gu HauioHanbHWI TeXHIYHUI YHiBepcuTeT YKpaiHu
«KUTBCbKUW MOMTEXHIYHUIA IHCTUTYT
ag imeHi ITOPA CIKOPCbLKOTO»

Kadeapa bioeHepreTuku,
6ioiHpopmanku Ta
eKobiotexHonorii

Embnema
Kadepnpu

(3a HasBHOCTI)

BOAHEBA EHEPTETUKA

Po6oua nporpama HaB4YanbHOi gucumnaiim (Cunabyc)

PiBeHb BULLOI OCBiTU
Fanysb 3HaHb
CneujianbHicTb

OcBiTHA nporpama
CraTyc gucumniniim
dopma HaBYaHHA

Pik nigrotoBku, cemecrtp
O6car aucuunninm

CemecTpoBuii KOHTponb/
KOHTPO/bHI 3axoam

Po3knapg 3aHATb
MoBa BUKnapaHHsA
IHpopmauisa npo
KepiBHUKa Kypcy /
BUK/NajauviB

Po3milLeHHA Kypcy

PeKBi3uTK HaBYaAbHOI AUCLUNNIHU

dpyauii (oceimHbo-HayKoeuli, oceimHbo-npodgpeciliHuii)
16 «XimiyHa ma 6ioiHxceHepia»

162 —biomexHonoeii ma 6ioiHxeHepin

biomexHonoeii

Bubipkoea

O4Ha

1 kypc, eecHAHuUll cemecmp

5 kpedumie EKTC

icnum/MKP/QKP

Jlekuii: 1 200./muxcdens; nabopamopHi . 1 200./ muideHb 32i0HO po3Knady
YKpaiHcoKa

Jlekmop. 0okmop.mexH.Hayk, doyeHm lonyb6 Hamania bopucieHa
golubnb@ukr.net; 095-601-40-65 (Teaezpam)
JlabopamopHi: K.mexH.HayK, 0oy. LLjypcbka K.O.

2yiazgj

Mporpama HaB4YaNAbHOI AUCLMNAIHM
1. Onuc HaBYanbHOI AUCLUUNAIHMK, i MeTa, NpeAMeT BUBYAHHA Ta pe3ybTaTM HaBYAHHA

AKTyanbpHICTh TUCHMILUIIHM «BogHeBa eHepreTuka » JUisl CTy/AEHTIB JAPyroro piBHs BHUIIOI
OCBITH IOJISATA€ y Ha/IaHHI 3HaHb 3 KYJIbTUBYBAHHS MIKPOOPTaHi3MiB JUIsl OTPUMaHHS BOJHIO 3a
BUKOPHUCTAHHS PI3HUX CEPEIOBHUIL KHUBJICHHS, 3MIHU METa00I13My KJIITHH MiJ] J1€I0 XIMIYHUX Ta
¢13uuHuX (axkTopiB cepedoBuia. Taki 3HAHHSA € MIATPYHTSAM JJIsi CTBOPEHHS O10TEXHOJIOTIi
OTpPUMaHHS BOJHIO 010JIOTIYHUM IUISIXOM.

Metoro aucuumiiig € (OpMyBaHHA y CTYJEHTIB 3/aTHOCTEH: OBOJIOJAIHHS CyYaCHHUMHU
3HaHHSMH II0JI0 IPOIIECIB, SIK1 MepediraloTh B MIKpOOpraHizmMax mij i€ (pakTopiB CepeoBHINA,
JUIS BIOCKOHAJIEHHS OIOJOrIYHUX AareHTiB 1 MiABUINEHHS IX OIOJOriYHOI aKTUBHOCTI IS
OTpUMaHHS BOJHIO; BHUKOPHUCTOBYBATM 3HAHHA WLIOJ0 LUISIXIB OIOCHMHTE3y BOAHIO s
BJIOCKOHAJICHHS O10TEXHOJIOTIH iX OJepXaHHS; MPOBEACHHS aHaji3y O10JO0TriYyHUX MPOLECIB Ha
MOJIEKYJIIPHOMY 1 KJIITHHHOMY PIBHSX; aHaII3y ICHYIOUHX (I3MKO-XIMIYHHUX Ta O10JOTIYHHX
METOJIB OJIepKaHHS BOJHIO 32 BUKOPUCTAHHS CUPOBUHH Pi3HOMAHITHOTO MTOXO/KECHHS; MOIITYKY
HOBHX BHJIIB MiKPOOPI'aHi3MiB-IIPOAYIIEHTIB BOJIHIO.

3aBnaHHs Kypcy — BUOIp croco0iB 1 MpUOMIB Ta 00JIafHAHHS JJIs1 OJep>KaHHS O10BOJHIO 3 YpaxXyBaHHSIM

MPOIIECiB, 10 MepediraoTh B MiKpoOpraHizMax Mpy YTBOPEHHS BOIHIO 32 BAKOPUCTAHHS Pi3HOTO KUBUIHLHOTO
CepeoBUINa Ta YMOB HOro OTpUMAaHHS; MPOBEIEHHS KOHTPOIIO OCHOBHHMX IOKAa3HMKIB MPOIECY 1 TOTOBOT
TPOAYKIIi.

B pe3ynbraTiB BUBUEHHS KypCy CTYACHTH OTPUMYIOTh TaKi IPOTPaMHi pe3yIbTaTH HaBYaHHS:

3HAHHS:

- XiMi4HI Ta O10JIOT1YHI MPOIIECH, 110 3aCTOCOBYIOTHCS JIJIsl OJICp>KaHHS BOJIHIO;
- MEXaHI3MHU YTBOPEHHS BOJHIO B 010JI0TIYHUX 00’ €KTaX;



- METOJIU aHalli3y KOMIIOHEHTIB rasy,

- npoOemu 30epiraHHs BOJIHIO,

- OJIEpYKaHHS BOJHIO B MIKpOOHOMY HaJIUBHOMY €JIEMEHTI,
- KOHCTPYIOBaHHS 00JIaIHAHHS [Tl BUIOOYTKY BOJIHIO.

YMIiHHS:
- 0JIEp)KyBaTH BOJICHB B 010JIOT14HIM CUCTEMI 32 BAKOPUCTAHHS PI3HUX THUIIIB TO)KMBHOTO CEPEIOBHINA;

- TOTYBAaTH MOXUBHE CEPEAOBUIIIE IS OZIepKaHHs 010BOJHIO,

- NPOBOJIUTH aHAJIi3 OJICP’KAHOTO Tazy.

