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Koportka Ha3Ba yHiBepcurery / minpo3aiity | HY «3anopizbka nosmitexHika»

nara (micsup / pik) 08/2021

Ha3sa moayJiio / nucuun/iinu Komm'torepae MonemoBaHHA MyJIbTH(I3NY-
HHUX CHCTEM.

Kon: KMM®C

Icaye Oarato mpuKIIaAiB, KOJIH €BONIOMIS CKJIAIHOI CHCTEMH BiJOYBAETHCS 3aBISKH IEKUTHKOM
MeXaHi3MaM 3 XapaKTepHUMH MPOMiKKaMU 4acy i IpocTopy, SIKi KpUTHYHO BiAPI3HSIIOTHCS MIX CO-
6oro. Hampukinaz, emigemii 3aXBOpIOBaHb MOKYTh PO3IISAATUCS Ha PIBHSAX 3aXBOPIOBaHHS OJHIET
ocobu /a0 pO3MOBCIOKEHHS Y CepeoBHI MiX ocobamu. ITpoTsrom octanHix 15 poKiB aKTHBHO
PO3BHUBAETHCS MYIbMUMACUIMAOHE MOOETI08ANHS, IKE PO3TISIIAE Pa3oM ACKUIbKa MPOLECiB EBOMIONIT
CKJIQJTHOT CHCTEMH, 1[0 MAIOTh KPUTUYHO Pi3HI BEITUYMHU TAPAMETPIB 1 HABITH Pi3HY MPUPOITY.

B mgucumronini Ha mpukiani 6oMOapAayBaHHS TBEPAOTO TiJla 10HAMHU PO3TIIHYTO MacollepeHe-
CEHHSI Yepe3 MEXaHi3MH 3ITKHYBaJIbHUX KacKa/iB aTOMIB 3 XapakTepPHUM HacoM 10" ¢ i Bigcranbio
10 m (10% -10* aTomiB), a TakoXk iOHHOTrO mMepeMilIyBaHHs 3 XapakTepHUM 4acoM 1.0 ¢ i BigcTaHbIO
107 m. 3iTKHyBaIbHI KACKaIH MOJEIIOIOTHCA METOIOM MOJEKyIspHoi auHamiku (MJI), a ionue mepe-
MIIIyBaHHS - KOHTHHYaJIbHUMH PIBHSAHHAMH 3 TTapameTpamu, oduncieanmu M/ meronom. Taka kom-
Oinaris, abo Hanpukiaa, napu meroaiB M/I i Monre-Kapino, knacuynoi Ta npuckoperoi M1, MOKyThb
OyTH 3aCTOCOBaHI JUIsi MOJICIFOBAHHS CHCTEM Y 1HXKeHepii, (i3uii, 6100ril, MEIUIIMHI TOIIO.

MJI meton 3’sBuBCSI Ha TpUKIHII 50-X pOKiB i 3apa3 akKTUBHO PO3BUBAETHCS 3TiTHO CYy9aCHUM
TEHICHIIISIM Y BUTJISAL BiJIOBIIHUX MPUKIIAIHUX MMAKETIiB 3 BUCOKUM CTYIICHEM Bi3yaslisailii, aBToOMa-
TU3allii Ta eleMeHTaMH IITyYHOTO iHTEeNeKTy. B OCHOBI - 4yncenbHe po3B’sA3aHHS KIACHYHHUX PIBHSHB
PYXYy, SIKi € BTUIEHHSIM JIpyroro 3akoHy HpIoTOHA A KOKHOTO atoma cucTeMH. Jl7s pirmeHHs 10% -
10° 3B’s13aHmX U(EPEHIATBHIX PIBHAHD APYTOro MOPSIIKY PO3POOISIOTECS BiAOBIAHI alrOpUTMH,
K1 repeadadaroTh BUKOPUCTAHHS METOIIB pO3MapajieloBaHHs 1 CYIIePKOMIT FOTEPHOT TEXHIKH.

