
MIHICTEPCTBO 0CBITH I HAYKM YKPAÏHM 
HAIIOHAJILHMç VHIBEPCHTET EIOPECYPCIB I 

IIPUPOIOKOPMCTYBAHHA YKPAÏHM 

OCBI 
OPECYPCUO 

IIPOTPAMA 

M.KMIB 

BCTYIIHMX BMIIPOEYBAHb 

3 KOMIJIeKcy haxoBHX LHCIIHINJI0H JIA BCTYIIHHKIB Ha 0cBITHbO-HaykoBy liporpaMy 
"biorex1oJoriï ra QioiHKeHepia" niaroroBKu qaxisuis PhD 0KTop oinocoi" 

i3 cileniaJlbHOCT0 162 <«bioTexHOJ1Oriï ra õioiKeHepia» 

TonoBa KOMiciï 

KuïB � 2024 

AKYIQ" 
YkpaïHn 
C. HikoJ1aCHKO 

2024 p. 

JlonaTbKo K. I. 



1.1. KopoTKHH orIAJ cyuacun 0i0TexHOJIOr0HMX ipoleciB, 3aco01B Ta 
6iorexHOJOrÜ. 3uavenn9 ix B arpoupOMHCIIOBOMy TeNHIHHX CHCTeM 

1.3ATAJIbHI IIHTAHISI 

BIpoómITB0 Ta pupojooxopOHiM coepi. 
I.2. Cran BKOPHCTais 6ioreNHOJOT0HMX IponeciB i rexnivux 3acoÑiB B 

posprsi cyMacHIN ocATICHb reNH0KM i rexHOI0rim. CHeuianioBani nupoóMuTRa, 

1.3. JlocarHeAHA BITUH3HAHOi Ta 3akopoHoi HayKH B TaIy31 O1oTeXHOJ1OT1A 
Ta TeXHOJorHHX CHCTeM. Kuacnhikanis TeXHi4HMX CHCTeM 

aBTOMaTH3aii. 
3acooiB 

1:+. KopoTkHH OrIaJI CyMacHOro po3BMTKy 6iorexnoJIoriq ra rexO1Ori4HHX 
cICTeM. 3naycHna ix B arponpoMncHOBOMY BHpoPHHI|TB0, JI0COBOMY rocoJ1apcTB1, 
InepepoóHM rany3i Ta ipupoNOOXOPOiH chepi. 

1.5. CyuacHnH CraH 6ioTeXHOJIoriï B arpapuiH raJ1y3i B p03pi3i IcATHCHb 
TeNH0KH i rexHoJIoriH. Cueiai3oBaHi naÑoparopii, HaykoBo-BHpoQun4i (eHTpn Ta 

picMCTBA, ulO IipauoroTH y ra1ysi 6iorexHonoriï i Qioiuxenepi. 
1.6. ocaTHCHHA BITYH3HAHOi Ta 3akopOHHOÏ Hayku B raJIy3i Ö1oTeXHOJIOTii 

i oioinKeHepii. Kuacnikaia TexHONOriyHHX npoeciB. Couialbll0- CKOHOMi4H0 
HaciiMKH BHKOPHCTaHHA cy4acHHX 3HaMb B raiysi 6iorexHoJJoriï ra QioinKeHepii. 

2. I10CTAHOBK" IIIPOBEJEHHA EKCIIEPUMEHTAJIbHMX 
IOCJIIIKEHL 

2.1. EKenepwMeIT Ta Horo opraHisaia. 3aavi CKCIlepHMeHTY. 

Knacuoika1tia cKCHepMMeIT0B. YCTaTKYBaHHA JUIA IpoBe/|CIA CKCilepHMeHTa.lbHMX 
l0cJI0LKCHb. OÑcAT CKCnepHMeHTaJJbHHX JI0cJH0JIDKeHb Ta TOYHiCTH BHMipoBaHb. 
Oco6.1MBOcri nposeueHHa CKcnepuMerrabIlMX 10CHiKeHb B InO.Ih0BMX yMOBax, 
Bnupooy Baniia ciIbCLKorocioapcbKoi TeXH0KM 

2.2. MeroMKa IiauyBaHA eKCepuMenry. Ilapamerpu oTHM03auiï ra 

BHMOTH 10 HMX. BuÓip akropis Ta BMMorn 10 HHX. HeHrpaniza1ia BXiIHX 
þakTopiB. Ilouara arnpiopuoi inhopmaui". 

2.3. bararocakropinú eKCIIepMMer Ta MCTOJ[MKa MOro IJlaHyBaHHA. 

Baralbii no10XC18 Ta crann ipoBeje9 6araroakropuoro eKCnepuMeHTy. 
Ilo6y/1OBa ioBH0"o axropiioro eKcuepuMenry (ani IIDE): a) BHoip 
MaTeMaTHnoï MONeni; 6) o6y10Ba IIany TIE; B) panOM03ania N0cHiNÜB; 
)ncIO InOBTopIOBaInocTeH JI0cHi0B. YacrKOBO)aKTopun� ekcnepuMenT. 

ipnCMCTBA, xOJIHT ta opraHi3aüï 6iOTeXOJOri4X IponeciB. 

