MiHiCcTEpCTBO OCBITH 1 HaAyKU YKpaiHu
Kaprnarcbkuit HanioHasibHMM yHIBepcuTeT iMeH1 Bacuis Credanuka

ITPOTPAMA
¢dbaxoBoro BUIIPOOyBaHHS 3

D13uKn

JUTS 3apaxyBaHHsI HA MEPIINM piK HAaBYaHHS 32 OCBITHIM PiBHEM
MaricTpa Ha OCHOBI OCBITHBOTO PiBHS OakasiaBpa (crerfiaigicTta/Marictpa)
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MOACHIOBAJIBHA 3AITMCKA

Metoro BcTynmHOro BumpoOyBaHHs 3 DIi3MKHM € TMepeBipka 3HaHL 1 BiAOIp
BCTYITHMKIB JJIsS 3apaxyBaHHs Ha MEPIIUN piK HABYAHHS 32 OCBITHIM pIBHEM MaricTpa
3a crieniasibHIcTIO E6 [Tpukianna ¢izuka 1 HaHOMaTepiaii Ha OCHOBI OCBITHBOT'O PIBHS
OakanaBpa (cmerianicra/marictpa) 10 KapmaTchkoro HalmioHaJIbHOTO YHIBEPCHUTETY
imen1 Bacuig Credanuka y 2026 poti.

HaBenenwmii nepenik nutaHp, sSKi BAHOCATHCA HA BCTYITHE BUIPOOYBaHHS, 1acTh
MO>KJIMBICTh BCTYITHUKY CUCTEMAaTU3yBaTH CBOI 3HAHHS Ta JIOTIOMOKE 30P1€EHTYBATHUCH,
Ha SIK1 MUTaHHS Tpeba 3BEepHYTH YBary MpH IMiArOTOBII 10 BCTYITHOTO BUMPOOYBaHHS.

[lepenik peKOMEHIOBaHOI JITepaTypu CHOPUIATHME Yy TOLIYKY 1 MiAOOpi mKepen
M1JITOTOBKHU JIJIs BCTYITHOTO BUIIPOOYBaHHH.

1.1.
1.2.

1.3.

2.1.

2.1.1.
2.1.2.
2.1.3.
2.1.4.
2.15.
2.1.6.

2.1.7.
2.1.8.

2.1.9.

OCHOBHI IIMTAHHS 3 ITUCIUILJITHA
dizuka

1. Beryn

OCHOBHI THUITU B3a€EMOJIIN y IPUPO/II.
@dyHIaMeHTaIbHI 3aKOHU 1 ()EHOMEHOJIOTIYH1 3aKOHOMIPHOCTI, JIMHAMIYHI
PIBHSIHHS, 3aKOHU 30€peKEHHS 1 CTATUCTUYHI 3aKOHOMIPHOCTI.
®di3uKka 1 HAyKOBO-TEXHIYHUW mporpec. Poyb BITUYM3HAHMX BUYEHUX Y
PO3BUTKY (D13UKH.

2. Knacuuna mexanika
HepenstuBicTchbka MeXaHiKa.
[Ipocrip 1 yac y HepenatuBicTchkii (pizuui. Cucremu Biiky. Kinemaruka
touku. [leperBopenns ['amines. [HepuianbHi cucteMu BLUTIKY. [IpuHuumn
BlgHOCHOCTI [ amines.
3aKOHU TMHAMIKH MaTepiaabHOI TOYKH.
JluHaMmika CcUCTeMH MarepialbHUX TOYOK. PIBHSHHA pPyXy CHCTEMH
MaTepiaTbHUX TOYOK.
Pyx y nenTpansHoMy moii.
Pyx 3apsiipkeHUX 9YaCTUHOK B €JIEKTPOMArHITHUX MOJISIX.
3akoHH 30€pEeKECHHS B HEPEIATHUBICTCHKIA MeXaHIimi Ta iX 3B’SA30K i3
BJIACTMBOCTSIMU CUMETPIii POCTOPY 1 Yacy.
HeinepuianpeHi cuctemu Bitiky. Cumu iHepiii.
['paBiTariiiHe mmosje. 3aKOH BCECBITHROTO TsDKIHHSA. 3akoHu Kemepa. [HepTHa
1 rpaBiTauiitna macu. [IpuHUIKIT €KBIBaIEHTHOCTI.
MexaHiuHi KOJIMBaHHA. BiabHI 1 BUMYyIIEHI KOJUBaHHA. Pe3oHaHC.
KonuBanHs npu HAsIBHOCTI TEPTH.

2.1.10. Ilpunnun Haiimenmoi xii. PiBasHHs Jlarpamxka apyroro poay.

VY3aransHeHa cuna, pynkimis Jlarpanxka.

2.1.11. Kanoniuni piBasiHHS ['aminbroHa. OyHKIIis ["aminbpTOHA.
2.1.12. Po3scisHHA 4aCTHHOK Yy LIeHTpanbHOMY ToJ1i. @opmymna Pesepdopaa.
2.1.13. unamika TBepaoro Ttima. Cuctema piBHSHb pPyXy TBEpPIOTO Tija.

[Tonsittss mpo TeHszop iHeprii. KiHeTmuna eHepris pyxy TBEpAOTro TiJa.
[Tpuxnanu oGurCIEHHS MOMEHTY 1HEpIIii.



2.1.14. ]Jlunamika MaTepianabHOI TOUKH 3MIHHOI Macu. PiBHsHHS MemiepchbKoro.
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PensiTuBicTchKa MexaHika.
ExcniepuMeHTanbHI OCHOBHM CIIelianbHOI Teopii BimHOcHOCTI. [loctynatu
Entnmretina. [leperBopenns Jlopenma. [Ipuniun BigHocHOCTI EifHIIITEHA.
PenaruBicTChKUM IMITYJIBC 1 €HEPris, 3B’S30K MDK HUMH. EHeEpris crokoro.
YacTuHKM 3 HYJIBbOBOIO Macow. PensTuBicTcbka JuHAMiKa. 3aKOH
30€pEKEHHS EHEPTrii-IMITYJIbCY.

3. MoJaexyasipHa ¢iznka

Beryn.
[Ipenmer MomekynsipHOoi  (i3uku. ['paHuill  3aCTOCYBaHHS — MOJENI

MaTepiaabHOI TOYKM 1 aObCONIOTHO TBEpAOro Tiia. Mojenb maTepiaabHOro
TLJA.

