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JOCJIKEHHS ITPOIECIB KOMIIOCTYBAHHSA XAPYOBOI
CKJIAJIOBOI TBEPJIUX MYHIIMITAJIBHUX BIAXO/IIB
3 BUKOPUCTAHHAM MIHEPAJIBHUX TOBABOK

Kpycip I'.B., 1.1.H., npogecop, CargeeBa O.A., Yepuumona 0.0., acucrent, Magani M.M., K.T.H., AOLEHT,
I'apkoBu4 O.JI., K.0.H., AOLEHT
Onecbka HalliOHAIbHA aKa/leMisi XapuyoBHUX TexHoJoriii, M. Ogeca

Anomauin. Egpexmuene ynpasuints meepoumMu MyHIYyunaibHuMu 8ioxo00amu € nepulodepeo8uUM 3a80aHHAM )
chepi midicnapooHoi ma Hayionanbhol exonoeiunoi besnexu. B Vkpaini eono gaxmuuno eupiuyemocs uepes
30epieanns comeHb MUcay 8i0xXo0i8 Ha KepOBAHUX MA HEKEPOBAHUX 38ANUUAX MA NONICOHAX.

Ocxinvku 00 40% meepoux MyHiYyuUnanbHuUX 8idx00ié GIOHOCUMbCS 00 OP2AHIUHUX, WO JIe2KO PO3KIA0AI0M b-
cs (xapyosi 8i0x00u, 8i0X00uU PUHKI8, 00M0O20CH00APCME, MICOKUX 3eIeHUX 20CNO0APCME, MYHIYUNAIbHOL Mep e-
JHCI XAPUYBAHHS), GUILYHEHHS YIET Yyacmutu 8i0X00i6 31 36anUlY 34 PAXYHOK KOMNOCMYBAHHS CYMMEBO 3MEHUUNMD
HABAHMAIICEHHA HA (PAKMUYHO PO3MIUEHHT Ma NOMEHYIUHO 3aNIAHO8AHT 36AIUYA.

Aepobre KoMnocmysants € OOHIEI 3 HAUKPAWUX HAUOLIbUW OOCMYNHUX MEXHOI02il Ol IHMe2poBaHoi cuc-
memu YNpasiiHHi 8i0X00AMU 34 PAXYHOK MIHIMI3ayii aHMpPONO2eHHO20 6NIUGY HA O0BKLIA, 8iON0GIOHOCI HO-
BIMHIM GIMYUSHAHUM MA 3APYOINCHUM PO3POOKAM, eKOHOMINHOL Ma NPAKMUYHOL RPUUHAMHOCMI MEeXHOL02IT.

Memoro excnepumenmanbHo20 00CHIONCEHHS OYI0 BUBUEHHSA MONCIUBOCI NPUCKOPEHHS. Npoyecy KOMNOC-
MYBAHHS XAPU080i CKAA080T MEepOUX MyHIYUNAILHUX 8I0X00i8 3a PAXYHOK 8HECEHHS MIHEPATbHUX 000ABOK Ol
BNPOBAVIICEHHS 8 AKOCTT NPUPOOOOXOPOHHOI MEXHOI02IT HA 36AIUUAX.

Y ecmammi npedcmaeneno pesyromamu 00CrioNcenHs GNAUBY MIHEPANbHOI 000a6éKu Ha nepebic npoyecis
KOMROCMYBAHHS XAPHUOB0i CKAAO080T MBEPOUX MYHIYUNATLHUX 8I0X00I8 3 MEMOI0 1020 NPUCKOPEHHS 8 Me30(i-
JIBHOMY | MepMODITbHOMY MeMNEPAMYPHUX PeXCUMax 3 Keposanumu napamempamu. [na niosuwenns egpexmu-
6HOCMI NPOYecy KOMHOCMYBAHH Ma NOPIGHANHS 0COOaUBOCmel nepedicy npoyecie 8 AKOCMi MiKpoOIoI02iuHO20
IHOKYIsIMY 8UKOPUCIOBYSAU IPYHM, 8 IKOCMI MIHEPaIbHOI 000a6KU — POZYUHU MIHEPAIbHUX CONEl.

Tokaszano, wo miHepanbHUl KOMAIEKC NPUCKOPIOE NPOYEC KOMNOCMYBAHHS XAPH0B0I CKIA0080i meepoux
nobymogux 6ioxooie 6 2,2 pasu 3a mepmo@ineHozo pesxcumy i 6 1,4 paszu 3a me30QinbHux ymog npogedenHs npo-
yecy KOMNOCMYBAHHS, W0 C8IOYUMb NPO epeKMUGHICIb 11020 GUKOPUCIMAKHS 8 NPOYecax nepepooKu meepoux
MYHIYURAILHUX 8I0X00I8 3 MeMOI0 Ni0GUWEHHS. 3A2ANIbHO20 PIBHS eKON02IUHOL be3neKi.

Kiro4oBi c/ioBa: KOMIIOCTYBaHHS; BIJXOIH; CYMIII, 1[0 KOMIIOCTYEThCS; MiHEpaJibHA T00aBKa; Me30(iab-
HUH 1 TepMOQUIBHAN PEKUMHU KOMIIOCTYBaHHS
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Abstract. Efficient management of municipal solid waste is a top priority in the field of international and na-
tional environmental safety. In Ukraine, it is actually dealt with through the storage of hundreds of thousands of
waste at managed and unmanaged landfills. Since up to 40% of municipal solid waste is classified as organic
(food waste, market waste, households’ waste, waste of municipal food network and urban green household),
removing this part of waste from landfill by composting will substantially reduce the load on the actual placed
and potentially planned landfill. Aerobic composting is one of the best available technologies for an integrated
waste management system, minimizing anthropogenic environmental impact, complying with the latest domestic
and foreign developments, economic and practical acceptance of technology.

The purpose of the pilot study was to study the possibility of accelerating the composting process of the mu-
nicipal solid waste's food component through the using of mineral additives for the introduction as a conserva-
tion technology in landfills. The article presents the study results of the mineral additive's influence on the com-
posting process of the solid municipal waste's food component in order to accelerate it in the mesophilic and
thermopbhilic temperature regimes with controlled parameters. To improve the composting process and to com-
pare the peculiarities of the processes the soil was used as microbiological inoculums and the mineral salts’
solutes were used as a mineral additive.

