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ARTICLE INFO ABSTRACT

Received: 14 December 2018 The purpose of research and development, the results of which are

Accepted: 23 February 2019 presented in this publication is the modification of carbon materials for

Published: 28 February 2019 use in anode and cathode materials Li batteries with non-aqueous
electrolytes. Innovative carbon materials will provide increased energy

KEYWORDS and safety of lithium current sources, while at the same time reducing the

Graphite modification, cost of lithium current sources.

Li batteries, energy,

structure,

electronic conductivity.

Citation: Yurii Pustovalov, Elena Shembel, Vlad Redko, Timothy Pastushkin, Nellya Zaderey, Alexander
Markevich, Leon Vishnyakov, Igor Sagirov. (2019) Innovating Carbon Materials Open New Possibilities for
Increasing Performance of Li-ion Batteries. World Science. 2(42), Vol.1. doi:
10.31435/rsglobal_ws/28022019/6345
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under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction
in other forums is permitted, provided the original author(s) or licensor are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Introduction. The market of lithium-ion batteries until 2020 will grow to 50 billion dollars.
The chemistry of electrodes and electrolyte materials is one of the key branches of battery technology.
The cost of active electrode materials, separators and electrolytes is a large part of the material costs of
lithium-ion cells: The cost of materials is about 83% of the total cost of producing lithium batteries

With the growing concern for energy, safety and the cost of lithium batteries, the importance
and popularity of innovative carbon materials for lithium battery electrodes is growing.

For use in lithium batteries as electrode materials, carbon / graphite materials must meet the
following requirements: high electronic conductivity; structural characteristics that provide high rate
of electrochemical reactions; inhibitor properties relative to electrochemical and chemical reactions of
decomposition of non-aqueous electrolyte components.

4 Ne 2(42), Vol.1, February 2019
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B Li-ion batteries carbon materials are used for two types of electrodes: anodes and cathodes.
In the anodes of Li-ion batteries the carbon / graphite is an active electrode material that is directly
involved in the electrochemical process. When charging the current source, lithium cations Li ** are
introduced into the structure of graphite - the process of intercalation is underway. When the current
source is discharged, the process of de-intercalation of lithium cations takes place. The structure of the
carbon material determines the efficiency of the electrochemical reactions of intercalation / de-
intercalation. In the cathodes of lithium current sources, carbon material is introduced into the
composition of the cathode mass as an additional component to ensure the electronic conductivity of
the cathode mass.

The electronic conductivity of carbon / graphite materials is important factor for increasing the
efficiency of the electrochemical processes on the anode and cathode of Li-ion batteries.

Our article relates to carbon materials for using in anode of Li-ion batteries. We developed
technologies of carbon modification for further making use of them in as anodes of rechargeable lithium-
ion batteries. Method of modification of carbon material for electrodes of lithium-ionic current sources is
based of heat treatment of graphite intercalated mass using the reactor with special design [1].

Results of investigation the following properties of the modified innovating carbon / graphite
are presented below: 1) electronic conductivity of powdered materials using non-contacted
electromagnetic method; 2) density of the powdered materials; 3) structure of powdered materials
using scanning electron microscope; 4) electrochemical properties of anode based on the initial carbon
materials and anode based on the modified carbon materials.

Research results.

Non-contact electromagnetic testing the conductivity of powdered materials.

Enerize Corporation developed method and equipment for non-destructive non-contact testing
and determination of physical chemical properties, for example conductivity, of powdered materials
including electrode materials, cement, and different products in chemical industry. [2, 3] Below
presented photos of this equipment. Equipment includes unique inductive transducer design that
generates a uniform electromagnetic field. Combined system includes inductive system and
capacitance system.

Using electromagnetic capacitance method allows to recognize changes of conductivity and
density of powdered materials that used for fabrication the electrodes of the Li-ion batteries. This
allows to comparing the properties of the innovating graphite materials, optimize the parameters of
modification and compare the properties of innovating graphite and graphite from the market.

Below presented photo of this equipment.

Fig. 1. Device for Electromagnetic Evaluation of the Electrical Conductivity of Powdered Materials
for Lithium Batteries

Sample Measurement Parameters:

Conductivity range: 0.1 S/m — 1000 S/m
Measurement time: less than 20 s

Accuracy: £+ 5%

Sensor size: 15mm diameter, and can be changed

MNe 2(42), Vol.1, February 2019 5
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Example of using: measuring and comparison the conductivity of various electrode materials:
Graphite for anode Li-ion batteries; graphite as conductive additive for cathode mass; LiMn204

LiCoO, LiFePO,

Below presented results of the testing the conductivity and density the powders of three types
of the carbon materials: 1. Modified carbon CNK; 2. acetylene soot (black); 3. Graphite for Li-battery
from market, BG-34.

Modified carbon / graphite, CNK has been fabricated using the method of modification that
developed by the co- authors of the presented article [1].

1

0,0012 +
0,0010 +

0,0008

c, S/m

0,0006
0,0004 2 3

0,0002

0,0000 . . —
0,1 0,2 03 04 , 05 0,6 0,7
p, g/cm

Fig.2. Comparison conductivity and density different types of carbon powders

1. Modified carbon, CNK; 2. Acetylene soot (black); 3. Graphite BG-34. Superior Graphite Co.

Results presented on the Fig.2 illustrate that the conductivity of the innovating carbon /
graphite that has been fabricated using the developed of the method of modification has high level of
the conductivity as compare with other carbon materials that are using in Li-ion battery industry.

Modified carbon / graphite has a low level of the density. This is a positive important factor
because due to low level of density, this electron conductive powder can be evenly distributed over the
volume of the electrode material.

Illustration the structure of modified carbon / graphite using the scanning electron
microscopy.

ESM of the plates from the different samples of modified graphite. Initial graphite is a side
material from metallurgical process.

@801 c ouenoon

x483 36.80kV  188pm x369 38.8kV  1086pm

Fig. 3. Scanning electron microscopy the samples of modified graphite
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Parameters of graphite modification allow control of the graphite plane structure and
electrochemical properties of anode.

Comparison electrochemical properties anodes based on the modified and non-modified
graphite in non-aqueous electrolytes.
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Fig. 4. Discharge characteristics of the anode based on the modified graphite

Discharge characteristics of graphite electrode. Cell 2325.
Electirelyte EC, DMC, LiPF6
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Fig. 5. Discharge characteristics of the anode based on the unmodified graphite

Coin cell 2325. Electrolyte: EC, DMC, LiPFs

Discharge current: 0.1 mA or 0, 04 mA/cm?  Charge current: 0.1 mA or 0, 04 mA/cm?

Presented results confirm that the discharge capacity of the anode based on the modified
graphite is higher that the discharge capacity of the anode based on the unmodified graphite. Also,
during cycling the parameters of anode based on the modified graphite are stable, while the parameters
of anode based on the unmodified graphite are not stable.

It means that the Li-ion batteries with anode based on the modified graphite will have a high
level energy, and effective parameters during battery cycling

Conclusions.

1. The developed method of modification carbon material results in providing high energy
and power characteristics of anode of Li - ion batteries.
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2. Anode based on modified graphite CNS has a high electronic conductivity, low density,
and high energy during discharge, stability parameters during cycling. and allows to produce flexible
lithium batteries with high energy.

3. Using as a source material for modification of natural Ukrainian graphite, or metallurgical
wastes ensures low cost of the developed innovative carbon material for lithium current sources.

4. In following article we will be presenting results of development technology of fabricating
anode based on the modified carbon.

REFERENCES
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GEOGRAPHICAL SCIENCES

PET'TOHAJIBHI TEHAEHIIII PO3BUTKY .
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K. eeoep. H. [oneus 1. A.,
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ARTICLE INFO ABSTRACT

Received: 26 December 2018 Actuality of theme conditioned by the necessity of creation of optimal
Accepted: 21 February 2019 terms for organization and development of rural green tourism in the
Published: 28 February 2019 regions of Ukraine, that will assist the effective use of tourist potential of

country, decline of the excessive loading on the landscapes of traditional

KEYWORDS touris region, to satisfaction of local and regional interests, increase of
tourism, employment of population and functioning of small enterprises of tourist
rural green tourism, industry in rural locality.

farmstead of green tourism, In research essence and concept of rural green tourism are certain as one
peasant economies, of types of tourism and rest in rural locality; international experience of
rural locality. creation of objects of rural green tourism is considered in the countries of

the world; modern development of rural green tourism status is analysed
in regions to Ukraine (western, central, south, east); it is educed features
of categorizing and certification of farmsteads of rural green tourism
after the programs «The Ukrainian hospitable farmstead» and «Green
farmstead»; problems and prospects of development of rural green
tourism are in a country.

Citation: Apcenenko I. A., onuenko JI. M., J[loueun I. A., Jleama O. M., 3as'suioa T. B. (2019)
Rehionalni Tendentsii Rozvytku Silskoho Zelenoho Turyzmu v Ukraini. World Science. 2(42), Vol.1. doi:
10.31435/rsglobal_ws/28022019/6346

Copyright: © 2019 Apcenenxo 1. A., Tonuenxo JI. M., Toneus 1. A., JIeBaga O. M., 3aB'siioBa T. B.
This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) or
licensor are credited and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

Beryn. V' XXIcr. TypucTMuHa IHAYCTpis SK CKiIazoBa cdepd MOCIYr AWHAMIYHO
PO3BUBAETHCS, HE 3BaKAIOYM HA 3MIiHM 1 BUKIUKH, SKi BiIOyBarOThCS Yy COIIAThHO—EKOHOMIYHHX 1
MTOJIITUYHUX BiTHOCHHAX MK KpalHaMH i perioHamMu CBiTy.