['iOpuaHi MeTOIM MOJIEIIOBAHHS aKTyallbHI JUIS IPUPOIHUYHNX HAYK 1 TEXHOJOTIH, 0 € apryMeH-
TOM Ha KopucTh aucuumtiny “Kommn'torepHe MoaenoBaHHA MyJbTH(]I3MUHMX cucTeM”. Bio-
mimumo, wo Hobeniscoka Ilpemisn 3 ¢hisuxu 3a 2021 pix 6yna npucyoscena “... 10 Syukuro
Manabe, Klaus Hasselmann and Giorgio Parisi “‘for groundbreaking contributions to our
understanding of complex physical systems.””

Buksanaui Iixpo3aia yHiBepcuTeTy

Kopuiu ['puropiit Bonogumuposuy Kadenpa cucremHoro anamizy ta o0G4uciiO-

BaJIbHO1 MaTE€MaTHUKU

PiBenb moay-
JIIO/ MU CIATLTIHT
(Homep cemecTpy)

Tun Moay/Ir0/IUCHUILIIHA
(000B’s13k0BHIi / BUOGipKO-
BHIi)

PiBeHbr HABUYAHHSA
(BA/MA)

[Mepunii (OakanaBpChKHA) BubipkoBuit

dopMa HABYAHHA

. Tpusanicrs
(sexuii / maGopaTopwi / (n )I?HiB Ivicanis) MogBa BUKIaIaHHS
NMPAKTHYHI)
Jekiiii / mabopaTopHi 7 VYkpaiHcbka

3B'S130K 3 IHIIUMHU TUCHUILTIHAMU

ITonepenHni:

MaremaTH4HI OCHOBH Ta METOIH CHC-
TEMHOTO aHaJi3y, YUCEIbHI METO/IH,
3arasibHa (i3MKa,

CynyTHi (K10 MOTPiGHO):
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ECTS
(KpexnTu MomyJist)

3arajbpHa KIJIbKiCTh
TOANH

AyIUTOpPHI TrOAUHH

Camocriiina po6ora

5

150

50

100

Meta HaBYAHHS JUCHUILIIHA (MOYJIs1): KOMIeTeHIIil HA10aHi BHAC/III0OK BUBYEHHS JIH-
CHUILIIHA (MO/YJIfA)

» @opMyBaHHS y CTYACHTIB YSBJICHb PO CKIIA/JHI CUCTEMH, Y SIKUX MPOLECH HIYTh 3 pi3-

HOIO IIBHUJIKICTIO Ta MAlOTh Pi3HI XapakTepHi YacH 1 po3mipu. Po3nuieHHs moBepxHi, Ka-
CKaJy 31TKHEHb, 10HHEe MaconepeHeceHHs. OCHOBHE PIBHSHHS KIACHYHOI JMHAMIKH, a
came piBHsSHHS Jlarpanka Ta fioro BuBija. 3100yTTs piBHsAHHSI HbloTOHA 3 piBHsAHHS Jla-
rpanxa. 3aCTOCYBaHHS KJIACHYHUX PIBHSHb PYXY JAJS ONHUCY JAWHAMIKU aTOMIB Y TBEp-
nuX Titax. JIoCTOBIpHICTh KJIIACHYHOTO HAOJIM)KECHHS.

TpancniopTHE piBHSHHS MacONEPEHECEHHs 3 KOJEKTUBHOIO CKIaoBor0. Judy3iitne Ha-
OmkeHHs1. Po3nuieHHs moBepxHi, 1o 6omoOapayeThes. YncenbHe po3B’ si3aHHS PIBHSHB
MacOIEPEeHECEHHS.

JIBOKpOKOBE MOJICITIOBaHHSI MAaCOIIEPEHECEHHsI: 00 € IHAHHS METO/IY MOJICKYJISIPHOT JIH-
HaMiKH 3 KOHTUHYAJILHUM TPEACTABICHHSIM CEepeIOBHUIIA MOJIenoBaHHs. Pi3Hi criocooun
00’eiHaHHs. XapaKTepHI YacH Ta PO3MIpU MOJAEIBHUX YSABIEHb KAaCKaiB 31TKHEHb 1 Ie-

peMinryBaHHSI.

