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§ 1. hDELEVSRUL LULUVULNRY: UNTHR VR

Nhdtiptlghw; hwjwuwpaudGhp Yngynud GG wjlwypuh  hwdwuwpmdGtpp,
npnGgnud  npnGtih 66 hwGnhuwGnud Gy Ywd dh pwlGh thnthnfuwywGh $nily-
ghwGbpp, puwn npnid, hwywuwpdiwb ik Swulwygnid GG ng Shwyl wihwyn pnudy-
ghwabpp, wjik wihpwdtnwpwp wyn $nLGyghwbtiph woéwhgyw) bkpp:

Gpt npnGbih $mbGyghwlbpp dEY bhnhnuwywbh GO, wwyw hwjwuwpnip
Ungum -t unynpuwlwl nhpbpblghuwy hwywuwpnd, hwhwnwy nbypnud dwulwywh
woéwhgywiGbpny nhdbtpbGghw; hwyjwuwpnud: Ubp nuupGpwgp qbpwqubGgwuwbu
Gyppdws b unynpulywG nhdtipkGghwy hwywuwpniGliph wbunpywbp, uwluyl
yepohG qifunud YnpunwplybG Gub wowohG Ywpgh dwulwlwh wowGgywiGbpny
hwywuwpnuiGtp Lu:

Gio6ind GpwGhg, np undnpuiwl phdbpbGghwy hwdwuwpndGiphG pbpdnng
pGwghwnpjwl dhéwphy fuGnhpltipnud waywiu innfuwlwGh ftipp Yunwpnd t
dwiwlwlyp, npG pGnniGwd b Gpwlwlby (wunhGwywe ¢ wnwend, unylt puuw-
qnpnud, npuybu JuinG, wiiwiu dotnfuwyuip 4G wbwydh ¢ wwenyd: OpnGhh
$niGhghwltipp YGwGwyykl x, y,Z L wy) wwntpny: NpnGhh x = x(¢) $mGyghw-
Jh wéwlgyw Gbpp Yowlwyyth

, dx , dx m _d'x
=—, X =—, ..., X = yeee b
dt dr? dt"

Lwlu pbpkGp 0h pwGh ﬁzwﬁwumﬁﬁbn L hwulwgnipnilGGlip, npnGg htiwn qnpéd
YnOGGwGp nn9 nwuplpwgniy:

Ohgnp Q-G bplyswihwGh R? tfuthnwG vwpwdnpjwl nplt whpnyp t (pwg,
Yuwwygyws pwqinipyniG), huy £ (2, ¥)-p € - wpyws whplnhwin $niGyghw t:

,_dy
=—=f(, .
y 2t @,y (1.19)

hwywuwpnudp, npntn ¢-60 wOlwhu thnhnfuwlwGG t, huly npnGGhG y='y(t)

InuGhghwh, Ynsyned t wowhgywih Ghwndwip (nddwé wrwdhG Yupgh unynpuwlwG
nhdtiptiGghw; hwdwuwpnud:



Uwhowlmd 1.1y =@(t) pnlyghwl Ynsynid t (1.1) hwjwuwpiwh (ndnid
(r,,ry) dhowlwjpnid, tipt

w) @(2)-a (r,,r,)-md nhdbiptiGglh Pnillghw t,

p) (1,9(1))€ Q tpp t€ (1, 13).

Q) 9(1) = f(1,9(t)) . tpp t € (1, 1y):

Cuwn npned, (7;,7,) -p Ungdmd by = @() [nd0wG npnzdwG whpnuyp:

UndnpwlwG nhdbiptiGghw) hwywuwpdwh |niédwG gnnpjwl Ywd (niédwh
JwnrnigdwG fuGnhplGlpp hwGnhwynud GG hGunbgpwy hwadh wbunipynilnud, Gpp
npdws b f(7) dby dhimhnfuwywGh dnibyghwi b whnp t qult; wyn dnilyghuwsh
GwhGwlwGp (wGnpny  hGubgpwip): Gpt  apnGGih  GuiuGwywG  $ndGyghwb
GuwlwytGp y = y(1)-n, www Gqwé fuGnhpp Yuntih k gpty.

dy
— = f(t 1.2
7 f@ (1.2)

hwywuwnpdwh wntupny: Uy hwjuuwpnudp, nponbn f-p opdwd, huly y-p npnGgh

$niLGyghwbGbp GG, unynpwbwh nhptipthghw) hwywuwpiws wwpquagnyyh ophGwy k,
npp pnenudGbipp, hGgwbu huwpnGh b, vpygnd 66

YO =[f@dr+e

pwlwadliny, npuntn ¢ -0 Yudwjwlwl hwunwwnmG t:

PEplwd pwlwadlbhg htnlnud t, np (1.2) hwywuwpnuiG nbh wGdGpe pyny
LnénedGhp, npnGp hwdwwwwnwufuwlnud 66 ¢ hwunwwnntGh nwppbkp wpdbplb-
nhG: Wu Gpbnypp hwnyubwlywh b nhdptpbhghw| hwywuwpnidGtphl pGnbwGpuw-
wbu: b wwpptpnepintl, oppGuwl, hwipwhwdwlwt hwqwuwpnudGtph, npunbn
n-nn wunhtwGh hwipwhwwiwli hwdwuwpndG nGh ghpnn 7 wpdwwnGhbp
(LneonudGep, hwdh wnwé Gwl  (nuénudGiph wwwnhUneeiniGp), nhybpblghw
hwlwuwpnuilbpG, pOnhwipwwbu wuwd, Gkl whdtpy pyny (nuénmudbbp: B4 wynhy
nhdtptGghw hwywuwpnuiGtiph nbuncpynilnd hwpg t npdnud ng pbi (nLdnLdGtiph
pwlwlyh dwuhl, wyp nénudlbph hwdwpudph GYupwqpdwl Jwd  (neénudGbph
hwiwfudphg npnpwlh wwjdwbGph pwdwpwpnn odwh gqnynipjwlb L www
pGunpnipjwl dwuhG: LAWGE hwpgunniwl WwwnwupuwbGtpp wpynud GG gnympjwl L
dhwynipjw@ plinpbdGtpny, npnlp wju qpiuntd Yawpwnpybl wnwig wwwgneygGhph
pnnGbny npwlp hGinwgqw qnLfuGtph:



LywwnbGp, np (1.1) hwjwuwpdwb Médws vwhdwGiwG dbe (r.,rz) pwqint-

pintGp Ywnbith t thnpuwphGly (7, 7,) . (1,71 bwd (7, 7,] puqinpynGGlnhg nplt
dkynd: Ujunbn wGhpwdbnn t dhwyt  Swypwlbinbipnid  GUuwnh  mbbGuwy
dwhwynnijwl Yuwd wouwlnnijwl wéwbgywibtipp: Uwlw)t wn vwhdwGdwl Gby

bwywG t, np (1, 7,) -0 Yuwwwlgdwé pwqinipyniG t: Un pwlp gnigwnpbiint hwdwp
nhunyttp

Y=y (13)
hwywuwpnidp, nph we swup f(2, y) = y? pniGyghwt, npnadws b wiphng R
hwppnipjniGnud: UGEhoww b whnwnpiwdp htin t hwdnqdb), np udwpwywh a
hnwiwG pyh hwdwp

o= t —oo<t<a

PmGyghwl hwGnhuwGned t (1.3) hwywuwpdwh (ndns (—oo, a) -md, huly

(pz(r)-% a<t<oo

$nilyghwl (1.3)-h tménud (a@,+o00)-mui:

Uwyuys  @(t) =

te X =(~o0,a) U (a,+o)
a-—t

Pnillyghwh sh hwOnhuwGnud (1.3) hwywuwpdwh (nugnud, pwGh np X pwqinipne-
Gp uwiuilgyws gt: |

Uju ophGwyp gnig t viwihu, np nw) nhdtipthghw) hwywuwpdwb (niénud-
Gtph pwqinpywl Ghwpwaghpp twwbu Ywhudwé t wyb pwihg, pt hGswbu GG uwh-
dwGynd wyn hwywuwpdwG pnednudGhpp:

UhGs wydd tunup qlwg wéwGgjuih GYuumdwdp (nuddwéd ummghﬁ Ywpgh hw-
JwuwpnudGtph dwuhG: CGnhwnep nhiypnd wowehlG Yupgh undnpuwwl nhdb-
phGghwy hwywuwpnidG mGh

F(t,y,y)=0 (1.4)
wbupp, npinkin F -p tipkip dinthntuwlwGh npdwé dnlyghw t, huy y = y(t)-6 npn-
GbthG: Gppbdl hGwpwynp t (hGnud (1.4) weGgnipynilhg y'-n wpnwhwynb £ Ly
dinfinfuwlwGGepnyd L wn nbwpenid (1.4) hwdwuwpndp pipdnud £ (1.1) wbuph:



OphGwy, tpt F(z,,2,,23) = z,2 +22,+2;, www hwiwyuwunwutuwG nhdtiptt-

ghwy hwywuwnnusG nGh 2 +2y +y" =0, ywd, np GnyGGt y' =—2y — t? wnbupp:
(1.4) hwywuwpiwh jnénidp Yupbh t vwhdwbbp w)bwbu, hGswbu nw wpybkg
(1.1) hwjwuwpdwl nbwpnd, vwlwyG bpptdl  Guwuwwlwhwpdwn t (1.4)
hwywuwpiwb (L npw Swubwynp nbwp hwinhuwgnn (1.1) hwywuwpdw6) Ywd Gpw
LnonuiGtph quinwhwpGtphl dnintiGwg wy Yepwy:
Thunwpyblp htinbywi ophGwyp
dy t

D__2 15
=5 (1.5)

{
npnbn (2, y) = —— PpnlyghwG npnadwd t R? hwppnipjwG pninp (¢, y) Ybwnk-
y .

ﬁh hwiwp, pwgh ¥y =0 ninnhg: UGdhgwlwG wnbnwnpdwdp Ywptith t hwinqyby, np
Yuwiwjpwywl a npwlwst pyh hwiwp y=(pt(t)=i\/a—t2 $nLGlyghwbtphg jni-

ﬁwgwﬁumnn hwGnhuwnud t (1.5) hwjwuwpdiwb (péned —«/Z<t< \/; dhow-
Yuw)pned:
Ujniu Ynndhg nhuinwnpytiGp
dr _
dy -

nl\g

(1.5)

hwywuwpnidp, npwntin £, (¢, y) = —-% dnuGyghwt npnzdws R? hwppnipjwi pnLnp
wybwhuh (y,?) qnugbph hwdwp, npaGgnd £ #0: S%wpdjuy hbnnpyudp hw-
dnqynud GGp, np 1=y, (y) = im $niGyghwlbphg jnipwpwlsnipp hwi-
nhuwGnud t (1.5) hwywuwpdwa (ménd —s/; <y< «/Z dhowlwypnud:

Uybhwpn t, np U y=0@, (1) W y=wy, () Inlyghwtlpp unwgymd GG

y2 +tt=aq wnbgnpynLlhg’ (nuokignd wyG y -h wd £ -h Ghwwndwdp:

Ppyws ophGwllbpp hnnud GG, np Gwé nhptiptGghw hwywuwpnuiGbpp
tpptdl Gwwwwhwhwpdwp b gpti wybwhuh wnbupny, npnGgnud £ Ly dingin-
hiwywGGEpp dwuGwlgnud 66 uhdtwphy nbupny:



Udpnnp hwppnipjwG d69 nhvrwpytGp ¢ Ly hnthnjuwlywGGtph ﬁummﬁwdp
ydy+tdt =0 (1.6)
wnGsnipnip:

oF .  dF
Oqunytiny dF(t,y) = st—dt + gd)’ tpynt thnthnfuwywih $nilyghwih 1phy

nhdtptGghwih hwulwgnepiniGhg (1.6) weGimpnlp Yupbih t qpbp htnbywg
nbupny.

ld(y2 +12)=0:
2
Ujuntinhg y L ¢ nihnfuwlubGEph dhol unwgynud k GneyG
y+t’=a
Ywuwp, hGg (1.5) L (1.5) hwdwuwpnidGliph (needwh nbwpmd: 5106 ny upwihg
ydy +tdt =0
wnGsnpjwlp Ly YuwldwGtGp nhdbiptGghw hwwuwpnd L wyl YhwulwGwbp (1.5)
hwywuwpnudp, tpp y 20 L (1.5)-p, tipp ¢ # 0: Ujdd nhdtipkiGghw) hwywuwpdws
qunwihwpp Yuntih b pGnhwlpwgltb) wjuwbu.
M, y)dt+ N(t,y)dy =0 (1.7)
hwqmu.wnnui[;, nintin M (2, y)-p L N(t,y)-p tnpws PniGlughwibp GG Lu G-
Juwitlp wnwehl Ywpgh nhdbpbGghw hwywuwnpnud: UG yhwidwpkGp

r__M(y)

N(,y)

hwywuwpnudp, tpp N(2, y) # 0 L YhwulwbwGp
yo Nty

M(,y)

hwdwuwpnedp, tpp M (2, y) 20:
(1.7) bujwuwpdwh npnzdwh inhpnyp wutipny YhwulywGwGp hwppnipjwb wyG
(t,y) ybwntph pwqdnpniGp, nputin npnadweé G M (2, y) L N(t,y) dniGyghw-

Gbpp L GpwGp ShwdwdwGwy qpn 66 nunGnd (M 24N 2 0):



(r,,r,) dhowluypnid npnydwé y = y(£) nhdbiptiGgbth dniblughwl Yublw-
GtGp (1.7) hwwuwpdwb (nuontd, bipk
M (e, y(2))dt + N(t, y(2))dy(t) =0
Yw, np Gnyha t
M@, y(1)+ N(t, y(1))y'(t)=0:

LwGh np (1.7) hwdwuwpiwb gk £ L y hnthnfuwlwGGEpp hwjwuwpwqnp &G,
GiwOwwbu Ywpbih t uwhiwbp (1.7) hwdwuwpdwG ¢ =1(y) wbuph (nénudp,
npwbu nplt (0,00,) Shewluypnid npn2dwé wybwhuh nhdtiptiGgtth Hniblyghw,
nph hwdwp

M@, (N () + N(t(y),y) =0
(o), 0,)-nu:

Swiswhu (1.7) nhdpbptGghwy hwdwuwpdwh (nudnudp hGupwydnp st pwgwhwjnn-
ptb GhpYuwjwgbty y = y() Lwd ¢ =1(y) wbupny, win wwnSweay Guwwnwlw-
hwpdwp t plnw)bb) |Nddwh qunwithwpp:

Yhunwpytibp

o(,y)=0 (1.8)
wbuph weGsnipyntlp, npintin hwppnpywt Q C R? whpnypnd npnpqwe D(z, y)
$nGyghwl whpGnhwin nhdbipbagbth t (2, o) € Q Ytwnh nplt U < Q 2powlywy-
pnud, pin npnuy,
P(ty,5,)=0
{(<I>:<to;yo))2 +(®, (59, %,))" 20

GwubkiGp, np (1.8) wnGimpiniGhg npradnn wGpwgwhuwyn  IniblghwG
(@) (5. ¥9) #0 nbwpmid ¢ =1(y) PmGyghwG Yo Ytwnh zngwlwypnid, huy
qu\. (89, ¥5) 20 ntwpmd y = y(f) dmlGyghwt t, Yuwh powlwypnid) (1.7)
nhtipbGghw| hwwuwpdw wipwgwhwjn (ol t, tpb

ad(1,y) ad(t,y)
1] - N ’ — =
M(,y) 3y .y 3 0

Gaqwé U ypowluypnud (1.8) wnGsnipiniGny npnaynn Ynph dpw:
Lnddwl 00wl uvwhiwGnip GpptdlG hOwpwynpnipymG t pGaknnud Gk nt

9=



wjGwhuh (nénuiGlp, npnbp sthG Ywpnn unwgyby, tpti UGGp uwhdwGwhwyythGp
GhunG ulqpGwlywh uwhdwhniiny: Snigunpblp wudwép htinbyuwy  ophGwlnd,
nhuwnytklp

I
y =T- hwjuuwpndp:
—t

, dt
QpkGp wyo ¢ =—=1-1¢ wkupny;
dy

UyGhwyn t, np 2=Y(y) =1 $mﬁl.|'ghi.ul] hwanhuwGnud t wyn hwjwuwpdiwG
tmsnLd: Upu pmudnudp stp qwnnq‘ummgqq ulqpiwlwi vwhdwbinuwing:
PLptGp Gwl pwpdp Ywpgh undnpwywh nhdbptGghw] hwjwuwpdiwl qunw-
thwpp:
F(t,y,y"y s y"™)=0 (1.7)
hwywuwpmép, npubn,  F(Z,,2,,°°,2,4,)-0  n+2 qmhnhuwywGh npué

$nllghw t, puy  y= y(£)-6 npnGLhG, Ynsynd t n-pn Ywpgh unynpwlw@
nhdbpbGghwi  hwywuwpnud:  COnhwOpwwtiu  undnpwbwl  nhpbpbGghuy
hwqwuwpdmﬁ Ywpg Unsgynid £ wyn hwywuwpdwb dbg welw npnGtith $nblyghwsh
wowlgjuwilbphg  wibGwpwpdph Yuwpgp: Fwdwuwpdwls Yupgh uwhdwGnuihg
htwbnd t, np (1.7) hwdwuwpmdp 7-pn Yupgh t, et F pnillyghw wylGuwhuh t,
np npnGbth $nbyghwih n-pn wowbgyup (Uppht thndinfuwwip) dwulwlygnud

Gpwinud, (wyuhlpl’

d #0)
aZn+2

bPOswbu nbuwbp Jtpunid, nhdtiptGghw; hwdwuwpnudp Ywpon b nulibGw) wG-
ytpe pdnd [nuonudlhp: Uwluwyl plwlwb t uwwuby, np pGwghnnpjwl npnzwlh
tuGnhpp, npp ptpdnud £ ahdbpbGghwy hwdwuwpdw, nGbGw nprpwyh  (Ghuly)
tneonud: LAwh npnwyhnipywl hwdwfu hGwpwydnp t |hGnud hwuGk, Gpb lulinhp nGb|
qultiine (1.5) hwywuwpdwl wyh (nudnudp, npp pwywpwpned £ npnwlyh GubuGwyuwG
wwjdwGGEph:  Snigunptlp nw  mnhn  qénd plGpwgnn  JwpdGh  wpdiwG
hwdwuwndwb ophGwyny:

Yhgnip dwiwlwyh jmpwpwbynip ¢ wwhhlG hwynGh t ninhn qény 2wpdunn

dwpdGh  (ophGwy wywndtptiGwih) v(t) wpwgnipnilp, npp nhinwpliwG A Yb-

10



tnhg ?; ulqpGwlwG wwhhG nblighi t s, htrwynpnipynilp: Mwhwloymd t npnaki

dwpdGh s(z) hbnwdnpnpyniGp A Ybinhg dwiwlwyp Ywiwjwywl ¢ wwhhG:
hOnppp pbpynud t (1.1) wbuph hwywuwpdwb hwdwp fuGnphG.
s"=v(t) (1.8)
{s(to) =35, (1.9)
2whh np pnblghw)h GwhubwlwhGepp hpwphg nwppbpynud 66 hwuwnwnmb
gnudwpbthnd, www (1.8) hwywuwpdwG (mondGbpp  (GGpwnpbind, np V()
$nlyghwl hGwnbigpbith t) Yuwpykh

t
s(t)= jv(r) dt+c
U]
pwlwdlng, npnbin € -6 Ywiwjwlwl hwunwnnG t: Oquyting (1.9) uyqpGulwG
wwjdwbhg, 2wpwnpywé fulinph |nuédwa hwiwp Yunwlwip

s(t) = jv(t) di+s,
fo

wpwnwhwyunnipynilp:

Uju ophGulip gnuyg t nnwihu, np bptk dbq hbwvnwppppnud t (1.1) (Ywd (1.7)) hw-
Jwuwpiwb YnGypbn (nudnudp, www wbwnp t a6l (pugnighs wwpiwbabp wibwbu,
npwbugh pngnp hGwpwdnp  neénuibbphg  quinb) hhg  wyn  wwydwGGEphG
pwywpwnnn (ndnudp: Unwhuh tulnhnbbphg t Ynpm Ywo whyqpeiwlwl fulnhpp : 5y
wjuwbu (1.1) hwywuwpiwb hwdwp Ynzne fuGnhpp Yuwjwbned t (1.1) hwywuwpdwG
wylwhup y = y(2) 1nédwG qunGliiniG, npp pwywpwpned t

Y(t) =Yy, (1.10)
ulqpowlwl wwjdwbhh: .

Ladwd 25, Yo pdtinhl wGdwlnid GG uyqeluywl ndyuGip, huy (1.1), (1.10)
fuGnphG" 4nznt fuGnhp:

Unznu bubnhpp undnpuuwb nhdbtiptiGghw; hwwuwpniGbphG wikGwpinpny L
pGwghinnpjwl twpptp npnpnGipnud hwdwiu hwGnhwng fuGnhpGliphg b bGsuGu
wnbuwlp Jtpunud, ninhn qony plpwgnn GwpdGh wpddwh luGnhpp pbpynud £ (1.8),
(1.9) 4nznt fulnphG:

DYhptptGghw; hwwuwpdiwl Ywd wyn hwjwuwpdwlp hwiwwwwnwuhuwbnn
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unant fuGnph  gnpwpwGynep (neddwl hbn wldhgwlywOnpkG wnGsgnd t wyn
(ndiwG npndwG wppnyph qunwdwpp: PGwywl gwbynpynid b wewouwbnud
hGwpwynphG swih pGrw)ll; wwy |nédwh npndwhG whpnypp: Nppw’G b wyn
hGupwynp: Mwpqupwbbint Guwunwynyd uwhiw(kGp htinlywy hwulwgnepynGlGtpp.

Uwhowlmd 1.2 Ohgnip y = @, (2)-G6 (1.1) hwdwuwnpdwG (néncda t (0, O,)

npn2dwG whpnypnd b Yy =@, () -6 Gnyl hwdwuwpdwG (nuenudG t B,.8,)
npn2dwh whpnypny: YwubkGp, np @, énip hwinhuwlnd t @, |NL6UWG
2wpniGwynpynG, tpt (B,,B,) € (0,,0,) L @, () =@, (1) . tipp 1€ (B,,B,):

(1.1) hwjwuwpiwG y=@() |nonip YubdwGbGp spwpnibGulynn (ngncd

(whwpnibwlbih (nusndd, (phy (neenad), tpb wyG hwlnhuwGnud t (1.1) hwywuwp-
Jwl Yudwywywa | ntédwl wpniGwynipynul:

UtGp gnyg YuuwGp (wnbu qr.V, §6), np npnpwlh wuwydwGGhph weluwympjw
ntwprd (1.1) hwywuwpmdG nbh wpnibwyynn gnednud: Uynw ynndhg nhpbiptiGghuwg
hwjwuwpdwlp hwiwwwunwepuwbnn Unne fuGnph hein £ weGgdnd wyn fuGnph
1nddwl dhwinupywb qunwthwpp: Mwpqbbp, pt hoswbu b hwulwgydnud w)t:

UwhdwlGmd 1.3: Yuutlp, np (1.1), (1.10) puGnph (nuénudp Shwyb t, Gpt wyG

pwlhg, np y = @(2) -G wyn uGnph gneemad t (O, 0L, ) -nud, huy y = W(t) -G (nudnud
t (B,,B,)-nud htinkinud &, np

@) =wy(t) . bpp te (o, 0,) N (B,.B,):

LywwbGp, np w) X = (a,,a,)N(B,,B,) pwadnpnlp ng nuwwny (¢, € X)
pwg, Juwwwbgywsé pwqinpinih t

p) bp y=0@)-0 L y=y()-a (1.1), (1.10) GnyG Unpnt tuGnph
sawpniOwlydnn pmesdnudbbp 66, www pun s2wpnibwlynn  (nLddwG uwhSwGSWE
GpwOg npn20wl  whpnypllipp hwdplGyond B6 L Shwiynipynlp wiu  gbiypntd
(s2wpniGwydnn nuédwh nbwpnid) Gawlwlnid t, np ©(f) = Y(7) wyn nuénudGbph
npndwb nne whpnypntd:

Itnwqu wpwnpwlpnd, tpb wyn dwuhG bhwlwewyp sh wudwes, nLénLd
wubipny vtGp h Gywwnh YnObGwbp upnbwlynn (nLénudp:

Ujdd wpwnptip plwghnwlwl Lu dh pwGh huGnhplGtp, npnGp ptipdnud GG
unynpwlwl nhdbtpbGghw| hwywuwpdwl Ywd hwdwuwpnuiGeph hwiwywpgh
(nb'u unnpl §2): '
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Nunpnwipnpy Gimph npnhdwl fubnppp @ Mwhwgynd t qunGl) uyqpOwlwG
t, wwhhG my =m(ty) ulqpGwlwl quigywsé niltgnn nwnhnwlwhy Gnph m(t)
quiqyuép dwiwlwyh Yuwiwjwlwb ¢ wwhhG:

3wynGh t, np nwnpnwiwnhy Gmph m(t) qubGoywéh thnthnfudwG wpwgnt-
pntGG nunhn hwibdwwnwywG t ¢ wwhhG nGkigws m(t) qulqyuéhl, wyuhGpl
m’(t) = —km(t) , npnbn k -G nfwy Gynipp pGnipwgpnn npwlwl hwunwnnG t:

Ujuwhuny’ hwpgp pGpymd t rwnhnwlunnhy Gynuph npnhnudp pGmpwgpnn hwywuwp-
dwG hwdwp

m’ =—km (1.11)
m(ty) =m, (1.12)
Unzn fulinph(:

UGShpwlwl wbnuppdwdp hban t hwingyty, np (1.11) hwjwuwpdwG (m-
onuiGbph pGunwGhpp npynud £

m(t)=c-e™
pwlwdlinyg, npuintin € -0 Ywiwjwlwl hwunwunnib t: LnuénudGeph wju pwqdnipyne-
Ghg (1.12) wwydwGhG pwlwpwpnn (nuéntdp npynud t m(t) =my, ek wnGgnt-
pjwdp:

Uwpbdunnplywlpw nwlwlp hwpp tnunnwidwl hwwuwpmdp: Yhgnip | bip-
YwpnipyntG nuGlignn dqywé (wph Gh Swjpp wipwgywé t O wiwpd Yhnnd (nku
GY4.1), huy gnw A SwyphG wipwgywé t m quGqyws mGkgnn plinp: Ptinp (A
Ybwp) Ywpnn b hwppnipjwl dbp Ywuinwpb wqun nwnwGniGin O YsGwnpning L
I wnwynny 2powGwqény: Perh B nhppp dwiwGwyh ¢ wwhhG pGnipwgpynid t
AB wntnh s(¢) Gpywpnipjwip: Mwhwieynid t gl s(2) PmGyghwa, tipt pkinh
dpw wqnmd- t shuyG P=m-g (g-0 wquwwn wiyiwl wpwqugniG t)
dqnnulwGnipjwl nudp:

LawGwybingd @(2) -ny dwiwGwyh ¢ wwhha AOB YhGupnGwywl whlywG
nwnhwlwihG SGénpynlp’ YnuGbGwap s(¢) =1-@(¢): dapnstiGp P nudp wnw-

ynwjhG b 2nawthnquhG  pwnwnphgGbiph:  CnawthnnuihG  pwnwnphsh  hwdwp
YuunwGwlp P =m-g-sin<p gtionpynilp, huly wewynwihG pwrwnphsp bwyw-
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uwpwyzend t (wph ahdwnpnpywG nudhG: Un nbwpntd puin LinunnGh wpddwh
ontiGph s(¢) npnGhith $nilyghwih hwiwp Yunwgyh
d’s

dt—2=—g-sin(p

Ywd, np GmyGat, Q1) = % - 8(2) npnGbh $nGyghwgh hwdwp

2

1-%=—g-sin(p

nhdtptiGghwy hwywuwpnuip, nphG wljwinud GG dwpbdwunhyuwyws ndwlGwlh
nwunwbiwb hwdwuwpnid:

UmpuwlwG Ybinh )wnddwl hwdwuwnnidp SgnnulpwGmpul nuwpnmd: Yhgnp
O uyqplwltinnd wbnunpdwé t M whwpd quiqywép, npp unbndmd t
dqnnuwliwbnipywb i, hulj nwpwontpjwl dbg Jwpdynud t m qubqud mbhkgnn
A(x,y,7) Ytwnp: Mwhwheynid t npngty A Jwpddnn Yawnh x(¢), y(t), z(¢) Ynnp-
nhGwwnbbnpt wpwwhwinng InGhghwibpp dwiwiwlh Yuwdwpulwb ¢ wwbh:

Cuwn dqnRwlwncpjwl optGph A Ybnh dpw wanmd t OA hwwdwény nbwp
O ytwnp manyué '
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m-M
k-— 2, .2
xX“+y“+2z
dqnnuliwGnipjwl nidp, npunbn K -G gpwyhwnwghnb hwunwnnG6 L:
Cuun UjnunnGh wpddwh opbGph hwywuwpbgGhing dqgnnuiywbnipjwl mudh
ynnpnhGwinwlws pwnwnphsGlipp L Ypswuntind m # 0 hwunwnning,  Yuinw-
GwOp unynpwyw nhpbptGghwi hwywuwpnuiGhph htnlywy hwiwlwpgp

dzx_ m-M x

—6—”—2—— x+y*+z .\/x2+y2+zz

dzy__ _oomM y

dr’ x+yi+z \[x2+y2+22
- d_zz_=_k. mM Z

dr’ Byt [P aylag

nnhﬁwﬁQmﬁmd 60 dqnnuwlnipywl nwzunnid Gnipwlwl Ybwnh wpddwd hwyw-
uwpnuiGtph hwiwywpg:

bOswbu hwOpwhwywywb, wjlwbu Gwbk nhptptGghw) hwywuwpnuiGtiph
wnbunpjwl hhiGwlw6 (WwwndwywinptG gnigh L wewehG) hwpgbiphg dGYG b nyug
hwywuwpiwb (Ywd npwb hwiwwwwnwuhuwbnn fubnph) pnpnp hGwpwynp Ywd gnik
dby (nddwlb  qubbint pOpwgwlwngh  Gwynidp: Jwlpwhwjwywb
hwjwuwpnuiGbph wbuntpyniGnud hwjinbh 66 Jdphtnh,  LGwpnwGh, dbppwphph
pwlwélbpp hwiwwwunwuiwlwpwp 2-pp, 3-pn L 4-pp wunhSwGh hwywuw-
pnudlGtph pnpnp nednudGbpp qunGhipne hwdwp, L hwjnGh t np wybp pwpdp wu-
wnhSwlbh pOnhwlnp hwipwhwdwywl hwdwuwpnudGiph hwdwp GowlG pGpw-
gwhwpg Uawyt; hGwpwynp sk UndnpwlwlG nhdpbpbGghw; hwywuwpnudGbph
nbiunipintlGp wyn wbuwybnhg wn wytih pwpn nt puqiwpnyulnwy b 0wjwé
nhdtptaghw| hwywuwpnidGbph oh pwlh dwulGwynp nbuwyGbp hGwpwynp t nusk
(hGwbqgpt) wlwipwhy pwlwdlbpny (Ywnpwwinipuitpnd), vwlw)l wGqud
wnwohl Ywpgh pGnhwbnip (1.1) wnbuph unynpuwlwb nhpbnptGghw; hwjwuwpiwb
hwiowp gnjnepynid gl 0wl pOipwgwlwpgbp: 6y hGswby hwGpwhwynuy,
wjuinbn GnyGwbu, hwdwuwpnuiGeph Ywd npwGg hwiwwwwwufuwbng wju juwd |
wjb fuGnhpGtph (nédwG hwdwp hpwednid &6 dnunwynp (nednudGph qunbGbpne
pOpwgwlwpqbp’ tnwbwybtp, npnip pwldwlwbhs wnnwpbp 60 L zwpnlbwynd GG
wrwoplpwg wuynki: '
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Qwuwgppnd YpbindtG nhdbpbhghw) hwywuwpnuiGliph dh pwlh nwutip, npnGp
hGubgpdnud B0 wwppwyuwt GnwiwyGkpny, Ywd np GnyGa t, npnGg |ntédwh hwdwp
Ywpbth t quGtip npnawyh pwlwdlbtp: VwyuyG nwupbpwgmd hhdGwlwh 262np
ynpyh ng pt hwywuwpdwh (nsswh quGbint, wjl wyn hwijwuwpiwGp hwiwuw-
wnwuhuwG huGgph (nuddwa qnynupywl, Shwinipywl, nanplnpywG, Yuwntbnpywi L
wyi hwpgbiph Ypw:

Ibvnwqw nuunnnepniGGtpp hGwpwynphG swh wylwent nupdtbine Guw-
nwynd wnwbp (1.1), (1.10) UYnznt pulnph (nuddwl Bphpwswihwywd deylwpw-
GnupyniGp:

Nhgnip -G bpysunh by hnwa R 2 inwpwénipywG whpnyp t, RZ-nud dingquwé
t (2, y) nbywpunywG ynapphGwinwlwl hwiwlwpg, pun npnud, £ -6 npwbu wllwtu
dbnhnfuwlwt pOpwlnud t wpughuGbph wnwiGgpny, huy y-p apwbv Yuiupuy
thnhnhuwwb' opnhGwinGlph wewlgpny: YhdtiptiGghwi hwywuwpmdp pGnipwgpnn
f(t,y) pmGyghwh npnwé t hp wpgnuibiGunbbph wyG (2, y) qnuqbkph hwdwp, np
t,y)e Q: Un nbwpmd (1.1) hwjwuwpiwl Ywowywywe y=@(f) |nodwh
qnwdhlyp oh Ynp t, nplG pGhws t Q wnhpnypnid: Un YnphG Ywd, np GnyGe t,
y=@(t) pnGyghush gpwdhyht YwiywakGe (1.1) hwdwuwpdwh plnbepuyuyhl
Ynpr PGgwbu wpnbG wudby t, wnnpl gnyg Yupdh, np tpb, ophGwy, f-p €2 -nuw
wlpGnbwin nhdbpbiGghih pmlGlyghw t, wyw Q wppnyph Ywiwjwlyws (to,yo)

Ywnd whGglnd t (1.1) hwjwuwpdwl oby L dhwyls day hGunbgpuiwshG Ynp:
Uswhgpuih tpypwswthwlwl sEYGwpwlnipyniGhg hbwnunud t, np wyn hGuntgpwiwghG

Gopg  hp o gecpwpwGymp (5, Y) =(,9())  Yownnd mOh  2nawihnn,  nph
wGynLOughG qnpéwlhgp npradnui & K(¢,) = f(¢,,9(¢;)) wnbsnipjwidp:

Ujuyhuny, GpL bﬁpmnpbﬁp.pn JnipwpwGgnep (to,yo)eQ Ybwh hwdwp
(1.1), (1.10) Un2nt fuGnhpG nLGh |MoNLl, wwyw tpYpwswinpbt e YewGwlh, np Q
wppnyph  JudwjwluwG (to, yo) Ytwny wlglmd t (1.1) hwywuwpdiwG nplt

hGuinbgpwiwihG Ynp, uwyuhGpl £ whpnupp Ywpbih t 6wolby (1.1) hwdwuwndwd
tpeé6nudliph gpwdhyllipny (hGubgpwiwihG Ynptipny): Cuwn npnid, bph YwiwjwlwG
(2, Y0)€ 2 Ytwnh hwiwp Unant fuGnph pnomdp Shwll b, wyw -h jnpw-
pwGgnp Yhwny whglned t GY L dhwjG dGY hGunbgpwiughG Ynp:
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Swint hwdwp (1.3) hwyjwuwpdwh  Gphpwswhwlwls  SEYGwpwOGMpyNLGp,
dqupdbop htwbyw; Yepwy 2 whpnyph jnpwpwGymp (2, y) Yewng  nwGhGp
k(t,y)= f(t,y) wGlynGujhG gnpéwyhg nmGgnn [(Z,y) nunpnp, YunwGwip
manmpmGobph nwpw: Iwduwuwpiwb b Gpw (nemilibph SpYpwswhwlwo vEYow-
pwGnipyntGGERG wrGsynid 66 GpwGny, np (1.1) hwywuwpdws YuwiwywywG y = @(t)

(nLadwG gpwdhlp hp Jnpwpwbgnip (2, y) Yewnndd znpwihdnud b (2, y) nunnnd:

§ 2. QULUUUNRUGECE WACUUL QUUUYULQ 6P

UhGsk wydd tunup qlwg Ghwyl wjlwhuh undnpulwG nh$tptbghw; hwywuw-
pnudGbph dwuhG, npnGgnud wlhwjn $pniblyghwb Shwll b Uwlwyl pGwghnnipjwG
dh wpp hGnhpGtp (ntu, ophGwy, dtpp pbpdwé dgnnulwlnipjwl nunnud
Gynpwluwib Ybwnh wnddwb fubGnhpp) ptpdnud 66 hwdwuwpnudGtph hwdwywpgbph,
npinbn  Ywpnn GG Jwulwlgb;  dkyhg  wdbth  npnGEh $nbyghwGlp:
QuinpwnwnrGwiny wow)dd pGnhwanip nbwphG wwip nhdtptGghw| hwywuwpnid-
Guph Gnpdwy hwiwywpgh, wyuhGpl' (1.1) hwdwuwpdwb pwqiwswt hwagnGwyh
qunwthwpp:

VwhdwOmd  2.1: UndnpulwG nhdbptGghuy bhwlwuwpndGbph  Onpduy
hwdwlwnpg Unsund t

= St
<.x;—_'fz(tv'xl’“"xn) (2.1)

‘x,', = fo(t, Xy, %,)
hwiwlwpgp, npwntin £-6 wllwh hmbntuwlua t, x, =X, (8), x, =x,(2),...,
X, =x,(t) npnGhh PniGUghwtbn &6, huy f, (8, X, X, ) ..., [, (8. X500, X,)
nput (7 +1)-swnpwGh G whpnypnud nipdwé HniGyghwGtn bG:

Wu hwiwlwngh (nuénud Yngdnud t (W, (2),..., ¥, (¢)} $niGlghwltiph wyG n-

jwhp, npG hGgnp (,7,)  dhewlupnud puwdwpwpaud £ (2, (1), W, (2),...
V,(0)eG  wwdwiht U ()= f0y,0),....¥,0)  te(n,r,)
(i=1,:--,n) GnyGnupnGGEPRG:



npme fulpppp  (2.1) hwiwywpgh hwiwp Yujwond b wyn hwiwlwpgh
w)jGwhuh |Msdwh qubeni, npp pwdwpwpned t

0
x,(to)=x,°,xz(to)=xg---,x,,(to)=x,, (2.2)
uljgpOwlwlG wwpdwbhs, npntin 7, x?,- . -,xﬂ wnpdwé pytip GG, wiGwhuhp, np
(to,x,o,n-,x,?)e G:
UnwGaGwyh htunwppppnipynité 60 GEpLuywglind qéwphG  hwjwuwpnidGbiph

Gnpiw hwdwlywngbpp, npntn npnGbih $rllghwbbpd nt GpwGg woéwbgywybbpp
dwulwygnid G qéwyGnpbb, wyuhlpl hwdwlwngbp, npnlp nuGk6

(x| =a, ()x, ++a,,(t)x, +b(1)

X; =C12|(t)x| :+"'+a2n(t)xn+b2(t) (2.3)

............................................................

| X, =a,,(D)x, +--+a,, (t)x, +b, ()

wtupp, npbn @; (DL b;(1)-G (i, j=L:--,n) nplt (g,,q,) dhewlupnid
wnpdwé pnGyghwbip BG, pun npncd, a; $nGyghwbbiplt whdwanid 66 (2.3) qéw)hG
hwiwlwpgh gnpdwlhglbp, huy b, InLGyghwlbnl’ wqwn wanwabkn:

Gwpbth t gnyg viwy, np npnawih wwpdwGbeph welwjnipjwh nbwpned unynpw-
Ywh nhdbpthghw) hwdwuwpnudleph  pwdwlwbhto pGnbwGnp  hwdwlwpgbp
(Qwulwynpwwby wjwq wéwbgyuibhph Ohwwndwdp Adqwsd  Yudwywywh
hwiwlwng), wptith ¢t pbipbp hwywuwpnuiGeph Gnpdwy hwdwlwpgh, wyuhGpl' (2.1)
wtuph: LOWG gnpopbpwgp GkGp Ygnigwnpllp dhuwyG n-pn Ywpgh dkYy, pwpdp
Jwngh wdwbgjwih Ghuwndwdp |nddwé hwywuwpiwh hwiwn:

Thgnep nuunuiGwuhpynid £ npnGELh $nuGlghwgh wdwg (pwpdp Ywpgh) wéwa-
gjwih Guwwndwdp (nodwd

Yy = fy, Yy ™) 24)

n-pn Yupgh hwdwuwpnudp, npnbn f(24,2;,707,2,)-0 n+1 swhwGh nput G
inhpnypnud npdwé pnlyghw t:

8nuyg twip, np dbY npnGbith y = y(t) pniGyghwih thnfuwnpbl dinghbiny Aﬁnn‘

x=x(), x,=x,(),..x,=x,(t) npnGbth Pnlyghwllipp, (2.4) hwywuw-

pnedp bwpbih b opbptp wyn hwjwuwpdwOp hwdwpdtp (2.1) nbuph hwywuwpnd-
Gtph Gnpdwyg hwiwywpgh: Cuwn npnud (2.4) hwywuwpnuip b (2.1) hwywuwpnudGtph
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hwiwywngp YwiwGklp hwiwpdtp, tpt Gpwhg |nénudGlph pwqdnue)nlGltiph dte
Yw hGwnbyw) thnfudhwpdp hwdwwwwnwutuwGnipynGp' GGpwnptGp  y = @(t)
Pnilyghwl (2.4) hwdwuwpdwG npbt (omd b, wyn nbwend X, = (1),
X, =y(1),...,x, =\|I(")(t) PnLGyghwlliph n-jwyp (2.1) hwdwywpgh (nuénd t L
hwlwnwpdp ek {W, (), ¥, (1)} PniGlghwlbiph n-jubp (2.1) hwiwlwpgh
nplt (eénud £, www y = W, (1) dnGyghw (2.4) hwywuwpdwG |ménid t:

by wyuwbu, npnGeh  y=y(f)  Pnlyghwsh  nfuwpkG  GingGGp

x,(1),-+, x,(t) npnGbth nuGyghwGtpp
(n-1)

X\=Y, X=Y . X, =Y 2.5)
pwlwdlbtpny L nhunwpytap
(x] = x,
Xy =X
L SR, (2.6)
X, =X,
X, = f(t,x, %50, X,)

hwywuwpnuiGtph Gnpdw) hwdwywpgp:
(2.4) hwywuwpdwG L (2.6) hwiwlwpgh hwiwndtipnipjwd wwwgngp uvnwgynud

t wOdhowlwl wbnwnpdwsp, tpt hhoGwdnpdh, np y=@() L y=Vy, (1)
dnulyghwlbpp wlhpudbaunwpwn n wiqund nhdbptlghih Pnlyghwthp GG Np
¥y = @(1) -G wynuwhuhG t, htnlnw t (2.4) hwywoewpdwG |Medwh vwhiwbnudhg, hul
Y=V, (1) dmlyghwh 7 whqud nhdtinkGghih thGkip Ywpbih t gnyg wwy hbunlyuy
wwpq nwnnpnipjwip pwih np {\.|ll (), ,\.|l"(t)} n-pulp (2.6) hwdwlwpgh (nénud
E, www \Vz(t)Ewg(t): Cutn (2.6) hwiwlwpah (MW vwhiwGiwG ,(t) -G
nhdtiptaghh pnilyghw t, hbwnbwpwnp wnyhuhG t Gul \.|I; (1) PnuGlyghwl, wyuhGpG
W, -0 2 whqwd nhdbpbGghih Pnilyghw t: Ujnwu Ynndhg W, (t) E\.|l’2(t) = \.|If(t) L
Gnyl nuwnnnnipjwdp W, -p 3 wiqwd nhdtintGgtih t: CwpniGwybind Gyl Yhpy,
GuwGwhp, np W, -0 7 wiqwd nhptinkGgbih $nuGyghw t:
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Ujuwhuny gnuyg wnpdtig, np (2.4) hwjwuwpniip hwiwpdtp t (2.6) hwjwuw-
pmudGeph Gnpdw) hwdwywpghG: GGGy wjn hwiwpdtpnipjniGhg wkuGkGp, pb
hGswbu t npynid Unyne fuGnhpp (2.4) wbuph hwjwuwpdwG hwdwp: Cunn Ybpp
wujwoéh (2.1) Gnpdwg hwdwlywpgh hwdwp Ynant huGnhpp wyn hwiwlwpgh
wjbhwhuh (MLédwh quGkiG t, npp  pwydwpwpnd b (2.2) wwpdwGhs ndwsé
(Io,xlo,m,x,?) yGnh hwiwnp:

Lwhh np (2.4) hwjwuwpnuip (2.6) Gnpdwy hwdwlywpghG pbpdnud t (2.5)
Suwthnfunipjwidp, wyw (2.4) hwywuwpiwG hwdwp Ynyne juGnppp Unpdh hGunbyug
Ybpw qunGty (2.4) hwdwuwpdwh w)Gwhuh y = y(¢) (nénud, npp pwdwpwpned t

¥(t)=Yo. Y t) = Yo eees Y ) = Yooy (2.7)

WuwjdwGhephG, npnbin £, Yo, Yistts Ypoy NUwo pubp GG, pwn  npnud
(o Yo Yir s Y )E G (27) wuwydwGGbphG Yullwlblp uyqpGwlywl (Yud
Unznt) ww)dwGGbp:

dbponud  GUwuwbGp, np bpb  (2.4) hwywuwpmip qdwyhG t, wjuhGpl
ft,z,-z,) dmOyghwG qbéunhG t z,,-+-,2, thnipntuwlwGGhph GYwwndwdp,
www hwiwwwwnwuhuiwb (2.6) hwiwywpgp Gniybwbu qéwhG t (npG wyGhw)jn
Gpunud t Gpw nbuphg):

LnyG tnwGwyp, npny (2.4) hwywuwpnidp pbpytg (2.6) Gnpdug hwiwywngh,
pnyt t vwihu hwywuwpnudbtph Yuiwjwywt hwdwlwng, (nddwd pwpdp Ywpgh
wéwhgywiltiph  OYywwdwdp pbpbp  Gopiwy  hwdwlwpgh:  CwpwnpwGpp
sdwlpwpbrObin Guywwnwyny wyn gnpépGpwgp gnigunpbGp

y(’") =f(t,)’,y’,"',)’(’"—l),Z,Z’,"‘,Z("-l))
Z(”) '—'g(t,y,)’,,'",y(m-l),Z,ZI.'“,Z(n-l))
y L Z bpynt wGhwpn pnilGyghwhbiph Gyuwwndwdp bpyn hwqwuwr;mﬁﬁbnhg pwn-
Ywowd hwiwlwpgh hwiwp: NpnGeth y = y(t) b z=z(t) ImGyghwGbph thn-

fuwpbG dinglbiny x, (), ..., X, (£), X, (1), ..., X, (t) PnGUghwlbpp x, =y,

(2.8)

(m-1)

' xm+| =z, xm+2 = th'“ , X = Z(”—l) pwﬁwdhh-

m+n

4
Xog =Y ooens X, =Y

nny’ uunwbwp (2.8)-hG hwiwnpdtp htinbjw hwiwywpqp.
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r 7
X =X,
U4
Xy = X3
’ —
Xt = X
’
< X, =f(t’xl’“.’xm’xmﬂ""’xm-m)
’
Xmit = Xma2
4 —
Xm+n+l —xm+n
/ — .
L Xmin = g(t’xl’""xm’xmﬂ’”"xm-ﬂl) .

UjG nhdpbpboghwy hwywuwpnuiGept m hwiwlwpqbpp, npnGp hGwpwynp st
inotp wywq woéwlgyuiGbph Ghwwndwdp, pGnhwlipwwtiv wuwd, Ghwpwgopdwd
qnpdpGpwgny 366 ptpydnid hwdwuwpnuiGeph Grpdwy hwdwywpgh: Hhdtpklghwy
hwywuwpdiwG (neébihnpinlp pwpép Ywpgh woéwbgyuih Ghwwndwdp wybih 2nun
plnbwlnup $neGyghwbbpp wnbunipywl, pwl nhdbptGghw) hwywuwpnudGtph hwpg
t, wjn Wwwsweny untyl nuupbtpwgnid Gowh hwpgtip $60 nLunwiGwuhpyned:

Unwyt] plnhwGnip  opjlwp, nplG  nuunuibGwuppdbine £ unynpuljwG
nhdbpbGghwg hwywuwpnudGtiph unyl nwupipwgny, hwywuwpnudGeph Gnpowy
hwiwlwnpql t:

Pwpdp Ywpgh wowbGgyuiGbph GOhwwndwdp |Médwd  hwdwuwpnuiGbph
hwiwywpgh Ywpg Yubdwbbbp wyn hwiwlwpgnud dwubwygnn hwywuwpnidbbph
Ywpqbph qnudwpp: Cutn wju vwhdwOiwG (2.1) hwiwhwpgh Ywpgp n t, huy
(2.8)-hGp m+n:

§3. AN3NMBUYL b4 URUYUNRE-3UL BENLGULER

ThtptGghw hwywuwpnidbbph (undnpuwywb pb dwubwyw b wéwbgywiGepny)
wbunipjwl wenwiny wnwehG dwaqnn hwpgh £ nGh” wpyynp nwy hwywuwpnudp
Ywd wyn hwjwuwndwlp hwiwwwnwuhuwbnn fuGnhpp gnGt dGY (neénud: Iwpgp
nppwl plwlhwd, GniOpwG bty hhdGwpwp t, Lk Ginpp-h0s funphtipng htunin wwpq t
nwrlOmyd, np swhwp bt wyGwib, ympht wwunwupwbGbp: Mwundwlwinpbh wyu
hwpgp 6wqby t nhdbpblghw| hwlwuwpnuiGeph (wybihG hGnbgpw)  hwayh)
nbunipjwl wynGpltipnu L pwqiwphy wiwGwynp dwptidwwnhynuGph ewhpbpny
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unwgtb; hp npn2wlh wunh8wbh YepelGwlwa (nénudp: 6y nbuwlwa, L, wewyb
Ly, gnpébwywt (Yhpwrwhwhd) whuwblyniGhg hwonpn pGwlwl m fuhun Yuplnp
hwpgp nw) hwywuwnpiwlp hwiwwwwnwuluwbnn fulnph (4n2ne uGnhp, Gqpw;ha
fuGnhp L wyp) pmédws dhwynipywl hwpgl b Rwlqh hwwnjwwtu phlwghwnnpjwb
fuGnph wbuwytinhg wpdtpwynp (hul tpptdl dhwy whinwGh) t wyl tuGnhpp, npG
nGh dhwpdtip Wwnwufuw:

UnwohG Ywpgh Gnpiwp hwywuwpnudGeph  hwdwp wju hwpgbiph nguy
2newbwynid phs pb 2w thwpdbp wWwunwufuwlp wewehl wlqwd wnpyby t Unnt
Ynmihg: IGnwquinid Unym puuwlwb ptnpbip pOnhwlpwgdt) t wikGwunwppbn
nunnnepyntlbpnyd nwppbp dwpbidwwhynuGbph Ynndhg (MGwhn, Mhlywp, Ougnin,
uGtqtp, LhGnbynd, Mbupndulh L wyp): Uyu gqifuntd Ypbkipdh Unznu plinpbidh
dLwybtpwymdp wnwohG Ywpgh d6Y Gnpdw) hwywuwpiwG hwdwp L npw
hwGgniiwlyp hwywuwpniiGbph OGnpdw) hwiwlwpgh hwiwp: IGnwquynd (IV
qinthu) Yalwybpwyuh Unane plinptidh plnhwGpwgnudp (Ynzne-Nhywph ptinptdp) L
Yuwwwgnigdh Mbwlngh (Yuwd hwonppuwl dnnwpynudGeph) Gnwiwyny: GiaGiny
wyn wpyntGph hhdGwpwpnepynehg IV griundd Ypbpdh npu Lo 06y wuwwgnyg
utindnn  wpnwwwwnybpnuiGph (i wbwpd Yewh) ulgembph  Yhpwrdwdp
Guwtuopnp dLwybpwtiiny L wwwgnigbiny wyn uyqpeniGpp: UyGnbn yuwwgnigyp Gl
Mhlwp-LhOnbyndh pbinpbdp hwdwuwpnedGbpp Gnpdw) hwdwlwpgh Ynznu fuGnph
yntédwG gnynpjwb L Shwynipjwl dwuhG:

%hgnip nuuntdGuuppynud t

{ y'=fty) @3.1)
() =y, (3.2)
Unant fuGnhpp, npwnbin (2, y)-p Q whpnypnul ipdwé pnbyghw t b (¢, yo) -G

Ywiwjwlywh Yt t Q -hg:

2uuybpytitp wju nwuplpwgh hhiGwlywb wpnyniGpGtphg OGYp.

)
Btnpkd 1 - (Unzh) Yhgnip f L 5]: dnuGyghwlbpp npndwd L wGplnhwwn GG
y

€ whpnypnud: Ujn nbiwpnd (3.1)-(3.2) Unznt fulnhpp Yuwidwjwlw (to, yo)e Q
ytwh hwdwp nuGh b wyG kf Shwy | nudnud:

SwywuwpnudGtiph (2:1) Gnpdwy hwdwlwpgh hwdwp nknh nuGh.

of, . .
Bbnpby 1l . Yhgnp f, L a—— (i,j=1,...,n) $nGyghwibpp npndwé L
IX .

J
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wGpGnhwwn 66 7+ 1 swihwih G nhpnypnud: Uy nbwpntd G whpnyphG wwnlw-
Onn Ywiwjywywl (to,x:) ,...,x,?) Yewh hwowp qnympyntd mih (2.1)-(2.2) Ynam
puGnph dbY L Shwyb dEYy |nudnul:

3w t hwinqytiy, np bpb (2.3) hwywuwpnuiGliph Qéwhl hwiwlwnpgh a; 3]
qnpéwlhglipp L b;(f) wquwn wlnwdlkpp (G, j=1,...,n) wGpGnhwn
$niGyghwlbp GG hGg-np (7;,7,) Shewlwypntd, wyw

fitt.x,....x,)=a,O)x, +---+a,(t)x, +b,(t) i=l...,n
Pnblyghwltpp pwdwpwpmd GG ptinptd 11-h wwjydwGGEphG

G={(tx,....x,), r<t<rn,(x,...,x,)€R"}

whpnypnud L hbnbwpwp wju nliypnid ptnpkd II-p Yppwetith t Gwbk qbéwjhG
hwiwywpgh hwiwp: Vwyu)s wupqymd t, np hwjwuwpmiGtph qéwihG hwiw-
YwpqG ntGh dh hpwwh wnwGdGwhwnmympynil, npnyd w)jl whtlwbnptl quinynid
t pGnhwGnip (ng q6wjhb) Gnpdw| hwiwlwpqbphg qéwjhG hwiwlwpgh (nuénudGtpp
npnwé 66 wjlnbin, npnbin npn2dwd GG hwiwywpgh qnpéwlhglbbpp: Uwnngyqp,
wntinh n.Gh ’

@linpbd M:  “hgnip a;; (),b;(t) (i,j=1,...,n) PnbyghwGtipp npnqws L
wGpOnhwwn GG (r,7,) dhewlywypnd: Un nbwpentd YwdwjwywG (to,x?,..‘,xg)
Yawh hwiwp G whpnyphg qynipyntG mGh wyG by dhwy {@,(¢),...,0,()}

dnubyghwiliph n-ywy, npp hwinhuwnud t (2.3) hwiwywpgh (némd nng (1, 7,)
dhpwlwypnid b pwywpwpmd t

9, (t,)=x (i=1,...,n)

wwydwbGbpha:

20wjwé duwybpyyws plinpbidGhph wwwgnygltipp Yptipdtb ng whdhowuwbu, wyy
htitnwagw qnthuitipnuy, uwyw)t hinwqu wpwnpwipnud thElp wiYwyywln Yoqunykip
wjn wpyniGpltphg: huly dhaGs wyn, gnigwnpbipne hwidwp wyn wnmudGbph nbuwlwo ne
qnpélwlwb wpdtipp (Wwy nbwpmd pbnptid |- Jwd phnpbd i-h dhwynipjwGp
Jenwpbpnn  dwup), nhwnwpyblp Jh  ophGwly, npnbn  phpdwéd  wpmynibplbpp
hGwpwynpnpyntl 66 wwihu Gwpwgptp wwp hwdwuwpdwG  (nuénuiGlph  nng
plunwGhpp: thunwplybGp htinbyw] wnwehG uujno,h qow)hl hwywuwpnudp
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y' =0y,
npunbn OL-G wpdwé hpwlwG phy t: Wuwnbn (2, y) =0ty dmblyghwh hp pnyap
wéwhgywiGbph httn npnzyuwé L wGpGahwwn b6 wipane Q = R* hwnentpynibnud L
htwLwpwp pwdwpwpywé 66 pbnptd I-h (wybihG” ptnpbd HI-h) ww)jdwGGbpp:
UGihowljwl wbnwnpdwdp Yuptih t hwinqyby, np juwiwjwlwls ¢ hwunwnndGh
hwdwp
yt)=y.(H=c-e* (3.4)
dnGyghwG  (3.3) hwlwuwpdwG (omd t nnp pywjhG  wnwlGgph dpw
(o<t <):
Snyg wwlp, np (3.4) pwGwdlny unwgynd GG (3.3) hwdwuwpdwG pninp
tnonudGipp: Yhgnip y = @(2) -6 (3.3) hwywuwpdwG nplt (neénid t: Cun plinpbd li-h

w)G npnywé b wnipnng pYuyhG wewbgph Ypw: LawbwytGe @(f,) = y,. npwnkn 2,0
YuswjwlywGnpbG Jbpgdwé yewn t L ¢, phup npngkiGp ¢, e™ = Yo wWwjdwlhg
Co = Yo -e” % : Wyn nbwpnd (3.3) hwywuwniwG Yeo )= yoea('-"’) Ly=@t)
tpynt (nonuiGlpp pwyjwpwpnd BG GhlGnyG y(2,) = ¥, uligpGwlwl wuw)yowGhG

(wGgGnud &G dhuGnyG (75, y,) UYttnnd) L pun ptinpbd I-h (Ywd pbnpbd 1)
dhwynpjulp Ypwptpnn Swuh’ hwdpaylnud 66 wdpnng pywjhG wnwlgph Ypus:

Wuhy gniyg nipdbg, np (3.3) hwjwuwpiwl YwiwjwlwG (nuénud wipdned t (3.4)
pwlwdlnyg, wjyuhGpl GYwpwgpdtg (3.3) hwdwuwpiwlG (MménuiGhph  wdpnng
pGunwGhpp: '

ChwnbGp, np wyu pninpndhG ny wwpgniGwly thwunp vnwgltg 26nphhy
qgynipjwl b shwinipjwl dLlwybpwyywsd phinpbiGeph:

UhGs wydd dLbwybpuyws wlnnudGbpp  (ptnptid | = pbnpbd 1) npnwyh
Wwjiwaotph welwnipjwl nbwpnud wwwhnynid thG hGswbu 'hnzm. tuGnph pnuédwb
qnnipynilp, wjbwbu Gwb shwinipnilp: PGwYwG t uwwub], np Bpb huGnpn wnwplw
t dhwyG (Médwl qmynipjwl Ywd dhw)t Shwynpyjwl hwpgp, www pnjwglbinyg
hwiwwwwnwuhiwd vwhiwbuwhwynudbbpp, hGwpwynp t unwbw] wybh pGnhwancp
wpyniGphbp: 6y hpnp, wntinh nlGth
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Bbnpbd IV: (Mbwln) bpt (2, y) Pnullghwl whpbnhwwin L uwhdwGwhwy t
Q whpnypnud, wyw Q whpnyph Ywiwjwywh (¢, Yo) Ytwnd whghnd t (3.1)
hwywuwpiwb gnlb dkY hGnbgpwiwihG Ynp: Ywd, np GnylG t, gnynpinih nLbh qnib

gty y = @(¢) $niGyghw, npp (3.1)-(3.2) fuGnph (neéncd t:

MGwln)h ptinpbdp pwdwywGhG pGnhwlnip nbwypntd Wwuwupuwb bt wwihu
Unznt fuGnph (nédwh gnynupjwb SwuhlG hwpghl, uvwyw)G nghGs sh wunud wyn fuGnph
neodwh Jhwiynpjwl dwuhG: by nw wwunwhwiwhe st Yhowpytlp hbnlywy
ophGuwyp, npp gnig Yuw, np Mbwbngh pbnptich wwjdwGotnG plnhwipwwbu wuwd
$60 wwywhnyned Ungnt fuGnph (nuddwl shwynipynibp: thgnip nwunudGwuppydnid t

y'=2y", ¥(0)=0

Unznt fuGnhpp, npwntbn f(2,y) = 2~| yll/z Pniblyghwl wlGhuynnpbt pwywpwpnud
t MbwGnjh plinpbish wuydwGGtphG (2, y) hwppnipjwi Yuiwjwywi R wewynny L
(0,0) ytiGwpniny 2 = S(R) 2pouiliny:

Upu hGnhpG nmGh wiGdbpe puny [nénudGp: bpnp y(2) =0 médwG hbin
dhwuhO | moénibbp 60 Owl @ ppwlwl wwpwitivnphg Ywhujws

)= 0, t<a
o=V t-a)2, 124

InGyghwGtpp (nbu GYy. 2)

)

VY. 2

25



bty wjuwybu y'=2.|y||/2 hwywuwpnudG nGh (0,0) Ytny wiglnn whytipg

pyny (nuénLdGEp, npnGp hwﬁwl.qwtnmuh.uuﬁmd 6 a wwpwditinph wnwppbp
wpdtpGbiphh:

Uju hpwyhSwyp hwinwlwywd t nhdtpbighwy hwdwuwpnuiGbph hwdwnp
pOnhwGpwwtu: Mwpqynud t, np (UGGgLph ptinpld) bpk (3.1)-(3.2) Unznu tuGnhph
nbh dbyhg wybh (mond, www wd hwpyunpwpwp nGh wGdbpe pyny
(YnGunhlinuntd) |neonLdbbp:

Itnlyw] winnudt wpnbl wwwowufuwl t wwihu Unne uGnph  (eddwG
dhwynipjwl dwuhb hwpghl (wowbubiny (nLédwh gnympjwlb hwpgp):

Pbnpbid V:  (Ougniny) “hgnip qnjmpjhl.ﬁ nGh npuwlywt Yhuwnwbgph Ypw

npndwé nplt F(s) wapGnhwwn, npulws pnibyghw wyGwpuht, np

lim [ ds__
=07 F(s)

€

puwn npnud  whpnyph Ywdwjwywa (2, y,) b (¢, y,) qnygh hwdwp

|f @&, y)=Ft.y )| SFy, =y, ):

Wn nbwpnd ©Q  whpnyph Ywowywhwo (¢, y,) Ytwnd whglnud t (3.1)
hwjwuwpiwG ng wybih pwi dtY hGunbgpwiwihG Ynp:

Ptnpkd V-nud pipdwé wwydwGGephG pwwpwpnn F(s) $nillyghwh ophGuly
Ywpnn t dwowyty F(s)=L-s PnGyghw, npintin L -p npuk npuwlywG phy t: U
dwubwynp  nbiwpmd  (wuhGpl, btpp  f  PnGhghwl  pwywpwpnud  t
lFy)—F@E,y)|SLly, =y, wwiwGht) wumd &G, np  f(2,y)
Prlyghwt Q -nud pwdwpwpnid t Lhuyhgh wwydwGhG puwn Y dhnthnfuwlwGh,
hwdwuwpwswh ¢ hinhinfuwlwih Ghwndwdp (L (hy2hgywl hwutnwwnniGny):

Uhpwetiind LwqpwGdh (Ghohlt wpdtiph dwuhG) pbnpbdp” hbunnpjwdp Yupbith t
hwingyty, np tpt f(2,y) Pnlyghwl whplnhwwn t L mGh  wGpGnhwwn ne
uwhiwGwhwy dwubwlwt wowagyw| pun Y thnthinfuwywbh Q whpnypnud, wyw
wiG Q-md pwywpwpnud t Lhuzhgh wwydwGhG pun y hnhnfuwlwGh, wyuhGpl
wyu nbwpnd F - pniGyghwyh ophGwy Ywpnn t Sweugby hGg F(s)=L-s
¥nGlghwl, npuintin
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9
dy
@tnptid V-nud pipYwé wuydwGGephG pwlwpwpnn F(s) pmlGyghugh wy
ophGwyGbp Ywpnn G0 hwGnhuwlwy
L-s-ns, L-s-|Ins|-lnjlns|, L-s-|ins|-Infins- lnllnlln s“
Q;mﬁughwﬁhnu:

L= sup
(1,y)Q

f@y

§4. UNUILGLU 4+hDHErELSPUL LULUUUrArILEE

UhGs w)dd pt |ntgwl hwiwdw)bnipjwip, pb’ wyn dwuhlb pwgwhwjnnptlb wub-
tny, athp nuwuntdbwupptiy Gop dhwjlG ppwlwl nhdbpthghw| hwywuwpnuibGtpp b
npwlg  ppwlwd  (hpwywlwpdbtp) nondGbpp: UwluyG  npn  nhwpbpnd
hwjwuwpdwb vk Ywpnn 60 Swubwlygk) $nbyghwbbp, npnbp sGwjwd hpwhwb
thnthnfuwlwGh GG, pwyg pGrnlnud &6 Yndw bpu wndtipltp, hGswbiu Gl Yndw tpu
wwpwibinpbp: LOWG (L Ny Bhwyl wyn) nbwpbpnud hwywuwpnudGlph  (LENLBGEPP
Gni)Gwbu Ywpnn 60 hGG Yndwbpuwpdtip dnlyghwbbp: Uju wwpwguynd wpnbl
npwbu  YwGnG ulyqprd qunnGmd GG Yndybipuy  (nudmuiGpp L www,
wlhpwdtinnpjw nbiypnid, wyn |nwdnilGbphg wagwwnntd hpwlwb |neénLdbbpp:

Lwpwopyws  ppwypswlyp hwnjwbywlwt | hwnjwuwbu  hwunwnno
qnpoéwlhgltipny qéwihG hwywuwpnudGiph hwdwp, npnGg nuénudGbpp phipyned 66

n-pn yungh LAA)=A" +a, A" +---+a,_A+a, =0 nbuph hwipwhwjuyuwi
hwwuwpndGbph |nédwlp (nbu §3.2): Iwlpwhwydp hhdGwywG plinptdp, npp
wanmd t, np n-pn Jupgh pwqiwlnwdlG mGh 7 wpdwen, GGpwejw] npwGg
wwwnhynepynlp, Shan t Yndwtipu pytiph quuinud L wynhy dtap unpwyywé Lhp
L(A) pwqiwGnwdp nhwwpyby npybu A Yndwibpu thnthnfuwlwGh $nGyghw:
UYL G qunbb)nt hwiwp 7-pn Yupgh hwuwnwnna gnpéwyhgbhpny qéwjhG nhdb-
nbbghwy hwjwuwpiwb (psnuibbpp (NLOGOwind wyn hwywuwpiwbp bwiwww-
nwufuwbnn L(A) pGnipwgphs pwqiwGnwih (Ynduybipu) wpdwinGbipp) dkGp pwu-
Uit 6Gp L(A) pwqiwGnwih punn A Yndwbpu thnthnfuwlwGh wéwbgywih qunw-
thwph hbw:

Ujuwhund Otq wGhpwdtn b dwngGty dh Ynnihg hpwlws thnthnfuwyuwGh
yndytpuwpdtip $nilyghwih L npw punn hpwywbd hnthnfuwlwap wéwbgywih, Gy
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Unndhg' Yndwbipu thinthntuwlywih pwqiwGnwdh pun win Yndwibeu hnthinfuwywih
woéwbgjwh qunwthwnbbpp:

hGs Jbpwpbpnud t yndybpu dinhnfuwqwGh nbyghwih (Jwubwynpwpwp
pwqiwbnwdh) pun yndybpu thnihnfuwlwth wéwbgywih qunwtwphb, www w)b
dwpbiwunhywlwt  wGwihgh  YwplnpwgonylG  hwulwgnipnibGbliphg t L
nwntiGwuhpntpjwl  hwwndy pGwquywn, npp th hwGnhuwbnud  nhdtiptGghwy
hwywuwpmdibtph pwnyugnighs dwup:

6wpwynpnpyntd (L puwn tnipywl whhpwdtunnpynil) sntbbGwiny funpwGuwn
wyn plwqwywnep, shw)b GobGp, np woéwlgyuip punr Yndwitipu thnthnfuwywbh
GGpwpyymd t GnuylG YuGnGGEphG, hGs wéwGgyut pun hpwlwh hathnfuwlwih:

Uwubwynpwpwp A’ wuwnhbwlwjhG nGlyghuph wowlgyuip n-A" t, e""

gnigswhh $nLGlighwih woéwGgywip (pun A Yndwbipu thnthnfuwlwGh) a -e** g tl
wy)G:

Ujniu Yynndhg dkGp YydingGhiGp hpwlwl thnhnfuwlwGh  Yndwtipuwpdtip
$nlGyghuwyh L npw (puin ppwiwG hnipnfuwywih) woéwbgyuith hwulwgnepyndlp,
2bnwnpbiiny w)b Gwquagnylp, npb wGhpwdtw t hGnwqw Gyneph 2wipwnpdwh
hwdwnp:

6y wyuwbu, YwubkhOp, np (r,,rz) dhowyuypnud inpywé t £ hpwlwh hnhnfuw-
YwGh X(¢) Yndwbpu wrdtp PniGlyghwh, bpb Ywowywlyws € (r;,r,) wpdtphG
hwiwwwuinwuhuwbtgyws t X () = @(2) +i-Y(t) Yniwytipu phyp, npunntin G(2)-6 L
Y(2)-G hpwlywh hndinfuwlwGh ppwyw olyghwlbp GG, pun npmd, @(¢)-6
Ynsdmd £ Y(2) Ynduytipu nulyghwh hpwlwe dwu, huy W(2) -0 ytiné dwu:

X(t) Uundybpu PnGyghwh Yngymd t whGpGnhwin (nhdtipkGgtih), bpb
wGpbnhunn &G (nhptipbhgbith 66) @ L Y Inbyghwlbpp, pun npmy, X(2) Pnly-

ghush %'(f) wéwbgywip npnzynud & Y'(2) = @'(£) + iy (1) pwlwaliny:
UGshpwlwl uwnigiwdp Ywpbih t hwdnqdby, np Yndwibpu Pnillyghwsh
wowbgjuih hwdwp Shwn 66 hpwywd Pnlyghwih wéwhGgjwihG hwwnndy gnudwph,
wpuwnpuwih, pwbnpnh b wyy YuGnGGbpp:
Nhgnip nuuntiGwuhpyned t

2’ =h(1,2) 4.1)
Gnpdw) nhPbpbGghwy hwywuwpnuip, npnbn  A(2,Z)  Yndwibpu  PnlyghwG
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npndwé £ £ ppuwlwh L z Yndybpu dhnhnfuwlwiGph hwiwp: Uju nbwpnid
pOwywG t hwpg nGt| (4.1) hwdwuwpdwh Yndybpu (nuénudbeph npndwG SwuhG:
Cunn npmd, Z=7%(?) Yndybpu PnlGlyghwl Ywlywlbkip (4.1) hwlwuwpiwb
tnonud (7, 7,) dhewlwypned, tipk

X'(t) = h(t,x(1)) te (r,n): 4.2)

Lniy0 Ypy Yupbh t dinglby Yndwbpu nhdtptighw) hwywuwpniiGbph Gnpdwy
hwdwlwpgh, hGswbu Gwlk pwpdp Yupgh wéwbgyuwih GYwndwdp [nLQlIwé pwpdp
Ywpgh nhdtpblghw; hwdwuwpiwl L npwGg (ménuibbph qunwgwpGtipp: Cuwn
npnid (L nw t wjunbn hhiGwywGp), pninp Gwd nbwpbpnd gnynipjwb Ywd
dhwynipjwl  phnphdGhpp  YnlbbOGwG Gyl dLwybpwnudGbpp, hGs  hpwlywG
hwywuwpnudGeph hwiwp: uwytipybap, ophGwl, gnjnpjwb L Ghwinepjwb ptinpbtidp

2™ =ht,z,7,....,2" ") (4.3)
pwpdp Ywpgh wéwbgywih Gywwndwdp (néwé 7 -pn Yupgh hwyjwuwpdw6 hwdwp:

Bbnpbd VI: Ohgnip b Prilyghwl puqiwlnws t pun  z,7,...,2""
Yndwibpu thnthnfuwlwGGtph', nph qnpdwlhgltipp ¢ hpwywG  thnthnfuwlwGh
whpGnhwwn $nilyghwltp &G (q,,9,) dhpwluwypnid:

hgnp 2, € (¢,,9,), huy by,b,,....b, , putipp YwiwjwlwG 66 (hpwlw
Ywd Ynduybpu): Uy nbiwpnd qynipyns nGh 2 =%(¢) pmGyghw, npG hGs-np
(r,n)<(q,,9,) dhewywipnud hwinhuwlnud t (4.3) hwywuwpdwG (end L
pwywpwpnid t

X)) =by. X' )=by,.... X" (1) =b,_ (4.4)
uyqplwlwh wwjiwGabphG:

Un (ndnudp dhwyl t: UjuhGpb (4.4) wwjdwGlbphG pwdwpwpnn (4.3) hw-
Juwuwpiwb juwiwjwlwb Gpyne pnuéniibbp hwdpbybnud GG hptiGg npn20wl nhpnyph
pOnhwGnip Jwunud:

Uwwgnygp ptipdmd b hpwiwl nbwph hwiwwwunwuhuwa I} pinpidh www-
gnuyghh, tipt 2 L A Yndwtipu Pnibyghwhbinp GhipyuywgltiGp z(¢) = x(¢) + iy(r)

! Unwhuht t, ophtwl, z +a,()z" ™ +--+ag(t) = f(r) n-pn Ywnoh qéwihG huwuwndwGp

hwidwupwnwuuwing b Pridlghut, bpb wiG apbtp 2™ =k, z....2" )= f(1)—a,z" " - —a,
nbupny:
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h(®) = £ (6, 2(8), X' @),.... x" " @), y@), Y O)s-... YD (N +
+ig (1, x(1), X'(1),.... x" (@), (), y ®),...., y" (1))
wnbuptipny, npunbn X, y, f, g PnilighwGlinG wpnkG hpwywGwpdtp GG Ujn nbw-
enid (4.3) hwywuwpnudp Yptpdh
{x‘""m = f@x(@0),x@).... x"0(@, Y0, Y @),..., Y (1))
Y (1) = g, x(0), X @) XV (1), Y0, ¥ @),.... " @)
pwpdp Ywpgh woéwbGgyuGtph Ghwwndwdp nddwé x Ly whhwpn Pnbyghwbtph

Ghwwndwip (2.8) nbuph hwywuwpndGbiph Gnpdw| hwiwywpghG:
UGnud t Yhpwntig 1l pnpbdp:
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QLNMv 1T

auUr2UeNF3v Shak UNELQKDRY YUMrG Pk HhDELELSPUL
Lduuuurarvvee

Wu qintfup Guhpqwé t undnpwywl nhdbiptighw| hwdwuwpnuitph dh pwhh
nwubtph nwuntiGwuppnepyubp: IwdwuwpnidGiph nuuniGwuhpynn nwubpp dh Ynn-
dhg wwuwidwlwbnptl undnpwlwl nhdptiptGghw| hwjwuwpnidbbiph nbunpywh
wynibpGlphg GG phunud, Gynwu Ynndhg wyn wnbtunipjwl wikGwihpwndtip nwunudGw-
uhpywé mu gtpgtwlwt wpnynibpltipny hwqbgwé Swulb GG Yuwqinud: Uwubwynpw-
pwp hwjwuwpnuiltiph hbnwqnuiwG nbuwltinhg, hwiwpw pLpwpwbsniph
hwiwp, Yuwwwgnigdtl gnynipywd L Shwyripywh plinptidGhp, npnip wju Yuwd wjb
wanuiny $60 uwpnn unwgyby npwbu dwuGwynp nbiwpbp pnhwbnup wbunepynilGhg:
Uwlywyl wju qifunud dbGp 262wip 4nbhkGp ny wylpwl qnynipjwl Ywd dhwiynipjuil
hwpgtph, nppwl hwywuwpiwlt nuw) nbuwyh hwdwp |eddwhb (hGunbgpdw()
pOpwgwlywpgh Yunnigiwl nu npw gnpsbwljws hpwlwbwgiwh Ypuw:

§1. UvUSWNL ONONULULLELAL 4PDELPELIPUL
Luaauvuernarvvee

y = f(t,y) nhpbpblghwy hwiwuwpnuip YuGwibGe wiewwnyng dnthntuw-
YwGGEpny hwywuwpnud, tpb £ (7, y) tpynt thnthnfuwlwGh $ntGyghw hwintu t
quwihu, npwtu ¢ L y dh hnhnuwlwGh Gpyne PacGyghwGbph  wpunwnpug
ft,y)=h(t)-g(y):

Wyuwhuny’ unyb wwpwagpwdpnid dkGp YniunwiGwuhpbGp

y =h(t) g(y) (1.1)
wnbuph hwywuwpnudGtpp:

Rbnptd 1.1: 9%hgnip h(t) PmGyghws npndws L whpGnhwin t (a,b) -m,
huy g(y) PnGyghwh npn2dwé L wipGnhwn t (c,d)-ni L g(y) #0 (c,d)-mua:
Wn nbwpened M= {(t, y),a<t<b,c<y<d } nuqwilyws gubywgws (2,,y,)
Ytwny whglnud t (1,1) hwywuwpdwb d6Y L Shwyb d6Y hGuinbqpwiwjhb Ynp, Ywy, np
GnyGa t, jnuipwpwbgnip (2, ¥o) € M uhmhvhwdwn
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{ Y =h(t)g(y) (1.1)
Y(t) = Yo (1.2)

Unznt fuGnhnpG mﬁh.h wiyl b dhwy pnudnud:

Uwwgniyg: Uyqpnud tiGpwnptiGp, np qmynupynid nuGh wyGwhuh  y = @()
qniﬁughtu, npG hwinhowlnud £ nhinnwplyynn Unzne fuGnph nuoned, qunltiGp Gpw
wnbupp:

by wyuwbu, GhpwnptiGe y = @(f) nhdbtipkGgbth dnilhghw (1.1),(1,2) hubnph
tnLonLdG b npnaqwé nng (a,b) dhewlw)pntd.

{cp’(r) = h(t)g(¢(x)) te (a,b)

o) =y,
Rwih np pun wuwyowGh g(P(2)) # 0 , wyw wyuntinhg YnGEGwGp
e _ ho)
8(9(1))
GnyGrupyniGp, npG hﬁmbqph;;nq (t552) dhowlwypnid (¢ € (a,b)) YuunwlbwGp.
LAV [nyax
0 8@

Unwgywé hGunbgpwiwiha GnGmpjwlb dwhu dwuntd YwwnwptGp dnginfuw-
YwGh ¢infuwphGned, GwGwybing @(¢) = 5: Cutn npnwy hGubgpwinid Yhnthnfuw-
YuwGh phnfuwphGiwhd Yuinbh unwgyws hinbopwih uwhiwbGhpp YhGea @£, ) -hg
P(2)u pwGhnp Q(2;) = y,, wyw YnGLGWaGP

o) !
ﬂ— = | h(t)dt
gs) 4

Yo
Gpb wyds G(y)-p L H(?)-6 hwiwwwwnwuhmGwpwn —(l——) L h(t) dni0y-
8gly

ghwGtph GwhlGwlywGitpG 66, www pun LynunnG-LwypGhgh pwlwdlh' Ybpphl
GnejGnepyntGp YpGnnuGh htivnlywy nbupp,
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G(@()—-G(y,)=H()-H(t,)
Yy’
GeM)=H(@)+G(y,)-H(,): (1.3)
Npwbuqh wjunbinhg unwbwip lmdmd' hwGnhuwgnn @(t) $nLGyghwyh nbupp
(GepYywywgnidp), gnyg wwep, ap G(y) PnlyghwtG hwlwnwndtih t (c,d)-nu.i:
Apw hwiwp pwywlwG t gnyg nwy, np G(y) dniayghwi (c,d)-nd wipGnhwin
nhdtipkGgbih £ L dnGnwnG: Np G(y)-p whpGnhww phdbipkGgth t (c,d)-my,

plunid t wyG pwGhg, np G-G % wipGnhwwn nilbyghw)h Guwiubwlwah t:
8\y

8Snyg wnwnt hwiwp, np G PnllyghwG dnGnunnG t (c,d)-nud pwywhwa t
hwinqyby, np G'(y) PnulyghwG (c,d)-ni wwhwwimyd t Gawlp: Thgnip nw
wynwbiu st, wyuhGpG gnynip)ntG nuGkG (c,d) -hG wwinfwGnp y, b Y, Ytwnbp wjG-

’ p ’ 1
whuhp, np G'(3,)-G'(y,) <0: ewGh np G (y)=-g—(y—). wyw wujwop Gaw-
Gwynd &, np [y, s y2] dhowlwypntd whpGnhwwn G'(y) $nibyghwl win Shewlwyph
SwypwybnGpnd pGnnGnud £ vwppbp Gowbh wpdbplbp, hbnlwpwp pun Pngwin-
Unznt wnwehG pkinpth qmnpynG mGh Y€ (y,,y,) Y, wiGwhuhG, np
’ 1 . ’
G'(Y) =—— =0, npp hGwpwynp st: Nepbis G (y) pubyghwi (¢, d) -mi wwh-
g(Y)
wwlnui £ pp Gawlp, wjuhGpl G(y)-n wGplnhww nhdbpbGgbih L GnGnnnG Lt
(¢, d)-muo: twnbwpwp gnymepintG nGh G~ hwwnwng $mGhghwG:

Uhpwnbiny (1.3) GnyGnpjwa bpynt dwuntd G ™' Pniblghwl YniGbGwlp O(f)
InGhyghwih hwdwp htinbyw; GEplYuwjwgnudp’

o(t) =G '[H(t)+ G(y,) — H(1,)] (1.4)

Ujuwhuny Gepwnptiny, np (1.1), (1.2) luGnhnG nLGh pnednud, dkiGp wbuwip, np

wj0 GEpYuwjwgynud t (1.4) pwlwaélny: Ujdd gniyg wnwlp, np wju plGpugwlwpgny
unwgyws L (1.4) pwiwdknd wpdnn @ Pdnlyghwl hwlnhuwbnd t (1.1), (1.2)
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hGnph  pménud: Ypw hwiwp, ogqudbiny hwununpd b pwpn pruGlghwlbinh
wéwhoiwl YwinGhg, wéwhgbbp (1.4) GnuyGnipyniGG puwn ¢ -h, hwydh weltind G L
H $niGyghwGbph nbupbpp YniGbGuwap.

’ 4

9'(0) =G (H)+ G(o) - H®)): = (G H @)+ G(r) - H&,) -

. 1 o .
(HO+G()~H (), —W'H(t)—g(fp(t)) h(t):

Snyg nwnt hwiwp, np (1.4) pwbwdkny npnynn @ InellyghwG (1.1),(1.2)
fuGnph dhwl (néncdG t, GGpwnptbp, np Yy = Y(¢) dnibyghwh hwinhuwbnd t

(1.1),(1.2) huGnph nput (Ménuld: Ywwnwpbny Gneyb nunnnneentGObpp’ YunwbwGp,
npn ¥ Pnlyghwlh  Lu  Ohpywywgymd t (1.4)  wbupnd,  wjuhlpl

Y(t) = @(t) t € (a,b) : BbnpbuG wwwgnigyws t:

Gpb wydd | Ywpoh nhdbipblghwi hwdwuwpnidp gpydws t nhdtiptlghwGhph
dhongny ( wku qf. | (1.7) ), www wyl Ynwelw wipwunynn ginthnfuwyuGGtpny
hwywuwpnuy, Gpti nLGh

M, ()N,(y)dt+M,(t)N,(y)dy =0
wnbupp, npintin M| ,M,,N,,N,p Gwhuwwybu wpdws $nllghwlbp 6G: Ypw
hwiwp pwyjwiwl t hwywuwpdwG bpynt dwubpp pwdwlly M, (2)- N, (y)

wpunwnpywih gpw:
OnhGwly: LanobkGp

t(y+3)dt—(t* ~4)dy=0
hwywuwpnip: Iwdwuwpdwh bpym Swubpp pwdwikip (22 —4)-(y +3) wpnw-
q;\jw[h dpw: ’-4=0 1 y+3 =0 nwqhnGliphg nnipu nhnnwplynn hwywuwpntdp
hwdwpdtp t
dy t
. dt 12 -4
hwywuwpdwbp, nph (MéntdGbpp Yopuba

(y+3)

—;—lnltz—4l=ln|y+3|+C. CeR'

whpwgwhw)tn wnhGsmpjudp:
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UGShowlwh nbnwnprpywdp huidnqydnud tGp, np =32, y =-=3 ninhnGtipp
Lu npuwpydnn hwywowpdw ndmdGep 66: Wuwhund hwdwuwpdwG (puencdGeph
pwqunpnLGp wnipyned t

1 .
—2-ln|t2—4{=ln|y+3|+C. CeR' t=%2, y=-3

wnbOsnLpym GGEpnY:
Thgnip wydd (c,d) Shewluyph nplt Y Yyannd g(Y) =0: Yhwwpytop
y'=f(x)g(y) (1.7)
y(x,) =Y. x,€(a,b) (1.8)
Unnt fulinhpp:

UyGhwywn t, np wyu Unzne fuGaph (nedned b hwlnhuwGned y(x) =Y Pnublyghwo:
'ﬂwnqdmd L. np (1. 7) (1.8) Unani huGnph (nuodwh dhwynpynlbp Juwwyws t

J. ———dy wlhulwlwb hGunbgpwiGtph gniquipunnipjwG htiwn:
Y g(y) 8

tph Oqwé phlwnbgpw)Gtiphg jnpwpwlynipp wwpwdbn b, www (1.7),(1.8) Unynt
hubnph | neonudp dhwlG t, huy bpt Gadwd hGunbgpwiGtphg qnlt dbyp qniqudtn t,
wiwyus (1.7),(1.8) Unznt ulnhnG nuGh wGytpe pyny (nLonudbbp:

§2. AUUTUUGA 6L AUUUUGNRP AELLAN QULUUULARIVER

bGswbiu hwynGh £ Q hwpp whpnypnud npnadwé F (2, y) tpgnt thnatnfuwywGh
PniGlghwh Ynsynud t (qpn Yupgh) hwdwube € -nud, bpb Ywiwjwyws A >0 pyh
hwswp F(At,Ay) = F(t,y), (¢, y) € Q: UpwGhg tiGbiiny plusljuG t

=Y
y °f(:) (2.1)

nbuph hwywuwpnudld wGquwit] hwdwubn hwywuwpnid: Uju ywpwgpudmd kGp
UntuntdGwuhptiGp (2.1) wbuph unynpwiwb nhdbptGghw; hwywuwpniGlpp: Snyg
Yupdh, np dinthnfuwlwiGiph wwpquagnyt hinfuwphGiwdp (2.1) hwjwuwpnudp Yu-
nbgh t plipty Gwlunpn wwpwgpwdmd nunwGwuhpywd wigwnynn hnhnfuwlws-

‘Stu W Netposcxuit, flexunn no TeopHn OEBIKHOBEHHBIX AnDDEPEHUMANLHBIX YDABHEHNHN:
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Gopny hwywuwpdw@ L hGnbwpwp Yupbth t méb (2.1) hwjwuwpiwbp hwiw-
wwwwuhuwGnn Ynzne uGnhpp: Uinnygp, wbinh ntGh htinbywp’

Bbnpbd 2.1: 9%hgnip f(u) pnuGyghwh npndwé L whpbnhwwn t (a,b) -nud
L f(u) #u,bpp ue€ (a,b): Un ntiypnd

us= {(t, y); a< P4 < b} pwqunpjwl gwlywgws (¢,,y,) Ybwnd whgbnud t
t

(2.1) hwyjwuwndwG dtY L dpwyl d6Y hGunbgpuwiwshG Ynp, Ywd np GnyGa t, U-hG
wwwnyuinn Ywiduywywb (2., ¥,) Ybwnh hwdwp

y’=f(%) @1

Y(t) =, (2.2)
Unznt luGnhpG mGh Shwly nuénud: ‘
Uyuwgnyyg: (2.1) hwjwuwpdwd 69 Ywinwptlp thnhnfuwlwGGEph ginfuw-

phGnus t=t,u=—f— pwlwdlbpny: UnGbGwlp y=ut, y=ut+u L (21)
hwywuwpnidp Gop hnhnfuwlwGGeph Gyundwdp Yytpwéyh
u'=f(u)—u (2.3)
wlowunynn hnthnfuwlwGGtpny hwdwuwpdwG: wGh np f(¥) # 4 wyw (2.3)
hwwuwndwlG wp Jdwup pwywpwpnud t pbnpbd (1.1) wwpdwGGbphG: Nipbda
Yo

(to’“o)=(tozt_‘] Ybwny. wagimd t (2.3) hwywuwpiwG d6Y L Shwyl GGy
0

hGunbgpwiw)hG Yep: Lnudbing (2.3) hwywuwpnudp, YounlbGp wjt u =u(?) Ohwy
(nuonudp, npG wGgGnud t (2,,4,) Ytwnnd, nphg htwnn y =tu  thnhuwphGiwdp
YqunGlGp (2.1),(2.2) fuGnph dhwy y = y(2) |ménuip: PENLAG wwwgnigyws t:

UG nbwpntd, bpp f(u) =u YnGhGwhp y'=—)i whowwnynn yhnthnhuwlwi-
t

Gbpnd hwywuwpnudp, npp Qwpbh t wOshowywbnptG hGnbgpt: bul bpp
f(u) #u, vyl (a,b) -hG ywnywhnn nput %, Yewnh hwiwp feg) = g, www
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hwiwwwwwupuwl  Yngne  fuGnph  (neddwG  dhwinipjwG hwpgp Ypbpdh §1-h
g(yo) =0 nbiwpntd Unznt juGnph (nLédwG Shwynipjwh htnwgnndwbp:
Ujdi niuntibwuhpbiGp

’ at+by+c,
=fl 4= 1= -1 2.4
Y f[a2t+b2y+c2 @4

wnbuph hwywuwpndGbpp, npntn a,,b,,¢,,4,,b,,c,-p npdwsé hpwwh pytnG ba,
puwn npnwy a4 # ﬁ:
a, 2
TYhuwpytlp ¢ Ly wlhwynGeph GYuundwdp htnbyw] qéwjhlt hwipwhwdw-
Ywl hwywuwpnudGtiph hwdwlwpgp
{a,t+b,y+cl =0

2.5)
a,t+b,y+c,=0 @9

a b
RwGh np Lz b—' www (2.5) hwiwywpgh hwywuwpnuiGEpht hwiwwwwnwu-
a, 2

fuwGnn nuinhnGtpp hwwynus GG Shwy (2,, y,) Ytwnnd:

LGwunwntlp thninfuwlwbh htinbywy thofuwphGnuip T=2-1,, N=y - y,:
RwGh np

dn _dy-y) _dy
dt d(t-t) dt

L GUwwh nGEGwny, np ({0, Yo) Ppdwanugp (2.5) hwdwlwpgh nmoénd t
(aity +by, +¢, =0, ayt, +b,y, + ¢, =0), ynGbGuwbp

g‘nzf[ aT+bn+ax, +by, +c ]=f( a,‘c+b,n]

dt a,tT+bn+a,x, +b,y, +c, a,T+b,n
npp hwiwubn hwjwuwpnd £ T L 7 dinhnfjuwywGbbph Ghwndwdp: Lndtiny
unwgywéd hwywuwpnudp b 7,1 hndnfuwlwbbephg wagbbinyg £, y thnthnfuwlwi-
GGphG (T=1—1,,N =y —y,) Yuunwbwap (2.4) hwwuwpdws iménidGkpp:
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4y-2t-6
y+t-3
Pwlh np 4y-2t—6=0 L y+¢—3=0 nnhnGtipp hwwnymd &G (1;2) Yhwnd,
Ywwwpbind T=¢-1, 7= y-2 hnhnjuwywGGtph hnfuwphGnudp, Yunwbwhp

OphGwy: LmskGp y = hwywuwpnudp:

n' = 41;-_2_1: hwiwubn  hwjwuwpnuip: u = n PhnfuwphGiwdp ybpehGu Yptipyh
T+M - T
utT= —1—— wiowwynn  nhnjuwywiibpny  hwywuwpdwGp, npp
u+

pGnhwGnup (neonusGlnG 66 (u—1)* =T - c(w—2)’ c€ R': dbpwnwnGwing T.1m L
www £,y dinhnpuwywiobpht YnbblwGp hwdwuwpdwG pGnhwbnp (nuonLdp
(y=x-1%=c(y-2x)*:

_ : a
Udd nhnnwpytlp (2.4) hwywuwpnidp wih nbwypnd, tpp —+ =1 S
a, b, ¢
wjuhGpl’ tpp (2.5) hwiwywpgh hwdwuwpniGbpht hwiwwywwwuluwbinn nuphn-
Gbpp qniqwhtin 66 L 366G hwdpGyGnu:

a b

Lwlwybiny —'=-b—'=k. yniGtGwlp a,t+by =k(a,t+b,y):
2 2

bwinwnbGp inthnfuwlwiGbph htnlyw| hinfuwphbnudip” x = X, ¥ = a,t + b2 y:

, U
UniGlibwlp y = L Gnp thnhnfuwywGGtpp GYwndwip (2.4) hwywuwpnidp

2
4pGnniGh

ku+c,

u'=a, +b2f( —

]= D(u)

2
wbupp, npG wigwinynn thnihnfuwlwbGEpny hwwuwpnd t:
OphGuwl: Lnsti hwjwuwpnidp.

