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Onuc Ta HAaBYAJILHO-TEMATUYHMI IJIAH Z[I/ICIII/IHJ'IiHI/I

Onuc HaBYanbHOI AUCUMNAiIHM 3rigHO poboyoi nporpamm

HaiiMmeHnyBaHHS IOKa3HUKIB

Bcroro rogun

Henna dpopma

3aouHa opma

KinbkicTh KpeauTiB/ToIuH 3,5/105 -
Y choro roiuH ay JUTOpHOT poOOTH 32 -
B T.4..

JIEKINIHHI 3aHATTS, TOI. 16 -
MPaKTUYHI 3aHATTS, TOJ. 16 -
mabopaTopHi 3aHATTS, TO/.

CeMiHapChKi 3aHATTS, TO/I. -
Ychoro rojiuH caMoCTiiHOT poOoTH 73 -
®dopma KOHTPOJIIO 3aJTiK

Ipumimka.

Yacmxa ayOumopHo20 HAGYANbHOZ0 HaACy CIMYyOeHma y 6i0COMKO8OMY GUMIPI.
o dennoi hopmu 3006ymms ocsimu — 30,5 %




Po3nogin HaBYaNbHUX 3aHATb 33 PO34iNaMM AUCLUNAIHU

Jdenna ¢opma | 3aouna popma

Ha3Bu po3aiaiB i Tem
a | om| ¢ | a| m| c

Tema 1. EkobioTexHONIOTiS — KOMIUIEK- | 2 2 6 - - -
CHa MDKIUCIMIUTIHAPHA HayKa

Tema 2. BiOMOHITOPHHT JOBKUJLIS 2 2 6 - - -

Tema 3. AnbTepHaTHBHI IPOAYKTH 2 2| 6 - - -
eKk0010TeXHOJIOT11

Tema 4. CucteMu OUUILIEHHS CTIYHUX 2 2 6 - - -
BOJ

Tema 5. Cnenudika 6ioouncHUX 2 2 |12 | - - -

KOMIUIEKCiB BUPOOHHUIITB

Tema 6. bionoO6puBa — ekobioTex- 2 2 5 - - -
HOJIOTiYHA AJIbTePHATHBA
30aradeHHs IPYHTIB

Tema 7. bioountieHHs TPyHTIB 2 2 | 16| - - -
Tema 8. bioounteHHs moBiTps 2 2 16 - - -
Pa3zom 16 | 16 | 73 - - -




Beryn

Meroro BuBYeHHS IUCIUILIIHE «EKogoridHa Ol0TEXHOIOTIT» €
HaJaHHA MaWOyTHIM (paxiBIsAM-eKoJloTaM TEOPETHYHHX 3HAHb 1|
NPaKTUYHUX YMiHb IIOAO 3aCTOCYBaHHS O10TEXHOJOTIYHHX METOIB AJIS
3aXUCTY AOBKULIA Ta 610J710T19HOT Oe3MeKn CyCITiIbCTBA.

JKuBi opranizMu € yHiKaJbHHUM 3a BIACTHBOCTSAMH Ta MOXKJIHBOC-
TSMH BUKOPUCTaHHS 1HCTPYMEHTOM BIUIMBY Ha JOBKULIL. CyTh OioTex-
HOJIOTIi TIOJISiTae Y BUKOPUCTaHHI Ol0JIOTIYHIX MPOIIECIB Ta KUBHUX Opra-
Hi3MiB y BUpoOHHNUTBI. Cdepa 3acTocyBaHHS 0i0TEXHOJOTTYHMX METOIIB
HaJI3BUYAHO INMPOKAa i HEBIUHHO 3POCTAa€ i3 IUIMHOM dHacy, a TOMY
(haxiBerp y il Taimy3i MOBHHEH HEBIIMHHO BIOCKOHATIOBATHCH. L[pomMy
crpusTUMe HaOyTTS HAaBUKIB JIO CAMOOCBITH Ta CaMOCTIHHOT'O BUBYCHHSI
MaTepiany.

i MeTou4HI peKOMEH AT MPOIIOHYIOTh MaOyTHROMY (paxiBIIO-
€KOJIOTY KOPOTKHI €KCKYpPC Y Pi3Hi cepH €KOIOTIYHOTO 3aCTOCYBAHHS
010TEXHOJIOTIYHUX METOMIB i3 3HAYHUM 00CATOM MOCHIIaHb Ha TpaIli BiT-
YU3HSIHKUX Ta 3apyOiKHUX cremiaimicTiB. Cii nam’sTaTy, o y OLIbIIoCTi
BUTAJIKiB 00CAT MaTepiary CTOCOBHO IIEBHHUX aCTEKTiB O10METOMIB y eKO-
JIOTiT HE € OOMEXECHMH, a 3aJISKUTh BiJI 31aTHOCTI Ta Oa)kaHHs 3100yBaTH
HOBI 3HAHHS ¥ HaBUKH, @ TOMY JI0 MaTepiaiy, MOJaHOI0 y JIaHUX PEKO-
MEH/IAIIAX CJIi BIIHOCHUTHCH JIUIIE SIK JIO BiAMPaBHOI TOYKH, OCHOBH,
SKIO CTYIEHT JiHCHO Oaxkae OyTH KBaiikoBaHWUM (axiBLeM y Tamy3i
OI0TEXHOJIOTIYHUX TEXHIK W IHCTPYMEHTIB Ta X BUKOPUCTAaHHI y CITpaBi
OXOPOHHM JIOBKIJLJIS.

HeoamiHHOIO YacTKOIO BUBYEHHS KypCY € BUKOPHCTAHHS OCHOBHOI
pekomeH 10BaHoi stiteparypu [1-3] i3 3araqbHOrO CIHCKY JDKEpen y Bif-
MOBIIHOMY po3ili 1MX pexkoMmeHpariid. Lli mocumaHHs BKazaHO y
KBaJpaTHUX OyxKax. IIpore mist mormuOieHOro BUBUCHHS OKPEMHUX TEM
HACTIHINBO PEKOMEHIYEMO TOMUTIMBUM CTYJIEHTaM BHKOPHUCTOBYBATH W
BUBYATH CIIEIiaTi30BaHi JUKepela, y TOMY YHCHI i1HO3eMHOI0 MOBOIO, IO
JOJAI0THCS 10 KOXKHOI TeMH. Taki MOoCHiIaHHS BKA3aHO y BUIISII BEpX-
HBOTO I1HJIEKCY ¥ CTOCYIOTHCSI HOMEpa MOCWIAHHS y MeXaxX MOTOYHOI
TEMH.



1. 3aranbHi 3acagu camocTiiiHOI po0OTH cTyAeHTa

CamocrTiiiHa po0oTa CTyeHTa Y CTPYKTYpi BHBUCHHS HaBYAJIBHOI
JUCLUIUIIHU € OJHI€I0 3 HalOLIbII BaXJIMBUX CKJIAJOBUX HABYAIBHOTO
nporecy. SkicTh camocTiiiHOi poOoTu Oe3nocepeaHbo BIUIMBAE Ha TIIH-
OWHy, CTIHKICTh Ta CTPYKTYpPOBaHICTh HAOyTHX 3HAHb 1 yMiHb, 3JATHOCTI
Maii0yTHBOTO (haxiBIsl BAKOPUCTOBYBATH 3HAHHS HA MPAKTHIII.

VY cTpyKTYpi caMOCTiHHOI poOOTH PO3PI3HSIOTH ii BUAM (iArOTOB-
Ka JI0 ayJUTOPHUX 3aHATH Ta Pi3HUX BUJIIB KOHTPOJIIO 3HAHB; ITOUTYKOBO-
aHaymiTHYHa Po0O0Ta, i3 BUKOPUCTAHHSIM PEKOMEHIOBAHOI JiTepaTypH,
oimiitHIX BeO-pecypciB Ta IMIMPOKOTO CIEKTPY ENEKTPOHHUX JHKEPE;
HayKOBO-JIOCIIiTHA PoOoTa, Mo HaOyBae (OpM IOMOBi/EH Ha ceMiHapax
Ta MiATOTOBKH KYPCOBHX MPOEKTIB; MPaKTHKA Ha MiANPUEMCTBAX Ta B Op-
raHi3aiisx; y9acTh y TPeHiHrax ToIo) Ta (opMu (BUKOHAHHS JOMAIITHIX
3aBJiaHb; CAMOCTIMHE BUBUCHHS TCOPETHYHOIO MaTepiayly; MiAroToBKa J0
KOHTPOJIBHHX, CAMOCTIHHHUX poOIT i iHIKX (OPM MMOTOYHOTO KOHTPOJIIO;
mMchMOBEe O(OPMIICHHS 3BITIB 3 J1a0OpaTOpPHHUX pOOIT; MiArOTOBKA IO
MOJIYJIbHUX Ta CEMECTPOBHMX BHIIB 3BITHOCTi; MiArOTOBKa pedepariB
TOIII0) CAMOCTIHHOI pOOOTH CTy/IEHTA.

CamocriitHa poOoTa nepeadadeHa poOOYOK MPOrpaMor0 3 HaBYa-
gpHOl jgucuuiutiad  "Exosoriyna  OioTexHoJoris" IS CTY/CHTIB
creriaprocti 101 "Exosoris” apyroro (MarictepchKoro) piBHsS BHIIOT
ocBith y o00cs3i 69,5 % wHaBuanpHOro wuacy. Posmopmin camocTiiHOT
po0oTH 3a TeMaM¥ MTOIaHO Yy HACTYITHIN TaOHIIi.

Tema roja
1. ExobioTexHOIOTis — KOMIDIEKCHA MIKIUCIUILTIHAPHA HayKa 6
2. BiOMOHITOPUHT TOBKIJUIS 6
3. AnpTepHaTHBHI NPOJIYKTH €KOOi0TEXHOIIOTIT 6
4. CucTeMH OYHMILEHHS CTIYHUX BOJ 6
5. Cnenncixa 61009MCHUX KOMIUIEKCiB BUPOOHUIITB 12
6. biogoOpuBa — ek00i0TEeXHOJIOTIYHA aJbTepHATHBA 30araueHHs IPYHTIB 5
7. bioo4nIieHHs IPYHTIB 16
8. bioountieHHs MOBITPs 16




2. MeToau4Hi pekoMeHaalii 10 caMocCTiliHOT podoTn

Tema 1. Exo0ioTexHOI0Tis1 — KOMIUIEKCHA MiKTHCIUILTIHAPHA HAYKA

Texnonoeia, 6ionozis, exonozisa, nompebu CycnilbCmea, Kpusu aHm-
PONO2EHHO20 NOXOONCEHHS, DIONOCIUHI MemoOU BUPOOHUYMEA, OioN02iUHI
Memoou 8NauU8y Ha O0BKILISA, KIACUYHI OIOMexXHO02Il, eK0OiomexHOI02IA,
bioenepeemuxa.

biotexHomorist — MbKIAUCIUILTIHAPHA TaTy3b, 0 BUHUKIA HA CTHKY
OloNoriyHMX, XIMIYHUX 1 TEXHIYHHX HAayK. 3 PO3BHTKOM Oi0TEXHOJOTil
MOB'SI3YIOTh BUPIIIEHHS T00ATBHUX MPOOJIEM JIIOACTBA — HECTady Mpo-
JIOBOJILCTBA, €HEPTii, MiHEpaIbHUX PECypCiB, CTaH 3I0POB'S JFOJEH Ta
HABKOJIMITHLOTO cepeoBuia. Ksamigikaris OioTexHojora rnepeadoadae
BHCOKHI1 piBEHB CIICIiaTbHAX HAYKOBUX 3HAHb, ITHUPOKUI Kpyro3ip y ra-
Ty31 Cy4acHHX JIOCSTHEHB CBITOBOI HAyKH, BHCOKY MaiCTEpPHICTH eKcIie-
PUMEHTATOpA, OPUTIHAIBHICTD HAYKOBOT TYMKH.

[Ipodeciiina miaroroBka MaiOyTHiX OioTexHomoriB y BH3 He
MOBHHHA 00MEXKYBATUChH JIUIIIE TTEPeIaueto MEBHUX 3HAHb 1 (POPMYBaHHAM
npodeciiHMX HaBUYOK. BoHa MOBMHHA MaTH TiCHUH 3B'A30K i3 mpode-
CIHHOIO Opi€HTaIie€0 0coOUCTOCTI, 13 (POpPMyBaHHSAM IEBHOI CHUCTEMH
IHHOCTEH, SIKi € XapaKTePHUMH JUIsl TPEICTABHUKIB Ol0TEXHOJOT1YHOI
chepu.

ChOrojiHi MPaKTUYHO YCi PO3YMitOTh, HACKIJIBKU 371000/ICHHUMH €
npobiemMu 30epekeHHsS JOBKULIA 1 PalliOHaIbHOTO BUKOPUCTAHHS TPH-
pomHux pecypcis. [Ipore B3aemozis nuBiiizanii Ta Oiocdepu Ha MOYATKY
TPETHOTO THUCSUONITTSI TPAKTYETHCS SIK MPOTHUCTOSHHS JBOX aHTaroHic-
TUYHUX CBITIB — CBITY JIIOAWHM i1 cBiTy npupoau. Came GioTexHOJOri K
TEXHOJIOTiI, MO 0a3yloThCsl Ha BUKOPHUCTaHHI 3aKOHIB PO3BUTKY >KUBOI
NPUPOJIA, MOXKYTH CTaTH OJIHUM i3 THX 3aCO0iB, 3aB/ISIKH SKUM IFOJICTBY
BIACTBCS TapMOHI3YBaTH II0 B3A€EMOMII0 1 3MEHIIUTH TEXHOTCHHE
HaBaHTaXEHHs Ha Oiochepy.

Knacuuni GiorexHONOril — CYKYNHICTH NPOMHUCIOBUX METOJIB 1
NPOILIECiB, IO TPYHTYIOTHCS Ha LIJIECIPSIMOBAHOMY BUKOPHUCTaHHI pi3HO-
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MaHITHUX XUBHX OpraHi3MiB ab0 IiXHIX YacTUH 3 METOI OTPHMaHHA
KOPHCHHX JJIS JIIOJUHU MPOLYKTIB. Y AEAKHX 010-TEXHOJOTTYHUX IUKIAX
BHKOPHCTOBYIOTBhCS HE CaMi KHUBI MIKpOOpraHi3MH, a TIeBHI CKJIaZOBi iX-
HBOT JKUTTENISTLHOCTI. 3 TO3MINA €KOJIOTil Ta 0XOPOHH HAaBKOJHUIIHBOTO
MIPUPOTHOTO CepefoBUIla 0I0TEeXHOJOTI] MalOTh CYTTEBY TepeBary Haj
OUIBIN Y)KMBAaHUMU Ta 3BUMHUMU XIMIYHUMH TEXHOJIOT1SIMU.

3aBmaHHs €KOOIOTEXHOJIOTIT — Ie MepeayciM 30epeKeHHS TIPUPOJ-
HOI €KOJIOTIYHOT PiBHOBArd, TOOTO iHTEpeC CTAHOBHUTDH HE JIMIIC KiHIIEBUH
MPOAYKT, a i meBHi 0co0NMMBOCTI Nporecy Horo orpuManns. Came 1i oco-
OIMBOCTI BiJiTpalOTh BH3HAYAJIBHY POJIb B €KOJIOTi3allii 010TeXHOIOTIY-
HOTO BUPOOHHUIITBA. EK0Oiomexno102ia — 1€ CHHTETUIHUNA MDKIUCIIUTI-
JMiHApHUHA HANpsIM CYYaCHHX HAyKOBUX JOCHIIKEHb, SIKHUH YTBOPHBCS SIK
pe3yIbTaT IepeTHHY iHTEPECIB, MiAX0IB, IPUHIUIIIB Ta METO/IB IPUKIA-
JTHUX HampsIMiB €KOJIOT1YHOI HayKH 1 KIIACHYHHX Ta Cy4acHHX Oi0TEeXHO-
yoriit abo, iHaKIIIe KaXy4H, I[e TEXHOJOTIYHI MPOIECH, IO 3 HCHIOIOTHCS
3aBISKH BHKOPUCTAHHIO KMBHUX OPTaHI3MIB Ta iHMIMX OiONIOTIYHUX areH-
TiB 1 CHIPSIMOBAaHI Ha 3aXMCT 1 BIJHOBJICHHS IOPYIICHOTO JIFOJUHOK JIOB-
Kins, 30epexeras QyHKIIOHAIBHOI cTifikocTi 6iocdepun B migoMy abo ii
MEBHUX KOMITOHEHTIB (TIPUPOAHUX €KOCUCTEM), 3PEIITOI — 3a0€3MCUCHHS
CTaJIOrO Ta TAPMOHIMHOTO PO3BUTKY HOOC(hEPH.

