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I. HOSACHIOBAJIBHA 3AIIUCKA

[Iporpama 3 kypcy «Buxopucrannsa cucremun GEANT)» Bianosinae
HaBYaJIbHOMY IUJIaHY IMIITOTOBKHM acHipaHTIB 3a crneuiaibHicTio 104 — Di3uka ma
acmponomia (ranyss 3HaHb: 10 - Ilpupoonuui nayku ), 110 3100yBatOTh OCBITHBO-
KBaTipikaliiiHUi piBeHb JOKTOpa (inocodii Ha BIANOBIAHINA OCBITHIA Mporpami
11 HAH VYkpainu.

Komm'totepae MozentoBaHHs (PI3MUHUX MPOIIECIB B IETEKTOP1 € HEBIJ €MHOIO
YACTHHOIO €KCIIEPUMEHTATBHOI (P13MKM BUCOKHMX €HEPTiil sIK Ha eTarll CTBOPEHHS Ta
ONTUMI3aIlli eKCIIEPUMEHTAILHOI YCTAaHOBKH, TaK 1 MPU aHATI31 OTPUMAHUX JIaHHX.
KpiMm TOro, ocraHHiM 4YacoM KOMI'IOTEpHE MOJEIIOBAHHS SACPHHUX MPOIIECIB
3HaXOAUTh IMUPOKE 3aCTOCYBAaHHA B MPUKIAJHUX OOJACTAX: pajiamiiHol
MEJUIMHN, KOCMOHABTHIll, MIKpOEIEKTpoHimi 1 T.4. OpmHieo 3 HAHOUIBII
HOLIMPEHUX MPOrpaM, IO 3aCTOCOBYIOTHCS JJIsi MOJEIIOBAHHA, € PO3pOOJIEHUIl B
CERN mnaker GEANT4, mo 103Bojs€ MpamoBaTH 3 MOBHUM CHEKTPOM B1IOMHX
(bi13MYHUX MPOLIECIB, 10 MPOTIKAIOTh MPH MPOXOKEHHI €JIEMEHTAPHUX YaCTUHOK
gyepe3 peUOBUHY.

Kypc «Buxopucranns cucremu GEANT» € HeoOXigHOIO CKIIaJOBOIO €
CKJIaZIOBOIO BHMOIPKOBMX HaBYAJIbHMX JHUCHMIUIIH IUKIY npodeciiiHoi Ta
IPAKTUYHOI MiATOTOBKU JOKTOPIB (hutocodii 3a cneniansHicTio 104 — Di3uka ma
acmponomi, HaTtpsIM TATOTOBKH: (i3uKa sapa, Gpi3uKa eJIeMEHTapHUX YaCTHHOK 1
BUCOKHX  €HEpri;  saepHo-(Qi3uYHI  yCTAHOBKHW;  pajialiiHa  Qi3uka
KOHJICHCOBAHOTO CTaHy; (pi3uKa Miia3mMu 1 AEPHOTO CUHTE3Y.

Kypc «Buxopucranns cucremu GEANT» Bukiamaerbcs Ha 2 ab6o 3 poiri
HAaBYaHHS B OCIHHbOMY a00 BECHSHOMY CeMecTpi Ta po3paxoBaHud Ha 12
HAaBYAJIBHUX TWXKHIB (1O 2 ayJ. TOJA. UIOTWXKHS, TMEPIINN TIKIEHb 3aHITh —
Jekuiauii). BuB4yeHHs Kypcy mnepenbadae ayautopHy (dekuii — 16 rom.;
MPAKTUYHI 3aHATTS — 8 TOJ.; KOHCYJbTAIlisA — 2 TOM.) 1 camocTiiHy poboty (34
roj.). 3arajabHa KUIbKICTh TOJIMH, BIIBEICHUX HA OMAaHyBaHHS AUCHUILIIHUA — 60 (2
kpeautu €KTC).

MeTa QMCHMILUIIHM — O3HAWOMJICHHS 3 METOJIaMHU MOJCIIOBAHHS (PI3MUHUX
YCTaHOBOK 3a gonoMoroto nakera GEANT4.

3aBaaHnuAa

- HaBYaHHS CTYACHTIB MOJICJIIOBAaHHS BHIIAJIKOBUX IPOIIECIB METOJA0M
Mounre-Kapiio;

- O3HalOMJICHHS 3 MPUHLUIIAMH POOOTH, CHOCOOAMU BUKOPHUCTAHHS 1
MeXaMH 3aCTOCOBHOCTI nmporpamuoro nakera GEANT4;

- (opmyBaHHS y  CTYACHTIB  NPAKTUYHUX  HABUYOK  PO3POOKHU
KOMIT'FOTEPHUX MPOrpaM MOJENIOBaHHA (i3MUHUX MPOIIECIB B PEUOBHHI 3
3acTocyBaHHAM nporpamuoro naketry GEANT4.



Cmpykmypa Kypcy
VY pe3ynbTari BABYCHHSI HABYAIBHOI JUCHUIUTIHU aCIipaHT MOBUHEH:
3narm:

- 3arajibHy cxemy Metony Monte-Kapio

- crnocoOu MOJIEIIOBaHHS OCHOBHUX BUIIAJKOBUX PO3IMO/ILIIIB

- crnoco0u o0y 1I0BM T€OMETPUYHOT MOJIeNi AeTeKkTopa B nmakeri Geant4

- TMPUHIMIN CKJIAJaHHS HA0OpiB Mojenel (i3UYHUX MPOIECIB B MAKETI
Geant4

- MEXI1 3aCTOCOBHOCTI OCHOBHHUX MoOjeieil (pi3MuHUX MPOlECiB B IMaKeTI
Geant4

- crocoOu po3BUTKY (pyHKIIOHATBHOCTI TakeTa Geant4.

BwmiTn:

- e(exTUBHO 3aCTOCOBYBATH BHWINEBKA3aHI 3HAHHS HA TMPAKTHUIN IS
CTBOpPEHHS MPOrpaM MOJETIOBAHHA 1 BUPIMICHHS (yHIAMEHTAIbHUX 1
PUKJIAIHAX HAYKOBUX 3aBJIaHb B TAIy31 Cy4acHOI eKCIIEPUMEHTAIBHOT
(GI3UKM €IEeMEHTApHUX YacCTUHOK, padlaliiHOMy MaTepilalo3HaBCTBI,
SIICPHIN MEAUIMHI, TOIIO;

- BOJIOJITH TEXHIKOIO MOJENIOBaHHS (PI3MYHUX MPOLECIB B PEUOBHHI 3
3acTOCyBaHHAM Iporpamuoro nakety GEANT4;

- OpleHTYBaTHCS y 1000pi CHEIIabHOI Cy4acHOT HayKOBOI1 JIITEpATypH Ta
CaMOCTIITHO MpaItoBaTH 3 HEIO.