B Vkpaini ¢yHKUioHyBaHHS MHiIOPUEMCTB TYPUCTUYHOI IHAYCTpii i Cy4acHHIl PO3BUTOK
Typu3My HaOyBalOTh OCOOJIMBOrO 3HAYEHHs, II€ BHMAara€ BIIPOBA/UKEHHS Ha JEp)KaBHOMY Ta
perioHanbHOMY PIBHI BiAIIOBIIHMX 3aKOHIB 1 HOBHMX HporpaM ix po3BUTKY. OKpiM TOro, CilbChKUI
3enenuit Typusm (C3T) B YkpaiHi BU3HaHO OAHUM i3 NEPCIIEKTUBHUX BHUIIB BiJIIOYMHKY Ta OZHUM i3
npioputeriB CTpaterii po3BUTKY CLIbCHKOro rocroaapcrsa Ha nepiog 1o 2020 p. CycninbHe 3HaUeHHS
C3T gk mpoBiAHOrO YMHHUKY (POpMYBaHHS EKOHOMIKH JEpXaBH 3yMOBJIIOE CTBOPEHHS CHCTEMHU
3aXO/iB 1 METOJIIB YIIPaBIIiHHS B TYPUCTHYHIN rays3i.

MNe 2(42), Vol.1, February 2019 9
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Pesyabratn pgociimkens. Jlocmimkennro nutaHb po3BuTky C3T mpucBsdeHi poOoTH
BITYM3HSAHUX 1 3apyOiKHUX (paxiBLiB B raiy3i Typu3My, reorpadii Ta eKOHOMIKH.

bupkoenu B., Ckpurniiuk H. f. ta Cepmox A. M. BuzHavatote C3T, sik Gopmy BIIIIOYMHKY Ta
O3HAMOMIICHHS 3 PUPOTHAMH, iICTOPUYHIMH Ta KYJILTYPHUMHU OCOOJTMBOCTSIMU CLUTHCHKOI MiciieBocri [1, 12].

I'moBanpka B. B. Bu3Hauae 3eineHWd Typu3M SIK CHUTBHY 00 €IHYIOUY MiACHCTEMY
TYPUCTHYHOI 1 CLTBCHKOIOCIIOIaPChKOI Tamy3ei [2].

Kudsik B., KpaBuenko H. posrisgaroTe 3eneHU Typu3M, sK TEpeMIllleHHs TYPHUCTIB y
CUTbCBKY MICIIEBICTB IS BiIIOYMHKY [6, 7].

Pyrunchkuii M. M. i 3impko FO. B. OTOTOXKHIOIOTH «arpoTypH3M» 3 MOHATTAM «3€JICHHIl
Typusmy» [10].

3apy6ixui Bueni Jlobo P. ta Huncon I1. xapakrepusyiors C3T gk BiIIMOYMHOK Ta y4acTh Y
JisTBHOCTI (hepMepchkuX rocmoaapets [17, 18].

VY 3akoni Ykpainu «[Ipo cinbchbkuii 3efeHHH TypusMm» JaHO HacTynHe Bu3HauenHs C3T:
BIJIIIOYMHKOBUN BHUJ TypU3My, L0 Tepeadadac TUMUYAcOBE IepeOyBaHHS TYPUCTIB Y CUIbCHKIH
MiCIIeBOCTI (cei) Ta OTpUMaHH HUMH MOCIYT CUTLCHKOT'0 3€JIEHOTr0 Typu3my [4].

Mu y cBoemy nociimkensi mig C3T pozymiemo:

10 TIepIIIe — BHUJI TYPU3MY, ITOJO0POK 3 METOIO BiJIBilyBaHHS TYPHCTaMH CLIbCHKOT MICIIEBOCTI,
3MIACHEHHS BIIOYMHKY 1 O3JOPOBJCHHS B EKOJOIIYHO YMCTHUX paidOHaxX, Mi3HAHHS ICTOPHYHOI,
MPHUPOIHOI Ta KYJIBTYPHOI CIIAJIIHA PETiOHY, y4acTh Y TOCIOAPChKil MisUTBHOCTI;

o JIpyre — Pi3HOBU BUJY TOCHOJAPCHKOI JISIBHOCTI HA CENi 3 MOXIIUBICTIO BUKOPUCTAHHS
BJIACHOT'O TOCIIOJAPCTBA CUILCHKUMX MEIIKAHINB, HAJaHHAM TYPUCTHYHUX IMOCIYr BiABiAyBayam i
BUPOOHUIITBOM BUAMOBITHOTO TYPHCTHYHOTO MPOAYKTY (TPOXKUBAHHS, Xap4yBaHHs, OpraHizaiis
n03BULIA) B camubax [11].

ITix rypuctuaanm npomykToM C3T po3yMieMO — CYKYNHICTh HaJaHHS MOCIYT HIWIDKHOTO,
TaCTPOHOMIYHOTO, €KCKYPCIHHOTO ¥ BiIIMOYNHKOBO-PO3BAXKATHHOTO OOCITYrOBYBaHHS, SIKi IIPOMOHYE
BJIACHHK CaJHUOU 3€JICHOr0 Typu3My (arpoocen).

ITepenymoBamu po3sutky C3T €:

- 3pocTarounii piBeHb ypOaHizalii i moTpeda HaceNeHHs Y 3MiHI yMOB ab0 CIIoco0y KHUTTS;

- HEBHCOKA BapTICTh BIAMIOYMHKY B TIOPIBHSHHI 3 KypOPTaMU;

- MOXJIMIBICTh BIIIOYMHKY Ha TPHUPOII, NPOXUBAHHA B EKOJOTIYHO YHCTHX paioHax Ta
Xap4yBaHHS CKOJIOTTYHO YUCTUMH MIPOLYKTAMHU;

- 3HAOMCTBO 3 ICTOpI€I0, CaMOOYTHBOIO KyIBTYpOIO, TPAAMIISAMHU, 3BHYASIMH, MTOOYTOM,
HapOAHVMH MPOMHCIAMH MEIIKAHI[IB CLTHCHKOI MICIIEBOCTI, @ TaKOX y4acTh y CBSITaxX 1 po3Barax,
CUTBCHKOTOCIIOApChKHUX podoTax [11].

IIpore perionambHi Tpobiemu po3BuTky C3T B VYkpaiHi po3poOneHi HEZOCTaTHBO Ta
MOTPeOYIOTh MPOBEIEHHS MTOAATBIINAX JTOCIiKEHb.

Pozeurok C3T B VYkpaini 3abe3nedye MIHUH TYpUCTHYHUN TOTEHIAN. Y30epexoKs
A3zoBchKoro Ta YopHOT0 MOpiB, HasBHI TipchKi TaHmad Ty, MPUAHITPOBCHKI 3€/IeH] 30HU CKIaJIar0Th
Maibke 15% TtepuTopii KpaiHu, 110 BUKOPHUCTOBYIOTHCS SIK 30HU peKpealii, Typu3My Ta BiATIOYHHKY.
[lixg oxoponoto aepkaBu 3HaxomAThCS 30 perioHaNpHUX 1 HAIIOHAIBHUX TMAapKiB, Camud BiTOMHX
TisT9iB yKpaiHChKOi KyibTypu [13].

VYHIiKanbHy ICTOPUKO—KYIbTYpHY CIAAIIMHY MaroTh ToHan 500 HaceleHuX MyHKTIB, IO
cnpuse 30epeKEHHIO iCcTOpii, KyIbTypH, HAI[lOHATBHUX TPAOWIid Ta TOOYTYy MEIIKaHIIiB,
apXITEKTYpPHUX Ta apXEOJOTTYHUX MaM'SITOK TOLIO.

B VYkpaini 3a ganumu MiHicTepcTBa arpapHoi MOJITUKKA Ta npomoBoibscTBa y chepi C3T
3afHATO MOHAM 3 THC. XKUTEIIB CUTbCHKUX MiclieBocTel [9].

3akonn Ykpainu «IIpo typusm» Ta «Ilpo ocobucre censHCbKE TOCHOAAPCTBO» HAAAIOTh
MPaBO BJIACHUKAM CUIbCBKUX caaud HagasaTH mociayru y cepi C3T [3, 5].

VY 1996 p. B Ykpaini Oya0 CTBOPEHO IpOMajChKy HENpUOYTKOBY oprasizauito — «Crinka
COPUSIHHA PO3BHUTKY CIUIBCHKOIO 3€IeHOro Typu3My B YkpaiHi». OCHOBHa MeTa IisJIBHOCTI —
MOMMYJISIpU3aLlisl BIAIOYMHKY B YKPaiHCHKOMY Celli, COPUSHHS PO3BUTKY CUIbCBHKOI IHQPACTPYKTYpHU Ta
caMo3aiiHATOCTI HaceneHHs, 30epeXeHHS KyJIbTYpHOI CHaAllMHM Ta JoBKULIL. Ha ocHOBI
MDKIEp)KaBHUX CTaHIAPTIB Ha TYPHUCTCHKO-EKCKYpciiHE OOCIIyroBYBaHHsI, CTAaHAAPTIB KpaiH-wIEHIB
€Bponeiicekoi ¢enepauii cinbepkoro ta depmepeskoro Typusmy EUROGITES Ta 3akony Ykpainu
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"l[lpo Typusm" naHoto opranizamiero y 2008 p. Oymo 3arBepmikeno [Iporpamy a00pOBUIBHOT
kateropusaii y chepi C3T «Ykpainceka roctunHa caguba» [13].