K oco61HBHù BHJI 

CKCIIepMMeHTaJlbHHX IOCIIIJIKEHb. 



2.4. MMOB0pHicH0-cTaTHCTuHi MCTOJIH B IHKCHepHnx IOcJIiJKCHHAX. 

IlonaTTA BHIlaj1KOBOÏ BeJIHYMHH. 3akoHH poz1ioiIy BHIlaJlKOBO0 BeJIHYMHH. 

BuÑipkoBnH MeTOI J10cIT0JTKCHb BHIaj1KOBMX BeIH4HH. UnciOB0 xapakrepHCTHKH 
BHIlaJIKOBHX BeHYHH. BJu 3aKOH0B po310J(J1y. HopMaITbHHÝ 3akoH po310/11y. 

OuiHKM CTaTHCTH4HHX XapakTepHcTHK BHITaJKOBOi BeJIHYMHH. TlepeBipka 

CTaTHCTHYHHX IiUOTe3. 

2.5. MeToJNH Mcnepciúnoro ananizy i ouiHka AKOoCTi po00TH MaIIMH. CyTb 
ncnepciHnoro anai3y. Ouoqhakropuniú JUHCnepciünna arani3. BararohakTopHnH 
JnCnepciñunü anai3. 

2.6. Mero,uu kopcn9iMnoro i perpeciinoro ananisy. TloHATTA KOpcIAUÜÏ 0 
perpeciï. KocoiuiCHT KOpeIAui, Äoro anai3. 3aBlaiHs i nopaiOK ipOBeCHHA 
perpeciHHOrO anaii3y. KocoiujcHT MHoKHHHOÏ Kope.1ALii. KoBapia1ia. 

2.7. MoneBHHA. MaTeMaTHYHÈ MOJeJIi. i3u4H0 MOIeii. TeopeMn 

3. CKJIAIOBI bIOTEXHOJIOTIÜ TA EIOIHKEHEPI0 

3.1. 3araIbHa MiKpo6io.10ris 
CTaHOBJ1CHHA ra pozsurOK M0Kpo6ionorii. Mopþo.nori4ni Ta 

þisionoriyHnH nepioJI posBMTKy M0KpoÑio1ori. BinkpuTTa JIyi Ilactepa i Pooepra 
Koxa. BHecoK y po3BHTOK M0kpoQio.1oriï B0TYH3HAHHX B4CHMX. Po3BHTOK 

M0Kpooionoriï y XX cT. Kuacnhikauia KuBHX opraH03M0B. 3aranbHi BlaCTHBocT0 
MIKpooprani3M0B 

IIpokapioTH Ta eykapiotH. Moponoria i po3MHOKeHHA ipOKapior Ta ey Kapiot. 
bynoBa KJI0TMHH Ta yHKuüï KI0THHHMX cTpyKTyp. Mophonori4Hi, xiM04H0 ra 
hi3ionoriyHi 03Haku rpamHeraTHBHHX i rpaMIIO3HTHBHHX 6akTepiH. BiIM0HHOCT0 

IipokapiT Ta eykapior. BinM0HHOCT0 apxeH Bis õakTepiH. 

eKoJIOr0 

PicT i KHBJCHHA M0KpoopraHi3M0B. ia Ha M0KpOopranisMM 30BH0ILIHÈX 

hakTopiB. AnarTHBH0 peakuiï MiKpoopranizM0B Ha cTpecoB0 ii. KMBJCHHA 
MiKpooprani3miB. Dizionoria pocry. 

CHCTeMaTHKa ipokapior. IIpuHILHnH KJlacnhikaiiiï GakTepiH. Kouuenia BHIy B 
GakTepio10ri. lcTopMYH0 acneKTH CHCTeMaTHKH PakrepiH. Cy4acHi HanpaMH y 
CHCTeMaTHIi õakTepiH. 

CHCTeMarHKa rpnoiB. Kuacnpika1isa rpuÓiB 70 80-x pokiB XX CT. 

KnacHhika1is rpnÑiB 90-X pokiB XX cT. PinoreneTHYHa cHCTeMaTHKa rpHoiB. 
CHCTeMaTMKa lpiKAKIB. 

BiocHHTeTHYH0 ipouecH MIKpooprani3M0B. BiocHHTre3 aMiHOKHCJIOT, 

HyKJIcOTHI0B, HocooplboBaHHX ByrICBOJ0B i niniiB. 
Tunn Qpo,1iH19. 3aralbHa xapakrepucTHKa Iipouecy QpoiHHA. CIupTOBe, 

IIo1i6H0cri. Kpurepiï noi6HOcT0. 



MOJIO4HOKHCJIe, ipoioHOBOKHCJIC, MypaillHHOKHCIC, MaciAHOKHCJIe Ta aueTOHO 
oyTMIOBe QponiHHA. 