JIOCBIJI:

- TpoBeneHHs 010 — Pi3UKO - XIMIYHOTO EKCIIEPUMEHTY 32 33JaHOI0 IHCTPYKII€IO Ta BiIOBITHIM
3aBJIaHHSIM;

- po0OoTH 3 cydacHUMU (Hi3UIHUMHU Ta Pi3UKO-XIMIYHUMHU METOJIAMU JOCIIIKSHHSI 010JIOTTYHUX
00'€KTIB;

- pobotu 3 MabopaTopHUM O0JIAAHAHHSM, PEAKTHBAMH Ta HAHOUIBII TOITUPEHUMH PEUYOBHHAMH
010JIOT1YHOr0 HOXOKEHHS

- IPUTOTYBAHHS JACSIKHUX THIIIB €JIEKTPOIiB, [0 BUKOPUCTOBYIOTHCS B O10NAIMBHUX €IEMEHTAX.

2. MpepeKBi3uTK Ta NOCTPEKBI3UTM AUCUUNAIHK (MicLLe B CTPYKTYPHO-NIOFiIUHIN cxemi
HaBYaHHA 3a Bi4NOBIAHOIO OCBITHLOIO NPOrPamoio)

Jucnumnina "BogHeBa eHepreTuka” 6a3yeTbcs Ha 3HaHHSAX, 10 BUKJIAAIOTHCS B IUKIIAX
¢dbyHIaMeHTaIbHUX Ta MPO(deciitHO-OpiEHTOBAHMX JUCHHUILTIH 3 XiMii, 6ionorii KiriTiHH, 6i0XiMii,
MIPOMHMCIIOBOI O10TEXHOJIOT11, 3HAHHS aHTJIIMChKOT MOBH Ha piBHI A. OjeprkaHi 3HaHHS € 0a30BUMU IS
MIPOBEJICHHS JIOCIIIDKEHB 32 BUKOPHUCTAHHS MIKPOOPTaHi3MIB JIJIs OTPUMaHHS BOJTHIO.

3HaHHS, OTPUMaHI Ha OCHOBI JI@aHOTO KYypCY, CTYJEHTH BHUKOPHUCTOBYIOTH IpH 00poOIi

pe3ynbTaTiB 1abopaTopHUX poOIT, MPOBEIEHHI JOCTIIKEeHb OyIOBH Ta BIACTHBOCTEH O010J0TIYHUX
00'e€KTiB — MPOMAYICHTIB BOJHIO 32 BHKOPHCTAHHS Cy4acHUX (OCBOEHMX B paMKaxX BHBYCHHS i€l
JMCIUILUIIHA) METOJIB Ta METOAWK, NPU YyYacTi y HAYKOBO-IOCHTIIHIH poOOTI, MpH BUKOHAHHI
JUIUIOMHOI poOOTH YM MPOEKTY, a TAKOXK MPU BUKOHAHHI JAOCIIHOT poOOTH B HAYKOBUX YCTaHOBAX,
abopaTopisix Ta HAYKOBO-JAOCTITHUX 1THCTUTYTaX.

3. 3micT HaBUYaNbHOI AUCLUNNIHK

Po3ain 1.Po3BMTOK BO/IHEBOI eHepreTHKH
Tema 1.1. MeToau oiep:kaHHsI BOAHIO

Po3nin 2. Biosoriuni MeTo1u o1ep:KaHHS BOTHIO

Tema 2.1. Ilnsaxu yTBOPEHHS BOJHIO MiKPOOPTaHi3MaMu

Tema 2.2 YTBOpEeHHS BOJIHIO B TEMPSIBI

Tema 2.3 OpeprxaHHs BOJIHIO 32 BUKOPUCTaHHS CBITJIA

Tema 2.4. MikpoOHUH NATMBHUMA €J1€MEHT

Po3ain 3 Cucremu 30epirannsi Ta TPAHCHOPTYBAHHS BOJAHIO

Tema 3.1. [lepcnexTHBH po3po0TIOBAaHUX CUCTEM Ul TPAHCIIOPTYBaHHSA Ta 30€piraHHs BOIHIO

4.HaBuanbHi maTepianu Ta pecypcu

PekomeHOoeaHa nimepamypa
bazoea

1. ®dyHpaMeHTaabHI acCHEKTH BIJIHOBIIOBAHO-BOJHEBOI CHEPreTHKH 1 NaJIMBHOKOMIpYaHUX
TexHouorii : Mmonorpadis / 3a pea. FO.M. Cononina ; HAH Vkpainu. — K. : «Bua-so KIM», 2018.
— 260 c. http://www.materials.kiev.ua/Hydrogen/Book_printVer.pdf

2. BimnosmioBani mkepena eneprii /3a pen.Kyapi C.O. /k.: [HCTUTYT BiJHOBJIIOBAHOI CHEPIETHKU
HAHY, 2020, 392c. Po3nan 8



http://www.materials.kiev.ua/Hydrogen/Book_printVer.pdf

3. Bio-methane & Bio-hydrogen Edited by: J.H. Reith, R.H. Wijffels and H. Bartenfile, 2003,
Netherlands, Dutch Biological Hydrogen Foundation P.167

4. Benemann J.R. Hydrogen production by microalgae //J.Appl. Phycol., 2000.-v.12.-N3-5.-P.291-
300.

5. KyseMmincekuit €.B. BioenekrpoximiuHe MpoayKyBaHHs €JIEKTpUYHOI eHeprii ta BoaHio / €.B.
Kysemincekuii, K.O. lypceka, [.A. Camapyxa. — K.. «BunaBanunii nim «Komm’torep-mipec»,
2012. - 226¢.;

6. Gonul Vardar-Schara,, Toshinari Maeda, and Thomas K. Wood Metabolically engineered
bacteria for producing hydrogen via fermentation Microb Biotechnol. 2008; 1(2): 107-125.

HonomixHa
1.. Logan B.E. Microbial Fuel Cells // New York: John Wiley & Sous.-2008.-216p.

2. XKypmnan Int.J. Hydrogen Energy 2003-2022

IHpopmayiliHi pecypcu

uk.wikipedia.org/wiki/Kameeopis: Enepeemuxa
http://www.materials.kiev.ua/hydrogen_2011-2015/tezy 2014.pdf
https://avenston.com/articles/hydrogen/

HaBYyanbHUMA KOHTEHT
5.MeToauKa onaHyBaHHA HaBYa/IbHOI AUCLMNAIHM (OCBITHbOrO KOMMNOHEHTA)
Jlekyilini 3aHamms

3acmocosyromsca cmpamezii aKMuUBHO20 | KOAEKMUBHO20 HABYAHHA, AKi 8U3HAYAOMbCA
HAcMynHUMU Memooamu i mexHono2iamu:. memoou npobaemHozo Hag4yaHHA (NpobaemHuli 8uknao,
yacmkoeo-rnowlykosuli (espucmuyHa 6ecioa); iHgpopmauyiliHo-KomyHiKayiliHi mexHonoeii, wo
3a6e3neqyyrome npobaemHo-00CniOHUYbKUL Xapakmep rpoyecy HAB8YAHHA MA AKMUBI3ayito
camocmiiiHoi pobomu cmyodeHmig (eneKmpoHHI npe3eHmMauii 0519 neKyiliHUX 3aHAMb, BUKOPUCMAHHSA
aydio-, 8i0eo-niompumMKU HaB84YaAbHUX 3aHAMb, PO3POOKA | 3aCMOCYB8AHHA HO OCHOBI KOMM'tOMEPHUX
i mynbmumeOiliHux 3acobie meop4ux 3a80aHb, i iH.).

