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

Onuc HaBYaNbHOI AUCLMNAIHM 3rigHO po60o4oi nporpamum

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 ayOumopHo2o HAGYANbHO2O 4aACy CMYOeHMA Y i0COMKOBOMY 6UMIDL:
o dennoi hopmu 3006ymms ocsimu — 30,5 %




Po3nopgin HaBYaNnbHUX 3aHATb 3a PO34i1amMKU AUCUUNAIHU

Jdenna ¢opma | 3aouna popma

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

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

Tema 2. BiOMOHITOPHHT JOBKJLIS 2 2 6 - - -

Tema 3. AnbTepHaTHUBHI POAYKTH 2 2| 6 - - -
eKk0010TeXHOJIOT11

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

Tema 5. Cnerudika 6i0ouncHUX 2 2 |12 | - - -

KOMIUIEKCiB BUPOOHHUIITB

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

Tema 7. bioounieHHs TPyHTIB 2 2 | 16| - - -
Tema 8. bioounteHHs MoBITPs 2 2 16 - - -
Pa3zom 16 | 16 | 73 - - -




Beryn

BioTexHomOTis, 3riIHO TMOIIMPEHOTO BU3HAUEHHS, L€ BUKOPUCTAHHS
JKUBUX OpPTaHi3MiB i 010JIOTIYHHX MporieciB y BUpoOHuUITBI. [IpoTe, sxmio
OpUudHIATH (QOpMaIIbHO Take BHU3HAYEHHS 33 OCHOBY, TO IO CKIJIAAy
010TEeXHOJIOTIH MOTpaIlIsI€ yCe TPAIUIliiiHE CUIbChKE TOCIIOAaPCTBO YIIPO-
JIOBK OCTaHHIX KUIBKOX THUCSY POKiB. Pa3oM i3 TUM, CbOTOIHI 0i0TEXHO-
JIOTII0 aCOIIFOIOTH i3 €JIEMEHTAMH I'eHHOI 1HXKEeHEepil, HOBITHIMH METO/IJaMU
y BHPOOHUIITBI Ta TepepoOIli, EKOJIOTIYHUMH TEXHOJIOTiSIMH TOIIO. 30ar-
HYTH Miclle O10TEeXHOJOTIYHUX METOMIB y Cy4acHOMY CBiTi — onHeE i3
3aB/IaHb MUKy IUCIUILIIH MPO Ol0TEXHOJOTII, sIKi BUKIAAa0Th CTYIEH-
TaM TMPHUPOJHUYMX HAYK CHEIialbHOCTI ,,Exomoria”: ,,OcHOBH Gi0TeXHO-
gorii”, ,,Exomoriuna Oiorexuosnorisa”, ,,bioMeToau B €KoJIorii” TOIIO.

3MicT Kypcy HaBYaJIbHOI TUCIHMILIIHY ,,EKOJIOTi9HA Oi0TEXHOMOTIS”
pOOUTH aKIIEHT Ha EKOJIOTIYHMX 3aCTOBYBAHHSAX O10TEXHOJIOTIYHUX
METOJIiB: OIOMOHITOPHHTY CTaHy JOBKULIA, 3a00IraHHIO Ta YCYHEHHIO
3a0pyIHEHHS TMOBITPS, BOAM Ta TPYHTY TOIIO. BaknuBuii Hampsm
010TEeXHOJNOTIYHOI HAayKH — CIPHUSHHS PO3B’S3aHHIO 3ajadi TMOLIYKY
aNbTEPHATHBHUX JDKEped CHeprii Ta albTePHATUBHUX CHPOBUHHHUX
3amaciB U Pi3HHUX ranysel i chep JisTbHOCTI JFOANHH.

UKco eKOJIOTiYHUX 3aCTOCYyBaHb OIOTEXHOJIOTIT Ta 00csar iH(op-
Marfii, Mo CTOCYEThCS METOMIB Ta MPUHOMIB Oi0OUMINEHHS, OTPUMAHHS
EHEepProHocCiiB i3 6iomMacH, 3aCTOCYBaHHSI 010TEXHOJIOTIYHAX aHATITUIHUX
CHCTEM TOIIO BEJMYE3HHH 1 HE MOXKe OyTH JETalbHO OMAaHOBAHUU 3a
TOJIMHH, SIK1 BUJIJICHI JUIA ayJUTOPHHUX 3aHATH 1 MaTepiai Ui SKHX PO3-
MIIICHO Yy IIMX METOAUYHMX pekoMmeHpaiisx. bins 70% Bia 3arajibHOTO
yacy, BWIIJICHOrO Ha OMAaHYBaHHS JMCIUIUIIHK CTAHOBHTH CaMOCTiiHA
po0oTa, THCTPYKIIIT 10 SIKOT OTMIMCAHO Y OKPEMHUX METOJMYHUX BKa3iBKax i3
JaHol HaBYaJIbHOI AucuuIUIiHd. Ha camocTiiiHe onpaifoBaHHs BiBEAECHO
TEMH, 110 CTOCYIOTHCS POOOTH i3 CyOcTpaTaMH Ta OTPUMAaHHS MPOIYKTIB
010TeXHONOTIH, (epMEHTH, 30KpeMa OUTBIN JieTalbHe BUBYEHHS MPOIIECiB
aepoOHOi Ta aHaepoOHOi (epmeHTawii BigXOIiB, TEXHOJOTIYHI CXEMH i
NpPaKTUYHE 3aCTOCYBaHHS aepyBaJlbHUX CHUCTEM OYMINEHHS CTIYHHX BOJ
Ta aHaepoOHUX CHUCTEM MepepoOJIeHHs BiXOAiB, O10XIMiYHI MiAXOOH B
001acTi OKUCICHHS BXKKUX METaJIiB Ta IEPETBOPEHHSI COHAYHOT €Heprii.
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[Ipn BHBYEHHI KypCy CTYOEHTH OTPHUMYIOTH TEOPETUYHY OCHOBY
i 9ac JeKUiHHUX 3aHATh, 3aKPIIUIIOI0YX 11 Ha MPAKTUYHUX 3aHATTAX Ta
IUIIXOM caMOCTiiiHOT poboTH. 1li MeToaudHI peKoMeHaaIii MiCTATh KO-
POTKHUH TEOpETUYHUN MIHIMYM Ta MMATaHHS AJIS1 CAMOTIEPEBIPKH 13 BOCEMH
TeM, Ha ONaHyBaHHS SKUMH BiIBOAUTHCA 16 TOWH JEKIIHHAX Ta CTIIBKA
K MPaKTUYHUX 3aHATh. OKpeMi po3iin peKOMEeHJalill MICTATh TEPMiHO-
JIOT1YHUH CTIOBHUK i3 p03’ICHEHHSM OCHOBHUX TEPMiHiB, IO CTOCYIOThCS
3aCcTOCYBaHHS 010OMETOMIB Ta OIOTEXHONOTIH y €KOJOrii, a TaKOX MPHK-
JIaid TUTIOBUX TECTOBHX 3aMUTAaHb 3 AAHOI JUCUUILTiHH.

OnaHyBaHHS €KOJIOTIYHUX ACTHEKTIB Cy4acHHX Oi0TeXHOJIOTiH cTa-
HE Ha MPUTO/i CTYIEHTaM CIeIiabHOCTI ,,EKoNoTis’” i JOmoOMOXKe YCBi-
JIOMUTH JIONUIBHICTh BUKOPUCTAHHS OI0TEXHOJIOTIYHMX METOMIB JUI 3a-
XHUCTY MOBKULTA. HeoOXiTHUM eleMeHTOM BHBYEHHS KypCy € BHKOPHC-
TaHHsI IPUHANMHI OCHOBHOI peKoMeHI0BaHoi JiTeparypu [1-3]. HaBuains-
HU 1ociOHUK [1] momomo)ke MOrIHOIEHOMY TEOPETHYHOMY BHBUCHHIO
OCHOBHHX TE€M KypCy, MOCIOHHK [2] MICTUTD 3aBIaHHS i MPUKIAIH BUKO-
HaHHS JIA0OpPaTOPHHUX POOIT, SKI OXOIUTFOIOTH OCHOBHI PO3IUIH Kypcy
€KOJIOTiYHOi OioTexHoJoril i OyAyTh KOPHUCHI THM, XTO 3aIliKaBUTHCA
MPUKIAIHAMHE aclieKTaMu auciminting. HaBuanpauit mocibuuk [3] cepen
IHIIIOTO TIPOTIOHY€E BHKJAJ 3aKOHOMIPHOCTEH Ta CIiBBiJHOUICHb s
EMIIIPUYHOTO OIKCY BHKOPUCTAHHS KYyIbTYp MIKpPOOPTaHi3MiB, OIHC
OKPEMHUX eKOOI0TEXHOJIOT1H Ta 0COOIMBOCTEH X 1HXKEHEPHOT peanizartii.



Tema 1. EX00ioTexXH0JI0TiI — KOMILIEKCHA
MiZKIUCUMILIIHAPHA HAYKA

Bionoris sik HaykoBa OCHOBa 010TEXHOJIOTIYHHUX MPOLECIB 1 CUCTEM
MPOTATOM OCTAaHHIX JECATHpId 3poOnia yIEeBHEHWH KPOK yrepen Ha
HUISIXY Mi3HAHHA Pi3HUX (OpM KUTTSA. HOBI BIAKPUTTS B PI3HUX rairy3sx
OioyoriyHol Hayku OaraTto B 4OMY y3arajbHWIA PO3pi3HEH! MPHUKIAIHI
HampsAM{, WiABENW T HAX €auHy (QyHIaMeHTalbHy ocHoBy. lle
PO3LIUPUIO MOXKIIMBOCTI MPAaKTUYHOTO BUKOPHUCTaHHS 010J10Tii B IiloMY,
a He TUTbKH OKpemux ii HampsMmiB. Ha ctuky OiojoriuHux, XiMi4HHX i
TEXHIYHUX HAYK BUHHKIIA MIKIUCIUILTIHAPHA Taly3b 0i0MexHON02Is.

Biotexnomnoris (Big rped. Blo — )KUTTS, T€XVO — MUCTELTBO Ta AOYit
— CIIOBO, YUYEHHsI) SIBJISIE COO0I0 HAYKOBY Tally3b, IO JOCTIIKYE MOKIIH-
BOCTI BUKOPHCTaHHs XHBHX OpraHi3MiB Ta OiONOTIYHUX MPOLECIB Y
MIPOMUCIIOBOMY BHPOOHUIITBI.

[Mpeamerom OGioTexHOIOTIT € HOCTIHKEHHS OcoOIMBOCTEH (DyHK-
iOHYBaHHS ¥ PO3BUTKY O1OJIOTIYHMX CHUCTEM Ta BHSIBICHHS 3aKOHOMIp-
HOCTEH, Y SIKHX MOXITUBE CTBOPCHHS YMOB TPOBEJICHHS CIPSMOBAHOTO
OiocunTe3y. O0’ekTaMu 0I0TEXHOJIOTIYHHUX JOCIIHKEHb BUCTYIAIOTh KO-
MIOHEHTH MPHPOJHUX 1 IITYYHHX EKOCHCTEM, 1X pEeryJslilisi, MKUTTE-
3JIaTHICTh, & TAKOXX MEPCIEeKTHBA 3MCHIICHHS TEXHOTCHHOTO HABaHTA-
JKEHHsI Ha JOBKULISA. Y OIOTEXHOJIOTIT BUKOPHCTOBYIOTH PI3HOMAaHITHI
MeTou (IuB. puc.l.).

OcHOBHI 3aBIaHHA 010TEXHOJIOTIH B €KOJIOTIT:

— 30epeXeHHS HUTICHOCTI HABKOJHUIITHEOTO MPUPOJTHOTO CEPEAOBUIIA,

HOro cTabiNBHOCTI, CTIMKOCTi, BUKOPUCTAHHS €KOJIOTIYHO Oe3red-

HUX OI0TEXHOJIOTIYHUX METOIB Y IMEBHUX Taly3sX TrOCHOJapChKOi

JISIIBHOCTI;

— IIMPOKE 3aMpOBa/DKCHHS METOIB 0ilojerpaaalii TBepAuX 1 piIKux

KOMYHAaJIbHUX Ta MPOMHUCIIOBUX BiJIXO/IiB;

— BHKOPHCTaHHS 3ac00iB 0i00YHMIIEHHS MOOYTOBUX i MPOMHUCIIOBHX

CTIYHHMX BOJA Ha 0a3l iMMOOLTI30BaHUX (PUIBTPYBAIBHHUX CHCTEM,

0io¢inbTpiB;



MeTozan migBAIICHHS Meroau BHBYCHHSA
PenpOaYKTHBHOCTI 0OMiHY PeYOBHH
61000’ ekTa 61006’ €kTa

CENEKIIiA ]
in vitro in vivo

KIITHHHA IHKeHepist J

TCHETHYHA IHXKCEHEepis }

-
METO/IM OTPUMAHHSA
! YHMCTOI KyJIbTYPH

: 61006 ckTa

E METOI!

i Meronu minbopy BIOCHUHTE3Y MeTtoaun

: CHCTEMH (IoBepxHEBe, TiATOTOBKH
: diopeaxkropa HOHHHE cyOcTpary

! KYJIBTHBYBAHHA

s =
MeTo 1 OUHUIIEHHS i
\ 30€peKeHHS IIPOLYKTY

R o P

[ Di3uK0-XIMIYHI METOIM BUAICHHS I

aHaJlizy TOTOBOI'O POAYKTY

Puc.1. Cxema KOMIUIEKCY METOAIB 010TEXHOJIOTIYHOTO
BUPOOHHUITBA Ta iX B3a€EMO3B’SI3KY

HAJIArO/KEHHS BUPOOHMLTBA aNbTEPHATHMBHUX BHUIB OlonanuBa
(biorasy, OioeTaHoiy);

CTBOPEHHS aJIbTEpPHATUBHUX TEXHOJIOTIN JJIsi 3aCTOCYBAHHS B arpo-
MTPOMUCIIOBIHN Tay3i;

JOTPUMAaHHS TEXHOJIOTTYHUX MPUHIIMITIB IEPETBOPEHHSI TPUPOAHUX
MaTepiajiB, eHeprii, 0 TPYHTYIOTHCS Ha palliOHATLHOMY MPHPO-
JIOKOPUCTYBaHHI;

MPOEKTYBaHHS 1 BUPOOHUIITBO IHXXCHEPHUX KOHCTPYKIIiH, aHai-
TUYHUX TPUCTPOIB 3 BUKOPUCTAHHAM 010MOJIEKYI JUISl IPOBEACHHS
€KOJIOT1YHOTO MOHITOPUHTY, OloiHMKaIii (CTBOPEHHST Oi0CEHCOPiB
pizHuX Moaudikaniii, 6ioeneMeHTiB-0lounmiB A1 KiOEpHETUKH, a
TaKOX B €JIEKTPOHO-00UHCIIIOBAJIbHUX MaIIMHAX );



— Ppo3po0Ka METOIB TEeHETHUYHOI Ta KIITHHHOI iHXKEHEpii JJIsl BUTOTO-
BJIEHHS 01000’€KTIB 3 KaTaOOMYHOIO CHCTEMOIO IETOKCHKALIT
LIKIJJIMBUX KCEHOOIOTHKIB;

— BHKOPHUCTaHHS O10CMHTETMYHHX, O10JIOT1YHO aKTUBHHUX PEYOBHH Y
MEIUITMHI Ta BETCPUHAPIT;

— YBEICHHsI KOpUCHUX 0i0100aBOK Yy MPOAYKIIF0 XapuoOBOi MPOMHC-
JIOBOCTI;

— CTBOpEHHA I 3aCTOCYBaHHS TEXHOJIOTiH 30araueHHs Ta Oiomepepo-
OKM MiHEpanbHOI CHPOBHHU;

— YOpOBa/PKeHHS aJbTEPHATHBHUX TEXHOJOTIH y  AiSUTBHICTH
arpoIpoMHCIOBOTO KOMILIEKCY.

BioTexHouoris sk Hayka (opMyBasiacsi TIOCTYIOBO MPOTSITOM €BO-
JIOLIMHOTO PO3BUTKY JIFOACTBA. Y JaBHI 4acH TOJIOBHUM JOCATHEHHSIM
eMIipuyHoi 0i0TeXHOJOrIT OYyJI0 Te, 10 3aBISKH yCIiXxaM PUIbHHUIITBA i
TBapUHHUIITBA MOXKHA OYyJIO MPOTOAYBaTH OLIBITY KUTbKiCTh mromei. Ho-
Bl €Tam PO3BHUTKY MMOB’s3yi0Th i3 iMeHeMm Jlyi Ilacrepa (1822-1895),
KU CBOIMH TIPAIsIMA CTBOPUB pealibHi MepeIyMOBH s BAHUKHEHHS i
PO3BUTKY NpUKIaAHOT MikpoOiomnorii Ta 6iorexHomnorii. [lactep Bimkpus
MiKpOOHY MPUPOY OpOMAiHHS, TOBIB MOXKIIUBICTD KUTTS O€3 KHUCHIO, pO3-
POOHMB TEOPETHYHI MOJOKEHHS BAKIIUHONPO(IIAKTHKA Ta BaKIIMHOTEPA-
mii, cTaB aBTOPOM METOAy CTepwiizalii (macrepusarii). BusBuB Mikpo-
010JIOTIYHY CYTHICTh 0araTb0oX XBOPOO JIIOJIMHH, OYyB OIHUM i3 TBOPIIIB
MikpoOiomorii Ta imyHojorii. Ha 6a3i #oro mocmimkeHb BUHHUKIO i
PO3BHBAJIOCH OpOJMIIbHE BUPOOHMIITBO OPTaHiYHUX PO3YMHHHKIB (arie-
TOHY, €TaHONy, OyTaHOIy W 130MPOMAaHOIy) Ta 1HIIUX XiMIYHUX PEYOBUH
Hanpukiam XIX ta Ha modaTky XX CT.

ITacTepiBCchbKi BIIKPUTTS MaJld TiJHE MPOIOBKEHHS B JOCIHIHKCH-
HSIX Y4eHHX pi3HMX KpaiH cBiTy: P. Koxa, I.H. 'a6puueBchkoro, J.M.
IBaniscekoro, E. Hdrokno, A. ne bapi, E. Py, IILLE. lllambepTena, XK. A.
Binbemena, JI. Jlucrtepa, 1.B. Bapanenwkoro, O. bpedenpaa Ta iH.
Oco061uBO BaroMuii BHECOK Y MiKpOOiOJIOTiHHI JOCHIHPKEHHS Ta PO3LIH-
PEHHSI MOKJIMBOCTEH MeTomaiB OioTexHosorii 3poous P. Kox. Heominen-
HUMHU Oyl YCHIXM y BHMBYEHHI MIKpOOPraHi3MiB Ta MOKJIMBOCTI iX
MIPAKTUYHOTO BUKOPUCTAHHA yKpaiHChKMX ydeHux l.I. Meunuxosa, /[.K.
3abonotHoro, B.JI. Omensucekoro, M.®. Mamanii, J1.O. Tapacouua.
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Ha mouatky XX cr akTuBHO OymyBaiu ApiKIKEBI 3aBOJH, BUPOO-
HUILTBO alleTOHY, OyTaHOIY, JINMOHHOI Ta MOJIOYHOI KUCJIOT, IO YTBOPIO-
10TbCA y niportecax Opoxinas. Ilepion 1941-1960 pp. — epa aHTHOIOTHKIB
(Bimkpurtss dneminrom meHinwiIiHy y 1928 3HaWIIO MpOAOBKEHHS Y
pobotax X. ®@mnopi ta €. YeiiHa, axy y 1940 oTpumanu O4YHMIIEHUH Bix
JOMIIIIOK >KOBTHI MOPOILOK NeHIIIiHY). bputanceki gociqauku y 1943
P- BUSIBIISIIOTH MyTamii OakTepill, 0 cTa€ MOYaTKOBUM MEPiOIOM PO3BHT-
Ky T€HeTHYHOI imxkeHepii. Po3poOKy mporo HanmpsMy Oyio MpOoIOBKEHO B
¢dbyHaaMeHTanbHUX poboTax amep. yueHnx M. Makkapri i K. Makneoaa,
ski Bimkpumm monekyny JHK (renm); mocmimaukiB i3 Kem6pumia .
Kpuka ta [Ix. Yorcona (1953), mo BcTaHoBWH 11 CTPYKTYpY. AHTI. 6io-
ximik @. Cenrep (1953) BUKOHAB MOBHMI ONHUC CTPYKTYypU OijKa iHCY-
JIiHY; HAM BIIEpIIE B TA0OPATOPHUX YMOBaxX OyJI0 CHHTE30BAaHO MOJIEKYITY
JTHK (1958).

[lepiox 1960-1975 Ha3uBarOTh MEPioOM KEPOBAHOTO OIOCHHTE3Y:
po3poOKa ¥ 3ampoBaHKEHHS aHATITHYHUX METOJiB; HaOyB MONIUPEHHS
MIKpOOHHH CHHTE3 PEYOBHH, MPOMHUCIOBE BHKOPHUCTaHHS iMMOOiTi30Ba-
HUX (PEepMEHTIB i KIIITHH, BUPOOHUIITBO 0iorasy TOIIO.