B Vkpainu mnst pozButky C3T BusHaueHO m'siTh perioHiB (0e3 ypaxyBaHHS TepUTOpii
AsronomHOi PecriyOmiku Kpum):

- 3Baxigawuii perion (BonuHcbka, 3akapnaTtcbka, IBaHo—®pankiBchka, JIbBiBChbKa, PiBHEHCHKA
Ta YepHiBenbka 00JacTi) — mocifae mepiie Miciie 3a MOMyJSPHICTIO Ta HAAAHHSIM IOCIYT, B MEXKax
sikoro (PyHKIIOHYIOTh 1077 CilIbCBKMX TOCIIOAAPCTR;

- Uenrpaneamii  perion  (KuiBchbka, JKutomupcbka, KpomnuBauinbka, IlonTaBchka,
CivecnaBcbka, Cymcpka, Uepkacbka Ta YepHiriBcbka obnacti) — apyruid 3a posButkom C3T, mitoTsh
273 cagubm;

- Tlominns (Bimnunpka, TepHominbchbka Ta XMeEJbHUIBKA o00MacTi) — TMOCIYyrd Ha
BIJIIIOYMHOK y CUTLCHKUX caanbax mponoHyTh 130 rocrnoaapcrs;

- IliBnennmii perion (3amopizbka, MukonaiBcbka, Opecbka Ta XepcoHChbKa o0jacTi) —
posramosano 80 cagu6d C3T;

- Cxigawmii perion ([lonerpka, Jlyranceka i XapkiBchka 0051acTi) — CKOHIIGHTpoBaHO 30
canu6 C3T [13].

SIK1I0 X OIIHIOBATH KUTBKICTh TYPHCTIB, siKi ckopucTanucs nociayramu C3T B po3pi3i perioHis
VYkpainu, To 6e33anepedHuM JijiepoM 3anuimaeTbest [Bano—DpaHKiBcbka 00J1aCTb.

3a jganumu  «CHOUIKA  CHIPUSIHHSL PO3BHUTKY CLUIBCBKOTO 3€lIGHOrO TypusMy», B YKpaiHi
KaTeropu3ariito nponum 142 caaubu, i3 Hux 117 orpumanu ceprudikatu: TpeThoro (Haipuioro) — 19
camu6, npyroro — 23 camuibu, meprroro — 19 caqud, 6a3zoBoro (HalHIKYIOr0) piBHSI — 56 caam6 [13].

s exonoriynoro MapkyBanHs cagu0 C3T 3anpoBampkeHo mporpamy «3eiieHa caaubay, ska
noOyJ0oBaHa 3a TNPUHIMIAMH 3MEHINCHHS IIKJIMBOIO BILIMBY arpoTypUCTHYHOrO Oi3Hecy Ha
JIOBK/UTSI, €KOHOMIi pecypciB, MIATPUMKH Ta 30€peKEHHS HAPOTHUX TPAIUINNA 1 peMecen, MicIeBoi
€KOHOMIKH, PO3BHTKY €KOJIOTIYHO CIPHUATIUBUAX BHIIB TypU3My Ta BIIMOYHHKY Y CUIBCBKIH
MicieBocti. Ha choromni mpoueaypy ceptudikallii 3a TaHOW MporpaMor mpounum 35 caaub 3 7
perioHiB Ykpainu, 3 HUX 3HaK «3elleHa caanba» TPETbOro (HAWBWIIOTO) PiBHSA HE OTpHMalia JKOIHA
caauba, mpyroro (BHIOTO CEPEAHLOr0) PIBHS OTPUMAIHM 3 caauOu, TEpmioro (HaWHIDKYOTO) PIBHS
otpuManu 24 caqubu [13, 14].

BucnoBku. He3paxatroun Ha mommperHss C3T Ha puHKY mparri, HOro po3BUTOK B perioHax
VYxpaiHu raieMyeThcs HU3KOI0 IpHUYKH. BuHukiia npoGiema po3yMiHHSA MOXKIMBOCTEH MeXaHi3My Ipu
SKUX (YHKI[IOHYIOTH PHHKOBI MOJENI, IO NPWU3BOAATH 1O IHHOBaIiHHOTO IMIAXOMY MIOJ0
pedopmyBaHHS (HiHAHCOBO—KPEAUTHOI CUCTEMH, CUCTEMH YIPABJIIHHS Ta TOCIIOAAPCHKOTO MEXaHI3MY
B KpaiHi. Y cdepy mociyr perioHiB BIPOBaIKYETbCSA JOCSTHEHHS BHCOKO PO3BHHYTHX KpaiH CBITY
(Bemukobpuranii, Himewunmnn, CIIA, ®panmii, SmoHii Ta iH.), IO CHOHYKa€ BHUBYATH Ta
BHKOPHCTOBYBATH JOCBI WX KpaiH Ha MPAKTHIIL.

B perionax Ykpaini ceoroaHi s po3Butky C3T HaWOUTBIIMMA TIEpEIIKOJaMH BBAJKAIOTHCS:
TPAHCIIOPTHA  JOCTYIHICTH  (BIANAJEHICTh  MICIh  BIATIOYMHKY, HEJOCTaTHS  TYPHCTUYHA
00J1aIITOBAaHICTh CITLCHKUX MICITEBOCTEH ).

3yCHIIISIMHU MICIIEBUX W PETiOHAFHUX OPTaHiB BIIAAH, TEPUTOPIaIbHUX TPOMa] HEOOXiTHO:

- OHOBJICHHSI KOMYHIKAIIifHOT iH(PaCTpyKTypH; B3OIACHEHHS BUKOPUCTaHHS MPUBATHUX
aBTOMOOLTIB I BiNBiAyBadiB 3 METOK TMOMONAHHS CKJIQJHOIIIB PETiOHIB BiABIMyBaHHS, SKi
3HAXOJATHCS Ha 3HAYHIH BiJICTaHI Bill TOYATKOBUX ITYHKTIB TIOJOPOXKi;

- CTUMYJIIOBAaHHSI PO3BUTKY TYPUCTHYHMX (OpPM Majoro MiAPUEMHHULTBA, 30KpeMa B
CLTbCHKIH MICIIEBOCTI Oyzie CIpHATH Po30yIOBI HIWIDKHOI 0a3n ¥ HAONHM3WTH CTAaHNAPTH CLIBCHKOI
TOCTUHHOCTI JI0 3arajJbHONPUHHATIX MIKHAPOJHUX CTAaHJAPTIB FOTEILHOTO CEPBICY.

Po30ynoBa eKOHOMIUHOI CHCTEMU Ma€ CIUPATUCS HA IHTEPECH MIMPOKOro KOJIa Pi3HUX BEPCTB
HacelleHHs, Ha oro TBOPYH Ta IHTENEeKTyalbHHUI MMOTEHIlia)l, Ha BUHAX{TUBICTD 1 MiAPUEMITUBICTD.
HeysromxericTb MoaaTKiB 1 BIICYTHICTh MPOCTOT0 MEXaHI3MY iX CIUIATH MAIOTh 3HAYHUI HETaTHBHHM
BIUIMB Ha po3BUTOK Manux mianpuemcts C3T B perionax [8, 15, 16].

BpaxoByroun To# (akT, 1110 HA Cy4YaCHOMY €Tali PO3BUTKY YKPaiHCHKOI'O CYCIIBCTBA HiTKO
MPOCTEKYETHCSl TEHJAEHIS TMEPEXOAY /0 COLiaJbHO—OPIEHTOBAHOI PUHKOBOI EKOHOMIKH, MOXKHA
CTBEPKYBaTH, L0 3HAYYLIICTh PO3BUTKY B €KOHOMIIl perioHiB (kpainu B uinomy) C3T, sxuii cpusie
BUPILIEHHIO 0araTb0X COLiaTbHO-EKOHOMIYHHX 3aBAaHb, € Iy’Ke BEIUKOIO.
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Takum ymHoM, g po3BUTKYy C3T B VYkpaiHi HeoOXimHO 3ampoBaiuTH e(eKTHBHE

pEryJIroBaHHS SIK Ha pETiOHANbHOMY, TaK 1 Ha JEp>KaBHOMY pPiBHi, 320XOUEHHS CEISH O 3aHATTS
JAHUM BHJIOM JisUTHHOCTI; CTUMYJIFOBATH BJIACHUKIB caJu0 110 peecTpallii Ta Jieramisaiii CBOEi
JISTTBHOCTI, PO3BUTKY TYPHUCTUYHOI iHPPACTPYKTYpHU B CLIBCHKIN MicCIIeBOCTI Towlo. JInmie Toai AaHuit
BUJ TypU3MY 3MOXX€ HAaOyTH MOIMYJSIPHOCTI Ta BUKOHYBaTHME YCi MOKJIAZCHI Ha HbOro (YHKIIi y
perionax YkpaiHu.
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In the modern era it is well known that the main pipelines are necessary because they are the
most economical means for the supply and operation of energy resources. As it is known, the energy
supply system of Europe and Asia is based primarily on oil and gas pipelines, so they have to use new
technology and then exploit their exploitation with many engineering and environmental resources.
Therefore, the pipeline geo-ecology is one of the main and most important issues during such works.

