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KIRISH

Ymby ycnyouit kypcatma OupuHdm OOocKkwd Tajabamapu Ba ynapra “Omuit
MateMatuka” ¢aHugaH gapc OepyBUM VKUTyBUWIapura MYyJDKajulaHraH OViuo,
yaaa “Onmii matemaTtuka” ¢anuHuHr [I-cemectpaa yrunanuran «Auddepeniman
TEHTJIaManapy OYTMMUHUHT Oapua MaB3ylapy KMCKa Ma3MyHH Ba Oy MaB3yiapnaa
KEeNTUPWINO YMKapWiIaaurad gopMmylanap Ba Koujaainap YpUH TONTaH. AKcapusr
dbopmynanap Mucoiutap OwiaH H30XJaHraH. MyCTakuia €uYdIl Y4yH MaIlKjiap
oepwiran. Yoy ycnyouit kypcarma Oupunun 00ckud Tanabanapura GaHHU sHaIa
AXITUPOK Y3iamrTupunuiapura épaam Oepanu. YHmaH Oapua Tanabamap Ba (aH
YKuTyBUMiIapu (oinanaHUILIApU MyMKHUH.

[llynuHraek , Macananap TyIjiaMy X03UpJa aMalja KyJulaHUIaETral
nuddepernnan TeHraaMmanap YKyB pexkacura Mociaabd Ty3usraH.

by tynnam papc maBoMma €4YWJIMINK Kepak OYIraH MacajajllapHH Xam 3
Uyura oJiaJu.

Macananap OwiaH Oupraiudkaa Ha3apuil caBOJ Ba TONIIMPUKIAD Xam
KUPUTHIITAH.

Ymby KymnanmMa MaTeMaThKa YKUTWIAJWTaH OJUi  YKyB IOpTJiapu
Tajabanapu, YKUTYBUMJIApH Ba yMyMmaH, Iud@epeHnuan TeHrJaMauiapiaH 3
OMJIMMJTAPUHY YYKYPJIAIITAPUII HUSTHIA FOpraHiapra MyJKalJlaHTaH.



1-§. V3TAPYBUNJIAPU A’KPAJIAIMT'AH BA
YHI'A KEJTUPUJIAAUT'AH TEHI'JIAMAJIAP

1. YmMymuii TymyHqasap.

dy

ax (X, Y) (1)
KYpUHULIAArd TEHIJIaMa XOCWiara HUcOaTaH €4liraH OMpUHYM TapTUOIU
oughpepenyuan mencnama nevivnaau. by epma x — JpkiM y3rapyBud,
y=Yy(x)—x aprymeHTHHHr HoMabuyM QyHkmmsacy; f(x,y) oaca  (x,)
TeKUCTUKHUHT Oupop D coxacuma (coxa neranma, Ou3 OOFIMKIN OYUK
TYIUTAMHU Ha3apja TYTasMU3) aHUKJIAHTaH Ba Y3JIyKCU3 (QYHKITHSI.

(a,b) opanukna anuKIaHTaH, y3nykcu3 quddepeHnuamianysan y = ¢(x)
byukuus (1) menenamanune euumu nevivnanm, arap y (a,b) opamuxma (1)
TEHIVIMKHU alHUATIa aliJaHTupCa: % =f(xy), xe(ab).

y=9¢(x), xe(a,b) (2)
eunM (x,y) (a3zoma UM3MKHU aHUKIaWau, my 4u3uk (1) TeHIrIamMaHUHT
uHmezpan yuzueu Aennaiu.

(1) TenrnmamanuHr Y, =@(X,), (X,,Y,)€D IMapTHH KaHOATIAHTHPYBYH

y=¢(x) eunmunu tomum Macanacu Kowwu macanacu neimnamu. Bynnait

€4rM KYNHHYA (Xo, Vo) HYKTaJaH YTyBUM €4UM EKU MHTErpall YU3HUK Ae0 Xxam
IOPUTUIIAAN.
y=¢(x,C), CeR — y3rapmac coH, (3)

byukusap cuHdu D coxana (1) TeHrIaMaHUHT yMyMuil equmu Ievinnaau,
arap y Kyiuaard mapTjiapHid KaHOATJIaHUpCa:

1) bapua C e R napaa (3) cucrema (1) HUHT eunMuHU Oepajy;

2) C um tannad omum Epmamuaa (1) Huar D gan YTyBuUM HXTHEPHIA
euruMuHH (3) cucTamazaH XOCHII KWW MyMKHH.

Arap 6uzra (1) Tearnamanusr (3) KYpUHUIIAATY YMYMUAM €9UM MabiIyM
oynca, yama Komm MacaqaCHHUHT €YUMUHU QXpaTUO OJNHIN MYMKHH.
Bbynunr yuyH (3) TeHroukaa X=X,, Y=Y, 1e0 C HUHI LIy TCHIJIMKHH

KaHoamiaHTupyBun C, KuilmMatuHu Tomuml Ba yHU (3) TEHIVIMKKA OJIHO
Ooopub kyuum kepak. Hatuwxapuit y =(p(X,CO) (GyHKIMS UCTaITaH €YUMHHU
oepaau.
3 r _123[y2
Mucos. y=(x—C)" dynxumsutap cundu xap 6up CeR ma y' =33y
TEHTJIAHWHT €YUMHU OYJIHMIIWHM, JIEKHH Oy TEHTJIaMa YIyH YMyMUH e4uM O3 I1a

OJIMACJIUTUHU UCOOTIIAHT.
Euumuy. OyHKIUSHUAT XOCUIACHHA XUC001a0 TCHIIaMara KysMu3:



y'=[(x-C)'] =3(x-cY’,

3(x-C) =3 [[(x-C) | =3(x-C).

bepwiran  pynkums  uxtuépuit  C  napjga TEHIJIMKHU — alHUSTra
alaHTHpasnTy, AeMak, y xap oup C na eunm Oynagu. Jlekun Y =(X—C)3

¢ynkuusuiap cuHpuaarn C HM TaHjgam XucoOura OepuiraH TEHrJIaMaHWUHT
Oapua e4rMMIIApUHU XOCHII KWIHO OYnmaiiau, macanan, Yy =C eduMHH.

Jlemak, 6epuiirad pyHKIMsIap CHH(H TEHIIaMa YI9yH YMyMHU# eduM 0y i1a
OJIMaMIN.

Mmucoa. y=x+C (1+ XZ), C € R ¢ynkuusnap cuadu
(2xy —x* +1)dx—(1+x*)dy =0
TEHIJIAMaHUHT YMYMUM €4UMU OYJIUIIUHA UCOOTIIAHT.
Evumu. OyakuusiHu TeHTIaMara Kynno KyWuIaruHu OJIaMU3:

dy = y'(x)dx =1+ 2Cx,
{2x[x+C(1+ xz)]—x2 +1} dx—(1+ xz)(1+ 2Cx)dx =

(2% +2Cx+2Cx* —x* +1)dx — (1+ 2Cx + X* +2Cx* Jdx =0, CeR.
bepunran ¢pynkuusa tenrnukau 0apya C € R napna alHUATra aljiaHTUPAHU.

OHau OuW3 TEHIVIAMAaHUHT MUXTHEpUA Y = go(x) €UMMHUHU Oepuiran
dyHKIusIap cuH(Ura TerHIU KaHIUTUHU KypcataMu3. XaKUKaTAaH Xam,

y= (o(x) ednM OYJIraHu y4yH TeHIJaMaH! KaHOATJIaHTUPAIH.

(ZXgo(x)—x2 +1)dx—(1+ Xz)dgo(x) =0

€K1
do(x)
2 —x2+1—-(1+x? =0.
Xgo(x) X2 + ( +x) »
F ( _ (p(X) —X o .
X) = ———— GyHKUUSIHUHT XOCWJIACH HOJTa TCHIJTUTHHHU KypcaTamMus:

1+X . (1+ xz)(d(p(x)/dx—zl)z—((p(x)—x)2x _
(1+x )
_ 2xp(X)— X2 +1—(1+ xz)dgp(x)/dx _
(1+ xz)2

bynna sca F (X) =C,, C, € R skannuru xenub 4MKaay Ba AeMax,

0.

F(x)=%=€o, go(x)=x+C0(1+x2).



[lynnait k6, 6epriiran GyHKIUsIap CMHGU TEHIIaMa YYyH YMYMHM
€4MM JKaH.

2. YsrapyBumimapuHu axpaTHO Eku Oomlkaua KAmuO aifTraniga, Xxap
WKKaJla TOMOHMHHU Oup Xui (yHKIUATa Kynautupud €xku 6ynub, 6up Tomo-
HUJa (akaT X WKKMHYA TOMOHHUJA Y WINTHPOK OJTAJAWTaH KYpHHHINTA
KEeNTUPUIL MyMKUH OYnran nudQepeHinan TeHriama yzeapysuuiapu adcpa-
Jaduzan menznama nevnnaau. Xycycas,

y'=1(x)-9(x), (4)
M (x)N(y)dx+P(x)-Q(y)dy =0, (5)
KYpUHUILLINIaTA TEeHIJIaMaJiap y3rapyBuuiapu aXpajlaguran

TeHIJIamanapaup. byHInal TeHrnaMalapHu €4YMIl Y4YyH Y3rapyBUWJIApUHU
aXpaTHIII Ba XOCUJI OYJITaH TEHTJIMKHA UHTETpaJuIall Kepak.

TenrnamManuHr Xap WKajdla TOMOHHMHM X Ba ) Jiap MIITHPOK ATraH
udonara OynuHaérranmaa 11y wuQomaHW HoOJIra aWJIaHTUPWIAIWTAH
CUMMIIAPUHU UYKOTHUO KYHHUIIIaH 2XTUET OYIIUII KepakK.

Mucou. 2x°yy' + y? = 2 TeHrJIaMaHH €4HHT.
Euumu. TeHrnamanu KyHugard KypuHUILTa KEJITUPUO OJlaMu3:

2x°yy' =2-y? [2x*ydy =(2- y* ) dx
XocHi 6yIraH TeHITHKHIHT Xap UKKada KACMUHHE X (2 — y2) # 0 0ynuo,
2ydy _ dx
1-y* X°
KYPUHHMILIATY Y3rapyBUMIIapy aKpaJiraH TEHIIaMaH! OJIaMU3 Ba MHTErpauiao:

[ =15 ly' -9 =yx+inc, ¢, >0

y?—2|=Ce"", C,>0;
y? -2=+Ce"*, C, >0.

ednMIIap TYTUIaMHra sra 0yiamus.

Tenrmukau X (2 — y2) ra 6ymranma Xx=0 Ba y*—2=0 éku y= +2
euumiiap ~ UyKOoTWiIran  Oynumu  MyMKuH.  TymyHapaukd, X=0
TEHIJITaMaHUHT €4YUMH dMac, Y =+J2 sca eunm. Jleknn Oy euumiapuu (6)
eyumIIap TYIIaMura GupnamTupui MyMKuH, OyHuHT yayH C, =0 ne6 onmm
KuQosi Ba IeMax,

y>—2=Ce"*, CeR.
3. y'=f(ax+by+c) renrnama z =ax+by+c anmaurrupum épramuna

y3rapyBUHIIapH a)KpayiaJurad TeHIJIaMara KeaTUpUO cumiaim.
Mmucoa. y' =y+2X—3 TCHIrJIaMaHU CUUHT .



Euumu.  z(X)=y+2x—3 anvamrupuan  Oaxapub, z'=Yy'+2,
y'=2"+2 Ba TeHramara KyWuO z'=z+2 ¥y3rapyBumiiapu axkpajaJudraf

TEeHrjamMara odra Oymamu3. By TeHrnamManw y3rapyBUMJIApWHH aXpaTHO
MHTErpaAIIAMHU3:

%=z+2; dz =dx, z# 2, gz =.[dX;
dx Z+2 Z+2
In|z+2|=x+InC,, C,>0; z+2=+Ce", C, >0.

by epma xam onaunjgard nyHKTAArugek z+2=0 €ku z=-2 euum
UYKOTWITaH OYJIUIIM MYMKHH. XaKUKaTJaH XaM Z=—2 TEHIJaMaHUHT
eyuMH Ba OyHM edumiap Tymiaamura Kymuo kyiumm yayH C, =0 neb6 oxmm
kudos. Illynnmait xkummb, z=Ce* -2, CeR wudomanu ojgamu3, 3CKH
y3rapyBuuiapra Kautuo, Tyraja HaTUXKara sra OyJiaMus:
y+2x—-3=Ce"-2; y=Ce*—2x+1.
4. Arap uxtuépuit k>0 yuyn F(kx,ky)=k"F(x,y) Tenrmuk ypurin
oynca, F (X, y) ra N-oapaxcanu oup scuncau Qynkyua nevivnaan. Macanas,
X2 _ yz x5 4+ xy“ )
X2 + y2 ! X4 + y4 !
bynkuusuiap moc pasuiiaa 0, 1, 2, n-gapakanu Oup KUHCTUIUP.
Arap f (X, y) 0-nmapakanu Oup >xuHcIu QyHKIUSA OYIca,
y'=f(xy)

oup ocuncnu menznama neiimnama. Xycycan, Y'=f(y/x) Ba arap

X +y?=5xy, X"+x"*yt+y"

M (X,y), N(X,y) map 6up xun gapaxanu Gup skuHCIH QyHKIHsIIap 6yica,
M (X, y)dx+N(x,y)dy =0 Tesriamanap 6up KUHCIHAUP.

Bynnaii tenrmamanap y=xU(X) anmaurrupum épaamuna yrapysuu-
napy apaaajuraH TEHIJIaMara KelITUPHING edusaiu.

Mucos. xy' =y —xe’’* TeHrnamanu euuHr.

Euumu. TenrnamanuHr xap wukaiza TOMOHM X, X#0 ra Oyau0,
y' =y/x—e"* kypurmmmarn Oup JKMHCIM TEHINAMAHHM OJAMM3. DH/HM
FOKOpHUJa AUTUIITAHUJIEK, Y = XU(X) aTIMAIITUPUIIHY KYJUITAMMU3, Y X0JI1a
dy =Udx+xdU, y'=dy/dx=U +xdU/dx=U +xU".
y'=U +xU’ Hu TeHrinamara Kyino, KyHHJariHH OJIaMH3:
U+xU’'=U-ge"; xU'=-e".
Xocuil Oyiran TeHIrJIaMaHUHT Y3rapyBUMIapyuHU aXXpaTuO eyaMus:
eVdU =—dx/x; JeYdU=-]dx/x; e =In|x|+C.

ByHnaHn scku y3rapyBumiiapra Kautud



e/ =—In|x|+C
udonann omamus. TeHrmukHU x Ta OynraHumusna X =0 €YUMHU HYKOTH-

IUMHU3 MYMKHH 314, TYLIIYHapJIUKU, X =0 TEHIJIaMaHu €YUMHU dMaC, XaTTo
AHMKJIAII COXAaCUTa XaM KUpMauu.

5. y'= f ( ax+by+c
a,X+b,y+c,

ax+by+c =0 Ba a,x+b,y+c,=0
TYFpU YW3HKJIAp KECHINAJuIraH HyKTara KYdupuinr OwjiaH OWp >KHHCIH
TCHIJIaMara Keiatupwiaad. Arap Oy TYFpH UYU3MKIAp KECHIIMAca,
aXx+by=Kk (a2X - bzy) TCHITIMK YpUHIM Oyaaau Ba JeMak, OepuiraH

] TCHIJIaMa KOOpAWHATa OOIIINHHU

teariaama Y =F (a1X + b1Y) KYypuHHUIIa SKaH. byHmail tenrnamamap (3
IyHKT) Z=a,X+0Yy amvamrupum épramuia y3rapyBUHIapH aXpayiaJuraH
TEHIJIaMara KeJITUpUIaau.

Mucon. (2X -4y + 6) dx + (X +y- 3) dy =0 TeHrnamMaHu CYMHT.

Euumu. Tenrnamanu OUp dKUHCIU X0JTa KEITUPUIL YUYH
2X—4y+6=0 Ba X+y—-3=0
TYFpU YU3UKJIAPHUHT KECUIIMII HYKTACMHU TONMHO KOoOpAHHAaTa OOUIMHU 1Ty
HyKTara Ky4upamu3. ByHUHT yuyH KyHuJaru CUICTEMaHu €410

2X—4y+6=0
X+y-3=0,
X=1 y=2 napau ojamu3. DHAM U=X-1 Ba V=Yy—2 aJIMalITUPUIIHU

OaxkapaMu3, TYIIyHApJAuKW, Oy aJIMalmTHPHUIIAa KoopAuHaTa Oomn
X=1, y =2 HyKTara Ky4ajiu.
du=dx, dv=dy;
(2(u+1)-4(v+2)+6)du+(u+1+v+2-3)dv=0;
(2u—4v)du+(u+v)dv=0.
Harmwxkama, 613 Oup KUHCIM TEHTJIaMaHHM OJAWK, YHH €4YUIN YU4yH V=U-Z

AIMAIITUPUIITHU OakapaMu3;
dv = zdu + udz,

(2u—4uz)du+(u+uz)(zdu+udz)=0 éknu
(2—32+22)du +u(l+z)dz=0.

By Tenrnamanu y3rapyBUMIapUHH aKPATUO edaMu3:



d_u: Lszz, uz0, 2-32+27°%0;

u _2—32+z
G (28 Yy (2
u \z=1 z-2) " du Jz-1 -2
3
In|u =—In||z_i||2 +InC,, C,>0;
Z_
z-2f
In |u|| I InC,, C,>0;
2-2f
u|z—1|2 =+C, C,>0

Ocku y3rapyBuuniiapra Kautuo
(Viu— 2)3 u=+C,(viu —1)2 , C,>0;
(v—2u)3 =+ Cl(v—u)2 , C,>0;

(y—2x)’ =+C,(y-x-1)°, C,>0.
Teurmukun 2—3z + 2% = (z-1)(z—2) ra 6ymranummsa z=1, z=2 &ku x Ba
y V3rapyBuunapga Y =X+1 y=2X euuMJIapHU MYKOTraH OYIUIINMU3
MyMKHH. Y =2X €UUMHH TONWITaH e4uMmiap TYyIlaMura Kymmo KYWuiil
MyMKHH OyHUHT yuyH C, =0 ne6 omum xudos. y=X+1 sca edum Ba yHH
XaKuKaTaaH Xam nykorranmus. [llynaait kuimo,

(y—2x)3 :C(y—x—l)2 , CeR, y=x+1

eurmIIap TYIuIaMura sra oyiaamus.

6. y=y/X+g (X) f (y/x). by tenrmamanm Y = XV(X) AIMAII THPHIIT
épnamuaa  Xu'=(¢ (X) f (u) KYpUHMIITa KEJITUPUII MYyMKUH. byHpnau
TEHTJIaMaldapHu OU3 I0KOpUAa Yprauiauk.

/. YMmymnamran Oup XuHCAM TeHrnama. Arap P (u,v, W) GyHKUUS

Kynxaa €Ku yMYMUUPOK  XOJiaa au‘v“w' KYpUHUIIJArd  Xajjap
HurnHAMCHIaH noopaT OYno, I Ba K JTapHUHT MOC paBHIIIa TaH/Ia0 OJMHTaH
KUiiMatiapua |r|+|k| >0 HUHT XaMMa XaJjiapu Oup XWI Japaxkanu Oyica,

P(X,y,y")=0 tenrnama ymymnawean 6up scuncnu nevinnann. Bymnait

TCHIIaMajiap Y = Zm AJIMAIITUPUIT ép)laMI/IJIa 6I/Ip JKHUHCJIN TCEHIJIaMara

kenrupwiaad. Ogataa M HOMabiyM Oyiaau, YHH TONUII YYYH TEHIrJaMajia

y=2" (y'=zm_1z') AIMAIITHPUIIHN  Oaskapuil Kepak. XOcCHa Oyirad



TEeHrJIaMaHu Oup >xupciu aed dapa3 Kuiaud, M HU ToNWIaaM, arap OyHaal m
HU TONHWII MYMKHUH OYlmMaca, OepuiiraH TeHIJIaMaHu Oy ycys OwiaH Oup
KUHCITA ~ TEHIJamara Kentupub® Oynmaiiaun. Y  xomga  OOIIKadapok
AJIMAIITUPHIIIIAP KMITUINTa XapakaT KHINO KYpHIll Kepak, MacaliaH,

r=0 Gyaranna y(X) :|X|k n(&), E=In|x|;
r =0 6ynranga y' =u(X)y Ba x0Kas3o.
Mucoa. Y =Yy®—2/x* TeHITaMaHU €UMHT.

Euumu. Tenrnamana Yy =z" anmamtupumn 6axapamus: y' =m-z" 'z’
Oynranu yayn m-z" 'z’ =z°" —2x7°,
By Tenrinamanu Oup xuHCIM Papa3 KWino,
m-1=2m=-2;, m=-1
TEHIJIMKHM ONlamu3. JleMak, IOKOpUIard TeHrnamanu Y=z '=1/z, y=0
AIMAIITHPHINY EpaMuIa OUp KUHCIIM TEHIIamMara KeJITHPHUII MyMKHH dKaH.

Iy anMmamTupumnu Oaxapaitnuk: Y =—z'/z°%

bynu Tenrmamara Kynno
KYWUJIaTUHU OJIAMHU3:

7' =2-7/x* 1.
by TeHrmama OuWp >KMHCIM TEHTrjJamMa OYJIraHd y4yH SHIU z/X=U ¢&ku

Z=Xu (X) aMaIITAPUIITHA OakapaMu3. Y X0Ji1a
dz = xdx+udx, z'=u+u'x, z=xu(x)
oynaau. bynu TeHrnamara Kynuo,
U+u'x=2u°-1 xu' =2u®-u-1
du =%; 2u° —u—-1#0
(2u*-u-1) x

TEHIJMKKa dra Oynmamu3. OXUpPrd TEHIJMKHU MHTErpajiyiad Ba 3CKH
y3rapyBuuigapra Kautuod KyiujgaruiapHu 0JIaMu3:

I du _ % EJ‘ du — %
(20 -u-1) < x" 3 (u-1)(u+1/2) - x’
1/3
lln - ‘:|n|x|+lln2C1, C, >0 s 173 :|X|;
3 |u+l/2 3 u+1/2[  (2C,)
1/3
z/x-1 1 :|X|; M:iZQﬁ, C,>0;
2/x+1/2 2C, Uxy +1/2

1-xy=+Cx’(2+xy), C,>0.
IOxopuna anmamtupuin O6axapranumusga Y =0 TEHIJIMKHUA HKKaJia

KACMUHH 2U° —Uu—1= (u —1)(2u +1) ra Oynraammmsga U=1 2u=-1 Ekmu



ACKM y3rapyBumwiapja Xy =1, Xy =—2 eyuMJapHU HYKOTraH OYIUIINMU3
MyMKHH. Y =0 TeHr1amMaHu e4uMH 3Mac, Xy =1 TeHrJIaMaHUHI €4MMU Ba
YHU IOKOpHJAa OJMHTaH e4YuMjap TYIUlaMura OupiamTupud robopuiica
oynamu, OyHusr yuyn C, =0 ne6 onui kudos. Xy =—2 TEHIJIaMaHU €YUMHU
Ba YHU FOKOpHUJIary TYIIaM udogacura KUpUTHO OYIManiu.

[ynnait Knaub, Kyduaard equmMiiap TYIJIaMAHH OJIJTUK:

1-xy=Cx’(2+xy), CeR; xy=-2.
8. ®du3uk macaganap. OU3MK MacalalapHU €YUIIJA aBBAJIO Kaiicu

MUKJIOPHU SPKJIHU Y3rapyBuH, KAHCUHUCHUHU U3TaHAETran GyHKUus cudaruaa
OJIMIIHYU aHuKam 1o3uM. KelinH sca x Mukaopra AX opTrupMma Gepuirasia

Macajiajla alTWIAa€TTaH y MUKJOp KaHyara y3rapuiidHu (SbHHU AX OpKaiu
y(X+AX)— y(x) HU) aHuKIam Kepak. OJuHraH TEHTJIMKHU HKKala

KUCMUHH AX ra OymmuO0, AX—0 npa numurra yrcak, auddepeHunan
TEHIJIaMara j»ra OyiamMu3, yHU euu0, wu3naHaétran (YyHKIUSHA TOMHO
ojaMu3. bab3u XoJuiapia XocwiaaHUHT (U3UMK MabHOCHIAH (oilnanaHnud
(arap t opxam y3rapyBum Oyica, dy/dX y MUKIOpHHHI Y3rapuil TE3JIMIH),
mudPepeHns TeHrIaMaHi KUMMHYWIMKCU3 TY3HUII MyMKUH OYJaau.

Mucoaaap.

1) Nuuna 20 n. CyBu Oynran uaumra xap jymrpaa 0,2 kr Ty3 Oynra
KopuiimMa MuHyTHra 5 . Te3nuk OunaH y3ylkcu3 Kywwnasntu. Wpuiina
KOpHUIIIMa CyB OWJaH apanamu0, Xyau Iy Te3JuKIa 4YuKUO kerasantu. 4
MUHYTJIaH KeWHUH WAUIIJIATH Ty3 MUKJIOpH KaH4a Oynaau?

Euumu. y(t) opkasii t MUHYTOAH KEWHMHTM WAMIIArd TY3HUHT

MUKJIOPUHU  OeTHIaiiMu3. [t,t+At] OpaJIMKAa WAMIIJArd WAWLIIary

TY3HUHT MHKJOPHU KaHuyara y3rapuIIMHU XUCOOJaWIuK. At BakT uaumira 5
At mukznop Kopuiima Tymaau. by kopumimanusr tTapkuouma 0,2-5- At = At
KT Ty3 00p.

