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1.2.

1.3.
1.4.

BCTYII

[Tporpama HaBuanpHOi aucruiuliad «IliHIHI _Ta JuMHAMika BHXOPIB_ Y HAANPOBIIHHKAX)
CKJIaJIeHa BIIMOBIHO 10 OCBITHBO-TIPO(eciiiHOl mporpamMu MiArOTOBKH IMEPIIOrO PIBHIO BHIIIOI
OCBiTH — mepiuii (0akanaBpChKuil)

crienianbHOCTI (Hanpsmy) 104 — dizuka Ta acTpoHOMIs crieniaizartii

. Onuc HaBYAJIBHOT JUCHUILTIHA

. Mera BuKIIagaHHs HaBYAJIbHOI JUCLAILIIHA

Mertoro BukianaHHs HaByanbHOI nuctuIUiiHM «IliHiHr Ta JuHamika BHXOpIiB Y
HAANPOBIIHUKAX» HA/JaHHA CTYJCHTaM TEOPETHMYHUX 3HaHb SIK MPO TPaguIliiiHi, Tak 1 HOBI
acrekTy (i3UKM MiHIHra Ta JUHAMIKH BUXOPIB Y HAIAMPOBIIHUKAX JPYTOro POIY.

OCHOBHI 3aB/IaHHSA BUBYEHHS JUCLIAILIIHA
OCHOBHHMMM 3aBJIaHHSMH BUBUYCHHS JUCHUIUIIHU «ITiHiHT i JUHAMIKA BUXOPIB Y HAJIPOBITHUKAX » €

chopMyBaTH y CTYIEHTIB (i3MUHI YSABIEHHS IIOAO OCHOBHUX TEOPETUYHMX IMOJIOKEHb SIKI
OOyMOBIIIOIOTh  PE3UCTHBHI BJIACTHBOCTI HAAMPOBIAHMUKIB JAPYroro poOAYy TMpPH HHU3BKUX
TEMIIEpaTypax

PO3TIISSHYTH OCHOBHI €KCHEPUMEHTANbHI (DaKTH , K1 MATBEPAUIN TEOPETUYHI i1el y Iiil ramysi
¢izukn HagnpoBigHOCTI. O3HAWOMHTH CTYNEHTIB 3 MPAKTUYHUM BHKOPHCTAHHSM BKa3aHUX
e(eKTiB y MIKpO- 1 HAHOGIEKTPOHIIIi.

KinmbkicTh kpeautis — 4.

3aranpHa KUIbKICTh roaud — 120.

1.5. XapakrepucTrka HaB4aIbHOI JUCIUILTIHA

3a BubopomM
Jenna popma HaBYaHHS \ 3aoyHa (aucraHIiina) popma HaBYAHHS
Pix miaroroBku
4-it | -t
Cemectp
8-t \ -t
Jlexmii
24 rog. \ TOJI.
[TpakTiyHi, cCeMiHApChKi 3aHATTS
24 rogn. \ TOZI.
JlaGopaTtopHi 3aHATTS
TOJI. \ TOJI.
CamocriitHa po6ota
72 ron.
(y Tomy umcni 20 roa. Ha TiATOTOBKY Ha TOJI.

HanucaHHs KypcoBoi poOoTH)

[HnuBinyanbHI 3aBIaHHS

Kypcosa po6ota — 20 roa. Ha miAroTOBKY IiJ 4aC caMOCTiHHOI poboTH

Ex3amen

1.6. Iepemnik KOMIETEHTHOCTEH, 1110 (GOPMYE aHa AUCIUILTIHA
Cohopmysamuy cmyoemiss maxi 3aeanvhi komnemenmruocmi (3K)
31aTHICTh 10 aOCTPaKTHOTO MUCIICHHS, aHaizy Ta cuHTe3y (3K-1).

* 31aTHICTh 3aCTOCOBYBATH 3HAHHS y PAaKTHYHUX cuTyarisx (3K-2).

* HaBuuku BUKOpHCTaHHS iHQOpMAIiHKUX 1 KOMyHIKaIliiiHuX TexHoorii (3K-3).
* 3paTHiCTh OyTH KpUTHYHHM i camokpuTHuHUM (3K-4).

* 3aarHicTh npuiiMaTH 00TpyHTOBaHI pimenns (3K-5).




» HaBuuku mixkocobucticHoi B3aemoii (3K-6).
* 31aTHICTH OLIIHIOBATH Ta 3a0e31euyBaTH KiCTh BUKOHYBaHUX poOiT (3K-8).
* BusHaueHIiCTh i HAMMOJIETJIMBICTD MO0 MOCTABICHMX 3aBAaHb i B3ITHX 000B’s13KiB (3K-9).
* 31aTHICTh CHUIKYBATUCS ACPKAaBHOK MOBOIO SIK YCHO, TaK 1 muchMoBo (3K-12).
* 3IaTHICTH CIJIKYBaTUCS iHO3eMHOIO MOBOIO (3K-13).
* 3HaHHA 1 PO3YMIHHS TEOPETUYHOIO Ta EKCIEPUMEHTAIbHOro 0azucy cy4yacHoi (i3MKH Ta
actponomii (OK-1).
* 3JaTHICTH MNpalloBaTH 13 HAyKOBUM OOJIaJJHAHHSAM Ta BHUMIPIOBAIBHUMH IPHIIAJaMH,
00poOJIATH Ta aHATI3yBaTH pe3yibTaTh Aociimkensb (DK-4).
* 31aTHICTh BUKOHYBaTH OOYMCIIIOBAJIbHI €KCIIEPUMEHTH, BUKOPUCTOBYBAaTH YMCEIbHI METOIU
JUTSL pO3B’sI3yBaHHs (DI3MYHHMX Ta aCTPOHOMIYHHMX 337124 1 MojiestoBanHs izuunux cuctem (PK-5).
* 3aarHicTh MOJAETIOBATH (hi3UYHI CHCTEMH Ta aCTPOHOMIYHI siBHIIa 1 mpouecu (PK-6).
* 31aTHICTH BUKOPHCTOBYBATH 0a30Bi 3HaHHS 3 (DI3MKH Ta aCTPOHOMIT ISl pO3yMiHHS OyZ0BU Ta
MOBEIIHKY MPUPOAHUX 1 ITYYHHX 00’ €KTIB, 3aKOHIB iCHYBaHHsI Ta eBosttoltii Beecsity (OK-7).
* 31aTHICTh MPAIIOBATHU 3 [DKEPEIaMi HaBYAJIbHOI Ta HayKoBoI iH(popmarrii (DK-9).
 37aTHICTh CAMOCTII{HO HaBYATHCA 1 OTTAHOBYBATH HOB1 3HAHHS 3 (P13UKH, aCTPOHOMII Ta CyMIKHUX
ranyseit (OK-10).
« YcBigomiteHHS Mpo¢eCitHUX ETUYHUX aCleKTiB (PI3UYHHUX Ta ACTPOHOMIYHMX JociikeHb (DK-
12).
+ OpienTanis Ha HAWBUINI HAYKOBI CTAaHAAPTH - 00I13HAHICTH 00 (PYHAAMEHTAILHUX BiTKPHUTTIB
Ta TEOPIH, SKi CyTTEBO BIUIMHYJIM HA PO3BUTOK (PI3UKH, ACTPOHOMII Ta 1HIIUX MPUPOJHUYMX HAYK.
(DK-13).
3maTHiCTb 3100yBaTH I0JATKOBI KOMITETEHTHOCTI Yepe3 BUOIPKOBI CKIIaJJOBI OCBITHBOI IPOTPaMH,
CaMOOCBITY
1.7. Ilepenik pe3yibTaTiB HABYaHHS, 110 (JOPMYE JaHA JUCIUILTIHA