Hnpemry nepion i3 1975 p mo chorogHi Ha3uBarOTh CYYacHUM
MepioIoM PO3BUTKY 010TEXHOIIOTIi. 3HAUHI YCHIXU (yHIaMEHTAIbHUX JI0-
CJIIJKEeHP Yy Tairy3i 6ioxiMii, OioopraHiuHoi XiMii, MOIEKyIsIpHOT OiooTii,
MiKpOO10JIOTii Ta TEHETHKH, SKI MaJX Miclle MPOTSATOM JAPYTOi MOJIOBHHA
XX cT., CTBOpWIIM IIEpEIyMOBH ISl KEPYBAaHHSI €JI€MEHTAPHUMH MEXaHi3-
MaMH JKUTTEAUTBHOCTI KIITHHH, 0 OYJI0 MOTYKHHUM IMITYJBCOM JUIS
po3BUTKY OioTexHosorii. CaMe reHeTUYHa H KIIITUHHA iH)KEHEpis BU3HA-
YHIIM TOJIOBHI HANpPsIM Cy4acHOT 010TeXHOJIOT 1.

Jlo ocHOBHUX 3100yTKiB OCTAaHHBOTO MEPIOy MOXKHA BiJTHECTH Te,
0 TPOTATOM IBOTO TEpioLy PO3pOOIEHO EKCIpPec-MeToa XiMIYHOTO
ananizy JIHK, BH3HaueHHS MOCTIZOBHOCTI B HYKJICOTHIAX a30THCTHX
ocHOB (1976); ymepme cunTe30BaHo reH (1977), CKOHCTpyHOBaHO
niepmuii cuaTe3aTop reHiB (1980); cTBOpeHi CHHTE3aTOpH HYKJICOTHIIB Ta
KOMIUIEKCH MIKPOaHaJIi3aTOPIB HYKJIETHOBUX KUCJIOT (T€HIB) i3 mporpam-
HUM 3a0e3neueHHsIM (1982); TexHoJoriuHi JiHii aBTOMaTH30BaHOTO CHH-
Te3y MOJINENTHAIB; PO3POOIEHO eKCIIEPUMEHTANbHI METOAN YIbTPALCHT-
pudyrysanss, enekrpodopesy, ahiHHOT xpomarorpadii Ta iH.
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Baromuii BHeCOK y pO3BHTOK 0i0TE€XHOJIOTIl 3pOoOMIIM BITUYM3HSHI
BueHi. JlocmimkeHHs MikpoOioora I[.fI. IBaHIBCHLKOIO IIOB’S3aH1 3 BUKO-
pUCTaHHSAM OakTepianbHUX (ITBTPIB A BIIKPUTTS BipyCiB; y Mparsx 3a-
cHoBHUKa emigemionorii J[.K. 3a6onoTHoro po3pobiieHo Teopii iHpeKiii-
HUX 3aXBOPIOBAHb Ta IMYHITETy, BIEpIIE 3aCTOCYBaB XiMidHI BaKIMHHU,
B.JI. OMensHChKUI BUBYHMB POJIb MIKpPOOPIaHi3MiB Y KpyrooOiry a3oTy B
npupoai Ta B Oiloaerpazaauii ripcekux mopix; mikpooionor C.M. Buno-
TPaaChKUAN OCTiIKyBaB MPOIECH XEMOCHHTE3Y, IOB’S3aHI 3 THIIOM
JKUBIICHHS CIpKO-, HITpUGiKyBaJbHUX 1 3ai300aKTepiil, M0 Ma€e BEIHMKE
3HAaYeHHS B YTPUMaHHI a30Ty, CIpKH B IPYHTI, B OYHIIEHHI CTIYHUX BO/I.

Humanus ons camonepesipku

o sBNsIIOTH COO0I0 MepeyMOBH (OPMYyBaHHs O10TEXHOJIOTT SIK HAYKH?
OxapakTepu3yiTe npeaMer i 00’ €KTH 010TeXHOJIOTII.
OxapakTepu3yiTe 3aBIaHHsI 010TEXHOJIOTIH B €KOJIOTII.

PR

Koro cepen yaeHUX-10CIITHUKIB MOKEMO BBaXKATH 3aCHOBHHUKAMU
6ioTexHomOTIi?

Sxum OyB HaykoBuit BHecok JI. [TacTepa B po3BHTOK 0i0TEXHOJIOTII?
SIxi Hayku chopMyBaIIU TEOPETHYHE MiAIPYHTS O10TeXHOJIOTi?
Kouu i kum yniepie Oyio curte3oBaHo monekyny JJHK?

3 iMEHaMH KX YYEHUX TIOB’SI3yIOTh BIAKPUTTS aHTHOIOTHKIB?

©oNo G

Ha sikuii epio npunaa€ BUHUKHEHHS Cy4acHOT 010TEXHOJIOTIi?

10 Ha sikux HayKoBO-MeTOJMYHHX 3acanax 0a3yeTbest OioTexHomorisn?

11. SIxwiif BHECOK 3pOOMITH YKPaiHCHKI yYeHI B PO3BUTOK OiI0TEXHOIOTI1?

12. SIxi rocmioapchKi MpoOIeMH MOYKHA BUPILITUTH 3 JIOTIOMOTOI0 Pi3HHX
610TeXHOIOTIH?

13. SIki KOHKpEeTHI 3aBAaHHS CTABJISTHCS MEPe]l €KOJIOTIYHO CIPSIMOBAHUMHU
6ioTexHoOTIAMU?

14. Konu Brepie CTBOPEHI CHHTE3aTOPH HYKJICOTHIIB Ta KOMILJIEKCH MIiKpOaHa-
J3aTOpiB HYKJIETHOBHX KUCJIOT (FEHIB) i3 IpOrpaM HUM 3a0e3eueHHsIM ?

15. I3 IKUX OCHOBHHX €JICMEHTIB CKJIAIA€ThCSI O10TEXHOIOTIUHUI mporiec?

16. Yomy po3BHUTOK 6i0TEXHOJIOTIH B YKpaiHi MO’KHA HAa3BaTH MEPCIIEKTHBHUM?

17. SIxi cTpaTeriuHi MepcreKTUBU PO3BUTKY 010TEXHOJIOTIN y CBITi?

18. Ha sikux npuHIunax 6a3zyeTbes peasizaiis 610TeXHOJIOTTYHHAX HpoleciB ?

19. SIki BUIU MPOAYKIIii MOXHA BUTOTOBJISITH, 3aCTOCOBYFOUH 010TEXHOJIOTIi?

20. YoMy BUKOpHCTAaHHS OI0TEXHOJIOTIYHUX METO/IIB 1a€ MOXKIIUBICTh

KOMIUIEKCHO BUPIITYBaTH €KOJIOTiYHI mpobiemu?

12



Tema 2. BioOMOHITOPUHT 10BKIJLIA

Ha crtan noBKiIA BIUIMBAalOTH YHMCJICHHI aHTPOIOTEHHI (haKTOpH
(A®D). BaxxuBuM € BiicTEXKYyBaTH Aif0 TakuX (akTopiB. Taky Mit0 MOXKHA
BUSIBIIATH Oe3MocepeHbo (K OT BUPYOKY Jicy), abo omocepeaKoBaHo, SK
OT TIPUTHIYEHHS TEBHUX BUAIB POCIMHHOCTI YHACHIOK 3a0pyTHEHHS
noBkiutsa. Ha Oynb-sIKuid BIUTMB TPUPOIHUX a0l0THYHHX 1 O10THYHHX (a-
KTOpIiB Yy KHUBUX OpraHi3MiB BUPOOJIEHI y MpoIeci eBOMIOLii NeBHI MpHUC-
TOCYBaJbHiI (aIanTHBHI) BIACTHUBOCTI, TOMI AK Ha OUIBIICTH aHTPO-
MOTeHHUX (aKTOPIB, SIKi JIIOTh NEPEBaKHO PamnToOBO (HemependadyBaHHUM
BIUTMB), TIOMIOHUX TMPUCTOCYBaHb y JKMBHUX OPTaHi3MiB HEMae€, MPOTe ix
peaxIlito MOXKHA BiACTEKUTH.

MoHITOpPHHT JOBKUJLIA — iH(pOpMaILliiiHa CHCTEMa PEeTIaMeHTOBaHUX
MepioguIHNX Oe3MepepBHUX, JOBTOCTPOKOBUX CIIOCTEPEKEHb, OIIHKH 1
MPOTHO3Y 3MiH CTaHy NMPHPOJHOTO cepeAoBHINa. biomoriuHuit MoOHITO-
PUHT — IIe KOHTPOJIb CTaHy JOBKIJIIS 32 IOTIOMOT OO KUBUX OPTaHi3MiB.

BiomoniTopuHT niependayae BUKOPUCTAHHS OPTaHI3MIB JUIS OLIHKH
3a0pyTHEHHSI HABKOJIMIIHBOTO CEPEIOBHIIA, HAMTPUKIIA] HABKOIUIIHBOTO
moBiTps abo Boaw. Lle MokHa 3poOUTH AKICHO, CITOCTEpiraloyu Ta 3a3Ha-
Yauu 3MiHU B OpraHizMax, a00 KiJIbKICHO BHUMIpPIOIOYM HAaKOIMYCHHS
XIMIYHMX PEUOBHH Yy TKaHWUHAX opraHizmy. Croctepiraroun abo BHMipio-
104X BIUIMB JOBKUDIS Ha OPraHi3MH, IO MEIIKAlOTh B HHOMY, MOXHA
3aITiI03pUTH a00 3pOOUTH BHCHOBOK TIPO 3a0pyTHEHHSI.

JocarHeHHs B Taiy3i 0i0XiMii, €eH3UMOJIOTIi Ta eNeKTPOHIKA Jain
MOYaTOK PO3BUTKY HOBOTO aHAIITUYHOI'O HAMpPSIMYy — CTBOPEHHsS 0ioTex-
HOJIOT1YHUX CEHCOPHUX METOJIB aHaJi3y 3 BUKOPUCTAHHAM aHAJITHYHUX
MpUJIaAiB HA OCHOBI OioNoriuHMX MatepiaiiB — O6ioceHcopiB. Exonoriuna
010TEXHOJIOTIS IIUPOKO 3aly4ae CUCTEMH OIOCEHCOPIB JIO iHAMKAIi Ta
KUTBKICHOT peecTpalii NeBHUX MOJIEKYJ Pi3HUX PEUOBHH, y TOMY YHCIi 1
TOKCHYHHUX (TIECTHIIHUIIB, I0HIB BaKKMX METAIB Ta iH.).

BioceHcopu — 1ie pUCTpOi-aHaANI3aTOPH, SIKI CKJIAAAIOTHCS 3 JBOX
OCHOBHHUX B32€MOIIOB’A3aHUX (PYHKIIOHATBHUX YaCTHH: 0i0CENIeKTUBHA —
JETeKTOp (IaT4MK), IO Ma€e OiOJIOTIYHO aKTUBHY CTPYKTYpY; IE€pPEeTBO-
proBanbHa (pi3uKo-XiMiuHA cUcTeMa (TpaHCIbloCe).

VY po0oTi JaTyMKiB BUKOPUCTOBYIOTH Pi3HI CEJEKTHBHI Oionoriyni

eJIEMEHTH ¥ Marepianu (KaTamiThuyHi — GepMeHTH, MeMOpaHH, TKaHUHH,
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KIIITUHY XUBUX OPraHi3MiB; HEKATAJNITUYHI CUCTEMU — aHTHUTLIA, aHTH-
reHd, HyKJeiHOBi kuciotu tomo). DyHkmii TpaHcAaprOCepiB MOXKYTbH
BUKOHYBATH €JIEKTPOXiMidHI IEpeTBOPIOBaYi (€JIEKTPOIH); ONTHYHI Ta iH.
NePEeTBOPIOBAYl; KOJOPUMETPHYHI, pe30HaHCHI cucteMu. basyrounces Ha
THIT O10TPAaHCIOBIOCEPIB BHOKPEMITIOIOTH OI10CEHCOPH EIEKTPOXIMIUHI,
OIITUYHI, €JIEKTPOHHI, I’ €30€TIEKTPUYHI, IPOENEKTPUYHI, TPaBIMETPUYIH]

BioceHcopHi aHami3aTOpd MarOTh IOCHTh MPOCTY KOHCTPYKIIIO,
BOHHM HaJiifHI B eKCIUIyaTarii, A0 Toro  mopTaruBHi. [lopiBHSIHO 3
TpagumiiHUMH (i3UKO-XIMIYHUMH aHami3aTopaMu Wi Npwiagd Oinbir
yyTIuBi (34aTHI BU3HAYWTH HABITH JY)KE€ Majli KiJIBKOCTI peeCTpOBAaHOI
pedoBunn — Menme 1072 1), mpudoOMy peanizyroTh MOKIIMBICTH aHalli-
3yBaTH OJHOYACHO KiJibKa mapameTpiB abo pedoBuH (y TOMy 4HcHi U
TOKCUYHUX). HailOiaplll MOMMPEHUMH B MPAKTUYHUAX TOCIHIIKEHHSIX €
(hepMeHTHI ¥ KITITHHHI 610CEHCOPH.

bioceHcopu Ha OCHOBI ()epMEHTIB MaIOTh BUCOKY CEJIEKTUBHICTb, Y
HUX €(PEeKTHBHO MOEIHYIOTHCSA (DEPMEHTATUBHO-KATATITHYHI Ta €NEKTPO-
XiMiUHI peakiii, 0 MPOXOMAATh Ha 3aHYPEHHUX Y PO3UUH EIIEKTPOJITY
EJIEKTPOTIPOBITHAX MaTepiaimax — eleKTponax. Taki MpuUCTpoi MIHUPOKO
BUKOPUCTOBYIOTHCSI B MEIMLIUHI AJIs1 BU3HAYEHHS BMICTY B KJIITUHAX KH-
BUX OPraHi3MiB TJIFOKO3H, aMIHOKHCJIOT, JIAKTO3H, IIipyBaTy, aleTHIXO-
JiHY, CECYOBHHHM Ta 1HIINX METaOOITIB.

BukopucraHHs A aHaNITUYHUX TOTpeO (EepMeHTiB y CKiaji
0loceHCOpIB XapaKTepHU3yeThCsl THM, IO TYT MOXYTh OyTW 3alisHi BCi
KJlacu OiokaramizaTopiB (OKcHIOpeayKTasa, Tpancdepasa, riaposasa, Ji-
asa, i3oMepasa, Jiirasa).

bioceHcopu Ha OCHOBiI iMMOOLTI30BaHUX (PEPMEHTHUX CHUCTEM Ha-
OyBalOTh MIUPOKOr0 MPAKTUYHOIO 3aCTOCYBAHHS B HAWHPi3HOMAaHITHIIINX
€KOJIOTIYHUX acCIeKTax, a caMe: Uil BU3HAYEeHHs BMICTY Pi3HHX OpraHiu-
HUX Ta HEOPraHiYHMX PEYOBHH Yy OIOJOTIYHHUX CEepPeIOBHINAX; IS
IHIMKAIlT CTyNeHs 3a0pyJAHEHOCTI 00’€KTIB JOBKUUIA PI3HUMH THIIAMH
IIKiJJIMBUX PEYOBHH, HANIPUKIIA]] NIECTHIIMIAMH, IiaHIJaM¥, I0HAMHU Bax-
KX METaJB; Y MEIMYHIN NIarHOCTHIIL; 3 METOI KOHTPOJIIO €(peKTHBHOCTI
010TEeXHOJIOTTYHUX MPOLECIB Y PI3HUX Taly3sX JIFOJCHKOI AisIIBHOCTI.

KnitunHi 6ioceHcopu, KOHCTPYKILIs SKUX mependadae iMmooisiza-
10 )KUBUX KJITHH Y mosiMepu abo TBepJi HOCIi pi3HOT MPUPOIH, BUKO-
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PHUCTOBYIOTBCS AJISl OL[IHIOBaHHS CTAaHY JOBKULIS (BUSBICHHS TOKCUYHUX
PEUOBHH B 00’€KTax CepeOBHUINA, IarHOCTYBaHHS HASBHOCTI TOKCHKAaH-
TiB B OpraHi3Mi JIIOAMHM, ¥ MIPOAYKTAX XapdyBaHHS, y TOBITpi Tomo). Lle
JNOCUTh YYTJIMBI TNpWIaaH, ePEeKTUBHICTh SKHX 3a0e3neuye IIBUAKICTDH
OTPUMAaHHS pe3yJbTaTiB (3a AEKUIbKa XBWIHMH), [0 MAIOTh YHIKAJIbHY
CHeuQivHICTb.

Cepen HalOiIbII MOMIKMPEHNX OI0CEHCOPIB KIITHHHOIO THITY MO-
YKHA Ha3BaTH aHAJI3aTOp JJISl CEIEKTHBHOTO BU3HAYECHHS BMICTY (DEHOMIB,
MpOJIiHY, TAyTaMiHy, THPO3MHY, MOJIOYHOI Ta acKOpOIHOBOi KHCIIOTH, a
TaKOX IS €KCIIPec-aHalli3y SKOCTI MUTHOI BOAM W CTaHy CTIYHUX BOJ, Y
TOMY YHCJII W IMIAXTHHX. 3ayBaXMMO, IIO caMe y IIaxTax BHKOPUCTO-
BYBaJll iCTOPUYHO OJHMH i3 MepmuX OiOiHAMKATOPIB CTaHy MOBITPS —
KaHapKy y KJITII K IHIUKATOP BMICTY MOHOOKCHAY BYTJIEIIIO.

B Incrutyti mMonekynsipHoi Giosorii ta reHernkn HAH VYkpainu
CTBOpPEHO OJHM3BKO ABAALATH Ja0OpaTOPHUX MAKETIB MOTEHI[IOMETPHY-
HUX 1 KOHAYKTOMETPUYHUX 010CEHCOPiB 3 BUKOPUCTAHHSAM CBITHOTO ede-
KTy monedepasu. Takoxk y chiBaBTOPCTBI i3 cnemiaiictamu JIbBiBCEKOTO
BIJUTUTEHHST PETYJSITOPHUX KIITHHHUX cucteM [HcTuTyTy Oloximii HAH
VYkpaiHu Ha OCHOBiI T€HETHYHO MOAM(]IKOBAHHX KIITHH OYJIO BHIIIEHO
KYJIbTYPY METHIOTPOGHHUX IPIXIIKIB, 110 MAIOTh BUCOKY CEIICKTHBHICTb.
BuxopuctaHHs OTpUMaHUX IPDKIPKOBUX KIITHH y OiOCEHCOpPHIN Ipak-
THUIII JJO3BOJISIE BU3HAYATH MaJli KOHIIEHTPAIlil BUCOKOTOKCUYHUX PEYOBUH
(MetaHOITY, eTaHONY ¥ POpMAaIBAETIAY) B PI3HUX CEPEIOBHUINAX.

OcCTaHHIM YacOM CIOCTEPIraeThCsl TEHJCHIIIS MOIIUPEHHS 010CeH-
COPHOT TEXHOJIOTIi Ha CBITOBOMY pUHKY. Tak, 3a CTATUCTUMHUMH JTAaHUMH
€KOHOMIYHOTO aHallizy y CBiTi Ha morpedu OioceHcopuku B 1997 Oyimo
ButpaueHo 10 MiH 7071., a Bxe B 2005-My el puHOK o1liHOBaBcs B 150
MIH goi. OTxe, BUpOOHULITBO BITUM3HIHUX OloceHCOpiB Mae 100pi mepc-
MEKTUBH BUKOPUCTAHHS Ha BHYTPIINIHHOMY PHHKY H OTpUMAaHHS IpH-
OyTKYy Bij iX eKCIopTy.

MennuHi 3acTocyBaHHS 010CEHCOpIB 3a3BHYAll PO3IUIAIOTH Ha Me-
TOJIH, SIKI BUKOPUCTOBYIOTH IN Vitro Ta in vivo. Tlpukiagom Giocercopa in
vitro € epMeHT-KOHIYKTOMETPUYHUI 010CEHCOp [UI1 MOHITOPUHTY TJIO-
KO3u B KpoBi. bioceHcop in vivo — Lie iMIUITaHTOBAaHMH NPHUCTPIH, KU
Mpaloe BCEPEAMHI TiIa MaljieHTa. 3BUYaliHO, 0I0OCEHCOPHI IMILIAHTATH
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MOBHMHHI BUKOHYBATH CYyBOPI MpaBwjia MI0J0 CTepHiIi3alii, o0 yHUKHYTH
MOYaTKoOBOi 3amanbHOoi peakuii micys immmadtauii. [Ipuxiagom 3acrto-
cyBaHHA OioceHcopa in vivo Moke OyTH MOHITOPHHT iHCYIIiHYy B Opra-
Hi3Mi, SKHI TIOKU 10 HEAOCTYMHUMA. J{71s1 Ge3nepepBHOTO KOHTPOIIIO PiBHS
TJIFOKO3HM pO3pO0IIeH]1 HalicydacHimTi 6i10CeHCOPHI IMIDIAHTATH, SIKI IHTET-
PYIOTH i3 MOOITBHUMH MPHUCTPOSIMH Ta OE3IPOTOBUMH CUCTEMaMH.