Ne : .

/ Hasga Temu nekuii Ta nepeiaik OCHOBHUX MMUTaHb
3/

1 Konuenuisi po3BUTKY BOJHEBOI eHEPreTHKH.

Konuerniisi po3BUTKY BOJHEBOI €HEpPreTHKH. PO3BUTOK BOJHEBOi €HEPreTHUKU B CBITI.
[lepcriekTHBM pO3BUTKY BOJHEBOI eHepreTMkd B  YKkpaiHi. IlepeBarm Ta Hemomniku
BUKOPUCTAHHS BOJHIO SIK €HEPreTHHHOro jkepena. [HPpacTpykTypa Ui BHUKOPHCTAHHS
BOJHIO SIK JpKepella TajauBa JUIsl JABUTYHIB. 3ajgadi, SKi HEOOXITHO BUPIMIMTH s
BIIPOBAKEHHSI BOJAHEBO1 eHepreTuku. CrieHapii po3BUTKY BOJHEBOT €HEPIeTHUKH.

Jlitepatypa: [2]

2 XimiuHi MeTOAN 0epP;KAHHA BOAHIO.

Ocob6mmBocTi  (Pi3UKO-XIMIYHUX BJIACTUBOCTEH BoaHIO. Crocobw BUPOOHUIITBA
BomHio. [lapodasna kouBepcis merany (mpupomHoro rasy). TepMOXiMiYHI HUKIIH.
[Tapodazna koHBepcis BOAHIO 3 Kam'sHOTO, Oyporo Byrumis i Topdy. Ilim3zemnua
razudikarisi Byriuis.

Jlireparypa: [1,2]

3 EexTpoximiuHi MeToau onep:kanHs BoAHIO. Bonens 3 6iomacu
Enexrpouiz Boau 1 mapu. 3a JOMOMOT0I0 €HEPTroaKyMyJIIOI0YMX pedoBrUH. POTOII3 BOIH 3
OTPUMAaHHSIM BOJIHIO i KUCHIO (COHSYHO-BOJHEBA CHEPIeTHKA).



https://pubmed.ncbi.nlm.nih.gov/?term=Vardar%E2%80%90Schara%20G%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Maeda%20T%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Wood%20TK%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3864445/
http://www.materials.kiev.ua/hydrogen_2011-2015/tezy_2014.pdf

Jlitepatypa: [1,2].

Biosioriyni MeToaH oepKaHHS BOTHIO.

Insxu yTBOpEHHs BOJHIO MiKpoopraHizaMamu (BomopocTi, Oaktepii, 1ianoOakTepii,
nyprypoBi Oakrepii). Buau Mmikpoopranismis, 1o HpOAYKYIOTh BOJCHB. 3arajbHi YMOBH
yTBOpeHHs BoJHIO. TepmoanHamika mpoIeciB yTBOPEHHsI BOJHIO. BIumB cepepoBuiia Ha
NPOJYKYBaHHS BOJHIO MikpoopraHismMamu. [IpoaykyBaHHsS BOJHIO B 3aJIe)KHOCTI Bij
cyocrparis. [lapuianbHuii THCK BoAHIO. [HT10yBaHHS MpoIeCy NPOyKYBaHHS BOJHIO.

Jlireparypa: [3,4]

HInsxu yTBOpPeHHs BOJAHIO MiKpPOOpraHi3Mamu.

depMeHTH, MO0 BUKOPHUCTOBYIOTHCS U MPOAYKYBaHHS BOJHIO MIKpOOpPTaHi3MaMH.
JloHOpH Ta aKLENTOPH ENEKTPOHIB, 1110 B3a€MOJIIOTH 3 TigporeHazamu. Kinetunka peakuii, 1o
KaTaji3yroThcs TigporeHaszamu. [lis (akTopiB OTOUYIOYOro cepeloBUIa HA AKTUBHICTH
rizporeHas ( KMCeHb, BI/IHOBHUKH, IOHU METaJiB, TeMneparypa). bynosa Hitporenas. JJonopu
Ta aKIENTOPH CJIICKTPOHIB, IO B3a€EMOMAIIOTH 3 HiTporeHasamu. KiHeTwka peakiiii, o
KaTaJIi3yIOThCSl HITPOTE€H a3aMH B Mpolieci yrBopeHHs BomHio. Jlis (hakTopiB 0TOUYyIOYOTO
CepelIOBHUINAa HA aKTUBHICTH HiTporeHa3 ( KHCEeHb, BITHOBHHUKH, i0HM METaiB, TEMIIEpaTypa)

Jlirepatypa: [3,4,6]

IIpoaykyBaHHSI BOJHIO B TeMPsBi

YMOBH IIPOIyKYBaHHs BOJHIO B TeMpsiBi ( pH, HasiBHICTh KMCHIO, MapIlialIbHAN TUCK
BOJHIO B 30HI peakTopa, TiIpOoJuHaMi4HI yMOBH, Ckiaa cepemouiia). CyOcTpatu ajist
OJIepKaHHS BOJHIO (BIIXOAM CUIBTOCHIPOIYKINi, CTIY4HI BOJIHM, BIIXOAM XapyoBOi Ta
nepeBooOpoOHOT mpomuciioBocti). [lonepeans miaroroBka CHpOBUHU. BymoBa KiocTpifiii
Ta MEXaHI3M YTBOPEHHS BOJIHIO. YMOBH, SIKI HEOOXiJHI IJisi TPOJYKYBaHHS BOJHIO
KJIOoCTpifisiMu. IHriGiTOpH Mpouecy yrBopeHHs BoAHI0. CriocoOu iHTeHcudikallii mpouecy
OTPUMAHHS BOJHIO. TEXHOJIOT1YHI OCOOJMBOCTI TIJABUILIEHHS CTYIMEHsS yTWJi3allii
CUPOBUHHU.

Jliteparypa: [3,6] .

