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MOJEKYJIAPHO-TEHETUYHUI AHAJI3 CKJIATY
MIKPO®JIOPHU BO/U BIODLJIBTPA B YCTAHOBKAX
3AMKHYTOI'O BOOAOIIOCTAYAHHA

Meroto pobotu Oyno nposectu cekBenyBanHs c¢/JHK mikpodnopu Boxu GiodinsTpa Ta mopisusaus 16S r/THK i 16S
PHK xroHiB, HassBHEX y 6i0mioTeuniit 6a3i. [nentugikosano 11 6axrepianbHux Qinotumnis. Beranosneno, mo 6inbia yacTy-
Ha CEKBCHOBAHHWX KIOHIB Hajexana 1o ¢urorurry Gammaproteobacteria — 56,7 %. 12,2 % mnpumapamo Ha Kiac
Alphaproteobacteria. Yactka ¢inorumy CFB cranosuina 8,88 %, mo B 6,4 pasis (p < 0,05) menmre, Hixk Gammaproteobacteria
i B 1,5 pasu (p < 0,05) nix Alphaproteobacteria. Uactka pemtu ¢imotumiB Taki sik Nitrospirae, Betaproteobacteria,
Planctomycetes, Deltaproteobacteria, Uncultured bacterium Verrucomicrobia, Firmicutes He nepeBuiysana 6 %, i HaliMeHII
yrcenbHUM OyB Qiso-tum Actinobacteria — 0,5 %.

OTxe, MOJIEKYJSIPHO-TEHETHYHI JOCTIPKEHHS JaJIM 3MOTY BUSIBUTH, HAafOUIBII ommpeHi i ctabibHi Kinacu 1 poan 6ax-
Tepilt, siki GOPMyYIOTh aKTUBHMI HOPMOMIKPOOiOIeHO3 Y peakTopi 6i0¢insTpa 3a BUPOLTYBaHHS paiay>kHOT (operi.

Kuro4oBi c10Ba: ycTaHOBKH 3aMKHYTOTO BOJIONIOCTAUaHH, paiiayxHa dpopens, 610pinsTp, Mikpodiopa, CEKBeHyBaHHSI.

IMocTaHoBKA MPOOJIEMU,aHAJI3 OCTAHHIX JOCTiIKeHb i myOJikaiii. Ha croroani vac €Bpocoro3om
BU3HAETHCS €KOJIOTTYHO YHCTOIO TUIBKK Ta puOHa MpOIYKLis, sika BupoileHa B Y3B [4]. Po3Benenns paii-
nyxHoi (openi B Y3B HanexaTh 10 BHIIOI (OPMH 1HIYCTPiaJbHOIO PHOHHUIITBA 1 MPEACTABIISIE COOOKO
IHTEHCHBHY CHUCTEMY KOHTPOJILOBAHOTO Ta KEPOBAHOTO BUpOIITyBaHHs pubu [1, 5]. OCHOBHOIO BimMiHHIC-
TIO BUPOLIYBaHHA paiiayxHoi ¢openi B Y3B, NOpiBHAHO 13 BUPOLIYBaHHSAM Ha BiIKPHUTIH BOI, € OOMesxe-
Ha TEPUTOPIs Ha AKill Mae OJJHOYAaCHO 3a0e3MeUyBaTUCS CIPHUATIANBI YMOBH JJI POCTY pHOH i poOOTH cHC-
TEMH OYHMITICHHsI 000pOTHOI BojM [7]. BaxkiuBy posib y ITUX Mporiecax BUKOHY€E MIKpodJIopa, sika mpeacra-
BJIsIe 01011eHO3H, 110 (POPMYIOTBCS Y pi3HUX OioTonax Y3B [2]. BoHa Oepe akTHBHY ydacTh B pereHeparii
000pOTHOI BO/IM 1 € aKTUBHOIO HEBIA'€MHOIO YaCTUHOIO OiosoridHoro (iieTpa, y skoMy OionoriyHa miiBka
repeOyBa€e B IPUKPITUICHOMY BH1 a00 Y BHTIISAI aKTUBHOTO MYITy [6].

