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Y cmammi suceimaeno, wo 3anacu wucmoi 6oou éce odinvute s3veHutyiomocs. OOHak it Oe-
Qhiyum MmodcHa nepekpumu OnpIiCHEHHAM 3a0PYOHEHUX MOPCLKUX | nio3emuux 600. Posensamnymi
CYYACHI MEemMOOU OYUCMKU MA 3HECONEHHS 600U, NPUYOMY OCHOGHUIL AKYEHM 3POOILeHUIl HA NPO-
cmuil i docmynHuil memoo Kpioouuwjenns. [lokazamo, wo Haeimv npu 6UKOPUCMIAHHI HATl-
nPOCMIUIOL MeXHONOIT oYU eHHSL 600U BUMOPOJICYBAHHAM, SIKY 1€2KO IPOBAOICYSAmu Y NOOymi,

KOOJICHA

Ccmaois YUKy O4UUeHHs 3HUICYE KOHYEHMPAaYito OOMIUOK NPUOTU3HO GOBIYL.

Knrouoei cnosa: 6ooa, ouuwyenist, mexHonoeis, Kpio3HecoaeHH s, UOHHUL 6MICM

JIawenko E.B., benaa T.A., Oxpumenro E.B. Ilpouyeccwt ouucmku 600vt. Kpuooodecconu-

6éanue
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B cmamve yxazano, umo sanacwl wucmoti 600bl 6ce Oonbule COKPAWArOMcs, HO ee deduyum
Modicem Oblmb YMEHbUIEH NYMeM ONPecHeHUsl MOPCKUX U 3A2PA3HEHHbIX 2PYHmMOogblx 800. Pac-
CMAmMPUBAIOMcs COBPEMEHHbLE MENOObl OYUCKU U ONPECHENUsL 600bl; OCHOBHOU AKYeHmM COenaH
HA NPOCMOM 1 QOCHynRHOM Memode Kpuoobecconusanust. Tlokazano, umo 0adlice nPOCMas MexHo-
JI02UsL OUUCTKU BOObI 3AMOPANCUBAHUEM-OMMAUBAHUEM, KOMOPAsi MOdICem Oblmb J1e2KO 0Cy-
wecmeneHa 8 NOBCEOHEBHOU HCUSHU, CHUMNCAen KOHYEHMPayUuro npumecell 6 064 pasa Ha Kaxicoou
CIMaou YUKIA 3aMOPaNCUBAHUSL-OMMAUGAHUSL.

Knrouesvie cnosa: 600a, mexnonozust O4UCIKU, KPUOOEMUHEPATU3AYUSL, NPUMECH, COOepIICa-
HUe UOHOB

Liashenko Y.V, Bila T.A., Okhrimenko O.V. Water purification processes. Freeze-thaw
technology

The article shows that clean water stocks are increasingly reduced. However, the deficit can be
diminished by desalination of seawater and polluted groundwater. The article deals with the mod-
ern methods of purification and desalination of water; its emphasis is made on an easy and af-
fordable method of cryo-purification. It is shown that a simple freeze-thaw water treatment tech-
nology that can be easily implemented in everyday life, provides a twofold reduction in the concen-
tration of impurities at each stage of the freezing-thaw cycle.

Keywords: water, purification technology, cryo-demineralization, impurities, ion content

ITocranoBka npodJjemu. Boga € 0CHOBHOIO PEYOBUHOIO XKUTTS HA 3eMIIi 1 BOHA
cTae Bce OutbIre AedinuTHO0. MaliOyTHE CBITY TICHO OB’ s3aHE 3 HASBHICTIO YUCTO i
cBikoi Boau. Jledinut npicHOT 1 YMCTOT BOTM BiIUyTHHIA B 00JACTAX, IO CKJIAJAIOTH
npubmmsHo 60% Beiel moBepxHi cymi. Lleit nedinur MoxkHa EPEKpUTH ONPICHEHHAM
OKEaHIYHHMX, MOPCHKHX 1 Mia3eMHUX BoA. ONpiCHEHHSI MOPCHKOT BOJM € OJIHIEIO i3 Tra-
Ty3el CBITOBOT €KOHOMIKH, SIKa TUHAMIYHO PO3BUBAETHCA.

BcraHoBIeHO, 1110 TP 3HAYHOMY BiIIAJICHHI MPICHOBOIHUX JDKEPEN, OTIPiCHEH-
HS COJIOHOT BOJIM Ha MICIIi JIeIlIeBIIe, HiK BapTiCTh BOJM, IO MOCTYIAE MO BOJOBOAAM.
IIpryomy ekoHOMIUHMIA eeKT 3pocTae i3 30iIbImeHHsIM 00’eMy. [lo Toro *k craH cy-
YaCHUX MPICHOBOJHUX JKEPET € TAKKM, 1110 JIOPOXKUE TX OYHIIYBATH, HIXK OTIPICHIOBATH
MOPCBKY BOJY.