Micue aucuuniHu (8 cmMpyKmMypHO-102iUHill cxemi ni02omosKku (axieyie
8i0nosioHo20 Hanpsmy). BubipkoBa HaBYallbHa AUCIHUIUTIHA «BUKOpUCTAHHS
cuctemu GEANT» € cknagoBoro nukiny mpodeciiiHoi MiAroToBKH (HaxiBIiiB
OCBITHBbO-KBaJi(iKaIiifHOTO piBHA «IOKTOp (inmocodiin. Cucrema 3HaHb,
OTpYMaHa TMpPU BUBYEHHI [JIAaHOTO KypCy, € HEOOXIAHOW [IJisi BLIBHOIO
O3HAMOMIICHHS 3 HAyKOBOIO JIITEPAaTypord Ta MpPH BUKOHAHHI BIJMOBIIHUX
KBTI piKALIHUX POOIT.

38’130k 3 iHIIMMH JaucHuIIiHAMU. [Ipy  BUBYEHHI JUCHMUILTIHU
«Bukopucrannsi cucremu GEANT)» BUKOPUCTOBYIOTHCS 3HaHHS Ta BMIiHHS,
HaOyTl acmipaHTamMd TMiJ 4Yac BHUBYEHHS KypCiB  3arajibHoi  (i3UKH,
CJICKTPOAMHAMIKH, aTOMHO1 (Di3MKH, CTATUCTUYHOI (DI3UKH, KBAHTOBOI MEXaHIKH,
nporpamyBaHHsl MOBOIO C++.



II. TEMATUYHUM IIJIAH JUCHUILITHU

Ne Hassa Ttemn KinpkicTs roaux
Bevoro | Jlekuiit | IIpaktmu- | Camocriiina | Koncyib-
HUX Ta 1HIUB1- Tami1
3aHATh AyaJlbHa
pobota

Po3zain (3micToBHUI Mony.m;) 1. - - - - -
Tema 1. Lini i cmocoOu MoAEIIOBaHHS 4 2 2
(bI3MYHHX MPOLIECIB B AETEKTOPAX.
Tema 2. Metox Monte-Kapiio 6 2 4
Tema 3. CTpyKTypa nporpam B MaxkeTi 3 1 2
Geant4. lepapxis knacis.
Tema 4. Tntepdeiic kopucTyBaya. 4 1 1 2
Tema 5. Lk MoieIrOBaHHS MO/ 7 1 2 4
CTBOpEHHS TPOCTOT TPOTpaMu
MOJICTIOBaHHSI.
Tema 6. [ToOymoBa Mozesti J€TEKTOpa 6 1 1 4
Tema 7. MonenoBaHHs BIATYKY 4 1 1 2
JETeKTOpa
Tema 8. Bizyaumizariis gerekropa i 4 1 1 2
HOMIN.
Tema 9. MonenroBaHHS Qi3HUHUX 4 1 1 2
nporieciB. TpekiHT.
Tema 10. 306epekeHHS Pe3yIIBTaTIB 4 1 1 2
MOJICTIOBaHHSI.
Tema 11. 3acrocyBanns nakera Geant4 6 2 4
B CyYaCHUX €KCIIEPUMEHTAX.
Tema 12. Pozmmpennss GEANT4-DNA 6 2 4
— BUKOPUCTAHHS Y SJCpHIN MEIUIIKHI.
Icnut - - - - 2
Bceboro 60 16 8 34 2




3MICT KYPCY

Tema 1. Iiyi i cmoco0u Moaer0BaHHA (Pi3UYHUX NPOLECIB B IeTEKTOPAX.
Onuc nucuumutinyg. Meta 1 3aBmanHs kypey. Ll 1 3agadi monentoBaHHs. Ictopis
PO3BUTKY criemianizoBanux mnporpam. [lopiBusiHHs icHyrouux nporpam (FLUKA,

GEANT3, GEANT4, MCNP).

Tema 2. Meton Monte-KapJio
3aranpHa cxema Metony MonTe-Kapno. MonentoBanHs po3noaimiB. IMitaris
BHITQIKOBUX MPOIIECIB.

Tema 3. CTpykrypa nporpam B naketi Geant4. Iepapxis kJacis.
Anpo Geant4. lepapxis knaciB. [ToHATTS ceaHc, moais, Tpek

Tema 4. Inrepeiic kopucryBaya.
PoGota B inTepakTuBHOMY pexumi. [laketHuii pexxum. CTBOPEHHSI HOBUX KOMaH/I.
Jii, BU3HaYEeH1 KOPUCTYBAYEM.

Tema 5. Hukia moaesroBanHs moii. CTBOpeHHSI MPOCTOI NpOrpaMu
MO/IeJII0BAHHS.

[{uxn moaemoBanHs 1moaii. OO0B'SI3KOB1 OJIOKH: MOJIEIb IETEKTOpa, TeHEPaTop
NEPBUHHOT BEPIIUHU, HAOIp Mozenel (iznynux nporieciB. CTBOPEHHS MPOCTOi
IPOrpaMH MOJCITIOBAHHS

Tema 6. IloOyxoBa mozaeJti feTekTopa

Crnocobu onncy marepianiB. Onuc 00'eMy: ¢popma, J0riyHUN 00'eM, PI3UUHHIMA
00'em. Tlapamerpu3ariis pizuunoro 06'em. Cuctemu koopauHat. BkiageHiCTh
00'eMiB.

Tema 7. MoaesiloBaHHSI BiITYKY JeTeKTOPa
[TonsiTTs uyTuBoro 06'emy. CripanboByBaHHs. O PyBaHHS CUTHATIB.

Tema 8. Bizyaaizauis nerexkropa i nomii.
Ski eneMeHTH AETeKTOpa MOXKHA BizyamizyBaTu. [ padiuni apaiiBepu. YpaBiiHHS
Bi3yaJizalli€ro.

Tema 9. MonenoBanus ¢izuunux npouecis. Tpekinr.

3aBmanHs HA00PY (HI3UYHHX MPOIIECIB, IO BPAXOBYIOTHCS B MOJICTIOBAHHI.
Cranpaptai Habopu. Onuc HOBOi yacTuHKU. Onuc HOBoro npotiecy. [Toporu
HapOKEHHsI 4acTUHOK. OOMexXeHHs, BUBHAYEH1 KOpUCTYBadeM. Sk BiAOyBaeThCs
OJIUH KPOK B MOJICJTFOBaHHI.



Tema 10. 30epe:keHHs pe3yIbTaTIiB MOACJIIOBAHHS.
CrniocoOu Bukopuctanas MoxxiuBoctelt maketry ROOT s 30epexxenns ganux. Sk
yIpaBIATH 30epekeHHsIM B «aepeBo» ROOT.

Tema 11. 3acTocyBannst nakera Geant4 B Cy4aCcHMX eKCIIEpMMEHTAX.
Oco06MBOCTI MOJIENIIOBAHHSI CKJIAJJTHUX YCTAHOBOK.
[lepcnexktuBu po3BUTKY Geant4.

Tema 12. Posmmpenass GEANT4-DNA — BUKOPUCTAHHA Yy si/IEPHiil MeIULMHI.
Oco0MMBOCTI MOJIETIOBAHHS HECTIPUATINBHUX €(DEKTIB 10HI3YIOUUX BUIIPOMIHIOBaHb
Ha KJIITHHHOMY Ta CYOKIITHHHOMY MacmTabax y Cy4acHUX pajiio010JIOTTYHHUX
nociimxeHHsax. “Geant4-DNA” - sk rutardopma Juist MOJISTIOBaHHS TTOIIKOHKEHHS
JIHK, crippurHEHOro i0Hi3yH0YMM BUIIPOMIHIOBAHHSM, 32 JOIOMOIOI0 Cy4YacHHUX
00YHNCITIOBATEHUX 3aC001B Ta TEXHIK.

