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BCTYII

JlaGopaTopHUil MPAaKTUKYM 10 BUKOHAHHS JIA0OpAaTOPHUX POOIT 13
HaBYAJIbHOT JUCHHIUTIHU “EK0010TeXHOJI0T1sI BUPOOHHUIITB”, sIKa PO3TIIAIAE
IIUPOKE KOJO €KOOIOTEXHOJIOTITYHMX IPOIECIB, TEXHIYHUX 3aco0iB Ta
O10JIOTITYHMX AareHTiB, 10 BUKOPHUCTOBYIOTHCA JII OTPUMAHHS PIZHUX
010JI0TTYHO-aKTUBHUX CIOJYK, MPO MPUHIIUIN Ta METOIU KOHCTPYIOBAHHS
00’€KTIB OIOTEXHOJIOTII, a TaKOX 3HEIIKOJWUTH HACIIAKA HETraTHUBHOI'O
BIIMBY JIIOJIMHU HA HABKOJHUIIHE TPUPOJHE CEpeIOBHUIIE 1 3a0€3MEeUUTH
JIIOJICTBY XOPOIITY SIKICTh MPOXKUBAHHS B €KOJIOITYHO YHCTUX €KOCUCTEMAX.

Bukonanass mabopaTopHux poOIT 13 HaBYaJbHOI JIUCIUILIIHU
“Eko0i0oTexXHOJIOTII BUPOOHUITB® — OJMH 13 HaOpsMIB TOJOJIAHHS
pPO3pUBY MIDK TEOpil0 1 TNPaKTUKOW, (POopMyBaHHS TMi3HABAJILHOI
aKTUBHOCTI, ajanTailii 70 pi3HUX MPaKTUYHUX CcUTyaliil. 1{e mo3uTuBHO
NPOSIBISETBCA Y MaOyTHINA mpodeciiiHii AISTBHOCTI Ta JA€ MOXKJIUBICTD
OBOJIOJIITY OCHOBHUMHU METOJaMHM POOOTH II0JI0 3aCBOEHHS TEOPETUUYHUX
OCHOB Ta (opMmyBaHHsS  BIJAMNOBIJHUX MPAKTUYHUX HABUKIB Yy
albTEPHATUBHUX OI10TEXHOJIOTISAX IIOAO0 MPOEKTYBAaHHS 1 OLIHIOBAHHS
O010TEXHOJIOTIYHOI CKJIaJ0BO1 TEXHOJIOTIYHMX MPOLIECIB BUPOOHUIITBA Ta
nepepoOKU CHUPOBUHU JUIsi BUPIIICHHA MpOOJeM, 10 BHUHHUKAIOTH Y
HABKOJUIIHBOMY MHPUPOJHOMY CEPEIOBUILI B PE3YyJbTaTli FOCIOAAPCHKOT
TISAIBHOCTI JIOIUHU.

[IpakTHyHa YyacTUHA BKJIIOYAE B ce0€ 3aCBOEHHS TEOPETUUYHUX OCHOB
Ta (OpMyBaHHS BIANOBIAHUX MPAKTUYHUX HABUKIB IIOJ0 OBOJIOJIHHS
METOJMKAMU Ta aJIrOpuTMaMH, sIKi HEOOXITHI JUIsi BIPOBAKCHHS
O10TEXHOJOTIYHUX MIAXO0AIB y cdepl 3axucTy AOBKULIA Ta 0100€3MeKu
CyCIIJILCTBA, a TaKoXX 3a0e3MeueHHs BJACTUBOCTEH  010areHTIB,
CIOPSMOBAHMX Ha IHTEHCU(IKalil0 BHUPOOHUIITBA, CTBOPEHHS HOBUX
JDKEpeIl eHeprii, BUPIIIEHHS €KOJIOTTYHUX Ta MPOJOBOJIBUUX MTPOOIIEM.

3aBaHHs MUCIUILUIIHY: 1€ TEXHOJIOTTYHI MPOLIECH, 110 3/IIMCHIOIOTHCS
3aBJIIKM BUKOPUCTAHHIO KMBUX OPTraHi3MIB Ta 1HIIUX O10JIOT1YHUX areHTiB
1 CIIpsIMOBaH1 Ha 3aXMCT 1 BIIHOBJICHHS MOPYIIEHOTO JIOJUHOIO JOBKIJIIS,
30epexkeHHs (YHKIIOHAIBHOI CTIMKOCTI O10chepu B 1ij10My a00 ii MEeBHUX
KOMIIOHEHTIB (TPUPOTHUX €KOCUCTEM ), 3PEIITOI0 — 3a0€3MeUeHHs CTaI0ro
Ta TapMOHIMHOTO PO3BUTKY Hoochepu: OI0JIOTIYHE OYHUIIECHHS Ta
OopraHizailisi  palliOHaJbHOIO  BUKOPHUCTaHHS  BOJHHUX  PECYpCIB;
Olopememiailisi  TIPyHTIB; OIOJIOTIYHE  OYHIIEHHS W  Je30J0pallis
ra3onoBITPSHUX  BUKHU/IB; TOMOBHEHHS  3amaciB  CUPOBUHU  Ta
CHEepPropecypcis.



BuBueHHs HaBUalbHOI IUCIUIUIIHK mepeadadae QGopMyBaHHS Y
37100yBayiB BUIIOI OCBITH HEOOX11HI KOMIIETEHTHOCTI:

- 3araJibHi KOMIIETEHTHOCTI:

- 3JIaTHICTh BUUTHUCS 1 OBOJIOIBATH cydacHHMH 3HaHHIMH (3K});

- 3IaTHICTh NpUitMaTu o0rpyHTOBaHI pimeHHs (3K,);

- 3]IaTHICTh T€HEPYBATH HOBI iei (kpeaTuBHicTh) (3K3);

- 3IATHICTHh PO3pO0JIATH Ta yrpaBiiaTu npoektamu (3Ky);

- 3JIaTHICTh CILIKYBATHUCS 1HO3eMHOI0 MOBOIO (3Ks5);

- 3JIaTHICTh JI0 TIONIYKY, OOpOOJICHHS Ta aHali3y iH(opMaIlii 3 pI3HUX
mxepen (3Ks);

- 3IaTHICTh MOTHUBYBATH JIFOACH Ta pyXaTuch J0 criibHol MeTH (3K5).

- cneiajgbHi (paxoBi) KOMIIETEHTHOCTI:

- 00i13HaAHICTP Ha PIBHI HOBITHIX JIOCATHEHb, HCOOXITHUX IS
JTOCTIAHUIIBKOI Ta/ad0 1HHOBAIIWHOI MISUIBHOCTI Yy cdepi eKoJorii,
OXOPOHHU JIOBKLUIA Ta 30ajaHcoBaHoro npupogokopructyBanns (CKy);

- 3AaTHICTh 3aCTOCOBYBATHM MIKAUCUUILUIIHAPHI MIAXOAW MpHU
KPUTHYHOMY OCMHMCIICHHI ekojtoriyaux mpoodiem (CKy);

- 3IaTHICTh JOBOJUTHU 3HAHHS Ta BJIACHI BHCHOBKHM 10 (paxiBIIIB Ta
HedaxiBiiB (CKs);

- 3IaTHICTb JI0 oOpraxizamii poOiT, IOB’S3aHUX 3 OI[IHKOIO
€KOJIOTIYHOTO  CTaHy, 3aXUCTOM  JOBKUUII Ta  ONTHUMI3aIli€l0
OPUPOJIOKOPUCTYBAHHS, B YMOBAaX HEMOBHOI 1H(POpMaIlli Ta CyNEepeUTUBUX
BuMor. (CK5);

- 3JIaTHICTh OILIIHIOBAaTH PIB€Hb HETATUBHOTO BIUIMBY MPUPOJHHUX Ta
AHTPONOTEHHUX (DAKTOPIB €KOJOTTYHOT HEOE3MEKN Ha JOBKIIIJIS Ta JTIOJAUHY
(CKyo).

IIporpamui pesyastatn HaBuanusa (IIPH)

VY pesynbTaTi BUBYEHHS HABYaJIbHOI JUCIUILUIIHKM 3700yBady BHUIIO1
OCBITM TIOBUHEH OyTH 3JaTHUM NIPOJEMOHCTPYBAaTH TakKi pe3yJbTaTH
HaBYaHHS:

- JIEMOHCTPYBATH 3/IaTHICTh JO OpraHizailli KOJEKTHBHOI IsSJIbHOCTI
Ta peaiizallli KOMIJIEKCHUX TPUPOI0OXOPOHHUX MPOEKTIB 3 ypaXyBaHHIM
HasBHUX pecypciB Ta yacoBux ooMexeHb. (ITPHs);

- 3HaTWM HOBITHI METOAM Ta IHCTPYMEHTAJIbHI 3aCO0M E€KOJIOTTYHUX
TOCHIIKEHb, y TOMY 4YHCIAl METOAM Ta 3acoO0M MaTeMaTH4YHOTO 1
reoindopmartiinoro mojaemoBanus (ITPHg);

- YMITH BUKOPHUCTOBYBATH Cy4acHi iH(OpMaIliliHI pecypcu 3 MUTaHb
€KOJIOT'11, MPUPOIOKOPUCTYBAaHHS Ta 3aXuCTy AoBKiLIA. (ITPHyy);

- YMITH OIIIHIOBAaTH TOTCHIUINHUM BIUIMB TEXHOT€HHUX OO0’€KTIB Ta
rocroaapchbkoi misutbHOCTI Ha moBKiULIA (ITPHy3);



- 3aCTOCOBYBAaTH HOBI MAXOU ISl BUPOOJICHHS CTpaTerii MpUUHITTS
pillieHb Y CKIaIHUX HerepeadauyBanux ymoBax (ITPHy,).

Memoouuni nopaou w000 opzanizauii i NPOBEOEeHHA
JaadopamopHux pooim

TeopeTnuHi y3arajJbHEHHS Ta YypaxyBaHHS TOYKH 30py IPAKTHUKIB
nokaszaiu, 1o €(eKTUBHICTh BUPIIICHHS 3aBJaHb B yMOBax mpodeciitHoi
MITOTOBKM IMMIJIBUIIYEThCA 32 YMOBU BHUKOPUCTAHHS PI3HUX BHUJIIB
CaMOCTIMHO1 M3HABaJbHOI JISJIBHOCTI, OpPTaHI30BAaHUX Ha 3acajax
MOCTYIOBOTO YCKJIQJIHEHHSI 1 HACKPI3HOTO XapakTepy, cepea SKUX
nJabopaTopHi poOOTH MOCIIaI0Th YMHHE MICIIC.

Bukopucranuss mabopaTopHUX poOIT Yy HaBYAJIbHOMY IpOIECI
J03BOJISIE  30UIBIIUTA  YaCTKy CAMOCTIMHOI JISUIBHOCTI THX, XTO
HABYAETHCS, HAAE MOXKJIUBICTh MOEJIHYBATH PENPOTYKTUBHE 1 MOITYKOBE
HAaBYaHHS ¥ caMe y TaKOMY CEHCl € TOTY>XHUM 3acO0OM IIiJBUIIECHHS
CaMOCTIMHO1 Mi3HABaJbHOI AKTHUBHOCTI. 3a CBOIM 3MICTOM J1labopaTOpHi
poOOTH MarOTh 0€3MOCEPEIHIO0 HAIEKHICTD 10 «CaMOCTIMHOT pOOOTHY, SIKY
B TEOpil HABYAHHS BU3HAYAIOTh SIK JIUJIAKTUYHHI 3aC10 HAaBYAHHS, IUTYYHY
NeJaroriyly CHUTyallilo, 3a JOMOMOIO $IKO1 BHKJIaJad OpraHizye
IISUIBHICTD.

[TpoBeneHHs1 1ab0paTOpHUX POOIT y MPOLIECI BUBYEHHS] OKPEMHUX TEM
13 JUCHUMIUTIHM TIJBUINY€E 1HTEHCUBHICTh 1 CAMOCTIHHICTh HaBUYaJBbHOI
TisTbHOCTI cTyAeHTIB. llei mporiec BigOyBaeThCs uYepe3 HEOOXITHICTh
JOCSITHEHHSI KOHKPETHOI METH Ta JOCATHEHHS NUISXIB il BUPIIIEHHS, 110
CIIOHYKAa€ J0 BUKOPUCTAHHS PI3HOMAHITHUX JOJATKOBUX JIKEpes
iH(opmarrli, a 11e, y CBOIO 4epry, BUMAara€e NeBHUX 3yCHJIb, MIIKPIMICHUX
MOTHBAIIIEO.

OkpiM TOrO, PO3B’sI3aHHA IMOCTABJIEHOI 3a7adyi, K MPaBUJIO, 1HIIIIOE
B3a€MOJIII0 3 OJTHOTPYITHUKAMU, BUKJIaIauaMu, a BIATAK CIIPUSE€ PO3BUTKY 1
YIOCKOHAJICHHIO KOMYHIKaTUBHOI1 KOMIIETEHIIII. IIpoBenenus
7abopaTopHUX POOIT Ha 3aHATTAX CTBOPIOE MEPEIYMOBU YCBIIOMIICHHS
POl 1 MPAKTUYHOTO 3HAYEHHSI HaOYTUX 3HAHb, BUSBJICHHIO aHAJITUYHUX,
OpraHi3aTOpChbKUX 3/1I0HOCTEH, a TOJIOBHE BKJIIOYAE CTYACHTIB y pPi3HI
BUJIU CaMOCTIHHO-TTI3HABAJIHHOL TISAIBHOCTI — MPaKTUYHOI,
IHTEJIEKTyaIbHO1, TPEIMETHOI.

['osoBHE 3aBAaHHS J1Ta0OpPATOPHUX POOIT — MOAOJIAHHS PO3PUBY MIXK
TEOPII0 1 MPAKTUKOIO, MOCUJICHHSI MIXIPEAMETHUX 3B’53K1B, POpMyBaHHS
M13HABAIBHOT aKTUBHOCTI, aJ[’K€ caMe Ha MPaKTUYHUX POoOOTAaX TEOPETUUHI
3HAHHS 3a3HAIOTh KOPEKIIli, ajlanTallii, BU3HAYA€ThCSI MOKJIMBICTh 1XHBOTO
3aCTOCYBAHHS y PI3HHUX MPAKTUYHUX 1 MOOYTOBUX CUTYAITISX.



Orxe y Takuil croci0 BiOYBA€ThCS MOMKIIMBICT 3aCTOCYBaHHS
HAOyTUX 3HAHb Y HOBHUX CUTYaIlisiIX, HAOUHO BUSIBIISIETHCA iX 3HAUYECHHS Y
MaiOyTHIN IpodeciitHii TIsTbHOCTI.

OyHKIII1, 0 MOKIAJa0ThCA Ha JJabopaTopHi poOOTH:

1) popmyBaHHS HABUYOK CaMOCTIiTHOT poOOTH;

2) nornuOeHHsl, pO3IIUPEHHS Ta KOHKPETU3allisl TEOPETUUHUX 3HAHD;

3) PO3BUTOK EKCHEPUMEHTAIbHUX YMIHb Ta HABUYOK CaMOCTIMHOI
EKCIEPUMEHTAIBHO-TIOITYKOBOI JISUIbHOCTI;

4) HaOyTTd yMiHb IUIaHYBaTH MiSUTbHICTh, (PIKCYBaTHU 1 3ICTABISATU
NPOMIDKHI Ta KIHIIEBI PE3yJIbTaTH; OI[IHIOBATH iX BIPOTIIHICTS;

5) MOXJHUBICTh CaMOCTIHHO TIEPEBIPUTH, BIEBHUTHUCS 3 OKPEMHUX
€KOJIOTTYHUX ACMEKTIB, SIKl MOIIUPEHI B MOBCSKJACHHOMY HUTTI 1 OyAYyTh
MaTu 0e3mocepeIHe BIIHOMIEHHS 10 MalOyTHROT TPOdeCiiHOI AiSATBHOCTI.

OOcHr 3HaHb, sIKI TepeadavyaroThCs /10 3aCBOEHHS Ha Ja0OpaTOPHUX
poboTax IPyHTYEThCA Ha MOEIHAHHI PI3HUX BUJIIB PO3YMOBOI 1 (p13UYHOT
JSUTBHOCT1 CTYACHTIB.

CtpykTypa iX NOpPOBEICHHS 1ACHTUYHA THUM, IO TMPOBOMITHCS Ha
3aHSATTSAX: BHU3HAYAETHCA TeMa, (OPMYIIOETbCS MeTa 1 3aBJaHHS,
TUTAHY€ThCS 3MICT, BU3HAYAIOTHCS (POpMU 1 METOIU BUKOHAHHS, TEPMIH
MOJAaHHS 3BITYy. Y Takui crociO, BiI0OYBA€ThCS 3HAUHE 301IbIIIEHHS] YaCTKU
CaMOCTIMHOI JISJIBHOCTI, ITOCHJIIOETHCS BIAIIOBINAIBHICTD, 3 SBJISETHCS
MOXJMBICTh Yy OUIBIIOMY CTYNE€HI BpaxoOBYBAaTH  I1HAMBIAYaJIbHI
O0COOJIMBOCTI, IHTEpECH Ta piBHI HaBYaJIbHUX JOCSITHEHb CTYJICHTIB.
BianoBinanbHICT 3a SIKICTh BUKOHAHHS TAaKUX POOIT 3HAYHO IMIIBUIITUTHCS
3a YMOBHU, KOJIM CTYACHTH Hamnepe] OyayThb 3HAaTH MPO HEOOXIIHICTh
JOTOBICTH PO ii pe3yJIbTaTH.

MeToauuHuM BKa3iBKaM 3 KOXHOI TEMH TNEpeaye TEOPETUUHUMN
Marepiaj, sSIKMH MOTIHMOII0ETHCS BCTaBKaMU 3 JI0JIaTKOBOIO 1H(OPMAILIIEI0
pI3HOTO HAmpsMy;, BHU3HAUYCHO METy, IMepesiK oO0JaJHaHHs, BKa3aHO
NOCHIJOBHICT, BHUKOHAHHSI [ Ta omnepauiid, oQOopMIICHHS OTPUMAHUX
pe3yJIbTaTiB poO0TH, CHOPMYIHLOBAHI MUTAHHS JJIs1 3aKPITICHHS.

AnroputMm nadbopatopHoi podotu: Pobora Ne — Tema — TeopeTuuHa
yacThHa (aHamiTuuHa iHQopmalis 3 npobimemu) — Mera — OO’ekT
nociaipkenus — Ilpeamer npocmigxenHs — OOilagHaHHS, PEaKTUBH,
matepianu — Xig podotu — Cxema 3anucy pesyiabTaTiB — BHUCHOBKU —
3anuTaHHs.

OTxe 3MICT KOXXHOT MPAKTUYHUX POOIT YMOBHO MOKHA MOJIIUTU Ha
TPH CKJIQJIOBI:

1. OprasnizamiiHo-MmiAroToByYa.

2. 3MICTOBHO-TIpOlIECyaIbHA.

3. Y3arajbHIO040-3aKIH0YHA.



[lepma ckmagoBa mepegdadae  MIATOTOBKY OO0  MPOBEACHHS
MPaKTUYHUX POOIT, KOJU BUKOHABIII O3HAMOMIIIOIOTHCS 13 TEMOIO POOOTH,
METO0, SIKOi HEOOXIIHO JOCATTH, OTPUMYIOTh BIAMOBIJIHI BKa31BKH,
KOHKPETHU3YIOThCS 3aBIaHHs, 3a HEOOXIAHICTIO BIAOYyBAa€ThCSA MOAIT Ha
HNIATPYIH, OTPUMYIOTHCS METOAWYHI PEKOMEHJAlll I0J0 IPOBEASCHHS
pOOOTH.

3MICTOBHO-TIpOLIECYalibHA YacTHHA — PO3B’SA3aHHSA MOCTaBJICHUX
3aBJlaHb, SIKE MOJKE BIJOyBaTHCSl IIiJI KEPIBHUITBOM BHUKJIajayda, SKUN
HaJa€e IIOTOYHI KOHCYJbTallli, Jjomomarae. Po0OoTa TakoX MOXe
BUKOHYBAaTUCS CaMOCTIiHO. B mporieci BUKOHaHHS pOOOTH MOTOYHI
pe3yJIbTaTH 3aMUCyI0Th, BHOCATH Yy Ta0muIll, OyayroTh rpadiku. J[omiasHo
3alPONOHYBATH /0 BUKOPUCTAHHS JOJATKOBY JIITEPATYPY, KOHCIICKTH.

V3arampHioroua  (3aKJIl0oYHa) — CKJajJoBa  PoOOTH  Tepeadadae
dbopMyItOBaHHS BHUCHOBKIB, MiATOTOBKY 3BITIB. JIOIIJIbHO 3alpOBaJUTH
3aXMCT TMPOBEICHOI MPAKTUYHOI POOOTH, B MPOILECI SIKOT0 BUKOHABEIH
KOPOTKO JIOMOBIJA€ MPO OTPUMAHI pe3yabTaTh 1 3poOJieHI BUCHOBKHU Ta
BIJIITOB1Jja€ Ha 3alIMTAaHHS BUKJIagaya.



IIpaBuia po0oTH i TexHika 0e3nexku B
Jaboparopii

BukoHaHHS eKCIEepUMEHTalbHOI pOOOTH B Jaboparopii B mepiry
Yepry 3aBXK/I1 BUMAarae JJOTPUMYBaHHS MPABUJI TEXHIKK O€3MEKH, a caMe:

1. CryaeHTH TMOBUHHI O3HAWOMHUTHCH 3 PO3MIIIEHHAM 3aco0iB
MOXKEKOTaClHHS 1 mepuioi MeAu4Hoi gomomord. Jlo mpuMilieHHs
nabopartopii 3a00pOHEHO 3aX0JAUTH 0€3 CHeliaJbHOro OJAry — XaJary.
[Ipuctynatu 10 poOOTM MOXKHA TUIBKM 3a MPUCYTHOCTI BHKJIajada Ta
nabopaHTa.

2. YBa)XHO BUBYUTH 3aBJIaHHS I10/I0 BUKOHAHHS JOCIIIIB, 3BEPHYBIIIH
yBary Ha TMpaBuia, SKi CTBOPIOIOTH YMOBHU [Jisi O€3MEYHOTO BUKOHAHHS
pobOTH, a TakoXX O3HAHOMUTHCH 31 BJIACTHUBOCTAMH PEYOBHUH, SKI
BUKOPHUCTOBYIOTHCS B J1ab0opatopii (roprovicTh, TOKCUYHICTh TOIIO).

3. V mpormeci BHKOHAaHHA €KCHEPUMEHTAIBHUX JOCHIIKEHb Y
naboparopii HEOOXIIHO MIATPUMYBATH YHUCTOTY, aKypaTHICTb, OyTHU
YBQXHUM, BUKJIIOYUTH TOTPAIUITHHS PEYOBHH HA IIKIPYy Ta OJAT, HE
TOPKATUCh PyKaMH 00JIMYYS 1 OYEH, MUTH PYKH 13 MUJIOM.

4. YV naGoparopii HE AO03BOJSETHCA BXKUBATH 1KYy, NMUTH BOIY 3
7a00paToOpHOro IMOCyAy, KYIITYyBaTM Ha CMak pedoBuHU. Hroxatu
PEYOBHMHU MOKHA OOEPEKHO, pyXaMu PyK HaIlpaBlIATH 0 ceOe mapu 4yu
ras.

5. KareropuuHo 3a00poHSA€THCS MpALIOBATH Y Ja00paTOpPii HAOAUHIL.

6. He Mmo>xHa MpOBOIUTH IOCTIN Y OPYITHOMY MOCY/IL.

7. OpraniuHi CIOJYKH y BUTJIA1 NApy 4M ra3y MOXYTh BUOYXaTH y
cymimii 3 noBiTpaM. He nomyckaiiTe yTBOpEHHs TaKUX CyMilIeH.

8. Ilpu mpoBeneHHI poOIT 13 3aCTOCYBaHHSAM JIYyTiB, METaJII4YHOIO
HATPII0, KOHIIECHTPOBAHUX KUCIIOT 3aBXK/U CII1JT KOPUCTYBATUCH 3aXUCHUMMU
OKYJISIpaMH, TYMOBHUMH PYKaBUYKaMHU.

9. Po0OOTy 3 OLIBIIICTIO OPraHIYHUX PEUYOBHUH CI1J TPOBOAUTHU TIIbKU
y BUTSDKHUX Iadax.

10. 3anumku peakTUBIB CIIiJ 3JIMBATH JI0 CIEIiaJIbHUX €MHOCTI JJIS
BIJIXO/IIB.

11. IIpu pobGoTti 3 OpoMOM cCiif mam’ATaTH, MO IIe AyKEe OTpyiHHa
pEUYOBUHA, sIKa HeOe3MeyHa JJig CIM30BO1 OOOJIOHKU 1 YTBOPIOE Ha IIKIP1
OMiKH, Kl BAXXKO 3arori0ThCs. Bei poOOTH i MPOBOJUTH Yy BUTSIKHIM
madi. Y BUNAAKY OMIKy OpoMoM, oOredeHe Miciie 0OpoOIsIOTh CIIUPTOM,
NOTIM HAMPaBJISAIOTh 0 METUYHOTO 3aKIaIy.

12. IIpu noTparuisiHHI KUCIOT HA WIKIPY HEOOX1JHO MIBUIAKO TPOMUTHU
ypaxkeHe MicIie BoJ010, a oTiM 3% po3urHoM coau. [Ipu omikax jgyramu



NoTPiOHO MPOMUTH ypa’KeHE MicCIe BOJI010, a TOTIM 3% pO3YMHOM OILITOBO1
kuciotu. [Ipu nonaganHi KUCIOTH a00 JYTY 10 OYe HEOOX1HO MPOMUTH
BEJIMKOIO KIJIBKICTIO BOJH, a ITOTIM 0OpPOOMTH TaMIIOHOM, SIKMH 3MOYEHHI
y pO34HHi coii a00 OOPHOT KUCIOTH 1 3HOBY ITPOMUTH BOJIOIO.

13. KoHIleHTpOBaHi1 KUCIOTH, JIYTH, OTPYWHI Ta 3 CHUJIBHUM 3allaxoM
PEYOBUHM 30€piratoTh 000B’I3KOBO B 100pe BEHTUIILOBaHIM madi.

14. Jlerkozaiimucti Ta BHOYXOHEOE3MEYHI PEUYOBMHU TOBUHHI
30epiraTuch y MeTajeBUX Mmiadax y KUIBKOCTSIX, SIKI HE TMEPEBHUILYIOTh
I0JICHHY MOTpeOYy.

15. V Bumaaxky 3aropaHs OJsAry HEOOXIAHO BiJpa3y HAKMHYTH Ha
NOCTpaXJajgoro xajuar, OpocTupamyio Tomo. Hi B sSkoMy BUNAIKy HE
JaBaTH MOMY MOJIMBOCTI OIFTH, OCKUIBKH 1€ MIACWINTH Toiym’si. [lpu
BUHUKHCHHI IMOKEX1 HEOOX1THO Bigpa3y BUMKHYTH BEHTHIIAIIIO YU
CICKTPOCHEPIil0 1 MNPUHHATH 3ax0Ad A0 JKBijgamii moxexi. Ilpu
HEOOX1JHOCTI BUKJIUKATH MOKEKHY KOMaH]Y.

[Ipu 3aropanHi O0eH3oiy, edipy He MOKHA 3aCTOCOBYBATH I TaCiHHS
BOAy. Y TIIMX BHUIIQJKaX IOJAyM’Sl TacsITh IICKOM YW a30ecTOBUM
POCTUPAIIIOM.

16. IIpu pob6oTi 31 CKIOM 1 XIMIYHHUM TIOCYJIOM HEOOXIIHO OyTH
00CPEKHHUM.

17. 3abopoHsE€TbCS 3MINTyBAaTH OPraHiuHl PEYOBHHHU 1 MPOBOJIUTHU
JOCJIIIN, SIK1 HE TOB’s13aH1 3 MPOrpaMoro.

18. Ilpu BuKOpHCTaHHI O10JIOTIYHOTO MaTepiany HE A03BOISETHCA
CTaBUTH TOCY/, IKUW MICTUTh MaTepiall JJIsl TOCTIKEHHs, 0€3M0CePEeaHBO
Ha CTI. J[JI1 UbOTO BHKOPUCTOBYIOTHCA MMIAHOCHM ab0 KIOBETH, MOCY
NONEPEeIHBO MPOTUPAIOTH 330BHI 1€31HPIKYIOUUM PO3UUHOM.

19. HeoOximHO NWIBHO CIIJKYBaTH 3a YHCTOTOK PyK — MICHA
3aKIHYEHH PoOOTH pyKH  J€31H(PIKYIOTHCS, MPOBOJUTH  BOJIOTE
npuOHpaHHS 1 IEPioAUYHY Ae31H(PEKIIII0 poO0YOTo MICIIS.

20. Tlicns BuKOHAHHS 1ab0paTOpHOi pOOOTH 37aTH PEAKTUBH, TIOCY/T 1
00JiaIHaHHS Ta0OPaHTy YU BUKJIAJayvy.



TEMATHKA 1 3MICT JIEKLIHA

Tema 1. Ilpeamer, ™MeToaW, 3aBAaHHS, CHCTEMH, O00’€KTH,
NPUHIMIM TA NPOAYKTH €K00iOTEeXHOJIOTTYHUX BUPOOHUUTB. [Ipenmer,
METOAM U 3aBAaHHSA €KOOIOTEXHOJIOTIYHUX BHUPOOHUUTB. bionoriyni
CHUCTEMH Ta MPUHIHIHN €K0010TeXHOoJor1i. KoMmoHeHTH 010TeXHOIOTI9HOT
CUCTEMH. 3arajibHa XapakTepucThKa 01000’ €KTiB-MpOyleHTIB. MeTomu,
IO 3aCTOCOBYIOThCS Yy OilorexHosorii. IIpoaykTu O010TE€XHOJOTTYHOTO
nporiecy. CupoBuHHa 0a3a s eK0O10TEXHOJOTTYHUX BUPOOHUIITB

Tema 2. HanpsiMKM BHKOPHUCTAHHSI €KOJIOTiYHOI 0i0TeXHOJIOTII.
Exo0i0TexHOJI0T1i 010710TTYHOTO OUMIIICHHS BOAM, Y TOMY YHCII OYUIICHHS
CTIYHUX BOJ; yTWJI3allis 1 IOXOBaHHS TBEPAUX 1 PIAKUX BiAXOIB
OPOMUCIIOBOTO 1 CLIBCHKOIOCIOAAPCHKOTO BHUPOOHUIITBA; 3aXUCT BIJ
3a0pyJTHEHb 1 TOJIMIIEHHS POJIOYOCTI IPYHTY; 3aXUCT BiJ 3a0pyJIHEHb
aTMOC(hEpHOTO MOBITPS

Tema 3. bioxiMiuni MeToaM OYMIIEHHS CTIYHUX BOJ. 3arajbHl
MOJIOKEHHS. bBloJj0oTiuHEe OYMINEHHS! CTIYHUX BOJ[ Yy NMPUPOJHUX YMOBAX.
bionoriuni craBku. biojoriyHe OYMINEHHS CTIYHMX BOJ B aepoOHHUX
yMOBaX y IITyYHUX CIOPY/KEHHAX. AHAEpoOHI MPOIECH OYHUIICHHS
CTIYHUX BOJ. MexaHi3M aHaepOOHOr0 OUYHUILEHHS CTIYHUX BOJI. AHaepoOHi
PEaAKTOPH.

Tema 4. biorexHoJsioris yrTuii3anii OpraHiyHux BIIXOAiB 3a
JOMOMOIOK) BEPMIKYJbTHBYBAHHA. 3arajibHi BIJIOMOCTI i O10JIOT14YHI
0COOJIMBOCTI J0MIOBUX 4YepB’sikiB. CrnocoOu BUPOINILYBaHHS 4YepB’SIKiB.
[linrotroBka cyOcTpaTy (Kopmy) s depB’skiB. Mertoanka GopMmyBaHHS
JOXK 1 TEXHIKAa 3aKjJaJKd MaTOYHOTO TIOroJliB’sa B cyOcTpaT. YMOBHU
yTpUMaHHS Ta OI[IHKA CTaHy MOMYJIALil 4epB’sKiB y Joxkax. Mertoauka
pO3IIIEHHS  JIOK.  TeXHOJoriss  BEPMIKYJIbTUBYBaHHS  B3UMKY.
BepMmikynbTUBYBaHHS Ha NOpUCAAUOHMX AUISTHKaxX. Bepwmikynbrypa, ii
CKJIaJ] Ta BUKOPUCTAaHHS. biorymyc ioro ckiaj i BAKOPUCTaHHS.

Tema 5. BioTexHoJIoTisI O1ep:kaHHA 0iora3y HIJIAXOM AHAEPOOHOIrO
30poaKyBaHHsI BigxoaiB. biomeranorenes Ta horo eramu. MakTopH, fAKI
BIUIMBAIOTh, Ha OloMeTaHOreHe3 1 iX omTuMizaiid. TeXHOJIOTIYH] acleKTH
BUpOOHUIITBA Oiorazy. bymoBa Ta po3mnosctokenHss BI'Y 'y cBiri.
Konctpykuiitni  oco6nuBocti peaktopa bBI'Y. Knacudikamis bI'Y 3a
npuHUMNoMm Jii. bioras, oro cknaj ta Bukopuctanss. [llnawm, oro cknan



Ta BuKopucTtadHsa. [llnsxu BmockoHajeHHs 610Ta30BOr0 BUPOOHUIITBA.
CyuacHuil crad BUpOOHUIITBA O10ra3y B cBiTi. CTaH BUPOOHUIITBA Oiorasy
B YKpaiHi.

Tema 6. Exo00ioTexHOJOriYHI  0COCOJIMBOCTI  OJEpP:KAHHS
Oiomusenro. CupoBuHHa 0aza JJjis oJiepKaHHS Ol0au3ento. TeXHOJIOr14H1
0ocoO0IMBOCTI  BUpOOHUIITBA  Olomusento. [lotenmian  Ykpainu vy
BUPOOHUIITBI Oioau3zento. [lepeBaru Ta HEOIIKK 010IU3EIIO SIK MALHOTO.
[TuTaHHa OXOPOHU JAOBKILIS 32 BUPOOHUIITBA 010/ IU3EITIO.

Tema 7. Exo0ioTexHoJioriuda tpancgopmanisi BiAxoaiB Xap4oBoi
NPOMUCJIOBOCTI. YTWli3aiisi BIAXOMIB JIESIKMX Tally3eil  Xap4oBoi
IPOMUCIIOBOCTI. Y THJII3alllsl BIAXO/IB CIIUPTOBUX 3aBOJIB. bilokoHBepcis
BIIXO/I1B IUIOJOOBOYEBOT MPOAYKIIII. bioytunizaiis BIAXO/I1B
KOMIIOCTYBaHHsIM. MexaHi3M KOMIIOCTYBaHHSI  BIIXOAIB. bioximizm
npolecy  KOMIOCTyBaHHA  BiaxoiiB.  Ilapamerpu  OioTexHoOTii
KOMIIOCTYBaHHS ~ TBEpPAMX  BIAXOJIB. bilocUCTEMH  KOMIIOCTYBaHHSI.
TexHONOT1YHI CUCTEMH KOMIIOCTYBaHHsS. MexaHi30BaH1 TEXHOJIOTTYHI
cuctemMu KoMrnoctyBaHHs. CKiaJ] 1 BAKOPUCTAHHS TOTOBOT'O KOMITOCTY.



Jlabopamopna poooma Nel

Tema: , I'iopodionociunuit ananiz 6ioyeHo3y aKkmuenoz2o myuy”

Mema: nposecmu 2i0po6ioN0cIUHULL AHANI3 AKMUBHO20 MYy md
OIONNIBKU OYUCHUX CNOPYO.

