HauioHanbHUI TEXHIYHUIA YHiIBEPCUTET YKpaiHU m Kadeanpa nasepHoi
e U ITOT  Kaveapa nasep

«KUIBCbKUU MONMTEXHIYNHUU IHCTUTYT %rm TexHiku Ta ¢i3VIKO-TEXHi‘-IHMX
imeHi ITOPA CIKOPCBKOIO» biauKo-TexHiuHi TexHonorii .u
TexHonoriu

®i3nKa B3aEMoAii KOHLUEHTPOBAaHUX NOTOKIB eHeprii 3 pe4HOBUHOIO
Pob6oua nporpama HaB4YaNbHOI gucuunnium (cunabyc)

PeKBi3UTU HaBYa/IbHOI AUcCUUNAIHU

PiBeHb BULLOI OCBiTH Mepwuli (6akanaspcokuli)

Fanysb 3HaHb 13 MexaHi4Ha iHxceHepia

CneujianbHicTb 131 lMpuKknadHa mexaHika

OcBiTHA Nnporpama IHMCUHIpUH2 38aPIOBAHHSA, 1A3EPHUX MA CIOPIOHEHUX MEXHO02il
Cratyc gucumnniim HopmamusHa

dopma HaBYaHHA OyHa (0eHHa)

Pik niarotosku, cemectp | /Il Kypc, secHAHuUli cemecmp

O6car aucumnniHm 5,0 kKpedumu ECTS/150 200uH; nekuii — 54 200.,
NPAaKmMuyHi 3aHaMmA — 9 200., 1a60pPaAMOopPHi
pobomu — 9 200., CPC — 78 200.

CemecTpoBuii KOHTPONb | EKk3ameH / MOOYs1bHaG KOHMPObHA poboma, po3paxyHKoB80-2pagiyHa
/ KOHTpOAbHI 3axoau poboma

Po3Knap, 3aHATb https://Rozklad.kpi.ua

MoBa BUKNagaHHA YKpaiHcobKa

IHpopmauisa npo Jlekmop: doyeHm, KaHO. mex. Hayk PomaHeHKo Bikmop Bacunbosuy,
KepiBHUKa Kypcy / romvvww@gmail.com

BMKNapavis MpakmuyHi / /labopamopHi: cm.. sukn. Kosupes Onekcili Cepailiosuy,

kozyriev.oleksii@Ill.kpi.ua

Po3mileHHA Kypcy https://classroom.google.com/c/NzEyNTAyMjQxMjU1.

Mporpama HaB4YaNbHOI AUCLUNAIHU

1. Onuc HaBYaNbHOI AUCLUUNAIHW, TT MeTa, NpeaMeT BUBYEHHA Ta pe3y/IbTaTu HaBYaHHA

B3aemogia 3 pevYOBMHOK KOHLEHTPOBAHWX MOTOKIB €Heprii, Taknx, AK NasepHe BUMNPOMIHIOBAHHSA,
€N1eKTPOHHWUI NPOMiHb, M1A3MOBUIM CTPYMiHb ab0 3BaptoBasibHa Ayra - OAWH 3 HAMBAXKNMBILLMX HAYKOBUX
HanNPAMIB Cy4acCHOi TEXHIKM i TEXHONOrIN. BUBYEHHA AUCUMNAIHN 003BONAE PO3BUHYTU YABAEHHA MPO
dyHAameHTanbHi PisnyHI npouecy, Wo BigdyBatOTbCA B PEYOBMHI NPU BNAUBI iIHTEHCUBHUX CBITN0BUX Ta
iHWKWX MaTepianbHUX MOTOKIB. el Kypc Takox [03BONAE Po3pobUTU ¢i3MYHI OCHOBM UMCNEHHUX
NPUKNAOHUX TEXHONOTYHUX HanpAMKiB. TOMy 3HAHHA OCHOBHMX MEXaHI3MiB i 3aKOHOMipHOCTEN
BMCOKOEHEPreTUYHOrO BN/IMBY MOTYXKHUX AXKEPEN Ha PEYOBUHY HEOOXiAHI 414 NOBHOLIHHOT iHXEeHEepHOI
OCBITM 3 1a3epPHOI Ta IHWKX Pi3UKO-TEXHIYHMX TEXHONOTIA.

Mpeamer HaBYaNbHOI AUcuMNAiHM € GOPMYBAHHA Yy CTYAEHTIB yABNEHb MNPO B33AEMOLiHO
KOHLEHTPOBAHMX MOTOKIB €eHeprii 3 pPeyoBMHOW A1 MNOAANbLIOrO0 OCBOEHHA TEXHOMOFYHUX i
KOHCTPYKTOPCbKMX PO3A4iNiB OCBITHbOI Nporpamm «IHXMHIPUHI 3BaptOBaHHA, 1a3epPHUX Ta CNOPIiAHEHUX
TEXHONOTIN».


https://rozklad.kpi.ua/
http://rozklad.kpi.ua/

3aBAaHHA AUCUMNAIHM - AaTWU CTyAeHTam CydyacHi cneuiasbHi 3HaHHA B ob6nacti B3aemogii 3
pPevyoBMHOIO 3BaplOBaNbHUX, NA3EPHUX, MNAA3ZMOBUX, ENEKTPOHHO-MPOMEHEBUX Ta IHWUX MOTYXHUX
AXKepen 3 ypaxyBaHHAM OCTaHHIX HAYKOBMX AOCATHEHb. JucunnaiHa BUBYAE Gi3nYHi npouecu, AKi MatoTb
MicLLe NpY B3AaEMOZiT Ha3BaHMX AXKepen eHeprii 3 pe4OBUHOLO, iX KiIbKiCHMIM Ta AKICHMI onuc.

BMBYEHHA OCBITHBOrO KOMMOHEHTa nepeabavyae GOPMyBaHHA Ta PO3BUTOK Yy CTYAEHTIB
KOMMNeTeHTHOCTEN, nepeabayeHnX OCBITHbOK MNPOrpamMold «IHKMHIPUHT 3BapPIOBAHHA, NA3epHUX Ta
CnopigHeHNX TEXHONOTIY, AKa po3pobaeHa 3 ypaxyBaHHAM CTaHAapPTy BULLOI OCBITM YKpaiHW: nepLlunii
(6akanaBpcbkuin) piBeHb, ranysb 3HaHb 13 — MexaHiuyHa iHKeHepida, crneuianbHictb 131 — MpuKknagHa
MeXxaHiKa. 3aTBepaKeHo i BBeAeHO B Aito Haka3om MiHicTepcTBa ocBiTM | HayKn YKpaiHum Big 20.06.2019 p.
Ne 865.

MeToto HaB4YabHOI ANCUUNAIHN € OPMYBAHHSA Y CTYAEHTIB KOMMNETEHTHOCTEN Y BignosigHocTi go OMNM, a
came:

3aranbHi KomneTteHTHOCTI (3K)

3K 02 | 3HaHHA Ta po3yMiHHA NpeaMeTHOI 06.1acTi Ta PO3yMiHHA NpodeciMHOT AiANbHOCTI.
3K 03 | BMiHHA BUABNATK, CTaBUTK Ta BMpiLLYBaTM Npobiemu.
3K 13 | 3paTHicTb oUiHIOBaTU Ta 3abe3neyyBaTu AKICTb BUKOHYBaHUX PobIT.

daxoBi KomneTeHTHOCTI cneuianbHocTi (PK)
34aTHiCTb NPOBOANTU TEXHOJIOTIYHY | TEXHIKO-EKOHOMIYHY OLIHKY e(pEKTUBHOCTI
BUKOPUCTAHHA HOBUX TEXHOOTIiN | TeXHiYHNX 3acobis.
3aaTHICTb 3AiMCHIOBATU ONTUMaNbHUN BUBIp TEXHONOTYHOro 06/1aIHaHHA, KOMMNEKTALLito
TEXHIYHMX KOMMIEKCiB, MaTh 6a30Bi ysiBEHHA NPo NpaBu/a ix ekcrnayaTtallil.
34aTHICTb OUiHIOBATM Ta KOHTPOIKOBATU NAPAMETPM KOHUEHTPOBAHUX AXKepen eHeprii
®K 12 | nipyacreHepadii Ta npy B3aEMOAii BUNPOMiHIOBaHHA 3 pe4oBMHAMM Ta PO3POBAATH pillIeHHSA
AnA 3abe3neyeHHs ix cTabinbHOCTI.

®K 03

®K 04

3rigHO 3 BMMOramm OCBiITHbO-NPOdECIMHOI Nporpamm CTyAeHTU NicnA 3aCBOEHHA KPeaUTHOro
MOAY/0 MAtOTb NPOAEMOHCTPYBATM TaKi MPOrpamMHi pe3ybTaTu HaBYaAHHA:
Po3paxoByBaTu, OLIHIOBAaTU Ta BMMIpPHOBATU €HEPreTUYHi, YacoBi Ta MPOCTOPOBI NapameTpu
MPH 19 |BnaMBY Na3epHOro BUNPOMIHIOBAHHA Ta KOHUEHTPOBAHMX NOTOKIB eHeprii Ha pe4yoBuHy Ana
3[iIMCHEHHA TEXHONOTYHNX OnepaLiin.
OnTMManbHO 06MpaTK, 3aCTOCOBYBATN, KOMMNOHYBATK | NEPEBIPATU TEXHIYHMI CTaH Ta
pecypc TeXHOoriYHOoro 0b1agHaHHA ANA Na3epHUX Ta Gi3UKO-TEXHIYHUX TEXHONOTIN.

MPH 23

2. MpepeKBi3nuTn Ta NOCTPEKBI3UTU AUCLUNANIHM (MicLe B CTPYKTYPHO-NOFiYHi cxemi HaBYaHHA 3a
BiANOBIAHOIO OCBITHLOIO NPOrpPamolo)

[ns ycnilwHOro 3aCBOEHHA MaTepiany OCBITHbOro KOMMNOHEHTY HeObXiAHI 3HAHHA, AKI 04epPKYTbCA
CTYAEHTOM Yy NonepeaHix OCBITHIX KOMNOHEHTaxX: «Buiwa maTemaTnKka», «3aranbHa ¢isnKka», « TeopeTnyHi
OCHOBM TEMNAOTEXHIKMY.

3HaHHA, AKI oAepKaHO Nig 4Yac BMBYEHHA OCBITHLOrO KOMMOHEHTY, 3abe3neuyyioTb OMNaHyBaHHA
HACTYNHMX KypcCiB 3a HaBYa/IbHUMW NNAHaMM NiaArotoBkn 6akanaspis: «TexHONOrii Ta yCTaTKyBaHHA
3BaPOBAHHA NMJIaBAEHHAM, 1a3€PHUX Ta cnopigHeHuxX npouecis. YactnHa 1. TexHonorii Ta yCTaTKyBaHHA
3BaptOBaHHA MN/aBNEHHAM Ta CcropigHeHMX npouecie», «TexHonorii Ta ycTaTKyBaHHA 3BaplOBaHHA
NNABAEHHAM, NIa3EPHUX Ta CNOpigHEHUX npoueciB. YacTnHa 2. TexHoNOorii Ta yCTaTKyBaHHA J1a3epHUX
NPOLECiBY», a TAKOXK B NepeaannIoMHi NPaKTULI Ta ANNIOMHOMY NPOEKTYBaHHI ana 6akanaspa.



3. 3micT HaBYaNbHOI gUCUMUNAIHM

Bctyn. OCHOBHi XapaKTePUCTUKM KOHLLEHTPOBaHUX NOTOKIB eHeprii

Po3gin 1. OCHOBHI XapaKTEPUCTUKM 1a3ePHOro BUNPOMIHIOBAHHA

Tema 1.1 OCHOBHI NONOXEHHA KNAaCUYHOI eNeKTPOAUHAMIKM.

Tema 1.2 PiBHAHHA Makcsenna. BAactMBOCTi eneKTpoMarHiTHOI XBUAI.

Tema 1.3 BupiweHHA pisBHAHb MaKcBenna ana HeNnornmMHa4uoro gienekTpuka.

