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BCTYII

Bnepie 3actocoByBaTH AudepeHliaNbHi piBHSAHHA [/ ONMCY pPi3HOMaHITHUX
NPUPOJHIX ABUIL i 3aKOHIB OyJ10 3anponoHoBaHo e Icaakom H'roToHOM. BifgToai Teopis
JudepeHLia/IbHUX PiBHAHb MOCTIMHO PO3BUBAETHCA i 30arayyeTbCsl HOBUMH JOCATHEH-
HAMH Ta pe3yJbTaTaMH.

Ha cboroaHilHil AeHb Ay»Ke BaXXKO cobi YIBUTU HAYKOBLA: iHXKeHepa, ¢pi3uKa, MaTe-
MaTHKa, biosiora, 6e3 3HaHHA Teopii AudepeHLialbHUX PIBHSAHb i MeTOAIB IX pO3B’s-
3yBaHHsA. | 1Lle He JAMBHO, aJpke MPAKTUYHO OyAb-IKUKA TMpOILEC, L0 3MIiHIOEThCS
(eBostOLIiOHYE) B Yaci Moxke OYTH ONMKMCAHUM 3a AONOMOrow gudepeHlia/bHUX PiBHAHb
abo ix cucteMu.

Ha mexaHiko-MaTeMaTH4yHOMY dakybTeTi KMiBCbKOro HallioHAJIbHOTO YHIBEPCUTETY
iMmeni Tapaca IlleByeHka Kypc AudepeHliaJibHUX PiBHSHb YUTAETbCA [Jis1 CTYAEHTIB
JPYyroro Kypcy BCix cnerjiasisalii.

[IpakTu4yHa cTopoHa Kypcy "/ludepeHiianbHi piBHsIHHS" HacaMmmepe] 6a3yeTbCcs Ha
3aCBOEHHI MeTO/iB iHTerpyBaHHs pi3HOMaHITHHUX KJaciB AudepeHIiaJbHUX PiBHSAHb Ta
OCHOBHUX MPUUOMIB SIKICHOT'O AOC/Ti/P)KeHHSI MOBeJiHKM iX po3B’sA3kiB. [IpoTe, Ha KaJb,
BeJIMKa KiJIbKICTb iCHYIOUMX Ha CbOTOJIHI MiApy4YHUKIB Ta 36ipHUKIB 3aja4 3 JudepeH-
IjiaJIbHUX PiBHSIHB, X04a B TOMY YU iHIIOMY 06Cs3i OXOIIIOIOTh OCHOBHI po3/iJH Teopil
JudepeHLliaIbHUX PiBHAHB, fKi CKJIaJal0Tb 0a30BUM YHIBEPCUTETCHKUHM KypcC, aje He
MICTSATb 3HAYHOI KiJIbKOCTi OJHOTUITHUX 33/1a4, SIKi MO>KHa 0yJ10 IPOMOHYBATH CTy/leHTaM
y AKOCTI IHAUBilyaJIbHUX 3aB/iaHb.

[IponnoHOBaHi 3aBJaHHA KpeJUTHO-MOJYJBbHOTO KOHTPOJIIO OXOIIIOIOTH BeChb IpPO-
rpaMHUM MaTepias HopMaTuBHOro Kypcy "JudepeHinianbHi piBHIHHA". 3aBAaHHSA MOJi-
JIeHi Ha /IBaHaAUATb pob6iT (MO0 TpuU B KOXHOMY MOZAYJi), KOXXHa po60Ta MIiCTUTh
ABaHaAUATH BapiaHTIB.

lli 3aBAaHHSA BUKOHYIOTbCS CTyJeHTaMM CaMOCTIMHO MiJ 4ac no3aayAuTOPHOI pobOTH.
[[Jo6 ycnillHO BUKOHATH T€ YW iHIIe 3aBJAHHS, CJiJi BUBYATHU BiANOBIAHUUN JIEKI[iMHUN
MaTepiaJ Ta ONpalloBaTU CaMOCTIMHO BKa3aHi pO3/i/id 3 peKOMEHJ0BaHOI A0 [AaHOTO
3aBJaHHA JiTepaTypH.

3aBJaHHA 0QOPMJIIOIOTHCS B OKPEMOMY 30ILIUTI JIJIs1 CAMOCTiHHOI po6OTH.

HoMep BapiaHTy, KOHKpDeTHUM TepMiH BUKOHAHHS 3aBJaHb BH3HAYA€ETbCA BHUKJIA-

JlayeM, IKUM NpU NoTpebi Ha/la€e CTyJeHTaM KOHCYJIbTallilo0.
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SMICTOBHHNIMOUNbYI
CrananHilnnmeneHuianbHINIEHAHHANENIOOINCNANRY)

3adaui Ha ckaadaHHs dughepeHyiarbHUX pi6HSIHb

Jlimepamypa: [1], [2, § 1.3]
BapianrT 1.

1. B yMoBax 60poTb6M 3a iCHyBaHHS IIBH/KICTb 306i/bLIEHHS YHCJIa OCOOUH MOMyJsALii
npomnopuiiiHa (3 koedinieHToM a = const > () kibKOCTi 0COGMH B HaABHUN MOMEHT
yacy, a WBHAKICTb iX 3MeHIleHHs mpormnopijiiHa (3 koedimientom b = const > 0)
KBa/IpaTy KiJIbKOCTi 0COOUH.

a) 3amMcaTv 3aKOH 3MiHM KiJbKOCTI 0co6uH z(t) y BUrIsAAl AudepeHLiaJbHOrO

PIBHAHHA.
6) JocniguTu ofep:xaHe piBHAHHS i JaTU BiZIMOBiAb HA MUTAHHS:

- SIKUM MMOBUHHO OYTH YHCJIO OCOOUH T, B OYaTKOBUH MOMeHT 4acy t = 0, mo6 3

NJIMHOM 4acy BOHO He 3MiHIoBaJsiocs? 30i/blyBasoch? 3MeHIIYBaJI0Ch?
- SKUM OyJe 3aKOH 3MiHM KiJbKOCTi 0cO6MH z(t), 3amucaHuii y BUIJIAAL

aHaJiTUYHOI popMyn?
2. Hexat B ymoBax m.1 a=const >0, b=0 i y ¢ikcoBani mMomenTu dacy ¢
(1 =1,2,...) 9nCJI0 0COOHH 3MIHIOETHCS 3 3AKOHOM
x(ti —I—()) = 7:5(151.), v = const > 0.
a) 3HaiiTu aHaiTUYHY Gopmysy Uit (1) Y 1bOMY BUNAAKY;
6) BBaxatouu, wo ¢ —1t = 0 nast 6yb-IKOTO ¢, BU3HAYUTHU 3HAYEHHS MapaMeTpa

7 TaK, mo6 GpyHkuis z(t) 6ysa 0 -nepioJUIHOI0, 06MEKEHOIO.

BapiaHT 2.

1. B mpoueci xiMiyHOI peakiii XiMiYyHa pedYOBUHA NEePEeTBOPIOETHCA B IHIIY peYOBUHY 3i
HMIBUAKICTIO, mponopiiiiHoio (3 koedinieHToM a = const > ) KiJIbKOCTi HenepeTBoO-
peHoi pe4yoBUHHU.

a) 3anucaTH 3aKOH 3MiHHM KiJIbKOCTI :c(t) HelepeTBOPEHOI PeYOBUHU Y BUTJISAAI AUde-

peHLiaJIbHOTO PiBHAHHS.
6) 3anuMcaTyu 3aKOH 3MiHM KiJIBKOCTI :L’(t) HelepeTBOPEHOl peYOBUHU Yy BUIJIAAIL

aHaJIiITUYHOI GOPMYJIH.



B) KisibKicThb HemepeTBOpeHOI pedyoBHMHHU 3a T'OJMHY MicJsd NMOYaTKy peakuil 6y.Jia
38,8, a uepe3 3 roauHU - 9,7 1. BCTAHOBHUTH, CKiJIbKM PEYOBHMHU 0YyJI0 HAa NOYATKY

npouecy.
2. Hexaii B ymMmoBax 1. 1 y pikcoBaHi MOMEHTH vacy ¢, (1 =1,2,...) KiJIbKICTh HEEPETBO-
peHOl pe4OBHUHU 3MIHIOETHCA 32 3aKOHOM
:L’(tl. —H)) = ﬁx(ti), [ = const > 0.
a) 3HaiiTu aHaiTHYHY GopMysy Aust (1) B bOMY BUIIAAKY;
6) BBakarouy, 1110 t7:+1 — t7; = 0 pnsa 6y4b-9KOTO %, BU3HAYWUTH 3HAYEHHS apaMeTpa

£ Tak, 106 Gpyukuis z(t) 6ysa 0 -nepioJuuHOI0, 06MEKEHOIO.

BapianT 3.

1. 3HalTH 3aKOH 3MiHM CTpyMy B Koui 3 omopoM R = const Ta camoinaykuiero

L = const, sKII[0 MoYyaTKoBa CUJia CTPyMy IO, a eJIeKTpopylIiiHa chja 3MiHIOETHCS 3a
3akoHoM U = U0 sinwt.

a) 3anucaTty 3aKoH 3Minu ctpymy [(t) y Burssi AudepeHniaabHOro piBHAHHS.

6) 3anucaTy 3aKOH 3MiHu cTpyMy [(t) y BUL/IsAi aHaTiTUYHOT GOpMYyJIH.

2. Hexaét B ymoBax .1 U =0 iy ¢ikcoBani momentu 4acy ¢, (1=1,2,...) cTtpym
3MIiHIOETHCS 32 3aKOHOM
I(tz. —|—0) = a[(ti), a = const > 0.
a) 3HaiiTu aHasiTHYHY dopmysy aas (1) B ubOMy BUIIAAKY;
6) Beaxaroum, wo ¢ —¢ = 60 Ana 6ynp-AKoro i, BUSHAYMTH 3HAYEHHs apaMeTpa

a TaK, 106 Gpyukuis I(t) 6ysa 0 -nepioJuyHO0, 06MEKEHOIO.

BapiaHrT 4.