Ilpozpamui numanua: O3HAUOMUMUCL 3 MEMOOUKOK BUOANIEHHS 13
CMIYHUX 800 OP2AHIYHUX PEHUOBUH WAAXOM OI0NI02IYHO20 OYUWEHHS 13
BUKOPUCTMAHHAM aepomenKis, Oiogirbmpis, anaepooHux Oiopeakmopis;
AKMuBHUL MYl SIK CYOCMAHYis, YMBOPEHA 3002/IeUHUMU CKYNYEHHAMU
baxmepiti, Haunpocmiwiux, B00HUX 2pubis, OpixcodHcie |  Oliblu
BUCOKOOP2AHIZ08AHUX NPEOCMABHUKIE (DayHU: KOJI0BEPMOK, ueps sKis,
JIUYUHOK KOMAX, 8i00Ip npob akmueHo2o My1y ma OiOniéKU i3 aepomeHKa
0151 MIKDOCKONIHOBAHHSL.

Mamepianu ma 001a0HAHHA: MIKDOCKON OION02IUHUL, NPeOMemHi
ma NOKPUBHi CKelbys, Ninemku, NpoOIpKuU, 3pa3Ku aKmueHo20 MYy mda
bionisKu.

Xix podotu

JIns  BuUmaleHHs 13 CTIYHMX  BOJ ~ OPraHIYHUX  PEYOBHUH
BUKOPUCTOBYIOTh  CIIOPYJAU  OIOJIOTIYHOTO  OYMIIEHHS: aepOTEHKH,
010 bTpH, aHaepoOH1 GiopeakTopu. IlocTiitHI crioCTEpEKEHHS 32 XOA0M
O10JIOT1YHOTO0 OYMIIEHHSI BOJAW TMOKa3alH, IO CKJIaJ aKTUBHOTO MYIy Ta
O1OTUIIBKM CBIAYHUTH PO AKICTh POOOTH OYMCHUX CHOPYHA. AEPOTEHK —
pe3epByap, B SKOMYy CTidHa BOJa Ta AaKTHUBHUM MYJI HAaCUYYHOTHCS
HOBITPSIM 1 MEPEMINIYIOThCSI, BHACIIIOK 4YOTr0 BiJOYBA€THCS OYUIICHHS
CTIYHOI BOJIH.

AKTUBHUM MyJl — KOMIIAKTHI IUJIACTIBI[l, YTBOPEHI1 300TJIEMHUMU
CKYMMUEHHSIMU OakTepiil, HAWMPOCTIMINX, BOJAHUX TPHUOIB, APLKIKIB 1
OUIbII  BUCOKOOPTraHI30BaHUX TMPEJACTABHUKIB (ayHH: KOJOBEPTOK,
YepB’sKiB, JJUYMHOK KOMaX, Kl PO3BUBAIOTHCS B a€pOOHUX YMOBax Ha
JaCTHHKAX OpPTaHIYHUX 3a0pyaHeHsb (puc. 1.1).

['osioBHa poJib y CHOXHBAHHI OPraHIYHUX CIOJYK HAJICKUTh
OakTepisiM. HalimpocTin CrnoXuBalOTh OakTepii Ta TOHKOJIUCIEPCHI
YaCTUHKH, YHMM CHOPUSIOTH OCBITJIECHHIO PiAWHU. [HIII TpecTaBHUKU
Ol0IIeHO3y TakOoXX O€epyTh yd4YacTh B OYMIIEHHI CTIi4HOI Boau. Jlis
HOPMAJIBHOI KUTTEIISIIBHOCTI MIKPOOPTaHi3MiB y aepOTEHK MNOTPIOHO
Oe3nepepBHO MOJAaBaTH KUCEHB MOBITPS.

AKTUBHUW Myl  sBIilE CcO0O0  OIOLIEHO3  MIKpOOpraHi3MiB-
JIECTPYKTOPIB 1 HAUTIPOCTIIINX, 3AaTHUX COPOYBaTU Ha CBOilM MOBEPXHI U
OKHUCHIOBAaTH B MPHUCYTHOCTI KUCHIO OpPraHiuHi PEYOBHHU CTIYHOI BOIU.



JIJisi aKTUBHOTO MYJly XapaKTepHa BHCOKAa aKTHUBHA IUIOIIA MOBEPXHI, 1110
nocsrae 100 m° mHa 1 T CyXxoi pedoBUHU MyJay. JlomiHywoua pojib y
AKTUBHOMY MyJIl HAJIEKUTh PI3HOMAHITHUM rpynam OakTepiil, 37JaTHUX HE
TUTBKM BWJIy4YaTH 13 BOJAM PO3YMHEHI 1 3aBHUCII YAaCTHHKHA, a U
CaMOOPraHI30BYyBaTHCSl y arjioMepatd — IUIACTIBII, IO MOXHa
BIJIOKPEMUTH BIJl BOJM BIJICTOIOBaHHSIM. bakTepii B yMOBaX aepOTEHKIB y
pe3yabTaTi MeTaboJi3My OpraHIYHUX PEYOBHMH YTBOPIOIOTH 300TJICHHI
CKYIMUEHHS PI3HOMaHITHOT (POPMHU 1 KOHCUCTEHIII1, 3a3BUYall 11€ KOMITAKTHA
a0o0 puxJja Maca.

a — iHdy3opii 0 — KOJIOBEPTKH
Puc. 1.1. AktuBHuii myn (x200)

VY cnopyaax aepoOHOTO OYHUIIIEHHSI TOCTIOIAPChKO-TTO0YTOBUX CTIUHUX
BOJ  HaW4JacTile  3yCTPIYarOThCS  MPEACTaBHUKH  TAaKUX  POJIIB:
Pseudomonas, Bacillus, Micrococcus, Bacterium, Flavobacterium ta in.
YacTo B Myjax CIOCTEpIraloTh 300TJICHHI CKym4YeHHs OakTepiit Zoogloea
ramigera.

VY 3a/10BUIBHO MPAIIOI0YOMY aKTUBHOMY MYJIl IPUCYTHI:

- TpPEACTaBHUKHM CApKOJOBHMX: TOJi ameOu, yepenamkoBi Arcella,
Centropyxis;

- pyxnuBi Oe30apBHi Api6HI mxryTtukosi: Flagellata, Oicomonas,
Bodo;

- PI3HOMaHITHI BiyacTi 1H(Y30pli: Haa3BUYaiHO akTUBHI Aspidisca,
Euplotes, Oxytricha, Stylonychia pustulata; 6inpm1 nacuBai Paramecium
caudatum (indy3opisa tydenska), Cyclidium, Colpoda steini; npukpimieni
JI0 TIOBEPXHi MYJIy 3a JOIIOMOI0I0 cTeOeselb (OJUHOYHUX a00 TLISICTHX )
n3BiHOYKM cyBiOK Vorticella, Carchesium, Opercularia, Epistylis;

- cMOKTanbH1 XXkl iHdy3opii: Tokophrya, Acineta, Podophrya;

- MIKpOCKOMI4H1 TBapuHH — KoJoBepTku: Philodina roseola, Cathypna
luna, Callidina vorax, Bdelloidea;

- yepBH: Kpyrii Nematoda; manomeTunkoBl Aeolosoma.



HaiironoBHimioro i’kero BiitdacTux 1HPY30pii cayryroTh Oaktepii. Tak,
Carchesium 3a 1 roauny mpomnyckae Kpi3b cBiil opranizm 6su3bko 30000
OakTepii, MepeTPaBIOE€ 1 3aCBOIOE IMOXKHUBHI PEYOBHUHH, SKI MICTATHCA B
KIiTUHAaX OakTepiil. KonoBepTkHu XapuyroThCs OakTEpisiMU, OpPTaHIYHUM
JNETPUTOM, PI3SHOMAHITHUMM HaWmpocTtimumu. BoHu € aepobamu 1
HaJI3BUYAiHO YYTJUBI 0 HECTaul KUCHIO.

[Toka3HUKOM TMOTIPIIEHHSI SKOCTI MYJy € TPHUCYTHICTh HUTYACTHUX
dbopm OakTepiii, 3HUKHEHHSI KOJIOBEPTOK, CYBIMOK 1 MosiBa JIpiOHUX ameO.
PO3BUTOK y aKTMBHOMY MyJi HUTYACTUX OaKTepiil COpUYMHSE TOTaHE
OCQ/IPKCHHS MYJTy TIPH BIJICTOIOBaHHI Ta yTBOPEHHS CTIMKOI MiHU.

Otxe, 3HaHHS SKICHOTO 1 KIJIBKICHOTO CKJIaJly MIKpOOPTaHi3MiB,
CIIBBIIHOILICHHSI PI3HUX TPyln B AaKTUBHOMY MYJi HEOOXigHE IS
PETYJIIOBAHHS TEXHOJOTIYHOTO PEXUMY pOOOTH CHopya O10J0TTYHOTO
OUMIIICHHSI CTIYHUX BOJ[ 3 METOI CTBOPEHHS ONTHUMAJIbLHUX YMOB IS
PO3BUTKY MIKPOOPTraHi3MmiB. SIKICTh MyJly 3aJIeKUTh BiJl CITIBBIJHOIICHHS
MK MAacOI0 OpraHiuHUX 3a0pyAHIOIYUX pedoBUH (3a mokazHukoM XCK
yu bCK), siki MICTATBCS B CTiUHIM BOJl, 1 Macolw aKTUBHOTO MyJy (3a
Cyxorw abo 0€330JIbHOI0 PEYOBHMHOK) B OJMHUINO 4Yacy. Lleit moka3zHukK
OJIEp’KaB HAa3By HABAHTAKECHHS HA MYJI 32 OPTaHIYHOK PEYOBUHOIO.

Sk npaBuno, 1 T Myny (3a 6€330JIbHOI0O PEYOBUHOIO) 30€pirae CBOIO
HOPMAaJIbHY aKTHBHICTh 3a JOOOBOTO HaBaHTaK€HHsS Ha Hboro 150-500 mr
BCK, sy IIpm Olnbmx HaBaHTaxkeHHS X — moHan S00 wmr/(r-pooy),
AepOTEHK € BHCOKOHABAaHTAXKCHUM 1 TpaIllo€ Ha HEMOBHE OYHUILIECHHS, a
aKTUBHUW MYJl BapTO pereHepyBaTH. 3a MEHIIMX HaBaHTaXeHb — 65-150
Mr BCK oy Ha 1 T 0€330JIbHOI peUOBHHU MYy 3a 400y, Ma€ Micle TaKk
3BaHa «IPOJOBXKEHa aepauis», 3a SKOi BIIOYBA€THCA CaMOOKHCHEHHS
KJIITUHHOI PEYOBUHU aKTUBHOTO MYJTY.

Jlnst  O10JIOTIYHOI OYMCHOI CTIYHHUX BOJ YacTO BHKOPHUCTOBYIOTH
criopyau (3aToruieHui 0i0QiIbTp), TEXHOJIOTIUHA cXeMa SKOi HaBe/JIeHa Ha
puc. 1.2. B ocHOBI poOOTH 3aTOIIEHOr0 O10(UIBTPY IIOAO0 OYMILECHHS
CTIYHUX BOJ MIANPUEMCTB € BUKOPUCTAHHS PI3HUX THIIIB T1IPOOIOHTIB,
30KkpemMa, TpyOOUyHUKIB. Y KOHCTPYKIi 3aTorieHoro OiopiibTpy
nepeadayeHuil arperat, /i€ BiOYBAa€TbCs BUJIIYYEHHS Ta MIHEpali3allis
OCHOBHOI Macu OpPTaHIYHUX CIIONYK, 110 MICTIThCSA Y CTIYHUX BOJAAX.

Macy Myny B aepOTE€HKY BHUPa)KalOTh uepe3 HOro MUTOMHUH BMICT B
MYJIOBIA cywmilll (B MEPEpaxyHKy Ha T' CyXOi PEYOBUHU Myny) B 1 m°
piavau. KoHIIEHTpallit0o aKTUBHOTO MYJly, SIKY MIATPUMYIOTh B a€pOTEHKY,
HA3UBAIOTh «JI03010 AKTUBHOTO MYIIY).



Puc. 1.2. Cxema 3atomieHoro ¢puibTpa
1 — xoTnoBaH, 2 — GUIBTPYIOYE 3aBAHTAKEHHSA. 3 — T1APOI30IsIs, 4 —
PO3MOIIbHA CUCTEMA, 5 — BIABIIHUN TPYyOOIPOBI, 6 — 00JIAIITyBaHHS.

biomniBka yTBOPIOETBCA B Mpoleci OOPOCTaHHS TMOBEPXOHBH abo
CIEI1aJIbHOTO IHEPTHOTO 3aBAaHTAXXEHHS CHOPYJ O10JIOTTYHOTO OYHUIIECHHS.
Ha BinmMiHy Bij akKTHBHOTO MYy 01011€HO3 O10TUTIBKA Ma€ 3Ha4YHO OUIbIITY
PI3HOMAHITHICTh (opM TiipoOioHTIB. [Ipu moCTiiHOMY OUYMIIIEHHI BOAM B
010 1IbTP1 3MIHIOETHCS 01011€HO3 O10IUTIBKH Ta CIIOCTEPIra€ThCs 3MiHA 30H
canpoOHOCTI. Y BEpXHbOMY TOPH30HTI 010()IJIbTpa CTBOPIOIOTHCS YMOBH
JUIs TIoJIicanpoOHoi abo anbhame3ocanpoOHOT 30H.

VY OlommiBIi NepeBaXkarOTh TPpUOH, pi3HOMaHITHI OakTepii, 0COOIMBO
Oarato HHUTYACTUX OakTepiid. 3 HAUMPOCTIIIUX NEepeBaxarTh 0e30apBHI
mKryTukoBi (poau Oicomonas Ta Bodo) Ta BuibHOMIaBaroui iHQY30pii
BUJy piBHOBIHYacTHX, 0co0aMBO Paramecium, 3 KpyrioBiH4acTUX
iH(y30piit Tubku Opercularia. B 010QuIbTpi 1HOAI CHOCTEPIralOTHCS
NPEJCTAaBHUKHU 3€JEHUX BOJOPOCTEH Ta JKIYTHKOBUX: Selenastrum Ta
Peranema.

3 OaratokJIITHHHUX — B HE3HAYHIM KUIBKOCTI 3yCTPI4aroThCs
KOJIOBEPTKHU Ta Kpyrii uepBu. [Ipu nmpoxoxeHH1 piAuHU yepe3 010piabTp
B OIOIUIBIII 3MEHIIYETHCS KIIBKICTh OakTepiid, rpubiB Ta Oe30apBHUX
JUKTYTUKOBUX, 30LIBIIYETHCS KUIBKICTh BUIBHOIUIABAIOYMX KPYMHUX
yepeBOBIMUACTUX 1H(DY30pii, 3 ABISIOTHCS PI3HOMAHITHI MPUKPITUICH]
1H(Dy30pli, 30UIBIIYETHCS KUIBKICTh KOJOBEPTOK Ta KPYyrIuX uepmiB. B
O10TUTIBLII MEPEBAXKAOTH POPMU, TPUTAMAHHI ME30CaNPOOHIM 30HI.

3aeéoanna 1. Bindip mpod akTMBHOro MyJy Ta OioOmJIiBKH i3
aepOTEeHKA IJISi MiKPOCKOMIIOBAHHSA
a) AKMUGHUU MYJl.



3 aepoTeHKa BIIOMPAETHCS MYJIOBa P1IMHA 1 IEPEHOCUTHCS B MMPOOIPKY
B KibkocTi 7-10 cM®. My BiACTOIOBaHHSAM BIIAUISETHCS Bif piauHu (2-3
XBWIMHM) 1 MOTIM MIMNETKOK 3 MIHUPOKUM OTBOPOM BIIOUPAETHCA IS
MIKPOCKOTIIOBaHHS.

0) bionnieka.

3 pI3HUX TOPHU3OHTIB 010(UIbTpa BIAOUPAETHCS 3aCUITHUN MaTrepiall
(mak, mebiHb, KepaM3HWT, BOJOKHO Ta 1H.), BMIIIYEThCA B (papdopoBy
Yaliky 1 3aJIMBA€THCS HEBEJIIMKOI KUIBKICTIO JUCTWIHOBAHOI BojU. JIist
MIKPOCKOIIIOBaHHS OI1OIJIIBKa BIIOUPAETHCA TIMNETKOK 3 HIUPOKUM
OTBOPOM.

[TocniIOBHICTH OMUCY aKTUBHOTO MYJTY 1 O10TLTiBKHY.

1. IBUAKICTH OCIIaHHS MYITY.

2. Konip myny (Oypuii, 4opHHii, O1TyBaTHIA TOIIIO).

3. Boxa nag mynom (mpo3opa, KaJaMyTHa, 3a0apsiieHa). [lomanbimit
OMHUC BEAYTh MPHU MiKpockormitoBaHHI. HeoOXi1HO NpOJUBUTHCS HE MEHII
HDK 10 moiB 30py.

4. IlinpHiCT, Ta poO3MIp IIACTIBUA (UIIJIBHUM, PO3APOOJICHUNA,
KpYITHUM, 1piOHUI).

5. IIpUCyTHICTh CTOPOHHIX BKpPAIJICHb.

6. Cknaz rigpo06ioHTIB (BU3HAYAETHCS 3a).

7. KiIbKicTh T1JIpOOIOHTIB 3a T’ ITHOAIFHOI0 CUCTEMOIO (JUB. HUXKYE).

8. HasiBHICTBH rpr0OiB Ta HUTYACTUX OAKTEPIN.

9. HasiBHICTB BiIbHOIIIaBalOUMX OakTepiii (6araTo, Majo).

10. ®opmu OakTepiil, Kl MepeBaxaroTh (APIOHI MaJIMYKH, KPYIIHI
HNaJUYKH, CIIPUIIH 1 TOLIO).

[Tynktu 4-7 onucytoTbes 3a Manoro 30uibiieHHs (00’ exktuB 4, 10), a 8
Ta 9 — 3a Benukoro 30unbieHHs (00’ ekTuB 40). KinbKIiCTh HOCIIIKYBAaHUX
OpraHi3MiB OIIHIOETHCA 3a 1T’ AITHOAIBLHOIO cUcTeEMOIO Tao. 1.1,

CrocrepiraeTbCs TakOX 3a CTAHOM OpPraHi3MiB, IXHS PYXJIUBICTD,
poboTa BiifUacToro amapary. 3 OTpUMaHUX PE3YJIbTATIB POOJISTH BUCHOBKHU
YU 3aJ0BUIBHUM CTaH pOOOTH a€pOTEHKIB.

Tabmuus 1.1
KinbKicTh BUSIBICHUX MIKPOOPTaHi3MiB Y aKTUBHOMY
Myl Ta O10TLTIBIT

: MacCOBHM
CyoOctpar MOOJAMHOKI | MaJio | yuMasio |Oarato
PO3BHUTOK
AKTUBHUN
MYJI
biomiBka




3aeoanns 2. IIpoBecTH rigpodioIOriYHuil aHAJII3 32aNIPONOHOBAHNX
3pa3kiB, 3poOMTH BHCHOBKHM, INOJA0 CTaHy Ppo0OTH CHOPYHA
010J10TIYHOT0 OYHINEHHS CTIYHOI BOIH.

KoHTpoJbHI NUTAHHS:

1. Ha3Batu mepeBaxarouux MPEJCTaBHUKIB T1APOOIOHTIB aKTUBHOIO
Myiy. JlaTi KUIbKICHY OLIIHKY PO3BUTKY T1IpOOIOHTIB 3a M’ SITUOATbHOIO
CUCTEMOIO.

2. 3poOuTH BUCHOBOK PO CTaH aKTUBHOTO MYy 1 O10TUTIBKH.

3. SIk MOXHa OxapaKTepU3yBaTH aKTUBHUUA MYJI B PI3HUX yMOBax
po0OOTH OUHCHUX CTIOPYA?

4. SIxi yMOBU HEOOX1HO MIATPUMYBATH B a€POTEHKY JJISI 3a10BIJILHOI
pobotu ciopyau?

5. Sxi BuAM HA3UBAIOTh IHAUKATOPHUMH, ISl SIKUX YMOB BOHU
XapakTepHi?



Jlabopamopna poooma Ne?

Tema: ,, Po3paxyeamu npoekmuy nomyicHicmp 6epmicocnooapcmea 3a
BUKOPUCMAHHA AK cyOcmpam nocaidy nmuyi”

Mema: o3naiiomumucy 3 MemoOUKOH pO3PAXYHKIE napamempis
biokoHBepcii 8i0X00i8 CLIbCbKO2OCNOOAPCHKO20 BUPOOHUYMBA WASAXOM
BEPMIKYIbMUB)Y BAHHSI.

Ilpocpamui numanna: 060100imu Memooamu MamemamuiHo20
DO3PAXYHKY NaApamempis NpoeKmHOi NOMYHCHOCMI 8epMi20Cnooapcmed
Ha 6a3i KOHKPEMmHO20 CLIbCbKO2OCHOOAPCbKO20 NIONPUEMCMBA MaA
onpayeamu MemoouxK)y nepepooxu Op2aHiyHux 6i0X00i8 3 0OHOUACHUM
OMPUMAHHAM KOMROCMY 3a O0ONOMO2010 BePMIKYIbIMYPU,

Mamepianu ma o001AOHAHHA: KOHMeElHep Ol  NPOBEOEHHS
KOMNOCMYBAHHS, HINC, JIONAMKU, IPYHM, BGEPMIKYIbMYPd, OpPSAHIYHUU
cyocmpam, mabauyi 3 i3i0N02IUHUMU NOKABHUKAMU MBAPUH MA
HOPMAMUBHUMU OAHUMU, POPMYTIU PO3PAXYHKIE.

Xix poootu

Ha  choromni  akTyaJlbHUMHM €  TNHUTaHHS  BUKOPUCTAHHSA
€KOO10TEXHOJIOT1H AJIsl OJIep>KaHHSI KOHKYPEHTOCIIPOMOYKHOI MPOAYKIIii Ta
3aXMCTy  JOBKULIS  BiJ  3a0pyJHEHHS  HMOro  TBapUHHUIIbKUMHU,
POCIMHHUIIBKUMHU, MNOOYTOBUMH Ta  INPOMHUCIOBUMHU  BIJIXOJaMHU.
EdexTuBHUM Ta €KOJIOTIYHO O€3MEeYHUM METOJAOM YTHIII3alli PI3HUX
BIIXOJ[IB € METOJl BEPMIKYJIbTUBYBaHHS, TOOTO BUKOPHUCTAHHS JOIIOBUX
4yepB’sKiB, 1 0COOIMBO YEPBOHOIO Kaji(hOpHIHCHKOTO TibpHa.

OtpumanHs 010TyMyCy IPYHTY€EThHCA Ha 3/IaTHOCTI AOIIOBUX YEPB’SIKIB
BUKOPUCTOBYBATH OpPraHIuHI PEIITKHU, TPAHCPOPMYBATH iX Y KUILICUHUKY 1
BUIUIATA Yy BUIUISLAL KompouiTiB. JlomioBi depB’siku — HaWOLIbII
OpEACTAaBHUKU 0e3XpeOeTHUX, sKi BXOAATh N0 CKJIaAgy TIPYHTOBOI
MakpodayHH. [X yacTka CTaHOBHTH He MEHIN sIK MOJIOBMHY Bciei Giomacu
I'PYHTY. 3HAUCHHS YEpB’AKIB y €KOCHUCTEMI IPYHTY MOJAra€e y peayKiii
00’eMy OpraHiku, sika HaJAXOJWUTh y MOr0 BEPXHIW miap, ii MiHepasi3alii,
KOHIICHTPYBAaHHI MIHEPAJIbHUX PEUYOBUH Yy KOMPOJIITaX, MO0 POOUTH iX
OUTBI TOCTYITHUMH JIJIsI POCIIUH.

3 J0MOMOroOK0 JIOLIOBUX YEpB’SIKIB OpPraHiyHi pPEUYOBHHU BIJIXOJiB
TpaHCHOPMYIOTBCSL Yy TOBHOILIIHHMN O1J0K TBapUHHOTO IOXOIKEHHS
(biomaca 4YepB’sKiB) Ta BHCOKOSKICHE TyMyCHE IOOpPHBO — OlOryMmyc.
Meton BepMIKYJbTUBYBAHHS HAOyB IIMPOKOTO PO3MOBCIOKEHHS Y
kpaiHax cBity Kwrai, Anonii, Asctpanii, ®panmii, CIIA, Iranii,
Himeuuuni, [IBeitnapii Torro.



EdexTuBHICTF BEpMIKYJIBTHBYBAHHS  3aJICKHTH  Bla — 0OaraTbox
(dakTOpiB, OCHOBHUMH 3 SKHUX € TIJrOTOBKAa cyOcTpary (KopMmy) mJis
YepB’AKIB Ta CTBOPEHHSI ONTUMAJIbHUX YMOB [UJIsl iX JKUTTEIISIIBHOCTI
(YMOBH yTpHWMaHHs, TOAiBII, TOI0). OCHOBYy Oyap SKOTO CyOCTpaTy
CKJIaJla€ THIM BiJ PI3HUX BHUJIB CUIbCHKOTOCIOJAPCHKUX TBAPHUH, SKUI
IpOUIIOB (hepMEHTALIIIO.

3aeéoannn 1. BusHadeHHs  KUJIbKOCTI  cyOcrpary  aJs
BEPMIKYJbTYPH TA HOT0 MiATOTOBKA.

Ak moXXUBHE CepeoBUINE I Kali(pOpHINCHKMX YepB’SIKIB MOXKHA
BUKOPUCTOBYBATH THIM BCIX BUIIB CLIBCHKOTOCHOMAPCHKUX TBAPUH, SKUM
MICTUTh YC1 TOXXHMBHI PEYOBHMHM, HEOOXIJHI JJIi POCTY Ta PO3BUTKY
osiroxeT. ToMy, B OCHOBY IIPOEKTYBaHHS MOTYKHOCT1 BEpMIrocogapcTBa
MOKJIAJICHO  KUIbKICTh THOMOBOI  0lOMacu, sKa YTBOPIOEThCA B
TOCITOJIapCTBI.

JloOpum KOpMOM JisT 4epB’sKIB € TBepJa (ppaxiis ado muiam micis
olepxkaHHs Oiorazy, sKud He mnoTpedye chemiagibHoi  00pOOKHU
(bepmenTartii).

1.1. Bcmanoeénennsa cmpokie nouamky @pepmenmauii 2HOU060T
Oiomacu. BaxIvBOIO JIaHKOK B OpraHizaiii BepMiKyJIbTUBYBaHHS B
rocroJapcTBl € MIAroToBKa cyOcTpary (kopmy) misi 4epB’sikiB. Kopmom
MOXYTh OyTH OyAb-iKI OpraHiuyHi BIOXOAW (POCIHUHHI, Xap4oBi,
IPOMUCIIOBI, THOMOBa Oiomaca), $IKl MPOWILIM mpolec (epMeHTallii.
PoGoty 3 migroroBku cyoctpary (THOMOBOI Oiomacu) HEOOX1THO
PO3MOYMHATH 3 BU3HAYCHHSI CTPOKY (KaJICHIApHOI JIaTH) 3aKJIaJIKU THOIO
IUTSl IPOXOJIKEHHS mpolecy hepMeHTallii (mepenpiBaHHs).

Taomung 2.1.
Yac (dhepmenTaliii THOMOBO1 O10MacH Bl PI3HUX BU/JIIB TBAPHUH
['Hin Yac ¢epmenTaliii, Mics1IiB
Koneit 5-6
BPX: kopoBu 6-7
Mononnsiky BPX 10-11
OBenpb 3-4
CBunen 9-10
Kpomnis 0-4
i 16-19

OOyMOBJIGHO 1€ THM, IO TPUBATICTH (hepMEHTAllll THOI 3aJICKHUTh
Bil BuAy TBapuH (Tabn. 2.1), a MakcumanabHUM TEpMIH 30epiraHHs
pohepMEHTOBAHOT'O THOIO y OypTax — He OLIbliIe 2-X POKIB.



1.2. Bu3znauenna naowii nio oypmu 011 (pepmenmauii 2HOU060T
oiomacu. s npoBesieHHsT (hepMeHTallli THOMOBOI Oiomacu ii OypTyrOTh
Ha IUIOMIAMII 3 JOMyCTUMUM HaxwioMm 1-3°. Byptu MoxkyTh MaTtu pi3Hi
posmipu: mmpuHa — 1,7-2,0, momxkuua 15-80 1 Bucora 1,5-2,0 m. ILle
3QJICKUTH B1Jl HasiBHOI poOouoi cuin 1 3aco0iB MexaHizailii. Po3milytoTh
iX 13 MBHOYI HAa ITIBJICHb.

Yac camopo3sirpiBy y Oyprax jgitom 7-10 mi6, a 3umoro — 10-15 mi6.
depmeHTalllE THOIO TMPOXOIUTH y JIBOX pPEXKUMax — CIOYaTKy y
Me30(dinpHOMY, a mOoTiM — TepMmodinbHOMY (J10 60°C). Taka TemnepaTypa
yrpumyeTbest 5-10 mi6. Bona 3ryOHO i€ Ha MAaTOreHHI MIKpOOPTaHi3MH,
AUIT Ta JIMUMHKU TEIbMIHTIB, HACiHHS Oyp’sHIB. Y MOJAJbIIOMY
KOMITOCTYBaHHS IIPOXOIUTh 3HOBY y Me30(huIbHOMY pexkumi (t = 25-35°C).
[Tnoma mixg Oyptu s ¢pepmenTallii THOHOBOT 6l0MacH BHU3HAYAETHCS 3a
dbopmyIioro:

S6 = Qr' K

ne: Sg— mora mix OypTu 1t hepMeHTallli THOMOBO1 6iomacH, M2;

Q..— piuHMI BUX1J THOIO;

K — xoedirient, sikuil BpaxoBye 4yac (pepmeHTallii 1 10JaTKOBY JIOIILY
Ha Mpoi3j TexHiku Oypramu (Tadi. 2.2).

Tabauns 2.2.
KoedimieHT, sikuii BpaxoBye yac (pepMeHTallii 1 Moy
Ha Mpoi3a Mk OypTamu

Bup tBapuH Koedimient (K)
Koposu 1
KoHi 1
Bisimi 0,5
Kypu 2,5
CBuH1 2,0
Temnsta 2,0

1.3. Bu3nauenns macu MIHEpAIbHUX pPEYOBUH AK 000A8KU 00
cyocmpamy. J1ist 3a0e31eUeHHs TOTPEOU YepB’SIKIB Yy MIKPOMIHEPAIbHUX
(dakTopax KUBJICHHSA, 1O CyOCTpaTy HEOOXi1JHO BHOCUTH Pi3HI MiHEpaJbHI
JOMIIIKHA — TJIMHY, AedeKar, IEoIT, CalloHIT, Kpelay Tomo y 1031 10 4%
Bl 3aralbHOi Macu cyoctpary. Ile Takox chopusie ontumizamii pH
CepeZI0BUILIA, KPallloMy I'YMYCOYTBOPEHHIO.

KinpkicTh MiHEpATBLHUX PEYOBUH BU3HAYAETHCS 32 POPMYIIOHO:

K, =(Q: M,):100
ne: K,, — maca npupogHux MiHEpaIiB Ha PIK, T;
Q. — pluHa Maca rHOIO, sika MOKe OyTH CyOCTpaTOM JijIsl YepB’SIKIB,



TOHH,;
M,, — KUTbKICTh MIHEpAJIbHOI 100aBKH, Yo.

1.4. Buznauenum macu cyocmpamnty iz npupooOHuUMu MiHepaiamu.
Busnauaerncs 3a popmynoro:
QCM - Qr + KM
ne: Qg — Maca cyocTpaTy 3 MiHEpaIbHUMHU J00aBKaMU, T;
Q. — rHoiioBa 6ioMaca 3a pik, T;
K, — Maca npupoHUX MiHEpaJliB Ha PiK, TOHH.

1.5. Busnauennsa KiibKocmi pe4oéun, 0azamux Ha yearono3y, npu
BUKOPpUCMAHHI AK cyocmpam nocaidy nmuyi. 1loka3HUKOM TOTOBHOCTI
cyOCTpaTy M0 3roJIOBYBaHHs YepB’siKaM € cmiBBigHOIIEHHS KapOoHy 10
Hitporeny (C:N), sike mae Oytu B mexax 20. Ilocmix OTuill MICTUTh
3Ha4YHy KuibKicTh Hitporeny — 2,0-6,0% Bim cyxoi pe4yoBHHH, BMICT
KJIITKOBUHHM CTaHOBUTH Jymmmie 13-15%. Jlns Ttoro, moO 3abe3neunTu
crmiBBigHomenHs C:N 20:1, abo Bmicty nemtono3u 20-25%, 10 mocuiay
ITUIl JT0Jal0Th COJIOMY, IIOJIOBY, JYIIIHWHHS HACIHHS COHSIIHHUKY, Iamip
TOI0, TOOTO KOMIOHEHTH, Oarati Ha KapOoH. MoxHa BHKOPHUCTOBYBaTH
TaKO TUPCY, 3a BUKIIFOUYCHHSM TUPCH XBOWHHX MOPiJ.

KinbkicTh BiIXO/1B, OaraTux Ha KJIITKOBUHY, SIKY HEOOXITHO J10JaTH
JI0 THOMOBOI O10MacH, BU3HAYAETHCS 32 (DOPMYIIOIO:

M,=(Q, C):100

ne: M, — Maca pedyoBHUH OaraTux Ha KJIITKOBHUHY, T;

Q. — rHoitoBa OGiomaca 3a pik abo nepiof, T;

C — BIJICOTOK BBEICHHS PEYOBWH, OaraTux Ha KIITKOBUHY, % (10-

30%).

1.6. Buznauenns macu cyocmpamy i3 peyoeunamu, 6azamumu Ha
KAIMKOBUHY, NpU BUKOPUCMAHHI nOCcaidy nmuuyi. BuzHadaeTbCcs 3a
dbopMyJi010:

QCK = QC.M + MK

ne: Qg — Maca roTOBOTo CyOCTpaTy 13 HOCIiAy NTHII, T;

Q.. — Maca cyOcTpaTy 3 MIHEpaJIbHUMH J100aBKaMU, T;

M, — KIJIbKICTh pEUYOBHH, OaraTux, Ha KJIITKOBUHY, T.

3aeoannsa 2. Po3paxyHOK OCHOBHHX mnapaMerpiB ¢(opMyBaHHA
Jo0:x. Jloxke — mie mioma cyocTpary., 3acejieHa 4epB’sKaMu, PO3MIpoOM y 2
M° (2m x 1m). e Bu3Ha4YEHHS MOKJIAJIEHO B OCHOBY BUMIPIB 1 MEPEHIILIO
BiJl aMEPUKAHCHKUX JOCHIJHUKIB, K1 BOEPIIE MTPOBOAWIN JAOCIIIKEHHS 3
010TEXHOJIOT1i BEpMIKYJIbTUBYBaHHS.



2.1. Busnauenna kKinokocmi 0a3z06020 cyocmpamy. ba3oBuii
cyocTpar — IIe IepIIo-IoYaTKoBHi cyOcTpaT, SKUi 3aKi1agaloThCs B HOBI
noxa. [Ipu ¢hopMyBaHH1 JI0XK Yy TOCIIOJIAPCTBI, B HUX 3aKJIaJal0Th BIIXO/IH,
K1 Tpounuin (epmeHTailito 6a3oBuM cyOcTpatoMm. BiH BUKOHYE pi3HI
GyHKINT: 3axuliae 4epB’sKiB BiJ MIJICTWJIBHOTO TPYHTY 1 TOMY TOBIIUHA
foro koimBaeTbes Bim 15 cm Bmitky g0 25-30 cm B3uMKy. KpiMm mporo,
0a30BUil cyOCTpaT 3 KOPMOM JijIsl YEPB’SIKIB MOBUHEH MaTU JIOCTATHIO
KUIbKICTh  Hemoao3n  (20-25%), onrtumaneHy Bosoricte  (70-80%),
temmnepatypy (19-20°C) ta pH (6,8-7,2), a Takox Tpeba HOro JOCTIIUTH
tectoM 50 depB’sikiB. CyTh TECTy MOJIATa€ y TOMY, IO B SIIIUKU PO3MIPOM
50x60x15 abo y 2-4 J'IlTpOBy CKIIIHY €MHICTh 3aKjlaJaloTh 0a30BHit
cy6CTpaT Tta 50-Ma yepB’sikaMu 1 BUTpuMYI0Th 24 roaunu 3a 20°C. Ilotim
YepB’sAKIB BI/I6I/IpaIOTB M1JIPax0OBYIOTh Ta Bi3yaJbHO BU3HAYAIOTh iX CTaH.
Skmo yci 4epB’SIKM KUB1 1 HOpMaJIbHO pyXJ'II/IBl TO 1€ € CBITYEHHSIM
OPUIATHOCTI CyOCTpaTry AJisl KUBJIEHHSI 4epB’sikiB. T1IbKM MICIS LBOTO
JI0’Ka 3 OCHOBHUM CyOCTpPaTOM 3aCeNsiOTh YePB’ IKaMHU.