IcHyIOTH TpUKIamU 3aCTOCYBaHb 0IOCEHCOPIB B aHANI3i XapuoBHX
MPOAYKTIB. Y XapyoBiil MPOMHUCIOBOCTI iX BHKOPHUCTOBYIOTH IJISI BHSIB-
JICHHSl TATOreHHUX MIKpOOPraHi3MiB Ta Xap4OBUX TOKCHHIB. 3a3BHYaii
CUTHAJILHOIO CHCTEMOIO B ITMX OloceHcopax € (pIryopecueHIlisi, OCKIIbKH
el THI ONITHYHOTO BUMIPIOBAHHS MO 3HAYHO MOCHIIMTH CUTHAIL.

Humanus 015 camonepesipku

1. [aiiTe BU3HaYCHHS OIOMOHITOPHHTY.
Y 4oMy BiAMIHHICTH MiX SIKICHUM Ta KiJIbKICHUM 010MOHITOPHHIOM?

n

3. MaiiTe BU3Ha4eHHs O10CEHCOPIB Ta OOIPYHTYHTE MepeBary ix 3aCTOCYBaHHS y
pi3HUX cepax JOICHKOL TisITEHOCTI.

4. Ha KX TEOPETHIHHX 3acagax 0azyeTscs OioceHcopHuKa?

5. SIki npuHIUNY 1 AKy cXeMy (YHKIIOHYBaHHS MMOKJIAJICHO B OCHOBY Aii
6ioceHcopiB?

6. ki ramxysi HamioOHATBHOT EKOHOMIKH BUKOPHUCTOBYIOTH OioceHCOpH?

7. 1o siBiisie c000r0 OIOCETCKTUBHUMN €JIEMEHT?

8. Slkum umHOM pealtizyeThcsi 010TEXHOJIOTIYHHUI NMPOLIEC Y KOHCTPYKTUBHIM
cxeMi O6ioceHcopiB?

9. ki MM TpaHCIOBIOCEPIB 3aCTOBYIOTECS B OioceHcopax?

10. Y gomy mosisirae eKOJIOTIUHICTh BUKOPUCTAHHS 010CCHCOPIB?

11. SIxi exooTivyHiI MepeBaru MaroTh pepMeHTHI OioceHcopu?

12. SIx npamroroTh KIITHHHI 010CEHCOPH Ta sIKi IX eKOJIOTiuHi mepeBaru?

13. 3 sIKO0 METOI BHKOPHCTOBYIOTH 010CEHCOPH B TiPHUYIN POMHCIOBOCTI?

14. SIxi rpynu XiMiYHEX pEYOBUH JO3BOJISIOTH aHAII3yBaTH OioceHcopn?

15. SIxi 3100y TKH ¥ EPCIIEKTHBU PO3BUTKY 010CEHCOPUKH B YKpaiHi?

16.V yomy moJisirae KoMepiiiasizaiiis BUpOOHUITBA Oi0ceHCOpiB?

17. JIns aHamizy sSIKUX pe4OBUH JOIIIHFHO BUKOPUCTOBYBATH OioceHcOpH?

18. IlepcrieKTHBH BUKOPUCTaHHS 010CEHCOPIB Y arpoNpOMHUCIOBOMY KOMILIEKCi?

19. SIxi exonoriuHi nepeBaru 3acToCyBaHHs 010CEHCOPIB HA OCHOBI
iMMOO1TI30BaHIX (PEPMEHTHUX CHCTEM?

20. 3 K010 METOI0 3aCTOCOBYIOTH (DEpMEHTHI O10CEHCOPH B MEIUIIMHI?
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Tema 3. AIbTepHATHBHI NPOAYKTH eKO0iOTEeXHOJIOTIT

HeoOxignicTe 3ampoBa/pkeHHS B OIOTEXHOJOTIYHY HPAKTHKY
aTbTEPHATUBHUX (Bif JIaT. alter — iHITHH) BiZHOBIIIOBAHUX JKEPEI CHEPTii
MOSICHIOETBCS. BHYEPIHICTIO TPaIUIIMHUX CHEPreTHYHUX PpecypciB, a
TaKOX 1€ OB’ 3YIOTh 13 BETMKOI0 KUTBKICTIO €KOJOTIYHUX MpobiIeM, 1o
BUHHUKAIOTh Y MPOLECi BUKOPUCTaHHS TPAIWLIMHUX CHEPreTUYHUX TpH-
POOHMX JiKepell. YUYeHUMH MipaxoBaHo, IO MpH 30epekeHH] CydyacHUX
TeMIIB BUAOOYTKY ¥ BUKOPUCTaHHS KOPUCHHUX KONAJIMH IX BUCTAYUTh Ha
30-40 pokiB. IHTeHCHBHHII BHIOOYTOK 1 3acCTOCYBaHHS KOPHCHHX
KOTMANMHMH (BYTULIS, HAQTH, CIAHIEBOTO Ta3y, TOp(dy TOIIO) MPHU3BOIUTH
0O TOTO, M0 B HABKOIMWIIHBOMY CEPEIOBUII IiJBHUIIYETHCS DPiBCHb
KOHIIEHTpAIlil TOKCHYHHX CJICMCHTIB.

Cepen OCHOBHHX BHUIB OiomannBa BHOKPEMIIOIOTH: 0ioras (BUTO-
TOBJICHUN Ha 0a3l BiJXOJMiB POCIWHHHIITBA i TBAPUHHUIITBA), 010CTAHOI
(BupOONIEHMIT Ha OCHOBI I[yKPOHOCHHUX 1 KPOXMAJIEBMICHUX KYJIBTYp), Oio-
mu3enb (METHIIOBI M €THIIOBI e(ipu POCIMHHUX OJIiii) Ta TBeple MaUBO
(mo6ivYHA MPOIYKINisl POCIMHHUIITBA U JIICOBOTO TOCIOAAPCTBA — TPaj-
LiKHI APOBA, TTAJIETH, TOIIIO).

BioTexHoJIOTIYHMI TTPOIIEC YTBOPEHHS Oiora3sy siBiisie cO00K PO3K-
NalaHHs OpPraHivyHOi Macu Pi3HUMH Tpynamu OakTepiil, y ToMy 4ucii i
METaHOBMMH. YKpaiHa Mae OaraTy cHUpoBHHHY Oa3y (BiIHOBHiI pecypcH)
JUISL TIbOTO BHPOOHUITBA (BIIXOAHM POCIUHHUITBA, TBAPMHHUIITBA i ITa-
XIBHUIITBA), 110 JTO3BOJISIE MOPIYHO oTpumMyBaTH 20—50 MITH T yMOBHOTO
nanuea. MeTaHoBI OakTepii, a00 MeTaHOI'CHH, aJaNTOBaHI JI0 iICHyBaHHS B
PI3HUX XKUBUJIBHHUX CEPEIOBHINAX, 32 MOP(HOJIOTIYHO OYA0BOIO MOIIIIS-
IOTHCS TAKMM 4YMHOM: majudkornonioni (Methanobacterium), koxomomiGHi
(Methanococcus); caprmuomnonioni (Methanosarcina); cmipuaonoaiomHi
(Methanospirillum). ¥V npupoaHux ekocucTeMax METaHOTCHAMH € MpeJi-
CTaBHUKU OCTaHHBOI JIaHKH TpodiuHoro jianmiora. Tak, Ha Oonorax, B
03epax TOIO 32 y4YacTI0 aKTUBHUX (PEPMEHTHHX CHCTEM METaHOBHX OaK-
Tepiil crocTepiraeTbes AErpajailis 3aIUITKOBOI OpraHiyHOi MacH (THHT-
Ts). 3BIJIbHEHA B I[bOMY aHAePOOHOMY IPOIIECI €HEPris PEUOBHH Iepe-
TBOPIOETHCSL HA MOJIEKYJIM MeTaHy. IcHye MOXIuBicTh f00yBatu Oiora3s i
B aepoOHMX YMOBaXx 3 OyAb-SIKOTO0 OpraHiqHOro CyocTpary.
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AHaepoOHHI TpoLIeC YTBOPEHHS METaHy Ha3WBAIOTh MemaHozeHe-
30M. YHACHIIOK METaHOTEHE3Y YTBOPIOETHCS ra3oBa CyMill, Ky Ha3HBa-
10Tk GiorazoM. OcTaHHI#M CKIamaeThes 3 Takux KoMmoneHT: meTan (CHa)
— 50-75 %, Byrnekucnuii ra3 (CO2) — no 25-30 %, cipkoBoaenb (H2S) —
1 %, a Takox i3 He3Ha4HOI KijbkocTi a3oty (N2), amiaky (NHs), kucHio
(O2), Bomuto (Hy) Ta 3akucy Byruemto (CO).

JlaHiioroBuii MexaHi3M aHaepoOHOTO MPOLECYy METaHOTEHE3Y 3
BHKOPHCTAaHHSM OPTaHIYHOI CHPOBUHHU IIONISITaE B: 1) mepeTBOpeHHI opra-
HIYHUX PEYOBHH CyOcTpary (mosicaxapuiu, OiKH, )KUPH) HA CYMill MO-
HOCaxapuiB, aMiHOKHCIIOT, )KHPiB; 2) Ha IX OCHOBi: YTBOpPEHHS aleTary,
BYTJIEKUCIIOTO Ta3y W BOJHIO Oe3mocepeqHho abo i3 3amydeHHSIM alleTo-
TFeHHHMX OakTepii i3 OpraHIYHUX KHCJIOT 13 MOAAJIBIIOK 3) IMepepoOKOr0
METaHOBHMH OaKTEPisSMU Ha CyMIIll METaHY i BYTJICKUCIIOTO Ta3y.

YMOBHO BHIUISIOTh YOTHPH CTaii OaKTepiaIbHOTO METa00IIYHOTO
pyHHYBaHHS OpPTaHIYHUX CyOCTpaTiB 3 OTpUMaHHsSM Oiorasy. | cramis —
OaxTepii-aepobn ¢GepMEeHTAaTHBHO MepPeOyAOBYIOTh BUCOKOMOJIEKYIISPHI
CIIOJIYKH, IO MICTAThCSI B Oiomaci BimxomiB (Oiaku, mojicaxapujy, B
OCHOBHOMY MEJIOJIO3y U JMigH) y HU3BKOMOJEKYISIPHI BOAOPO3YMHHI
30popKyBaHI METa0OJITH: I[yKpU, aMiHOKHUCIOTH, XHUPHI KUCIOTH. Il
CTaJlisl — 0 PO3UICTICHHS 3a1y4al0ThCsl KUCIOTOYTBOPIOBAIIBHI OaKTepii,
B CEPEAMHY KIITHH SIKMX HPOHUKAIOTH OKPEMi MOJIEKYJIH, € BOHHU IPO-
JOBXKYIOTh ()epMEHTATHBHO 3MiHIOBaTHCh. [Ipu iboMy GopMyroThCS HEO-
OXigHI yMOBHM U1 aKTHWBaIii MeTaHOBUX Oakrepiil (piBeHb pH 3HIDKY-
etbest). Lleti eran Ha3uBarOTh (ha3oro OiosoriyHoro okucHeHHs. 11 cramis
— MIPOXOJINTH TIEPETBOPEHHSI OPTaHIYHUX KUCIOT (OypIITHHOBOI, MypaIld-
HOI, MAacJsSHOi, MOJIOYHOI, MPOITIOHOBOI) Ha MPOJYKTH, IO € TOIepe-
HUKaMH METaHy, a caMe: OITOBY KHCIIOTY, JTIOKCHJ| BYTJICII0 H BOJICHb.
IV crazis — NpOAyKTH XHUTTEMISIIBHOCTI MeTaHOBHX Oaktepiii (Methano-
bacterium formicicum, Methanospirillum hungati) amerar, miokcum Byr-
JIEITI0 ¥ BOJIEHb MIEPEBAKHO MEPETBOPIOIOTHCS B MeTaH. OCHOBHHUM JIXKe-
peJioM eHeprii A1 MeTaHOBUX OakTepiii € came Moniekyna Ha (moHop Box-
HIO) W JIIOKCHJ] BYIJICII0 YTBOPEHHS METaHy BiJIOYBAE€ThCS 3a CIpOIIe-

HOIO BiJTHOBHOIO 010KaTaJIITHYHOKO PEAKITI€I0, a caMe:
(depmeHTH

4H2 + C02 SE— CH4 + ZHZO
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UuM ckiajHima cTpyKTypa KOMIIOHEHTIB CyOcTpary, TUM OiibLI
TpuBaJIuM Oyze iX OioxiMiuHe posiieruieHHs. Hu3pkomonekynsipHi Byrie-
BOJM H aMisIo3a KpOXMaio (pepMEHTATUBHO PYHHYIOTBCS TyXKe IIBUIKO,
MOBUTBHO OakTepii po3kiIagaroTh JirHiH. SIKicTe Oiorasy 3alekKuTb Bij
BMiCTy B HROMY MeTaHy abo Bij cmiBBimHOmeHHS Mk nepmmM (CHy) i
niokcuaom Byriemio (COz), sskuil po3umHse Oiora3 i CIpUYHHSE HOTO
BTpaTH MmiJ yac 30epiranHs. YMHHUKY SIKOCTI: TEXHOJIOTIYHA CXeMa, CKJIaJ
cyOcTpaTy, TeMIepaTypHUil peXuM, OOMEKEHHS CIPKOBOJTHIO ¥ CHCTEMI
Ta BOJSMHOI Mapu y KiHIEBOMY MPOIYKTI.

KoHCTpyKTHBHO-TEXHOJIOTIYHI TTapaMeTpy W TEXHOJOTIUHI CXeMH
0iora3oBHX yCTAaHOBOK IiJOMPAIOTh 3 OTJISIAY HA 00'€eMU TepepoOKH Ta
BJIACTUBOCTI 30pOKyBaHOTO MaTepiajly, BpaXOBYIOUH TEIIOBHI PEKUM,
crocoOM 3aBaHTaXEHHA CyOCTpary, IHOKYIATY W psa iHmUX (axTopis.
KoHCTpyKIlis Takol yCTAaHOBKH 3arajioM 3aJICKHUTh BiJl MICIICBHX YMOB,
HAasSBHOCTI JJOCTYITHUX 1 HEAOPOTHX MaTepialiB.

Jis mepepoOKu OpraHiYHMX BiIXOIB, IO YTBOPIOIOTHCS B arpo-
LeHo3ax YKpaiHH, JOIIUIFHO BUKOPHUCTOBYBAaTH 0iOra3oBy YCTaHOBKY
EKOTI'A3 [1]. 3 orssimy Ha Ge3CyMHIBHI epeBard 6iora3oBHX YCTaHOBOK,
BOHH MOXYTh OyTH HE3aMIHHUMHU: Ha CIbCHKOTOCIIOJAPCHKUX MAIPHEM-
crBax (cBuHO(epMmax; hepmax BPX; mraxohabpukax; y rocrmomapcTsax,
Je BUPOOJISIOTh POCIMHHY MPOAYKIII Ta 3MIINIAHOTO THIy); Ha Tepe-
POOHUX MiANMPUEMCTBAX (CIUPTOBI i GiOeTAaHOJNBHI; MUBOBApHI, IIYKPOBi
3aBOJM; M'ICOKOMOIHATH TOINO); y TEIUIMYHUX TOCIOAAPCTBAX; Ha
CMITTENEPEPOOHHX IMiIIPUEMCTBAX. HA KOMYHAIBHUX MiANPHUEMCTBAX Ta
Ha MICBKHX OYHCHHUX CIIOPY/IaX.

VY kpainax €Bpomnu MIMPOKOTo 3aCTOCYBaHHS HaOynu 1Ba BUaU 6io-
nanuBa: OioetaHon (i1 OEH3WHOBUX JIBUTYHIB) i 0i10/M3€]bHE MAIUBO
(mns mu3enpHUX MBUTYHIB). bioetaHon i 6i00yTaHON MOXKHA BHUPOOJISATH
SK 3 POCIUHHOT CHPOBHHHU (KYKypYy/I3H, MIICHHII, IIyKPOBUX OYpsKiB,
IyKPOBOT TPOCTHHH, COPTO Ta SUMEHIO), TaK 1 3 BYTJICBOJAHUX BiJIXOJIIB C/T
KyJIbTYp (Cyxi crebna COHSIIHHMKY, KauaHH KyKypya3u abo pi3Hi BuUAM
cojiomu). Iyt BUTOTOBJICHHS OlOMU3EIBHOIO MAlKMBa JIEAKI BHPOOHUKH
3aCTOCOBYIOTH COHSIIHUKOBY (Icmanis, Itamis, I'pewist) Ta pancosy (pem-
Ta €BPONEHCHKUX KpaiH) oxiiro. JlimepoM BUKOPHCTaHHS LBOTO MPOIYKTY
€ HimeuyurHa, TaM IIOPIYHO BUT'OTOBJISAIOTH 1 pealli3ylOTh MOHAA 2 MIIH
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TOHH OiomanuBa, a Outeiie Trcs4i A3C HUM TOPryrOTh (IUB.TaKOX TaoII.
1). Bzaraumi, y cBiti Bizomo monaa 150 KynbTyp, 34aTHHX NMPOAYKYBaTu
omiro. [lepr 3a Bce 10 HUX BIAHOCATH paric, COHSAITHUK, TIPYHUITIO Ta iH.
lopiuna notpeda Ykpainu B HaTOMPOAYKTaX CTAHOBHUTH 24—28
MJIH TOHH, a IIPUPOHOTO Tasy HeoOximHo 85 mupa m°. CBoi moTpebu B
HadTonpoaykTax Ykpaina Ha 80-90 % 3abesnedye 3a paxyHOK iMIOPTY,
y ra3i — Oinpm Hixk Ha 50 %. Y Toif wac, K 3 TOHHH parcy MOXXHa OT-
pumatn 6:m3pK0 270 1 0i0AN3ETHFHOTO ManuBa. AKTYaJIbHICTH PO3BHTKY
anbTEpPHATUBHUX JKEepelN TajuBa B YKpaiHi OyJ0 BH3HAHO Ha JEpiKaB-
HOMy piBHI. Y kpaiHax €C OiomanmBo He OOKIANAETHCS EKOJIOTIYHIM
nojgatkoM 1 komrye Ha 40 % pemieBlie 3BUYAHOTO JU3€IbHOTO. €Bpo-
NeCchKi KOMIaHii aKTHUBHO PO3IIMPIOIOTH BUPOOHUITBO OiomanuBa. Bu-
KOPHCTaHHS MOJU(IKOBAaHHX INTaMiB MIKpOOpPraHi3MiB, aKTUBHUX MpH
temneparypi 65-75 °C, 103BoJIsi€ BUTOTOBJISATHA STHJIOBHM CITUPT Ta IHIII
MPOAYKTA MPAKTUYHO 3 YCiX BUAIB OpPraHIYHUX BIIXOMIB CLTBCHKOTO
TOCIIO/IaPCTBA, JIICOBOI MPOMHUCIIOBOCTI 1 I[yKPOBHUX 3aBOJIIB.

Tabn.1. CrioxxuBanHs Oioauzento y kpaiHax €C, ['Bar*rox

Ne | Kpaina 2005 2006 2007 2008 2010

1 | Himeyunna 18003 | 29447 | 33800 | 28819 | 25993
2 | ®panuis 4003 | 6855 | 14121 | 23501 | 23532
3 | Itanis 2000 | 1732 | 1580 | 6481 | 15088
4 | Icnanis 270 629 3012 | 6036 | 13803
5 | BenukoOpuranis 292 1533 3147 8 040 9616
6 | [Nonbma 152 491 291 3961 | 9179
7 | ABcrpis 920 3878 | 2206 | 2171 | 4749
8 | lopryramnis 2 818 1570 1545 3783
9 | benbris 0 10 1061 1002 | 3223
10 | UlBemis 97 523 1195 | 1511 | 2035

Huni B ychoMy CBiTI BenuKy yBary HpUAUISIOTH 3aCTOCYBAaHHIO
eHeprii, HaKOMMYCHOI POCIUHAMH 3a PaxyHOK (OTOCHHTE3Y, st
TEXHIYHUX TOTpeO, 30KkpeMa Ha aBToTpaHcnopti. JlimepoM y BHpIlIEHHI
uiei mpobnemu € bpaswiis, ne piuHe BUPOOHMITBO OioeTaHOmy 3
yKpoBoi TpocTrHU mepeBummio 150 muH ['kan. Taky camy KijgbKicTbh
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Oioetanomny rianytoTh BupooOnsatu B CHIA 3 kykypyasu, a B 2012 poui
MiTHATH TUIaHKy 70 284 MiH ['kan, oJHOYAacHO PO3BUBAIOYM BUPOO-
HUITBO 010/IM3€IHHOTO MaKBa 3 Paricy Ta coi.

Humanus ons camonepesipku

1. OxapakrepucrepusyiiTe albTepHATHBHI BUAN €HEPTETUIHUX Kepen 0i00-
TIYHOTO MTOXOMKEHHS.

2. BukopucTaHHS KX BUJIB CHDOBUHU Ma€ €KOJIOr0-eKOHOMIYHI IIepeBaru
IIpHU BUTOTOBJICHHI Oiorazy?

3. SIki BIaCTHBOCTI METaHOTEHHHX OaKTepill 3yMOBIIOIOTH iXHIO MOKIIMBICTh
yTBOpIoBatu Gioras?

4. 3 KO METOI0 B 010TEXHOJIOT1l BUKOPUCTOBYIOTh MPOIIEC METAHOBOI'O OpO-
JiHHS?

5. SIky exonoridHy poJb BiIirparoTh MIKPOOPTaHI3MH B IIPUPOIHUX MpoIIecax

yTBOpeHHs Oiorazy?

