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NPEJUCJIOBHE

COopHHK cOZepXNT 3azayl Mo Kypcy OOGKKHOBEHHHX mnd-
(depennnatbHBX  ypaBHeHIH B COOTBETCTBHI € MPOrpavMOH,
npHHATON Ha MexaHnko-vateMaTnueckoMm akybtetre Mockos-
CKOTO TrOCyJAapcTBeHHOTO yHmBepcutera Yacte 3azau BadATa H3
n3necTuHix 3agzauynnkoB [roHTepa 1 Kyspunna, Bepwuana, yue6-
ko CremanoBa, Pummnca; GOJIBIMINNCTBO 3a1aU COCTABIEHO
sanoso Ilo cpaenennmio ¢ 3azaunnkow Trontepa 1 KyasunHa
KOoaAnuecTBO 3ajay yseanyeno JloGasieHo MHoro 3amay He6oiib-
mo#t 1 cpexnefl TpyaHocTH, 4TOGH ofGecrnevnTh XOCTATOUHBIf
BHOOD 3ajzaw aas  ynpaxHennfi B cOopunk BKTIOYEHH 3a-
Jaun va Te OTAeds Kypca, KOTOphie HEe HAlI'Ml OTPaMenus
B 3anaunnke Tiontepa 1 Kyspunna (wanpuyep, na NHIOKIUHEL,
oco6ne TOYKH, ycToitviBOCTL no Jlanywosy), H JaHIbL HeS0Nb-
nioce uncao GoJjee TPYIMHX 3adad U 3axad  TEOPETHYECKOro
XapakTepa (OHH OTMeueHH 3Be3104KoH), TaK Kak B ciydyae He-
06X0MOCTI X MOWHO B3ATH u3 yuyebunka U T [letporckoro
«Jlekunn mo Tteopiun OOCHKHOBEHHHX AndipepeHuHAIBHEIX ypaB-
neniny  Hakowen, B cO0pHUK BRIIOYENO CPaRHATEILHO HEGOJb-
HI0€ WC/J0 3a1aY, 3aTParuBaIOIIX HCROTOPHE BOMPOCH Kypca
G6oaee ri1y60Ko, HeM 3TOro Tpebyer nporpavva (acHMOTOTHKA
peutennit amuefiunix  ypanednd  BTOPOTO nOpAAKa, peLigHHe
ypaBHenu#t ¢ novownio paaoB, Teopns koteSannft, npubaimken-
noe peuienne AnddepentunanbunX ypasHenni)

B nauane namaoro naparpada u3noAeHs OCHOBHBIE METOAH,
Heo6xoamvee 11 peulenus 3aidau storo naparpada, 1an gaunt
CCHIKH  Ha  COOTBETCTBYIoline yueGuinkin B paxe cayyacs
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npuselens noapobHue peluenus THnoBmx 3amaqy  CoopHnk pac-
CYHTaH Ha mnonb3oBaHne yuebunnom B B, Crenanoa «Kypc
nubdepenunanbEEX ypaBneHil»y  Mowxuo TOAB30OBATBCA Tah.ke
yuebuuxayM M I' TlerpoBchoro «/lekwun mo Teopuu OGHKHO-
Benrbx Anddepenunaavunx ypasuennhy, J1 C  Tloutparuuna
«O6unioBentbe  Aidipepentdibisie ypasuenusay, J1 D Dabe-
roapua «JQuddepennnaibtpe ypaBHeHis»

B KHuilre NpHHATH jC/A0BHHE 0GO3HAaueHus y4eSHHKOB

[1]—B. B Crenanos, Kypc anddepenunanbusix ypas-
HeHni -

[2]—W T Tertposchuify, Jlenuwnn no TeopHir 0Ghinno-
Benbix A depeHunanpiLX ypasuenith

[8]—/1 C Towutpsurnn, Obnkuoseniue auddepen-
IiaipHBe ypaBHeHHs

[4]—J1 3 3Babvcro1su, Duddepentaibunie ypaBuenis.

ABTOp OydeT BeCLMd Oaarozapen BceM JIHHAM, KOTOpHC
coo6uaT evy CBOIl 3aMEHaHHd N0 COAEPHAHII0 STOIO 3aAaYHIIKa.
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§ 1. H30KJIUHDBI. COCTABJIEHHE
AP GEPEHIHAJIBHOIO YPABHEHHSI CEMEACTBA
KPHBLIX. H30TOHAJIbHBIE TPAEKTOPHH

1. Pemenne ypasuenns y'=f(x, y), npoxoisiee uyepes TOUKY
(%, ¥), IOMXKHO HMETh B 3TOH TOYKe NpPOH3BOZHYW y', PaBRYIO f (%, ¥),
T €. OHO JOJDKHO KacaTbCl npsiMOf,, HAKJIOHEHHON IOX YrJaoM
a=arctg f (x, y) k ocu Ox Teoverpuueckoe MeCTO TOYEK NJOCKOCTH
(¥, Y), B KOTOPHIX HAKJOH KacaTeJbHHIX K peIIeHHAM ypaBHeHHS
y'=f(x, y) ogHH M TOT Xe, HasmBaeTcs H30KAHHON ClenosarenbHo,
ypaBHeHHe H3OKAHHH HmeeT Bui f(x, y)=k, rie k—InocTosHHad,

UroGul npi6AMKEeHHO MOCTPONTh pelleHust ypaBHeHuA y’ =f(x, y),
MOXXHO HAYePTHTb JIOCTATOYHOE WYHCJO H3OKJIHH, a 3aTeM INPOBeCTH
pelleHis, T € KPHBHE, KOTOPHE B TOUKAaX NepeceueHNs ¢ H3OKJIMHAMi
f(x, )=k, f(x, Y)=ky, . HMEIOT KacaTeJbHbe ¢ YIJOBHIMH KO3(-
¢GHIHeNTaMH  COOTBETCTBEHHO &y, k,, .. Tlpuvep mnpumenenus sTtoro
metoga e [1), rn 1, §1, n

2. Jluaun, nepeceKalomue BCe KpHUBbie NaHHOTO cemeficTBa noj
OIHHM H TeM e YIJIOM (, Ha3HBAIOTCA H30TOHAAbHEIMH TPaEKTOPHAMH
Yraet § # oo HaRJAOHA TPaeKTOPHH W KpuBOIl K oci Ox CBA3anbl COOT-
nowenner f=a + ¢ Ilycts

y=f(x y )
—anddepennnansioe ypaBHeHlte NaHHOTO ceMefiCTBA KPHBHX, a
v =[x, 9 ()]

—YypaBHeHHe ceveficTBA H30TOHAJbHHIX Tpaekrtopufi. Torma tgo=—
=¥(x. Yy tgP=fi(x. y) Cnenopatenpro, ecau ypasnenne (1)
NanHCaHo M Yroa ¢ H3BecTeH, To Jerko Hafth tg § u satrev wnanucat
niddepeniiaabHoe ypaBHeHIe TpaekTopui (2)

Ecau ypasmenne naHHoro cevefictBa KPHBHIX HaNHCaHO B Blje
F(x, y, ¥')=0, To 11 NOCTPOEHHS YypaBHEHHR H3IOTOHANLHHIX Tpaek-
TOPHH MOMHO BOCMOJB3OBATLCH AHAJOTHYHBIMH paccyxmeHusvu (cM [1],
ra II1, § 5, n, 2)

3 UroGu mnoctponts InGdepenumanbHOe  ypaBHEHHE, KOTOPOMY
YAOBJICTBOPSIIOT KPHBHIE cevieficTBa

q’(x' U, Clv eeey C,,)=0, (3)

nago npoanddepennuposath pasencTBo (3) n pa3, cuMTas Yy QyHK-
uueil oT x, a 3aTeM H3 MONYYeHHHIX YpaBHERNit M ypasHeHus (3)
HCK/IOYUTb [1POH3BOJIbHLIE Noctosunwe Cy, ..., C,.
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IIpumep. Coctabuts aupdepeHunasbHoe ypasHeHie cemeficTea
KPHBBIX
Cix+(y—Cy)*=0 “

Tak kaKk ypasleHne ceueilcTBa COAepyMT JBa Napamerpa, and-
GdepeHunpyeM ero 1Ba pasa, cuutas y=yg (x)

Ci+2@y—-C)y =0, ®)
2y +2(y—Cly =0 (®)
Hcwmouaem C; H3 ypaBnenns (3) mmeew C,=—2(y—C,)y’, noa-
cTaBassa 310 8 (4), noayyum
—2xy’ (y—Co) - (y—C,)* =0 )
3
Hcknioyaem C, H3 ypaBsenns (6) mneemy—C,:—%T, NOACTaBAAA

3710 B (7), NOJIy4nv mocje YyHpouleHHH JuddepeHiiaabHoe ) paBHenHe
y'+2uy =0

B 3amasax | -—14 c noMombio H3OWIH HA4YepTHUTH (NpH-
6MIACHHO) pellCHNs JaHHBIX ypasHenufi

Ly =y—xt 2. 20+y)=x+3

3 T et . ,

Y ==L 4 ()Y =y—2x

5. yy +x= 6. xy’ =2

7oy Ty = 8.y -F1=2(y—a)(y' —1).
’ 2 1 . _ ,__;_\’_ ,:y—&\

0.y (P+1)Ta=0 10.y'== Il y=C=

-
Aty

16%. HanucaTb ypaBHeHie reoMeTpPHYECKOrO MECTa TOYEh
(x, y), SBANIOWNXCA TOUKAMI MaKCIMyMa M MIHHMyMa pe-
weHn# ypasHenna y' = f(x, y) Kak oTauuuTh TOUKH MaKcCi-
MyMa OT TO4eh MHHIIMyMa®

16%, Hamicath ypaBHeHHE TeOMETPHYECAOrO MECTa TOYek
nepern6a rpadunos pemwcHnit ypasHennus y’=f(x, ¥)

12, y' = 13, A2-4y% =1 14. (x24-y?)y =4x.

B samauax 17 — 29 cocrasurp audpdepenuuanvhine ypaste-
HHA A3HHRIA ceMeHCTB nuuHufi

17. y=e% 18, y=(x—C)® 19, y=Cx®

20. y=stn(x -+ C) 21, x*-+Cy*=2y
22, y*4-Cx=x3 23. y=C(x—C)*
24. Cy=smCx 25. y=a\?-}ber
26. (x —a)+oy*=1 27. y=asin x - ba
28. y=ax®+bx?+4cx. 29. x=ay*+by-c.



30. Cocrasuth muddepenunanpioe ypasienne okpyxHocrelt
paanyca 1, HeHTPH KOTOPHX JiexaT Ha npsMoil y= 2x.

31. Cocraurs auddepennnansioe ypasHenHe napaGoa
¢ ocblo, nmapaanensuoft Oy, U KacalOUUXCH OAHOBPEMEHHO INps-
MHX y=0 H y=x.

32, Cocraeuts nuddepeHnnaibroe ypasHEHHE OKDYKHOCTEH,
KACaIOIHXCA OJIHOBPEMEHHO NPAMBX y=0 H y==X 1 pacno-
AOWeRHHX B o6nactn 0<Jy<Cx.

33. Cocrasuts auddepenunansuoe ypasHeHHe Bcex mapabon
¢ ocbio, napannensiofi Oy, U NMpoXoAsUIMX Yepe3 Havajlo Koop-
JIHAT. g

34. Cocrasuts nudipepeHuuanpioe ypapHenHe BCEX OKPYXK-
Hocrelt, Kacatouuxes ocH abcumce.

B 3azauax 35 — 36 nafitu cuctemn auddepenunanbHux ypae-
HeHHH, KOTOPHM YXOB/ETBOPAIOT JMHHH AAHHHIX CceMeHCTB.

35. ax-+z=0, y*422=102,

36. x21-y’=2% — 2bz; y=0ax+b

B 3anauax 37 — 80 cocrasuth anddepeHunansure ypasHe-

ma 1) TpaekTopuil, nepecexaUIHX JHHHH AAHHOTO ceMeHCTBa
T0J HaHHBIM YLIOM @

37. y=Cx* ¢=90°. 38. y’=x+C, ¢=90°
39. x?=y+Cx, p=90°. 40. x2+y2=a?, =45
41. y=Fkx, ¢=060°. 42. 3x*+y*=C, @=30°
43. y*=2px, ¢ =060 44, r=a-tcos8, ¢=90°

45, r =acos?0, ¢ =90 46. r=asin6, ¢=45°.
47. y=xInx 4 Cx, p=arctg 2.

48, x?+y*=2ax, =45

49, x2+C*=2Cy, =90°. 50. y=Cx+C? ¢=90°

§ 2. YPABHEHHUSA C PASJEJAIOIHMHCA NEPEMEHHBIMU
1. YpaBHeHHs ¢ pa3mensIONIIMHECA  NepeMeHHLIMA MOTYP  ObITb
3aMHCaHH B Blje
y'=F(x)g ) m

M (x) N (y)dx+P (x) Q (y) dy=0. @

Ias peweHHsl TaKOro ypaBHeHH® HaZo 06e €ro YacTH YMHOXHTL HJH
pasfesiiTe HAa TaKoe BHIpaXeHHWe, uTOGH B OJHY uacThb ypaBHeHHS

a TaKwxke B BHJe

1) Ypaenenns, noayuaembie B 3ajjadaX 37-—50, moryr Outh pe-
WEHH MeTofAaMH, H3JaraeMbiMH B JajbHeRmHX maparpadax.
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BXOANIO TOABRO X, B APITYI0O—TOAbRO §, B 3aTeM NpPOHHTErpHPOBATD
ofe yacTH

Tpu nedennn ofenx uactell ypaplleHHA Ha BhlpaheHile, cojepa-
mee HeH3BeCTHbe A H Y, MOryT ObiTe MOTEPANB pemleHHdA, o6pamaio-
uiHe 3TO BhlpaXeHHe B HYJb

Mpusep Pewnts ypasHeHne

2yry' =y 6)
[pusoany ypasueHiie h BHAY (2)

A*ye%—:y-— I, 2% dy=(y—1)dx

Heanv ofe wacTil ypaBHenus na x2(y—1)
y: o _de
—1=%
[epevecutble paziedenst Huterpupyeu obe wactn ypasHcuus
y® dcv  y* | _ b
SJ—I x2.—2—.'1j+lnl!/ 1= A'I"C

Ipn petenun Ha x* (y—1) sort GuiTh NOTEepsiHEl pewicHis A =0
uy—1=0, T e y=1 OueBuino, y=1—pewecHiie ypasHeuus (3),
a x=0—mner

2 Ypasuennn Bula y =f(av--by) npuBoIATCA K VpaBHeUHAM
C  pasleTAOWIUMICA  MepeMeHNLINMH  3avenoil z=av—-by  (Mad
z2=a\v--by--c, rae ¢ moboe)

B 3sazauax 51 —65 pewnts Januple ypasueung i A4
KA IOTO U3 HUX MOCTPOHTH HECKO'TBhO UHTErPaJbHLIX hPHBHX
Hahti Ttakae pewenns,, §10BT1CTBOPNMIOWIIE HAYATLHLM }C10-
BHAM (B Tex 3axd4ax, rde yKasalnul Hauaiblibie yC/oBIA)

Bl. xydx 4 (x4-1)dy=0 52, Vy*—+1dx=aydy.
63. (x*— 1)y’ 4-2xy2=0, y(0)=
54. y'ctgx—Ly~2 y(0)=-—1

55. y' =3 /y% y(2)=0. 56. Ay "Ly=y% y(1)=0,5.
67. 2x%yy ~{-y-=2 58. y' —xy*=2xy

59. e (14+5) =1 60. 2’ =10

61. x(—g—{—t:l 62. y' =cos(y—x)

63, y' —y=2x—3 64. (x+20)y' =1, y{0)=—1.

65. y'=1/4x+2y-—1 )



B 3amavax 66—67 nafittm pemrenns ypasuenufl, yxOBIETBO-
PRIOINE YKA3AHHKWM YCHOBHSM MPH X — -}- co.

66. x%' —cos2y=1; y(+4 c0)=9n/4.

67. 3y%y’ -16x =2xy3% y(x) orpannueno npn x—--oo.

68. Haflttm oprorosanpHe TPaeKTOPHH K JHHHSM CHNEAYIO-
mux cemeficrn’ -

a) y=Cx2, 6) y==Ce*; B) Cx 4y?=1.

B 3amavax 69* n 70* nepemennule pa3gennioTCHA, HO MOAY-
YaeMble MHTErpash He MOryT OHWTb BHPaWEHH Yepes 3ieMen-
tapubie Qynkunn OnaHako, HCCNEZOBAB HX CXOANMOCTb, MOXHO
JaTh OTBET Ha MOCTABJEHHHE BOMPOCH

69%, Tlokasarb, 4YTO Kaxaas HHTErpanbHas Kpusasg ypas-

HeHHus
" i/-yl"*‘ 1
Y=V aFi

HMEET ABE€ rOpPM3OHTAJAbHBIE ACHMNTOTH
70*, HccnenoBats noBemeHHe HMHTerpaibHHIX KPIBHX YypaB-
HeHns

-

r_ In (1+4-9)
- sinx

y

B OKPEeCTHOCTH Havana xoopannar [lokasath, uTO M3 Kawaoh
TOYKH TPAHHIN [1€PBOr0 KOOPARNHATHOrO yria BHIXOAHT OAHA
HHTErpaibHasl KPHBAas, NPOXOAALIAd BHYTPH 9TOro yria.

§ 3. TEOMETPHYECKHE U ®H3HYECKHE 3AJA4YH Y

1 UYro6u pewnTs npuBeleHHbE HHXKE TeOMETpHYECKHe 3aladH,
Hajo NOCTPOMTL YepTex, 0003HAUHTh HCKOMYIO KDHBYIO 4epes y=y (x)
(ecyin 3ajaya pewaercsti B NPAMOYrOJLHBIX KOOPAHHATaX) M BHIPAa3HTh
BCe YHOMHHaevble B 3ajaye BeJHYHHH gepes ¥, y u y' Torga Mauoe
B yCJOBHH 3ajlauil COOTHOWIEHHe mnpespamiaerca B AuddepennuanssHoe
ypaBHelile, H3 KOTOPOTO MOMHO HaATH HCKOMylo QyHKuUHIO Y ().

2 B ¢usnbecknx 3ajauax HaANO NpeXAe BCero peulTb; KaKylo M3
BeJIHUHH B3ATb 3a HE3aBHCHMOe MepeMeHHOe, a KaKylo—3a HCKOMYyIO
¢dynkunio 3ateM HaJO BHIPa3HTb, HA CKOJIbKO H3MEHHTCHS HCKOMas PyHK-
mHA Y, KOTAA He3aBHCHMOE NepeMeHHOe X NOJYYHT npupamenue Ax,
T €. BHPa3HTh pa3sHOCTh Y (X-4-Ax)—y(x) uepe3 BeNHUHHEl, O KOTO-
peIX ToBOpHTCH B 3amave Pasnenus a3ty passocts Ha Ax u nepefiist
K npeteny npu Ax — 0, nomyunM AndkpepeHuyanbHOe ypaBHeHHe, H3
KOTOpOro MOKHO HafiTH Hckouylo ¢ynkumio B GosabmnacTBe 33%ay

1) Bce sazaun storo maparpada CBOAATCA K ypaBHeRHAM C pasge-
JASIOIHMHCA NepeMeHHBIMH  3ajaud, NPHBOAAMHECH K YypaBHeHHUAM
APYrux THIOB, MOXHO HafiTH B COOTBETCTBYIOLMUX Naparpadax, a Takike
B § 17.
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cOJepIKaTCsA YCIAOBHA, C MOMOLILIO KOTOPHIX MOKHO ONMPEARNHTh 3HAye-
HHSI TICCTOAHHBIX, BXOAALIHMX B obulee pewenne ZJiddepeHnUaabHOro
vpaBHenns Huorfa auddepeHunaibHoe ypaBHEHHE MOKHO COCTABHTh
GoJlee TMPOCTBIV IyTeM, BOCMOJAL30BABUIHCH (QH3HYECKHM CMEICJOM NPOH3-

. d
BOXHOI (€CJIH He3aBHCH\MOe NepenenHoe —Bpenst ¢, Tod—"; €CTb  CKOPOCTh

H3VeHeHHA BeJHUHHH §)

B HenoTOpBIX 3allayax Npu COCTABJCHHH ypaBHEHHS CAelveT HCMOJMb-
30BaTh (QU3NYECKUE 3aKOHbI, cHOPMYJHPOBAaHHHE B Teh(Te Nepel 3afauel
(voui_mepe rpymnod 3ajxauv)

fipuvep B cocyx, coxep:wautnit 10 4 BoAu, HenpepLiBHO NOCTY-
MaeT €O CKOPOCTBIO 2 4 B MHHYTY PacTBOP, B KaMjOM JIHTpe KOTOpOro
cogepxntest 0,3 sz coan. Tlocrynalomuil B cocyA pacTBop Repemetun-
BaeTCA ¢ BOJOM, H CMeChb BHITEKaeT M3 COCYAA C TOH e ChOPOCTHIO
CkonbKo conn 6yfeT B cocyfle uepe3 5 MUHYT?

Pewenue Ilpumem 3a nesaBicimoe nepemennoe ppevst £, a 3a
nekovylo Gyuknuio y (£) —KoJHUeCTBO CoJH B COCyle ueped ! MHHYT
nocjie Havyaja onbta HaiizieM, Ha CROJBLKO H3MEHHTCSI KOJIHYECTBO COJIH
32 MPOMEMYTOK BpeveHll OT MoMeHTa ! o MovenTta (- Af B oxmy Mu-
HYTy nocrynaer 2 .4 pacTtsopa, a B Af MuHyT—2A¢ autpos, B 3THX
2 At autpax comepiurcs 0,3 2 At=0,6 At ne comu C apyron cropolis,
3a BpeMs Af M3 cocylla BuiTenaer 2 Al Janipos pactsopa. B wownent
so Becen cocyle (10 1) cozepmutcst y (£) ke coan, caejoraresnno, B 2 At
JIHTPax BHITERAIOWEro pacTBopa colepikasoch Obl 0,2 At y(f) e coan,
ecTH Obl 3a Bpensi Af colepihaHHe CON B cocylle e mensaocs Ho Tak
KaK OHO 3a 3TO BpeMs MEHAeTCA Ha BeJH4itHY, OecKoOHeuHO MaJaylo npi
At — 0, 1o B BETenalowWnx 2 Af qitpax colepaitea 0,2 Af (y (f)-l-a) az
coaH, Tae o« — O npu Al —0

Hrak, B pacTsope, BTeKaolile\ 3a poMemyTOh BpeveHH (£, { -+ Af),
cogepxutcs 0,6 At ke comn, a B BbliTekaomev—0,2 At (y (1) 4-a) «2
Mpupamenue xonuyectBa co 3a 570 Bpevs y (f-FAf)—y(t) pasuo
Pa3sHOCTH HAIJeHHBIX BeTHUNH, T €

g (E+Af)—y (f)=0,6 At—0,2 Af (y () +w)

Pasgeaus Ha "Af u nepefieu k npeleay npu At — 0 B nepoit wacti
NOJYYHTCA Tpon3sozuas y’ (f), a B nmpasoil notyuny 0,6—0,2y (f), Tax
nak o —0 npu At — 0

Hrax, uveenm anddepenunasbhoe ypabHenne

y' (1)=0,6—0,2¢ (1)

Pewasn ero, noayunv
y (t)=3—Ce~02¢, )

Tar kak npu ¢#=0 comi B cocyle He 6e110, 10 §{0)=0, [Ilonaras
B (1) t=0, naitzem
y(0)=3—-C, 0=3-C, C=3
Moxcrasgn s10 3sauenne C B (1), noayyuwm
y({)=3—23¢—0,3¢
Ilpu ¢==5 B cocyze Gyzer
y5)=3—3e-028=3—-3¢-1 ~ 1,9 xe coau.
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71. Hafith kpuswe, Anf KOTOPHX NJOHIaZb TPeyroJbHHKA,
06pa3oBaHHOTO KacC aTenbHOH, OPANHATON TOYKHA KacCaHHA H OCHIO
aBcuyce, eCTh BeAHYHMHAa NOCTOSHHAY, paBHas a2,

72. Hafitn xpusble, Anf KOTODHX CYMMa KaTeTOB TPEyro/b-
HHKA, MOCTPOEHHOTO Kak B npeauaymefl 3agaye, eCTh BeNH YHHA
NOCTOSIHHAR, paBHas b.

73. Hafith kpusnie, o6nanaiolie CJAexyIONIHM CBOHCTBOM:
oTpe3ok ocn abcuuce, oTcekaeMut KacaTennHOH H HOpMAbIO,
NPOBEACHHHMH H3 NPOHW3BONBHOR TOUKN KpuBOH, pasen 2a.

74. HalitH kpueme, y KOTOPHX TOuYKa mepeceueHHs Jo6ofl
KacaTenbHO# ¢ OChi0 afcuuce uMeeT aGcumccy, BABOE MEHbUIYIO
abcuuccH TOYKH KacaHdd.

75. Halitu kpussie, oGnamaoune CHeAyIOUIHM CBOACTBOM:
ecnu yepez n0GyI0 TOUKY XpuBoff NpOBecTH NpAMLIE, mapani-
JienbHE OCAM KOOPAHMHAT, X0 BCTPEYM ¢ DSTHMH OCSAMH, TO NJIO-
HI{21b ONYYEHHOT0 MpPAMOYFONBHAKA AEAHTCH KPHBOH B OTHO-
menun 1:2

76. Hafitn kpruBhie, Kacare/ibHHe K KOTODHM B ni0Golt TOuKe
0o6pa3yioT paBHHE YFJAH C NOAAPHHM PAANYCOM H NOASPHON OCBHIO.

B samavax 77—79 cuntaTth, uTO BTexawoumuf ras (uan
WHAKOCTH) BCNIEACTBHE NEPEMENIHBAHHASA PACIPERENAETCS 10 BCEMY
oGbeMy BMECTHNHIA PABHOMEPHO. \

77. Cocyn o6bemoM B 20 4 coaepxnrt Bo3ayx (80%, azora
u 20%, kucnopona) B cocyx srekaer 0,1 4 asora B cekyuay,
KOTOPHH HempepbiBHO IEPEMEIUHBAETCH, H BHTEKAeT TaKoe e
KonmyectBO cMecu, Yepes ckoiabko BpeMeHH B cocyne Oyner
999/, asora?

78. B Gake naxoautca 100 2 pacteopa, coxepwauero 10 ke
cont B 6Gak HenpepwBHO mnojaerca Boxa (5 2 B MUHYTY),
KOTOpas mepeMeINHBaeTcs C HMelomuMca pacTBopoM. Cuechb
BHTEeKkaeT ¢ TOH e ckopocteiy. Ckonsko comt B Gake ocra-
Herca uepe3 uac?

79. B Boaxyxe komuatst o6bemom 200 #3 coxepwurea 0,15%,
yraekucaoro rasa (CO,). Bentunstop noaaet B MuHyTy 20 M3
Bo3ayxa, cogepwautero 0,04%/, CO, Yepea kaxoe BpeMf KO-
AHTECTBO YTJIEKHCIOTO rasa B BO3AyXe KOMHATH YMEHbLIHTCA
BTpOE?

B 3amavax 80 —82 npuuaTh, YTO CKOPOCTH OCTHIBAHHA (HAM
HarPeBaHHs) Tena MNPOMOPUMOHAALHA Pa3HOCTH TeMnepaTyp Teaa
1 OKpywxkalollieH cpennl

80. Teno oxnmaauaock 3a 10 mmu. ot 100° zo 60°. Tem-
mepaTypa OKPYWKaloLEero BO3ayxa MOAAEPWHBAETCH paBHo# 20°.
Korga teno ocruser mo 25°
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81. B cocyn, coaepxawuii 1 k2 Boxuw mpu Temnepatype 20°,
onyuleH a/IOMHHHeBWH npeaMeT ¢ Maccofi 0,5 k2, yaeabHo#
TenaoemkocThto 0,2 u Temnepatypofl 75°. Uepes MHHYTY BoJa
Harpenacs Ha 2°. Korza temmepatypa Boaw R mpeiMeTa GyiyT
OT/AMYaThCA OOHa ot apyro# Ha 1°? [lortepsimu Tenna Ha narpe-
BaHHe coCyla H mpouumu npeHeGpeyb.

82. Kycok MmeTanana ¢ temnepaTypofl a rpaaycoB nomelieH
BreyYb, TEeMIEpPaTypa KOTOPOH B TedeHHE 4Yaca PaBHOMEPHO NOBH-
maeTtcs OT @ rpaxycos no b rpanycos Ilpn pasuocTu Temneparyp
neyd H MeTanna B Trpanycos MeTallsi HarpeBaeTcs cOCKopocToio kT
rpaaycos 8 Munyty Hafitu 1emnepatypy MeTanna uyepe3 wac.

83. Jloaka 3ameanser cBoe aBIXKeHHe nOA  JAelicTBHEM
CONpPOTHB/IEHHS BOAM, KOTOPO€ (PONOPUHOHANBHO CKOPOCTH
noaku., Hauvanenas ckopocte noakn 1,5 mfcex, ckopoctb ee
uepe3 4 cek. 1 sfcex Korpa ckopoctb ymenpuintcs no 1 cafcex?
Kakofi nyTb MoxeTr npoiiTH A0AKa A0 OCTaHOBKH?

B 3amayax 84—86 ncnoab3oBaTh 3aKOH PaqHOAKTIHBHOrO

pacnaxa. KOANYECTBO PaAHOAKTHBHOFO BeuleCTBa, Pacnajnaio-
merocs 3a eXMHMIY BpPeMEHH, APOMOPLHOHANBHO KOMHYECTBY
STOro BelleCcTBa, HMEIOWEroCsi B paccMaTpuBaeMbili MOMEHT

84. 3a 30 muneit pacnanoce 50%, nepeoHaYanLHOTO KOJI-
YeCTBA paANOAKTHBHOTO BewiecTBa ‘epe3 cKOABKO BpeveHn
octanercn 19/, OT mMepBOHAY2JNBHOrO KOJIHYECTBA?

85. CornacHo onuTaM B TedeHHe roja H3 KawJOro rpamva
paxus pacnanaercs 0,44 mez UYepe3 cKOAbkO JeT pacnazeTcs
I0JIOBHHA HMEIOWIerocs KOJHYeCTBa panHa?

86. B nccnemoBanuoM KycKe TOPHOH MOpPORB COAEPKHTCH
100 me ypana n 14 me ypaxoBOro c¢BuHua MsBecTHO, 4TO ypaH
pacnanaercs Hamonosuiy 34 4,5.10° ger u uto npu moaHOM
pacnaze 238 e ypana oGpasyerca 206 e ypaHOBOrO CBHHLA.
Onpeneants Bospact ropHofi nopoau. CYHTaTh, YTO B MOMEHT
06pa3oBanns rophas nopoaa He COJepxKasa CBHHLA, H TIpeHe-
6peyb HAJHYHEM OPOMEXYTOUYHHX PAXHOAKTHBHWX [IPOAYKTOB
MeXAY YPaHOM H CBHHLUOM (Tak Kak OHIl pacnazaloTcsl HaMHOTO
6ucTpee ypaua)

87. KonnuectBo cBeTa, norsaouiaeMoe ¢/oeM BOAb Manoif
TOJWHHB, NPONOPIHOHANABHO KOJHYECTBY [alalolero Ha Hero
ceeTa H Tomuuue caos Cnoft Bogw Tomwuuoft 35 ca morno-
1{aeT IONOBHHY Majaiollero Ha Hero csera Kakyio yactp cera
NOTJIOTHT c/OH TOJMMHHOH B 2 M?

