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1. IOACHIOBAJIBHA 3AIINCKA

3arajbHi BitoMocTi.

[Iporpama ckmameHa BiANMOBIAHO 10 oOcBiTHRO-Tpodeciiinoi mporpamu (OIII) «Enextponsi
cucteMu» Tepioro (6akamaBpChbKOro) piBHA BHINOi OCBITH 3a croemianbHicTIo G5 «Enextponika,
€JICKTPOHHI KOMYHIKaIlii, MpuiIago0y/1yBaHHs Ta pOOOTOTEXHIKa).

[Ipuiiom aliTypieHTIB, siki 3100ynu ocBiTHIK crymiab (OC) «bakamaBpy», mist 3100yttt OC
«Marictp» 3a cnemianpHicTI0O G5 «EnekTpoHika, eJIeKTpOHHI KOMYHIKalii, MpuiagoOyayBaHHS Ta
pOOOTOTEXHIKa» TPOBOIAUTHCSA 3a Pe3yJIbTaTaMH (PaxoBOTO iICHUTY, sIKE BiOYyBalOThHCS Y (HOpMI YCHOTO
icnuTy.

Mera BeTynHOro BHNPOOYBAHHSl TIONSTae y 3'ACyBaHHI pIBHA TEOPETHUYHUX 3HAHb 1
NPAaKTUYHUX YMiHb 1 HaBHYOK, HEOOXIIHUX IJIsi ONAHyBaHHS HOPMAaTHUBHHX 1 BapiaTUBHHUX AUCIUILIIH
3a mporpamoro miarotoBku (axisisg OC «wmarictp 3 eneKTpoHiku» 3a crenianpHicTio G5 «EnexkTponika,
eJIEKTPOHHI KOMYHIKaIlii, Ipui1ago0yayBaHHS Ta pOOOTOTEXHIKa.

Bumoru a0 3ai0Hocteii i minroromsieHocti abitypieHTtiB. s yCcHiIHOTO 3aCBOEHHS
JTUCIUTUIIH, Tepea0aueHnX HaBYAIBHUM IIaHOM Ui MiArotoBku 3a OC «MaricTp 3 €NeKTPOHIKH
al0iTypieHTH TOBHMHHI MaTuh 0a30BY BHILY OCBITY 3a cnemiainbHicTIo G5 «EnekTtpoHika, eIeKTpOHHI
KOMYHIKaIlii, mpriaio0y1yBaHHS Ta paJioTexXHiKay a0o 1HIIOH crenianbHICTI0. O00B'I3KOBOKD YMOBOIO
TAKOK € BilIbHE BOJIOAIHHSA eP’KAaBHOI0 MOBOIO.

XapakTepucTHKA 3MICTY POrpaMu.

[Tporpama BCTymHHMX BUIIPOOYBaHb OXOIUIIOE KOJIO MUTaHb, SIKI B CYKYNHOCTI XapakTepU3yIOTh
BUMOTH JIO 3HaHb 1 BMiHb 0coOM, 0 Oakae HaBuatucs B YxHY 3 Meroio omepkaHHS OCBITHBOTO
CTYNEHSI «MaricTp 3 eNeKTpOHIKu»» 3a creuianbHicTio G5 «EnekTpoHika, eneKTpoHHI KOMYyHiKarlii,
npuiaao0ynyBaHHS Ta palioTEXHIKa.

2. TMEPEJIK ®AXOBUX HABYAJIBHUX JUCIUILIIH, 3 SAKHUX
MPOBOJAUTHCS BCTYIIHE BUITPOBYBAHHSA

Berynne BumpoOyBanHS oxormmoe 14 ¢axoBux JUCHMIUTIH: (i3WYHI OCHOBHU EJIEKTPOHIKH,

€JICKTPOMArHiTHa  TEXHIKa, TBEPIOTIIbHA CJIIEKTPOHIKA, BaKyyMHa 1 IUla3MOBa  €JICKTPOHIKA,

TEOpiss  CNeKTPOHHMX Ta  EJIeKTPUYHHUX  KUI,  OCHOBH pAIIOTEXHIKM, IEPBHHHI JaTYUKU B

€JICKTPOHIIl, BUMIPIOBAIBHI TPUJIaJAM Ta TEPETBOPIOBAYi, MPUCTPOI TEPETBOPIOBAIHHOI TEXHIKH,

HAHOTEXHOJIOTI1 Y EJIEKTPOHIIl, KBAaHTOBAa ENEKTPOHIKa,(DyHKI[IOHAIbHA E€JIEKTPOHIKA, CXEMOTEXHiKa
aQHAJIOTOBUX MPUCTPOIB, MUPPOBA CXEMOTEXHIKA.

3. TEMH HABYAJIBHOI'O MATEPIAJIY TA OPIEHTOBHUM
MEPEJIIK IIUTAHb

Jducnumnitina «@i3u4Hi 0CHOBH €JIEKTPOHIKN.

1.Ilpuniunu kBaHTOBOi Teopii OaraThOX YacTHHOK Yy (i3umi TBepaoro Tina.Aniabatudne
HabmwkeHHs. OgHoenekTpoHHe HabmkeHHs. KBasiimmyibc.[30eHepreTnyuHi moBepxHi.

2.Enextpon y mepioguuHomy mnoreHmianmi. PiBusuas Illpeaunrepa ans  enekTpoHa y
nepioguuyHOMy ToTeHIian. Enextpon y mom moteHmiany tumy rpedinns Jipaka. Habmmwkenns maiixke
BIJILHOTO €JIEKTPOHA. YTBOPEHHS eHepreTMyHux 30H. Enexktpon y mom morenmiany Kponira—IlenHi.
YTBOpeHHSI €HEPreTUYHHX 30H y Teopii KBa3i3B's3aHOrO ejeKTpoHa. Tumm MIKATOMHUX 3B'SI3KIB Y
Kpuctaiax. MeTanu, JieleKTpUKH, HaMiBIPOBiIHUKU. EnemMenTapHa kinacudikartis.

3.Meroau OOYUCIEHHS 30HHOI CTPYKTYPH KPHUCTAIIYHUX TBEPAUX Tid. METON IUIOCKUX XBHIIb.
Metox  OpTOrOHANI30BaHMX  IUIOCKMX  XBWJIb. MeTOJ TNpHEIHAHUX IUIOCKUX  XBUJIb.MeTon
nceBnonoTeHIiany. k-p-meron. Meron edextuBHOi Macu. Po3kiamanHs eHeprii enekTpoHa MoOIu3y
eKCTpeMalbHUX TOYOK. /IMHaMiyHMIA acnekT mpobieMu egekTuBHOI MacH. CriH-OpOiTalbHA B3a€MOZIIS.
Jlesiki mpuKIaan po3paxyHKiB 30HHOT CTPYKTYPH HaIiBIIPOBITHUKIB.

4. EnextpoH y marxiTHoMy noui. KonuBaHHS aTOMIB KpUCTaliyHOT IpaTku. JloMilku Ta nedexTu
B HamiBNPOBITHWKaX.MarHiTHU MOMEHT 1 CHiH eJleKTpoHa. EJEeKTpOoHHI cTaTHUCTHYHI cUcTeMHu. PiBHI



Jlannay.OmHOBUMIpHHI JTIHIWHUN JIAHIIOKOK aToMiB. JIOBrofitoul CHJIM Ta METOJl OOCPHEHOI IPaTKH.
KonuBanus aBoaToMHOro JiHiiiHOrO naniioxka. KonuBanus aromiB kpuctana. @ononu. Cratuctuka
¢dononiB.Enextpon-pononna B3zaemomis. Tunu nedektiB y HamiBrnpoBigHuKax. EHepretwdni craHu
JOMIIIKOBHX HaIiBOpOBiAHUKIB. EnemMeHTapHa Teopist 1eeKTiB.

5.CtaTtucTtka €NEKTPOHIB Yy HAaIBOPOBIIHMKAX B YMOBaX TEPMOJIWHAMIYHOI pPIBHOBAry.
Cratuctuka enekTpoHiB 1 Jipok. Emexrponu ta mipku. IlimpHicTh craHiB. Cdepuyni i30eHEpreTUYHI
noBepxHi. EmincoimaneHi i30eHerpernuHi nmoepxHi. [I[iapHICTE CTaHIB 711 HEKBaIpPaTHYHOTO 3aKOHY
mucriepcii. ILinpHICTD CTaHIB €JIEKTPOHIB HAMIBIPOBITHMKA B MarHiTHoMmy moii. LinbHICTH cTaHiB
€JICKTPOHIB,IIO JIOKaTi30BaHI Ha atomax jaomimok. KonmeHTpariss HOCIiB 3apsmy. Bupomxkeni Ta
HEBUPOJKCHI HAIMIBIPOBITHUKU. 3aJEKHICTh MONOXKEHHS piBHA Depmi Bij Temmeparypu. PiBHAHHS
eNeKTpoHeuTpanbHOCTI. KOHIeHTpallisl eIEKTPOHIB 1 IIPOK Ha MPOCTHX JAOMIMIKOBUX IIEHTpaX. PIBHSIHHS
eJIEKTPOHEHTPATLHOCTI JUIsl BJIACHOTO HAMiBIpPOBiAHMKA. HamiBNpOBITHHK, IO Ma€ JOMIIIKY OJHOTO
Ttury. HamiBnpoBiTHUK, 110 MICTUTh aKIIENTOPHY Ta JTJOHOPHY JOMIIIKH. BupomkeHnii HamiBIpOBIIHUK.

6. SBuma nepenecenHs B HamiBnpoBinHukax.Kinetnune piBHsAHHS bonbpimana. Yac penaxcarii.
EnexTponpoBiiHICTh HAIMIBIPOBIAHUKIB. 3aJEKHICTh PYXJIMBOCTI HAIMIBIPOBIAHUKA BiJ TEMIIEpATypH.
Po3citoBaHHS Ha KOJMBAaHHAX TIpaTKU. Po3ciroBaHHS Ha 10HI30BaHUX JOMIIIKax. Po3citoBaHHS Ha
HEUTpaIbHUX aToMax JoMmimok. Po3citoBaHHS Ha JuCHOKarisfx. 3aJIeKHICTh PYXJIUBOCTI Ta
eJIEKTPOIPOBIAHOCTI HOCIIB 3apsay B pealbHUX HAIlIBIIPOBITHUKAX BijJ TeMIepaTypH. [ aipBaHOMAarHiTHi
sBuUIIa B HamiBnpoBigHukax. E¢ext Xomna. Edext Xomra B HamiBIpoBiAHMKAX 13 TBOMA THIAMHU HOCIIB.
MarnitopesuctuBauii  edpext. Edextun Errtinrcrayzena Ta EpnHcra. TepmomarhitHi — eekTu.
TepmoenexkTpuyHi SBUIIA.

7.'enepantiss Ta pekoMOiHalisg HOCIIB 3apsiy y HamiBOPOBIAHMKAX.Po3monin HepiBHOBaXHUX
HOCIiB 3apsiy 3a eHeprisiMu. MexaHizmMu pekoMOiHaIii HociiB 3apsay.KineTuka renepartii i pexkomOiHarii
HOCIiB 3apsily y HamiBIpoBigHUKaX. M)K30HHA BUITPOMiIHIOMiHIOBaJIbHA pekoMOiHalisi. MX30HHA yaapHa
pexkoMOiHairis. PekoMOiHalisi yepe3 oaHo3apsaHi jJokanbHi 1eHTpu (3a Llloxmi—Pigom). Cmin-3anexna
peKoMOiHaIlis B HAMIBIPOBITHUKAX.

8./ludysis ta nperid HOCIiB 3apsmy. Hecrilikocti y HamiBnpoBinHukax. Judysiiiai ta aperidosi
ctpymu. HepiBHoBakHi HamiBnpoBinHuku. KsazipiBai ®epwmi. CniB-BinHomenHs Eifnmreiina.
ExcnepumentanbHe Bu3zHaueHHs koedimienta audysii 3a XancoMm—Ilokmi. Hudysis ta npeid
HEpIBHOBO)XHUX  HOCIiB  3apsay B  MOHONOJSAPHOMY  HamiBOpoBiAHMKY. Yac  pemakcarii
Makcsema. [ludy3iss Tta napeiid HEOCHOBHHMX HAJIMIIKOBHX HOCIIB 3apsiay B JIOMIIIKOBOMY
HamiBOpPOBiAHUKY. [Iudy3isi HEOCHOBHMX HOCIIB 3apsay B eneKTpuuHoMy moii. [Ipeiid HeocHOBHHX
HaJUTUIIKOBUX HOCIIB 3apsaay. Hudysis ta apeiid HOCIIB 3apsay B HAMIBIPOBIIHUKAX 13 MPOBITHICTIO,
ONMU3BKOI0 710 BIAcHOi. ENEKTpONpOBiAHICTH HAMIBIPOBIIHUKIB Yy CHJIBHUX EJICKTPUYHUX TIOJISIX.
Enextponna temmepatypa. JludepenmianbHa mpoBigHicTE. N- Ta  S-momiOHI  BOJBT-aMIIEpHI
xapakTepucTuku.Kputepii BUHUKHEHHA HecTiikocTi. VYnapHa ionizauis. Edexkr I'anna. YmoBu
BUHHUKHEHHS BiJ'€MHOI MU (epeHITiaIbHOT TPOBITHOCTI.