2.2. Buznauennsa euxody 0a306020 cyocmpamy 3a pik. ©opMyBaHHS
(3aKyIaKa) JIOK PO3MOYMHAETHCS BU3HAUYCHHSAM IMEpIl 32 BCE BUXIAHOI
KUIBKOCT1 0a30BOTO CyOCTpaty, sikuii Oyne y rocnogapcTsi. BusHauaerbcs
3a (hOpMYJIOHO:

M6CD = (QCM K6) : 100

ne Mg, — Maca 6a30Boro cyocTpary 3a pik, T;

Q. — 3araibHa Maca mpo ¢GepMEeHTOBAHOrO CyOCTpary (BIAXOMIIB 3
MIHEpAJIbHUMHU 100aBKaMu), TOHH;

Ks — kuibkicTh 0a3oBoro cyOcTpaTy BIJ 3arajbHOi Mach IIpo
depmeHToBaHOrO cyocTpary, % B cepenabomy (35-40%).

2.3.Bu3nauennsn Kinokocmi 6a306020 cyocmpamy 014 3aKAA0KU

nepuiux n0sxc. KinpkicTb 0a30Boro cyocTpary, HEOOXITHOTO IS
3aKJIQJKK TIepIIMX JIOXK, 3ajJeKUTh BIJ 3arajdbHOi Macu 0a30BOro
cyOcTpaTy Ta BIJl TOTO, CE30HHE YM I[IJIOpPIYHE BEPMIKYJIbTUBYBAHHS Yy
rocnogapcTBi. Ilpu UUIOpIYHOMY BEpMIKYJIbTUBYBAaHHI Yy  KBITHI
MPOBOAUTHCS TepIle 3-pa3oBe pO3AUICHHS JOX ((OopMyBaHHS HOBHUX JIOXK
13 momepedHix); Apyre pO3JAUICHHS — JIMIIHEBE 2-pa30BEe, a B JKOBTHI
MPOBOJIUTHCS 3-pa3oBe PO3JUICHHS JIOXK, SKI OyJIM 3akiaZeHl B KBITHI
MicsiIil, 1 4-pa3oBe — c(hOPMOBAHUX Y JIUIIHI.

Busnauaetbcs 3a popmynoro:

b.=Mg, 1 N
ne: b, — kimbKicTh 6a30BOro cyOcTparty, KM BUKOPHUCTOBYIOTH IS



3aKJIaJKU MEePUINX JIOK, TOHH;
Mg., — Maca 0a30BOTo cyOcTpaTy 3a pik, TOHH;
N — Koe(IlLieHT, IKUNH BpaXOBY€ KPATHICTh PO3JJICHHS OJHOTO JIOXa:
IpH UIOPIYHOMY BEPMIKYJIbTUBYBaHHI n=17, a ce30HHOMY — N=11.

2.4. Busnauennsa  kinokocmi  0azo06020 cyocmpamy  npu
B8UKOpUCMAHHI nocidy nmuyi 3a pik. BuzHagaeTbcs 3a GopMyIior:
MGCD = (QCK K6) : 100
ne: Mg, — Maca 0a3oBoro cyOcTpary 3a piK NpU BUKOPHUCTAHHI
MOCTIAy TTHI, TOHH; Q. — Maca cyOcTpary 13 mociiay nrtuii, ToHH; Kg —
BIJICOTOK, SIKMI npumnazae Ha 0a3oBuii cyoctpar, % (35-40).

2.5. Pospaxynox kKinbkocmi J0xc. Po3paxyHOK KUIBKOCTI JIOX

POBOJAUTHCS 32 POPMYIIOHO:
K = b, : Mb,

ne: Ky — KITBKICTB 103K, SIKa HeoOX1Ha IS I0YaTKy pOOOTH, IIT;

b, — kuabkicTh 0a3oBoro cyOcTpaTy, SIKMl BUKOPUCTOBYIOTH IS
3aKJIaJIKU TIEPIIUX JOK, T;

MBb, — maca 6a3oBoro cyocTpaTy, KU HACTHIAIOTH MEPIITUM IIapOM
Ha oaHe joxe (0,34-0,57 ToHH) 3aJI€KHO BiJ] BUCOTH IIapy.

K= (b, : MB,) k

ne: Kit — KiIbKICTh 10K, SIK1 HEOOX1/THO 3aKJIacTH 3a PiK, IIT.;

b, — kiapkicTh 0a3oBoro cyOcTpaTy, SIKMl BUKOPUCTOBYIOTH IS
3aKJIaJIKU TIEPIINX JOXK, TOHH;

MBb, — maca 6azoBoro cyOcTpary, SKUil HACTENAIOTh MEPIIUM IIaApOM
Ha oxne Joxe (0,34-0,57 TtouH); k — koedimieHT, SKUN BpaxoBye
po3nuienHs 1ok (k=11 abo k =17).

2.6 Po3paxynok naowii nio nodxca. Ilpy BU3HAUeHHI, SKYy IUIOIILY
HEOOX1AHO TUIaHYBAaTH MiJ JIOKa, HEOOX1AHO OpaTh N0 yBaru IUIOULY
CaMoro JI0Ka, a TAKOXK CIOCIO BUPOIILYBaHHS Kall(POPHINCHKUX YEpB’SIKIB.
UYepr’sikiB MOXKHA BHPOIIYBAaTH Ha BIAKPUTOMY TpPYyHTI, KOJU OypTH
3aKJIaJIal0Th MOBEPX PO3CTEJICHOI Ha 3€MJIl CITKM a00 y MPUMINICHHI, 1€
JI0%Ka pO3MIIIYIOTh sipycamu. BusHauaetbes 3a GopMyIioro:

S,=K, Kk

ne S, — mIola I J0Xa, M

K, — KIJIBKICTh PIYHMX JIOK, IIIT.;

K — koeirienT, sKuit BpaxoByH 0cOOIUBOCTI TeXHOJOTIT (Tadm. 2.3)

Tabmuis 2.3
IToka3HuK, KU1 BpaxOBY€ 0COOJIMBOCTI TEXHOJIOT1i BEPMIKYJIbTUBYBAHHS

Crroci0 po3MiIeHHS JIOXK Koedimienrt (k)




Ha Bigkputromy rpyHTi 4

N

B npumimenHi (2 sipycn)

B npuwmiienHi (3 sipycu) 1

2.7. Po3paxynok naowyi cimku nio n10xca HaA 6IOKpUmMoOMy 2pyHmi.
Ueps’ssku — Majio 3axuIleHl ICTOTH, iX J00pe IMoifaloTh KPOTH. 3 METOIO
3amo0iraHHs MOTPAIUISIHHA Y JIOXkKA 13 YE€pPB’sIKaMU KPOTIiB, TPYHT, Ha IKOMY
PO3MIIIYIOTH OypT 13 CyOCTpaTOM, BUCTEIISIIOTh CITKOO 13 PO3MIPOM BIYOK
1,5x1,6¢cMm. ITnoma citku 00paxoBy€eThCs 32 (OPMYJIOKO:

S.=K, 2,2

Ie: S, — IIoIa CITKH, M

K, — KIJIBKICTB JIOXK, IIIT.;

2,2 — xoe(IleHT, IKUN BpaxoBY€ IUIOLLY JI0KA, & TAKOX 3arMHaHHS
CITKH IO KpasiX.

2.8. Po3paxynok naowi nio cmenayici. Po3paxyHOK IUIONII CTEIaXiB
MPOBOJISITH 32 TaKOI (POPMYJIOLO:
Sa=K, 2
Ie: S.; — IJIOIIAa CTENaXIB, M2;
K, — KIIBKICTB JIOXK, IIIT.;
2 — IUIOLIA OHOTO JIOKA, M-,

3aeé0anna 3. /KuBjeHHsI 4YepB’AKIiB Ta 3aKJaJKa MaTOYHOIO
MmoroJiiB’sl B cyocTpar.

3.1. Po3paxynok Kinekocmi cyocmpamy 0ns 200ieni uepe’sakie. Uepes
20-25 ni6 micas 3aceleHHsS YepB’AKIB MPOBOIATH MEPIIY IMiJAKOPMKY,
TOOTO BHECEHHS HOBHMX IIOpIiH CyOCTpary, a IOTIM pEryjspHO uepes
KokHi1 7—10 110 BHOCSTH HOBI mopiiii kopmy mapom 5—7 cwm. Ilinkopmka
MOBHUHHI OyTH NEpEBIpEHa Ha SKICTh, B TOMY YHMCIII 1 32 TecTyBaHHSIM 50-Tu
4YepB’SIKiB.

3.1.1. Kinvkicmb niokopmku, AKy 6HOCAMb 00 PO30LNIEHHA JI0MHC.
Po3paxyHku nNpoBOJATH 32 POPMYJIIOKO:

Qn:(Kﬂl KH) Mn

ne: Qn, — maca cyOcTpary, KMl BUKOPUCTOBYETHCS [IJISl T1IKOPMKH,
TOHH;

K, — KiIbKICTh MiIKOPMOK 3 KBiTHA 110 JuneHb: 10 (3 iHTepBaiom B 7
1i6), 7 (3 inTepBasioM B 10 116);

M, — maca miakopmku Ha ogHe Joxe (0,114-0,159 Tonn);

K1, — KIIBKICTB JI0K, sIKa HeOOX1IHA IS TOYaTKy pPOoOOTH.

3.1.2. Kinvkicmb niOKOpMKuU, AKYy 6HOCAMb HA 6CI J10Xca (3a Ce30H,
Pik). BuzHavaeTbcs 3a HOpMYIIOHO:



Qm; = (K Kmy) M,
ne: Qm; — Maca IiJIKOPMKH, SIKY BHOCSITh Ha YC1 JIOXKa,
K1 — KiIBKICTB JI0%K TI0O BEPMITOCIIOIAPCTRY, IIIT,;
Km; — kiapkicTh miakopMok (9-14), mr.;
M, — maca migkopmku (0,114-0,159), ToHH.

3.2. 3acenennsa cyocmpamy uepe’aKamu.

3.2.1. Kinbkicmv mamounozo noz2onie’s uepe sAKieé 0,11 3aCeeHHA
NOYAMKOBUX JI0XC Y KGIMHI,

Ha ozse 10Ke 2 M? 3aCeIsoTh pi3HY KUIBKICTB uepB’skiB (Big 5 g0 30
TUC. IIT.). Big mapu uepB’skiB MoxHa ojepxkatu a0 1500 monogux
ocoOuH 3a pik. KilbKICTh 4YEpB’SIKIB JUIsl 3aCEJICHHS MOYATKOBUX JIOXK
BU3HAYAETHCS 32 (OPMYIIOIO:

K,=Kn; Hj

ne: K, — KUIbKICTh YepB’SKiB JJIs 3aCEJICHHS, IIT.;

Ki1; — KinbKICTB JIOK Ha ITOYaTKy poOOTH, IIIT.;

H; Hopma 3aceneHHs Ha 2 M> (4,5, 6, 7... Tomo).

3.2.2. Kinbkicmb uepeé’aKié 011 3ACENeHHA YCIX J10XHC Y
eéepmizocnooapcmei. 1lpn BH3HAYEHHI KUIBKOCTI YEPB’SKIB, SKUMH
HEOOXIJHO 3acelUTH YCl1 JI0XkKa, BPaxXOBYIOTh KUIBKICTh JIOXK, SIKi
IJIAHYIOTHCS B TOCMOIAPCTBI 3a PiK, 1 HOPMY 3aCEJICHHS:

Ky =Ky Hs

ne: Ky, — KUIBKICTh 4YepB’SKIB IS 3aceleHHs yCiX JIOX B
rOCIIOJIapCTRI, IIIT.;

K1 — KUIBKICTB JI0K 1O BChOMY BEPMITOCTIOIApCTRY;

H; — HopMa 3aceneHHs ogHoro Jioxka (4-30 tuc.).

3aeoanna 4. QOnpep:xxkaHHA OIOTEXHOJOTIYHOI mNpoaAyKuUii —
yepB’AYHOI 0iomMacu Ta Giorymycy.

4.1. Busznauenna Kinobkocmi 0io2ymycy, 00€piHcaAH020 i3 KGIMHe8UX
J102c. bioryMyc — NMpoayKT NepepoOKH OpPTraHIidYHUX BIIXOMIB YEPBOHUMHU
Ka(pOpHINCHKUMHU 4YepB’sikamu. HakonmuueHHs: MOro y J0i MPOXOJUTh
MOCTYIOBO, 4ac JO03piBaHHS O10ryMYyCy CTaHOBUTH OJIM3bKO 6 MICSIIIB.
BpaxoByroun Te, 1mo i3 oaHiei ToHHH cyOcTtpaty BuxoauTh 50-60%
oiorymycy, koedimieHT TpanchopmMmarlii ctanoBuTh 0,5-0,6. BuszHavaeTbcs
3a (hOpMYJIOHO:

Bi = (Bc + Qn) KT

ne: b; — maca 0iorymycy, TOHH;

b, — maca 6a3oBoro cyOcTpary, SKuid BAKOPUCTOBYETHCS JIJIS 3aKJIAIKU
nepmux J10, ToHH; K, — koedimient tpancopmarii (0,5-0,6);



Qn — Maca cyocTpaTy, SIKHil BAKOPUCTOBY€ETHCS IS T1TKOPMKH.

4.2. Bu3znauenna xinbxocmi 0iocymycy, AKUIL MOMCTUBO 00epirHcamu
npu nepepooui ycvozo cyocmpamy 3a pik. Jnd BU3HAYEHHS IHOTO
MOKa3HUKa HEOOX1HO CyMyBaTH Macy 0a30BOro cyocrpary, a TaKoX Macy
MIIKOPMKH, SKY BHKOPHUCTOBYEMO JJII BEPMIKYJILTHBYBAHHS BIIPOJOBK
cezony. CyOcTpaT, SKUM 3rOJOBYBAJIM Yy JIMIHI — >KOBTHI, Y KBITHI BXKe
Oyne rotroBuM OiorymycoMm. BuzHaueHHs 3a popMyIoro:

Bi, = (Mgep + Qmi) Kr

ne: bj, — KuibkicTh Oiorymycy, Ky MOXJIMBO OTPUMATH TIPH
nepepoOIll HaKJIaJAeHOTo cyOCcTpary, TOHH;

Mg, — Maca 0a30Boro cyOcTparty 3a pik., TOHH;

Q1 — Maca mAKOPMKH 3a PiK, Ce30H. TOHH;

KT — koedinient Tpancdopmarii (0,5-0,6).

4.3. Busnauenna Kinbkocmi uepe’siKie, AKI 00€PIHCYEMO 3a CE30H.
BpaxoBytouu te, 1110 oHa ocoOuHa Moxke Aatu 10 700 mTyk 4yepB’sKiB 3a
pIK, TO 3a CE€30H 3 KBITHS IO >KOBTEHb (6 MiC.) 1I€¥l MOKa3HUK CTAHOBUTH
300-350 mTyk. Bwu3HaueHHS I1OTO TIOKAa3HWKA IPOBOJUMO 13
BpaxyBaHHSIM IOYaTKOBOI KUJIBKOCTI Y€pB’fKIB, Ky 3aCEeJWJIM y KBITHI.
Po3paxyHOK mpoBoAUTHCS 3a (POPMYIIOL0:

Kq3 = Kq HB

ne: Ky, — KUIBKICTh OJiep’KaHMX 4YeplakiB 3a CE30H B TOCIOAApCTBI,
BUXOJSYH 13 TOYATKOBOI KIJILKOCTI 3aCEJICHHS JIOXK, IIIT.;

K, — KIJIBKICTh Y€pB’SAKIB JJIS 3aCEJCHHS, IIT.;

[T, — KiIBKICTh TOTOMCTBA BiJl OAHOrO 4epB’sika 3a ce30H (300-350),
IIT.

3aBraHHA 5. [IpoBenith MpOoLEC BEPMIKOMIIOCTYBaHHS
BUKOPHUCTOBYIOUM Pi3HI BHUAM OpraHiyHUX cyOcTpaTiB Ta 3po0iTh
BUCHOBKH.

KoHTpoJ/IbHI NUTAHHSA

1. OxapakTepu3yiTe OCHOBHI €Tany BEPMIKYJIbTHBYBAHHS.

2. Opranizmu SKHAX BU/IIB BUKOPHUCTOBYIOTh TU1sL
BEpMHUKOMIOCTYBaHHsI? Ha3BiTh OCHOBHHUX MPEICTAaBHUKIB.

3. biosoriuni 0COOMMBOCTI JOMIOBHUX YEPB’SKIB Ta CIOCOOM iX
BUPOIITYBaHHS.

4. HaBeniTh OCHOBHI BUMOTHM 110 YMOB KyJbTuByBaHHA E. foetida Ta
POIIECY BEPMiKOMITOCTYBaHHS.

5. Meronuka ¢gopmyBanHs Jox. IligroroBka cyOcTpaTy Ta TEXHIKA
3aKJIaJIKu MaTOYHOT'O TIOTOJIIB S B TIPOIIEC] BEPMIKYJIbTUBYBAHHSI.



6. YMOBHU yTpUMaHHS Ta OIIHKA CTAHY MOMYJIALIM YepB’IKIB Yy JOXKaX.

/. OxapaxkTepu3ylTe CKjIaJ 1 BJIIACTUBOCTI O10rymMycCy, OTPUMAaHOTO
METOJIOM BEPMIKOMITOCTYBaHHS.

8. BepmikynbTHBYBaHHS Ha MPUCATUOHUX AUISTHKAX.



Jlabopamopna po6oma Ne3

Tema: ,, BuzdHAYUTH OCHOBHI OKMBHI PEYOBMH Y KOMIIOCTI”

Mema: susnauumu emicm CNOAVK HIMPO2eHy (aMOHil0, HIimpamis),
gocghopy, emicmy 2ymycy ma opeaniuHoco 8y2ieyio y KOMHoCcmi.

Ilpocpamnui numannsa: onpayrosamu mMemoouKy GUHAYEHHS BMICHY
AMOHII0O ma Himpamig y KOMNOCMI ma 6UHAYUMU 6MICm dMOHIIO ma
HIMpamie y OO0CHIONCYBAHOMY KOMHOCMI, ONpayroeamu MemoouKy
BU3HAUEHHS KOHYeHmpayiu ¢ocgopy y Komnocmi, SUHAUUMU EMICH
dochopy y 0o0cCniodncysaHomMy KOMRNOCMI, ONpayro8amu MemoouKu
BU3HAYEHHS 6MICM) 2YyMYCy 1 Op2AHIYHO20 BY2leyio 6 KOMNOCHII,
sUsHaAUUMuU 8micm 2eymycy (¥ 8Ii0COMKAx) ma OpeaHiyHo2o 6y2leyio )
O00CNLIOHUX 3PA3KAX KOMHOCHY 080MA MEMOOaMU.

Mamepianu ma o6nraonanusn: xowuiuni korou una 100 em®, 250-300
cm’ Mipui konou Ha 50 e’ 1 on posuun  xaopudy kanriro (KCI),
Qinompysanvruil nanip, cuua cmpiuxa, 0,05% po3uun cynvgpamy kaniro
(K3S0y), 0,2 1 pozuuny HCI, ananimuuni eacu, oHomip, eiekmpoou Oiis
BU3HAYEHHS, CYWUIbHA Waga, 3pasku KOMnocmy (IpyHmy), aHaiimuyHi
sazu, Gropemiu, koabu na 100 cm® 3 KOPKOM-XOTOOUTLHUKOM, eeKMPUIHA
nauma, NPoMuBanKa, mygenvua niu, ckiami oOwoxcu, apgoposi mueri,
kpuwku Ha mueni, 0,4 1 po3uun 6ixpomamy kanito (K,Cr,07) y posseoeniii
(1:1) cynmvgpamuii  xucnomi (HpSOy4); 0,2 u posuun coni Mopa
(NH,),SO4FeS0O,4-6H,0; posuun peninanmpaninosoi xucromu, 0,2%
posuun kapoonamy nampiio (Na,COj), cnekmpogomomemp ma kiosemu
MOBWUHOIO 5 CM, 8a2u 1aOOpamopHi anarimuuni, maiumep abo 200UHHUK
nicounuu, konou mipui 100, 500, 1000 cm®, ninemxku MIDHI 2paodytio8aHi
06’emom 2, 5, 10, 25 cm’, Yuninopu mipui 06’emom 25, 50, 100 em’,
Qdinempu naneposi 3He30/1eHl «CUHA CMPIYKAy, po3duuHn ouzciopogocghamy
kanito (KH,PO,), po3uun ackopOiHo6oi Kuciomu, KOHYEHMPOBAHA
cynopamna xkucroma H,SO,4 kony, po3uur monib0eHOBOKUCIO20 AMOHIIO

((NH4),M00y,), PO3UUH Kaniro AHMUMOHITMapmpany
(SbO KC4H406‘0, 5H20) .

Xix poéotun
besnocepenHbO JOCTYMHUMM ISl SKUBJIEHHS POCIUH € MiHEpaibHI
CIIOJTYKH HITPOTEHY — aMmiadHi coii Ta HiTpatd. Coyieil a30TUCTOI KUCTIOTH
— HITPUTIB y IPYHTI MaJlo, MPOTE IXHS POJIb y KUBJICHHI POCIUH
HEJIOCTaTHbO BHUSIBJICHA. 3a JESIKUMU JaHUMH, HITPUTH IIKIAIUBI IS
pOCJIMH. AMiauHi COJl Ta HITPATU PO3UYMHSIOTHCS Y BOAL 1 MOXYTh OyTH
BWIy4YEHI 3 IPYHTY BOJHUMHU BUTSDKKAMH. AMIauHUI  HITPOT€H



BHU3HAYAIOTh B COJIbOBIM BUTSIKII, NMPU LIOMY y PO3YHUH MEPEXOAUTH HE
BOJIOPO3YMHHHUM, ajie i HE 3B’ sI3aHUN aMOHIH.

CHiBBITHOIIIEHHS aMOHIMHOTO 1 HITPATHOTO HITPOT€HY B TIPYHTI
JOCUTh JUHAMIYHE 1 3aJIKUTh B1J MIKpOO1OJOTIYHOI aKTUBHOCTI. Tomy
CyAUTH TMpPO 3a0€3MEUEHICTh IPYHTIB HITPOTCHOM MO OJUHUYHOMY
BU3HAYCHHIO HE KOPEKTHO 1 JMINE TOBTOPHI BU3HAYCHHS MPOTATOM
BEreTalllifHOr0 MEePioly AA0Th YSABICHHS MPO a30THUM PEKUM IPYHTY .

AMOHINHUN HITPOTEH €KCTparyroTh 3 IpyHTY 1 H po3unmHom KCI. VY
BUTSKKY TMEPEXOJUTh aMOHIN 110 3HAXOJAUTHCS B OOMIHHOMY CTaHi, a
TAaKOK aMOHIN PO3UYMHHHUX Yy BOJI aMOHIWHUX cojed. OCKUIbKH aMOHIN
BOJOPO3UYMHHMX COJIeH CTAaHOBHUTH JIMIIIEC HEBEJIWKY YaCTUHY aMOHIIO, IO
NEPEXOJUTh Yy COJIbOBY BHUTSIKKY, II€ METOJ BBa)KalOTh METOJ0M
BU3HAYECHHS OOMIHHOTO aMOHIIO.

dochop BXOAUTH 0 CKIAMy OPraHIYHUX 1 MIHEPAIBHUX CITOJYK
rpyHTy. BwmicT 3aranpHoro ¢ocdopy B rpyHtrax cranoButh 0,05-0,15%
P,0s. Opraniuni  cnoiayku  Qocdopy TpeAcTaBieHI B OCHOBHOMY
dochominigaMyu, HYKJICTHOBUMH KHCIOTaMH Ta IXHIMH TIOXIJHHMH,
rekco3odocdaramu, hochonporeizaMu.

docdop BXOAUTH IO CKIIATy T'yMIHOBHX 1 (PYJIbBOKHUCIOT TyMycy. Y
YOPHO3EMHHUX IPYHTaxX BMICT (ocopy OpraHiuHMX CHOJIYK IepeBakae
HaJ MiHEpaJIbHUMH, a B JCPHOBOIIA30IUCTUX — HABMaKW. 3HaYHA YacTHHA
dbocdopy rpyHTYy mnepedyBae y BaKKOJOCTYHHUX (opmax, sIKi CTarOTh
JOCTYITHUMHM POCJIMHAM BHACIIJIOK Jii HA HUX KOPEHEBUX €K30METa0O0JIITiB
pociiuH 1 MikpoopraHizmiB. ®Dochop OpraHiYHUX CHOJYK JTOCTYHHUMN
poCIMHAM TICIA TIAPOJITUYHOTO  PpO3KIagaHHs ix  ¢ocdarazamu
MIKpOOpraHi3MiB. BHeceHHs HOOpUB CIIpUsi€ HAarpOMAa/KEHHIO B IPYHTI
OpraHiyHUX 1 MIHEpAIBHUX CIOIYK (hochopy.

Y KUBIEHHI POCIMH OCHOBHa POJb HAJCKUTh MIHEPATbHUM
crionykam ¢ocdopy, Kl TpeACTaBICH] 3aJIMIIKAMH anaTturty, Gochopury,
cossimu (pochopHux KuciaoT. MiHepanbH1 crionyku ¢pocopy B IpyHTI, 110
nepeOdyBalOTh y TMOCTIMHIA B3aeMOJIIi Ta JTUHAMIYHIN pPIBHOBa3i, MOXKHA
NOJUIUTH HA TPU TPYIHU: CHOIYKH Pocdopy, SKi € B IPYHTOBOMY PO3UHHI;
ocapkeHl abo ajgcopOoBaHi croiayku ¢ochopy Ha MOBEPXHI TBepAUX a3
IPYHTY; BaXKKOPO3uMHHI (hocaTu, Kl € B MIHEPATBHOMY CKEJIETI IPYHTY B
NEPBMHHMUX 1 BTOPMHHUX MiHepanax (1 Tpyna € pe3epBOM, 3a paxyHOK
AKOTO MOXYTh TOMOBHIOBATHCS 3amacu ¢ocdaTiB aacopOOBaHUX Ha
MOBEPXHI TBEPAUX (a3z).

Y JKMBJIEHHI POCIMH BaXJHWBa POJIb HAJICKHUTh TAKOX CIOJyKam
dochopy, ski mnepeOyBalOTh y IPYHTOBOMY poO3uuHi. (OCHOBHUMH
CIIOJTyKaMH, $IKI HaWKpalle 3acCBOIIOThCA, € coyi PochaTHOi KHUCIOTH.
Mertadocdartu 1 mipodochaTu MEHIIOI MIPOIO 3aCBOIOIOTHCS POCITMHAMH.



Pocnuam  maiikpamie 3acBoroiorh amrigpodocharr  (Ca(HPOy),,
KH,PO,4, NaH,PO,4, NH4H,PO,), sxi BBaxkaroTh BOJIOPO3YMHHUMHU. MeEHIII
noctymHi 1 pociud riapodocdaru (CaHPO,4, MgHPO,), siki po3uunHi y
ciabkux kuciorax. @ocharu (Caz(POy),) po3UnHHI Y CHIBHUX KHACIOTAX.
3acBoroBaHICTh (ochopy pocIMHAMHM 3HAYHOI MIPOK 3aJEKUTh Bif
MPOIIECIB MOMIMHAHHS CcHoJNYyK (pocdopy. BHACTIIOK MOTIMHAHHS aHIOHU
dochaTHOiI KHUCIOTH CHOYATKY aACOpPOYIOThCS OOMIHHMMH KOJIOiaMH
IPYHTY.

VY kuciaomy cepefoBuUIlll TIWHHUCTI MiHEpaiu ajcopOyroTh ¢ocdar-
10HU. AHIOHM KapOOHaTIB 1 OpPraHiuHUX KHUCJIOT Ta TyMaT HaTpiio
BUTICHAIOTh ajicopOoBani ¢docdar-ionu. UM 1 MOSCHIOETHCA BEIUKA
JTOCTYHHICTh ajacopOoBaHux ¢ocdationiB. OOMIHHO-MOTIUHYTI (ocdat-
10HU MTOCTYIIOBO MEPEXOATh Y XIMIYHO OCAIKEHI.

Bracnigok XiMIYHOTO oOcajpKeHHsI muriapodocdaTu MepexoisiTh Y
rigpodocdaTy, 110 3yMOBIIOE MEHITY PO3YMHHICTD 1 IOCTYHHICTh CIOJIYK
dochopy mist pocnuH. Y HEUTpadbHUX 1 KapOOHATHUX IPYHTaX
YTBOPIOIOTHCS B 3HAYHIN KIJTBKOCTI (pochaT Kajablliio 1 MarHito, y KACIUX
— ¢ocharu 3amza Ta amoMmidio. Dochop dochary amoMiHiO OLIBII
JTOCTYIIHHUM Jis1 pOCJIMH, HIXK Pocdop pocdaty 3amiza. Docharu kampliro 1
MarHiro, 0 YTBOPHUJIUCS, CIIOYaTKy NepeOyBaroTh B aMop(PHOMY CTaHl, iX
dbocdop aure 4acTKOBO JOCTYIMHUN POCITUHAM.

3ajeXHO BiJ METHU 1 3aBllaHb, SIKI CTOATH NEpel AOCIITHUKOM, Y
I'PYHTI MOXYTh BU3HAYATH: 3araibHUN BMICT (hocopy, BMICT OpraHIYHUX
1 MiHEpaJIBHUX CHOJYK (Pocdhopy, BMICT 1 PYXJUBICTh crnojiyk ¢ocdopy,
CTYNIHb PYXJIMBOCTI ocdariB, rpynoBuil 1 ¢ppakiiiuuii cknag ocdartis
TOIIIO.

Bu3HaueHHs BMICTY OpPraHIYHMX PEYOBHUH B KOMIIOCTI 0a3yeThCsl Ha
JACTY b B.2.1-16:2009. Metoaun nabopaTOpHOro BU3HAYEHHS BMICTY
OpraHiYHUX PEYOBHH Y IpyHTI. HarionansHui cTranmapT YKpainu,

['ymyC — CyKynHICTh BCiX OpraHi4HUX CIHOJYK Y IPYHTOBOMY MpOQul,
Kl BTPATWJIA 3B’SI30K 3 €JIEMEHTaMHU CTPYKTYpPHOI OpraHizamii KJIITHH 1
TKaHUH. J[J11 BCTAaHOBJIEHHS KUIBKOCTI TyMYCY BU3HA4alOTh BMICT BYTJICIIIO
OpraHiYHUX PEYOBHUH, IO PO3KIAIUCS y IPYHTI, — OPTaHIYHOTO BYTJIEIIO.
J171s1 BU3HAUE€HHSI OPTaHIYHOTO BYTJICIIO 3aCTOCOBYIOTh METOIU:

- OKCUJIOMETPUYHUM;

- CaJIIOBaHHS.

Okcuoomempuynuii ~ Memood  3aCTOCOBYIOTb  JIJIS  BU3HAYCHHS
OpPraHIYHOTO BYIJICII0 B TMIIIAHUX 1 TJIMHUCTUX IPyHTaX, AKI MICTSTh
MeHiie HiK 10% rymycy, a B IpyHTax, siKki MICTATh XJIOPUAU, — MICHS
BUJAJICHHS OocTaHHIX. Opra"iyHy peYyoOBUHY OKHUCHIOIOTH  Kasii
01XpOMAaTOM y CHJILHO KHCJIOMY CEPEIOBHIIII 10 YTBOPEHHS BYTJICKUCIIOTH,



HAJJTUIIIOK Kasliii 0iXpoMary MOTIM BH3HAYalOTh TUTPYBAHHSM PO3UYUHOM

coimi Mopa. BuszHauaroTh BMICT OpPraHIYHOTO BYIVICII0O B TIPYHTI 3a

pi3HuLIel0 00’eMiB  coii  Mopa, BHUTpau€HUX Ha  TUTPYBaHHS

JTBOXPOMOBOKHCJIOTO Kajito B IOCTI1 O€3 IPYHTY Ta y AOCII/I 3 TPYHTOM.
Peaxiiisi OKMCHEHHSI BiJIOYBAETHCS 3a PIBHSHHSIM:

3C+2K,Cr,0, +8H,50, =2K,50, +2Cr,(80,), +8H,0 +3CO0,

Hagnumoxk ABOXpOMOBOKHCIOIO Kalilo TUTPYIOTh cuuiio Mopa,
BHACJI1JIOK YOT'0 MPOTIKAE PEeaKIIis:

6FeS0, - (NH,), SO, + K,Cr,0, + TH,S0, = Cr,(50,), + 3Fe,(50,), +6(NH,),50, + K,50, + TH,0

3a PpI3HUIECI0O MDK pe3yibTaTaMHd XOJOCTOTO BHU3HAUEHHS Ta
pe3yiabTaTaMi, OTPUMaHUMU JUIsl HABAXKKU IPYHTY, BU3HAYAIOTh KIJIBKICTh
IrYMYCYy B IPYHTI.

TakuM MeTo0M MOXXHA BU3HAYUTU BMICT Tymycy 10 10%. Tomy nns
IPOBEACHHS JOCIIY 3 KOMIIOCTOM MOT0 pO3BOAATH MPOKAPEHUM MICKOM B
4 pazm.

Taomumg 3.1
Maca npoOu rpyHTY 7151 aHaJII3y 3aJ1€KUTh B1Jl BMICTY TYMYCY.

3a0apBIIEHHS CyXOro IPYHTY Bwmict rymycy, % | Maca HaBaxkHu, T
Hyxe  d4opHe ado  TeMHO- 10-15 0,05-0,1
KOPUYHEBE
YopHe ab0 KOpUYHEBE 7-10 0,1-0,15
TemHo-cipe 4-7 0,15-0,2
Cipe 2-4 0,2-0,6
Caitio-cipe 1-2 0,5-1,0
binsacre <1 1,0

Meron HE  JOMYCKaeThCS  3aCTOCOBYBAaTH  JJii  BU3HAYCHHS

OPTraHiyHOTO BYIJICII0 B MIMAHUX 1 TJIMHUCTUX TIPyHTaXx MOPCHKOTO,
JUMAaHHOTO, CTapUYHOTO, O3EPHOTO Ta OOJIOTHOrO MOXOMKEHHS. BmicT
OpPraHivHOrO BYIJICIIO B IPYHTI BU3HAYAIOTh Y BIJICOTKAX CyXOi PEYOBHUHHU
npoOu Ta MEepepaxoBYIOTh Ha KIUIbKICHUNA BMICT TYMYCY, 3aCTOCOBYIOYH
koediuieHT 1,724. BmicT ByTriiento B YOpHO3EMaX KOJIMBAETHCS B MEXaxX 3-
6%, HarBuUIIl 3HaUYeHHS 10 12%.

Memoo cnanweéanns. MeTon 3acHOBAaHUNW HA 3MEHIIEHH] Macu
KOMIIOCTY IIpH IpokaproBanHi 3a Temneparypu 900°C, sxe BigOyBaeThes
BHACJIIJIOK TOro, IO I/ 4Yac MPOKaprOBaHHS KOMIIOCT BTpadya€ rymyc i
azcopOoBaHi razu. TomMy MOPIBHIOIOYM PI3HUITI0 Y Maci BHCYIIEHOTO [0
BUaNeHHs rirpockoniunoi Boau (5 rox 3a 105°C) Ta mpoxapeHoro



komnocty (1 rom 3a 900°C) mokHAa BHpaxyBaTH Macy OpraHiuHOi
PEYOBUHU KOMIIOCTY.