Hnsi cocrapaenns AuddepennnanbHOro ypasleHNng B 3aJa-
yax 88 —80 3a HeusBecTHy GYHKIHIO yao6Hee B3ATh CKOPOCTD.
YcKopeHne CHAN THKECTH CuuTaTh paBHuM 10 m/cex®.
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88. IMapawoTnHeT npHraya ¢ BHCOTH 1,5 kM, a packpuin
napaunot Ha BHcore 0,5 xa CxOJIBKO BpPEMEHH OH Magaj AO
pacKkpHTHA mnapamioTa® Vi3BecTHO, 4YTO npejaensHas CKOPOCTH
najgeHHs YeiOBeKa B BO3AyXe HOPMaNbHOM MIOTHOCTH COCTaB/AET
50 stfcex  WMiamenennmeM maotnocTH ¢ BHcoTOff npeneGpeys.
ConpoTuBieHHe BO3yXa NPOHOPLHOHANBHO KBAAPATY CKOPOCTH

89. dyr6onpunit Mau Becow 0,4 xI GpoiueH BBEPX CO CKO-
poctbio 20 m/cex ConpoTuBieHne BO3AyXa MPONOPLHOHANBHO
KBaapaty ckopoctd n paBio 0,48 I' npu ckopoctH 1 a/cex.
BuuyncnuTh BpeMs moxbema Mfua M HanGOJABLIYIO BHCOTY MONb-
ema Kak namensTcs 3TH pesyibTaTH, ecan mnpenebpeub co-
NPOTHBJIEHHEM BO3AyXa?

90. Buuncanth BpeMs najedns Msiwa ¢ Bucoth 16,3 # Ges
HayalnbHOM CKOPOCTH € y4YeTOM CONMpOTHBAEHHS Bo3Ayxa (cM. 3a-
naauy 89) Hafitu ckopocTh B KOHIle naaeHus.

B sagauax 91—95 npunaTh, UTO KIAKOCTE M3 COCyHAa

BRITEKA€T CO CKOPOCTbIO, pasHo#i 0,6 V@, rae g= 103535-

)"Cl(OpEHHe CHJIH THKECTH, A-—BHCOTa YPOBHS BOAW HaZ OTBEP-
CTHeM

91. 3a xaxoe BpeMs BHITeYeT BCS BOAA N3 LHAHHIAPHYECKOTO
6aka ¢ muamerpoM 2R=1,8 # n Buicotoft H=2,45 M uyepes
oTBepcTHe B AHe AnaMetrpoM 2r =6 cm? Ocb LHAHHIpa BepTH-
KalbHa,

92. PemnTh npeaunayuiylo 3afauyy B MNPeRNONO€eHHH, YTO
OCh LMIMHADA PACNOJIONKEHA TOPH3OHTANBHO, 2 OTBEPCTHE HAXO-
AHTCH B cavioft HmkHelt wacTH umManHapa.

93. Ilununapuyecknit Gak nocTaBneH BePTHKAAbHO H HMeeET
orBepcTHe B nue. [TonoBiHa BOAW M3 MonHOoro G6aka BHTEKAaeT
3a 5 munyT. 3a Kakoe Bpevs BbiTeyer BCAl BojAa?

94. Boponka mnmeer ¢opMy KoHyca pamnyca R=6 cx nu
BoicOTH =10 cm, obpauieHHoro BepmnHod BHH3. 3a Kakoe
BpeMs BHITEYET BCH BOJAa M3 BOPOHKI Yepe3 KPyriaoe OTBEpPCTHE
anamerpa 0,5 ca, clelaHHoe B BEPLIHHE KOHyca?

95. B mpamoyroabHuft Gak pa3mepoM 60 caX75 ca u BH-
coto#i 80 ca nocrymaet 1,8 2 Bomu B cexynay B ane mmeercs
oTBepcTHE [MIOW@AbI 2,5 cu? 3a Kakoe BpeMs HaMOMHHUTCH
6ax? CpaBHHTbL Pe3yabTaT C BpeMeHeM HarnojHeHus TaKoro 6aka
6e3 OTBEPCTHA B IHE

96. Peaunouit unyp aandofi 8 1 x4 nox neficteneM cunut f
yanuanserca wa kf merpos Ha ckonbko yanunures Takoft e
niHyp anusn [ m Beca P noa neficTBieM CBOero Beca, eC/ ero
HOABECHTb 32 OiAMH KOHeu?

13



97. Haiitu atMocdepHoe maBneHme na BHCOTE /i, ecad Ha
NoBepXHOCTH 3eMnn jmasnenue paBHo 1 «I'/cm? u nAOTHOCTDL BO3-
ayxa 0,0012 2/cu®. Vcnonwnsomath 3axkon boling —MapuorTa,
B CHAY KOTOPOTO MAOTHOCTH NPONOPIHOHANBHA XaBJIEHHIO (T. e,
npeHeGpeub II3MEHEHHEM TEMIEpPaTypH BO3AyXa C BHCOTOH)

98. I OCTAaHOBKH peYHHX CYZOB Yy NPHCTAHH C HHX
6pocaldT KaHAT, KOTOPHM HAMATWBAIOT HAa CTONO, CTOSWIMH Ha
npuctany Kakas ciaa 6yaer TOPMO3NTH CYRHO, €CAH KaHaT
JAenaeT TPH BHTKa BOKpYr cTonba, KosdduuuenT Tpenns Kauata
0 cTon6 paseH 1/, u paGounil Ha UPHCTaHH TAHET 3a cBOGOA-
unit kOHel, Kanara c cunon 10 xI?

99, B sakpuTOM nomewieHmn obbesoM ¥ M®  HAXOAMTCA
OTKpHTHHI cocyad ¢ Bomoit CKoOpocTb Hcnapenns BOAK NpOMop-
LHOHANbHA Pa3HOCTH MeXAY KOJAHYECTBOM ¢, BOASHOrO Mnapa,
Hacuualoulero 1 x% poaayxa npu aHHOf TeMmepaTtype, H Koau-
YeCTBOM ¢ BOMSIHOTO mapa, myelomgescs B 1 #% Bo3ayxa B pac-

CMATPHBAEMbI MOMEHT (CUNTaeM, YTO TeMIepaTypa BO3AyXa Ii
BOAM, 4 TAKKE BEJARYHHA IIOUAMH, ¢ KOTOPOH NPOUCXOOUT HCHA-
peHHe, OCTAalOTCH HeH3MEeHHWMH). B HavanpHH{ MOMEHT B cacyle
6n0 m, rpaMm Boad, a B 1 4% BO3Ryxa ¢, rpamm mapa. Ckonbko
BOAK OCTRHETCH B COCyle 4Yepe3 NPOMEKYTOK BpeMenu £?

100. Macca pakeTs ¢ MOJAHHM 3anacoM Tonansa paesHa M, Ge3
TOMAUBA M, CKOPOCThH HCTEUEHHS NPOXYKTOB rOPeHHs U3 paKeTH
paBHa €, HAYaJbHAf CKOPOCTh pakeTH papHa tymio. Ha#ttv cko-
pPOCTb PaKeTH NOCAe CropaHHs TOILNIBA, npenebperas cuiofi
THKECTH W COMPOTHBJEHHEM Bo3Zyxa (dopumyaa Llvoaxoscxoro).

§ 4. OKXHOPOIHBIE YPABHEHHSA
1 Ontopoanbie ypaBHenuss MOTYT GbiTh 3alMCAHH B  Bije
y = f (-:i— , a Takxe B Bule M (x, p)dx-+N (x, y)dy=0, rre M (x, y)

’n N (x, y)—oaHOpoiKbe QYHKLUH ORHOM H Toif e cremenn?) Hrobw
pewnTs OJHOPOAHOE ypaBHeHHe, MOMHO CHeNaTh 3aMeHy y=I[x,
TI0C/Ie Yero NOJAYYaeTcs yPaBHEHHE C Pa3JensiOUMMHCH NepeMeHHBIMM,
Mpumep Pewntb ypaBHenue x dy=(x-}y)dx
310 ypaBHeRne—ojHopopHoe [lomaraem y==fx. Torma dy=
={dx--xdt TlogcTaBnss B ypaBHeHHe, NOJYIHAM

x(xdi-Ftdx)y==(x+1Ix)dx; xdt=dx

Peiaem NOJAyueHHOE YpaBHEHHe C PasAeAAIOWHMHCH TIepeMEHHBIMI

dl=%-v; t=In}x|4-C.

1) ®ynxkuns M (x, y) HasbiBaercs oRHOpoRHOiT QyHRUHEd cCTe-
neHH 71, ecan AN Bcex k nnmeeM M (kx, ky) = k"M (x, y).
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Boappamasicb K CTapoMy nepeMeHHOMY y, noayunm y=x (ln]x|-C).
Kpome Toro, mmeercs pemenne x=0, Kotopoe OHNG NOTEpPAHO MNpH

ZleIeHUH Ha X.

ax+-by+o
ax-}-by+c
POAHOMY C MOMOIIBIO TepeHoca Hayajda KOODAWHAT B TOYKY nepeceue-
HUf nNpAMHX ax+4-by4c=0 u ax-+by+c;=0. Ecam xe 3tn
npsiMble He mNepecexaioTed, T0 a4x-+b,y=*f (ax+by), cremosaresbHO,
© ypaBHenue umeeT BuA y =F (ax--by) M NpHBOZNTCA K YypaBHEHHIO
C pasje]sIOWUMHCH NepeMEeHHBIMH 3aMeHofi z=ax-+by (uau z=ax-}
+-by4c)em § 2, 0 2.

3 Hekotophle ypaBHeHH MOXHO NpHBeCTH K OJHOPORHBLIM 3aMeHON
y=2", Uucro m oObUHO 3apaHee HewssBecTHOo. YUToOw ero Haiity,
Hafi0 B ypPaBHeHMH clielaTh 3aMeHy y==27 TpeGys, uro6ul ypaBHeHHe
OLIZI0 ONHOPOZHBIM, HafifleM YHCIO M, €CAH 3TO BO3MOXHO. Ecau xe
9TOr0 cJlesiaTh HeNb3sl, TO YpaBHEHHe He NPHUBOAMTCA K OXHOPOJHOMY
STHM_Cnoco6oM

Mpumep. Haso ypasuenue

~ 2xtyy’ +yh = 4x8.
IMocne samenH y=2z™ ypasHenne NpuUMET BHZ
2mxt?m—1y’ | 247 == 448,

2. YpaBHeHne BHZA y'=f( ) NPUBOAUTCST K  OXHO-

Sto ypasHenue 6yAeT OAHOPOXHHIM B TOM cayyae, Korjaa cremeHu Bcex
€ro WIeHOB PaBHBl MeXAy coGoft, T e,

44 (2m—1)=4m=6.
DT PaBeHCTBA YJLOBJETBOPAIOTCH OXHOBPEMEHHO, ecniu m=3/, Cnepo-
3

BaTE/IbHO, YPaBHEHHE MOXKHO IPHBECTH K OAHOPOJAHOMY 3aMeHOH y=2z2,

Pewnts ypassenns 101—129,

101. (x+2y)dx—x dy=0.
102, (x—y)dx+(x-+y)dy=0
103. (y>—2xy)dx 1 x2dy=0. 104, 2x%’ =y (2x2—y?).

105. y2+ x%’ = xyy’ 106. (x*+y%)y’ =2xy.
107. xy'——y=xtg% 108. xy’ =y——xe%.
109. xy’——y=(x+y)ln’#. 110. xy’'=y cosln% .
11 (y+Vxy)dx =xdy. 112, xy' =V 2—yF 4y,

113. (2x—4y+-6)dx+ (x +y—3)dy=0.
114, (2x+y-4-1)dx —(4x+2y—3)dy =0.
115, x—y—1+4(y—x+42)y =0.
: 15



116. (x4-4y)y' =2x+ 3y —5.
117, (y+2)dx=(2x+y—4)dy.

6.y =2 (2L}

gt+x _y+x
119, (v’ +1)lnx+3 =3

y+2 y—2x
120. y’ -—x_i_l—i-tg> T T

121, x3(y' —x)=y2 122, 2x%" =y + xy.
123, 2xdy +(x%*+ 1) ydx =0

124, ydx % (2xy+1)dy=0

125. 2 +a=4Vy. 126 y' =y —2.
127. 2xy Jy=y? Vx x%y?

128. 2 oyy' = V% +y?

129. 2y+(x’y+l)xy =0

130. Halitn tpaektopun, nepecekaiouine KpHBHE JaHHOIO
cemeficTea mox yraom 8 45°, mpuyem 3TOT Yroa OT KacaTelb-
Hoft K kpnBOfi 10 KacaTeAbnoH K TPAEKTOPHH OTCYHTHBAETCs
B OTPHLATE/]bHOM HANpaBAEHHUR

a) y=xInCx, 6) (x—3y)*=_Cxy®

131, Hatiru kpusyio, y xoTtopo#f Touka nepeceyeuis moGoH
KacaTenbHOH ¢ OCbI0 a6GCUNCC OAMHAKOBO YAajdeHa OT TOYKH
KacaHus M OT Hayana KOOPAHHAT

132. Haittu kpusyio, y xoTopolt paccrossue nio6oH Kaca-
TeAbHOH OT Havala KOOPAMHAT PaBHO aGCUMCCe TOYKH KacaHusd.

133. [Ipn xaxux o u P ypasuenue y’ =ax®-by* npuso-
ONTCA K OZHOPOAHOMY C MOMOLUBIO 33MEHH y = 2™

134*. Ilycts ky—rxopens ypaBuenus f(R)=#k [loka-
3aTh, YTO:

1) ecanm f'(kg) <1, TO HH OZHO pEIUIGHHE YypaBHEHHsS

y=f -)y‘- HEe KacaeTCs MPAMOA y = k,X B Hauaie KOOPIMHAT;

2) ecan f' (k) > 1, 1O 3TOH npsvofi Kacaercs GechoHEUHO
MHOTO pelIeHHH
1356*. BniBectn ycnoBue, HeoGXORHMOE H JAOCTATOYHOE JJIs

4
TOTO, 4r06GH BCe pelieHHs OAHOPOXHOro ypasHenus y' =f (%)

H306pa)KaJ1HCb 3aMKHYTBHIMH KPHBHIMH, OKpYXaloUlHMH Ha4yajo0
KOOPAHHAT.

Vxasanue. IlepefiTu K NOJsAPHEIM KOOPAMHATaM.
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§ 5. INHEAHBIE YPABHEHUSA NEPBOrO NOPSIAKA

1. ¥Ypasuenue

¥ +a(x)y=b(x) 1)
nasuiBaerca Jauuefinpiy  YtoOnt ero pewnTh, Hano CHavalNa pewuTh
ypaBHeHne

y'+ax)y=0 2

(3170 JQenaerca nyTeM pasjieJleHHs MNepeMeHHHWX, cM § 2) u B ofiem
PeIiEHHH TIOC/IEAHETO 3aMEHHTb MPOM3BOMNLHYIO NOCTOSHHYI® C  Ha
HexasecTHy0 ¢yHkunio C (x) 3aTeM BhIpaxeHHe, TONyYEHHO® 1i1d y,
nofictasuth B ypastenue (1) u mafitn dyuxumio C (x)

2 Hekortopuie ypaBHeHHst CTAHOBATCSl JHHEHHEIMH, eCJIH TNOMeHSTDH
MecTaMH HCKOMYIO QYHKUHIO W HesaBucumoe nepemennoe Hanpuwmep,
ypaBHenne y=(2x-+y%)y’, B kKoropoM y sBaserca GyHKuued or x,—
HesTHHefiHoe 3anuweM ero B xnddepeHuuanax:

ydx—(2e+y*) dy=0
Tak xak B 3T0 ypaBHenne X ¥ dx BXoAfT JNHefiHO, TO YypaBHEeHHe

6yneT MHHEAHLIM, €CJH X CUHTaTh HCKOMOil (yHKuueH, a y—He3asucu-
MEIM MepeMeHHHM 370 ypaBHeHHE MOXKeT OHLTh 3aNHCaHO B BHAE

dxr _ 2 _ a
g~y

H pelraeTcsi aHaJOrHYHO ypaBHexuo (1)
3 Yro6ul pewnTh ypasHeHne Bepuyanu, T e yparHeHHe

Y a(x)y=>b(x) y",

Hajo ofe ero 4aCTH pasfeAHTb Ha 4" U CleJaTh 3aMeHy gn—_]—=z
TMocne samenst noayuaercs JuHefiHOe ypaBHeHHe, KOTOPOE MOMHO pe-
WHTh H3J0XKeHHbM Belwe crocobom (IIpumep cm B [1], ra 1, § 4,
n 2, nglumep 10)

4 Ypasneuue Pukkatn, T e. ypaBHenue

y'+ax)y+b(x)y?=cx),

B ofllleM ciyyae He pewaercd B Ksaaparypax Ecan e u3BecTHO ORHO
yacTHOe peluenue gy (x), To 3aMeHoll y=g, (x)-}2z ypasHenHe PHKKaTH
CBOAUTCA K ypaBHeHHI0 DBepHyann U TakuMv o06pa3oM MOxeT OHTb
pelieHo B Kpajapatypax

HNHorza uwactHoe pewenne yhaercs mnogoSparb, HCXOAS H3 BHAA
cBOGORHOTO ujieHa ypapheHHs (unena, He cojepxauiero y). Hanpumep,
g ypaBHenna y' - y?=x2—2x B Jnesofi yacty 6ynyT 4/eHEHl, noJoGHEe
ujeHaM npasofl wacTH, eciH B3ATh y=ax-b [logcraBass B ypasHeuHe
H NpHpasHHBAA Ko>pduUHeHTH NpH NOAoOHLIX UJeHaX, HafizeM a u b
(ecti  yacTHOe pelleHHe YKa3aHHOrO BHJA CYILIECTBYeT, UTO BOBCE

He Bceraa Gersaer) [Ipyroft nmpuMep aaa ypasieHHs y’+2y2=? Te

a
JKe pacCyKIneHus noﬁymnaro-r Hac HCKaTh YacTHOE pelleHne B BHJe y=-x- .

nO,?lCTaBﬂﬂﬂ =£' B aBHeHHe Haﬁ}leM TTOCTOHHH YOG
y=z By W T SR TER Wz Y HOTDAG)

e gay a Ao einnenn ¥ § SLRCUNDARYO VILOYATI A¥SOROT
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AMM#M)LI58_Q)’ _____ xy

Pemnts ypasuesnns 136—160.
136, xy'—2y=2x* 187, (2x4-1)y' =4x+2y.
138, y' |-ytg x =secx. 139, x(y' —y)=¢*
140, x%’' 4+ xy-+1=0. 141, y=x (y’' —x cos x).

142, y’' =2x(x2+y). 143. (xy’'—1)Inx=2y.
144, xy' - (x-1)y=23x2"*
145. (x -y dy =y dx 146. (2¢V —x)y' = 1.

147, (sm2y-}-xcigy)y =1.

148. 2x4-y)dy=ydx-+41nydy.

149, y =Y 150, (1—2xp)y =y (y—1).
3x—yp 152 (x+1) (" +y¥)=—y.

151. y’' 42y =y%e*. 154. xy%’ = x%4-y3.

163. y'=y*cosx+ytgx. 156, xy'—2 22V y=4dy

157. xy —|—2y—i—x5y3e" -1
169. y'x¥smy=xy —2y. 160. (2;ylny-—-x)y =y.

Y
C nomouibio 3aMeHH mnepeMenHnX Had auddepennnposanin
npisecTH ypapHeHHs 161 —166 & ansefnpy 1 pelINTh HX

161, xdx=(x2—2+1)dy. 162, (x+1)(yy' —1)=y2
163. x(e¥—y’)=2.
164, (x>2—1)y siny +2xcosy =2x—2x%,

165. y(x)={y(t)at +x 41,

166. §(x—ny@yar=2x4{y @ at
] °

B sanayax 167—171, naiins nyTtem noaGopa yacraoe peiue-
HHe, TPHBECTH AaHHME ypaBHeHua Punkatu K ypasuennsm Bep-
HyAJH H PeluHTh HX,

167. X%’ -+ xy a3y =—4. 168, 3y’ 43+ = —0.

169, xy' —(2x 4+ 1)y +y*= —x2.

170. y' —2xy +y> =5 —x2

171, y' 4 2ye¥ —y® = %% + o*.

172. Halitn TpaexkTopumi, oproroHanpHele X JIMHHAM ceMefi-
CTBA

yi=Ce*+x-41.
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173. Hafitn kpusHe, y KOTOPHX mjOUIaAb Tpaneuwu, orpa-
Bruennoff OCHMM KOOPAMHAT, KacaTenbholt B opauHaTON TOUKH
KacaHHsl, eCTb BeJHYHHA NOCTOSHHasm, paBHas 3a3.

174. Hatitn kpusble, Y KOTOPHX mnaomanb TPEyroJbHuKa,
OrpPaHHYERHOTO KacaTeabHoR, ochio alcnuce H OTPE3KOM OT
Hayala KOODIMHAT RO TOUKH Kacauud, eCTh BeJAuUHHA NoCTOAH-
Hasi, paBHas a2

175. B Gake naxoautrcs 100 . pacTBopa, COXepKaLIeEro
10 x2 comn. B 6Gax BTexaer 5 .4 BOAW B MHHYTY, a CMecChb
¢ Toft e cKOpocThiO nepenmsaetcH B apyroft 100-nurposuit
Gak, nepeonayanbHO HanoJHeHHwH wuctoRt BozoH. H3bmrok
KUAKOCTH H3 Hero BrumnBaercs Korza KoamyecTBO COAH BO
BTOpOM Gake Gyaet Hamboabwum? Yemy oHo paBHO?

176. 3a Bpema Af (rme Af oYeHb Majo M BHPAKEHO B AO-
19X roja) M3 KaIOro rpamva pamus pacmazaetcs 0,00044 Af
rpaMma n oGpasyerca 0,00043 Af rpamma pamona, U3 kamzmoro
rpamMma pazosa 3a BpeMs Al pacnanmaetcs 70Af rpamma. B na-
yaje ONnHTAa HMENOCh HEKOTOPOE KOJHYeCTBO X, YHCTOrO panmus.
Koraa xonmuecTBo o6pasomaBuieroCs H elie He PacmaBlIerocs
panona Gyner naunGonbuumm?

177*. Ouennrp npndnnsmenbno KOTAa KONMYeCTBO PagoHa
npes3oftier 99°/, OT 3TOro MaKCHMajbHOrO 3HAYEHUS H KOTJAQ
OHO BHOBb cum3utrcs Hmke 99°/, oT 9Toro 3Haveuns.

178. Haittn 1o pemienue ypaBHewus

¥y’ 8in 2x =2 (y -} cos x),

KOTOPO® OCTaeTCs OrPaHHUEHHHIM NpH X — %/2,
179%. Tlokazatb, 4TO ypaBHeHHe

'fi—’;+x=f(f),

rae |f(f)| <M npn —oo < # < -} co, UMeeT OZHO pemienHe,
orpanuyennoe npn —oo<L f < -} oo. HalltTn 3T0 pemweniue,
[MTokaaathk, 4to HaftieHHoe peuicHwe nepHOAUYEcKOe, ecnn dyux-
ung f(f) nepnomnveckas.

180*. Tlycts B ypaBHeHHH

B e x=1()

a(t)22¢>0, f(f)y~ 0 npn f — -+ oo [loxasaTh, YTO Kaxizoe
pellenHne STOro ypaBHeHHS CTPEMHTCS K HyMo npu £ — - co.

1812, Tlycts B ypaeuerun npexwaymell 3agaum nmeeM
a(t)=2¢>0 n nycth xq(f)—peulenne ¢ HAYaNBHBIMH YCJI0-
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BusMi X, (0)=> [Tlokasate, uto ans moGoro &0 cymecr-
Byer Takoe § > 0, uto ecnu u3Mennth dynkwo f(£) u uncio b
Menblle yem Ha & (T e 3ameunTb MX HAa Takylo dynkiuo f; ()
u unciao by, uro |fi(£)—f(¢)| <6, [6,—0| < §), 10 peweciue
Xo (f) usmenurcs npy £2>0 wveubmie 4eu na € 1o ¢BOHCTBO
peuieHNs HA3LIBAETCA YCTOHWNBOCTLIO NO NOCTOSHIO ReHCTBYIO-
LLHM 503.\1)u1e1ms].\1

182=. Tlyets B ypaBuennmn  xy —+-ay=f(1) uveem
a=const >0, f(x)—b npn x-— 0 [lokd3ath, 4TO TOABKO
OJHO pellICHHE YPaBHEeHNsT OCTAETCH OrpaHHyYeHHHM upu X — 0,
1 HAWTH Mpelesn 3TOro pewiexdns npn x — 0

183%. ITycTb B ypasnenm npeaslayiuel 3axau a = const < 0,
S(x)—b npit x — 0 T[loxasaTsb, 4TO BCC pemienisi 3TOro ypas-
HEHHSI HMEIOT OHHH U TOT ‘h€ hOHEUHHWH [pCAes lpH X — 0.
Hautn sTor npenen

184%, HauTn nepuoauueckoe peluchue ypaBHCiis

y' =ycos®x -+ sinx

(BbIpa3nTL 3TO peluenie 4epe3 onpeietenHubid nuTerpan)
185*, TloxazaTh, uTO TOJABKO OXHO peUICHIIE §pasHeHils

Y —(2a2 1)y =2

CTPCMUTCST K ROHEUHOMY MpERCTy fpil & — -- 00, I RAUTH 3TOT
npeged. Bupa3uTs 3TO peuicnie depe3 HuTerpal.

§ 6 YPABHEHHMA B MOJdHbIX AHICEPEHIHAJIAX.
HHTETPHPYIOUIHH MHO)XXHTEJIb

1 VYpasnenne
M@, PYde--N (x, y) dy=0 )]

Ha3bLIBaeTCst ypasHeHuev B nosnbix Xiddepenunadax, ecan ero Jepas
yacth ABTHETCA no Inbivt Anddepernnaton nexoropoil pynnunn F (x, y)

aM __oN |
310 nveer MecTo, ecaH -ﬁl—l—z—a—k- IT06b!  pewnty ypasnenne (1),
BHajo HaiTi dyakumo F (v, y), ot hotopoil noautilt Iudepenntnat

df (x, y)=Fyxdx—+Fydy papeu ugepoil vacty ypasienus (1) Toraa
ofmee peuwenne ypasuenis (1) moauo Hamucate B Buge F (x, y)=C,
rae C-—npou3so/ibHas nOCTOsHaN

INpuvep Pewnts ypasuenne

(2x+3x%y) dx 4 (\3—3y*) dy =0 2)
Tan Kak a% (2¢43:3y) =312, (—;)} (x3—3y?)=3%%, 10 ypasueune (2)
ABaseTcs ypaBHemilem B noaunx Auddepenunanax Haugew ¢yununio
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F(x, y), noauud nuddepennnan kotoposi dF =F; dx+F; dy Gein 6ot
paBeH JeBoft wactu ypasuenus (2)
ChrenoBaTtensHo,

Fe=2x+3x%y, Fy=x3—3 3
WnTerpupyem no x nepsoe n3 ypapuenuil (3), cuvrtas y NMOCTOAHIBIM;

npH STOM BMECTO NOCTOSHHON HHTErpUPOBAHHA HaJO NOCTABHTL @ (y) —
VeH3BECTHYIO (GYHKIHIO OT ¥

F =S (2 +3x%y) dx =x24-x% + ¢ (1)

Moacrapaas 10 BLIpakeHie ana F 8o sTopoe H3 ypasseHmi (3), nail-
zeM @ (9)° ,
($ 2%+ W)y=2x"—33, @' (y)=—34
@ (1) = —y*+-const

Criei0BaTeIbHO, MOXHO B3aThb F (X, y)=x24-x3y—y3, u ofiee peweHite
ypasHeHus (2) GyfeT HMeTb BUJ

+xy—3=C
2. HuTerpupylomny MHOMHTENEM AN ypaBHeHHS
M (x, p)dx+N (x, ) dy=0 @

HasblBaetcd Takan (YHRUHA m (¥, y) =0, mocse YMHOMKEHUS Ha KOTO-
pyio ypasHeHHe (4) npespailaeTcs B YpaBHeHHe B MOJHHX AHddepen-
unsanax CregoBaTesbHO, HHTErPHPYIOUIHHA MHOMKHTENb A0/TKeH YAOBJe-
TBOPATb YPABHEHHIO B YACTHHIX TPOH3BOAHBIX

(mM)y = (mN)y ©)

Ecau oyHkunun M n N B ypasHenuu (4) HMEIOT HenpeptiBHHE YaCTHHIE
NpPOH3BOAHBIE 1 He O6pamaiTcs B HYJAb OJHOBPEMEHHO, TO HHTErpH-
pylownii MHOXuTeaAb cywecrsyeT OpHako Her oOWero Meroja AJs
€ro OTHICKAHHA (KOrja ofmee pemedde ypaBHeHHs (4) HeH3BecTHO).
B HeKOTOpHIX cJyuasiX GLIBAlOT [OJIe3HH! CJeAyIOoLiHe NpHeMbl

a) Hanucas xakoe-HnGyzs Bblpaxenue z=@(x, y), 3aBucallee

OT X H Y (B YacTHOCTH, MOMKHO B3MATb 2Z=X, HJIH 2=y, UJH Z=XxY,

X -
I Z=T/- H T O » MOXKHO Y3HAaTH, CYyIHECTBYeT J NHTErpHpylonui

MHOXHTEb, 3aBHCHIHA TOJBKO OT 2z, H €CJH CYHecTByerT, Hailtn ero
Hna storo Hajo B ypasneune (5) nogcraButb m=m(2z) Ecau B noay-
YeHIIOM YpaBHEHHH YyjaeTcl N3GaBHTRCA OT X M Yy, T € NPHBECTH
ypaBHeHHE K BHAY

F (mt mlzr z)=0v (6)

TO HHTErPHPYIOIHA MHOMHTENb, SABUCAIINT TOJLKO OT 2, CYILECTBYET,
I ero MOXHO HafiTH H3 ypaBHeHHa (6)
Mpusmep. Hano ypasuenne

(4 —4xy) dx+ (2vy*—8x%) dy =0 g
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CyiuecTBYyeT JH UHTErpHPYiOUl MHOMHTENb, 3aBHCAIMHIT TONBRO OT
z==xy?> JIna peieHHs 3TOro BONpPOCAa YMHOXHM Yypasuenie (7) Ha
m==m (z) U HamHwewM ycJaoBle nojHoro audpepennuana (5)

[m (g —4x9)]y= [m (269> —3x2) ],

’ ’ ’ 14 ’ v r ’
Tak Kak my=mz 2x=Mmz*y, My=mMmz> 2y=1mz+x, T0 MBI IOy YKM 1IOC.IE
yIpOWeHH

my ay (B =-2)=m 2 (y3--4)
3aveHsss xy Ha Z 4 cohpadlas ua y3-4-x, noayyun
m; 2=2m )

Tan KaK yaaaoce H3GaBHTBCA OT X H Y, TO HHTErPHPYIOHIHIT MHOKHTENb,
3aBHCAULHI TOJABKO OT 2, cymectByer M3 ypasnenus (8) noaysun m=Cz®
TNoctoannaa C—nponsgoasna. B3as C=1, noayuny, 410 m=a%y? —
HHTEr PHPYICWHH MHOMWHTE s A5 ypaBhenus (7)

6) Ecaun ypapuenue (5) npuseieHo n BHIY

dp (v, W) +M(y, Y da4-Ny (x, o) dy=0, )]

rie d¢ (x, y)—noiusi aupdepenunat or Hexotopoll GYHKIUH ¢ (A, ),
TO  MOMAHO INLITaThbe HCKAThL 18 BCAOMOraTeIbHOTO  ypaBHeHMs
My (x, p)dx--N; (v, y) dy=0 HUTErPUPY IOULHH MHOMNITEAL, 3ABHCHULIH
TOJBRO OT 2, Fae 2=@(x, 1) (cvM nyswT a)) Ecau Tanoit uuterpupyio-
Wi MHOMHTEIb CYLLIECTBYET, TO Ol ke OyleT HHTErPHPYIOUHM MROAL
Teqes 1 g1a )y paenenus (9)

Mpusep. Hauo ypasuenie

(\y+y3) da 4+ (A2 —xy®) dy =0
Crp) nnuposas YJeHbl OJHHAKOBLIX CTenenent, no.ayudism
2 (ydxt-xdy) -y (y dx—a dy)=0

Pazaennvt na x, uroGbl BuIAEANTH NOJHHE Anddepennan

3
d (xy)—[—%‘-(ydx-—x dy)=0 (10)
Huwew nas ypasuenus

I
:\—(ydx—x dy) =0 (11)

i
lmrerpupykomufx MHOAHTEIL, 33aBHCAWHU TOTbhO OT Z=—AiY (\1e'ro:10\1,

1
H3J0meHHHM B nyikte a)). Tloayumnu me=_y = Yattiomast

x.’y:
ypanuente (10) wa sror MHOAKNTENb, NOAYUHM }PaBHEHHEe B MOMHLIX
Auddepenunanax

iy, ¢v° y

——+=Zdv—= dy=0

Ady? +).3 wY

B) Ewe oaun cnocod OTHIChaHHRA HHTErPHPYIOULErO MHOANTENS,
oCloBaHNLIN Ma (opyy e, Aawouleli o6l B HHTCrPHPYIOWEro MHO-
muteas, e 8 [1), ra II, § 3, n 3 (xomew),
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r) Ecan B ypasnenun (4) moxno swpenuts nNonHH XuddepeH-
nnas HexoTopoit GYHKUHH @ (¥, y), TO HHOTJA ypaBHeHHe yrpoliaercsd,
€CJH OT INepeMEHHBIX (X, y) MepefiTH K nepeMeHHBIM (X, 2) HJH (¥, 2),
rae z=0(x, y)

B HeKoTOpHIX ApYrHx ciaydasx yaobHee mepefiTH OT IepPEMEHHEIX
(x, y) X nepeMeHHEM (4, v), TRe u=@ (¥, ¥), v="yP (¥, ¥).