Pe3yabTaTn HAaBYaHHS B TEPMiHAX KOMIIe-
TeHIiN

MeToau HaBYaHHA
(Teopis, maGoparo-
PHi, IPaAKTHYHI)

KonTpoas sikocTi

(macHLMOBHiT ek3a-

MEeH, YCHHUIl eK3a-
MeH, 3BiT)

— BUJIBHO BOJIOJITH JCP)KAaBHOK MOBOIO Ta
CHUIKYBaTHUCS 1HO3EMHOIO MOBOIO;

— 3/IaTHICTh TEHepyBaTH HOBI ifei (kpea-
TUBHICTB), CaMOCTIHO 3400yBaTH 3a JOMO-
MOTOI0 1H(QOPMAIIHTHIX TEXHOJOTIH 1 BUKO-
PHUCTOBYBAaTH B MPAKTUYHIM JisUIBHOCTI HOBI
3HaHHS 1 BMIHHS, B TOMY YHCII1 B HOBUX Tajy-
35X 3HaHb, O€3MOCepeHbO MOB’SA3aHUX 3
aTOMHO-JIUCKPETHUM Ta  KOHTUHYaJIbHUM
METOaMHU MOJIETIOBAaHHS,

— 3JJaTHICTb BUKOHYBAaTH AaHANITUYHI BHU-
KIAJKU Yy MEXKax KIaCMYHOI MEXaHIKU Ta KO-
HTUHYaJIbHUX DPIBHSHH Maco NMEPEHECCHHS, a
TaKOXK KOPHUCTYBATHCS OOYHCIIOBAILHUMU
MaTeMaTUYHUMU METOJaMH y Taiy3i mpode-
CiliHOI AiSIIBHOCTI, €()EeKTUBHO PO3B’SA3yBaTH
3a1a4l Ta MOCTaBJIEHH] 3aBJaHHS,

— 3JJaTHICTb BHUKOPUCTOBYBAaTH JMHAMIY-
HMI TIIX1J Ta MigXiJ, 3aCHOBAaHMM Ha KOHTH-
HyaJlbHUX PIBHSHHIX Maco MEepEeHECeHHs, s
PO3B’sI3aHHS MMOCTABJICHUX 3a/1a4.

Buxopucranss npu
MIPOBEJICHHI JICKIIIH
Ta 1a00paTOPHUX
3aHSTh.

TeopernuHi 3HaHHS,
OTPUMAaHHI TiJ1 9ac
JIeK1ii Ta KOHCYJIbTa-
i

CamocrTiiiHa Ta mijz
KEpiBHUIITBOM BH-
KJ1aJaya pileHHs
3a1a4

CamocrTiiiHa Ta miz
KEpIBHUIITBOM BU-
KJIaJava pileHHs
3a71a4

OkpeMoro OIliHI0-
BaHHsI HE nepeada-
YEeHO

Okpeme OIiHFOBaHHS
HE TTPOBOJIUTHCA

OLiHIOIOTECS I Yac
MOJAYJIBHOTO KOHTPO-
JII0 T4 OTPUMAHHS
3aJiKy

O1iHIOIOTEC T Yac
MOJAYJIBHOTO KOHTPO-
JII0 Ta OTPUMAHHS
3aJiKy
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Temu kypcy

AyIMTOpPHI 3aHATTHA

Yac Ta 3aBaaHHA HaA ca-
MOCTiliHy po0oTy

Jlekmini

CeMiHapiB
UlabGoparopHi podoTu

[HI BN
[TpakTH4HI 3aHITTS

3arajioM, roanH

CamocrTiiiHa

podoTa

3aBaaHHA

Berym.

Tema 1. Cuctemu Ta mpoiiecu 3
PI3HUMH HIBUIKOCTSIMHU, Yaca-
MU Ta po3mipamu. Po3nuneHHs
MOBEPXHi, KACKaIH 3ITKHEHb
aTOMIB, I0HHE MaCOIIEPEHECCH-
HSL.

JlabopaTtopHa po-
Oora Ta
pPO3B’sI3aHHSA 3a/1a4

Tema 2. PiBHsHHS pyXy.
[MpuaIMT ~ HaliMeHMIOl il
MPUHIUI BiHOCHOCTI ["amines.
Oyukuis Ta piBHsAHHS Jlarpan-
*a, piBHAHHA Hprlotona. Omuc
KacKaJliB aTOMHHX 3ITKHEHBb
piBHsHHsAMU Hprorona. IToTen-
majg MI>KAaTOMHOI B3a€EMOIIT.
JloCTOBIpHICTH KJIACHYHOTO
HaOJIVDKCHHS.