, (t+2y+1Y
Y 3t+6y+1
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wih np — = —, JwuwpbGp htnlywy hnpuwphlGnulp 1=t u=t+2y

AN

1
3

’ u _1
UnibGwlp y =T: UpuhGpG® ¢ L u» phnhnfjuwlwGbiph GYuwndwp

, +
“Yuonwbwip u =1+2 u+l
3u+l

2
] wlowwnynn gininfuwljuwGblipnyd hwdwuwpnudp:

§3. UNUQMY YULPGh GBUSHY LhDELELSPUL LULUUULARULER

F(t,y,y") wnwghG Ywpgh nhdbnblghwy hwywuwpnidp Ungdnd b qéuwyht,
Gpt Gpw dbe y npnGbh dmbGyghwh L hp wéwbgywyp hwinbu G0 quhu qdw)lnpka:
UuhlplG wrwpht Ywpgh qoéwjhl nhdbpbighw; hwdwuwpniiGbpt plnhwbnp
ntwpntd nuGLG

a,(y +a,()y = f()

wbupp, npntin a,,a; dnGyghwatipp, npnig htinuwquanid Ywljwitlp hwywuwn-
dwh gnpéwlhglbp U f wqww winwdp wpdwé LG, pun npnud, et f(£) =0,
wwyw hwjwuwpndp  YwOdwGbkbp qéwshG hwiwutn: bpb  GopwnpbklGp, np
qnpéwyhgbbph npnadwl (r;,7,) dhewhwipnd @y #0, www nwnwiGwuppydnn

hwyjwuwpnudp pbipdned t
y +a(t)y =b(t) (3.1)
hwywuwpdwGp, npntn  a(?) = @) , b(t) = —&)—:
a (r) ay(t)

nbywy wenmdp  vwihu t (3.1) hwjwuwpdws Ynpne fuGnph  |MéSwG
gnjnipjwl, dhwympywl L nddwl GepYujwgiwld hbn Yuwwwd hwpgbph
hwiwynndwbh L npnawyh hdwuwniny Ybpetwyw b wwinwupuwGGbpp:
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Bnptid 3.1: Yhgmp a(t) L b(t) $mbyghwlbinp npndwé L wipGnhwin 66
(n,r;) dhowhwypnid: Un ntwpnd G= {(t, Y);r, <t<ry;—o< y< +owo}
2tpwnh gulywgws (¢,,y,) € G ytwnnd whglnud t (3.1) hwwuwpdwb dbYy L dhw)G
dbY pneéned, npp tnpdmud t

t ?a('t)d‘t —?a(‘t)d‘t
y@®) =|y, + I‘b(s)e“ ds |e ' wnbupny :
1o

Uwwgnyg: UVugqpnd nhwwpybbp (3.1) hwjwuwpiwlp hwiwwwunwufuwbnn
hwiwutn hwyjwuwpnuip’

Z+a()z=0: (3.2)

WG pptGhg GEphuwjwglind t whowwnynn thnhnfuwywhGbpny nhdtiptGghwy

hwywuwpntd: Iwiwdw)G 1.1 pbnpbidh’ Yuwiwpwlwa (¢, y,) € G Ytwnny whglnud

t wyju hwywuwpdwG Shwl nednud: UGShowlwh wbnwnpdwdp htnnipjwip Ywpkh

—}a(t)a‘t

t hwinquby, np wyn (n6nwdp wipdnud & z(8) = y, -e fo pwlwadling: Ujdd (3.1)

hwjwuwpdwl (nudnudp hbnpbGp  hwwnuwnndGh  uppwghuwyp nwGwynd: Uju
nwGwyh tnupynlG wyl £, np (3.1) hwldwuwpdwb (nudnudp hawnpdnad t

—}a(r)d'r
y)=c(t)e” (3.3)
wbupny, npuntin ¢(2) -0 wewydd wGhwjin $nGlyghw t: Onpdtlp () PniGlghwh

qulbp wjt wwhwaGohg, np (3.3) pwlwdlnd wpynn Pniblghwl hwinhuwluw (3.1)
hwjwuwpdwb nuéncd:

Stnwnpbin (3.3) pwlwdlny wipdwsé pnGyghw (3.1)-h ke L oqudbiiny
thnthnfuwlwl  JGphG uwhdu{ﬁnq hOnbgpwih  woéwGgiwb  pwlwdlhg

j a(t)dr | =a(t), ynGbGwop

o

—ia(t)d‘t —}a(t)d‘t —}a(z)dt
(e’ —a(t)-c(t)e ' +a(t)-ct)-e ™ =b(1) :
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Ujunbnhg’
rIa(t)ett
c'(t)=b(1)-e"
wjuhbpl’
t f‘l(t)d‘
ct)=c+ J.b(s) e ds,
fo
npnbn ¢ -0 Ywiwjwlwh hwuwnwunnG t:
Unwgywép wbnunptind (3.3)-h dbe ynGEGwGp (3.1) hwdwuwpiwl ¢
wwpwdibwnphg Ywhudwé (nénudGliph pwqinepynilp (pbnhwbnup (nudnedp)

' —?a(t)d‘r -}a(‘t)d‘t
yty=(c+[b(s)e’ ds)e" (3.4)
‘o

UyGhwywn t, np (nuénudGlph unwgywé pGunwbhehg y(¢,) = y, ulqplulywa
ww)jdwGpl pwywpwpnn inénudp Y haGh

S {
-Ja(t)dr - [a(v)dt

Y&y =( o+ [b(s)ye® ds)e' (3.5)

fo

8nuyg nwbp, np (3.5) pwhwalny wpynud t (3.1) hwwuwpiwb (2, y,) Yewny
whglnn dhwy (nuénLdn: v

bopwnpkiGp y=@(f) Pnbyghwl (3.1) hwdwuwpswd (f,,y,) UYtwng
whglnn nput pneénud b Ibningjudp Jupbih t hwdngqyby, np wyn nbwypnd
@) = y()—@(t) PpnGyghwl hwinpuwlnd t (3.2) hwwube hwywuwpdwl
(nonud, npp pwdwpwpnid t 2(8) = Y(E) = Qo) = Yo — Yo =0 uyqplwyws
wuwydwGhG: RwGh np §1-nud wpwnpdweh hwiwdwG z2'+a()z =0, z(ty) =0
Unan fuGnph (monuip ShwyG t, puy  z(#) =0 PniGyghwl wyGhwynnpbb wyn
fuGnph 1nLontd b, www nw Shwy (neenudG t: Ienbwpwp @) = y(1):

Ptnptd 3.1-0 wwwgnigywd t:
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YunnprpymG 3.1: Unwgué (3.5) pwlwdbhg wGihpwywGnpbl plunud t, np
(3.1) hwywuwpiwl Ywiwjwywh (nond npngws t nng (r,,7,) Ghpwlwipnud:
Lywuwnbbp, np wyu thwuwnp Yupbih bp unwbw) npytiv hitnbwGp ptinptd HH-h:

§4. AGNLVARLPP BU NPYUSPR QUL UUULNRUWER
L. Pbalbnyph hwdwuwpmdbbp 66 Yngdnd
Y =a(t)y+b(t)y* @1
wtiuph hwywuwpntdGepp, npnbn o-G wpjwd hpwiwl phy t, punn npnwy,
o#0,0#1, huy a(t)-6u b(t)-Gnplt (g,,9,) dhewlywpnid npn2dws L whpGn-
hwwn pnLGyghwGhp GG:
a=0 ywd a=1 nbypnd (4.1) hwjwuwpnuip qéwjhlG hwywuwpnid t, pun
npnud, O =1 nbwpnud’ hwiwube, huy & =0 ntypnud ng hwiwubn:
bpb 0>0, www y=0 PmGlghwl (4.1) hwjwuwpdws (ménd t, huy tpb
a <0, wyw (4.1) hwywuwpiwG we Jwup npnwé st (£, y) hwppnpjwa y =0
a6h Upuws: .
GGpwnpbiiny, np a L b PniGyghwlbpp whplnhwn GG (g,,9,)-nd, y#0 L
(4.1) hwywuwpiwb Gpynt dwutipp pwdwGbiny y“-h ypw' YunwbwGp

)’a = a(t)—Tl_-|-+b(t) hwywuwpnudp:
y y

1

a-l °

y

Ywuwwpblp thnhnfuwyuGGepp hinbywy yhinfuwphlGnudp £ =1, u =

Ujn nbwpnLy’
,_du_—Ho-1Dy*?.y (1-0)-y
u = ar 5702 = y° :
WuhGpl’ ¢ U ¥ YhnhnfuwlwGGhph GYwndwdp (4.1) hwywuwpndp pepynud L
w =(-o)a()u+(1-a)b(t) ‘
wnwohl Ywpgh qéwihG nh$tpthghw hwywuwpiwG:
OppGwly:  huowpltiGp ){'—2!)' =3¢ y? hwwuwpnudp:
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Uw PtinGnihp hwywuwpnud £ (00=2): y=0-6 hwjwuwpiwG (nénd t:
Jwowpting y#0 U hwjwuwpdwG tpym Swubpp pwdwGbing yz-m ypw
ynuGLGwhp

2t
L -2 =33 hwywuwpnup:

1
Ywawnbbp ¢ =t¢, ¥ = — tinhnfuwlwGbbph hnfuwphbnudp:
y

’ d 1 ’ ’
RwGhnp y =d—f=——2—-u ,yniGbGwlp —u’ —2tu =313

u
Uunwgywép qéwiht hwywuwpnid t, nph pGnhwGoup (nednuda t

u(t) =c-e" +%(t2 -1), ce R'

JdbpwnwaGwiny (¢, y) dhnthnfuwlwGGEphG YniGbGwhp

1 , ce R":

yn= 3
c-e" +5(t2 -1

UGNy t wyu (ménudGliphl wybjwglty y =0 |nuénudp (npG h nbiy sh unwgyned
wyu iuénuiGbphg ¢ hwunwnnih nplt wpdbph nbwpnud):

2 Nplyunnpp hwdwuwpmoGlp 66 Yngdned
Y =a@)y+b(t)y* +c(t) (4.2)
wbuph hwjwuwpnuiGtipp, npntn a,b,c nilyghwltipp nplt (q,,9,) dhowlw)-
pntd npdwé HniGyghwatip BG, pGn npmd, a(t) # 0,c(1) #0, te (g,,9,):

b wnwpptpmp)nd Gwhunpn wwpwgpudlbpnud  nuundbwuhpdwséd  hwywuw-
pnudGbph nwubph, npunbn quGjwé GG npwig (nudnudGhpp wpunwénn pbpwguw-
Ywpqbp, Nhywwnhh hwywuwpdwh hGnbgpiwb pGpwgwlwpg pGrhwbnip nbwpnud
(hOswbu gnyg b wpdtp LwgpwGeh Ynnihg) hGwpwynp sh qulb;: Uwlwyh, tpb
hwynGh t (hGs-np duny quGlwéd t) Nhhwwnph hwywuwpiwlG npLt (GwuGwynp)
tnonud, wuwjw wwnpqdnud £, np wjG Yupbih tpbptp PEebnp wibuph hwywuwpiwb
- L uynuhuny wyG nuotbg:
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6y wjuybu, Gipwnpblp y=¢()-G (4.2) hwdwuwpdwl nplt (nénd L

Ywunwpbing  y.= u(t) + @) hnhnfuwywth dhntuwphlnuip (4.2) hwdwuwpnidp
YyptptGp hpbh hwiwpdtp
W'+ Q1) = a(t)u(r) + a(t)@(r) + b(Du® + 26PN u(1) + b1 +c(t)

hwywuwndwh:
wzyh weGkind, np @-G (4.2)-h pneoned t, wyuhGpG

@'(t) = a(t)p(t) + b)) (1) + c(r)

unwlwlp = (a(t)+2b(t)(p(t))4 +b()u® hwjwuwpnudp, npp # wGhwpn
$nchlyghwyh Gwndwip PErGnihh hwywuwpnud k:

Ujuwhuny Nhlywwnhh hwywuwpdwG gneéndGbph punwbhph qunbbint hGwpw-
dnpnpjnilp Ywhujwéd bt Gpw nput dwulwynp (nuédwl qunGEine hbw: Iwpg
wowowbny, Yw® nput pGpwgwlwpg Nhywwnph bwydwuwpdwb npbt JwulGwynp
tnLédwh qunGbne hwown: Swunp, wyn hwpgp Gniylwbu ponhwinp nbwpnd nGh
pwowuwlwl wwwwubuwG: bppbde GGeny a,b,c gnpdwlhglbph pugwhwjn
wtiuphg thnpd t wpymd qunlGhpnt dwubwynp (nuénuip pwqiwlnwish, wunhbw-
ﬁw;hﬁ, trwlynubwswhwywb Yuwd wy, wupq pnibyghwbtph inbupny;

Oppbwly: Lnwoklp

y =2ty +y? =1-1?
hwywuwpnuip:
OGuinpblGp dwulwynp (nénuip y = at wtiupny:
Skqwnpbiny y = at phuwpyynn hwywuwpdwb 669 YnGbGuwhGp

a+(a*-2ay’=1-+1*

GnyGrepyniGp, nphG pwdwpwpnd bt wwpwdtwph a=1 wpdtipp: Mpbda hw-
JuuwpdwG dwubwynp ndnd t hwlnhuwbnd  y =t Imbyghwb: Ywwnwpbiny
thnhnuwywlGbbph ¢ =1, y=u+¢ tnfjuwphGnudp YnGbGwlp

uw+u?=0

1
hwywuwpnidp, nph pGnhwbnep (ednLdGt —=t+c:
u



1

—=t+c:

u
Onfuwphlbind ¥ = y—1¢ YnGLGwip

1
——=t+c,c€R
_ y—t
tnénedlbiph pwqdnepyndGp:
§5 LPPY 4hDELELSPULLEMAY QUL UUUrNRILER

F(t,y) tpun. thnihnfuwywGh dnGughush (ppy nppbpbiGghuy t Ungdnus

dF = aa—fdt + aa—l;dy wpnwhwynmipynlGp, npnbn dtp L dy-p
hwiwwwwnwuhuwbwpwp ¢ b y hnhnhuiwywGGEph ppwnphg wlhwfv wobp &6, huy
%?-n L %—-n F 3nGYghwyh dwubwlwh wéwGgyuw| Obpp:
Thgnip ntunuiGwuhpynud t
M(t,y)dt+N(,y)dy=0 (5.1)

nhdtntGghw| . hwywuwpnwip, npbn M L N $nGyghwGbpp npndwd GG
hwppntpjwG nplt Q whpnypndd:

(5.1) hwywuwpnuip YwGjwGkGp 1phy nhdbpLGghwiGbpny hwywuwpmd, Gpb
Gpw dwfu Gwul hptiGhg GhpYwjwglnud t hGg-np F (¢, y) tpynt phinthnfuwywGh

$niGyghwyh iphy nhdbipklghwy, wyuhlpa, bpt qnynipyniG nGh F(7,y) pnilyghw

wjGwhupG, np dF = a—th + 3_de = Mdt+ Ndy, Q -nui:
ot dy
Uuwntinhg L dt dy wétph  wllwfumpymbhg plumd t,  np
a—FsM,a—FEN, Q-nui:
ot dy

3uywnGh t, np et M (¢, y)u N(t,y) dnGyghwltind wiplnhwwn LG hpbGg
oM

oN :
3— L Tﬂwuﬁwuwﬁ woéwhGgyu Giph htwnn dhwuhG Q dhwywy whpnypnd,
y t
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wyw M@, y)dx+ N(,y)dy wpnwhwpnnipymGp Q-nud hwinhuwGned b nplt
F(t,y) Ppnbyghuwh iphy nhdtptilghwy, wyl L ShuyG wylG nbwpnd bipp,
M _aN
ERER

Bbnpbd  5.1: 9%hgnig  (5.1) ppd  nhdtptGghwiGtpny hwlwuwpiwb

(t,y)e Q (5.2)

M, y),N(ty) 1>mﬁl4ghwﬁbnr_l npn2dwé L whpGnhwn GG % L aa—l:l Swulw-

YwG woéwhgywiGph htwn Shwupa Q= {(t, yha<t<b,c<y< d} wnhpnypntd,
pGn npnud N(2,y) #0 Q-md: Wn nbwpnud gwlywgws (£, Y) € @ ybwnyg
whghnud k (5.1) hwwuwpdwb dEY L dGhw)G d6Y |nLdmud:

Uwywgnyg: Bwlh np (5.1)-p Lphd nhdtiptGghwiGtpny hwywuwpnud t, wwyw
qnynipyntG nuGh wyGwhup F (2, y) dnGlghw, np gwlywgws (¢, y) € Q -h hwiwp

dF = a—th + a—de =M (t,y)dt+ N(t, y)dy, npintinhg
ot dy
oF oF
—=M,—=N 5.3
Y 3 (5.3)

Uygpnid gnuyg wwbp, np gwllwgwsd ¢ hwurnwwnniGh hwiwp F(t,y) =c
weGsnipyniGhg npnaunn y = @(2,¢) pnillighwl hwlnhuwGnd t (5.1) hwywuwp-
dwG (mémd L np (5.1) hwdwuwpdwl Ywiwjwhwl y=WY() (nédwl hwiwp
amnipynl nGh ¢ =c(Y) hwunwnnG wyGwyhuhG, np F(¢,Y(¢)) =c: Gwd np
GnuyGG L, np y =@(2) PniGlyghwl Ghwinhuwlbw (5.1) hwdwuwpdwG |ndnud wib b
dhwyG wyl nbwpnd, Gpp npt ¢ pdh hwiwp wyd hwGnpuwlnd t F(1,y)=c
InuGyghnlwy hwdwuwpdwl (nuénud:

oF
Lwlh np pun ptinpbidh wwydwGGp g =N(t,y)#0, wyw pwjwpwpyus

b0 wlpwgwhwpn PniGyghwih gnynpjwl ptinpish wwydswGGepp L F (7, y) =c



wnGgmpymbGhg Yuwpbih t npnabp dhwy  y =@(t,c) dnGyghwG wjluwhuhlG, np
F@,9(t,0))=c:
. Ubwbgtiiny wyu GniyGnipynibp, puwn ¢ -h YniGbGwGp
oF (1,9(t,¢)) L OF (1,9(1,0))
ot dy

Swiwnpbiny wyu b (5.3) GniyGnipynGGhpp YntGbGwhp
M (t,9(t,¢))+ N(,9(t,c))- 9'(t,c) =0
wjuhGpl y = @(z,c) Pnilyghwl hwhnhuwbnid t (5.1) hwywuwpdwh (ndnud:

@'(t,c)=0

Ujdd gnuyg wwbp, np F (2, y) = ¢ walsnipjwip wpynid 66 (5.1) hwywuwpdwa
pnpnp tneénudGipp:

Ohgnip Yy =WY(2) 9PmGyghwt (5.1)-h nplt (ménd b JdbpglkGp nplt
1o € (a,b) ybw L GuulwitGp Y(7y) =y, : Yhane F (2, y,) =¢;:

ThuwpybGe F(2,y) =c, PdmbughnGuwy wnGsnipjnilp: Uu wnGsnipyntlhg
npnadmud t shwly y = @(2,¢y) Pnullyghwh, wyGwhuhG, np F (¢, @, ¢y)) = ¢y

Ujnwu ynndhg, tipt y = Y(#) Pnlyghw (5.1)-h |ndnud t, wyw

M@y +N@EY@) -y () =0
Ujuintinhg L (5.3)-hg htimmlinuil ¢
% Fie,w()= aF(t’atW(t)) . aF(té;v(t))

GnyyGnupyniGp, nphg hp htipphG punud &, np F (¢, Y(2)) = const , punn npnud, pwGh
nn F(t,, W) =F(ty,y,) =¢o. wuyw F(t,¥(t)) =c,:

Wuwhund y = Y(?) Pnibyghwh Lu hwlnhuwbnud t F (¢, y) =c, PniGyghn-
Gw) hwywuwpiwl |nénd: UGpwgwhwpn $mbyghwih qnpnpywl L dhwynipjwl
dwuhG pbnpbishg hnbnud t, np @(2,¢,) = Y(t):

Y ()=0

Wuwhuny F(t,y)=c pwlwdlny wpynd &G (5.1) hwywuwpdwh pagnp
LneonudGhipp:
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UyGhwpn t, np (25, ¥o) ubqrluyw wuydwGGtpny npnzynn dhwy inudnuip Ynpnaudh
F(t,y) = ¢, wnGgnipyniGhg, npunbin ¢y = F (io » Yo ) : BEnNGAG wwywgnigyweé t:

Unwgywéd ptnptidhg ptunud £, np (5.1) hwywuwpdwG phohwlmp (awddwG
quGtnt fuGnhpp ptipdnud & F (2, y) $ncbyghugh qunGlgndG:

Uwnpl (inbu gpnttu VI dkGp YptptGp nhdtiptlghw) hwjwuwpdwl wewohG
hGuntgpwih quinuthwpp b Yhwdngytlp, np wyu dund npnadnn F (2, y) pniGyghw
hwGnhuwGnud t (5.1) hwwuwpdiwG wnwehb hGunbgpw:

Jdtpgnud wwlp F (2, y) pniGyghwih qunlbint sh plpwgwlwng:

NpnGth  F(2,y)  pnlGyghwsh hwdwp nGhGp  (5.3) wnGgnupyniGGtipp:
hGuinbignpbiny wyn GnyGnupyncGatiphg wnwehlp (2,7) dhewlw)pnid, YniGbGwhp

F(t,y)=F(ty,y)+ [M(1, y)dv (5.4)

Uunwgywé GnjGnpyniG0 wéwbgblp punn y -h:
oF aF (t,y) J-BM (T, y) e -
dy oy . oy

Wu OGnyGnpjwl Gpypnpn gnudwpbihnud Yhpweybg wwpwibnphg Juhudws

(5.5)

t
hGunbgpwih wéwlgdwl YuwhnGp. I M(T,y)dt y wwpwitnphg Ywhdws

to

oM
hGnbgpwind pwGh np gqnnpynid mGh L wGpGnhwain t g wowbgywyp,

hwnlwpwn qnynipynil mﬁh
(M (1, ) i

jM(t, )dt = j 5

Ujdd  oquybiiny (5.2) L (5.3) ﬁmjﬁmpjmﬁﬁbnhg (5.5)-nd - hnfuwphOtGp
3F_ haM‘aN L oqudtiny LjnLinnG-LwypGhgh pwlwdlhg Yy Gulp
I —_—— n - w ulnwuw
6’y ay EY quiytiny Lj Jrupgp p g P
IF (t,,y) IaN (%) . - 9F (10 ¥)

“dt=
dy ot dy-

N@.y)= +N(t,y)—-N(t,. y):
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Ujuhlpl’
oF (t>y)
dy
hGunbgpbiiny unwgywoé GnuyGnipyniGp (Y, y) Ghowlwpnid b Lu dbl whqusd
Yhpwebiny LynunnG-Lw)pGhgh pwlwdlp YnlGEGwap.

=N(t,,y):

y
F(ty,y) = F(ty, yo)+ [ N(tg, T)dr:

Yo

LwuwnkGp, np tpt F (2, y) $nibyghwi pwiwpwpned t (5.3) websnipyniGGEphG,
www (5.3)-h6 pwdwpwpnd t Gwk F(r,y)+c  dnlbyghwG, npnbn c-G
Yuiwjwywh hwunnwinnil t: Aepbdb Ywpbh b pbnptp ¢ hwunwnneGb w)jbybu, np
F(ty, yo) = 0: Wn ntwpnid npnGth F $niGyghwh hwiwp YnGbGwlp hbnbywy
Gbplywjpwgnuip

t y
F(t,y) = [M(t,y)dv+ [ NGy, D)dv:
to Yo

Ywnnmemb:  bpt  (5.3) GnyGnpywb  Gpypnpn  hwldwuwpnuinud  uygpened
hGuntigpnudp YuinwnbGp punn y -h, wwjw YunwlwGp F (2, y) dnGyghwih h wy nbup

t y
F(t,y)= [M(1,yo)dt+ [N(t,7)dr

lo Yo

OphGw!Y: LnuokhOp

tydt + (%tz -y? }y =0 hwljwuwpniip:

1
Wunbn M(1,y)=ty, N(t,y)==t'-y’: Bwlh np ﬂ:z b a_N=,,
2 dy ot
htiinbwpwp hwjwuwpnudp |phy nh$tptGghwiny t, nph nénuiGlpp wpdnud &G

F@t,y)=c wnGsnLpjwip: QunGkiGp F(t,y) PnLGyghwG: NuatGp

aF - ty, aF = l 2 _ yZ , nnmh’lhg L F(t, y)- h hujl]mn Ulnlﬂgl.lu.ld
ot dy 2
l 3
GbpYwywgnuihg YhwadtiGe F(t,y)-p" F(t,y) = 5:’y - ’?:
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QLNkv III

QoU3bhYy HhDELELSPUL LUWUUULARIGER U
QLuuvuenruvesee UUdyuUreGe

§ 1. CVIKUVAM® HPNR3OVER

NhyptiptGghw) hwdwuwpnuiGiph hwiwlwpgp Ynsynid t @duyhl, tpt wlhhwjn
$nLGyghwbtpp L Gpwhg woéwbgyuiGtpp dwnbnud GG hwiwywpgh hwywuwpnudGlph
uki9 qéuylnpbG:

Uju vwhdwGnudhg, dwuGwynpwwtu, hGnbnwd t, np d6Y 7-pn Yuwpgh qéwjha
nhdtiptiGghw; hwywuwpnuip 064 y wlhwjn pnllyghwih Guwndwdp whnp t
nGbGw

a,)y® +a,@t)y"™ +---+a, 1)y +a,(t)y =b(t) (1.1)
nbupp, wyuhlplt hwjwuwpniip wwpnGwyned by wlhwpn pnblyghw b Gpuw
y’, y',---, y(") wéwbgyuiGbpp @duyhl Yndphbwghwyh wnbupnd, npp b Gawbwynid
t, np Gnuiﬁp sdnlmd 60 hwwuwnpdwl 0bp qéuylnpbly: Iwdwuwnpiwl dbg dwu-
Gwygnn a,,q,,::-,a, donp)nGobpp ¢ wllwhu dhahnfuwywbh npdws Imlly-
ghwGbp GG L Yngynud GG (1.1) qéwjhG hwywuwpdwG gnpdwipglbn, huy b(t)
npqwd Inulyghwb Yngdmd t wquwn wanwd:

OphGwy y'+5 y'—6y =’ hwywuwpnidp  hwununnne G gnpdwlihglbpny
(@ay(t)=1,a,()=5,a,(t1)=—6) L b(t) = €' wquun wlnwsny tplnnpn Yungh
qouyhG hwqwuwpnid t, €' -y +1% -y +y =0 ypopnfuwlul gnpéwihglbpny
qowphG  hwdwuwpnd t, huy Yy +2y-y'=0 yws (y)’+4y=sint
hwdwuwnpnidGpb GpynwuG t| qéwjhG 366, pwbh np wnwehGnud welw t y:y'
wpuwnpwip, huy Gpypnpanud’ (y')s-n. npnGp L fuwpunnud 56 hwywuwpnudGlph
qow)Gnipjntlp:

Swunwinnil gnpdwihgllpny qdwihlG nh$tiptbghw] hwywuwpniGtph hwow-
Ywpagh ophGwy k hwonhuwbnud
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{3y‘+y2_y'=0 (1.2)

Y=y, +5y, =2
hwdwlwpqp:

QOnhwGnp ntwpntd qéwjhG nhdbiptiighw; hwywuwpnuibbph hwdwywpqp
Ywpnn t pwnyugwéd |hGE] Ywiwjwlywh pyny hwywuwpnidGtphg, npnGgnud dwu-
Guygnud LG Yuwiwjwywl pund wGhwyn $nbyghwlbp, hptibg Ywiwjwywb Ywpgh
woéwhgyuyGbpny: Mhgnip wGhwjin pnibyghwitiph phup m t (GrwlwykGp npwhp
Y15 Y20 Ym ), hull hwwlwngh hwywuwpnidGbph phye’ /: 96wjhG hGEnL hw-
dwp hwilwlwpgh  Jnpwpwlgngp hwjwuwnpnud weing t wwpniGwlyh
Y; (j=12,---,m)  PpmlGyghwlGtpp L Gpwlg woéwGgyuibtpp  qoéwjhG

yndphGughwyh wbupny: LwGwytiny aij,‘(t)-nq i-pn hwywuwpdwG dg j-pn

wGhuyn pmGuyghuyh & -pn Yupgh woéwGgyuih gnpéwlhgp, wbuGnud GGp, np
pOnhwlnip nbwpnid qéwihG nhdtipthghw) hwywuwpnuiGtiph hwiwlywpgp wtinp t
nabOw

& 0 k = k
Y a 0)y® + Zfam ®)ys" +---+Za.-mk OyS =b;(1);
k=0 k-—-O k=0

i=12,...,1 (1.3)
-nbiupp: OphGwy’ (1.1) hwjwuwpnuip wju hwiwywpgh wyt dwubwynp ntiwph t, Gpp
m=11=1,p, =n,huya,(t)=a,, () (k=0,,...,n): (1.2) hwiwywngn.d
m=2,1=2,p,=3,p;=1py=0pp=2: Lawlwhtiny maxp; =p.
Isjsm

qéwyhG nhdtiptGghwy hwywuwpnuiGeph (1.3) hwdwywpgp Yupbih t gptg

Ztaijk(t)yj."’ =b,(t), i=12,..,1 (1.3)
Jj=l k=0

wnbupny, npuntin a,-jk(t) gnpéwlhgp  hwiwpynmd t  GnyGwpwp qpn, bpb

hwiwwwwnwuhuwb yj.k) wéwhgywip sh dwubwygned § -pn hwdwuwpdws dy:

tpt (1.3) hwiwlwpgh pninp wquwn wGnwdGbpp OnylGwpwp hwywuwp 6O
qpnh (b, (1) =0, i=12,...,0), wyw (1.3) hwiwlwpqp Ynsumd t hwdwubn:
Wuwhuny witG dp (1.3) qéwihG hwiwywpghlt hwiwwwunwuhuwbnd t qowjhG
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hwiwubn hwiwlwpg

Zi Uk(t)y(“"o 2-..,1, (1.4)

Jj=1 k=0
npp unnwgynud t (1.3) hwiwlwnpghg, tpt b, (1) wquww winwdiGhpp thnhuwphGbGp

qpnGtipny:

UunnqtiGp, np nhdbpblghw) hwywuwpnuibbph qéwihG hwiwlwpqbpt odunn-
Jwo G hwwnynpyniGGbpny (nbu unnpl. U,£,9,%), 2Gnphhy npnGg wyn nwup whb-
Ywlnptl wnwGdlwlnud £t 0Gwgwé pninp (ng qéwihG) nhdtiptGghw) hwywuw-
pnedGlph hwdwywpqbiphg:

U) GéwphG hwiwubn hwiwlwpgh nuonudGEph Yuwdwjwywb qéwihG YniphlGw-
ghw Gnij0wbu wyn hwdwlwpgh |pLénud t: '

Uu bwuinynepyntbp unnigbint hwdwp pwduiuwl t wwwgnigby, np' 1) Gphn
inednuiltiph gnudwpp Gnylwbu (nudnd £, b 2) juwiwjwlwl (nddwt wpnwnpyuip
hwuwnwinnio pyny Gnylwybu (néned t:

Ppnp, nhgnip
F=01) =(9,1),0,(t),....0,,(1)) U F=9(t) = (¢, (). ¥, (1), -,

..,\|Im(t)) yeyuinp-pniiyghwbbpp  (1.4) hwiwlywpgh bpynt (nuénuiGep &G,
wjuhGpG

Zauk(t)(l’(k)(t) 0, ):a,,,,(t)w""(t)so," i=1,2,---,1: ewGh np

@,+y;N® =P O+vP @)
wuyw Z“"f" @O+, =

= Zauk (f)<P(k’(t)+Za,,k Oy @)=0, i=12,,1, wuhlpt

@(t)f\|!(t)=((pl(t)+\|!|(t),...,(pm(t)+\|lm(t))-ﬁ GnyGwbu  (omul

Liwbwybu, juwiwjwywid ¢ hwuwnwunnbh hwiwp

T =3 ¥ o, 0y®

J=1k=0

52



Y a ()(c@; (N =cY ay (97 (©). i=12,,1 wyuhtet, tpb §-6
i,j Jjik

(ponud t, wwyw C - (T)-ﬁ GnuyGubu (nuond t: U) hwunynegynilp wywgnigywé t:
PYbpt Yy =@(f) Ly =WY(2) YEywnp-PniGlyghwabpp (1.3) wGhwiwutie hwiw-
Ywpgh nuonLdGlnt 66, wyw §(f) —P(t) wwppbpnpnibp (1.4) hwiwubn hwiw-

Yuwpgh nuoémLa0 t:
bpnp’

Zk'a"f" (t)((pj ) _\‘,j(t»m =
Jy

Y a0 () - Y a; OV @) =b,()-b,(1)=0,
Jk T

i=12,--,1l:
blwlwwybu wwywgnigynud £ hbnbyw) hwwnynipynilp
Q) bpt y = Y(¢)-G (1.3) hwdwlwpgh (nénud t, huy y = §(2) -6 (1.4) hwiw-

utin hwiwywngh (nenud t, wyw GpuGg G(¢) +Y(2) gnidwpp (1.3)-h (nuénud t:
ThwnnnnpyntG 1.1: Bpb dtiq hwjwnGh t (1.4) hwiwutn hwiwlwpgh pnpnp (ne-
onuiGhph pwqinipyniGp (GawGwytGp wyt P ={@P}) L (1.3) wihwiwute hwiw-

Ywpgh nput Y, 1mond, www (1.3) wohwiwube hwiwhwpgh painp (nénLibtph
¥ ={y}  pwqdinpnilp Yupbth t (uhdgnihl) Gywpwepty ¥ =P+,

pwlwdliny:
bpnp, hwiwdw)G 9)-h, tpt Qe P, wyw @+y,e¥, wuhGpl

D+y, cV: 3wywnupép tpt Ye V¥, wyw hwiwdw)G P}h Y-y, P,
GnuyGa t, pt Y€ P+, wyuhlps ¥ < P+, : Inbwpup ¥ =P +yg;:

L2tGp (1.3)-h Lu GGy hwuwnynpyniG:
1 Tthgnep (1.3) hwiwlwpgh b,. wquww winwibbpp GEplwjwgyws G

bi(t)=oc;(1)+Pd;(t), i=12,---,] qnuiwpGlph nbupny: HthwpytGp
Zaa‘jk(t))’;k) =c; (1), i=12,-,1 (1.9)
Jik .
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T o Oy =40, i=12,1 19
J.k

hwywuwpnuiGbph  hwdwlwnpgbpp: Gt Yy=@(2)-G (1.5)-h (mémd £, huy

y=Y()-6 (1.6)¢h, wwyw y=0H(@)+PYE) yblunp-dmiyghwt  (1.3)
hwdwluwipgh |noned t: )

Uwuwgnygp, hGswbu b Gwjunpn nbwptpnud, Juwwpygnd £ wGihpwyw
nbnwnpnuiny:

Iewnwaquynid  YnrunuiGwuppdbG  dhwyG wyGwhuh  hwdwlwpgbp, npnbgnud
wlhwpn InGyghwhtiph phyp hwipbybnd t hwdwuwpridGph pyh htwn: hGswbu
hwjinGh t (nbu qinctu |, §2), Gpt wynuhuh hwdwlwpgbpp (pLédwé 60 pwpdp Yupgh
wowbgyu Gbph Gluwndwdp, www Gpwig Ywpbih t pbpb hwiwpdbp Gnpdw) hwdw-
Gwpgbiph, punt npnud, Gpb uyqpGwlwl hwdwlwpgp qéwjht b, www hwiwpdtp
Gnpdw hwdwluwpgp Gnybwbu YhGh qowih6: Uy wwwndweny unyh gifuncd Yniunud-
Owuhpybkl

Y™ +a,)y" " +a,(0)y"" P +---+a,(t)y =b(t)

n-pn Yupgh qéwjhb nhptptiGghw hwywuwpmdp dbY wihwpn pmGlyghwjh
GYwindwip b
n=a,(Oy +a,0)y, +-+a,)y, +b?),

y; =a,, 1)y, +a22‘(t))’z +--+a,, 1)y, +b,(2),

Yo =y ()Y, +a,(0)y, +--+a, )y, +b,(1),
qéwyht Gnpdw hwdwlwpgp, punn npntd hwunny nwgpnepnls Yadhpyh GpwGg
hwiwwwunwuhiwbng

Yy +a,t)y" ™ +a,t)y" P+ +a, ()y=0 (1.7)
hwiwutin huswuwpdwGp L
i =a,()y +a,®)y, +-+a,®)y,.
Y2 =an @)y, +an®)y, +-+ay, )y, . (1.8)

yr’x = anl(t)yl +an2(t)y2 +'"+ann(t)yn 4
hwdwutin hwiwlwpqh:
QSwyht nhdbpblghwi hwlwuwpnidGbph wbunpjwG hhdGwlwl wppnuGp-
Gbphg d6Lp hbnbyw) 6 t°
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(1.7) hwiwubn hwjwuwpiwG L (1.8) hwiwube hwiwlwpgh EnLiGEph
pwquinpynLlGtipp 7 -swihwlh qéwhG wwpwdnpyntGltip Ga:

Wu wlanmibbpp Yuwwwgnigytt hwiwwwwnwuhiwlbwpwp §5-nd L §8-nud: buly
thGs wyn, wyu Ghpwéwlwh Jwunud Yhhowwnwyybb qéwihG wwpwonpjwl L Gpw
htwn Yuwywsd npnz hwulwgnipyntGGlp, npnGg dh dwuhb phplipgnnp Ywpnn t 6winp
sthaty:

Q5U3hy SUPUBARBINRLLE! U QBUBPML OMGrUSAPLER

Uwhdwlnd: 6uypl tnwpwomipyml Yngdmd t x, y, z,... nwppbph wyGwhuh ng
nuwuwpy R pwqinp)nilp, np’ )

. R -nud uwhdwlywé t gnuiwph gnpénnnepynel, npp R -h Juwiwjwywt x L y
nwppbpht hwiwwwwnwuluwbbgbnud £ x+ y wwppp R -hg, punn npnud gaudwph:
wjn qnponnnepyntlp odnywd t htinnlyw hwnynipyniGGtpny’

1w) x+y=y+x,

)" (x+y)+tz=x+(y+2),

1q) KR -md gnympyntd mbGh «qpnjwlwb» wnwpp’ 0, w)GwhupG, np x+0=x
Yuidwjwywb x-h hwdwpR -hg:

Il R -nud vwhiwbyws b Ywiwpwlwh x wwpph L juiwjwyws A pyh A-xe R
wpuwnnuwip, npG odnydwé t hnbyw) hwinynepynlGGGpny’

2w) AM)=(A-p)-x,

2p) l-x=x,

2q) 0-x=0 (Qujund 0-G phy t, wend’ qpnjwlwG nvwpp),

2n) A+p)x=Ax+px ,

26) AMx+y)=Ax+Ay,

-D-x wwppp  Gulwlyymd t -x: Jwiwdw)s 2p), 29), L 2n)
hwulnipyniGGlph '

x+(=x)=(1+(-1))x=0-x=0 :
R qéwihG wnwpwénpywld wwppbpp  Ywidwekp Gwl win  nwpwénpwb
YtlwnnGtip:
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L2LGP, np wju vwhiwbiwG dbe pninpndhG Ywplnp st x, y,z,... wwppbph
pOnypp, GnylGwbiu Ywplnp st pb hOswbu t uwhdwGymd x+y qnudwpp L A-x
wpuwnpuip, wwhwogymd b dhwyl, npybugh  wjn  hwulywgnipynGGtpp
pwywpuwpbb Goqwd wwjdwabbnphG:

tpt R qéwihG wwpwdnipninud vwhdwlywé t wpnwnpuip Yuwdwjwywh
hpwlwl pyny, wwyw R-p Ynsynid t ppwlwl qdwjhG wnwpwdnepyncl, hul tpb
uwhiwbjwé bt wprnwnpwip Yuwiwywywt Yndytpu pynd, wwyw XR-p Yngyntd t
Yndytpu qéwhl nwpwénpynih:

AX,+A,X, +-+ A X, wpinwhwpempiniGp  Ynsdned b Xy Xgyeen Xy
wnwpptph (eywnplbph) @duyhl Yndphbwghw. Y6wiht YniphGwghwl Yngymd t
uipppuwy, tpk pnp Ay, Ao,..., A, pUtipp hwdwuwp GG qpayh, U ng wippddpug
hwljwawl nbupnud:

X, X9,....X, yyunpbtipp Ynsgdmd GG @dnpbl Ywfywy, tipt GpuhGg nplt né
wnphyhw| qéwjhl Yndphlwghwl hwywuwn t qpnjh, npwlp Ynsdnd GG qdnpbl
whwfu, tipt winwhuh (ng wiphdhwy) qéwjhh YndphGwghw qnynipyntl ¢nilh:

R qoéwhl wnwpwénipyntlhp Yngymd b n -swhwiph (L pun winG  (bpownp
swihwaf), tpt Gpulnud  qnynpynil mﬁbﬁ n qénptl wlOlwhu JeYwnplbp U
Juwidwywlwd n+1 dbyunnplbp qdnpbl Yuwiupwy 6G6: Upnwhuph n (gonpbG wiluwbu)
YtlwnpGlipp Yngynud GG R nwpwonpjwl pwqpu.

Gpt R-nmd Yuwl Yuwiwjwywo pyny qénptb wlywfu ybhwninplp, wwyw R -p
Yngdnid t wltpe sunpwlfr R wwpwonpywl R Ghpwpwqdnipynibp Ynsymd t
R -h Ghpwwrnwpwémpym, btpt R’ -h tnwppbph (YEYwnnptph, tGdGGnGEph) painp
hGwpwynp qéwjhG YndphGwghwGtpp R’-hg GG, wjuhlpl, tpt R -p hGpp qowyhl
wnwpwonepyndG t:

NhybptGghw) hwywuwpnuilbph nuupGpwgp hpdGwlwbnd  websymyd t
PInbyghnlwy qdwyhG vnwpwoénpymbibph hbw, wjuhlpa wjbwhup qéwiht Lwpw-
onpynilltph htin, npnlg wwppbpp $nbyghwlbp GG: Ippwunwytle npulghg
wibkGwhwswhu oquwgnpdynnbbpp:

ConniGqwé t C(a,b)-nd GuwlGwyly (a,b) dhpwlwipnid npnadwd pngnp
waplGnhwunn pnibyghwlbtph pwqinpnibp: 3bawn b wnbubby, np wju pwqdnipnilp
qéwihl rwpwénpynh b (pt $nlGyghwhbph gnudwpp L pUnd pwqiwwwunynidp
uwhdwbynd GG unynpwlwl dlny): LwhGh np hbtnwqunid $mGlyghwbhph qéwjha
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Yuhudwénpynilp (U wlywiunipynilp) fuwnnud t Ywplbnp nbp, www ﬂzbﬁp, np wju
nbwpnd hwiwwwwnwufuwb vwhdwbnuip YpbnnGh hbnlyw) wbupp.

UwhdwGmd 1.1: dniGyghwGph £, f5,..., f, hwdwlwpgp Ungdnid t gdnptic
wlwfu (a,b) dShowluwjpniy, tipk
o fi+a,f@0)+-+a,f, ®)=0, te(ab) (1.9)
GnyyGnepyniGp intinh niGh wyl b Shuyld wyl nbiwpenud, Gpp &, =0, =---=Q =0:
Gpt qnynipynl nLltG @, A,,..., 0, pUtip wjGwhuhp, np npwlghg gnGb dtyp
wwppbp Lt qpnjhg (ilaklz #O}h wbnh mGh (1.9) GnyGpynitGp, www
k=1
i fareeos [ PnillUghwitinh hwiwluwnap Yngdnud t gdnpbl yutyuy (a,b)-nud:

C(a,b) qéwjhG nwpwénpniGp wiytpe swihwGh t, pwlh np wjn nwpw-
onpjwlp wwuwnlyuwGnn l,t,tz,...,t" dnbyghwitpp qénptlb wllwhu GO Yudwjw-
QwG n-h hwiwp: Ppnp, @, +(x,t+a2t2 44+ 0,t" qowshG Yniphbwghwh
(PwqiwGnwdp) GnyGwpwp qpn t nplt (@,b) dhowlw)pnid wyl L Shwys wyl nbwy-
pnud, Gpp qpn GG pagnp QL QLy,..., 00, qnpdwlhgllipp (nbu  hwGpwhwayh
hhibwywG pinpbip):

Lawlwystp C™(a,b)-ny (a,b) dhowluwjpnid npnpdwé pninp ShGsk m-pn
Yupgh wipGohwn woéwGgyuwGtp niGbgnn dniGyghwhbph pwqinepymlp: 36w t
wnbulby, np Yuwiwjwyws pGwyws m-h hwiwp C”(a,b)-6 GnyyGwybu wiytpg sw-
thwGh qéwjhG nwpwénpyniG t: LywnbkGp Gwl, np C™ (a,b) € C(a,b), wjuhGpt
C™(a,b)-6 C(a,b) -h qéwjhG LGpwwnwpwdnipyniG t:

Thgnip D-6 R qéwjhG tnwpwénipjw nplt EGpwpwqdnigyni b Ywdwjwlywh
A wpnwwwwnytpnd, npp D pwqinpjwl wikG dh x wwpph hwiwww-
nwufuwGnipjwl Bk t nGnud npnawyh A[x] wwpp' R -hg. Ynsums t owbipunnnp
R nwpwénpnLinud (D npn2dwG nppnypny):

" A[x] -0 bwnnuwgdnud t A-G Yhpwawd X -h dpw:
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A owbpwwinpp Ynsymd t gduypl, bpb Gpiw D npnadwG nppnuypp qowphG
tGpwwnwpwonpymG t L tpb juwiwjwlws x Ly wwpptph hwdwp D -hg L Yudw-
jwiwG A pyh hwiwp nbnh nlbG

Alx+y]= Alx]+ Aly]
A[Ax] = AA[x]

wnGgnupynulGipp:
UwnnighGp, np wéwGgiwl gnpdnnnpintGp Gwpbih b nhinwpyt) npwbu qéw)hl
owtpwwnp C(a,b) qéwyhG wwpwénpyniniy: LawbwhtGe p  uhdynind,

d

p Ed—, wowhgiwG qnponnmipyniGp: UYyGhwpn t, np Yuiwjwywe f L g
t

PnuGyghwibiph hwiwp C'(a,b) wwpwoénipynilhg b Yuiwjwyws A pyh hwiwp

pLf +8]= %(f(t) + @)= F()+8'(®) = plLf1+ plgle Cla.b).
pM1= < 050)= M0 =Apl fle Cla.b):

d
Uuwhuny p = E-ﬁ qowjh0 owbpwwnnp t C(a,b) qéwihG wwpwonLpnLGRLY

C'(a,b) npnatwt whpnypny:
Ujdd inpdtilp hdwuwnwynpty npn? hwipwhwywywb gnpénnnpynlGGp p

uhddnth (owtpwunnph) Gywwndwdp: OphGuly p*[y]= plplyll= plyT1=y" u
pGnhwipwybu, Ywiwywlw k£ pGwlws pyh hwiwp pk-ﬁ uwhiw(tlp wyuwbu’

A 0 Y L
p [y]—(dt)[y]=dtk[y]-y

LawlwykGp L(p)-ny
L(p)=p" +a,p"" +a,p" " +--+a, ,p+a,,
P uhddnih Guwndwdp n-pn Yupgh pwqiwlnwoip: I6n b unngby, np wyn

pwquiwGnwip qéwjhl owtpwwnp t C(a,b) wwpwénipymbnud C”(a,b) npnzdwG
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whpnupny’: bpnp, Ywiwwlwa f,g € C"(a,b) pnlyghwibinh L Ywdwwhws A
puh hwiwp ‘
L(p)[f +gl=L(p)f1+L(p)lgle C(a,b),
L(p)IM1=A-L(p)If]€ C(a,b):

L(p) owbpwwnph thengnd n-pn Jupgh hwuwnwunl gnpéwyhgblipny
y® +a,y" " +a,y"? +.--+a,y =b(t) qowjhG nhpbnblghuwy
hwywuwpnwdp Ywptth E gptiy L(p)y = b(t) wnbupny:

tpt M(p)=byp™ +b,p™" +---+b, nput m-pn Yunoh pwqiwlnws t p
wowhgiwh uhdynth GYuwwndwdp, www htain t unngly, np Ywiwwyw y agaply
(pwywpwp waquwi nhdptpthgkh) $nbyghwih hwawp ntnh nuGeG

(L(p)+M (p))y1= L(p)[yI+ M (p)[y]

L(p)[M (p)[yll=(L(p)-M (p))y]
wnbsmp)nGhtpp:

dwpdnipynibbbp
. (m (n-1) (n-2) , -
1.1. Uywgmgtky, np y'~ +a,y +a,y +-+a,y=0 hwunwnnG

gnpéwyhgltpny qéwjhG hwiwubn hwyjwuwpdwld Ywidwpwlwbd (pdmd wiybpe
nhdtinklgtith $niGyghw t:
fMintignyg: bpt  y=@(t) PnGyghwl (némd t, www wbnh  nGh

" (1) = —a,(p("")(t)—az(p("—z)(t)----—_-an(p(t) GnyGnipynilp, € R: LwGh
nn w9 Gwup nhdtiptGgbih PnGyghw t, wwyw winwhuhG t L dwfu dwup, wyuhlpl
qmnip)nih mGh (p('”l) () woéwhgjwip L wnbnh niGh
" (1) =-a,0" (1) - a, 0" () --- —a,@'(t) GnyGnipyniGp: Yhpwnbynyg

Jwpbiwwnpywlwh hGnnyghwih tnwbwyp wwywgnigl| wanmap:

' Phwpyt, npwbu npn20w whpnyp Ywpbih t 4epgkp C" (a, b) -hg tnwppbin GopwinwpwénLpynLGGbp,
ophGwy C"**(a,b) -G:
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1.2. Uywgnigtiy, np tipb
Yy +a,0)y" ™ +a,()y" P +--+a,(t)y=b(t) qowhlG hwjwuwpiwG
a,(t) qnpéwyhgGpp, k=L...,n L b() wqun wlnwip C"(a,b)

nwpwénpntlhg 66, wyw wyn hwwuwpdwl Ywiwwyws (méms  C™"(a,b)
nwpwonLpyntGhg t:

§2. QUUSUSNARY ANPOUYRSLEMNY. GBU3 P LUUUHUGA QULUUUrIr:
a2 LeUUSYErLk 45Mee

MuunuiGwuhpbtop
(n) (n-1) (n-2) . —
Yy +ay" " +a,y +--+a,y =0 (2.1)

qéwjhG hwiwutn hwywuwpnudp, nph a,,a,,:++,a, qnpéwlhgltipp hwuwnwunnG-

Gt 6G': Oquiwgnpdtny Gwiunpn Wwpwgpwdnty uwhiwGyws
L(p)=p"+a,p"" +--+a,

nhdtiptiGghw| owtipwwnpp (L(p) pwqiwbnwdp ) (2.1) hwywuwpniip gptGp

L(p)ly]=0 (2.1)

uhdynihy nntiupny:
Muwpquqnyl nbiwpnd, tpp n=1, unwgynd L y'+a1y =0 (yud
a,t

y'= —a,y) hwdwuwpniudp, nph pninp (nenudGbpp wpdndd GGy =c-e
pwGwadlny, npintn € -0 Ywiwjwyws hwunwwmb t: 3wpg bt wnwowbnul. wpnyn’p

n>1 npbwpnud (2.1) hwywuwpnudp YpyhG nGh y=eM wnbiuph (mémaGbp: Uu

hwpght  wwuwubiwlbine hwiwp  wbnunptp y = eh $nlbyghwc  (2.1)
hwywuwpiwb dwfu SwunLd’
L(p)e¥1=()" +a,(e")" " +---+a e =X +aX'eM +--+a et =

E(X' +all"-l +...+an)-e“ EL(X)-e“

! Wunthbnl hwutnwinntl wubiny Gywnh nlbGp hpwlws Yuns Ynduybipu phy:
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Lwfu GYwunbGp, np unwgybig t
L(p)e®1=L(\)-€, teR, LeC, (2.2)
GnyyGnepyneGp, npinkin L(A) -ny GawGwlyb) GGp
LA)=A"+aX"" +--+a,
pwqiwlnwdp, nphG wjunihbn  YuOdwoklp (2.1) hwwuwpdwb pGmpwenhs
Pwqlwlnwd, huy
L(A)=0 (2.3)
hwjywuwpnuip  YuwGwlkGp (2.1) nhdbpkGghw) hwlwuwpdiwG plmpwenfhs
hwdwuwpmd: Unnpl 86Gp YhwingykGp, np L(A) pwqiwGnwsG hpnp «plnipw-

gpnud b» (2.1) hwjwuwpnuip, wpnwhwpntingd wjG Yuwwp, npt welw t (2.1) nhdt-
nptGghwy L (2.3) hwGpwhwdwywt hwjwuwpnudGiph dhol:
Ujdd wwuwnwubuwGtbp ybpp npywé hwpghG wpnyn®p (2.1) hwjwuwpnidbd nGh

y= e“ wnbuph (nLonLdGp:

Lbddw 2.1: Npwbiugh y=e)'°t $nullyghwt hwlnhuwlw (2.1) hwjwuwpdwb
(neénul, wihpwdtian t L pwdwpwp, np A, phdp (hGh L(A) pGnipwaphs pwquiwG-
nwdih wpdwn:

bpnp, tpt  L(A,)=0, www (2.2) GnyGmpymGhg hbwnbnd t,  np

Ao

L(p)[e)‘°']50, wjuhlpl y=e ‘.6 (2.1) hwywuwpdwG (NG b Iwlw-

nu)ndn. tpb %\l=el°' -G (2.1) hwjwuwpdwG (nuénd t, wyuhGph L(p)[ek"']EO.
™

Ao

wwuw, pwGh np e "#0, (2.2) GnyGnipyniGhg htinnbinud &, np L(Ay) =0 LbddwG

wwwgnigywé t:
Swiwdw)a hwbpwhwyh hhiGwywh pinptoh’ (2.3) hwywuwpnuiG nuGh Ghown

n wpdwwn, apnGp GuulwykGp A,,A,,-+<,A,: Unyl wwpwgpudnid niuntiGw-
uhpynud t wuwpq wpdunnbbph nbypp, wyuhlpG, tpp

A #N;, bpt k#j, k,j=12,---,n: (2.4)
Uju nbwpnud, hwdwdw)b (Gidw 2.1-h, (2.1) hwdwuwpnudG nbh
A A .
o,(N=e", @,()=¢€"?, .., @, ()= (2.5)
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n hwwn hpwphg wwpptp (ntdnuiGep: Lwbh np géwjhG hwiwutn hwywuwpdwh
tneénuibGbph  gnupwpwlsnp qéwyhlG YndphGwghw Gnyylwbiu wyn hwywuwpdwb
(nuond k (inbiu §1, U), wyw

y@) = y@t,c,0c,) =c
PnuGyghwb YyihGp (2.1) hwdwuwpdwl (ndnd jwiwjwywb ¢,¢,,:+,C, hwunw-

et +c,e? 4ot e (2.6)

wnnlGGEph nbwpned: Upyn“p |nténudGeph wju pGuwbhpp wwpnrdGwynd £ (2.1)
hwdwuwmfwﬁ pninp  (nudnudGbpp: Mwpq  (Ghwwwwnhly) wpdwnGhph nbwpnud
hwpgh uwwnhg WwwnwuhuwbGp npdned t hBnbywy winnuind

Bbinpbd 2.1: Yhgnip (2.1) hwwuwpiwlp hwiwwwwwuluwbng L(A) plnipw-

anhs pwqiwlnwip wpiwwnbbpp Shwwwwnhy b6 (Wwpq GG): bpt  y = @(¢)
$nulyghwl (2.1) hwjwuwpdwl nplt (neond t, www qnnupynd nGkG (Ghwpdtp

npnaunn) wyGwhuh ¢;,¢;,++,Co pytn, np

At At Ant

ot)=cle +-+cle™', teR,

wyjuhlpG, (2.1) hwyjwuwpdwd Yuwiwjwywh (neémd GepYujugynud k (2.6) tnbupny:
Uwuwgnyg: LwlGh np (2.1) hwyjwuwpdwG gnpdwlhgGhpp hwuwnmwnnGGtp &G,
wuyw’

0
+c,e

{L( p)lyl=0
Y(to) =2, Y (t) = 25,y (1) = 2,

Unznt fuGnhpG nGh dhwy tpeoncd (npndwé hpwlwb wnwGgph Ypw) Ywdwjw-
YwG tpeR L Ywiwwywt z, € C (k=12,...,n) uyqpbwywG wduw(bkph
hwiwp (wnbu g4. | pnpbd HE L pbnptid VI

tpt y=@(¢) ImlGyghwh (2.1) hwiwuwpdwl nplt moénd b, www wyG
npnqwd k u]dpnqg hpwlwb wewbgph Ypw: LywlwykGp

?(0) =5, 9(0) =b,,....¢" (0) = b,: @7)

Ujuwhuny y = @(¢) PnLllyghwa (2.1), (2.7) Ynzne fuGnph (nuénLd t:

Ujdd gnyg wnwbp, np (2.6) pwlwdlny wpynn (nénuiltiph pGunwGhpned Lu
qnyntpynil nLGh shuGnyyG

y(0)=b,,y'(0)=b,,...,y" () =b, (2.8)
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uyqpowlwl wuwydwhGephG pwywpwpnn (némd: Mwhwietiiny, np (2.6) pwlwdliny
npndwé pnulyghwl pwywpwph (2.8) wuwydwlGtppt, ¢,,c,,...,C, wihwpnbbph
GYwwndwdp YunwlwhGp
¢ + ¢+ + ¢, =b
Ac,+A,c,+-+A,c,=b,

...............

(2.9)

qéwjhG hwlpwhuwiwl hwyjwuwpnudGph  hwiwluwpgp: (2.9) hwdwlwpgh
q(fuwynp npnzhsh nilh

1 1 U |
AoA .. A,
L RO

Ao oA
nbupp: 3wlpwhwyuh nwuplpwghg hwjinGh t, np wyu npn2hsp (nphl whywGnid &6
dwantpdnGnh npnzhs) hujwuwp st aprsh’ bek A, (K =1,2,...,n) putinp qnujq wa

qnug hpwphg nwppbp 66 (hGsp b wwhwGeymd t wwwgnigynn plinptidnud):
bwnLwpwp, YwiwwywG by, b,,....b, hwunwwnnGibph hwiwp  (2.9)

n
hwiwywpql mGh Shwy («':l0 ,cg ,...,c,?) tnuonus: Upuwhuny wwwgnigytg, np

gnynipynl MGG dhwpdtp npnadnn  (by,b,,...,b, ulqplwlwG wnwiGtpny)

0
n

At

c‘o.cg,...,c hwuwnwnnGGtp  wjGwhuhp, np (2.1) hwqwuwpdwG @) L

c‘o ek,t At

+...+cle

ww)dwaGbphG: 3wiwdw)i (2.1) hwjwuwpiwb hwdwp Unznt fuGnph (MGBWG
dhwynipjwb dwupG pbinptidh’ wyn (nénuiGlpp hwdpGyGnud GG wdpnng hpwlwa
wnwbGgph Ypus: PENpLY 2.1-p wywgnigyuwé t:

Ujuwhund (2.4) wuwpiwlGh nbypnid (2.6) pwlwdbhg uwnwgynd GG (2.1)

hwduiuwpowﬁ pninp hGwpwynp |nénuiGpp (Gpp €;,C5,...,C, hwunwunnibGtpp

+cge tnonmudGbpp  pwywpwpnd B0 GnyG  ulqpiwywh

' dwiinbpdnGnh npnzhsh qpn gthGbnL whlwiu wwwgniygp (wytith pshwGnip Aiwpntd) wipdnud t §3-nud:
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pGnnuGnud 6G penp hGwpwynp wpdtpGlpp’ ¢, € C, k =1,2,...,n): Uju ywnSw-

M+ cnel"t Pnlyghwa

ynsynud t (2.1) hwdwuwpdwG plphwlmp (mémd  (wwpq wpdwnGph nbwph
hwdwnp):

nny y() = y(t,c,,cyp,...,¢,) =¢ M +coe

Lbddw 2.2: bpt A, A,,...,A, pUbnp qnuq wn qnuyq hpwphg wwppbn b,

wuw Q) =€, 0,(0) =@, (1) =€,  Pmllughwltpp  ((2.5)
inonuiGlpp) gonpbG wolwiu GG:

Uwwgnyg: dnlGyghwhtph (2.5) hwiwywpgh qénpbG whywumpynGp Owlw-
Ynud t (nbu § 1, uwhdwGnud 1.1), np

c e +cze"2‘ +...+ceM =0, teR, (2.10)
GnyGnepyniGp wntinh nuGh dhw)jG wyG nbwpnid, tpp ¢, =¢, =+--=¢, =0:

Ohgnip (2.10) GnyGnupyniGp wikinh nGh: Uswhgtiny wyn GnyGnupynGp 7 —1
wiqwy’ unwbnul LGp

Mop e+ et =0

Mo+ A =0

ce
Ay
Ace™ + Ayc,e

| A + A lc,eM 4+ AT e e =0

GnuyGnipynLGGLpp, npnGghg ¢ = 0 wpdtiph hwiwp unwgynid t
Cl + C2 + - + Cn = O
xlcl + 1202 +"' + xncn =0

-----------

(hwGpwhwzqwyw) hwywuwpndGph hwiwlwpgp, nphd whwp t pwdwpwpbG
C1,Cy5...,C, pUtipp: Bwlh np wju hwiwubn hwiwywnpgh qiiuwdnp npnzhsp
dwlntpdnGnh npn2hsG t, npG ntunudGwuhpdnn nbwpnud qpn gk, www wjG nGh
dhwy qpnjwlwG (ndnud, wyuhlpl ¢, =¢, =--=c¢, =0: Uuwhuny (2.10) Gny-

GnupynclGp nbnh mGh dhwyt ¢, =¢, =---=¢c, = 0 wwjtwGh nbwpnd, npl b Gow-



Guymd t, np Gqwd pnGuyghwlbpp qonpbls wGlwiu t6: LEGiwl wuwgmngywd L:
BLnpLd 2.1-hg L |Eddw 2.2-hg htwnbnd t Lu dh Yuwpbnp wlnned:

L6vdw 2.3: bph (2.1) hwywuwpiwh pGnipwqphs pwqiwlinwih wpdwwnbbpp
thwwwuwhy GG (Wwpq 66), wwyw win hwdwuwpdwb (nénuiGeph pwqinegymbp n-
swihwih qéwjhG  wwpwoémpntd t, huy (2.5) (nénudGtph  hwdwywpagp
hwbnhuwGnd £ wjn nwpwéntpjwl pwqhu:

Uwuwgnygh hwiwp pwyuwlwb t hhptp qéwihG niwpwénpjwl, Gpw swhnnw-
YuwGnipjwl L pwghuh uwhiwbnwdGipp (nbu §1):

Wuwhuny, wwnpq wpdwinbbph nbyendd, (2.1) hwjwuewpiwd JudwyuluwG
sl GEpJuwjywgdnud £ (2.5)  |nudnudbbph hwdwlwpgh qéwjhh YndphGwghw)ny:
Uju wwwnswnny (2.5) hwiwlupql wijwbynid t (2.1) hwwuwpdwb jmedmdGbpp
hhdGwpwp hwdwlwnq:

LOWG uvwhdwlGnud npdntd bt L pGnhwGnip  (hnhnfuwlwG gnpéwyhgGliph)
ntiwpnL:

Uwhdwlmy 2.4: n-pn Ywpgh qowht hwiwubn

Yy +a,)y" ™"+ +a,(t)y=0 *)
hwyjwuwpiwb @,,9,,...,¢, moémiltph hwiwywpgp Ynsymi b hpdGwpwp (S o-

nwdibGuuwy), tpk kK = n L wyn (nénudGipp génnpb6 wilwhu GG:

§5-nud hwwwgnigdh, np (*) hwywuwpdiwG hhiGwpwp hwdwlwpgp gnynepjndl
mGh, L np wn hwdwuwpiws Ywiwjwyws mémd GEpYwyjwgymd t hhdGwpwp
hwdwYwpgh qdwjyhG YndphGughwyny:

buly 0hGs wyn, §3-nud dkGp uuwnntghﬁg tnudnudblinh hhdGwpwp hwdwlwpgp
(2.1) hwuwwuinmG gnpdwyhglbpny hwiwutin hwdwuwpdwh hwdwp wyG nbwpndd,
Gpp plnipwgphs pwqiwGnwidl nGh pwqiwwwnhly wpdwwnlbp:

Ophbwl 2.1: Lniob, y'+u)f,y =0 bwjwuwpnsp (@, >0): RwGh np
% +0)3 =0 plGnpwgphs hwu{wuwnﬂwﬁwndwmﬂbnﬁ GG }‘1.2 =+iw, pyqtpp,
www panhwGnup (nudnudp pGnnuGned t
y(t)=c, e +c,e”™
wnbupp: Yppwnnip)nllbpnud Yuwpbnp b |hGnud wyu pGnhwGnip (ntdnudhg whownky
hpwlwh (MénudGEph  pwqdmpynuGp: RwGh np e’ L eV dnllyghwGtpp
Undyiipu  hwdwgmé 66, www  dbpgbd ¢, =C;,  YunwGwlp
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y(t) = c,eio)‘" +c,ei°"" = = 2Re(c,e“°°'). wjyuhlpG ¢, =€, wwjlwlh nbwpnd
utnwgynud 66 ppwlywb (ménuabbpp: Oquytitny tjitiph

_‘w

€Y =cos,t +isin®yt, e " =cosm,l —isin Wyt

pwlwdlhg, unwbnid LGp
y(t) = (c, +¢,)cos Wyt +i(c, —,;)sin Wyt = acos Wyt +bsin Wt
hpwlwb nénudGeph pwqineg)nilp: Uw hp htipphG Yupbih t gpbig

a b .
¥(t) = Va® +b*| —=——=c0s Wyt + ———=sin Q¢
va’ +b’ ’ Vva’ +b’ ’

a
nbupny, npintin A =va*+b?, (p=arccos—2——2—:
a‘+b

= A-cos(®yt — @)

LwpdnipyniliGhp
2.1. Loty y*+6y +5y =0 hwjwuwpnuip:

2.2. QuGk) y'+4y =0 hwywuwpiwb nplt ng qpnywlwh hpwlwG |nLénL:

23. Lmoty ¥y — y =0 hwywuwpnidp:
2.4. Uywgngty, np tipt pOnipwqphs pwqiwGnuwih pngnp wpdwinGlpp pugw-
uwhwG 66 (A, <0, k =1,2,...,n), wyw (2.1) hwjwuwpiwl Yudw)jwlwe

Y =@(t) 1nonud dquinud k qpngh, tipp £ — oo, wyjuhlpt lim@(2) =0
=00

2.5. COnhwGpwglby 2.4 fuGnph wpnniGpp’
bpt pOnipwqphs pwqiwbnwih pnpnp wpdwinbbpp N6 pwgwuwywb hpwlyuwb
dwubp (A, =V, +in,, v, <0, k=12,...,n) wyw (2.1) hwiwuwpdwG

YwiwwywG y=@(f) momd dqumd t qpnh, Gpp oo, wyuhlpl
lim(t) =0:
1 —o0
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$3. AUUSUSARML AALBUYPSLEMNL ABU3PY LUUUUGA
LULUUULORT: ALQUUMUSPY ULAUUSLELR ABNLEL:

hgnip (2.1) hwywuwpdwG L(A) pGrnipwaphs pwqiwGnwil nGh pwqiw-
wwwnhly wpdwwnbbp: LawlGwytiny kj -ny ljwndwmh - wWwuwnhynipynilp
(j=12,---,m; k, +k, +---+k, =n), L(A) pwqiwGnwip Yunbih t gpbi

LAY =A=A)% - A=2,)% - A=D,, )n

wnbupny: Uju nbwpmd, hhwpyk, y,=el". y2=el", ym=el""

dnuGyghwltipp nwpdpwy YhGhe (2.1) hwdwuwpiwb (neénudGlp, pwyg pwGh np
npwlg phdp thnpp t 7 -hg, Gpwip $66 Yuwqdnud (peénudGlph hhdGwpwp hwdwYwpg:

Ubp Owwwwyl t wuwgnigly, np wju nhwpnid Gneybwbiu qnynepynta mbtGG (2.1)
hwjwuwpdwG n qonptl wGywiu (dnuiGhp (U pwgwhwinnpbl Yuenigb] wyn
twonuiGtpp) wyGwhuhp, np Yuwiowjwlwa némd Geplwywgdh GpwGg qoéwihG
YndphGwghwyny: UVw hp htpphG YGwGwlh, np (2.1) hwlwuwpdwG |neéndGeph
pwquinipymbp 7 -swihwGh qéwyhG nwpwénpynth t:

Wu GwwuwyhG hwubbint hwdwp YuowpbGp htinljw nintignyg nuunnnne-
pinLGGtipp: hgnip A,-p L(A) plnipwqphs puqiwlnudh tpiwwinpy wpdwan t,

wyuhGpG L(A) =(A—A, )2- M), npuintn M (A)-G n—2 Jupgh pwquiwGnuwe t,
pun npnud M (A)) # 0: Uw GuwGwynud t, np
LA,)=0, L'(A)=0: (3.1)
UswGghlp' puwn A -h
At At
L(p)le"]=LQA)-e (3.2)
GnuyGrpyniGp, npp unnwgty thGp Gwhunpn wWwpwgqpwdpnid:
Lw@h np e’“ PuGyghwi pun ¢ wlwhu prhnfuwlwth b pun A wWwpwidbn-

d™ ( d* M= “(dm M
nh wGdbpe nhdbpblgbih Pnbyghw t, www —[ d?J‘ ] e [ dt...

! USwGgnudp puwn A Yndwibpu hnthnuwlwiGh Yusnwpynd t GnyG YuiGnGGbpny, hos L hpushwo
pnhnfuwluGh nbugpnid (inbu §1.4):
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GnuyGnipyntGp nbnh mGh YwiwjwlwG m L k& Yupgh woéwlguiGtph hwdwp:
Ujuintinhg htiwnbinud t
k

4 (L(p)e™)= L(p)[ 4

—_— ———e'l', teR,AeC
di* dA

dk
GnyGnupynilp, wyuhlpl’ W L L(p) qnponnnipyniGGbpp (owbpwinnplbipp) nbnw-

thnfubiip 66: IbwLwpwp’
d At d At
— = — =L ,
Lo Y= 1] £ | = Loee™)
huy (3.2)-h we Ynnuih wéwhgjw)p plnntlned t
;_7[ (L™ )= L™ +Lye™ =LA+ LAY

wnbupp, wjuhGplG unwGnd Gop

L(p)te™ 1= (L'A)+t-LA)-e¥, teR, AeC (33)
GnuyGnupyniGp: Wuwbinhg, A=A, wpdtph hwiwp, hwah weGking (3.1) websnt-
At

pyntGGbnp, unwGnd bGp L(p)[t-e™' 1=0 GnyGnipynitp, wyuhGpl y=t-e™

Inubyghw (hGswbu L y = ek") (2.1) hwyjwuwpdwb (pegnud t: Uynee Ynndhg pwGh
nn eM #0, wyw (3.3) GniyGnipyniGhg unwgymd t htnbywy winnudp npytugh
y=t~e)'" - dnbyghw [pGh (2.1) bwjwuwpiwG (momd, wGhpwdtnm t L
pwqwpwp, np A,-p (hGh L(A) pwqiwlnwih weGwql bphuwinhy wpdwin
(wjuhGpl, np wbnh nLGEGWG (3.1) wnGsnipyntGGbpp):

Jwpdmgymb 3.1: Uwwgnighg, np eM L tel' InGYghwGtpp qonptio whywiu GG:

tpt A,-pL(A) pGnipwaphs pwqiwlnwsh K -wwwhy wpswwn t, wyw A, -hG
hwiwwwunwupuwbng qénpkb wiywhu (MénudGbpp Ywpbih t qunbbp Gnyb Gnwlw-

Und wowlghlp (3.2) Gnylnipynilp pun A-h m wlqud: LnyGnipjwh dwiu Ynndh
wéwhgywih hwiwp YnGEGwhp
dm |

}x_m(“”)["“ 1)= L(p)[fve

’“}s L(p)t™ -]
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hul we Ynndh wowhGgjwih hwiwp, oguytiiny (wpwwnpwih pwpdp Yupgh wowhg-
juth hwdwp) LwjpGhgh pwGwadlhg

%;—,(L(x)e”)s(1}""(1)+C;L‘*‘>(x)-t+---+ cr LAyt +LA)-t")- €

apwuntin C,';, = pubpp GynunnGywl Gplwlnwdh qnpdw-
YhgttpG 6G: Wuwhund uwnwbnd GGp (3.2) L (3.3) GnijGnepyntblGEph hbunlywy
pGnhwGpwgnuip juwiwjwlwa m phwlwh pyh hwiwp

Lp)t™eM 1= (L™ M)+ C L™ M)t ++--+C' LAYt + LA™ )™ (3.4)

Lbvdw 3.1: bpb )L phyp L(A) pwqiwlnwsh (k +1) wuwwnhly wpiwwn t, wuyw
e"',t'e'”,"',tkew:bm.Gughu:Gbnn hwlnhuwond 66 (2.1) hwywuwpdwb (n-
onuibtip:

Uupwgnyg: bpb L-GL(A) pwqiwlnwsh (k+1) wwwhy wpdwwn t, wyw
L)y =L'(=--=L*"@)y=L* W) =0 L htanbwpwp, (3.4) GnuyGnpjut we
dwup 7\,=u wnpdtiph hwidwp GnyGwpwp (puwn £-h) qpn t, tpp m=0,1,---,k:
Itwnbwpwp L(p)it™-e*]1=0, tpp m=01,---,k, wjuhGpl
" e’ t*e"" pniyghwllipg (2.1) hwiwuwpdws (nonusGbpG bG: LESEwG

wwwgnigywé t:
Swlwnwnpd winnidp, wjuhlel wyl thwuwnp, np

L(p)e"']=0, L(p)lt-€e"]=0.... L(p)t* -e"1=0
GnuyGnupyniGGtiphg htinbinud t, np 1 ppyp L(A) pwqowGnuih (kK +1) wwuwhy
wpdwn t, GneyGuybiu Shaw b UwyunG wwpqynd t, np W pdh (kK +1) wwwhy wp-
dwn thGhpne hwdwp wwhwbgynud t wuin wybth phs pw@, pwh G24wd GnuylnipyniG-
Gopp’ pwywlwG t, np L(p)[t™ -e*'] PnillyghwlbpG plnniGbhG qpn wpdbp gnib
dbYy pOnhwhnup YEwnd: Ugbigh 62anhun, ntinh nGh htiwnlyw wGngadg.

L6ddw 3.2: Gpb nplit ¢, Ytinh hwdwp

L(p)[e'.“jmo =0, L(p)t-e],, =0, .. LD -e* Jo, =0 @5
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www B phyp L(A) pwqiwinwoh weGlwqb (k +1) wwwnhy wpdwn t, wyuhGp
Lpw=L@ws=-=L*"w=LYn)=0:

Uwwgnyg: Uwwgnygp Yuwwnwpblp dwpbdwunhliwlwh hﬁqmughwjh tnw-
Gwyny: Lwfu hwinqytGp, np £ =0 nbwpnts wannwdp Ghaw t: Ppnp, hwiwdw)G
(3-2) GnyGnupywl, (3.5) wWwytwbhg hbwnbnwd E, np

L(p)ie*] _ =Lwe* =0:
=1,

ewth np €"° #0, wyw L()=0: Ahgnmp wlnnuwsp Shan t nplt r
(r=12,---,k=1) pup hwdun, wonoes L(p)[e" ] _ =L(p)r-e"] =
1=t 1=t

== L(p)[t" - e j’ =0 ww)iwGhg hbwlnud bG

L) =L@y ==LV = =L W) =0 hwjwuwpnipniGGlnp:
UwwgnigtGp, np wyn ntiwpnid winniudp Shan t 6wk r+1 (1< r+1<k) pyp
hwiwp: Ppnp, hwiwdw)G (3.4) GneyGnpjwG L puwn hGnniyghw)h wwydwGh'

(L) =L'(w)=--=L"(w)=0),

Lp)it™e j -(L‘””(u)+ C LWty +---+CL L'() 5 + QS+ ) e =

= L(H-I)(u) . e’.llo = O , ﬂnmhflhg L(r+l) (p') = 0:

LEddw0 wwwgnigywé t:
by wjuwbu, nhgnip L(A) pGnipwaphs puqdwGnwih qnug wn qnyq hpwphg

wwpptp  wpdwnGbpla &G ll,kz,"-,lm pdtpp, hwiwwwunwuuwbwpwp

k.ky, -+, k,, wuwwnhlynpniGGbpny, k, +k, +---+k,, = n: LawGwykGp
kl-l ll

o () =™, 0,()=te™ -, @, (1) =t

OO =€", 0, ()=t -, 0, o, (=17 (3.6)

k-1
[P () L e, e,()=t e™!
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Jwdwdwyt (Gddw 3.1-p" (3.6) hwiwlywpgh pninp $nuGyghusGlipp (2.1) hwyw-
vwpdwb (ponmdbbp 6G: RwGh np ppwig phdp 7 L, wyw, bph wwywgnigdh npwig
qonptih whywhunpymGp, (3.6) hwiwhwpgp YipGh tMonLiGEph hhiGwpwp hwiw-
Ywpq: '

L6ddw 3.3: (3.6) InuGyghwhtph hwdwlwnpgp qénptil wllwfu t:

Uwwgnyg: hgnip gnynpynil nulikG ¢|,c,,0 -, ¢, pyYtip, wybwhuhp, np witinh
ntGh

P (1)+c,@9,() +++¢,9,()=0,te R 3.7
GnyyGnipymGp: UbwGghiny wyu GneyGnipynibp 72— 1 wiquid, YunwGwhp

a9, () + ¢, @, (1) +---+c,0,()=0

Q9 (1) + c, @, () +-+¢,9.()=0

..................... (3.8)
0, ") +c,0," ")+ +c,0," (1) =0
GnyGnipniGGliph hwiwywnqp: LawGwybing P(¢) -ny
0@ @, - 0,0
ol L OB ACKEER A0 as)
¢ @ 07 - @)
c 0
(3.8) hwiwlwngh qutuwdnp suwnphgp, huy € nd, k 0-ny C = c2 NE 0
c 0

ybywnp-uynGbpp, (3.8) hwiwlwpgp qptGp d)(t)-C" =0 wnbupny: P(¢) dwinphgh
npnzhsp GawlGwybop W (z) = det P(7): bpb wwwgnighGp, np W(¢) npnzhsp nplit
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t, Ytwnd qpn sh nwelnu, www upwlhg Yhtunbh, np <I>(t0)-6'=6 qowjhG
hwiwubn (hwGpwhwdwijwb) hwiwlwpgl nGh dhwjl gpnjwlwh (niéned, wjuhbel’
(3.7) GnyGnipyniGp hGwpwynp b dhws ¢, =c¢, =---=c, ntiwpnd, hOsny L
wqwpunwé Y hGkGp (bdtw 3.3-h wwwgnygp: Upw thatuwnbG (np W (2,) # 0) www-
gnigtilip wybh pGnhwGnup wannud:

Lbdvw 3. 4: W (1) npnzhsp ng 6h Ytnnud qpn sh nwinGned:

Uuwgnyg: bapwnnkGp hwiwnwypy W(t,) =0 nplt ¢, Ytwnnd: Y Gowlw-
umd t, np P(f;) dwinphgh wnntiph Ghek Yw qéwihG YwhudwénipyniG, npG php
htpphG  GowGwymd t, np qrnpyntG miGeG  wyGwhuh by, by,---,b,_, putp,

n—1 2
Z|b,‘| #0, np pwqiwwwunybind k-pn wnnp  b_-nd, k=1--,n L
k=0

qnudwntiny wynutiv uinwgdwé wnnntpp, Yunwbwbp qpnjwlwh wnn, wyjuhGpl
n-1
Y 5,0 (t) =0, j=12,n: (3.10)
k=0

LawbwytGp M (p)-nd p nhdbpkiGgiwG uhdynih Gwindwdp (n—1) Ywpgh
n-1

M(p)= Zb,‘ p' pwqiwlnwdp': Oquybiny wyu GauwlGwynishg (3.10) wnlsnipyniG-
k=0
Gtipp qptGp

n—1 n-l
) b0 (t) =} b, p*l9, (t)ll =M(P)le,]_ =0, @311
k=0 k=0 1=t 0

J=12,---,n wbupny: dtingltiny j=12,--,k, , unwlnid tGp (inbu(3.6))
M(pe™]_ =0, M(p)re™ ] =0.... M(p)lt'e™) =0,
1=ty 1=ty =ty

npunbinhg, hwiwdw)lG |Godw 3.2 —h, htwbnud £, np A, phup M (A) pwqiwGnuwih
wnllwqG &,  wwwhynpjwl wpwn bt LlwGwwbu =k +1,k +2,--

' Ugtth Saanhin, M (p) pwqiwGnwih Ywngp < 7 -1, pwBhnp b,_, = 0 nbwpp sh pwgunynid:
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-+, k; +k, wndtipGtiph hwiwp (3.11) -hg L (Gddw 3.2-hg htwnbinud t, np A, -p
M(A) pwqdwlnwdh weGywql Kk, wwwhynpjwl wpdwwn b CwpniGwybing
wjuytiv' unwGwGp, np XP-G (1<p<m) M(N) pwqiwGnwih wnGywqG kp
wwuwhynipywG wpdwwn t:

ewGh np k, +k,+--+k, =n, wyw unwgymd t, np n—1-pn Ywpgh

M(A) pwqiwbnwiG nGh weGdwql 7 wpdwn, hGsp hwlwuntd t hwGpwhwyh
hhiGwywG pbnpbdhh: LEddw 3.4-p wywgnigqwd b (hbnbwpwp wuwgnigywé t L
\60dw 3.3-p):

YunnprupymG: Uhwwwinhly wpdwnGtiph nbwpnd (3.9)-nd wpdws P(2)

dwinphgh npn2hsp ¢ =0 Yewnnud hwdpGyGnud t dwGnbpdnGnh npnzhsh htin, w)bybu
np, (Gidw 3.4-hg, dwubwynpwwbu, htnbnd t dwbnbpdnGnh npnhsh qpn s hGGp:
Pbnpbs 3.1, Iwunwunnib gnpéwlhgbbpnyg (2.1) hwwuwpiwl YuiwjwlwG

y=y() moénmd GhipYuywgymd t (3.6) (nuonudlbph hhdGwpwp hwdwlwpgh
qéwhG YndiphGwghw)ny:
Uypwgnyg: hgnip y = Y(2) -G (2.1) hwwuwpdwG npbt (nuanud t b -0 nplit

hpwywo Yt t: Y() PniGyghwh L Gpw hGsk (7 —1)-pn Ywpeh wowhgyuGhpp
t =, Ytuwnnd pGnnibnud 66 npnawyh

y(t,)=b, Y (t,)=b,,.., ¥ () =b, (3.12)
wndtiplGbp, wyuhlpG y = Y(¢) PmGyghwa (2.1), (3.12) Unznt tuGnph (nLéNLdG t:
UwwgnigiGp, np gnjnipynlG ntGbG wyGwyhup (Ghwpdtip npnaynn) ¢,,c,,---c, pytip,

nn @) =c,@,@)+c,p,(t)+-+c,@,(t) PnGyghwG ((2.1)-h (moénLip) ¢,
Ytwnnud Ypwywpwph Gnyh

o(t,)=b,, ¢ (t,)=b,, ... ¢""(,)=b, (3.12")

ulqplwywlé ww)dwGabkphG: Ujunnbnhg, pun (2.1) hwywuwpdiwl hwdwp Wnane
huGnphp (nuddwh Shwynpjw, Yhtwnbh, np.

y()=o(t)=c,9,(t)+c, 0, () +---+¢,9,(), teR (3.13)
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L pbnpbd 3.1-p wwywgnigywd YhGh: Uu  Guuuwwynd  wwhwbgbiing, np
o) =, @, (1) +c, @, (1) ++--+¢,9,(t) pwlwdlny npndwé nilyghwl puyw-
pwph (3.12") wuwydwGatphG, YunwlwGp

®&(,)-C=b (3.14)
qéwyhG hwhpwhwywywt hwywuwpnuiGtph hwdwlywpgp
G b,

€1,C5,***,C, wChwpunGbiph Gyuuwnidwdp, npntn P(f) dwuiphgp npnqwé t (3.9)
pwlwduny: RwGh np (3.14) hwiwyuwpgh P(¢,)) quwdnp dwaphgh W(,)
npn2hsp hwywuwp st qpnjh ((Godw 3.4), wunu‘ (3.14) hwdwlwpgp nGh dhwy
(€1,Cq,° 7€, ) IMLONLL: BLinpGUG wwwgnigywd t:

by wjyuwbu, UbkGp uwnwGnd GOp, np hwunwwnnih qnpéwlyhglGtpny qéwhG
hwiwutn hwdwuwpdwb (nudnudGtph pwqdnepynilp nipygnid t

ki—ly A k=t A,
V@) =(c, et +-+c 1T )e ot (€ ppis o oG )

pwlwdling, nnlnbr[‘ €15Cy5"**5Cp~0 Yuwiwjwlwl hwunwinnlGhtip GG, Ywd, np GnyGa
tb .

v(t) = p()e™ + p,(t)e™ +---+ p, (t)e™", (3.15)
npintin p;(#)-6 k; —1-pn Ywpgh puqiwtnui t (j =1,2,---,m):

(3.15) nnGuph niGyghwbbpp Ynsdnud 6l pYwghpwqiwlnwdbbn .