ToMy HeOOXiJJHO IITyKAaTH HOBI 1 HU3BKO3aTpaTHI METOIN OYMIIICHHS TPICHOT BO-
IV 1 3HECOJICHHS MOPCHKOT BOMIH.

AHaJi3 ocTaHHiX J0CTiKeHb i myOaikauiii. [Iponec BuaaneHHs comeii 3 Boau
3aJIGKHO BIJI CTYIICHS 1X BUTSATAHHS HA3UBAETHCS 3HECOJICHHSIM a00 omnpicHeHHsM. [Ipu
3HECOJTFOBaHHI BOIM KOHIICHTPAIIiS PO3UNHEHHX COJNEH 3HIKYETHCS 0 MEXKi, OIM3bKOT
JI0 BMICTYy iX B JMCTWJILOBAHIM BOJi; IPH ONPICHEHHI — 10 KOHIIEHTpAILLii, JOMyCTUMO]
MPY BUKOPUCTAHHI BOIM JUISl TOCTIONAPCHKO-TIMTHHX ITiJICH.

Haiibinpin eekTHBHUMHE 1 eKOHOMIYHO OOTPYHTOBAaHHUMH Y TIPAKTHUII BOJIOOYH-
IIICHHS 32 HASIBHUMHU JIITEpaTypHUMH JaHUMHU € HOHHUNA 0OMiH, TUCTUIIALIIS, 3BOPOTHHIA
ocMoc (rinepdinbrpartis), Tepmivamii Meton [1].

Bubip MeTomy 0OyMOBIIOETECS SIKICTIO BOAM, IO OYHUIIAETHCS, BUMOTAMHU CIIO-
KHBada JIO0 SKOCTI OYMIIEHOI BOIH, TPOAYKTUBHICTIO YCTAHOBKM 1 TEXHIKO-
EKOHOMIYHHMH MipKyBaHHSMH.

PosmsiHEMO TepeBaru i HEIOMIKH METOIIB 3HeCOIeHHs Bomu. [lepeBaramu st
HonHoro o6MmiHy €:

- MOXJIMBICTb OJICPYKAHHS HATIUCTOI BOIIM;

- BiZIMPAIbOBaHICTh 1 HATIHHICTh;

- MIPOBOIUTH JTOCIIJPKEHHS ITiJ] 9ac Pi3Ko1 3MiHH apaMeTpiB BUXiIHOT BOIH;
- MiHIMaJIbHI KaliTaJIbHI 1 €HEPrOBUTPATH;
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- HEBEJIMKi BUTPATH BUXITHOT IUTHOI BOIH;

- MiHIMaJIbHUNA 00’ €M BTOPUHHUX BIAXOMIIB, 1110 3a0e3meuye iX nepepooKy.
3BOPOTHOTO OCMOCY —

- BHCOKa sIKICTh BOJH IO 3aBicaM, Oi0JIOTIYHMM 1 OpraHiYHUM 3a0pyTHEHHSM;

- MiHIMaJbHa KUIBKICTh PEAreHTIB 1 CyMApHUM BUKHJ] COJIEH Yy HABKOJIUIITHE Cepe-

JIOBUILIE;

- MOXJIMBICTh BUKHy KOHIIEHTPATY 03 00p0oOKH y KaHaIIi3aIlito;
- BITHOCHO HU3bKIi €KCILTyaTalliiiHi BUTpaTH;
- BIJCYTHICTb arPECUBHUX PEAreHTIB 1 HEOOX1AHOCTI X 00pOOKU
TepmiyHOrO METOY —
- MiHIMQJIBHI KiJIBKOCTI PEarcHTiB;
- BHCOKA SIKICTb BOIY BiJTHOCHO 3aJIMIIKOBHX CYCHEH3iH, O10JIOT1YHMX 1 OpraHiy-

HUX 3a0pyIHCHB;

- MOXITUBICTh OIIEPKaHHS BIIXOMIB MIHIMAJIBHOTO 00’€MY, Maike JI0 CYXHX CO-

JIeit;

- BHIAJICHHS 13 BOIW PO3YHHECHUX Ta3iB.
Cepe HEJIOIIKIB BUIUISIOTS:
Vouunii o6MiH:
- BHCOKI BUTPATH arpECUBHUX PCArCHTIB,;
- eKCIDTyaTalildHiI BUTPATH, SIKi 3pOCTaIOTh MPOIIOPIIHHO BMICTY COJIed Y BOII;
- HeoOXiAHICTh OOPOOKHU pereHepariB i CKIAIHICTb 3 IX CKUIOM.
3BOpOTHUI OCMOC:
- HEOOXIJHICTh PETEIIHLHOT TIEPEIITiITOTOBKHY;
- OaxaHa HerepepBHa poO0Ta 000POTHOOCMOTHYHOT YCTAaHOBKH;
- BEJHKIi KalliTaJbHi BUTPATH;
- BEJIMKI BUTPATH ITUTHOT BOIM 1 00’ €M CKHY BOIH;
- BCJIMKI CHEPTOBUTPATH.
TepmiuHuii MeTON
- HEOOXITHICTh TIePEIITiITOTOBKH;
- IIy)Ke BENNKi CHEPTOBUTPATH;
- BEJHKi KalBUTPATH.

