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BCTYII
[Iporpama HaBYaIBHOT AUCIUTLTIHU «MeToM MaTeMaTUIHOT (Pi3UKW» CKIIaJIeHa BiIIOBITHO 10
ocBiTHBO-TIpOo(deciitHuX nmporpam «lIpukinagHa ¢i3zrka eHepreTUUHUX cucTeM», «Komi roTepaa
¢dizukay, «[Ipukinanna $izuka HETPATUIIKHOT EHEPTETUKWY IMiITOTOBKH MEPIIIOTO
(OakamaBpCHKOTO) PiBHS OCBITH

CHEIIIbHICTD: 105 Ipuknagna ¢izuka Ta HAHOMaTEpiaIn

1. Onuc HaBYAJILHOI AMCIUILIIHA
1.1. Mera BUKIJIaaHHSA HAaBYAILHOI JUCIIAILUIIHI
Mera i 3aBIaHHS KypCy — JaTu CTyJIEHTaM 3HaHHs OCHOB Teopii Au(epeHIiatbHuX PiBHIHbD
3 yacTUHHUMH noxigHumu ([IPYII), HaBumMTH iX CKIagaTh MaTeMaTH4YHI MOJECII Pi3HUX SBHII
MPUPOJIH, K1 MPUBOIATH 0 3a1a4 Komri, Mimanux ta kpaioBux 3amad mis JIPUIl, 3HaxoauTu
PO3B’SI3KM OTPUMAHUX 3a/Jay Ta JaBaTH iX (I3UUHY IHTEpHpeTaIlifo, BMITH MPOBOJUTH
JOCTIPKEHHSI peajbHUX MPOIECIiB HA OCHOBI BUBYEHHS SKICHUX BJIACTUBOCTEH MOOYIOBaHHX
MaTeMaTHYHUX MOJEIICH.
1.2. OcHOBHI 3aBAaHHs BUBYEHHS JUCLUIUIIHN
OCHOBHMMHM 3aBJaHHSAMHU BHUBYCHHS JUCIMIUIIHA € CTBOPEHHS IMPAKTHYHOI OCHOBU JIJIs
PO3yMiHHS CTyJIEHTAaMH MaTeMaTUYHOTO anapaTy TEOPETUYHOI Ta MPUKIAAHOT (HI3UKH.
1.3. KinbkicTh KpeauTiB — 4
1.4. 3aranpHa KUTBKICTE roauH — 120

1.5. XapakTepucTHKa HaBYaIbHOI TUCIIUILTIHU

HopmarusHa

Bun kiHIIEBOTO KOHTPOJTIO (CEMECTPOBHI eK3amMeH abo 3aiiK)
CemecTpoBuii €K3aMEH

Jlenna hopma HaBUAHHS ‘ 3aoyna (aucraHIiiHa) popma HaBYAHHS
Pik miaroroBku
3-if | 3-it
Cemectp
5-it | -t
Jlexii
32 rog. ‘ TOJI.
[TpakTr4Hi, CEeMiHApPChKi 3aHATTS
32 rog. ‘ TOJI.
JlaGopaTopHi 3aHITTS
‘ roxl.
CamocriitHa poboTta
56 rox. ‘ rOJI.

y TOMY YHCII iHANBIAYyaIbHI 3aBIaHHS

rof.

1.6. 3arutaHoBaHi pe3yIbTaTH HABYAHHS



3riiHO 3 BUMOT'aMHU OCBITHBO-TIPO(ECiitHOT (OCBITHBO-HAYKOBOT) MPOTPaMH CTYJAEHTH MOBHHHI
JOCSITU TAKMX PE3yJIbTaTiB HABYAHHS:
3HaTH: [‘eomerpuuHe 300paKeHHS KOMIUIEKCHMX 4YHCEJ, BUKOHAHHS i HaJ
KOMIUIEKCHUMM 4YMCJIaMHM, IIpaBWjia OOYMCICHHA TpaHMlb, MOXIAHOI; OCHOBHI
eneMeHTapHi (QYHKIIII Ta iX BIACTUBOCTI; O3HAYCHHsI 1HTErpajia Ta WOro BIACTHBOCTI 1
obuuncieHHs; inTerpaibHy popmyny Komri; ocHoHi Tunn JIPUII npyroro mopsiaky, ix
KaHOHIYHI (opMHU Ta CrocoOW IHTErpyBaHHS; (HI3WYHI IPOLIECH, SKI TPHUBOAATH JI0
JIPUII; meToan moOynoBu po3B’s3-KiB3agau Ko, MimmaHux Ta KpaoBHX 3a1a4 s
JIPYII Ta ix oOrpyHTyBaHHS;
BMiTH: 300pa)kyBaTH KOMIUIEKCHE YHCIO Ha IUIOIIMHI, BHUKOHYBaTH [ii Haj
KOMIUIEKCHUMH ~ YHCJaMH{;  JIOCHIDKyBaTh  (YHKIIIO HAa  HENEPEpBHICTH,
nudepeHuioBaTi ii; oOuYuCIOBaTH iHTErpaid BiAg (YHKIIT KOMIUIEKCHOI 3MiHHOI,
po3Kiagati B cTeneHeBMH psia Ta B psan JlopaHa, oOuuciIioBaTH JIMILKU Ta
3aCTOCOBYBAaTH 10 OOYHCIEHHS 1HTErpaiiB BiA (QYHKIT MIACHOI 3MIHHOI; 3BOJUTHU
JPUII npyroro nmopsky 10 KaHOHIYHOTO BUIJIALY; OyAyBaTH pO3B’sI3KU IHTETPOBHUX
tuniB JIPUIl; 6yayBaTin maTemMaTiuHi Mojeni (i3MYHHUX MPOLECIB, SKi MPUBOIATH 0
JPUIT; 3Haxonutu po3B’si3ku 3amad Ko, mimanux ta kpaioBux 3amad s JJPUIL
JAPYroro MOPSAKY.
CTyneHT NOBUHEH JIEMOHCTPYBATH:

- OTIMOJIeH] 3HAaHHSI MaTEMaTHKH, 3/1aTHICTh BUKOPUCTOBYBAaTH MaTEMaTUYHI METO/IH;