24

15

JlaGopaTopHa po-
6ora Ta
PO3B’sI3aHHs 33134

Tema 3. 3akoHu 30epeKeHHS.
LlenTp inepuii.

24

15

Po3B’s13anHs 3amau

Tema 4. MonemtoBaHHS aTOM-
HUX 3ITKHYBaJBHUX KacKaliB
MeToA0M KiacudHoi M/I.

29

20

Po3B’a3anng 3amau

Tema 5. TpaHcnopTHe piBHSH-
HS 10HHOTO NEepeMilllyBaHHS 3
KOJIEKTUBHUM WJIEHOM Ta HOro
mudysiiine HabmmxeHHs. ['pa-
HUYHI YMOBM 3 ypaXyBaHHAM
PO3NWIEHHS MOBEpXHI, 110 0o-
MOapAy€eThCs 10HHUM ITyYKOM.
UucenpHe poO3B’si3aHHS KOHTH-
HyaJIbHUX PIBHSHb. Pi3HI 00UH-
CJIIOBAJIbHI CXEMH.

29

20

JlaGopatopHa po-
bora Ta
pPO3B’sA3aHHS 3a/1a4

Tema 6. CymicHe po3B’si3aHHS
KOHTHHYaJbHUX PIBHAHb Ma-
conepeHecenns Ta MJI moneni
aTOMHHX KacCKagiB 3ITKHEHb.
[TporpamHi KOAM CYMICHOTO
pO3B’A3aHHS.

31

20

Po3B’a3anng 3amau

Ycboro roguH

14

150

100
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. . Bara, . o .
Ctparerisi ouiHIOBaHHA % Tepmin KpuTepii oninoBaHus
MoynbHa KOHTPOJIbHA 45 [TucprmoBe onUTYBaHHS
pobota
BukonanHs 1aboparop- 11 | Buponosx | JJaboparopHa po6oTa 3 TeMH 2
HUX po0OOT 11 | cemectpy | Jlaboparopna pobora 3 Temu 3
11 JlabopaTopHa poboTa 3 Temu 4
11 JlaboparopHa poboTa 3 TeMu 5
11 JlaboparopHa pobora 3 Temu 6
3aJTiK B KiHI[I CEMECTPY
ABTopH Pix Hasga ingopmanis Bl/llla]iHI/IIITBO / oH-
BU/IAHHS JIAWH 10CTYN
O060B’s13K0BAa JiTepaTypa
2020 | Molecular Dynamics | Hauaisb- Jenny Stanford
of Nanostructures and | Huii mocio- Publishing.- 2020.-
Habasaki J. Nanoionics. HUK 338 p. ISBN
Simulation in 9789814800778 .
Complex Systems.
2020 | Molecular Dynamics | Hasuams- | CRC Press.- 2020.-
Simulation of HUit oci0- | 334 p.
Snehanshu Pal,
Bankim Chandra Nanost_ructured HHK ISBN
Ray Materlals._ An 9780367029821.
' Understanding of
Machanical Behavior
1988 | Teoperuueckas puzu- | HaBgais- M.: Hayka, U3nanue
JL. Jlangay, ka. T1. Mexanuxa. HUM 1ocio- | 5-e crep., ['naB. Pen.
E.M.JIudmig HUK ®wu3.-Mar. Jlur. 2004.
—224 c.
2019 | IloBepxHns TBepaoro | Monorpa- 3anopixoks: Hamiona-
Tina npu 6ombGapay- | ¢is JbHUHA YHIBEPCUTET
BaHHI HU3bKOEHEpre- “3arnopi3pKa MoJiTex-
I'.B. KopHiu TUYHUMH 10HAMHU: Hika” — 2019.- 302 c.
MOJICJIFOBAHHS 1 aHAJ13 ISBN 978-617-529-240-
ATOMHOT CHCTEMHU. 2
http://eir.zp.edu.ua’ha
ndle/123456789/7624.
. 2015 YucenpHuil a”Haii3 Hapuansb- 3amopixoks, Bu.
I'.B.KopHiu, . N . « v
H.I Bia, CHCTEM 3 PO3IOALIe- | HUM MOCi0- Kpyrozop”, 2015. —
AL JleHnicenxo, HUMH NIapaMETPamMu | HUK 128 c. ISBN 978-966-
0.0. Tlonkosarixixa IHCTpYMEHTaMH 2602-91-111
MATLAB
Vki.: I'.B. Kopsiu, 2021 | Meromu teopetnunoi | Metoauuni | 3anopixoksa: HY “3a-
0.0.ITonkoBanixina, ¢i3uku. Mexanika BKa31BKU Hopi3bKa
O.B. Kpusnys, noritexnika”, 2021. —
J.B.Ilupokopa. 60 c.
B.I. Kinpiu http://eir.zntu.edu.ua/h
andle/123456789/777
2
Vxi.: I'.B. KopHiu, 2021 | OcHoBu MozemtoBaH- | Metoauuni | 3anopixoxs: HY “3a-
0O.0.ITonkoBanixiHa, HS HAaHOCHUCTEM BKa31BKHU MOpi3bKa MOJIITEXHIKA,
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http://eir.zp.edu.ua/handle/123456789/7624
http://eir.zp.edu.ua/handle/123456789/7624
http://eir.zntu.edu.ua/handle/123456789/7772
http://eir.zntu.edu.ua/handle/123456789/7772
http://eir.zntu.edu.ua/handle/123456789/7772