In Georgia, as in other countries, the problem of pipelines is affiliated with economic and
ecological issues. Through the territory of Georgia pass such main gas pipelines as: North-West
Georgia (from Vladikavkaz-Thilisi and to Yerevan); Baku-Thilisi-Supsa; Baku-Tbilisi-Jeyhan main
pipeline and Baku-Thilisi-Erzerum municipal gas pipeline.

The pipelines listed above are independent systems with their developed infrastructure and are
projected as energy source mainly for Turkey, as well as Europe. Based on the above, it is easy to
understand the importance given to designing of pipelines and later, during construction and
exploitation of pipelines, to consideration of environmental issues.
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The construction of pipeline itself is an essential condition for impact on the environment.
Environmental work is carried out at three main stages: a description of the basic condition of the project
corridor prior to work, supervision during the working period and monitoring during its operation.

The description of the baseline level of the environment defines the physical and biological
characteristics of the existing environment along the proposed pipeline route prior to construction and
operation. Establishment of environmental characteristics of the background means documenting the
current situation, assessing the issues raised and assisting technical specialists in determining measures
to minimize or eliminate negative consequences for the environment.

In the course of the work, supervision is necessary to ensure that all requirements are met to
determine the environmental impact (for gas pipelines every 6 or 10 months and for oil stations after 3
and 5 months). Monitoring is also needed to assess quantitative and qualitative impact indicators. It is
also worth noting that all three of these requirements are necessary for both new pipelines and also
applies to their rehabilitation.

The width of the pipeline safety corridor is determined by the type of fuel and the diameter of
the pipeline. If for 1200 meters of gas pipelines is required a 600 meter ecological zone (300 meters to
the right of the pipe and 300 meters to the left), for oil pipelines — ecological zone of 400 m. (200 + 200
meters) is enough. In this corridor itself several zones are allocated- 50 meters (25 + 25) and 100 (50 +
50) meter zones. In the 50-meter zone, except for the personnel of the pipeline, human action is
prohibited and in the 100-meter zone agricultural activities are allowed that are associated with the
production of a one-year crop. Expansion of agricultural works is allowed only in 600 (300 + 300) meter
zone. The categorical restriction here concerns the existence of residential or economic facilities.

The width of the safety corridor for the oil pipeline is relatively less. Maximum is no more
than 400 meters (200 + 200 meters).

As noted above, the width of the pipeline safety corridor depends not only on the type of fuel
but also on the pipe diameter. Vladikavkaz-Thilisi-Yerevan main gas pipeline can be brought as an
example. It enters the territory of Georgia with 1200 mm. The width of the security corridor is 600
(300 + 300) meter. There is a change in the diameter of this pipeline from Saguramo by 1000 mm and
700 mm, which will change the width of the safety corridor. In the first case (for 1000 mm) it is 250 +
250 m, and in the second case 200 + 200 meters.

The present article contains research materials that were obtained during rehabilitation works
on North-South gas pipelines. The completed works mainly cover the first stage of the study, where
the geological and ecological situation in the pipeline corridor was determined. Work was carried out
on a pipeline with a diameter of 1200 and 1000 mm and was intended for the corridor of safety and
adjacent territories (see Fig.1).
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Fig.1. Kazbegi-Red Bridge gasoline schematic map
1 - Kazbegi State Reserve;2 - Saguramo State Reserve;3 - Thilisi National Park; 4 - Gardabani reserve.

During the research, the following types of work were considered: Meteorology and climate
(literary data); Determination of air quality (gas taps and gas distribution stations and adjacent territories);

ARMENIA
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Noise determination; Geochemical study of soil; Determination of seismic safety; Hydrochemistry and
hydrology; Landscapes and land use; Botanical and Zoological Studies; Sociology; Cultural heritage and
description of the archaeological monuments within the pipeline and surrounding areas.

All the above-mentioned issues have been studied with regards to Baku-Thilisi-Erzurum and
Baku-Thilisi-Supsa major routes, as well as North-South (Vladikavkaz-Thilisi-Yerevan) gas pipeline. One
of the most important factors that should be taken into consideration is that if the oil pipeline Baku-Thilisi-
Jeyhan and Baku-Thilisi-Erzurum are recent constructions, Baku-Thilisi-Supsa and Vladikavkaz-Thilisi-
Yerevan mines-tracks were undertaken for rehabilitation works, engineering and ecological researches.

Given the geographical situation, the territory of Georgia is known as territory with soft and
mild climate conditions. The Caucasus Mountains protect it from the North -from the cold air mass
invasion from the lowlands of Russia, therefore, the whole territory of Georgia is maintained by high
heat regimes, thus sharp meteorological changes rarely occur.

The entire territory of Georgia is divided into two climatic zones. This is the West -humid
subtropical climate zone, which has great influence on the Black Seaand the East - dry subtropical climate
zone, which is located under the hot air mass coming from the South. The divider of those climate zones is
Surami ridge. As for the extreme South-East part, it is represented by a semi-desert subzone.

Meteorological data defines wind direction, its speed, duration of sunlight, air temperature
change and precipitation rates. All these data is taken from multiple yearly observations of relevant
stations and represent average annual indicators.

Air quality determination is one of the essential criteria among ecological indicators, especially
for gas pipelines. The air quality assessment is based on the area of gas distribution stations and the
surrounding territories to reduce the amount of gas leakage (which is not rare at gas distribution stations)
and avoid ecological damage to the area where this station is located. Similar to meteorological data, the
data of air quality was taken from data base created in the 80s of the last century.

With regards to the impact on the environment, the following facilities were named as the
main cause of the ecological deterioration: energy production, transport, industry process, forestry
ecosystems and village farm.

As it is clear from the listas well, the energy production isone of the main sources of air wounding.
The good example is the gas pipeline — Vladikavkaz-Thilisi-Yerevan. Surveys conducted during the
construction of the pipeline to assess the air qualityhave revealed that the main loadis relatedto stations,
therefore, the quality of the air depends on the intensity and operation of the stations.

As the example can be cited the fact that during the construction works, gas leak was observed
at two gas pump stations. In addition, in two places due to the damage of the gas pipe line, gas leak
was very intensive, which caused air pollution over long distance.

During the ecological studies besides air quality, it is necessary to define noise level as it is a
direct source of negative impact on the population.

The noise level determination was implemented on Vladikavkaz-Thilisi-Yerevan trails. The
analysis indicated that the noise tones on the pipeline safety corridor are low and do not exceed Georgia's
standard stable units. The reason for this is that almost 90-95% of the pipeline passes through agricultural
or pasture areas and has no or minimal contact with motorways, cities and populated areas. As for the noise
tunes generated by the heavy equipment during works, it arises in a short period of time and is easy to
control because, as mentioned above, the pipeline and pipeline routes are far from populated areas.

Fig.2. Pipeline landscape
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Ecological studies have also evaluated such issues as the geomorphologic structure along the
trajectory, hydro geological chassis, the determination of geological hazard risk factors and the
seismic hazard.

The geomorphology briefly describes the peculiarities of landscapes in the pipeline corridor.
Based on the materials obtained during the field works all geomorphologic classes existing in the
corridor were singled out and described.

During geologic studies, lithological types of all rocks, their structural and tectonic
peculiarities have been studied.

In the hydrogeology, the precipitated horizons, water hydrological hosiery and chemical
composition of water were singled out and presented on the basis of data from previous researchers.

Erosion classes have been established and evaluated by their proposals. For example, the issue
was raised to move pipes from two sections of the Vladikavkaz-Thilisi-Yerevan pipeline (Fig.2).

Special study has been undertaken in the pipeline corridor on soil and water resources (river,
tributary, source, water reservoir, etc.) used by the gas pipeline.

Due to the scale of works, soil and water samples have been taken along the entire route (from
all varieties). Laboratory research has revealedheavy and toxic metals, organic substances and all
chemical elements that have beenintroduced into soils and waters during construction works in
previous years.

The results obtained by us (our results) have been compared to the Holland standards adopted
in Europe, as well as the World Standards (see Table 1).

Table 1. Consistency of chemical elements in soils, gasoline Kazbegi-Red Bridge section

Ser. Coordinates | Sample Consistency of chemical elements in soils, mg/kg
NeNe NoNe Cu Pb Zn Co Ni Cd As

1 2 3 4 5 6 7 8 9 10

1 8482088 6 36.7 115.9 26.3 31.6 84.3 3.2 0.21
4634447

2 8480440 7 51.5 92.7 25.7 30.9 92.6 3.1 trace
4634847

3 8474503 8 47.5 94.3 31.6 31.6 94.9 2.6 0.13
4635328

4 8485379 9 41.2 82.4 25.8 28.4 82.5 2.6 0.16
4633287

5 8491936 10 42.7 96.1 26.7 32.1 117.5 3.2 0.13
4631636

6 8497439 11 47.6 95.1 18.5 29.1 126.7 3.2 trace
4626200

7 8498516 12 42.2 95.0 34.8 29.0 73.9 3.7 0.23
4625501

8 8499156 13 36.7 73.4 315 315 115.4 3.6 0.10
4625231

9 8505983 14 52.5 94.4 315 31.4 121.7 3.6 trace
4611431

10 8507655 15 47.7 95.5 37.2 39.8 95.5 3.8 0.19
4608072

11 8508185 16 22.4 55.8 25.2 25.2 134.2 3.7 0.10
4607008

12 8503853 17 38.3 87.6 32.8 32.8 120.5 3.3 trace
4615086

13 8504324 18 59.9 98.0 32.7 32.6 119.8 2.7 trace
4614248

14 8505033 19 61.3 100.3 | 33.4 33.4 122.8 3.3 0.41
4613453

15 8509769 20 16.9 71.7 21.1 29.0 94.9 4.5 trace
4604016

16 8510141 21 31.6 94.8 15.8 31.6 115.9 2.6 0.23
4603131
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Continuation of table 1.