Uqupinbigny  hwunwnntG  gnpdwihgGbpn  hwdwubn hwdwuwpnudGbph
nuuntGwuppnipyniGp’ Lo UGy wlqwd 2Lwnklp wyl Ywplnp twunnp, np wyn
hwywuwpnuiGtiph Yuwdwjwlyws (nudnd pdwqhpwqiwbnud t:

! «Rywqh» (winhGwlwl pwnp Yunbih t pupqiwib) <hwwpjws pweny:
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dwpdmpyml 3.2: Uwwgnighbi, np juwiwjwiwt puqhpwqiwbnud hwinhuw-
Gnud £ dh npnzwlh hwuwnwwnndG gnpdwyhgbtipny qdwjht hwiwubn hwywuwpiwb
LpLéned:

bpb (2.1) hwwuwpdwb a,,a,, - -,a, qnpdwlhgltipp hpwywh pytip GG, www
Juwptth t (2.1) hwwuwpdwG pnipp (Yndwbpu) nuénudGhph  pwqinepynilhg
wnwGdGuwglby pninp hpwiwG (mondGepp: Hhgnip -G L(A) pGnipwgphs pug-

SwGnwih k +1 wwwnhy wpdwnG t: Un nbwpnud et t-e* o tte" pniGyghw-

Gbpp (2.1) hwywuwpdwG MénudGlp GG: Gpt U wpdwinp hpwlwb t, www tPet!
(0= p<k) (moénuip hpwywG t, huy tpt | wpdwwnp Yndutipu t (ng hpwyw),

www #°e"’ |notwh htn wow b npwl Yndwibpu hwdwns ¢”e* (nwonudp,

pwGh np (hpwywG gnpowlhglbph nbwpmd) K phyp  L(A) pGnipwanhs
pwqiwbnuwdh Gnyl k +1 wwwhynipjws wpdwn t, ‘hﬁz L B phyp: Uyuwhuny (3.6)
tméndGeph hwiwlwpgnud wikG dh Yndybpu nuédwl hbwn dwulwygnud t Gpw
Undwbipu hwdwnié (nuénuip:

Npwbugh (3.13) pwGwdlkny npnwé (pGnhwGnip) (ndnudp (hGh  hpwlwa,
wlhpwdbiwn t U pwdwpwp, np hpwlywb gneéniGEph gnpdwyhgGtipp |hGEG hpwiwa,
hul Yndwbipu hwiwind nwénuilGtiph gnpéwyhgGlipp (hGGGO Yndwtpu hwiwnié
pytp: Uju windiwl wwywgnigp pnnlnid tap pGptipgnnhG:

dwpdmpymG 3.3: Uwwgnighi, np bpt (2.1) hwywuwpdwG L(A) pGnipwqnhy
pwqiwlnwdh papnp Ay A, A, wpiwwnGipp nGbG pwgwuwlwG hpwlywG
dwubp (A, =V, +ip,, vV, <0, k=12,---,m), wyw (2.1) hwlwuwpdiwl
uwiwpwywG y=@() momd dqumd t qpnjh, bpp £ —> oo, wjuhlGpl
lim@(s) =0:

1—)oo

§4. 2LUQPLVQUULAUUUSRY UQUS Tu-UUNY QUUSUSARY
QNLSUYRSLEMIY GU3 MY QUULUUULNRT:
N2y '

YhuwpybGp hwutwwnntG qnpéwyhgltbpny wGhwdwubn hwdwuwpnudG w)G
nbwpndd, tpp wquwn winwdp hwinhuwGnud b pywqhpwqiwbnwd, wyuhGel nuGh
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F(t) = f,(0e™ + f,(1)er 4+ f, (1)e
wntupp, npwbn  f, (¢) (k =12,---,m) Pnlyghwlbpp pwqiwlnwitp LG: Gpb
A,A,,-+, A, pUtnhg nput bpyniup hwdpGYomd GG, ophlwly A, =A,, www

hwiwwywunwuhiwG qnudwpbihGbpp Ywpbih t shwdnpby L qpbp (f, () + f, (t))e""
wbupny, wyuhlpl F(z) plwqbpwqiwlGnwdp dhan Ywpkith t ptpbe wbwyhuh
wbuph, npnud A,,A,, -+, A, pUtipp qnuyq we gntyq hpwphg wwpptip GG Ljwnkip
Owk, np pYwqhpwqiwbnwitbph gmdiwph m wpuwnpuwip  Omjbybu
pywghpwqiwbnwibtp 60 L tpb Ywiwjwywl plwgqhpwqiwbnwih ypw Yhpwetlp
Ywiwjwyws L(p) owbLpwwnp, www Ypyht Yunwlwbp pywqhpwqiwbnuad:
PGswbu nbuwbp §3-nud, hwuthwnnlb gnpéwyhgbtipny hwiwubn hwjwuwpnudGlph
pnipp mdnudGbpp . pwghpwquwbnwiltp GG: U hwlqwiwlpp L
pdwqhpwqiwlnuwiGtph ybpp G2qwé hwwnynepntGGtipp hnpnud GG, np hwuwnwwnntG
gnpéwyhglbpny L(p)[y] = F(¢) wGhwiwube hwwuwpdws néntdGbp Ywpnn GG

hwﬁnhuuiﬁwl Gpw)i pquwqhpwqiwbnwiGtp: Mwpqynud t, np e wynubu t, npnwd
uklp YhwinqytiGp unnpl:
6y wjuwtiu, nuunuiGwuhptGp

L(p)yl=y™ +a,y" V+-+a,y = fi()eM + fo()e™ +--+f, (e*  (4.9)

hwjwuwpndp: bpb Y =@, (1) Pmllughwt L(p)[yl= f, (1) (k =1,---,m)
hwywuwpdwl ndnudl t, www (nbu §1.n) y=@,(1) +Q,(t)+ -+, (2)
InGyghwt  YyhGh (4.1) hwywuwpdwG ménd, wybwbu, np  pwdwlwh t
nuniGwuhpby ((nustip)

L(p)ly)= P(r)e" 4.2)
hwdwuwpnidp, npintn P(2) -6 YuiwjwywG pwqiwGnwd t, huy R -G nplt phy:

Ujntu Ynndhg (nbu nhinnnnpyniG 1.1), et y = @(¢) dnLGyghwb (4.2) hwyw-

uwpiwG nplt pneéncd t, wwyw wyn hwjwuwniwb YwdwyjwlwG gnuénud tpynud t

Y() = yo(2) + @(2)
pwlwdling, npubn y, (1) -G (4.2)-h6 hwiwwwwnwupiwGnn L(p)[y] =0 hwiwutne

hwywuwpdwb npnwlh ménd t: Rwlh np d6Op wpnbG qhwintlp, pb hOswbu t
Ywonmgynud hwiwutn hwjwuwpdwG pGnhwbnip (ndnuip (nbu §3), wyw (4.2)
hwywuwpdwG |nédwl fulnppp  pbpdnd t Gpw  nplt dwuGwlyh  |nLddwG
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YwengiwGp: Wu dwulwyh (nuédwlb Yuenigiwl bnwlwyp wpdnd b hbnbjwy
ptnpbdnLy:
Bbnpbd 4.1: Yhuwpykbp

Lp)yl =y +a,y" "+ +a,y = P, (1)e" (4.3)
hwywuwpnidp, npnbn P, (t)Eipjtj m-pn Ywpgh pwqdiwlnwd t, huy -G
Jj=0
nplit (Yndwtipu) phy t:
Wn nbwpnud qnymipymtd mGh dhwy m-pn Yuwpgh Q,(#) pwqiwGnuy
w)jGughuh, np
o) =1"Q,(1e”, te R (4.4)
$nbyghwl hwlnhuwbnd t (4.3) hwywuwpiwh (nencd, pun npnud, k& phup
hwjwuwp t B wpdwnh wwwhynpywbp, tpk L(u) =0 L k=0, tpt L(W) #0:
0, (1) pwqiwGnwih gnpéwyhglbpp ShwpdtipnptlG npnaynud 66 L(A) pwqdiwG-
nwih a,,a,,-*,a, b P, (1) puqiwlnwsh p,,p,_;, -, py anpdwyhgltinny:
Uupignyg: Mwpqnipywl hwiwp ulubGp wyG nbwphg, tpe w phde L(A)
pGnipwgnhs pwqiwlnwdih wpdww gk, wyuhlpG L(W) # 0 L, hbnbwpwp, k =0:
8nyg wwlp, np nptugh Q@) =Q, (e =(q, +qt+--+q,t")e"
Inblyghwl hwGnhuwGw (4.3) hwwuwpdwb gnuénid, wyuhlGpl wknh nLGtGw
L( p)[Q,,, (t)e" JE P (e, teR (4.5)
GnuyOnipynilp, wlhpwdtian b L pwdwpwp, np g4, 4, .4, anpéwlhgbtipp hwhnh-
uwlwG npnwlh (wbu unnpl (4.6)) qéwhG hwinwhwdwywb hwiwlyuwpgh (PLENLA:
bpnp, oquidtiiny L(p) owbpwwinph qéwjGnipyniGhg, gptip (4.5)-h dwhu dwup

L(P)[Qm(t)ew ] = L(p)[(q0 +qt++gq ™ )e ] =
=4 L(P)[e“’ ] +4q, L(p)[tew ]+ t+q,, L(p)[tmew]

wnbtiupny L oquwgnpétiiny Gwiunpn wwpwqpwdpnid wnmw¢Qw6 (3.4) pwlwadlp
(4.5) wnGsnipynLGp qptiGp

qoL()e* +q, (L' (W) + L(w))e” +---+q, (L (W) +CL L™ (Wit +---
ek COTL (U™ + L™ )eY =(py + pit 4+ pt")e”
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GnyGnipjwl wnbupny: Pwdwlbnyg unwgyuwé webGinipywlb Gpyne Ynndp e" -h ypw
unwGnud G0p GnyGnupynth tpyne m-pn Ywpgh pwqdwOnwaGtpp dhol, npG, hGswbu
hwjinGp t, Ywpnn t nbnp nlGbGwy wjl L dhwyl wyl nbwpndy, Gpp wjn pwqiwbnud-
Gbph hwdwwwwnwuhuwl gnpdwlhgbtpp hwywuwp 66, wjuhlpl (4.5) GniyGnepyntGp
wbnh nbh wyl L dpw)l wylG niypnid, Gpp 99,9, "> 4, aNPdwyhgltipp hwinhuw-
Gnud 6O

(@ LW + g L'W +,L" (W +...+¢, L@  + ¢ L["W=p,
q L)+ ‘hCzlL’(u) +...+ qm-ICaln-lL(M-Z) (w)+ qmc,l..L[m_“ W =p,
qu(u’) +...+ qm—IC:l—lL(m—g) ("I') + qu:I‘(m-z) (u) = Pz (4.6)
G LW +¢,Cr'L'(W) = p,,y»
\ qm L'(u) = pm

hwywuwpnudGiph hwiwlwpgh (nednud: RwGh np (4.6) qéwhG hwhpwhwwywh
hwiwywnpgh qituwynp npnzhsp’

(L L'@w LW - L@  L"@ )
0 L GLME - CouL™ (W C,L™"
g O 0 LW . CLITIW GG e g
0 0 0 i
0 0 0 o L) Ca'L'(w)
| 0 0 0 0- 0 L) |

www (4.6)-h nonuip qnynepyntG nuGh L dhwiyG t, wyuhGpld L(p) # 0 nbwpnud
0, () pwqiwlnwih qnnipynibp b ShwlntpntGp wwwgnigywé t:

Wdd nhinwplibGp wyG nbwpp, tpp K phdp L(A) pwqiwGnuidh K -wuwunhy wp-
dwwn t, wyuhbpl’

L =LW=-=L*"Ww=0 LY=o (4.7)
Uu nbwpmd Q, (1) =q,t™ +q,,,_,t""l +--+q, pwqiwlnwih (ntinku wlnpny)
GG ue-1+'""9e ANPOWYhgltipp whbnp t npn2ytib wyl wwydwhhg, np witinh NLGLGW

L(p)t*Q, (e 1= P, (1)e", te R (4.8)
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GnyGnupynilp, npp YGawGwyh, np (4.4) pwGwdbny npnadwé @) PniGyghwh hwi-
nhuwbnd t (4.3) hwywuwnpiwG nenud: L(p) owbipwwnph qéwjGnipyniihg
hGwnunud £, np (4.8) GnyGnupywl dwhu dwup Ywpbih t Gephuywglty

L(p)[(got* +qyt** +++g,t*™e* | = gy L(p)[t*e* |+ g, L(p)[t**'e™ J+---

+q, L(p)r**me" |
unbupny: Oqudtiny (3.4) GnylnipyniGhg L (4.7) wwpdwGGtphg, (4.8) GniyGnipynibp
qpliOp htwnbjwi nbiupny.

LP)*Q, (0e” |= gy (LY () + CLLAD @t 4+ CV LG + Lt ) - e* +
+q, (LY (W) + C} LP (Wt +CE, L' (w)t* + L)"')y - e 4+

+q,, (L™ () + CLp LD (it +CERT L ()™ 4 Lu)t**™) - € =
={qoL® W)+, (L*" W+ CL, LY WD+ + g, L™ W)+ Cp, L™ (Wt 4+

+ Cl'r"+mL(k) (l»l)tm)}ew =(po + plt+---+pmt'")el":

Pwdwhbtiny unwglws weGsnpjwb tpyne Yondp e® -h Upw unwGnd LGp
GnyyGnpynt@ Bpyne m-pn Yupgh pwqiwGnudGeph dheb, npp Yuwpnn b wnbnh nulbGuy
wil L dpwyl wyls nbwpny, bpp wn pwqiwGnwibtph hwiwwwwnwubuwb
qnapowlhgltpp hwywuwp GG, wyuhlpl (4.8) GnuybGnipynlp inbdh nulh wyb L Shwyh
w0 nbiypnd, Gpp 99,9, *» 9, ANNSwhgllipp hwlnhuwbnud GG

gL W) +q,L*"" (W + g, L W)+ +¢, . L*" " (W) +4,,L**™ (W) = p,,
q Ckl+l L+ q2CI:+2L( kv Ww+---+q,, Ckl+m—lL( kem- 2)(!"') +4q, k+mL(k+m-l)(p') Ps

qICk2+2 I}k)(u')-’- v +qm—lck2+m— L(k“"-:” (p') + qM l:+m I‘(t“" 2 (l’l)=p2 *
. . . . . . . . (4 9)

qm—ICk+m—l L0 () + dm k+mL(k+I)(p') = Pm-1>

InCrnl W) = p,
hwywuwpnuiGph hwiwlwpgh (neontd: Bwlh np wju qéwjhG hwGpwhwuwlws
hwiwyuwpgh qifuwynp dwinphgp «brwllnibwdl t» (hGgwybu L Gwjunpn k£ =0
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ntiwpenud) L Gpw npnzhsp hwywuwnp t C,:+l -Cfn e Clom -(L“"(]J.))"'+I 20
(hwiwdwjG (4.7) wwjydwhh), www (4.9) hwiwyuwnpgh ndncdip gnjnepnid nuGh b
dhwyG t, wjuhGpl wjyu ntwpntd GnylGwbu @, () pwqdiwlnwdh gnympyntGl n
dhwynupynilp wwwgnigyuwé t: Ujuwhuny ptnpby 4.1-p wuwwgnigdwé t:

Oppbuly: Lnisty y” -4y +3y=1*-€* hwijwuwpnudp:

Lmomd:  LYwod hwywuwpdwbp hwiwwwinwuuwbGnn hwdwubin
y” =4y’ +3y =0 hwjwuwpdwG L(A) = A> —4A +3 plnipwanhs puqiwGnuwdh
wndunnGbnG 66 A, =1 L A, =3 pubpp: 2wGh np L =2 phyp sh hwdpGlyGnid
wpdwwnlGtphg ng GGyh htwn, wbhwiwubn hwyjwuwpiwG dwubwyh nemGp
hGwopnd  BGp Q1) =(g,t> +q,t+q,)-€*  wbupny:  Sbnunpbind  @(r)
$nGyghwl hwdwuwpdwh o6y unwbnld Lap.

{*42‘2 +(q, —42)1 +(29;, - q, "‘Io)}'em =1’-e

Npwbugh unwgywd wnGsnipyntGp hGh GneyGnepyniG (puwn ¢ € R) whhpwdbwn t

U pwdwpuwp, np g4,4;,9> anpdéwlhgGlipp pwywpuintG
~90-q1+29, =0
q,-49, =0
-q; =1

hwywuwpndGbph hwiwlywpah, npwntinhg hhmhﬁuﬁ t, nn
2

2,

q,=-1,4,=—4,9,=2: Uuwhuny y” -4y +3y= t2.e hwywuwpiwb
(nténudGlph pwqinepyniGp (pGnhwnip (nudnudp) Gluwpwgpyned k

¥(t) =cie' +cpe” +(=t? -4t +2)e”
pwlwdbiny, npwnbin ¢;-p L ¢, -p Ywiwjwywl hwunwnnG6tp GG:

bnwlGwlyp, nph dhengny unwgynid t (4.3) hwwuwpdwb SwuGwyh |ndnudp,
Ynsynid & wlnpny qnpdwihgbbiph tnwbwly (wyuhGpl 060p thGupnud GGp |nudnudp
(4.4) wbupny, npubin Q,, (1) pwqiwGnwdih gnpéwlyhgGipp uyqend «wlnpnz» pytp
G0):

tpt 1 phdp pGnipwqphs pwqiwlnwdh wpdwwnn t (wuhlpl &k 2 1), www
wuntd &G, np wbinh nuGh 26gnbowGu:
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®npdkilp wwpqbi hGsnt wyu nbypht wpdnud £ hwnney wGdwbnid rbqnlwiy,
npp nwwnwbnedGph wtunepniGnud GawGwynid £ npnwyh hghlwlywh tiplingp:
UbjuwGhywntd

y+@iy=0 (4.10).
hwiwutn hwjwuwpnidp (®, > 0) wGwinid GG hwpinGhly nwnwGnuiGiph hw-
quwuwpnd: Uu  hwdwuwpdwG bpwlwl  (ménudGhph  pwqdnepyndlp upbigh t
Ohwpwanty

y(t) = Acos(®yt — @)
pwlwdlny (nbu §2), npnbin A-G L Q-0 YwiwjwlwG hpwlwh hwunwnnGGn GG:
(4.10) hwywuwpmdp GUwpwgopmd t Gnipwlwl Yhwnh «wquwy (wyuhbpl hmﬁ
pwawyuwynud t wpunwphG wqnbgnipynilp) twwnwbnudGepp: A phdp Yngynud t vw-
wwlnudGeph wiwhnninw ((wiGnyp), huy @y-0 Yngdnud £ (4.10) hwdwuwpdwh
«ubithwlwl» hwiwhiwywbnepyniG:

y"+wiy=F-cosot (4.11)
wlhwiwubn hwwuwpnuip (0> 0,F = const #0) Gywpwgpnid t Gnipwlwh

ytnh wwwnwGnuiGbpp  F-cos®f  wpnwpht ndh wqnbgnipjwlb vwly (O-G
Unsynmd t wpuinwphG nugh hwdwuwlwGnep)niG):
Lwiu GYwuwntiGp, np tipt y = z(¢) dniGyghwa

y +@)y=F-e" (4.12)
hwlwuwndwG (nesnudG t (z(2) = @) +id(2)) , wyw wyn (NLEdWE hpwlwl dwup
¢(2)-G Y hGh (4.11) hwywuwndwa nuénd: bpnp, bpk

(1) + iy (1) + Wi p(t) + i Y(t) = F -’ = F cos ot + iF sin oX,
www wju GnyGnipywl ppwywl dwutiph hwywuwpnepniGhg hbnbnud t, np
@ (1) +0X¢(t) = Fcoswt :

Uu yuwwnSwnany, Gwhu (nstGp (4.12) hwywuwpnidp, L www JtpgGbing wyn
tnddwl hpwywb dwup, unwbwGp (4.11)-h hpwlwh gneénuip:
Lwlh np (4.12)-p6 hwiwwwwwujuwinn (4.10) hwdwubn hwdwuwpdwG

pGnipwanhs pwqiwbnwsh (L(A) =A% + ) wpiwwnGbnG &G A, =i,
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pubpp, www (4.12) Swubuwyh ((4.4) wnbuph) (MoMip Yuenigbpnt hwiwp wbnp t
nwppbipt Bpynt nbwp
1) OO, L 2) W=, ,npp, pun dbp uwhiwbiwh, ntiqnGwGuh nbwp t:

UnwohG nbwpnd (4.12)-h dwulGwyh nénudp hGunpnud GGp z(t)=q0e“'"

F .
wbupny; Stnwnpbiny (4.12)h 0k unwlnd bip 2(f) = ———€ L Gpw
®

(|
hpwlwb dwup’

F
(P(t) = WOS(’)‘ : (4.13)
o —

tpypnpn  (nbqnGwiGuh) nbujpnd  JwubGwyh  (nudnuip  GhGwpmd Gop
z(t)=q te™ wnbupny: Stnwnpbiny w)G hwywuwpdwG ok unwlnud bGp

Lo, Gpw ppwlwG Swup

z(t) = 2

0

F-t .
1) =——sin,t (4.14)
WD) =5 sin
Gpynt nbwpmd b (4.13) L (4.14) |nonudltpp Gwpwgpmud 66 wnwGnudGbp,

0
aGnud t vwhdwlGwipwly (U Gpw hbwn 80w GO0 uwhdwGwdwy (4.11) hwdwuwpdwh

: F
uwiluG, bpl wnwghG (W # @) nbwpnid (4.13) (NLédwl ——— wdy oG
®

F
pnpnp  Y(2) = Acos(®yt — Q) + ——— ———Cos®! |nénuilbipp, www bplypnpn
m —-—

0

F-r :
nbwpmd (4.14) n6dw -2-—— wiyhninninld wluwhiwbwhwynptt wdnd t
o, 4

dwiwlGwyh hbwn: 3L0g wju, wiyhnninh wluwhiwGwhwy wsh bGplunypp
nwwnwbnuibtiph wbuntpyntbnid Ynsynud £ nbqnGwlu L npw wwwndwnb ¢t wpunwphl

ndh @ L nwnwinqulwl hwiwywpgh «ubithwywb» ©) hwwhwlwbnipynGtiph
hwipGyGnuip:
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§ 5. PNPNUULL 2ALTULRSLELAY. 5U3RY
UUUUEn Luauuvuenkr

Ujuntbin YnuntiGwuppbGp
y® +a,(0)y" P +a,(1)y" P+ +a,(t)y=0 (5.1)
qéwyhG hwiwubte hwdwuwpndp, nph a,,4,,--,a, qnpowlhgllipp wGpGnhwwn
$nGlyghwbp 66, npndws nplt (a,b) (Yepowdnp Ywd whdbpg) dhewlwypnid: Ukp
hpiGwywa 'ﬁtqwmwl.(ﬁ t wwwgnigtiy, np (hGswbtu L hwunwinmG qrpéwyhgltiph
ntiypnud) gnynipynil nLlkG (5.1) hwdwuwpiwb
Q0. 0,(1),-+,9,(2) (5.2)
tménudbbp wylwhuhp, np
1) Gpwlp qénphG wOlwfu GG, wyuhGpG Ywqimd GG gméndGph hhdGwpwp -
hwdiwluwpg,
2) (5.1) hujwuwpdwb udwjwywh pndnmd Yupbih t Geplwjwgbby
P, (2) + 9, (2)+-+c,9,(2)
qowhG YndphlGwghwih nbupny: Uw YGawbuwyh, np (5.1) hwywuwpdwb gnuénudGhph
pwquntpynebp 72 -swhwGh qéwjhG nwpwénipynb £ L (5.2) hhiGwpwp hwdwlwpgp
wyn tnwpwontpjwl pwqhuG t:
3htighkbp (nku gy. 1), np

— — (n-1) _
y=xi, Y =x,, o,y =x,

Phnhinfuwubitph thnjuwphGiwdp (5.1) hwywuwpnudp pbpynid £ hwdwpdtp

( Y
Xy 2
Xy = X3
|
'xn—l - xn
(X, =—a,(O)x; —a, (t)x,~—a;(t)x,

qéwjhG hwiwubn Gnpdw; hwdwlwpgh: UnwohlG qifunud phm[wé ptinptd lil-hg L
ptinptid VI-hg, npwbu htwbnipynil, pluntd t qnynepywilb L dhwinipywl htwnbjwy
ptinptdp.
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Bbnptd  5.1:  hgnip  a, € C(a,b), k=12,--,n, tye€(a,b), huy
21,295 "5 2 -0 YwiwjwlwG Yndwbpu pybip GG: Ujn nbiwenud

{y‘"’ +a, Ny +ay()y" P+ +a, (1)y =0
y(t) =2, Y (tg) =25, )’(H)(‘o) =2,
unznu fulnhnG nGh dhwl (nuencd, npndwé wipnng (a,b) dhewlwypnid:

LjwwnbGp, np wju pbinpbdp wwwgnignud t Gwl wjl thwuwp, np (5.1) hwlw-
uwpniG nuGh wiytpe pyny (nunmudbbip: Ppnp, pwGh np Ywiwjwlywb z;,2,,::-,2,
pytph n-jwyhl hwiwwwinwufuwbnud t a6l (nuened, huly pytinh 1 -yuybbpp wiGdbpg
b6, www (nénuiGeph pwlwyG tp wGybpe t: '

bOswb"u pGupb; wyju whytpe pyny (nténudGephg 7 hwwn (7-p hwywuwndwG
Yuwpglh ) qonpbh wOhwh momdGbp, wyuhGpld hGswb'u plupby (AdnLiGhph
hhiGwpwp hwiwlwpqp:

Uju hwpght wwunwuhuwbbnt hwdwp GuwntGpe, np pwih np pYtiph Yuidwjw-
YwG 7-jwy ShwpdbpnpblG npnynud £ (5.1) hwdwuwpdwh d6Y nuénld, www tpb
pGwnptlp pytiph 7 hwwn 7 -jwy, wyuhGplb nplt

le zlz Zln
iy In Zon
an Zn2 o Znn

dwunphg, wyw unwgyntd t, hn Juwiwjwlwbo nXn swhwbh Swanphg shwpdbpnpbb
npngnid b (5.1)  hwdwuwpiwG 7 hwwn pednudGlp: YWpwlp wyl
@, (1), 9,(2),---,@,(t) LmoéMUGENG G, npnGp npnzyned GG

Q1 (1) = 2415 P (8) = 2135+, @, (1g) = 2y

@, (1) = 251, P2 () = 295, **, @ () = 25,

(1) = 200, 95 (Ug) = 230+, OV (1) = 2,
uyqpiwlhwl wwydwGGpny, Yepgdws nplt ¢, € (a,b) Utwmd: Ujuwhund (5.1)
hwywuwpiw( Yuiwjwlyws 7 (neénuiGtp dhwnpdbpnpbG npnaydnid 66 hptiGg uyqp-
Gwywl wpdtiplbphg Yuqigws



¢,(ty) 0,(t) - 9,()
O(ty) = @1(t) Pr(ty) - @n(1p)
W) W) - 0y
dwwnphgny, nphG wwjiwbwdnpybip wadwGty @, (2),Q,(¢), -+, @, () ménuiGph
hwiwywpgh wviqplwlwl dunnphg, Jtipngdws ty Ytuwnud: Uydd dkGp Ywpnn GOp -
wwinwuhuwbbi wyl hwpghG, pb hGswbu Ywpbih t pGinpby 7 hwn qénptit walwfu

Lménuiatn:
Lbvow 5.1:  (5.1) hwwuwpiwl Yuwdwywyws n pnudnuiGlip, npnGg ulyqpGw-

Jwl dwwphgh npnzhgp, dtingqwoé (a,b) dhewlwph nplt z, Ytwnud, nwpptip t
qpnihg (det(P(ty) # 0), Yuwqdnud GG (néniGlph hhdGwpwp hwiwyuwpg, wyuhGpl

q6npt0 wGlwtu GG:
Uywgnyg: YhuwpltGp (5.1) hwjwuwpdwh (nednudGtph nplt
@ (1),9,(2),++, 9, (1) (63)
n-jwly: UwywgnighGp, np det ®(z,) # 0 wuydwGh ntiwpnud
a9, (1) + 0, (8)++c,9,(t) =0, te(a,b), (5.4)
GnuyGrupynihg Yhtnbh, np ¢ = ¢, =---=c¢, =0, npb t YGwbwyh, np (5.3) hwiw-

Ywpgp qonptit whlwtu t:
Uswhgbiny (5.4) GnyGnupyniGp 72 — 1 wlquy unwGnid bGp
C](pl (t) + €0, (t)+° ‘ '+Cn(pn (t) =0
91 (1) +c,95()+ -+, 9,(t) =0
191 292 LY (5.5)

---------------------------------------------

0" V(1) +6,05" D)+ te, 0" (1) =0
GniyGnipynLGGEph hwdwhuncdpp, npp Jupbih & opbg
(1) =0, te(ab) (5.5)
¢ 0

_leal = |0
wnbupny, npuntin c=| "} 0= .
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@,(1) 0, () - 9,00

®(1) = ¢1(0) Q2() - @) : (5.6)

oM @5 @)
- Ruith np det d(,) # 0, wwuw (5.5) GnyGinipyLihg plunn B(2,)E =0 qowhG
hwlGpwhwywiws hwywuwpnudGeph  hwiwlywpgp ¢;,¢,,70,¢, wlhwynblph

Gywwdwdp mGh dhuyd qpmuiywl (¢ =c, ==c, =0) ménl, wjuplpl
det ®(t,) # 0 wwytwGh nbwpnid (5.3) tnentdGliph hwiwywpgp qénpbG wlywlu t:
LEddw G wwwgnigywd t:

Ypuwnnpmugynel 5. 1: Liidw 5.1-h wlnnuip GawGwymd t, np Yudwjwlw nXn
swiwlh sybpwubpynn dwinphg 60wl bt 06Y hhdGwpwp hwiwlwpg: Ujuntinhg
htwnknud £, np (5.1) hwywuwpnuiG nGh wGybpe pyny hhiGwpwp hwdwlwpgbip:

Yhenpupyned 5.2: LJwinbkGp, np (5.5) hwiwlwpghG L Gpw (5.6) qifuwdnp
dwuiphghG dtGp wpnbG hwlnhwb GGp §2-md (wnbu (2.11) hwiwlwpgp) L §3-md
(nb'u (3.8) L (3.9)) wjG Jwulwynp ntwpnud, tpp (5.3) (NuénwilGbph hwdwlwpgp
hwunwunmb gnpéwlhgltipnd (2.1) hwjwuwpdwG (3.6) (Ywod ‘(2.5)) tmondGlph
hhdGwpwp hwiwluwpgl tp: Wn gwpnd (Eddw 3.4-md wwwgnigytg, np (1)
dwwiphgh npnzhsp ng 6h Ytwnud qpn sh nueGnud: Ujunbn kGp YpGnhwGpwglhGp
w)n wonmdp thnthnfuwlwie gnpéwyhgbtpny (5.1) hwywuwpdwb (5.3) gnuénuibbph’
hwiwlwpgh hwiwp: |

Leddw 5.2: bpk (5.1) hwjwuwpiwG @,(1),Q, (1), --,@,(t) [méniGhpp
qonptil wlywlu GG, www wyn MéniGEph dhengny. Ywqudwé (5.6) dwwphgh
npnzhsp (a,b) dhewlwjph ng dh YGwnud qpn sh nwnGnud:

Uupwgnyg: Ghpwnpblp hwlwnwlyp, wjuhGel’ gnynipynil mGh nplt 2, € (a,b)
Yo wyGwbu, np det P(z,)) =0: Vw GuwGwynud t, np P(2,) Swwnphgh uniGiph

dhol welw b qéwyhG Ywhuwonpynih, wyuhGpG gnynipyniG mbkG ¢,c,, *,C

hwuthwwniGGtp (npnlghg qnGt tklp qnn st) wyGuhuhg, np
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(0t ) ([ 9.0 ) (0, )
¢, (t) 9 (t) ¢, (t)
el = Pl 0 Heete| T |=0: (5.7)
(@) ) {90 Ga)
U ¢,,C,,,C, hwunwunlGitiph dhengny Yuquibklp
eo@t)=c,9,()+c, 9, () +---+,9,(2), te(a,b) (5.8)

PnGyghw@, npp npybu | méniGlph QéwjhG YndphGwghw, GniyGwbiv YhGh (5.1)
hwywuwpdwG (moénd: (5.7) wneGsnipyntbhg hbinlmd t, np @(2) momdp ¢ =¢,
ytwnud nuGh (p(to)=0,(p'(t0)=0,---,q>("")(t(',)=0 ulqpGwywh wpdtplbn:

Puyg Gnyla qpuiwG uyqplwlwG wpdtipGpG mGh (5.1) bhwdwubn
hwwuwpiwG y(7) =0 nonip: Swdwdwylb pbnpbd 5.1-p° wyn (MonLBGEpp
hwipGYantd 66 wipnng (a,b) dhpwlwjpnud, wyuhlpG @(2) = 0 Ywd, puwn (5.8)-h,

a9, (1) +c 0, () ++c,9,(t)=0, te(a,b)
npp GowlGwlnud t, ap @,(1),9,(¢), -, ¢9,(t) hwiwhwpgp qdénpbG  Ywhupwy
t(a,b) -ma: GYwhp hwywuntpjwh: LEddw 5.2-0 wuwgnigywé t:

Ujdd Yupnn Glp wwwgnigby, np (5.1) hwjwuwpiwh nuénudGepp Yudwjwlwo
hhdGuwpwp hwdwwpg (nednudGbph wwpwénpjwlb puqhu t:

Blnptid 5.2: Wgnip @,(2),Q,(2),--,@,(t) Inlyghwltipp hwinhuwbnid LG
(5.1) hwldwuwpdwé (oniGbph hhiGwpwp hwiwywpg: Wn abypmud  (5.1)
hwdwuwpiwt Ywiwwyws y=@) noémd Ywpbih t Ghiphuywgllbp  wyn
hwiwpwpgh qéwhG YndphGwghwjh wmbupny:

Uuywgnyg: Mtunp t gnyg nwbp, np gnynipymit kG ¢;,c,,:++,Cc, hwuunw-
wnnbGbp wjGwhuhp, np '

01 =c,9,() +¢,9, () +-+¢,0,(t),  te(a,b):

Ywiwjwlwe ¢, € (a,b) ytwnud nhunwpybGp
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r C\Q, (1) +c,0,(8,) +---+¢,0,(t,) = 9(t,),
4 Cl(p: (to) + Cz(P’z (to) +--t Cn(p:. (to) E ‘P’(to ) (5.9)

P (1) +¢,0 (1) + 0+, 9, (1) = 01 (1)

q6wjhG (hwGpwhwywyw) hwdwuwpnuiGtiph hwdwywpgp ¢,,C,,  *,C, wihwjn-

.

Ghpp Ghwuindwdp: RwGh np wyu hwiwywngh det ®(z,) qriuwynp npnzhsp, hwiw-

dw)y0 | BWdw 5.2-h, qpn st, wwyw wju hwdwywpgp nbh dhwy c,o,cg,---,c: LnLonL:
Uwwgnigkp, np wntinh nuGh
o) =c'Q,(t)+c;0, () +---+c 9, (1), te (a,b) (5.10)

GnyyGnepyniGp: bpnp, (5.10) wnGsnipjwlb L dwiu L wy dwubpp (5.1) hwjwuwpiwh
tponuibbp 66, npnGg uhqpOwlwG wpdbpGhpp, puwn (5.9)-h, hwdpGyunu GG

JwiwdwyG pbnpbd 5.1-h wyn MémudGbpp hwipGyGnd &6 wdpnne (a,b) -mu:
Rbnpbdlt wwywgnigywé t:

Uwhdwlmd 5.1: bpt @,(1), 9, (1), -, 9, () Inilyghwblpp Yuwqinud &G (5.1)
hwywuwnpdwb (méntdGph hhdGwpwnp hwiwlwnpg, www ¢;,¢5,-*,C, wwnpwdbtin-
ntiphg (¢, € C) Ywtudwo

y@)= y(t’CI’CZ’:“Cn) =0, (1) +c,9,() +---+¢,9,(1)
PIneGyghwa Yngdnd t (5.1) hwdwuwpdw plphwling (niénd:
hOswbu wbuln GGp, n-pn Ywpgh qéwjhG hwdiwubn  hwywuwpiwG
neumibwuhpnepyntGGtipnud Yuwplinp pbip & fuwnnud gepp npnadwo P(¢) dwwphgp L
Gpw npnzhgp:
Uwhdwlmd 5.2: (5.6) pwGwdlny npndwé P(t) duwnphgh W(r) = det ®(¢)
npnzhsp Ungdnud b @, (), P, (1), -, 9, (#) PmiGlghwlbiph hwdwlwpgh dpnbuyne

npn2hs’, Ywd YpnGulywa:
Lbovw 5.3: (5.3) (ntonuidGph hwiwlywpgh YpnGulywGp Ywd GniyjGwpwp qpn t

(a,b) -nui (L wyn nbwpnLd (5.3) hwiwlywpgp q6npkG Ywhuwy t), Ywy (a,b) -h ng dh
Ytwnud qpn sh punGnud (L wyn nbwpnid (5.3) hwiwlwpqp qénptG wGlwlu t):

! Lsh Swpbtwwnhynu dpnGulynt (J.Wronski) wGniGny, npb wju hwulwgnipynibp uwhswit) t 1812 p.:
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Uwywgnyg: Lbddw 5.2-md wwwgnigytig, np W(ty) =det P(¢,) =0 wwjydw-
Gphg hbwlnud t (5.3) (nénuiGhph hwiwlwpgh qénpbG Ywiudwénipynilp, wyuhGpl
wjbwhuh c,,C,, -, €, hwunwinnGGtnh gnynupynulGp, npnGghg qnGb dklp qpn st L

npnGg hwadwp wntnh niGh (5.4) GniyGnep)nilp: (5.4) GnyGnip)nclhg unwgyned t (5.5)
GnyGrepyniblGEph hwdwywpgp, npp Ywpbih b gpb

(@) (@, (1) ) 9,() )
¢ (1) @5 (1) ¢, ()
Cl : +C2 | +'°°+C,l | = -, te (a,b)
o"®) et ") 90 (1)

GnuyGnipjwb wbupny, npl b GrwlGwynud t, np D(r) dwwnphgh unibbpp qonpkG
Ywhjwé GG (a,b) dhewlwypnis: Itwnbwpwp W) =detP(2) =0, e (a,b):
QuwuwnnpbiG, dGlp wujwgnigbghlp, np htivnbyw| ptp winnudGepp h@dwndbg vi1})

1. W(ty) =0 nput ¢, € (a,b) Ytunig,

2. (nuonLdGbph (5.3) hwiwlwpgp qénpbG Yuhupwy t,

3. W)=0, te(a,b):

Cwpnbwlblp (Gidw 5.3-h wwwgnmygp: bpt nplt ¢, € (a,b) Lbwnnud
W(ty) #0, wyw W(t)-G (a,b)-h ng sh ytwnud qpn sh nunelGnud, pwGh np tpt
nplt ) Yownwd W(z,) =0, wyw pun dbpp wywgnigyuwoh W(t) =0 (hGsp
hwhwunud t W(t,) # 0 wwjdwGhb): Uu (W(z,) # 0) nbwpenud, pun |tidw 5.1-h,
ténudGeph (5.3) hwiwlwpgp qénpbb wllwiu t: Leddw 5.3-p wwwgnigywé t:

hOswbu G24ybg nhunnnotpincG 5.1-nud, (5.1) hwlwuwpnudG ntbh waytpe pyny
hhdGwpwp bwiwlupgtp: Uwlw)G hbnwppphp t GYwnty, np Ywidwjwlwb ppenud-
Gopp hhdGwpwp hwdwlwpg Shwpdbpnpbl npnznud b (Yepwywbqbned t) wy (5.1)

wbuph hwywuwpmdp (wyuhlpl Gpw gnpéwlhglbpp), nph hwdwp w)G hhdGwpwp
hwiwlwpq t: Uudwép duwybipyblp fuGnph nnbupny:

anpp 5.1: Shgnip nGGp @, (1), 9, (2), -, @, (t) InGyghwlbp, npnlp n
wlquwd wGpGnhwuin nhdbipkGgih 66 (@, € C"(a,b), k=1,2,--,n) L npnGg
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W(t) dpnGulywGp (a,b) Ghowluwiph ns Gh Ytuwnd qpn sh nueGnud: Ywenighy wyG
(5.1) wnbuph nhdtpbaghw; hwywuwpnudp (wjuhOpl’ quti Gpw
a,(t),a,(t),"--,a,(t) qnpéwyhgGtinp), nph hwiwp @,,9,,"*, P, dmblughwitinp
Juqdnud GG gmudnudGeph hpdGwpwp hwdwywpg: Uwwgnigly, np wyn hwywuwpnudp

UhwlG t:
Nunnwupmul
( (Pl(t) (pz(t) (Pn(t,) y )
| %@ em e Y
Wdet e e oo e ‘e =0:
) (pf""”(t) (P(zn—l) () - (Pf."_n(t) y(.—l)
KO IS OO N g O N 2y

FhunwpltiGe (5.1) hwwuwpdw

(Pl(t)’(Pz(t)a"'p.(P,.(t) (511)
inténmudGliph nplt hwdwlywpg:
Bbnpbd 5.3: (Lhnulhth pwGwdlp): Tthgnip W(t) -G (5.11) inénuiGlph hwidw-

Ywpgh YpnGulyywG t: Ujn nbwpnid wknh nuih

—ja.(t)d‘r

WE)=W(te"® , t,te(ab), (5.12)

pwOwdlp:
Uupwgnyg: Iwdwdw)l npn2hsh wéwhgdwh opbGph (k' uwnnpl §7)
W) =W () + W, (0)+-+W, (1),

npnbn W, (¢) npnzhsp (kK =1,2,--,n) unwgynis t (5.6) pwlwdlng npnaywé
®(¢) Swwphgh & -pn vinnh vwppbpp wéwGgbiny puwn 1 -h, huly SGwgws wnnbtipp
prnGbiny whhnipnfu: Vnwgywé dwwphgh npnzhsp W, (£) -6 £ I6nLwpwp, tpb
k<n, wyw W, (#)-nud 4wt bpynt hwipGyGnn wng, nph wwndweny W, (¢) =0:
Ujuinbinhg



W@)=w @)=

¢, (1
10

9, (1)
<p; Q)

(n-—2) (t) (p(n—Z) (t)

In)(t)

(")(t)

P,(1)
¢, ()
(n-2] (t) '
(n) (t)

LwGh np @, -G (5.1) hwjwuwpdwh (nuonud t, wyuhGpl

P () =-a;(Ng;"" -a

a, , (e (1) -

~-—a, ()9, (), te (a,b),

k=12,--,n, wyw
CNG I WY ®p D 90 Py
91 L 210 Pp () 911 L 2Y0) Pn (1)
Wn(')!-"l(') .—. _ . aee o “02(1) s - -
oD oo Dy - o0l (" 2 ¢‘2" CIPNNCC TR
(" l)(r) T RO R g0 "‘ 20 o3P0 — o 2w
D 90 CW0) O 0! ®n ()
91 () L 2Y0) ()
_..._an_k(’) (k)(l) ¢( )() q)gk)({) - _an(g) .o
(n 2) (n 2) (n-2)
(k) (k) (k) 0 o (O - @p ")
@) @70 - @, @ tpl ) P, () L0

Ujuintinhg htitninid £, np pninp gnudwptiihGlipp, pwgh wrwehGhg, hwywuwp 66
qpnjh b htwnbwpwp wknh nuGh

W) = - W)
GnyGnepynilp, npp GawGwlnud £, np W(r) dmbughwa y' =—a,()y wGowwnynn
thnpnhuwluwGGepny hwdwuwpdwb (pLomda \lbnghﬁhh pGnhwlnip  |nLoNLd,

hGswbu hwynGh t, wipdnud t y(2) =Ce *©

‘j’al(f)ﬂ

pwOwaliny, hul.i y(to) =W(t,)

ulqplwywl wwjdwlht pwywpwpnn neéndp npynud £ (5.12) pwlwdling, npuintin
C =W(t,): uwhuny Lhnuwhth puiGwal wywgnigduws t:
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Yuonpgipimd 5.3: Lhnihth pwlwdlbhg pwgwhwynnpbb unwgynud t ypnbu-
Ywoh wjd ((Gédw 5.3-nud wwwgnigdwd) hwinynip)nilp, np bpti ypnGuyhwGp nplt
ybwinwd qpn &t (W(7y) = 0), www w)l GnyGupwp qpn t, L bpb wyG nplt Yewnnud gpn
st , wyw nyg dph Ywnud qpn sh nunGned:

(5.12) pwOwdlp bpypnpn Ywpgh (n=2) qéwjhG hwiwubn hwywuwpiwh
hwdwp wewehl woqwy phpdby t Gnpdtqugh Jwpbdwwnhynu L.UpGih w2huwnwG-
pnid 1827p. (Abel N.H. “J. reine und angew. Math.”, 1827, Bd.2,S. 22-30): GYwiwjw-
Ywb n-h hwiwp pwlGwdlbp wwywgnigyb| t ypwluhwgh dwptdwwnhynu d.Lhnughh
ynnihg 1838p. (Liouville J. “J. math. pures et appl.” 1838, t. 3, p. 342-349) L wOywlu
npwlhg nnwu Jwpebkdwunhynu U. Ounngpunulynt Ynnidhg (M.B. Octporpaackun):

dwpdnmpynth
Ohgnip huynlh t y”+a(1)y" +a,()y=0 hwduwuwpiwl y=@,(t)

(OnyGwpwp qpnjhg twppetip) dwuGwyh (neenuip: Qnbtp wyn hwdwuwpdwb pGnhw-
Gnup (nusnudp:

§ 6. PNOALULUYYL ANPBUURSLEMNY. ABU3DPY
wUUuUsH UL LU irUL B

YuwpytiGp
y+a,()y" " +...+a,(t)y=f(1) (6.1)
q6w)hs wihwiwube hwywuwpnuip, nph a,(1),a,(t),...,a,(t) gnpswyhgGtpp L
f(t) wquun wlnwip Ywiwjwyws wipGnhwn niGyghwlbp GG npndws nplt
(a,b) showywipnid (a,, f € C(a,b), k =12,....n):

Uuwnbn Yuwwwgnigyh, np (6.1) hwdwuwpnidp |nudtgm hwiwp pwdwiwG t
Miwlwy (6.1)-hG hwiwwwwnwufuwbnn (§5-n1d nLuntdGwuhpywé)

yW+a,)y" "+, +a,(t)y=0 (5.1)
hwiwubin hwywuwpiwG npLt bhdGwpwp hwiwlwpg:
Thgnip
Q,(1),,(1),...,9, (1) (6.2)
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$acayghwlbpp hwlnhuwGnud GG (5.1) hwiwubn hwdwowpiwl gadntdGhph (nplt)
hhiGwpwp hwiwywng: YhnwpytiGp (6.2) (nuontdGliph hwiwlwpgh

0.0 9,0 ... ¢,

W (t) = det ®(t) = det L (6.3)
<Pt" "(t) 9 "’(t) e @70

dpnGulywip b GawlwytGp W, (2)-ny ®(t) dwinphgh n-pn wnnh L & -py ujwG
hwindwG Ypw gnbynn @ (£) wwpph hwipwhwaywlws |pwgnudp:

Pbnpkd 6.1: (6.1) hwwuwpiwh pnpnp (nudnuilbtiph pwquinpyniip Olwpw-
gpymi t

y() = y(t,¢,,¢;5...,C,) = ZC <P,,(t)+): J

k=1 k=1 1o

""( ) f (ydt |-, (t) (6.4)

pwliwdlny, npntin c,c,,...,C,-p Juwiwjwlws hwunwwnnGip 66, puy 2,-0

Yuwiwjwlwh (hwunnwunwgpywé) Yewn t (a,b)-hg:

Uju ptnpbdh wuwwgnygh hhiGwlywb Jwup JGuqimd t wyjuwybu Yngjwos
hwununnn GGEph Juphwghuyh bnwwlp (n =1 gtiwypnid w)b wpwnpdwsé t gy 1,
§ 3-nud), npp Ynsynid t Gwb LwgpwGdh' Gnwbwly L nph uninpl ptpdnn 2wpwnpwipp
whwp t nhinb npwtiu ptinpby 6.1-h wwwgntgh wrwohG dwup:

bPGswbu wwwgngytg §5-nd, (5.1) hwiwubn hwyjwuwpiwl plGhwGnip
tnednudp (6.2) hhdGwpwp hwdwlwpgh thengny nipyned &

o)=Y c, 9, (6.5)
k=1
pwlwdlny, npuntin ¢,,C,,...,C,-p Ywiwjwlwl hwunwunniGGbp Go: (6.1) wGhwiw-
utin hwywuwpdwh | nudnudp hGupnud GO
Y@ =) c(0) 9,0 (6.6)

k=|

! LwgpwGd (Lagrange I.L.) XV nuph dnwlupwgh dwpbdwinhynu:
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inbupnd, wyuhlpG ¢, hwunwwnniGGliph thnhuwpbG YtipglGnud G ¢, (1) niGlyghw-
Gtip, npnGp Gopwlw GG npn0wh: Upu nbiwpnud wunid 6, np ¢, hwuwnwnnblbpp

tGpwplytght Ywphwghwih, wyuhGpl thnthnfudwl (Jwphwghw (winhGwlwh pwnp
Gwlwyntd t thnthnfunepynil): Uju wwwweny  G2dwd  GnwGwyp Yngdnud - t
hwuwnwwnnGGEph Jwphwghwjh GnuGwy:

L6vdw 6.1: Npwbugh (6.6) wbuph dnbGyghwl (hGh (6.1) hwywuwpdwh

nLéncy, pwywpwp t, np c,(t),c,(1),. €, (1) P$nLlyghwlbph
c/(),c;(®),...,c. () wowhgyuwGbpp pwdwpunth
(0,()c] () + @, ()5 () +...+9, (e, (1) =0

@M+, (e, () +...+9, (). (1)=0 '
................................................ (6.7)

¢," 7 (O)c[(+9," " (De; ) +...+0," P (. (1) =0
190," e[+, (DO +...+9," (D, () = f(1)
hwywuwpnuiGbph hwiwlwpgh:
Uwwgnyg: Qptlp (6.7) hwdwlwngp
D) -C'(t)=F(1) (6.8)
Ybhwnnpwywh nbupny, npuintin $(¢) dwinphgh inbupp npdwé t (6.3) pwhwdlinig,
) ()
ci(t) g
co=|""|  ros=|
c,(®) 0
| f0) )

Pwhh np P(2) dwwphgh npnzhsp (6.2) hhdGwpwp hwdwywpgh W(r)
UpnGuyhwGG t, npG (a,b) dhewlwyph ng Sh Ybwnnd qpn sh nwnbnud (wbu §5),

wyw ®7'(1) hwywnwnpd Swuiphgp qnynpyntG mGh, wiplnhwn t (a@,b)-ns L
(hGswytiu hwjwnGh t hwGpwhwyyhg) nuGh
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W, @) W,@® .. W, @©
O (1) = 1 W,@) Wy,@) ... W,()
W( ) .

W, () Wp, ) ... W, (0
wnbupp, npuntn W, (£)-G  P(z) dwwnphgh (p(" () wwpph (k,m=1,...,n)
hwlpwhwqwlwo. |pwgndb b IGwnblwpwp (6.8) hwiwlwpgh (mdnuip gpynud t
C@t)=®7'(t)- F(t) wbupny: Oquubiny F(r) ybywnnp-dnilhghuwsh wbuphg

W@ f@®

c;(t) (k=1,...,n) YnduynGtGunGliph hwiwp unwGnd bGp ¢, (1) = WO

pwlwdlbpp Ywa

e, () = J’ W, (1)

D fWdt+e,, k=12,..,n, (6.9)

‘nnmbn €, -0 wiwjwlwl hwuwnwnn t, puy 7,-0 Yudwywluwh (hwunwnwgpyws)

Yt (a,b)-hg:
Ujdd wuwgnighGp, np (6.6) pwGwatny npnqwé W) Pnllyghwld puwyw-
pwpnud £ (6.1) hwjwuwpdwGp, wyuhlph, np wntnh nGh

ia"_p(t)-‘l’(")(t)e f® (6.10)
p=0

(a, () =1) GnyGnpynilp: 3wpyh weGkiny (6.7) wwydwhGbpp, ¥(r) Pniluyghwsh
woéwhgjw) Gbpp hwiwp unwGnd top
W (1) = Z(p"” (e, ). p=0L...,n-1, (6.11)

k=1

YO = ):(p‘"’(t)c,(:)+i<p " ()ey (1) = Zm‘"’(t)ck(t)+f(t) (6.12)

k=1 k=1
wpunwhwjnnpyntGGlipp: Rwih np (6.2) hwiwhwnpgh @, (t) dnGyghwGlipp (5.1)
hwiwutin hwywuwndwG |Ménilbpt 66, www nbnh nGG0 Gwb
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n

Ya, ,00”®=0 k=12,..,n, (6.13)

p=0
OnyyGnpynLGhtipp: Stnwnpbiny (6.11) L (6.12) wpunwhw)wnnipyntGobpp (6.10)-h dwfu
dwup L hwygh wnGkiny (6.13)-p, unwGnud Gap

Ya,,0¥"0)=Ya,,0- (): 9 (e, @) ]+ f@
p=0 k=1

p=0

= ;(;a, (19, (1) ] cM+f)=fQ)

GnjOnip)nilp: LESOSWG wuwywgnigywé t:
LhwnkGp, np wju (Eidwyh wwwgnygh pGpwgpntd unwglkg Gwb c, ()
$niGlghwGbph (6.9) wbupp, nphg htwnkmd t, np (7)) (ntonuiGlnG nuGLG (6.4)

wbupp, wjuhGpel, np (6.4) $niblghwlbph pGwwbhph jnpwpwbynp pnilyghw
hwlnhuwGned t (6.1) hwdwuwpiwb |nugnd:

Npwbtiugh wywpunbbp ptinpbd 6.1-h wwwgnygp, BGnud t gniyg wwy, np (6.1)
hwywuwnpiwb Yudwjwywb jnudnid nuGh (6.4) wkupp:

Ahgnp y = g(#) pniGyghwh (6.1)-h nplt (nuonud t: LaWGwYLGP
g1)=8,,8°(t,)=8,,....8"" (1)) =E, (6.14)
UwwgnigtiGp, np (6.4) pwlwdlnud ¢,,C,,...,C, hwunwwnnGObipp Yuptih t
pGupby wilybu, np (6.4)-nd npnzdws y(£) PnlyghwG (Gnuyla & y = W(t) dnuly-
ghw@) pwywpwph GnyG (6.14) uyqplwlwl wwydwGGbphG, npunbnhg (hwidwdw)l
Unant fubnph (nodwh Shwynipjwl) Yhtwuh, np g(t) =¥Y(), 1€ (a,b): bpnp,
(6.11) L (6.9) pwlwadltiphg pfunud t, np

P (r,) = Z‘Pim(to)'ck =€,.. P=0l...,n-1
k=l

hwipwhwdwywd hwywuwpnuibbiph  hwiwlbwpghg (c¢,,¢,,...,c, wlhwynGhph

GYwwndwdp), nph griuwynp dwuiphgp P(2,) L, ¢,,C,,...,C, whhwynGbpp npnzynid

tiG dhwndtip: BEnptid 6.1-0 wwwgnigywé t:
Thuanqmpgynda 6.1:  Pawlwh t (6.4) pwlwdluny wpynn wpunwhwjnnegndGa
whywaty (6.1) hwywuwpiwb pGnhwOnup pnednLy:
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WYunngrpymG 6.2 tipn b wbiuGh, np (6.1) wlhwdwube hwjwuwpdws
pGnhwGnup (nusnudp GepYwjwgyndd b hwiwwwwnwuluwl hwiwutn hwdwuwpdwb

pOnhwlnip  |n6GwG (ch(pk(t)] L wohwiwube hwjwuwpdiwG Swubwyh
k=1

n ! W
Lnediwa Z I ﬁ? f()dr P, (¢) {anwiwph wbupny (nbu §1, ghnnnipynlG
k=t | 5o

1.1}

JwunnuinnGlbph ywphwghwjh Gnuwbwyho d6Gp wpnGt hwinhwti LGp gpntfu
f-nud, wwpqugnyG 7 =1 ptiypnud:

§9-nud, npp Guppdwd b (hGGne qéwjhG Gnpdw| wlhwdwutin hwdwlwpqbiphG,
hwunnwwntGGph  wphwghwh tnwGwyh tnipyntlp wdbh wwpq bt pwebnd:
Uwulwynpuwytbu, (6.1) hwjwuwpdwlG hwiwp wjunbn  uvnwgwéd  pninp
wpryntlpGbpp wylnbn Yunwgytt npubu dwubwidnp nbwp wyb wonnudGbph, npnlp
nbnh mO60 wiwjwlwl qéwht Gnpiwp wGhwiwubn hwiwlwpgh hwdwp
(hh2tglGp, np (6.1) hwywuwpnuip hwiwpdtip £ qéwhG Gnpiwy hwdwlwpgh, npl
mGh Jntpwhwinnuy wibup (nk'u §8)):

Oppliuwsly: Lwsty, Y +y= 1 hwy oo | -Tcr<
wy.; LnL i wyuwiuwinnt _— - |:
nh L cos? poudp 2 2

Wu hwywuwndwlp hwiwwwunwuhuwb y'+ y =0 hwiwube huwuwpiwG
(dnuiGph hhiGwpwp hwdwlwpg 66 Ywadmd @, (1) =sint L @,(r) = cost?
dnbyghwhtipp: (6.7) hwywuwpnuiGiph hwiwlwpgp wju nbwpmd alth

(sint cost Icl'(t)] (1)
ost —sint |ci(t)] |——
cost si c,(1) oSt

dwwnphgwjhb inbupp: Wuintinhg htitnlind t, np c,'(t) =1, c; (t) =—tgt, wyuplpl
c(®)=t+c, c,(t)=In(cost)+c,, npintin ¢,-p b ¢,-p Ywiwwywl hwunw-

1
nnGGep 66: Wuwhuny' y'+y =E hwywuwpdw6 pOnhwlnep (peémilG nGh

y(f) = ¢, sint +c, cost +tsint +cost - (In(cost)) wtupp:
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dwindnmpnl

Nhgnp @, (2), P, (?),...,0,(2) Pmbyghwlbpp Ywqind GG (5.1) hwiwubn
hwywuwpdwG [ménibGeph  wjs hhdGwpwp  hwdwlwpgp, nph ulqpiwlywb
dwwphgp, Ubngws ¢, € (a,b) Yennud hwipGyGnud t Shwynp dwunphgh htw:
Uwwgnegtit, np w)n niypnd

{y(") +a,)y"" +a, )y +...+a,@t)y = f(1)
¥(t)=§€,, Y (1) =&,,..., y(u-”(to) =,
Unzn fulinph (muénuip tpymd t
Y0 =Y 50,0+ [222 fde-0,0)
k=1 k=1 5 ()

pwlwdlny:

§7. AeNT SEALGUNREBNRLLER TUS,RSLEL D
SGUNREB3NNLPY°

Uju wwpwgpwdpl nbh odwlnuwly pOnyp: UG hhiGwlwinid wwpniGwynud t
qéwjhG hwGpwhwyyhg npnp hwynbGh thwunbp, npnlp wjuintn phipynud G0 wnwGg
wwwgnygh b npnip wihpwdbiw 66 d6p hitnwqw wpwnpwiph hwiwp:

Yhgnip A=(a,.j)-0 pwnwlyniuh nXn swhwGh dwwnphg t, nph wiwppbpp
(kbutGnGtnp) Unduibpu putn 66 a; € C (i, j=12,---,n): Upwynp dwwnphgp
YGrwlwytiGp E, huy qpnjulwGp O tnwebpny: bpb whiwnp t hwnndy G26y, np funupp
qinui t 72X n swihwGh dwwnphgh SwuhG, www Ygpttp E, L Oy

M™™ -nyY GrwlwybGp wyb dwinphgltiph pwquntpynilp, npnGp nGkG 72 wnn L
m umG: Rwawlnuh nXn suhwGh A Gwwphgh (A€ IN™") npnzhsp (ntintip-
"0hGwlinp) GawOwybGp det A: tpt detA=0, wwyw A Swwphgp Ynsynud t
ybpwubpynng: IwnGh t, np sfipwubpygng (det A#0) A Swwphgh nbh hwjw-
nwpd dwuphg (GwGwyynd t A7), npp pwdwpwpmi t A™ A=A A7 ' =E
wnGsnpynGGEphG:  Thgnip A -G Undwyibpu  thnthnfuwlwG  t: n-nn  lJwpgh
det(AE — A) pwqiwGnwip Ynsynd t A dunnphgh pGmpuwqnhs puqiwlnwd, hul
Gpw wpdwwnGtppy A duwnphgh vbhwlwi wpdtiplbp: Gpt A dwinphgh ubithwwG
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wpdbpGlipp Guwlwyblp A A5, A, , wwyw

det(AE - A) = ﬁ(k—ki): (7.1)
i=l

tpynt n-pn Yupgh pwewyneh A L B dwwnphglbp Ynsynid GG Gdwl, tipk
gmnipyntG mGh  n-pn Jupgh  sdbpwubpdnn P dwwphg  wyGwhuhG, np
B=PAP":

tpt A L B dwwphgltpp GéwG 66, www Gpuwhg pGnipwgphs pwqiwGnwd-
Gtpp hwipGyhned 66

det(\E - B) = det(P(kE —A)- P"<)= det P-det(AE — A)-det P! = det(AE — A):

Uwubwynpwwbu, hwipbylmd 66 (hGqwphwln 66 GowGnpywl dLwihnfunt-
pjwh GUwwndwdp) pGnipwagnhs pwqiwbnwaGtiph qnpdwyhglbipp L wpdwwnlGbpp
(uhwywl  wpdtipbtpp):  Gpynt  Yuwplop  pOJwphwbwGtp &G detA-G

def _n
LspA = Zai‘. , npp Ynsynii t A Swunphgh htunp':

i=!
Quuwybpybbp wylh hpdGwpwp wpyniGpp, npp Yngymd t dwuwphgh phpnud
dnpnuGh YwlnbwlywG nbuph.

BLnpbd 7.1: UokG 6h n-pn upgh pwawynuh A dwunphg Gowa t
So O 0 A 0
o % 0 - 0
3= ! (7.2)
O 0 0 .- 3,
tnbuph dunphgh, npuntin 3 o -G walyniGwigowyhG-dwinphg t A, A,,-+, A wwnpbpng

(A, 0 0 - 0)
0O A, 0 - O
Bo={0 0 A; -~ 0|

R

' spA Yupnwgynud £ awnie A: Uwwnphgh hbounph hwiwp ogunwgnpéynid t Gwl  trA Gawlwynudp, npp
Ywpnwgynid t * pptiju A:
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(kqﬂ 1 0 O s 0 0 \
0 Ay 1 0 0 o0
3‘,.__ ’i=1,2,...’s (7.3)
0 0 0 0 - Ay 1
(0 0 0 0 - 0 Ay

Ujunbn A ;- j=12,---,q+5s, A swunphgh ubthwlwG wpdtipGnG &G, ng
wwpunwnhp nwpptp: Gpb A j-G wuwnq ubithwiwi wpdbp t, wwyw Gw hwlnhwnd k
So-md L, htwnlwpwp, tpbk pnipp ubhwywl wpdtipGbpp wwpq 66, wyw A dwwn-
phgp GowG t

A, 0 0 - 0
0 A, 0 -
g= 2 (7.4)
0O 0 0 --- A
wGlymGwqdéwihG dwwnphgh(:
n n
Uju pbinptishg htwlimud t, np detA=Hl,- , SPA =Zl‘- , npubn wikG dh
i=l i=1
ubithwyw6 wpdtip hwynud bGp w)Gpwl wGquy, nppwl Gpw wwwnhynipyntGo t:
3,. dwuwnphgltipG nbkG

Si=Agui B +2Z;, i=12,-s, (7.5)
wbupp, npuntin ;-6 4 Z; -6 7; Yuwpgh pwrwyniuh SwuinphgGlip 6G b
(01 0 0 - 0 0)
o 01 0 - 0 O
Z = .0 (7.6)
0O 0 0 O 0 1
0 0 0 O 0 0
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(X—Kqﬁ)" wpnwhwynnepnGGtpp Ynsynd 6 A dwwphgh  bdEGuwp
pwdwlwpwplbp (wwpg, tpt 7; =1), 8, (i=0,1,2,---,5) dwwnphgGbpp Ynsynid kG
dnpnwih yuwOnwlyGbnp:
uojwakGp A (A€ M™™) dunnphgph Gnpo
m n
|A|d;f Y3 Ja;|=Ylayf @7
j=1 i=) ij
ns pwgwuwlwa phyp: bpb X Ybywnpp, nph YndwynGEGnGERG GG X1 X5, 0y X, pyt-
no, wwwlybpuglblp npwtiv dwwphg, npb nlGh 72 winn L 1 unll, X € omn! www
hudwauwyG (7.7)-h Gpu Gapdp Ynpnauh |3 = ‘2|x,.| puGwatng': 362w t hudnquby,
i=l
np tptk A, Be M™ L e M™, wyw han 66 wyn Ytipy vwhiwGdwé Gnpsh
htwnbyw) hwwnynipynGllipp
|A+B|<|A|+|B|.
|4-B|<|4]-|B].
43|43
UwhiwGmd 7.1: A lx. B GunnphgGtph (A, Be M™™) hbnwnpripymG YuG-
JwitGp |A— B| phup*
Thunwpyblp pwewyniuh dwwphgltph A, .k =1,2,---, hwenpnwlwbnipyniGp
(A, € M™):
Uwhdwlmd 7.2: WwubGp, np dwnphgGph A, , k =1,2,---, hwenpnulwGni-

pintOp qriquihunnud £ A JwwnphghG L YgpkGp
A=lmA,,

k—o0

' LjwunbGp, np Suwnphgh b ytywinph Gopd Ywpbih b uwhdwlb] nwpptp (hwiwndtip) dLbkpny: UkGp

Fﬁmnb[ tGp hGwpwynpGbphg dtlyp: )

thbhzm t bwdnqut|, np wju htnwynpnipynGp pwywpwpnid ¢t dnppluyp (nbu gL V) papnp wwydw-
ph:
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tpt Yuwdwjwlwh € >0 pyh hwiwp gnynipyniG nGh Ne pGwlwa phy, wylwhuhG,
np lAm —-A|<8, tpp m > N -hg:

Uwwphgh Gnpdh uwhdwnudhg htinnbnud £, np dwunphgGtph hwenpnwywbne-
pJwl qniqudhinnipynilp hwiwpdtp t YniynGbGunGhiphg Ywqdwé pwihG hwenprw-
YwbnupynLGGEph qniquidhwnipjwGp:

Npwbugh dwwphgltph A, , k=1,2,---, hwenppulwlbnipyniGp (hGh qmqu-
dbwn, whhpwdtw t L pwdwpwp, np Ywiwwyws € >0 pyh hwiwp gnynipymG

mGbGu N, powlwG phi wiGwhuhG, nn |A, — A | <€.tne p,g > N, -hg:

Uwwnphglbphg Juqiwé ZA,” whdtpg 2wppp Ynsynid t qniquidtinn, Gpb qne-

m=l

n
quitn t S, = ZA,,, , n=12,..., dwubwyh gnudwpGlph hwenpnwywGnipyniGp:

m=l
Cwpph gnidwp Yngynid t dwulwyh gnudwpbbph hwenpnwywlnipjwl uwhdwbwyhG
dwuwphgp:
QéwihG nhdbptlGghw; hwywuwpnuibbph  hwiwhwpgbph  nLunwGwuhpdwi

hwiwp Ywpbnp GawGwynipniG nGh (A€ R™)
def &= A™ 1 1 1
e' =) —=E+A+_A’+-A 4+ +—A" 4.
o m! 2! 3! k!
- wuphguyhG 2wppp, npp Ynsunud bt A dunppgh tpuwynG6Gn: Uju unpp qniquitiban
b ywiwjwywh pwewyniuh A dwwphgh hwiwp, pwbh np Yuiwwyws p L g

(p > q) plwywa pytiph hwown wbnh nLGLG

£ Lofs g g 140

m=q+1 m! m=g+\ m: m=g+1 m!

A+

ISP_S¢I=

|4]

wnbsmp)ntbGlbpp, huly Ybipehh gnudwpp «Unpnt wwppbpnepymGo t» €' pywjhl

2wpph hwdwp, npp qniquiitn b uiwjwlwb yeppwynp |A| pyh hwiwnp:

ClhnhwGnip nbwpnid dwnphgGtph hwiwp el =t . e? hwywuwpnip)nilp
wnbnh snOh: UwluyG Shaw t hbunbyuws winnudp.
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Ptnpby 7.2: tpk A LU B Gwwphglbpp (A,Be DJ'(""') wbnwhnfubih &G,

wyuhlpG A-B=B-A, wyw
e*B =t . ek (7.8)

Uwpbth t wwywgnigty, np wkinh nGh  dete® =e®™ pwlGwalp’, npuintinhg
htiwnlinud t, np e’ dwwphgp sdtipwutipynn t ywiwwyws A-h hwiwn: RwGh np A
L — A dwwphgGpp wbnwhnfubih 66, www (7.8) pwlwdbhg unwinud Gop, np

(e" )'l =e™:
QLuybpwtGp Lu dh uplnp wyinnud'
Pbnptu 7.3: bpt det B # 0, www gnynpyniG niGh A Swwnphg wjGwhuh, np’
B=e":

A dwwphgp, nph gnnipnip wOnynud t ptinptd 7.3-nud, Yngymd t B

dwwnphgh (nquphpd: 3k b hwingyty, np win A dwwnphgp dhwyp st: OphGwly
eh et @TRE S gAIMKE b0 4] 4o (i=«/—_l):

Thgnip <D(t)=((p,.j (1) ) dwwnphg-pniGyghw t (<I>(t)e SDI"‘"'), nph @, wwp-
ptipp nput (a,b) dhowlwypnd npnqwé PnuGlyghwGlp tG: P Swuinphg-pnibyghwh
Yngynd t wlplGnhww, nhdptiptlghih, wipGnhwwn nhdbptGgtth (L wy ), Gpb
wjnuhuhG &G Gpw @; wwppbpp: 6t P dwuiphg-HnuGyghwl nhdlipkiGghih t,
www Gpw woéwGgyw; P’ dwunphg-PnibGyghwt vwhiwbymd t <D'(t)=((p:j(t))
pwlwadlny: Uwulwynpwwbu uw Yepwptpnid t ehuinp-$niGyghwbbphG: tpt P(2)
L W(t) dwwphg-Pnbyghwhtipp nhdptipiGgbth 66 (L P - ¥ wprwnpwG hdwun

’

ntGh), waw (D)W@) =d'(1)-¥(@)+ D) - ¥ (1):
Yhgnip P(¢) -6 pwawlniup duwnphg-pniGlyghw t () e M™" : bpb ¢ Yhwnd

®’(t) -G qnynipyniG nuGh U P(7) -6 Ytipwubipynn st, wyw o -p ¢ Ytwnud nhdtipkG-
gth £ Uw hbinbinud t

i pwlwdlp Ywpbgh t unwbwy npwtu Lhnudhh pwGwdlh hbnbwp, npt wuugnigyaud t §8-aud (nbu
ptinpby 8.7):
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1
" det d(t) '

&' (1) 10)

hwwnGh  pwGwdlhg, npbn S =(@;). bt P;-tro @ wwnntnh
hwGpwhwquwiwG pugmiGbpG  6G:  RwGh np PP '(H=E, wwyuw
)P () +P) P (1)' =0 L, htwnbLwpuwp, wtinh ntGh

@7'(1) == ()P’ ()P (t) pwlwdlp:
Yupbh t wwwgnigly, np

dwuiphg-pmlyghwl whybpy nhdptipkGghih t (€ (—o0;00)), L np wyu 2wppp
Yupbih bt wéwbgli winwd we winwy:

Y%hgnip Be M™™: bpti B dwuwnphgh uynibbinp GwGwybkGp 5,,52,...,5,,, , Wwjw
B Swuwphgp Yuptih t qpbi B=(51,52,...,5m) nbupny: tpt Ae M™", www
A-B wpnwnpuip (A-Be ™) ywntih t qpby A- B = (Ab;, Ab,,..., Ab,)
wnbupny: Uju gphjwdlp npnz nbwyptpnmy hwpdwp b L Yogunwgnpdyh hinwquuynud:

Apnopsp wowbigdwul pubughp
Thgnip

W“ W|2 LR WI

Wy Wy .. W
W =det(w,) = det noa 2n

Wu npnzhsp Yunbth t nhiwnlby npubu 7 dindinhuwlwGGboh $acGlghu,
wyuhlps W =W (w,,,w,,,...,w,,): Lawlwytip W nwpph hwipwhw2dwywb

LnwgnLip V‘.j-m[: Ujn nbwpnd npn2sh ybppnusnipyntlp puwn i-pn winnh (1<i<n)
nGh htiinlywy nbupp’
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WW,  Wigsee s W) =Wy Vot wy Vg +etbw Vi +obw, -V, (79)
Ujuwnbinhg hbunLnud t, np W npnzgh dwubwiyh wéwhgjuip puwn w;-h
hwywuwn t V
OW (W, [, Wip,..., W
( 11 12 nn) = V" (7.10)

ij*
aw,.j

pwGh np W, wnwppp dwulwygnud t (7.9) JGpinudnipjwlb we dwup dhw)G w V
gnuiwpbihnud, huly V,.j hwipwhwdwlwb (pwgnidnd w;; tnwnpp sh Swubwygntd:
Ohgnip  w; =@, (#), wuhlpl W()-6 P@)=(@;()) pwrwyniuh,
nhdbpbiGgtith  Swwphg-dmblghush  npnzhsG b LawGwytGe W (7) -ny,
i=1,2,...,n, wG swwphgh npnzhgp, npp wwppbipdnud £ D(2) -hg Shwyb Gpwhng,
np Gpw i -pR wnnp wéwhgywsé t, ophGwly’
| LAOREAORR #0
W (1) = det 02 91 ... @) :

P, (I) Q. (I) e 9, (0)
Bbnpbd 7.4: Stnh nGh htnbjw| pwlwdlp
WO =W,@O)+W,)+---+W, (1):

Uywgnyg: YunwplytiGe W(2) npnzhsp npybu pwnpn $nillghw ¢ dinthntuw-
YwGhg, wjuhGpl W(t)=W((p”(t),(pn(t),...,(pm(t)), L hwyytiGp Opw wowG-
gjwip puwn ¢ -h’ oqunytigny (7.9) L (7.10) pwlGwdlbiphg.

d ow ow aw
EW(I)=aT“'(P“(I)+éT|2‘<Pn(I)+"°+aw'm'<P,.,.(t)=

=V, 0)- 0, () +V,,(0)- @, () +---+V,, (1) - ¢,, (1) + =w,®)
+V,,(8)- 95, (1) + Vi (8) - @ (1) + -+ + Vo, (1) - 95, (1) + (=w,0)
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+V, ()9, () +V, (1) @, (D +-+V,, (1) @, (1) = E=w,m)
=W +W,(t)+---+W,():
annbdﬁ wwugnigjws t:
dwpdmpymb 7.1: UwhdwGb| dwwnphgwihG wpph hwjwuwpwswth qniqudh-
nnpjwl L pwgwpdwy qniquihnnipjwl hwuluwgnepymbGatpp (606 nyY unynpulywl
dnGlyghnGuw awppbiph hwdwp Gows hwulwgnepyntGGtiphg):
def = t"

Jwpdmpyml 7.2: Uwwgnighy, np et = ZF A* dwwphgwjhl wppp hwyw-
k=0 K-

uwpwswip gnigwibin b Quwowpwlwa Yepewynp [a,b] hwndwéns (2 € [a,b)):
Npuybiu htinbwGp, wwwgnigby, np wju 2wppp qntgudbn £ (—oo, o) wewhgph Ypw,
wijuhGpG’ Yuidwjwlwh ¢ hpulwb Yennd:

dwpdmpimb 7.3: Uywgnighiy, np e dwwnphg-pniGyghwd whybpe nhdtipta-
gtith t hpwlwl wewGgph Ypw:

o Gk

At I Lk
dwpndmpynG 7.4: Uwgnighy, np e = Z—];—' A" dwunphguyhG 2wppp Yuptih
k=0 K:

t wowhgbi winwd wn winwy:

§ 8. AOU3 YL LUUUUGA- QUL UUUrNRUL GNP
Quuruyurese
Uju wwpwgpwdpnd  nwncdGwuppdnd t Y, Ya,00, Y, wlhugn
$miGyghwlbph Guwndwdp nhdtiptighw) hwjwuwpnidGtph
f yi=a, @)y, +ap @)y, +-+a, @)y,
) Y2 =85 ()Y, +ay )y, +--+a,, 1)y,

oooooooooooooooooooooooooooooooooooooooooooooooo

(8.1)

Ly:u =anl(t)yl +an2(t)y2 +'“+ann(t)yn
qéwjhG, hwiwutn, Gnpdw| hwiwywngp: GGpwnndnid t, np a;; G4, j=12,---,n)

qnpéwlhgltpp wOpGnhwwn pnlyghwlbp &G, npndwd hpwlwG wnwGgph nplt
(4pgwidnp Yws woytng) (a,b) Showlwjpnid, wyuhGpa a; € C(a,b):
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LwOwlytGp (8.1) hwiwlwpgh qnpéwlyhglbphg Yuwqiwd dwuwphgp L npnGbLh
Pnilyghwlbphg Ywqiwd yYLywnp-unilp, hwiwywunwubuwlwpwp, A(f)-nd L

y(@)-nd

a () ap@) - a,®) y (@)
AQt) = Ay () an() - ay@) L= )’2:(1‘) :
a,(t) a,@® - a,) Y. (2)
Uju GawbwynuiGtpny (8.1) hwiwlwpgp Ywnbith t qpby
y'(t) = A()y(@) (8.2)

Jtywnnpuwlywt wbupny: Ynznt fuGnph nédwl gnynpjwl L dhwynipjwb pbnpbdp
(8.2) hwiwywpgh hwiwp dLwybnwyned t htnlyw Yepy (nb'u Gwb g).1, pnptd HT).
Bbnptd 8.1: hgnip a; € C(a,b), (i,j=12,--,n): Un nbwpntd Yuiwjw-

ywa E=(€,,E,,--,&,) dblunnph * L YwiwpwlwG 1, € (a,b) Ytnh hwiwn

{9’ = A(1)y
‘ 5’(‘0) =E
Unnt fuGnhnG nuGh dhwy nudnud’ npndwé wipnng (a,b) shewyuwypnud:

Uju pinptidhg, nph wwwgnygp Yptipdh unnpl (nbku g4. V, ptinptd 5.1), htnbnud
t ng dhuwyG (8.2) hwidwlwpgh nédwh gnynpynitip L hwdwwwwwufuwb Unynt
huGnph |Me6dwo Shwynip)niGp, wyp Gwb wyG hwuwnp, np (8.2) hwdwywnpglh nubh

wGytpe pyny (nwonLiGbp: bpnp, hwiwdw)s phnpbd 8.1-h' wikG ¢h Ee c"
JtywnphG (hpuwd £,-h ntiyypnid) hwiwwwunwutuwbned b d6Y (nemd, huy pwGh

np wynwhuh E YbYunpGbpG whytipe b6, www (nuénudGtiph phyl wiytpy t:

Utp hpilwywl Guwuwwllbphg 06Yo t wwwgnighy, np (8.2) hwiwlhwpgh
wiytpe pyny (nénudGephg Ywpbiih t pGunpty 7 hwn qénpb6 wlywiu (nudnudGbp L
np (8.2) hwiwlwpgh Ywidwjwlywh (nuénd Yupbh t GEpYuwywglty wyn n qénpkG
wllwhu |nuénLiGlph qéwjhG YndphGwghugh dhengny: M YGawGwyh, np (8.2) hw-

1 Ee C", wyuntpt &;,&,,-,&,-p0 Ywiwwywa Ynduybpu pybp bG:
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dwywpgh nuénudGliph pwqinegynilip hwlGnhuwGnd t 72-swhwbh qdéwihG wwpw-
onLpyn:

dtyunnp-pnubGlyghwbtph qénpbl Ywhujwénipnbp b wGlwhunigynilp uwhdwG-
ynmd t GnyG Ybpw, pGswytiu L vhwywp PniGyghwblph hwiwp (§1, vwhdwGnud 1.1),

wyuhGplG f,(t), fz(t),--- j-‘:m (t) Jtywnp-pnbyghwtpp Yngymd GG qénpth wGywiu
(a,b) dShowywjpnid, tipt Gpwlg shw)l wphyhwy qéwjhG YndphGwghwo t GnyyGuw-
pwp hwywuwp qpnywlw Yeywnp-$nbyghushG (a,b) dhewywpnud: Lagwé Yby-
' wnp-pnGyghwbbpp  Ynguned GG qonptiG  Ywhuuy (a@,b)  dhowlwjpnd, tpk
qnjnepyntl nulh Gpwbg ng inphdhw) qéwjhb YndphGwghw, npp GneyGwpwp hwywuwp
t qpnywiywG Yhunp-$niGlyghwihG (a,d) -nud:

3t b wnbulby, np tpb f',(t), fz ), fm (1) Jeyuninp-pniGyghwlbpp qénnkhG
wlywhu GG (a,b) thwuuuph nplt ¢, ytwnud', wyw GpwGp qénpks whlwiu GG
(a,b) Shpwlwjpnid: bpnp, nhgnip f, ), fz (), f,, () 4byuinp-pniGyghwhbinp
qonpbiG Ywhywy GG (a,b)-nud, wyuhGpG' gnympynil muGkG ¢, ¢c,,-++,c,, pytn, npni-
ghg qnGt dtyp qpn st, wyGuhuhp, np

of+c,f,(®)++c, f,(1)=0, te(ab):
Uwubwynpwwbu, ¢t =1, ﬁbmntd wjunbinhg hiwnbnud t, np

lel(to)+szz(to)+”'+c,,.f,.(to)=6 ,

hGsp hwhwunud t £, (%), f,(%),, f,.(£,) dblwnnpGbph GGpwnnpiwé qéwjhG
wlYwfuntpjwGp:
Swlwnwnd wannuip, pGnbwipwwbu wuwd, Shauw st:

- t - 12
OphGuily f'("g(o) " fz(f)E[ .
wiywiu G ppwlywld wnwlGgph Ywilwpuywa (a,b) dhowywpntd, uwlusyG

] yGlwnp-dnLlGyghwbtipp qénptiG

' Ywplnp t GYwinb), np wyu hwinynipining oduidwé BG pauG Ybywnnp-dnilyghwGbnp, wjuhGpG n = |

nbwencd, bpp Yblunp-$nLlyghws queGnud t uwywp Pnibughw, f(1y), fo(2). -« [, (t,) pubnh
qonnti0 wGywiunipyjwG dwuhG junub0 wGhdwuwn t:
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fo

Guwiwjwlwh ¢, Yhnnd f](to)=[t00) L fz(to)=[o

] ytyunnpGpp qénpkG

Yuwhuywy GG (uinnugbiy):
flitph2 & hpwnpnepynilp, Gpp JGYunnp-3dnGyghwbbpp hwanhuwGmd GG (8.2)
hwiwutn hwdwlwpgh (nLdnudbtp:

Thgnip
3,(0,0,(0),-.0, () (8.3)
Ytywnp-pnLGyghwhtpp (8.2)-h (nénidGip GG:
Lbddw 8.1: 1) bk nplt £, Ywnnud, ¢, € (a,b),

G,(1,),9,(t,),,9,,(1,) (8.4)

(hwuwnwwninG) bhwnpGlpp qénptl wGlwh GG, www (8.3) nonuiGlpp qénptG
wGlw}u &G wipnng (a,b) -nud:

2) bpt (8.4) Ybyunpltpp qénpbkl Ywhyw GG, www (8.3) nuénuilGtpp qonpkG
Yuwhuw &G wipnne (a,b) -nu:

Uupwgnyg: Unwohl hwwlnipjnilp, npp Shoun b uwidwjwlwG Jbhunnp-pnily-
ghwGbph hwiwp, wwwgnigdwd t dbplnud: Uwwgnigblp Gpypnpn hwnynepyndGp:
(8.4) ytywinpGbph qéwjhG Ywhuwdnipynilp GowGwynd t, np gnynipyntG nuGEG

€;,Cy5"*»C,, PULN, Nnnlghg gnlb dtlyp qnn st, wjGwhuhp, np
c,®,(t,)+¢,9,(t,)++c, 9, (,)=0 (8.5)
Uu c¢,,c,,"**,C, putph Ghengny Ywengklp @) =c,®, () +c,P,(1)+
+---+cm(T)m (t) Jtywnp-$niblyghwh, npp (8.2-h (né6md t npwbtu (8.3)
LntonuiGtiph qow)hG YndphGwghw L npp £, Ytiwndd, hwiwdwyG (8.5)-h, hwdwuwnp t
qpnjwlywG Jeywonph @(2,) =0: UyGhwun t, np y(t) =0 Jtywnp-pnilyghw
hwGnhuwGnud t (8.2)-h ynuonul: Ujnwu Ynndhg (7)) L )"r(t)-’—ZO- (nénuiGinp 7,

Ywnd pwywpwpnud GG GnyG uyqpOwywG wwidwbhG: Iwdwdw)d pbnpbd 8.1-h°
wyn (nLénLiGepp hwdpGyGned GG wipnng (a,b) dhewlwpnid, wjuhGpG wntinh nlGh

1) =c,®,1t)+c,®,(t)++c.9,()=0, te (a,b)
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GnyGnupyniGp, npG b GowGwlnud t, np (8.3) mémiGpp qénptiG Ywhuw GG
(a,b) -nui: LEtdwG wuwywgnigyws t:
Uwhdwlmd 8.1: (8.2) hwiwubn hwiwlwpgh
(1,0, (), -, 9, (D)
LnténtdGeph 72 -jwyp Ynsyned t intdnudGeph hhdGwpwp hwiwlwpg, pt w)b qénpta
wllwtu t:

Uwplnp t Gywwnbg, np pu uwhiwbiwl hhdGwpwp hwdwlwpgnd pGnapyywéd
LnonLiGlph phyp hwipGyGned t (8.1) (GnuyGG t (8.2)) Gnpdw hwﬂwuiunqh hwjwuw-
pnuiGEph pyh htuin (npp Ynsunid £ Gopdwy hwiwlwpgh Ywng): Wuhbpl hGswbu b
n-pn Jupgh qéwyhG hwiwubnr hwywuwpnuiGbph (nbu  §§2,3,5) nbwpnid,
hhdGwpwp hwiwywpg Ywqinn (nénudGhph phyp hwdpGyGnud t hwdwuwpiwG
Ywpgh htin:

BLnpbiJ 8.2:

1) UGpGnbww qnpéwlhgltipny (8.1) hwiwlywpgh nuénudGeph bhaGwpwp
hwiwywpg gnynipjnihb niGh:

2) (8.1) hwiwlwpgh LYwiwywlwG nénd GEpYwywgymd t hﬁdﬁwnwn
hwiwywpgh (nudnudGlph qdw)hlt YndphlGwghwyh shengny:

Uwwgnyg: 1) Dhgnip &,,E,,.--,En -0 Yuwidwjwlwb qénpkt whywhu Ytlywnp-
Gbp 66 C" -hg (L hinbwpwp Yuqind 66 pwghu C” -nud), L nhgnip
0,(8),9,(2),++,§,(t) -G (8.1)-h uyl NONLIGENG &G, npnGp pwywpwpnid GG
¢|(to) = E.m P, () = &z’ Ty (T’n(to) = E.m'to € (a,b)
uyqpOwlywl  wwjdwhGbphG: Jwiwdwyls (kodw 8.1-h' @, (2),§, (), -, P, (1)

tnénuilbipp qénptG wGywiu GG, wyuhlpl Yuqinud GO neénldGeph hhdGwpwp
hwiwlwpg:

2) Yhgnp §(2)-0 (8.1) hwiwlwpgh nplt (nonu t: LywGwytGp (T)(to) = E: fwbh
np E,,Ez,m,én qonptié wGlwhu YwnpGbpp Ywqind 66 pwqhu C" -nul, www

qnnipyml nmltG wyGwyhup ¢,C,, *+,c, pytip, np E = c,E, + CzEz +-.--+ C"EM ,
wyuhGpl’ (T)(to) = cl(—f)l (to )+ cz(—i’z (to) +---+ cn(-pn (to) : Uuwhuny (T)(t) L
a9, M+ +c,@,(t)+--+c,P,(t) (momiGuph (uyqplwlwl) wpdtplpp ¢,
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Yyownid hwdpCylnd 66 SwiwdwyG pbnpbd 8.1-h" wyn MdmuiGbpp  hwdpGyGnud &G
wipnng  (a,b)-nul, wyuhGpl

o) =c,,(t)+c,0,(t)+-+¢,§,(t), te(a,b)
E@tinpbliG wwwgnigywé t:
Yunnnmpyntl 8.1: 3k b inbulby, np (8.1) hwiwlywpgh (nénuibtiph hhdGw-

pwp hwiwywpgp dhwlp sk, pwGh np wikst dh qoénptiG whlwfu En&zv""gn
JGywnpGtiph 7 -jwl 6Gnud t dbYy hhdGwpwp hwiwlwpg:

QYwunnpmpymesd 8.2:  Cun pbinptid 8.2-h" (8.1) hwdwlwpgh nénLiGeph
pwqunipntlp 72 -swihwGh qéwjhlG wwpwoéntpymG t, L wdka Gh (neénLiltph hhiGw-
pwp hwiwlwpg wyn wwpwénpjwl pwghu t:

Thgnip
$,(1,9,(0),--,9,(t) (8.6)
ytywnp $niGyghwblipp (8.2) hwiwlwpgh inudniGtp bG:
ThunwpytiGp

(P“(t) (pIZ(t) (pln(t)
1) (#) - @, (1)
D) = 0, (1) ©(2) ?, ®.7)
(pnl (t) (Pn2 (t) o (pnn (t)
dwuwnphg-pnGyghwG, nph unGtipb 66 (8.6) hwiwlwpgh Ytlwnp-pnibyghwbtpp b
qptlp w)b
(1) = (9,1, 9,(),-. 9, (1)) (8.7) nibupny:

UwhowlGmd 8.2: ®P(t) dwuwphgh W(t) =detP(t) npnzhsp Yngymd t (8.6)
Jtlywnnp-pnilyghwibph hwiwlwpgh 4pnGuynt npnzhs Yud ypnGulyjwG:

Ltddw 8.1-hg uwnwgynud t YpnGulywih htinbjw] hwwnlympiniip (hwikdwnbp
tddw 5.3-h htwn)

L&ovw 8.2: LménmuiGeph (8.6) hwiwlwpgh ypnGuyjwGp Ywd GnuyGwpwp qpn t
(a,b)-mui (L wyn nbiwpnid (nenuiGtiph (8.6) hwiwlwngp qénpkh Ywiujuwy t), Yuwd
(a,b) showlwyph ns Gh Ytinnud gpn sh nwnGnud (L wyn ntiwpnid (8.6) hwdwywngp
qonpth whlwtu t):

LGddw 8.2-h wannuip hwdwpdtp t hbwnbyw) windiwGp
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Wwnbwlp 8.1: Npwbugh (ménuiGhph (8.6) hwiwlwpgp hah hhdGwpwp,
wlhpwdtin t L pwywpwp, np Gpw YpnGulwbp (a,b) dhowlwiph ng dh Yewnnud

spGnnuGh qpn wpdbp:
Uju wwpq wlnnuilbph unnignudip wewowpynud kGp pOpbipgnnhG:

- t - 2
ThunwnlykGp f.(t)=(0] L fz(t)=[t0) Jbywnp-pnLlbyghwibpp: LpwhGgny

2

1
Ywangwé W(t) = 0 npn2hsp GnyGwpwp hwydwuwp t qpnjh, vwluw)l wyn

Jtyunp-pnilyghwhtpp qonpbG wlywfu 60 hpwiwh wewGgph Ywiwjwlw (a,b)
dhowyuwypnud: Uw  GawlOwyntd £, np gnynepyntG  gnibh  wyOwhuh  wGpGnhwan

_(a,® a,®) t t
A(t)—(a21 0 an(t)] dwwnphg-$nilyghw, np (0] L [0] JbYywnp-

PnuGlghwlbpp (hGhG ¥ = A(f)y hwiwluwpgh (nuénudGbip:
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UUSrrSUShYy LARGANIVEE

hgnp @, (2),P,(2),---, P, (t) dblnp-PniGlyghwlbpp (8.2) hwiwlwngh
imonuiGbp GG (m-p Yudwjwlyws pGwlwG phy t): YHhowpytop () dwwphg-
PnuGyghwG, nph wmGlpp @, (2), P, (), -+, @, (1) dbywnp-Pnillghwlbnl &G,
wyuhGpl D) = (P, (), 9, (@), -, P,,(¢)): Uu Sunnphg-dPnilyghwl nGh 7 winn L
m uynb, L Opw wéwlgw| Jwwphgp, pun uwhiwGiwG (wbu §7),
(1) = (@, (1), 0,(0), -, . (1)) nxXm swhwGh dwwphg-Pnilyghwt t: tpb
pwnwinuh nxXn swhwGh A(f) dwwphgp pwqiwwwwytip () nxm swhwGh
duwphgnd, YunwGwGe  A(2) - P(t) = (A, (1), AV, (1), -, A(1)9,, (1))
nxm swihwGh dwnphgp: RwGh np @, (1) = AP, (1), k=12,---,m, te (a,b),
wyw P(t) L A()P(t) Swwnphgllinh unGpp hwipGyGnud &G, wyuhGpt wniknh nLGh
@)= A)P@®), te (a,b) (8.8)
GnuyGrup)neGp:
Uwhdwlmd 8.3: 9hdtipGgkth nxm  suhwGh P(t) dwwnphg-pnbyghwi
Yngynud t
X' =A0)X (8.9)
(Jwnphguwh€) hwydwuwpdwG pnuéncy, tipk nkinh nuGh (8.8) GnuyGnupyniGp:
©Ptnpkd 8.3: Npwbugh P(r) dwuwphg-Pnilyghwt (hGh (8.9) hwiwuwpiwG

tneontd, wlhpwdbiwn b L pwdwpwp, np Gpw JnipupwGynip upntd hwGnhuwGw (8.2)
hwiwywpgh (YeYunnpuyhG) (néntd:

Uwwgnyg: Pwlwpwpnipynlp wwwgnigdwd t ybpp pipdwd nwunnnmpyniG-
Gtipney:

Uwywgnigkilp whhpwdbunnpynilp: thgnip nXm swhwGh nhdbipbGgtih ()
dwwnphgh wniGbpG &6 W, (2), ¥, (#), -, ¥, (t) dJbhwnnp-$mGyghwlbpp L wbnh
niGh (8.8) GnejGnipnilp, wyuhGplG

(W70, 9,0),. 97, (0) = (ADOY, (0, AT, ()., ANV, (1)),
te (a,b): dtpghG  GnyGnipjniGhg hbwlmd L, np W, (1) = AV, (1),
k=12,--,m, te (a,b): Bbnpbil wywgnigyuwsé t:
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3t t GUwwnb), np dwuphgwihG nuénuiGepp  Jehnnpuwlwl (neénudGenph
pGnhwGpwgmiG kG, pwGh np m =1 nbwpnid dwwnphgwihG gniéndp hwdpGyGmd t
dtyunpwlhwa (médwb htwn: Uwnnpl 0kGp Yhwingyblp, np hhdGwpwp nbp GO
tuwnnid pwawlynwuh Swinphg-pnednuiltpp, wyuhGpl, tpp Mm=n:

Uwhdwomd 8.4: bpt (8.6) nuonLibbph hwiwlwpgp hhdbwpwp ¢, www (8.7)
pwlwdlny npnaqwé dwinphg-pnilyghwl Yngyned t (8.2) hwiwlwngh hpdGwpun
dunnphg:

UYyGhwyn t, np hhdGwpwp dwwphgp (8.9)-h (nuémd t L Gpw npnzhsp ng dh
Ywnwd qpn sh nunlnud: UG hG (8.9) hwdwuwpdwlb wikd dh nX#z —sunhwbh
Lnuontd, nph npnzhsp ng Gh Yhwnnud qpn gh nunGned, hwonhuwGned t (8.2) hwdwlywp-
qh hhiGwpwp dwinphg (unnwgbil):

2uGh np (8.2)-h |nudnudbbph hhdGwpwp hwiwlwpap shwyp sk, www hhilw-
pup dwinphgp GnyGwbiv Shwyp st Uwlw)G wywpgynid £, np uiwjwlwh bpyne hho-
Gupwp Swuinphglbph dheb gnynupyntG nulh npnawiyh Yuwy'

Ptnpty 8.4: bpk P(r)-a L W(t)-G (8.2) hwiwywpgh hhdGwpwnp dwwnphglbip
b0, www gnynip)niG niGh hwuwnwnndd, sytipwutpydnn P dwwnphg wyGwhuhG, np

Y@)=d@): P: (8.10)

Uywgnyg: Whgnip (1) = (§,(2), ¥, (0),-, ¥, () U
() = (§, (1), §, (1), -, §, (1)): wbh nn (1), P, (1), P, (1) méndGbnh
hwiwywpgp  hhsGwpwnp . www  ¥() dwwnphgh Ywowpwyws , (1)
(k=12,---,n) u;mﬁ. nputiu (8.2) hwiwywpgh (nuéncy, Ywnbigh & GbpYuwpwglby

¥, (1) =c,, @, () +cp @y (D) ++-+¢,, 9, (1) k=12,---,n
qdunhl YndphGughwyh wnbupny, npG hp htpphG Yunpbih t apby
Cik Cik

- c . - c
v O=0@)  |=®®F,. B=| |

Crk Crk
untiupny: Upunntinhg htwnlnd £, np’
YO =W,0,y,0, . y,0) =(P@)p,,P1)p,, -, P(1)p,,) =
= Q@) P1» P> Pp) =PU)P:
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UGmd t wwwgniglp, np wjuwbu Ywenigqwé P hwunwwnh dwwnphgp
ubpwubpynn st, wjuhGpG det P # 0: bpnp, pwGh np det W(z) = detP(z) -det P L
detW(r) #0, detP(?) # 0, www ptinpbdt wwwgnigywé t:

20wjwd (8.2) hwiwlwpgh bhiGwpwp dwwphgp dhwyp sk, vwyw)t wika dh
hpdGwpwp dwwphg ShwpdtipnptG npnznud t (YEpwlwGqGnud t) wyb (8.2) wbuph
hwiwlwpgp (wjuhGpG (8.1)-h gnpéwlyhgltpp), nph hwiwp 0w hwinhuwGnd  t
hhdGwpwn dwwnphg: UYkhG wnnbinh nuGh htinbyw wyGnnudp

Blinptd 8.5: “wiwjwlwlG nXn -swihwGh dwinphg-pnibyghw, nph wwppbpp

wGpGnhwin nhdbipkGgbih $nLGyghwttip b6 nplk (@,b) dhewywpnid L nph npnzhsp
(a,b) -h ns th Ytwnd qpn sh qunGnud, hhiGwpwn Swnphg t h npnawyh (Shwl)
(8.2) wbuph hwiwlwpgh hwdwnp:

Uywgnyg: BwGh np det®(t) 20, t€ (a,b), wyw P7'(1) hwywnwpa
duuwnphg-pnGyghwt qnynipynts mGh L wOpGnhwwn t (a,b) -nud: Cun ww)dwGh
wGpGnhww t 6wl D'(f) Swinphg-Pnilyghwt: IGnbwpwp’

AQ)=d'@)- ') (8.11)
pwOwadlnyd npnadwé  A(2) dwwnphg-$pnbyghwh GnyGuybu wlpGnhwin b Pwqoiw-
tﬁmmublnq (8.11)-h Gpynt Ynndbipp wohg P(t) dwuinphgny, unwbnud LGp

O'(t) = A()D()
GneyGnupyniGp: Uuwhuny P(2)-6 A(2) swuwphgnyg sGdws X = A(#)X dwwnph-
gwjhl hwywuwpiwb gybpwutipynn nXn —swwbh (nonda t, hGsp hwiwpdbp t
Gpwa, np () -0 (8.2) hwiwlywngh hhdGwpwp Swwnphgl b BEnpbdt wwwgnigywé
t:

dwpdmpimb 8.1: Oquytiiny (8.10) pwlwdlhg wwwgnighki, np (8.2) hwiw-
Ywpgh Ywiwywyws P(¢) L W(z) hhoGwpwp SwinphgGlph hwiwp wbnh nGh

() 7' ()=¥'()-¥'(t), te(ab),
GniyGnpyniGp:

3hdGwpwp dwinphgp, np odnws t P(t,) = E, (E,-p n-swhwih Shwynp

dwunphgl t) hwwynipjwip, Yubdwthp Gpdwynpiws £, Yhnnud:
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tpt P(r) hhdGwpwp dwwphgp pwqiwwwnytlp nplt sybpwubpdnn nXxn-
swhwGh P dwwphgnd, wyw wyGhwpn t, np unwgdwé P(r) - P dwwnphgp Gm)G-
wbu YhGh hhdGwpwp: Ujunnbnhg htinnbnud £, np (8.2) hwiwlwpgh Yuiwjwywo
hhdGwpwp dwiphg Yupbich b Gnpdwynpty (YwiwywywG ¢, € (a,b) Ltwnnd), pwg-
dwwwuybing wyG D7'(7,) Swwphgny, wjuhlps bpt P(£)-G (8.2) hwiwlywngh
npbt bhdGwpwp Swwphg t, wuww <I>(I)-<I>_'(to)-ﬁ GoyG (8.2) hwdwlwpgh
hhdGwpwp Swuwphgl t, Gnpdwynpywé ¢, Yhnnud:

dwpdmpym b 8.2: Uwwgnighi, np (8.2) hwiwywnpgh Yuwiwjwyws $(7) L W(r)
hhdGwpwp dwunphglGph L Ywiwjwywb ¢, € (a,b) ytwh hwiwp wnbnh mGh

D) D7 (1) =P(1)- ¥ 7' (ty). 1€ (a,b)
GnyGnupyniGp:
Bbnpbd 8.6: Yhgnip A(t)-0 nXn suwhwlh woplnhwwn dwwnphg t, npndwé

(a,b) dhpwquwypnd: Ujn nbwpnud

X'=A(X,
{X(to) =C, tye(ab), CeM™,
Unznt fuGnph dhwy nudénudp wipynud t
X@t)=®(1)-C (8.12)
pwlwadlny, npinbn P(2) -G (8.2) hwiwywpgh hhiGwpwp Sunnphgt t Gnpdwynpywé
t, Ytinnud:

Uju ptinptidp, nph wwwgnygp Ywwnwpydnud b wldhpwiwl nbnwnpnuiny, gnyg t
nwihu  hhdGwpwp dwunphgh YuplnpuwgnyG nbpp qéw)ht nhdbpbGghw hwywuw-
pnudGtph  wbunepnilGnid: «bGPnpdwghwb», npp Wwpnlawyned t hp dbg hhdGwpwp
dwinphgp, payp b vwthu ng dhugl Gywnugpty ((8.12) pwlGwdlh dhengny) (8.9)
dwunphguyhG hwjwuwpdwb (b Jwubwynpuwbu (8.2) hwdwlwpgh) pninp hGwpwdnp
tponuiGhpp, wyp Gwb ybpwlwGqlty ((8.11) pwGwdlh shengny) hGpp hwywuwpnip:

Unnpl (§9-md) gntyg Ywpdh, np (8.2) hwiwlwpgh hhdGwpwp dwwnphgh

piwgnipyniGp  pnuy, t wwhu ik Guil 53'=A(t)3"+f(t) wlhwdiwubin
hwiwywpgp: RwlGh np qéwjhG nhdbpblGghw; hwywuwpnudGeph  Ywidwjwyw
hwiwywnpg (Médwd pwpdp Yuwnpgh woéwlgyuiGbph GYwwdwdp) pbpynd t
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hwiwpdtp ¥ = A(t)y + f(t) nhwyh Gopdwy hwiwlwpgh, wwyw Jwpbith t wuoby, np
y = A@t)y wbuph Gnpdw| hwiwlwnpgh hhdGwpwp dwwphgp wyG hhdGwlwa

qnpohpG  t, nph nuundGwuppdwGG 66 hwGgnid  qéwihG  nhytiptaghuwy
hwywuwpnudGbph wnbunpywl hhdGwlwb hwpgbpp:

LhikdbLk ALUDGUE

Nhgnp W(2)-G (8.6) nuonuiGlph hwiwlwpgh YpnGulywGG t, wyuhGpG (8.7)
pwlwdling npndwé P(¢) dwuinphg-pniGyghuwsh npnzhsp: LzwlwykGp s(2)-ny (8.2)
hwdwywpgp 6Gnn A(¢) dwuwnphgh hbwnpp’

s(t)=spA(t)=a,, (t)+a,(t)+---+a,(t),
npp hwinhuwGnd b wGpGnbwwn $nGlyghw’ npnzywé (a@,b) Showlw)pnud:

plnptd 8.7: (Lhnudhth pwlGwdlp): YwdwjwlywG ¢, € (a,b) Ytwnh hwdwp

wbnh nLGh

!

fs(ode.
W()=W(t,)e" , te (a,b) (8.13)
Gbpywgwgnidp:
Uwwgnyg: Pudwljwi b wwywgnigby, np W) dnGyghwl pwywpwpned t
W) =s(OW(), te(a,b), (8.14)

GnyGnepjwhp, wjuhGpG hwnhuwGnud £ y” = s(¢) y wlowwndnn thnhnfuwywGGtpny

hwywuwpdwG ménd: bpnp, ¥y =s(t)y hwdwuwnpiwG pGnhwGnip (nuonwdp
js(‘t)dt

wpdnud ¢ y(2) =ce” pwlwalng (g1 1, §1), huy y(t,)=W(t,)=c

wwydwbh0 pwywpwpnn (nuénudp tpyned t (8.13) pwlwdling:
Rwdwow)b npn2sh wéwlgiwh pwlwdlh (nku §7)

W () =W @) +W, (1) +--+W, (1), (8.15)
npuintin W, (¢) -G wyG duwnphgh npnzhsG t, npp uwnwgyned £ d(t) (nbu (8.7)) dwnphghg,
tpb Gpw i -pn vinnp wowGgkGp puwn f-h, huly WGwgwsd wnnnbpp panGhGp whhnthintu:

117



fwGh nn  @,(1),0,(2), -, 9,() Jyunnp-Pnibyghwllinp

(8.2)

hwiwlwngh

(MonLiGenG b6, wuw wnbnh nikG @) (1) = AW, (1), k=1,2,-,n, Ywd yndyn-

n
GEGunGGpnY qpyws, (p;k ()= Za,.m ®)9,,@). ki=12,---,n GmjGrmpymG0bnp:

m=]

Wuwhund W, (¢) npnzhgp nLGh hbunlywy nbupp’

W, (1)

= det

= det|

+det

=det

(9,

Y 4, (009, 0

......
......
......
......