Onep:kaHHA BOJHIO 32 BUKOPUCTAHHS CBiT/Ia

OpneprkaHHs. BOJHIO 32 BUKOPHCTaHHS CBITJIa. YMOBH KYJbTHBYBAaHHS IMypIypOBUX
Oakrepiit CyOcTpatu JUisi OJiepXKaHHS BOJTHIO MYPITyPOBUMHE OakTepismMu ( TITiLepos1, CTidHi
BOJM TOIIO). Buau BOJOpOCTEH, 1110 YTBOPIOIOTH BOACHB. MeXaHi3MU YTBOPEHHS BOIHIO
BOJIOpOCTsIMU. KyIbTUBYBaHHS BOJOPOCTEH Il OACpIKaHHS BOJHIO. YMOBH, 3a SIKHX
BiZIOyBa€TbCs YTBOPEHHS BOAHIO BOJOpPOCTSAMH. bynoBa miaHoGakTepidf, cnenudika
NPOAYKYBaHHS BOJHIO Yy LiaHOOakTepiii. BnnmuB QaxTopiB cepenoBuila Ha MeXaHI3M Ta
HIBUJIKICTH MPOYKYBaHHS BOJHIO 111aHOOAKTEPiIMU

Jlirepatypa: [3]

MikpoOHuii naJauBHMI eJleMeHT A5 oJepKaHHs 0i0BOAHIO.

[Tpuniun aii MiKpoOHOTO MATUBHOTO €JeMEHTa. XapaKTepUCTHKA MIKPOOPraHi3MiB
— enekTporeHiB. [Iponecu yrBopenHs 6iomniBku Ha noBepxHi anoxy y MIIE. CyGctpatu
1t yrBopeHHsi BoaHio y MIIE. IIpouecy, mo nepebiratots y MITE. Mexani3m yTBOpeHHs
BogHio Ha karoai MIIE. Koncrpykiii MIIE. Busnauennst edexrtuBrocTi podotrn MIIE
(katogHa pekomOiHamis BOJHIO, KYJIOHIBCbKa €(EKTHBHICTh, 00’€MHa UIIBHIKICTb
IPOAYKYBAaHHS BOJHIO.

Jlireparypa: [5]




9 Cucremu 30epiranisi Ta TPAaHCIIOPTYBAHHS BOJHIO
Marepianu s 30epiraHHs BOJHIO. MeTanriApuad, 10 BUKOPHUCTOBYIOTHCS IS
00’€MHOI0 TYCTHHOIO JUIS Pi3HMX KiaciB TrigpuaiB). I[iIb0OBi MOKa3HUKH JUIS CHCTEM
30epiraHHs BOJHIO. Y MOBH 30epiranHs BoJHIO. banonu ta cucremu i 30epiraHHs BOJHIO.
Jlireparypa [1,2]

JlaGopaTopHi 3aHATTA
OCHOBHI 3aBIaHHS LUKy J1a00paTOPHUX 3aHSATh:
CTYACHTH IOBHHHI HABUMUTHCH MPOBOJUTH OIOXIMIYHMH EKCIIEPHUMEHT 3a 3aJaHOI0 1HCTPYKIIEI Ta
BIJIITOBITHUM 3aBJaHHSIM,
MPAIOBaTH 3 J1a00paTOPHUM OOJIATHAHHSIM, PEAKTHBAMH Ta HAHOUIBII MOMIMPEHUMH  010XIMIYHUMU
pEYOBHHAMUY,
MIPUTOTOBIISITH PO3YMHU 3a/IaHOI KOHIICHTpALlii, aHaTi3yBaTH BIACTHBOCTI 010MOJIEKYII TOMIO;
BHM3HAUYATH BIACTUBOCTI O10JIOT1YHOTO MaTepiany.

Kinpki
Ne . CTh
Hasga naboparopnoi po6otu
3/ ay/.
TOJVH
1 [TpaBuiia poOoTH 1 3acTepekHi 3aX0oAu Mpu poOoTi B jJaboparopii. Meroau
MiArOTOBKH CHPOBUHH Ta IHOKYJATY. [HCTpyKIis 2
2 | BunoOyBaHHs BO/HIO 32 BAKOPUCTaHHS MIKPOOpPraHi3MiB B TeMpsiBi. Bruius
TEMIEpaTypH, TUCKY 610ra3zy, KOHIIEHTpallll CApPOBUHU Ta METOJY ii MiATOTOBKH. 6
[HCTpyKIIIS
3 BusHadyeHHs BMICTY KOMIIOHEHTIB 0i0ra3y MeTOJIOM ra3oBOi XxpomaTtorpadii.
[HCTpyKITIS 2
4 [TinroToBka aHomy nisi ojepxaHHs OloBoaHIO 3a BukopuctanHs MIIE.
OpepxanHs OlorutiBKM Ha aHoJ1. OneprkaHHs 0610BOAHIO 3a BUKopucTaHHs MIIE 6
[HCTpyKIIS
5 MoyibHa KOHTPOJIbHA poOOTa 2

6.CamocrtiiiHa po6oTa

CamocmiliHa poboma cmyodeHma no OUCUuriHi 8KAOYAE Nid2omosKy 00 ayOumOopHUX 3aHAMb
(36 200uH), ModynbHOI KOHMPOALHOI (4 200uHU), nidzomoska do icnumy (30 200uH) , nidzomoska
0o [JKP (10 200.) 34 200 0519 8uBYEHHA MeM, U0 BUHOCAMbCA 015 CAMOCMILIHO20 ONPAYHOBAHHS.

6. CamocTiiina po6ora

Kineki
Ne - CTh
Ha3sBa Tem#, 1110 BHHOCUTKCSI HA CAMOCTIHE OTPAIFOBAHHS
3/ FOVH
CPC




IIporpamu po3BUTKY BOAHEBOI eHepreTuku B €C.
1 . ) 4
Jimepamypa: [1]

2 Bukopucranns AEC s onep:kaHHsl BOJIHIO 2
Jlireparypa: [1]
3 3amizonapoda3zHuii MeTo OJeP>KaHHs BOIHIO 2

Jlireparypa: [1]

OneprxaHHs BOAHIO 32 JOIIOMOI'OK0 €HEPrOaKyMYJIIOIOUMX PEYOBUH

4 2
Jlimepamypa: [1]
depMEeHTHI CUCTEMH, 110 KaTalli3yIOTh BUIJICHHS BOIHIO
5 . . 2
Jlimepamypa: [3]
6 MikpoopraHi3sMu — KOHCYMEHTH BOJIHIO 2

Jlimepamypa: [3]

BrnuB ymoB cepenoBuiia Ha 3MiHY MeTa00J113My MIKpOOPTaHi3MiB Ha 1HIINN
7 | Tun Opoxninus (6e3 yTBOpEeHHS BOJHIO, 200 HOTO CIIOKUBaHHS) 4
Jimepamypa: [3] a1.5.