3rigHO 3 BMMOTaMH OCBITHBO-IIPOQeciiHOi (OCBITHBO-HAYKOBOI) NMPOrpamMH CTYJCHTH HOBHUHHI
JOCATTHU TaKUX PE3YyJIbTaTIB HABUAHHA:

onaunyeamu CTaTUCTUYHI OCOOJIMBOCTI , TEPMOAMHAMIUHI 1 KIHETHYHI BIIACTUBOCTI METAJIIB
OpY HMU3BKUX TeMIepaTypax OOyMOBJIEHI BUIBHMMH €JEKTPOHaMH, Ta OCHOBHI (akTu
€JIEKTPOTMHAMIKH.

émimu BECTH Ta CaMOCTIIHO JIOMOBHIOBAaTHM KOHCHEKTH JEKIii, OIpalboOBYBaTH SK
HaBYaJIbHYy TaK 1 CHeliaibHy (axoBy y TOMY DPaxyHKY 1 NEpIOAMYHY HAyKOBY JITepaTypy,
3/1IHCHIOBATH CAMOKOHTPOJIb SIKOCTI 3aCBOEHHS TEOPETUYHHUX 3HAHb 3 BUKOPUCTAHHSAM TECTIB.
IIpoepammui pesynomamu Ha8YauHs1, wjo 3a0e3ne4yomscs OUCYUNITIHOIO:

* 3HaTH, PO3YMITH Ta BMITH 3aCTOCOBYBATM Ha 0a30BOMY piBHI OCHOBHI HOJIOXEHHS
3arajibHO1 Ta TEOPETUYHOI (P13UKH, 30KpeMa, KIIACUYHO1, PENIATUBICTCHKOI Ta KBAHTOBOT MEXaHIKH,
MOJIEKYJISIPHOT (Pi3UKH Ta TEPMOIMHAMIKH, €JIEKTPOMAarHeTU3My, XBHJIbOBOI Ta KBAHTOBOI ONTHUKH,
¢Gi3ukM aromMa Ta aTOMHOTO sipa JJIsl BCTAHOBJICHHS, aHAJI3y, TIyMadeHHs, MOSCHEHHS W
kiacugikamii cyTi Ta MEXaHi3MiB Pi3HOMaHITHUX (PI3UYHUX SBMII 1 IPOLECIB JUISIPO3B’ I3yBaHHSI
CKJIQ/IHUX CIICIiali30BaHuUX 3a/1a4 Ta MPaKTHYHUX poodiieM 3 ¢isuku Ta/ado acrponomii (ITPH-1).

* 3Hatu 1 po3yMITH (I3MYHI OCHOBHM ACTPOHOMIYHMX SIBHII: aHaNi3yBaTH, TIyMayuTH,
MOSICHIOBATH 1 KJIacu(ikyBaTu OyJJOBY Ta €BOJIOLII0 aCTPOHOMIUHUX 00’ €KkTiB BeecBity (rutaner,
31p, MJIAHETHUX CHCTEM, FJIAKTHK TOIIO), & TAKOK OCHOBHI (P13WYHI MPOLIECH, SIK1 BiIOYBalOThCA B
uux (ITPH-2).

* 3HaTU 1 pO3YMITH EKCINEpPUMEHTalIbHI OCHOBU (DI3UKU: aHaJi3yBaTH, OIUCYBaTH,
TIYMauuTH Ta MOSICHIOBATH OCHOBHI €KCIIEPHUMEHTAJIbHI MIATBEPIKEHHS ICHYIOUUX (PI3UUHUX
teopiit (ITPH-3).

* 3HATH OCHOBHI aKTyallbHI MPOOJIEeMH cydacHoi ¢izuku Ta actponomii (ITPH-5).

* OmiHIOBaTH BIUIMB HOBITHIX BIKPUTTIB Ha PO3BHTOK Cy4YacHOi (i3UKH Ta acTpOHOMIl
(ITPH-6).

* Po3yMmiTH, aHanmizyBaTH 1 TOSICHIOBAaTH HOBI HAayKOBI pe3ynbTaTd, OAEp)KaHI y XOnl
npoBeeHHs Qi3UYHUX Ta ACTPOHOMIYHHX JOCIKEHB BiAmOBiAHO A0 creriamizamii (ITPH-7).

* Maru 06a30Bi HAaBUYKM CAMOCTIMHOTO HaBYaHHSA: BMITH BiJIIYKOBYBAaTH NOTpPiOHY
iHpopMalil0 B JPYKOBaHUX Ta EJIEKTPOHHUX JUKepenax, aHalli3yBaTH, CHCTEeMaTU3yBaTH,
PO3YMITH, TIYMAa4UTH T4 BUKOPUCTOBYBATH ii JUIsl BUPILICHHS HAYKOBHUX 1 IPUKJIAJHUX 3aBAAHb
(ITPH-8).
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* BmiTu ymopsiikoByBaTH, TAYMAuUTH Ta y3araJdbHIOBATH OJIepKaH1 HAyKOBI Ta MPaKTHYHI
pe3yabTatu, pooutn BucHoBkH ([TPH-11).