O.B. Kpusnys, 2021. - 21 c.
J.B.Iupokopan. http://eir.zntu.edu.ua/h
B.I. Kinpiu andle/123456789/777
1
Jonarkosa jireparypa
1981( | Sputtering by Particle | Temarnue- Springer-Verlag
1984) | Bombardment I (Pac- | ckuii coop- Berlin Heidelberg.-

. IIbJIEHUE TBEP/BIX TEN | HUK 1981.- 284 p. ISBN
penrisch R. (P, be- HOHHOI GOMGAPHPO- 978-3-662-30888-2 .
MY BKoif. Bermyck 1) DOI 10.1007/3-540-

M.PoOuHCOH,
X.AnnepceH Ta iH.) 10521-2. (Tlep. ¢
' ' anri./ ITox pen. P.
bepuiia.- Mocksa:
Mup.- 1984. — 336 c.)
1983 | Sputtering by Particle | Temarnue- Springer-Verlag
(1986 | Bombardment Il (Pa- | ckuii cOop- Berlin Heidelberg.-
) CIIBUICHHME TBEPJIBIX | HUK 1983.- 394 p. ISBN
Behrisch R. P. (be- TEJI HOHHOW OoMbap- 978-3-662-31169-1.
pu, I'. berr, T nupoBKoit. Beimyck 1) DOl 10.1007/3-540-
Benep Ta iH.) 12593-0. (ITep. ¢
auri./ ITox pen. P.
bepuma.- Mockaa:
Mup.- 1986. — 486 c.)
1991 | Computer simulation | Monorpa- Springer-Verlag
(1995 | of ion-solid bus Berlin Heidelberg,
) interactions 1991.- 296 p. ISBN
Eckstein W. (KoMmproTepHOE MO- 978-3-642-73515-8,
(B. Dxuraii) AIEIMPOBAHHE B3aNMO- DOI 10.1007/978-3-
JIEWCTBUS 4aCTHI] C 642-73513-4
MIOBEPXHOCTHIO TBEP- (ITep. c anrmn.- Mock-
JIOTO Teja) Ba: Mup.- 1995.- 320
c.)
1992 Molecular dynamics | Yue6GHoe New York: Wiley-
J.M. Haile simulation - elemen- | moco6ue Interscience.- 1992.-
tary methods 386 p.
2020 MonenupoBanue [Tep. xyp- Meranodizuka Ta
nubdysnn Bakaucuu B | gag (IM® Hositai TexHonorii.-

Ayna E.B., KpHCTAIE METOIOM | iy T B 42(3) 2020 323-332.