- 3/1aTHICTb BUOUpPATH METOAM Ta METOJUKU PO3B’SA3aHHS TUIOBUX CIIELiaNTi30BaHUX

3aja4 B Traiay3l NpUKIaaHOi (i3MKM Ta MPOBEACHHS JOCIIIKEHHS y BIAMOBIAHOCTI A0

c(hopMyITIbOBAHOTO 3aBIAHHS;

- 3JIaTHICTh BUKOPUCTOBYBAaTH MaTEeMaTHYHUH arapaT JUIsi OCBOEHHS TEOPETHYHUX OCHOB

1 IPaKTUYHOTO BUKOPUCTaHHA (PI3MYHUX METOJIIB;

- 3/IaTHICTb BUKOPUCTOBYBAaTH (Di3MKO-MaTeMaTHYHI Ta TEXHOJIOTIYHI 3HAHHA IpHU

o0OpaHH1 MaTepialiB JIsl ONTUMAIBHOTO PO3B’A3aHHs KOHKPETHOI 3a/1a4i.

2. TemaTH4yHUi IJ1aH HABYAJILHOI AU CIMILIIHI
Po3ain 1. Kinnacugikauisa nudepennianbHux piBHAHb B YACTUHHUX NOXIAHUX [1-4]
Tema 1. OcHOBHI NOHATTA Ta o3HaueHHs Teopii APUIL
Tema 2. JludepeHuianbHi piBHAHHSA B YAaCTMHHUX MOXIJHUX JAPYroro MOpsAKy i3 JBOMA
He3aJIe)KHUMHU 3MIHHUMH Ta 1X KiIacudikaisi.
Tema 3. 3BefIeHHsI 10 KAHOHIYHOTO BHUTIISY PIBHSHB B YACTHHHUX TTOXITHUX JAPYrOro MOPSIKY.
Tema 4. Knacudikariiss piBHSIHb B YaCTUHHUX MOXIAHHUX JIPYrOro MOPSIKY Y BUMAIKY Oaratbox
HE3JIC)KHUX 3MIHHUX.
Po3nin 2. PiBHsaHHA rinep6oJiyHoro tumy [1-4]
Tema 1. HaltnpocTimni 3ajadi, 110 NPUBOASTH J0 PIBHSIHB rinepOosiyHoro Tumy. BueneHHs
PIBHSHHS MaJMX MONEPEYHUX KOJIMBAaHb CTPYHU. PIBHSHHS MO30BXKHIX KOJMBaHb CTEPXKHIB Ta
cTpyH. EHeprisi KonmuBaHHS CTPYHH.
Tema 2. BuBencHHs piBHSIHb EIEKTPUYHUX KOJHMBaHb Yy apoTax. [lomepedHi KonMBaHHS
MeMOpaHu. PIBHSHHS T1ApOAMHAMIKH Ta aKyCTHUKH.



Tema 3. @opmyntoBaHHS OCHOBHUX KpalOBUX 3aj1ay JUIs PIBHAHHS KOJUBaHHA CTpyHU. Di3uuHa
iHTepIpeTalis TpaHMYHUX 1 MOYAaTKOBUX YMOB. Penmykiist 3aranpHoi 3a7a4i 10 OUIBII MPOCTHX
3agad. Teopema po €IUHICTh PO3B’A3KY MEpIIOi KpailoBoi 3aaaui.

Tewma 4. 3agavya Komri 111 oqHOpiTHOTO PiBHSIHHS KOJUBaHHS cTpyHU. @opmyia J[amambepa ta
ii ¢pi3muHa inTepnperaris. 3agada Ko 115 HeOAHOPIAHOTO PiBHSIHHS KOJMBAaHHS CTpyHH. Tema
5. HemepepBHa 3aJiexHICTh PO3B’s3Ky 3amadi Ko 11l OHOPITHOTO PIBHSHHS KOJIMBAHHS
CTPYHHU BiJ MOYATKOBHUX YMOB. [IOHATTS NpO KOPEKTHICTh MOCTAHOBKH 3a]a4 MaTeMaTHYHOL
hi3uKy.

Tema 6. Meton nponoOBXEHb JUIsl HaMiBOOMEXEHOI CTpYHH. 3afaya Ui OOMEKEHOI CTPYHH.
Tema 7. Mertos BiIOKpeMJICHHS 3MIHHUX JUIsl PIBHSAHHS BUIBHMX KOJIMBaHb CTpyHH. Di3M4HA
iHTeprpeTaiiss po3B’si3Ky. MeToJ BiIOKpEMIIEHHS 3MIHHUX Ui HEOJHOPIAHOTO PiBHSIHHSL.
KonuBanHsi CTpyHU 3 pyXOMHMH KiHIIMH. 3MYyIICHI KOJMBaHHS cTpyHH. Tema 8. 3arampHa
mepiia KpaiioBa 3ajada piBHSHHS KOJMWBaHHA cTpyHH. KpaifoBa 3amada i3 crarioHapHUMH
HEOJHOPiMHOCTAMU. 3a/1aua 6€3 MOYaTKOBHX YMOB.

Tema 9. 3aranbpHa cxema METOly BIJOKPEMJICHHS 3MiHHUX.

Tewma 10. BinbHi komuBaHHS MeMOpaHu. KomuBaHHS MPSMOKYTHOI Ta KpyTiioi MeMOpaHH.
Po3nin 3. PiBusanHsA napa6oJiiyaoro Tumy [1-4]

Tema 1. JliniitHa 3a1a4a npo MOmMpPEeHHs Teruia. BuBeeHHs piBHSHHS TETIONPOBITHOCTI.

Tema 2. PiBusHHs qudysii. 3agaua npo NOMMPEHHs TEIuia B IPOCTOPI.

Tema 3. @opmynroBaHHs KpallOBHX 3a/1a4 JJIsl PIBHSHHS TEIUIONPOBIIHOCTI.

Tema 4. IlpyHUMIT MakCHUMalbHOTO 3HAY€HHs JJI PIBHAHHS TerulonpoinHocTi. OCHOBHI
HACJIIJIKM 13 MPUHIMITY MAaKCUMaJbHOTO 3HA4YEeHHs. TeopeMa Mpo €IUHICTh PO3B’A3KY MEpIIOi
KpaiioBOi 3aJadi pIBHSAHHA TEIUIONPOBIAHOCTI. Teopema MpoO €IUHICTh PO3B’SA3KY ISt
HECKIHYEHHOT MPsIMOi.