MosieKyaspHO-TeHETUYHI METOAM BBaXKAlOTh HAMOUIBII TOYHMMH 1 JOCTOBIPHHUMH JUTS imMeHTU(IKALIT
HasBHOI MikpodiopH, sika ¢popMye OioLieH03 1 mposiBisie HiTpudikyouy (GyHKIit0. ToMy mopsin i3 Kiacud-
HUMH PYTHHHUMH METOAAMH HaMH OYIJIO JOCTIPKEHO BOIY peakTopa 0io(ineTpa 3a BUKOPHCTaHHS MOJie-
KYJISIPHO-TCHETHYHUX METO/IB, 30KpeMa 3a moromororo Metoay I1JIP (momiMepasHoi JTaHIIoroBoi peakiii)
3 MeTOIO iIeHTH(iKamii HasBHOT MikpoduIopH, sika popmye Oi0LEHO3 1 POsBIIsE HITPUDIKYIOUY (YHKIIIO.

Mertorw po6otu Oyno nposectu cekBeHyBanHs c/IHK mikpodiopu Bogu OiodinsTpa Ta mopis-
aaaasg 16S r/IHK 1 16S PHK kitoHiB, HassBHHX y 0i0mioTedHii 6a3i.

Marepian i MeTogu HocaimKeHb. J[ochmimKeHHS TPOBOJAMIN y TIOBHOCHCTEMHOMY (hopeneBomy
rociogapctei CTOB CximHoykpaiHCHKUH IEHTP PO3BEACHHS IIHHUX BHIIB pud ,,MXA,,. Matepia-
JIOM JJ1s1 BUBUEHHS Mikpoduiopu Y3B 3a posBeneHus paiayxuoi dopen (Oncorhynchys mykiss) ciy-
ryBayu mpo6u BifiOpani i3 ocHoBHuX OioromiB Y3B. Byno nposeneno cexsenyBanns cJIHK mikpod-
Jopu Boau OiodinbTpa Ta nopiBHaHHA 16S r/IHK 1 16S PHK kiioHiB, HasiBHUX y 0i0mioTeuHii 0asi [3].
3okpema Oyio inenTudikosano 11 OakrepianbHUX GLIOTUTIIB.

OcHOBHI pe3yJabTaTH A0CTIIKeHH. Pe3ynbTaT TOCHTIKEHb HaBEACHO HA PUCYHKY 1.

Sk BHIOHO 3 pUCYHKa 1, OijbIlIa YacTHHA CEKBCHOBAHUX KIIOHIB Hajexana no ¢itoruny Gamma-
proteobacteria — 56,7 %. 12,2 % npunanano Ha knac Alphaproteobacteria. Yactka dinoruny CFB ctaHo-
Buia 8,88 %, 1o B 6,4 paszi (p < 0,05) menme, wix Gammaproteobacteria i B 1,5 pa3u (p < 0,05) Hixk
Alphaproteobacteria. Yactka pemtan QimotumiB  Takux sk Nitrospirae,  Betaproteobacteria,
Planctomycetes, Deltaproteobacteria, Uncultured bacterium Verrucomicrobia, Firmicutes He TIepeBUIITy-
Bana 6 %, i HaliMeHII yncedbHIM OYB (ino-tun Actinobacteria — 0,5 %. 3HauHe TiepeBaXKaHHS MPEICTaB-
HUKIB pinotunty Gammaproteobacteria, Ha Hallly JyMKY, TIOB’3aHO 3 THM, 1[0 J0 HBOTO BXOIUTb JCKiIb-
Ka BeNMuKuX pomuH (Enterobacteriaceae, Vibrionaceae, Pseudomonadaceae Ta iH.), SIKi TIHPOKO PO3IIO-
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BCIO/IXKCHI B HABKOJIMIITHHOMY CEPEIOBHIII — B IPYHTI, HA POCIIMHAX, IEPEBax, Y BOJI, 1 3aKOHOMIpHO (op-
MYIOTh MiKpo(dI0py Boau peakTopa GiodiisTpa.

60 56,7
B Gammaproteobacteria
50 O Alphaproteobacteria
E8CFB
40 B Betaproteobacteria
B Planctomycetes
* 30 M Nitrospirae
B Verrucomicrobia
20 B Firmicutes
B Uncultured bacterium
10 & Deltaproteobacteria
0 B Actinobacteria

dinorunu

Puc. 1. Hommpenns cekpeHopanux ¢/IHK 0akrepiansuux ¢isorunis
Y Boi peakTopa 0iodijbTpa 3a BUpoULyBaHHS paiiaykHoi gopeti

VY tabnuni | HaBeAeHO AaHi 3 BUABICHHS 1 pO3MOALTY KIOHIB 3a (DiIOTHIAMH.