[Ily BakTHUHT WYWAAa UIUMIJAH S5 J1 KOpUIIMa 4YWKUO Kertaau. t
MOMEHT/JIa WUJIMIIAArd TY3HUHT MUKIOPHU y(t) KI 914, arap At BakTaa
UIUIIIATY TY3HUHT MUKJAOPH y3rapmaca, 5 At i1 ynku0 keta€rran apanaiima

y(t)/20-5-At=0,25y(t)At xr
Ty3 O00p. YMymaH ojiraHja WIWIIIArd TY3HUHT MHUKJIOPH KaHIaWaup o Ta
yarapamun (At —0 ga ¢ —0), myHuHr y9yH uaunpian At BakToa OKuO
YMKKAH Ty3HHHT MuKaopu 0, 25( y(t)+p )At kr 6ynamm, 6y epna 0< B < a.
[lyngai kunuo [t, t+ At] BAKT opanuruaa uaumra At Kr Ty3 Tymaau,

0, 25( y(t) + [ )At KI' Ty3 UJIMIIJIaH OKUO yukaau. bynaan
y(t, t+At)—y(t)=At—0,25(y(t)+B)At



TEHIJIMKHU oJlaMu3. TeHTTMKHU Xap MKKaia TOMOHH At ra 6ymuo, At —0
na numutra yrtamui3. Arap ouz At —0 na S — 0 skaHnuruHa 3pTHOOpra

OJICaK, y'(t) =1-0, 25y(t) muddepeHIysan TeHrIamMaHu ojlamu3. by Tenria-
MaHuHr ymymuii unterpanu Y(t)=4+Ce™" xypunnmpa 6ynamu. t=0 na
UUIIIATY Ty3HUHT MUKJIOPHU y(O) =0 Oynrannmuru yuyH
y(0)=4+Ce’=4+C =0,
nemak, C = —4, llynnai Kuiauo, HAUIIAard TY3HUHT MUKJIOPH
y(t)=4(1-e")

KOHYH OwmaH y3rapagu. t=4  MOMEHTZAard TY3HHHI  MHKIOpHU
y(t) = 4(1— e_l) KT Ta TEHT OYJasu.

2) Y3yunuru L Ba quamerpu D Gynran TeMup TeMHUp WY IUCTEpHACH
KepocuH OwiaH Tynaupwirad. KepocuH mucTepHa OCTHAA >KOMIalraH Ba
KECUM 031 ® OVJraH KMCKa YMKHUII Halyacu OpKajiu OKU3UO HOOOpHIIraH/ia
[MCTEpHA KaH4ya BaKT/1a OVIIAITMHA aHUKJIAHT.

Eyumu. ABBanm OyHmal ymMmymMud XoJjja KaHJIal Xad KWIMHUIIUHU
TymyHTupamu3. dapa3 Kuiailivk, KYHIAIaHT KeCUM 103u S OamaHmiuk h
HUHT MabiayM S = S (N) ¢ynkuuscu Oynaran mauim H carxraya CyrOKIHK
Oownan Tynaupuiaradn Oyncud. Mpum tyOunma ro3u @ OynraH Temmk OYnuo,
yHAAH CYIOKIMK OKuO umkanu. CyrloKIMK carxy nactiabku H Xomnatmad
uctainrad h raya macaiiuin BakTy t HU Ba MOWIIHUHT TYJIa OYyIam BakTH T HU
aHWKJIaiMKu3. bu3 wammigard CyroKIWK carxd HUHT Mabaym V = V (h)
bynkuusicu n1ed dapas Kuaamus.

bupop t MOMeHTa MAKIIAArY CYIOKIMK OanaHaIurd h ra TeHr OViicHH.

[t, t+ At] BAaKT OpJIUFU/Ia UIUIIJIaH OKMO YMKAIUTaH CYIOKIUK MUKI0pU AV
HU Tomammuk: AV = a)V(h)At, UKKAHYA TomoHmaH AV =-S (h)At

(macaiirannury  ydyH MaH(Quil wumopa OujgaH OJIWHIWA) OYJITaHWu y4YyH
a)V(h)At =-S5 (h)At TEHIJIMKHU OojlaMK3. TEHITIMKHU Xap UKKU TOMOHMU At

ra 6ynu6, At — 0 ma nmumwurtra yrcak, Kyiuaaru auddepennnan TeHriIaMmaHu
OJIaMHU3:

a2,

By Tenrinamanu uHTerpamiao,

CYMMHMH OJIaMM3.



Waur tyna 6ymaranaa h = 0 Oyaranu ydyH yHHHT TYJia OYIIaI mauTu
T Kynngarnya TONUIaIu:

1 %S(h
T=-= j ( )dh.
@3 v(h)

Arap CYIOKJIMK KUYUK TEIIUMKIaH €KUM KUCKa Hailua/aH OKUO YMKaEéTran
oyiaca, Toppuyeian KoHyHHra MyBobuk L =./2ghu, Oy epaa g — orupiHK
Ky4d TE3JIaHWIIW, M — OSMIHPUK Ko3puuueHt (capdp  OYynmin
ko3 dunmenTn). Y Xoiaa XoCuiI KWIMHTaH udoaanap Kyiuaara KYpuHUAIIHA
OJIaIu:

1 Ts(h)dh.

sy,
N R R N 8

BU3HUHT KOHKPET MUCOJIUMU3/A

S(h)=2xL=2L,/R* ~(h—R)’ =2L,f(D-h)h

OyaraHu yuyH
—h)h 4 _ 4LDVD

o1 T(D _
opy2g5  h 329’

3) Maccacu m 6ynran D 1ok A HyKTaga u,00IIIaHFUY TE3NUK OIHO

ABC oOykunran tpybana (1-pacmea xapane) xapakar xwisnta. AB Oyinakka
IOKKa OFMPJIMK KYyYHJIaH TallKapu IOKHUHT » Te3yiurura Oofriauk Oyiran R
KapIIWIMK Ky4d TabCUP dTaau. B HyKTamaH 10K ¥3 TE3JIMTUHM Y3rapTHpMac-
naH TpyOanunr BC Gymarura yraam,
Oy epna IOKKa OFUPJIWK Ky4dHaaH
Tamikapu F  y3rapyBum Kkyu xam
tascup Kunagu. AB Ba F, (F, — F
KYYHHHT X VKJard TPOEKIIUSICH)
MabiayMm Oyinca, rokHUHT BC Oymak-
Jary Xxapakat KOHyHUHH TOITWHT.

@ U o>

Bepunean: m =2 xr, R = uv’,

- oy epma u=0,4«kr/™M, U, =5M/c,
o\ )
z g—?’o X |=2,5w, F, =16sin4t.

1-pacm. Tonuw xepax: X = f(t) roxHumT

BC 6ynakmaru xapakaT KOHYHH.
Euumu. a) HOxam wMarepman HykTa ae06 kapadb, AB Oymakmaru
xapakatuHu kypub umkamu3. FOkka (MXTHUEPHUI X0J1aTaa) TabCUP KHIYBUH



P=mg Ba R kyurap umsmana TacBupiadrad. AZ YKHU YTKa3uO, IOKHHMHT

XapakaTuHH 1Ty YKKa TPOSKIHsCH AU PEPSHIHSIT TeHITIAMaCHHH TY3aMH3:
do, do, do, dv dp,

=2F,, €éku = = L,
dt dt dz dt dz
OyaraHu yuyH
do
mu, — =P, +R,. (1)
dz

R, =P=mg, R, =—R=—u0’, v, =0 SKaHIUTMHK >BTHOOPTA OJICAK, Kyiu-
JIary TEHTJIMKHU OJIAMU3:

mz)@mg—,uu2 8KH Ud—Uzﬁ M9 _ 21 (2)
dz dz m{ u
E3yBHM eHIMILIaTHII yayH
k=u/m=0,72M", n=mg/u=50 m?/c’ (3)

Genrunanuiapan kupuramus (6y epra g ~10m?/c? ne6 omuumm). Y xonna
(2) Tenrnamanu

do
20— =-2k(v® —n 4
+ = 2k(v*-n) @)
KYpHUHHIIA E3UIIT MyMKHH.
VY3rapyBuwiapHu axpaTuO, Xap HUKKajga TOMOHMHM HHTErpasmiao,

Kyhugard ndoaaHu ojlaMu3:

2000 _ _oydz: In(v?—n)=-2kz +C,. (5)

v*—n
z=0 na v=uv, 6ynranu yayH (5) Tenrnukka kypa C, =In (Ué — n). bynu (5)
TEHTJINKKa KyHuo,
In(v® —n)=-2kz+In(vf =n) & In(v —n)—In(vf —n)=-2kz
TEHIJIMKHU oJlaMu3. byHu 3ca
v* =n+(vf —n)e™ (6)

TEHTTIMKHA oJjlamu3. (6) Tenrmukna z=I1=2,5wm,k, n map (3) TeHrmmk
OpKaiu u(oaaJaHral SKaHJIUTMHUA XucoOra oiaud, IOKHUHT B HyKTajaru U
TE3JINKHHU TOIIaMHM3:

v =50-25/e; v, =/50-25/e ~6,4 m/c. (7)
) Dunun okauar BC 6Ynakaary xapakaTuHu YpraHaMus: TOTUITaH Ug
TE3NMK FOKHUHI siHrM OYnakiard Gouuiasrud Tesmurn (U, =vg) Oynazm.

IOKHUHT UXTHEPUH XoJNaTHaa TabCcHp 3TyBun Kywiapeu P=mg, N, F

owiran xoisja, B Hykragan BX ykHuM yTka3uO, yHUHT XapakaTWHU Iy YKKa
npoekuusacu quddepeniufin TeHrnaMacuHu Ty3aMus:



d’;x =P +N_+F,. 8)

P, =Psin30°=0,5mg, N, =0, F, =16sin4t 6ynranu yuyn (8) TeHriama
KyWuaaru KypuHUIIHYA OJIAAU

do,

m t =0,5mg +16sin 4t. 9)

m=2xr, = IOM/ c? SKAHJUTMHU  IbTUOOpra  0nud, TEHIVIAMaHU
WHTEerpajuiacak

v, =5t—2c0s4t +C, (10)
ra sra Oymamus. t = 0 ma v, =v, =v, Oynramu yuyH (10) TeHrIMKIaH
KYWHJIaTUHU OJIAMHU3

C,=v,+2c0s0+6,4+2=38,4. (11)
byaun (10) ra KyimO, Xap WKKaja TOMOHMHM Ot ra kymalATupuo
WHTErpajijiacak

dx

X

v =E=5t—20034t+8,4; X = 2,5t —0,5sin 4t + 8,4t +C_

kemu6 unkagu. t = 0 ga X = 0 6ynranu yuyn C, =0 6ynanu. Jlemak, FOKHUHT
BC 6ymaknaru xapakat KOHyHU

X = 2,5t —0,5sin 4t +8, 4t (12)
kypunuiga Oymamu (0y epaa X warepuamiapnaa, t asca cekyHiapaa
YII4aHraH).

9. T'eomeTpuk MacajajJlapHd €UHWINA, aBBajl YU3MAHW YU3HO OJIWII
kepak. Keiinn uznanaérran Gyuakuusau Y =Y (X) opkaiu Oenruinad macana
HIAPTHHA MUKAOpJIapHu X, Y Ba Y (Y ypuHMaHuUHT Oypuak KoddduiueHTH
SKaHIUTHAaH (oWIaaHuIll Kepak)iap opKaiu udojanaHca, Xocui Oynran
TeHrnuk auddepennuan tedriama Oynanu. Juddepeninuman TeHriaMaHu
eunO, Y =Y (X) u3nanaérrad QyHKIUIHU TOITAMHU3.

MucoJ. F(X,y,Cl) srpu umsukiap (C, — mapamerp) OMIACHHUHT

W30TOHAJI TPACKTOPHUSUIAPUHMA TOMMHT (IIy OWJIa TPU YU3UKJIapu OuiaH Oup
X1 @ Oypyak ocTuAa KecullyBuUM Oomika Oup oujia HM30roHal
TpaeKTOPUSIIAPU JICUMITAJIN )

Euumu. bepunran 4u3ukiap OWJacHHUHT OuddepeHnuan ouIacHHU
Ty3amu3. byHUHT yuyH Kyiugaru cucremaaad C mapameTpHu HYyKOTaMu3:

F(xy,C)=0

oF oF (1)
—+—y'=0.

ox 0oy

HaTI/I)KaI[a 6€pI/IHFaH YU3UKJIIAp ONJIACUHUHT



y'=f(xy)
KYpUHUIIAArd TEHIVIaMacuHu oJjamMu3 (0y epaa yMyMaH oOJrasHja
g(x,y,y')=0 kypuHumizaru TeHrmama xocwn Oymangu, Ou3 yHu Yy’ ra
HUcOaTaH eund OJuIl MyMKHUH 1e0 dapa3 Kuiiamus).

Mabiaymku, M (X, y) HYKTaJa KECUIIYBYM MKKH OrPU YHU3UK
opacujaru Oypuak €0, Srpu uM3uKiIapra Oy HyKTajapja YTKa3WiraH
ypuHManap opacujaru Oypuakka atuinaau. bupu Oupunum (Oepuiiran),
WKKUHYMCU UKKUHYM (TOMUII Kepak OYJraH) 4yu3WKJap Oujacura TErUIUIH
oynaran M (X, y) HYKTaJa y3apo KECUIIYBUM UXTUEPUN UKKHATA YU3UKHU | Ba
IT ne6 Oenrunabd onaitnuk (2-pacmea xapane). 1 Ba 1l unsuknapra M Hykraaa

YyTkazunaran ypuaManapHuar OX YKy OuiiaH XOCHJT KWITraH OypUyakJIapHA MOC
paBulga « Ba f Owian Oenrunacak, [ Ba Il umsukiiap opacuparu Oypuax

¢ ==x(f—a) 6ynanu. bynnan

tgf = 9atigy 2)
1+tgptga
TCHITIMKHK ojamu3. TymyHapiauku, tge —
MabIyM ( @ Oypuak Oepuiiran),
tga=f(xy), tgB=y’
(y' um3mkka OepwiraH HyKTaJaH YTKa3uWi-

raH YpUHMAaHUHT Oypuyak Ko3()PUIUMEeHTUHU
oepann).
Jemak, (2) myHocabar

1+tge f (X, Y)
kypunummaa Oynaau. By ymymuil uHTerpamum OepwiraH 3rpud YHU3UKIAP

OWUJIaCM y4YyH H30TOHAJl TpaekTopusuiap Oynaau, ynap OepuiaraH 3rpu
YU3UKJIApHUA Oup Xun ¢ Oypuak octuja kecud yraau. Arap TpaekTopusiap

2-pacm.

opToroHan 0yica, y xoiaa
p=r/2, B=atn/2, W9f=—Clga=-1/tga=-1/f(X,y)

Oynu0, opTOroHaN TpaeKTopHsIap OWIACHHUHT nuddepeHnran TeHriaMmacu
ym0y KypuHUIIIa Oyiaam:
1
!

" T (k)

Xycycan, y=C,X' unsuxgap omacura oproroHan 6yjirad (4usuKjIap

(4)

OWJIACHHHU)) TPACKTOPUSIIAPUHM TOIHUIL Kepak OYIICUH.



ABBajo, y =Cx* YU3UKJIap ~ OWIACHMHUHT  auddepeHuman
TEHIJIAMacUHU Ty3u0 OJlaMU3:
y=Cx"
y' =4Cx°
Jlemak, OepuiiraH 4U3WKJAp OWJIACHHUHT auddepeHian TeHriaMmacu
y'=4y/x okan. (4) TeHINMKKAa Kypa W3IaHA&TraH TPAEKTOPHSIIAPHUHT

— y'=4y/x.

nuddepeHnran TeHrIaMacu
y'=-x/4y (5)
kypunuuiaa 0ynaau. by nuddepennman TeHrnamanu eyamus

Aydy = —xdx; I4ydy:—fxdx; 2y* =—x*/2+C,.

Jlemak, M3MaHAETraH YM3HMKIAP OMIACHHMHT TeHraamacu 2y° =-X?/2+C,

oynanu.
Mucon. llynpnaii YU3WUKHU TONMWHIKH, YHUHI UXTUEPUM HYKTACUJaH
YTKa3wiraH ypuHMa, YpPUHHUII HYKTAaCH OpJAMHATacH Ba alcuuccanap YKd

XOCHJI KWJIraH yd0ypuak 1034 y3rapMac a’ ra TeHT OYJICHH.
y Eyumu. I3naHa€traHn 4YM3UKHUHT UXTUEPUMN

M (X, y) HykracuHu onmaiinux (3-pacmra Kapar).
M TymyHapauky, unsukka M (X, y) HyKTaJaH yTKa-

3wirad ypuama ounan OX YKy opacujaru 0Oypuak
o yayH tga =Y’ TteHrnmk ypunnu. buz kyhuna-

5T A L Twiapra oramus:
MK =y; NK = Y Y.
3-pacm. tga Y’

1 1 y?
S = Z|MK||NK|== L.

2 2y
VKKAHYH TOMOHIaH S =a?, neMak, Kyiunaru nuddepeHiman TeHriamara
ara Oymammus:

2
ly—,:i a’® éxu Yy ==+ iZ+C.
2y 2a
By Tenrnamanu y3rapyBUMIapUHA aKPATUO €UaMU3:
d—gzi izdx; _[d—g:ir iz dx; —E:i Lz+C.
y 2a y 2a y 2a

[lynmait kwinb, OW3 MacaJlaHMHT EUYMMHHHU OJIIUK, W3JIaHTaH YHU3HUK
1 X

—— =t — KYPHUHUIIIN Y% KaH.
y % +C &¥p na 6ynap ska



1.
3.
S.
7.

JAn¢pepenuuan TeHIIaAMaAHU €4YUHT

Jydx+x2dy =0
cos’ ydx —(x* +1)dy =0
y' =3f2x—y +2
7+ gy TR =0

2. (1+ yz)dx:xdy

4, (1+x3)y’=3x2y, y(0)=2

6. dx—xdy=2ydy, y(0)=-1

8. tg xsin® ydx +cos® x ctgydy =0

9. 4xdx —3ydy =3x’ydy —2xy’dx 10. y'=sin’x

11.
13.

15.

17.
19.
21.

23.
25,
217.
29.

31.
33.

35. xy
37.y
39. vy

41.

43

y' =5x(1-x* )3/2

J4+ y?dx— ydy = x?ydy

2

-y
ﬂ:e—x COH X, y>0
dx

y
y’+1=«/x+y
y'(x+ y)2 =1
yrzex—y 1

y'=cos(y—x—1)
y' =tg(y—2x)
y =y /X2 +4y/x+2
y'=(x+y)/(x-y)
Xy'=yX"=y* +y
2y' =y* /X2 +6y/x+3
.3y +4yx?
2y? 4+ 2x°
, _4y—-2x-6
X+y-3
, X+Yy+2
X+1

y,__x+5y—6
X—y—6

(¥*y* 1)y +xy* =0

12. y'+1/y?* =1

14. 3e’tgydx +(1—e*)sec’ ydy =0
16. 2'=2"*, z(0)=—-1

18. y'=cos(y—Xx)

20. y'+ysin2x=0, y(7/4)=1
22. y'==-2]y|

24. y' =§/(4x—y+1)

26. y'=sin(y—-x-1)

28. xy'cos(y/x)=ycos(y/x)-1
30. xy'=y(1+In(y/x))

(' =y)In(y/x)=y

34. xy'=ylIn(y/x)

36. (x—ycos(y/x))dx+xcos(y/x)dy =0

w
N

38, y' = Sy +5
4x+3y-1
, _ 2X+Yy-3

2X—2

42. y’:Z( y+2 j
X+y-1

44. (y* —3x*)dy +xydx =0

40. y




45. 2y' +x =4,y 46. y3dx+2(x2—xy2)dy:0
47. x*y"* =3xyy’' +2y* =0 48. 2x°y' = y° +xy

TeHrjiamMaHu ﬁepn.ﬂran IMAPTUHU KAaHOATJIAHTUPYBYIHA
CIYMMHUHH TOIIMHT

49. x*y'cosy+1=0, x>+ ma y—>16/3-r.

50. e’ =e*y'+1, X — +0o0 1a y yerapanaHras.

51. « Ba [ napHUHT KaHAai KuiimaTmapuma Y =ax” +by”
TEHIJIAaMaHX Y =Z" alMallTHpHUIIl EpaaMuaa OWp KMHCIM TEHIJIamara

KEJITUPHIL MYMKHH?

52. Upnmina 10 kxr ty3 conunrad 100 mutpnu kopuiima 6op. Waumira
y3IyKCU3 CyB KyWnO (MUHyTHTa 5 JI) y KOOpHWIIMa OWIaH apanamaérraH
OyncuH. Arap KOpHIIMa IIyHJal TE3NUK OWIaH WAMIIIAH YUKUO KeTaéTraH
Oyica, Oup coaTnaH KeWMUH WAWIIIA KaHYa Ty3 KOJIaIu.

53. Marepuan HykTa TYFpU YM3UK OYillad ¢ Te3naHull OuiaH
xapakat KuauHanTu. [y HyKTaHUHT XapakaT KOHYHUHU TOIUHT.

54. Tanaupnaan y3u0 OJMHIaH HOHHHUHI TeMmiiepatypacu 20 MuHyTAa
100° pgan 60° ra Tymagu. Y3ub ofraHjaH HeYa MUHYT KEWMH HOHHMHT
temriepatypacu 30° 6ynanu?

55. Moropnu Kaliuk THHY cyBaa U, =20 km/coar Te3nuk OuiaH
xapakaT Kwiasnty. [y ropuiijga KaiMKHUHT MOTOpH Yunpu6 Kyiiuniau Ba 40
CEKYHJIJJaH CYHT YHUHT Te3Murn 8 Km/coar OymuO Koagu. CyBHUHT
KApUIWINTA KaWUKHUHT TE3JIUTUTa TYFPU MPOTOPIMOHAN Oyica, KAMMKHUHT
MOTOPHY YUYUPWITAHAH 2 MAUHYT KEMUHTU TE3JIUTUHU TOITHHT.

56. Uanm xonyc maknupa O6ynud, acocuHuHTr paguycu R = 0,4 w,
Oanangmuru H = 1 M, yuu sca nactra KapaTuirad. Arap WANIIHUHT yuuaa 15
CM JMaMEeTpJid TeUuK OYyica, yHAaru Tyjaa CyB KaH4a BakTaa okuO Oymaau?
(CyBHMHI caTxXu TeHMKIaH N OanaHuMKAa OyiraHga yHHHT TE3JIUTH

v=0, 6«/ 20h 6ymagu nebd XHCOOIaHCHH).
57. Maccacu m = 6 kr O6yaran D 1ok A Hykrama v, =15 km/c

oouutanFuy Te3nuk oaud, Oykwiran ABC TpyOana (4-pacmra kapasr)

xapakaT Kujaérrad 0yncuH. AB OVnakia 10Kkka OFUPIUK KY4HIaH TallKapu

x Q=12H y3rapmMac  Ky4 (AyHamuiuu
yn3MaZa KypcaTWiraH) Ba IOKHUHT O
Te3nurura OOFNMK OYnran (MyHAIUIIN IOK
Xxapakarura kapmu) R =0,60° KapIIHINK

Kyuyd Tabcup 3Taau, B Hykrama ok V3

4-pacm.



TE3IMTMHU y3rapTupmacaan TpyOanunr BC
Oynarura yrtanu, Oy epla IOKKa OFHUPIIUK
KyuuaaH Tamkapu F

y3rapyBun Ky4 Tabcup Kuwiaau. AB=5wm Ba F =-5sin 2t(|:X — F) KYYHHHT

X
X YKAaru MPOEKIUSICH) SKAHJIWTUHUA Omiran xosjaa okHuHr BC Oymakmaru
XapakaT KOHYHUHU TOTIHHT.

58. Kyimmarn  4yuM3mKiIap ~— owiacWura — OpTOrOHanN  Oynrad
TpaeKTOpUsIIapHH TOmHHT: a) Y =Cx*; 6) y* =x+C; B) y=Ce*.

59. Koopaunara 6ommman ytyBum, Yyku OY Vkura mapamien OViarad
Oapua mapabdonanapHuHT AU PepeHIran TeHrIaMacuHu Ty3HHT.

60. Illynpmaii  yuM3HWKIapHU  TONMHTKH,  yJapjAa  UXTUEPH
YPUHMAJIAPHUHT a0cuucca YKU OWjaH KECHUIIMII HYKTaCMHHUHI adcuuccacu
YPUHUII HYKTACUHUHT a0CHMCCACUIAH UKKU MapTa KaTa OYJICUH.

61. llynnaii 4yM3MKIApHU TOMMHIKH, ylapAa UXTUEPUN ypUHMAHUHT
abcuuccanap yKU OuilaH KECHUIIUII HYKTACHMHUHT aOCIMCCacu, YPUHUII
HYKTaCHHUHT a0CIIMCCACH Ba OpAMHATACH ailupMacura TeHr OYIJICHH.

62. Kyhumarn xoccara sra OyiaraH YM3UKJIApPHM TOIMHI: YHM3HUKKA
UXTUEPUN HYKTacHJaH YTKa3WIraH ypuHMa Ba HOPMAaJApHUHT adciucca
VKHJIaH aXpaTraH KecMacu 2a ra TEeHT.

