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BCTYII

[IporpamMa HaB4anmpbHOI AUCHMIUTIHU «MaTeMaTuyHe MOJETIOBAHHS (i3MYHUX TIOJIBY»
CKJIaJIeHa BiJIITOBIIHO JI0 OCBITHbO-HAYKOBOI MPOTPAaMH ITiATOTOBKU

Ipyroro (MaricTepCchLKOro) piBHs BUINOI OCBITH.

cruerianbHocTi 105 INpukianga dhi3uka Ta HaHOMaTEPIaIn

1. Onuc HaBYAJILHOI AUCHUILIIHA

1.1. Mera BuUKIagaHHg HaBYAJIBHOI TUCIIAILIIHA
MeTo10 BHKIIaJIaHHS HaBYaJbHOI JUCHMIUIIHM «MaTeMaTHYHE MOJCIIOBaHHS (PI3MUHUX
TIOJIIB» € OTPUMAHHS MPAKTUYHUX HABUYIOK MOJICITFOBAHHS TOJIIB 32 JOIMTOMOTO0 BiJIOBITHUX
MaTEeMaTHYHUX MOJeNiel 3 BUKOPUCTAHHAM CyYaCHUX MMAKETiB MPOTPaMHOT0 3a0€3MeYeHHS.

1.2. OcHOBHI 3aBIaHHs BUBUEHHS JUCLUILTIHA

OCHOBHUMM 3aBJaHHSMHU BUBUYCHHS JUCHHILTIHE «MaTreMaTHuHEe MOJENIOBaHHS (pi3muHUX
[OJIIB» € TpPaKkTUYHA peali3aliss MOXIMBOCTEH MaTeMaTHYHOTO MOJEIIOBAHHS Ta
OOYHCITIOBAIFHOTO ~ EKCHEPUMEHTY, M0 ICTOTHO MiABHINYE €()EeKTUBHICTh HAYKOBHX
JOCITIJKEHD 1H)KEHEPHUX PO3PO0OK.

3acanvni komnemenmuocmi (3K):
HaBuuku Bukopuctanus iHpopManiiHux 1 KoMyHikauiiHux TexHomnorii (3K4).
3/1aTHICTh BUUTHCS 1 OBOJIO/IIBATU cydyacHUMH 3HaHHAMU (3KS).
3/1aTHICTh A0 MOLIYKY, 00poOJIeHHs Ta aHami3y iHpopmaii 3 pizHux mxepen (3K6).
3natHicTh npaioBaTd aBTOHOMHO (3K9).
Hapuku 3aiicHenHs O6e3neunoi aisutbHOCTI (3K10).
3/1aTHICTh TeHepYyBaTu HOBI 171€i (kpeatuBHicThb) (3K12).
3maTHICTh IPOBEJCHHS TOCIiIKEeHb Ha BignoBigHomy piBHI (3K13).
Po3yMinHs 0OMeXeHHSI YHCEIbHIUX METOJIB, BKIIOUAIOUM MTOMUJIKKA HAOJIMKEHHS,
MIOMUJIKU OKPYTJIEHHS Ta 0OMEXEHHS 1100 3aCTOCYBAHHS KOHKPETHUX aIrOPUTMIB
(3K16).
Cneyianvhi (paxoei) komnemenmuocmi (CK):

1. 3parHicTh aHaNMi3yBaTH OTPUMaHI pe3yJabTaTH, IPE3EHTYBATH iX (axiBISIM Yy AaHii
ranysi, opopMIIOBaTH HayKOBI CTATTi Ta HAYKOBO-TE€XHIYHI 3BiTH, B TOMY YHCII 13
CYMDKHUX Taiy3ei, s po3B’a3aHHs BUpoOHnuux 3anad. (CK3)

2. 3natHicTh 3a0e3nedyBaTH BIPOBAHKEHHS pPE3YJNbTATIB HAYKOBUX JIOCIIIKEHb
[IIXOM CTBOPEHHS HOBUX MaTepiajiiB, IPUCTPOiB, TexHOoor1H Ta iHmoro. (CKS)

3. BMmiHHA aHami3yBaTHM Ta Bi3yaJbHO BiJIOOpa)kaTH pe3yJabTaTH OOYHUCIEHb Ta
OIIIHIOBATH 1X BIATMOBIIHICTH CTOCOBHO OCHOBHHX TpobiieM Ta / abo rinote3. (CK7)

NGO~ wWdE

1. BwminHA nporpamyBaTM Ha MOBaX BHCOKOTO piBHSI, KOMIILIIOBATH MOBH Ta
e(eKTHBHO BUKOPUCTOBYBAaTH KOMIT'FOTEpHY cucTemy anredopu. (CK9)

1.3. KinbkicTh KpenuTiB — 4

1.4. 3aranpHa KUTBKICTE roauH — 120

1.5. XapakTepucTHKa HaBYAIbHO1 AUCITUTUTIHU

3a Bubopom

Jlenna ¢hopma HaBYaHHS 3aouHa (IucTaHIitHA) (JopMa HaBUYAHHS




Pik miarorosku

1-i -i
Cemectp
1-i -i
Jlexii
16 rog. TOJI.