Tema 5. Merton BiJOKpEeMJIEHHS 3MIHHUX JUIsl OJHOPIAHOTO PIBHSHHS TEIUIONPOBIIHOCTI.
OyHKIIiS TEMITEPaTypHOTO BIUIMBY MUTTEBOTO TOUYKOBOTO JKEpETa TeIia.

Tema 6. Meron BiIOKpeMJIEHHS 3MIHHMX Ui HEOJHOPIAHOTO DIBHSHHS TEIUIOMPOBIIHOCTI.
3aranpHa nepia KpaioBa 3ajayda sl piBHAHHS TEIUIONPOBIIHOCTI.

Tema 7. IlomupeHHs Tema Ha HECKIHUEHHIM npsamid. Busenenns ¢opmynun ans
(GyH1TaMEHTaJIbHOTO PO3B’A3KY PIBHAHHS TEIUIONPOBITHOCTI.

Tema 8. KpaiioBi 3aa4i st piIBHSHHS TEIUIONPOBITHOCTI Y BUMAJIKy HaliBOOMEXEHOT MPsiMOi.
Tema 9. IlepeTBopeHHs piBHAHHB B 33/1a4ax TEIJIONPOBIAHOCTI. 3ajaua 0e3 MOYaTKOBUX YMOB
JUIsL PIBHSHHS TETJIONPOBIAHOCTI. MeToa moaibHOCTI B TEOPii TEIIONPOBIIHOCTI.

Tema 10. 3agaua IlItypma-JliyBimuis

Po3ain 4. PiBHsiHHS eqinTH4yHOro Tumy [1-4]

Tema 1. 3amaui moB’si3ani 3 piBHsAHHAM Jlamnaca. Cramionapue terwioBe nose. [loTeHmianbpaa
teyis piauHy. [ToTeHmian cTaioHapHOTO NOTOKY PIAMHMU 1 eeKTpocTaTuuHoro noss. Kpaiiosi
3amadyi juist piBHsSHHA Jlatumaca: 3agadi Jupuxie, Helimana, mimana 3aiayqa.

Tema 2. PiBusnus Jlamnaca B KpHBOJIiHIMHIA OpTOroHaNIBHIN cucteMi KoopauHat. KoedinienTu
JIame. PiBusaas Jlartaca B cdepuuHii  Ta  IUIIHAPUYHIA  CHCTEMax  KOOPIHMHAT.
@dyHnaMeHTaIbHI PO3B’A3KHM piBHAHHA Jlammaca B mpocTopi Ta Ha TUIONIUHI.

Tema 3. 3agaua /lupuxiie [u1st NpsIMOKYTHUKA, Kpyra, Kinbls. [nTerpan Ilyaccona.

Tema 4. Oynk1isa mxepena ans piBHsAHHS Jlamaca Ta 11 OCHOBHI BIaCTUBOCTI.

Po3aia 5. CnenianbHi gyHkuii Ta ix 3acTocyBanus [1-4]



Tema 1. M'amma-¢pynkuis. ensra-pynkuisa Hipaka.

Tewma 2. PiBasinast becens. BnactuBocti GyHkIiid becens nepmoro poxy.

Tema 3. Luniaapuuni QyHKIT iHIMX THIB. [XHI BIaCTHBOCTI.

Tema 4. MonudikoBane piBHsHHS beccens. @ynkimis MaknoHanbaa ta GyHkiis TomMcoHa.
Tema 5. BinokpemieHHs 3MiHHUX B piBHsHHI Jlarutaca B cepuuniii cuctemMi KOOpAMHAT.
Tewma 6. PiBusinus 1 moniHomu Jlexxanapa. [puennani Gpyukmii Jiexxanapa.

Tewma 7. KynwoBi ¢pynkmii Jlamaca i chepuuni ¢pynkiii. [Ipocropoa 3agada Hipixie mist Ky

3. CTpykTypa HaBYAJIbHOI JMCHHUILIIHU

Hassu 3MmicToBUX Kinexicts roaus
MOJTYJIIB 1 TeM neHHa popma 3aouna popma
yCbO y TOMY YHCIi yCbOTo y TOMY YHCIi
ro a | m | 7ab | iHO | c.p. n| m | mab | g | c.p.
1 2 3 14| 5 6 7 8 9110 11 | 12 | 13
Pozain 1. Knacudikauis nudepenniajbHuX piBHIHb B YACTHHHUX MOXiTHUX
Pazom — Poszia 1 10 [ 4]4] | | 8| ] ] ]
Po3nin 2. PiBHsAHHA rinep6o/ivYHOr0 THII
Pazom — Po3aia 2 ‘ 30 ‘ 8 ‘ 8 ‘ ‘ ‘ 12 ‘ ‘ ‘ ‘ ‘ |
Po3nin 3. PiBHAHHA napa6o/iiYHOr0 THILY
Pazom — Pozzin 3 30 [ 8][8] | | 12] ] ] ]
Po3nin 4. PiBHAHHA eJIINTUYHOTO THILY
Pazom — Pozin 4 |30 [ 8][8] | | 12] ] ] ]
Po3ain 5. CneniaabHi pyHkuii Ta ix 3acTocyBaHHA
Pazom — Po3aia 5. 20 4 | 4 6
YCbOI'O 120 | 32| 32 56
roanH
4. Temu NPpaKTHYHUX 3aAHATH
Ne Kinbkictsb
Ha3sa remn
3/m TOJMH
| Kaziminiitni JIPUIl ngpyroro mnopsiaky 3 JBOMa He3aJIeKHUMU )
3MIHHUMH, 1X KJIacu}ikaiis Ta 3BeJIeHHS O KAHOHIYHOTO BUTJISTY.
) Kanoniuni ¢opmu miniiaux JPUIl agpyroro mnopsaky 3 aBoMma 2
He3aJeKHUMH 3MIHHUMU 31 CTAIUMU KOoe]illieHTaMH.
3 Knacudikamis JPUIl npyroro mopsaxky 3 OGaraTbMa He3aJeKHUMU 2
3MIHHHMH.
4 Iarerposni tTunu JIPYII npyroro mopsiiky 3 J1BoMa He3aJeXHUMHU 2
3MiHHUMH. METO/ XapaKTepUCTHUK.