[TonepelHLO BUCYIIYIOTH KOMIIOCT (IPYHT) Yy CYIIMIBHIA 1miadi 3a
105°C o mocriitHO1 Macw.

3aeoannsa 1. BusHa4yeHHS BMICTY aMOHIIO.

3BaxyroTh 10 r KoMIocTy (TpyHTY) 1 IEpEeHOCATh y K00y Ha 250 o,
HaBaxky kommnocty 3anuBarots 100 eM® 1 1 po3uuny KCl. 300BTy10Th Ha
Kavaiii npotsiroM 30 xB, a MoTiM GUIBTPYIOTh CYCIIEH31I0 B MIPHY KOJIOY
Ha 200 cm’. Komn Bes C:?/CHGHBiH Oyne BiAdiIbTpOBaHA, B KOJIOYy 3
komnocToMm noaarTh 20 cMm™ 1 H po3unny KCl 1 31uBatoTh Horo nopiisiMu
Ha (PLIBTP, HAMATralOYKUCh 3MUTH BCl YACTUHKU KOMIIOCTY, 110 3aJIUIIAIACS
Ha CTiHKaxX konbwm. Llfo omeparito moBTOpIOIOTH 4-5 pasiB. KoxxHny HOBY
nopitito 1 H pozunny KCl nonuBaroTh juliie TO/1, KOJIU MOMEPEIHS MOPIis
MOBHICTIO PO iIbTpyBaIacs.

Ha 3akinuennss tum ke po3zunmHoM KCl moBoaaTh BMICT KOJIOH [0
MITKA 1, 3aKpHUBIIA KOpPKOM, 300BTYIOTh [JI1 TIiepemilryBaHHs. B
OTpUMaHIi MpoOl1 3a JOMOMOTOK MOHOMIpa BHU3HAYAIOTh KOHIICHTPAIlIIO
NH,", Ta po6nsaTs mepepaxyHkn. BMicT aMOHiI0 B KOMIIOCTi BU3HAYAIOTh
3a (GopMYIIOI0:

a-20
A=——,

ne A —Bmict NH,', mr/100r KOMIIOCTY;

a — BMICT aMOHIMHOT'O HITPOT€HY B HaBaXIIl, Mr/am>;

b — Maca HaBaXKM KOMIIOCTY, IO BIJINOBijae 00’€My B3SITOrO
¢iasTpaty, (10 r);

20 — xoeimieHT ais nepepaxynky Ha 100 r kommocry.

3aeoannsa 2. BusHaute BMICTy HITpaTIB.

Bonani Ta cOnbOB1 BUTSIKKM MOXYTh OyTH MHIArOTOBaHI OpH OYlb-
SAKOMY CITIBBIIHOIIEHHI BOJIM 1 KoMmmocTy (TpyHTy). OJHaK TPUHHATO
roTyBaTU BUTSDKKM TIpU CHIBBIAHOWIEHHI 1:5, TOoOTO Ha 1 4actuny
HAaBaOXKU OpaTh 5 4YacTUH BOAU ab0 coiiboBOro po3unHy. bepyts 30 T
koMmmocty 1 150 em® 0,05 % BOIHOTO po3uuny cyibdary kamito. [ToTim
nepeMilnyoTs mpoTsaroM 10 XBWIMH 1 (UIBTPYIOTH 4Yepe3 IMIUIbHUI
nanepoBuil GpuibTp (CUHS CcTpiuka). B oTpumaHiil mpoOi 3a JOMOMOTOIO
foHomipa Bu3HayaroTh KoHIeHTpallito — NO3. BmicT HiTpaTiB B KOMIIOCTI
BU3HA4aI0Th 3a (HOPMYJIOO:



_a-V-lOO
~ bh-1000"'

ne A — Bmict — NO3', mr/100r kommocTy;

a — BMICT HITpaTy B pO3UMHI; MI/IM;

b — Maca HaBa)XKKH KOMITOCTY;

100 — xoedimienT mist nepepaxyHky Ha 100 T koMmocTy;
V — 00’eM pO3YMHHUKA.

3aeéoanna 3. Bu3HauTe BMICT aMOHIMHHUX CIIOJIYK Ta HITpPaTiB B
KOMIIOCTI, OTPUMAHOMY HIJISIXOM BE€PMIKOMIIOCTYBAHHA B NMOIEPeAHIl
JJadopaTopHii poooTi.

[TopiBHsIKTE OTpHUMaH1 PE3YyJIbTATH 31 3HAUCHHSIMH, SIKI XapaKTEPHI JJIs
PI3HUX THUIIIB KOMIIOCTY a00 IPYHTY.

3aeoanns 4. BusHaurte BMIcT cnojiyk pocopy B IPYHTI.

Busnauenns cnoniyk ¢pochopy B IpyHTI CKIATAETHCS 3 KIJTLKOX €TariB.

1. TlepeBeaenuss Qochopy 3 TBepmoi ¢a3u TpyHTYy B PO3UHH,
BHACIIJIOK YOTO OTPUMYIOTh I'PYHTOBI BUTSDKKH, SIKI MICTATH T1 YM 1HIII
cionyku ¢dochopy. Ile mMoxkHa 3AIMCHUTH 3a JOTOMOTOK CIUIABJICHHS
HABAXKU TPYHTY 3 COJOK0, PO3KJIAJAaHHAM 11 IUIABUKOBOK KHUCIOTORO,
00poOKOIO TMpHM HarpiBaHHi a00 Ha XOJIOJI KOHIIGHTPOBAaHUMH 1
pO30aBJICHUMH MIHEPATIbHUMU KUCIOTaMu, Oy()epHHMMH YU COJIbOBUMU
pPO3YMHAMHU TOMLIO.

2. IlinrotoBka TIPYHTOBHX BHTSDKOK JIO aHali3y: 3HEOApBIICHHS,
OKHCHEHHS, BUTIAPIOBAHHS, BI/THOBJICHHS, OCA/I)KEHHS Ta 1H.

3. Busnauenns ¢ochopy B po3dUMHAX PIZHUMU METOJAMMU:
IpaBIMETPUYHUM, TUTPUMETPUYHUM,  (GoToMeTpuuHuM.  HalOimbI
MOIIUPEHUM, 3PYYHUM 1 MIBUJIKUM € (HOTOMETPUUYHHUI METO]l BUSHAUCHHSI
cronyk gochopy B IpyHTOBUX BUTSKKAX. [{J1 pi3HUX IPYHTIB XapaKTepHi
NeBHI crioiayku gocdopy.

3alie’)KHO Bl IXHBOTO CKJIaQy BUOUPAIOTh KOHKPETHHM MeETOJ
BU3HA4YCHHS CHoJiyk ¢ochopy. BpaxoByroum ImepeBaxkaroudi CIOJYKH
dbochopy y IpyHTI 1 iXHIO JOCTYIHICTh POCIHWHAM, 3aCTOCOBYIOTH Pi3HI
eKCTpareHTH JUIsl BUIYYEHHS pyXxoMuXx crnoiyk ¢ocdopy (0,2 H po3uuH
COJISTHOT KUCJIOTH, PO3YMHH OITOBOI 1 CyJb(aTHOI KUCIOT Touio). Tomy
OCHOBHOIO BIJIMiHHICTIO METOJIMK BU3HAUCHHS PYXOMHX CHOJYK Gochopy
€ PO3YMHHUK, SIKMI 3aCTOCOBYIOTH [UJIi BWJIYYEHHSI TMEBHUX PYXOMHUX
crioayk dhocdopy 3 IpyHTY.

KinbkicHo  Bu3HauawTh  ¢ochop y  OUIBIIOCTI  METOJUK
KOJIOpUMETpUYHUM MeTojoM. Hampuknaa, pyxomi cnonyku (ocdopy B



JIEPHOBO-TIII30JIMCTUX 1 CIpUX JICOBUX IPYHTaX BHU3HAYAIOTh METOIO0M
KipcanoBa, B yopHOo3eMax HekapOOHATHUX — 3a MeTojoM YwupikoBa, B
KapOOHAaTHUX TIPyHTaxX — 3a Merojamu Mauurina, OJnceHa, B KHUCIUX,
HEUTpaNbHUX 1 KapOOHATHUX IPyHTaX — 3a MeToaoM bpeits 1 Kyptua [2].

OpakIIiHUNA CKJIaJl MiHEpaJbHUX CIOJIYK (Gocdopy BU3HAYAIOTH 3a
metoaamu Yanra — J[>kekcona, I'in30ypr — JleGeneBoi, rpynoBuil CKiIam —
3a MeToioM YupikoBa. OnNTUMATIBLHUN BMICT pyXoMOro ¢pochopy B KUCITUX
1 HeWTpanbHUX IpyHTax cTaHOBUTH 100-150 mr P,Os Ha 1000 r rpyHTY, B
kapooHaTHux — 30-35 mr.

Jlist Bu3HaueHHs pyxoMoro ¢ochopy B KHUCIUX MIA30JIUCTUX IPYyHTaAX
IIUPOKO 3aCTOCOBYIOTh MeToJ KipcaHoBa. Merton 3acHOBaHMMT Ha
ekcTparyBaHHi ¢ocdopy 3 rpyHTy 0,2 H pO3YHHOM COJSHOI KHCJIOTH IPH
BIIHOIIIEHH] TPYyHTY JO poO3uuHy 1:5 3 HACTYIHUM BHU3HAYCHHSIM
koHieHTpalii ¢ochopy Ha cnekrpodoromeTpi. 3a0€3MEUEHICTH PYXOMUM
dbochopom (y mr/100 r rpyHTY) IPYHTIB OILIHIOETHCS 3a IIKAJIOO!

- nyxe Hu3bKa < 3,0;

- uu3bKa 3,1-8,0;

- cepeaus 8,1-15,0;

- miaBuiena 15,1-20,0;

- sucoka 20,1-30,0.

IIpu B3aemonii oprodocdar-ioHIB 3 MOIIOAATOM B  KHUCIOMY
CEpEJIOBUIIl YTBOPIOETHCA >KOBTA T'E€TEPOIOJIKUCIOTA, SKa T 1€
BIJIHOBHUKIB TEPETBOPIOETHCS B IHTEHCUBHO 3a0apBJICHY CHUHIO CITOIYKY.
Bynu 3ampomoHoBaHi pi3HI BIJHOBHHMKHM, ajieé 3 HMX HAMOUIBII CTIMKI,
MOCTIMHI 32 CKJIQJOM MPOAYKTHU peakiiii Jlae JINile acKopOIHOBA KHCIIOTA,
AKa € CJTA0KUM BiTHOBHHUKOM.

OnHak BIJTHOBJIEHHSI aCKOpOIHOBOIO KHUCJIOTOIO, BIIOYBAETHCA TUIBKU
Opu MiABUILEHIN TeMmmnepaTypi, TOOTO B yMoBax, Koju nomidocdaru i
opraniudi edipu ¢GochopHOi KHUCIOTU TIAPOTIZYIOTh 3 YTBOPEHHSIM
opTohocPOpHOT KUCTOTH.

BBeneHHs B pO3UMH COJII CTHO10 MPU3BOAUTH O YTBOPEHHS OLIBIII
CKJIAJIHO1 CIIOJYKH, JO CKJaay SIKOi BXOJUTHh CTHOIM y CIIBBIJHOIICHHI
Sb:P=1:1. Peakuis To/1i OpOXOAUTh MIBUAKO 1 MPU KIMHATHIN TEMIIeparTypi,
MIJBUIIY€ETHCS IHTEHCUBHICTH 3a0apBiieHHsA, a mnoJidgocdaty 1 CKIaaH1
ehipu docPopHOi KUCITOTH B IIMX YMOBAX B PEAKII0 HE BCTYIMAIOTH,
pe3yJIbTaTH MOKA3YIOTh JIUIIE BMICT opTodocdar-iloHiB B TpoOi.

OptodocdaTu micas peakilii 3 MOIIOJaTOM B CEPEOBHUII CYJIbhaTHOT
KUCJIOTH, B TPUCYTHOCTI 10OHIB TPHUBAJIEHTHOTO CTHOI0O 1 TICHA
BIJIHOBJICHHS aCKOPOIHOBOIO KHUCJIOTOIO 3a0apBIIIOIOTh PO3YMH Y CHHIM
KOJIIp, IO JIa€ MOKJIMBICTh BUMIPSITH iX BMICT.



Metoarka BCTaHOBJIIOE aJTOPUTM KUIBKICHOTO BU3HaueHHS docdaTiB
y pO3YMHAX 3 J1ala30HOM BMICTY 2-5 Mr/aM° y nepepaxyHky Ha P,0Os.
Mertoauka € 000B’I3KOBOIO JIJIsl aHATITUYHOT CITY>KOU OpraHiB JEepKaBHOTO
KOHTPOJIFO 3a pIiBHEM 3a0pyJHEHHS Ta CTaHOM HABKOJIMIIHBOTO
IPUPOJTHOTO CEPEOBUIIIA.

Ilpuzomyeannsn peakmuegie:

1. OcHoBHumi po3unH aurigpodocdary kamito (KH,PO4) — roTyroTh
TaKUM YHHOM, 100 1 M’ po3unny Bianosigas 0,1 mr P,Os.

2. Cranpaptauii  po3unH KH,PO, oTpumyroTh 3 OCHOBHOTO
po30aBneHHsM TouHO B 10 pasis; 1 cM® MicTUTB 0,01 mr P,0s.

3. 3MmilaHuil peakTUB TOTYEThCSI 0€3MOCEPEIHHO TIEepe]] MPOBEACHHIM
BU3HAUCHHS KOHIeHTpalii QocdariB. Yci po3unHu (KpiM PpO3UUHY
CyJb(aTHOT KUCIIOTH) 30€piratoThCsl y XOJIOIUIBHUKY.

Ilpuzomyeannsn peakmugie 011 3MiLAHO20 PO3ZUUHY.

1. Po3uuH cynbdaTHOT KUCIOTH TOTYIOTh IUISIXOM J0JauBaHHs 70 cm®
KOHIICHTPOBaHOI cyib(daTHoi kuciaoru o 400 cM® IMCTHIIBOBAHOI BOJIH,
MPOBOSATH NIEPEMIIITYBAHHS, a MOTIM MICJIsI OXOJIOJKEHHS IOBOJIATH 00’ €M
po3uuny 110 500 cM° ZHCTHIIBOBAHO BOJOIO.

2. Po3umn ackopOiHOBOi kuciaotu: 2,68 T acKOpOIHOBOI KHCIOTU
po3uunsoth B 100 M’ IUCTUILOBAHOI Boau. 3. Pos3uun
MOJTIOICHOBOKUCIOTO aMOHit0: 3 T MOJI0JEHOBOKHCIOIO aMOHIIO
((NH,),M00,) pozunssitors y 100 cM® aucTHIIBOBAHOT BOAM.

4. Po34MH KaJlil0 CypM’ THOBUHHOKHUCJIOTO (KaJlit0 aHTUMOHLUITAPTPAT):
0,048 r SbOKC4H;04:0,5H,0 pozumnsots y 100 cM° JUCTHIILOBAHOT
BOJM. 3MilaHHIl PO3YMH TOTYIOTH LUISIXOM 3MIIIYBAaHHS 25 CM® pO3UMHY
cyibdaTHoi kucnotu, 10 oM’ pO3uuHy ackopOiHOBOI Kuciotu, 10 oM’
pPO3UHMHY MOJIIOJICHOBOKHUCIONO aMOHIKO Ta 5 cM® PO3UMHY KaJlko
CypM’ STHOBUHHOKHCJIOTO.

Ilooyooea zpadyrosanvhnozo zpagika:

['oTyroTh cepiIo 5-8 po34MHIB 3 Pi3HOIO KOHIIEHTpaIll€r0 GocdaT-10HIB
0,0; 0,02; 0,05.. 1 ,00 Mr/L[M3 JIJIs1 4OT0 MociaoBHO Biouparots 0,0; 1,0;
39 2,5....50,0 cM® pobodoro po3uuny ¢dochary kamiro y 100 CM3 MIpHI
KOJIOU, JI0Jal0Th TPOXU I[I/ICTI/IJII)OBaHOI BOJM 1 mepemimytoth. [ami y
KOXHY KOJIOY IO 4ep3i JOJAI0Th 5 CM° 3MIlIAHOTO PEaKTUBY Ta JOBOISTH
JIMCTHIILOBAHOK BOZOK 10 100 cM® Ta nepemimytoTb. Yepes 15 xBuiauH
BU3HAYAIOTh ONTHUYHY TYCTHMHY Ha crnektpodoromeTrpl npu A=690 HM.
OnTuyHy ryCTUHY PO3UYHMHIB BUMIPIOIOTh Y KIOBETax (5 cM), OOHYJIAIOYH 3a
ONTUYHOIO TYCTHHOIO XOJIOCTOT'O BU3HAUYCHHS. byayoTh KamiOpyBaabHUIMA
rpadik.

Ilposedenns oocniorcenusn:



10 T xommocTy (TpyHTY), 3BaXylOTh Ha TEXHIYHHUX Barax 1
nepecunarnTb B Kojgoy Ha 100 eM®, Tyau x nonuBaroTh S0 eM® 0,2 H
pozunny HCI. 30oBTytorh mpotsarom 1 xB. JlaroTh Biactosthucs 15 XB. 1
G1IBTPYIOTH Yepe3 ckiagyacTuil ¢piasTp. Binbupators minerkoro 5-10 oM’
bimeTpary B MipHy K00y Ha 100 cM°, IOIMBAIOTH 1O MOJOBHHH
JIMCTHIIBOBAHOK BOJIOI, AOJAI0T 5 CM° 3MilIAHOTO PEaKTUBY 1 JJOBOJATH
70 MITKH JUCTUILOBaHOIO BOjot0. [lepeminnytoTh, BiACTOIOIOTH 15 XB 1
BUMIPIOIOTh ONTUYHY T'YCTUHY PO3YMHY Ha crieKTpodoTomeTpl mpu A=690
HM.

Bwmict dhochopy po3paxoBytoTh 3a OpMYIIOHO:

a-V-100-100
~ V,+b-1000

ne P— xinbkicth PoOs B Mr Ha 100 T MOBITPSIHO-CYXOTr'0 KOMIIOCTY
(rpyHTY);

a — 3HaYCHHS KOHIIEHTpallii 3 rpadyroBajibHOTO rpadika, Mr/am;

b — Maca HaBa)kKM KOMITOCTY (TPYHTY), T;

V — 3arajgbHUi 00’ €M €KCTpareHTa, CM";

V, — anikBoTa (00’eM QiabTpary, BiAiOpaHuii 115 aHaII3y), oM’

100 — koedimieHT A NepepaxyHKy Ha 00’€M aHaJi30BaHOTO
PO3UYHUHY;

100 — koedimient mist nepepaxyHky Ha 100 r koMmocTy (IpyHTY).

PoOnsiTh BUCHOBKHM PO AKICTh IPYHTY (KOMITIOCTY) JJI1 BUPOIIYBAHHS
CLIIbCHKOTOCIIOAAPCHKUX KYJIBTYP.

3aeoannsa 5. BusHaurte BMICT cnoiayk ¢ocdopy B KOMIIOCTI,
OTPMMAHOMY  HLISXOM  BEepPMIiKOMIIOCTYBAHHSI B  IONEpeIHi
JJadopaTopHii podoTi.

3asoanna 6. BusHaure BMIicT ByrJjemnio (OpraHiuyHoro) Ta rymycy B
KOMIIOCTI.

1 Okcuoomempuunuit memoo.

Ilpuzomyeannsa peaxmugig:

1. Po3unn OGixpomary xkamio K,Cr,O; B po3BeneHiii cynbdaTHii
KHCJIOTI TOTYIOTh HAcTynmHMM 4YWHOM: 40 T TOHKO MOJPIOHEHOTO B
dapdoposiit crymii kpuctamiyHoro K,Cr,O; po3unHUTH NpUOIHU3HO B
500-600 cm° JTUCTUJIbOBAHOT BOAW (MOXHA TIIITPITH [JJIs KPaIioro
PO3UUHEHHS), TpoPiIbTpyBaTH. [[oBECTH 00’€M AUCTUIBLOBAHOIO BOJOIO
1o 1 )1M3.

Po3unH mnepenutu y BeENIHKY TepMOCTiﬁKay KOJOYy 1 Tyad HOJIUTH
HeBeIMKUMHY mopuisvu (mpubimsso mo 100 em®) 1 am® H,SO,, o6epexHo



nepemimryroyun  (TeMrmeparypa  pO34MHY — MIABUILYEThCsA).  Po3umH
3aKpUBAIOThH 1 3AIUIIAIOTH CTOSITU JJOOY /10 TIOBHOTO OXOJIOKEHHSI.

2. Po3uun cosi Mopa 0,2 H: 80 r coni Mopa nepeHecTu B TEpMOCTIHKY
(B1mOyBa€eThCSl €K30TEPMIUHA peakilisi) Kooy, 00’ eMoM 1 ,Z[M3, momatu 1 v
PO34YUH CYJIb(ATHOT KUCTOTH 110 2/3 k010U, mpodUIbTPyBaTH, MIiCHs BOTO
noBectu 00’eM g0 MITKU 1 I[M3 JTUCTUILOBAHOIO BOJIOIO 1 J00pe
nepeMilaTy.

3. PobOounii po3unH eHinaHTpaHUIOBOI KUCIOTU: npurotryBatu 0,2%
po3unH  kapoonaty  Hatpiro  (Na,COs);  po3zumnut 0,2 T
denumanTpaniyioBoi kuciotu B 100 oM’ po3uuny Na,COj (cnouatky a0
KUCJIOTH J10J1at0Th Kutbka Kpamiud 0,2% poszunny Na,COj, po3TuparoTh
NaJUYKOI0 JI0 KaIlIOMOJI0HOr0 CTaHy 1 Jaii JOJIMBAIOTh PEIITY PO3UYUH
nepeminryoun). Po3unH (eHImaHTpaH1IOBOT KUCJIOTH MOXKE 30epiratucs
TpUBaJIUM Yyac (IE€KIIbKa MICALIB Y XOJOIUIBHUKY ).

Bukonanna ananizy.

1. ITinroTyBat KOMIOCT (IPYHT) — BUCYIIWTH JI0 HOBITPSAHO-CYXOI'O
CTaHy, BUJAJIUTU BC1 OpraHiyH1 BKJIIFOYEHHS — KOPIHIIL, JIUCTKH, PO3TEPTH 1
IpOCISATH yepe3 CUTO 3 oTBopamu 0,25 Mm, Ta 3MiIIaTH CyXui KOMIIOCT 3
nonepeanso npoxapeaum 3a 800°C mickom y criBBigHOmEHH: 1:3: B3sTH
HaBaxku 0,1 r moBiTpsHO-cyxoro kommocty Ta 0,3 r micky. Cymim
CTapaHHO MepeMilIaTH.

2. HaBaxkky otpumanoi cymimi 0,05 r moMimarTh y CyXy KOHIYHY
K010y 00’emoMm 100 oM.

3. Honawots y konoy 10 em® 0,4 H po3uuny K,Cr,0; y cynbdarniit
KHCJIOT1 (XpOMOBA CYMIIl).

4. Konby 3akpuBarOTh KOPKOM 31 3BOPOTHUM XOJIOJUJILHUKOM Ta
CTaBIISITh Ha €JIEKTpUYHY IUIUTKY. [lo Mipi HarpiBaHHS 3 pIIUHU
BUAUISIIOTECSL OynbOamku CO,, Mmicis [MbOTO PO3YMH 3akunae. KumniHHS
MOBUHHO OyTH CJIaOKKM Ta MPOJIOBKYBATUCS HE O1IbIIE 5 XBUJIUH.

[Ipy xum’sTiHHI 3a0apBJIEHHS PO3YMHY IMOBUHHO 3MIHIOBAaTHUCS Bij
AKOBTOrapsyoro 10 OypyBaTO-KOPUYHEBOIO. SKIIO 3’SIBIAETHCS 3€JICHE
3a0apBJIEHHS, I1€ CBIAYUTH MPO TMOBHY BHUTpPATy XPOMOBOIi KHUCJIOTH Ta
MOXJIMBY HeCTady il Ha OKHUCJIEHHS T'ymycy. B Takomy BUIaakKy AocCiiA
CJiJ] TOBTOPUTH, 3MEHILIUBIIN HABAXXKY KOMIIOCTY (TPYHTY).

5. Tlicns kumiHHA KOJOY OXOJOMKYIOTh. JIMCTHIROBAHOIO BOJOIO
00JIMBaIOTh KOPOK Ta TOPJIO KOJOH, T0BOASYM 00’eM y HiKt 10 30-40 oM.
Honatoth 4 Kparuii 1HAUKATOpPa — PO3UYUHY (DEHITAHTPAHLIOBOI KUCJIOTH 1
TUTPy0Th 0,2 H po3unHOM coji Mopa 10 mepexoay 4YepBOHO-Oyporo
3a0apBieHHs uepe3 ¢iojaeToBe B mpo3opo-3eieHe. [licns 3abapBiieHHS
po3uuHy y (h10JIETOBO-CIpUil KOJIIp TUTPYBaHHS Tpeba BECTU IO OAHIN
KpaIUIUHI, PETEIHHO PO3MIMIYIOYH CyMIIII.



6. BusHauaroTh CKUIbKKM cojl Mopa ine Ha TuTpyBaHHs 10 em®
posuuny K,Cr,0O; — xomnocte Bu3Ha4YeHHs (3poOMTH BCEe y Tik Ke
MNOCIIJOBHOCTI, TUIbKM 0€3 HaBaXKW IPYHTY, HACHUIAIOUM 3aMIiCTh HEl
no6pe npokanenwuii (mpu 800°C) micok).

7. O0UUCIOTh BiACOTKOBHUH BMIcCT Byrielio (C) y KomnocTi (IpyHT1)
3a (hOpMYJIOIO:

C_IOO'(a—b)'H'O,O(B
N m

)

1e a — 06°eM coii Mopa, BUTPa4eHOI Ha XOJIOCTE TUTPYBAHHSL, CM°

b — 00’eM cosi Mopa, BUTpa4yeHOI Ha TUTPYBaHHS JOCIIHKYBAaHOTO
3pasKa,cM’;

H — nopmansHa koHueHTpartis coiit Mopa (0,2);

M — Maca HaBaXKKU KOMIIOCTY (TPYHTY), T.

OTpumaHe 3HA4YCHHS JJIi KOMIIOCTY MOTPiIOHO TOMHOXHUTH Ha 4
(KpaTHICTh PO3BEACHHS MPOOH MICKOM).

8. BMmicT rymycy oOuucoooTh 3a (GOpMysIow (BMICT OpPraHIYHOIO
BYIJICI[IO Y TyMyci 0113bK0 58%):

H=C-1,724.

2 Memoo cnanioganns.

Bukonanna ananizy.

1. 3Baxyroth y dapdopoBomy Turm 1,0 T TOBITPSIHO-CYXOro
KOMIIOCTY, MPOCISTHOTO Y€pe3 CUTO.

2. Turenp 3 HaBaXXKOI MOMIIIAIOTH B XOJIOJHY My(QenbHy M4 Ta
POKAPIOIOTh MPU TeMIEpaTypi 900°C 1 roJMHy (4ac paxyroThb 3 MOMEHTY
pO3IrpiBy Medi A0 MOTPIOHOI TeMIIepaTypu).

3. BuiimMaroTe THrenb 3 My(esbHOI Medi, 3aKpUBalOTh KPUILKOK Ta
CTaBJISATb Y EKCUKATOP JJI OXOJIOIKECHHSI.

4. TloTiM 3BaXylOTh TUTelb Ha aHANITUYHUX Barax. lIposkapenuii
IPYHT HAJ3BUYAlHO TIFPOCKOMIYHUN Ta aKTUBHO BOMpae Bojory. Tomy
JUISl TOYHUX BUMIPIB KOMIOCT (TPYHT) MPOKAJIIOIOTH OBTOPHO MPOTATOM
10-20 xB (THTETHh MOXHA CTABUTH Y BXK€ HArpiTUl My(dep).

Sxmo s 3BaXKyBaHHS BUKOPHUCTOBYIOTH MEXaHIUHI Baru, TO TMPH
MOBTOPHOMY  3Ba)KyYBaHHI BCTaHOBJIOIOTh Bard Ha BiANOBIAHICTH
3HAQYEHHI0O  Macu  MONEPEIHbOr0  3BAXYBaHHsS, IMOTIM  IIBUIKO
BCTAHOBJIIOIOTh THUTENIb 1 3BaXyHOTh. 3a MPaBWIbHY Bary MNpHUIMalOTh
HAMMEHIY.

5. IlapanenbHO BCTaHOBIIOIOTH BMICT TIIPOCKOIIYHOI BOJIOTH B
koMrocTi. Jiig 1poro B 3akputoMy OrOKCi 3BaxytoTh 1,0 T MOBITPsSIHO-
CyXOro KOMIIOCTY, BIJIKpHUBAIOTh 1 CTaBISATh A0 CYIIWIbHOI 1Iadu,



posirpiroi mo temneparypu 105°C, a 5 roamu (y IBOX HOBTOPHOCTSX).
[IpoTsrom cyuriHHs HE MOXHA BITUUHATH 11ady.

6. Ilicnsa BucCyllyBaHHS OIOKCH OXOJIOKYIOTb B €KCHUKAaTOpi Ta
3BaXKYIOTb.

7. POo3paxoByOTh BMICT TITPOCKOIIYHOI BOJAM B KOMITOCTI 32 Pi3HUILICIO
y Maci (abcojroTHE 3HA4YeHHsS) Ta Yy BiJCOTKaX. Po3paxoByroTh cepemHe
3HAYEHHS Y JIBOX MOBTOPHOCTSIX.

8. P03paxoBylOTh BMICT TYMYCY y KOMIIOCTI SIK MacOBY pPI3HHUIIIO
BTpaTU Macu IMpPU TMPOKAPIOBAHHI Ta BMICTY TIFPOCKOIMIYHOI BOIM.
[TopiBHIOIOTH J@aHI OO BMICTY TYMYCY B KOMIIOCTI, OTpUMaH1 JBOMa
METOJIaMH.

3aeoanna 7. Bu3dHauTe BMICT rymMycCy B JOCJIIKYBAHOMY KOMIIOCTI
ABOMA METOJAAMHU TA NMOPIBHANTE OTPUMAHI 3HAYECHHS.

3po06iTh BUCHOBKH, HI0JI0 TOYHOCTI BU3HAYEHHS BMICTY TYMYCy 3a
BUKOPUCTAHHS  3alpONOHOBaHUX MeToAuK. [lopiBHsiiiTe oOTpuMaHi
3HAQYEHHS BMICTY OpPTaHIYHO1 PEYOBUHHU B KOMIIOCTI 31 3HAUCHHSIMU BMICTY
TryMyCy B IpyHTax YKpaiHu.

KoHTpoJbHI NUTAHHS:

1. ¥V ckianl KX CHOJYK HITPOT€H NPHUCYTHIM Yy IPYHTI Ta MOXKeE
3aCBOIOBATUCS POCIUHAMU?

2. lllo € OCHOBHUM YMHHHUKOM, SIKMW BILJIMBA€E Ha Te€, SIKI CIOJYKH
HITPOT€HY NEPEBAXKAIOTH y CKIaAl IPYHTY?

3. OnumiTe MOCHIOBHICTh BHU3HAYEHHS BMICTY aMOHIIO Ta BMICTY
HITpaTiB B KOMITIOCTI.

4. Sk BILTUBAOTH CHIONYKH Pochopy Ha PICT Ta PO3BUTOK POCIUH?

5. B sxux crnoiiykax y KMBHX OpraHi3zmMax MICTHThCA ¢dochop Ta B
akux ¢popmax?

6. SIx BIIMBarOTh crioayku pocdopy Ha BOAHI €KOCUCTEMU?

/. Ha skomy mnpuHUMIOI 0a3yeTbCs METOJ BHU3HAYEHHS CIIOIYK
(bocopy?

8. SIk BIIIMBAIOTh OpPraHiyHi CIIOJIYKH Ha PICT Ta PO3BUTOK POCIUH?

9. Ha sskomy mpHHITAIT 3aCHOBAaHWM METO/ CTIATIOBAHHS?

10. Sk 0GUYUCIIOIOTH BIICOTOK BYIJICLIO Y TPYHTI?



Jlabopamopna poo6oma Ned

Tema: ,, Enepcemuunuit nomeHuyian MemanoymeopeHH: 3a
Me30(inbHo20 anaepooH020 pO3KIAOAHHA OP2AHIUHOT CK1A0080T
MY106020 0caoy”

Mema: pospaxysamu 6uxio 6io2a3y 3a aHaepoOHO20 30P00IHCYBAHHS
MYNI08020 0CAOy

Ilpocpamni numanna: oxapakxmepu3yeamu OpP2aHiYHI  8IOX00U
MYN0B020 0CAOY MA O3HAUOMUMUCL 3 MEeMOOUKOK DO3DAXYHKIE BUX0O0Y
bioeazy 6 mnpoyeci ymunizayii Mya08020 0caody, O00CHOUMuU BNIU8
abiomuunux axmopie Ha npoyec YmeopeHHs 0ioeazy ma GUHAYUMU
00 ’em 6ioeazy 3a aHaepooOHO020 30P0OHCYBAHHS MYN0B020 0CADY .

Mamepianu ma o001a0HaHHA: cxemu, MaOIUUI MA HOPMAMUBHI
OOKyMeHmu, opmynu po3paxyHkis.

Xig podoTun

B mpomeci ouuIneHHS CTIYHHUX BOJ yTBOPIOIOTHCS OaraTOTOHHAXHI
TBEpAl Bigxoau (ocaau CTIYHUX BOJ IIEPBUHHUX Ta BTOPUHHHUX
BIJICTIMHUKIB, BIAXOAM OIOJOTIYHMX OYHUCHUX CIOPYA — HAJJIUIITKOBUUN
aKTUBHUW MYJ), SIKI MAlOTh PI3HUN XIMIYHHM CKJa] Ta (Pi3uKo-MexaHIdH1
BJIACTUBOCTI, & TaKO BITHOCSITHCA /10 PI3HUX KJIaciB HEOE3IEKHU.

MynoBuii ocan ctiyaux Boj Ha 70-80% ckiamaeTbcsi 3 OpraHiuHUX
KOMITOHEHTIB, OUIBIIICTh AKUX MI1JJIal0ThCSA PO3KIAJaHHIO B Yacl B yMOBax
iX JeMOoHyBaHHS Ha MYJIOBUX MalJIaHUYMKaX B Pe3yJbTaTi MPUPOTHUX
XIMIYHHUX 1 O10JIOTTYHUX MPOIIECIB.

OCKIIbKM BIIXOAW MYJIOBOIO OCaly CKJIAAyIOThCA 1 3HAXOIATHCS
JICTIOHOBAaHUMM Ha MYJIOBUX MaijaHuyukax (KapTax) TpUBaJIMN dac,
€KOCHCTEMA MICT CKJIQJyBaHHS IMHAMIYHA, TOOTO 3MIHIOETHCS B Yacl.

bioximMiuHI TIponiecH po3KiadaHHAd OPraHIYHOI YACTUHU MYJIOBOTO
ocagy MIKpoopraHiaMaMu  Ha3uBaioTh  (epMmeHralieo.  IIporec
dbepMeHTalli MOXe MPOTIKATU B  aepoOHUX yMoBax (aepoOHa
dbepmenTarris), abo B aHaepoOHUX yMoBax (aHaepoOHa hepmeHTaIlis).

B pesynpTaTi peakiiii Tipoiizy yTBOPIOIOTHCS HU3BKOMOJEKYJISPHI
OpraHiyHl PEYOBHHU, SKI MPOTITOM KOPOTKOTO 4acy (AEKUIbKAa THUXKHIB)
OPOXOJATh CTall0 KHCHEBO-HITPATHOTO OKHCJICHHS 1 PO3KIAJAIOThCA B
aepoOHUX yMOBax JI0 BOJW, MIOKCHAY ByIIemo 1 azoTy. Ilporecu
pO3KJIaJaHHs OpraHIYHUX PEYOBUMH TmpuBeAeHi Ha puc. 4.1. [nsa
aHaepoOOHMX YMOB XapaKTepHa CTajis po3naay MOPOJIYKTIB TIIpOIi3y.
TpuBanicTs 11i€i cTaaii — Bix 1 7o 6 MicsIIiB.