1. /Jlesdka KiJIbKiCTb HEPO3YMHHOI p€YOBUHU MICTUTh y cBOIX nopax 10 kr coui. [ligaarodu
il ail 90 1 BOoAM, JOBifa/KCe, 1O NPOTATOM FOAMHU PO3YUHAETBHCA 6 Kr coJi. [IBua-
KiCTb po3uMHeHHsd npormnopiiiiHa (3 koedinienToM a = const > 0) go6yTKy KilbKOCTi
HEpPO34YMHEHOI COJIi Ta Pi3HUIli MK KOHI|eHTpalli€l0 HacuuyeHoro po34yuHy (1 kr Ha 3 i)
Ta KOHIIEHTPALi€0 PO3UYMHEHOI CcoJi (KOHLIEHTpALi€l0 1aHOI peYOBMHU HAa3UBAKTh ii
KIJIBKICTB, 1110 MiCTUTBCS B OAWHUIL 06’ EMY).

a) 3amucaTy 3aKOH 3MiHH KUJIBKOCTI costi B po3uuHi z(t) y Burisai gudepeHuiann-

HOT'O piBHAHHA.

6) 3anucaTy 3aKOH 3MiHM KiJIBKOCTI COJIi B pO34YUHI :E(t) y BUIJISAZI aHaJiTU4YHOI dpop-
MYJIU.

B) CKiJIbKM COJIi pO3YHUHSETHCS NPOTSATOM IOAMHH, SKIIO KiJIbKiCTh BOAY MOJBOITH?



2. Hexaii B ymMmoBax 1. 1 y ¢ikcoBaHi MOMEHTH 4acy ¢, (1=1,2,...) y pO3YHH [JOAAEThCS

10 1 yucTOl BOAM, IKA MUTTEBO INepeMIilIYETHCA 3 PO3YMHOM. 3HAUTH aHAJITUYHY
dopmyay mist (1) B ibOMy BUNAAKY (3amicaT peKypeHTHY GopMyry).

BapiaHT 5.

1. Maca pakeru 3 maausom - M , 6e3 manvBa - M , WBHAKICTb BUXOAY TPOJYKTIB

TOpiHHA 3 paKeTH - ¢, 10YaTKOBA IIBUAKICTb JOPIBHIOE HYJIIO.
a) He 6epyuyu [0 yBaru cujy Baru Ta CWJy ONOPY HABKOJIMIIHBOTO CepejoBHILA,
3alMCcaTy 3aKOH 3MiHU LIBULKOCTI pakeTu v = U(m) y BUTJIAJI AudepeHIiaib-

HOT'O piBHAHHA.
6) 3anucaTy 3aKOH 3MiHU MIBUKOCTI paKeTH y BUTJIA/i aHaTITUIHOI popMysin.
B) flka Oy/ie IIBUAKICTb paKeTH, KOJIX 3TOPUTB yce NaJIuBo?

2. Hexail pakeTa Ma€ TpH CTyIEHi, MacH SIKUX 3 MaJUBOM BiJIIOBiAHO - Ml, le Mg, a
6e3 manauMBa - m,, Mm,, M,; WBHUAKICTb BUXOAY NPOJYKTIB FOPiHHSA 3 PaKeTH - C; MO-

YaTKOBa LIBUJKICTb JOPIBHIOE HYJIIO; CTYIIiHb, AKA BiANpanioBaia — BiAKUJAETHCA.
a) 3HaWTHU 3aKOH 3MiHM IIBUAKOCTI PaKETH U = v(m) y BUIJISAAI aHaNiTH4YHOI dop-

MYJIU.
6) fka 6y/e MBUAKICTb paKeTH, KOJIU 3TOPUTH yCe NaJuBO?

BapiaHT 6.

1. Touka Macu m pyxaeTbcd NpaMoJiiHidHO. Ha Hel fie cuia nponopuiiiHa Ky6oBi dacy,

SIKUH MPOWILOB 3 MOMEHTY, KOJIM WBHAKICTb JopiBHIOBana v, = const > 0 (koedi-

LieHT nponopuidHocTi a = const > (). KpiM uboro, Touka 3a3Ha€ onopy cepeioBHUILa,
SAKUH MPOMOPIiHHUN A06YTKY Yacy Ta IIBUAKOCTI (3 koedilientom b = const > ().
a) 3anucaTH 3aKOH 3MiHU IBUAKOCTI v(t) y BUTJISAI AMdepeHliaJibHOr0 piBHSHHS.

6) 3anycaTy 3aKOH 3MiHU v(t) y BUIJISIZAI aHAJITUYHOT GOpPMYJIU.

2. Hexai BymoBax . 1 @ = 0 i B ¢pikcoBaHi MOMEHTH 4acy I, (1 =1,2,...) Touka 3a3HaE

Aii IMIIyJIBCHOI CUJIY, BHACJIILOK YOT0 WBUAKICTb Y IIi MOMEHTH 4Yacy 3MIHIOETbCA 3a
3aKOHOM

v(ti +O) = q/v(ti), v = const > 0.
a) 3HaiiTu aHaiTHYHY bopmysy aJst v(t) B bOMY BULIAJIKY.
6) Baxarouu, wo ¢ —1 = 0 st 6yIb-IKOTO 1, BU3HAYMTH 3HAYEHHs MapaMeTpa

7 Tak, 106 GyHKLiA v(t) 6ys1a 6 -mepioAMIHOI0, 06MEKEHOIO.



BapiaHT 7.

1. Touka Macu m pyxaeTbcs NpsAMoJiHiMHO. Ha Hel zie cuna nponopuiiiHa yacy (3 koedi-
1ieHTOM npomnopuifiHocti a = const > (). KpiM nporo, Touka 3a3Ha€ omnopy cepejo-
BUIIA, IKUH NMPONOPLiHHUEI WBUAKOCTI (3 KoedinienTom b = const > 0).

a) 3anucaTH 3aKOH 3MiHU WIBUAKOCTI v(t) y BUTJISAI AMdepeHliaJibHOr0 PiBHSHHS.

6) 3anucaTy 3aKoH 3MiHK v(t) y BUTIsIAl aHaTiTHYHOT GOpMyJIH.

2. Hexait B ymoBax n.1 a = 0 i y ¢pikcoBaHi MOMeHTH Yacy t. (1 =1,2,...) maca To4YKkH

3MeHUYeTbCs Ha 10 % cBoro nonepeHbOro 3Ha4eHHs,, TO6TO Maca y 1li MOMEHTH 4acy
3MIiHIOETHCS 32 3aKOHOM

m(ti —i—O) = O,Qm(tl).
BHUKOpPHUCTOBYIOYM 3aKOH 30epeKeHHsl KIJIbKOCTI pyxy: v(ti + 0)m<ti + 0) =

=0 (ti) m (ti), 3HalTH aHaiTUYHY dopMyay aus v(t) y IbOMY BUNAAKY.

BapiaHT 8.

1. Jluck obepTaeTbca y pifiuHi. Cuia TepTs, 110 raJbMy€ MOro pyx NpoNopLiliHa KyTOBiN
MBUAKOCTI 06epTaHHA (3 KoedilieHTOM nponopuiiiHocTi @ = const > 0).
a) 3anucaTh 3aKOH 3MiHU KyTOBOI HIBUJAKOCTI w(t) y BULJIA/i AudepeHLiaJbHOTO

PiBHAHHA.
6) 3amucaTy 3aKOH 3MiHU KyTOBOI IIBUAKOCTI w (t) y BUIVIsA/l aHaMITUIHOT GOpMyJIH.

B) JlMcK, IKMU Mo4yaB 06epTaTHCS 3 KyTOBOIO HIBUAKICTIO 8 06/cek yepe3 2 XBUJIMHU
Ma€ IWBUJAKICTb 2 06/cek. ¥ IKMHA MOMEHT 4acy AUCK Oyjae 06epTaTUCh 3i IBHUJ-
KicTio 1 06/cek?

2. Hexaii B ymoBax 1. 1 y ¢pikcoBaHi MOMEHTH 4acy ¢, (1 =1,2,...) Ha AuCK Aie iMnyabcHA
CHUJIa, IKa 3MIHIOE KYTOBY IIBU/IKICTh 32 3aKOHOM
w(t +0)=pPw(t), B = const>D0.
a) 3HaiTH aHaIITHYHY GopMysy 4Jist w () ¥ LbOMY BUNIAJKY;
6) Beaxcarouy, o ¢ —1t. = 0 nnsa 6yAb-9Koro i, BUGpaTH 3Ha4YeHHs mapamertpa [

Tak, 106 w(t) 6ys1a 6 -mepioAMIHOI0, 06MEKEHOIO.

BapiaHT 9.

1. Kpanus Bozy, 1110 Ma€ N04aTKOBY Macy /m,, 1 piBHOMIpHO BUIIAPOBYEThCs 31 IIBUAKICTIO

m, T/ceK., PyXa€TbCsl 3a iHEpLi€ 3 MOYATKOBOW IIBHAKICTIO v . Omip cepejoBuiia
NpONOPLiMHMM WBUJAKOCTI pyXy Kpamai Ta ii pajiycy (BBaka€eMo, 110 Kpamjs Mae

dopmy ky.ii). B noyaTkoBMi MOMEHT yacy omip 0piBHIOBaB f; .



a) 3amucaTy 3aKOH 3MiHM WBUAKOCTI pyxy Kpamii v(t) y BULJIsAL AudepeHLiabHOro

piBHAHHA.
6) 3anucaTH 3aKOH 3MiHHU v(t) y BUTVISAZ aHAJIITUYHOT GOpMYJIH.

2. Hexau BymoBaxm.1m, = 0 (To6TO BMIIapOBYBaHHA BiJICYyTHE) i y GpiKCOBaHi MOMEHTHU
Jacy t, (z = 1,2,...) Ha KpaIlJIlo A€ iMIyJbCHA CUJA, 1Ka MUTTEBO 3MIiHIOE Il IIBUJ-

KiCTb 32 3aKOHOM
o(t. +0) = av(t), o = const > 0.
a) 3HaiiTu aHaiTHIHY dopmysy aust v(t) y UbOMY BUNAAKY.
6) Beaxkarouy, wo ¢, —1 = 0 ns 6yab-siKOro 4, BUGpATH 3HAYEHHST mapaMeTpa

TakK, 1100 v(t) 6ysa 0 -mepioAMYHOI0, 06MEKEHOIO.