Mpumep Paccmorpum cHosa ypaeHenwe (10) Tak kax

ydx—x dy=ytd X , TO YPABHEHUE MpPHUHNMAET BHY
5
d (xy)—«}—y;- d (%) =0

ul
Cnenas saMeny xy=u, -‘5::}, noayauu ypasuenne du-t-— dv=0,
KOTOpOe Nerko pemaercs
B 3anasax 186—194 npoBepntb, 4TO JaHHHE YPaBHEHHS

ABAAIOTCA  ypaBHeHusMmu 8 wuonumx Iuddepennnanax, u pe-
WITh HX

186. 2xy dx 4 (x%2—y?) dy =0.

187. (2 —9xy*) x dx -+ (4y*—6x%)y dy = 0.

188. e™Vdx—(2y -+ xeY)dy=0. .
- 189 Lact(ys+1nx)dy=0

190. 218 g — 2ty =0,

191, 2x (1 +V xE—y)dx —V x*—ydy=o.

192. (1 +y2 sin 2x) dx—2y cos? x dy =0.

193. 3x®(1 +-Iny) dx — (Qy -—%) dy.

x 341cosy ,

194, (m-a-z) ax + &) ay—o0.

Pemnts ypasuenns 195—220, wafina xaxuM-mbo cnocoboM
MHTErpHpyIOUMH MHONMMTEAD WAR CHENaB 3aMeHy NepeMeHHHX.

195. (x2+y*4-x)dxtydy=0.

196. (x*4-y*+y)dx—x dy=0.

197, xds=(xdy+ydx) V 1+

108, xy%(xy’ +y)=1.

199, y2dx—(xy +-x3)dy=0

1 dy

200. (y —;) dx +% =0,

201. (x®4-31ny)ydx = xdy.

202. y* dx +(xy+tg xy) dy =0.




203, y(x +y)dx+(xy+1)dy=0
204, y (241 dx+x(y*—x+1)dy=0.
~205. (x%2-}2x +y)dx=(x—3x%)dy

206. ydx —x dy=2x*tg -g- dx.

207, y?dx +(e*—y)dy =0

208, xydx=(y*+4 x% - x%) dy.

209. x%y(ydx-+-xdy)=2ydx+xdy

210, (x*—y*+y)dx-t-x(2y—1)dy=0
211, (2x%*+y)dx - (x%y —x)dy =0

212, (2523 —1)ydx 4 (45> —1)xdy=0.
213, y(x+y3dx +x*(y—1)dy=0

214, (x*—swn’y)dx+-xsn2ydy=0

215. x(lny-+-2lnx—1)dy=2ydx

216, (x2--1)(2x dx +cosydy)=2a smydx.
217. (2x3%® —y)dx L+ (2x%3—x)dy =0
218, x%3-Ly (x> —x)y =0

219, (X2 —y)dx+x(y+1)dy=0

220, y*(ydx —2xdy)=x%(xdy—2ydx)

§ 7. BONPOCHI CYWECTBOBAHHA H EAHHCTBEHHOCTH
PEIIEHHSA

Iepefian or anddepentalbHOre ypagHenHs k HHTErpalnib-
HOMY, DOCTPONTH MOCAEA0BaTE]bHEE NPHOMILKEHIS K PELIEHIIO
€ AaHHBIMII HAYaAbHBIME yeaoBusMH, OUEHNTh, B3 KAROM OTpE3ke
TeopeMa Ilikapa o6ecneynBaeT CyWECTBOBANIIE PEILEHIIS It CXOaH-
MOCTH N0C7eA0BaTeNbHLIX npubmrnennti (e [1], ra 11, § 1, 1. 1),

221, y'=x—y% y(0)==0 Hautu yo, y;, Y2, ¥s.

222, y'=y*—3x*—1, y(0)=1 Hauru y;, ¥1, ¥»

223, y'=y+e¢¥, y(0)=1, Hatitnu ¥y, y1, ¥s

224%, Oueunrb ownbky npubaiLwenus y, B 3dzaye 221 npu
2=0,5 u npu x=1,

Yhasauune OuenuTs O0CTATOK pfja, CXOZNMOCTE KOTOPOro
TOKa3LBaeTCs B TeopeMe CYUIeCTBOBAHHS pelienis

225%, [IokasaTs, u4TO peluedne ypasHeHns ¥’ = x3-—y3
C NPOH3BOTbHLIM HdYaJbHLIM ) CJAOBHEM Y (%g) =), CYLIECTBYET
npu X, << x <oo.
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B 3agauax 226—240, nonb3yacs KakuM-an60 AOCTATOYHHM
YCNOBHEM eaHHCTBEHHOCTH (cM, wanpmmep, [1], ra. I, § 1,
nn 4, 2 mora I, § 4, 0. 1 (venxult wpudr); [2], §§ 4, 13),
BRACAHTL OGNacTH, B KOTOPHX COXPAaHAETCd ERUHCTBEHHOCTH
peuieHns ans RaHHwX ypasHenni. B 3amavax 229 u 230 npapwe
YacTH ypasHeHufi npu y = Q 200NpesenstoTca N0 Henpe PHBHOCTH.

226. y’ =2xy -+ y° 227. y' =3 /y*.
228. y' =3 }/y2+ 1. 229. y'=ylny.
230. y' =ylny 281. y =3y y+x.

s b2 r x4
232, y =Ty 233. y' = T—y—T °
234, y'=tgy+1 N 235. y'=}V siny
236. y' =24/ y—2x 237. y'=Vx+2y—x.
238. y’ =sm x+cosy 239. y’=Vx.—y_—2—x.

240. xy’' =y -V yi—x2

§ 8. YPABHEHHA, HE PA3PEIWIEHHBIE
OTHOCHTEJNLHO NPOM3BOAHONA

1. ¥Ypasuenna Buga F (v, y, y')=0 MokHO pemaTh CJACKYIOUNMH
MeToaMy

a) Paspemnmnth ypaBHenne OTHOCHTEIbHO y', T €. H3 YypaBHeHH:A
F(x, y, y)=0 sBupasuts y' vepes x u y. Iloayuutcs ofHO HAH
fiecKoabKo ypasueniii Buga y =f (x, y) Kamaoe w3 HHX HAJO pewWUTs.

6) Meroa sBejennst mapamerpal),

IMycts ypaBhense F(x, y, y')=0 MOXHO pa3spelliTb OTHOCH»
TeMLHO Yy, T € 3anucaTe B Buie y=f (x, y¥'). Beean napamerp

dy__ .,

p=g=V\ M
noayuum

Yy =f (x, p). 64)
B3sas noanulil auddepennunan or obenx uacreli paseHcTsa (2) u 3ame-
uus dy vepes pdx (8 cuay (1)), moayunM ypaBHense BHIa

M (x, p) dx+N (x, p) dp=0.

Ecan pemeniie 3Toro ypaBHeHHs HafifeHo B Buie x=—=¢ (p), T0, BOCHOb-

30BaBIIHChL PABEHCTBOM (2), MOJYYHM pellleHHE HCXOJHOTO YpPaBHEHHS
B napametpiueckoil samuct x=o¢ (p), y=F(p (p), p)

1) 3necp n3jMaraercst npocTefliiiii BapHAaHT 3TOr0 MeTola. Dosee
o6uyuui Bapnaut cv f1], ra III, § 3, m. 1.
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Ypasuenusn Biuga x=f(y, y’) pewlanTcsi Tem Ae METOAOM

IMpusepsl npuMenenust sToro Merofa cM. [1], ra II1, §3, nn 1,2

2 Pewenne y=o (x) ypasneuns F (x, y, y')=0 wnaspiBaetcs o0co-
Goiat, €CH gepe3 KaXAYlO €ro TOUKY, KpoMe 5TOro pelleHHsl, NPOXOIHT
W pyroe pelleHHe, HMElolUlee B 3TOil TOYKE Ty Ae KarcaTesabHylo, YTO
U pewleHue y=q (x), HO He cosmajaioillee C HHM B CKOJIb YFOANO 2.0t
OKPECTHOCTH 3TOI TOYKH !)

, oF OF

Ecwi ¢ynkunsa F (x, y, y') 4 npousBoinble % il o HenpepeIBuLl,

TO J0G0e ocoGoe peleHie ypaBlieHHs

F(x, 4, y')=0 ©)

YOOBNETBOPSET TAK:khe ) PaBHEHHIO
OF (x, v, ¥ __
ay’ -

TostoMy, 4ToOH OTHICKATh OcOOble pelleHHs }paBnenus (3), Halo HCh.JIlO-
yntb y' 03 ypasrennit (3) n (4) Tlomyuennoe ypabuensne P (x, y)=0
Ha3bIBaeTCsl ypaBHEHHeM ducapununanmuold npueon Ilna wasdoll Betnn
JMCKPHMIHAHTHOM KpHBOfI HaJo INDOBEPHThb, SIBIRETCS JIH 3Ta BETBb
pewenneM ypaBHenus (3), w ecau sp1sercs, To 6yJeT Ji 3ITO pelienHe
ocoGBIM, T € Hapywaetcs JH eANHCTBEHHOCTb B hahJOH €F0 TOuKe
HeenegoBanne eliHCTBEHHOCTH JIerh0 NPOBOJNTCS B Tex 3a%ayaxX, B hOTO-
PLIX yRaeTest manTH ofllee pelieHie

3 Ecan cevenctso wpusntx U (x, y, C)=0, asasownxcs peue-
nnavi ypapuennsa F (v, y, y)=0, uveer ornbawmyio y=q@ (1), TO
3Ta ornt’)a}omaﬂ ABASAETC OCOOBIM pelerneM TOro ke ypaBuenuﬂ Ecan
GyHKUHA (D iMeeT HelpepLiBHLIE fNepBble NPOH3BOIHbIe, TO 151 OThICha-
Hiis ornbaiouien Halo HCK/AOYHTE C U3 ypaBHEwn

oD (x, g, C)
—a

W npoBeputs, OyJeT JH noTyuenHas npusas ornbaioileii

0 “

Y v, C)=0, 0

B 3aaauax 241—250 wnalitn Bce pemenus JanublX ypasuc-
nidl, BHIZEANTh Ocobuie pentenis (ecait oult eCTh); AATH YEPTEK.

241, y"* —y?=0. 242, 8y"*=27y.
243, (y' -1 =27 (x-Ly)? 244. y2(y" 1) =1
245. y'* —d4y3=0 246. y"" =4y%(1—y)
247. xy”=y 248, yy"’ +x=1

249. y"' 4 yt=yy'(y'+1) 250, 4(1—y)=(3y—2)°y".

Ypaereuuss 251—266 paspewnts OTHOCHTETHHO ', nocie
storo obulec peluedne HChath obuuubMu Merodavu  Haitrn
Takke OCOGHe peLIeHHs, eca ol ecth

1) Sto onpegenenine B3ato u3 [1} Ectb ¥ Ap)rue onpejerenus, ue
PaBHOCHJILHLIE 3TOMY.
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251. " +xy=y*+xy'. 262 xy’ (xy' -+y) =

253, xy"" —2y Fx=0. 264. xy”=y 2y —1).

255,y +x=2y. 256. y'* 4 (x 4-2) e¥ =0.
257. y”—-2xy’=8x2. 258. (xy’ +3y)2=

259. y' f—2yy" =yt (e¥—1). 260. y’ (2y—y")=y?sindx
261. y"+y“’—y‘

262. x (y—xy)2=uxy" —2yy’.

263. y (xy'—y)P=y—2xy'. 264. yy’ (yy'—2x) = x2—2%,
265. y'* - 4xy —y?—2x% = x* —4x2,

266. y(y—2xy’)2=2y

Ypasuenns 267—286 pewnth MeTonoM BBeaenna napaMmerpa.

267. x=y" +y'. 268. x(y*'—1)=2".

269, x=y’ Vy'*—sH. 270. y' (x—Iny’)=1.

271, y=y~ +2". 272. y=In(1+4y™).

273. (y'+1)“=()"—)')” 274. y=(y'—1)e¥.

275. y''—y =y 276. y*—y" =y

277. y''=2py" +y". 278. y"* — 25y’ =x*—dy.

279. 5y+y ‘=x(xdy). 280, x¥yt=xyy 1.

281,y +y =xyy’. 282, 2xy' —y=y'Inyy’".
v

283, y'==eV, 284, y=xy’ —x%"’,

285. y=2xy’ +yiy'". 286. y (y—2xy’)2=y"".

Pewurs ypasuenus Jlarpamxa n Knepo (3azaun 287—297).

287. y=xy’ —y" . 288. y+xy =41y’

289. y=3xy ' —Ty". 290. y= xy’ —(2+y)

291. x (y"*+1)=2yy". 202, y=xy'*—2y".

293, xy' —y=Iny'. 204, xy' (y' +2)=y

295. 2y (y—xy')=1. 206. 2xy’ —y=Iny’.

207. y”° =3 (xy’ —y)

298. Hafitn kpusylo, Kaxnaas KacareibHads K KoTopoft o6pa-
3yeT C OCAMH KOODAHHAT TPEYTOABHHK mjowann 2a?.

299. Hailtn kpusylo, KakAas KacateibHag K xoTtopoft orce-
KaeT Ha OCAX KOODOMHAT TaKHe OTPe3KH, YTO CyvMMa BeJHYHH,
o6paTHHIX KBaJApaTaM IOMHH 3THX OTPE3KOB, paBHa 1.

27



300. Haittn xpnByio, npoxoIdlLylo yepe3 Haya;10 KOOPIHHAT
W TaKyi, YTO OTPEe3OK HOpMaJan K HeH, oTcexaemuil cTOpoHaM:
MEepPBOr0 KOOPAHHATHOTO Yria, HueeT TMOCTOSHHYIO IIHHY,
pasny 2,

§ 9. PA3HBIE YPABHEHHA TIEPBOTO NOPAAKA 1)

Pemnte ypaeuenna 301—330 n noctpouts rpadunn nx
pellIeHH

301, xy'+ x4 xy—y=0 302. 2xy' +y*=1.

303. 2xyt—y)dx--xdy=0

304. (xy' Ly)l=x%’. 305. y—y =y xy’.
306, (x--2y%)y =y 307. y"'—y'e2*=0
308. x%y' =y (x-Ly). 309. (1—u%) dy+xydx=0.

310, ' +2(x—1)y' —2y=0
311, y-+-y' In?y=(x-+21ny)y’

312. x%y’ —2xy=23y 313. x--yy =y (1 -~y
314, y = (xy’ +2y)% 315. y’=x_lyz.

316. y'* - (3x—6)y =3y. 317. x_yl,.:%.

318. 2y =38y  Lx=y  319. (x-ly)y =1

320. 2%y’ +3x%°H7=0 321 éxﬁ=(%—2x> dy
322, xy' =e’ 12y, 323. 2(x—y)dy=ydx

324, x%y" +y =25 (2—yy)

325. dy - (xy—xy®)dx =0. 326. 2x%’ =y? (24" —y).
327. g;—;yf=2 328, & (x—1)y’ +2xy=1.
329, xy(xy'—y)?+2y" =0. 330. (1 —a%)y —2xy =1y
Peumntob ypaBuenua 331—420.

331, y' +y=xy®

332, (xy*—x)dx-(y-+Fxy)dy=0

333. (sinx+y)dy--(ycosx —x?)dx=0

334. 3y —xy’ +1=0 335. yy’ - y?ctg x = cos x.
336. (¥ +2xy)dx 4 (e¥ +x)xdy=0

337. xy =y—y’ 338. x(x+1)(y'—1)=y
339. y(y—xy )=V x*+y' 840. xy'ty=Iny’

1) Bee 3azaun § 9 PEmwAIOTCA H3TOACHHBIMI paHee \eToXaMi
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341. x?(dy—dx)=(x-t+y)ydx.

342. y' - x 3/ y=3y. 343. (x cosy{-sin2y)y’ =1,
844, y"' —yy’ e =0 345, y'=-§-e2”+y.

346. (xy'—yP=y"—1. 847. (4xy—3)y’ +y2=1.
848. y'V x=Vy—x+V x. 349. xy' =2V ycos x—2y.
350. 3y''=y 4y - 351. y2 (y—xy’) = x¥’.
352. y' =(4x+y—3)

353. (cos x—x sin x)y dx +(x cos x—2y) dy =0.

354, x%y"" —2xyy’ = x%-} 3y?

355. -"-3-’+2xy1nx+1=o 356. xy' =x ) y—x21 2.
357. (1—x%*)dx + x?(y—x)dy=0.

358. (2xe¥ +yY)y' =ye¥ 359. xy' (Iny—Inx)=y.
360. 2y’ =x+4Iny’

361. (2x% —3yY)y" =6x2—2xy2 4 1.

362. yy' =4x+3y—2

363. y2y' + 1% sin®x = y3cig x.

364. 2xy' —y=smny’

365. (x¥W2+1)y-t(xy—1)2xy" =0,

366. ysin x|y cosx=1

367. xdy—ydx=xV x*+ydx.

368. y2--xty” " =xy (¥ +y")

369. y' =}/ 2x—y-+2

370. (x——ycos%) dx-l—xcos—i—dy———o.

871. 2 (xty + V14 x%?%) dx+ x3dy=0.
372. () —xVy)(x2—1)=xy

373. y' +(y*—2y") x=3y'—y

374, 2x-+3y—1)dx +(4x+46y—>5)dy=0.
375. (2xy?—y)dx - (y?--x-+y)dy=0.
376. y=y' V1+1y"* 377. y*=(xyy’ +1)In x.
378. 4y =x24-y".

379. 2xdy-t-ydx+ xy*(x dy+ydx)=0.

380. xdx 4 (x2ctgy—3cosy)dy=0.



381.
382,

384.
386.
388.

390.

392.
394.
395,
396.
398.
399.
401.

403.
404.

405.
407.

408.

409,
410.
411.
412.
413.
414.
415,

416.

417.
418.
419,
420.

X" —2 (xy—2)y' +y*=0

xy' +1=e77, 383. y' =tg (y—2x).
3xt—y=y' V' x¥}1. 385. yy’ +xy=ux°
x(x—1)y'+yd=xy 387. xy'=2y+ Vi +)"z-

(2x+y+5)y’=3x-1-6. 389. y' 4-tgy=xsecy
) ’ 5 ’ Yr—x

y =4y (\‘y ——Qy)‘. 391. y '—‘m

xy' =x%7Y -2 393. y’=3x+]/y—x'-’.
xdy—2ydx+xy?(2xdy-+ydx)=0
(x3—2xy?)dx +3x*ydy=xdy—ydx
(yy')?=27x (y*—2x?%). 3897, y'—8x lf‘zk:l'\_y_l .

. Ay

[Qx—ln(y—rl)]dx—y+ldy—0

xy’ =(x¥24-tgy) cos?y. 400. x2(y—aiy’)=yy".
P 3x* N s 1)

= 0 Y =ryrn—=-
(y—2xy)? = dyy"",

61’y dx -~ (y'Iny—3x%)dy=0

Y=sVieVy.  as. 2y’ F 1=y

2

, l 2 2\ 2
3+ x =g (L)

r_ 3x—{—y3—1>2
y= (=
(VY H1+1) (0 4 1) dx = vy dy
(2 Fy2 gy (2 y*—1) x =0.
Yi(x—Dde=x(xy--x—2y)dy

(xy" —y) = xPy* —x?

gy — 2 Vy S T= (v +-1) (52 1),
(¥*—1)y" 4 y?—2xy - 1=0.
y'tgy-+4atcosy=2x,

(xy’ —,v)ﬁz,v”——zyxy' 1
(x+y)(1—xy)dx+-(x+2y)dy =0
@Buy-l-x--y)yde- (doy-Hx--2) v dy=0.
(AT—1)dx - (xfy2 L 3L x)dy=0.

(' 4e¥)=—2".



§ 10. YPABHEHH A, NJONYCKAKIHE NMOHH)XEHHE NMOPAAKA

1 Ecau B ypasHeune He BXOAWT HCKOMAas ¢yHK®uA y, T. €. OHO

meer Bup F(x, g, yk+v, | g™ =0, 10 nopagox ypaBHeHHS
MOXHO MOHU3HTH, B3AB 32 HQBYIO HEH3BECTHYIO (QYHKUMIO HHM3WYIO H3
TIPOH3BONHLIX, BXOAAIINX B ypaBHEHHE, T € CAeJ4B SaMeHy =2z

2 Ecau B ypasHeHHe He BXOZHT He3aBHCHMoe flepeMeHHOe X, T. €
ypaeHentie_umeer Bunl F(y, y', ¢, ., y")=0, 10 nopsagok ypasHe-
HHS MOXKHO TIOHH3HTb, B3SB 32 HOBOE He3aBHCHMOE HepEeMeHHOoe U,
@ 3a HeH3BeCTHYI0O QYHKUIO ¥ =p (y)

ITpusmep. Pemnts yparsenue 2yy" =y’ 41

B ypasnerne ue Bxoant x loaaraew y'=p(y) Torga

_dW)_dpy)_dp dy _ ,

y”_dx dx dy dx pe

TlogctaBnas y'=p u y"=pp’ B ypaBHeHue, noayuum 2ypp’ =p?i-1.
TMopsaigok ypasuenns noutuken Peummnp nonyuexuoe ypasHeHue, Haii-

zeM p=2 VCy—1 Cnegosatenvro, =+ VY Cy—1 Ha storo
ypasuenusg noayuns 4 (Cyp—1)=C? (x-+-Cy)

3. Ecnu ypaBHeHHe OXHOPOZHO OTHOCHTEJBHO § H €ro NpoH3BOJ-
HHIX, T € He MeHfeTcA NpH OJHOBpeMeHHah 3amene y, y', y° .. Ha
ky, ky', ky”, .. , TO NOPSAXOK YPaBHEHHA MOHWKAETCA MOACTAHOBKOI
Yy’ =yz, rae z—HoBasL Hen3BecTHAA PYHKUHA

4 Tlopsinok ypaBHeHHS NOHHKAeTCs, €CJ OHO fABASETCS OXHO-
POZHBIM OTHOCHTEJBHO ¥ H Y B OGOGIIEHHOM CMbIC/ie, T € He MeHgeTcs
OT 3aveHn x Ha kx, y ua k™y (npg stou g’ saveHnsercs na k”~1y',
y"—ua k”~2y" n v R). Urodu y3uath, OyjleT AU YpasHeHie OXHO-
POXHBIM, 1 HAfTH YHCJO m, HaXo NPHPABHATH APYF APYry HOKasaTesH
cTenexefi, B KOTOPHIX UHCJAO K OynAer BXORHTb B KaXKAB it uneH
ypaBHeHHs NOCJe YKa3aHHOIl Buwe 3aMedsl Hanpumep, B nepsuiii unex
ypasHennsa 2xiy"—3y*=x* nocjse srTofi 3ameHbl ynca0 k Gyzer Lxo-
ANTL B cTenenu 4--(m—2), Bo BTOpOii—B cTenmeHH 2m, B TpeTHH —
B crenenn 4. CneloBaTeJbHO, m JOKHO YHOBJETBOPATh YPABHEHHsM

44 (m~2=2m=4

Orciona m=2 Ecan ke nosyueHHsle ypaBHeHHA AAs8 m OGyAyT HeCOB-
MeCTHbIMH, TO JAubdepeHUHaNbHOE YpaBHeHHE He SBJIAETCHS =QIHO-
PORHLIM B YKA32HHOM CMblCJIe

TMocsie Toro kaxk uHcno m Haiijleno, Hago CcXeJaTh 3aMeHy mNepe-
MeHHBIX x=¢!, y=ze™, rpe z=2z(f)—noBaA HensBecTHa® (YHKIIS,
a {—wuoBoe He3aBAcHMOe nepemennoe I[loayumst ypaBHenne, B KOTOpoe
He BXOIHT HE3aBHCHMOe MNepeMeHHoe 4 HOPHJIOK TAKOro ypasHeHHs
JIOHHKAeTCAd OFHHM H3 paHee pacCMOTpPeHHBIX crnoco6oB

5 TlopAZoK ypasHeHHAl JieTKO IIOHMXKAETCSA, eCJIH yAaercs npeo6pa-
30BATh YP2BHEEEE K TaKOMY BHAY, 4T0 ofe ero 4acti ABJAJICH
MOMHBIME POHABONHMMH N0 X OT Kakux-Hi6yan ¢yuxunii Hanpuwep,
nyets AaHo ypasuenne yy" =y’ Jleas ofe uactu Ha yy', TNOAY4HMM

Z, %, (Iny)=(ng), Iny'=InygfInC, y'=yC.

TopAgox ypaBHeuus NOHHMKEH,

I
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Pewntb ypasHenns 421—450.

421, xy" =y". 422. 2ay'y" = yt—

423. y¥y" =1. 424. y' +2yy"-—0

425, y" =2yy’ 426. yy" 1=y,

427. y”(e" - 1)+y =0 428, y'''=y"

429, yy" —y —y’ 430. y"'' =2(y" —1)ctg x.
431. yy ~y2—'-y 432, y”’ b xy" =2y’

433, y" -y’ = xy". 434. y" Ly  =2¢7y

435. ,x‘-’y”’=y"2. 436. y” =y 1

437. y"=¢J. 438. y’ ——xy”'—l—y”’ 0.

439. 2y’ (y"+2)=xy". 440, y'—y¥y" =1

441. "' =@By—2")y" 442, y" (' +x) =1

443. y” —2y'y""" “1=0 444, (1 —x%)y" + ,\y =2,
445, yy" —2yy’ 1ny=y". 446. (3" +29)y" ="

’
! rre rz "3

447, ay" =y '+ sm—)’c—. 448. y'''y
449- }')’l"‘l“y -—___—-y’z. 450. ,\,y =y _;—x()"2>:—'\,2)

Peints y pasueinin 451—454, socnob3osasusiich $opyy 1om,
CBOLSIULCH  MUOTOAPATHOR  HHTEIPHPOBJIUIC K OIHOKPATHOMY
(cv [1], ra IV, § 2, 0 1)

451, ayV=1i 452 1y"'=sm x
453. y'"" =2ay" 454, xytV 4 y'" =¥

Pewnrp ypaBnenns 455—462, npeoGpasoBaB Hx K Taxouy
BHAY, 4TOOM 06C 4acTH ypaBuenng SBTSITIChL MOTHHIMII TpON3-
BOAHBIMI

455. 3y’ =y'y" 456. y’y”'~ y"‘

457, yy" =y’ (y'+1) 458 Sy"’ 3y"ytV=0
459. yy" -yt =1 460. y" =y’ +y+1
461. ay"=2yy’ —y’ 462, ay"—y =23y,

B 3azauax 463—480 noHnsnTh NOPALOK AAHHLIX yPABHEHIH,
noab3ydach HX OANOPOIHOCTLIO, H PEBIHTh 3TH YPaBHEHHS

463, " —u "2 -y 461 yy" =y 111552 ) %

465. (121 1)(y —yy") = xyy’

466. xyy"--xy’ = 2yy’. 467. x%yy’ == (y—xy’)%
a2



” y Yy Y

2

?.

469. y (xy" +y") =xy" (1 ~x).

470. XYy +y"=0. 471. x2(y" —29y") =
472. xyy" =y’ (y+y’). 473. 4x%%" = x2—yt,
474, X3 =(y—xy’) (y —xy' —x).

a75. £ 1 y"

o 24y
= 3xy +—yxy—.

” 5 ’ 4
476. y =<2xy—?)y +4y2——ng.
477. X2 (2yy" —y"")=1—2xyy’

2 n ” [] [ 3
478. x2(yy"—y" )+ xyy’ = (2xy’ —3y) V x3.

479. x*(y" —

29y") = 4x3yy’ + 1.

480. yy’' -+ xyy” —xy' =x3.

B 3azavax 481—500, noHu3HB nNOpAJOK JaHHHX ypaBueHuH,
CBECTH MX K YDaBHEHHSM MEepBOro MOpAIKa.

481, y" 3yt =yt 482 y"— y’y'”:—_(%—)

483. yy' +2x%"=xy".  484. y"}2xyy"=0.
485. 2xy* (xy"+y')+1=0. 486. x(y"+y")=y"+y".

487. y2(y'y’"’

—2y")=y"". 488. y (2xy"+y)=xy"+1.

489. y"+2yy” = (2x +%) ¥

490. y'y"" =y +y"y". 491, yy" =y"* +2xy%.
492. y"' =y —yy"y”, 493. 29y’ =y’

194. y'"'y" =1

495. y¥y'' =y’3,

496. x%yy"+1=(1—y)xy’.

497. y*(x%""’

498. (y'y'"" —

499. y2 (y'y’""’

—2xy’ —3y) =%’ (3yy" —2").
nd W'

3y")y=y

— 2" ) =yy"y"+ 29"

500. x2(y%y’"' —y'")=2y%' —3xyy".

2 A @ Oununnos
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B 3amavax 501—505 Hafitu peuienns, yJIOBAETBOPSIOLIHE
3aJaHHEIM HAYaJ/IbHEIM YCJIOBHSAM
501, yy"=2xy"; y(2)=2, y'(2)=0,5.

502. 29" —3y“ =0, y(0)=—23, y'(0)=1, ¥y (0)=—1.
503. xty'—3xy' =L 4y, y)=1, y()=4.
504. y''"=3yy’, y(0)=—2, ' (0)=0, y"(0)=4,5.
505. y"cosy-+y siny=y’, y(—1)=%, y' (—1)=2.

506. Hantu xpuBHe, y KOTOpPHX B /I0GOH TOuYke paaMyc
KPHBH3HH BABOE OO/bllie OTPe3Ka HOPManH, 3aKJII0YeHHOrO MeXILy
sTolf TOukol KpuBOH M OchI0 aGcuuce, PaccMoTperb ABa cayuas.
a) kpuBas o6palieHa BHIYKAOCTbIO K ocu abcuucc; G) BOrHy-
TOCTBIO K ocu abcuicc,

507. HaliTH kpuBbe, y KOTOPHX painyc KPHBH3HH OGPaTHO
NpONOpUHOHA/EeH KOCHHycy yrja Meway KacaTeabHoll H OCbIO
abeuucce.

508. Onpexeauts (opyy paBHOBECHS HEPACTAMHMON HMTH
¢ 3aKpenJIeHHRIMH KOHUAMH, Ha KOTOpyl0 AeHcTByeT Harpyska
TaK, YTO Ra KQWAYI0 CAHHINY AJHIB FOPH3OHTAaAbHONH NpPOoeKUHH
HATPy3Ka oxnuakona (uenH uemioro wmocra) Becom camoht mHTH
npene6peys,

509. Hafitn ¢dopmy paBHOBecus ORHOPOAHOA HepacTaxkuMOMH
HHTH (C 3aKpenyeHHHMH KOHLUaMH) noj AeficTBHEM ee Beca

510%, JloxasaTh, YTO YypaBHeHHe IBHAeHNd MasTuuka y” 4
~-sin y =0 mMeeT wYacThoe pemenie y(x), cTpemsuleecs K 7
npH X — - 00,

§ 11. JUHEAHBLIE YPABHEHHA
C NOCTOAHHBIMH KOG PHLUHEHTAMHN 1)

Pemntp ypasuenus 511—548.