1 2 3 4 5 6 7 8 9 10

17 8512338 22 39.7 114.8 26.1 36.5 83.5 3.6 0.13
4593941

18 8511598 23 47.9 117.0 37.2 39.9 106.4 3.7 trace
4593049

19 8510975 24 29.5 73.6 21.0 36.8 94.6 2.6 trace
4592310

20 8509260 25 49.2 609.6 321 374 117.6 3.2 trace
4590191

21 8509547 26 40.6 106.9 32.0 375 96.2 3.7 0.19
4589812

22 8510567 27 29.1 582.1 20.7 31.2 93.5 2.6 0.18
4586775

23 8509872 28 52.9 148.1 44.9 37.0 105.8 3.7 0.29
4585919

24 8505895 29 36.0 113.3 30.9 36.0 92.7 3.6 0.10
4580580

25 8505895 30 24,5 71.6 25.6 30.7 92.0 3.1 0.12
4580580

26 8505895 31 37.3 77.8 25.9 311 83.0 3.1 0.28
4580580

27 8506029 32 37.5 583.9 26.1 31.3 72.9 3.6 0.13
4559158

28 8502449 33 46.3 771.6 30.9 30.9 72.0 2.6 trace
4579828

29 8502608 34 36.7 550.9 315 28.8 83.9 3.1 not
4580503 detected

30 8506273 35 38.1 94.5 26.3 315 73.5 3.1 not
4578810 detected

allowable 36 85 140 20 35 0,8

concentration

the construction work. As for the water samples, they fully satisfy given standards.

1.

As clear from the table, there are exceptional high content emitters Co, Ni and Cd. Their
indicators were observed near the gas pipeline, almost along the entire route. In the soil samples taken
200 meters away from the pipeline the content did not exceed the standards. There is also higher
content of Pl in some samples which can be explained by the pollution left by heavy equipment during

In conclusion we can say that all necessary researches on the ecological condition of the
corridor along the pipeline envisaged by the first stage have been carried out. As for the second and
third stages, their implementation is planned in the coming years, after rehabilitation and exploitation
works within the pipeline are completed.
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BBenenns. I[lun (cycmenmoBaHi TBepAl YaCTHHKH) € OJHAM 3 HAWOMIMPEHIIINX
3a6py/HIOBaYiB aTMOC(EpHOro MOBITPs B YKpaini. Moro BHKHMaM 3aliMaloTh TpeTe Micue Micis
BHKHJIIB JIOKCHUIY CIpKHM Ta OKCHIy BYTJEI0, MPUYOMY 3 TEHJEHIE€I0 10 MmigBuIIeHHs [1].
Haiinebe3neunimmM 17151 TIOJMHM Ta HABKOJIMIIHBOTO IPUPOAHOTO CEPEAOBUILA € APIOHOANCIIEPCHUH
i [2], a came TUio — cycrieHioBaHi TBEp/li YaCTHHKH 3 po3MipoM Bix 2,5 MM 10 10 mxm, Ta TUo5—
CYCIIGH/IOBaHI TBepJli YaCTUHKA 3 po3MipoM dYacThuHOK MeHmre 2,5 Mkm (TUi 1a TUzs — 3a
no3HadeHHsM [lepxcraTt Ykpainu). B VYkpaiHi Ime He BCTaHOBIEHO HOPMATUBH JOIYCTUMOL
koHmeHTpamii TU,s i TUiB BHKHMIax, xo4a KOHTPOJIb IUX ITOKa3HUKIB Bemerbcs 3 2004 p. [3].
Immnemenranis  dupexktuBu 2008/50/€C  €sponeiicbkoro Ilapmamenty Ta Pamm mnpo skicTs
aTMoc(hepHOro TOBITPSl Ta YMCTIIIE HOBITPs Uil €Bpomu Iependaydae po3poOSeHHS HOPMATHBHO-
MPAaBOBHUX aKTiB, 110 BCTAHOBJIIOIOTH HOPMATUBU JIOITyCTUMOI KOHIEHTpALil CyClIEHIOBaHUX TBEPAUX
gactuHOK (TY25 Ta THio) B aTMochepHOMy MOBITPi Ta 3a0e3medeHHs iX MoHiTOpUHTY. HopmyBaHH:
koHueHTpauii TUio Ta TUz5 B mOBiTPi B pi3HUX KpaiHax cBiTY NpuBeneHi B Tab. 1.
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PesyabTaTu gociimkenHs. B 3aranbHOMy MPOMHCIOBOMY BHPOOHMUTBI YKpaiHM Hapasi 3a
TEeMIIaM{ PO3BUTKY JiAUPYIOUi MO3ULI] 3aiMarOTh MiANpUEMCTBA OyIiBeNbHOI iHIYCTpIi a B iX ckmami
MiAPUEMCTBA TI0 BHUPOOHWUTBY TEIUIOBOIALIMHUX MaTepialiB, SKi € 3HAYHUMH JKepenamu
HeopraniyHoro muiy [4]. PiBeHb eKonoriyHOiT HeOe3neK: X MiAMPUEMCTB IMOCHITIOE OCOOJIUBICTh 1X
pO3TalllyBaHHS: y MicTaX, 3a3BHYail OJM3BKO 10 JKUTIOBOI 3a0ymoBH. 3a0pYyAHIOIOYI PEUOBHUHH IHX
MIANPUEMCTB € OMOCEPEAKOBAHUM BHKHIOM Mty 3 BMicroM SiO» no 70%, denondopmanbaeriny, a
OT)Ke, JPKEpelIOM HEraTMBHOTO BIUIMBY Ha 3JI0POB’S HaceleHHs. Jlo TOro >k HEOpraHiuyHWH MW
MiATPHEMCTB SIKi BUPOOJISIOTH MiHEpajbHy BaTy — MOTEHIIHHUH anepreH, 3MaTHUN BUKIMKATH TOCTPi
Ta XPOHIYUHI aneprivuni peakuii [5].

Tabmuus 1. Jonycrumi TUz 5 Ta TH10 B aTMOChepHOMY TOBITpI

Cepenubopiuna kormenTpaitist (Cep.)

MACTHHOK, MKI/M
Kpainu Ta opranizamii

TYio Tq2,5
cC 28 - 20 17 -12
BOO3 20 10
CILIA - 12
ABcTpautist - 8
STmomHist - 15

[lpu oOrpynTyBaHHi BHOOPY NHJIOOYHUCHOTO OOJIQAHAHHS ISl e(PEKTUBHOTO 3aXHUCTYy
atMoc(epHOro TMOBITPs BiJ 3a0pyaHeHHs mwiIoM (0COONMBO JIpiOHOMMCIEPCHUM) TOJOBHUM
KpUTEPIiEM € HOTOo IHTPEAIEHTHHH Ta qucniepcHuid ckman. [11].

Bigomo, 1m0 B TEXHOJOTIYHUX IpOIecax BUPOOHUIITBA MIHEPAIBHOI BATH y SKOCTI CHPOBHHA
BUKOPHCTOBYIOTBCS: 0a3ajbT, JOJIOMIT, KOKC, SKi y CKJIali BUKHIHHX Ta3iB MOXXYTh MOTPAILISATH B
atMochepHe moBiTps. IIpore iHGOpMAaIIis PO TEXHOJOTIYHI BIACTUBOCTI Ta TUCICPCHUM CKIa MUY
KOHJUTEPChKHX MIANPUEMCTB B HAYKOBO-TEXHIUHIM JIiTepaTypl BKpaii oOMexeHa. Tak, 3a [12] B iy
LYKPY Ta KpoxXmalto mepeBaxaiotsh (> 80 %) gactunku po3mipom 10 10 MxMm (tabum. 2), a cepen HUX
HaWOUTHIIIMHA BMICT MafOTh YaCTUHKH 1 MKM.

Tabmuis 2. JlucnepcHuii ckiiaa My TiAMPHEMCTB 3 BUPOOHHUIITBA MiHepanbHOI BaTh [12]

BizmcoTok BMICTY YaCTHHOK IHITYy PO3MIpOM, MKM
Bun nury

mo 1 MKm 1 -5 MM 5 — 10 MKkM 10 — 20 MxM
JlomomiT, 6aszansT 21,8 67,3 39,3 18,7
MinepanpHa BaTa 36,3 46,4 33,2 13,0

[Tun, mo yTBOPIOETHCS HAa TPAHCHOPTEPHOI JiHIl Ta NPH BUBAHTAXKEHHI CHPOBUHU MJIS
YTBOPIOBaHHS MiHEpaIbHOI BaTH, B OCHOBHOMY Ma€ po3Mip YacTHHOK 2 — 45 MKM, cepenmHiil po3Mmip
qacTHHOK dso (MemiaHHHH JiaMeTp, MPH SKOMY KiJBKICTh YaCTHHOK KpyHHImuX dsp JOpiBHIOE
KUTBKOCT1 9acTHHOK npiOHImmX dso) ckmamae 24 mxm [13]. Ilmnm MiHepanbHOI BaTH CKIIAAAETHCS 3
YaCTHHOK /10 72 MKM, a cepeIHiil po3Mip 4acTHHOK dso ckiagae 36 Mxm[ 14].

s ouncTKYA BUKWAHUWX Ta3iB Bin 3a0pyAHIOIOYMX PEUOBUH HA IMIAMPUEMCTBAX 3 BUPOOHHUIITBA
TEIIOI3OIAIIIHNX MaTepiaiiB (MiHEpaIbHOI BATH) BUKOPUCTOBYIOTHCS IIUKIIOHH, SIKi MalOTh e()eKTUBHICTh
ynoBioBaHHs 80 - 85 % (vacTrHOK Oinbie 10 MKM), a TaKOX pykaBHI QinbTpu 3 edekTuBHICTIO 95 — 96
% (gactuHok Oimbme 1 mxm) [15]. Um 3a0esredye Taka eEKTHBHICTh NHUJIOOYHCHOTO OOJIaIHAHHS
JIOCTaTHIN pIBEHb EKOJOTiYHOi Oe3MeKH IiIIPHEMCTBA HEMOXKIIMBO BH3HAYMTH 0O€3 BimOMOCTEed Mpo
JWICTIEPCHUIA CKJIQJT ITHITY, 10 HaIXOHUTh JIO0 Ta3009HCHOro oonajaHanHs [16].