BapianT 10.

1. Hagifinicrio npuiagy p(t) HasuWBaWTb WMOBIpHICTH HOro 6e3BifAMOBHOI po6oTH [0
MOMEHTY 4acy ¢. Bigomo, 10 WBUJKICTb 3MEeHIIeHHA HaAIMHOCTI MeBHOTO NpUJIAAY
nponopuiHa (3 koedinieHToM @ = const > ) HagiliHOCTi Horo B AaHUU MOMEHT.
BBakaemo, 1110 B OYaTKOBUW MOMEHT 4acCy HaZiWHICTb AOpiBHIOE ofuMHHULI. BusHa-
YUTHU:

a) 3aKOH 3MiHU HajiiHOCTI p(t) y BUTIAAL ArdepeHI[iaIbHOTO PIBHAHHS;
6) 3aKoH 3Minu p(t) y BUI/IAA] aHaNiTUYHOT GOpMyIH;
B) HaZilHICTb B KiHILi APYroro pokKy ekciJyaTalii, K10 BiZOMO, 1[0 NPOTATOM Iep-
IIOT0 POKY eKCIJlyaTalii HaAilHICTh NpU/aaAy 3MeHILIWJIach Y IBa pa3H.
2. 3 MeToOw Ni/|BUIlEHHS HAaAIAHOCTI NpuaaZy B yMoBax 1. 1 y ¢pikcoBaHi MOMEHTH 4yacy

t. (i =1,2,...) 3AiCHIOITbCA PEMOHTHI poGOTH. BHac/TioK Yoro HaiiHicTh 3pocTae
i 3BMIHIOETHCA 332 3aKOHOM
p(t. +0) = Bp(t), B = const>1.
a) 3HaiiT aHaiTHYHY dopmysy st p(t) y 1bOMY BUNIAAKY.
6) Beaxcarouy, o ¢ —1t = 0 nnsa 6yAb-9KOro i, BUGpaTH 3Ha4YeHHA mapameTtpa [

Tak, o6 p(t) 6ysna 0 -nepioAUYHOI0, 06MEKEHOIO.

BapianT 11.

1. [ImaTok MeTasy 3 TeMIepaTypow a TIpajycCiB NOMICTHU/IM B Ii4, TeMIepaTypa fAKOI
piBHOMIpHO MigBUINYETbCsA MpoTsaroM 1 roauHu Big a mo b rpaaycie. [lpu pisHumi
TeMIepaTypu medi i TemmepaTypud Metaiay B 7' rpaayciB, MeTas HarpiBaeTbcs 3i
mwBHAKiCcTIO kT rpajyciB Ha XBUJIUHY.

a) 3amucaTy 3aKOH 3MiHM TeMneparypu Metany h(t) y Burasgi audepeHuiaibHOTO

piBHAHHA.



6) 3anucaTy 3aKoH 3MiHU h(t) y BUr/Isi aHaniTHYHOT GOpPMYyIIH.

B) flka 6yze TeMnepaTypa MeTasy 3a 1 roguHy?

2. Hexait B ymoBax 0.1 y ¢ikcoBaHi MOMeHTH 4Yacy ¢, (1 =1,2,...) Mertan migmaeTbcs

30BHILIHBOMY OXOJIOJPKEHHIO i HOr0 TeMIepaTypa MUTTEBO 3MIHIOETbCS 32 3aKOHOM
h(t. 4 0) = Bh(t), B = const>0.

3HalTH aHaliTUYHY dopmy.y 1uis h(t) y iboMy BUNIAJKY.

BapianT 12.

1. ¥V nositpi kiMmHaTH 06’eMoM 200 M3 MmicTuThbes 0,15 % Byrsiekucnoro rasy (CO,). o

Tpy6ax BeHTWJALiI MoJaeTbcs MoBiTps, sike MictutTbh 0,04 % ByrJieKMCI0TO rasy
(COQ), 3i mBHUAKicTIO 20 M3/XB. | MUTTEBO NlepeMIIIyETHCA 3 TOBITPSM B KiMHaTi. B Toi
Ke 4yac 3 KIMHAaTU BUXOAUTD MOBITPA 3 TIE0 XK WIBUAKICTIO.
a) 3amcaTy 3aKOH 3MiHM KiJbKOCTi Z(f) BYIJIEKHUCJIOTO rasy CO2 B KIMHaTi y BHU-
rasi fudepeHIiaJbHOTO piBHSAHHS;
6) 3anucaTu 3aKOH 3MiHHU KinbkocTi (1) CO, B kimHaTi y BUr/IA/] aHa1iTHYHOI Ppop-

MYJIU;
B) Uepe3 CKiJIbKU Yacy KiJIbKICTb BYTJIEKUCIOTO ra3y B NOBITPi KIMHAaTHU 3MEeHILIUTbCS
y 3 pa3u?

Po3ryisiHyTH BUNAJI0K, KOJIM B YMOBax NonepeaHboi 3a7a4i y ¢pikcoBaHi MOMEHTH 4acy

t (1 =1,2,...) y kiMHaTi crpanbOBY€ MPUCTPIiii, AKUH «MUTTEBO» BUKU/AAE B MOBITPs

MEeBHY KiJIbKICTb BYIJIEKMCJOIO Tras3y, BHACAIJOK 4YOro HOro KiJIbKiCTb y NOBITpi
KiMHATU 3MIHIOETHCH 33 3aKOHOM:

z(t. +0) = Ba(t), B = const > 1.

3HalTH aHaiTUYHY dopmyiy 1 z(t) y [boMy BULIAJKY.
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Memodu JlacpaHca, bepHyaai ma Eiliiepa

Jlimepamypa: [2, § 1.5, 1.6], [3, en. 1,§4; 2n. 2, § 3]

[[JIH KOKHOTI'O 3 HaBeJJeHUX HHUK4Ye piBHHHb BCTAaHOBUTHU THUII i l'IpOiHTeI‘I)YBaTI/I piBHHHHH:

e nepuie - memodom JlazpaHaica,
e Jpyre - memodom bepHyai,

* TpeTe — MemodoM IHmMez2pysanbHO20 MHOMCHUKA (Memodom Elinepa), 3giswu 1i02o
nonepedHvo do NiHITIHO20 PIBHSIHHSL.

BapianrT 1.

1. (2¢' — )y’ =1;

2.y =2 4y,
Y

3. sinzdy — cos zdx = e’ sin zdzx.

BapiaHnT 3.

1. y' — 22y = cosz — 2z sin z;

2.y __y sz

X COS a:

3, fx—t dt—2x+fy

0

BapiaHT 5.

1. 4 =2y +cos’ z;

T
2. y’+1 yQ:x\f;

3, y(a:):fy(t)dt+x+1.

BapiaHT 2.
1.y +3y =2 +1;

T Ty
2. 2y — == ;
y ' —1

3. (2" —1)y'siny + 2x cosy = 2z — 22°.

BapiaHT 4.

1. y' = ycosz +cosz;
2.y —ytgz = —y’ cosx;

—z / _
3.e'y —e " =¢.

BapiaHT 6.

1.y +2y = e

2.y 2262”_“/;

Y
3 Iny T+ 2 (In )g—l
oy Y 3(z+1) Y '

11



BapiaHT 7. BapiaHnT 8.

! . <3
/ y oo 1. ysinzcosx =y +sin” x;

1.y

= 2,
3z —y , /
2. 2erylny—2)y =y;

2. zy +ayt =y; ’ ,
3. (z+D)(yy—1)=vy".
3. 7y’ = e’ +2y + 7.

BapiaHT 9. BapianT 10.

1 1. y + 3y = sin’ z;
1+2%

Ly +(0+a")y=

2. :z;y':2\/;cos:1:—2y;
2. 2y +y =19y lnx;

3. yy' + 9 +4z(z+1) = 0.
3. z(e! —y') = 2.

BapianT 11. BapianT 12.
1. y'sin2z = 2(y + cos 1); L 1
LY = ;
T+ y2

2. y' +4z°y’ + 22y = 0;

3 !/ 2 92 2 ylcosx—ysinx:y4;
3. 2¢’yy’ +32%y" +7=0.

3. wy’y’ = 2" + .

JlaTy BiIOBi/ib Ha HACTYIHE MUTAHHSA J|0 NepUIOro piBHAHHS (/151 KOXKHOTO BapiaHTy
CBOE):

BapianT 1. Yu Ma€ piBHAHHSA po3B’A3KH y = y(x) Bu3HaveHi Ha R ?
BapiaHT 2. 3HaliTH BCi p03B’A3KU PiBHSAHHS, SIKi € MOJiHOMaMH.
BapianT 3. 3HaliTu Bci nepiouyHi po3B’s3Ky piBHAHHS.

BapiaHT 4. 3HalTH BCi 27 -niepiou4Hi po3B’A3KH PiBHSAHHS.

BapianT 5. [lokasaTy, 110 piBHSIHHSA Ma€ €AUHUN T -NepioJUYHUN PO3B’A30K. 3JHAWUTH LieH
pPO3B’sI30K.

12



BapiaHT 6. Yu Mae piBHsAHHsI oOMexkeHi Ha R po3B’si3ku? SIKIo Tak, 3HaHTH Iii pO3B’SI3KHU.

BapiaHT 7. Uu Mae piBHsAIHHS pO3B’sA3KU 06MexeHi Ha R ?
. . , . . s
BapiaHT 8. 3HaliTH pO3B’A30K piBHAHHS, IKUH 3a/IMIIAETHCA OOMEXeHUM NIpU T — 3

BapiaHT 9. /loBecTH, 1110 KOXKEH PO3B’sI30K PiBHAHHSA NPSAMYE /10 HYJI IpU T — +00.

BapianT 10. [loka3aty, 1110 piBHAAHHSA Ma€ €JUHUM pO3B’A30K nepioay 7. 3HaWTH Lel
pPO3B’sI30K.

. . . o i
BapianT 11. 3HallTH po3B’A30K PiBHAHHSA, AKUH 3a/IMIIAETHCS 0OMEXEHUM NIPU T — 5

BapianT 12. Yu Mae piBHsiHHsI po3B’si3ku y = y(z) o6MexeHi Ha R ? Jkuio Tak, 3HalTH IX.