Tema 1.4 OcHOBM nasepHOi reHepauii

Tema 1.5 BnactusocTi nasepHOro BUNPOMiHIOBaHHA

Tema 1.6 OCHOBHi NPOMMCNIOBI 1a3epu Ta PEXKUMM iX pOO6OTH

Tema 1.7 Yacosi, eHepreTU4Hi Ta NPOCTOPOBI MAapamMeTpPu Na3epPHOro BUNPOMIHIOBAHHA

Tema 1.8 ®oKycyBaHHA Na3epHOro BUMPOMIHIOBAHHA

Po3gain 2. MornvHaHHA 1a3epHOro BUNPOMIHIOBAHHA. XapaKTePUCTUKM 1la3epHOro gxepena Tema

2.1 NorAnHaHHA Na3epHOro BUNPOMIHIOBAHHA

Tema 2.2 BinbuTra Ta nepesioMIeHHA eNEeKTPOMArHiTHUX XBU/b

Tema 2.3 3aKoH byrepa-/lambepTta-bepa. KoediuieHT nornmHaHHA. KepyBaHHS NPOLLEECOM MOTIMHAHHSA

Tema 2.4 ONTUYHI XapaKTEPUCTUKM NPOBIAHMX CepenoBuLL,

Tema 2.5 MNornnHaHHA BUNPOMIHIOBAHHA MeTasaMM Ta iX ONTUYHI BNAaCTUBOCTI

Tema 2.6 MNornnHaHHA CBiTNA Ta Nepeaaya eHeprii y HaniBNPOBigHWKAX

Po3gin 3. HarpiBaHHA nig Aieto nazepHOro BMNpomiHioBaHHA Tema

3.1 MocTaHOBKa 3a4ay HarpiBy 1asepHUM BUMPOMIHIOBaHHAM Tema

3.2 OcobanBoCTi 3a/1a4 HarpiBy NasepHUM BUMPOMIHIOBAHHSM.

Tema 3.3 ndepeHuinHe piBHAHHA TENAOMNPOBIAHOCTI, FPaHUYHI YMOBMW.

Tema 3.4 OKpemi pilleHHA 3a4a4i TennoNpPoBiAHOCTI.

Tema 3.5 KpuTnyHa rycTMHa NOTYKHOCTI

Tema 3.6 Pyxome axxepeno tennotu. LUBnaKo pyxome axkepeno TenaoTm

Po3gin 4. MNnhasneHHs nig Aieto NasepHOro BUNPOMiHIOBaHHA

Tema 4.1 OcobnmBOCTI NNaBAEHHA METanNiB Nif, A€o Na3epHOro BUNPOMIHIOBaHHS

Tema 4.2 Ymosa CtedaHa

Tema 4.3 Mogeni nasepHOro NnaBaeHHA

Po3gin 5. Mpouecn nasepHOro pyiHyBaHHA

Tema 5.1 /lazepHe pyrHYyBaHHA NOFMHAKOUYMX MaTepianis

Tema 5.2 3aranbHa XxapaKTePUCTUKA MEXAHI3MiB Na3ePHOro pyMHyBaHHA

Tema 5.3 /lazepHe BMNapoBYyBaHHA

Tema 5.4 3aranbHi XapaKTepUCTUKN Na3epHOro pisaHHA maTepianis

Tema 5.5 OCHOBHI NOHATTA Ta BNAaCTUBOCTI NAa3Mmn. Di3NYHI XapaKTEPUCTMKM N1a3mun

Po3ain 6. OCHOBHi XapaKTepPUCTUKM €NeKTPOHHOIo NPOMeHA

Tema 6.1 Pyx 3apAXKEHUX YaCTOK B €NEKTPUYHOMY | MarHiTHomy noni

Tema 6.2 OCHOBHI XapaKTePUCTUKN eNIeKTPOHHOro npomeHs. MapameTpun eNeKTPOHHOro NPoMeHs

Tema 6.3 TepmoenieKTPOHHA emicia

Tema 6.4 PopmyBaHHA €NEKTPOHHUX MyYKiB. ENeKTpOHHa onTMKa. MarHiTHi niH3un.

Tema 6.5 ®i3nyHi npouecn npu Aii eneKTPOHHOro NPOMEHSA Ha MmaTepiaam

Tema 6.6 Tennosi NpoLecku B 30Hi ENEKTPOHHO-NPOMEHEBOIO BMN/INBY

Po3gin 7. OCHOBHi XapaKTEPUCTUKN NNA3MOBOI0 CTPYMEHSA

Tema 7.1 MNnasma Ta ra3osi po3psgun. Knacudikauina razosoro po3paay. BonbT-amnepHa xapaKkTepucTuKa
pospaay

Tema 7.2 EnekTpuyHa ayra. 36yakeHHA gyrosoro po3psaay. KatogHa Ta aHogHa obnacti. CtoBn ayru.
BonbTamnepHa xapakTepuctnka ayrm Tema 7.3 NnasmoTpoHuU



4. HaBuanbHi matepianu Ta pecypcum
basoea nimepamypa

(yci BupaHHA HaaBHiI B 6i6nioTewi KMl im. Iropa Cikopcbkoro abo B eneKTpOHHOMY BUTNAL,
3a nocunaHHam https://classroom.google.com/c/NzZEyNTAyMjQxMjuU1l).
1. Kotnapos B.M. TexHonoris nasepHoi po3mipHoi 06po6bKn. HaB4anbHUIM HAOYHUIA NOCIOHUK. KuiB:
HTYY «KMl», - 2015. - 195 c.
2. NasepHi TexHonorii Ta Komn'toTepHe moaentoBaHHa. / J1.®. Fonosko., K.: Bictka, 2017. — 389 c.
3. B.M. Konepcak. Teopia 3BaptoBaHHA —u.1., Kuis: HTYY KI1l, 2016. -384 c.

JHdodamkoea nimepamypa
4, fonosko /1.®., Canin C.C., PomaHeHKo B.B., BrnowuuuH M.C.. BurotosneHHsa bimeTtanis 3
BUKOPUCTAHHAM IMBAPHOTO npoLiecy i nasepHoi 06pobku. — K. : KNI, 2022. —c. 235.

5. KBacHuubKknin B. B. CneujanbHi cnocobu 3BapioBaHHA: HaB4y. nocibHUK. — Mwukonais: YAMTY,
2003. —437c.
6. di3nKa B3aeEMOAii KOHUEHTPOBAHUX NOTOKIB eHeprii 3 peyoBuHOto. Y.1. MeToan4Hi BKasiBKM A0

CaMOCTiiHOT pobOoTUN CTYAEHTIB A0 BUBYEHHA KPEAUTHOro MoAynA ANA CTYAEHTIB cneuianisauii
«Jla3epHa TexHika Ta Komn'loTepusoBaHi npoueck ¢i3nKo-TexHiYHOi 0b6pobkn» cneu. 131
MpuknagHa mexaHika. Yknaa. B.B. PomaHeHko, O.C. Ko3upes, — K.: HTYY «KTllI», 2017. - 13 c.

7. Mark C. Gower. Laser Interaction with Matter .- CRC Press, 2019. — 257 c..

8. Claude R. Phipps. Laser Ablation and its Applications. - Springer, 2017. — 318 c.

9. Kyuosa B.3., Aonosa T.A., KotoBa T.B., Morpe6bHa H.E., KoBzenb M.O. OcHoBwM Teopii TBepA0ro Tina
(disnka TBEpAOro TiNA): HaBYyanbHMM NociOHMK.—Hinpo: HMeTAY, 2018. — 89 c.

10. bBineHkKo l.I. ®i3nyHKnii cnosHuk /3a pea. O0.3.XmyacbKkoro. —K.: Buuia wkona, 2019. — 349 c.

11. Benwuyko C.M., KocteHko /1.[1. BuBY4eHHA OCHOB KBaHTOBOT Pi3nKN: HaBY. NOCib. ANA CTyAEHTIB
BULWMX HaBYaNbHUX 3aKknagis.— Kiposorpaa: PBL, KAMY im. B.BUHHMYeHKa, 2002.-
274c.http://Itft.kpi.ua/ua/studentam/sylabusy.html (cant kadegpu ITPTT).

12. library.kpi.ua (caT HaykoBO—TexHi4HOi 6ibnioTekn HTYY «KIl im. Iropa CikopcbKoro»).

13.  MeTtogmnyHi maTepianu Takox goctynHi B KAMMNYC - campus.kpi.ua. Ta Google Classroom:
https://classroom.google.com/c/NzEyNTAyMjQxMjU1.

HaB4anbHUWA KOHTEHT
5. MeToauKa onaHyBaHHA HaBYa/AbHOI AUCUUNNIHU (OCBITHBOrO KOMMOHEHTA)

KinbkKictb roguH

Hassu po3ginis Ta Tem Ycboro Nekuyii MpakKr. Nab. pob. CPC
3aHATTA
Bctyn. OCHOBHI XapaKTepPUCTUKU
KOHLUEHTPOBaHUX NOTOKiB eHeprii
Po3gin 1. OCHOBHi XapaKTepUCTUKU 1 1

Na3epHoOro BUNPOMIHIOBAHHA
Tema 1.1 OCHOBHi MNO/IOXKEHHA K/IAaCUYHOI

€NeKTPOANHAMIKM.



http://ltft.kpi.ua/ua/studentam/sylabusy.html
http://ltft.kpi.ua/ua/studentam/sylabusy.html
https://classroom.google.com/u/1/c/MTgwNjgzMTY2MTI2
https://classroom.google.com/u/1/c/MTgwNjgzMTY2MTI2

Tema 1.2 PiBHAHHA Makcsenna.
BnacTnBOCTI eNeKTPOMAarHiTHOI XBui.
Tema 13 BupiweHHA piBHAHb
Makcsenna ana HernorAMHaKyoro
AienekTpuka.

Tema 1.4 OcHOBM na3epHOi reHepauii

Tema 1.5 Bnactneocti nasepHoro
BUMPOMIHIOBAHHA

Tema 1.6 OcHOBHI npomucaosi n1asepu Ta
peXmMmu ix poboTtu

Tema 1.7 Yacosi, eHepretTmyHi Ta
NPOCTOPOBI napameTpu  Na3epHoOro
BUMPOMIHIOBAHHA

Tema 1.8 doKycyBaHHA Nnas3epHoOro
BUNPOMIHIOBAHHA

Pasom 3a posginom 1

26

Po3gin 2. TlorAMHaAHHA Na3epHoro
BUNPOMiHIOBaHHA. XapaKTepucTukm
nasepHoro axxepena

Tema 2.1 MornnHaHHA NasepHoro
BUNPOMIHIOBAHHA

Tema 2.2 Bigbutra Ta nepenomseHHs
€NEeKTPOMArHiTHUX XBUNb

Tema 2.3 3aKoH byrepa-/lambepTa-bepa.
KoeoiuieHT noranHaHHA. KepyBaHHSA
NpoLEecom NOrANHAHHA

Tema 2.4 OnNTUYHI  XapaKTepPUCTUKMK
NPOBIAHNX cepeaoBULL

Tema 2.5 MOrnMHaHHA BUNPOMIHIOBAHHA
MeTanamu Ta ix ONTUYHI BNACTUBOCTI

Tema 2.6 T[loranHaHHA cBiTAA Ta
nepeaaya eHeprii y HanisnposigHWKax

Pasom 3a posginom 2

16

10

Po3zgin 3. HarpisaHHAa nig
BDI€0 NasepHOro BUNPOMiHIOBAHHA
Tema 3.1 MNocTaHOBKaA 3a4a4 Harpisy
NlazepHUM BUMPOMIHIOBAHHAM

Tema 3.2 OcobnmBocTi 3agay Harpisy
Nla3epHMM BUMNPOMIHIOBAHHAM.

Tema 3.3 [udepeHuinHe piBHAHHA
TENJIONPOBIAHOCTI, TPAHNYHI YMOBMU.

Tema 3.4 Okpemi pilIeHHA
3a4aui TenIoNpPoBiAHOCTI.

