TM!h

yle " F ()L f(x)
v . I -y I .r : -y b
Hoxazarensctso . L'F ( y] = 4 — (}] = — = }I ) = ! / [x '}) - / (x J) dr=In [II T (.T., y)fﬁ_'f (x, })} dx .
FO=TFY T e : ¢ B S
e-“

)

eﬁ‘

eV D
[Ipumep . I .-’jx dy = [e” J =—=e" ,0TCHa L"'F(n) =1" [e "
1

En’?

==

1
2=l

H n

}_ L M2I2-(2-1) p2'n2-2" 41

EH‘

I-n’*"1(n] = H_r (x")” - n_f i * v = ﬁj X" In xdx = H[[% In x]_ —111 .f"'a{r} = Gl = el ‘
1 i |

X X

[Tpumep . TTycTh HYKHO HAHTH (DYHKUHIO f(_r) TAKY10 4TO SIN (I! f(u) Lff.‘] = g(x] , TIe g(_r) nanHas (pyHKuMA , HakaeM [ MpoM3BOAHYIO

tan [1‘{ £ (u)du

i +/1-g*(x xe'lx
L} [EI f(u]du];f(x) , OTKYyZa %f](]msin g(x)f(t) o T ( ) .

i {Sin [,r,j;-(u)duﬂz I'[ f () dl J X [L]Ef(u)dr.}:fﬁ_'g(x) JLf (p

(x)) =L'f(¢)L'o(x) . .-’.j f(u) du =arcsin g(x) , tan [Ij (1) du

0

xg'(x)

+1-* (x) aresin g (x)




ObbikHOBeHHBIE L audepeHUHANBHEIC YPABHEHHS MIEPBOTO MOPAIKA .

0,

Mpumep . L'y = f(x) =y :c.-’.j 1 (x)dx :wzJ 5

)

; i) 4 1 x) . .. A=),
Hpyroe pewenne . ?: = f(x) Myers y=¢’ = u—é(‘{) =z o=z % = /(%) dep = dei #(x) =I@Jx +c .y ={-.’! ' =C{’.'F BT

[pumep . Ly =y 2 =y 0=y i =§ =>l = —(]nx+c] , 3HAYMT V= — 1 :
y y X ¥ Inx+c
Mpumep . L'y + p(x) y = g(x) Myers y= L ILoyr= A Haiisem Gyukumo #(x) Takyo yro L g(x) , nosromy S i) = g(x) il = g(x w'(x) =
v hu v u Inu wu ulnu ulnu
() jee () =
o e d b e L'v ' S X okl b iy e .
j” ];:1.' :I g(? * hhu :IH(IT)T In 2 (x) :n:*'[ * , OTCHOa g(x)—h]—:—kp[x)y:g(.r):} —h]—l +_.=J'(Jr:]IE e =0 L'v= p(x}r:j A 1|f':1:*eI g o
& e Py B d ¢
CCITH F(T) =p g(‘{') =g NoJayuMm Inu :eg'[ x :c‘q]m" =x* ,-r"u: pe £ = F,g’“’“ — pf = ‘,.-':c_'(f[ x . =ref = Inv= '] +hhe= B +cC,0TKYOa V= j
g g P s
£
J yi o I% e % N
Jlpyroe pewenme . ~—+py=g . Myete x=¢' t=lnx y=y(x(r)= y'=/x' 3= ,y/="-= —S+py=g, —S+p=g, “tp=¢g,
" X, : y y ¥
' 2 ! 2l Jﬁ dﬂ it r e A
y(t)=alt)pl) = B+ fa-gaf=-pa’fF, af+a(f -gf)=-pa’F, f-Pg=0, E=ﬁg, E=gdf JInf=gt, f=¢" 2ae =-pae”,
S
a'=-pa’e” , C —pa’e” ﬁ =—pe” df = i S : , moatomy y(1) = = y(x)= =
d o e HE Lo 4c Per vc Fete

4 £ £



[Mpumep . ytan ylL'y =cos y—1. n‘_i,-’CTI:Z(I] :msy[-) Toraa L, z[ ) L, cosyf y=—ytan yL 'y, thus f z=mli—zy —=l—E 2=
z X
x " 4
pelleHHe 3TOI0 YPaBHeHUs = [t) = , HTAK COS y(x} =
c+Xx c+Xx

= xy 4 xy'sin y

Hpyroe penienue ytan yL'y =cos y—1, ytan yl =cosy—1,xtan y=cos y—1, Y - cos y—1.Ilyers z(x) = cos y(x) , orcrona
CoS
; xz' . g
z, (x) = =1-z,7'=
2 X
L ﬂHd)d)CpCllllHaJThllmc YPAaBHCHHA BBICIIICTO TMOPAIKA .
.ll'r:-d'.'

—lv

Fi) ¢
TMpumep . Ly =F (. ):bfy—cfj-! ) dx = ce‘j A :>1—|: IJ-(Cf_l-f dr)dr:u:el ¥

f"{l{ J-) .
o ' p H—..T‘—.T"‘f '(g) ot
Jlpyroe pemeriie L'y = f (x) & 1+~ =F(x) . Tyers y = £ (g(x)) . g(x)=lx= y' = 1y (e) Ve = - / ﬂ.j =
v v x X X

! i X- 2 X r__ ! £ " ! 1 "t
fo 2k L X :I+"lr / —f—,:f, —%:}f—,—%:;”(f) , 3HAUMT (Inj"—ln.f)':F(f) d=g(x)=hx, bf'-hf= If f)dt +c, ,

p Pl

@ X

j? o (:j}"i."]c.tr-c. = (_'|(4,’[J--11}c?? ‘i‘r{ ,j:’ “wd In f| -[Lj;.-[rln‘r di + c, *j. (:] - f.‘:,_(:’q'Fir Fie) g 5 g = ﬁ - f(ln x) _ CIEI'.I i B |
" g

P 2
ﬂp}"mﬁ pGI[]EHHE " r[}"CThI :Errf = In X, 3TO ,.T[aCT_}J = -}J(I(f)) H -Ffrﬂ}n" yx _-}}_-"zdp: J. y‘t i B 1{ B y”"'=(_yr*xr') _V ”T"xr T 1“ I-'”ﬂ}.u'“ (Ir') i.yr"rrr" = .f]'J.u'"EEr E.}Jrrﬁ’?_r':f'l -
.'-'E'
I
Fix o
Er (J{.," = ylr:]e 21 Er V*E_I . " VJ. .F 'f"'-""'"d,l dx -IEI x .
_m : . a & |'-| - (o
Vo' =(}’"" —y,']e"’ ,Torza 1+ ———=F(1) , Torna =——-=L=F (1) , y(1) =’ ydt=— y(t)=ce” * .
yf:ﬁ—r }; yrr }J x



A¢ +qc

. - dt

Ll ! Jr r 1'."1 ¥ _1 1—" X 1’”1’— ]," 2 i J 2
Hpyroe pewenne . 1 + l}, . A =F(x) ‘}—r e A (x) , toe G(x) = L . Myere - ) =u(x) , urax u' = # =2 —[‘}—] , TIOJTyHdeM
Yy y y v y(x) y y \y

4 5,0 ' +u'y : T [ i)
y'= y['—] +u'y = yu +u'y. [loacTaBuM 3TH BBIPAKEHHS B YPABHEHHE , BBIBOIHM Liadlii b ARONER (x) , 2 =G (x) . Pemenue 3roro ypasHenus u (x) =¢,e‘|” | snaumt

v uy 1

; Fisld
) i el g | Flr q [ adx
= =cleI” . Pewenue storo ypasrenus y(x) = c,e ] =08 s
ycts F(x)=a=> y=ce® =cc” .
i+l

Mycte F(x)=2-x= y=ce®

} . C,
Myers F(x)=(2-¢)x+1> y=——32—

el’.'lll‘ +r + x E—l:’ c_'l
[Tycrs F(x) =x-tanx+1=> y =( CDS‘I j G
| —smnx
. I_}JH‘ x})i‘ qi‘i‘ q_! '
[Mpumep . L'y = Ay 310 ypaBHEeHHE IKBHBAIEHTHO ClieylouemMy ypasnenuio | +— ——— =21y . Ilycts y=¢(Inx) , orciona —-—-4g=0, 4 =ul(q) ,
i LT
uu  u u a
orkyma ¢ = u'u , ypasHeHue TpaHchopMupyercs K ypasHeHHIo — ———Ag=0,u' ———Ag =0 Tycrs u(q) = a(q) lq) . snaunr o'+ fa - Ll -Ag=0,
u o q q g
¥ 4 d ] ' ¥ d +
Hﬁ+ﬂ'[,6 —EJ—it}' =0 , d_ﬁ :£ 310 gaer f=q . nonyuuM ag—Ag=0,g=20,a' =4 ,a=Ag+c=u :(;Iq+c)q:ﬂ.,q‘ + ¢ , HAXOIHM F{: =Aq +gc,
q q9 4
| g = ece & e x'es,
rmef=Inx, torma —In =t+¢ , In =ct+¢ , TOTOA — =’ ,50¢g=——— , II03TOMY y = : = =8
¢ Ag+c Ag+c Ag+c 1-Ae"e, 1-4e"¢ 1-Ax‘c

Jpyroe pemenue . L'y =Ay . Hycets L'y=u(y) , torma Ly =L u(y) L y(x) =L'u(y)u(y) , Torna L'u(y)u(y)=Ay, LN Y
: u

E]



b (0 g 4 ' ) = db 1 ' =' ¢ x‘eq
u=4a, i=z1’,,r.‘=)iy+c',Ly=A’,y+cj = =,F|‘,y+c,nmmmy.xﬂziy'+qy1 L=—r , OTKyaa = In = =Inxg , oTkyna s =(xc']] = x°q P =—
dy y dx y(Ay+c) x c Ay+c Ay+c 1-Ax"¢

['pannunbie yenosust y(1) =1, y(R) =2, rne R > | nponssonshoe uncno ecmu A = 0 , 3HauuT y = x°c¢; , IPUMEHEHHE NEPBOTO TPAHMUHOTO YCIOBHS naeT 1=cc, |
NPUMEHEHHE BTOPOIO IPaHUYHOTO yeiloBus naer , 2 =Rce, , otkyna R° =2, ¢ =log, 2 , Toraa cobcTeeHHble pyHKuMn y = x'*%*

G Rice o " 1
[Tyers A # 0 , Torma =1,32= T Haiinem ypasuenne R (¢ +24) —2(4 +¢) = 0 370 ypaBHEHHE MOXKHO PELIHTH YHCIEHHO , ¢, = 7

- Ag - AR ¢+

C(Z - R ") x e g ] P_[_:]‘i*
CobcTBeHHBIC 3HAUCHHA A = m , cobcTBeHHbIE PyHKUMH V = # Haiinem L ot stux dpyuxumi L I y(x)dx =¢' :
g po f
1
Ey(x) , B xlec 1 8d(1-Axcq) 1 . aofreT £ L) 0y g W
j uﬂrz'[—_‘cfrz—j ‘ =—]n[]—ix‘cc1) ==In| —— _,Lj‘y(x)ﬁ.{rze' SR o ———— |
o I —dx'eg Ay 1-Axeq A E ol l=ARe 1 1 -AR e,
Haiinem pemenme ypasHeHHS q—J = 8 Ag=0,4"q —[q’)3 ~Ag'¢=0,rne g = q[f) meTo0M tanh . PaccMOTpHM OHOPOAHBIH OanaHc MEKIy BBIPAKEHHAMH ¢ ¢ [EJ')I . qq
g 4

MOy MM [q"q)((z +n)+ n] = ({q'):){l + H): =(q'q1){1 +n+2n), Torma n = | . PaccMoTpHM HOBYIO He3aBHCHMYIO TiepeMeHHyo B BHie ¢(7) = tanh () .
PenieHue JaHHOTO YPABHEHHS MOJKHO MpeacTaBHTh B Buae ¢(7) =D (@) = iajg&’ =g, +a,$ , uTO IPUBOIUT K U3MEHEHHIO TIEPEMEHHOT
=0

! AdD  d& L andd  dO d®
(1= . ZF=20-)s 2 +(1-#) »