13



@ JIiHitiHI pieHAHHA. PieHAHHA Pikkami

Jlimepamypa: [1,§ 1.3], [3,24. 1, § 6]

3agayva 3.1. JloBecty, 10 piBHAHHA Ma€E €AUHMM 06MexxeHn Ha R po3B’sa30K. 3HaWTH
1[el pO3B’sI30K.

P
1. y —e"y=arctgz. 7. y'—x2+ y =sinz.
+1
2. y —by=¢"" 8 o —— =4,
' 1+sin’ 2z
/ T / 2
3. y—(1+e)y:cosx. 9. y—(:l: +2:1:—|—3)y:arcctga:.
4 y/_2x2+1y: 1 10 y/_ — 8
22 +1 1+cos’z
Iy — T 11. ' —(e" +10)y = sin’ z.
5. Yy —Ty=e y y
2 2
x” +2 T
6. y — y = arctgx. 12. ¢ —(sh’z +1)y = :
z* +1 ( ) 7t +12
3ajaaya 3.2. 3HalTH KiIbKICTb /7 -epioJUYHUX PO3B A3KiB PiBHAHHS.
1. y’+<1+sin2x)y:e“°m. 4. y' +2cos’zy = 3sin2z.
2. y' +sinzcoszy = sin2z. 5.y + (cos2 r — sin” :Iz)y = 3cos’ 7.
/ . o . / o
3. ¥y + ‘sm x‘y = tg(sm 2$). 6. y + 11‘005 x‘y = tg(cos 21:).

14



7.

8.

9.

Yy’ —i—‘cos x‘y = ‘sin x‘
y' +ysin®z = cos2z.

—cos2z

y' +2sin2zy =e

10. ¢ + ‘sin x‘y = ‘cos :(:‘
11. y + (5 + 2cos 23:)@/ = Te™,

12. v +6cos2zy = e*™* cos2z .

3agada 3.3. Po3s’sa3aTu piBHSAHHs PikKaTi, monepejHbo 3BiBIIK HOTO /10 KAHOHIYHOTO

BUTJIALY.
2 1
1. y':yQ——qu—G.
0 x
2
4
2. = -+ 1Y
x T
3. 2%y —y* —2zy—3=0.

o

2 2
/ 2
SETY T
2 3
y/: 2_—y+—4-
T x
2y + vy —2zy—1=0.

15

1 2 1 L
10. zy’ = 23y’ +§y—|—§x3.

2

11. zz:y/—l—yg—y—xg:().

2y 1 -
12. y/:yz—?y—kgx 3.



SMICTORHMMIMOIMYI b2
EnemMeHnmiBaanHoNTalaRICHOIREoNI
nuieneransHKIBHaHbIHAINNOINHI

l'eomempuyHa ma ouHamiyHa iHmepnpemayis
dughepeHyianbHO20 PiBHAHHS Ma 11020 PO38°A3Kie

Jimepamypa: [1, 2a. 1], [2,§1.1], [3,21. 1, §1]

3agava 4.1.

3azano gudepeniianbhe pisHauna y' = f(x,7).

1)

2)
3)
4)
5)

6)

7)
8)

306pa3uTH NoJie HANpPSMiB B TOYKax [m, g], m=-3,—2,....3; n=0,1,..,6.

OnucaTy aHaJiTUYHO Ta 306pa3UTU MHOXXUHU TOYOK MaKCUMyMy pO3B’AA3KiB.

306pa3uTH i30KJIiHH, SIKi XapaKTepU3YITbCs KYTOBUMH KoedinieHtamu k£ = 1,2, 3.

300pa3uTH NoJie HANPSIMKIB Y Oy/ib-IKMX LIECTU TOUYKAX KOXKHOI i30KJIiHH.

306pa3uTH 06J1aCTi, /ie iHTerpasibHi KPUBi piBHSHHSA 3pOCTAalOTh, Ta 00J1ACTi, Jie iHTe-
rpaJibHi KpUBI Cl1alal0Th.

OnucaTv aHaJiTUYHO Ta 300pa3sUTH MHOXHUHY TOYOK IeperdHy iHTerpajbHUX
KPHUBHUX.

BuginvTtu 06s1acTi, ie iHTerpasibHi KpUBi ONyKJ1i Bropy.

306pa3uTH HAGIMKEHO IHTErpaJibHy KPUBY, siKa IPoXoAUTh Yepes Touky (0, 0).

1. =y -3y+2—-2. 7. v =y —2y+a.

2. y =9 —1. 8. v=9y"+y+r-2.

3. vy =9 —y+u. 9. =9y +z-1.

4. ' =y —3y—1+2. 10. ¢/ =y* —2—1.
/2 )

5. y =y +uz. 11. y =y —dy+z+6.
/2 /2

6. y =y tyt+uw. 12. ¥y =y +x—2.
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3agava 4.2.

Maemo piBHAHHA

1)

2)

3)

4)

5)

6)

7)

8)

dy _
i 9(y). (1)

306pa3uTy BeKTopHe moJjie B Toukax 0, +£1, £2, +£3, +4.

306pa3uTu inTerpajbHi KpuBi piBHsAHHS (1) Ha muomuHi Oy . Yu Mae piBusiHHS (1)

pO3B’s13KH, BU3HavyeHi Ha R ?

3HaUTU MHOXKMHY TOYOK NEepPEeruHy iHTerpajbHUX KPUBHUX PiBHSAHHSA (1).
. ) . , : .
Hexait y(z; yo), T € Iy() HeNnpoJOBXKYBaHUM pO3B’A30K piBHAHHA (1) Takuii, 1o

y(0; yo) = Y,- 3HAWUTH IBHUH BUTJISIA IHTEpBaIy Iy .

[lpu dikcoBaHomy z > 0 posrisHeMo Bifo6paxenus g' : H — R (H C R), wo

3afla€TbcA NpaBuaoM ¢* @y, +— y(7;y,). U4 BU3HayeHe Ie Bifo6paKeHHA Ha

BcboMy R ?

3uaiitu MuHoxkuny H C R Taky,mo ¢° : H — R icuye ass 6yap-sikoro x > 0.
3naittu ¢'(0), ¢'([0;1]).

Yu € Taki Touku ¥, mo g*(y,) = ¥y, A1 Bcix 1 > 07?

1L g(y)=y" +3y+2. 7. 9(y) =y —vy.
2. gly) =y —2y—3. 8. gly) =y —1.
3. g(y)=y"—3y+2. 9. gly)=y—y"
4. gly) =y +y—6. 10. g(y) =y —2y.
5. 9(y)=y" +y. 11. g(y) =3y —y" —2.
6. g(y)=2y—y" +3. 12. g(y)=2-y" —y.
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IcHyeaHHs1s ma eduHicmb po38°s3Ky 3adaui Kowi

Jlimepamypa: [2,21.2,§ 1], [3,§ 6], [4,§1.7]

3agavya 5.1.

Y npsamokyTHUKy 11 = {(:r,y) cR: ‘x — xo‘ < a; ‘y — yo‘ < b} 3a/jaHa 3aaa4a Koui

iy

2)

3)

4)

5)

6)

Y f(w) W
y(wo) = Y- (2)

3HauTu crany Jlinwuna GyHKLii f(x,y) B Il Ta mepeBipuTH BUKOHaHHS YMOB

TeopeMH Ilikapa.
Ha axomy npoMixKy [5130 — R T, +h} TeopeMa [likapa rapaHTye 306DkHICTB nocJi-
JIOBHUX HaOJIMKEeHb?

3HaNTH TPETE HABJIMKEHHS Y, (:E), T € [azo — h;z, + h| 3apaui (1), (2).

OuinvT max y(m) — Y, (x)‘ = [33. [Ipy sasxkoMy 7 OyJie BUKOHYBaTHCS HEpiBHICTb

‘1:71:0‘§h
B <107%?
n —
Y MOXKHA MPOJOBXKUTH PO3B’I30K y(:z:), T € [xo — h,z, + h|, Ha 6inbwKi iHTEpBaN?
Ha Beco inTepsan |z, — a, 7, + a} ?

Yu Mae po3B’s130k 3aga4da Kowii (1), (2) sikicb 0co6/1MBi BJ1aCTUBOCTI (MOHOTOHHICTB,
NapHICThb, HEMAPHICTb i T.11.)?

1. f(xy)=x*+y*+2 x=0,¥,=0, a=2 b=L1L

2. f(xy)=x"-vy =0, Y¥,=0 a=1 b=2
3. f(xy)=x-Vy> X =2 ¥,=0, a=1 b=1,
4. f(xy)=x+Vy> X =3 ¥,=0, a=3 b=1
5. f(xYy)=x-V X =5 Y,=2 a=2 b=2
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6. f(xy)=x-Vy>% X =-4 Y,=2 a=2 b=3

7. f(xy)=2xy+Vy?* X =5 Y,=3 a=3 b=2

8. f(xy)=x+Vy> X =7 Y,=0, a=3 b=1.
9. f(xy)=¢€+y> % =1Yy,=0, a=2, b=2
10. f(xy)=x+Vy?* X =2 Y,=3 a=1 b=2

11. f(x,y)=x€"+xy’; %=1 y,=0; a=2, b=2

12. f(xy) =€ +y?* % =0 Y=L a=2 b=1

3agaya 5.2.

. 2 .
Bo6sacti K C R” 3aaHo piBHSIHHS 3 TOYaTKOBOK YMOBOIO:

iy

2)

3)

4)

dy .
y(z,) =y,

Yu BukoHaHi jua 3aga4i Kowi (3) ymoBu Teopemu [leano? Ha sikomy iHTepBasi 1
TeopeMa rapaHTye icHyBaHHS po3B’s13Ky 3ajaui (3)?

Yu 3a1,0BOJIBHAIE PYHKLIA ¢ (y) ymoBy Jlinmuus B o6sacti K ?

3HalaiTh Bci po3B’sa3ku 3a7a4i Komri (3). BkaiTh MakcUMasIbHUM Ta MiHiMaJbHUM
PO3B’sI3KU L€l 3aAa4i.
lloacHeHHA: nid MakcumaabHuMm po3e’siskom 3adaui Kowi mu po3ymiemo makutl ii

o« ’ _ _ . ’
HeNpodoex cyeaHutl po3e’sizoK y = ymax(x), Wo 0413 6ydb-1K020 [HWO020 pPO38’sI3KY
y = y(z) yiei 3adaui mae micye nepienicmo y(x) <y (z). MinimasbHull po3e’a3ok

y =1y () eusHauaemvcs aHan02iuHo.

min min
306pasuTe reoMmeTpudHy Girypy G, IKy «3allOBHIOIOTh» iHTerpajibHi KpUBi — rpadiku
po3B’s13KiB 3aaui (3).