12




Tema 3.5 KpuTnyHa ryctmHa NoTy*KHOCTI 2 2
Tema 3.6 Pyxome pgxKepeno TennoTu. 2 2
LLIBnAaKo pyxome axepeno Tennotu

Pasom 3a posginom 3 20 12
MoaynbHa KP - 1 5
Po3ain 4. MNnasneHHA nig

Bi€0 nasepHoro 1 1

BMNPOMIHIOBaHHA
Tema 4.1 OcobnmBocTi nNnaBneHHA
meTanis nig A€o Nla3epHoro
BMMNPOMIHIOBAHHA
Tema 4.2 YmoBa CtedaHa 1 1
Tema 4.3 Mopgeni nasepHOro naaBneHHA 4

Pasom 3a posginom 4 6 2
Po3gin 5. Mpouecun

Ia3epHOro pyMHyBaHHA 2 2

Tema 5.1 JlasepHe pPYMHYBaHHA
NOrNHAYMX MaTepianis
Tema 5.2 3aranbHa XxapaKTepucTUKa 1 1
MEXaHi3MiB 1a3epPHOro pyMHyBaHHA
Tema 5.3 /lazepHe BMNApOBYBaHHA 1 1
Tema 5.4 3aranbHi XapaKTepUCTUKKU 2 2
Na3epHOoro pisaHHA maTtepianis
Tema 5.5 OCHOBHI NOHATTA Ta BAACTUBOCTI 2 2
nnasmu. PisnyHi
XapaKTepPUCTUKKN Na3mm

Pasom 3a po3ginom 5 8 8
Po3pin 6. OCHOBHi XapaKTepUCTUKM
€NeKTPOHHOro NpomeHs 1 1
Tema 6.1 Pyx 3apAXKeHMX YaCTOK B
€NeKTPUYHOMY i MarHiTHOMY nofi
Tema 6.2 OCHOBHI XapaKTEpPUCTUKMK 1 1
€NeKTPOHHOro npomeHa. [llapameTpu
€/1eKTPOHHOro NPOMEHA
Tema 6.3 TepmoenieKTPOHHA emicia 8 2
Tema 6.4 ®dopmyBaHHA eNEKTPOHHUX 2
nyykis. EneKTpoHHa onTtuka. MarHitHi
NiH3MK.
Tema 6.5 ®isnuHi npouecn npu Aii 1 1
€/1eKTPOHHOro NPOMEHA Ha MaTepianmn
Tema 6.6 Tennosi npouecu B 30Hi 1 1
€/1eKTPOHHO-NPOMEHEBOIO BMN/INBY

Pasom 3a po3ginom 6 14 8




Po3pin 7. OCHOBHI XapaKTepuCTUKU
€/1eKTPOHHOr0 NPOMEeHA 2 2
Tema 7.1 MNna3ma Ta rasosi po3paaw.
Knacudikauis rasoBoro po3pAaay.

BonbTamnepHa XapaKTepucTuka
po3pAaay
Tema 7.2 EnektpuyHa ayra. 36yaKeHHs 2 2

AyroBoro pospsay. KatogHa Ta aHogHa
CroBn payrn. BosbTamnepHa
XapaKTepuCTMKa ayrm

obnacrTi.

Tema 7.3 NnasamoTpoHu 2 2

Pasom 3a posginom 7 6 6 0 0
MopaynbHa KP - 2 5
Prp 14 14
Ek3ameH 30 30
Bcboro roguH 150 54 9 9 78

5.1 NleKuiliHi 3aHATTA

Ne 3/n Ha3Ba Temu neKuii Ta nepenik 0CHOBHUX NUTAHb
(nepenik gnaakTUUHKX 3acobiB, NOCMNAHHA HA NiTepaTypy Ta 3aBgaHHA Ha CPC)

1 Bctyn. OCHOBHI XapaKTePUCTUKU KOHLLEHTPOBAHWUX MOTOKiB eHeprii. OCHOBHI NMONOXKeHHA
KN1aCUYHOI eNekTpogmHamikum. PiBHAHHA MakcBenna. BnactMBOCTi eneKTpoMarHiTHoOi XBuAi.
Nitepatypa: ocHoBHa — [1,3]; aoaaTtkosa —[5,7, 10].

2 OcHoBM nasepHoi reHepau,ii.

KBaHTOMexaHi4YHa cucTema, 30yAKEeHHS KBAHTOMEXaHIYHOI CUCTEMW, TUNM Nepexonis,
KoeodiuieHTV EMHWTEeNHa, po3noain bonbumaHa, iHBEpCiA 3aceneHocCTi.
NitepaTypa: ocHoBHa — [1]; poaaTtkoBa —[8, 11].

3 Yacosi, eHepreTn4yHi Ta NPOCTOPOBI NAapaMeTPM 1A3€PHOro BUNPOMIHIOBAHHA
3aneXKHiCTb YaCOBUX Ta EHEPreTMYHUX NapameTpiB BUNPOMIHIOBAHHA Big pernmy poboTu
nasepa. YacoBui Ta NpPOCTOPOBUIM  PO3MNOAINAN iHTEHCUMBHOCTI. MogoBuit cknag,
BUNPOMIiHIOBaHHA. [aycciBCbKMIM po3nogin.

NitepaTypa: ocHoBHa — [1, 2]; aogaTkoBa —[6, 7].
3aBaaHHA Ha CPC: XapakTepHi dopMu i CTPYKTYpU nasepHux imnynbcie. KoedilieHT
30CcepearKeHoCTi.

4 PoKycyBaHHA 1a3epPHOro BUNPOMiHIOBaAHHA

Cxema POKyCyBaHHSA, 3aNEXKHICTb Bif NapamMeTpiB ONTUYHOI cuctemu, PoKyCcyBaHHA O4HO- Ta
6aratomoaoBOro BMMNPOMIHIOBAHHA. TnnbuHa ¢okycy. XBuaboBi abepalii Ta cnocobu ix
3meHweHHA. CKnagosi KyTy po3bixKkHocTi. SliTepaTypa: ocHoBHa — [1,2]; goaatkosa —[4, 7).

3aBaaHHA Ha CPC: Yomy ? AKi BNAaCTUMBOCTI Na3epHOro BUNPOMiHIOBAHHA A03BOMIAOTb MOro

,roctpe” poKycyBaHHA?




5 MornvHaHHA NasepHOro BMMNPOMIiHIOBaHHA. BigbuTTa Ta nepesioMaeHHA eneKTPOMarHiTHMX
XBWJIb
MowmnpeHHA enekTpoMarHiTHUX xsuab. ®asoBa nosepxHa. Bektop MolHTiHra. KoediuieHTn
NMOrAMHaHHA, BiAOUTTA i npo3opocTi. 3B‘A30K ONTUYHUX XAPAKTEPUCTUK MaTepianis 3
eNEeKTPUUYHMMM.

Nitepatypa: ocHoBHa — [2]; goaaTtkosa —[1, 7, 8, 10].
3aBgaHHA Ha CPC: ®a30Ba noBepxHA B reOMETPUYHOMY Ta XBWU/IbOBOMY HaBNMMKEHHAX.
BuneeneHHA 3aKoHy CHeniyca.

6 3akoH byrepa-/lambepTta-bepa. MornnHanbHa 3gaTHICTb.. KepyBaHHA NpoLEecomM NorIMHaHHA
OcnabneHHA MapanenbHOro MOHOXPOMATMYHOIO MPOMEHS NMpPU MOLWMPEHHI B PEYOBMHI.
CKiHWwap Ta NornMHanbHa 34aTHiCTb. TemnepaTypHa 3a/1eXKHICTb KoediLliEHTY NOrIMHAHHA.
[JienekTpuyHi NornnHarum NOKPUTTA, CNocobu iXx HaHEeCEHHS.

NitepaTtypa: ocHoBHa — [2]; aoaaTtkoBa —[1, 8, 10].
3aBgaHHA Ha CPC: AAKUM YNHOM MOKHa 36iNblIMTU KoediliEHT NOrAMHAHHA? Yomy?

7-8 OnNTMYHI XapaKTepUCTUKKN NPOoBIaHUX cepenosmLl,. NornMHaHHA Na3epHOro BUNPOMIHIOBAHHA
MmeTanamm
KnacnyHa mopenb BinbHUX eneKkTpoHiB. Teopia [Opyae-/lopeHua. Yactota penakcauyii.
B3aemogia niacuctem B metani. TensonposigHicTb B MeTani, ii 3B‘A30K 3 eNeKTpUYHUMMU
B/IaCTUBOCTAMM.
Nitepatypa: ocHoBHa — [2]; AoaaTkoBa —[7, 8].
3aBgaHHA Ha CPC: MpUUYMHM Ta MeXKi BUKOPUCTAaHHA PiBHOMIPHOro po3noginy B Tenn0BuUX
3aga4vax. BigmiHHicTb 3akOHY byrepa gns pisHuMx Tunie martepianis. MNPUUMHM iICHYBAHHA
HepiBHOCTI (2).

9 MornMHaHHA Na3zepHOro BUNPOMiIHIOBAHHA HaNiBNPOBIAHNKAaMU Ta AieNeKTPUKamMu
BigMiHHOCTI HaniBNpOBIAHMKIB Big MeTanis. Ix CTpykTypa. MexaHi3mu MNOrMMHaHHA B
HaniBNPOBIAHWKY, BMNAAKW, KOAM OAMH 3 MEXaHiI3MIB € NpeBantoouMm. BiamiHHICTb i
CXOXIiCTb HANiBNPOBIAHWKIB Ta AieNEeKTPUKIB.

NitepaTypa: ocHoBHa — [2]; aoaaTtkoBa —[1, 8].
3aBaaHHA Ha CPC: 3MiHHICTb ONTUYHMX BNACTMBOCTEN HANIBNPOBIAHWKA B 3a1€XKHOCTI Bif,
TemnepaTtypu.

10 MocTaHOBKa 3afay HarpiBy /1lasepHUMM BUMPOMiHIOBaHHAM. OcobamMBOCTI 3aay Harpisy
NlazepHMM BUMNPOMIHIOBAHHAM.
di3nyHi Nnpouecy, Wo NexxaTb B OCHOBI GOPMYyBaHHSA Na3ePHOro AXKepesa TENNOTH,
napameTpu, Wo MOro xapakTepumsytoTb. PO3noain ryCTMHM TenaoBoro NOTOKY i MOro 38‘A30K 3
rYCTUHOI MOTYXHOCTI..

NitepaTypa: ocHoBHa — [1,2]; goaaTkoBa —[4, 7, 8].

11 OndepeHLiliHe piBHAHHA TENAONPOBIAHOCTI, TPAHUYHI YMOBW.
Nitepatypa: ocHoBHa — [1,2]; aoaaTtkoBa —[4, 7, 8].

12-13 OKpemi pilleHHA 3a4a4i Ten10NPOBIAHOCTI.

3aBaaHHA Ha CPC: 3miHa piBHAHHA TenaonpoBigHOCTI Ana Tin 3ragaHoi ¢dopmn. Mexa
NPMAATHOCTIi OAHOMIPHOT Moaeni. YMOBM AOCATHEHHA CTaLliOHApPHOI TemnepaTypu.
BigMiHHiCTb NOHATTA TOHKOI N/IAaCTUHM BiA, HaNiBHECKIHYEHHOrO TiNa.
Nitepatypa: ocHoBHa — [1,2]; aoaaTtkoBa —[4, 7, 8, 10].

14 KpuUTn4yHa ryctuHa noTy»KHOCTI

3aBgaHHA Ha CPC: B YoMy MPUHLUMMNOBA Pi3HULA MiXK KOPUTUHHUMM TYCTUHAMM NOTYXKHOCTI MO
NNaBAEHHIO Ta BUNApOBYBaHHIO?
Nitepatypa: ocHoBHa — [1,2]; aoaaTtkoBa —[4, 7, 8].
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Pyxome axkepeno Tennotu. LLIBUAKO pyxome axxepeno Tenaotm

3aBgaHHA Ha CPC: Bupas gna KpUTUYHOI NYCTUHU NOTYXHOCTI 33 nnasaeHHAM. Bupas ana
BU3HAYEHHA nepexigHOro 4acy 3a BiAOMOI TYCTUHM MOTYXKHOCTI. 3aNeXHiCTb KPUTUYHOI
rYCTUHW NOTYXKHOCTI NPU BUNAPOBYBAHHI Bif, YaCOBUX XapaKTepPUCTUK AKepena TensaotTn Ta
TeNNodi3nYHMUX XapaKTEPUCTUK MaTepiany. MOpPIBHAHHA pPO3pPaxyHKiB ANA PYyXOMOro Ta
LWBMAKO PYXOMOTO AxKepen TeNN0TU 3a OAHAKOBMX YMOB Harpisy. JliTepaTypa: OCHOBHa - [2,
3, 5]; nopaTtkosa — [4, 7, 8]

16 Ocob6nMBOCTI NNaB/eHHss MeTaiB Nif Ai€o NasepHoro BUNPOMiHIOBaHHA. YmoBa CtedaHa
3aBaaHHA Ha CPC: 3miHa AMHaMiKK KOpAOoHY piaKkoi ¢a3um B 3a/1e€XKHOCTI Bif, 3HaKy banaHcy B
ymosi CtedaHa. 3anexKHicTb Big napameTpiB 06pobkn dopmun BaHHM po3nnasy. 3aneXHiCTb
MaKCMManbHoOi rMMOBUHM NponnaB/ieHHA Bi4 NapameTpiB  06pobku. PopmyBaHHA
,KUHAXKaNbHOro” NponaaB/ieHHA.