A
dg* ° dp de’

[ToacTaBuM TH BBIPAXKEHHA B YPABHEHHE , TOTAA MPYNNEPHPYS WIEHBI ¢ OJHHAKOBBIMH CTENEHAMH ¢ MOJYYHM MHOTOYIEH OT ¢§ , MpHpaBHAEM KaKIblid KO3(PQHIIHEHT 3TOro

)(a +ad)-((1-¢)a) -4(1-¢)a (4 +ag) =0

2

noauHoma K 0 nonyuum nepeonpeieneHHyo cucreMy anredpanyeckux ypaBHeHUH (—2(1 —qﬁl)gﬁi‘] + (] - )
a,+Aa =0

2¢a, + 2¢°a, +a, —ap’ +Aa, +2Aaa@+Aa’@d’ =0, {2a,+24aa =0 . Pewenue 310l cuctemsl g, = ijl

2a —aq, +/iu]3 =0



1 1 I} ] 1 2smh ¢
t)=®(¢)=————tanht =@(g)=——-—tanh¢ . Il =—(1—tanh ¢ = " —_—

rora (1) = 0(¢) =~ tanh 40 =0 (9) =1~ Luanh 1 Tiponepra g =L (1-anh) =L g2 2L

ESMh: l[l—tanhf)—{—_l . ] = [ )[ (1—tanh ) J = — 1 - [Esmhr(l—tanhf)— ]_, +(1—tanhf)lj=
Acosh® 1t A Acosh” ¢ A cosh” ¢ A-cosh” 1\ cosh ¢ cosh™ ¢

1 2sinh¢  2sinh” ¢ 1 2smh ¢ " 1 sinh” ¢ 1 1 cosh® r—sinh” r -1 _ 1 1-1

=— 5 - e == +tanh™ 7 | = — 5 —+1 |=—

A cosh™t\ cosh7 cosh ¢t «cosh ¢ cosh 7 A’cosh’ | cosh’t cosh’? A’ cosh™ ¢ cosh” 1 /1 cosh” 7 cosh” r

1 1 2sinhs  2sinhz [ 1 [ 1 1 3

=——(l+tanhyt) , g =——— . qg"' = s ——(l+tanh7) |- — Al =—— || =—(1+tanh¢) | =
1 A ( ) 1 Acosh” 1 1 Acosh’t ~ Acosh’ ¢ { A ( )] [;1 cosh” :] ( A cosh” J( L ( ]J
- | : (—ESmhf(]_{_mnhE]_ (]+t1nh )J | 251nh.f_25mh;.f_ l., +]+2smhr smh';f _ | : —smh".f—lfcash"f:[}_

A-cosh” r\ cosh¢ cosh” ¢ A-cosh” | cosh¢ cosh” ¢t cosh ¢ coshi cosh r A cosh” ¢ cosh” ¢
Do paer y(x) = —l(l + tanh (In .r]) w o %x? , cobcTBerHble pyHKUMH y(x) = 2 (] —tanh (In x)) e s . Haiinem L unrerpan ot 1ol GyHkumn I,_[ y(x)dx = Jiﬁ ;

2 A Ax+1 A Ax+1 :

R R 2 1, 288 2 l 2

v(x) 2 2R’ e | 2R R : 1 I 2% ¥
'!Tdrz'[mdrzmﬂl+l , IO3TOMY :’_! y(x)dy=e* 4 —[R:,__l_l] .Dl‘cm,-‘.la}f(x)=—E[l+tﬂnh(h‘j.‘{.‘))=—1x1+l , cobCcTBEHHBIE PYHKLMH

r'-',|-|'.1.'} ) ; l
1 . ¢ e Tyl £ 2 2R’ p 128 2R* VA
Nx)=—|1—-tanh({lh x}] =— . Haii [ ot sTOH Ll vix)dx=¢' di=|——dx=In all yix)de=et ¥ = )
}(.x) }1( an (n r]) PR aiinem [ ot 31o# hyHKUHH Jl‘}{r) X=e ‘][ - i J:x(tz " l] o = OTKY A I}[r) Iy = ¢ TR
' x » xy" ’ & = xg' de 2g deg dx
Mpumep . L'y +Ly+1=0& 1+ =+ +1=0 = =-2.Myers Y =g(x)=>y"'=g'(x) ==22=-"2 2-_2—
y by v ¥y g dx X Y X

g(.x)| = —2h1|cix| Siplal=ert Y= :b*y=ﬂ it :
X

In

Jpyroe pewenne . Haiinem /. uaTerpan ot AByX yacTel JaHHOTO ypaBHEHHS LI (L"y+L'y+1)dc=1, Torna (.-’j L*}dr] : [IJ Ljufr] : [.-’J- afr] =1,tormac -Ly-y-x=1, Ly=

g |

X > &
=== YoeX ¥
Xy X

MO3TOMY



g r ) ’k:lfk':l[ ¥ 2 2 oE . ; )
an?ﬂﬁp : Ltt}J—FF"Lr_}J 0 = I+ﬂ _i _} - D HFCTI }’ :Exlx;. —, }Jl :L;;I.T]gr(x] _}'” :L,ad.'r:l (gr(x)) +€E,;|.T:|Hrr(x] ’] ’ X& (t"} (T)] t!'} (\'—) +(r _ I]— =0 !

R g’ (x) ¢
o' (3) +2"(9)

1+ +(r=1)xg'(x)=0, 1+rxg'[.t}+xg () =0 elx) =aix) =gl =), 4+ =0, u+ral +x' =0, u' +1f +2 =0, u(x)=a(x)p(x) .

g'(x) | g (x) u x
a'ﬁ+ﬁ'a+m’ﬁ"+a£=ﬂ,ajﬁ’+a[ﬁ'+£]+m”ﬁ’=U,,B'+£= e ’3 de; % , hp= —]nx,,{i'= ,torma = +ra’ i—[]' a+£—0 PELIEHHE 3TOr0
X X 2 dx x B X X X
ypaBHEHHSA fr[_r) = : , TOTJa r.*(x] = = 5 g'{x} = CE N clx)= J-L =—In(Inx+¢)+c, , mosromy v(x] :;r;*%]m]“mJ T = (]n x+c) ¢
rinx+c¢ x(rinx+c) x(rnx+c) x(rinx+c) r ;
Hpyroe pemenne . Hainem [ mHTErpan ot AByx 4acTed JAHHOTO YPABHEHHA LI {L"y +rf,'y) dx =1, orciona (IJ L"iycfx] . (;"j uL'iydr] =1, orxyma L'y- ye=1, snauut e i_, .
O

; C 1
_}J*_}J’ b= _‘.r . PGI[IGHHG ITOTD YPaBHCHHA _}J(I) :(In X +f;’)' C .

[pumep . L'y +rly=R & l+n—:' —£ P i IIycts y =& =/ = ¥g'(x) J' =¥ (g*[x)): +eg"(x) ,
i ¥ 2
xex[l o X 3+ L ¥ ) ot ¥ H; ¥ 2 " M ¥ N7

+ ((L ( }) gl ))+(r_])r{—g.,() =R, 1+ (( ( ]] g ]) +(r—1)xg'(x) =R, l+rxg’(x]+x§" () =R

Elx) _r £l ¥ ¥

eig'(x) e g'(x) g'(%)
SN =u(x)= g () =u'(x) , 14mu+ =R, u+ral +xu' —Ru =0, 4’ +1 +=(1-R) =0, u(x) = a(x) B(x) .

u x
adf+pfa+ra’ +”’TB(1 —fe):n,a'ﬁm(ﬁw'g( ]J+raﬁ“ 0,8+% (1— )=0 d—d’f:‘i—j(h‘—l) :
R

i) dr(."{—l) mB=R-1)hx, B=3""'=aB+ra’f =0, a +ra’f=0, a +ra’s""' =0, ﬁ=—rc;tf o 2L e de , — A L l=r£+.r: ;

X dx B R o R



= Infrx®+efr +5
—==In [m:” +¢)+c, = In(m'u +£*)' bei=say=pe L = [r_r” +c) :(qx” +c)"
' e

Rx™ " dx dx* I l : 1 !
_ mw+e _j
R R

R
Myctb r=2,R=2,1orma y=+cx’ +c .Myctey(1)=1,y(1)=2,1orma c=-1,¢ =2,y=+25 -1

Hpyroe pewerne . Haiinem /. mHTErpast OT IBYX HacTel NAHHOIO ypaBHeHHs [ I L"y+rLly)dc=¢x" , (Lj I."ydr) (;’j rf.fudr) =¢x" , nostomy L'y- )" =¢x" , orcrona

"

1

VY =¢x"" . Peluenne 31010 }’paﬂncrmﬂy:(c]_r” +c]F :

1
o I = ; = ,
TMpumep Ly (1) +2L'v(¢) +1=0 , otkyma nr—t+i+2 =0, Torma y=q (% +c3] yers y(1)=1,)(1) = ——; ,torma 1=¢ (l1+¢),) =c —l[lﬂ*:] {—l] :11(—1+ch
y

y L ¢ 2r
—, . . :
T 7'(1 +f-'_-_!) 2 , 3HAYMT HAWIEM C‘I = 1’4‘,?':' = 0 IIGB’I‘GMY I‘J(f) = A
:3
% = x(!) | I
.f 2
Hanwuuiem 310 ypaBHeHHE B BHIE CHCTEMBI ) 2yl MOCKOJTBKY PemeHHe ypashenns naiineno y(1) = ¢ (_ +C‘-‘] g e e i
X X =
dt v !

1

%)= ﬁ ( ] [ ;i] , HayabHbIe ycoBHs M depertnatsHoro ypasuenus y(1) = 1, x(1) = —% ,then 1=¢ (l +r;'3)E ; ——; = —%(1 +£'3) B =ke=k
|
2



(a2 2x(1)
() z(1)

= !
10 He aBTOHOMHAA cucTeMa M depeHIMATBHBIX YPABHEHHIT , TOr1A onpeaenuM HoBYw QyHkuuio = (1) =7= e 1, nomyuum + % =x(7) + 0y () +0z(1)
! !
d=
— =1+0x(¢
£ 1+ 0x(0)

4

1

JI"I"

Y (a-1)2 +2=0.Tycrs a=2,1orm y=c G“J y(l)=1=}’r(1)=_%1
JJ‘ }

Mpumep . L"y(1) +al'y(1)+1=0, orkyna

¥
: 11 2 1  fi E : ' 1
Torma 1 =¢, (1 +c:)3 V= E(; +.:':] [_FJ =%[; -HEJ =5 =%(] +c_1) ? , 3HAUMT HaitneM ¢ = L¢, =0 nostomy y(!) =7
f:
f{h‘l
—_— :'T l’ |
D) o

Hanwuumiem 3To ypaBHEHHE B BHE CHCTEMBI 4 ) (f) 5 (.f] , MOCKONBKY PELISHHE YPABHEHHS HAHASHO y(!] =¢ (— +c,j CYILIECTBYET TAKMKE
b oy X t -

fﬁ_

| di ¥y !

[Tpumep . 1" 1(.17) +r L y(:{] 2 +rlL’y(Jr] + g[x) =0 . INopsnok 3Toro ypasHeHusa MO:HO nmOHW3HTH . Hafinem [ mHTErpan ot aByx yacTel JaHHOTO YPaBHEHHS

LJ- (L'"’y[x) +r L p(x)+.. +nLy(x) +g[x)) drx =1, Torna [II .’J":'_l:(x]aﬁr) (.-’j r L y(x) dr) - .,-(Lff;.-’.j}(_r) afr) (J’I g(r)uir] =1,

torma 1"V y(x) -(L'"'” y(x))" () -LJ g(x)dr=1.