I3 ycboro 06’eMy onpicHeHOi BOMH, SIKY OJICP)KYIOTh y CBITi, HA YACTHHY JUCTH-
JSMIAHAX OTIPICHIOIOYMX YCTaHOBOK mprmanae 71,5%, 3BopoTHO ocMoTHuHuX — 19%,
enexTpomianiz Hux — 9,4%, samopoxyrounx — 0,1%.

Hespaxatoun Ha ciaOke MOIIMPEHHS y CBITi OMPICHIOIOYMX MPOLECIB 3a JOMO-
MOTOI0 BUMOPOXKYBaHHS, 0araTo aBTOPIB BBAKAIOThH IX MEPCHEKTHBHUME. MeTon BH-
MOpPO)KYBaHHsI OCHOBHHI Ha 4aCTKOBOMY TI€pPEBENICHH] BOJIM 13 piiuHU Y TBepAY (dazy y
CTIOTY4YCHHI 3 TIPOIIECOM BiIUTUICHHS TBEPAMX YaCTHHOK BiJ iHINIOI pinkoi asu. Y Tpa-
JTULIAHOMY MiaX0mi 3MiHa (ha3u TOCATAETHCS 3a JIOTIOMOIOK TEPMIYHUX METOiB. 3a-
MOpPOXKYBaHHS 3a0e3Ieuye YacTKOBE MEPEBSACHHS BOAU Y JIiJI, 3JIMIAIOYH Y BHIIISI
PiIMHY KOHIIEHTPOBAaHUH PO3YHH PO3COITY.

I3 BO/H, 1110 MicTHTH J10 15 /71 corei, MOXKHA 32 JOTIOMOTOKO I[bOTO METOY Oflc-
prkaté Bomy i3 BMicToM coneid 0,5-2 1/m. el croci6 y nmesikiii Mipi e(eKTHBHIMIIN 32
MIEPETOHKY, TOMY I1I0 6araTo opraHiyHHUX AOMIIIOK (HAMPHUKIAL, TOXiIHI (peHOIy) mepe-
TaHSIOTHCS Pa30M 3 BOISHOIO Maporo.

o mepeBar MeTOIy BUMOPOXKYBaHHS Y TIOPIBHSHHI 3 1HIIUMH METOAAMH KOHIIE-
HTPYBaHHS BiTHOCSATHCS:
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- HH3bKa TEMIIepaTrypa MPOXOHKEHHS IPOIIECy, IO Pi3KO 3HIDKYE KOpPO3ilo;

- He NOTpiOHO MOCTIHHO 3aMiHIOBAaTW BUTPATHI Marepianu, sIK, HANpUKIAMA, AT
3BOPOTHOTO OCMOCY;

- Tporiec BiOyBaeThcs 0€3 HAKUITYYTBOPESHHST,

- BIZIHOCHO HM3BKi €HEPrOBUTpaTH, OCOOIMBO y MOPIBHSAHHI 3 TUCTWIIALIEO (Ter-

JI0Ta KpUCTAi3alii peyoBUH y 6-8 pa3 HIDKYa TEIUIOTH BUMIAPOBYBAHHS).

AJie MeTon BAMOPOKYBAaHHS Ma€ 1 3HAYHI HETOJIKH:

- HEMOXKJIHMBICTb JJOCTaTHHO IIIMOOKOTO 3HECOJIEHHS 3a OWH IIMKJI BAMOPO)KYBaH-

HS — TUTaBJICHHS;

- JUTS TIPOBENICHHS TIPOLIECY YacTo HeoOXiHe crienngivyHe HecepiitHe oOnaaHaH-

HS;

- BUMOpPOXYBaHHs MOTPeOy€e BEIUKUX MOYATKOBHX KAIITATLHUX BUTPAT.

OnpiCHEHHS BOIU 3AMOPONCYBAHHAM 3aCHOBAaHE Ha PI3HHII TEMITEpaTyp 3ame-
P3aHHS COJIOHOT 1 TIPICHOT BOMHU: COJIOHA BOJA 3aMep3ae TPH HIDKYIM TeMITeparypi, Hix
TpicHa.