Oxapaktepu3yiiTe KOMIOHCHTHHUH cKiajg 6iorazy?

VY domy mosrsirae XiMiYHAN TPUHIIAIT METAaHOTCHE3Y?

Ha3BiTh OCHOBHI TEXHOJIOT1YHI (PaKTOPH 1 CTaAil METAHOTEHE3Y.

SIki rpymnu GakTepil 1 3a SIKOK CXeMO0 OepyTh y4acTh y MPOLECi YTBOPEHHS

6iorasy 3 opraHigHOi CHPOBHHH?

10. SIxi TexHOJIOTIYHI TapaMeTPH BIUIMBAIOTH Ha SIKICTh Oiorazy?

11.V yoMy BHSIBISIIOTHCSI KOHCTPYKIIIHHI 0COOJIMBOCTI 610ra30BHX yCTaHOBOK?

12.V sxux rany3sx HaIllOHATEHOI €KOHOMIKH JTOIIITFHO BUKOPHCTOBYBATH
0iorasoBi peakTopu?

13. Ha3BiTh ekoJioriuHi nepeBars BApOOHHIITBA i BUKOPHCTaHHs Oiorasy.

14. SIxi mepcreKTHBY BUKOPHUCTaHHS 010Ta30BUX YCTAaHOBOK B YKpaiHi?

© o~NO

15. Oxapaktepu3yiiTe XiMiuHi 0COOIHBOCTI Oi0eTaHOIY i O10M3ENMFHOTO TaTBa?

16. Po3kpuiiTe €K0JI0r0-eKOHOMIYHI IIPUHIUIIN BUKOPUCTaHHS OioeTaHoy i
010JU3€IbHOTO MaNUBa.

17. SIki icHY¥OTh €KOJIOTIUHI TIepeBaru BUPOOHUIITBA PiKOTo OiomanuBa B
VYkpaini?

18. Ha3BiTh BHIM CHPOBUHH, SIKi JOIIIBHO BUKOPHCTOBYBATH U1 BUTOTOBJICHHS
OioeTaHOIy i 010IM3ENBHOTO MAINBA.

19. 3po06iTh MOPIBHAILHUI aHAI3 EPCIIEKTHB 3aCTOCYBaHHS OlonaiiBa B
kpainax €C.

20. OxapakTepu3yiiTe nepcneKTHBY 010HaTMBHUX pecypciB YKpaiHu.

21. BuzHauTte eKOJIOTi4Hi aCeKTH BUPOOHUITBA OioeTaHoIy, 010M3eIEHOTO
nmayiyBa Ta 6iorasy B YKpaisi.
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Tema 4. CucreMu oUYHIIEHHS CTiYHUX BOJ

[MpomucnoBi # MOOYTOBI CTOKM, IO HOTPAIUISIOTH Y MPUPOAHI
00’€KTH, XapaKTepU3yIOTbCS BUCOKHUM PIiBHEM BMICTY 3a0pyAHIOBAIbHUX
PEYOBHH, 3HAYHOKO KiNBKICTIO TOKCHKAHTIB. 3a Takux OOCTaBHH Camo-
CTifiHE BIIHOBJICHHA BOJHMX JUKEpEN CTAa€ HEMOXIMBUM. OuHIEHHS
CTIYHHMX BOJ — Lie 0araToCcTyNneHeBUi CKIIAAHUI Ipoliec, CIPIMOBaHUI Ha
BIITBOPEHHsI SIKICHOI XapaKTEePUCTHKH 3a0pyAHEHOi BOOM IJISi MOXKIIH-
BOCTI 11 MOJAJIBIIIOTO TOCTIONAPCHKOTO BUKOpHCTAaHHA. OUYHINCHHS BOIH,
mepuI 3a Bce, nependayae 3MEHIICHHSI BMICTY a00 BHIAJICHHS 3 HEl 3a-
OpyIHIOBAIFHUX KOMITOHEHTIB: OPTaHIYHUX PEYOBUH, KOJIOIMHUX UM 3a-
BUCJIMX TBEPJIUX YACTHHOK, & TaKO)K 3HUIIECHHS XBOPOOOTBIpHUX OakTe-
pii Ta iH.

Ho edexTuBHUX OIONOTIYHAX METOMIB BiTHOCHUTHCS (iibTpariis
CTIYHUX BOJ uepe3 OioirmkeHepHi ouncHi criopyau (BIC) — Giomnaro abo
OiocraBku. Taki criopyau 3acemnsitoTh Pi3HHUMH TPYIAMHU BHIUX BOJHUX
pocoua (BBP), sxi, cnoxuBaroum pO3YMHHI Yy BOAlI 3a0pyaHIOBadi
(cynbdaty, HiTpaTH, HAGTONPOIYKTH Ta iH.), 34aTHI BUKOPUCTOBYBATH iX
y Tpomeci KUTTemisuibHOCTI. [lpm mpOMy B JaHHMX TigpoCTIOpyAax
(hopMy€eTbCS aKTHBHUHU INTYYHUI O10OreOleH03, MPOAYKTHBHICTH SKOTO
3aJIeKUTh BiJl 0cOOIHMBOCTEH MOPQOJIOTIYHOT CTPYKTYPH MPEICTaBHUKIB
BOJHUX POCIHMH (BHUCOKAa PO3TaNy’KEHICTh KOPEHEBOI CHUCTEMH, 3HAYHA
KUIbKICTh BEreTaTUBHOI MacH TOIIO), & TaKOX IX TOJEPAHTHOCTI JI0
pi3HOTO poxy KceHOOioTHKIB. Jlo mepeBar TakuX METO/IiB OYUCTKH BiIHO-
CSITh BiTHOCHY YHIBEPCANBHICTh (3aTHICTh BUAAISATH MIMTPOKUHA CHEKTP
3a0pyIHIOIOYHX PEYOBUH), SKICTh (MICIA KUIBKOX CTYNEHEBOI OYUCTKH
BOJIa BiJIMIOBi/Ia€ HOPMATHUBaM), JIOCIYTHICTh Ta €KOJIOTIYHICTH (IIPOIeCcH
OUMILIEHHS HE YTBOPIOIOTH HOBUX HEOE3MEUHNX PEUYOBHH).

OcHOBOIO Tpo1eciB 010XiMIYHOTO PO3MICIVICHHS! PEYOBHH Y CTIYHUX
BOJIaX € (pepMEHTATHBHI TiIPONITUYHI Ta OKUCHO-BiAHOBHI peakuii. bio-
JIOT1YHUI METO/I OUUIIECHHS J03BOJISIE, BHKOPUCTOBYIOUH aKTUBHICTh (ep-
MEHTHUX CHCTEM JKMBUX OPTaHi3MiB, pyWHYBaTH Pi3Hi OpraHiuHi cromy-
KH, JIO CKJIaJy SIKHX BXOJSTh BYTJIEIb, BOJIEHb, OKCUTCH, a30T, CYyIb(yp,
¢dochop. HdecTpykuis CKIagHUX OPraHiYHUX MOJIEKYJT CYHPOBOIKYETHCS
CHPOLLIEHHAM iX CTPYKTYPH LIUISIXOM BiJIIEIUIEHHS OKPEMHUX (PparMeHTiB.
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Bararo nomimox, mo HasBHI B MOOYTOBHUX 1 NPOMHCIOBHX CTi4HHX
BOJaX, MiJ yac 0i0XIMIYHHMX MEPETBOPEHb PO3KIIAIAIOTHCS OBHICTIO.

Biomienos, mo ¢opmyeThcs B criopynax OiOMOTIYHOTO OYWIIEHHS
CTIYHHMX BOJ, BKJIIOYAE CYKYMHICTh MIKPOOPraHi3MiB, HIDKYMX POCIHUH i
TBapHH, SKi MOEIHAHI MK COO0I0 YMOBaMH CYMICHOI KXHUTT€MisITHHOCTI.
Jlo cuctemMu 0iOIEHO3Y BXOJAATH OJHOKIIITHHHI OakTepii, akTHHOMIIIETH
(mpomeHHCTI TPHOKHM), BOAOPOCTi, APIKIKI (BOAHI TpUOKH), siKi HopMy-
FOTh TIepIIUH TpoidHMH piBeHs. BOHN Bia3HAYAIOTHCSA (PEPMEHTATHBHOIO
aKTHBHICTIO 10 OyIb-sIKOTO BUAY 3a0pyJHEHb, 110 HasBHI B cTOKax. Jlxe-
peoM JKHMBIIEHHS IS MIKpOOpPTaHi3MiB IEpHIOTO PiBHA € CyOcCTpaTHi
cnonyku (3a0pyAHEHHS), 0 PO3KIATAI0THCS HUMHU JI0 MTPOCTUX PEUOBHUH.
HdpyruM Tpo¢piuHUM piBHEM € OJHOKJITHHHI TBapHHHI OpPraHi3MH —
HaWTPOCTIMIi, AKi CMOXKUBAIOTH OioMacy mepioro TpodidHoro piBHA. Y
CBOIO Yepry, HalUMpOCTillli — MPEICTABHUKU TPETHOTO TPOGIYHOTO PiBHS €
MMO)KMBHUMHU €JIEMEHTaMH Il 4YepB'sKiB (KOJOBEPTOK, HEMaTon) i
JMYMHOK KOMaX.

®izionoriyHi 0COOJMBOCTI PI3HUX BHIIB JKMBUX OpPraHi3MiB
0i01IeHO3Y MPOSBISAIOTECS Y HEOOX1THOCTI KOXKHOI TPYNH OYTH JIaHITIOTOM
TpoQiYHOI JTAHKH 3arajbHOTO IMpolecy O0i0XIMIYHOTO MEepeTBOPEHHS 3a-
OpynHioBauiB. [linTpuMKa IEBHOTO CITIBBIAHOIICHHS OioMacu Tpo(iuHMX
PiBHIB TipaMigy B CHCTEMi OYHCHHX CIIOPYI JI03BOJIsi€ 3a0e3reuyBaTh
CTaOUIBLHICTE OCBITJIEHHS CTIYHOI BOJHW M 3HELIKOIYKEHHS HAsABHOI B HIH
MaTOreHHOI MikpodIopH.

3anexHo BijI TOTO, SIKi PEHYOBMHM BHCTYMAIOTHh y POJIi aKIenTopa
BOJIHIO, MpoIleck 010XiMIYHOTO OKHCHEHHS cyOCTpaTy MiKpOOHMMH KITi-
THHAMH TMOJUISIOTH HA TPH OCHOBHI I'PYIH, a came: KIITHHHE AMXaHHSI,
SIKIIIO aKIENTOPOM BOJIHIO € KUCEHb (aepoOHI yMOBH); 0i0XiMiuHE OKHC-
HEHHS — MIPOIIEC PO3MICTICHHS OPTaHiYHUX CIIONYK; OpomiHHA (aHaepoOHi
YMOBH), KOJH aKIENTOPOM BOJHIO BHCTYIIa€ OpraHidHa pedoBHHA abo
aHaepoOHe JMXaHHs, SKIIO aKIETITOP BOJAHIO — HEOPTaHIYHUN areHT TUITY
cynbdaris, HiTpaTiB TOIIO. [Ipomec aepoOHOro OKMCHEHHS BUSBUBCS Haii-
Ounpin ehexTUBHEM. BiH J103BOJIsSIE MIKpOOpraHizMaM OTpUMaTH OilbITy
KIUJIBKICTh €HEprii Ta BUUIMTH Y BOJHE CEPEIOBUILE €KOJIOTIYHO Oe3meyHi
HU3bKOMOJIEKYJISIPHI PEYOBHHH (JIIOKCH]] BYTJICLIO i BOAY).
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B ocHOBI aepoOHHX METOMIB — BUKOPUCTAHHS TPYyN MiKpOOpraHis-
MiB, IS JKUTTEOISUIBHOCTI SKUX OOOB’SI3KOBE IMOCTIMHE HAIXOMKEHHS
KHCHI0O W TIATPUMAaHHS TeMIlepaTypu ceperosuina Ha piBHi 20—40°C.
[opyieHHs! KHCHEBOTO 1 TEMIIEPAaTYPHOTO PEKUMIB MPU3BOAMUTH 10 3MiH
CKJIaJIy Ta YUCENIbHOCTI MiKpoopranizmiB. MikpoopraHi3Mu, SKi OKHCHIO-
I0Th BYTJIEIb, )KMUBYTh y BEpXHil YaCTHHI OYUCHOT'O PeaKTopa, a bakrepii-
HiTpudikaTopu nepeOyBalOTh y HWXKHIA HOro 4acTuHi, Ae Oijblla KOH-
KYpPEHIIis 32 KUCeHb Ta MOXKMBHI peYOBUHU. AepoOHI METOIU TIPHIAHATO
TaKOX PO3MOAUISATH THUIIOM pe3epByapa, y SKOMY HNPOXOJUTb OKHCHEHHS
pedoBuH-3a0pyaHIOBaviB. PesepByapamu MOxyTh OyTH OioiHXKeHEpHi
CIIOPYIU y BUTIISAI OlOJIOTIYHUX CTaBKiB, & TAKOK BUKOPHUCTOBYIOTH CITe-
nianeHi anapatu — 0i0QiNbTpU W aepOTCHKU. YHACTIJIOK BHYTPILIHBO-
KIITHHHUX TIPOIECiB aMIHOKHCIOTH 3a Y4YacTi0 eHAO(epMEeHTIB nami
pYHHYIOTBCS 3 BUIIIEHHSM BUIBHOTO amiaky (mporec amoHidikarii) ta
CIIO’KUBAHHSM KHCHIO.

Y Oionoriuanx craBkax (0OioruaTo) aepoOHE OKMCHEHHS (IIpoIiec
MiHepatizaliii) OpraHiyHUX CIOJyK BiIOYBa€ThCs 3a yyacTIO MiKpoopra-
Hi3MiB, BOJIOPOCTEH 1 BUIIUX BOAHUX pociuH. [lons dimpTparii SBisroTh
co0010 crieniani3oBaHi 3eMeNbHI AUITHKY, BUAUICHI IS CKUAIB 3a0pyIHe-
HUX CTIYHUX BOJ 1 3acelieHi IPYHTOBUMH aepOOHMMHU MiKpOOpTaHi3MaMH,
AKi 010XIMIYHO TTEPETBOPIOIOTH MIKiJINBI OPraHiyHi PEYOBHHU Ha BOIY U
Byriiekuciuii ra3. biomoriuni ¢inbTpu (0i0dineTpu) — cremialbHi THIH
OiopeakTopiB 3 00'€eMHUM 3aBaHTaXEHHSIM (LIBTPYBAIBHOTO €JIEMEHTa,
Ha sSKOMY IMMOOUTI30BaHa (3adikcoBaHa Ha HEPyXOMOMY HocIi) Giomaca
Ma€ BUTJIS TUTIBKH. 3a KOHCTPYKIEIO 010(piIbTPHU SBISIOTH COOOIO Mpsi-
MOKYTHI 200 KPYTIIi CIIOPYAH 13 MOABIMHAM JTHHUIEM: HIDKHIM — IUTICHUM
i BepxHiM nepdopoBaHuM (ApeHaKHUM). AEPOTEHKH BIJIHOCATHLCS JI0 TO-
MOTEHHHX 6iopeakTopiB. IX THIIOBAa KOHCTPYKIIis — Iie TIMOOKHIA 3ai30-
OCTOHHUIT TEPMETUYHUN NPSAMOKYTHUH pe3epByap BHCOTOIO 3-6 M, 00ia-
JHAHWIA TPUCTPOSIMH JIJIs aepallii 1 3’ €qHaHUK 3 BIACTIHHUKOM. AEpOTEHK
po3zineHo neperopoakaMu Ha 3—4 xopunopu. Tunu aepoTeHKiB BU3Haya-
I0TBCSI B OCHOBHOMY CIIOCOOOM HaJIXOJ/KEHHSI KHCHIO, KOHCTPYKIIIEIO pea-
KTopa Ta 00’€MOM 3aBaHTaXEHOro Matepiaimy. bioximiuni mpouecu B
aepoTEHKY BiA0YBaIOTHCS B [1Ba €Tamu, a came: 1) agcopOuis IOBEpXHEIO
AKTUBHOTO MYJIy OPTaHiYHHX PEYOBHH, IO JIETKO OKHCHIOIOTHCS IPU
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aKTHBHIN y4yacTi KHCHIO, Ta iX MiHepami3amis; 2) JOOKHCHEHHS OpraHid-
HUX PEUOBHMH 3 pEreHepali€l0 aKTUBHOTO MYy (KHCEHb BHUTPAYa€ThCS
6ioMacoro MyITy MOBITBHIIIE).

B anaepoOHux mMeronax mependadeHo, MO OYHIICHHS CTIYHUX BOA
BiIOyBa€eThCs 0€3 JOCTYITy KUCHIO. 3 Ii€f0 METOI0 BUKOPUCTOBYIOTh METa-
HoBe Oponinus. [lepeBara Takoro mMeTomy — BHUCOKHH piBeHb IEpPETBO-
PEHHSI PEYOBHH-3a0pYIHIOIOUIB 3 YTBOPEHHSM JIOJATKOBOTO MPOAYKTY —
Oiora3y. A30TOBMICHI CHIOJYKH CTIYHHX BOJ B aHA€pOOHHUX yMOBax Iepe-
TBOPIOIOTECS LUIIXOM OeHimpudixayii 3a y4acTio ACHITpUQIKyBaTbHUX
OakTepiil 3 YTBOPEHHSM ra3omnoAioHoro 3akucy azory (N20) ta Momeky-
nsipaOro HiTporeHny (N2) abo amiaky (NHaz). IIporiec 6poainHsS mpoBOaATh
B 3aKpUTHX pe3epByapax — METaHTCHKax. MeTaHTeHKH — 1ie TepMETHYHI
peakTopu-3MilTyBadi, 3aIIOBHEHI iIMMOO1JTI30BaHIM aKTHUBHUM MYJIOM, MY-
JIOBi cTaBKU a0o iHII criopynu. [IpoaykTu necTpyKiii opraHiYHuX pedo-
BHH, SIKi YTBOPIOIOTECS Ha TMEPIIOMY TPO(]idHOMY piBHI, BUKOHYIOTH (pyH-
KIIif0 cyOcTpary aisi MiKpOOpraHi3MiB Apyroro piBHSA. AHaepoOHe OKHC-
HEHHS, K MPaBWIO, e(pEeKTUBHE MPH OYMIICHHI BUCOKOHACHUEHHX Opra-
HIYHUMH PEUYOBHHAMHM CTIYHHUX BOZ.

Metomu ¢inbrpaiiii 3 BUKOPUCTAHHAM IMMOOLTI30BAaHHX CHCTEM
BHUKOPUCTOBYIOTh OIOTEHKH, JI¢ TIOPIBHIHO 3 aepOTEeHKaMHU 3a0e3MeuyeTh-
cs1 kpae BukopuctanHsa Oz, a OKHCHIOBalIbHA 3/1aTHICTh Ha 30% BuIA.

EdexTuBHICTE pOOOTH OYMCHHX CHOPYJA CYTTEBO 3aJICKUTHh Bij
ONTHMAJILHOTO TMOEHAHHS CIIOCO0Y OYMIIEHHS Ta BHAY W KOHIIEHTpAIli
3a0pyIHIOIYOT peyoBUHHM (4u iX cymimni). PiBeHb 3a0pyaHEHHS CTiYHHX
BOJI Pi3HUMU peuoBHHAMH (Y PO3UUHHINA (OPMI UM y BUTIISIII KOJIOITHHUX
a0o0 3aBUCIIMX YAaCTWHOK) MOXKe OyTH BH3HA4YEHUH 32 KUIBKICTIO KHUCHIO,
IO BUTPa4Ya€ThCcd HAa OKUCHEHHS IMX pedoBHH. CIEKTp 3a0pyIHIOBAdiB
BOJIM OPTaHIYHOTO i HEOPTraHIYHOTO TIOXO/PKEHHS, SIK MPABHJIO, TyXKe IIH-
POKHIA 1 IOTO IPUIHATO XapaKTepU3yBaTH TAKUMH KUTbKiCHUMHU TTOKa3HHU-
kamu OiomeHo3y ouncHux cropya: BCK (0ioxiMidHe CIIOXKWBaHHS
kucH10), XCK (XiMiyHe CIIOXKHBAaHHA KUCHIO), MapaMeTpoM OioXimiuHOi
AKTUBHOCTI MIiKPOOPTaHI3MiB.

[okasuuk BCK xapakTepusye KinbKiCTh KHCHIO, IO MTOTPiOHA MiK-
pooprasizMam st 610XiMIYHOT'O OKHCHEHHS OpraHiYHUX PEeUYOBHH-3a0py-
JHIOBauiB cTiyHUX BOA 3 yTBopeHHs M CO2 1 H2O npoTsrom mneBHOro 4acy
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(mampuknan, 3a 2, 5, 20 1i6 — BCK», BCKs, BCK2). XimiuHe crioxuBaHHS
KHCHIO SIBJIsIE COOOI0 OJTMH 3 OCHOBHHX IHTETPalbHUX MOKA3HUKIB aHTPO-
HOT€HHOTO 3a0pyIHEHHS, [0 BUKOPHUCTOBYETHCS JJISI KOHTPOIIO SIKOCTI
OUTHUX, NPUPOJHUX CTIYHMX BOJA Ppi3HOro xapakrepy. bioximiuna
aKTHUBHICTh MIKPOOPTaHi3MiB y 0i01IeH031 OYMCHHUX CIIOPYA TOB’s3aHa 3 iX
010XIMIYHOIO JiSUTBHICTIO, TOOTO HIBHAKICTIO O10pO3KIaJaHHsl OpraHiy-
HUX 3a0pyAHEHB Y CTIYHHX BOJAX.