[pumep . Iy = f (f Lot R K ) llopanok 3Toro ypapHEHHS MOKHO NOHH3HTE , €CIIH CAENATh NOACTAHOBKY L’y(x] =u (.x) , OTKY 14

AN C Y I A ) [ J"ny(x) =1""u(x) , snaumt nonyunm ypasnenue " " f(ﬂ” g o H,Jr) :
i g ; 1 d cx
AT s i ARG | S W S S (I e N S N . . . |
v u 2u(l-u) x u(l-u) x
1 1 dlx G x)  xe y Xxc dv _ xq 1 s :
—+ du=2— , hu+mn(l-u)=2hx ti=—"—, —=—""—1—  —=—»>1_ = dx, hny=—Inlx'c +c} ,y=.x'¢ +c .
'[[“ ]—“] I x ( ) 1 Xe+1  y xeg+l y X+l y g +1 Y 2 ( ' ] ] '
Mycts y(1)=1,3(1)=2,Tormac=-1,¢ =2,y= V2 -1,
[Mpumep . L"y+al'v+ay=R . llycte L'y = u[y)j f.'}f:f.:_u(y).’,_:_v(x] :L'u[y)u(}:) , OTCIOMIA L’n(y]u[y)+au+a y=R, iL.lr-r-.nrzz,.'+.z;' L y=R ,yw'+au+a,y=R,
. i
R R R d 1 R
:,.'*+q:'.'l£+af.'2 ——=0,u(y)=a(y)8(y)=aB+fa+q -‘aﬁ+ﬂ: ——=0, a'ﬁ’-r—a(ﬂ'—r—al E]-{—.ﬁ3 -—=0, L =—q E:} hfi=Iny? B=yp" iﬂ—pa —=—=0,
8 ¥ B ¥ F ¥ dy K ¥ ¥
At 1 dﬂ" 1 -1 i yﬂl ..}:‘HI i 'l,{ ..}.1 ' H y < .IL" R _}J <
a' =Ry —a,y" , — =Ry —a,)” ,a'z‘[[ff_y' —ff,}=‘]c:_‘;::>a'=ff——ff, +c=>u=—-—aq, — ,Ly=—-=aq, +— == =—-q, +—
i dy ) . a "ot a, 'al+l ! g akl ¥y a “at+tl y
1{ R - dx : (a +1)y"'dy
J=— e 2 + CI il :—:}I Y = In xc, ::»I )'} ] =lnxe .
x\a a+]1 P Ry  a, o c X Ry a C (al 4 I]Ry —aay" +c

: = +
a a+1" y! a a +1 )

a



i
a4 _ dx(-.’—l) nA=R-1hx, B=x""=aB+a’F =0, & +ad’f=0, & +a’x""' =0, E:—war.':r:_r’“,d—'ilr:—um""lz.iJr,—.::,f':—r:'.ri—r—c*.,—1:a:'.'£+c,
o dx o R a R
I .TH : ¥ .TR I H—Tﬂ ; R‘rh: ; dr tik’“ I l In ‘l.'.'.u +C i + i'l l L
T B L&' (x)= S T = g(x) :I S 2 :'l-m‘ﬁ o= :Eln(m:” +c]+c:] = In(ax* -|—c*)ﬂ +¢, => y=e = = (ar” +c]“ =(gx* +c)o .
a? +c a? +c a—+c )

Myctea=2,R=2,1ormay=+/ex +c . Myers y(1) =1,y (1)=2,mormac=-1,¢ =2,y=+2x -1,

Mpumep . L"y = f(.-’f" S TR i) x) . TIopsi0K TOTO YpaBHEHHs MOKHO MOHH3UTH , €CIH caenath noactanosky L'v(x) = u(x) , otkyna

L"y(_r) =L'u(x) , .., L'"’y[x) =1""u(x) , snaunt nomyunm ypasuenue " 'u = f (L'" n.., w,x) :

- g - s X ' 1 ' 1 d y!
L'y+2ly=2, i,"“i—l:ﬂ Jyere L'y =u ,torma L"y=L'u , L'u+2u=2, ol D Jxu' =2u-2u" . . = _mi ;
A u 2u(l—-u) x u(l-u) X
1 I dx ®e xy ¥ 3 ' : 1 y =
J[—+ Jduzzj‘—,h1u+h1(1—u]=2]nxr:],u= _,TL] ,E= 11’1[ ,l= _xﬂ' ,£= dx | |nv——h1(rc|+c],_}:=m_
u l—u X e+l y xeg+l y x¢g+l y xq +1 2

Iyersy(l) =1, (1) =2 ;rormac=~1,q =2 yp=+22-1.

L

i u+au+a,y=R,yu'+au+ay=R,

Mpumep . Ly +al'y+a,y=R . Tyers L'y =u(y)= L"y =L u(y) L y(x) =L'u(y)u(y) , orcroma L'u(y)u(y)+au+ay=R,

i
n'+q£+a3—E=0,u{y)=c:r(y],6’[y):‘:a',ﬁ+ﬁ'a+a,a—'8+a, —£=0,a'ﬁ+a(ﬁ'+q E]ﬂ?]—E:[L @=—q£:‘: hB=lhy" B=y" == +a3—£=0,
y ¥ ¥ ¥ v y dy y » v
i Fitl s . . o \ )
GF=RV""—€EJ**"-£=Ry”"—a,y”',a'=j(f-3,1F"—qj_}:‘"]crf;sia:f-?'}——a Y +¢:>rr—£—a . Iv—ﬁ—g_j_ J +Lu:;,i=ﬁ_ﬂ?_ J +‘;
d el a “aq1y g ‘a+l y» y a ‘a+l
} 5 : } s + 1) ™ 4
y':l iy, & Y + r"l b =£:>_|. 2 =hx = _[ (” )1 @1 =hxg .
©ox\a a+l ¥ Ry _aq b X By & ,, 6 ¢ (a +1)RY* —aa,y"" +c




[Tycthb R:ﬂ:>—(a,+l] Jf—.m_'y:ln:.n: [Iyctb ¢ =1 @, =2, Torma i Hy = —1 I

- =Inxq = y=ctan(—<chx+c)
@y +e ¥ s

Mo3HO MPOBEPHTE MOJCTAHOBKOH YTO (DYHKLHA ) = ¢ tan (—cln b +{:]) yaORIETBOPACT ypaHeHHo . [lyerk _v(l] =], _1»"(]] =—2 TOordAa

T T "
c=%l,¢c = E , ¥y =tan [—]n x+—) , V= —tan[]nx—E] , 3TO YPaBHEHHE HMEET pelleHue y = ¢ tanh (c'ln x+c1) . MOKHO [TPOBEPHTH MMOJICTAHOBKOH .
Myers ((1)=1,)'(1)=4, c=0.48121, ¢, =0.48121 , y = 2.23608 tanh (2.23608 In x + 0.48121) .
I'[}fcn.y’[l){ﬂ , TOTOa ¥ :ctan(—cln X ‘Hl] . IOTOMY 4TO ) = - i <0.

xXcos (—c Inx+c)
&

xcosh’ (L‘ Inx+¢ )

1 1

, MOKHO MPOBEPUTH NoACTaHOBKOH . llycte M(1) =1, wrtakc=1,y = :
Inx+e¢ Inx+1

[Tycts y'(1) >0, thus y = ctanh (.:' In x + L']) , MOTOMY 4TO ' = >0,

ITO YPaBHEHHE HMEET YaCTHOE PELIEHHE ) =

. (G‘I"l)df 1 : k i a
[yctba =a,a =0, ) .f:}_l-m=]nxc, jR!+c=]nx¢, :&Eln(}-?:+c]=]nx¢, Ri+e=(xq) =r=¢x +c,) =¢x" +c>
.F:['L]IR +'L')" ,R=-1 y=(i+c]u ,R=1 y=(c|x+c)3 Nyets g =-1=2F=y" =y, d'y+aq, . 0 dot e R‘ _ﬂ:}azj‘[i _ﬁ}#:
x Sy vy ¥ y ¥
R xy’ dyv y dyv
=——-ahy+tc,u=aff=-R-ayhy+cy, =R-ayhyt+toy=>——==(-R-ayhy+cy)= - : =Inxe.
,-ahyte.u=af=-R-ayhy+ey, = .y y+ey=— ==(-R-ayny+cy) Jy(.’{ﬂr_j_yh]_}%cy) nxc
" ] . v ' 'r]’r F r 1
[pumep . L'y +al'yv+a,y =R , ucnonssys meron G npoussoamoii nonyunm L'y ==— G'v =y u(y)e(x) ., e(x)=x, u(y)=—,
¥ 4
Er}’—; " r e —J” JJ: e L,t
£=h(x) =J‘ﬁ =hx ?.I={fr?}='=y(x(,')] :>y.'r' =%__‘ f_‘.‘r'}ﬂz il = e =£".}}TT"J =u _lf "J’ =1+ kil "g} =1+ E..r _ (ﬂ'r _ M _

X & J; }J _1_: i & J _J _}; ny r _1-" .J- J:. ]



rr

V, v, : ' :
Onym 22 40 ¥ yay=p, 4o - )= +a,y=R .Tycrsy, (1) =v(y) , Torma y,” =v'(¥) 3, (1) =v'(»)v(y) , Torma v’ +(a, - l) tay=R.v(y)=a(y)ply)=
J_.:: .}_J .}, rl_-l.lr M}_J
d -1 d, -1
1J'=ajﬁ+,ﬁ”aﬁajﬁ+ﬁ'&+(q—])ﬂﬁ —Rﬂafﬁ+a[ﬁ’+(&1—l)g]+a,y—ﬂ ,6”+(a—])£—0 Jo = ( —1)E \ LN B, iq:—q—c{}:, In,b‘|=—(q—1)]n|y .
33 ¥ y  dy 8 4 B y
1 a' dor R ay™
=—=—+ay=R,d +a)y" =R, —=Ry"" -a, )", R 7 o= Nl +¢ , 3HaUHT
7 | A% % dy i ( . )&f}’ a a +1
Ry a) Ry @) Ry a) : a +1)y"'dy
B e B @ o BB et e, & g MIERIRE
a a+l a a+l ' d a a+l y' R ay  c (@ +1)RY" —aa,y"" +c
a a+1
" v . *1}1" L . . = (J_‘}r
Mpumep . L'y +L'y+Ay=0, 1+=——+1y=0, nauansusie ycrosus y(1)=0 , y(e)=0 . Pemenue nannoro ypasnenus — 2 17 =lnxe .
v ¥y +c
—
I I
: L g : (2e) " 1 ()" -1
[Iycre A < 0, Torma In|—= =Inxe ,Tormay=,[—-———=—— ., IPUMEHs:] NEPBOE HAYAIBHOE YCIOBHE MOMYUM ,[— ———— =0, nosromy ¢, =1,
Ved |I£—'|..r' A (xr,']) +1 4 (c]) el
Ya -
: (o) - |
MPUMEHAA BTOPOE HAYAIBHOE YCIOBHE MOIYYHM |, [— W =0, orcroma ¢, =— , 310 gaer 4ro A < () He coDcTBEHHOE 3HAYEHHE .
ec, ) +1 e

(A A C 1 |c
[Myctb A >0, — 2.\:— ar ctan(‘l.r#—J = In x¢, , 3HAUUT ¥ = J; tan {_E\'II In xc J ., MPHMEHSAA MePBOE HAYAIBHOE YCIOBHE HAHIEM
c c

— — e ¥ o
IC ] II o |,{ p o g i [
\/— tan| ——.,/—In¢ |=0,7orna In¢ =-27k,/—.,¢ =e ', NpuMenss BTOpOE Ha4aNbHOE YCIOBHE HaiineM tan f— i ec, |=0, Toraa
A 2V2 Ve N
[ ../' | l_ 4 .. A
A 1-Zwm, j= bi !'J c 2 l '“1;'4:;:-’[.% al ik
Ing =—1- zfﬂ?\‘f— ,¢=e '  moaromy —1-— 2,?3'!?\” —E:e'mf(,_,‘| = ,orcioma A = P =) 310 cobcTBeHHOE HavanbHoe 3HadeHue , ¢ =447 (k—n) , ¢ =e =e*
e G n



"W,” =1 »" =y .Mycts y=f (g(x)) g(x)=lhx=y' = AC) = A —;‘;‘ (¢) . 3HAYHT X /() _f'(g) = /'(2) =
¥ % X % x

[pumep .