Opraniuni BIIXOH

I'iapoms

v

Husbkomonekynsipii opranivuii peqyoBHHN

Acpobua cra/is Anacpobua crajuis |
DRO3KIaaHHs ((pasza necriiikoro
Tpusasicrs — YTBOPEHHS METaHy)

JICKUILKA THIKHIB Tpusasictb — Bijl ACKLILKOX
v MICHILIB JIO JIEKIUTBKOX POKIB
H->0, CO3, Nj l
COs, H3S, CHy4 (B HEeBETHKII KUTBKOCTI)
CYMIlIl HUZBKOMOJICKYIISIPHUX OprafiaHnx
KHCJI0T (OUTOBA, POIIOHOBA, MYPALLIMHA Ta 1H.)

AnacpoGua crazis 11
(¢pasza akrusHOIO
YTBOPECHHS MCTaHy)
Tpusanicrs — JiekijibKa
JICCATHPIY

N

| 3 ‘()\ I
L _CHs CO, |

Puc. 4.1. [IpuHuunoBa cxema po3KIaJaHHs OPTaHIYHUX PEYOBUH
MYJIOBOT'O OCaJly CTIYHUX BOJI

B pe3ynbrari mnpoueciB (epmeHTallii Ta BIJHOBIECHHS Cyib(]aTiB
OpraHiyHI PEYOBUHHM PYUHYIOTHCA JO HHU3BKOMOJICKYJSIPHUX KHUCIOT
(YTBOPIOETBCSI, 30KpeMa, OLITOBA KUCIIOTA), TIOKCULY BYIJICIIO 1 Cyabdiay
BOJIHIO, B HEBEIMKUX KUIbKOCTAX BUnuigeTbcsa MetaH (CHy). Ilpu npomy
YTBOPIOIOTHCSI TPOMIXKHI TPOJIYKTH — KapOOHOBI KUCJIOTHU 1 CIIUPTH.

B anaepoOHUX ymMoOBax OLIbIII BUCOKOMY BMICTY BOJIOTH B MYJIOBOMY
ocajl BiAMOBIAIOTH OUIBIN aKTUBHI OlosioriuHi mporecu. CyocTpaT sk
MOKUBHE CEPEOBUIIE ISl MIKPOOPTraHi3MiB BiJIrpa€ BaKJIUBY pOJIb B
npolecax pOo3KJIaJaHHs OPraHivHOIo CKJIAJ0BOI MYJIOBOro ocaay (puc.
4.2). B 3araibHOMY BHUJI MpOLEC PO3KIAJaHHS OPraHIYHUX PEYOBUH
MYJIOBOTO OCaay MOKe OyTH po3naiieHui Ha Tpu ctajii. Ha mepriit cramii
OpraHiyH1 PO3YMHEH1 PEYOBUHHU T1APOJI3YIOTHC 1 IMiJ] BILIUBOM (DEPMEHTIB
MIKpOOIB PO3MICTUIIOIOTHCS 10 MPOMIXKHUX MPOAYKTIB — KUPHUX KHUCIOT,
CIIUPTIB, BOJHIO 1 JIOKCHIY BYTJIEIO.



()‘pl"ﬂ"i'lHli CKJI3IOBA MYJIOBOIO OCaly KoMiiexe POIYHMHCHHX Opl'il}li'IH"K PCHOBHH

l r .
> Fiapomis ]
L 2
Cyanarn (SOs) PO34iHHEHT OpPraHivHi peqosiy

: ! ,

Cynbhar-penykips DepmenTtaiig ]“
1 !
Kupi .
Cipronozens (H:S) kucaorn + [ Alletoreses J »|  Ourosa
KHCIIOTa
CHHpTH l
Bojens (H;)
Jliokenn :'__ [ MeTtanorenes
syraewo (CO2) (o (auerodinnnuit)
Meranorenes
(riaporedodbHmMii)
l »f Meran (CHy)

Puc. 4.2. CyOGctpatu 1 TOJIOBHI MIKpOOiaibHI TPy METaHOTE€HEPYY01
E€KOCHCTEMH

ain MeTaHoreHeay

moko3a, aMiHOKRCIOTH, KHPHI KHCIOTH

4

Cx~Cs — KapDOHOBI AKHPHI KMCIOTH
Cs sanep’snosa CHy;-CH»-CH,-CH,-COOH

Bubipkosi

Iigponia
anacpoOui baxrepii

{

IiBHIeHHS

Kuenoroyrsopioioui

KRcROTHOCT! Gaxrepil Cy macina CH;-CHxr-CH>-COOH
U C: npomonosa CH+-CH>-COOH
S Bakrepii, yrsopiotoui U
OLTOBOI omzn.y.l\'ncfory C:> onrosa kucnora CHy-CHOOH
KHCHIOTH ’ Ci mypaumna kuciora HOOOH
Yrnopenns ; Meran CHy, asookue syraemo CO;,
setasy CH; Meranosi Gakrepii sona, HaS. Na

Puc. 4.3. IIponiecu yTBopeHHs 6iorazy

Ha ppyriii cramii ameToreHiudi rpynud MIKpoOiB MEPEeTBOPIOIOTH
MPOMDKHI TPOAYKTH, OJIepKaHl Ha MepIiil cTajii, B OLTOBY KHUCJIOTY,



BOJICHb 1 Aiokcua Byrielo. Ha Tpetiit craail (3akiIrouHii), Ka Ma€ Ha3BYy
METAHOBOTO 30pOJIKyBaHHS, OpraHika mepeTBoproeTbcsa B MeraH CHy 1
nBookuc Byrienw CO,, a 3 BubHUX (CO,) (H,) Takox yTBOPIOETHCS
meTaH (puc. 4.3).

3apnanns 1. /ochioumu eniue adiomuynux paxmopie na npouec
YMmeopeHHsa diozasy.
CrexioMeTpUYHO Il MPOILECH MOXKYTh OYTH BUpaxeHi piBHSIHHAM (1):

cHO +n-2-2-2r05|2-2:2)m, @
442772784

1e n, a, b — cTexioMeTpuuHi KOePili€eHTH.

Ha npouecu yrBopenns metany CH, BruiBaroTh ad10TU4HI (hakTOpH:

- KMCEeHb. MeTaHOYyTBOPIOIOUl OakTepii pO3BUBAIOTHCS B aHACPOOHIN
30HI. HasBHICTh KMCHIO B 3HAYHMX KOHIIEHTpALIsX MOXE TajlbMyBaTH
npoiiec reHepailii merany CHy.

- BojeHb. IIpu BUcOkux KoHIeHTpaiisix BoaHio 3 CO, 1 eTaHoiy
YTBOPIOIOTHCSL MAacClisiHA 1 MPOMIOHOBA KHUCIOTH. IIpu 3HMKEHH1 THUCKY
BOJIHIO 111 KHUCJIOTH B KIHIIEBOMY PE3YJbTaTi MEPETBOPIOIOTHCA B METaH. -
pH Tta nyxnictb. MeraHoreHepyroui OakTepii Tpu Me30(PiIbHOMY
aHaepoOHOMY pO3KJIaJIaHHI OPTaHiYHOiI CKJIAJ0BOI BIAXOJIB MYJOBOTO
ocaay e(heKTUBHO MpairorTh npu pH=6...8. I3 Bcix abi0THYHUX PaKTOPiB
pH mae HaiiOinbIe 3HAYEHHS, OCKUIBKM TPU KHUCIUX 3HadeHHsx pH
MPOIIEC METAHOYTBOPEHHSI MOKE OyTH IIPUTHIYECHUM.

- BOJIOTICTh. bararbma JOCHIKEHHSIMU JJOBEICHO 301bIICHHS BUXOTY
metany (CH4) 3 migBHIIEHHSIM BOJIOTOCTI OPTraHIYHOI CKJIaJI0BOI BiJIXOIIB
Mys0Boro ocaay Bia 20 go 60%.

B anaepoOHuUX yMoOBax OUIBII aKTHUBHO MPOXOMASITh O10JI0T14YHI
nporiecd. OCHOBHY XIMIUYHY (opMylsly aHaepoOHOro MPOLECY MOXKHA
3amucaTv B TAKOMY BUTJISIL (2):

3d+4a+2g—2c-b

C,+H,+0,+N,+§, + H,0—

Jd+4a+2g+2c—-b
._>
8
+dNH; + gH,S , (2)

4a—-3d-2g—-2c+b

CO, + CH, +

ne a, b, ¢, d, g — KUIBKICTb TpamM-MOJ€H BIAMOBIJIHOTO XIMIYHOTO
CIICMCHTY.

3HaYM MOJICKYJSIpHY Macy yTBopeHux cronyk: CO; (44), CH, (16),
NH; (17), H,S (34), HO (18), MOokHa BH3HAYUTH MacH PEYOBHH, IO



YTBOPIOIOTHCS TIPH aHaepOOHOMY PO3KiIaJaHHl | KT OpraHigyHUX BIIXOIB.
JlaHi Takux po3paxyHKiB HaBeJeHi y Taon. 4.1.

Tabomuis 4.1

KinbkicTh rpaM-Mosieil OCHOBHUX XIMIYHUX €JIEMEHTIB
B OpPraHIYHUX BIIXOJIaX

XiMIYHUI 3HAK MacaB I xr KingpkicTh rpam- YMmoBHE
eJIEMEHTA OpTaHIYHUX Mol MTO3HAYCHHS
BIIXOMIB, T KUTBKOCTI Tpam-
MOJIEU

C 102,16 8,51 a

H 13,87 13,87 b

0) 70,70 4,40 C

N 2,50 0,18 d

S 0,32 0,01 g
Bcroro: 189,55

MeTtaHoyTBOpIOIOYi OaKTEPil MOXKYTh ICHYBAaTHU TiIBKM B aHAEPOOHUX
YyMOBaX, Mg 1X BIATBOPEHHS HEOOXIAHO OlIblIe Yacy, HIK IS
KHCJIOTOyTBOprotounx Oakrtepii. IIIBUAKICTE aHaepoOHOTO 30pOIKYBaHHSI
3aJICKUTh B1Jl METa0O0IYHOI aKTUBHOCTI METAaHOBUX OaKTepil, sika B CBOIO
Yepry 3a1eXuTh BI:

- remneparypu (ontumym t = 33-54 °C);

- BigHommeHHs C/N (ontumyM B aiana3oni 10-16);

- BenmmunuHU pH (omtumym Ouist 6,5) Ta 1HIIMX 30BHINIHIX YMOB,
HaIpUKIIaj, HASIBHOCTI B MYJIOBOMY OCaJii COJIEH BaXKUX METAIiB, amMlaKy,
HITpaTiB, cyib(aTiB Ta iH.

IIpy BiOXWJIEHHI Big BKa3aHUX BUIIE ONTUMaJbHUX YMOB

30UTBIIYETHCS BUHUKHEHHS JIETIOUMX KUCIIOT 1 3MEHIIIY€EThCSI BUX1] METaHy
CHa,.

3aBaanna 2. Buznauumu
30P00XHCYBAHHIA MYTI08020 0CAOY

Jnst po3paxyHKYy KUIBKICHHUX 1 SIKICHUX XapaKTEPUCTUK YTBOPEHHS
Oiorazy B SKOCTI BHUXIJHUX JaHUX TIPUHUMAETHCA CKJIaJ OPraHidHOI
YaCTUHU MYJIOBOI'O OCajly, BMICT OCHOBHUX XIMIYHUX €JIEMEHTIB (TaOIl.
4.1, 4.2) 1 KIIBKICTh CYyX01 PEYOBUHM OPTaHIYHOI CKJIaJIOBOi Ocaay, 34aTHOI
710 pO3KJIaJIaHHS B aHAEPOOHUX YMOBAX.

AHanmi3 JiTeparypHUX (TEXHIYHUX) JaHUX JIO3BOJISIE 3pOOUTH
BUCHOBOK, III0 B CEPEHbOMY B | KI' BIAXO/IIB CyXa OpraHiuHa pEYOBHUHA
ckiamae 2124 r.

00’°em Oiocazy 3a aHaepooOHO20



Tabnuis 4.2
CkJ1aJ1 OCHOBHMX KOMIIOHEHTIB B % Mac Ta XapakTepuCcTHKa 0iorasy

Xapakrtepuc- KommnonenTu 6iorasy bazoga cymim (60%
THKa CH4 C02 H2 HZS CH4 + 4-40% COZ)

O06’emna gactka, % | 50-60 [ 30-40| <1 | <3 100
OG’emMHa  TemiIOTa
sropsiaes, MJx/m® | 358 | — 108 228 21,5
Temneparypa
3anamoBaHHsg, °C 65-750| - 585 — 650-750
Kputnuauii  THCK,
MIla 4,7 /75 | 13| 89 7,5-8,9
OntuManbpHa
IIUIBHICTD, T/JI 0,72 193 [0,09] 1,54 1,2
Kpurnuna
temneparypa, °C -82,5 | 31,0 — 100 2,5
Kpurnuna
IIUIBHICTD, /11 102 468 31 349 320

B po3paxynkax NOpuiHATO, 10 0i0ra3 BHXOIWTH 3 BIAXOIIB MPH
temmnepatypi 30°C. IlepepaxyHOK MIUIBHOCTI Ta3iB MpHU L1 TemIeparypi
BM3HA4acThCsA 3a (hopmyitorno (3):

e
P—I = const, 3)

ne P — tuck razy, p =760 Mmm B.CT.;

V —00’em razy, V=m/ p, m — maca rasy;

T — abcomoTHa TemmepaTypa ra3y (3a mkanorw KenpBina), T =t +
273, 1 — Temmnepatypa 3a mikanoro Llenbcis.

[insHicTE CO, (1pu 30°C) ckinanmae 1,7596 KI‘/M3; CH, - 0,6380; NH;
—0,6863; H,S —1,3699.

O06’eM cyMillll YTBOPIOBAaHUX T'a3iB BU3ZHAYAETHCA 32 (popMyIioro (4):

v, ‘Z:-’, : (4)

ne Vi— napuiaibHui 00’ €M BU3HAUYEHOTO Ta3y.
[liapHICTH CyMIilI ra3iB BU3HA4Ya€ThCs 3a (hopmyioro (5):

B =< )

ne Mc — Maca cymiii rasis.




Hapeneni o00’emMu  yTBOpEHHS Ta3iB MOXHA BBa)KaTW JIWIIE
MOTEHIIIMHUMHM, OCKUJIBKM Ha TMPaKTHUI[l HI aepoOHOro, Hi aHaepoOHOro
poIleCy B YUCTOMY BHUJ1 HE OyBae, 111 MPOIIECH 3aBXKJIU WIYTh OJJHOYACHO.

bionoriuni mpolecu SABISIOTHCS KIIOYOBUMU 1 BHUpaxeH1 Qazamu
aepoOHOro 1 Me30(iIbHOr0 aHaepoOHOTO PO3KJIAJaHHS OpPraHIYHOI
CKJIQZI0OBOI MYJIOBOI'O OCajy 3 YTBOpeHHsAM Oiorazy. IlimpaxoBano, mo 3 1 T
BIJIXO/IIB MYJIOBOT'O OCaJly YTBOPIOeThCs 0111 200-250 M Oiorasy.

CopormieHuii  mpoliec yTBOpeHHsS ©Oiorazy BigoOpaxkae peakiiis
(KOHBEpCisl TJIFOKO3U B METaH):

C6H1206 — 3CH4 + 3C02

OcHoBHI KOMMIoOHeHTH Oiorasy: meraH — 40-75% (ax mpaBuio, 50-
60%), miokcuna Byriemwo — 30-40%, azor — 5-15%, xucenr — 0-2%,
CIPKOBOJIEHb Ta IHIIIl TOKCUYHI CIIOJIYKH B HEBEJIMKUX KUIBKOCTSIX.

B 3anexHOCTI Bii BMICTY MeTaHy 0iora3 Mae TEIUIOTY 3TOPSHHSA BIJ
15 1o 20 MJDx/m° (3600- 4800 KKaJ'I/Mg), mo Bignosigae 50% TerioTu
3TOpSIHHS TPUPOJHOTO razy. B cepeqHboMy TeruioTa 3ropsiHHs Oiorasy
ckiamae 17,6 MI[)K/MB.

Ha mizncraBi y3araabHEHUX pe3yJIbTaTiB YUCICHHUX J1a0OpaTOPHHUX
JOCIIJKEHb, CKJIaJIeHa MaTeMaTH4YHa MOJIeNb BU3HAYEHHS IHUTOMOTO
BUXOAY Olora3y 3a mepioJi WOro akTUBHOI cTaOuI30BaHOi reHepaii. s
MOJIeIb OonUCcyeThbest hopMysioto (6):
186G, (1-10%)

(59— T

Q/I ((‘)

. 13 )

ne Qt; — nuToMuit BuXij Oiorasy, M /T BIZIXOJIIB;

Go — 1,868 Cakr (0,014T + 0,28);

CakT. — aKTUBHMI OpraHIYHUMN BYTJIEIb, I/T BIAXO/IIB;

T — TeMmeparypa AeNMOHOBAHOTO MyJOBOro ocany, °C (temmeparypa
KoJMBaeThes Bia 28 10 32°C);

K — mocTiitHa po3kiagaHHs, MO MTOPIBHIOE BiIHOIICHHIO BYTJICIO JIO
3araiabHOro azoty (C/N);

t — TpuBaNicTh Epioay CTab1I130BaHOTO BUXOAY Olorasy, pik;

W — npupoiHa BOJIOTICTh BIIXOAIB MYJIOBOTO ocandy, %o.

JIns mpakTUYHUX PO3PaxyHKIB 3pY4HIIIE KOPUCTYBATUCA BiAOMUM
PIBHSIHHSIM BUXOJy 010ra3zy Mpu MeTaHoBOMY Opo/iHHi (7):

0,, =10 ° R(100— W)(0,92K + 0,62V +0,345), (7

ne Qp — nuToMuil BuxiJ 0ioraszy 3a mepioj] akTUBHOTO BUXOJY, KI/KT
BIJIXO/1B;

W — cepenns BOJIOTICTh BiAX01B ocaay, %o;

R — BMiCT opraHigHoOi CKJIaJ0BO1 Y BIJIX0JlaXx, Ha CyXy Macy, %;



K — BMICT XHPONOIIOHMX PEYOBUH B OPTraHIYHUX B1IXOJaX MYJIOBOTO
ocany, %;

VY — BMICT kKapOOHBMICHUX PEUOBUH B OPraHIYHUX Bigxojax, %;

b — BMiCT OUIKOBUX PEYOBHH B OPraHIYHUX BiJXxo/ax ocany, %;

W, R, X, ¥V, b — Bu3HavaroThCs aHalli3aMU B1J10paHuX IPoO B1IXOIIB.

[Ticisi BUKOHAHHSA KOXKHOTO 13 3aBJaHb 3pOOUTH y3araJiIbHEHHS Ta
BHCHOBKH, 5IK1 3aMKcaTy y poOOYnil 301IUT.

KoOHTpO/IbHI NUTAHHSA

1. V 4oMmy BUSBISIIOTBCS KOHCTPYKIIMHI OCOOJMBOCTI 010ra30BUX
YCTaHOBOK?

2. OxapakTepu3yiTe BUJIM METaHOBUX 010pEaKTOPiB.

3. 'V gkuxX Traly3sX  HallOHAJbHOI  €KOHOMIKHM  JOLUIBHO
BUKOPUCTOBYBAaTH 010ra3oBi peakTopu?

4. Ha3BiTh €KOJOTIYHI TepeBard BUPOOHHUIITBA ¥ BUKOPHUCTAHHS
Oiora3sy.

5. SIki mepcreKTUBY BUKOPUCTAHHS 010Ta30BUX YCTAHOBOK B YKpaiHi?

6. HamaiiTe 3arajibHy XapakTepUCTUKY 010METaHOTECHE3Y.

7. SIx QyHKIIOHYIOTH 010ra30B1 YCTAHOBKHU O€3MEepEePBHOI [1i?

8. OxapakTepusyiTe cydacHUM cTaH 010ra30BUX TEXHOJIOTIH.

9. Sdki OyBaroTh criocobu aHaepoOHoi pepmeHTarrii?

10. SIx BUKOPHUCTOBYIOTH TBEpAYy 1 PIAKY (pakiii Mo 3aKiHUCHHIO
OiomeTaHoreHesy?



Jlabopamopna poo6oma Ned

Tema: ,,Jumencugnicms npoOyKyeaHHsa 600HI0 HONYAAUIAMU
MIKPOOP2AHIZMAMU 3A1€HCHO 610 AKOCMI cyocmpamy (Op2aHiuHUX
6ioxo0ie AIIK)”

Mema: odocioumu 8NJIUE  SAKICHO2O CK1a0y 8i0x00i8
CIIbCLKO20CNOOAPCHKOI  CUPOBUHU HA Npoyec NpPoOYKYBAHHS BOOHIO
VZPYNOBAHHAM MIKDOOP2AHI3MIE.

Ilpocpamni  numanusa. npogecmu  auaniz  NPOOYKMUBHOCHI
00epIHCanHs 800HIO OCHOBHUMU npooyyernmamu (ompumanms 600HIO
WIsXoM — aHaepobHoi  hepmenmayii  (memHo8020  OpPOOJIHHA), 34
BUKOPUCMAHHSL 3€JIeHUX 8000pOCmel, YiaHo- ma nypnypoeux oaxkmepit, 3
BUKOPUCMAHHAM Oi0eneKMpOXiMIYHO-AKMUBHUX MIKPOOP2AHIZMIE
(MIKDOOP2AHI3MIB-eK30€/IeKMPO2eHiB). Llocnioumu IHMEHCUBHICMb
BUOINIEHHS. 8OOHIO 13 YENI0N0308MICHUX CYOcmpamis (8i0X00i8 sIUMEHIO,
KYKypyo3u, pinaky, COHAUWHUKY) 34 aHAepPOOHUX Me30@DiIbHUX YMO8
Gepmenmayii.

Mamepianu ma 00n1a0HanHA: acoyiayis aHaepoOHUX
MIKpoopeanizmie, cyocmpamu. 8i0X00U SAYMeHIo, KYKYypyo3u, pinaky,
COHAWHUKY  NONEpeoHbOo  NOoOpiOHI8anu 00  posmipie  1x3  mm,
biopeaxmopax 06 ’emom 500 mn, cyxo-nosimpanuti mepmocmam TC-80M,
mikpockon XSP-139TP 3i 36invwenuam 1000%, eazosutl xpomamozpag
JIXM-8-MJ], 600sina 6amns, po3uun pesazyputy, QitempysaivHuil nanip 5K
oocepeno  yentonozu, conai:  NaNH,HPO,  KHyPO4 KyHPOy;
MgSO47HZO, NacCl; MnSO,-4H,0; FeSO,-7H,0; CaC03

Xig podoTun
Bonenb, 3 TOYkM 30py 3MEHIIEHHS €MICII MAapHUKOBHX Ta3iB B
atMoc(epy, € 1€ IbHUM TMaJuBOM, OCKUIBKM €JIMHUM MNPOJYKTOM HOTO
3rOpaHHs € Boja. BuIbIICTh METOJIB BUPOOHMIITBA BOJIHIO, SKI 3apa3
BUKOPUCTOBYIOTh € JOCUThH JIOPOTHUMHU Ta €HEPro3aTpaTHUMHU. Y TBOPECHHS
BOJIHIO B METAa0OIIYHUX MpOlecax, 10 NPOTIKAIOTh B )KUBUX OpraHizMax —
1€ 3araJIbHOBIJIOMHI Ta JaBHO BCTAHOBJICHUH (DAKT.

3apnannsa 1. Ilposecmu ananiz npoOyKmueHOCHI 00ePHCAHHA
600HI0 OCHOGHUMU NPOOYUEHMAMU.

1.1. Ompumanus 800HIO WLIAXOM  aAHAepoOHOI  hepmenmayii
(memHo6020 OPOOIHHA).

OCHOBHUMH CyOCTpaTOM JIsi OTpPUMaHHS BOJHIO  CIYTYIOTh
PI3HOMaHITHI OpraHiyHl CIOJIYKU — BIIXOJM MPOMHUCIOBUX, KOMYyHATbHUX



Ta CUIbCHKOTOCTOAAPCHKUX MiANpUEMCTB. OCHOBHHUM €TalmoM Yy BCIX
mpoiecax MeTadoJi3My TJIFOKO3U € MEPETBOPEHHS TIJIIOKO3U JI0 MipyBatry
(1). Tlpy ubOMY TEOPETUYHO MOXKE YTBOPUTHUCS 2 MOJII BOJHIO TPH
reHepyBanHi HAJIH. VYV Ounbmiocti Gaktepiii MeTaOodi3M TUIFOKO3U 10
nipyBary BigOyBaeThces no nuisixy EmonenaMeiieproda-Ilapnaca:
CeH1,0¢+2HAJT'—2CH;COCOO™ +4H" +2HATH. (1)

KinrouoBum cyOcTtpaToM [ OTpUMAaHHS BOJHIO 3 OpraHIYHUX
peuoBuH € Auetwi-KoA, skuii yTBOproeTbest 3 mipyBaTy. KilbKiCTh
Anetun-KoA € daktopom, sikuii BU3Ha4a€ KUIbKICTh BOAHIO (2 Mot un 4
MOJI1), IO YTBOPUTHCS HA MOJb CIOXUTOTO IYKpY. 3aleXHO BIJ
dbepMeHTHO1 CHUCTEMH MIKpPOOpraHi3MiB Anerun-KoA MOKE
YTBOPIOBATUCS Y HACTYITHUX PEAKIISIX:

2CH;COCOO™ +KoASH+Fdy > CH3;CO-SKoA" +CO,+Fdeq; (2)

2CH3;COCOO +KoASH«+CH;3CO-SKoA + HCOO'. (3)

Peaxirito (2) KaTanizye dbepMeHT nipyBatrhepe10KCUH-
OKCUAOpEAYKTa3a, KOCH3UM SKOro — (DEepeJOKCUH BHUCTYIAE SIK aKLENTOP
eJeKTpOHIB. Anetuwi-KoA, MmBHAKO MeTa0O0MI3yeThCA [0 auerary 4u
OyTupaTy, B 000X BUIAJKaX 3 OJHOTO MOJISI (PEpelOKCUHY YTBOPIOEThCA 1
MOJIb BOJHIO. YacTWHA €NeKTPOHIB y I[bOMY NUISIXY METaboi3My
nepeHocutbcss Ha HAJ[+, mpu ubomy renepyetscs HAJIH, sxuii motim
BUKOPUCTOBYETHCS U1 MPOAYKYBAaHHS BOJHIO 3a JIONMOMOIOIO 1HIIOTO
METa0O0JIIYHOTO MUIAXY.

SIKIIO KIHIIEBUM MPOTYKTOM BHUCTYIIA€ alleTaT, TO B MPOIIEC MIIKOTIZY
YTBOPIOETHCA 1€ 1| MOJIb BOAHIO 3a BIJIHOBJIEHHS KoxkHOTO Moist HAJ/IH. ¥V
TaKOMY pa3l 3araJbHUM BUXI1J BOJHIO CTAaHOBUTH 4 MOJII BOJIHIO Ha MOJIb
CIOKMTOI TJTIOKO3U 1 3arajibHy Peakiiito MOXHa 3aicaTH SK:

C6H1206+4H20—>2CH3COO_ +2HC03_ +4H+ +4H2. (4)

Kounu kiH11€BUM nipoyKTOM (hepMeHTallli € OyTHUpar:
C¢H1,06+2H,0—CH;3CH,CH,COO™ + 2HCO3 +3H" +2H, (5)
3araJibHUM BUX1J BOJHIO CTAHOBUTH 2 MOJIb Ha | MOJIb TJIFOKO3H, OCKUIBKH,
yTBOpeHi mosiekynu HAJIH Butrpadarotbcst Ha okucHeHHs1 Anetuin-KoA no

OyTupary.

Hpyruii nuUisix, onucaHui piBHAHHAM (3) MPU3BOIUTH 10 OJHOYACHOTO
ytBopeHHsT Auetwi-KoA 1 Qopwmiaty, 1 karamizyerbcsi (epMeHTOM
nipyBaT-dopmiatiiazow. dopmiar, yTBOpeHU B 1iil peakuii Moxe aaii
MeTa00J113yBaTUCS 3 YTBOPEHHSIM BYTJIEKUCIIOTO ra3y 1 BOJAHIO:

2HCOOH—2CO,+H,. (6)

TakuM YMHOM CyMapHUN BUX1J BOJHIO JIJIS IILOTO HIJISXY CTAHOBUTH 4
MOJIb BOJIHIO HA MOJIb CIIO’KHUTOI TITFOKO3H.

OTpuMaHHS BOJHIO LUISXOM BUKOPUCTAHHS TEMHOBOI (pepmeHTarii
Ma€ TEBHI TMPOOJIeMH, SIKI TaIbMYIOTh IMHPOKE BOPOBAIHKEHHS I[HOTO



meroay. OCHOBHOIO TpPOOJEMOI0 € 3MEHIIEHHS BUXOAY BOJHIO 4epes
HAKOMUYEHHS B KYJbTYpPaJbHOMY CEpPEIOBUII MPOAYKTIB METa0O0Ii3MYy,
30KpeMa OLTOBOI KMCJIOTH Ta OYTHIIOBOI KMCJIOTH, METaHy, a TaK0X, 1HOI1
€TaHoJy, JIakTaTy, (opMmiaTy Ta MPOIIOHOBOI KHUCIOTH, SIKI HE MOXKYTh
OyTH BUKOPUCTAaHUMHU MIKPOOpraHi3Mamu, sIK TOKUBHUHN CcyOcTpar, ToMy
BHUXiJ BOJHIO 3MEHIINYEThCA 31 301IBIICHHAM KIJIBKOCTI IIMX IPOJYKTIB.
Kpim Toro, HeoOximHa moganbla yTHJII3alllsl IUX MOOIYHUX MPOIYKTIB,
JUISl yHUKHEHHS 1X HOTPAIUISIHHS Y JTOBKIJIJIS.

1.2. Ompumanus 600HIO 34 BUKOPUCMAHHS 3€leHUX 8000pocmell |
yianobaxmepiil.

DOTOCHUHTE3 € iIe OJHUM IUIIXOM METa00J1i3My, MPHU SKOMY MOXKE
BUJIUISITUCS MOJICKYJISIpHUM BOJieHb. {1 opraHizMu 3a ciocoOOM >KUBJICHHS
€ ¢otorereporpodamu, HKEpEIOM €Heprii s LbOro MPOILECy CIyrye
COHSIYHE BUIIPOMIHIOBAHHS, a JOHOPOM €JEKTPOHIB — Boja. Jlxepernom
KapOOHY JJI1 MIKPOOPTaHi3MiB, 5Kl T€HEPYIOTh BOJAEHb (DOTOCUHTETUYHUM
[UISIXOM € OPTaHIYHI KUCIIOTH, 30KpEMA: OLITOBA, OyTUJIOBA, MAJIOHOBA.

B 3aranpHOMY BUTJISIII OPOIIEC YTBOPEHHS BOJHIO MPpU (DOTOCHUHTE3I
MOHA OIMUCATH HACTYITHUM PiBHSHHSIIM:

2H20+hV—>2H2+02. (7)

YTBOpeHHST BOJHIO y  3€JIEHUMX  BOJOPOCTEH  KaTali3yeThCs
rizporenasoro 3rigHo piBHaHAESL: 2H" +2¢” = H,. (8)

OpnHak, TigporeHasa € JyX€ YYTJIMBOK JO HAsSABHOCTI KHUCHIO B
cepenoBuiili. ToMmy, is OTpUMaHHS BOJHIO MPU BUKOPUCTAHHI 3E€JICHUX
BOJIOPOCTE HEOOXITHO CTBOPUTU OC3KHMCHEBI YMOBH, a OCKIJIbKU KHCEHb
TaKO0X YTBOPIOETHCS NpH (POTOCUHTE3] MOCTAa€ MpodieMa HOro MOCTIMHOTO
BUJAJICHHS JJIsi MIATPUMaHHS IUX yMOB. OJHUM 3 TaKUX METOJIB €
KyJbTUBYBAaHHSI BOJIOPOCTEN 32 YMOB Ae(IUUTYy Cipku. B Takux ymoBax
BIIOYBAEThCA pEaAKIIs MpPU SAKIA BIAHOBICHUN (PEpeOKCHH BiJHOBIIIOE
BOJIEHb 3aMICTh HAJICD+:

2H+ +2FdRed > H2+2FdOX. (9)

VY uiaHoOakTepiil BOJECHb YTBOPIOETHCSI B TMPOILECI HEOPSIMOIO

dboTOCHHTE3Y B JBI CTa/IIi:
12H20+6C02+hV—>C6H1206+602, (10)
CGHIZOG + 12H20+hV — 12H2 + 6C02 (11)

[Ipu Takomy BuZI MeTa0O0JI3My KHUCEHb 1 BOJICHb YTBOPIOIOTHCS Ha
PI3HUX CTaJlIsIX 1 TOMy MOXXHAa YHUKHYTH 1HT10yIOUOro BIUIMBY KHCHIO Ha
riporexHasy.

OcHOBHUM (akTOpOM, SKUH JIMITYE TIPOIEC BHAUICHHS BOJJHIO
(GOTOCMHTETUYHUM  [IIAXOM — I[I€  Maja  [BUAKICTE  POCTY
MIKPOOPraHi3MiB, OCKUIbKM IIBUJKICTb BHUJIJICHHS BOJHIO HaNpsImy
3aJIEKUTh BiJI MIBUIKOCTI POCTY MIKpOOpPraHi3aMiB. 3HAYHUW BIUIUB Ha



nporiec (HOTOCHUHTETUYHOTO BHUIIJICHHS BOJHIO UYWHUTH IHTCHCHUBHICTH
OCBITJICHHS.

1.3. OmpumarHs 600HI0 3a BUKOPUCMAHHS NYPNYPHUX Oakmepill.

Bonenp y mnypnypHux OakTepiii yTBOPIOETBCS Yy peakIlisix, sKi
nepediraloTh 3a yd4acTi TiApOoreHas, sSK Yy 3€JeHUX BOJOopocTed abdo
HITpOreHa3. 3ajeXHO BiJ BHJY HITPOT€HA3HW, BOJCHb Yy MyPIyPHUX
OakTepidt Ta 1iaHOOAKTEpId MOKE YTBOPIOBATHCS BIAMOBIAHO O TPHOX
peaKIiii:

a) Mo-nitporenasa: N,+ 8H" + 8e™ = 2NH; + Hy; (12)

6) V-mitporenaza: N, + 12H" + 12e” = 2NHj3 + 3H,; (13)

B) Fe-mitporenasza: N, + 21H" + 21e” = 2NHj + 7.5H,. (14)

BojeHb yTBOPIOETHCS HITPOT€HA3010 B HEOOOPOTHIN peakilii, B skiii 4
Monekyin AT® BuTpadaroTbCsi HA MOPOJYKYBAHHS OJIHIET MOJIEKYJIH
BOAHIO. ['eHepyBaHHsS BOJHIO y MypHypHHUX OakTepiil BinOyBaeTbCs MpHU
HAsSBHOCTI OpPTaHIYHMX KHCJIOT, HAIpPHUKJIAJ, OIITOBOi, MaJOHOBOI YH
[JIIOKO3M, a TaKOX IHIIMX OpraHiYHUX pEeYoBUH. MakcumanbHUuH
TEOPETHYHHMM BUX1Jl BOJIHIO IIPH CIIOKUBAHHI IIUX PEYOBHUH, BIIMOBIIHO J10
piBHsHB (13)-(16) cTaHOBUTS:

— OLITOBA KUCJIOTA: C,H40, + 2H,0 — 2CO, + 4H,; (15)

— monouHa kuciora: Ci3HgOs; + 3H,O0 — 3CO, + 6H,; (16)

— majnoHoBa kuciota: C4HgOs + 3H,O — 4CO, + 6H,; (17)

— INNTFOKO34a. C6H1206 + 6H20 — 6C02 + 12H2 (18)

Takox, 111 6akTepii MarOTh 34aTHICTh 3MIHIOBATH CBili MeTabOJII3M Ha
dboToaBTOTpO(DHUI 1 BUKOPUCTOBYBATH SIK jpkepeno Byriemto CO,. Ilpu
CTBOPEHHI B KJIiTHHI BUcoKoro criBBimaomenas HAJJH/(HAJT™ + HAJTH)
TiporeHasa, sika Katajaizye po34elUICHHS BOJHIO BIJIOBITHO JI0 peaxiiii
(19) moxe mpairoBaTd B 3BOPOTHOMY HANpPsIMKYy, IO MPU3BOIUTH IO
YTBOPEHHSI BOIHIO:

H, < 2H" +2¢". (19)

[Ipu BiACYTHOCTI CBITIa y MOYpPIYpPHUX OaKTepii BOJAEHb MOXKE
YTBOPIOBATHCS Y PEaKIlisaX po3KiagaHHs ¢opmiaTy 0 BYIJIEKUCIOTO rasy,
Kl KaTajizye QopmiaTrigporedH JiazHuil koMmiuiekc. Ll peaxiis
CYIIPOBOJIKY€EThCS BITHOBIECHHSIM HA J[+:

Jns  nypnypHHX HecyJbpypHUX OakTepiii TakoX XapaKTepHE
YTBOPEHHSI BOJAHIO MIPU MPOXOKEHHI MU TPEaKIIii:

CO + Hzo - C02 + H2. (21)

B naniii peakiii BOJACHb YTBOPIOETBHCA 3 Bojau. Llg peakmis
B1I0OYBA€THCA 3aBASKM (PYHKI[IOHYBaHHI JBOX (DEPMEHTIB: TiJIpOreHeasu i
cnenudiunoi CO-rigporeHasu i He NoTpeOye MPUCYTHOCTI CBITIA.