* Po3ymitu 3B’130K (pi3uku Ta/abo acTpOHOMIT 3 THITMMHU MIPUPOJTHUIMMU Ta 1HKEHEPHUMU
HayKam#, OyTH OOi3HaHUM 3 OKpEMHUMH (BIAMOBITHO IO CHeMiali3aiii) OCHOBHUMH MOHSATTIMU
NpUKIaaHOoi (Pi3MKKM, MaTepialo3HABCTBA, 1HX)EHEPii, XiMii, 610JIOT1T TOIIO, a TAKOXK 3 OKPEMUMHU
00’ekTaMu (TEXHOJOTIYHHUMH TIPOLECAMU) Ta TNPUPOAHUMH SBUIIAMH, IO € MPEIMETOM
JIOCJTIJDKEHHS 1HITUX HAyK 1, BOJHOYAC, MOXYTh OyTH NpeaMeTaMu Gi3uIHUX a00 aCTPOHOMIYHUX
nocnimkens (ITPH-13).

* 3HaTH 1 PO3YMITH poib 1 Micie (i3uKH, acCTpOHOMIi Ta IHIIMX MPUPOJHHYUX HAYK Y
3arajbHIA CUCTEMI 3HaHb IIPO MPHUPOAY Ta CYCHIIBCTBO, Y PO3BUTKY TEXHIKM W TEXHOJIOTIH Ta y
dbopmyBaHHi cydyacHOro HaykoBoro cBitorysay (ITPH-17).

* Po3ymiTi 3HadeHHS (I3MYHUX JOCTIDKEHb JUIsi 3a0€3MEUYEHHS CTaJOro PO3BUTKY
cycminbersa (ITPH- 22).

Po3ymitu icTopito Ta 3aKOHOMIpHOCTI pO3BUTKY (izuku Ta actporomii (ITPH-23).

* Po3ymiti wmicue (i3ukm Ta acTpoHOMIi y 3arajpHiii cHCTeMi 3HaHb MPO MPHUPOIY 1
CYCHIJIBLCTBO Ta Y PO3BUTKY CYCIHUIBLCTBA, TEXHIKHU 1 TexHoJorii (ITPH-24).

* Maru HaBUYKH CAMOCTIHHOTO MPUUAHATTS PIllIEHh CTOCOBHO CBOIX OCBITHBOI TPAEKTOPIi Ta
npodeciitnoro po3sutky (ITPH-25).

1.8. IIpepexBizuTn: BKa3aTH MepeiK AUCIUILTIH, IO MIePeAYyIOTH BUBYCHHIO JAHOT JUCIUTLTIHA

Jlisi BUBYEHHSI JAHOTO CIELKYPCY CTYJIEHT IOBHMHEH IIONEPEIHbO IPOCIyXaTu U
YCHIIIHO CKJIACTH HaBYalbHI MUCIUILIIHU, IO HaJeXaTh 0 (yHIaMEHTaIbHOI
(i3UKO-MaTEMaTUYHOT IMiITOTOBKH, a CaMe:

Matematuunuii ananis;

AHaliTHYHA TeOMETis Ta JiH1iHa anredpa;

JudepenuianpHi Ta IHTErpaabHi PIBHSIHHS;

OCHOBHU BEKTOPHOTO 1 TEH30PHOTO aHATI3Y;

KommnekcHuii ananis;

Teopis IMOBIpHOCTEN Ta MaTeMAaTUYHA CTaTUCTHKA;

Inpopmartuka, mporpamyBaHHs Ta MaTEMAaTUYHE MOJICIIIOBAHHS;

MeTtoau MmaTreMaTu4dHOl (hi3UKH;

OcHOBU (i3UKH KOHJIEHCOBAHOT'O CTaHY;

Mexanika;

Enextpuka i MarHeTusm;

OnTuka;

Knacuuna MexaHika;

Enextponunamika;

KBanToBa MexaHika;

CraructuyHa (i3MKa Ta TepMOJUHAMIKA.

2. TeMaTH4YHHUH J1aH HABYAJILHOI AU CIUILIIHT
1. OcHoBH Teopii HaAMPOBiAHOCTI
3aranpHa XapakTepUCTHUKA IPEMETa Kypey.
OcCHOBHI eKcriepuMeHTalIbHI (JaKTH 3 HAAMIPOBIIHOCTI.
JIBopinuHHA MO/IETh HAIITPOBITHUKA 1 IOBKHHA KOT€PEHTHOCTI.
PiBusiHHs JIOHI0HIB 1 TTMOMHA TPOHUKHEHHS MAarHiTHOTO MOJISL.
[ToBepxuera eneprist N-S mexu. HaanmpoBiAHUKY MEPIIOTO Ta JPYroro poay.
Buxop Ta #oro BIacTMBOCTI: CTaTH4YHI BJIACTHBOCTI BHXOPIB — €HEPTis 1 MAarHITHUA MOMEHT
BUXOpPY, MarHiTHE IOJie BHXOpY. B3aemofisi BUXOpIB MOMDX CO0O0, B3aEMOMIS BHUXOPY 3
MMOBEPXHEIO HAAMPOBITHUKA.
JluHaMi4HI BIACTUBOCTI BUXOPIB, IUCHUIALIA €HEPrii sl BUXOPY LIO0 pyXaeTbed, cuiia JlopeHia i
B’s13Ka CHUJIA.
Edexr Xomnna. Po3B’sa3aHHs piBHAHHS Ui MIBUAKOCTI BUXOpPY 3 YpaxyBaHHSM edekTy Xoiua.
[To3moB»xHS 1 XOJUTIBChKA HAIpyTa — X MapHICTh M0 BIAHOMIEHHIO 0 1HBEPCIi MarHiTHOTO TOJIA.
Kyt Xomna.
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TeH30p eNeKTponpoOBITHOCTI Y MarHiTHOMY mosi. OOGUKCIeHHS] TEH30pa eIeKTPOIPOBITHOCTI 3a
monemmo Jpyne. OTpuMaHHS MIKPOCKOMIYHUX (OPMYIN JJsi XOJUTIBCBKOI 1 IMO3J0BXKHBOT
B’SI3KOCTI BUXOpa Ta iX aHaJI3 JUIsl «YUCTOI» 1 «OpYyTHOD» MEXI.

Po3ain 2. Teopist mininra

[TiHiHr BUXOpIB y HAAMPOBIAHHMKAX. YSBIEHHS MPO IIHIHT BUXOPIB 1 KPUTHYHHHA CTPyM Y
HaaIpoBiAHMKAX Japyroro poxay. ®disuuna mnpupona miHiHra. BrumB miniara Ha BAX
HA/ITPOBITHHKA.