ToMy TIpy TIOBUIEHOMY OXOJIOIDKYBaHHI coiloHoi Bomu Hyk4ue 3a 0°C yTBOpIO-
IOThCS KPHUCTAIIA TIPICHOTO JIBOAY, sIKi TOTIM Mep3HYTh B arperard. KoxeH arperar €
IPYIIOI0 KPHCTANIB MPICHOTO JILOAY, MiX SKMMH € MOPOKHUHH, 3aIIOBHEHI PO3COJIOM.
ToMy npu pO3TOIJIEHHI TaKMX arperariB KpUCTAJIB JILOLY BHXOIHUTH JIMILE YACTKOBO
ompicHeHa Boja. [IpoTe Ko HarpiBaTy TaKWi JIiJI IIOCTYITOBO, 3aMEP3IIHA MiXK KpHC-
TajaM¥ TPICHOTO JILOAY PO3CLI Mepeiie B piAKUA CTaH 1 cTede paHille, HiXK MOYHYTh
TaHYTH KPHUCTAJM TMPICHOTO JIboAy. Po3cin, 10 po3TaHyB, CTiKae, JIiJi ONPICHIOEThCS, 1
TIPY MTOJAJTBIIOMY TAHEHH] YTBOPIOETHCS TIPICHA BOJIA.

OnpicHEHHS BOAW MOXe OyTH 3MIHCHEHO npupoonum xonodom (y TPUPOIHUX
YMOBAX) a00 WUmyuHUM BUMOPONCYBAHHIM.

o mepeBar crioco0y 8umoposicysanhs y NpUpoOHUx ymMoeax MOXKHA BITHECTH
MIPOCTOTY TEXHOJIOTTYHOT CXEMH 1 BIIAIITYBaHHS KOHCTPYKIIIH, BITHOCHO HHM3BKY Bap-
TICTh OyiBeTTbHUX MaTepialiB, MaJMid BiJICOTOK aMOpTH3alllii OCHOBHUX CIIOpYH, a Ta-
KOK 3pYy4HICTh KCIDTyaTallii 3a BiICyTHOCTI HEOOXITHOCTI B KBaTi(hiKOBAHOMY OOCITY-
TOBYBaHHI.

JluBHO, ajyie pH BCiX MO3UTUBHUX OCOOJIMBOCTSIX METOIYy BUMOpPOKYBAaHHS, BiH
He TprBaduB JI0 cebe HayKOBY CHIBHOTY. Benmka KijbKicTh cTaTel 3a 1aHO TeMaTu-
KOIO TPAaKTHYHO Mae PEKIIaMHUHA XapaKTep, e ONFCAHO MOKIUBICTh TAKOTO OUYUIIICHHS
y HoOyTi.

VY nanHuii yac BBaXKAETHCS HAHOLIBII JOLUTBHUM 3aCTOCYBAaHHS BUMOPOXKYBaHHS
y IPUPOAHIX YMOBAX LTSI BONOIOCTaYaHHS HEBENMKAX CeHII. JIj1s1 MiCBKOTO 1 IpOMu-
CJIOBOTO BOZIOTIOCTAYaHHS HAHOUIBII IPUIHATHUM € wniyune GUMOPOICYBAHHSL.

MopcCBKy BOILY MOJKHA OXOJIOMKYBATH HENPAMUM BUMOPOICYBAHHAM, TIPH SIKOMY
TEIDIO KPUCTAi3allil BiTHIMAETECS BiJl PO3UYMHY COJi Yepe3 CTIHKY; GUNAPO8YEAHHIAM
600U y 6aKkyymi 1, HAPEILTI, MOXXHA BUKOPHCTOBYBATH NpsiMe OXOIO0ONCYBANHS CONOHOL
600u Tipu Oe3MocepeHbOMY KOHTAKTI il 3 TIIPopOoOHUM (110 HE 3MILITYETHCS 3 BOJIOKO)
XOJIOMIJIBHIM areHTOM, IIPHIOMY TETUTO KPHCTANI3aIlii BIIHIMAETHCS BUTAPOBYBAHHIM
XJIaJ[areHTa.

Haiibinpir mepcrnekTHBHUME XOJIoJ0areHTaMu € OyTaH, ponaH, i300yTaH, ¢pe-
oan ®C-318, ®-12, @-142 Ta iHII PEHOBHHH, 10 HE 3MIITYIOTHCS 3 BOIOKO 1 HETOKCH-
YHI.
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OmnpicHEeHHST BOIM BUIMOPOKYBaHHSM CKIIAHA€THCS 3 TPHOX OMEpalliii: yTBOpEH-
HS KPUCTAIIB JIbOJY, BIJUIUIEHHS iX BiJ PO3COILY 1 IIJIABJICHHS JIbOAY.