Jlireparypa

OcHoBHa

.M. CoGonnb, Yucnennsie Metosibl MonTe-Kapio, M., Hayka, 1973

C.M. EpmakoB, Meroa Monte-Kapno u cmexubie Bonpocsl, M., Hayka,

1975

3. bBungep K. OOmue Bonpockl TEOPUU U TEXHUKH CTATUCTHYECKOTO
MoaenupoBanusi MerogoM Monte-Kapiio: Metonst Monte-Kapio B
craTucTuueckout puszmke. — M.: Mup, 1982.- 400c.

4. Tynn, X.. KomnelorepHoe mojienupoBanue B pusuke: B 2-x gacTsx. /
Yacte | — M.: Mup, 1990. — 349 c.

5. Tynn, X. KomnstorepHoe MoienupoBanne B pusuke: B 2-x gacTsx. /
Yacte 2— M.: Mup, 1990— 400 c.

6. A.H. Kanunosckuii, H.B. Moxos, FO.I1. Hukutun. [IpoxoxaeHue yactui
BBICOKMX JHEpPIruM yepes BemectBo. — M.: DHeprousaar, 1985 — 248 c.

7. Axkepman, A.®. MoaenupoBaHue TPACKTOPUN 3apsKEHHBIX YaCTHI] B
BemectBe. — M. : DHeprousgar, 1991 — 200 c.

8. E. broxnunr, K. Kasutu, Kunemartuka snemeHnTapHsix yactul, M., Mup,
1975

9. S. Agostinelli, J. Allison, A. Forti et al., GEANT4 — A simulation toolkit //
Nuclear Instruments and Methods in Physics Research. Section A:
Accelerators, Spectrometers, Detectors and Associated Equipment.— 2003.—
V. 506.— P. 250-303.

10. Allison J. et al., Geant4 Developments and Applications, // IEEE Trans.
Nucl. Sci., - 2006 - vol. 53, no. 1, pp. 270-278.

11. Allison J. et al., Recent developments in Geant4 // Nuclear Instruments and
Methods in Physics Research. Section A: Accelerators, Spectrometers,
Detectors and Associated Equipment.— 2016.— V. 835.— P. 186-225.

12. Beryn no Geant4 http://cern.ch/geant4-
userdoc/UsersGuides/IntroductionToGeant4/fo/IntroductionToGeant4.pdf

N —




13. KepiBuuurso no ycranosii Geant4 http://cern.ch/geant4-
userdoc/UsersGuides/InstallationGuide/fo/Geant4InstallationGuide.pdf
14. KepiBuuurso kopuctyBaua Geant4 http://cern.ch/geant4-
userdoc/UsersGuides/ForApplicationDeveloper/html/index.html
15. S. Incerti et al., THE GEANT4-DNA PROJECT // International Journal of
Modeling, Simulation, and Scientific Computing, Vol. 1, No. 2 (2010)
157-178
16.S. Incerti et al., Geant4-DNA example applications for track structure
simulations in liquid water: A report from the Geant4-DNA Project // Med.
Phys. 45 (8), August 2018

JlonaTkoBa

1. I'pynen, K. [lerexTopsl anementapubix yactui / mox pen. JI. M. Kypaanze,
C. U. Ditpenbmana ; niep. ¢ auri.: H. FO. Ditnensman, FO. U. Diinensman. —
HoBocubupck : Cub. xponorpad, 1999. — 408 c.

2. F. Lei, P.R. Truscott et al., MULASSIS: A Geant4-Based Multilayered
Shielding Simulation Tool // IEEE Transactions on Nuclear Science —
2002.— V. 49.— No. 6.— P. 2788-2793.

3. R. Burn et al., GEANT: Detector description and simulation tool // CERN.
Geneva. Switzerland.— 1993.— 430 p.

4. bpatuenko M. WU., ronbas C. B. [Ipumenenne nporpaMMHOTO KOMILJIEKCA
Geant4 k 3a7a4aM pagualimOHHO-TEXHOJIOTUYECKOTO MOJICIUPOBAHUS //
Bomnpockr atomHoi#t Hayku U TeXHUKH. - 2001 1. - No 4. Cepust: ®usnka
paaualMOHHBIX TOBPEXKACHUN U paAuallMOHHOE MaTepuaoBeieHre-184 c.

EnekTpoHHi pecypcu, BKIIOYAOYHU JOCTYII 10 0a3 TaHUX:
[ndopmartiitai pecypceu:
1. JlocTynHi yepe3 IHTEpPHET CTOPIHKU PO3POOHUKIB IMAKETIB
a Geant4 (https://geant4.web.cern.ch/ ) 1
b ROOT (https://root.cern/ ) i
2. baza nanmx Particle Data Group (http://pdg.Ibl.gov ).
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HAIIIOHAJIBHA AKAJIEMIS HAYK YKPAITHU

IHCTUTYT AAEPHUX JOCJIIIKEHb

POBOYA ITPOI'PAMA JUCHUIIJITHA

BUKOPUCTAHHA CUCTEMH GEANT

lNany3sb 3HaHB,
CIIEIiaIbHICTh, OCBITHS
nporpama, OCBITHBO-
kBauTi(pikariitHuil piBeHb

OpranizaiiifHo-MeTOANYHA XapaKTePUCTUKA HaBYAIbHOI AUCIUILTIHU

AxazieMiuyHa XapaKTepUCTHKa

Crpykrypa

10 — IIpuponuuyi HayKu

104 — ®i3uka Ta
aACTPOHOMIS

OcBiTHs porpama —
®i3uka (TeopeTnuna
¢izuka)

Pik naBuanus: 2 abo 3
Cemectp: 1 abo 2 *

KinpKicTh TOOWH Ha THKIEHD: 2
Craryc Kypcy: ¢paxosuii
(6ubiprosuti)

Kinekicte ECTS kpeaurtis: 2

* MTUCIUILTIHA MOYKE BUKJIAIATHCS

KinekicTs roauH:
3araneHa: 60
Jlexmii: 16
[TpakTu4Hi 3aHATTS: 8
Koncynpraris 2
Camocriitna po6ota: 34

Bun migcyMkoBoro
KOHTPOJTIO: iCTIHT

HoxTtop dinocodii Ha 2 abo 3 poili HaBYaHHS B
OCIHHBOMY a00 BECHSHOMY
cemecTpi
PoGoua mnporpama cknazeHa 0.1 dokmopie ginocogii — OceimHs npocpama

Dizuka sa0pa, izuxa enemeHmapHux uYacMmuHOK [ BUCOKUX eHepeill, S0epHO-
@isuuni ycmanosku, padiayitina Qizuxa KOHOEHCO8AHO20 CMAHY, (PI3UKa Naasmu i

SA0epHO20 CUHME3).