Macu atomiB 1 Mosekyl. KinbkicTe pedoBrUHU. OCHOBHI O3HAKU arperaTHux
cTaHiB. /[MHaMIYHUN, CTATUCTUYHHMMA 1 TEPMOIWHAMIYHUN METOIH OIHCY
PEUYOBUHHU.

Tuck 1 Temneparypa.

OcHOBHE PIBHSIHHA KIHETUYHOI T€Opii rasis.

PiBusuns Knaneiipona-MenneneeBa. 3akoH JlanbroHa. 3akoH ABOrajipo.
bapomerpuuna ¢opmyna. IligilimansHa cuna. BumiproBaHHS THCKY.
MoutsipHi 1 TUTOM1 BEJTUYHHH.

TepmoMeTpuyHe TIIO 1 TEpPMOMETpUYHA BelnyuHA. EMmipuyHa mikana
TeMIiepaTyp. 3aJIeKHICTh EMIIPUYHOI TEMIIEPATypH BiJl TEPMOMETPUYHOTO
Tia 1 TEPMOMETPUYHOI BEIMYMHHU. AOCOJIIOTHA TEPMOJAMHAMIYHA IIKaJa
temrepatyp. Hyns Kenbain.

Poznonin Makcgeina.

Poznozain mosnekyn 3a mBuaKocTsIMU. CepeiHs KIHETUYHA €HEeprisi MOJIEKYJI.
Busig posnoainy Makcsena.

XapakTepHi MBUAKOCTI po3noauty Makcsemia. YacTora yaapiB MoJieKys y
cTiHky. Umcno Mosekyn y pi3HMX [AUISHKaX pos3noaury Makcsena.
OKcnepuMeHTalIbHa TiepeBipka po3noairy Makceseta. [Ipuniun neranbHOl
PIBHOBAry.

Posnonin bonbimana.

Busin po3nozainy bonbiimana. Cyminl ra3iB y nocyIuHi.

CriBBiAHOIIICHHS MIXK po3mnoAiiamMu Makcsesia 1 boneimana.

AtMocdepa miaHer.

ExcniepumMenTanbpHa nepeBipka posnoairy bombsiimana.

KineTnyH1 XapakTepUuCTUKH MOJEKYISIPHOTO PYXY.

[Tonepeunuii nepepi3. CepeaHs N0BKMHA BUILHOTO TPOOITY.
ExcniepuMenTanbHe BU3SHAUEHHS MONEPEYHOTro Tepepi3y 3iTKHeHb. YacToTa
31TKHEHb.

[Ipouecu_nepeHocy.

Bunu niporieciB nepeHocy (TEIIONpPOBIIHICTD, AU(Y3isi, BHYTPIITHE TEPTH).
[Tportecu mepenocy B ra3ax. 3B'SI30K MDK Koe(ilieHTaMu, W10
XapaKTepU3yI0Th MpoIlecH nepeHocy. Bzaemois B rasi i3 pi3HUX MOJIEKYI.




3.6.2. ®i3uuHi fBUIIA Yy PO3PLIKEHUWX Tra3ax. Bu3HaueHHA BakyyMmy.
Temnonepenaya, nudy3ist 1 TEPTS MPU MAIMX TUCKaX. SIBUIA y TOCYIMHAX,
3'€IHAHUX TTOPUCTOIO CTIHKOIO.

3.7. Po3moain eHeprii 3a CTYNEHSIMU BIILHOCTI 1 OPOYHIBCHKUN PYX.

3.7.1. TeopeMa npo piBHOMIPHUM PO3IMOII €HEPTii 32 CTYIIEHSIMHU BUIBHOCTI.

3.7.2. CyTHicTh OpOYHIBCHKOTO pyxy. Po3paxyHOK pyxy OpOyHIBCbKOT YACTHHKH.
O6epranbHuil OpOYyHIBCHKUH PyX.

3.7.3. ExciepumeHTabHe BU3HaYeHHs cTtanoi boibiimana.

3.8. Ilepmie Hayan0 TEPMOIUHAMIKH.

3.8.1. 3amaui Tepmoaunamiku. Pobota. Ternora. BayTpimnsa enepris. Oi3uunuit
3MiCT mepiroro Hayana. OyHkuii crany i MOBHI AU(epeHITiaNy.

3.8.2. TennoemHicTh. BHyTpimHs eHepris sk QyHKIig cTaHy. TemnoeMHICTh IpH
nocTiitHoMy 00'eMi. TermI0eMHICTh NpU NOCTIMHOMY THCKY UISl 11€aIbHOTO
razy. Po3XOpkeHHs Teopli TEMIOEMHOCTEH  1l€albHOrO Trasy 3
eKCIIEPUMEHTOM.  SIKICHE  MOSICHEHHsS  3aJIeKHOCTI  TEIJIOEMHOCTI
MOJIEKYJISIPHOTO BOJIHIO B1Jl TEMIIEPATypH.

3.8.3. IIpotecu B imeanpbHUX raszax. [300apuuii mporec. [3oxopHuii mporiec.
[30Tepmiunmii mporiec.

3.8.4. Aniabatuuii nporec. [lomiTponnuii poriec. PIBHIHHS MOTITPOIIH.

3.8.5. Pobora nipu 13omporiecax.

3.9. Jlpyre Hayaja0 TEPMOJIMHAMIKH.

3.9.1. lIpouecu. HepiBHOBaxkHI mporiecu. PiBHOBaxkH1 mporecu. OOGOpoTHI i
HeoOopoTHI nipornecu. [{ukmivni mpouecu. Podbora nuxmy.

3.9.2. IMukn Kapno. Koedirient xopucHoi aii nmukimy Kapro. Teopemu Kapwo.

3.9.3. Hepisuicte Knaysiyca. Busnauennst enrpomnii imeaapHOro razy. Oi3uaHmiA
3MICT eHTpomnii. Po3paxyHOK 3MIHM €HTpOIIi y Mpolecax 11€abHOTO Ta3y.
3mina eHTpomii y HeobopotHux mporecax. Pospaxynok K.K.JI. 3a
JIOTIOMOT'OX0 €HTPOTIIi.

3.9.4. ®opmymoBanHs ~ KenbBiHOM ~ gpyroro  Hayajga — TEPMOJMHAMIKHU.
®opmymoBannsa Knaysiycom. ExBiBaneHTHICTh (hopmymtoBanHst KenbBiHa i
Knaysiyca. XonomunpHa mamuHa 1 HarpiBad. DOpMyIIOBaHHS JIPYroro
Hayayia TepMOJIMHAMIKY 32 IOTIOMOTOI0 €HTPOITIi.