......

eoe

Y 4, (09, @)

m=1
mei

L P, (1)

(@) @2(0) -
o) () -

\(pnl (t) (Pnz (t) ot

(pln (t) \

Q. ()

Pm(® )
(pln (t)

Y 4 (000, (1)

?. (1)
q)ln (t) )

Y 4, (19,..(0)

mz=]|
m#i

?... ()

=a,(OW@)+W,(t)=a,(OW():
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W,.(t) npn2hsp GoyyGwpwp qpn t, pwGh np Gpuw @ -pa ninnp dGwgwd nnntph qéwjhG
YniphGwghwa L:

Ujuwhuny’ (8.15)-hg L (8.16)-hg htitnlinud t, np

W t)=a,,(OW(E) +a,,()W @) +---+a,, (OOW(t) = s(t)W (1)

wjuhGpl wnbinh niGh (8.14) GniyGnipnilp: @LNpLEGG wwwgnigywd t:

LlwuwntiGp, np Lhnuyhih (8.13) pwlwdlhg htinnbinud t Gddw 8.2-h wlnnudp:

8ntjg nwbp Gul, np §5-nud unwgdwé (5.12) Lhnwdhth pwGwadlp (72 -pn Yupgh
qéwyhl hwiwubn hwywuwpdwb hwiwp) Yupbih b unwGwg npytu (8.13) pwlwdlh

htitnLwGp:
bpnp, 7-pn ungh
x +a,®)x" +--4a,()x=0 (8.17)
qQowyhG hwdwutin hwywuwpnidp
X=Y
X =Y,
(n-1) _
\x " - yll
thnthnfuwlwGGliph thnfuwphGiwdp plipdnud t hwiwnpdtip
Y=Y
}’; =Y
)
yn-l = yn
hyr’z = _au(t)yl —an-l(t)yZ -"'_al (t)yn

QOwjhG Gnpdw hwdwlwpgh, npp Yupbith & gty

y =A@y (8.18)
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Wi

JtyunnpulwG wbupny: Ujunbn y = }22 , huy gnpéwlhgltinhg Ywqiqué A(t)

Yn
Jwuwphg-pnilGyghwd nGh
(0 1 0 0 )
0 0 1 0
A(t)= (8.19)
0 0 0 . 1
(—a,() -a,,() -a,,@®) - -a))

wnbupp: Uu dwinphgh htiwpp hwywuwnp t — g, (t) , wyuhGpl hwiwdw)l dtip Gwlw-
ynudbtiph'
s(t) = spA(t) = —a,(t) (8.20)
Thgnip
@, (), 9, (1), 0,(1) (8.21)

$nuGyghwbbpp (8.17) hwywuwpdwl méndlGtp G6: 36w t hwinqyti, np (8.17)-h
tndnudGepp wyn hwiwlwpghlt hwdwwwunwutuwbnid t (8.18) Gnpdw) hwiwywpgh

P, (1) = (p"(t) NOE %) Q)= (p":(t) (8.22)
0" () o5 () @)
(ménuiGepp hwiwlywpgp L hwlwewyp' tpb
v () Y, (1) v, @)
t t t
V(0= "’22() AGE “’Zf() I NOE "”ﬁ() ,
‘an (t) “’nZ (t) \V,.,. (t)

Jbywinp-pnbyghwtpp (8.18) Gnpiwy hwiwlwpgh (muénuibbp G0, www Gpwg
wnrwohl YndiwynGLGwnGEpp, wyuhGpG
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V(@) Wi (@), o, ,, (F)
IniGyghwilipp hwlnhuwnud GG (8.17) hwywuwpdwh nténudGtp: (8.17) hwywuwp-
twa (8.21) (nuénuittiph hwiwywpgh dpnGulwip (nb'u uwhdwGned 5.2) npnagnud k

¢, ) e, - 9,0
W =deg $O 0O 6O
o (1) ¢f “’(t) ‘""’(t)

pwlwadlny L, hwiwdw)b (8.22)-h L uwhdwbnid 8.2-h hwipGylnid t (8.18) hwdiw-
Yuwpgh (ndnudliph pnGulywGh htin: dbpghlGhu hwdwp wtnh nGh (8.13) Lhnudhth
pwlwadlp: Iwydh wnlkiny (8.20) wnbGsnipjnilp’ (8.13)-hg uwnwlnud GGp (5.12)
Lhnuhih pwGwdlp (8.17) hwdwuwpdwG hwdwnp:

dwndmp/ml 8.3: Uuwgnigti, np tipk (8.17) hwywuwpdwb (8.21) (nudnudGlph
hwiwluwpqgp qénpbl wllwtu k (qonptlG Ywhywy t), www (8.18)-h (8.22) (niénudlliph
hwiwyuwpgp Gnylwybu qdnpbl wllwhu t (énptlb Ywhuywy t):

dwpdmpiml 8.4: Btnptd (8.2)-hg, npwbtiu htwnlwlp, vnwiw) |Eidw 5.1-p L
pbinptid 5.2-p:

dwndmp/mlG 8.5: thgnip (8.17) hwyjwuwpnudp hwuwnwnnild gnpéwyhgltpny
t, wuhGpG g, (f) = a; = const : Uywgnighi, np wyn ntwpnid (8.17)-h pGnipwqnh

pwqiwtnuip (LAA) =A" +a A" +---+a,) hwipGyonus t det(AE — A) puig-
dwGnwuh htw, npuintn A -G npnaynad E (8.19) pwGwalng:

§9. Aa6U3hL, NWUUUUENR {UUULUrq6Gr:
QUUSUSAMLLHrER LUMPUSPU3ER AT LULE
YHhuwpykGp qéwht hwywuwpnudGlph
)’1, =a, )y +a,®)y,+...+a,@)y, + fi(®

) y; =a, )y, ta, )y, +...+a, 1)y, + f,(1) (9.1)

\)’; =a, )y +a,{)y,+...+a,@)y, + f,(1)
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Grpiwy hwiwlupgp Y, Y,,..., Y, wohwpn dnlbyghwlbph Ghwwdwdp: Ghpw-
npdnud £, np @; gnpowyhgGlinp L f; wquwn winwattpp (i,j=12,---,n) wapln-
hwin pniGyghwhbp GG, npndwé hpwywl wowGgph npbt (a,b) dhewlwpndd,

wjuhGpG a;, f; € C(a,b): Oqultiny §§-h GwlwynuiGtphg L wybijwgGtiny

i
]-’(t) GrwGwlmip wquw winwdlbphg Ywqidwé ybywnp-ujwl hwdwp, qptGp
(9.1) hwdwlwpqp

¥ =A@+ @) (9.2)
yGhwnpwwl nbupny:

Snyg wwlp hGswbu, hdwGwny (9.2)-hG hwiwwwinwuhwtnn ¥ = A@®)y
hwdwubn hwdwywpgh npbt hpdbGwpwp dwwphg (GGGt nudnudGlph  nplt
hhibwpwp hwiwywpg), Yupbih b GYwpwgpty (9.2) wihwdwutin hwdwlywpgh pninp
ipudnudGiph pwqinepniGp: WG Juptth b hpwywbwgGlp  hwunwnnibGlph
dwphwghwjh Gnwbwyny:

Jwunwnm00bph  Juphwghwyp tnwiwl; “hgnip P(2)-6 (8.2) hwdwubn
hwiwywnpgh (¥ =A()y) hpiGwpwp dwphgd ' Gnpdwynpdwé  nplt

t, € (a,b) ynnui: Lwtunpn wWwpwgpwdpnd wwwgnigytg, np (8.2) hwiwlwngh
tneénuiGliph pwqunpynulGp Gywpwgpdmd & y(2) =d()-C pwlwadliny, npuntin C-G

Jwiwjwlywl hwunwoms (n7-swhwbh) Jehwnp b @GupkGp  (9.2) wlhwdiwubn
hwiwyuwpgh (nudncip:

¥(t) =d(1)-C(2) 9.3)

wbupny, npunkn C‘(t) ytywnp-pniGyghwt Ghpwlw t npndwl: Stnunpbinyg (9.3)
wpunwhwynnpyntlp (9.2) hwiwlwpgh 069, utnwGnLd GGp

®'(1)-C(1)+ (1) - C'(1) = A(t)- D(1)- C(1) + f (1) (9.4)
wnGsnipynilp, nputinhg, pwGh np ®°(¢) = A(£)P(2) , htinlinud b
®(1)-C'(t)= f(1): (9.5)

Wuwhuny npwbugh (9.3) wbuph JBYunp-$nblyghwd hwGnhuwlw (9.2)
hwdwlwpgh (neénud (wyuhGpl npwtugh (9.4)-p thGh GnuyGnpynil puwn ¢ -h (a,b)
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dhowlwypnid), wlhpwdtiznn t L pwdwpuwn, np (9.5) wabGsnpynilp (hGh GnyGrupynid
(a,b) -nwi:

ewGh np D(2)-6 hhsGwpwp dwinphg t, wwyw S ~' () Swwphg-PniGlghwh
qmnipntG niGh L wGpGnhwn t (a@,b) dhowluwypnid: (9.5)-hg unwGnud Llp

&0 =0 (0)- F) yus €0 = [ (mF e+ €,

npnbin #,-G YwiwpwlwG Yt t (a,b) -hg, huy 61-0 Ywiwjwyws hwunwunnG
Ytyunnp (:'l e C": Ujuyhuny

¥(8) = (1) {C‘, + [ ('t)f(*c)d't} (96)

fo
Ytywnp-pniGyghwa (9.2) hwiwlwngh tneédnd t Ywiwjwywa 7, € (a,b) L ywiwyw-
Y 5, ysUwnph hwdwp: UwwgnigtGp, np (9.6) pwGwadlind npnzynud 66 (9.2) hw-
twywpgh pninp (nuénudGlipp: bpnp, nhgnip (T)(t) yGhwnp-pnilyghwi (9.2) hwiw-

Gwpgh nplt (nonmud b LwGwlkGp Gpw wpdtpp ¢, € (a,b) Yhwnnud C'o-nq‘

(T)(to)=éo: CGupbny (9.6) pwGwalnid Cl=(-f'0, unwOnud GGp (hhptGp, np
P(t,)=E,), np y(t5) = §(f,) . wyuhtpG y(¢) L §(¢)(nonuiGlpp nuGhG GnuyG
uyqprowlywld wpdtpGtpp ¢, Ytwomd: (9.2) hwiwywpgh hwdwp 4Ynzne fubnph

(nédwh ShwynipyniGhg (nbu pbinpby i) htinbnwd t, np @) = y(¢), wjuhGpG (9.6)

pwlwdlp hpnp Gwpwgpnid t (9.2) hwiwywpgh papap (nednuibbpp: Uu wwwnSw-
nny (9.6) -p YngUnid t (9.2) -h plnhwlnip (nénid '

Ujuwghuny wwywgnigywé t htinlyw) wlnnudp

Pbnpbd 9.1: hgnip P(¢)-G (8.2) hwiwywpgh hhiGwpwp dwunphg b Gnpdw-

l[nnqqlé ¢, Yinnud: Ujn niwpmd
{i' =AMy +f()

;’(to) = Co

Unznt fuGnph (nednuip ipynud t

t,€ (a,b), C,eC",
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y(t)=d>(t)-{éo +[o7 (@) f(t)d‘c} 9.7)
pwlwdlny:

tpt P(2)-G (8.2) hwiwywpgh nput hhdGwpwp Swwphg b, www (nbu §8)
D)D" (1,)-6 (8.2-h hhiGwpwp dwwphgl t, Gnpdwynpdws ¢, Yhwmd:

Ujunnbinhg hbwnbnud t, np wiwjwywt hhdGwpwp dwwphgh Ghongny (9.2)-h
pGnhwGnip (nuénLdp qpyned t

t
§(6)=®(1)- {df‘ (t)C, + [ @7 (0 f(vdv
o
ntupny:
36w t nbulbg bwl, np Gpt nhunwpykGp

X' '=A@)X+F(t),F(t)e m™™
dJwuiphgwjhl hwyuwpnuip, wwyw Gpw pGnhwGnep (pednedp Yopuh

!
X(t) =d(@)- {c +[o™ (t)F(t)dr}

fo
wbupny, npnbn C-0 Ywiwjwlwl nXm-swhwGh hwunwnnntd dwwnphg t, huy
D(#) -G Gnuy (8.2) hwiwlwpgh hhiGwpwp Swwnphgt b Gnpdwdnpyws 1, Ytnne:

dwpdmp/ml 9.1: Uywgnigk] np (Gddw 6.1-h (wnbu §6) wwjdwbp ng dhw)G
pwywpuwp t, wy Gwl wGhpwdtun:

§ 10. LLUSUSNKY ANPOUYRSLEL Y G0USPYL QUUHLUCS G

YHhuwwpybibp nhptipbGghw) hwwuwpnwiGbph
r)’|’=au)’1"'arz)’z"' ------ ta,y,

)’; =ayy,tayy, +...ta,,y,
4 (10.1)

---------------------------------------
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qouyhG hwiwutin Gnpdw] hwdwlwpap, nph a; gnpéwlhgGlinp hwuwwinmGtp BG6:

Uju hwiwlwpgp §8-ntd nwunuiGwuhpywéd hmpnfuwlywG qnpéwlyhgltpny (8.1)
hwiwywpgh dwubwynp nbwpb t L Ywpnn t ghunwpydt; npwbu ophGuy, nrpp
(neuwpw@ncd t §8-nud wpwnpywé pGnhwGnep nbunipynGp:

UnwGdGwglt] wyu dwulGwynp nbwph nuniiGwuhpnpynibp dkq dnnud GG w)G
hwiqwdwbpGtpp, np  hwunwnntd  gnpéwyhgbbpnd  qoéwihs  nh$bpthghwy
hwywuwpnuiGph hwdwlwpqbpp GEpYwjwgbnud GG hplkGghg unynpwlwG nhdb-
ntGghw| hwywuwpnuiGbph dh nwu, npnGp [nuddnd G dhGgl Jbpe b tdtGuwp
$nGyghwlbph dhongny, dwubwynpwwbu, (10.1) hwiwywpgh Ywiwwlwb
@), y, (@), y, (1)) (Médwh.wikG 6h y, (¢), (k =1,---,n) YndwnGLGwn, hGswbu
L dtYy, n-pn Ywpgh hwunmwnnG qnpéwyhglbpny qéwphG hwiwutn hwywuwpdwb
Judwjwlywa nuéncd (nt'u §§2,3), hwlnhuwbnud t pwqhpwqiwGnwd:

UpnyniGplGbpp, npnlp Yuwnwgykl wjuntn (10.1) hwiwlywpgh hwiwp, twywG
ntip 60 fuwnnud YwjnGnepjwG wnbuncpyniGnud (nb'u gqf. VI)

Apkbp (10.1) hwiwywpqp

y = Ay (10.2)

» (@)
¥, (1)

Jtywnpwywh nbupny, npintin - y(2) = . [G npn0bth  Jblinnp-$niGlghw t,

Y. (1)

huy A-G qnpéwlhgliphg Ywqiyws hwunwnnG dwinphgh t, A =(a;) e M™":
bGswbu L 86Y 7 -pn Ywpgh hwunwnndt gnpdwighgGbpny hwiwube hwywuwpiwG
ntwpnitd (nbu §§2,3), wjuntin GnylOwbu Guuwwnwy t npdnud hGwpwynphl swi
pwgwhwin pwlwdbbpny (b EiG0nwp nbhyghwbbph dhongny) GYwpwapt (10.1)
(GnyGG t (10.2)) hwiwlwpgh pnnp LONLAGEph  pwqdnpyntGp  (pGnhwGnep
tneénLdp):

Jwiwdw)a pinpby 8.6-h" (10.2) hwiwlwpgh pGhwlnup (neénudp npdned t
y(t) =d(@t)-C (10.3)
pwlwadlny, npntin P(£)-6 (10.2) hwdwlywpgh nplt hhiGwpwp Jwwnphgl t, huly

C-t ywiowjpwlwb 7 -swhwbh Jeyunnp: Ujuwhuny obp fuGnppG t wwpgbp (10.2)
hwiwywpgh nput hhdGwpwp Swwnphgh umnnigtleQQ, Ywd, np GnyaG t, Ywrenighy
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tnonuiGeph nplt  hhdGwpwp hwidwywpg (npnp  hwGnhuwGnd 66 hhdGwpwp

dwwphgh untbGtpp):
Bbnpkd 10.1 MdbptGghwy hwywuwpndGtph (10.2) hwiwywpgh hhdGwpwp

dwuwnphgp, Gnpdwynplwé ¢, =0 Yawnnud, npynud t
() =™ (10.4)
pwbwaduny:
Uwwgnyg. Iwdwdwjl dwwnphgh tuwynGtiGnh uwhiwbdwh (nb'u §7)
et =E+ At+%A2t2 Fo b — A"+ (10.5)

Lwlh np wyju wppp Yupbih b wéwGgl; winwd we winwd (nbu §7), www
At

d *
(e'“) = Z° wéwhgywih hwiwp unwGnud GGp

ii—e"‘ =Al E+ At+lA2t2 +....+lA"t" +.... |= Ae™
dt 2! n!

inyGnupynilp, wjuhGpl e dwuwphg-pniLGlghw X =AX duwwnphgujhG hwyw-
uwpdwG (wb'u (8.9)) nXn-swhwGh SwunphguwihG (nwdnud t L, dwubwynpwpwnp,
Gpw npn2sh hwdwn witinh nuGh Lhawph pwGwdlp (nt'u (8.13)): Ujnwe Ynndhg (10.5)

pwGwabhg htinlnud t, np ™ |'=0 =E, L, htnlwpwp, =0 Ybwnd e dwwnphgh
npnzhgp hwdwuwp st qpajh: 3wdwdw)l Lhnudhh pwlwdbh’ wyG qpn st paipp hpw-
Ywa ¢ -Gph hwdwp: Uuwhuny wwwgnigdbg, np et duwinphg-ymblyghwa (10.2) hw-
dwywpgh hhdGwpwp dwinphgl b Gopiwynpywé 0 Yhwnud: BEnpbkdl wwywgnigdwod
t Wuwhuny' (10.2) hwiwlwpgh plrhwGnep (nedndp tpyned t
y@)=e*-C (10.6)

pwlwdliny, npuntin C-G Yuwiwywlywo 7-gunhwGh yehwnp t:

Lwuwnblp e dwuwiphg-pniGyghwyh Gh hhwlwih hwanlynpynd Ly’ et ~h
hwlwnwnd (e” Tl dwuiphgp hwywuwp t e : bpnp, pwlh np At L — At dwn-
phgltpp wknwihnpubith GG (Yndnwnwnhy 66), www hwiwdw)G ptinptd 7.2-h°

eAt Xe—At =eAt—At = E:
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Cuwn plinptid 8.4-h" (10.2) hwiwlwpgh Yuwidwjwlwd hhdGwpwp Sdwinphg nGh
P(t)=e" P (10.7)
wtiupp, npntin P -0 Ywiwjwywl sybpwutipdnn dwwphg £, Pe M™": 3t ¢t
wbullp Owl, np Yuwiwjwywld hpwywh ¢; LYaond Gnpdwynpwé hhdGwpuwp
dwwphgp wipynud £
P(t) = (10.8)

pwlwdlny:
fOtinpbd 8.6-h L (10.8) pwlwdlh wGdhpwlhwh htinLwbp t htinlyw whnnuip.

PBbnpbd 10.2:
{9’ = 4y

¥(ty) =¥y, Yo€C"

A(t—tg)

Unznt fulinph (nudnusp wpgmui k- y(E) = e Yo pwlwdliny:

dbpgGbing n=1" wbkuGnd Gp, np ybpp pbpdwé pwlwdlbpp .y’ = ay
(ae C) wwpquqnyl nhptinkghw; hwywuwpdwG, Gpu y(¢) = ce® plnhwanip

a(f-lo)

médwG Ly =ay, Y({t,)=Yy, Unpn pGnph y(t) = y,e
wOdhowlwb pGnhwGpwgniilepb GG:

by wjuwbu, wGglGklGp (10.2) hwiwywpgh L, dwubwynpuwwbu, Opw et
hpdGwpwp dwwnphgh wdbih dwGpwiwuG nwundGwuppdwGp: U Guwnwyny
nhnwnpybGp wwpptip nbwptp’ uyubind wwpqwaniGhg:

I nbyp. Tthgnp A dwwnphgp walynGwqéw)h b, wyuhGpl

(6wl

A, 0 0 0
0 A 0 O

A= , : (10.9)
0 0 . 0 -
0 0 0 A,

Uu nbwpnmd (10.2) hwiwlwpeG nGh  y, =4, y, , k=1--,n wntupp L
wlGhwjun t, np plGnhwGnep (NednLdp tpynud t
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C'ellf

Ay
y() = €2€ (10.10)

pwlwdbny, npnbin ¢, c,,.....,C,-p Juwlwjwywl hwunwuinnbGibp Ga: Rwoh np (10.9)
wbuph A dwwphgh hwdwp

A" 0 0 0
A" = 0 X ,0 0 ., m=12,..,
o 0 - 0
0 0 0 A"
wwyw
(= o) \
Z()qt) O
m=0 m!
o mom - (l t)m
a_ N AT Yy = _
¢ ‘,,,Z_’o m = i B
0 i(l,,t)'"
\ = omo
eM . 0
elzr
= . , (10.11)
O el,,l

L (10.6) pGnhwlnip PL6dwO pwlwdlhg unnwgynid b GniyG (10.10) wpnyyniGpp’

Ay
ce” (ol

Ay
c,e c
= Az ~ 2
yoy=e*-c=" |, c=|]
All' cl
c,e C,
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/Il pbwp. hgnip A dwunphgG mGh GhwyG wwpq ubthwlwh wpdtiplbip: Uw
Gowlwymd t, np tpb wyn ubihwlwl wpdtipGbipp GuuGwyGp A, A,,.....,4, www

A, #A; bpp k # j: 3wdwduwyh ptinpbid 7.1- b wyu nbwpnd A Sunphgp GowG t (7.4)

(GnyGG £ (10.9) wbuph) wilyntGuqbuyhG S dwwiphghG, wyuhGpl qnynipyml nuGh
sytpwubpyng P hwunwuniniG dwnphg, wyGwhuhG, np A = PSP, ywd, np GnyGa t,
AP=P3: (10.11)
Nhgnip P dwwphgh umGbpp  p,, P,,....p, dbYwnnpGpG &G, wjuhGpl
P=(p,,Dys----P,): Ewlh np P dunnphgp sybpwubinynn t, www Gpw umGlipp
qénpbh whywlu 66, wyuhGpl
Dis DDy (10.12)
YbywnpGlipp Yuqontd GG pwghu C™-nud: RwGh np S dwnphgp wilnibwqéw)hG t
(nLGh (10.9) wbupp), wwyw htiawn t hwingyty, np P wpnwnpwis nGh
P3 =(4p\, A, P15 A, P,) (10.13)
Ywenigwépp: Unwu  Yynnvhg, bpt AP  wpunwnpuip gptGp AP =
=(Ap,,ADy,.....Ap, ) wbupny, wyw (10.11) L (10.13) wnGsnipyniGibiphg Yuwnw-
Gwap, np
Ap, =A,p,. k=L---.n:
Ujuyhund wwywgnigytig hbinlyw| wannudp
LGddw 10.1: bpb A dwwphgh nilh Shw)l wwpq ubthwywst wpdtplbp L P -G
wjb dwuwnphgb t', npp pbpnud t A -6 whlyntbwqéwghG nbuph, wwyw P dwinphgh
(10.12) uyymGbpp A -p ubthwlwb Yeywnplbtp 66 L Gpwip qénpbl wWhYwiu GG:
Uydd dbkiGp Yuwpnn GGp Yuwanigty (10.2)-h tnudncdbhph hhibwpuwp hwdwlupgp:
Bbnpty 10.3. btpt A dwunphgG nGh dhwyb wwpq 4,,4,.....,4, ubthwywG
wpdtpGbp L p,, P,y,...., P, YUwnpGbipp wyn ubthwywG wnpdtipGliphG hwiwww-
nwufuwGnn ubhwywb Yyyunnpbbp 66, www
P t)=€e"p, . k=1---n (10.14)
Jtywnnp-pniGyghwibpp Yuqinid GG (10.2)-h pnénudGlph hhiGwpwp hwiwluipg:

! hhwpyt, whnp t 66 np P -6 Shwlyp st, hGswbu Shwyp s66 ubthwiwG YeywnpGbpg, npnGe npnaunud GG
hwuwnwwnnt pwqiwwwinyhgh 6unnpjudp:
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Uwwgnyg: rpnp,
((T’k (t)) E(el‘li’t) Ekkel"ﬁk Eeh'Af’k =
= Al 5, )= 49,0,
wyuhGpG' (10.14) Ytywnp-$niGyghwllipp (10.2) hwiwlwpgh (MLénLiGERG GG RwGh
np £ =0 Ybwnud wyn Jbinnp-pabyghwbbpp qonpkl wGywlu &G (("pk )= [3,,).
www Gpwip qénptl wOlywhu GG pnppp ppwlwl 7-Gph hwdwp L, hGwlwpwp,
Yuquncd GG |nudnuiGbph hhdGwpwp hwiwlwpg: PEnpESL wwywgnigdwé t:

M pbyp. Upu nbwpp pGnhwbnupl t, wjuhGpld® A hwunwinntd dwwnphgh Ypw ng
dh vwhiwlwihwynd sh npynid: Wu plnhwlimp ptiwypnid dkGp YpyhtG YhtGykGp

ptnptd 7.1-h dpw, npp wOnnud £, np Yuwiwwywls Ae 9M™" dwwnphgh hwiwp
A=P3P”", npinbin detP #0, huy

3, 0 0 - O

S

0O 0 0 .- 3,
A Jdwuwphgh dnpnwlwG LG t (nbu pbnpkd 7.1): 3t bt wbulh, np
A2=(PSP"XPSP")=P32P" L YwiwwywG m  wunhSwGh  hwdwp
A" =P3"P":
- Amm

m=0 m!

wlwpwp  A™" =P(St)"P':  Uumbnhg L e* =

uwhowGnLdhg htwnlnwd £, np
e" =P.eYP. (10.16)
QuikGp e* dwwiphgh Ywenigwopp: RwGh np S,, m=0L,s

Jwwphgltipp pwewlnwh 66, wwyw dwwphgltph pwqiwwywnyiwl optlphg
htwlnud t, np uwiwjwlwb  wunhSwGh hwdwp’
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gt=| 3
0 gt
Ujuintinhg hivnlmud t, np
e> 0
e% = e , (10.17)
0 | e

fwGh np S, dwwphgp whlyniGuqdwshG t, www pun Jtpp wywgnigywéh
(nbwp 1y ‘

e = . : (10.18)

Wdd whgltGp S, SwwphgGlphs, m=1,---,s, npnGp nGLG (nbu (7.5))
S.=2,,-E_+Z_, wbupp: 2wbh mp Z_ L Ohwynp E, SwuphgGlinp
ntinwinfubith 66, www

&3 = Bttt _ B Ta (10.19)

Ujnwu Ynnihg, pwGh np eleetBu = ghet ‘E,  www dbq dGnud £ hwayby e

dwwnphgp: 3h2tny 7, Yuwpgh Z, pwawyniuh dwinphgh (7.6) wkupp
(001 0 0 -+ 0 0)
o001 0 - 00

000O0O0 O1
00000 OO
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htwn £ hwinqybi, np Zi -0 wwpptpymud t Z_ -hg GpwGny, np 1-tipp nbnwdinfujwé
GG dGY nhppny we, huy dGwgwé pninpp qpn LG Zf,, wuwhBwlp wwpptpynd t
Z,, -hg GpwGny, np 1-tpp nbnwiinfudwsé 6G & nhppny wy: Ujuntinhg htinbinud t, np
Z,’,',"l wuwnhSwlp dwwphg t, nph Jhwjl wewehG wnnh dtipghG wwppp 1-t, huly

dGwgwé papnpp qpn GG: Inbwpwp, Z7 L wybih pwpdp wunhSwGbpg qprjwlws
dwuwnphglbp &G, L

k  k kk 2 =1
e’-'— Z _ZZ =E+Zt+Z gzt L
k=0 2! (rm,—1)
f ’2 tr.—-l \
1 ¢t — ..
2! (r, ~1)!
t,,—z
0 1 ¢ A
= (r, =2)! (10.20)
0 0 0 - t
(0 0 0 - 1)

Ujuntinhg L (10.19) pwlGwdlhg hGinlnwd t, np e =e""" et dwwnphg-

Pnbyghwl unwgynud t (10.20)-hg’ Gpw pngnp nwppbipp pwqiwwwwnybiing Pl
IniGyghuwyny:
6ty wjuwbiv, tpt hwynbh t A dwwphgh (10.15) dnpnwlws dup, wuw e

hhdGwpwp dwwnphgp wpdmd £ (10.16) pwGwadling, npuntn e¥ dwwiphgp Ywpbih £
hwpyby (10.17) - (10.20) pwlGwdélbpny:

Ohgnip P-6 wyG syGpwutipynn dwuwphgG t, npG hannpbm& t A= P3P
GowGnpymOp:  LawlwltGp P Swwphgh uwnGbpp  p,, p,,..., P,, wjuhGpl
P=(p,.p,»....p,): wGh np detP#0, www p,,p,..... 5, uUblunpGbpp
qonpbiG wllwiu 66 L, htwnbwpwp, Ywqimd 66 pwghu C"-nud: LywGwytkGe S
dwwiphgh umGepp §,,9,,...,49,: AP =P3 hwjwuwpmpynGp qptlp A-P=
=(Ap,,Ap,,....Ap,)=(P§,,P§,,....PG,)=P-3 wbupny: Iwalh wnGbiny 3
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dwwphgh Ywnnigyuwépp unwlmd  GGp, np  p,, Py,..., P, Ubuinplbpp
pwywpwpned GG
Ap, =\ Py, Aﬁz =A2P2s Ap, =xqﬁqi
Aﬁ q+lpq+l
Af"qn = A’qi-l P2t P

Ai-’n—r", = xq+sl—’u-r,+l

AP, ., =NeuiPosp2 t Py

Ap, = kqﬂ P.+ Pa
wnOsnpyntGGEphG: Uund 60, np wju wrGgnipintGGliphs pwywpwpnn JGhunnpbbpp
Yuwqinud 66 A Jwuwphgh ubhwlwi L juwwygdwsd yennplGeph hwiwywpg: Nuphg
funuprd, P, Pys..., P, ubthwlwl b Yuwwygyws ybywnnpltph hwiwlwpgp wyl
pwqhulG £, npmud A dwwnphgl niGh S dnpnwijwG nbupp:

Ujdd wlglGhlGp (10.2)-h. (nuémiGbph hhdOwpwp hwiwlupgh JuemgdwGp:
2whh np '

d(t)=e™ -P=P.e¥ (10.21)

dwwnphg-pnilyghwh, haswbu L e Swwphg- niGlyghwl hhiGwpwp t, www Gpw
¢,(),9,(),...,9¢,(2) wnlbpp Ywqunwd G (10.2)-h |nuencdbtiph hhdGwpwp hwiw-

Ywpq: (10.21) pwlwdlhg L e dwwphgh Ywaenigywéphg htitnlinud t, np
— - — - — Ag ~
¢,(1)= e Py 9,(0) =312’P2’ e @ () =e qlpq

(Pq+1 B =e"" *Pgn>

(pq+2(t) =ée Rt '(ﬁq+2 +t- ﬁqﬂ)

............................................................

L
OOt (10.22)



- oAt
(pn—r,-H (t) =e " - pu—r,+l

re—1
~ Aot = = Lo
¢,()=e [p,,+t p""+m+(rs—-1)! P,.-r,+|]

Wuwhuny wywgngywé b htnbyw) wenmudp.

Bbnptd 10.4: Yhgnp Py, Dys-.., P, hwunwuinmb YeunnpGpp wyG P sytpw-
ubipynn Jwwphgh unGbipG GG, npp pipnud £ A Swuwphgp dnppwGjwG nkuph, w)-
uhpt A=P3P': UWn ghwypmd (10.22)  pwGwdlbpny  npnaynn
¢,(0),9,(),...,¢,(t) dtyunp-pniGyghwlbpp Ywqdmd &G (10.2) hwdiwlwpgh
inénuiGeph hhdGwpwp hwdwlwpg b (10.2)-h ywiwywywb y(2) (nénd GEpYyuwjwg-
ymuo t

¥y =c,9,(t)+c, 9, () +...+¢,0,(t) (10.23)

q6uwhG YndphGughwjh dhengny:
Uwwgnigywd pbnpkithg U (10.22) |ménudGph  hhdGwpwp  hwdwlwpgh
Ywrnigywéphg tpuntd t, np hwunwwnnd gnpdwiyhgGtipny (10.2) hwdwlwpgh

YuwiwpwlwG y = @(¢) (niénid Giplwjwayned t
o)=Y z,(1)-e™ (10.24)
k=1

wbupny, hpuntin g, (2) -0 YGywnp-HniGyghw t, nph jnpupwbgnip YndwynGbGn pwq-
Jwlnuwd t:

1
dwpdmpml 10.1: Whgnp A =[ 0): Jwyb e dwwnphgp:

-1
dwpdmpyml 10.2: GGk, Y = Ay hwjwuwpnuwiGph  hwiwywnpgh

0 1Y _ (y
pGnhwGnup pndnudp | A= y= :
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§ 11. MULrAGPUHUYL ANrSUYRSLEMNYG
Qo3 UUtLuraGr
Y%hunwpytlp

y =A@y (11.1)
qowjhlG hwiwubn hwiwlwpgp w)b nbwpendd, pp A(f) -0 wwppbpwywh dwwnphg-
pnGyghw t, wyuphGpl gqmapymt mGh ® npwiwb phy  wjbwhuhG, np
A+w®)=A@1), te R: Unyhuh dwinphg-pniGyghwitipp YuiywltiGp - wwp-
ptpwlwG: UyGhwyn t, np A(?) dwwphgh O-wwppbpwywbnipyniGp hwiwpdtp t
Gpw a,(¢) (i,j=12,...,n) wwpptiph ®-wwpptipwlwhnipjwGp: PGswbu L Ghas
wydd, GGpwnpynd t, np a; qnpéwyhglbpp whpGnhwwn $nLlbyghwlbp GG, wyu
nbypnud’ npndwd wdpnne hpwlywd wewGgph Ypw:

Bbnptd 11.7 (dnyt-Ljwwynibng):  Thgnip A(2) -0 W-wwppbpwlwh dwwphg-
$niGyghw t: Uyn nbwpnid (11.1) hwiwlwpgh witG dh $(r) hhdGwpwp dwwnphg
Yupbih t GEpYw)wglty

d(t)=G@t)- ™ (11.2)
wntiupny, npnbn G(7) -0 O-wwppbpwywh dwinphg-pnilyghw t, huy R -p hwunw-
winth dunnphg t:

Uywgnyg: hgnp D(2)-G (11.1)-h nput hhiGwpwp dwuphg t: UwwgnigkGp,
np W(t) =Pt + ) dwwnphg-Pnibyghwl Gnybybu hhdGwpwp Swwphg b (11.1)
hwiwywpgh hwdwp: bpnp, Guju

i‘l’(t)sid)(t+0))s d<b(t+0)).d(t+0))
dt dt d(t+w) dt

RuwiGh np* (1) = A()P(t) GnyGnipylGp wbnh mGh wopnng  hpwlwi
wnwigph Ypw, wuww wnbknh nGh Gwl Pt + ) = A + ©)P(7 + ®) GnyGnip)nip:
Uuwhuny

=d'(t+w):

Y(t)=d'(t+w) = Al +0)P(¢+0) = A()P():

Upnwu Ynndhg det W () =detP(r+ ) #0, pwGh np P(r) hhiGwpwnp
dwwphgh npnzhsp hpwlwG  wnwGgph ng 6h  Yewnnd qpn sh  nunlGnud:
Uuwhund @(7 + ®) -G GnyGuwbu hhiGwpwp dwnphg b IwdwdwyG pbnptd 8.4-h
qnnipyntG nubh sybpwutpynn, hwunwnnad B dwwnphg wjGwhuhG, np
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d(t+w)=P(1)-B: (11.3)
2uh np B -G sybpwubpynn t, www pun pbinpbd 7.3-h° gnynipynil mﬁp hwu-
1

wwwnnG R, dwwphg wjGwhuhG, np B =M. Lwlwytgny E)R' =R unwind
taGp, np B -G Ywpbh t GEpYwjwglby

B=¢ (11.4)

wbupny, npntn R-p hwunwwnnd dwuphg bt UwhiwGhGp G(f) dwwphg-

InGlyghw

G@t) = P(t)e ™ (11.5)
pwlGwdlny: UwwgnighGp, np G(7) -6 @-wwpptipwlwb t: 2wGh np —®OR L — Rt
SwwphgGnp nbnwihntubth 66, wuw e XY =R e =™ 7R yinu

ynndhg (e‘“R )'I =e ™ L (11.4) —p Yunbih t gpby Be ™™ = E wbupny: Uydd,
hwiwdw)G (11.3)-h L (11.5)0-h’
G+ =Pt +w0)e F"*Y =d¢) B-e™®.e ¥ =d)e™ =G(1):

Pwqiwwuwnybiny (11.5)-h bipynt Ynndkipp wehg e dwuwnphgny utnwbnud GGp
(11.2) GnyyGnupynclp: BEinpbdh wwwgnigywd t:

Uwhdwmd 11.1: dhgnip P(1)-0 0-wwpptipwhwd A(t) dwinphgny (11.1)
hwdwywpgh npLt hhiGwpwp Swwuphg & B hwutnwnniG dwnphgp, npp npnaynud t
(11.3) wrGsnipyniGhg, Yngynud t (11.1) hwiwlwpgh dnlGnppndhuyh dwnphg:

dbptd  wwwgnigylig, np  dnGanpndhugh  dwwphgp gnynepynt mOp L
sUbpwutipdnn t: Ujnw Ynndhg pwGh np (11.1) hwiwlhwpgh hhiGwpwp Swwnphgp
dhwyp st, www dnbnopndhugh dwuwnphgp GnegylGwbu dhwyp st Ywlw)b hbwn t
hwdnqdb, np

L&ddw 11.1: Ponp dnGnapndhwjh dunnphglbpp GowG GG:

Uwwgnyg: Wamp P, (1)-6 b D,(2)-6 (11.1) hwiwlywpgh hhdGwpwp
JwuinphglbnG &G, huy B,-p L Bz-u GpwGgny 6GYwd dnGnapndhwgh dwuwnphgbbinh
b6, wyuphtpt @, 1+ W) =P, (1)-B, (i=12):

Jwiwdwyl ptinptid 8.4-h" qnynipynild mGh P hwunwunnl dwwnphg wyGughuh,
mn P,()=P,(t) P, detP#0:
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enbwpwn P, ¢+ W) -P=P,(t+0)=P,(t)-B, =P ,(t)- P-B,:
Ujniu Yanihg, pun (11.3)-h @, +w)-P=P,(¢)-B, - P:
Lwlh np q)l ()-0 sybpwubpynn t, www YtpehG tpynt weGsnipymGGtinhg

htwnlnd t, np PB, = B,P yud B, = P™'B,P:

LEddwG wwwgnigduwd t:

Uunnpl Ypwgwhwjngh dnGnapndhwih dwwnphgh nbpp wwppbpwhwb qgnpéw-
Yhglbipny hwiwywpgbph nuunuiGwuhpdwb hwpgned, huy dhag wyn winhwnwelwGp
G2wé hwiwlywpqgbiph hwdwpdbpnpywl huuwgnipjwp:

Uwhowlmd 11.2: Y%hgmp A@)-0 L C(1)-0 O-wwppbpwlwh wbpbnhwn
dwwnphg-pnbyghwibp LG (A(t),C(t)e )/ ): (11.1) L

X =C@)x (11.6)
hwdwywpgbpp Ynsymd 60 hwdwpdbp, tpt qnynupnth nbh sybpwubpydnn, wGphn-
hwuwn nh$tiptiGglih, O-wwppbpwywl S(r) dwuwphg-Pnilyghw w)bwhuhG, nn

x=S@)y (11.7)
qéwjhG dLwthnfunipyntGp (11.1) hwdwuwpnuiGph hwdwlywpgp ptipnd £ (11.6)
hwidwlwpghh:

TYhyptiptlghw) hwjwuwpnuiGtph hwiwlwpqtph hwdwpdtpnipywl hwuljwgnt-
pntlp uwhiwlytp tp 1 glfunid: Cuwn wyn uwhdwGiwl nhdpbpblGghwy hwydw-
vwpnuiGlph Gpyne hwdwywpgbp Yngynd 66 hwiwpdtp, et Gpwhg (nedmudGeph
pwqdnipyntlGGtph dhole qmynipynG nLGh thntudhwpdtp hwiwwwinwufuwbGnepyntG:
Uwhdwlmd 11.2-md  pbpdwé hwiwpdtpnipjwl hwulwgnipyniGp dbipp  Gadwé
hwiwpdtpnipjwl dwulGwynp nbwpG t: bt pGnhwlnip nbwpnid Ywplnpynud t
GhwjG thnfushwpdtp hwiwwwuwufuwbnpjwl gqnynipynilp, www wju nbwpnid
wwhwbgynid t, np wyn hwiwwwwnwuhuwbnipyntlp 6GYh npnwih hwwnynpnGobp
nGtgnn S(f) dwunphg-$niGyghw)ny, npp (11.1)-h wikG dh y(¢) (médwhp hwiw-

dwunwuhiwGnepywG dtg t nGnud (11.6)-h X(r) = S(7)- (1) tnénudp (U hwlwewyp

(‘i1.6)-h wdkG dh X(¢) (nédwlp hwiwwwunwuuwinpywt vk t npdnud (11.1)-h
(@)= S~ (1) %(z) (nonuip):

OophGuwy x +a,(t)-x('"l) +...+a,(t) x=0 hwjwuwpiwl L GpwG

hwiwpdtp ¥ = A(z)- ¥ Gnplwy hwdwywpgh (nbu (8.17), (8.18), (8.19)
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(nténuiGbph pwqunepnGGtiph thnfudhwpdtp hwiwwwwnwupuwbnepymlp sh Ywpnn
6GyL, (11.7) wbuph qéw)hh SLwihnjunipjwip: Uuwhuny uwhdwbnid 11.2-nd
pipqwé  hwiwpdbpnipjwl  hwulwgnpyntGp hwpdwpbgqwéd t wjuntin
nuuntdGuiuhpdnn wwppbpwlwb gnpdwyhgbbipny hwiwywpgbiphG:

L&dvw 11.2: ®-wwppbpwlywl gnpéwyhgltipng (11.1) L (11.6) hwiwlwpgbipp

hwiwndtp 66 w)G L Shwyl wG ntwpnd, tpp A(2) L C(2) dwwnphgGbipp Ywwywé GG

Cc@) =[S’ )+ SWAW)]- S~ (¢) (11.8)

wnOsnipjwip:

Uywgnyg: Iwdwdw)l dwuwnphgGtiph wpunwnpuwih wéwiguih uwhiwbiwb
(nbu §7) (11.7)-hg htwLmd t, np Gpb y(¢) dbywnnp-pnilyghwl hwinhuwGnid t
(11.1)-h ;ménud, wwyw X(2) = S() - y(¢) -6 pwlwpwpnud t

() =8"(0)- 50+ SOF (1) =SS (1)- X)) + S(HAWM)y(1) =

= $(NST (DX + SOADS (OZ@) =[S’ (1) + SHAWD]- S~ ()E(r)
GnyyGnp)wGp, wjuhlpG hwinhuwGnud t (11.6) hwdwlwpgh (nénuy, npntin C(2)-6
npn2dwé b (11.8) pwlwdkny: Iwlwnwpd Ynnip wwwgnigynid t GnyylG nwnnnnt-
pyntGGtpny:

Lbddw 11.3: hgnp (11.1) L (11.6) hwiwYwpgbipp hwiwpdtp 66 L P(2)-G
(11.1) =h nplt hhdGwpwp dwwphg t Un ghiwend W) = S()P(1) dwuwnphg-
InuGlyghwh hwhnhuwGnud t hhdGwpwp dwnphg (11.6) hwdwywpgh hwdwnp:

Uywgnyg: Jwiwdw)h wwydwbh detS(#) #0 L detdP(s) #0: Itwnbwpwp
detW(r) #0: Ujnwu ynnihg

Y1) =S OP@)+SEHOP() =S ()P@) + SOAD)D() =
=[S0+ SHADB ™ ¥ () = CHP @)

LESow 0 wwwgnigywd t:

Pbnpbd 11.2: Npwbugh (11.1) L (11.6) hwiwhwpgtipp (hGEG hwdwpdbp
wlhpwdbzn t L pwjwpwp, np Opwip NGEGWG pGnhwinup (GnyG) dnGnRpndhwgh
dwnphg:

Uywgnyg:  UGhpwdbpnmpyml.  nhgnip (11.1) L (11.6) hwdwlwpgbpp
hwidwpdtp &G: Gpt P(2)-0 (11.1)-h nplt hhdGwpwp dwwiphg t, www, pun (Eddw
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11.3-h, (@) =S@)P(¢) dwunphg-Pnibyghw YhGh bhdGwpwp (11.6)-h hwiwp:

tpti ®(r+ w) =P(1)- B, wyuhlpG B -G (11.1)-h dnGnapnihwjh dwwnphg b, wwyw
Yit+w)=St+0)Pt+0)=SHO)P)B=¥Y() B,

wyuhGpG’ GniyG B -G Gwk (11.6)-h dnGnnpndhwjh Gwnphg t:

Pwiwpwpmpimd. Yhgmp P(1)-0 L W(r) -0 hwiwywwnwuhuwbwpwp (11.1)-h
L (11.6)-h hhdGwpwp dwwphgp 66 L nghgnp P+ W) =P(1)-B,
Yie+w)=¥() B, wuhtpl (11.1)-p L (11.6)-p nGEG GnyG dnGnopndhwgh
dwwphgp: thunwpytGe S(t) =) P (¢) dwwphg-Pnillyghwh: Lwiu GYwinkGp,
np wjuwbu npndwé S(¢) dwunphg-$mblyghwl sybpwubpynn t L wGpbnhwwn
nhdbptGgtiLh t hpwyws wrwhgph pninp Yewnbpnud (pwGh np winwhuhp 66 ¥(¢) -G
L &' (¢) -0): Uywgnigklp, np S(2)-6 O-wwppbpwlwi t: bpnp
St+0) =P +0)P 't +w)=¥()-B-(®@¢)-B)' =¥()-B-B'd'(1) =

=¥@)- ') =S@0):

Npwbugh wwwgnigbibp (11.1) L (11.6) hwdwlwpgtiph hwiwpdtipnipynip,
pwywywh t wwwgnigly, np C(#) L A(?) dwwphg-Pnibyghwitpp Ywwdwsé GO
(11.8) wnGsnipywdp, Yuwd, np GnuyGa t

C)S)=S"(1)+SNA@): (11.9)

JdbtpghG GnyyGnepynilp wujwignigbint hwiwp Gwhu GYwntlp, np hwiwdw)G
ptinptd 8.5-h" jnLpwpwlynip qéwjhG Gnpiw)] hwiwubn hwjwuwpniiGbiph hwdiw-
Yunpqg dhwpdtip ybpwywGqbyned t hp hhiGwpwp dwwnphgny, wju nbwpnd

A =P ()-¢7'(). CO=P'()-¥'(:

Uie Ynndhg wéwGgbing ®()-P~' (1) =E GnyGnipyniGp unnwlmd bGp.

Y- b N)+0)- (@7 (1) =0, s (@7'(¢) =-d 'O ()P' (@)

Gopywjwgnudp: 3wpdh walbing wjy wobkGp, wéwGgkGp S(7) =¥(@)-®7' (1)
dwwnphg-pniGyghw’

S’ O=W O+ ‘P(r)(cp" (r)) =W O OYOP () -
PP (D' (1) (1) = C(H)SE) - S()A(®):
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Unwgywé  OnyGnipyniGp  hwiwpdtp t (11.9)  GnyGnipjwlGp:  @Lnpkdl
wwwgngyuwd t:

Ptnpbd 11.3 (LjwynilGny): Mwppbpwlwh gnpéwyhgltipny (11.1) hwdwlwn-
gh hwidwp gnnipyntG nGh R hwuwnwwnnid dwwphg wyGuwhupG, np (11.1) hwiw-
Jwpgp hwiwndtp t

¥=Rx (11.10)
hwuwnuwwnniG gnpdwlhgGbipny hwiwlwnghG:

Uwywgnyg: hgnip P(¢)-0 (11.1) hwiwywpgh nplt hhdGwpwn dwinphg t L

Ot +w)=P()B, npntin B -G (11.1)-h dnGnopndhwsh  dwwnphg t: Cun (11.4)-h
qnipyntG mGh R hwunwwntG dwnphg wyGwhuhG, np B =e“%. Ujnwu Ynndhg,

wyn R dwuwphgny 6Gwé (11.10) hwidwlwpgh e hhilwpwp dwwphgh hwdwp
wbtinh nuGh
RO+ Z Rt ok _ R p
GnyyOnpyniGp, wyuhlGpG  (11.10) hwiwlwpgG nGh Gy B dnGnapndhwh
dwwnphgp, hGs L (11.1) hwiwywpgp: Iwdwdw)b ptinptd 11.2-h" wyn hwiwlywpqbpp
hwiwpdbp GO: BEnpkitlo wwwgnigdwo t:
dwpdmpimuG 11.1: Whgnp a@t+ ) =a(t), te (—oo0,0), a€ C(—oo, =) :

Uwwgnighy, np y'=a(t)y (uquywp) hwywuwpnidp hwdwpdtp t x'=Rx hwyw-
x
uwpiwGp, npnbn R =Ia(1:)d1:: QuGl,  dnOnnpndhwgh dwwphgh (Ppl wyu
0
nbwpnid hwunnwnnG phy t) wnbupp L wiG s(2) Pnlyghwih wbupp, npG
hpwlwlGwglnuy t thnhudhwpdtip hwiwwwwnwuphwbnipynilp wnpywsé
hwywuwpndGbph (nuenudGbpp dholi: :
Ljwuinbtlp, np Juwiwjwlwd hwunwnntGg Jwwnphg upbih t nhunwpltp npytu
O-wwppbpwywb dwunphg-pnllyghw:
2wlh np (11.1) hwdwywpgh pnipp dnGnnpnidpwih dwinphgGlipp GowG GG, huly
GdwG dwuinphglGtplG nGGO GnylG ubthwywb wpdbplbpp, GnyG hbnpbpp L GnyG
npn2hsGbipp (wbu §7), wyw bhwdwfu (11.1) hwdwlwpgh dnGnapnihwih dwinphg
wlywGnid GO wyG Shwpdtip npnynn B dwwnphgp, npp 6GYmd t ¢, =0 Ybwnd

Gnpdwynplwé () () =E) hhdOwpwp dwwnphgny, wuhGpG
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B = ®(w) (11.11)
UwhowlGmd 11.3: Mwppbpwlwh gnpéwyhglbpny (11.1) hwdwlwpgh dnGnnpn-
ohwjh dwwphgh  K,,05, ), ubthwlwld wpdbpGbpp Yngdnud GO (11.1)
hwdwlwpgh nenhwy hhwinnpGp':
Untpinhuyhhwwnnpltip wGwGnedp wpnwpwgdned t hbnlywy wlnnudny:
Blinptid 11.4: L phdp (11.1) hwdwlwpgh dnypunhwhwwnnp b wyb b ShuyG w)h

nbwpnud, tpp gyntpynG mGh (11.1) hwiwlwpgh ng wphdhwy ¥ = @(2) tnomd
wjlwghuhG, np’
¢t + ®) = ne(r): (11.12)

Uwwgnyg: “hgnip 1L phdp (11.1)-h dntpinpyihlwnnp t, wjuhbpG gnjnipynch

mGh X, # 0 ysywnp wyGuhuht, np (nbu (11.11))
B%, = D(w)X, = WX,

(11.1) hwiwywpgh wyG @G(z) (momdp, npp pwdwpwpmd t @(0) = X,
ulqpbwlywlt wwpiwbht, hwiwdw)sé pbnptd 8.6-h, nibh (T)(t)E&)(t)io wnbupp:
Ujuntinhg’

Pt + @) = B(1 + W)X, = B(1) BX, = D(1)(F,) = pP(1)%y = pP(r) ,
wyuhGpG @(¢) (nudnudp pwywpuwpncd b (11.12) wwydwlhG L pwGh np io #0, wyw
¢)#0:

Jwhwnwpdp, nhgnip gmnpynts nuGh G(2) ns wphyhwy (MménLd wyluhuhG, np
P+ ) = puP(r): Lywlwyblp wyn (nédwh wpdtpp 0 Y X,-nd, wyuhGpl
®(0) = X,: Pwlhnp @) # 0, wyw X, # 0: Iwiwdw)G ptinptid 8.6-h

1) =P(0)%, (11.13)

Uuinbinhg htnbmud £, np p() = pd ()%, b G + ) = B + 0)%, = P(1)B%,:
Wdd @(f + o) = ud(r) wuwydwGp Yanpdh &)(I)Bio Eué(t)io Ywd, np GnyGG L,
&’(1)-[Bio —uxp]=0 wbupny: 3wadh weGbimd, np  det O(1) 20, wjunbnhg

! Untpinhwythywanp puinp Guiptigh t pupguwit nputi puwqdwwywinyhg:
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wnwGnud GGp, np BX, = UX,, wyuhGpld M phip dnywnpuyhiuunep b @unplioG
wwjwgnigywé L
Jwiwdwyd Lhnupth pwlwdlh (ntu (8.13)) &5(1) Gnpdwynpuwé bhdGwpwp

. N foamee  [wcon
dwuwnphgh hwiwp wtinh nGh det P(®) = det P(0) - e° =e° wnGsnt-

pjnilp, npinkin spA(T)-G A(T) dwwphgh htinpG t: wGh np det B=p, -|, ---- K,
(wnbu §7), wyw dntpnhuy hywnnpGtph wpnwnpuh hwdwp unwgynud t

©

[spAcrae
WMy, =€
Gbplywjywgnudp:
MYwnwpytiGp wjdd
¥ =AMF+ f(t) (11.14)

wGhwiwutn hwiwluwpgqp, npnbn A(2) -0 O-wwppbpwiwh Jwinphg-PnGyghw k,

huy f(t) -0 ©-wwppbpwlwh Yshnnp-pniGyghu:

Btnptid 11.5: Npwtiugh (11.14) hwdwywpgh y = @) (nonudp |hGh ©-wwn-
phpwywa ( §(2 + 0) = §(¢) ), wGhpwdbawn kL pwdwpwp, np

&0) =Pp(w): (11.15)

Uywgnyg: UGhpwdbnnpinip wyGhwjn b Pwdwpwpnipynmlp wuwjwgnigbipne
hwdwn AhnwplbGe F() =@ +®) blnnn-dnGyghwt, npp AM)-h L F()-h
O-wuwppbpwywlnipjwld 26nphhy  GnyGwbu YhGh (11.14) hwdwywpgh pmoénd
(unnigh| wlshowlwl ntnwnpdwdp): Cun (11.15) WwydwGh Y(0) = (w) = ¢0).,
wjuhlpl @ +®) L §(1) nonuiGtipp pwydwpwpnid G0 GnyG uyqpGwlywl wiuydw-
GhG: Iwdwdwih Ynpne lubGaph nuddwl dhwinipywl’ Gpwlp hwipGyGnud 6O wipnng
hpwluwl wewigph Ypw: BEnpbdh wwwgnigywé k:

Bbnpbd 11.6: Npubtiugh (11.14) wihwiwubn hwiwlwpgl nuGklw dtly L dhuwjG
ity oO-wwppbpwywd (musned, wlhpwdbwn t L pwdwpwp, np (11.1) hwdwubin
hwdwywngh dntpinpuyihywinnpGtiphg ng 06Yp hwdwuwnp shGh 1-h:
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{g =AOF+ f), 116
¥(0) = x,,
unznt fuGnph y = @(¢) (ménuip tipynud t (inb'u (9.7))
§@1) = &)(z){io + I&)" (t)f(t)dt} (11.17)
0 -

pwlwdlny: Cun plinptd 11.5-h' npwbugh wjyu (Méndp |hGh ®-wwpptipwyw,
wGhpwdtan t L pwywpwp, np ntnh nobw  @0) = P(W) wWwydwahp: Iwdwdw)b
(11.17)-h wyn wuwydwGp Yapyh

%, = §(0) = (@) = (@)%, + B(w) [ &7 (1) f (D)
0

wbupny, wyuhlpl ®-wwppbpwlws ¢(2) médws G(0) = X, uyqplwyws wpdtipp
ytunp t hwlnhuwGw

(@ -Ek, =-8(@)| & (1) f (v (11.18)
0

hwipwhwwlwG hwiwlwpgh ()'c'oulﬁhumn ybywnph  GYuwndwdp)  (nudnud:
Uyuwhund’ npytugh (11.14) hwiwlwpgb nlbOw dbYy L dhuyl dEY @-wwppbipwlwh
tnonud, wlhpwdtn t L pwjwpwp, np (11.18)-p nGEGw dbYy L dhwyb dky 350

(nténLd: Upw hwdwp, hp htipphl wGhpwdtw t L pwywpwp, np <‘l~>(0.))—E Jwuw-
phgp (hGh hwlwnwndtiih: LwGh np

det(&(m)—E): -, =1)..(, 1), npunbin HisHaseo iy 0
515((0) =B dnGnopndhwsh  dwwphgh  ubhwlwl wpdbpGbpd GG, wyuhGpl
dnywhy hywwnpllipp, www (11.14) hwiwlwpgh O-Wwppbpwlwl LGMGp
qmnipyntG niGh b dhwyG t wyl b dhunyG wylb nbwpenud, Gpp B, 21, k=1,2,...,n:

Btnpbul wwwgnigywé t:
Thuwwplybtp (11.14) wihwiwutn hwiwlwpgp wyl dwubwynp nbwypndd, bpp

A(t) Swwnphgp hwunnwunnG t A(f) = A
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Y =Ay+ f@t), Ae M™, fr+0)=f(t), teR (11.19)

bwnbwlp 11.1: Npwbugh hwunwwnnt gnpswlhgbbpny L ®-wwppbpwlwh
wquwwn winwilGtpny (11.19) hwiwywpgp nlGbbw de6Y L dhwjb dGY O-wwppbpw-
QG (nuénwl, whhpwdtan t U pwdwpwp, np A dwinphgh ubhwyw wpdbipGtphg ng

dblyp hwydwuwn s(hGh 2—7(3’1 kez, [=v-1):

fotinpbd 11.6-hg phunn wju Winiwls wwwgngp wewowplymd blip Yuwwwnbi
poptipgnnhl (pwywlywb t wwwgnigti, np
det(eA“’—E)= (€M -1)(eM® =1)-...-(e™* ~1), npbin A, Ap,.. A, 0 A dun-
nhgh ubthwlwh wpdtipGhpt GG):

2wlh np (11.19)-h0 hwiwwwwnwupuwing = Ay hwiwube hwiwywpgh
hhdGwpwn dwwnphgp, Gnpdwdnpdwé £, =0 Ybwnd, nuGh &>(t)=e~ wnbupp,
www (11.19) hwidwlwpgh O-wwpptipwhwa (nusnwip (Gpp wyld qrgrepynia mGh L
Uhwyo b) Ywpbh t qpb} pwgwhwjinnpbb:

bpnp, (11.18) wnﬁznlp]mﬁhg qulnud bGp wyG X, ulyqpGwlwl wpdtpp, npp
6Gnud t @-wwppbpwlwh (nuénudp’

fo=(B-e®)"er [ Flan=B-e™) [er . Froyar:
0

0
Stnunpbing X, -h unwgdwé wndtipp (11.17) pwlwdlh obg,- unwGnud GGp
O-wwppbpwlws nuénudp htivnbywy tnbupny’

§)=e™(E-er)". Te’““"" - f(Rdr+ je“’“) . f(v)dr:
0 0

3wyuh waGtind, np e L E—e*® swinphglbpp nbnuihnfubih GG, pwqiw-
wuwinlbGp YtpghG pwGwdlp dwhuhg (E — e®) -ny: Yunwbwop
w ! !
(E- et Ji(r) = ™ j e f(t)dr+ j AV f(t)dt—er® - eV j e f(tdr=
0 0 0
[0} - ! - t -
= e"[l "0 f (e [ Fuydn- Ie"“‘*"fmdr] =
0 0

(]
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=eM [Ie'“ f()dr —Ie“""" f ('c)d*c] : (11.20)
0 [

tpt UbpghG hGunbqpwinid YwuinwnpbiGp T, = T— O hGwnbgpdwh thnhnhuwlwhh

thnhuwnhGned, www hwaydh welkind, np j?('tl +Q) = f(‘l:,) , QuunwGwGp
-

_.l’e‘A((D-t)}"(,c)d,c - _ J'e"“li(—cl +(l))d1;l =— le Atf('t)d’ri
0

[ 0

Stnwnptiny (11.20)-h dbp YnLGLGwhp.
t - t
(E-e*Jp(e) = e [ [e* Fmdu— [e™ f(t)d‘c} =e - [ f(u)dr:
0

0 -

Ujuyhuny' (11.19) hwiwlwpgh O-wWwpptpwlwb (aedntdp nipgnud t

30 =[E~er]"- ie““"f(r)dr

Ao Y!
pwlwadlny: Mwpq t, np wpu pwlwdlip Ghown t, Gpb qnynpyntG nibh (E—e )_
hwywnwpd dwinphgp: buly ytpehGu qninipjniG nibh, tipt A dwuwnphgh ubthwlywG

2mik
wpdtipGtphg ng dGYp hwdwuwp st ——, k€ Z (hbnlwGp 11.1):
®

Yhunwpyblp hwunwwnndd gnpéwyhglbpnd L @-wwppbpwlywt () wquun
wonwind L(p)lyl= y™ +a,y" ™ +a,y"? +...+a,y= f(1) (11.21)
n-pn upgh qéwihG hwywuwpnudp: RwGh np L(A) pGnipwagphs puwqiwbnwish
wpdwinGbpp  hwipGyGmd GG (11.21)-hG hwdwpdtp X = AX + f(t) qOuighG

Gnpdw} hwiwywpgh A dwwphgh vbthwiwG wpdbplbph htn (wwwgnighl), www
(11.21) hwqwuwpnudG mGh oty L Shuyb dbY O-wwppbpwlws (nénud, tipt L(A)

2mik
pGnLpwanhs pwqiwGnuwih wpdwinGbphg ng dklp hwdwuwp sk —(5— ke Z:

Jwpdmpyml 11.2: GGk, Yy —y=sint hwiwuwpdwG Shwy 2%
Wwppbipwwa gnuénuwip:
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SLOMNv IV
52PU3PY LARLER

tpt nhdpbptGghw hwywuwpdwG (MémiGtphg wbwp bt wowGdlwglbty w)l
tmdnudGlpp, npnlip pwdwpwpnid GG npnawbp  wwydwGGEph hGg—np  wnhpnyph
tqpmud, www wuntd G np plwé t bqpuighG fuGnhp: Yhbptaghwy hwjwuwpnud-
Goph wbunipywl wyu dbdwoéwduwy plwqwywrhg (hwnjwwbu pnjwinwlwihg t
tqpwjhG fuGnppGtph wbunpynilp dwulwywl wéwbgyw)bbpny hwywuwpnidbGbph
hwdwp), undnpuywhb nhdbpbGghw) hwldwuwpmdGbph unyG nuupGpwgnid pln-
anyti GGp Gqpuyhl fuGnhpp 72-pn Ywpgh qéwhG hwjwuwpdwG hwdwp (§4) L npny
swihnd - Cwnepd-Lhnudhih fuGnhpp (§2-3):  Cwnepd-Lhndhth - GgpughG  tuGnph
ubthwlwh wpdtipGiph qnynipyntlp wwwgnigynud t (§2) tpuypnpn Ywpgh qéwjhG
hwdwutin  hwywuwpnudGiph  méniGiph  qpnGGph  nuundGwuhpdwG  (Cwnpdh
wtiuntpyntG) hhdwG Ypw (§1):

§ 1. 6furn/d YUreh QoU3EL QUUUUEN LU UUULARNIGERR
LARGORIGETE 2PNV UUURY:

Qhwwpytlp Z wlhwin nilyghwyh GLundwdp
7+ p®)7+r()z=0 (1.1)

qduwjhG nhdtipthghw( hwdwuwnpnudp, nph p(t) L r(t) qnpdwyhgllinp ¢ wlywhu
thnthnfuwYuwGh wGplnhwn hpwlwb Hnbyghwbbp bG, npn2ywé [a,b] hwwnyjwény:

L&dow 1.1: (1.1) hwwuwpiwl Ywiwjwyws ng tphdhwy (GnyGwpwp qpnghg
wwpptn) 2(f) (médwh qpnGpp wwpq 60O, wjuhGpG btpt nplt £, Ybwnwd
z2(t,)=0, wyw z'(£,)#0: Pwgh wm, Ywiwwyws ng wphyhwy (NLEGWE
qnnltph pwqdnipynilp sh Ywpnn nbblwy vwhiwGwshG Ybn [a,b]-nui, wjuhOpl’
qpniGpp UEYnLuwgywé Yhntnp Ga:

Uupugnyg: b (1.1) hwwuwpdwG z(#) (nédwh hwiwp z(¢,) = 2'(2,) =0,
www Ynpne fuGnph (nddwh ShwynpyniGhg htnlnud t, np z2(¢) =0, te [a,b] :
Uuwhuny' ng wiphyhwy (nusdwh qpnﬁbnn Ywpnn &G |hGG] Shw)G wwpq (wunwd 506

-
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Guwl, np Opwlp wewohG Ywpgh qpnitip GG): Yhgnp Z(t) ns wphyhwy |nLédwG
t,tyyo sy, qpnObpp OGO uwhiwGwihG Yo, wyuhGes  z(2,) =0,
k=12,...,n... L t, >E€e[a,b], tpp n > eo: U nbypnd z(r) MOTwGE

z(t,)— z2(§)
t,-&
fuGnph (n6dwO ShwynipyniGhg nwnpdjwy htnbnd £, np (1) =0 te[a,b], hﬁzuf
hwywund t dbp BGpwnpmpjwip: Wuwhunyd' (1.1) hwjwuwpiws ns Gh pnuénwd
(pugh z(£) = 0) sh Ywpnn nuGbGuw) wiytipe puny qpnltip [@,b] thwy Shewlwypnid

(hGgnL”): LEG0wG wwwgnigywé t:

L2kGp, np wju wwpwagpwdpnid nhunwplynd &6 dhwjG hpwlwa (peémdbbpp:
(1.1) bwjwuwpdwb ng wphdhwy (nénuip YulGdwlbGp wrwwnwbyng, tipt w)l ntbh

nnapyntpyniGhg htinbnud £, np z(§) =0L z'(§)=£i_r£ =0: unpm

[a,b]-nud wnGywql bpyne qpnGlp: Iwhwawl nhiwpnud, wyuhGeG' pp (MLENLYD NLGh
ng wyti|, pwb dtYy qpn, wyt Yynsdh srnwnwiynn:
Npwbu ophGwl’ ahuwpytiGp
y —m*y=0 (1.2)

y +m?y=0 (1.3)
nhdtptbghw; hwywuwpmibbpp, npubn Mm-p npwywb phy t: RwlGh np (1.2)
hwywuwniwG pGohwlnp (Ménwip wpdns t y(r) =ce™ +c,e™ pubwalng,
wuww htiin t wbult, np wju hwjwuwpiwld Ywiwjwlwb ng wphyhw] (pLéNL
wipnn9 hpwlwbd wnwGgph Ypw Ywpnn bt pnnilb), qpn wpdbp ng wyb|, pwb vky
wlqwd: Ujuwhuny' guliwgwd [a,b] hwindueénud (1.2) hwjwuwpnudp snibh nw-
tnwOynn (nuénudGhip:
UhGgntn  (1.3) hwywuwpnudp, nph plnbwGnip hpwlwG pnednudp wpydnud t
y(t) = Asin(mt + @) pwiwduny (A-G L @-6 Ywiwjwlywh ppwywh hwunwwnniG-

Gbp 6G), wyGhwynnpbG nGh inwwnwbynn (PenuiGlp Yywiwjwiwe [a,b] hwnyw-

2n
onud, nph bpYwpnpymiGp ObS t Ywd hwdwuwp — -hg: Rwlh np Ywlwywlwd ng
m .
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.4
uphdpwy (médwG (A #0) hwplwG qpnGtph htrwynpnipynilp hwdwuwp £t —,
m

www (1.3) hwjwuwpiwG YwdwywywG (nenwd (ng wphdhwy) [a,b] dhewywjpntd

nbh
[——(b_a)m] Ywd [——(b_a)m]ﬂ (1.4)
T T

qnn, npuintin [x]-ny GowGwyt) GGp x pyh wipnng dwup:
Gpypnpn Yupgh (1.1) hwyjwuwpdwl (ndnudiGeph qpnGbph  hBnwqnundwb
hwpgnud Yupbh t vwhdwGwhwlyyby

y +q(t)y=0 -(1.5)
wnhwh hwldwuwpnuiGbph muunuitwuppdwdp, pwGh np wipGnhwwn nhdtiptGgth
p(t) qnpéwygny plnhwGnip wbuph (1.1) hwywuwpnudp

-;-ip(é)dﬁ
y@)=2z(t)-e ® (1.6)
thmhnlu_wuwﬁh thnpuwphGiwdp pbpynud E (1.5) wnbuph, npuntin
pi®) _p'®)

) =—-——— t): 1.7
q(1) 2 5 +r(t) (1.7)

hpnp, nbinh nuGh hbinbjwy wannudp

Lbdow 1.2: Gt p,p’,re Cla,b], wyw (1.1) hwywuwpnuip hwiwnpdtp t
(1.5) hwwuwnpdwap, npnud g(t) qnpéwlhgp npn2ynid £ (1.7) pwlwdling, wjuhGpl’
(1.1) hwjwuwpdwG wikG 6h z(2) (Mévwlp hwiwwwuwubuwbntd t (1.5) hwdw-
uwpiwG dbY U dhwyG dbYy y(2) (nenudp, npp wipdned ¢ (1.6) pwbwalng:

Uwwgnyg: UsuwhGgtiiny (1.6)-p° unwGnud LGp.

‘ ’ ) ’ %ip(&)«i . %ip(&)«&
y®=z(@)e™ +Ep(t)z(t)'e "

npnbnhg, hwadh wnGbind, np 2°(#)+ p()Z' (1) =—-r()z(1), ¥* wowlguih
hwdwn unwbnud LGp
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%jpm& %jp(btﬁ o Hp@m
ym=z"(-e® +p)Z(@t)-e"” +[5p (t)+zp’(t)]z(t)-e o=

=—q(t)y(t)
GntyGnupyniGp, npG k) GawGwyned t, np (1.6) pwGwadbnyg npndwé y(2) PniGyghw
hwOnhuwGnwd t (1.5) hwywuwnpdwG jnenud, npntkin g(2) gnpéwlhgp npnadnud t
(1.7) pwlwdbny: LEddwl wujwgnigywé t:
LywwntiGp, np (1.6) pwGwdlhg pLnud t, np z(2) L y(¢) $nGyghwhtipp qpn LG

nwnlnud dhwdwdwbwy: (1.5) hwjwuwpdwhd qpnGiph neunuGwuhpiwG hwpgned
hhiGwpwn nkp nuGh hGnbywy wlnnuip:
BbnpLd 1.1: (Cinepd). YhunwpytGp

Y +q,@)y=0 (1.8)
Y +q,(1)y=0 (1.9)

hwywuwpnudGtpp, npitin g,,9, € Cla,b]: bpt
q,(1)24,(1), te(a,b] (1.10)

wyw (1.8) hwywuwpdwb Ywiwjwywl jnddwh jnupupwbgnp bpyne hwplwa
qnnGkph dhol qunGyned t (1.9) hwdwuwpdwa wdkh dh | nédwh webwqb d6Y gpn:
Uwwgnyg: “hgnip y =u(t) dnGyghwt (1.8) hwwuwpiwh  wwwnwbynn
LnLonLl t L 40 n tp Gpw hwplwG qpnGLpG ta
W@ )=u(,)=0,a<t, <t,<b, u(@)#0,te(,t,)) huy v(t)G (1.9
hwywuwpdwG nplt  penud b Pwqiwwwnybing @ () + q,u()=0
GnuyGnepyneGp v(2) -nd, huy v7(2) + q,(®)v(t) =0 GnyGnipynip #(2) -ny L hwGtiny
unwgywé wnweh GnyybnipynGhg Gpypnpnp” unwbnud Lap.
u’(r)v(t)—v’(z)u(r)E%{u'(t)v(t)—v’(r)u(t)}s{qz(t)-q.(r)}u(t)va) (1.11)

hGuntigptiny (1.11) GnyGrepynilp [2,,2,] hwundwéndd b hwdh weGbiny, np
u(t)) =u(t,) =0, unwhnid tGp :
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u(t)v(t) - (6)v(n) = I{Q2 (0)—q,(O)}u(r)-v(t)ds: (1.12)

4

wlh np ¢,-p L t,-p u(t) PnGyghwih hwplwb qpnlbpG 66, wwyw (1,,1,)
dhowlwypntd #(?) -G wwhwwn t Gowap: Canhwhpnpynibp shuwpunbiny’ Yuntih
t GGpwnpby, np u(t) >0 (2,,1,)-nd (hwhwewy nbwpnd Yupbih t nhnwpyty
—u(t) |monip): lijumbqhg L ou(t)=u(t,)=0 wwpswbhg htwnund t, np
u'(t)>0Lu'(t,)<0:

Nhgnip ptinpish whnnulip wbinh sneGh, wyuhGpG v(¢) -0 [t, ,t2] hwwndwénid
qpnGbp snGh: Un nbwpnd v(2) -G [tl A ]-nui wwhwwGmd t Gawbp: Yhgnip uyh
wokGnipbp npwlw t (pwgwuwlwGh nwpp pbpnud t GnyG wpnyniGphG): U

nbwpnud (1.12) hwjwuwpnipjwl dwhu Ynndp pwgwuwlwa phy k, huy we Ynndp ng
pwgwuwlwb: Unwgywéd hwywuntpnilp wwwgnignud k pnpkdp:

Ftuntuwbp 1.1: tpt g(¢) <0 nplt [a,b] hunngwenis, wyw y*+g(t)y =0
hwjwuwpnudp w)n hwindwéntd nwwnwGynn (ntémd sncbh:

Uwwgnyg: gnip nwwnwGynn (nonud goynipynth nGh L 2,-0 nu 2,-p wyn
nddwh  hwplwG qnnﬁh[;ﬁ ta, as<t <t, <b: IwdwdwyG Cwnupdh plinpbidh,
y’=0 hwywuwpdwl wdbG dh (nudnd [tl ,t,] hwwnywdontd wnGwuqlb obY wilqud
wbwnp t pGnmGh qpn wpdbip, hGsp wyGhwynnpG upuwy t ophGwy y = const #0
(neSiwl hwiwp: IGnbwipl wuywgnigyws t:

Iwnlwwlp 1.2: Lpb t,-Gm t,-p y + q(t)y =0 hwdwuwpdwa nplt 'y = u(t)
(modwl hwplbwl qpnlbp 66, wwyw wn hwywuwpdwl jnpwpwismp, u(t) -h hbn
@onntiG wllywfy, (mémd (,,t,) dhowluypnd mh dhown bkl qpn:

Uwwgnyg: Fwdwdw)l Ctﬁnlndh plinptith (nhvwpynid tGp
4,()=4,()=q() nbupp) Y +g()y=0 hujwuwpwl Ywouuwlws
y =v(t) mond [t, ,t2] hwwnywénd whnp t nuGtlw walwqb dtY qpn: et v(7)
L u(f) (monuiGhipp QonpbG whlwiu b6 (L u(t,) =u(r,) =0), wyw v(,)#0 L
v(t,) #0, pwGh np hwywewy ntiypnd ¥ L v |monuiGeph YpnGulywlp, pun
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Lhnudhth  pwGwdbh, GnyGwpwp 'huu[wuwn YihGh qpnjh, hGsp hwlwund t
(nLénLiGbph qowjht wiywlunpjwlp: 3twbwpwp V() (nenudp nGh weGywql dky

qpn (2,,t,) pwg dhowlwpnid: Shgnip v(¢) -G niGh dbyhg wybh qpnGtp (2,2, ) -
nd L t-p e fp (2 <t <t <t,) Gpw hwplwG qpnbph 6G: Iwdwdw)G
Cuwnipdh pnpbdh «(t) (nuwsnudp [t3,14] hwunyuwéond whnp t nGkiGw weGywql vty
qnn, hGgp hwywunid t wyG GGpwnpnipjwlp, np ¢, -p b £,-p u(f) -h hwplwG qpnGbpG
bG: IGwnkwpwn, v(t) -0 (2,,¢,) -l nGh Shan dky qpn:

Jtwnbwbp 1.2-h wOnnudp niph2 funupnd  Jupblhp t dLwlbpwbp wjuwby
y +q()y =0 hwjwuwnpsws qonpbl wlywlu |nonuiGtph qpnGbpp pwdwanud bG
ohyjwhg (WEYpGndhgynud LG):

OphGwy Ywpnn G Swouyby sin? L cos? dnGyghwGbpp, npnGp y’+ y=0

hwjwuwpiwlG qonpkGt wlYwpu |némibbpt GG L npnGg qpniGtpp pwdwlmd GG
dhijwGg:
Bbnpbd 1.2 (Ruitdwwnnipyjwl pbinpbd):

Ygnip u(2) -G (1.8), huy v(¢) -G (1.9) hwywuwpndGtiph (nudnLiGbG GG, npnGp
a Ytuinud pwyjwpwpnid GG Gnyl uyqplwlwl wwyiwGGtphs
u(@)=v(a), uw'(a)=v'(a), (1.13)
L nhgnip q,()>q,(t). te [ab):
pt u(t)-6 (a,b] Yhuwpwg hwindwsnmd mGh m hwn qpn (M 21), wuw
V(1) -G GnyG (a,b]-nmd nGh ng wwhwu, pwG m qpn L v(2)-h k -pn qpnG u(1) -p

k -nn qnnjhg thnpp t:
Uywgnyg: LawGwlkGp 2,-ngd w(t) (Modwh @ YbwnhG wibGwinn (La -hg

wnwppbip) qpnG: RwGh np u(2) -h qpnllpp wwpq 66 L Sbynuwgywé Ytwnbp 66 (wbu
(tddw 1.1), wyw wnwhup ¢, qnynpiG mGh: PLNPLYL wwwgnighiint hwiwp
pPwywywl t gnyg wwy, np (a,t,) dhewlwpnid v(#) (nténtdG nGh wnGlwql dby
qpn: GGpwnpbiGp hwiwnwyp v(¢) #0, bpp £ € (a,t,): Canhwhpnipynilp shawpunt-
iy Ywpbh t hwowpty, np v(#)>0 L w(®)>0, bpp t€ (at,): RwGh np
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u(t,)=0, wyw wju tGpwnpnipyniGhg hbtivlnid t, np u'(t,)<0: hGunbiqptiny
(1.11) GnyGrupynuGp (a,¢,) -ny b hwayh weGbiny (1.13) Wwydwlp unwinid GGp.

Wt v(t,) = f {00 - q,Olu(t)v(0)dr:

JdbpohG wnGsnpyjwl dwpu Ynndnud qpdwé phyp u'(tl)v(t,) <0, huy we
Ynndnud gpdwé dténugyniGp npwywi b GYwip hwlwunipjwl: @bnpbdit wwwgnig-
qué t:

YhpwnnipyntGGepnls uiplnp nbp b fluwnned

Y'+(A-q0))y=0 (1.14)
hwywuwpnidp, npinbn A -G Yndubpu wwpwdbip &, hul q(t)-G (hGswbu L GhGg
wydd) [a,b] hwudwséh Ypw npndwd hpwlwl wipGnhwn pnGyghw t:

Btnpbd 1.3: (Oughywghwjh ptinpbd'): YwiwjwlwG 7 pGwywh pyh hwdwp
qunipntd nGh A, ppwywG phy wyGuwhuhG, np tpt A2 A,, www (1.14)
hwywuwpiwG jnupwpwygnp y = y(L,A) (nénd [a,b]-md nGh wnlGwqd n
hwuwn qpn:

Uuquignyg: PGswbu Jbpp Gybg (nbu (1.4)), Y +m’y =0 hwywuwpiws

YuowwhwG (nomd [a,b] hwingwénis mah l:(b-a)m] Y [(b —na)m]‘*_1
T

qpn: Ywiwywlwb 7 pGwlwh pyh hwiwp nﬁmnbﬁg m npuiwl phyls wybwbu, np
(b—a)m

wnbnh mOLGw
L

]2n+l wGhwwuwpnipymGp: A wwpwdbinph A,

wpdtpl hp htpphG pGnptGe wGuwbu, np wbnh  nuGbGu A, —q(t)2m’
wlhwywuwpnipynilp: RwbGh np [a,b] by hwndwséh dpw g(f) whGplnhwn
Inlyghwl uwhdwGwihwy t, wyuhGpl gnynipyml mlGkG g, L g, pybip wjbuwhuhp, np

4, <qt)<gq,. te [a,b]. www A, wpdtpp Yupbih t pGnpby A, 2 m® +q,
wnGsnip)nilhg:

! Ougpywghw (unhGuwlw pwnp Yupbih t pupqiwity vwwwingd puwany;:
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Jwokdwwnbiny wydd y +m’y=0 u y '+ A, =q®)y=0 hwjwuwpn.s-
Gbpp, Cunupdh ptinptidhg unwGnu GGp, np y'+(l,, -q(1))y =0 hwjwuwpsws
wdkG dh (nténLd [a,b]-nuj ntGh weGdwqG 72 huwn qpn: bpl A 2 A, www qpnGtiph
phyp Ywpnn t dhwyl wybjwlw: BLnpLdlo wwwgnigywd t:

§ 2. CSOMU-LPAREPLE 652MUSPV VARME

1756 p. Ywulbhhy PtinGnihG, nuuntdGwuppbind wipwgywd swjpwybnbpny (wph
nwunwinuiGtpp, tYywy wjuwpuh Jwubwynp hulnpp wbiwnp tp qubbk, wyl
$nuGyghwlbph pwqinipynGp, npnGe x€ (0,/) dhowlwipnd pwywpwpnd GG
- y'=l,y hwjwuwpiwbp, huy bwndwéh Swypwybnbpnid nueGnd G qpn,
wpuhlpld y(0)=0 L y()=0: JwjwuwpiwG dte JwuGwygnn A gnpdwyhgp
wwpwibup b (pGnhwipwwbu wuwé Yndwibpu), nph wpdbpbtpp Gwhuonpnp hwjyinGh
skG: tuGnph 62gphwn npYwépp wjuwhuhG bt qunGlp A wwpwitnph w)b wpdtpGtpp,
npnGg nbwpnud

-y =My (2.1
y(0)=0 (2.2)
y()=0 (2.3)

huGnhpG nuGh GneyGwpwp qpnjhg tnwppbip (nLdnudGlp L qunGb wyn \nudnuiGbpp:

Gnph npdwépp pynud b wlunynp dh pwih wwwnSwebbpny

1) Gwhunpn nuunudbwuhpnepntGObpned, Gpt wunud thOp pt nywéd t hwyw-
uwpny, GGpwnpynud tp, np gnpéwlhgGtpp hwynGh 66, huy (2.1) hwywuwpdwh Gk
A wwpwitnpp wGhwjn t,

2) (22) L (2.3) wuwpowbltpp wyqpiwywl wwpwbibp 60 L, hGwnlwpwnp,
(2.1)~(2.3) tuGnhpp Unznt tulinhp gt:

0wjwé wyn wGunynpnpjwlp, d6Gp hbunnpjwdp Ywpnn bGp (k] wju
hGnhpp: bpnp, Gwiu qulklp (2.1) qéwyhG hwiwutn hwywuwpiwG pbGnhwGnep

tonudp: 9ptigny pGnipwignhg hwywuwpnudp —|J.2 =A, qulnui GGp Gpw wpdwn-
Ghpp' W, =i«/x. B, = —is/_l_: b A0, wyw B, £ 4, Lnﬁqhw[]mn LnLonLiG nuGh
y(x,A) = c,e"’™ +c,e™ ™ (2.4)
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wbupp, huy etk A =0, wyw yx,0)=cx+c, (¢,-p0 L ¢,-p Ywiwjwlws
hwunnwwnGlep 6G): Npwbugh ¢,x+c, dmlbyghwl pwywpwph (2.2) L (2.3)
wwjiwhGbphG wlhpwdban t L pwwpwp, np ¢, =c, =0, wuhGpt A =0
nbwpnud fuGnph dhwy nudnuip GnyGwpwp qpn $mGyghwh t: Npwtiugh (2.4)
tnénuip pwywpwph (2.2) wwydwbhb, wGhpwdbawn t L pwdwpwnp, np ¢, =—¢, =¢
wyuhlph (2.1)-(2.2) huGnph |MLénLGERG GG
y(x,A) = c(e“m - e"’ﬁ“) (2.4)
Pnlyghwlbph pwqdinipynGp (c-6 L A-0 Ywiwjwlwe pytip GG): Npwbugh (2.4)
wnbuph $niGyghwi pwywpwph Gwl (2.3) ww)dwGh, wbwnp t, np nbnh nLGtGw
YA = cle™™ —e™)=0 2.5)
wnGsnipyniGp, npG hptiGhg Gbpluywglnud t hwdwuwpnd A wlhwpnh Ghwndwdp
(GYwuntGp, np ¢ # 0, pwGh np hwywnwy nbiwpnud (2.4)-hg unwinud tGp GnuyGwpwn
qnn (nénuip): Oty 2.5)p XYY =1=e?™, ke Z, nbupny, quiimd bGp (2.5)

2
hwywuwpdws jnonuiGhpp \/—E =_7tik_ yuwd A, =[—1tlk—] , ke Z: Stnwnptiny A

2
Tk
wwpwdtwph unwgdwé A, = (T) wpdtipGtipp (2.4) wpunwhwpnnpyw dGY, unw-

, i—x .’ . T[k
Gnud G y(x,A ) =c le! —e ' |=2ic, sme, ke Z, $ntlyghwGbph

pwqinip)nLlp, nprlghg JnpwpwiGynipp  hwinhuwomd t (2.1)(2.3) huGnph (noémG:
. . Tk
Lawbwytyny ¢, = 2ic, , (k€ Z), unwbwlp y(x,A,) =c, sin ik

A wwpwditinph wyG wpdtpGipp, npnGg nbwpmd (2.1)-(2.3) fuGnhpG nGh ny
wphdhwy  (OnyGwpwp  qpaghg  wiwppbip) (onLdGEp, Yagymd GG wyn  fulinph
vihwlywl wpdbpGbp, huy hwiwwwnwufuwhd nomBGEpp vbypwlws prllyghw-
abp:

Ruwidwduwyl wju uwhdwbiw (2.1)-(2.3) lulnph ubithwlwb wpdtiplbnG b6
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2
A, =(£lk—] . k=123,... (2.6)

putipp, huy ubthwlwd pnGyghwibpG LG
Y, (x)=y(xA,)=c, sin%x, ¢, 20, k=123,... (2.7)

pnibGyghwhtipp, npnGp npnaunid G0 hwutnwwnnl pwqiwwwinysh Gunnipjwip:
LjwwnbGp, np utithwywl wpdtplbipp L ubthwywb PniGyghwbbpp hwiwpwywynid
66 dhw)G plwlwG gnignGlGbpny hGnbpulGtipny (wy) ng pb pngnp widpnng), pwGh np
k=0 ntwpnd yo(x) =0 (huy pun uwhiwGiwG ubkthwywa PniGyghwh fuGnph

. Tk
ng wphdhwy (nénudG t), huy pwgwuwlywh k -tpp hwiwp y_, (x) = —C, sin Tx.

npp, €, hwuwnwnnilh Yuiwjwlywbnipjw@ 2Gnphhy, GnyGa L, s Ly, (x)p:
362w t uinmqbi, np

1
Isin%xsin—ulﬂxdx=0, bpt k #m:
0

UGthwlwG $niGyghwbGtph wyu hwnynipynilp Yngynid t oppngnGuiinipynth:
3hzt0p, np dtippwdnp swihwlh nwpwésnpintbGepnid Gpyne Jeywnp Yngynid GG
oppngnliwg, bpk Opwlg ujwpywp wpnwnpuip hwywuewp t qpnjh: Yhwywp
wptnwnpjwih hwulwgnep)nibp uwhdwGyned b Gub $nbGyghwbbph hwdwp: Uuwby

Guwiwjwywd bGpym wGplnhwn  f L g $nlyghwGlphG (f.geC[a,b])
hwiwwwwnwuluwbnpjwh dke nGelp

(f.8)= | f(Dg(x (28)

phup L wiwikGp uyG f L g $nGughwGbph vlwypwn wrnwnpuy:

LywuinbGp, np wju uwhiwGdwG s f L g $nbGyghwlbpp Ywpnn GG |hGkL
Yndytpuwpdtp L, htwnlwpwp, ufupwp wpnwnpwip, pighwGpuwtiu wuwd,
Undytpu phy t: 36w £ inbully, np wyu Yhipy vwhiwGywsd uywywp wpnwnpwip
ntGh htnbyw| hwinynipyntGGLpp.