(&)~ 1'(2)=1"(2) 7"(2)=2/"(g) . Tiyers £'(g) =u(g) = f"(g) =u'(g) . mooromy u'(g) = 2u(g) . o = 2u(g) = % = 2dg , orciona

de u
df i & ] 5 Ezg EE.L:' . l?E]n.w x:
nhu=2g+c=>u(g)=e*c,f'(g)=€%c, = =¢*c,df =e*cdg= | (g):cje*dg:c —+¢ |=—c+c¢ ,otkyma f(x)=——c+¢ ==c+c, .
de 2 2 2 2
"x;.]'}” fr F f rr f r d!'; d d’t
Hpyroe pemenne — =1 xy" =y . Ilyctp ¥ {x)=u(x):>y (x)=u (‘C) , OTKyOa Xxu (Jr]=u[x) : E =u(x] y — = —
¥ uoox

2

I]
Inu=Inx+c, u=xc, 3HAUHT y'{:r):xc . a‘fr:.rc._,cfy:x{.‘aﬁc,_v:?c+cl )

= | L f f

,J_lp}fl‘DE: pE:LLIE:HHE: ‘1}1" = .}}r . Il}"ﬁr]} X = Ef ) i = ]n X :*.}J = -v(x(f)] = yrrz.yr r yx }}r _.F.'r'f.'." ?.y.'rll: ?‘}_1['[:(-}1.'1_’,{:] _L T x 22 1 f _”!,1 ( "r] +-}}r 4 L1

r L
x €
v
1-’" — y:' I" . _V.,t )
y _yr < X’ i Yo = A vrr_y! yu_yr _}’1' & p In .I:
i - ’) -
3HauMT )" == —= . , IOCKOIBKY X'=¢' x"=¢ = y"= £ —o 1 gt o2y 22y S y()=—c+c ,y(x)= c+e =—c+c .
x 2 2 t t X 2 e ar o t f - 1 | I
(T') (xr] 54 [ 54 & [ g 2 2
I i
Ty” ty! y" J‘"" - }s’
Mpumep . L'y +al'y+a,y =R(x) & == +(a - 1)=— +a,y =R(x) pemennue naiinem B Bune x=¢ ,i=lhx=y == j" ==t -1
v ¥ e e
L f f
¢ X =% e

MO3TOMY l+—e"r+(a]—l) ¢ +a:y=1'-3[e’]:>l+u+(1—]]y—:+a:y=ff[{f'] ; L—F(al l) +uy R( ),ﬂﬂﬂbmt:pt‘.LHf:HHﬁﬂHEﬂDm‘{HDt‘..

Y, i Y, £ ¥/ 4

i

e



[Tpumep . % +a(x)y=

) y=e I e+ [ o]

L'v+aly+ Z hjyf =R , 9TO ypaBHEHHE aHAJIOTHYHO NMpeodpa3yeTcsa K ypaBHEHHIO BHIA v'*[_f) -L—(a -
J=1

iy Ir.l'."

()= A

1
n-1

o507 )07

[c—l—j[}i’ - Z br_j'*'].;'fn 'qrf] = %{c + R

o

ﬂ§+fbﬂ

+7(»)=0 #'(y)+f(»)=0

Xy .
— ] = 0 5
. AU

u'(p)uly)

P _ X ii+Zix(y)=1=
y oy

Mpumep L'y +L'yv+xf(y)=1 ,

Myers y/(x)=u(3) = () =, ()3 () = (Du(s)

n%ﬁ+§@f=ammwm;NAM=fWﬂfﬂﬂ=%ﬂj

$10, L7

- 'Iul-l'-j]

0,%fﬁﬁ=m

Let /(y)=2y,orcroma u'(y)+2y=0,

u(y)
o ==2y, du==2ydy ,u(y)==y" +c=y'(x) ==y +c s =-y' +c 2y = —dx : In ’]”_JE =—X+c
& Vs ) i : e i ¥ —c o 2-,,/; _‘I."+'-.J'E =

r I

Y t@-n¥
}.-"

¥
1
: 1{1 zf 1 (1
rorm 1= (1+e)f v =a 31+ ) (-5 )= 32(;

Mpumep . L"y(7) +al'y(1)+1=0, otkyza

v 1
_(_]

2

L
2 1
+c, y—— =
2 2

Hanumem sto YPABHCHHE B BHAC CHCTEMBIL + (¢
X

| dit y t

+2=0.1lycts a=2,10THa y =C G +¢,J: y(1)=1,5'(1)

(] +¢,)? , smaunT Haitnem ¢, = l,¢, =0 nosromy y(¢)

( ] , MOCKOJIBKY PELIEHHE YPABHEHHS HAHOESHO y(r) =¢ (—
[

1

1
_£.
f'-!

1

+c3J CYILLIECTBYET TAKKE



} 1] _:?: _I
pelleHHe CHCTeMbI x[f) =j—' = %’(—] +CEJ [—%j , HA4allbHble YCIoBHs TH(pepeHLHAIBHOIO YPABHEHHS y(l] =1, x(l] = —% ,Torma 1 =¢ (1 +o)2,
’ : 2 ]

] c il | 11
——= _E] (1 -t—cz] 2 =>¢ =1,¢,=0, rorma y(r) =—, x[r) = R 7O He aBTOHOMHAsA cHCTeMa TH(QepeHIIHATBHBIX YPaBHEHHH , TOTIAa ONpPEaeTHM HOBYIO (DYHKIIHIO

- 1 3
2 ] 2

! t

(a2 2x(r)
dt (1) z(4)

dz dv ‘
z[!) =7=> iy 1, nonyuum - ol x(.f] +0y(r)+ Uz(?)

&
=~ 1+ 0x(1
- = 1eR0x(s)

Mpumep . L"y+al”v+al'y+ay=R . L'y=1+ l}i i = . ; (‘F‘F = ‘.;F kA / i = xy'] _
_ ' g it 2 i 2 ¥
yoy
[lycre L'y =u (y] —>L"y=L'u [ y) L'y=L/u (y] u( y) Vil [I-_;-’ Vi (y]) =L (I._l,’ " (y]) +L/u [y) L'y=L"u [ y) Loyl ou (y] L'y=L"u [ y) u+L'u [ y) u=1u (L_,,”u (y] +L'u (y]) :
suaunt u(L"u +L'u) +al'uu +au +a,y =R = ul"u +(a, + l] L'uu+au+ay=R . llycte y=¢ t=hy=>u=u [}’(!)) u'=u'y u'= % = u't!] u'= %
: ol A S
r H.f‘r " u L
o= V. U d;
- lerr - ”-1-!}}" : y’; K ) Il‘, (_;r & ”,” s Hrr

! !
=€ y' =€ =u"=

2 = 2 ‘y:' Jz'r - 2
[}:}r) (J{Ir] e e

L]

13 ¥ L
u[l C s —£]+(al + I)£u+azu +a,y=R=u+y m"* —yu'+(a +1) yu' +au+a,y=R .y uut +ayu' +(a +)u+a,y=R,
u u

r 2
"o F.:F _ L [ " l [ "o
5 ‘[”-' Vi ) =u"y'y +u/y" =u, (y] +u,'y" , Torma u," =

f

¥
i i i



" —u
= u’ n(uf” - nf']
MOACTABMM 3TH BbIPAYKEHHSA B ypaBHEHHE ¢ £ +ae = +(a, + 1) u+ae =R, +au, +(az + ]) u+a,y=~R.
HIF e = i er &
]
e
HI" r E"I"F" r f r r r U ]J']J r
[Iycts a, =0=> u -1 [+au, -I—(u, s 1):4 =R +au' +au=R Tycrs u, () =v(u)=u"()=v, (w)u' ()= (u)v(u) , nosromy u— +av+au=R w' +av+au=R,
' 7 _ W ] 4 _
o LW R g a, R . a R a d d dit ]
vVi+——+a, =— . [lycts 1!(1;]:a[u),{3(u):>ﬂﬁ+ﬁ’&+q —’g+a: =—, aﬁlﬂ[ﬁ'+l—‘8]+az =—, ﬁ’+’—'3:{l : —‘8:—1;'] g , ;B:—a,—::»lnw =—qhfy ,B=—
u i u u 1 U U du T E 7 1 i
. R o | R o Ru™ T R a,
Torga @ff+a, =— . @' —+a, =—=a =Ru” '—au’ | do =(."{u"' : —u.,u"')a’u ,TOTHA & = —a, +c, v(u] =——-——u+ iy
o M u . ¥ a, “a +1 a a+1 u™
R a i dlu a\a +1)udu u“du :
u'(f)=——-—2—u+— =df= (a+1) ——=dr , a g +l)_[ - ———=t+¢ a(a +1)F(u(),c)=
a a+l1 ut* R a o 16 R(al +1)u“l —-au"" +c¢ R(al + ])u ' =g U™ +c
a a-+1 u
=f+g I=hy g (cr, +1)F(u(]n y],c] =hy+c .
1"’ ﬂ]i X 1!' 1l'l'+ 1!'”' 1!' - 1"’2 }.l' + .?”I _ }.l':
[Mpumep . L"y+al’y+al'y+ay=R L'y=1+ 1}1 -— ,L'"y= = i == ;-:} o AR £ i3 ) A
i ; ¥ v 1 XV g XV P ¥V

1

r Jl'.l' Ji‘ L} 1.-"” g P a I
[ycrs x=¢' 1 =Inx, orciona f-’}‘=y_ﬂ L =};,_}_r, » F =y_ Y =—y . =(J:" (’f) +J’.T’xf'] N
) ¥ > € € '

2 3
S e ] N P . [ B I ¢ L L.
=y, X (x ] S AL o il o R s A PR R (.rr ) FIP X EP =

=l !

" r
W
Ju'r 3 Jrr r_ . _}’,m _3 r 2 r EEL’I s ' e Jm 3 Jn -3 ! r N 3 Ll 2 Jl S ,”+ L ( ,H):
fre .lr _'-}.1' x.'xr _-121"x'.' £ c _.f]’r _'.f".' +'yr _JJI -1".' _'-1'".' + .f]’r .}.} 't.l’ .} X .}

]'Jr = 3 = ir s ¥ 3r 2
it A o o> I S
(x ’] = = & (»)




]+1’

_e & " ¢ & VY- [J ]] W +xy" —x(y) _y_ﬂy : gl

Al ¢y 3

¢

J{Imyrr _[y r)_ J’j"r" _(‘y{r)
2 i 2 - z et LI : 3
W, (y,') W, —(y,') - [J’) Y (J’} Y (J': ) )} "
- ! - .lll j J - L r = 4 T
e _'Ia’z L= )’2 y; y_: _}}r' (J’,"J’-(J’,’) ) ¥
- i
Myers v,/ (1) =u(y)= 3" (1) ='(») 3, ()=’ () u() 3" ()= (' (Pu(), =u"() 3 (Yu()+u' (¥ (3) 3, (1) =" (¥)u () +u'(5) u(y) , orryna
/" _u( ) I u'(y) u(y) I _(( il ]”(}’) tu (}’] u(y ]) () - u (J’]ju(y):)y ul(y) _( (J”)”(}’) +”’(J’)3 ”(J”]:'H'(J”):H(J’):)J’ ul(y) B u"(yu(y)y  uly)
y u(y) v W' (y)y—u(y)) y ul(y) (o' (y) y—u(y)) y dw(y-uly) y
TOT11a 1: (»)ul(y)y _H(y] +a{y () —H(y)}+azﬂ+a1y=ﬂ NMlyete g =1 a4, =2 a,=0=> I: (Wu()y +u(y) =R.
W' (y)y-uly) vy u(y) y o u'(y)y-uly) ¥
[pumep . L"y+al”v+al'y=R .Let L'y=u ,torma L"y=L"u , L"y=1L"u , nonyuum ypaeuenne L'u+al'u+au=R Ilyctba =1,a, =1, R=1,xu"+uu=0,
Zalctan(y—.—lj —
‘I '[J’_}-’ +xyr;}? .xy i +x}ﬂi —ch‘J+ch =0, Torma EIL=—h1(.rc]) : c—1 =—|11(x-::l) , u=+Jc—1tan| - c—l]n(xc,) +1,
1+i_£ _}"_ _]J- y i —2H+C ,lll,c_l 2
¥
ve—1In(xq) :
Ve—11In(xe,) dv g = 2 B In(x¢ ) e -1 = 1 In(x)
dc—ltan[— < 5 ' }+l,—*-= cﬁc,y=x¢l[ms{ '2 N ,H}fcrhu(l)=1,u'(1)=—5,31-1a1m'rc=2,q=1,n=—tan[ >
¥ x