2
1. g(y):3y/3; r, =0, y, =0 K:{(a;;y)eR2:;c2+y2§1},

2
2. g(y):—?,yé; z, =0, y, =0 K:{(m;y)€R2:|x\—{—|y|§2}.
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3
4

3. gy) =41 7,=0, y=1 K={@myeR:y>1 2 +y -2y <3},
2
4. 9(?J):2\/;; r, =0, y, =0; K:{(x;y)€R2z%+y2§1}_

3
S g)=12-9)% 5= -1 5, =2 K={myecR: o’ +y -2y <5}

0

6. g(y)=~-v; z,=1 y,=0; K

{(a:;y)GRQ: x2+y2§4}.
7. 9ly) = —y; 1, =2 y, =0 Kz{(:ﬁ;y)GRQ: w2+y2§9}.
8. g(y)Z(y—Z)%; z, =1, y, =2 KZ{(x;y)€R2rx2+y2—2y§5}-
9 g(y)=—-u =0 y,=0 K={myeR: s’ +y" <3}

3,
10. g(y) = —(y+2)4; r,=-L y =-2 K= {(x;y) eR*: 2’ +y < 16}'

]%

1
11. g(y):[l—gy ;ox, =0, y, =2 K:{(:E;y)ERQ::E2+y2—5y§6}.

0
12. g(y) = _2\/;§ r,=-1 y,=0 K:{(az;y) eR*: 2> 4+ ¢ §16}.

3agavya 5.3.

3acTOCOBYIOYM MeTOJ, NMOCHiJOBHUX HabuuxkeHb [likapa, 3HaWAiTh TOYHUU PpO3B’A30K
3agavi Komii:

dy _ a(a:)y—I—b(:z:);

dz (4)
y(a)= 8.
Jlai po3B’sukiTh 3ajady (4), 3acTocoByroud MeToj JlarpaHxka Ta HOpPIBHSNTe OTPHUMaHi
pesyJIbTaTH.
1. a(z)=1, b(z) = 2z — 17, y(0)=1
2. a(z)=1, b(z) =2z —1, y(0) =1
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Pi@HSIHHS1, HE P038°S13aHIi BI0HOCHO NOXiOHOI

Jlimepamypa: [3,§1.8], [4,21.3,§1-4]

3agayva 6.1.

1) Kopuctywouncb TeopeMaMu BieTa i BUsHa4aro4yu KopeHi /151 Ky6iyHUX piBHSAHD ([UB.,
HanpukKJIazg, [5, riaBa 6]) Ta, 3aCTOCOBYIOYM METO/| po3liellJIeHHs, TPOiHTerpyBaTH
PIBHAHHA.

2) Poss’sizaru 3asa4y Ko guis1 Bkaszauux piBasiab B Touni M(1;1) ta 3’sicyBarty, uu Mae

MicIie eAMHICTh po3B’si3KiB 3aa4i Ko B Touri M .
1. y° — (@ +ay+ )y + @y + 2%y + ')y — 2’y =0.
2. oy — (@ +xy+ 8y + (2°y + 827y + 8xy’)y — 82y’ = 0.
3. 9 — (22" +2zy + o)y + 42’y + 22%° + 27 )y — 42’y = 0.
4. y” — 22 +ay+ 20" )" + 22y + 427y’ + 22y° )y’ — 427y’ = 0.
5.y’ — (2" +2xy + 3¢y )y”? + (22°y + 32%y” + 62y’ )y’ — 62°y° = 0.
6. 3’ — (22" +zy+3y° )y + 22y + 627y + 32y’ )y’ — 62°y° = 0.
7.y — (32" +2xy + ')y + (62°y + 327y + 22y’ )y’ — 62%y° = 0.
8. ¢ —(42® + 3zy +2y° )y + (122%y + 82°y* + 61y’ )y’ — 242’y = 0.
9. ¢ —(32% +4day + 207 )y + (122%y + 62°y° + 8z’ )y’ — 242’y = 0.
10. y° — (22° + zy + 4y )y + (22°y + 82%y” + 4z’ )y’ — 8%y = 0.
11. y”° — (2° + 22y + v° )y + 227y + 2%y* + 229 )y’ — 22%y° = 0.

12. y”° — (2° + 2y + 9" )" + (2%y + 92y + 9z’ )y’ — 92°y* = 0.
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3ajayva 6.2.

3a 0MOMOro0 3araJbHOTO MeTO/ly BBeJIeHHs IapaMeTpy NPOiHTerpyBaTH piBHAHHA. TaM,

Ae 11e MOXJIMBO, BUK/IOYHUTH ITapaMeTp.

L y” —(zy'y' +9") = 0.

2. 2y — 2%y +1=0.

3. 9" —2xy'y’ =29,

4. 32°yy’ +2+ 32y = 0.

5.y =3y’ = 3xy'y .

6. 5+ 4z’yy’ = —4z’y”.
3agaya 6.3.

1) IlpoiHnTerpyBaTH piBHHHSI.

2)
3)

7.y =5zy'y +vy').

8. 3(2’y” +2*yy ) +4=0.
9. Nay'y' +y") =y".

10. 7(z’y"” + 2’yy') +6 = 0.
11. Iny' + (229’ —y) = 0.

12. y' = exp(ay’ / y).

3HaTH 0c06/IMBI pO3B’SI3KH /IJ11 BKa3aHUX PiBHSHb.

[Ip1 HasABHOCTI 0COGJIMBOr0 pPO3B’sI3KYy, NPeJCTaBUTH HOro reoMeTpPUYHy iHTepIpe-

Talilo, 3icCTaBUBLIM JJaHUN PO3B’I30K 3 OZHOMApPAaMEeTPUUHOIO CiM'€l0 iHTerpasibHUX
KPHUBHUX.

1.

y”? —2yy’ +¢e* =0,

e’ +y" = 3yy’.

y"? =2y = y’(e" - 1).

yO Yy =2y =y
2

yh e =uyy.

y263z +2yy/:y/2 +y2

23

7. 2yy’ +e¥ =9y + 97
8.y’ —2yy =y’ —y"”.
9. y”* —dyy’ = —€".

10. y°(e” —1) =y —2yy’.
11. 4(1—y) = (3y —2)*y".

12. 4" —byy’ +¢e* = 0.



3ajava 6.4.

1) IlpexncraButu audepeHiaibHI piBHAHHSA B TapaMeTPUYHiNA GopMi.

2) IlpoiHTerpyBaTu oTpUMaHi piBHSAHHSI.

1. 28 +¢y” 32y = 0. 7.y +42° =92y’

2. ¥y’ +2’—4xy’ = 0. 8. 4y + 12’ =20y’ .

3. ¢’ +22° — 62y’ = 0. 9. 5z° +9y* —21zy’ = 0.
4. 2y —8xy' +2° = 0. 10. 2° +7y"° — 242y’ = 0.
5. 3z’ +y”° — 12z’ = 0. 11. 29" +2° — 122y = 0.
6. =’ +5y° =12z . 12. 2° + 3y — 92y’ = 0.
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SMICTOBHHAMOMUIBES
NniheneHiianbHilIEHAHHABNLINNO NSNS
eoniamiHIHIXINNMENEHUTANBHIK{IEHAHBYAICHGIEN

@ AudgpepenyiarvHi pieHIHHA sUWUX NOPAIJKIE

Jlimepamypa: [2,21. 2], [3,21.4,§2 -4 21.6,§1]
3agava 7.1.

Jl/1s HaBejeHUX HMXKYe 3aa4 Koii:
1) mnepeBipMTH BUKOHAHHS YMOB TEOPEMHM iCHYBaHHS Ta €AUHOCTI pO3B’A3Ky 3aJaui
Komuii;
2) 3HaKTH 3araJbHUM po3B’a30K JUdepeHLiaIbHOT0 PiBHAHHS;

3) 3HalTH po3B’s130K 3aza4i Korri.

1. 4y =1, y0)=1  4(0)=—1.
2. y'—y? =0, yH=2  y1)=1
3. ' +2 =e"y”, y(0)=3,  4'(0)=1.
4. y'(1-3yy")=y", y(0)=4, ¢ (0)=0.
5. z'yy’ =(y—ay'), yO=1 ' O=1
6. v (2 +zy)=1, y)=-1, /(1) =2.
7.y +2zyy" =0, yO=1 ' O=1
8. wyy'—y"+y" =0 yOH=1  y'1)=-1
9. zy'—(-w/) =0 yO)=1, Y O=1
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10. yy" = 2xy", v =2 o)=L
2

11. 2xzy'y" =y"” -1, y1)=2,  y1)=1

12. y"cosy+yPsiny =y, y(-1)=

3agava 7.2.

3anucaTyd 3araJbHUMA PO3B’SI30K JIiHIHHOTO piBHSIHHA 3i cTa/MMHU KoedilieHTaMu, npu
[IbOMY YaCTUHHHUH pPO3B’sI30K HEOJHOPIJHOTO PiBHSAIHHS MOJATH y BUIJAJI CYMHU [JBOX
JI0JIaHKIB, OJMH 3 fIKMX IIyKaTH 3a JO0NOMOIOK MeTOJYy HeBU3HAauyeHHUX KoeillieHTIB,
IHIIMH 3a 0IOMOTrOI0 MeTOAY Bapialii JOBIJIbHUX CTa/IUX.

€T

e

1. y”—2y'+2y:e‘”—|—sinx.

1
2. y"+y =cos’z+ .
cos T

3z

3.y — 6y 9y =tz

2
"

T

4. ' -2 +y :e——l—xe“.
T
5. 2y —y)=2" 242"

1
6. ' +2 +y=uze +—.
xe”

”. y" 4+ 2y + 5y = e “(cos’ x + tgx).
8. y" 4+ y = 3sinz + ctgz.

. 24 2
m ! 3
Yty =smn”x+ .