3.9.5. CratuctuyHuii XapakTtep JApPyroro Havajlia TepMOIWHaMIKU. Teopema
Hepncra. AGcontoTHa TepMoArHaMIYHa Kana Temneparyp. CyTb Bijl'€MHO1
TEPMOIMHAMIYHOT TEeMIIepaTypH.

3.10. PeanbHi rasu.

3.10.1. BigxwieHHs BiacTUBOCTEW Ta3iB Bia ijeanbHux. PiBHsSHHS Ban-nep-
Baanbca. ®@13u4HMil 3MICT MOCTIHHUX, IO BXOJATh Yy PiBHsSHHSA Bau-mep-
Baansca.

3.10.2. Izorepmu. Ilepexim Big  Ta30omomiOHOTO CTaHy |y  pIAUHY.
ExcniepumenTanphi i30Tepmu. O6macts 1B0Ga3HUX CTaHIB.

3.10.3. Hacuuena mapa. Kputuunmii ctan. BmacTuUBOCTI KPUTHYHOTO CTaHy.
Kputnuna onanecrexiis.

3.10.4. Bwuytpimns enepria razy Bau-gep-Baansca. Edexr J[xoyns Tomcona.
®izuyna cyth edekty. JudepeHuiaabHe 1 IHTErpaJbHEe PIBHSIHHS €(PeKTy




Jbxoynsa-Tomcona. Edekr [Ixoyna-Tomcona y rasi Ban-nep-Baanbca.
3piKeHHS Ta3iB.

3.11. Pinunu.

3.11.1. Crpykrypa piauH. 3aiekHICTh BJIACTHBOCTEM pIAUHU Bl OyA0BH
mosiekys. lloBepxHeBuil Hatsr. BinbHa mOBepXHEBa €Heprisi. YMOBU
pPIBHOBAru Ha I'paHMIl ABOX PIJIUH 1 HA TPAHUIIl PiIMHA-TBEPE TijO0.

3.11.2. Tuck mia  BUKPUBICHOW  MoOBepxHew.  KamiisspHi — sBuIa.
[ToBepXHEBOAKTHUBHI PEYOBHHH.

3.11.3. Piaxi xpuctanu. Buau pinkux xpucrtaniB. BracTuBocTi 1 3acTocyBaHHI
PIAKUX KPUCTAIB.

3.12. ®a3oBi nepexou.

3.12.1. CyTHicTh AMHAMIYHOI PIBHOBAru Ha rpaHulll napa-piauHa. Bmactusocti
CUCTEMHU Tiapa-piguHa. THCK HacW4YeHOI Tapu TMOOJM3y BUKPUBICHOI
NoBEepXHi piaguHu. Kumninus.

3.12.2. Ileperpita piauna. bynsbOamikoBa kamepa. I[lepeoxonomkena mnapa.
Kamepa BinbcoHa.

3.12.3. IloBeninka aBo(a3zHOi CUCTEMH IIPH 3MiH1 TEMIIEPATyPH MPU MOCTIHHOMY
o0'emi. PiBuannus Kuanelipona-Knaysiyca. BuBinm piBHsiHHsA. Da3zoBa
nmiarpama. HaGmmkenuit inTerpan piBasHHs Knaneiipona-Kiaysiyca.

3.13. Pinaki po3yuHu.

3.13.1. PozumunicTh. Temrora po3umHeHHs. ImeanpHi po3umHu. 3akoH Pays.
3akoH ['eHpl. 3aexHICTh PO3UMHHOCTI Bij Temmneparypu. JliarpamMu-crany
po3uuny. KuminHs pigkux po3dyuHiB. OcCOOJMBOCTI KHUIIIHHS PO3YHHIB.
Hiarpamu crany OiHapHUX cyMmimed. Po3AiIeHHS KOMIOHEHT pPO3YHHY.
[lifBUIIEHHS TOYKHU KUMIHHSA po3urHy. OcMOTUYHMM THCK. MexaHi3M Horo
BUHUKHEHHS. 3AKOHOMIPHOCTI OCMOTUYHOT'O THCKY.

3.14. Trepai Tina.

3.14.1. Cumerpis TBepaux Tl Bichk cumetpii n-ro mopsaxky. ToukoBi rpynu
cumeTpii. J{3epkanbHi 130MepH.

3.14.2. Kpucramiyna rpatka. [IpumituBHa rpartka. HeomHopimHicTe BuOOpY
0a3ucy nMpuMITUBHOI rpaTku. TpaHcndiiiiHa cumeTpis. Exementu cumerpii
IPATKH.

3.14.3. Kpucranorpadiuni cucreMu koopauHat. [lo3HadeHHST aTOMHHX TUTOIITUH.
[To3HaueHHs HaNpPsIMIB.

3.14.4. MexaHiuHi BJacTHUBOCTI TBepaux Tul. Jedopmari. [IpyxHi Hanpyru.
Koedimient ITyaccona. [Inactuuna gedopmaiis. Tekydicts. MosiekynsipHuit
MEXaHi3M MIITHOCTI.

3.14.5. Kpucramzamis 1 mnaBiaeHHs. Kpucramizamis 1 cyoOmimaiis. Pa3osi
niarpamu. ®azoBi mepexou Mepiioro i Apyroro poay. AHoOMaabHI pEYOBUHH.
[Tomimopdizm.

3.14.6. OcHOBHI sIKICHI BIIOMOCTI TIpO CIJIaBU. TBEpal pO3YMHU 1 OJIMEpH.

4. EJekTpoauHaMika.
4.1. EnexTpoMartiTHi B3a€EMOJIIi.
4.1.1. Enextpuyni 3apsau. BumipioBaHHS OUTOMOTO 3apsiy YacTHHKH 1
€JIEMEHTApHOTr0 3apsiAy. PIBHSHHS HENEPEPBHOCTI.




4.1.2. EnektpomMaruiTHe ImoJie y Bakyyml 1 HOro xapaxktepuctuku. I[Ipunummn
cynepno3utii. Cuna JlopeHua.

4.1.3. ExcnepuMeHTalIbHI OCHOBHU €JICKTPOJAMHAMIKH: B3a€EMO/IIsI HEPYXOMHX 3apsiiiB,
nociiau Kynona; B3aemoist cTpyMmiB, 10CIiId AMIIepa; eIeKTpOMarHiTHa 1HIYKITi,
nociian dapanes.

4.2. 3arajbHi PiBHSHHS €IEKTPOMArHITHOTO MOJIS.