[IpakTryHi, CEeMiHAPCHKi 3aHATTS

roa. roa.

JlaboparopHi 3aHATTS

48 ron. rOJI.

CamocriitHa poboTa

56 rox. rom.

y TOMY YHCIIi IHIUBIyaabHi 3aBJaHHS

roa.

1.6. 3amutaHoBaH1 pe3ybTaTH HaBYaHHS
3riHO 3 BUMOTaMM OCBITHbO-TIpo(eciiiHOi (OCBITHBO-HAYKOBOi) MPOTpaMu CTYAECHTH
MOBHHHI JIOCSITTH TaKUX Pe3yJIbTaTiB HABYAHHS:
3Hamu:
OCHOBHI MaTeMaTU4YHi1 MOJIENI eIeKTPOANHAMIKH, METO/I KIHIIEBUX Pi3HUIIb, MeTol RCWA,
MOJIEJTb 17IeaTbHO MOTJIMHAIOYOTO MIAPY, METOI MAaTPHIIh MIEPEX0/Iy Ta MAaTPHUIl PO3CIFOBAaHHS
emimu:
3aCTOCOBYBAaTH OTPUMaH1 3HAHHS Ha MMPAKTUL JJIs IPOBEACHHS O0araroBapiaHTHUX
00YMCITIOBAIBHUX €KCIIEPUMEHTIB 3 LU0 BUBYEHHS 3aKOHOMIPHOCTEH po3noAiny (hi3uyHUX
TIOJTIB B JCSKUX 00’ €KTaX €EHEPTEeTUKH.
IIpozpamui pe3yromamu Ha8UaHHA.
[TPH1. BukopucroByBaTy 3HaHHSI B raily3i NPUKIAAHOI (HI3UKH, MATEMATHUKH, €JIEKTPOHIKU
Ta iHQOpPMAIITHIX TEXHOJOTIH NJIs BUKOHAHHS HAYKOBUX JOCTIIKE€Hb Ta PO3B’S3aHHA
BUPOOHUYMX 3a]1a4.
[TPH4. BcraHoBmOBaTH Ta apryMEHTYBaTH HOBI 3aJIeXHOCTI MK MapaMeTpamu Ta
XapaKTepUCTUKaMU (13UYHUX CUCTEM.
[TPH8. BMitu po3po0iitoBaTé TiMOTE3W Ta 3alpolOHOBYBATH CHOcOoOM iX MepeBipkH 3a
JTIOTIOMOTOFO BiJIMTOBITHUX aHATITHYHHX, EKCIIEPUMEHTAILHUX Ta YACETLHUX 1THCTPYMEHTIB.
[TPH12. KpuTn4HO po3yMiTH HAyKOBI METOH, MaTH Kpallle pO3yMiHHS HAyKOBOT'O ITPOLECY
SIK TAaKOTO, a TAKOX PO3YMITH MEPCIEKTUBU MalOyTHBOT POOOTH.

2. TeMaTHYHUH IIJIAH HABYAJILHOI AUCHHUILIIHA

Po3aia 1. CneniajibHi po3aijiu MAaTEeMaTHYHOT0 MOIEJTIOBAHHSA (PI3MYHUX MOJIIB.
Tema 1. Mamemamuune i Komn'tomepne mMooent08anHs QizuuHux nouis.



[TpuHIMIM MaTEeMAaTUYHOTO 1 KOMITFOTEPHOTO MOJICTIOBaHHS (hi13MIHHUX noutiB: Gi3u4HI
3aKOHHU, MaTeMaTHYHUI 0a3uc, METOAHM YHCIOBOTO 1 HAOIM)KEHOTO PO3B’3aHHS, aJITOPUTMH,
JOCTYITHI MTAKETH MPOTPAMHOTO 3a0e3MeUeHHS 1 ceper po3pOOKH.

Tema 2. Asmooughepenyirosanms 0Jisi 3a0a4 MamemamuiHo20 MOOe8AHH S NOI6.