BinbHi KONMBaHHS HECKIHYEHOI CTpyHH. MeTOJl MOLIUPEHHS XBUIIb

4 | (meTon xapakTepucTuk). Di3MYHA IHTEPIPETAIlisl PO3B’A3-Ky 3a/aadi
Komi jy1st piBHSHHS BUIBHUX KOJIMBaHb CTPYHH.
5 Mimani 3aa4i 111 HariBOOMEXEHOT CTPYHH: METOJ XapaKTEPHUCTHUK, 2
METOJ BiIOUTTIB.
6 Mimani 3amadi Ui pIBHAHHA  KOJMBaHb  CTpyHH. MeToj 2
BiJIOKpeMJIeHHs 3MiHHUX (MeTog Dyp’e).
7 Mimani 3ama4i uist pIBHSAHHA KOJIMBaHb NPSIMOKYTHOI MeMOpaHH. 2
Meroa BiTOKpEeMJICHHS 3MIHHHUX.
8 | Mimani 3agau4i 1715 piBHSAHb napadomiyHoro Tuiy. Merox @yp’e. 2
3amaui Komri muis piBHAHHS TetuionpoBiaHocTi. [lommpenns tera B 4
9 | HamiBOOMEXEHOMY CTEPIKHI 3 TEIJI0i30JIbOBAHOI0 OIYHOFO
MIOBEPXHEIO.
10 Kpaiiosi 3amaui ans piBasiHb Jlamnaca 1 [lyaccona B mpsIMOKYTHHX 4
obmacTsax. MeToJ1 BiTOKpeMIICHHS 3MiHHHX.
1 Kpaiiosi 3amaui ans piBHsHb Jlamnaca i [Tyaccona B KpyroBux 4
obmactsax. Merox @yp’e.
®ynkuis [pina oneparopa Jlamnaca ta ii 3acTOCyBaHHS. 4
12 | InTerpyBaHHs KpallOBHX 3aj1a4 JUIsl PIBHSHbB CIINITUYHOTO TUITY 32
JIOTIOMOTOF0 MTOTEHIIAIB.
Yceboro 32
5. 3aBaaHH#A 1J1s1 CaMOCTIiHHOI podoTH
No Kinpkicth
Hasga temu
3/l TOJTUH
1 BuBunTu KpaifoBi 3a1a4i A 3BUYaiHUX AUQepeHIialbHIX PiBHIHHb 8
2-ro nopsaKy.
2 | BuBuutu ogHoBUMIpHY 3anauy Hltypma-JliyBimis. 8
3 O3HallOMUTHCH 3 PO3B’SI3yBaHHSIM MIIIAaHUX KpaloBHX 3aaay s 8
OJIHOBUMIPHHX PIBHSIHHB T1I1epOOIIYHOTO Ta NapaboI1gYHOrO THIIB.
4 O3HallOMUTHCh 3 TIOCTAHOBKAMHM CHEKTPAJBHUX 3a7ad. 3ajaya 8
M typma-JliyBims 6e3 (i 3) 0cOOIMBOT TOUKH.
5 | BuBuuTH MaTepiai JeKIiil (Ha Ba ceMecTpu) 8
6 | BukoHaHaTH NpaKTUYHUX POOIT (Ha JiBa CEMECTPH) 8
7 [TinroToBka 10 ek3aMeHy (Ha 1Ba CEMECTPH) 8
Pazom 56

Ipukiagu Ta 3agayi g0 po3ainy 1

Busnauntu THI Ta 3BeCTH 10 KaHOHIUHOTO BHUrsay JIPUIT apyroro mopsaky:

1

2.

2 _
uy, +4e?u,, +u, —u,(x,y)—e* =0.

xy
(1+x2)uxx+(1+y2)uw+xux + 1, (x,y) = /X% + y2.

sin? yu,, — ezxuyy +3u, —Su(x,y)=0.




4 U +2Uy +2uy, —5u, +u(x, ) =0.
5 Ugye + 06Uy, + U, —Su, +u,(x,y)=0.

6. Uor T 06Uy, —Su, +u, —4u(x, y) =0.

3inTerpysatu JIPUII:
7. (x_y)uxy_ux +uy(xay):0'
g X u,, +2x%u, —2xu(x,y) =0.

9. 2y +06uy, +4u,, +u, +u,(x,y)=0.

10. xzuxx _2xyuxy +y2uyy + XUy +yuy(x,y) =0, y#0

3HaiTH po3B’ 30K 3ama4i Komri:
11 Uy Uy = 0; ulx,x)=e", u,(x,x)=0.

1 2y —uy =05 u(=y,y)=5y, u,(-y,y)=e”’.

13.

Vb — (X + Y)uy, +xu,, +);—+_'yx(ux —u, ): 0 (x=y);  ux0)=x’, u, (x,0)=0.

u, +u, =12; u(l,y)=0, u,(1,y)=0.

Xy XX

300pa3utu rpadivyHO MPOLEC BUIBHUX KOJUBAaHb OJHOPIAHOT HECKIHYEHOT CTPYHHU, SIKIIO:
15. TTouaTkoBa MIBUKICT TOYOK CTPYHHU PiBHA HYJIEBI, @ MIOYATKOBE BIIXMIICHHS OMM-CY€ETHCS

byHKIIIEO
[0, |x|> 4,
(p(x)=<8—2x, 0<x<4,

{8+2x, —4<x<0.

16. Y movyaTkoBUil MOMEHT Yacy cTpyHa rnepelyBaja B CIIOKOi, a IIBUIKICTb il TOYOK Oyna piBHA

(0,02a, 0<x<10,
y(x) =
0, x ¢[0;10].

3a goromMoroto ($ha30Boi IUIONMHN 3HAWTH y3araJbHEHUH Po3B’ 130K 3ama4i Ko as1s piBHSIHHS

BIJIBHUX KOJIMBAaHb CTPYHHU Ta 3anucaT (GOpMyIH JUIsl 3aJaHUX 3HAYE€Hb r=1 , % = %o:



7wy =%y, t>0, xek ; u,=4u,., t>0, xeR;

(0,x) [9-x2, |x|<3, - u0,x)=0, xeR
u(0,x) = .

i 0, | x|< 3. u, (0.x) = 2sin2x, 0<x<2mx,
u;(0,x)=0, xeR. 0, x ¢[0;27].
th =6, xo =-2. to =m/4, xo =3m.