Buxing BogHio B mporeci ¢doTodepMmeHTallii 3a y4acTi MypHoypHHX
OakTepiil 3a1exKuTh BiJ 0aratbox (HaKTOpiB, cepell HUX 3HAUYHO 3HUKYIOTh
BUXiJ BOJHIO Maja IHTEHCUBHICTh CBITJIa, HaJaMipHa abo 3amaina
KOHIIEHTpallisl cyOcTpaTy, MPUCYTHICTh 10HIB aMOHII0 YW KOHTaMiHaIlis
cepeniopuilia. MakcUMalIbHUM TEOPETUYHHMI BUX1J BOJHIO MOXKE JIOCSITaTH
12 Mob Ha MOJIb CITIOKHUTOT TJTFOKO3H.

1.4. OmpumanHs 600HIO 3 BUKOPUCMAHHAM OI0ENeKMPOXIMIUHO-
AKMUBHUX MIKPOOP2AHI3MIB (MIKDOOP2AHIZMIB-eK30€/IeKMPO2eHia).

bioenekTpoxiMiuHi CHCTEMH, Takl, K MIKpOOHI IaJHUBHI €JIEMEHTHU
(MIIE) — ue cuctemu, siki BUKOPUCTOBYIOThH 37aTHICTh MIKPOOPTaHi3MiB-
CK30€JICKTPOI'eHIB IIEPEHOCUTH €JICKTPOHHU, BHAICHI IiJ Yac JIUXaHHS
HA30BHI KJITUHU JUIsi OTPUMAHHS €JIEKTPUYHOI €HEprii 4u BOJIHIO.
Ockinpku, 3arajbHa peakilis MNEpPeTBOPEHHs cyOcTpary y BOJAECHb Yy
010€JIeKTPOXiMIUHIM cuctemi (22) € eHAOTEPMIYHOI0, TO ISl OTPUMAaHHS
BOJIHIO MIPUKJIA/IAI0Th JI0JaTKOBY HaMNpyry (3a3Buyaid B mexax 0,4-0,7 B).

CH3;COO™ + 4H,0 — 2HCO5 +H" + 4H". (22)

[IpoTonn Ha KaToAl PEKOMOIHYIOTH 3 €JIEKTPOHAMH BIJMOBITHO O

peaxiii:
2H" +2¢” = H,. (23)

Uepe3 pi3HUIIO TOTEHIAIiB Ha Karofal 1 aHoal (opMyeTbes
CJCKTPUYHUM CTpyM 1 Hampyra. s yTBOpeHHST BOJHIO Ha KaToji
HEOOXIJTHMHU eJeKTPOXIMIYHUN MoTeHIian ctaHoBUTh -0,41 B. BianosigHo
70 OCTaHHIX JOCHiIXeHb aHogHui moteHiian MIIE npu poszimMkHEHOMY
koii craHoBuTh —0,300 B. Tomy, npukinagaHHs 30BHIIIHBOI HAMPYTH 10
katoga, Ouwibmoi HixX 0,11 B, mgo3Bonsie momojiaTd TEepMOAMHAMIYHHUI
oap’ep.

CyOctparamu, 5Kl MIKpPOOPraHI3MU BHUKOPUCTOBYIOTH JIi CBOTO
MeTa00J13My MOXYTh OyTH €TaHOJ, TJIF0K03a, MOJIOYHA KUCIIOTa, (popmiar,
aMIHOKHCJIOTH, a TaKOXK KOMILJIEKCHI CyOCTpaTH, HaNpUKIaj] CTIYHI BOJIH,
CUpOBATKa, TOOTO, MPAKTUYHO OyAb-sKa OpraHidYHa PEYOBHUHA.

Tak, 3a BUKOpUCTaHHSA TIIIOKO3U SIK CyOCTpaTy, peakilisi MeTadoIi3My
Ma€ BUTJISI:

1. Anogana peakiis: CgHq,06 + 6H,0 — 6CO, + 24H™ + 24¢”. (24)

2. Katonna peaktis: 24e” + 24H" — 12H,. (25)

3a BUKOPUCTAHHS IyKPO3HU:

1. AsogHa pCaKHiHZ C12H22011+13H20—>12C02 + 48H+ + 48e". (26)

2. Katonna peakmis: 48e + 48H" — 24H,.

EX30€/eKTpOHIreHH, KpiM TOro, 3/1aTHI CIOKUBATHU OLITOBY KHUCIOTY
piBHsIHHS (27), sAKa € KIHIEBUM HPOAYKTOM 0araTbOX aHaepoOHHUX

META0O0IUHUX MUTSIXIB:
1. Anonna peakmis: CH3;COOH+2H,0—2CO,+8H" +8¢™ . (27)



2. Katonna peakuis: 8H" +8e —4H,. (28)

CynbdaTtpenykyroui OakTepii, sIKI BUKOPUCTOBYIOTH Cyibdart, sk
KIHIIEBUH aKIIENTOP EJIECKTPOHIB NP JIUXAaHHI B SIKOCTI CyOCTpaTy MOXYTh
BUKOPHUCTOBYBATH JIAKTAT:

CH;CH(OH)COO™ + SO,~ + 8H" — S* +4H,0" +CH,COCOO " ; (29)
S, +4H20 — SO,* +8H" +8¢ (10 anoxa); (30)
2S,” +3H,0 — S,04" +6H" +8¢™ (10 anoma). (31)

Bukopucranus MIIE, no3BoJisie oTpuMaT HalOIBIITUN TEOPETUIHUN
Buxig BoaHIO (12 MONR Ha MOJb CHOXHTOI TIIOKO3HW). IlepeBaroro €
3IaTHICTh €K30€JIEKTPOreHIB CIIOKUBATH 1 TIEPETBOPIOBATU MPOIYKTH, SIK1
JUISl IHIIMX MIKPOOPraHi3MiB € KIHIIEBUMHM MPOAYKTaMH METa0O0J13MYy.
Cepen HenoJIKIB O10€IEKTPOXIMIYHUX CUCTEM JJISI OTPUMAaHHS BOJHIO €
BHUCOKa BapTICTh MaTepialy KaToja.

3apnanua 2. Jlocnioumu inmeHcugHicmov 6UOLIEHHA 600HIO i3
UeI0103086MICHUX cybocmpamie (8i0X00i6 AUMEHIO, KYKypyo3u, pinaky,
COHAWHUKY) 34 AHAEPOOHUX Me30PinbHUx yMoe hepmenmauii.

[Ipouec BUIUIEHHS BOJHIO MIKPOOpPraHi3MamMu 3 BHKOPUCTAHHSIM
IIETI0JIO30BMICHUX CYOCTpaTiB HEOOX1JTHO 3AIMCHIOBAaTH B aHAaepOOHUX
Me30(inpHuX ymoBax 3a Temmeparypu 35-40°C y TepmocraTi Cyxo-
noBitpstHomy TC-80M y mepioguuHomy pexkuMi. CTymniHb aHA€pOOHOCTI
CepeIoBUIIA BIJICTSXKYIOTh 32 3MIHOIO 3a0apBJIEHHS PO3UUHY pe3a3ypuHy
mapku x.4. (0,15 r/n), skuit qogaBany B KUTBKOCTI 1 MII/JI.

[Tpouec onepxanHs O10BOJHIO MPOBOAATH y OlopeakTopax 00’eMoM
500 mn, 3anoBHeHMM Ha 70% 1HOKYJISTOM, BOJIOIO Ta BIJAMOBITHUM
cyocTpaTtoMm. Acollialilo aHAaepOOHUX MIKPOOPraHi3MiB BiOHPAIOTH 13
KOMIIOCTHOTO IpyHTy. Jlisi 1HakTHUBallli METarOHEeHHUX OakTepiil
cycnensito rpyHty (50 T rpyHTy Ta 250 MJI BOAOMNPOBITHOI BiJCTOSTHOT
BoAM) HarpiBaroth 20 xB Ha BoxasHiii Oami (90°C). OxmepkaHuil TakuMm
YUHOM IHOKYJISIT BBOJSITh Y O10peakTop y CIIBBIIHOIICHHI 3 BOJIOIO 1:5.

JIJ1si TOBHO1 1HAKTHBAIlli METAaHOTEHHUX OaKTepid 3aIlyCK pEeaKTOpiB
npoBoAuiIN B atMocdepi noBiTps. DinbTpyBanpHuil namip (011a cTpiuka)
BUKOPUCTOBYBAJIM JIJISI KOHTPOJIIO SIK JKepelo 1etono3u. 106 3amodirtu
AedIIUTY TOKUBHUX PEYOBHMH Y KOHTPOJIBHOMY JOCHIIl 10 pEeakTopa Ha
350 ma BomompoBigHOI BIACTOSHOI Boaum moxaroTh: 1,5 r NaNH4HPO,;
0,51 KH,POy4; 0,5 T K,;HPO,; 0,4 T MgSO,4-7H,0; 0,1 © NaCl; caigu
MnSQO,-4H,0; caigu FeSO,-7H,0; 2,0 T CaCOs.

Ak cyOctpar s ¢pepMeHTallli BUKOPUCTOBYIOTh BIIXOAW STUYMEHIO,
KYKYPY/A3H, pINaKy, COHSIIHUKY, SIKi MONEpPeIHhO MOAPIOHIOITH 10
po3MmipiB 1x3 MM Ta TporpiBaloTh Mapor0 Ha BOJsAHIN OaHi BmpoioBxk 60



XxB. Mopdo0orito KJIITHH BUBYAIOTh METOJAAMHU CBITJIOBOI MIKPOCKOITI 3a
nonomororo  Mmikpockony  XSP-139TP 31 30umbmiendsm  1000x.
3abapBieHHa 3a ['paMOM MPOBOAATH 3TiAHO 13 3arajJbHONPHUUHSATONO
meroaukoro. Ckimaa Ta3y, IO CHHTE3YBaBCS B Mpolieci MIKpPOOHO1
JECTPYKIIli OpraHigyHUX BiAXOJ1B, BU3HAYAIOTh 3a JOIOMOTOK T'a30BOTO
xpomatorpada JIXM-8-M/] 3a cTaHIapTHOIO METOUKOIO.

I3 11e11071030BMICHOT CHPOBUHHU HANO1IBII BUTITHUME JIJIS OJICPKaHHS
BOJIHIO € BiAXOJM CLIbCHKOTO I'OCIIOJIApCTBA — COJIOMA, JINCTSA Ta cTeOia
PI3HUX POCIHH, KYKYPY/I3siHI KauaHW TOIIO. XIMIYHUN CKJIaj], CUPOBUHU
3aJIeKUTh BiJl BUJY POCIHH, KJIiMaTy, CIOCO0IB 30upaHHS, OOMOJOTY,
30epiranHs Tomo. Tak, y coysiomi 3 pi3HOI CUPOBUHU MICTUThCS 20-45%
KJIITKOBMHU Ta 1HIIMX CKJIAQTHUX BYTJIEBO/IIB, IO BAXXKO JIECTPYKTYIOTHCS,
26% mipoteiny, 1,2-2 % xupy, 4-15 % 3o01u.

CTiHKa KJIITHHU Ma€ CITYACTY CTPYKTYPY 3 B3a€MO3B’SI3aHUX MOJIEKYI
[EMONO3M 3 JIOBTUM JTAHIJOTOM, HATIOBHEHY IHITUMH  BYTJICBOTHSMHU
(reMirmeniono3aMu), a TaKOX JITHIHOM 1 PI3HUMH EKCTPAKTHUMH
pedoBMHAMU. MIUDKKIITHHHOIO PEYOBHHOK € B OCHOBHOMY IIEKTaTH
KaJIbI[II0 T4 MarHilo, a B KJIITMHAX HarpoMaJKYIOThCS >KUPH, CAIOHIHH,
¢db1aBoHOIAM, KAapOTHMHHU, CMOJISTHI pedoBUHU Tommo. [lo ckiamy 3o0im
BXOJISITh TOJIOBHUM YHHOM COJII JIY’)KHHX Ta JIY)KHO3EMEJIbHUX METAIIB.
SIKICHUH cKJ1a[ B1IXO/I1B HaBeaeHO B Ta0iI. 5.1.

BukopucToByrour HaBeJEHY BUIIE METOJUKY HEOOX1THO JTIOCIIIUTHU:

1) iHTEHCHBHICTh BHUIIJICHHS BOJHIO 13 IEIFOJIO30BMICHUX CyOCTpaTiB
(BIOXO/IB SUYMEHIO, KYKYpPYI3H, pINaKy, COHAIIHHMKY) 32 aHaepoOHUX
Me30(pUTbHUX YMOB (epMeHTallli, SIK KOHTPOJb BUKOPHUCTATU CMYXKKY
(G1IBTpYBaIBHOTO TIATIEPY.

Tabmuns 5.1.
CkJyaz pi3HUX THIIIB 1IEJIFOJI030BMICHUX BIJIXO/I1B

BMicT KoMnoHeHTiB, %
[Tonicaxapuau, mwo [Monicaxapuau, Jlirnin 30nbHI Cupuii BEP
Bua cupoBuHH JIErKo 110 BAXKKO PeYOBHHH npoTein

TiAPONI3YIOTECS TIPOTI3YIOTHCS

(reMiLemonos3y) (1emonosa)
JlucTs Kykypyasu 30 22-27 1618 5,7 11,3 56
CoHSALLIHUK
(mucTe, cTedno) 11 27-40 20-26 15,1 12,7 4450
Conoma pinaky 16-28,7 23,5-37.7 23-28 7,2-13.6 17,5-27 44-56
Conoma sYMeHIO 44 37 11 5-8 23-74 14

[HTEHCHUBHICTh YTBOPEHHS BOJHIO 3aJIeXKWTh Bl 4acy (epMeHTalli,
o BiAMOBiAae (a3l pocTy MIKPOOPTaHi3MIB-TIPOAYILEHTIB Ta SKICHOTO
CKJIaJly CyOCTpaTy, pe3yJabTaTh JOCIKEHb 3aHECTH 0 Tab. 5.2.

Taomung 5.2.
Buxinx soguro H,, %



JloOa

CyOcTtpatu

Kyxkypynza (cTtebmna, TucTs)

CoHsnIHUK (TOJ0BKH, cTe01a)

Conoma pinaky

ConomMa SUMEHIO

OiapTpyBaIBHUN TAIIP

2) mpoaHamizyBaTH naaHi Tab6a.5.2 Ta 3pOOMTH BHUCHOBKH IIIOJO
BIUIUBY SIKICHOTO CKJIaJly CyOCTpaTiB Ha IHTEHCHUBHICTh YTBOPEHHS BOHIO
3a aHaepoOHUX Me30(UIbHUX yMOB (epMeHTallii, BUKOPUCTABIIU TaOJl.
5.1.

3) eKkcnepuMEHTalbHO OOTPYHTYBaTH JOUUIBHICTH TEPMIYHOI
00poOKku cyOcTpary (Ha MpUKIIAIl, HAMOUIBII MPOJYKTUBHOIO CyOCTpary
BUSIBICHOTO B  IONEPEAHbOMY  €KCIEpUMEHTi,  Tabn.5.2) ;i
iHTeHcudikaiii Buxoay OioBogHo. Bigomo, 1m0 TepmiuHa 0O0poOKa
cyOcTpary 3a0e3nedye pyWHYBaHHS CTPYKTYpHU JIITHOLEIIOJIO3U, BOHA
TaKOX  rajlbMye€  METa0OJII3M  MOMyJALid  METaHOCHUHTE3YIOUHX
MIKpPOOPIraHi3MiB, sSiki BAKOPUCTOBYIOTh BOJICHb JJIsl CHHTE3Y Oiorasy.

PesynpTaTdd AOCHIIKEHb 100 BIUIUBY TEPMIYHOI OOpOOKHU
cyOcTpaTy Ha IHTEHCHUBHICTh BHUXOJy BOJHIO B Mpoleci ¢epmeHTarii
HNOMYJIALISIMUA  MIKpPOOPraHi3MiB-IIPOIYIEHTIB MPEACTABUTH y BUTJIISAIL
rpadika 3a aHajorieto 3 puc.S.1.

40 i
35
30
20
15

10

noba

0 10 20 30
— 2

Puc. 5.1. [HTeHCHUBHICTH NPOAYKYBaHHS BOJIHIO MIKpOOpPraHi3MaMHu
3aJIEKHO B1J] TEPMIUYHOI 00poOKU cyOcTpary: 1 — micis oOpoOKu mapom;
2 — 0e3 monepeaHL0i 00POOKH

4) 3a 1aHUMM XpomaTorpadiqyHOTO aHai3y MOXKHWBHOI'O CEPEIOBUIIA
B mpolieci KyJabTuByBaHHs Ha 5, 10, 15 ta 20 no0y (Ttadn. 5.2) 3podbutn
BUCHOBOK III0JI0 TUITY OpOJIIHHS Ta MOTO BIIMBY HA BUXI1J BOJIHIO.




KoHTpoJbHI nUTAHHS

1. OcobmMBOCTI  OTpUMAaHHS BOJHIO MHUISAXOM  aHAepOOHOI
dbepMeHTartii.

2. OTpuMaHHS BOJIHIO 3a BUKOPHUCTAaHHS 3€JICHUX BOJOPOCTEHl 1
111aHOOAKTEPIH.

3. OTpuMaHHS BOJIHIO 32 BUKOPUCTAHHS IMMyPIyPHUX OaKTepiil.

4. OtTpumaHHS BOJHIO 3 BHUKOPUCTAHHSIM O10€JIEKTPOXIMIYHO-
AKTUBHUX MIKPOOPTaHi3MiB (MiKpOOPraHi3MiB-€K30€JIEKTPOTEHIB).

5. TepMoxiMIYHUN METO OTPUMAaHHS O10BOJIHIO.

6. bioxiMiuHMI1 METOJ] BUPOOHUIITBO O10BOJTHIO.

/. Onucaru mnporec BUAUICHHS BOJHIO MIKpOOpraHizMamu 3
BUKOPUCTAHHSM IEITF0JIO30BMICHUX CyOCTpaTiB.

8. [laiiTe XapakTepUCTHKy TMPOAYILEHTIB OiloBOAHIO. 3a3HauTe
0COOJIMBOCTI BOJICHh YTBOPIOKOYHMX OaKTEPiil.

9. 3a3HauTe KOMIOHEHTH O10CHCTEM BOIHIO.

10. OxapakTepusyiTe NMUTaHHA OXOPOHHU JOBKULIS 3a BUPOOHHUIITBA
O10BOHIO Ta 3aMPOIOHYUTE MIJISAXU 1X BUPIIIICHHS.



Jlabopamopna poooma Ne6

Tema: ,,hbiokongepciiini mexnonocii eupoonuymea dionanuea”

Mema: o3natiomumucs 3 guoamu 6ionaiusa ma ekobiomexHoa02IAMU
11020 BUPOOHUYMEA.

Ipozpamui  numamHA.  O3HAUOMUMUCL 3  MEXHOJO2IYHUMUL
npoyecamu 8UpoOHUYmMBEa 0i00U3eIbHO20 NAAUBA 3 HACIHHA OJIUHUX
KyJbmyp ma pioko2o 6ionaiusa iz cilbCbKo20Cnoo0apCcbKux 8i0xo0is.

Mamepianu ma o001a0HAHHA: CcXeMu, MeXHIUHA OOKYMeHmMAayisi,
HOPMAMUGHI OOKYMeHMIU.

Xix pooorun

Ak anbTepHATUBHI BUAW NaIWBa ChOTOJHI PO3IIISIAAIOTH CTHCHEHHI
npupoaHuil ra3 (MeTaH), HagToBUi ra3 (mpomnaH + OyTaH), BOACHb, CIIUPTHU
(METaHOJ, €TaHOJI), @ TAKOX PiJKE MaJUBO, SIKE OTPUMYIOTh 3 BYTLLIS 200
B Mpolecl MNepepoOKu pociauHHOI cupoBuHU. Came 10 1€l Tpynu
BITHOCHUTHCS 010IaJIUBO.

bionanueo — 1ne nanuBo 13 OIOJOTIYHOI CHUPOBHHH, SK MNPABUIIO 3
BIIXOJIIB  CLJIbCBKOTOCHOJAaPCHKOI0 BUPOOHUIITBA. PO3PI3HAIOTH pidke
bionanueéo (I JABUTYHIB  BHYTPIIIHBOI'O  3TOpPAHHS, HAMPUKIIA],
OioeTaHoi, Oioam3enb) i meepde bionaruso (IpoBa, cojioMa Ta iH.).
Pi3HOMaHITHI OpraHiyHi MaTepiaiu, 0 BUAUISIOTH y TMPOLECl po3nagy
TEIJIO, $IKE BHUKOPHUCTOBYETHCS JUIsi OOIrpiBy NPHUMIIIECHb, TEIUIUIb,
NMAapHUKIB TEX BIAHOCATH 10 O10JIOTIYHOTO TajiuBa. Sk OlomaJuBo
BUKOPHUCTOBYIOTh IICJIsI IEPEPOOKHU THIM (KOPiB, BIBIIB, CBUHEH ), TOOYTOBI1
BIJIXOJIU, KOPY JAEPEB, BIAXOIU TEKCTUIBHOI TPOMUCIOBOCTI, TUPCY.

CepenHiii Bpokail Cyxoi MacHu CiHa CTaHOBUTH MpuOIM3HO 15 T/ra.
[lepenbavaroum, MO0 €HEpPreTU4Ha IIHHICTh | Kr KaM’SHOro BYTULISA
CTaHOBUTH 25 MJIX, HaBiTh IPpU HU3BKOMY BpOKal TpaB, 110 CTAHOBUTH 5
T/Ta, 3 OJHOIO TE€KTapy MOXHAa OTPUMAaTH EKBIBAJIEHT 3 T Kam SHOIO
Byruuisi. Hatomicte 3i10panmii Bpokaii Olomacu Ha piBHI 20 T/ra pnae
eKkBiBaIeHT 12 T kam’sHoro Byruuig. CnoamtoBaHHsS Oiomacu ISt
ONaJIOBaHHS MPUMIIIECHb, MONIUPEHE Y 0araTboX KpaiHax € €KOHOMIYHO
BUT1JIHUM Y BIJTHOILIICHH1 JO ONMAJIFOBAHHS Ma3yTOM, Ta30M UM CTPYMOM.

Ianueni epanyau (nenemu) — 1e 6iomanauBoO, SIKE BUPOOISIETHCS 3
JIEPEBHUX 1 CLIBCHKOTOCHOAAPCHKUX BIAXOJIB Ta 3aCTOCOBYETHCS IS
OMaJ€HHS TMPUMIIICHb. BHUPOOIAIOTHCS Yy BUIIISAI MPECOBAHUX TPaHy
CTaHJIApTHOTO PO3MIPY 3 BMICTOM 30U He Oinbiie 3%, MaloTh OLIbIIY
TEIJIOTBOPHY 3/aTHICTh MOPIBHSHO 3 JpoBaMu. [Ipu crnaitoBaHH1 MeneT B
atMoc(epy BHKHIAEThCA PIBHO CTIIbKH COj, CKITBKH OYJIO MOTJIHUHYTO



pociIMHOI0O B mepiodg pocTy. IlamuBH1I TrpaHynau HE 34aTHI 10
caMo3arnajatOBaHHs, TOMY 110 HE MICTSTh MUJY Ta CIOP.

Texnonozia eupooHUYmMEa NAIUGHUX ZPAHYIL.

CnoyaTKky CUpOBHUHA MOJPIOHIOETHCS A0 CTaHy OOpOIIHA B Apodapiii.
OtpuMaHa Maca BUCYIIY€EThCSl Ta TPAHYJIOEThCA Y Mpec-Tpanysitopi. Ha
BUPOOHUIITBO | T NanuMBHUX TpaHyd BHUTpadaeTbca 4-5 KyOOMeTpiB
JIEPEBHUX BIAXO/IB. ['OTOBI TpaHyJH OXOJIOJKYIOTH 1 YINaKOBYIOTH B
cTaHaapTHy Tapy o 12-20 kr.

bioouszenvne nanueo (b/AII) — e exo0OriyHO YUCTUM BUJ OiomalNBa,
SAKUW OJIEPXKYIOTh 13 JKUPIB POCIMHHOTO 1 TBAPUHHOTO MOXOJKEHHS Ta
BUKOPUCTOBYIOTh JIJIsl 3aMIHM HAa(TOBOTO JMU3EIBLHOrO MajuBa. 3 XIMIYHO1
TOYKU 30py, O10AM3€JIbHE MAJMWBO € CYMIIIIIID METHIOBUX (E€TUIIOBUX)
€CTEpiB HACUYEHHUX 1 HECHACUUECHUX KUPHUX KHUCIIOT.

Illepesacu BJ[II:

- € BIJTHOBJIFOBAJIBHUM 1 €KOJIOTTYHO YUCTUM JKEPETIOM €HEprii;

- OpW NOTpPaAIUIAHHI B TIPYHT YW BOJAY HE 3aBlIa€ IIKOAU, OO0
nepepoOIISIETHCA MIKpOOpPTraHi3MaMH BIIPOJOBK TPhOX-YOTUPHOX THIKHIB;

- Ma€ 3HAYyHO Kpallll MAaCTUJIbHI BJIACTUBOCTI HIXK JU3EJIbHE MaIUBO,
TOMY 3MEHIIY€E 3HOILIYBAHICTh JIBUT'YHA 1 TOAOBXKY€E TEPMIH KOr0 poOOTH;

- HECKJIaJIHe BUPOOHHUIITBO;

- MiJBUINEHA Mailke BTpUYl TeMIepaTypa crajaxy B 3aKpUTOMY
TUTII1 320€3IeUy€e BUCOKY MOKEKOOE3NEUHICTD;

- BHCOKE II€TAaHOBE YHUCJIO CIPHUSE€ CKOPOUCHHIO TMEPioay 3aTPUMKHU
criajiaxy ¥l mom’sIKIye poOoTy IU3eJIbHOTO JBUTYHA;

- MOX€ BUKOPUCTOBYBATUCh Y YUCTOMY BUTJISI/I1, 00 3MIIIAHUM;

- Oloausenb Mmaiixke He MicTUTh cipku (< 0,001%).

Heoonixu BJ[I1:

- Mae TeMIepaTypy 3aMep3aHHs Ha KUIbKa TIpaAyCiB BUILY HIXK
au3enbHe nanuBo. Tomy 3a HU3bKkKUX Temmneparyp y BJII tpeba nomaBatu
100aBKH, 110 3HWKYIOTh TEMIIEPATypy 3aMep3aHHS;

- arpecuBHO Jll€ Ha HaTypajdbHI TYyMH Ta JAEsKi €JIacCTOMEPHU
(MOJIBIHLII, TTOJTIaMiN);

- Ma€ KOPOTKUHU TepMiH OIPUAATHOCTI — TPU, YOTUPH MICSIIL;

- moTpeOdye J0AATKOBOTO OYUIIEHHS BIJl JOMIIIOK napadiny;

- BTpaTH €HEPreTUYHUX MapaMeTpiB MpU poOOUOMY HaBaHTAXKEHHI
JIBUT'YHA CTAaHOBUTH 4-5%, a BTpaTH MaJIbHOTO 3pOCTat0Th Ha 6-7%0;

-y Iepil Micsilll KOPUCTYBaHHS O10AW3EJIbHUM MAJIbHUM Tpeda
NepioIMYHO KOHTPOJIIOBATH CTaH MAIIMBHUX (IIBTPIB.

- B npoxaykrax 3ropanHs BJII y gecarku pasziB  Ouiblie
KaHIIEPOT€HHUX PEYOBHH, HDK y TMaJMBI 3 MOJIMIICHUMH €KOJOTTYHUMH
BJIACTUBOCTSAMM.



[TopiBHSIIbHA XapaKTEPUCTUKA TU3EIBLHOTO 1 010M3EIbHOTO MaINBa
HaBeJleHa B Ta0J1.6.1.

Tabmums 6.1.
[TopiBHsJIbHA XapaKTEPUCTUKA MIHEPATILHOTO 1 POCIMHHOTO JTU3EJIbHOTO
najanBa
XapakTepucTHK Jn3enbHe bioguzensHe
MAJINBO MaJINBO

['ycruHa, r/cm” 0,92 0,88
IleTaHoBe yuciiO 48-50 94-56
TeMeparypa 3amaToBaHHs, C 60 160
;FgMnepaTypa 0JIokyBaHHS (DUIBTPY, 12 10
Bwmict cipku, % 0,28 0,01
B’s3kicTh 2,5-4 3,5-5

bioauzenbHe MAJIMBO OTPUMYIOTH 13 POCIMHHUX OJIIM HIJISIXOM peakiii
nepeerepudikaiii. OCHOBHI peareHTU: POCIMHHA OJisl, METaHOI,
karanizatop (KOH). V nporneci nepeerepudikariii oii, >kupu BCTYMAIOTh Y
PEaKIli0 3 METUJIOBUM (ETHJIOBUM) CIIMPTOM B MPUCYTHOCTI Katajiizaropa
(Jyry), BHACJIIIOK YOT0 YTBOPIOIOTHCS CKIAOHI eipu 1 eniyepurosa gasa.
56% rmuepuny; 4% wmeranony; 13% sxupHux kuciaoT; 8% Boau; 9%
HeopraHiuyHux coneit; 10% edipis.

Mamepianvhuii 6ananc peaxiiii oaep>xanHs 010/IU3€IbHOTO MaTUBa.

Jnst onepxkanusa 1000 xr (1136 1) 610113e1pHOTO NaTMBAa HEOOXITHO:

- 50 kBT TennoBoi eneprii;

- 25 kBTt enexTpoeneprii;

- 1040 xr (1143 1) pinakoBoi oJii;

- 144 xr (132 1) 99,8% meTtaHomy;

- 18 kr rigpokcunay kaniwo (88% KOH);

- 6 KT IONOMIXHOTO (PUIBTPYIOUOro MaTeplany;

- 105 xr BOIM.

[Ipy upbomy, KpiM majauBa, YTBOPHO€TbCs Osn3bko 200 Kr cuporo
rininepuny Ta 117 Kr Boau miciis OYUIEeHHS 010AM3€JIbHOTO MAJIUBA.

Cupuil TiiliepyuH, B TMOAAIBIIIOMY, 3aCTOCOBYETHCS 1T BUPOOHUIITBA
[IIEPUHY JTUCTHIHLOBAHOTO, MOHO(pocdaT Kamito — AJisi BUPOOHHUIITBA
PIIKUX KOMIUIEKCHUX MIHEpaJbHUX TOOPUB.

Bumozu 00 mnacinna pinaxky i pinakoeoi 0.1ii, NJOTPUMAHHS SKUX
J03BOJIUTH OJEpKaTu O10/M3eIbHE TAaJIWBO, IO BIJAMOBIJA€ CTaHIAPTY,
TaKi:




Ouuwene Hacinus pinaxy — omitHicts 40-44%; BonoricTh OJU3BKO 6-
7%; BMICT BiIbHMUX XUpHUX KUCIOT < 3% (6 mr KOH/r); Temnepartypa
nacinus 20-30°C; 3a0pyaHeHHs 0:1u3bk0 0,5%.

Xonoononpecosana, ginemposana pinakosa onis — woaHe yucio 110-
115; Bomoricte MakcumyM 0,05%; BMICT BIIBHMX KHPHHX KHCJIOT
makcumyMm 0,65% (1,3 mr KOH/r); nepokcuane uncio 1-2 (Mmakcumym 3);
3a0pyaHeHHs HeMae; ynciio ommieHHs 187-191; dpocharuan makcumym 20
MI/KT; TeMIeparypa 20°C.

Texnonoziunuii npouec eupooOHuymea 0i00U3EbHO20 nAIUCA 3
HacinHa BiTOYBAa€EThCs y JeKiIbKa erariB (puc.6.1): HacCiHHSA 3 MTHEKOBOTO
KOHBEEPY TMPOXOAUTH Kpi3b BIIJAUIIOBAY TPyOUX JOMIIMIOK 1 Kpi3b
MarHiTHUM TPUCTPIN I BIAJAUICHHS METAJeBUX JOMIIIOK Yy HACHUIIHI
JIHAKY TIPECIB.

OTpuMaHa TpEeCyBaHHAM POCIMHHA OJIig HAKOMUYY€EThCS y 301pHIN
emHocTl. OuuiieHHs Bifg QocdaTuaiB Ta 1HIKMX TIAPATOBAHUX PEYOBUH
BiOyBaeThcsas B riaparopl. Ouisi  crmoyatky HNpPOXOAuTh  OOpOOKy
dbochopHOI0 KHUCIOTOI, a ICIsA LBOTO raps4orw Bojaow. Ilpu oOpoOii
BUJAJISIOTHECS BCl Ba)KK1 METAIX Ta 1HIII IIKIJIUBI JOMIIIKH.

[Ticnis o0poOku osist Hagxoauth y 1-i1  erepudikarop, e
MiIrPIBAETHCA 10 HEOOX1IHOI TemmepaTrypu. OTHOYACHO TOTYEThCA CYyMIIIT
METaHOJIy 3 JIyroM 1 go3yeTbesi y 1-il erepudikarop. Ilpu nocsrHeHH1
HEOOXIJTHOI TeMIepaTypu BiIOyBa€eTbCs 3MIlyBaHHS KaTali3aTopy 3
omieto. ITicas 0OpoOKU, MEPBUHHUMN TU3EIb 3AJIUIIAI0OTh HA 90 XBWIMH IS
BIJICTOIOBAHHSI 1 3JIMBAIOTh YTBOPEHY TIIIEpUHOBY (Ha3y. BropunHHMI
Oloau3enb 3aBaHTaXyloTh y 2-i1 erepudikarop. Ilicma 90 xBunuH
BIJICTOIOBAHHSI 3HOBY 3JIMBAIOTh TJIIEPUHOBY (a3y Ta BU3HAYAIOTH
CTyN1Hb eTepudikailii 010U3eNIO.

Skmo BMICT TJILEPUIIB B HOPMI, BHUKOHYIOTH IPOMHUBAHHS
oioau3zemnto. ['otoBuii 6i0an3€eb (QUIBTPYETHCS 1 HANXOAUTh Y EMHICTD JJISI
rOTOBOT MPOAYKIIIi.
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Puc.6.1. briok-cxema BUpOOHUIITBA 010/IU3EILHOTO MaJINBa 3 HACIHHS
pinaky

Texnonoziunuii npouec eupoonuymea 6ioou3zenvbHo20 naauea 3 oJii
BiZIOYBa€ThCS HACTYITHUM YHHOM: POCIHHHA Ois 3 eMHocTi 1 (puc.6.2)
Kkpi3b notounuil HarpiBau [IH Tta ¢iaetp @1 Hacocom H1 momaerscs y
TAPOJMHAMIYHUM 3MilIyBay 3M.