(f.8)=(g. f).
/=0 & f(x)=0,
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OM.8)=Mf.8). (f.Ag)=Mf.g):

f b g Pnillghwibpp Ynsynid kG oppngnbwy, tipt (f,8) =0:

dwpdmpimb  Uwwgnigti, np oppngnlwy dniGyghwGtipp qénptil waywhu b6
(pti Gpwlghg ng atYyp GnyGwpwp gpn gk):

Wuwhuny (2.1)-(2.3) fuGnhpG nbh hwpdtiih pyny ubthwlwl wpdtpGbp, npnGp
Ywqund 66 whGybpoh dquinn hwenpnwywlmpymb (wbu (2.6)) L hwadbh pyny
@onnbl walwfy ubthwlwha Hnbyghwbbp (nbu (2.7)), npnlp qniyq wne qniq oppn-
qnlwy &G:

Munwphdws (2.1)-(2.3) fuGnhpp Unsdnud t Ggpuypl fulnpp, pwlh np (2.2) L
(2.3) wwydwGGEpp npynud GG [0,/] hwwndwéh dwjpwybinbpaud (kqpnud):

Utp hhibwlywb Guywunwyblphg dGY6 E nuuntiGwuhptiy

-y +q(x)y =Ay (2.9)
y(a)coso+ y'(a)sinat =0 (2.10)
y(b)cosP + y'(b)sin =0 2.1

huGnhpp, npp Yngdnmd &t Ceormpd-Lhncdfyp Ggpuyhl fulinfp : Gapwnpdnud t, np (2.9)
nhdhptGghw) hwywuwpiwG g(x) qnpéwlhgp [a,b] ybpowynp hwuinydwéncd
npndwé, ppwlwlwpdtp wipGnhwwn  $niGyghw t,  wyuhGps Et_) =q(x),
g€ Cla,b): (2.10) U (2.11) bgruyhl wuydwGlbpmd  SwuGwygnn o L P
wwpwdtwnptpp (pUbpp) OnuGwbu GGpwnpdmd GG hpwiwG: Gaph (nudnud Ynsyned t
wibwhup y = y(x) (xe [a,b]) $niGyghw, npG [a,b] hwwndwéh Ghpumy,
wuhlpl (a,b) dhowluspnid, pwywpuwpned t (2.9) hwywuwpdwap, huy hwwnywsh
Swjpwybntpnud (a L b Ytwntipnud) pwywpwpnid t(2.10) L (2.11) wwyiwGGEphG:

Uwhdwlmd 2.1: A wwpwibnph wG wpdtpltpp, npnlg nbwpntd (2.9)(2.11)
fuGnhpG noh  ng tnphyhwy (neonud, Yngynud GG Cwncpd-Lhnudhih uGnph vbpwlwl
wndplbp, huy hwiwwwunwuhuwb (neonudbtipp Ynsynud 66 wyn fulnph vbpwlwl
PmGhyghwbbp:

36w t inbuGly, np Gpk (2.9)-(2.11) Cunupd-Lhnupih tuGnpnud YtingGliGp a =0,
b=1l, g(x)=0, a=B=0 wwyw Yunwgyh ytpp nunuiGwuhpws (2.1)-(2.3)
fuGnhpp: Uninpl gnyg Yupdh, np Swncpd-Lhnudhth uGnbpp pGrhwGnip nbiwpntd
wwhwwbnd t (2.1)-(2.3) fulnph 2w hwanynepyniGGtip, Swubwynpuwuwbiv’
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1) Cwnepd-Lhnedhih fuGnhpG nuGh hwpdbih pdnyd ubithwlwG wpdbpbbp, npnGp
pnpnp0 hpwywG G0 L Yuquinud G0 widbpeh dgunn hwenpnwlwbnip)niG:

2) Swppbp ubthwlwb wpdbpGtipht hwiwwwwnwuluwiny ubthwyws nibyghw-
GtipG oppngnluw LG:

LawGwytap ly -nyd (2.9) hwjwuwpdwb dwhu Swup, wjuhlpl

d’ » i
ly = [_IxT + q(x)}y =-y"+q(x)y Ut nhnwpyle (u,v) ulwyuwn

wpwnpwyp, ipwnptind, np 1,ve C*[a,b]: Uhpwnbyiny Swubpny hGunbgpowG
pwlwdlp YniGLOwGp.

b _ b _ b _
(tu,v) = [ (4" (D) + g(Du(0)- v(x)dx = = [W)du' (D) + [ gu(x)v(x)dx =

b
- j u(x)Vv (x)dx+

= -u’~§|: +iu'(x)?(x)dx-kjq(x)u(x);(x)dx = —.u’§)|

b
a

b _ — b =
+ [ gEuCev(n)dx =@V —u V)| + [u(x)- [V (1) +q(0) V(0] dr =

b
+(u,l'v),

= v —u'v)

npitn 1°v -ny Gawlwlby bGp I'v = —v"(x) + E(x)v(x) nhdtptGghwy wpnwhwj-
wnnpyntlp: Uunwgywé
(U, ) = @’ =V + @, 1) (2.12)
wnGsnipyniGp Ynguned t LwqpwGdh pwlGwdl (Ywd Lwgpwbdh GnuyGnepyniG):
Lbddw 2.1: bpt u L v ImGLyghwlbpp (u, ve C 2[a,b]) pwywpwpnid kG

(210) L (2.11) bqpuyhG wuwydwGGbphs, huy q(x) (g€ Cla,b)) PniGyghw
hpwlw t, wyw
(lu,v) = (u,lv) (2.13)

Uwywgnyg: RwGh np c_](x)=q(x). wyw "v=1Ilv: 3wiwduyt LwqpwGdh
(2.12) pwGwadbp' 3GnLd k unniqly, np
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WV —u’v) =u®B)b)—u' Gwb)—u(@Vv (@) +u'(@wa)=0:

Cunn wwpdwGh ¥ L v nilGyghwGbpp pwdwpwpnid GG (2.10) L (2.11) bqpw)hG
wuydwbhbphb, wjuhlbplb’ wknh nlGkG
u(a)coso+u’(a)sina =0, u(b)cosB+u'(b)sinf=0 (2.14)
v(a)cosa.+v'(a)sina =0, v(b) cosfB+ V(b) sinf=0 (2.15)
wnGgnipyntllpp ((2.15) —p unwGwint hwdwp ogunyned Ghp & L B putiph hpwlwa
LhabL Nt wwjdwGhg):

bpt  sina#0, www u'(a)=-u(a)ctga., 7(a) = —\—z(a)ctg(x L,

hownbwpwp  u’(@)v(a) —u(a)v'(a) = —u(a)v(a)ctgo.+ u(a)v(a)ctga = 0:

- - — b
bpt sina=0, wyw u(a)=v(a) =0 L ypyne (uv' —u'v)| wpnwhwynnipjwi

a YbtwnhG Jbpwptpnn Owup nunGnud t qpn: LnylGwuhy quonnpnepyntGGtpnyg
wuwgmgynd t b Y6 Ypwpbpnn dwuh qpn |hGGp: LEiwh wuywgnigywé t:
Lbddw 2.2: ppuhwlwpdtp q(x) qnpéwygny (2.9)-(2.11) Cwnpd-Lhnudhih

huGnph ubihwlywlG wpdbpGbpp hpwlwl GG, huy nwpptp ubhwywb wpdtipGhphG
hwiwwwwnwupswGnn utithwywh pnGyghwblipp oppngnliugy: )

Uwwgnyg: hgnip A, phup (2.9)-(2.11) fuGnph ubthwywG wpdbp t L U- G l,-
hG bhwiwwwunwufuwbing  utithwiwG  PnlGyghw t, wjyuhGpl wbnh mﬁiiﬂ
lu(x) =Au(x), x€ (a,b), GnyGnipnilp L (2.14) wnGgnipyniGGtipp: YbpgGhiiny
(2.13)-md v =u, unwlnud tGp A, (u,u) = (lu,u) = (u,lu) = x(u,u) :

Lwih np pun uwhiwbiwh « ubthwlwh IniGyghwh GniybGwpwnp gpn s, www
(u,u) # 0: Ibnbwpwp A, = X_, wjuhlpl ubthwlwG wpdtipGhpp Ywnnn GG (hGty
dhwjo hpwywa:

%hgnip A, phdn (A, #A,) Gnylwbu ubthwywl wpdtp t UL V-0 nPwG hwow-
wwinwufuwbnng ubthwywG Pncblghw t, wyuppG v(x) = A,v(x) b pwiwpwpdwe
G (2.15) GqpwjhG wwjpdwGGhpp: YpyhG oquuytiny (2.13)-hg uwnwGnud  tGp.
A, (V) = (u,v) = (u,lv) = i_z(u,v): Cun ybpp wywgnigywoéh X: =A, L
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hwnbwpwp, (A, —=A,)-(u,v)=0: RwGhnp A, #A,, wyw (¥,v) =0, wyuhlpG

wwpptip ubthwywl wpdtplbpht hwiwwwwnwuluwGnn ubthwywt $nGyghwbbpp
oppngnluw) bb: LEddw0 wwwgnigywo t:

3w L uinngli, np tpb u(x)-p ubithwlws Pnilyghw t (hwiwwwwnwutuwbnn
nplt 7&0 ubhpwywlh wpdtpht), wwyw ;(x) -p Onylybu ubthwlywb $nGyghw t L

u(x) +u(x)
htwnLwpwp ——2————-9, npG hpwlwG t, Gnylwbu ubhwlwb pnbyghw t,

huwiwwwwnwuhuwbnn lo ubthwlwb wpdbphG: Uu wwwndwnny htnwgquynid

YhwdwnkGp, np pnap nhvwplynn ubthwywt $nebyghwhtinp hpwlwb Go:
L6ddw 2.3: Lnyl ubthwywl wpdtphlt hwiwwwwnwufuwGng _ubmwuwﬁ
dnLbyghwGtpp qénptl Ywhudws Ga:

Uwwgnyg: Lawlwlybkip ujuwpwp wpunwnpup R? tdy hnywl vwpwédnipyne-

- . (a - (b
Gnud (ppwywbG hwppnipynilnuld) < a,b >-ny, wyuhGplt a = "fwb=|"
a, b, )
- ) cosa. )
JbywnpGtph hwiwp < a,b >=ab, +a,b,: R hi wwwbwing .
sin O
J

ytywnphG nupnwbhwjwg (oppngnlwy) yYbYwnnpGeph pwqdnpiniGp Yuqind t Gh

_ [cosa -~ [cosa . =
swihwGh nwpwénpyntl, wyuhlpl' bpb aJ_[ . ] L bJ_[ . ] www a=cb
sin Q. sinQ
(c#0):
Nhgnip u(x)-p b v(x)-p GnyG A, ubthwlwG wpdbphl hwiwwwnwubuwnn

ubthwyw $nibyghwltp 6G: Lwbh np npwip pwywpwpnid 66 (2.10) Gqpu)hlh ww)-
SwGhG, wyuhGpl ’

<(u(a) }(Cosa)>= u(@)cosa+u’(a)sina=0 L < ( o ]’[Cosa]>= >

w'(a) || sina v(a) || sina

[u(a) ] ( o ] ‘
www | =c| , c#0: Gwbh np u(x) L v(x) InmGyghwbtpp Gnyyl
u(a) v(a) :
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-y +q(x)y=A,y  hwjwuwpiwG  (néndGbp  bG, www  npwig
u(x) v(x)
u'(x) v'(x)
ql.ll, §5), nphg htwbnd t, np W(x)=W(a)=0, wuhGpt u(x) L w(x)
© Pnibyghwbtipp 6npbG Ywhudwé 66 u(x) =cv(x), c#0:

LEdiwl wwywgnigywd t:

Jwiwenn  gpbint Gwyuwnnwyng  hbwnwquynd  (2.9)-(2.11)  Cunepd-Lhneghih
fuGnph hwiwp YoqudkGp L(q,o,B) GawGwyniihg, pngéting, np wyl 6Gyncd t
q(x) niGyghuyny b (2.10) L (2.11) bqpuyhl wwydwiGhpnid dwubwygnn o L B
wwpwitnpbpng: LywwnbGp Gwl, np bpb bgpuyhG wwydwGGipmd o L B pytipp
thnhuwphGbGp oo+ 7k L B+ 1k (k€ Z) pytipnd, www bqpuih wuw)iwbGhpp skG
thntudh: Uu wwnSweny pwydwlw t nundGwuppty L(g,,B) pGnhpp, bpp
o€ (0,nt] LBe[0,m):

Udd wanpwnwnbwip L(g,0,B) hGnph ubthwywG wpdtpGhph gnynipjwG

W(x)= UpnGulywGh hwiwp wntnh nGh Lhnwhih pwlwdlbp  (wbu

hwnghG:
LawGwytiGp @(x,A)-ny
-y +q(x)y=»Ay, (2.9)
y(a) =sina , (2.16)
y'(a)=—-cosa (2.17)

Unznt huGnph (nuémudip: RwhGh np @(x,A) $nilyghwl pwdwpwpnid t (2.9) hwyw-
uwpiwip L @(a,A)=sina, ¢'(a,A) =—cos0t A wwpwdbiph papap (Yndwybpu)
wpdtipGtiph hwown, www w)b pwdwpwpned t (2.10) Gapuighb ww)dwGhG:

Npwbugh @(x,A)-G 1hGh (2.9)-(2.11) L(g,,B) hubnph (piéned, wGhpwdbw t L
pwywpuwp, np wil pwdwpwph Gwb (2.11) wwjdwGhG, wyuhGpG

@b, A)cosP+@'(b,A)sinf=0 (2.18)

wnGsntpjwGp, npG hptiGhg Ghpyw)jwglnud t hwywuwpnd A wGhwynh Guwndwdp,
nph (smsGnp L(q, &, B) huGnph ubihwlyws wpdbpGbnG b6:
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vyqpntd dkGp YnwunudGwuhpblp (2.18) hwywuwpnuiG w)G ntypnud, btpp

B =0, wuhlGpl

¢o(b,\)=0 (2.19)
hwyuwuwpniip b Yuwwwgnegblp, np w)G mGh hwadtih pdny |nénudbbp: Upwiny
wwwgnigdws Yhoh, np L(q,0,0) fubnhpG nGh hwadbith pdny ubithwywa
wpdbplbip: 360G4YGInY wyu wpyniGph Ypw' JwuwwgnegGp, np (2.18) hwywuwpnudp
GntyOwtu nLGh hwpytih pyny (péntdGbp Yuiwjwlwo Be (0, 7) pyh hwdwp:

PRtnptid 1.3-md wwwgnigytig, np Yuwdwjwlywt 7 pGwlwd pyh hwdwp
qnipyntG nGh A wwpwibnph wyGwhuh A, wpdtp, np @(x,A,) PnLllghwi
[a,b] hwngwénts nGh weGwqb 72 hww gpn L np A wwpwibph wEswG hbwn
wyn qpnGbiph pwlwlp wsned k:

2wah np @(x,A) nonuip pun (x,A) thnhinfuwlwGGlph gnygh whpGnhwn
$niGyghw t', nph qpnGbpp wwpq 60, wyw hwiwdwii wipwgwhwn PnGyghush
gnnpjwl dwuhG ptinptish, @(x,A) dmGyghwih qpnGbipp pun A wwpwdbiph
wGpGnhwuw nLbyghwbbp B6: UGt hG wbnp nLGh hbnbjw wbnnudp.

Lbddw 24: “%hgnip A wwpwdbnptiph nplt A wpdtiph hwiwp @(x,A,)
dnGyghwh mGh qpnGtp (a,b) -nud L nhgnip X, -0 wyn qpnGtiphg JGYG t: Ywdw)w-
Ywo, pwywywGwswh thnpp, € >0 pyh hwdwp gnynipyniG mGh 8 > 0 phy w)bwh-
uhG, np bpp |X-7Lo| <9d, wyw ]x—x°'<£ dhowluwipnid @(x,A) pniGyghwa
nLGh Shwn Gty gpn:

Uwuwgnyg: RwGh np (p(x,l.o) tmonudp GnylGwpwp qpn st (nbu (2.16) L
(2.17)), wwyw hwiwdw)t |Godw 1.1-h° x, -G wwpq qpn t, wyuhGpl (p'(xo,lo) #0:
NMpnwyhmpywl hwiwp bGpwnpbGp, np (p'(xo,ko) > 0: hgnp €-p npwywi phy
t, wyGwhuhG, np ¢'(x,7\.o) >0 pnop x-tph hwiwp x€ [x, —€, x, +E]
hwwnywoéhg (pwGh np @'(x,A,) PnGlghwl whplnhwwn t, wwyw wypgpuh € >0
phy quynepynLG nuGh): Upn nbiwpnid @(x ~€,A5) <0 L @(x5 +€,A4) > 0: Rwih
np (p'(x,l) Pniblyghwl whplnhwn t npuybu A wwpwdbtoph Pnlyghw, www

' Stugqinijuv. §8
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qmnpimG mGh wyGwhuh >0 phd, np @'(x,A)-G dGnd t npwlwG, bpp
A=2Ag[S8 (U |x—x, <€) 3Iwnbwpwp, dnGnonG  wonn  (pun X,
x€ [x, — € x, + €] hwunquénd) @(x,A) Pnilyghwl sh Ywpnn nGkGwy dbyhg
wybth qpn [x, —€,x, + €] hwungwonid: Pugh wyn, tpt 8 >0 phyp phuptlp
uyGpwG thnpp, np @G(x, —€,A)-6 0Gw pwgwuwlul, huy @(x, +&A) -6 0w
npwlwG, tpp |7\.—7\.0| <& (nw hGwpwynp t, pwGh np Q(x,A)-G whpGnhwun t),
wyw (X, —€,Xx, +€) dhowlwpmd @(x,A)-6 ymGtGw Shan dkYy qpn
Yuwiwjwlws A-h hwiwp (A, —8,A, +8) dhowlywjphg: LEdiws wywgnigyws t:

Nhgnip A, >A: o(x,A,) PnLGlghw pwywpwpmd  k
y'+(l, -q(x))y=0 bhwjwuwpswbp, huy Q(x,A,)p pwldwpwpmd L
y"+(7\,2 -q(x))y =0 hujwuwpiwlp L hwiwdwiG (2.16)-h L (2.17)-h npwap
pwydwpwpnd 66 Gnyo ulyqpiwlwb ww)dwioEphs a Ybwnnil:

Cuwn pinpbd 1.2h° @(x,A,)-h &k -pn qpnG @(x,A,)-h k -pn apnshg thnpp t,
wyuhGpG A -h woiwG hbin @(x,A) (n6dwh qpnlbipp 2wnpdyntd 66 nbwh dwlu b,
hwiwdwyG Ybpp wywgnigywd (Eddw 2.4-h, pwpdynid 66 wGpOGnhwwnnptG:

Lwah np O(x, A) 1nu6swa qpnGipp skYnuwgywé Yhnkp 66 L wikG th ybpow-
ynp A-h hwiwp qpnGliph Ghob tnwé htrwynpnepyniGp 066 t npnwlh npwywi pyhg

gt m<qg(x)<M, wyuw

L <x, (M) =x, M) S "), wuw
VA-m JA-M

qpnGbph pwGwlp dGnud t whthnhnfu A wwpwidbtinph npnwlh wpdbeltph hwdwp:
Lbdvw 2.5: LawhwytGp A - uyG A -Gbph yGphG G2aphin kapg, npnGg hwdwp
@(x,A) (momuiG (a,b]-nd nGh Ghain m hwwn qpn: Un phwend @(x,A)
PniGyghw (a,b] -nud ntGh Shawnn m+1 qpn, npnGghg dkp hwdpGyGnus t & -h hbw,
wjuhpl @(b,A") =0, huly sGwgweép (a,b) -nud bG:
Uupwgnyg: UnwghG hbipphG wwwgnighGp, np ¢o(x,X) ménuip (a,b) pug
dhowlwypnd sh Ywpnn mObGwp m-hg wybith qpnGbp: bpnp, nhgnip (p(x,x)-n
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(a,b) -mi mGh m+1 (Ywd wykih) qpnGtip: Iwdwdw) (bidw 2.4-h° qnynupniG niGh
wyGuwhuh & >0 phy, np tip A€ (A" —8,A") shewluwyphl, www @(x,A) (nénidp
(a,b) nud GnyGwbu YniGtGw m+1 qpn, hGsp hwywund £ A'-h uwhiwGowGp:
Unwnbinhg hbitnnud t, np (p(x,l')-n (a,b) -m nGh m—1 ywd m qpn: 6pb wyn
qpnGiph phup hwiwuwp (hGh m—1, wwyw b phyp (6wpwitwnp) wwpurwnhp
wtwnp t (hGh qpnGliphg dkyp (x,, =b), uwlyuyl YpYhG quihu Lhp hwywunipjuw,
pwGh np wyu nbwpnud GnyGwbu (pun (Godw 2.4-h) gynipyniG nuGh wyGuhup 8> 0
phi, np pngnp A€ (A',A" +8) A -Gbph hwiwp @(x,A) nonudG (a,b]-md niGh
m qpn, hGsp hwhwumd t A -h uwhiwGiwGp: Wuwhuny wywgnigytg, np ¢(x,A")-p
(a,b) mi nGh Ghain m qpn: UGnud t wwwgmgbi, np @(b,A") =0, (wjuhGpl
x,,, =b): ppnp, tipt @(b,X") £ 0, wwyw hwiwdw)l \Godw 2.4-h gnynipynil niGh
8> 0 phy wyGwhuht, np tpp A€ [A",A° +8) @(x,A)G (a,b]-nd mGh m qpn,
hGgp hwlwunud £ A" -h pGuipnipywGp: LEdiwG wwwgnigyuwsé t:

Ujuwghund @(x, 7») (m6dwG qpnGbph pwlwlp wsnd t dkYny, tpp Gnp qpnG

hwynGunud b b dwjpwybnnuy:
Npwbu ophGwly nhunwpytbp (2.9), (2.16); (2.17) unpnt hubnph (nuénuip
g(x)=0, aa=0(a=0,b=7) swubwynp ntwpnry, wyuhGps

-y =y
y(0)=0
y'(0)=-1
sin \/Xx sin \/Xx

Unnu fuGinph y = @(x,A) = - \[X Lnénuip (u'umtth, np - \/.): nly-

ghwG hpnp wyn Unanu fuGnph |nuénudG t): 3pgbiny sinx  PniGyghwh BGynph

2wppp’
3 s 2k+!
sinx=x——+x——...+(—1)" X
3t s - (2k+1)!

+...,

GYwuntGp, np
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sm\/—x 1 WA (W)X _ At AN
J_ J_(\/)—,x— 3 + 5 - ——X+'3—'— 5 +...+
k _2k+
+(-Dt- A x Foarenen ,
2k +1)!

wjuhlpl’ ~ Ny -‘p LGyghwG nanpy t (GniyGhuy whytipe nhdtipkGgLih) hﬁzulbu

pun x-h, wyGubu b pun A-h, x-h b A-h Yuwdwjwlws wpdtipGtinh hwdwp:

sin VA x sin \/Xx
in6dwhG@ qpnGepp: —
A VA

wn
hwiwuwpdwG ( x -h Gywindwdp) |néndGhpG b6 x, = x, (A) = —ﬁ ne Z pytpp,

=0

MuntiGwuhptilp  @(x,A) =—

npnip A wwpwdbnph $niGyghwibp GG Npwbugh wyu x, (A)-Glpp hw;mﬁmlbﬁ

(0,%] Yhuwpwg Ghowluwpmd, wbwp t wbnh MGGGws 0 < x, (A) = TSJ!:
uiﬁhwt[wuwnmﬂﬁbm: Mwpq L, np bpp <0 L A <0, wpu wihwywuwpniGhpp
wntinh gnLOkG:

(p(x,).)=—-Sin\/?—x (notwG  wewohG qpnG X, (7\.)=—%. hwjnGymy t

(0, ) -y, ipp A wwpwdbinpp pGonGmui t A =1 wndtip (x, () =7) b A -h wsswa
pipwgpniy (1< A <o0) wylb wpdymi t pbyp dwhu dGwyny (0, 7] -mu: Gpypnpn

2n
qnnG x,(A) =ﬁ. huyinGynud t (0, ] -nud, bpp A -G pGnnelnud t A =4 wpdtipp

(x,(4) = T) (wyn dwdwiwy wewsht qpnG x,(A) = x, (4) =§), b Ah wotwh

htinn GnyGwbiv wpddnd t nbwh dwhy dhaw OGwiny (0, %) -ms: n-pp qpnG

hwynGned t, bpp VA =7, wjuhGpG A = n® wpdtiph nbwpenud b A-h wESWG hbn
GnuyGwybiu 2wpdyntd t nbiwh dwju (Gwgned t), SGwiny (0, T) Shewlw)pnty:



Wu ophGwiynd wuwwgnigytg, np L£(0,0,0) hlGaph ((a,b) =(0, u)) ubthwlwG
wndtplbnG 66 A, =n*, n=1.2,..., pdtpp:

Nhgnp m<qg(x) S M , tipp x€ [a,b]: RwGh np g€ Cla,b], wyw wnuhuh
Jtppwynp m L M pytp qnynipymb nuGlG: Iwdbdwntip y'+(l-q(x))y =0 hw-
quuwpmdp Y +A-m)y=0 (A-g(x)SA -m) hwjwuwpdwG  hbwo:
y'+(A-m)y=0 hwjwuwpswG [néndp, npp pwdwpwpnud ¢t y(a) =sinQ,
y'(a) =—cos 0 ulqplwlws wwjswGGtphG nuGh

Jm-A(x -Jm-i(x-a) Jm-&(x-a) _ e-Jm—l(x—a)

“te cosa e
,A) =sina- - . =
y(x,A) =sina ) — 2
=sina-chw/m—l(x—a)—\/c_o_sa_x-sh«/m—X(x-—a)
m—-

wnbupp:  Mwp st unmgl, np  pwgwuwlwl L pwgwpdwl wpdtpny
pwdwlwlwswih d6é A -Goph hwiwp wyu Glghwl (a,b]-nd qpnGbp sniGh:
wiwdwyG pbnptit 1.2-h° Gyl A -Gliph hwdwp ¢(x, A) pnilyghwh GnyyGuybu zm.ﬁh.
qnnGGp (a,b] -nul:

Jwibiwwnbny y'+(2,—q(x))y =0 hwjwuwpmip Yy +(A-M)y=0
hwjwuwndwG hiin A —g(x) 2A—M) (hGsp Ywwwpdws t pbnpbd 1.3.0u0),
wbuGmd  GGp, np @(x,A) PmGyghwsh qpnGbph pwGwyp (a,b]md A
wuwpuwitinph wédwb htn qipwquignud t Ywiwjwlwb Gwuopnp plnpwd pyuhg:

Jwiwdws (Gdw 2.4-h Q(x,A) [nodwh qpnibpp whpGnhwin 60 Ywhws
A hg: Unws ynndhg hwiwéuyG pinptid 1.2-h, bpp A -6 wonwd t, wyn qpnbpp
awpdynud &G nbwh dwlu, SGwinyd (a,b]-nud, pwGh np qpnGph phup sh Ywpnn
Gywqby: Iwdwdw)l (Lodw 2.5-h, Gnp qpnGbpp hwynGynul 66 (a,b]-md «dnGbyny»
b ytinhg:

Mgnip W6 A wwpwibknph wowehG wpdtpG t, nph hwdwp @b,p,) = 0:
Mwpq t. np wynuhuh wpdtp qunipintG nuGh: . G(x,l,) Pnlyghwt (a,b) pwg
dhowlwpnid ng dh qpn smGh: hgnp K, -p A wwpwdbnph bpypnpn wpdtpG t, nph
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hwiwp @(b,u,)=0: (p(x,ulj $nuGyghwh (a,b) dhowlhwypnd mGh oty qpn:
tpt 1, -p A wwpwibnph (n+1)-pn wpdtiph t, nph hwiwp @(b,1,) =0, wyw
Q(x, 1L, ) Pnbyghwt (a@,b)-nd mGh n qpn: LwGh np hwiwdwylh pnpbd 1.3-h
@(x,A) |névwG qpnGliph phyp wiuwhdwGwihwy wonw t tpp A — e (L wikG dh
qpnb wwpq t jwdwjwlwe yepowynp A -h hwdwp), wwyw gnynipyntG nlhkh hwpybth
pUnd  Ho.lyseeslh,se.. pUtD wiGwhupp, np @b,K,) =0, £=012,.., L
K, —> 0 bpp k — oo

Wuwhund wujugnigwé b hinbyw) wannudp.
Blnpbu 2.1: Yhgnip g€ Cla,b], o€ [0,T):

Wn nbwpnmud L(g,,0)
(=¥ +ax)y=2ry

y(a)cosa + y'(a)sina =0

y()=0
bqpwjhG huGnhpG mGh hwadtlh pund Ko, H1,,...0H1,,... ubithwlwl wpdtipGlp,
npnGp Yuqinud GG wGdtipeh dquinn hwenpnwywhnipynil, puwn npaud, KL, ubithwywG
wndtiphG hwiwwwnwubuwGnn @(x,1,) ubthwywh $nbyghwG (a,b) dhowlyw)-
pnud nLGh Shawn n hwn qpn:

Mphy tunupnd  ubthwywG wpdtipGtph gnynpynuGp wwywgnigdtg L(g, ., B)
fuGnph sinP = 0 nbwpnud (GGt L(g, a,0) huGnph hwiwp):

Udd wuwgnigkGp, np L(q,0,B) hGnhpp GnyGwbu nGh hwadbih puny
ubithwywG wpdbpGbp, tpp B -6 unl:uijuwu Yt t (0, ) -hg:

Wu Gywuinwyny L(g,0,0) fulnph Kok, -5H,, - ubthwlwG wpdbpGtpp
GuuGwytGp p, =A,(0), £=01,2,-, puy L(q,o,B)fuGnph ubithwluG
wpdbplbpp GawGwykle A, (B), k =0,1,2,---, plngobyny, np Gpwlp Ywhuiws LG
B wwpwstwphg: Cun wyn Gawlwyiws p, =A, (0), k=0,1,2,--,:
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Bbnpbs 2.2:  Ywiwwywe Pe (0,7) pdh hwiwp L(g,0,B) huGnhpG niGh

hwadbith pdny ubthwlwG wpdbpltp, pun npnud, L(q,0,0) b L(g,@,B) fuGnhnpGtph
ubthwywG wpdtiplbipp dGYpGRUheYncd GG, wyuhGpl wtnh nlbkG
Ao (0) <A, (B) <M O) <A, (B) <= <A, (0)< ).»,,(B) <A, O<--

wnGsnipyntGhtpp:

@'(b,\)
o(b,A)

Ae (U, ,1,) =, (0),A,(0)) showlwipnis wyh (fuhuwn) nGnunG Glwqned t,
wyuhlpG tpt W, <A; <A, <p,, wyw f(A,)> f(A,): bpb uw wwwgmgyh,
www pwGh np @(b,1,,) =@(b,u,)=0, huy @' (b, )#0, ¢'(b,n,)#0,

S pnGyghwt (W, ;,1,) dhowlwipnid whunp t Gjwgh +o0-hg hGgk —oo,
plnniGEpnd pagnp hpwlw b wpdtipGtpp (pwbh np wyb wGpbnhwen t):

Ujntu Ynnohg, tpp B-G thnpugnid t (0,7) dhowlwipnid czgP-G GnylGwybu
pOnnubnud t gwllwgwd hpwywh wpdtp, jJnupwpwbgnipp a6y wiquyl: IGwnbwpwp
(0,70) hgwyupht wwinywbnn wbG 6h B pdh hwowp YouGdh (1,,,H,) Show-
Yuyphl wwwnlwlng Shaw dbY A Yt wyGwhuhG, np f(A) = —c1gP: LawGwyting

Uuywgnyg: YunwplkGp f(A) = $nilyghwl b wwwgnighGp, np

wyn Yyonp A =24, (B), hunwewGp, np f(A,(B)) = %(% —ctgP, Yy

@b, A, (B))cosB+ @ (b,A,(B))sinB=0, n=1,2,3,---, phgp Gaubwynes t, np

A.(B) phip L(g,a.,B) tubnph utthwywG wndbph t:
Uuwhund pbtnptdl  wuwwgnigbint  hwdwp puu[wluuﬁ I wwwgnigki, np

fA)y=—=— (P((b l)) $nLGyghwh dnGrnnG Gluqmus & (U, 1,) = (A,_,(0),A,(0)),
n=12,3,--- showlw)pbinhg jnLpwpwbgnipned:
LawlwykGp ¢(x,A,) = u(x) L o(x,A,) =v(x), npinbin

K, <A, <A, <H,, :Un nbwpntd
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’ , ’ , » » ” ’”?
MDA D5
dx u v u v u v u Y

(uv vu)

+u’(h,—-1,)>0: (2.20)
v

’ ’

u v
ItwnLwpwp uz( —_— —) $nebyghwl dnlnunb wEnud | juwdwjwlwh dhowlw)-
U v

pnud, npnbn v(x)-p (= (p(x,?»z)) qpn sh nunGnud: LawGwybGe x,-nd u(x)
PnGyghugh b -h6 wikGwidnn qpnG (u(xv) =O): fwGhnp U pu Y,, -0 ¢b,A)
$nLlyghwyh hwpbwG qpnGbpG 66, wuww (p(b,l,) #0 L @b,A,)#0: Pugh wn,
pwGh np A, >A,, @(x,A,)=v(x)-h qpnltipp quGynd 6G wybih dwlu, pw
O(x,A,) =u(x)-h qpnGtinp, wuhGpG [x,,b]-nd  v(x)-p qpnGlp  sniGh:
hGunbgpbny (2.20) websnipynilGp x, -hg Bhask b, ptmuﬁnui tGp

b , ’ ? ’
Ii{u’(‘—‘——v—)} 2 ){u ) v(b)}—u’(xv){"(xv)—v("v)}=
: dx u v u(b) (b) u(x,) v(x,)

(){u(b) (b)}>0
(b)  v(b)
PN | 9B,
(p(b,x,)><p(b,x2)‘f0")

@'(b,A)
@b, M)

wyuhGps f(A,) =

npG tp Gawlwynd t, np

= f(A) 9PnGyghwG dnGruinG Glwqnud t

(K, 1,0 ) Showlwgpned:
BENpLEYG wwwgnigywé k:
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dwndnmpimblbp
1. GGk

-y =hy
y'(0)=0
y(®)=0
bqpuwjhG fuGnph ubithwwl wpdtpbtipp L ubthwywb $nbyghwbbpp:
2. Uyuwgnigtii, np Yuwiwjwlwl U pwgwuwluwlb pyh hwiwp qnnipynti niGh
oe (0,%) phy wyGwhuhG, np wyn |-G hwinhuwGnud t L(O,a,g-) tiqpwyhG huGnph

ubthwlwh wpdtip:
3. Uywgmgti, np Yuwiwywywt hpwlw phy bwGnhuwbned t ubithwywl wpdtp

dh nplt L(O,g—,B) bqpuyhG uGnph hwdwp, wuhGpG Ve R pyh hwdwp

n
3B € [0,7) wyushuhG, np W phup L(O’E’B) huGaph ubthwlwG wpdtp t:

§3. CSNMU-LPIMPLE TWUTUUGN NVAPLE B4 OLPYVE DAMVUSEUL

Hunwnlblp
=y +q(x)=Ay+ f(x) (3.1)
y(a)cosa+ y'(a)sina =0 3.2
y(b)cosP + y'(b)cosp=0 (3.3)

tiqpuyhG tuGnhpp, npnbn f(x) wquun winwdp npdwé whpinhwin $niblyghw t
f € Cla,b]: Ujnwu dténipyntGhbpp GnuyGa GG, hGs L §2-nud:

Uunnple pbpynn pbnpbd 3.1-nud Yupdh wju wlhwdwute tuGnph (neénudp,
wjuwbu Yngdwéd SphGh pnilGlyghwih dhengnd: GphGh pniGyghwb Yunenmgtipnt hwiwp
YuwnwpbiGp npn2 GwhulGwyws niuntdGwuhpnipynuGGtn:

LawlwlbGp Y(x,A)-ny
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ly=-y"+q(x)y =Ly ' 29
y(b) =sinp 3.4
y'(b) =—cosf (3.5)
Unznt fuﬁnnh tneonusp’, huy W(x,A)-nd Y(x,A) L (2.9)-(2.16)-(2.17) Unznt fuGinph
@(x,A) [nsdwh YpnGulywlp
®(x,A)  W(xA)
¢(xA) ¥(xA)

Lwlh np @ L Y InGyghwltinhg jnpwpwhynipp (2.9) hwiwutn hwywuwn-
Owl (ménud £, wwyw hwiwdwybd Lhnugph  (5.12) (nbu qp. I, §5) pwlGwdlh
W (x,L) =W (x,,A) (pwGh np y-h qnpdwlihgp qpn t), wyuhGeG' wyu dpnGulwGp
pun  x-h hwunwunml t: Wu twunp pingétim  Gwywuwwlyng hbnwquynud
YoquyGp W(x,A) = 0(A) GawlGwynidhg:

Lbddw 3.1:6pt (Ay) =0, www Ay-6 L(g,0,B) fulnph ubthwlywG wndtp t
u hwwnwpdp tpt A6 L(q,0,B) fubnph ubthwywG wpdtip t, wwyw (A,) =0:
Wuwhuny L(q,0,B) huGnph ubthwywG wndtpGbph pwqdinipynilp hwdpGyGnud t
@(A) YpnGulywGh qpnGtph pwqunipjwG hbw:

Uwwgnyg: hgnp O(A,) =0, wyuhGpG' (3.6) UpnGulywGp A = A, wpdtph
nbwpntd hwywuwn b qpagh: Iwdwdw)G (Bidw 5.3-h (1. M) (x,A4) = cY(x,A,),
(¢ #0): Uuwntinhg htwnbinud £, np U @(x,A,) -G, U W(x,Ay)-G L(g,0,B) huGnph
ubthwlywl $nGyghwbbp 6G°, wjuhGpl’ Xo -0 utithwywl wpdtip t :

Ohgmp Ay-G ubthwlwl wpdtp b Inbwpwp A,-G @(b,A)cosP+
+@'(b,M)sinf=0, nhGswbu Gwl Y(a,A)cosa+Vy'(a,A)sina=0 hujw-
uwniwG (ménwd t: Uuwhuny b @(x,A) G, b Y(x,Ay) -G GnyG A, ubithwlwG wp-

W(x,A) = : (3.6)

' Npn2 pwGwalibph huwswpwlwinudp Ywinwpnud 66p w)Gubu, np plngdtGp Gpwig GnyGaepyniGp Gwhunpn
pwlwdlbtph htwn:

T @(x,Ag)-G(29) hwwuwpdwh (nontd b L pwguwpwpncd t (2.10) bqpwjhG wwydwGhG (uw htunbmd t

(2.16) L (2.17)-hg: @(x,Ag) = cY(x,Ag) -hg htwnind t (hwayh wabkiny (3.4)-p b (3.5)-p), np G(x,Ag) 0
puwdwpwpnd t Gwb (2.11) wuwydwGhG, wyuhlpG’ Gw ubhwiwb PnibGyghw t:
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dtipht hwiwywwwufuwbnn ubthwlwl pnlGyghwbbp GG Iwdiwdw)t (Bddw 2.3-p
Q(x,A0) 6 L Y(x,Ay)-0 qonpbilG Ywhudws 66 @(x,A,) = cy(x,A,y) (c #0),

npnbnhg htinbinud £, np @(A) = 0 Lbdtw wwwgnigyws t:

UwhdwGtap
——i}‘—(p(x,k)\y(ﬁ,X) a<x<E<b
G(x,EA) = 0)(1 ) 3.7)
'mW(X,A)‘P@M a<€<x<b

tpbp thnthnfuwlwGh $nLllghw, nphG YwiywGtGp L(g, o, B) tuGnph 9phGh pnuGy-
ghw: Cunn X L & gnhnfuwywGitph’ wiG npnaqws t (x,&) € [a,b]X[a,b) punw-
ynwuned, huy pun A-p L(g,0,B) huGnph ubthwlwG wndbpGlphg wwpptin pagnp
ynowbpu A -tph hwiwp:

Btnptd 3.1: tpt A phup L(g,0,B) hwiwubn huGnph ubthwywG wpdbp st,
wyw Yjwiwjwyws f ‘€ Cla,b] pniGyghush hwiwp (3.1)-(3.3) bgpuyhG huGnhpl
niGh dhwy nudnd, npp npydnud t

b
y(xM) = [GENS E)dE 3:8)

pwlwdliny:

Uwwgnyg: Unwohl htipphG uwnnigblp, np (3.8) pwlwadlny npnaywd pnily-
ghwl pwywpwpned t (3.1) hwywuwpdwp L (3.2),(3.3) bqpuiht wywjiwGabphG: Uju
Gywwwyny, oquytiiny (3.7) uwhdwGnuihg, qptGp (3.8)-p

x b
yoxA) = '2.;?1;5{‘""" [ &M F EIE + 9, M) [ WEE, x)f(&)d&} @9)

nbupny L hwpyble y(x,A) $niGlghunh wowbguip pun X-h (pwGh np w9 Ynn-
tnud qpwé wpunwhwjnnepjwl woéwlgjwip qnjnipynil nGh, www gnynipyntl nuGp
Gwl y'(x,A)-6): UnwGnd bGp.

y’(x,x)s—&%{w’(x,x)Jw(a, A)f (E)dE +W(x, \)p(x,A) £ (x) +
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+9(x, X)I V(& M)f (B)d - ¢(x, Mw(x,A) f (X)} = —@{w (x, 7&)] &) f(E)dE +

+¢'(x, X)I\v(i,x)f(i)dg};

Uswgbny tpypnpn wiqud' Yuunwbwlp.

Y (xA) = _Zﬁ_){“' (x) j PEN) f BIE+ (£, MO(x ) f (x)+

+¢"(x, x)j\v(é, Mf (©)dE—- @' (x, )y(x,1) f (x)} (3.11)

Jwuh wnlbind Y (x,A) = (g(x) - A)y(x,A),

@ (x,A) = (g(x) = A)P(x,A) L o(x, )Y (x,A) —y(x,A)@'(x,A) = (L)
GnyyGnupyncGGhipp, (3.11) -hg unwGnud tGp

x b
"((:()M" {\l’(x, W[ 01 fEME+9(x 1) WE, x)f(é)d&} - f(x)
GnyyGnupyntGp, npp hwiwpdbp t (nt'u (3.9))
=y (x, M)+ q(x)y(x,A) =Ay(x,A)+ f(x) GnyGmpywlp: Wuwhuny (3.8)
pwlwaling npnadwsé y(x, A) $niGughwh pwiwpwpned t (3.1) hwywuwpdwGp: Uydd

y'(xak) =-

wuwgnighGp, np y(x,A) -0 pwywpwpnid t bqpuighG wuw)wGakphG:

2wGh np G(x, A) $niGyghwG pwdwpwpnid £ (2.16) L (2.17) uyqplwlwl ww)-
twhGkpho, (3.9) L (3.10) pwﬁwdhhnhg utnw b Gop.

y(a,A) = —&T)jw(g Af(E)dE-sina,

y(@A) = —— Y& Mf(§)dE-cosa
o] I &M)f (§)dE-
Uuwnbnhg hwnlnud ¢, np y(x,A) $nillighwl pudwpwnnud t (3.2) bgpwghG
wwjdwlhG: LEWGwwbu, ogunytiny (3.4) L (3.5) ulyqpelwlwh wuwjiwhaGEphg, npnag
pwywpwpnud t 4\|I(x,)») $nblyghw, (3.9) L (3.10) pwlGwdabbtiphg unwbnud Gop
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y(b, x)——m(—MJM Mf (E)dE-sinp

Yo\ =—— j OE NS (§)dE - cosp

wpunwhuwynnipyniGGipp, npnGghg htnlinud £, np y(x,A) $niGlghwh pwlwpwnned
t Gwl (3.3) Liqpuyhlt ww)ydwGhG: Ujuwhuny wwwgnigywsd t, np (3.8) pwlGwdlkny
npn2qwé y(x,?\,) InGyghwl (3.1)-(3.3) wlhwiwubn bqpuyhG uGnph (eémud L
@tnptidh wwwgnyglh wywpubint hwdwn dGnud t gnyg wwy huGnph (nddwh Shw-
YnipjniGp: thgnp pwgh (3.8) pwlwouny npnywé y(x,?») (nLdnihg gqnynip)nLh
mGh (3.1)-(3.3) huGnph opt  wy y,(x,A) tnénul: LwGwlkGp
u(x,A) = y(x,A)— y,(x,A): 3tan t wbulby, np wju wwppkpnipynip whwp t
thah L(q,0.,B) hwiwutn fuGnph |niénwd: Puwjg (puwn phinpbish wwjswGh) A phdp

ubthwlwG wpdtp st, wyuhlpl wjn K-h hwiwnp L(q,0,B) hwiwutn fuGnhpG nGh
GhwjG wnphypwy (GnyGwpwp qpn) (nonid: IGnbwpwp
u(x,A) = y(x,A)— y,(x,A)=0:

BLnpLYG wuwwgnigywd t:
Qupdnipynilibbp
3.1 Uwuwgnighi, np
-y =My
y(0)=0
y()=0

bqnuyhG fuGinph SphGh $nLGlghwt npnzynud t
sin lx-sinﬁ(l—&)

_ VA sin/A
G(x,E,A) = Sinﬁg-sin N/X(l‘x)
JVAsinVA ’

, 0<x<gE<l,

0<E<x<l

pwOwdlny;
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3.2 Uyugnig,, nn  (3.7) pwlwdbnd npndwés  L(q,0,B)  fuGnph
G(x,&, L) AphGh pnublyghwi niGh htnbywy hwnynipnGGhpp

1. G(x,E,\) -G wGpGnhwwn pnilyghw t punn x L & thnthnfuwlywGGinh qnugh’
npngdwé [a,b]%[a,b] pwnwyniumd:

, IGE+0EN IGE-0LA) _

dx dx

w)uhlpl dwubwlh wéwhgjwip punn X-h X =§ YGwinid nGh prpsp, NpG hwywuwnp k.
-1-h:

3. Smpwpwynp E-h hwiwp [a,b]hg G(x,E,A)-G, npybu  x
dinthnfuwluwGh dniGyghw, pwywpwpned t (3.2), (3.3) tiqpujhl wwydw6Gtphl L (2.9)
hwiwutn hwywuwpiwop x€ (a,5) L xe (§,b) dhpwlw)pbpnid:

-1,

§4. EAMU3PY MVARMLEP UMM YUILGD
QLuuourarieerp QUUUL
ahgnip @€ C™"'[a,b], wyuhGpG @ Pnilyghwh L Gpu dhGsk 72— 1-pn Ywngh
wéwlgubtipp  wpGnhwn  pGyghwlbp 66, npndws [a,b] hwndwéeh  Ynw:
LhunntGp, np wyunbn % (@) L @’ (b) wndtppp (k =1,2,...,n-1) hwulwg-
ymud G0 hwdwwwunwubuwGwpwp npwbu wowynnijwi L dwhuwynnijw6 wéwbgyw bbn:
bqpuypht wuydwitbp: C"'[a,b] nwuhl wwwnlwbng @ dnbyghwyh hwdwp
nhonwnlblp wyn PniGyghwgh U Gpw' ShGsl (n—1)-pn Ywpgh wéwbgyulbiph
wpdtipGtipp @ L b Swjpwlbinbpnud, wyuhGel nhunnwpybGp
¢(a), @’ (a),...,0" " (a); p(b), ' (b),...,0" " (b) (4.1)
wpdtipltinp: UjGnihbnb nhuinwpyblp wyn wpdtipGtph qéwjhG YniphGwghwl
(@) = Mop(a)+ M\@"(a) +...+ M, (a) + Nyp(b) +
+N,@'(b)+...+ N, 0" " (b) (4.2)

npnbn M, ,N, (k=0l,...,n~1) gnpdwlhgGtpp wpywsé hwunwwnnllbp bG:
Gpt Y-0 nput hwuwnwnmG t, www
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U(p) =7 (4.3)
ww)dwhp Yngyned t GqpughlG wwydwh (npdwéd @ ImGhyghwih dpw):
Nph funupny, C"'[a,b] nwuhG wwwlwGnn wdikG dh  PnGyghwhG

n-1

" hwiwwwnwuhuwGnpwG dke nGktp (@) = Z(M 0% (a)+N,0® (b)) phup:

k=0
Uuwhuny npnadnud b 6 U wpinwwwinltpnud, npp C*'[a,b) nwuh jnupw-
pwlynip $nLbyghugh hwiwwywwwufuwinpywh 86 t nGnud Gh npnawyh (@)
phy": Uunud &G, np ¢ Inlyghwl pwywpwpnud t (4.3) Gqpuyhlt wwydwGhG, tpb
(@) = 7. npintin -G tnpywé hwunwinmG t:
3t t wbuGty, np U wpnwwwnytipnidp qdwihG t, wyuhGpG' nbnh nuGkG
U@, +9,) =) +U(e,), 4.4)

U(ap) =all(g), aeC, (4.5)
ugnﬁzmp;mﬁﬁbnn (Yuwiwjwlwb o Yniwtpu pyh hwdwp): Gpt wund &G, np Lpywé
GG dh pwGh

n-1
U@ =Y M,00@+N,00®)=y,, j=12...m  @8)
k=0
Gqpuyhl wwydwGGhp, www GGpwnpynud t, np qpwbp qénptG wlYwhu GG, wyuhGpl
U -Gtinhg ng dbyp iGwgweGtnh qéwhG YniphGughwa st:
ophawy U, (@) =@(a)=3, U,(@) =) =4 L

Us (@) = @(a) +2¢'(b) =5 tqpujhl wwyswGGknp qénptiG wilwlu bG:
Shgnip wpdwé GG 7 hwwn Gqpuht wwydwGatp (wjupGpel (4.6)-md m=n):

. U, Y
bpb GuuGwystp U=| @ | ¥=| ! |, www (4.6) bgpuyhb wwyswGGpp Yupbgh
U, Y. |
tantiy
U@ =7 4.7)

' UpinwwwinybpmudGapp, npnGp dniblghwihG hwidwuwwnwuhuwGnipjwh dbg bG AGNLS nplt phy, untilnu.'n
&G $nibyghnlw Gbp:
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Joyunpwiwi nbupny: bqpujht wwydwGGEpp Ynsynd GG hwdwubn, tpt '"y:Q

™, =Y, =...=%, =0) b wohwiwube, tpt Y+ 0:
Gapuwyht fubnpp  n-pn Yupgh
y® +a,)y"" +...+a,()y=f() (4.8)

qéw)hG nhdbtptlGghw hwywuwpiwb hwiwp (ai, feClabl, i= 1,2,...,n), yn;-

ynud k hGinbywy fuGnhpp qunGhy (4.8) hudwuwpdwb wyG (mdndGtipp, npnip pwyw-
pwpnud GG (4.6) qpuipht ww)dwQGsphb (m = n nliypnud), wjuhbpl’

y* +a, )y +...+a,)y=f(1) (4.8)
Um=Y M,y*@+N,y*®)=7,, j=L...n .49

G : ,
" nTanuﬁ.LuUhlnq (4.8) hwdwuwpiwG dwh Swund gqpwé nhdLpkhghuwy
wpnwhwjinnpymbp /[y]-nd L oquygtiny (4.7) dbywnpulwl Gawlwyniibliphg
(4.8)-(4.9) iqpw)hG tulnhpp Yuwnpbih t qnti
yl=f@, O;)=7 (4.10)
nbupny:

LywentiGp, np uyqpOwlwh wwdwGltpp, npnGp apymd GG Unzne uGnpnd,
hwinhuwGntd G GgpujhG wwydwbGbph dwulwynp nbwpp: Ophlwy n=2
nbwpnid (4.8)-(4.9) tiqpwjhG fuGnhpG mGh

Y +a,(t)y +a,(0)y = f (),
Ui(») =M gy@)+M,,y(a)+ N gyb)+ N, y'(b) =1,
Uz()’) =M,y y(a)+ le)"(a) + Ny y(b) + Nzlyl(b) =Y,
inbupp: bpt LqpuyhG wuwyiwGGbpmyd YbipgGkGp M, =M, =1, huly dGwgwé
ghpowyhgbbpp qpn, wwyw uinwGwhp )
Y +a,()y’ +a,(0)y = f(1)
y(a) =1,
y(@)=1,
Unznt tuGnhpp:

EqpuwyhG huGnhpp Ywpon t snuGGGw) (ndnud, Ywpnn t nuGbGwy Shwly (nedncd. L
Ywpnn t nuGkGw weybpg pyny (MénLiGEp:
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OphGwy’ nhunwpytip

y +y=0 (4.11)

tqpuyhG  huGnhpp:  (4.11) hwdwuwpiwG  pGnhwGnip  (MomG mbh
y(t)=C,sint+C,cost wbupp: (4.12) btqpuyhl  wwydwlhg uwnwgymd t
y(0) =C; =7, huy (4.13}hg" y(®) =-C; =Y, : Wuwhuny, bpt ¥, # —Y,, tapw-
IhG fuGnhpp (nedmd gniGh, huy GBpb Y, =-Y;, www btqpuhG fuGnhpp nbh
y(t) = C,sint + vy, cost wadtpe pyny (C, -p Ywiwywlywa t) (nénuiGen:

tpt (4.13) wwjydwip thnfuwphlGtGp

y(m) =7, (4.14)

bqnuyhG wwydwbny, www htiwn t nbulty, np (4.11)-(4.12)-(4.14) tqppw)hG fubnhpp
nGh dhwy y(z) =7, cost —7v, sint |ménuip:

tpt f(1)=0, ¥= 6uqu (4.10) GqpwyhG hGnhpp Ynsynd t Arwdwuba.
Swywnwy nbwypnd wyl Ynsyncd t wGhwiwutn:

Jwdwubin bqpuyhl fulnpn
YhunwpybGp

I[y]=0, U(y)=0, (4.15)
hwiwubn tqpwjhG fuGnhpp: UYGhwywn t, np y(¢) =0 $nllyghwl hwGnhuwGnud t

(4.15) hwiwubn bqpuyhG huGnph |énwd: NwunudGwuhpbGp wjG hwpgp, pt has

wwydwGGEph  nbwpnud  (4.15) fubnhpG nbh ny wphdhwy  (GnyGwpwp  qpnjhg
wwppbp) (nénud: Mwpq L, np Unzne fuGnph ntwpnid nuw hGwpwynp st Médwh
Shwynipjwl wwwnSwnny:

hgnip @, (1), 9, (1), -, 9, (t) dnGyghwltpp Yuqimd 66 [(y) =0 hwiwubn

hwywuwpdwl (ndnudGeph hpiGwpwp hwdwywpg: COnhwhnep (nLémudp, hGswbiu
hwjnGh t, nLGh

¥ =C,9,()+C,9,(0) +---+C,0,(1)
wbupp, npntn C,,C,,++,C, 0 Yuiwjwlwl hwunwnniGGlip GG: Gqpw)hG ww)-
GwGObpp wwhwGgnud GG, np nbinh NLGLGWG
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U;(») =Uj(C1(P1 +C0, +:+C,9,)=0, j=1-,n,
wnGgnipyntGGLpp, npnGp, hwiwdw)b (4.4) L (4.5)-h, Yunpbh t qpti
CU; @)+ CU; (@) +--+C,U;(9,)=0, j=1---,n (4.16)
wbupny: Unwgywé (4.16) wnGsnpyniGlbpp Yuqinud 66 qéw)hG hwGpwhwqwlwG
hwywuwpnuiGiph  hwiwywpg  C,,C,,---,C,  hwunwwnnGotph  (wGhwjunGtiph)
GYwwndwdp L win hwiwlwpgh gituwdnp npnzhsh k
Uie) - Ui(e,)
A =det . SSTE (4.17)
Un((pl) ot Un (¢n)
3tinbwpwp’ wnknh nGh hbnbyw| wnnudp
L60dw 4.1: Npwbugh (4.15) hwiwubin GqpuyhG fuGnhpG nuGGGw ng nphyhwy
inonud, whpwdtawn t L pwydwpwp, np A=0:
OphGwy nhuwpytip

y'+y=0 4.11)
U,(y) = y(0O)cosa + y'(0)sina =0, oae [0,T) (4.18)
U,(y) = y(®)cos B+ y'(w)sinB=0, PBe[0,m) 4.19)

hwidwutn tqpuyhG fuGnhpp: Rwih np (4.11) hwywuwpiwG hhdGwpwp hwdwlywpg
Ywqind GG @, () =sint, @,(t) =cost PnGlyghwlbpp, www A npnzhsp wju
ntwpnid nuGh

As det( U, Gsing) U, (cost) }= 4 { sind  cosa,

=sin(p-a
U, (sint) U, (cost) -sinp —cosB] P-o)
ntupp, L, htwnlwpwp, GqpujhG fuGnhpG nGh ng nphyhwy (eéned wyG L ShwjG w)G
ntiwpnid, pp B = a: 36w t hwingqyby, np wyu (B = &) nbwpenid (nLénLiGEph phyG
whybpg t:

UGhwdwubin bgpuyhl fulnpn _

CanhwGpnipjnilp sfuwhunbiinyg (4.10) wGhwdwubn ubnpnd GapwjhG ww)jdwlp
Yupbh t bwdwpb] hwiwube, wjuhGpG’ wihwiwubte tqpuyhG fuGnhpp dhawn upbgh
t nuunuiGwuppby

178



iyl=f®. U(») =0, o (4.20)
wbupny: hpnp, nhgnip C"[a,b] nwuhG wwnfwing v $nGyghwG pwywpwpnud t
U(v) =Y bqpuhG wujdwGhG': Ywuwpbiny
yi () =y(t) = v(1)
wbhwyn $niyghwih thnpuwphbnuld unwbGned Gap
Iy =1y -lW)=fO-Ilv)= fi()
{ U(y)=Uy)-UWv)=y-v=0
(4.20) wnnbuph wGhwiwutin iqpu)hG fuGnhp y, wihwyn $nibyghwh hwdwn:
Uwhdwlmd 4.1:  (4.20) tqpwjhl fuGnph QphGh dnilbyghw Yngunud t wyl
G(t,s) tpynt thninfuwywGh PnGyghw, npp npn2qwd t
Q= {(t,s) :ast<b, a<s< b} pwrwynnt Ypw L odndwé t  hbunlywy
hwwnynipynuGabpny’
1. G Pnllyghw6 L Gpw dhsk (n—2)-pn Ywpgh woéwhgyuiGtpp puw £-h
wOpOnhwuwn GG, wyuhGpl »
G,aakaGe C@Q), k=12,...,.n-2; (4.21)
2. jnipwpwiymp s-h hwowp [a,b)-hg G(t,s)-p mbh n~1 L n-pn Yupgh
woéwbgyuyGbp pun ¢-h , npnlp whGpGnhwwn G [a,s)-md L (s,b]-nud, pGn npnud
(n—1)-pn Ywpgh woéwlguip ?=s Ytwnd nGh prhgp, npp hwiwuwp t 1-h,
wjuhOpl’
' 9"'G(s +0,s) _ 9"'G(s-0,5) _
o™ o™
3. jnpwpwlgygmp s-h hwowp [a,b]-hg G(t,5)-p, npwbu ¢ inhinfuwlwGh
dnubyghw pwdupwpnd t U;(G)=0 (j=12,...,n) bqnuhl wuydwGGtphG L

[[G] =0 hwywuwpiwGp ¢ € (a,s) L te (s,b) Shpwlw;pbipnuy:

1, (4.22)

' Uwwgnighy, np ugnuwhuh v $ncGyghw thawn qnynipyntl nuGh:
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Bbnpty 4.1: btpt (4.15) hwiwubn GqpujhG fuGnhpG mGh ShwylG wnphdsw
(GnyGwpwp qpn) pnoml, www (4.20) tuGnph SphGh Pnibyghw gnympynil nGh L
dhwy t:

Uwwgnyg: hgmp @, (1), 9,(),...,9,(t) ImGyghwitpp /[y] =0 hwiwube
hwjwuwpiwb qonptt wlywhu |MdéndlbbpG GG, wyuhGpl Ywqdnud GG hhdGwpwp
hwdwlwng:

LwGh np (hwwlynipymb 3) t€[a,s) dhpwhwpnid G(t,s)-p pwdwpwpnid t
I[G] =0 hwyjwuwpiwbp, wuyw

G(t,s)=a,@,@)+a,Q,(t)+...+a,,(t), a<t<s, (4.23)
npntin a, =a,(s) gqnpowyhgltipp s thnihnpuwlwbh PnLGyghwibtp Gh: LEwGuwbu
te (s,b]-md

G(t,s)=bo, ) +b,@,(t)+...+ b0, (1), s<t<b, (4.24)
npntn b, =b,(s), k=12,...,n: t=5s Ytwnd G PmGughunh U Gpw GhGsl
(n-2)-pn Ywpgh wéwhbgyuGiph whpGrhwwnnipyinitGhg (kv (4.21)) a, L b,
qnpéwyhgltph Upw vinwgynud 66 hbwnbyw; wwjdwGoGpp

Y 5,99, (5)- Y4, ()9, (5) =0,
k=1 k=1

Y b,(5)9,(5)- Y2, (5)03 (5) =0,
k=1

k=1

........................................................

Y 6.9 (5)- ) a, ()0 (s)=0:
k=1 k=1
buy G Inilyghwjh (4.22) hwwnynipyniGp Ygpyh
tb, ()@ (s) - tak ()OI (s)=1 wbupny:
k=1 k=i

LawlGwykGp ¢, (s)=b,(s)—a,(s), k=1...,n: Wn ntiwpmd ybpp unwg-
Jwé ww)owGGkpp Ygpytil
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ch(s)(p(k’")(s)=0) =01
k=l T (4.25)
Y (997" (s) =1,
k=1

hwGpwhwqwiwt hwywuwpnuiGtiph hwiwywpgh wntiupny, nph qiuwdnp npn2hsa k
¢, (1), 9,(t),-+,@,(t) hhiGwpwp hwiwlwnpgh dpnGulwGp, Jtpgnwé =5
ytiinnud: RwGh np wyn YpnGulywbp {a,b]-h ng Gh Yhwnd qpn sh nuebnud, www
(4.25) hwiwywpghg c,(s) qnpéwyhgltpp npnaynid GG dhwpdbp: a, L b,
qnpdwuhgﬁhnn npn2tipnt hwidwp Guu gpliGp (4.8) iqpuiphG ww)jdwGGGpp

n—I n

-1
Ui =Y M;y“@+Y NyyP®)=U,N+U0) 426
k=0 k=0

wnbupny: Uju GaubwymiGspny U ;(G) =0 wuwyiwGp Ygpyh

Uj(G) =Y, a, ()5 (@) + Y b (DU jp(9,)=0,j=12,....n,
k=1 k=1

wbupny: Sthwnpbind wyunbn a, = b, —c, unulnud Lap'

U;(G) =Y b (DU (0) = Y ci (DU o (96) +Y b, () ;5 (®9,) =
k=l k=1 k=1

=Y b U @) +Up00]-Y c()U,u(9) =0, j=12,....n:
k=1 k=1
Jwzyh wnGkiny (4.26)-p" b, wlhwynGph hwiwp unwGnid LGp

Y b, (U @)=Y ce (MU (@), j=12,....n 4.27)
k=1 k=1

hwywuwpnudGbph hwdwlwpqp, nph gqriuwdnp npnz2hsh t (4.17) pwlGwdlbny npnywéd
A npnhsp: Cuwn plinpbidh wwjdwGh' (4.15) hwiwubin bqpuhG uGnppG nGh Shwyl
uphdhwy (nonud: 3wiwdwyb (Bidw 4.1-h wyunbnhg htwnund £, np A#0:
twnbwpwn (4.27) hwiwywpgl niGh dhwy (monud, wyuhlpel b, (s), k =12,...,n
gnpéwlhgllipp npnaynud GG dhwpdbp (Ywiwjwlywo s -h hwowp [a,b]-hg): wGh np
¢, qnpéwlhglbpp wpntG dhwpdtp npnzqwé GO ((4.25) hwiwlwpghg), www
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a, =b, —c, pwlwdlhg shwpdtp npnymd GG a,(s) InGyghwGtipp L,
htwnlwpwp, (4.23), (4.24) pwGwadlbtpny dhwpdtp npnadnd t G(2,s) SQphGh

$nLbyghwG:

PtnnLUG wwwgnigywé t:

Blnpby 4.2: tpb (4.15) hwiwubtin fulnhpl nGh Shwyl nphwy mednl, www
(3.20) tulnph (ntoénLdp gnynepyntl neGh, dhwyl b L npynud t

()= [G(t,9)f (s)ds (4.29)

pwlwadlny:

Uywgnyg: Lwhu gnyg wwhp, np (4.29) pwliwdlny npndws . y(7) Pniblghwh
pudwpwpnud b /[y]= f(2) hwjwuwpdwGp: PwGh np G(t,s) AphGh dnLGYghwo
(hwiwdw)l (4.21) hwinynipjwl) puwnr ¢ nGh 6hGsl (72— 2)-pn Yuwpgh wiGpGnhwn
wéwlgyuGbp, www (4.29) pwlwdlmd Ywpbh t 7-2 wiqwd woéwhgt
hbwbqpwih G2wih tnwl: Ujuwhuny

YO @) = ja OO f(syds, k=12,....n-2, (4.30)
punn npnud- y(f) PnmlGyghwl L Gpw GhGsk (n—2)-pn Yupgh woéwhGgywilbipp
n-1
whpGnbhwn 506 [a,b]-mao: -a——a-t(—;g—ﬂ $niGyghwt ¢t = s-h r;bu;pnu] nLGh fugned:

Wu wuwsweny y" @) by () wowGgulbpp hwydbint hwdwp  sh
YuwpbiLh widhpwiwlnpbG wéwbgb) hownbgpwih Gawbh wwy: ApkGp (4.30) pwlwdlp
k = n-2 ntiwypnid

- 9" G(1,8) 19" 2G(1,8)
" 2’(:)—[ anf* f®dt + I P 9" GO r e (4.31)
wbupny: (a,t) L (¢,b) Showlw)ptiphg JnpwpwhGynipnud hGinbgpuwih Gawbh wwy
gniwé pnbGlyghwl L Gpw woéwbgjup pun f-h wipGnhwn $nbyghwbbp GG:

Ftwnbwpwp, wéwhgbinyg (4.31) pwlwdbnd puw ¢-h (hGunbgpwih Gawbh nwy, pun
4tphG L hwiwwwwwuuwlwpwp, pun unnphl uwhdwGh), Yunwbwbp
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_ 0 a""G(t,s) " 2G(t s) a" IG(t s)
(n-1) — 8)ds + N + | ————2 f(s)ds -

_[a"'zG(t,s)

- f(t): 4.32
e L fo (4.32)

9"*G(,s)
p L 2%S)

Lwbh n wowbgjuip wipinhwwn t £ =s5-h hwiwp, www

atn—z
hGuntiqpwiGbphg nntpu gpdwéd wlnwdGbpp YnsGswglbb Shijwhg L Yunwgyh
(n— 9"'G(t,s) 19"'G(@,s)
D) = j = f(s)ds + j S f($)ds. (4.33)
Yw, np GnyGa L,
n-|
Y () = ,[a aG"Et ,8) F(s)ds (4.34)

pwlwdlp:
UswGgbiny (4.33) pwlwdlp Lu UGy wihquy L|umwﬁl.uﬁp

L an g n-1
y®() =I§ﬂ:ﬁf(s)ds+[a_0ngﬁ] S0+ [ S0 fopds -
. Ot ot -0

9"'G(t,s)
- atn—l

Jwiwdw)Gd AphGh Inbyghwph (4.22) hwwnympywl, hGuntgpwiGtphg nnipu
qnwé whnwibbph gnuiwpp hwdwuwp t f(f) U htwnlwpwp (4.36) pwlwdlp
Yunbih t apty

] -f@): (4.36)
s=t+0

B"G(t 5)

Y™ @)= j f(s)ds+ f(0) (437)

ntiupny:

Stnunptiny [y]=y™ +a,()y"™" +---+a,(t)y nhPtipblghwi wnpunwhwy-
wnpywh Gk (4.29), (4.30), (4.34) L (4.37) Ghpyuywgmibbpp y(2) PnGyghwih L
Opw wéwagyw Geph hwiwp, vnwGnud Ghp
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b
Ilyl= [UG1f(s)ds + (1), te (a,b)

GnyGnipyniGp: Pwjg hGunbgpwip wyu pwlwdbnd hwjwuwp t qpajh, pwlh np
hwiwdw)G QphGh PnbGyghwih  3-pn hwnbynipywb /[G]=0, Gpp t€ (a,s) L
t € (s,b) thowlw)ptiphG: Ujuwhuny wwwgnigywé t, np (4.29) pwGwdling npn2qwé
y(t) $nGyghw /[ y] = f(¢) hwywuwpdwh jnémd t:

wth np U i () wprnwhwynnipynGGipp wwpnbwymd 66 y(2) pniblghwih
L Opw dhwyh dpGsl (n —1) -pn Yupgh wéwhGgyu)Ghiph wpdbpltpp a L b YLwnbpnuy,
www (4.29), (4.30) L (4.34) pwlwdlbtphg hGwnbnud t, np

b
Uj()’)‘—'jUj(G)'f(S)ds'. j=1...,n: (4.38)

QphGh $nGughuwyh U;(G)=0 hwwnympynilhg U (4.38) pwGwdlbiphg
unwbnud LOp, np Uj(y)=0. Jj=1...,n, wuhlpl (4.29) pwlwduny npndwé
$nbyghwG pwydwpwpnid t (4.20) ubnph qpuyht wwydwbGGphG:

UGnud t wwywgnigty (nuédwb dhwynepynibp:

Gpt (4.20) nbbOw Gpyne |pudnul, www htn b wnbulb, np wn (nuénudGlph
nwpptipnipynilp YyhwbnhuwbGw (4.15) hwdwubn fubnph (nuénd, npp, puwn ptinpbdh
wwydwbh, Ywpnn t hO6p Shwyl GniGwpwp qpn $nbyghwb: IGnLwpwp (4.20)
huGnph Yudwjwlwb Gpyne (néntd hwipGybnud GG: PRENpEYG wujwgnigywé k:
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QLNkU V
N3MNkM-3TLv 64 UPUUNRE-3UL OENLEULE P UNUSAR3SLEP

§1. AN3NRR3TY bU UbUYNRR3UYL ABALPGUR UMUSNR3SE
y' = f(t,y) QULUUELUTL QUUUL: QUNPAUULL UNSULUNRILERE GALLUY

Ujunbn dbp Gywowlyl t wwwgnighp wewoht qrlunud dlwybpwwd Ynzne
fuGnph (ntddwb gnynpywb L Shwynipjwb ptinptidp:

Pwhp np wyu hhdGwpwp wpnyniGpp nibh pwqiwpbnyp YppwnnipintGabp un-
Uynpwlwl nhdptpttghw) hwywuwpniGtph nbunipjwb ke L pGwghwnnipjwl nwp-
ptp hwpgbpnud, JbpehG  Gpunt  hwpnipwdjuynd wyn  hwpghG  Gdhpdb, &G
pwqdwphy nwunudGwuhpnipniGGp, npnGg wpnyniGpnid &h Ynnidhg 6GyYtGp GG Ynzne-
Mhywpp-Mewbnh  nwuwywl  plinptidGtph  wwpwpelnyp  wwwgnygltip,  gnw
ynnihg wjn hhdGwpwp wpnynelpG nubhghly b wikGwwnwpptp pGnhwGpwgnuiGtp:

Uju grhund YpbpykG Gdwé pbnptdh tpyne, sbwjwd wpnwplbwwbtu nwppbp,
pwjg hptlg funppnid Gnylb wnpjniphg vGdnn wwwgnyglbp (hwenpnwlwb dnunwp-
YnudGhph Gnwlwy, ubninn wpunwwwwnytpnudGtph uyqpenilp): Cun npnud, wjuntin
wwwgnigynn Unani-Mhywph pbinptdl wnwohb qpfuncd dlwlbpwwé Unyne pbnpbidh
pGnhwGpwgndG t: Ujn wlnnuip dLwybpwbint hwiwp wGhpwdbw b Gepdnudt npnp
odwlnuwl qunwthwpbbp:

7. Lhuzhgh nuup

UwhdwlGmd 1.1: YwubGp np [a,b] hwwywond npnzdwé f(x) PnGlyghwo

pwdwpwpnud b Lhwzhgh ww)dwGhG, bpt gmynipyniG niGh wjGwhuh L = L(f)
ahwlwh hwunwnnd (wyunthbn wys YuwbywikGe Lhw2hgh hwutnwnnil) wyluh-
uhG, np [a,b] dhowlw)ph guwilywgwé X, , X, Yhunbiph hwiwp
|F(x) = FO)| S Lx, — x,: (1.1)
LwbwytiGp Lip[a,b]-m[ [a,b] dhowlw)pnid Lhy2hgh wwpdwGhG pwywpw-
pnn pnLGyghwlbph nwup: MwpqbGp, pb hlGs hwpwpbpwygnpjwlb dtg t qunGynLd
Lip[a,b] nwup dkq 6winp C"[a,b] nwubph htiwn:
Lbvdw 1.7: SwiwywlwG [, 5] uwhiwGuihwy hungwsh hwswp
C'[a,b] < Lipla,b]< Cla,b]
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Uwuwgnyg. (1.1) wGhwdwuwpnipynmibhg whGdhpwwtiu ptumd £, np Lhwahgh
wwjdwliht pwywpwpnn gwllwgwd IniGyghw hwijwuwpwswih wipbnhwwn L

[a,b]-nui. hbunbwpwp Lip[a.b]c Cla,b];

Ujdd gnuyg wnwip, np gwllwgwd whpGnhwin nhdtpkGghih f(x) dnmblghw
npnywé [a,b]-nui. pwywpwpnud t Lhuzhgh wwydwGhG: bpe fe C l[a,b], www
f(x)-p vwhowGwipwy t [a,b]-nui: Lywlwyblp xT[%] | f’(x)l =M : Cun Lwg-

pwGdh ybppwynp wékph pwlwdlp’ [a,b] dhowluyph gulywgwé x;,x, Yhwnbph
hwdiwp wnknh ntbh
|f(x1)—f(x2)| = f’(E.u)nxl —lesM|xn "xz[ Ee (x,,%,)

qlwhwuinwlwbp: YuhGpl wbnh nGh (1.1) wohwywuwpnipyinGp L =M Lhuyhgh
hwunwwnniiony: LE0owh wwwgmgyws L:

YhwnpmpmG 1.1, Iwinqubine hwdwp, np Gepnpdnn  pwqontpntGGtpp
ubhwiwi Eopwpwqinipymbibp bO, Dhwwbip (uwmqby), np ophGwl

fim=Jxeclo)]. feLiploj]. u m f,00)=|de Lip}-11],
f,e C'[-11]):

Vwhowlmd 1.2: GuwubGp, np Q whpnypnud npngdwé (2, y) pnlyghwa
pujwpwpnud £ Lhwzhgh  wwjdwGho pun y pnpnfuwuGh (hwdwuwpwswih 7 gin-
nhuwlwbh Shwndwip), bpb gnynipyntG mGh L = L(f,Q2) > 0 hwuwnwinniG wyi-
whuhG, np qulywgws (£, y,),(t, y,) € Q Ytnbph hwiwp

|f@.y) = f@,y)|< Ly -y, (1.1)

Lbddw 1.2: tpk -nud npnqws £ (2, y) InGyghwi puwn £ -h whpGnhun t,

huy punn y-ph pujwpwpmi t Lhyzhgh wwjdwGhG (hwywuwpwswih ¢ hndinfuw-
YuwGh Ghwndwip), wwyw wil wipGnhwn t Q -nud:

Uywgnyg: 8nyg niwGp f (2, y) Pnilyghwyh wipGnhwwnnipynilp £ -h Ywdw-

G (£,,Y,) Ybwm:  dbpgGbGp gulywgws €>0 phy L pGupklp




3=0(t,,5,.€)>0 phyG wylbwyku, np bpp |t—to| <d Iy")’al <d
lf(t, - fty,y, )| < € : Cuwn binwGlyjwl wihwwuwpnipjwl

|F @)= fon Y| S|F @)= FE )+ yo) = ftor y0)|
Oquytiiny Lhu2hgh (1.1) ww)iwbhg wnwohl gnudwpbpnt hwiwp YnGbGwGpe

[FE. - ft.y)| S Ly-y,

€ .
wlhwywuwpnipyniGp, nph we dwup thngp t E -hg, tipp 9, < -ZEL_: fuwthnp f(1,y)

$ntGlghwG whpGnhwn t puwn £-h, mpbdG ww; € > 0 pyh hwiwp gnynepsntG nLGh
8, =8,(t9,50,€)>0 phy w)Gwhup, nn Gpp It - to| < 52 ,

€ .
| f(ty,y)— [, yo)| < > : Wdd powpbgnyd & = min(§,,d,) ymobGwop

|f(t,y)—f(to,y0)| <€, tpp |t—t0| <d u |y— y0| <d:
UuhGpG f(7,y) Pmllyghwl whpGnhww t (2,,y,) € Q Ytunnd: RwGh np
(2o ¥o) -0  whpnyph Yuwiwjwlwo yow t, wuw 1660w wuwwgnigyws t:

Z SQontinump wlhwywuwpnipnilp

bOnbgpuwiwht  wlhwywuwpnipymGGbph  wnbuntpynibp dwpbdwunhyuyh
ywpbnp  pOwqudwnlGbphg b U  wlhwwuwpnpynblGbnd  mGe0  dboéwphy
UhpwonpyniGGbp: Upjunbn dblp Yuwwwgnigblp G0wl dh wihwywuwpniginiG, npp
wuwndwlywbnptG uhhgp t apkp pOnbgpuwiwihbd wWlhwdwuwnmpnbGbph wbune-
pjwGp L dbp Ynnihg Yybpwedh dhwinpyjwh L wy| pnpbdGlinh wwwgniygGtpnid;

Lbddw 1.3- QpaGnny)  Wgnip [a,b] hwndwond wopbnhwn 4 L v ny

Pwgwuwlipul Prulilighwibnp L C ny pugwuwliwG phyp pudwpwpnid 66
wx)<C+ I viu(ydt,  xe€la,b] (12)
wihwjuwounmppulp: U ntupnd

vix) s Cexpju(t)dt: (13)

Vwulusfnpuwugu, bot C =0, wupw v(x) =0



Uwwgnyg: Yhuawnlybap Gpynt nbuyp.
w) C > 0: LYWlGwYykGp

wx)=C+ j[v(t)u(t)dt 4

PwGh np u-G L v-G wlplGnhwin &G [a,b]-nui, wyw w(x) Pnlyghwl
wGpGnhuwin nhpbntGgbih t [a,b]-nui L
w(x) =v(x) u(x): (1.4)
Cutn (1.2) wlhwtwuwpmpywl v(x) < w(x) [a,b]-nuj: Uyuintinhg, (1.4) wnGsni-
pintGhg b #(x) PriGlghwih ns pwowuwlwGnipyniGhg, YntGbGwhp
w(x) = v(x)-u(x) < w(x)-u(x), xe [a,b]
nhdtpbaghwi wihwywuwpnipynibp:
Rwlh np w(x)2C>0 [a,b]-nui, www pwdwitiny unwgywé whhwywuw-
nnpywG bipynt dwubipp w(x) -h Ypw, YniGEGwGp
w(x)
w(x)
bGunbgntiiny wju wndzmpjmﬁu (a, x) dhowywpnid (@ < x < b), YunwGwbp

< u(x), x€ [a,b]:

Inw(x) —Inw(a) < Iu(t)dt :
3wyyh webbing, np w(a) =C, wJumbnhguumﬁbﬁwﬁp
Inw(x)<InC + Iu(t)dt
Yuwad a
w(x) < Cexp ju(t)dt

whGhwywuwpnepyniGp, np0 b wwwgnignd t 66dwh C > 0 pbiwpnud:
p) C=0: JdtpgltGp npLt ns pwgwuwlwl qpnjh dquinn {Cn} pyw;h0
hweonpnwlwbnepynil: Cuwn (1.2) wwydwGh' jntpupwbgnip 72-h hwdwp wbnh nubh
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w(x) < j'v(t)u(t)dt <C, + jv(t)u(t)dt x€[a,bl;n=12--

whhwywuwpnpyntlp: IGwbwpwp pun pGhwplwé nbwph U 26nphhy Gpw, np © -G
ns puwgwuwywh pnGyghw t [a,b] hwwndwéney, YnGbGwbp

0<v(x)<C, -expfu(t)dt <C, exp Tu(t)dt <C, exp(M(b-a)),
’ n=12,
npnbn M = g}‘ah u(x):
fwGh np C, =0, tpp n — oo, wjunbnhg Juunwbwbp, np v(x) =0,

X€E [a,b]: LEG0wG wuywgnigyws t:

T plunbgpuyuyphl hudwuwpndGbp
paunbgpwiwht hwywuwpnud YuwowGkGp
b(1)

YO =c@+ [f(rym)de

a(r)
wbuph  wnGsnipynbp, npwbn £ (2, y),a(?),b(t),c(t)-6 wpJwdé wlpGnhwwn
dnGyghwhtn 66, huy y(2)-G npnGlh $mGyghw t, npp hwnbu t qwihu Gul
hGwnbgpwih Gawlh nwly: POnbgpwiwiht hwywuwpdws ménd YubfwbtGp wjl
¥y = @) wplnhwuin $nilyghwi, nph nbnunpnidp hwyjwuwpiwh sk nwpdGned t
wylb GnyyGnipymG puwn ¢ hinthnfuwlwGh:

Ujdd nhinwpytGp
{y’=f ty), @©LyeQ (1.5)
y(‘o)=y°’ (to,yo)EQ (1.6)

Unnt uGnhpp, npntkn £(2, y) $nGyghwh whpGnhwn t Q whpnypnd: Mwpquntd
t, np Yw wodppwlwl Yuwy hGnbgpuiwihG hwywuwpdwb L Ynznu fuGnph dhel:
Uwnnygp wbknh nlGh hbinbyw) wGnnudp:

Lbovw 1.4 (Fwdwpdtipmppul (ddw): Ynane (1.5), (1.6) fulnph jnipwpwiGgmp
y = @(t) (nénid, npnadws (o, B) dhewlwypntd, (néncd t Gwb



y(#) =y, + ff (ty(dr, 1€ (op) (1.7)

hGubgpwiwiht hwdwuwpiwls hwiwp b hwlwnupdp (1.7) hwywuwpdwG jnupw-
pwlgnip (nuonud, npngwé (o, B) -nud, nudnud t Gl (1.5), (1.6) Ungnt fulinph hwdwp:
Uupwgnyg: “hgnip y = @(t) pnilyghw (1.5), (1.6) hubnph (ménud t (o, P)
dhowlwypn, wjuhlpl
¢ = f1,91) te(o,p) (18)
et)=Y,: (1.9)
hGunbgnbiny (1.8) GnuyGnupynilp (2,,2) (@ <ty <t < B) dhowluwpntd L hwayh
wnGbny (1.9) wwjdwbp YnGbLGwap.

Q1) =y, + [ f(LOW)dT, 1€ (00,B) (1.10)
10

GntjGnupyntGp, npp GawGwyned £, np @) $nilGyghwa (1.7) hwywuwpdwh gnudnud t:

Jwlywnwpdp, bpt @(2)-G (1.7) hGubgpwiuwghG hwdwuwpdwG  (mémd t,
wyuhGpG wtnh mGh (1.10) GnyGmpynilp, wwyw woéwagbing wybd pun £-h  (hwadh
welbind  f(2,9(2)) $nGyghwih whGpGnhwwnnipynilp), YunwGwip (1.8) GnuyGni-
pinlp: Sbnwnptiing  £=1¢, (1.10)-h dbe YnOtGwhGp (1.9) hwlwuwpnipymGp,
wjuhlpl  @(2)-G (1.5), (1.6) fulinph (neoned t: LESSwE wwjwgnigywo L:

Ujdd wpntb otGp Ywpnn GOp dlwlbpwbip wyu nwupGpwgh hhdGwpwp
wpmyniGpltiphg dbkyp.

Btnpbd 1.1.  (unzh-Mhywp). %hgnp  f(¢;y) PnGyghwh  whpniypntd
wlpGnhwn t punn ¢ ginhnfuwywbh b pwdwpwpned t Lhuzhgh wwydwGhG pun y
thnthnjuwwGh (hwjwuwpwswi £ -h Gyuwndwdp): Un nbwypmd

w) qnynepymi GG o0 >0 phy L @(f) dnGyghw wjGujhuhp, np y = @(t)
Pnuyghwt [ty —a, 1, +a] hwindwénud hwlnhuwGnus t (1.5), (1.6) Unznt fuGnph
Lménud:

p) wyn (neénudp ShwyG t htinbywy hdwuwnny. tpt @(f) PniGlghwa (1.5), (1.6)
fuGnph tnuonwd t (¢,,B,) dhewlwpnd, huy W()-G tnsmus & (0L,,B,) dhowlw)-

pnud, www wyn (mémdaGtipp hwdipGyGned 6 hpbGg npndwh whpnyplbiph pnhw-
Gnip Jwunu:



Uywgnyg: Cun hwdwpdtipnipywl Gddwyh® (1.5), (1.6) Unant fuGnph (nLéTWG
qnnipynilp L dhwynipyniGp hwiwpdtip t (1.7)  hOGntigpuiwihG hwywuwpiwb
intédwl qrynpjwll ne dhwynepjwGp: Uyn hGnbtgpuiwiht hwjwuwpdiwG  (neédwh
qnnipyntGp  YuwwwgnigtiGp  hwenpnwwi  dnunwpynmudGph  (Ywd  MGwbngh)
nwGwyny:

2wGh np (25, y,) -0 Q pwg pwqinipywh Yt t, www gnynpyntG neGh

m= {(t, y), |t -—tol <b, Iy - yol <a } nnqwilymG, npb pGywé t Q-p
uby:

Nt nunnuwGlywa hwn dhwuhb nhuwpyklp r wwpwditnphg Ywiujws

N, = {(t, y), It —tol <r<bh, ly - yol <a } nunwolynGp:

LwwnbGp, np pbinptidh wwydwGGtphg L 1600w 1.2-hg plunid L,

-
. 201; \

2b
hn [ $niGyghwl whpGnhwwn t Q -nud, huy pwGh np N-6 thwl vwhdwGwhwy pwq-

OntpyniG t, www f -p vwhdwGwihwy t N-nus: Lawbwlysip M = (mfi)r(l |f(t, y)l
t.y)eM

d>,-nq 02w lwykGp [to ~r,t, +r] dhowluypmd npndwéd wyld wGplnhwn
InuGyghwlbph pwqinipymlp, npnGg qpwdhylbpt pGlwd GG Ni, mnnwilywi otg,
wuhlpG Q€ P, , bpt @-G wlplnhwwn t [t, — 7, 2, + r]-nus L Q@) — y | S a,

bpp 2€ ft, — 1,2, +7):
Utp GywwwlyG t hwnmgbl ®,-hG u;usmuwﬁnn $niGyghwltiph wjbughup
hwjwuwpwswh gniquitn @, @, -, P, . hwenppwywbnp)niG, nph uwhdwbp
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hwinhuwGw (1.7) hwdwuwpdwls (oned: W hwenpnwlwlnpywG  wwppbpp
YwlywGkGp (1.7) huGnph 1ModwG hwenpnwywG dnnwnpynudGlip, pun npnud @, -0

qpnjwlwG dnnwpyned, @, -p° wewghl dnunwpyned b wyG:
Npwbu qpnywlwG dnnwpynud YepgGtGp @, (¢) = y, dnGyghwt (P, € P,):
Lwh Ghunnblp, np pun P -h vwhiwbiws (1,Q,(1))e M, CQ  btpp
t, -r<t< to +r, mpbdl Yuptith t (1.7) hwjwuwpdwb we dwunid y -h thntuwnkG
wbnwnpby @, : LWGwWYLEGE

@, (1)= ¥, + [ F (1.0, ())dr:
)

OnpdtiGp wydd r wwpwobupG pGunptkp w)lwyby, np @,-p Ly wwnlwbh
@, -hG, wjuhGpl, npubugh wyG pwdupwph |, (1)~ yo|S @ wwyiwGhe, btnp
tefty—r.t, +r):

fwGh np @, € P, wuhlpt (¢,9,()e M, cM L lf(t,(po(t))|SM,

wwyu

|, (1) = y,| <

jf(t%(t))drlsn4|t-to|sM,,:

a
Chwpkny 7 < L uniGbGwlp’ @, (1) = y,| < @, wyuhGpt @, € P,

a
Fbvwqw wpnibwynipjwld hwiwp GYwnbklp, np tpb rSﬁ, www P,

nwuhb wwwnywbnn gwﬁuwgwp (1] Pnlyghwh hwiwnp

[)'o +Jf(1,q>(1:))d‘c)e P -

Unwohl dnuwpynudp Yuwnmgbinig hbnn YuenigklGp Gpypnpn dnniwpynudp
hGwnbywy Yepuy
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e, )=y, + If(‘C,(Pl(‘t))d't :
i

Pwlh np @, € P,, wyw pun r-h phnpnpywl L Ybpp wujwsh @,-p Lu

r'

@, -hg t: Uju Ybpuy YwnnighiGp

Q1) =y, + [ (1.0, (Ddr, n=12,- (1.11)
‘o
$nilyghwbEph hwenpnwlwbnip)nLGp:
Wuwhuny unwgutp Q,,@,, -, @, , - Imbyghwbtiph hwenpnwlywbnipynip,

npnGghg  Jnipwpwlyniph  qpwdhlys pGhws t i, -mud: LywGwybkGp
o= min{b,—;!-} L gniyg tnwGp, np {(p,l (t)} hwonpnwlwanipynibp hwdwuwpwswi

qniquidtien t [to -q, 1, + a]-md: LwGh np

P, (1) =@, () + (@, (1) =@y () +--+ (¢, () -9, (1)),
www {(p,, (t)} hwenpawluwbnipjwld hwywuwpwswh qniquihunnipynulp GaJwé
hwundwénd hwdwpdtp t
Qo)+ (P, () =P (1)) +---+ (9, (1) -9, (1))~ (1.12)

dnGyghnGwy wpph  hwdwuwpwswth  qniquihnnpjwlp wyn  hwwnywénd:
Unwgdwéd (1.12) wpph hwjwuwpwswih qniquwidhnneginilp gnyg nwnt hwdwp

qlGwhwwntbp (P, (t) —@,_, (2)) vwppbpnipynGp (n =1,2,--):
RwGhnp |19, ()| S M, teft, —a, 1, + @), wu

@) — @, (1)] < J'f(t"Po(T))d"( SMlt—1,:
10
Oquytiny wju wGhwydwuwpnipjnilhg L Yhpwabkiind Lhwyhgh wwjdwbp YniGt-

Gwip

0,0 - 9,0)| < |[ (.0, (dT- £ (1,0, (r»dfl <
10
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<|[|f @0, ()dt - f(3.0,(2) ld# <L|o,(6)- @, ()| dr <

|""o|2 .
2

hGnnlyghwjh tnwGwyny gnyg wnwbp, np nbnh nGkG htwbjw] qlwhwunw-
JuGabpp

< LM_l”‘t—to|d'L‘= LM
10

A _ _
9,(0-¢, (<L M=, n=12,- (1.13)
n!

fwGh np (1.13) qGwhwwnwlywlp Shpn t n=1 nbwpmd, gnig wiwhp, np
n = k -h ntwpnid 6hpwn (hGtinig plunud k, np wyG Ghpw t Gubl 7 = k +1-h hwiwp:
NLGLGp

0. (-0, )| <

[If ©o, ()~ f(z.0,, (t))|dr‘ <

' M|t I'M
S4;[|(pk(t)_¢k—l(t)|drlsk—! ;[ITJ—IOI d‘l"= (k+1)|_|t—t°

3twnLwpwp, pun hGnnighnG tGpwnpnpywa (1.13) whhwywuwpnipyntlp Ghaunn

k+1

t pngnp n-tiph hwdwp n=1,2,---:
bpb wydd t € [to -, + a], wuwjw (1.13) wihwywuwpmpjnilhg YntGtiGwGp

M (Lay
L n!