YMOBH 32 SIKUX BiIOYBA€THCS MPOAYKYBAHHS BOJHIO HA CBITII
8 . : 2
Jimepamypa: [3,4] an.6.

9 [TepcrieKTHBY BUKOPUCTAHHS BOJOPOCTEN JIJIsl OJICPIKAHHS BOIHIO 5
Jlimepamypa: [4]

Brutue yMOB cepe/ioBHIIa Ha TIPOIIEC YTBOPEHHS GiOTUTIBKH
10 . ) 4
Jlimepamypa: [5]

BIUIMB )KHBUIIBHUX PEYOBHH Ta IX KOMIIOHEHTHOTO CKJIay Ha IPOIEC
11 | oxgep:kaHHS BOIHIO. 4
Jimepamypa: [3-5]

Bucoko- 1 Hu3bKOTEMIIEpaTypHI METal TiApUIn
12 . 4
Jlimepamypa [2]

MoniTnkKa Ta KOHTPONb
7.MoniTMKa HaBYaNbHOI AUCUMNNIHM (OCBITHLOrO KOMMOHEHTA)

Monimuka wodo OednaiiHie ma nepecKknadaHHA. Pobomu, AKi 30aromecs i3 MOPYWEHHAM
mepmiHie 6e3 NoBaMHUX MPUYUH, OUIHIOIOMbCA HA HUMYY OUiHKY. [lepecknadaHHa mem (Modysie)
8i06y8aEMbCA 30 HAABHOCMI MOBAHCHUX MPUYUH.

Moaimuka ma npuHyunu akademivyHoi dobpoyecHocmi susHa4eHiy po30dini 3 Kodekcy yecmi

HayioHanbHo20 mexHiYHo20 yHisepcumemy YKkpaiHu «Kuiscokuli nonimexHiyHuli iHcmumym imeHi

lzopsa Cikopcbkoeo». [emanseHiwe: https://kpi.ua/code. BukopucmaHHA 0o0amkosux Oxcepesn
iHghopmauii nio yac oyiHBAHHA 3HaHbL 3a60poHeHO (y m.u. MobinbHUX desalicig). MobinbHi npucmpoi
00380/19€EMbCA BUKOPUCMOBYBAMU sUWe i Yac OH-1alH Mecmy8aHHA Ma 8UKOHAHHA PO3PaxXyHKis.

Hopmu emuyHoi nosediHku. Hopmu emuyHOi nogediHKu cmyOdeHmie i NpauisHUKie 8U3Ha4YeHi y
po30ini 2 Kodekcy uecmi HauioHanbHo20 mexHIYHO20 yHisepcumemy YKpaiHu «Kuiscokuli
nonimexHiyHul iHcmumym imeHi lzopsa Cikopcokozo». flemanseHiwe: https://kpi.ua/code.

Moaimuka w000 eideidysaHHA. BiogidysaHHA AeKyill, MPAKMUYHUX 3aHAMb, Ma 1a60pPaAMopPHUX
pobim, a makxkoxc si0ocymHicmb HA HUX, He OUiHHeEMbCA. OOHAK, cmyo0eHmam pPeKomMeHOYEMbCA
8i08i0y8aMuU 3aHAMMA, OCKiflbKU HO HUX 8UKAAOAEMbCA meopemuyHUl Mmamepian ma po38usaromecs
Hasu4Ku, HeobXxiOHi 004 hopMy8aHHA KomremeHmHocmel, 8U3HAYEeHUX CMAaHOApmom ocsimu.
Cucmema OyiHIOBAHHA OPIEHMOBAHA HA OMPUMAHHA 6ani8 3a AKMUBHICMb cmydeHma, @ MAaKoOX
BUKOHAHHA 30800Hb, AKi 300MHIi pO38UHYMU MPAKMUYHI YMIHHA Ma HABUYKU. 30 06’EKMUBHUX NPUYUH
(Hanpuknad, xeopoba, npaueenawmyeaHHsa, MIHHAPOOHE CMAMCYBAHHA MOUW,0) HABYAHHA MOME
8i0bysamucsA 8 OH-1alH opMi 30 MO200MHEHHAM i3 KepPiBHUKOM Kypcy.



8.BMAM KOHTPO/IO Ta PEeMTUHIOBa CUCTEMA OLiHIOBAHHA pe3ynbTaTiB HaByaHHA (PCO)

MomoyHuli KOHMPOAbL. BUKOHAHHA Ma 3axucm aabopamopHux pobim (20 6aau), MKP(20 6anis)
AKP (10 6anis). 3aeansHa cyma b6anis 3a cemecmposy pobomy — 50 6anis. [oknadHiwa iHpopmayis
w000 MOMOYHO20 KOHMPOAO MA Kpumepiie oyiH8aHHA HagedeHa 8 PCO 3 ducyunaiHu. (Jodamok
1)

KaneHOapHuii KOHmponb. nposodumeca 08i4i HO cemecmp AK MOHIMOPUH2 MOMOYHO20 CMAHY
BUKOHQHHA 8UMOe cunabycy.

Cemecmpoesuli KOoHmponb. 3anik. 3az2aabHa cyma 6anie 3a icnum — 50 6anie. [oknadHiwa
iHpopmayia w000 nposedeHHA ma oyiH8aHHA HasedeHa 8 PCO 3 ducyunsiHu.

Ymoesu donycky 00 cemecmposo2o0 KOHMponio. cemecmpoguli pelimure 8i0 40, HanucaHHA MKP,
LKP, 3axucm ycix nabopamopHux pobim.

Dopatok 1

MOJIOKEHHS
NPO PETHHIOBY CHCTEMY OLIHKH YCHIIIHOCTI CTYJAEHTIB
3 nucuuiuiing “‘BonHeBa enepreTuka”
JUTs cneniaabHOCTi 162 "6ioTnexHosorii Ta OioimkeHepis ',
dakynbTeTy 010TeXHOJIOTIT 1 O10TeXHIKH
(dpyruit MaricrepchKuii piBeHb, JeHHa (popMa HaBUAHHS)

Po3nozin HaB4aIbHOTO Yacy 3a BUIAMU 3aHSTH 1 3aBJJaHb 3 JUCHUIUTIHU 3T1IHO 3 pOOOYNM HaBYAIbHUM
TUTAHOM

Cem | Hapuanbuu | Po3monin HaBYaIbHUX TOJUH Kontpomnbhi 3axo1u
ecTp | ¥ yac
Kpe | Akan.| Jlekuii | [Ipaktuun| JIa6. CPC MKP |AKP Cemec.
IUTH | TOA,. 1 pobotu aTecTarl.
2 5 150 |18 18 114 1 1 [crar

PeliTuHT cTyneHTa ckiagaeThes 3 0amiB, 10 BiH OTPUMYE 34!
1. BuKOHaHHSA Ta 3axuCT 4 1a0OpPaTOPHUX POOIT;
2. xouTposbHOI poboTu (MKP mozinseTbes Ha 1Bi KOHTPOJIbHI POOOTH TPUBAIICTIO 1O 1 TO/IMHI);
3. JIKP;
4. BIONOBIAL HA €K3aMEHI.