VYxmanau: AsoxiH [.€., kanauaaT ¢i3.-MaT. HayK, CTapIIuid HAyKOBUI

CITIBPOOITHHUK
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111 IUIAH JEKIIAHUX 3AHATH

META TA METOJIJMYHI OCOBJUBOCTI IPOBEJAEHHS JEKIIN
[TpoBeneHHs NEKUIHHUX 3aHITHh HAIIJICHO HA JOHECEHHS 3arajbHUX 3HAHb Ta
noOyZ0OBYy TEOPETUYHUX METOJIB IO JUCLUUILUIIHI, HA CHPUSHHS PO3BUTKY Y
acIipaHTIB PO3yMOBOI AISJILHOCTI 1 PO3LUIUPEHHS CBITOTIISY.

Po30in (3micmoenuii mooyns) 1.

3anarrs 1. Tema 1. I i cnocoou moaenoBanHs Gi3HYHNX NpoleciB B
JAeTeKTOpax.
[1maH.

1. Onuc AMCUUILIIIHHA.

2. Mera, 3aB1aHHs Ta CTPYKTypa Kypcy.

3. Lum 1 3aga4l MOJEITFOBaHHS.

4. Ictopist pO3BUTKY CHEI1aII30BAHUX ITPOTPaM.

5. HopiBusuHs icHytounx nporpam (FLUKA, GEANT3, GEANT4, MCNP).
Jimepamypa: [4-8]

3ansaTTa 2. Tema 2. Merog Mounte-Kapuio.
[1maH.

1. 3aranbHa cxema metony Monte-Kapio.

2. MogentoBaHHS PO3MOILTIB.

3. Imirtaris BUnaAKOBUX MPOLIECIB.
Jimepamypa: [1-3]

3anarra 3. Tema 3. Ctpykrypa nporpam B naxkeri Geant4. Iepapxis kiaacis.
ITman.
1. Anpo Geant4.
2. lepapxist kaciB.
3. Ilonarrs
a. ceaHc,
b. moxis,
C. TpeK
Jimepamypa: [9-14]

3anarrs 4. Tema 4. InTepdeiic kopucTyBaua.
ITman.

1. PoOoTa B IHTEpAaKTUBHOMY PEXHUMI.

2. IlakeTHuni pexuM.



3. CTBOpEHHS HOBUX KOMaHJ.
4. Mii, BU3HaY€H1 KOPUCTYBAUEM.
Jimepamypa: [9-14]

3ansaTTa 5. Tema 5. Hluka moaenoBanusa noaii. CTBOPpeHHs MPOCTOl
NMPOrpaMu MOJEeJTIOBAHHS.
[1maH.
1. Iuki MoaenoBaHHS MOAII.
2. O00B'A3K0B1 OJIOKU:
a. MOJEJb JETEKTOpa,
b. TeHepaTop MepBUHHOI BEPIINHH,
c. Habip Moneneil Ppi3UIHUX MPOIIECIB.
3. CrBOpeHHS IPOCTOI NpOrpaMu MOJEIIFOBAHHS.
Jimepamypa: [12, 14]

3ansaTTa 6. Tema 6. Ilo0ygoBa Moaei gerekropa.
[1man.
1. Cnocobu onucy Marepialib.
2. Omnwuc o6'emy: popma, goriunuii 00'eM, Hi3uuHUA 00'eM.
3. IMapameTtpu3aiiis (i3ugHOTO 00'EMY.
4. Cucremu KOOpAUHAT.
5. BkumaneHicth 00'eMiB.
Jimepamypa: [12, 14]

3anarrsa 7. Tema 7. MoaeawBaHHs BiATYKY JeTeKTOpA.
ITman.

1. IToHATTS 4yTIMBOrO 00'€MY.

2. CopaupOoByBaHHS.

3. OumdpyBaHHS CUTHAIIB.
Jimepamypa: [12, 14]

3anarrs 8. Tema 8. Bizyanizauisa nerexkropa i moauiii.
[1man.
1. SIxi eneMeHTH AETEKTOpa MOKHA Bi3yasli3yBaTHu.
2. I'padiuni npaiisepu.
3. VYmopaBiiHHS Bi3yami3alli€ro.
Jimepamypa: [12,14]
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3anarTsa 9. Tema 9. SIKi eleMeHTH AeTeKTOpa MO:KHA Bisyanizysatu. I'padiuni
ApaiiBepu. YNpasJaiHHS BidyaJizauniero.
ITman.
1. 3aBganHs HAOOPY (PI3UYHUX MPOIECIB, IO BPAXOBYIOTHCS B MOJICTIOBAHHI.
CranpaptHi HaboOpH.
Onuc HOBOT YaCTUHKHU.
Onuc HOBOTO MPOLIECY.
IToporu HapOIKEHHS YaCTUHOK.
OOMerkeHHs, BU3HAUEH1 KOPUCTYBayeM.
7. Sk BimOyBa€ThCS OJUH KPOK B MOJICTIOBAHHI.
Jimepamypa: [12, 14]

ANl

3anarrsa 10. Tema 10. 30epexeHHs1 pe3yJbTaTiB MOIEJTIOBAHHS.
[Inan.
1. Cnoco6u Bukopucranna Moxxsinocten nakery ROOT muist 36epekenHs
JAHUX.
2. Sk ynpansatu 30epexxeHHsM B «ziepeBo» ROOT.
Jimepamypa: [12, 14]

3ansaTra 11. Tema 11. 3acrocyBanns nakera Geant4 B cyyacHux
eKCIIepuMeHTAaX.
[1maH.
1. Ocob6aMBOCTI MOJIETIOBAHHS CKJIQJIHUX yCTAaHOBOK.
2. IlepcnextuBu po3BUTKY Geant4.
Jimepamypa: [9 - 11]

3anarrsa 12. Tema 12. Posmumpennss GEANT4-DNA — BukopucTanus y
siIePHid MeIMIUHI.
[1maH.

1. OcoOnuBOCTI  MOJCTIOBAaHHS  HECHPHUATIUBHX  €(PEKTIB  10HI3YHOUHX
BUMNPOMIHIOBaHb Ha KIITUHHOMY Ta CYOKJIITHHHOMY MaciiTabax y
Cy4acHHUX pajiio0100TIYHUX JOCIIKCHHSX.

2. MonemoBanas  nomkomkenas  JIHK,  copuymHeHoro  ioHI3yrOUMM
BUNIPOMIiHIOBaHH:M, 32 1ommoMOrotoGEANT4-DNA.

Jimepamypa: [15, 16]
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IV. IJIAH TA METOJIJUYHI PEKOMEHJAIIIL JIsI TPOBEJIEHHSI
IHNPAKTUYHUX 3AHATDH

META TA OCOBJIMBOCTI NPOBEJIEHHS IPAKTUYHUX 3AHATD

[IpakTyH1 3aHATTS € CHOJYYHOK JIAHKOIO MIXK JICKUIMHUMH 3aHATTAMH Ta
CaMOCTII{HOIO pOOOTOI0 1 MarOTh Ha METI MOIJIMOJEHE 3aCBOEHHS TEOPETHUYHHUX
NOHATh, TEPMIHIB 1 MOJENEeW 3 NUCUMIUIIHA Ta HAOYTTSd NPAKTUYHUX HABUKIB
pO3B'A3aHHS 3aj]ay.