Humanns ons camonepesipKu

1. Ha3BiTh eKoJIOTiuHI epeBark METo1iB 0100UHUIIIEHHS CTIYHUX BOJL

2. OxapakTepu3yiTe NIPUHIMIN 0i0JI0TIYHOTO OYHIIEHHS IPOMHUCIOBUX Ta
MOOYTOBUX CTIYHHUX BOA?

3. Ha sikux 6i0TeXHOJIOTIYHUX TpoLecax 0a3yeThCst O100UUIIEHHS CTIYHUX BOJ?

4. SIxi pe4oBUHU-3a0pyIHIOBAYl MOKYTh MICTUTHCH Y IPOMHCIIOBHX 1
MOOYTOBHX CTIYHHUX BOAAX?

5. ki OioXiMi4HI IPOIIECH JIe)KATH B OCHOBI O100YHIIIEHHS CTIYHUX BOI?

6. Ski rpymu MiKpOOpraHi3MiB 3a3BHUYai 3aCEISIOTh OI0IEHO3M OUUCHHUX
criopya?

7. ki ¢iziomoriuHi 0cOONMMBOCTI MPEICTaBHUKIB 010IIEHO3Y BUKOPUCTOBYIOTH Y
crcTeMi 0100YHNIIEHHS CTIYHUX BOA?

8. Bix sikux (hakTopiB 3aeKUTh CPEKTHUBHICTH a€POOHUX METOIIB OUHIIICHHS
CTIYHMX BOL?

9. Slkwmit mpuHIMN Ta KA ePEKTUBHICTh aHAEPOOHUX METO/IB OYHIIEHHS CTi4-
HUX BOA?

10. Yum Biapi3HAETHCS TpoIiec aMOHi(iKaIlii CTIYHAX BOJ Bifl iXHBOIT AeHITpHDI-
Karii?

11. SIxi OCHOBHI NOKa3HUKH 010XIMIYHOTO OYHMILEHHS CTIYHUX BOA?

12. 1o sBnsIOTH 0000 0iI0(ITBTPH B OUUCHUX CIIOPYIaX, sKa TX MPUHIUIIOBA
CXeMa Ta NPaKTUYHE BUKOPUCTAHHS?

13. Ko 7151 OYMIIEHHS CTOKIB BUKOPUCTOBYIOTh METAHTEHKH?

14. Bix sikux mapameTpiB 3aJ€KUTh €PeKTHBHICTh POOOTH METAaHTEHKIB?

15. SIxa npuHIMIIOBA Pi3HUI Mi’K METAaHTEHKaMH i aepoTeHKaMu?

16. SIki ciopyau uTst G100YUILEHHSI CTIYHUX BOJI HAHOLTBIT e(heKTUBHI?

17.3a sskuM ipuHIUIIOM GOPMYETHCs Oio1eH03 y 6iodibTpax ouncHUX cropyn?

18. Ha sikux mpoMHCIIOBHX BUPOOHHUITBAX JOLUIIEHO BUKOPHCTOBYBATH
6iodinsTpu?

19. Oxapaxrepusyiite cxemy 0i00YHILEHHS TOOYTOBUX CTIYHUX BOJI.

20. Ha3BiTb nepeBaru BUKOpPUCTaHHs IMMOOLTI30BaHNX 010(iabTpiB.
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Tema 5. Cnenudika 6i009MCHIX KOMILIEKCIB BHPOOHNITB

OcTaHHI JECATUITITTS XapaKTepU3yIOTHCS HAAXOIKEHHAM Y TOBKiJI-
T BETMYE3HOI KUTBKOCTI PI3HHUX 332 OYZAOBOIO CHHTETHYHHX OPTaHIdHHIX
CTIOJIYK, YaCTO TOKCUYHHUX JJISl 5)KUBUX OPTaHi3MiB. Y TBOPIOIOTHCS TaKi pe-
YOBHHHU y BHPOOHHUIITBAX Pi3HOTO POy, a Ul iX po3Kianxy (merpasartii)
BUKOPHUCTOBYIOTh, CEpEJl iHIIOTO, MIKPOOPraHi3MH X 3[JaTHICTIO 0 KaTa-
0oni3My crojyk MeBHOTO BuAy. OCOOJNMBO BaXKIMBHMHU € IOCIiIKCHHS
MeTo/IiB 0i0pOo3KiIaay THUMOBHX 3a0pyAHEHB Ta BIAXOMIB, SK OT HadTO-
MPOAYKTIB, BIIXOMIB MOIIMPEHUX BHUIIB BUPOOHUNTB (MiAMPUEMCTB Xap-
Y0BOI1 Ta mepepoOHOI MPOMHUCIOBOCTI), arpocekTopy. PosrisaeMo neski i3
HUX OUIBII NETAIBHO.

[Ipu aBapiiinux posnuBax HadTH (Ha cymIi Ta BOAi) 3a0pyIHEHi Te-
puTOopii 0OpOONAIOTH CHENialbHO BUPOIICHOK acolmialielo HadTookwc-
HIOBAIBHUX MIKPOOPTaHi3MiB, BHOCSYH Pi3Hi JOOABKU I X a30THCTOTO
i pocdopuoro xupneHHs. Lle mo3Bonse yTHIi3yBaTH ByTiaeBoau HadTH,
MIEPETBOPIOIOYH iX Ha 6ioMacy MiKpOOPTaHi3MiB 1 JIOKCHI BYTIIEITIO. 3a
HasSBHUM IOPIBHSJILHUM OIIIHIOBaHHSIM O100KHUCHEHHS € HalOLIbII Jerie-
BHM, €KOJIOTIYHO O€3MeYHHM 1 MEepCHeKTHBHIM METOJOM. Y IiTepaTypi
JUIsL TO3HAYEHHS [[LOT'O MPOIeCy BUKOPHCTOBYIOTH TEPMiHU «bionmerpana-
1is1», «010BITHOBICHHS», «OI0PEKYJIbTHBALIISY 1 «OlopeMemialtisn».

Biosoriyde OYMIIEHHS CTOKIB CHOTOIHI € HEOOXITHUM E€JIEMEHTOM
OLTBIIOCTI BUPOOHUIITB, IO iX reHepyroTh. Crenndika iX OYHIIeHHS 3a3-
BHYAll Majo BiPi3HAETHCS Bijl PO3TISHYTUX y MOMEPEIHIN TeMi CHCTEM.
3BHUaifHEe OYMINEHHsS BHJAISAE B OCHOBHOMY OpraHiyHi 3a0pyaHEHHS.
SIKIIO K Y CTOKAaX MICTATHCS BaXKKI METaIM (MiJlb, HIKEJIb, KaIMil, XpOM,
CBUHEIIb Ta iH.), TO IOTPiOHI TOJTATKOBI 3aXO¥ OYHIIEHHs. € IeBHI BUIH
MIKpOOpTaHi3MiB, Ha SKHX 3JIaTHI ocifatu (copOyBaTH) MeTajH, pO3uu-
HeHi B piguHi. KoHLeHTpawis MeTaniB npu HbOMY 3pOCTa€ HACTIIBKH, 110
MicJIs TETUIOBOTO 0OpoOJieHHsT 010COPOEHT MOXHA PO3TISLIATH SIK CHUPO-
BUHY JIJIS OJIEp’KaHHS KOJILOPOBUX METAIB.

HasBHicTh a30Ty y BHpPOOHMYMX CTiYHHX BOAAX CTHMYJIIOE
MeTa0OJIUHy aKTUBHICTh HITPU(DIKYBAIFHUX OAaKTEpiii aKTHBHOTO MYIY,
SKi B aepOOHHMX yMOBaX OKHMCHIOIOTh aMOHIMHMH a30T A0 HiTpaTiB. Y ce-
PENOBHII 3 BUCOKOI KOHLIEHTPALI€I0 aMiaKy MiKpOOPTaHi3MH CIIOXKH-
BalOTh MOTO B PE3YJIbTaTi BiJHOBHOI'O aMiHyBaHHS IIPOMIXXHOTO TPOJYKTY
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OUKITYy TPUKapOOHOBUX KHCJIOT aOKCOTIyTapaTry. Y BHUPOOHMYMX 1
rOCHOJapChKO-TIOOYTOBUX CTIYHHMX BOJAaX a30T TPAIUIIETHCS Yy BUIIIAAL
amiaky, HITpHUTY, HITpaTiB, KapOaMiay, a TaKOX Yy Pl OpTaHIYHUX a30TO-
BMICHHX CIIOJYK HMPUPOJHOTO 1 HEMPUPOAHOTO MOXOomKeHHA. [lepeBax-
HHUM JDKEPEJIOM a30Ty JJIsl TeTepoTpO(GHOr0 HACENCHHS aKTUBHOTO MYITy €
amiak; OKHCHEeHi (hOpMH a30Ty CIOYATKy MiJUIArar0Th MpolecaM BiIHOB-
JICHHSI IO aMiaKy, a MOTIM 3ally4aroThCs JI0 TpolieciB OiocuHTe3y. Opra-
HIYHI CHOJYKH TOIEPEeIHBO PO3MICTUTIOIOTHCS 3 BUBLIBHEHHSM aMiaky,
IO B MOJANTBIIOMY BUKOPHCTOBYETHCS B IPOLIECI CIIOKUBAHHS.

Y arpapHOMy BHPOOHHIITBI HAKOTIMYIYIOTHCS BENHKI 0OCSTH TBEp-
IUX Opra”HivHuX BimxomniB. s iX meeppoOKH BUKOPHUCTOBYIOTH 0i10KOM-
MOCTYBaHHS, IO € aHaJlorOM aepoOHOr0 OYMINCHHS CTOKIBY TBEpi
BiJTXOIM MOXKYTh BHOCHUTH 1HOKYJISIHT i3 CyMillli yTPYIIOBaHb PI3HUX BHUIIB
MiKpOOPTaHi3MiB-AECTPYKTOPIB TMOJIOTAHTIB PI3HOT NPUPOIHU, & TaKOXK
BHOCSTH OanacTHuil Mmatepian Tty Topdy. Lle mo3Bomnse mepeTBOpUTH
BIIXOAM Ha JOOPHBO 200 MPOCTO BHKOPHUCTOBYBATH iX JIS TiJICHTIAHHS
Jlopir, Ha Oy/IIBHUIITBI Ta B IHIIUX BUIAJKaX.

BenmukomacmtabHe M'SICO-MOJIOYHE TBAPHHHUIITBO W TPOMHUCIIOBE
NTaxiBHULITBO CTBOPHJIM MpOOJIeMy CKYMUEHHS Ha MPUIETJIMX A0 TOCIO-
JApCTB TEPUTOPISX 3HAYHOI KUTBKOCTI PIIKUX (pakiiii BUCOKOTOKCHY-
HOTO THOIO Ta mociiay. Lli Bigxoan 6e3 Halle)kKHUX 3MiH HE MOXKYTh OyTH
BUKOPHUCTaHI B CIIbCBKOMY TocrnoaapcTBi. OIuH i3 crnoco0iB yTpUMaHHS
XynoOM ¥ mnrTaxiB — «HIICTWIKOBHI», IO TPHUITYCKAE HAKOTIMYCHHS
OpraHiYHUX BiJXOJiB pa30oM 3 TiJICTHIKOIO Ta 3aJUIIKaMH KopMy. pyruii
croci0 yTpuMaHHsS TBapuH Mepeadavyae BHJIAICHHS BIJAXOJIB IIISXOM
rigpo3muBy. I[Ipu koMY BOJIOTICTH BiJIX1HOTO MaTepiaiy ITiIBUIYEThCS
10 98 %, a yTBOpeHa BICOKOTOKCHYHA PiIMHA HAKOIUIYETHCS B CTaBKaX-
BIJICTIMHUKAX.

AKyMyJibOBaHI 3a 0arato pokiB Macu THOIW TOONU3y depm, Je
YIPUMYETBCS BellMKa porata xyjoba, cBuHOdepM, a TakoX Ouis
nTaxohabpHuK, HEpUAaTHI i Oe3mocepelHbOro BHECEHHS B IpyHT. Lli
PEYOBMHHM JOBTMH Yac 30epiraloTb BHUCOKY TOKCHYHICTb, a TOMY €
NOCTIHUM JiKepenoM 3a0pyAHEHHs] HAaBKOJHUIIHBOTO cepenoBuia. Jlis
yTHmizamii X He0e3MeYyHUX PIAKMX BiAXOMIB TBapHMHHUITBA U
NTaxiBHULITBA JIOIILHO 3aCTOCOBYBaTH TakKi e()eKTHBHI 010TEXHOJOTIYHI
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METOAM: METaHOBE OpOIiHHS B 0iOra3oBUX yCTaHOBKAaX; KOMIOCTYBAaHHS
B CIELiaTi30BaHUX TOCHOJAPCTBAX.

[Ipuponne KoOMITOCTYBaHHS BiOXOmiB (TPYHTOBE MEPETBOPEHHS
cBixoro THO0O BPX abo kypsdoro mociiy Ha opraHiuHe JDOOpUBO) 3a
yJacTio 6araTboX BUAIB i (JOpM IPYHTOBHX MIKPOOPTaHi3MiB: OakTepii,
AKTHHOMILIETIB, MiKpoQopH, rpubiB, IOLIOBUX YEPB'SKIB — LE AYXKe
TpPHUBAJHMK TPOLIEC, SIKM He Jae HeoOXiTHMX pe3ynbTariB. BeTaHoBieHo,
0 HaBITh 4Yepe3 TPH POKH B OI0KOHBEPTOBAHOMY THOI II[E€ MICTHUTHCS Be-
JIMKa KiJbKICTh BUCOKOMOJIEKYIAPHUX OPTaHIYHUX CIIOJYK, HEAOCTYITHUX
JUIsl 3ACBOEHHSA KOPEHEBOKO CHUCTEMOK POCIHMH. Y TakOMy THOI Maibke
MOBHICTIO 30epirae J>KUTTE3NATHICTh 1 CXOXICTh HaciHHSA Oyp'sHiB,
3aJIMIIAI0THCS HE3pYWHOBAHMMH THi3[a ACSIKHX LIKIIHUKIB (HAIPUKIAI,
KarrycTstHKH). [Ipu poskumanHi 1i€i KOMIOCTOBaHOT MacH BiTOYBa€ThCA
BTOPHHHE 3acMiveHHsI MOCIBiB Oyp'sHaMu W MIKiAIMBUMHU ¢iTodaramu.
3p0O3yMiIO TaKOX, IO MPOLEC TPATUIIHHOTO KOMIOCTYBAaHHSI HENPHIAT-
HUW U1 YTHJT3allMW PIAKUX BiJXOMIB NMTaxXiBHHUIITBA Yepe3 iX BHCOKY
BoJioricTh (0m3bk0 98 %).

Jia mominimmeHHsT SIKOCTI KOMIIOCTY, CKOPOYEHHSI TEpMiHYy Mepe-
PpOOKH OpraHiYHUX BiIXOIB JOMUILHO 3aCTOCOBYBATH Cy4acHI IHTGHCUBHI
610TeXHOIOTIi BEpMHUKOMIIOCTYBaHHs. Matouna BepMukynsTypa (Esenia
foetida) BHOCHTBhCsS y GasoBuii cyOctpar (TunoBuii ckiax: THi BPX,
NTAIIMHUEN MOCHIJ; C/T Ta POCIUHHI BiIX01H, TOp¢ TOIIO), BiIOYBAETHCS
BEPMHUKOMITOCTYBaHHS (TIpUCKOpeHa (epMeHTarist; ryMmidikaris; MiHepa-
JIi3allis), OTPUMYEMO TIPOAYKIito (Giorymyc, OijkoBa Oiomaca, mpernaparu
010JIOTIYHO AKTUBHHMX PEUOBHH, O10JIOTIYHO aKTHUBHI METaJOKOMIDIEKCHI
CHoNykw; (PITOrOPMOHH, aMiHOKHCIOTHUN KOMILIEKC, 0ioras, MiHepalb-
HHUIl KOMIUIEKC). MeToJI0M BEpMHUKOMIIOCTYBAHHS MOYKHA IMEpepoOIIsTH
MIPAKTUYHO BCi BH/IU OPTaHIYHUX BiIXO/IiB.

st mpoBelleHHST OCHOBHOTO TMPOIECY BEPMUKYJIBTUBYBAHHS Ha
MMOBEPXHIO 0a30BOr0 CyOCTpaTy B CTApPTOBOMY OypTi PIBHOMIPHO PO3IIO-
TUISIFOTh  KOMITOCT, IO MIiCTUTh 4YEPB'SKIB 13 MaTOYHHKA, ONTHMAallbHA
IIBHICT SKUX Mae CTaHoBUTH nmpuOm3Ho 50000 ocobun Ha 1 M2 Jlami
Tpeba MOCTIHHO KOHTPOJIOBATH W MiATPUMYBATH BOJIOTICTH CyOCTpaTy Ha
piBai 70-80 %. OnrtumanbHa Temmeparypa cyOCcTpaTry B CTapTOBOMY
Oypri mae cranoButu 19-20 °C. Bin nepecuxanHs OypTH CIiJi BKpUBATH
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MYXKUM MIapoM cojioMu. SIkimio Bojoricts y OypTi ctane Hmx4dow 70 %,
TO X MOTPiOHO MOIMBATH AEXJIOPOBAHOIO (BIACTOSIHOIO) BoJo10. OnHI€E0 3
OCHOBHUX YMOB HOPMAaJbHOI JKHTTEMISTIBHOCTI YEpB'SKIB € IOCTiitHA
aepauist cyOcTpary, Al 4Oro HOT0o MEpiOJUYHO CIYIIYIOTh BHJIAMH 3
TynmuMHU KiHIEIME. Ha mpomixkHI#i cTaii BepMUKYIbTUBYBaHHS depe3 20—
25 nHiB y OypTH HEOOXiAHO BHECTH CBLXHU cyOcTpaT (piBHOMIpHUH MIap
5-7 cm Ha Bcili moBepxHi). [loganpiie gogaBaHHS MOKUBHHX PEUOBHH
HaJIC)KHUTH IOBTOPIOBATH OJIMH pa3 Ha 7—10 mHiB.

Humanns ons camonepesipku

1. o Take biopemeniaris?

2. Yum Mo>kHA 010TEXHOJIOTIYHUMH METOJAMU OYUCTUTH CTOKH i3 BMICTOM
BA)XKUX MeETalliB?

3. Slki nBa cTrocoOM yTpUMaHHs XyJ00U Ta NTaxiB i3 MOMISAY BUAAJICHHS
BiZIXOJIiB PO3PI3HAIOTH?

4. Yomy 10 BIAXOIB CYYaCHUX MiANPUEMCTB i3 BUPOIIYBaHHs XyI00H Ta MTaXiB
MaJio 3aCTOCOBHE NPUPOIHE KOMIIOCTYBaHHS?

5. ki rpymnu )KUBUX OpraHi3MiB 6epyTh Y9acTh Y MPOIECi KOMIIOCTYBaHHS?

6. SIKi KOMIIOHEHTH BXOJATH JJO CKJIaly KOMIIOCTY, YTBOPEHOTO 3 OPTraHiYHUX
BiZIXO/IiB?

7. Sxi OioXiMi4HI IEpEeTBOPEHHS BiIOYBAIOTHCS B OPTaHIYHUX BiIX0aX i 9ac
KOMITOCTYBaHHS Ta sIka AWHaMiKa IIbOro Tporecy?

8. 3a sKuX yMOB BiIOYBa€THCS MPOIEC KOMIOCTYBAHHS OPraHiYHUX BiJIXOJIIB?

9. VY yomy mossira€ NpUpOI00OXOPOHHU €eKT KOMIOCTYBAaHHS OpraHIuHMX
BigxomiB?

10. SIkmit nporiec Ha3UBaIOTh BEPMUKYJIHTUBYBAHHS?

11. SIxi 6i000’ekTH OEpyTh y4acTh Y MPOILECi BEPMUKYJIbTUBYBaHHS?

12. SIx Ha3uBa€eThCA O1I0TEXHOJIOTIYHUH MPOAYKT BEPMHUKYIHTHUBYBaHHS?

13. Slke 3HaUeHHs Ma€ BEPMHKYJIbTHBYBAaHHSI ISl CLIICHKOTO rOcHoaapcTBa?

14. SIxi ymoBU nOTpiOHI JJ1s1 BEPMUKYJIHTUBYBaHHS?

15. 3a gxo10 cxemMo10 BiIOyBa€THCS MPOLEC BEPMUKYIHTHBYBAHHSA?