Jducnumiaina «EnekTpoMarditHa TexHika.

1.0cHoBH MarHetusMy. [HAYKIisl Ta HANpYXeHICTh MAarHITHOTO Mojisi. MarHiTHa B3aeMOJis
CcTpyMiB. MarHiTHe noJjie HautpocTimux cucteM. CONCHOINaIbHICTh 1 BUXPOBUM XapaKTep MarHiTHOTO
nonsi. Di3uuHI OCHOBU pOOOTH ENEeKTPOMArHiTHUX MPHCTPOiB. EnekTpoMarHiTHa 1HIYKIA,
CaMOIHAYKITISA, B3aEMOIHAYKIIisI. MexaHiyHa poOdoTa y MarHiTHOMY TOJII.

2. MarniTHi MaTtepianyu. MarHiTHa IpOHUKHICTh Ta MarHiTHA CIPUHHATIMBICTD. J{iaMarHeTHKH,
nmapamMarHeTuku, ¢epoMarHeTuku. JloMeHHa CTpykTypa (QepomMarHeTukiB. MarHiTom'siki  Ta
MAarHiTOKOPCTKi Marepiaiu. EnekrpoTexHiuHi cTaji, nepmaioi, GepuTH.

3.CratuuHi Ta IMHAMIYHI XapaKTepUCTUKH MarHiTHuUX MarepianiB. Touka Kropi, ricTtepesuc.
3akoH 30epekeHHS €Heprii B eJeKTPOMArHiTHOMY IIOJi, BTpaTH €HEprii Nmpu mnepeMarHidyBaHHI
MarHiTHUX MaTepiaiiB.

4.Kputepii BuOOpy MarHiTHHUX MarepiajiB MPH PO3PaXyHKY €JEKTPOMarHiTHHX
JIAHITIOTIB Ta €JIEKTPOMArHiTHUX MPUCTPOIB.



5.Po3paxyHOK MarHiTHUX Kijl. MeTou, OCHOBHI 3aKOHH, 110 3aCTOCOBYIOTHCS JIJIST PO3PAXyHKIB
MarHiTHUX Ku1. MarsitopymriiiHa cuia, iHAyKTUBHICTh OTOKO3YETNICHHs.. MarHiTHUN aHAJIOT 3aKOHY
Oma. MaruiTHu# omip. MarHiTOpe3ucTopH.

6.OepomarnitHi mpuctpoi. Tpanchopmaropu, npocemni, (epope3oHaHCHI cTalinizaropu,
MarHiTHI miJicuitoBadi. MarHiTHi Ta ¢epope3oHaHCHI reHepaTopH, hopMyBadi iMITYJIbCIB.

7.Enextpomexaniuni npuctpoi. EnexTpomarHiTHi pene, TepKOHM, (EpUTH, KOHTAKTOPH,
MarHiTHI ITycKaui.

8.Metoau marniTHOTO 3anucy iH(opmarlii Ta ii BITTBOPEHHS.

9.IIpucTpoi MarHiTHOro Ta MarHiTOONITHYHOTO 3aMuCy iH(opMmarrii.

10.MarHiTHO-/10/1HI €JIEMEHTH Ta MPHUCTPOi, IPUHIIUIIN TOOYIOBH Ta PO3PAXYHKY.

Jucnumiina «TBepaoTiiIbHA eJIEKTPOHIKaY.

1.KiHeTn4H1 XapaKTEpPUCTHKU EJIEKTPONMPOBIAHOCTI 3a paxyHOK HE3B'SI3aHUX EJEKTPOHIB Y
HaIBIPOBITHUKAX.

2.Po3MipHI e1eKTpodi3MIHUX BIACTUBOCTI TOHKUX TUTIBOK.

3.KBaHTOBI po3MipHi €PeKTH Y TOHKUX IUTIBKaX.

4.Da30Bi po3MipHi €heKTH Y TOHKUX TUTIBKAX 1 YACTHHKAX MAJIMX PO3MIPIB.

S.Ionspu3aniiini epexTH B KpUCTaNax JAieleKTpHuKiB. [1onsapHi 1 HenosApHi A1eIEKTPUKH.

6.CerneroenekTpuuHui €(heKT y TBEpIUX TiJIax.

7. I1*e30enexkTpuyHmi e(eKT y TBEpAHX TijaxX.

8.IlipoenexkTpuunuii eeKT y TBEpAUX TiJaxX.

9.HaitnommpeHimni npuiaan TBEpIOTIIBLHOI €NEKTPOHIKM Ha CETHETOCIEKTPHUYHOMY €(DeKTi.

10.HajinommpeHimnii Mpuiiaau TBEpAOTUIBHOI €JIEKTPOHIKM HA I1°€30€CKTPUIHOMY €(hEeKTi.

11.Haiinommpenini npuiaan TBEpAOTIIBHOI €NEKTPOHIKH Ha MIPOENEKTPUIHOMY e(EKTi.

12.®yHKI1I0HATBHA TBEPAOTIIFHA Ta MIKPOESJIEKTPOHIKA.

13.0nTOCNEeKTPOHIKA 1 ONTHYHA ENIEKTPOHIKA.

14.0cHOBHI BUJIU OIITPOHIB.

15.I1epeBaru mpumaiB ONTOEICKTPOHIKH.

Jucnumiina «BakyyMHa i Iiia3moBa eJIeKTPOHIKa».

1.ITonsTTss Bakyymy.llogaTok HayKOBOTO eTamy pPO3BUTKY BaKyyMHOI TEeXHIKH. BumiproBaHHS
tucky E. Toppiuemni. Binkpurrsa, TepMoeneKTpoHHOI emicii; (OTOoeneKTpUuyHOro e(pekTy; Mepioro
3akoHy (QoroedexTy.Buroronenns mnepmux BakyymMHUX gioniB J[.A. dneminrom, ta TpioxmiB JIi ne
®opecrom.

2.3aranpHa (izuuHa MOAENTb TPWIAAY BaKyyMHOI €IIEKTpOHIKH. EMITTep eleKTpOHiB.
KontunyansHe cepenosuie (Bakyym). [Ipuctpoi kepyBaHHS €IEKTPOHHHUMH IOTOKAaMH, SIKi (OPMYIOTh
iHdopmariiamii curnai. Jlerekropu iHGopmaIiiHUX CUTHAITIB.

3.0i3uka 1 TexHika BakyyMmy. BmactuBocti Bakyymy. @DyHKUis posmonainy MakcBena aToMiB
(MoJekys) 3a IMBUAKOCTSAMHU, eHeprisiMu. JloBkwHaA BiMbHOTO mpoOiry. OAuHUIN BUMIPY THCKY Ta
crmiBBiiHOIIEHHST MK HuMHU. CepenHboapudMeTHuHa, CepelHBOKBAJpaTHUYHA Ta HAWOLIbII iMOBipHA
MBUIKICTE. Tunm Bakyymy (HU3BKHIM, CepeHIN Ta BUCOKUI BakyyM). Kputepiit Knycena.

4.Metonu cTBOpeHHA BakyyMmy. @Di3uka 1 TexHika BakyyMmy. BmactuBocti Bakyymy.Meronu
BUMIPIOBaHHs BakyyMy. BunmaneHHs rasy i3 BiAIIOMIIOBYBaHOTO 00’eMy. 3B’s3yBaHHS rasiB 3a paxyHOK
KOHJICHCAIlli MpU HU3BKUX TeMIlepaTypax, ado 3a paXxyHOK 3B’sI3yBaHHS MOJIEKYJ] Ha CTiHKax 00’eMmy
crieliaTbHUMH MaTepiajgamMu. Pi3HI TUIIU TTOMII 1 BEJIMUMHA BaKyyMY, SIKa TOCATAETHCS 3 iX JOMOMOTOIO.

5.Meroau BuMiptoBaHHA BakyyMmy. ligpocrarmuni U-moaiOHI BakyyMMeTpH Ta NPUHIMI iX
pobotu. TemmoBi meperBoproBadi (TEPMOIIApHi, MEPETBOPIOBAYl OMOPY),Ta MPHUHIUI iX POOOTH.
I'panyroBaHHs TEIUIOBUX MepeTBopioBauiB. Pi3HI TWOM momMn (HAcociB) 1 BeNWYMHA BaKyyMmy, sKa
JOCSITAEThCS 3a 1X JOMOMOTOr0. EJeKTpoHHI 10HI3amiiiHI BakyyMMeTpu. [ 'paayroBaHHs 10HI3aIlIHHOTO
MaHOMETpa.

6.Metoau TMOIIYyKy BUTOKIB. MaHOMETpHYHHMI MeToa. MaHOMeTpuyH1 MepTBoproBadi. Mac-
CHEKTPOMETPUYHHUNA METOL.



7.BakyymHa enekTpoHika. EnektponHa emicig. TepmoenektponHa emicig. PiBusaHs Piuapacona-
Hemmena. ®otoenektpoHHa emicis. PiBHsHHS —¢doToedexTy. BTopuHHa eneKTpoHHa eMicis.
Eneprernunuii CrieKTp BTOPMHHUX €IEKTPOHIB. KiHeTHUHA 10HHO-EJIEKTpOHHA eMicis. Emicis rapsamx
enekTpoHiB. Ek3oenekTponHa eMicis. ABToesneKTpoHHa eMicisi. [loTeHianbHa i0HHO-eIeKTPOHHA EMICis.

8.Emitepu BUIbHEX enekTpoHiB.EnexTponHna rapmara. Ilepseanc. ['apmara Ilipca. ®opmyBaHHS
aKClaJIbHO-CUMETPUYHOTO €JIEKTPOHHOTO MOTOKY. [HIII eMiTepu BUIBHUX €IEKTPOHIB.

9.KepyBanHs (yrnpaBiliHHS) TTOTOKOM €JIEKTPOHIB MOJsIMUA. PyX eJIeKTpoHa B OJHOPITHUX TOJISX.
Pyx enexkTpoHa B eneKkTpocTaTU4HOMY 1oJi. OJHOpiHE MarHiTHE MOJe 1 pyX eNeKTpoHa B HbOMY. Pyx
€JICKTPOHIB B IEPEXPECHUX CIICKTPHUIHOMY 1 MAarHITHOMY TTOJISIX.

10.ITpucTtpoi ynpaBiiHHS €IEKTPOHHUMH MPOMEHAMH (IydkaMu). EnekrpocTarnyna Biaxuisioua
cucTeMa. YTpaBIiHHSA 3 JOIMOMOTOI0 €eKTPOHHOT ONTUKU. Y TPaBIIIHHA 3/I0IIOMOT0I0 MarHiTHOI ONTHUKH.
BakyymHa enexkTpoHHO-IpoMeHeBa TpyOka bpayna Ta nepenaBaibHa TpyOKa.

11.KepyBaHHs MBUAKICTIO €IEKTPOHIB. Pe30HATOPHI METOM MIBUAKICHOT MOYJIAIIT €IEKTPOHIB.
HepezonaHncH1 npuCcTpoi HIBUAKICHOT MOIYJISLIII.

12.]leTekTyBaHHS 1 MEPETBOPEHHS E€HEPrii eIeKTPOHHOro MoToKy.HaBemaeHHs cTpyMmy Ipu pyci
CIIEKTPOHIB y BakyyMi.BinOip eHeprii Bim emekTpoHHOro mnoToky.lIpomecu B3aeMomii €IeKTpOHIB 3
PEUYOBUHOIO IETEKTOPA.

13.IIpunagm 1 mpucTpoi BakyyMHOI enekTpoHiku. Kiacugikamis mnpHCTpoiB BaKyyMHOT
eNEeKTPOHIKU. ENeKTpoHHI JlaMIu Ta iX TUMH. EnekTpoBakyyMHI MiKpPOJIAMITH.

14.ITpunagu Ta mpuctpoi HBY- enexrponiku.Enexrponni nmammu HBY. Knictponu. Jlammu
O1xyuoi xBwii. Jlamnu ob6epHeHO1 XBUIIl. MarHeTpoHH.