TlepeneceHHA eneKTPOH0B B anaepoPHHX yMOBax (aHaepoQHe MxaHHa). 
HiTpaTHe 1 cyJlbhaTHe HNaHHA. YTBOpeHHA MeTaHy 3a BiJHOBJICHHA KapóOHaTy. 
AueTOreHe3, 3aii3He Ta MapranueBe HxaHHA. BijHOBJIIOBaJTbHe nexJIOpyBaHHA. 

BukopnCTaHHA HeopraniYHHx NOHop0B BOJIHIO: aepoQHi xeMoJI0TOTPOHH0 
OakTepii. 3aranbHa xapaktepucTMKa xeMOJI0TOTpohiB. OKHCHeHHA amiaky Ta HiTpHTy 
(HITpHikailia). OKHCHCHHA BiJHOBICHHX CnoIyK cipku i MOJ1eKyJIapHoro BOIHIO. 

OKHCHeHHA IBOBAJIEHTHOrO 3aJii3a 

Kapõokcn00aKTepiï. Dikcauia COp. 
OiKcauis MOJICKy JIAPioo a3oTy Ta horoCHHTe3. Dikcauia azoTy 

CHMPiOTHYHHMH (6yIbõo4KOBHMH) akTepiaMH. BiIbHO iCHyio4i Ta acouiatHBH0 
iasorpoVn. XapakrepneTHKa nypnypoMX i 3eneHHX õaKTepio. IliaHoõaKTepi. 

MikpoopraHi3MH i HaBKoIHIHC cepenoBHILIe. MikpoopraH03MH AK o0 EKTH 
6iotexHO.10rii. Y4acTb MiKpoopraHi3MiB y Kpyroo6iry peyOBMH y IIpuponi. EKO.1Oria 
MIKPOopraHi3MIB (OCHOBH0 IOHATTA). THIH B3aCMOB0JIHoCHH MIK opraHI3MaMH B 

Iipupoi. Kiacn¢ikauia iponyKT0B M0KpoÕHOro cHHTe3y. IIpeiiapatu Ha oCHOB0 
PiOMacH. IIpakTHYHO liHH0 nponyKTH MeTaÑonisMy MiKpoopraHi3M0B (epBHHH0 i 
BTOpMHH0 MeraõoniTH). IIpoyKTH PpoiHHA, DepMeHTH. 

3.2. 3arabHa 6ioTexHOJIoria 

OCHOBH0 6iotexHoNOri4H0 TepM0HH. Ilpupona Ta pi3HOMaHiTHICTb 

õioTexHOJori4HMX ipoueciB. IlepcinekTHBM PO3BHTKY PioTexHOJIOrid. 
CupoBMHa AIa 6ioTeXHOJIOri4HHX npoileciB. TpanMuiÄH0 AKepela Byraeuko. 

lxepea azoTHOro KHBJIeHHA. xepena pocTOBMX þaKTopiB. 
y3araTbHeHa CxeMa õiorexHOJIorinnx pouecis. TlepencepMeHTauiÄH0 

ipoueca. IliroTOBKa 10KHBHOro cepenOBMIla, ainapatypH Ta KOMYH0Kauim. 
CnocooH 3õepiraHHa Ta IiNroTOBKa õio1ori4HOro areHTa. IlinroTOBKa aepauiHHOro 

IIOB0TpA. 
IIpouecH BHpooHH4Oro 6iocHHTe3y. CnocoÑn KyJIbTHBYBaHHH õioJ10riYHHX 

areHT!B. IIpouyneHTH ceJIeKII|A. Tpauuiani cnocoõH 3ÕiJIbILueHHA 
ipouykTHBHOCTi UTaM0B. 

OCHOBHi ipollecH O4HIeHHA Ta KOHIICHTpyBaHHA ipoyKTiB ÕiOTexHOJIOr. 
Buoip cOcooy BHJIiIeHHA i o4neHHA iJbOBOro ipo1yKTy. 

bioTeXIHOJIOriA xap4oBa ipoMHCIOB0CTb. ChuproBe BHpoPHMIUTBO. 
BupoQunITBO IIHBa. BunopoocTBO. XJri60IeycHHA. MouoHi ipoiykTH. BinkOB0 
IipoiyKTH. Xap4oBi n00aBKH. BiramiHM. 

biotexHOJIOr0A Ta MelMIMHa. OrpuMaHHA aTHPioTHK0B, ropMOHiB. 

MOHOKJIOHaTbHHx aHTHT0JI, iMMyHHOreHHMX IIpenapariB i BakI|MH. OcHOBHI THIIH 

MapraHIIO. Baniso0aKTepi. 

OkCHreHHnÄ Ta aHOKCHreHHHH hoTOCHHTe3. 



BakllHHHHX IIpeiapatiB. BUMOrH JO HHX. 

XiMiYHa 6ioTexHO1Oria. BupooHMUTBO opraHiYHHX KHcHOT, po3HHHHMK0B, 
amiHOKHcIOT, aHTHÑioTHK0B, hepMeHriB, CTepoiniB. 

CinbCbKorocnoNapcbka õioTeXHOJIOria. KopMOBH0 iIOK. BooOB0 KyIbTypu i 
hikcauia a3oTy npH CHMPio3i. OnepxaHHa 6akTepiHHHx 1o6pMB Ta 3acoóiB 3axHCTy 
pociHH I TBapHH. 