B mporueci npakTUUHUX 3aHATh 3’SICOBYETbCS CTYIIHb 3aCBOEHHS MOHSTIHHO-
TEPMIHOJIOIIYHOTO amapaTy Ta OCHOBHUX IOJOXEHb MPEIMETY, BMIHHSA
PO3KpUBATH KOHKPETHY TEMY, aHali3yBaTH 1 y3araJlbHIOBaTH KJIIOYOBI IMUTAHHS
KypCy, pOOUTH YHCIIOBI OI[IHKH, PO3B’A3yBaTH 3a7a4i.

OnHUM 3 BaXJIMBUX 3aBJaHb IPOBEICHHS 3aHATH € OTPUMAaHHS aclipaHTaMH
HABUKIB MTyOJIYHUX BUCTYIIIB 1 AUCKYCIH.

3MICT IPAKTUYHUX 3AHATH
Ilepeobauaromsbcsa maki 6uou ayoumopHoi pooomu:

— po327A0 | 062080peHHs MeOPEeMUUHO20 Mamepiany 3a nepeirikom KOHMpOIbHUX
NUMAaHb NO BIONOBIOHUX MeMax JeKYIUHUX 3aHamv ma numave O0J4
CAMOCMIUHO20 ONPAYIOBAHHSL,

— NpoBedeHHs ceMiHapié 3 NYONUHUMU SUCMYNAMU mMaAd OONOBIOAMU NO
pegepamax, nio2comosieHux cmyoeHmamu CamMOCMmilHO 3d PeKOMeHOO08AHOIO
MeMamuKoro,

— po38's3aHHA 3a0a4 AHANTMUYHO20 XAPAKMeEPY,

— po38's3aHHA 3a0ay 0OUUCTIOBATLHO20 XaAPAKMepy,

— NpoeedeHHs KOJIOKBIYMIB NO 3ACE0EHHIO MeOPEeMUYH020 Mamepiany;

—  BUKOHAHHS KOHMPOJLHUX POOIM 3a iHOUBIOYATbHUM 3A60AHHAM,

— nepegipka NPAKMUYHUX  3A680AHb, BUKOHAHUX CMyOeHmamu nio0  4ac
camocmitinoi pobomu,

— npoeedeHHs KOHCYIbMayil 3 OUCYUNTIHU,

['0J10BHOIO METOIO MPAKTUYHUX 3aHATH € BMIHHS 1HCTAJIIOBATH Ta HACTPOITH MaKeT
GEANT4 na EOM Tta HaBuuTHCS PO3pOOISATH MPOrpaMy MOJCIIOBaHHS (DI3UIHUX
npotecis 3a gonoMororo EOM.

IIpakTnuyne 3aua1TH 1. Tema 4. Incraasinis GEANT4 na komn'torep.
InTepdeiic kopucTyBaya.
Jimepamypa: [13]

IIpakTuyne 3auartsa 2. Tema 5. [luka moaemoBanHs noaii. CTBOpeHHs
NMPOCTOi MPOrpaMmu Mo/eTI0BAHHS.
Jimepamypa: [12,14]
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IpakTtuune 3auatrsa 3. Tema 6. [TloOynoBa monesi nerekropa.
Jimepamypa: [12, 14]

IIpakTuyne 3auartsa 4. Tema 7. Moae/iloBaHHS BiITYKY JeTeKTOPA.
Jimepamypa: [12, 14]

IIpakTuune 3ausarTsa 5. Tema 8. Bizyasizanis nerekropa i moaiii.
Jimepamypa: [12, 14]

IIpakTuune 3anaTTs 6. Tema 9. SIKi eileMeHTH JeTeKTOPa MOKHA
BisyauaizyBatu. I'padiuni npaiiBepu. Ynpasiainud BizyaJsizauicro.
Jimepamypa: [12, 14]

IIpakTnune 3anat1Ta 7. Tema 10. 30epexxeHHst pe3yabTaTiB MOJAETIOBAHHS.
Jimepamypa: [12, 14]



V.METOJUYHI BKA3IBKH 1O BUKOHAHHS CAMOCTIHHOI

POBOTHU

META 1 3ABJIAHHSI CAMOCTIMHOI POBOTH

['onoBHa MeTa NPOBENEHHS CAMOCTIMHOI POOOTH MOJIArae y HEOOX1AHOCTI
OUIBII MIMPOKOTO OTJISAAYy TEMATHKKM Kypcy 3 BHUKOPUCTaHHSIM MaTepiaiiB
MIJPYYHHKIB, TIEPIOJAUYHUX BHUJAHb, HAYKOBUX Ipailb, MOHOTpadiii 3 oKpeMux

[IUTAHb JUCIUILIIHHA.

16

BaxyinBoro CKIaJ0BOK CaMOCTIMHOI pOOOTH CTYACHTIB € BUKOHAHHS

IHIUBIAyaJIbHUX POOIT.

BukoHaHHs 1HAMBITyaIbHUX POOIT Ma€e Ha METI:
— 3aKpIIUICHHS 3HaHb TEOPETUYHOIO KYpCY;
— HaOyTTS HaBUYOK ONpAaLIOBaHHS HAYKOBOI JiTeparypu (MoHOrpadiii, HAayKOBUX

crarei);

— HampaioBaHHS BMiHb Ta HABUYOK PO3B’sS3yBaHHs (DI3UUHUX 33/1a4;
— HAaNpallOBaHHA BMIHb Ta HABUYOK HAIMCAaHHS NpPOrpaM 3 BUKOPUCTaHHSIM
GEANT4 nns monentoBaHHS (i3MYHUX €KCTIEPUMEHTIB;
— HaBYaHHS €()EKTUBHOMY BHUKOPHCTAHHIO (PI3MKO-MATEeMaTUYHHUX JIOBIJIHUKIB,
SHIMKJIONeA1i (BKIIOYHO 3 on-line iHpopMali€ro) 1 T. 1H.

3MICT CAMOCTIMHOI POBOTH

Ne Jlitepa dopma
3aBnanns
TeMH Typa KOHTPOJII0
| i1 1 cnoco6u 4-8, OnuTyBaHHs, IEpPEBIpKa
MozenoBaHHA piznyHux | /13 KOHCIIEKTY, BUCTYIIU B ayJIUTOPI],
IIPOLIECIB B IETEKTOPAX. pO3B'sI3aHHS 3ajJlay B ayUTOPII,
nepeBipka caMOCTIHOTO
pO3B'A3aHHs 3a7ad .

2 Meton Monte-Kapuiio. 1-3 OnurtyBaHHs, IepeBipKa
KOHCIIEKTY, BUCTYIIH B ayJIUTOPI],
pO3B'sI3aHHA 3a/lay B ayAUTOPIi,
nepeBipKa caMOCTIHHOTO
pO3B'sA3aHHS 3aja4 .

3 Crpykrypa nporpam B 12, 14 | OnutyBaHHs, IEpPEBipKa

naketi Geant4. lepapxis
KJIACIB.