It was shown that the mineral complex accelerates the composting process of the municipal solid waste's
food component by 2.2 times for the thermophilic regime and by 1.4 times for the mesophilic conditions of com-
posting process, that testifies to the efficiency of its use in the municipal solid waste’ recycling processes in or-
der to improve the overall level of environmental safety.

Keywords: composting; waste; composting mixture; mineral additive; mesophilic and thermophilic modes
of composting

Beryn. OniHka BIUIMBY Ha JIOBKUUISA T2 BU3HAYEHHS €KOJIOTIYHUX ACIEKTIB 3BAJIMIL TBEPJIUX MYHIIUNAIb-
HUX BiJXOJIB € aKTyaJIbHUM 3aBJaHHIM HPHPOJ0OXOPOHHOI chepu B OinbLIocTi KpaiH cBity. besnepeuHo, 3Ba-
JIMIIA BiXO/IiB, 00MANITOBaHI 0€3 Cy4acHHX 1HKEHEPHO-EKOJIOTTYHIX BUMOT, € MOTY)KHUMH JKEPETaMu KOMIIO-
HeHTIiB Giocdepu [1; 2]. XapuoBi Ta pOCIMHHI BIIXOJM B CKJIaJi TBEPANX MyHIIMNaIbHUX BiaxoaiB (1o 40%),
SIKI XapaKTePU3YIOThCS HAWOUIBIIMM OOCSITOM Ta 3MATHICTIO 70 OIOXIMIYHHX peakiliii, moTpeOyrTh PO3pPOOKU
TEXHOJIOTIYHUX 3aXOJIB II0J0 MiHIMI3aIlil iX KITbKOCTI Ta BIUIMBY Ha HaBKOJUINHE cepenoBuine [3]. HaiOinbm
€KOJIOTIYHO JIOLIILHUM METOJIOM NepepoOKH TaKOro BUAY BiJXOJIB € KOMIIOCTYBAHHS, SIKE BIIHOCHTHCS 110 Oio-
TEXHOJIOTIYHAX METOJIB YTHIII3allii, 0a3yeThCs Ha MPUPOAHUX MPOIECcaX i TOMY € Oe3MEeUHIM JUIS )KUBHUX OpTraHi-
3MiB Ta JTOBKiLIA [4-6].

AHani3 giTepatypHux 1Kepesa Ta GopMyJTIOBaHHS MeTH J0CTiTxKeHb. B kpainax €C Ta y CBITI CTpiMKO
TIOIINPIOETHCSl OpraHiuHEe BHPOOHMITBO SIK LUTICHA CHCTEMa PaIliOHaJbHOTO NMPHPOJOKOPHUCTYBAHHS, IO CTa€
OCHOBOIO 3aCTOCYBaHHSI Cy4aCHHX TEXHOJIOTiHl KOMIIOCTYBaHHS OpPTaHidyHOI CHPOBHHHM 3 OTPUMAaHHSM SKICHOTO
NPOJIYKTy nepepoOku. KoMmocTyBaHHs, sIK IPUPOIOOXOPOHHA TEXHOJIOTIS YTHIII3a1lii Xap4oBOi CKIIaJI0BOI TBEP-
JIUX MYHIIUITaJBHUX BIAXOJIB HA 3BAJUIIAX, TPU3BOAUTH IO AECTPYKIIiT BiIXOIB 3a JOMOMOTOI0 MiKpOOPTaHi3-
MiB Ta OTPHMAaHHS Tiri€HIYHO 0e3MeYH0i HETOKCHYHOI T'YMYyCOTIOAI0HOT PEUYOBHHH, SKa 3 YCIIXOM BHKOPHCTOBY-
€TBCS, B TIEPINY YEPry, K CTUMYJIITOP BiIHOBICHHS IPYHTOBHX €KOCHCTEM, 1 B IPYTY — AK OpraHiuHe JOOPHBO.
[IpoTe KOMIOCTYBaHHS XapaKTEPU3YETHCS BITHOCHO HEBUCOKOIO MOMYJSPHICTIO B MOPIBHSAHHI 3 iHITMMH METO-
JlaMy yTHJTI3aMii BiXOAiB Yepe3 HU3KY HOro HEMONiKiB, TAKMX SK JOBTUH BUPOOHWUYMI IHMKI Ta, iHOMI, OJep-
KaHHs MPOJYKTy HecTaOIpHOI sikocTi. Yepes 1e Garato AOCHiKeHb B raiy3i IepepoOKu TBepaux moOyTOBUX
BIZIXOJIB PUCBSYEHO crioco0aM HPUCKOPEHHs MPOIecy KOMIIOCTYBaHHS 4epe3 po3poOKy BHCOKOS(PEKTUBHHX
arnapariB KOMIIOCTYBaHHsI Ta 3MiHY 010THYHUX (BEPMHUKOMIIOCTYBAaHHSI, BAKOPUCTAHHS CIIELiali30BaHUX KYJIBTYD
i cIliBTOBapUCTB MiKpoopraHismiB) abo abGiotmuHux (Temneparypa, pH, aepamisi, BOJIOTiCTh TOIIO) MapameTpiB
nepebiry mporecy [7; 8].

[Nomryk onTUMaNbHOTO CIIBBITHOIIEHHS OI0THYHMX Ta abiOTUYHHMX MapaMeTpiB 3aJIMINAETHCS TEPLIIOUYEpro-
BOIO 33JIa4€I0 B TEXHOJIOTii KOMIIOCTYBaHHS.

Cepen cydacHHX JOCHITHUKIB MPOIECY KOMIIOCTYBaHHS K PAIliOHATBHOTO CIIOCO0Y YIpaBIiHHS BiIX0JaMH
iHHOBariitHuMH € iparti M. B. Tanenka [9], M. K. Jlinauka [10], O. O. Jlsmenka [11], B. B. [ITanpkoro [12], B
SIKUX 0araTo yBard MPHUAUIEHO MUTAHHSIM TEXHOJOTi KOMIIOCTYBAaHHS, MeXaHi3allii MpUroTyBaHHS CcyOcTparty,
ONTHMI3allii KEPOBAHUX MapaMeTpiB mepediry mporecy, ohopMIIeHHIO OYpTiB, CKIIaay CyOCTparTy Ta CHiBBiTHO-
IIEHHIO OCHOBHHUX MOXXHWBHUX PEYOBHH B HhOMY. IIpoTe, MOpsiz 3 MUTAaHHAMH IIPUCKOPEHHS MPOLECY KOMIOCTY-
BaHHS SIK 3aXOJy 3MEHIICHHS OpPraHIYHMX BIIXOJIB, AKTyaJbHUM 3aJUIIA€THCS YTBOPEHHS KOHKYPEHTHO-
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CIPOMOXXHOTO OPraHiYHOTO JOOpHBA, SIKE 32 €KOJOTr0-€eKOHOMIYHUMH ITOKa3HUKAMHU 3/1aTHE 3aJI0BOJILHSATH MOT-
pebH arponpoOMUCIOBOIO KOMILIEKCY KpaiHH.