Butpata onii KOHTpomoeThcsa BuTpatomipom R1. ¥V  BakyyMmHy
HOPOKHUHY T1IPOAMHAMIYHOTO 3MillyBaya, Kpi3b QuabTp D2, BUTpATOMIp
R2 Ta Bentunp perymtoBanHs BP, 3 emHocTi 3 mocrynae, momnepeaHbo
NPUTOTOBJIEHUH, po3unH Katanizatopy B ciupti (KOH y metanomi).

3aBagaKn IHTEHCUBHUM T1IpOAMHAMIYHUM npoliecam B
TAPOJMHAMIYHOMY 3MIIIyBayl Ta MEXaHIYHOMY 3MilllyBaui BiOyBa€ThCs
PO3pUBAHHS MOJEKYJ JKUPHUX KHUCIOT, IO 3HAYHO MiJABUIIYE MIBUAKICThH
OPOTIKAHHS peakilii Ta MOKpally€e SKICTh €HEPreTUUYHUX XapaKTEPUCTUK
MalOyTHHOTO TATUBA.



[licnss MexaHIYHOTO 3MIIIyBaHHA CYMIII TOJA€ThCS y KOJOHKHU-
BIJICTIiHUKY 4, J€ BIAOYBa€eThCs i1 pO3JIUICHHS Ha 010/M3eIbHE MaJUBO 1
BOJIHO-TUIIIEPUHOBY cyMilll. ['oToBe manmuBo HacocoMm H3 wyepes dinbTp -
BIJIOKPEMJTIOBAY MOCTYIIA€ HA HAKOTTUYCHHSI.

Kamanrizamop
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Puc.6.2. Cxema BUpoOHHUIITBA 010/IM3EIHHOTO MAJIMBA 3 OJIii B TOTOII:
1- eMHICTB JUIsl POCIIMHHOT OJIi1; 2- EMHICTH JJIsI CIUPTY; 3- EMHICTH JJIS
Katanizaropy; 4- konoHku-BiacTiiiHUKY; [TH — noTounnit Harpisau; @ —
¢bineTp; H — Hacoc; 3M — rigpoauHaMiyamii 3MimnyBad; R — BuTpatomip;
BP — BenTuns peryntoBanss; ['3m — rigpomexaniunuii 3minryBay, KK —

KJ1anaH kepyBaHHs, K — knamnas.

B pe3ynbraTi mnpoBeaeHHs peakuii nepeerepudikamii B 2-X
CTylE€HEeBOMY  3MimyBaul  (TIAPOJAMHAMIYHOMY 1  MEXaHIYHOMY)
BiIOyBa€ThCAd MOBHA BUTpaTa METaHOIy, sika He mnepeBuirye 12-13%.
Peaxiiisi B rijpoAMHaMiqvHOMY 3MIIIyBadl BiI0OYBA€ThCSI HOPMAJIbHO TPHU
TeMneparypi 40-50°C.  Texuiuna XapaKTEpUCTUKA  YCTAHOBKHU
Oe3MmepepBHOTO MPOIIECY BUPOOHUIITBA O10AM3EILHOTO MaJIMBa HAaBEICHA B
Ta611.6.2.

bionanuBo B €BpoIi BUTOTOBISAIOTH 33 CXO0KOK TEXHOJOTIEI, aje
Maike Ha BCIX eTanax TEXHOJOTIYHOrO MPOLEeCy MPOAYyKT OYMINYIOTH (i



oTpuMaHy oiito, 1 etepudikar). B mporeci BUpoOHUIITBA 13 CHPOBUHHU
OTPUMYIOTh OJIiF0, OYUIIYIOTh 11 BiJ CTOPOHHIX JOMIIIOK, HamiBpaOpukaT
HarpiBarOTh, OXOJIOJKYIOTh Ta TUCTUIIOIOTH. 3aJIUIIKHA 1IKOTO Ko Ta
OTPYHHOTO METaHOJIYy MPOMHUBAIOTH BOJIOIO.
Tabnuus 6.2.
TexHiuHa XapaKTEPUCTHUKA YCTAHOBKHU OE3MEPEPBHOIO MPOIIECY
BUPOOHUITBA 010/IM3EIHLHOTO MaJTNBa

Ne | HalimeHyBaHHS mapaMeTpy 3HaYEHHS
1 Hpoz{yKTHBfinCTL 3a BHUXIJIHOIO CHUPOBHUHOIO (OJII€I0, 2 14
KUPOM), M /XB
2 | Burpara cyMilii METaHOIy 3 KaTani3aTopoM, M /XB 0,1...0,3
3 | 06’eM Gaka s ofiil, 1M 50
4 | O06’em Oaka 1Jiss METAHOIY, ):[M3 12
5 | 06’em 6aka [T OTPHUMAHOTO IPOLYKTY, AM° 30
5 Temmneparypa HarpiBy 1 Temieparypa MiATPUMaHHS 40,70
oJii 1 mertanony, C
/ | IloTyHiCTh HarpiBadiB, KBT 1,5
8 | [loTyXHICTb €JIEKTPOABUTYHIB, HACOCIB, KBT 2,8
9 | [loBHa MOTYXHICTh, KBT, HE OlIbIIIE 4,5
["abGapuTHi po3Mipu, MM HE OLIbIIE
- JTOBKMHA 865
10
- IMpUHA 755
- BHUCOTA 1250
11 | Maca yCcTaHOBKH, KT, HE O1IbIIIe 250
TexHouoris BUPOOHULITBA piakoro OiomasuBa i3

CUIBCHKOTOCIIOAAPCHLKUX BiaXxoaiB. CHPOBUHOIO JJI IIBOTO MPOLIECY € —
IIMaTKU JEpeBUHHU, coyioma, THiH (puc. 6.3). Ilicas HakomuyeHHS 1
TUMYACOBOI'0 CYIIIHHS, CUPOBHHA TOCTYIA€ y PEAKTOp, A€ HArpiBa€ThCS
no 400-500°C 3 nmomaBaHHAM Katamisatopy. l'a3, 0 BUIIIHBCS B
pe3yibTaTi HarpiBaHHS, MPOXOIUTH Psii MEPETBOPEHb Yy MPUCYTHOCTI
karanizatopy. OTpumaHe, Ha BUXOJl 3 peakTopy, 010MalMBO HE MICTUTh
cipku Ta CO, HEHTpaabHE MO BIJHONIEHHIO JJO OTOYYIOUOr0 CEPEAOBUILA.

HakornuyeHHs: CHPOBHHHU (KaramnizaTop)
Cyurinus

|

Harpisauus 10 Temmeparypu 400-500°C




Konnencars

'

OigpTpartis
bionanuso

Puc.6.3. Cxema nepepoOKH CiIbChbKOTOCIIOIapChKUX B1IXO/11B
Ha O10I1aJINBO

Cunrernyne OiomanuBo (CBIT) — cyminn CUHTETUYHUX BYTJIEBOJIHIB
OTpUMaHHUX 3 OiOMacH.

CygacHl TexHOJIOT1i MepepoOKH BYTIEBOJIB JO3BOJISIOTH BUPOOIATH
CUHTETUYHE JU3EJbHE TMajlbHE Ta CHUHTCTUYHUN OeH3uH. SIK cupoBUHA
BUKOPHUCTOBYIOTHCS BIAXOIU AEPEBOOOPOOHOT MPOMHUCIOBOCTI, CUITBCHKOTO
rocrojapcrBa, I1moOyToBl  BiaXoau, cMmiTTa.  OcoOnuBICTH  ITHUX
TEXHOJIOTTYHUX IPOIECIB — OTPUMAHHS 3 OJTHOTO BUIY CHPOBHUHH PI3HUX
BHU/I1B [AJIMBA.

llepesacu ChHII:

- MOXJIMBICTh OTPUMaHHS HEOOX1JHUX XapaKTePUCTUK MaINBa;

- BIJICYTHICTh CIPKH;

- BUKUJY MIKIJJMBUX PEYOBUH HWXKYI, HI)K MPH 3aCTOCYBaHHI
«Ha(TOBOTO» MAJTLHOTO;

- HEOOMEKEeHI 3aracu CUpOBUHH.

Heoonixu CBII:

- BHCOKI BUTPATH €HEprii Ha BUPOOHUIITBO MAJIHLHOTO;

- HeOoOX1JHI  3HayHl  KallTaJOBKJIAJICHHS  JUISI  CTBOPEHHS
HIMPUEMCTB 3 BUITYCKY CHHTETUYHOTO MajiMBa Ta CTBOPEHHS CUCTEMU
HAKOTIMYEHHSI, MOCTaBKH 1 MiATOTOBKUA CUPOBUHHU.

[lepmie B cBiTi cuHTeTMYHE OlonanuBo, y 2003 pormi, po3poOuia
kommaniss DaimlerChrysler. Hose mnammBo, mixg Ha3oro Biotroll,
BUPOOJISETHCS 3 IEPEBHUX BIJIXO/IIB.

KoHTpoJ/IbHI NUTAHHSA

1. I1lo Ha3uBa€eTHCS O10MATMBOM?

2. Ha3BiTh Buu Olomnanuaa.

3. lllo Take manuBHI rpaHyn?

4. OnuiIiTh TEXHOJIOTH0 BUPOOHUIITBA MAIIMBHUX TPaHYII.
5. o Take 610aM3EIbHE TTAITUBO?

6. Axi mepeBaru 010IM3€ILHOTO TATUBA?



7. Ha3BiTh HeqOMIKM 010 IM3€IBHOTO TTaJINBA.

8. HaBenmiTh XapakTEpUCTUKH MIHEPAIBHOTO 1 POCIMHHOIO
JTU3EJILHOTO MAJINBA.

9. HaBeniTe maTepianbHuil 0anmaHc peakilii ojepkaHHs 010 IU3€IbHOTO
najanBa.

10. Ski BUMOTHM 70 HACIHHS parcCy 1 parcoBoi OJIii MPU BUPOOHUIITBI
OiomanuBa?

11. Onuuith TEXHOJOTIYHUHN MpolleC BUPOOHUIITBA O10AU3EIBHOTO
najguBa 3 HaCIHHS Ta 3 OJIil.

12. HaBeniTe sIKICHI MOKa3HUKU O101M3€I6HOT0 MaJIHBA.

13. OnumiiTe TEXHOJOTK0 BHUPOOHHUIITBA piAKOro OiomanduBa 13
CLIBCHKOTOCTIOAAPCHKUX BiJIXO/I1B.

14. SIki1 nepeBaru Ta HEJIOJAIKM CUHTETUYHOIO NajarBa’?



MEPEJIK TEM, IKI BUHOCSATBHCS HA CAMOCTIMHE
BUBYEHHS

Tema 1. BiogecTpykuisi npupoaHux noJjimepiB. OCHOBHI NPUPO/IHI
MoJIIMEpH. Po3knagaHHst  1€THOJIO3M. bionecTpykitist ~ JITHIHY.
biogecTpykilisi KCEHOOIOTHKIB  JITHOMITUYHUMHU  MIKPOOpTraHi3Mamu.
biogerpanaiisi CHHTETHYHMX IIOJIMEpHUX  MarepianiB. IIpoOiema
cTBOpeHHs OioractukiB. [lepeBarun OioTpancdopmMailii nepen XiMI4HOIO
TpaHc(opmarii€ero. dakTopu HaBKOJIMIITHBOTO cepeIoBUIIA i
O010IOCTYNHICTh ~ KCEHOOI0THKIB.  OCOOIMBOCTI  JUHAMIKM  POCTY
MIKpPOOPIaHi3MiB-010/1ECTPYKTOPIB 1 OIOJIOTIYHOIO  PO3KJIaJaHHs
KCEHOO010THKIB. OCcOOIMBOCTI MIKpOO10JIOTIYHOT TpaHcpopMarllii OKpeMUX
KJIaCiB OPTaHIYHUX KCEHOO10THKIB.

Tema 2. bDBioTexHOJIOTiYHI aJbTEPHATHBH Yy CLUIBCBKOMY
rocnoaapcrsi. bionoriuHi 3acobu 3axucty pociauH. bionectunuau:
OakTepiayibHl, TpUOKOBI Ta BipycHI Tmpenapard. biorepOiuuam.
3acTocyBaHHSI OIOTE€XHOJOTM JUisl MIJABUIIEHHS MPOAYKTUBHOCTI B
CLIbCbKOMY TocmoaapcTBi. biosnoriuni noOpuBa. TexHosorii oTpuMaHHS
a3oTHUX Ta (ocdatHux OiomoOpuB. AzorobakTepuH, (pochobakTepuH,
KpeMHEOAKTEpUH, HITparid, pu3oTpodiH. ['€HHa I1HXKEHepis KyJIbTyp
POCIIMHHUX KIITUH Ta TKaHUH. ['eHeTHYyHO MoJudikoBaHI OpraHizMu
('MO) Tta iX 1HTpPOAYKIliSI B MPUPOJHI IIEHO3U, aHaN3 Ta METOAU
KOHTPOJIIO MOBEAIHKHU 1 EKOCUCTEMI.

Tema 3. 3acTocyBaHHsI 0iOTeXHOJIOTIN A YTHJII3alili TBepAUX
BigxoaiB. Mikpo0OioyioriuHa nepepooka OopraHiyHUX BiAXO/IIB. 30arayeHHs
MIKpOOHUM KOPMOBHM O1IKOM. TexHosoriuHi 0COOJIUBOCTI
MIKpPOOI0JIOTIYHOT KOHBEpCli B KOpMOBUM Ounok. BuauieHHs Ta
KOHIICHTPYBaHHs 0i0Macu Ta O1IKOBHX pedoBUH. OCOOIUBOCTI MEPEPOOKHU
JESKUX OpPraHIYHUX BIAXOIIB Yy KOPMOBI MNPOAYKTU. TeXHIKO-XIMIYHUN
KOHTPOJb Ta 3a0e3medyeHHs  sKkocTi  mpoaykimii.  CuiaocyBaHHS.
KomnoctyBannsi. AepoOHa craOumizaiisi. AHaepoOHE 30pO/KyBaHHS Ta
MeTaHoreHepallisi. bIOKOHBepcisi B TEIUIOBY €HEPrir0 Ta MajIuBO.
ANbTepHATUBHI MPOAYKTH €KOO10TEXHOJIOT 1. 3acToCyBaHHS
O10TEXHOJIOTIA i1 TEepepoOKH MNPOMUCIOBUX BiaxomiB. I[lpuHuunu
opraizailii MaJJoB1IXOTHOTO BUPOOHUIITBA.

Tema 4. 3acTocyBaHHs 0i0TEeXHOJIOTI NMPH BHAOOYTKY KOPHMCHHUX
KonajuH. baktepiapbHe BUIYTOBYBaHHS  MIHEpaJbHOI  CHPOBUHHU



MikpoopranizMu 1 XiMmisi OaKTeplalbHOTO OKHCJICHHSA CyIb(PigHUX
MIHEpAJIIB 1 KOHIIEHTPATIB PyJ, BUKOPUCTAHHS PO3UYMHHUKIB. biocopOiris
MeTaliB. Bukopuctanus O10TeXHOJOTIN i 30aradeHHs pya. Bunanenns
CIIOJIYK CIPKM 13 BYTUJUIS 3a JOMOMOIOI0 TIOHOBUX OakTepiil. 3HMKEHHS
KOHIICHTpaIlli MeTaHy y BYrUIBHUX IIJJacTaX 3a  JOMOMOTOIO
METAHOOKHUCIIOIOUUX OakTepiid. 30UIbIICHHS BiAJayl MacTiB HadTH 3a
JOTIOMOTO10 OaKTepiil.



IlepeJiik NUTAHBb AJ151 TOTOYHOT0 KOHTPOJIIO

1. biojsoriyHi cucTeMH Ta NPUHIUIHA €KOOIOTEXHOJOTTYHHUX
BUPOOHUIITB.

2. Ha saxux npuHmunax O0a3yeTbes peanizailisi O010TE€XHOJIOTTYHUX
poIecis ?

3. IlepcnexktuBH1 ©010J0T14HI 00’€KTH [JIsi MPUPOAO-OXOPOHHOT
010TE€XHOJIOTTI.

4. Metoau MiABUIICHHSA MPOJYKTUBHOCTI O10JIOTIYHUX 00’ €KTIB —
POJIYIEHTIB LIJIbOBOTO MPOIYKTY.

5. OxapakTepuszyuTe pojib MiKpOOPraHi3MiB K 00’ €KTiB-IIPOTYIICHTIB
y 010TE€XHOJIOTi.

6. JSIxki OIOTEXHOJOTIYHI TMepeBarm MarTh MIKPOOPTraHi3MH-
MPOAYLIEHTH ISl €KOJIOT1YHOT 010TEXHOIO0T11?

7. SIkuM YHMHOM XapaKTEPHU3YIOThCS 01000’ €KTU-TPOAYLICHTH 3a
PIBHSIMH OpraHi3arii.

8. SIK BUKOPHUCTOBYIOTHCSI MIKPOOPTaHI3MH y BUPOOHMIITBI PIZHUX
BU/IIB €KOJIOT1YHO O€3MeYHOT MPOAYKIlIi IIUPOKOTO BXKUTKY ?

9. Sxi rocnoaapchki mpoOJEMH MOKHA BUPIIMIUTH 32 JOMOMOIOKO
€KO010TEXHOJIOT1i1?

10. SIxi KOHKpETHI 3aBJaHHS CTaBJIATHCS TMEpe]  EKOJOTIYHO
CIIPSIMOBAHUMM O10TE€XHOJIOT1IMHU?

11. I3 AKUX OCHOBHHUX €JIEMEHTIB CKJIQJA€ThCS €KOO10TEXHOJOTTUYHUN
nporec?

12. Yomy pO3BUTOK €KOOIOTEXHOJOTIYHOTO BUPOOHUITBA B YKpaiHi
MOHa BBa)KAaTH MEPCIIEKTUBHUM?

13. Yomy BUKOpHCTaHHS 010TEXHOJOTTYHHUX METOJIB A€ MOKJIUBICTh
KOMIUIEKCHO BUPIIITYBATH €KOJIOT14HI TPOOIeMu?

14. CupoBuHHa 6a3a 010T€XHOJOTTII.

15. OcHoBHI BuaU CyOCTpaTiB, SKI BHUKOPHUCTOBYIOTHCS y
€KOO10TEXHOJIOT1].

16. IIpoaykTu 610T€XHOJIOTTYHOTO MPOILIECY.

17.  Ha  sKux  HayKOBO-METOJUYHUX  3acajax  Oazyerbcs
€K0010TEXHOJIOT1s1 BHPOOHHUIITB?

18. Y yomy mosisirae €KOJIOT1YHICTh IMMOO1JTI30BaHUX CUCTEM?

19. OkpecniTh MeTOAM W NPUHIUNM IMMOOUTI3AIIT O10JOTTYHUX
00’ €KTIB.

20. ki BUOM HOCIIB BUKOPUCTOBYIOTHCS JJIsI  1MMOOiMi3arii
dbepMeHTiB?

21. YV dYoMmy TONSTalOTh €KOJOTIYHI TIepeBard MPOMHUCIOBOTO
3aCTOCYBaHHS IMMOO1TI30BaHUX (DEPMEHTIB?



22.VY sKuX ragy3l BUKOPUCTOBYIOTh KIITHHHY IMMOO1TI3a11it0?

23. Sxi 61000’ekTH OEpyTh ydacTh B YTBOPEHHI IMMOOLII30BaHUX
cucrtem?

24. 'V 4yoMmy monirae MNPUHIUI «YCKJIATHEHHS» 1IMMOOLUII30BAaHUX
cucrtem?

25. SIKy polb BIIrparOTh iIMMOOLUTI30BaHI CHUCTEMHU JJis Jerpajariii
IIIK1UTUBUX KCEHOO10THUKIB?

26. B yomy nosisirae cyTh aepoOOHUX METOIB OUUILEHHS! CTIYHUX BOJ?

27. Bix yoro 3ai1eXuTh MIBUAKICTE OKUCIEHHS CTIYHUX BOI?

28. Big IKMX YMHHUKIB 3aJ€KUTH SIKICTh OKMCHEHHS CTIYHHUX BOJ Ha
MOJISIX 3POIICHHSX ?

29. Ha3BiTh €KO0JIOT14HI IepeBaru METO/11B 0100YHILEHHS CTIYHUX BOJI,.

30.  OxapakTepuzylTe NOPUHUUNOM  OIOJIOTIYHOTO  OYHUILEHHS
IIPOMUCITIOBUX Ta MOOYTOBUX CTIYHUX BOJ?

31. Ha sxux O10TEXHOJOTIYHUX Mpolecax 0a3zyeTbcsd 0100YMILECHHS
CTIYHHUX BOJI?

32. SIxi 610XiMI4HI OPOIIECH JICKATh B OCHOBI O100YHIIEHHS CTIYHUX
BOJ?

33. Slki Tpynu MIKpOOpPraHi3MiB 3a3BHYail 3aceNIiOTh O10IEHO3U
OYMCHHX CTIOPYA?

34. Sxi ¢i31070r14HI  OCOOJUBOCTI TMPEJACTAaBHUKIB  O101IEHO3Y
BUKOPUCTOBYIOTh Y CUCTEM1 O100UMIIIEHHS CTIYHUX BOA?

35. Big skux ¢akTtopiB 3anexuTh €PEKTHUBHICTb acpOOHUX METO/IIB
OUMIIICHHS CTIYHUX BOA?

36. Skuii npuHUMN Ta siKa €(PEKTUBHICTH AHAEPOOHUX METOJIB
OUMIIICHHS CTIYHUX BOA?

37. UuMm BiApi3HAETHCA Mpollec aMmoHidiIKaIli CTIYHUX BOJ BiJl IXHBOI
JNEHITpU(IKaIIi?

38. SIk1 OCHOBHI HOKA3HUKH O10XIMIYHOI'O OUMIIIEHHS CTIYHUX BOJ?

39. lllo € 610pITBTPOM B OYUCHHX CHOpYyAaX, AKa iX MPUHIMIOBA
cXema Ta MPaKTUYHE BUKOPUCTAHHS?

40. Konu aJ1s1 OYUIIIEHHS CTOKIB BUKOPUCTOBYIOTh METAHTCHKH ?

41. Big sxux napaMeTpiB 3aleKUTh €(PEKTUBHICTb POOOTH
METAHTEHKIB?

42. SIxa npuHUMIIOBA PI3HULIS M)XK METAaHTEHKaMU 1 aepOTEeHKAMM?

43. Sk1 cnopyad i OlOOYHMILEHHS CTIYHHUX BOJI HaMOLIbII
edeKTUBHI1?

44, 3a axuM npuHIUIOM GOpMYeEThCcs O10o1eH03 Yy Ol0puUIbTpax
OYMCHHX CIIOPYA?

45. Ha SIKUX MIPOMMCIIOBUX BUPOOHUIITBAX TOIJIBHO
BUKOPHUCTOBYBaTH 010D 1IHTpH?



46. OxapakTepusyiTe cxemy 01004MILIEHHS] TOOYTOBUX CTIYHUX BO/I.

47. Ha3BiTb nepeBarv BUKOPUCTAHHS IMMOO1T130BaHUX 010(p1IbTPIB.

48. Ha axux npuHOumax 06a3yroTbCs METOIM BU3HAYCHHS €KOJIOTTIHOT
O€3MEeYHOCT] Ta AKOCTI O10TEXHOIOTIYHOI MPOTYKITIi?

49. Sxuit mpolnec Ha3UBaIOTh BEPMIKYJIbTUBYBaHHS ?

50. SIxi 61000’ €kTH OEPYTh YUacTh y MPOIIECi BEPMIKYJIbTUBYBAHHS?

51. Ak HA3UBAETHCS 010TEXHOJIOTTYHUI MPOAYKT
BEPMIKYJIbTUBYBaHHS ?

52. Slke 3HayeHHS Mae BEPMIKYJbTUBYBAaHHS JUISI CUIBCHKOTO
rocrioapcraa’?

53. SIxi yMOBH NOTPiOHI1 JIJIsi BEPMiKYJIbTUBYBaHHS?
54. 3a sIKO10 CXEMOI0 B1I0YBAETHCS MPOIIEC BEPMIKYIbTUBYBaHHS ?
55. 'V akux ranyssx, kpim AIIK, 3acTOCOBYIOTh BEpMiKYJIbTUBYBaHHS ?

56. OxapakTepu3yure CBITOBUH JOCBI]I BUKOPUCTAHHS
BEPMIKYJIbTYpH?

57. Sxi  MOXIMBOCTI MOXHa peani3yBaTh, BHKOPHUCTOBYIOUU
BEPMIKYJIbTYPY?

58. SIki1 eKOJIOT14HI epeBaru Npouecy BepMIKyJIbTUBYBAHHS ?

59. SIki 610JI0T1YHO aKTUBHI PEUOBUHH BMIIIYE BEPMIKOMIIOCT?

60. SIky poip BiIIrparOTh BEPMIKOMIIOCTH B MiJBUIIECHHI POAIOYOCTI
I'PYHTIB?

61. Slka ekonoriuyHa pojb TYMIHOBHUX KHCIOT Yy 3a0e3MeueHH]
pPOJIOYOCTI TPYHTIB?

62. Ski Tpynu TYMIHOBUX CIOJYK XapakTepHl sl TyMycy,
YTBOPEHOT'O 3 BEPMIKOMIIOCTY?

63. SIki BJIACTMBOCTI METAHOT€HHUX OaKTepid 3yMOBIIOIOTH 1XHIO
MOXJIMBICTh YTBOPIOBATH O10Ta3?

64. 3 SKOI METOI B €KOOIOTEXHOJOTT BHUKOPUCTOBYIOTH IPOIIEC
METaHOBOTO OpOaiHHsA?

65. SIKy eKoJIOT14HYy pOJib BIJIITPAIOTh MIKPOOPTaHi3MU B MPUPOTHUX
mpolecax yTBOpeHHs Oiorazy?

66. OxapakTepu3ynTe KOMIOHEHTHUM CKJIaJ O10rasy.

67. Y yomy noJisira€ XiMiYHUA MPUHIUAT METAHOTEHE3Y?

68. Ha3BiTh OCHOBHI TEXHOJIOT1YHI (PAKTOPH 1 CTa/ll METAaHOTECHE3Y.

69. Ski rpynu O6akTepii 1 3a SIKOI0 CXEMOIO0 OepyTh y4acTh y Mpoleci
YTBOPEHHSI 010ra3y 3 OpraHiyHOi CUPOBUHU?

70. SIki TEXHOJIOT1YHI MapaMEeTPH BILUIMBAIOTH HA SIKICTh Ol0oTrazy?

71. Y 4oMmy BUSBISIOTBCA KOHCTPYKIIIHHI OCOOJHUBOCTI 010Ta30BUX
YCTaHOBOK?

72. OxapakTepu3yiTe BUIU METAaHOBUX 010pEaKTOPIB.



73. 'V  AKHMX Traimy3sX HaIlOHAJIbHOI €KOHOMIKM  JOIIJIBHO
BUKOPUCTOBYBAaTH 010ra3oBi peakTopu?

74. Ha3BiTh €KOJIOT1YHI MepeBard BUPOOHUIITBA W BUKOPUCTAHHS
Oiora3sy.

75. SIki mepCHeKTUBU BUKOPUCTAaHHA O10ra3oBMX YCTAaHOBOK B
VYkpaiui?

76. OxapakTepu3yuTe XiMI4HI OCOOJMBOCTI  OloeTaHoimy U
010/1M3€IbHOr0 NanuBa’?

77. Po3kpuiiTe €KOJIOro-eKOHOMIYHI MNPUHUIMUIN BUKOPUCTAHHS
OioeTaHOy ¥ 010IM3ETBLHOTO TATUBA.

/8. SIk1 1iCHYIOTH €KOJIOTIYHI TMepeBard BUPOOHUIITBA PIIKOTO
OionanuBa B Ykpaini?

79. Ha3BiThb BUJIM CUPOBUHH, SIKI JOULIBHO BUKOPHCTOBYBATH IS
BUTOTOBJICHHS O10€TaHOJy 1 010/IM3€IBHOTO NAIUBA.

80. 3po0iTh MOPIBHSAJIBHUM aHaANI3 TMEPCHEKTUB 3aCTOCYBAaHHS
OiomanuBa B kpainax €C.

81. OxapakTepusyiTe NepcrneKTUBU O10MATUBHUX PECYPCIB YKpaiHHU.

82. Bwu3HauTe EKOJIOTIYHI acCMeKTH BUPOOHUIITBA O10€TaHOIY,
010/1M3eNBHOTO TIAIMBa Ta 6iora3y B YKpaiHi.

83. BuxkopucTaHHs SKUX BUJIIB CUPOBHHHM MAa€ €KOJIOTO-€KOHOMIYHI
nepeBary Npu BUTOTOBJICHH] Oiora3y?

84. ki MiKpoOiOJIOTIYHI OCOOJIMBOCTI KOMIIOCTYBAaHHS OPTraHIYHUX
BIAXOO1B?

85. ki O6ioxiMiyHI OCOOJMBOCTI KOMIIOCTYBAaHHS OpraHiuHHUX
BIJIXO/1B?

86. ki rpymu KUBHUX OpraHi3miB O€epyThb ydacTb Yy Mpoleci
KOMITOCTYBaHHS ?

87. 3 AKX OCHOBHHUX KOMIOHEHTIB CKJIaIat0ThCS POCIMHHI BIIXOIU?

88. SIki KOMIIOHEHTH BXOJSATh JO CKJIaJAy KOMIIOCTY, YTBOPEHOIO 3
OpTaHIYHMUX BIJIXO/IIB?

89. Sxi O10XIMIYHI TIEPETBOPEHHS BIAOYBAIOTHCA B OPraHIYHUX
BIJIXOJ1aX 1171 YaC KOMIIOCTYBaHHS Ta sKa JUHaMIKa I[bOTO MpoI1ecy?

90. 3a axuX yMOB B1JIOYBA€THCS MPOIIEC KOMIIOCTYBAHHSI OPraHIYHUX
BIJIXO/1B?

91. ¥V 4yoMmy mnonsirae TpUPOJOOXOPOHHHUN e(EKT KOMIOCTYBaHHS
OpTraHIYHMX BIJIXOIIB?

92. Sxi BuauM OIOTEXHOJOTIYHMX IMPOIECIB BUKOPUCTOBYIOTHCS B
arpoNpoOMHCIOBOMY KOMILICKCI?

93. V sKkux raiy3six AOLUIBHO BUPIIIYBATH MOPOOJIEMHU YyTHIII3aIlli
BIIXOJ1B O10TEXHOJIOTTYHUMHU MeTOAaMMU?



94. Slke 3HaueHHS MarOTh OIOTEXHOJOTIYHI TMPOIECHU JJIsI Xap4dOBOi
POMUCTIOBOCTI?

95. Sxi npobimemu  Bupimye  OIOTEXHOJOTiE B CHCTeMI
arporpoMHUCIOBOT0 KOMILIEKCY?

96. OxpecniTh QyHKIIII O10TEXHOJIOr1i B aHAIITHYHUX CUCTEMax?

97. Slxum 4YMHOM O10TE€XHOJIOT11 3aCTOCOBYIOTh Y TPHUIITBI?

98. SIky posb BIAIrpatOTh 010TEXHOJIOTIT B METUYHIN ramy31?

99. OkpecniTh HampsMH  3alpOBaKEHHS  OIOTEXHOJIOTIM B
CHEPreTUYHY Tally3b.

100. SIxi mepeBaru MarOTh OIOTEXHOJOTIYHI MPOLECH MOPIBHSIHO 3
TpaaULIMHUMU TPOMUCIOBUMH TEXHOJIOT1SIMU ?



4%

IlepeJiik TeCTOBUX MUTAHD JJI1 CAMOKOHTPOJIIO
1. bioniBka BUKOHY€ (yHKUII - ...
a) CeAUMCHTAITIS
0) eKcCTpamoIsiIis
B) (byIOKyJISIIis
r) piTopemeniariii
2. Tunm myay (mepBUHHMIA) CTAHLIN 0i00YMIIIEHHS. .. .
a) YTBOPIOETHCS y BIICTIMHUKY ITPU KOHIIEHTpALlil CyXUX PEUYOBUH — 3-

0) YTBOPIOETHCA Y KparIuHHUX O10(PpiabTpax mpu KoHueHTpali 2%
B) (bJIbOKYJIbOBAaHA OioMaca IpHU OYMIICHHI CTOKIB

') HEOOPOOJIEHUH KOTHIUM CITIOCOOOM

3. TumoBa pauioHaJbHa CcXeMa  AaHAEePOOHOI  OYHUCTKH

MNPOMHUCIOBHX CTOKIB BKJIIOYAE ... .

4%

4%:

a) HEUTpai3aTop;

0) mepBUHHUI BIJCTIMHUK yJIOBIIIOBAY;

B) METAHTEHK JJISl KUCJIOT'0 OPOJIIHHS,

I') METAHTEHK JIJI1 METAHOYTBOPEHHS;

1) 301pHUK rPaHyJIbOBAHOTO BOJIOTOT0 MYy

4. B1acTMBOCTi AKTUBHOI'O MYJIY ...

a) celMMEHTallls

0) excTparnoJsiis

B) (IOKYJISAIIS

r) ¢piropeMenianii

S. Tunu myay (cupuit) cTaHuii 0i00YUIEHHS ... .
a) YTBOPIOETHCS y BIACTIMHUKY TP KOHIEHTpPAIlll CYXUX PEUYOBUH — 3-

0) YTBOPIOETHCA Y KpAaINIMHHUX 010(h1IbTpax mpu KOHUEHTpalli 2%

B) (bJIbOKYJIbOBaHA OloMaca MpHU OYMIIEHHI CTOKIB

') HEOOPOOIEHU KOTHUM CITIOCOOOM

6. Tunu myay (AKTUBHUN) CTAHUIA 0i00OYMIIICHHA ... .

a) YTBOPIOETHCS y BIICTIMHUKY TP KOHIIEHTpPAIlll CYXUX PEUYOBUH — 3-

0) yTBOPIOETHCA Y KpAIUIMHHKUX 010 UTbTpax Mpu KoHIEeHTpallii 2%;
B) (bJ1bOKYyJIbOBaHA OioMaca Mpy OYUIIEHHI CTOKIB;

') HEOOpOOIEHU KOJJTHUM CITIOCOOOM.

7. Ciopyau, B IKHX MOKe NMPOBOAUTHCA OioxXiMiuHe 0e3KHCHeBe

OUYMIIICHHSA CTIYHUX BO/I...

a) BIICTIMHUKHU
0) METaHTCHKHU



B) a€pOTCHKH

) pekTudikaIiifi KOJIOHU

8. TwumoBa panioHagbHa cxXeMa  aHAepOOHOI  OYMCTKH
NMPOMMCJIOBHUX CTOKIB BKJIIOYA€ aepOOHUM OiopeakTop ... .

a) HeUTpamizaTop;

0) MepBUHHMI BIJICTIHHUK yJIOBJIIOBAY;

B) METaHTEHK JIJIsI KUCJIOTO OPOIIHHS;

I') METAHTEHK JIJI1 METAaHOYTBOPEHHS;

1) 301pHUK TPaHyJILOBAHOTO BOJIOTOr0 MYJTY

¢) aepalliiHuil CTaBOK.

9. TumoBa panioHaJbHa cXeMa  aHAepPOOHOI  OYMCTKH
MPOMMCJIOBHX CTOKIB BKJIIOYA€ PeaKTOP (IOKYJIAMLII ... .

a) HEUTpaIi3aTop;

0) mepBUHHUI BIACTIMHUK yJIOBIIIOBAY;

B) METAHTECHK JJISl KUCJIOT'0 OPOJIIHHS,

I') METAHTEHK JIJI1 METAHOYTBOPEHHS;

1) 301pHUK rPaHyJIbOBAHOTO BOJIOTOTO MYy

¢) aepalliiHiil CTaBOK.