15.EnextponHo-npomenesi npunaau. [lpunaay tumy «curnan — citioy». [Ipunanu tumy «cBiTiIO
— curHam». Ilpunagn 3 HakonumueHHsM 3apsny.llpunagum Oe3 HakonuueHHs 3apsay. llpunanu Tumy
«curHai — curiamy . Ilpunaay Tumy «CBIiTIO — CBITION.

16.®oroenexTponHi npunaau. Bakyymui poroenemenTr. @oTOCIEKTPOHHI TOMHOXKYBAUI.

17.I1na3moBa enekTpoHika.OCHOBHI MOHATTA IJIa3MOBOI €JIEKTPOHIKH. EJekTpuuHuil pospsa B
razax. Tumu pospsmais. [Iporecu B mazmi. BunpominroBanHs miia3mu.JliarHoCTHKA TIa3MH.

18.ITpunanu 1 mpuctpoi 1ia3mMoBoi enekTpoHiku.loHHi mpunanu. lonHi npunaau oO6poOku i
BimoOpakeHHs 1HopMmarlii. XOoJOAHOKPHUCTAIBbHI MpUCTPOoi BimoOpaxkeHHs iH(opmarii. TengeHIi
PO3BHUTKY BaKyyMHOI Ta IJIa3MOBOI €JIEKTPOHIKH.

Jucnuniina «Teopisi eJIEKTPOHHUX Ta eJIEKTPHYHHUX KiT».

1.0OCHOBHI TOHATTS Ta 3arajibHi MOJO0XKEHHS 1 3aKOHH TeOPii eNeKTpUuIHUX Kij. OCHOBHI MOHATTS
eJIEKTPOMArHiTHOTrO moJisi. EnexTpuyHuii cTpym, Harpyra, eJIeKTpUYHa €HEpris, eNeKTpopylliiiHa cuia,
HOTYXHICTb. Jlkepena enekTpuuHoi eHeprii. EnexkTpuuHe Kono HOro eineMeHTH Ta 3acTyllHa CXeMa.
[TacuBHi Ta akTHBHI. OCHOBHI 3aKOHM Teopii kis. Kitacudikaris ki i pexxumiB poOOTH. €JIeMEHTH
ENEKTPUYHHUX KUT Ta iX pIBHSIHHS

2.JliHii{HI eNeKTPUYHI KoJia TMOCTIMHOTO CTpyMy Ta MeToau iXx aHamizy. IloctaHoBka 3amaui Ta
OTJISI7T OCHOBHUX METOJIIB aHaji3y Kul. MeTo ekBiBaJeHTHUXIEpEeTBOpeHb. Metoy piBHSHB Kipxroda.
Metox KOHTYpHHX CTpyMiB. MeToa By3JOBHX Hampyr. MeToa eKBiBaIEHTHOTO TeHeparopa. Meton
HakyIanaHHs. EKBIBaJeHTHI TMEPETBOPEHHS CXEM eJIEKTPUYHUX Kil. EHepreTwyHi CHiBBIAHOIIEHHS B
Kosnax moctidHoro ctpymy. Ilpunnumn B3aemuocti. Teopema kommencanii. bamanc mortyxHocteil B
EJIEKTPUIHOMY KOJI1 TIOCTIHHOTO CTPyMYy.

3.JIiHiiHI eneKTpU4Hi Koja 0JHO(A3HOr0 CHHYCOiTHOTO CTpyMy. 3arajibHi XapaKTEPUCTHUKHU KiJl
CHHYCOiJHOrO cTpyMy. OCHOBHI NOHSTTSA Ta BU3HaueHHs. [lapameTpu CHHYCOiTHMX CTpPYMIB, Hampyr,
EPC. [iroui Ta cepeHi 3HAa4YeHHA CHHYCOigHOTro cTpyMy, Hampyru, EPC, 300paxeHHs cHHYCOinHOI
BEJIMYMHU HAa KOMIUIEKCHIN IIOmUHI. BeKTopHE 1 KOMIUIEKCHE 300paK€HHsSI CHHYCOITHHX CTPYMIB,
Hanpyr, EPC. KommiekcHuii omip 1 KOMIUIEKCHA MPOBiHICTh. 3akoH OMa B KOMILIEKCHiH (opmi.

4.YcraneHuil pexxuM y KoJiax cuHycoigHoro crpymy. Enementu R, L, C y konax CHHYCOiTHOTO
crpymy. IlocnigoBHe i mapanenbHe 3’eqHaHHS eneMeHTiB R, L, C y pexxumi CHHYCOiIHOTO CTpyMy.
ExBiBaneHnTHa 3aMiHa MOCTIIOBHOTO 3’ €THAHHS €JIEMEHTIB NapajieTbHUM 1 HaBmaku. 3akoHu Kipxroda B
KOMIUIEKCHIH ¢opmi. KomiuiekcHuit MeTo po3paxyHKy KiJl CHHYCOiHOTO CTpyMmy. BekTopHi miarpamu



KT CHHYCOiTHOTO CTpyMy. EHepreTnuHi CiBBIIHOIIEHHS B KOJIaX CUHYCOITHOTO cTpyMy. CHUMBOJIIYHUT
METOJ PO3PAaXyHKY EJIEeKTPUYHUX KT Ta Horo cyTh. IloTykHocTi Ta GanaHC MOTYXKHOCTEH y Kol
CHHYCOIJTHOTO CTPYMY.

5. Pe3oHaHCHI fBMIA B ENEKTPUYHHX KOJIAX CHHYCOIAHOro cTpyMmy. KomriuiekcHi mepenartHi
GbyHKIIT eneKTpuyHUX KuUT. EJeKTpudHi Koja 13 B3a€MOIHIYKTUBHUMH 3B’sI3KaMU. PIBHSHHS I KT 13
B3a€EMHUMH 1HAYKTUBHOCTSIMH B KOMIUICKCHIM (opmi. EKBiBaJeHTHI NEpEeTBOPEHHS NUISHOK Kil i3
B3aEMHUMH 1HAYKTHUBHOCTSIMH. BuOipHI BIAacTHBOCTI e€JEKTpUYHUX Kid. CMyra mOpomycKaHHS.
[TocninoBHMI KOMMBaIBHUN KOHTYp. CxeMa KOHTYpy. PesoHaHcHul pexxuM. PezonancHi kpuBi. Pe3onanc
Harnpyr. Pe3zonanc crpymiB.KommiecHi nmepenatHi (yHKIIT 1 9acTOTHI XapaKTEPUCTUKH IOCIIIOBHOTO
KoHTYpy. [lapanensuuii pesonancuuii KoHTyp. CKiaaH1 mapajienbHi KOHTYpHU. 3B’ s13aH1 KOJUBAJIbHI
KOHTYpH. Pe3oHaHcH y 3B’s13aHUX KOHTYpax 1 CIOCOOU HaJlallITyBaHHS.

6.Tpucdazni enkrpuyni kona. OCHOBHI MOHATTA Ta BU3HadeHHsA. Crocobu 3’eqHaHHA (a3 y
Tpudazaux konax.PospaxyHok TpudazHux kin. 3’emHaHHS «3ipKa—3ipKay.3’€THaHHS «TPUKYTHHK —
TpUKYTHHUK». [loTyXHOCTI y TpudazHux Kojax.BumipioBaHHS MOTYKHOCTI y Tpuda3zHUX Komax. MeTton
CUMETPUYHHUX CKJIaA0BUX.OMOpH eneMeHTiB TpudazHUX Kid IS CTPYMIB PI3HHUX IOCITITOBHOCTEH.
Po3paxyHok Tpuda3zHUX KiJl METOJIOM CUMETPUYHHX CKJIaAOBUX. [I0Ty)HOCTI Tpuda3HUX KiJl, BUpaXKeH1
Yyepe3 CUMETPHUYHI CKIIa/I0BI.

7.EnexkTpuuHi KOJa TEpPIOJUYHOTO HECHHYCOIAHOTO CcTpyMmMy. OCHOBHI TOHATTS  Ta
Bu3HaueHHs. Jlitoue Ta cepeaHe 3HAUEHHS MEPIOAUYHOr0 HeCcuHycoinHoro crpymy. Koedimientu Gopmu
KpuBuX. [lOTY’)XHOCTI B KOJI NEPIOAUYHOTO HECHHYCOIJHOTO CTpyMy AHaNI3 EIeKTPUUYHUX KiJ
HECHUHYCOIIHOT0 CTpyMy. Pe30HaHCHI SBUIIA B €1EKTPUYHUX KOJIaX HECUHYCOITHOTO CTPyMY.

8.Knacuunuii MeTos aHai3y nepexiIHuX MpoIeciB B KOIax 3MIHHOTO cTyMy. OCHOBHI MOHSTTS Ta
O3HA4YCHHS. 3aKOHM KOMyTallli 1 IMOYaTKOBI yMOBH. 3arajbHa XapaKTePHUCTHKAa METOJIB aHaIi3y
nepexiHux mnpoueciB. Bumymennit 1 BitpHMIA peskumu. Ilepexigni mpouecu B komax R, C ta R, L.
Binpauit pexxum y ko R, C. YBIMKHEHHS Kepesna MoCcTiiHOT HanpyTH 10 koja R, C. BinbHH pexxum y
ko R, L. YBiMKHeHHs mKepena nocTiitHoi Hanpyru o kona R, L. Tlepexiani mporeci y kom R, L, C.
Anepioguuanii  pexxuM. KpuTudawuii (TpaHWYHUN anepioAudHuii) pexuM. KoJuBaTbHHIA pPEKHM.
YBIMKHEHHS JKepena mocTiiHoi Hanpyru 10 kona R, L, C. Ilepexinni npouecu y konax R, C; R, L; R, L,
C npu cunycoinHii nii. YBIMKHEHHS Kepena cunycoigHoi aii 1o koma R, C; R, L; R, L, C.

9.YacoBuii MeToJ aHalizy mepexigHuX mporeciB. [lepexigHaxapakTepucTika Koia. IMmynbcHa
XapakTepucThKa koja. Yacosi xapakrepuctuku tTunoBux kin R, L; R, C; R, L, C. Xapakrepuctuku xia R,
L; R, C nepmoi rpynu. Xapakrepuctuku kin R, L; R, C apyroi rpynu. YacoBi XxapakTepUCTUKH TUIIOBUX
kin R, L, C. YacoBi XxapakTepUCTUKH 3B’S3aHUX KOJIMBAJIHLHUX KOHTYpiB. BuU3HaueHHs BIATYKY Koja Ha
CTYHIHYACTY JiI0 32 JOMIOMOTOI0 YaCOBHX XapaKTEPUCTHK BU3HAUYEHHS BIATYKYy KoOJla Ha JOBUIBHY IO 3a
JIOTIOMOTOI0 TIepeXiAHOI XapakTepucTuku. [HTerpanu Jroamens BusHaueHHs BiATYKYy Kojia Ha JOBUIbHY
Ti10 32 JIOTIOMOT'0I0 IMITYJIbCHOT XapaKTEPUCTHKH.

10.0OnepatopHuii METOJ TOCHIDKEHHS KT Y HecTallioHapHOMYy pexkumi. [Ipsime mepeTrBopeHHs
Jlanmaca. Opwurinanu i 300paxeHHs. 3o0paxeHHA Aedkux i CHiBBIAHOIIEHHS MiX 300pa)KEHHSMHU
CTPYMIB 1 Hampyr B elleMeHTax Kona. OnepaTopHa dopma 3akoHy Oma 1 3akoHiB Kipxroda 3a HyI1p0BHX
MOYaTKOBUX. BU3HaueHHs opuriHaiy BiATYKY. YpaxyBaHHS HEHYJIBOBHX MOYaTKOBUX YMOB. OneparopHa
nepeaatHa QyHKIIis Kouia, ii BimactuBocti. Hyi Ta momtocu onepaTopHoi nepenatHoi. OnepaTopHa BXigHa
¢byHKUis Koja, ii BIacTUBOCTI. 3B 30K OMEpaTopHOi mepenaTHoi (yHKII 3 KOMIIJIEKCHOIO IepeaaTHOO
¢dbyHKITIEI0. AMIUTITYTHOKBaJIpaTHYHA XapaKTepUCTHKA Koja, ii BimactuBocTi OmeparopHa mepeaaTHa
(byHKIIisI HECTIOTBOPIOIOYOT0 3B 30K ONEpaTopHOi nepeaaTHoi GyHKIIT 3 YaCOBUMHU XapaKTEPHUCTUKAMHU.