CucreMa peiiTHHTOBHX (BAroBUX) 0aJIiB 3aHATH i pEHTHHIOBUX OLIHOK MO BHIAaX KOHTPOJIIO 32
pik

i}i Bun xonTposto ban KinpkicTh Cywma 6amniB
JlaGopaTopHi poboTn
- BaroBui 0an Ik 5 4 20
- IOIYCK 1
- 00poOKa pe3yabpTaTiB 1 3aXUCT™ 0-4
MoaynpHa KOHTPOJIbHA poOoTa
2. -BaroBui 6ai Iy 10 2 20
- AKICTh BUKOHAHHSI ™™ 0-10
JAKP 10 1 10
3. SKicTh BUKOHAHHS *** 0-10




|4 | Beporo ‘ ‘ ‘ 50

* - nadoparopHi podorn O6poOKa pe3yIbTaTIB 1 3aXUCT (3aXKCT BKIIOYAE 3HAHHS 3 JIEKI[IIHHOTO
MaTepiary 3a TEMOI0):
MpaBUIILHO oopMiieHa poOOTa 3 TOBHUM BHUCHOBKOM — 1 Oa;

MOBHA BIJIMOBIIb HAa €KCIPEC KOHTPOIb - 4 Gany,
HEMOBHA BiIMOBIiIb - 3 banuy;
He3a0B1JIbHA BIIIIOBIIb - 0-2 Gauis.

** - SkicTh BUKOHAHHS MOJIyJIbHUX KOHTPOJBHUX POOIT:
MTOBHA PO3KPHUTA BIJIIOBI/Ib -9-10 Gauis ;
MMOMUJIKA B OJHOMY 3aBJIaHHI 200 HEMIOBHA BIAMOBIIb B IBOX 3aBJIaHHAX -/-8 OaiB ;

IIOMMJIKA B JBOX 3aBIaHb a00 HEIIOBHA BIAIOBIAL B 4 3aBIaHHAX - 6 OauiB;
poboTa He 3apaxoBaHa - 0 - 5 Gauris.
** - fkicte BukoHanus JIKP:
MMOBHA PO3KPHUTA BIAMOBIIH -9-10 GauiB ;
MOMMJIKA Y BIAMOBIAiA a00 HE JOCTATHBO PO3KPUTE MUTAHHS -7-8 0aniB ;
rpy0i MOMWIKH y BiIOBIIi - 6 Gautis;
poboTa He 3apaxoBaHa - 0 -5 Gauis.
ITpadmni d0aau
Ne ban
/i
1. HeroroBHIiCTh 0 1a00paTOPHUX 3aHATH -0,5
9 HecBoeuachwuit 3axuct gabopatopaux pooit (6e3 1
' MOBaXHOT MPUYHMHH)

Po3paxyHnok mkamm (R) pedTunry

CymMa BaroBux 0ajiB KOHTPOJIBHUX 3aXO0/I1B MMPOTITOM CEMECTPY CKIIAJIaE:!
R¢ = 20+20+10 = 50 6auis:

Ex3amenaniiina cknagosa mkanu qopisHioe 50% Bin R, a came:

Re = Rc 05/05 = 50,

Petitunarosa mikana 3 gucuuiniiay ckiagac R = Re + Re

100 6amis;

Heo0xigHOI0 yMOBOIO JOIMYCKY JI0 €K3aMEHY € 3apaxyBaHHS YCiX JabopaTOpHHUX poOiT, BUKOHAHHS Ha
MO3UTHBHY OIIHKY MOJIYJIbHHX KOHTpObHUX poOiT Ta JIKP. CraptoBuii peiitunr rc He menmie 60% Bix

R¢, To6To 30 Gamis.

Py0ixHi (rutanosi arecrartii). CTyeHT moBHHEH Habpatu OaiiB:: 1 arecrarrist — «3apaxoBaHo» - 12 Gais

(24 — makcumyMm), 2 atecraitisi — 21 6aniB (42 — MaKCUMyM).

[TincymkoBa o1liHKa SIKOCT1 3HAHB 3 JUCIUTIIIHU BU3HAYAIOTHCS 3a TPATUIIIHHOIO 4-pIBHEBOIO MIKAJIOO HA

0a31 iHAMBIIyaIbHUX TTOTOYHUX OI[IHOK 32 TAKOI0 IIKAJOH)!

Peiitunr Tpanguniiina orinka
47,5<R.<50 BIAMIHHO
42,5<R:<47,5 Hyxe nobpe
37,5 <R.<42,5 n00pe
32,5<R.<37,5 3a0B1JILHO
30<R. <32,5 JlocTaTHBO
R.<30 HE3aI0BLIBHO
e <30 a00 He BUKOHAHI 1HIII HEOMYILIEHUN
YMOBH JIOMYCKY JIO €K3aMCHY




Ex3zaminamiiitamii Oiner ckinagaerbes 3 5 murans, 1 mutanHs oniHtoeThes y 10 Ganis.
[ToBHa BigmoBias Ha mutanus — 5 (9-10) Oanis

3pobiieHi He3HayHi noMuiiku — 4 (7-8) 6anis

CyrreBi moMuiku y Bignosiai — 3 (6) 6amis

Bignosizai xe BipHi — 0-2 (0-5) 6anu.

IIxana ex3aMeHAIMHUX OLIIHOK:

Peiitunr TpanuiiiiHa o1iHKa
47,5<R<50 BinMinaO
42 5<R<47,5 Jyxe nobpe
37,5 <Re<42,5 JHo6pe
32,5< Re<37,5 3a10BLIIBHO
30<R¢ <32,5 JlocTaTHBO
Re<30 HE3aJ0BIJILHO
3arajabHUM pERTHHT:
Peiitunr TpanumiiiHa oriHKa
95<R<100 BIIMIHHO
85< R<94 Hyxe nobpe
75 <R<84 n00pe
65< R<74 3a70BIJILHO
60<R <64 JIOCTaTHBO
R<60 HE3aJ0BIJILHO

JlonaTox 2
[TutaHHs HAa MOAYJIBHY KOHTPOJIbHY poOoTy Ne 1

1.Konnenuist po3BUTKY BOJIHEBOT EHEPTETUKHU.
2.0cobmuBocTi (pi3UKO-XIMIYHUX BIACTUBOCTEH BOJIHIO.
3. [Tapodaszna koHBepcis MeTaHy (IPUPOTHOTO raszy).