-

In (x] ; In(x) B o 1 x\c
y= cos d l'l}?-::'rl,y(l) =],orcwomac, =1, y=x| cos 5 . Ypapuenue xu" + u'u = 0 uMeer Taxxke peuieHye ¥ = —tanh| In| — E +1,

2 e

[

o —

| =

: lanh[m[i]g}rl 2 . YT
] IL C . J
ch |58 =, [cnsh{ln[ - ] N . ycte u(l) =il 1,:'(1) =— ,tormac=1,¢=1,u= tanh[ (I)J-t_l Jr=xc {mgh[ (r H _
X

¥ 2 2

Myers y(1) =1, Tormac, =1 1}’=-‘f(ﬂnsh[h£ﬂﬂ .

b | —

1
I Paccmo b 0 ) = L'y=La-L(blhx+c)=0 7 2 L'y=Lb-1'(bInx+c) b o 2
umMep . PaccMoTpuM (PYHKLH p=—— Ly=La-L ; =0- = — E'y=L'b-1 cl=—— LT
il & 2 " blnx+c : blnx+c blnx+ec ' bnx+e binx+e
xb
[ b x)’ = b b - h
PaccmoTpuM hyHKLIHIO y:f)]nx—|-{:,_v’:—:r = L'y= 2 S i f*j;:_.fjh_,fj[mnx{_c):_— AMy=——— p22
X X y bhx+c blhax+c blnx+e¢ blnx+c¢
1 - - - 1
Pacemorpum ypasrenne L'y +al”y +al'y +a, vy =0 pelueHue 310ro ypaBHeHHsA HAHIEM B BUIE V = =3 a +a, P -I-ﬂ]—p-lhaq—:ﬁ*
phx+e phx+c phnx+c phx+c phx+e
1 ; 1
MO3TOMY ——(p+alp+u.,p—u) 1 P(]‘H‘; +u) a, ,p= L::»y= 3TO YACTHOE PELIeHHE JAaHHOTO YPaBHEHHA .
phnx+c - ' 1+a +a _ Rl e
1+a +a,

|

Pacemorpim ypassenue 1y +al" ™ y+.....+a,y =0 pemenne 7Toro ypasHenus HaiiieM B BHIE y = -
phx+c

a ‘ |

n

|l T o g o i ke IR +a a,
l+a +a,+a,+a,+.....+a

n—1

[MOJY4YHM aHAIOIHYHO P =

Inx+c¢



L'y +aly=R %+(ﬂ—l}'}£=R_l a=1 R=2
3 ¥

Gem B0 308 wi)=1 v(1)=2 v =0desolve(x,10)

.‘fll'
Y® ¥ (1) = 2x - 1 g(7) = 9.84886

¥(T) = 9.84877
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)% N Vi

TR TNV

15




. L :{}'ﬂ
Ly+a1L}r+a2§.-r—R 1+?

Given % +2vinl=-1 wli=1 ¥{l})=-2 ¥ = Odesolve(x,10)
vi(x

W(7) = —2.29925

- 10 \
- 15

=20

+a_21_il,r=E_ %F-F*al_l}i;"'azy:R_l
; 2 R

g = ta.n;r—].n{x} + EJ
\ 4

g(7) = —2.29901
150
100
ﬁ 50
Ol =
]
=30 2 4 g 10



Given % +2yvixi=-1 wli=1 ¥(I)=4 Y= Odesolve(x, 10) q(x) = 223608 -tanh(2 23608-In(x) + 0.48121)

X

w7} = 223378 g7} = 22338
224 224
2235 - =

s 223 rd
E/ q(x}zﬂ"

2225 / o
222 f 22
B2 4 6 8 10 &




L'y + 2Ly + 2= 0

]2

¥(x)

(iven ¥'(x) + GEy _YE =1 wl)=1 vi(ly=2 ¥ = Odesolye(x, 100)

¥(x) 1

B(x) = 2:&2 =1

g(4) = 3.5677644

w(4) = 3.5677302

L

|
ot
=]

|
L
[}

=

10



Given xv'(x)+ {(¥(x)-vwx=0 wWlj=1 v{l)=-03 ¥ = Odesolye(x.10)

|"-' )
h(x) = 1 - tan 111513

h(5) = —0.0394079

w(5) = —0.0393800

10

y(z)
10

Lo
i

—20

=]
I
.
(=9
(=]

10



Given

yix)
1(K)

¥ (x) + (¥(x)) w(x) =0

LY

I.I-l \
r(x) =1 + tanh tn(x)

wWill=1 ¥(1)=035

10

- 10

-20
-10

Yy = Odesolve(x, 10)
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PacemoTpum ypasHeHue Ij”]y +al” ”y+ _____ +a, — =0 pemeHune 3TOro0 ypaBHEHHS HAHAEM B BuIe V= pln x+¢ , momyuum aHanoruuHo p = . = y= = Inx+c.
v l+a +a, +a,+a, +...+(—a,,) l+a +a +a, +a, +....+(—a, )
s LY ; de R (1) x(2) £ (¢ y
Paccvorpum ypasHeHHe z’fx[f) =Rx(?)+ f (E]., (( ]] = Rx(.’] + f [:) . OTCHO/1a T ( ) + [ ) ") . CyILleCTBYeT 1M 11 3TOT0 YpaBHEHHA HHTErPHPY oMl MHOKHTeNb 77(7) |
Xl I I !

TaKOH YTO MOC/IE YMHOMKEHHs YPaBHEHHE MOKHO Hanucars B suje (1) L'x (1) = I}(E](R.r(f) +f(.=‘]] , L’(x(.f) , ?}(E]) =n(1)Rf (1) .

: 1"’ 1" 2 2 ,F %
Mpumep . L"y+ 2Ly +1=0, 1}, = —u . . Nuddepenumnansroe ypasuenue [ [x A ;y] = 0 uuBapuanTHO mus rpynnsl (7 npeodpasoBaHmii muockocTu K- (Jr, y) , €CITH 3TO YPABHEHHE PACCMATPHBATH B BHIE ANreOpaHuecKoro |
¥ ¥
o . - oF aF oF oF
3TO ypaBHEHHE 3 pa3sMepHOro MHOTO0OpasHA B MPOCTpaHCcTBE R, (.r, ¥, ¥, y) HHBApPHAHT MPOAOLKEHHOH rpynmnoi (7, , uto OyaeT yaosaeTsopsaTs yenosuio X,F =0, & —+np— 3 o A 8_ ot —— P =0 . Onpenensoiiee ypaBHeHHE
g_r iy iy
. e3 g 43 - yiar . . - .2 . - . . j": 2y
q‘f{ + (2?31.:1 o l:fn) }: +(??.'|:'| N 2&1{1] J,-'I _gll..'l.'rl.‘l + (?I.'l N 24..1' = 3}14._;')..!! _(?L + -}:(I?.] _gT] ot rl.‘l 5.1')1;(.;' ior ¢'.J”‘x T ?E’fll' = 0 k] lﬂelf = _? P _: 3 G’l‘K}""I—lﬂ

i +[2q“. —fm)jwr(r;_n_ - 2@_] P =&.5 +(.r;_1_ — 2 3){)(—% —%]—(m + j![f;g_ —;1.] = ,i""f_l.)(—% = ]'l'(: = +r;r— =0.

[ns sToro ypasHenus & [.x y] : f}(x, y] HEM3BECTHBIE (DYHKLHH , OTHOCHTEJIBHO HE3ABHCHMBIX MEPEMEHHBIX X | V' , ¥ . DTO ypaBHEHHE PACTIANAeTCH Hd HECKOJIBKO HE3dBHCHMBIX YPABHEHHH , KOTOPBIE 00pasyroT cHCTeMy ypaBHeHui wia Gyukumii £ |, 77 .

Pewms 2Ty cHcTeMy Haiiem rpynmnbl JONMYCKAaeMbIE 3THM ypaBHeHHeM . [IpHpaBHsaeM HYJII0 KO3 (HUUHIHTE CTENeHel MpoU3BOIHOH ) .

il 2n
K —1=0
(}) e + i

o

e 2 2 -
[1) f.u‘ o 2"111- i 4{:? == IET * 2?El + ’?l' s 2;‘ +2—L' = U
- X ¥ X X X
[_}}) ?.il'u — 26.“_ —_!?.i 6g" + EC\ ??_r _ 2:.‘ . ' » jl'_;.:l - n
’ ¥ X ¥ x V
3 3 | e
[}) —g'w_',.g_i:ﬂ
» y i
d] E 5 J”‘ AT ) " f ] 4 B JE
e =< +i_: . gfi;x . gﬁ;}) =0.Tyers £, (x, ) =4(x.5) , Torma ¢, (%)=, (x5) . AF_% =il Lf‘l_} =% |2 =In|yg(x) . A(x¥)=q(x)y. & (ny)=a(x) y. E(x,3) = [ q(x) yev = g (x )%+k{»‘»’) :

[

: - ! - _ d'nlx, 2dnlx, v »
posepss £ (50) = a(9 5 +4(9)] =03, &7 () =(a(a)2), =0 . =&, +5 ==a(0)+ L) 0. + 2 =0, L2 2D o e, (5 =) v




L r 2 UF Ed ! ! Vv
W ) =r 50} 7+ =0, E o2 ol o) = P2 50) =22 ) =2 )= [P -2 )
* 4 X x g . X *
’ J r " 2 ! " 2 ! 2 ! 2 H | BT "
[posepxa 7, (x,y)=[—‘” (})+a(}’)] L (;y) 1, (%) =— PEJ] P = F(JI)+ F(f) =0.7(x, y) =~ (1)+G{J’) 7= (f) TS FE}) My = P(;y) g, =-% L) +d(y) . p, ==L L) +d"(y) .
5 ? i i Y X 5 x ' X ' X 5 x
~ B '3 . 2 * . 2 ) ., B . ol . B " 2280 28
E(x, y) = q[_r)? +k(x), & =9 [r)? +k'(x) , & =q"(x)—+k"(x) . &, =q'(x)y, & =q(x)y, &, =g(x) . Tloncraum 311 BEIpaKeHus B ypaBHeHHe 7], — 28, +——+—+—=0, =& +27, +— + =2+ = =0, nonyunm
: ' i X Oy ¥ TR - -
() -2 () _zq’(,r)y+4“'{"‘)~”+” B)_rO) a0 _rb)_, WL -k () + 2 0),2e0) 24y 2% 24x)y 2k(x)
x - ¥ xy Y Xy 2 X Xy 2 X 2x o
2¢'(x) )" 2q(x) )’ 24'(x) " 2q(x))
I : it ap ~q"(x)> — =0 —q"(x) + 1 =0
[TycTh ais ypaBHEHHA —g"[x)L —k"(x)+ 2P gl] Zp(l] 2-;; (x)) + 2k () + 2Q(x]1 25 < (,t) = () BBINOJIHSAKOTCH YCIIOBHS 2x * , HTaK i .
2 > £y Pk x 2K - K 2k'(x)  2k(x) % k'(x) 2k(x)
—k"(x) +——==0 —k" (x) + +—==0
. 5 . 2
-1 =17 =17 -7 7
Pewenne 5Tux ypasnenuii Haiinem B suze k (x) =" , g(x)=x" , k'(x) =" , k" (x) =n(n—1)x"" , otkyna —n(n—1)x"" + i Zx. =0,7m-3n-2=0,n= Ei;ﬁ Jk(x)=cx 2 +ox 2 ,q(x)=rx * +rx ?
X 3
f r r r r | r | ¥ ) " r ity ¥ S| T, " r 3¢
ITH ypaBHEHUs MOT'YT ObITh PELLEHbl TAK X =¢ |, OTKyJa k, (1‘) =k, (I) i = (.f]—I =k, [J’)—r =k, [I)e ks (x] - [kf (.’]e -k, [I)e )E =(k’: ()&, (.f]]e . [logcraBum 3TH BBIPAIKEHHS B YDABHEHHE
X, € '
e (ﬁ:l'r (1) -k [f)) =2k, (f)e" —2k(1)=0,k"—3k'-2k=0,n —3n—2=0, toraa u3 ypasnennii nomysum —q"(x)——k"(x)+ P g‘y] ZF(‘P) 24 (x)y’ + 2% () + Eq(xl}r + 2 (x) =0, Torma ~Z [y) qu[y) =0,p'(y)+
’ 2 x X ) 2x s i5 ' X X Xy
a2 , In|p|==2m|y+Il|d , p(y)= ij “pila)= —%‘ ()= 2% ,q'(x) =nrx™" + npx™™" | ToacraBum 31H BeIpakenus a'' ( ) — () -24'(x)y+4 a(x)y Pl ) o () +u("},) P(J’] =0, naiigem
¥ v 3.4 Y X X ¥ Xy s Xy’
. Alprx™ -,Xﬁ: .. : . i g
a"(y)—2—4—2(ﬁ|n.r""' +f:-‘1r_1_.r""')y+ (r;r 2 )y+a ('}) Jide H(L) Li =0,d"(y)- 564 +2(n,r;x""' +n:,_r;,_x"1_')y+a ) +—G(J,’) 0,tormac=0,7=0,=0, p(¥)=0,q(x)=0, £(x,y)=k(x) , n(x, y)=a(y)
Y . Y ’C'r’.}} Vi S Y ¥ ¥
(1 ar(_}}) a(-v] L2 1 r i—2 Fi— W?_l .]'J” 3_:I]-lr ﬁ
a (y)-t— +—== =0 . Pemenune 21010 ypaBHeHUS HaHI[cMHHHI[ca(y):y’ zllaLmTa( ]—ny , (y} n(n—l) 4 ,n(ﬂ—l)y +—+—_2:U (n—l)+ﬁ+1—{} n+l=0,n=4%; g(r y] Tl L
y V yo ooy
=17 3 P 17 5 3
n(x, ) =y cos y+y,sin y . [loaToMy 3T0 ypaBHEHHE JA€T /IBa TMHEAHO HE3aBUCHMBIX ortepatopa X, =x 2 —+siny— . X, =x ? — +c0s y—
ax oy ox ay