11.baratonontocHUKU.  3arayibHi  3ayBakeHHs. CucCTeMH  pIBHSAHb  (MOJENI)IPOXiTHUX
YOTHUPUIIOIIOCHUKIB. 3’ €HaHHS YOTHPUIIOIIOCHUKIB. XapaKTEPUCTUYHI apaMeTPH YOTUPHUITIOIIOCHUKIB.
Oynkmii kona. KoedimienT mepemaui 3a Hampyroro.KoedimieHT mepemadi 3a ctpymom. BXximawmii Ta
nepeaTHUi omip, BXiJHA Ta NepefaTHa MpoBigHicTh. OOuncieHHs (yHKLIA Koia B 6a3uci KOHTYPHHUX
cTpyMiB. DOyHKIIIT KoJia 1 po3paxyHKH MapaMeTpiB YOTHPUTIOMOCHUKIB. [Ipukinanu oGuucienns QyHKIin
neskux kin. CoemianbHi aBoOpamMHMKHM Ta TpuO pamHuku.OnepauiiiHi migcumoBaui. [iparopwu.
TpubpamHui kKoHBepTOpH Ta KoHBeepu. KpaTHi peakTuBHi1 enemeHTH (Oinucropu). TpaHciMmeaaHCHI Ta
TPAHCKOHIYKTUBHI OTepaIliiiHi micuIoBayi.



12.EnexkTpuuHi Kojia 3 po3nojieHuMu napamerpamu. Jlosri minii.[lepBruHHI mapaMeTpu TOBrUX
niHii. /Iudepenuianbhi (TenerpadHi) piBHIHHS JOBroi JiHii. 3aranbHUN po3B 30K PIBHSAHB AJIs JiHIT 6e3
BTpaT. AHalli3 YCTaJE€HOTO CHHYCOITHOTO peXuMy moBroi miHii. JIiHIT 3 ManuMu BTpatam TpH
cCUHycOimHIi mii. Pexxum ObKyuuux XBuib. Pexum CTIHHUX XBUIb. XONOCTUW XiJ| B 1I€aNbHIN JiHIi.
KopoTtke 3amukanHs B ieanbHii JiHil. X0OJOCTHIA XiJ 1 KOPOTKE 3aMHUKaHHS B peanbHi JiHil. [neanpHa
JiHis, HaBaHTa)KEHA HAa PEAKTUBHUH omip. PexuMm 3MilIaHUX XBWIb NPU aKTUBHOMY HABAHTA)XEHHI B
ieanbHIN JiHIT. PexxuM 3MIMIaHUX XBUJIb MPU KOMIUIEKCHOMY HAaBaHTKCHHI. PeXuUM 3MillIaHUX XBUJIb B
TiHii 3 BTpatamu. MeTou y3roKeHHS TOBIHX JTiHIH.

13.Heminiiini enektpuyHi koyia. OcobmmBoCT Teopii HemiHIHHUX Kt Knacudikaris HemiHIHHIX
€JIEMEHTIB. XapakTepUCTHKH Ta TMapaMeTpu HeNiHIHHUX eneMeHTiB. JludepeHmianpHi piBHAHHS
HeNMHIMHUX KiT. HemiHiitHI Koia TMOCTIHHOTO CTpyMy. AMNPOKCHMAIS XapaKTEPUCTHUK HEJIHIMHUX
eIeMeHTIB. MeToau aHami3y HEeNHIMHUX eJIeKTPUYHUX KUL AHaNI3 HETHIMHUX eJeKTPUYHUX Kil
MOCTIHHOTO CTpyMy rpadiunum MetonoM. IlocmimoBHe, mapaienbHe Ta 3MilllaHe HETIHIMHUX €JIeMEHTIB.
Metox eKkBiBaJeHTHOro TeHepaTopa. MeToa ABOX By3iB. AHalli3 HENiHIMHMX €IeKTPUYHUX KiJ 3a il
CHUHYCOIMHMX JDKEpesl. AHal3 MPOIEeCiB y Ko 3 BeHTHWIeM 3a il cunycoinHoi EPC. EnektpomaraiTHi
IpoIecu B HENMiHINHHIM KoTymi iHAYKTUBHOCTI 3a 1ii cunycoignoi EPC. UucnoBi MeToau po3paxyHKy
HEJHIMHUX ENCKTPUIHHUX KUI ATPOKCHUMAIIiS HEIHIMHUX XapaKTePUCTHK.

14.Metoau aBTOMaTHM30BaHOrO aHamizy Kii. Kimacudikariss MeTonmiB aHamizy €JIeKTPOHHUX KiJ.
MOXMOKM oOuncieHb Ta iX kiacudikamis. YucenbHI METOAW PO3B’S3aHHS JIHIMHUX anredpaiaHux
piBHAHB. OLlIHKA TOYHOCTI pO3B’sI3aHHS CUCTEMH JIHIMHUX anreOpaidHuX. 3yMOBIIEHICTh CUCTEM PiBHSHBb
piBHOBaru kosa./[y0mikarii Ta ekBiBaJeHTHI nepeTBOpeHHs. CUMBOJIbHI Ta CHMBOJILHO-YHMCENIbHI METOIH
aHaJi3y JIHIKHUX eNeKTPOHHUX. bimiHiliHe po3knananHs. ['pad marpumi. TeopeTuKo-MHOKUHHI METOIH.
Meroa B3aeMHUX TTOXITHUX. MeToa Mmoaudikariii.

Jducnumiaina «OcHOBHU pagioTeXHiKN».

1.EnexTpoMarHiTHi KOJMBaHHSA 1 iX BJIACTUBOCTI PO3MOBCIOJUKCHHS, YAaCTOTHHUN Jliama3oH.
Knacudikamis curnanis. [lepioguyani 1 HemepioJu4H1 CUTHAIIH.

2.Cnextpu curHainiB. @yp‘e npencraBieHss. Juckperusanis curnaniB. Teopema KorenpHuKOBA.
Biaryk cucremu Ha mpoxo/pKeHHs curHaiy. [Hterpanu [{roamens, meperBopenns Jlamnaca. Ilepionnuni
MIPOIIECH B EIEKTPHUYHHUX KOJIaX.

3.JliniitHl 1 HemiHiMHI Kona. KomIuiekcHMiA MeToa aHamidy JHIMHUX 1 HETIHIWHUX KT Npu
rapMOHIYHOMY BIUIMBI. XapaKTEPUCTHYHI OMOPH €JIEMEHTIB.

4.0cHOBH TeOpii MaCHUBHUX YOTHPHUIIONMIOCHUKIB. CHCTEMH TapamMeTpiB 1 €KBIBAJICHTHI CXEMH
YOTHUPHUIIOIIOCHHKA. 3" €IHAaHHS YOTUPUITIOIIOCHUKIB.

S5.JliniifHI KOjla 3 30CEpPEeKCHMMH Ta pO3MOAUICHHMMH Tapamerpamu. I[locmimoBHuii Ta
napajeIbHUi KOJMBaIbHUN KOHTYp. JloOpoTHICTH KOHTYPY, AUX Ta ®@UX XapakTepuCTUKH KiJl. BinbHi
KOJIMBaHHS B KOHTYPi. ATEHIOATOPHY 1 KOMIIEHCOBAHI1 MOIIJTbHUKH.

6.ludepenuiroroun Ta inTerpytodi kona. Cunres pinprpis. Enexrpuuni pinmstpu HY, BY, cmyrosi
Ta 3aropo/Kyr04H. AHAJITUYHE NPEICTABIICHHS IepeaBajbHOl XapaKTepUCTUKH GLIbTpY. 3B s3aHi
KOHTYpu. CXeMH 3B S3aHHUX KOHTYpIB, KO€(illi€eHT 3B 3Ky, PE30HAHCHI SBUIIA B 3B SI3aHUX KOHTYpax.
YMoBHU 3100y TTs TBOropOO0i pe30HAHCHOT XapaKTEPUCTUKH.

7.I1poxomKeHHsT CUTHAJIIB 4yepe3 HeliHiiHI kona. ['eHeparopu Hampyr i ctpymiB. CrabinizaTopu
Harnpyr. I[leperBopenns yactotu. [lapamerpuune nepeTBopeHHs CUTHAIIB. Moaynb0BaHi curHayim. Bumu
aMIUTITYJHOI Ta KyToBOi Momyssiuii. OcoONMBOCTI CIEKTpiB MOAYyJIbOBaHUX KoiuBaHb. UM Ta AM
MoayJsaTopu. JleTekTyBaHHS MOAYJIboBaHWX curHaiiB. Jlerektopy AM ta UM curnamB. CUHXpOHHI
JETEKTOPH.

8.Knacudikariis Ta OCHOBHI XapakTepHCTHKU miacuitoBadiB. [loBroproBaui Hampyr. Bubipkosi
nigcumoBaui. OOepHEeHU# 3B's30K B mifcwitoBadax. Kopekiis 4acTOTHOI XapaKTepUCTHKU. Brus
B/ €MHOTO Ta JIOAATHOTO 3BOPOTHOTO 3B 3Ky IO CTPYMy 1 Hampy3i Ha mapameTpu Kin. [ToHATTS mpo
rogorpad. Kpurepiit cradbineHocTi HaiikBicra.

9.TemmoBuii mym. @opmyna HaiikBicta 11 ABOMOMIOCHUKIB. [IOHATTS €KBIBaJICHTHOTO
ryMoBoro resepatopa. Ob6nacts BusHadeHHs (opmynn Haiiksicra. [Ipo6oBuit mym. HlymoBuii mion.



CrmiBBiIHOIIEHHST TEIJIOBOTO IyMy 3 ApoOoBuM edextom. Jlkepena IIyMiB aKTHBHUX EJIEMEHTIB.
ExBiBanenTHi mymoBi cxemu. KoedimieHT mymy ta mymoBa Temmeparypa. lllymu migcumioBaviB Ta
MEPETBOPIOBAYIB YACTOTH, IIIyMHU TTaPaMETPUYHUX TT1JCHUITIOBAYIB.

10.'enepyBanns konuBanb RC — reneparopu, LC — reHepaTopH, penakcalliiiHi reHepaTopu.
Ouikyroun MynbTUBIOpaTopu. Bin emuuii omip. YMoBU camo30ymkeHHs. JKOPCTKUM Ta M SIKHH peXUMU
camo30y/pkeHHs. Ctabinizalis 4acTOTH TeHEpaTOPiB TapMOHIYHUX KOJIMBAHb.

Jucunmiina «IlepBuHHI JATYUKHU B €JIEKTPOHIL».

1. latuukwu sik 3acoOu 360py nanux. Knacudikaris gatankiB. OIUHULI BUMIPIOBaHHS.

2.Xapakrepuctuku pgatyukiB. Ilepematouna ¢ynkmis. Jliana3oHn BUMIpIOBaHb BXIAHUX 1
BHXIJIHUX 3Ha4eHb. TOYHICTh BUMIpIOBaHb AaTunKiB. KamiOpyBaHHs.

3.®i3uyHi npuHIMNM poOoTH AaTYMKiB.Di3MyHI TPUHIUNM, SIKI JIEKAaTh B OCHOBI POOOTH
natuukiB.Enektpuuni  3apsau, mossa, moTeHmianw. €wmHocTi.  Marnetusm.  [Hagykmis.  Omip.
[e3oenexTpuunuii edext. Ilipoenexrpuunnii epext. Edext Xomna. Edpextu 3eebeka i [lenpToe

4. Jlarunku temriepatypu. CBITIIOBE BUITPOMIiHIOBaHHS. JluHAMIUHI MOJIENl YyTIWBHUX €JIEMEHTIB.
OntuyHi KoMIoHeHTH jat4ukiB. Pamiomerpis. ®ortomerpis. EnexkrpoonTuyni 1 aKyCcTOONTHYHI
Moaynstopu. [HTepdhepoMeTpruHa ONTOBOJIOKOHHSIA MOYJISIIIS.

5. IntepdeiicHi eneKTpOHHI cHUCTEeMH. BXifHI XapakTepUCTUKU 1HTEPPEWCHUX CHCTEM.
[TincumoBaui. Anamoro-mudpori neperBoproBaui (ALIIT). MocrtoBi cxemu. Ilpsma muckpermsartis i
00poOka curnaiis. lllymu B paTumkax.

6./lerekTopn mpuUCYyTHOCTI 1 pyxy o0O0’€KTiB. YIbTpa3ByKOBI, MIKPOXBUJIBOBI, €MHICHI,
€IIEKTPOCTATUYHI Ta ONTOEIEKTPOHHI TaTYHKH.