4. TepmiuHe po3KiIaJaHHs BYTJIEBOIHIB.

5. TepMOXiIMIYHI IIUKITH.

6. EekTpoxiMiuHi METO/IM OJIepKaHHS BOJIHIO.

7.EnexTpomni3 Bou 1 mapu.
8. ®oToi3 BOAM 3 OTPUMAHHSIM BOJIHIO 1 KHCHIO (COHSYHO-BOJJHEBA CHEPTETHKA).
9. BionoriuHi METOAM OJIep>KaHHS BOJIHIO.

10. Buau Mikpooprasi3miB, o IpOIYKYIOTh BOJICHb.

11.1Inaxu yTBOpPEHHS BOJAHIO MikpoopraHizmMamu ( 3emeHi OakTepii, IiaHoOakTepii, MypIypoBi
Oakrepii).

12 ®epmenHTHI cUCTEMH, 110 KaHANI3YIOTh BUIIJICHHS BOJIHIO

13. ®epmeHTH, IO BUKOPUCTOBYIOTHCS ISl IPOIYKYBaHHS BOJTHIO MIKPOOPTaHi3MaMH.
14. JToHOpH Ta aKIENTOPH EJIEKTPOHIB, 10 B3aEMOAIIOTH 3 T'1IPOreHa3aMu.
15.KineTnka peakiiii, o Kataii3yroThCs TIporeHa3aMu.

16. Jlist akTOpiB OTOUYIOYOTO CEPEIOBHINA HA AKTUBHICTH TigporeHas ( KUCeHb, BITHOBHUKH, 10HH
METajiB, TEMIIepaTypa)

17.MikpoopraHi3Mu — KOHCYMEHTH BOJHIO

18. YMoBH nipoayKyBaHHsT BOAHIO B TeMpsiBi ( pH, HasBHICTh KMCHIO, MapIialbHUN THCK BOIHIO B 30HI
peakTopa, TiApoIuHaAMIuHI YMOBH, CKJIa]] CEPEIOBHIIIA).



19.CyGctpatu st oiep:kaHHs BOAHIO (BIAXOIU CIIBTOCIITPOAYKILiT, CTIYHI BOAM, BIAXOIU Xap4UOBOL
Ta 1IepeBOOOPOOHOT MPOMHUCIIOBOCTI).

20.ITonepenHst MATOTOBKA CHPOBUHH.

21. BiumB yMOB cepeloBHIlla Ha 3MiHy MeTabo0J1i3My MIKpOOpraHi3MiB Ha iHIIMI THIT 6pomiHHs (0e3
YTBOPEHHS BOJIHIO, 200 HOT'0 CIOKMBAHHS)

22. OpneprxkaHHS BOJIHIO 32 BUKOPUCTAHHS CBITJIA.

23.YMOBH KyJIbTUBYBAHHS ITyPILypOBUX OakTepiit

24. Cybcrpatu IS OiepsKaHHS BOIHIO MMypIypOBUMH OakTepisiMu ( MIILEpost, CTidHi BOIH TOIIIO).
25. YMOBH 32 sSIKUX BiI0OYBA€ThCSA MPOIYyKYBaHHS BOJHIO Ha CBITII

26. Onep>kaHHS! BOJHIO 32 TOTIOMOT'OI0 BOJIOPOCTEH.

27. Buay BOIOPOCTEH, 1110 YTBOPIOIOTH BOJICHb.

28. MexaHi3MU YTBOPEHHS BOJIHIO BOJIOPOCTSIMHU.

29.KynpTUBYBaHHS BOJOPOCTEH JIJIsl OICPIKaHHS BOJHIO.

30. YMoBH, 32 SIKUX BiIOYBAETHCS YTBOPEHHS BOJHIO BOAOPOCTSIMH.

MoaynbHa KOHTpOJIBHA poOoTa 2
1.MikpoOHUH NaTMBHUN €IEMEHT I OAepKaHHS 010BOIHIO.

2 ITpuniun aii MiKpoOHOTO MAJTMBHOTO €JIEMEHTA.
3.XapakTeprcTHKa MIKPOOPTaHi3MiB — €JIEKTPOreHIB.
4. Ilpouecu yTBOopeHHs O10IUIIBKM Ha 1oBepxHi aHoy y MIIE.

5. BruiuB yMOB cepeioBuIla Ha POIEC YTBOPEHHS O10TUTIBKU

6. CyOcTpatu it yrBopeHHs BogHio y MIIE.

7. Ipouecu, mo nepediratots y MIIE. Mexanizm yrBopeHHs BogHIo Ha katoi MIIE.

8. BIumB moXMBHOTO CepeIOBUINA HA TIPOIIEC OJIEPIKAHHS BOIHIO.

9. Busnauenust edpexruBHocti podot MIIE (katomHa pekomOiHallis BOIHIO, KYJIOHIBChbKa
e(eKTUBHICTh, 00’ €MHA HIBUAKICTh IPOAYKYBAaHHS BOJIHIO.

10. Konctpykuii MIIE.

11. [lepeBaru Ta Henosiku KoHcTpykuin MIIE.

12.Cucremu 30epirants Ta TPaHCIIOPTYBAaHHS BOJHIO.

13.MeTtanrigpuaHi aKyMyJISITOPH.
14. Marepianu 1 30epiraHHs BOJIHIO.

15.Meranrigpuay, 110 BUKOPUCTOBYIOThCS [Tl 30€piraHHs BOJHIO.

PI3HHX KJIACiB TiIPUIIB).
17. IlepcnexTHBH pO3pOOITIOBAaHUX CUCTEM JUIs TPAHCIIOPTYBaHHA Ta 30€piraHHs BOAHIO.
18. L1i;TbOBI TOKA3HUKH ISl CHCTEM 30epiraHHs BOIHIO.
19.YmoBu 36epiranHs BOJHIO.
20.banonu Ta cucTeMu JiIs 30epiraHHs BOJIHIO.
21. YMOBU BUKOPUCTAHHS T'a30IIPOBOJIIB JJIsl TPAHCTIOPTYBAHHS BOJHIO.
22. I'ay3i 3acTOCYBaHHS BOJHIO.