4.2.1. Cuctema piBHSIHb MakcBeIia y BaKyyMi.

4.2.2. TloTeHmianu eneKTpOMarHiTHOTO TOJIs, PIBHAHHA JIJIsl TOTEHIIIAMIB, TPaJl€HTHA
1HBapiaHTHICTh ENEKTPUTHOTO MOJIS.

4.2.3. I'yctuHa eHeprii i rycTuHA MOTOKY eHeprii eneKTpOMarHlTHoro TOJIS.

4.2.4. 3akOHU TIEPETBOPEHHS TIOJIB 1 TMOTEHI[ANIB MpPU TEPEeXol BiJ OJHIET
1HEpIiaTbHOI CUCTEMH BIIJIIKY 10 1HIIO1. [IpUHITUTT BITHOCHOCTI B €IEKTPOIMHAMIIII.

4.2.5. Cuctema piBHSIHB MakcBeia y pedoBHUHi.

4.3. TlocTiiiHi eJIeKTPOMAarHiTHi MOJIs.

4.3.1. EnexTpoctaTuyHe TMoOJ€ Y Bakyymi, Horo mnoTeHIlanbHICTh. [IpuHnmn
cynepmo3uiii 1 Teopema ['aycca. Eneprisi B3aemomii cUCTEMU 3apsJliB 1 €HEepris
€JIEKTPOCTATUYHOTO TIOJISI.

4.3.2. [locTiiiHe MarHiTHE TMOJIE Y BaKyyMi, HOro BUXpOBUI Xapakrep. 3akoH bio-
CaBapa-Jlarutaca i Teopema npo HUPKyJsiio. EHepris MarHiTHOro moJsi.

4.3.3. EnexTpocratuyHe noje y JieJeKTpUKax.

4.3.4. Tlonspuzaris mienektpukiB. [lomspHi 1 HemomspHi nienexkTpuku. CerHero- i
I’ €30-€JIEKTPUKU. AHTHCETHETOEIEKTPUKH, IIIPOETEKTPUKH.

4.3.5. MarniTHe mosie y pedyoBuHax. [[ia-, mapa- Ta ¢depo- 1 aHTH(DEpPOMATHETHU3M.
deputwu.

4.3.6. Tlocritnuit ctpym y Metanax. Enextpopymriitaa cuna. 3akoan Owma 1 Jxoyns-
Jlenua. Ilpasuna Kipxroda, ix ¢hizuunmii 3MicT.

4.4. KpasicrallioHapHE eJIEKTPOMarHiTHE moJie.

4.1.13minHui ctpym. Onip, EMHICTD, IHIYKTUBHICTD Y KOJI 3MIHHOTO CTPYMY.

4.1.2KonuBuuii KoHTyp. BinbHi 1 BuUMymIeHI KonuBaHHsA. Pe3onanc. ['eHeparris

HE3aTyXal4yuX eJEeKTPOMArHiTHUX KOJUBaHb.

4.2 EnekTpoMarHiTHi XBHJII.

4.2.1XBunwoBe piBHsAHHS. [Imocka MmoHoxpoMatnyHa xBuiist. [IIBuaKiCTh OMMpEHHS

eJIeKTpoMarHiTHUX XBwib. Edext Jlomiepa.

4.2.2BUnpoMiHIOBaHHSl €JIEKTPOMArHiTHUX XBUJIb. JIWMOJIbHE BUIPOMIHIOBAHHS.

EnextpomarunitHa npupona cBitia. [llkana e1eKTpoMarHiTHUX XBUJIb.
5 Onruka.

5.1 XBWiIbOBa ONTHUKA.

5.1.1]I>xepena 1 npuiimMayi CBITIA.

5.1.2I1oHATTS PO KOTEPEHTHICTh. IHTepdepeHItis cBiTIa.

5.1.31punnun Iroitrenca-Openens. Judpakiis cBiTia. JudpakmiitHa pemnriTka.
5.1.4Tlonspu3aris cBitia. [loaBiiiHe MpoMeHe3aIOMIICHHS.

5.1.5®13uyH1 TpUHIMIHN Toorpadii.

5.2 TlomupeHHs CBITIa B CEPEIOBUIIL.

5.2.1Bi110uBaHHs 1 3aJIOMJIEHHS CBITJIA.

5.2.2TlornuHanHs 1 aucnepcis cBiTia. a3oBa i rpynoBa MIBUIAKICTb.
5.2.3Po3citoBaHHS CBITIA.




5.2.43aK0HM TEMJIOBOrO BUMPOMIHIOBAHHS.
5.3 [eomeTrpuyHa ONTHKA.
5.3.1HabnuxeHHs KOPOTKUX XBUIb. OCHOBHI IOHSITTS 1 3aKOHU T€OMETPUYHOT ONTHKHU.
5.3.2]13epkana, niH3u, npu3Mu. ONTUYHI TIPUITAJIH.

6  dDi3zuka sapa i eJileMeHTaAPHUX YACTUHOK
6.1. AtomHe sapoO.
6.1.1 Hocmigum Pesepdopna, smepna mMomenb aroma. CKIaoBl €JIEMEHTH spa.
OCHOBHI XapaKTEPUCTHKU SIACP.
6.1.2. BracTuBOCTI 1 XapakTepUCTUKU siAepHUX cuil. [loHATTS mpo OOMIHHUY
MEXaHi3M SIICPHUX CHIL
6.1.3. PamioakTuBHICTh. XapaKTEpUCTUKU 1 THUIHU PATIOATUBHUX TEPETBOPEHb.
[Tpupona anbda-, 6eTa- i raMa-BUNIPOMiIHIOBaHb. J[03UMeETpisl.
6.1.4. Moneni atomHoro siipa. Kpamnuaaa ta 00010HKOBa MO/ aTOMHHX SIZIEP.
6.1.5. B3aemois rama-BunpomiHioBaHHs 3 peuoBuHOI0. EdhexT Meccbayepa.
6.1.6. He#itpuno. [TonsTrs mpo napHicTs. Hez0epekeHHs mapHOCTI B OeTa-po3mnajax.
6.1.7. SnepHi peakiii. Peakiris moainy i cuHTe3y. SlnepHa eHepreTuka.
6.2. EneMeHTapHI YaCTHUHKHU.
6.2.1. Metonu peectpailii yacTUHOK. J[>kepena 4yacTUHOK, TPUCKOPIOBaYi.
6.2.2. Knacudikariis exeMeHTapHUX 4aCTUHOK. POTOHU, JICITOHU, ME30HH, OapiOHH.
Pesonancu. AnTuyacTuHKU. OCHOBHI XapaKTEPUCTUKU YACTUHOK.
6.2.3. Tunu B3aeMOfli YACTUHOK, iX XapakTepucTuku. OOMIHHHI MexaHi3M
byHIaMeHTaIbHUX B3aeMO1d. [TOHATTS mpo KBapKwu.

7. Tepmoagunamika i craTucTuuHa izuka

7.1. TepMonuHamika.
7.1.1. BHyTpilHs eHepris, Teriora 1 podoTta. B3aemonepeTBopeHHsI BHYTPILIHBOT Ta
1HIMX popm eHeprii. [lepimii 3aKkoH TEPMOJUHAMIKH 1 OTO 3aCTOCYBaHHS.
7.1.2. KBazicratnuni npouecu. [pyruit 3akon tepmoauHamikd. OCHOBHI PIBHSIHHS 1
HEPIBHOCTI TEPMOJIMHAMIKH.
7.1.3. TepmoauHaMiuHi TOTEHITIANH 1 1X XapakTepucTudHi ¢pyHkKiii. CriBBIAHOMIEHHS
Makcgena. PiBusinns ['166ca-I"enbmromnbiia.
7.1.4. Teopema Hepncra. Iloctynar [1nanka. HegocskHICTh aOCOTIOTHOTO HYJIS.
7.1.5. PiBHoBara ¢a3. ®a3oBi mepexoaW IepIioro 1 JApyroro poxay. PiBHSHHS
Knaneitpona-Knaysiyca. PiBusiuas Ependecra.
7.2. CratuctuyHa dizuka.
7.2.1. MikpocTaHu  MakKpoOCKOMIYHOI  cucTteMu.  CTaTUCTUUHMA  PO3MOILI.
TepMmoaMHaMIuHI BEJIMYUHU SIK CEpEH] IO aHCaMOJTIO.
7.2.2. Cucrema B TepmocTtati. Kanoniunuii poznozin ['i66ca B KBaHTOBIM 1 KIIACUYHIN
¢bi3utii. OOUKCIeHHS TEPMOJIMHAMIYHUX MapaMeTpiB Ha OCHOBI po3no ity 1'160ca.
7.2.3. Kimacuunuii igeanpHHil ra3 1 #oro BiacTUBOCTI. Po3moain Makcseiuia 110
mBuakocTaX. Po3noain Maxkcseiuta-bonsimana.
7.2.4. Knacu4Ha 1 KBaHTOBA TEOPIsl TETUIOEMHOCTI i/IeaTbHUX Ta3iB.
7.2.5. Peanbuuii ra3. PiBusanas Ban-gep-Baanbca.
7.2.6. KanToBwii ra3 6o3oHiB. Ctatuctuka bo3e-Eitnmreitna. boze-EitamreiiniBchka
KOHJeHcallisa. HanTekyqicTh piIkoro reito.
7.2.7. 3actocyBanHs cratuctuku bose-EiHmTeitna 10 (oroHHOTO Ta3y. 3akoH
posnoziny [lnanka 1yist piIBHOBaXHOTO TEIIOBOTO BUMPOMIHIOBAHHS.




7.2.8. KBanToBuii ra3z gepmionis. Cratuctuka @epmi-/ipaka. [lepexin 10 kinacuyHoi
CTaTUCTHUKHU.
7.2.9. Enextponnuii ra3. Enepris ®epmi. TenmoeMHICTh €IEKTPOHHOTO rasy.
7.3. EneMeHTH (i3UKH KOHJACHCOBAHUX CEPEIOBHIIL
7.3.1. Kpucrtanu. KonuBanHs kpuctaniuyHoi penriTtku. [IoHsITTs mpo poToHH.
7.3.2. TernoeMHICTh KPUCTAJIIB.
7.3.3. Enextponu B kpuctaii. EnepreTuysi 30HU.
7.3.4. IIpoBiAHUKH 1 T1€TEKTPUKH, HAIIBIPOBIIHUKH Ta 1X €IEKTPUUYHI BIACTUBOCTI.
HaniBrpoBiIHUKOBI MPHUIIAIH.
7.3.5. SIpume  HaampoBigHOCTI. Hwu3pkoTemmepatypHa ¥ BHCOKOTEMITepaTypHa
HaanpoBiaHICcTh. [ToHATTS Ipo Teopiro bapaina-Kynepa-Illpiddepa.
7.3.6. [ToHsATTS Mpo CIIOHTaHHE Ta BUMYIIIEHE BUTIPOMiHIOBaHHSA. JIazepu.

8. KBanToBa ¢i3uka.
8.1. OcoOaMBOCTI NOBEAIHKY MIKPOOO €KTIB.
8.1.1. KopryckynsipHO-XBUJIBOBHH JTyai3M CBITJIa 1 YACTHHOK PEYOBUHHU.
8.1.2. JIucKkpeTHICTh CTaHIB MIKPOOO’ €KTY; JHIMYACTI CIEKTPU AaTOMiB; JOCIIIU
®panka-I'epua; gocniau tepHa-I'epnaxa.
8.1.3. CHiBBiIHOIICHHS HeBH3HAYEHOCTEil. VIMOBIpHICHMII XapakTep OIHCY pPyXy
MIKpOOO’ €KTIB.
8.2. OCHOBHI NOJIOKEHHSI KBAHTOBOT MEXaHIKH.
8.2.1. XBunboBa (QyHKIiS Ta i1 iHTepmperaris. KBaHTOBOMEXaHIYHUN MPUHITUT
cynepnio3uuii. [lpunuyn npuurHHOCTI. HOpMyBaHHS 1 OPTOrOHAIBHICTh XBHIIBOBHX
byHKIIH.
8.2.2. Onepatopu (Hi3MYHMX BEIWYUH Ta iX BIACTUBOCTI. CIIEKTp 3Ha4YCHb (i3HIHOT
BEJIMUMHHU.
8.2.3. CtarucTiyHM MOCTYNaT KBaHTOBOI MexaHiku. CepenHe 3HaYEHHS (Pi3UIHUX
BEJIMYUH.
8.2.4. XBunwoBe piBHsaHHS [llpeninrepa. PiBHAHHS HemepepBHOCTI, HOro (pi3MUHUN
3MICT.
8.2.5. Cramionapue piBusHHs Illpeninrepa. BracTuBOCTI cTamioHapHUX CTaHIB.
3B’S130K €HEPTeTUYHOTO CIIEKTPA 3 MOTEHITIAJIOM.
8.2.6. BinbHa uactunka. YacTuHKa B TOTEHIAIbHIN sMi. EHepreTuuyHuii criekTp
JiHiHOTO ocumisiTopa. TyHenbHUN edekT.
8.2.7. CmiH enexktpoHa. Onuc cTaHy 3a JOMOMOI0I0 TOBHOTO HA0OPY KBAHTOBUX YUCEN.
8.2.8. KBanToBa MexaHiKa CHUCTEMH TOTOXHHUX YaCTUHOK. BiactuBocti cumerpii
XBUJIHOBOI PyHKIIi. bo3onu 1 pepmionu. Ilpunnumn [Taymi.
8.2.9. PiBHSIHHS peNATUBICTCHKOI KBAHTOBOI MEXaHIKHU.
8.3. Bynosa atoma.
8.3.1. Mogens bopa Ta ii icropuyHa poJb.
8.3.2. KBantoBoMexaHiuHa Teopiss aromMa BOjHIO. CHEKTpH BHUIPOMIHIOBAHHS
aTOMapHOI0 BOJHIO.
8.3.3. CraH enekTpoHiB B 6araToenekToHHOMY aToMi. [lepionyHa cucrema eneMeHTIB
Menneneena.
8.3.4. BB 30BHIIIHIX €JIEKTPUYHUX Ta MArHiTHUX TIOJIB HA aTOMHI CIIEKTPH.
Edextu 3eemana 1 lTapka.




9. Meroau mateMaTu4HOI Qiznku
9.1. BekTopHUH aHami3.
9.1.1. OcuoBui mnousATTa. IloBopoT cuctemu koopauHaT. CkajasipHUl T0OYTOK.
Bekropuuii no0yTok. 3MilaHuid 1 ABIWHUNA BEKTOPHUM JOOYTOK TPHOX BEKTOPIB.
I'pamient. JluBepreniis. Porop. IlocmigoBHe 3acTtocyBaHHs omeparopa V.
InTerpyBanus BexktopiB. Teopema ["ayca. Teopema Ctokca. Teopis moTeHmiany.
9.2. CucreMu KOOpJIMHAT.
9.2.1. KpuBomniniiini koopauHaTtu. Judepenniansui BekTopHi onepatopu. Chepuyni
KOOpJIMHATH T, \, ¢. Po3aiIcHHS 3MIHHUX.
9.2.2. Kpyrosi nuiiHapuyH1 KOOPAUHATH p, O, Z.
9.2.3. EninTuyHi MTHAPUIHI KOOPIUHATH U, V, Z.
9.2.4. TlapaGomniyHi MUIIHAPUYIHI KOOpAUHATH &, 1), Z.
9.3. TenzopHuii aHami3.
9.3.1. Beryn. OcHOBHI TOHSTTS. 3ropTaHHs, NpsMuii 100yTok. [lpaBuio yacTkw.
IIceBnorensopu
9.4. ludepeHiiasibHi pIBHSIHHS 3 YACTUHHUMU MOXITHUMHU.
9.4.1. TudepenIiaapHi piBHSIHHS 3 YaCTUHHUMHU TIOXITHUMH 3 JBOMa HE3aJIC)KHUMH
sminHuMH. Knacudikamis audepeHIiiaabHuX piBHAHb 3 YaCTUHHUMHU TOX1JIHHMH.
Kanoniunuii Burisan audepeHialbHuX PIBHSIHL 3 YACTUHHUMU MOXITHUMH JIPYTOro
MOPSIIIKY.
9.4.2. PiBHsiHHS TinepOOIiYHOrO, MapaboIiyHOTO Ta eMiNTHYHOTO TuMiB. KaHOHIYHI
dbopmu MHIMHUX AU(PEPEHIIANbHUX PIBHSIHB 3 YACTHHHUMH MOXIJHUMH 31 CTAIMMU
KoedilieHTaMu
9.5. PiBHSHHS TinepOOIIYHOTO TUITY.
9.5.1. XBunboBe pPIBHSHHS Ta MOCTAHOBKH KpallOBHX 3ajad. PiBHSHHS KOJMBaHb
cTpyHu. ['paHuuHi Ta MOYaTKOBI yMOBH. IX ¢isuuna inTepmperanis. Knacudikaris
KpaioBux 3aa4. [IoHATTS PO KOPEKTHICT MOCTAHOBKH KpaioBoi 3a1a4i. HekopekTHi
3a/aul MaTeMaTu4dHoi Pizuku. Pemykiris 3aranbpHOT 3a1a4i.
9.5.2. 3amaya Komni ans XBWIbOBOTO piBHSHHA. Meton xapakrepuctuk. dopmyna
I’ Anambepa. @opmynu Ilyaccona Tta Kipxroda. KopekTHiCTh mOCTaHOBKH 3ajadi
Komri. V3aransaenuit po3s’s30k 3anayi Kormri.
9.5.3. Meton posauienHs 3MiHHUX (MeTon Dyp’e) nust TinepOONIYHHUX PIBHSHbD.
[lepmra mimiana kpaiioBa 3ajada JJisi OJHOPIAHOTO XBUJILOBOTO PIBHSHHSA (BUIBHI
KOJIMBaHHs CTpyHH). [lepia minmana kpaiioBa 3aj1aua i1 HEOAHOP1THOTO XBUJIHLOBOTO
pIBHSIHHS (BMMYLIEHI KOJMBaHHS cTpyHH). llepmia mimana kpaiioBa 3agava Juis
HEOJHOPIAHOTO XBWUJILOBOTO PIBHSIHHSA 3 HEOJHOPITHUMU TPAaHUYHUMH YMOBaMH.
[lepma wmimaHa KkpaiioBa 3agadya JUisi OJHOPIJHOTO XBWUJIBLOBOTO PIBHSHHS B
NPSIMOKYTHUKY (BUIbHI KOJIMBaHHS MIPSIMOKYTHOI MEMOpaHN).
9.5.4. CnemianbHi  PyHKIIT MatemaTuyHoi (izuku. 3aranpHa 3amaya lltypma-
JliyBima. CrnerianbHi GyHKINT MaTeMaTHYHO1 (DI3UKH.
9.5.5. [lo3naueHHss Ta KPUBOJIHINHI KOOPAMHATH B MaTeMaTHYHIN  (i3uiri.
HudepenmianpHi omeparii B KPUBOJIHIMHUX KoOpAWHATaX. MeToa po3auieHHs
sMmiHHUX (MeTonm Dyp’e) mus meprnoi MimaHoi KpaioBOi 3adadi JJIsE OJHOPIAHOTO
XBUJILOBOTO PIBHSIHHS B KPY3L.
9.6. PiBHsHHS mapaOoIIYHOTO TUITY
9.6.1. PiBusHHs mapabomiuHoro tumy Ta (pi3WuHi 3agadi, M0 0 HUX MPHUBOIATH.




®i3uyHl mpouecH, SKi MNPUBOAATH OO PIBHSAHB HapabosiyHoro Ttumy. [lpunHimn
MakcuMyMy. I paHM4YHI Ta MOYaTKOBi yMOBH. IX (i3uuHa iHTepIpeTarris.
9.6.2. Meton po3aiieHHS 3MIHHUX IS mapaboiiyHux piBHSHB. [lepma Mimana
KpaiioBa 3ajiaya JyIsi OJHOBUMIPHOTO mapabosigyHoro piBHsSHHA. [lepmia mimrana
KpaiioBa 3ajaya sl mapaOodiyHOro PIBHSAHHS B NpSIMOKYTHHKY. [leprmia mimrana
KpaifoBa 3aja4a J1si 1apaboJIIyHOTO PIBHSIHHSA B KPY3l.
9.6.3. 3amaya Komri asst piBHSIHb 1apabOIIYHOTO TUITY
9.6.4. IloctanoBka 3amaui Komn s mapaOonidyHUX piBHAHb. MeETON pO3ALICHHS
3miHHUX (MeTon DPyp’e) nis 3aaadi Ko B onHOBUMiIpHOMY BHUMAIKy. 3agada Ko B
N— BUMIPHOMY MIPOCTOPI.
9.6.5. €1uHICTh Ta CTIUKICTD PO3B’SI3KIB KpaOBUX 3a]a4 JUIsI PIBHSAHB MapaboI1qYHOTO
TUIy..CAUHICT, Ta CTIAKICTh PO3B’SA3KIB MIMIAHUX KpaloBUX 3amad. €IMHICT
po3B’si3ky 3amaui Komni. HenmepepBHa 3anexHicTh po3B’si3ky 3amaul Kommi Bifg
MOYAaTKOBUX YMOB Ta IHTEHCUBHOCTI BHYTPIIIHIX JXKEPE Teria.
9.7. PiBHSHHS €NINTUYHOTO TUMY.
9.7.1. EnintuyHi piBHAHHS Ta (PI3UYHI IPOLIECH, SK1 10 HUX MPUBOISATH
9.7.2. ®i3uyHI TpOILIECH, IO MPUBOJATH IO PIBHAHB elinTUYHOTO THI..[locTaHOBKM
KpaloBUX 3a/ad JJisl eNINTUYHUX PiBHAHb. DYHJIaMEHTAIBHUM PO3B’SI30K PIBHSAHHS
Jlarutaca.
9.7.3. IlpyHIIMn MakCUMyMy Ta KOPEKTHICTh KpaWoBUX 3ajad g pIBHSIHb
eNMNTUYHOTO THIy. [IpuHIMI MakcCuMyMy Ta HOTO HacTiAKU. €TUHICTH Ta HEMEpEepBHA
3aJIEKHICTh BIJ TPaHUYHMX YMOB pO3B’s3Ky 3azadl [lipixne. @opmynu ['pina.
€auHICTh pO3B’A3KY 3a1aul HeliMana. €1uHICTh pO3B’ 13Ky MEPIIOi MIIIAHOT KpailoBOi
3a/1a4i JJ1s1 TinepOoIiYHUX PiBHSHb.
9.7.4. Meron posaineHss 3MiHHUX (Meton Dyp’e) Mg eTNTUYHUX PIBHSAHB. 3agada
Hipixne nnsa piBHsHHA Jlamiaca B mpsAMOKYTHUKY. 3anaya [lipixyie ajig piBHSHHS
Jlarumaca B kpy3i. [arerpain [lyaccona.
9.7.5. Meton ¢ynkiii I'pina OcHoBHa iHTerpanbHa (opmyna I'piHa Ta OcHOBHa
dbopmyna Teopii rapmoHiyHUX QyHKIIA. DyHKuis ['piHa nis omeparopa Jlamnaca.
[Tpukmann Gynkmiu I'pina qis geskux obnacTei.
9.7.6. Enementu Teopii noreHmiany. [loteHimian o0’emMy, mpocTOro Ta MOJABIMHOTO
mapiB. Bractuocti moreniianis. JlorapudmiuHi MOTSHITIATH.

10. ®di3uka TBepaoro TijIa

10.1.Berym.
10.1.1. Buxiani nosioxeHHs 1 o3HaueHHs. KpucrtanigyHa cTpyKkTypa i mpoCcTOpoBa

rpatka kpuctainy. Marepiansuuii 6azuc. Cunronii kpucraiiB. Komipku bpase.
10.2.KpucranorpadiyHi mo3HaYEHHS.

10.2.1. Bysnu, nanpsamku, miomunan. [Haekcun Mumnepa. OOepHeHa rparka 1 ii
BIacTUBOCTI. Dyp’e MpeACTaBICHHS KPUCTAITY.
10.2.2. BuBdeHHS CTpyKTypu KpuCTaliB. B3aemomis XBWIb 3 KPUCTATIYHOIO

rpatkoro. ®opmyna Bynsda - bpera.

10.3.Tunu KpucTamiuHUX rPATOK.

10.3.1. HlimpH1 ~ ymakoBKU.  ['eoMeTpuuHi  XapaKTEpUCTHUKUA  TPATKH.
Koopaunamiiine gucno.

10.4.MixxaToMHI 1 MDKMOJIEKYJISIPHI 3B’ SI3KH.

10.4.1. Jlunons-numnonbHa B3aemois. Ban - gep - BaanbciB 3B’s130k. [loTenian




Jlenapna - Jlxonca. IloBHa enepria. ['patkoBi Oe3po3mipHi cymu. Moayib
BCECTOPOHBOI'O CTUCKYBAHHSI.

10.4.2. lon-ionHa kyminoHiBchbka B3aemonis. Crana Manenynra. Mogayib
BCEOIYHOTO CTUCKYBaHHS. Po3paxyHOK eJeKTpOCTaTUYHOI €Heprii 10H-10HHOTO
KpHUCTay 3a MeToJoM EB’eHa.

10.4.3. KoBanentHuii 38’s130k. CTpyKTypa TUIly anMaszy. MeTaniyHi KpUCTaH.
10.5.[Ipy>kHi BIaCTUBOCTI KPUCTAIIIB.

10.5.1. Komnonentu Hanpyr. Tenszop nedopmartiit. Ctaii npyKHOT )KOPCTKOCTI 1
MOTATIIUBOCTI.

10.5.2. O06’eMHUI MOAYJb IPYKHOCTI A1 OAHOPIAHOTO po3iupeHHs. ['yctuna
IPYKHOI eHeprii AJid KyOIUHUX KPUCTaTIB.

10.6.PoHOHM.

10.6.1. KBaHTOBUI XapakTep KOJIMBaHb rpaTKU. 3aKOH 30€pEKEHHSA IMITYJIbCY
dboHOHA JJ1s1 PYKHOTO 1 HEMPY>KHOTO PO3CII0BaHHA (DOTOHIB B TBEPJOMY TiJl.

10.6.2. Henpy>xue po3citoBanHs GoToHIB Ha ¢oHOHAX. HempykHe po3citoBaHHS
HEUTPOHIB Ha (POHOHAX.

10.7.KosnBaHHS rpaTKU.

10.7.1. KonuBanHga B Tparii 3 OJHUM aTOMOM Yy TMPUMITUBHIN KOMIpIIi.
HucnepciitHe cniiBBinHomeHHs. Kontunyansne Habmmkenns. [lepina 3ona bpintoena.
10.7.2. KonuBanHa y rparmi 3 JBOMa aToMamMu y TPUMITHBHIA KOMIpII.

HucnepciitHe criiBBigHOMEHH. ['panruni BUunaaku. OOYMCIIEHHS CUJIOBHX CTalluX 3a
EKCIEPUMEHTAILHUMH JUCTIEPCIHHUMHU CITIBBITHOIIICHHSIMH.

10.7.3. OnTuyHi BIIACTUBOCTI 10HHUX KpHUCTaliB B 1H(payepBOHIA 00JacTI
CHEKTPY.

10.8. TemnoeMHiCTb.

10.8.1. O3HaueHH4 1 ekcriepuMeHTanbH1 pakTi. OyHKIIS po3noa1LTy (POHOHIB 32

yactotaM. ®aktop bonsiimana. Mogens Eitnmreiina. [TigpaxyHok yncia HOpMaabHUX
KOJIMBaHb B OJHOBUMIPHOMY BHUIANKy ajisi HaOmwxenus JleOas, EitHmreiina, mms
JIAHITIOTa OTHAKOBUX aTOMIB. [ 'yCTHHA CTaHIB y TPUBUMIPHOMY BUITAJIKy B HAOIM>KEHHI
Jle6as. Teopis TemoeMHocTi rpatku 3a Jlebaem. 3akon T2 JleGas.
10.9.TenaonpoBiHICTS.

10.9.1. dopmansHul po3risi nporecy. TemnepaTypHa 3aleKHICTh KoedilieHTa
TETJIOPOBITHOCTI.
10.9.2. TennonpoBiAHICTh IENEKTPUKIB 1 MeTadiB. TemjgoBe pO3MIMPEHHS.

Oninka koedilieHTa TEMIOBOrO PO3UIUPEHHS.

10.10.BinbHull enekTpoHHui ra3z depmi.

10.10.1. VYenixu momeni ta npobiemu. EHeprethyHi piBHI 1 TyCTHHA CTaHIB
€JICKTPOHIB B OJJHOBUMIpHOMY BuUIaJIKy. EHepris @epwmi. BiibHU eleKTpOHHUH Ta3 y
TpUBUMIpHOMY BUNAAKy. llepionuuHi rpanuyHi ymMoBU. ['ycTWHA cTaHiB, €HEpris
®epmi. TemmeparypHa 3anexHicTh (yHKIii po3noauty Depwmi-Iipaka. ['pannuni
BUNAIKH. XIMIYHUA ITOTEHIIAJI.

10.11. Teny10eMHICTh €AEKTPOHHOTO rasy.

10.11.1. ExcriepuMenTansHi  fgaHi 3 TEIUIOEMHOCTI  MmetaniB. ['padiune
IIPEICTABIICHHS.

10.12. EneKTpu4Hi BIaCTUBOCTI.

10.12.1. ExcnepumentanbHi gaHi npo omip wmertaniB. [lpaBuno Mariccena.




TemmnepaTypHa 3aJIe’KHICTh TPATKOBOTO OTIOPY.

10.12.2. EnexTtpornpoigHicTs 1 3akoH Oma. IIIBuaKICTh €JEeKTPOHIB HAa MOBEPXHI
depwmi.

10.13. TenmonpoBiAHicTh MeTaTiB. 3aKoH Bigemana - @panria.

10.14. lienexkTpyuyHa peakilis eJIeKTPOHHOIO ra3y.

10.14.1. 3aNeXHICTh BIJ 4YacTOTH MieeKTpU4IHOI (yHKIlIi. Po3moBCIOIKEHHS
CJICKTPOMArHiTHUX XBWIb y Iutasmi. JlucmepciiiHe cmiBBigHOIIEHHs. Ilna3zmoBa
4acToTa.

10.14.2. Enextpocratnune ekpanyBaHHs. ExpaHoBaHU# KyJTOHIBCHKUN MTOTEHITIAI.
JloB)K1HA eKpaHyBaHHs.

10.15.Pyx eleKTpOHHOTO Ta3y Y MarHiTHOMY TOJIi.

10.15.1. [HuxnorponHa yactora. Ctaruunuii Mmarueroornip. KomnonenTu TeHzopa
MarHeTOMpPOBITHOCTI.

10.15.2. Edext Xomna. Crana Xomna.

10.16. EHepreTuyHi 30HH.

10.16.1. 3araipbHe TpeAcTaBleHHs. Mojienb Maike BUIBHUX €ICKTPOHIB. YMOBa
Bbpera. IloxokeHHs eHepreTUYHOT IIIMHU.

10.16.2. P03B’s130K XBUJILOBOTO PIBHSHHA [JISl €JIEKTPOHIB Ha TPAHUIl 30HU
bpinntoena.

10.16.3. XBUWJIbOBE PIBHSIHHS €JIEKTPOHA B MEPI0IUYHOMY MMOTEHIIaJTLHOMY IOJI.

10.16.4. PiBusinus Llpeninrepa. OproronanbHicTb @yp’e KOMIIOHEHT.

10.16.5. ®yukuis bioxa. Imnyinbec enexTpona.

10.17.Cxema npuBEICHUX 30H.

10.17.1. [lepionnuHa 1 po3mMpeHa 30HHa cxeMa. YHucio piBHIB y €HEepreTuyHin

30H1. MeTan 1 11eNeKTPUKH.
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