JocnigKeHHs: eKOJIOrYHO Ba)KIMBUX XapaKTEPUCTHK MMy npoBoawin 3a [17]. BusnaueHHs
JHCIIEPCHOTO CKJIagy MWy BHUKOHYBAaJM METOIOM MIKPOCKOMii — BHMIPIOBAaHHSIM YacTHHOK 13
3aCTOCYBaHHSM OKYJISIp MiKpoMeTpa, Ta mpu o0pooui ¢ororpadiii mumy y Corel Draw Graphics Suite
2018, po3paxyHOK XapaKTepUCTHK YaCTHHOK MUy BUKOHYBaiu y Imagel. TeoperuuHi po3paxyHKu Ta
00pOOKY eKCIIepUMEHTAIbHUX JaHWX BHUKOHYBAJIM 13 3aCTOCYBaHHSM KOMII IOTEPHUX IPOrpam
Microsoft Excel ta DisAdp.
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ExciepuMeHTanbHO JOCHIAKYBalM MHJ, IO YTBOPIOETHCS HA MiANPHEMCTBI 3 BUPOOHUIITBA
TeIUTOI30JALIHHIX MaTepialliB, sike BUpOOJIsie MiHepaibHy BaTy. lIpu BUTOTOBIIEHHI W€l MpoOmyKIii
YTBOPIOETHCS MU HeopraHiyamii 3 BMicToM Si02 10 70% ta cmonu eHonpopmManbaeriny.

VY naHiii poOOTi TOCTIKyBaIA:

— U MiHepaJbHOI BaTH, BiNiOpaHU 3 BUTSDKHOTO TIOBITPOBOY MOMEPEYHOI Ta MOB3OBKHBOT
PI3KH MiHEpAJILHOT BaTH JI0 IMKJIOHY, Ta MIJI MiHEpaibHOI BaTH, BiniOpaHuii 3 OyHKepy IUKIOHY;

— mOwI  MiHepaJbHOI  BaTH, BimiOpaHUNl 3  BUTSDKHOTO  IOBITPOBOIY  KaMepu
BOJIOKHOYTBOPEHHSI;

— W J0NOoMITy, 0a3aybTy, KOKCY, 3 MiCISl BHBAHTa)KCHHS Ta 3aBAHTAXKECHHS CHUPOBHHHU
(mumoourcHe 00J1aHAHHSI BiICYTHE).

PesynbTat  MOCHiIKEHHS JMUCIEPCHOTO CKJIaay MMy MiANPHEMCTBA 3 BUPOOHHIITBA
MiHEpaJIbHOI BaTH HaBeneHO B Ta0i. 3. SIkBUIHO, B MUy MiHEpPaJIbHOI BaTH, JIOJOMITY, 0a3aibTy Ta
KOKCY, SIKU YTBOPIOETHCSI HA MIANPUEMCTBI 3 BUPOOHUIITBA MiHEpaJIbHOI BaTH, epeBaxatoTh 110 Ta
TUys, a 11 CBITYMTD PO TE, IO I € PIOHOTUCIICPCHIM.

PesynbpTaTti gochiKeHHs AUCIIEPCHOrO CKJIaly 3pasKiB MUy MiHepaibHOI BaTH, BiIIOpaHUX 3
BUTSDKHOTO TIOBITPOBOJAY IO IMKIJIOHY, TOKa3ylOTh, II0 B HHOMY mepeBaxaroTh TUzs. CymapHuii
MPOIEHTHUN BMICT YaCTHHOK 3 po3MipoM 10 10 MM, To6TO TU25 Ta THi0, ckiamae 95,9%.

3a pesynpTaTaMu JIOCHI/PKEHHS JMCIEPCHOTO CKIaxy Ty MiHepaldbHOI BaTH, SKUH
HAJXOJMTH JIO IIUKIIOHY 3 KaMEPH BOJIOKHOYTBOPEHHS, BU3HAUCHO, IO y HOr0 CKJIAJi MepeBaXKaIoTh
TYio. Cymapuuii nporienTHUI BMicT TUz5 Ta TUio y vy MiH. BaTH cTaHOBHTH 83,4 %.

Tabnuis 3. JlucnepcHuit ckiaa nuiIy MiAMPUEMCTBA 3 BUPOOHHUIITBA MiHEPAJIbHOT BaTH

Jlinsnka sin6op BMicT yacTHHOK KOXHOI (pakitii, %
Bux iy - y Menmre 2,5 MMBin 2,5 MKM HoBianHe 10 MK MeniaHHUN
(TY25) 10 mx™m (TH10) PO3Mip 4acTOK, MKM
Min. Bara J1o IUKIIOHY 62,5+11,7 [33,4+13.2 3,8+4.5 2,03 £0,81
' Y noBJieHmi 42,7+10,3  [54,1+£5.2 8,3 +4,0 3,44 £ 0,82

AmnHami3 pe3ysbTaTiB AOCHIHKEHHS JUCIEPCHOr0 CKJIALy MMy JOJIOMITY, 0a3aibTy, KOKCY,
SAKAH BUKHIA€ThCA B aTMoc(epHE TOBITpsS Oe3 OYMCTKH, MOKa3aB, IO y HOro CKJIall MPaKTUYHO
onHakoBa KiuTbkicTh TUzs Ta TH1g, cyMapHUil IPOLIEHTHUI BMICT SKHUX ckiangae 75,9 %.

3a morromororo kKoM 1oTepHoi nmporpamu DisAdp, po3pobnenoi Ha MoBi C#, BUKOHAHO 00pOOKY
eKCIIEPIMEHTANIBHIX [aHUX Ta PO3PAaXOBaHO MeEMiaHHWH aiaMeTp 4acTMHOK mry dso, Pesympratn
PO3paxyHKIB 3a ITi€f0 MPOrpaMor0 3BipeHO 3 po3paxyHkamu B mporpami Microsoft Excel. mst mwomy
MIHEpaIbHOI BaTH, SIKHH TTOJA€Thesl Y IMKIIOH, dsp ckiaB 1,96 + 0,74 mxm. Lle cBiqunTh po Te€, 0 Y THITY
MIHEpaIbHOI BaTH [0 IMKIOHY TIepeBakaroTh 1Yzs (HaMOLIBII HeOe3meuHi Ui JIFOMMHA  Ta
HaBKOJMIIHBOTO cepenoBuina). s mmy MiHepanbHOI BaTH, YJIOBICHOTO IMKIOHOM, dso ckmaB 3,48 =+
0,89 MKM, MmO TOBOPHUTH PO TepeBaxHWi BMICT TUyp y manomy mmty. Pi3HHIS MK MemiaHHUMH
po3MipamMu TTHITY 10 IUKIIOHY Ta MHITY, YJIOBIEHOTO IUKJIOHOM, CBIAYHTH Mpo Te, mo TUzs MiHepanbHOL
BaTH MaJIoe(h)EKTHBHO YJIOBIIIOIOTHCS OYMCHAM OOJTaHAHHSIM 1 IOTpaInIsie B aTMOC(hEpHE TOBITPSL.

Otxe, B aTMocdepHe MOBITPsI MicTa BUKUAAETHCS 0e3 ouncTku nmi, 50 % sikoro 3rigHo [18]
3a CBOEIO IUCIIEPCHICTIO 37aTHE IIPOHUKATH aX B JIETCHI TMXaJIbHOI CHCTEMH JIFOIMHH.

Jua migbopy MHIII00YMCHOTO OONaHAHHS HEOOXiTHO BCTAHOBUTH HACTYITHI XapaKTEPUCTUKH
MWJTY: JiaMeTp YacTHHOK, [0 BU3HAYA€E MEXy, HIDKUe K01 3Haxoauthes 10 %, 25 %, 75 % ta 90 %
YaCTHHOK Ty BifmoBigHO dio, Uzs, O75, Ogo, KOCDIMIEHT BiITHOCHOIO Miarma3oHy pO3MOiTy YACTHHOK
Aty (pO3MIONLT KUTPKOCTI YaCTWHOK 3a JiaMeTpaMH: YUM MEHIIe Ary, THM MEHIIa pPO30DKHICTE y
KUTBKOCTI YaCTHHOK KOXKHOTO JiaMeTpa, YMM OLUTbIEe YUCIO, THM OUTbINa po301KHICTH Y KUTBKOCTI
YaCTHHOK KOXKHOTO JiaMeTpa).