Nitepatypa: ocHoBHa - [2, 3, 5] ; aoaaTtkosa — [4, 7, 8]

17 NlazepHe pymHyBaHHA NOrMHAOYMX MaTepianis
Buan nasepHoro pymHyBaHHA Ta CNOCO6M iX AOCATHEHHS.

Nitepatypa: ocHoBHa - [1] ; aoaaTtkosa — [8, 11]

18 3aranbHa XapaKTePUCTUKA MEXAHi3MiB /1a3epHOro pyrHyBaHHA. JlasepHe BMMNapOBYBaHHA
3aBgaHHA Ha CPC: ®i3nyHi npouecn Ha AKi BUTPAYaETbCA nepexiaHMi yac. 3miHa 3 Yyacom
NMUTOMOI YacTKM pigKkoi Ta napoBoi ¢a3 nig 4ac pyMmHyBaHHA. Yomy BMCOKa MiKOBa
iHTEHCUBHICTb BUNPOMIHIOBAHHSA He € ONTMMAJIbHOK 415 NPOLECiB pyMHYBaHHA? MexaHiam
ioHi3aLii meTaneBoro Mapy Mae MiCLe Npu NasepHOMY PYMHYyBaHHI. Bname nnasmu Ha
nasepHe  BUMPOMIHIOBaHHA.  CTabinbHi napameTpu PYMHYBaHHA B pexumi
KBasicTalioOHAapHOro pymHyBaHHA.

Nitepatypa: ocHoBHa - [1] ; aoaaTkoBa — [8]

19 3aranbHi XapaKTEPUCTUKM Na3ePHOro pi3aHHA maTepianis
3aranbHi XapaKTEPUCTUKM NA3EpPHOI pPi3KM maTepianis. MoxXnusi npouecn Npu nasepHomy
po3gineHHi Mmatepianis. PisM4HMN Ta XiMIYHMA MeXaHi3MKM  pi3kKM. Cxemu nogadi
TeXHoNOoriYyHoro rasy. @PyHKUii KUCHIO. HekepoBaHa pi3ka. [par. CrauioHapHe Ta
HecTauioHapHe pylHyBaHHA. KiHeTMKa ¢opmyBaHHA pisy 3a BMCOKMX Ta HU3bKMUX
LIBMAKOCTEN.
NitepaTypa: ocHoBHa - [1, 2] ; popaTkoBa — [7, 8]
3aBgaHHA Ha CPC: BigMiHHICTb TEPMOCKONOBAHHSA Ta CKpalbyBaHHA. PisMYHUX NpoLecis 3a
PaxyHOK AKMX BigOyBaeTbCs pPyMHYBaHHA MpuM  Nas3epHiin  pisyi  6esnepepBHMM
BUMNPOMIHIOBAaHHAM Ta iMNy/IbCHO-NEPIOAYHMUM BUMPOMIHIOBAHHAM

20 OCHOBHI NOHATTA Ta BNACTMBOCTI NAa3mmn. Di3UUHI XapaKTEPUCTUKM N1a3MH.
NitepaTypa: ocHOBHa - [2]

21 Pyx 3apag)KeHMX 4acTOK B eNeKTPUYHOMY i MarHiTHomy noni. OCHOBHi XapaKTEPUCTUKMU
€NEeKTPOHHOTro NpomeHs. MNapameTpu eNeKTPOHHOIO NPOMEHA.
Nitepatypa: gogaTtkosa —[7].

22 TepmoeneKTpoHHa emicis.
Nitepatypa: gogaTtkosa —[7, 11].
3aBgaHHA Ha CPC: BnamB napameTpiB eneKTPOHHOIO0 MPOMEHA Ha MOro reometpito.
XapaKTePUCTUKN eNeKTPOHHO-MPOMEHEBOIO AKepena, Moro BigMiHHICTb Big, na3epHoro
Oxepena.

23 DopMyBaHHA eNEeKTPOHHUX NyYKiB. ENeKTpoHHa onTKKa. MarHiTHi f1iH3u.

Nitepatypa: goagaTtkosa —[8].




24 ®i3nyHi npouecun nNpu Aii eNeKTPOHHOro NPOMeHA Ha maTepianu. Tenaosi NpPoLecH B 30Hi
€/1eKTPOHHO-NPOMEHEBOTIO BMN/INBY.
Nitepatypa: gogaTtkosa —[8].

25 Mnasma Ta ra3oBi po3psagun. Knacudikauis razosoro pospaay. Bonbt-amnepHa
XapaKTepucTuKka pos3paay.

Nitepatypa: gogaTtkosa — [8, 11].

3aBgaHHA Ha CPC: CxoxicTb Ta BigMIHHICTb XapaKTePUCTUK NNA3MM Ta XapaKTEPUCTUK
NpoBiAHMKA Ta rasy. MNpami Ta 3B0pOTHI NpoLecu B Naasmi MopiBHAHHA Nasmu AK gxkepena
eHeprii 3 eNeKTPOHHUM NPOMEHEM.

26 EnektpunuHa ayra. 36yakeHHna ayrosoro po3psay. KatogHa Ta aHogHa obaacti. Ctosn ayru.
BosbTamnepHa xapakTepucTuKka gyru.
Nitepatypa: goaaTtkosa —[8].

27 MnasmoTpoHu.
Nitepatypa: noaaTtkosa —[8].

5.2 MNpakmuyHi 3aHAMM=A
LMKA NPaKTUYHUX 3aHATb MAE Ui 3aKPIiNAEHHS FTO/IOBHUX TEM OCBITHbOTO KOMMOHEHTY, AKi
3aCBOEHO TeopeTuyHo. OCKiNbKM NpeameTomMm AUCUMnAiHM € $i3nYHI npouecu, SKi mMalTb Micue npu
B32EMO/ii Na3epHOro BUMPOMIHIOBAHHA, €/1EeKTPOHHOro npPoMeHlo abo nnasmoBOro CTPyMeHs 3
PEeYOBMHOK Ta iX KiIbKICHUA ONUC, OCHOBHMMMU 3aBAAHHAMM UMKAY MPAKTUYHUX 3aHATb € 3aCBOEHHSA
KOHKPETHUX NUTaHb, OTPMMAHHA HaBUYOK Ta YMiHb Y Pi3MYHUX Ta iHKEHEPHUX PO3PaxyHKaXx.

Neo Kinbkictb
HasBa Temu 3aHATTA
3/n aya. FroauH

BnactuBoCTi 1a3epHOro BUNPOMiHIOBaHHA. YacoBi, eHepreTuyHi Ta NPocTopoBi
napameTpu 1a3epHOro BUNPOMiHIOBaHHA. POKyCyBaHHA 1a3epHOro
BMNPOMIHIOBAHHSA.

MeTa po60T1: BUBYMTHM 3a1€KHICTb YaCOBUX Ta EHEPTETUYHMX MapPaMeTpiB
BMNPOMIHIOBaHHA Bif, pexumy poboTun fasepa; 03HaMOMUTUCA 3 CXeMaMK
dOKyCyBaHHSA, iX 3a/IeXKHICTIO Big, NapameTpiB ONTUYHOI cuctemm; GOKYCyBaHHA 04HO-
Ta 6araToMoA0BOro BUNPOMIiHIOBaHHA; rMBUHa pokycy.

1 3aBaaHHsA Ha CPC: [loB*KMHA XBUAi HEoAMMOBOro nasepy 1,06 MKM. 3HalTN MOKAa3HMK 2
MOHOXPOMATUYHOCTI. IHTEHCMBHICTb BUNPOMIHIOBAHHA HA BiACTaHi rayciBCcbKOro pagiycy
cknagae 10°Bt/cm?. 3HaT MaKCMManbHYy iIHTEHCUBHICTb. 3HaWAITb 3HAUYEHHA
chepuyHoi abepauii niH3m 3 KCl (K=0,235) dpoKycHoto BiacTaHHo 100 mm. fliH3a
po3TalloBaHa Ha BiACTaHi 1 meTp Bi4 BMXiAHOro A3epKana pe3oHatopa. iametp
NPOMeHA Ha BMUXigHOMY a3epKani 10 mm.

MoNoBUHHUI KyT po36ixKHOCTI 5 Mpag,.

NitepaTypa: ocHoBHa — [1, 2]; aoaaTkoBa —[4, 6, 10].

MornnHaHHA BUNPOMiIHIOBaHHA MeTaslaMm Ta HaniBNpoBigHUKamu.

MeTa po60oTu: 3po3yMmiTh CyTb 3aKOHa byrepa-/lambepTa-bepa; nornnMHanbHa 34aTHICTb;
KepyBaHHA MPOLLECOM MOFM/IMHAHHA; TemnepaTypHa 3aNeXHicTb  KoeQilieHTy
NOFIMHAHHA; AieNEKTPUYHI NOrMHAKYM NOKPUTTA, CNOCOOM iX HAHECEHHS.

3aBaaHHs Ha CPC: 3HalAiTb 4acTOTy eNleKTPOH-POTOHHOI penakcallii, AKLWO Ha MeTan
Ai€ imNynbc HEOAMMOBOTO /la3epa 3 TaKMMM NapameTpamm: K, MceK, mpaa. JliH3a 3

MM, KoediujieHT nornmHarHa = 0.5. KinbKiCTb eNeKTPOHIB, WO NOrAMHaOTh Ha cmS.
LLnpuHa 3abopoHeHOi 30HM repmaHito aopisHioe 0,67 EB. 3HalTKN NepeBarkatounii
MeXaHi3M MOrIMHAHHA BUNPOMIHIOBaHHA Ta Jia3epis.

NitepaTypa: ocHoBHa — [2]; AoaaTKosa —[4, 8].




MKP -1

OKpemi pilueHHA 3aga4i Ten10NpPoBiZHOCTI.

MeTa po60TH: BUBYMTMN NOCTAHOBKY Ta pilleHHA ANdEpPEHLIMHOro PiBHAHHA
TENNoNpPOBIAHOCTI; FPAHMYHI YMOBW; 3MiHa PiBHAHHA TENAOMNPOBIAHOCTI ANA TiN Pi3HOI
dopmu; MmerKa NpUAATHOCTI 0O4HOMIPHOT Mogeni. YMOBM [0CATHEHHA CTaLioHapHOI
TemnepaTypw; BiAMIHHICTb MOHATTA TOHKOI NAACTUHM Big, HaniBbe3cKkiHeYHoro Tina.
3aBaaHHA Ha CPC: 3HalAiTe KPUTUYHI F'YCTUHM NOTYXKHOCTI MO NNABAEHHO. 3HaNAiITb
KPUTUYHI TYCTUHM NOTYXHOCTi MO BUNApPOBYBaHHIO. 3HAMAITb Yac HAarpiBaHHA A0
TeMnepaTypu BUNapoBYBAHHA, AKLLO iMMY/IbC MA€E NapameTpu.

Nitepatypa: ocHoBHa — [1,2]; nogaTtkosa —[6,7].

MKP -2

5.3 /labopamopHi 3aHamMmsa

LUukn nabopatopHmx pobiT Mae WinA0 NPaKTUYHOTO 3aKpPiNAeHHA TONI0BHUX TeM

KOMMNOHEHTY, AKi BUBYEHO TEOPETUYHO.

OCBITHbOIO

No
3/n

HasBa nabopaTtopHoi pobotn

Kinbkictb
aya. rogvH

KOHCTpYKL,iA Ta OCHOBHi e1eMeHTU TBepPA0Ti/IbHUX i rAa30BUX N1a3epiB

MeTta po60Tn: O3HAaMOMUTUCH 3 NPUHUMNOM POOOTU, CKNALOM, KOHCTPYKLIELD i
610K CXeMot0 Na3epiB; BUBYUTU KOHCTPYKLLT BUNPOMIHIOBAYiB TBEPAOTI/IbHOrO
Ta rasoBoro /1a3epis.

3aBgaHHA Ha CPC: O3HalMOMNEHHSA 3 OCHOBHUMM eleMeHTaMM Na3epPHUX
BUMNPOMIiHIOBa4iB; 03HAMOM/IEHHS 3 METOZlaMM PEriaMeHTHOro obc/lyroByBaHHsA
Nla3zepHUX BUNPOMIiHIOBAYiB Ta OTPUMAHHA NPAKTUYHUX HABUYOK MO
ob6cnyroByBaHHIO Ta A0OrNA4Y 33 e/1eMeHTaMu BUNPOMiHIOBaYa nasepa.
NitepaTypa: ocHoBHa — [1]; poaaTkoBa —[6].

BuBYeHHA NOrAMHANbHOI 34aTHOCTI MaTepianis

MeTa po60Tu: BUBUMTH 3arasibHi 3aKOHOMIPHOCTI NpoLEecy NOrMHAHHA
N1a3epHOro BUNPOMIiHIOBAaHHA MaTepiaslaMun; O3HAUMOMUTUCA 3 METOLMKOIO
BM3HAYEHHA BiAOMTOro CUrHany Big NOBEPXHI, O ONPOMIHIOETLCS;

3aBaaHHA Ha CPC: BU3Ha4yeHHs 3Ha4YeHHA KoedilieHTIB NOrMMHAHHA Pi3HUMMU
MaTepianamm Ta NOrMHANbHUMU NOKPUTTAMMU; BU3HAUYUTU 3MiHY KoedilieHTa
BiAOMBaHHA B 3aN1€KHOCTI Bif KyTa NagiHHA.