Tabmu 1 — @igoTunivyHa XapakTepucTHKa Mikpodiopu Boau peakTopa 6iodinsTpa

MikpoopraHi3Mu 3 TeHETHIHOTO OaHKY [TpencraBHUK Cropignenicts, | Kinbkictsh
(616mioTeYHI KOIM) 130J1b0BaHUX KJIOHIB % KJIOHIB
1 2 3 4
I Alphaproteobacteria
Roseobacter sp. (AB257326) cIHK 47 98 4
Roseovarius aestuarii (EU156066) c¢/IHK 48 98 4
Prosthecomicrobium sp. ATCC 27833 (GQ221767) c¢/IHK 6 87 1
Sinorhizobium sp. enrichment culture clone Vand9 (HQ222284) c/IHK 24 95 1
Mesorhizobium sp. BA151 (EU748911) c¢/IHK 24 95-97 4
Hyphomicrobium sp. Ellin112 (AF408954) cJHK 25 94 1
Alpha proteobacterium C32 (AB302373) c¢/IHK 14 92-98 7
II Betaproteobacteria
Nitrosomonas sp. (AJ296605) c¢/IHK 2 96-98 5
III Gammaproteobacteria
Alkalispirillum sp. ACOS (FJ976681) c¢/IHK 45 95 1
Coxiella burnetii (D89792) c¢/IHK 11 92-94 3
Cronobacter turicensis (EF059863) c¢/IHK 23 90 1
Ectothiorhodospira imhoffii (AM902494) c¢/IHK 29 90-92 8
Glaciecola sp. 105 (AB238790) c¢/IHK 28 95-98 4
Pseudomonas stutzeri (AJ270453) c¢/IHK 49 99 10
Vibrio alginolyticus (AB497062) c¢/IHK 40 96-98 3
Vibrio campbellii (NR_029222) c¢/IHK 36 97 1
Vibrio gigantis (JF836190) c¢/IHK 32 96-100 5
Vibrio mediterranei (HM031977) c¢/IHK 27 95-97 2
Vibrio lentus (AY292927) c¢/IHK 37 97 1
Vibrio rotiferianus (JF907572) c/IHK 41 99 1
Vibrio shilonii (IN039144) c¢/IHK 34 98 1
Vibrio splendidus (JF836193) c¢/IHK 43 96-99 2
Vibrio sp. JZ08ML73 (HM117132) c¢/IHK 30 95-100 25
Gamma proteobacterium N2yML2 (EF629832) c¢/IHK 15 96-100 27
Uncultured bacterium clone 15 (JN157650) ¢/IHK 10 93-100 8
1V Deltaproteobacteria
Nannocystis exedens (DQ491074) c/IHK 18 95 3
V Nitrospirae
Nitrospira marina (HQ686084 c¢/IHK 3 94-98 10
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IIpodosoicenns mabn. 1

1 2 3 4
VI CFB
Algibacter sp. J13-26 (GU949539) c¢JIHK 9 97 1
Bacteroidetes bacterium ArSB (AB539997) c¢/IHK 16 82-90 5
Flexibacteraceae bacterium DG1232 (DQ486479) c¢/IHK 5 90-97 3
Flavobacteriaceae bacterium scsio713 (JN116829)Maribacter ¢/IHK 8cIHK 26 95-9895 51
sp. YA2 (JF751049) c¢/IHK 38 93-97 2
Reichenbachiella sp. YMK (AB540004)
VII Planctomycetes c¢IHK 50 92-95 3
Pirellula sp. ( X81943) c¢/IHK 7 95 2
Planctomycete A-2 (AM056027)
VIII Verrucomicrobia c/IHK 17 90-95 4
Verrucomicrobium sp. KLE1210 (GQ262724)
IX Actinobacteria c¢/IHK 21 97 1
Actinobacterium CN30_ LM100 (FN554443)
X Firmicutes ¢/IHK 33 96-99 5
Uncultured marine bacterium (GU326794)
XI Uncultured bacterium c¢/IHK 13 89-98 7
Uncultured bacterium clone DSJB94 (DQ499222)