KOHCIIEKTY, BUCTYIIU B ayJIUTOPI,
pO3B'A3aHHA 3a]a4 B ayIUTOPIi,
nepeBipka caMOCTIHOTO
pO3B'A3aHHs 3a7ad .
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4 Iarepeiic kopuctyBaua. | 12, 14 | OnuTtyBaHHs, epeBipka
KOHCIEKTY, BUCTYIIH B ayIUTOPIi,
pO3B'sI3aHHA 3a/lay B ayAUTOPIi,
nepeBipKa caMOCTIHOTO
pO3B'sI3aHHs 3aj1ay .

5 [k MoJIesTFOBaHHS 12, 14 | OnuTyBaHH:, IEpEeBIpKa

noii. CTBopeHHs KOHCIIEKTY, BUCTYIIH B ayJIUTOPI,
[IPOCTOI IIPOrpaMu pO3B'sI3aHHA 3a/1a4y B ayAUTOPIi,
MOJIETIOBAHHS. nepeBipka CaMOCTIHHOTO
pO3B'sA3aHHS 3ajad .
6 [ToOynoBa moxeni 12, 14 | OnutyBaHHs, NEpeBIpKa
JIETEKTOPA. KOHCIIEKTY, BUCTYIIH B ayIUTOPIi,
pO3B'sI3aHHA 3a/lay B ayAUTOPIi,
nepeBipKa caMOCTIHOTO
pO3B'dA3aHHs 3a7ad .
7 MopentoBaHHS BIATYKY 12, 14 | OnuTyBaHH:, IEpEeBIpKa
JIETEKTOpA. KOHCIIEKTY, BUCTYIIH B ayJIUTOPI],
pO3B'sI3aHHA 3a/1a4y B ayAUTOPIi,
nepeBipKa CaMOCTIHHOTO
pO3B'sA3aHHS 3aja4 .
8 Bizyam3zauisa ngerexkropai | 12, 14 | OnutyBaHHs, nepeBipka
MO/, KOHCIIEKTY, BUCTYIIU B ayJIUTOPI,
pO3B'A3aHHS 3a]a4 B ayIUTOPIi,
nepeBipKa caMOCTIHHOTO
pO3B'A3aHHS 3a4ad ..

9 Sxi enementu aerekropa | 12, 14 | OnutyBaHHs, IepeBipKa

MO’KHA Bi3yali3yBaTH. KOHCIIEKTY, BUCTYIIH B ayJIUTOPI],
I'padiuni gpaiiBepu. pO3B'si3aHHS 3a/a4 B ayIUTOPIi,
YopasniHas nepeBipka CaMOCTIHHOTO
Bi3yasizalli€ro. pO3B'si3aHHA 3a/ad ..

10 36epexxenHs pesyibTatiB | 12, 14 | OnutyBaHHs, IepeBipKa

MOJIETTIOBaHHSI. KOHCIIEKTY, BUCTYIIH B ayIUTOPIi,
pO3B'sI3aHHA 3a/1ay B ayAUTOPIi,
nepeBipKa CaMOCTIHHOTO
pO3B'sI3aHHs 3aj1ay .
11 3acTocyBaHHS MaKeTa 9-11 OnuTyBaHHs, IEPEBipKa

Geant4 B cyyacHux
EKCIIEPUMEHTAX.

KOHCIIEKTY, BUCTYIIH B ayIUTOPI],
pO3B'sI3aHHA 3a/1a4y B ayAUTOPIi,
nepeBipka caMOCTIHOTO
pO3B'A3aHHS 3a4ad ..
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12 Posmmmpenns GEANT4- | 15-16 | OnutyBaHHs, nepeBipka

DNA — Bukopucranss y KOHCIIEKTY, BUCTYIIU B ayJIUTOPI],
SIICPHIN MEIUIMHI. pO3B'si3aHHS 3a/a4 B ayIUTOPIi,
nepeBipKa caMOCTIHOTO
pO3B'sI3aHHS 33J]1a4 .

OBCSII' CAMOCTIMHOI POBOTH

Ne | Hazea memu Kinvkicmo
200UH

1. | Iliocomoska 00 nomouHux nPaKmuyHux 3aHsimo 5

2. | Buxonanus nomoyrux npakmu4Hux 3a80aHs 10

3. | Onanysanns mamepianie nekyii ma 000amKo8UX NUMAHb i3 15
3ACMOCY8AHHs OCHOBHOI ma 000amMKo8oi 1imepamypu

4. | Inousioyanvhi koncynremayii 3 6uxkiaoaiem 4
BChOI'O 34

3aBaanHd (3a1a4i, BIPaBH) AJIs1 CAMOCTIHHOI podoTH

1. 3MopentoBaTH NPOXOIKEHHS MPOTOHIB 3 eHeprieto 50 MeV uepes 0110k
CBUHIIIO 3 TOBIIMHOIO 2, 3,415 MMm.

Y"U

Cxema yCcTaHOBKH, P - xepeso 4acTUHOK, 1 - MillleHb, 2 - 4y TIuBa
00J1aCcTh, IETEKTOP.

2. MogentoBaHHS Kepesia BTOPHHHUX HEUTPOHIB HA OCHOBI B3a€MOIi1
MPOTOHIB BUCOKHUX €HEPT1i 31 CBUHIIEBOIO MIIICHHIO.
MopentoeTbes My4ok npoToHIB 3 eHepriero 50-200 MeB, sikuii B3aemogie 31
CBHHILIEBOIO MIIIEHHIO, B PE3YJIbTATI YOT'0 0 KaHAILy SAEPHUX peakuii (p, n)
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TeHEPY€ETHCA MOTIK HEUTPOHIB MIMPOKOTO EHEPTETHYHOTO CIeKTpa. MeToro
MOJICTIOBAHHS € OTPUMAaHHS EHEPTeTUYHUX CIIEKTPIB BTOPUHHUX HEUTPOHIB
1 raMMa-KBaHTIB, a TAKOXK iX THUMYACOBHUX CIEKTPIB JE€TEKTYBAHHS HA PI3HUX
IUCTAHLIAX B1J MIIIEHI.

MopentoBaHHs €KCIIEPUMEHTY, IKUi OyB IIpoBeieHUl B ["apBapachKii
UKJIOTPOHHOT JTabopaTopii: MporpaMHO peaiizyBaTH JACTEKTOP, 310paHuii 3
HI1apiB JIATYH1 IEPEMEKOBYIOThCS noJieTuiaeHoM. OIMH map JaTyHi 1 1Ba
"miBapy" nmoseTuiIeHy 3 000X CTOpiH Oy/1IeMO Ha3uBaTH "OJHUM KaHAJIOM".
B excniepumenTi 3 TUCTIB JaTyHI, IO € TIPOBIIHUKOM 3HIMAJH 3apsijl, 110
XapaKTepHU3y€e PO3BUTOK MPOIIECIB B3aEMO/IIT BIIITAIOTh YaCTUHOK 3
CepEeIOBUILIEM.

MonenroBaHHSsI IPOXOXKEHHS MTPOTOHIB B MIAPYBATIN CEpell 3 3aBIaHHs
Ne3.