OOGuwuciieHHsT BOJIbT-aMIiepHOi Xapaktepuctuku (BAX) mis HadimpocTimioi mMojeni miHiHTa Y
HA/MPOBITHUKOBI NPHU HYJIbOBUI Temneparypi. Bruus remnepatypu na BAX.. Kpum Buxopis.
Xomt-eheKT 1 CIpsSMOBaHHMK PyX BUXOpIB y HaanpoBigHukax (1). 3arayibHi TBEpIKEHHS PO
BIUIMB OJHOCIIPSIMOBAaHUX IUIOCKHX JAe(ekTiB Ha pe3uctuBHi BiaactuBocti BTHIL. O6uncnenus
BAX nBoBUMIpHOT TMHAMIKHA BUXOPIB.

Xomn-eekT 1 cnpsMOBaHHi pyX BUXOpPIB y HaampoBiaHukax (1). AHami3 mapHUX Ta HEMapHUX
(cTOCOBHO iHBEpCii MarHiTHOTO TOJIS) BIATYKIB 1 B3a€EMOBIUIMB CIPSIMOBAHOTO PYXy BHXOPIB i
edekry Xomia.

CupHHHN TIHIHT HAa XaOTUYHO PO3TAIIOBAaHUX JedekTax. BerymHi MipkyBaHHS Ipo ABa cleHapis
peasi3alii mHiHra BAXOpiB Ha XaOTUYHO PO3TAIIOBAHKX Je(eKTax. AHAJI3 3aJIeKHOCTI CepeaHbOT
CHUIH TTiHIHTA BiJl KOOPAWHATH BUXOPY. MHOTO3HAYHI PEXUMH Ta

CTpUOKM KOOPAMHAT 1 eHeprii Buxopy. OOUMCIEeHHS KpUTUYHOI'O CTPYMY 3 BUKOPUCTAHHSAM
Teopii (ha3oBux nepeTBopeHb Jlannay.

Konextusuuii ciininr (1). OcHOBHA iJies Ta OI[iHKA T'YCTUHU KPUTUYHOTO CTPYMY IIPH HYJIHOBii
Temrneparypi . Kpum okpemMoro BUXopy JUIsi CTpyMy 3Ha4HO MEHIIIOTO KPUTUYHOTO 1 CKiHUEHHIH
TEeMIepaTypi.

KonektuBuuit cmininr (2). IIpyxHi Momynai BUXpoBoi perriTkd. OOYMCIICHHS KOPEJSIiiHOrO
00’eMy 1 KpUTUUHUHN CTPYM JUIsl TPUXBUMIPHOTO BUNIAAKY (Teopis JlapkiHa—OBUMHHIKOBA).
KosekTuBHUI NiHIHT Y 1BOXBUMipHOMY BUNAKY. [IopiBHSHHS pe3ynbTaTiB Teopil
1HIMBIyadbHOTO Ta KOJIEKTUBHOIO MiHIHTA.

PiBHOBakHA aHI30TpOMis MiHIHTa BHXOPIB HAa OXHOCHpsMOBaHMX ABiiHWKax y YBCO Ta ii
pesuctuBHi BuMiptoBaHHs (1). ExciepumeHTH AproHcbkoi Ipynu HO MIiHIHTY BHXOpPIB Ha
nBiHUKaX. KpUTHYHUI KyT pU MIHIHTY BUXOpPIB Ha JIBIMHMKAX

PiBHOBakHa aHI30TpoIis MiHIHra BUXOPIB HAa OAHOCHpsAMOBaHuX ABiitHMKax y YBCO Ta ii
pe3uctuBHi BumiproBanHs (1). KyroBa 3aexHiCTh KpUTUYHOTO CTPYyMY IIPH MIHIHTY BUXOPIB Ha
nBiitHMKax. Kpun BUXOpiB Npy MiHIHTY BUXOPIB Ha JIBIHHUKAX.

. CTpyKTypa HaBYAJIbHOI AUCHMILIIHH

Ha3Bu po3iniB i Tem KinpkicTs rogua
neHHa gopma 3ao4yHa popma
YChOTO |y TOMY YMCII yChOro |y TOMY 4HUCIi
n | o | mab. | HA. . p. n| o | mab. | iHA | C.
p.
1 2 314] 5 6 7 8 9110| 11 | 12 13
1. OcHoBM Teopii HagNpPoOBiTHOCTI
Tema 1. 6 1|1 4
Tema 2. 6 1)1 4
Tema 3. 6 11 4
Tema 4. 6 1|1 4
Tewma 5. 6 11 4
Tema 6. 6 11 4
Tewma 7. 8 2| 2 4