7.JleTekTOpH TIOJNIOXKEHHS, TepeMinieHHs, piBHA. [loTeHIIOMeTpUYHI, TpaBiTalliifHl, €MHICHI,
IHAYKTHBHI 1 MarHiTHI TaTYMKU. Y TbTPA3BYKOBI Ta OMTUYHI AaTYUKU. Pamgapu.

8.JlatTunkn cunaM, MeXaHIYHOI Hampyrd, TpUCKOpeHHs. Jlatumku Tucky. TeH30aT4uKH.
[T’e30enexkTpuuni gaTyuku cwid. PTyTHi patumku TtHcKy. Cuiab(QoHM, MeMOpaHU 1 TOKI IUIACTHHHU.
IT’e30pe3ucTuBiHi, EMHICTI, ONITOEJIECKTPOHHI Ta TaTYUKH 3MIHHOTO MarHiTHOTO oropy. BakyMHI JaT4uKy.

9.Butparomipu. JlaTuukyM MIBHJIKOCTI MOTOKY. TemioBi, YyJIbTPa3BYKOBi, €IEKTPOMAarHiTHi.
KOp10JTiCOB1 BUTpaToMipu. MikpoBUTpaTOMipH. J[eTeKTOpr BUMIpIOBAaHHS IIBUIKOCTI TTOTOKY.

10.AkycTryHi JaT4uku. PE3MCTHBHI, €NEeKTPOCTATUYHBI, OITOBOJIOKOHHI, TI’€30€JIEKTPHYHI
Mikpodonu. TBepIOTUIbHI aKyCTHYHI IETEKTOPH.

11.Jatynku BojorocTi. laT4MKu BOJOTOCTI 1 BMICTY BoaU. ['irpoMeTpH i CUXpoMeTpu. €MHICHI 1
TEPMICTOPHI JaTUYUKH BoJIOTOCTI. ONTUYHI Ta BiOpaIiiiHi TIrPOMETPH.

12./leTexkTopy CBITIOBUX BUIpPOMiHIOBaHb. DoTomionan, (GoTOpe3ncTopu, (POTOTPAH3UCTOPH.
Herextopu [Y-BUnpoMiHIOBaHb

13./leTexTopy pamiOaKTUBHUX BUNPOMiHIOBaHb. CHHHTHUISIINHI AeTekTopu. loHi3amiiiHi Ta
nponopitiiHi kamepu. Jliuunsauku [ eiirepa-Mronnepa. HamiBnpoBiTHUKOBI JETEKTOPH Pali0aKTUBHOCTI.

14.latunku Temmnepatrypu. TepMOpe3nCTUBHI JaTyuKu. TepMOeneKTpHuHI KOHTAKTHI JATYUKH.
HamiBnpoBiAHMKOBI JaTYWKK TEMIEpaTypd Ha OCHOBI p-n  mepexoxiB. ONTWYHI, aKyCTHYHI,
1’ €30€NIEKTPUYHI JATYUKHA TEMIIEPATYPH.

15.XiMiuHI IaTYUKH, X XapaKTEPUCTUKH Ta OCOOJMBOCTI 3acTOCyBaHHS. JlaTUWKu MpsMOi Iii.
(MeTayn-OKCHIHI,  €JNEKTPOXIMiuHi, TOTEHLIOMETPUYHI, KOHIYKTOMETPUYHI, aMIIEPEOMETPHUYHI,
katamiMapuuHi getektopH).Cknanai matunkd. Karamitmuni natumku [lemicrepa. OnTuyHi XiMivyHI
natuukd. bioximMivHi qaTarku. XiMidHI IE€TEKTOPH B CKIIAJ1 aHATITHYHUX TPUTIA/IIB.

16.Martepiaii AaTYMKiB 1 TEXHOJIOTIST BUTOTOBJICHHS. 3aCTOCYBaHHS KPEMHIIO ISl JaTYHKIB.
[Tmactmacu. Metani 1 crutaBu. Kepamiuni matepianu. Crekina. IloBepxHeBi TexHomorii. HaneceHus
TOHKHX 1 TOBCTUX TUTIBOK. TepMoBakyyMHe HamuiieHHs. HaHoTexHoor1i.

Jucnuniina «BumiproBajibHi NpWJIaau Ta NepeTBOPIOBaYD).
1.BumiproBanbHi curHanu. BumiproBanbHi CUTHAJIM Ta 300pakeHHs (MMOJaHHS) iX y 4acOBii
obmacti. CriekTpaibHE MOJAaHHS CUTHAIIB. SIKICTh CUTHAIB.



2.IlepeTBOpEHHS CUTHAJIB JIIHINHUMH TIPUIAJOBUMH cUCTeMaMu. llepBUHHE NEepeTBOPEHHS
curHaniB. KBaHTyBaHHS Ta auckperusaiis curHaniB. Dimprpamis. Momyndiis Ta IeTEKTyBaHHS.
KomyBanHs Ta MacmTaOHO-4acCOBE TIEPETBOPEHHS CUTHAJIIB.

3.BumiproBaibHi nepeTBopioBavi. BumiproBanbHi nepeTBoproBaui, ix kinacudikamis. 3araibHi
XapaKTEPUCTUKA BUMIPIOBAIHPHUX TIEPETBOPIOBAYIB: (PYHKIlIS TIEPETBOPEHHs (HOMIHAJbHA Ta
IpUBEJCHA), KOE]IIiEHT MEPeTBOPEHHS, INepelnaBalibHa (DYHKINS, IMIyJbCcHA MepexiiHa (QyHKIs,
aMIUTITYy THO-9aCTOTHA Ta ()a309acTOTHA XapaKTEPUCTUKH, ITOXUOKH ( CTATHYHI Ta JUHAMIYHI).

4.ITpunuunu nobyxoBu npuianiB. CTpykTypHi cxemu mnpuiagiB. CTaTuyHi Ta JUHAMIYHI
XapaKTEePUCTUKUA MPpUIaaiB. BuMiproBaibHI JaHIIOTH MPSIMOTO MEPETBOPEHHS. BrUMiproBanbH1 JTAHIIOTH
BpiBHOBaXkeHHs. BinoOpaxenHs iHpopmarii. J[nHaMiuHI XapaKTepUCTUKU €JIEMEHTIB MPUIIaIiB.

5.Ananorosi BUMiproBaJIbHI npuiaau. [Ipunanu e1eKTpoMexaHiuHUX CHUCTEM, CTPYKTYPHI CXEMH,
noOynoBa. AHanoroBi enekTpuuHi npunaad. CTPYKTypHI CXEMH YHIBEPCAJbHHX BOJIBTMETPIB,
4aCTOTOMIpiB, ociimiorpadis, Gpa3omMeTpis.

6.Lludposi BumiproBanbHi npuiaan. Knacudikaris nudpoBux npunaaiB. OCHOBHI CTPYKTYpHI
cxemu nudpoBux npuiamiB. [{udposi nmeperBoproBadi, BIIIIKOBI Ta peecTpyroun mpuctpoi. L{udposi
npUCTpOi BpiBHOBaKeHHs. CUHTE3 CTPYKTYPHHUX CXEM IHU(PPOBUX BUMIPIOBATHHUX MPHIIAIIB.

7.Metposorisi - Hayka NpPO BHUMIPIOBaHHS. 3HAYCHHS METPOJIOTIi JUIsi HAyKOBO-TEXHIYHOTO
mporpecy 1 TMPaKTUYHOI IisIIBHOCTI cycmiabcTBa. Kracudikaiis BUMIpIOBaHR Ta iX OCHOBHI
xapakTepucTuk. Di3ndyHi BenmUUMHU Ta iX onuHHIi. CHCTEMH OIMHHUIL Ta CHCTEMH BEIUYHWH,
MibKHapoaHa cuctemMa oauHUIL CI, OCHOBHI Ta TOXITHI OJWHMII, MEXaHI3M CTBOPEHHS MOXITHUX
BEJIMYWH Ta OJUHUILG. [TOHATTS 1Tpo po3MipHicTh. Jl01aTKOBI, KpaTHI Ta YaCTKOB1 OJIMHHIII.

8.Merposoriss Ta craHmapTu3aiis. 3B'SI30K METPOJIOTii 13 CTaHIapTHU3aIi€r. 3aKoHOJaBYA
craggaptu3anis. Cranmaptu. Kareropii Tta Bumum cranmaptiB. OO0'exktu cranmaprtuzarnii. Cucremu
crangapTiB. CuctemMa cTaHAapTiB 10 3a0€3MeUYEeHHIO €THOCTI Ta TOYHOCTI BUMIPIOBaHb.

9.EneMeHTapHi1 ormepallii BUMIpIOBaHb Ta iX peamizamis. BumiproBanHs sk OararoorepailiiiHa
nporenypa. OCHOBHI METPOJIOTIYHI oreparii: BIATBOPEHHS BEIMYMHU 33aHOTO PO3Mipy, MOPIBHAHHS Ta
MPUCTPOI MOPIBHSAHHSA, Mipa, eTasionu. [lepenada po3Mipy OJAMHHILH Bij €TAJIOHIB B3IPIIEBUM Ta pOOOUUM
3aco0aM  BHMIpIOBaHb. BuMipioBaibHE  TEpPETBOPEHHS 1  BHUMIPIOBAIBHUN  IEPETBOPIOBAY.
MacmtabyBaHHs1, MacIITabHI IEpEeTBOPIOBAYI.

10.Metoau BuMIipIoBaHb Ta iX peanizauid. [ImanyBaHHS Ta oprasizauis BuMiptoBaHb. [Ipsmi Ta
HernpsiMi BumiproBanHs. CyMicHI 1 CyKymHI BuMiptoBaHHS. CHocTepexeHHs, METol Oe3mocepeTHboi
OLIIHKM Ta METOJU NOpPIBHAHHA 3 Mipoto. udepenuiinuii meron. Meronu 3amilieHHs Ta CIiBIAJaHHS.
[TpsiMi Ta HENPsIMI BUMIPIOBAHHS CTPYMIB Ta HaIpyT.

11.IToxubku BuMiproBaHb. CHCTEMAaTHYHI Ta BUIAIAKOBI MOXWOKK. Buay po3moxiniB pe3ynbraTiB
CIIOCTEPEKEHb Ta BUTIAJKOBUX MOXHOOK, OMKC BUMAJAKOBUX TTOXHOOK 32 JOTTOMOTO0 (DYHKIIIA PO3MOILTY.
TouKOBI OIIHKK ICTUHHOTO 3HAYEHHS BUMIPIOBAJIHHOI BETUYHHH Ta CEPETHBOKBAPATUIHOTO BiIXUIICHHS
Ha OCHOBI OOMEXEHOro psmy crnocrepexeHb. OIiHKa 3a J0moMoror iHTepBaiiB. [lepeBipka
HOPMAaJbHOTO PO3MOJLTY crocTrepekeHb. CucreMaTH4Hi MOXWOKM Ta iX kimacudikamis. Meroau
BUSIBJICHHS CHUCTEMaTHYHUX MOXMOOK. HeBHMKIIOYHA cucTeMaTHyHa TOXHOKa. MeToau BBEICHHS
MIOTIPABOK.

12.Metonu oOpoOKM pe3ynbTaTiB BUMipiOBaHb. OOpoOKa BHUIPABICHUX PE3YJIbTATIB MPSIMHUX
PIBHO PO3CISIHMX 1 HEPIBHO PO3CISHUX criocTepexeHb. OOpoOka pe3ynbTaTiB HENPSIMUX BUMipIOBaHb.
Kpurepiii HesHauanx moxubok. O6poOka pe3ysbTaTiB CYKYITHUX Ta CYMICHUX BUMIpIOBaHb.

13.IToxubku 3aco0iB BUMIpIOBaHb. MeTpOJOriuHI XapaKTEpUCTUKH 3ac0o0iB BHMIpIOBaHb, iX
HOpMyBaHHs. ETaionu Ta iX moxubku. BuMiproBanpH1 IepeTBOprOBadi Ta iX MOXHOKH.

14.Metponoriune 3abe3nedeHHs Ta ioro opranizaiis. [ToBipka, MeToan MoBipku. MiXIOBIpOYHi
1HTepBaIH. 3arajbHa CTPyKTypa MOBIpOYHUX cxeM. MeTposioriuyHa ciry»o0a Ta i pyHKIIii.

15.Indopmarniiina oriHka mnpouecy BuMmipioBaHb. [IOHATTS mpo BUMIpPIOBaNbHY i1H(OpMAILiIO.
EnTpomis. KinbkicTs BuMiproBaibHOi iHopmartii. Eneprernununii mopir aytiauBocTi. Brpatu indopmarii,
K.K.JI. TIpoliecy BUMipioBaHb. EHTpoIiiiHe 3HaueHHs TOXHOKH, HOTro BU3HAUCHHS 32 3aKOHOM PO3MOALTY i
rictorpam. [HpopMaliiftHi XapaKTepUCTUKH 00'€KTIB BUMIPIOBAHb Ta 3aC001B BUMIPIOBaHb.