MopentoBaHHs TPOXOIKEHHS IMy4YKIB FraMMa KBaHTIB Ta €JIEKTPOHIB,
OTpUMaHUX HAa MEIUYHUX MPHUCKOPIOBaYaX, Yepe3 MaTpHUHI KOIIMAaTOPH,
BUT'OTOBJICHI 3 CBUHIIIO, M11, CTaJi, BOJIb(paMy Ta TaHTAIy.
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VI. ®°OPMHU TA METOJIHU KOHTPOJIIO

META I ®OPMU ITOTOYHOI'O KOHTPOJIIO

MeTa MOTOYHOrO KOHTPOJIIO — OILIHUTU CTYIMIHb 3aCBOEHHS TEOPETUYHOIO 1
MPaKTUYHOTO MaTepiaay Ta pPIBeHb 3HAaHb CTYACHTIB 3 BIAMOBIIHUX PO3ALTIB
IUCIAILIIHHA.

Pigenv nomounux 3Hanb oyiHIOEMbCA 8 OANAX NO KONCHOMY i3 nepeddaueHux
8U0I68 NPAKMUYHUX 3A80AHb OKPEMO.

—  BOJIOOIHHS MeopemuyHUM MAMepiaiom;

—  PO3YMIHHA CYMHOCMI (DI3UUHUX ABULY,

—  @MIHHA poOUMU OYIHKU 34 NOPSAOKOM GEIUYUH,

— po38's3aHHA 30044 AHANTMUYHO20 XAPAKMep),

— po38's3aHHA 3a0a4 0OYUCTIOBANLHO20 XaApaKmepy.

3rilHO0 10 METOAMKHA PEUTHHIOBOI OLIHKM IMOTOYHUUA PEUTHHI acHipaHTa
pO3paxoByEThCA SK cyMa OanmiB 3a BCciMa BHJAaMU MPAKTUYHUX 3aBJIaHb,
KOJIOKBIyMY Ta KOHTPOJIbHOI pOOOTH (ILIIOC TTOKAa3HWUKHU BIABITYBaHHS JIEKITIHHUX
Ta MPAKTUYHUX 3aHATH) 1 HAPOIILYETHCS MPOTITOM CEMECTPY.

AcmipaHTH, MOTOYHI 3HAHHS SKUX OIlIHEeH1 Ha “He3anoBuLIbHO” (0-29 GaniB),
BBAKAIOTHCS HE aTECTOBAHWMH 1 JI0 ICMIUTY 3 JAMCIMIUIIHA HE JOMYCKAIOTHCA.
AcmipaHTy, fKi 3a poOOTy B ceMecTpl Ta Ha icriutTi Habpamu 30-59 GaniB maroTh
IIPaBO HA MEPECKIIAaHHS.

META 1 ®OPMU IMIIACYMKOBOI'O KOHTPOJIIO 3HAHb

[TincyMKOBHI KOHTPOJIb 3HAHb 3/1MCHIOETHCS HAIPUKIHII CEMECTPY LUISIXOM
CKJIaJIaHHS 1CIIUTY.

Jlo icnuTy JONyCKarThbCs AacmipaHTH, SIKI MarTh HEOOXIJHUWA pIBEHb
IIOTOYHHUX 3HAHbD.

Icniut mpoBoUTHCS B 3MiMIaHii (GopMmi, 10 3aBJaHHIX SIK1 CKJIaJeHl Ha OCHOBI
nporpaMu Kypcy Ta MarOTh OJHAKOBUH pIBEHb CKJIagHOCTI. Ha miaroroBky
BIIBOJUTHCS 2 akajemiuHl roauuu. Ilin yac mpoBeneHHS ICIUTY J03BOJISIETHCS
KOPHUCTYBATHCS KOHCIICKTOM.

IINTAHHA JJ1A IIIATI'OTOBKU 10 ICIIUTY

1. BuxopucTtaHHs mepcOHATBHUX KOMIT'IOTEPIB Y MOAETIOBAHHI (DI3UIHUX
IPOLIECIB.

KOoMITIOHEHTH KOMIT'FOTEPHOTO €KCIIEPUMEHTY .

[Tpr3HayeHHs1 YMCIEHHUX €KCIIEPUMEHTIB.

Hagimo notpi6bHo MoaentoBatu (pi3udH1 IpOLECH B JETEKTOP1?
[TepeBaru Ta HEOMIKM KOMIT'FOTEPHUX E€KCIIEPUMEHTIB.

Uu MO’KHA 3aMIHUTH PEAIbHUN €KCIIEPUMEHT MOJIETIIOBAaHHAM ?

AR N
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7. Meton Monte-Kapiio.

8. 3aranpHa cxema MMK.

9. Buxopucranas MMK nipu uncenbHOMY MOJEIIOBAHHI (PI3UUHUX POLIECIB.

10.EdextuBHicTh 1 noxubka MMK.

11.TTaketn monentoBanHs (HI3UYHUX MPOILIECIB A/IepHOT (DI3UKHU.

12.1TakeT MoieIOBaHHS IPOLIECIB MPOXOHKEHHS YACTUHOK Yepe3 PEUOBUHY
GEANT.

13. 51k 3Mo/1e1I0BaTH BUMAAKOBI TOYKH, PIBHOMIPHO PO3MOILICH] 11O MTOBEPXHI
KyJi?

14.CTtpyKTypa KOpUCTYBaILHUILIBKUX MiAporpaM mpu mojentoBandi B GEANTA4.

15.0OcHOBHI eTanu 3aBAaHHs MOJIEITLHOT T€OMETPii: CBITOBHI 00'€M, TOTTYHUN
00'eM, Gi3uuHMI 00'eM.

16.306ip indopmartii mpo ¢i3uyuHi HapaMeTpu YaCTUHOK MPH IX TPAHCIIOPTI:
YYTIUBHIA 00'€M.

17.3aBanHs TUIY 1 CTPYKTYPH JIKEpENIa YaCTUHOK.

18.3aBnanHs1 MaTepiaiiB €J1eMEHTIB T€OMETPII.

19.®opmyBaHHS reoMeTpii eKCIIEPUMEHTY Ha OCHOBI T€OMETPUYHUX MPUMITHUBIB.

20.Iepapxis yacTUHOK: 1H1(hIKATOP YACTUHOK 1 TPEKIB.

21.V gyomy BiaMiHHICTh 00'ekTa-enemenTa (G4Element) 1 00'ekTa-martepiany
(G4Material)?

22.J1o 4oro mpu3BOAUTH EPETUH 00'€EMIB MPHU MOOYI0B1 MOJIEI JIeTeKTOpa?

23.]151s 90T0 3aCTOCOBYETHCS TTapaMeTpu3allist pi3MIHUX 00CATIB?

24, ]1ns1 90T0 3aCTOCOBYIOTHCS 30BHIIIHI IPOTpaMH-T€HEPATOPH MO 11ii?

25.4xa nocnigoBHicTh a1t GEANT4 npu po3paxyHKy OAHOTO KPOKY MIpH
TPEKIHTY?

26. 51k npamrorTh 1 KOJIM 3aCTOCOBYIOTHCS] IOPOTH OCBITU YaCTHHOK?