19. 3HaiiTH 3aKOH BUMYIICHUX KOJHMBAHb OJHOPIAHOT HECKIHYEHOI CTPYHH, SKIIO MO-4aTKOBI

BIJIXMJICHHS Ta IIBHUJIKICTh PiBHI HYJIEBI, @ IHTEHCUBHICTh 30BHIIIHIX CHJI PiBHA 241x
20. 3HAWTH 3aKOH BITBHUX KOJIMBAHb OJHOPIMHOT HECKIHUEHOT MEMOpaHH, SKIIO MO-4aTKOBA

6xy

HIBUJKICTh TOYOK CTPYHU PiBHA HYJIEB1, a TOYATKOBE BIAXUIICHHS OMUCYETHCS (DYHKIIEIO

21. BUBYMTH KOJMBaHHS 3BYKOBHX XBHJb Yy IPOCTOpi, SKIIO 33/JaHi MOYATKOBI 3HAYCHHS
MOTEHIIialy MIBUKOCTEH 1 HOTO MOXiJHOI 32 YacoM:

u(0,x,v,z2)=0, u,(0,x,y,z) =z

Hpuxnanu i 3agayvi 710 po3ainy 2

MeTo/10M XapaKTepUCTHK PO3B’A3aTH HACTYIIHI MillIaH1 3a]a4l /I HalliBOOMEXKEHOI CTPYHHU:
22 2
u, =0,25u,, t>0, x>0, 3
u0,x)=x, u,(0,x)=0, x>0, u(0,x)=0, u,(0,x)=0, x>0,

u, (t,0)=cost, t=>0. u(t,0)=0, r=0.

u, =a*u, +t, t>0, x>0,

Haxpecnutu npodisib oqHOpiAHOL (4 = 1) HamniBOOMEKEHOI CTPYHU MPU t=1234, AKIIO:
24. KiHeub CTpyHM HEPYXOMO 3aKpIIJICHHM, a KOJUBAaHHS B1JOYBAIOThCSA TUIBKH 32 paXyHOK
MOYATKOBOTO BIAXUJICHHS i1 TOUOK, SKE PiBHE

0, x€[0;3) U[5;:+x),
o(x) =1x-3, 3<x<5,
|L5 - X, 4<x<5.
25. KiHeup cTpyHM BUIbHHMH, a KOJMBaHHS BiJOYBAIOTHCS TIJBKM 32 PAaxyHOK IOYATKOBOI
IIBUIKOCTI 11 TOYOK, SIKa BiZIMIHHA BiJl HYJISl TITBKH HA IPOMIKKY [3;5] , 1e HaOyBa€ 3HAYCHHS

QO = const.

26. BuBunTH BUMYIIIEHI MONEPEUHI KOJUBAHHS OAHOPITHOI CTPYHHM, sSKa 3aKpilsIeHa Ha KiHII

X =0, a Ha KiHm X =1 MIAAA€ThCS T1i 30ypIO0Y0i TapMOHIYHOI CHIIHM, IO BHKJIMKAE



3MilIEHHS, piBHE Asinot, A,®— const. oyarkose BiIXMJICHHS Ta TIOYATKOBA IIBUIKICTh

TOYOK CTPYHHM DiBHI HYyJEBi, a CyMmMapHa IHTEHCHUBHICTp 30BHILIHIX CHJ piBHA

2 272 . . .
®°[ " cos201. Jlatu disuumy iHTEpIPETAIIIO OCPKAHOTO PO3B’S3KY.

3iHTerpyBaT MilaHi 3a/1a4i Ui piBHSAHHS KOJMBaHb CTpyHH. JlaTi (Qi3uuny iHTEpIpeTario
IIOCTABJICHUX 33/1a4:

u, =16u,+e’'sinZx, >0, xe(05),
10

—%ut, t>0, xe(0;3),

u(0,x)=0, u,(0,x)=0, xe[0;5],

ut0)=0, u,(5=0, t=0.
u(0,x)=0, u,(0,x)=2, xe[0;3],
u, (6,0)=0, w®3)=2t, t=0.

27. 28.

utt = uxx

29 U = a%Uxe —6, >0, xe(0;)), 30 u; =a’u,, t>0, 0<x<l

w(0,x)=0, u,(0,x)=0, xe[0;/],
ut0)=0, u(t,))=0, t>0.

u(0,x)=x>(x-07?, u,(0,x)=0, 0<x</,
u, (,0)=0, u,(t,)=0, t=0.

Hpuxnanu i 3agayvi g0 po3ainy 3

3a gonomoror Qopmynn Ilyaccona 3HaliTH po3B’s3ku  3amgad  Komn  juis  piBHAHHS

TETJIONPOBITHOCT:
3. u, =a’u, +sin2x, t>0, xeR; 320w =uy, >0, xeR;
2
u(0,x)=0, xeR. u(0, x) = e+ | xeR.

3HaWTH pO3B’A3KU MINIAHKUX 33724 JIJIs1 HABOOMEKEHOTO CTEPIKHS 3 TEII0130JIbOBAHOI0 O19HOIO

MOBEPXHEIO:
33, 4 =025u,,, t>0, x>0, 34 U =a’u,, t>0, x>0,
2
u0,x)=e>* -1, x=>0, u(0,x) = A=-const, x2>0,

u(t,0)=0, ¢>0. u, (t0)=0, ¢>0.



35. B omHOpigHOMYy i30TpomHOMY cTepHi HoBxkuHH [ 06mmBa KiHIi Ta GiuHA MMOBEPXHS

U,.

TEIUI0130JIb0BaHI, a MOYaTKOBa TeMIIepaTypa CTEP)KHs cTajla i piBHA Teruto-ooMiH

BiIbHHMIL. 3HaiTH po3moin Temmeparypu B crepskni mpu £ > 0.