KoeimienT BiTHOCHOT0 Aiana3oHy po3NOALTY YaCTHHOK Aty po3paxoByBaim 3a Gopmyioro [19]:

Aty = (dgo — d10)/dso 1)

Jlyis BU3HAUEHHS IMX XapaKTEPHCTUK MOOYHAOBAHO IHTErpalibHi KPUBI PO3IMONIITY YaCTHHOK

iy (puc. 1-3). 3 puc. 1 BugHO, IO A MHITy MiHEPaTbHOI BaTH 3 BUTSHKHOI'O TIOBITPOBOMY Mepes

nukioHoM dio ctanoBuTh 0,3 MkM, dos — 0,7 MM, d7s — 3,6 MM, a deo — 7,3 MM, Aty — 4,7. [lnsg nuny

MiHEpaJIbHOI BaTH, 3aTPUMAHOT0 MUKIOHOM, dig craHoBuTh 0,4 MM, dos — 1,1 MkM, d7s — 6,2 MKM, a
doo — 9,2 MM, ATy —3,3.
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(—m— nua 0o yuknowny, ---m--- NUL 3AMPUMAHUT YUKTIOHOM)

XapakTepUCTHKH IS MUY MIiH BaTH 3 KaMEPU BOJOKHOYTBOPEHHS BH3HAYEHO 3a puc. 2. s
MUY MiH. BaTH 3 BUTSKHOI'O MIOBITPOBOY Mepe UKIOHOM dio cTaHOBUTH 1,9 MkM, dos — 3,4 MKM, drs
—9,5 MxMm, a deo — 17,6 MM, Aty — 2,8. JIJIs Ty MiH. BaTH, 3aTPUMAHOTO ITUKIOHOM, d1p CTAHOBHUTH 4
MKM, dos — 6,7 MM, d7s — 12,1 MM, a dgo — 15 MM, Aty —1,2.

100

- 90

a 80

Pl

= 70

5

3 60

5 50

2 40

=

i 30

g 20

>~

© 10
0

0 4 8 12 16 20
Hiamerp yactuHOK d, MKM

Puc. 2. Inmezpanvha kpusa po3nooiny YacmuHOK NuLy MiH. 6amu
(—m— nun 0o yuxiony, ---m--- NUL 3 YUKIOHY)

[lopiBHIorOuM Aty HMIy OO0 LUUKIOHY Ta MWy YJIOBJIEHOIO LUKIOHOM SIK Ui MiH BaTH 3
JUTBHULI Pi3KM Ta KaMepu BOJIOKHOYTOBPEHHSI, MOJKHA CKa3aTH, IO MWJI YJOBJIEHUH LMKIOHOM Mae
OUIBII PIBHOMIpHE PO3MOALIEHHS KITBKOCTI YAaCTHHOK 3a JAiaMeTpaMHu, Y TOW 4Yac SK y HHIy A0
LUUKIOHY PO3MOAUICHHS KUTBKOCTI YaCTHHOK 3a JliaMeTpaMd HEepiBHOMIpHE, 3 MepeBarol0 y CTOPOHY
HaMOLTBII IPiOHUX YaCTUHOK MUY (JUIA MiH. BaTW 3 IUIbHULI pi3ku 3,3 <4,7, ans MiH. BaTH 3 Kamepu
BOJIOKHOYTBOpeHHs 1,2 < 2,8).
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XapaKTepUCTUKU ISl THJTY AOJIOMITY, 0a3aibTy, KOKCYy, SIKWH BHUKHUIA€ThCA B aTMocdepHe
MOBITpsA 0€3 OYMCTKH, BU3HAUECHO 3a puc. 3. diamerp dio craHOBUTH 2,2 MKM, das — 5,7 MKM, d7s — 15,2
MKM, a doo — 21,9 MkMm. BusHaueHo, mo Ary Juist muity 1ojoMiTy, 6a3ainbTy, KOKCY CTaHOBUTH 1,97,
OT)KE PO3MOAICHHS KUTBKOCT1 YaCTUHOK 32 JiaMeTpaMy AOCUThH piBHOMIpHE.
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Puc. 3. Inmeepanvna kpusa po3nodiny wacmuHox nury 00a0mMimy, 6a3aibmy, KOKCy

BigoMo, mo KyT HaxmwiIy IHTETpaJibHOI KPHUBOI JO Oci aOCIUC € IOKa3HUKOM CTYIICHIO
IpiOHOAMCIIEPCHOCT] MIUTY (UM OUTHIIMN KyT, TUM OUThIN npibHOmmucepcHuM € i) [20]. Otke, 3a
3MEHIIICHHSAM CTYIICHS APiOHOMMCIIEPCHOCTI MOCIIHKEHOTO MUY CHITYdl PEYOBHUHH, SKi YTBOPIOIOTH
el MHJI, MOYKHA PO3TAIyBAaTH B HACTYITHUHN PST: MiH. BaTy 3 IUIBHUIl PI3KH — MIiH. BaTy 3 KaMepu
BOJIOKHOYTBOPEHHSI — JOJIOMIT, 0a3aibT, KOKC. [IprnaoMy, I MiH. BaTH Ma€ JTy’)Ke BUCOKHI CTYITiHb
IpiOHOAMCIIEPCHOCTI MIUTY SIK B 3pa3Kax JIo IUKJIOHY, TaK 1 B 3pa3Kax MUY YIIOBICHOTO ITUKIOHOM.

Buznaueno Moau — Omog (iaMeTp YaCTHHOK, IO MArOTh HAMOLIBIIMIA BiICOTOK Bij 3aralibHOI
KITBKOCT1), MaKCUMAITbHUAN (dmax) Ta MiHIMaIbHUHN (dmin) TiaMeTpH, Miama3oH HAWOLIBIN BipOTiITHHUX
JiaMeTpiB 9aCTHHOK JOCHTIKEHOro muty dpr (Tadm. 4).

Tabmuis 4. XapakTepuCTHKH MY MIAMPUEMCTBA 3 BUPOOHHIITBA MiHEPAIHHOI BATH

JlinsHaKa BigOopy muy drmod, min,
J10 UKIIOHY 0,97 0,3
'V noBieHnit 0,97 0,4
Jlo IMKII0HY 6,4 1,6
'V noBieHuit 9,6 3,2
dmax, dpr,
Jlo IMKII0HY 37,5 0,97 -2
'V noBIIeHMM 37,5 0,97 -4
Jlo TimKIIoHy 22,4 2-6,4
'V noBiieHUH 22,4 6-12

SIk BHIHO, [UTs TIAITY MiHEpaJbHOI BaTH SIK 10 LUKIOHY, TaK 1 Ui YJOBJICHOTO LUKIOHOM, Umod,
Omax OmHAKOBI, dmin MPAKTHYHO OJHAKOBI, ayie dpr BiAPI3HAIOTHCS, MO CBIYUTH MPO HEOOXIAHICTH
NIPOBEICHHS JIOATKOBHX 3aXOiB CaMme 3 YJIOBJICHHS YaCTHHOK IUITy MiHEpaJIbHOI BaTH 3 PO3MIpOM 10
2 MKM. dmax SIK IS ATy MiHEpalbHOI BaTH BiJl KaMEpPH BOJIOKHOYTOBPEHHS A0 LMKIIOHY, TaK i s
YJIOBJICHOTO IIMKJIOHOM OfHAKOBUH. Pi3HMI Yy dmod, Omin Ta dpr s mmury MiHepanbHOI BaTH Bif
KaMepu BOJOKHOYTBOPEHHS 0 LMKJIOHY Ta JUIS YJIOBJICHOTO LUKIOHOM CBIIYMTH MPO HEOOXiOHICTH
MPOBENIEHHA JOAATKOBHX 3aXOHiB 3 YJOBJIEHHA HaiApiOHIIIMX YacTHHOK MUYy 3 po3Mmipom 10 6,4
MKM. OT>xe Tpy BUOOpi MUJIOOYUCHOTO OOJIaJHAHHS HEOOXIAHO BPAaxOBYBAaTH NEPEBaXKAIOUUN BMICT
YaCTHHOK 710 2,1 MkM. [ ity mosoMity, 6a3anbTy, KOKCY dmod IETIO 3MIIMIEHHH 10 TpaBoi Mexi dpr,
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npote dmin TAKUH K€ SIK IS THITY MiHEpaibHOI BaTH , a dmax BABIYI MEHIIE HiXXK B HboMY. Tomy mist
migdopy MHIOOYMCHOro oOmagHaHHS HEoOXiZHO BpaxoByBaTW OUIbII IIMPOKUN Jiama3oH
YIOBIIIOBaHUX YaCTHHOK JOJIOMITY, 0a3ajbTy, KOKCy, a came A0 16 MM (110 He 30BCiM mpuBaOIMBO
JUIsl BAKOPHCTaHHA BiIBTPIB).

BucHoBku: 1.3a [aHUMM EKCIICPUMEHTAJIBHUX JIOCHIHKEHb TMHMJ YCIX PEYOBHMH, IO
BUKOPHCTOBYIOTHCSI Y BHPOOHHMITBI MiHepanbHOi BaTH (Heopraniuauid SiOz go 70%, MiHepanmbHOT
BaTH)BIAHOCUTBCS 10 APIOHOAMCIIEPCHOT 0, TOOTO MHJTY 3 PO3MIPOM YACTHHOK MeHIne 10 MKM, SKuii €
€KOJIOT1YHO HaliHeOe3meuHIIM.