Xoua mpu 3amMep3aHHI BOAW KPUCTAIN JILOAY MPAKTUYHO HE MICTATH CONEH 1 €
YHCTOIO BOJIOKO Y TBEPIiH (a3i, BITUICHHS iX Bil pO3COITY NPENCTABISIE 3HAYHY TPY/I-
HICTb, OCKUIBKH JIi/I 1 KOHLEHTPOBAHUI PO3CLI, IO 3aIMIIMBCS, Maibke He BiOpi3Hs-
FOTBCS 32 MIUTHHICTIO, 1 aBTOMAaTUYHOTO BIAUICHHS Pi3HOPIIHUX (a3, momiOHO cemapa-
Iii mapy B mporecax JUCTHIIALI, He BiOyBaeThcs. [IpOMHTI KpUCTAIH JILOY PO3ILIAB-
JISIFOTh MUISIXOM KOHJICHCAIlil Ha HHUX MapH OXOJODKYIOUOTO areHra, 0 3HAXOMUTHCS
i TUCKOM, 200 32 PaXxyHOK TeIlJIa €HEPreTUYHUX YCTaHOBOK.

Haitourer npocTiM KOHCTPYKTUBHHM PIIIEHHSM IPOIIECY BUMOPOXKYBAHHS €
3aMOPOKYBaHHS BOIIU OX000MHCYBAHHAM Uepe3 MenionepeoasaivHy cminky. Y 1po-
My TIpOIIeCi 3a34aJIeTiib OXOJIO0/DKEHA CONOHA BOJA MOCTYIAE y JbOAOTEHEPATOp, yce-
peIuHi SIKOTO YacTKOBO 3aMOPOXKYETHCS 32 PaXyHOK LHPKYIIOIOUOTO IO 3MIHOBHKY
xnmamarenra. Jins iHTeHCU]IKaIli Tporecy 3aMOpOXKYBaHHS BOJa TEPEMIITYEThCS Mi-
mankaMu. [uM nocaraeTbesi 3HUKEHHS YTBOPEHHS LIapy JIbOLY Ha MOBEPXHI TEIUIOO-
OMiHy 1 30UThIICHHS KoedilieHTa Terionepenadi. TpuBaiicTh mepeOyBaHHS BOIH B
JROOreHeparopi ckiagae 45-60 xB. 3a 1ell yac TpeTHHA IMOCTYIAI0Y0i B HHOTO BOIU
BCTUTA€ 3aMEP3HYTH. 3 JILOJOTCHEpaTOpa CyMIIll JILOLY 1 pO3CONIy IOCTYIAE Ha CTpid-
KOBHH TpaHcnopTep. Hezamep3nuit po3cis cTikae B MpOMiKHUIA 30ipHHUK, a TOTIM Yepe3
JPYTHA TEIIOOOMIHHHUK BUAATSIETHCS 3 CUCTEMH. JIifl, 11O 3aJTUIIUBCS, TIEPEMIIIAETHCS
TPaHCHOPTEPOM dUepe3 IUIABUIIBHY KaMepy, J€ CTHKAeThCsl 3 TEIUTUM MOBITPsIM, IO
MIO/Ia€ThCS TOBITPOMYBKOIO, 1 TaHe. HYacTHHA Taj01 BOAU CKUIAETHCS Pa3oM 3 PO3COJIOM,
MIPOMHBAIOYY KPHUCTAIH JIHOAY, @ OUYUIICHHUH JIiII TOCTYIIOBO PO3TOILTIOETHCS 1 TIOTpar-
Jisi€ 'y 30IpHUK MPICHOT BOIH, 3BIIKK Yepe3 MEePIIUi TEIII000OMIHHHK MOAA€THCS CITOXKH-
Bauy. YCTaHOBKa Ma€ MPOAYKTUBHICTH Onu3bko 40 T/m00. Buxin mpicHoi Boam Ha 1 T
costoHoi kKonuBaeTkest Big 0,2 10 0,3 M 3a71ekKHO BiJ ii CONIEBMICTY.

Crioci0 KOHTaKTHOTO BHMOPOXKYBaHHS dyepe3 TeIionepeaBaibHy CTIHKY Hee-
KOHOMIYHMI 1 HE MOKe, MaOyTbh, PO3MIISAAATUCS B 3aCTOCYBaHHI IO KPYITHUX TPOMHCIIO-
BUX yCTaHOBOK. [IpoTe BiH MMPOKO BUKOPHUCTOBYETHCS B YCTAHOBKAX MAJOi MPOIXYKTH-
BHOCTI (40 xr/TON).