511. y"4+y'—2y=0
518. y"—2y'=0
515. y"—4y' 4 5y=0
517. y"+4y=0.

1) O MeToiax pelieHHs YypasHeHH{I 3Toro mnaparpada cm

512. y" 44y’ +4-3y=0
514. 2y —5y' 429 =0
516. y"+-2y' 4 10y=0
518. y'" —8y=0

[1],

ra VI, §1, non 1, 2, 4 nau {3], §§ 7, 8, 10 Dusnuecxkue 3sajauy,
CBOASWINECH h JIHHEMHEIM YPABHEHHAM C NOCTOSHHBIMH KO3pduIHEeH-
TaMi, noMeweHw 8 § 17, sanaun 851, 852, 861—868
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519. yV—y=0, 520. y'V4-4y=0

521. yVI4-64y=0. 522, y"—2y'+y=0.
523. 4y" + 4y’ +y=0. 524. yV —6y1V +-9y"" =0.
525. yV —10y" +9y’'=0. 526. y'V+42y"4-y=0
627, y'" —3y" 43y’ —y=0. 628, y""—y"—y'+y=0
529. y'V—5y" +4y=0. 530. yv 4-8y""+ 16y’ =0.
531. y'"—3y" +2y=0. 532. y'V-1-4y"-+3y=0.
533. y"—2y’ —3y =t~ 534. y" +y=4xe*.

6535. y" —y=2e¥ —x2, 536. y"+y’ —2y = 3xe*
537. y"—3y’ +2y=sinx. 538, y"+y=4sinx.

539. y" —5y’ +4y =4x%%*. 540, y"—3y’ +2y = x cos x.
541. y" 3y’ —4y =~ |- xe™%.

542, y" 4 2y" —3y = x2¢*,

548. y” —4y’ 48y = ¢2¥ |- sin 2.

544. y" —9y = e3* cos x. 545. y" —2y’ +y=6xe*.’
546. y" +y=xsn x, 547. y" -+ 4y’ -+ 4y = xe?*,
548. y”" —5y’ =3x2 4 sin 5x

B sazavax 549—b574 ana xaxaAOro M3 AARHHX ypasHeHuit

HanucaTh €ro 4acTHOe pelIeHye ¢ HeonpeneaeHHHMH KOS(b(bHﬂR-
enTamy, (YHMCNOBHX 3Hauenuit xoSdPHUMEHTOB HE HAXOMHTH)

2.

549. y" —2y' 42y =e*+ x cos x -
550. y” 46y’ + 10y=3xe~3¥ —2¢% ¢cos x.
561. y” —8y’+ 20y = 5xe%* sin 2x

662, y" 47y’ 4+ 10y = xe~2% cos 5x.

563. y" —2y’ 45y =2xe* -} e* gin 2x.

654. y" 2y’ +y=2xe* | e* sin 2x.

555, y"—8y’ + 17y = %% (x3—3x s x)

566. y'"+y’ =sin x+ xcos x

5567. ¥’ ~—2y" 4 4y’ —8y = 2% g 2 -+ 242,
658, y"—6y’ 4 8y = 5xe?* | 9¢4¥ gip .

559. y"+2y"+y=x(e* —cos x)

560. y”'—y" —y’ +y=3e* L 55 s x.

561. 3" —6y’ 4 13y = x23¥ __3 cos 2.

562. y"—9y=¢"3% (2 4 gip 3x)

563, y'V+y"=7r—3cosx. B64. y” }4y= cosx-cos3s:
565. y"' —4y" -3y’ = x2 4 xedx,
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566. y"—4y’ | 5y =e** sin*x.
567. y"+ 3y’ +2y=e"*cos®x.
568. y"—2y' +2y=(x+e*) s x.
569. y'V-5y" + 4y = sin x-cos 2x.
§70. y"—3y’ +2y=2%.

571, y"—y=4shx.

872, y"+4y' +3y=chx,

573. y" +4y=shx-sin2x.

574. y"+2y' +2y=chx.sm x.

Pemnth ypaBuenus 575—580 cnocoGom Bapmauuu mocro-

auppx (oM. [1], oo V, § 3, m. 2).

% ”~ r l
575. y'—2' +y=". 876. y" +3y' +2y =7 -
§77. y" Ly = — 578. y" -4y =21gx

sinx’

879. y"+ 2y  +y=3e"*) x+1.
580*%. x3(y"—y)=x2—2
Hailtn pewenns ypasnennit §81—588, ynosnersopsioiie

YKa3aHHHM YCNOBHAM.

rn
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581. y"'—y'=0; y(0)=3, y' (0)=—1, y"(0)=1.
582. y'—2'+y=0 y@)=1, y'(2)=—2.

583. y"+y=4e%; y(0)=4, y' (0)=-—3

584. y"—2y' =2e¢%; y(l1)=—1, y’(1)=0.

585. y"—y=2x; y(0)=0, y(1)=—1.

586. y"+-y=1; y(0)=0, y(g)-.:o.

587. y"+y=1; y(0)=0, y(m)=0

588. y'+y=92xr—mn; y(0)=0, y(m)=0.

B sanavax 589—600 pewnts ypasrenns Jitnepa (cm. [1],
VI, § 1, n g)

589. x%"—4xy' 4 6y=0.  590. x2y"—xy'—3y=0.
591, x%y™ L xy _y=—0 592. x2y"' =2y’

593. x%" —xy' Ly=8x%.  594. x%y" 4-xy’ 4y =10x.
5696. x%" —9xy —61Inx 596. x2y"—3xy’ 45y =32,
697. xﬁy"_.ﬁy =5x348x%. 598. x%y"—2y=smlinx
599. (x—o)py"__3(x—9)y 44y=x

600. (2x 4 3)2y" 1 3 (2x 4 3)y’ —6y=0.



§ 12. JIHHENHBIE YPABHEHH S
C MEPEMEHHBIMH KO3®O®HLUHUEHTAMH

1. 3apaun 601—655 pewatoTcs ¢ moMOmBIO METOXOB 0fmeR Teo-

uu aunefinsx nuddepenunansusux ypasuenunit (em (1), ra. V, §§ 2, 3).

P( OCTaJbHHIM 3ajaYaM 3T0ro mnaparpada AaHH YKa3aHHA HAH CCHJAKH
Ha JuTepaTypy.

Ecnn n3pecTHO uwacTHOe pemeHde y; JHHERHOro OZHOPOLHOrO
VPaBHEHHS n-TO NOPSIAKA, TO MNOPSINOK YPaBHEHHA MOXKHO MOHHIHTH,
CoxXpanss JuHefiHocTs ypasHeHHs JIna 3Toro 8 ypaBHeHHe Hajo Mof-
CTaBHTb Y==y;2 W 3aTeM [OHH3UTL NOPAAOK 3aMeHOR 2’ =u.

Yro6u HafiTH ofmee peiweHHe JHHeAHOrO OXHOPOLHOTO YpaBHeHHA

BTOPOro NOPsiiKa .,
G ()Y’ a1 (x) y' F-a, () y=0,

Yy KOTOPOTO H3BECTHO OJHO 4YacTHOE pelleHHe ¥;, MOXHO MOHH3HTH

MOPANOK YpaBHeHHA YKa3aHHHM Bheitle cnocoGoM OnHako YRoGHee
BoOCHoJb30Bathes dopMynoit Ocrporpasckoro—JIuysusis:

|!I1 Y2

¢

Y1 Y

rae ﬂ H ya— MmoGble JBa DEIEHHA JAHHOTO YyPaBHEHHS
puMmep IlycTs H3BeCTHO WacTHOE pelleHMe Yy ==X YPaBHEHHS

P+ Dy =2ty +2y=0 M

Tlo dopmyne Ocrporpanckoro--JiuyBuans noayunm
—-2X
t ¥ =Ce“S (&%) o,
91 92

Tak xak ¢yHKIHA g, H3BECTHAa, TO MH NOJYIHJIH JHHelHOe YypaBHeHue
NepBOro nopsAAka OTHOCHTENLHO y, Ilpome Bcero oHO pemaercs cie-

ayiomum criocoGoM. Paspemus ofe wacTH ypaBHeHHS HAa yi, NMOMydnM

=Ce S px) dx, p(x) =Z; g; '

iy —y1ys=C (2 41)

cJieBa NPOU3BOARYIO OT NPOGH y;,_
1

(£>'=y1y;-—yiyz=c(x’+l) )
2] ' vi

Tak Kak y;=x, T0
Ys L X+ _ ( _1 .
Y =C (x*—1)--Cpx

3ro—obmee pemenue ypasHenus (1)

3. O6mero MeTofia AJIA OTHICKAHWA GACTHOrO pelleHHs JHHefiHoro
YpaBHeHHA BTOPOrO NOPSAKA He CYUIECTBYeT. B HEKOTOpHX chayyasx
pemieEHe ypaaercd HafiTH mytem mnoxGopa.

MMpumep HafiTn vacTHoe pewenue ypasueHus

(1—=2x%) "+ 2y’ + 4y =0, @
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fBAsiOmeecst anrefpanyecKuM MHOrO4JIeHOM (eC/IH Takoe pellleHHe CY-
WecTBYeT)

Chavana Hafifem crenmedb MHorouseHa Ilogcrasass y=a"-
B ypaBHeHHe (2) H BBHINHCHIBAA TOJbKO YJeHH € caMoii cTapiueil cTe-
neHbl0 OYKBH X, NOJYYHM

—22 n(n—1)xP-24 f4x74 =0
[lpupaBHuBag Hy.0 ho3pdHUNEHT npu cTapmed cTeneHH X, MOAYYHM
—2n(n—1)44=0, n*—n—2=0

Orciona ny;=2, KopeHb n,= —1 He rojeH (CTeNeHb MHOrovJeHa —
Hesoe MNOJOKHTeNbHOe HHca0) HTak, MHOrouJeH MOXET OHTh TOJbKO
sropoft crenent Hwmem ero B Buge y=x2-4axtb [loxcrasass
B ypasHenue (2), noayunm (4a--4) x+42-+42a--4b=0 CnegosatesnHo,
4a+4=0, 2+2a+446=0 Orciona a=—1, b=0 Hrak, mHOrouaed
Y=x2—x §BJSETCA YACTHHIM pelIeHHEeM

B sazavax €01—622 mnccnegoBaTh, SBASIOTCH Jil  JaHHBIC
dynkwin nunefino 3aBucuMuMH. B kaxnoh sanave dyukuun pac-
cMaTpuBaloTcs B TOH 063acTH, B ROTOPOIl OHU BCC Ompeleed

601. x-}2, x—2 602. 6x-+9, 8x-}-12
603. su1x, cosa 604. 1, x, 1%

605. 4—x, 2.+ 3, 6x+48

606. x24-24, 31:—1, x4

607. 22 —x -3, 2a%+2a, 2x—4,

608. e*, e%* o3 609. x, e*, ie*.

610. 1, sin?x, cos2x 611, shx, chx, 2-L¢
612, In(x?), In3x, 7 613. x, 0, ¢*

614. shx, chx, 2e¥—1, 3¢+ 5.

615. 2, 3%, 6* 616. sinx, cosx, sin2x

617. sinx, stn(x-+2), cos(x—>5)

818. Vx, Vx+1, Vxt2

619. arctg v, arcctg x, 1 620. % x|x|

621. x, | x|, 2x+ 1V 422, 622. x, %8, |43

623*. Ilyctb Ha uetepsate (a, b) dyuxmun y; (%) 1 y, (x)
NHHEHHO HE3aBHCHME, HMEIOT HEMPEPHBHHE MPOH3BOIHBE H
N }’g
Y1 Yo
HokasaTh, YyTo Ha 3TOM HHTepBaje HaiizeTcss Tahas TOYRA X,
4TO ) (2g) =Yg (x0) =¥1 (%) =y; (x0) =0

=0
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B xawnoft u3 sanay 624-—630 cocrasurh JHHeRHOe onHO-
poanoe nmuddepenunansHoe ypasHeHue (BOIMOKHO MEHbUIErO
nopaaxa), HMeloniee AAHHHE YACTHHE peLleHHs.

624. 1, cosx. 626, x, e*.

626. 3x, x—2, e¥41.

627. x2—3x, 2x2+9, 2x+3

628. ¢*, shx, chyx, 629. x, x2, o, -~

630. x, x3, ]|x3| )

B 3amavax 631—651 nafith ofwmHe pelueHHs AaHHWX ypaB-
HeHHll, 3Hag MX vYacTHWe pewieHHs. B Tex 3azavax, rae wacTHoe
peliexHne He AaHO, MOXKHO HCKaTb €ro myteM moaGopa, HampH-
Mep, B BuIe mnoka3aTeasHoR ¢yHkuuH Y, =e®* unm anreGpau-
YecKOro MHOrou/eHa y;=x"--ax"~14|-bx"" 2.}, ,,

631. (2x+1)y" 45y —4y=0

632. x2(x+1)y"—2y=0; y,=1 +%-

633. xy"—(2x+ 1)y +(x+1)y=0.

634. xy" 142y’ —xy=0; y, =? .

635. y" —2(1+tg?x)y=0; y,=1gx.

636. x(x~1)y"—xy ' +y=0.

637, (e¥+1)y"—2y' —eXy=0; y,=e*—1.

638. x¥ " Inx~xy +y=0.

639, y" —y' tgx+2y=0; y,=sinx.

640. (x*-+1)y"+5xy' +4y=0; n=—>—.

(x*41)
641, xy"—(x+1)y' —2(x—1)y=0.
642, y" -4xy’ +(4x2+2)y=0; y,=ew*,
643. xy" —(2x+4 1)y’ +2y=0.
644, x(2x+1)y"4+-2(x+1)y'—2y=0
645. x(x1+4)y"—(2x+4)y +2y=0.
646. x(x2-16)y"—4(x2+3)y +6xy=0.
647, (x24+1)y"—2y=0.
648, 2x(x+2)y"+(2—x)y’'+y=0.
649. xy'""'—y " —xy' +y=0; y;=x, y,=e*.
650, x2(2x—1)y""" 4-(4x—3) xy" —2xy" +2y =0;

1
=% Ys=F -

w|w
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651. (x2—2x+38)y""" —(x24+1)y" +2xy' —2y =0;
y]_ = x, ya = ex.
Hatitn o6mee pelenne AnHeHHOro HEOAHOPORHOrO ypaBHe-

HHfA, ecny H3BECTHO, YTO 4YaCTHOE pellieHHE COOTBETCTBYIOLLErO
OJHOpPOIHOrO YPABHEHHS HAB/AETCH MHOTOYJICHOM.

652. (x—{-l)xy”—{—(x-{—z)y’-y:x_;_%
663. 2x+1)y"+(2x—1)y' —2p=x%4x.

3yag JBa 4YaCTHHX pelnleHHs JAuHeHHOrO HEOLHOPOAHOTrO
ypaBHeHus BTOPOTO nopsixa, HallTH ero obulee peileHHe.

654, (x2—1)y" +4xy’ +2y=06x;

2 1
n=x g, =25

665, Bx3-+x)y" + 2y —6xy=4—12x3;

y1==2%, g=(x+1)%
B sagasax 656—660 munefinoli samenoli mcxkoMmoli dynKuuH

y=a(x)z yHHYTOXKHTb WIeH C Mepsoil NpOH3BOXHONH B JHaH-
HHX §ypaBHEHHAX.

656, x%"—2xy 4 (x2+2)y=0

657, x%"'—dxy '+ (6—x%y=0

658, (14 x%)y"+4xy"+2y=0

659, x%"+2x%" + (x2—2)y=0.

660. xy"+y' +xy=0

B sagayax 661—6656 3aMeHoM He3aBHCHMOrO NepeMEHHOro

f=(x) yHHYTOXKHTb YJeH ¢ NepBOil NpPOH3BOAHOR B AaHHLIX
ypasHeHnsax )

661, xy"—y ' —4x%y=0

662, (1+x2)y"+xy' +y=0

663. £2(1 —x?%)y" +2(x—x%)y —2y=0.

664, y'—y' +e¥*y=0

665. 2xy" -y’ +xy=0.

666. Hatitn paccrosnme Meway ABYMS COCENHHMH HYJsAMH
M060ro (He TOXAEGCTBEHHO PAaBHOFO HYJIO) PELICHHS ypaBHeHH

1) B 3agavax 661—665 TpeSyemass 3aMeHa TepeMeHHLIX ORpe-
Jeasercl HEOZHO3HAUHO, [IG3TOMY HpH pelleHHH STHX 3aJay MOryT
HOJYYHTHCA OTBETHI, He COBNAJalOUlKe C [IPHBEACHHBLIMM, HO CBOAfLLHECH
K HUM € noMomeio 3amentl f=at;-}+b npy ao6ux a u b,
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y'+my=0, rae m=const >0 Ckoabko Hynell Moxer co-
nepxaTbCs Ha OTpeske a < X < b?

B 3agauax 667—670, Hcnoapays pesynnTart npeAHAylueft
sagaun M Teopemy cpashenns (cM. (1], ra. VI, § 2, n. 3),
OLEHHTb CBEPXYy M CHH3Y pacCTOAHME MEXAY ABYMs COCENHHMH
HyasaM# mo6oro (He TOWAECTBEHHO pPaBHOrO HYMIO) pelIeHHs
C/eayIOlHX ypaBHewHHl Ha 3aZaHHOM OTpe3ke.

667. y" +2xy=0, 20<Cx < 45.

668. xy"4+-y=0, 25 <<x<100.

669. y*—2xy 4 (x4-1)2y=0, 4<<x < 19.

670. y" —2¢%y’ 4-e>*y=0, 2L x<6.

671%, Ouennth cBepxy M CHuH3y KoauuecTBo nyneft mob6oro
(e Hyneporo) pemenus ypastenns y" -+ xy=0 Ha oTpe3ke
—25 < x <L 25.

672. flyctb Xy, X,, ..—pacnojoxeRHHe B MOpPARKE BO3-
pacTaHHs MOCNENOBaTENbHHE HY/NH pewenns ypasHenus y” -+
+4g(x)y=0, rre ¢(x) > 0; npu x; < x < oo pyuxuus g (x)
HenpepuBHA H Bo3pacTaeT. JIOKasaTh, 4T0 X, 1 —X,, < Xpy—X,_y
(T e. paccrossnve Mexay COCeNHMMH HyasMHu yGHBaer).

673. B npenunyuie#t 3anave o603HaYHM yepes ¢ KOHEUHH
unn Geckoneunnfl npexen c¢ynxuun ¢g(x) npn x — oo. Hoka-

3aTh, 4TO
T

m (X, 4 —X,) =—==.
n—>® n+l ” V [

674%, Ilycts dynxunn y(x) n z(x) yZOBJIeTBOPHIOT YpaB-
HeHnsM " 4-¢q(x)y=0 u 2"4Q(x)2=0, nONCKUTEAbHH
COOTBETCTBEHHO HA MPOMEWYTKax (x;, X,) M (xy, X; ) ¥ Ha nx
Konuax obpaualores B Hyab, nycts Q(x) > g (x) > 0. IHoxa-
3ath, uro ecmt 2 (x)=y (x,), TO 2(x)<y(x) npu
X <X X3

675*, [lyctb Bhnonnenn ycmosua 3amaun 672 n nycTs

b,= max |y(x)]

€ X Xnty

Hokasatb, uto by > b0, > by > ...
676*, Ilycto B 3amaye 673 npexen ¢ koHeunntt, Joxasars,
Y10 b,— B >0 npn n— oo (B oGosHauenuax 3amauu 675).

677. 3amenoft ne3aBuCHMOro nepemensoro #=q(x) npu-
d2 d? d
BECTH ypaBHeHHe ﬁ%i(ﬂb(i)) =0 k BHAY E;%-i-b(f);r?i
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=+ y=0, 3ateM u3abasurtecg oT nepsoit npoussonHoli 3amexofi
y=a(f)ul).

678%, Ilycts |f(t)|<7f+—a» rae o > 0. [Jokasarh, 4TO

ypasuenne " (1 +f(f))u=0 nmeer mBa Takux peuienusd,
4yTo mpH ¢ —-}-oco

ul(t)=cost+0(%) , uz(t)=smt—}—0(%) .

Yxasanue Tlepemects f(f)u B mnpaByi d9acth, 06O3HAUKTH
uepes F (f) ¥ NpUMEHHT, Merofl BapHAILMH NOCTOIHHHX B noJayuaio-
lueMcst HHTErpaje IOJNOXHTL OZHH H3 IpelesioB paBHbHM -+ oo Ilpu-

MEHUTb METOA TNOcCJheloBaTenbHHX npuOamKeHuii, B3sgB 3a HYyJesoe
npubKenne u=cos{ (uau sin f)

679%. Ilycts |f(t)|<7£7. Jokazats, 4YTO ypaBHeHHe

u'—(1—f(¢))u=0 numeer aBa TakNX pelICHid, YTO [pH
t— o

udt):e’(l—{-O(%)), uz(t)=e"‘(l+0(%>).

B sazavax 680—688 uccaenoBaTh acHMITOTHYECKOE MOBE-
JeHHe NPH X — - 00 pelieHHH JaHKHHX ypaBHEHHH, NOAB3ysCh
npeobpasoBanueM JluyBnans ®) n yTBepwcaennaMy, copuympo-
BaHHHMH B 3aladax 678 n 679.

680. y"+x%y=0. 681, y" +e2¥y=0.

682. xy"—y=10 683. y'—xy=0

684, xy"+2y'+y=0

685, y'—2(x—1)y’ +x%y=0

686%, y" - (x*+1)y=0. 687% (x2+1)y"—y=0.
688%, x%" - yln?x=0.

1) 310 npeobpasoBaHue Ha3blBaeTcs npeopasosaHieM JIHyBuad.
Bo mHorux cayuasx oso mo3sossieT MpHBeCTH ypasHeHHe y” -F¢ (x) y=0
K YPaBHEHHIO aHaJIOrHYHOrO BHXA, HO C «IIOYTH IOCTOSHHEIM» (Caato
MeHsIOIHMCA Ha HHTepsage (f,, «)) Kosdbuunedtou npu y 310 06-
JieryaerT HCC/AEXOBAHHE acHMITOTUYECKOTO MOBEJeHHS  pelleHHA npu
X — 00

2) CM npHMeyanue K sagaue 677.
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B 3agavax 689—690 nonyunrh Gonee TOYHOE aCHMNTOTH-
yecKkoe npejacTaBienHe peumennfl JAHHHX ypaBHexul, npuMeHss
IBsa pasa npeoGpasoBanne Jlmysmans.

689, y" —4x%y=0. 690. xy"+y=0.

§ 13. PEMIEHHE YPABHEHHHA C MOMOILIO PSAJIOB

1. Ecan Qynkuus f(x,y) BoKpecTHOCTH ToukR (¥,, y,) aHaUTH-
4ecKas, T € pasfaraerck B PAX MO CTeNeHAM (X—x,) H (¥ —Uo),
TO peieHHe ypaBueHus y' =f (x, y) ¢ HavaNBLHEIM yCJoBHEM ¥ (Xo) =Y,
TOXKE ABJAeTCs] aHaJuTHIecKod ¢yHROuedl, T. € pasjaraercsa B CTelleH-
HOR PAX B OKPECTHOCTH TOUKH Xo (cM [2], § 18 u [1}, ron. I, § 1, 1. 6)
AnanorugHoe  yTBepKJIeHHe CNpPaBelMHBO A  yDaBHEHHS] Y=
=f(x, ¥ ¥ . y'#=V) ¢ HauaNLHEIMH YCJIOBHAMH Y (Xo)=1Y,,
¥ (%) =Ypr - y‘"'” (xo)=yén—l).

ITpumep Hafitu B BHIe paAZa peleHue YypasHeHuns Y =
=xy?—y’ ¢ HauaAbHHMU ycaoBuaME ¥ (0)=2, y’ (0)=1.

HmeM pewenne B Bufe psia

y=aytaxtaxt4... =245+ ax2Fapx34-..., (m
TaK KaK H3 HadYaJbHHX YCJOBHH CJjefyer, 4910 ay=2, a,=1 [Ilox-
crapass pgx B MuddepeHunanpHoe ypaBHEHHe, MOJyYHM
2a,-}6azx4-12a4x2 ... =
=x2+x4ax3 4 ..)2—1—2a,x—3aax2— ..
IpexcraBnnia  npasyio 9acTb B BHEE CTENEHHOro PAfAa H NMPHPaBHHBas

KoadduIHeHTH NPH ONHHAKOBHIX CTEMEHAX X B OOEHX YaCTAX ypaBHe-
uud, nomymmM 2a,=—1, 6ay3=4—2a,, 12a;=4—3a,, ... 102
5

HafileM a;= -3 G=g, =g, - - CnenosareasHo,

y=2+x—%-x’+%x’+—;-x‘+ cos
2. IIna ypasHenus -
Po (£) ¥4 py (x) Y=Vt .. 4P, (x) y=0, @

y KOTOpOro po (%) =0, T. e Kospdunuent npm crapmefi mpousBox-
Holi ofpamaercs B HyJb B TOUKe X,, peuleHUi B BHIAe CTeneHHOro
psila MOXeT He CymlecTBOBaTe B 9TOM Cayuae MOTyT CYMIECTBOBaTbH
pewelia B BuMie OGOOMIEHHHX CTEeNeHHHX PAJOB

ay (X —xo)" +-ay (x—xo)" +1{-ap (x=—x0)"+2+4-..., 6)]

rie 9Hcao r He obasatenbHo mence (e [1), ra. VI, § 2, n. 2). Uro6u
ux Hafitu, Hamo mnoxcraBuTh paAA (3) B ypaBRenwe (2) M, NpUpPaBHAB
ko3(HIMEeATH NpPH HaHMeHbWIefi CcTenmeHW (rx—x,), HafATH BO3IMOXK-
HBle 3HaYeHH MOKa3aTeds r, a 3aTeM JVIS KaXKAOTO W3 STHX 3HAYEHHA r
onpeneauTh Ko3ppuUHEHTH 4y,

43



B kaxnoit u3 samay 691—697 wmaliTn B BHIE CTENEHHOrO
pala pelleHHe, YHOBIETBOPSIOLIEE IaHHWM HAYajbHBIM yCJO-
BHAM. BHYHCIHTH HeCKo/bko MepBHX K03GEHIHMEHTOB psfa (Xo
kosdduunenta npu x* BKAIOUNTENBHO)

691. y'=y*—x, y(0)=1. 692. y'=x+-;—; y(0)=1

693. y'=y-+xe’; y(0)=0

694. y’ =2x 4 cosy; y(0)=0.

695. y' =x*4y3 y(1)=1

696. y"=xy'—y% y(0)=1, y' (0)=2

697. y'=y'24-xy; y(0)=4, y' (0)=—2

698*. MMoctpous Mawopupylouee ypasuenue (cM [2], § 18),
OLIEHHTh CHH3Y pPaluyc CXOAHMOCTH CTENEHHOTO psila, MPeaCTaB-
NFIOMIEro pelieHHe ypaBHenus Y’ = y%-—x C HaYaJbHHM yCIO-
BHeM ¥ (0)=1.

699%, OuennThb, ¢ Kakofl TOYHOCTBHIO MOKHO MOJYYHTH_OPH_

|%}<0,2 pemenne ypaBuenns y'=e’—x%y ¢ HayaAbHHM
ycaosruem y (0)==0, ecan B CTeNMeHHOM psne, NMPEACTABJAIOLIEM
pelienne, B3ATH TONABKO 4eTHpe WiaeHa (X0 a,x? BKIOYHTENbHO)

B sanayax 700—709 HaliTh nuHelfiHO He3aBHCHMHeE pelue-
HUf K&XIOrO W3 JAHHBIX ypaBHeHnii B BHIE CTENEHHWX pfI0B.
B rex cayvasx, korma sTO JIerko CAenathb, CYMMY ITOJIy4EHHOTO
paaa BHPa3HTh C MOMOLIBI0 3JeMEHTapHHX QyHkuuil

700. y"—x%y =0 701. y"—xy'—2y=0.

702. (1—x%)y"—4xy’'—2y=0,

708. (x2+-1)y"+5xy’ +3y=0

704, (1—x)y"—2y'+y=0.

705, (x®*—x-+1)y"+(4x—2)y'+2y=0

706. y"—xy' +xy=0 707, y"-+ysinx=0

708, xy"+yln(l—x)=0.

709, y'"' —xy" - (x—2)y +y=0

B samavax 710—716 naliTh Te pelleHHs JaHHHX ypaBHe-

nufl, KOTOpBEIE BHPAKAIOTCH CTEMEHHBIMH (HAH O6OGLIEHHKIMIT
CTENeHHbHMH) psaaMH

710, xy"+2y' +xy=0

711, 2x%" +(3x—2x3)y' —(x+1)y=0
712, 9x%)" —(x2—2)y=0

713, x%y"—x%' + (x—2)y=0.
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714. x%° 4-2xy' —(x® +2x+2) y=0.

715. xy"—xy' —y=0. 718. xy"+y' —~xy=0.

717. Haittn ¢ Tounoctbio A0 O(x5) npu x — O pemenne
ypasuenns xy” 4y’ —xy=0, JIHHERHO He3aBHCHMOe ¢ peite-
HHeM, yKa3aHHHM B OTBeTe 3ajayu 716.

B saaayax 718—720 ykasaTh, MMEIOT /M JaHHHE ypaBHe-
HYA pelieHHe B BHAE CTeNeHHOro paza (Wi 0GoGILIEeHHOro
CTeneHHoro pana)

718. %" 4-xy' —(x-42)y=0.

719. " +xy' +{1—x)y=0

720. %' 4+ (x—1)y=—1.

B 3anauax 721—722 HafiTH B BHIE TPHrOHOMETPHYECKHX
panos (cu. [1], ra. VI, § 1, n. 3) nephHoxuueckue pelueHHs
JaHHbLIX ypaBHeHHH,

721. y"+y' +y=|sinx|.

s ’ 2
e G =

Ykasauue Paznoxesne B pan {Pypse npasofi wacTi ypasHe-
@«
HAs 722 umMeeT BHA ), 27" sin nx.

n=1

B zamauax 728—725 uatitn 2 —3 uiena pas3noxennsal) pe-
IieHHs B PAX MO CTeMeHAM napameTpa W.

723. y'=4p(x+1)—y% y(0)=1.
724. y'=—§——5p,x; y(H=2.
725. xy' =px?+1ny; y(1)=1.

§ 14. JJUHEAHBIE CHCTEMEI
C MOCTOSAHHBIMH KO3¢PHUHEHTAMH

Jlunefinpie cHCTeMBl ypaBHeHHRA c NOCTOSHHBEIMH Ko3(dnuuenTamu
MOXHO pelHTh HJH NYTeM HCKJAIOYeHHS HEH3BECTHHIX HJIH C TOMOILbIO
XapaKTepHCTHYECKOTO yPaBHEHHS B BHie JferepMAHaHTa (cM  [1],
ra VII, §2, n 4; [3], § L1, 14). [lpn pemennn HeoNHOPOAHOM CHCTEMH

1) Bo3aMOXHOCTb PA3JIOXKEHHS pellleHRs B PAR BHAA
y="4o () +pp () +p*ye (D +...