OnHuM 13 NEPCHEKTHBHUX CYYaCHHMX HANpsMIiB PO3BUTKY €K0O0io-
TEXHOJIOTI] Mae cTaTh Ol0eHepreTHKa — Tany3b, sSKa JIOMIOMOXKE BOAHOYAC
pO3B'SI3aTH 3HAYHY KUIBKICTh €KOJIOTiYHUX Mpobiem. bioeHepretmka —
TEPMiH JOCUTh NIMPOKOTO 3MicTy. 3 OZJHOTO OOKY, IIe HayKa Mpo 3arajbHi
3aKOHOMIPHOCTI TIEPETBOPEHHS €HEprii y XMBHX cUcTeMax (KIIITHHAX,
opraHizmax, eKOCHUCTeMax ToIo). 3 Apyroro 00Ky, 6i0EHEPreTHKY MOXKHA
TPAaKTYBaTH SK HANPSM MPOMHCIOBOI €HEPreTHKH (OB KOPEKTHUM Te-
pMiHOM Oyzie «TexHiuHa Oi0OeHEepreTHKay), IO MOB'SI3aHUl 13 BUKOPUCTA-
HHSM HETPaJUIiHUX JpKepes eHeprii 010J0rivyHOro MoXoJKeHHs. Tex-
HiYHa Oi0CHEpreTHKa IepeBaYXKHO 3aiIMa€EThCsl IEPEPOOKOI0 PI3HOMAHITHOT
0i0JIOriYHOT CMPOBMHM Ta OpraHiuyHMX BiIXoAiB y OiomanuBo (TBepAe,
pinke, 6ioras). O0uIBa 3rajjani HANPsSMK O10EHEPTETHKH B3a€MOTIOB'S3aHi
1, pO3BHBaIOYHCh, TAPMOHIHHO JIOTIOBHIOIOTH OJIMH OJIHOTO.

Huni y cBiTi IpoJOBXKYIOTh PO3BUBATHCH SIBUILA, L0 MOPYIIYIOTh
LMBIII30BaHUM IUIMH KUTTA. Tak, BHUEPIYIOTHCS TPaIUIIiiHI Kepea



€Heprii, 3pocTae BapTicTh iX BUAOOYBAaHHSA, IHTEHCHBHO 3a0pyIHIOETHCS
JOBKILIA, pyHHY€eThCs Oiocdepa, yTBOPIOEThCS HaAMIpHA KUTBKICTh Opra-
HIYHHUX BiAXOIIB TPOMHCIIOBOTO, CLTBCHKOTOCIIOIAPCHKOTO Ta MOOYTO-
BOTO MOXO pKeHHs. JIIKBiaIlis ycix X Herapas/iB Mae 3/[iHCHIOBATUCS
INPUCKOPEHUMH TEMIIAMH, 1HAKIIIE JTIOJICTBO HEMUHYYE YEKae J0JIs
IrHO3aBpiB. EKoOioTexHOMOTIA 1 OioeHepreTHka — 1ie BUOip, SKuil Mae
ri1o0abHy NepCIeKTUBY AJIsl YCIIIITHOTO pO3BUTKY nuBinizamii. Ilomo-
JIaHHS CyYacHUX 1 3armo0iraHHs HMOBIPHUM €KOJIOTIYHAM KPH3aM HEMOXK-
nuBi 6e3 3aCTOCYBaHHS HOBITHIX €KOO10TEXHOJIOTIH.

BaxnuBumu HampsiMaMH TakoX MAarOTh CTaTH PO3pOOKa TEXHOIO-
Tifl, CIIpSIMOBaHMX Ha BUPOOHMITBO 0iorasy Ta BOIHIO 3 OPTaHIYHHUX
BiZIXO/iB, MIKpOOIONOTiYHa NECTPYKIis KCEHOOIOTHKIB, 3aCTOCYBaHHS
OloiHguKarii Ta O0i0TECTYBaHHS y CHCTEMi €KOJOTiYHOTO MOHITOPHUHTY.
Jnst rapMmoHi3aiii B3a€MOBIIHOCHH IIOAMHU 1 Oiocdepn Ta po3poOKu
HOBITHIX CHCTEM BiJHOBJICHHS MPUPOJHOTO CEPEIOBHINA 3a TOTIOMOTO0
CydJacHHX eKOOIOTeXHOJIOTiHi HaraJbHOK € TaKOoXX OpraHi3allis sSKiCHOI
MiArOTOBKH (DaxiBIliB i3 eK00iOTEXHOJIOTI.

Honomixcna pexkomenooeana nimepamypa

1. Mumak O. O. (2013). CyTHicTs Ta 0cOOIMBOCTI TIpodeciitHOT mif-
TOTOBKM MaiOyTHIX OioTexHOIOTIB. biopecypcu i npupodokopuc-
myeanns, (5,Ne 1-2), 149-155,

2. ExoOiorexHomoriss Ta OloeHepreTHka: MpoOJIEMH CTAaHOBIEHHS i
poseutky / B. Kyxap, €. Ky3pmincekuii, O. Irnatiox, H. T'oxy6//
Bicn. HAH Yxpainu. — 2005. — N 9. — C. 3-18.

3. Ilmpor T. II. CranoBnenHs Ta po3BuTok Oiorexnosorii / T. I1. IIu-
por, O. A. Irnaroea // 3aecanena 6iomexnonozis : niopyunux. — Kuis
: HYXT, 2009. — C. 9-16.

4. McMahon K. D., Martin H. G., Hugenholtz P. (2007). Integrating
ecology into biotechnology. Current opinion in biotechnology,
18(3), 287-292.

5. GruiaR., Gaceu L. (2019). Eco-Biotechnology, Concept and Appli-
cations in Food. Journal of EcoAgriTourism, 2.
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Tema 2. BioMOHITOPMHT T0BKiJLIsA

Texuoeenne 3abpyoHenHs mepumopiil, bioximiuni ma @isionoziuni
epexmu 3a6pyOHIO8aUi8, biomecmosuli ananis, mecm-o00'exkm, 0ioiHOuKa-
mopu, imoinouxayis, 0eHOpoiHOuKayis, peaxkyii 6i02yKy, IHOeKC CMawy,
MOKCU4HI ehexmu, biomecmy8aHHs NOGIMps, 600 M AOOHHUX 8I0K1AOIE,
IpyHmis, biocencopu.

[NocriifHe crocTepekeHHs 3a HACHIIKaM{ BIUIUBY JiSUTBHOCTI JIO-
JVHU Ha JOBKIJUIS € HEOOXITHUM €JIeMEHTOM JJIsl PO3yMiHHS HETaTUBHUX
BILUTUBIB 1 MiABUIICHHS Oe3nieku. Monimopunz 0oexinna — inpopmaiiiiHa
crcTeMa PEerjaMeHTOBAaHUX MEPIOANYHUX OE3MepepBHUX, ITOBTOCTPOKO-
BUX CIIOCTEPEKEHb, OLIHKU 1 MPOTHO3Y 3MiH CTaHy MPUPOIHOTO Cepeao-
Buma. bionoziunuii monimopunz — 1€ KOHTPOJIb CTaHy IOBKULISA 3a
JIOTIOMOTOI0 KMBHX OpraHi3MiB. bioMOHITOpUHT Tiepeioayae BUKOPUCTAH-
HS OpPTaHi3MiB AJIA OMIHKKM 3a0pyJHEHHS HaBKOJHUIIHHOTO CEPEIOBHINA,
HaIPUKIIa] HaBKOIUIITHHOTO TOBITPs abo Boau. Lle MoxHa 3pobutH sKic-
HO, CIIOCTepirarouu Ta (PiKCyrouu 3MiHM y cTaHi 010TH, a00 KUIbKICHO
BHMIPIOIOYM HAaKOIMYEHHS XIMIYHUX PEYOBUH Yy TKAaHMHAX OPraHi3My.
Criocrepiratou Ta BUMipIOIOYH BIUTHB JOBKUUIS HA OPraHi3MH, IO TPO-
XKHUBAIOTh B HHOMY, MOKHA 3aIliI03pUTH a00 3pOOUTH BUCHOBOK IIPO CTaH
1 XxapakTep 3a0py HEHHSI.

JJis po3yMiHHS TIPUHIIUITIB BUKOPUCTAHHS Ol0IHIUKAI[IHHIX METO-
IiB Ta opradi3amii OIOMOHITOPHHTY MOBKLIS CIiJ 3HATH 1 PO3YyMITH
3arajbHi TEOPETUYHI OCHOBH, Ha SKUX IMOOYAOBaHI cUCTeMH Oi0iHIMKAIIiT
Ta METOJOJIOTIsA OlOIHIUKAIIMHUX JOCHTIKCHb, 3aBIaHHS 1 MPUHIMITHA
0ioTecToBOTO aHamizy, KpuTepii BHOOPY TeCTy 1 TecT-00'€kTa, OCHOBHI pe-
aKIii BiITYKy, 110 BPaXxOBYIOThCS NpU 010TECTYBaHH|; TPUHIIUIIN BUKOPH-
CTaHHs SBUIN 010aKyMYJIIOBaHHS PEYOBHMH JJIS OI[IHKH SIKOCTI Cepeio-
BUIIIA; KOHIENITYaNbHI 3acal 3aCTOCYBaHHS OioMapKepiB /sl BUSBIICHHS
OloxiMIYHKX 1 (i3i0NOTiYHIX ePeKTiB 3a0pyIHIOBAYIB; MiaxX0au Oi0iHIHU-
Kallii Ha OCHOBI CTPYKTYPHHX MapaMmeTpiB OiONOTIYHUX CITIBTOBAPHUCTB;
CHeriaibHI MAXOMU 1 IHJEKCH, SKi 3aCTOCOBYIOTBHCS MPHU OIIHII SKOCTI
BOJIHOTO, HA3e€MHO-IIOBITPSIHOTO Ta IPYHTOBOT'O CEPENOBHII iCHYBaHHS;
(dakTopH, MO BU3HAYAIOTH BEJIMYNHY €KOJIOTIYHOTO PU3UKY, TIOKPOKOBHH
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OIIHC TPOIEAYPH HOTO OIIHKM, & TaKOXX BUSBJICHHS MicIs i poni 6ioiH-
JIAKAIIi1 B OIIHII €KOJIOTIYHOTO PU3HUKY.

MoHiTopyHT Ta GIOMOHITOPHHT 3AIMCHIOIOTH MEPEBAXKHO 32 Teo-
chepaMu pe3yNbTYHOUOTo BIUTMBY: atMocdepu, Oiocdepu, iitochepu ado
3eMellb.

BiamosigHo 10 cr. 169 3emensHOro kKonekcy YKpaiHu, 10 TEXHO-
TeHHO 3a0pyAHEHHX 3eMeJb BiIHOCATBHCS 3eMJli, 3a0pyIHEHiI BHACHIJOK
TOCTIONAPCHKOT MISUTBHOCTI JIFOAMHH, IO MPU3BENIA 10 Jerpamallii 3eMelb
Ta ii HeraTUBHOTO BIUIMBY Ha JOBKULIA 1 340poB's roneil. 3a0pynHeHHs
3eMeNb BHACTIIOK FOCHOAAPCHKOI MisUTBHOCTI JIOAWHU Ta ii HEraTHBHOTO
BIUIMBY Ha JOBKIJUIA 1 3JI0POB'S JTFOAEH MOXKE MaTH MiCIle SIK Y pa3i BILIH-
BY aHTPOIIOTEHHHX (aKTOPiB (aBapii, TEXHOT€HHI KaTacTpoQu TOIIO), TaK
1 y pa3l BUHHKHEHHS CHUTYyalliif, MO0 3HAXOJATHCA 1032 KOHTPOJIEM
moauHA (TIOBEHI, 3eMJIETPYCH 1 T. 1H. Y MICHAX PO3MIIICHHS IIKIUTHBAX
TEXHOTEHHUX (aKTopiB). Y OKpeMi Kareropii BHIOULIOTH 3emii padia-
yiHo Hebe3neuHi, 3emii padioakmueHo 3a0OpyOHeHi, 3emii, 3a6pyOHeHi
BANCKUMU MEMANAMU, THUUMU XIMIYUHUMY ellemenmamuy. Y paMKax JaHo-
ro KypCy yBary 30Cepe/’KeHO JIMIIEC Ha OCTAHHIHM KaTeropii, sik HaHOUIbIII
MOIIUPEHIN Ta TaKii, A1 KOHTPOJIIO SKO1 010METOIH ILIIKOM KOHKYPYIOTh
13 TEXHOJIOTIYHUMH METOJIaMH BUSIBIICHHS 3a0pyTHEHb.

Jl1st OIIHKK ¥ KOHTPOJIIO €KOJIOTIYHOTO CTaHy BOJONM BXXKHBAIOTh
€KOJIOT1UHUi, OlomoriyHuiA Ta iHII BUAM MOHITOpHHTY. lle momomarae
MIOTIEPEIUTH KPU30BI CHUTYyaIlii, M0 MOXYTh BHHHKHYTH Yepe3 He3aJlo-
BiJIbHY POOOTY KOMIUIEKCIB OYHMINEHHS, XO4a HE TapaHTy€e 3aXHCT Bill
aBapiii, TeXHOreHHuX Katactpod Tomro. EkocucremMu BOIONM yTBOPIOIOTH
00’€THaHHS BUINOTO pIiBHS, MO CKJIANa€Thcs 3 0i0meH03y (pOCIHHH,
TBApUHU Ta MIKpOOPTraHi3MH) Ta abioTHYHHX (HaKTOPIiB CepeaOBHIIA
icHyBanHs. [Ipy BU3HAauUeHHI MapaMeTpiB BOAHOI €KOCUCTEMH TaKOX CIiJT
BpPaxoOBYBaTH KPYrooOir peduoBHH, OCOOIHMBO a30TOBMiCHUX OPraHIYHHX
cnonyk y ¢opmi OUIKIB Ta iX TigpoiizaTiB i eHeprii, mo € HeoOXiTHO
YMOBOIO JUISI iICHYBaHHS 1 KOPUCHUX, 1 MIKIJUIMBUX >KUBUX OpPraHi3MiB, sKi
HabaraTo JIOBIIE KUBYTh B aHaepOOHUX yMoBax. CKUIaHHS HEOUHIIEHUX
KaHaIi3allifHUX CTOKIB Y BOJIOWMH TOPOJIKYE HeOe3NeKy iH(QEKmiiHuX
3aXBOPIOBAaHb 1 MOXKE CTATH NPUYHMHOIO 3HIKEHHS BMICTY PO3YMHEHOTO Y
BOJIi KHCHIO 1 JIeTpajiallii BOJHUX €KOCHCTEM.

MeTo10/IOTIYHHN KOMILUIEKC Ha OCHOBI OIOMOHITOPHHTY (HOpMYye€
KOHIIETITYallbHI IJXOAW PI3HOOIYHOTO TIPOBENEHHS MOHITOPHUHTOBUX
nporpaM, IIo 3a NPUHUMIAMH MOUIAIOTHCS Ha OloTecTyBaHHS Ta Oio-
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1HAMKaIil0 B HOPMYBaHHI. Y HacCTYIHil TaOJHILI MepeiyeH0 METOIUKH,
10 MOXYTh OyTH 3alpOBaKEHI IMIJITXOM CTaHIAPTH3AIlil Ha JCPKABHOMY
piBHi. Cka/ieHi TEXHIYHI YMOBH € TIEPEAYMOBOIO PO3POOKH JCPKABHOTO
HOPMAaTUBHOTO JOKYMEHTY 3 BHKOPHCTaHHAM 3a3HAUYE€HHX METOIIB Y
CYJacHHX EKOJIOTIYHMX Iporpamax, IO Pealli3yloThCA 3a NMPHHIUIAMHU
iH(pOpPMYBaHHs HaCEICHHS PO SIKICTh JOBKLJLIS.

BunpoBan:kennsi MeToaiB 0ioTecTyBaHHsI Ta OioilHAMKALIT 8

Ne Hazpa metonuku MexaHi3Mu Ta KpuTepii
HOPMYBaHHS SIKOCT1
OBKIIIISA

1 Meroauka 6i0TeCTyBaHHS MPUCYTHOCTI
IHCEeKTHIUAY B JIMCTI IIOBKOBHIII 38 3aTHOCILTIO JTIMITYBaHHS,
I'YCEHMIIb IIOBKOBUYHOT'O IIOBKOMpsIa ceprudikaris,

2 Metoauku 6i0TecTyBaHHS IPUCYTHOCTI coeit CTaH/AapTHU3aMLis,
Ba)XKHMX METAJIIB Y BOJI Ta IPYHTI 3a 3aTHOEILIIO eKoJIoTi3alis,
T'YCEHHIIb IIOBKOBHYHOTO MIOBKONPSAA CKJIa/IaHHSA

3 Metoanka 6i0TeCTyBaHHS TEXHOTCHHOTO 11abopaTopHOro
3a0pyAHEHHS HABKOJIMITHBOTO ITPUPOTHOTO Hnacropry,
CEpEeIOBHINA 32 03HAKAMH KHUTTEXISIIBHOCTI GioTecTyBaHH:A
MONYJISALIT IOBKOBUYHOTO MIOBKOIPSIAA

4 Metoanka 6i0TeCTyBaHHS TOKCHIHOCTI BOJI, JMITYBaHHS, JillCH-
JOHHUX BIJIKJIaJIeHb, OYpOBHX PO3YHMHIB, BOIHHUX | 3yBaHHs, cepTudikaris,
PO3YMHIB OKPEMUX PEUOBHH Ta iX cymieif 3a MacropTU3allis, CTaH-
MPUTHIYEHHSM POCTY OJHOKJIITHHHHX JlapTH3allis, J0MyCTUME
TIPICHOBOJHUX BOJOPOCTEH HaBaHTAXXCHHSI, KBaH-

5 Merouka 610TeCTyBaHHS IPUCYTHOCTI TU]IKaLlis KOMIIOHEHTIB
MIOJTIOTAHTIB Y IPUPOAHUX CEpPEeOBHUINAX 3a MIPUPOTHOTO CepelIo-
3MIiHOK CTaHy MPOOKCHIAHTHO-aHTHOKCUIAHTHOI| BHINA, O10TECTYBaHHS
CUCTEMHU 0a3UIIOMIIIETIB

6 Metoanka 6i0iHAMKALlT AHTPONIOTCHHOL JTiMITyBaHHSA, cepTHi-
Tpanchopmariil eKOToIiB 3a MOP(HOIOTIYHOIO Kallisl, CTaH1apTU3allis,
MIHJIMBICTIO KBITKOBHX POCIIHH MaCTIOPTHU3AIlis, JOITyC-

7 Merouka 6i0iHIUKALIT SKOCTI IPYHTY 3a TUME HaBaHTAXXECHHS,
BEJIMYNHOIO CHHEKOJIOTIYHUX ITOKa3HUKIB KBaHTHU(]IKaIis KOMIIO-
YTPYIIOBaHb NAHIUPHUX KITIIIIB HEHT IPUPOJHOIO cepe-

JIOBHIIA, O101HAMKAIIS

8 MeTtonuka 6ioiHIUKAIT SKOCTI HABKOJMIIHLOTO | JTIIICH3yBaHHSI, CTAaHAAP-

IIPUPOJHOTO CEPEJOBHUILA 32 BEIUIUHOIO
MTOKA3HUKIB IICUX0(i310JIOTIYHOTO CTaHy JIOIIMHA

THU3AIlis,, HOPMH PH3UKY,
€KOJIOTi3aIlisl YMOB BH-
pOOHMYOT TisTEHOCTI

Jlo cyTTeBUX mepeBar OIOMOHITOPHHIOBHX METOJIB HAJEXKaTh MO-
JKIJIMBICTh BUMIPIOBaHHSI CYMapHOTO €)eKTy 30BHIIIHFOTO BIUIMBY; a HOTO
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0COOJMBOCTAMHU € BUBYCHHS BIUIMBY 3a0pyIHEHHS Ha POCIHMHU 1 TBAPHH;
BU3HAYCHHS BINIUBY B IMPOCTOPI W Yaci; MOXIJIHMBICTH BXKHBATH TPodi-
JIAKTUYHI 3aX0]TH.

Baxxnuum 3100yTKOM 0i0TEXHOJIOTIH 1J11 MOHITOPUHTY € pO3p00-
Ka 1 3ampoBapKeHHs OioceHcopiB. biocencop — aHaNiTUUHUA TPUCTPIH,
CTBOPCHHMM Ha OCHOBI OKPEMHX BHIIB OPTaHi3MiB, KOMILIEKCIB OpraHi3-
MiB, KJIITHH a00 BUAUICHUX 3 HUX ()EPMEHTHUX CHUCTEM, a TAaKOX CIICIH-
(higHMX O10JIOTIYHMX PEYOBHH, IO BUKOPHUCTOBYETHCS IS I€TEKTYBAHHS
pedoBuH. OCHOBOIO € 010JOTIUYHUH eJIeMEeHT, 0 MOXke OyTH (parmeHTOM
TKaHUHH, MIKPOOPTaHi3MOM, KIITHHOIO-PELENTOPOM TOILIO i CTBOPEHUM
3a3BUYall MIITXoM Oi0JIoTivHOI iHkeHepii. [Hma ckiragoBa — TpaHCAIOCEp
(transducer) — mepeTBoproBay, KUl MEPETBOPIOE CUTHAI BiJ UYTIHBOIO
eJIeMeHTa Ha 1HIIWH, AKU MOXKe OyTH JIETKO 3apeECTPOBAaHUH, MPAIFOE
(hi3UKO-XIMIYHUM CITOCOOOM: ONTHYHUM, IT'€30€IEKTPUYHIM, €IIEKTPOXi-
MIYHHM, €JIEKTPOXIMITIOMIHECIIEHI[IEIO TOIIIO.

Honomixcna pekomenooeana nimepamypa

1. Xpytse6a B. O., bapabam O. B., 3ro3ton B. 1. (2020). 3acTocyBanHs
OIOMOHITOPHHTY JUTsI BUSIBIICHHSI HEOE3NEeK B MPOEKTAX KPUTUIHOI
indpacrpykrypu. Bulletin of NTU" KhPI". Series: Strategic Mana-
gement, Portfolio, Program and Project Management, (2), 71-77.

2. Memoou eumiprosanms napamempie HABKOIUWHLO2O HPUPOOHO20
cepedosuwa: Haeuanvnuii nocionux / Macikepuu FO.I'. Ta iH.. —
YepniBui: 3enena bykosuna, 2005. — 344 c.

3. becnanosa C. B., 'openpkuii O. C., 3notin O. 3., MakcumoBuy B.
O., Jlamox H. M., WTipy A. M., Macnogymosa K. M. (2013).
KonnenrtyaibHi mixoau 10 HOPMYBaHHS B CHCTEMI €KOJIOTTYHOIO
OioMoHiTOpUHTY. [Ipobnemu exonocii ma OXOpoHU NPUPoOU
mexHozenHoeo peciony, (1), 8-15.

4. Myszka D. G. (1999). Improving biosensor analysis. Journal of
molecular recognition, 12(5), 279-284.

5. Coulet P. R., Blum L. J. (Eds.). (2019). Biosensor principles and
applications. CRC Press.
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Tema 3. AnbTepHaTHBHI NPOAYKTH eK00I0TEXHOJIOTII

Anvbmepnamueni 6uou naiusa, 6IOHOBIIOBAHA eHepeemuKd, bioeas,
MemanozeHes, bioemaron, bioduszenv, bionpenapamu, biozymyc, arbmep-
HAMUGHI KOpMOGi OINKO8I nPoOyKmu

Vs mpoayKiisi arpoKOMIUIEKCY OTPHMaHa 13 BUKOPHCTAHHSM KH-
BUX OpTaHi3MiB: TBapHH, POCIUH Ta MiKpOOPTaHi3MiB, TOYHIIIE PETYIbO-
BaHMX CHCTEM i3 1X BUKOpHCTaHHIM. Hu3ka KOPUCHUX JUISA JIIOAWHH Bij-
HOCHO MPOCTHX XIMIYHHX CIIOJYK MPOAYKYETHCS METodaMH, siKi (opma-
JIbHO MOKHA BIIHECTH 10 O10TEXHOJIOTIYHUX B CHJTy BU3HAUEHHSI, HaBee-
Horo y Temi 1. L{i mpoaykTu, K OT BUPOOHUIITBO MOJIOYHUX MPOIYKTIB
OpOJiHHSA, TMBHUX JPIXIKIB, ETHIIOBOTO CITUPTY, ACSKUX BUIIB PIAKOTO
maauBa JABHO CTAMM TpaaumidHuMu. [Ipore modmHaroum i3 aKTHBHOTO
po3BHUTKY OioTexHONOTiH y XX CT. BUPOOHHITBO IHMX Ta HIMPOKOTO
CHEKTpPY iHIIUX BHUIIB MPOAYKIIii MEpEeHIIIo Ha HOBH piBeHb. [Ipn oMy
TOBOPSITh TIPO AIbMEPHAMUBHI NPOOYKMU OiOmexHo102il, TK OT eHepre-
THUYHI pecypcH, sIKi MOXXHa OTpUMATH i3 OiomacH, OiIKOBI MPOAYKTH Ha
OCHOBI MIKpOOpPTaHi3MiB, a HE TPATUIIIIHUX TEXHOJOTIH PO3BENEHHS Y
TBapUHHUIITBI, HOBI a00 HOBMM YHMHOM OTPHMaHi MpenapaTd MeIWIHOL
CIpPSMOBAHOCTI, K OT oTpuMaHui y 1978 i3 BuKOpHCTaHHSAM OakTepii
Escherichia coli incynin Tomo. YV BUNajKy, KO MPOAYKT Ma€ BHPa3HE
3HAYEHHS JIJIsl OXOPOHH JIOBKULIA, SIK OT aNbTEPHATHBHI BUAM MAJINBA, 10
JAl0Th 3MOTY BHPIIIMTH HU3KY NPOOJIEM BUKOPHCTAHHS E€HEPreTHYHUX
peCypCiB, Y TOMY YHCIII OOMEKEHOCTI BUKOITHOTO MaJIMBa Ta HETaTHBHOI'O
BIUTUBI BiJl HOTO CITaTIOBAaHHS Ha JIOBKIJUIS, MOYKHA TOBOPHUTH TIPO aJIbTEp-
HATUBHI MPOJTyKTH €KOOI0TEXHOIIOTI].

[ManuBHI pecypcu, oTpuMaHi i3 OI0JIOTIYHUX JKEpEN 13 BHKOPHUC-
TaHHSIM Cy4YacHUX TEXHOJIOTiHM, OTPUMYIOTH Ha3By i3 mpedikcom "Gio-":
6ioras, 6ioan3enb, 610eTaHO TOIIO.

Bioras — ras, sikuii yTBOPIOETHCS ITPH MIKPOOIOJIOTIYHOMY PO3KJIa-
JaHHI METaHOBUM OpoJiHHIM Oiomacu 4 010BigXomiB (po3KiagaHHs 0i0-
MacH BiJJOyBa€ThCs Iijl BILTMBOM TPHhOX BUAIB OakTepii), TBepaux i pif-
KHX OpraHiYHHUX BiJXOiB: Ha 3BaiMINAX, 0O0JIOTAax, KaHami3alli, BUTPiO-
HUX siMax Tomio. [lopsia i3 eHepreTHYHUM 3HAYCHHSIM BiH € Ba)KIIUBUM,
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OCKIJTBKM HOT0 BHPOOHMLITBO CYMPOBOKYE MPOLEC YTHIIi3alil BiAXOMiB.
Jo0yBatoTs 3 BigXo1iB TBAPUHHUITBA, XapUOBOI MPOMHCIOBOCTI, CTIYHUX
BOJI Ta TBEPIUX MOOYTOBUX BiAXOMIB (BiACOpTOBaHMX, O€3 HEOpraHIYHUX
JOMIIIOK, Ta TOMILIOK HEMPUPOJHOTO TOXOHKECHHS).

Biogusens — eKOIOriyHO YMCTHI BHU Ol0MA/IMBa, a TAKOXK IMaJIMBHA
no0aBKa, sIKE€ OTPUMYIOTH 13 POCIMHHOI ONii YK TBApUHHOTO JKUPY 1
BUKOPUCTOBYETBCSA sl 3aMiHM HaTOBOrO JAM3EIBHOTO TManvBa. 3
XIMIYHOI TOYKH 30py Iie TajbHe ABJsE€ COOOK0 CyMilll METHIIOBUX Ta/abo
eTHJIOBUX MOHOAJKIJIOBUX €(ipiB JOBrOJAHLIOKKOBUX KUPHUX KHUCIOT
(macuueHux 1 HeHacnueHux). bionuzens € aabTepHATHBHUM aBTOMOOLIIb-
HUM NaquBOM. MOro BHKOPHCTAHHS y CBiTi 3pocrae. €BpomeichKmii
Co103 € HalOUTBIIIMM BUPOOHUKOM Oiomu3ento, a @pannis Ta Himeuunna
y WOro ckiaji — MPOBIIHUMH KpaiHaMU-BUPOOHHKAMHU CTaHOM Ha JpPYTy
nexany XXI cr. Jlns 30iIblIeHHsT BUKOPUCTAHHS Oloau3ersl iCHye MoJi-
THKA, SIKa BUMarae 3MilllyBaHHs 010M3eNs Y MaluBO, BKIIOYAIOYH IITpa-
¢Hi caHKLIl, KO [[i HOpMU HE OynyTh AocsrHyTi. Y ®@panuii 3axekmna-
poBano meta gocsrHeHHs 10% wacTku mporo BHAY manuBa. K CTUMYI
Ui Kpain €Bpornelickkoro Coro3y MpoJoBKYyBaTH BUPOOHUITBO Oioma-
JNBAa, ICHYIOTh TIOAATKOBI 3HIKKHU JJIs1 IEBHUX KBOT HA BUPOOHUIITBO 0i0-
nanmuBa. Y HiMewdwHi MiHIMadhbHHMNA BiZICOTOK OiOMU3ENI0 B TPaHCIOPT-
HOMY AM3€eJIi BCTaHOBJICHUH Ha piBHI 7%, Tak 3BaHuii "B7".

Bioeranon — me eranon (ogHoaromuwuii criupt CoHsOH), sikuit ot-
PUMYIOTH Y TIPOLECi IEPEPOOKH POCIMHHOI CHPOBUHH JJISi BAKOPUCTAHHS
Ak OlonmanmBo abo majuBHY 100aBKy. CBiTOBE BUPOOHHMLTBO Oi0€TaHOIY
SIK aIbTePHATHBHOTO MAJIBHOTO ISl TPAHCTIOPTY 3pocio 3 17 Mipy JiTpiB
y 2000 mo 52 mupx mitpiB y 2007; y 2011 — 85 mupn mitpiB. bioeranon
BUKOPHUCTOBYETbCS TepeBakHO B bpasmnii ta Cnomyuyennx Llrarax, i
pasoM wi kpainu 3a6e3neunim y 2008 poui 89% cBiroBoro BUpoOHHUIITBA
eranony. binbmicts aBToM06iniB CIIIA MOXyTh MpalioBaTH Ha CyMiLIi
10% 6GioeraHoTy Ta OEH3HMHY, 1€ 3aKOHOJIaBYO 3aKPIIUICHO B JACSIKHX IITa-
Tax 1 Micrax. bioetaHon MOXHa OTPUMYBAaTH i3 Pi3HUX BHIIIB CUPOBHHH,
NpoTe EKOHOMiYHa €()eKTHUBHICTh TAKOTO BHUPOOHMLTBA pi3HHUTHCS. Tpa-
JULIHHO HOro BUPOOINAIOTH 13 IIYKPOBOi TPOCTHHH, KYKYpPYI3H, COpPro,
TMIICHHUII, IIyKPOBOTO OypsiKa, Mpoca, TOMOJI TOIIO. Y Mipy MOKpameHHs
TEXHOJIOTIM Ta MiABHUIIEHHS BHUXOAY €TaHONy i3 PI3HUX CHUPOBHMHHHUX
MarepiajiiB BUPOOHHULTBO €TAaHOIY MOXE CTaTd EKOHOMIYHO OinbII
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TOMUTbHIM. B maHWii dac 3 BHKOPHCTAaHHSAM OIOTEXHOJIOTIH TPHBAIOTH
JOCITIKEHHS TIOA0 MiABUIICHHS BPOXKAI0 €TAHOIY 3 KOXKHOI OJMHHIII
KyKypym3u. KpiM Toro, moku 1iHM Ha Ha(Ty 3aMHIIAIOTHCS BHCOKHMU,
€KOHOMIYHE BWKOPHCTAaHHS IHININX CHPOBHHHHX PECYpPCiB, TaKUX SK
LIETF0JI03a, MOXKEe OyTH eKOHOMIUHO JouiasbHUM. [loGivHI mpoaykTH, Taki
sIK cojloMa abo JepeBHa Tpicka, TEX MOXKHA MEPETBOPUTH HA ETAHOI.
TeopeTraHO MOBOJI BUCOKWN PiBEHHb €TAHOMY HA OJWHHINO TUIOMII YTidh
MOJYKHA OJICPKATH 13 BUKOPUCTAHHSIM INBUIKOPOCIUX BUJIB, TAKHUX SIK
TpaBH, fAKi KpiM TOTO, MOKHA BHPOIIYBATH Ha 3€MJIi, HEMPUIATHIA IS
3ePHOBHUX KYJIbTYP.

JHonomixcna pekomendoeana aimepamypa
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Tema 4. CucreMu oUHIIEHHS CTIYHUX BOJ

bioinowcenepni ouucui cnopyou, 6iocmaexu, Oionnamo, aepoOHe
OKUCHEHHs, aHaepobHe OKUCHEeHHsl, aepomeHK, inempayis, oeHimpudi-
Kayis, biomenku, iMMOoOINI3068aHi cucmemu

3amobiranHs 3a0pyAHEHHIO BOJOWM 0arato B 4OMY 3aJIS)KHUTh BiJl
HaiHHOI Ta sIKICHOI OYMCTKM cTidyHHX Boj. Cepiio3Hy HeOe3meKy s
MMOBEPXHEBHUX BOJ| CTAHOBIATH CTiYHI BOAM pi3HOro reHesmcy. Oxpemi
JOCIHIDKEHHS CTOCYIOTBCSI OUHMILIEHHS CTIYHUX BOJl KOMYHaJIBHHUX ITiIIPHU-
€MCTB, CTIYHHX BOJI BUPOOHWIITB OPTraHIYHOTO CHHTE3Y, CTIYHHX BOJ
KOKCOXIMIYHOT'O BUPOOHUIITBA, CTIYHUX BOJ Bijl 010pe3UCTEHTHOI (hapma-
IEBTUYHOT TPOAYKIIii, ByrJICBOJHEBMICHUX CTIYHHUX BOJ Ta CTOKIB arpo-
MIPOMUCIIOBOTO KOMITJIEKCY TOIO. B mporeci 0i00YHIIeHHS CTIYHUX BOJ
BUKOPUCTOBYIOTh aKTUBHHUM MY, IO XapaKTEPU3YEThCS 3HAUYHOIO Pi3HO-
MaHITHICTIO HaWIMPOCTIMHX 32 BUIAOBUM CKJAQJOM TIPH HEBEIUKOMY
KUTbKICHOMY TIepeBaXkaHHi OHOTO 3 BUAiB. [1in0ip onTuManpHOTO CKIaLy
AKTUBHOTO MYy 3QJIMIIAETHCS OJHIEI0 13 aKTyaJlbHUX 3a7ad Cy4acHHX
010TEXHOJIOTIi y Tary3i OYNCTKY CTIYHHUX BOJ.

Aepomenkamu Ha3WBAIOTh 3aJ1I300€TOHHI aepoBaHi pe3epByapu
BiIKpUTOrO TUMy. OUHINEHHS CTIYHUX BOJ] 33 JJOTIOMOTOO OiOTUTIBKH, SKa
pocTe Ha iIMMOOITI30BaHUX HOCISX B MiABIIIEHOMY IIapi B aHaepoOOHHX
YMOBaX BHUKOPUCTOBYE PEaKTOPH, BioMi SIK Oiomenxu. AepoOHHH Ta
aHaepOOHMI METOIM MArOTh CBOI MEpeBarw il HEJONIKH Ta ONTUMAJIbHI
obmacti 3actocyBaHHs. [Ipoliec OUMINEHHS B aepOTEHKY WIAe B Mipy
MIPOTIKaHHS Yepe3 HhOTO aePOBAHOI CyMIllli CTiYHOI BOAM W aKTUBHOTO
Myiy. Aeparrist HeoOXi{Ha JJIs1 HACHYEHHS BOJU KHCHEM 1 IMiITPUMKH MY-
Ty B 3BayKEHOMY cTaHi. bioTeHk Ta aepoOHUiT OiopeakTop — TEXHOIOTIYHI
BIJICIKA, B SKHX CTiYHa BOJIa MiJIA€THCS aepoOHOMY OioJIOTiYHOMY
OUHIIICHHIO BiJi OPTaHIYHUX PEUYOBUH 1 CIOJYK a30Ty. [l 301bIlICHHS
KOHIIeHTpaIlii aepoOHOI Mikpoduiopu (Myiy) Ta JOCATHEHHsI HEOOXiJIHOi
SAKOCTI OYMIICHHS B OIOTEHKY PO3MIIIY€ThCS BUIbHOIUIABalOYe IJIACTH-
koBe 3aBaHTaxxeHHs (MMBR). AepoOHi ymoBHM B 30Hax O0i0JOTiYHOTO
OUMILEHHS CTBOPIOIOTHCSI HarHITAHHSAM B HHUX IOBITPS BiA KOMIIpecopa.
Komrnpecop BCTaHOBIIOETHCSI B TEPMETHYIHOMY OOKCi ab0 B TEXHIYHOMY
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npuMimieHHi. OUUIIEeHHS CTIYHUX BOJI 3aBEPIIYETHCS BTOPUHHUAM BiACTii-
HUKOM 3 TOHKOIIAPOBHUM MOXYJEM, KU HEOOXimHWH Ui BiIOKpeM-
JICHHS aKTHBHOTO MYy (OakTepiif) BiJ OYHINEHOI BOIM.

[Tonst 3polieHHs — 1e CHeIialIbHO MiATOTOBJICHI 3€MEIbHI JISTHKH,
BUKOPUCTOBYBaHI OJHOYACHO [UI OYMILEHHS CTIYHHX BOZA 1 arpokyJjb-
TypHUX 1ieit [2]. OunieHHs CTIYHUX BOJ Y IMX YMOBaX MPOXOAUTH i
JI€0 TPYHTOBOI MiKPO(IOpH, COHIIS, TIOBITPSA 1 il BIZITMBOM >KUTTEMisIIb-
HOCTIi pOCIIMH. Y TPYHTI TOJIB 3POIIEHHS 3HAXOAATHCS OaKTepii, akTHHO-
MILETH, APLKIKI, TPUOH, BOIOPOCTI, HaHIpocTili i 0e3xpedeTHi TBapu-
Hu. CTi4HI BOJU MICTATH B OCHOBHOMY OakTepii. Y 3Mimranux 6ioreHo3ax
AKTUBHOTO IIapy IPYHTY BUHUKAIOTH CKIIA/IHI B3A€EMOJIi1 MiKpOOPraHi3MiB
CUMOIOTUYHOTO 1 KOHKYPEHTHOTO TIOPSIIIKY.

Pozpaxynok moxiB ¢inmpTparttii 0o 3pOIIeHHS TPOBOIATH 33 Cepe-
HbOJI000BOT HOPMH HaBaHTaXCHHS, TOOTO KIIBKOCTI CTIYHUX BOJ, IO
MIPUXOMUTHCS Ha | Ta IUIOIII TOMIB y CepeAHhOMY 3a 100y TpPOTITOM
poky. Skmo Q — cepeanboa060Ba BUTpaTa CTiYHHX BOA, (M/100Y); ( —
HABaHTa)XEHHS CTIYHUX BOJI HA TOJISI 3POLICHHS], II0 BU3HAYAIOTHCS SIK Ce-
pPEeIHBO3BAYKEHA BETMUMHA 3 HABAHTAXXCHBb HA TUITHKH 3 PI3HUMHU BHIaMU
CLIBCBKOT'OCITOJIAPCHKUX KYJIBTYpP (UB. Ta0JI.), TO KOPUCHY ILIONLY SU

Hopvmu HaBaHTa)keHHS MOOYTOBHUX CTIYHUX BOJ HA MOJIA
3pOlLIeHHs AJ1s paiioHiB i3 cepeHbLOPIYHOI0 BUCOTOIO HIAPY
atmocgepuux onagis 300-500 mm

CepenHbopiuHa HaBaHTa)keHHs Ha I1M0JIsl 3pOIICHHS B 3aJISKHOCTI BiJl
TeMIeparypa THITy TPYHTY, M%/(ra/100y)

nositps, °C CYTJIMHOK CYIICOK iCOK

Ho 3,5 30/15 40/20 60/30

3,66 35/20 50/25 75/40

6,1-9,5 45/25 60/30 80/40

9,6-11 60/30 70/35 85/45

IMonan 11 70/35 80/40 90/45

PO3PaxOBYIOTh SIK

Su=Q/q.
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Ha ocHoBi 3HaiifeHoi KOpUCHOI IUIOLIi AJISl TOJNIB 3POILEHHS YU

¢inpTpaLii 3HaX0A9Th MOBHY PO3PaXyHKOBY ILIOLITY:
S=(Su+Sr)-(1+Kk),

Tyt Sr — pesepBHa 1wIoIa NOJiB, mo aopiBHIOE 10-25% Bixg kopucHOI
mwiomti SU mas momiB Qimerpamii i 3pomenns, K — xoedirient, mo Bpa-
XOBY€ 301IbLICHHS TUIONII Y 3B’513KYy 3 OOJNAIITYBaHHSIM JOTMOMIKHHUX CIIO-
pya, st monmiB ¢imsTpanii k = 0,25-0,30, amst momis 3pomterns K = 0,15—
0,25.

i1 MOBHOTO pO3paxyHKy CHOpYA O10JOTIYHOTO OYHILEHHS CTid-
HUX BOJ Y MPUPOJHHUX YMOBAaX HEOOXiJHO BH3HAYATH XapPAKTEPUCTUKH 1X
JIPEHaXHOI CUCTEMH, a caMe KUTBKICTh KapT I0JIiB, BUTPATH BOJU Ha OJHY
KapTy Ta BoJOBigBeneHHs. [Ipukiaay po3paxyHKy IUIONI MOJIB 3pOILIEH-
HsI, 3aHATHX TOPOIHIMHU KyJIbTypaMu, HaBeaeHO y [2, ¢. 31-34].

Po3paxyHOK aepoTeHKIB BKJIIOUA€ BU3HAUEHHS €MHOCTI Ta rada-
PUTIB CHOPY/DKEHHS, 00CATY HEOOXIMHOTO TOBITPS Ta HAIJIMIIKOBOTO
aKTUBHOTO MYIY , @ TAKOX TPUBAIICTh aepallii, y TOMY YHCIi HEOOXiTHHHA
JUTsl OUMIICHHSI BOJM B MPOLIECI pereHepariii akTHBHOIO MyJly 1 HEoOXij-
HHUI 9ac OYHIIeHHsS Boau. TpHBamicTh aepalii B aepoTeHKaxX BU3HAYAIOTh
3a (hOpMYJIOHO:

t=(La-Lt)/a/(1-9)/r,

ne La — Giomoriuna norpeda kucHio (BIIK) criunoi Boaw, 110 HAAXOINUTH
1o aepoteHky, Mr/it; Lt — BITK noBH o4uIlieHOT BOJIU, MI/JI; @ — J103a MYy
(r/m), mis aepoTeHKIB, PO3paXxOBaHUX Ha ITOBHE OYHINEHHS MIiCHKUX
CTIYHUX BOJ HeoOXifHO 1 — 3 1/1 kinmbkocti Myiy: ipu BIIK ctiuHOi BOAM,
10 HaJXOAUTh J10 aepoTeHky 10 100 — g = 1,2; npu La = 101-150 — «
=1,5; mpu La = 151-200 — a = 1,8; mpu La monan 201 —1,8<a<3; mus
AePOTECHKIB PO3paxOBaHMX Ha MOBHY MiHepasi3allio Myay a = 5 r/i. S —
30JIbHICTh MYJIy B YacTKaX OAMHHIb, IPUAMAETHCS ISl aPOTEHKIB 3 TIOB-
HOIO MiHepamizamiero myny 0,35; r — cepellHi po3paxyHKOBI IIBHIKOCTI
okucmoBanas B Mr BIIK ma 1 T 6e330mpHO1 pedoBmHM Myny 3a 1 rop,
npuiMaeThest 1 Mickkux ctiunux Box 3a CHill 2.04.03-85. ms aepo-
TEHKIB 3 TIOBHOIO MiHepaiizamiero Myny I = 4 mr BIIK Ha 1 T 6e330mbpHO0T
pedoBuHU 3a 1 rox.

3HaveHHs t, MigpaxoBaHe 3a MONEPEeNHbOI (OPMYIIO0, CIpaBel-
TIMBE, SIKIIO CepPeTHhOPIYHA TeMIIepaTypa cTiuHoi Boju ckianae T = 15°C,
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IpU 1HIOIMX 3HAYEHHSX TEMIIepaTypH oOOuYMclieHa BenuuuHa U 301bmIy-
eTtbcst Ha BimHomeHHs t = 15 / 7. Tpusanicte aepauii npuiiMaeTbess HE
MeHTIIIe HiXk 2 roa. PoGounit o6csr aepoTeHKy:

V=tQ/24 (™)
ne Q — po3paxyHKOBa BUTpaTa CTiYHOI BOJH, M /100Y.

Jonomixycna pekomendoeana aimepamypa

1. Ckmax opraHi3MiB aKTHBHOTO MYJIy IIPH OYHIIECHHI BYTJIEBOJHE-
BMICHHMX CTiYHHX BOJ Ta CTOKiB arpONpPOMHCIOBOTO KOMILIEKCY /
O. L. Cemenosa, H. O. By6mierko, T. O. unodoct, JI. P. Pemer-
HsK // [Ipooosonvui pecypcu. — 2018. — Ne 10. — C. 237-242.

2. Cewmenora O.I., Cyneiiko T.JI., Illunodoct T.O., Byonienko H.O.
(2012). Aeporenk-nposicaroBau (IlateHT Ha KOpHcHY Mojaenb No
75309).

3. I'pummnaa O0.0. (2017). AuHaMika TeMIlepaTypHUX PEXKHUMIB OYH-
IIeHHS CTiYHOI BOAYW B CHCTEMI BiJICTIHHHK-aepOTEHK-BIACTIHHHK
KaHaJTi3alliiHUX OYUCHUX Ccropya M. PiBHe. Bichux Odecwvkoi dep-
arcaenoi akademii 6yoienuymea ma apximexkmypu, (69), 121-127.

4. Tlar. 75550 VYkpaina, MIIK (2012.01) GO5SD 27/00 CO2F 3/02
Crioci0 kepyBaHHS TIPOIECOM OIOJIOTIYHOIO OYHMIICHHS CTIYHHX
Box / l'oprocrans C.A., Ileryxosa E.A., YBapos 10.B.; 3asBHuK Ta
MaTeHTOBJIaCHUK HallioHanbHUI YHIBEPCUTET IUBIJIBHOTO 3aXHCTY
VYkpainu. — Ne u201204793; 3ass. 17.04.2012; omy6m. 10.12.2012,
oronr. Ne 23.

5. WuS.Y, LinC.N, ChangJ. S., Lee K. S., Lin P. J. (2002). Mic-
robial hydrogen production with immobilized sewage sludge.
Biotechnology progress, 18(5), 921-926.

6. Mujtaba G., Lee K. (2017). Treatment of real wastewater using co-
culture of immobilized Chlorella vulgaris and suspended activated
sludge. Water research, 120, 174-184.

7. Cheremisinoff N. P. (1997). Biotechnology for waste and waste-
water treatment. Elsevier.
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Tema 5. Criennpika 6i004MCHUX KOMILIEKCIB BHUPOOHMITB

bBioinoicenepni cucmemu, biodecpaoayis, eunzumu, Oiopemediayis,
KOMNOCYBAHHS, (himopemediayis, 6epMUuKyIbmypa, 6epMUKOMIHOCHYE6AH-
Hsl, OionaieKu

Ji1 IpOMHUCIIOBOTO BUPOOHMITBA XapaKTEPHHM € HAKOMUYEHHS
3HaYHUX OOCATIB BiAXOXIB Pi3HOTO reHe3ucy. Y OaraThboX MPOMHCIOBO
PO3BHHEHHX KpaiH 3pOCTaiodi TEMIM €KOHOMIKHM CYIPOBOJKYIOTHCS Ha-
KOMMYECHHSM WIKI[UIMBUX PEYOBHH, IIO MITPyIOTh y MOBKULIS i3 Micub
30epekeHHsT TIPOMHUCIOBHUX Ta MOoOyTOBUX BimxoniB. Jo cmenndivamx i
HeOe3MeUHUX BiJIXO/IB 3a3BUYal BITHOCATH 3a0pyIHEHHS TOBKIUIA Had-
TOMPOAYKTAMH ¥ TOBEPXHEBO AKTUBHHMH PEUYOBHMHAMH, CHHTCTUYHUMH
MaTepialaMH, TaKUMH K TOJIMepH; TMOTCHIIWHO arpeCHBHUMHU PEUO-
BUHAMH, TaKi SK NECTUIMIN, JIIKAPChKi NpernapaTy, BiAX01 MeTalnypriii-
HOTO Ta XIMiYHOT'O BUPOOHHIITBA, JIaKO(hapOOBOi MTPOMHUCIOBOCTI TOIIIO.

BaxnuBy ponb y BUpIIIEHHI €KOJOTIYHUX MPOOJIEM BiIirparoTh
6ioTexHosoriuni metoau [1, €.167]:

o biogerpazaiiis HadTOBHX 3a0pyAHEHb Yy IPYHTI Ta Y BOJi. 3 METOIO
JIKBIJAMIi HACIIIKIB aBapiiHOrO PO3JIUTTSA Ha(TH BUKOPHCTOBYIOTH
010TEXHOJIOTIYHI CITOCOOU BiHOBJICHHS 3a0pYJIHEHUX TEPUTOPIN 3a
JIOTIOMOTOF0 OiompernapariB, y SKUX aKTUBHUM aréHTOM BHCTYTIAIOTh
(hepMeHTH OKCHIOpPEAYKTa3 Ta rifposa3 OaKTepiii;

o bionecrpykuis nmoxiMepiB. CTilKi 10 po3KIIaay BOJOTOO, CBITIOM,
XOJIOOM 49X TEIoM a00 IPYHTOBUMH MiKpOOpraHi3MaMu
TUIACTUKOBI YMAKOBKW BUSIBIISIFOTh HETATUBHUE BIUIMB HA JIOBKIJUIS.
Tomy B OaraTbox KpaiHax CBITY TpHBa€ po3poOKa MaKyBaJIbHUX
MaTepialliB, BUTOTOBJICHMX Ha OCHOBI TMOIITiIPOKCUOYTHUpATy YU
NoJTiIakTary, abo i3 creriaabHo 00pOoOIEHOr0 KPOXMAITIO B CYMIII 3
IEJTI0I03010.

o biogerpazganis nectuiuiB. Jlesiki MiKpOOpraHi3My MalOTh 34aTHICTb
(epMEHTATHBHO 3MIHIOBATH MOJIEKYJY IIKiJUTMBOTO KCEHOOIOTHKA
TaKUM YWHOM, III0 BOHA IOTIM JIETKO PYWHYETBCS I €I 1HIIHX
oprani3miB. Take sBume MikpoOHOro cumOiozy Oylio Ha3BaHO
koMmerabomismoMm. Came  3aBAsSkM  TpPOLECY  KOMETa0OJi3My
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BiIOYBA€ThCS JIETpajiallisi CKIAJHUX XIMIYHHX CIIONYK, 10 SKHX
BITHOCSITBCS TIECTHIIH/IH.
PizHOMaHITHI BUAM BUPOOHHULTB XapaKTePU3YIOTHCS TAKUMH BHA-

MU BIUIMBY Ha JOBKUDISA, HACHIIKOM SKHX € PO3CISIHHSA 3a0pyIHIOIYNX
CJIEMEHTIB Ha 3HAYHMX IUIOUIAX TPYHTY. THIOBUMH IMPHKIAJaMHU € 3a-
OpyIHEHHS CUTBCHKOTOCTIOAAPCHKUX 3eMEeIb MEeCTUIIUAAMU, MITITHOK OiIs
MIaXTHUX 3BAJIMIN BOXKUMH METalIaMH, OyKOJHIb MaiilaHYMKiB IS Bij-
XOZIB MiAMPUEMCTB MEepepoOHOI MPOMHUCIOBOCTI — Ol0JOTIYHMMHU BigXo-
namu. Y TMPHPOIHUX YMOBaX BaXKKi XIMIUHI €I€MEHTH KiHIIEBO OCiIar0Th
(IMMOO1TI3YIOTECSI) y MIATPYHTOBHX CTPYKTYpax Ta 3B’s3YIOThCS y iHEp-
THi popmmu, GioNOTIUHI OpraHiYHI PEYOBHHHU PO3KIAMAIOTHCA (IEeTpamy-
I0Th) i3 TUIMHOM 4acy, TMPUHANMHI 1€ XapaKTepHO IS OLIBIIOCTI pedo-
BuH. [Ipo0seMoro € Te, Mo TEMIH BiIHOBJICHHS MPUPOIHUX CUCTEM YXKE
JABHO HE MIyTh Hi y SKE MOPIBHSIHHSA 13 TEMIIaMH HAKOITMYEHHS BiJXO/iB
Ta 3a0pyTHEHHS IPYHTIB i JOHHUX BigKiamiB. ToMy TOCTpPO CTOITh MPOO-
JieMa Oiozerpanaliii BiAXoiB 10 PiBHS, KOJW BOHH HE HECTUMYTh 3arpO3HU
JOBKIJUTIO.

BuBueHHs MikpoO0ioJIOTiYHOTO CIIOCOOY OYHINEHHS IPYHTY Bif Iec-
THLIUIB € HAA3BUYAWHO aKTyaJbHAM. Y 3B'I3KY 3 IIMM BEIYTHCS MOLTYKH
ITaMiB MiKpOOPTaHi3MiB-A€CTPYKTOPIiB JIsi PI3HUX BHJIB TECTHIIUIIB.
MikpoOHa jerpajaiisi TOKCHKaHTIB, 3/iiCHIOBaHa 32 PaxyHOK (epmeHT-
HUX CHCTEM, € OOHAIINIMBUM IMiJXOAOM U NECTPYKIi OpraHiuHUX
TOKCHKAHTIB. bBioyoriuni MeToau BiJHOBJIEHHS 3a0pyJHEHUX TIPYHTIB
BUMaraloTh Ha0araTto MEHIIEe BHUTPAT JJIsI CBOTO 3aCTOCYBaHHS, HIK
BiJIoMi HEO10JIOT1UHI TEXHOJIOTI1, IO MOSICHIOE aKTyalbHICTh MPOBEACHUX
JIOCTIIDKEHB 110 PO3pO0IIi 1 3aCTOCYBAaHHIO Ha MPAKTHUIl 010TEXHOJOTIYHUX
CHoc00iB OYHIIIEHHS IPYHTIB, 3a0pYIHEHHUX ITECTUIUIaMHU.

OunnieHHs TPyHTY BiJ HadTH Ta HAPTOMPOJYKTIB Ha JaHWH Yac
3aJIMIIAETHCS TPOOJIEMOI0 EKOJIOTIYHOT O€3MeKH KUTTEAISIIBHOCTI JII0IH-
HU. TexHoreHHi 3a0pyOHEHHS BKa3aHUMH pPEYOBMHAMU HETaTUBHO
BIUTMBAIOTh HA MPHUPOJIHI MIKPOOHI IEHO3W TPYyHTY, Quiopy Ta ¢ayHy i
MPU3BOAATH O BHKJIIOYEHHS 13 3€MJICKOPUCTYBAaHHS 3HAYHUX C/T YTifb.
[Mpu 3a0pynHEHHI BYIVIEBOJMHSAMH IIJBHUINYETHCS TiIpOoPOOHICTh Ta
MOPYIIYETHCS BOJHO-TIOBITPSIHUN PEKUM y TPYHTI, y HHOMY 30LIBIIY-
€TBCSL KUIBKICTh (ITOTOKCHYHUX (POPM MIKpOOPraHi3MiB, 110 HEraTUBHO
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BIUIMBAE HA PICT 1 PO3BUTOK POCIMH Ta iX BHUIOBE Pi3SHOMAHITTS.
BBuxopucranHs mpemapaTiB A7 OYMINCHHS MOBEPXHEBHX BOJ Bij
BYTJIEBOJHIB Ha)TH y PEKOMEHJIOBAaHMUX HOPMax iX BHECEHHS y 3a0pyn-
HEHE CepPeIOBHUIIE HE CIPUYMHSE HETaTUBHOIL Jii HA TigpOoOiOHTIB MPiCHO-
BOJJHUX €KOCHCTEM.

BenunkomacmTabHe M'sIcCO-MOJIOUHE TBAPUHHUITBO M MPOMHCIOBE
NTaxiBHULTBO CTBOPHJIM MpoOJIeMy CKYMUEHHS Ha MPUIETJIMX A0 TOCIO-
JApCTB TEPHUTOPIAX 3HAYHOI KITBKOCTI piOKuX (pakmiii BHCOKOTOK-
cuyHOro THOW Ta mocmimy [1]. IIi Bigxomu 0e3 HaNCKHUX 3MiH He
MOXYTh OyTH BUKOPHCTaHI B CITbCHKOMY TOCTIOAPCTBI.

Jnst yrumizamii mux HeOe3NMeYHUX PiAKUX BIIXOJIB TBAPUHHMIITBA
W MTaxiBHHUITBA JOLITHHO 3aCTOCOBYBATH TakKi e€PEeKTHBHI 010TEXHOIO-
TiYHI METOIM: MemaHoge OpodiHHsA B 0IOTAa30BHX YCTaHOBKAX; KOMNO-
cmysaHHs B CTIELIali30BaHNX rocrogapcTBax. [IpupogHe KOMIIOCTYBaHHS
BIIXOMiB (TPYHTOBE TEPETBOPEHHS CBIXKOTO THOIO BEIMKOI pPOraroi Xy-
o0u abo Kypsiaoro MOCIiTy Ha OpraHiqHe JOOPHBO) 32 yYacTIO 0araThox
BUIIB 1 (opM TIPYHTOBHX MIiKpOOpTaHi3MiB: OaKTepiil, aKTHHOMIIETIB,
Mikpoduiopu, TprbiB, JOMIOBUX YEPB'SIKIB — IIe Ay)KE€ TPUBAIHN IPOIIEC,
SAKUH HE Ja€ HeoOXiMHWX pe3ynbTaTiB. BcTaHOBIEHO, MO HABITH Yepe3
TPH POKH B OIOKOHBEPTOBAHOMY THOI III€ MICTHUTHCS BEIIMKA KiTBKICThH
BHCOKOMOJIEKYJISIPHHX OPTraHigYHUX CIIONYK, HEJOCTYITHUX JUISi 3aCBOEHHS
KOPEHEBOIO CHCTEMOIO POCIHH. Y TakOMy T'HOI Maiike OBHICTIO 30epirae
JKUTTE3IATHICTD 1 CX0XKICTh HACIHHS Oyp'sHIB, 3aIMIIAIOTHCS HE3PYHHOBA-
HUMH THIi3/1a JeSKUX IIKITHUKIB (HAPUKIAM, KamycTsHkn). Ilpu posku-
JTAaHHI 1i€1 KOMIIOCTOBAHOI MacH BiJI0YBa€ThCS BTOPHUHHE 3aCMid€HHS
MoCiBiB Oyp'sstHamMu ¥ mKigmuBuME (itodaramu. s MOMMIIIEHAS SKOCTI
KOMIIOCTY, CKOPOUYEHHsI TepMiHy MepepOOKH OpraHidHUX BiIXOJIB JIOIIi-
JFHO 3aCTOCOBYBATH Cy4YacHi iIHTEHCHBHI 010TEXHOJOTI BEpMUKOMIIOCTY-
BaHHJ. BepMUKOMIIOCTYBaHHS Ha BiAKpUTOMY MaWIaHYHMKY J03BOJISE
nepepoOIsITH BENUKY KiJbKICTh OPraHiYHUX BiIXOZIB TEIUIOI HOPH POKY.
BukopucTanHs 3aKpUTHUX HPUMIIIEHb JO3BOJIIE CTBOPUTH ONTHUMAaJIbHI
YMOBH BEPMHKOMIIOCTYBAHHSI HPOTATOM YChOTO POKY 3 TNPHCKOPEHOIO
IHTEHCHBHICTIO TIEPEPOOKH CyOCTpaTy, a TaKoK 3abe3ledye 3pOCTaHHS
NOMYJSMii  4epB'saKiB, HEOOXIHWUX JJIsI PO3CENICHHS Ha BIAKPUTOMY
MaiJIaHYUKy HABECHI. Y 3aKPUTOMY NMPHMIIICHH]I YHUCENBHICTh YEePB'SIKIB
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qacoM 3OIJBINYETHCS B JCCATKH pa3iB IIBHUAINIE, HIXK Ha BIIKPUTHX
MalJJaHYMKaXx.

3anumraeTscst MpOoOJIEeMHUM T€HHE KOHCTPYIOBaHHS HOBHUX MiKPOO-
HUX TITaMiB, IO 37aTHI pyiHyBaTH ab0 0IOKOHBEpPTYBAaTH OaraTo iHIINX
BH[IB KCEHOOIOTHYHHUX PEUYOBUH (CKIAIHUX 332 CTPYKTYPOIO TE€TEPOIUK-
JMYHUX CIIONYK), M0 € BIAXOAaMH XIMigHOi TpomucioBocTi. Okpemi
BunanHs, sk ot International Journal of Environmental Bioremediation &
Biodegradation, International Biodeterioration & Biodegradation Ta immri
MIPUCBSUEHO aKTyallbHUM IpoOJeMaM 3aCTOCYBaHHS Oi0TeXHOJOTIH st
3armobiraHHs Ta YCyHEHHS HETaTUBHOTO BIUTMKY aHTPOIIOT€HHOTO 3a0py/I-
HEHHS IPYHTIB Ta BOJHUX CHUCTEM Ha JTOBKIJIIS.

[IpoBomsTE aKTHUBHY pO3pOOKY HOBUX CHENU(DIYHUX CHCTEM IS
HeHTpaii3amii arpeCHBHIX KOMIIOHEHTIB BIXO/iB, Y TOMY YHCIi TOHKO-
TDTIBKOBI CHCTEMH Ta CHUCTEMH i3 BHKOPHCTAHHSM HaHOEIIeMEHTIB. bio-
naieKu — 1€ CYKYIHOCTI OMWHUYHUX a00 MHOXWHHHX TOIYISIIN, SKi
MIPUKPIMIIeH] 0 a6ioTHYHMX a00 OIOTMYHUX MOBEPXOHB 32 TOTIOMOTOFO
MO3aKJIITHHHAX TIOJIMEpHUX pevdoBWH. EKcmpecis reHiB y kmithHax 0io-
IUTIBKY BiIPI3HAETHCS BiJl €KCIPECil MIIAaHKTOHHOT CTaii, i audepeHiiio-
BaHO CKCIIPECOBaHI T€HH PETyINIOIOTH YTBOPEHHS Ta PO3BUTOK OiOILTiBKH.
CucrtemMu OiOTUTIBKOK OCOOJMBO MPHIATHI JUIS OOpOOKM HEMOCTiHHUX
CTOJIYK 4epe3 iX BHCOKY MIKpOOHY OioMacy Ta 3[aTHICTb 3HEPYXOMIIIO-
BaTu croyiyku. biopememiallii Tako CHpHUs€e MOCHICHUM MEPEHOC T'eHIB
MiX O10IUTIBOYHMMHU OpTraHi3MaMH Ta IiBHIleHa 0100CTYIIHICTh 3a0py /-
HIOIOYHX PEYOBHH JJIS JIerpaialii B pe3ynbTaTi 0akTepiallbHOrO XeMOTaK-
cucy. Crparerii miziBuineHHS e()EKTHBHOCTI Olopemeniallii BKIHOYAOThH
TeHHY 1HXXEHEPIt0 IS MMOJIIIICHHS TaMiB Ta XeMOTaKCUYHOI 3/1aTHOCTI,
BUKOPUCTAHHS 3MIIIAHUX MOMYyJSAIIMHUX OIOIUIIBOK Ta ONTHMI3allilo
(i3UKO-XIMIYHIX YMOB.

Jlonomixycna pekomenooeana arimepamypa

1. TIlerpoBa A.T. TexHomoriuni acrekTu Oiopemeniaii 3a0pyJHEHUX
IpyHTiB / MixkHap. HayK.-mpakT. KoH(}. "CyudacHi TpeHau Ta mepc-
MEKTUBH JIOTICTUKH, MAPKETUHTY, 30yTOBOT AiISUTBHOCTI IJI0Z00BO-
YyiBHHLTBA B emnoxy wuu¢poBux TtexHomorid". Xepcon, 2019. —
C. 267-279.

25



10.

11.

12.

13.

26

Biopemeniariis rpyHTiB : npe3entaiis / Kpacinpko B. O. / HYXT.
—2012.-18c.

Hypcyn L., Cumouxo JI. FO., Markommi X. (2020). biopemeniais
BaXKUX METAJB 3 TPYHTY: OTJIS MPUHIIMIIB 1 KPUTEPIiB BUKOPHC-
TaHHA. A2poexonoziunuii scypran, (3), 6-12.

Hymanceka T.Y. biopemeniattis 3a0pyaHeHOT0 HAPTOIO Ta TU3EITH-
HuUM nanuBoMm 1pyHTy / T.Y. Iymanceka, T.M. Horina, B.C. Ilix-
ropcekuit // Haykoswmii Bicauk Ykropoz. ya-Ty. Cepist ,,biomoris’”
—2008. — Bum.22. — C. 122-125.

Jlacmo O. O. (2014). BigHOBIEHHS MOPYIIEHUX 3€Meb CUTHCHKOTO-
CITOAAPCHKOTO TPU3HAYEHHS 3a JOIIOMOTOI0 Oiopememiartii. Bicrux
Hayionanenoeo ynieepcumemy 800H020 20CnO0Apcmea ma npupo-
ookopucmyeanns. Cep.: Cinbcokoeocnooapcuvki nayku, (1), 94-100.
Iyrunceka I'.0., SAmbopko H.A., [lingpyc A.A., Menpanuyk C./1.,
Jloxanceka B.J., Bapanos FO.C., Camkosa O.I1. Mikpo6GHa nect-
PYKIIS TOXiMHUX LWKIIYHAX BYTJIEBOAHIB (-, -, y-Tekcaxiop-
UKJIOTeKCaHiB) y TpyHTi / Haykogi donogioi HAY. — Kuis, 2007. —
Nel (6). — C. 1-T7.

Vidali M. (2001). Bioremediation. an overview. Pure and applied
chemistry, 73(7), 1163-1172.

Alexander M. (1999). Biodegradation and bioremediation. Gulf
Professional Publishing.

Adams G. O., Fufeyin P. T., Okoro S. E., Ehinomen 1. (2015). Bio-
remediation, biostimulation and bioaugmention: a review. Interna-
tional Journal of Environmental Bioremediation & Biodegrada-
tion, 3(1), 28-39.

Atlas R. M. (1995). Bioremediation of petroleum pollutants. Inter-
national Biodeterioration & Biodegradation, 35(1-3), 317-327.
Singh R., Paul D., Jain R. K. (2006). Biofilms: implications in bio-
remediation. Trends in microbiology, 14(9), 389-397.

Flemming H. C., Wingender J. (2010). The biofilm matrix. Nature
reviews microbiology, 8(9), 623-633.

Albertsson A. C., Andersson S. O., Karlsson S. (1987). The mecha-
nism of biodegradation of polyethylene. Polymer degradation and
stability, 18(1), 73-87.



Tema 6. bionoO6puBa — ex00i0TEeXHOIOTIYHA ATbTEPHATHBA
30arayeHHs IPYHTIB

Poorwuicms, eymyc, eymighikayia, bionpenapamu, azomobaxmepuH,
docodbaxmepun, epmenmui Komniexcu, 0i0N02IUHI 3ac00U 3aXUCHLY
POCIUH

[Ipupoana poarodicTh IPYHTIB BU3HAYAETHCS XapaKTEPOM Ta 0co0-
nuBOCTAMH iX (hopmyBaHHs. Lima HU3Ka KOMIUTEKCHHUX (PaKTOPIB: KiTiMa-
TUYHUX, TiAPOrEONIOTIYHMX, AHTPOIIOTEHHUX; a TaKOX IHTEHCHBHICTb
HAJXOKEHHs Ha TIPYHTOBY IIOBEPXHIO COHSYHOI eHeprii, Oiomoriudi
OUKIA PO3BUTKY POCIMH Ta iH. 3YMOBIIOIOTH TpPUBAIICTh Iepediry
CKJIaJJHOTO TE€TEPOreHHOT0 IPYHTOYTBOPIOBAIBLHOTO MpoIecy. 3a JaHUMH
0araThOX MPOBIIHUX YYEHUX-TPYHTO3HABIIIB MaHIBHA POJIb Y (POpMyBaHHI
CTaOUILHOCTI SIKICHUX MapaMeTpiB OPHUX IPYHTIB, 1X MOXKUBHUX BIIACTH-
BOCTEH HAJEXKUTHh OPTaHiuHIN YacTHWHIi, TOOTO OpPTaHIYHHM 3aJHIIKaM, i
rymycy (OpraHiYHHM CITONyKam, IO MICTAThCA B TPYHTOBIH Maci y
BiJIbHIH (OpMI UM y BUTIISII OpraHO-MiHEpalbHUX peuoBHH). Jlxepenom
TYMyCY CIYTYIOTh OpPTaHIYHI 3aJHIIKA BHUIINX POCIHH, MIKpO- i Makpo-
opraHi3miB, mo nepe0dyBaloTh y IpyHTi. CHekTp iX XiMIi4HOTO CKIamy
JOCTAaTHRO pi3HOMaHITHHH, 1e Boma (75-90 %) i cyxa pedoBmHa, siKa
BKJIFOYA€E BYTJIEBOJM, OINKHW, JITHIH, JIITIA, CMOJH, BOCKH, ITyOWIBbHI
cnonyku Tomo. OcoOnuBe 3HAYEHHS B MPUPOJHOMY T'yMYCOYTBOPEHHI
MaloTh PEeakKIlii MOBUIBHOTO 010XIMIYHOTO OKHUCHEHHS, Y Pe3yNbTaTi SKUX
YTBOPIOETHCS CHCTEMA BUCOKOMOJICKYJISIPHUX OPTaHIYHUX KUCIIOT.

CupOBHHOIO Ul BUTOTOBJICHHSI OpPraHiYHUX JOOPHB HOBOT'O HOKO-
JHHS MOXYTh CTaTH OyIb-iKi OpraHidHI Marepiay, BYTJIEIeBMICHI 3a-
JIUIIKY, BIIXOJM TBaPUHHUIITBA I MTaXiBHUIITBA, KOMYHAJIbHI OpraHiyHi
BIJIXOJIM, KOpa POCIHWH, 3pi3aHi TiJKH, OMaje JHCTA, JITHIH TOMIO, SKi
3apa3 y BENUKild KUIBKOCTI CKYITUYIOTHCS Ha 3BANHMIIAX, Y BIJICTIHHUKAX
abo cnamorothes. Lli Marepianm, sk MpaBUiIo, y HEMEPepoOICHOMY BH-
IS4l He MOXKYTh CIYI'yBaTh JOOpUBaMH, OCKUIBKA BOHHM a00 TOKCHYHI,
a00 MIBHUKO MiHEPAIM3YIOThCS B IPYHTI, HE BIUIMBAIOYM iICTOTHO Ha HOTO
poxmtouicTs. [Ipore mepepoOka opraHiYHHX BiIXOMiB 0i0TEXHOIOTIYHUMU
METOZIaMH 1 BHECEHHS iX y IPYHT Yy BUIVIsIIII 30aJlaHCOBAaHUX OpPTaHiYHUX
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J0OpUB MOXeE cTaTH e(EeKTHBHUM iHCTPYMEHTOM DETYJIIOBaHHS T'yMyc-
HOTO cTany 3emednsb [1, c. 144-148].

ExomorivHo WmcTHil MPOAYKT, OTpUMaHWi mix dac OioKOHBepcii
OpraHiYHMX BiJXOHiB, MiA [i€l0 pI3HUX TPyNm MIKPOOPTaHi3MiB, SK
aepoOHNX (KOMIOCTYBaHHS, BEPMHUKOMIIOCTYBaHHS), TaK 1 aHaepOOHUX
(MeTaHoTeHe3), Ha3UBAETRCS Olozymycom [2, ¢.238-239].

VYcTaHOBNIEHO [il0 Pi3HHX 103 Oiorymycy Ha MikpoOionoriuny
aKTHUBHICTh TPYHTIB TIPH BUPOIIyBaHHI sipoi mmeHuni. biorymyc mae
cmabkonyxuy peakmito (pH 7,4—7,8) npu BMICTI 3arajpbHOTO a30Ty Bix
0,84 mo 1,22 %, dochopy — Bix 0,69 no 0,99 %, xamito — Bix 0,9 no 1,17
% 1 pyxomoro amoHito — Bix 232 no 347 mr/% pedoBunu. B 1 r Giorymy-
Cy, YTBOPEHOTO NPU BEPMHKOMIIOCTYBaHHI, MICTUTbCs Oinbine Hix 378
MITH OakTepiii amoHidikaTtopiB i 251 THc. GakTepiid, MO PO3KIATAIOTH
LEI0JI03y Ta MiHEpali3yloTh OpTaHiuHi peyoBUHH. B excniepuMeHTax, e
BUKOPHUCTOBYBaJIN O0iOTyMycC, KiJIbKICTh MIKPOOpPTaHi3MiB y TIpyHTi Oyma
3HAYHO BHIIOK0, HIX y KOHTpoui. HalibinpIma KinbkicTh aMOHIPIKyFOUnX
OakTepiii gocsiraeThes pu BHeceHHi 10 T/ra Giorymycy, mpu oMy HiT-
paTiB y TPYHTI BUSBWJIOCS MEHIIE, HK aMOHit0. Y Mipy pocTy sIpoi miie-
HUI X 70 30MpaHHs BPOXKalO B IPYHTI 3pOCTa€ KiJIbKICTh HITpUPiKYIO-
YrX MIKpPOOpPraHi3MiB Ha AiSHKax i3 O6iorymycom. Bwict OakTepiid, mo
PO3KIIAIAIOTh ENI0NI03y B IPYHTI, 301IBIIYETHCA N0 (Da3u KyIIiHHS sSpoi
niienuiti. HaiGinpie mux 0akrepiit OyJio Ha AUISTHKAX 13 010TyMyCOM.

BrecenHst 6ioryMmycy B IPYHT IPUCKOPIOE MiHepaizamiio ¢docdo-
POpraHiyHUX CHOJYK y Pe3yibTaTi Aii Crieru(iuHuX MiKpoopraHi3Mmis. 3i
30iIbmeHHsIM HopM 13 10 1o 30 T/ra migBUINYEThCS KOHIIEHTpalis (oc-
thopopyitHiBHEX OakTepiii. BMicT dhocopHOT KUCIOTH B IPYHTI 3aJI€KHUTH
BiJl KUJTBKOCTI MiKpOOPTaHi3MiB, 110 PO3KJIaJar0Th OpraHiuHi Ta MiHepa-
npHI crionyku Gochopy. Bukopucranns 6iorymycy sk 100pHBa BILTUBAE
Ha IHTEHCHUBHE 3POCTaHHS MIKPOQIIOPH, TPUCKOPIOE HAKOITUYEHHS PyXO-
MuX (OpM TOXUBHUX PEUOBHH, HEOOXIAHMX IS TMiABHINEHHS BpOKai-
HOCTI CIJIbCBKOTOCTIOIAPCHKUX KYIBTYD.

Jliist miABMILICHHS BPOXKAMHOCTI HE MEHIII BaKJIMBUM, aHDK 30aJaH-
COBaHHUI BMICT HEOOXiIHMX XIMIYHUX €JIEMEHTIB Y I'PYHTI, € BIICYTHICTb
abo mocnabiieHHs HEraTUBHOTO BIUIMBY 3 OOKY POCIHH-KOHKYPEHTIB,
XBOPOOOTBOPHUX MIKPOOPTaHi3MiB, IIKIUIMBUX KOoMax Toio. CTBOpEeHHS
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YMOB KOJIM TaKWH BILUIHI MiHIMi30BaHO, TAaKOX MOXKHA BiIHECTH IO CIIOCO-
0iB MiABHIICHHS POJIIOYOCTI Y ClbcbkoMy rocmomapcTBi. Cepen Oiompe-
MapariB, SKi BUKOPUCTOBYIOTh Y CLTIBCHKOMY TOCIIOJIAPCTBI, MOXHA BH/Ii-
JUTH BEIHMKY Tpymny OioQyHrinuIiB, OCHOBY SIKMX CKJIaAaloTh OakTepii
CIHHOT MaJTM9KH, Hanpukiaa: GiTocrmopun, 6akcuc, amipud, 6akTodiT, ra-
Maip Ta iH. bionpenapaTtu 3acTOCOBYIOTH AJIsl 3aXUCTY POCIIHH Bij (iTomna-
TOTEHIB YIPOAOBX YCHOTO BEreTaliifHoro mepiogy W Iy oOpoOJIeHHS
IUIOMIB TIEpe]T CKIIadaHHaM Ha 30epiranus [3, ¢.240-244].
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Tema 7. BioouneHHs IPYHTIB

Kcenobiomuxu, biopemediayis, eadxcki memanu, necmuyuou, 0io-
npenapamu, gimopemediayis, pusopitompayis, pimoexcmpakyis, gpimo-
sonamuaizayis pimocmabinizayis, pimocmumyasayis, gpimoodespadayisn

3a ocTaHHi JeKanu cepHo3HOI0 MPOOIEMOI0 OaraTboX MPOMHCIOBO
PO3BHHEHHMX KpaiH € 3a0pyIHEHHS IPYHTIB Ta NOHHHX ONajiB, 4acTKa
SKOTO 3pPOCTa€, a BIUIMB HA CTAaH JOBKULISA CTa€ yce OiIbIl KPUTHIHHM.
TpuBatoue 3a0pynHeHHS aTMOC(HEPHOro TMOBITPS, MOBEPXHEBHX BOJ 1
IPUITOBEPXHEBUX cepenoBHll (memocdepu, IPyHTY, BOJOHOCHHUX TOPH-
30HTIB) BeJle 10 301IbIIEHHS OOCSTIB 1 PIBHS HAKONMWYCHHS IIKIIJTUBUX
PEYOBHH B MOBKLLIA. 3a0pyIHEHHS MepecTae OyTH JIOKaTi30BaHUM 3aBJIsl-
KM MexaHi3MaM Aaudy3ii Ta iHinpTpamii 6araTboX TOKCHYHHX XIMIYHUX
CTONYK SIK y TPYHTi, TaKk i y pOCIMHAaX Ta, SK HACIiZOK, B MPOIYKTaX
CibCchKOTO TOcmomapersa. Kpim Toro, iHTEHCHBHI TEXHOJOTIT 3eMiIepo0-
CTBa MPHU3BEIH JI0 3HAYHOTO 3MEHIIIEHHSI POIIOYOCTI IPYHTIB, IO MO i3
3a0pyJHECHHSM TPYHTIB TOPOKY€E BHCOKI €KOJIOTi4HI pu3uKu. OKpemi
OB’ 13aH]1 aCMIEKTH PO3TIISTHYTO Y TeMi 5.

Yumaiio peqoBHH, IO TOTPAIUISIOTH Y TPYHT, MPOSBISIOTH BIacTH-
BOCTI KceHobiomuka — 9y KOpiaHo1 1y 6iocdepr XiMidHOT peYOBHUHH, IO
IPUPOJHO HE CHHTE3YEThCS, HE MOXKE AaCHUMUIIOBATHCh OpraHi3MaMu
BHACITIZIOK YOTO HE Oepe ydacTi y Kpyroo0iry peuoBHH y MPUPO/i, a TOMY
HAKONMYY€ETHCS Y 30BHINTHBOMY Cepe/oBHIN. YacTo TepMiH Ie Oinblie
3BYXYIOTh, 3apPaX0OBYIOUH JI0 KCEHOOIOTHKIB Pi3HOMAHITHI 3a0pyIHIOBaYI,
30KpeMa MEeCTUIH/IU, MiHepaIbHi J0OprBa, MUKHI 3aCO0H, paiOHYKI N,
CUHTEeTHYHI OapBHUKH Ta iHIII. [loTparuisiroun y MOBKIISA, BOHH MOXYTh
CIPUYMHSATH aJIepTiyHi peakilii, 3arudenb opraHi3MiB, MyTaIlil, 3HIKY-
BaTH IMYHITET, IOPYIIYBaTH OOMiH PEYOBHH, IOPYILYBATH XiJ MPOLIECIB B
MIPUPOIHUX EKOCUCTEMAX JI0 PiBHs OiocdepH B IiIOMY.

BuBYeHHSI TIepeTBOPEHb KCEHOOIOTHKIB MIISXOM JIETOKCHUKAIIT i
Jierpajianii B )KMBHX OpPraHi3Max i B 30BHIIIHBOMY CEPEIOBHII BaXKIUBO
JUTsl OpraHizaliii CaHiTapHO-TIMEHIYHUX 3aX0/IiB 11010 OXOPOHH MPUPOJIH.
3acrocyBaHHsl OIOJIOTIYHHX Ta OIOTEXHOJOTIYHHX METOMIB BiJKPHBAE
HIMPOKI MOXKIIUBOCTI OOPOTHOU 13 TIepeNiueHUMH BUIIE 3arpo3aMH.
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J7ist 3aXUCTy Ta BiAHOBJICHHS I'PYHTIB IIMPOKO BUKOPHUCTOBYIOTH SIK
MIKpOOpraHi3Mu, Tak i Bumli pociauHu. PiTopemeniamiss — BiJHOBICHHS
3a0pyJHEHOTO CepeloBUIIa 3 BHKOPHUCTAHHSM pI3HHX BHUAIB POCIHWH.
diTopemenialiiiHy TEXHOJIOTII0 3aCTOCOBYIOTh OE3MOCEPEAHB0 B palioHi
3a0pyAHEHHS, BOHA CIIPHSE 3HIDKCHHIO BUTPAT 1 3MEHIICHHIO KOHTAKTY
3a0pyHEHOTO KCEHOOIOTHKA 3 JIFOABMHU 1 JOBKiLIsAM. PociuHa BrmBae
Ha JOBKULIA Di3HUMH crocoO0amu, cepel SKHX €: pu3odimbTparis —
KOpEHiI BCMOKTYIOTh BOJIY Ta PO3YHHEHI €JIeMEHTH, MOTPiOHI IS JKUTTS
pocnuH; (iTOeKCTpaKiis — HAKOIMYEHHS B OpPraHi3Mi pPOCIMHHU HeOe3-
MeYHHUX 3a0pyIHEHbB; (iTOBOIATHIII3AIS — BUITAPOBYBAHHS BOJIH 1 JIETKAX
XIMIYHAX €JIeMEHTIB JHCTAM pociuH; ¢itorpancdopmais: ¢dirocra-
Oimizariss — mepeBelIeHHsT XIMIYHHX CIIONYK Y MEHII PYyXOMY Ta aKTHBHY
(dopMu (3HWKYyE DPHU3HWK TOIIUPEHHS 3a0pynHeHb); QiTomerpamaris —
Jerpajailis poCIMHAME 1 CHMOIOTHYHUMH MiKpOOpTraHi3MaM# OpraHivyHOi
YaCTHHU 3a0pyAHEHB; PITOCTHUMYIALISA — CTUMYJIAIIS PO3BUTKY CHUMOio-
TUYHAX MIKPOOPTaHi3MiB, IO OEpyTh y4aCTh Y MPOIIECi OUUIIICHHSI.

ditopemenialisi TPONOHYETHCS SIK eKOHOMIYHO e(DeKTUBHHN TiAXin
710 03/IOPOBJICHHSI HABKOJMIIHBOTO CEPEJOBHUINA HA OCHOBI POCIIUH, SIKHI
BUKOPHUCTOBYE IE€PEBaru 3AaTHOCTI POCIWH KOHIIGHTPYBAaTH €IEMEHTH Ta
CMOJNIYKH 3 HAaBKOJMIIHBOIO CEPEJOBHUINA Ta 3HEIIKODKYBaTH pi3Hi
crionykd. KoHueHTpyroumii e(pekT € pe3yabTaToM 3IaTHOCTI JEeSIKHX
pOCIMH, 3BaHUX TillEpPaKyMyJsITOpaMHu, Ol0aKyMyIJIOBaTH  XiMidHi
peuoBunu. CaHauiiiHui edekt 30BCciM iHIMMN. TOKCHYHI BaXKKi MeTaIn He
MiAAI0ThCA PYHHYBaHHIO, ajie OpraHiyHi 3a0pyIHIOBadi MOXYTh OYTH i,
SIK TIPABUJIO, € OCHOBHUMH MillIeHsIME JUTst piToounienHs. Hu3ka mosnso-
BUX BHUIIPOOYBaHb IiATBEPIMIN JOLUIBHICTS BUKOPHCTAHHS POCIUH JUIS
OYHMIIEHHS HABKOJIMLIHLOTO cepenoBumat.

[Mporpamu cenekuii Ta reHHOI iH)KEHEpIi € MOTYKHUMH METOJaMU
JUIS TABUIICHHS MPUPOJHUX MOXKJIUBOCTEH (ITOOUHIICHHS abo IS
BITPOB/KEHHSI HOBHX MOJJIMBOCTEH y POCIMHH, aJKe 3a3BUYail T.3B. Ti-
MEPaKyMYJIIOI0Yl MOXKIIMBOCTI POCIHMH HPOSIBISIIOTECS Y TOMY, IIIO BMiCT
JeSIKMX EJIEMEHTIB y POCIHHAX Y Pa3H IEPEBUINY€E iX BMICT y TPYHTI,
OpoOTe TUM HE MEHII Y POCJIMHHI TKaHWHH MOTpAIUIsie JUIe He3HAUYHUH
BiJICOTOK IIOTO €JIEMEHTY IMOPIBHSHO 13 THM, CKIJIbKM HOTrO y TPYHTI.
l'enn Qitopemeniamii MOXYTh TOXOJWUTH BiJl MIKpOOpraHi3aMy abo
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MIEPEHOCUTHCS 3 OJIHI€T POCIMHM Ha iHIIY, Kpallle aJalToOBaHy JO YMOB
HABKOJIMIITHLOT'O CEPEIOBUINA HA MICIli OuuIeHHs. Hanmpukinaz, rexu, mo
KOAYIOTh HITpOpemyKTazy 3 OakTepii, Oyiam BCTaBlieHI B TIOTIOH 1
JIEMOHCTPYBJIM OUTBIN INBUIKE BUAAJICHHS TPOTWIY Ta IIiJBUIICHY
CTIAKICTB IO TOKCHUYHUX e()EKTiB TpOTI/InyG. JloCaigHUKHN TaKOK BUSBHIIH
MEXaHi3M Yy POCJHH, SKHH JO3BOJSE IM POCTH HABITh TOJi, KOJIU KOH-
LEHTpAIlisl 3a0pyTHEHHS B IPYHTI JICTANbHA JJI BUXITHUX POCIIHH.
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Tema 8. BioounenHs noBiTps

bBioginemp, 6iockpybep, biopeakmop, eazonogimpsni euxuou, Os,
PMas, PMig, CO, SOz, NO2, AQI, 6ioinoumkayis

Cepiio3HOIO TTPOOIEMOI0 BEIMKUX MICT, & TaKOK Oaratbox BHUIIB
Cy4aCHHMX BHUPOOHHIITB € 3a0pyaHEHHs aTMoc(hepHOro MmoBiTps. 3abpy-
HIOBA4aMU MOBITPsI € PESYOBUHM, L0 MPHUCYTHI B aTMOC]epi 1 BILTUBAIOTH
Ha 37I0pOB'S JIOJAWHU, CTaH TBAPUHHOTO, POCIMHHOTO CBITY 1 MiKpoopra-
Hi3MiB. Hacammepen, e KucnoTHi fomi, atMmocgepHi ras3u, pagioakTHBHI
3a0pyAHEHHS, BayKKi METalld, MecTUIUAN. [IpupoaHuMy pKepenamMu aT-
MOC(epHUX 3a0pyJHEHb € JIICOBI TMOXKEKi, BITPOBA €pO3isl, KHUTTEMIsIIb-
HICTh KHMBHX OpraHi3MiB, IpuponHa (GoHoBa pamioakTuBHICTh. DakTopa-
MU aHTPOTIOT€HHOTO 3a0pyIqHEeHHS B arpocdepi € THiH, mecTunumm, 100-
pHBa, HITpaTH, BaKKi METaJIH, TIOBEPXHEBO-aKTHBHI peyoBUHU [2, c. 124].

bioinduxayiero Ha3WBaIOTh BUKOPUCTAHHS OPTaHI3MIB YU iX yrpy-
MOBaHb, BMICT B KX IIEBHHUX €JIEMEHTIB a00 CIIONIYK, a TAaKOX KIITHHHA
CTPYKTypa, MOBEAIHKa Ta MOMYJIsAliifHa OopraHizamis AaloTh iHPOpMAaLito
00 SKOCTI HABKOJHWIIHBOTO CEPEOBHINA. 3HAYHWA aHTPOIIOTEHHUI
BILUIMB Ha (DITOLEHO3M MArOTh TaKi 3a0pyJIHIOIOUI PEUOBHMHM 5K JTIOKCHJT
CIpKH, OKCHAM a30Ty, BYIJIEBOJHI. [3 BUIIMX POCIHMH MiJBHUIICHY YyTIIH-
BicTh 10 SO, MalOTh XBOIHI POCIMHHE (COCHA, SUTHHA, Keap). 32 iIHTEHCUB-
HOTO 3a0pyaHEHHS JIICY JIOKCHJIOM CIpKH CIOCTEpIraeTbes IMOUIKO-
JKEHHS 1 TTOTIepe/IHE OTIaIaHHs XBOi COCHHU.

Bioinaukariiisi € (ikCyrouuM METOIOM BHSBJICHHS IHTErPabHOIO
BIUIMBY 3a0pyAHEHHS TOBITpsA. He MeHm BaXIMBUM € MONEpeIuTH
3a0pyIHEHHS 1 TYT MOXYTh OyTH 3aCTOCOBaHI OiOTEXHOJOTIYHI METOJIH.
Bionoriyni MeToJM OYHIIEHHS TIOBITPS TIPYHTYIOTbCS Ha 3JATHOCTI
MIKpOOpraHi3MiB pyHHYBaTH B aepoOHMX YMOBaxX IIMPOKUH CHEKTP
PEYOBHH 1 CIIONYK JI0 KiHIIEBUX MPOMYKTiB. BuOip MeToy BU3HAYAETHCS
XapakTepoM 1 mapaMerpamu 3a0pyaHeHHs. OCHOBHUMU I'a30MOBITPSIHUMU
Bukugamu (I'TIB) BupoOHHULTB € aepo30i1i, HecTalOiabHI JUCTIEPCHI cHCTe-
MHU, [0 CKJIJAt0ThCS 3 IPIOHUX TBEPAUX YaCTUHOK (KIITHH, IX arperariB)
y piokid ¢azi, 3aBuUCIi B Ta30BOMY CEpElNOBMLI. Yci OpraHizoBaHi
mkepena ['TIB Big depmenrtepis, cemnapatopis, GIoTaTopiB, HEHTPUPYT,
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CYWIapoOK, MaKyBaJbHOTO BINJINIEHHA Ta 1HIIOTO TEXHOJOTIYHOTO
oONagHaHHS  OCHALIYIOTbCA CHCTEMaMd  OYMIICHHS, HEPO3PUBHO
MOB'SI3aHAMHM 3 TEXHOJIOTIYHHUMH OCOOJIMBOCTSMH OKPEMHX CTaii
nportecy [3, ¢.258]. Haii6inbIn moumpeHrMu, apoOOBaHUMH METOIaMU
ounimmenHs I'TIB Big O0iofOTiYHO AaKTUBHUX YAaCTHHOK € (iabTpartis,
TerIoBe 00POOJICHHS 1 «KMOKP1» CUCTEMH OYHIICHHSI.

Jns 61070TiYHOTO OYMIICHHS TOBITPA 3aCTOCOBYIOTH TPH THITH
YCTaHOBOK: O0ioinbTpH, OiockpydepH i OiopeakTopu 3 OMHUBAaHUM IIAPOM
[3, c.218]. biosoriuHi MeTOAM OYHINCHHS Ta30MOBITPAHUX BHKHIIB
[OYajay 3aCTOCOBYBAaTH IOPIBHSHO HEJABHO 1 HOKH LIO0 B OOMEXEHHX
Macira0ax, ajie IMepCcrHeKTUBa IX BUKOPUCTAHHS OYEBU/THA.

YcTaHoBKHM 010J0TIYHOI OYMCTKH TOBITPS € €KOJIOTIYHO YHCTHMHU,
JIEMIEeBUMHU Ta TMPOCTUMHU B eKCIuTyaramii. ToMmy, JOCTiIKEeHHS MPOIEeCiB
010JIOTIYHOT OYMCTKH I'a30MNOJIOHUX BUKHIIB € aKTyalbHOI TeMolo. [Ipu
BUKOPHUCTaHHI MeToAy aOcopOilii BIAIOTECS JO pereHepariii mpoOMUBHOL
BOJIM, SIKa BKITIOYAE TaKi CHOCOOU: ¢hizuuHull cnocib6 — BiITOHKA JIETKAX
(bpakmiid, eKCTpaKIis, AUCTHIIALIS, peKTH(IKALIsA, YITaPIOBAHHS, XiMiuHULl
CHocib — BUKOPUCTAHHS MIEPMaHTaHaTy, XJI0PY, 030HY 1 T. 1I.; 6iono2iunuti
cnoci6 — 0ioxiMidyHe OKHCHEeHHs1 abcopOoBaHUX 3a0pynHeHb. Bukopuc-
TaHHS OIOTEXHOJIOTIYHMX METOMIB JIJII OXOPOHH HABKOJHUIIHBOTO
CepeloBHINa, 30KpeMa aTMOC(EpH, € Ty)Ke NePCIIeKTHBHIM HAIIPSIMKOM B
Cy4yacHi¥ eKoJIoriuHid O010TeXHOJIOTIi. 3aJeKHO BiJI BUAY Mikpoopra-
Hi3MiB, sIKi MOKJIIBO BUKOPHCTOBYBATH y TIPOIIECi IETOKCHUKAIIl BUKU/IIB,
Ha OJHOMY 1 TOMY JX YCTaTKyBaHHI MOJIMBO 3IIMCHUTH OYMIICHHS i
JIE30/I0PALlil0 IIIOT0 PAIy KOMIIOHEHTIB 3a0pyAHEHb Tra30IMOBITPSIHOTO
IOTOKY™.

B 3araipHOMY BHIIQJIKY TIPOIIEC OYUILEHHS BHKHIIB 32 JOMIOMOTOIO
MIKpOOpPTaHi3MiB MOXHA TPEJCTABUTH SIK HACTYITHY MOCIIJIOBHICThH €Ta-
niB: Etan 1. Ilpu KOHTaKTI rasiB, 10 MICTITh KOMIIOHEHTH 3a0pyIHIO-
I0YMX PEYOBHH 200 0JI0paHTH 3 abcopOeHTOM ab0 (GUIBTPYIOUMM MapOM
BiZIOyBa€ThCSI PO3UMHEHHS 1 €MyJIbI'YBaHHS LIMX KOMIIOHEHTIB y BoAi (Y
pasi 6i0abcopOiii), a Takox amcopOIlis Ha GLILTpyrOUOMY Mmapi (y pasi
Oioginbrpauii). Etan 2. Po3unHeHi i eMynbcoBaHi y BOJI KOMIIOHEHTH
3a0pyIHEHb BiAJANSIOTHCA 3 PiAKoi ¢asu i GinbTpyrodoro mapy 3a paxy-
HOK ajcopOuii ix mMikpoopranizmamu. Etamn 3. AncopOoBaHi KOMIIOHEHTH
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3a0pyHEHD MiJAAI0ThCS Oi0OXIMIYHOMY OKHCHEHHIO Y JKUBUX KIITHHAX
(cramis pereHepaiii 0i0JIOTIYHOTO COPOCHTY), CTAIOTh KUBICHHAM JUIS
MIKPOOPTaHi3MiB 1 CITy’KaTb AJIS iX PO3MHOKEHHSI.

Po3rnsHyTi TpM mponecu € MOCHiJOBHUMH eTanamMu Oe3MepepBHUX
CUHXPOHHUX PEaKIlii, B pe3yibTaTi AKUX MIATPAMYETHCA €(eKT OUHUIIICH-
HS 1 jge3omopauii BUKUIIB Bix 3a0pyaHeHs. Ilpu amapatHiii peamizamii
nporecy Oi0JOTIYHOTO OYHMILNEHHS Ta3iB iCHYE MOKIMBICTH MPOBEACHHS
MpoIIeCcy 3a ABOMA BapiaHTaMu: — eTand 1, 2, 3 MOXyTh OyTH CyMillleHi B
OJHOMY amapari; — eranmd | MoOke MpOTIKaTh B OKPEMOMY Maco00-
MIHHOMY amaparti — abcopOepi abo ckpydepi, a eTanu 2, 3 B armaparti THITY
ACpPOTEHK.
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. Ilepestik NUTaHB VI caMONIePeBiPKH Ta CAMOKOHTPOJII0

AJNpTepHATHUBHI BUIY CHEPTETHIHNX JHKEpell O10JI0TITHOTO TTOXOIKECHHSI.
BioceHcopu Ta nepeBaru ix 3acTOCYBaHHS.

Buan cupoBHHY U1l BUTOTOBJIEHHS 0101M3€JIBHOTO MaJMBA.

Buan cupoBHHY 1151 BUTOTOBJICHHS 010€TaHOITY.

Bunu cupoBuHE ITpu BUTOTOBJICHHI Oiorazy

Binx goro 3anexxuTh Oe3nexa 3acTOCYBaHHA Pi3HUX THUIIB 0101€CTPYKTOPiB?

Noas~wd P W

Bin yoro 3ane:xuth e()eKTUBHICT aepOOHUX METOJIIB OUHUIICHHS CTIYHUX
BOa?

8. Bij skux mapaMmeTpiB 3aJeKHUTh €(DEKTHBHICTb pOOOTH METaHTEHKIB?

9. Jns aHami3y SIKMX pEYOBUH JOLIILHO BUKOPUCTOBYBATH OloceHcopu?

10. ExomoriuHi acriekTy BUpOOHHUIITBA OiomaiiBa B YKpaiHi.

11. ExomorivHi nepeBaru BUpOOHHUIITBA PiaKOTO OlomannBa B YKpaiHi

12. ExosoriuHi nepeBard MeTo/1iB 0100UHMILEHHS CTIYHUX BOJI

13. ExouoriuHi nepeBaru mpoiecy BepMHUKYJIbTHBYBaHHS

14. 3 K00 METOI0 BUKOPHCTOBYIOTH 010CEHCOPH B TipHUUIN TIPOMHCIOBOCTI?
15. 3a sxuMm npuHIHAIIOM QOopMyeThCs 6i01IeHO3 Yy 0i0(iTbTpaX OYUCHUX CHOPYA?
16. 3a sikux yMOB BiJJOyBa€THCS MPOLIEC KOMIIOCTYBaHHsI OPraHiuHHUX BiIX0iB?
17.3aBnaHHs 610TEXHOJIOTIH B €KOJIOTII.

18. Koyt 1715t OYMIICHHS CTOKIB BUKOPHCTOBYIOTH METAHTCHKHU?

19. Ha sxuii iepion mpumnaae BHHUKHEHHS Cy4acHOT 0i0TeXHOJIOTIi?

20. Ha sikux 0i0TE€XHOJIOTIYHUX Tpoliecax 0a3yeThcs 01004HIIEHHS CTIYHUX BOJ?
21. Ha3BiTb eKOJIOTi4HI IlepeBaru BUPOOHUIITBA i BAKOPUCTaHHs Oiorasy.

22. Ha3BiTh IpUHIIUITN 3aCTOCYBaHHs OioNpernapariB B arponpoOMHICIOBIN TaTys3i.
23. O6macTi BUKOpPHCTaHHA 010ra30BHUX PEaKTOPIB.

24. Onucaty OCHOBHI CTaIil OYMINCHHS TOBITPS y OiopeakTopax.

25. Onucatu OCHOBHI CTa/il OYMIICHHS TOBITPs y Oi0CKpyOepax.

26. OrmuuriTe HeJOMIKU 010XIMIYHUX METOMIB OYHCTKH TTOBITPSI.

27. OCcHOBHI TeXHOJOT19HI (PaKTOPH 1 cTadii METaHOTEHE3Y.

28. OCHOBHI THITH YCTAHOBOK JIJISl OYHMIIICHHSI OBITPSI.

29. OxapakTepu3yiiTe KOMIOHEHTHHUH cKiaj Gioraszy

30. OxapakTepusyiiTe NIPUHIMI QiKCYBaHHS a30Ty I'PYHTOBUMH MIKpOOpPIaHi3-
MaMH

31. OxapakTepu3syiite XiMi9HI 0COOTHBOCTI Oi0eTaHOIY 1 010 IU3EITEHOTO AINBA
32. IlepeBaru BUKOPUCTAHHSI IMMOO1Ti30BaHUX 010(1IBTPIB.

33. [lepcriekTHBHM BUKOPUCTAHHS G10CEHCOPIB y arpoONpoOMHCIOBOMY KOMILIEKCi?
34. TIpenmer i 00’ €KTH O10TEXHOJIOTII.
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35. IlpuHIMM i cxema (GpyHKI[IOHYBaHHS 010CEHCOPIB

36. IIprpo100x0opoHHHUI e(heKT KOMIIOCTYBAHHS OPTaHiYHUX BiaXO0miB?

37. IlpoBeniTh nopiBHsIILHMUIT aHaII3 Oi0CcKpyOepiB Ta 010INbTPIB.

38. Posb BepMUKOMIIOCTY y TiIBUILEHH]I POJIOYOCTI IPYHTIB?

39. CrpareriuHi nepcreKTUBU PO3BUTKY O10TEXHOJIOTIH y CBITi?

40. TexHOIOTIYHI TapaMETPH METAaHOTE€HE3y Ta IXHill BIUTHB Ha AKICTH Oiora3y
41.Y yomy nossirae exoJoriyHa desneyHicTs Gionpenaparis Ta 0i000puB?
42.Y sxux ramyssx, kpim AITK, 3acTOCOBYIOTh BEpPMHUKYJIbTUBYBaHHS?

43. YnM BU3HAYAETHCA €(EKTUBHICTE poboTH OiodinbTpa?

44, Yomy 10 BiAXOIIB Cy9acHUX HiAMIPHEMCTB i3 BUPOIIYBaHHA XyZOOH Ta MTaxiB

MaJio 3aCTOCOBHE MPHUPOIHE KOMIIOCTYBaHHS?

45, 11lo Take aHTaroHiCTHYHI Oiompenapatu?

46. I1lo Take Giopemeiais?

47. 1o Take KCEHOOIOTHKH?

48. Sk BUIII pOCTUHH MOKPAIIYIOTh SKiCTh TPYHTY 11032 CIIPHSHHSAM poOOTi
a30TodiKCyr0Unx OakTepin?

49. SIx Ha3MBa€THCS OIOTEXHOJIOTIYHUIN MPOIYKT BEPMHUKYILTUBYBAHHS?

50. Sk mpairorTh KIITHHHI 010CEHCOPH Ta sIKi X €KOJIOT1uHi nmepeBaru?

51. Sk mpoBOAATE BUSABICHHS aHTPOIIOT€HHI YHHHHKIB Y TPYHTAX Iepe]
3aCTOCYBaHHSIM OiopeMenariifHnX MeToIiB?

52. Slka MpUHINTIOBA Pi3HALA MK METaHTCHKAMH i aepOTeHKaMu?
53. Slke 3HaYEHHs Ma€ BEPMUKYJIbTHBYBaHHS JUISl CUIILCBKOTO TOCIIONapcTBa?
54. Sxuii mporiec Ha3UBAIOTh BEPMUKYJIHTUBYBAHHS?

55. SIkuM YMHOM HECHPHSTIMBI aHTPOIIOTeHHI (PaKTOPH BIUIMBAIOTh HA
TOMEOCTa3 y TpyHTax?

56. fki GiomorivHi ciocoOu 30aradeHHs IPYHTY a30TOM BHKOPHCTOBYIOTHCS B
CLTBCEKOMY TOCTIOIapCTBI?

57. 5Iki 61000’ €xTH OEpyTh y4acTh y MPOIeCi BEpMUKYITHBYBAHHSI?
58. fki GioximMivHI IPOIIECH JIe)KAaTh B OCHOBI 0100YHIICHHAS CTIYHUX BOJ?

59. SIki BuIM HeOe3neyHHX CIONYK 3[1aTHI pyHHYBaTH MiKPOOPraHi3Mu 3a]1st
OYHIIIEHHS MOBITPA?

60. SIki BUIU NPOIYKIIii MOXKHA BUTOTOBIISITH, 3aCTOCOBYIOUYH 010TEXHOJIOTTT?

61. SIki BUIM peYOBUH, 1110 3a0PYAHIOIOTH HOBITPS, CHOT'O/IHI BUITYYaroTh 32
JI0IIOMOT 010 010 UIBTPiB?

62. SIki BUI POCIIMHHU CIIPHAIOTH (hikcamnii aTMOC(hEpHOTo a30Ty B TPYHTI?

63. SIki ra3u BUAAJISIOTH 13 IOBITPSI aOCOPOIIIEI0 BOAHUM CEepPeIOBHIIICM?

64. SIki rocriogapchki npobiieMH A0IoMarae BUpIIIUTH 6i0TexXHOIOris?

65. SIki TpynH )KMBUX OpraHi3MiB OEpyTh y4acTb y MpoIeci KOMIOCTYBaHH:?

66. SIki Tpynu npenapaTiB MOKYTh 3aMiHUTH MECTULIMAN?
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67. SIki rpynu XiMiYHUX PEYOBHH I03BOJISIOTH aHAII3yBaTH Oi0CceHCOpH?

68. SIki exoJI0TiuHI IMepeBaru MarTh (epMEHTHI Oi0ceHCOpH?

69. SIki 3a0pyAHIOBaYl MOXKYTh MICTHTHCH Y TIOOYTOBHX CTIYHHX BOJaxX?

70. SIki 3a0pyAHIOBaYi MOXKYTh MiCTUTUCH Y IPOMHUCIIOBUX CTIYHUX BOAAxX?

71. SIKi icCHYIOTh €KOJIOTiYHI IIepeBary 3aCTOCYBaHHS OiompemapariB Ta
0iomo0puB, HA BiAMiHY BiJl IECTUIHIIB?

72. SIKi KOMITOHEHTH BXOJSTH 10 CKJIaTy KOMIIOCTY, YTBOPEHOTO 3 OPTaHIYHUX
BigxomiB?

73. SIki HayKku cOpMyBaJIH TEOPETUIHE MIATPYHTS O10TEXHONIOTII?

74. SIki OCHOBHI ITOKa3HUKH 010XIMIYHOT'O OUHMINEHHS CTIYHUX BOA?

75. ki ocobmuBocTi iTopemeniamii? ki J0DaTKOBI TOCTIONAPCHKI 3aBIaHHS
BOHA MOJKE BUPIlIyBaTh?

76. Sxi mepcreKTHBY BUKOPUCTAHHS 010Ta30BUX YCTAaHOBOK B YKpaiHi?
77. Sxi ciopynu 11 6100YUIIEHHS CTIYHUX BOJ HaOLIbII epeKTHBHI?
78. SIki TMITH TpaHCIBIOCEPIB 3aCTOBYIOTHCS B OioceHcopax?

79. SIki axTOpH BIUIMBAIOTH HAa e)EKTUBHICTH (hiTOpemeniauii IpyHTIB?
80. AxicHwmif Ta KUTPKICHIH O10MOHITOPHHT.
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