Bararo iHO3eMHHX IIAaTEHTIB Ha KOHCTPYKTUBHI BUPILIEHHS IPOIIECY BUMOPOXKY-
BaHHS; € 3a5IBKH Ha JAy)Ke HE3BUUAIHI TEXHOJIOTIUHI PEXXUMHU 1 criertudiuHe 00IaHaHHS
[2]. Ane aBTOpH HE 3MOIIM 3HAWTH X04ya O JEKLTbKa HAYKOBUX JOCIHIIKEHb MPOIECY
BUMOPOXKYBAHHS 3 KUIbKICHUIMH JTaHUMH 200 BIUTMBOM NPUPOAN HEOPraHIYHUX cojeit
Ha CTYIiHb OYMIIEHHS BOJM BiJ] HUX 1 T.A. Jly’Ke TOIMPEH] B IHTEPHETI 3arajibHi 3asiBKU
PO 3HWKEHHS TBEPIOCTI BOAM MPH BUMOPOXKYBaHHI [3, 4] 1, M0 KiJIBKICTh OYHIIICHHS
IIBUIIYEThCS NIPU 3HIDKEHHI IIBUAKOCTI BUMOPOXYBaHHS a0 TeMIIepaTypu MOPO3H-
JpHUKA [6-8]. Y pobori [8] HaBexeHi YMceNbHI JaHi TPH KUTBKICTh XJIOPUAIB 1 (hTOpH-
IiB B OYMIICHIA BOJI, ale €AWHUM BHCHOBKOM € IMIATBEPPKCHHS BUKIIACHOTO BUIIE,
10 HAaHOUTHII epeKTUBHE OUMILICHHSI TOCSATAETHCS PO OLTBII HU3BKIHM TeMieparypi. Y
poboti [9] mpeacTaBieHO cepiO3HE JOCHIIKSHHS CTYIEHI OYMIICHHS Bij IUPOKOTO
psIy WOHIB, ajie YUCENbHHUX JTAaHUX HE HABEICHO (TLUTBKH JiarpaMu), a METOAUKA OYH-
IIEHHS Jy’Ke CKJIaJTHA 1 IMBHA, 1[0 MOKJIMBICTh MOPIBHAHHS iX PE3yJIbTATIB 3 IHIIUMU €
CYMHIBHOIO.

OueBHIHO, TAKWUI HI3BKUH HAYKOBHI iHTEpEC A0 AAHOI MPOOIEeMH TOB'I3aHUH 13
BEJTUKOIO 3AJISKHICTIO PE3YIBTaTIB OUYMILCHHS BiJl BEJIMKOI KUTBKOCTI (haKTOPIiB: BITHOC-
HO1 KiJTbKOCTI TBepOi (ha3u (JIbOJY) Ha CTaJIil 3aMOPOKYBaHHS, IIBUAKOCTI 3aMOPOXKY-
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BaHHJ, TEMITEpaTypH OXOJIOKYBaHHs, 00’ eMy 1 ¢opmu (pizepa, MO 3yMOBIIOE Onep-
JKaH1 JaH1 pi3HUMU JOCIITHUKAMU MPaKTHYHO HE CyMICHUMU OJIMH 3 OJTHUM.

INocranoBKa 3aBaaHHsA. 3 ypaxyBaHHAM JITEPaTypHUX JaHUX PO3POOUTH IPO-
CTYy METOIUKY KPi03HECOJICHHSI, IKy MOKHA BUKOPHCTOBYBATH Y MOOYTI, 1 eKCIIepUMEH-
TaJILHO NEPEBIPUTH SIKICTh OUUILEHHS BOJM BiJl CONIEH MO psiy HalBaKIMBIIINX HOHIB.
IIpoananizyBaTu pe3ylibTaTy 3HECOJIEHHS BOAU B 3aJIEKHOCTI BiJ] KUTBKOCTI BUMOPOXKY-
BaHb. [ BU3HAYEHHS IMOKA3HUKIB MU BUKOPHCTOBYBAIM KUTbKICHMN XIMIYHUH aHATi3
Ta y3araJbHEHHS OfeP’KaHUX PEe3YIIbTarTiB.

BukJjian 0CHOBHOro Marepiany A0C/IiIxkeHb. Y 3B’S3Ky 3 IIUM MU Hpartyiu
oJIeprKaTh Xo4a O JiesKi IMoTepeHi aHaIITHYHI JaHi Ipo eeKTUBHICTH mporecy. [Ipo-
1iec OyB MepioAMIHUH (X0ua JyIst OLTBIT 00’ €KTHBHOTO MTOPIBHSHHS PE3YJIBTATIB OaXKaHO
HeTIepepBHUIA, ajie Iie nmoTpedye creludiyHoro oOaaHaHHs); 3aMOPOXKYBAaHHIO TijIa-
BaJIM TIPUOJIM3HO TIOJIOBMHY BHUXIHOT BOIU y KaMepi 3 TeMIieparyporo -12 -14°C. Haii-
OUTBII OIM3BKUM aHAIIOTOM HAIIIOTO TIPOIIECY € OnucaHuid y poooTi [10].

Jns mocnikeHHs B3sUIM BOIOIIPOBIAHY BOy Mikpopaiiony M. Xepcony — XKut-
noBe cenwie. {1k 3aMOpOXKyBaHHS — IDTABJICHHS 3IIMCHIOBABCS JCKIIBbKA Pa3 1 MiCIs
KOKHOI cTaJlii aHaIi3yBaIM KiHIeBUI BMicT HoHiB KaibIiro, MarHiro, X10pua-ioHiB i
rimpokapOoHar-fioHiB 3a metonukoro F0.JIypee [11, €.66-68, ¢.70-74, ¢.239-241, c.242-
244, c.148-150, ¢.58-60] ; oneprkaHi pe3ynbTaTH Y MOPIBHSIHHI 3 aHATITUYHUMU JaHU-
MH TT0 BUX1IHIH BOI HaBemeHi y Taomuii 1.