BHITEKAaeT H3 TeOpPeMEl 06 aHAJUTHUECKOH 3aBHCHMOCTH DeIIEHHS OT
napaMerpa ([4], r1 I, § 6, cTp. 51)
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ypaBHeHHH BTOPHIM H3 YKa3aHHHIX CMOCOGOB YaCTHOE pelleHHe MOXHO
HCKaTb MeTOROM BapHauuy moctosudux (cMm {1), ra VI, § 2, n 3, [3),
§ 17), a B ToM cayuae, KOTAA NpaBad HacTb CHCTeMBI HMEET CHelHabs
HHiI BHA (MHOrOYJeHH OT X, MOKasaTe/bHele GYHKUHH, CHHYCH H
KOCHHYCHl, MJAH CYMMBI W NpOH3BefeHMS 3THX QyHkuuil), uacrHoe peue-
HHE MOXHO WNCKaTbh TaKkKe MeTOAOM HeonpeleneHHHX K03bDHULHEHTOB,
HCXONs W3 BHIA npaboil gacTH cuctemu (em [2], § 49, [3], § 12)

B 3agzayax 726-—752 pewmnTs Januule CHCTEMH ypaBHeHHH

H T I; ana obnervyenus pabOTH B HEKOTO-

X o3nauaer dx
at’

PHX 33]aYaX yKasaHul KODHH XapaKTepHCTHYECKOro ypasueuug) .

726 { ¥=25+, 727. { K==
y=23x4y. y=y—4dx.

728 { Fa—8y=0 729. { X=X+,
y—x—y=0. y=3y—2

730 { x=x—3y, 731 { x+x458y=20
y=3x4y. y—x—y=0

732, { x=2%+y, 733. { x=3x=y,
y=dy—x y=dx—y

734 { x=2y—3x, 735 { x—5x—3y=0,

’ y=y—2x. ) y+3x+y=0

x=x-+z—y, X=x—2y—2z,

736. j;.-:.-x—}—y—z, 737. y=y—x+2z,
z=2x—y Z=x—2

=1, hy=2, dg=—1). Ay=0, Ay =2, Ag=—1).

x=2%—y+}z, x=3x—y-z
738. { y=x+2y—2, 789, { y=x-+ty-+z,
'z=x—y—|—2z }:--}x——y+4z
(A],:l) 7"2=29 7‘3=3)° ("’]:17 7"2=2’ }"3::5)'
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(g—=% ‘z=%=1)

p—xg=2
.um|@|xm.llm

(1—=% =% ‘¢e=M)
zg+Ag—xg=2

"LvL ‘2g+Ag—x=4 } -gpL
.N.Iaml.xmﬂum ‘2g—xg—A=x
(=%=% ‘0=") (e=5=% ‘="
a+x|umﬂm. g+ M—x=2

‘zg—Ag—xg=4 } -gpL Z—fgt+x=4 p “pyL
.Nl.a.lamnum ‘2—A—xp =%
GF="C"% =" (Fe=8"" ‘g="y)
z—xg—K=2 ¥—2g+Ag=2

‘2g+x=6 » -gpL ‘z—Agt+x=4 3 gpL
M—2zgt+xg=x ‘+xg=x
.:Nu_uﬁnﬂn.u& .—”.—&V .:I"m&. .N"m& .—"r«v
z+xg=2 2g+Ag—x9=2
.Al_lunnx.ﬂ at74 .R+N"~ﬁ ‘OFL
‘2—f—x=x

‘xg—z2g5— A% =X



Ly

(=f=%=")
f+x—zg=2

‘2g—A—xg=4£ ¢ ‘(oL
‘2—f—xg=x

(1—=%y="% ‘1="N)
72— L xg=2
Ct+xp=4 } 6L
‘x—2g—f=x

G="r="r=")
Z2tx=2z
‘2—A+xg=4
&l§¢ﬂw

(g=% ‘o=%="N)
an&.”n..‘
‘2p+-Mz=4(
%+émﬂw

(=% ‘1=y="1)
A—zg=z2
‘2—At+x=4(
&+a|x"w

‘6SL

0SL

8YL



B 3anmayax 753—765
K HOPMa/NbHOMY BHAY

PEIUUTh CHCTEMH,

-

He mnpHBeleHHHe

753. { x=2x—3, 754. { x=3x+4y,
y=x—2. y=—x—y.
9 x=3x —y—2z2,
755. { T ”'2 766. | y—— x4 3y—z,
y=— z=—x—y+3z
757. { Ze—dy=dy—x, g5 { x+x+y—2=0,
3x—4y=2x—y. x—y+x=0.
759. { x—2+y+x—3y=0,
4y—2x—x—25+5y=0.
760. { F—xt2—=0 o { *—2 +2x=0,
X—x+y+y=0 3x+y—8y =20,
762. { *+3y—x=0, 63. { *+5x+2y +y=0,
x+3y—2y=0. 3x4-5x 4y 43y =0.
764. { x+4x-—-2x—2y-—y 0,
x—4x—-y+2y+2y 0.
765. { 26425+ 18 +9+y =0,
X+4x—x+3y+42y—y=0

B 3anauax 766-—785 pewntb anHefine weoaHOpOAHHE
CHCTEMUL,

o . ”
766. { x=y+2, 767. { ¥=y—Scost,
y=x-+ y=2x+4y.
X = 33 v = ~2t
768. { x=3x+y+4et, e { ¥=3x—dyte™,
y=x-+2. y=x—2y—3e”2,

x=4x+y—e,

770. { .

y=y-~2x.
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771, { .

y=3y - 2x.



e ot f .
772, | ¥ A,y [ x=xtytide,
y=x+y+5e-t y=3x—y.

74, FEEEY, 775, { T
y=x—5sint, y=x—3y+3e¢t.

776,

x=2x—3y,
y=23x-+6y y=x—2y+2smnt
780, § F=2¢+3y+5, 781, { *=2—,
y=38x-2y | 8et. y=x-+2et
X = 4x — 3y + sin ¢, x=2x-+y 2,

y=2x—y—2cost. y=x+2y—3e%,
X =2x—y,

785.
y=2y—x—>5e! sint.

{ {
{ {
{; {
e { X=EAH=E gy, {
{ {
{ {
| |

B 3amauax 786—790 nmanume cuctemm PEIHTh METOJOM
BapHAallNH TOCTOSHHHIX,

y=—x+ttgt '

_ Y X=2y—x,
786. { T=yigi—1, 787. ot
y=4y-—3x+z§t~_ﬁ.

3

x=-—-4x—2y+e—,i—l,
788
y=6x+3y—;_—_-f.

y=2x—y. y=2x—y+15¢!)/3.
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§ 15 YCTOHYHUBOCTb [0 JIAHYHOBY 1)

791. Ucxons n2 onpegenenns ycrohumeoctn no Jlsmynosy,

t
BHSICHHTb, YCTOHYHBO JiH pelleHHe  ypaBHEHHS %’;‘:—- t—x
¢ HavanapHueM ycnoBHeM x (0)=1

792, Tor e BOHIPOC N/ pelleHHs CHCTeMbl ypaBHeHiil

dx dy
a—t‘=4y, _—r== —X

¢ #ayaabuuMn ycrosuamu x(0)=0, y (0)=0

B samayax 793—796 c¢ nosmombio Teopems JlanysoBa o6
YCTOHYHBOCTH 10 MEPBOMY NPHOAIKERIIO HCCAGZOBATL HA YCTOM-
YHBOCTbL HyJeBOe pellleHe X (£)==0, y(f)=0 nadnux cucrev.

PR > R — 52 2
793. {’“‘2")’ £t 794, { BTyt =2,

y=>5x4y34-2x—3y. y=3x*—x+3y

— pxtly - -3x

795. { x=e*T¥ —cos3x, 295, {x 1n(4y+§ ),
y=V4F8r—2¢ y=2y—1+3/ 1—bx

B 3azauax 797—800 mns naunnix cucteM HalTH U0J0KEHHH
P4BHOBECHH H HCCAEAOBATH HX Ha yCTOHYHBOCTD

O e (x — —_
797. { r=y—=r—=4% 798. { *=F—hHi—1,
y=3x—x2—y y=xy—2
e s a -
799. { ¥=5—xt—y% 800. { =
y=1+4+y*—x. y=sin(x-y)
801. Hccnenosath, ycTOHYMBO /M peluenne x==f, y=— ¢
CHCTEMH

{ x=In(1 4+2f—2x)+F3y--32+1,
y=x*—2x—2x—y

1) C ocHoBaM# TeopHH ycroifunsoctH no JlanyHoBy MOKHO O3Ha-
KOMHTBCA T0 yueGnukam ([I], ra VII, § 6, (3], § 26 wum (4], ra IV,
§1, § 4 Droro zocratoyHo Xas pewedns 3anad 791—805 O npuve-
HeHHH GyHKRHH Jlgnysopa JAAsl MCCefOBaHHA YCTOfYMBOCTH (3ajaun
806—810) cv [3], § 26 uau (4], ra IV, § 3.
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802. BuACHHTB, UBNSAETCS JIH HyJeBOE pellleHHe HEeKOTOpoi
cHCcTeMbl ypaBHeHult ycrofiiMBniM no JlanyHOBY, €C/IH H3BECTHO,
yTo ofllee pelieHHe STOM CHCTEMH HMMeeT BHI

Gl y=(ar+C)e

=5

803. Tpaexktopud  CUCTEMH  ypaBHeHHH j—’:=P(x, ),

Z—?=Q(x, y), rae &ywkumn P, P, P, Q, Q, Q, uenpe-
PHBHH, H306paxceHnl Ha ¢a3osolt maockoetn (puc. 1). Uro moxno
cKasaTh O moBexennu pewenud npu ¢ — -+ oo? $lBnsgerca nu
HYJIEBOE pelieHHEe acHMNTOTH- ’
yeckn ycToftuusuM? fsnserca 4
An oHo yctroHumBuM no Jlg-
nyHoBYy?

804. Hoxasats, 4TO Aaaf
ycroflunsoctn no Jlanysosy

HYJEBOTO pelleHHs ypaBHEHHSA
dx

a=a(t)x (rze ¢ynkuna z
a (f) HenpepuBHa) Heo6xo- -
IUMO H ZOCTATOYHO, 4TOOH e

t
i §a(s)ds<-l—oo.

tr+

Puc. 1.

805%. JloxasaTp, 4TO eC/H Kakoe-HHOYAb OAHO PelleHHEe JH-
Hefinolt cncteMs anddepenunanpunx  ypaeheunft ycToftunso no
JIAnyHOBY, TO YCTOHYHBH BCE pellleHH 9Toff CHCTEMSI.

B sanauax 806—810 wmccnenosath ¢ moMomplo  yHKUHR
JlanyHoBa yCTOMYHBOCTDL HyJNEBOTO PpEIIGHHA HAHHBWIX CHCTEM.

806, {‘3‘""‘3—}” 807. { ¥=y—x oy,
y=x+y0. y=x—y—x2—yd,
3c=2y3-x5, 809. f x=y—3x —x3,
y=—x—y>+ys y=06x—2y.
810%. { x=—f,(x)=f2 (y),
}’=fa(x)—f4()’),
roe sgnf, (z)=sgnz, 1=1, 2, 8, 4.

808. {
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§ 16. OCOBBIE TOYKH

1 Oco6o#i TouKOll CHLTEMB!

dx d
F=PEy. F=Qwp )
UAH ypasHeHHA
dy_Q(x 9) o
dx P(x, y)’

rae ¢yukuun P n Q HenpephBHO Jud(epeHmMpyeMbl, Ha3bIBaeTCS
Tanag Touka, B Kotopoit P(x, y)=0, Q(x, y)=0.

%)

==
() (@) (@)
Puc 2

2 [ns uccaepoBadus ocoGoil TOYKH CHCTEMbL

dx dy _
a—t-_ax—{—by, dl—cx—l—dy 3)
W4 ypasHeHHA
g_y_=cx+dy )
dx ax--by
Halo HafiTH KOPHH XaPAKTEPHCTHYECKOTO yDaBHeHHA
a—A b
e d—2A =0 ®)

Ecau nopui pewecTseniLe, pasdiyinie H OJHOro 3Haka, TO ocoGan
TouKa—y3ed (puc 2, @), ecaH pasHbIX 3HAKOB—celao (puc 2, 6), ecn
KOPHH KOMIMJIEKCHBle C BellecTBeHHOl 4acTblo, OTAHYHON OT Hyas, TO
ocofas  Toyka—dqQoKkyc (puHc 2,6), echii YHCTO  MHHMblE, —EHTD
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{puc 2, &), ecan KOpHH paBHME H HeHyJemne (T e A=A, #0), 10
0co6ast TOUKAa MOXKeT OHTH BHPOMKIEHHHM y3JoM (pHc. 2, J) mam auxpu-
THUeCKEM Yy3JoM (puc. 2, e), NpHYEM JHKPHTHYECKHA y3eld HMeer

MECTO TOJBKO B CJydYae CHCTEMHB —— =ax; a‘;—’=ay HJIE ypaBHEHUA

dt
%=—£—), a BO BCeX OCTaJbHHX CJAyYaAx npH MAy==A,7#0 ocoGan

TOUKA SBAAETCSA BHPOKICHHHM Y3J0M

Ecmu xe ofue #au o6a KopHs ypaBHemus (5) paBHH HyJIO, TO
a b
‘c d d
COKpamaeTca Y paBHeHWe TPHHHMMaeT BHA a—-z=k, H pemleHHA Ha nJo-

=0 n, chenopaTensHo, nApoSb B npaBoll wuacTE ypaBHennsa (4)

CKOCTH (x, Yy) H306paxcalorcss napajesIbHLIMH NPSMBIMH.

Y1060 HauepTHTh HHTErpajibHbHE KpHBLIE Ha IIJIOCKOCTH B caydae
y3na, ceiijla H BLHIPOKACHHOTO y3Ja, Haao0 NpeXxae Bcero HafiTH Te pe-
WIeHUA, KOTOpHle H306pakaloTcd NPAMHMH, TPOXONAMHMH uYepes oco-
6y0 T09Ky (cM HHXe mnpumep 1) cayyae ocoGoit T09KH THNA QoKyc
HEOGXOAHMO ONpEene/INTL HanpaBJeHHe 3aKPYUMBAHHA HHTErPAJIbHLIX
KpHBHIX (CM. HHXe npHmep 2)

Mpumep 1. Hecnenosam ocofyio TOYKy ypaBHeHHS

dy_ x-+y
= ox ©

Cocrasnsiem 1 pemaem xapax'repnc'mt_xecxoe ypaBHenue
l2_1_k 1—0l|=0; Q- (1—=2)=0; =1, A,=2

KopHy BemecTeHHbie, pasjinunHe H oOfHOro 3Haka ClefoBaTensHO,
ocofast TOYKa—y3en (TOro xe THma, 4to Ha puc 2,a) Yro6u maiitn
npsivble, NpPOXOJAMMe depe3 OcoGyi0 TOuUKy, TOACTaBAfeM y=—Fkx
B ypasteHue (6) Iloayunm

R el gk k=1

k=2x,

Tak KaK moayuwjach ORHAa NpsmafA, y=x, a NPH BelleCTBEHAHX pa3-
JUYHHX KOPHAX MX NOMKHO ObiTh JiBe, TO, CHEOBaTeNLHO, BTOpasA No-
TepaHa. Kora Mul (MCKanu npsMble, IPOXOXdiNHe yepes HAwaJ0 KOOP-
IMHAT, B BHAe y=FkX, TO MH MOTJIH NOTEPATH TOJIbKO NpsMYI0 x=0,

3anucan ypasnerne (6) B BHIE d—x=-—.. WM Tepefina OT ypaBHe-
dy x-y

nua (6) K cucreme (3), noayuum, uro x=0—pemenune MHrak, HcKo-
Mble mpsaMbe’ y=x ¥ x=0. YTo6H y3HaTh, KaKofl U3 HHX KacalOTCA
HHTETPAJIbHLE KPHBHE, NOCTPONM H3OKMMNK gy’ =0 (ypassuenwe sTOfl

x+y __
2

H3OKMMHH X-+4-y=0) ¥ y'=— 1| ypaBHenme 5TON H3OKJHHH

=—1, T. €. y=—3x). U3 nonyuenHoro ueprexka (puc. 3,a) Buamo,
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YTO HMHTerpajbHuie KPHBHE, NONABIIHE B YroJ MEXAY NPSIMEMH X=0
H y=-—3x, He MOrYT BHIiTH H3 Hero (DOTOMy HYTO B STOM yrje
y’ < 0), cnenoBaresbHO, OHH AOJDKHH KacaTbes npaMofi x =0, H y3sex
HMeeT BHR, H300paxkeHHWH Ha puc 3, 6

¥ y
2
x 7 z
@ - ) -
Puc 3
Mpumep 2. Hccnenosats ocofyio TOYKY ypasHeHusl
dy 4x—3y
dr~ x—2 M
HaxoauM KOpPHM XapaKTEpPHCTHYECKOTO ypaBHeHUS
1—2 -2
=0, A+244+5=0, A=w
A —3—1 0, A24+204-56=0, A 1+ 2
Oco6an Touka—d¢okyc Ilepexogum or ypasherua (7) x cucreMe
dx _ dy
d—t—x—Qy. H_4x—3y (8)

Crpoum B Touke (1,0) BexTOp CKOpPOCTH (% , Z—!:) B cuny (8) o pa-

ped (x—2y, 4x—3y) B mouke x=1, y=0 mnoaygaem BektOop (I,4)
(puc 4, a). CaexoBaTesbHO, BO3DAacTaHHIO ¢ COOTBETCTBYET ABHMKEHHE
N0 TPaeKTOPHAM MNpPOTHB dacoBoli cTpenxkn Tax Kak BellecTBEHHas
yacTb KopHell A paBHa —1< 0, To ocofas TOYKa ACHMMTOTHYECKH
ycTOHYHBa, clenoBaTeNbHO, NPH BO3pacTaHuu f PelWEHHst HeOrpaHH-
yeHHo nNpubAMKalTCA K ocobofi Touke HTak, NpH ABMIKEHHH MpPOTHB
YacOBOH CTpeJIKM HHTerpajibHele KpHBple NpPHOIMKAOICT K Hauany
KoopaHuHaTr (puc. 4, 6)

3. Ias wccnenosanus ocoBoft Touku Gonee ofuefl cucTemnl (1)
HJH yDaBHeHHR (2) Hajo MepeHeCTH HAyasio KOOPAUHAT B HCCJEAYeMYIO
0co0yl0 TOUKY H pas3sioKHTb OYHKUHH P K Q B OKPECTHOCTH 3TOR TOUKH

) ¢



no ¢opmyne Teiiropa, orpanuumsasce ujJeHaMmu nepeoro nopsaaxa. Toraa
cucrema (1) npuMer BUX

I ory by ro 0 9, Beritdn v 0 O

rie X;, Y —HOBHe KOOpPAHHATH (nocje mnepeHoca), 4, b, ¢, d—no-
croansue. IlpeanonoxuM, 9To ajas Hexotoporo & > 0

0o, P st o

rae r=7) x4y} Ouesmano, sto ycnoBMe BHMOnHAeTcA (TpPH JOGOM

e< 1), ecan ¢ysxknun P u Q B HccienyeMmoli Touxe ABAXKAH AHDbe-
pennupyeMH. IlpeanonoxnaM eme, 4TO BemeCTBEHHHE YACTH BCEX KOp-
Hefi XxapaxkrepucTHUeckoro YypasHenusa (5) orimunn or uyas. Toraa

Ay y

@) (@)

Puc 4

ocofag Touka Xy=0, y;=0 cucreMel (9) Oyner TOro xe THNa, uTo
ocofas_ Touka cucteMn (3), noayuaeMofi orGpachiBanueM OQyHKuui @
u 1P [anee, yriopele KO3QDHUIHEHTH HanpaB/eHHS, N0 KOTODHIM HHTe-
TpajbHHE KDHUBHE BXOAAT B ocoGY0 TOMKY, A cucTem (3) m (9)
ofHH H Te Xe (0ZAHAKO NpPAMBIM y==Fkx AJs cHcreMn (3) MoryT coor-
BETCTBOBATh KPHBHE ANA CHCTeMH! (U)), 8 B caydae (oKyca— HanpasJe-
HHe 3aKPYYHBAHHA HHTErpPajibHHIX KPUBHX OJHO H TO Xe. )

B ToM caywae, koria aas cHcTeMH (3) oco6as  Touka—IeHTp,
Ans cucremst (9) oHa Moxer Owith ¢oKycoM HAM ueHTpoM JHas Hanu-
qus Goxyca Heo0XOAMMO W JOCTaTOYHO, 4TOGHI HYJeBOe pelleHHe CH-
cTeMH (Y) OHJIO acHMNTOTHYECKH YCTOAYMBO npu ¢ —»--00 UM NPH
t — — . Hcenenopanne Ha YCTOAYHBOCTD MOMKHO IPOBECTH C MOMOMIBIO
¢yuknun Jignydosa Jaa Hanndug UEHTPA AOCTATOYHO (HO He Heo6Xo-
JMMO), 4TOGH HHTerpajbHEe KpuBble cucTeMnl (9) HMean och cHMMe-
TPHH, DPOXOAAILYI0 uepe3 Hceaenyemyio Touky Ocbh cummeTpun, oue-
BHJHO, CYIIECTBYET, €c/¥ YypaBHeHHe BHAA (2), X KOTODOMY MOXHO
npusecTd cucTeMy (9), He MeHSeTCH OT 3aMeHH X Ha —x (HJH Yy
Ha —y).
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B 3amauax 811—828 wuccnenosaths ocolHe TOYKH HamHCaH-
HHX HHKe ypapHesHli M cucteM., [laTh YepTexk pacnoNOKEHUA
HHTErpanbHHX KPHBHX HAa MIOCKOCTH (X, V)

’ 2x , —4
8il. y =§—_!*_L4-‘-’§-. 812. y' =z —L-.
813, y == 814, y =1L
816, y' =1L 816, y =21,
’, —2x , Ay—2x
817, y' =5 —3;. 818. y' ="
819, y' =L 820. y' ==L
T 821 [.!;':-——3)5' Q00 lx=x+2y!
. * Obkee
| y=2x+y. \ y=>5y—2x.
x=x-3y, X=X,
823. {y_____ bx5y. 524 {y=2x_y
Jé=-——2x——5y, {x=3x+}’.
825, § - 826.
{y=2x+2y y=y—x
x=3x—2y, X =y—2x,
821. {y=4y—6x. 828. {y=2y—4x.

B samayax 829—832 nafitk M HccaenoBaTh oOcobHe TOYKH

HauduX ypaBHeHHR u cHCTeM,

820. y' =%

831. {’9=2x_”'
y=x—3

830. y =2tV

x—2y—5"
832. {’-‘="+”""
y=x—y—3.

B 3azauyax 833-—842 nafith u HccAeROBaTb OCOOHE TOYKH
H 1aTh YEPTEX pACHONOWEHHA HHTErpalbHHX KPHBHX JAHHWX

ypaBrenuil.
y__bGx—y2 41
833. y b T ey &
r__ 4![2—X2
835. y —W .
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’ 2 —2
834, y' = 4:, =

Xy
836. y' ==~z



2 ’ 2
837. y'=ﬁ:l-- 838. y ==1_xzx_yz .
,___2x(x—y) ’__. 2xy
839. v —mz 849. y sy
rm P2 P X 2y—x45)
841. y = =N =9 842. y =68 "

Ona ypasrenuti 843—847 naTh yepTen pacnonowKeHus HHTE-
FPaNbHHX KPHBHX B OKPECTHOCTH Hayala KOODAMHAT.

Ykasanne B 3anauax 843—847 ocoue Toukw He MpHHARIEKAT
K pacCMOTpeHHHIM B Hauane § 16 Tumam JIna HX HCCIEROBAHHA MOXHO
TOCTPOHTL HECKOJIbKO M3OKNHH. 3aTeM Halo BHISICHATb, C KaKHX CTOPOH
fHTErpaJbHEE KPHBHE BXOLAT B 0COGYIO TOUKY.

Bagv. y' =47 Ba4s. y' =50
P _2xy p Xy

845%, y =y 846%. y =y
' y?

8478, y' = Lo

848, Hoka3aTb, 4TO ecan 0cobag TOYKAa ypasHeHns
(ax-+-by)dx 4 (mx+-ny)dy =10

ABAALTCA LEHTPOM, TO STO yPaBHEHHE AB/IACTCH YPaBHEHHEM B O~
Hux Aupdepenunanax. O6paTHoe HeBepHO
849%, JlokasaTb, 4TO ecnn ypaBHeHue mpeinayulefl 3asaun
He AB/ASETCHA YypaBHenHeM B HOAHNX AHddepeHnHanax, HO HMeeT
HHTETpUpYyIOminfi MHOXNTENb, HenpepHBHHE B OKPeCTHOCTN
Hayana KOOpPAMHAT, TO OcoGas Touka—cenno (ecan ans£bm).
850%. Ilycts B ypaBneHu:

r__ax-4-by4-p (s, y)
= Ty ) (

dbyukunn p 1 g onpelenesHs H HenpepusHo auddepenuupyemu
B Hexotopofl oxpecTHOocTH Touku (0, 0), a 8 camoit Touke (0, 0)

P=pP,=p,=q=¢q,=q,=0.

HokasaTth, 4To €cau ypaBHenwue (1) ne MenseTcs OT 3aMeHH Y
Ha —y, 4 KOPHH XapaKTepHCTHYECKOro ypaBHEHHA

c—A- d
a b—>

YHCTO MHHMH, TO ocoGas Touka (0, 0)—ueHntp.
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§ 17. 3AJJAYY H3 TEOPHU KOJIEBAHHUMN

1. Iloutu Bce 8agaun ¢ ¢H3HYeCKHM CORepKaHHEM, NOMEIeHHEe
B 9TOM Maparpade, CBOASTCA K JHHefiHHIM yDaBHEHHSM HJH CHCTEMaM
¢ nocTosiHHLEIME KoadduunentaMu B Tex sanasax, rae auddepenunans-
HEle ypaBHEHHSl He PellaloTcsl H3BECTHHMH H3 NpefLAYLHX Daparpa-
¢os MeronaMu, TpeGyeTcs JHlb LaTh YepTexk TpaekTopuil Ha ¢a3oBoit
MJIOCKOCTH HAH HCCJEA0BATh YCTOHYHBOCTL pelleHns

2 Hng pemenns 3anay 862—868 u 873 MoxkHO mosb3oBaTbCsl CJe-
AYIOUHMHI 32KOHAMH TeOPUH 3JEKTPHYECKHX lleneil.

Jas Kaxkpaoro ysaa uemd CyMMa BceX HNPHTEKAlOWHX TOKOB paBHA
CyMMe BHITEKAIOIHX TOKOB

AnreGpauveckasi CyMMa HANpsXKeHHH HCTOYHHKOB ToKa, Ccojep-
Kamuxcs B JoGoM 3aMKHYTOM KOHType LeNH, paBHA aJjreGpandecKoit
cyMMe NafieHHH HanpsxeHMAi Ha BceX OCTalbHHX y4acTKax 3TOro
KOHTYpa

Tlanenne wampsieHHs Ha conpoTuBieHMH R paBHO RI; naiesue

HanpsxeHuss Ha casmounaykumn L pasuo Ld-—t, najieHHe HanpsKeHHs

. ___Ha KoHjieHcaTope eMKocTW C paBHO Ci , Tie g=q (t) 3apsa KoHaeHcaToOpa

B MOMEHT #, npHa 3ToM ‘;—3:1, BO Bcex Tpex cayvasax [==[(t)—cuna
TOKa, NPOTEKAIOMIEro Yepe3 paccMaTpHBaeMbli yYacTOK UenH B JaHHHI
moMeHT f. B amux ¢opmynax I Buparkaerca B ammepax, R—B omax,
L—3B renpn, g—B KyJdoHax, C—B ¢apanax, {—B CeKyHaax, Hanps-
XeHHe—B BOJBTaX.

[Tpumep Ilochefosatesibuo BKJ/IOYEHH HCTOYLHK TOKA, Hanps-
JeHne KOTODOro Medsiercsi no 3akoHy E=V sinwf, conporusiesue R
i emxocth €. HafiTh cusy Toxa B Lenu NpH ycraHOBHBUIEMCS pexiime 1)

Pemenue Cuna torka /=7 (f) na moGoM yqacTke uenu oAHa

H Ta ke (110 3aKOHY © nocaeiosatennioM coexnHenun) Ilageune ma-
q

NpsXXeHHA Ha CONPOTHBJAEHHH paBHo R/, a Ha eMKocTH o Caego-

BaTeJIbHO,
RI +Ci=V sin of.

Juddeperupys H NOAL3YACh TeM, YTO %:l, NI0Jly4H\ ypaBHeHHE

[y

dl 1

R =+ ==V ocos ot 1
Sro—JauHedHoe ypabHeHHe ¢ NOCTOAHHHMH KOapduunentamu (cy § 11).
Jns oTbHICKAHHS YCTaHOBHBINErOCH PpeXHMa HafileM nepHoauyecKoe

1) YCTauoDHBIIHMCS peXHMOM 1123LIBaeTCA TaKofi, NPH  KOTOpoM
€HNA TOKa HOCTOSHHA WJIH MEHHETCH NepHOJHYECKH.

58



peiienye 3TOr0 YpaBHEHHUSA. Hcxoxns us Buia npanoﬁ YacTH ypaBHeHHA,
HUIeM pemeHHe B BHIE

I = A, cos ot + B, sin ot )

Toncrasnas (2) s (1) w npupasruBag Koy(ppAMHEHTH NMPH NMOROGHEIX
9jleHax, MOJYYHM CHCTeMy JIBYX YpaBHeRWi, H3 KOTOpPoi MOXHO
Hafita A, ¥ B;. Ho B 9neKTpoTexHnke BaKHee 3HaTh He Kos¢dwu-
uMeHTH A; 4 B;, a amnnuTyAY H3mewemws cuau Toxa. Ilostomy smipa-
WeHne (2) nepenHCHBAOT B BHAS

I=Asin(ot—g¢) 6))
Mogcrasnaa (3) B (1), nepexofss K TPHIOHOMETPHYECKHM OyHKIHAM
yrnoe «f W @, npupasuuBas kosbduuuenTH cHawana npH s f,
a 3aTeM Nnpu cos Of, NOAYIHM

RAw sm(p—l—-gcos ¢=0, RAwcos (p—% singp=Vo,

Orciona Hafjem

1 v
teo=—nce’ 4=

1
R+ oy

MosicHuM, mnodeMy HafijileHHOe NepHOAMYECKOe pelleHHe Ha3kiBaeTcs
ycrapoBuBitAMca  pexumoM. OGmee pewenne ypassenus (1) pasno
cymme HRafileHHOr0 9acTHOTO pemleHun (3) u OOUiero pewieHus JAunedi-
HOr0 ORHOPONHOTO YpaBHEHHS

dal | 1
Rg+¢=0 @
¢

Nem
Tax xak peuieHue ypaBaenus (4) J=Ke \RC (szece K —npowussoans-
Hasg NOCTOSHHASA) CTPpeMuTcsA K Hynaa npu £ -4, 10 Aw6oe peue-
Hue ypaBHewus (1) npu ¢ —-}-co HeorpaHHueRHO NpHOJHKAETCH (H
TIPNTOM BecbMa GHCTPO) K HaRJeHHOMY mNepHORHUeCKOMY pellleHHto (3).
3. O nouartuax ¢as3oBoro mnpocrpaHcrea M ($a3oBo@l MJIOCKOCTH
em [l), e VIL § 1, n. 4 umn 3], § 15.
4 [TIlpepenbHrM InUKAOM HasHBaercss 3aMKHYTas TPaeKTOpHS,
YV KOTOPOA CyIecTBYeT OKPECTHOCTb, LEJHKOM 3aNoJIHEHHAA TPAaeKTo-
PHAMH, HEOTPARHUEHHO NPHOMMKAIIIHMECA K 5Tofi 3aMKHYTOR TpaeKTo-
pHH NPH £ >0 HIH NPH ¢{-—>-—oco [Ipefenbunfi mUKAX HaspiBaeTcs
YCTORAYHBHM, €CIH TPAEeKTOPHH HpPHOAHMKAIOTCA K HeMy TOJNBKO IpH
t— o0, HEYCTONYHBLIM—ECJHH TOJILKO TNpH #-—+—00, MHONYYCTORYH-
BbIM—@CJIH C OXHOM CTOPOHHI IIMKJIZ2 TpPaeKTOPHH NPHOMHKAIOTCH K HeMy
npn ¢ -—>-, a c apyrofi croposl npH f->—co0 O npefeNbHHX
mukaax oM [3], § 28, [2), § 25

-

851, Oaue KOHell NPYKHUHH 3aKPerJieH HEMOABHNKHO, a K Ipy-
romy mnpHKpennes rpy3 maccH m. Ilpm OTK/IOHEHHH Tpy3a Ha
PaCCTONHME X OT MONOXEHHR paBHOBECHA NpyxHHa ZAeficTByeT
Ha HEro ¢ CHoi Rx, HanmpaBjesHHOH K NONOMEHHIO PaBHOBECHS;
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npn JOBMKEHHH TIpy3a €O CKOPOCTBIO ¥ CH/Ia CONpPOTHB/EHHA
pasia no, Ilpn f=0 rpy3y, HaxolHBLIEMYyCS B NOJOXEHHH
paBHOBecHs, coobUleHa CKOpocTh ¥, HallTh naBuwenne rpysa.
Hccnenosate cnyuan n? << 4km v n® > 4km

852%, B npeawaymieft 3amaie npu 3alaHHHX m U R T010-
6paTh Takoe 72, 4TOOH IBMEHHE BO3MOMHO OHCTpee MpHOMH-
®anoch K MONOKEHHIO paBHOBecHs npH f—> -+ oo (T. €, 4YTAOH
pemienne X (f) BO3MOXKHO OHCTpee CTPEMHJOCh K HYJO TpH
t — -+ oo).