16. VY sxux ramyssx, kpiMm AIIK, 3acTocoByroTh BEepMHUKYJIBTHBYBaHHS?

17. SIxi exoOTi4YHI ITepeBaru Mporecy BepMHUKYIbTHBYBAHHS?

18. SIki 0i0JIOTiYHO aKTHBHI PEYOBHHH BMIIIly€ BEPMHKOMIIOCT?

19. SIxy pouib BiirpatoTh BEpMUKOMIIOCTH B IiJIBUIIEHHI POAIOYOCTI IPYHTIB?

20. SIka exoJoriyHa posib TyMiHOBUX KHCIIOT Y 3a0€3Me4eHHI POII040CTi
TpyHTiB?
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Tema 6. BionoOpuBa — eko0ioTexHoIOTiYHA
ajJbTepHATHUBA 30aradyeHHs I'PYHTIB

s 30arayeHHss TPYHTY 3B’SI3aHMM a30TOM Y CUIBCBKOMY TOCIO-
JApCTBI Ta ¥ B3araii B pOCIMHHUIITBI BAKOPUCTOBYIOTH OakTepianbHi, abo
0i0100pHBa, BUTOTOBJIEH] B ITYYHUX yMOBax. 30KpeMa, OCTaHHIM 4acoM
HaOyJH TOMMpEHHs OioTpenapary HiTpariH Ta a30To0aKTeprH, BUpoOIIe-
Hi Ha ocHOBI OynbO0OuKoBHX (Rh-6GakTepiii) Ta 6Gakrepiit pomy Azotobacter
3 JOJaBaHHAM JI0 HUX CTa011i3aTopiB (TIOCEUOBHHU, MEJISICH) i HATIOBHIO-
BauiB (OeHTOHITY, IpyHTY). Lli mpemaparuBHi dhopmu 31aTHI 30aradyBaTH
IPYHTH HE TiIBKH a30TOM, aje i BiTamiHaMu, ¢iToropmMoHamu (ridepui-
HaMH, T€TePOaAyKCUHAMHU).

Kpim Toro, B arpomeno3ax BUKOPHUCTOBYIOTh mpemnapat ¢gochobdak-
TepUH, SIKMI BKIfOUae KIiTHHU Oakrepiit Bacillus megaterium, mo nepe-
TBOPIOIOTH CKIIaAHI (ochOopHi CIOMYKH B MPOCTI, JETKO 3aCBOIOBAaHI po-
ciuHamu popmu. DochobakTepun cnpuse 30araueHHIO IPyHTIB (ocda-
TaMH 1 BiTAMiHAMH Ta MOKPAIILy€ a30THE KUBJICHHS.

JlocuTh MepCIIeKTHBHUM y BUPOOHUIITBI OiompenapaTiB € BUBEICH-
HSl HOBUX BUJIIB CHMOIOTHYHHX acolliaiiii pociivH i3 a30T(iKCyBaIbHUMH
0aKTepisMHU 3a JOTIOMOTOK0 METOJ[IB TeHETHYHOI Ta KIIITUHHOI 1HXeHepii.
Hampuxitan, TpuBae momyk MoaugikoBaHOTO TeHOMa Oaktepiit Azoto-
bacter, 3gatHux BcTymaTtd B CcHMOiO3 13 3JIaKOBUMH KYJIBTYpaMH Ta
nepeaaBaTy iM reHeTHYHY iHopMarmio. Y mpoueci NolyKy BUHHKAIOTh
TPYJHOIIII, TIOB’s13aHi 3 MiZ00POM BiJIIIOBIIHOTO BEKTOpa (TPaHCIOPTHOI'O
3aco0y). | TyT BupimansHy poiib Biflirpae po3poOKa crocobiB mepeHocy
TeHiB, SKi BIAMOBIAAOTH 3a CTIHKICTP POCIHMH [0 CIEKH, HH3BKOI
BOJIOT'OCTI, XOJIO/Y, 3aCOJICHHS IPYHTIB, 3a MepeOir CBITJIOBOI i TEMHOBOT
cTaniii GiokoOHBepcCii eHeprii CBiTia, 3a peryiroBaHHS mporecy (dikcarrii
BYIJICKHCIIOTO ra3y POCIMHAMHU, 3a CTIMKICTh J0 repOinuaiB, Toio. Bax-
JIUBE MICIe Y BUBEJCHHI HOBUX COPTIB POCIHH HAJEKUTh METOAY KYJIb-
TUBYBaHHS POCIMHHHX KJIITHH IN Vitro. Tak, B ABcTpamii i3 KIITHHHHX
KJIOHIB iN VIlr0 BHpOIIYIOThCS KaMeIHi JjepeBa — aBCTpPATHChKi
EBKAIITH, SIKI MOKYTh iICHYBaTH Ha 3aCOJICHUX IPYHTax, a B Mamai3ii i3
KJIITHHHOT'O KJIOHA OYJIO BUBEICHO MajibMy, Yy sikol Ha 20—30 % migcuieHo
3IATHICTh JI0 YTBOPEHHS OJIii Ta MiJBMIIEHA CTIHKICTh 0 (pITOMATOrCHIB.
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I3 TKaHMH BEpXiBKOBUX OpPYHBOK MOJIU(IKOBAHUX POCIMHHHUX OpPraHi3MiB
OTPUMYIOTH BHCOKOIPOAYKTHUBHI CTilKi 0 BipyCiB pOCIMHHU-pETreHepaH-
. KomMepmiitHo BHTITHUM BH3HAHO MPOMUCIIOBE BUPOOHHIITBO OioTeX-
HOJIOTIYHUMH METOJIaMH Y€PBOHOI'O MIrMEHTY MIMKOHIHY Ta HOTo MmoXia-
HUX, 1110 BUKOPUCTOBYIOTHCS AJISI BUTOTOBJICHHS KOCMETHYHUX 3aC00iB 1
JiKyBaJbHUX MpenapaTiB.

InTeHcudikaiis CiIbCbKOro TOCHojapcTBa (mependadae 3acTocy-
BaHHSI MIJIBUIIEHNX HOPM BUTPATU MECTULUAHUX IIPENapaTiB) BUKJINKAIA
3HAa4YHI EKOJIOTIYHI MOPYIIEHHS — HAKOMWYEHHS TOKCHYHUX PEUOBHH B
00’€KTax HaBKOJHIITHBOTO CEPENOBHUINA, 3a0pYIHEHHS MPUPOJHUX E€KO-
cucteM. Hacnmigkamu Ximizamii CiTbCBKOTO TOCIIOAApPCTBA, TaK MOITYISp-
HOT y XX CT. cTanu 3a0pyAHEHHS JOBKLLISA IBOMA KIacaMU PEUYOBUH —
3ac00iB 3aXMCTy POCIWH (3rafiafi BUIE MECTUIMIN, TepOIiuan TOIo), a
TaKOX HeOOrPYHTOBAHOTO 3aCTOCYBaHHS MiHEpaJbHHX J0OpUB. Pazom i3
THM Cy4YacHE arpapHe BHUPOOHHWITBO JOCTaTHBO IHTEHCHBHeE, mo0 06e3
KOMIIEHCallii BHHECEHWX IIOXKMBHUX PEUYOBHH MOXHA Oylo 30epertu
CTanuii poaround craH rpyHTy. ToMy albTepHATHBOIO MiHEpAILHUM J00-
pUBaM CTarOTh TPAIWIIHI OPTaHi4Hi, BHECEHI BiAMOBIAHO A0 BUMOT ChO-
TOJICHHSI, aJIbTEPHATUBOIO TPATUIIIHHAM METOIUKAM ITiIBUILEHHS PO/IIO-
YOCTI TPYHTY — OIOTEXHOJOTIUHI METOAM HOTro 30aradeHHs, 30Kpema
3rajiadi BuIle OakTepiadbHI KOMIUIEKCH Ta BEPMIKyIbTypa, allbTepHATH-
BOIO (ITOKH WIO HE JIOCTATHBO JIOCKOHAJIO) TIECTHIINAAM — aJbTePHATHBHI
3aXUCHI METO/IH, Cepe/l HUX — BUKOPHUCTaHHS O10JIOTIYHHX Mpernaparis, B
OCHOBI Jii SIKUX JIEKWUTh MPUHIUI AHTArOHI3MY MDK PI3HHUMH BHJaMHU
MiKpoopraHi3miB ab0 MpOsIBU iXHBOT aHTUOIOTUYHOT aKTUBHOCTI, 30KpeMa
BUIIJICHHS B 30BHILIHE CEPEAOBHUILE TOKCUYHUX Il KOHKYPEHTHHUX Opra-
Hi3MiB pEYOBHH.

Jlo rpynu aHTaroHiCTUYHUX BiAHOCATHCS NMpernapard, CHHTE30BaHi
Ha OCHOBI TOPMOHIB KOMaX, (pepoMoHiB (0i0J0T1YHO aKTHUBHUX PEYOBHH,
SK1 BUSIBIISIFOTH BHYTPIIIHROBUIOBY IMOMYJISIIHY Jit0) a00 BHUTOTOBIICHI
Ha 3pa30K NMPUPOAHMUX KOMIOHEHTIiB. [lo iHIIOl rpynu Hanexarts Oiompe-
napaTH, JIFOUYUM areHTOM Yy SIKUX BUCTYITAlOTh MiKpoopraHizmu (0akTepii,
rpudu, BipycH) Ta MPOLYKTH iX >KUTTEAIsUBHOCTI. Lli peyoBuHHM cuHTe-
3yI0Tb O10TEXHOJIOTIYHUMH METOJaMH, BOHM MalOTh 1HCEKTHLWAHUH,
¢byHrinuaHui a0 poAeHTHIMITHUHN eeKT.
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Xoua ¢dopmansHO 0i03acO0M 3aXHCTy pOCIMH HE 30aradyroThb
TPYHT, IPOTE IX 3aCTOCYBaHH: Ma€ aHAJOT1UYHMIA e(eKT MiABUIICHHS BpPO-
YKAIHOCTI Ta MPOAYKTUBHOCTI arpolieHo03iB. AbTepHAaTHBA XK 30araueHHs
IPYHTIB Tiependavae TIAHMOOKE PO3YMiHHS TMPOLECIB Yy TNPHPOJHOMY
TPYHTOBOMY CEPEIOBHIIlI, 30BPEMa MPOTIKAHHS PEaKIiil PO3KIIaAy pi3HUX
KJaciB pe4yoBuH, ¢ikcauii azory, ¢ocdopy i IHIIUX MaKpOEIEeMEHTIB,
podi MIKpOeJIEeMEHTIB TOmo. YTBOPEHHS Ta HapoLlyBaHHA OioMacu
pPOCIMH Ha CyIIi Ta y BOZAI 3yMOBIIEHE 3aCBOEHHSIM HHMH 3 Oiocdepu
elIeMeHTIB a30Ty U Qocdopy, o HasBHI TaM SK Yy BiNbHIA Qopmi
(MonexynsIpHUH a30T), TaK 1 B 3B’ s3aHOMY CTaHi (HiTpaTH, GocdaTn).

Bimomo, mio TimpKM MIKpOOpTaHi3MH 3[aTHI 3B’sI3yBaTH aTMOC-
(depHuit MonekynspHuit a3oT. ikcaist MoneKysipHoro a3zory (N2) sBise
COOO0 BiTHOBIIOBAIbHY PEAKIliI0, YHACHTIIOK SIKOI YTBOPIOETHCS aMiak.
Karamizyerbcss 1eli  mporec 3a  JOMOMOIO  MYJIBTH(EPMEHTHOTO
KOMIUTIEKCY (HITpOT€Ha3M), 0 BKIIOYAE HE3B s3aHi 3 TEMOM 10HH 3alIi3a,
Momibneny Tta SH-rpymm. YTBOpPEHHS KIHIEBOTO MPOAYKTY — amiaky
IHIIIOETHCS IEPEHOCOM MPOTOHIB Ta EIEKTPOHIB 332 TaKOI CXEMOIO: 3a
nii mitporeHasn ta AT® 10 MOJEKynM a30Ty i3 MOTPIHHUM 3B’SI3KOM
MPUENHYETHCS BOJICHD, IEPETBOPIOIOYM 3B’SI30K CIEPINY H aroJBBIHHUA,
3roJIOM Ha OJIMHAPHUH 1 Ha 1[Il OCHOBI YTBOPIOETHCS JIBA aTOMU aMiaKy.

Hapani wactura N, yTHITI3yeThCS MiKpPOOPTraHi3MaMH CaMOCTIHHO,
a ¥oro pemra (iHepTHHI N2) MepeTBOPIOETHCS HA OPTaHiYHI CHOJYKH (€
BKIJIFOUEHHSAMH 110 Oinka) B cuM0i03i 3 BUIMMH pocianHaMu. [Ipu mpomy
a30T 3HOBY IIOBEPTAETHCS B IPYHT (MPOTITOM POKY a30TQiKCyBalbHI
OakTepii J0Jar0Th ¥ IPYHT 10 5 KT No/ra).

Hamnpukian, cuMOIOTHYHUM MapTHEPOM POCIHH, SIKI HAJISKATh 10
poauHu 6000BHX, BHcTynawoTh Rh-Gakrepii — OynpOoukoBi pomy Rhiz-
bium (Rh. leguminosarum, Rh. meliloti ta in.). L{e anaepoOHi, canpoditHi
rpaMHETaTWBHI TaTWYKu. BOHM momupeHi B TIpyHTI, a B TmpoIlieci
KUTTENISUTBHOCTI YTUIII3YIOTh OpPraHiuHi CIIOJNYKH Y CMMOi031 3 BUIUMH
pociuHamu. BoOoBi He MOXyTh pocTH 0e3 3B’S3aHOrO a30Ty, TOMY iX
KOpeHi 3acisHi OynpOouKamu, SIKi YTBOPIOIOTBCS BHACHIJOK 3aCeIICHHS
NPUIATKOBUX KOPEHEBHX BOJIOCKIB POCIMHHU BHILIEHA3BAHUMH BHJIAMH
IpyHTOBHX Oakrepiid. bakTepii ckymuyroTbcs H pocTyTh, HaOyBarouu
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BUTTISIAY 1HQEKUiHHOT HUTKH, 10 Ma€ >KOPCTKY LEI0NI03Hy 000JI0HKY, Ha
camMoMy KiHIIi BOJIOCKA.

Hi pocnuna, Hi OakTepii He 3MaTHI CaMOCTIHHO 3B’S3yBaTH a3oT.
Pocnuna 3abe3nedye GakTepiaibHi KIITHHU MOKUBHUMH PEYOBHHAMHU Ta
CTBOPIOE ONITUMAIIbHI YMOBH /IS X ICHYBaHHA. Y pe3yNbTaTi TaKOTo Ipo-
1ecy cMMOIOTHYHOTO 3B’S3YBaHHS a30Ty I'PYHTHU IIOPIYHO 30arauyroThbes
UM edeMeHToM. Llinmuid psn BUIux pociuH (Biibxa, o0inuxa, JIox cpio-
JACTHHA Ta iH.) SIK CUMOIOHTH MAlOTh Ha KOpEeHAX Oynp0O0uKH, 3aceneHi
MiKpoopraHi3MamMu akTHHOMIileTHOI rpynu Streptomyces. Taki pociauHu
MIEPITUMH 3’ SBISIOTHCS HA MICIAX, A€ IPyHTH OigHiI Ha a30T. Bonu copo-
MOJHI TTpoTsToM poKy yTBopuTH 150—-180 kT No/ra. 3matHicTh dikcyBaTH
a30T BJIACTUBA TAKOXK POCIMHAM BiJUIUTY TOJIOHACIHHHX Y CUMOIOTHYHOMY
MapTHEPCTBI 3 MikpoopraHizamamu poxy Phycomyces. [ns 3B’s3yBanHA
N2 y cuM0i03 i3 pOCIIMHHAMU OpPraHi3MaMH BCTYIAKOTh TaKOX (POTOTPOd-
Hi O6akTepii (meski miaHoOakTepii), METaHOTBIpHI, Hecynb(iBHI OakTepii Ta
rpynu OakTepiii Aerobacter Ta Achromobacter.

[TpupoaHa pomovicTh TPYHTIB BU3HAYAETHCS, HACAMIIEPE, Xapak-
TEPOM Ta OCOONMBOCTAMH ix ¢opmyBaHHA. llima HU3Ka KOMIUIEKCHHUX
(hakTopiB: KIIMaTHYHHUX, TiJPOTCONOTIYHHX, AHTPOIOTEHHHX; & TaKOX
IHTCHCUBHICTh HA/IXOPKCHHS Ha IPYHTOBY MOBEPXHIO COHSYHOI €HEprii,
OlOJOTiYHI IUKIM PO3BUTKY POCIUH Ta 1H. 3YMOBIOIOTH TPHUBAJICTh
nepediry CKIaHOTO FeTepOreHHOTO IPYHTOYTBOPIOBAILHOTO IPOLIECY.

[lepeTBopeHHsT OpraHiyHUX PEYOBHH HA TYMYC y IPYHTI BigOyBae-
THCS TIEPEBAYKHO 33 YYACTIO MIKPOOPTaHi3MiB, TBApHH, KHCHIO TOBITPS i
BOJU. Y Tpolieci TiApONiTHYHOTO PYHHYBaHHS OpPraHiuHi 3aJMIIKNA BTpa-
YalOTh aHATOMIYHY CTPYKTYpPY, TPaHCHOPMYIOYHCH Yy OiibIl pyxXomi
npocTi crnoiyku. YacTHHA yTBOPEHHX HU3BKOMOJICKYJSIPHUX PEUYOBHH
MOBHICTIO MiHEPAi3yeTbCA MIKPOOHUMHU KIITHHAMH, 1 TPOAYKTH iX
METa0Ooi3My CIIOKMBAIOThCS 3€JICHUMH POCHUHAMH, IHIIA YacTHHA
BUKOPHUCTOBYETHCS JUISI CHHTE3Y HOBHX T'€Hepalliii MiKpoOpraHi3miB 3 Io-
JanemuM posnagoM. Kpim toro, nesika KUTbKiCTh MPOMIKHUX HPOIYKTIB
MEPETBOPIOETHCS HA CrieU(iuHI CKIaJHI BUCOKOMOIIEKYJISIPHI PEUOBHHU
— TyMycoBi Kuci0TH. JlaHuil mpouec iHiLil0eThCs HAsBHICTIO B CEPEIOBU-
i KUCHIO, BOAX W (DEPMEHTHOr0 KOMIUIEKCY »XHMBHX OpraHi3MiB, HOTro
NPUUHATO HasuBaTH TyMmidikamiero. OTXe, T'yMyCOYTBOPCHHS SBIISE
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co00I0 CYKYMHICTh 010()i3MKO-XIMIYHHX TMPOLECIB PYHHYBAaHHS MEPBHH-
HUX OpPTaHIYHUX 3QJIMIIKIB, CHHTE3y BTOPUHHUX (HOPM MiKpOOHOI Macu Ta
ix rymidikarii 3 yTBOPEHHSM OpraHO-MiHEPaTbHUX IMOXiTHUX TYMYCOBHX
kucioT. OcobnMBe 3HAYEHHS B HPUPOJHOMY T'YMYCOYTBOPEHHI MAaroTh
peaxiii moBITFHOTO 010XIMIYHOTO OKHCHEHHS, y Pe3yJbTaTi SKUX YTBO-
PIOETBCS CHCTEMa BUCOKOMOJIEKYIISIPHUX OpPraHiuHMX KHCIIOT.

Takum ywmHOM, TpuposHa Tymidikamlis — e TpUBAIMM mpolec,
YHACIIOK SIKOTO BiAOYBa€ThCS MOCTYIOBUN CHHTE3 apOMATHYHUX ITUKIIIB
MOJIEKYJI TYMIHOBHX KHCJIOT y YOPHO3€Max He 3a paXyHOK KOHJEHcallil, a
IIJSIXOM YaCTKOBOTO OTHICIUICHHS HaMEHII CTIHKOi YacTHMHH MaKpOMO-
JEKyJId HOBOYTBOPEHHHX TyMiHOBHX KuciOT. CdopmoBaHa cucTeMa
TYMYCOBHX KHUCIIOT TPYHTY B3a€MOZI€ 3 HOro MiHEpaIbHOIO YaCTHHOIO
(307BPHMMHU €EMEHTAaMHM POCJIMHHMX 3QJIMIIKIB), IO NPUBOAUTH 0
BUHUKHEHHSI B HHOMY OPraHO-MiHEpaJIbHOT'O KOMILIEKCY, SIKUH 3YMOBIIIOE
MIO’KMBHY MIHHICTB TPYHTIB B arpoIeHO3I.

Humanus ons camonepesipxu

1. Y yomy moJisirae ekoJioriuHa Oe3rneuHicTh OiompenapariB Ta 6i0100puB?

Has3Bite mpuHIMITN 3acTOCYBaHHS OioNpenapariB B arponpoOMICIOBIN TaTys3i.