9,(0-9,,0)|< (1.14)

(La)" :
pqwjhG wnpp, npp hwlnhuwGnud t (1.12)

qUwhwinwywtp: Rwh np Y
n=|

$dnlyghnGw|  wpph  dwdnpwlGup [to—a,to+a]-nul, qniqudtitn L,

& (La)” 1.
Z ' =e" —1 |, wyw pun wppbph hwywuwpwswg gqniquihnntpjwi
n=| n!

JwuhG Ywjbipanpwuh plinptidh (1.12) 2wppp, hbnbwpwp Gwl @, (¢) hwenprwluw-
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GnpyntGp  hwjuwuwpwswh  qniquihinmd  bG [to -0z, +a]-md: {(p,l (t)}
hwonpnwlwlnipjwl  uwhdwbp [to -Q,t, +a]-nui GwlwykGp  @(f)-ny:
aniquihnnipjwl hwywuwpwswhnpnibhg plunid £, np @(7) -G Lu whpGnhwn t
@,(1)~ y,|<a,
te ft, — oty +a], wuyw |()-y,|<a. tel,—o,t,+a], wuhtes @)
$niGyghwyh qpuwPhlp Lu nnupu gh quithu NLe-hg: ALptids @€ P :

8nyg wwlp, np OF) uwhiwlwhG PnlGyghwl hwlnhywlGnd t (1.7)

hGwnbgpwiwiht hwwuwpdwG (neénul: w hwiwp pwywlwb t gnyg wwg, np
(1.11) wrGgmpyniGnmd Yupbgh t wigltp uwhdwbh, Gpp 1 — oo : bpnp, pwGh np

¢, (1)-0 hwlwuwpwsw qniquihnnud b Q(2)-hG [to -0t + _a]-md,

[to-a,to+a]-mu,. L pwbGh np jnipwpwlynip n-h hwdwp

htwnlwpwp jnupwpwGgnip € > 0 pyh hwiwp gnynpyntG mGh N(€) phy wjGuhuho,

€
m [0, ()= 9(r)| <. tre n > N(e), t€ [t, — ot +a]: Oquutiiny Lhuizhgh

wuwydwlhg GJwé wwydwGhl pwwpwpnn 7 -Gph hwiwp YnGEGwibp

l[f (7,9,(v))dt - f(7,0(7))d7

<|[If @@, @)de - f(z.0()) [dr|<

<L. b‘ @,(t) - q)(‘t)l d7| < € wihwywuwpnipynilp :
Uydd G obind unwgywéhg L wiglbiny uwhdwGh (1.11)-nd YunnwGwGp.
0() =y, + [ f (T o(t)de

L)

GnyGnpyniGp:  WuhGpG @) PnbGyghwt (1.7) hwdwuwpdwG  (méndl t
[‘o -a,t, +a]-nuj: Ujuwhund (nuédwa gnympyntGh wwwgnigwé t: Ujdd gmjg'
nwhp nédwh Shwynipynilp:
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Ohgnip  @O(r) Pnilyghwh (1.5), (1.6) Unznu puGnph gndmd t (¢,,B,)
dhowlwypnid, huy WY(¢) Pnlyghwl ndmd t (a,,B,) dhowlywpmd: U
ntwpentd £ € (a,',B,)ﬂ(az,Bz) ytwnbph hwiwp dhwdwdwiwy nbnh YnGEGwa

O() = y, + [ (T, 9(x)d

V() =y, + | fLW(R)de

GniyGrupyntGhLpp: Ujuinbinhg, puwn Lhwyzhgh wwiydwGh, 4nGkGuGp
o) —w)|=|[ f (x.0()dT- f(wm))d«{ < Llott) - w(n)ldr:
1 0

LawGwibiny v(t)='(p(t)—\{l(t)|. u(t)=L, ymGtGwep, np v(#) L u(t)
$nGghwbbph hwdwp pwywpwpywé 66 ApnGningh (Gidwih ((Eddw 1.3) ww)dwb-
Gpp C =0 hwuwnwwnnOny:

Cun (tddwh v(t) = |(p(t) - W(t)l =0: Itwnlwpwp Q1) = Y(2),

(a,,.B)N(a,,B,) -ma: Uhwynipynilp, hGswbu Gl pthpbd 1.1-G wdpnngnuyh
wuywgniguwé t:

YwnqupymG 1.2: tpp Q-nud ‘wlpGnhwn f(2,y) dnGyghwl wipGnhwin
nhdbtiptiGgbih t pun y thnthnfuwhwGh, wuyw hwiwdw)6 (Eddw 1.1-h" w)lh pwlwpuw-
pnud £ Lhyzhgh ww)dwGhG pun y dinthnfuwywbh: Nptda pbnpbd 1.1-hg prund t |
qfunud dLwybpujwé Unzn pbinpbidp:

Tpunnpmpym 1.3: REnpkd 1.1-h Gqwé wwwgnygp  (hwenpnwlwb dnnwp-
Ynedbbtiph Gnwlwyp) bGwpwynpnipyncd t vwihu guilifuwgwé Sunmpjuidp Ywnnigh|
(1.5), (1.6) Unzm pulnpp [niénLdp:
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§2 USLUNAL ULSUNUSUGMARILET R UU2RNRRE

Uju wwpwagpwdpnid Ypbpdh dwpbidwnhlwih wiklwwnwpptp plwquywebbpnid
dtowphy YhpwnnipyniGhtp nulbgnn  ewlindng  wpunwwyuanybipndGbpfiy - Ywid
ewlpund Ybwnpry uyqpmilpp: 0wjwd ubining wpnwwwinybipnuiGiph ulqpnilpp
puwn tnipjwl wwwgnigynud bt wpnbG Yhpwedwé hwonpruwlwl dnunwplynudGtiph
tnwlwyny, uvwlw)lt wjl wyuwntn ptipdnd t GGGNY Gpwbhg, np wyn ulqemilpp ny
Ghwyt pnyp t wwihu Yepwwwwgnigbp Ynzne plinptidp, wyl Gpw oqlnipjwip
wwwgnigyned GG dh wpp hwlgniguihb wGnnuibtip, npnag pyntd Gwb qnjnipjwl b
thwynipjwl ptinptdGhpp:

Uju Guwwnwyny Gwfu dinglGliGp dtnphlwlwb tnwpwénpjwl qunwithwpp:

Nhgnip nlbGp X pwquinupyniGp, nph wiwppbpp by thnywt nwpwénp)wG
hwGgnyyt YwGdwlkGp ybwntp: p(x,y) ng pwgwuwlwl hpwlwh pnGyghwa, npp
npndwé t X pwqdnipjwl Yewnbph YwiwywywG X, y qnygh hwiwp, YuwiywobGp

htinwynpnpymb (Gwphyw) X -nud, tipt wyG pwywpwpnd t hbnbjwg wwjdws-
GGpho

1) p(x, ¥) =0 w)G L Shw)G w)G nbwpnibpp x =y,

2)p(x, y) = p(y, x) (uhdtnphlnipjneh),

3) p(x,y) < p(x,2)+p(2,y) (Bnwllwh wihwwuwpnipniG):

UwhiwGmd 2.1: (X ,p) qnyap, npnbn X -p npkt pwqdnupyniG t, huy p-G

X -nud uwhdwGywd htinwynpnpynil, YuGywGkGp dtuphlwywh nwpwonipiniG:
Utnphjuwiwl tvnwpwoénpywh ophGwlyGbp LG

1)X = R' hpwlwG pyph pwqinpynilp P(x, y) =|x—y| htnwynpnipjwip
(GGwphyuw)ny):
2) X =R"-p n swihwGh hpwlwh, Ywpguynplws 7 -jwlbtph puqinieniGG
bx=(x,-,x,), y=(y,-,y,) Ytntiph htnwynpnipjnGG t
| n 2
p(x,y) =(Z(yi -xi)z ) :
3)X p [a,b]-nui wGpGnhwwn pnuGyghwbtph C [a,b] pwqunup)nlGG Lt Ujuwnbin
f L g dnGyghwitiph htinwynpntpyniGp uwhdwikGp htnbyw) Ybpw.
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p(f.8)=max|f(x) - g():

CGptipgnnhG GGp pnnGnud wuwgnigti, np pbpdwébbpp dEnphluwywl nwpw-
ompyniGGbp 60:
Uwhdwomd 2.2: 9hgnp (X,p)-G dbnppyuwlywld wwpwémpnté t L

X3 Xyt 0y X, 50 € X @ GwubGp, np {x,] hwenpnwlwlnieynlp qriquidhunined t
a-ht (ae X) pun p Obmnhluujh,‘ tpb Yuwiwjwlws € > 0 pyh hwiwp gnynipynil
nGh N = N(€) pGwlwG phy wyGwhuhl, np p(x,,a) <€, tpp n2 N :

VwhdwGmd 2.3: {x,} hwenpnwlwinipyniGp (x, € X, n=12,---) Yngynrd t
nlnwibGunwg X -nud, Gpb YwdwywywG €>0 pyh hwiwp gqnynpntG nuGh
N = N(¢) powlwh phy wyGwhuhG, np p(x,,x, ) <&, tpp n,m > N :

Muwpq t, np jJnpupwGynp gqniquidticn hwenpnwlwbneimb pnLbnuwdtbnwy t:
bpt Ghon t Guwl hwlwewyp, wjuhlpld X -p gwliwgwéd InilnudtGuiuwg
hwenprwywGnipynl qriquishuinud t X -nud, wyw (X,P)-0 YwGwlkGp phy
dGunphywywsd wwpwoénipyniG:

dbplunid  phipdwoéGtpp hwbnhuwGmd GG jphy dGuphlwiwd wnwpwéenpjwl
ophlGwyGtp (hwinqyby):

Uwhowomy 2.4: 9%hgmp (X,p)-0 dtwnphywlwl wwpwénpmG b A
wpnwwwnlbpnudp  (owbpwwnpp), npp gnpdémud £ X -hg X, Yngynud b ubining,
et qnynupynil nuGh B phy, wylwhuhG, np O<B<1 L

P(Ax,Ay) <Bp(x,y) x,ye X:

UyGhwyn t, np JnpupwGynep ubindnn wpnwwwanybpnid wGpbnhwan t X -nud,
wyuhlpl guwlhwgwé  x,-h  hwdwp X-hg p(Ax,,Ax,) =0, tpp
p(x,,x,) >0, n— oo (hwinqyty):

Uwhdwlmd 2.5: x€ X Ytwnp Juwijulblp A wpnwwwwnlybpiwl wiwpd
Ybw, tpt Ax = x:

Ub2wpd Ytwh gninpywlb Yuwd dhwympywlb hwpgbpG whdhowlwbnpbl Yww-

Unud 66 vwpwplnyp hwywuwpnudGeph  (ménudGeph  qnynupjwl, Shwintpjw,
hGswbu Gwlk wyn omudGepp quGkint fuGnhpGeph hbwn: Uwninpl wwwgnigynn



pinptidh htiGg hwjnGh t ewbndng wpunwwuwnlbpmdGbpp» Yl  cwlpund Ybnp»
uygqpnilp whywlnidng:

Btnpti 2.1: (X ,P) inhy dbwnphywyws nwpwénipyntlnud gnpénn guwbywgwd
A ubninn wpunwwwnytpnud nlbh wiwpd Yewn L w)G k¢ shwyp:

Uupwgnyg: hgmp x,-60 X pwqinpuwli gwluwgwsé ytwn b LwqotGp
x, = Ax,, x, = Ax,, -+, x, = Ax,_;,*-- hwenpnuwGnipjnilp: Snyg wwhp, np
unwgywd {xn} hwonpnwlwGmpniip  gniqudbn t: RwGh np (X,p) wvwpw-
6mupynilp (phy t, pwywlwG t gnyg nwg {xn} hwenpnwlwbnpjwl pnLbnwibkinw-
(ntpynilp: Lwhu oguybiny A wpuwwwinybpdwb ubndnn |hGEng gGwhwunbbp x,

L x

n+l

p(x,,x,,)=p(Ax,_,Ax,) < B- p(x, .x,) =B p(Ax, ,,Ax, )<

< ﬁzp(xn—z 3 X,y ) S < B"p(xo X))
61G6nY wju gGwhwinwluwbhg b Gnwhlwh wihwywuwpnipynibhg gubywgwdéd
x, Lx_ (m>n) winudiGtph hwiwp YnGtGwGp

wlnwiGtph hGnwynpnipynilip:

P(Xn»xm) < plap ’xn+l) + p(xn+l RY) )+

B’H-l

+-~+p(xm__l,xm)_<.Bn'P(XO,XI)'*' plxg, X))+

++B™ L o(x %) =B" -px ,xl)(1+B+---+B"'_"_1)s
n 2,...gm-n-1,gm-n_ y_gn 1
SBp(xg. 5L+ BB 4B LB =Bt
dtpohG  wnOimpintGp  unwgwlp’ Yhpwebing Guqnn  bpYypwswhwlywa
wpngpbuhwih (0 < B <1) gnuiwph hwpnGh pwGwébp:
ewth np O0<PB<1, wyw N -p pwdwywGwswih 066 pGupting Ywpnn bGp

B p(xo,x) wpnwhwjnnpinilp nupdGty dqinpp  Gwjuwwbu  wpdwé

B

gulywgwéd ptlhg; tpp n> N : Uuyhund' x, hwonpnwlwinp)nilbp dniGnwikGnw)



t U htnbwpwp pun (X,P) nwpwénpywG (phyntpjul qniquiitin: LwGwlykGp
{x,,} hweonpnwywinipjwl uwhiwap x-nd (x€ X):
2wGh np ubninn wpnwwwinltipnuiG wiplnhwwn t, mpbss Ax, — Ax, tpp
n—oo:
Wdd x, = Ax,'_, wnGsnpjwiG Gpynt Ynndnud wagGhny uwhdwGh Gpp 71— oo
ynlGEOwGp’
x=limx, =limAx,_, = Ax:

upbdG X, hwonpnwlwinpywl vwhiwG hwinhuwgnn x Ytwp hwbnhuwGnud
t A owbtpwwnph wGwpd Ytw: Snyg wnwhp, np wlwpd ybwnp Shwya L
tGpwnptiGp qnynipynil niGh Lbu ik y € X wlwpd e x#y, Ay=1y:

LwGh np A -0 ubninn t, YnlGEGwGp’

p(x, y) =p(Ax,Ay) <B-p(x,y):

Uydd hhztiny, np 0 < B <1, ynGLGwGp, np unwgywé wGhwlwuwpnipnilp
wbnh niGh wyl L Shw)G wyb niypnid, tpp P(x, y) = 0, wyuhlpl' x = y : Uunbinhg
plunid t wGwpd Yeinh shwynipynilp:

tvanpp: Ywnnigbig A owbipwtnnph onhOwy wylwhuhl, np
p(Ax, Ay) < p(x,y), (B=1), npp sni0btGw wGwnd Ybwn:

REptGp ubninn wpnwwwinytpnudbGbph uyqpnilph Gh pwbh YppwaenpntGGbp:

YppwnnpymG 1: dbpglhGp X =[a,b], p(x, y)=|x- yl: Nhgnip [a,b]
dhewluypnid npnqwé  f(x) hpwlwGwndtp Hnilyghwh pudwpwpnid t Lhuohgh
wwydwGha, 0 < L <1 Lhyzhgh hwuwnwinniGny, wyuhGpl

|f ()= f(x)| S Ux = x| 3%, € [a,b]:

Ujn nbwpnd pwdwpwpywé YhGsad pbnpbd 2.1-h pnpnp wwpdwGGbpp L
x = f(x) hwjwuwpnuip [a,b]-nuj YntGEGw Shwy (nudned:

Uju thwuwnp Yhpwnyned t @(x) =0 ns qéwyhG hwywuwpdwG (nédwh hwiwp
hbwnbyw) Ybpw: Hhgnip niunudGwuppdnd b @(x) =0 hwywuwpndp, nph |nenuip
thGuipynus t [a,b] hwundweénud: Nunwdbwuhpdnn hwywuwnnuip gpitp x = £(x)
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(f(x) =@(x)+x) wbupny: bpt f(x) 9PnLGlyghwh [a,b]-nui pwywpuwpnd t
Lhwzhgh wuwydwGhG, O0<L<1 Lhuyzhgh hwunwonlng, www x= f(x)
hwwuwpnidp (hGnbwpwnp” Gwb @(x) =0 hwywuwpnidp) nGh dhwy (nLonLd
[a,b]-md:

Un némip Jupblh t gl hwonpnwlwl dnwnwpynudGliph GnwGwyny”
X, =f(xk_,), pan npnud npubiu qpnjwywd dnwpynd YepghtGrny gulywgwé

x, € [a,b] ytun:
Ljwwblp, np f(x) 9$nlyghwl pwywpwpnd t Gwé wwydwGh, btph
max |£(x)| <1 (nbu tscw 1.1):

Swlp GYwpwagpywsd ypngbuh Gpypwswhwlwt dELGwpwanipynLGp:

A
y=x
\\
i _y=f(x)
a X2 Xo C X3 X, b >

Ahgnip f(x) dnilyghwG [a,b]-nui pwywpwpntd t |f'(x)|<1 wuwydwGhG:
dtipgGilp gwlywgwsé X, Ytwn [a,b]-hg: X, Ytwind nwitlp y-Gtiph wnwiGgphl

qniqwhtin ninhn 6hGsl y = f(x) dnGlyghwih qpudhyh htitn hwnybip: Iwndwa
Yuwnnd wwlbilp x-tph wnwlGgphG qniquhbe nuthn GhGslk y =Xx ninnh htin
hwwnybip: Unwgwdé Yewnh wpughup hwinhuwGnud t X, -p: LG pwlp Yuunwpblp
X,-h hbnn L wjuwbu wpmbwly, d6Gp  YhwdnqytGp, np uwnwgywé Ytwnbipp
YinunbGwG ¢ 62qphwn | NLddwhp:
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YppwompimlG 2: UGwpd Ytwnh uyqpnilph Yhpwriwdp wuwjwgnighilp wGpw-
gwhuwyin $nblyghwyh qnynpjwl pinptdh nwpptpwlyGtphg deup, npbG MuGh pwqiw-
whuh Yhpwnenep)niGGtp, wyn pynud unynpuwlwl nhdptipblghw hwywuwpniiGhph
wnbunipjw( dby:

Bbnpbd 2.2 (UGpwgwhwjin $niGyghwih gmynipywl dwuhG): Yhgnp f(x, y)

)
dnGghwG npndwé L wGpGnhwwn t pp ai Jwulwywl woéwhgjwih htwn JhwuhG
y

Q= {(x, y), as<x<bh, —oo<y< 00} tipinnu: PGswbiu  Gwl  gqnynipynil

mnttc mM (O<m<M) pyip wlwhuhp, np m< m <M

Yuiwywywa (x, y) qnugh hwiwp Q-hg:

Wn nbwpend- gynepyntG mGh L wyl b dhwy y =@(x) 9InGyghw, npb
hwGnpuwGnd t F(x,¥) =0 hwjwuwpdwG (moénd [a,b]—md, wjuhGpl
f(x,@(x)=0, xe [a,b]

Uywgnyg: HhunwplytiGp C[a,b] whpGnhwwn $nLblyghwGtph wwpwénpynlp
hwiwwwunwuhuwG denphlyw)ny (inbu ophGwy 3) . C [a,b] -nud nhunwnpytGp

1
A(Q) = L f(x,@x), ¢e Cla,b] 2.1)
wpnwwywnlbpndp: Mwpg b, op A -G wpnwwwnybpnud t C[a,b] trhy dtiuinph-
Ywywl nwpwésnpmGp C [a,b]-h dbg: UwnnigbkGp, np w)yb ukindnn t: bpnp, nhgnip
¢,0,€C [a,b]: Ujn ntiwpnid oquytijny LwgpwGdh Ytipgwynp wibph pwlwdlhg
nplt 0-h hwiwp (0<0<1) YmGLEGwGp

|40, (x) - Ap, (x| =

1 1
((PZ(X) 'ﬁf (L(p,(ﬂ)}((p. (X)_ﬁf (x,9, (x))] =

(x,0,+6(9,—9)) (‘P
2

(0,00~ i00)- L2020

(x)-o, (-‘04 s
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S|(p2(x)—(p,(x)|(l—ﬁ—]s p((p,,(pz)(l—ﬁ—].xe [a,5]

wnbwpwp P(AP,,AQ,) <PP(9,,9,), npntin 0<P=1 —% <1: NipbG
(2.1) wprnwwwwnlytpnuip ubndnng t L pun ptnptid 2.1-h gnynpynit mGh  dhwly
¢, € C[a,b] $niGyghw, npp hwinhuwGnuwi t A wpnwwwnlbpiwt wGwpd Yon'
@, = AQ, , -wyuhGpl

0y (%) = 9y () — %f(x, 0, (x)):

Lwd np GnyGo t, y = @, (x) PniGyghuih hwidwp

f(x@,(x)=0, xela,b]:
UGpwgwhwjn $nilyghwjh gnynipjwb plinpbilt wwwgnigywd t:
JGnwgqw wpwnpwbpnid dtq wGhpwdtn Yihth Gwl wwywgngywéd ptinpbdh
pwquiwswih nmwppbpwyp, npp dLOp pepnud GOop wrwig wwwgnigdwi:
Phnpty 2.3 (UGpwgwhwjwn $nillyghwih gnnipjwl dwuhb): thgnip npywéd bG

m hwyjwuwpnuiGph hwiwbwpg (7 + m) ghinhnfuwlwGGbphg
rF’[(xl’."’xn’yl’.“’ym)=O
) Fz(x.,"',x,,,}’l,"'a)’,,.)=0

ooooooooooooooooooooooooooooooooo

(2.2)

npwnbn’

)F,F, PnuGlyghwbtpp npnywé L wGpGnhuwn tG
(), x2 5y, ya) Ytwnh nplt Q 2ngwluwipnid:

2) Q-nud gnynipynilh nuGkG L wGpGnhwwn &G E dnlyghwlbph htnbyw)
wnwehG Yungh dwubwluwh wowbgw\Gepp oF, /dy; (i, j=1...,m)

3)(x?,---xf,yf,---yf) Ybnp pwjwpwpnud t (22) hwywuwpnuiGlph

hwiwywnpghG
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dF, oF,

3, ¥,

) JE——D(E"'F"’)E%% gfz
D(y,*y,) ' "

oF, oF,

9y, oy,

Jwynpjwlp wwppbip £0-hg (X, X0, ¥7 .- yo) Ybnnus:

Un niypnd
w) (x{,++,X;) Ytnh nplt 2nguiljupnud (2.2) hwiwlwnghg y,,--,, hndin-

huwywGGtpp ShwpdbtpnplG npnadnd GG x,,--- X,  thnthnfuwlwGGbpny, wjuhGpG
qnynipyntG nLGkG Shwpdbp npnadnn Y, = fi (X0 x,), ¥, = fL(x,0 - x,),
Y, = f. (X, x,) pnibyghwlbp, npnlp pwiwpwpnd 6G (2.2) websnipynibltphG
G2dwd 2ppwljwypned:

P X = x,o oo X, = x: Ybwnd  wyn  PnlGghwGbpG  plGnnGnud GO
hwiwwwinwuhuwbwpwn y = fi(x0,+x2), yy = fo(x),x0), ...
yo = f.(x0,-x.), wndtipGtnp:

Q) fis foreoes £, DLGUGhwGENG whplnhwin nhdliptghih bG:

§3 AN3NKrE3UYV BU URUUNRE-3UL BENPEUR UNUSNR3 8L
UGLUNA ULSUNMUSYUGLNRMITLELP UUQRNMC-RAY

Uhpwntiind Gwhunpn  Yenmd  wwwgnigywd  ubninn  wpunwwwnybpGbph

uliqpnilpp’ wjunbin Yybpwwwwgngblp Unznt fuGnph |NLGBwWG qnynpjwla L Shwynt-
pjwb 1.1 ptinptidp:

204



Cuwnn hwiwnpdtpmpywl (Gidwsh ((Eidw 1.4) (1.5), (1.6) Unznt fuGnhpp hwdwp-
dtp t (1.7) hOwnbgpwiwjh0 hwjwuwpiwGp: by wjuwbu, gnyg wwip (1.7) hw-
Ywuwnpdwb |nuédwh gnynupyntlp L ShwynipyntGp: Lwhu GepdnustGp N L M, nunnuG-

\yntGGBNG hGswbu §1-nud : thgnip M = max |7, y)|: Apwbu X sbnphlwywe
Ly 1

nwpwéntpyntG YbpgGtGp @, -p, wyuhGpG [to -r, to+r] dhowlwpnd npnywéd
wyG wlpGnhwwn pnblyghwlbph pwqdnpynGp, npnGg qpudphlGtipGt pGlYws LG
M, — md  wyuhGpG ](p(t)— yol <a,bpp te [t0 -r, t,+ r]: UwhiwGkGp hbinwyn-
pop)ntl

pey)= max |o®)-y@)|. pyed,:

Io—f
8nug wwlp, np GlwG htnwynpnipjwidp P, -p nunelnd t phy dEwnphlulwG
nwpwdnipyntli: thgnip {¢,}n npLt PnGnwitlnw hwonpnwlwbnipimG t,
wyuhGpl YwiwywywG € >0 puh hwiwp gnynpymG mGh wyGyhuh N = N(E)
phu. np

p(®,.9,)= 'E[Xn_lgi(o"] 0, (1) -9, (t)| <g, nm>N:

Uw GawGwynud t, np {@, ()} hwenpnuywlnipjnilp pwdwpwpnid t pnuly-
ghnOw) hwonpnwlwbnpniGGEph  hwywuwpwswih qniquihnnipjulb Pnigubn-
Unpnt hwjpnnwGhhG: IGnLwpwp {(p,I (1)} pnibyghnlwy hwenpnwlwhnipyniGp hw-
Jwuwpwswih qniquihwnd t hGg-np @(t) $mGlghwsh [to-r, L +r]-nui : Cun
qnigwihninipjwl hwywuwpwswhnipjwlb Q€ C[t0 -r, i+ r]:

8nuyg nwlp, np @ IniGyghwih qpudhyt pGywoé t Ni-nud: 3npwpwbynip n-
hhwiwp (n=12,-) mGtbp —a<Q, (t)—y, <a, tel,—r t,+r]

UGhwywuwpnpynlGGph  unwgywd  npwyntd wlglting uwhdwGh, Gpp
n—eco, YnlGbhlwlp —-a<®@(t)—y,<a, te [to —r, ty+ r]. wjuhGpG
¢e P,, npp Gaulwynms t, np P, -p iphy t:

X =&, (phy dbwphywlws nwpwonpiniinul uwhdwbbip htnbjw, owbkpw-
wnpp.
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AQ=y,+ if & E)dE: (3.1)

(1.7) hwdwuwpdwG |nédwh gnyntpyntlp b ShwynipyntGp hwiwpdtp t AQ = @

hwdwuwpiwb (nedwh gnynipjwGp b Shwyntpjwlp, Ywd np GnyGG t A owbipwinnph
hwiwp wowpd Yenh gnjnpywGi ne dhwynipjwGp:

bet P @, , wyw (€, ¢E))e M, c M: mptst £(E, @(&)) -G npuytiu dby
thnthnfuwlwGh Prilyghw wopGnhwan t [t, — 7, £, +r]-nud: Uhwwnh auGbGuwing
Gwl, np (3.1) wnmwhw;mmp}wﬁ w9 dwund qpywé hGuintiqpwip npwbu YtiphG uwh-
GwGh pnGyghw whplnhwen t, YniGhGwhGp, np A owbipwwninpp watwwwnybpnud t
P, p C ([to -r,t, +r])-hﬁ: Udud pGwpkGp 7 phys wybwbu, np A owbipwuinnpp
pwywpwph 2.1 ptinptidh wwydwGGtpht, wyuhlpl

w) A:d - P,

p) qnypyntG mGkGw B phy, (0 <P <1) wyGuhuhG, np Yuwiwjwlwa @ L ¥
IniGyghwGbph hwiwn P, -hg

P(AQ, AY) < B-p(,V):

Uwywhnyblp w) wwydwp: Hw hwdwp P, -h6 ywnhwing guGyugws @) -h

hwiwp qGwhwinkGp AQ(¢) — y, nwpptipnipynilp.

|A‘P(‘)" )'ol =

jf(§,¢(§))d£|SM-r5a, telt,-r, t,+r):

a
CGupbind r < —1‘—4— © YnGbGwGp.

|A<p(t)—yo| <a, te [t0 -rt, +r],
b w) wuwjiwGo wywhnyyuwé t: /

UwywhnytGp p) wuwydwhp: P, -h6 wwnwbng Yuidwywlyws (@, ) qnuygh hw-
duwp, puwn Lhujzhgh wwjdwGh, YniGtGwap
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A9 - Ay ()| = |[ (f & 9(©)- f &, W(é)))dél SL_max |o()-y()r=
10

=L-r-p(@,y), te [t0 -r t +r]:
tnLwpwp  P(AQ,AY) = max llA(p(t) - A\|I(t)| <B-p(Q,¥), npuntin

1€ [tg—r.ag+r
B=L-r:
1
Udd plGopbiny < T ynGtGwlp, np  0<P<1 L htwnLwpwp
pwjwpwpdws YihGh Gwl p) wwydwGp:

. a 1
Ujuwhuny, ipt  r < mm{b’ﬁ’Z}' www (3.1) owtipwwnpp, npp gnpénud t

@, (phy dtnphjuwywh nwpwénpjwl dG9 utininn £, L htnlwpwp pun pinpbd
2.1-h YnuObiGw L wyG by Shwy wGwpd @ Ytn P -hg:

UGwnd Ytitn hwlnhuwgnn wyu InGyghwa ty htGg YhGh (1.7) hGubgpwiwihG
hwywuwnpdwh Shwy (nuoénuip [t0 —r, t,+ f] —nud:

Btinptd 1.1-6 wwwgnigywé t:

§ 4 4N3NFE3UL b4 UPUUNRE-3UV @ GAMGUR UNUSAR3 L
WAMCUUL QUUiyuresre Quoure

Uu wwpwapwdpnid fuwwgnigblp gnynipjwl L Shwynipywa plinptidp
x = filt,x,, -+, x,) 4.1)
{x,.(zo)=x,9, i=1,,n 4:2)
hwywuwpnudGeph Gnpdwy hwdwlywpgh Ynzne fulinph (neddwb hwdwp:
Ujn Gywuwyny Yhhwinwyblp npny qunuwihwpGbp YehnnpGhph nbunipyne-

Ghg: Y%hgmp C"-p  n-swhwGh Yndwybpu tYYyhnywG wnwpwénpyniG t, nph
Y=, y,) nwppbphG YuiwlbGp hGgwbu Yhnbp  wybwbu b JbyuonpGbn:

Y= y,)€C"  dbyunph  dnnmy Ywid  Gpywpnpynth YwGywikGp
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n V2
b= (ot | orae

hgnip @, (2),9,(1), -9, (t) Imbyghwltiphg jnipwpwlynipp npndwé L
wlpGnhwun [a,b]—nui: uskG dh t, € [a, b] Yanh hwiwp  @,) =
= (9, (1), 9, (t5),***,9,(2,)), pdtinh n-julp hnbiGhg GepYuwjwglnud t 72 -swithwGh
ytywnp, wyuhlpl’ (T)(to)e C". U wanuiny pOwlwl t
() = (9,().9,(),---9, (1)), InGyghwlbinh n-julp whwlby (7 -swihwih)
Jeywnnp-pniGyghw: Lowh Jeyunp-pniGyghwiltiph  pwquneynibp Gawlbwlytilp
C, [a,b]-m{:

Qnudwpnudp b uhwpwp pyny pwqiwwwnynidp C" [a,b]-nui uwhdwGynud t
wjlwbu, hOgwtiu 7 -swhwlh pduwjhG YaywnpGbph hwiwp, wuhlpls guhliwgwé
o), y(@)e C, [a,b] Ywbph gnuiwp Q@)+ Y(E)  Undnd bt wyG
X@) =L@, %, )X, (1)) Jduywnp-Prulblghwl, nph  YndwnGEGnGbpp
npnadnud 66 X, (1) =@, (1) + (1), i=(1,2,,n) pulwdlbpny:0L€ R' hpwlw
plh U @()eC, [a,b] ythwnp-pniGyghwih  wprwnpywy  Yngdmd t wyl
Y(@) =y, @), -y, (1) dbhwnp $niblghwh, nph YndynGkGnGlpp npn2dnud bG
y. () =09,(), i=(12,,n) pwbwdLtpny:

Laqwé tipyne gnponnnipyniGGliph Guwwniwsp C, [a,b]-ﬁ nwnbnud t  qéw)hl
nwpwonpynib (inbku § 3.1):

C, [a,b]-nuj uwhiwlbGp Gwb wéwGgywih L hGinbgpwih gunwihwnGpp: ¢(7)
qbu‘mnn $niGyghwyh (_f)'(t) wéwbgjw) Yuwljwltlip w)h Ytyunp-pnibyghwh, nph
jnpupwlgnip YndwynlGbOw  hwGnhuwGnd t (_f)(t) dtywnp Inbyghwih hwiwww-
wwutuwG YndwynGhGunh wowbguip @) = (@] (2),--- ¢, (1)) : buy (t) yblwnp

$nutiyghush hGwbapwy  [@()dt Yubdwbbe F() = (W, (), -V, (1) Pl
lo.]

208



ghw, nputin W, (1) = [@,(s)ds i=(1,2,-+,n), t€ [a,b]

YwilwjywlwG t e [a,b] ytwh hwdwp nbnh nuGh hbnbyw] wihwdwuwpneynibp

1

[@(s)ds

a

1

< [|@(s)lds.

a

npp hGaunnpjwdp Yupbih b gnyg wwy oqudting ulwywp pnibyghwbbph hwidwnp
hwdwwwunwubuwl wihwywuwpnpyniGhg:

§(1) € C, [a,b] ublnnp Pnibiyghwsh Grpd YuGywbGe

Jol = max oo = max. 3 Jo. 0

UwhdwGbGp Gub C,,[a,b]-nu) htnwynpnipynth  (Jkwphlw)’  yntpwpwilGgynep

oyeC, [a,b] Ytwntiph hwiwp htrwynpnpynit wldwikGp  P(P, V) =||(T)—\Tl"
dt&nLpynLGp:
Rtipdwd dbwphywyh GYundwdp Cu[a,b]-ﬁ nwnGnud t |phy dGwphlwlws

wwpwonentl (uinngliy):
JEunnpwwi GwGwynualtpny (4.1), (4.2) Snznt fuGnhpp Yapyh

=% 4.3)
f(to) =.-x'0’ (4.4)
wntupny, npuinkin

E=(x,0x,), X =000, FOB) = (05,50
f.x,, %)), '
¥ =%, -3%)

Bbnptis 4.1: hgnip f, (¢, x,,-+,x,), (i =1---,n) Pnlyghwbtnp npnqwé L
wlplnhwwn 66 (n+1) swhwGh nwpwénpywt Q whpnypnud L pwdwpwpnud GG
Lhw2hgh wwydwGhG pun  x,,---, X, thnthnfuwlwGGbph hwiwhudph, hwywuwpwsw
t ginthnfuwywGh Gywuindwdp, wjuhGpeG gnynipymG nulh wybwhuh L = L(f,Q) npw-
Ywh hwunnwwniG, np Q -h gullwgwé (£4,X7) b (£, X") Yonbph hwiwp
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If,.3) = f,¢. 3<% -5, i=1-.n:- (4.5)
Wn nbwpnud Q wnhpnyph guilwgwé (to,io) ytiwnh hwdwp gnynpynil nLGLG
o >0 phy L §(?) Jbywnp-HnLGyghw, npG hwhnhuwGnud t (4.3), (4.4) uGnph Shwy
inénudp (7, — QL 2, + Q) dhpwlw)pnu:
Uwpgnyg: VYqpnLl gnuyg nwlp, np (4.3),(4.4) uGnhpp hwiwnpdtip t

JO) =% +[ (.50 (46)
o

hGubiqpuiwjht hwywuwpdwp:
Thgnip (-p(t) yYtyunp-pnillyghwa (wyunchtitn $nblyghw) (4.3), (4.4) hulnph
npLt |nuenui t (r,7,) dhewluipmd (¢, € (r,,7;)) wyuhGpl

{@'(z) = £.5()) te (n.n) 4.7)
186 =%, | @8)
hGwnbgpbiny (4.7) GnyGnupyniGp (7,,¢) dhewlwypnid L hwdh weGtiny (4.8) ww)-
Uwlp, YmGLGwap

P)=x"+ If (T, 9(z))dv (4.9)

GneyGnupyniGp, wyuhGph (T)(t) $nGlyghwi Yhwlnhuwbw (4.6) hwywuwpdwh | nuénul:

Ujdd gnt)g vnwbp hwhwnwpdp: Yhgmp ('f)(t) $nLGlghw (4.6) hwywuwpiwb
tneomd t, wyuplplG ibinh nGh (4.9) GnyGnepyniGp: dbipgbtipny (4.9)-nud ¢ =1¢,),
Yuunwlwlp (4.8) ww)dwhp: Uswhgtiny (4.9)-p puwnn ¢-h YnGGGwGp (4.7) Gneylne-
pJnLGp, htinnbwpwp @(1)-G (4.3) (4.4) fuGnph (nudnud t:

Uuwhund fuGnppp hwiGqbligytg (4.6) hwyjwuwpiwl pnuédwh q;ljnlpjwﬁ b
dhwynipywl fuGnphG:

RwGh np (to,:t'o) = (to,x:’ ,---,x,‘,’)e Q pwg pwqinpynl t, www qnynipynil
noh wyGwhuh M hwy uwhdwGwhwly pwqinipnll’

m={(t,i). lt—1,|<b, |i—i°|5a}

nnG pGYwsé t Q-h dbp: N pwqunupjwl htiw hwuhG nhuwpytGp
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= {(t,Xx), |t —tol <r, Ii --520‘ <a}l tuly vwhiwGwihwy pwqinntbp

(n =2 ntiypnd wbu GYy. 5.1), npubn 7 < b wwpwdbtunpp YpGupkGp unnpl:
ewch np f(t,x,--,x,), (i=1---,n) $nbyghwlbpG wlpGnhwwn &G M
dwl vwhiwGwihwy pwqintpywl Ypw, www Gpwip vwhiwGwihwy 66 M —nud:
X .

4

ay. 5.1

X,

L2wGwykGp

-— n
M = max [F. 5,2 = D
g [F x| = max [V 126, 5)

Q, -nd GawGwybkGp [to—r,to+r]-nuj npnwd wyG wOpGnhww  ybywnnp-
dnbyghwlObph pwqinipyntGp, npnGg qpwdphylb pGlhws t N, —mo, wyuhbpG
|¢(t)—7c°|$a, teft, —rt, +rl:

Q,-0 P@Y)=[p-¥| dbwnhtwnd nwnnud t (nhy SEnphlulws nupuw-
onupynLh YuiwjwywG r > 0 pyh hwdwp (unnigql)):
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Q_ |phy dbwnphluywl nwpwénpjwl Ypw uvwhiwGblp A owbpwunnpp
(wpnwwwunlybpndp) hbwnbyw) Yepy

Ap=3"+ j f(T.9(n)dr:

Ujdd hnpdblp r wwpwdtnpl pGunpk; w)bwbu, np pwywpwpytb hbnbyuy
tipynt wwyiwGabpp.
w) jnipwpwlgnip §-h hwiwp Q,-hg AP-G nwpdjwy wwpniGwydh L, -h obg
(A:Q, 5 Q,),
p) qnnipymG nuGtGw B phy (0 <P <1) wybwhuhG, np jpipwpwGynip @ L
VY -h hwiwn Q, -hg
P(AD, AY) <Bp(,¥): (4.10)
UzluwintiGp pwlwpwpb] w) wwjdwbp: Hpw hwiwp 7 phdp wbwnp t plunpbg
wjlwbu, np JnLpwpwbsinip ('[')—h hwiwp €, -hg nbinp nLGEGEwW
|Ad()-%|<a. telr,—r1+7] @4.11)
wnGsnipyniGp:  Lwhu  GywwnbGe, np ek Qe Q. www guwllywgus
telt,—r.t,+r] uwnh hwowp @P)e M, cM L hbnbwpwn
|f(t,('['>(t))| < M : QGwhwwntiny (4.11) weGsnpjw dwlu dwup, YnGEGwGp

-

|Ag-x°|< <Mr

R

wGhwywuwpnipyntGp, nphg htivabinud t, np (4.11) wnbgnpywlp pwywpuwpbint hw-
dwp r phyp whwp t pGuptp wylwtu, np 7 < %:

Uwwhnydtint hwiwp p) ww)dwlp, oqutlp (4.5) Lhwzhgh wwjiwGhg, puwn
nph’ JnLpwpwlynip £ € [to -rt,+ r] Ytwh hwdwp YnlGEGwGp.

|AG(e) - A (1)) <

j(f(t ) - f (t,\v(t)))i<| <
0

j lf (T~ f (T, \Tt(r))ld:‘ =
o
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V2

[ n 2 { n 2
o fJZIﬁ(w(r))—ﬁ(r,w(r))I dr < [L-():Icﬁ(r)—u‘f(f)l ] dr|<
to 1=l N i=|
! 1
SL-n?-r-|o-y|=L-n?-r-p@®¥):
hbuy pwGh np p(A(T),A\TI)=‘E['Iot}g)§"JA(T)(t)—A\TI(t)I www wpynGpnid

1
ynGtGwGp P(AP,AY)< L-n?-r-p(,y):
Upuwhuny (4.10) wnGsnipynilip pwyqwpwpbint hwiwp pwywlwb bt 4bpglby

1
r<

L-n?

] a
CGwpbind 7 < ming b, —, YuunwGwlp, np A owbpwwnpp pwyw-

1
L-n?
pwpntd t w) L p) wwydwhGEphG L htnbwpwp Q| phy vEwnphYwyw twpwdnLpnt-
Oned ubndnn t:

Cun ubninn wpnwwwnybpnudGeph dwuhG 2.1 phinptsh A owbtpwwnnpp
€, -nud mGh L wy b dhwy wGwpd Ybwn, npG b htiGg Yhwhnhuwbw (4.6) hGunbkigpw-
Lwjht hwywuwpiwG Lk hnbwpwp (4.3), (4.4) Unnt luGnph Shwy (nudnud: BEnpLda
wwwgnigywé t:

Ujdd gm g vwlp, np wjunbtn wwwgnigdwé pbinptid 4.1—hg phuncd t qgnifu 1-h I
ptinptidp: Ypw hwiwp Gwhu wuwuwgnegblp htinbyw) whnaudp:

Lbdow 4.1: bpt f(t,x,, -+, x,) PnGlighwl npnadwé b whpGrhwuin t (n+1)
swhwlh M nipnubyuwt qmquhbnwbhuwnndd, pGswbu Gub qnpupintG mGEG L
o .
uwhdwOuhwly GG N-nud ai(l=l,--',n) Jwulwhwl wéwhgyuilbpp, www
X.

1

f(t,x,,“-,x") InGyghwl M-nud pwywpwpmd bt Lhyzhgh wwjdwGhG puwn
(x,,-+,x,)  ¢tnhnwywGGbph  hwiwhdpnipywl,  hwjwuwpwswd ¢
thnthnhuwlwGhp GYwwndwp:
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Uywgnyg: dtipgltlp gulywgué (t,x,',n-,x:). (t,x,',---,x:) ytwntip:

Oquybtpny Lwqpwidh ytpowynp wdbph pwlwdlhg Yuunwlwhp
wlhwywuwpnipyniGGtph htinbyw) 2npw

If(t,x:,"‘,x:)_f(t,.x:,“',x:) Slf(tsxl,a""x;)—f(tsx:'s“'yx,,,_]’x:) +
+|f(t’x|””"x:,_|$x:)_f(t’xl’""ax:.px:) +
+ooet|f X, x5 X0 = Fl X X)) S
[y X ) ’a”'s ’ ’ 9x, ’ »
S'af(t,xw ’xn—l’gn)ix; _x: +|af(t X, X2 gn-l n)i =X oo
I ox, , I ox,
t, ’x’!...’x’ ,
L|ore &.a SEE ANy
xl
npuntin &,,,,-++,&, -0 Unbp 66, hudwwunwutwwGwpwn, (X, X7), (X3, X3),+ (X5, X;)
dhewyw)ptinhg:
Udd oquydtiny dwubwhwld wéwlGgyu Gbph  uwhiwbGwihwympyniGhg
of . .
5— <K m-ng, (i =1,---,n) ynGLGwGp
X, :

(£ ) = Fx xD < K = ] - )<

< Kle' —x'“+«--+"x' —x'")=n-K-||x' —x1| :

. " V2
dbpghG qGwhwinwlwGGhpnd oquifighGp x| <|x| = [ E x ] (i=L-,n)
pr

wGhwyjwuwpnepyniGhg:

Uyuyhuny’ f $nGyghwt pwywpwpnid t Lhuyzhgh wwjdwGhaG L = K -n hwu-
nwunntony: Leddw 4.1-0 wywgnigqwd t:
Ujdd hwinqyblp, np 4.1 plinptidhg L 4.1.{6ddwjhg plunwi t | qfuntd dLuwybp-

wwé Il pinptdp: Tthgnip (to,xf,m,x: ) Juwiwjwhwo Yt b Q -hg: Un ntiwpnid
qnynipyntG nLGh (t(,,xo) YtGupnGnyg Nu nupnwGynth qniquhtinwGhuwn, npG pGYwe t
Q -m: Uhpwnbiny 4.1 E0SwWGE YmGLOWGR, np f, dnGlyghwjhg Jnipwpwlsnipp
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Ni-nud Ypwdwpwph Lhuzhgh wuydwGhG, L hGnbwpwp  (4.1)-(4.2) Unznu fuGnhpG
nLGh 0GY L dhwjb GGY gnudnud:

§5. AN3NFE3UL bU UpUUNRE3UL B-ENLEUD UNLSNER3 8L
QB U3PYL UL UUULORLELR QUUUYULS 6L LUUYN

Wu wwpwapwdp Guhpdwéd t wnwohb gifuh NI plinplivh wwwgniyghb: qLwybp-
~wblp wyl dbY wlquwd Lu: Yhwwpytlp Ynznt fulnhpp qéwihG hwywuwpnudGbph
Gnpdw| hwiwywpgbph hwdwp:

x =Y a,(Ox, +b,0) 5.1)

i,j=I

X; (to) = x?, (i = 1’2""‘") (5.2)

Bbnpbu 5.1: bph a‘.j(t) L b,(#) ImGyghwibpp (i, j=1,2,---,n) npnadwsé L
wGpGnhwin 66 (7, 7,)-nd, www gwiyugws (to,io) Ybwh hwdwp, npntin
tye (n,n,). %% € R" (5.1), (5.2) Unznt uGnhnG niGh L wyG by BbY nLonLd, npnpydwé
(r,,r,) dhowyunpnid:

Uwwgnyg: Lwu GkGp, np qéwhl hwiwlwpgp pGnhwGnip Gnpdwy hwdwlwpgh
Swubwynp nbiwpo t L np wwwgnigynn ptinpbidh wwjdwGGkphg hinlnud t, np

.fi(t)x) = Zaji(t)xj +b‘(t) ! (i = 1’29""")

j=1
dnlyghwibipp pwdwpwpnd &G pbnpbd 4.1-h wwydwGGhphG (wdbhG £, (¢, x)
dnlyghwlbpp wlplnhunn nhdtipkGgith GG pun x; inhnfuwlwih): Nupbda,
hwiwdw)G 4.1 pbnptdh, (5.1)- (5.2) fuGnhpG niGh L wyG Lty Shwy (neénud L 8Gnud t
Ohwy0 wwwgnigty, np wyn (nudnudp npndws b (r,,7,) nne dhowlwypniy, wyuhGpl

wylinbn, npwbn npn2dwé 6O gnpéwlhglbpp: LYWl wwwgnighpm hwiwp pwyw-
4w t gniyg iy, np hwiwwwwnwutuwG A owbtpwwninpb wyGwhupG t, np Gpw Ghen-

gy Ywengywé §,,, = AP, =X, + J. f (7,¢,(T))dt dnunwnplnuiGbph hwenprw-

o
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YuwhGnip)nilp hwywuwpwswh qniquidbn t (r,,rz)lihgwumjphﬁ wwuwnulbnn Yudw-
b [g,,q, ] hungwens:

bty wjuwbu, nhgnip [q,,qZ]C(r,,rz): 2wGh np @, L b, P$nilyghwlbinG
(i,j=12,---,n) wlpGnhww &6 (r,,r;)-ni L dwuGwynpuybu [q,,q2]—nui L
o,

é—=aij @, (,j=12,---,n), wyw qnmpymté nGh K >0 hwunwwnl
X

wybwhuhG, np

J

o, @] <K telang]. Gim12em

j

Wn nbwpntd putn (E00w 4.1 —h Yuowywywe (2,%') b (¢, %) Yuwbph hwowp,

npnkn te [q,,qz]. X', ¥ € R" wbnh mGh

n 2\V? 2 W2
)7 (Be ) | o Srwle -2 -
i=]
=K-n%|:t"—5c°2| (5.3)
wnGsnipynLlp:
LywinbGp, np hwenpwlwG dnunwnlynudGlipnud dwuGwygnn @, (¢) Pniblghw-

Gphg JnLpwpwlynipp nnnzquﬁ L whpbnhwn t (1, 7, ) -nud (hGgn™L):
LawlwybkGp 'x}'laxllibl (=9, ()] =C. npuntin P4 (1) 6 Yuswyulws wipln-
€191 .92
hwin dnbyghw t (r,,7,)-md, wyluwhuhG, np @, (2,) = %° L gnyg wwGp, np
gwllwgws e N L te [q,,q2 ]—h hwdwp wbnh nGh

(n%-K-It—tol)'
N

|¢l+l (t)—(Pi (t)l <C- (5'41)

wlhwyjwuwpnipnLGp:
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Uwwgnygp wwGblp dwpbdwnhywlws pbGnnyghugh GnwGwynd: (=1
ntwpentd puwn (5.3) wihwywuwpnpjwG, YnGbGwbp

3.0 -9,)|=

I f@§,(0)—f (1§, (1:))dr‘ <
0

[[f o~ ., (r»|d«1 <
0
< K.n% 'm'%]l(-pl(t)—@o(t)"t—tol <K .n% ,Clt_to|

L (5.44) wihwywuwpnipyntGl wwwgnigywd t: GapwnpliGp, np Ghawn GG (5.4 ,) wi-

hwywuwpnpymGGipp [ =1,2,:--,m nbypnid, wwywgnigblp (5.4m.1) wihwlwuw-
potpynLBp: UntlbGwbp

|¢m+2 (t) - (-pnu-l (t)l S

[Fx8,. (0 -f(x., (t))dr‘ <
0

3
SKnA

[P (D -6, (t))|dnl <
0

{

+|
< CM J‘IT _tolmdf

=C.(K”%)Mk“or”I
(m +1)!

b (5.4m4+1) wlhwywuwpmpyntbl wwywgngywé t, npny L pun Jwpbiwwnhlywlywb
hGnntyghwih uyqpnibph, wywgnigws Ga (5.4 ) wGhwdwuwpnipyntGGipp  popp
=12, pytph hwiwp:

bpb wydd € [g,,q, ]-hG. www (5.4, )-hg YnGbGwop

(K'n%(% -‘11))’
I

H‘Pm - (Pzn = ::Eﬁé]l(p“' (1) -9, (t)l <C

whhwywuwpnpyniGp: RwGh np

N (K'n%(qz _ql))‘
T

pYwjhG wppp qniquibn t YuwiwjwywG K, n L (g, —¢,) pdtph hwiwp (uwnnt-

qt), www {@,(2)} Jtywnp-HniGyghwltinh hwenpruywGnipnibp hwyjwuwnpw-
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swih gniquihninud t [q,,qz]—nuj (hGsn"L): bGpwnptiGp {@, (1)} hwenpnwlwini-
p)nLGp [q,,qz]-nm qniquihnnud t () Ybywnnp-pniGyghwyhG: 8nyg niwbp, np

wyn nbwpnud {AQ,}  hwenpnwywhnipyntlp [q,,qzl-nu) uqniqwihih A®-hG:
Tupdjwy oquytiiny (5.3) whhwywuwpnipynibhg ynGGGwhp.

43, - A% = max | [ 753,20 -Fr.donde|<n” K -[o. ~8-(@: -q.):
0

Ujuhlpl’ {A('b,} hwonpnwywinipymbp  hwjwuwpwiwh gniquihvnmd t
AP-hG:

Uydd ('['),+I = A(T), wnGsnpywl@ Gpynt dwubtipnud wGgGtinyd vwhdwGh, bpp
| = oo, YnilGbGwlp, np  AQ =@, wyuhlipG G()-G A owbtpwwnph whwpd
YtunG t [q,,q2 ]-nui:

Lwth np [ql ,qz]-u Yuidwjwywb tp (rl, r,) dhewlw)phg, www unwbnud tGp, np
{(T),, (t)} hwonpruwlwinipyniGp  gniquishwnud t (1, 7,) -mi b @(2) Yblwnp-pnuly-
ghwG npnadwé b wipnne (7,,7,)-nu, hbwbwpwp hwinpuwGnd t A owbpwwnnph
wGwpd Ytanp (r,,7,)-md: MpbdG @(¢)-G (5.1), (5.2) hGnphG hwiwnpdtp hGunbignuy
hwywuwpdwh Shwy 1neenud £ npnadwé (r;, 7, ) -nul: BENPLEG wwywgnigywé t:

§6. ACULNMVUYLAN LARSORULEGE

2nppnpn wwpwqgpuwdpnd Unzne fuGnph (neddwh gnynipyniip Ywd shwynupniGp
mumdﬁwqhndmd tn (nhw, wpdwé 2, Ytnh 2pewiw)pnd, nwnpnipjwl swndw-
Guglbind wyn ontdGliph  npndwG  whpnyplGbph  hGwpwynp  pGnw)GiwG
hGwpwynpnpyntlp: Uny)G Yewnned dkGp YobownpbGp htlg npndwb whpngplbph
wnwybiwagntyG pinwpdwydwb hwpgp:

Uu (ywwiwyhg GaGnyd Gephw wwpwgpwdpnid hubnyG Ynne fjuGnph Bpynt
(nLénLdGlphG, npnGp npnzdwd GG wwppbp Shewlw)ptipnud, YwiywGkGp wwppbp
tménuiGtp: PGgwybiu Gwl YaGpwnpblp, np

¥ =f(t,3%) (6.1)
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hwiwlwpgh hwiwp pwywpuwpdwéd GG qnmpjwlé L Jhwynipjwl 4.1 plinpkdh
ww)dwGGtpp:

Ohgnip ®(¢) L Y(2) InGyghwGlpp (6.1) hwiwlwpgh nénudGbp LG
npn2dwé hwiwwwwnwutuwbwpwp (r;,r,) L (g,,4,) thpwyw)ptpnuy:

Uwhdwlmd 6.1: GwubkGp, np $(2) |monuip hwlnhuwGnud t Y(2) (nuodws
wpmiGwynipyniG, b Y(r) (médwh (g,,9,) npnadwG whpnupb pGyws t @(f)
(médwG (r,7,) npnadwG whpnuyph 06y (g,,9,) € (r,7) L @(2)-0 hwdpGyGnud t
Y(1)-h htwn (g,,9,) Showywpnid §t) =Y(2), t€ (q,.9,) :

Uwhdwlmd 6.2: (6.1) hwdwlwpgh (my,m;) —nd npndwé G(7) (nonLdp,
quwijwGtGp swpnibwlyynn (nontd, tpti qgnynipyntl  snGh (6.1) hwdwlywpgh
@(?) -hg wwpptip (nwenud, npG hwinhuwlnud b @(2) (nLédwG wpniGwynipntG :

wpg t wnwowbntd. wpyn®p (6.1) hwiwlwngh jnLpwpwbgnip (pednud Ywpbih
t wpniGwyly dhGsk sowpmlGwlynn |ndnud, L hGswb'u Ywnengbp wjG: UnyG
wwpwgpwdnid gnuyg Yunpdh sawpnibwydnn (neédwl gnynipyntip b Yuwwwgnigyh
apw Gh Ywplnp hwwnynepjnil, nphg dkGp YoquytGp hwenpn qiuntd:

Btnptd 6.1: Q whpnyphl wwwlwing gwiiwgué (to,fo)ubmh hwdwp

qnntp)ntG niGh (6.1) hwiwywngh (¢, %°) ybunny wlghng swpmGulynn (udned:

wpniGwyynn (nudnudp dhwyl t htinbyw) hdwuwnny. Gpt tplyne swpniGwlyynn
(nénLiGtp hwdpGyondd 66 7 -h nplt wpdtph nbwpnud, wujw npwip nbbG dhuaneyG
npn2dwG whpnypp b hwdpGyGnud BG wyn npnd0w G whpnypnid:

Uywgnyg: (6.1) hwiwlwpgh (to,J'Eo) ytwnnd whglnn jnipwpwbsynip (nuénLd
mGh hp (7,,7,) npn2dwG whpnypp: Wn (neénudGeph npndwG wihpnypGlph dwtu
Swjnwytinnbph pwqinpynGp GuwGwytGe R, -nd, huy wy éwjpwlybtinbiph pwqint-
pmip R,-nd:  LawGwybGp Gwuk m, =inf R, m, =supR,,
(—o<m, <m, < +o0):

Ujdd YwnmghGp (6.1) hwiwlupgh (to,io)ubmm[ wagGnn wyGwhuh &)
(nénud, npp npndwé (hGh (m,,m,) Shewluwypnid:

Thgnip t,-p (m,,m,) dhewlw)ph nplt Yt t: GGpwnptiGp ¢, > ¢,: RwGh np
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t.<m,, huy m, =supR2, htwnbkwpwp qnmpynt mbOp (6.1) hwdwlwpgh

(to,io) Ytwny wGglnn wjGwhuh Y(2) (nonud, npnadws (q,,9q,) Shewlw)pndd,
n 1, €(g,,9,): Wdd f, Yswuns § PrullghuyhG upwqntle () wpdtpp
@) =¥(t), u gnyg wwlp, np wjuwbu npndwé @ PmGughwih wpdtipp 1,
Ytwnud uwmwa st W(2) $nuGyghwsh pGupnipyniGhg: Hhgnip X(2) PniGyghw Lu
(6.1) hwiwywpgh (io,io) ytwnny whOgbnn wyGwhuh (ménd t, nph nNpn20wG
whpnypp wwpntGwynud t £, Ywnp: Cutn gnynpjwG b ShwynipjwG ptinpbdh Y(7) L
X() (mémdGtpp bwdpGyGnus &G hpkGg npndwl  whpnuypltiph  pGhwanp
dhowyuwypnd, nph6 wwwwGnd t  Gwl 7,  Ybtwp: 3tuinLwpwp
Xt)=¥t)=9(t) t ® Pnbyghuh wnpdtpp 7. Yhwnd Yuhws st Y(r)
tnediwh pGupnepyniGhg: Rwbh np t,-p (m,,m,) Ghpwhw)ph gwliywgwé Yt t,
wwyw wjuwbu  Yuengdws  G()  PnGyghwa npnadwé  YhGh  (m,,m,)
dhowlwjpnid: Ujniu Ynndhg jnupwpwbynep f, € (m,,m,) Ybwnh hwiwp gnynipynil
nGh ¢, Ybwh (g,,4,) 2rewlwip L wyn 2ppwlwpnid npn2dwé (6.1) hwiwywpgh

Y() (nond wyGwhuhG, np §() =Y(2), wyw wu Yipy Yuenigws §(F)
$nLlyghw YihGh nhdptipkhgth L Yhwlinhuwbw (6.1) hwiwlwpgh (nuénud:
uyGhwywn t, np wjuybu Yuenigyws (7)) Pnibyghwl  YhwinhuwGw (6.1)

hwiwlwngh (to,:t'o) Yty w?gﬁnq guilwgwé (nédwh 2wpnuGwynipyniG:

8nujg niwhp, np @(2)-0 s2wpnibwlynn (LonLd L :

tGpwnnkiGp hwywnwyp. nhgnip (6.1) hwiwlungh (£,,%°) ulqpGwlws wuwy
dwGhG pwywpwpnn npt W(2) (nuonud, npngdwé (r,,7,) dhewlwipnid hwinhuw-
Grud (-[')(t) (neodwl wpnibwynipymG: U nbwpnd wbwp t wnbnh nlGbOw
ns<m <m,s<r, wnlgupmlp: bpt qpwé wlhwywuwpnipniGGliphg
jmpwpwlgnipp  ybpwédnd  t hwjwuwpnipjwl, wwyw  Y(2)-6  GnyGwpwn
hwipGyGned t (—P(t)-h htw, hul tpb wGhwywuwpmpintGGtiphg nplt dGYyp fupuwn t,
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www pwbh np € R, L r, € R,, wyw gpdwéh hwhwund t m; L m, pytph

uwhiwbdwGp: Uwnwgywséd hwlwunipjnibhg plumd t, np (T)(t)-ﬁ s2wpnLwyynn

(neonud L
Uydd gniyg wnwbp swpnilwlyynn (médwh ShwynpyniGp: Yhgnep (6.1) hwdiw-

yupgh tpym @(7) L P(r) spwpmGuydnn |nondGbp, npnGp npnYwé GG
hwiwwwwnwuhuwGwpwn (m,,m,) L (r,,7,) Shewywyptipnid, hwipGyGnud GG nplt
t =1, wpdtiph ntiypny:

Lwlwyblp  X° =§(t,) =P(t,): umGbGwlp, np ¢ L W)
dniGlyghwGbipp ShLGnLyG (to,fo) ulyqpiwlwl wwdwGGtphG pwywpwpnn (6.1.)
hwiwywpgh s2wpniGwlynn gneénudltp GG: Lwbh np ('[')(t)—ﬁ s2wnpnlbwlynn peénd
t, htwLkwpwp wtwp t wwpniGwyh (to,io) ulqpbwywid  wwjdwbGtphl
pwywpwpnn  gwlywgwé [nédwh (wyn pynd Gwlk Y(Z) |nuédwh) npntwh
whpnyp, wyuhGpG (r,,r,) < (m,,m,):

LiwGwwbu nhiwnplbind W) -6 npwbu spwpniGuyynn (nuénud, YnGEGwGp,
np (m,,m,)c(r,r,), wuhGpG(r,,r,)=(m,,m,): Wdd, pun qmnpjul L
dhwynipywh plinptidh, pwGh np @(2)-0 L Y(¢)-G ShuGnyl uyqpGwlwl wwjdws-
GEphG pwywpwpnn (nwdnuiGbp GG, htwnbwpwp npwip GnyGG GG @) = Y(2),
te (m,,m,): BLinpkdG wwwgnigyuwo t:

Bbnpby 6.2: 9hgmp E-G0 Q-h dhp pGhwé nplt phwly vwhiwlunhuwly
(Undwwyw) pwqontpyniG t, huy X = @) PnGyghwG (6.1) hwiwlhwpgh nplt
LwpniGwyynn gmémad t, npnpdwé (m, m,) dhewywjpnid: Uyn nbupnid gnynipynil
mGbG ¢, L ¢, pytp, (m, <c, <c, <m,) wGwhuhp, np (¢,§(?)) Ytwp sh wwwn-
winui E pwqinpjwlp, tipp 7€ (m,,mz)\[c,,czl, wyuhGpb (6.1) hwiwlwpgh

gwllywgwé gawpnibwlynn (nionld hﬁz-_nn wwhhg (pnd t Q whpnyph vke plGlYwéd
gwlliwgwsé E yndwwywn pwqinipynil:
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Uwpwgnyg: 8nyg mwGp ¢, puh gnynupynilp (¢, puh qnynipynilp wwwgnigynid
t OnyG dLny): bp m, =—co, www phlinpbdh wuwydwlhs pwywpwpnn €, pyh
qnynpyntGh wwwgnigywé t, pwlh np tpp ¢ = —o , www (2, ®(#)) Ytwp hGs-np
wwhhg wbinp t qnGyph E uvwhiwGwhwy pwqimpyniGhg nnupu: Ieinbwpwp hbnw-
epphp t pGGwplty wyl nbwpp, Gpp m, > —o:

NhuwpybGe R™'-p, npwbu (n+1) swipwGh sknphywlws wwpwénpynb
(nb'u §2), npntin dGwnphlwG unynpwywh Yy hnyub hbrwynpnipynGG £

p(y' y?) =p((t,, x"), (15, x7) = (1, - 1,)’ +)":(x.? -x})H"

i=|
RwGh np Q-0 pwg pwqdnipyntl t, hbinbwpwn Gpw (pugnuip Q€ = R™'\ Q-
G bhwy pwquinpyntG t: 3wyinGh t, np dbnphyulwt wpwonpiwb dby £ thwl

uwhiwlwihwy pwqdnpjwl U Gpw htwn hwwnnd gniGlignn Q° wy pwqintpjulb
dhol htnwynpnipintGp npwlwa t, wyuhGpl

Po =P(Q°,E) = inf p(M,P)>0:

PeE

LawbwltGe E -nd R™ wwpwémpjuwl wyG Yewnbph pwqdnipyniGp, npnlg

htnwynpnipynup E -hg sh qbinwquiGgnud 221 phup

g n+ 1
E ={ye R l;p(y,E).S—z-po}:
8nyg nwip, np E*-p Q-h b9 pGYwo phwy pwginpnia bt E° =E" c Q:
Luwfu gnyg nwlbp thwlympynilp: hgnp y, € E", (n=12,) L y, =y, tpp

B

n — oo : RwGh np Y, € E’, wyw p(y,,E)< 5 (n=12,-):

Unwgywé wihwywuwpnipymGGbpmd wGgGting vwhdwGh Gpp n— o0 L
oquiytiiny P(y,E) $nmllyghwh whpGnhwinnipynilhg punn  y  thnthnfuwluGh,

ynLGkGwap, np P(y,,E) < 970’ wjuhGpl' y, € E: Junbwpwn E”-p hwy t: Uyds
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gnug wnwip, np E’ c Q: dtipglblp Q —hG swuwnywlng nplt y Ybiwn, wjuhGpG
y€ Q€ LywwtGp, np p(y,E)2 p(QC,E) =pP,. NGOG y e E'u htwnbkwpwp

E' cQ: Ujnw Ynnihg pwth np E*-p Q-h dbp pGYwsé thwl uwhswGwihwly
pwqintpynil t, wyw puwn dwjbipunpwuh pnpbdh’

af,. %) -
ox. <

J

Uydd nwnbwlp hwywuwpnudGbph Gnpdw) hwdwlwpgbph hwdwp gnnipjwG L
shwynipjwb 4.1 pbnptidh wwwgnyghl: Uwwgnigh pGpwgpnid pGunpdtg Nu dhwly
vwhiwlwhwl pwqinipynGp L pbinpbdh htnwquw wpwnpwipp nwpybg N thwy
vwhiwGwihwy pwqinpjwl hwiwp: Ubp nbwpnud npwbu  wynwhuh  thuy

M =mg1x|f(t,x)|<oo L= max
E

i,j=1,-

uwhiwbwhwl pwqoinpyniG pGupkGp E cQ pwquntpynbp: CGunpkGp Gwlk g L

a pybnG wGwhuhp, np q° +a <-p—° Swilwgws A(f,,x°)€ E ybuh htn

UhwuhG nhunwpybGp hbwnlywy thwly uwhiwiwhwy pwqunpynLlp’
m={(t,x); |t-t°|Sq; li—.'x'OISa}: Pwlh np gwllwgwé Be Nt Yhnh hwiwp

p(B,E)Sp(B,A)S\/q2 +a’ <p—2°, htwbwpwp Nuc E*:

Wdd E pwqinipjwl fuiwjwyws (to,ic'o) Yt hwiwp nhnnwykGp

¥=F@5% (6.1)
%) = 2°, 6.2)
Unznt fuGnhpp: Cuwn 4.1 pbinptth, tpl r < rmn{q,:l Tom } www (6.1)-(6.2)

Unznt tuGnhnG nuGh L wyG ty Shwly ndnd, npnadws (¢, —r,¢, + 1) dhewlw)pnud:
PwlGh np Mu qniquhbnwGhunh swihubpp wolwhe GG (to,fo)e E ytwnp
pGupnipyniGhg, wwyw Ybpt wudwsh hwiwdwyG r phdp Yupbih ¢ painply GnyGp
pninp (to,ic'o)e E ytwtph hwiwp: Uydd gniyg wwbp, np npwbu ¢, Yupbgh t
pGwpby ¢, =m, +r phyp: hpnp, tlpwnntiGp nhht t, pdh hwiwp (m, <t, <c,),
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,,¢(t))e E: ahunwpyblp (6.1) hwiwhwpghl hwiwwwwinwutuwbnn  Ynzne

fuGnhpp (2,X') = (¢,,§(¢,)) uyqplwbws wwySwhGkpny:

Cuwn 4.1 pbnpith gnynupyntl YniGkiGw Gagwé Unane fuGnph W(2) 1ndmd’ npng-
qwé (¢, —r,t, +r) dhowyuypnd: Puyg GnyG Unpnt fulinph  swpnGulyynn
tménuiG £ @) PnGyghwl npnadwé (m,,m,) dhewluwpnd: Ibnkwpwn @)
(nLédwG npndwG (m,,m,) whpnypp wbwnp b wwpniGwyh (¢, —r, 1, +r) dhow-
Yugpp (m, <t, —r<t,+r<m)u Y)=¢@), te(t,—r,t,+r): (6.3)

Ujnwu Ynnihg, pun Glpwnpnipywlb £, —r <m, +r—r =m,, hGsp hwlwunii t
(6.3)-hG: Unwgywé hwywunipynilhg pluntd t, np guwlhwgwé f€ (m,,c,) pyh
hwowp (2,P(2)) Ytwp qnGynus t E yndwwlwihg nntpu: @tinpbse wwywgnigus
t:

Yunnpmpymb  6.1: Uwywgmgwé ptinpGihg plund t, np Gk (m,,m,)
thowlwpnud npn2dwé ('f)(t) Inlyghw (6.1) hwidwluwpgh s2wpniGwlyynn (MdnLdl

Lbbzrom+0 yws t 5> m, -0, wyw (¢,P(¢)) Ytwp dgund £ Q whpnyph
tqpwqohl Yuwd waytippnipjwG:

§7 WNTNk MVACR LARGUUYL ULLLAUS YU USNRE-3NRLE
U204ty SU3ULVEMRS B QUUuyirer UL Uuurs

UhGsL wjdd, tipp funupp qGnud tp
{i’= F.% (7.1)
X(t) =% (7.2)
Ungnt puGnph |nLédwG dwuhG, pGngdumd tp Gpw wyjuy Ywd wyG plGnyph Yuwhe
Jwonipymbp wllwhu thnhnpuwlwihg: UwhuwyG  wlGpwhe t, np Unzne fuGnph
tnonuip Yuhujwé t Owl uyqpiwywl wuwydwGGbphg L hwdwlwpgp npnznn

f=(fir+» f,) dblunnp $nutlghwihg, wyuhlGpG % = 2,8, %), f):
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6y wnwowGnud t pGuwlwd hwnpg. haswt v GG wqnnud Unane fuGnph (neddwb Ypw
uyqpriwywl wwjdwhobph Ywd hwywuwpniGeph we dwubph  tnthnfunepynGGtipp:
Yuwpbih t uywub, np npn nbwptpnud uyqpeiwlwd wwpiwGGtph «phg» thnthinfunt-
p)nLGGEPp g6G ptiph |1MonLiGERh Ghijwlghg Bk 2tinnuiGhph:

Unyl  wwpwgopuwdpnd  nwnudGwuppdned ¢t (7.1)  hwdwuwpnudGlph  Gnpduyg

—

hwiwlwnpgh Unzn uGnph X(2,2,, X,, f ) 1n6dwh Juppp punn ¢y, X, f wpgnuibGu-
Ghph: Snyg YuwGp, np npnawyh plwlwl wwydwGGbph nbwpnd wyn (MEMop
wOpGnhww t Yuhudwd uyqplulws (to,)'c'o) Ytwnhg L hwiwlywngh we dwuhg f -hg:
Wuwhuh httnwqnuinegyntGGtpp nulkG 066 Yhpwnwuwa GauGwynipyndG:

bpnp, Gpt plwaghwntpjwb nplt fulnhp pbpynud t YUnzne juGnph (neédwbp, www
ulqpiwlwd wwydwGbbpp npnauynid GG thapdhg, nph wpynubGplbpp unwgdnd LG
hGs—np Gwnipjwdlp: Gpb |nudnuip 3hObp wGpbnbwwinplkG Ywhujwsd ulyqplhwlwh
wwjowGGtphg, www, ophGuly, io-ﬁ npn2tithu pntyp pywéd wasnnpynilp Ywpnn

tp pbpbp uvnwgdwd (NLGiwG 066 tniwlp hpwywld wwwltphg L Yhpwewlwb
wpdtip sktp Ywpnn mlbOwy: UYGhG hpwywG Gpunyph dwpbiwwhlwlwb dnnkip
Ywaenigtithu dunwddwd pny) GG wnipdntd npny wGSninegpyndblGbp’ Guwwnwly G-
Owind wpwbdbwglb) bpbnyph wnwyb) twlwb Ynndkpp: MbBwp t hwinqywé (hobg,
np wynwhuh wGGnnpnlGGtpp hinwquynud 366 ptiph qquigh ufuw Gph:

Unnple F(4,%) = (F,(t,%), -, F, (¢, %)) dblnnn-HnuGlghush

(X° = (x;,+++,x7) pdwyhG lnnph) hwdwn Yoguwgnnodh

Fos=fires (=Ll @
i=) i=!
G2wlwyniip: :
Uwhiwlmd 7.1: YwubGp, np (7.1) bwdwlwpgh Unzni fulinph (nudnudp
wGplnhwwn t Ywidwéd uyqpiwywl wwydwhGhphg, tpt Ywiwjwywa € >0 pyp
hwdwp qnynpynil nuGh wyGwhuh & = 8(€) > 0 phy, np tipk

I -1, <3, 'J'c' —J‘c’] <3$,

wyw ) -P(<e . te(@P). npbn O L P@)  Jelhwnp-
dnGyghwGlpp
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P¢)=3, W(t)=x"
ulqpOwlywl wwydwGttpny npnadwé (7.1) hwiwlwpgh (ndnudllinG G0 hwiwww-
wwohiwGwpwp  (o,B) L (@,,B,)  Shewlwjpbpmd, huy
(.B) = (@,,p,) N (2, B,):

Uwhowlmd 7.2:  wubGp, np Unant fubnph (nednudip wiplnhwn t Ywhudwéd
(7.1) hwiwhwnpgh w9 dwuhg , tipt Ywiwjwyws € >0 puh hwiwp gnynipynl nibh
wyGwhuh & = 8(€) > 0 phy, np tpk

|7 - &]= sup

(t.x)ef

fa.5-3@ f)| <3,

wwyjw

[3- 9] = max|o(n) - 9| <e.

nbn §(0)-6 ¥ = f@, 7, bl YOG X =Z(5) hwowywnoh [a.b)
hwundwénmd  npnpdwé L dhLlneG (to,.i:'°) Yewny wiglnn | nénLiGERG GG,
wjuhGpl’
) =9(,)=Xx":

tpb nunuiGwuhpynn  Unznt uGnhpG nGh dhwy pnedmd, npG whpGnhwn t,
Juhwé uyqpiwlwb wwpdwbGbphg, wwyw pGanbdwé t wub), np Unznt fulinhpp
Yooty t npdwé (YnnbYunpynti punn 3wnwdwph): Unnpk gniyg Yupdh, np
npnawih wuwydwGGbph welwnipywl nbwypntd unynpwywl nhpbipbGghw| hwyjwuw-
pnedGbph Gnpdwg hwdwlwpgbph hwdwp Ynme fulGnhpp Ynetiyn t nplwé: Vwlw)l
pGwghwnnipywb b9 hwhnhwnud GG fuGnhpGbp, npnlp pbpynud GG ng Ynnbywn npdwé
tuGnhpGbph  (hhoGwlwbnd Swubwyp wéwGgywilbpny nhdbpblghw) hwwuw-
pnudGtph hwdwnp): QnppyniG GG GowG fuGnhpGeph hbnwgqnuniwG pwqiwphy
ophGwyGtp, uwluw)b dEGp wyuntn GdwG hwpgtph Ypw Yuwhq skGp webh:

Unyy0 wwpwqpwdh hhibwlws wpynGpp wwwgnighihu oguwlwp t thGnud
QpnGnungh [Godwh dGY wy tnwppbipwly:

Ledw 7.1: Whgmp [a,b] hwindwénus wGpGnhwin nhdbptbgbth §(r) Yblunn-
Inulilyghwl pwydwpwpned k

1§°(1)] < M|(1)| + N, te[a,b] (7.4)

wGhwywuwpnipyuwGp, npintin M >0, N 20 hwunwunnGibp GG
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Ujn nbwpnud Ywidwywlyws ¢ L ¢, Yawnbph hwiwp [a,b]-hg wbtnh nGh

1B < [@(z, )| ™! +%(e"' ol _1) (7.5)

whhwywuwpnepynilp:
Uywgnyg: Cuwn LinuNG-LwjpGhgh pwlwdlh’

) - P(t,) = [§(s)ds:

Lwhu nhwnwplytiGp £ 2¢, nbwpp:
Oquybny Gnwblywl wihwywuwpeipjnilhg unwGnud LGp.

1B = [9(1)] < [B)| — [@i2,)] < |96 - §2, )| =

t

[ @) (s)ds

‘o

1

@;(s)ds = |

o

' (s)jds:

UjuhGpl’
[8(0)] <|@(t, )| + jl@'(S)Ids : (7.6)

Uunnbinhg L (7.4) ww)dwGhg YnGLGWGp.

[6°()] < MIB)| + N < M [[§'(s)] ds +M (e, )|+ N :

Oquytiny 1.3 |ddwjhg , npunkin
viO) =|§'@). u@®)=M, C=M|p(t,)|+N unwins bop

|¢'(t) < (All(-ﬁ(t0 )I + N)eM(:-:o) :
Stinwapbiny w)u giwhunwywtp (7.6)-h by YnLGLGWGp.

o] <|®(,)|+ I(M ()| + N JeM 0 ds =

=|¢(IO)I+$(M I(T)(to)l-i-N)(eM(r-to _1)=

= I(-p(to)leu(l-vo) +%(eil(:—:o) _1):
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UjuhGpG unwgybg wwhwgynn (7.5) waGsnp)ntGp ¢ 2 ¢, Ytunbph hwidwn:
Udd LGpwnptGp, np a <t <f,: Lwunwptip f= 2t, —t \hntinfuwlwah
thnhuwphGnudp: 362w b nbuGy, np 2, < f< 2t,—a:
Vowlwiblp §(7) = P(2t, —7): Iwdwow)l (7.4)-h
(6| =2t ~ )| < MB(2t, — )| + N = M[B(T)|+ N
2wGh np £ 2¢,, wwyw puwn wpnb wywgnigywé nbuph

3| sff)fe ™+ e 1),

dbpwnwebwiny ¢ hnthnfuwlwGhG L Gywwh nGEGwyny, np (?)(to) =§,),
uwnwinul Ghp

|('p(t)|=|('p(2to _}')|_—_‘ff,(}')lsl(-p(to)leu(r—:o) +%(em7-ro) _1)=

=|(-p(to)|e~u(r-:o) +%(e-m:-:o) _1)____|(-p(to)|eu-|t-to| +%(eu{r-m| _1):

wlhwywuwpnepynclp: LEddwl wwywgnigywd t:

Ujdd wuwgnighGp Lu dkY wanmed, nphg thwuwnnptb Ypluh hwwuwpnidGbph
Gnpdw) hwiwlwpgbph (nuénuiGtph wipGnhwwn Yuhudwénipyiniip uyqpowyuwb wwy)-
dwGGbphg L wp dwuhg: '

Btnpt 7.1: Wgnp (1%, %)= (£, (6% %, )0 £ (1% 005 X,))
Jtywnnp-pnGyghwl npndwé L wipbnhwwn t Q R™ whpnypny, pwduwpwpnd k
Lhuzhgh wwytwGhG pun X = (x,, -, x,) thnthnfuwlwGGkph hwiwhidph hwwuw-
pwswh  7-h Gywndwdp b uwhiwGwduy t I f (t, x)| <M, (t,x)eQ:
tGpwnntiGp G(¢)-G " V() -6 wGpGnhwwn nhdtintiGgbih dtywnp-pnbyghwibip GG

[a, b] hwuinywénd, npnGg gpuwdhyGlipp polws 64  -nud L hGg—np €,,€, n§ pwgw-
uwlw pytph hwiwp pwdwpwpnid 6O

|¢’(r) -fa@, <T>(t))| <e, I\Tt’(t) - f(t,\]'!(t))l <g,, tela,b] 7.7

228



ww)dwGiEphG: Uyn nbiwpnud ywiwywywa ¢, ¢, 7, Ytwnbph hwiwp [a.b]-hg wntinh
ntGh .