10. 1o ¢pizuuHMX MeTOAIB OYUCTKH BOJAU BIIHOCATHCS .

a) 030HYBaHHS;

0) Koaryssmis;

B) (p1IbTpyBaHHS;

I') XJIOPyBaHHS;

11. Beauki 0aceilHu 1Jisi OYHUINEHHS THUIOBUX MOOYTOBHMX CTOKIB,
SIKi IHTEHCMBHO aepYHOThHCH i epeMIillyIOTHCH HA3UBAKOTh ... .

a) METaHTCHKH

0) aHaepocTaTy;

B) a€POTEHKU;

r) TepMocTaru/

12. ki ¢akTopu BUPOOHMYOrO cepedOBHINA BiIHOCATHCH [10
OioJioriyHmMX:

a) €JIEKTPO-MarHiTHI XBUIIi;

0) OakTepii;

B) IIIYM;

I') eIEMEHTOPTraHIYH1 CIIOJIYKH;

1) IpaBUJIBHOL BIJMIOBIA1 HEMAE

13. BmicT amMoHiaKy y NUTHII BO/i 10IMyCKA€THCA:

a) 7o 0,002 mr/m;

0) 1o 0,1 mr/m;

B) 10 10 mr/m;

r) 20-30 ™mr/m;



14, SIkuo KoJi-iHaeKCc NMUTHOI BOAU Oijiblie 3, TO icHYE:

a) HeOe3neKa MPUCYTHOCTI MaTOT€HHO1 MIKPO(JIopH;

0) HebOe3IeKka Kopo3ii BOJIOMPOBIIHUX TPYO;

B) HEOe3MeKa MOSIBH TOKCUYHUX XIMIYHUX PEYOBUH

I') MOKa3HUK BIJICYTHOCTI 3a0pyAHEHHS

15. SIlka i3 canpoOHMX 30H XAPAKTEPU3YETHCS HAUOPYIHINIOK

BOAOK0, HCIPUIAATHOIO J1JIAA BOI(OHOCTa‘IaHHﬂ?

a) o.-Me30carpooHa;

0) oJirocanpoOHa;

B) B-me3ocamnpoOHa;

r) noJiicanpoOHa.

16. Ska i3 canpoOHMX 30H HAOJMMKAETHLCA [0 TMOJiCAaNpPoOOHON

(kinbkicTh OakTepiii - coTHi TMcsiy B 1 MJI), i € HempuaaTHOIO AJ1
BOJAONOCTAYAHHA?

a) moJicanpoOHa;

0) a-Me3ocanpoOHa;

B) oJrirocanpoOHa;

r) B-mMe30canpoOHa.

17. KiabkicTb Mikpoopranizmis y 1 MM° HHTHOI BOJOINPOBITHOL

BO/IM IOBUHHO 6§TI/I He OlJIbIIe

a) 5 KYO/ewm

6) 10 KYO/em®;

B) 100 KYO/em?;

r) 500 KVO/em®.

18. Aeporenku — e ...

a) BEJIMKI OaceWHM IJIsl OUMIICHHS TUIMOBUX MOOYTOBUX CTOKIB, SKI

IHTEHCHUBHO a€PYIOTHCS 1 IEPEMILIYIOTHCS;

0) 3aKpHUTI peaKTOPH JJIs1 aHAEPOOHOTO OUUIIICHHSI JOBKIJIIS;

B) GUIbTPH 3 O10ILTIBKOIO;

r) O10peakTopu AJisi BUPOILYBaHHS aepoOiB

19. MeTaHTEeHKH — 1€ ...

a) BeJIMKI OaceWHM JJIsI OUMINCHHS TUIOBUX MOOYTOBUX CTOKIB, SIKI

IHTEHCUBHO a€pYIOThCS 1 IEPEMIIIYIOTHCS;

0) 3aKpHUTI peaKTOPH JJIsi aHACPOOHOTO OUUIIICHHS JOBKIJIJIS;
B) GUILTPH 3 O10IITIBKOIO;

') pEaKTOpH sl OTpPUMaHHS O1orasy;

20. 1o PpiznuHrX MeTOAIB OYUCTKH BOJY BiTHOCSATHCS:

a) JIOMIHYBaHHS;

0) pipTpyBaHHS;

B) KOAryJIsiLis;

I') 030HYBaHHS;



21. Tlpoumexypa eKOOiOMOHITOPMHIY [JOBKLLISI MNOJAETHCHA Y
BUIJISLi JIAHIIOTA TIPOLeayP:

a) 1HJMKaIlisl —BUMIPIOBaHHS — TECTYBaHHSI- BUMIPIOBaHHS — OIIHKA;

0) BUMIPIOBaHHS — aHaJli3 — OMKMC — MOJCITIOBAaHHS — ONTHMI3aIlis;

B) OIIHKA — aHali3 TECTyBaHHS — BU3HAYCHHS TOKA3HUKIB —
OC3IIeYHICTb;

I') BU3HAUEHS YHCTOTH JOBKIIS — BHU3HAYEHHS PIBHSA 3J0pPOB’S —
O101HIMKAIIS — OL[IHKA.

22. BIIK — Giosioriuna moTpeda y KucHi BKa3ye Ha

a) KOHIICHTpAIIl0 OpPraHIiYHUX CIOJIYK, OKHCHIOBAaHMX O10JOT1YHHUM
UISIXOM;

0) KOHIIEHTpaIli}0 aTMOC(HEPHOTro a30Ty JJIs KIIyOSeHbKOBUX OaKTPii;

B) KOHIIEHTPAL1I0 MiHEPAIbHUX COJIEH;

') KOHIICHTpAIlil0 OaKTepiil 1 BOJOPOCTENA.

23. BIIK - (0ioJsioriyHa moTpeda y KUCHi, 0i0J10TIYHE CIIOKMBAHHSA
KHCHIO pelylleHTOM Ha YCYHEHHSI KOHLIEHTPALil OpraHiyHuX pe4yoBUH,
[0 HAsIBHI B KaHAJI3amilHUX CTOKAaX, /JJs IOBHOI0 OKHCHEHHS
PEYOBHH CTOKIB) — I BUPA!KAETHCH B OJMHULAX KIJIbKOCTI KMCHIO, IKA
HeoOXiaHA 115

a) BIIHOBJICHHS OPTaHIYHMUX CHOJIYK, III0 MICTIAThCA B 1 J1 CTIYHOT BOM
IIpU METAHOTEHE31;

0) OKMCHEHHSI OPTaHIYHUX CIIOJYK, IO MICTITHCS B 1 J1 CTIYHOT BOJU ¥
pe3yJibTaTi aepoOHUX O10JIOTTYHUX MPOILIECIB;

B) OKMCHEHHSI OpraHiYHMX CHOJIYK, 1[0 MICTAThcA B 100 11 cTiuHOi
BOJIM B pE3YyJIbTaTlI OUUIIEHHS MIKPOOPTraHi3MaMUu;

I) BIIHOBJEHHS MiHepadbHuX ocadiB y 100 1 CTiyHUX BOJA
MPOMUCIIOBUX MIANPHUEMCTB.

24. Besauki OaceilHM OYHMIIEHHSI TUNOBUX MOOYTOBHUX CTOKIB 3
aepaui€ro Ta nepemMillyBaHHAM:

a) aCpOTEHKH;

0) TepMOCTaTH;

B) 010CTaBKH;

I') METAHTEHKHU.

25. J1o 6ioj10TriYyHUX MeTOAiB 0UMCTKH BOJU BiJHOCATHCA:

a) XJIOpPYBaHHS;

0) MeTaHOBa pepMeHTAllif;

B) KOAryJIsiLis;

') 030HYBaHHS.

26. BesqiuKi peakTopu OYHUIIeHHS CTOKIB 0e3 aepaiii:

a) aepOTCHKH;

0) TepMocTaTH;



B) 010CTaBKU,

I') MCTAHTEHKHU.

27. BuOepiThb nNpPaBUIBHI PpeYeHHS [0 KJIKYOBHX CJIB:
aHaepoOHMM MYJI, METAHTEHK, IUIAHKTOH, crTpaTtudikamia, moJas
¢inbTpanii, inginbrpaniiHa oiomiara.

a) CYKYIHICTh MiKpOOpPIaHi3MiB, sIKi OCEJII0I0Th TOBIII BOJIH;

0) OiloleH03 MIKpPOOpraHi3miB, $Ki 30pOKYIOTH OCaJ 3a YMOB
B1JICYTHOCT1 KUCHIO;

B) HaOUIBIII MPOCTa OUKUCHA CIIOPY/IA;

I') IHKEHEpHA CTopy/Aa, pO3MillleHa B KOTJIOBAHI;

1) TEMIIEpAaTypHE PO3IIAPYBAHHS BOJIH;

€) TepMETUYHUN UWIIHJIPUYHUN pe3epByap sl aHaepoOHOTro
30pOKYBaHHS MYIy.

28. Po3kpuiite moHaATTs OioXiMiyHa morpeda B KHCHI, XiMiuHA
norpeéa B KHUCHI CTIYHMX BOA. Skuii OioXiMiYHHI TOKA3HUK
xapakrepu3ye Bupa3 bIIKnos./XIIK:

a) eBTpodIKalliio;

0 ) HAaCUYCHICTh BOJIU KUCHEM;

B) O10pO3KIaAAEMICTH CTIYHUX BOJ;

') aKTUBHICTh MYITY.

29. Cyxuii 3aJ1MII0K aKTUBHOI'0 MYJIy MICTUTh:

a) 37 — 52% 611kiB, 20 — 30% amMIHOKUCIIOT;

0) 25 — 40% 6inkiB, 10 — 20% aMiHOKHUCIIOT;

B) 35 — 58% O1unkiB, 15 — 25% aMiHOKHCIIOT;

r) 17 — 35% 61nxkiB, 14 — 25% aMiHOKHCIIOT.

30. o meroaiB 00poOKH BIANPALBLOBAHOIO0 AKTHBHOIO MYJY He
HAJIEKATh:

a) piako-(ha3zHe OKUCITIOBAHHS;

0) 3HEBOJHIOBAHHSI;

B) CIIAJICHHS;

') TEpMIYHI METOJIH

1) BAKOPHUCTAHHS B IKOCTI1 JJOOPHB.

31. Bkaxirb, cTiuni Boau uyucjaoni 3HaveHHss BIIKnoB./XIIK sakux
NMOJAHI HM)KYeE, 0 MJATralTb NpsaMii Oiosoriynin ouucrTui. s
SIKMX THIIiB BUPOOHULTB BOHH XapPaKTepPHi.

a)> 0,2;

6) 0,1 - 0,02;

B) 0,01 - 0,001,

r) < 0,001.

32. Silknii BueHui BiAkpuB y 1776 poui npouec meraHorexnesy?

a) @apajeit;



0) Amrep;

B) ["anbBaHi;

r) BosbT.

33. €MHicTh M5 30pPOJAKYBAHHS THOI HA3MBAECTHCH (BKAKITH
HeNpPaBUJIbHY BiINOBiAb):

a) OPOAMILHOIO KaMepOIo;

0) aepOTEHKOM;

B) CEIITOTEHKOM,;

r) 010a30BOI0 YCTAaHOBKOIO;

1) METAHTEHKOM.

34. SIke ontumauabHe cniBBigHomeHHss C i N y cyOcrpari ans
MeTaHOreHe3y?

a) 5-10: 1;

0) 10-20 : 1;

B) 10-30 : 1;

r) 10-30: 2.

35. Sxkui TemMmepaTypHUl  peKUM  XapaKTepPHUM s
TepMOQiJIbHUX MIKPOOPIraHi3MiB?

a) Big 0 1o 20°C;

6) Big 20 mo 40°C;

B) Big 40 10 60°C;

1) Big 60 mo 80°C.

36. SIlka onTUMaJibHA MIBUAKICTH IepeMillyBaHHs Oiomacu B
METAHTEHKY?

a) 0,3 m/cex;

0) 0,4 M/cex;

B) 0,5 M/cek;

r) 0,6 M/cexk.

37. KoegiuienT TpaHcopmanii eHeprii Oiomacu B eHepriwo
MeTaHy IpHU 0ioMeTaHOTreHe3i JocATraE:

a) 60%;

0) 70%;

B) 80%;

) 90%.

38. OnrtuMajbHMI CKJIad CYX0l pPe4YOBHMHH CyOcTpaTty s
METAHOYTBOPIIOYUX MIKPOOPraHi3MiB €:

a) Ha piBHI 8-12%);

0) Ha piBHi 10-14%;

B) Ha piBHI 12-16%);

r) Ha piBHI 14-18%.



39. Sxkui TemMmepaTypHUl  PeKUM  XapPAKTePHUN IS
Me30(iJIbHIX MIKPOOPraHizMiB?

a) Big 0 1o 20°C;

0) Bix 20 mo 40°C;

B) Big 40 10 60°C;

r) Big 60 mo 80°C.

40. Teopernunmii BuXig Oiorazy 3 1 Kr cyxoi pe4YoBHHH
BYIJIEBOAIB CKJIAJAE:

a) 811 0,8 10 0,9 m

0)Bix 1,1 go 1,4 M7,

B) Bix 1,2 no 1,4 m7;

r)Big 1,4 no 1,6 m”.

41. SIka 3arajgbHa KUIbKICTH OakTepii € B cyOcrpari Ha
M0YATKOBOMY eTaii OioMmeTraHorenesy?

a) Bia 1 mo 8 mr/mu,

0) Bix 1 mo 10 mr/mi;

B) Bixg 1 1o 15 mr/mi;

r) Big 1 go 18 mr/mi.

42. SIke ontumasbHe cniBBigHOmeHHsa JIZKK (JieTkux KMpHHX
kucaor) 10 CaCO; y cydocTpaTi AJi MeTaHOTeHe3y?

a)l:5;

0)1:6;

B)1:7,;

r)l:8.

43. SIky TeOpeTHYHO MOXKJIMBY KIiJbKICTHL 0ioraly Mo:KHa
orpuMaTH 3 1 Kr cyxoi pe4oOBHHHM I'HOMOBOI 0ioMacH BeJIMKOI poraroi
xyaoou?

a) Bix1 0,2 no 0,4 M

0) Bix 0,3 10 0,5 M3;

B) Bix 0,4 10 0,6 M°;

r) Big 0,5 1o 0,7 M.

44. Ha 5Ky KiJIbKICTh 3MEHIIYETHCS OPraHIYHOI PE4YOBHHU B
namMi 3a anaepo0Hoi pepMeHTAalil rHOWOBOI OioMacu?

a) 45%;

0) 50%;

B) 55%;

r) 60%.

45. B saxomy pniamazoni pH Halikpame ¢yHKUIOHYIOTH
KHCJIOTOYTBOPKOKWYI 0OakTepili ApPyroro eranmu OioMeTaHOreHe3y —
enu0renesy?

a) Bixg 3,0 1o 3,5;

W w ow w



0) Bix 3,0 mo 4,5;
B) Bix 4,0 1o 6,5;
r) Big 6,0 10 7,5.
46. 3a saxoi konuentpamii K, Na, Ca mnposiBiasieTbcsi piBeHb

TOKCUYHOCTI y CyOCTpAaTi AJI1 METAHOIeHe3y?

a) 3000-6000 mr/m;
0) 3500-6500 mr/m;
B) 4000-7000 mr/1;
r) 4500-7500 mr/m.
47. SIKy cepeaHI0 KiJIbKiCTh 0iorady MokHa orpumatu 3 1 m° rHOI0

C.-T. TBapuH?

a) Bix 15 10 29 m7;
0) Bix 20 mo 25 M7,
B) Bix 25 1o 30 m7;
r) Big 30 mo 35 m”.
48. SIka KIIBKICTh OPraHiYHUX KHUCJIOT YTBOPIOETHCH HA APYroMy

W w w w

eTani 0OioMeTaHOreHe3y — enuJa0reHe3y?

a) 6mm3bK0 66%;
0) 6mm3bK0 76%;
B) O;13bKO 78%;
r) 61M3bpK0 86%.
49. 3a saxoi konuentpauii NH; nposiB/isieTbesl piBeHb TOKCHYHOCTI

y cyOcTpaTi AJI1 MeTaHOTeHe3y?

a) 1000-1500 mr/m;
0) 1500-2000 mr/i;
B) 2000-2500 mr/1;
r) 2500-3000 mr/m;.
50. Teoperuunuii Buxig Oiorady 3 1 Kr cyxoi pe4oBuHHM OlIKa

CKJIAJAc:

a) Bin 0,8 10 0,9 M°;

o) Bix 1,1 no 1,4 m7;
B) Bix 1,2 no 1,4 M3;
r)Big 1,4 1o 1,6 Mo,

51. SIkuii BiZCOTOK eHeprii POCIAMHHUX KOPMIB IepPeXOAUTb Yy

rHin?

a) 48%;

0) 50%;

B) 54%;

r) 58%.

52. SIkmii BiicOTOK MeTaHy yTBOpHO€TheA 3 anerary Ta H, + CO,?
a) BianoBigHO 72 Ta 28%);



0) BiamoBigHO 68 Ta 32%;

B) BiamoBigHO 62 Ta 38%);

r) BianoBiaHO 58 Tta 42%.

53. Skmii TeMmepaTypHMH = peXMM = XapaKTEePHUH  JJIA
ncuxpogiiIbHUX MIKPOOpPraHizmib?

a) Big 0 1o 20°C;

0) Bix 20 mo 40°C;

B) Big 40 10 60°C;

r) Big 60 mo 80°C.

54. Teopernunuii Buxix Oiorazy 3 1 Kr cyxol pe4oBUHM JIimiaiB
CKJIA/IAE:

a) Bix 0,8 10 0,9 M

0)Bix 1,1 mo 1,4 M3;

B) Bix 1,2 no 1,4 M

r)Big 1,4 1o 1,6 M2,

55. [erpamamisi OpraHiyHMX Pe4YOBHMH TMIPM  MeTaHOre3si
3MiUCHIETHCH SIK:

a) OJIHOCTYTICHEBUH MPOIIEC;

0) IBOXCTYIICHEBHM TIPOIIEC;

B) TPHOXCTYIIEHEBUI MPOIIEC;

I') YOTUPHOXCTYIICHEBU MPOIIEC.

56. AHaepoOHe 30pOJ:KyBAHHS OPraHIYHUX BiAXO0AiB BHeEpIIe
MO4YaJIH 32CTOCOBYBATH B CENITUTEHKAX y:

a) 1870 pori;

0) 1895 poi;

B) 1910 porii;

r) 1928 pouy;

n) 1935 por.

57. CuiBBignomennss CH,, CO,, H,, H,S B 0iorasi:

a)30:25:15:30;

0) 60:20:10: 10;

B) (55-70):(27-44):1:3;

r) (27—-44):(55-70):5: 2.

58. BuOepiTh NpaBWJIbHI peYeHHS 10 KJIIY0BHUX CJIiB: Me30plIbHA
craxisi, pepMenTanis (30poa)KyBaHHSI), METAHOTEHHA CTais, TiApoJai3
OiomoJiiMepiB i po3TamyiiTe cTajii B JIAHIIOT.

a) cTajis, 1o NPU3BOAUTH 0 YTBOPEHHS METaHY;

0) cramig, Mo SIKid yTBOPIOIOTHCS MPOCTI PEUOBHMHU: HIKYL KUPHI
KHCJIOTH, COUPTH, BYTJIEKUCIIOTA Ta BOACHB;



B) pO3Maj y BOJHOMY CEPEAOBHIII CKJIAAHUX OiomojiiMepiB ( OLIKIB,
JMiAIB, TOJicaxapuaiB Ta 1H.) J0 OUIbII MPOCTUX MOHOMEPIB:
aMIHOKHUCJIOT, BYTJIEBO/IIB, >KUPHUX KUCJIOT Ta 1H.;

T') CTajisl, Ha SIKIi yTBOPIOIOThCS O€3Mocepe/iHI MONEPETHUKN METaHy:
aleTar, BOJICHb, BYTJICKUCIIOTA.

59. IIlpn MeTaHOTreHe3i MeTaH YTBOPIOETHCS IHTEHCUBHIlLLIE NIPH:
a)pH 6,0 -6,5; 21

6) pH 6,5 — 6,8;
B) pH 6,8 — 7,4;
r)pH 7,0 —7,5;
n) pH 5,0 — 6,0;
e) pH 8,0 — 8,5.

60. YTuaizauis rHoro Bii0yBaeTbCcst HAMOIIbII IHTEHCUBHO:

a) 3a Me30(PIIbHUX YMOB;

0) 3a TepMO(DUILHUX YMOB;

B) 3a MCUXPOIITLHUX YMOB;

) TeMIlepaTypa HEe Ma€ 3HaYCHHS.

61. Henoaikom MeTaHoOreHesy € (BKaKiTh HeNpaBWIbHY
BIINMOBIAb):

a) HU3bKa €KOHOMIYHA €(DEKTUBHICTH;

0) 3HAYHI 3aTpaTy TEIUIOBOI €HEPrii Ha 3A1MCHEHHS MPOLIECY;

B) 3HAUYHMI Yac yTPUMYyBaHHS;

') HU3bKUM BUXI1] O10Ta3y;

1) BUCOKa COO1BapTIiCTh Olorasy.

62. Sxi mnmapamMerpu  BpaxoOBYWOTbCS NPH  BH3HAYEHHI
e(peKTUBHOCTI 0i0ra30BUX YCTAHOBOK:

a) KUIBKICTh TOBApHOro 0iorazy, coOIBapTICTh YCTAHOBKH, TPUBAIICTh
nepeOyBaHHS THOIO B METAHTCHKY;

0) TemIoTBIpHA 3AAaTHICTH Oiora3y, KUJIbKICTh TOBApHOro 0Oiorasy,
BUTPATH €HEPT1i HA BJIIACHI IOTPEOH;

B) ckiaj Oilorazy, vac YTpUMYBaHHS CyOcCTpary, cOOIBapTICTh
0o0JIagHAHHS;

r) ckiajg Oiora3y, coOIBapTICTh YCTAaHOBKH, KUIBKICTH TOBApHOIO
Oiorasy.

63. bioraszosa ycraHoBKa € epeKTUBHOIO, SIKIIIO:

a) MUTOMI KamiTaJlbHl BKJIQJA€HHS HAa 1 YyMOBHY TOJIOBY HeE
nepeBUIlyoTh 500 HIMEIBKUX MapoK, a MUTOMUN BUX1Jl Ta3y — HE MEHIIE
0,1 M>3 1 kr CyXOi OpraHiuHOi PEYOBUHU;

6) cobiBapTicTs BUpoGHULTBA Giorasy — 0,85-1,2 mom./m”;



B) muTOMHUM BuXig razy — He MeHmie 0,4 M? 3 1 Kr cyxoi opraHigHoOi
PEUYOBUHM, a MEPIIOYEPIoBl KaMiTalIbHI BKJIAJICHHS HE TiepeBunytotTh 1000
— 2000 HIMEIBKHUX MapoOK;

r) coOiBapTICTh BUPOOHUIITBA Ol0Ta3zy B O€3MEPEPBHOMY PEKUMI —
0,27-0,52 monn./m?.

64. Bin oaniei kopoBu Macoro 500 kr 3a 100y 3 THOEM JiCTAKOTh:

a) 3,5 kr cyxoi pedoBunu a6o 0,5 — 0,8 m? Oiorasy;

0) 5,0 kr cyxoi pedoBunu abo 1,1 — 2,5 m? Giorasy;

B) cyxoi pedyoBuHHU a0 2,0 — 2,7 m? Giorasy;

r) cyxoi peuoBunu abo 1,0 — 2,4 m? Giorasy;

1) cyxoi pedoBuHu ado 0,7 — 1,2 m? Giorasy.

65. SIkuii i3 mepepaxoBaHMX BYEHHMX CTBEPHAKYBaB, IO OUIOBI
YepB KN — YMUIL XJIi00Opo0M Ta BHUKOHYKTH POJIb “apxitekropa”
POAYOCTi FPYHTY?

a) K.Jlinnei;

0) B.Jlokyuaes;

B) M.Bagios;

r) U.JlapBiH.

66. IlinbHicTHL 3aceleHHSI OJHOI0 JIOKA MOKe KOJIUBATHCS

a) Big 30 mo 100 Tucsauy 4epB’sKiB (IOPOCIUX, MOJOJUX 1 KOKOHIB 3
STUIAMU);

0) Big 20 mo 80 TucAY yepB’sKIB (JOPOCIUX, MOJOAUX 1 KOKOHIB 3
STUIAMU);

B) Big 10 mo 60 Tucsau yepm’sKiB (JOPOCIUX, MOJOAUX 1 KOKOHIB 3
SUIAMU);

r) Big 5 g0 50 THcsYy 4yepB’sKiB (JOPOCITUX, MOJIOJUX 1 KOKOHIB 3
SUIAMU);

67/. CkiJbKH BiICOTKIB cHMpOro 0ijika Big Macu Cyxoi pe4OBUHU
HAIPOMA/KYIOTh MiKpoopradizmu?

a) 55%;

0) 60%;

B) 65%;

r) 70%.

68. Y sikomy poui OyB BuBeleHHIl YepBOHMU KaJudidopHilicbKui
riopua (riopua rHoMoBOroO i 10I0BOT0 YepB’AKa)?

a) 1949 pik;

0) 1959 pik;

B) 1969 pik;

r) 1979 pik;

69. /st BepMIirocnoaapcTs ONTUMAJILHOK KIJIBKICTIO €:

a) 800 nox 1uIomIero He MeHIe 1 ra;



0) 1000 10> moIiero He MeHIe 1 ra;
B) 1200 nox mioiero He MeHie 1 ra;
r) 1400 nox momieto He MeHIe 1 ra.
70. [lns1 onep:xkaHHA SIKICHOTO0 KOPMY /ISl YepPB’SIKIB OpPraHiYHui

cyOCcTpaT NoBHHEH BiANOBiAaTH HACTYIIHUM BUMOIaM:

a) BoJiorictb — 70-80%, pH — 6,8-7,2, BMiCT OKCH/IIB 3aJ1i3a HE OlIbIIE

10%:;

0) Bosoricts — 60-80%, pH — 6,8-7,2, BMICT OKCHAIB 3al1i3a HE OLIbIIE

10%:;

B) BoJiorictb — 50-70%, pH — 6,8-7,2, BMICT OKCHIIB 3ami3a HE OlbIie

10%:;

r) Bojoricts — 70-80%, pH — 5,8-6,2, BMICT OKCH/IIB 31132 HE OLIbIIIE

10%.

71. SlkuM TeCcTOM KOPUCTYHTHCH JJIA BU3HAYEHHS] NMPUIATHOCTI

cyocTpaTy 1Jisl BepMiKyJIbTUBYBAHHSA ?

a) TecT 20-TH 4YepB’SIKIB;
0) Tect 30-TH yepB’sIKIB;
B) TecT 40-Tu 4epB’sKIB;
r) TecT 50-TH YepB’sIKIB.
72. JIMUMHKH CHHAHTPONMHUX MYX BMPOINYIOTh Ha cydcTparax y

JIOTKAaX po3Mipom:

a) 200x60x15 cmM;
0) 200x90x15 cm;
B) 220x60x15 cwMm;
r) 220x90x15 cm.
73. JlopociMX CHHAHTPONHUX MYX YTPUMYWTh B CaJKax

po3mipom:

a) 100x60x60 cwMm;
0) 100x90x80cMm;
B) 100x60x80 cwMm;
r) 120x60x80 cm.
74. SIky KiIBKICTH OioneperHo Mo:kHa orpuMaTtu 3 1 T cyocTpary

nepepos.IeHOr0 JIHYMHKAMY CHHAHTPOITHUX MYyX?

a) 811 200 o 300 xr;

0) Bix 300 go 400 kr;

B) Big 400 10 500 kT;

r) Big 500 o 600 kr.

75. Bka:xKiTh OCHOBHI MeTO/IM OYUCTKHU MOBITPSIHOT0 cCepeI0BUINA:
a) ¢i3uyHi;

0) XIMi4HI;

B) MIKpOO10JIOT14HI;



I') JICKTPOMEXaHIuHI;

1) 332 JOTIOMOT'OK0 BOJOPOCTEH.

76. IlepeBarorw MiKpoOiOJOTIYHMX METOMIB OYUCTKH IOBITPS
nepea XiMiyHMMHU Ta (QI3UYHUMH ABJIAETHCHA (BKAXKITh HENMPABWIbHY
BiANOBIAb):

a) MOXJIMBICTh ITPOBEJICHHS MIPOIECY MIPHU 3BUUYANHIN TeMIepaTypi;

0) MBUJIKICTh OYUCTKHU MOBITPS;

B) JICIIEBU3HA, IOCTYITHICTh YCTAHOBOK;

') IPOCTOTA B €KCIUTyaTallli, BACOKA CTYMiHb OYUCTKH MOBITPS;

1) €KOJIOT1YHICTh Ta BUCOKA MTUTOMA MPOAYKTUBHICTb.

77. BiosoriyHi MeTOAM OYMCTKU MOXKYTh OyTM BUKOPHUCTAHI ISl
OYMCTKHM TMOBITPS Bil HACTymHUX 3a0pyAHIOBaYiB (BKaXiTh
HeNPaBWIbHY BilIOBiJIb):

a) OpraHivHi CrOJIyKH (KCEHOO10THKH );

0) neopraniuni cnonyku (NHs, SO,, SOs, rizpasun To1no);

B) JIETK1 KapOOHOBI1 KHUCIIOTH;

I') MEXaHIYH1 JTOMIIIIKH;

1) 610710T14H1 KOHTaMIHAHTH.

78. BkaxiTh TPH OCHOBHI THNH CHCTeM Oi0JOrIYHOI OYMCTKH
MOBITPS TA MiAKPEC/ITh cepe] HUX HAUOIIbII MPOrpecuBHUM.

a) 6101171aTO;

0) O1ockpyOepu;

B) 610 1IbTPH;

') apOTEHKH;

1) O10peaKTopu.

79. BkaxiTb, siKe i3 BKa3aHOI'0 TE€XHOJIOTIYHOI0 00JIaJHAHHA He
SIBJISIETHCS CKJIAIOBOI0 YACTHUHOIO 0I0CKpPYyOepy:

a) aCpPOTEHK;

0) METaHTEHK;

B) abcopOep;

r) aacopoep;

1) BIACTIHHUK.

80. B cucremax 0i0J10riYHOI OYUCTKH MOBITPH BUKOPUCTOBYETHCH:

a) akTUBHUI MYJI;

0) IMOO1T130BaH1 KJIITUHU MIKPOOPTaHI3MIB;

B) (hepMEHTHI npenapaTu pa3oM 3 Ko akTopamu;

) OLIKOBO-BYTJIEBO/IHI KOMILIECKCH;

1) TIIIOCOMHM.

81. IlinOepiTh mNpaBWJIbHI peYeHHS [0 KJIWYOBUX CJiB:
OiodinbTpH, OiopeakTopH, 0iockpyOepu:



a) — SIK TIPABWJIO 11€ OAITH BUIITMHOIO J0 JEKUIBKOX METPIB JOCTATHHO
e(eKTHUBH1, 0COOJIMBO JJIsl PEUOBUH, 1[0 PO3YMHEHI Y BOJII.

0) — HAOLIBII MOMIMPEHI YCTAHOBKHU 3 O10JIOT1YHOI OYMCTKHU MOBITPS,
ajie HaiiMeHI €()eKTUBHI Cepe]l HUX;

B) — HAOUIbIII MPOTPECUBHI CUCTEMU OYUCTKH MOBITPSI.

82. Slkmii BMicT JiMiAiB y KJIITHHAX BOAOPOCTi 0aTpioKyc OpayHii?

a) 50-60%;

0) 60-65%;

B) 65-70%;

r) 70-80%.

83. Slka 3 mnepepaxoBaHMX BOJAOpPOCTEell Ma€ Ha3By “3ejieHa
Hapra”?

a) xJiopena;

0) BOJILBOKC;

B) OaTpiokyc OpayHii;

) COipyJIiHa.

84. 3a KyJabTHMBYBaHHSI NPOAYLEHTAa HAa TBepAMX cyOcTparax
NpUPICT 0iIKA CKJIa1aB:

a) 25 kr "va 1000 xr cyocTpary;

0) 28 xr Ha 1000 kr cyOcTpary;

B) 30 xr Ha 1000 kr cyOcTpary;

r) 36 kr Ha 1000 xr cyOcTpary.

85. SIky minbHicTh iHoOkyJasimii ckiaamae Aspergillus niger na 1
TOHHY cyOcTparty?

a) 5x10° CIIop;

6) 2x10’ CIiop;

B) 5X 10 CIIOp;

T) 2x10° CITOP.

86. BwmicTt 0Olika B KIITMHAX XJopeau W CLeHeaecMycy B
nepepaxyHKy Ha CyXy Macy CTAHOBHUTbD:

a) 45-55%;

0) 55-60%;

B) 60-65%;

r) 65-70%.

87. IloaBo€HHS :KUBOI MaCH Y BOAOPOCTEH CKJIAIAE:

a) 1-8 ronuH;

0) 1-16 roauH;

B) 1-32 roauH;

r) 1-48 rogum.

88. Bmicr 0isika B KJIITMHAX CHIPYJiHH B NEpPepPaxyHKY Ha CyXy
MAacCy CTAHOBUTh:



a) 45-55%);

0) 55-60%;

B) 60-65%;

r) 65-70%.

89. ®epmenTH, AKi OepyTh y4acTh y peakUifX JAeMeTHJIIOBAHHS
JITHIHY, BUSIBJICHI y:

a) BIpycax Ta OakTepisx;

0) OakTepisix Ta MPOCTIIINX;

B) OakTepisix Ta rpudax;

I') MPOCTIIIUX Ta POCIUHAX.

90. /{sis rigpo.tizy moJiinyKpiB BUKOPHCTOBYETHCH

a) TJIIOKOaMiiasa;

0) meroII03a;

B) TE€MIIICINTIONI03a;

I') mpoTeasa.

91. Peakuii, mo Big0yBalOThCA 3a Yy4yacTi0 (PepMeHTIB SIK
OiokaraJizaTropiB, 3IIHCHIOITHCA 32 TeMIeparypd, sKa He
NepeBUIIyE:

a) 60-70°C;

6) 70-80°C;

B) 90-100°C;

r) 100-120°C.

92. Y wMikpoopraHizMax, o pYHHYKOTH [Ae€PeBHHY BHUSBJICHI
(peHOTOKCHIA3M TPHOX THUIIIB:

a) Jlakasa, Kkarajaa3a, KCUJIOHAa3a;

0) TUpO3MHAa3a, JlaKkas3a, IepoKCHUIa3a;

B) reMillelioJ103a Jlaka3a, KCUJIOHA3a;

') IEKTHHA3a, JIaKka3a, IepOKCH1a3a.

93. JlirHinu — aMopdHi, BHCOKOMOJIEKYJISIPHI  CHOJYKH
ApOMaTHYHOIO0 PSIAY, 10 CKJIAAY AIKUX (peHLT MPOoNnaHoBi CIUPTH:

a) calllUIIOBUM, KyMapoBHil, Ha(TaTIHOBHUIA;

0) KyMapOBUM, CATIITUIOBUN, KOHI(DEPUITOBUI;

B) KyMapOBUiA, CHHAIIOBH, KOHI(EPUITIOBUIA;

0) caliMIOBUNA, CHHAMOBUM, HA(DTaTIHOBUM.

94. IIpu riapoJisi EeJIF0JI030BMiCHOIL CUPOBUHU
BUKOPUCTOBYETHCS

a) TEMIIEITI0103a;

0) mmnasa;

B) MpOTEAa3a;

r) Lerojasa

95. SIkmii BMicT Oijika Mae€ i30J4T OijIKa?



a) 63%,;

0) 65%;

B) 66%;

) 90%.

96. CkijlbKkHM Kr KO?MOBI/IX ApixkaxiB (25% cyxoi pedoBHHH)
MOKHA oJep:KaTv 3 1 M~ cepeloBHINA, NPUTOTOBJICHOIO 3 BIAXOAIB
nepepooOKu KapTomii?

a) 20,8 kr;

0) 26,6 kr;

B) 28,8 KT}

r) 30,4 kr.
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