2-§. BUPUHYU TAPTUBJIN YN3UKJIN BA
YHI'A KEJTUPUJIAANUT AH TEHI'JIAMAJIAP.
TYJIMK JUPPEPEHILIUAJI TEHI'JIAMAJIAP

1. y'+f(X)y=9(X) xypunuIzary TeHIIaMa Gupunuu mapmuonu

yusuKu ougpepenyuan menenama nevinnany. by TeHrnaMaHu eduil ydyH
aBBaJl YHTra MOC OUp KUHCIH (SBHU g(X)EO OynraH) TEHTJIaMaHW €4u0

OJINHAIA

y'+ f(x)y=0 (1)
By y3rapyBuminapu axkpaiaauran TeHrjiaMa OyiaraHu ydyH, YHU HHTETpaiad
KYyWHIaTUHH OJIAMHU3:

dy__ X +0r ﬂ:_ X )dXx ﬂ:— X)ax;
o Ty y=00 2 f(x)ax, [25=—]f(x)dx

dx y
. —If(x)dx
Inly|=—] f (x)dx+InC,, C,>0; y=Ceg , C,>0.
y= Ce_j f(x)dx, CeR napma (1) TeHrIaMaHuHT YMyMHH edyuMu OYiaiu.
DHIu O0u3

y'+ f(x)y=9(x) (2)



—Jf(x)dx o o
TEHIJIAMAHUHT €YMMUHU y:C(X)e KYpPUHMILJA KUAUPUO Kypamus,
6y epma C(X) — xosupua HoMabmyMm Oynaran dymkmus. C(X) Homamym
(GYHKIHMSIHA TOTIHO OJHIN YIyH Y’ XOCHJIaHH XHCOOJIAMIINK:

=g e9e " e e e (g (g

X
Oumu Y’ Hu (2) ra Kylicak KyWHarira sra 0yiaMus:

c'(x)e "™ —c(x) f(x)e T e (x) £ (x)e T =g (x).
c'(x)=g(x)e ™.

OXHpru TEHITIMKHU HHTErpaLia
X) = I g (x)ejf(x)dXdX+C1
nonann onamus. Tommiran C(X) Hu YpHura onmub 60pub Kyiicax, (2) HUHT

YMYMHI €4UMHU yUyH
_If(x)dx [Jg(x)ejf(x)dxdx+cl:| 3)

dbopmynara sra 6ynamus.
Arap 0u3 (2) TeHrJIaMaHUHT (XO, yo) HYKTaJaH YTyBUM HWHTETpal

YU3UFUHU TOIMOKYHU 6}"/nca1< (3) naH doitgananu0, yHUHT KYPUHUIIN

X X

( Yol
= j g(x)e*  dx+y, (4)

SKAHJINTUIa KHAUHYWIUKCHA3 UIIOHY XOCUJT KWJIMIIIMMU3 MyMKHH.

Jlemak, (2) TeHr1laMaHUHT (Xo, yo) HYKTaJIaH YTyBYU UHTErpaJl YU3UFU
(4) kypuHMIIIIa BA yMyMUW €4uMH (3) KYpUHUIIIA SKaH.

Mucos. Yy —yctgx=2XSinX TEHINIAMAHUHT YMYMHH CUYUMHHH

TOIIHHT.
Evumu. bup xvHCIM TEHTTTAMaHUHT YMYMHUN €4UMUHH TOTIHO OJIANIINK

ﬂ—yctgx=0, ﬂ:ﬂ dx, _[dy _[COSX
y SIN X SIn X
Inly|=Inlsinx|+InC,, C, >0, y=Csinx, CeR.

DOHIM y3rapMacHU BapHalUsIaiMu3, S’bHU OCpHIIraH TEHTJIaMaHWUHT
eanmuHu Y =C (X)Sin X KypuHuIuga u3naimus, 0y epma C (X) X03Upya
HOMaBbJIYM (DYHKITHS.

y =C(x)sinx"y"=C’(x)sinx+C(x)cosx

TEeHrJIaMaHu KYyHUO KyHugaruHu oJiaMu3



C'(x)sinx+C(x)cosx —C(x)cosx = 2xsinx,
C'(x)=2x, C(x)=x"+C,, y= (x2 +C2)sin X.
JleMak, OepwiraH TEHIJIAMAHMHT yMyMHii eummu Y = X°Sin X+ C,sin x
KYpUHUIL A DKaH.
Anbarra, oxupru udomaanu (3) bopMynanu Kymuiad xam OJIUIT MyMKUH

sau. JlekuH kyna kynm mucoiuniapaa Ousra yxmad (3) dopmynanu omuid
Y4YH KWJIHMHTaH 0apya UITHU Oaxapu0 YMKKaH MabKyJIpOK.

2. y'+ f(x)y—g(x)y", n#1 — Bepuyaan Tenraamacu.

By Tenrnamanu z=Yy "

aIMAIITUPHUIIT EpAaMKia YN3UKIWM TEHrjaMmara
KEJITUPHUILI MYMKHH.

XaKuKaTaaH XaM aBBajl TEHTJIaMaHu Xap MKKajga ToMoHu y', y#0 ra
1-n

6ym6, ymm y"y'+f(x)y™"=d(x) kypummmra xeatupuG 0mHO,
z'=(1-n)y "y’ sKaHIMrHHK SBTHOOPTA OJIHHCA,
Z’+(1-n)f(x)z=9g(x)(1-n)
KYPUHUIIIATA YU3UKIN TEHIIIaMa XOCHJI Oy iasu.
Mucon. = y' + 2y = y’e* TeHrJIaMaHUHT yMyMHil €dUMHHH TOTIHHT.

Evumu.
L+g=ex, y#0, n=2, z=y"=y",
y |y
z':—l-y‘zy':%, ~7'+271=¢, 7'-271=¢
y
7' —27=0, %:22, $:2dx, In|z|=2x+In|C|, C,=0,
X z

z=C*=0, CeR; z=C(x)e™, z'=C'(x)e”+2C(x)e*,
C'(x)e*™ +2C(x)e* —2C(x)e* =e*, C'(x)=—-e™,

C(x)=e"+C,, z=(C,+e)e”, ==(C,+e*)e”,

<|F -

1
V= (C2+e‘x)e2X - y=0

OXI/IpFPI y=0 CUMMHU TCHITIAMAHUHI Xdp HWKKaJla KUCMHUHU y2 ra

OYJIMHraHma MYKOTWITaH, IIYHU KYIIHO KYHTUK.

3. Y+ p(x)y+0a(x)y® = f (x) — Puxkaru Tenriaamacu.

YMmymuii xonga Oy TeHIrama KBaapaTypajiapia WHTETrpaulaHMaiiu,
aMMO arap YHHMHI OuUpopTa XYCyCUM €UUMH yl(x) MabilyM Oyiica,



y=y,+2(X) anvamrupum &pnamuna yHu BepHymiu  TeHrmamacura

KEJITUPHUII MyMKUH. XaKUKaTaH XxaM Yy =Y, + Z(X) HU TEHrjamMara Kymuo

yi+2'+ p(X)(y; +2)+q(x)(y, +2) = f ()
TEHIJIMKHU OJIaMU3. yl(x) PHUKKaTH TEHIJIaMaCMHUHI €YMMU SKaHJIUTUIAH
y, + p(X) y, + q(x) yf = f (X) AHUW  TEHIVIMK YPWHJIM  DKAHJIUTUHU

3BTUOOpra OJIcaK, BepHyILIN TeHIIaMacuHH OJIAMH3:
'+ p(x)+2q(x)y, |z=—q(x)z".

2
Mucoa. 3y +y® + — =0 TeHrIaMaHu €YMHT.
X
1
EunMu. y, =— Oy TEHIIaMaHUHI €YMMH SKAaHJMIHra HIIOHY XOCHII
X

. 1
KWJIMII KUHAUH 5Mac. Y, = —+Z 1e0,
X

2
yl’:iz+z’ Ba 3(—%+z’j+(%+zj +£2:0 €K1 32'+25:—z2

X X X X X
bepHyuM TeHrnaMacuHU OJIaMU3.
7 21 1 Z' 2
3—+—==-1 z#0, u==, U=-—, -3U'+-u=-1
Z2° Xz Z Z X
2 2
u'-=u=1, 3d—u=—dx, 3Inju[=2In|x|+In|C,|, C,#0,
X u X

u*=Cx* CeR, u=C(x)x*", u’:C’(x)x2’3+C(x)§x‘1’3,

3C'(x)x** +2C(x)x —EC(X)XZ/S =1, C’(x)zéx‘m,
X

C(x)=x"+C,; u= xz’?’(x“3 +C2), %: x+C,x*°0,

= X+C,x*", y—lz%,
y-1/x X X+C,yx
gL, 1 1
X X+Cx*% X
4. Tyauk nuddepenunala TeHriama.
Arap
M (x,y)dx+N(x,y)dy=0 (5)

TEHIJIAMAaHUHT Yal TOMOHHU OupopTa F(X, y) (GYHKUMSIHUHT — TYJTUK

mudepennmany, SsHA



M (x,y)dx+N(x,y)dy =dF(x,y)
oyica, (5) Tenrnama mynuk ougpghepenyuan menenama neviunand. Y xomnjaa
(5) TenrmamMaHuHr ymymuil eunmuHu F (X, y) =C «ypunumga &3uil

MyMkuH, 0y epaa C — uxtuéuit y3rapmac. Iy epnan kypuHuO TypuOIuKH,
(5) Tenrmamanu euyum F (X, y) (GYHKIMSAHN TOTA OWJIMIN SKBHUBAJICHT JKaH.
Kauon (5) tenrnama tynuk auddepennmnan dF (X, y) =0 rtenrmama Oynanu
Ba F(X, y) KaHJal KWauO TOMWIaaM, JeraH caBoyira Diyiep HOMHU OwIiaH

IOPUTHITYBUM KyHUJIaru TeopemMa xaBoo Oepasu.
Teopema. M (x,y), N(X,y) dysxmmsmap xOy tekucimukauar D

M (x,y)  ON(x,y)
Ba
OX
XyCcycui xocwiianapra sra 0yincus. Y xoinja (5) TeHrJaMaHUHT 4arl TOMOHU
oupop F (X, y) GyHKUMSHUHT TYIMK Auddepenunanu Oymum yuyH D

COXacu/Ja aHUKJIAHTaH Ba y3JIyKcu3 OYIuo, y3JIyKcHu3

COXaHUHT Oapua HyKTajJapu
M (x,y) ON(x,y)

oy OX
TEHIJIMK YPUHIIN OYJIUIIN 3apyp Ba €TapIugup.
bu3 0y TeopemaHuHT ucboTura Tyxraamanmus. F (X, y) (GYyHKUUSHUHT

(6)

KaHJai TOMUIKIINHA MECOJIap/a TyIIYHTHPAMU3.
MucoJr.
a) (X + y) dx + ( X — y) dy =0 TeHIrJIaMaHu CUHMHT.

Eyumu. (6) TEHTTUKHU TEKITUPUO KYpamMu3:

oM (x,Y) 1 N (X,y)

M(x,y)=x+Vy, N(xy)=x-y, ———2=1 —""7-1,
(xy)=x+y, N(xy)=x-y % Y
oM  ON o
Hemak, — = x mapt 6axapuiiaau, SbHU OEpUIIraH TEHIJIaMa TYJIUK

mubdepenuman TeHrnama dkaH. OHau  F(X,y) QyHKMsHE - TomMuIra

XapakaT KujlaWiukK. TylmyHapivKy,
dF (x,y)= 2—idx+%dy =(x+y)dx+(x—y)dy

TEHIIMK YpuHiu. byHaan sca Kyiugaru udoaanapHu oJlaMu3:
oF oF
—=X+Yy, —=X-VY. (7)
OX oy

by TenrnamanapauHr OupuHUKCH X Oyiindya HHTETpaiao,
2

F(x,y):j(x+y)dx+gp(y):x7+xy+(p(y) (8)



TEHIJIMKHU OJIaMHU3 Ba y3 HaBOaTuja OyHpaaH Y Oyitmua auddepennuaniad

oF

—=X+¢'(y) ra ora O6ynamu3. VIKKHHYH TEHIJIMKIAH MAabIyMKH,

aF [ !

E:X—y, IIYHUHT y9yH X+g0(y):x—y. By epman (p(y):_y Ba
y2

(p(y):——2 + C. qo(y) Hu (8) udona ypaura Kynuo,

2 2

F(x,y):%+xy—y7+c

2 2
X o
HU oJyiamu3. Jlemak, TEHIJIaMaHWHT CYHMH > + Xy — y7 =C, xypuHHIIIA
oynanu.
0) (1+ y®sin 2X)dx2yCOS2 xdy =0 TeHrJIaMaHH CYMHT.

Euumu. (6) TEHTIUMKHYA TEKIIUPUO KYpaMus:

M (x,y)=1+y?sin2x, N(x,y)=-2ycos’x,

oM (X, , ON (X, :
M:Zystx, M:2ysm2x.
OX
emax, ﬂ:aaﬂ mapt Oaxapwiaau, S’bHU OepuiiraH TeHIJlaMa
X

TynuK auddepeHuran TeHrjaMa -HKaH. F(X, y)HI/I TOIWILTA XapakKar

Kunainuk. KOkopuaa KypranuMusex,

dF(x,y) =aa—|;dx+%:dy =(1+ y®sin 2x)dx—2ycos2 xdy

TEHIJIMK YPUHIIA OYJIraHu y4yH

OX

By TenrnamanapHu MKKUHYKMCHUHHA Y Oyitndya MHTETpaiao,

F(xy)= —J'Zycos2 xdy = —y? cos® x+¢(X)

F 14 ysin 2x; % = -2y COS” X.

TEHIJIMKHUA OJlaMu3 (9bTHOOp OepuHT, (o(x) — Oy epma aHMKMac MHTErpai

xocusl Oynmamuran wuxtuépuid y3rapmac C ypHUIa Kenasntu, X HUHT
byakusicn OYynu0 KONAM, YyHKM HMHTErpal OCTUIA HWKKU Y3rapyBUMIH

¢ynkua) Ba y3 nHapbatuma OyHOaH %::yzsin 2X+¢'(X) HEH omamms.

oF ) .
MabiayMku, OMpUHYM TEHTJIMKKA acocaH — =1+ Y“SIN2X, MIyHUHT y4yH

y?sin2x+¢'(x) =1+ y’sin2x, 6y epman ¢'(x)=1 Ba @(x)=x+C. ¢(x)



HA Ypuura Kyim6, F(X,y)=-y“cos’x+x+C uu omamms. Jlemax,

TEHIJIAMaHUHT eduMHu Y° C0S° X — X =C KypuHMIIIA 6YIau.

5. UaTerpa/LioBuyu KynauTHpyBYH.
(5) TeHrnamMaHWUHI dYanm TOMOHHUHHM OWUpPOp (PYHKUHUSHUHT TYJIUK

muddepennrann O0yaMaca xaMm Oab3aH HTyHAAH ,u(x, y) #0 (yHKUIMSIHU
KUUMHYWIMKCU3 KypcaTUIl MYMKHUH OYynanuku, (5) TEHIJIaMaHMHT Xap
WKKaja TOMOHWHU YHra KyHNaWTUPTaHMMH3[a SHTH TEHIJIAMAaHWUHT dYar
TOMOHUHHM TYIUK Audpepeniman 6ynmbd Komaam:
dF = £Ndx + «Ndy. 9)
bynmait ,u(x, y) GYHKIUS UuHmMezpannosuu Kynaumupyeuu neiuaiu.
[IIyan xam 3ciaaTud YTUIT KEPAKKH, HHTETPAUIOBYH y(x, y) KyTNaluTyBUYHTA

KYNAaUTUPWITAHAA yHU HOJra AWJIAHTUPYBUYM OPTHUKYA XYCYCHUU €duMIap
naigo Oynumm MyMmMKuH. YnapHu (5) TeHrmamara KyunO kypuO, yHU
KaHOATJIaHTHpPMAaca, YUKapuod r000pHIITa TYFPU KENIaIu.

Mmucoa. ydy —(Xdy + ydx) 1+ y® =0 TeHIIaMaHU CUUHT.

Euumu. Kypumi MyMKUHKH, TEHIJaMaHud U :]/ a\/l+ y’ ra KymaiTu-
puJica, yar TOMOHUJA TYIUK nuddeperiman Xxocwi 0yinaau. XakukaTaH Xam

U= ZI/ «[1+ y° ra Kymaiitupuo,
ydy/«/1+ y? —(xdy — ydx) =0

2
TEHIJIMKHU 0JIaMHU3, OYHH UHTETpasiad »\/1+ y° —Xy =0 eunMuHH TOTAMU3.

6. Anbarra, akcapusaT Kyn XoJulapjla HHTETPAUIOBUM KyHaHUTyBYH
IOKOpUJArd MUCOJJIAruJeK OCOH TONWIaBEpMaau. YMyMHH XoJjjaa
MHTETPAUIOBYM KYNAaUTYBUMHU TOMMUII YUYH

ouM  ouN

oy OX
Xycycuid xocwnanu nuddepeHiman TeHrIaMaHUHT Kamuja OWTTa HOJJIaH
bapxm xycycuii eduMUHHA Tomwil Kepak. Arap Ou3 (10) Tenrnmamanu &inoO,
KyJau X0Jira KeJITUPCaK,
0 oM 0O oN
LM+ pEE =N+

ay luay_ax &ﬂ,

(10)

1ou,, 1M, N oM

SEM oS TEN= T 1Y) #0, 11
o T > oy p(xy)# (11)
aln|,u|M_8In|,U|N:8N_8M’ (% y) 20

oy OX OX



TEHIJIaMaHu  oyiamu3. Ymymui xonma (11) xycycuit  xocwnanu
muddepeHnran TeHrIaMaHu euuin OepuiraH auddepeHIual TeHrJIaMaHH
euuIra Kaparagjaa Kuinapok o0ynagu. [llynra kapamacnan, 6ab3u Xosuiapa
(11) TeHrnamanm XyCyCMH €UUMHUHHU TONMHO OJUINTa KUAMHYUIUKCHU3
SPUILNII MyMKHH.

VHpgan tamkapu, arap (11) Tenrnmamama u= ,u(X, y) GYHKITUSHA
(dakat OUTTa apryMeHTUHUHT QyHKIUsACH J1e0 Kapaica, (MacallaH,

p=p(x+y), p=p(x+y?), ”:“Gj’ p=p(x), u=p(y)
Ba XOKa30) YHHM KUWMHYWIMKCHU3 WHTErpajUialll MyMKUH Oyiaau Ba
U3JIaHA€TraH KYpHUHUIJIArd WHTETPaUIOBUM KYMAWTyBUM MaBXKyJ OYIWIIN
yuyH mapTt ojauHaau. Lllyngait kuimO, MabilyM KYpUHULIAArd HHTErpa-
JOBYM KYNAaNTYyBUMHM TONHUII MYMKHUH OYyiraH TeHIrJamManap cuHpu
QKpaTUIA/IN.

buz xo3up (5) TeHrnama yuyH (akar y ra OOFJUK OynaraH i = ,u(y)

WHTETPAJJIOBYM KYMAWTyBYM MaBXyJ OYIUINIUHU TabMUHJAWIUTAH IIapT
kentupu6d unkapamus. Ly xon yuyn (11) TeHrnamanu €3ainmk

8|n|,u|M _ON M

o > oy u(y)=0,
OyH1aH

oN oM

{&—E}/M, M (x,y)=0.

Y HUHT y3iIyKcu3 QyHKIus 1e6 Kapad, KyWuaaruHy OJIaMu3:
ON/Ox — oM
|n| ﬂ| _ J‘ / /oy d

y+In|C|, C,=0,

M (12)
I@N/@x—aM/ay dy
,u(y) =Ce M , CeR.
ON/ox — oM /oy

Hemak, arap dakar Y HuHr ¢QyHKumsacu oOynca, (5)

M
TEHIJIaMa y4dyH (akar Yy ra OOFJMK OYNraH WMHTErpaJJIOBYM KYMaWTyBUU
MaBxy/ 9kaH Ba Y (12) kypunumiga 6yiap skaH.
OM /0y —ON /o
N
oymca, (5) Tenrnama ydyH (akar x ra OOFIHMK OViIraH HWHTETPaUIOBYH
KYyNaWTyBYU MaBXKYJ Ba Y

XyIu WUIYHUHTAEK, arap dakaT x HUHT (QYHKIUSICH

J'aM Joy-aN/ox
N

u(y)=Ce (13)



KYpUHHUIIIA OViIaau.
FOkopunaruaek mynoxasa Ousan (5) TeHIIaMa y4yH

= pu(xty), ﬂzﬂ(xziy2)1 p=u(xy), ﬂzﬂ[%j

KYPUHHMILJIATA WHTETPAJUIOBYM KYNAWUTHUPYBUWIAP MAaBXKYJINTUHU TabMHUH-
JAUUTaH WapTiap OJUII MyMKHH.

Muco.. (X — Xy)dX + ( y— Xz)dy =0 TeHrIaMaHWHT 4 = ,u(xz + y2)
KYPUHUUIIAArd UHTETPAILUIOBYM KYNAUTUPYyBUUCH OOpMU?

Euumu. X* + y2 =z ne6 Oenrumainmuk. Y xonma (11) TeHrmama
e ,u(xz + yz): 4(2) 6ynranna
d |n|,u| _ON oM

dz oX oy
KypuHUIIAa OViaaam. By TEHIJIaMaJaH
infu=2 [ PO D ey injcy, ¢, »0

2( My — Nx)

My — Nx
€K
jaN/ax —oMm /oy,
u=Ce> MWW = CeR (14)
Hemak, u= ,u(x2 + y2) KYpUHMILJArY WHTErpajulOBYM KYIAUTyBYU
MaBxyJZ OYIMIIM y4yH ON/OX— M /oy kacp (axkar X +Yy> HuHT
My — NXx
bynkumsicu 6ynumm kepak skaH. lyamgait kuaub, OM3HUHT MUCOJIMMU3A
ON/ox— oM /oy _ 3
My — Nx X* +y?
OynraHu yuyyH U= ,u(X2 + y2) KYPHUHUILJIATA WHTETPAJUIOBYH KYNaWTyBUYH
MaBXYy/I.
dZ / 1
—3 2
H= e 2 = = ﬁ
(x*+y?)
1
bepunran TeHrnamaHu u = W ra KymautupuO, YHM KyWuaaru
X +Yy

KYPHUHHUILTA KENTUPAMU3:

xdx+ydy X (xdy — ydx)
(x2+y2)3/2 (x2+y2)3/2

By Tynuk nuddepenunan TeHr1aMaH UHTErpaiad e4MMUHU OJIaMU3:




63.

65.
67.

69.
71,

73.

75.
77.

79.

81.

83.

85.

d(x*+y?)  —xd(y/x)

= , X#0;
2(x2 +y° )3/2 (x2 + y2)3/2

d(x*+y?) y/X 1 y/x .
-[ 2 _-[ 2 T2 a2 2 21/2+C1’

2(x +y 1+y/x (x +y) (1+y/x)

1 12
= y2 7+Ch y-1=C (X +Yy*)";
(+y?)" (¥ +y?)
x+y*=C(y-1)°, 1/C=
TeHr;j1aMaHu e4uHT

y+y=e" 64. y'+3y/x=Xx
y'+2xy =2xe* 66. y'—ytgx =2sinx
X' —Xx=sint 68. dx+(x—y)dy=0
X°y'+2xy =Inx 70. 2xy'—y+x=0
y'sinx—y =1—CosX 72. y'(1+% )= xy =1+ X’

, Xy 1
y_l—x2: e 74.(y+xy2)dx—dy:0
y' +2y = y’e* 76. y' = y*cosx + ytgx
xy'+y=y’Inx 78. y'+2xy =2x°y°
x’:xy+x2y3 80. (2x2yln y—x)y’:y

3 dx 1 1
y' ——y_—x 82. —— X=— X2
W dy Jy-y  Jy-y
jxydx:x2+y 84. y:jydt+x+1
0

X X X

K[ (x=t)y(t)dt=2x+ [y(t)dt 86, [(x—t)y(t)dt=2x+ [y(t)at

0 0 0

Kommn macajjacMHMHI e4UMHUHHM TOIMMHHT

87. y’+X:X—+1eX, y(1)=e
X X



1
88. y' = : 0)=-1
y XCOSY +Sin2y X()
89. y’:l_m’ y(l):l
X X

90. (2xy+\/§)dy+2y2dx =0, y(-1/2)=1

r_ Y
9l y=2-=, y(1)=4
y=>"% YW

92. dx+(2x+sin2y—2cos’ y)dy =0, y(-1)=0

,2xy
93. y Tl =1+x*, y(1)=3

94, (2y—xtg y —y*tg y)dyzdx, y(0)=7

95. (1—x2)y’+xy:1, y(0)=1

96. ydx+(2x—2sin* y—ysin2y)dy =0, y(3/2)=r/4
97. 2xy’—3y:—(5x2+3)y3, y(l):l/«ﬁ

98. y'—ytgx=2/3-y*sinx, y(0)=1

99. 2y’ —3ycosx=—e™(2+2cosx)y~, y(0)=1

1

100. 2y'Inx+y/x=y*cosx, Yy(1)

, 3x%y .
101. y +X3+1:y2<x3+1)3|nx, y(0)=1

PuxkaTn TeHrjiaMmacMHU e4HHT

102. y’—y2+(x2+1)y—2x:0, y, =X +1
103. y'+xy’ —x’y—2x=0, y, =%

104. (xz—l)y'+y2—2xy+1:0, y, = X
105. y'—2xy+y* =5-X°, Yy, =X+2
106. y'+y* = x* +2X

Tynauk nuddepeHuaT TEHrJIaMaHu eYuHT

107. 3x°e’dx +(x’e” —1)dy =0

108. [3x2 +gcos%]dx—2—)2(cosﬁdy =0

y y y y



109. (3x* +4y? ) dx+(8xy +e” )dy =0
110. (2x—1— y/xz)dx—(Zy—l/x)dy:O
111. (y? +ysec® x)dx+(2xy +tgx)dy =0

TeHr1IaMaHu HHTErPaAJIOBYM KYNIANTYBYMHHU TOMMII YCYJIHIAH
doiiganannd e4uHr

112. (ny2 —~ y)dx+(y2 + X+ y)dy =0

113. (xy? —y°)dx+(1-xy*)dy =0

114. y'cosXx = ysin X +cos* X

115. (y2 —6x)y’+2y =0

116. x*dx—(2xy +3)dy =0

117. Bbepunran A(1;2) HykTaman YTyBUM UIyHAAN 3TPU YU3HUKHHUHT
TeHrjamMacuHu Ty3uHTrkd, PN opmunartamu N(X;y) HyKTacugaH YTKa3uira
ypuama OY YkHuHT 7 HyKTacu OWJIaH KECHINTYHYa JaBOM ETTUPHWJITAHA

xocunn Oynmaguran OTNP TpanemusiHuHr 1o3u y3rapmac O0ynu6O, 1 ra TeHr
oyicuH (9-pacMra Kapasr).