Merto10 JaHOTO AOCIiKEHHs OyJI0 BUBUSHHS MOXKJIMBOCTI IPUCKOPEHHS MPOLIECY KOMIOCTYBaHHS POCIHH-
HUX BiIXOJiB 32 paXxyHOK BHECEHHs MiHepalIbHHUX 100aBoK. [lependauanocs, mo X qoJaBaHHSA OO CKIAXy CHPO-
BUHHOTO MaTepiay IpUBeIe A0 aKTUBAIlil MiKpOOHOI aKTUBHOCTI Ha TIOYaTKOBUX CTAJisX MPOIIECY.

B xozi masOTO MOCTIIHKYBaHHS MOBMHHO OyJI0O BUKOHATH HACTYITHI 3aBIAHHS:

1) nocmiguTH BIUIMB MiHEpalIbHUX JOOABOK Ha IPOLECH, IO BinOyBAIOTHCS MPH KOMIIOCTYBaHHI OPTaHIIHUX
BiZIXO/IiB y Me30(iIFHOMY Ta TePMOQIIEHOMY peKUMax;

2) IOCTITUTH YMOBH Tepediry mporeciB KOMIIOCTYBAHHS 33 OCHOBHIMH a0iOTHYHUMH 1 O10THIHHMH TIOKa3-
HHKaMH — 32 3MIHOIO TemIepaTypu, pH Ta unceiapbHOCTI MIKpOOPIaHi3MiB B CyMillli, III0 KOMITIOCTY€EThCS, BUTPATI
Kap6omny (emicii CO,) i3 peakTopa;

3) BU3HAUUTH 3PiTICTh KOMIIOCTY 32 1HAEKCOM IPOPOIIYBAHHS 1 CHIBBIIHOIIEHHS BMicTy 3araisHoro Kap-
6ony i HiTporeny B cymiui, ska KOMIOCTYBaJIach.

Marepiann Ta MeTOAN AOCHIMKEHb. B SKOCTI CHPOBUHM JUIsi KOMIIOCTYBAaHHS BUKOPHCTOBYBAJIH CYMILI
Xap4yoBUX (OUUCTKU KapTOILIi, KabauKiB Ta MOPKBH, JIUCTS KaIlyCTH), CLILCBKOTOCHIOAapCchKuX (Oyp'sH) i caioBo-
MapKoBUX (JINCTSIHUN OIaJa) BIAXOMIB y BaroBomy cmiBBimHOmEeHHI 1:1:1. JIMCTSHMIA omay BUKOPHUCTOBYBAIH B
SKOCTI HanoBHIOBaya. CHpOBHHY MOApiOHIOBAIM 10 po3mipiB 10-15 MM, mincymryBanu Ha MOBITPI MPOTATOM 2
TOJIMH 1 3arpy’Kajii B peaktop. B sxocTi 100aBOK A MiABUILCHHS eEeKTHBHOCTI MPOLECY KOMIIOCTYBaHHS Ta
MOPIBHAHHA OCOONMBOCTEH Mepediry MpoIeciB BUKOPUCTOBYBAIM PO3YMHH MiHEPANBHUX coyiel (HITpaT Kaib-
ito, aurigpodocdar kamiro i cympdar Martiro). Bapro 3a3HaunTH, 110 32 pe3ynbTaTaMu JOCTiKeHs [13] ctpy-
KTypa MIKpOOHHMX KOMIUICKCIB € HEBIJ’€MHOIO CKJIQJIOBOIO JETATLHOI XapaKTePUCTUKU IPYHTIB, TOMY JOIIIBHO
BUKOPHCTOBYBaTH MIKpOOHI KOMIUIEKCH IPYHTY B SIKOCTi MiKpOOi0JI0Ti4HOT JOOABKHU /sl KOMIIOCTYBaHHS B IIPHU-
POAHUX YMOBaXx.

EKCIIepHMEHT MPOBOIMIM B TPHOX CTAIOHAPHUX PEAKTOpax 00°eMoM 3 IM° 3 IPHMYCOBOKO aepalli€ro mpo-
TSATOM 6 THXKHIB. YMOBH ITPOBENICHHS €KCIIEPUMEHTY HaBeJIeHi B Tadui 1.

Taéauna 1
YMOBH NPOBeJIEHHSI eKCIIEPUMEHTY

Howmep peaxropa | Inoxynar | Jobaska | Temneparypa HaBKOJMIIHLOTO cepenopuiia, °C
1 TPYHT — 18-20
2 TPYHT MiHepaibHa 18-20
3 TPYHT MiHepaibHa 55

B koxHHIt peakTop BHOCHIM cyMil, sika kommoctyeThes (KC), B kimpkocTi 1,2 kT (2/3 006’eMy) 3 BOJIOTICTIO
6imst 75 %, sika nepemimryBanack 31 100 r rpyHTy (THIIOBHIT UIst peTiOHy YOPHO3€EM IiBJCHHHH MaJloryMYCHUIT) B
SKOCTI 1HOKYIATY. B peakTopu 2 i 3 101aTKOBO BHOCHIIN PO3YHHHU MiHEpAILHUX CoJiell B KibKocTi 150 r/kr cy-
xoi KC 3a Barosoro crieignomenss Ca(NO3),*4H,0 : KH,PO,4: MgSO,4 *7H,0 = 4:2:1

Peaxtopu 1 i 2 Oynu i3051b0BaHi BiJ 1iT TEMIEpaTypH HABKOJIMIIHBOTO cepenoBuina. Peaktop 3 momictuiu B
TEPMOCTAT 31 BCTAHOBJIEHOIO TeMIIEPaTyporo 55 °C 3 METO TepMO]IILHOrO KOMIIOCTYBAHHS.