Jucnumiina «IIpucTpoi nepeTBoprOBaJbHOI TEXHIKWY.

1.OCHOBHI NMOHATTS MPO MPUCTPOI MEPETBOPIOBANTBHOT TeXHIKM.OCHOBHUMHU 3aBIaHHS Ta QyHKIIT
MPUCTPOIB  TEPETBOPEHHS  €Heprii. 3acTOCyBaHHS B  HETPAAUIIAHIA Ta  BIJIHOBIIOBAIbHIN
eJIEKTPOEHEPIeTUIL.

2.HamiBNpoBiTHUKOBI TIEPETBOpIOBAYl B  padio  EJIEKTPOHHIM amapaTypi, Ta CHCTeMax
HETPAIUIIHHOT Ta BiJHOBIIOBAHOI €HEepreTHKW.Bumpsmiisui. 3aranbHi BiIOMOCTI Ta KiacuQiKaiis.
[ToHATTS MPO CXEMOTEXHIYHI MPUHIIMIIH 3aCTOCYBaHHS BUTIPSMIIAYIB.

3. Crabinizaropu.OCHOBBHI TOHATTS Ta 3aBIaHHs crabimizaTopis. [lapamerpuuni crabinizaropu.
Kommnencariitai ctabimizaTopu

4.KepoBani BUNpsAMISIYi.MeTOIM peryiioBaHHS HaNpyrd MOCTIHHOTO CTpyMmy. IMmIysbCHi
HPUCTPOI PEryIOBAaHHS HAIIPYTH IMTOCTIHHOTO CTPyMY

5.0inpTpyroui naHKu B cradimizaTopax.3arajbHi BiZIOMOCTI NMpo (IIBTPH HUXKHIX Ta BEPXHIX
4acTOT. 3aCTOCYBaHHs (PUIBTPIB y BUMpaMIITdaX Ta MPHUCTPOSX NMEPETBOPEHHs Hanpyru. OCHOBHI METOIN
PO3paxyHKiB (UIBTPIB.

6.JuBepropu.3aranbpHi TOJIOKEHHST TMPO 1HBEpTOpH. ABTOHOMHI iHBepTopu. [Ipu3HavYeHHS
iHBepTOpiB Ta ix kiacudikamis. OxgHodazHuil iHBepTOp cTpyMmy. IliBMOCTOBHIT ofHOGpa3HUI iHBEPTOP
HalpyTH.

7.luBepTOpH Ha TOBHICTIO KEPOBAaHHMX HAMIBIPOBIIHUKOBUX Mpuiaaaax. 3actocyBanHs [IGBT-
TPaH3UCTOPIB Y By3nax iHBepTopa. CXeMH MOCTOBHX IHBEPTOpPiB. [HBEpTOpH, BEIEHI MEpEKElo.
[Tpuknaau 3acToCyBaHHS IHBEPTOPIB 13 BUKOPUCTAHHAM MIKPOEIEKTPOHHUX MPUCTPOIB.

Jucnumiina «HaHOTeXHOJIOTI y eJIeKTPOHILi».

1.0cHoBH ()i3uKH CyOMIKPOHHHMX Ta HAHOPO3MIPHUX CTPYKTYp.ICTOPist pO3BUTKY HAHOTEXHOJIOT1M.

2.Hano¢izuka. Posmipni edexru.BnactuBocti HanoknactepiB.CtpykTypa HaHoknacrepis.Ilepion
rpaTku HaHOKJIAcTepiB.DOHOHHUN CHEKTP 1 TEIJIOEMHICTh HAHOKJIACTEpiB. MarHiTHi BIACTHBOCTI
HaHoKJacTepiB.ONTHYHI BIaCTUBOCTI HAHOKJIACTEPIB.

3.XBUITBOBI BIIACTHBOCTI Ta E€HEPIETHYHHUMA CIEKTP eleKTpoHiB. Kpucram f tpuBumipHa (3D)
crpykrypa. KBantoBa sima fi aBoBuMipHa (2D) nanoctpykrypa.KBantoBa HuTKa fi ogHOBHUMIpHA (1D)
HaHOCTpyKkTypa.KBanToBa TOouka fi HynpBUMIpHa (0D) HaHOCTPYKTYpAa.

4.BnacTuBOCTI HaMiBOPOBIIHUKOBUX HU3BKOPO3MipHUX CTpyKTyp.lloTeHuianbHi siMu, Gap’epu i
TyHentoBaHH.OJHOEIEKPOHHE TYHEIIOBaHHS 1 KYJIOHIBCbKAa Ojokajga. Pe3oHaHCHE TyHeNOBaHHS.
banicrnune nepenecenns 3apany. KBantosuii egexr Xosma

S5.Hanrpatku.

6.HanoctpykrypHi Mmetanu.BusHauanbHi ocoOnmBoCTI MeTamiB. AMOpQHI Ta HAHOCTPYKTYpHI
crutaBu. HaHOCTpyKTYpOBaHi KBa3iKpHUCTAIIH.

7.AnotpornHi ¢opmu kapOOHy Ta Martepianu Ha Horo ocHoBi.Knacugikauis anotporis
kapOony.I'padiT—onuH 3 amoTpomiB KapOOHy.3arajgpbHa XapaKTepUCTHKa anMmasy .IcTopis pO3BUTKY
XIMIYHOTO CHHTE3Y anma3zy.MeToau oepkaHHs ITy4YHUX KpuctaiiB anma3z.Kap6in. ['paden.

8.AnvazononiOHi  Marepianm  Ha OcHOBI  kapOowy.llpwHmunmum 1 Merogum  ¢GopMyBaHHS
anMazonoAiOHuX IuriBoK. Tepmoximiuni MeTtoau ocamkeHHs.Enexrpopospsnni  meroan.KombinoBani
po3psau.Metonu oxaepxanus AIIIl B armocdepi.Meronu onepkaHHS TIAPOTEHI30BaHUX aMOp(PHUX
anmazonoaiOnux a-C:H-mmiBok.Mertoau onep:kaHHsynbTpaaucrepcHux anMasiB (YIA) 1 HaHoanMasiB
(HA).

9.Marepianu, CIOpIAHEHI 3 alIMa3onoJiOHUMU.MeTou OTpUMaHHsS MaTepianiB, CHOPIIHEHUX 3
anMaszonoaioHumMu. XiMIYHUHN cKI1aj 1 Kpuctaniyaa ctpykrypa.Hitpun tutany.Kap6in Boashpamy.

10.®ynepenn 1 Marepianu Ha iX ocHOBi.3aranpHa iH(poOpMalis Ta icTopis BIAKPHUTTS (yJepeHiB.
Meronu opepxanus ¢ynepeniB. I[lpupomni dynepenu.lloxinni ¢ynepeniB. dyneputu. Dynepuam.
Iinepdynepenn. Biaactuocti i 3acrocyBaHHs (yniepeHis.

11.HanoTpyOKM: BJIACTMBOCTI 1  3acCTOCyBaHHs.3arajgbHa  XapaKTEPHUCTHKA  BYTJICIIEBUX
Ha"otpyook.Ilinogu.Merogu cuntesy BHT. Hesyrnenesi HT. Bnactusocti.Hanonpuctpoi Ha ocHOBi
BHT.



12.®0TOHHI KpUCTadH, HAaHOMEMOpaHW 1 HAHOJAPOTH. YSBICHHA TpPo (OTOHHI KPHUCTAIIH,
HaHoMeMOpanu 1 Hanoapotu.Mertonu onepxxkanns 2D-HK ta H/[.3actocyBanns @K i H/|

13.0cHoBU HaHOTEXHOJOTII HamiBIpoBiAHUKIB. Kimacudikailis Ta 0coOOIUBOCTI HaIIBIPOBIIHHKIB.
Metoau CTBOpEHHs HEOpPraHIYHUX HAMiBHOPOBIAHUKIB.JIETYBaHHS HEOPTraHIYHMX HAaMiBIPOBITHHKIB.
Hanonitorpadis. EmitakcianeHi MeTtoau (opMyBaHHS HAHOCTPYKTYP.30HIIOBI METOIW CTBOPEHHS
HaHOCTPYKTYp. CaMooprasizaiiist CTpyKTyp Y HAHOTEXHOJIOTis1X. HamiBIpoBiAHUKOBI T€TEPOCTPYKTYPH.

14. HanoctpyktypHi hepomarneTuku. MardeTusM. MarHiTom’siki HaHoMartepiaau.MaraiToTBep/ii
HaHoMmaTtepianim. HaHomarHiTHi TutniBKH i npucTpoiB mam’sti EOM.IiraHTchkuit 1 KOJOCAIbHUMN
MarHiToorip. TyHeTbHII MarHiTOOMIp Ta 1THXEKIs HOCIIB 3apsay 3 MOJIIPU30BaHUM CHiHOM. MarHiTHi
HAMIBIPOBITHUKH 1 JTIETCKTPUKH.

15.0cob6nuBi HaHOCTpYKTypHu. llopuctuii kpemuiid. I'erepocTpykrypu st ¢oTtomitorpadii.
I'erepocTpykTypH GepomMarHeTUK-HAAIPOBI THUK

16.JIpuctpoi  HanoenekTpoHiku. KyloHiBchbka  OjoKazga  €JIEKTPUYHOTO  CTPyMy  Ta
OJHOEGJIEKTPOHHUI TpaH3ucTOp. I[H(padepBOHI JETEKTOpUM Ta Ja3epd Ha KBAaHTOBHUX TOYKAX.
HanoTpan3uctopy Ha HaHOTpyOKax 1 KBaHTOBI IHTETpajbHI cXeMH. ME30CKOIYHI MOJICKYJISApHI
nepeMukadi i HaHokoMm'totepu. CyrpaMoJieKyJIsIpHi MpUCTpoi Ta ix riOpuaHi moaudikaru. Ilpuctpoi
crninTpoHikd. HaHokoHaeHcaTopu Ta HaHOPOTOAKYMYJIATOpU.ONITUKOMEXaHIYHI TEpeTBOpIOBavl 1
HAHOMAIITUHHU.

Jucunmiina «KBaHTOBa eJleKTPOHiKa».

l.IcTopis cTBOpeHHsS Ma3epiB, Jia3epiB Ta 1H. KBAHTOBHX IPHJIAAIB KBAHTOBOI EJIEKTPOHIKH.
BuHUKHEHHS 1 CBOTOMHINIHIN CTaH TOCHTIHKEHD 3 HETIHIMHOT OITUKH.

2.KBazikilacuuyHa TeOpis BUIPOMIHIOBaHHA. TersoBe BUIPOMiHIOBaHHS. JIrOMiHECIICHITiS.
YepeHKOBChKE BUITPOMiHIOBaHHS. CHHXPOTPOHHE BHUIPOMIHIOBaHHA. ENEKTpOHHMI mMapaMarHiTHUR
pesonanc. [lapamarniTHe miacuiaeHHs. Masepu: TPUHIUIT POOOTH, KOHCTPYKTUBHI OCOOJIMBOCT1,0CHOBHI
XapakTepucTHKU. KBaHTOBI cTaHIapTH 4acTOTH.

3.CnonTanHe Ta iHayKOBaHe BumNpoMiHioBaHHs. KoedimienTn EifHmrelina. [HBepcHa 3aceeHICTh
eHepreTHuHUX cTaHiB. [ligcunenHs cBitia. YMoBa camMo30yIKeHHS ONTUYHOTO pe3oHaropa. Po3paxyHok
MMOPOTOBOi KPUTHUYHOI 1HBEPCHOCTI 3acejeHHs poOoumx piBHIB. MeTonu BH3HAYEHHS BIAHOCHOI
3acesIeHOCTI MeTacTabiIbHOTO PiBHA. BIIOK-CXeMH Ta MPUHIMIH Aii Ja3epiB Ta ONTUYHOTO MiICHIIIOBaYa.