B sanayax 853—859 HauepTHTh Ha ¢a30BOR MIOCKOCTH
TPAaeKTOPHH Ini naHHWX ypaBHenudi. [lo wueprexy caenath
BHBOAH O NOBeleHuu peitennfl npu £ — - oo.

853. x-+4x=0. 854. x—4x+3x=0.
8565. x-+2x4-5x=0. 856. x—x—2x=0.

—— —887.—2x+5x42x=0.— 868, x+2x4x=0. ———

859. x—2x-+2x=0.

860. Ha xonuax Bana 3akpemieHH JBa MKHBA, MOMEHTH
HHepuun kotopux /; u I,. [Ipy noBopoTe OAHOrO IIKHBA OTHO-
CHTEJIbHO Apyroro Ha noGoit yron ¢ Bcaesactshe zgedopmaunn
Bajla BO3HHKAIOT YNpDYTHE CHAW ¢ KPyTHALHM MoMeHTOM K.
Haiitn 4acToTy XpyTuabHWX KoNeGaHHH Bana mpH. OTCYTCTBHH
BHEMIHHX CHI.

861. Ha konue ynpyroro cTepkHf yKpernjeHa Macca m.
Hpyrofi xoHen crepxHs BHOPHPYeT TaK, HTO €ro CMeL[EHHE
B MOMeHT { paBuo B sinf. Ynpyras cuaa, BO3HHKaWOWas
B CTepiHe, MPONOPUMOHANbHA PA3HOCTH cMeuleHHH ero KoHIOB.
Hafith amnautyay A sulHywiaeHHHX KoneOauu#t macew m,
Moxer au 6urb A > BP (Maccoll cTepHS H TpeHueM mpe-
He6Gpeub.)

862. DnekTpHuecKas lLienmb COCTOMT H3 MOCJEJOBaTENbHO
BKJIIOYEHHHX HCTOYHHKA MNOCTOAHHOIG TOKa, Jaioero Hamnps-
wenne V, conporusaenus R, camonuaykunn L u BHxaouatens,
KOTOPHH BKM0YaeTcs npH =0 HaliTn 3aBHCHMOCTb CHJINW TOKA
ot Bpemenn (mpu £ > 0).

863. Pemmrth mnpeawIyLiyl0 3amayy, 3aMeHHB CaMOHHIYK-
uuio L xonpencatopoM emkoctH C. KonaencaTop X0 3aMulKauug
LUEIH He 3apskeH.

864. IlocaenoBaTenbto BKAQYEHH CONpoTHBAEHHe R H KoH-
JeHcarop emkocth C, 3apan kotoporo npu =0 pasen g. Lens
3amMpikaetcs npn £=0. Haiitu cuny roka B uenn npu ¢ > 0.
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865. IMocnemoBaTensHo BKIOHEHH: caMouumykima L, compo-
THBAeHHe R u Konpesncarop emxoctH C, 3apal KOTOPOTO MNpH
t=0 pasen g. llenp 3ammxaerca npu £=0. Hafittu cuny roxa
B Hem H 4yacToTy koneGaHuHi B TOM cayvae, KOTAa paspan
HOCHT KonebaTenbHHA XapakTep.

866. IMocnexoBaTensHO BKJAIOYEHH: HCTOYHHMK TOKA, Hanps-
®eHHe KOTOporo MeHserca no 3akony E =V sin of, conporu-
snenne R u camounayxuns L. Hafttu cuny

TOKa B flenu (ycTaHOBMBIUHACH PewHM). L .
867. [IlocnenosaTenbHO BKAIYEHH: Gy30Td
ACTOYHHK TOKa, HanpsmKeHHe KOTOPOro 1
MeHsercd mo 3akony E=1V sin wf, co- ]
npotvusnenne R, camomngykuns L c
emkocts C. Hafitn cnny Toka B nenwu
(ycranoBusunfica pexum). [lpn kakoft R
YacTOTe ® CHAa TOKa HauGonbuiag?
868. K mcTouHMKy TOKa ¢ Hanpske- ’\:
::xgzm E =V sin of nocne10BaTenbro npu- F=Vsinowt
auHeHo conpornsiexne R, Ianee nenp
pasBeTBASETCH Ha JBe BETBH, B ONHOH 3 Puc 5

KOTOPHX BK/IOYeHa camouuAykuus L,

a B apyroii—emkocts C (puc 5) Halitn cuny toka B menn
(ycranopuBuminficst pexuM), ITPOXOAMINEro 4epes CONPOTHBIE-
Hue R, [Ipm «xaxoM wactore ® cuna Toka HauGonbman?
Hanmeupman?

869%, B ypasuennn xJ-2bx-x=f(f) dymaumn f(f)
umeeT nepuon T, max|f(f)|=m. Hafitn nepnonuueckoe peuie-
HHE YypaBHeHHs (BWPa3uTh 4Yepe3 onpegeneHuuft HuTerpan) u
OLIEHHTb CBEPXY €r0 aMIIUTYIy.

870. I'py3s Macc m=2 npuxkpennen k Taxoi we npywxue,
Kak 8 3azaye 851, mpuuem R =2. Ilpn #=0 rpys naxomnrcs
Ha paccToAuuH h =05 1m0 OAHY CTOPOHY OT MO/NOWEHHS PaBHO-
BeCH M uMeeT HyneByl0 ckopocth, Ha kakoe nanGonbuiee
paccTosHHe OTKJIOHMTCH rPy3 B JPYryi CTOPOHY OT 1oO-
JIOYKEHHs] PABHOBECHS, €C/IH CYHTAaTh, YTO BEAHYHHA CHJAHW Tpe-
uua f=1 ue 3asucaT OT cKopocTH zApwkenns? Kak rpys Gy-
ner asurathes Aanbire? M3o6pasuts asmkenue ua ¢asosoit
MIOCKOCTH.

871. BuBecTH ypaBHeHHe HBMWEHHA MaaTHuka (el COUPOTH-
Brenus. Jam caydas, Koriaa Bce NOCTOSHHHE, BXOAAIHE B ypas-
HeHMe, paBusi 1, HAYePTUTh TpaeKTOpHR ha ¢a3oBofl NAOCKO-
cty Jarp ¢H3nYeckoe HCTONKOBAHNE TPACKTOPHAM Pa3NHUHLIX
THIIOR
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872. BuiBecTH ypaBHEHHe JBIDKEHHS MagTHUKAa € COMpPOTH-
BJEHHEM, MPOMOPLHOHAAbHEM KBaapaTy ckopocTH. JaTh yeprex
TpaekTopHiA Ha Qa3oBoi mniockocTH.

Ykxaszanune BocnoabsoBatecs 4epTekoM, MOCTPOGHHHM IMa
sagauu 871.

873. BuiBecTH ypaBuenHe CHAH TOKa /;, NPOXOXSALIETO yepea
katywky L B rpocTelilieM naMII0BOM FeHEpaTope /eKTPHYECKHX

| il

Puc 6

roneGanuit (cy. cxemy ma puc 6) Ilpunsath, BO BuuMaHne, 47O

CHAQ QHOANOTO ToKa [, sBasercs ussectHoli dynkumed nanps-

I senus V Ha ceTke JaMnw;

a I,=f(V), rze oyukuna f

3ajgasa rpagukoM (puc. 7),

dl;

a V=1W—d-t—,

nag M (¢ TOYHOCTHIO XO 3Ha-

Ka) — Ko3((HIHEHT B3aHM-

J/ HOH HHAYKUMH JBYX KaTylIek,

0 y 1300paseunBlXx  Ha o cXede;

B KO/ebaTeNIbHOM KOHTYype Ha

Pic 7 puc., 6 yuecTb CcaMOHHAYK-

uuio L, conportneiaenne R,

eMpocTs € TIpH  KaroM  yCTOBHH  COCTOSIHHE  PaBHOBeCHS
/; () =const Gyxer HeycTOHYHBO?

874. C nomoubio H30KANH HaYePTHTh Ha Pas3oBoll naocKoCTH
TPaeKTOPHH J/A ypaBHEHHs, MoayyenHoro B 3azade 873 (B ToM
caydae, KOTZAa MOJIOWeHHe DaBHOBecus Heycroftumso). Mcecaeno-
BaTbh NOBeAEHHE pelleHHd lpH f-— + oo,

rae nocrosn-

Y kasanune CHauala UpHBECTH YypaBHEHue K BHIY x‘+l‘(x)+
4 x=0 u HauepTuth rpaduxk dyuxunn F.
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B 3apmavax 876—884 ana nmanunx HemmHefHHX ypasnenuf
¢ HOMOImBIO M30KAHH MOCTPONTh TPaeKTOPHH Ha ¢(a3oBoft mno-
CKOCTH B HCCNenoBath ocobue ToukH. [lo weprexy caenats
3aKn0YeHHe O MOBeJEHHH peiueHuft npu £ —» |- 00 H 0O BO3MOK-
HOCTH CYIecTBOBaHHA NEPHOAWYECKHX pelIeHH

876. x42x-+x34x=0. 876. x—b5x—4x-+ x2=0.
877. 2x—x?—x2—2x=0. 878. x4+ x+2x—x2=0
879. x-}x®—x2+1=0. 880. 2x- sin x—sin2x=0.
881, x+x*—x-+x=0. 882, x4 (x2—1)x+x=0.
883, x-}x—2arcigx+x=0

884, x-+2%—x+x=0.

Haueptutp pemenns ypasHennt 885—891, 3anucaHHBIX
B MOJSPHHX KOODAMHATaX (He HHTErpHpys ypaBHeHmH), M Hccae-
H0BaTh, HMEIOTCS JH MNpeaenbHHE HHKIH,

885. ‘%=r(1—r2). §se._%= (r—1) (r—2).
887. %=r(1—r)2 888. %:sin r.

d
889, #=(1r—1|—-|r—2|—2r+3)r.

dr 1 dr
890. g =rsn. 891. d—(p-_r(l-—r)sin

1—r
892%, Mpn Kakux 3HAYEHHAX TOCTORHHOH @ CHCTEMA

dop _ ar _ (r— 2

_dt_"l' Ft-._(r 1)(a -+ sin? @)

uMeeT ycToHumpmii npenenpubift unkn? Heycrofiunpufi?
893%, Ilpn kakmx ycCAOBHAX CHCTEMa
d d
Se=fn, F=1,
rxe ¢yukuua f(r) menpepnBHa, HMeeT npeaensHuit uuxa? Ilpn
KaKHX ycnoBusx sror uuka ycroHums? Heycroituns? Iloay-
ycToHuus? ]

894*, T[lokasats, uto YypasHenmde x| F(x)-}-x=0, rae
dynkuus F nenpepusua u F(y) > F(0) npu y > 0, F(y) < F(0)
npn y < 0, He MOKET HMETb MpeleNbHNX Luk/a0B Ha ¢a3oBoit
IIOCKOCTH,
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§ 18. 3ABUCHMOCTb PEWMIEHHA OT HAYAJIbHBIX
YCJOBHH H NAPAMETPOB MPHBJIM)XEHHOE PEUIEHHE
AH®SEPEHUHAJIbHLIX YPABHEHHH

1. Nycts x, (#), ..., x, (f) —peinenne CHCTEMBI

dx
d_tl=fl(t, X1y ey xn)r l=l' cey f1, (l)

rie Bce GYHKIUH f; HEMPEPHIBHL U Ig—illél(. 4, =1, ...,n, NycTb
(@), .., y,(f)—raxkne dyunkunu, -no}

d
%_fl(tv Y1y« o yn)lénu =1, » Ny @

Iyt (0)—X‘ (0)l<6p ‘=l, veey I (3)

\Tor;;a*mxee'rmeno olnewka ~ ~ ~ T T T - -

n
. Kn1tj N K
Elx,(l) v () <8N e fn 1y,

rhe

6=061+ ..y n=m+ . 41,

370 HepaBeHCTBO MOXHO NpUMeHSATb 1A OLUEHKH TOYHOCTH MpH-

G611 KeHHOoro PelIeHHs i, » Yn cHcTeMbl (1), a Takike ONA OUEHKH
pasHOCTH pewleHuii cucreMu (1) u cucTeMbl

d
%=gl (b1 eos )y t=1, .ioym,

ecan (g, —f l<<n., t=1, ., n
2 Ecau B cucTeMe ypaBHeHHi
dx, -
—dzl'=f1(tt Xty oes Xpy By t=1, .,.,n (4)

¢ HAuaJbHbBIMH YCJOBHAMH
5 O=a®, =1, .,n ©)

j ABJAAeTCs napamerpoM, ¢ymkuuu f, u @, (t=1,. , n) HenpephlBHb
U HMEIOT HeNpepHBHEE NPOH3BOJHEE 1O Xy, . , x,, i, TO PeileHHe
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1MeeT HeNpeprBHYI0 INPOH3BORHYI0 MO napamerpy M. Ilpoussonnmne
ax P
(—m! =, i=1, .. , n yIOBNETBOPAIOT JHHefiHOfI cHCTeMe ypaBHeHHIt

n
:;a_f +au "=1' L | nl, (6)

H HaudaJbHBIM YCAOBHAM

u O=a; (W), t=1, ..., n

3HaueHna NPOU3BOJHEIX af’ -a—f! B ¢opuyne (6) Gepyrea npu
xy=x; (¢), y Xp=X5(f), The X, (8), . , X, (f)—pewensne cucTemsl (4)

¢ HayaJbHHMH YCJIoBHAMH (5)

B uactHOCTH, ecIH IONOKHTL ag (W)=, a, (W)=const mpu [ # R
H CYUHTaTh, YTO BCe OYHKuUHH [y, s [n He 3aBHCAT OT 1, TO H3 Ipe-
IBITYEro YTBEP:KIEHUA Gyjer cJeloBaTh, 4YTO Jas cHcremet (4) ¢ Ha-

X
gansHEMH ycaoBHAMH X, (0)=a,, t=1, .., n npoussogxLle 375=u,
]
=1, , 1) OT KOMIOHEHT peuleHuss Xy, .. , X, N0 HadaJbHOMY
YCJIOBHIO @ CYILECTBYIOT H YHOBJETBODAIOT CHCTEME YpaBHEHHI

du, — Of,

dar Ox Uy
7=1

=1, . ,n,

1t HayaJbHbIM yosoBlay &, (0)==0 npu ¢ = &, up (0)=1.

895. OueHnTh, Ha CKOJIBKO MOXeT H3MenuThes npn 0 < x <1
peienile  ypaBHeHHst y =X Siny ¢ HaYaJIbHHM YCJIOBHEM
y(0)=y,=0, ecm YHCAO Y, H3MEHHTH Meubiue yeM Ha 0,01.

896. OuenuTs, HA CKONBKO MOWKET u3MennTbhes npn 0 <6< T
peulexne ypaBHEHHs MAATHHKA X - sin X = 0 ¢ Ha%a/bHHMH YCJI0-
pusmua % (0)=0, x (0)=0, ecan B npaByl0 4acTh YypaBHEHHST
ao06asuth Takyio dysxumio @ (f), uro | @ (£)|<<0,1 (T. e. ecnn
NPHIOKHTD HEKOTOPYIO BHELUHIOIO CHIY).

897. Oueruts npu |t|< 0,1 TouHOCTD npu6mm<eﬂuoro

pelneHHs x(t)—]—}—t—}———,y(t)——— CHCTEMH X = x—y,

y=1x ¢ HauaaphuMu ycnosuamu x (0)=1, y(0)=0
868. Ouennts npn |x|<C0,5 TOYHOCTb NPHOMMKEHHOTO
t‘

pemexns ;(x)=eﬁ ypasHetua y”—x2y=0 ¢ HayaJbHHMH
yeaosuama ¥ (0)=1, ¥’ (0)=0, )
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899%. Ouennts npu |x{<<0,26 TOUHOCTL nPuSUNAEHHOTO

pemenms Y (X) =y YpasHeuns y' =2xy*+1 ¢ HauyanbHHM

yeaoBieM y(0)=1.

B samayax 900—-902 nautil 1PON3BOINLE 1O MapaveTpy I
0 HayajibHBIM Y CTIOBHSM OT PCLICHHH JawuibiX ypaBHennlt u
crcren

900, y' =y —+p(x-+y?), y(0)==1, nautn

—}—f‘u=o
X=xy--1* X v
901. {Qy:i}— . () =x=8, y()=y,=2, nakmt S=.
902 A —x=(r+1F—ps  x(0)=, x(0)=—1,
- nafii g—\-l

g fp=1"

903", IIycrb yunuus f(f, X, ¥) INeer neupeprisible 1PO-
msgoxube 1 = >0 JlonasaTp, 10 pemicuie ) pasiuenis

sa=f(f, %, &) ¢ HauanpHMU ycl10BUAMI A {(0)=a, x(0) =
na otpesne 0<I¢<I7 uveer HOTOMHNTETLHYIO HPON3BOJRYIO 110
HAYANLUOMY YCIOBHIO § {npeanonaras, YTo 3TO pelleHne cyile-
crayer npu 0<CfCT) of

{

804:. [Iyctn dyunnun f, 1 1IPOH3BOINLIC dry HCNPCPLIBHLI,
0

f' <KL, t, k=1, ., n

B,()haaarb YTO NPOHSBOIHLE' OT PCLISHH CHCTEMBI yPaBHCHIti

dx
.lefz(fr xla LI ] xn)y l:‘-l) . )n

No  HauadbHHIM  yciosusv X, (f,) =X, I=1 )y10B1€120pPsLOT
1ICpaBeHCTBaM
¢
da nl Ls)ds
m <e b (¢, k=1, ..., n) npu (=1,

B 3azayax 905—914 c nmouvouiblo MeToxa Majoro mnapamMeTpa
(e, {4}, ra H, § 8) wauTn NPHOAHMEHNO IICPHOJUYEChHE
peluenns JA3HHWA ypaBHeHHil (471 yPaBHEHNN C IPaBOH YacThlo,
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aapHcawedt or £, HallTH pelIeHNA, TepHOA KOTOPHIX PABSH NEePHOLY
npaBoft uacTH); P —Maauil mapametp.

905. %--3x=2 s tpx 906, x - 5x=cos 2F 4 px>.
907. x--3x - x3=2pcost. 908. x+x2=1-4psmt.
909. x-Lsinx=p sin 2,

910. x - x = sin 3f—sin 2/ px?%; wWafitn AMmB  HyleBoe

npubmnkene. .
911%, x }x=6psint—x> 912, ¥+ x—x¥=Q.
913. x -smn x =0. 914, x+x=p(1—x2)x.

B samauax 915—917 ¢ nomomplo meroda Axamca wmmi
WUitepmepa (cv [4], ra. I, § 7) BHUHGETE nNpHONHKEHHO
peuieHns HAMHCAHHBIX HIDKE ypaBueHHH Ha yKa3anwOM OTpeaKe.
BroiyncaeHHs BeCTH ¢ TpeMs 3HAKaMH Iocae 3amaTolt, Suayenus
pelieHHs B HaYaJIbHHIX TOYKAX BHYMCIATD C MOMOMIBIO CTeneH-
HOro psia.

915. y'=y, y(0)=1; o0<xr<l.
916. y'=y2—x, y(0)=0,5, 0<<{x<l.
917. xy"+y +xy=0, y(0)=1, y' (0)=0; 0<<x<1.

3agaun 918—920 MOXKHO PELIHTh, CPABHHBA HAK/IOH MONs
nanpasnewnii  (oupexensemoro  ypasnennem y =f(x, y))
B TOYKAX HEKOTOPHX KPHBHX J==@;(X) C HaKIOHOM 3THX
KPUBHX.

918. [Mokasath, 4TO pellenne ypaeHeHus Y =x—y?
¢ HauanbiLM ycaoBHeM y(4) =2 ya0BIETBOpAET HEPABEHCTBAM

Vx—0,07<yx)<Vx npn 4< x< o0

919*. [JloxasaTh, uYTO 113 pewenus y(x) ypaBHeHus
Y =x—y? c navanbumy ycaoBHeM ¥ (Xo)=y, TAe x>0,
Yo =0, meen y(x)—} x—0 npr x— - co.

920*, OuennTb CBEpXy It CHH3Y TO MEPHOMIYECKOE Pelllenne
ypaBlienus

y = 2y*—cos? 5x,

KOTOpoe JeXHT B ob6nactH y < 0,
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§ 19 HEJHHEAHBIE CHCTEMBI

1 Cucrevy AudpepeHuHaNbHHX YpaBHeHHI MOKHO CBeCTH HNyTev
HCK/IIOYEHHs! HEH3BECTHBIX h OHOMY ) PaBHEHHIO (MHOTAA h HECKOJbRUM
ypaBHeHHAM C ORuoil HeH3pecTHONT ¢ynkuuefi B xamiow) IloapoGiee
e I}, rn VI, § 1, n 2

INpumep 1 Pewntsh cucrevmy ypasHeHuil

z (y—2)>4-xz
y=—, '="—>—— (1
A 1t
Pemwenne Hckaouaem z n3 maunwnix ypasuennfi M3 nepsoro
ypaBHeHnsi umeeM z=ay’ [loictas1as BO BTOpOe )pasHelue, IO} UUM
focsie y npomeHni

By =(y—2y')*

lannas cucreva ypaBuennit (1) npuseleHa n OJHOMY yPpaBleHHIO BTO-
poro mopfiaka DTO ypagHeline MOKeT OGblTh pelieno \eTolaMu, H3Jo-
menHbivy B § 10 (nyTen nouumenusi nopamka) Iflocie Ttoro kak u3
3TOr0 ypasHeuissi OyAeT HaujeHo y, CJelyeT HaHTH 2, [0.1b3) ACH
paBellCcTBOM 2= Xy’

2 TIlpn pewenusi CHCTeMbl YDaBHEHHIl HyTesm HCRJIIOUEHHSA Iien3-
BECTHBIX OOBIYHO MNOJyYaeTcsi Yypasuenine G6ojee BHICOROro TOPSIna,
NO3TOMY BO MHOTHX Cjydasx yAobnee pellaTh CHCTeMy H)TeM OTbIChd-
HUst unTerpupyevuia housuuaunn (v [i], r1 VII, § 5, n 2)

Mpumep 2 Peumnts cucrewy 1)

dx_dy___dz

= @
Az yz —ay
Mepsrie ase zpo6u obpasyioT uuterpupyevyio noudunaunio Co-
A d
hpaulas paBeHCTBO A—z=§£ Hd — It MUTErpHPVS, TNOTYWIM  MepBoll
2z
HHTErpan ?)
X
Z=C @)
Yy

Urobu! nHauTi BTOPYIO HHTerpHpyeMyio kOMBHHALING, BOCHOL3)eMCH
c/ey IolLHM CBOMICTBOM pasHbIX ApobeH
ecati

a, a, a

— — —_ 0
—-——— i, D= e
bll

by

=t,

TO OpH JMOBLIX &y, k&, , R, livcew

kay+kiay+ +k“a”=t
klbl “{‘ k2b2+ +k11brx

-

1) Cictema (2) sanmucana B ciaMerpauecxoit dopue O cinier-
puueckoii Qopme cuctemy XuddeperuHaNbHbIX ) paBHendd cm  [l],
ra. VII, § 5, n

2) O nepsbix uuterpanax ey {1], ra VIL, § 4 nan [3], § 23.
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Toan3ysice sTiiM ceoficrBoM, noayvaem n3 (2)

ydetxdy dz  d{xy)_
y xz24-xy2 —xy’  2xyz —xy’
CaenoBarensHo,
xy-J22=0C,.

1LHIo,

HCKAIYHTD

MOXKHO,

d (xy) = —2zdz.

@

OuesnaHo, nepsuift MaTerpan (3) M nepBuilt HHTerpan (4) He3aBUCHMH
CucremMa pemnena
BMmecro TOro uTOGH HCKATh BTOPYIO HHTETpHpYeMYyl0 KomOHHa-

Hanpumep,

BOCNOJIb30BABIUHCH 3HAHHWEM TMepBOro HMHTerpana (3),
H3 cCHCTeMH (2) OfHO H3 HEH3BEeCTHHIX,

Ha (3) mnmeem x=Cy Honc'raa.rmu BO BTOpoe H3 YypaBHEHH] (2);
HOJYIHM

Orciona

dy _
yz
—Cydy=12dz,

—'Cly"'
Zz— _C z"i"C‘g

ToxacraBnas

ciofia

BHI-

pza)xeﬂne zum C, u3 dopuyas (3), HaruxeM eile ONXH MEePBHIA MHTerpan
22l-xy=

B 3anavax 921—940 pewnrs HaHHHE CHCTEMH ypaBueHuf,

921. y' ==, z'=-§. 022, y'=;2=, 2'=y+1.
923, y' =<, z’=fiii-(LJ2_z;'Tu. 924, y’=y2z, 2 =2y
925. 22y’ =y —224 1, 2’ =zt y. 926, Qy“" —“7”-?

027. L_U_ 2% 028, S =~
020, T _d__di gg0. T-P-Z-2
931. y‘—t—tu=z?x u‘-ify:xd_uz

932. T=L-% 083, L Y &
o3k %J_yy:xyﬁz‘ o35, %;:%:xy V‘:§+1
96 =y =%

937. x(::-z)=2(zdiy)=y(ydiz)‘ /

938, —‘%:;yiLzz,:%_
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de dy dz
x@—y) YyW—r)  y—xz

de dy . dz
X@—2) g @)zt

B samavax 941—943 aia mawsbix cucrem muddeperunasibs
HbIX ypapHenumi M JanHux (yukunik ¢ NpoBepHTh, ABAAIOTCH
7 cOOTHOMIEHNSt @ =C TepBLIMII NHTEerpajgavil 3THX CHCTeM
dx  a2—t dy

9390

940.

941, dETy o =T @ =142xy, @,=x2—ty
2
942, x=uxy, y=x2+y% @,=xlny—x?y, cp2=-f—3-—2ln X
dx __ dy dz _  du _
8. —=—T==—7, p=yz—ux

944, [Ilpomepnth, #BANOTCE /I HE3ABHCHMLIMH  [EPBHE
HHTErpassl

x4y z—y

- _':C = C -
z+a Aty 2
CHCTEMH

945%, JHonasath, uTO B o0071acTH, cogepxauteft ocobyio
TOURY THNG y31a w1l QORyCa, AT CHCTEMb

d d
=Py, =0, ¥

HE MOXET CYLIeCTBOBATh NEPBOro Huterpata Bmia ¢ (x, y)=C
¢ HempepuIBHOM (ynniieit ¢

§ 20. YPABHEHHSI B YACTHBIX NPOH3BOAHDbIX
HEPBOIO norPsixKA

1 UroSul pewnTs ypaBHEHU@ B YacTHbIX NpPOH3BOIHBIX

0z 0z
QG-+ . a, =—=b 1
1 0x; By +a, Oty ' $)]
rie ap, , @, b 3aBucaT or xy, , X,, 2, HA10 HamcaTh CHCTEdY
OOblhHOBEHHLIX AHupeperlMabHBIX Yy pasieHli
dyyg - = dvy, _ dz @
a; (2% b
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H HafiTH 7 He3aBHCHMEBIX nepBHIX UHTErpajion 3TO CHCTeMB!

q’l(xl’ eeny Xy z)=C1 } (3)

Pu(xy, « 5 ¥y 2)=Cy
O6iuee pemenne cuctemsl (1) B HeaBHOM BHJe 3aNMHCHBAeTCH TaR!

F(py «vvs 9u)=0, 4

rie F—mnpoussonbHan anddepennnpyevas byHkuus

B uacTHOCTH, €CjH 2z BXOZHT TOJNBKO B OXIHH W3 IepBHX HHTe-
rpajos (3), HanpuMep B TNoCJelHAil, TO ofmee pelleRHE MOXHO Ha-
Aucath # TaK

Pr (15 ecey Xy 2)=f (P1s o0 (Pn—l)r ()

rle f—nponsponbHag  guddeperunpyemas  ¢yuxung.  Paspemas
paBeHcTBO (5) OTHOCHTENBHO 2, MNOJYYHM OOllee peuweHHe ypaBHe-
Hust (1) B ABHOM BHIe

2 UYro6ul mnaifiTH noOBepXHOCTb 2=2 (X, Yy), YJAOBJETBODPSIOILYIO
IngdepennianibHOMY YPaBHEHHIO

0z 0z
&% g Y-t v, z)—@—b(x, 4 2 ©)
U NPOXOIAIYIO Yepe3 RAaHHYIO JIHIIO
x=u(t), y=v(t), 2=w(f), Q)
HAZO HafTH JBa HE3aBUCHMBIX MEPBHIX HHTErpasa CHCTEVH
dex _dy dz
@b ®
B 211 nepsble HHTErpant
QX 4y )=Cr,  Qalx, g, )=C, &)

Hajo NMOJCTaBIThL BMECTO X, Y, 2 HX BeIpaxenns (7) yepe3 mapamerp !
Tlonayuatca nBa ypaBHEHHS BHAA

Dy (1) =Cy, D, (1)=C, (10)
Hckatouast 13 HEX £, NOJAYUYHM COOTHOHIEHHE )
F (Clt C‘L)=o

Toacrapus ciona BMecto C; u C, JeBHle YacTd NepBHX HHTerpatos (9),
TIOAYUHM HCKOMOE pelleHste
TOM cAy4ae, Koria B o6a ypasHeHus (10) ne Bxoamr £, Torja
Juuua (7) ABAsSéTCA WMHTErpaJibHON KpHBOil cHcTemul (8), T e. Xapak-
TepHCTHKOl ypaBueHHst (6), 11 samaza Kown nmeeT GeCKOHEYHO MHOTO
pewennit (cv [1], rm VI, § 3, n 4)
INTpumep HafiTu ofwee pewenue ypaBHeHus

dz 0z
%z = +yz F i X an
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2 TaK)Ke HHTErpPa/bHYI0 MOBEPXHOCTh, MPOXOIAULYIO uepe3 hPH3YIo
y=1} z=2a3 (12)
PeweHue, CocrasaseM cucremy 3 pasuerunfl
dx dy dz
s A

Xz gz —ay
H HaxoAiM ee nepsule HHTerpaJbnl (cM § 19, mpuvep 2)
-;‘-=cl. 2 fxy=C, (13)

Crenosatennto, oOulee pewenue ypasHenns (1) wo4Ho uanucate
B HEABHOM BIlile

F (-’5— ) 2'3+Xy> =0,

rae F—nponapoabnad ¢ynxuns Tax han z BXoIMT TOIbho B OINH
H3 mepsblX HuTerpados (13), To ofulee pewiende MOALO HamHcaTh H
B siBlOM BHIe Msel moayuny

22+Ay=f<-§-), z= 1/f< \—-U.

r;ie f-—npou3Boablas §yikUHs

Yrolbl HaHTH MUTErpadbH}i0 TOBEPXHOCTL, NPONOIAULYIO  yepes
Jgunio (12), 3anuwey aTy JHHHIO B NapaveTpHuechoM BiJe, Hanpuvep,
B3fB X B hauecTBe napamerpa

X=x, Y=13 z==13

Moacrapaas stil eplpawmenns B (13), noayunu

i—:C,, X843 =C,.