KoMmnocTyBaHHS POAOBXKYBAJIOCH MPOTATOM 6 TIDKHIB, IPH IIBOMY CYMIIII, SIKa KOMIIOCTYBajachk, KOXKHOTO
JIHS TIepeMILIyBaJIi Ta 3BOJIOXKYBAIM JJIsl MiATPUMaHHS Bojiorocti Ha piBHI Oinsg 70—75 %. KoxxHoro TrHs npo-
BOJIMIIH BiZIOIp HABaXKOK Macoo Oist 10 T [y1s1 mMpOBEICHHS aHAI3iB.

KonTpons nmapamerpiB mporecy KOMIOCTYBaHHS 3/1iHCHIOBAIN 3a 3MIHOIO TeMriepaTypu, pH Ta uucensHOCTI
MIKpOOpraHi3MiB B CyMillli, III0 KOMIIOCTYEThCS, a Takoxk emicii CO, i3 peakropa. 3pilicTh KOMIOCTY, SIKHH
OTPHUMYBAJIM, BU3HAYJIM 32 1HIEKCOM IPOPOIIYBaHHS 1 CIIBBIIHOIIEHHAM BMicTy 3aranbHoro Kap6ony i Hirpo-
TeHy B CyMillli, sSIka KOMITOCTYBaJach.

Pe3yabraTn nocaixkeHHs Ta iXHE 00roBopeHHs. Y JiTepaTypi JOCHTh MOBHO IpecTaBlieHa iHpopMaIlis
npo OioXimiuHi, MiKpoOiOJIOTIYHI 1 iHII ACTIEKTH MPOIECY KOMIIOCTYBaHHS OPraHIYHUX BiJIXOJIB, IO yTBOPIO-
IOTBCSI B CUTBCBKOMY 1 KOMYHAJIBbHOMY T'OCIIOJIAPCTBI, XapuoBiil MPOMHCIOBOCTI Ta iH. ToMy B MOJaIbIIOMY He-
00XiHO OyJI0 OIIIHWTH, YW BIUIMBAE IHOKYJISALiS KOMIOCTHHX CyMIIIed MiHEpaJIbHHMH HOOAaBKaMH Ha IPOIIEC
KOMIIOCTYBaHHS OpPTaHIYHHMX BiAxoxiB. B mizomy, 3aBepHIeHICTh MPOLECY KOMIIOCTYBAaHHS XapaKTEPHU3YEThCS
JIBOMa TOHSATTAMH — «CTaOUIBHICTEY 1 «3PITICTB» KOMIOCTY, SIKi, HE3BaKaI0UM Ha CBOi KOHIIENITyalbHI BiIMiH-
HOCTi, OJJHOYAaCHO BHKOPHCTOBYIOTHCS U BU3HAYCHHS CTYICHIO PO3KJIagaHHA opraHiyHux pedoBuH (OP) mix
gac Mpoliecy KOMIIOCTYBaHHS. bynu oOpaHi mapameTpu, 0 J03BOJSIOTH OIiIHUTH K IHTEHCUBHICTh PO3KJIaIaH-
Hs1 OP (tremmneparypa, BmicT OP, pozunnHOro opraniunoro Kap6ony (POK) i amowiiiHoro asory), Tak i ioro
CTab1IbHICTH(pEcipaTopHa aKTHBHICTB 1 LEI0I030IITHYHA aKTUBHICTh, YHCENIBHICTh OaKTepii 1 MiKpoMiLeTiB) i
3pinicts (pH, piroTokcnuHICTD).

Pesynbratu nocnimkens 3Minu pH cymini, sika KOMIIOCTY€EThCSI, NpecTaBleHo Ha puc.l, 3minu emicii CO;
i3 peakTopiB — Ha puc. 2

ITouaTkoBe 3HaueHHS pH crpoBHHM OYII0 CITa0OKKUCINM, OJM3BKMM 10 HeTpambHOro (6,3). YV peakropax 3
MiHEpaJILHOIO T00AaBKOIO B TepMO(DITEHUX yMOBax 3HaueHHs pH cepenoBuIna Cro4aTKy 3MiHIOBAJIOCh B clabo-
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KuciioMy inTepBaii pH, motim cepenoBuiie cTano OJIM3bKAM JI0 HEUTPAILHOTO, a B Me30(dinsHIX — pH crouatky
3JIeTKa MiABHIYBaJIOCh 10 7,6 on. pH, motim 3HmKyBanock 1o 5,4 1 nani pH cepenoBuila 3MiHIOBaJIOCh Ha HEHT-
panbre. Kinnese 3nHauenns pH y Bcix kommnocrax Oyjo npuOIH3HO OJHAKOBUM (6,9-7,6), 0 CBIAYUTH IPO 3a-
BEpIIEHHS IPOIIeCy J03piBaHHA KOMIIOCTHOI cymimi. 3HaueHHs pH cepenoBuia KOHTPOJIBHOTO 3pa3Kka Ha 6-i
THXKIIEHb KOMIIOCTYBaHHS cKianaio 5,9 ox. pH, mo Bka3ye Ha nepedir 6i0XiMiYHHAX MIPOIIECiB B HBOMY.

[=s]

pH 3 | |2.5 %, CO0-

1

I b -
5 0 \.\/ THKIeHB

0 1 2 3 4 5 6 0 1 2 3 4 5 6
Puc. 1. 3mina pH cyminni, sika KoMIoCTyeTh- Puc. 2. 3mina emicii CO, i3 peakropiB mpors-

csl, B PeaKkTopax 3 MiHepaJbHOI0 100aBKOIOB Me- TI'OM Ipolecy KOMIIOCTYBaHHSl cyMmili 3 MiHepa-

30¢iabHOMY (2) Ta TepMmodinbHOMY pe:kumax (3) JIbHOIW 100aBKOI B Me3odiibHOMY (2) Ta Tep-

B IIOPiBHSIHHI 3 KOHTPOJIbHUM 3pa3koMm (1). ModiibHOMY pexxumax (3) B OPiBHAHHI 3 KOHT-
poabHuM 3pa3koM (1), % CO,,

[Tpo akTHBHICTH MIKpOOPraHi3MiB MOYKHA CYIUTH 32 IHTCHCUBHICTIO iX AMXaHHs (CIIOXKMBaHHS KUCHIO abo
BUJIIJIGHHS Byriiekucioro ra3y). [Ipeacrasneni Ha puc. 2 3anexHocTi 3MiHu koHueHrpauii CO, B mpocTopi peax-
TOpa BiJl TPUBAJIOCTI MPOIeCy 010AECTPYKIT OKa30BO IEMOHCTPYIOTh 3MiHM aKTUBHOCTI KOJIOHIH MIKpOOpraHi-
3MiB [IPYU KOMITOCTYBaHHI. AKTHBHICTh MIKPOOPraHi3MiB 3HA4UHO BHUINA B PEAKTOPI, 10 3HAXOJUTHCS B TEPMOQi-
JbHUX YMOBax. B peakrtopax 2 i 3 Haii0iyiblle 3HaUEHHsI aKTUBHOCTI TPHUIAIAE Ha NEpioJ] 3 APYroro 1o TPeTii
TIDKJICHB, IO CBITYUTH NPO Te, 110 BBEJCHHS MiHEpalbHUX J0OABOK CTUMYIIIOE ITiJIBHIICHHS aKTHBHOCTI CITIBTO-
BapHCTBa MiKPOOPraHi3MiB HA MOYATKOBHX CTAMiAX KOMIIOCTYBaHHS.

XapakTtep 3aJIe)KHOCTI 3MIHU KUTBKOCTI 3aranbHOro KapOoHY Bifl TPHBaJOCTI KOMITOCTYBAaHHS, SIKUH Mpe-
CTaBIICHUHA Ha puC. 3, MPUOIH3HO OJHAKOBHHU I BCIX pEakTOPiB: B mepiii 4 TIKHI MiHepali3yeThcsl OibIa
KUTBKICTh opraHigHoi pedoBuHH (01m36K0 20%), moTiM KapOoH croxuBaeTbest HesHauHO (3—4%). MakcuMaibHi
IIBUJIKOCTI IECTPYKIIi OPTaHIYHUX PEYOBHH y BCIX peakTopax CHOCTepiraiucs micis apyroro TikHI. CymapHi
BTpaTH 3arajgbHoro KapOony Oynu Ginbii 3HauHi B peakropi 3 (22%), Hixk B peakTopi 2 (Onu3bko 21%). Takum
YHHOM, 3arajbHi BTpaTH 1 IBUIKICTb BTpaT 3arajbHoro KapOoHy Oinbli BUpakeHa Mpu TePMOQIILHOMY KOMIIO-
CTYBaHHI, IO CBIAYMUTH IPO IHTEHCUBHICTH PO3KJIaJ[aHHs OPraHIuHOT pEUOBUHH CaMe B LIbOMY PEXHMI.

8

)

N
/

|
N
7

]

TwxgeHb

O -

0 1 2 3 4 5 6

Puc. 3. 3mina mBuakocri BTpar 3arajbHoro Kap6ony B cymimii, ika KOMIOCTY€ThCSI, B PEaKTOpPax 3
MiHepaabHOI0 100aBKOI0 B Me3odinbHOMY (2) Ta TepMopiabHOMY pesxkuMax (3), B MOPiBHAHHI 3 KOHTP 0-
JbHUM 3pa3koM (1), % /TuxkaeHb.

Xapakrtep 3MiHH BMICTY 3araqbHOro HiTporeHy B CyMillni, [0 KOMITOCTY€THCS, MPAKTHYHO 1MEHTHIHUN IS
Bcix peaktopiB (puc. 4). B peakropu 2 i 3 BHOcHWiacs MiHepaidpHa 100aBKa, SKa MICTHTh HITpaT—iOHH, TOMY
BMicT HiTporeny B Maci, o KOMIOCTYEThCS, IICIS MEPIIOTO THHXKHA BHIIHMN, HIK Y BUXiAHINA cupoBuHI. Makcu-
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MaJIbHI IIBUIKOCTI BTpatu HiTporeHy y BCix peakTopax CIOCTEpPIraiucs Micis TPEThOrO THXKHS, IPUIOMY B pe-
akTopi, o (GYHKIIOHYE 32 TepMO(UIFHIX YMOB BOHA OyIa OUTBII 3HAYHOKO 1 ckiana 4,5 r/kr KC 3a THxK/IeHb.

N, T/KT F

Y
\
Y

Tnmem\

0 1 2 3 4 5 6

Puc. 4. 3mina mBuakocTi BTpar 3arajbHoro HiTporeny B cymimni, ska KOMIOCTY€ThbCSI, B peakTopax 3

MiHepaJabHOI0 100aBK0I0 B Me30dijibHOMY (2) Ta TepMopiiIbHOMY pe:xuMax (3) B NOPiBHAHHI 3 KOHTPOJbHUM
3pa3koM (1), I/Kr 3a THAKIEHb.

Cymapsi BTpat Hitporeny B peakropi 3 BusBmiHcs HaiOinpmumu (01u3pK0 16 T/KT cyXoi MacH, sika KOM-
MOCTYETHCS), O CBIMYMUTH MPH 30UTbIICHHS BTpaT HiTporeHy mpu TepModiTbHOMY KOMITOCTYBaHHI B pa3i BHe-
CeHHs MiHepanbHOI mo0aBku. OmHAK BMICT 3araidbHOTO HiTporeny B peakropax 2 i 3 B KiHIII KOMIIOCTYBaHHS
ckiaB 31 i 29 r/kr cyxoi MacH, sika KOMIIOCTYEThCS, BIIMOBIHO, 1m0 Ha 35—40% Oinblie, HXK B KOHTPOJIHHOMY
3pasKy.

3piTicTh KOMIIOCTY OIIIHIOETHCS 32 MACOBUM CIIIBBIIHOIICHHSIM B HhOMY 3araibHoro KapOoHy i 3aranbHOro
Hirporeny (C/N). 3rigHo 3 MDXHaApOJHHMHU CTaHIApTaMU SIKICHUI kommocT noBuHeH matu C/N Hmkue 25. Y
Tabi. 2 HaBeneHO 3anekHICTh 3MiHUM C/N Bif TpuBanocti komnoctyBanHs. Binnomenns C/N mpakTU4HO HE 3a-
JIOKUTH BiJl TEMIIEPATYpPH, ajle TIOMITHO 3HIDKYETHCS ITpU BHeceHH] HiTporeHy 3 MiHepaibHOIO 100aBKOIO.