4.OCHOBHI BUMOTH JI0 JIa3€PHUX aKTUBHUX cepenoBull. Axtuarlis. CeHcuOimizalis akTHBHUX
cepenoBuil. Py0iH, KpucTaniuHa CTPYKTypa 1 BiIacTUBOCTI. EHepreTnyHa cxema i ciekTpu pyOina.Brms
TeMIIepaTypH, KOHIICHTPAIIl XpOMY, €JIEKTPHUYHOTO 1 MarHiTHOTO MOJIB Ha CcrieKTpu pyOina.Kpucramm 3
JIOMIIIKaMH  3-BaJICHTHUX pIAKICHO3eMeNbHUX 10HIB. Jliarpamu eHepreTHuHUX piBHIB.CHEeKTpu
HEOAMMOBHUX JIa3epHUX MaTepiamiB. Kpuctanu 3 gomimkamu 2-BaJICHTHHXPiAKICHO3EMEIbHUX 10HIB Ta
ioHiB ypany. Jlazepu Ha neHTpax 3a0apBieHHA. XapaKTEpUCTHKA TACHEPTeTUYHI CXEMH AaKTHBHUX
CEPEIIOBHUII Ta30BHUX JIa3ePiB: Teili-HEOHOBUX, apTOHOBHUX, TEIIWKaAMIEBUX, MOJICKYJISIPHUX JIa3epiB Ha
CO2 Ta iH. AKTMBHI CepelOBHILIA HAIIBIPOBITHUKOBHUX JIA3EPHUX KPUCTAiB. AKTHBHI CepeJOBHIIA
pinuHHUX na3epiB. Excumepni mazepu. Jlazepu Ha BIIBHUX e€JEKTpoHax. Bubip po3mipy akTHBHOTO
eleMeHTa (Ha TPHUKIAAI TBEPAOTUIBHOTO Jna3epa). CHeKTpalbHI METOIM JIarHOCTHKH aKTHBHUX
CEepEeOBHILI.

5.0ntnyne 30ymxeHHs. XapaKTepUCTHKH IMITynbcHUX Jamil. Jlaszepu sik Jpkepena 30yaKEHHS.
JlazepHi ocBiTimoBavi (0AHO- 1 OGaraToeNincHi, UIIHAPHYHI KPYTJIOTo mepepidy Ta iH.). Po3paxyHok ix
edexkTuBHOCTI. [Ipukinan po3paxyHKy MOpPOTOBOI MOTYXHOCTI 30y UKeHHS s 3- 1 4-piBHEBUX CHCTEM.
Po3nonin eneprii onTuyHOro 30Y/KEHHS BCEpEIMHI AaKTHBHOTO 3pa3ka (Teopis 1 EKCHepUMEHT).
l"azopospsinae 30ymkeHHs. OCHOBHI TMPOIECH B Ta30BOMY pO3PAIi 1 METOAU OJEp)KaHHS IHBEPCHOI
3acenenocti. Edexr JlemOa-bennera. [Hkekiis HepiBHOBaXHMX HOCIIB CTpyMy B HaIliBIIPOBiJHHKAX.
30yKEHHST HAMIBIPOBITHUKIB IMYYKOM IIBHJAKHX €JICKTPOHIB. [HII MeTomu 30y/KEHHS Jla3epHHUX
aKTHUBHHX €JIEMEHTIB. XiMiuHi J1azepu. OTisi AeIKUX TEXHIYHUX CXEM 30YIKEHHS.

6.HaOmmxena Teopis ONTHYHUX pe30oHATOpiB. Moau KonuBaHb pe3oHaTopa. JloOpPOTHICTH
pe3oHaTopa TpH ypaxyBaHHI pI3HMX BHJIIB CHEPreTHYHUX BTpaT. EKcmepuMeHTallbHe BU3HAYCHHS
€HEePreTUYHUX BTpaT pe3oHaropa. Yucio 30ymxyBaHux Moia. OIiHKa HEOOX1THOI TOYHOCTI FOCTYBaHHS



pezoHaropa. EneMeHTH XBUILOBOT TEOPil BIAKPUTHX PEe30HATOPIB. Pe30HATOPH 3 TUIOCKUMU JI3EpKAIAMH.
Kondokansai pesonaropu. KimbreBi Ta aucnepciitHi pe3onaropu. IlopiBHsuIbHa XapaKTepuUCTHKA
ONTHUYHUX PE30HATOPIB pi3HUX TUMIB. OCOOIMBOCTI BIIACHUX KOJIMBAaHb 3allOBHCHHX PE30HATOPIB.
BuyTtpimHi Ta Kinbiesi Moau. /[3epkana pe3oHaropiB. Matepianu Ui I3epKall, METOAM BUTOTOBJICHHS
I3epKall Ta KOHTPOJIIO IX ONTUYHHUX XapaKTepuCcTUK. ONTHYHA CTIMKICTh n3epkait. OmiHKa ONTHMAaIbHOTO
KoedillieHTa BiIOMBaHHS HAMIBIPO30POro A3epKaia.

7.EHepreTHyHl XapakTEPUCTHUKHU JIa3€pHOTO BHUMPOMiHIOBaHHS. [loTyxHIicTh Oe3nepepBHOT
renepanii. OcoONMBOCTI 1 XapaKTEPUCTUKHU IMITyJIbCHOTO pexuMy. EHepreTmuHi XapakTepUCTHKU
HaIBOPOBIIHUKOBUX 1HXeKImiMHNX JazepiB. CdokycoBanmii nazepHuii mpoMmiHb. KorepeHTHICTH
Ja3epHOr0 BUIPOMIHIOBaHHSA. YacTOTHA Ta MPOCTOpOBA KOTEPEHTHICTb. MonoBa CTPYKTypa 1 CHEKTp
reHepanii. Homorpama s po3paxyHKy CHEKTPaJbHUX XapaKTePHCTHUK. MeTOau peryiioBaHHS
JOBXHHOIO XBHWJI TeHeparii. Ilomspusamis snazepHoro BumnpomiHioBaHHs. lIpocropoBa iHaMKaTpuca
JIA3epHOTO BHUIMPOMIHIOBaHHA. YacoBi xapakTepucTuku reneparirii. [liukoBa cTtpykTypa. MoHOIMIyJIbCcH
reHepatii Ta HaAKOPOTKi J1a3epHi iMmysibeu. EneMenTn kKiHeTH4HOT Teopii 1a3epHO1 reHepartii.

8.Ilpunnun Q-momynsamii. AKTHBHI 1 TACHBHI MOIYJSATOPH JOOpOTHOCTI JazepiB. OCHOBHI
XapaKTepUCTUKH Ja3epiB 3 KepOBaHOIO NOOpOTHicTIO. IIOTYKHICTH 1 eHepris BUIlpoMiHIOBaHH:.Yacosi
X3apaKTePUCTUKH. 3aJIeKHICTh TMapaMeTpiB TIraHTCHKUX IMITYyJIbCIB BiJ IIBUAKOCTI BKJIIOUYCHHS
nobpotrocti. KK/ na3epiB 3 kepoBaHOIO TOOPOTHICTIO.

9.0CHOBHI 3aKOHOMIPHOCTI TPOIIECY ONTHYHOTO MIiACWICHHs. EHEpreTnyHi XapaKTepHUCTUKH
ONITUYHUX MifcuiIoBayiB. [lapameTpu OoNTHYHUX MiACKHITIOBAaYiB CEpIfHOTO BUPOOHHUIITBA.

10. Heniniitna nonspu3saris giesekTpukiB. CUMETpPiiHI aClIeKTH HEJIHIMHO-ONTHYHUX SBHIIL.

11.I'enepantiss rapMOHIK ONTHYHOrO Jiana3ony. [lapameTpuyna reHeparist cBiTia. Bumymiene
KoMOiHaIiitHe PO3CIIOBaHHS. CamodokycyBanHs ONTHYHUX MIPOMEHIB. bararodoTonsi
nporecu.HeniniitHa ontuyHa akTUBHICTb. OOEpHEHHS XBUIHOBOTO (poHTy. OCHOBHI MOHATTA MPO
ONTHYHY O1CTaOUTBHICTB.

Jducnumniaina « DyHKIIOHAJIbHA eJIEKTPOHIKay.

1.3aranbpHi 0cOOMMBOCTI (DYHKIIIOHATBHOI €JIEKTPOHIKH.

2.I'enepartiss Ta JETEKTYBaHHS 3apsANOBUX AWHAMIYHUX HeogHopimHocTed. JIiHIT 3aTpuMKH.
[Tpunanu 3 3apsaa0oBuM 3B’s13k0oM. DYHKIIOHATIBHI €JI€MEHTH Ha OCHOBI fiona ["aHHa.

3.JIoHATTS TPO aKyCTOGNEKTPOHIKY. B3aemomiss eJIeKTpUYHMUX KOJIHMBaHb 3 aKyCTUYHHUMHU.
I'eneparopu Ta npuitMaui 00’€MHUX aKyCTUYHUX XBUIIb. KBapuesuii pezonarop.I1’e3o0HamiBnpoBiTHUKOBI
niepeTBioptoBayi. Ilezorpanchopmarop abo m’ezep. ['eHeparris Ta MpUHOM MOBEPXHEBUX aKyCTHYHHX
xBuIb.30y/pkeHHsT [TAX.Po3noBciokeHHss akycTuyHUX XBHIb. JIiHiT 3arpumku. JIiHiI 3aTpumKu Ha
00’€MHUX aKyCTHYHUX XBWJIAX. JIiHIT 3aTPUMKH Ha MTOBEPXHEBUX aKyCTHUYHHMX XBUJIIX.OMTHOMPOXITHI Ta
Oararonpoxigui miHii 3arpumku Ha I[TAX./{ucnepciitni minii 3arpumku  [TAX.Cmyrosi (iabTpH.
Cra6inizoBani [TAX reneparopu. [Ipuctpoi Ha [TAX 3 BHyTpinmHBOIO HemiHIMHICTIO. [TpucTpoi Ha [TAX 3
30BHINIHBOIO HENHIHHICTIO.

4.®oronpyxHili edekT.akyToonTuyHa pedpakitis. AkycroontuuHa mudpamis.  dudpakiis
Pamana-Hara.[ludpaxuis bperra. J{udpakiist cBiT/Ia Ha MOBEPXHEBUX aKyCTUYHMX XBHJIAX.Po3citoBaHH:
cBiTia Manpaenpimrama-bpumtoena. Henminiitni akyctoontudHi eekT. AKyCTOONITHYHI TPUITAIH.

5.®i3uuHi oCHOBU (PyHKIIIOHATIBHOI onToeneKTpoHiku.Kiacugikaiis onToeIeKTPOHHUX CHCTEM.
JluHaMi4HI HEOJHOPIAHOCTI ONTHYHOI mpHupoad. KOHTHMHYyanbHI CEpeoBUINA ONTOEIEKTPOHIKH.
I'eneparopu 1 gerexropu.llpuctpoi ympaBninHg. OnToeneKTpUYHI TEepeTBoproBavl  iHdOpMaIri.
OnToenekTpoHHI  €J1eMEHTH OOYHCIIOBANbHOI TeXHIKH.ONTHYHI MPOLECOpU.AHAIOTOBI  ONTHUYHI
oOumncieHHss 1 mporecopu. Iludposi onTuuni mporecopr. ONTHYHI MPOIECOPU HEUITKOI JIOTIKH.
Marepianu 1st ONTUYHHX TPOLIECOPIB.

6.JlonsaTTss mpo  HEKorepeHTHI mkepena.EmektpomroMiHiclieHTHI  KOMipku.CBITIOMIOIN.
Martepianun nmus  cBimiomioniB. Ceitnonmionu Ha Trereporepexonax. Marepianu ais  1HXKEKIIHHUX
CBITJIOIIO/IIB.

7.0nTHuHa OicTalinbHICTh. [IOHATTS MPO ONTUYHMIA TiCTEPE3HUC Ta MOXKIIMBI 3aCTOCYBAHHS.



8.0cHoBHiI xapaktepuctu (oroaeTekTopiB. Dotopesuctopu.doromionn. XBmIboBl (HOTOMIOIN.
Hiomu 3 Gap’epom Illotki. PIN miogu.®ortoxmionu 3 rerepomnepexonamu.baratoenemenTHi ¢oronionu.
doronerektopu 3 Haarparok. JlaBuuHi dotomiogu. JlaBuHHMII ¢doOTOMION HAa  HAATpATKaXx.
®otorpansucropu. Poro II3II crpykrypa.DoToHHMI HIyM Ta (yHIaMEHTaldbHAa TpaHUYHA BHUSIBHA
3matHicTh. lllymu ¢oTtomeTexTopis.

9.CBitnoBoan.30yIKEHHSI XBIWJIb B IHTETPAJIbHO-ONITUYHUX XBHJIEBOaX. OCOOIMBOCTI TUTIBKOBUX
ONTUYHUX XBHJIEBOIIB.

10.®i3u4HI OCHOBM Mi€TEKTPUYHOI €JIeKTPOHIKH. JuHamiuHi HeoxHopimHOCTi. KoHTHMHYyanbHI
cepenoBuma. ['eHeparopu auHaMIYHUX HeoaHopigHocTel. [lpumamm W mpuctpoi ¢yHKIIOHATBHOT
nieneKTpu4Hoi enekTpoHiku. [Ipuctpoi mam'sti.IIpouecopu Ha nienekTpukax.