MaremaTtruHe GOpMYITIOBaHHS TEOPii aBTOIUBEPEHITIFOBAHHS, 11 IPUHIIUITA, IEPEBArH,
3ayBa)K€HHSI 11010 3aCTOBYBaHHS.
Tema 3. Memoo cymisxcno2o Mooeno8ants 0 3a0ay Onmumizayii.

CyMiKHe T0JIe Ta TPaJIIEHT Ha HOTO OCHOBI JIJIsi ONTHMI3aIlil AU3aiiHy po3ciroBaya
€JIEKTPOMAarHiTHOI XBHJII.

Po3aia 2. CyyacHi nporpamMHi nakeTH JJisi MATEMATHYHOI0 MO/IeJIIOBAHHSA MOJIIB.
Tema 4. Cyuacni npoepamui nakemu 0Jisi 3HAXOOHCEHHS MOO XBUTbOBOO).
MaremMaTruHi MOZEI MO XBHWIILOBOTY. Pearizaliisi Ta 3aCTOCYBaHHS B JIOCTYITHUX

MPOTPaMHUX PIlICHHSX.
Tema 5. CyuacHi npoepamui nakemu 01 MOOENI08AHHA MEMOOOM KIHYEeBUX PI3HUYb.

Kinmesi pisauii B ¢izuri. Peamizaiis Ta 3acTocyBaHHS B JOCTYITHUX MPOTPAMHHX PIIICHHSX.
MoenoBaHHS cepeliy 3 OJJHOBUMIPHOK HEOJTHOPIAHICTIO. MOIeTIOBaHHS TUTACKUX PO3CIFOBaYiB
(mBoBUMIpHA 3a/1a4a). MoenroBaHHs TPUBUMIPHOTO 00’ €MHOTO pe30HATOpa.

Tema 6. Cyuachi npoepami nakemu 0Jist MOOEIOBAHHS MEMOOOM AHANI3Y 38 A3AHUX
X8Ub 0151 3a0ay PO3Cil08aAHH Y NepioOUYHIl cepeo.

Crporuii anani3 noB’si3anux xBuwib (RCWA). IleperBopenns @yp’e. [lepioanuni rpaHuyHi
YMOBH.

MogentoBaHHs IACKOT cepeiu, 110 MepiouyHa y OAHOMY, a00 ABOX BUMIpax. MojenroBaHHs
OaraTomapoBUX CTPYKTYP.

3. CTpyKTYpa HaBYaJIbHOI AU CUHILIIHA

Ha3zBu po3ainiB i Tem KinepkicTs roguu
JeHHa ¢popma 3a04Ha Gopma
yCbOIO y TOMY YHUCIIi yCbOIO y TOMY YHUCIi
a | o | mab. | "I | c. a| o | nad. | iga. | c.
p: p
1 2 3141 5 6 | 7 8 9|10 11 | 12 |13

Po3ain 1. CneniajbHi po3aijin MATEeMaTHYHOI0 MOJCJIIOBAHHSA (Pi3MYHMX IOJIIB.

Tema 1. MaremaTnuHe 10 2 4 4
1 KOMIT'FOTEpHE
MOJICTIOBAHHS
(GI3UYHMX TTOJIB.

Tema 2. 10 2 4 4
ABTOAH(EpEHITIFOBaHH
s IS 3a7a9
MaTEMaTHIHOTO
MOJIEJTFOBAHHS ITOJIIB.




Tema 3. Merton
CYMIKHOTO
MOJICTIOBAHHS JIJIsI
3a1ay onTuMizarii.

10

Pazowm 3a pozaisiom 1

30

6

12

12

Po3ain 2. Cyyacui nporpam

Hi IAaKeTH JJII MATEMATHYIHOI0 MOJEJIOBAHHS IOJiB.

Tema 4. CyuacHi
IpOrpaMHi MaKeTH IS
3HaXOJKCHHS MOJT
XBHJIBOBOJLY.

29

3

12

14

Tema 5. CyuacHi
NpOTpPaMHi aKeTH ISt
MOJICTTFOBaHHS
METO/IOM KiHIIEBHX
PI3HHMII.

30

12

15

Tema 6. CyuacHi
NpOTpaMHi TaKeTH ISt
MOJICTTFOBaHHS
METOJ/IOM aHaJi3y
3B’SI3aHUX XBUJIb JUIS
3a/1a4 pO3CIIOBAHHS Y
nepionyHiIN cepei.