YA

9-pacwm.

118. xTtuépuii ypuHMacUHUHT OpJMHATa YKUAAH aXpaTraH KecamacH,
YPUHUIII HyKTacH aOCIUCCACHMHUHT KBajpatura teHr oynran (1,—1) Hykragan
YTYyBYM YU3UKHHUHT TEHIJIAMACUHU E€3UHT.

119. dx/dy+ a(t)x = f (X) TeHTIaMaja a(t) >c>0,t—>+0 ga

f (t) — 0 OYyncun. by TenrmamaHumHr Xxap Omp eunmm t—>+co0 ma Hosra
WHTWJIUIIN UCOOTIaHTaH.
120. Arap f,(x,y), f,(X,¥), @(X,y) Gup sxuncau ¢pynxuusaap 63116

Ba f,, f, map Oup xmn TapTubmm Gynca,

f(x y)dx+ f,(x,y)dy+e(x,y)(xdy—ydx)=0



TEHIJIAMaHU Z=Y/X alIMamTupum EpaaMuaa bBepHyu TeHriamara
KEJITUPUIII MYMKAHJIUTUHU UCOOTIIAHT.

121. Upnmipa 100 1 apamamma 6ynu6, yama 10 xr ty3 6op. Maumra
Xap MUHYTIA 5 J1 CyB KyWWJIaJu Ba OJIIMHJIAH TO3a CyB OWlIaH TYIAUPUO
kymiran 100 n waumra apajgammMa Xyaad Iy Tapsjia OKubO yraaw.
ApananMaHuHT OPTHKYACH MKKWHYM WAMIIIAH OKUO 4yukuO ketaau. Kadon
WKKWHYH WAUIIIArd TY3HUHT MAKIOPH HT Kyn Oynanu? Y Humara TeHr?

122. Curumu C ra TteHr OyiraHn KOHJEHCaTOp KywiaHuimud E Ba
Kapmmiurd R Oynran 3amxupra ynanrad. KoHJAEHCATOPHUHI YJIaHTaHJIaH
KeHUHTU t MOMEHTaru 3apsiid aHUKJIAHCHH.

3-§. XOCUJIATA HUCBATAH EYNJIMAT'AH TEHI'JTAMAUJIAP.
MN30KIIMHAJIAP BA KETMA-KET AKUHJIAIIWLI METOIJAPHU

1. Xocunara HucOaTaH edynaMarad OMPUHYM TApTUOIM TEHTJIAMAHUHT

YMYMUI KYPUHUIIM Kyiugaruda 0ynaau:
F(xy,y)=0 (1)

By Tenrnamanu Kyiiugaru ycyiap OuiiaH e4uil MyMKHUH.

|. Arap (1) Tenrnmamanu Yy' ra HUCOATaH CUMINTa MMKOHHUAT O¥Iica,
y'=f (X, y), 1=1,2,... xypuHumgary OUp HeEYTa TEHIJIAMaHH ojamu3. by
TEHrJaMaJlapHUHT xap OupuHu e4yud (1) TeHraaMaHuHT eUYUMIIAPUHU
TOIMAaMM3.

Mucos. y'> —2xy’ =8x* TeHrTaMaH! EUMHT.

Ewumu. By TeHriiaMann y' ra HUCOATaH €YUIl MyMKHH.

, 2X+NAX® +32X3 22X+ 6X
2 2
Oynman Y =4x Ba Y =-2X TEHINIAMaJapHH oOJlaMu3. XOCWJI Oyiarad

TeHrIamManapHu edainmuk: Yy =2x°+C, y=—x"+C. Hkkanacu Gupraimikia

OepruiraH TeHTJIaMaHUHT €IUMUHHN OCpaIH.
2. (1) TeHrmamaHu MapamMeTPUK KYPHUHUIITa YTKa3aMH3:

x=p(uv), y=¢(uv), y=x(uv).
dy = y'dx OornmaHUIIHK YbTHOOPTa 0JIMO, KyHHaarura sra 0yiaMus:

%du +%dv:z(u,v){a—¢du +a—¢dv},
ou ov ou ov

Oy tenurnamanu dv/du ra HucOaran e4ub ogamus:



8(0_%

dv _ x(uv) ou_ ou
du 9 _ z(u V)a(p.
ou ov
Hatmxana, 6u3 xocuiara HUCOAaTaH €4WIraH TEHrjamara sra OYJIIuK, Iy
WJIaH TEHIJIaMa aBBajl KYpWJIraH TEHIJIaMaJapHUHT Oupura kenau. JIlekud (2)
TEHIJIaMa KyIIMHYa KBaJApaTypaliap/ia UHTErpajjlaHManau.
Kyiingaru xycycuii XoJUIapHA ajloxXuaa Kypruo YMKaIHK.
3. (1) Tenrmama

(2)

F(y')=0 3)
KypuHuiga 6ymo, F (P) =0 TeHMIaMaHUHT Kamuaa OutTa P = K; XaKuKHi
€4MMH MaBXKyJ OVIICHH.
(3) Tenrnama X Ba Y ra OofnuK Oynmaranu yuyH K; y3rapmac. Yy =Kk,
y-C

TeHrIaManu uHrerpamwiad, Y =K X+C Hu, Oynman aca k. =
X

OoJIaMu3.

k <> F ( p) =0 TenrnamaHuHr euumu Oynranu yuyH F ( y=C j =0
X

Oepuiirad TeHrJIaMaHUHT UHTErpaiv Oynaau.

Mucoa. y° —y?+y —1=0 TeHIIaMaHU €UHHT.

Euumu. y'? (y’ —1) - ( y' —l) =0, (y' —1)(y’2 +1) =0 Oynaraam y4dyH

p=1 F(p)=0 nunr eunmu 6ymanu. Byngan p=1 TeHriamaHu onamus Ba
Oyam eun6 Yy =X+ C ra sra 6ymamus. /lemak,
3 2
5 55 e
X X X

Oepuiirad TeHrJaMaHUHT UHTErpaiv Oyaau.

4. (1) Tenrnama

F(xy')=0 (4)
KypuHuna OyiacuH. Arap Oy TeHriamanu Y rTa HucOaraH e4u0 OJIUII
KUMMH Oyica, t mapamerp KupuTHil Ba (4) TEHrJaMaHW MKKUTA TEHIJIaMara
AIMAINTUPHII MAbKyJ: X = go(t) Ba Y = gp(t). dy = y'dx Oynranu yd4yH
6usunar xomummsaa dy = ¢(t)e'(t)dt Oy epuman y:j¢(t)¢'(t)dt+C Ba
JIeMaK, €4uM MapaMeTpuK KYpUHHMILA KyHuaaruda Oyinaau:

x=p(t),
y=j¢(t)q)’(t)dt+c.



Arap (4) TeHriiamaHu X ra HUcOaTaH €4l MyMKHUH Oyiica, X = go( y’), t

napaMmeTp cudaTuaa oMM Y’ HU ojirad MabKyl: Y =t. V xonma
x=p(t), dy=ydx=te'(t)dt, y= jt(p t)dt+C
oynuo0, eaum
x=p(t), y=[ty/(t)dt+C

KypuHULAa OYiIaau.

Mucosiap. a) X =Y +y' TeHTIIaMaHH €4UHT.

Euumu. y' =t mapameTpHU KUPHUTANHIHK, Y XOJa

3 t?
=t*+t, dy=ydx=t(3t>+1)dt, y=—t*+—+C.
Y=Y =t (3t +1)dt, y=t*+

Jlemak, X =t>+t.

2
y=§t4+t—+C
4 2

TCHINIAMAaHUHTI IIapaMCTPUK KS}pI/IHI/IIHI[aFH HHTCTpal YM3UKJIIapH.

) X=Yy'\/y”? +1 TeHrnamanu e4umr.

Euumu. y' =t nmapamerp kuputamus. Y xoiiaa
X =ttt +1, dy=y'dx =tyt? +1 +t2/x/t2 +1dt.
BbyHaH 3ca HIKKWHYY TEHTJIMKHU WHTErpasuiao,
X =tt? +1,

y= ]/3 2t% — t+1+C

Oepuirad T€HIJIaMaHUHT UHTErpal III/ISI/IKJ'IapI/IHI/I HapaMeTPHK KYPHHUIIAHU
OJIaAMU3.

8) y/ 1+ y'* =1 TeHIIAMaHU CUHUHT.

Euumu. y'=sht mapamerpuun kuputamus. Y xonaa

y =cht, oy dy _ shtdt
y"  sht

y=cht Ba x=t+C pgant uu iiykotcaxk, y = Ch(X = C) €YMMHHU OJIAMHU3.

=dt, x=t+C.

5. Arap (1) tenrnamanu Y ra HucOataH e4uIl Kyjiai Oyiica, mapameTp
cudaTuaa X Ba Y JapHH OoJiraH MabKyJ. XakukaraH Xam (1) TeHrmamaHUHT

KYPUHHIIN

y="1(xy) (5)
oyncuH. Y Xoma X Ba Y nap cudatuga X Ba Y jmapHu om0, KyWHaarnra sra
oynamMu3:



of of
—f(x,p), dy="-dx+2d
y="f(x,p), dy ™ X*'ap p

€K1

dy _of , of dp

dx ox opdx’
p=—+——. (6)

(6) Hu wHTErpaIad, CD(X, P, C) =0, HU onamus.
®(x,p,C)=0,
y="f(xp)
Oupraivkaa IapaMeTpUK KYPUHHIIJAIW HHTErpajd YH3HKJIAp OWJIACHHH

oepanu.
6. Arap (1) Tenrmama X ra HucOaTaH OCOH edwmiica, SbHH X = f (y, y’)

Oynca, mapamerp cudaruga y Ba Yy = p smapHu osraH MabKyn dy = y'dx
HKAHJIMTUHU YBTHOOPTA OJICAK,

E€KH
(7)

TCHIJIMKHU onamu3. (7) HHM HWHTErpamiao, CD(X, p,C) =0 HH oylaMu3.
®(x,p,C)=0 Ba x=f(y,p) Ouprammkna OGepuwiraH TEHIIAMaHHHT

WHTErpaj YM3UKIapu OWJIACUHU Oepaju.
7. y=xp(y')+¢(y') — Jarpamx Ttenrnamacu. By TeHrnamanu x

oyiinya nuddepennunaniad, y' = p mecaxk,

dp . .d
p=¢(M+X¢(ma§+¢(ma§ (8)
EKH1
(p-0()] R =xp(p)+¢(p). )

dx

by uwmsukmm auddepeHnnan TeHriamMa Ba KUWMHYMIMKCH3 WHTTPaJIaHATU
(3-§, 1 mn. ra kapanr). (9) HHHT WHTErpan (I)(X, p,C):O Ba

y= Xgo( p) + ¢( p) oupranukaa Jlarpanx TeHr1iaMacuHu Oepaju.
®(x,p,C)=0,

y=xo(p)+4(p). (10



®akat 6u3 (8) mau (9) ra yraérranma tenraukan dp/dX ra Gymumn 4orua
p=p, y3rapMac euumiapHu (arap yjaap MaBxyJ O¥yica) HyKOTasnMmwus,
dp/dx =0. p uHu y3rapmac necax, Y (8) HU KaHOATIAHTHPHMIIM YIyH anbarra
p-— go( p) =0 TeHIIaMaHW KaHOATIAHTUpPHIIK Kepak, uyHkd dp/dx=0.
Jlemak, arap p-¢(p)=0 TeHNIAMaHUHI XaKHKUH P=p, e4HMIApH
MaBKyJ 6yunca, (10) ra yHuHr TynuK 6ymmmm yuayH y=X@(p,)+4(p;) Ha

Kymuob kyvum kepak. lynnai Kuianb, yMyMaH HHTETpajl YM3HKIIap

®(x,p,C)=0,

11
y=xp(p)+4¢(p) -
&k
y=xp(p,)+e(p)
JaH ubopat Oynaau.
Mucoa. Y =2xy —4y" TeHrnaMaHn eYuHT.
Euumu. y'=p, y=2xp-4p° neo, OXUPTH TEHTJINKHU
nuddepeHnnaiiacax,
p:2p+2x%—12p2d—IO
dx dx
udoaanu olaMu3 Ba 3—5 ra Oyian0, YN3UKIIM TEHIJIaMara 3ra 0yiamMus:

p dp +2x=12p°.
dx
By TeHrnamaHu uHTerpannab, X =3p° +C/ p° Hu omamus3. Jlemak, MHTErpan
YU3UKJIap CUHU
x=3p®+C/p?,
y=2xp—4p® ,éé y=2p°+2C/p.
dp

™ ra OynraHUMU3aa p—go( p)zO TEHIJIAMAHUHT WIAU31apu OyiaraH
X

Jap y4yyH P = p;, euuM MyKotwinanu. Jlemax,
x=3p?+C/p?, y=2p*+2C/p, y=0
JlarpaHsk TeHrIaMacHHUHT e4UMUHU Oepaji.
8. y=xy'+¢(y') - Kuepo tenrmamacu. Yy =p 1e6 oucak,
y=Xp+¢(p) uu onamus. Juddepenunaiad,
dp

_psx 3P, y(p) 3P
p_erXdXJr¢(p)dx

€K1



, dp _
(X+¢(P))&—O
dp

TEHIJIMKHU oylamu3. byHan d— =0 éku X+ ¢'( p) =0 kenub yuKaan.
X

bupunuu xonga p=C 6ynub, y=Xp+ ¢( p) JaH
y=Cx+¢(C) (12)

MHTETpAl YN3UKJIAP OUJIACUHU OJIaMHU3.
Hxxuaun Xonia eyum

y=xp+¢(p) &a x+¢(p)=0 (13)

TeHrjaMajap OujaH aHUKJIaHAIH.

KUiiMHYMIMKCU3 1IyHra WIIOHY XOCWJI KWIMII MYyMKUHKH, (13)
TEHIJIUMKIJIap OWJIaH aHUKJIaHAJUTaH UHTEerpal yu3uK (12) uHTerpan Yu3uKiap
OWJIACUHUHT Ypamacu Oynaau.

XaKuKaTIaH XaM, KaHJIalJaup CD(X, P, C) =0 umM3uKIap OWJIACHHHUHT
ypamacu

(D(X, p,C):O, od/oC =0 (14)

TeHrIamanap Ounan anukiaaHagu. Lllynunr yayx (12) yu3ukiap ousIaCHHUHT
ypamacu

y=xC+¢(C), x+¢'(C)=0
TeHrjJamMajnap OwiaH aHukjaHaau, Oynap (12) nan dakar napamerpu Owiad
dapk Kuiaau, XoJoc.
MucoJ. Yy =Xy’ —Y'> TeHTJIAaMaHN €UHHT .
dp
dx
p=C, y=xp—p° éku x—-2p=0, y=xp— p° udomanapau onamus.

Euumu. y'=p neb oncak, (X—2p) =0 Hu omamu3. byHnaH sca

Jlemak, y=xC—-C® Ba y=x’/4 nap TeHIIAMAaHMHT EUHMIIAPH
oynau.
Il. Msokamnanap. y' = f (X,y) renrnamanunr (X,Y) HyKragad yrran

eynMu 11y Hyktana f (X, y) ra TeHr 6ynaran Yy’ xocuiara sra 0yaaau, SbHU

eunm OX yku Owian ¢« =arctg f(X,y) Oypyak TalIKWJ KUJTYBYH TYFPU

YU3UKKA YPUHUO YTuimm kepak. Arap Tyrpu unm3uk OX yku OuinaH o Oypuak
TAIIKAT KWAJICA, O My2pu YUBUKHUHZ ozmanuzu ncinaamn. Y = f(x, y)
TEHIJIaMa CYMMIIApUTa YyPWHMAJTAPHUHT OFMaJMTH OWp Xwi Oynrax
HYKTaJapHUHT TEOMETPUK YPHU U30KAuHanap nevwiand. byHgaH kenwb
YHKAIMKY, M30KIMHanap TeHrnamacu f(X,y)=@&, Oy epma x — ysrapmac

KypuHHUIIAa OVIaam.



y'= f(x, y) TEHTJIAMAHUHT TAaKpUOWH CUYMMUHU KypHII YYYH €Tapiiu
COHJArM W3OKJIMHAJap 4Yu3uO onubd, kKemH Oynmap Epaamuna eYruMHHU
yrxasum kepak, ymap f(x,y)=8&, f(x,y)=8,, ... msoximnanap Gunan
KeCHIIMII ~HyKTacuna Oypdak kodd¢unmentnapu €, €,, ... Oynran
ypuHMajapra 3ra oyiaau.

Mucosiap. a) Msoxmuanap épmamuna Y =X/2 auddepenmman
TEHTJIAMAaHUHT HHTETPaJl YM3UKIAPUHHA KYPHUHT.

Euumu. Bepwirad TeHIIAaMaHWHI HM30KIMHAIap TeHryiamacu X/2=K
¢kn X =2 xypunumma 0ymm6, OY ykka mapawien OYiaran TYFpH YW3HK-
napaaH uoopar (12-pacmra Kapasr).

yA

Xy

12-pacm

k=0 ne6 x=0 u30KJIMHAHU XOCWJ KWJIaMHU3, YHUHT Oapya HyKTaja-
puna manaoH yHamumu OX ykka mapamwien. k=1 ma X =2 H30KJIMHAHU
oJlaMu3, YHUHT Oapua HyKramapuga maigon OX Yk Owman 45° nu Oypuax
Tamkua 3taan; k=-1 ned, X=-2 H30KIMHAHU OJIAMHU3, YHUHT Oapda
HyKTajmapuaa mangod uyHamum OX Yk Ownan —45° nu Oypyak TalIkuil
STUIIMHU KypaMu3 Ba X.K. Arap Oupoprta HyKTa, macaiad, M(—1,2) HykTaHu
0JICaK, y XOJijja Oy HyKTa OpKajau YTyBYM €YUMHM TaKpuOaH sicalll MyMKHH,
OYHUHT y4YyH Orpd YM3MKKa Xap OuWp HyKTaja YTKa3WwiraH ypuUHMA
MaWJOHUHUHT Oy HyKTaJaru WyHamuIIum Oup Xwina OyiIuimmaan
doiigamannm kepak. Yusmaman KYpuHUO TypUOIWKH, HWHTETpa 3TPHU
YM3KMKIap NapaboNlaHu dclaragd. XakKuKartaH Xxam Y =X/2 TeHriaMaHuHr

yMmymuii eunmu Y = X?/4+C mapaGonanap omnacumaH H6opar, y(—l) =2

OolIaHFyuy mapT 3ca Oy nmapadosanapaad OMPUHU aHUKIANTH.



d
0) d—y:«/ x* +y® muddepeHiyan TeHrIaMaHUHT UHTErpaj YM3HKJIA-
X
pPUHU U30KJIMHANIAP EplaMuIa KypYHT.
y 4 Euumu. TEHIJIaMa  Y4yH

dy =Kk, «/x +y> =k éxkm X° +y® =k?

aI/IJIaHaJIap W30KJIMHAIap  Oynanu.

/? VYaapHuHT Mapkasznapu  KOOpAMHaTa
_ Oomm OynuO, wuznaHaéTraH WHTErpal

X YH3HKHHHT ypUHMAacH Oypuax

KO3 UIIMEHTH aljaHajnap paJuycura

TeHr. DA K ra Mabiaym Kuhmatiap

0epud HyHanuuuiap MaiIOHUHU

ym3amu3  (13-pacmMra  kapaHr) Ba
u3NaHaéTraH WHTErpajl YM3UKHU Tax-

13-pacm MHHaH YTKa3UIIUMU3 MyMKHH.
[11. MaBxkyAIMK Ba ATOHAJMK TeOPeMAacH.
y=F(xy), y(X)=Y. (15)

Komm wmacanacu Oepunran Oyncun. f Ba f, dynkumsamap é€nuk
R(Ix—x|<a, |[y—Y,|<b) coxama ammxnmamras Ba ysnykcus Gyucun. ¥

xonma X, —d <X<X,+d opamukna (15) MacamaHuHT ATOHA €YUMU MaBXKYI.
: b

by epaa d =min<a;—; ae0 omum MymKkuH, @ Ba b j1ap rokopuaa Oepuiran
m

KaTTalluKJIap, M aca | f | <M mapTHUA KAHOATIAHTUPYBYU UXTUEPUI COH.

Y(%)= Yo, yk(X)=yo+If(S,yk_1(S))dS (16)

dbopmyna OmiIaH aHWUKJIAHTaH KETMa-KeT SKUHIAIIWIN OCepHJIraH OpauKJa
(15) macamaHuHT eUrMMUTa TEKUC SIKUHIAIIaIu.

Mucon. y' =x—y* y(0)=0 macama yayH Y, ¥;, Y,, Y5 KeTMa-KeT
SIKUHJIAIIHIILIAD TOIHIICHH.

Euumu. (16) popmymnara acocan: y(O 0=y,

)=
=y0+jf(s,y0 ))ds = j ?)ds ="
Xo Xo

X X 2
Y2=Yo +_[ f (S,yl(S))dS = I(S—%jds XX
X %



X X SZ S? SlO X2 X5 X8 Xll
=Y, + | F(S,¥,(8))dS = [| S—=+ - |dS = -+ - .
5 y°+x[ (5:%:(5)) X{( 120 4ooj 220 160 4400

TenrnamaHuHr XxamMma €4yMMJIAPUHU TOINMUHI Ba arap MaBxyJn OVica,
MaxCyC €UMMJIAPUHU AKPATHUHT.

123. y?—x*=0 124. y"*—y*=0

125. y?—x*+x*=0 126. ]/( y'? +1) =y’

127,y —(x+y)y +xy=0 128. y? =y

129. y? —y'y+e* =0 130. y°+y* =yy'(y'+1)
131. y* —y® (eX —1) =2yy' 132. (xy' - y)2 = 2xy(1+ y’2)
133. yy' +y? =x* +xy 134. x*y"? +3xyy'+2y* =0

135. y? —yy? —x’y' +x°y =0 136. y'* +2yy'ctgx—y* =0
137. y*+y(y—x)y' —=xy’ =0 138. sin(y'+1)2+ctg y'=0

139. shy”® +Iny’+y' =0 140. log, (y”? +1)+(y +1)siny' =0
141. cos(y'+1)+y? -2y’ +1=0 142 cos(y’+1)3 +In(y'+2)+y'=0
143. x=¢Y —y” 144. x(1-y")=y"

145. x/y' =1+y" 146. x/(1+y°)=y'+2

147. y'(x+1)=Igy’ 148. y'=y/(1-y'siny’)

149. y(2—-y')=y' -1 150. y=y'cosy’ +siny —1/y"

151. y=y'(Iny’ -1)/2-1/2y" 152. y=y'siny’ +cosy’ +y"
Jlarpamx Ba Kilepo TeHrIaMaJapMHUHT YMYMHH Ba Maxcyc
CUMMJIapUHHU TOITHMHI .

153. y=2xy'+cosy’ 154. y=2xy'+tgy’
155. y=2xy'+(y’+1)2 156. y=3/2xy’'—¢e”
157 y=2xy' +x+1/(y'+1)’ 158. y=xy'+y' —y"”

159. (x+1)y”* —(y+x)y'+y=0  160. (3x+1)y”* -3(y+2)y'+9=0
161. (3x+5)y”“ —(3y+x)y'+y=0 162. axy”* +(bx—ay+c)y —by =0
163. x’y”* —(2xy+a)y'+y*=0  164. yy'=2xy’* +1

N3oknunanap metoau Ounan Oepwiirad nuddepeHiman TeHrIaMaHuHT
M (XO; yo) HYKTAJaH YTYBYM UHTErPaJ 3TPU YM3UFUHU KYPHUHT.

165. x*—y*+2yy'=0, M(-2;1) 166. y'=x-y, M (2 3/2)



167. y'=y-x, M(21) 168. yy'=-x, M(2;3)

169. y'=y—-x, M(4; 2) 170. y' =(y—3x)/(x+3y), M(33)
EuuMmBanBET MAaBXYIJIMTUHU Ba AI'OHAJIMTMHU dHHUKJIIAraH  XOJIIa

TEHTJIaMaHu e4uHT Ba Oepwiran M (XO; yo) HYKTaJaH YTyBYH HHTETPAJ STPU

YU3UKHU AKPATHUHT.