Taoauns 2
3minu BigHowmeHHs 3araabHoro Kapoony no saraassnoro Hirporeny, C/N
Peakrop Yac, TrxHI
0 1 2 3 4 5 6
1 36,0 355 35,0 34,5 33,0 32,2 29,5
2 36,0 33,0 31,5 30,4 28,5 26,3 22,3
3 36,0 32,2 30,7 29,8 26,7 23,3 215

Kinnese cmiBBigHomenHs C/N y BCiX oJiepKaHAX KOMIIOCTaX MEHIIIe, HiXK 25, 0 CBIAYUTE PO CKOPOYCHHS
JIO3piBaHHS KOMIIOCTY TIPH BHECEHHI MiHepaibHOI JOOABKHM NMPUOIU3HO BJBiYi, BPaXOBYIOYH IIBUAKICTH HOTO

3MIiHH.

PesynbraTi TOCHIPKEHHS CBIAYATh MPO Te, LIO iHAEKC MPOPOLIYBaHHS HACIHHS PEIUCY MOCTYIOBO 3HUXKY-
€TBCS 31 30UIBIICHHSIM TPUBAJIOCTI KOMITOCTYBaHHs (puc. 5). KoMrocT 3 iHIeKCOM NpOopoIIyBaHHs MEHIIEe, HiXk
80 %, BBakaeThCs (HITOTOKCHUYHKM, Oibiie, Hik 80 %, — 3plTuM.

130 o
110 3
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70 ——7
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50 1
0 ‘//‘///‘.—‘
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0 1 2 3 4 5 6

Puc. S. 3minn infexcy npopomysanns B nponeci komnocryBanisa B KC B peakTopax 3 MiHepaJIbHOIO
n00aBkoI0 B Me3odinbHOMYy (2) Ta TepMopinbHOMY peskuMax (3) B NOPIBHAHHI 3 KOHTPOJIBHUM 3Pa3KOM

1), %.

[Ticnsa 6 TIXHIB KOMITOCTYBaHHS KOMIIOCTH B peakTopax 2 i 3 XapaKTepHu3yIOThCS 1HAEKCOM MPOPOIITYBaHHS
6inpme, HiXk 100 %, 10 CBITYHATH MPO T€, MO0 KOMIIOCTH HE TUIBKH HE MICTATH (DiTOTOKCHHIB, ajie i MPOSBIISIOTH
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CTHMYJIIOIOUY JIiI0 Ha TPOILEeC MPOpOLTyBaHHs. EkcriepuMeHTanbHI JaHi TOCTIPKEHHS JO3BOJISIOTh 3pOOUTH BHU-
CHOBOK, IO JIO3piBaHHSI KOMIIOCTY B T€pMO(DUIFHMX yMOBaX 3aBEpLIYEThCS IIBUALIE, HiX B Me30(]iJIbHUX, a
TPUBAIIICTD JIO3PIBaHHS KOMIIOCTY MPU BHECEHHI MiHEpaJIbHOI JOOABKU MPUCKOPIOETHCS B 2,2 pas3u 3a TepModi-
JBHHUX YMOB Ta B 1,4 pa3u — 3a Me30(iIbHAX.

BucHoBkH. TakuM 4UHOM, pe3yJabTaTH MPOBEACHHUX TOCIIKEHb T03BOJISAIOTH 3pOOUTH BUCHOBOK IIPO JOLi-
JMBHICTh KOMIIOCTYBAaHHS POCIMHHHX BiXOJIB 3 MiHEpaIbHOIO J00aBKOIO SK Y BHIAAKY TePMOQIIBHOTO, TaK 1 Y
BHIA/IKY Me30()iIbHOTO KOMIIOCTYBaHHSI.

Ilepiox mo3piBaHHS KOMIIOCTY IIpH BHKOPHCTaHHI MiHEpaJbHOI NOOABKM CTaHOBUTH 6 TIkHIB. [lokaszaHo,
10 MiHEpaJbHUH KOMIUIEKC MPUCKOPIOE TPOIEC KOMIOCTYBAaHHS OPTaHiYHOI CKIAIOBOI TBEPIUX MOOYTOBHX
BIZIXOJB MPUOJIM3HO BJBIYI 5K 32 TepMO(DIIBHOTO peXXnUMY, Tak i 3a Me30(IBHUX YMOB NPOBEJEHHS TPOLECy
KOMITOCTYBAHHSI, 1[0 CBIAYUTH PO e()EeKTHBHICTh HOro BUKOPUCTAHHS B IIPOLecax NepepoOKH TBEPAUX M0OyTO-
BHX BiJIXOJIiB 3 METOIO ITiIBUIIICHHS 3aTaIbHOTO PIBHSI €KOJIOTIYHOT OE3MeKH.

Jlitepatypa

1. Gworek B., Dmuchowski W., Koda E., Marecka M., Baczewska A., Bragoszewska P., Sieczka A., Osinski P. Impact of the
Municipal Solid Waste Lubna Landfill on Environmental Pollution by Heavy Metals. // Water. 2016. T. 8 (10). 470. DOL:
10.3390/w8100470

2. I3ax O. B., IIBeraesa K. B. Pecaiixuiinr MyHIUIIATEHEX BiIXO/IB y IIPOMHUCIOBO PO3BHHEHHX KpaiHaxX CBITY: IOPIBHSUIBHUN acIIeKT
// Bicuuk JIHinponerposcskoro yuisepeurery. 2015. Ne 7. C. 3-12 DOI: 10.15421/181501

3. lmapun C. JI., Anekceesen U. JI., ®unozod P. C., Pemes H. C., [lenadac I'. Coneprxanue GropasinaraeMbix KOMIIOHEHTOB B COCTa-
B€ TBEP/BIX OBITOBBIX OTXONOB B YKpauHe // Dxonorus u npoMsinuieHHocTs Ne 1. 2014, Ne 1. C. 79-83

4. Adani F., Tambone F., Gotti A. Biostabilization of municipal solid waste / Waste Management. 2004. T. 24, Ne 8. C. 775-783. DOI:
10.1016/j.wasman.2004.03.007

5. Jouraiphy A. Chemical and spectroscopic analysis of organic matter transformation composting of sewage sludge and green plant
waste // International biodeterioration and biodegradation. 2005. Ne 56. C. 101-108. DOI: 10.1016/j.ibiod.2005.06.002

6. Yong Xiao, Guang-Ming Zeng, Zhao-Hui Yang. Continuous thermophilic composting (CTC) for rapid biodegradation and
maturation of organic municipal solid waste // Bioresource Technology. 2009. T. 100, Ne 20. C. 4807-4813. DOI:
10.1016/j.biortech.2009.05.013

7. Ilar. na kopucuy mozenb Ne100991 Ykpaina. CO2F 7/00 Crioci6 xommoctyBanHs opranidaux Biaxomis / llanpkuit B.B., [ToBonoms-
kuii A.A.; Binacuuk 3anopizekuiit HILL 3 mexani3anii TBapurnunrea HHIT "TactutyT MexaHizauii Ta enekTprdikaliii ciibCbKOro rocrnoaapc-
tBa" HAAH Ykpainu. —u 2014 13758; 3assin. 22.12.2014; ony6un. 25.08.2015. Bron. Ne 16.