27.3a SIKUX yMOB TPEKIHT YaCTKU MPUITUHSIETHCS ?

28.0co0MMBOCTI MOJICTIOBaHHS 0araTopa3oBOr0 PO3CISTHHS Ta 10HI3aIli1

29.4xi Mmoeni BHYTPIIIHBOSAEPHOI Kackady peanizoBaHi B GEANT4?

30.Bu3HayeHHs: MOMEHTIB Yacy MonaJaHHs YaCTUHOK B UyTIMBUN 00'eM,
THMYaCOB1 CIIEKTPH.

31.KomnitoBaHHS MOBTOPIOBAHUX €JIEMEHTIB reOMETpii: perTiKaitis.

32.IIpodiias eHeproBUaIICHHS €JIEKTPOMArHITHOTO 3TMBU YACTUHOK, CAMIUIMHT -
dakTop.

33.MojentoBaHHS AETEKTOPIB CKJIaIHOI T€OMETPii: IOBOPOTH, IEPEHECEHHS,
BIIHIMAHHA 1 00'eqHaHHS 00'eMiB.

34.E(dexTuBHICTD peecTpallii BUTPOMIHIOBAHHS.

35.Bu3HaueHHs MOTIMHYTOI B UyTJIMBOMY 00'€eMi €HEprii.

36.Bu3HaueHHs1 KIHETUYHOI €HEPT1i YTBOPIOIOTHCS BTOPUHHUX YACTHHOK.

37.CrnexTp HOriIMHYTOI €HEPrii, HOro BIAIMIHHICTh B1J aMILTITY IHUX
eKCMEPUMEHTAIBHUX CIEKTPIB.
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VII. KPUTEPII OLIIHIOBAHHS 3HAHB I BMIHb CTYJIEHTIB, YMOBHU
BU3HAUYEHHS HABYAJBHOI'O PEUTUHTY

PiBeHb MOTOYHUX 3HAHb CTYJCHTIB OLIIHIOETHCS BIAMOBIIHO A0 METOJMKHU
pelTUHIroBoi OLIHKK. CyTHICTh METOJUKH MOJSAra€E y BU3HAYEHHI MOTOYHOTO
pEeUTHUHTY CTYyAEHTa, IO PO3PaXOBYEThCA SK cyma OalliB 3a BCIMa BUJAMHU
NPaKTUYHUX 3aBIaHb Ta pe3yjbTaTaMU CaMOCTIMHOI POOOTH 1 HAPOILYETHCA

IPOTATOM CEMECTPY.

Obcsie Maxcumanvua
Buo pobomu 3a KinbKicmb 6anie
cemecm 3a 8UKOHAHY pobomy
p

Teopemuune numanHs 4 Kooicna npasunvra i 3micmosna 8ionosios - 1 oan.
(npocme) Maxkcumanvua xinoxkicms 6anis 3a cemecmp — 4 dbanu.
Teopemuune numanus 4 Kooicna npasunvua i 3micmoena 8ionogios - 2 banu.
(ycknaouene) Maxkcumanvua Kinbkicms b6anis 3a cemecmp — 8 banis
Po3ze’azysanns 3a0au 2 Kooicne npasunvue posze'sazanns — 4 oanis.

Maxcumanvua xinokicms danie 3a cemecmp — 8 banis
Bubipkosuii konmpons 1 Kooicne npasunvhe suxonamne 0oMawHe 3a80aHus — 5 6anis.
0OMAUIHIX 3A60AHb Maxkcumanvua Kinokicmo 6anis 3a cemecmp — 10 banis
Biosioysanmus nexyiti 16 Koorcna siosioana nexyis — 0,5 oan.

Maxcumanvua xinokicms danie 3a cemecmp — 8 banis
Biosioysanus ceminapie 14 Kooicnuii éiogioanuti ceminap — 0,5 oan.

Maxkcumanvua Kintbkicms 6anise 3a cemecmp — 7 6anie

ITiocomoexa i
npesenmayis
pepepamis

Ilosnoma poskpumms memu — maxcumanvro 10 6anie.
AHxicmob nideomoenenoi npezenmayii i eucmyny nepeo
ayoumopieto (0o 10 x8.) — maxkcumanvHo 5 banis.

CyxkynHuti peumune

60 banis

KPUTEPII CKJIAJIAHHS ICIIUTY (3AJIIKY)

KoxHe 3aBmaHHs JJis TPOBEJEHHS 1COUTY (3a1iKy) Mae OyTH OJHAKOBOI
CKJIQHOCTI. 3MICT NMHUTaHb Ta 3aBJlaHb Ma€ OyTH PO3PAaxOBaHUN HA IMHUCHMOBY
IIJITOTOBKY acIlipaHTa MPOTATOM JABOX aKaJeMIYHHX T'OJIHH.

Maxkcumanvua Kinbkicmo 6anieé Ha NPo8ederHs NiOCYMK08020 Koumpoito — 40.
Kpurepii omiHKH M1JICYMKOBHUX 3HAHb MPU CKJIAJAHH1 ICIIUTY HaBEAECH1 B TAOJIULII .

Kpumepii cknadauns icnumy (3anixy)

Xapaxmepucmuxa 8i0nogioi no sapianmy Maxkcumanvna
KinbKicmb 0anie
3micm  2-x meopemuyHux NUMAHbL  PO3KPUMO NOGHICMIO [ 8 30
PO320PHYMOMY 8UISOL
Bipui 6ionosioi na mecmu /000amxo6i NUMAanHs 4 P0o36 130K 3a0a4i 10
BCHOIO 40 banis

3a pesynbTaTamMu CKJIAJIaHHA ICTIUATY (3aJliKy) SIKICTh IMiJICYMKOBUX 3HAaHb
acrmipaHTa OIIHIOETbCS 32 PEHUTHHIOBOIO CHCTEMOIO Ta TPaHCPOPMYETHCS B
HallOHaIbHY mKany Ta wkaimy ECTS
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Tabnuus

[Topsiiok nepepaxyHKy peMTHHIOBUX MOKa3HUKIB HOpMOBaHOi 100-0aibHO1
YHIBEPCUTETCHKOI IIKAJIU OLIIHIOBAHHS B HAl[lOHAJIbHY 4-0ajbHy LKAy Ta MKy

ECTS.
3a mkaJnomw 3a HalliIOHAJILHOK0 HIKAJIOI0 3a mkaJnomw
YHiBEpPCHUTETY ECTS
Icnur 3ajik
91-100 5 A
(BIIMIHHO) (BIIMIHHO)
81 -90 B
4 (ry>xe nobpe)
71 —-80 (mobpe) C
3apaxoBaHO (106pe)
66 —70 D
3 (3aJ10BUJIBHO)
60 — 65 (3a710BUJIBHO) E
(mocTaTHBO)
FX
30-59 (HEe3a0BUIBHO — 3
MO>KJIUBICTIO TIOBTOPHOT'O
2 ) He 3apaxoBano CK/IaJIaHHs)
(HE3a10BLIIBHO) F
1-29 (HE3aI0BUIBHO — 3

000B’I3KOBUM TIOBTOPHUM
KypcoMm)