3. Ha ocHOBI SIKHX MOIYIIALIH MiKpOOPTaHi3MiB BUTOTOBIITIOTECS Oiompernapa-
™?

N

4. SIki iCHYIOTh €KOJIOTIYHI ITepeBark 3aCTOCYBaHHs Oiompernaparis Ta
6i0100pHB, HA BiIMIHY BiJ] IIECTUIHAIIB?

5. Slki rpynu npenapaTiB MOXKYTb 3aMiHUTH NECTUIIMAN?

6. Ilo Take aHTaroHicTUYHI Ipenaparu?

7. KopoTko onumiTe GionpenapaTy, JIFOYUM areHTOM Y IKHX € MIKPOOPTaHI3MA
Ta MPOIYKTH 1X KHUTTENISITHBHOCTI.

8. Slki OionoriyHi criocoOu 30arayeHHs IPYHTY a30TOM BUKOPHCTOBYIOTBCS B
CLTBCEKOMY TOCTIOAAPCTBi?

9. OxapaxTepusyiiTe NIpUHIMIT QiKCYBaHHS a30Ty I'PYHTOBHMH MIKpOOpraHi3-
Mamu?

10. SIki BHII POCIMHU CHPUSIIOTH (iKcallii aTMOCHEPHOro a30Ty B IPYHTI 1 IKUM
YHHOM?

11. Sk BHII POCIMHYU MOKPALIYIOTH SIKICTh TPYHTY 1034 CIPUSHHIO pOOOTi
a3oTodikcyrounx O6akTepin?
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Tema 7. BioounieHHs IPYHTIB

[TepeTBOproroun opraHiuHi i MiHepaJibHI CIIONYKH, SIKi HALXOASTh y
TpyHT, Mikpodopa 3abe3meuye cobi BiTHOCHY MOCTIHHICTD yMOB iCHY-
BaHHsS (roMeocTa3). AHTPOINOreHHI (PakTOpH, 3MIHIOIOYH EKOJOTiYHHN
CTaH, MOXYTh CTUMYJIOBaTH a00 MPHUTHIYYBATH XUTTEAISTBHICTH Opra-
Hi3MIB Y TPYHTI.

[Ticns BHEceHHS TMEBHUX EHEPreTUYHUX DPEUYOBHUH TMPH OKYJIbTY-
pPEHHI B TPYHTI MOYMHAIOTH PO3MHOXKYBAaTHUCh BHIH, SIKI iX BHKOPHCTO-
ByI0Tb. HecnipusiTiuBi aHTpornorenHi GpakTopu, HaMpUKIaA, iI0HH BaKKUX
MeTalliB, 3MEHIITYIOTh BHIOBY PI3HOMAaHITHICTH MikpodopH i ii GioxiMid-
HY aKTUBHICTb.

Juist cnocTepeskeHHs 32 MPUPOJHUMHU YIPYIMOBAaHHSIMHU MIiKpOOiB B
TPYHTI 3aIIPOMIOHOBAHO KiIbKa €KOJOTiYHUX MeToAiB. OmHUM 3 HaMmpo-
CTIIIMX € SKICHUIA METOJ KOHTaKTHHX CKEJIeIb a00 CKeJellb 00pOCTaHHS.
[Ipu mpoBeneHHi TOCIHIHKEHb CKEbII 3aKOMYIOTh B IPUPOIHI TPYHTH, 1€
3HaXOJATHCS BaXKKi METaM B MalMX KiIbKOCcTsAX. Tak, B JepHOBO-
nigzonuctoMy rpyHTI Mictatbes (Mr/100 r rpynty): Zn-0.4; Ni-0.1; B
cipomy sicoBomy Zn-1.2; Ni 1.1.

[Tpu oMY BaXKITMBO HE JIUILE BUSBISATH MPUCYTHICTb, e H BMITH
BUJAJSITA 13 TPYHTY HeOakaHI PEYOBUHH, a/DKE OCTaHHI JCCATHIITTS
XapaKTepU3YIOThCs HAAXOKEHHSIM Y JOBKULIS BEJIMYE3HOT KUIBKOCTI
pi3HUX 32 OYyZOBOIO CHHTETHYHHX OPTaHIYHUX CIOJYK (KCEHOOIOTHKIB),
9acTO TOKCHYHUX JUIS )KUBHX OpraHi3MmiB. HuHi cTOITh 3aBlaHHS MaKcH-
MaJIbHOT'O BHKOPHCTAHHS MOTEHIIIally MiKpOOPTaHi3MiB, sSIKi MalOTh BEIH-
4Ye3Hy Pi3HOMAaHITHICTh (pepMEHTIB, IO 3MIMCHIOIOTH peakiii JAecTpyKIii
pi3HUX KCceHOOIOTHKiB. BHKOpHCTaHHS IBOTO MOTEHMiaNy i € «biopeMe-
Jiaris.

Sxmo B rpyHTi a00 BoAi, 3a0pyQHEHINH KCEHOOI0THKaMH, BiJCYTHI
MIKpOOpTraHi3MH, 37aTHiI 10 e€PEeKTHBHOI Jerpanaiiii X CIOJYyK, JOIli-
JTbHA IHTPOMYKINS TYIW MiKpOOPTaHi3MiB-0101€CTPYKTOpiB. 3aiisHi 3
LI€F0 METOI0 MIKPOOPTaHi3MH MOXYTh OyTH:

—  TPUPOJHUMH, HIO MOBEPTAIOTHCS B JOBKIIUIS,
— CEJIeKTOBaHUMU;
— CKOHCTPYHOBaHUMHM 3 BUKOPHCTAHHSM MPHUPOIAHUX CIOCOOIB ropH-
30HTAJIBHOTO TIEpEeHECEHHsS TeHeTH4YHOl iH(opmMarii (KoH roraris,
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TpaHchopMaLis, TPAHCAYKIIiS);

OTPUMaHHMHU METOJIOM TaK 3BAHOTO MOJIEKYJIAPHOTO OpHUIHMHTY;
CKOHCTPYHOBaHIUMH METOJIaMH T€HHOI 1HXKEeHepii;

OTPUMaHHMU 3 BUKOPHCTaHHSIM METOy OUTKOBOT 1HXKEHepii;
OTpUMaHUMH KOMOIHAIII€10 3a3HAYCHUX ITiTXOIiB 1 METOIB.
MikpoopraHi3mMi Ta NPOAYKTH Ha iX OCHOBI €(EKTUBHO BHKO-

PUCTOBYIOTH Y HACTYIIHUX BUIIAAKAX 3aJId 3aXUCTY rpyHTiB:

o

[u}

o

o

Bbiogerpanaris HagTOBUX 3a0pyaHEHD HA TPYHTI

Bionoriyne o4MIIeHHS CTOKIB, IO MOXKYTh NOTPAIUIATH HA TPYHT
BiokommocTyBaHHS TBEpINX OpraHiYHUX BiTXOIIB
BioreoTexHomoris BUIyroByBaHHS METATIB TOIIO

[opsim i3 OaxTepisiMu, MiKpoopraHizaMamu, (GEepMEHTaMH TOILO

LIMPOKO BUKOPHUCTOBYIOTH BHILI POCIMHH Ul 3aXUCTY Ta BiIHOBIICHHS

rpyHTiB. ditopemeniamnis — 1€ TEXHOJOTisI BiIHOBIEHHS 3a0pyIHEHOTO

CepeOBHINA 3 BUKOPUCTAHHIM Pi3HUX BUAIB pociuH. DiTopemeniaiiHy

TEXHOJIOTII0 3aCTOCOBYIOTH O€3IOCepeIHhO B PaiioHI 3a0pyTHEHHS, BOHA

CIpUs€ 3HIKCHHIO BUTPAT 1 3MCHIICHHIO KOHTAaKTy 3a0pyIHEHOTO

KCEeHOOl0THKa 3 JIIOABMH 1 JOBKULIAM. HaiirosjioBHilie Te, IO IIICIIS

¢iTopeMenialii IpyHT He BTpadae CBOET poarodocti. OTxe, 151 TEXHOJIOTIs

€ €KOJIOTIYHO OEe3I1EYHO0 Ta EKOHOMIYHO BUTIIHOXO.

Pocnyna BruinBae Ha JOBKUUISA Pi3HUMH CIIOCOOAMHU, Cepell SIKUX €:
pu3odinbTpariis — KOpeHi BCMOKTYIOTh BOJAY Ta XiMiuHI €lIeMEeHTH,
HEOOXI1/THI JJIs1 )KUTTEMISITEHOCTI POCIIHH;

¢diToeKcTpakiisi — HAKONMYCHHS B  OpraHi3Mi  POCIMHH
HebOe3nevuHnx 3a0py/JHEeHb (HAIPUKIIa]], B&XKKHX METAIIiB);
(ditoBoNaTumizalliss — BUMAPOBYBAHHA BOJAM 1 JIETKHX XIMIYHHX
eJleMeHTiB (As, Se) JIUCTSIM POCITUH;

¢itorpancdopmarris:

(itocTabinizaiist — mepeBeICHH XIMIYHUX CHOIYK Y MEHII PyXOMY
Ta aKTHBHY (OpMHU (3HIKYE PU3UK TOMIMPEHHS 3a0pyIHEHD);
(ditomerpamamis — JAerpajamis poOCIWHAMH 1 CHMOIOTUYHUMU
MIiKpOOpraHiZMaM# OpraHiuHOi YACTHHHU 3a0pYAHEHB;
GiTOCTUMYTIALIST  —  CTUMYJLALIS — PO3BUTKY  CUMOIOTHYHHX
MIKpOOpraHi3MiB, 0 O€pPyTh y4acTb y IPOLIECi OUHIIEHHS.
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OxavH 13 KIIOYOBUX MOMEHTIB (iTopeMenianii — ONTUMaIbHUHA
CKJIaJ TOJIEPAaHTHHUX BHUIIB POCIIMH, 31aTHUX HE JIMIIE BIDKUTH B YMOBAax
3a0pyaHeHb, a i TpaHchOopMyBaTH 1 3HEMIKOAUTH iX. Bubip pociawH ms
miel TEXHONOTii BH3HAYA€ThCA IX 3IATHICTIO BUHOCHUTH Ha TOBEPXHIO
TPYHTOBI BOJM 3a paxyHOK €BalOTpaHCIIpamii pO3MIEINIIOBaTH 3a0py-
HIOBQJIbHI CTIOJIYKH 32 AOMOMOIOI0 CBOIX ()EpPMEHTIB i HaKOMMYYBaTH Ll
CHOJYKH B OioMaci.

EdextuBHicTh QiTOpemenialiii rpyHTIB 3aJ€XXHUTh BiJ MPOTyKTHB-
HOCTI pocnuH. I3 Oinpmoro GioMacol 3 IPYHTY BHIAISEThCS Oinblia
KUTBKICTh TIOMIOTAHTIB, IO HANIWILIM 1O pociwHH. biomaca pociuH
TipuuIli capenTchkoi 30iibIyBaiacs 31 3pOCTaHHSAM KOHIICHTpAIii
nonaaux CoSOs - 7H20 Ta NiSOs - TH20. Ane, sik okasaiu pe3yibTaTH
JOCTIiB, yXxe mpu BMicTi ko6anbTy i Hikenro 10 I'JIK y rpyHTI y pociua
ripunni capentcekoi (Brassica juncea L.) momiTHime crocrepiraeTbes
VIOBUTFHEHHSI 3pOCTaHHS, Ha BenukuX KoHmeHTpamiax (15 TIK)
POCTIMHY MIPUTHIYEHI 1 He TOCATAI0Th HEOOXiAHOT OioMacH.

3MiHa MacH KOpEHIB 3a BapiaHTaMHu MpH 3a0pyIHEHHI KOOAIhTOM
BimOyBanacs TakoX MO-Pi3HOMY, 3aJIe)KHO BiJ 103U 3a0pyaHUKa. Y poc-
JIMH TIPYHMIi CapenTChKOl MOAIOHO A0 MacH HaJ3eMHOI YaCTHHH CIIOCTE-
piranu gocroBipHe 30inbIIeHHs (Ha 16 % TOPIBHAHO 3 KOHTPOJIEM) MacH
KOPEHIB TIpH CEPeTHhOMY piBHI 3a0pyJHEHHS, NP IiIBUIICHHI PiBHSI
3a0pyaHeHHsS BiAOyBaJiocsl ii 3HW)KEHHS, OCOOJIMBO L€ HeraTWBHUUN
edexT (Ha 88 % MopiBHIHO 3 KOHTpoJieM) OyB BUPaXEHUI IPU BHECEHHI
koOanbTy B IpyHT no3amu 10 1 15 T'JIK. TloxiOHi pe3ynabTatu crioctepi-
raJIuCs ¥ ImiJ1 4ac 3a0pyHEHHS IPYHTY HiKeJIeM.

HaiiBaxmBimmmmy KOMITOHEHTaMH TEXHOJIOTIi BiIHOBIIEHHS 3a0py-
JHEHOTO XJIOPOPraHIYHUMH TEeCTHIUAAMU IPYHTY 32 JOMIOMOTOI0 POCIHH
€ ditoekctpakis i ditocrabimizamia. PiTOEKCTPAKIMIHHUN ITOTEHIIIaT
POCIIMHHOTO OpraHi3My 3alieXkUTh Bij TigpodobHocTi 3a0pynHuka. Cry-
HiHb TiIpooOHOCTI 6araTo B 4OMY 3yMOBIIOE €(EKTUBHICTh MTOTITHHAHHS
1 mepecyBaHHsl 3a0pyAHHMKa B pociauHax. /[0 TOKCHKaHTIB BiTHOCSTH
CTIfiKi OpraHiuHi NECTHLHUAM, TaKi SK TPUXJIOPMETHIH (M-XjaopdeHin),
metad (JAT) i rexcaxnopuukiorekcan (I'XUI). ¥V rpyHTi BoHM 3B’s-
3YIOTBCS 3 OpraHIiYHMMHU a00 HEOPraHIYHMMHU CIIONyKaMH (XENaTyHTh),
CTalOTh 130JIbOBAaHMMH B MEXaX MPHPOJHUX TBEPAMX YACTHHOK IPYHTY,
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mo 3HIWKye OiomocTymHicTs ¢umopu. [ns minBuiieHHS e(eKTUBHOCTI
¢iTopeMeHTallii  MPOMOHYETHCS  3aCTOCOBYBATM  PEUYOBHUHH, IO
CTUMYJIOIOTh DICT POCIHH, MiABUINYIOTh PYXIUBICTH TiapohoOHUX
3a0pyIHUKIB 1 301IBIIYIOTh MIBHAKICTH 1X MOTPAIUIIHHS B POCIMHHU. Y
3B’S3KYy 3 IIUM OYyJIM CHHTE30BaHI TeTePOUUKIIIYHI CHOJIYKH OKCAaHOBOTO
psay, WO MOTEHHIHHO MaloTh OiOJOTIYHY aKTHBHICTh. Jl0 HaiOimbII
BiJOMUX POCJIHH, L0 OYMIIAIOTH BOAY B MPHUPOJHHUX YMOBAaX y BOIHHUX
o0’exTax (OojoTax, cTaBKax 1 03epax), BIMHOCITH: PSICKY, BOISHHA
IITNWHAT, BOJb(i0, 0araTOKOpiHHUK.

Bimommuii crioci6 ditopemeniartii Ans BUAAaICHHS METAIIB i3 TPYHTIB
3a paxXyHOK aKyMyJIsilii MeTalliB pOCIMHAMH, SKUH € albTepPHATHBOIO
ICHYIOUMM METOAaM BiJHOBJICHHS TPYHTIB (€KCKaBallis, MPOMHBaHHS),
30KpeMa BHACIIAOK Maiux BUTpaT. OCOOIMBO 1€ BAXKIIMBO AJIS 301 THEHUX
Ha POCIUHHICTh TPCHKUX PaiOHIB, OCKLIBKH MPH IBOMY MOKPAIYEThCS
nmaaamadT. Pi3HI BUaM BHUIOi BOJHOI pOCIMHHOCTI 30aradyroTh BOAY KH-
CHEM, OJIEp’KaHUM y pe3yNbTaTi 0i0OCHHTE3y, a TOKCHYHI JOMIIIKH pPO3-
IICTUTIOIOTh Ha CKJIAJIOBI XiMIiYHI €JIeMEHTH. TakuM YMHOM, BiI0OYBa€ThCS
JNETOKCHKALiA CTIYHUX BOZ. .

Tlumanus ona camonepesipku

1. SIkuM YMHOM HECTIPHUSATIIMBI aHTPONOTeHHI ()aKTOPHU BILIMBAIOTH Ha
roMeocTa3s y TpyHTax?

N

SIK TPOBOASATH BUSIBJICHHS aHTPOIIOT€HHI YNHHHUKIB Y TPYHTaX Iepe
3aCTOCYBaHHSIM OiopeMenaritHux MeToIiB?

[Ilo Take KCEHOOIOTHKH?

OxapakTepu3yiTe THIIH MiKpOOPTaHi3MiB-010JeCTPYKTOPIB.

Bij yoro 3anexuts Oe3reka 3acToCyBaHHS Pi3HUX THIIB 0i0/1eCTPYKTOPIB?
[epeniduiTh OCHOBHI HAIIPSIMKH 3aCTOCYBAaHHS 010METOIIB 3aXHCTY Ta

ok w

BIZTHOBJICHHSI IPYHTIB.

7. Slki ocobnmBocTi ditopemenianii? SIki 101aTKOBI TOCTIONAPCHKi 3aBIaHHS
BOHA MOJKE BHpIIIyBaTu?

8. OxapakTepusyiiTe OCHOBHI THITH BIUIUBY POCIMHH Ha JOBKIJUIS, 10
OB’ s13aHi 13 G100YMIIEHHSIM TPYHTIB.

9. Slki akTopu BILIMBaIOTh Ha e(eKTUBHICTH hiTOpemenianii IpyHTIB?

10. Oxapakrepu3yiiTe HalfBaXXJIMBIII KOMITOHEHTH TEXHOJIOTIi Bi/IHOBIEHHS
3a0py IHEHOTO XJIOPOPTaHIYHUMH TECTUIMIAMHU IPYHTY.
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Tema 8. BioounmeHnHs noBiTps

Biosioriuni MeTOIM OYMILIEHHS MOBITPS IPYHTYIOTHCS Ha 31aTHOCTI
MIKpOOpPTraHi3MiB pyHHYBAaTH B aepOOHHUX YMOBaX HIMPOKHUIl CIIEKTP pedo-
BUH 1 crmonyk a0 KiHueBux mpoayktiB — COz i H2O. Ilupoko Bimoma
3IaTHICTh MIKPOOpraHi3mMiB MeTabomizyBaTH anmiaTudHi, apoMaTHYHI,
reTepOLHKIIiYHI, alluKIIiuHi Ta pi3Hi Ci-cionmyku. MikpoopraHi3mu yTHIIi-
3yIOTh amiak, OKHCHIOIOTh CIPYHCTHH Ta3, CIpKOBOJAEHb i TUMETHIICYIIb-
(hokcua. YTBoproBaHi Cynb(haTH yTHII3yBAJIUCS IHIIUMH MIKPOOHUMHU
BuaMu. € naHi Ipo eeKTHBHE OKHUCHEHHS aepOOHUMH KapOOKCcHI00aK-
TEpisIMH MOHOOKHCITY BYTJIEIIO, III0 € OJHUM i3 HaHOUIbII HeOe3meuHnx
noBiTpsiHUX 3a0pynHukiB. llpenacraBamkm poxy Nocardia edekTHBHO
pyiiHyrOTh cTepunH i kcmnon; Hyphomicrobium — muxmoperan; Xantho-
bacterium — eran i muxmoperan; Mycobacterium — Bininxiopua. s
010JIOTIYHOTO OYMIIICHHS TOBITPSl 3aCTOCOBYIOTH TPH THUIHM YCTaHOBOK:
610 inbTpH, GioCKpyOepH i 6i0OpeakTOpH 3 OMUBAHKUM HIapoM (TaldiI. 2).

Tabmurs 2 — Knacudikarist ycTaHOBOK 610JI0T1YHOTO OUHIIICHHS MTOBITPS

Tun ycra- PoGoue Tij1o Bopaunii OcHoBHI cTaaii xepesio
HOBKHM pe:xum BU/JAJICHHSA A0Mi- MiHepa-
IIOK i3 MOBITPSl |JIBHUX COJIeH
biodinerp |PinerpyBaneuuii |Lupkynsuis|l. JecopOuis ma-  (Marepian
map — iMMo0iTi-  [BoaM HE TepiagoM ¢iibT- ¢binpTpy-
30BaHi Ha IPUPO-  |[CHOCTE- PYBJIBHOTO IIapy |BaJbHOTO
JHUX ab0 CUHTETH- |piraeThest  |2. JlecTpyKitist mapy
YHHUX HOCISIX MIK- MIKpOOHHMU
POOHI KITITHHA KIIITHHAME
biockpy0ep |Boxa, aktunuit  |Lupkynsuis|1. A6copOuis B a0- |MinepanbHi
MyJ BOJIA copbepi BomoI0 COJIi BHOCSITB
2. JlecTpyKIIis B y BOLly
AePOTEHKY 3 aKTH-
BHUM MYJIOM
Biopeaxrop |IMmo6inizoBani Ha |Llupkymsiis|l. Judysis yepes  |MinepanbHi
3 OMHBa- [[ITyYHHX HOCiSIX  |BOAM BOJIHY IUTiBKY /10 COJIi BHOCSITD
HHUM [IapoM |MiKpOOHI KIITHHU MIKpOOPTaHU3MIB. |y BOIY
2. JlecTpyKIIis B
GioorivHOMY mIapi
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OnrtumaneHa UIS OUMIIECHHS TOBITPSL BOJIOTICTH (DiBTPYBAILHOTO
mapy craHoButh 40-60 T Barm Matepiady Hocif. 3a HEIOCTaTHBOI
BOJIOTOCTI MaTepiany (QimbTpyBaJbHOTO IIapy B HHOMY YTBOPIOIOTHCS
TPILIMHU, MaTepiall epecuxae.