171, y'=-2¢™, M(0;1)

172. y'=1/sinx, M(x/2;0)

173. y'=-1/x*, M(L1), M(-L-1), M(0;1)
174. y'=1/2Jx, M(0; 0)

175. y’=x/ 1-x*, M(0;-1), M(0;1), M(10)

4-§. TAPTUBUHU NACAUTHUPUIII MYMKHH
BYJITAH TEHI'JIAMAJIAP

1. Arap TeHrnmamana HOMAbJIyM (YHKIUS, YHUHT (k—l) —

TapTUOIUTUYA XOCWUJIalapu HINTHUPOK 3TMaca, Oolllkada KWIMO alTrasja,
TEHrJIamMa

F(x, y ) ytn y(”)) ~0 (1)

KYpuHMma  Oyica, OyHpail Tenrmamammur Ttapruom Y = z(x)

aIMaIITUPUII EpAaMHUaa TaCANTUPUIIA]IN.

d’y 1d°
Mmuco.1. 3/ —— 2/ =0 TeHriIaMaHu €YHUHI.
dx"  x dx
d® dz 1 9
Euumu. —=12 (X) — ——2z=0 TeHrnamaHu oJlamMH3. Y3rapyB4H-
dx® dx X

. d®
napunyu axparu0, unrerpamiab Injz|=In|x|+InC, ékn z=Cx, d—ZzClx
X

HU XOCHWJI KujlaMu3. ByHIaH 3ca KeTMa-KeT mHTerpaniao,
y=Cx" +C,x° +C,x* +C,x* +C.x* +C,x+C,
€YMMHH OJIAMU3.
2. Arap TeHTIIamMajza dpKIW y3rapyBuM X HMINTHPOK dTMaca, OoIIKaya
KWJINO alTrafaa, TeHrjiiaMa

F(y,y’,y”,...,y(”)):o (2)



KYPUHHIIAA OYIica, YHUHT TapTUOMHM SIHTH 3PKJIM Y3rapyBuu cuatuia Y Hi,
HomMabayM (yHKius cudarmaa sca y'=p(y) HE onub macaidTpHin
MYMKHH.

Mucoa. Yy'> +2yy” =0 TeHrJIaMaHH €UHHT.

Euumu. y' = p(y) neo y'= p'(y)- y'=p'-p ra sra Oymamu3 Ba

OyHaan p° +2ypp’ =0 TeHrIaMaHM OIaMu3.
p(p+2yp’)=0, p=0, y=C, p+2yp'=0.

OXHUpHUry TEHIJIAMaHU Y3rapyBUMIAPHHN A)KPATHO €4aMuU3:

Inp=-1/2-In|y|+InC,, p=C/\ly, v=C/\y, Jydy=Cidx
byHnan 3ca ¥3 HaBOaTH1a HHTErpasIia0,

2/3-y\y =Cx+C,

HH oylamu3. Jlemak, eaum 2/3- y\/y =C,x+C, Ba y=C map sKkaH.

3. Arap TeHrinama y yHUHT Xoccajlapura HucOaTaH Oup >kuHciu Oyiica,
Gomkaua kwiub aiitranma, Y,Y'...,y" napun 6up maiitma ky,ky',...,ky"

Japra  alMallTHpWIraHaa TeHIJIaMa y3rapMaca yHHHT — TapTHOHHH
y'=y-z(X) anmawTapuur épramuia nacaiiTupuin MyMKiH, 6y epaa z(X) —
SHI'H HOMabJIyM (QYHKITHSL.

MucoJ. xyy”=Xy'’ =yy' TeHrITaMaHu TAPTUOMHM MACAHTHPUO EUMHT.

Evumu. y un ky,y" vHu Ky',y" Hu Ky” Onian ammarmrupcax,

xk2yy” —xk?y'* =k*yy’ éxu xyy”"—xy'? =yy’

TEHIJIAMAaHUHT Y3UHU ojlaMu3. Jlemak, TeHr1aMa Oup JKUHCIIHM SKaH. DHIH
y' = yz anMamTupumHK 6axapu6, Y =Yz +Yyz' = yz° + yz’ skaHIuruaaH
doiinanancax,
xy(yz2 + yz’)—xyzz2 =y’z, xy’z'-y’z=0, y*(xz'-z)=0

TEHIJIaMaHu ojlaMu3. byHaan
y=0, xz'—z=0, dz/z=dx/x, In|z|=In|x|+In|C,|, z=Cx,
y'/y=Cx, dy/y=Cxdx, In|y|-Cxx*+In|C,|, y=C,e™".
Jlemak, xaBo6 y =C,e™,

Arap TeHriama X Ba Yy ra HUcOaTaH yMyMJIalliraH Oup KUHCIU OOoIIKaya
Kuu6 aiitranna, oupop M yuyn X Hu kx ra, y uu K"y ra, y’ vu K™y’ ra, y”
an k™ ?y” ra Ba XO0Ka30 aIMAIITHPHITAHAA TEHIJaMa y3rapMmaca, yHHHT
TApTUOMHM MTACANTUPHII MYMKHH.

TeHrmaMaHuHr 11y MabHOIA OUP KUHCIH OYIUIIN KU OYIMACIUTHHH
OWnMII Ba M HHA TOMNWII YYyH FOKOpHUIArd aJMalITHPHUIIHK OakapuoO,



TEHIJIaMaJard Xap OWp Xaada MINTUPOK OSTraH K HHUHT JapakalapuHu
TEHTJIAIITUPUO YMKHII KEPaK.
Arap m ydyH XoCwJ OYyiraH TEHrjaMajiap CHUCTeMacu Ouprajukia

6ynca, m uu Torm6, x=e', y=ze™, z=2(t) anMamrTHpHIIHA GaKapHII
Kepax.

by anmamrrupumaad KeUUH SHIU SPKIIA y3rapyBud t UIITUPOK dTMaraH
TEHIJIaMaHu oJlaMu3. byHaail TEeHIIaMaHUHT TapTUOMHM 2-§ J1a KypcaTUIraH

ycynga nacaidtupunagd.  X=e', y=ze™  aIMamTuUpuIIa XOCHJIaIap
KyW#garnda XxucoOaaHau.

y' = ﬂet = (%em‘ + mzemtje‘t =(z'+mz)e™™,

dt dt
" dy, " ’ m-—
y ZEEt:(Z +(2m-1)z'+m(m-1)z)e™ ™, 3)

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

y(n)=g (z, z’,...,z(“))e(m‘l)t.

3
Mucoa. X'y" + (xy'—y) =0 TeHrnamanu eyuHr.

Euumu. x mu kx, y mu K"y, y" mu K™y, y"an k™ ?y” ra anmamTu-
palINK:
3
k4x4km—2yu+(kka—ly1_kmy) -0
m+2=3m=m=1.
ByHIaH TyllyHapiIMKH, TEHIJIaMa yMyMJaliradH MabHOJA OHp >KUHCIIH.
TeHrnamMaHu eduin yd4yH X=€',y=7€' aIMalITHPUIIHKM Oaxapamus. Y

xomna Y'=2"+z,y"=(z"+2")e”". Bynnan
e‘“(z”+z’)e‘t+[et(z'+z)—zet]=0, 2"+7'+2"° =0.

Xocun KuiuHraH TeHriama t ra Gornmuk smac. z'=p(z), z"=pp/,
pp'+p+p*=0, Oynmanm sca dp/dz=-1-p° éku p=0 HH onamus.
Ukkpaun pP=0 man 2'=0,z=C, y=Cx xeaud uukamgu. bupuHuun
tenrnamaan sca dp/(1+p?)=—dz, arctg p=C, -z, p=tg(C,—2) xemut
ypkagd. Iysnsr yays

z'=tg(C,—2), ctg(C, —z)dz =dx,
Jctg(Cl—z)dz=z—In|C2|, Infsin(C, —z)| =—x+1In|C,],

sin|C, —z|=C,e™, z=C, +arcsinC,e™.



y=12X, e =1/X anmamrupuimnu xucobra onub, Y = X(C +arcsin(C,/ X)) HU

OJIaMU3.

5. Arap TeHIJIaMaHUHT Xap UKKajla TOMOHU KaHAaWIup GyHKIUSHUHT TYIIUK
muddepeHnanura KeITUpUIl MyMKUH OYiica, YHUHT TapTHOWHU MacalTHUpPHIL
MYMKHH.

Mucoa. xy"—Yy —x’yy'=0, y(1)=0, Yy'(1)=2 Koum macanacunuur
€YMMHHH TOIIMHT.

EynMu TeHrmamMaHvHr Xap HMKKajga TOMOHUHU x*#0 Ta Oymcak, TYIUK
muddepeHIman Xoura Keixau:

e oea (4]0 (13-
x> X 2 X 2

4

OyHaaH y;—% y2 =C,. C, Hm y’(I) =2, y(I) =0 maprman Qoiinananuo

tomamuz: C, =2/1-1/2-0=2. V xonna

L—£y2+2, Zdy =%xdx, arctg%

X 2 y° +4
C, =arctg(0/2)-1/2=-12.

2

:1x2+C2.
2

Jlemak, Komm MmacamacuHuHr eunmu Y = 21Q KypuHHUIga Oynap

JKaH.
TeHraaManu e4uHr.

176. y"+y'+2=0 177. 3y" = (L1+y2 )"
178. 4y'+y"* = 4xy" 179. y'(1+y”?)=ay"
180. ym(1+ yr2)_3y1y”2 181. yyn _ yr+ yr2
182. yy" =1+y"” 183. 2yy" =1+y"”
184. y’y"=-1,y(1)=1y'(1)=0  185. yy"—y"? =y?y’
186. nyy" —(n—-1)y”* =0 187. ayy” +by" W 9
VX2 +C?
188. xyy"+xy”? —yy'=0 189. xyy”—4xy’2 +4yy' =0
190. 2xyy” —xy”” +yy' =0 191, y"+——y' =2x
x° +1
192. X°y" +x*y" =1 193. xy" +y"+1/x=0
194, X3y" +x2y" =X 195. x*y"+3xy’y'—y* =0

2,12

196. X*'y"+ xX*y"* +y* =0 197. X'y + x*y'’* —2xyy' =0



198. x*y" +2xyy'+y* =0 199. x*y"+ X’y +3x%yy'* =
200. X4y” +3Xy2yl _ y3 —

Ko macajnacuiHy e4HHTr.
201. y*y"=y* 16, y(0)=2v2, y'(0)=+2
202. y'y"-3y"* =0, y(0)=0, y'(0)=1 y"(0)=0
203. y"=yy"+y”?, y(0)=0, y'(0)=1/2, y"(0)=0
204. 2y =(y-1)y", y(1)=2, y'(1)=0
205. y"=3yy', y(0)=y'(0)=1 y"(0)=3/2

5-§. V3T APMAC BA V3IrAPYBUH KOS ®®UITUEHT. I YUN3UKJIN
TEHIJIAMAJIAP

1. Y3rapmac Koa(l)cpHuHeHTJH/I YU3HUKIIU 6I/Ip KUHCIIN

ay" +ay" +..+a,,y" +a,y=0 (1)
KYPUHHILIArH TCHFJ’IaMaHI/I CUNII yqu YHHMHI XapaKTCpPUCTHUK TCHIJIaMaCUHU
a0/1 +a11 Uy ..+a _A+a =0 (1)

Ty3u0 omum Ba yHuHr A, A, ..., A, wigmsnapunnm Ttommm kepak. (1)

TEHIVIAMAHUHT yMyMuil euuMmu, (2) TEHIVIAMAaHUHI OJJud A miansura moc

xemysun C e Ba K; xappanmu A; unamsura moc KenquH

(C +C_.x+C

m+1 m+2 m+2

-1 A
X"+ 4+ Chpy X )e ”

Xaamap WAFMHAUCUIaH wuOopar Oymamu, Oy epaa Oapua C gjap uxTuépwmii
y3rapmacnapaup.

(1) tenrmamaHuHT KOX(QGUIMEHTIApH Ba A XapakTEPUCTUK WITU3IApU
XAKUKUH XaM, KOMIUIEKC XaM OYJlaBepuIIi MyMKHH.

Mucon.  y® —12y"¥ +56y” —126y" +135y'~54y=0  Tenrmamanu

CUMHT.
Eyumu. XapaktepucTu TeHIIIaMmacu

A°—122* +564° —1264% +1354 541 =0
EKH
(2-1)(A-2)(2-3)’ =0
Kypunumga Oymamu. By Ttenrmamanuar ommmii A4 =1, A, =2 wunnusnapra
Ce’, Czezx xamnap, 3 kappamu A =3 wmiamsra sca (C3 +C4x+C5x2)e3X Xas

Moc kenaau. Jlemak, OepwiraH TEHIJIaMaHUHT YMyMHUH €4nuMH Oy XaJIapHUHT
WUFUHIMCHIaH HOOparT:

y =C,e* +C,e” +(C, +C,x+C,x* e



Arap (1) tenrnmamanuHr 6apua Ko3(pPUIMEHTIApU XaKUKUM OYyiica, YHUHT
eUMMH /A, XapaKTEepUCTHK WIAW3JIApJaH OUpOpTacH KOMIUIEKC OyiIraHga xam
XaKUKAW KYpUHUIIAA €3ull MyMKUH. (1) TEHIrJIamMaHUHT yMyMHd edumu (2)
TeHrJIaManuHr A = + 1 §3apo kymmMa KOMITIEKC HIAU3Iapura MOC KeITyBUU

C, .7 cos fx+C__e* sin X
KypuHUIIIara Ba K kappamn A = o + 1 koMIuieke uiansiapra Moc KelryBYd

P (x)e™ cos Sx+Q,_, (x)e™ sin Bx (5)

KYPUHHIIAATH KYUIMITYBUMWIAPHUHT WUFUHIUCHAAH nbopar 6ymaau. By epma C,

m+2

UXTUEPUI Y3rapMaciap, Pk_l(x) Ba Qk_l(x) nap (3) ubomamarura yxmam K—1
TapTuOIM  KyOxammap  OynmubO, ymapHUHT  KOA(DPUIMEHTIApU  UXTUHPUN
y3rapMaciapamp.

Mucoa. y'—2Yy' +2y =0 TeHrIaMaH{ €UYMHT.

Euumu. XapakTepucTuk TeHrmamacu A°—21+2=0 6ym6, A=1+1
OJUTUH WIIIA3JIapra 3ra, IIYHUHT Y4yH €YUMHUHT KYPUHUIIN Kyiuaaruda 0yinaau:

y =C,e*cosx+C,e*sinx.

2. Ymsuxyu Oup >kuHCTH OYynMarad, y3rapMac KOd(QuUIUeHTnun aud-
dbepeHIMan TEHIVIAMAHUHT YHT TOMOHH b0 + blx +.o..+ mem, e”*, cos LX,
SiN SX GyHKIMTapHUHT WHFHHINCH Ba KymaiTMacumgad wOopaT Oyica, YHUHT
XyCyCUll €4MMUHU HOMabJIyM KO3 dUILIMEHTIap METOAN OUlaH KUJIUPHUII MyMKHH.

Arap TeHTrJaMaHUHI YHT TOMOHH P, (X)67 * kypunmmpa 6yuca, (6y epna

P, (X)=b, +bx+...+b,x™) xycycnii eanm

y, =X°Q, (x)e”
kypunumina Oymanu. byHna Qm(X) — ko3 duimeHTIap xo3upya HOMABIYM
Oynran M TtaptuOiaMm Kymxan, S oca KyWuaaruua aHukiaHagw: arap y (2)
TeHIJIAMAHUHT Wiau3n Oyiamaca, S =0, arap y TeHIrJIaMaHUHT P Kappaiu HIIU31
oynca S =P.
Q, (X) KYIIXaQAHUAT KOY(PPUIMEHTIAPUHA TONMUII Yy4yH (6) €e4YuMHH

oepwiran guddepeHman TeHIJamara KyunO, TEHIJUKHUHT YHI Ba 4al
TOMOHHM/IATH YXIIAII XaJIAPHUHT KO3(PPUIIHCHTIAPHHY TCHTJIAII KEPaK.

Arap yHT ToMOHH/A SIN Ba COS Jlap MINTHPOK 3THO KOJICa, OM3ra MabJIyMKH,
ynap Dunap popmynacu épaamuna KypcaTkuwin QyHKIusiap opkaiu udoganani
MYMKHUH:

alfx | o 15x QA% _ g1

cosﬂx=#, sin,Bx:T (7)

Y xoJi1a Macana X03up KypuiIraH XoJra KeJau.

Arap TeHrjamMa 4arm TOMOHUHHUHT KO3hdUIIMEeHTIapu Xakukuii oyica, (7)
KOMITJIEKC (PYHKITUSAIApCH3 MacalaHy Xajl KUJIUIIT MyMKHH.

VHr ToMOHH



e™ (PR, (x)cos Bx+Q (x)sin Bx) (8)
KYpUHHUIIIA OYJIraH TeHrjaaManapaa XyCycuidl eUnMHHU
y, =x%e” (R, (x)cos Bx+T, (x)sin Bx) (9)
KYpUHHIIA KUIUPUII MyMKHH. By epma, arap «a+ 1 (2) XapaKTepHCTHK
TeHrJIaMaHWHT wim3n Oynmaca, S =0, akc xomma S o+l wiau3HHUHT
Kappaiuru, R (X) Ba T (X) — M-tapTHOIX KyIXamiap, M= max{k,l}, R, (X)
Ba T, (X) KYTIXaJJapHUHT Kod(phUIMeHTIIapuHU Tonuo onui yuyH (9) xycycuit

euuMu OepuiiraH TEHrjaMara KyWuO, TEHTJIUKHUHT YHT Ba 4Yal TOMOHHUJAru
yXiam XaajgapHUHT Ko GUIIMEHTIapUHU TEHTJIAIITUPUII KepakK.

[yan xam Tabkuad YTHUII KepaKKd, OUp >KUHCIU OYIMaraH 4YU3UKIU
TEHIJIAMAHUHT YMYMHM €4MMHU, Iy TEHIVIAMAHUHT OUTTAa XYCyCHUH euMMu OuIiaH
yHI'a MOC KeJITaH Oup >KUHCIIM TEHIJIaMallapy WUFUHIUCUTA TEHT. Y HJIaH TalllKapH,
arap TEHIJIaMaHUHT YHT TOMOHU OuUp HeuTa (PYHKIUsIAp WUFUHAMCHIAH MOOpaT
Oy7ca, yHUHT XyCYCHUU €UMMH 11y TEHTJIaMa Yarl TOMOHUAArd Ky IIMTyBYMIAPHUHT
xap Owupura TeHMMAIITUPUO OJMHTaH TEHIJIaMalap XYCYCUM edumiiapu
HuFuHaMCcHIaH uoopat Aed Kapail MyMKHH.

Mucosuiap. a) Y" + Y =4Xe" TeHrIaMaHu eYHHT.

Euumu. 1. y"+y=0 Oup >KMHCIK TEHIIIAMAHWHI YMyMHH CUYMMHUHH
TOIIAMM3. XapaKTEPUCTUK TEHITIaMacH A2 +1=0, OyHIaH /11]2 ==1. Jlemak, 6up
JKAHCIIA TEHIVIAMAHUHT YMyMHWA €4UMH Y = C1 sinx+ C2 COSX KypHWHHIIAA

oynau.
I1. Bepuiran TeHrIaMaHuHT XyCyCUN €UUMH

y= Xst (X)eyx
KS'/pI/IHI/IIHI[a KHIUPpaMH3. buzHuHr MuconMMH3Ia S = 0, YYHKH Y =1

XapaKTepUCTHK TEHMIaMaHMHr wimsn  aMac, Q. (X) =b, +bX, uyHKn

P, (X) =4X, spHU M =1, MIyHUHT yU4yH XyCyCHI CUUMHU
y; = (b, +bx)e"

KypuHUIIIa Kuaupamus. bynu Oepuiran TeHrinamara Kynuo,
y; =(b, +b, +bx)e*; y; =(b, +2b, +bx)e’;
2b, +2b +2bx=4x; 2b,+2b =0:
(b, +bx)e* +(b, +2b, + b x)e* =4xe*; i+ 2h o 20
2b =4, by=-2;, b=2
JapHU oiamu3. JleMak, Xycycuil edum Y, = (2X - 2)ex KYPUHHUIIIA SKaH.

bepunran TeHrnamMaHUHT YMyMHUH €4MMH, OUpP JKUHCIM TEHIJIAMaHUHT
ymymuii eunmu (1) Owian Oepuiiran TeHrjJaMaHuHr xycycuil euumu (ll) HUHT
WUFUHIUCUTA TCHT:

y =C;sinx+C, cosx+(2x—2)e".

6) V' +2y —3y = x°e* TeHrnaMaHu CUHHT.



Euumu. 1. y"+2y'—3y =0 Oup HUHCIHM TEHIJIAMAHUHT YMYMHUH €4MMHHU

Tonamus. XapakTepucTuk Tenrnamacu A°+21—3=0 kypunumiga Oymamu,
oyunan A, =1, A, =—3 sxaHnuruHu TOonamus, 1eMak, Oup )KUHCIIH TEHIJIAMaHUHT
YMYMUN €4YUMU
y=Ce*+C,e ™
KYpUHHUIITA OYnaau.
Il. bepunran TeHrJIaMaHUHI XyCyCH €YUMUHU OJAUHITH Mucosgaruaex (6)
KYpUHHIIA KHAUpamu3. busHuHr wMucommmmzaa S =1, ugynku y=1

XapaKTEPUCTHK TCHTJIAMaHHHT OUp Kappaiu HIIH3H,
Q. (X)=h, +bx+b,x?,
qyHKH P, (X) =X, spHE M = 2, MIYHHHT y9YH XyCyCHil ednM
Y, = x(bO +b X +b,x? )eX
KYpuHUILIA Kuaupuiaau. bynu Gepuiiran TeHriamara Kyiuuo,
Y, = [bo +(by +2b, ) x+(30, +b, ) x? +b2x3]ex,
Yy =[ 2+ (I, +1; )+ (b, +4b, +6b, ) x+(6b, +1, ) x* +b,x° |e”,
[2+(b0 +1, )+ (b, +4b, +6b, ) x+(6b, +b, ) x* +b2x3]eX +
+2[b0 +(by +2b, ) x+ (30, +b, ) x* + bzx?’]eX -
—3x[b0 +hx+b,x° ] e* = x%e%,
4b,+2b, =0, 8b, +6b, =0, 12b, =1,
b, =1/12, b =-1/16, b,=1/32
JapHu oylamu3 . Jlemak, XyCcycui eyum
Y, = x(]/32—],/16- X+1/12. xz)eX
KYPHUHUILA DKaH.
FOxopumarumek, OepuiraH TEHIVIAMAHWHT yYMYMHHA €4UMH OHp KUHCIH

TeHrJIaMaHuHT ymymuii euumu (l) Owman Oup >kuHcau OYnmaran (OGepuiras)
TEHTJIAMAHUHT XyCYCUW €YUMU HUFUHIUCUTA TEHT

Y, =Ce* +Cpe ¥ +x(1/32-1/16- x+1/12- X* )",

6) Y'—3Y' +2y =Xe" COSX TeHrIaMaHu €YMHT.
Euumu. 1. y"—3y'+2y =0 Gup HUHCIIN TEHITIAMAHHHT YMYMHUI €YUMUHU
Tonamu3. By TEHITIaMaHUHT XapaKTEPUCTHK TEHTIIAMACH
A*-31+2=0
6ymub, yuunr wigmsnapu, A4 =1, 4, =2 6ynagn. Bynman osca Gup >KuHCIH
TEHIJIAMaHWHT yMyMHH €4UMH
y=C.e*+Ce*
KYPMHHUIIIA SKAHJIUTH KENTUO YMKaIH.



1. Onam Oepuiran TEHIJIaMaHUHT XyCyCU €4MMUHM (9) KYpUHUILIA, IBHU

y =xe” (R, (x)cos Bx+T, (x)sin Bx)
X0J1/1a KHAUpaMu3, YyHKH TEHIJIAaMaHUHT YHI TOMOHHM (8) kypuHuuina, busHuHr
muconna o =1, f=1 axpl=1+1, S=0, uyaxku a+pl=1+1, S=0,

XapaKTEPUCTUK TEHITIAMAHUHT €4UMH SMAC.
R, (X) =a,+aX, T, (X) =D, +bX, aynku P(X) =X Ba Q(X) =0, 6yumo,
k=18a | =0, urynuar yaya m =1. Illysnaii Km0, XyCycHil e4MMHH

y, =€((a, +a,x)cosx+ (b, +bx)sinx)
KYPUHHUIIA KUIUPHUIIIMMU3 Kepak dkaH. byHu TeHrnamara Kyiuno,
=[ (b, —a, —a,x)sin x+(a, +b, +b,x)cos x +(a, +a,x)cos X+
+(by +byx)sinx |e* = [(a0 +by +a, +(a, +b; ) x)cosx +
(by —a, +b, +(b, —a,)x)sin x]ex,
Yy ={[ 8 +b, +b, 3, +b; +(b,—a)x |cosx+
+[b1—a1+ao+b0+a1+(a1+b1)x}sinx+
+[a, +h, +a, + (3, +b,)x |cosx +

+[ by —a, +b, +(b, —a,)x Jsin x}ex -

{[Z(al+b1+b0)+2b1x]cosx[2(b0+b1)+2b1x]sinx}eX
2[ (a,+h, +h,)+b,x |cos x+2[ (b, +b, ) +bx |sinx—
- {[(ao +h, +a,)+(a,+b ) x [cosx+
+[ (b —a, +b;)+ bl—al)x}sinx}+
+2[ (3, +a,x)cos X+ (b, +byx)sinx | = xcosx,
2b —a,—a,-b,=0, —a, —-b =1 3a,+b,—-b =0,

1 1

b+3a =0 a =1 a=12, b0=—4§, b1:—1§

JapHu onamu3. byHjan aca Oepuiiran TeHTJIAMaHUHT XYCYCUH €UUMHU

y, =e* ((1+1/2-x)cosx—(4%+1% xjsin x]

KYPUHUIIIIA SKAHJIUTH KeTUO YUKaIH.
Jemak, Oepuiran TeHrJaMaJapHUHT YMyMUH €4UMU OUp KUHCIH

TEHTJIaMaHUHT yMmyMuid edrmHu (1) Onitan Oepuiral TeHrJaMaHWHT XYCYCHIH UMMM
WUFUHIUCHUTA TCHT .



y=Ce*+Ce” +{(1+]/2-x)cosx—(4%+l% xjsin x}ex.

2) y" =5y’ —3x* +siN5X TeHrImaMaHUHT yMyMHii CUNMUHN TOITHHT.

Euumuy. Bbup XUHCIM TEHIJIaMaHWUHT YMyMHH €UMMHUHHU TOMUO OJaMH3:
y"—5y'=0. By TCHIIAMaHHHI XapaKTepHUCTHK TeHrmamacu A°—51=0
Kypunumna Oymamu, Oynman A4 =0, A, =5 napuu onamus. bup xuHcnu
TEHIJIaMaHUHT YMYMHIA €4UMU

y=Ce” +C,e” =y=C,+C,e>

KYpUHHUIITA OYnaau.

FOxopuna scnaTmiran Kouaara Kypa, Oy TeHIIIaMaHUHT YHT TOMOHH MKKHTA
Xap Xui QYHKIHUSUTAPHUHT WAFMHIUCH OYNTaH y4yH TEHTJIAMAHHWHT Yall TOMOHH,
YHUHT YHT TOMOHUAATU KYIIWITYBYHJIAPHUHT Xap OUpUra TeHTJAIITUPUO, XyCyCHid

cuuMJjiap TOIIaMH3 Ba 6€pI/IJIFaH TCHIJIaMaHUHT XYCYCI/Iﬁ CUMMH CH(baTHﬂa
YJIapHHUHT fIHFPIHI[I/ICPIHH OJIaMH3.

Il. y" -5y’ =3%’ TeHrnaMaHHHT XyCyCHil edMMHHH (6) KYpHHHIIA SHHH
Y, =X°Q, (x)e™ xomma xwmupamus. busamnr muconza y =0 Ba memak, S=0
yynkd ¥ =0  XapakTepuCTHK  TEHIJIAMAHUHT OMp  Kappaid  WIJIU3H,

Q, (X) =a, +a,X+a,x*, uynku P (X) = 3X°, mryn/ail KWIHO XyCycHil earMHN

Yy =X(a, +a,x+2,X° )= ax+a,x* +a,x’
KYpHIlJla KUIUPUII Kepak 7KkaH. byHu TeHriiamara Kyino
Yy, =a, +2a,X+3a,x*, y/=2a +6a,yX,
2a, +6a,x —5(a, +2a,x+3a,x* ) =3x*, 2a,—5a, =0,
6a,-10a, =0, -15a,=3, a =-3/25, a,=-6/125
JapHH onamu3. Jlemak, Oy TEHTJIaMaHUHT XyCYCUI €4UMU
y, =—6/125-x—3/25-x* —1/5x°

KYPWHHILJIA DKaH.
I1l. y"—5y'=sin5X renrnamanuur xycycuil eyrumMu (9) KYpUHHILAA, SHHHA

y, = x°e* ( R, (x)cos Bx+T, (x)sin 8 X) X0Jga  KWAMPaMu3.  BH3HHMHT
mucomumuzna S =0, uyaku a =0, f=5 a+ pl =5 xapaxrepucruk
TEHIJIAMAaHUHT WIIH3HK 5Mac, R (X) =a,, I, (X) =D,, ayHkn
P(x)=0, Q(x)=1 k=0, 1=0
O0ynuO, myHaai KUauo, XyCcycuili e4MMHU
Yy, =@, C0S5X + b, sin 5x
KYpUHUIIIA KUAUPUII Kepak dkaH. byHu TeHrnamara Kynuo,



Yy, =5h, cos5x —5a,sin5x, Yy, =—-25b,sin5x —25a, cos 5x,
—25Dh, sin 5x — 25a, cos 5x — 25b, cos5x + 25a, Sin5x =sin 5x,
25a,—25b, =1, 25a,+25b,=0, a,=1/50, b,=-1/50
napHH ojamu3. byHaan 3ca ¥3 HaBbaTHa XyCycuil C4MMHUHT

y, =1/50c0s5x —1/50sin 5x

HKAHJIMTY KEIUO YMKAIU.
IOxopuna aiitunranura kypa, Oepuiral TEHIVIAMAaHUHI YMyMHUH €YMMHUHHU
TONWITaH €YMMIIAPHUHT WMFUHIMCHUIAH HOOpaT:

y =C, +C,e% —(6x/125+3x*/25+ x*/5) +1/50c0s 5x —1/505in 5x.
3. V:%rapMacm/I BapHanusaIam ycyau. Yn3ukiam oup KuHcIu Oyiamarax
a,y" +ay" M +.. . +ay=f (x) (10)
TEHTJIAMAHUHT SYUITHHHT YMYMHH YCyJUIapHIaH OUpH Y3rapMacHU BapHaIlHsIIall

YCYJIUINP.
dapa3 KWiaiiuK, Oup >KUHCIN YU3UKJIH

a,y" +ay"™ +...+a,y=0

TeHrJaMaHuHr ymymwuit eunmu tomwiran Ba y Y=Cy +Cy,+...+Cy,
Kypunuina oyncun. by epna C, nap nxtuépuii y3rapmaciap, Y, (X) nap sca oup

KMHCIM TEHIJIAaMaHWHT (yHJaMeHTan edyumiaap cucremacu y xoiga (10)
TEHIJITaMaHUHT €UUMH,

y=C,(X)y,+C,(X)y, +...+C,(X)y,
Kypunuina kuaupwiaau. by eppa C, (X) HOMABbJIYM (DYHKIUSIIAPHUA TONUO OJIMIL

YayH
Cly,+Cy,+...+Cy. =0,

Cly,+Cy, +...+Cy, =0,

....................................... (12)
Cy" P 1y 4+ Clyl™? =0,
oyl L+ Cly™ = ()
TEHIJIaMaHu cucteMacuuu onamus. By cucremanunr C/, C, ..., C eunmnapusu
TONMUO, yJIapHU HWHTErpayiad Cl(X), C, (X), wowy C, (X) (GYyHKIMSITApUHA
onamu3. bynapuu (11) ra kyiub, Oup >kuHCIM OYyIMaraH TEHIJIAMAHUHT YMYMUUN
CYUMHUHH  OJIAMU3. (12)  cucTeMaHWHr  e4MMra  d3ra  JKaHJIUTH
yl(x), yz(x), v Yy (X) byHKIUsAIapHUHT (yHIaMEeHTal edyuMyiap CHUCTeMacu

SKAHJIMTUIAH KEINO YMKaJIH.
Mpucon. Y"+Yy=1/SinX Tenrnamanu Yy3rapMacHu BapuauMATall YCYJIH
OWJIaH €YUHT.



Euumu. y"+y=0 Oup *KAHCIM TEHITIAMAHUHT YMYMHH €YMMHHHU TOIHO

omaiinuk. Xapaktepuctuk Temrmamacu A’ +1=0 6ym6, A=+1 6ymamy.
HIyHuHT yayH, OUp dKUHCIA TCHIJIAMAHUHT CUMMHU
y =C,cosx+C,sinx
KYPUHHIIIA SKAHIUTU KEJINO YHKATIH.
OH/in OepuiraH TeHIJIAMAHUHT SUUMHHA
y =C,cosx+C,sinx
KYpUHUIIIA U3J1aiiMu3, OyHU TeHramara Kyinuo (12) cucremanu onamus
C/cosx+C;sinx =0,
—C/sinx+C, cosx =1/sin x.
By cucremanu eun6, C, =ctg X, C/ —1 udonanapuu, Oyrapau uHTErpamad sca
C,(x)=—x+C,, C,(x)=Insinx+C, napuu onamus. Bynapuu omu6 Gopu6
YypHura Kyuno
y =C, cosx+C,sinx—xcosx+sinxIn|sin x|
OepwiraH TCHIJIAMaHW YMYMUI €YMMUHH OJIAMHS3.
4. Yoy

2"y +ax"y"™ ¢ ray=f(x)
EKH
8, (ax+b)" y" +a (ax+b) " y" V4. ray = f(x) (14)
KYPUHHUIIIATY TeHIaManap Ditnep TeHrnamacu aeiinnamy. (13) Tenrnmama X = +e'

anmamrupum Ounan, (14) Temrnama osca ax+b=+e' anmamTupum Gunan
YU3HUKJIM y3rapMac KO3(QPUIIMEHTIM TeHIJlaMajnapra KeaTUpHIl MyMKUH. ByHnai
TEHIJIaMaJIapHU €YHMIII 3Ca aBBaJIMra MyHKTJIapAa Mydaccas ypranuiau.

Mucos. Xy —xy'+ Yy =8x° Diinep TeHrIaMaCHHH CUHHT.

Euumu. X =¢' anmamrupum 6axapamvus. Tymynapmuku, t = In X, 6yanan

r dy dy dt_ !1_ rA—t
TOx dtdx tx
!— - ' rd -
y dx(yt t) t&(yt) yt&(et)_

d dt ' d - dt - " - ' - " '
- dx(yt)dx yta(e t)&:e “ye ety = (e - v)-
9HJII/I TEHIJaMara KYI/II/I6
e2t . e—2t (yt’t’ _ ytr) _ete—tyr + y — 8e3t

udoranu onamus, OyHaH dca
Yi — 2y, +y=8¢" (15)

y3rapmac K03 GUIUESHTIN TEHTJIAMaH! OJIAMHU3.



AsBano Oup xunHCIH Y, —2Y; +Y =0 TeHrnmaMaHMHT yMyMHil €YHMHHH
Tonu6 onamms. XapakrepucTuk Tenrnamacu A° —21 +1=0 xypunuimga 6yiranu
yuyH A =1 YHUHT UKKU Kappajiu WIAU3H.

Jlemak, Oup >kuHCIM TeHrmamMaHuHr ymymuii eummu Y =Ce' +C,te'
KYPHHILJIA YKaH.

(15) TeHrnaMaHUHT XYCYCHH €UHMMHUHU Y, = a0e3‘ KYpPUHHUIIAA KUIUPAMH3
(2-mynktra kapasr). Y xonaa

y; =3a,e*, y/=9a,e*, 9a,e™ —6a,e™ +a,e™ =8e", 4a,=8, a,=2
KenuoO uyuKaau. byHaaH sca Xycycuil edum Y, = 2e%" KypUHMIIIA SKAHIUTH Keano
yuKaau. DHaU (15) TeHrnmaMaHuHT yMyMUI €4UMUHY €3a OJIaMU3.

y=Ce' +C,te' +2¢e*.

Bynnan aca t=InX skawnmuruau xpcobra 0O, OepuiiraH TEHIJIAMaHUHT
YMYMUH €4UMHUHHU OJIAMU3.

y =C.x+C,xInx+2x°.

5. Y3rapyBunm Kod(QUIMEHTIN uM3MKIH mu(depeHiyan TeHrIaManap.
Arap N-taptMOnNM 4YM3HMKIM OWMp >KMHCIM AuddepeHnyan TEHINIAMaHHHT Y,
XyCycuil €4MMM MabJiyM OViica, YHUHI TapTUOMHM YW3HUKJIWIMTMHU CakKjaraH
XO0Jla TacaiTHpUIl MyMKUH. ByHHHr y4yH aBBano Y =Y,Z Ba keiiun z'=U
AIMAIITUPUIIUIAPHU OaXkapull 3apyp.

a, (X) y'+a (X) y'+a, (X) y =0 TeHrIaMaHMHT XyCYCHH €YMMH MablIyM
OyJica, FOKOpUIa aUTUIITaH yCyJ OwiaH Oy TEHIJIAMaHUHT TApTUOMHU MacauTUPHUIIT

MyMKHH. Jlekmun Mana my xycycun xonma — Ocrorpanckuii-JImysBuin
dbopmynacuaan doiigananraH MabKyJIpOK:

yll yf _ Ce—JP(X)dX ) P(X) _ M’ (16)
i Y2 3 (x)

Oy epma Yy, Ba Y, nap OepwiraH TEHITIAMAaHUHI UXTUEPUM YM3HMKIM DPKIH

€YNMIIAPH.
Mucoi. X’ (X +1) y"—2y =0, y, =1+1/X 6yica TeHrnaMaHUHT yMyMmii

€YMMHUHHU TOIIUHT.
Euumu. Octorpanckuii-JInysumi popmMynacura kypa KyWuJ1aruHy OJaMu3:

Vi Yo
Vi s

Yy, =1+1/X Gynranu yuyn Y, ra HucGatan unsukiu auddepeHuan TeHrIaMaHy

| x()(<)+1)dx
=Ce “Y1¥s = Yi¥, =C,. (17)

OJIaMU3, YHU Kyiuaaruda ycyi OuiaaH OCOHPOK €YU MyMKHH:

(ﬁj:%%—ﬂbzgg
Yy Yy V;

Y, = 1+ZI/ X HU OXUPTH TEHIJIMKKA KYyWnO WHTErpaljlaiiMu3 Ba



Y, C,dx ~
= C,=C 2—1 ——————|+C..
1+1/x '[(1+]/X)ZJr =G| X/2=Inpx+] 2(x+1) T
=(1+Yx)| C, x/2—|n|x+1|—m +C, |=
:C2(1+]/x)+51()(7+1—%+x+1 |+ l|j

TEHTJMKIapra sra 6ynamus. [lemak, Oepuiirad TeHIJIaMaHUHT YMYMHUA €4UMH

y=C,(1+1/x)+ (X—H—i+x—+1ln|x 1|)
2 2X
KYpUHHUIIIA OY1ap SKaH.

6. TymryHapiauKu, OJUHTH IMyHKTIa OCpUIUIIM Tajad KWJIMHTAH XYCYCHM
€4rMM JIOMM XaM MabiyM OyJiaBepMaiu, yHAAH TallKapd XyCYCHUU CUYUMHHU
TOMUIIHUHT XAaTTO UKKUHYM TApTUOIW YM3HKJIM TEHTJIaMallap y4yH XaM YMyMUi
ycynu UyK. bab3u xonnapa Tannad onuin Wy OuiaH XyCycuil €4MMHHU TOIHUIITA
spumnil MymMKkuH. byHna anbGarra OepwiiraH TEHIJIAMAHUHT YHT TOMOHMJAru
udonara »THOOP Oepuill Kepak, MacajaaH, TCHIJIAMAHUHT YHT TOMOHH TMOJHWHOM

6¥1ca, XycycHil eYMMHHU MOIMHOM KYpHMHHINAA, 1/X HUHr QyHKLIMACH KYpHHH-
mmaa 6yica, Xycycuil edMMHU @/X EKM YHHMHT (QyHKIHMACH KYPUHMIIUIA, arap
e” HuHr (YHKOUSACH KYpUHUIIMAA Oyica, ae” €ku YHHHT (OYHKIUACH
KYPUHHIINAIA KUAUPTaH MabKya Ba X.K.

MucoJjiap. a) (2X +l) y'+4xy'—4=0 tenrnamanunr Yy, =ae” ky-
PUHUIIIATH €YMMH MaBXy]l 0yJica, YHU TOIUHT.

Euumu. Y, =€“ HU TeHITIaMara KysiMu3:

(2x+1)a’e™ +4x-ae™ —4e™ =0;
(2x+1)a’ +4xa-4=0;
(2a% +4a)x+(a”*-4)=0;

2a°+4a=0, a’-4=0, a=-2
KennO yukagy. Jlemak, Oepunran TEHIIIaMaHUHT Y, = e ?* xycycuit eunmu 6yap
JKaH.

6) Xymumu 1y IOKOpuaard TeHrnamaHuer Y, = X' + ax" ™ +bx" +

KYPUHHUILJIATH €9UMU MaBXKy]1 OYyJica, yHU TOIIUHT.

Euumu. Y, =X"+ax" +bx"?+... Hum TeHrmamara Kyiimb, aBBaio

KYIIXaJHUHT TapTUOMHU TONMUO OJlaMu3, OYHUHT YUYH XOCUJ OYJIraH TeHIJIUKAaru
X HUHT 3HT KaTTa JAapa)kacu oyjauaara Ko3(pQuuueHTHHN HOJIra TeHTJIaiMuU3:



(2x+1)(n(N-1)X"? +...)+4x(nx"* +..) = 4(x" +...) =0,
(4n—-4)x" =0, 4n—-4=0,

Oynman oca N =1 skannury kenu6 ynkagu. Jlemak, KynmxaagauHT TapTuOu daxar 1
OyJIMIIM MyMKHH, ’BHU XyCYCHI €UUMHH Y, = X + @ KypHUHMIIA KUAUPHII KEPAK.
Tenrnamara KysiMu3:
(2x+1)-0+4x-1-4(x+a)=0
Oynman aca a =0 Hu onamus. [leMak, Xycycuii eduM Y, = X KYpHHUIIIA SKaH.
TeHriaMaHUHT YMyYMHUd e4UMHUHHA TOIHHT.

206. y"+4y'+3y=0 207. y"-2y"+9y'-18y =0

208. y"—-2y'+10y=0 209. y"V +2y"-8y'+5y =0

210. y"-8y=0 211, y"V =2y"-2y'—y=0

212. y"W +4y=0 213. y" —4y" +8y"-16y'+16y =0
214. y"W —y=0 215. YV +2y"+3y"+2y'+y=0
216. y"+2y -3y =e** 217. y" -3y’ +2y = xe*

218. y" -9y’ =e* cosx 219. y"+4y' +4y = xe**

220. y" +64y =16sin8x —16c0s8x — 646
221. y"—49y’' =14e™ —49(cos7x +sin 7x)
222. y"+81y =9sin9x +3c0s9x +162e>
223. y" — 64y’ =128c0s8x — 64>

224. y" -8y’ =162e>* +81sin9x

TeHramanm y3rapmMacjiapHy BapualUsIall MeToAu OMJIAH eYHHT.

225. xy"+(2x-1)y' =—4x’ 226. y"+ y'tg X = cos xctg X
227. y"+y=1/cos x 228. y"+4y=2ctg X
229. y"+y=2/sin’ x 230. y"+y=Xsinx

JilJiep TEHIJIAMACUHU €YHHI.
231. x2y" -2y =cosInx 232. (x+1)"y"-12y'=0
233. X*y" —xy' + x4/(1+ x2) =0 234, X*y" —xy'+y=8x°
235. X°y"—xy'—y=x*

Xap xuJ1 yeyJUIapHu KYJ1a0, TEeHIJIAaMaHU €4YMHT.

236. y"~3y'+2y=(3+e*) ", y(0)=1+8In2, y'(0)=14In2



237. y"+y/4=1/4-ctg(x/2), y(z)=2, y'(7)=1/2
238. y"-3y'+2y =e*/(1+€*), y(0)=0, y'(0)=0
239. y"+y'=e*/(2+¢€*), y(0)=In27, y'(0)=1-In9
240. y" -9y +18y =9 /(1+e*), y(0)=0, y'(0)=0
DYHKIUSJIAPHA YU3UKIH 00FIHK €KH 3PKJIN IKAHJIUTAHU TeKIINPUHT.
241. e*, e*, e* 242. X, €, xe*
243. chx, shx, 2e* -1, 3e*+5 244, X —x+3, 2x* +X, 2x—4
245. X* +2x, 3x* =1, x+4

YirapyBuu KOIPPUUUEHTIM YM3HKIH OMP KHMHCIAM TEHIJIAMAHUHT
YMYMU# €4UMUHU TONUHI.

246. X(x+4)y"—(2x+4)y' +2y=0

247. x(2x+4)y"+2(x+1)y' -2y =0

248. xy" —(2x+1)y'+(x+1)y=0, y, =¢"
249. y"+4xy'+(4x* +2)y =0, y,=e™
250. y"—y'tg x+2y=0, Yy, =sinx

YirapyBun KOIQQPUUHEHTIH YHHKJIA OHP KUHCJAUM OyaMaran
TEHIJIAMAHU €YMHI.

251, X*y"Inx—xy’ +y=x*Inx 252. X*y"Inx—xy’+y =xInx
253. xy" —(2x+1)y'+2y =2xe™  254. x(x+4)y"—(2x+4)y'+2y =10x
255. X(X+4)y"—(2x+4)y'+2y =x* +1

Ym0y TeHrimaMajJapHMHI —o0 < X <400 Jaru 4YerapajaHraH e4uMHUHH
TOIMHI BA YHUHI JAaBPUIl €4UMU IKAHJIUMTMHU KYPCATHHI.
256. y"+3y'+2y=sinXx 257. y"+3y'+2y =Cos X
258. y"+5y' +6y=sinx 259. y"+5y'+6Yy =cosx
260. y"+7y"+10y =sin2x

261. Ep mapuHUHT MapKa3uJaH WHTHYKA KyBYp YTKa3wirad OyicuH. YHra
TallUTaHTaH TOIII €p MapKas3Wra opajard macodara MpormopIuoHan OYiaraH Kyd
Owsan Toptunaan. Tomr KaH4Ya BaKTAa KyBypHH 00CU0 yTaau?

262. XaBOHUHT KapIIWJIUTH KUCM TE3JMTMHUHT KBaJpaTUra MporopIroHa
Ba TE3JIMK JIUMUTHHH 75 M/cek 710 om0, OONUIaHFUY TE3JUTH HOJITA TEHT OYyJIraH
OPKUH TYITYBYH KHCM XapaKaT KOHYHUHU TOTIMHT.



263. XXucm Oup munytna 90 mapra TebOpanaau Ba 15 cekyHI gaBoMHIa
TeOpaHUIl aMIUIUTYylacd WKKH MapTa Kamasau. TeOpaHmMa XapakaTHUHT
nuddepeHIan TeHrIaMacuHy TY3HHT.

264. Kaiimkka o =06M/cek OoumanFrud Te3IUMK Oepuiaran. XapakaT
oomtanrangan 60 cekyHn yTrad, Oy TE3JIUK UKKH MapTa Kamasaa. Arap CyBHUHT
KapIIMJIUK Ky49d KalWK TE3JIMTHra TYFpPH MPOMOpIHOHAN Oyiica, YHHHT Xapakar
KOHYHUHU TOTIHHT.

265. Maccacu m OynaraH MOJAMM HYKTa KOOpAWHATa OOMIUIaH TYPTHIIUO,

Macodara TYFpH TPOMOPITMOHAT OYJTaH F(F :8mx) Ky4 TabCHPHJA XapakaT
KuiMokaa. Hykrara MyXuTHUHI R =2mo KapmWIuK Ky4d TabCUp KWIAETraH

oyncun. Arap t =0 xoopaumHaTa OGomuaaH MoIIUK HyKTarada Oymnran macoda 3
ra TeHT Ba TE3JIUK HOJIb OYJica, HYKTAaHWHT XapaKaT KOHYHHHH TOTTHHT.

6-§. UN3UKJIU Y3rAPMAC KODPPUIIUMEHTJIA
TEHI'JIAMAJIAP CUCTEMACH

1. Homabiaym HykoTHm ycyau. by ycyn ymyMaH ofiranna cUCTEMaHH
TapTUOU IOKOPUPOK OYJraH OMp HOMAbIyMJIM TeHTJamara kentupaau. CucreManu
Oy ycyn Ounan euuin pakat cojjia cucTeManap yayHruHa sipaiii, XoJoc.

X=X+Y
Muco.. CUCTEMAaHU €UUHT
y =3y -—2X
Euumuy. bupuHun TeHrnuKAaH Y =X—X HH OIMO, UKKMHYM TEHIJIamara
KYysIMU3 Ba
y=X-%X X-X=3(X—x)—2x; X—4X+5x=0
OMp HOMABJIyMJIA WKKUHYA TApTUOJNM YHM3UKIM  TEHTJIAMaHU  OJIaMWM3.
Xapakrepuctuk TeHrnamacu A°—41-5=0 6ymuo, A,=2%1 Oynamn.
AsBanru 9-§, 1-nyHKTIaH MabIyMKH, Oy TEHTJIAMAaHUHT €YUMHU
x =e”(C,cost +C,sint)
Kypunuiiaa Oymanu. bynmgan doiinananu0, OMpUHYM TEHTVIMKAAH Y HU TOMHUO
OJIUIII MyMKHH:
y =X—x=(-C;sint+C, cost+2C, cost + 2C, sint)e* —

—(C,cost+C,sint)e* = (C, +C,)cost—(C, —C, )sint |e*.