Tema 8. 8 2 | 2 4
Tema 9. 8 2 | 2 4
Pazom 3a poznimom 1 |60 12 | 12 36
Po3aia 2. Teopist nininra
Tema 10. 8 2 | 2 4
Tema 11 8 2 | 2 4
Tema 12. 8 2 | 2 4
Tema 13 6 11 4
Tema 14. 6 11 4
Tema 15 6 11 4
Tema 16. 6 11 4
Tema 17 6 11 4
Tema 18. 6 11 4
Pa3om 3a po3znisiom 2 60 12 | 12 36
Yevozo 200un 120 24 | 24 72
4. TemMu ceMiHAPCHKUX 3aHSATH
Nes/n Hazpa Temu TbKICTh
roauH
1 |PiBusaHs JloHnOHIB. PO3paxyHKH rIMOMHN TPOHUKHEHHS 2
2 |HaanpoBigHUKHU mepuioro Ta apyroro poay. Kputuusi momus. 2
3 |CraTtuyHi BIaCTUBOCTI BUXOPiB. 3HAXOKEHHS €Heprii i MarHiTHOrO MOMe 2
BUXOPY, MarHITHOTO T0Jie BUXOpY. BuBueHHs B3aemonii
BHUXOPIB MOMIXK COO00, B3aEMO/T1sI BUXOPY 3 MIOBEPXHEIO HAIMPOBITHHUKA.
4 |[[luHamika BUXOPIB 2
5 [Po3B’A3aHHS pIBHSAHHS AJIS IIBUJKOCTI BUXOPY 3 YpaxyBaHHSIM e(eKTy 2
Xosnna. [10310BKHS 1 X0JIJTIBCbKa HaIlpyra — iX MapHICTh MO BIJHOLIEHHIO J10
inBepcii MarHiTHOrO noJst. Kyt Xosna.
6 |Po3paxyHKH TeH30pa eIeKTPONpPOBITHOCTI 3a Moaeito [pyne. OTpuMaHHs 2
MIKpOCKOMIYHUX (POPMYIT AJIs XOJTIBCHKOI 1 MO3/IOBKHBOI B’ I3KOCTI BUXOPY
Ta X aHali3 JAJis PiI3HUX IPAaHUYHUX BUMAJKIB.
7. |O0uncneHHs BoJabT-amMnepHoi xapakrepucTuku (BAX) nis 2
HAWUIPOCTIIIOT MOJIEJNI IIHIHTa Y HAANPOBIAHUKOBI NP HYJIbOBUN
TemMreparypi.
8. |OGuuCIIeHHS BOJIBT-aMIIEPHOT XapaKTEPUCTHKH IBOBUMIPHOI TUHAMIKA 2
BUXODIB.
9. |Anaii3 mapHUX Ta HEMAPHUX (CTOCOBHO 1HBEPCii MAarHITHOTO TTOJIS) 2
BIZIT'YKiB 1 B3a€MOBIUIMB CIIPSIMOBAHOTO PYXY BUXOpIB 1 edexTy Xoua.
10. |AHaui3 3a1eXHOCTI CepeAHbOT CUIIM MiHIHTA BiJl KOOPIAUHATH BUXOPY. 2
11. |OGuucneHHs KOpenALifHOro 00’ €My 1 KpUTUYHHUNA CTPYM JJIS T 2
pUXBUMIpHOTO BUNAAKY (Teopis Jlapkina—OBunHHIKOBa). KonekTuBHU
MiHIHT Y ABOXBUMIpHOMY BUIAAKY. [IOpiBHSIHHS pe3ynbTaTiB Teopii
IHIMB1TyaJIbHOTO Ta KOJIEKTUBHOTO TIHIHTA.
12. |KpuTtw4aHwMii KyT M MHIHTY BUXOPIB HA IBIMHUKAX 1
13 |KyToBa 3aJIe:KHICTh KPUTHYHOTO CTPYMY IIPH MIHIHTY BUXOPIB Ha JBIHHUKA 1
Kpun BUXOpIB IpH MiHIHTY BUXOPiB Ha JBIHHHUKAX.
Pazom 24




5.3aBaaHHA 1J151 cCAMOCTiHHOT po6oTH

[TosicHeHHS 11010 TOTO, IO MIOBUHEH 3POOUTH CTYJEHT IIiJ] 4ac cCaMOCTiiHOT poOOTH.

1. TIlo BciM HmXKYEe BKAa3aHMM TEMaM OINPAIIOBAaTH KOHCIEKTH JIEKLIH, MpPOYUTATH
BIAMOBIAHI maparpadu B miapy4nukax [1-4].
2.  CaMmoOCTifHO MiArOTYBaTHCS IO Yy4YacTi y CeMiHapchkux 3aHATTAX. CamocTiitHO

HiJrOTYBaTUCA O KOHTPOJIBHOT pOOOTH.

Nes/m  |Buam, 3MicT caMOCTiHHOT poOoTH KinbKicTs rofmH
Tema 1. 3aranbHa XapaKTepUCTHUKA IIPEAMETA KYpCY. 4
Tema 2. OCHOBHI €KCIIEpUMEHTANIbHI (PaKTH 3 HAIIPOBITHOCTI. 4
Tema 3. J[BopiarHHA MOJIETH HAIITPOBITHUKA 1 JOBKMHA KOT€PEHTHOCTI. 4
Tewma 4. PiBasiHHs JIOHOHIB 1 IMOMHA MPOHUKHEHHS! MATHITHOTO TIOJISL. 4
Tewma 5. [ToBepxueBa enepris N-S mexu. HaampoBigHuky nepuioro ta 4

IPYToro pojy.
Tewma 6. Buxop Ta #0ro BIIaCTUBOCTI: CTATUYHI BJIACTHBOCTI BUXOPIB — 4

EHEprisl 1 MarHITHUI MOMEHT BUXOPY, MarHiTHE MOJie BUXOPY.
B3aemo1ist BUXOPiB MOMIXK CO00I0, B3a€EMO/I1sl BUXOPY 3 TOBEPXHEIO

HAIPOBITHAKA.

Tema 7. JlHaMi4HI BJIaCTUBOCTI BUXOPIB, JUCHIIAIlISI €HEPTil I BUXOPY 4
1110 pyXaeThbesi, cuiia JIopeHIs 1 B si3Ka cuia.

Tema 8. Edext Xomna. Po3B’a3aHHs piBHAHHSA JUIS IIBUAKOCTI BUXOPY 3 4

ypaxyBaHHsM eexTy Xosuia. [10310BkHS 1 XOJTIBCbKa Hampyra —
iX MapHICTh 10 BIIHOIIEHHIO JI0 IHBEpCii MarHiTHOTO MOJIS.
Kyt Xomna.

Tema 9. TeH30p eNeKTPONPOBITHOCTI Y MarHiTHOMY 1oji. OOUuciIeHHS 4
TEH30pa eJIEKTPONPOBITHOCTI 3a Moaesuto pyae. OTpuMaHHS
MIKPOCKOIMIYHUX (POPMYIT JIJIsl XOJIIIBCHKOI 1 TO3/10BAKHBOT

B’SI3KOCTI BUXOPA Ta 1X aHAJI3 ISl KUUCTOI» 1 «OpyTHOI» MEeXi.

Tema 10. [TiHIHT BUXOPIB Y HAANPOBIIHUKAX. Y SIBJIEHHS PO MIHIHT BUXOPIB 4
| KPUTHYHUI CTPYM y HaAIPOBIHUKAX Ipyroro poay. dizuuHa
npupoa niHinra. Bnnmus nininra Ha BAX HaanpoBigHuKa.

Tema 11. OOuncneHHs BONbT-aMIIepHOi Xapakrepuctuku (BAX) s 4
HAWUIPOCTIIIOT MOJIENI MiHIHra Y HAANPOBIAHUKOBI MPHU HYJIHOBHM
remneparypi. Bruius remnepatypu Ha BAX.. Kpun

BUXOPIB.

Tema 12.  [Xomn-edexT i cipsMOBaHUHN pyX BUXOpIB y HaanpoBigHukax (1). 4
3aranbHi TBEPHKEHHS PO BIUIMB OJHOCIPSIMOBAHUX IIIOCKHX
nedexTiB Ha pe3uctuBHI BiactuBocTi BTHII. O6uncnenns BAX
TBOBUMIPHOI IMHAMIKU BUXOPIB.