2. Y nuity MiHepaJbHOI BaTH Ha JIUIBHHMIN PI3KH, 10 HAJAXOIWTH JO I[UKIOHY MEPEBaKAIOTh
YaCTUHKH 3 PO3MIPOM 10 2 MKM, NHJ MiHEpaJbHOI BaTH, YJIOBIEHWH HWKIOHOM, CKJIaJa€ThCs
MEepeBaXHO 3 YAaCTHHOK po3mipoM a0 4 wMkM. B mminy wmiHepanbHOI BaTh  Big  KaMmepu
BOJIOKHOYTBOPEHHSI, 110 HAJXOIUTh 10 IUKIOHY, IMEPEeBakar0Th YaCTUHKU 3 PO3MIpoM Bix 2 g0 6,4
MKM, a B TIHJTY, YJIOBIICHOMY IIMKJIOHOM — BiJl 6 10 12 MKM.

3. Opi€HTOBHO MWJIOOYMCHE OOJIAJIHAHHS HA MiANPUEMCTBI mpomyckae He Menme 20 %
HaHOUIBII He- Oe3neuHoro apidHoaucnepcHoro nmuiay THas TaTUio.
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BBenenue. OCOOEHHOCTH HKOJIOTHYECKON OOCTAaHOBKH B OTHAENBHBIX perroHax Kaszaxcrama u
BO3HMKAIOIME HKOJIOTMYECKUE MPOOJIeMbl OOYCIIOBIEHBI MECTHBIMH HPHUPOIHBIMH YCIOBUSMH H
XapakTepoM BO3JACHCTBUS HAa HUX IPOMBIIUIEHHOCTH, TPAHCIOPTa, KOMMYHAJIBHOIO M CEIBCKOTO
xo3siicTra [1].

CocrosiHue OKpy’Karoliell cpelpl B HACTOsIEe BpPEMsi — camas TPEBOXKHASL U TIJI00ajbHas
npobiema Bcero denoBeuecTBa. ONUH U3 KOMIOHEHTOB OKPYXKAIOLIEH Cpenbl, 3arpsi3HEHUE KOTOPOro
BBI3BIBAaET TpeBOry, mousa. [louBa — mpupomHoe oOpazoBaHue, obOiajaroliee LENBIM HabOpOM
cnequduyueckux cBoiictB. E€ cTpykTypa, coctaB M MIOAOPOIHBIN oM (OPMUPYIOTCA B pe3ysbTare
CIIOHBIX OMOJOrMYECKUX MPOLIECCOB Ha MPOTSHKEHUH MHOTHX CTOJIETHH. XapaKTepPUCTHKOH MOYBBI
SBIISIIOTCA  IUIOAOPOJME, YPOBEHb KOTOPOrO ONpEAessieT, CHOCOOHa JM T1o4yBa 00ECHeduTh
MOJHOLIEHHBIH POCT M pa3BUTHE PAacTeHUH, Ha HEW mpouspacraromux. EcrecTBeHHOE Iuionopoaue
MOYBBl IIO/IPa3yMEBAET YpPOBEHb COIEPXKAHMA IMTATENbHBIX BELIECTB, PBIXJIOCTh CTPYKTYpHl HU
HaJIM4Me XKMBBIX OPTaHU3MOB BO BCEX €€ CJO0sAX. B pe3ynbraTe HAKOIUIEHHWS CONHEYHOM HSHEPruH,
KOTOpasi IOCTyMaeT B MOYBY 3a cueT (OTOCHHTE3a pacTeHUil, oOpa3yeTrcs IUIOJOPOAHBIA CIIOH.
[loBblleHrE MIOAOPOAMS MOYBBI — CaMbI aKTyalbHbIM Bompoc. Ha ypoBeHb Nimogopoausi MOYBEI
HEM3MEHHO BO3JICHCTBYET YENOBEK, M 3ayacTyl0 3TO BO3JCHCTBHE OKAa3bIBAECTCS T'yOUTETbHBIM.
3arps3HeHre TOYBBl HOCHUT IJIOOAJIBHBIM XapakTep M MOXET IPUBECTH K HEIMONpPaBUMBIM
MocnencTBUsAM. Pa3pyllieHne NmiuoJopoJHOrO €0 HEYMOJIMMO BEAET K HapyLIEHUIO MPHPOTHOTO
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Oananca, oOMeHa BelIeCTB B mpupoze. Mcxons nu3 3TOro, MOKHO CKas3aTb, YTO 3arpsi3HEHHUE MOYBBI
MOXeET OOepHYThCS pa3pylIeHHEM OPYTruX SKocucTeM. Ha cerogHsmHui eHb CYIIeCTBYEeT MHOTO
Coco0O0B 3arpsi3HeHUs] MOYBBL. He TONMBKO MECTUIHIBI CHOCOOHBI MOBBIMIATH YPOBHU 3arpsi3HEHUS
noyB. OOpaboTka MOYBBI TPOU3BOAWTCS PA3TUYHBIMH TEXHHUYECKUMHU MPHUCIOCOOICHUAMH, YTO
MPUBOAUT K HCYMOJIIMMOMY 3arpsA3HCHUIO ITOYBLI 3JIECMCHTAMMU TAKEIIbIX MCTAJIJIOB, TAKUX KaK CBUHCEII,
PTYTh. OTH BelleCTBa MOTYT IONAacTh B IMOYBY M BMECTE€ C OTXOJaMM IPOU3BOACTBA, U MpH
Pa3IOKEeHHH TPOJYKTOB IIEJUIIOJI03HO-OYMaKHOH MPOMBIIIICHHOCTH. A TakKe MEJKHE YaCTHIIBI
CBHUHIIA NIOMIaAar0T B IIOYBY M3 BBIXJIOMMHLIX I'a30B aBTOMO6PIJ]CI>'I. I/I, KOHCYHO K€, HC PCKOMCHIAYCTCA
BO3/ICNBIBATh 3€MIII0 M pa30UBaTh CaJOBBIE YYACTKH PSAAOM C aBTOTpaccaMu. XapaKTepUCTHKa
HWCTOYHUKOB 3arpsA3HCHUS MOYB ITOKA3bIBACT, YTO I'NTaBHBIM BPAarom IO4YBbI ABJIACTCA TEXHOJIOTMYESCKUI
MpoIiecc, MPOAYKTHI KOTOporo OecnomiagHo TyosT e€. Pa3BuTHe MPOMBIIIIEHHOTO MPOU3BOICTBA
MNPUBOAUT K POCTY HNPOMBINUICHHBIX OTXOJ0B, KOTOPbLIE B COBOKYIIHOCTH C OBITOBBEIMH OTX04aMu
CYIIECCTBCHHO BJIMAIOT Ha XUMHYECKUH COCTaB IMOYBbI, BbI3bIBAA YXYAIICHUC e€ kauectBa. CHIbHOE
3arpsA3HEHNUEC IOYBbI TSOKENBIMA ~ MeTaJJIaMH BMECT€ C 30HaAMH CCPHUCTBIX 3anH3HeHI/II\/'I,
06pa3onmec;1 IIpU C)KMT'aHWUU KaMCHHOTI'O YIJIA, IPUBOAAT K UBMCHCHHIO COCTaBa MUKPO3JIEMCHTOB U
BO3HUKHOBCHHIO TEXHOI'CHHBLIX IIYCTBIHb. OHaCHOCTB, BbI3bIBa€Masd 3arpsA3HCHUEM TSKCIbIMH
MeTajiaMH, ycyryousieTcst caObiM BBIBEICHHEM WX W3 MOYBBI, OMOAKKYMYJISAIIUEH W MHUTpaiueil 1o
TpO(l)I/I‘IeCKI/IM T CITSAM. Tsoxenple METAJUIBI BIUSIOT Ha OMOJIOTMYECKHNE CBOMCTBA MOYBBI: M3MEHSIETCS
00IIast YUCIEHHOCTh MHKPOOPTaHMW3MOB, CY)KAa€TCsl WX BHIOBOW COCTaB, M3MEHSETCS CTPYKTypa
MI/IKp06I/IOIIeH030B 1 1magact aKTUBHOCTH ITOYBCHHBIX q)epMeHTOB. OHHU TakKe CIIOCOOHBI U3MEHSTH U
Oosee KOHCEpPBAaTHUBHBIE MPU3HAKU TIOYB — T'YMYCHOE COCTOSIHHE, CTPYKTypy, pH. B konme Bce ato
MIPUBOJUT K yTpaTe MIoJopoAus mous [2].

3arpsi3HeHHe OKpYXKAIoUmlel MPUPOAHON Cpeasl MPEANPUATHSAMH  METaUTypTHYecKOro
KOMIUIEKCA W WX BIHMSHHE Ha JAHAMA(PTHI M DKOCHCTEMBI CBA3aHO C YPOBHEM IPHMEHSEMBIX
TEXHOJIOT'UH, Ka4eCTBOM M KOJHMYECTBOM HCIIOJIB3YEMOI'O ChIphbsi, OOBEMOM M COCTaBOM BbIOPOCOB,
cOpOCOB M TBEPABIX OTXOMAOB, IMOJIOKEHHEM TPEINPHUATHS B ONpECICHHOH reorpamyueckol 30HE,
MOA30HE W JaHAMA(QTHON NPOBUHIMK, XapaKTEpOM pACCEMBAaHHUS, COCTaBOM U CTPYKTYpOH
KOMIIOHEHTOB JaHamadra [3].

[TouBeHHBIH TOKPOB BBHIMOMHACT (DYHKIUH OMOIOTHYECKOTO IOTJIOTHTENS, