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ITPOI'PAMA

BCTYIIHOIO ICITHTY NPH NpHiioMi HA HABYAHHS
MJIst 3100y TTs1 CTyIeHs «10KTopa ¢inocodii» 3i cneniaabHocri
104 ®dizuka Ta acTpoHOMIs
OcBITHBO-HAYKOBI POrpamMu:
104.1 ®@ispvHa eJIeKTPOHIKA Ta iIOHHO-NIPOMeHeBi MeToIH 00pOGKH MaTepiaJiB
104.2 ®izuka KOHIEHCOBAHOIO CTAHY

1. 3AT'AJIBHI ITOJIOKEHHS

Lls mporpama cxiaaeHa BiAMOBIAHO /10 TPOTPaMU IiATOTOBKU 3a HANPAMOM
104 «®izuka Ta acTpPOHOMIS» OCBITHBO-HAyKOBi mporpamu: 104.1 «®izuuna
€JIEKTPOHIKA Ta IOHHO-IPOMEHeBI MeToan 00poOku MartepianiB», 104.2 «®izmka
KOH/ICHCOBAHOI'O CTaHy» Ta IpU3Ha4YeHa JJisd IPOBEJEHHs BCTYIHOTO BHIIPOOYBaHHA
(ex3ameHy) mij 4ac NpuiOMy Ha HaBYaHHs Juist 3H00YTTS CTyNeHs «IOKTOpa
(imocodii» 31 cremiansHocTi 104 «Pizuka Ta acTPOHOMIS» OCBITHBO-HAYKOBI
nporpamu: 104.1 «®i3nyna eeKTPOHIKA Ta 1OHHO-IPOMEHEBI METOMH 0OPOOKH
Matepianis», 104.2 «Diznka KOHIEHCOBAHOTIO CTAHY»

daxoBe BCTyNHE BHUIPOOYBaHHA 3IIHCHIOETHCS LUIAXOM OLIHKH piBHS
npodeciHUX 3HaHb, YMiHb T4 HABHYOK BCTYITHUKIB Ta BKIIIOYAE 3MICT HABYATBHUX
JUCLHUIUTIH MpoQeciHHo-NpaKTUIHOI Ta MiArOTOBKY 3 (Pi3HUKH:
1 eneMeHTH TEOPETUIHOT (Pi3HKH;
2 (bi3¥Ka KOHJEHCOBAHOI'O CTaHY;
3 oCHOBH (DI3UYHOT CICKTPOHIKH;
4 HaHOMaTepladHl 1 HAHOTEXHOJIOTIT;
5 I0HHO-IIPOMEHEBRI METO/M AOCIIKeHHS Ta 06poGIIeHH MaTepialib.

Ex3aMeH NpoBOAMTHCS y BUIUISAI MHCBMOBOIO TecTyBaHHA. Ha [IPOBEICHHS
€K3aMeHY BIJIBOJUTHLCS 2 aKaJeMidHi TOIUHM.



2. 3MICT HABYAJIBHMX TUCIIAIJIIH
1 EJEMEHTH TEOPETHYHOI ®I3UKH

1.2 Keaumoea mexanixa

. Ilpenqmer 1 Metonuw KkBauToBOI MexaHiku. Orrsy eKCIEPUMEHTAIBHAX |
TCOPETUYHUX IMepelyMOB BHHMKHEHHS KBaHTOBO! MexaHiku. HeobximmicTsb
MMOBIPHICTHO-CTATUCTHYHOI  iHTepmperanii  xBunbL  Je Bpoitns.  XBuisosa
dyuruis. Tyctuna #mosiprocTi. YMoBa HOpMyBauHA XBHNEOBOI (YHKLI.
CranzapTHi YMOBH, SKUM JIOBHHHE 3aI0BOIBHATH XBHILOBA (YHKIIS.

. Enemenrapna teopist niniftaux oneparopi. Busnauenns omeparopa. Omepauii
Hax omnepaTopamu. Komyrartop, aHTHKOMYTaTop. SImpo omepartopa. Brachi
Qynkuii i BracHi 3HawYeHHs omepatopa. BupomxenHa. JliniiHi, KOMIUIEKCHO
CHIpsDKEH], OOEpHEHi, TPaHCIOHOBaHI, €PMITOBO CHpSIKEHI Ta CaMOCHIPSUKEHI
(epmiToBi) onepaTopH. Bnactusocti oneparopis.

Oneparopy Qisuunux semuwuuH. IToBHe pisasinua Illpeniarepa. Oneparopu
GisHdHEX BeNMYMH y KBaHTOBIH Mexawiui. I[loBHe (4acoBe) pIBHSHHS
Hlpenirrepa. CamocnomyuricTs omepatopa ['amineroHa. CepemHi 3HAYeHHs
(ismuruX BenMdMH y KBaHTOBiM Mexawini. JludepeHuirosamms omeparopa 3a
gacoM. [HTerpanu pyxy B KBAHTOBIH MexaHiL. _

. BractuBocTi npocropy i uacy Ta 3akonu 36epesxenus. [IpuHIHMI BigmoBiIHOCTI.
38’5130k 3aK0HIB 30epeskeHHs 3 iHBapiaHTHicTIO onepaTopa 'aMinbTOHA BiIHOCHO
NEpeTBOpeHk CcHMeTpli. 3B’SM30K 3aKOHIB 30€peXeHHs IMIyJbCY, MOMEHTY
IMIlyJIBCY T& €HEprii 3 BIACTHBOCTSAMM IIPOCTOPY Ta wHacy. IlapHicTs. 3akow
30epexeHHs NapHoCTi. PiBHAHHS pyXy B KBAHTOBIH MexaHilji.

. XBunboBui naxer. CriBBifHOMIEHHs HeBH3HadeHocTel Ieitsenbepra. Crpoba
MOZENIOBAHHS YaCTHHKH 34 [{OINOMOIOI0 XBHJIKOBOLO IakeTy, DBHBemeHHS
CIBBIAHOIIEHL HEeBHM3HadeHocTedl [elisenbepra 3a JONOMOrOK XBHIHOBOIO
nakery. BuBejenus criBBiAHOmEHs HeBU3HaueHocTed [efizenbepra 3a
JOTIOMOTOIO  OnepaTopHOoro  merony. CHiBBIJHOIIEHHS  HeBH3HAYSHOCTEH
I'eliseHOepra Ta eKCIIepUMEHT,

. Posp’ssannsa  HaHNpocTIIMX OAHOBUMIPHMX 3afad  KBAaHTOBOI MEXAHIKH.
Cramionapni cramu. VYmosa crauionaprocti. Pieusuus Ilpenminrepa s
cralioHapHoro cTany. Posp’ssanus piBusinig Llpeainrepa juis BiTbHOT YaCTHHKH.
HopmyBanus —xBuibOBHX QYHKLIH HemepepBHOro crextpy. UYacThHka B
ONHOBHUMIDHIH NpPSAMOKYTHIM IOTEHIIANBHIA sMi 3 HECKIHUEHHO BHCOKMME
crinkamu. ['ycTuHa nnotoky fiMosipuocti. TyHensauil edexr.

1.2 Cmamucmuuna ¢izuxa

Dasopuit npoctip. ®ymkuia posmoaimy. Tomstrs  dasosoro mpoctopy.
Busnadenns cepennix snagens ¢pisuuuux BenuduH. OyHKIIA PO3IOLILY CHCTEMH
3a MikpocraHamu. Ceperni 3a 4yacoM Ta aumcambieM. Epromuuda rinoresa.
Teopema Jliyrinnsi. Bun dpyHKii posnoainy.



8. Posmomimu T'i60ca juist KBAHTOBHX T4 KIACHYHHX CHCTEM. DBH3HAyeHHS,
BJIACTHBOCTI AenbTa-(QyHkuil Jipaka Ta Il 3acTOCYBaHHs [0 OMHCY CTaHy CHCTEM
JacTHHOK. MikpokaHOHIYHHE posnozin [166ca. Kanowiunuii posmoxin I'i66ca.
CratmcTHyHa CcyMa Ta CTaTHCTHYHMH iHTerpar. MakKpoKaHOHIUHHE posmogin
I'166ca. 3B’430K MK CTATHCTHYHOIO CYMOIO Ta CTATHCTHYHHM IHTETPATIOM.

9. Posnopinu MaxcBenna Ta bombumana. VYi3aransHeHuil posmogmin Makcseia-
bonpnmana. Posnmomin bBomnbivana Uil YacTHHOK y TOTEHIIATBHOMY IIOMI.
Posnopin Makcsenna 3a abCONOTHUM 3HAYEHHSIM LIBHIKOCTEH MOTEKYIL.

10.Cratuctuude oOIpyHTYBaHHS 3aKOHIB TepMoAMHamiku. PedoMeHoJOriyHa Ta
CTATUCTHYHA TepMOAMHaMika. BHYyTpIIIHS eHepris MaxkpOCKOMIYHOI CHCTEMH.
30BHIIIKE] NapaMeTpu. 3MiHAa BHYTPIIIHBOI eHepril CHCTeMH Ads JOBLIBHOTO
KBaslCTaTU4YHOro mpotecy. PoboTa i KINBKICTH TEMUIOTH 3 MOMIAAY CTaTHCTHYHOL
dizuku. Tlepmui 3akoH TepMOJMHAMIKM., EHTPOIS 3 MOIMSLY CTATHCTHYHOL
¢izuxn. CratveTnuHuil 3mict entpomii. EHTporis HepIBHOBaXKHWX CHCTEM.
Teopema I'i66ca. 3axoH 3pocrasHs eurpomii. [pyruii Ta Tperii 3akoHH
TEPMOAHHAMIKH.

11.Tepmopunamiuni  notennianud. Pasopuil  nepexim  piamma-nap. Merox
TEPMOAMHAMIYHMX IOTeHIianiB. TepMoluHaMiuHi noTeHmiamy (BHYTpiIIHs
SHeprid, BiNbHA eHeprid, ximiunud notenuian). O6uucineHHs ¢izMYHAX
IapaMeTpiB cHUCTeMH (THUCKY, 00’eMy, TeMIepaTypH, eHTpoIil) 3a JOIOMOTOH
TEPMOJIHHAMITHUX TTOTCHIIANIB.

12. Teopia ¢uayxryauit. Ouykryanii. Cepenniii xkeaapar QuykTyauil. 3B’430K Mix
QuykTyauisMu miacucTeMu i QuykTyamismu cuctemu. Posmogin layca mis
Guyxryaniit. Ouykryanil o0’eMy, duciaa YaCTHHOK y (ikcoBaHoMy 00’ eMi,
rycrund. QPoyKTyallll BHYTPIIIHBOI €Heprii, TeMIepaTypH.

1.3 Teopia npyscrocmi

13.0OcroBrl piBHSHHA Teopil npyxHocTi. Tenzop pedopmanii. Tenzop HanpyxeHs.
Tepmonunamika fedopMyBaHHS.

14.3akon I'yxa. Opnopinni nedopmanii. HMedopmanii 31 3MiHoi0 TemrepaTypu.
PiBHSHHSA pIBHOBArH i30TPOIHIX TiJ.

15 IIpyxui xsumi. llpyxHl XBHNI B I30TpOIHOMY CcepenoBHI. IIpyxHi XBHII B
KpucTanax. AHrapMOHIUHI KOJHBaHHI,

16. Jucnoxanii. Ilpyxui npedopmauii npu HasBHOcTi ucioxamiit. g mons
Halpy»KeHb Ha AUCITOKAIIfO.

17. TenmonpoBifHicTh 1 B'I3KICTh TBEPAMX TLT. PiBHSIHHS TEIUIONPOBIHOCTI Y
TBEpAUX TuLlax. TernnompoBiIHICTE KpHCTa_mB B'askicte TBepmHX i
[lormuuanns 38yKy ¥ TBepAuX Tinax. Jlyxxe B’ 3Kl piavHu,



2 PIBUKA KOHAEHCOBAHOI'O CTAHY

2.1 Cmpykmypa KOHOEHCOBAHUX cUCEM

18.IIpenmeT, ocHOBHI TeOpeTHYHI MeTOi# 1 npobieMu Gi3MkH KOHAEHCOBAHOIO
craHy. Knacudikailis KoHIeHCOBaHUX CEPEeNOBUIN: KpHCTaNiuHi Ta aMopdHi Tina,
PiIHHH, HOBronepioauyHi CTPYKTYPH, KBa3iKPUCTANH, PiJiKi KpHCTalH, TONiMepH.
OcobiusocTi mudpaxuil MPOHUKAIOYOr0 BUIPOMIHIOBAHHS Yepes KPHCTAIL.

19. Tpaucnauifina cumerpis. Enemenrtapra xomipka. TvnM KpUCTanidHHX CHHTOHIMN
Ta pewiTky bpase. Innexcu Minaepa.

20.3axon bperrie. ObepHeHa pewtitka. 30ud BpinoeHa.

21.Medextn B KpucTanax. Touxopi nedext X yTBOpeHHs Ta mudysii. Bakascii.
KomGinanii atomuunx gedekTis.

22.Kpaiiosi Ta TBUHTOBI aucnokauii. Bexrop broprepca. Exepris nucmoxamii. Pyx
Jucnokauii. IlepenoB3anHs Ta CKOB3aHHS.

23.Tumu XiMIYHOrO 3B'S3KY B KpHcTanax. MibKaToMHA B3aeMOist Ta CHJIH 3B'SI3KY ¥
TBEPIAOMY TLIIL.

24.CTpykTypHi Ta (i3uuHi 0COOIMBOCTI 10HHMX, KOBAJIEHTHHX, METANIYHUX Ta
MOJIEKYJISIPHHX KPUCTAJIIB.

2.2 Enepzemuunuii cnekmp Kpucmaiis

25.0mucadHsl eHepreTHYHOro CTaHy KPHCTAIIB 32 JOITOMOIOI0 a3y KBa3iuacTHHOK.
Ilpuknaam kBasidacTHHOK. DOHOHHM, MATHOHH, KCITOHM, MJIA3MOHM TA 1H.

26.Enextpons B MeTalll K KBasziuacTuHKH. KBasiiMrmysise. 3akon aucnepceii. Teopema
broxa. 30HHa TeOpis KpUCTAIB.

27.30HHa cXeMa Ta THIH TBEPAMX TiJl. BHporkeHuii enexkTponnuii ras. EnekTponHa
TEINIOEMHICTE, TOBepXHsi Pepmi.

28.CratucTiXa ra3y  KBa3i4aCTHHOK. bosorn Ta  ¢epmionu. Biaemomis
KBa314aCTHHOK.

29.EnexTponH] cTaHu B KpucTtanax. OQHOENEeKTPOHHA MOJIEb.

30.KonmuBanns xpucTadidHol permiTky - (GHOHOHH. AKYCTHYHA Ta ONTHYHA CLIKH
KOJIMBAHE.

31.TennmoeMHICTh  pewliTkH. EXCrepuMeHTanbHa TeMIepaTypHa  3alleXKHICTh
TEIIOEMHOCT] KpucTani. Mopeni Ebnwretina ta Hebasg ans TerwioeMHOCTI
KPHUCTAIiB.

2.3 Maznimni asunya 6 meepoux minax

32.AtomHu#l Marnerusm. Knacudixalis Ta OCHOBHI BIACTHBOCTI MarHETHKIB.
HiamarseTusM Ta napamardeTusm tepamx Tin. CriiHose ckio.

33.I1pupona depomaruerusmy. JomeHu.

34.AHTH(epoMarHeTusm i pepoMarseTHsM.

35.3axon Kropi. ®epomarseTrzm. Monekyiaspue none Beifca. O6MiHHA B3aeMoIis.
DepoMarHiTHI JOMEHH.

36.Enepria anizorpomnil. JlomerHi criukd. AHTH(OEpOMATHETHKH,



2.4 Tepmoounamira i pazoei nepexoou

37.PisnoBara (as. Pa3zoni piBHOBaru y GararokoMNoHeHTHHX cHcremax. dopmyia
Tomcona. Ilpasuno das. Pazosi nepexonu I 1 I poxis.

38. Hiarpamu piBHOBard. AHami3 miarpaMm CTaHy 3 eBTEKTHUHHM, NePHTEKTHYHUM,
MOHOTEKTHYHHM, CHHTEKTHYHHMM T4 METATeKTHYHHUM IIePETBOPEHHIMH, a TAKOXK
nlarpaM tuny "Curapa'.

39. [lilarpaMK  CTaHy 3 EBTCKTOLAHUM, [EPUTEKTOINHHMM Ta MOHOTEKTOLIHEM
IIePEeTBOPEHHSIMH.

40./ludysisa B MeTanax Ta clulaBax. AToMHa Teopis qudysii.

2.5 @izuka HanienpogioHuKie

41.3aranbHa  XapakTEepHUCTHKA 1 KIacHQiKalis HalmiBIPOBIAHUKOBHX MaTepiaiiB
eJICKTPOHHOI TeXHiKd. BracHa eneKkTpoHHa Ta JIIipKOBAa eIeKTPONPOBiHHICTE.
PyxJyiMBiCTE HOCITB 3apsamy.

42 IlorermianeHi  Gap'epu. KpasinBoMipHi cHCTeMH B HAIIBIPOBIIHUKAX:
rerepoctpykrypy, MOH-cTpykTypu (Metan-okucen-uarisnposigamk), MJIH-
CTPYKTYPH (MeTall-lieNeKTPHK-HAIl BIPOBI THHK).

43.EnexTpo- Ta  TEIUIONPOBIAHICTE. MexaHI3MH  pO3CIIOBAaHHS  €NEeKTPOHIB.
PosciropanHs Ha fomilukax i gedexrax.

44.Enextpon-ononni 3itkaenns. lonHa mnposigdicts kpuctamis. CyrepionHa
IPOBIJHICTE.

45.Knacuynui 1 kBaHTOBHH edekT X0/uUia B HAMIBIPOBIIHHKAX.

46.MexanisMu  nornuHands  GoToHiB. [lorfwHAHHS BUTEHMMH HOCIAMH Ta
KPHCTAIIIYHOO PEelliTKow. bararodoHonui mpoiec.

47.Jiominecuennis kpucranie. KomGinaniline poscioBads ¢BiTia B KpUcTanax.

3 OCHOBM ®I3HYHOI EJIEKTPOHIKH

48.BErnexTpuyre Mojie Ta Horo xapakTepHCTHKY. EnexkTpuuHe mone y Bakyymi Ta
IienexTpukax. [TpoBiHUKE B eA€KTPHIHOMY IO,

49.MarniTHe none Ta jforo xapaxtepucTHKH. MarHiTHe TONe Y BaKyyMi Ta
pedyoBUHAX.

50.Pyx sapsykeHuX JACTMHOK B OMHOPIAHOMY €IEKTPHIHOMY [IOJi, B OJHOPIAHOMY
MargiTHoMy Itoii. OOMiH eHeprieio MiXK OKPEMOKO YACTHHKOIO Ta TOJEM.

51.Cucrema  dyHpameHTanbHuX  piBHSHE  MakcBemia B iHTerpanpHi i
pudepeHianbuii Gopmi K y3aranbHEHHs eKCIIepUMEHTANLHHX (akTiB Ta iX
Gizugnmit 3MicT. MarepiaapHi piBHAHHS.

52.EmextpomarniTHi XBHIL Yy BaKyyMi T4 CEpPENOBUIN SIK HACHIAOK DiBHAHE
Makxcpenna.

53.3akoH cTynews 3/2 Ons CTPyMy BakyyMHOIO Jio#a, B SIKOMY BpaXoOBaHO
IPOCTOPOBMH 3apsai. YIamrysanHa BaKyyMHOIO Hioja, PO3NOLI IOTEHIiany,
BOJIbTAMIIEPHA XaAPaKTCPUCTHKA. 3aKOH CTyINeHs 3/2 Ansg aHOXHOro CIpyMy B
BaKyymHoMy Tpiomi. IlpuHiumn migcHNIeHHS Ta BOMBTAMIEPHI XapaKTEPHUCTHKU
Tpioja.



54.Ilpupona noreHuianbHoro Gap'epy Ha MeXi MeTan— BaKyyM, poboTa BHUXOLY Ta
3aco0i ii sMeHIIenHs. KOHTaKkTHA PI3HMIS TOTEHIiaNIB.

55.TepmoenexTponna emicia. I'ycTura TepMoemiciitHoro crpymy. ABToeNeKTpoHHA
emicis. Bropunua enexTporHa emicis. @oToeneKTpoHHA emicis.

56.Maruithi ninsu. Tumu ez, MexanisM (QOKyCyBaHHS B 4OBriff Ta KOPOTKIi
MarHiTHUX JIH3aX.

S7.Enexrpoctatuyni Ninsu. Tuny mins. Mexanism GpoKycyBaHHS B eleKTPOCTATHYHIi
TiH31.

58.Kuictpon. I'pynyBans enexTponis. THIHM KTicTPOHIB Ta X XapaKTEPHCTHKA.

59.Jlamma 6Dxy4ol Ta 380poTHOI XBuIi. I'pynyBanns enexrpouis. [Tpuamyny po6oTH
Ta IX XapaKTepHUCTHKH.

60.Maruetpon. [Tpusnumy po6oTu Ta Horo XapaKTepHMCTHKIL

61.I'enepatopu judpaknifiHoro BunpominooBanus. IIpHHIMIN poboru Ta IX

XapaKTEePUCTHKH.
62.TlonoxenHs, Ha siKuX 6a3yeThCS KBAHTOBA eneKTpoHika. CIIOHTAHHE Ta BUMYILIEHE
BunmpomiHioBanHs.  Koedimienrn — Efuwrrelina.  IuBepciline  3aceneHHs

CHEPreTHYHHMX pIBHIB HEBHUPO/UKGHHX Ta BHPOMKCHHMX cucTeM. Koediuient
mifCHNeHHs, 3akoH byrepa-Jlambepra- Beppa.

63.1lpusuunu  pobOTH ONTHYHAX KBAHTOBHX TIeHeparopis. ITpmmummm pobotu
py6iHOBOTO, HEOJMMOBOTO Ta I'elliii~HEOHOBOTO J1a3epiB.

64.JIasepu Ba BUIbHEX enexTpoHax. Ilpuaumnu pobotu. Tumu nasepis Ha BiTBHWX
eJIEKTPOHaX Ta X XapaKTePHUCTHKH.

4 HAHOMATEPIAJIM I HAHOTEXHOJIOI'II

4.1 Memoou ompumanns i 00CRiONCEHHA HAHOPOIMIPHUX CIIPYKIYD

65.Ilopomkosa MeTanyprist OTPUMAHHS HAHOMATEPIAiB.

66. TOHKOIUIBKOBI TeXHONOril: MeTOMH (I3MYHOrO Ta XiMIYHOrO OCaIPKEHHS 3
11apoBoi ¢azu.

67.11y4Ku 3apsKEHUX YaCTHHOK HU3BKUX | CepeHiX eHepriil B HAHOTEXHOIOTINX.

68.MeToJ ckaHyIOUO! eNeKTPOHHOI MiKPOCKOTI].

69.Meton npocBidyBanbHOI eNEeKTPOHHOT MiIKPOCKOTIT.

70.MeTonu cTpYKTYPHOTO i XIMIYHOro aHani3y HaHOO6 €XTIB,

4.2 Qynepenu, Hanompybxu i HaHoOpomu

71.®ysnepeny 1 MaTepiany Ha IX OCHOBI, METOY iX OTPUMAHHA.
72.Kpucraniuna crpyktypa Ta BiactusocTi Gyieputy Ceo.

73.3arankHa xapakTepHCTHUKa BYTIIEeBHX HAHOTPYBOK Ta MeTOIH iX CUHTE3Y.
74.Y aBjleHHS NP0 GOTOHHI KPHCTAIIH, HAHOMEMOPAHH 1 HAHO/POTH.

4.3 AnmazonoQioni ma cnopioneni in Hanomamepianu

75.AnmMasononiOni MaTepiany Ha OCHOBI Kap6oHYy.
76.MeTomu OTpHMAHHS AIMAa30NOAIOHUX TITIBOK.
77.XiMiTHEH cknam i KpucTamivHa CIPYKTypa Matepianis, CIOpiAHEHHX
alIMa3onoiOHUM.
6



4.4 3acmocysanna HaHomMamepiwiie

78.3acToCyBaHHs HaHOMAaTeplaliB B €XeKTPOHILI Ta npuiagoby 1yBaHHi.
79.BuxopucTanHs HaHoMaTepiaaiB B iHGOPMATHIIL.

80.Hanomartepianu B MalmMHOOYAyBaHH] Ta aBTOMOOLIBHIN IPOMHCIOBOCTI.
81.3acTocyBaHHS HAHOMATEPIATIB Y MeXMIIUHI.

82.HaHomiBKY | IBOBHUMIPHI HAHOKPUCTAIIH.

5 IOHHO-IIPOMEHEBI METOAW JOCIIKEHHS TA
OBPOBJIEHHS MATEPIAJIIB

5.1 CnexmpomempuuHi 6 UMIpIOGAHH S

83.CriexTpoMeTpis 3apAIKEeHIX YaCTHHOK. IMartiTHi CIIEKTPOMETPH.

84.QizuyHl ocHOBM rama-crnexrtpoMetpil (edexr Meccbayepa). [purnmn pobotu
raMa-CreKTpoMeTpa.

85.@izuuni OCHOBM Mac-clieKTpoMeTpil. Mac-crexTpoMeTpH, po3iiNbHa 3MATHICTS,
Mac-CIIEKTPH, Mac-aHaJi3aTOPH.

86.CraTuunl Ta AMHAMIYHI Mac-criekrpoMeTpH. Yac-nepeniThuii Ta pagiouyacToTHHI
Mac-CIIeKTPOMETPH.

8/.BuUKxopuCTaHHS Mac-CIICKTPOMETpIil 1T aHANI3Y ra3is.

5.2 Ocnosu akicrno20 i KINbKICHO20 MIKDOAHAL3Y

88.Mi3uYHI OCHOBM Mac-CIIEKTPOMETpil BTOPHHHHX IOHIB. 3aCTOCYBaHHS MeTOZy
BTOPHHHO-10HHOT Mac-CIEKTPOMETpil Jisl aHaJII3y eEeMEHTHOIO CKIIa Ly MTiBOK Ta
TIOKPHTTIB.

89.0OCHOBM sKICHOTO Ta KiJIBKICHOTO PEHTIeHIBCBKOro Mikpoasamisy. OcobnuBocTi
MIKpOaHajli3y BUTBHUX MTiBOK ((oJIbr) Ta MiriBoK (IIOKPHUTTIB) Ha MiAKIAII.

90. @izryAl OCHOBU OXKE-EIEKTPOHHOI CIIEKTPOCKOIII.

5.3 EnexmponHo-npomenesi i Ougbpaxuliini memoou

91.@opmyBanHsS 300pakeHHs] B NPOCBIUYIOUOMY ENIEKTPOHHOMY MiKpockomi. Twmm
MIKPOCKOTIIYHKX KOHTPACTiB (TiHBOBHH, HIH(PpakiifHu, aMIUTiTY [HO-(a3oBuMil).

92.IlpuHip Ta PEXHMH pPOGOTH pacTPOBOLO ENEKTPOHHOTO MiKpockoma. Twuim
MIKPOCKOIII YHHX KOHTPACTIB.

93.HansrucoOKOBONBTHUH IPOCBIUYIOUHI eIIeKTPOHHUN MIKpOCKOIL,

94. TyHenbHUH eNeKTPOHHHMA MIKPOCKOIL.

95.IlpuHuun poboTH enekTpoHorpada. YsBieHHs Opo ARQPaKi(ilo UIBHAKAX Ta
IIOBUIBHUX EIEKTPOHIB.

96.0OcHOBU peHTreHOTpadiuHOro aHamay.



3. CTPYKTYPA EK3AMEHAIIIHHUX BLJIETIB

ExzaMeHalifHl 3aBAaHHA BCTYITHOTO ICIIHTY BCTYITHOTO ICIIUTY NpH Ipuiiomi
Ha HaBYyaHHA i1 3000YTTS CTYHEHs «HoKTopa ¢inocodiin 3i cmeriansHocti 104
«®Pi3uKa Ta acCTPOHOMIiS» KOMIIOHYIOTBCS 3 IT'STH OJIOKIB TECTOBUX IIHTAHE:
€IEMEHTH TEOPETUYHOI (I3HKH, (i3iKa KOHJEHCOBAHOIO CTaHY, OCHOBU (i3uuHOL
CIEKTPOHIKH, HaHOMATepland 1 HAHOTEXHOJOrll, iOHHO-IIPOMEHEBI METOIH
TOCIIIKEHHS Ta 00podIIeHHs MaTepialliB.

Exzamenaniiine 3apgaHHsa MICTUTH S0 TectoBux nuTanb. KoxHe i3 TECTOBHX
NKMTaHe Ma€ YOTHPH BapiaHTa BIJIIOBiJeH, cepesl sIKMX JHIe OOUH BipHUiL. Bapiantu
BIZITIOBiJIeH BU3HA4YAIOTLCS IaTHHCEKAMHE JiTepamu A, B, C ta D.

3pa3oK YacTHUHY eK3aMEeHALIMHOTO 3aBAaHHS BCTYHHOTO ICIHTY BCTYNHOTO
icmuTy mpd mpuiomi na HaBYaHHA IUIA 3000YTTS CTYHIEHA «XOKTOpa (inocodii» 3i
cremianerocTl 104 «Pisuka Ta acTpoHOMis» HasepeHo y omatky A, apkyiu
BinmoBiael HaBeaeHo v Homarky bB.

4. KPUTEPIH OIIHIOBAHHS BIIIIOBIII

ITimcyMKoBa wikana OLIHKOBAHHS BIANOBINEH Ha TECTOBI MHTAHHS BCTYIIHOTO
icmuTy mpH MpuioMi HA HARYAHHS AU 3000YTTS CTYTEHS «aokropa ¢inocodii» 3i
crretianeHocTl 104 «Pizuka Ta actporoMiay ckaanae [R] = 100 6ais.