Temal3 Xomn-eexT i cipsMOBaHUH pyX BUXOPIB Y HaANpoBiaHuKax (1). 4
/AHaJi3 NapHUX Ta HEMAPHUX (CTOCOBHO 1HBEPCIi MarHITHOTO IMOJIS)
BiZI'YKiB 1 B3a€MOBIUIMB CIPSIMOBAHOTO PYXY BUXODIB 1 eeKTy
Xoia.

Tema 14. CUbHMN MIHIHT Ha Xa0TUYHO pO3TaIllOBaHUX AedekTax. BerymHi 4
MIpKYBaHHS PO JIBa CIIEHAPis peaizailii mHiHra BUXOpiB Ha
Xa0THYHO PO3TAIIOBaHMX JepeKTax. AHami3

BAJICKHOCTI CEpeIHBO1 CHIIH TTIHIHTA BiJl KOOPJIMHATH BUXOPY.
MHOTr03Ha4YHI PeXUMHU Ta CTPUOKH KOOPIMHAT 1 €HEeprii BUXOPY.
O6uMCIEHHS] KPUTHYHOTO CTPYMY 3 BUKOPUCTAHHSM Teopii




(dha3oBUX MepeTBOPEHH JlaHmay.
Tema 15 KosektuBuuii crininr (1). OcHOBHA i€ Ta OI[iHKA I'YCTHHH 4
KPUTUYHOTO CTPYMY IIpH HYJIbOBIi Temreparypi . Kpun
OKPEMOT0 BUXOPY Uil CTPYMY 3HaYHO MEHIIIOTO KPUTHYHOTO i
CKiHUEHHI} TemrepaTypi.
Tema 16 KonexktuBuuii criinr (2). [Ipy»Hi MOy Ii BUXPOBOI PEIIITKH. 4
OO6uMCIeHHs KOPETAIIMHOTO 00’ €My 1 KPUTUYHUH CTPYM JUIS
TPUXBUMIPHOTO BUTIAIKY (Teopis Jlapkina—OBUMHHIKOBA).
KoJyieKTUBHUI MIHIHT y JBOXBUMIpHOMY BHUIAIKY. [TopiBHSIHHS
€3yJIbTaTIB TEOPii 1HAWBIAYaIbHOTO Ta KOJEKTHUBHOTO ITIHIHTA.
Tema 17 PiBHOBa)kKHA aHI130TPOIIIS MIHIHTa BUXOPIB HA OJHOCTIPSIMOBAHHUX 4
nBiitarkax y YBCO Ta ii pe3uctuBHi BumiptoBanus (1).
ExcriepuMeHTH AProHCHKOI TPy 1O MiHIHTY BUXOPIB Ha
nBiliHMKax. KpuTuynuii KyT npy MiHIHTY BUXOPIB HA ABITHUKAX
Tema 18.  [PiBHOBa)kHA aHi30TPOIIiA MHIHTa BUXOPIB HA OJTHOCIPSIMOBAHHUX 4
nBiliHukax y YBCO Ta ii pe3uctuBHi BuMiptoBanns (1). Kyrosa
BaJIeKHICTh KPUTHYHOTO CTPYMY IIPH IMiHIHTY BUXOPIiB HA
nBiliHMKax. Kpun BUXOpiB MpH MiHIHTY BUXOPIB HA ABIHHUKAX.
Pazom 72

5. ImauBinyanbHi 3aB1aHHs
He nepen6aueni HaBYaIbHUM TUTAHOM.

6. MeToau KOHTPOJIIO
[ToTouHe OMUTYBaHHSA, y4acTh Y CEMIHAPCHKHUX 3aHATTAX, KOHTPOJIbHA poOOTa, MUCEMOBUIN

CK3aMCH.

7. Cxema HapaxyBaHHs 0aJiB

[ToToyHMIT KOHTPOIIb, CAMOCTiiHA po0O0Ta, IHANBIAYATbHI 3aBIaHHSI
Pozpin 1 Po3in 2 Kypcosa po6ora Pasom Ex3amen (Cyma
T1-T9 T10-T18
20 20 20 60 20100

Jlst 3apaxyBanHs po3auty 1 Ta po3niny 2 Tpeba HaOpaTH y miacyMKy He meHte 10 6aniB
3a pe3yJbTaTaMH MOTOYHOTO ONMUTYBAaHHS Ta Y4acTi Y CEMiHApPCHKHX 3aHATTAX 32 KOXKHUH 3
poznunis. s 3apaxyBaHHS KOHTPOJIBHOI poOoTH Tpeba HabpaTH y miacyMKy He MeHuie 10 Oais.
st momycky A0 MMCbMOBOTO €K3aMeHy Tpeba HaOpaTH y mijicyMKy He MeHIne 30 Oamis.
[TpumiTka.
1. OuiHka, IKy OTPUMYE CTYAEHT 32 KOXKHY TEMY BiJIIOB1JIa€ BiJICOTKOBI MPAaBUIILHOTO BUKOHAHHS
MIOCTABJICHOTO 3aBJaHHS. 3aBIaHHS BBAXAETHCS BUKOHAHMM IPABHIBHO, KOJIW CTYACHT
CaMOCTIMHO J1aB IOBHY, BIpHY Ta BUUEPITHY BiJMOB1/lb, HE KOPHUCTYIOUUCH KOJHUMH 30BHILITHIMU
JoKepenaMy iHgopMarlii abo mijikazkaMu 1HIIUX 0c10, a TaKoK MoXke (B pa3l HeOOX1JHOCTI) JaTH
npunioOHe 8ipHe, NOGHe Ma UUEePNHe NOCHeHHs MO0 3MICTY 1Ii€i BiIMOBiIi
2. Y pa3i BusiBJIcHHS (HaKkTy aKkajgeMidyHOI HeI0OPOUYECHOCTI 13 OOKY CTy/ICHTA ITiT9ac MepeBipKr
KypcoBOi poOOTH OIliHKA 32 Hel MOBHHHA 0yTH 3MeHmIeHa 10 0 (nynxm 7.12.5 «Ilonoscenns npo
opeanizayiio oceimnvo2o npoyecy 6 XHY imeni B. H. Kapasinay, naxasz pekmopa Ne 0202- 1/155
6i0 21.04.2017 p.).
3. Jlo miacyMKOBOTO CEMECTPOBOTO KOHTPOIIO (€K3aMEHY) IOMYyCKAEThCS CTYACHT JeHHO1 hopMu
HaBYaHHS, SKUH CTBOPUB MMOBHHUI PYKONMCHUNA KOHCIEKT JICKIIii, BAKOHAB 1 3aXHCTUB KYPCOBY
poboTy Ta HaOpaB He MeHI, HiK 30 0aJiB.
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4. 'V pa3i BusBJICHHs (DakTy akajaeMidyHOI HeZOOPOYeCHOCTi 13 OOKy CTyJeHTa IiaJac iCIuTy
Horo ek3ameHalliifHa OIliHKa MOBMHHA OyTH 3MeHmieHa a0 (0, a caM CTyAcHT Ma€ OyTH
BUJIAJIEHUI 3 ayauTopii, 10 npoBoauThCs ictiuT (nyrkm 7.12.5 «llonoocenns npo opeanizayiio
oceimuvbozo npoyecy 8 XHY imeni B. H. Kapasinay, nakas pekmopa Ne 0202-1/155 6io 21.04.2017