Taoauus 1 - AHaMITHYHI pe3yIbTaTH OYUIIEHHS BOAONPOBIIHOI BOIM METOI0M

BUMOPOKYBAHHS
HCO4 CI Ca** Mg~
>I< 3arajibHa }I< THMYaAcC.
MMOJIB/T | MMOJIB/J | MMOJIB/J | MMOJIB/JI

Buxinna Bona (ByI1.

P TTiokcemoypr) 3.8 34 34 8,8 1 2,8
Bumopoxysanss, 1 pa3 2 2 2 3,8 04 1,6
BumopoxyBanHs, 2 pasa 0,8 0,8 0,8 1,2 0,2 0,6
BumopoxyBanHs, 3 pa3u 0,4 0,4 0,4 0,6 0,1 0,3
Maroynuii po3uunH 1 6,2 54 54 15 1,6 46
MarouHuii po3uuH 2 3 2,6 2,6 6 1 2
Marounuii po3urH 3 15 14 14 24 0,6 0,9
Buxinna Bona (Byn. Bragumu- 6.2 44 44 88 10 50
pOBa) b il il 1 1 y
BumopoxysanHs, 1 pa3 3 1,8 1,8 46 0,8 2,2

BaxmuBo BiAMITHTH, 10 KOXKHA CTaJlisl IIUKITY OYUIICHHS 3HM)KYE KOHIICHTpa-
IiF0 TOMIIIIOK MaiiKe BIBIYi, MPUIOMY I1€ YMCIIO IPAKTHYHO HE 3aJISKUTD BiJl IPUPOIH
Hony. JlocsTHyTa 32 OAHY CTaIif0 CTYIIHb OYHIICHHS (TpuOmim3HO 80%) 3HAYHO MMOC-
TYIAETHCSI OMMCAHIN y JiTepaTrypi Ui OUTBII CKITQAHUX TEXHOJOTIH 1 amaparTiB (3 Ha-
MPaBJICHOIO KPUCTANI3aIi€l0 MPH 3a1aHill TeMIepaTypi, BIIMUBaHHS JIbOLY BiJ MaTo4-
HOTO PO3YHHY 1 T.11.).

YV naGoparopHuXx yMOBax OyJj0 MPOBEACHO JOCIIHKEHHS 3pa3KiB BOIU IMICIIs
BUMOPOXKYBaHHS. Y BOAI BH3Ha4aJl BMICT HoHIB Kambmito, MarHito, XJI0pua-HoHiB,
rimpokapOoHaT-HOHIB, 3aralbHy TBEPICTh | THMYACOBY TBEPHICTh BoIH (Tadm. 1).
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Pesynmeraty mocmimpkeHb CBiMYaTh PO Te, MO MIiCHs TEePIIoro BUMOPOXKYBAaHHS
TBEPJICTh BOJM 1 BMICT HOHIB 3MEHILYEThCS NPAKTUYHO Y J1BA Pa3u. Y pe3ylbTari JBOX
HACTYITHUX BUMODPOXKYBaHb IIi TIOKQ3HUKH 3MEHIMYIOThCS TaKOK Y JIBa pasu 1 BinOyBa-
€TBCS TIPAKTUYHO 3HECOJEHHS BOAW: TBEPAICTH BOAW 3HIKYeThes 10 0,4 MMONB/I,
BMICT HOHIB 3HIXKYETHCS y IECSITh Pa3iB y HOPIBHAHHI 3 BUX1IHOK BOZOIO.

TakyM YHMHOM, JOCTaTHHO INMPOBOIWTH BUMOPOXKXYBAaHHS OIMH Pa3 i OTpHMAaTH
BOZY IPUIATHY JJISI BAKOPUCTAHHSL.

BucnoBku. OTixe, y3arajJbHIOIOUHM HaBeJIeHE BHUIIE, MOKHA 3pOOHUTH BHCHOBKH,
II0 TIPY BUKOPHCTAHHI HAHIPOCTIIIO] TEXHOJIOT1i OYMINEHHS BOJH BHMOPOXKYBaHHSM,
SIKy JIETKO BIIPOBAJDKYBATH Y MOOYTIi, KOXKHA CTaMis IUKITY OUHMIICHHS 3HIDKYE KOHIICH-
TPALi0 TOMIIIOK MPUOIA3HO BIBIYI, MPUIOMY II€ YHCIIO MPAKTHYHO HE 3aJICXKHTh BiJl
HpUpOnU HOHY. AHami3 BMICTYy OpPTaHiYHMX JOMIIIOK HE IPOBOMUBCS, aJIc MOXKHA Iie-
pendadnTy , MO CTYIIHb OYHWINEHHS MPHOJIM3HO Taka ab0 HaBITH Kpaila (BpaXxOBYIOUH
BEJIMKI PO3MIPH OPraHIYHUX MOJICKYII, KM BaXKKO IOMIIIATHCS Y TOPOKHUHAX MK
MOJIEKYJIaMH BOJH Y KpUCTajaX JIbOMY).