Haiinem KOMMyTaTOp 3THX ONEpaTopoB X = [XwX:]: A A, =AY =(XI (f,) - X, (E!)]i —(X: (13) - X, (!}_,]]5 \

0



=7

X, (.::,"1)2_): :

=17
7 A 2 e
_ 34417 Eleyen: & -

Fans 2 G ax 2

X, X, () =0+cosy

dcosy

oy

2

Sice [_JE’ L 2] =X, , [X 1s A3 ] # X, , Torga 3TH oneparopsl He 00PA3YIOT ABYX PasMEPHOE BEKTOPHOE MPOCTPAHCTBO .

I

Vpasrenue sroporo nopamka V' +F, (x, ) () +F, (x, ) (V) +F (x

oz

oF

B 2}}, X, (1) =0+siny

dsiny sin2y

34417 3-417) 8

oy 2

[rx]-2 (2

. ¥) V' +F (x, ¥) = 0 moxer GbiTh npeobpa3oBaHo B IHHEIHOE ypaBHEHHE MCIIONbL3YA NOJICTAHOBKY

= =2 -Fw-Fz+— +FF, B gt
ox oy ox x
: Al A ler
L A — =—zw+0
_ _ ) & oy o
¥ =¢(x,y) ,¥=p(x, y) , TONBKO KOI/Ia CYIIECTBYET pelieHHe Clie/IyIomeH CHCTEMBI s , 1A 3TOT0 YPaBHEHHA MOJTYYHM - S
o =-—w +Fwt+Fz+—-FF clu R L
ay | oy ¥
A AL ;
i S W O L
ox dy 3ox cx
Heobxonumo BeinosnHenue yenopuid w —w =0,z -z =0, _(“"%- +zw, J 2zz, -f——? =0, wz, +zw, —[ 2ww,_ +H—*] =0,
g e : . i v
M3 YpaBHEHHSA = Z—Z | maiizem z (x,y)= : Toraa P8 s xc(y) MOCKOIBKY 0% —ZW , MTAK
- ox X g .I(—Iﬂ x+c(y]) ' oy e (—In X -f-c(_}})):! ’ ) ay '
xc'(y) w (y) ow , W . 2y ow ¢ (x)
- - = . = —W , U3 YPABHEHHS =-w" +— ,HalgeM w(x, y) = ———— ,TOTHg — = —————— |
¥ (_ In x +£~(_1,-)]‘ x(— In x+c( y)) ~Inx+e¢(y) oy y (x.7) ¥ +¢, (x) ox ( ¥+, (I])z
q(x) __ 2
MOCKOJIBKY ﬁ —zw,T0 —— (%) —=— 2y e, (x) =2z . HeoOX0IMMO PEIIHTE CHCTEMY YPaBHEHHH - sa x(— nzi+e () .
o Fra() 7@ Fral by %
| —In x+c(y) 3 ¥ +¢ (x)
2y
. 2ylnx=2yc(y)=C(»)y" . 2y xc'(y) —2
- ! | x) = — o Al * I xl= = ]'['l U .
oTcrona Haitnem ¢ (x) 26) . ¢ (x) 20 OTKYy/a 2} = (y] ) - (—ln = (}J)) 1o maet ¢(y) = Inx , Torna ¢'(y) =

¢(v)

2

)

ox

-

sin2y

sin2y

2

2

)5

=

17 < +sin 2y—

ox oy



Fa | =

- s fih _ _ (e
Cucrema He HMEET PelIeH il , MOATOMY 3TO YPaBHEHHE HE MOKET DBITE MPeodpa3’oBaHo B JTHHEHHOE , HCMO/IB3YA MOJACTAHOBKY X = qﬁ(x, y).¥= -:p(X, y) .VpaBHeHHE HMEET pellieHHe y = (—’ +£*]
x

Mpumep . f (x+ )+ f(x =)= v(Lf (x=y) +L'f (x+)) . Tycrb y = x , orciona f (2x) + £ (0) = x(L'f (0) + L'f (2x )) , o6osuaumm L'f (0)= b, f(0)=a, 2x =1,

Torna f (1) +a = %(I’f(r} + f:-) S(t)+a= %{{; ((:]} +b] L2100+ 2af () =btf () +££'(1) 2,?‘;!(4') - 2({,:1(-‘] _ f?ff(f) + (0.
Peuwenune storo ypasHeHus f [J’) == = 1 = , rne Whinaker M’(g%Ej Yurrepa M dyukums . Ilycre b=1, Torna f(.f] = e hf'(lt) = ”a—
h a e X _..T 2 — i _a: — s

22y bp x [E] * Whittaker M(f, b+1 !§J = e’ ar-2a-t 2xe* —a—x

h's 2 g T r 4 W

+r|x|e”

a(h + I] [ J
\ /

o' (1)

0 =x(r=1), &' (1) =x()x(t-1) ,

Haiiaem pemenue B unTepBate | < ¢ < 2 . Pemaem ypaBHeHHe MeTo0M 1aros . B untepsane 1< 7 < 2 apryment dymxmm x (¢ — ]) HaxoauTecH B uHTepBane 0 <  —1 < 1 | no3toMy Ha 3TOM HHTEPBAJIE MOMKHO MOJACTABHTH x(r - ]} =g, (r - ]] =t=1+1=t

noayuum auddepennmansroe ypasHenue ans uatepsana 1 <1< 2, x'(1) = x(.f].f : x’(i‘] = x[r) , pelieHHue Toro ypasHenua x(7) =é'c , x(l] = [f + 1):—1 =]1+1=2, orcioma c = £ , 3HAYUT x(r] =27 .
e

Tpumep . L'x(7) = x(7 — 1) , navanensie yenosua x(¢) =¢, (1) =1+1, 0< <1, 310 ypaBHeHHE ¢ 3ana3IbBAIOUIMM aPIyMEHTOM . DTO YPaBHEHHE SKBHBAJEHTHO CIETYIOMIEMY

o Berapundd " (1) (1) 2(:—1).1:'(:—1)

[pumep . I_".r(!) = 21’.'.1((! - 1) , HAYAIbHEIE YCIOBHA x(!) = g:flu(.‘) \ < 1, 3TO ypaBHEHHE C 3AMA3ABIBAIONINM aPIYMEHTOM . 3TO YPABHEHHE HKBHBAICHTHO CAeAyromemy | +— - = . Let L'.x(.f) = y(r] X

X(1)  x(1) x(1-1)
0/ (1) '

noaromy L'x(¢) =L'v(¢) . Tonyunm ypasuenne L'y(t) = 2y(1—1) , W =2y(r—1) . notomy uro x(7) = ¢,(t) =€ , smaumnr y(1) =L'x(1) =L'e¢’ =t , orciona nauansubie ycnosus ¥(1) =y, (1) =1 . 0< ¢ < 1 . Haiinem pemenue B unteppane | <7< 2 .

PeumiM 310 ypaBHeHHe MeTo0M 1aros . B uaTepBane 1 < 1 < 2 aprymMeHT (hyYHKIIHH _1»'(! —1) naxomutees B uaTeppane 0 < 1 —1< 1, NOITOMy Ha 3TOM HHTEPBAJIE MOKHO MOJACTABHTE _1«'(f 1) =y, (r— I) =1 —1, nonyunum audbepeHInansHOe ypaBHeHHE

; _j.‘.r _,?!.'—i J."..r—l ! ).‘-‘..r—l _,?!.'—i ).’-‘..r ).‘-‘..r
s watepsana 1 <7< 2. 0/(1)=2(r=1) y(1) , %: 2[1 —%jdt (1) = (;—,_,c ,y(1)=t_ =1, orkynac =§ (1) = :? . Dro naer L'x(1) = :1 ; ri((:)} =Lf1 : i: = L?df . Inx(s) = éf%dr = —[I:'r‘[lﬂ ~21) +LT[% + IJ] :

rae Ig'i[x) MHTErPAIbHAsA MOKA3ATEIbHAS (YHKLIMS .



Cucremsl /. qudipepeHIIHANBHBIX YPABHEHHI .

[Tprrm Lol =am(d ety c:»;fxiff) ~ErRld fyers x(1) = £,(g(1)) = £, () , p(0) = £, (1)) = £, (I x) = 7 (1) = £ () ”(f]='ﬁ (¢) ' () =1 (&) "(4’)="lirzr (e) OTKya
N A CRE  UA O L P U7 St
i ): 21 22.
filg) . s _ 1
5 =a, (g)+a|1.f:e (,{i’) ; etV ekl )
* ’f_;r(é’] =/ (£)=[—"i (j)) —ﬂ:.f;(g)]i:ﬁ (g][f (é)f';?zg)(f' <) —~af; (E)Ji £:(8) = £ (2)(ansi (g) +aufs(g)) -
£ o, (9)vah (o : : < :

() £.(2)~( £ (2) : .
Hcriosbays METO1 MOACTAHOBKH MonyuuM auddeperumanstoe ypasHenne — (&), (f{ (f (g]) —a,f, (g) ={?T(£)—ﬂ~fa (ﬂ)][%[; [(L; -ayf, (g )]*I-a' St [g)} ,
J2 \E :\8 2 \&