Henmodas X, moayuiny
1 1
=0,
] 3
Cl Cl

MNoacrasanan Buvecto C; n C, Jespie yacTH mepsuiX nuterpaios (13),
Hafizen HChOMOe pellielilie

(2 +(2)7-er

3 O peweHun cucteMbl ABYX ypaBHeHU{l B 4YacTHHIX NPOH3BOAHBIX
nepsoro nopagna il o pewennu ypasuenua padda cv. {1], ra IX,
§1lu§?2 on i, 2
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Jnsg KaKIOTO 13 ypasrennHt 946—963 HafiTi ofuee peiuenue.

0z dz _ x 0 203 e%
946. y&--}-x@—.x—y. 947, e +y .
0z 9z
948. 2xa+(y——x)a—g—x2=0.
9z .0z
949: XYy 5 —X @_yz.
i 74 0z 2

950. x-5;+2y0—5-,=x-y+z.
951. (x2+y )6x —l—2xyay+z2
952. 24* a—-——XJ —xl/22+l
953. xzzax-{-y?z-—_._x—l-J

954, yz a 5?1 = ¢,

955. (z —y)? a -}-xzé:xy.

956. xy%i +(x—22) g—; =yz,

957. y%+z%=l.

X

2,02 0z o

958. s xa—x—{—tgz—-ay—cos z
0z 02

959. (v+2) 5+ +a)g =+

960. (xz - y)gi+(x4- yz)"’ =122

961. (J+z)a F(z+ %) ‘3"

a
962. ai- a-[-(z—i—u)———-x.l

) R,

963. (u—x) % 4 (u— y)a —¥=xty.

B 3a1ayax 964—980 HafiTu noBepxHOCTh, YAOBAETBOPRIOLLYIO
JaHHOMY YPaBHEHMIO M NPOXOAAUlyl0 Yepe3 AaHHYI0 JIHHIIO.

964. °6z+xya = x=0, z=¢°
965. x-—-—2y =xt4yy y=1, z=xi%
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9z qiz —Xxy; x=2’ z= 2 1.
966. xa»}-yaya 7—XxY; y3 -
067, tgx by =2 Y=4, =4
868. x———yay 22 (x—3y); x=1, yz+1=0.

z =2 — X2yt = —— e —_— .2'
969. xa}-%-yag—-z X*—y4 ¥ 2, z=Xx—X%
970. ZQZ—}-.’CZ(?-E:X}’, x=a, y+z2’=a’
971. z————x_/———QXZ, x+y=2, yz=1.

0z . .2 -
972. Zg);'HZ — )G ta=0, y=x" z=2x
0z 0z .

973. (y-——z)———}-(z—-x)—y-:x—y, Z2=y=—%.

974, x——+(xz+y)5—=z. xty= 22 xz=1.

975. 2"’+yzay+z2 x—y=0, x—yz=1,
976. xa—x—;—z@:y, y=22, x+2%y=z

3
077, (y+ 29 E—oxz =2, x=z, y=st.

978. (x—z)gf-i—(y—z)g—z:?z, x—y=2,2+2x=1.

.,az

079, ;P Lyl —yrz x——2 y=2

a
2

980.x—+y@__2xy, y==x, z=21x

981. Haiitn o6uiee ypaBHeniie NOBEPXHOCTEH, nepecekaio-
mNX [OJ TNpPSAMHM YrIOM IOBEpXHOCTH ceMeiictBa 22= Cxy.

982, Haiiti noBepxHOCTh, HPOXOASULYIO Yepe3 NpAMyl y= X,

=1 U OPTOrOHAJBHYIO K MOBepXHocTAM X%+ y2-4-2%2=Cx

983. HanucaTth ypaBHenne B YacTHHIX NPOH3BOAHHX, KOTO-
poMy YIOBJETBOPHIOT ULHAMHIPHYECKHE TMNOBEPXHOCTH ¢ o6pa-
3yloltiMy, napannenbHuMi Bektopy (1, 1, 2). Haitrn obuiee
pelleHlie STOTO YPdBHEHHA

984. llons3yach pe3ynbTaToM NpeAdiZyliefl 3amaum, HauTn
ypaBHeHne UHMIHADHYecKOR IMoBepxHOCIH ¢ 00pasynoluvy,
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napaanenpupiMu  Bektopy (1, 1, 2), u wnanpasasioweft x--y+-
+2=0, 5x*+6xy-+5y?=4

985. Hanncate ypaBuenlie B yacTHHX NPONH3BORHLIX, KOTO-
pOMy YIAOBJAETBODPAIOT BCE KOHHMYECKHE NOBEPXHOCTH C BepIul-
Ho#t B nmauHolt Touke (@, b, c), ¥ pemnTh €ro

986. Haifitr nmoBepxXxHOCTH, y KOTOpHX /106asg Kacate/bHan
NIOCKOCTh fNepecenaeT ock Ox B Touke ¢ abcumuccofi, BaBoe
Melibulet abcuiceh TOYKI Kacauns

B sanayax 987—989 peminTbh XRanHue cHCTEMH ypasHenuf,

0z z az__y 2
x =T Frant s
987. Y 9: 22 988. { o,
d_y:—_?j_' @—-xz
0z N
a—x=2yz—z~,
989. 1 o,
@zxz.

B 3azayax 990—993 naliTH MOBEDPXHOCTH, YAOBJETBOPSIO-
upte ganHey ypasheunuay [dadda

990. (x—y)dx+2dy—xdz=0.

991. 3yzdx-2xzdy -+ xydz =0

992, (z +xy) dx—(z+y*) dy +ydz=0.

993. (2yz +3x)dx +xzdy +xydz=0.



OTBETDI

§ | Haokanuu Cocrasaenue auddepeHuHaRLHOTO
YPaBHeHH§ ceMeiicTBa KpuBHX H3oroHaabHule TPaeKTOPHH

15, f(x 1) =0, fx<0(max), fe >0 @un) 16 fe-+f fy=0

17. Uzey 18 y'=38y° 19 xy=3y 20 P+y’=l

20 w2y —xy=yy’ % Sxyy' —yr=2x3  23. yl=dy (xy'—2).
2

24y =cos—l£f—i 2B 2 (=2 Y —(x2—2 ¥ +2(—1) y=0.

26 (yy"-i-y'z)z——yay" 27. (l—xctg.x)y — Xy y=0

28 X3y —3x2y" -6xy' —O6y=0 29 y"'y =3y

30 (—2) (54 1) = @y 1)2 31 ayt=yy—1).

82, pr—y (V2 + 1)) (i D=(chow): B a2 42y =0.
"g (4 y+y +)I=(y? 1) 357 gy 2z’ =0, P22z =%

eyt =22—2 (y—xy'), x4yy =z2z'—2' (y—xy')
37 4y =—x 38 y=—2 39 (BPFy)y = —a
4. x+9)y=y—=x, x—yy=x+y 4 xFyV3y =

=y+xV3 42 GxFyV3)y=y£=x¥Y3 B AxTyVIy =
=p+2xV3 44 r'sinb=r> 45 r’——lrctgﬂ 46 r' =rctg(0 L 45°)

A7 (x4-2y) y' = —3x—y, Bx+2)y =y—x 48 ¢ (25t (X*—y?))=
=yP—x2k 2y 49, x(I+y7)=—2yy’ 50 yy' xyt=—1.

§ 2 VYpaBHeuus ¢ pasneAsIONHMACS NepeMEHHBIMH

B, y=C (x+f+1)e-*, x=-—1 52 In|x|=C-+V 1.

53  y(n|x2—1]40C)=1, y=0, Y(in (1—22)4-1]=1

54. y=24Ccosx, y=2—3cosx 55 y=(x—C)3, y=0,

=(x—2)3, y=0 56 y(1—Cx)=1, y=0, y(l4x)=1.
1

57. y'-"--2=CeT 58 (Ce—**—1)y=2, y=0 59. e~S=14Ce.
60. z=—Ig(C—10%) -61. x*+4{2—2f=C, 62 ctgy—-»;x=x+c,
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y—x=27k, k=0, +1, 42, ... 63. 2+ y—1=Cex,

64. x+2y4-2=Ce¥, x42y+2=0 65. VaxFog—Ti—

67. y=2 68. a) 2y*}-x2=C, 6) y*+2x=C, B8) y2=Cex2+)2,

§ 3. TeomeTpuueckie H qmsuqccxue 3afaYH

(C % x) y=2a% 72 blny—y= +x+C, O0<y<h

73. a]n(a +V =@ Vi —g=x1C 74 y=Cx? 75. y=Cx?
y?=Cx 76 r(l & cosp)=C. 77 10Mun 78.°05 & 79. 24 mun.

80. 40 vy 81. 7,8 mun t;;ka 15 u
84. 200 nueir. 85. 1575 ner 86. 975 108 ner 87. 98,1 % 88. 23 cex.
8. 1,75 cex, 163 x, 2 cex, 20 # 90. 1,87 cex, 16,4 i.

cek

91. 17,5 mun. 92. 17,3 mnn 93, 52+ 2)=17,07 mun. 94. 27 cex.

95. 260 cex, 200 cex 96. 05 kP 97. p—e-outh p_p Xl
PYT:

h—B kn 98. 5350 k" 99 my—v(g.—qy) (1 —e™*), rre k — ko3t

¢dunieHT nponopunonansyoctH 100, cln'—n-.

§ 4. OxxoporHbie ypaBHenus

101, x4-y=Cx%, 1=0. 102 ln(x2+ya)=c_garctg_%_
] A
103. x(y—x)=Cy, y=0. 104. x=3yV InCx, y=0. 105. y=Ce *

108. g#—x?=Cy, y=0 107. Slﬂ-i—:Cx 108. y= —xInInCx.
sty _ —ctol Lo ¥
109. In P =Cx 110, lan-—ctg(..f ln;), y=xe2"k, k=0,

+1, 22, ... 1L xInCx=2Vxy, y=0, 112. arcsm—"—/-=lan sgnx,

y==%x 113. (y—20=C (y—x—1)% y=x41 1. 2% -y—1 =
=Ce¥=% 115, (§—x+22+-2=C. 6. (y—x4-5)5 (x+2y—2)=C.

: ~2 +2
n7. y+2!=Cx+y—1), y=1—x 18 y+2 Ce =
119. lnx—+—=l+ 7 120 smx 2"_C(x+1)
121 2=(2—p)InCx, y=2 122. x=—y-lan,y 0.
123 x%tInCxt=1, y=0 124, 4% % =C, y=0, x=0.
125. QVy—x)InC@RVy—n=x; 2V y ==x. 128, l—xy =

]
=CPQ+xy), 1y=—2. 7. 21/~__ - -
@+xy), xy 12 7 l=—InCx, xp3=1.
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128. :arcsinl-—s—I:lan3 Ja8|=y? 129 x2ylnCy=1, y=0.
130. a) P=C(x+y, ¥y=—3 0 G+ y—2)i=C[y—2)%
y=x 131 y=C (x*-+y?) 132 2?-Ly?=Cx 133 Tlpu —:3———- 1
+

( (tf () F 1) dt

J To=pw+n ~°

135 f(t) 8, f(Foo)=f(—c)# o,

§ 5. Jluneiinble ypaBHeHHS MEPROTO nopsaaka

136 y=Ca24 vt 137 y=@v+1)(C+1n]2¢e+1])+1.
188. y=simnx+4+Ccosr 139. y=e> (In]x|+C).
140, xy=C—In|x| 141 y=x(C+sinx) 142, y=Ce¥*—x2—1
143, y=Cln*x—lnx 144 1y=(3+C)e~* 145, x=42}Cy,

y=0 146, x=eV-+Ce~¥ 147 x=(C—cosy)siny
—148. a=2lny—y+1-+Cy?, y=0 149. x=Cy?+y?, y=0.
150 (j—-l)%—J—InCy, y=0, y=1

151, y(e¥+-Ce2*)=1, y=0 132 y(e-LD)(Inlx+1]4+0)=1,
y=0 153 y=3=Ccos?x—3smacos’x, y=0 154, x3=Cx3—32
155 p*=Cx>—2x, 1=0 156 y=x%In>Cx, y=0
157 y=2=yx1 (2er-C), y=0 158 P=v—14CV 12 —1]
159 a2 (C—cosy)=y, y=0 160 1y (C—In2y)=1

161 x2=Ce2¥ -9y 162 y*=C (x-L1)2—2(x-+1) 163. e-¥=Cx+v
164. cosy=(x2—1)InC(x*—1) 165 y=2*—1 166 y==— 2¢%.

2 4 2 I 1 1
167. y-_--:t—-}—m, y——x. 168 y—TT__i——- N y-—"x—-
3+x
169 y= = 2 = 2.
y=1+- }_C,./ 170 y=a+4-2+47m5—, y=»r-
1 3
171 « =e—iTgr y=2 172. 3«=CV Ty|—2, y=0
178, xy=Cx3-4+-2a2 174 ry=a>++Cy®> 175 Uepes 20 mun; 3,68 £/
176 Yepes 62 gus 177. Yepes 24 aua, uyepes 23 roda
¢
178. y=1tg 1—sec. 179. 2 ()= S es=tf(syds, |r ()| <Al
—-—w
b ® 2L sas cos (s+2¢)
182. —. 183 % 184 y(\)=——gsm(x+s)e 22 ds

0
s

183. y(x):,xS - "dt—»—l npu ¢ — -4 .
+
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§ 6 V¥YpasHenusa B noanmix auddepenunanax.
Huaterpupyomui MHOKHTEND

186 3v?y—y3=C 187. x’-’——3x3y‘3+y4= . 188 xe~V—y?=(C,

3
189. 4y Inx--y2==C. 190. x—I—J +?-c 191. +—§-(x2_y)2=c.
192. x—y?cos*x=C 193 31 x3 lny——y~=C 194, x24-1=
=2(C—2x)smy 195 2x4+In(x24y)=C 196. x-t-arctg -;-:C.

197. VIF2=ay-C. 198 2x33—3x2=C 199, y2=x? (C—2y);
x=0 200 (x2—C)y=2x. 201. x2+4Iny=Cx3, x=0

202. ysinxy=C 203 '—xQ;-{—‘cy—i—lmyl:C, y=0 204 —xi1=

= xy (arctg y-C), x=0, y=0 205 x+21n|x]+ y2—~_C

x=0 206 sin %:Ce‘xz. 207 In)y|—ye—*=C, y=0.
208. In(J“2 ) 2y--C, y=0 209 x%yInCxy=—1, x=0,
y=0 210 2=y Cx, x=0 211. xy-+In ﬂ=c
x=0, y=0 212, 2xy2+;15=6, a=0, y=0.
14+1)
213. In x—f—y A — L =C, =0 214 sinty=~Cr—x?,
y * sty Y Y
x=0 215 y=Clnxty ~ 216 smy——(x-—[—l)lnC(x-—}—])
217, 2y (C—x2—yH) =1, x=0, y=0 218 > =Cx2%*™?

219 x‘l/-l.;_}?—}—ln( +‘;/1+ ) C, v=0 220 x3—4y2=

=Cy 13/151, x=0, y=0,

§ 8 VYpasueHis, He pa3speuieHHBIE OTHOCHTEILHO
npou3BoAHeil

241, y=Ce™* 242, y2=(x4+C)3, y=0 243, y4x= (x+-C)3,
y=-—x 244 (x}CPR+4y*=1, y=£1 245 y(x4-C)2=1, y=0
246 y[1+(x—0)2]=1 y=0; y=1 247, (y—x)2=2C (x+y)—C?,

=0. 248 (x—1)3+ —=c. 249. 4y=(x-+-C)2, y=Ce¥.
50, 2 (1—y)=(x4+0)3, y_l 251 y=Cec% y=Ce~*fy—1
252 x*y=C, y=Cx 253. x2C2=2Cy, y=+ x 254, (x+C)2=4Cy,

y=0, y=x 255 In|1+2Y 2y—a|=2(x+2-CTE VIy—2)
y 4 .
3

[N~

[

I

256, 4¢ ° =(x4-2)° +C. 257, y=2'+C, y=—x24C
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X

258 y=Cx-3 % 2]/;. 259 InCy=x= 28-2—. y=0

260. InCy=x +sinx, y=0 261 arctgu+—21—ln +x-C,

u—1}

u1]
l L]

rneu=1/1——2, y=0, y=%1 262 x*+(Cy+17=1, y=0

263 (Cx++1)2=1—y?, y==%1 264 2(x—C)*-+22=C? y==a.
265 y=CeT*—x2 266 y2=C2x—C, 4xy>=—1 267. a=p3+4p,

2
ay=3pt-2p2+C 268 x= p‘il’ y=—0271-—ln|p3—1 |+C

D
269. x=pV PP +1, y=@2p*—1) Y pP2+14+C 270. x=lnp+—ll)-,
y=p—Inp+C 271 x=3p2+2p+C, y=2p3+4-p?,  y=0.
272. x=2arctg p+C, y=In(l+p?, y=0 273 x=In|p| %
— 3
3 V-P—l—l—l*,\ Va1 2
+—=—In|l—=——n—-1+3Vp+1+4C, y=pi(p—}—1)2, y==1.
2 [ Vp+i+l )

"274 x=ePC,” y=(p—1)ef,~ y=-—1
275 x=i(2Vp2—l+arcsml>+C, y=pVp—1, y=0

[P
- 1—V1—p — —
276 x=4 | In|———=[4+3V1—p \+C, y=+pV1=p,
( 1+V1—p >
y=0 277 x=22V1Fp—In(Vpr+1 £ 1)+,

y=—pEtpVp+l, y=0 218 dy=C—20—C), 2y=22
o7 x=—2 1t 5y=C2—5—Z:,,\2=4y 280 + xp VT Cp=1,

_— i
=(1V 2 =2 3 2 —=pt
y=7F (] 2InCp V_‘llﬂ Cp) 281 pxy=y*+4-p3, y* 2p+-C)=pi,

y=0 282, y?=2Cx—ClInC, 2x=14-21In}y] 283 Ca=InCy,
y=ex 284 xp?=CV|pl—1, y=xp—x?p3, y=0
285 2p%=C—C2p?, py=C, 322:3=—97;p 286, y2=2C%}C2,
2752 =1 287 y=Ci—C? dy=x> 288 «xVp=Inp+C,
3

y=VYpHd—Inp—C), y=0 289  x=3p:-Clp| ¢,
1
y=2p3+-3C|p| ®sgnp, y=0 280 y=Cx-—-C—2 291 x=Cp,
2y=C (p*4-1), y==x 292 x=C{p—1-2t42p41,
y=Cp?(p—1)~2+p?, y=0, y=x—2 283 y=Cx—InC,
y=Inx+1 204, y==L2V Cx+C, y=—x 295 202 (y—Ca)=1,
843 =27x% 296. xp® = p 4 C, y=2-+2Cp-1 —Inp
297 C3=3 (Cx—y), 92 =4a3 298 xy== a?
g | a p(p®+2) p* p

2689, x*+tyi=1 0. x=r————, Y= ————=s A= -,

(Ve (VeIP (V1P

= 2pt4-1
(V1)
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§ 9. Pasnme ypasHeHust nepsoro nopn,ixa

301, y=x(Ce—*—1). 302. (Cx+4-1)y=Cx—1; y=1.
303. y(x*2—C)=x, y=0 304. x(C—p=C? x=4y.
305. y(x+-C)=x+1, y=0 306. x==Cy-J-43, y=0 307. y=C;
y=C+te*. 308 ylnCx=—x, y=0 309, YPr=C (x2—1); x=41.

310, 2y=2C (x—1)4+C?, 2y=— (x—1)2 311. x=Cy-In2y.
3

312, y=Cx% *. 313. (x—C)24-y2=C, 4(y2—x)=1.

314, 4x2y=(x1+20C)2, y=0 315.  x=Ce¥+-y24-2y42.

316. 3y=3C (x—2)4C3, 9y2=4 (2—x)3 317. y*=C (xy—1);
ry=1 318, 4(x—C)3=27(y—C)?, y=x—1 319. xLy=tg (y—C).
320, x®y24-7x=C 32I. y(xy—1)=Cx 322. —eV=InC (x—2).

3

323,  x=42(C—21In|y]), y=0 324, 3ry=C +4x®.
325. P(Ce**+1)=1, y=0 326 y2=2xInCy, y=0.

327, ln(x“‘—{-y‘*)-}-arctg%:C 328. (x—1)?y=x—1In|x|+4C.
320, C%--2y°=2C; 2¢%2=1. 330. y(CV[2—1]—2)=1; y=0
331. 4% (Ce?*4-x+0,5)=1; 3y=02 332. y?=14-C(x-{-1)%e-2%;
=—1 333. ysmx-’-‘3—+%=c 334, x=23p24p-1,

y=2p3—In]p|+C 335. 3y?=2sinx-}-Csin-2x.

336 x(e?-+xy)=C 337. x(p—1)=InCp—p, y=21p>-}-p, y=0,

y=x+1 338, (xr41)y=x4xInCx 339. 2+ VAL A=C.

30 px=CVp—1, y=Inp—C¥Vp+1 341. y=xtgInCx, x=0.
2

342. y3=Ce2"+-§+i, y=0 343. x=Ce""¥—2(1 + sinyg).

X
344. Cy=C2 41, y==42" 345. 2= (x2}-C)e2,
3 3
6. y=Cx—}/C—1, y®=x®—1. 347. X (P — 1 =B — 3y 4-C;
y=x1 38. Vy—x—V3=C; y=x. 349. xVg=sinx+C;
y=0. 350 x=4p3—InCp, y=3pt—p, y=0.
351, y24-242InCy=0, y=0 352, 4x4ty—3=21tg (2x4-C).
353. xycosx—y =C 354 4ny=C2x4—12 355. xy (In2x4-C)=1.

35. 2V y—x2=xInCx, y=x? 357. %——%—xy:C; x=0.

358, x=Cy?—y?(y+1)e-?, y=0 359. y(lny—Inx—1)=C.
360. x=2p—inp, y=p®—p-}C 361. 203 —x2 L g3 Lx=C,

362, (y—4x+2)2(2y4-2x—1)=C. 363. P=(C—s3)sindx
364. p2x=psinp--cosp4C, py=psin p-4-2cosp+4-2C, y=0.
365. x%:—1l=uxylnCy, y=0 366 y=C cos x+sin x.

—m(L ]/ Usl =
367. |x|=In (x+ l+x2)+C, x=0
2 2
368, (Y—x)?=2C(x4y)—C?, y®—x?=C; y=0.
369, 27 (y—2x)2=(C—2x)3, y= 2x.
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370 sm—%:—lnCv 371 a2 (g ¥V 15aig)=C

372. 3V J=ar—14C ¢/ [e—1], y=0 373 A:%—p—-g—,

y:C(%—l>—E—., g=vL2, y=0. 374 (2a-3y—T7)3=Cex+3,

2
375, (\Fy+InCyy=as, y=0 376 1=2V pl 41—
—In(1=yp*+1)+InCp, y=pV p*+1, y=0
377. pr=Cin2a-+2In1 378, x =Cue®, dy=C2e*" Qu>+2u+-1),22=2y
379 iaflnCay=1, x=0, y=0 380 vsmn?y=2simdy-L-C
381, l—xy=(Cx—1)2, ay=1 382  xe¥=e*+C.

383 sin (y—21)—2 cos (y—2x)=Ce**2Y

381 y=(24-C) YA F1—x2—Ca—2 385 (y+13)* (Qy—aH)=C.
386  (v—1)2=y*(2v—21nCu), y=0

387 x=p[1n (1+vy pl—}«l)-—lnCp],

y=ap—V -1, 2Y=—1 388 (y+I+7)y—r—1)}=C
389 smny=Ce " +i1—1 390 y=C?*(1—0C)3, 16y =1t
391 yPr=a—(x-D)InC(H-41) 392 eY=a2InCaxr

393 (y—2v 77— ) 2V y—2+a1)=C 8% a=Ina*—InCy,

- o 1 L 2 4 o .
.=0, y=0 395 V(AP = s Ty 3 20y O,
A=0 8% (u—=DInCv (u—1)p (@-—2t=3 12 & :_;’;_2,
=342 397. VYV y=@*—D@ln|v—1]+0), y=0
398 al—(s—DIny+1)—y=C 389 tgy=12-Ch,
y=( = 1) 7}, pe0, L1, 29, 400 (P=Cr2C?
401 a3=Ce/—y—2 402 y-4-l=rInC(y+1), y=—1
403 2=2C*(v—C), 83I=27y 404 1=y’ (C—yluny-+y),

2 o
y=0 405 InC (u—2)? <u-’—}—uv ~:—§> ==2arctg S, T =y,

V=1, yre=13 408 (y—1)>=1*—+—Ct 407 (12412 (Ca+1)=x1,

108, Sa ¢t — 1 =1g (32 +C) 200 (C—) Vi T=2

410 (G- D)P=424-C M1, ay—a=yy—1)in yC}x ,

1=0, y=0, y==x 412 y==axch(x+-C), y===x

413 Vi l=a(Ce¥—1) 411 (y—u)InC %:2, g=1

415 (Ce**+2.212) cosy=1 416 (P —C 12 =4 (1—0C) 17,
-

y==z\ 417 y-T\y—l—:C&T 416 vy 7Ly oyt —=C

N9 ag—ppr—y2-Cf, v=0 0 F(Ch D -2

xt=e—2Y,
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§ 10. Ypasnenus, gonyckaomue NOHWKeHHe NOPAIKA

£ 491, Clx—Cly—lnICIx—[—l]—{—Cz, 2y=x2-1-C; y=C.
422, 9(31(y——Cz)2 4(Cix+1)3% y=2x4-C 423. Ciyyt—1 =

= (Cix+Co)? 424, g=Cy (x+Cy)?, y=C. 425 y=C, tg (Cy x-+Co)
In y+g ,=2C1x+C2,J(C—x)=I,y=:C 426. Cyy= & sin(Cyr+Caki
Cyy==+ sh(C;x-+Cy), y=Citx 427. y= Cl(x—e"‘)—}-Cz
428. y=C3—(x+Cy)InC, (x4C,), =Cyx+C,.
429. y4-CylIn)yl=x+Cy, y=C 430. Y= Clc052r+(l+201)x2+
+Cox+4C3 431, y=C,[1 + ch (x4-Cy)], y=Cet* 432, x—C1p+3p-‘

3

1 5
Y= 5 po A4 — C1p4+CL6 +C,, y=C 433. y—CT——Clx—}-C.,,

y=1—2+c 434. ¥ 4-Cy=(x+C,). 435. 2y=Cp? —
—2C3 (x+Cy) In | x4Cy [+ Cox+C,, 6y=x3+(,‘1x+02.
436, y=ch (x4-Cy)-+C, 437. e¥ sin2 (Cyx+C,)=2C%;
e sh? (Cyx+Cp) =2C2, e¥ (x4 C)2 =2 438. y— ch—c""l;.

+ Cox+Cs, y~ﬁ5x3st+clx+c2 439. 3C=(x—C3+Cy;

y=C, y=C—22 440 In|y2+Ci + VP20 F1]|=25+Cy;
y==1 441, x=3Cyp?*+In Cyp, y=2Cp%-1-p, y=C.
442. x=CeP—2p—2, y=Ci(p—1) eP—p?)-C,.
43. 12(Cy—x)=Ci (x+CoPP+C; 4. y=Cy (s VE—1—In| x4
+ VA1) 42240, ¥ =Cy {x ¥V T-Fx2+arc sin x) + 134 C,.

445. Iny=C,tg (Cix+Cy), In

TyrC, =2Cx4-C,,
(C—x)Iny=1, y=C. 446. x—~u-—ln|1+u|+C2, o (3
u=1+V1+4Cy, y=C; y=Ce~* 447. Cly= (Cix>+1)arctg Cpx —
—Cix+4C,, 2y=Fknx?4-C, k=0, +1, £+2, ... 448, x——rn|p|+
-+ 2Clp—02, y=p+Cyp*-+C;, =Cy1%+4Co.
449. Cly+1_ich(61x+cz) Cly—l—_sm(Clx+Cg),
2y=(x+C)2, y=0.

x2
450. y=C‘2—lnlcos <5+Cl) ,
451. 6y = x31n [ x4+ Cx34-Cox® 4+ Cyx +C,.

452, y=x S Lntdt—{—cosx—}—Clx—}—C2

X
453. y=C, [xSet’ dt—% (e¥*— l)]-{-sz-!—Cs.

0
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A

2 ¢

154 g =2 S < at — Xl v f Cuttnfx] + Gt + Cor + Co
{

455. y=Cye01%¥ 1 Cpe~Ci%, y=C,yc08 Cix+CysinCix, y=Cyx+Cy

456. Cyy=In|Cix}+Cy|4-C3, y=Cix+C, 457. Cry—1=0CpeCr%,

y=C—x, y=0 458 y=+ VCix -+ Cy 4 Cyx 4 Cy,

y = Cix? +— Cox + C3 459 yr =1 + Cix — G,
x? x3

460 yxx€2<Clse de—i-Cz)—l 461. y=C,tg (C) 1n Cox);

C,(y+C) | xPG=y—Cy, ylnCx=—1. 462. y=4C; tg(C1x*+Cy);
2lnly—c1 = Cx2+Cy, y(C—x?)=4, y=C 463  y==C,eC*?,
5

y+C

464 InCuy=4x2+Cpx, y=0 . 465 y=Cs (x+ VLD

- Ci—— Injxl

466 y2=Cyx3+C, 467, y=Cyxe *. 468 y=Cy|a| *? .
_ 1 I [

Ci y=C, y=Ce *. 470 |y1°‘f+‘=cg(x_ci)><

1

-
x+C1
c?