©

10. Y +4y =2tgz + cos’ z.
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11. v =3y +2y = 9¢* —i—,e—.
e’ +1

12. V' +2) +y=>5e"Nr+1+(Bz+ 7).

3aaava 7.3.

J11 HacTynHUX 3aJad CKJIACTH MaTeMaTH4yHy MoJesb - AudepeHLiasbHe PiBHAHHS,
pO3B’sI3aTH Lie piBHSAHHSA i IPOBECTU aHaJli3 0/leP>KaHOTr0 pe3yJibTaTy.

BapianT 1. BusHauuTu HaliMeHIy MBU/KICTh 3 IKOIO Tpeba KMHYTH TiJI0 BEPTUKAJIBHO
Bropy, 11106 BOHO He MOBePHYJIOCh Ha 3eMuito. OOpOM MOBITPs 3HEXTYBATH.

BapiaHT 2. MartepiasibHa TOYKa Macu M Mif Ai€10 CUJIM Baru pyxa€eTbCd 10 KOJy pajiyca
L, sfike neXuThb y BepPTHKAJbHIM MJIOMMHI. 3HAUTH 3aKOH pyxy TOYKH. Omopom
3HEeXTyBaTH.

BapiaHnT 3. 3 JiTaka onyieHo Ha napaulyTi BaHTaX eBHOI Macu. BizoMmo, 1o cuia onopy
MOBITPsI NPpOMOpIifiHa KBaJpaTy IIBHUAKOCTI HOro cnyckaHHs. BusHauuTtu uuisx S,
npouaenuu 3a 10 ¢ micsig mo4yaTKy Cycky.

BapianT 4. YoBeH yNmOBUIBHIOE CBiM pyX Mmij Ai€l0 omopy BOAM, AKHUM MPONOPLINHUMN
MBUAKOCTI YoBHA. [loyaTKoBa MBUAKICTL YOBHA 2 M/C, HOTO WIBUJAKICTh Yyepe3 4 c micis
noyatky pyxy - 1 M/c. Yepes sikMil yac WIBUAKICTh YOBHA 3MeHIIUThCA 0 0,5 M/c? fAkuii
IIJISIX MOXKe TPOUTH YOBEH J10 3yTTUHKU?

BapianT 5. Kysa BxoguTh y 6pyc ToBIMHOK 12 cM 3i mBHAKicTIO 200 M/c, a BUJITAE,
npo6buBIIK Horo, 3i mBuUAKIcTIO 60 M/c. Bpyc YUHUTH omip pyXy KyJi, NpPONOpLilMHUN
KBa/lpaTy WBUAKOCTI KyJi. 3HalTH Yac pyxy KyJii Kpi3b 6pyc.

BapiaHnT 6. OqHOpPIAHUK JIAHLIIOT JOBXWHOI 4 M 3iCKOB3Y€ 3 IJIAJIKOTO CTOJy. Y modar-
KOBHM MOMEHT pyxy 3i CToJly 3BHUCAB KiHellb JiaHIora AosxuHowo 0,5M. HexTyrouwu
TepTSM, 3HAUTH 4ac 3iCKOB3yBaHHS BCbOI0 JIAHLIIOTA.

BapiaHnT 7. Tisno, Ake 3HaxO0AUTbCA B MOYAaTKOBUM MOMEHT y PifiMHI, 3aHYPIOETHCA B Hel
niJi Ziielo BJacHOI Baru 6e3 mo4yaTKoBol MBUAKOCTI. Onip piMHU NpsSIMO NPONOPLiAHUN
IIBUAKOCTI Tijla. 3HAUTH 3aKOH pyXy TiJja.

BapianT 8. Marepia/ibHa Toyka Macu m pyxaeThbcs no oci Oz mij Ai€r BiZHOBJIO0YOI
CWJIY, HallpaBJIeHOl [0 MOYaTKy KOOPAMHAT i MPONOPLIiKHOI BiAfasi pyxoMoi TOYKH BiJ
no4yaTtky koopauHaT. CepefjoBHlle, B IKOMYy BiZ0OYBA€TbCA PyX, YMHUTH OMip PYXOMiH
TOYL, NPONOPLINHUK IBUJAKOCTI pyXy TOYKU. 3HAUTH 3aKOH pyxy. [IpoananisyBaTu pisHi
MOXKJIMBi BapiaHTH B 3aJIeXKHOCTI BiJi pi3MYHUX MapaMeTpiB CUCTEMU.
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BapiaHT 9. I3 raka 3ickoB3ye mij Jii€lo BJlacHOI Bary BiJibHO BUCSYUH OJTHOPiIAHUN JIAaHIIOT
(TepTsiM HexTyeMoO). Bu3dHauuTH, 32 IKMH 4Yac 3iCKOB3He 3 raka BeChb JIAHIIOT, SIKIO B
NOYAaTKOBUM MOMEHT 3 OJHI€l CTOPOHHU raka Bucizio 10 M, a 3 iHIIOI cTOPpOHU — 8 M J1aH-
[ora i M0YaTKOBAa LUBU/AKICTD JIAHLIOTA JOPiBHIOBAJIA HYJIEeBI.

BapianT 10. TBepze Tizio Macu M KUHYTO BEpPTHUKAJbHO JOTOPU 3 MOYATKOBOI IIBUJ-

KicTio . Omip noBiTpsi NpPONOPLiMHUK KBaZpaTy MBUAKOCTI Tiyia. BU3HaUMTH HaNbiAbIITY

BUCOTY, 1110 ii JOCATHE TiJIO.

BapianT 11. OguH KiHelb NPY>KHUHU HEPYXOMO 3aKpillJIEHUH, a 10 iIHIIOT0 NPUKpIilJieHe
Tiio Macu m. [lpu pyci Tisa 3i mWBUAKICTIO V cuiia omopy AopiBHIOE hv. B MoMeHT 4acy

t =0 riny, wWo 3HaXOAWIOCH B IMOJIOXKEHHI piBHOBarW, 6ysa HajaHa WIBU/KICTb Y.

. . 2 2 . .
Jocnigutu pyx Tisia y Bunagkax h- < 4km Tta h” > 4km . BBaxaTu, 1[0 NPU BiJAXUJIEHHI]
TiJIa Ha BiJiCTaHb X BiJ MOJIOXKEHHSI piBHOBArw, Mpy:KMHa Ji€ HAa HbOTO 3 CUJIOK kI,
HallpaBJIEHOIO 10 N10JIOXKEeHHS PiBHOBArHU.

BapianT 12. YacTuHKa Macu M pyxaeThbed 110 oci Ox, BiJIITOBXy0OUYKCH Bif Touku T = (

3 CWJIOI M7, Ta Bif, Touku x =1 3 cuJomw mr, pe T, 1, - BifCTaHi A0 LUX TOYOK

r .
BiZ[IIOBiJHO. 3HAWTH 3aKOH PYXy YAaCTHHKH, 3a To4aTKoBUX yMOB: z(0) = % £(0) = 0.
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@ JIIHITIHI piIBHAHHSA OpPY2020 NOPAIKY

Jlimepamypa: [3, 2n. 6, § 2]; [2, 2n. 3]; [7]; [8]
3agayva 8.1.
3azaHo gudepeHLiasbHe piBHAHHS APYTroOro NOpsAKy.

1) 3BecTu 1Or0 10 CAMOCIIPSKEHOTO BUTJIAAY.

2) 3BecTH piBHAHHSA [0 KAHOHIYHOI'O BUTJISI/Y, 3aCTOCOBYIOYH 3aMiHY:
a) wykKaHol QyHKII;
6) He3aJiexKHOI 3MiHHOI.

3) 3anucaTu 3arajJbHUU pO3B’I30K BUXiJHOTO PiBHSAHHS.

4) 3BecTU BUXiJlHE PIBHSAIHHS A0 piBHAHHSA Tuny PikkaTi i 3amucaTy 3arajbHUNA po3-
B’SI30K 0JlepKaHOT0 PiBHSAHHS.

1. 2zy" +y -2y =0. 7. 4zy” +2¢y" +y=0.

2. oy —2xy' + (372 + 2)2/ =0. 8. 2% +22% —y=0.
"o 3 9 1 2 /i / — O

3. 2y’ —y —4dz’y = 0. -\ )y +ay +y = 0.

4. 'y —dxy + (6 — a:2>y =0. 10. (1 + a:Q)y” +dzy +2y = 0.

5. y" —2zy' + 27y = 0. 11. xgy” + 2:1:2y/ + (:52 —2)3/ =0.
1/ / 2.1 / 2 ]-
6. vy +2y +xy=0. 12. 27y —l—xy—l—:z:—z]y:O.
3agaua 8.2.

BUKOPUCTOBYIOUM iHTErpyBaHHs 3a JONOMOIOI DPsAAIB, 3HAWTH PO3B’A30K PiBHAHHSA B
okosi TOYkM X, =0. Tam, fe Lie MOXJHMBO, BUPAa3UTHU PO3B’I30K 4Yepe3 eJieMeHTapHi

byHKLii. 3HalTH 06J1acTh 361XKHOCTI Ofjep>KaHUX PsAZiB. 3anucaTH 3arajbHUN pO3B’S30K
piBHAHHSA.

1. z(x—1)y" +Bz—2)y +y=0. 2. z(z—1)y" + (2 -2} —2y = 0.
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2
3. 2(z—1y" +(z+1)y' —y=0. 8. y'+=y +y=0.
T

4. xzy//_i_xy/_‘_

1
xz—z]y:(). 9. 2%y — 2’y + (z —2)y = 0.

5. 227y + (3x — 2x2>y' —(z+1)y=0. 10. 2/ —ay —y =

1 1
6. 9%y — (22 —2)y = 0. 11 oy +—y' +—y =
(" —2) L R
7. 2%y —(3z+27)y +4y = 0. 12. 2%y — 22y’ +(2* +2)y = 0.
3azaua 8.3.

BUBYUTH BIACTUBOCTI PO3B’sI3KiB rinepreoMeTpUYHOr0 piBHSAHHA Ta piBHAHHA beccessi.
3araJibHi pO3B’A3KH, 3alIpONIOHOBAHUX HMXKYe PIBHAHb, BUPAa3UTH Yepes rinepreoMeTpuy-
Hi ¢yHkK1il a60o PyHkuii beccenss. Tam e e MOXKJIUBO BUPA3UTU PO3B’SI3KU yepes eJie-
MeHTapHi QyHKIi.