p)-

Ex3amMenaniifnuii Oi1eT CKIalaeThes 3 IBOX TEOPETHYHHUX NMUTaHb. MacuMalibHa OIIiHKa 32
KoxHe 3 muTa"b 20 OaniB. MacumalibHa OIiHKa 3a ek3aMmeH — 40 GaJis.
KpuTepii oliHlOBaHHSI THCBMOBOI eK3aMeHalliiiHOI po6oTH

Ex3amenaniiiHuii OUIeT CKJIAJA€ThCsl 3 TPHOX TEOPETHMYHUX MuTaHb. KoxkHe nHTaHHSA
omiHtoeTbest B 20 OamiB. Y BiAMOBiAI HA TEOPETWYHI THUTAHHS CTYJIEHT ITOBUHCH
MPOJIEMOHCTPYBATH 3HAHHSI TEOPii HABUANBHOI TUCHUTUTIHYA «Di3ruHa KiIHETHKA Ta 11 MOHATIHHO-
KaTeropiaJibHOTO anapaty, TEPMIHOJIOT11, TOHATh 1 IPUHIIUIIIB TPEIMETHOT 00JIACT] UCIUTLIIHY.

MaxkcumanpHi 0amy BUCTaBISIOTHCS B pas3i WiTKOI, JIOTIYHOI, MOCTIIOBHOI BiANOBiII Ha
MIOCTaBJICHE MMUTAaHHSI, 3 BUBOJIaMH OCHOBHUX (hopMyJ1, HopMyITIOBaHHSAM (Pi3UYHUX 3aKOHIB
VY mpotieci OLIHIOBaHHS TEOPETUYHHUX 3aB/IaHb €K3aMEHAI[IHHOTO O171eTy BPaXOBYIOThCS:

MIOBHOTA PO3KPUTTS UTaHHs (4 Gann);

YMIHHS 4iTKO (QOpPMYJIOBAaTH BH3HAYEHHS (PI3WYHUX TMOHATH, TEPMIHIB Ta MOSCHIOBATHU iX
(4 6ain);

3[IaTHICTh ApTyMEHTYBAaTH OTPUMaHY BiAmoBiab (4 Gan);

3MIATHICTh POOUTH aHATITUYHI MIpKyBaHHS, TOPIBHSAHHS, (HOPMYITIOBaHHS BUCHOBKIB (4 Oann);
JIOTiYHAa MOCIIIOBHICTh BUKJIAJICHHS MaTepiany y BIAMOBIAl Ha 3aBaanHs (4 Oann).

BinnoBige Mae Oyt OOIpyHTOBAaHOIO, 3 MOCHJIAHHSM Ha BIAMOBiAHI (Di3MYHI 3aKOHU Ta
PIBHSHHS, 3 TOCIIIOBHUMHU PO3PAaXyHKaMHU BCIX OCHOBHHX (POPMYyJI, TOBEIEHUMH JIO0 KIHIIEBOTO
pe3ynbTaTy 3 YiTKOKO BIAMOBIAJII0 Ha MOCTaBIEHE MUTAHHS. 3a PilIeHHA 3a7adi (MPaKTUYHOTO
3aB/IaHHA) HAPaXOBYIOThCA Taki Oanu:

[ToBHa Ta mocnigOBHO OOTpyHTOBaHA BIJNOBIIb OTpUMYE OIIHKY 20 OaiB y BHUIAIKY, KOJH
CTYJEHT OTPUMAaB MPaBUWIbHY BIANOBI/Ib 1 IPOJEMOHCTPYBAaB METOI 1 cIOCIO 11 OTpUMAaHHS.
Orinka 12-19 6aniB BUCTaBISETHCS 32 BIANOBI/b, B SIKii € HECYTTEB1 MOXUOKHU B JIOTII BUKJIALY,
BianoBige Ha nMUTaHHA OTpUMY€E OLIHKY 7-11 OaniB, KOJIM CTYJEHT HE OTPUMAaB MPaBUIbHY
BIJINOB1/Ib a00 HAMKMCaB TUIBKU KiHIEBY (OpMYITy 0€3 MOSCHEHb Ta BUBOY.

BianoBige Ha nutaHHA oTpuMmye ouiHKY 0-10 GaiiB, KOJIM CTYJAEHT HE OTPUMAaB MPABUIIbHY
BIJIOB1/Ib, IPUYOMY METO/I 1 CIIOCIO pO3B’sA3aHHS 3aBAAHHS OyJIM HE BIPHUMH.

Ex3amen 31aHmii, AIKIIO0 CyMapHa OLIHKA 3a MHCbMOBY eK3aMeHalliliHy po0oTy He meH1ue 30
0aJjiiB, a cymapHuil miacymkoBuii 6ai He MeHe S0 6aJis.

[lin wac BHMBYEHHS HABYaJIbHOI AMCLUUIUIIHM BHUKOPHCTaHHS TEXHOJOTIM mTy4Horo inTenekty (L)
3MIHCHIOETHCS BIAMOBIAHO 10 [TOMITHKH BUKOPUCTAHHS TEXHOJIOTIHM IITYYHOrO IHTENIEKTY XapKiBChbKOTO
HallioHaJbHOTO yHiBepcutety iMeHi B. H. Kapasina.