X|x4+Cq| 1, y=C 471 y=C,x (InCy%)?, y=Car 472 In|y[=In[r2—2:4-

2dv _ I ! 2
+CII+S(A——1)"+C1——1+C'Z’ y=C 473. 4Cyt =41+ x (C,InCyx)2,

469. Y= Cg

’

I
TG

474. y=—xIn(CyInCy), y=Cx 475 -xy—=cz—3 In
y=Cx, 476 x}y=Citg(C,InCpn), C,(2y+C)|x[*C=a2y—Cy;
3

a2ylnCr=—1 477. 4(Ciy—1)=CiIn?Cyx 478 Cy=x?(CpC+2),
3 3

y=Cx—2_, y=—2v?]an 479 2Cx2y=(C,x—Cy)*—1, xy==+1.
480. 2C,Coy=Ci|xPR+C4|x2-G 501 (3—a) P =8(x=+2)

502. y(x1-2)=—x—6 503 (1—lnx)?y=x* 504 y=3thzf¥.1~2

505 In tg<%+%>=gx+2 506 a) 4(Cy—1)=C2(x+Cy,

6) y]/g—l—l —+ Cjarccos ]/g—:Cz +x 507. y=C,—
y 1

—klncos(%-}—Cl) 508 y:{%xz—}-clx—i—cb p—Harpyska Ha

eAHHHIY JITHHBL [OPH3OHTAJbHON npoexunn, 7T - ropu3oHTaNbHas
coCTaBAsOWAN CHAM HaTaxedns wuth  5809. ay=ch (ax+C,)+Cs,

=—;—,—, g—Bec eIHMHMUB JuEbl  HUTH, T-—cCM. oTBeT K 3a-
naye 508.
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§ 11. Jluneiintie ypaBHewus ¢ NOCTOSHHHIMM KOS HIMEHTAMH
511 y=C1e*+Coe=2% 512, y=C1e~*+-Coe~3% 513 y=C,}C.e2%,
X

514, y = C;e*¥ |- Cge? 515 y=e>*(C, cos x-}-C, sin x)
516, y=e~* (C, cos 3x+ C, sin 3x) 517. y=C, cos 2x--C, sin 2x

518 y=Cye?*te-*(Cycosx V3-+Cosmx ¥V'3) 519. y=C.;e* -
+ Coe=*4+Cycosx4-Cysinx 520. y=e* (Cycosx4-Cysinx) 4

-}- =% (C;3 cos x+Cy sin x) 521 y=e€* !’3—(61 cos x + C, sinx) -
S
4 Cgcos 2¢—+Cy sin 2x+e~*" 3 (C, cos x4~ Cy sin x)
x

522. y=e* (C;+Cyx) 523 y=e * (C;-Cpx) 524 y=C;+Cpx +
4 Cyv? -3 (C4+Csx) 525, y=C;+Coe*Coe—*4-C,e3% |- Cre—3%
526 y=(Cy4-Cox)cosx+-(C3+-Cyx) sin x_ 527, y==e* (Cy J-Cyox-I-C,yx2).
528 y=e* (C;+-Cox)+4-Cae~% 529 y=Cie¥ - Coe=%4-Cae?% 4-C,pe—2%,
530. y=C; + (Cy + Cax)cos2x 4 (C, 4 Cyx)sin 2

531. y=eX (C;4Cyx)+ Cge~2¥ 532 y=C,cosx4-Cysinx |

4 Cqcosx V¥V 34+Cysing ¥ 3 533 y=C1e-x+Cze3x+%e”.
534. y=Cycosx-}Cysinx+(2x—2) e* 535, y=C.e*-}Coe—* |
Tt xe¥ 22 2 3y =Cer 4 Cr* - (5 — 3)em
537. y=C1e*4Cye?*4-0,1 511 x}-0,3 cos x 538 y=0C,cosx-}-
-+ Cysin x—2x cos x 539  y=C,e¥ - Cpet¥ — (24% — 2x -}- 3) 2%,

540. y = C1e¥ + Coe®¥ 4 (0,1x — 0,12) cos x — (0,3x 4 0,34) sin x,
- X - X 1
541. y=Cie*4-Coe “-——ge 4x—<—€+§é) e=* 542, y=C.e* J-

3 2
4 Coe=3% 4 (%—%—{—3%) e*  BM3. y=e2* (Cy cos 2¢x--C, sin 2x) +
- 0,25¢*%¥1-0,1 cos 2x 0,05 s1n 2« 544  y=C13%4-Cpe=3¥ |-
1
-+ e3% (567 S X — = cos x) 545 y = (C) + Cyx + x3) e*.
2
546. y=(Cl—-%> cos x - (Cz —f——’:—) sinx 547, y=(C;+Cyx)e~2* }
+ (1%“9%2) ex* 548. y==C; - Cyped% — 0,243 —0,12x2 —0,048% +-
-}- 0,02 (cos 5x — sin 50x) 575. y=e*(xIn|x| 4 Cyx 4+ C,).
576, y = (e™* -+ e=2) In (¥ + 1) + Cre= + Coe—*

577. y=(Ci+In|sinx|)sinx-4-(C;—x)cos x
578. y=sin2xIn|cos x | —xcos 24 C; sin 2x -+ C, cos 2x.

5
579. y=e"‘(%(x+l) 2 +C1+C2x> .

N\
580. y= —%—-{—-Cle"—l—cze‘x.



681 y=2-4-e~*, 582 y=(7—31)e*~2 B83. y=2cosx—5s1m14-2F,

584, y=et =12\ Le—] 585. J_SE._’I‘_Q\
586. y=1—smmai—cosr 587. Peweunii ner 588 y=2i—z 4
4 tcosv-C sm X, C — npou3BoaLHOE 589 y= Cyx?1-Cax3,
590 y== C1\3 Cox—1 591. x_x(Cl—T—Coln],\[—}—C.,ln-}x])
592 y=C,+- Cnln]xl -+ Caa8, 593 _A(Cl—chln]x])__Q@
584, J**Clcos(‘>ln]xl)—7 C\sm(?ln[x[)—‘—m 395 y=Cp\?—-
—[—%(CI-—% In \—ln-.\> 5396 y=2*(Cycosinja|-+Cosinln|a|-3)
597, y=Ca34Cor=24-a3In[a|—24° 598  y=Ca21-Cox—1--
-+ 0,0 coslna—0,3smlina 599 y=(r—2)° (Cl—l-Czln|x—2[)—r
3 1
. 3N . 31 ' 2
+a—1,5 600 y=C; g +C, Ay +C; v—;—?‘ .

§ 12 Jlancunwic ypaBHEHNST C MEpPEMelHLIMI
Koad huuien ranmu

601, Her 602 [Ma 603 Her 604 Her 603 Ha 606 et
607 da 608 Her 609 Her 610 Ma 611 Her 612, Ha 613 [a
614 [Ja 615. Her 616 Her 617 a 618 Her 619 Ild 620 Her
621 Ja 622 Her 624 y'—n'ctav=0 625 (—1) 1y —1v'—y=0

626 J”’ —y"==0 627, (2a’—-61—0)y —(*\*b)_/ 4y =0
€28 y"—y=0 629 (=0 -2) g — Py 0y — 2y ==
630 a2y —3xy’ +-3y=0 631 y=Cir-Cie—2
632 y=C, (1+1) e (St
- y~—Wi [N i 2 ) i X i
633 y=e* (C25-C) 634 ay=Cie—>-LCoe>
635 y=Citgv+Ca(l-+atgy) 036 y=C; (- alnfa])4-Cox
637 y=C,(ev—1) —-—C;_—l— 638 y=Cp~+C.(lna--1)
I 4-sina
639, y=C sinv-- C‘( —simn lnm/
— /e
640. yz% [Cl<ln (xj'—]f,x-’—%l)—]—\k—'l) 4-62]
(21) ¢
641 y=Cy*v--C, (Sx-kl)c‘fv 612 y=(C{+4-C, \)e At
643 y= C1(2t—Ll)~—C e- 644 z/_6‘1 (t-1)£Cu-10
645, y=C; (1 --2) - Coi? €46 y=C, (122-2) 2-Con?
647 y= C1(x-—'—-l)—r&[x*(\-—‘—l)arctrr,x]
648 y=C V' IL[—Ca(J\—O) 649 y=Cir+-CoerCge—r

630 y=Cix+Cn—1--Cy(rInlrl1)
031, y=Civ+-Coer+Cy(vi—1)

y . c, /. 3
652 y=Colot2) 4 (1) Inlx (5

86



+1

2
633. y=C; (2x—1)+Coe=54 2 854.  y= +1+x-—1+"

655, y=Cy (xd-}-l)—}—sz-l—{—Qx 656. 2"-}-r=0 657. 2"—2z=0.
658, 2" =0 659. x22"-—92=0 660. 4xBF | (412-1) 2=0
661. gyt —y=0. 662. yi-y=0. 663. (12—1) yp—2y=0.

664. 412 =0, 665. 8yj; - 1%y=0 866. —~— ;
[(b— o)V m ]

m
03HaYaIoT UeNyIo 4acTh uncaa) 667. 0,33 < d < 0,5 668. 15,7 < d < 32.
669. 0,49 < d < 1. 670. 015<d<12 671. 16 <N <41,

" dx
677. uu—{—(:l: 13 ee) =0, W y Y=1pu.

B Tex mu3 oTBeTOB 680—690, Tle pelleHHe Yy, He YKa3aHo, OHO
monydaercsi M3 Yy 3aMeHOH COs Ha sin

HyJet ua Ha ofHH ~Gonbuie (KBaZpaTHHle CKOGKH

X

3 3
- -—-x
680. yl._V_ cos—-—}-O( ) 681. y;=e 2cose"+0(e 2 )

L 3 S SO I
682. yy ,=x"* et 2V 1—{—0( 2)) 683. y; p==x e ° X
3

3 5
1+0\x ? 684, y=x “cos?l/-;—l—O(x ‘).
3
(x—1) L T -1
685. y,=—e 2 [(Qx) T cos (Qx) +O( ‘)].
1xVs

1 x3 1 2 -
686. Yr=—cos —+0 — 687. y1o=x (14-0(x—2),.

688. y, = ]/_— [cos (—- In“’x——— Inlnx ) —{—O (In-2 x)]

105
689.
bi.2 [ 32x2 T Joager T0 - B)] Vo

690 y= 71?(1_;.@) cos (2 V;7+16 Vx_>+o(x"j:“> )

- § 13. Pewenne ypaeHeHHii ¢ NOMOWbIO PSHAOB

2x3

691. y—l+x+ + =5 + +...
X2 x3  x8
692. y=1+x+?——3-+... 693. y=?+'—b-+T+.. .
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694 y=x+x2—x——-——...

695. y=1-+2(x—1)+4(x—1)2+ _(x_.l)a .i_l(t_l)4+”.

3 3 4
696 y=I42x— T —T—T— . 697. y=4—2%+212—
— N3 - %‘2,\4_}- . 698 R > 0,73 699. Owubna nenvwe 0,00024.
At A8 A8 x°
700. y1=1+m+m+---v yz—x+ﬁ+4—5—8—-§+. ..
, A xt At . _ X3, 5B
o o=ttt e Y=+t gyt
x’.’
i T 2 1
+2—%_6+"'=xe2 702. y1=1+,\-—}—,\4+...=1—_?,
5 x 3
y2=x+,\,3+,\,0+ .s =r:;:. 703. yl.-:.l——?. *~+
3
35 y ® b 46
+ﬂx4 oo =(14x? , Yp=x 3x+3_x
A% a8 11.4 e, Ox3 | 3t
704 !/x—l——Q'“-.—z‘—T— cor Ya=Xx—+2 ATTT-f-...
1
705 gr=14x—ad =gt = =g, Yr=2yy.
a3 A3 a8 a4
0 p=l—g—ggte- =t =gy b
A xb Xt xS
707 !/1=1~-'b—+l2—0+ -, yZ“A’_.T2—+T—8—OA .
Al A3 Lt
708 y1=1+—2—+-1—2—+—:—~r--.. = +24+-..
x3 X3 i
709 !/1=1—'F+- .y ’—-l+ —19 ot eees Y3=x +—4——...
LM sin x 1 x3 cosx
710 yl=l 3' l 5' — . = X L] .‘/2—“;—'2_!"}‘?1“—-.. -——x—
1 N 32 e
m y=—+1 '_2—l+_3T+ =—
1
a2 (12 B0, @)
Yo=2 (1 TETE7 E79° ¢

= -l
712 g =a® (1+56+m+ )

3 A? _L.._______’”A L ___1..1_ X
- (‘4‘0—7'071213- : 713 =14k
2 x3 x4 X8 e¥—1 A1
=4 +T+4_§+456+""6( p "l"'é')'
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1 1,1, 2 s  Txt L
M gp=g—etygtgtmtam - r=xt5+

3 g 215 s, X3 xt ¥
Tyt te L T
x? x3 X8 x2
x1 x2 3xt
+27.—43+...)lnx——z-—--1—2§—... 718 y; B y,—0606-

HleHHble  CTeflleHHble DPAA ¢  HPPAXHOHAJBHEIMH  NOKA3aTeasIMH.
719 y; H y,—pAREL C KOMIJIEKCHHIMH TIOKa3aTensiMH. 720. Pewmenui
B BHJe OCOGUIEHHBLIX CTeNeHHBIX DAJOB HET, TAK KaK MOAydaeMmblii pAX
y=14+11x-L-20x®-3' x84 . nMeeT HyJeBOH pamuyc CXOZHMOCTH.

[ 4
2 4 1 2k
721. y=;+;k§ m(COSQkx—llkz_lsm?kx).
=1

[
(%3 - &) cos kx— sin kx
722, y=
Y= oo 1

5 3
R G - L PPN

22

723. y=%+u(ﬂ—-"—)+

o —— —_—

ki
-1 ry 2
724 y=2}/';+29(x ’—x’)—{—p‘-’(’%-—%x{—?—;x Px 2>-}-...
3
725. y=l+p(x2~—-x)—%x(x—l)3+...

§ 14. Jluneiinne cHCTEMB C NMOCTOSTHHBIMH ko3 duunen Tamu

726. x=Cie! +Cpe¥!, y=—C1e! }-3Coe™.  727. x=Cre—14-C,e,
y=2Ce=t—2C,et, 728, x=2C¢3—4Cee~3", y=C.e3 | Cpe-3t,
729 x=e*(Cycost-+Cysinf), y=e[(C,+Cy) cos t+(C,—Cy) sin £]
730. x=e! (C, cos 3t -C, sin 31), y=¢et (Cy sin 3t —C, cos 3f).
731 x=(2C;~Cy) cos 2{ — (2C, +-C,) sin 2f, y=C, cos 2 +Cysin 28,
732. x=(C,+Cat) e, y=(C,+Co+Cot)edt. 733. x=(C,+-Cyt) ¢!,
y=(Q2C,—Cy-2Ct) el. 734. x=(C; 4 2C,¢t) e=t, y=(Cy-+Cy+2Cot) e~t.
735. x=(C;+3Cyt) 63!,  y=(C,—C;—3C,t) . 736. x=Cpel4-

4 Coe? - Cye-t, y=Ce!—3Cqe~1, 2=Ce! - Coet —5Cpe~t,
737, x=Cy+43Cye?, y=—2C,2'-Coe~!, 2=C,+Cye?—2Ce-t,
738. x=C,e3 4 Cye?, y=Cyet +Cye2t, 2=C et +Cype?t -1~ Cyedt.
739, x=Cyel -+ Coe3t + Cyed, y=C,et —2C,e?t |- Cye®t,
2= —Cyet—3Cye? - 3C,e%, 740. x=Ce!4-Cye~!, y=C,et+-C,e?t,
2=9C,e2t—Cge-t. 741, x=et (2C, sin 2f 4-2C, cos 21),

y=e'(Ci—Cycos 2t +Cy sin 2t), z=¢f (—C;—3C, cos 2¢ -+ 3C, sin 21),
89



742. 3 =C,et-Le3t (C, cos t-1-Cysin ), y=e3[(C,-+Cy) cos £+
A (Ca—Cy)sint],  2=Cyettte3 [(20,—Cy) cos ¢ -+ (2C5+Cy) sin 1]
743 x=C,cost+(Cy4-2C;) sint, y=2C;et+Cycost - (Co+2C,) sint,
2=Cet1-C3 cos t—(Cy4Cy)sin £, 744 2= C1e2t - (C,+-C3) €3,

y=C,e2-}-C,e¥, 2=Ce2 - Cye¥! 745 x=C,+Cel,
y=3C;+Cqet, z=-—Cy-L(C;—Cj)et 746 x=C1e¥ - Cpe~t,
y=—Ce3 +(C,1-2C;) e?, 2= —3Ce3 - Cpe!

747, x=Ce2t - Cpe=3!, y=Cre2t J-3Cse=3, 2=(C,—2C,) 2! }-2C,e—5t,
748. x=(Cy +Cyt) et L Cqe?t, y=(C;—2C,+-C,t) e,
2=(C,—Cy--Cot) et +-Ce2t 749, v=(C,-}-Cyt)e~t, y=2Ce!—
— (205 +C3-4-2C,41) ™1, 2=Cet —(Co-+-Cy-Cyt) e~

750. x=CyCyt +4Cye3!, y=C,—2C, —2Cot +-4Cse%t, 2=C—C, -
b Cot +Cye8 751, x=(C14Cst) et, y=(Cy-+2C 1) et, 2=(C,—C, —
—C3—Cyt) et 752,  x=(C;+-Cyt -C,at3e2t, y=[2C,—C, -+
4 (2C,—2C,) t1-2C,82] e, z2=[Cq—Cy+2C3-F(Co—2Cy) £ - C 12] e2t.
753.  x=3C,e!43C,e=t-+Cycost+C, sint, y=CetLCore~t 4+
4+ Cycost+Cysint. 734, a=—2! (C),-+CyCyt)—2~t (C3—Cy - -
FCut),  y=et (CrLCot)Fe~t(Cy--Cyt) 735  x=e! (Cycost -+

+Cysint)4-e—t (Cycost+-Cysint), y=-¢et (Cy sin{—Cycos t) +
+e-t(Cycost—Cysint) 756 x=Cet L Cre~t LCoe2t L Coe—2,
y=Cet-LCoe=t-LCpe?t 1 Coe=?, z=Cet +Ce~1—(Cy4-C;) 2t —
—(C5+Ce Y 757  x=3Ce! +Che—t, y=Cel-Cpe—t.
758 A=Cel +-Cre=t -1 9Ce—, y="2Ce! +-Cge—2t
759 x=3Ce~1, y=_Ce! 7690 A= —92C,e%  Cyet,

y=Cre~t4+Coe® 761 3=2Ce?L2C,e~2*12C, cos 2 -+2C, sin 2¢,
t

y=3Ce2!—3C.e~2—Cysin2t +Cycos2t 762 a1=Cie? —4C,e~?,
¢

y=Ce? +Coe=? 763 x=(C;+Col) e -+Coe~t, y=(—2C,—

— Cp—2C,t) et —4Cqe~! 764 x=Cret +Coe~t4-Cae?t - C e 2t,

y=Cet -+ 5Ce=t 12032 +-2C e~ 765 v=C;-+Cyef--Cycost -+

3
4 C,sint, y=—C1—C2e'+(—5-C4—-‘—;—C3> cost —
— (%—C;,—{-%C,) sin ¢ 766 x=Cret - Cre—t-tet —2 .9,
y=Ciel —Coe=t-1 (t—1) ¢! —2£,767. 3 =C1e? +Coe~t—2 sin t —cos ¢,
y=2Ce —Coe~t4-sint+3cost 768. x = Ciet - 2C et 1+ 3e5t,
y=—Cet - Coett +-e3 769 x=Cire=t+4C, et 4-3e-2t, y=Cre-t--
4 Coedttde=2t 770 x=Cet+Coe¥t (1 1) e, y=—2Ce¥ —

— Ce3—2te 771, x=(C{-+2C,t) et —3, y=(Cy--Cy4-2C,t)et—2
772,  x=Cie-tL3C.ett—e~t—4eit,  y=Cett - Cpett—9e—1—23t,

773. x=01e3'+02e"2t——1--——e’, y=Cle3’-—SC2e-2‘—-§-— e’
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774. x=Ce~t4-9Cet —cos {-4-3 sint, y=—Cye~t 4 Cpe?t 4
+2cost—sint 775 x=4Cie!Coe=2—4ate!, y=Ciet | Coe-2t -
—(—1)el. 776. x=Cye314-3124-2¢ - C,, y=—Ce3t 1+ 6¢2_9¢ |-
+2C,—2 777. x=2C.e2' Coe=3'— (12 - 13) ¢!, y=C,e2!—2C 03t —
—(8t+6)el. 778  x=2C,e8'—2C,—6f -1, y=3C,e8' 4 C,+3t.
779,  x=3Cie'+Coe~t+43sint, y=Cret+Coe~t—cos t+2sint.

780, x=Cre~ttCert—eltor 1y ety
tet—dt 42 I8 s (G, y=[C—Cot
+(Co+-2) t—12] ¢! 782 ° x=Cye! -+ 3C,e? -cos t —2 sin ¢,

y=Cie!+2C.e* +-2cos t—25sint 783  x=Cyet--Coed' J-te' —ett,
y=—Cie'+-Cot¥'— (¢ 1)e!—2% 784  x=C, cos 2t —C, sin 2t 4
-2t +2, y=(C1+2C,) cos 2t - (2C;—Cy) sin 2t - 10¢ 785 x =C,et -

~+ Coe3t et (2 cos t—sin §), y==Cye' —Coe® ¢! (3 cos t +-sin ¢)
786. x=Cycost-C,sini-tgt, y=—Cysint+4C,cost}-2.
787. v=Cet4-2C,e2t —e! In (2t 4 1) 4-2et arctg o, y=C,et +
4 3C.? —e! In (22 1) +-3e2t arctg of 788 x=Cy+2Ce~t 4
4 2-tinjet—1], y=—2C;—3Ce~!—3e-t1In|ef—1}|

789 x=Cycost+C,ysint-4-£(cost-|simf)4(cost—sint) In |cos |,
y=(Cy — Co)cost 4 (Cy + C,)sint 2costlinfcos?| 4 2f sint.

5 5 3
790 x=<cl+2clt—8t2>e', y:(Cl—i—QCzt—CQ—St"+10t2)et.

§ 15 Ycroitunsocts no JlanyHosy

791 Ycroftunso 792 Ycroitunso 793 Vcrofiwnso 794. Heycroii-
wiso 795 Heycrofiunso 796 Veroitumso 797 (0, 0) — neycroitunso,
(1, 2)—ycronuneo 798. (1,2) u (2, —1) Heycrojiunssr 799 (2, 1)—ne-
ycToiiuuBo, (2, —l)—ycroiiuuso 800 i =2kw, y=0—HeycToitynpw,
x=2k4-1) 1, y=0—ycrofiuusu 801 VYcrofiuno 802 VYcroiiungo
803. Her, ner 806 Heycroiiuneo 807. Ycroftmmzo. 808 ¥Ycrofiumso.
809 Vcroitunso 810 ¥Ycroiiuiso

v

§ 16 Ocobbie Toukn

811 Cemno 812 VYzen 813 dokyc 814, Viea 815. Cexgo
816 Ilentp 817 Brrpoxkpennsiit yszea 818 Vzea. 819 Ocobuill y3el
820. ®oxyc 821 VYsen 822. Bupovwkienubili ysen 823 Pokyc
824 Ceano 825 Uentp 826 Buipomaenunit ysex 827 u 828. Ocodue
TOUKH  3aMOJIHAIOT  NpAMYyl0  JuHHIO 829 (—2, —1)—yzen
830 (1, —2)—doxyc 831 (3, 6)—BuipoxieHHHIT y3en 832. (2, —1)—
cexto 833 (0, 1)—cexmwo, (0, —1)—doryc 834, (2, 1)—ce110,
(—2, 1)—y3en 835 (4, 2)—yzen, (—2, —I)—dokyc 836. (1, 0) —
cexto, (0, 2)—suipoxgeuntii yser 837. (I, 0)—oco6uii y3ed,
(—1, 0)—cezno 838 (0, 1)—ueutp, (0, —1)—cext0 839, (2, 2) —ysen,
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(0, —2) —ceano, (—1, —1)—donyc 840 (1, 0) u (—1, 0)—cenna,
©, 1) u (0, —1l)—uenrpu 841 (1, 1)~—cenmo, (1, —1)—yseq,
2, 2) u (—2, 2)—donyce 842 (0, 0)—doxyc, (0, 8)—ceano,
3, —1)—ceano, (7, 1)—y3en  843. B oGaacti y > 0 HHTerpaibuble
KpHBHE PacnoojoXeHel Kak y ceana, B obaacti y < 0—kak y y3sia.
844 UYepes (0, 0) mpoxoauT opHa KpiBas, HMeOUIas Tau TOUKY BO3-
Bparta nepsoro poja OcraibHbie hpHBble He 3aXOASAT B 0COOYKD TOUKY
845. M3 ob6mactn y < 0 Bce nHTErpajbHile RPHBEHE OGOHMH KOHIAMH
BYOJAT B 0co6ylo TOUny, a H3 obaacti y >0 He BXOINT HH O1na
846 [lse uHTerpajgbHble KpHBbIE NDOXOIAT Yepe3 0CO0YI0 TOUKY,
Kacasicb Apyr Apyra OcTajibHble KpHBBE PaclOJIOXKEHB, KaK y celJa
847. M3 obmacti y > 0 xpuBeie He BXOAAT B 0co0yl0 TOYKy B ofia-
cri y< 0, x <0 pacnosiomenne RPHBHIX HalOMHHAeT BbIPOAAEHHEL
y3ea, a B obaacti y < 0, x > 0—cexiio

§ 17. 3anaun B3 TeopHu KoaeGaHHM

851 B cayuae a2 > 4km x:%(s"““‘—e‘"“‘m), a=2£ ,

m
V n'—4km 2 _ U _at n
Y=g B cayuae n® < 4km x_ﬁe sin ft, a=5—,
_ Vikm=—n? .o ST 1./ 1
p= 5 852. n=} 4km 860. 21] K <ﬂ+T§> .
R t
—_— 7 ——
861 A=—0D . ge2. I:Y—(l—e L ) 863 /=1 RC
1" R R
k
] Rt
=9 ,RC 5. J=-9_, 2L 2
864 I—Rce . 865. / oCLe sin wf, CR2 < 4L,
/A0 — R
=L‘3_C?LLC_RC_ 866. 1= A sin (of —q),
Vv oL
A_—_m., (p——arctg-fe— 867. I=Asin (0f—g),
1
v ol—g& v
A= ————T——Z, (p=arCtg-——R—-, ma)\A—_——[—{—
VR.+<wL_6—C)
npH m2=—1 868. [ =A sin (0f —¢),

LC

Vv
, maxAd=— npu 0=01 0=o0,

R

A= 14 A 5
R ®
1/ _’r(l—mzLC)
1
= 2
min A=0 npn o =1 "
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870. x(m)==—4, npH  KAKIOM TONYKOJEOAHUH AMIIHTYAQ yMEHb-
waerc Ha | 871, lp{-gsin@=0 872. mlp+klp|¢@{{tmgsing=0

&ly pdly
secust [, () = (0) meycroiuwso npu RC < M[’'(0) 874 B cayuae
RC < Mjf"(0) umeem F’'(0)< 0, u Ha {a3oBofi NJIOCKOCTH ecTh mpe-

! L L
—Cr fiMm - +CT =0, cocTosHHe paBHO-

IeJbHBIH LMK 892. a < —%, a> ——;- .

§ 18 3aBHCHMOCTEL pPelICHHS OT HAYAABHLIX YCROBH
H napameTpos
Npubauxenroe pemenne auddepenunanbunx ypasnenudt

895 Menbwe uyem Ha 0,03 896 Mensnwe uem Ha 0,1 (e2T—1).
§97. |f—x|—{—] g—y| < 0,0012 898 Own6ka mensuie 0,003,
899. OLtUHGKa Meubie 0,034 900 e**—x—1 9801 #2Int4-2£3—2¢,

e? e—2 2 t -t 1 - .
902 3—6———4—- +(—9-——3— e —{—? 905. x-_smt—{—
1 1 2f 1 1 s
"H‘('(;'_E' cos2t>+p (§smt-——§-sm3t>+0(p) 908. x=

= cos 2f - (%———212—::054!) +p? (_11110 cos2f —{—6%2 cos6t) + 0 (13).

907. x=pcost+p3(—% cost+—2];4— COS3f)+0(p~5). 908. x;=1-

2.

+ sxnt—L(l-{—cos?t)—{—O(L”), x,,z—l—-ﬁ sint+4-
n 1 ! 3
Bl s -k 154 -

-{—36(1 3 cos2t>+0(p) 909, x; = 5 sin 2t+648 sin 2f

3
—5-15 sin Gt)—]-O (115), xz———_n———'sl- sin 2t—l_}(;070(% sin 2!:—-T-:—i sin 6!)—}—
+ 0 (n8) 910. x=% smt-{—%—sm 2t—-%—sm3t+0 ).

1 5
911, x=2n % sinf—p (1—12 smt—}-% sin 3t) +O(p 3) .

812, x=C cos T-C? (l——i cos r——é—cos?r) 40 (C3),

273
t=t (1—%c2+0(c3)>+c,
C3 c?
913. x=C cos T+ ;55 (cos T—cos 31)4- 0 (C"), f=t(l——-—+
192 . 16
+0 (C‘)) +C, 914. x=2cosr—% sin 3t+40 (u3),

2
vt (1—‘1‘—6+0(p4)) +C.

23



§ 19. Heauneilnple cucremut

. C\2 — 1 ~Ci1? — Cye
921, y=C.e~*", z 2(,‘1623 . 922, y=C.,e™"",
Cy cy¢ x+Cy (Cy—C) x
z=x-F=*et", y=0, 2=x+C 923, y=— , Z==—2 .
+Cl b Y x+-C, (x+Cp)*
924 y:(,‘zecl‘2 , z:%‘—1 v~V , y==0, e=Ch

2

1 Cl Cl ! 2 _Cl L 2y 1
925, y=—F g GHCI—F 0 +C), 2= (+C) 5
926. y=0Cy2, x=2y—2z--C, 927 x2—y2=C,, A y=Caz.
928. x—y=0C, (y—2), (4542 (L —y)=

929. a+2z=Cy,  (x+y-+2) (y—3r—2)=C,

930. x*—3*=C;, y*—ui=C,, (+2)=C;u-ty) 931 r-+z2=Cy,
y4u=0=C,, (x—2)*+(y—u):=0C,4 932, At-2y=(,,
bxy—223—322=C, 933. y*+22=C;, ar—yz==C,. 934 r=Cyy,
W—2z=Cu 935 a=Cuy, aw—2V22L1=C, 936 y=C,z,
Xx—yr—2t=Cyz 937. y*+22=Cy, v(y—2)=C, 938  iz=Cy,
wt2?=C, 939 itz—y=C, Inlxl+§=C: 90 74y -

4-22=Cy, yz=Cyx 941 1) 1a, 2) ner 942 1) ner, 2 7a 943 [a.
944 3asucHL

§ 20 VYpapueHus B 4aCTHBIX TPOH3IBOAHBIX
NepBoOro nopsaka

946 F (\V—y3, x—y-+2)=0 947 F(e Ayl z+ I”l./|> 0.

048 F(A-’—/lz, M):o 919 F(,v-.__/- > 0
x? 32 1
5 a 28\ 51. -1__
T o L1 2
052 F (244, g (2 V ET D) =0 853 F(zu-y lnhjb—§> 0.
654 F<A3+y3, arctg—;—%—(zﬁ—l)e-z):O 935 I (z22—y?,

Vi (y—2))=0 936 F( , 2x—4z—ﬁ>—0 957. F(z—lIn|a|,
2 (z—1)—y)=0 958 I (tgz-i-clgx, 2_/—[—2tfrz ctgaf-ctgra)=
959 F(A—t{;*—,z, (v—y) (x+-y—22) Y =0.
960. F(eg) GoD),  (r-tg) — 1) =0
961 (u (t—p), uly—2), ﬂﬁ) =0

)
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LTI, L
962. F<—;—, xy—2u, z——'%ﬂ>:0 963 F (Lz—g, Qut-x-4y) 2,

i‘% =0 964. y2*—i2—lIn Vy"—x‘-’:z—ln]y[.
965,  2x*(y+ 1):_1/‘3—}—42——1_ 966 (x+29)°=2x (24 )
967 ?23 Sin v=sin —;— 968  2xy4-1=x-43y-4-2-1,
969 x—2y=x>+4-y2 -z 970, 2% — 12 —22=q2,
971. [(y*z2—2)>—x2{-z] y2z=1 972. x*-+22=05 (xz—y).
973. 3(xy-+2)=vity2i22 974 xz=(x2—y—x-122)?
975. (I+y)3=3yz{1 +yz—x) 313 976 x-+y-t-z=0
977 2(5—423—3yz =9 (y-+2?)3 978 (v—y) (Bx-y}-42) =4z

979 xz+4*=0. 980 z=xyI-f }y—>, rie f-—npoussoasnas zud-

Gepenmnpyevat dynnuns, a11 koropoit f(1)=0. 981. F (x2—y2,
2042 =0 982 2°f-2=z(1\2+y>+2%) 983, F(2x—z, x—y)=0.

2 S Y S y—b z—c\
984. (v—y)+-(z2—x—y)2=4 085. F(x—a’ x—a)—o'

986 F (lyd , —3—) =0 987, z=Cxy> 988 Pewenuii ner. 989. z=0,
990  Pemennit er. 991. a3y%2=C. 992, z=y2—xy.
993 xyz=C—x3, x=0
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