NitepaTypa: ocHoBHa — [2]; poaaTtkoBa —[4, 6, 8].

BumiptoBaHHA giameTpa POKyCyBaHHA Na3epHOro BUNPOMIHIOBAaHHA Ta
po3noainy iHTEeHCUBHOCTi B HbOMY

MeTta po60Tn: BUBUMTIN XapaKTEPUCTUKM NA3EPHOT0 AKepena, HOPMaAbHWUIN Ta
PiBHOMIPHUI PO3MoO4in iIHTEHCUBHOCTI B CHOKYCOBAHOMY MPOMEHI.

3aBgaHHA Ha CPC: O3HaMoOMNEeHHA 3 MEeTOAMKOK BUMipYy po3noaineHHs
iHTEHCMBHOCTI NO giaMeTpy NPOMEHA; CYTb METOANKN BUMIPIOBAHHA
iHTEHCUBHICTb Y cpOKycoBaHOMY Ta pO3pOKYCOBaHOMY NPOMEHAX;
pO3paxyHKOBI CXxeMM Npu NiadMpPaHHI TEOPETUYHWNIA 3aKOH PO3NOAiNeHHA Ta
OLiHKa CepesHI0 ryCTUHY MNOTYXKHOCTI Y KOXXHOMY BUMNAAKY.

Nitepatypa: ocHoBHa — [1,2]; aoaaTtkoBa —[4,6, 7, 8].




Bu3HauyeHHA pob0TH BUXOAY €NEeKTPOHIB i3 meTany

MeTa poboTtn: O3HalloMeHHA 3 MmeTogamu NobyaoBM Ta BUBYEHHS BObT-
aMMEepPHOI XapaKTePUCTUKN eIEKTPOHHO-MPOMEHEBOro NpoMeHs.

4 3aBaaHHA Ha CPC: BuBYeHHA cnocobiB A0CNIAXKEHHSA 3aNEXHOCTI LWiIbHOCTI 2
CTPYMY HAaCUYEHHA TepMOEeNEKTPOHHOI eMicCii Big TemnepaTypu Katoga Ta
BM3Ha4yeHHA poboTM BUXOAY eNeKTPOHA METOA40M Npsmux PivapacoHa.
Nitepatypa: ocHoBHa — [3]; goaaTtkoBa —[9, 11].

6. CamocTiitHa poboTa cTyaeHTa

.. Hopma yacy Ha | TepmiH
cu KinbkKictb )

Bupa, camocTiiiHOi po60TH cTyaeHTa roANH NiAroToBKy, yacy,

rog. rog.
MiarotoBKa A0 NeEKLi Ta 3aCBOEHHA A0AaTKOBUX NMUTaHb 14 0,3 14
MigrotoBKa A0 NPaKTUYHUX POBIT 6 0,65 6
MiarotoBKa A0 nabopaTopHMx pobiT Ta onpautoBaHHA 6 0,65 6

pe3ynbTaTiB

MiarotoBka Ao MKP-1 4 4 4
MiarotoBka Ao MKP-2 4 4 4
BukoHaHHA PIP 14 14 14
MigroToBKa A0 eK3ameHy 30 30 30
Bcboro 78

CamocTiHa poboTa ctyaeHTa (78 roa.) nonArae y niarotosui A0 NeKUiMHMX, NabopaTopHUX i
NPaKTUYHKUX 3aHATb (26 roAa.), 2-0X MoAY/IbHUX KOHTPONbHUX PObIT (8 roa.), BUKOHAHHA 3aBAaHHA no PIP
(14 ropn.), a Takox nigrotosui Ao ek3ameHy (30 roa.) WAAXom onpaLoBaHHA PEKOMEHA0BaHOI NiTepaTypu,
NiAroToBL,i BiANOBiAeN Ha KOHTPObHI 3anNUTaHHSA | Po3B’A3yBaHHI 3a4au.

MoaynbHi KOHTPOIbHI po60TH Ta 3aBAaHHA Ha PTP.

OCHOBHOIO U0 KOHTPOJIBHUX MOJYJBHUX POOIT € MepeBipKa SIKOCTI 3aCBOEHHS TEOPETUYHOIO
Marepiaiay Ta IPaKTHYHUX HaBHUOK, sSIKi HEOOX1IHI JUIsl BAKOHAHHS (DaxOBUX 00OB’SI3KIB 110 CAMOCTIHHOMY
MIPOEKTYBAaHHIO CUCTEM JIa3€pHOI ONTUKU Ta PO3PaXyHKIB, KOHCTPYIOBAHHIO Ta MPOEKTYBAHHIO ONTHYHUX
cuctem JITO. MoaynspHa KOHTpoiibHA po0OOTa pO3JAiJieHa Ha Bl YaCTHHH 1 MPOBOAUTHCSA Mia 4ac
MPAKTUYHUX 3aHATh. 3aBaaHHs Ha PI'P 1aioTh MOXKIHMBICTH MPAKTUYHOTO 3aCBOEHHS TEOPETUYHOTO KYpCy.
Pesynpratn MKP Ta PI'P BpaxoByrOThCsI IpU MPOBEAEHH] KaJeHAAPHOTO0 KOHTPOJIIO.

Mepenik numaHe 0718 nidcomosKu 00 MKP po3smiweHuli 8 HaseOeHHOMY Huxc4e 000amky A.
3micm 3a80aHb Ha KoxcHY PP HagedeHo y 0o0amky b.

ITosiTKa Ta KOHTPOJIb
7. I1oJliTHKA HABYAJIbHOI JUCHHUILIIHU (OCBITHHOI0 KOMIIOHEHTA)
IIpaBuaa BiABiIyBaHHS 3aHATH

3riguno ITonoxxenHs npo opraxizaiito ocsiTHboro nporecy B KIII im. Iropst Cikopcbkoro, cTyZeHTH
MalTh TpaBO Ha  BUTbHE  BiABiAyBaHHSA  JekmiiHMX 3aHath (m. 3.5 PCO 2022
https://osvita.kpi.ua/sites/default/files/downloads/Pologennia_ RSO _2022.pdf).

BinBimyBaHHS NeKiid, MPaKTUYHUX 3aHATH, @ TAKOXK BIJCYTHICTh Ha HHUX, HE OIIHIOEThCS. OHAK,
CTyIeHTaM PEKOMEHY€EThCS BiIB1IyBaTH 3aHATTS, OCKUIBKH Ha HUX BHUKJIAJA€THCS TCOPETUYHHUNA MaTepia
Ta PO3BUBAIOTHCS HABUYKH, HEOOX1IHI /11 BUKOHAHHS CEMECTPOBOIO 1H/ANBITYaIbHOTO 3aB/IaHHS.

Jlnist cTyIeHTiB, siKi OepyTh Ha ceOe BiAMOBIANbHICTh 32 OpPraHi3allilo i IJIaHYBaHHS CBOT'O 4acy s
HaBYaHHS, € MOXKJIMBICTb OMAHOBYBATH AUCIUILIIHY Y 3MIIIAHOMY PEXHUMi: 03HAHOMIJICHHS 3 TCOPETUYHUM



MaTepiaJioM JISKIIii 1 po3B’s3yBaHHS MPAKTUYHUX 3aBJaHb — CAMOCTIIHO, 32 HEOOXIAHOCTI MPOBEICHHS
KOHCYJIbTAIlill BUKJIaaueM 3T11HO TpadiKy KOHCYIbTaLIH 1 BIIBEJCHOTO Ha HUX Yacy, y BIAMOBIAHOCTI 10
Me/1arorivHOro0 HaBaHTAXKEHHS BUKJIa1a4a.

JIaGopatopHi pOOOTH BHKOHYIOTHCS y I'PYHOBOMY PEXHMI MiJl KEPIBHUITBOM BiANOBIIaTHHOTO
BUKJIaJaya.

IIpaBuiia noBeAiHKH HA 3aAHATTAX

AKTUBHICTh CTyJIEHTIB Ha JEKIIHHMUX, NPaKTUYHUX Ta JAaOOPATOPHHUX 3AHATTAX BCUIAKO
3aoxouyeThcs. llpoBeneHHs 3aHsTh 0Oa3yeTbcsd Ha 3acafax JA0OpO3UWIMBOIO MapTHEPCTBA 33Ul
JOCSTHEHHST METH BHUBYCHHS IUCHMILUTIHA. Pa3oM 3 THUM, NOpOBEACHHS 3aHATh MAa€ BiANOBLIATH
JucnumtinapanmM npaswiaM, ski qitote B KIII im. Irops Cikopcbkoro.

IIpaBuia 3axucty J1a6opaTOpHUX PodIT

[licns mpencTaBieHHS TOTOBOTO TPOTOKONY JabopaTopHOi poOOTH, SKH Mae MICTUTH BCi
HEoOX1/IHI KOMIIOHEHTH (Tema, LuIb poOOTH, KOPOTKI TEOPETUYHI BIAOMOCTI, METOJIU Ta PE3YyJbTaTH
BUMIpIOBaHHs Ta 00pOOKH pe3ysbTaTiB, IpadiyHi UIFOCTpallli, BACHOBOK) CTyIeHT (a0o rpymna CTyJIEHTIB,
SIKIIO TaKe repedaueHo) HaaloTh MOSCHEHHS, SKUM YHHOM OYJIO TOCSTHYTO IUIb pOOOTH 1 BIAMOB1IAI0TH
Ha JI0JAaTKOB1 3alIUTaHHsI, KO B HUX BUHUKHE TIOTpeOda.

IIpaBuia 3axucTy iHIMBiIYyaJIbHUX 32BIaHb

PoGounii HaBuanpHUW TJIaH mependadyae BUKOHAHHS MOMYJIBHOI KOHTPOJIBHOI pOOOTH, siKa
po3/iJieHa Ha JIBl YaCTMHM Ta 3aBJIaHHS Ha Ky IHIAUBIAyalbHe IJs KOKHOTO cryaeHTa. Temu st MKP
BHKJAJCHI 3a TmocCWIaHHsAM https://classroom.google.com/c/NzEyNTAyMjQxMjUl, a cucrema
omiHtoBaHHs HaBeneHa B PCO oCBITHBOTO KOMITOHEHTY.

IHoniTuka nennaiiHiB Ta NepecKIaaHb

Jana nonituka peryitoerbest [lonoxeHHs M po opranizaiito ocBiTHbOro npouecy B KIII im. Irops
Cikopcbkoro, IlonmokeHHsSIM mHpo cucTeMy OILiHIOBaHHSA pe3ynbTariB HaBuaHHs B KIII im. Irops
Cikopcbkoro, [Tomoxenusm mpo anmensiii B KIII im. Iropst Cikopcebkoro.

MosiTka 010 aKageMivHOI 100POYECHOCTI

AkaznemivuHa HeOOpOYECHICTh HenpuimycTuMa. CrcteMa iHIuBiAyadTbHUX 3aB/IaHb Ha JabopaTopHi
ta PI'P no3BOssle MakCMMallbHO YHMKHYTH CIIMCYBaHHS, a YHIKQJIbHICTh 3aBJaHb JO3BOJISIE YHUKHYTH
rariary.

8. B KOHTPOJIIO Ta peiTHHIOBAa CHCTEMA OLliHIOBaHHs pe3yabTaTiB HaBuaHHs (PCO).

KoHTponbHi 3axoau:

1. MOTOYHMMN KOHTPO/b: BUKOHAHHSA NPaKTUYHMX 3aBgaHb, MKP Ta PIP.

2. KaneHpapHUI KOHTPO/b: MPOBOAMTLCA ABIYi Ha CemecTp AK MOHITOPWUHI MOTOYHOrO CTaHy
BMKOHAHHA BUMOT cunabycy.

3. CeMecTpOBUIA KOHTPO/b: EK3aMEH.

Tabnnua BUAiB KOHTPOIKO Ta MAaKCMMA/bHOI KiNlbKOCTi 6aniB 3a HUX.