[opiBHIOKOUM OnlepKaHI HAMH €KCIIEpUMEHTAIbHI Pe3ylibTaTH 3 HebaraTtbMa Ki-
JIBKICHAMM JTITEPaTyYpHUMH JTaHHUMH (OCOOJTHBO MPEICTABICHUMH Y MAaTeHTaX ), MOKHA
3poOHTH BHCHOBOK IO TIepeBary BIUIMBY TEXHOJIOTii BUMOPOXKYBaHHS 1 KOHCTPYKLIT
¢pizepa Ha SKICTb OYMIIEHHS BoAU. LlinkoM HIMOBIpHO, 11O CTaTHYHE 3aMOPOKYBaHHS
YaCTHHH HEOUYMIIEHOI BOOH Y MOOYTOBOMY XOJOOMIGHHKY 3 IIOCTIIYIOUYMM PO3MOpPO-
JKEHHSIM JIbOIly He MOke OyTH eeKTUBHIM METOIOM O4YHIIeHHS. TakuM crocoboM 3a
OJIVH IIMKJI 3aMOPOKyBaHHS — IUIABJICHHS MOYKHA 3HU3UTH KOHLIEHTPAIIIF0 PO3UMHEHHX
coyelt mpuOIM3HO BABiYil. HaBmaku, MpoBOIsSYN OBUTEHY KPHCTATI3AIl0 BOXH B YMO-
Bax, 1[0 HE JAI0Th MOXIIUBOCTI KPUCTAJIAM JILOY 3JIUIATHCS Pa3oM 1 TIOCTIHHO BiJMU-
BAIOYH 111 KPUCTAJIM CBIKMMH MOPLISMH BHUX1THOI BOJM (200 HaBiTH OYMIIIEHOT) 3 TIOC-
JTYF0oYrM (BUTBETPYBAHHSIM JTBOSTHOT (Da3u, MOYKHA 32 OJIVH IMKJT 3MEHIIIUTH COJIEBMICT
y 5-10 pa3.
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BMJiMB NMoniroHiB TBEPANX NOBYTOBUX BIAXOAIB .
HA ATMOCO®EPHE MNMOBITPA NPUNEMNNX CINIbCbKUX TEPUTOPIN

MakapeHko H. A. — 0.c.-2.H., npoghecop,
Byodak O. O. — acnipasm, HYbBII YkpaiHu

Y ecmammi nasedeno pesynomamu docniodcenna ennuey MupoHiecbkozo nonicony meepoux
nooymosux 6ioxodie Ha nogimpsine cepedosuwye. [J06e0eHo, W0 He2amueHULl 6NIUE NONIOHY
BUXOOUNb 30 MeXCI HOPMAMUBHOIL CAHIMAPHO-3aXUCHOT 30HU. Bpaxosyrouu ghaxmuunuii pisers
3a0pyOHeHHsT amMOChepHO20 Nogimps. ma NPUpooHi hakmopu, 30IICHEHO YMOUHEHHS PO3MIDI6
HOPMAMUGHOI CaHimapHo-3axucHoi 30HU.

Knrouoei cnosa: nosimpsane cepedosuuje, meepoi noOymosi 6i0xoou, WKiOIUGI peuosuHu,
CaHimMapHoO-3axucHa 30Ha.

Maxapenrxo H.A., Byoax O.0. Bnusanue nonuzonoe meepovix 0blmoevix omxo006 Ha am-
MocghepHblil 6030yX NPUNEZAIOUWLUX CEILCKUX MEPPUMOpUil

B cmamuve npusedennvt pesynvmamel ucciedosanus enuaHus Muponosckoeo nonueona meep-
ObIX ObIMOBLIX OMX0O08 HA 6030YWIHYIO cpedy. [JoKa3ano, Ymo He2amueHoe GIUsHUE NOTUSOHA
BbIXOOUM 30 NPeOelbl HOPMAMUGHOU CAHUMAPHO- 3AUWUMHOL 30HbL. Yuumuleas (axmudecKuil
VPOBEHb 3A2PAZHENUSL AMMOCHEPHO20 8030YXA U NPUPOOHbIE (PAKMOPbL, OCYIECMBNIEHO YIMOUHe-
Hile Pazmepo8 HOPMAMUGHOU CAHUMAPHO-3AUUIMHOLU 30HbL.

Knroueesvie cnosa: 6o30ywnas cpeda, meepovle Obinogble 0omxo0bl, 8pedHble Geuecmasd, ca-
HUMAPHO-3AUWUMHASL 30HA.
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