[[lyHnnait Kuauo, TEHTJIaMaHUHT €4UMU
x=e”(C, cost+C,sint),

y=e”[(C,+C,)cost—(C,~C,)sint |

oynau.
2. busra



X=a,X +...+a,X,

........................ (1)
X, =a X +...+a X
KYpUHUIIIArd, €Ki BeKTop dhopmaia
X =AX,(2) TEHTJIaMaJIap CUCTEMacH
Xl
y e B Ay
Oepuiran 6yincun. By epma X =| : | — Bekrop, A= — Matpuna. by
a,...a,
X
n
CHCTEMaHH €YMII YIYH YHUHT XapaKTePUCTHK TCHTJIAMACUHU Ty3aMU3:
a; — A a e &,
a a,, —A a
a, a,, e a,—A
A,1=1L...,m — (3) renrmamanunr K. kappamm wigusnapu OYicuH
(k,+...+k, =n). Xap 6up 4 ra
X (t)=Q'(t)e™, i=1...m (4)

dyHKIMAHK Moc Kysmu3. By epma Q' (t) BEKTOp (yHKUUsA OYynub, xap Oup
KOMIIOHeHTH TaptiuOu K. —1 mam karra OyamaraH HOMabiayM KO3()(GUIHEHTIH
Kynxaanan uoopat. (1) cucremara A ra Moc KenraH eduMUHM (4) KYpUHUIITA
kuaupamu3. Yuu (1) cucremara kyitnG, €™ napra KMCKapTHpHITaHAAH KEHHH
HOMabiiyM Kod(hduuueHTnapad tomum ydyH NK. ra TteHrmamaman wubopart

YU3UKJIW OJJUM anreOpavik CUCTeMaHW ojamu3. by cuctemanu euu0, (4) HUHT
Kod(pdULIMEHTIIApUHY aHUKJ1a0 olaMu3. YMyMUM e4rM 3ca

m
x=>» Cx (t) (5)

i=1
KypuHuia Oynaau. by 06aéH kKunuHran wmerton Jiiep memoou 1e0 XaM
IOPUTHIIAIHN.

Mucoa. Kyitngaru cuicteMaHu €4UHT.
X=2X+Yy+1Z,
y =-2X—1,

1=2X+Yy+2L
Euumu. Kosddurnmentnapaan Ty3uiaral MaTpuiia

2 1 1
A=|-2 0 -1
2 1 1



KypuHUIIIa OYnnu0, YHUHT XOC COHJIAPH, SHHU XaAPAKTEPUCTHK TEHIIAMAaHUHT
wigusnapu A =2, A, = A, =1. Diinep meronu OuIaH cucTeMaHH e4aMus.
A, =2 opamit Xoc coHra Moc kexrad (4) kypuHuizara QGpyHKIus (e4nm)
Kyluaaruya O0yinanu:
x=5e", y=S,", z=Se*.
Bbynu Oepuiiran cucremara Kynuo,

25, =25+, +3;,

2S, =-25, -3,
2S5, =25, +S,+2S,,
cACTeMaHH ojlaMu3 Ba Oympman S, =-2S, 5, =25, S, — wuxtuéruii coH

DKAHJIMTUHU TOIIAMM3.
2.2 = 2.3 =1 ukku Kappaiu Xoc COHra MocC KeiaraH (4) KYpHHHUIIIATH €YHM
Kyhnjaruya O0ynaau:

x=(a, +a,t)e',
y=(b, +b,t)e',
z=(c, +c,t)e'.
ByHu TeHrnamara Kyitn6 €' ra KuckapTHpuo,
a+a,=2a+b+c () a,=2a,+b,+c, (Il
b +b,=—2a —c, (1) b, =—2a, —c, (V)
C,+C,=2a +b +2c, (V) c,=2a,+b,+2c, (VI)

cucremanu onamu3. VKkuHuM Ba TYpTUHYM Tenrnamanapaan a, =0, b, +c, =0
OupuHYM Ba ydumHuMmaH oca @ +b,=0 Ba GemmHuncuman C, =h,—b

udonanapra sra 6ynamus. llynnait ko, A, = A, =1 unnusura moc xenran

X =-b,e',
(b, +byt)e’,
(b, ~b, —b,t)e"

y
Z

CUNMJIApPpHU OJIaMHU3.
Tonunran CUNMJIAPHUHI ﬁHFHHHHCHHH OJICaK, CUCTCMaHHUHI' YMYMI/Iﬁ CUrMH

x=Ce” -C,e',
y=-2Ce* +(C,+C,t)e',
z=2Ce" +(C,-C,-C,t)e'
kypunuina 6ynany, 6y epaa C,, C,, C, uxtuépuit y3rapmaciap.
3. Arap A XapakTepHUCTUK TEHIVIAMAHWHT KOMIUIEKC WIIM3H OyIica,

IoKopuaa Oepunran Diiep METOAU OpPKaIM TONMWITaH €YUM XaM KOMILIEKC
byakuusiap opkanu udonamananu. Arap (1) TeHrmamaHuHT KO3 GUIUCHTIAPH



XaKUKUH COHJIapaaH wbopar Oyica, eUMMHH XaM XaKUKUH (yHKIUSIIAD OpKaJd
udomanam MymkuH. ByHuHr yayH A=+ 1 KOMIUIEKC WIAM3ra MOC KeJlraH

KOMITJIEKC €YMMHUHT XaKHUKAHA Ba MaBXyM KUCMJIAPW YHU3HKJIH SPKIU CUUMIIAP
Oymummaan GoigamaHuI Kepak.

X=4x-Yy
Mucon. 3 CHCTEMaHH CUMHT.
y=9X+2y
4-1 -1 )
Euumu. >~ 0, A —64+13=0 xapakTepuCTUK TEHTIaMaHU

Ty3ub, A, =3+21 unmusnapuau onamus. A4 =3+ 21 umnamsra Moc keirad xoc
BEKTOPHHU TOMANIIHK:
(1—21)a—b =0, 5a—(1+ 21)b =0.
a=1 b=1-21 ne6 onub, Kyiingara XyCycuii €4MMHH TOIIAMH3:
X =g+ y= (1 21) o320t
Bepwirad cucTeMaHuHT KO3(D(GUIMEHTIApU XaKUKUi Oyiarand y4yH

22 =3—21 wnamsra MOC Kearad €4YMMHM KUAUPUO YTUPUIIHUHT XOXKaTH HYK,

YYHKH Y TONWITaH €4uM OMIaH ¥3apo KymmMa komruieke hyHkuus 0ynanu. Mkkura
XaKUKUM eunM cudaruia TONMUITaH KOMIUIEKC €YMMHUHI XaKUKUM Ba MaBXyM
KUCMJIAPUHU OJIMIII KEPaK.

g2 — g (COS 2t +isin 2’[) OyIraHu yayH

(3+21)t

x, = Ree™™" =e* cos 2t,

y, = Ree(1-21)e®?" =¢* (cos 2t + 2sin 2t),

3+21)t

= Ime! =e¥sin2t,

y, = Im(l 21)e®?)" =¥ (sin 2t — 2cos 2t)

udonanapuu onamui. bymapnan sca OepuiraH CUCTEMaHMHT YMYMHUH €UMMUHU
XOCHJI KHJIAMHU3:

X =Cx +C,x, =C,e* cos2t+C,e*sin 2t,
y=C,y, +C,y, =C,e™ (cos2t +2sin2t) + C,e™ (sin 2t —2cos 2t ).
4.V1H6y
a,x " +a, X" e, X by +b11y“+ +b,y=0,

azox()+a21x(‘)+...+a2nx+b20y +b21y ) 4. ..+b,,y=0

KYPUHHILJArd HOPMAJI XOJra KEITUPWIMaraH TEHIVIAMAHU C€UYMII  y4yH
XapaKTEPUCTUK TEHTJIAMAHU Ty3UO, YHU €YUl Kepak:

a A" +a, A"+ +a, b A"+b A"+ b, 0
a " +a, A"+, b A +h, A" b, |

(6)

(7)



By TeHrnmamaHuHT WIAW3IApU TOMWITAHAAH KEWWH, OepwiaraH TeHTJIaMaH!
€YMMHUHU XYAJM 2-TTYHKTAArUJIeK KUIUPUIaBepain.

X+X+y=0
Mucoa. | N CHUCTEMaHU €UYUHT.
X=X+y+y=0
Eyumu. XapakTepucTuK TEHIJIAMAacH KyWHIard KYpUHUIIIA OYIaau:
A+1 A )
5 ) =0, A°+24+1=0.
A°=1 A7 +1

bynnan nkku kappamu A = —1 Wiau3HU XOCHI KUJIaMu3.
OHau 6epuiiraH TeHIJIAMaHUHT €YUMUHM 2-TTYHKTAAruIeK

x=(a+bt)e™
y=(c+dt)e”
KYpUHUIILIA KUAUpaMU3. ByHH cucTeMaHUHT OMPUHYM TEHIJIaMacura Kynno
(b—a—bt)e™ +(a+bt)e™" +(d—c—dt)e" =0
udomann, yuman sca d=0,b=C um onamm3. CHUCTEMAHUHI HUKKHHYH

TEHrJaMacuJaH XaM XYJUIM IIyHJal MyHocaOatjapHU oJjlamu3, OyHH Xuco0.1ad
KYPUILIHN YKYBUYWIAPHUHT Y3Ura KOJIUPAMHU3.
[ynaait kKuaubd, ymymMuit eaum

x=(Ct+C,)e™,

y=Ce™
KypuHHIaa 6ynap okaH, Oy epaa C, Ba C, uxtuépnii y3rapmacnap.
B. % =a,X +...+8,X, + f;(t), i=1...n (8)

YM3WKIA OWMp JKMHCIHM OYIMarad TEHITIAMAaHHHT XyCYCHH CYMMHHH XaM f, (t)

dyukusnap b, +bt++b t", e*, cospt, sinpt  kypumuummaru - bynxims-
JApHUHT WUFUHAMCH, KYMalTMach Ba YJapHUHI WUFUHAMCHAAH uOopar Oyica,
HOMabJIyM KO3 PuIMeHTnap ycyau OunaH KUaupuil MyMKUH. AnOarrta, Oy epaa
xam (adipum  y3rapumiap — OwnaH)  Xyaau o y3rapmac  KOdhQOUITUEHTIIH

TeHrIaManapiaruiek nm kwmnam. Arap f (t)=P, (t)e” 6ymo, P (t) - m,

TapTOaM  kymxax Oyuca, (8) TenrmamaHumHr xycycudl eunmu  t°Q (t)ey t
KYpHHIIIA dMac,

x =Qh..(t)e", i=1...,n

m+s

KYpUHHUILJIA Kuaupwiaau, Oy epaa Qi (t)—m+s TapTUOIU, HOMABIYM

m+s
K02(pPUIMEHTIIM KynXax; M=Mmaxm,; arap ) XapaKT€pPUCTHK TEHIJIAMAHUHT
wiusu 6ynmaca S=0, arap y xapakTepHCTHK TEHIVIAMAaHWHT WJIIH3U OyiMmaca, S

cupartuga Oy WIIU3HUHT KappajJuTHMHH OJHUII Kepak. (9) maru HOMabiym
ko ummentinap (9) wudomanm (8) TeHrmamara KyHuO, YXmram —Xaaiap
KO3 PUIMEHTIApUHN TEHTJIAMITUPHII EPIAMH]IA TOTIHIIA]IH.



f. (t) dynxius € cos Bt Ba e”sin Bt dynkumsnapHu Y3 MuMra ojras
0ymb, ¥ =a +1f XapakTepUCTUK TEHTJIAMAHWHT WiIu3K Oynaranma xam (9)
udomanaru KymxaJHuHT TApTHON IOKOPHIaTUra YXIIIal aHuKJIaHaIH.

{)‘( =y +sint
MucoJ. CUTEMAaHU €YUHT.

y =—X

X=Yy
Euumu. { Oup KUHCIU CHCTEMaHMHT yYMyMHH €UUMHUHH TOIHO

y=-X
onamus3. by TeHITITaMaHMHT XapaKTEPUCTHK TEHITIAMACHHU TY3aMM3:
-4 1
=0.
-1 2
Yuuur wipmsnapu A =1 Ba A, =—1. [lemak, Oup >KHHCIM TEHITTaMaHHUHT

YMYMHI €4UMHU
x =C, cost+C,sint,
y =—C,;sint+C, cost
KYpUHUIILIA OYap 3KaH.
Busuunar mucomummznga =0, f=1 y=a+if=1 xapakTepucruk

TEHIJIaMaHUHT OWp Kappaidu WIIU3UM OYIraHu ydyH, OepriiraH TEHrJaMaHHHT
XyCYCHM €UNMUHU

x =(a, +a,t)sint +(a, +a,t)cost,

y = (b, +b,t)sint +(b, +b,t)cost
KYpHHHUIIIA Kuaupamu3. byHH TeHrmamanap cucremacura Kyin6 a, Ba b mapan
TONMII YUYH TEHIJIamMajiapra sra Oyinamus:

a +a,=b,, a,-a,=b+1 b,+a,=0, a,-b,=0, b +b,+a,=0.
by Tenrnamanapaan
& =a;=8,+h,=b,=0, b =-1/2, a,=Db, =1/2
udoaanapHu oylamMus, NyHaal KMIUO, XyCyCUl eunum
X =t/2-sint,
y=-1/2-sint+1t/2-cost
KYpHUHHUIIAA, OepuiIral TeHriIaMaiap CHCTEMAaCHHUHT YMYMUIN €4nMH 3ca
X =C, cost+C,sint+t/2-sint,
y=—C,sint+C, cost—1/2-sint+1t/2-cost

Oynap skaH.

6. Arap Oup XUHCIIM TEHIJIaMajap CUCTEMaHUHI YMyMHI €4YUMHU MabiyM
oyica,
X =a, (t)x +...+8, (t)x, + f;(t), i=1...,n (10)
TEHIJIaMajap CUCTEMaCMHUHI YMYMHMH €YMMMHU Y3rapMacHHM Bapualnusigad Xam
TOMHILI MyMKUH. ByHUHT yuyH Oup >KUHCJIM TEHIJIaMajap CUCTEMAaCHHUHT YMYMUN



eanmvunarn C, ysrapmacimapau C, (t) GyHKIUsIapra aJlMalTHPUII Ba XOCHI

oynran wudomanu (10) Tenrmamamap cucremacura KynumO, Xocws Oyira
TeHrinamanap cucreMacunan C. (t) JIApHU TOIHUII KEPaK.

X=Yy
Mucou. < CUCTEMaHU €YHUHT.
y =—Xx-+1/cost
Euumu. By cuctemanu y3rapMacHHM BapHallusijanl ycyiau OwiaH edamus. by
cucTemMara Moc 0ysrad Oup KHHCIIM TEHIJIaMallap CUCTEMAaCUHUHT KYpPUHHUIIU

X=Y
=X
O0ymn06, OyHHHT YMyMHI €UUMHUHH S-TTyHKTAA TONTAaH UK. Y
X =C, cost+C,sint
y =—C,;sint+C, cost
kypunnina C;, C, y3rapmacnapuu Bapuanmsuiaitmus, sieHu C, (t) Ba C, (t)
OWJIaH aJMaIITHPaMK3, CYHIpa OepuIirad TeHriamara KysiMu3:
x=C,(t)cost+C, (t)sint
y =—C,(t)sint+C, (t)cost
Cl' (t), CZ' (t) Japra HucOaTaH KyHu1ard cuctemMa XoCHi1 OYIraiu:
C/(t)cost+C,(t)sint=0,
—C/(t)sint+C, (t)cost =1/cost.
By epna C| (t) =—sint/cost, C, (t) =1 tormnamu. Jlemax,
C,(t)=In|cost|+C,, C,(t)=t+C,
OyHU ypHHUTA KYHUO
x =C, cost+C,sint +cost In|cost|+tsint,
y =-C, sint+C, cost —sint In|cost|+t cost

YMyMUH €YHMHH OJIAMU3.

TenraamaJiap cucTeMacHHU HYKOTHIN YCYJIH OMJIAH €YUHI.

X=X-Y X=2X-Yy
266. 267.
y=2y-x y=4y-x

X=2y-—3X X—5x-3y=0
268. 269.
y=y-—2X y+3x+y=0



{X:—y X+X=y+e'
270. 1 271.
y=2x+2y y+y=x+e'

TeHmaMa.JIap CHUCTEMAaCHHHU CYHUHI.

X=4y—-2z7-3X X=X+X-Y
y=2+X y=X+y-2

212, 2=6Xx—6Yy+5z 213, 2:2x—y

(4=1 2,=2, ,=-1) =1, 4,=2, 4;=-1)
X=2X-y—12 X=2X+2z7-Yy
y=3X—2y—3z y=X+2z

274. y g
2=27—-X+Y 1=y-2X-1

(4, =0, 4, =1, 4, =1) (4 =1 4,,==1)
X=3X—-Yy+12 X=2X—-Yy+12
y=X+Yy+1Z y=X+2y-12

277. |
2=4x-y+4z 2=X-Yy+22

( L,@=2“%=5) (AzL,@=2“%=3)
bup kunciam 0yaMarad TeHrJjiaMmajap CMCTEeMAaCHHU €YUHT.
” t . —

278, X=5X+4y+e 279, x 2x+4y+c?st
y=4x+5y+1 y=—-X—-2Yy+sint
X=4Xx—-y—-5t+1 X=-5x+2y+40

280. 1 . 281.
y=x+2y+t-1 y=X—-6y+9%™"

X =y —cost X=2X~-

282. y 283. Y _

y =-x+sint y =2y —Xx-5e'sint

HOpMa.]'I XoJIra KUJITHpWIMaraH TCHIjiaMmajJap CuCTEMaCMHA €YHUHT .

X+y=2 X=X—-4
284.{ ﬁ_y. y 285.{% it
3X+y=x+9y y=—X+Yy



X—3§ —x=0 X+ 4% —2x— 2~y =0
286.{ g 287.{ ’ 7y

X+3y—-2y=0 X—4x—-y+2y+2y=0
X—y—-2x+2y=0 2X -5y =4y —

288. ymexTey 289. XTOY=AYTX
X+2y+x=0 3X—4y=2x-y

CucreMaHu y3rapMacH BapuaumsiJjian ycyJiu OWJIaH e4HHT.

X+2y =3t X+y—-2x=0
290.{ y 291.{ y

y—2x=4 V+Xx—2y=—e'sint
X =3x+ ! X =
292. yre 293. X d
y=x+3y—e' y = —X+4/cost
X = 2X+ 4y +cost X=3x-2y
294. < i 295.
y=—Xx-2y+sint y=2x—y+15e'\t
Bekrop popmana 6epunran X = Ax KYPUHUIIAATH CHCTEMAaHH €YMHI.
2 0 -1 2 1 0
296. A=|1 -1 0 297. A=|0 1 O
3 -1 -1 0 0 3
2 00
2 -1
298. A=|0 2 O 299. A=
4 -2
0 0 3
3 -2 2 1
300. A= 301. A=
4 -1 0 2

7-§. TYPFYHJIMK HA3ZAPUSICH BA BUPUHYU TAPTUBJIN XYCYCHI
XOCUJIAJIA TEHI'JIAMAUJIAP
1. Kyitnaru nuddepenunan TeHriaMmanap cucreMacu Oepuirad OyJcuH:
dx.

E:fi(t,xi,xz,...,xn), i=1...,n (1)

&xu BekTop hopmaaa



dx

E_f(t,x), X = (X Xpseens Xy ). (2)
y of. :
®dapa3 kunaiimk, f. Ba —- ¢ynkumsmap Gapua i Ba K mapma t; <t <+oona
Xy

y3yJIyKcHu3 OYJICHH.
Arap X= (o(t) (2) TenrnamaHuHT euyuMu Oepuirad 0yimo, uxtuépuii £ >0
yayH O >0 kypcaruin MyMKuH Oyicaku, bapya
X(t,)—o(t) <, 3)
OOLUTAHFUY IIAPTHU KAHOATIAHTUPYBYM (2) TEHIJIaMaHUHT X(t) eYuMIIapU Y4yH
nxtuépuii t; <t na
[x(t)=(t) <& (4)
mapt Oaxapuica, Oepwiran X= gp(t) eunM JIAmyHOB MabHOCHUIA HIYPIYH
JNeUnIIaau.

Arap kanmadaup £ >0 yuyn mynmaid o >0 rtommamaca, go(t) UM
mypeyH amac TAniaau.

Arap (2) cuctemaHUHT go(t) eunmu JISMyHOB MabHOCHIA TYpPFYH OYnuoO,
erapianya SKUH OOIUTaHFWY IMapTiapaa (2) cucteMaHuHr eunmmiapu t—>+o0 na
(o(t) ra 4eKkcu3 sSKWHIIamica, OomKaya Kwimb aiitranaa, erapinda Kuauk O >0
yuyH (3) maptia tl_i)rll(x(t)—go(t)) =0 xenu0 4mnkca, (D(t) CUUM ACUMNMOMUK
mypeyH neinnaam.

Oxopunarn (2) TeHrIamMaHUHT X = go(t) CUUMUHUHT TYPFYHJIUTUHU

TEKIIUPHUII Macanacy, (2) TeHrnamaga Yy = X — go(t) ANIMAIITUPUII OakapuiraHaa

XOCHJI OYNTraH TEHIJIaMaHUHT y(t) =0 euynMMHHHM TYPFYHJIMKKA TEKIIMPHIIra
KEJITUPUIIA]IN.

2. bBUpUHYYM AKHHJIAAI 0YHHYA TyPFyHJIHMKKA TeKINMpHNI. X (t) =0
(i :1,...,n) (1) tenrnmamanunr euummu OYncuH. Illy eyumMHU TypFyHIUKKA
TEKIIUpHUIL Y4yH X =X, =...=X, =0 wnykra arpoduna fi (GyHKUMSITADHUHT
YM3MKIA KUCMHHH aXpartub onmHamw, (Macanmad, f. mapru Temop dopmynacu

épnamuna Eimm  Owman). Xocun  OynraH CHUCTEMAHUHT HOJ  €YUMUHU
TYypFYHJIUTUHU KyHUJaru TeopemMa OpKaJid TEKITUPHUIIT MyMKHH.
JIanynoe meopemacu. Kyiinaaru cuctema Oepuirad OyJICHH:

%:ailxl+”'+ainxn+¢(t’xi""’xn)’ i:1"”’n (5)

Oy epma @, — y3rapmaciap ¢ — myHAa#i GpyHKUMSITApKH,

|A<%,VFJMFH&f+”Hmr



mapT Oakapuirasja
dl<y(x)]x, i=L...n, y(x)>0, |[x—0
VpuHIM Oynaau.
Arap (5) TeHrnamasna
a, ... a

a, .. a,

MaTpPUILIAHUHT XaMMa XOC COHJIApH MaH(H XaKUKH KFcMra 3ra 0yiica, yHHHT HOJ
€UMMHU AaCHUMIITOTHK TYPFyH Oyianu; OupopTa XOC COHHUHT XaKHKUH KHCMH
MycOaT OyJica, HOJ €4uM TYPFyH OVIMaiIu.

MmucoJnap. a)

X=—X+y+2x"—y°
y=x-3y+11y*
cucreManuHr X =0, Y =0 euyuMHH TYpFyHIIUKKA TCKIIUPHHT.

Euumu. YOkopumarm TeopemaHu Kymiab edamu3. bupuHUM SKUHIIAIIAILI
OVitmua  kyimmarn — cucteManuHr X=0, y=0 eyuMMHH TypFyHJIHKKa

TCKIIUPaAMMU3:
X=—=X+Y
y =Xx-3y.
TymyHapiauku, XapakTepUCTUK TEHIJIaMacu
-1-2 1
=0
1 —-3-1

KypunMiaa 6ymo, 4, =2+ J2.
Jlemak, JlamynoB Tteopemacura kypa X=0,y=0 TtpuBnan ecuum
ACHMIITOTUK TYPFYH.

0)
% =4+ 4y — 26",
y =sinax+In(1-4y), a=const,
cucremManuHr X =0, Yy =0 TpuBHaT CUNMUHH TYPFYHIUKKA TEKITHPHHT.

Euumu. Teitmop dopmynacu €paamuga YHT TOMOHAArd (yHKIUSJIAPHUHT
YU3UKJIM KUICMUHU 2XpaTuO OJIaMu3.

X=-2X-y+¢(XY),
y=ax—4y+¢,(xy),
Oy epma ¢ Ba @, ObyHKUHIAP C(X2 +y2) ra TEHT, SbHA YEKCH3 KHYHK.

Koaddummentnan Ty3unran MaTpULIAHUHT XOC COHJIAPUHU aHUKJIACAK,



-2-1 1
=0, A*+61+8+a=0, A,=—3tJl-a
a —4-1 ’
oynasu.

Arap a>1 O6ynca, wimusnap xommiekc comnap ReA, =-3<0, arap

—8<a<l Oynca, wiau3nap XakuKUi Ba MaHpHUA, aemak, Oy xoJurapiaa
X=0, y=0 eunm acUMITOTUK TYpFyH O¥Jajau.

Arap a< -8 6yica, 6urra mwiau3 mycoar Oyiaaau Ba gemak, X=0, y=0
€4UM aCMITOTHK TYPFYH dMac.

Arap a=-8 oOynca, A4, =0, ,=—6 Tenr Oymaaum Ba TypPFyHIIHK
MacaJlaCHHU I0KOpHJIa aUTHIITaH TeOpeMa OpKalld Xal KUJuO OymMaiiau.