. MakcumanbHa MakcumanbHa
Bup, KoHTpOAIO Kinbkictb L. ) L. )

KinbKicTtb 6anis Ha 1 KinbKicTb 6anis
BMKOHaHHA NPaKTUYHUX 3aBAaAHb 9 2 18
BMKoOHaHHA nabopaTtopHUx pobit 9 2 18
MKP 2 6 12
Prp 1 12
Ek3ameH 1 40 40
Bcboro 100




OuiHIOBaHHA BUKOHAHHA NPaKTUYHUX 3aBAaHb:
Kpurepii banun

[0 BMKOHAHOIro 3aBAAHHA HEMAE 3ayBa*KeHb, AaHi NpaBWUAbHI BiANOBIAI NpU
nepesipui
€ He NPUHLUMNOBI 3ayBa*KeHHA 40 BUKOHAHOro 3aBAaHHA Ta/abo AaHi Bignosiaj
3 NOMWAKaMK Npu nepesipu,i
€ MPUHLNMNOBI 3ayBa*KeHHSA 40 BUKOHAHOro 3aBAaHHA Ta/abo He AaHi Bianosiai
(AaHi HenpaBuAbHI) Npu Nnepesipy,i

poboTa He 34aHa

OuiHOBaHHA BUKOHAHHA N1abopaTtopHUxX pobir:
KpuTtepii banu

[0 BWKOHaAHOI nabopaTtopHoi poboTM Hemae 3ayBakeHb, AaHi NpaBW/IbHI
BigNOBIAi Npu nepesipLi
€ He MPMHLMNOBI 3ayBayKeHHA A0 BUKOHaHOI 1abopaTopHoi poboTu Ta/abo aaHi
Bi4NOBIAl 3 NOMUAKamK Npu nepesipu,
€ NPUHLMNOBI 3ayBaXKeHHA 0 BUKOHaHoi nabopatopHoi poboTtun Ta/abo He aaHi
BiANoBiAj (AaHi HenpaBuUAbHI) Npu NepesipLi

MKP nogineHa Ha 2 4aCTUHM Ta BiAOYBaETLCA Y BUTNAAI NPOXoayKeHHA TecTiB. KoxHa yactuHa MKP
CKNAJaA€eTbcA 3 3 NUTaHb. 3@ KOXHY NpaBWAbHY BiAMNOBiAb CTyAEHT OoTpMmye 2 6ana. AKWO cymapHa
KiNbKicTb NpaBuibHUX Bianosigen meHwe 2,5 6anis, To UA YacTmHa MKP BBarKaeTbCs He 34aHOLO, NpU
ubomy 6anmn He HapaxoByTbCA. MaKCMMaIbHO MOXKIMBA OLiHKa 32 ogHY YacTuHy MKP cknagae 6 6anis.
3a BCi 2 yactMHKU — 12 6aniB. 3a BUKOHaHY PI'P cTyZleHT oTpMMYyE MaKCUMa/ibHY OLHKY - 12 6anis. AKWO
AKICTb BUKOHAHHA PTP ouiHeHa meHle, Hix Ha 5,5 6aniB, To PIP BBa)KaeTbCcs He BUKOHAHOW Ta 6anum He
3apPaxoBYHOTbCA.

YMOBOIO A0MNYCKYy A0 €K3aMeHy € BUKOHAHHA BCIX NMPaKTUYHUX Ta NabopaTopHUX pobiT, 3aaHi 2
yacTuHM MKP Ta PTP. a cymapHuin cemecTpoBuii pedTuHr binblue 35 6anis. CemMecTpoBUit PEATUHT MOMKHA
NiABULWMTN 33 PaXYHOK 3a0X04yBasibHMX 6aniB (MakCMMym Ha 6) WAAXOM BWMKOHAHHA A043TKOBMUX
iHOMBIAYanbHWX 3aBAaHb (BMAAE BUKNAZaY).

Ha eKk3ameHi cnyxayy HeobxiAHO [aTM PO3ropHyTi BiAMOBIAi Ha 3 MWUTAHHA, KOXHE 3 AKUX
OLLIHIOETBLCA 33 HACTYMHUMM KPUTEPIAMMU:

poboTa He 3aaHa

KpuTtepii Banu
npasu/ibHa BIAMNOBIAb, MOX/IMBO 3 HECYTTEBMMM 3ayBaXKEHHAMM, MOBHOTA 12-13
BiAnosiAj binblia 90%
€ He NPMHUMNOBI 3ayBa*KeHHs, NOBHOTA BiagnosiAi 6inbwa 75% 9-11
€ NPMHUMNOBI 3ayBaXeHHA, afle MOXKHA BBaXaTu LWLO CYTb MUTAHHA PO3KPUTA, 7-8
NoBHOTA BignoeiAi He meHwa 60%
CYTb NUTAHHSA He PO3KpUTa Ta/abo NoBHOTa BiANOBIAI MeHwWwa 60% 0

Y BMMNAAKy, KONM CYMapHa OLiHKA 33 eK3aMeH MeHLwe 24 6anis, eK3aMeH BBAXKAETbCA He 34aHUM,
npu ubomy 6anm He HapaxoByHOTbCA. [ANA NnepecknafaHHA eK3ameHy € ABi f0AaTKOBI cnpobu.
OTpuMMaHHI cnyxadyem penTUHrosi 6ann nepeBoanTb B YHIBEPCUTETCbKI OLHKK 33 LWKa/oto:

Kinbkictb 6anis OuiHKa
100-95 BigmiHHO
94-85 Oye nobpe
84-75 Jobpe
74-65 3a40BinbHO
64-60 LocTtaTHbO
MeHwe 60 He3apoBinbHO
He BMKOHaHi ymoBW 4onycky He ponyuweHo

MpnbAnsHMI Nepenik NUTaHb, AKi BUHOCATLCA HA eK3aMeH npusBedeHui B [loaaTtky B.



9. NopatkoBa iHpopmauia 3 aucumunaiHK (OCBITHBOro KOMNOHEHTA)

Aodamok A

MNpubansHMii nepenik NUTaHb ANA NiArotosku Ao MKP-1 ta MKP-2.

1. NasepHe BUNPOMIHIOBaHHSA Le:

2. BnactmBocCTi, WO Bigpi3HAIOTL 1a3epHe BUNPOMiIHIOBaHHA BiJ 3BUYalHOrO CBiT/1a:

3. MOHOXPOMATUYHICTb /1a3€PHOro BUNPOMIHIOBAHHA NOACHIOETLCA:

4, MOHOXPOMATUYHICTb 1A3€PHOr0 BUNPOMIHIOBAHHA A,03BONAE YHUKHYTH:

5. KorepeHTHICTb /1a3epHOro BUNPOMIHEHHSA Le:

6. IHTE@HCUBHICTb 1a3€PHOr0 BUNPOMIHEHHA €:

7. [ob6poTHicTb pe3oHaTopa Le:

8. PosTawwyiiTe 3aco0b6M OTpMMaHHA Na3epHOro iMNy/bca 3a 36inbleHHAM TPUBANOCTI iMMNybCa:
9. AKKNI 3aKOH po3noAiny iHTEHCMBHOCTI B OCHOBHIl (rayciBcbKiit) mog,i:

10. EdeKTMBHUI (raycciBebKilt) pagiyc, ue:

11. 3anexHicTb MiXK rnnbuHoto poKycy Ta POKYCHOO BiACTaHHIO:

12. PiBHOMiIpHa Kp1BM3HA NOBEPXHi NiH3M NPU3BOAMUTbL A0 NOABU:

13. flka onTMYHa abepallis 3araloMm HeBNACTUBA 4J/1 1a3€PHOr0 BUNPOMiIHEHHS:

14. NiH3KM 3 AKOro maTepiany BUKOPUCTOBYIOTb A/1a PpoKycyBaHHA BUNpomiHeHHA Nd-nasepis

15. NiH3M 3 AKOro maTepiany BUKOPUCTOBYIOTb ANnA GOKycyBaHHA BUNpomiHeHHa CO2-nasepis

16. fIKa 3anexHicTb KoedilieHTY NOrMHAHHA B METanax Bif eN1eKTPonpoBigHOCTI:

17. fIKa 3anexHicTb KoedilieHTY NOrIMHAHHA B MeTanax Big TemnepaTypu:

18. LLlo onucye 3akoH byrepa:

19. BKaKiTb NpaBuIbHUIA 3annc 3aKoHy Byrepa:

20. Y BignosigHoCTi 40 moaeni JlopeHua Npu NOrAMHAHHI 1a3epHOro BUNPOMIHIOBAHHA MeTanamm:
21. fKke CNiBBIAHOLWEHHS YacTOT penakcaLii Mae micLe B MeTani Ha NOYaTKOoBIl cTagii NOrNMHaHHA:
22. flke cniBBiAHOLWEHHSA TEMNEpPaTyp MA€E MicLLe B METa/li Ha MOYATKOBIN CTaAii NOrIMHAHHSA:

23. Big 4yoro 3anexuTb YacToTa enekTpoH-GOTOHHOI penakcauii Npyu NorAnHaHHI B MeTani:

24, Bif 4oro 3anexmnTb YacToTa €/1eKTPOH-ENIEKTPOHHOI penaKcaLii NpyM NOrMMHAHHI B MeTani:

25. Bif 4oro 3anexmnTb YacToTa €NEKTPOH-IOHHOI penakKcaLlii Npyu NOrMHAHHI B MeTani:

26. Big 4oro 3anexmnTb YacToTa iOH-IOHHOI penakcau,ii Npu NOrMHAHHI B MeTani:

27. 3 AKoro NpUOBIN3HO MOMEHTY MicNA MOYaTKy MOMIMHAHHA MeTasl MOXKe XapaKTepusysaTucA

CNiNbHOIO TeMNepaTypolo:

28. Ona AKMX mexaHi3amiB NOrAMHaHHA B HaMiBMPOBIAHUKY € XapaKTepHMm cnabe NOrAMHAHHA Ha
€/1eKTPOHHO-AiPKOBMX Napax:

29. Ona AKMX mexaHi3miB NOrAMHAHHA B HANiBNPOBIAHUKY € XapaKTEPHMM CUAbHE MOrAMHAHHA Ha

€/IeKTPOHHO-AiPKOBUX Napax:

30. AKa 3anexHicTb KoedilieHTy NOrMMHAHHA B HaNiBNPOBiAHMKAX Big TemnepaTypu:
31. AKMIN MexaHi3M Tena0nNpPoBiAHOCTI NPUTaMaHHMX HaNiBNPOBIAHMKAM, afie He MeTa/laM:
32. MexaHi3m TenaonpoBigHOCTI B MeTanax, XapakTepHUn ans gianasoHy TemnepaTtyp, NpuTaMmaHHUX

Nna3epHMm TEXHONOriAM:



33. Ona AaknMx matepianis € xapakTepHUM GopMyBaHHA NMOBEPXHEBOrO AXKepena TeNAOTH:
34. Ona AaknMx matepianis € xapaktepHUm GopmyBaHHA 06‘EMHOrO ArKepena TenaoTu:
35. AKi rpaHUYHI YMOBM NpUTAaMaHHi 3aa4i 1a3epHOro Harpisy:
36. BKaxiTb yMOBY, NpU sIKi € KOPEKTHOIO OAHOMIpPHA NOCTAHOBKA TEMN/10BOI 3a4aui:
37. CrauioHapHa TemnepaTtypa Npu Na3epHOMY HarpiBaHHi 3HaX04MTbCA 3 YMOBMW:
38. LLlo Take "KpPUTUYHA F'YCTUHA NOTYXKHOCTI":
39. 3agava HarpiBaHHA 06‘eMHUM AKepesom TeN0TU XapaKTepHa ans:
40. [na 3aa4i HarpiBy "TOHKOI N1acTUHKU" XapaKTepHe:
41. Mpwn HarpiBaHHIi mMeTany A0 TemnepaTypu MAaBAEHHSA B YMOBAX CTaLLiOHApPHOrO HarpiBaHHA,
Temneparypa:
42, Mpu nnaBAeHHi meTany iMNyJbCHUM Na3epHUM BUMNPOMIHEHHAM, XapakTepHa ¢opma BaHHMU
po3niaBy
43. Mpu nnasneHHi metany 6e3nepepBHUM Na3epPHUM BUMPOMIHEHHAM, XapaKTepHa ¢opma BaHHM
po3nsiaBy
44, Mpw NnepeBULLLEHHI KPUTUYHOI LWBMAKOCTI N1a3epHOro 3BaptoBaHHA
45, Tak 3BaHe "rnnboke nponaaeaeHHA" BUHMKAE Yepes
46. Ha noyaTKoBilt cTagji pyrMHyBaHHA MeTany iMny/1bCOM BifIbHOT reHepaLiii NpoAyKTN nasepHoi eposii
47. Ha KiHueBil cTagii pyliHYyBaHHS MeTany iMMy/1IbCOM BifIbHOT reHepaL,ii NpoAyKTM na3epHoi eposii
48. AIK BnAMBaE 36inblUeHHSA NIKOBOI TYCTUHW MOTYXKHOCTI Ha MPOLEC NAa3epHOro iMMy/bCHOro
pPYyMHYBaHHS
49. MiykoBa CTPYKTypa Na3epHOro imnyabey:
50. KBasucrauioHapHU peXXum pynMHYBaHHA Lie:
51. Big, yoro 3aneKuTb WBUAKICTb PYXy rPaHUL pyAHYBaHHA NpU Al 1a3epHOro imnyabca
52. ONTUMaNbHUI PEXUM Na3epPHOro BUNAPOBYBAHHA AOCATAETLCA, KOMN:
53. NasepHe pizaHHA 6e3nepepBHMM BUNPOMIHIOBAHHAM 3aCHOBAHO Ha:
54, J1asepHe pi3aHHA iMNYAbCHO-NEPIOANYHNUM BUNPOMIHIOBAHHAM 3aCHOBAHO Ha
55. Mig yac 1P cTanen KMCeHb CNpUAE YTBOPEHHIO OKCUAHOI NIBKY, i Le:
56. Mig yac 1P ctanen ximivHUM MexaHi3am pi3aHHA Ma€ MiCLLe NPYU BUKOPUCTAHHI
57. Mig vac 1P ctanen $pisan4HMIN MexaHi3M pi3aHHA Ma€E MicLLe NPYU BUKOPUCTAHHI
58. ABTOreHHU pexkxum /1P o3Hauvae
Hdooamok b
Mepenik 3aBgaHb ana PIP
3ae0aHHsa 1.
1. OAudepeHuiiiHe piBHAHHA TEN/AONPOBIAHOCTI, rPaHMYHI YMOBM. 3anucaTM PiBHAHHA