[file). ., -
_— | r 2 a1 ' i3 :: E v . v
e =A@+l {.f. (&)=£ (@ (e)+24:(8) = /(&) +24, (&) £ (&)
PaccmoTpum cucremy audepeHuHaNbHBIX YPaBHEHHH 1 = )
e L, . 11(2)=1.(2)(3/(2) +4£.(g) =3/ (2) £: () + 41 (2)
=20 =31 (g) + 41, (g)
| /(&)
” . . 1"_2.1 l: ;_‘ﬂ:_ lE 1'r I]n-]'_z 12. 1r_.;'z+.1z. ]r ,f;",1_,;ﬁ2 -l:_ 1r2
i (g} = /i (;]f (f') (g) . Henonbsys meron noacraHosku nonyuum wddepenunansioe ypasienue f,' = (f £ );‘1( i )f = =4 2}(1[’{ ) [ = . 2:: (f ] =
S -.H | S o |

fi"fi‘-g:zi"[f?)”:.f;'zf[af;+4fi’2;f],";""ﬁ = ";;fr_('ﬁ]'z=(.ﬁ -R)AIN  prpi- g -6) (g -r)m ) sen-sin-(R) =nmedlaf £ -2pn = ma=slR) -1 f"=L}é')—
Myers £; (g) = u(/1) = £ (8) =u,/ ()17 (&) =y (£)u(£;) . smasmr w—?‘%—f} %—f—ﬂy u(f)) =a(f) (1) = @+ fa = _f [;3 a:z;wa—%g%:nwwm[ﬂ—% ;ﬂ—nﬁ—}?— j—f%—f,
% %‘;fl =h|f=3n|f|,B=1 orcona aﬁ+;;—ﬂ i f cr:f. =0,af’ = e f,j—ﬁ——é ada——%i%]=—' ] %H-I:;n[,f,')q;-‘ fi-r. = £ m,mxma

() =fiesf+1 L 2o+, e — +1—dg3#=g+cﬂ%=(g+%f ~¢|+%=(£+¢z)g«%=[£+cg]z—c. Sig)=1 (g+|:l'l)l—q f(g) = _U((; .'LH)J:‘*



f(f:)%[w } A ANarT =) = L {ferme1- 1) =t [ __I}Zi '_{ lg+o) 'J

/ 2 (g+c:) AR (g+c J—g 2\/(3’ r+¢,) — 1\'(!-, +c ) =
. ] ] Int+c,
x(1)= £ (ine) y(1)=fi(Ins) g(r)=Inz, Torma x(r) =+ = y()=¢+ - ; 1 |-
'(ln t+c ) g ZJ(]H r+cj)' —q w.'(ln 1 +-.'*:]' —c
WPWRLACS) ()2 X(0) 8H (x.y)
!.- = ! = = ? — b ’
x(1 o y(1) (1) o y(1)=£(txy) ) ) oH(xy) oH(xy) . oH(xy) OH xOH _OH yoH
[Tpumep . 5 , S0 4 , Haiizem JIu npoussoanyto Gyukumu H (x, y) ams 91oii cuctemsl L.H ()= + i— f,=0+ V= =10,
' oH (x, ) \ v(7) 8H (x, y) : ot ox oy ; ox t cy dy t Ox
Ly(t) = -———=x() V()= -===—"=x() = £, (1.%.5)

Torma H (x, ¥) 310 nepsblii HHTErpas JaHHO CHCTEMBI .

. ( : -'v( o2 o e aple) e ) T (T i — P TP L P _ ANV L
[Tpumep . {.-’ ()= =50) 3Ta CHCTEMA SKBHBAIIEHTHA ClIEIYIOILEN () ] 20 _rx*(f) i Myete x() = , y(1) =&, Torma y/ (1) =% (1) , X () = (2) , x" (1) = ¢ ]'((.;ri (1)) +¢ [J’)) = 1((}, [:)) +¥ [I)) i
() oyl x()
¢"(0)
=== (1)=£(1) . o
[ToncTaBuM 3TH BBIPAMKEHUS B CMCTEMY HaiIeM - #() N e él—(r] —Jikt) | 7= L ‘?5'_(") -f(9)]| = dre )¢ (I) _(¢ (r]) — f'(#) | . moncraBum BO BTOpOE ypaBHEHNE CHCTEMBI
7"(1) n\ ¢'(1) n\ ¢'(1) n (#(1))
H)’ (E) —.i"gﬁ ( ] [ )
¢ () () =(¢"() ~(¢ ) /() s R e pmoe g () () ( 0) [ (1) /(1) s B B e
@ -60) 7090 —rg' (1) =g(¢) . Mycte A (1) =¢'(1) . Torna A'(1) =¢"(1) , 2"(¢) =¢"'(¢) . THomyunm ypasrenue ™ (r VA0 —rA()=gl(1) , ecng(t) =g .f(¢)= f , naiinem
()A (‘:)’1(/;'] ())E;R«} —ra() =g, % =p(2) , % % %% :E pfz ['Z)j {g‘;gi)]_ —rA =g . Pemenue 31oro ypasHenus p(A) &f{LamhertW(;L ;I J J rae p nocrosaHas . [lyere f = g =0, 310 maer i':((:)) _i‘([:)) -ri(t)=0,
ﬁ_ﬂ_ﬂ =0 . Pewenme o10r0 ypasnenns p(4) = (4r +¢) 4 , tae ¢ noctosmnas , 710 maer 4 =(Ar+q)A ., i(1)= ({ ‘o _"') gt

— ,TJe & TNOCTOAHHAA , ¢ (f — : =~ —— 47}, TOE 1] TOCTOAHHAA .
'L — {' —_—
di A dr g —F 2 "'J F ¥ F



L'x(t) = fi(x(2), ¢
PacemoTtpum cucremy fx( ) Y (I( )’y( )) . lyers x(!] =4, (I],y(!) =, [r) PELLIEHHE ITOH CHCTEMEI |, H(x_, _}:) MPOH3BONLHAA HenpepbieHAasA (yHkuu . [lostomy c:-}(!) = u(x, y)x:mm:wf} = u(gﬂil (!)jgzi: (!)) , TOTa

Ly(1)= 1, (x(r), »(1))

/(1) ! (ux*x,' +“_~-'J":r) xu' ' v ! . . . £ .
L'o(t)= 0 = ==t Pt =1 u(x, y) L x () + L u(x, )L v(1) =(I._T’z.r(x, y))j, (x(r), y(f]) +(£1_'H[.tﬁ }}] . (x(:], (7)) . Hasosem 310 BbIpaskenne LH npou3BoHO# BeKTOpHOIO 1o F (j, (x[!), y(r)],.f? (x(1), y[:))) :
o e I X i y ’ ’

ITycTe o [_r_, V) mepBbIit HHTErpan 3TOi CHCTEMBI , TOTAA [f) = u(qﬂl [f) @, [f)) =c=L'ow(i)= I,r'u(gil [r) L@, [r}) =['c =0 . 3nauut 114 Toro 4yToOLl QYHKIHA OBLUIA TIEPBEIM HHTETPAIOM HEOOXOIHMO , IOCTATOYHO (.’ a'”). f,+ (.-’._T’u] =1k,

To ecth LH npow3soaHas BEKTOPHOTO Mojs /- (}‘]f!) obuta pasna 0 .

w'(1)

x .
L'x()=fi(xy) | x( =1 (x) LS A )
[pumep . r o O . Hasosem sty cucremy LH cucremoin ecnu cymectByer GyHkuus H (x, y) TAKAA 9TO § , TO €CTh ) , 3TA CHCTEMA YPABHEHHH 3KBHBANIEHTHA CIEOYIOUIEH CHCTEME
L'y(6) = f.(x ) {}}T(f}): 1. (x, v) LH =-f,(x, y) L'y(t)=-LH
vy

t(1) g yH ! 0 _w o
I(.‘) H £ H r ] ' ] ] ' ' '
4 = . Pacemorpum Beipaskenne L H - L x+L H-I, y=L H-L H-L H-L H =0 . Hanuwem 31y cuctemy B BU/le ABTOHOMHOH CHCTEMBI [UIsl 3TOTO HYKHO J100aBUTb HOBYIO (DYHKLIHIO z(r)=1 Torna
(1) xH! ; xy| H'
== yhiy= =] =2
»(1) H t| H
: x-yH/
)= ——
) ===
: X-y H _r 5 - ' ' xy lr"r.,.' ! xy H _‘ ' - -
1'(1) = = — . Haiinem nponzsoaHyo GpyHkuuK H (x, _}»‘) B/I0JIb BEKTOPHOTO M0JIA 3TOH cHCTeMbl  H | (x{.’)ﬁ _]f’(f]) =H (xy) T? +H, (x, ,]v‘)' —T' h; +H, (x, ,1’) =0, 1o ecte Qynkums H [Iﬁ ¥) NepBBIi HHTErPal 3TOH CHCTEMBI . .
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J2x =¥ o'

u-r -hl':l- i -
Ilycrs H (.x y] = 5 + E W™, 9TO (hyHKUIHA [ aMHIBTOHA TAPMOHHYECKOTO OCLHJIATOPA , TOTIA TOIYUHM CHCTEMY 4

Ilpumep . -

Hoxazarensctro . Haiinem LH npownseognyio dyakumnn H (.1’1 s v,] BI0J1b BEKTOPHOTO MOJA CHCTEMBI I._‘_IIH (L_H 'H ) + (L_T_"H )(LJ__‘ 'H ) +L_,.IFH [—L_TIFH ) +L_,._‘FH

o 22 g -t =2
(f + y?wf]r
L'x () =L'H(x. x, 3. 1)
L'% () =L,'H (%, %, 3, »)
¥ .rne H (x, },) HenpepoiBHas Gyakuma . Orcrona H (:{, y) NEPBEIH HHTETPal 3TOH CHCTEMBI .
f.fry! (f} = —fﬁ_ll” (.‘rl X Wi _‘L’])
‘rar.}‘z ("') = _f'fr;H [xi,.x M _}’:)

(

' ot
—1"__1_1 H) =0 » 3Ta CHCTEMA IKBHBAIICHTHA CIICIYHICH CHCTEME

= o

llponssoan

. NN H'ﬁ'
% (1) = f" [ 7 J
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Lx, (") y]H_'ﬁ [xl,.x:, M- J”:) X [r) = ]_[ ' J
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o (") H ("tl"‘rl"y]?-yl) 9 ({) = xzf: [?J
Ix, (J‘) i _1,5* (_rl o el _1:3) = [ :) _ =)y H,/
x() H(x,x. 0. 0) ] £y xy|H,
- e o : —%. , 7Ta CHCTEMa He aBTOHOMHAZ , Toraa 106asum Hosylo dynkimio z(7) =¢ . Otkyma 1 j; (¢) = -~ .-";’I :
o (1) xH, (%% 0 ») 5 (1) =5 H !
n (1) H (%, %, %, ) | r | H s [T
g i:j{f):_-z'l -
{i’?{") =_T2H.r_= [‘xl?‘xlh J’Hy:) X,y H' I / H
:"’3[") H(II,.IE,_P[,_J":) 1’3[.'):— "f " H 2.'(-']: |
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H r H H f

s T3 2 s s f —_— r
as pynxuun H (xl i y:) BJIOJIb BEKTOPHOIO T0JIA 5TOH CHCTEMBI , TpousBoaHas Jlu sto H' =H [ r

J-&-HZ'(LJJ‘)I =),

Toraa yukms (_rl,_r:, V. _1:2) MEPBLIA WHTErpan 3Toi cucremsl . [TycThb (f(x] 3 I e [f)) npouseonbHas GpyHkums . Haitnem nonnyio [ npoussoanyio pyuxkumu G (.rl (). x (el o (I)] . TO €CTh

L'G=1 GeL'x +L GoL 'x, +L GoL 'y, +L, Gol, y, =L GoL 'H +1, 'GoL 'H -L Gl H-L Gol H .
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¥ = Odesolve(x,2)

¥ = Odesolve(x,2)

Laa

Example L"w(x) = a-sin{y(x))
. !fx-jfﬂ(x}] l"x-j,"{x}\‘ :
Giwv =01 1=%] - = 1= 1 = 1
ven a e J asin(y(x))  w(l) ()
1.1 1.08
A L
1.08 o
= + 1.06
4 A / x| Ly | ,,//
—y(x) / \dx~ ) 1.04 7
&1 4 e /
L0 / s 1.02
74 P
1 . X 1 -
1 15 2 25 1 15 2 2
yi(x) y(x)
. !fx-jfﬂ(x}] l"x-}"{x}\‘ :
Giw o | | - = 1= 1 =1
ven a é g g e J asin(y(x))  w(l) (1)
23 /f 3
18 i
4 A i o L !
d—xfr'{:-‘.} / \de |} /
—_— / ~y® 14 /!
' 19 I 23 3 Y 15 (2 25
yi(x) (x)



Given a=4 o :'fx".‘fﬂ{x] } 'fx V() )
3 Ly )\ vy
13
" . v

, b s
S yix) /
dﬁ -

|= asinty)

4 P,
19 .1 ;f \

|= asintys)

0 2 4
¥(z)
|"-' - I."
Given a=7 1+ *y'(®) ) } 1v(5) )

Ly ) Ly

80

60

€ y(x40 u/\/

yily=1

y(l)=1

X= Odesolve(x,2)

= Odesolve(x.2)

o D T
vix)
yil=1| y()=1
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. mudyepeHHaTbHbIE YPABHEHHSA ¢ YACTHBIMH MMPOH3BOIHBIMH .