23. IIpobnemu Ta mepcrneKTUBY BUKOPUCTAHHS BOJIHIO HAa TPAHCIIOPTI.



Jlooamok 3

THumanwus J[KP

1. 3ampomnoHnyiiTe Ta OMUIIITH TEXHOJIOTIYHY CXEMY OJCpKAHHS BOJIHIO aCOIliaIli€l0
MIKpPOOPTaHi3MiB B TCMHOBOMY PEXXKHMMI 32 BUKOPUCTAHHS BIIXO/IB KYKYPY/3H SIK CyOCTpary.

2. 3anporoHyiTe Ta OMUIIITh TEXHOJOTIYHY CXEMY OJICpKaHHS BOJIHIO acOIliaIli€l0
MIKpPOOPTaHi3MiB B TCMHOBOMY PEXKHMMI 32 BUKOPUCTAHHS THOIO SIK CyOCTpary.

3. 3amnporoHyiiTe Ta ONMUIIITh TEXHOJOTIYHY CXEMY OJICpKAHHS BOJIHIO aCOIiaIli€l0
MIKpPOOPTaHi3MiB B TCMHOBOMY PEXKHMMIi 32 BUKOPUCTAHHSI CTIYHOI BOJIU SIK CyOCTpary.

4. 3anporoHyHWTe Ta OMUIIITh TEXHOJOTIUHY CXEMY OJICpKAaHHS BOJIHIO ITYPITYPOBUMH OaKTEPISIMH.

5. 3amporoHyiiTe Ta ONMILIITH TEXHOJOTIYHY CXEMY OJIepKaHHS BOIHIO 33 3aCTOCYBAHHS
TEMHOBOT'O Ta CBITJIOBOTO PEKMMIB BUKOPUCTAHHSI BIXO/IB KYKYPY/I3H.

6. 3amporoHyiiTe Ta ONMILIITH TEXHOJOTIYHY CXEMY OJIEpKaHHS BOJIHIO 33 3aCTOCYBAaHHS
TEMHOBOTO Ta CBITJIOBOTO PEKHMiB BUKOPUCTAHHS THOIO.

7. 3amnporoHyiiTe Ta ONMILIITh TEXHOJOTIYHY CXEMY OJIepKaHHS BOJIHIO 33 3aCTOCYBAaHHS
TEMHOBOTO pexxumy OponinHs Ta MIIE 3a BUKOpUCTaHHS BIAXO/IB KYKYPY/I3H.

8. 3ampormonyiiTe Ta ONHIIITH TEXHOJOTIYHY CXEMY OJIEpyKaHHS BOIHIO [IaHOOAKTEPIsIMHU.

9. 3ampormnoHyiiTe Ta OMMILIITH TEXHOJIOTIYHY CXEMY OJICpYKaHHS BOJIHIO 32 TIO€HAHHS MPOLIECIB

oponirns 3 MITE 3a BUKOpUCTaHHS CTIYHOI BOAW MOJIOKO3aBO/IIB.

Jlooamox 4
Iumanns 0o icnumy

1.KoHuentiisi po3BUTKY BOJTHEBOI EHEPTCTUKH.
2. bioyoriuHi METOIN OJIep>KaHHS BOJIHIO.

3. Bunu mikpoopraHi3mis, 110 NPOAYKYIOTh BOJICHb.

4. 1llnsxu yTBOpEHHs BOIHIO MikpoopraHisMamu ( 3eneHi OakTepii, IiaHoOakTepii, MypmypoBi

OakTepii).

5. ®epMeHTHI CUCTEMH, IO KaHATI3yIOTh BUIUIEHHS BOJTHIO

6. JloHopu Ta aKkIenTopu eJIeKTPOHIB, 10 B3a€EMO/IIIOThH 3 T1POreHa3aMH.

7. YMOBU NPOJyKyBaHHS BOJHIO B TeMpsiBi ( pH, HasBHICTh KUCHIO, MAPIiaTbHUI THCK BOJHIO B 30H1

peakTopa, TiApOIHHAMIYHI YMOBH, CKJIa]] CEPEIOBHIIA).

8.CyOctparu [uis oJiepKaHHsI BOAHIO (BiIXOIU CIIBIOCHIIPOYKIIIT, CTIUHI BOAM, BIIXOAM XapyoBOl Ta

JepeBOOOPOOHOT MPOMHCIIOBOCTI).

9. BrutiB yMOB cepe/ioBHIla Ha 3MiHY MeTa00Ji3My MIKpOOPraHi3MiB Ha iHIIUIA THI OposiHHs (0e3

YTBOPEHHS BOJHIO, 200 HOT0 CTIIOKMBAHHS)

10. OneprkaHHs BOJHIO 332 BUKOPUCTAHHS CBITJIA.

11. YMoOBU KyJIbTHBYBAHHS IypIypOBHUX OaKTepiii

12. YMoBH 3a sIKUX BiOYyBa€ThCs MPOTyKYBaHHS BOJHIO HA CBITII
13. OnepsxaHHs BOJHIO 32 TOTIOMOTOIO BOJOPOCTEA.

14 MikpoOHMIT MAIMBHUI €JIEMEHT VISl 0JIepKaHHs O10BOJIHIO.

15. BruiuB yMOB cepeioBUIIIa Ha MPOLEC YTBOPEHHS O10IUTIBKH

16. IpomecH, mo nepediratrote y MITE. MexaHi3m yTBopeHHs BoaHIO Ha kKatoai MITE.
17. BrimuB mo>XMBHOTO CEPEIOBUILIA HA TIPOLIEC OICPKAHHS BOIHIO.

18.Cucremu 30epiranss Ta TpaHCIIOPTYBaHHS BOJIHIO.

19. Meranriapuay, 10 BUKOPUCTOBYIOThCS [T 30epiraHHs BOAHIO.
20. I{i1p0B1 TOKA3HUKHU JJISI CUCTEM 30€piraHHs BOJIHIO.
21.YMoBu 30epiraHtsi BOAHIO.

22. I'ay3i 3acTOCYBaHHS BOIHIO.



Po6ouy nporpamy HaBuYanbHOI Ancumnnainm (cunabyc):

CKNnageHo OOKTOPOM TexH. Hayk, B.0.3aB.Kadeapu bioeHepreTuku, bioiHpopmaTuKkM Ta ekobioTexHosorii
lFony6 Hatanieto bopucisHoto

YxBaneHo Kadeapoto bioeHepreTnku, bioiHpopmaTukmu Ta ekobioTexHonorii (npotokon Ne 15 Big 29.06.22)

MorogkeHo MeToanyHo Komicieto pakynbrety (npotokon Ne 9  Big 30.06.22)