I3 Tabmuri 1 BumgHO, 1m0 Oyito cekBeHOBaHO 182 KioHH, sKi BimHEeceHO 10 11 dimoTumnis. OcHOBHY
JaCTHUHY Cepel BUSABIICHHX KIIOHIB CTaHOBWIM Oakrtepii poxy Vibrio sp. — 22,5 % ta Gamma
proteobacterium — 14,8 %. lle mOsSICHIOETBCSI TUM, LIO IIi MIKPOOPTaHI3MU CTaHOBJISTH CUMOIOTHYHY
MikpodIIopy BOJM 1 IOBEpXHI pHUOW, HE 3BKAIOUM HA Te, IO CEpe MPeACTaBHUKIB poxy Vibrio € ma-
ToreHHU# BUA V. anguillarum, sixuii cipuduHse centuueMiio ¢operni. YacTka OCHOBHUX POJIB 1 BUIB
OakTepiid, siki OepyTh y4acTh y mporecax HiTpudikamii i nqenitpudikaiii, 30kpema Nitrosomonas sp.,
Nitrospira sp., Pseudomonas stutzeri, cranosmna 13,7 %. Iami inenTudixoBani Buau GakTepiil Oyiu
MOJiMEH1, PIBHOMIPHO M)XK BUSBICHUMHU POJAMH.

OTxe, TIPOBEACHI MOJCKYJIAPHO-TCHETHYHI TOCIIMKEHHS Iadyd 3MOTY BHUSBUTH, BUSBUIN Hai-
OB OIIMpPeHi ¥ cTabifbHI KJIacH 1 poau OakTepii, ki GopMyIOTh aKTUBHHI HOPMOMIKpPOOiOIEeHO3
y peakTopi OiodinbTpa 3a BUpoIIyBaHHS paiiayxHoi (opemni. 3aragom mMikpodiopy peakropa 0iodins-
Tpa HEOOXITHO PO3TIIAIATH K 010IEHO3, B SKOMY POIH i BUIU OaKTepidl iICHYIOTh Pa30M HE BHUIIAIKO-
BO, a c(OPMOBaHi B pe3yabTaTi Ail KOMIUIEKCY €KOJIOTIYHUX 1 aHTPOIIOTEHHUX (PAKTOPIB Mij Yac 3ary-
cKy 1 pynkmionyBanHs Y3B. Mu BBaxkaeMo, 110 MiKpoOHI BUIH HEOOXITHO PO3TIISIATH SIK CBOEPIAHI
iHpOpMaLiiiHi cCHCTEMH, SIKi CIIOBILIAIOTH MPO 3MiHY B HABKOJMIIHBOMY CEPEIOBHILI, 30KpeMa B MiK-
pobiouenosi 6iodineTpa. Y naHOMy BHNAAKY NOPYIIEHHS MiKpoOioneHo3y Oy/e HeraTUBHO BIUTUBATH
Ha HiTpudikyody (QYHKIO peakropa 0io¢iasTpa. Bu3HaueHHs 1 OLIHIOBAHHSA POJII OKPEMHUX TPYII
MIKpOOpraHi3MiB y TakoMy 0ioTomi SK peakTop 0io¢inbTpa. MOHITOPUHT CKiIagy HOro MiKpoOHHUX IO-
ITYJISIIN MafOTh BaYKJIMBE CKOJIOTIYHE 3HAYCHHS.

BucHoBku. 1. BctanoBneHo, mo Oiibllla 9YacTHHA CEKBEHOBAHMX KJIOHIB HaJekayia A0 (iIOTHITY
Gammaproteobacteria — 56,7 %. 12,2 % npunanano Ha knac Alphaproteobacteria. Yactka dinorumy
CFB cranoBuna 8,88 %, mo B 6,4 pa3iB MeHme, Hibxk Gammaproteobacteria i B 1,5 pa3u, Hix
Alphaproteobacteria. Yactka pemtn QinotuniB Takux 5K Nitrospirae, Betaproteobacteria,
Planctomycetes, Deltaproteobacteria, Uncultured bacterium Verrucomicrobia, Firmicutes HE Tiepe-
BuiyBaia 6 %, i HaltMeHTI YnceapbHUM OyB (imo-tumt Actinobacteria — 0,5 %.

2. CexBenoBaHo 182 kioHH, Aki BigHeceHo 10 11 ¢inotumiB. OCHOBHY YacTHHY cepell BUSBICHUX
KJIOHIB CTaHOBWIM OakTtepii poxy Vibrio sp. — 22,5 % ta Gamma proteobacterium — 14,8 %. HYactka
OCHOBHHUX POJIB 1 BUIiB OakTepiii, siki OepyTh ydacTs y mpolecax HiTpudikamii i geHiTpudikamii, 30k-
pema Nitrosomonas sp., Nitrospira sp., Pseudomonas stutzeri, cranosuna 13,7 %.

Y momanbmoMy IIaHy€eThCS MPOBEACHHS JTOCIKSHHS 010 BUBUEHHS HITPU(DIKYIOYO0i 3M1aTHOCTI
Y BUIUIEHUX MIKpOOPTaHi3MiB.
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MoJiekyJIIpHO-TeHeTHYeCKHe aHAJIM3 COCTAaB MUKPO(]JIOpLI BoAbl 0MO(PHILTPOB B YCTAHOBKAX 3aMKHYTOI0 BO-
JAOCHAOKEeHHs!

I'ppinesuy H. E., Kyxtein M. 1.

Lenpio paboTs! Ob110 npoBecT cekBeHupoBanue ¢ JJHK mukpodiaopsr Boasl Ouodpmnstpa u cpaBHenus 16S r/IHK u
16S PHK xiioHOB, uMeromuxcsi B oubnuoreynom 6aze. Unentudunuposano 11 dakrepuanbHbiX QUIOTHUNUB. Y CTaHOBJICHO,
9T0 OOJIBIIAst YaCTh CEKBEHUPOBAH KJIOHOB IpHHAyIekKaa kK ¢punorury Gammaproteobacteria - 56,7%. 12,2% npuxoamioch
Ha kiacc Alphaproteobacteria. lonst ¢gunorumry CFB cocraBuia 8,88%, uto B 6,4 pa3 (p <0,05) mensie, vem Gammaproteo-
bacteria u B 1,5 paza (p <0,05), uem Alphaproteobacteria. [loyst octansHbIX (rtorunus Takue kak Nitrospirae, Betaproteo-
bacteria, Planctomycetes, Deltaproteobacteria, Uncultured bacterium Verrucomicrobia, Firmicutes He mpepbimana 6%, u
MeHee MHOTOYHCICHHBIM ObL1 (uto-tun Actinobacteria - 0,5%.

Hrak, MoneKyIapHO-TeHETHYECKHE HCCIESJOBaHUs MO3BOJIMIN BBISIBUTH HanOoOJee pPacmpoCTpaHEHHbIE M CTAOMIIbHBIE
KJIacChl ¥ pOAibl OAaKTEpHid, KOTOpble (GOPMHUPYIOT aKTHBHBIH HOPMOMHKPOOHOLICHO3 B peakTope OnoduibTpa 3a BhIpallnBa-
HHE paxyXHOU (opern.

KnroueBble cj10Ba: yCTaHOBKHM 3aMKHYTOTO BOJOCHAOXKEHUS, pamyxHas (opens, OHoGUIbTp, MEKpOQIOpa, CeKBEHH-
pOBaHHSL.

Molecular-genetic analysis of the microflora composition of water of biofilter in rsa

Grynevych N., Kukhtyn M.

The main difference in the growth of rainbow trout in RSA, as opposed to growing on open water, is a limited area, which at
the same time should provide favorable conditions for the growth of fish and the operation of the system of treatment of reversible
water. An important role in these processes is performed by the microflora, which represents the biocenoses formed in different
biotopes of the RSA (Recirculating aquaculture system). It takes an active part in the regeneration of reversible water and is an active
integral part of the biological filter in which the biological film is in the attached form or in the form of active sludge. Molecular
genetic methods are considered to be the most accurate and reliable for the identification of the available microflora, which forms
biocenosis and shows a nitrification function. Therefore, along with the classical routine methods, we examined the water of the
biofilter reactor using molecular genetic methods, in particular by using the polymerase chain reaction (PCR) method to identify the
available microflora that forms biocenose and exhibits a nitrification function.

The purpose of the work was to sequenced cDNA of the microflora of the biofilters of the closed water supply system
and compared the 16S rDNA and 16S RNA clones available in the library base.