Y Mexax TUCHMIUTIHU 3aCTOCOBYIOThCS Taki Moaeni Bukopuctanus LI

1. Mogens «I11I 3a6opoHeHOY.

BukopurcTaHHs TEXHOIOTIN MITYYHOTO 1HTENEKTY He JIOMYCKAEThCS 1111 Yac BUKOHAHHS KOHTPOJIBHUX
3ax0JiB, CHPSIMOBAaHMX HA TMEPEBIpKy I1HAWBIAyaJlbHUX 3HaHb 1 CQOPMOBAHOCTI KOMIETEHTHOCTEH
3m00yBaya OCBITH, 30KpeMa: YCHOTO ONMUTYBAaHHS, MOJYJIBHUX KOHTPOJIBHHX POOIT, eK3aMeHy (3alliky),
AKILO 1HIIE HE BU3HAUEHO BHUKJIAZAayeM, IHIIUX BUIB OLIHIOBAHHS, AJIS SIKUX BUKJIAJayeM BCTaHOBJICHO
oOmeskeHHs o010 Bukopuctanus LI

2. Mogens «III sk acucteHT».

Ilix 9ac WATOTOBKK MO MPAKTHYHUX 3aHITh, BUKOHAHHS 1HIWBIAyalbHUX 3aBAaHb, pedeparis,
AHAITUYHUX OTJISIB Ta iHIIMX MUCBMOBHUX POOIT H03BOMsieTbess BukopuctanHs LI mns: momyky ta
cucrtemarnsanii indopmanii, 10OOpy Ta MEPBUHHOTO aHai3y HAYKOBHX JDKEPEN, MOSICHEHHS CKIaIHHUX
HOHSTh, YJOCKOHAJICHHS CTPYKTYPH TEKCTYy, MEPEBIPKH IPaMaTHKH, CTHIIO Ta O()OpMIICHHS, TeHeparii
i71e#, Tiany poboTr abo MPHUKIAIIB.
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®diHaTBHUN TEKCT pOOOTH, BUCHOBKH, aHAJI3, IHTEPHIpETAIlis Pe3yibTaTiB Ta MPUHHATI PIIICHHS
MTOBUHHI OyTH CAMOCTIIHO IMiATOTOBJICHI 3700yBaYeM OCBITH.

3. Mogenb «II sx iHCTpyMEHT».

Jns okpemMux 1abOpaTOPHUX, MPAKTUYHUX, TPOEKTHUX ab0 MOCTIAHUIBKUX POOIT BUKOPHUCTAHHS
TEXHOJIOTIH MTYYHOTO HTENEKTy MO)Ke OyTH OOOB'S3KOBOIO CKIIAJIOBOI0 BHKOHAHHS 3aBIAHHA. Y TaKHX
BUNagKax 3100yBadyi OCBITH MOXYTh BHKOPHCTOBYBaTWM TeHepaTwBHI Mogemi I nms: anamizy Ta
MiJIrOTOBKH JIaHUX, TeHEepallii, aHaTi3y i ONTUMIi3allii MPOTrpaMHOro KOy, TOPIBHSHHS Pe3yJIbTaTiB poOOTH
pizanx mopeneit I, ctBoperns Bizyamizamiid, cxem a0o 300pa’keHb, aHalli3y BEIHKUX MACHBIB JaHUX.
MIPOBEICHHS €KCIIEPHMEHTIB 13 3aCTOCYBAaHHSIM CYYaCHUX IHCTPYMEHTIB IITYYHOTO iHTENEKTY.

VYeci pesynbrati, orpuMani 3a gonomoroto LI, mignararoTb KpUTHYHOMY aHaji3y, HepeBipii Ta
JTIOOTIPAIIOBAHHIO 3100yBaYeM OCBITH.

HexnapyBanns Bukopuctanss LII.

Y pa3i BUKOPUCTAaHHS TEXHOJIOTIH IITYYHOTO IHTENEKTY 3400yBa4 OCBITH 3000B'13aHUI 3a3HAYNTH:
Ha3By cepBicy abo mogeni III; naty BUKOpHUCTaHHS; XapakTep IOONMOMOTH (TeHepalis ifeHd, momyk
iHdopMartii, aHai3 JaHUX, TeHepaIlis KOy, peJaryBaHHs TEKCTY TOIIIO).

3a BUMOrOI BHKJajadya 3700yBay OCBITM NOBMHEH HaJaTH BUKOPHUCTaHI 3amuTd (prompts) abo
MOSICHUTH crioci0 BUKOpHCTaHHs iHcTpyMmenTiB 1.

HenexnapoBane BUKOPUCTAHHS TEXHOJIOTIH IITyYHOTO iHTENEKTY abo mojanHs 3reaepoanoro L1
MaTepially SIK BJIACHOTO PE3yJIbTaTy HaBYaJIbHOI IISUTBHOCTI PO3IJISAAETHCS SIK MOPYLICHHS NMPHHLMIIIB
aKaZeMiqHol TOOPOUYECHOCTI BIAMOBIAHO JI0 BHYTPIIHIX HOPMATUBHHUX JTIOKYMEHTIB Y HIBEpCHTETY.

HIkaJja omiHIOBaHHSA

Cyma OaniB 3a Bci BuauOILIHKA 32 HALlIOHAJIBHOKO ILIKAJIOHO
HABYAIbHOL ABUIBHOCT 11 goTnpupisHeBoi I IBOPiBHEBOT
[IPOTATOM CEMECTPY IIIKAJX OLIHIOBAHHS [IKAJIW OL[IHFOBAHHS
90 — 100 BIAMIHHO
70-89 nobpe
3apaxoBaHO

50-69 3aJ0BLILHO

1-49 HEe3aJI0BUILHO HE 3apax0oBaHO
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IMocunannas Ha ingopmauiitni pecypcn B InTepHeri, Bineo-nekuii, iHme meronnyne
3a0e3neYeHHs

1. https://uk.wikipedia.org/wiki/Haonposionuxu_ Il _pody Haonposionuxu Il pody — mun naon
IipOBIOHUKIB, 8 SIKI MACHIMHE NOJIe MOdCe YACMKOBO ... 8 HAONPOBIOHUK JOKAILHO Y 8UISA0L 8UXODIE
Abpukocosa, 6 cepyesuni AaKux ..

2. sec.bitp.kiev.ua/.../geshkenbein-vortices-in-supercond. Jun 18, 2012 - «Buxopu y
Haonpogionukaxy. Jmumpo ['ewxenbetin. 11-23 6Gepesns. Teopia [inzoypea-Jlanoay,
Haonposionuku I i Il muny. Buxopu Abpuxocosa ...

3. https://docs.google.com/document/d/...9UVdjecszBdCeYHg/edit?hl=en... diznuHmit
¢daxynpTer. KuiBchkoro HamioHanpHOTO yHiBepcuteTy imeHi Tapaca llleBuenka. HaykoBo-
OCBITHIH neHTp. [HCTUTYTY TeopeTnuHoi ¢izuku imeni M.M.boromo6oBa.
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