3iHTerpyBarty MillaHi 3a/1a4i Jyisl piBHAHHS TEIIONMpoBiaHOCTI. Jlatn (iznuny iHTEpIIpeTalio
MOCTABJICHUX 33]1au:

36. U;=0,25u, +2sintcosbnx, (>0, xe(0;2),
u(0,x)=0, xe[0;2],
u, (t,0)=0, u,(2)=0, t=>0.

37 u, = a’u ., +164x* cos4t, t>0, O<x<—£ (A4 = const),
u(0,x) =0, OSxS%,

u(1,0) = 0, u(t,zi)zAsin4t, t>0.

a8 U, =a’uy, —12Ix, t>0, xe(0;), 39 Uy =a’uy, t>0, xe(0;),
u(0,x)=0, xe[0;], u(0,x)=x*-2I, 0<x<I,
u (60)=0, w(t,) =0, ¢>0. Wt 0) =0, wu, (t,1)=0, £>0.

Hpuxnanu i 3apayvi g0 po3uainy 4
40. 3uaiitn dpynxuiro ¥ = u(x, y) , TADMOHIYHY BCEPEIHHI MPSIMOKYTHHKA O<x<a,

0<y<bh

> siKa Ha KOHTYp1 HaOyBa€ 3aJjaHNX 3HAYEHb:
u(x,0)=Bsin 2x, u(x,b) =0, xe[0,a; w(0,y)=4y(b-y), u(a,y)=0 yel0,5],

ne A, B —const

41. VY niBemysi X 2 0, 0<y<b 3HAWTHU PO3B’SI30K u(x, y) piBHsiHHA Jlamuiaca, skuit
CIPaBKYe KpailOBl yMOBHU:

u, (x,O) =0, u(x,b) =0, x=>0;

u(O,y): A(y2 - b? ), )}LH;U(X,)/) =0, 0<y<b.

2 2 52
42. 3uaiitm po3B’sa30K 3amadi Heiimanma nns piBHsHHA Jlamaca B kpysi * tyT =R

KpaiioBOi YMOBH z’tp (Ra (P) = f((P) , 0< ¢< 27'5.

3a



a<p<b,

. ) : Au(x, y) = 12(x2 - yz) B KUJIbLI
43. 3naiitu po3B’si30k piBHsHHA [lyaccona

SIKIIIO

u(a,q)):O, up(b,(p)zo, 0<op<2m.

44, 3HalTH CTaIllOHApHUN PO3MOII TEeMIEPAaTypyd B OJHOPIAHIN NPAMOKYTHIH IJIACTHHII

0<x<a, 0<y<b, BCEpEeIMHI SIKOI I1I0Th JKepelia Terjia IHTEHCUBHOCTI Zx(x - a)’ AKILO

kpai X =0 Ta X =@ npacTuHKK M ATPAMYIOTHCS IPH HYIIBOBII TeMIepaTypi, a iHuri gBa kpai
TEIJI0130JIbOBaHI.

45. BuzHauutu nporuH MeMOpaHu, ska Mae GopMy MiBKpyra pajiyca a, SKIIO IpsIMOJiHIHHUMA
Kpaili MeMOpaHM HEpPyXOMO 3aKpillJIeHHH, a Ha 1y31 3aJaHe BiIXWUJICHHA Asin4e , e

A =const .

46. Po3p’s3atu 3anauy L typma-JliyBinis:

Au(x,y)+?uu(x,y):0, O<x<a, 0<y<b,

u(O,y)zO, ux(a,y):O, 0<y<h,
uy(x,O):O, uy(x,b):O, 0<x<a.



6. InauBigyaJbHi 3aBIaHHS
[Tepenbaueno po3paxyHkoBo-rpadiuyHa podoTa
7. MeToau HaAaBYAHHS

VY npotieci BUKIIaJaHHs JUCIUILTIHA BUKOPUCTOBYIOTHCSI OCHOBHI METO/IM HABUAHHS:
[losiCHIOBANTbHO-UTFOCTPATUBHUKA ~ MeTOJ]  (BHKJIQAAHHS  JICKIIHHOTO,  MOSCHIOBAJIHHOTO
MPaAKTUYHOTO MaTtepianiB, Zoom-KoHpepeHIrii);

[IpoGnemui mMeTomu (po3B’si3aHHS MPOOJIEMHHX 3a4ad, JUCKYCil, CaMOCTiiiHE BUBYCHHS
JiTepaTypH CTyIeHTaMH, Zoom-KoH(epeHiii);

PenponykTuBHUIT MeTO/ (BUKOHAHHS 3aBAaHb Ha 0asi 3paska, cuctema Moodle);
YacTKOBO-TIONTYKOBHIA (POOOTA CTY/ICHTIB HA MPAKTUYHUX 3aHATTAX Y JIOIIKH)

[Tepenbadeno poboTa y paMKax MPaKTHYHHX 3aHATH Ta Jieknid. OCHOBHA yBara — Ha
BHKOHAHHS JJOMAITHIX 3aBJaHb MO0 3aKPIIJICHHS MaTepialy JICKI[ii Ta MPaKTUIHUX 3aHSTH Ta
BHKOHAHHS MiJICYMKOBOT KOHTPOJIEHOT pOOOTH.

[lepenbaueno quctanmiiiamii kype y cucremi Moodle, Zoom-koudepeniii, Telegram-yar.

8. MeToau KOHTPOIIO

HaBuanbHi JOCATHEHHS CTYACHTIB 3 JUCHMIUIIHU OINHIOIOTHECS 33 MOJIYJIBHO-
PEUTHHTOBOIO CHCTEMOIO, B OCHOBY SIKOI MOKIJIAJCHO MPHHLMUI IOOMNEpaIiitHOi
3BITHOCT1,000B’I3KOBOCT1 MOYJIbHOTO KOHTPOJIIO, HAKONTUYYBAJIBbHOI CHCTEMH OLIIHIOBAaHHS
piBHA 3HaHb, YMIHb T4 HABUYOK, PO3LIMPEHHS KUIBKOCTI IicyMKoBuX Oanis 10 100.

VY mporeci OLIHIOBaHHS HaBYaIbHMX JIOCSTHEHb CTYAEHTIB 3aCTOCOBYIOTHCS TakKl
METOJH:

- Meroau ycHOro KOHTpOJIIO: 1HAMBITyalbHE OMUTYBaHHS, (POHTAIbHE ONMUTYBaHHS,
cmiBOecina, 3alik.