11.®i3uuHI OCHOBH MOJIEKYJIIPHOI €leKTpoHiKW. JlmHamiuHi HeomHopigHocTi. KoHTHHYyanmbHI
cepenoBuIna. MonekysipHi (pyHKIIIOHATbHI IPUCTPOI. ABTOXBHIIbOBA MOJICKYJIIPHA €IEKTPOHIKA.

12.Teopetnydi ocHOBH (DYHKIIIOHAIBHOI XeMOTpPOHIKH.EJIEeKTpoXiMiuHI aHaIOTH E€JIEeKTPOHHHUX
npunanis.EnekrpoximMiuHi  pe3sucTuBHI  JaTuuku.  EnekTpoximiuHi  (yHKI[IOHaNbHI  MPHUCTPOI.
EnexrpoxiMiuHi nmpuiaaan aBioHIKH.

Jducnumitina «CxeMOTeXHiKa aHAJIOTOBUX NMPUCTPOIB».

1.IToHATTS PO aHAJIOrOBY CXeMOTEXHIKy. CXeMHHI eeMeHT. AHaoroa ¢opma MpeacTaBICHHS
curHamiB. [ToHATTS npo TouHICTh peamizaiii ¢pyHKIii.Onuc JiHIHHUX CUCTEM B YaCTOTHOMY Ta YaCOBOMY
nianasoHi. [lepenarna ¢pyHKuig Ta KoeilieHT nepeaaBaHHs.

2.JIoHATTS MpO CXEMOTEXHIYHI TMPHUHIUIHN JTiHIHHOT cxeMmoTexHiku. Kackan, kackamgyBaHHS Ta
fioro Tumu. [lapanenpHe 3’€MHAaHHS KacKaliB Ta ioro BaactuBocTi. [locnminoBHE 3’€THAHHS KacKaJliB Ta
HOTro BJIaCTUBOCTI.

3.3BopoTHUII 3B 430K Y JNiHIWHINA cXeMOTexHili Ta ioro Tunu. [lapanenbHuil 3BOPOTHUIN 3B’SI130K
o Harpy3i. [TocmimoBHMI 3BOPOTHHI 3B’ 30K 10 Harpy3i. Brume 3BopoTHOTr0 3B’ 13Ky Ha AUX NiHIHHKX
kackaiB. [TOHATTS Mpo CTIWKICTH MHIHHUX aHATOTOBUX CHCTEM.

4.]TacuBHI Ta aKTUBHI KOMIIOHEHTH JIIHIMHOI CXEMOTEXHIKH, IX BJIACTUBOCTI. CxeMa 3 CHIJIbHHUM
eMITepoM, CcXeMa 3 CHUIbHOI0 0a3010, CXeMa 3 CHUIBHUM KOJEKTOPOM Ta iX 3aCTOCYBaHHS y aHAJOTOBIii
cxeMmoTexHili. EnmeMeHTapHi JiHIWHI KackaJW Yy aHAJIOTOBIM CXeMoTexHill, ix kimacudikamis. Cxemu
TMHIAHUX KacKaJliB 3 CIIUTLHUM €MITepOM Ta iX 3aCTOCYBaHHS Y aHAJIOTOBii cxeMoTtexHini KackogHa
cXema JIHIHHOTO Kackamy, cxema JlapmiHrroHa: BIACTHBOCTI Ta 3acTocyBaHHs. CxeMu JIHIHHHUX
KacKa/liB 3 CIUIBHOI 0a3010:BIACTHBOCTI Ta 3acTocyBaHHSA. CXemMH JHIMHMX KacKadiB 3 CHUIBHUM
KOJIEKTOPOM BJIACTUBOCTI Ta 3aCTOCyBaHHs. J[»kepena cTpyMy Ta CTpyMOBI J3epKaJia.

5.3aranpHi BimomocTi nipo omepaniitauii migcumosad (OIT). Ineansauit OIl. Knacudikaris cxem
BmroueHHs:  OIl.  Jludepenmianbae, iHBepTyroue, HeiHBepTyroue BkmodeHHs OIl.  Brytpimms
cxemotexHika OIl: Bumoru, O10K-cxema, CTaHIapTHa cxema, cxema 3amimienns. Tumnu OI1.

6.Ilapamerpu, 10 3amal0Th TOYHICTh BIATBOpeHHsS curHany. [unamiuni mapametpu OIL.
[TapameTpu, 10 3a7a0Th MIACUICHHA CHUTHAJIIB 3MIHHOTO CTpyMy. EKcmyaTamiiiHi mapamerpu
OIl.MeTtoau 3MEHIIICHHS HAMPYTH 3MIIIEHHS HYJIs1. MeTOAu MiBUIIEHHS CTIMKOCTI. MeToiu 3MEHIIICHHS
ctpyMiB BrikanHs. Kopekuis wacrorHoi xapakrepuctuku OII. IToBHa Ta 30BHIIIHA 4acTOTHA KOPEKIIis,
HIBuakicTs HapocTaHHs, KoMIeHCyBaHHS €MHICHOTO HABAHTAXKEHHSI.
[MTigsumenns Buxignoro crpymy All IlinBumenns Buxignoi Hanpyru OIL. IlinBumenns mBuakoaii OI1.
Meroau 3menmenss mymy OII. 3axuct OII Ta excriepuMeHTaIbHI METOM BU3HaueHHs napamerpiB OIl.
Opranizauist onHonossspHoro xujieHHs Oll. Po3mupenHs AnHaMIYHOTO Jiana3oHy.

7.JliniifHI aHaJOTOBI CXEMM /i1 BUKOHAaHHS OOYHCICHB: CXeMa MaciiTa0yBaHHs, CXeMma
JOZIaBaHHs, CXeMa IHTErpyBaHHs, cxeMa AudepeHIiFoBaHHS.
CxeMu JiHIMHOTO MEPETBOPEHHS CUTHAIIB: JPKepesia HalpyTH, 0 KEpOBaHI CTPYMOM, JKEpeia CTPYMY,
10 KepOBaHi HANPYyrow, iHBEPTOPH OMOPY, ripaTopu.

8.DinbTpy HwkHIX yacToT. DinmbTpu BepxHiX YacToT. CmyroBi ¢insTpu. CMyroooMexyroodi
¢binbpTpu. Peanizanis akTHBHOTO (iUIbTPY 3 BUKOPUCTAHHSAM METOly 3MIHHUX CTaHiB. @a30Bi QiABTPH.

9.BumipHi miacwimoBadi Ha oaHomy OIIl. Bumipui migcwmoBaui Ha aBox OIl. Buwmiphi
nmigcumoBaui Ha Tphox OIl. BumiproBaui 3apsngy. BumiproBaui ammiuiTyau (MKOBI JETEKTOPH).



dortoenekTpuyHi BuUMiptoBadi. MICTKOBI BUMIpHI cxemu. BumiproBaui Temmneparypu. BumiproBadi
JII0YOT0 3HAYEHHS.

10.JIorapudmivnuii migcumoBad. ExcrioHeHITIanpHUN TiepeTBoproBad. [Iperen3iitHi BUIPsIMITSIY.
AHanorosi nepeMHOXyBadi. [lepeMHOXyBaui 3 KEPOBAaHUM OINOPOM KaHATy TMOJIHLOBOTO TPAH3UCTOPA.
[TepemuoxyBaui Ha 0a3i KEPOBAHUX JIKEPEN CTPYMY.

Jducnumniina «l{udpposa cxemorexHika.

LIlpencraBineHHs dHcen, CUCTEeMH 4YHCIeHHS. JIBIHKOBO-IecATKOBUM, oOOepHEHUN Ta
JOTIOBHIOIOYMH KOoU. ApudMeTHuHiI onepariii B JBINKOBOMY KO/II.

2.JIoriuni 3MiHHI, JoriyHi QyHKIiT. B3aeMHa BiAnoBiAHICTE OyeBUX (QYHKIIIH 1 JTOTTYHUX CXEM.
[TonsaTrTs miHTepMa Ta MakcTepma. MiHimi3alis 3amaHoi JoriyHoi (YHKIII aHANITUYHO Ta 3a
nonomororo kapt Kapno. Jlockonana au3‘toHKTHBHAa HopMmaibHa ¢(opma (JJHD), nockonana
KOH ‘FOHKTHBa HOopMasibHa ¢opma (JIKH®D) noriunoi ¢pyHKItii.

3.Knacudikanis nundpoBux GpyHKIIOHATBHUAX BY3IiB.

4.0OCHOBHI TapaMeTPpH Ta XapaKTEPUCTHKU ITU(DPOBUX THTETPATLHUX MIKPOCXEM.

5.CxemotexHika Joriunux enemeHTiB Ha MOH — TpaH3ucTOpax, KOMIUIEMEHTapHHUX
(momoBHOBambHUX KMOH), Tpan3ucropax, €JIeMEHTIB TpaH3UCTOPHO-TpaH3ucTopHoi joriku (TTII),
JIOTIYHUX €JEMEHTIB 1HTerpaibHOI iHKeKUiiHHOoi oriku (12JI), MikpocxeM HiABHIIEHO] MBUIKOCTI TO
tpansuctopax [IIOTKI (TTJILL) Ta noriyaux ereMeHTiB eMiTepHO-3B s3aHoi Joriku (E3JI).

6.Y3ropKeHHs MIKpocxXeM pi3HuX cepiil. [lepeTBoproBaui piBHIB JOT1YHUX CUTHATIB.

7.3aranpHa CTpyKTypa Ta Kkiacudikaris TpurepiB. CXxeMOTeXHIKa Ta OCOOJHMBOCTI
Bukopucranus tpurepis (RS, D, K J).

8.Jliunnpauku. CTpyKTypa Ta MPUHIIKAI POOOTH.

9.ludparopu, nemupparopu, MOpiBHIOBAYH KOIIB.

10.PericTpu.

11.Cymaropu.

12.MyabTUILUIEKCOPH, AEMYJIbTUIIIIEKCOPH.

13.ApudMeTH4HO-IOT14HI TPUCTPOI.

14.Knacudixkartiisi Ta OCHOBHI TapamMeTpH MiKpocxeM IaM ‘aTi. CXeMOTexXHIKa KOMIpPOK MOCTIHHO
3anam ‘aroBytounx npuctpoiB (I13I1), cratuyHMX Ta AWHAMIYHUX OINEPATHBHO 3araM‘SITOBYIOUUX
npuctpois (O3I]).

15.Cxemu hopmyBaHHS iIMIYJIBCIB PAMOKYTHOI popmu. OxnoBibpaTopu, Tpurepu Hlminra.

16.1{udpoananorosi (IIAII) Ta ananoroBorudpori neperBoproBaui (ALLIT).

4. KPUTEPII OLIIHIOBAHHS BCTYITHOI'O BUITPOBYBAHHSI

Ex3amenaniiinuii Oiner 3 ¢axoBoro BHUINPOOYBAHHS CKJIAIAETHCS 3 YOTUPbOX NHUTaHb. [IuTaHHA
(hOpPMYIOTBCS IUISIXOM aBTOMATHYHOTO BiAOOpPY 3 MEpeniKy 3aBJaHb 3 KOKHOI HaBYAJIbHOI TUCIUIUIIHH,
BHECEHOT JUIsl CKJIalaHHs (PaxoBOro BCTYNMHOTO BUIPOOyBaHHS. Ex3aMeHariifHi O611€TH MIiCTATh NUTaHHS
OJTHAKOBOTO PIBHS CKJIAJTHOCTI Ta € PIBHO3ZHAYHUMH.

daxoBe BCTymHE BUNPOOyBaHHS Ha 3700yTTs OC «maricTp» omiHIoeThes 3a mKano 100 Oamis.
BianoBigHO A0 CTPYKTYpH €K3aMeHaIiiHOro OilieTa, MakCHMallbHa KUIBKICTh OalliB, sKa MOXe OyTu
OTpHMaHa 3a BIJIMOBiAI Ha MUTaHHA, cTaHOBUTH 100 OanmiB (MakcuManbHO 1O 25 OaliB 3a MPaBUIIbHY
BIJIMTOB1/Ib HA KOKHE 3 3aIUTHHB ).

BerynHuk nomyckaeTbest 10 y4acTi y KOHKYpCHOMY BiIOOpI JUIs 3apaxyBaHHs Ha HaBYAaHHS, SIKIIO
OTPUMAaB TMIO3UTUBHI PE3yJIbTAaTH HA 1CTIMTI.
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