Materials and methods. The amplification of 16S cDNA was performed using PCR (Michaud et al., 2009)]. They were
performed using the ABI 9600 (Applied Biosystems) thermal cycler using the front primer 27F (5-AGA GTT TGA TCC TGG CTC
AG-3") and 1492R (5'-GGT TAC CTT GTT ACG ACT T-3'). PCR was performed in a mixture of 50 pl (total volume) containing 1
x Q solution (Qiagen), 10 x Qiagen reaction buffer, 1 pM of each specimen, 10 pM of dNTPs (Fermentas), 50 ng of cDNA matrix
and 2.0 U Taq Polymerase (Qiagen). The PCR program included the following steps: 3 minutes. at 95 ° C, then 30 cycles for 1
min. at94 °C, 1 min at 50 ° C, 2 min. at 72 ° C and complete prolongation for 10 min. at a temperature of 72 ° C.

11 bacterial phytopaths were identified. It was found that most of the sequenced clones belonged to the Gammaproteobacteria
phylotype - 56.7 %. 12.2 % belonged to the Alphaproteobacteria class. The share of the CFB filotype was 8.88 %, which is 6.4 times
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(p <0.05) less than Gammaproteobacteria and 1.5 times (p <0.05) than Alphaproteobacteria. The share of the remaining filotopes
such as Nitrospirae, Betaproteobacteria, Planctomycetes, Deltaproteobacteria, Uncultured bacterium Verrucomicrobia, Firmicutes
did not exceed 6 %, and the smallest number was the filo type of Actinobacteria - 0.5 %. In our opinion, a significant predominance
of representatives of the Gammaproteobacteria filotype is due to the fact that it includes several large families (Enterobacteriaceae,
Vibrionaceae, Pseudomonadaceae, etc.) that are widespread in the environment - in the soil, on plants, trees, in water, and naturally
form the microflora of the water of the biofilter reactor.

It has been established that 182 clones were sequenced, which belonged to 11 phylotypes. The major part among the detected
clones was bacteria of the genus Vibrio spp. - 22.5 % and Gamma proteobacterium - 14.8 %. This is due to the fact that these micro-
organisms form a symbiotic microflora of water and the surface of the fish, despite the fact that among the representatives of the
genus Vibrio is the pathogenic form of V. anguillarum, which causes septicemia of trout. The share of the main genera and species
of bacteria involved in the processes of nitrification and denitrification, in particular Nitrosomonas spp., Nitrospira spp., Pseudomo-
nas stutzeri, was 13.7 %. Other identified types of bacteria were divided evenly between identified genus.

Consequently, the conducted molecular genetic studies made it possible to detect, found the most common and stable
classes and species of bacteria that form active normomicrobiocenosis in the biofilter reactor for growing rainbow trout. In
general, the microflora of the biofilter reactor should be considered as biocenosis, in which the genera and species of bacteria
are not accidental together, but formed as a result of the complex of environmental and human factors during the startup and
operation of the ultrasound. We believe that microbial species should be considered as peculiar informational systems that
report changes in the environment, in particular, in microbiological biofilter. In this case, the violation of microbiocenosis
will negatively affect the nitrification function of the biofilter reactor. Determination and evaluation of the role of individual
groups of microorganisms in such a biotope as a biofilter reactor. Monitoring of the composition of its microbial populations
has an important ecological significance.

Key words: RSA, rainbow trout, biofilter, microflora, sequencing, polymerase chain reaction.
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OHIHKA M’SICA AJTOBUYNHU HA HASIBHICTD 3EPAHOJLY -
CTUMYJBITOPA POCTY )KYPIHIZIX TA BIIJINB
TEXHOJIOI'lI 3BEPI'AHHS HA MOI'O BMICT

Meroto po6GoTi 6y10 IOCIIAUTH HASBHICTH 3ePaHOIY — CTUMYJISITOPA POCTY JKYHHHX Y SUTOBHYHMHI, SIKa HAIXOIUTDH Ha 3a0iiiHi
nexu TepHONUIBCHKOT 1 JIbBIBChKOT 0O/IacTel Ta BU3HAYUTH BIUIMB XOJIOAMIBHOTO 30epiraHus M'sica Ha Horo BMIcT.