31

12

15

Pasom 3a posninom 2

90

10

36

44

Ycboro roogun

120

16

48

56

4. Temu ceMiHapCHKHUX (IPAKTHYHHX, JA00PATOPHHUX) 3aHATH

Ne Hazsa Temn Kinexicts
3/ TOJNH
I

1 MarematruyHe 1 KOMIT'IOTEpHE MOJENIOBaHHS (P13UYHUX MOJIIB. 4

2 ABTOoAM(EpeHITIFOBaHHS IS 32/1a4 MATEMaTUYHOT'O MOJICTFOBAHHS 4

MOJIIB.

3 MeToa cyMIdXHOTO MOJICITFOBAHHS JIJIS 33/1a4 ONTHUMI3aIlii. 4

4 CyyacHi mporpamMHi akeTH JIJIs1 3HaXO/KEHHSI MOJT XBUJIHOBO/TY. 12

5 CyuyacHi mporpamMHi TakeTH JIJIsl MOJICITIOBAHHS METOJOM KiHIIEBHX 12

PI3HUIIb.
6 CyuacHi nporpamMHi akeTu A7l MOJICTIOBAaHHS METOIOM aHaJi3y 12
3B’sI3aHUX XBWJIb JJIS 33/1a4 PO3CIFOBAHHS Y MEPIOANYHINA cepei.




Paszom 48

S. 3aBpanHs A9 camMocTiliHOI po6oTa

Ne Buau, 3micT camocTiiiHOT po6OTH KinpkicTh
3/ TOIUH
Il

1 3aranpHi BiIOMOCTI PO MaTeMaTHYHE MOJICTIOBAaHHS B 33a]ja4ax 4

MPUKIIATHOT (PI3UKH
2 ABToaudepeHIiFoBaHHS IS 33]]a4 MATEMaTHYHOT'O MO/ICITFOBAHHS 4
IOJIIB

3 MeToa CyMiXXHOTO MOJEIIOBAHHS JIJIs 3a7a4 ONTUMI3alii 4

4 MatemaTuuHe MOJEIIOBAHHS MOJI XBHJILOBOY. 14

5 MatemaTuuHe MOJIEIIOBAaHHS 00’ €EMHHUX CTPYKTYP. 15

6 MatemaTuyHe MOJIENIOBaHHS MEPIOAUYHUX CTPYKTYP. 15

Pazom 56

6. InuBinyanbHi 3aB1aHHSA
He nepenbaueno HaBYaIbHUM TUTAHOM

7. MeToau HAaBYaAHHS
[TosicHIOBaIbHO-1TFOCTPATUBHUN; PETPOAYKTUBHUMN; JOCTITHULIBKHI; 4aCTKOBO-
ITOITYKOBHH.

8. MeToau KOHTPO.JI10
Ha 3ansartsax — onutyBanHs. [lo 3akiHYeHH1 po3lTy — MepeBipKa pe3ybTaTiB
camocTiiiHO1 poOoTH. [IpoTarom cemecTpy — KOHTpOJIbHI poboTH. PopMa MiICyMKOBOTO
KOHTPOJIIO 3HaHb — €K3aMEH.

9. Cxema HapaxyBaHHs 0aJsiB

IIpuxkaan ajis NiACyMKOBOI0 CeMeCTPOBOI0 KOHTPOJIIO B (popMi 3a1iky 0e3 BUKOHAHHA
3aJIiKOBOI po00TH

[TorouHuit KOHTPOIIB, CaMOCTiitHA POOOTa, IHAUBI YA bHI 3aBIAHHS Cyma
Kontposnbhi
poboru, lanuBinyansHe
Poznin 1 | Po3nin 2 | Po3nin 3 | mependadeni Y Pasom | Ex3zamen
3aBJIaHHs
HaBYAJIbHUM
TUTAHOM




8 18| 8] 8|88 6 6 60 40 100

MiHiMalIbHa KIJTBKICTH OaJTiB JIJIs1 JOMYCKY CTYAEHTA A0 IMiICYMKOBOIO iICTIUTY CTAHOBUTH —
20 6amnis.

Kpurepii oniHlOBaHHSI HABYAJIbHUX J0CATHEHb

1. TlorouyHe OUiHIOBaHHS — KIIbKICTh 0AJIiB 32 TEeMY 3TiJIHO CIHCKY. YCHOIo0 3a 6 TeM
— 48 0axaiB

Po6Gora B ayauTopii Ta camocTiiiHa poOoTa:

Tema 1:

[IpaBuUnBHICTH BiAMOBIAL 5 OauiB
3HaHHS 1iIeH 3a1a4l 3 Oanu
Temu 2-6:

BigcyTHICTh MOMHUJIOK B pO3paxyHKax 3 Ganm
[IpaBunbHICTH BiAMOBIAL 3 danu
3HaHHA HijaeH 3a1a4i 2 Oanu

1. KonTpouabHa po6oTa — 6 6aiB

TunoBuit BapiaHT KOHTPOJIBHOT pOOOTH

1. MatemaTtuyHi MOJeNi eJIeKTPOMArHiTHUX MOJiB. 3a7aui e1eKTPOCTaTUKH 3
TpaHUYHUMH YyMOBaMu Tuity Jupixie (3 6ann).
1. Poznoain enekTpuyHOro nmosist NEPiOAUYHOI CTPYKTYPH NPH MaiHHI IIOCKOT

xBuii (3 Gann).