Bapiant 1. 3anucaTu saranbHuil po3p’ssok piBHanHa 2z(x — 1)y + (=3 + 8z)y’ +
+4y =0 npu |z|<1. Yn mae ue piBHSIHHS HETpPHBiaJbHi PO3B'SI3KH OOMEXEeHi Ha

npomixky [0,1]?

s
BapiaHT 2. BUKOpHUCTOBYIOYM 3aMiHy He3aseKHOiI 3MiHHOI { = 2V ae?, 3anucaTh 3arajib-

HUM PO3B’A30K piBHAHHA ' + (ae” — b) y=0, a>0, b>0.

. . . . . 2 o
BaplaHT 3. BHKOpI/ICTOBy}O‘II/I 3daMIHYy He3aJIEXKXHO1 3MIHHO1 t==zx , 3dllMCATH 3araJibHUU

pPO3B’I30K PiBHAHHSA T (1 — 51:2) y" + (2 — 3x2) y' — %my = 0.

BapiaHT 4. Maemo piBusuus =’y + azy’ + (b:z:’” + c) y=0,m=0, (a—1) —4c>0.

3amucaTu 3arajbHUU pOSB'H3OK piBHHHHH Ipn b: 0 BBakarouyu b = 0 3pO6I/ITI/I B
1—a

piBHsHHI 3aMidy wykaHoi GyHkuii y(z) = z ? u(z) i noTiM 3aMiHy He3aJeXHOI 3MiHHO]

92 m
t=— \/gx 2 . 3amucaTH 3araJbHUH pO3B’sI30K 0/]ep>KaHOTr0 MPH IbOMY PiBHSIHHS, @ TAKOX
m

3araJibHU# po3B’s130K BUXiAHOTO piBHsAHHS npH b = (.
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. . " . “ . 2 1 /
BapianT 5. 3aMiHOol0  He3ajexHol 3MiHHOI 3BecTW PpiBHAHHA =Y +xy +

2 2 . . o
—l—()\x —V)y:O, A >0, mo piBusHHs Beccens. Bigrak 3samucaTd 3araJbHHA

. 2 . .
p03B’H30K Ol€pKaHOI'0 PIBHAHHA. POSI‘JIHHYTI/I BHUIIQAOK IV = Z 1 MMOKa3aTH, I0 TOJl

153 ) . . . +
OyAb-sIKUH pO3B’s130K pPiBHAHHs Ma€ 6e3J1iv HyJs1iB Ha R™.

. . . . . 9 o
BapiaHT 6. BukopucToBy4HM 3aMiHy He3asexHOI 3MiHHOI ¢{ = Z°, 3alMcaTH 3arajJbHUN

PO3B’sI30K PiBHSHHS (1 — :1:2> y'" —2zy" + A ()\ + 1) y=0, AeR.

BapiaHT 7. 3aMiHOI0 He3asleXKHOI 3MiHHOI 3BeCTU PiBHAHHA :E2y” +ay +4 <x4 — V2> Y=

= 0, mo piBHAHHA Beccens. BigTak 3amucaTu Horo sarajJbHUM po3B’si30K. Yu Mae Iie

piBHSIHHS pO3B’A3KM o6MexxeHi npu © — 0+ ?

Az

BapiaHT 8. BUKOpPHCTOBYIOYH 3aMiHy He3asexHOi 3MiHHOI ¢ = ——e 2, po3B’si3aTH piB-

1! T . .
usaung y +ae™y =0, a >0, X = 0. Un Mae piBHAHHS PO3B’I3KM 06MesxeHi Ha R ?

BapiaHT 9. B piBHAHHI .cz:(:z:3 + 1) y" + (a:?’ — 1) y' — 2°y = 0 3po6UTH 3aMiHM He3aIeX-

. . . 3 . 3 o

HOI 3MiHHOI t = —2” i s = 2 + 1. 3anucaTu 3araJbHUNA PO3B’SI30K KOXKHOTO 3 OJiep-
KaHUX piBHAHb. [lOpiBHATHM pe3ysbTaTU. 3anucaTH 3arajbHUN pPO3B’I30K BUXIiJJHOTO
piBHAHHA.

BapianT 10. /lnsa piBHAHHS (1 — xQ)y” + (ax + b)y/ +cy=0; a, b, c€ R migi6patu

JiHiliHY 3aMiHy He3asiexHoi 3MiHHOI x = at + (3 Tak, abu ojepxaHe ajas yHKii
y = y(t) piBHsiHHS 6yJi0 rimepreoMeTpuyYHUM. BifiTak 3amucaTv 3arajbHUN PO3B’A30K

BUXiJiHOTO piBHAHHA TpU a = 1, b =2, ¢ = 3.

BapianT 11. B pisuanui 3y + 3y’ + <4GQI + 2) y = 0 3po6uTH 3aMiHy HeBiloMol QyHKIIiT

3

9y

y =e ? 2z, moTiM 3aMiHy He3asiexKHOi 3MiHHOI t = 2¢’. BiaTak 3anmucaTu 3arajJbHHM

PO3B’A30K 0/1ep>KaHOro0 i BUXiJHOTO PiBHSHbD.

1
BapianT 12. 3anucaTv 3araJibHUA PO3B’I30K PiBHAHHS x(m—l)y”—l— 3z ——|y —

—15y =0 npu ‘x‘ < 1. Yu Mae ne piBHIHHA HeTpuUBia/bHI pO3B’SI3KM 06MexeHi Ha

npomixky [0,1]?
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Koauenicmb i kpailogi 3adaui

Jimepamypa: [1,21. 3,82, 4], [2,21. 3,§ 5], [3, 21. 6,§ 2]
3agava 9.1.

OBECTH, 110 KOXKEH pO3B’A30K PIiBHAHHA € KOJMBHHUM Ha Biapi3ky |0,9|, Ta oumiHnuTu
i1 p p ’

BiZICTaHb MiXK IBOMa NOCJILJOBHUMHU HYJIIMU Ha L|bOMY BiJjpi3Ky.
1. y”+2y’+(1+e”")y = 0.

2. (x—i—l)y"+2y/+(a:+1)(x2 +1>y:0.

w

<x2 + 1) y" +dxzy’ + 43y = 0.

4. y" +2thoy’ + <1 + chx)y = 0.

5. (z4+1)°y" =2 + 1)y’ + (2" +52° + Tz + 5]y = 0.

6. (z+1)7y" —2(z+ 1)y’ +51y = 0.

7. vy -6y’ + (9 + e“)y = 0.

8. (z+17y" —2x+1)y + (3:4 +22° 4+ 22% + 21 + B)y =0.
9. (z+1)(2* +1)y" +2(2* +1)y + 82z + 1)y = 0.

10. (z+5)y" +2y + (:1;2 + 8z + 15>y = 0.

11. ¢ -2z’ +(z +1)y = 0.

12. ¢ —2e"y +e*y = 0.
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3agava 9.2.

3HalTHU pPO3B’SI30K KpaKoBoi 3ajayvi. BkazaTu MHOXMHY 3Ha4eHb MapaMeTpiB, NPU SAKUX
el PO3B’A30K iCHYE.

1. ¢y +W’y=sinpz, y0)=a, y()=>b, w,ul>0.

N

y" + v’y = Hr, y(0)=a, y()=0b, v,H,1>0.

w

y'+uw'y=1 y0)=a y'()=0b wi>0.

4. 2y +y=0, yla)=a, Y(B)=b, 0<a<p

5. 9" 4+2y +ay=0, y0)=2 4 ()=b a>1 1>0.
6. v'+4y' =z, yl)=a, y2)+6y(2)=0
7. ¥+ 4y +4y=e", y0)—hy'(0)=0, y1)=0

8. 7y —ay=0, yla)=0b, y(+oo)=0, a>0.

9. y'+2hy'+y=0, y0)=0, yl)=2.

10. " —y =€, y(+o0)=0, y()—y'()=1, 1>0.
11. " -y ' —ay =0, y(+oo)=0, ¢'()=0b, 1>0.

12. ¢ +ay=1, y0)=b, y1)=0.

3agava 9.3.

[To6yayBaTtu QyHkuito ['piHa kpalioBoi 3ajayi Ta 3anucaTv 3 Ii JJONOMOT0I PO3B’SI30K
KpanoBoi 3a7aui.

1 2’y + 22y = f(z), vy +y1)=0, y'(2)=0.
2. y'+y = f(z), y(0) =0, y'(1)=0.
3. y'—y= f(z), y'(0)=0, ¥'(2)+y(2)=0.
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4. y' =2 +y=flz),  y0)=0, yO)-y@d)=0.
5. 2%y + 22y’ = f(x), y1)=0, %'(3)=0.

6. vy’ —2y = f(), y1) =0, y2)+2y'(2)=0.
7. 2y’ —y' = f(z),  YO)=0 y?2)=0.

8. v +y=fla), y(0)=0, y'(m)=0.

9. v/ +2) +2 = flx),  y(0)=0, y[g] —0

10. " +y=f(z),  y(0)=0, ym=0
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SMIGHOBHAMIMOAN B
0GHORVESAANBHOIEoNIEHETeMianeneHIlianHAXIBHAHB
[ TRODE CHlEoeH

Cucmemu dugpepeHyiabHUX PiBHAHb

Jimepamypa: [1,21.2,§ 3 -4],[2,2n1.4,§3-4],[3,21.7,§ 2], [6,21. 3,§ 21, 22]

3agava 10.1.

PosrisigaeTbcs cucteMa JudepeHLiaJbHUX PiBHSIHD
y' = Ay + f(1), (1)

ae A - crana matpung po3mipy 3 X 3; y, [ - TPUBUMIpHI BEKTOPH.

1) 3HaliTH 3araJbHUI PO3B’30K BiANOBIAHOI 0HOpiAHOI cucTeMuy’ = Av.

2) Buginutu MHOUHY o6MexeHux Ha R” po3B’a3kiB ogHOpigHOI ccTeMH.