Bcranosieno, mo B cepenHboMy 36 % npo0 SUTOBHYMX TYII, IO HAAXOMATH HA MepepoOKy, MICTIIIN CTHMYJIITOP NMPHPOCTY
MAcH JKyHHHX — CHHTETHYHUH CTHMYJIITOP-aHA0O0JIK 3epaHoI, TOOTO HypKde Mexi BusiBIeHHS 3epanory 0,062 mxr/kr. Beranosie-
HO, IO KUTBKICHHI BMICT 3€paHOITy B sUIOBMUMHI Hicist 16 no6oBoro 30epiraHms 3a Temmeparypu +2...+4 °C B XOJOAMILHUKY HE
HPU3BOUTH 10 HOTro 3MeHIeHHs. ToMy, METO OXOJIODKEHHS 1151 3HVXKEHHS KUIbKOCTI 36paHOITy BUSBUBCS HEe(DEKTHBHUM.

ITpoBeneHo mOCHiIKEHHS 3 BU3HAYCHHSI BIUIMBY 3aMOpOXKyBaHHs 3a Temmeparypu —20 °C i TepmiHy 30epiranHsi suioBH-
YUHH YIPOJOBXK 4 MiC. Ha BMICT 3epaHojly. BcTaHOBJIEHO, 1110 TOBHICTIO 3HU3UTH KIIBKICTh 3epaHOIy B M’SCi HE BIAEThCS,
IpOTe HOro KibKiCTh 3HAYHO 3MEHIIYETHCS B IIPOLIECi 3aMOPOXKYBaHH. SIKIIO 0XapakTepu3yBaTu 3MiHH M’sica SI0BHYMHH |
TPYIH, TO Yepe3 OMUH MiICAIb 3aMOPOKYBAaHHS Bifl MOYATKY MOCITIKCHB, BMICT 3e€paHONy B M’sici 3MeHIUBCA Ha 16,3 %.
Uepes 1,5 Micsins KUTbKICTh 3epaHOITy 3MeHIImIacs Ha 22,8 %, no novarky gociuiny. Yepes 2 micsmi Ha 24 % i gepe3 3 Micsmi
Ha 26,4 %. M’sco sutoBuuuan Il rpynm Takok XapakTepH3yBaJoCs 3MEHIIEHHSM KIJIBKOCTI 3epaHoiy: depe3 1 Mmicsipb Bif
MOYaTKy JOCIIJPKEHHS HOTO KUTBbKiCTh 3MeHInmIacs Ha 18,4 %, depes 1,5 micani Ha — 25,1 % no nodatky gociiny. Uepes aBa
MiCAI TOCHIIKEHHS KUTBKICTh 3€paHoILy, MOPIBHSAHO JI0 MOYATKy JOCIiTy 3MeHmmIacs Ha 28,5 %, a 4yepe3 TpH MICsIli BMICT
3epaHoy y JJaHOMY 3pasKy 3MeHIIMBcs Ha 29 %. Jns 3HMWKEHHs KiJbKOCTI 3€paHOly Y SUIOBUYMHI 3alIPOIIOHOBAHO allbTep-
HATUBHHUI MeTo — e 3amopoxkyBaHHs 10 — 20 °C i 30epiranHs He MEHIIIE ABOX MICSIIB.

OTxKe, pEeKOMEHY€EThCSI TPOBOAUTH BUOIPKOBHI KOHTPOJIb Ta Bif0ip M’sca sUIOBUYMHM Ha M’ SCONEPEepOOHUX i AIPHEM-
CTBaXx /I BCTAHOBJICHHS OKa3HUKIB OE3MIEYHOCTI, a caMe BMICTY 3epaHoIy.
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IocTaHoBKa MPo0JIeMH, aHAII3 OCTAHHIX J0CTiAKeHb i myOJikanii. Hunai yce gacrime B mpo-
TyKTaX Xap4ayBaHHS BUKOPHCTOBYIOTH 3apEECTPOBAHI, TO3BOJICHI 1 HETO3BOJICHI XapUOBi JOMIIIIKH, SKi
3HAYHO 3HWXKYIOTh 1X BapTiCTh, 3aT€ MiJBUILYIOTH TPUBAIICTH iX 30epiraHHsl poOJIATh 30BHIIIHIN BH-
IS TIPUBAOIUBIIINM JUIS TOKYIIA. [IpH bOMY 3HHUXKYEThCS IMOKMBHA I[IHHICTh MPOAYKIIIT, a 3a BCi
IIi TIepeBary CIOKKUBadl IIATATh CBOIM 3710poB’° siM [3, 4]. [l 301IbIIeHAS] BUPOOHUIITBA TTPOIYKITIT Ta
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