3. JIanyHoB pyHKUMACH épAaMuAa TYPFYHJIMKKA TeKIIUPHUILL.

JIanynoe meopemacu. bupop &,>0 con yuyn t, <t <-+oo, |X| <&,
IApTHU KAaHOATJIAHTHUPYBYHU (t, X) napna (2) CHUCTEeMaHMHT YHT TOMOHHU
AHUKJIAHTaH y3yaykcus 0ymmo, f (t, O) =0 6yncun. YHIAH TalIKapy Iy x Japia

aHUKJIaHraH, ¢akaT KoopAMHaTa OoluAa HoJra TEHI Ba  Y3JIyKCHU3
muddepennmamianysun V (X) > 0 JIsanyHOB QyHKIMSACH MaBXy 0YIu0, y

n
V
Za— f. <0 @)
— OX.
IRl
IIAPTHA KAHOATJIAHTUPCHUH. Y X0 X(t) =0 eunm TypryH Oynam.
Arap 0< |X| < &, YUyH
n
V
Za—fj <-w(x)<0, (8)
iz OX
(6y epna W(O) =0, x#0 na W(X) >0 6Yyaran Kanmaigup y3aykcu3 (QpyHKIUs)

mapT Xxam Oakapusca, HOJI €4UM aCUMITTOTHK TypFyH OVIiaiu.
(1) cucremaHuHr eyuMH MabIyM Oynmaca, JlanyHoB dyHKUUsICH
KYpPUIIHUHT YMyMHH YyCyJIu HYK, JEKUH Oab3u Xxowiapaa Oy GyHKIUSHU

KBaJpaTHK (opMa makimmaa, span V = Zbi. ;X X; KYpUHHIIMIa KEATHPHO OJHIL
i

MYMKHUH OYaau.
MmucoJnap. a)

X=—(x-2y)(1-x* =3y?),
y=—(y+x)(1-x*-3y?),

CHCTEMaHWHT TPUBHAJ CUUMHUHH TYPFYHJIUKKA TEKITHPHUHT.
Euumu. Jlsanynos ¢yukuusacu V (X) cudparuga V (X, y) =Xx*+2y® Hu

onamu3. bupununman, V (0, 0) =0,V (X, y) > 0, UKKMHYKIAH, eTapirya KHYuK X,

y nap ydayH



28_V]c oV dx 6de
Sox, ' ox dt oy dt

—4y(x+ y)(l— X2 —3y2) = —2(1— x* —3y° )(x2 +2y? ) <0.
Jlemak, rokopuaa 0aéu stuiaran JISmyHOB T€OPEeMAaCHHUHT Oapya ImapTiiapu
oaxapunamu, X=0, Yy =0 eunm — TypFyH €4UM JKaH.
0)

2x(2y - x)(l X —3y)

X=-5y-2x°
y =5x-3y°
CUCTCMAHUHI" TPUBHUAI CHUMUHHU TYPTrYHIIMKKA TCKINUPHHI .
Euumu. V (X, y) =X*+Yy® dynxuus JIAIYHOB TEOPEMACHHHHT HMKKHHYH

KUCMUHU (aCUMIITOTUK TYPFYHJIUKHU TabMUHJIAWIUTaH IapPTHU)
KaHOATJIaHTUPAAU. XaKUKATIaH XaM,

1) V(0,0)=0, V(x,y)>0;

oV dx oV d
2) — P di[( & dy 2X ( —5y—2%° )+2y(5x 2y) (4x +6y) 0.

oV dx any OaaanX oV dy <0, Xx#0, y 0.

Jemak, — =

ox dt oy dtfo ox dt oy dt
-

lysnait ko, X =0, Yy =0 acuMnToTHK TypFYH JKaH.

4, A" +a, A" +...+a,,4+a, a,>0 (9)
XaKUKUH KO3 OUIMEHTIN KYIIXaAHUHT 0apya WiAn31apyu XakKUKUi KUCMH MaH(pUi
OYIUIIM y4yH IapTiap.

(9) xynxan Gapua WIAU3IAPUHUHT XAKUKUH KUCMU MaHQUil OYIUIIN y4yH
a. >0, 1=0,1,...,n 6ymumu 3apypaup. N < 2 6yiranga Oy mapt eTapaumup.

Payc-I'ypBuil maptu. (9) kynxaa O6apya WIAU3IAPUHUHT XAKUKUN KUCMHU
MaH(puii Oynuiu yayH ymoy I'ypeuy mampuyacu €06 aTaayB4d MaTPUIIAHUHT

a a 0 0 ... O
a, a, a a, ... O
aa a, a a, .. 0

0O 0 0 0 .. a

n
acocWii JAWaroHajd MUHOpPJIApU MycOaT OYyauimu 3apyp Ba eTapiauaup. by
MaTPULIAHUHT aCOCUM InaroHanuaa a,, a,, ..., a, jJap TypuOau. Xap Oup carpaa

QJICMCHTJIApHUHI" UHACKCH OJIIWMHIH 3JICMCHT MHIACKCHUIAH 1 6I/IpJ'II/IKI(a KHN4YHK. a1

snement 1 >N éku | >0 mapaa Honra anMamrupuaagd. I'ypBULl MaTPULACUHUHT
acoCUH JTHaroHajl MUHOPJIApH:



0
a a O Y
A =4, Azza3 2 a A, =la, a, af, ... (11)
2 3 3, a
Iy xam scmatu6 kyimm kepakku, A, >0, A, >0, ..., A, >0 maprnapaaru

oxupru udona yuyn A, =A & TeHrmuK ypurmu 6ynranu yuyn A >0 maprtau
a, >0 mwapr Guan anMaIITUPHUII MYMKHH.

"

Mucoa. Yy ' +y" ' +7y"+4y"+10y'+3y=0 TeHrIaMaHUHT TPUBUAI

CUMMHWHHN TYPTYHJIMKKA TCKIIUPHHI .
Equmu. XapaKTepI/ICTHK TCHI'IaMAaCHHHU TY3daMHU3!

f(1)=2"+A*+72°+44* +104+3=0.
By epma a, =1, a =1, a,=7, a, =4, a,=10, a, =3.
['ypBHIl MAaTPUIIACHHUHT JAAarOHAJI MUHOPJIAPUHU €3aMM3:

1 1 0

11
A, =1>0, A2=‘4 7‘:3>o, A,=l4 7 1]=5>0,
3 10 4
1100
1 10
4 7 1 1
A, = —10A,-3=|4 7 1|=50-3(49+3-10-28)=8>0,
310 4 7
3 10 7
0 0 3 10
1 0 0
4 1 0
A;=[3 10 4 1|=3A,=3-8=24>0.
0 0 310 4
000 0 3

Mynnait kw6, A; >0, A, >0, A, >0,A,>0, A,>0 Ba pmemak, y=0
TPUBHUAJ €4MM ACHMIITOTHK TYPFYH €4HMM DKaH.

8) JIvenap-Illunap wapmu. (9) xynxan Oapya WIAH3IAPUHUHT XAKUKHHA
KucmMu Manguii 6ynmumm yuyn & >0, i=1...,n Ba IoKopuoa aHUKIAHraH
A, 1=1...,n map yayu A, >0, A >0, A >0, ... maprnap Gaxapuiuiuu
3apyp Ba eTapJIHInp.

Mucoa. Y +2y"+3y"+3y'+y=0 rtenrnamanuar y=0 TpuBHan
€YMMUHH TYPFYHJIMKKA TEKIIMPHHT.

Euumu. Jlpenap-lllumap maptuHu  €3amMu3, OYHHUHI Y4YyH aBBall
XapaKTEpUCTUK TEHIJIaMaHH €3aMIUK:

n



A 42234342 +31+1=0;
a,=1>0, 3, =2>0, a,=3>0, a,=3>0, a,=1>0;

2 10
A,=[3 3 2/=6-3-4.1-9=5>0, A,=2>0.
0 1 3

by epnan Yy =0 TpuBHaN €4UM aCUMIITOTUK TYPFYH SKaHJIUTH KEJTUO YHKAJIH.

2) MuxaiiioB kpurepmiica. (9) xynxan Oapya WITU3IAPUHUHT XAKHKHI
KucMu MaH(uit Gymamm yayn kommexc texucinkna f (iw) mykra (6y epma
f(ﬂ.) (9) xymxan) @ O man +oo rava y3rapraHjga KoopjauHaTa OoIWaH
YT™Macaan MycOat iyHanuuiia Nz/2 Gypyakka OypUIMII 3apyp Ba €TAPIHIKD.

By kputepumilHn Ky#ugarnua xam Tabpudiaam MymkuH oau: a.a. , >0
oyuo,

p(é)=a,-a,,E+a, & —...

2
q (77) = an—l - an—377 + an—577 EIRER
KYIXaJIapHUHT Gapya Wigu3iapu mycOar, xap xui Ba & naH Gouurab anmariub
kemuim, sean 0< & <m <&, <, <... OYymmum 3apyp Ba erapiu. Iy epma

f (Ia)) = p(a)2>+ ia)q<a)2) SKAHJIMTHHH YKYBUMJIApra dCIaTuO KYWHIIHU JIO3UM
TOIIIYK.

Mucoa. Y +2y"+3y"+2y'+y=0 rtenrnamanunr Yy=0 TpuBHan

€UYMMUHHU TYPFYHJIMKKA TEKITUPUHT.
Eyumu. XapakTepuCTUK TEHIJIaMaCUHU Ty3aMU3:

f(1)=2"+22"+32° +22+1.

"

by epna
f(iw)=o" —2i0® —30® + 2iw +1,

u (a)) =w* —3w° +1,
V(w)=-2i0’+20= 2(0(1— o’ ) =20(1-0)(1+w).
@ Hu 0 JaH +o00 rada y3rapTupaMu3 Ba (u,v) TEKHUCIIMKIa XOcusl Oyiran

u=u (a)), V= V(a)) YU3UKHU YpraHaiauk (19-pacmra kapasr).

\/5_1 . \/g_l AV

w| 0

2 2
0 -1 0

\ 4




v|0|3-5|0 —(S—Jg)

19-pacwm.

lim~. = 0, 6ypuui Oypuaru @ = 4% = (n — 2m)%.

W+0 u
By epma N—2m=4; n=4, nemax, m=0. [yngaii xKuauO, XapakTepUCTUK
TEHTJIAMaHUHT XaMMa WIIIN3JIApH Yall SpuM TEKHCIIHKIA Kounamany, spbHu Y = 0

TpUBHaJ euuM MuXalaoB KpUTepUiicura acocaH aCUMNTOTUK TYpFyH OYiaau.
Maxcyc nykmanap. busra

dx dy
—=P(x,y), —Z*= , 12
= P (ey) 5r=Q(xy) (12)
TEHIJIaMajap CUCTEMACH EKU
dx_Q(xy) (13)
dt  P(xy)

TeHrJamMa Oepuiuran OyiuoO, P(X, y) Ba Q(X, y) byHKIHAIap  Y3IYKCH3
nuddepeHmamuanyBun 6yiacud. Y xonga P(X, y) =0, Q(X, y) =0 waprnapuu
KaHOATJIAHTUPYBUYHU (XO, yo) HykTanap (12) tenriamanap cucteMacuHuHT €k (13)

TEHTJIAMAHUHT MaAXCyC HyKmanapu Jeinnaau.
dx dy
— =ax+by, —Z=cx+vd 14
dt Y gt Y (14)

TEHIJIaMasap CUCTEMACH EKU

dy cx+yd dx _ ax+hy (15)
dx ax-+by dy cx+yd
TEHIJIAMAaHUHT MAaxCyC HyKTaJJapuHU CUH(Iapra axpaTuil y4yH
a-4 b
=0
c d-A

XapaKTePUCTHK TCHITIAMAHHWHT WIITU3JIApUHU TONHO OJWIN Kepak. Arap WiIau3jap
Xap XWJI XaKuKui 0Y1u0, uiopacu xap xui 0yica, maxcyc Hykta — mypeyhn (20-a
pacM), HIopacu Xap Xui Oyica, maxcyc Hykta — 2eap (20-6 pacwm), arap
wigu3napu (akar mMaBXxym Oyica, Maxcyc HykTa — mapka3 (20-2 pacm), arap
WIIU3Iapy Oup Xui Ba Hoaad dapkiu (e A4 = A, # 0) 6yiica, maxcyc HykTa —
aitnuzan myzyn (20-0 pacm) éxu (dy/dx =y/X 6ynranna) ouxpumux myzyn (e-
pacm) aeruaau.

Mucoa. X=2X, Y=X+Y CHCTEMAaHHHI MaxCyC HYKTaCHHH TOIHO,
TUITUHU aHUKJIaHT.



Euumu. 2X=0, X+y=0 cucremanan wmaxcyc nykra X=0, y=0
SKAHJIUTH KeMUO YWKaau. DHAM XapaKTEPUCTUK TEHIJIAMaHH Ty3uO, WIIUM3HHU
aHUKJIaNMU3.

<
<

2) 0)
20-pacm.

Q)
~

2—1

1 1-4
Wnmusnap xap Xuil Xakukuii Ba umopacu oup xmi, gaemak, X =0, y=0 maxcyc
HYKTa TYT'YH OVaju.

=0, (2-2)(1-2)=0, A4=1 A =2 (16)

0 0
6. ai(xl,...,xn,z)é+...+an(xl,...,xn,2)872=b(x1,...,xn,z) (17)

n
XyCYCHI XOCWJIaJId TEHIJaMaHWUHI YMYMHUH €YUMHUHHM TOMNMII Y4YyH KyWHAaru
onnuii auddepeHman TeHrjamagap cucTeMacuHUHT (sbHU (7) TEHIJIaMaHu
XapaKTePUCTUK TEHIJIaMaHUHT)

dy o, _ O _dz (18
a a, a b

n
N Ta 3pKJIX OMPUHYM UHTETPAIIMHHA TONMUII KEpaK:

0, (X, %,,2)=C,,
........................ (19)
@ (X0, %,,2)=C,.

VY xonga (17) TeHrnmaMaHUHT YMyMHUH €4MMH OLIKOpMAac KYpUHHINIA KyHuaruda
eé3MIaau:

F (P ) =0, (20)



by epna F — uxtuépuit mudpdepennuamnanysun GyHknusa. Xycycan @), @,,..., 0,
napaaH dakat ourracu Z ra 6ornuk Oyica, (20) TeHrnmaManu yiraHucura HucOaTaH
e4nO OJIUII MyMKHH.

7. a (X, y,z)%+a2(x, y,z)%:b(x, y,2) (21)

nuddepeHnran TeHriIaMaHd KaHOATIaHTUPYBYHU Ba
x=u(t), y=v(t), z=w(t)

YU3UKIAH YTyBUM Z =1 (X, y) CUpPTHH Tomum Yy4dyH (21) TeHrjiaMaHUHT
XapaKTEepUCTUK TEHIVIaMaJlap CUCTEMAaCUHU TY3HILL:

dx dy dz

a a b
Ba YHUHT UKKHUTA 3PKIM OMPUHYM WHTETPAITUHU

2 (xy,2)=C,, @ (xYy.2)=C,
TOnUII Kepak. by OupuHumn uHTerpamiapaaru X, Y,Z JapHU KynWuo,
(Dl(t):Cl’ P, (t)=C2 (25)

TEHIJIaMaJlapHu  ojlaMmu3. by TeHrnmamanapaan 1t mapameTpHu  HWYKOTHO,

(23)

F(C.C,)=0 wudpomann omamms. C, Ba C, mnapuunr ypuura (24)

TEHIJIMKJIAPHUHT  Yall  KUCMJIADUHU  KYyHnO, KUIMpWIA€TraH  CUPTHHUHT
TEHIJITAMAaCHHU OJIAMU3.

oz .
MucoJnap. a) y poi X— =0 TeHrnmamMaHUHT yMyMUH €4UMUHU TOIIMHT.
X
Euumu. XapakTepucTukaiap TEHIIAMACUHU Ty3HO0, OupuHYH
MHTETpaJIJIApHU TOIIAMU3:
dx dy

, d(x2+y2):0, X*+y*=C, u=x"+y°.
y X

Jlemak, OepuiraH TEHIVIAMAHUHT yMyMHH euumu Z=F (X2 + y2)

KypuHULIIa OYyiaau.

ou ou

0) — +U— =0 Xomd TeHr1amMacHHUHT yMyMHI €YUMUHU TOTIHHT.

Euumu. XapakTepucTuk cucrema
dx d
dt=—x=-2
u 0
KypuHHILIa 0Yau0, OupuHUM nHTErpaniapu V; =U, V, = X—1U Gynanu.
Jlemak, Oepuiirad TeHTJIaMaHUHT UXTUEPUN €UUMU
F(u,x—tu)=0
KypuHULIIa OYynaau.

0z

Z
6) (x— a)& +(y—b)— =2z —C TenrnamaHuHr yMyMuii €UNMUHH TOIIHHT.



Euumu. XapaktepucTukiap cucTeMacuaaH

%:X_a, ﬂ:y_b, gz
dt dt dt

KyHUJarujiapHy TOIIaMHU3:
x=Ce'+a, y=Ce'+b, z=Cge'+c, C, C,, C,nap
UXTUEPUH y3rapmaciap.
bupuHun naTErpanIapu:

Z—C

y—b Z—C
ul . ] u2 s —
X—a X—a
KYpuHHUIIa 0Yu0, OepuiiraH TeHrJlaMaHUHT UXTUEPUN eUnMHU

= (Y_—b | Z_—C) 0
X—a X—a
udomaa Ounan 6epuaam.

2) XZ =+ yZ—— = —Xy TEHIJAMAHHHT YMYMHIi cUMMUHN Ba Y = X*, Z =X

YU3HUKAAH YTYBYM €UUMHHH TOIUHT.
Euumu. XapakTepUCTHK TEHIJaMacMHU Ty3UMO, OMPUHYM WHTErpajlIapHU
TONIAMU3:

G _du_dr
dx yz —xy’
5:C1, 2> +xy=C,.

y

Jlemak, Oepuiira TeHrJIaMaHUHT YMYMUN €4UMU

F(5,22+xy]=0,
y

F— wuxtuépuit QyHkuus kypunummga Oymagu. buszma z  Oupunum
WHTErpaJUIApHUHT (PaKaT OWUTTACH HIUTUPOK ATAETraHM YYYH YMYMHU €YUMHU
OLLKOP KYPUHMILA E3UII OJIMII MYMKHUH:

2>+ Xy = f(ﬁj;z=i f[ﬁ)—xy,
y y

Oy epna f — uxtu€puii pyHKIHS.
Onau OepwiraH YM3MKIAH YTYBYM €YMMHHU TOMHO OJHII YYyH YM3UKHUHT

TEHTJIAMAaCUHH MapaMeTPUK KYpUHUIIAA €3U0 OJIaMu3:

X=X, y=x°, z=X.

bynu 6upunun nudogacura kyund X Hu HYKoTHO Kyluaaruiapra ara oyaamus:

1 1 1

==C; x*+x’=C,; —=+==C,.

X C, C

C, Ba C, mapHuHr ypHMra uHTerpayuiapura uomamapHH KYHHO, H3TaHraH
€YMMHU OJIAMU3:



6 3
X X 2
—| +| =] =z +xy.
(YJ [y]

JIANyHOBHUHI OMPUHYM SIKHHJIAIMIN OyiiM4a TYPFYHJIMK XaKuJAaru
TeopemMacuaaH (oiiiaganud, HOJI €YMMHHU TYPFYHJIMKKA TEKIIUPHHT.

>‘<:1(ex—1)—9y+x4 X:E(ex—l)—9y
4 4
302. 303.
yzlx—siny+y4 yzix—siny
5 5
3
X=9X+ycosy - X=T7x+2siny
304, ) 3054 e o
. X y=e"-3y-
=3X+2y+——y’’
y y 12 y
X:EX—Esinzy X=ax—2y+X
306.{" 2 2 307. 1 2
Y=y 2x V=X+Y+Xy

Payc-I'ypBuny  mapraapugan  €éxku  MuxaillloB  KpUTEepUiICHAAH
¢doiinanannd, HOJI €4UMHHU TYPFYHJIMKKA TeKIINPHHT.

308. vV +7y" +19y"+23y'+10y =0
309. y" +5y" +18y"+34y'+20y =0
310. y"-3y"+12y"+10y =0

311. Yy +7y" +17y"+17y'+6y =0
312. y"V -2y"+y"+2y' -2y =0

BepnnraH TEHIJIaMa éKH CHCTEeMAHMHT MaxCyC HYKTAJAapHH TOIIHHI' Ba
TCKININUPHUHT .

. Soy+1
_2y—3X XZm&

313, y' = 314, 3
X—2y S22
y=x -y

315. k=in(-y-v') Mﬁ<X=Vu_yf+3_2
y =3—4/x" +8y y=e""—e




2 2 ] 2
a17. y = XY =2 318, y = YT VIH2X
X—Y X+y+1

TeHrJIaMaHHUHT yMyMHﬁ ¢C4YUMHHHU TOIIMHI.

319. 2@+5227 320. x@+y@:xy+z
x oy ox 7oy
0z 0z 0oz 0z
321. v} = 4+ xy? = =axz 322. Xx— 4+ y— =2xy+a’ + x*
Y5, =% y
oz oz 0z
323. V22 4 xy = =Xz 324. (x* +y? )= =y +7°
Y %tV (x*+y )ax y

Bepn.ﬂraﬂ YU3HKIAAH yTyB‘lI/I Ba 6epn.11raH TCHIVIAMAHH KaHoaT-
JJAHTUPYBYH CUPTHU TOIIMHT.

325. X@—y@:x—y, X=2, z=Yy’+4
ox oy

326. y@+x@:x2+y2, x=3, z=1+2y+3y?
ox oy

327. yg—xg:yz—xz, y=5 1z=x"-25
ox 0oy

328. x@+y@=x—y, Xx=4, 7=y*+16
ox "oy

329. y@+xg:x2+y2, x=15 z=1+2y+3y?
ox oy

330. xyg+@=x+y, Xx=3, z=y+1
ox oy



MACAJIAJIAPHU EYHIIIA 3APYP BYJIAJIUT AH
DOOPMYJIAJIAP

|. TpuronoMeTpuk pyHKUMsJIap HIITUPOKUAATH hopMmyaaiap.

. in
1. sina+cos’a =1 2. tga = o
cosa
3. ctgar = 2% 4.1+19°a = —
sina cos’ o
5. 1+ctg’a =— 6. Sin2a = 2sin xcos &
sin® o
7. c0s2a =cos’ o =sin’ « 8. tg2a = Ztg?
1-t19°x

9. sinasin B=1/2[ cos(a - B)—cos(a+ )]

10. cosa cos 3 =]/2[cos(a—,3)+cos(a+,8)]

11. sinaccos B=1/2[sin(a— B)+sin(a+ )]

Il. TpuronomeTpuxk Ba runepo0uk GyHUMSJIAPHUA KYPCATKUYIN PYyHKIUS
opKau udoaaiam

1. cosx=]/2-[eiX +e“x} 2. sinx:]/(Zi)-[eiX +e“x}

3. chx=1/2-|e* +e* | 4.sinx=1/2-| e +e™* |
I11. KoMiuiekc COHHMHT TPUTOHOMETPUK (popMacH Ba
Myasp ¢popmysiacu

1. z=x+iy, i*=-1

2. z=r(cosp+ising), r=7=x*+y*, p=argz,

argz=argz+2kz, (k=0, 1, 2, ...), —w<argz<u,



X
arctg—, x>0,

y
X
r+arctg—, x<0, y=>0,
y
argz:i—ﬂ+arctgf, x<0, y<0,
y
T
—, x=0, >0,
> y
T
-—, x=0, <0
> y

3. 2" =r"(cosng+isinng);

4. Q/E:Q/ﬁ(coswﬂsinw), m=0,12,...,n-1, @=argz
N N

V. Xocnjia TOMUIIHUHT aCOCHIT KOMAaJIapu

14
1. ¢'=c, c=const 2. (cu) =cu’
3. (u +v—w)' =u' +Vv —-wW 4, (uv)' =u'v+V'u
! [ !
5. (_j JUVSVU Lo 6. (") = nu
v v

V. Xocuiiajaap kaaBajiu

1. (X”) =nx"", (n-— y3rapmac con)

2. (sin x)' = COS X 3. (cos x)' =sin X
4. (tgx) =— 5. (ctg x) =
cos? x sin? x
i ' 1 ' 1
6. (arcsinx) = 7. (arccosx) =
( ) — ( ) —



8. (artg x)' I 9. (arcctg x)' - .

1—x?

! !

10.(ax):axlna, a>0, a=zl (ex)zeX

1-X

11. (Iogax)' = ina a>0, azl (Inx) =§
12. (sh x)' =chx 13. (ch x)' =shx
' 1 4 1
14. (thx) = 15. (cthx) =
(thx) =—= (cthx) ==
V1. UuTerpaJiap xkaaBajiun
1. Jx”dx: X" +C, (n=-1) 2. J.%:In|x|+c, (x#0)
n+1 X
3-I dxzz{arctgx+c, 4-_[ dX2=1In1+—X+C
1+ X —arcctg x+C 1-x* 2 |1-X
dx arcsinx+ C, dx
5. - 6. -y ( J Zil)‘ C
I 1— x2 {—arccosx+C -[Q/XZJ_rl n‘ XN ’
7. jaxdx= Iia+C’ (a>0, a=l), jexdx=eX+C
8. Isinxdx=—cosx+C 9. Icosxdx=sinx+C
dx dx
10. jsinzx_—ctgx+c 11. jCOSZX_tgx+C



12. jshxdx:chx+C 13. Ichxdx=shx+C

=thx+C

16.I dx :%arctggﬂi, (a=0)

a+X

C, 0
a—x+ (a=0)

dx 1
17. —In
Ia2 ¥ 2a

18j xdx _illn‘azixzhc
a’+x° 2

= arcsin > +C (a>0)

19]\/7

+C

In‘x+ X? +a?

dx
20. j =

xdx
21. \/ + X C
I Va2 £x2 -

2
22. I»\/az—xzdx=§\/az+x2 +a?arcsin§+c, a>0
a

+C

2
23. J'»\/x +a dx_ﬁx/ +a ia—ln‘x+ x* +a?

2 2
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