TENNONPOBIAHOCTI B NiHIMHIN | HeNiHiINHIA dopmi oNA BMNAAKIB Na3epHOro i He nla3epHoOro
HarpiBaHHA. Cnocobu oTpMmaHHA AndepeHLUiMHOro piBHAHHA TenaonposigHocTti. Yomy ans
metanis Wy, =07?

2. XapaKTepUCTUKU JlazepHoro pi3aHHA MeTanis iMNy/IbCHO-NEPIOANYHUM
BUMNPOMIHIOBAaHHAM. BigMiHHICTb TEpMOCKONYBaHHA Ta CKpalbyBaHHA. 3a pPaxyYHOK AKWUX
di3nyHMX npoueciB BigbyBaETbCA pPyMHYBaAHHA MpW Na3epHin pi3ui iMnynbcHO-Nepiog4YHUM
BUMNPOMIHIOBAHHAM?



3ae0aHHA 2.

OKpemi piweHHA 3agadi TenaonposigHocTi. Mexa NnpmMaaTHOCTI O4HOMIPHOT mogeni. 3a AKUX
YMOB [OCATA€TbCA CTaUiOHAapHa Temnepatypa? YuMm TOHKA NNacTMHA BiApPI3HAETbCA Bif
HaniBbeckiHeyHoro Tina?

ToHKa nnactMHa 3 antomiHito (A=2,09; a=0,87; c=0,89) ToBWMHO 1 MM HarpiBaeTbca
imnynbcom 3 napametpamu: E =10 [k, 7=2 mcek, ® =6 mpag. Ninza 3 F =100 mm.
KoedoiuieHT nornnHanHa A=0.3. 3HaligiTb TemnepaTypy, A0 AKOI HarpieTbCA NOBEPXHA NAACTUHMN
yepes 0.2 mcek.

3ae0aHHsA 3.
KpUTWYHa rycTMHa NOTYXKHOCTI. Ha OCHOBI AKOI moaeni OTPUMAHO BMPaA3 ANA KPUTUYHOI
FYCTUHM MOTYXKHOCTI 3@ NAaBAEHHAM? BuBecTu BMpa3 419 BU3HAYEHHA NepexigHoro yacy 3a
BiZlOMOI TYCTUHM MNOTY}KHOCTI. 3HaAWTU 3aNEKHICTb KPUTUYHOI TYCTUHU TOTYXKHOCTI 3a
BMMNApPOBYBAHHAM BiJ, YaCOBUX XapPaKTEPUCTUK [Kepena TenaotTm Ta TenaodisnyHux
XapaKTePUCTUK maTepiany.
deHomMeHONOriYHA MOAENb PYNHYBAHHA. 3a PaxyHOK AKUX NPOLLECiB BiAOyBa€ETbCA pyNMHYBaHHA
no rAMbuHI? 3a paxyHOK SKMX NpoueciB BiadyBaeTbcA pyrHyBaHHA no AiameTtpy? Lo
03HayaloTb CKaZoBi banaHcy eHeprii? YoMy 3an1eKHICTb MMTOMOro BUHOCY Macu Bif, N'yCTUHMU
eHeprii He € MOHOTOHHOO?

3ae0aHHA 4.
Pyxome mxxepeno tennotu. LLiBMaKo pyxome grrepeno Tennotu. 3aBaaHHA Ha CPC: MNopiBHATHK
PO3pPaxyHKM 415 PyXOMOrO Ta LWBUAKO PYXOMOFO A Kepes TeN10TN 33 O4HAKOBUX YMOB HarpiBy.
ToHKa nnactMHa 3 anomiHito (A=2,09; a=0,87; c=0,89) ToBWMHOW 1 MM HarpiBaeTbcA
imnynbcom 3 napameTpamu: E=10 ok, T= 2 MCEK, =6 mpaa. JliH3a 3 F =100 pym.
KoediuieHT nornmHanHa A=0.3. 3HanAaiTb TemnepaTypy, A0 AKOI HAarpieTbCA NOBEPXHA NNACTUHMN
yepes 0.2 mcek.

3a80aHHA 5.
OcobnuBOCTI NaBNeHHA MeTaniB Mif, Ai€lo N1a3epHOro BMMPOMIHIOBAHHA. fAK 3MiHIOETbCS
AVNHaMiKa KopaoHy pigKoi dpa3m B 3aneXKHOCTI Big 3HaKy 6anaHcy B ymoBi CtedaHa? Big akux
napameTpiB 3anexuTb ¢opma BaHHKW po3naaBy? Big 4oro 3anexunTb MakcMManbHa rMbUHA
nponnaBneHHs? AK opMyeTbCA ,KMHANKANbHE” NPONAaBAEHHA?
CpibHa miweHb (A=4,2; a=1,71), wo mae ¢dopmy HaniBbecKiHeYHOro TiNa, HarpiBaeTbCA
imnynbcom 3 napametpamu: E =10 O, 7=4 mcek, ©® =2 mpag. NiHza 3 F =100 mm.
KoedoiuieHT nornmHaHHA A=0.25. 3HanaiTe TemnepaTtypy, 40 AKOI HarpieTbCcA NOBepPXHA TiNa
yepes 0.2 mcek.

3ae0aHHA 6.
XapaKTepUCTUKN Na3epHOro pi3aHHA MeTanis iMNyabCHO-NEepPioANYHUM BUNPOMIHIOBAHHAM.
BigMiHHiICTb TEpPMOCKO/yBaHHA Ta CKpalbyBaHHA. 3a pPaxyHOK AKUX ¢i3MYHMX Npouecis
BifAOYBAETbCA PYMHYBAHHA NPW Na3epHii pisLi iMnNynbcHO-Nepiog4YHMM BUNPOMIHIOBAHHAM?
3HaNAiTb KPUTUYHI NYCTUHWM NOTYXKHOCTI MO NAaBAeHHIo ans 3anisa (A=0,51; a=0,15; Tm=1535).
JoBxurHa imnynbcy 1 mcek. 3HaNAiTb KPUTUYHI I'YCTUHW NOTYXKHOCTI MO BMNApOBYBaHHIO ANA
3ani3a(A=0,51; a=0,15; Tp=2900). JoBKMHa imnyabcy 1 MCeK.

3ae0aHHA 7.

XapaKTepPUCTUKM Na3epHOro pisaHHs MmeTanis 6e3nepepBHUM BUMPOMIHIOBAHHAM. Yum
BM3HAYAETbCA WBMAKICTb CTAL,iOHAPHOro pyMHyBaHHA? YMm Bigpi3HAETbCA pi3Ka HAa BUCOKMX Ta
HU3bKUX LWIBMAKOCTAX? B YOMY NONAraE MeXKa MiXK BUCOKMMM Ta HUSbKMMU LLIBUAKOCTAMU? Ym
BM3HAYalOTbCA KYTM HAaXUNy KOPAOHIB NepiogMyHoro ta 6es3nepepBHOro pymHyBaHHA? B yomy
NoNAra€ HEKEPOBAHUM PEKUM Pi3KU?

MNoBepxHeto antominito (A=2,09; a=0,87; c=0,89; A=0.3) pyxa€eTbCA NPOMiHb 3 NapameTpamu:
P=250 BT, r=0,125 mm. Po3paxyBaTh LUBMAKICTb, 3a AKOI maTepian NOYMHAE NNABUTUCH, 3a



[OMOMOrol0 MoAenen ANA PyXomMoro Ta LWBWAKO PYXOMOro Axepen Tennotu. Pesynbratu
NOPIBHATK, 3HANTM NOXMOKY HaBNMMKEHHA ANA WBUAKO PYXOMOrO AXKepena.

3ae0aHHA 8.
deHoMeHOoNOoriYHA MogEeNb PYMHYBAHHA. 33 paxyHOK AKMX NPOLLeCiB BigbyBaETbCA PYMHYBAHHA
no rAnbuHI? 3a paxyHOK SKUX NpoueciB BiadyBaeTbCcA pyrHYBaHHA no AiameTtpy? Lo
03HayaloTb CK1aZoBi banaHcy eHeprii? YoMy 3an1eKHICTb MMTOMOro BUHOCY MacK Big, ryCTUHM
eHeprii He € MOHOTOHHOO?
3HaUTM MaKcMManbHy rMbuHy 3BaptoBaHHA cTani (Tm=1535; Tp=2900) pxepenom TennoTu
pagiycom 3 mm.

3ae0aHHA 9.

TennoBui MmexaHi3am pymHyBaHHA. Big, 4oro 3aneuTb WBUAKICTb CTALiOHAPHOTO pyMHYyBaHHA?
BiAMiIHHOCTI TeNN0BMX 33434 B pyXOMUX i HEpyXxommx KoopauHaTtax. CKnaaosi, Wo BNANBaAKOTL
Ha WBMAKICTb CTaLiOHAPHOro PYyMHYBAHHA MPU Pi3HMX 3HAYEHHAX TYCTUHWU MOTYXKHOCTI. AK
3MIHIOETbCA LWBWUAKICTb CTALiOHAPHOTO PYyMHYBaHHA Ha NpoTA3i nepexigHoro nepioay. AKi
KpuTepii ,,onTMManbHOro” pymHyBaHHA icHytOTb? LLLO MOXKHa BigHecCT A0 HefoNniKiB Ten10Boi
Mmoaeni pymHyBaHHA?

3HaWTM yYac 3aTPUMKM KBA3UCTALiOHAPHOro pyWHYBaHHA B paMKax TenaoBoi moaeni
PYMHYBaAHHA, AKLLO Ha MigHy MileHb (p=8,96; L,b=4813; a=1,12) aie nasepHuii imnynoc: E =4
Ok, 7=1 mcek, ®=2 mpag. NiHza 3 F =50 mm. KoediuieHT nornnHaHHAa A=0.39.
TemnepaTtypy noBepxHi pyMHYyBaHHA NPUNHATK PiBHIA TemnepaTypi BunaposyBaHHA (To=2580).

3aedaHHs 10.

1. OcobanBocTi NNaBneHHA MeTanis nij, Ai€lo Na3epHOro BUNPOMIHIOBaHHA. AK 3MiHIOETbCS
AMHaMiKa KOpAoHY piaKoi ¢asu B 3a/1eXKHOCTi Bif, 3HaKy 6anaHcy B ymosi CtedaHa? Big,
AKMX MapaMeTpiB 3anexunTb Gopma BaHHU po3nnasy? Big Yoro 3anexkmtb MakcMmasnbHa
rnnbuHa nponaaBaeHHA? AK GOPMYETbCA ,, KMHAKANbHE” NPONAaBAEHHA?

2. 3HaWTM ApiameTp MONOCTI, AKWO Ha CTanbHy MiweHb (p=7,87; Lm=275; Lp,=7140) pie
nasepHuit imnynbc: E =6 K, 7 =1mceKk, ® =2 mpag. NiH3a 3 F =150 mm. KoediuieHT
nornnHaHHA A=0.5. [liameTp BUNPOMIHIOBAHHA Ha NiH3i — 12MmMm.