MiHiMasbHa KIJIBKICTh OalliB AJIsl JOMYCKY CTYAEHTA /10 MiACYMKOBOTI'O ICIIUTY CTAHOBUTh
— 20 6ani..

1. 3akaroune ouinoBanuga — 40 0aJjiB 3a icuT
Tumnosuii 6UIET

1. MaremaTuuH1 DPUHLIMIIA YUCIOBOTO 3HAXOIKEHHS MOX11HO1 Ha KoMt totepi. (10 6amniB)
2. ®i3uyHe TIIyMadeHHs 3ajadi Ha BJIaCHI MOJIH IJIOCKOTO XBMIIboBoa. (10 GaiiB)

3. 3 SKUX YaCTHH CKJIaJaeThes BikHO MozaemtoBaHHs FDFD (npu ymoBu 3acTocyBaHHs
texHiku TFSF)? ki iX poxni? (10 GaiB)

4. Hanwucatu npukiIag Iporpamu, o 00paxoBye XBUIbOBE PIBHSAHHS HA TPUBUMIPHIH CITIII.

(10 GamniB)
IMutanna 1 (10 6ajiB)
BincyTHICTh TOMUJIOK B TEOPETUYHIN YaCTHHI — 5 Oanis
IToBHOTA BUKIAI0K — 5 Qaiis

IMutanna 2 (10 6ajiB)
BizncyTHicTh MOMWIOK B TEOPETHYHIN YaCTHUHI — 4 6anis



IToBHOTA BUKIAI0K — 4 GaiiB

HasBHicTs pukiazais — 2 baimn

MMuranns 3 (10 6axis)

BiacyTHICTh MOMUJIOK B TEOPETHYHIN YaCTHHI — 5 OaniB
[ToBHOTa BUKIIATOK — 5 GautiB
MMuranns 4 (10 6axis)

HasBnicTh BiamoBimi — 1 6an
[IpaBunbHICTH BiAMOBIAL — 3 0ain
BigcyTHICTh MOMHUIIOK B pO3paxyHKax — 3 Oanm
JIOTi4HICTh BHKJIAJIOK — 3 bayn

IxkaJua oniHIOBaAHHSA

Orinka
Cma OaniB 3a BCI BH/IM HABYAIILHOT o sormompisresoi | A1 opiBHEBOT
JIISUTBHOCTI ITPOTATOM CEMECTPY pup KN
IIKAJIU OI[IHIOBAHHSI .
OLIIHIOBAHHS
90 - 100 BIIMIHHO
70-89 nobpe 3apaxoBaHO
50-69 3aJIOBITHHO
1-49 HE3a/I0BUIBHO HE 3apaxoBaHO

10. PexomennoBana Jiiteparypa

OcHoBHa JiTepaTypa
1. Rumpf, Raymond C. Electromagnetic and Photonic Simulation for the Beginner: Finite-
Difference Frequency-Domain in MATLAB®. Artech House, 2022.

JonomixkHa JiTepatypa

1. Taflove, A., & Hagness, S. C. (2005). Computational Electrodynamics: The Finite-
Difference Time-Domain Method (3rd ed.). Artech House.

2. Moharam, M. G., & Gaylord, T. K. (1981). Rigorous coupled-wave analysis of planar-
grating diffraction. Journal of the Optical Society of America, 71(7), 811-818.

3. Yee, K. S. (1966). Numerical solution of initial boundary value problems involving
Maxwell's equations in isotropic media. IEEE Transactions on Antennas and
Propagation, 14(3), 302-307.

4. Jin, J. M. (2014). The Finite Element Method in Electromagnetics (3rd ed.). Wiley.

5. Johnson, S. G., & Joannopoulos, J. D. (2001). Block-iterative frequency-domain methods
for Maxwell's equations in a planewave basis. Optics Express, 8(3), 173-190.
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11. ITocunanns Ha indopmauiiini pecypcu B InTepHeri, Bineo-jexuii, iHle MeTogu4He
3a0e3ne4eHHs