() - 90| < fi;l(e“”"’ ~1)+ (]i’ - J’E'l +(M +¢, )1, —t,|)e“’"" (7.8)
whwywuwpnipymGp, npunbn X' = §(¢, ), ¥ = Y(2,), huy L-ny Gawlwlywo t f
$nLGyghwyh Lhyzhgh hwuwnwwnniGp:

Uuwgnyg:  LawGwykGp X (2) = Y(t) = §(¢) : Iwagh wnlkiny pinpbith ww)-
SwGGtpp unwGnud GGp:
@) = (0 - O] =¥ ) - F&.90) + Fe. 90— F.80)+ F .80 -F 1)) <
<|7® - FE 9O +|F 9@ - FE.90)] +F . 90) - ()| <

SLX@)| +€, +€,:
Swiwdw)d |Eddw 7.1-h’ wyunnbinhg plunud t

)| < %(e"'""' - 1)+ [ ce)e (7.9)
wlhwywuwpnpynilp Ywiwjwlwb ¢ L ¢, Yhnbph hwowp [a,b]-hg:
Ujnwu Ynndhg'
WO <[ - Fe. 90| +|F . 9@ se, + M
Oquiytny wyu wihwywuwpnepyniGhg’ unwGnud GGp.
()| = W) = 9e) = W) - () + 9(t) - 9 (,)| <

<

TW’(t)dz

n

<|W(e,) — )| +|W () - v =|32 -i'|+

<[f - %[+ (M +e, ), -1

Stnwnptind unwgdwoép (7.9)-h we dwumtd’ YuunwGwip mwhw'ﬁgtmq (7.8)
qlwhwunwlwGp: PENpEI0 wwwgnigywé t:

Uwwgnigwé plinptidhg htunbinud 66 hwywuwpnudGbph Gnpdw) hwdwywpgbph
hwiwp Unane luGnph (neédwb wGplnhwn Ywhudwonipynibp uyqpiwlwh ww)iw-
Gbphg L hwiwlhwpgh we dwuhg: Uwlw)l wyn thwuwntph YupbnpnipynGp plnqobint
hwidwp dLwybpwtGp npwip ptinptdGeph whupny:

229



Bbrpod 7.2 gmp f = (f,(t, %, . X, )+, £, (6,X,50++, X)) dblanp-

$niyghwl pwywpwpnid t 7.1 pbnpbdh wwydwGGephG: Ujn nbwpmad (7.1) , (7.2)
Unznt fulnph (nednudp whpbnhwen b Ywhujws vlqplwlws wwydwbGtphg:

Uwwgnyg: tapwnptGp () L Y() qblwnp-Pmblyghwipp §(r,) = X',
!]'l(tz)=:f2 uiqpowlwlt  wuwydwGabphG  pwjwpwpnn  (7.1) hwdwlwpgh
LnénLdGEinG kG, wyuhGpl

FO-Fe.90)=0, YO-FE&,9@)N=0, telab):

Ujn nbwpned, YtpgGtgny (7.1) pinpbivnud €, =€, =0, (7.8) qlwhwwnwlwGp

alnnomud &

(1) - 9| < sz - x'| + M, - t,|)e Lr-n}
\bupp: hgnip €-p Gwdwwlws npwlwe phy t U [x* -x'| <38, |, -1|<8:
Chwpbiny

€ -L(b~a)

=em)

YuurwGwbp
o) -9(1)| <€, tea,b].
Ywy, pwlh np £ -6 Yuwidwjwluwi b, wuyw
-] = max [&) - w(r)| <e:
dtnohGu, hwiwdw)G 7.1 vwhiwGiws, Gawhwymd t, np plinptidh wGnnuip Ghawn

5b"ﬂ0‘f73'tﬁPwﬂnhﬁD f=(f(t|1x|,"'9x,,)s'“sfn(t’x|9“'1x,,)) ytywinp-

dnbyghwt pwlwpwpnd t 7.1 pbnptidh wwjdwGGEphG: Wn ntiwypmd (7.1), (7.2)
Unnt fulGnph (ndnudp wGplinhww b jwhudwé hwiwlwpgh we dwuhg:

Uuywgniyg: hgmp §(2)-G
{i'= fa.3, (txeQ

(1) ="
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unznt huGnph (onudG t npnadwe [a,b]-nd, huy F(6,¥) dblpnnp-$nicghwo
pwywpwpnud t 7.1 ptinptidh ww)dwGGepha L

uf g“-— sup |f(t X)- g, x)|<6 (7.10)

(roef
LawbwytGp Y(r)-nd
g(1,%), (t,x)ef
{:t'(t )=%
unpm huGnph (moénwdp npndwéd Gyl [a,b]-mli: Juwdwdwyl 7.2 vwhiwbdwb

phnpbisp YihGh wupugnigyws, bpt gnyg wwGp , np Ywiwywlwh € > 0 pyh hwown
(7.10) wupswGnLs O -G Lwpbih b pGunby wylwbiu, np wbnh nGbGw

le-w|<e
glhwhunwipuGp: Smyg vrulp (Wb 3 - pGunpnepruls Maupurdnpmpym . NGLOp
V(- (.90 = (0 - §6.90)+ 86900 - (1,90 =
=[5 90 - f. 9| <.
@bnptul 7.1-hg £, =2, X =X, € =0, £,=8 ntwpmdprmdt

P -80] s 2l - T, ge fut]

wihwiuumupmpimGp: Conptyng. 8=2Le™ ™ L oqndtymt -h Lt
(hGlmg YunwiwGp ”@—\T)ﬂ<8 wnGsnipim Gy BBAPBIG wupugn gtiws I

Wdd munuiGuuhpttp (7.1) hwowlwngh (Medws nnnpmpiwt  (Wowbeh-
thnuppwG) hungy Ywfuduws £(2, %) $mGlghush nnnnbnusnGhg:

Bmptat 7.4 gmg f(2,x,. . X,) Wblann-Prllohws mbh hbsk p-fin
uipgh (p20) wlpGnhusn Jusubustuut B igun by
(Fecr@, i=1,- ) U nbugnd (7.1) huswhunel Gudustet (1)
tmenLs ynGbGw walgwal (p + 1) -in lwngh wenlnhun wousligius Gbn:

*
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Uwwgnyg: hgnip ¢(1)-G (7.1) hwdwlwpgh nplt |nonLd t npnws (a,b)
dhpwlwjpnid, wyuhlpl
§0) = ft,9,0).9,0), 1€ (ab): (7.11)
Ujuwnbinhg plunid t, np - @(2) |nonuip whpGnhwin nhdbiptilgbih t, npp Gawlw-
ynud t pinptidh wwwgnygp p =0 nbwpnid:
apgne p=1:  wbh np f(,X,+,X,) $mllghws mGh whpGnhun
wowhguitp pun  (2,x,,--+,x,) thnthnuwlwGlbph  hwiwhuipnipjwl, www
hwiwdw)l pwpn Pnuayghuwyh wowhgjuih ybpwpbpjus pbnpLup
f(t,(p,(t),-u,(pn(t)) oby  hnpnfuwlwGh  Pnbyghwl  YniGhGw  wGplnhwn

woéwhgywp puwn f-h: IGwnbwpwp (7.11) OnyGrpywl dwfu dwup Gnylbwbu nGh
whplrbwn wéwbgywy L nkinh nubh

G i (t @,(1), 10, (t))+); i (t @,(0), .<Pn(t)) 9. (0=
—f—(t 9,0+, () +): (r 000, O, (1.0, @)+, 0, (1)

(7.12)
GnuyGnepyniGp: 36w b nbuGhy, np unwgywéd GnyGnipjwl we Gwup nGh wpnbG

(p—1D-pn ywpah woéwGgw: 4dbpp popdwéd nunnnnpintGGpp  Yhpwntinyg
(7.12)-h hwiwp YunwbwGp, np G(¢) Pnblyghwh nGh bppapn Ywpgh whiplnhwin
wéwbgjwy:

CwpniGwtiny GowGwwnhy gnpénnnpinuGhbipp unwGwGp, np $(2)-G nGh

(p +1) —pn Ywpgh whpGnhwn wowbgjwy:

§8. MMUVES RS YUvd UG vAMUUL QUUtRireGe

dShqhlwlwb Gpunyplbp OGYwpwgpnn nhptiptiGghwy hwdwuwpnuiGpp L
hwiwywnpqbipp hwdwhu wwpniGwlned GG npn Wwpwidbnptp (Quiqywd, wnwdqu-
Yubnipyntlh b wyp0): PpwlwbnipywG dbe swihnidGbph htin Yuwwywsd fubnhpGtpnud
wjn wwpwibknpbpp hGwpwdnp sh (hGned Sgphunn npngtip, wyuhGph  hwywuw-
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padGtipp gpyned GG npnawlh Gannepywdp: IGnbwpwp’ npwtiugh hwdwuwpnudGlipp
wppnwlwbh Gywpwgpbp hpwywb bplnypObp, wuhlpG npwytiugh swihndbGbph
«pnpp»  wGGunnepynLblbnt twwbu swqnkld wpyniph Ypw, wGbpwdbwn k, np
npwg |nednuiGlipp wiGpOnhwn Ywhiws (hG60 wwpwitinptiphg:

Huwnlytlp 1,15, |, wwpwdbnphg Ywiudws
= f@.5m), @.7fi)eGgR*™ (8.1)
x(ty,f) = x° (8.2)
unant fuGnhpp (FL = (K, 15, -1, )) : Ubip GywwwlG b niumdGwubpbp wyu fuGnph
¥=x(t,f) modwh YwhidwénipymGp Ry, 1, |, wwpwdbinptphg:  Cwpw-
npynn npny wlnnudGtph wwwgnugbbipp Ywpbih t unwbw] npybu hbwnlwGp Gw-
unpn Ybwnh pEnptdGbphg: Uwlwyd GUwwh mOtGwind wjy nwup puGnhpGtph
YwplnpnepyniGp' dkGp qbpwnwumd GGp unyl wwpwgpwdh wpnynllplbbpp Jwpw-
npbp wolwlhu, wy Gnwlwyny, dwiwdwbn np wjt hGwpwdnpnpintd junw www-

gnighip ng Shwjl | né6dwl wiplnhwwn Ywiudwéenipynilp wyp Gwl wéwbGgbihnipyntlp
pun wwpwditipbph:

—

Bbnpbd 8.1:  hgnip f(t’ i’ﬁ) L g— (t, i7 11)’ (i = 1,' ot ’n) ytlwnp-
xi

dmlGuyghwGbpp npndwé GG (4, X,[) dnthnfuwlwGGtiph (1+n+7) swihwGh
wwpwonppuG G wppnypnd . (G < R™™"),  wlplnhwwn GG pun
t, x=(x,--,x,) thnpnuwlywGiph L HE=(W;,-,1,) wwpwibnpbph
hwdwhudpnipywi L (to,io,ﬂo)e G:

Un nbwpmd qnympymG ntGh wiGwhuh 8>0 phy, np (8.1), (8.2) huGnph
X=X(t,fi) moénuip wlpGnhwwn t  Ne={(z,[0); |t —t0|<5, Iﬁ—ﬁ.“l<8}

whpaupnud pun £, thnthnfuwlwGGlph hwdwhudpnipywG:

Uwwgnyg: Mupgnipjwl hwiwp nhuwpybGp O6Y hwywuwpiwh L oy M
Wwpwdbwph nbwpp (n=1, r=1):

Unznt fulnph |nénudp pun hwiownpdtipnepjwG 4.1 [Gddwyh ptipkGp hwiwnpdtip
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x(t, ) = x° + [ (T x(T.W)de ®3)

hGwbgpw hwywuwpdwbp, npp qpkGp

x(t, 1) = Ax(t, 1) (8.4)
owbtpwwinpwihG wnnbupny, npunbin

Ax(t,p) = x° + I f(t, x(t,p))dr:

(8.3) Ywd (8.4) hwywuwpiwl wiplnhwwn |nddwh gnynipyntlp wwywgnighint
hwiwp YppwntGp ubninn wpnwuwwwnybpnuiGph uyqpnibpp (nku V §2):

huwnltiGp Me=((t, 1) |t—t|<a, |x—x°|<b, |ﬁ—n°|<c}

nuqwilyniG gniquhtinwGhunp L a,b, ¢ pytinh pounptGp wybwbu, np N G:

Lawlwhkop
of
M= sup |fet.xp, L= sup |=—(txN):
(r.x )Nt (tx ey ax
Npwbu (X,p) 1nhd dEwnphyuwywl wwpwsénpnG YtipgGiGp x(7, 1) InGy-
ghwGtiph pwqunipyniip, npnlp wGpGnhwun 1]

Nuy={(2,1); |t—-t°| <9, Iu-p.ol <c} wppnypnid L pwywpwpnd O
p(x(t,p), x°) < b wihwywuwpnipywlp, npntin
Px (6, 1), X, (1) = max |x, (1) — 5, (4, 0)
| n-polsc

LlwnbiGp, np tpt @€ (X, p) -hG, wuyw
D, 1) = AQ(t, ) = x° + [ f(1,0(t, W), Wdv

$nuGlyghwl nbh wewehl Ywpgh wiplnhwin wéwlgyuy puwn ¢ hnthnfuwywGh, L,
hwiwdw)li wwpwitnphg Ywhudwé hGntgpwih wapGnhwwninipywb dwuplG pbnpbdh
wlpGnhwn t pun P hinthnfuwlwGh Ag-ned: Ibnbwpwn wyl pwdwpwpned t pun ¢
thnhnhuwywbh Gwl Lhyzhgh wwjdwOhG Niy-h uiwywywl thwly Gpwpwquinipjwb
dnw L, hGswybu ghwnblp, (nbu (Godw 1.2) wOplnhwn t pun ¢ L |
thnthnpuwuiGGeph  hwiwfudpnipjwG: Pwnwghnpbl YpyGhinyg 1.1 pbnpbdh www-
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gnygp Yuunwbwbp, np o puh hwﬁwuqunmuﬁtuwﬁ pGupnipjwl nbwpnd A
owbtpwwinpp ubininn £ (X,P)-nd: Ibwnbwpwp (8.4) hwywuwpnidp nGh (nLénd,
npp A owbpwwinph wlwnd YenG b b wwwywbnd t (X, P)-hG, wyuhlpl w)b
wlpGnhwwn t pun ¢,0  hnhnluwlwGGbph hwiwfudpnipywl: BENpLGG  www-

gnigquwo t:
LiwG dlny wwwgnigyntd t pGnhwbnep (8.1) Gnpdw) hwdwlwnpgh nbwpp:

(8.1), (8.2) pGnph X(z,[) |médwh wéwhgbihnipynGp pun wwpwdbnph
wuwgnighint hwiwp oguwgnpéyntd t 3wnwdwph |Gddwh, nph hhdpnd pOYws t

gty hnthnfuwlwbh $nGyghwh hwiwp hwpnGh LwgpwGdh ybpowynp wskph pw-
Gwabh panhwOpwgniip 2w hinthnfuwywbh PnGyghwGliph hwdwnp:

hGswbu qghuinbiGp, Q < R" whpnypp Ynsymd t ninnighly, bpb wil Gudwjwywh
bpyne X =(x;,--x,) b y=(y,,'**,y,) Yttiph htn dbynbn wwpniGwyned t
Gwl wyn Yewnbpp dhwglbng hwunywép:

Lbddw 8.1: Yhgnip g(X) Pmlyghwlh whplnhwin nhdtintiGghth t Q < R”
ntanighly whpnypnud: Uyn nbwpnud yuwiwjwlwo X, ¥ € Q Ytnbph hwiwp gnjnt-

pynth nLGh wyn Yeinbipp Ghwglnn hmuu[wahﬁ wwwnwbnn E ybwn wjGwhupG, np

g(y)-gX) = ): -©)0,—x) ; (8.5)

Uywgnyg X L y Ytwnbpp dhwgﬁnq hwwnywéh Yuwiwjwywhd Yt nGh
@) =X+1(y—X) wbup, npntn 2€ [0,1]: Wn hwandwoh Ypw g-G dky ¢
thninfuwlwGh Pnbhghw b g(Z(1) = £ (), re [0,1]:

Uhpwntiind () Pnbyghwyh Gywwndwip Lwgpwbdh Ytpgwynp witph pwtw-
alp’ unwGnud GGop |

fO-fO)=f"(t,), 0<t,<1: : (8.6)

Rwbhnp f(0)=g(z(0) =g(x), f)=g@EM))=¢g() U

pon_d 08(Z(ty)) dz, _ ¥~ 98(Z(1,))
) =—-8E®) -Z % d -2 %,

wwuw (8.6)-hg whihowywh mbmunnmuﬁp uuuugt[nu] t (8.5) wwhwoynn wnGsnt-

—(y, —x,). (8.7j

p)nLGp, npunbin E= Z(2,): Lbodwo wwwgnigyuwsé t:
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PtiptiGp wyu Godwyh ObY wyp dLwbipynud L wuwgnyg, npp Goguwgnndyh
htwnwaquwynud:
L6ddw 8.2 Wgnip pwlwpwpyws 66 8.1 [Gddwjh wwydwGGtp: Wn nbiypnid

Yuiwjwlwi X, y€ Q Ltwnbph hwiwp nbnh mGh

2 -8® =Y, (%), - %) ©8)

wnGgnpynilp, npntin @, (k =1,--+,n) IniGyghwlbipp whplnhwin GG pun X, y
thninfuwyuGGbph hwiwhudpnipywG:

Uwyuwgnyg: LinunnG-LwpGhgh L pwpn Pnllyghwgh woéwlgyuwih pwiwdlhg
m0LGp

S hd L e 9g(ZN) dz,
g(3)-g(®)= j dtg(z“”d“!; e
=[3EED (), 53t =Y &, G, - 5)
wnbgnipynibp, npntin
ag(z(t))

®,(%.5) = j k=Leon, (ZO=3+65-5): ©9

k

Ujunbtinhg L wwpwdbinphg Ywhwé hGuntigpwih wGpbnhwwnnipjuwl Ybpw-
ptipyjwy pbnptishg plunud t P, (x,y) (k=1,---,n) pnlyghwlbiph whpGnhwuini-
pinGp:

Wdd nhowpytGp (n+m) bhnpnfuwywip F(X, W) PnuGlyghwl, npunbn
X=(x,x,), w=(w,-,w ):

L&vvw (Rwnwdwp): GGpwnptiGp Q-0 R™" wwpwénippub whpnyp t, npp
Jnupwpwlgnip hwunwwnwgnpdwé  w-h hwiwp awencghy t pun X -h:

Thgnip F(X,w) dnlyghwt npndwé t Q-nd L nGh ohGsk p-pn (p21)
Ywpgh wipGnhwin wéwhgyw)Gbp: Uy nbiwpnd gnynipyntG nuGkG dhask (p —1)-pn
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ywpgh wGplnhwin wéwhGgywiGp mGgnn P, (x, y,w) (k =1,---,n) PmGyghwatp
(9 =(¥1>**»¥,)), wyGwhuhp, np nbnh nGh

F(5, %)= F(Z,w) =Y ®,(%7 W), = %) (8.10)
k=1

wnhGsnupyniGp:

Uywgnyg. Uuwwgnygp widhowwbu htinlmd t (8.8), (8.9) pwlGwdltphg L
wwpwdibinphg Ywhijws hGnbgpwih woéwGgbihnipywG YGpwpbpjwy pbnptidhg:
Syw| nbupnLi

1
@, (3,5, W)= j F, (X +1(5-%), wdt, 8.11)
0

npnbn F, = a—— ¢ LbddwG wwwgnigywd t:
Hli=ze(5-1)

Ujdd wywgnigbbp unyG Ybinh hhdGwlwb wGnnidp:

Bbnptd 8.2: Thgnip f (t,%,/) Jtlynnp-pnillghwt npndws t Q < R™™
wnhpnepned L nGh shGglk  p-pn Yuwpgh (p 2 1) wGpGnhwn dwubwlwl woéwGg-
JwGbp pun x,,--4, X, ,1,,0 -1, hinthnfuwlwGGtph:

Uyn ntiwpned (8.1), (8.2) Unant fuGnhph X(f,[1) (aténudp YniGkGw dhGsk p -pn
Ywpgh wiplGnhwwn dwubwywl wéwbgywiGtp pun W, ,---, 1, thnthnfluwywGGtph:

Uwwgnyg: Uwwgnygp Ywunwpblpe o6y hwyjwuwpiwb L 66y B wwpwidbinph
hwiwp: CGnhwGnp  nbwpep uwnwgynd t GlwGwwpy  dunyd:  Thgnp
p=l x=0@pn)-G

x'=f(t,x,pn) (8.12)

hwyjwuwpiwG b x = Q(¢, 1L+ AN) -G
x'=ft,x,u+AQ) (8.13)

hwywuwnpiwb (néntdGtpt 66 shubneyG

My =
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Unzne nuibtpny: Mwhwbgynn ? wowbgjuih gnynpinitGp gniyg tnwint hwdwp
1l

nhinwpytip AQ = A(p,1 = Q(t,nL+ AR) —@(t,1) wwppbpnpynilip: RwGh np

o(t, W) -G (8.12)-h, huy @(z,L+AN)-G (8.13)-h (nénMLGEPG GG, www A@-h
hwdwp ntnh nbh

d
ZA<P= Fo@pn+ AR P+ AR) = f(1, 001 1), 1) (8.14)

UnyyGnupyniGp, pun npnud’
A(pl,g,o =0 : (8.15)
Uju Gn)Gnipjwl wo duwup, hwiwdw)b Jwnwdwnphp L6ddugh
(w=1, X =(0(t,1),1), ¥=(Q(t,u+AL),u+Al)) Yunbih t Gbnyuwglby
P A9+ P,Ap wbupny, npintn P, L P, PnlyghwibpG whplnhwin GG pun

t, o(t, 1), @1, L+ AR), 0, p+ AL wpgnuikGnGiph  hwdwpudpnipjwl b
hwiwdwjh (8.11) wrbGsgnipjwl’

. 1.
@, (1,9 1), A 1, Ap) = [ £, (6.0, 1) + TAQ, U+ TAW)dT, i =12, (8.16)
V]

0 )
npunbin fi= sf.;(t,x,v), L= §vf—(t, x,V),
bpp x=Q(U)+TAP, V=U+TAU:
3bwnbLwpwp (8.14), (8.15)-hg pwdwlGtind ARL-h Ypw (AR # 0) whishpwlwGn-
pbG unwbnud Bap .

iﬂ=¢lﬂ+¢2 (8.17)
dt Ap Ap
Ae =0 : (8.18)
Au =iy

Jwunwunwgpblp B wwpwdbnph wpdbpp U @, (¢, AR)-ny GawGwytGp Ap
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dy
wwpwibknphg Ywhuwé E; =@ -y+P, qéwhl nhptiptGghw| hwlwuwpdwh

(nLénLip Y| 1= =0 uyqpiwlwl wwjiwlny: Btinptd 8.1-hg plunud t, np wjn

(onip  pwdwlwGhG tinpp  Ap-bph hwdwp  wGplnhwn b Quiudws  Ap
wwpwibnphg b hinnbwpwp gnynipntG niGh Llln}] ¢, (,Ap) =9,(,0):

Ujnu Ynndhg bwdwdwyG (8.17), (8.18) wnlGsmpyniGGbph L gqnynipjwl nu
A
dhwynipjwG pinptidh @, (¢, AQ) = X‘g tpp AR # 0: twnbwpwp gynepyniG niGh
- H

. A do ,
Gwl lim — = —, wyuhlpl @ PniGyghwh nbh wéwhgjw| putn Wwpwdbiph:
Ap—-0 Au au_

-

d
by wjuytiu a—(p wéwhgyuh gnynipyniip wwwgnigywéd t : Uydd wuwwgnigtlp
' i

Gpw wGplGnhwwninepynibp puwn ‘wpgnudtiGnGph hwiwhudpnipjwl: Un Guywwnwyny
(8.17), (8.18) wnGsnipynLGGtipnud whGgltiGp uwhiwGh, tpp AL — 0 (hbwnkwpwp

AQ@ — 0): Uhpwntiiny dhohl wpdtiph ptinpkidp (8.16)-hg unwinid GGp
P, = f,(1,0(t,1) + EAQ, p+EAp) Ee (O,)
Uuwnbnhg U f;  $mlGuyghwih  whGpGnhwwnnpyniGhg  plund  t,  np

d, _)gi(t,(p(t,p), W), tpp A — 0: LnyGwwtu P, — giu(t,(P(t,lJ-), W,
X

tpp AL — 0: UwhiwGwjhG whgnidp (8.17) L (8.18) -nud tnwihu t

499 _df 9. o
drop  ox (. @E), 1) an op (#9010 1)

n

1=tg

ItwnbLwpwnp ? $nLGyghwl hwlnhuwGnud t
U
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of

I o), Y+ 500010, ®.19)

dta—

v = 0 (8.20)

Unant fuGnph (monLl: RwGh np, hwiwdw)G 8.1 pbnpbdh @(f,1L) Inilyghwa
)

wGplGnhwwn t pun £| hnnfuwuGGhph hwiwludpnipywl, huy a—f—(t,x, R
X

LS
—ai(t,x, B)  PnGighwGlpG wOpGnhwin 66 pun pbnpbdh  wwydwlh, www
m

9
g—j;(t,‘p(t,u), THN a—{l(t,tp(t,u), 1) PnGyghwlbnp wiplnhwin 6G pun 7,1

thnhinfuwlwGGtph hwdwpudpnipywG: Iwdwdw)b 8.1 ptnptidh (8.19), (8.20) tuGnph
d
tnténLd hwinhuwgnn a—(p(t, 1) Pnullyghwh whGplnhwn t pun £, thnthnfuwlywi-
v
Gbph hwiwhudpnpywh: BLnpkdG wuwwgnigytig p =1 nbwph hwiwp:

tpt  f(2,x,}t) PnilyghwG mGh dhGgk Gpypnpn Ywpgh whpGnhwin wéwhg-

JwiGbp, www ogwnybiny GowGwnpy nwuwnnnipyntihg (8.19) hwywuwpdwb hwdwp,
2

¢
-p, npG
auznnn

whplnhwwn t pun £,) hothnfuwywGGbiph hwiwtudpnipjwG: Swpnbwybiny wjuwbu
Yuunwbwlp plinptidh wwwgnygp Ywiwpwywsd p-h hwiwp: LnyG duny www-
gnigynid t pGnhwGnip Gnpdw) hwdwywpgh nbwpp:
Ujdd nhunwplytlp
{52’= fa.5, ¢,7eQ (8.21)
X(t,) = x° (8.22)

0
nph (nuodnudip hwinhuwGnud t 5(—8-0. YunwGwap, np gnynipyntlG nilh
U

Unznt fulnhpp: Ywunwpbing
t—t,=1, i-x’=

=i

thnthnhuwlyuGGtph hnfuwphGnuip’ Yunwbwip
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(7. %15, x°)
0

= Hll
"'sll

{ (0)

unznt fuGnhpp, npwbin f(?,i,to,fo) = f(? +t0,§ +X°) prlughwl Yuwhugws t
uyqplwlywa to,.fo unuGbphg, npnbp Ywptih b nhwpyby npybu wwpwdbnpbp:
Uhpwnbind wwwgnigyws 8.2 ptnptidp unwGnud GGp.

Pbtnpty 8.3: thpunptiGp f€ CP (), p=21: Un nbwpnid (8.21), (8.22)
hGnph X = X(t,2,,X°) |nionudp YnuGbGw ShGsk p -pn Ywpeh wéwGgywiGp putn

to,xlo,"-,x,? thnthnpuwywGGtiph, npnlGp Y hGEG whplGnhwwn puwnn t,to,x,o,---,x:

thnthnfuwywGGEph hwiwfudpnupyjw:
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QLNkv VI

huveuvudur uuuyureer: Yyusnruvnko3nku

§ 1. hu-£uud e QUUUYUre 6Lk L6SUQo e
blGplGwdwn hwiwlwpg Yngyned t

X = f,(X)50e00 X, )y i=1m, (1.1)

Yuwd yEhwnpuwywh nbupny
¥=f®

whwh Gnpiwy hwiwlywpqgp: Ujuntin dkGp htnbnud GGp hGplwywp hwiwlwpgbph
nbtunipywl b9 pOannGdwé GuwlwynuiGtphG L wlGywiu thnthnjuwywbp, npp 2wwn
$hahywlwt fuGnhpGtpnd Yuwwnwpned b dwdwGwyh nbpp, Gwbwyt) GGp £ -ny, huly
wGhwypn  dywnp-$nibyghwl X = (X,,..., X, )-nd: WG  hwhqudwbpp, np
fii=1,...,n) PnlGyghwltpp pugwhwjnnnbl Ywhuwws 66 ¢ wilwhu gintinfuw-
YwGhg, wwjdwlwynpnid t (1.1) hwiwlywpgh dh 2wpp hwwnynip)niGbbip, npnGgny
odnyjwé 3G pOnhwOnip  Gnpiwp  hwiwlywpqbpp: Iwdwlwpgh  hGpGwywp
wiywGnuip wwydwbwynpywsé t wys hwlquiwbpny, np X(¢) nétwh hnhnudwi
wpwgnep)ntlp Gywpwapnn X (¢)-h wpdbpp Yuwiwywlwh £ -h hwiwp Ywiujws t
OhwyG  X(#)-hg, wyuhlpG (1.1) hwiwlwpgh nénwip hGpl t nblwywpnid hp
thnthnfumepyniGp: Itvwquynud, npybu  hhdGwlwb  YwbnG, YtGpwnpydh, np
fi@=1..,n) Pnbyghwltipp npndwé &G wdpnng R"-md L whplGnhwn

nhdbptiGgtih 66 Ywd pwywpwpnd 66 Lhwyzhgh wwjdwGhG jnipwpwbgnip
uwhdwlwdhwy inhpnypned: Ujg niypmd, hGswbu ghwnblp (nbu pbinpbd V. 4.1), Juw-

swwywG x¥°€ R" Utwh hwiwp qnipimG mGh (1.1) hwiwYwpgh Ghuwl
X=X(t) (ménts, npp pwdwpwpned t X(0) = X° wuwydwGhG: Un nwonwip Gow-
GwybGe X(2,X°)-ny: X = X(t,X°) (monuip R"-nud npnznid t Ynp, npp Yupbith t
obUGwpwGb, npwbu X° uyqrlwlwG Ybwhg nnipu GUnn ¥ Ytwh wpddwG
htitnwqhé: Ljwwnblp, np htivnwghép hpbGhg GhpYwjwglbmd t ny wy hGs, pwG

hGubiqpwy Ynph ¢ wrwGgphl qniquhbn wpnjbyghwtG R”-h Ypw: Iinbwpwp w)l
wybih hGan t Yuengymd L s0wjwéd wwpniGwymd b wybh phs nbntynup)nil

242



Lnédwb ﬁwdhﬁ, pwl hGunbgpwi Ynpp, 2win nbiwyptpnid (hGnud b pwdwpwp b wybih
wbuwbih:

- =y = . dx
¥=%,%°) hbwwgém| wpdynn  Ybwh V=E wpwagnipntlp

jmpwpwlymp £ wwhhG, bhwiwdw)t (1.1) bhwiwlwpgh, bhwjwuwp ¢
f(.f(t,io))-h: Abnlwpwp Yupng GGp wubp, np (1.1) hwiwywpgp npnymd t
wpwqgnpyntGGliph nuw2wn Ywiwjwlwh XeR" yGuwnhG yGpwanptiiny
f(i) = (f,(X),..., f,(X)) dbywnpp, huy hwiwbwpgh (néntd hwlnhuwbnud b X
yswnh wyGyhup X = X(¢) wpdowG opklp, nph hwiwdw)G wyn Ytnh wpwgnipjwh

Jtyunpp  hwldwuwp t f()'c')-h': hPGpGwywp hwiwlywpqtph  wrwGdlwhwn-
YnpyneGGtiphg o6YG wyl k, np npwlg wpwgmpyniGlbph nwwnp dwiwlwyh
pGpwgpntd sh thnthnfudnul:

Rwbh np f,(i=1,...,n) $mbyghwlbtipp npndwé GG wipnng R”-nud, www

sewpniGwyynn | nédwl Yurenigdwld dwiwbwly hGwpwynp 66 Gpyne nbiwypbp (nbu
ptinptid V. 6.2).

w) ¥ =X%(,%°) (nonuip 2wpniGwlynd b wipnng —eo < f < +o0 wnwlgph
Upw,

p) X=X(£,X") (mondp dquind t webipgnipywl, tpp ¢ —> ¢, dpgwdnp
Ytwh L wyn wwwnbweny peonip hGwpwynp sk wpnibwlty wipnny pyw)hG

wnrwgph ypw:
8nijg wwbp, np (1.1) hwiwywpgh hGuwqgdétpp nunudGwuppbijhu, wewGg

pGnhwGpnpynilp fuwpunbin, Ywpbih t GGpwnpbp, np wtinh - nGh w) nbupp:
Qwywnwy nbwpnud’ (1.1) hwiwlwpgh htwn gniquhtn YnhwnwpykGp
X, = fi(Xyyeens X, (X, yeenr X, ) (1.2)
hwiwlwnpap, npnbn r(x,,...,x,) PImGyghwG whpGnhwn nhdtipblgbth t Ywd
pujwpwpnid t Lhwy2hgh wwpdwGhG jnpupwbsnip uwhdwOwthwy whpnepned b ng
Gh Ytitnnud sh pGrnuGnud qpn wpdtipp: Ungyl hwiwlwpgnud YuwnwpbGp
t=1r(x,...,x,),

“Iwdbtwinby nunanpynuGGEph nwawnh htin (gg. 1):

243



X, =x, i=L-,n
thnipnfuwyuGGeph hnfuwphGnudp: U dlwhinfunepjwl Swynphh npnzhsp (Juynp-
jwlp) hwywuwp t r(x, ye-» X, ) -h. npp qpnjhg wwpptin t: 3t2w b wbuGly, np (1.2)-p

pGnniGnud t (1.1) mbdpn, npunbn ¢ wGlwhu thnthnfuwywbp hnfuwphGwé t 7 -ny:
bwnbwpwp (1.1) L (1.2) hwiwywnpgtiph htnwagotpp hwdpbyGnud 66 L dhinfudnd t
dhuyG wyn htivnwgétpny wnpdynn Ytnbiph wpwgmpynuGGipp: bpb r(x,,...,x,)

PniGyghwC pGuipibp  wybwbu, np  fir (i=1,...,n) wpunwnpuwGipp |h0LG
uwhiwGwdhwly, wwyw hwdwdw;l (1.2) hwiwlwpgh, htitnwqétpny 2wpddnn Ytnkph
wpwagnpyntGatipp GnuGuybu YihGhG uwhiwbwhwy L ng 8h YEw sh Ywpnn Gpowynp
Jwiwlwywhwwnywéntd qGwy waybpenipynil: Npwbu r InGyghw Ywnpbih b ybipg-
GGy, ophGwy

1

— InGyghw:
,/1 +) 1)
i=l

Ujuwhuny htivnwquynd (1.1) hwiwlwpgh htnwgdstpp nuunuiGwuphptihu Yw-
pan tGp GGpwnpb, np f, dnublghwlbpp uwhiwlwhwy 66 |f,|SM <o,

r(x)=

i =1,...,n Lhbunbwpwp |neénilepp 2wpnibwynud G0 wipnng wewbGgph ypw:

Nwnudbwuppbtp (1.1) hwdwywpgh ndnudbtiph b hGnwqotph hwwnynepynib-
Gtpp, npnGp pGnpng GG hGplGwdwn hwiwlwpqtpht L pnhwipwwbu wuwd wnbinh
#0600 wybih ponbwGnup Gnpdwy hwdwywpgbiph hwdwp: YEGwpNGwYwG t hbnbyuwyg
hwwnynipynilp:

Lbdvw 1.1: Thgmp ('p(t) ybyunp-dnGyghw (1.1) hGplhwywp hwdwlwpgh
npbt mémd & U nbwpnd jwiwjwlwld ¢ hwunwondbh  hwowp
Y(t) = §(t +¢)-0 GnyGubu hwinhuwbnud t (1.1) hwiwlwpgh (ndned t:

Uupwgnyg: Rwlh np @(2)-G (1.1) hwiwlwpgh (nuénud t, wwyw nknh nGkG

@ (1) = fi(9,(1),--,9, (1)), i=l..,n, te (—oo,+00)
GnyGnipynLGGtpp: OnfuwphGtiny wjuwntn -6 (2 + ¢)-ny, unwhnid bGp.
do,(t+c) _

S v

fi(@ @+c)....0,(t+c), i=1l.,n: (1.3)
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fwpn $nllyghuw)h woéwhgiwG YuwlnGh hwiwdw)l
_do,(t+c)d(t+c)
T dt+c)  dt
Ujunnbinhg L (1.3)-hg utnwGnud tGp
V)= fi(W, s W, O)i=1...n, t€ (—oo+)
GnyGnupyntGGpp, npwntinhg htwnlinud £, np Y(2) -G (1.1) hwiwywpgh (nwénd t, npk

tL wywgnignud b Eddwjh wlnnudp:
Uwywgnigywd (Gidwyhg plunud £, np (1.1) hOplwdwp hwiwywpgh dtly
X=¢@¢) (noénwip  6Gnud b by wwpwibophg Ywiudwsé (ndnuiGhph plGunwGhp

X=@(+c), npnlg hwiwwwunwupiwG hGunbkigpuy Ynptipp unwgydmd b6 dkyp

, d d , .
BD=—y.(1)=—0. =q. =1,...,n:
() & . (1) 7 @, (t+c) 9. (t+c), i n

gnwhg ¢ wnwGgphlG gniqwhtin wbnwhnfunp)nGGbph dhengny: 3ILwmbwpwp

npwip R™ swihwGh nwpwoénpyntind Yuqind 66 guuwlwihG dwybpunyp, huy
npwlg hwiwwwwnwupuwbnn htitnwqétipp hwipGyGnud GG:

Onhlwy
X, =x,
Xy =—X,

hwiwlwngh x, = Asin(t +c¢), x, = Acos(t +¢) (ménuiGbng (YwdiwywlwG A L
¢ hwuwnwuinnuGGaph hwdwp) (t,xl,xz) nuwpwdnpntGnud wwghu 66 hGnbgpuwy Yn-

X,



ptph  hwywuwpnuiGbpp, huy gpuig htnwaghdp, wjuhGpl (x,,xz) hwppntpjwG

dpw ¢  wnwlgphG qniquhtn wpntyghwG, A wnwyhnny x,2 +Jr22 = A?
2nowliwghdG L :

L&vw 1.2: S%hgnp (1.1) hwiwlwpgh @) L Y(7) (nuénuiGliph htitnwqdtinp
hwwynid BG nput Yeinnud, wyjuhGpl gnynipyntl neGEG ¢ hnthnfuwuwh Bpyne (pln-
hwonp nbwpentd dhojwGghg wnwpptip) £, L ¢, wpdbiplbp, npnGg hwdwp

o) =vy(,), (@,¢t)=wy,;(t,), i=1..n): (1.4)

Un nbwend Y@= +c), c=t, —t,, wuhGpl  htnwgdkpp
hwdpblyGnud GG:

Uwwgnyg: Iwdwdwjl Gwhunpn |Eodwh’ é(t) = (-b(t +c¢), c=t, —t, dnGy-
ghw( GnyGwybu hwnpuwGned t (1.1)-fr pudned:

Ujniu Ynnihg

(1) =1, +0) = (1) = ()
3bwnbwpwp $(t) L Y(?) (nondGhpp pwywpwpnud b6 ShuGnuyG uygpOwlwo

wwiwGatphG: Iwdwdw)l qnynipjwl L Shwynipjwb pbinptidh (nb'u pbinpbd V. 4.1),
wyn (neonuilbpp hwdpGyGnid GG hpliGg npndwG whpnyplbph pGnhwlnep dwuntd,
wjuhlGpl’ wju niypnid

V() = (1) = Pt +¢), t€ (—o;+):
L6ddw 1.3: bGpGwdwp (1.1) hwiwbwpgh ¥(f,%°) (nonuip odwnfwd t
htitnlywy hwinympynbGepny
w) X(¢,X°)-6 wGpGnhwwn Pnibyghw t pun (7,%°) thnhnfuwluwGGph hwidw-
husph (X € C(R™)),
p) X(t,, %(t,,X°)) = X(t, +1,,%°) Yuowwlwo ¢, b 7, wpdtipGtinh hwiwn:
Uupwgnyg: Rwlh np f, $nllyghwibpp vwhiwGwhwy 66, www

dx,(£,%°)| _ =0 =
“it_{_|fi(x,(t,x )yons X, (1, E°)| S M < 00,




npntn M -p Yuhiwé st ¥°-hg: Ibnbwpwp (nbu (bisw V. 4.1) X(¢,X°)
$nGlyghwl pun ¢ hnhnfuwywth pwywpwpnd b Lhy2hgh wwydwGhe L=M
Lhwzhgh hwunmwwnGny: Upniu Ynndhg  X(2,X°) -6 whpGnhwn t Ywhudwo
uyqpiwlwl wwydwbhg, wyuphlpl’ 5c'°-hg (nbu g¢. V. §7.): Wu Gpym wwpdwGGEpp
wwwhnynd 66 (2, X°) Pniblyghwyh whpGnhwwnpynilp puwn hnthnfuwlwGGkph
hwiwfuipnipjwl (nbu |bidw V. 1.2)

p) Ubwnp wwwgnigbint hwdwp  nhowplklp X = X(6,%(2,,X°)) L
X=X(t+1,X") Ppmbyghwbnp: UnwohGp (1.1) hwiwhwpgh X(0,X(,,x°)) =
=5c'(t,,:t'°) ulqpliwlwl wwydwGhG pwdwpwpnn 1ndnudG t: bpypnpn $nGyghw,
hwiwdwyG 1.1 |Gddwh, GniyGybu (1.1) hwdwlwpgh (nénud t, npp ¢ =0 wwhhG
panniGnud b Gnyh ._x'(t,,io)wndbpn: Uhwynipjwl ptinptithg (nt'u ptinptid V. 4.1)
pluntd t, np uyn (nuonusGbpp  hwdpGyGmd &G i(t,i(t,,io)) = x(t+1,,x°):
Stnwnpbny wyuintin ¢ = ¢, hwdinqunud GGp, np p) Ytinh whnnudp Ghaw t:

Yuwnpmpyml 1.1: Uywgnigyws (Godwjh p) Yeinhg wGdhowiybu plunud t, np
Ywiwywywh ¢ -h hwowp X(¢,): R" > R" L X(~t,)): R" > R" wpnwwwunyt-
paLdGlipp thnfuhwlwnwpa t6: Ppnp, Juwdwjwywh y € R" ytinh hwdwp

X(-t,X(t,y) =xX(-t+1,y)=%0,y) =y

(1, %(~1,5)) = X(t - 1,5) = %¥(0,5) = ¥ :

§2. P2V Ur QUUUYULG BrP L ESUADBGME SEULY LG

NuuntdGwuppbGp (1.1) hwiwlwpgh hGpGwhwwndnn X = @(f) nénLdGlipp: M
G2wGwynud £, np qnynupynlh MGG ¢ hnhnfuwlwGh dhujwighg wwpptp ¢, L £,
wpdbplbp, npnGg hwiwnp

¢, (t)=0,(t,), i=l.,n: (2.1)
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Blinptd 2.1: Yhgnip (1.1) hwiwlwngh X = §(r) \nénuip pugwpwpnud t (2.1)
wwjdwGhG, wjuhGpl hGpGwhwwynn t: Wn nbwentd hGwpwynp GG Gpyne hpwp
Pwgwnnn nbwpbn

w) gmnipyniG nuGh wyGwhuh a@ =(a,,...,a,) € R" hwunwwnnG yeywnnp, np
Yuwidwjwlwb ¢ -h hwdwp

0,(=a, i=l..,n:

Wu nbypmd @ Ytwp Yngymd ¢ (1.1) hwiwywpgh wlpwpd Ybn Yud
hwiwuwpwlyempywl nhnp:

p) gnympyntG nuGh wyGwhuh T > 0 phy, np YwdwjwlywG ¢ -h hwiwp

Q+T)=0,@), i=L.,n u @,(7)#¢,(T,) Ywiwwyws T,
wpdtipGtph nbwpnd, bpp O<|'r, —-‘Cz| <T, wnlwql oty j-h hwiwp: Uu

ntwpnid G(1) -0 Yngynid t wuwppbpwlwl jmémd:
Uwwgnyg: Iwiwdw)t |Eidw 1.2-h" (2.1) yw)jdwbhg ptunud t, np
Q;(t+cy)=9,@)i=1,..,n,cy=t —1,,1 € (—00,+): (2.2)
M-ny GuulwlytGp @(f) PmGyghwih wwppbipnipymGGiph pwqdnipinibp, w)-
upGpG wjt pytiph pwqineniGp, npnlGg hwiwp wtnh ntGh (2.2) weGsnipniGp
M={ce R: Pt +c) =P(t), te (—oo,+)}:
UwwgnigbiGp M pwquinipjwl htitnlyw) hwinynipyntGlbpp
w) tpb c € M, wyw —c€ M,
p)pic, €M, ¢, €M wyw ¢, +¢c, €M,
9) M pwqinpynilp thwly t:
Ppnp, tipt c € M, www G +¢) = P(t): OnfuwphGliny wyu wnbsnipynilnud
t-G (¢t—c)-ny YuunwlwGp, np —c€ M, npb wwwgnignd t wewehlh huwuwn-
YnipyniGp: Gpypnpn hwinlnipynilp phunid t wjG hwuinhg, np tpb
CGEM CEM, wyw
P, (t+c)=0,(t), 9,(t+c,)=9,(1), t€ (—o,40)
L nipbdG |
Q;(t+(c, +¢))=9,(t+c)+¢))=9,(t+c,)=0,(), i=1,...,n,
wyuhGpl' ¢, +c, € N
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Uwwgniglp q) hwwympyniGp: M pwqinpjwl thwynpyntlp wwjwgnighipnt
hwdwp pwywlywh t gnijg vwy, np bipb {C,. }-n M pwqinp)ntbhg nplt gnigudibn hw-
onpnwwlnipymG £, wwyw Opw ¢ vwhiwlp wWwnwlndd t wn pwqinpjwGp:
bpnp, Ywwwpbind  uwhiwbwihG wigns @, (t+c,)=@,(), i=1..,n,
m=1,2,..., GniyGnipyniGGLpnLd, Gpp m — o0, L ogqunytiny @, (2) PnGyghwhlph

wpGnhwuinipntGhg, unwlnd Gap @, (t+c)=@,(t) i=1,..,n, wnGsnpynGp,
npG wwwgnignid £ T pwqinupjwl hwynip)nip:

wlh np c=1t, -1, # 0 phdp wwpptipnipyniG b, nupbsG M-0 wwpniGwlynud t
qpnyhg wwpptp phy: 8niyg wwhp, np hGwpwynp GG Shdjwbg pwgwnnny hbnbjusg
Gpynt ntiwpbipp.

1%, Mg pninp hpwiwG pytiph pwqdnpyniGG £ M= R 'u wjn nbwpnud §(¢)
tnsnudp OnyGwpwp hwuwwnnib t, wyuhlpl wit hwywuwpwyzrnipyw nhpp t

2° qnynipyniG nuGp 7 > O phy, wyGwhuhG, np M= {c; c=mT, me Z}:

Lwju GhwwnbGp, np M pwqinpnilp wwpniGwynud t npwywb pdtp, pwGh np ¢
L —c¢ wwppbpnpynlGlbphg dtyp npwywi t: GhpwnplGp, np M-nuld shw wiokbw-
thnpp npwlwG phy, wjuhlpl 'lqwm.ujwuwﬁ €>0 pyh hwdwp gnynpyntG nGh ¢
npwywt wwpptipmpynit 0 < ¢ < €: Ywdwjwlws -7 hpwlw pyh hwiwp Yuptih t
phwnpt, m wdpnng phy wylwbu, np |r—cm| <€&:PwGhnp mce M, huy €>0
Ywiwjwlywa t, nepbdG r-p M-h vwhdwlwjhe Yo b RwGh np N-G Gy b, www
r € M-ha, huy r pyp Ywiwjwlwh |pGepnig hitnbmd b, np M= R :

Gpt M-G sh hwdpGybGnd pninp hpwlwG pybph pwqinipywb hbn, www,
hwiwdw)G Guwpnpny Ytwh, w)ld wwpnilbwyn t wdtbwthnpp npulywG phy,
Gawlwybbp wyG T -ny: Snyg wwbp, np wju nbypnid M pwqinp)ntlp pwniugwsé t
dhwja 7 pyh pwqiwuwwuwplGtiphg: bpnp, nhgnip c-G nplt wwppbpnupynub £ Ujn
nbwypmd qnmpynts mbh m  wipnng phy w)bwhuhG, np |C—mT| <T: bpk

cxmT , wyw |c—mT|-ﬁ nrwywG L 7 -hg thnpp wwppbpnipynG L, npp

hwhwumd t 7 -h pGupnipjwlp: Inbwpwp ¢ =mT, wjuhGpG wbtnh nGh 2°
nbwpp:
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M pwqintpjwl wywgnigywd hwinynipnibltphg wadhowywbnptl plumd t, np
1° nbwpntd nbnh nGh pinpbioh w) wannwip, huy 2° nhwpnud p) wonnuip: PENnLG
2.1-p wwywgnigyws t: ’

hGswbu wpntG wuyby t ptinpbid 2.1-h w) Yhnnd, weYw a dsiwnpp Ynsynud t
(1.1) hwiwlwpgh hwjwuwpwlyentgjwb: nhpp, Ywd wGwpd ytiw, huy p) Yewnha
hwiwwywunwuhuwbng @(¢) nuénudp Ynsynud t T wwppbpnipyniG nilbignn wwppb-
pwlwb pnusnud, huly Gpw htwaghdp hwly hiimwghs Ywo ghly:

Uwwgnigywé pinpbihg pluntd t, np (1.1) hwdwuwpgh htinwgétpp Ywpnn GG
LhGk| Gpbp wkuwyp’

1) hwwuwpwlzempywl nhpp, 2) ¢l  hbnwghé, 3)  wnwig-
hGpGwhwindwG:

Swip hwywuwpwlnnpjwb nhppp G4wpwgptint dh hwynwGh;:

Lbdow 2.1: Npwbugh a = (a,,...,a,)€ R" Jtywnpp (hGh (1.1) hwiwlywpgh
hwywuwpwyzenipjwh nhpp, wihpwdbw t L pwldwpwp, np nbnh nuGbGwG

fi(ay,...a,)=0, i=1l..,n (2.3)
wwyiwGGtpp:

Uwuwgnygh tpynt dwu t| wunwpdned b wGdhpwlwb nbnwnpnudny:

UWuwhuny hwywuwpwyzrnepjwl nhpppe quGhint hwdwp hwplwynp b (nuebg

f[i(x5sx)=0, i=l..,n

hwwuwpnudGeph hwiwYuwpqp:

§3. dU2U3PY SUMUGNRE3NKRL: HUAU3LL LGESUALLE
YhuwpytiGp Juwiwwlywe x° = (x:’,...,x:)e R" ytin L (1.1) hwiwlwpgh dp-
ongny ywnnighGp X° Ytwnhg tiGnn
FE s XD = Fr X s X s £ (5] e X2))

yblywnpp: Ywwnwpbiny wyu gnpénnaegyniGp R” -h pnynp Ytuinbpned, YuunwOwGp (1.1)
hwiwywpght hwiwywwnwufuwbng  dehunpwywh  qwwnp:  Ujuwhuny  jnipw-
pwigmp hGpbwdwp hwiwlwpghl hwiwwwwnwutuwbnpywl  G69 t  ppydmd
diunpuwt quan  fi(x,....,x,), i=L..,n  $nmlGuyghwGtph npniwi
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whpnypntd, nywy nhiypmd R”-nul: Ak b nbuGly, np yuwiwjwyws Jeiunnpusws
nw2wn thwpdbpnnptb npnanud b nplt hGpGwywp hwiwYywpg:

Thgnip X = G(¢) Jbywnp-pniGyghw (1.1) hwiwlwpgh

o) =x° (3.1)
uyqpiwlwi wwjdweht pwywpwpnn (neonudo b T Gulwynid b, np wyn 1nLémuing
npnaunn htinwgény wnpddnn X = (t) Ybwp £, wwhhl qubynd £ X° Ybwnnud:

wydtbp wy Yawnh ¥ =(Q; (%), @, (2,)) wpwgnpyilp:  RwGh np ()
dtlwnnp-pniGyghw (1.1) hwdwlhwpgh |nténdl t b pwywpwpnid t (3.1) wwydwGha,
www
9, (t5) = fi(0,(t6)r0r @, ) = [, (XL 1s X)), i=1,..,n:
wnbwpwp X =) Ybwnh wpwenippwl Ythnnpp hbnwesh ¥° Yhnnud
hwipGylnud £ wyn Ybunud (1.1) hwiwlwpgnd npnadnn  Ybyunnpuwliwt nwowh
F(Z°) yblwnnh hbn:

Uwhdwlmd 3.1: n-suhwOh nwpwoénepinlp, npuntin hGpGwdwp hwiwywpgp
nhnwpyynud £ npwbuy  dbynnpulwl nwaw, huy Gpw  (nénidGepp”  npwbu
htwnwqotin, Yngynid t dwqujhl vwpwonpyntl: Itnwqdtpp Ungyntd GG wqujht
htitnwaqétip, huy f(x,,...,xn) Jtiywnpp Pwquhl wpwgnpyntG:

L6ddw 2.1-hg htwnbknwd t, np hwdwuwpwyenipjwl nhppp d6L4 Ybinhg pwn-
Ywgwéd wqu)hb hbinwghé t, nph Pwquihl wpwagnipjntlp hwywuwp t gpnjh: Un t
wwwndwnp, np hwdwuwpwlynnepjwt nhppp Ungyntd t Owb wiwpd Yew:

Nnwbu ophGwy nhinwpytlp $wquihb ninhnp, npp

x'= f(x) (3.2)
-wnwohl Yuwpgh dbYy hwyjwuwpiwb Swquihl nwpwdnip)niGo t:

tGpwnptGp f(x) PniGighwh npndws t wipnng hpwywl wewbgph dpw L
pwydwpwpmd b Lhuyhgh wwjdwGhG, npG wwwhnynud t (to,xo) ybnnd whglnn
Lnéowh gnympnibp L ShwlnepimGp: Wuwnbin dtGp plnhwGnipynilp sfuwhunbyne
hwiwp hpwdwpymd Gop  f(x) $nlGhyghwih uwhiwbwhwynipywl wwydwihg,
pwlh np wyu dhwswh ntwpentd hGwpwynp t wyth dwipwdwulb nwuntdGwuhptp b
wwwybipby ng 0pwyb (3.2) hwjwuwpdwb hbqubhnr_n, wyy Gwl (2,x) hwppnipjwi
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ute Gpw hGubgpuwy Ynpbpp ((nudnuiGtiph qpudhlyGtinp): IGnbwpwp s6Gp Yuwpnn
wanby, np (3.2) nbuph Yuwiwjwliwh hwywuewpdwb upnibwyynn (nudawd npnywé
t ang hpwlws wnwbgph Ynw:

Ohgnip f(x) PnGyghwsh qpnGlipp, Ywd ap GnuyGa L, (3.2) hwdwuwnpdwG hw-
JuuwpwlzenpjuG ahppbpp snllbG Yninwldw6 Yhntp: Uyn nbwpnad X wnwbgpp,
napp (3.2) hwywuwpdwb pwquyhl ninhnG t, pwdwbdned t dhowlw)ptinh, npnlighg
jntpwpwhgnipnid f(x) dnGlighwo qpn sh nweGnud: Ywiwywlws wynwhuh (a,b)
dhowluwjpnud (3.2) hwywuwpdwb (nuénudbpp npnadned BG

X

ds
—=t+cC (3.3)
2 f(8)

wnGgnLpyntGhg (inb'u, ophGuwl, q|. I, §1.), npwnbin 0 -G pGuinpYuwd Showlwyph Yudw-
jwlwG Yo Lk Upu pwlwdbhg wGdhpwlwlnptb pfund b (Godw 1.1-h wlnnudp: 3kwn
t wbuGk, np Gpt (3.2) hwywuwpdwl dt9 x npnGGth $nGlyghwh hnfuwphGbop
y-nd
y= (3.4)
I 2 f(s)
www YtipehGhu GYwndwip uinwGwip
y =1 (3.5)
hwlwuwpnudp: bpnp, et X =@(2)-0 (3.2)-h (Monudh t, wuyw mﬁqmnnblnq wyl

o)
(3.4)-h 6bg' YunwGwGp y(f) = j —_ (3.5)-h (oLonudp: Shown t Gwl hulwnwpdp

f(s)

(3.5¢-h Ywilwpwlhwl y=t+c ond wbnunpbing (3.4)-h dbp LuunwGwip

X
t+c= I GnuyGnepynilp, nphg unwgdwsd x = @(7) Ppnullighwl hwidwdw)b

(3.3)-h hwGnhuwGnud t (3.2)-h |1MénLd: Pwyg (3.5) hwtlwuwhnuin Ywhudws st f(x)
1)mﬁughu11hg: tuntwpwp (3.2) nbuph hwdwuwpniiGbpp, npnGg we dwubipp hwyw-
uwn 366 qpnsh (a,b) Shpwluypnid, hwiwpdtip G (3.5)-hG L nuptise (a,b) -nud hw-

dupdtip LG dhijwhg w)ls hdwunny, np gnynipynih nLGh thahnfuwlwGh hinfuwphGnud,
npp hwywuwpnuiGbphg dkyp ptpnd t §jnwupG:
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f(x) dnGyghwih qpnGliph Shengny (¢, x) hwppnipynilp pudwlynid t bip-
wbph, npnGghg jnupwpwigniph Yudwywlywh (to,xo) ytnny whGglnud t 0Ly hGunk-

gqpwy Ynp L GneyG 26pinp Gpynt Yuwidwjwywb hGutgpwy Ynpbp shijwlghg wwpptp-
ynmd 5G ¢ wewGgph nupnnipjwip qniqwhte nbnuthnfunipywdp ( tbu GY. 3.1)

L

—e=
\\ <
= =

/

ay. 3.1

Unwhuh Ynpbph plGuwbGhph npwlwlwlG pGnipwgpmidp npndnud ¢t wyn
pGuvwbhphG wwwlywbnn nptt nuddwG npwlwlywt pGnipwgpny, npG hp htpphG

Ywhdws t f(x) PniGyghwh hwuinlnipyniGGliphg: bpb nwunuiGwuppydnn (a,b) oh-
swhwypntd f(x) # 0, www nuéniGlipp Yw's wonud b6, Yw'd Glwgned:

tp f(c)=0, wyw x(?)=c OnyGwpwp hwunwunG Pnlyghwt (3.2)
hwywuwpdwb jnuémad t:

LniénudGbph pGunwbGhph wyn hwnynpymGGlpp, npnlp GYwpwgpnud 6 npwig
npuwlwywt (pwyg ns pwlwlwyw) Jwppep, wdbih hwpdwp t© wwoybps, x
wnwGgph (PwquyhG ninnh) Ypw, pwG (7, x) hwppnpywh dkg: bpt f(x) # 0, tpp
x€ (a,b), wyw wyn dhowywjpmd GUwpnd GG upwp, npp gnyg t wmwihu x-p
tnthnfudw nunnnupynLlGp, wyuhGpa, tpt f (x) >0 L htnbwpwp |énLdGEpp wdnud
b0, www uwpp npnnud 6 x wowGgph npwywl nupnmpjwip, wyuhGpl 4 -hg
ntwh b, hwhwewy ntiwypnd” b -hg ntiwh a:

bpt f(c) =0, wyw x(¢) =c méndip wuwwnybipdmd £ x =c Ywnny, npp
(3.2) hwywuwpiwd hwywuwpwyzenipjwl nhppl t: Lk x wewGgph Ypw (3.2)
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hwjwuwpiwG pnpnp hwdwuwpwizenpjwG nhpptipp L x-h Jwpphl hwiwwwunw-

huwG nunnnpynuGalipp’ YuunwGwbp w)n hwdwuwpdwb dwquihl wywnytpp:
tGpwnptbp (3.2) hwywuwpnudp nGh B6Y X = ¢ wlwnpd Ybw: 3nipwpwlsnip

Yhuwninnh ypw (x <c, x>¢) PnGyghwl wwhywGnid t hp Gawhp: IGnlwpwp

Pwquyhl wwwnybpp Ywpnn t |hGh snpu nbupbinhg deyp (Gy. 3.2).

——f——-— - ————— —a—L—>
w) P) Q) n)

0y. 3.2

UnwphG nbwpnud ¢ Yhwnp Ungdnud £ wipwlunnp (8qnn), tpypnpg L Gppnpn
nbwptipnud’ 2nuln (qniquhbnwiwn), snppnpnud’ nbwbitip (Jwbnn):

Uty hwjwuwpwyzenpjwlb nhpp nbbgnn hGplhwywp hwjwuwpnudGlpp, npnGp
GGG 0hLOnLG Pwquiphl wwnybpp, hwdwpyndd G0 npuywwbu hwdwpdtp, wybhG

UwhowOmy 3.1: bpynt haplwdwp hwdwuwpnudbbp Ynsdnud 60 npwlwub
hwdwpdtip, tipt npwlp ntObG Gyt whwh hwywuwp pwlbwynipjwip hwjwuwpw-
Yznnpywl nhpptin, npnip nwuwdnpywéd GG Shunyl Yuwpgny:

ophwy x’=(x+3)(x+2) hwjwuwpndp hwiwpdtp t x" =(x*-1)
hwyjwuwpdwbp, npndhbnl GpynwuG k) okl Gpynuwlwb wlwpd Yewntp, npnGghg
dtilp wupwYunnp t, dnwup' ebwbibp L wnpwyunnpht hwlwwwwwuluwGnd t x-h
wytih thnpp wpdbp: buy x"=-(x+3)(x+2) hwjwuwpmdp hwiwpdbp st
ptipdwé  hwdwuwpnuiGtiphg ng  dGYpG, pwlh np wwpwynnpp L ebwbibpp
nwuwdnpiwé 66 hwlwewy Ywpgay (whu GY.3.3): '

w) —> — ~—4— »-
-3 -2
R) > < >
-1 1
q) > -—— >—
-3 -2
ay. 3.3

Wdd sbp Guwwnwyl t gnyg vy, np tpt f(x) 20, x€ (a,b), wyw wipnng
(a,b) dhpwluypp hwinhuwGnid t (3.2) hwwuwpdwG |nédwh hbnwghé:
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Bbnptd 3.1: 9%hgnip a L b Ytwtpp (3.2) hwywuwpdwG hpwp hwenppnn
hwqwuwnwlenewG nhpetp 66, x°€ (a,b) L x=0Q() (3.2) hwjwuwpiws
(r,,r;) Shewywpnid npnYws L (0,x°) ytinny whighnn swpniGwlynn (rLonLda t:
Npnawlhnipywb hwiwn GGpwnptbp, np f (x,) > 0: Ujn nbypmd

a<@(t)y<b, te(n,r,) (3.6)

l,l_’r? o(t)=a, !LT o)=b, (3.7)

pGn npnty, bpl @ -G (hwiwwwnwuuwGwpwp b -G) Yepewynp t, wuyw 7, -p (hwiw-
wwwwubuwbwpwn 7, -p) wGybkpg t (GY. 3.1):

Uupwignyg: Bwih np f(x,) >0, wyw f(x) PmOyghwt npuwhws t wipnng
(a,b) thowlwpnud: IanLwpwp (3.2) hwdwuwpdwh (nedniGepp, npnGg qpwdhy-
Gtpp pGYwé GG ¢ wnwhgphG qniquhtin {(t,x); te R' xe (a,b)} 2tpuinud, woénn
dnGyghwbtip GG (GY. 3.1): x=@(2) (nédwhp hwiwwwnwuluwbnn hiviwgony
wnduni Ytinp Ywpnn t nnupu qup (a,b) Showlhwyphg dhwyb wiglbing @ Yws b
Ybwnbpny: GGpwnanpkGp ?=1¢, wwhpG @,)=b: Pwg nw Gawlwymd t, np
x=@(t) L x=b méniltiph htvnwgstipp hwwnynd GG, npp hwlwunid t |Gddw

1.2:h wOndwGp: LnyG duny wwwgnigynid t, np ¢ -h Gwabind x = @) Ytwnp sh
Ywpnn hwulb) a YtuwnhG:

Ujuwhuny (3.6) winnuip wwwgnigybg:
Ujdd wwwgnighlp (3.7)-h bpypnpn winowp (wpwehlp wwwgnigynid £ Gneyh

duny): LGpwnpkGp }LT ¢(t)=c<b, puy y()-0 (3.2) hwjwuwpdwa (0,c)
ytwnyd whGglnn (nuénidG b Lwlh np f(x) >0 L htnbwpwnp Y(2)-G dnGnunG wénn
dnibyghw t, wwyw gnynipynil niGh ¢, < 0 ytwn, nph hwiwp Y(2,) < c: Y Gwlbw-
Und £, np @(2) L WY(z) (monuiGEph hbwnwqotpp hwwnynud GG Unwgywdp
hwlwunid t 1G6Gw 1.2 -h0 L wwywgnignud b, np ¢ =b:

Uwywgntgiwép GawGwynd t, np ywiwwywa (0,x°), x° € (a,b) ytwny whg-
Gnn (nLédwh htitnwghop hwdpGyGnud t (a,b) dhowlugph htw: Ujuyhuny wwwgnig-
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Jtg. np (3.2) hwdwuwpiwG f(x) dnGyghwsh qpnGpp X wnwlGgpp pwdwinid GG
dhowlywyptiph, npnGghg jnupwpwbgnun wyn hwywuwpliwh htnwagho t:

Ujdd tOpwnptiGp, np b <oo L gnyg wwlp, np wjn nbwpnd r, = +oo:
GGpwnptiGp hwhwewyp 7, < +oo:

YhunwpykGp

(1) = {(p(t), r<t<r,
b, tz2r, ,

Pnullyghw: 36w t inbuGly, np ((¢)-G 7, Ytwnnid nGh woéwhgjwy (unnigliy) L huG-
nhuwlnd t (3.2) hwjwuwpiwG (rz,b) yGwnny waglnn némul: Pwyg wyn Yewnny

wighnd t Guwl x=»b (néndp L hbwnlwpwp (3.2) hwywuwpdwG hwiwp
fuwhunynid £ Ungnt puGnph niédwG dhwynpyniGp: Unwgywé hwywunep)nibhg
plunid t, np 1, =c0: LG Suny wwwgmgynid t, np 7, =—oco, Lpti @ > —oo:
BEnpbil wwywgnigywé t:

SYwnnprupyreG 3.1:  Uywgnigwé ptnptidhg  wGdhpwywlnptG plunid t, np
ybpowdnp (a@,b) vhowlw)phG hwiwwwwnwutuwbng  sawpnbGwldnn (NLénLiGEpp
npn2ywé GG wipnng wpwiGgph Yypw (hwdbkdwwnhp ginifu V, nhinnnipynia 6.1-h htiw):

§4. HUAUBPYL QULRNRB3ARY
MYhunwpytiGp

(4.1)

{xl' =fl(xl’x2)

x; = £,(x,,x,)

hGpGwywp hwiwlwpgp, npntin f, L f2 $nGyghwbtpp R 2-nui pwywpwpnid GG

Lhuwizhgh wuydwOhG: Unylb wwpwgopwdnid nuntibGwuppynud £ (4.1) hwidwlwpgh
wlwnd Youwnbph pGnypp: Lwju ghuowpybGe (4.1) hwiwywpgp  Yuwduwywywo

I;=(b ,by)e R? ytwh 2nowluypnud, npp sh hmﬁnhuwﬁnm Gpw hwjwuwpw-
YonnipjwiG nhpp, wjuhGpl I fl(b,,bz)iz+| fz(b,,b2)|2 #0: Npnawyhnipywl hwdwp

tGpwnpbGp, np f, (1; ) # 0: Ujn nbiwypnid wbinh nuGh
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Bbnpbd 4.1: %hgnip 5 € R? Yowp sh hwlnhuwGnud (4.1) hwdwywpgh

hwjwuwpwienpywl nhppe: Un nbwpntd qnynupynté nLGLG b Ybwnp wyluwhup
nowlwip L wyn 2powlwipnid npnadwé wyGwhuh sdtpwutipdnn dLwihnfunipyniG,
npp (4.1) hwiwlwpgp pbpnud &
’ = O
{y ! 4.2)

y2=1.
hwiwlywpghG:

Uuwgnyg: GGpunptiGp N -G nplt Yewn t R-hg: LawGwytGp X = §(7,M)-ny
(4.1) hwiwywpgh wyG (nuonLdp, nph htinwaghop £ =0 wwhhG quGynd t x, = b,
nnnh dnw,  wuhlpG  npp pwdwpwpnd t §O0,M) = (M, b,)
(9,(0,m) =Mn,9,(0,Mm) =b,) ulqpbwlwlh ww)jdwGhG: Sntyg nwbp, np qynLpnLh
mGh b Ubwh hz-nn 2npuijue, npunbin
x =@M
X, =Q,(t,M)
pwlwaltpny npndnn (£,M) P (X;,X,) wpnwwwnytpnup hwlwnwpdbih t:
Lwhu G6Gp, np puwn (-[')(t,‘l‘l) (nédwh  uwyqpbwlywld wuyiwGaGph (4.3)

(4.3)

duwhntunipywip € = (0,b,) Yting wprnwwwnltindned t b= (b,,b,) Ytwnht:
Lawlwytap

0
R P
_| ot on
J(I,T]) - a a
22 e D2(,m)
ot an
(4.3) wprnwwywinltipdw jwynpjwbp L gnyg wwhp, np J(¢) #0: RwGh np
20, (¢ -
¢,0,Mm) =7, wyw —q;—n(ﬁz =1, huly pwGh np X = @(¢,M)-6 (4.1) hwiwlwpgh
LhLonLiG t, www
99,(¢)

= £,(0,(6),9,(©)) = £,(b,,b,):

ot
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a9, (¢)

Lnyl Yy, pwGh np @, (0,M) =b,, wwyw =0, huy (4.1)-hg phunui t,

am
nn a(Pst(C) = f,(b,,b,) : Yuwhuny
L i) 1 -
J()= - =—f,(b)#0:
f2(6) ol i

J(t,Mm) Pnbyghwih whpGnhwwnnipynilhg htinlinud t, np wyl qpn st ¢ Yhinh
hGs-np 2nppwlw)pntd, npntin L (4.3) wpnwwwnybpnuip hwhwnwpdbih b, wjuhGpt
qnynipyntG mGkG Y, L W, nhdtiptiGgtith $nibyghwltp wyGwhuhp, np

n=v,(x;,x,)

(4.4)
t=VY,(x,x,):

YuunwnbkGp
T=1
N =V, (x,x;) (4.5)
Y2 =¥, (x;,%;)

thnpnfuwyuwGGEph thnjuwphGmdp L gnyg wwlp, np wju thnhuwphGiwdp (4.1)
hwiwlwpap Yptipdh (4.2) hwiwhwnpghG: GGpwnpkGp (x,,x,) =(0,(1),0,(1))
Jeywnp-pniaGyghwG (4.1) hwdwlwpgh nput (ménd t: Snyg wwlp, np
(7 (D), ¥ (V) = (¥,(8,(7),0, (7)), ¥,(6,(1),0,(1)))  ublwinp-$nLGyghwa,
npp unwgyty t (4.5) duwihnfunipjwdp, hwinhuwGnud t (4.2) hwowlwpgh (nLenud:
bpnp, wubnunpbing (4.4)-h dbg  x, =6,(2), x, =0,(¢) PnilyghwGtpp U
woéwbghiny puwn £ -h’ unwbnd bop

oV, o ,

asje, +3\VTZ‘92 =0
V2 o ,
ax: 9,+a£:22 8, =1
GnuyGneyniGGlpp, npnGp hwiwdw)G (4.5)-h hwiwpdtip baG

»(®=0
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¥2(1) =1
GnuyGnepynLGhbiphG: Ibnbwpwp (Y, (T), y,(T) )-6 (4.2)-h (nuénLdh t:
8nyg wwlp hwywnwpdp, wyuhlpl (4.2) hwiwlwpgh Yuiwjwlwh
Y =€ Yo =T+, (ménd (4.5)¢-h hwhwnwpd wpnwywnjtpdwdp nwihu t
(4.1)-h (nLé6mLd: bpnp, nbtinwnpbiny wju |nLénuip (4.5)-h Gte, YnibkGwhp,
¢ =VY,(x,,x;)
T+c, =Y, (x,x,):
Ujuntinhg L (4.3), (4.4)-hg unwGnud GGp (4.1) hwdwlwpgh
X, =@,(t+c,,c)
X, =@, (1+c5,¢,)
Lhdnudp, npp pwywpuwpned t
¢||:=—c, =C ‘pzltz—c, =b,
uyqplwlwl wwydwGatphG:
Ujuwhuny gnijg tnpytg, np (4.5) dLwihnfunipyjwdp I; Ytwh hGg-np 2powlusgpned
(4.1) hwiowlwpqp ptpyned t (4.2)-hG: BEnpbdG wwywgnigdwé L:
Ptnptd 4.1-p dlwytpwytig L wwywgnigytig 7 = 2 ptiypnid, uwlw)G wyb Shawn
b ywiwywywld n-h hwiwp: Uu hwunp gnyg bt wwihu, np hGpGwlwp hwiw-

Ywpqbpp hwywuwpwlyzenipjwl nhpp shwlnhuwgnn Ybwh 2powyw)pnid nGEG
pwywywbhlt wwpq Ywenigwép b hGnbwpwp ppwig (nusnudGeph htwwqékph
Jupph hGnwgnuniwl wnbuwybinhg hGunwppppnipyntG GG GEpQuywglnud  dhwyh

whwnd Ytwnbiph 2pgwlwyptipp:
dwpdnipintl 4. 1: CanhwGpwglti pinptd 4.1-p Ywiwjwlwb 72 -h hwiwnp:

§5. AoUBhY LUUTUHUMA 6P HUQUBPY LGSUATEME

UnyyG Yewnnd hwiqudwbnpbG YniunudGwuhpbGp (4.1) hGplwywp hwdiuhwnqh
dwulwynp ntiwyp hwinhuwgnn

{x,’=ax, +bx,

, (5.1)
X, =cx, +dx,,

Ywd dwwnphgwlwb wnbupny
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¥ = A% (5.2)

qbwjhG  hwiwlwpqp, npnbn X =[,:l ] huy A =(j Z] hpwywb pybphg
2

Yuqoijws dwnphg t, punn npnud, det A = ad —be # 0: Uju wwjdwGhg plunud t,
(nb'u |Bddw 2.1), np (5.1) hwdwywpgh dhwl whwpd Yewnp (hwdwuwpwyzenepjwl
nhppp) (0,0) YnnpnhGwwwlwh uyqpbwytinG t: Ubp Gwywunwyl b neundbwuhpby
(5.1) hwiwlwpgh hpwlwG hbwnwgétph duppp (0,0) wGwpd htnh 2powlw)pnid:

Ujuinbin 860p Jwpnn GGp oquyby Gppnpn qriuntd wpwnpwé wbunipynilhg,
npinbn Gywpwapywd GG (5.1) hwdwlwpgh pnppp (mdnuiltipp: UwluwyG Gaquwé
Owwuwwyht hwulbpnt hwdwp Gk0p  Gwwuwwwhwpdwp GGp hwdwpnud (5.1)
hwiwlwpgh htivnwqotiph furnignuldp pwpwnpbp wilwiu:

Lwju inbuGkbp, pb haswtu & dLwihinfuynid (5.2) hwiwlwpgp

x =My (5.3)

thnthnhuwwGh qéwhG hnfuwphGiws nbwpnud, pp M -p sdbipwubpynn dwwphg t
(det M # 0): (5.2) hwdwlywpgnud Yuwnwpbiny (5.3) duwihnfunipynibp, YunwGwip

x'=My = AMy:
Ujuintinhg y'=By, (5.4)
npitn B =M 'AM : Ujuyhung uvnwgywé (5.4) hwiwlwngh B Swwnphgp Gowb
t (5.2) hwiwywpgh A dwwphghl, huy wyu hwiwywpgtipp hwiwpdtp LG (wyjuhGpl

niGtGwiny vEYh (nénuip ShwpdbpnpbG YbpwywGgbynud t §nuupGp M dwuwphgh
Ywd Gpw hwywnwnpdh shongnd):

x| =x,
OnhGw 5. 1: dhunwplytlp ,
X, =x,

01 1 1
hwiwluwqp: Ujuntin A ={1 0} dbpgatny (5.3)-nud M =(l 1) htwn t hus-

1 0
ytt, np B=[O l): unp ¥y, ¥, dhnthnuwhwGGeph nhiwpntd  hwiwlwpgp

pwdwbynid t Gpynt wGlwh hwywuwpnudGeph
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{ y;=y|
Y2 ==Yy

Lmstiny  npwlp  (y, =ce’, y, =c,e”'), Yunwlwlp nunuiGwuhpynn

(GG 200

Ywd, np GnyGG L, x, =c,e’ +c,e”’, x, =c,e' —c,e”" insnudp:

hwdwywpgh

PEpYwé ophGuyhg tiplnud t, np M dwunphgh pGupnepywdp Ywnptigh t wwpqbg-
G5 hwiwywpqp: PGwywlwpwp, hwpg t wewowbGnid” hGswhup® hGwpwynp wuipg
ntuph Ywpbih t pipip A dwwphgp L, hGnbwpwp, (5.2) hwiwyuwpgp qéwhG
dLwihnfunipywG dhongny: Mwpqynud t, np nw Ywhujws t A dwwphgh ubithwliwG
wpabipGtiph pGnyphg, npnGp hGswtu ghnbklp hwinhuwGnld GG

a—A bszo.
c d-

A% — EspA)l +detA=0
pwowyniuh hwywuwpdwG (nénuiGlipp: Uunkn spA =a+d A swwphgh htinpG
t: POgwbu hwyinGh t

] 1 1 1
A, =E(spA)+5«/K, A, =§(spA)—E«/Z, (5.5)

Ywd, np GnyyGG E,

npuntin
A = (spA)* —4det A: (5.6)
Lbdvw 5.1: Thgnip A dwwphgh panp wwppbipp ppwlwG pybip 6G: Ujn
nbuwpntd qnynepyntl niGh hpwlwo nwpptipny sytipwubpdnn M Gwinphg wjGwhuhG,
np B=M"'AM Swwphgh ntGh hbwnbjw) nbupbphg nplt kyp

A 0 A O
(a0
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o3 1) ) e

npntn 4,,4,,4,,0, B -G hpwlwG pytin 6G:
Uupgnyg: YhuinwnpytGp htnbyw) ptp hGwpwynp niwyptpp
1) A dwwnphgh A;,A, utthwlwl wpdtipGbipp hpwywl BG L GhdjwGghg

wwppbip, Ywd np GnyGt A > 0:
Spwé P dwwphgh bhwiwp oqudtGp hbwnlywy  GwGwymiGtphg

- = (B 5 (P
P=[P,,P2], npnbn P, = . Py= JbywnpGipp P dwwnphgh
F, Py
unLlGtpG 6G:
Ohgnip @é,-p L i, -p A dwwnphgh A, A, ubthwlwG wpdtpGliphG hwiwwuw-
wnwufuwOnn ubthwiwb dsynnpbbpt 6O

Yhuwpyblp M = [ﬁ, , iiz] dwuwphgp: 36w t wnbubby, np

AM =[Ad,,Ad, |= [\, A4, |= MB, (5.7)
npun = B
puntin 0 A,

fwGh np A, #A, U hGwbu hwpnGh t, wyg gbwpnd &@,,4, ubithwlws
ybywnnpGbpp qonpbs wGywfu 66, wyw M JSwwphgp sytipwubpynn b (wjuhGpl
qnynepyntG nuGh Gpuw M - hwlwnwpdp): Puqiwwuwnltiny (5.7) wrlsnpywb tplynt
Unnip dwiuhg M -l -ny’ YuunwGwGp. .
M~ AM =B=()" 0 }
0 A,

6y wjuybiu’ 1) ntiypp hwiwwwuwnwufuwbnwi t B dwwnphgh w) nbuphG:

2) A dwwiphgh . ubthwlwG wpdtplbpp hwipayonud ]
A=A, =4, (A=0):

Ujunbin hp hipphG hGwpwynp t bpyne GGpwnbwp
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21) A dwwphgp walnOwqdushG b Uu nbwpnud hban bt wnbuGby, np
Juwiwjwlywh sytpwutipdnn M dwunphgh hwdwp

B=M"AM =A= ,
0 A,

npl hwiwwwwnwutuwGnd £ B dwwphgh p) wnbuphG:

22) A dwwnphgp wilyniGwqéuyht st: Uu ntwpnd (A— A E) dwwphgh
nwiqp hwywuwp £ dGYh L, hbwbwpwp, qnynigynil snlGbG Bpynt qénpkl whlwiu
ubthwiwb ybyunnpGbp: Ythgnep ﬁ0~ﬁ A dwuwphgh nplt ubithwiwi elhunp t: Gpb
Abnglblp M, =iy, huy M,-p wlwby, np M, =[d,,m,] dwwphgn (hGh
tpwubpynn, www

AM  =[Ai,, A, |= iy, AR, )= M2, M AR, )

- (1 : -
npinkn € = (O} 2whh np, hGswbu hwpnGht, A L M| 'AMl GiwG dwwphglGbpG
GGG GhlGny6 ubthwyw6 wpdtpGtpp, www
- A, ¢
M7 AM, =M Am =" © |
0 A,
npuintin ¢ # 0: Uydd bipt whgltGp ’
1 0

o ¢
dwuwphghl, www wGshowywb hwynuitbpny YunwlGwbp

s ]

M=M, (5.8)

0 A,

wnGsnipynilp, npp hwiwwwwnwuhuwinud £t B duinphgh q) wnkuphG:
3) A dwuphgh ubhwywl wpdbplbpp Yndwibpu 60 L pwGh np A Jwunphgh
wwppbpp ppwlwt 66, www Yndybpu hwiwne &6 showlg A, = o +if,

A, =a—-iff (A<0, B>0): Snyg wuwhp, np wyu nbwpnd B dwunphgp auGh

n) wbupp, nph hwiwp gnyg nwbp, np gnynepyorh nLGh wyGwhuph M sybipwutipynn
dwunphg, np
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o -p
AM=M[B a)

Wuwnbinhg M Swunphgh m,.j (i, j = 1,2) wwpptipp npn2bint hwdwp unwined
tGp
(a—o)m,, +bm, —Bm,, =0
cmy, +(d —oym, —Pm,, =0
Bm,, +(a—0)m,, +bmy, =0
Bm,, +cmy, +(d —a)my, =0
qowjhG hwiwubn hwywuwpnuiblph hwdwywpgp, npnbn’

a=l(7\., +A,) =—1-spA =l(a+d),

B-—(X -, )——J——— IJ—(a d)? —4bc :
UGhowlwa hwztlmdﬁhnn gmjg &0 mwlhu np wju hwiwlwpgh
a-o b -B 0
¢c d-a 0 -B
B 0 a-a b
0 B c d-a
dwuwphgh nwigp hwywuwp t Gpyneuh: Inbwpwp whhwnbGtphg Bpyniup Ywpbih t

nﬁmnhl u\uﬂm;uxumﬁ ophtwy, m,, = B m,, =0: Un niwpntd hwiwywpgh dtip-
oht Gpymt  hwyjwuwpnudGiphg wOshpwywGnpG plunid t, np m, =a—q,
m, =c:
Gwnbwpwp M dwwphgh nuGh
a-o -
M= P (5.9)
c 0
wbupp: LywwnbiGp, np ‘A = (@a—d)* +4bc <0 wwydwGhg plums t, np ¢ £ 0:

1 .
Uu Ynndhg P = -2-\/—A >0 L detM =cB#0, wpuhGpG M GSwwnphgp

sdtpwutipdnn t:

264



Lbtdwl wwwgnigdwd t:
onplwl 5.2: thnwpyklGp

1 2 2 1 3 -1
DY
dwwnphgltipp, npnlg utithwlwh wpdbplbpt 66 hwiwwwnwufuwGwpwp
w) Ay =142, Ay =1-42, p) A, =3+i, A, =31,
Q A=A, =2:
Jwiwdw)i wwwgnigywd |Bidwjh jnipwpwbgnip niypnd gnynupniG nulh

sytpwubpynn M dwwnphg wyGwhuhG, np pipdwé dwinphglbipp GowG GG hwiwww-
nwufuwlwpwnp

o™ ) 1+42 0
0 A, 0 1-v2])
(o -B) (3 -1
P) = '
B « 1 3
(A, 1 2 1
Q) =
L0 A, ) (0 2
dwunphgGtphG: UnwohG ntiwpnid M dwunphgp Ywenigynud t A dwunphgh' ophGul

[ﬁ} . (— J'z_] ubthwlwG YbywnpGbpng M = (ﬁ - ﬁ]:

1 1 1 1

-1 -1
tpypnpn nbiypnud hwiwdw)G (5.9) pwlwdth M =( 2 0 ]:

1
dtippwwbu, Gppnpn nbwpnud Gwiu YuenigkGp M| dwwphgp A-h (1)

-1
ubthwywi( yeywnpny L juiwjwywh, ophGwl ( 0 ] ybywnpny, npp wwwhnymad t

1 -
detM, # 0 wwydwGp M, =[1 0 } Ujuntinhg
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. (3 -1 2 -1
M7 AM =M, {1 = 0 2 :
Jwiwdwib (5.8) pwlwdlp’

1 0 1 1
M=M, = :
0 -1 1 0

Uydd YunnigbGp (5.4) hwiwywnpgh htvnwqdtpp pninp Glupwgopywd ntiwptph
hwdwnp

w) A Swwnphgh A, A, ubthwlywG wpdtipGpp hpwhw b6 L wwppbp:
Uju nbwpnud (5.4) hwdwlwpql nuih
{ =4y,
y2 =4,
wbupp, nph hpwywG |néntdGepp wnpdnd 66y, (2) = c,e)‘" LY, (0)= czelz' pwlw-
autipny, npntin ¢;-p L €, -p Ywidwjwhws ppwyws hwunwnnGGbp 66 Uy (nénud-
Gephg ynupwpwGgmpp (¥, y,) hwppnipjwlb dbg, npp (5.4) hwiwlwnpgh dwquiht

hwppnpyntGG E, npnmud t £ wwpwidbunphg Ywiujwé dwquiphG httnwghd: Lwih np
¢, L =—c¢; hwunwunnGlbpny npn2ynn  htnwghép unwgdmd t ¢, G,

hwunwwnGGtipng npnynn  hinwgqohg  y, wnwhGgph GUwwndwdp  hwjbiwhl
wpnwwwwytpdwdp, huy —¢;, ¢,  hwunwuinnilbGipny npnzynn htwwghép y,
wawGgph Gwwndwdp hwbiwiht wpnwwwnltpdwip, wyw (y,, y,) hwppnipjwl
db9 dwqu)hl wuwinltpp unwlwint hwiwp pwjulwi t w)b wwinybpbi (y,,yz)
hwppnipjwl wnwehl pwnnprnul:

Lhwuwntibp, np . ¢, =c¢, =0 nbwpp hwiwwwwnwuhwond t  hwdwuwpw-
Uzenpywl nhpphG: et ¢, =0,¢; >0 U A; >0, wyw hbiwghop hwdipGyGnud t
y; npwywl yhuwwowbGgph htn L (yl,O) Ytivnp £ -h wodwh hbin hbnwbGnud t
YnnpnhGwuinwywl  uyqplwytinhg, huy  Gpb 7L, <0, www JOnnbGnd t
uyqplwytnhG: ¢, =0, €y >0 nbwpnid hbnwghép hwipGyGns by, npwlws
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yhuwwnwGgph htwn: 6pb ¢; >0, ¢, >0, www hbnnwghdép wipnngnyhl qubynud t
wnwohl pwrnpnLyl:

MunwpltiGp Gpynt niwp

w1) A,-Gnu Ay-p nilGbG ShLGniyG GawGp:

tGpwnpiGp A, <A, <0: Wu nbwpmd (y,,y,) YtwnG wuhdwywnunnpbG
dnntGnud £t (0,0) hwywuwpwlzenipyjwG nhpphG, bpp 7 — 4oo: 3Ibnwghép
wowyby wybwnen wuwwnjbpbpne hwdwp, wpnwpubing ¢ wwpwdbnpp, y,-p
wpnwhwjinbkGp y,-ny.

k .
Y2 =CY\ N (5.10)
Ujuntinhg’
A, M
Dy c—ig- ym | =0:
dy, »=0 1 n=0

twnbwpwn hinwqdtipp Ynnpnhlwunwlws uyqpeowltininud 2nawhnud 66y, w-
nwlGgpp: Uju nbiwpnud htitnwqdtnp (y,, ¥,) dwquyhG hwppnipjwi dtig nuGkhnLs GG
5.1w) wwwnytipp L (0,0) hwywuwpwlyzenpywG nhppp Ynsunid t fuyma hwbgnyg:

”Yz sz

w) GYy. 5.1 r)
bpt A, > A, >0, wwyw wpdnuip htnwgény Yuwunwnynud t hwywewy nun-
npjwip L hwywuwpwlzpnipywb nhppp Ungdnid t wlluwym b hwignyg (GY. 5.1p):
A <A, <O UA; >A; >0 nbiwpbpp unwgynid bG pipywé nbwptinh Gowe:
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(5.2) hwiwywpgh Pwquiht wwwybpp unwlwine hwdwp hwpluydnp t
(»1,y,) hwppnipymGhg yopwnwnGw) (X;,X,) hwppnipjulp (5.3) qéwyhG
dLwipnfunipyjwG dhengny: IwywnGh t, np qéwjhG wprwwwnltpdwd dwiwbuy

wbinh t nGEGnLa
‘J/ y’
'—ﬁ—}—‘“———m

GY. 5.2

wwunbph winnyin L dgnud: IGnbwpwn, ophlGwy, pwgwuwlwh wpdwwnbtph nby-
pnid wquhG wwunlybpp Ywpnn t pOnnuGty G4. 5.2-mud pipdwé nbupp:

w2). A, b A, utthwywl wpdbplbpp nGkG hwywnwy GawGGhp, ophGwy
A, <O0<A,: Wu ntiypnd wewehG pwenppnud ¢, >0, ¢, >0 L ¢-h wh htn
¥,(#) -6 Gwqnud t, huy Y, (£) -G wdnud: (5.10) pwlwdlhg tplnud £, np

Gy, 5.3
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A .
htwnwqoétipp. nGtG  hhwybippng [_X_Z<O hh2tiginn  Ynph wbup: Uuuhup
1

hwyjwuwpwyrnipjwl nhppp Yngyniud t pwdp (GY. 5.3):
p) A Gwwphgh ubthwywh wpdtpGhpp hwipGylned GG 2., = lz = )‘o #0:

tpt A Gwuwphgp wllniGwqdwihG t, www Yy, (t)=c,ew, yz(t)=czel°',

c
wjuhlpl y, =cy, (c = —l—} Wu ntwpnud hwywuwpwyenipjwl nhppp Ynsynid
¢,

t wuwnnuyphl hwognyg, npp YuwyniG t, Gpp lo <0 U wywynG, Lpp )‘0 >0, huy
hGuinwqétipp Swnwqupltip GG (nt'u GY. 5.4)

A\ \\%
IZ/NSIEZINS

Gy. 5.4
bpt A dwwphgl wGynGwqbwiht sk, wwyw hwiwdwil (Gddw 5.1-h (5.4)
hwiwlwpql nuGh

{y.' =Lo¥, + ¥,
) Y. = lo)’z
wbupp: UnyG hwiwlwpgh pGnhwGnip (nénudG b (nb'u gpnctu Iy
YO =(tc, +¢,)e, y,(1) = c,e™
Ujunntinhg, wpunwputiny 7 -G, unwbnud GGp

1 1
=(c+—1In , (c= ———lnc
»n =( x, Y)Y, ( o 2)
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wnGsnipyntlp: dwquyht wwwybpp nGh GY. 5.5-nd pipdwé nbupp: Iwdwuwpw-
YznnipywG nhnpp Ynsunud b ybpwutindws hwbgnyg, nnp Ay <0 nbiwpnd YuindG t,
huy A, >0 nbwpnd’ wGlw)nG:

GYy. 5.5

362w t wbuGky, np y,-h, npwbu y,-hg Pnilyghwih, tpuwnptidnudh Ytwnbiph
Bpypwswhwliwb wbnp wpynwd t y,' =0 Ywd hGsybu tplnd £ hwiwlwpgh wow-
ohG hwywuwpntihg
Y2 ==Aoy,
wnlsnpywdp:
q) A dwuwphgh ubthwywb wndtiplGtpp Yndwtpu LG
A =a+iB, A, =a—-if, (B>0):

Wu nbwypnud B dwinphgl niGh (Gdw 5.1-md pbpdwd n) nbupp, huy (5.4)
hwiwlwpgp pGanclnud t

(65.11)

{ =ay, —By,

2 =By, +ay,
wtiupp: YwangliGp unyG hwowlywpgh (nuénudGtipp, wigbbiny pubnwjhG Ynnpnh-
Guwbbph y, =rcos0, y, =rsin0: Uuunbinhg

2 2 2
r'=y“+y,, tgf===:
Vi
Uswagbny wju wnGsnipyntGGtipp puwn £ -h, nlbbGnd Ghp.
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rr =Yy 4y, CES RS ESANE

cos’ 0
Stnwnpbiny (5.11) hwdwlwpqghg y,'-h L y;-h wndtipGbpp’ unwbnud LGp, np
(5.11) hwiwlwpqp pLbrwihG YynnpnhGunGepny nubh
‘ rr=ar, =B
wnbupp: Wuwnbinhg
r(t) = re™, 0(t) =Bt +6,, (B> 0), (5.12)
npuntin 1y, Oo-ﬁ JwiwjwywG ppwlwt hwunwwnnGGep b6: Upwnwpubiing 7 -G,
unwbnud BGp (5.11) hwdwlwpgh htnwqétph
26
r= r,eﬂ (r,= roe'o")
pwgwhuwynn hwywuwpnudp: HhuowplytiGp Gpyne nbwp
q.1) o # 0: Uju nbwpnty, bpk n #0, www (5.12) pwlwdkny wpynn dniby-
ghuyh qpwdhlp, npp (5.11) hwiwhwnpah dwquyhl hbnwghéh t, hptiGhg GkipYuw-
jwglnud t ynquiphpdwlwl uyuwpwaeho (uyppwy): Ywudwsé O -h Gawbhg (hhzkap,
np [3 >0), wn quwwpughép wuhduywnunpit  dqud L (0,0)
hwywuwpwyenipjwG nhpphlt 0 wilyw6 wEtwG Ywd Gywqiwh htn seYwnbn: bpb
<0, wyw hwjwuwpwlyenpjwl nhppp Yngdmd t fuym& payniu, huy bph
o >0 whluymt pnymu.

Y2 y2

Gy. 5.6
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(x,,x,) hwppnipjwG db9 PwqujhG wwwinlbplbpp Ynpnud GG gowyhl dlwihn-
funtpjw pGnpny bpp Gadwé thnhinfunipyntGGtipp (nb'u, ophGwy, Gy. 5.7):

ay. 5.7
q.2)a=0:

Wn nbwypmd (5.12) weGsnipyniGG phnnGmd t r(f) =r, wbupp, npp
hwdwlytGnpnG 2pewlwqétiph pGuwbhp t (nbu Gy. 5.8). r, = 0 nbwpp wwihu t
hwyjwuwpwlenpjwb nhppp, npp Ynsynd .t Y6awnpna:




NuunuiGwuhpynn (5.1) hwdwlwpgh qnpéwlhglliph Jpw npdwd ww)jdwbhg
(detA#0) pung t, np A, 0, A, #0: Udtih0 w) nbwpmyd GkGp Wwhwigb-
ghGp, np A, #A,, q.1) nwpnid A<0, e # 0, B> 0: Uyu wuydwGGbpp 566 fuwlu-
nynud (5.1) hwiwlwpgh gqnpéwlhgGtph pwdwlwlhG thnpp thntinfunpynGGliph
dwiwGwy: Wn pdwunnd hwiwywrwuluwt  hwjwuwpwyzenpjwb  phppbpp
ynsynid GG syfbpuwswbpeing: p) niypnd A =0 Ywd n) nbwpnd & = 0 wwjydwGGtpp
wpnn 66 fuwhundbp bwdwlwpgh gqnpéwyhglhiph Ywidwywywb dnpp tinthnfunt-
pntGGLph nbypnid L wyn dwiwGwy, ophGwy, YEGunpnGp Ywpnn t tpwédti Ywynb
Ywd wayuynis $nyniup: Ujuwhuh hwjwuwpwlzenpjwb nhppbpp Yngdned G0 ¢bpw-
ubpynn:

dbpwutpynn  hwjwuwpuwlznmpjwl nhpptph  wrwGdGwhwinynpyntGGlpp
guwyunnh Gplncd GG ng qdwjhG (4.1) hwiwlwpgh nbwpnud: LGGR, np win hwiw-
Yywpap Ywpnn t nbbOw| dkGhg wybih dEynuwgywé hwdwuwpwlenipjwh nhppbn,
npnGg JnLpupwGyyniph 2pewlwypp wwhwGgnid b wewGdhG nuunidGwuhpnupyniG:

ThunwpytGp (4.1) hwidwyuwpgh nplt hwjwuwpwynnpjwl nhpp: GGpwnpkip,
np wyl (0,0) YnnpnhGwinwluwl ulqplultinG t (hwlwnwl nbwpnd wyn pwGhG
Yunbih & hwulb) qniqwhbn tGnuidinfuntpjwb dhengny):

Thgnip (4.1) hwiwywpgnid f; b f, PnilyghwGtnpp (0,0) Ytnh 2pgwlwypnud
pnyj 6G tnwhu

fi(x;,x;,) = ax; +bx, + g,(x,,x,)

Fr(x,x)=cx, +dx, + g,(x,,x,) (5.13)
Ytp nuonupynGGtipp, npnbn @, b, c,d qnpéwlhgbbpp hpwiwG pybn 6G L

lim gi(xl’xz)

(x -Xz)-’(ooo) ’xlz +x%

Uju wuwjdwGhl pwywpwpnd t, ophGwy, Gpypnpn Ywpgh wipGnhwn woéwG-
gjwy Glip nLGEgnn Yuriwjwywé Gpyne hndhnfuwlwbh pnblyghw:
Uju nbypnud

=0, i=12:

-

x, = ax, + bx,
x, =cx, +dx, (5.14)

qéuwjhG hwdwlwpgp Yngynid t (4.1)-h @duylGuwgmd ((4.1)-h0G hwdwwwwnwuhuwlnn
Qowbwgywo hwiwlwng).
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Bbnpbd 5.1. GGpunptGp (0,0) Ywnp (5.14) hwiwlwpgh sytpwutipdnn hwyw-
uwpwyzenipjwb nhpp t: Wn nhwpnid (0,0) Ytinh 2pgwlwipntd (4.1) hwdwywnpgh L
Gpw qéw)Gwgldwds (5.14) hwiwywpgh wquihlt wwnytipbbpp npwlywybu hwiwp-
dtp GG:

Uyu ptinptth wwwgntgp Ywpbih t qulty, ophGwy hinbyw) gppnid.

Al. C. MontpsirnH "ObbikHoseHHble AuddepeHuUancHbie ypasHeHHS .