- MeToau nMCbMOBOTO KOHTPOJIIO: pO3paXyHKOBO-TpadiuHi poOOTH, ICIIUT.

- MeToau cCaMOKOHTPOJIIO: YMIHHS CaMOCTIMHO OIIIHIOBaTH CBOi 3HAHHSI, CAMOAHAII3.

KpwuTepii oniHiOBaHHSI HABYAJIbHUX JOCATHEHD

KinpkicTs 0aniB 3a poOOTY 3 TEOPETUYHUM MaTepiajioM, Ha MPAKTUYHUX 3aHSTTAX, I11]T
yac BUKOHAHHS CaMOCTIHHOT pOOOTH 3aJI€KUTh Bl JOTPUMAHHS TAKUX BUMOT:

- CHCTEeMAaTHYHICTh B1/IBIlyBaHHS 3aHSTh;

- CBOEYACHICTh BUKOHAHHS HABYAJILHUX 1 IHAWBIAyaTbHHUX 3aBIaHb;

- IOBHUM OOCST X BUKOHAHHS,;

- AKICTh BUKOHAHHS HaBYAJIbHUX 1 1HAWBIIyallbHUX 3aB/IaHb;

- CAaMOCTIHHICTh BUKOHAHHS;

- TBOPYHUH MIAXi] Y BAKOHAHHI 3aBIaHb;

- IHII[IATUBHICTH Y HABYAJIBbHIN ISITBHOCTI;

- BUKOHAHHS TECTOBUX 3aBJaHb.

3arajibHa MakCUMaJIbHA OajIbHA OIIHKA 3a ek3aMeH ckianatume 40 oanis. MiHIMaIbLHUI
migcymMKkoBuid O6an ckimagatume 50 OGaniB, a MakcumanpHui — 100 Gami. IlizcymkoBa oriHKa
BH3HAYAETHCS MUISIXOM MEPEBOY MiACYMKOBOTO Oy 3 AUCIUIUIIHU Y TPATUIIHHY aKaJIeMIdHY
OIIHKY HarlioHanbHOI mkanu ("BigminHO", "mo0pe", "3a10BinpHO", "HE3aJOBITHHO" 32 IIKAJIOIO,
10 HaBEJICHO Yy MOIepeAHLOMY MTYHKTI poO09oi mporpamu 3a IIIKAJIOKO:
— “iagminHo" (90 Ta BuIIe 6ajiB) 3aCIYroBy€ CTYACHT, KM BUSBUB BceOiuHE 1 INIMOOKE
3HaHHS TPOrPAaMOBOrO0 Marepiajdy, BMIHHS BUIBHO BHKOHYBaTH 3aBJaHHS, IepeadaveHi
MpOrpamMoi0, 3aCBOiB OCHOBHY 1 O3HAaHOMHBCA 3 JIOJAaTKOBOIO JITEPATypoOl, pPO3yMie
B3a€MO3B'SI30K TOJIOBHUX TIOHITH JUCIMIUIIHM Ta iX 3HaYEHHS JUIsl MaltOyTHBO1 TTpodecii;



— “noodpe" (82-89 OamiB) 3aciyroBye CTYACHT, SKH BHSIBUB TIOBHE 3HAHHS IMPOTPAMHOTO
MaTepialy, YCIIIHO BUKOHYE TiepeadadeHi mporpamMoro 3aB/IaHHs, 3aCBOIB OCHOBHY JIITEPaTypy
PEKOMEHI0BaHy MPOTPaMOI0, BUSBUB CUCTEMATUYHUN XapaKTep 3HaHb 3 AMCLUUIUIIH 1 31aTHUN
710 CAMOCTIHOTO JOTIOBHEHHS, aJie ITiJ] Yac BIAMOBi/l JOMYCTUB JIEsAKI HETOYHOCTI,

"noope" (70-81 OaiiB) 3aciayroBye€ CTYIEHT, IO BHUSBHB HE IIUJIKOM TOBHE 3HAHHSI
MIPOrpPaMHOT0 Martepiany, He 3aBXAM YCHIIIHO BUKOHYE IependaueHi MporpaMoro 3aBllaHHS,
YacTKOBO 3aCBOIB OCHOBHY JIiTepaTypy, pEKOMEHIOBaHYy IMpOrpaMoOl0, BHUSBHB HeE
CUCTEeMAaTUYHHUI XapakTep 3HaHb 3 AMCLUUIUIIH 1 HE 3aBXAMU 3JaTHUH J0 iX CaMOCTIHHOTrO
JOTIOBHEHHS 1 ITiJ] 4ac BiMOBI/II JOMYCKA€E JIESKI HETOYHOCTI;

"3ag0BisibHO" (61-69 O0aiiB) 3aciIyroBye CTYACHT, IO BHSBUB 3HAHHS OCHOBHOTO
MPOrPaMHOTO MaTtepiaiy B 00Cs31, HEOOXITHOMY JJIs TOJAIBIIIOTO HABYAHHS Ta MalOyTHBOT
pobotu 3a mpodeciero, BMie BUKOHYBATH 3aBIaHHS, NepeadadeHi Mmporpamoro, 3HaloMuid 3
OCHOBHOIO PEKOMEHOBAHOIO JIITepaTyporo. Sk MpaBuiio, OI[iHKa ‘‘3aJ0BUTFHO’ BUCTABISETHCS
CTyIeHTaM, W10 JONYyCTHJIM TIOMUJIKM Yy BIANOBiAI Ha €K3aMEHI Ta MPH BUKOHAHHI
€K3aMEHallIMHUX 3aBllaHb, ajie Ki BOJIOAIIOTh HEOOXIIHWMHU 3HAHHAMH JUIsl X YCYHEHHS 3a
JIOTIOMOTOI0 BUKJIa/1a4a;