Mpumep . Lu(x, y)+Lu(x, y) =a < xu, (x, y)+ yu, (x, y) = au 310 ypasnenne Knepo .

MMpumep . L 'u (x, y) Lj,'u(x, y) a < xu, [ y) i, [r, y)=au’(x,y) Tpumep p=u,g= u' = xypq =qu

b}

Harmwesm Gynxumio F (x, v, p,q, u) = 'r:fq —a , PACCMOTPHM YPABHEHHE F'O' +F'®/ +(p!-'y’ + r._,rf-;],’)(b”' —(1"_;_' + pff;]'){DP' —(f'_'r’ + q}-;f’)mq' =AJ:

rne @ [.x I B u) MPOH3BOIBHAS (DYHKLIHA -

Mg 1 g +2pa:vwm”. _(.}»‘;:ff_lx}‘p'q]mp. _(Tpff 21};:'-:; }D P U,

u o u u- u u u u
wdc wdy wdu | d wde  uw’ dx ¢ Xy
3HAUNT TOTYUHM A = . = = :f = Ly —=£:‘.‘>——i+c
xyg  xyp  2xypqg 2x0pq ¥pq 20pg xpg  Xyg  Xp g p g P
u’ u u u
AW =GIHE 2 a3 1 3 9 3 3 a 3 1 9
. o IIFPES . d1ic tauna i’ + 4y @1 U +4xY
Orkyna Haiinem cucteMy (pyHKUHOHANBHBIX YPABHEHUH 4 x  y . Peluenue 3toil cucremsl p = - = -
— ==+ 2x’y 2xy
g P
au au
Myctb ¢ = 0= p=+—, ¢ =+—. Hanumem auddepenumansroe ypasrenne Hdadda p(x, v, u.c)dx + q(x, y,u,c)dy— r(x, you,c)du=0
x y
10 ypaBHEHHE HHTEIPUPYEMO €CIIH p( = q”] + q(p" ~r) +r(q_1_ - pl.) =0 r =1, Torga noiy4uM ypaBHeHHE
an adx ady  du : ¢
+ % xt—dv-du=0 + 3%, 3 alnexy=Inu= u =c(:~:y]r —alhexyy=hu=u= = 2
X ¥ X v u (xv)
a
H.r' = i_{
X =+ ez v + r :
Hpyroe pewenne . p=u',g=u'= W3 MepBOro ypasHeHus nonyunM Inu =+alnx+z(y) = u =" = x| orcioma u, = x*¢™z'(y) =
u' = : Hnd
' ¥
da T a Lo _I\¥ s i C
ez (y) == ¥ | Torma naiinem z'(y ]=i = c{}:}z{})= taln ye , snaunr mu=talnxtaln y= u=(xy) cu=

’ ()"



u' =t—
' X P L .
Hpyroe pewenne . p=u',q=u'= W3 MepBoro ypasHenus nonyunm Inu =+alnx+z(y) = u="""" =y  orcrona u, = =¥V ()=
' - au
u'=+—
' Y
da _z(¥] a . z(¥) _ o Lo a Y S T _ _ 5 _ c
Xie (y) +—x"¢’ , Torma Haiinem z(}]—i— dz=t—dyv= z(y)=aln yc, snauut Inu=talnx+alny= u =(xy) c,u—( Y :
y X y i

B [ quf].l‘ +(I‘_:H)" =2d & X [u') + (HJ_F)J =2a'w’ . llyete p=u q=u/ = x'p" +y'q" =24’
Hanmwenm ynkunio F (x, y, p.g.u)=x’p’ + y'q’ = 2a’u’ pacemotpum ypasuenue F,'® | +F'® ' + ( pF,) + qif;'] @ ' —(ff_'T' + pf{f')(b_“’ -
—[If;,' +q!{")¢q’ =0 ,rae ®(x, y, p. ¢, u) npoussoneras Gynkums 2x°pd " +2y°¢D | + (E,r?' p+2 fq] I [Exp:’ —4aznp)tb « —(2 yq - 4a9uq)tbq’ =0.

. chx dy du dp dg dx dv 1 1 ] 1 1
3HAYHT MOTYHHM — = T === = — = 2 —= =— i .
2x°p  2Vq 2¥°p +2y'q 2xp’ —Adup 2yq —-4d’ug  2x°'p 2¥q p\ «x

. | PX=qy au au A -
[ToaTOMy MMeeM cHCTeMy ypaBHeHWid <+ . . , , D p=t—.g=t— p=u'g=u'>
Ip. + J_,‘q — Za 't rl.-l o .

[Tpumep . (Ij_ru] +(L_l,’n) = | YpaBHeHue 3KBHBAICHTHO CIIE/LyIOLIEMY [xu_l_') +[u_1,'y) =" . Haiiziem pemenwue s1oro ypasnenus B puze u(x, y) =Y (y) X (x) ,

' ' r ' ' G ferl” ] o [ . o~
torma L u=LY L u=L X nonyuum ypasHeHue [I.A_ X ] +(L1_ Y) =1, 3T0 BO3MOMKHO TOJIBKO €CJIH (LT g ) =1 —(;’,1_ Y) =A" | rne A nocrosHHas , 3TO AAET

xX’ dX A

F i ’ v d : 1 -'|'I g T 1 A
LX) =2 L x=a, 2 =2, & =Lac, x=x (L) =2 Ly =-2, 2 =dea, YA g v = nosmomy u(x,y) = ¥y e

X x y



[ Ipumep . L_\_[”"u (x, ¥) +L_1_i"]rr(x, y)=f(x)+g(y) . Pemenue s1oro ypasnenus naiinem s suge u(x, y) =X (x)Y(y)=

L™u=1"X, .-’._1_{”]11 =1"Y ,orkyma I"X +1"Y = f(x)+g(y) = 1" X - f(x) = g(y)-1"'Y =1 . Pewas otu 18a ypasrenus naiinem dysxman X (x),Y (v)

Mpusmep . L,"u(x, y)L,"u(x, y) = f(x) g(») . Pewenne s1oro ypasrenus naiinem s suse u(x, y) = X (x)Y (») = L u =" X, L "u =1"Y |

{m] e
saauut 1" XI"Y = £(x) g(y) = ;(}; = ifll) = A . Pemas 3tu nBa ypasHenus Haitnem pynxuun X (x), ¥V (p) .
x} LMY
xu! x
!{\-r” =i_ u N v 'u_\-I = E u'= A[.T, W, H)
[Tpumep . Lg% = i S gl B AR S
L'u=xy i‘r = xy u' =ux u,' =B(x,y,u)
- 5 i

u 1 u u 1
Jna aTol cucteMel nonyuiM ——+ux——u——x=0=-———-u= []:>—n[ -~ + 1] =, Toraa u(_r,y] =0.

¥ y v )y s

2 [ .,! ’ 2 f
Lt Wi oty 2
Mpumep . xL u+yL'u+zL'"u=0—"+—2 + =2 =0=xu'+yu'+zu'=0.
’ i i i ’
L3 65: ) ]
— =3 ——=1t+q = .
dt X I+q
), 1 I 1 ] 1
XapakTepHCTHYECKAsd CHCTEMA 3TOTO YPABHEHHA (—— =) = {—— =1+ =y =— ,OTCIfA ——+—=¢ —C, =¢,——+—=C,—C; =C
dt ¥y I+c, X y =z
dz ]
=R ——=t+cC z=-—
d E 1 I +c,




| S |
[osromy v, = =—+4—,v, =——+— nepsblii HHTErpan 310i cucreMs! . OOIIEE peleHle YPaBHEHNS
X y P2

ulx, y,z)=F (vl, 1{,_!) = F[—l + . , Ak + 1]1 roe F (nj’l ; g—') MPOH3BOJIBHAA (DYHKLIHA .
z

X ,]” y
' ox :
' X — = — ‘ i
.'rﬁ_ = ” ¥ U, == ur‘ = /[(_r_.‘ ¥, u)
[pumep . Y, &4 =p AU A +BA B —AB =0,
L'u=xy yu 2k u =ux u, =B (x, v, u)
u

- u | u M |
[ 1o cucremel moyuiM — — +ux——u—-—x=0=2>-—-u=0=>-u| —+1|=0, Torna !'.‘(.I. y] =0,
: 3 ¥ ¥ ¥

4 2 ] e
K. B

Mpumep xI'v+ yL'u+zL'u=0c —=+ +—==0=xu'+yu'+zu'=0.XapakTepucTHUECKAs CHCTEMA ITOTO YPABHEHHS
' : : i il u ' : :
de 1 T
— =X ——=1+¢ =
dt h 1 I+q
&, 1 I 11 j % 11 il o 5
==y DI ——=f+c, D y=— , 3HAYHT ——+—=¢ —¢, =¢,——+—=¢,—¢; =c. OrKyma vy =——+—,v, =——+— 3T0 NEPBEIC HHTErPAJIEI JAHHOH CHCTEMBHI .
dt ¥ ; t+c, x ¥ g G AR s b T y z
& _ 1 1
| dlt - ! f+c,

Lol ¥ :
Obwee pemenne ypasuenus u(x, y, z) = F (v] g L'E) =il [—— +—=, ==+ —J, rae F (f:] : E,) MPOH3BOIBHAA (DYHKLIHSA .
X y ¥ =z



e

&' [ d 1
: — =X T =— ——=lnf+g
L x[r) =X X X t X
, B dy _ d
Hpyroe pemierne . XapakTepUCTHHECKas CHCTEMa ITOTO ypaBHEeHHS 4 [, y(r) =y i—=y=>iS=—=+——=ht+c ,
v yooo e
rl-r —
Lz()=z |g d=  di
— == ~=— ——Zlﬂn"+{.‘;
L Z - I . Z
1 | s | i = ] | = 2
llostoMy ——+—=¢ —-¢,=¢, ——+—=¢,—¢,=c.Urciopav, =——+—,¥, = —— +— TNEPBbIH HHTETPAI JAHHOH CHCTEMBHI .
X ¥y ) y z ° x y - P
06 J-!"J-!'lll]'!'
llee peleHye JaHHOro ypasHenus u(x, v, z) = ('H : 1) E i - +;, —; +—| . TOe (ﬁl,@.) npoussosbHas Juddepenuupyemas QyHKLHSA .
xn+l?f r v"'” 1 r "+IH r
IIPHMEIJ _ IanrH +}’”fj_rﬂ i 2."" er” =.?'H" P - X4 - ¥ it - z =.f'?.‘" =, .,'{,J“]i'l‘; . .J'}IIJILH_.I.' +2”.1H; =_,-”r||1
[ dx
b S
dt nx
) 1
@ =y e
dr ny ] | | | |
XapakrepucTH4ecKas CHCTeMA 3TOI0 YpaBHEHHMA < => 3 , 0TkKyla ——+—=¢ —C, =C, ———+—=(, —C, =C, ——
n " 1 2 n z 3 "
- 1 nx"  ny m"  nz nz
— = ——=1+¢
dt Hz
du i 1
R okl s
Lt L nu
T i 1 1 i 1 L, 1 )
MepBBIA HHTEIPAN JAHHOH CHCTEMBL, V) = ————+—— ¥, = —=——+—— 1, =———+—— , oDlllee pelieH’e JaHHOIO ypaBHeHus F (v“ Vy, 113) 0.
nx"  ny m"  nz nz" o
r4zlxn! \x+z)vu] (x+y)zu'
(y+2)au, +{ ) ! +( y)zu, =0=(y+z)xu +(x+z)yu’ +(x+y)zu’' =0

Mpusep . (v+z) L u+(x+z2)L u+(x+y) L u=0
: u u u