§6. YU3NKL AU2UTTVAUULER
YhunwplybGp
L(p)x=x"+ax""+-+a,_x'+a,x=0 (6.1)
qduuhﬁ hwunwunintG gnpéwyhgGbpny hwiwube hwyjwuwpnuip: Uju ywpwgpwdpnud
ttq hGunwppppbint t (6.1) hwywuwpdwb (nuénuiGeph quppp ¢ -h 066 wpdbpltiph
hwiwp: Vwulwynpwwbtiv  4ohwpwepdtb wyG  hwywuwpnudGpp, npnGg  pninp
(noniltipp dquined GG gqpnjh, tpp £ — +oo: Mwpqumud t, np (6.1) hwywuwpiwG
|pénudGhph Juppp wiybpenipyniGnid wGshpwlwlnptl weGsynud k
LX)=X +aX' +-+a,

pwqiwbnwdh wpiwwnltph hpwiwl dwubph GawGlbph hGin: GGGnd npwihg
nwbp htinbjwy qunwihwpp:

Uwhdwlnd 6.1: L(A) pwqiwGnwip Ynsdnid t Yuynil, tpbk Gpw papap wp-
dwwnGbph hpwljwl dwubpp puguuwlw GG:

Uyt funuptipnd’ Quiynil pwqiwbnwdh pagnp wpdwinbbpp quGdnud G Yndwbpu
hwppnipywl dwhi YhuwhwppnipyniGnd U wlpwwnywé G Yhné wewbgphg:

Btinptd 6.1: GGpwnpbGp L(A) pwqiwGnuip Yuymb t: Un qiwypnud qnyni-
pyntG nGh wylwhuh & >0 hwurnwnnG, np (6.1)  hwlwuwpdwl Guiwjwlw
@(#) (né6dwh hwiwp wnbnh nuGh

lp()| < Me™, 120 (6.2)
wlhwywuwnnipyntGp npbt M = M (@) hwunwwnniGh hwiwp:
Uwwgnyg. hgnip
A =W +iv;, j=Ll-,n
putinp L(A) pwqiwGnwih wpdwinGbnG 6G: L(A)-h YuyniGnipynilp GpwGuwlyned t,
nn qynipyntl nLGh O npwlwi phy wyGughuhG, np
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B, <-0, j=1-,n: (6.3)

(6.1) bhwdwuwpdwG  (MonLiGEph hhdﬁwnhm hwiwlwpq  Juqinn
$nLlyghwhtipp plnhwnip nbiwpnid nbGh

x,(=t"e", (r20) s=l--,n

wnbupp, (nb'u qinttu lil. §3.): RwGh np |eiv"| =1 , wyw wjuntinhg YunwGwhp

- ,e(pj+(l)l

2

X (1)
e

W (j=1,,m)

wGh np pun (63)h (M; +0a)<0, wwyw t'e
$nlGyghwhtipp dquintd GG qpnjh tpp £ = 400 L htivnbwpwp uwhdwGwhwy GO £ -h
npwlwt wpdtpltph hwdwp: Npbdh gnynepynid nuGEG wyGwhuh M, npulwG pytip,
np
xs ()] o

e

Ywd, np GnyyGa t,
x| sMe™, (20), s=1,-,n: (6.4)
hGsybiu ghwntbp (6.1) hwywuwpiwld Yuwdwpwwb (niénmd moh
o) =cx,(t)+c,x, (1) +---+c, x, (1)

wntupp: Uyuntinhg L (6.4)-hg htinnlinud L \

()] < (e, [ @] +|ea e, @] + -+ + e, |, @)]) <

< (oM, +|c,|M, +-+-+|c,|M, Je™™ = Me™
qlwhwunwlwip: Wjuwhuny (6.2) wGhwjwuwpnipynilp, npuntin
M=M,|c,|+M2|c2|+-~+M" .wulmgntgqtg:

unpmpymG 6.1: (6.2) qhwhwwnwlwbhg wGihowlwanptl prundd £, np bpb
(6.1) hwywuwpdwb L(A) pOnpwagphs pwqiwlnwdp Yuyntl b, wyw wyn hwyw-

Cll

c’l

uwnpiwl Juwiwjwlwb (nuénd dquinid t qpnyh, tipp ¢ — +oo (nbu qinifu Ill, Jwpd.
3.3): .
UwhdwOnud 6.1-p wwihu t L(A) pwqiwGnwdih Gywpwghpp hp wpdwinGbph

dhongny: PwGh np pwpdp Yuwpgh pwqiwlnwih YuwjnGnipjwG npnabip, wyn pwg-
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Jwinwdh wpdwwnltipp quGym dhengny hGpGpuwhGpjwl pwpn t, www dwaqnud t
pOwywh fuGnhp’ GYwpwgptp Ywynts pwqiwinwdbtpp wadhowlywbnpbb hp qnpéw-
YhglGtph dhongny: Wu fuGnhpp, sGuywé qnynipynth mbkgnn dkdwpwlhwly wpnyniGp-
GGph, gwjuop sh unwgti qnpéGwlwlh hwdwp hwpdwp ne YEpeGwlwb hp (nudnudp:
Ujonthwlnbpd qnympyniG mGGG wyn hwpgh médwG Jdh wpp GnuinbignudGhp:
HuwnytGpe npuGghg dh pwGhup:

L&ddw 6.1: bpypnpn Gupgh hpwlwG qnpdwlhgGtpny  L(A) = A2 +ak +b
pwqiwinuwap Yuyni | wyb L ShwyG wyG nbypmd, tipp Gpw qrpdwlhgbtipp npwywG GG:

Uju wlnnuip hbnnpywdp wwwgmgymd bt dhtitnh hwpnGh ptinptdh oqlnt-
pjuip:

Lbddw 6.2 Nhgnip LA)=2"+aA"" + - +a, hpwiwG
gnpowihgltpny pwquwbnwip Yuymb t: Uy nGwpnd Gpw qnpéwlhgbbipp npuwb
GG:

Uupwgnyg: PwlGh np pwqiwlnuih qnpéwlyhgbbpp hpwiwbd 66, www Gpw
wpiwwnbbpp Ywd hpwiw 66, uwd qnyq we qnyq Yndyy bpu hwiwinid: IGwnbwpwp
wyG Ywnbih t gpby wewehG Ywngh (A +¢) U tpypnpn Yuwnah (A’ + @l + b) wbuph
hpwywG gnpdwlyhgbtpny pwqiwbnwdbbph wprnwnpuiny: 2wlh np L(A) pwq-
Jwbnwdp Yuyno t, wwyw winypuhG t Gwb JaupwpwGynip wpnwnphsp: Unwohl
upgh A +c¢ pwqiwGnwsh YuwyniGnpyntGhg plunud £, np ¢ >0, huly Gphypnpn
Ywpgh pwqiwlnwdh YuyniGmpynibhg, hwiwdwyl (Gddw 6.1-h, hGunlnwd Lk, np
a>0, b>0: UpnwnphsGtiph qnpdwyhglbph npwywhG (hGbmg whihpwubu
pluntd t wpunwnpjwih gnpéwlhgbbiph npwwi hGtip: LEddwo wwwgnigywé t:

Pwqiwbnwih Yuymbnpjwl wGhpwdbn L pwywpwp wwydwGGhp pbpbin
hwiwn GEpdnustiGp hbwnlyw) GwlwYynidGepp: Thgnip

B, - B,
P= . .
Ru Pm

hwiwjwywt pwnwyniuwihG dwnphg b LawGwykGe A, (P)-nd npw qqtuwynp
-k -pn Ywpgh GhGnpp’
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A, (P) = det
P

k1 I)kk
Unwlg wwwgnygh pbptlp pwqiwlnwilGbph YuwyniGnpjwl dwuhG hbinlywy
wGnnuip, npp hwyinGh t npwtu Nwniu-Snipghgh hwjunwGhy:
Btnpbd 6.2: “Yhgmp
LA)=a\N +aX™" +--+a,, a,>0
Yuiwjwlwb hpwlwb gnpéwlhgltipny pwquwlnuwd t: Uju puqiwbnwih gnpéwlhg-
Gtpny Yuquikop

a .a, a; -0

0= a, a, a, -0
10 a a -0
0 0 - a

n-pn wpgh dwunphgp: (6.3) pwqiwbnuip JuymG t wyl b dhw)l wyl nbypny, Gpp
Q dwuphgh pninp A, (Q), (k =1,--+,n) qituuninp dhGnpGbpp Apwlws b:

LjwwntiGp, np Q@ dwuwphgp Ywnnigynd t htinlyw) Yepwy &k -pn uynelGG neGh
©°Q4,2,8,,,4,4,.,4a, ,° wtupp, npntin a, qnpéwlhgp qubynid t wilnbwqéh
dnw, huy a,, ; wiwppp hwywuwp t qpagh, Gpp K+ j <O, ywd &+ j > n:

Ophtwy: 6ppapn Yunpgh

LA) = aph* +a,A* +a,\ +a, a, >0

pwqiwlnwdh hwiwp Q dwuwnphgl nilh

a a, O
o, =|a, a, O
0 a a,

ntiupp: bptip qlfuwynp dhGnpGlpG GG
A(Q)=a,, A,(Q)=aa,—aa,, A,(Q)=a, A, (0),
npnGg npwlywa (hGhp, GYwwnh nBbGwiny, np a4 > 0, hwdwpdtip t
a,>0, a >0, aa,-aya,>0, a,>0
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wuwdwGGERhG: Ujuintinhg widhpwlwlnpk6 plunud t, np a, > 0:
Uuwhund n =3 nbwpnid ptinpbd 6.2-p pGrniGnud £ htnbywy ntiupp

Bbnpbu 6.2 ": 6ppnpn Ywngh hpwlwG qnpéwlhgGlipny
LA)=a,p’+a,p’+a,p+a,, a,>0
pwqiwlnwdp Yuymb t wyb L dhwyb w)b nbwpmd, tpp a,,a,,a, qnpéwyhgllipp
npwlwé 66 L ntinh nbh
aa, >a,a,
wwjdwop:

§7. WU3NNLNRE3NKY LUS L3UMMMVAYER (ABU3PY LENLL)

N wiwlGwynp dwpbdwwhynu U.U.Ljwwnibnyp (1857-1918) unyyh wwpw-
qpudnud wpwnpwéd qunuihpwpleph hhdGwnrhpGbiphg O6UG t: Ywynilnipywlbp
Gyppwé Gpw whuwwnwbplbpp UEd GawlwynipynG GG nibbghp nhdtpthghuw)
hwywuwpnudGeph nbunpjwh, hiswbu Gwb wwppbp dhghlwlwh hwiwlwpgtph
nwwnwlnuitbph nuunuiGwuppiwt pGwquywend: Unnpl 2wpwnpdnn Yugnelne-
pjwl wnbuntpnibp dwuG t Yuqinud nhdbpbGghwy hwywuwpnuiGbph, wjuwbu Yns-
Jwd, npwlwywh wbunipjw, npinbin hbnwqnunipntGGbpp, npwibu Yuwlnhb, Yuwnwp-
ynud GG wnwbGg | nuenudGepp uwrinlgdwﬁ:

Thunwpytlp

% =f(® (7.1)
hGpGuwdwp hwiwlwpgg, npubn (%) = (f,(F),+*, £, (F)) dblunnp-$nitlghut

npnadwé £ Q < R” whpnypmd L pwywpwpnid b Un2ne luGnph (ntétwG gnynipywl
L dhwlnepjwl ptinplish ww)jswGGEphG:

UkGp wpntG wwwgnigt| GGp (nbu quoctu V, §7), ap Unanu fulinph (nuénudp
(7.1) hwiwywpgh hwiwp wlplnhwwnpbt b wiujwsd uyqpliwlwd wwjdwbibphg,
tpp ¢ -0 wwwlwlnud t [a,b] ytipowynp hwuinywohG: Wu wwpwgpwdpnud Yniund-

Gwuppyh Ynznt fuGnph (médwl YuhudwénipyntGl ulyqpiwlywl wuwyswGGtphg, tpp
t -G hnthntuynid £ [0,+00) dhowlw)pnuy:
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LowGwybbe $(z,E)-nd (7.1) hwiwlwngh
$0.E=§ EeQ
uyqplwywl wuwpiwGhl pwjwpwpnn gnednuip: Thgnip Eo € Q Ybunp wyGwhuht t,
np (T)(t,ao) tnsnudp npnpywé t [0,+00) Ghowlwjpnid:
Uwhdwlmo 7.1 (T)(t,Eo) tndnudp Yngynid t Yuyneb pun LjwwyniGnyh, tpb
w) qnympynih nuGh wyGwhuh p > 0 phy, np |E—E°| <P wihwywuwnpnipjwGp

pwdwpwpnn Yudwjywlwd Ee Q Jtywnph hwiwp ('f)(t,é) témuip npndws t £ -h
pnpnp npwlwl wpdtpGtiph nbwpmd,

p) Ywiwywlws €>0 puh hwiwp gnynipyniG nGh wyGwhup O, (0< 3 <p)
phd, np |§—§°| <9, &eQ wuwwlhg pluna t |<T’(t,§) (R )| <€
wGhwywuwpnip)niGp YudwjwywG ¢ € [0,400) wndtiph hwdwp:

Uwhdwlmd 7.2: Cun LjuuynGndh Yuynia (T)(t,&o) tnonLdp Ynsgynd t
wuhdyuinunnplG YuynG, tpt qnynipynth mGh wybwhuh ¢ ppd, 0<G<p , np
|§—E°| <0 wlhwjwuwpnpjulp pwjwpwpnn juwiwjwlywa Ee Q Yybwnh hwiwp
wntinh nuGh

linfs,8) - 91.8°)[ = 0
{—»oo
wuwydwbp:
OppGuwly 7.1: YhunwpytGp
x =kx
hwunwwnlt k£ gnpéwiygnd hwywuwpnudp, nph (0,&0), E_,o €R' ytwny
whglnn |Momdb nuGh
o1,8")=E%", teR',
wntupp:
tapwnpblp k < 0: Un nbwpnud yuiwjwywl ng pwgwuwlwh ¢ -h hwiwp, tpp

IE, -§°| < & wbinh niGh
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ot &) — 0(2,E°)| =[Ee” — &€ | = |6 -&°| <6 -&°| < &

wOhwywuwpnipyniGp: dbipgGhpny & = €, Yunwlwbp 7.1 uwhiwGiwh vty p) Yb-
umd wWwhwieynn wihwywuwpmpynilp, wjuhGpl (p(t,E_,o)lmémd(_l Yuwynl £ pun
LyjwwniGnyh: CGn npmd, tpt k£ < 0, www

lim|@(z,€) - 9(¢,")| = lime*[£ - £°| =0,
wyuhGpG @(7,&°) -6 wuhdwwnnnpbl YuyniG t: bpp & =0, www pun LjwwyniGnyh
Yuwyn G (p(t,E_,o) (nLdnuiG wuhdwwnnunnpbG YuyneG st:

Thgnip k > 0: Uju nbypmd

limio(s,£) ~ 9(1.8°)| = lime" | ~£7] = +oo
L @, &%) nonudp YuyniG sk, bpb & 2 E°:

OphGwly 7.2: 3phGgbpnpn wwpwgpwdpnid nuunudGwuppdwd qéw)hl hwiwutn
hwiwywpgh hwdwp ¥ =0 yméndp A, <0, A, <O ntwpnd wuhdwywnnnnpbo
Yuyni@ t, puy pwidph nbwpnd Yuymb st: 6pp hwywuwpwyzenipjwb nhppp YEGwpNG
b, wyw X =0 (némdp YuyniG t pun LjwwniGnyh, pwjg wuhdwunnunnpbG YuniG st
(hwinquyby):

hGswbu Gaubg snppnpn wwpwepwdnud hGpGwywp hwiwlwpgbiph hwdwn
Jwplnp  GwGuwynipynit  mbbG  hwjwuwpwlyzenipjwl  nhpp  hwinhuwgnn

@(I,E,O)EEO (nednuiGEph nuunudGwubpnepynmilp: Wn nbwypmud (wt'u (Gddw 2.1)
f(zo) =0: Un wwuindwend hbnwquyntd YnhunwplybG (7.1) hwiwlwpgh Shuy
wjnwhup gnesnuiGph YuyniGnepynibp: Ugtihe wewbg pGnhwbpnepynilp fuwhunbpn
Ywptth t hwdwpty, np Eo =0, hwhwnrwy nbwpmud Ywwwpbng §=X—E°
npnlbih dnLbyghwjh thnpuwphGnudp, YnibbGwhp
y=X=fX@=fG+E")=f,(3):

Ujuinbin fl (6) = f(Eo) =0 L htnbwpwp, ¥ =0-6, unwgqws hwiwlywngh

hwjwuwpwyzentpywd nhpp t, npp hwiwwwwnwuhuwGnd t (7.1) hwdiwlywpgh
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3=E° inddwlp: IGwnwaquynud YsGpwnpyh, np wyuwhuh thnfuwphGnudp wpnbG

uwwpdwé t, L (7.1) hwiwlywpql nbh X = 0 (nomug, wjuhGpl f(()) =0:

Uuqpntd nhunwpytitp wyil nbiwpp, Gpp (7.1)-p hwunwwnd gnpdwyhgbbtipny
qéwjhl hwiwute hwiwywpg t

Uju hwidwlwpgh O,E uyqpiwywt nuwtepny pénuip Gwlwlywbp @(:,E):
UyGhwyun t, np OcR" ytywnnpp (7.2) hwiwlywpgh hwywuwpwyentpywb nhpp t:

L&0dw 7.1: Yhgnip A dwnphgh pnpnp ubithwiwG wpdtipGbph hpwywh dwubpp
pwgwuwywh GG: Un nbwpnid gnynipynild mGGG wyGwhuh @ L r ppuywG pytp, np
wbnh nGh

|\T;(z,§)| <rffe™, @20 (7.3)

qGwhwuwywp:
YpwnnppymeG: dbpp ppdwéd 7.1, 7.2 uwhdwbGmuiGephg b (7.3) qlGwhwunw-
Ywihg whdhowlwanptlb plunud t, np (Gddwih wwjdwGGbph weywynipjwl nbwpenid

(7.2) hwdwlwpgh x = 0 hwjwuwpwlyznnipjwl nhppp wuhdwwnunpbb Yw)nd t:
Ud wwwgmglip (Godwh: bGswtu qhwnbGp, (wnbu qrntfu 1, §10) (7.2)
hwiwywpgh YuwiwjwywG X = @(¢) ymontd nGh

(_p(t) = ig" (t)el“'

wbupp, npbn A, =p, +iv, (k=1---,m) pdpp A dwwphgh hpwphg
nwppbp ubithwwG wndbpGpG &G, huy g, (¢) (k=1,---,m) (m<n) Jtywnp-
dniGyghwyih  jnpwpwlynmp  Ynnpnhlwwp pwqiwlnwd t: Iwdwduwyl (Gddwjh
wwyiwGh qnynpyntG nGh O npwywb phy wybwhuhG, np’

B <-a, k=1,---,n:

Jtnbwpwp, Gywnh nGbGwyny, np |e~"| =1, Yunwlwbp

|5 | Y] 2 @t | =Yg, e
k=1 k=1

Ujuntinhg
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| () |e* Stlgk ()] ™" (7.4)
k=)

ewlh np B, +a <0, huy g, (¢)-h nLpwpwignp pununphs puqdwGnwi t,
www

imY |z, ©]“" =0:
e L k=)

n
nbwpwp Y |8, (0]e™*™ PnuGlghwt  uwhdwGuihwl t,  wjuhlpt
k=1

qnnipyniG mGh R phy, wjGuwhuht, np

Y 2. 00" SR, te[0,%):

k=1
Ujunbnhg L (7.4) qlwhwunwlwbhg unwinud tGp

|§()| < Re ™™ (7.5)
whwywuwpnipynGp:

Lowlwyblp ' (1) = W(t,&°), i=1,--,n, npubn & dhwdnp dtywnph i -pn
pwnwnnpsp hwywuwp t 1-h: Iwdwdw)l Shwinipjwl pbnpbdp’

V(.8 =Y £ @), (7.6)
i=l

pwlh np hwyjwuwpdwG Gpyne Jwund qpwé 66 (7.2) hwiwlwpgh dhlGnyG O.f;
ubqrOwlwl  wwydwGhG  pwdwpwpnn  (nencdGbp:  3nuwpwGgniy ' (2)

$nibyghwih hwdwp wbtnh nGh (7.5) qGwhwwwywlp R, hwunwinnoGepny
@i =1,---,n): I36vLwpwp

9B <Yl @ e YR <n- REe.
i=| i=|
apwnkin R=i51§§' R;: Lawbwlbiny r=nR uwnwind Ghp wwhwigynn (7.3)

wlhwywuwpnipyniGp:
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§8. L3UMNMLAYP PEALGUT

Ujdd nhinwpytGp (7.1) hwiwlwpgp pGnhwinep’ ng qéwihl nbwpney:

Ohgnip F(X) = F(x;, -+, X,) npt nhdtpbGgbih $niibghw t, huy §(¢)-G (7.1)
hwiwhwpgh wyG (nénuiG t, npp =1, Ybumd plnnibnd x° wpdtpp
o(1,) =x°: .

Stnunpbiny X =@()-6 F(X) PnmGyghwih oy uwnwlGnd btlp ¢
¢nthnfuwywGhg P(¢) = F(@,(2),:-,9, (1)) pwpn Inibyghw:

UwhdwGmd 8.1: F(X) $Pnlyghwih wéwlgyw; X, Ytwnud pun (7.1)
hwdwhwpc;h Ynsuned £ P(2) pnbyghwih wéwhgywip ¢ = ¢, Yunnid L Goubwyyned

t Fan(x°):
Cuwn pbpjwé uwhiwGiw b

° -0 F ’ F =0
Fon@=do | =y @y |,=,o-):a( £GE): @

i=l ,' i=l

hGswbu nbuGnud bop, F . (X°) dbonpyniip Ywhuws st §(f) (ndniihg L
Guhuwé t shuyG X° Yeuhg:

GYhwwpytitp (7.1) bwiwlwpgp X =0 hwywuwpwlzempjul  nhpph
K, ={xe Q, |XIkr} ;powywpncs:

Lbdvw 8.1: (Liwwnilny). Shgnip gqgmmupyntl mbh  ng  pwgwuwlwG
Ve C'(K,):mnﬁhghw. npp qpn t puelnud shwyb X = 0 yGwnud L npp pwdwpw-
pnud t

Van(x¥)<0, XxeK, (8.2)

wlhwywuwpnipywbp: Un nbypnid (7.1) hwiwlywpgh X = 0 LnténLdp (6 hwjwuw-
nwlenip)wiG nhppp) YuyniG t punn LjwwnuGnygh: UgkihG, Gpt nnbinh nebh

Van(x)<-W(x), xeK (8.3)
whhwywuwpnipymlp nplt W(x)ZO wOplnhwwn $nbyghwyh hwdwp, npp qpn t

nwnGnud dhwyl X = 0 ybwnud, wyw ¥ =0 (nLéndp wuhdwununptiG GuynG t:
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Uupignyyg: thgnip € € (0,7) : Lawbwystp S.-nd K, ={X, X |S €} qlnh

dwytiplnyypp (QOnnLnpup) L
Ve = minV (x): (8.4)
Xe€S,
fwhh np V(X)-p whpGnhwwn t K, -my, L V(0)=0, www Ve pdh hwdwp
qn;mpimﬁ nGh O > 0 phy wyGuhuhG, np 5 Yeunh ‘J-il <d 2nowljuypnid
V(x)<Vg: (8.5)
8nyg nwhp, np bpk IEI < 9§, www (7.1) hwiwhuwngh Yudwuwiyws X = @(t,E)

tnénd npnaquwé L pnpnp ng pwgwuwlwb £ -6ph hwdwp b inknh nGh i(]')(t,a <g

qUwhwwwywip, wjuhGpl =0 (monuip, hwiwdwyG 7.1 uwhiwGiwb, YuymG t
pun LjwwniGngh:  bpnp, bGpwnptip hwlwewlp i=("p(t,E) sawpniGwldnn
tmoéndp npndwé t (m,,m,) dhowluwipnud, npunbin m, <+oo: U nbigpnid
hwiwdwyt plinptd V. 6.2 -h qunipynih YnubbGw r, phd wyGwhuhG, np Gpb

te(rn,,m), wyw (T)(t,E) Ytwnp YquGdh K, thul vwhiwGwhwly pwqinpymlhg
nnupu: Gnlaupuwp i=f{)(t,§) hbwwghép Yhwwnh S, qlnninpunp: GGpwnnbGp £,
(t,>0) phup ¢ -h witiGuthnpp wpdtph t, nph nbiwpnld hbnwghdp wewehG wiqud
hunmd t S, -h0 (wjuhGpt, bpp £ < ¢, (T)(t,E) yting qunlynid t K, qGah Gipunid):

YHhuwpytGp V((]S(t,E)) Pnilyghwi: IwdwduyG (8.2) wlhwjwuwpnipjwt L
uwhdwGnid 8.1-h°

gt—V(('ﬁ(t, E)) = ‘./(u)((-b(t, E)) <0,

wjuhGpG’ V((T)(t,E)) $nllghwl sh wénud: ILnLwpwp’ hwowdwyG (8.4) L (8.5)
wnOgnpynLGGlph ntinh nuGh

V, >V(©(t,8)2V(§(t,.8) 2V,
wGhudwuwpnipynilp: Unwgywé hwlwunipym Gl wwywgnigmud t, np (T)(t,&) dnuly-
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ghwt npnws t [0,400) dhowlwjpnd L Gpw htwnwghép sh Ywpnn hwuby S, -hG,
wjuhGpG I(T)(t,&)i < €: Ldtwh wnwehl wGnnudp wwwgnigytig:
UwwgnigkGp bpypnpn winnuip: Shgnp € > 0 Ywiwjwlywb phy t: COnpLGp
8 -0 hGswbu Gwlunpn nbwpnd: Ujn nbiwpntd, tpp ‘El <d, ywiwjwyws X = (T)(t,g_,)
160w hwiwp wnbnh ntGh | @(I,E) | < € whhwywuwpnipymGp: 8nyyg twGp, np
lim V(§(,£)) = 0:
bpnp, bGpwnpbiny hwlwnwyp, Yuowlwlp, np ng pwgwuwlwlb jwbnn
V((T)(t,E)) PnuGyghwi nGh npulws uwhdwG
lim V(§(,£))= A>0,
t—>+o0
putn npnd V((T)(I,E)) 2 A, t€[0,00): Wuwbnhg plumd t, np gnynipynG mGh

wjGwhuh ¢ > 0 phy, np
| 81.8) |20, 1e[0+):

Rwlywrwly nbwypnid gqnpnipyntd Ynclbblw {t,,} hwenpnwlwbngpymbG ¢, 20,
wyGwyhuhG, np | (';')(t,,,g) |—)O, tpp f, = +oo: Uuwbinhg, V  $nillyghwih
whpGnhwnnipyniGhg U V(0) =0 wuyiwGhg Yptuh, np V(®(2,,E)) > 0. bpp
t, — +oo: Nipbih ('f)(t,g) -0 pwywpwpnd t GSI (T)(I,E,) |S€ qGwhwunwywGhG:
Qwiwduwyd  (Bddw)h  wwydwGobph, (8.3)-md  walyw  W(x) PpmGyghwa

Ose = {x,O' <|d < e} onwlm fuhuwn npuywa t, wuhGpt qnynpyntG mGh a > 0
phy w)GwhuhG, np W(x) 2 a L ’

%v«”p(z,&)) =V o (31, E) < W (§(,E)) < —a:

blGunbgpbiny unwgywé wGhwywuwpmpinGp 0-hg ¢ uwhdwGGhpnud, puwn
UpnunnG-LwjplGhgh pwlwdlh, Junwbwbp

V@08 -VE < -
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wnGsnpynibp: Wuwhund V' ng pwgwuwlwl pnGyghwh hwiwp YnGEGwGp
V((T)(t,g)) — —oo, bipp ¢t — +oo: Unwgywd hwlwunipyntGh wuwwgnignid t, np

HmV(§(t,E) =0 (8:6)

1—r+oo

Ujdd wuwugnigklGp, np
‘l_iHn_‘.‘T’(t’E:) =0:

GopwnpkiGp hwlywawyp qnympynih oG 11> 0 phy L {t,,} hwgnpnwlwGnt-
pintG (2, — +o0) wylwhuhp, np |(p(t,,§)|21‘|. n=12,...: Wn ntypnd Ope
onwynud V(x)-p tuhun npuwi t: Iwbwpwp, giympymG nuGh wyGwhup B> 0
phd, np V(('{)(t,g)) 2f> 0,‘ npp  hwlwund t (8.6) wnGgnpywlbp: Nipboh
,BT@ (T)(t,é) =0, npG t htGg GuuGwynd t, np X = 0 hwywuwpwynnipywa nhppl

wuhduunnnpbG Yuynio b LEddwo wwwgntgywé t:
UwhiowlGnd 8.2: LjuwuymGnydh (Gudwymd walw V(x) $mGyghwG, npp ng

pwgwuwywh t, qpn t queimd dhu)l =0 Yiwnud Lk pwdwpupnid t (8.2)
wwdwihG, Yngymd £ (7.1) hwidwlwpgh LjwwniGnyh dncGyghuw:
Onptwy 8. 1: YhowpyklGp
’ 4
X, =XX
{ 1 1”2 @.7)

Xy =—x}x,
hGpGuiwp hwdwlwngp. nnh fussn x, (¢) =0, x,(r) =0 Pmbughwttnh anuap
tnonud b huwpltGp V(xl,x2)=x,2 +x; pnliyghwa: UjG ny pwgwuwlws t, L

qpn t nunGnud shuwyG (x,, x,) =(0,0) ytwnud: Sniyg wwp, np HnLGyghwl pwiw-

pwpnid t Gwb (8.2) wuwydwGhG b, hbnbwpwp, hwGnhuwGnid t (8.7) hwiwlwpgh
LjwwntGnh $niGlyghw: bpnp’
. aV 1%
Van(x,,x,)= a—x—x,x; —5—x_x'2xz =-2x’x; <0:
{ 2
JwiwdwyG  LjwwyniGngdh  (Godwyh (8.7) hwiwlywpgh X =(0,0) ménuip
(hwjwuwpwyzentpjwt nhppp) YuymG t pun LjwwniGngh:

286



Uwwgnigywé |bdtwh nwihu t (7.1) hwiwbwpgh X = 0 1nuédw6 YuyniGnupjwG

pujupwp wwows: WG dlwhbpyymd t V(x) Pnulyghwsh Ghengnd, nph
ywenigdwl Ywd gnjnipjwl hwpgp dGnud t wlnpn: Un hwpgh wwwwuhuwbp
pwywlwbhb (wjG nwuh hwdwywpgtiph hwdwp wwihu t LwwnlGndh pinptdp, npp
Juwwwgnigyh unnpl: LwupwG wyn pbnpbkdp dlwlybpwybo wwwgngblp Gh pwlh
odwlnwy wannuiGbp: .

Thunwnltklp
V(x)= z’lvijx,.xj
ij=
pwnwynwuyhl dup, npbn v, =v; (@, j=1,,n) hpuwywo pq&p LG: Wo
ynsynud £ npwlwl npnjwy, bpb Ywiwjwlwe X # 0 Jeywnph hwiwp V(X) >0:
Lbddw 8.2: Yhgnip V(X) pwnwlyniuuwghG dbp npwlwh npnjwy t: Uyn nbiwpnud

qnnipyniG nulbG wylwhup B L vV npwywh pdbp, np YwiwywlwG X Jeywnph °
hwdwp wntinh nlGh

p? svE@ s vl (8.8)
qOwhwwnwwbp:

Uwywgnyg: YhwupyGp S ={Xe€ R", |5E| =1} dShwynp qlGnninpung
(udpbipwh): IwdiwdwyG dwytipainpwup ptnpidh’ V(X) wGpGnhwin dnlyghwb S -h
Ypw pOnnulned t hp dinppuignyG L b dEdwgnyl v wpdbiplbipp: Ibnbwpwp’

pusV(x)<v, xe8§:

ewth np O S L V(X) -p npwlwG npnwy t, wwyw p>0,v>0:6pt X =0,
wwyw (8.8)-p wyGhwyn b Ywiwjwywt ny qpnulwé X € R" Jtywnph hwdwp

le

—€ § L, htinbwpwp,

(le] Lo ppsy
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) -2
Uunwgywé wnbsnipjwl pnpnp dwubpp puqdwwwnytipng |x| -ny’ unwbnud GGp

wwhwbgynn whhwywuwpnipjnihp:
L60vw 8.3: Yhgnip (7.2) qéwyhG hwdwlywpgh A dwwphgh pninp ubithwlwG
wpdbiplbph hpwlwl dwubpp pwgwuwlwh GG: Un pbwpnud qnjnepynth nuGh

npwywi npnzjw; V(X) pwnwyniuwih &k, nph wéwhgjuip puwn (7.2) hwiwlywpgh
pwywpwpned t
Van(X)<-BV(X), X€R" (8.9)

wGhwywuwpnipjwGp, nputin B> 0 hwuwnwnniGp Ywiudws st X -hg:
Uwywgnyg: Ywnnigklp

V) = [[pe B ar (8.10)

Pnuliyghwl, npuinkin pun Ytipp pipdwé GawGwynuiGlph \TI(t',E) -G (7.2) hwiwlwpgh
O,E ulqplwlwG nw Gspny (nénLdh £ Lywwh nGkbwiny (7.6) wnGsgnipynilp
unwGnud GGp .

VE® =[x, 9(x.E)de= [)féiw‘(r),ia,wf (r)d:]=

i=l j=I

= ):[I W' @,y ()L E ;-

i,j=190
RwGh np Y () (i=1,--,n) Pmulyghwlbpp pwdwpwpmd GG (7.3)
wlihwywuwpnipjwlp, wwyw welw wbhujwywh hGunbgpuiGtipp qruquiitinn GG L

V(E) Pnlyghwl pwnwyniuwihG kL t, npubn v = f (wi('t),\yj (Y)dr: Uy
0

npwlwl npngjwy t, npndhtunb (8’.10) pwlwdlnud plnhGuntgpwiwghi $nLbyghwl

npwlwo t, bpp E;«: 0 : 3wyyLGp V(E) Inullyghwjh wéwhgywip E Yunnud puwn (7.2)
hwiwlwpgh: Iwdwdw)b 8.1 vwhiwbdwG nlGLEGp.

* 3hbiglkGp, np |¢'1'|2 =(d,d).npuintin (5.5) Gaub YbYwnnpGbph ulwywn wpnasnp)w) G t;
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Von®= %V(w,ém o

SuwthntubGe V(W(2,E)) Pnibyghwl Ghwwnh niGbGuwiny hGpGudwn husiw-
Ywpqgtiph (nuénLibbiph (Bddw 1.3-h p) Yennud wpnwéddwsd hwnynepynilp.
- = L T =12 T =2
V.8 = [[9e 9B do= [[§0+7.8) de=[|9(s.B) ds:
0 0 !

Itwnbwpwp’

) 3
y z d_ . =z dTl-, & E-NL 2|2
Van® =2V @O0 = 7 [[908)] ddo =~ [0 8] | 0= -
(8.8)
wihwywuwpnipyntGhg hbnlinid t
=[2 1 =
-l £-—-V
g <--v®
qGwhwwnwlwbp: Mpbd
. - 1 -
Vaa(€) < —;V(f;) .

1
wjuhlpG wbnh nGh (8.9) wihwywuwpnipynilp, npinbin B = ;: Lddwl wwwgnig-

uwé t:
YunnpmpymG 8.1: Rwbh np (8.10) pwlwdlny npnzynn V(E) Pniblyghw ng

pwgwuwlwG t, qpn t nwnGnud shwyl & = 0 Yybwnnd L pwywpwpnud t (8.9) wihw-
Jwuwpnipyjwlp, www wyl, hwiwdw)s 8.2 uwhdwbiwh, hwlnhuwbGnud t (7.2)
qéwjhG hwiwlwpqgh LjwwniGndh dnbyghw: U4LhGa (8.9) qlhwhwuwwlwlhg L
LwwniGndh (eddwihg (W(X) =V (X)) phumd t, np wwywgnigywé (Lidwh
wwjdwbGtph  weluynpjwl  nbwpnid  (7.2)  hwdwlwpgh =0 LnLonLip
wuhdwwnnunnptb GuyniG t: Unyb rwunp niph Gnwtwynd wpntl wwwgnigyty tp
lEddw 7.1-md L 8.3 tddwjh Gop wpmnilGpp Jwpbih bt hwiwpt) (7.2) qowjhG
hwdwywpgh LjwwniGnyh $nGghwh unrnignidp:
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Ujdd gniyg b, np (8.10) pwlwdlny uwhdwlyws (7.2) qéwshl hwiwywpgh
V(E) LywwniGnyh $nilGyghwh Yupnn b hwinhuwbw) Gwh pwdwywGhG (wyh nwuh
ng q6w)hb hwiwywpgbtiph Lywwnilndh nblyghw:

tGpwnptGe (7.1) hwiwywpeh f(X) = (f,(X),-+, f,(X)) PmblughwG niGh
tpypnpn Yuwpgh wiplnhwn wéwbgyuibtp: Oqudtiiny Ly nph pwlwdlhg - 0
hwywuwpwyzenipjwl nhpph 2pgwiwpntd (7.1) hwiwlwngp qpktp

- 7N = a-. " B
X =f(0)+Zi(O)xj+R (8.11)
j=I axj

wnbupny, npuntin R -p LwgpwGdh nbupny ybpgywé dGwgnpnwihG wanwia k.

R=13 97 grxx, (0<o<D):
2k,j=|3x,‘axj e

Lwbh np 0-G hwjwuwpwyenipjwb nppp t, www bhwiwdw)lh (Gidw 2.1-h

f(6)=6: LawlwlyGp A-nd a; =%(0), @i,j=1,---,n) wwppbp nlbtgnn
J

dwunphgp: Ujn nbwpnud (8.11) hwdwlwpgp YunwlGw

_ X' =Ai+R (8.12)
nbupp: Unwgywéd ng qéwjhld hwiwlwpghl hwiwwwinwubuwGnpjwG dbe nGtlp
qéwjhG

X’'=Ax (8.13)
hwdwlwnpqp, npp Ynsynid t (8.12)-h qéwjlwgywd hwiwlywng: dtpghGhu Ljwwne-
Gndh $nmlGghwl Ywnnigyby t (Gidw 8.3-nud: Unnpl wuwgnigynn plinpbdnud gnuyg
updh, np wyG hwlnhuwGmd t Gub (8.12) ng qéwhG hwdwywpgh LjwwniGndh
Ppnlyghw:
Bbnpbd 8.1: (LyjwwyniGny, 1901p): 9hgnmip (7.1) hwiwlwpgntd

f; €CHQ), (i=1,,n), huy a; = ng'(O) wnwppbiphg Yuwqidwé A dwnphgh
j

pnpnp ubthwlyw wpdtpltiph hpwywb Swubipp pwgwuwlwa 6G: U nbupnd (7.1)
hwiwywpgh X = 0 LnLénudp (6hwtlwuwnwu2nm.pjwﬁ nhpep) wuhdwwnunpbG
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Yuynel t: Uk hG qnynupyniG nuGbG, r,0, 0 npuwlw pytip, wybwhuhp, np |El <O
ww)dwGhG pwdwpwpnn Yudwjwywo E € Q (Jtywnnph hwdwp nbnh niGh

16(,8) < gl . (120) (8.14)
whhwywuwpnipyniGp:

Uwwgnyg: Uywgnygp hGwpwynphG swh htizn pGlwtih nwpdGtine Gywnw-
yny w0 pwdwltlp dh pwlGh puwybph: LwwblGp, np pbnpbih wwjdwGGEph
wrlwjmpjwl nbwpnd (7.1) hwdwuwnqn, hGswbu Gaytg yGpLnd, upbih t plipbg
(8.12) wbuph:

1-h6 pwy: GGpunptlGp V(X)-p (8.13) qéwjhG hwdwubn hwiwywpgh
LjwwniGnyh $nGyghwG t: Ywiwjwlwh b > 0 pyh hwiwp GawbwykGp

tb)={x; xeR", V(X)<b}:

V(X) 9pnGyghwih npwywG npngjuinipyniGhg plumd t, np () pwqinipyniGG

tthwunhn t:
8nujg nwlp, np gnynipyntl mObG o L ¢ npwlw pytip w)Gyhuhp, np

‘./(7.1) (¥)£-2aV(x), xe€t(c), (8.15)
npnbnhg, hwiwdw)G (Eodw 8.1-h, wGdhpwywlnpba Yphuh pbnptdh hhdGwlwo
wGnnuip:

w hwowp hwytGp V(X) $nilyghush wéwhgywil pun (7.1) hwiwywpgh,
Ywd, np GneyG t, puwn (8.12)-p°

V(7|)(x) V(slz)(x) Z—(x)f(x)-

=Y -g—;i(f)a‘.,.x +2———(x)R V(sm(x)+2—(x)R (8.16)

RwGh np V(X) Pnilghwl pwywpwpnid t bidw 8.3-h wwydwGGEphG, wuwyw

V@13 (X) £ -BV(X) uhtinbwpwp

Van(®) < -BV(R)+ ):—(x)R (8.17)

i=l
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JwdwdwyG ptinptdh f; € C2(Q) wwyiwGh f;(¥) dniGughwlbph tnplpnpg
Jwpgh wéwbgjuibtpp ulhﬁbﬁ uwhdwlwthwy t(c)-m4, tpk ¢ -G phunpkiGp wylubu,
np t(c) © Q: Inbwpwp oquytiny (8.8) wGhwywuwpnipynilhg GGwgnpnwihG
wenwdh hwdwp Yuinwbwip

2’ f,
R|<— 0x X | <= kx <—Vx i=1,-,
R ),:.axaxk( Nellul < SHAT S22V, i=10n
qGwhwwwywbp, npunbn’
2 - .
k= max -—a fi (%) :
;".Ej Si‘i.) on axi a'x‘
v
fwlh. np ™ @i=1--,n) ImGyghwG qoéwhG t x,,---,x,

i
thnhnfuwlwGGbph  GYuwndwdp, www qnipntd nGh >0 hwunwnn,
wjGwhuhG, np ‘

| @ sFs—= ,/V(x , Xek(), i=l..n

(GYwwtGp, np Gpypnpn wﬁhwqwuwnmpjmﬁn pfuntd t (8.8)-hg):
UJumhum[’

): ( IR; < ):—< ).|R|_):\/_\/V(x YRy @) =
1:1 i=l

- "”7’ &P = dv s, (8.18)
2u7?

— hzl .
npntin ¢ = —y
2u7?
Ujdd pGupbiGe ¢ > 0 hwuwnwwnGh wibwbu, np E(c)cQ L q\/z < %: Ujn

nbwpnud (8.17) L (8.18) whhwywuwpnipyntGGbphg prumad t
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Van(®) < BV E) +qlV®P < -BV(G) +gVeV (F) €

. . S—BV(E)+-2—V(E)=—%V(5E)

qlwhwuwnwywbp: Upuntnhg, pGupkiny a=—E— unwlnd Gop wwhwGgynn (8.15)
qlwhwwnwywbp, npny b wdwpwnynid t wnwehb pw)ip:
gnip §-0 E(c) tihwunhnh Gbpphl Ybw t, wyuhGpl
vi€)<c: (8.19)
L2wlwykGp
(1) =V (@,8)).
npnbn, pun dbp GawGwynudGhph ('f)(t,é)-ﬁ (7.1) hwiwlwpgh O,E wnwibbpny
1nonedG b Swidwdw)t (8.15) wihwywuwpnipywl’
V(1) S —200(2) (8.20)
t -h wyG wpdbplbph hwdwp, npnip pwywpwpnid GG (“p(t,f;)e E(c) ww)SwGhG,
wyuhGplb’ v(¢) < c-hg:
2-pn pwyy: 8nig tnwlp, np (’f)(t,é) Lnténudp, npuntin E-G pwywpwpnud t (8.19)
wwydwohG, npnwé t pninp npwywb  -Gph hwiwp: GGpwnpblp hwlwawyp

qnjnipynLh mGh m rmwuwﬁlphq wjliwhuh6, nn (TJ(I.E)-G s2wpniGwyynn (nonud t
npndwé [0,m] dGpowynp hwindwontd: Iwdiwdw)l plinpbid V. 6.2-h GYwpwgpywd

pupnibwlynn (nédwd hwnlnpywG gnynpyntG mGh wybwpup r (0<r<m)
phd, np bpt £ € (r,m}, www (i)(t,g) € B(c): Uy funupny X = ('{)(t,;,) YbwnG pGg—np
wwhhg uhuws ampu t quihu E(c) tibwunhnhg: RwGh np §(1,E) PnLGlghwl
wipGnhwwn £, www wyn Yewp thhwpnGyh Gwl E(c) -h bapp dpw: Lawbwlybbp ¢, -nd
(2, >0) 1-h wyG wpdtipp, nph hwiwp (b(t,,é) Ytwnp wewohl wiqwd hwubnud t
E(c) -h baphG, wyuhGeG v(t)) =c L 1 €[0,7)) hwowp, v(t) <c: t€[0,1,)-h wn
wpdtipGtph hwiwp wbnh mGh Gwl (8.20) wihwywuwpnpmbp L v'(1) <0:



NG v(t) $nGyghwG sh wsmd L c=v(t|)Sv(O)=V((p(0,€))=V(E)<c
hwiwdwyld (8.19) wnGsnipjwh: Unwgdwé hwlwunipintGl wujwgmgnid t, np

(’f)(t,g) (nénudp, hGswbu Gwl v(r) dnulyghwh, npnpdwé GG [0,00) -nud L 7 -h wyn
wpdtplhph hwdwp nbnh nubh (8.20) wlhwywuwpnepyndGp:

3-np pwy: (8.14) wGhwywuwpnipjwt wwjwgnigp: Gpt E:# 0, www, hwiw-

duyG V' pnGyghwgh npuywd npndwénipjwa, v(t)=V(('|')(t,E))>0 L punn
(8.20)-h’

40) _
0 <-20:

hGunbgptind wyu  Gnuylwlywls  wGhwywuwpnpymGp  (0,2)  dhowluw)pnid,
unwOmy tap
Inv(t) —Inv(0) < 20u :
Ujuwntinhg
V@) <VEe™:
Uunwgywd L (8.8) whhwywuwpnip)ntGGephg plunid t

6.5 sﬁ|§|2e'“‘. 120, 821)

qlwhwwnwiwip w)G E-bnh hwdwp, npnlGp pwywnpwpnd GG (8.19) wwydwGhG,
wjuhGpl plGYwé 66 E(c) thwunhnh dbe: Usniu Ynnihg htizuin t hwdngyby, np

K= {E; |E| <o = \/E} ‘ (8.22)
A\
gmﬂnﬁ pGhwes t E(c) -h dbg: Ibwnluwpwp (8.21)-hg plunud t

|<T>(t,l?f,)|2 < iﬂze"“‘ , EeKk,

v
wlhwywuwnpnipynilp, npp hwdpGYGnud t (8.14) qGwhwwnwwGh hbw, bpp r = J—E :

Ptnpbdt wwwgnigywd t:
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SYwnnprupyml 8.2: Uwwgnigywé (8.14) wlhwywuwpnipyntlGhg L uwhﬁmﬁmd_
7.2-hg whdhpwwbiu pfuntd t, np (7.1) hwdwlywpgh X = 0 (ALonLiG wuhdwwnnuninpkG
YwyniG t: '

Ujdd nhinwpytGe npnz hdwuwnny hwiwnhp nbwpp:

Uwhdwlmd 8.3: (7.1) hwiwlwpgh X = 0 LntoénLdp ((-)thwuwnwuanpjwﬁ
nhppp) Yngynid t thndh0 wGlwyniG, tpt qnynupynth nGh 6 > 0 phd wyGuhuhG, np

JuwiwjwlwG E,QbUmnnh hwdwp, npp Wwwwbnud t ‘El < O qlnhG, gnynipynil nuGh
wyGwhuh T = T(E) phd, np $(2,&) (niénidp puwipwpnud t
6,820

wihwywuwpnipywGp, bpp ¢ >T(§): uy ‘ubnul wuws 0 thndhG  wGywynG
hwdwuwpwyzempywl nhppp pOnipwgpynd t Gpwlnyg, np gqnjntpyniG nuGh 0
ytGuwpnGny b ¢ > 0 wnwynny qniGn, wyGwhuhl, np Yudwjwywa (T)(t,&) (nuénud,
(E#0) uyqpowlywG =0 wwhhG qulytind qGnh Gtpunud, hGgnp T =T(€)
wwhhg uluwd nnepu t quihu qGnhg L wjbu sh ybpwnwnGned:

Blnpbd 8.2: hgnip (7.1) hwiwlwpgnis f, € C*(Q), i=1,---,n, hul (8.13)
hwiwywpgh A dwwphgh pninp ubihwlywb wpdtipGiph hpwywt dwubipp Rpwlwi

-

bG: Uju nbwpnud (7.1) hwiwluwpgh X =0 |nuénuip (hnyhG wGluyndl t:
Uywgnyg: Mwhwwibing Gwjunpn pinpbdnud pGnmuGjwé  GrwlGwynudGepp
nhunwpytGp
¥ =-f(F) (8.23)
hwiwhwpqp, nph hwiwp wybhwpnnptt pwdwpwpywé &G 8.1 pbnptish pninp
wWwydwhbpp: Iawbwpwp gyt aGh V(X)) LjwwyniGndh $nGlghw, npp
pwywpwpnud t

Ve (¥)<-2aV(X), XeE(c)
wlhwywuwpnipyjwGp: Ujumbqhg YniGtGwGp

Ve (3) = ):—<x> (- £,(D) ==V an(®) < 20V(5),
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YJud
Van(X)22aV(x)
wlihwywuwpnepyniGp:
Gopwnpblp & Ubinp E(c) bhwunhnh GhpphG Y b U gbupnud

V() = V(('b(t,g)) $nilyghwl,  hGswybu  wwwgnigylg Gwpunpn  pbnpldndd,
npn2qwé t [0,00) Ghowlwypned b pwywpwpned t

V() 2 20v(¢) (8.24)
whhwywuwpnipjwp, tipp v(¢) < C:

pwih np & #0 U htinbwpwp v(£) >0, wyw

V) 220
v(t)
PGunbigpbny wyu wihwywuwpnipyniGp (0,2) dhowbuwypmy unwbnid bGp
v(t) 2 v(0)e’™
Yw, np GnyGa k,
V@®.8)2VE)e™

wlhwyjwuwnpnipjnilp: Uyuintinhg b (8.8)-hg widhpwwbu uinwbGnud bGp
B 1 — 1 z Uiz

1,8) =2 —=V(©@1,E) =—=+V ‘”z\/:“‘

o2z =V @0.8) 2 =V e 2 LlE

qlwhwunwywGp: YbpohGhg pluntd t, np £ -h htin Sklntn wénwd &t X = (p(t,g,) ybuwnp

htirwynpnipjnilp 0 Ytwnhg: Ibwbwpwp’ hGs—np wwhh X Ytiinp anpu Yquw b hwy-
unhnhg: 8nyg wwlp, np Lu_jﬁ wjllu sh JpwnwnbGw khwunpnh dbo: GhpwnpkGp

hwiwewyp gmnipynil niGh ¢, >0, nph hwdwp (T)(t,,g) ytinp qubGynud b E(c) -p
bqph Jpw, wjuhlpl v(f,) =cC, huy ¢-h wybih dbe ¢, + At wpdbpGph hwiwp
(Ar >0, v(t, +Ar) <c: Unnbwpens V(1) <0:

Rwlh np v(t))=c>0, wyw v'(#;) €0 wihwiwuwpnip)nilp hwlwunid k
(8.24)-hG t =¢, Lbwnnud:



Ujuwypuny unwgubp, np x = (T)(t,E), (E * Oj LnLodwl htivnwaqhdp £ -h hbs—np
wpdbphg uuwé nnipu b quihu B(c) tthwyunhnhg L wybu sh yepunwaeGnud wyGuntn:
dbinglbiny LC(c) -h dtig pGYws (8.22) qnilnp L npybiu 8.3 vwhiwliwh vk twu-

- C
Gwiygnn >0 phy win qlinh o = ; wnwyhnp, Yuuwbwbp ptinptidh wuww-

gnLjgp.
Yunnnnupyntl 8.3. UhowGlywi nbwpnid, Gpp A dwnphigh. £ (0 < k <n) pyny
uihwlwb wpdtpbtph hpwywl dwubpp npwlywb GG, 0 hwywuwpwy2nnipjwl

nhpep sh Ywpnn (pGt] Yuynl pun Ljwwnibndh: Ypwbned hbn t hwidngyb hwuwnw-
nnl qnpéwyhgltipny hwdwutin hwdwlwnpqbph ophGwyh Ypw:
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QLNkv VII

UNURkY YUMrek UUULUYTL UOULS3ULVEMNY
1hIELEVSPUL LU BUUrnNkULEr

0wjwéd Twubwlwl woéwhgju bbpny nhpbptlghw| hwywuwpnidGbph wnbune-
pynLlp hGpGnupnyyb L pwqiwhwpniuwn Bh plwquywn t, nplG ncunigwbynid t hwdwy-
uwpwlwlwo hwiwwwwnwuluwld nwupGpwgnid, pwyg hbnbbind hwunwwnywsd
wywlnnyphG G60p wyuwnbn wpwnpnid Ghp wewehl fupgp dwulwlwd wowl-
gjwiGtpny hwldwuwpnuiGph nbuntpjwl dh hwwndwé: LEWGE «Gnnedp» undnpw-
YwG nhdtpbaghw) hwywuwpnudblph wnbunipynlihg wwjpiwGwynpywé b hbwnlywny.

w) wpwnpynn nbunpyntip ng dhwyG hhaGdmd t undnpuwl nhdbiptlghuwy
hwywuwpnudGtiph  Gwhunpn gpnuuGepnad daulyywé Gnph ypw, wyl ntunedGwupp-
ynn huGnppGtpp punn tnpjwl phipdnud GG unynpwywh nhpbipbGghw| hwywuwpnud-
Gbph Gnpdwy (npn2 nbwpbpnud hOplGwydwp) hwiwlwpgbph hwiwwwunwufuwb
hGnhpGbphG: Uu thwuwnp hwnney b Shw)G wewohl Ywpgh dwulwlwl wéwlgjw-
GtpnY hwywuwpnudGbpha,

p) Jwulwlwb wéwlgjuiGtpnd hwywuwpndGph nbuntpyjwGp Gyhpwéd nw-
uwqpptpnLd wju Gynipp unynpwpwp sh 2wpwnpyned:

UyutiGp unynpwlwb nhypbintiGghw hwjwuwpnudGph ntiunupywlp Ykipwptpnn
wowohl Ywd pGnhwGnep hGunbgpwih qunwihwphg:

§ 1. UndNrUYUY 14 RDEAELSPUL QULUUU MGG D
Uuuyurer tnUQbky buStarULLER

1°. Nhunwpytap x,(t),--+,x,(t) npnGhth $niGyghwiltiph GYwwndwdp unynpuw-
Yw@ nhdtiptGghw) hwjwuwpnwiGbph

x:=‘ﬂ(t’x|"."xn) i=19n (1.1)
Gnpdw| hwiwlwpqp, npp X = (xl,-.-,x") L f = (fl""’f,.) JbynnpGlnh
GYwwndwip Yandh

¥=f@.%) (1.2)
ytywnnpwywb nbupny:
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LYbGpwnpbiGp, np f Yywnnp-pniGyghwG npnaqwé t Q < R*™' wppnypnud L
pwywpwpnid t gnynipywG L ShwynipjwG plinpbdh wwydwGObphG wylwybu, np Q
whpnyph Yuiwjwlws (to,k"’) = (to,x:’,---,xf) GapphG Yownh hwdwp qnynepyntl
nLGh d6Y U ShusyG okl Jelwnp—priGlghw

E=00) =91, %) (x,=9,00,7) i=Ln),
npp te€ (r;,r,) wpdbplbph hwiwp pwywpwpnud t (1.1) hwiwywpghG L
Pty 10, B) =7 (Q,(t,1,,%°)=x" i=1,n): (1.3)

Uwhdwlmd 1.1: Q  wppnypnd  npndwd  hwunwnniGhg  wwppbp
z2=®(t,x,,"--,x,) whplnhwwn phptipkbgbih Pnctughwt (P e C(Q)) uyngynud
t (1.1) hwiwbwpgh wnwehlG hGubgpwy, tpt (1.1) hwdwlwpgh jnLpwpwlynip
x=¢(t) (6wl hwiwp, npndws  (r,r;)  dhowluypnud, gnnipynLlG  nuGh
C = C($) hwunwwnil wylyhuhl, np

O(1,9,), -, 0,@)wC, te(n,r): (1.4)

Uwninpl gnyg Yupdh, np nuGtGwiny npnwlh pund wlywfy wnwehlG hGuinbgpuwGop
(unnygp 7 hwwn), Yuptih t unwGwy (1.1) bwdwywpgh pGnhwGnep (nwdnudp: Ujneu
Ynndhg wnwehlG hGunbkgpwih qunwthwph Gapdnidntdp dbq hGwpwynpnipyntG Yuw
wnwohl Yupgh dwulwlwt wéwbgjwiGbpnd qdwihG hwywuwpndGoph (nénudp
plipty unynpuwlwb nhptptGghw| hwywuwpndGtiph hwiwlwpgh (ntédwbp:

Bbnpbd 1.1: Npwbiugh (7 + 1)-swhwGh Q whpnuypntd npn2qwd, hwunwunt-

Ghg wwppbn, wGpGnhwwn nhdbpbGgbh P(r,x) = P(1,x,,°-+,x,) Inllyghwh

hwGnhuwGw (1.1) hwiwlywpgh wawehG hGnbigpwy Q -md wlhpwdtiam t L puwyw-
pwp, np wknh nLbGw

fa—-¢i+f,(t,i)-ﬁ+---+f_(t,i)-£50, (t,x)e Q (1.5)
ot dx, ox
GnyyGrepymiGp:

Uwwgnyg: Yhgnp 2 =D(1,X) Iniblghwh (1.1) hwidwlwpgh nplt weweh
hownbgpwi t 2 -md: Smyg wwlp, np wiG pwywpwpmd t (1.5) GnuyGnpuGp:

tGpwnptiGp (to,fo) = (to,x:’ ,---,xf ) -0 Yuwowpwywi Yo t £ hg: Cutn gmmpywl



plnpbdh (1.1) hwiwlwpql mbh 2, Ytwnh hGs-np (r,,rz) 2nppwlwgpnid npnqwé

() = (@,(1),++,®,(2)) (némid, npb whighnus t (£, X°) Ybn b, pun weweht
hOownbqpwih uwhdwGiwb:
O(1,9,(1),,9,1)=C. te(n,n): (1.6)

Ubdwhgtigny (1.6) GnijGnupynibp, YurnwGwGp (punn pwpn $nLbhyghwh wowbgdwh
JwGnGh)

dd ad> a<b od
D+-+—¢ (1)=0,t€ :
- o ax, @, (1) 3% ¢, (1) = (r,n)
Jwadp wnGbny, np @) dblnp-PniGhyghwh (1.1) hwiwlwpgh (msnud t,
wjuinbinhg YntGtGwGp

%*a B+ +—f(t 8 =0, te(rr,)

GnejGnepynuGp:
Unwgqwé  OnyGnipymbned  Jlipgbbing £ =7, 4 hwydh welbbind, np

¢(IO)=E°. QuinwGwbp (1.5) weGgnipntbp (to,J'Zo)eQ ytwnnud: Rwbh np

(15, %°)-0 Ywiwjwyws Yt tp  Q-hg, wyw wwwgnigdsg, np P InLGyghuwyh
hwiwp ntinh nGh (1.5) GneylnupynilGp:

Uydd tGpwnptiGp, np @(7,x) hwunwunnbhg nwppbp wipGnhwn nhdtipss-
gbth $nmblghwl pwydwpwpnid t (1.5) weGsnpjwlp: 8Snyg niwbp, np wyh (1.1) hw-
dwywpgh wawehb hGunbigpuy t 2 -nud:

Thgnip x = @(¢) -G (1.1) hwiwlwpgh YwiwjwYwh (nénw t (1, 7, ) -nud: Snyg
wwip, np (2, (1)) -6 hwurnwnnG b (7;,7,)-nud: Cun puwpn Hnibghwih wowtg-
Jwh YwGnGh

d a®d 0P , P ,
—o t, 1), -, ))=—+— t e — t
Iwydh webbynyg, np ©(¢) -6 (1.1) hwiwywpgh (mémi L, Untﬁhﬁwﬁp

d

60)=22+22 ¢ s+ + 22 £ (o)
U e UL DRSS S ACT DR



Rulh np (7,,7,)-hG wWwwnlwnn Yuwiwwywe ¢ Yewh hwiwp (1)) € Q,
www (1.7)-hg L (1.5)-hg yunwGwhGp

d ) |
zcb(t,(p(t)):-:o, te(n,n).

npG wwwgnigmud t, np O, §(¢)) = const , te (r,r,):
PENpLUG wwwgnigywé t:
Uwhdwlmd 1.2: (1.1) hwiwlwpgh @, (2,X),--, P, (¢,X), (k <n) wnwohG

wtigpwGbpp Yngynid 66 wllwpu (¢,,X° ) € wnud, bp
hGukigpuyGbpp Yngynud 66 wywtu (7,,X°) € Q Ybwnud, bipk

(3, . 3,)
D(¢|,"',q)k)= a..,x_l cee a...x-l
D(xp”"xn) E)q)1 acb,‘

oax, ox,

\ /

dwwphgh nwGqp wyn-YEwnnd hwjwuwnp t & -h:

Ujdd bGpwnpkiGp, np Utq hwywnbh 66 (1.1) hwiwlwpgh Q-nud wllwiu 7 hwwn
wnwohlG hGwnbtqpuw) btp’ <I>,,---,<I>,,: 8nyg wnwlp, np ppwlg dheongny Ywpbiih t
unwGwy (1.1) hwiwYwpgh pGnhwnip jnedntdp: Cwpwnpwipp dwwngth nupdibint
Owwwnwyny, ulqpenud phinwpytip 7 =1 ghwpep:

6y wjuwbu, nhgnp 2 = P(7, x) wlpGnhwn nhdpbptGgbih, hwunwnntlhg

tnwppbip prulyghwt x" = [, x) hwywuwpiws ppbt wiwhe wrwehG hGinbigpuy
od

t Q < R?* whpnypnus, wyuhGpG, wyGushuhG, np e #0, tpp (2,x)€ Q: 8nyg
29

wwip, np P wrwohG hGunbgpwih welwynpintlp hGwpwydnprpynG t wiwghu
(st x” = f(¢, X) hwywuwpnip:
TYhgnip (2,,X,) -0 YuiwjwlywG Y t Q-hgu ¢, = P(t,, x,) : Wnwpyklp

P(t,x) =c,: (1.8)
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od(t,, x,
wnGsmpynilp: RwGh np —gu2¢0. www punn wipwgwhwpn pnubyghwyh
X
qnyntpjwh SwuhG phnpbish qnynupynLl nuGh ¢, Ytwnh hGg-np (2,,¢,) 2npwlwip L wyn
2nowlwpnud npnqwé dhwy x = @(t,cy) InGyghw, npp pwdwpwpnid b hbinlyw)
wwjdwGGephe w) D, Q1)) =c,, te(n,n)., POE,Xx)=¢c. a4 -0

wGpGnhwwn nhdtptGgbth t (7, 7,) -nud L

ad(t,x) /odP(t,x)
ot ox

Q'(t,c)) =— (1.9)

Jt=<l>(t.co).

RwGh np pun plinptid 1.1-h @ $nibyghwl pwywpwpned t (1.5) websnpjwlp,
wwuw (1.5)-hg (7 =1 ntiypnid) L (1.9)-hg htimknud &, np x = @(2,c,) dnllghwh
hwGnhuwGnwd t (1.1) hwyjwuwpdwG psnud: Onihnfubing (7,,x,) Ytwnp Q-nud
YuunwGwGp (1.1) hwdwuwnpiwb {(p(t,c)} 1n16nu§ﬁbnh pGwwGhpp:

UWdd gnyg wwip, np bpk x =W(¢)-G hGs-np (7;,7,) Showlwypntd (1.1)
hwywuwndwG npbt (peénud ¢, wyw Y- wwnlwinud t win pGunwGhphG Ywd, np
GnyGa t, unwgynd t {(p(t,c)} pGuwGhphg ¢ hwunwuinGh hwiwwwnwutuwG
pGupnipjwdp:

bpnp, pun wawehG hGuntqpwih vwhdwGdwG, qnynipyntl nbh ¢, hwunwunni
w)GwhuhG, np <I>(t,\v(t)) =c¢,, te(n,r,): 4pyhlt Yhpwebtind whpwgwhuwyn
$mlyghwh qnnipjul dwuhG phnnh‘dﬁ" Yuunwbwip P(7,x) =c, hwlwuwniwh
x=@(t,c,) (ménLdp, npp dh Ynndhg wwunlwGnud t {(p(t,c)} pGuwGhphG, dyniu
Yynnidhg hwdpGyGnd t Y(¢) dPnilGyghwih htin, pwGh np pun hhawunwlywo
ptnptidh’ fb(t,x) = ¢, hwjwuwpdwh |pLéntdp Shwya t:

UGgGtGp plnhwbnup (n 2 1) nbiwph, tpp hwjinGh 66 (1.1) hwiwlwpgh Q-nud
wlywh P, (¢, %), -, P, (2,X) ‘wnwghﬁ hGnbgpwiGtipp: Cun  wowghl
hGunbgpwGbph wiywlunipjwl uwhiwGiwG (Gpp K = 7) nw GawGwynud t, np
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L)

se e axl ax
detD(¢l’ ’(pk)E e cee ‘-.-‘ #O. (tai)egz

D(x,:x,)  [o®, 30,

ox, x,

8niyg vwbp, np <I>,,---,<I>n wiywh wnwohlG hGwbgpwiGtph wrlwynipyntbp
hGwpwynpngymb Yuw pnedkpne (1.1) hwdwlwpgp: Cuw npnud, wpwnpubGenid
npwbiu nuntignt)g YpGnniGliGp wpntiG nuunuiGwuhpywé 7 =1 nbiwpp:

Nhgnip (to,fo) = (to,x,o,'-',x,?)-ﬁ Yuwiwjwlwh Yo t Q -hg: Cun wipwgw-
hwjin pnLblyghwsh gnynipywl dwuhG ptnptidh (nbu pbnpbd V. 2.3) qnynipyntG nLGh
t, Ytwh (¢,,2,) 2npwlw)p wyGuhuhG, np hwywuwpnLiGtph

cI>j(t,x,,--.-,x")=cj.(j=1,n) (1.10)
hwdwlwpgp C;) =P j(to,.'x'o) hwutnwuntGGbph ntiwypmyd nGh L wyG £ dhwy

T=90,c%) (x,=0,@t,c/,c)) i= 1,n) (nLonLdp:
Cuw npney, [nuobiny

3, 3,9 3, a, C—
at’ + ™ §'+---+ ax"’- g: =0 (j=Ln)
hwjwuwpnudGeph  hwiwywpgp,  YnGtGwbp, np (p;,---,(p: whhwjpnGbph

GYwwndwip
J ’ acpj ’ j .
ax1 A > ‘@, =—a—t'(1=1’...’n) (1.11)

hwipwhwdwlwd hwywuwpnuiGtph hwiwlwpqlG nGh L wyG b dhwy nuénip:
Cuwn Ypwitiph YwinGh' wyn (neénudp wpygned t
D(¢|"",¢k) detD(¢]9"',¢k)

’ (t) =det . =1m

@) =det ) DGy oxy) )
D@, b)) . D@, , -, ®,)
Guwalbpny, tn det, ' - at | k
pw w nnll nr“n rl ! D(x,,”’,xﬂ) n umwgqnl D(xl"”’xn)
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dwwphgh npn2shg’ ytipghGhu J-nmn ujnLGp thnfuwphGbny

o ' ot
Ujnw ynnihg, pwiGh np P, -, P, InuGyghwltipp (1.1) hwiwhwpgh wrwehb

( Cad . ._agi)qhumnn-ujmﬁml 0] =f'_1)3

hGubgpwGbp. 60, wyuhGpl %¢ ;(6,9() =0, te (r,n), (j=1n) wyw pun

(1.7) wnGgnipynuGGliph, gpywé jnipwpwlymp P i dmlGyghuyh hwdwn (j= f;z-)

@, 8(), -, f, (¢, ®(2)) Inlyghwlbpp Lu hwlnhuwGmd &G GnyG (1.11)

hwﬁnwhwzqwut'uﬁ hwdwlwngh (nénd, ipp 2€ (r,r,) 1 Wn hwiwluwpgh NddwG
dhwynipincihg ptunud kG
do;

—L= f,60,6.8°),,9,t,E%) (j=1n)

GnuyGnpynuGGpp ¢ € (r,7,) wpdtpGbph hwiwp: PGty b n=1 gtwpnd

thanpubng (7,,%°) Ytnp Q-md YunwGwGe (1.1) hwiwbwpgh {9z, ¢)}
\ntdmdGeph pOwwGhpp: Uydd gniyg wwbp, np (1.1) hwiwfwpgh  Yuwdwjwlwh
(monl wwwnhwinl t wju phnwbhphl: Gopwnptlp W(t) = (Y, (1),---, ¥, (1))
ybywnp-pmblyghw (1.1) hwiwhwpgh (monw t (7, 7,)-md, npG whgbnud t
(to,io)uhmml: Cuwn wrwghG hGnbgpwih uwhdwiswh qryntpymG mGkG a,,---,a,

hwunwnmGGtp (@ =(a,, *,a,) ytywnnp) wyGwyhuhp, np
(1,0, y,(0)=a,te (r,r,), (j=Ln):
LnyG Ybpy (msting (1.10) hwdwlwpgp hwunwwnnlGGtiph C? =a;, (J =l._n)
wpdtipGbph hwiwp' YunwlwGe §(2,a) = (9, (t,a),---,9,(t,a))  Jbynon-Prlly-
ghwG, npp th Ynndhg' wunluGnu t {Q(7,¢)} pGnwGhehG, Gnw Ynndhg' (1.10) hudur

Ywngh 1ntétiwhG Shusynupjwl 2Gnphhy hwdplGyGnud £ Y(2) alywnp-PuGyghwsh htin:

2° Fwbpwagnuiwph pbipbind wyu Wwpwgpudpmd wpwnpduép Yuwpbh t
winti, np (1.1) hwiwlwpgh n wGywiu wewehlG hGunbgpwiGph hdwgnipntGp
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hwiwgnp t (1.1) hwiwwnpgh hGnbgpdwGp: Ywpbih t wGnby wybihG, bpb hwpnGh t
(1.1) hwdwlwpgh nput wawehG hGnbgpuwy, www 7 wlhwpnGepny hwywuwpmds
Geph (1.1) hwiwywpgp Ywpbih t pbpsp 7 —1 wGbwjnGbpny hwywuwpniGbph
hwowlwngh:  bpnp,  bGOpwnpklp 2 =P, X) =P, X, 5x,)p  (L1)
hwiwlwpgh nplt wewohlG hGnbgpuwy & Un abwpad (1.1)  hwdwlwpgh
YwiwjwywG  X(f) (modwl hwiwp  (7,r)-md gyl nGh ¢ = ¢(X)
hwuwnwwnnl wyGwhuhG, np

O, Xt))=c, te(r,n) (1.12)

od =0
tGpwnptyny, ophGwy, np g#:O, Q whpnyph (2,,X ) Ybwnud, npinbin

t,€ (r,,r,) U Yhpwnbtind wlpwgwhwin Pnlyghwh gnnipywl dwuhl V. 2.2
ptinptdp, (1.12) wnGsnpyniGhg Ywpnn bR x,-p wpnwhwnby X, (), X, (1)
$nelGyghwlbiph L c hwuwnwnniGh dhongny: Stnwnpbnyd
x, =x,(t,x,,x,_,c)-6 (1.1) hwiwywpgh dbg Yuowlwlp n-1
(nhdtiptGghw)) hwywuwpnid 7 —1 whhwyn nbyghwitiph OYwndwdp:
3°. bpbi (1.1) hwiwlwpap hGpGuwdwn t, wyuhGpG niGh
x = f(x,,x,) (i=1,n)
nbupp, wwyw 6wl hwiwlwpgliph hwiwp wewehl hGunbgpwibbpp Gneyluwbu

Yuwpbih t hwowpb ¢ hndnfuwlwihg pwgwhwinnptl sywhudwd, b wyn nbuypntd
(1.5) wnGsnipynilp YpanmGh
oP

f,(i)-£+---+f_(i)-—-—=0 (1.5)
ox, )

wbupp: U nusinnnipyntGhg J6Gp LYoguibGp hwenpn Ybunbpnid:

n

§2. ALY WUrYk FUINLULYY, BV A3 UL LU fIY
UULUEN UL U arL B

1°. Lwhwnpn WwpwgpwdPnd ghowplbing undnpuwluwl ahpbptoghw) hwiwuiw-
paudGEph  Gnpdw hwilwlwpgh wowehl hGnbgpuyGbpp 0b0p uvnwgwlhp (1.5)
welsnpymbp (hipbwywn hwiwlwnpgh hwdwp (1.5)-p), npp Ywpbh t ghuvwplby
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npwbu Swubwywl wéwhgyuGipny nhdtiptlghwy hwdwuwpnd 7 +1 hnnfuw-
wGh (1, x,,--,x,) wGhwpn PnGyghwsh Ghwwndwsp, wpdws  f, -, f,

Pnlyghwlbph nbwypmd: Ujn hwywuwpnudip dwubwynp ophGwy t (wewehl Ywpgh)
twutwlwlt wéwbkgyw Ghpny nhdbptGghw) hwdwuwpndGbph, npnGg phipymd GG
pOwqhwintpjwl pwqiwwhuh fuGnhpGtp:

UnyG nwupGpwgnud Guuwwnwy snlbinyd wpwapbim dwulwlwl wéwGgyw)-
Gtpnd nhdtipbGghw| hwjwuwpmdGiph nplt swihny thwpdtip nbuntpynilGp’ dkGp
YniunuiGwuppblp dhwjG wewehl Ywpgh dwulwlwl wéwlgjwiGbpny qéwjhG (dh
JwuGwynp nbypnud Gwb pyughgéwihG) hwdwuwpnudblipp, npnGg |nLédwG hwpgp
pbpynud bt unynpwlwl nhdpbpbGghw; hwywuwpnuiGbpph Gnpdw) hwdwlwpgh
imédwap:

Yhwpybp w(X) = u(x,, -+, x,) npnGhth HnilGyghwh Gywndwdp

—ai+-.-.+a,,(i)-aau

du
é?l +a,(x)- ax,

wnwoht Ywpgh dwubwlwh wéwhgywiGipnd nhdtiptiGghw) hwdwuwnpnidp, npuntin
a,-G (j=1n) L b-Gujws HrGlghwabn bG:

a,(%)- = b(%,u) (@1)

n

Lwu' GYwintiGp, np UGG h ulyqpwlt GGpwnpmd GGp, np a,,---,a, dnGyghw-

Gtpp Ywhudwd s66 npnGEh PrGyghwghg L www' np npnGeh $nuGyghwih wéw-
gyu06pG neunudGwuhpynn hwdwuwndwb dke dunGnud 56 qéw)GnpkG:

Uju Ytnnud Ynhnwpytibp (2.1) hwjwuwpdwip hwiwwwnwubuwinn hwiwutn
hwywuwpnidp

a,(%) ov

ov ov - _
-E+a2(x)-£+---+a"(x)-$—0, (2.?)

npnbn @, (¥) (j =1,n) $nGlghwtbpp Yblpwnnybl whplnhuwn nhpbnblighih
n-suhwGh Q whpnypnud:

Uwhdwlmd 2.1:  u = u(X) = u(x,, -+, x,) nhptintGgtith pnibyghwl Ywlyw-
GtGp (2.1) hwdwuwpdw (némd G < Q whpnypned, tpb uyl (2.1) weGsnpywlp

nwpdbnud t GneyGnipynil G -hG wwinwGnn pngnp X Ytnbph hwdwp:
Thuwplyynn (2.2) hwjwuwpdwbp hwiwwwnwuhuwGtgltp
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dx, L
7=aj(x,,--~x”) (Jj =1,n) (2.3)

unynpuwlwl nhdtipkGghw) hwywuwpniGeph hGpGwywp hwiwywgp: UkGp gnyg
Yuwap, np (2.2) hwwuwpdwG niuntdGwuhpnipyntlp npnawyh hdwuwnnyd phipdnud t
(2.3) hwiwlwpgh nwunuiGwuppnepjulip: Ujn Guwunwyny wwwgmgblp hbnbjwy
wlnmdp

PBtnpbd 2.1: (2.2) hwdwuwpiwl Juwiwpwlwd nuéntd hwlGnhuwGndd £ (2.3)
hwidwlwpgh wnwohG hGwnbgpw; L (2.3) hwiwlwpgh jnipwpwbynip wnwohl
hGunbtqpuwy hwGnhuwGnud t (2.2) hwywuwpdwG jpednud:

Uywgnyg. hgnip v(X) = v(x,, "+, X, ) -0 (2.2) hwdwuwpdwh nplt jneénud t
G-mi (G Q) uX=¢()=(9,(), -,9, () dtyunp-$niGyghwa (2.3) hwiw-
Ywpgh nplt (nond £ npngqwé (7, 7,)-nud, punn npnud, X =@(t)€ G, bpk
te (r,,r,): Snyg nwip, np |

Y(@(2)) =const te (n,r,), (2.4)
nn0, pun wnwohl hGunbgpwih uwhiwGiwG (nb'v uwhwinud 1.1), YGwGwyh, np v-

G (2.3)-h wnwohl hGwntgpwy t:
Cuwn pwpn $nGyghwyh nhdpbpthgdiwh YubnGh'

dv dv dx, ov dx,
hndd _ e+ . =
dtj_ _ ax dt dx, dt
x=0(t)- x=Q(r)
_ () do,() . v(®) do,() _
ox, dt ax,, dt
ov
=0,@ 2D 14, ) 2@ Dot @ - =P av((")
ox, ox, .
Lwhh np v-0 (2.2)-h (ménud t G -nul, wyw pninp L€ (r,,rz) Ytwnbph hwdwp
a,(§(1))- av(;P D),y @ 28D g,
X, ox

wjuhlbpl’
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N —d_v' =0: te(rllrz)l
dtlx=(»
nphg hbwnlinud t (2.4) wnGsnipyniGp:

Udd bGpwnpkbp, np P(x,, - x,) $nilGyghwa (2.3) hwiwlwpgh nplit wowght
hGwnbgpwy t G -nud: Upg nbwpnd (2.3) hwdwluwpgh (7, 7,) -nud npnadwé Yudwyw-
ywt X=0() motwe dpw P(P()) =const L hbnLwpwp Ywiwjwywa
te (r,,r,) Ybwh hwiwp
O—Qr(pm [ ,gf_ ‘Z] _Za‘b(x)

= 7=(1)

dt
npp gnyg t vwyhu, np <_I>(i) Inulyghwl pwdwpwpmd t (2.2) hwywuwpdwip G

& =%y (0.°%
-a, (@)=Y a,(9) =

Jj=l 1 j=l bi

whpnuyphl wwwnwbnn X = @(2) |nédwh hbnwagétiph pnynp Yhnkpnud:

Pwjg pwih np (2.3) hwywuwpniGbph hwiwlwpgh we dwubpp pwlwpwpnid
6G qnnipjwl  plinpbsh  wwydwGGtphG (a; € C”(Q), wyw G whpnyph
Juwiwjwywb Ytwnny wGgbnud t (2.3) hwiwywpgh nput hGunbgpwiwihG Ynp L
htwnLwpwp P(X) Pnblyghwl pwywpwpnid t (2.2) hwywuwpswbp G -nud:

@tnptdt wuwgnigywé t:

2°. Uydd gnuyg nwip, np nuGbGwiny (2.3) hwiwhwpgh 7 —1 wiywh wrwghl
hGwntigpuibtp Ywpbih t nétg (2.2) hwyjwuwpnudp (qunGy pninp tménudGbpp): Ypw
hwdwp Gwlu gnyg nwhp, np bpt v, (X),-+,v, (X) $niGighwibpp (2.2) hwywuwp-
dwG |nénLdlbp 66 G -nud b W(z,,"*+, 2, ) -0 YuiwjwlwG wlpGnhwwn nhdtintGghih
$nGyghw t, npnqwés R =(R(v,),---,R(v,)) = {(vl (X), v, (X)), x€ G}
pwqinpyniinud, www YV, (X),-+-,v, (X)) -p GnyyGuybu hwﬁnhuwﬁn;ﬁ t (2.2)
hwjwuwpdwb (nuéntd G -nud: bpnp,

oy dv, u ~. OV, -
;a (x)—f-—Za()Za:" o Z [Za,(x)-aTv]=0. xer

i=] J=I j
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pwGhnp v, (i =l_,_l;) PnLGyghwhliphg Japwpwbynipp hwGnhuwbnud t (2.2) hwyw-
uwpiwh (nond G -mu:

Udd wwwgnighGpe, nn bpt v (X),---,v, (X) PnGyghwGtipp (2.3)
hwiwlwpgh wilwfu wnwohl hGunbgpui Gtp 1] G -my, L
|al (.'x')|+~-+|a. (55)' #0, wyw (2.2) hwjwuwpdwl Yuiwjwyws (pwns G -nud
wpynud t

‘ (X)) =y, (%), -+,v, (X)) (2.4)
wnGgnipjwip, npintin W-G6 R = (R(v,), -+, R(v,_,)) -md whplnhwwn nhdbiptGgbih
dniGyghw t: Nephy funupny (2.4) pwlwdkng wpynud t (2.2) hwyjwuwpdwb r_iﬁni_\w-
Gnup nudnLdp:

bpnp, GGpwnptlp W(X)-p (2.2) hwqwuwpdwG nplt (oMl t G -nud, wyn
nbwpnuy’

W _0 ieG:. (2.5)
ox

n

a'(f).iai.f....*.an(f)

ox,
Ujntu Ynndhg, pwGh np v, G=l,---,n—l) $nilyghwitipp, hwiwdwjs
ptinpbd 2.1-h, Gnyybuybiu (2.2)-h iménLibbp BG G -nud, wwyw

~. 0V, L 0V, -
a(x) —+-+a,(X)—=0, xeG , (y=}--.n-1): (2.6)
-7 ox ox,
Yhwwpyblp wydd (2.5)-(2.6) wnGsnpyniGGtipp npwbu 7 hwywuwpnuiGeph
hwiwlwpq a,--a, qnpéwyhglbpp GUwwndwip: Lwbh np

la, B+ +

an(i)|¢0 G -nd, wyw wyy (hwiwube) hwiwupgG nmGh ng
qpmwywa (a,(X),--,a,(X)) (ménd ywiwjwlws X € G Ytwnh hwdwp: NipboG
wyn hwowlwpgh npnzhsp qnn t G -nu: Puyg wyn npnzhsp v, (X),--+, v, (%), w
dniGyghwbtiph jwiynpjwl t
D,,---v,_,,w)
D(x,,---,x,)
Uw Gwlwynd t, np v,---, v ,w DnillghwGtiph dhol qnynipyniG nuGh
dnGyghnlwy  YwhujwémpyniG, wjuhGpG qnmpmb  nGh 7 ginginfuwlwGh

=0 xeG: )
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F(z,,*,2,4,2,) Ymlughw wjbwhuhG, np F(v,(X), -+,v,  (X), w(X)) =0,
xeG:

Ujunbinhg oquiytiny G -mud v,,-++, v, dnbLghwlGbph wilywlunipyniGhg, hbiz-
wnipjwip Ywpbih t hwdinqyby, np F pnbyghwté pwyupwpmd t whpwgwhwpn

oF
IniGyghwih qnynipjwl JwuhG ptinpbidih wwjydwhGtph [-a—¢0 L hGwnlwpwp
w

Yupbth t w(X)-p wpnwhwynby v, (X),---,v,_(X) dnGyghwGtpny G -nug,
wjuhbpl’ GEpYuywglt; (2.4) ntupny:

Jdtpp wpwapdwohg L pinpid 2.1-hg wldhowlywlnptG plumd GO hbwbjwy
wGnnudGbipp.

Bbnptd 2.2: 3nipuwpwlsynip  n-pn Jupgh hipGwywp Gnpdw) hwdwyuwpg
Ywpnn t nGkGwy (ng wybih, pwG) 7 —1 wllwhu wewohG hGuinbgpwy Gtp:

Btnpy 2.3: Uwulwlwld wéwlgywibtpnd qduwihG hwdwube (2.2) hwdw-
vwniwG Ywiwjwywo (nsnud npdnid t (2.4) pwGwdlny, npinbin v, (X),--+,v,_, (X)
InGyghwitipp (2.2) hwjwuwpdwlp hwiwwwuniwuhuwGnn (2.3) hGplwywp hwdw-
Yupgh wiywhu wrwehb hGunbgpuwiGbp Go:

§3. YNTAF b VAPLE TUUTLEYTL UBELA3ULLVEMAL
A5U3 Y QUUUUGA QULUUTUL UYL QUUTe
Huwpltilp nunpdjun

dv o o OV
ax, +a,(x) a_x2+ +an(x)-ax" =0 (3.1)

qéuyhl  hwdwubn  hwqwuwpnudp, npnbn aJeC“)(Q). (j=1--,n) u

a, (f) :

|al (i)l +oo 4+ Ia,l (It')| # 0 : Itnwqu wpwnpubph wwpqnpywl hwiwp bGpwnpbGp,
np nwunsGwuppdon, X° € QYo a, (3*)#0 L hbwnbwpwp a,(x)#0,
x°ybunh hg-np G €  2npwljuypnid:
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Wgnp  f(x,,-,x, )0 n—1 dinhnpuwlwlh wiplnhwn nhdbpkGgbih
$niGyghw t, npndwé wpgnusbGunGbph wyG (x,,+-,X, ;) wpdtipGph hwdwp, np
(X%, x,)EQ:

npne fubnppp  (3.1) hwdwuwpdwl hwiwp  Jupwbnd b hnbjwinud gunGb|
(3.1) hwwuwpdwG wiGuhuh v = v(x,,**, X, _,,X,) Lnond, np

v(xn'"’x,._nx:)=f(-x|""’x,._|): (3-2)
8nijg wnwlp, np nlbbowny (3.1) hwt(wuwndujﬁn hwtwwusnwuhswbnn (2.3)
unnpwlwl nhpbiptGohw) hwywuwpniGiph hwiwywpgh P, (x),---, P, (%)
G -nul wilwiu wrwehG hGwnbgpwiGapp, Ywpnn Gap qunGby (3.1)-(3.2) Unznu fuGnph
(Shwl) (nLénuip:
bpnp, Xttty X, thnthnpuwlwGabphg wGglLip FATSILIY A
hinthnhuwwGabphG
0
D (X, X5, X, 1, X,) = 2,
D (X, %, X, X)) =2
2( | 2 n-| n) 2 (33)

-(xl’xz’""xn—l’ 0l = Cpm

pwlwabbpny:

Rwlh np P,,---, P, , wowghG hGwbgpwiGpd wiiwly &6 G -nul, wupw

n—l
a, (=0 ww)dwbhg L whpwgwhwyn pniblghwih gnynipjwlb dusuhG pbnpbtidhg
hbwunud t, np (3.3) hwdwlwpqp dhwpdtpnptf (nudkh t X,,"--,x"_, wlhwjnGtph

iywwdwdp

....... .................. N (34)

Xy = Wn-l(zn'"’zn—l) :
Qwiwdwys win pinptidh’ dh Yondhg wy,---,w, | pnllghwlbpG whpGnhwin
nhdbiptiGgtiih GG, Gjnu Ynndhg, bipt GawlwlybkGp z? =<Di(i°) (i=1--,n-1),

www w,(2),,20,) =X, (=1,n-1)



Lwhwlytip

v(xy, o X,) = f(w (@ (%), @, (R W, (@ (X), -, P, (X)) (3.5)
L gnyg nwGp, np wjuyhuny vwhdwGywsé v InbGlyghwb hwbnhuwbnud t (3.1)-(3.2)
luGnph nénud: bpnp, Gwpu pun Gwpunpn YGuinh, (3.5) pwlwduny npnaynn v

PnuGlyghwl hwlnhuwGmd t (3.1) hwjwuwpdwh pacomad: dopgbtipng x, = x:. puwn
(3.3%-h,  ymGsowep  D,(x,,,x,,, X0 )=z, huy pun (34N
w,(Z,,7,2,,)=x; (i=1--,n~=1): UpynGpnid (3.5)-hg unwhnLl blp '

i o'
VX, X, X, ) = F (X0 %,0),

wyuhlpl pwywpwpynmd t (3.2) uyqplwlwl ww)dwbp Lu:
UGpwgwhwjun $nGyghwyh dhwlynipyniihg whdhgwlwlnptb htwnbnd t, np wyb
dhwpdbip t npnaynud (3.2) ulyqplwlwl wupdwbny:

§4. UNTNR VARAE NUUUUE LULUUULUTY LU

Yunwpyblp

-, Ou _. Ou
al(x.)._a?l-}-...-}-an(x). ax

hwywuwpmdp, npp YwiywGbGp qéuhG, bpt b(X,u) = (X) - u+b,(X), L
UhuwqdwjhG, tpt b -G qow)GnplG sh Ywiuwéd U -hg:

Uu wwpwgpwdpnd dblp YnpunwplbGpe Ynym pubnbpp (4.1)  bwywuwpdwG
hwdwp, Ghpwnpbind, np  a,,---,a, Inllyghwlbpi wGpGnhwwn nhdtipkGglih bG
n-swhwGh Q whpnypnud, huy b(X,u) = p(x,,-+-,x,,u), n+1 hninfuwyush

pmullghwl weplnhuin npdbrttgth t €, ={Fu);ie Q, [W@|<M}

=b(X,u) 4.1)

«quuinui», M >0: bGuwbu  Gwjunpy  wwpwopuwdmd, YeGpwnpbGp, np
{a;} (j =l_,;) qnpéwyhgObpp dhwdwdwbwy qpn shG nuetmd Q wnppnyph ns dh
Yownd:  Un  nbwpnud,  pwdwlbing  .(4.1)  hwywuwpdwb  bpynt  Swubpp
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‘/af +-et af -m Ypw, wnwlg pnhwlnpnipymGp fuwlunbyneg, Yuptkih t b ulqpwGt
bGpunnpbl, np  |a, (J"C)|2 +--+a, (J'lr')lz =1, ¥eQ: Nuwpduw, ‘wnwig

pGnhwGpnipnilp fuwhanbint Yupbth t Gpwnpby, np nwnwGwuhpdnn X° € Q
yowonuwt a,(X°) # 0 L, hnbwpwp, @, (%) #0, X° ybwh hig-np G C Q 2powiuwy-
poud: .

by wuwybu, nhgnp ¥’ e G Q, a, ()0, xeG, f(x,-x,_)n
n—1 thnhnfuwwGh wlpGnhwwn nhdbtiptiGgtih dnGyghw t
G, ={%, ¥€ G, x, = x } whpnupnis:

npme pulnppp  (4.1) hwjwuwpdwld hwiwp Yuywlbmd b hbnbyjwind” qunGb
wjOwhup # = u(X) nhdtptGghh $niGyghw, npp. G © Q whpnypnid pwiuwpwph
(4.1) hwjwuwpdwbp L

u'co S Uy, Xy Xy) = [(X5000 X, ) (4.2)
ulqpliwywl wwydwGhG:
. MnudGwuhpynn (4.1) hwdwuwpiwGp qruquwhtn nhunwpytip
X =a;(%), (i=1,+,n) (4.3)

um[nnwuwﬁ nh$tiptiGghw) hwywuwpmabbph (hGplhwywp) hwiwywpap:

GpwnptGp  T,,7,,*-,T,, Hwiwwlws pdbp GG wlGyhuhp, np
(T, T T X )EG b X=§(1,7,,-,T,,) ublunp-PrGlghw  (4.3)
hwdwyuwpgh w)G (neenudl t, app pwywpwpnd t N TITT

x0)=1,, x0)=1,, ... x,_,0)=1,,, x0)=x, (4.4)
uyqpiwlwl wwydwGGephG: Canmbbiny ,

x; =Q,t,7,,.T,,) (=1--,n) (4.5)

hwiwywpgmd £,T,,-++,T,_,-tpp npwbiu Gnp  dhinghinfuwlwGGbp  wpunwhwjntiGp

npwlp x,,---, X, thndinfuwlwGGtiph shengny: Lwfu GYwnkGp, Ap hwiwdw)h (4.4)-h

hwywuwpnudGhph' (4.5) hwiwywngp X, = x° (i =1,---,n) dwu dwubph hwdwp
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whGhwpnnpbG nGh (0, x°,++,x°,) (monudp: Snyg wwulp, np (4.5) hwiwlwngh

juinppuGp  qpn sh queGnd (0,x,-++,x),)  Yewnu:  UpwGhg, {o,}

dnGlyghwlbph wGplnhwun nhpbptGgbihnipyniGhg L wlpwgwhwyn  pnilyghwjh
gnjnipjwl dwuhlG ptinpbdhg Yhtinbkh, np wyn Ybwnh hGs-np 2powlwypnid (4.5)
hwiwhwpqp |mobth b L, hGnbwpwp, x;,---,x, thnhnfuwlwGGlphg Yupbih t

waghty (¢,7T,,---,7T, ;) hnthnfuwywhGhphG:

Lwlh np pun GGpwnpnipjwl a, (¥°) %0, www (4.5) hwiwlwpgh jwynpywGh
hwdwp YynGaGwGp

a,(X°) a,°) - a,,(°) a,()
detD((p“...’(p”) _ 1 . 0 0 0 -
D(t,1,,--1,) Ou0a)

0 0 1 0

=(-1)"a, (x°)#0:

6y wjuybu, (O,x,",---,xf_l) Wanh  hGgnp  powlwipnid  (4.5)
wnbgmpynGGpnd Ywpbith t (4.1), (4.2) flnpaud x,,--+, x,  thnthnfuwlwGGhphg
wGgtty (¢,7T,, -, 7T,.,) mnu\nruwu‘wﬁﬁbnhﬁz
LawGwyklGp
w(t, T, T, ) =u(@, (T, T, ), 0, (1,7, T, ). (4.6)
npunbin « -G (4.1)- (4.2) Unne fuGnph npnGbgh (nednudG t: Ugn nbiypntd

dw | du dx, e L, ou
E’}:@(:)_[;axj dtjl —[/Z:{a}(x) axj} '

x=(t) x=9(1)
w)juhGpl’ (4.6) GawGwyniiny (4.1) hwywuwpnudp YpGnnuGh

dw ~
gt"=b((p(ttt|9"'1,,_|)vw(t,t|,'"t,._l)) (4.7)
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wbupp, puwnn npnud, W dnibyghwh whwnp t pwydwpwph
w(0,7,,-T,. ) =u(T,,-T, ., x) = f(T,,-°T,,) (4.8)
ww)jswihh:

Lnwtignd (7T,,:-+ T, , wwpwdtnphg Ywhudwé) (4.7) unynpwlwh nhdtiptiGghuwy
hwywuwpdwh hwiwp (4.7)-(4.8) Unznt fulGnppp, nph Shwly (pénuip wwpwidkwnpbph
Yuwiwjwluwl hwunwinwgpdwd wpdbpGtiph ntiwentd qnynipiniG nGh pun b, @, w
Pnblhghwlbph nnnpynipjwl (npwibp whpGnhwwn nhdbipkbghih $nibyghwibp G0) L
www (4.5) pwlwdbbpny whglbind ¢,T,,---T,_, dnthnjuwywblbphg X, -, X,
hndinfuwlwaiephl’ Yunwlwbp (4.1)- (4.2) Unzni fulbnph Lnednudp:
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