8. Kulcu R.,Yaldiz O. Determination of aeration rate and kinetics of composting some agricultural wastes // Bioresource Technology.
2004. Vol. 93. P. 49-57. doi: 10.1016/j.biortech.2003.10.007.

9. T'airerko M. B. KommoctyBanus opranignoi peqoBuau. Mikpo6iomnoriuti acrektr // Cinbebkorocmoaapcbka Mikpooiomnorist. 2014.Ne
19(1). C. 11-20. http://nbuv.gov.ua/UJRN/smik_2014 19 3.

10. Jlimank M. I'., Cemayk M. M. Texnomnorii i TexHiuHi 3aco6M BUPOOHHIITBA Ta BUKOPHCTaHHS OpraHiuHuX Jo6puB. Hixun, 2012.
244 c.

11. Jlsmerko O. O., MoscecoB I'. €. TexHoOTIs Ta yCTaTKYBaHHS IPUCKOPEHOTO KOMITOCTYBAHHsI OpraHiuHuX BimxomiB / CotpyaHu-
9YecTBO UL  pemleHust mpoOieMbl  oTxonmoB:  Matepiamu  III Mixkmap. xond.,, 7-8 mor. 2006 p. C. 88-89.
https://www.waste.com.ua/cooperation/2006/theses/lyashenko.html.

12. laupkuit B. B., [ToBonoupkuit A. A. OCHOBHI BUMOTH JI0 MPOLIECY Ta 010TEXHIYHOT CUCTEMH KOMITOCTYBAaHHS OPTaHiYHOI CHPOBH-
HH // BicHuk XapKiBCBKOTO HAIliOHATBFHOTO TEXHIYHOTO YHIBEPCHUTETY CilIbehKOro rocmozapetsa imeni Ilerpa Bacunenxka. 2015. Ne 157. C.
140-146. http://nbuv.gov.ua/UJRN/Vkhdtusg_2015_157_26.

13. Fierer N., Jackson R.B. The diversity and biogeography of soil bacterial communities / PNAS. 2006. T. 103, Ne 3. C. 626-631.
https://www.ncbi.nlm.nih.gov/pubmed/16407148

References

1. Gworek, B., Dmuchowski, W., Koda, E., Marecka, M., Baczewska, A., Bragoszewska, P., Sieczka, A. Osinski, P. (2016). Impact
of the Municipal Solid Waste Lubna Landfill on Environmental Pollution by Heavy Metals. Water, 8 (10), 470. doi: 10.3390/w8100470
2. Dzjad, O. V., Cvjetajeva, K. V. (2015). Resajkling municypal'nyh vidhodiv u promyslovo rozvynenyh krai'nah svitu: porivnjal'nyj aspekt,
Visnyk Dnipropetrovs'kogo universytetu, no 7, pp. 3-12 (in Ukrainian).

DOI: 10.15421/181501

3. Shmarin, S. L., Alekseevec, I. L., Filozof, R. S., Remez, N. S., Denafas, G. (2014) Soderzhanie biorazlagaemyh komponentov v
sostave tverdyh bytovyh othodov v Ukraine, Ekologija i promyshlennost', no. 1, pp. 79-83 (in Russian).

4. Adani, F., Tambone, F., Gotti, A. (2004). Biostabilization of municipal solid waste. Waste Management. Vol. 24, no. 8, pp. 775-
783.

DOI: 10.1016/j.wasman.2004.03.007

5. Jouraiphy, A. (2005). Chemical and spectroscopic analysis of organic matter transformation composting of sewage sludge and green
plant waste. International biodeterioration and biodegradation, no. 56, pp. 101-108.

DOI: 10.1016/j.ibiod.2005.06.002

6. Yong, X., Guang-Ming, Z., Zhao—Hui, Y. (2009). Continuous thermophilic composting (CTC) for rapid biodegradation and
maturation of organic municipal solid waste. Bioresource Technology, Vol. 100, no. 20, pp. 4807-4813.

DOI: 10.1016/j.biortech.2009.05.013

Shatsky, V.V.,& Povolotsky, A.A. (2015). Method of Composting of Organic Waste.Patent for Utility Model No. 100991 Ukraine.
CO2F 7/00. u 2014 13758. Declared 22.12.2014; Published August 25, 2015, Bull No. 16

8. Kulcu, R.,&Yaldiz, O. (2004). Determination of aeration rate and kinetics of composting some agricultural wastes. Bioresource
Technology, 93, 49-57. doi: 10.1016/j.biortech.2003.10.007.

9. Hatsenko, M. V. (2014). Kompostuvannya orhanichnoyi rechovyny. Mikrobiolohichni aspekty.Sil's’kohospodars’ka
mikrobiolohiya, 19(1), 11-20. http://nbuv.gov.ua/UJRN/smik_2014_19 3.

10. Linnyk, M. H., & Semchuk, M. M. (2012).Tekhnolohiyi i tekhnichni zasoby vyrobnytstva ta vykorystannya orhanichnykh dobryv.

Nizhyn, 244 s.
11. Lyashenko, O. O., & Movsesov, H. YE. (2006). Tekhnolohiya ta ustatkuvannya pryskorenoho kompostuvannya orhanichnykh
vidkhodiv. Sotrudnychestvo dlya reshenyya problemy otkhodov: materialy Il Mizhnar. konf., 7-8 Iyut. r. S. 88-89.

https://www.waste.com.ua/cooperation/2006/theses/lyashenko.html.

Hayxosi npami, Tom 82, Bumyck 1 Scientific Works, Volume 82, Issue 1
98



Oodecvbra HAYIOHALHA AKAOEMIS XAPUOBUX MEXHOLO02Il
EHEPI'OE®EKTUBHICTb.
PECYPCO3BEPITAIOUI TA EKOJIOI'TYHO-BE3IIEYHI EHEPTOTEXHOJIOT'TI

12. Shats'’kyy, V. V., & Povolots'kyy, A. A. (2015). Osnovni vymohy do protsesu ta biotekhnichnoyi systemy kompostuvannya
orhanichnoyi syrovyny. Visnyk Kharkivs'koho natsional'noho tekhnichnoho universytetu sil’s’koho hospodarstva imeni Petra Vasylenka,157,
140-146. http://nbuv.gov.ua/UIRN/Vkhdtusg_2015_157_26.