3) Yu 6yze oAHOpiJHA CMCTeMa 3 BAlllOr0 BapiaHTY TOMOJIOTIYHO €KBiBaJIEHTHOMO
CUCTeMI 3 HaCTYMHOI0 BapiaHTY (/11 OCTAaHHbOTO BapiaHTy — CUCTEMI 3 epILOro
BapiaHTy)?

4) 3HalTH MaTpULIO eAt, o6uncauty dete .

5) 3HalTH po3B’sA30K HEOJHOPiAHOI cucTeMHU (1), BUKOPHUCTOBYIOUU METOJ,
HeBHU3Ha4YeHUX KoeilieHTiB.

1 -1 1 e’ + 2¢'
1. A=|1 1 -1}, f(t)=1]2e" +¢€'|.

2 -1 0 —et

6 1 -5 2¢
2 A=|3 2 -=3|, fy=| —*

7 1 -6 e et
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10.

11.

2

—_ =

N = O

—1 -2

N O

—_ = =

—3 1
—2 2,
2 0
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12. A=| 1 0 -1]| f(t)=|-e"|.

3aaava 10.2.

BukopucroByrouM MeToJ Bapialii JOBIIBHUX CTa/JMX, 3HAaWTH 3arajJbHUN pO3B’A30K
cucteMu AudepeHiaJbHUX PiBHAHD

2¢ " Int . —3t -
N T=—-x—2y+e "'t 2
1 JEE TRy —— 7. | i )
y=-c-y. g):2x—5y—e*3tt5.
i . 5e’
. € T = —2x -5y +
T =—2x—3y+ ) ’
2. 1 YT it 8. | A
y = 6z +4y. § =2z + 4y — .
) | cost
(i = —22— 3y, -t
Yy :i;:—4x+3y—26 lnt7
3. 1. el 9. ; t
y=3x+4y—t—2- y = —3z + 2.
& = —2¢ + 13y, ¢ = —4z + 6y,
4, | ; 10. 3@_t
y = —x + 4y — e ctg2t. §y=—3z+2y+ .
) cos 3t
R 3t
T=5r—2yte \/;’ t=z+y+e'lnt,
5.1 3t 11. 4, 2
) =2r+y——. y=—-xr+3y—e Int.
| Vi
2¢”"
T =—4r -2y + , SN ot
. | Y C(?st 12, lx dr +y—e 'tg2t,
) - ) = —13z 4 2y.
y:5$+2y_36 ' Y T+ 2y
{ cost
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Cmiilikicmb po3e’a3Kie
cucmem dughepeHyianbHUX pieHsIHb

Jlimepamypa: [1,21.1,§9,21.5,§5- 6], [2,2n.5], [3,21.2,§ 2; 2n.7, § 6]
3agava 11.1.

JlocniiuTH, MpU AKUX 3HA4YeHHSAX MapaMeTpiB a i b HyJbOBHUH PpO3B’S30K CHUCTEMHU
AudepeHLiaIbHUX PiBHSHb:

e CTiHKHH;

® QCUMITOTHYHO CTiMKHH;

* HEeCTIMKHUH.
306pasuTu rpadivyHo 3HaANeHI MHOXKUHU apaMeTpiB Ha miowuHi Oab.

':fczy, ’:i::—:zz—i—by—kaz,

1. ‘y:_y—i_za 7. ‘y:%
z2=—x+(a—b)y—az z2=—z+(b—-1y+az.
rj::y—i—z, ’j::y—i—z,

2. <y:Z, 8. ‘yzza
Z=—-x+(1-0b)y— az. Z=—x+ay+bz
*i::y_zv .I‘Zy,

3. (y=—z—by+(b-a+2) 9. W=-y+tz
z=—c—by+(b—a)z z2=—z—(b+a)y+az.
V:t:—:r-l—y, t=—-z—by+(1—a)z,

4, W=-cr+y+z 10. Y =2,
z2=0br—(b+1)y—az. z2=—-c+by+(1—a)z
"jj:yu ’J.?:—Z,

5. [W=-z+2 11. {y=y+2
Z=azx+by—(a+1):z z=—-z+0+a—1y+az
X=Y, X=Y,

6. (Y=-ytz 12. {y=X-2
z=-x+(a-b)y+(1-a)z Z=x+ay-bz
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3agava 11.2.

1) 3HaliTK Bci MoJIOXKEHHS piBHOBAaru cucrteMud JudepeHlia/bHUX PIiBHSHb, [Jf
KOXXHOTO 3 I0JIOXKEeHb PIBHOBArv 3alMCaTH BIANOBIJHY CHCTeMy MeplIOro HabJu-
YKEeHHS.

2) JlocniauTu Ha CTIMKICTB yCi M0JI0’)KeHHS piBHOBAru.

3) Hab6uauxeHo 306pa3uTH Ha pa30Biil maoUUHI (pa30Bi TPAEKTOPII B 0KOJIaX MOJIOXKEHD

piBHOBAr.
(i = 20y — 4y — 8, rj;:x2y+:1:y—6,

1. 1. , 7. 1.
y=4y" —x". y=xy+x+y—>.
&=y, i =" +y" -,

2 \y:xz—yQ—y—l. 8. \y:xy—2.
T=x—1, ’:i::g:2+:1:y—15,

3. 1. 2 2 9. <-_ 2
y=y +az -2 y=1vy" +xy—10.
i=z+y+1, & = 2° +¢* — 65,

4. 10. 1.

§=y+~22" +1. j =2y +y'z—20.
x:a}—y—l, x:y_‘r?

5. 1. . 11. | -
y=a -y —T. y=+3r+y —2.
=y —azy+12 i =4z” —y°,

6. 12. )
y:;[;Q—;[;y—28, y:2$y—4$—8

3agava 11.3.

1) 3agonomoror MeToAy BiJloOKpeMJeHHS 3MiHHUX Mo6yAyBaTH QyHKLi0 JIsinyHOBa.

2) JlocniauTu CTiMKiCTb HYJIbOBUM PO3B’SI30K CUCTEMH.

=2z +y, i =—22" — 3y,
1- . 3 2' .
y=—4z+vy".
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[ = 3z° —y,

g =2z + 7y
T =2y—2a°,
=3z —y".
’j::2:1:3—y,
= bx — 3y°.
7 = —2:% —y,
y =3z —3y°.
’:1'::2:1:3—3/,
y = 2z + 3y.

40

10.

11.

12.

[ = —2* — 3y,
y=2r—1".

i =z’ —4y,
j=z+y"
= 5y —x°,
§=—x—2y".
i = 32° + 3y,
y = —4x + 29°.
= 4y —2°,
y=-3x—1vy".



Ilepwi iHmezpaau cucmem dugepeHyianrbHUX pieHsIHb

Jlimepamypa: [1, 24.5, § 8, 22. 6]; [2, 2.5, § 5; dodamok 1]
3agava 12.1.
Jl/1s1 KOHCEpBAaTUBHOI CUCTEMHU 3 OZJHUM CTYIeHeM BiJIbHOCTI
i+ F(z)=0
1) 3HalTH NOTeHIia/IbHY Ta NOBHY MeXaHIYHy eHeprio YaCTUHKY;

2) mnobyayBaTu $pa30BUK NOPTPET CUCTEMU;

3) 3’scyBaTH NMTaHHS PO iCHYBaHHS FOMO- Ta FeTEPOKJIiHHUX KPUBUX.

1. i+4+2°—72"+14z-8=0. 7. i+ 471" +14x+8=0.

2. i+2°+2°—22=0. 8. i+a’—2"—21r=0.

3. i—12’+62°—11z+6=0. 9. i-12"—62°—11r—6=0.

4. i—2' 4+ +42—-4=0. 10. i—2’—2"+42+4=0.

5. i4+a2°—2=0. 11. i+2° —41=0.

6. i—2'+T7r+6=0. 12. i—2"+Tr—6=0.
3agava 12.2.

3HalTH 3arajibHUM PO3B’AI30K PiBHAHHSA B YACTUHHUX NOXiJHUX i BUJIIUTU PO3B’A30K, L0
33/10BOJIbHAE BKa3aHUM YMOBaM.

; 02 0z :
1. o =42 =y’2, z=—z2 y=2"
v - oy =" y
2. (x—z)g—l—(y—z)%:%, r—y=2 z+4+2x=1.
Ox oy
3. pZ @0 oy=0 sopr=1
Ox oy
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10.

11.

12.

0z

—z2)—+tz—r)—=r—y, =z=yY=-=
(y—2)5 I )ay y y
yz—z-l—xz%—yx r=a, Z+y =a
Ox oy ’ ’

0z 0z 5
rT—4y—=z—x —y, =-2 z=x—=x
5 Vo, Y, Y

0z 0z 5
r——y—=2z(x—-3y), =1 zy+1=
o Yoy (z —3y) y

0z 2
(z4+y)—+(@+yz)—=1-2", =0, 2=y
Ox Y
0z 0z )
T—4y—=z—yzr, =2, z=y +1
Ox y@y i
xzz%—i—yZza—:y—i—x, r=1 z=2y—+1
Ox 0
x—-l—(xz-l—y)%:z, =1 2z2=y+zx
Ox dy
(y +22°) == —21° %:ﬁ, T=2 y=1
x oy
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HaByanbHe BHUAaHHA

JudepeHniaibHi piBHAHHA. 3aBAaHHA KPEeAUTHO-MO/AYJ/JIbHOT0 KOHTPOJIIO JJIs
CTY/JleHTiB MeXaHiKO-MaTeMaTUYIHOT0 PaKy/JIbTETy

YnopagHuku:
[Tapactok Irop OctanoBu4
Cramxuybkui Onekcanap MukosianoBu4
Kanyctan Osiekciit BosioauMuposuy
YepuikoBa Osibra CepriiBHa
CykpeTHa AHHa BacusiBHa
JloBeiikiH HOpiit B'siuecsiaBoBr4
3aposaHuyk Hina BacusaiBHa

KoMmr'toTepHuid Hab6ip, odopmiienHs Ta BepcTka: Jloselikin 10.B., CykpeTHa A.B.

Biazin onepaTtuBHOI noJirpadii MexaHiko-MaTeMaTU4YHOTO ¢akKyibTeTy KuiBcbkoro
HalliOHaJIbHOTO YHiBepcuTeTy iMeHi Tapaca llleBueHka

Haknazg: 300 npum.