[TpapuapHl BIAOOBIAI Ha TECTOBI IIWTAHHA eK3aMEHAIIMHMX 3aBHaHb
OLIHIOIOTHECS B 2 (mBa) Gany.

KinpkicTh BHIIpaBiCHb BIUIMBAE Ha 3aranbHy OLIHKY PoOOTH —~ 3a KOXHI
5 BUNpaBlieHb 3HIMaeThest 1 (omun) Gar.

AbiTypienTs, mo HabGpamu wMemmme 30 6amiB 40 MORANBIOl ydacTi y
KOHKYPCHOMY BiaOopi He HOMyCKarOThCs.
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. . Honarok A
CYMCBKHMH AEPXABHWU YVHIBEPCUTET

3ATBEP/DKVIO
I'ojniosa npuiiMansHOT KoMicii

2018 p.

EK3AMEHAIIIMHE 3ABIAHHS

BCTYHHOTO ICIIUTY NPH NPHHOMI HA HABYAHHHA
AJ1st 3700y TTS cTYneHs «1oKTopa dinocodii» 3i eceniannHoeTi
104 ®diznka Ta acTpoHOMIsN
Oc¢BITHBO-HAYKORBI IpOrpamMu:

104.1 @izuuna eqexTponika Ta ioHHO-NPOMeHeBi MeTOAK 06pO6GKH MaTepiais
104.2 ®izuKka KOHXEHCOBAHOIQO CTAHY

BapianT Ne

(3aBraHHs MalOTDH nuIne | PAaBUIBHY BiINIOBIAL)
1 |Omeparopuy 4 Ta B  HasuBawTBA) AB-BA=1:

KOMYTaTHBHHMH,  KONH  BHKOHYETBCA|B) A4~ BB =1;
CITIBRLITHOIHEHHS: C) AB-BA=0:
D) 44-BB=0.
10 |®yHxiiero po3noniny Makcgena €: m 2 .
) Pl - |5
2nkT 2kT )

m Y'? mu?
B) ( exp| ~ -dmo?;
2nkT 2kT

2
mu
C) exv(~ ,)kT];

D) BipHa BiIOBIIb BimCyTHA.

.................

30 |

3aBifyBad Kadeaporo

HAHOENEKTPOHIKH O.[l. Tlorpebusak
{niiznnc)

3aBiyBad Kadeporo NpUKIagHO] MaTeMaTHKH

Ta MOJEIIIOBAHHS CKIIaOHHX CHCTEM O.B. JIucenxo
(niamuc)

I'onosa

OpeIMeTHOI KoMmicii 0.B. Xomenko
{niamic)
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CYMCBKUY NEPXABHUM YHIBEPCUTET

I PP

APKYII BIZITOBIIX

BCTYNHOIO iCNHTY NPH NpHiioMi HA HABYAHHSA

HNomarox b

AJs1 3006y TTs1 cTyneHst «A0KTOpa (pijsocodids 3i eneniansuocti
104 dizuxa Ta acTpoHOMIn
OcBiTHBO-HayKOBI porpamu:
104.1 ®isnyna enexTponika Ta ioHHO-NPpOMeHeBi MeTonM 06pO6KH MaTepiajiB
104.2 Misuka KOHAEHCOBAHOIO CTAHY

Bapiaut Ne
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YBATANL 3usaamin Maorh Rinbka Bapiantis nianosiieii. cepet skHx anue 01 Al B 5
fpamLibHui. BuBepite mpamuibbnii, va Bawy ayMey, sapiain 1 nossante foro, sk
OORUIAHO KL 3paKy. KinbricTh BUTPABICHL BILTHBAC 13 3arLLny ouingy poboTs! ? = O §

KinpxicTh npaBuiIbHUX BiAmOBijei

KinpkicTs 0asiB 3a HAX

KinpKicTe BUIIpaBIEeHE

3usTO OaniB 3a BUNpaBAEHHS

Beworo 6aais

3 BPaXyBaHHIM 3HATHX

I'osoBa xomicil

Ynenn xoMicii

(uncno npomucom)

(mipnuc)

(nianne)

{nizmuc)

(npizsuwe, iniuianm)

(npizeuue, iniujann)

(npizBuue, iHimianu)
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