IlepepoÐ Ka BiJXoJÜB CiJIbCbKOro rocnoapcTBa. TpancreHH0 pocIHHH Ta 
TBapHHH. 

HaBKOJIHIHC cepenoBMle Ta 6ioTexHOJIOriA. EioJoriuHa Inepepooka 

IIpOMHCIOBHX B0JIxON0B. bioJori4He o4HUleHHA CT0YHHX BOJI. AHaepoQHe 04MUIeHHA 
CTOK0B. AHaepooHe o4HU[eHHA cTiYHMX BOJI Ta yTHIi3auiA ocaj1jB. AHaepooHo 
aepooHe oyHuCHHA CT0YHHX BOJ. Bionerpanaiiia KceHoQioTHK0B y HaBKOIMUIHbOMy 
cepe0BHUi. BiokOHBepcia eHeprii. BionanHBO. 

3.3. MoIeKyJIAPHa QioTexHOIOr0a 
IIpenMeT MOJJeKyJIAPHOi 6ioTexHOJOriï. BuHHKHeHHA Ta icropia po3BMTKy 

MONeKyIapHoï QioTeXHONOrii. 3B'a30K MOJNeKyIAPHoï QioTeXHOJIOriï 3 Qio.1ori4HHMH 
JIHCIHIJI0HaMH ipakTHHe 3acTOcyBaHHA. XapakTepHcTHKa o0'eKT0B 

MOJICKYJIApHoi QioTeXHoJIoriï: ipokapioTH (Escherichia coli), eykapioTH 

(Saccharomvces cerevisiae), Ky1bTYPH eykapioTHYHHX KI0THH (ACYHHK KUTaHCbKOro 
XOM AYKa (CHO), KJI0THHH KOMaX TOIIO). TlepcneKTHBH MOJICKy1APHOi 

MonexyApHi Mexaui3MH QiocuHTe3y 6inka. IHK, PHK i cHHTe3 QinKa y 
KJIiTHH0. Perynauia TpaHcKpHnuiï y npo- Ta eykapiot. DepMeHTH reHHOÏ 0HKeHepii: 

pec+puKTa3H, Jlirazu, HYKJIea3u, II010Mepasn, 3BopoTHA TpaHCKpHIITasa, ix 

xapakTepicTHKa Ta hyuKui". 
IIlnaxH oTpUMaHHA JbOBOrO reHy. BunineHHA reHy 3 reHOMHOÏ IHK. 

XiMiKo-hepMeHTaTHBHMÄ CHHTE3 reH0B. OTpHMaHHA reHy Ha ocHOB0 iPHK. 

3acTOcyBaHHA MeToIy noT0Mepa3Hoï J1aHuOrOBoi peakuiï (TUIP). 
OTpHMaHHA peKOMPIHaHTHHX HK. TloHATTA reHeTHYHOro BeKTopa. OcHOBH0 

THIIH reHeTHYHMX BeKTOopiB: IJla3M0NHI, paroBi BeKTOPH, BeKTOPH-TpaHClO30HH, 
riQpuHi BeKTopH - armiNH, KOCM0NH, pasminn. MeToJIH KOHCTpyOBaHHA 
pekoMPiHaHTHHX HK: KOHHeKTopHnH MeTO1, pecTpHKTa3HO-JI0ra3HHÄ MeTOJ. 

Cuoco6H BBeNCHHA peKOMoinaHTHMX JIHK y peunicHTHÈ KI0THHH. TeHeTHYHa 

TpanchopMaIia npo- Ta eykapior: TpancVopMauis, Tpanchekuis, KoHoraia, 
TpaHc1ykuia, eneKTponopauis, 6io6anictHKa, M0KpoiH'CKL0A. 

CkpHH0Hr Ta ceneKIiA KIiTHH, IIO eKcnpecyioTb I|JbOBHÄ reH. DeHOTHIOBA 
celeKiia, riQpuw3auis HYKJJeïHOBMX KHCJIOT in situ, yHKuioOHaNbHa 

KOMIIJJeMeHTaIlia, pa1ioiMyHOaHasÜ3 ÕiJIK0B in situ. 
Mikpoõio1ori4He BHpoõHMIITBO pekOMPiHaHTHHX JI0KapcbKMX 3acooiB. 

õioTexHoJIoriï. 



OrpuManHA pekoMPinanTHOro JRONCbKOro iTephepoy Ta coMaroTporniHy. 
OrpumaHHA peKOMoiHaHTHHX aHTHÕiOTHK0B. 
MoHoKIonalbH0 aHTHT0JNa SK n0Kapcbki saco6n. CrpyKTypa i oyukuiï auTHTiJI. 

MoHoKIOHaNbH0 aHTHTIJIa JIIOJIMHH. Tiopuui 

BupoóHHUTBO aHTHT0JI 3a 1onOMOrOIO E. coli. 