— "3an0BisIbHO" (50-60 6aniB) 3aCiIyroBYy€e CTYACHT, 110 BUSBUB YACTKOBE 3HAHHS OCHOBHOTO
MIPOrpaMoOBOTO MaTepiady B 00Cs31, HEOOXITHOMY Ui MOJAIBIIOr0 HaBYAHHS Ta MaOyTHHOT
pobotm 3a mpodeciero, HE 3aBXKAW BMi€ BUKOHYBATH 3aBJaHHA, INependadeHi MpOorpamoro,
3HAMOMUH JIUIIE YACTKOBO 3 OCHOBHOIO PEKOMEHOBAHOIO JIITEPATyporo. Sk mpaBmIio, OIliHKa
“I0CTaTHBO" BUCTABISIETHCS CTYAEHTAM, 1110 JOMYCTUIIM IPpyOl HOMUJIKY Y BIATIOBI/Il HAa €K3aMeH1
Ta MPU BHUKOHAHHI €K3aMEHAI[IMHUX 3aBlaHb, aje sIKIi YAaCTKOBO BOJIOMAIIOTH HEOOX1THUMH
3HAHHSAMH JUIS iX YCYHEHHS 3a IOTIOMOTOI0 BUKJIaAaya.
— "He3ag0BiIbHO" (40-49 OaniB) BUCTABISAETHCS CTYACHTY, SIKUIl BUSBUB CYTTEBI MPOTaIMHU
B 3HAHHSIX OCHOBHOTO MTPOrPaMOBOT0 MaTepialy, JOMyCTUB MPUHIUIIOB]I MOMWJIKH y BUKOHAHH1
nepeadaveHuX MporpamMoro 3aBIaHb.
— "He3an0BIbHO" (1-39 GaniB) BHCTaBISETHCS CTYAEHTY KOJM IPOTATOM CEMECTPY BIH
JIOTYCTHUB Ipy0i1 MOMUJIKK y BUKOHAHHI Mepe10aueHuX MPorpaMoro 3aB/IaHb.
[Ipu BHUCTaBIIEHHI OIIIHKM MOYTh BpPaxOBYBaTHCS pE3yJbTaTH HaBYAJIbHOI pOOOTH
CTY/IEHTA MPOTATOM CEMECTPY.
IlepenbauaroTbes Oanu 3a:
® CKCIPEC-KOHTPOJIh Ha JIEKIii — §;
e pukoHaHHsA PI'P — 36;
® BUKOHAHHS CaMOCTIHHUX MPAKTUYHUX poOIT — 16;
e icrniut — 40 Gauis.
Cucremy peTUHroBUX 0alliB JUIsl pI3HUX BUAIB KOHTPOJIIO Ta MOPSAOK iX MepeBeIeHHS
y HalioHanbHy (4-6anpHy) Ta eBponeiceky (ECTS) mxany nmonano Hux4e y TaOIUIIX.
9. Cxema HapaxyBaHHs 0aJiB

[ToTouHMI KOHTPOJB, CAMOCTIHA poOOTa, 1HANBIAyaTbHI 3aBIaHHS

KonTpoabHi
p Ex3ame
pobou, I 1IyanbHe H Cyma
) ) HIAUBIAYaIBEH
Po3min 1-3 | Posmin 4-5 nependaveHa 4 Pazom ™
3aBIaHHI
HaBYaJIbHUM
IUTAHOM

3/3|3] 4 3 36 60 40 100




Cxema HapaxyBaHHsI 0aJiB Ha icnMTI.

KoHe nuTaHHs eK3aMeHalliHHOTr0 OlIeTy OLiHIOETHCSI HACTYITHUM YHHOM (MAKCHMAJIbHA
KUIbKicTh 0aJIiB 32 TeOpeTHYHe NUTAHHS - 5):

5 6aJtiB — CTY/ICHT TIOBHICTIO BiAMIOBIB HA TIMTAHHS;

4 GaniB — y 3araJiIoMy MpaBHJIbHA BIAMOBI/Ib, pOOOTA 3 IEBHOIO KUJIBKICTIO ITOMHUJIOK ;

3 GaniB - BIAMOBIB HA MUTAHHA, ajIe 3 BEJIMKOIO KIJIbKICTIO HEOMIKIB;

2 GaniB — gomymieHi Tpy0oi MOMUIIKH Y BIOBIII, i€ CTYACHT YaCTKOBO BOJIO/IIE€ HEOOX1THUMH
3HAHHSIMH;

1 GamiB - CTyIeHT BiANOBIB Ha MUTAHHS 3 TPyOMMH NOMWJIKAMH Ta MPOJIEMOHCTPYBAB
BiJICYTHICTh BOJIOAIHHS 0230BUMU 3HAHHSIMU;

0 GaJtiB — CTY/ICHT 30BCIM HE BIiAMOBIB HAa TUTAHHSI.



Koxna 3agaua ek3amMeHalliiiHOTo OUIeTy OLiHIOETHCA HACTYNIHUM YMHOM (MaKCMMAJIbHA
KiJIbKicTh 0aj1iB 3a nutanHsa — 10 a6o 20 BignoBigHo):

10 a6o 20 6amiB — CTYICHT MOBHICTIO PO3B’sA3aB 3a7a4y 0€3 MOMHUJIOK;

8 abo 15 OamiB — y 3araJlbHOMY TPaBHJIBHUN PO3B’S30K 3 MEBHOIO KUTBKICTIO HE3HAYHUX
MTOMUJIOK ;

6 abo 10 GamiB — po3B’s3aB 3a/ady 3a MPABUIBLHUM aJTOPUTMOB, ajie¢ 3 BEIHUKOK KUIBKICTIO
HEJIOJIIKIB;

2 abo 5 OaiiB — CTYJEHT MMO3HAYMB X1/ PO3B’A3aHHS 33/1a4i, ajie He BUPILIUB i1,

0 GaiB — CTYJEHT 30BCIM HE pPO3B’s3aB 3a/1a4y.

Ixkana oniHIOBAHHSA

Orminka
Cyma OauiB 3a BCi BUIM HABYAIIbHOT . .| mns npopisuesoi
. . JUTSI YIOTUPUPIBHEBOT
JUSUTBHOCTI IPOTSITOM CEMECTPY ' IKAITH
IIKAJTU OI[IHFOBaHHS :
OLIIHIOBAHHS
90— 100 BIIMIHHO
70-89 noope
- 3apaxoBaHO
50-69 3aJI0BUTBHO p
1-49 HE3aJI0BUTHHO HE 3apax0BaHO
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