13. Fierer N, Jackson RB. The diversity and biogeography of soil bacterial communities. PNAS. 2006 Jan 17; 103(3): 626-31
https://www.ncbi.nlm.nih.gov/pubmed/16407148

Otpumano B pepaxiito 18.04.2018 Received 18.04.2018
[pwuitasiTo no apyky 30.06.2018 Approved 30.06.2018
VJIK 62229.316.002.51/52:665.3 DOI: http://dx.doi.org/10.15673/swonaft.v82i1.1014

P®OPMYBAHHAI TEXHOJIOFIi OYUCTKH
POCJ/IMHHOI OJIII B YMOBAX MIHI-LIEXIB

Ocanuyk II. I. kKaHAUAAT TEXHIYHUX HAYK, JOLEHT
dynapes L. I. kanauaaT TeXHiYHAX HAYK, TOLEHT
Ogpecbknii 1ep;kaBHMIl arpapHuii yHiBepceureT, M. Oneca

Anomayin: Cmeopeno KoMNieKc mexHiyHux 3acobis, wo eKuo4ac 001A0HaAHHA | OIOKU NPeCcy8aHHA HACIH-
H31, adcopbenmnol papinayii, siopamayii i koazynsayii, yenmpugyeyeannsi i 0e3000payii, ouuweHHs1 i MIKpoQi-
avmpayii onii. Konempyxyii mexniynux 3aco6ié 003601810mb KOMNOHY8AMU OKpeMi CKIa008i 4Yacmuny noOI0YHO
(MOOYIbHO), 6PAX0BYIOYU YMOBU IX POSMIWEHHS Y MANO KOHMYPHUX Yexax. Y mexnonociunomy npoyeci, 3a Heoo6-
XIOHOCMI BUKOPUCMOBYEMbCA YIbMPA38YKOBULL KAGIMamop 05 3uudicents kucromuocmi onii. Cihopmosanuii 3a
YUM NPUHYUNOM KOMNIIIEKC 3a0e3nedye 00epHCAHHS eKOIO02IYHO YUCMOT POCIUHHOL 01il 3a 0e36i0XI0H00 MEeXHO-
JI02i€10, W0 akmyanrbHa 0 hepmepcokux cocnooapems. Onisi makoi akocmi 8iOHOCUMbCS 00 Kame2opii Kauiep-
HUX NPOOYKMIS.

Kuiro4oBi cjioBa: arpoBUpOOHHUIITBO, OJIisl pOCTUHHA, TEXHOJIOTIs, 00JIaTHAHHS, TIOKa3HUKH SIKOCTI.

FORMATION OF PLANE OLIVE CLEANING TECHNOLOGIES
IN MINI-SHOPS CONDITIONS

Osadchuk P.1., PhD, associate professor
Dudarev I.1., PhD, associate professor
Odessa state agricultural university, Odessa, Ukraine

Abstract: To obtain high-quality edible oils, these should be as much as possible cleaned from concomitant
substances, mechanical impurities, phosphatides, waxes, soap and hydrophobic fractions. This process can be
realized on the basis of physical methods developed by us with the help of special centrifugal devices, ceramic
microfilters, hydration means for purifying phosphatidic concentrate with subsequent belting filtration of mono-
dibasic unsaturated acids A complex of technical means was developed, including equipment and blocks for
pressing the seed, adsorbent refinement, hydration and coagulation, centrifugation and deodorization, cleaning
and microfiltration of oils. Structures of technical means allow to compose separate components of a unit (mod-
ular), taking into account the conditions of their placement in small contour workshops. In the technological
process, if necessary, an ultrasonic cavitator is used to reduce the acidity of the oil. The complex formed on this
principle ensures the production of ecologically pure vegetable oil in the non-waste technology and in the condi-
tions of the farms. Qil of this quality belongs to the category of casserole products.The technological process
involves pressing the seeds, then feeding to a centrifuge for purification from mechanical impurities, for remov-
ing water and lightly flowing fractions into a vacuum chamber and microfiltration and lighting in the super-
cleaner unit, an ultrasonic cavitator is used to reduce the acidity of the oil. The vegetable oil retains its or-
ganoleptic qualities and the nutritional value of the product. Such an effect is achieved by the use of only the
production of oils, physical and mechanical processes, without chemical treatment. The technology is imple-
mented by a compact small-scale technical complex, executed in a modular-block type, which is easy to control.

Key words: agricultural production, vegetable oil, technology, equipment, quality indices.

Beryn. Ha croronHi B MiHi-1Iexax arpoBHpOOHHUIITBA 1 (hepMEPCHKHUX TOCIOAAPCTB IMHUPOKO PO3MOBCIOIKE-
Ha CIIPOIIEHA TEXHOJIOTiA OTPHMAaHHS COHSIIHUKOBOI OJIii, mO 0a3yeTbcs Ha MPOCTOMY i HE JOPOTOMY
obmagHanHi. OfHAK, 11 TEXHOJIOTIS HE BKIIOYae B cebe HACTYNHY OYHCTKY OJii, SKa BiAmoBimama O Iif0YNM
CTaH/IapTaM SIKOCTI MPOIYKTY MO0 BMICTYy MEXaHIYHUX JIOMILIOK Ta KaHIIEPOTCHHUX PEUOBHH.

AKTyaJbHicTh. JIeBOBa 4acTKa BCIX MOKA3HHKIB SIKOCTI OJII NpHIazae Ha mpolec oyuiieHHs. OTOX 4uM
Kpallle OYMILeHa OJIisl — TUM BOHA SIKIiCHIIIA, B MeBHIA Mipi. OTpUMaHHI pOCIMHHI OJii MICTATH pi3HI MeXaHi4Hi
JIOMIILIKH, CYITyTHI PEYOBHHH, OUIKOBI, CJM3UCTI, apOMAaTH4YHI PEYOBHHH, MIrMEHTH, MOXYTb MICTHTH HPOIYKTH
posmany *HpiB (BiJIbHI XKHUPHI KHCIOTH 1 MPOJXYKTH IX OKHMCJIEHHs) Ta iHmI. barato 3 HuX 3a0e3neuyroTs crenu-
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