3aedaHHA 11.
1. Pyxome pxepeno tennotu. LLBuaKo pyxome axepeno tennotu. [MopiBHATU poO3paxyHKU
ONA PyXOMOro Ta WBUAKO PYXOMOTO AXKepes Tena0Th 3a 04HaKOBUX YMOB HarpiBy.
2. Cranb (A=0,51; a=0,15; Tm=1535) pixkyTb 6€3nepepBHNUM Na3epPHUM BUNPOMIHIOBAHHAM 3

. 5 . . o .
rycturoto notyxHocti W, =5-10" Br/cm? i3 wemnakictio 1 m/xB. 3HaiiT WoOpCTKiCTb

H60KoBOI NoBepxHi piza. TemnepaTypy NOBEPXHi NPUNHATU To=1,2* T,=1842. MNoyaTKoBY
TemnepaTypy He BpaxoByBaTU. [MOTyxHicTb 6e3nepepBHOrO0 BUMNPOMIHIOBAHHA MpU
razonasepHin pisui crani (A=0,51; a=0,15; c=0,43; p=7,87; Tm=1535; Lm=275) € 1000 BT.
WupuHa pi3y cknagae 150 mkm. LWBuAKicTb pizaHHA — 1,2 M/XB. 3HaWTU CymapHy
NOTYXXHICTb BUNPOMIiHIOBAHHA Ta peakKuii okncneHHa. CymapHuin KKO npuiiHati = 0.5.

3ae0aHHsa 12.

1. Kpwutun4yHa ryctuHa noTy»KHocTi. Mogeni ana oTpumaHo BMpas ana KPUTUYHOI NYCTUHM
MOTYXHOCTI 33 N1aBNEeHHAMTa BUNApPOBYBaHHAM. Bu3HaueHHA nepexigHoro yacy 3a
BiLOMOI I'YCTUHM NOTYXKHOCTI. 3aN1€KHICTb KPUTUYHOI INYCTUHM NMOTYXKHOCTI 33
BMMApPOBYBAHHAM BiJ, YHaCOBUX XapaKTEPUCTUK ArKepena TennoTn Ta TennodisnyHmnx
XapaKTepUCTUK maTtepiany.

2. TloTyXKHicTb 6e3nepepBHOro BUMNPOMIHIOBAHHA NpPU rasonasepHin pisuyi crani (A=0,51;
a=0,15; ¢=0,43; p=7,87; Tm=1535; Lm=275) € 1000 Bt. lUnpuHa pi3y cknagae 150 MKm.



LWBnAaKicTb pi3aHHA — 1,2 m/XB. 3HAWTU TUCK KMCHIO, 3a AAKOro rmMbuHa pisa nepecraHe
3pocTaTu.

3ae0aHHa 13.
XapaKTepPUCTUKM Nla3epHOro pisaHHA meTanis H6e3nepepBHUM BUMNPOMIHIOBAHHAM. Yum
BM3HAYAETbCA LWBUAKICTb CTALiOHAPHOTO PYMHYBaHHA? YMM BiAPI3HAETbCA pi3Ka Ha
BMCOKMX Ta HMU3bKUX LUIBUAKOCTAX? B YoMy nonArae mexa MiX BUCOKMMWU Ta HU3bKUMMU
WBUAKOCTAMMU?  YMM  BM3HAYAKOTbCA KYTUM  Haxway KOPAOHIB NepiognyHoro Ta
6e3nepepBHOro pymHyBaHHA? B YoMy NonArae HEKEPOBAHUN PEXUM Pi3KKN?
Cranb (A=0,51; a=0,15; p=0,43; p=7,87; Tm=1535; L,=8100/r) piKyTb iMNynbCHO-
nepioANYHUM NasepHUM BUMPOMiHIOBaHHAM 3 napameTpamu: P =100 Bt, f =1 «Klu,.
F =100 mm, D =10 mm. 3HaWTK: WKPUHY Ta TINOUHY pi3y, MAaKCUMa/bHY LUBUAKICTb
0bpobKu.

3ae0aHHs 14.
XapaKTepucTmku nasepHoro pi3aHHA MeTanie iMNYNbCHO-MEePiogUYHMM
BMMPOMIHIOBAHHAM. BigMiHHICTb TePMOCKONYyBaHHA Ta CKPanbyBaHHA. 3@ PaxXyHOK AKMX
¢di3nyHMX NpoueciB BiAOYBAETLCA PYMHYBAHHA NPU Na3epHil pisLi iMNyAbCHO-NepioAYHMM
BUMNPOMIHIOBAHHAM?
NatyHHa miweHb (A=3,2; a=1,61), wo mae $opmMy NAACTUHU, HArPiBAETbLCS iIMMY/bCOM 3
napametpamu: E =10 O, 7 =4 mcek, ® =2 mpag. /linza 3 F =100 mm. KoediujieHT
nornnHaHHA A=0.25. 3Hanaite TemnepaTypy, A0 AKOI HarpieTbcA noBepxHA Tina yepes 0.2
MCEK.

3ae0aHHsA 15.

deHOoMmeHONOriYHa Moaenb PyMHYBaHHA. 3a PaxyHOK AKWUX npoueciB BiabyBaeTbcA
PYMHYBAHHA NO TAMOMHI? 33 paxyHOK AKMX NpoLeciB BigbyBaeTbcA pyMHYBaHHA MO
AiameTpy? LLlo o3HayatoTb cknagosi 6anaHcy eHeprii? Yomy 3a/1€KHiCTb MUTOMOIO BUHOCY
MacH Bif, N'YCTUHU eHeprii He € MOHOTOHHOO?

3HaMAiTb KPUTUYHI TYCTUHM MOTY)KHOCTI MO NAaBneHHt gns TuTaHy (A=0,61; a=0,25;
Tm=735°C). [doBMHa imnyabcy 5 MceK. 3HalAiTb KPWUTWUYHI TYCTUHWU MOTYXKHOCTI
BMMNApPOBYBaHHA.

Hodamok B
Mpu6ansHMii nepenik NnUTaHb, AKi BUHOCATLCA HA CEMECTPOBUNA KOHTPO/Ib

(ITuTaHHA A5 TpOBeAeHHS eK3aMeHaliiHOI MMCbMOBOI po60TH cpopMoOBaHi B 6isieTH no 3

W N o Uk WNE

3anMTaHHS 3 Pi3HUX PO3/iJiB).

OCHOBHI NONOXKEHHA KNACUYHOT eNEKTPOLMHAMIKN.
PiBHAHHA MakcBenna.
BnacTnBOCTI e1eKTPOMArHiTHOI XBUA.

BupiweHHA piBHAHb MakcBenna gna HeNOrIMHAYOro AieIeKTPUKa.
OcHoBM nasepHoi reHepau,ii

BnactnBOCTi 1a3epHOro BUNPOMIHIOBAHHA

OCHOBHi NPOMUCNOBI 1a3epy Ta peXUMM iX poboTn

YacoBi napameTpu Na3epHOro BUNPOMIiHIOBAHHSA

EHepreTnyHi napameTpun Na3epHOro BUNPOMIHIOBAHHSA

10. MpocTopoBi NapameTpn Na3epHOro BUNPOMiHIOBaHHA

11. ®dokycyBaHHA Na3epHOro BUMNPOMiHKOBAHHA

12. NiH3o8i abepauii



13.
14.

15.
16.
17.
18.
19.

20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.

47.
48.

49.

50.

MNornnHaHHA NasepHOro BUNPOMIHIOBaAHHA

BigbuTtTA Ta NnepenomneHHA enekTpoMarHiTHMx xaunb 15. byrepa-/lambepta-bepa.
KoediuieHT nornnHaHHA. KepyBaHHA NpoL,ecom NOraMHaHHA

ONTUYHI XapaKTePUCTUKM NPOBIAHUX CepesoBULL,

MornnHaHHA BUNPOMIHIOBAHHA MeTasaMMm Ta iX ONTUYHI BN1aCTUBOCTI

MornnHaHHA cBiTNA Ta Nepegaya eHeprii y HaNiBNPOBiAHWKAX Ta AieNneKTPMKax

MNMocTaHOBKa 3a4ay Harpisy fasepHUm BunpomiHioBaHHAM 21. OcobamsocTi 3agay Harpisy
NlazepHMM BUNPOMIHIOBAHHAM.

OndepeHuiliHe piBHAHHA TENNONPOBIAHOCTI,

IpaHnyHi ymosu AP TennonposigHocTi 24. OKpemi pilleHHA 3a4a4i Tena1onpoBiaHOCTI.
KpuTMYHA rycTMHA NOTYKHOCTI

Pyxome prkepeno tennotm

LLBnako pyxome axkepeno TennoTu

Ocob61BOCTI N/1aBNAEHHA METasiB Nif, Aieto Na3epHOro BUNpPomiHioBaHHA 29. Ymosa CtedaHa
Mogaeni nasepHoro naasneHHA

JlazepHe pynHyBaHHA NOrNNHAOYMX MaTepianis

3aranbHa XxapaKTepUCTMKa MexaHi3MiB 1a3epHOro pymHyBaHHA

NasepHe BMNapoByBaHHA

3aranbHi XapaKTEPUCTUKM Na3epPHOro pisaHHA MmaTepianis

OCHOBHi NOHATTA Ta BNACTMBOCTI N1a3Mn. Pi3NYHI XapaKTEPUCTUKN NAA3MU
Pyx 3apArKeHNX YaCcTOK B €NIeKTPUYHOMY i MarHiTHOMY noni

OCHOBHIi XapaKTepUCTUKN eNeKTPOHHOro MPOMeHs

MNapameTpu eNeKTPOHHOro NPoMeHA

TepmoeneKTpoHHa emicia

DopMyBaHHA eNEKTPOHHUX MYYKiB

EnekTpoHHa onTUKa. MarHiTHi niH3K

@Di3nyHi npouecn npu 4ii eNeKTPOHHOro NPOMEHA Ha MaTepianm

Tennosi npouecu B 30Hi e1eKTPOHHO-NPOMEHEBOIO BMJINBY

Mna3sma Ta rasosi po3pagu

Knacuodikauia razosoro po3spaay

BonbT-amnepHa xapaKTepUCTUKA ra3oBoro pospaay

EnektpunuHa ayra. 36yarKeHHA oyroBoro po3pAaay.

EnektpnyHa gyra. KatogHa Ta aHogHa obnacti. Ctosn Ayru.

BonbTamnepHa XapaKTepuCTUKaA eNeKTPUYHOI Ayrn

MnasmoTpoHun

ChdopmyntoBaTu 3arasibHi xapaKTEPUCTUKM NA3ePHOro pi3aHHA maTepianis

ChopmyntoBaT 3arasibHa XapaKTepUCTMKa MeXaHi3miB /la3epHOro pyWHyBaHHA. JlasepHe
BMMNApPOBYBAHHA.

ChopmyntoBaT 3arasibHa XapaKTepucTMKa MexXaHi3miB /la3epHOro pywWHyBaHHA. JlazepHe
NNaBAEHHSA.

ChdopmyntoBaTu 3arasibHa XapaKTEPUCTMKA MeXaHi3MiB Na3epHOro pymHyBaHHA. JlazepHuii
Harpie 6e3 ¢a3oBux nepexoais.



51.

52.
53.

54.

55.
56.

MoKnumBi npouecu npu nazepHoOMy po3aifieHHi maTepianis. PisMUYHUI Ta XIMIYHUA MeXaHiI3MK
pi3Kun.

Ocob61u1BOCTI KiHETMKA GOPMYBaHHSA Pi3y 3@ BUCOKMX Ta HU3bKUX LLUBUAKOCTEN.

B u4omy ocobnusictb i3nyHMX npoueciB npu  Aii  eNeKTPOHHOro MNPOMEHA Ha
MaTepiann.0cobanBsicTb TENIOBI NPOLLECH B 30HI €N1eKTPOHHO-NPOMEHEBOTO BMN/UBY.

OcobnnBoCTi NnaBneHHA MeTaniB nig, Ai€l0 N3a3epHOro BMMPOMIHIOBAHHA. BupiweHHA
TENN0BMX 3aJa4 3 ypaxyBaHHAM ymoBu CtedaHa.

OCHOBHI BigAMIHHOCTI N1a3M0OBOro Harpisy.Buan nnasmosux gxkepen eHeprii.

Oco611BOCTi TENNOBUX 33434 NMPU BUKOPUCTAHHI eNeKTpMYHOI Ayra. MogentoBaHHA NPoLecis
€/1eKTPO-AyroBOro 38aptoBaHHA.

Po6ouy nporpamy HaBuYanbHOI gucuunaiim (cunabyc):

CKnapeHo K.T.H., gou.. PomaHeHko B.B., cT. Bukn. Kosupes O.C.
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