BaKIlHHH, 

BupoóHMUTBO BaKIlHH. CyQoHHH4HÈ BaKIHHH: npoTHrepneTH4HÍ BaKLHHH, 
ipoTHAlypii Baki\HHH, IIpoTHTyoepkylb03H0 BakLHHH, IenTHIH0 BaKsHHH, reHHa 

IMyHI3aiUA. ATeHyHoBani BaklHHM: ipoTHXO1epHi BaKIlHHH, IipoTHcalbMOHeJlbO3HI 
BakiHHH. «BeKTopHi» BaksMHH: npoTHBipycHi BaKILMHH, IipornõakTepiatbHi 

MOHOKJIOHaJIbHI 

aHTHreHIB. 

aHTHT0Jla. 

bakTepii AK CHCTeMH l0CTaBKH aHTHreH0B. IlOBepxHeB0 aHTHreHH akTepiH. 
TIliAxH CTBOPeHHA BaklMH 3 BHKOPHCTaHHAM 6akTepiA AK CHCTeM NOCTaBKM 

3.4. IIpuponoznaB4a M0Kpooionoria 
O6nacTb npupono3HaB4OÏ MiKpoQioIorii. CucTeMHMH aHanis i Qionoris. 3B'a3OK 

ipuponosHaB4oi MiKpoQi0.10riï i3 3araJlbHOIO M0Kpooionorico Ta 0HIIHMH 
ÕioNoriYHHMH HaykaMH. EKOCHCTeMa. TeorpapiHe cepelOBMUIe. CHCTeMa 

EkooisioJIOT04H0 rpyrin opraHi3M0B. pisionoriuH0 rpyIIH 3a hisu4HMMH i 
þisuko-xiM0MHAMH hakropaMH cepenOBMUla icHy BaHHA, oisionoriqHi rpyin 
opraniz0B 3a MiCIeM iCHYBaHHA, rpyin opraHi3M0B 3a BHKopHCTOBYBaHHMH 

cyõcTpaTaMH. 
Tpo¢ina cTpyKTypa MikpoPHOÏ ciJIbHOTH. MikpoQHa cribHOTa AK cHCTeMa. 

KoonepaTHBH0 B3aCMONiï (3araJlbHa cxeMa Tpoi4HMX B3aCMOB0JHOCHH y cniubHOT0, 
nepBMHHa ipouyKIl0A, 1ecipyklia, B3a¬MOIis riupoiTHK0B i AMCHIIOTpo¢iB, 
iepBHHHi i BTOPMHH0 aHaepoQu, MIKBHIOBe InepeHeceHHA BONHIO 0 CHHTpo)ia, 
aueTaTHHÄ WJIAX i aueToreHe3, i3MMHa KOonepauia y cninbHOT0 þisnuna 

B3aCMOI0s y õionuiBL0; IIpaBAJIO M0H0MaIbHOÏ IH)y3i�HOï BiICTaHi; MiKpo30HatbHHÄ 
po3BHTOK MÍKPOopraHi3M0B; polb rI0iKOKaJN0KCy uIA KOOnepauiï opraHi3M0B). 

KoHKypeHliA y cniTBHOT0, KOHKypeHuis 3a eKooriYHy Hiuuy i kiHerHKa pocry. 
KHTTCB0 crpareriï. KoHKypeHIL0A M0X rpynamn y crilbHOTi. Onirorpopia: xuTTA B 

poz0aBJIeHHX, 6iNHMX Ha noKHBHI peuOBHHH cepejOBHIlax. Disionori4HH� CTaH 
rereporpoHHx KJI0THH B YMOBaX oOMeKeHHX KOHIeHTpauiH NKepela 

Byrieio/enepriï. 3Miani cyQctparu Ta ix nepeBarn. bazoBi crparerii pocTy Ha 
cyMiuui cyÑcrpariB. TloninueHHA KiHeTHYHHX xapakTepHCTHK i KOHKypeHTHa 
nepeBaia. HaQyTTA MeTaoi4H0Ï Ta pi3ioIOri4HOÏ IJ1acTH4HOCT0 (rHy4KOCT0) 

MikpoÕHI CHæJIbHOTH AK CHCTeMa. MeTaHOreHHa, cyJIbhiloreHHa, aHOKCHreIHa 

þoToTpoHa cuibHOTa, GakTepiatbHMG OKHCHHÝ þibTp i rasOTpou, BOJIHeB0 
õakTepii, kapõokcn106aKTepiï, neTKi ByrieBoJIHi ra oKHCHHi õakTepianbHMÄ )ibTp, 

QioreoxiM0YHHX IHKJI0B. IlpOKapiotHa KJI0THHa AK CHCTeMa. 



InapuukoBHH cheKT 0 M0KPoopraniMH, IIOTeIIiÄNO M0KIIHB0 CIOcOPM 3nKCHIA 
KOHIICHTpaiï ByTICKHCIoro rary B aTMOCoepi (3axoponeHA ByTJIeKHCJIOTO razy, 
iJIBHUIeHHA eoeKTHBHOCri BHKOpHCTaHHA opraniyHoro namBa, 6e3ByrneKucJOrHa 

CHepreTMKa, coH94Ha CHcpreTHKa i cHcpreTHYHe BHKOPHCTanna 6ioMaCH aepoóHa 
ciMbHOTa, yuiBepcaltiiiicTH Tpoiunux 3B a3K0B y cibHOTi, cIiTGHOTa i þiuorenia. 

MeTareHOMHHM anaui3 JoBK0JIUI9. T'enoMika i MeTareHOM0Ka. CHCTCMHa Oio1Oria 
(ba3n aHux). CHHTeTH4Ha oioIoria. ETaiH po3BHTKY MeTarcHoMHHX JOCJIIJDKEHb. 

MerareHOMiH0 IpoeKTH Ha oCHOB0 "shotgun"-CHKBCHyBanna MiKpooHHx clilbHOT. 
l louyk reniB y JNOBK0JU0 JUIa GiorexuoJori9Hoï i hapmaneBTH4Hoï ra1ysi. 

POCJIMHA AK OE'CKT EIOTEXHOJIOTI4HOTO IIPOI\ECy 
4.1. OcHOBHi 10J0KeHHA KJ0THHHoi Teopi. 3arastbHa xapakTepncTHKa 

ipokapioTHHOï Ta eykapiotunoi KI0THH. Byaosa i þyHkuïi HTOIaIMaTMHHO0 
MeMPpaHM. KlITHHHOrO M0TOXOHApiä, ni30coM, CHIOJla3MaTHYHOTO 

peTHKyIyMy. KuTTCBHH HKJI KJI0THIM. Bio.IoriMHe 3Ha4eHHA KHTTEBOTo MKIy. 
XapakTepueTHKa ocHOBHHX hopm poMHOKEHHA y oio- i QararOKJI0THHHHX 
oprauismiB. OCHOBH0 3aKOHH KlaCHYHOï reHeTHKH. CnankoB0cTH 0 M0HIMB0CTb. Bunn 
M0HJIHBocT0. Kuacu4Hi i cyyacHi MeTOJH ceJieKuii. TkaHHHH pocIHH, ÎX 3aralbHa 

xapakTepHCTHKa. XapakTepucTHKa BererarHBHHX OpraHis pocIMH. EKooriVH0 IpyIn 
pocMH 10 B0JHOLIEHHIO N0 aÑioTHYHHX YMOB HaBKOJIHIIHbOro cepenOBMIla. 
3aralbHa XapakTepueTHKa Haänpocriuux QynoBa Ta oco6IHB0cTi 

4. 

4.2. DoTOCHHTe3 - yHikanbHH� 6i0JIori4HH� Ipouec. biochepHa polb 3e1eHHX 
pocIHH. Po3BHTOK B4CHHA npo horocHHTE3. 3aralbHe piBHAHHA hoToCHHTe3y, Horo 
KOMIIOHeHTH. Pob HoToCHHTesy B npoIecax eHepreTHYHOro H LlacTHYHOro oÐM0HY 
pociHHHOro oprani3My. CrpykTypHa opraHisa1ia þoTOCHHTeTHYHOTO anapary. 
bynoBa IMCTKa ak opraka hoToCHHTe3y, 3M0HH B OHTOreHesi. YIbTpacTpyKTypa 
XIOPon.iacTiB (noJIBi}Ha MeMPpaHa, cTpOMa, Tinakoin, rpaHH). EBoJIIOL0A 
CTpyKTypu þoToCHHTeTHYHOro anapary. 

4.3. KHBJIeHHA pocinH KopeHCBe i IiOB0TpAHe. Po3BHTOK yaBJIeHL ipo 

KopeHeBe xMBJICHH8 poc1MIH. OcHOBHi 3akoHOMipHOCT0 InOrIMHaHHA pe4OBHH i3 
rpyHry. IpyHT AK nKepe1o MiHepaJlbHHX eIeMeHTiB. CrpyKTypa rpyHTOBOro 
iOrIHHaioyoro KOMILIeKcy (TIK). Mexani3MM Ta eTaTM I1OrJIHHaHHA iOHIB. 

IIpouecn nn)ysii i ancopóuii AK, nepuinH eran nornHaHHA ionis. TloHATTA 
«yABHOrO BiJbHOro ipocTopy» (VBI). PoJib KJI0THHHHX CT0HOK y npoecax 
aicopQuiï M0HepalblHMX peyoBMH. Tpancnopr ioHiB 4epes ILia3NMaTHMHy MeMPpauy. 
Bunn MeMopannoro Tpancnopry: nacnBIunä nepenoc i akTHBHMÄ rpancnopr ionis 
(nepsnHHo Ta sropuHO-aKTMBHHý Tpancnopr). Tpancuoprui ATO-asn. OyHkii 
Ht-1OMIl y pocuHHIÄ KJIITHH0. loHHi kana1n pocnn. Iloprepi cHeTeMH (CHMIOPt, 

KMTTCH0sJbHOCT0. 



yHinopr). Tpancnopr elCMCHT0B M0HepaIbHOro KMBJIeHHA. 

BuytpilHbOKNiTHHHMÄ, 6NHKH0Äi JlaNbHiÄ, MexaHi3MM i pery1auia. BMicT 
M0HepalbHHX CIeMeITiB Y pocMHi. Makpo-, i M0KpOcICMeHTH. Di3ioJIoriVHa polb 
OKpeMHN eneMeHT0B. A3OT 0 ÄOrO 3HaYeHHA B KWTT0 pocJIHHH. KpyrOBopoT a3oTy B 
ipupoi. bionori4Ha azoTikcainia. MinepatbHi þopMH a3oTy, lo BHKopHCTOByIOTb 
pocIHHH. IloruHaHA, acHMiJIAIL0A i MeTaooJ03aris 0TpaTiB. DepMeHTHÍ CHCTeMH, 
OioxiM0YH0 IUIAXH B0JHOBJICHHA HiTpaTiB, eTarin Ta peryia[iA penyKI|Ü HITPaTIB. 

oizionori4Ha poIb hocoopy. Oco01MBOCT0 hocoopHOrO KHBJICHHA pocIHH, 

I10TIMHaHHg, TpaHcIHopr i MeTañoii3M þocoopy B pocnH0. Di3io1ori4Ha polb 
cipku. IlorMnaHHa, TpaHcnopT i acuMiJIA0A cyIbhary. i3ionori4Ha po.lb KaJIblIO. 
KalbuiH i cHCTeMH BHYTPiIHbOKI0THHHOÏ CHTHaJIi3a1iï. DizioJIOriYHa poJtb KaJiiI0. 
IlornnnaHHA, TpaHCnopT, po1b, 1ehiLHT Kanio B pocIHH0. MikpoeieMeHTH. 

i3ionoriyHa poIb 3ali3a, MiJi, MapraHuo, MOJIIPJ1eHy, |MHKy, Qopy Ta iH. MeTaJiH 
AK KOMNOHeHTH NpocTeTH4HHX rpyn i AK aKTHBaTopu hepMeHTHHX CHCTeM. YyacTb 
MiKpoeneMCHTiB y hopMyBaHH0 i hyHKuioHy BaHH0 eIeKTPOH-TPanciopTHHX 
naHUKOriB oTOcHHTE3y Ta AMxaHHA, y pocTOBHX Iipouecax, B a30THOMY 

ByTJICBoJHOMY oÔMIH0 i T.J. BunineHHA peyOBHH KOpeHeBOIO CHCTeMOHO pocIHH. 
Mexani3MH BHI0JICHHA 0 BHJIH CHeuiaii3OBaHHX ceKpeTOPHHX CTpykTyp. MiHepatbHe 
KHBJJeHHA hakrop nponykTHBHOCT0 pocIHH 0 AKOCT0 apoxaio. DisionorisHi OCHOBH 

aiiTHIoPT, 

5. EKOJIOTIA 

5.1. IHxKeHepHHA 3axHeT HaBKOJHIIHbOro cepenoBHIla. HoB0TH0 HaipAMH 
IIpHKJlaIHOÏ CKOJIOrii. CBiTOBa eKoNoriYHa KpH3a. EKOJOriYHi npoQneMH Cy4acHOCT0. 
CKnan, oyn0Ba Ta ekonoriYHe 3HayeHHA reocoep. Hoochepa. biocoepa 3emni. 
Oco61HBOCTi Ta oCHOBH0 yHKuiï xHBOÏ peyOBHHH. IIoHaTTA eKOCHCTeMa, õioToI, 
õioueno3, 6ioreouCHO3, cyKIiecii. TpohiuHi naHIJOrM (Mepexi). IIpasuno 
eKOJOri4HOi nipaminH. EheKT KOHICHTPYBaHHA KCenooioTHK0B y Tpo¢i4Hux 
JaHIlIOrax. EkoJIori4H0 akTopu, ix XapakTepHi 03HakM Ta KJIaCHVikauis. 

EKonori4Ha BaneHTHiCTb. KoJ006ir eHeprii Ta pevoBHHH B npupoi. 3akoH 
õioreHHoï Mirpauiï aromiB. 3akoH BHYTpilIHbOi MHaMi4Hoi piBHOBarH. 3aKOHH 
JliQixa, IIlenopna. AHTponoreHHHÄ pecypcunH I|HKJI. besBiJ1xOJH0 Ta 
ManOB0JIXoJH0 TeXHOJIOrii. Pekynepauis i yTnA03aia BiJXOI0B ra kOMIJIeKCHa 

nepepoQka CHpOBHHM. IlepcnexTHBH0 HaipaMH pauionaIbHOrO 
IipupoiOKoPHCTy BaHHA. IIpupoHÈ Ta auTponorenHi 3a0pylHeHHA 6iochep. 

Eko.Jori4Ha õesneka arMocHepn. HopMyBanna AKocri 1OB0Tpa. Tpanchopauis 
3aopylHeHb B aTMochepi. FIO6albHi eKOJOriVHÈ HacHiNKH 3aõpyuHCHHA aTMOcQepn. 
CuocoPH o4MeHHA BHKHJI0B. EkONOriYHa õesieka riupochepu. HopMaTHBHi 

3acTOcyBaHHA NOópHB. 



BHMOTH 10 AKOcT0 BOJI4. OcHoBH0 CHOcoPM o4HIICHHA cTOK0B. biotexHOJJOr0YHH� 
Iupouec Ta CKoIoriYHa 6c3neKa arpooiochep. 

5.2. MouiTopuHr 10BK0JJIA 
Buii OCTIB, nporpamu i TepMiH ciocrepeKeb 3a 3aQpylHeHHAM 

aTMOC)epHoro noB0TPA. QoHOBHG MOH0TOPHHr, ioro poJIb B oiHIOBaHH0 Ta 
IiporHo3y BaHH0 rIO0aIbHOTO CTaHy aTMOC)epu. IIpnuunH oprani3auiï 
CiOCTepeKCHHA KOHTPOJIIOBAHHA AKOCT0 InOBepXHCBHX BOJI. Opranizauia 
MOHITOpHHIy 3aópyHeHHA rpyHT0B BaxKHMH MCTasiaMH. OLiHKa 3aÑpyHeHHA 

5.3. EKOJJOr0a MiCbKHX Ta IpOMHCJIOBHX CHCTeM 
BnnB TpancnopTy' Ha 1OBKiJIJIA. BInIHB X0M04HOï IpoMHCHOBOCT0 Ha craH 

HaBKOIHHbOrO cepeFOBMIla. BIJIHB eNeKTpOeHepreTHKH Ha craH JIOBK0JJIA. BIJIHB 
BAN06YBHOÏ Ta laNHBHOÏ IipoMHcIOBOCT0 Ha cTalH nOBK0JNJIA. BIuIHB ciIbCbKOro 
TOCIIOMapcTBa Ha HaBKOJIHIIHC cepenoBMI|e. BruIMB KHTIOBO-KOMYHaIbHOFO 

rOcnONapcTBa Ha NOBKIJIJTA. BononoCTayaHHA Ta BOJOB0IBeneHHA MiCT. 

PecypcoclOKABaHHA Ta eHeprocOKHBAHHA M0CTa. OyHKI0iOHaJbHe 30HyBaHHA Ta 
61aroycrpiH MicsKoï Tepuropii. Cnocoóu 3axHCTy MiCBKHX TepuTopiH BiI 
Heóe3neYHHX reoIOri4HHX npoueciB Ta TexHOreHHMX KaracTpo). 3axuCT M0CbKHX 
TepuTopiH BÌI HeôesneYHHX oizu4HMx BILJIHB0B. 

6. I3M4HI ABHIIIA TA IIPOIECH Y EIOTEXHOJOTHHHX 
CHCTEMAX TA KOMJIEKCAX 

Oisnni BeIH9HHH, AKi xapakrepu3yioTb Inapamerpu TeXHOIOriHuX ipoueciB 
Ta ABHIII. Pi3H4HÈ ABHIMa, I|O HOKJIaNEH0 B oCHOBY OTPHMaHHA Õio10riuHoaKTHBHHX 
pevoBMH Ta areHTiB. Disu4ni Benn4MHN, aki onHcyioT5 TeXHOJIOr04H0 cHCTeMH Ta 
KOMILIeKCH. Oi3n4HÈ BeJIH4HHH, AK0 xapakTepu3yIoTH 30BHiuHi "HHHHKH BIUIHBy Ha 
Qio.10ri9Hi CHCTeMH (aQioTH4Hi 4HHHMKH). OcHOBH0 MeTOJH Ta 3acoou BMMipIOBaHHa 

napameTpiB 1 XapakTepncTHK, IIO BH3HavaiOTb \MHaMi4H0 IlapameTpH õio10ri4HHX 
CHCTeM. 

ABTOMATH30BAHOTO 

5I0TEXHOJJOFI4HHX CHCTEM TA KOMILJIEKCIB 

7. CHCTEMM IIPOEKTYBAHHA 

1.1. 3acTOCy BaHHA M0H0- Ta MiKpo- eneKTpOHHO-064HcHIOBAJNbHMX 3acoQiB i 
MIKpOipouecopHoro o6:1aHaHHA B OioTexHOJIOr04HHX KOMIJeKcax. CyyacHi 

HaBKOJIHIIHbOro cepeFoBHUla 3a JonoMOroio õioJIOriYHHX 06'CKT0B. 



aBTOMaTH30BaHOrO ipoeKTY BaHHA PiOTeXHOJIoriYHHX KOMIJIeKcax Ta 
CHCTeM (Jlai - CAIIP). 
CHCTeMH 

7.2. TIpolec ipocKTy BalHHA BCAIP. Buu ipocKTY BaHHA. 
7.3. TlocTaHOBKa 3ajiau oITHMaJNbHoro npocKTYBaHHA B CAIIP. IIpoeKTH0 

I1apaMerpu. O6MeKCHHA. IIpocrip ipocKTyBaHHA. LliuTbOBa yHkLia. Kpurepiï 
O1THM03a1iï. 

. 
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