Kopunu I'.B. TEMITepaTypHO- Ky.le'IOl;/IOBa, https://doi.org/10.15407/
YCKOPCHHOI IMHAMHKH | [AHY) mfint.42.03.0323 .
2019 On the Combination of | TTepioguun | J. Surf. Invest.: X-ray,
Methods of Tempera- | uif sxypnan, | Synch. and Neutron
Duda E.V., ture-Accelerated Dy- BHL Tech.- V.13(4) — 2019.-
Kornich G.V. namics and Springer 667-669.
Hyperdynamics http://doi.org/10.1134/S
1027451019030066
DudaE.V., 2020 | Hyperdynamics [epiognu- | J. Surf. Invest.: X-ray,
Kornich G.V.. Simulation of the HUH Kyp- Synch. and Neutron
Diffusion of a HaJI, Tech.- V.14(6) —
Vacancy in a Crystal | Bug. 2020.- 1205-1207.
Springer http://doi.org/10.1134/
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https://doi.org/10.15407/mfint.42.03.0323
https://doi.org/10.15407/mfint.42.03.0323
http://doi.org/10.1134/S1027451019030066
http://doi.org/10.1134/S1027451019030066

S1027451020050043)

Kornich G.V., 2011 | Synergism in [epioguu- | Nucl. Instrum. Meth.
Betz G., sputtering of copper HUI Kyp- Phys. Res. B 269 (14)-
Kornich V.G., nanoclusters on HaI, 2011.- 1600-1603.
Shulga V.1., graphite substrate at Bun. https://doi.org/10.101
Yermolenko O.A. low energy Cu?2 Elsevier 6/].nimb.2010.11.088 .
bombardment
Shyrokorad D.V., 2017 | Simulation of the Ilepion. xxy- | Physics of the Solid
Kornich G.V., interaction of bipartite | pHan, State.- 59(1).- 2017.-
Buga S.G. bimetallic clusters Buz. Spring- | 198-208.
with low-energy argon | & https://doi.org/10.113
clusters 4/S106378341701029
2.
Shyrokorad D.V., 2016 | A Neural Network [epioanu- Technical Physics
Kornich G.V. Method for Restoring | uuii xyp- Letters. V.42(7) —
the Initial Impurity HaJ, 2016.-720-722.
Concentration Bun. http://doi.org/10.1134/
Distribution from Springer S1063785016070282.
Data of lon Sputter
Depth Profiling
Kornich G.V., 2004 | Sputtering of metal Ilepion. xy- | lzvestiya Akademii
Betz G., clusters from graphite | puamn, Nauk. Rossijskaya
Zaporozhchenko substrate by low- Bux. PAH | Akademiya Nauk.
V.1, Bazhin ALl energy ions Seriya Fizicheskaya. -
68(3).- 2004.- 304-307.
ISSN 1026-3489.
Kornich G.V., 2003 | Simulation of ion [epionuu- | Technical Physics
Betz G., sputtering of copper HUI KYyp- Letters.- 2003.-
Zaporojtchenko V.1., clusters from single Hall, 29(11).- 938-940.
Bazhin ALl crystal graphite Bun. https://doi.org/10.113
surface Springer 4/1.1631370
I'B Kopuuy, I' betr, | 2001 | MonekynsipHo- Ilepion. xxy- | du3nka TBEPAOrO
AU Baxun MAHAMUYECKOE MOJIe- | PHAI, tena.- 43(1).- 2001.-
nupoanue obpazosa- | PTLim. 30-34.
HUS Je(PEKTOB A. @ Jodpde
B KPpUCTAJUIC aJIFOMHU- PAH
Hus npu 6omOapau-
POBKE NOHAMH HU3KHUX
SHEPIUil
1996 | Molecular dynamics | ITepioguu- | Nucl. Instr. and
simulation of low HUH Kyp- Meth.B.- 1996.-
Kornich G.V., energy ion beam Hall, V.115, N1-4.- P.461-
Betz G., mixing Bun. 467.

King B.V. Elsevier https://doi.org/10.101
6/0168-
583X(95)01439-X

1996 | Two step simulation of | ITepiogmu- | Nucl. Instr. and
Kornich G.V., low energy ion beam | uuit sxyp- Meth.B.- 1996.-V.117,
Betz G. mixing at different tem- | a5 N1-2.-P.81-89.
peratures B, https://doi.org/10.1016/0
Elsevier 168-583X(96)00274-1
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