EdextuBHicTe pobOoTH 0i0(hiIbTpa BH3HAYAETHCS Ta30qUHAMIY-
HUMH NapaMeTpamMu (QiIbTPYBANBHOTO 1Iapy, CIEKTPOM i KOHIIEHTPALI€I0
HasBHUX Y TOBITPi peuoBHH Ta (PepPMEHTATUBHOIO AKTHUBHICTIO MiKpOOp-
ra"i3MmiB-gecTpykropiB. [Ipym 1mpOMy MIBHAKICTH BHIOANEHHS IIKIIIHBAX
JOMIIIOK 13 TOBITps B mpoueci Oi00YMIIEeHHS MOXKE JiMITyBaTHCS SIK
mudysiero pedoBuH i3 ra3oBoi (asm B OloKaTamiTHUHUI map, Tak i
MIBUIKICTIO MIPOXOJKEHHS O10XIMIYHUX peakIliii y MiKpoOHUX KITiTHHAX.

Biockpybepu mopiBHAHO 3 0i0(inbTpaMu 3aiiMalOTh MEHIIY ILIO-
Iy, OCKUIbKH € OamTaMy 3aBBHINKH JEKiTbka MeTpiB. Excriryaramiiiai
BUTpATH IiJl 4Yac BUKOPHCTaHHS 0iOCKpyOepiB BHILI, OCKUIBKH MpOIEC
0100YHIIICHHS BOJM BUMAara€e iCTOTHHUX BHUTpaT. 3aCTOCYBaHHSA OiOCKpY-
OepiB eeKTHBHE 3a HASIBHOCTI B MOBITPi MOOpE PO3YMHHUX TOKCHIHUX
PEUYOBHH.

Bionoriuai MeToau OYMINEHHS Ta30MOBITPSHUX BUKHIIB MOYAIH
3aCTOCOBYBATH MOPIBHSIHO HEAABHO 1 ITOKH 110 B 0OMEXEHUX MacliTadax,
aJle TIepCreKTHBa X BUKOPUCTAaHHS o4deBHIHA. B manmii wac GiogineTpu
BUKOPHCTOBYIOTh JIJISl OUMIICHHS Ta3iB, O BiAXOIATH, BiJ amiaky, QeHo-
1y, Kpe3oiy, popMaibleriay, OpraHiYHAX PO3YHHHUKIB (apOyBabHUX i
CYIIWIIBHUX JiHINA, CIPKOBOJHIO, METHIIMEPKANTaHy i iHIIHMX cipkoopra-
HIYHHX CIIONYK.

Jlo HeaoMiKiB OIOXIMIYHHUX METOJIB CJIiJl BIIHECTH: HU3bKY IIBUJI-
KiCTh OlOXIMIYHHMX peakIii, 10 301JIbIIye TadapuTH yCTaTKyBaHHS, CIIe-
nUQIUHICTh (BUCOKY BUOIPKOBICTB) IITaMiB MIKPOOPTaHi3MiB, IO YCKIA-
HIOE TIepepoOKy 0araTOKOMIIOHEHTHUX CyMillIel; TPYAOMICTKICTh Tepe-
poOKM cyminiel 3MiHHOTO CKiIajy. ['a3u 3 HEMPUEMHUM 3allaXOM MOXKYTh
BHUJQIATHCS O10TEXHOJIOTIYHO B «CYXUX» a00 «MOKpHX» 010peaKkTopax.

«Cyxuit» 0iopeakTop 3aBaHTAXYETbCS HACAAKOI0 3 010aKTHBHOTO
copOyroyoro marepiany (koMroct, Topd), 4epe3 sIKuil MpoAyBarOThCsS 3a-
Opynueni razu. CopOoBaHi 3'eAHaHHS AKTUBHO OKHCIIIOIOTHCS MIiKpOO-
HUMH CIIBHOTaMU, 110 PO3BUBAIOTHCA HA MOBEPXHI HACAAKH, OJTHOYACHO
pereHepyrouu ii. 3a Takow OIOTEXHOJIOIi€l, HANPHUKIAd, MPOBOAUTHCS
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OUMWIIICHHS TOBITPS B CBUHAPHHUKAX. [IEPCHICKTHBHUM HANPSIMOM
0lOTEXHOJIOTii OYHWIICHHS Ta3iB € CTBOPEHHsI OIOJOTiYHO aKTHBHUX
COpOCHTIB Ta ONTUMI3aIlil MIKpOOHOTO CITIBTOBapHCTBA (BKIIIOYAIOYH
TeHETHUYHI METO/IH), 1[0 OKHUCIIOIOTh IIUPOKUI CIIEKTP cyOCTpaTiB.

Ilepeniunmo meski i3 MOMMPEHUX METOMIB OYHUCTKH. 3a3HAYHUMO,
IO JIs OYHUILEHHS TOBITPS BUKOPUCTOBYIOTH TakoX YJbTpadioieToBe
BUITPOMIHIOBaHHS Ta 030HHI METOIH.

AGCopOmiiHN METO/ BUKOPHCTOBYE TPOIIEC POZYMHEHHS Ta30110-
JiIOHOTO KOMIIOHEHTA B PIAKOMY PO3YMHHHUKY (BOAL UM iHIIIK piguHi). Pi-
JTUHY BUKOPHCTOBYIOTH JJIs1 aOCOpOIIil TIMBKH OUH pa3 ado K MPOBOISTH
il pereHepaiiito, BUAUIAIOUN 3a0pyIHIOBAY B YHCTOMY BUTIIsA. HaiiOinb-
IIOTO TOIIMPEHHS HAa0y M HacaakoBi (MOBEpXHEBi) 1 OapOOTa)KHI Tapiji-
yacti abcopOepu. [mst edexkTHBHOrO 3acTOCYBaHHS BOJHUX abcopO-
IIHHUX CePEIOBHUII] BUJIIJICHUH KOMIIOHCHT ITOBHHEH JIOOPE PO3UMHATHUCS
B aOCOpOIiiTHOMY CepeOBHII 1 YacTO XIMIYHO B3a€EMOJIATH 3 BOJOIO, K
Hanpuknaxa, npu ountienHi rasis Big HCL, HF, NHs, NO.. [{nst abcopOii
rasiB 3 MeHmow posuuHHicTio (SO2, Clz, H2S) BuKOpHCTOBYIOTH JTyXHI
po3unuu Ha ocHOBI NaOH a6o Ca(OH),.

AnCcopOLifHUA METOJ MOJIArae y pPO3KJaJaHHI ra3omnoiiOoHol cy-
MillIl Ha CKJIAJ0Bl YaCTUHHU IOTVIMHAHHAM OJHOI0 400 IEKIJIBKOX Fa30BUX
KOMIIOHEHTIB Ili€] CyMillli PiIKUM ITOTJIMHAYEM 3 YTBOPEHHSIM PO3UHHY.

Humanus 015 camonepesipku

1. Sxi Buau HeOE3MEUHMX CIIONTYK 3/1aTHI pyHHYBAaTH MiKPOOPTaHI3MH 33 IS
OYMIIEHHS MOBITPs?

2. TlepenidiTh Ta KOPOTKO OXapaKTEPHU3yHTE OCHOBHI TUITH YCTAHOBOK JIJIsI

OYMIICHHS MOBITPS.

UuM BU3HAYAETECS €PEKTHBHICTE poO0TH OiodimbTpa?

OrnucaTi OCHOBHI CTaii OYUIIEHHS MOBITPs y 0i0CKpyOepax.

OrnucaTi OCHOBHI CTaJlii OYUIIEHHS MOBITPs y OiopeakTopax.

[IpoBeniTs MOpiBHUILHUIN aHAII3 6i0cKpyOepiB Ta 610 iIBTPIB.

SIKi BUIM pEYOBHH, 110 3a0pYAHIOIOTH TOBITPS, ChOTOHI BUIYYalOTh 32

No o~

JoroMoroxo 6io¢ineTpis?
8. Onmuite HEJOMIKU 010XIMIYHMX METOIIB OYMCTKH MOBITPSI.
9. SIki ra3u BUOAISIOTH i3 MOBITPst a0COPOIi€I0 BOJHUM CepeoBHIIEM?
10. SIke cepenoBuIlle BUKOPUCTOBYIOTH JJist abcopOii Takux ra3iB sk SOz i HoS?
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Tepminonoziunuii cn108HUK

AepoTaHK — criopy/ia JiIsl ITYYHOTO O10J0TTYHOTO OYHINCHHSI CTIYHIX
BOJI 32 IOTIOMOT'0I0 aKTUBHOTO MYy (OakTepii-MiHepaizaTopu Ta
HWKY1 OpraHi3Mu) 1 IpoyBaHHs MOBITPsIM (aepaitii).

AHTHOIOTHKY — pEYOBHHHM MMPUPOTHOTO a00 HATIBCHHTETUIHOTO
MOXO/P)KEHHSL, 10 MIPUTHIYYIOTh PICT KUBHUX KIIITHH

bioGens3un — pizHOBH/ OiomanuBa: CyMill OEH3WHY 3 ETHIIOBUM a00
OyTHJIOBUM CIIUPTOM.

BiobyTanon — pizHoBH] GionanuBa; OyTHIOBHA CIIUPT, OJCPKYBaHUH
010TEXHONOTIYHUM CTIOCOOOM 3 IyKPOBOT TPOCTHHH, OypsKa,
KYKypYA3H, MIIEHHIIi, MaHIOKH, [EITI0I03H TOIIIO.

BbioBoneHb — BofieHb, OTpHMaHuUi 3 6ioMacH.

BioBmiryroByBaHHs — BiJHOBJICHHS METAJIIB 3 Py IUISIXOM
BUKOPHUCTAHHS MiKpOOPTaHi3MiB.

Bioras — raz, onepxanuii MmeraHoBuM OpomiHHAM Oiomacu (cymim CHy i
COy).

Biogerpanartiist — mporec, 3a SIKOTo OpraHiYHI PEYOBHHH PYHHYIOTHCS
(dhepMeHTaMu, 110 BUPOOJIAIOTHCS YKUBUMHU OpPTaHi3MaMHU.

Biogu3zens — GiomanBo Ha OCHOBI POCIMHHHUX a00 TBAPHHHUX JKUPIB
(Mmacen), a TaKOX MPOYKTIB 1X eTepudikarii.

BioiHaukariist — oIiHKa SKOCTI CepeI0BHUIIA ICHYBaHHS a00 11 OKpeMux
XapaKTepUCTHUK 32 CTAHOM 010TH Y IPUPOIHUX YMOBAX.

BioimxkeHepist — cripsimoBana Mo r]iKailis BIaCTHBOCTEH JKUBUX
OpraHi3MiB, 3/1iiiCHIOBaHa Ha TeHETHYHOMY Ta / ab0
eMireHeTHIHOMY PiBHIi. 3aCTOCOBY€ETHCS IO MIKPOOPraHi3MiB,
POCIIMHAM 1 TBAPHHAM.

BiosoriuHo akTHBHI PEUOBHHHM — 3arajbHa Ha3Ba PEUOBHH, 1110 MAOTh
BUpaxeHy (i31010riYHy aKTUBHICTb.

Bionectunmay — 3'eiHaHHs, sike BOMBAE OpraHi3MHU B pe3yJIbTaTI
crenuiqHOro 610JIOTIYHOT i1, 8 He K XIMiYHI OTPYTH.

Bionpenapar — Oyap-sKkuil MeAMYHUI TIpenapar, o NOXOAUTH 3 JKUBHX
oprasi3mis abo X IpOIYKTIB.

Bionponyktu — marepiaiu, XiMiKaTH 1 eHepris, oAepKyBaHi 3
[TOHOBJIFOBaHUX 010JI0TTYHUX JHKEPEIL.
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BiopeakTop — mpucTpiii, 0 3MiHCHIOE TIEPEMINITYBaHHS KYJIbTYypaIbHOTO
CEPEeIOBHINA B POIIECi MIKPOOiOJIOTIYHOTO CHHTE3Y.

biopememiariist — KOMIIEKC METOIB OYHINEHHS BO, IPYHTIB 1 aTMoc(epu
3 BUKOPUCTAHHAM MeTa0O0JIYHOTO TOTEHITiaTy )KUBUX OPTaHi3MiB
(pocauH, TpubiB, KOMax, 6aKTepii Ta iH.) a00 iX hepMeHTIB.

Biocencop (cun. — "biogaTtunk") — mpucTpii, B SKOMY YyTJIMBUH 1Iap, 1o
MICTUTH O10JIOTIYHMIA MaTepiai, Oe3MOCePeIHRO pearye Ha
MPUCYTHICTh IEBHOTO KOMIIOHEHTA i TEeHEPY€ BiAMOBIAHUIA CUTHAIL.

bionmanmBo — manmBo 3 610JI0TIYHOI CHPOBHHH, OJIEP)KYBaHe, K IIPABHIIO,
[ITXOM TIepepoOKH cTeOel IyKpOBOro ouepeTy ado HAaCiHHS
pinaky, KyKypya3u, coi Ta iH. Po3pi3HsioTh pinke 6iomanuBo (ass
JIBUTYHIB BHYTPIIIHEOTO 3TOPSHHS — €TaHOJ, 010/I13e1b), TBEpe
(npoBa, conoma) i razomnoioHe (0ioras, BOJCHS).

biomoOpuBa — eKoJI0Ti9HO YUCTI OOPHBA, OJIEPKYBaHi 3 OioTyMycy i
HATypaJbHUX OPTaHIYHUX PEYOBHH.

BepmukynbTypa — 11e IPOMHUCIIOBE PO3BEACHHS YePB'SIKiB IS
TIOJIITIIICHHS IPYHTY Ta MiABUIIECHHS BPOXKAWMHOCTI.

I'enHO-MOAM(iKOBaHHI OpraHi3M — OpraHi3M abo KiIbKa OpraHi3MiB,
OyIb HEKITITUHHI, OMHOKIITHHHE 200 0araTOKIITHHHE YTBOPEHHS,
3/IaTHE /10 BiITBOPEHHS a0o mepenadi CragkoBOro reHETHYHOIO
Marepiaiy, BiIMiHHI BiJl IPUPOJHUX OPTraHi3MiB, OTPUMaHi i3
3aCTOCYBaHHSM METOIB I'eHHOI iHKeHepii Ta MiCTATh TeHHO-
IHXEHEepHUI MaTepial, y TOMY YHCIIi TeHH, iX ¢pparmMeHTu abo
KOMOI1HAIlI] TeHIB.

MeTaTeHK — ITYYHUH pe3epByap BEJIMKOi EMHOCTI JijIst 010J10TiYHOT mepe-
POOKH (T. 3B. METAHOBOT'O 30POJIKYBaHHS ) OPTaHIYHOTO OCay
CTIYHHX BOJ| 0€3 IOCTYITy TIOBITPSL.

[Monsa dinpTparnii (moss aeparttii) — MiISHKA 3€MITi, HA TOBEPXHI SIKOi
PO3MOIUIAIOTH KaHATI3aIliiiHI Ta iHIII CTIYHI BOJU 3 METOIO iX
OYUILEHHS; PI3HOBHU] BOJOOYUCHOT CIIOPYAH.

CernTuk — 11e €JIEMEHT JIOKAJIbHOTO OYHMCHOI CITOPY/IH, 3aCTOCOBYETHCS Ha
cTaii MPOeKTyBaHHs Ta OyAiBHUIITBA KOMIUIEKCHUX CHCTEM
JIOKAJIbHOT OYHUCTKU MTOOYTOBHUX 1 TOCHOAAPCHKUX CTIYHHUX BO/I.

diTopemenialiis — KOMIUIEKC METOJIIB OYHMIIEHHS CTIYHHUX BOJI, TPYHTIB Ta
aTMOoc(epHOro MOBITPS 3 BUKOPUCTAHHSIM 3€JICHUX POCIIHH.
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Ilpuknaou munogux mecmogux 3anumans

. CyuacHuii mepioJ] po3BUTKY 0i0TEXHOJIOTIT pO3MOYaBCs
1) y 1930-x;

2)y 1960;

3)y 1975;

4)y 1992;

5) y 2005.

. O0’exTaMu OI0TEXHOJIOTTYHUX JOCIIIKEHD €.

1) KOMITOHEHTH TIPUPOTHUX CKOCHCTEM;

2) KOMIIOHEHTH IITYYHHX EKOCHCTEM;

3) peryJsiist Ta KUTTE3MATHICTh EKOCHCTEM;

4) mepcreKTHBa 3MEHIIICHHST TEXHOTCHHOTO HABAHTa)KCHHSI Ha JTOBKIJUIS;
5) yce, neperniueHe BUILe.

. 17 miABUIEHHS PETPOAYKTHBHOCTI 01000’ €KTa BUKOPHUCTOBYIOTh

1) Metoau miabopy cucteMu GiopeakTopa;

2) MeTonu BUBYEHHS OOMiHY pedoBUH 61000’ €KTa;

3) Meroau cenekilii, KIITHHHOI Ta TEHETHYHOT i1HXKeHepil;
4) MeToau miAroTOBKU CyOCTPaKTy;

5) Metomu 6iocHHTE3Y.

. Cepen ykpalHCHKHX BUCHHX Y TayTy3i 010TEXHOJIOTIi MOYKHA HA3BATH TAKUX:

1) M. Makkapri, K. Maxneon, @. Kpuk, k. YOoTcoH;
2) [. 3abonoruuii, B. OmensHcbkuii, M. Tamaris, JI. Tapacosuy;
3) O. borarcekuii, M. T'anymiak, A . ITuauneHko;
4) A. 3aropoaniit, b.ITaton, O.[Tamnanix;
5) E. 3aBazchknii, A. Hodde, I.Bakapuyk.
. Tpancaprocep — e
1) EneMeHT cuCTeMH [IyMOi30JIs1Iil;
2) lepetBoproBanbHa (i3uUKO-XiMiuHa cHCcTeMa y Di0ceHCOopi;
3) puctpiii A5t IEPETBOPEHHS MAPaMETPiB HATIPYT 1 CTPYMiB;
4) I'eretraHO MOIH(DIKOBAaHHH OpTaHi3M;
5) Tpose mapeiipodii.
. IlepciekTHBHI HaNpsIMH 3aCTOCYBaHHS 010CEHCOPIB

1) KoHTpoJIr0 piBHIO iHCYITiHY Ta TIIFOKO3H;

2) AHami3 BMiCTy BaXXKHX METAJIB;

3) Peecrpariist BMIiCTy MECTHIMIIB Y TIPOIYKTI;
4) Bce, neperniueHe BHUIIE;

5) Hiuoro i3 mepesiueHOro Buiie
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11.

12.
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. biora3 croroaHi BUroToBIISIOTH Ha 0a3i

1) BizxoiB pOCIMHHMIITBA i TBAPUHHUIITBA;

2) Bimxo/iB poOOTH BYTIIBHAX IIAXT;

3) MeTHIIOBHX i eTHIIOBUX e(ipiB POCTHHHUX OJi;
4) IyKpOHOCHHUX 1 KPOXMAJIEBMICHHUX KYJIBTYP;

5) IpoyKTiB BUPOIIYBAHHSA TEXHIYHUX KYIBTYP.

. Y €Bpormi Haif0OIbIIE 0i0TU3ENIO CIIOKHIBAE

1) BenukobpuraHis;
2) Ecrowis;

3) Icnanis;

4) HimeuunHa,;

5) Iosnbia.

. Cuctemu 010JIOrIYHOTO OYUIIEHHS CTIYHUX BOJ, MOAUISAIOTH HA

1) Tons dinpTparii, aepariii Ta 3pOIICHHS;

2) BiodineTpu, 6iockpybepu Ta GiopeakTopH;

3) Cucremu, 110 peaizytoTh aepoOHi Ta aHaepOOHI METOH;

4) Peruitku, GinbTpH Ta BiACTIHHUKY;

5) BiacroroBanHs, (paoTariis Ta KoaryJsiis.

MeT0/10M BEpMUKOMIIOCTYBaHHS MOXKHA [IEPEPOOIIATH

1) mpakTUYHO BCi BUAM OPraHiYHUX BiJAXOJIB;

2) Bigxoau nraxodadpuk;

3) Bigxoau epm Bennkoi poratoi xyaoowu;

4) pOCITUHHI PENITKY Ta BIAXOAN POCIUHHUITBA;

5) Bigxoau 1epeBo0OPOOHHX ITiAMPUEMCTE.

Knitunu 6akrepiit Bacillus megaterium

1) 3nilicHI00TH Giozerpaaaiito HahTOMPOLYKTIB;

2) nepeTBOPIOIOTH CKJIaHI HOCHOPHI CIONYKH B POCTI, JIETKO 3aCBOIOBAHI
pociuHamu Ghopmu;

3) npoBoATH (hikcarlito a30Ty y TPyHTI;

4) cIpUsAIOTH MOJIOYHOKHCIIOMY OPO/IiHHIO;

5) BUIIyTOBYIOTH BaskKKi METAIIH.

J1J1sl OUUIIEHHS TTOBITPSI BUKOPUCTOBYIOTh

1) Ilons dinprpaii, acpamii Ta 3pOIICHHS;

2) BiodinsTpu, 6iockpybepu Ta Giopeakropu;

3) Cucremu, 110 peai3yroTh a€poOHi Ta aHaepOOHiI METOIM;

4) Pewritky, GinbTpH Ta BiACTIHHUKY;

5) BigcroroBauHs, (aoTariis Ta KoaryJisiis.
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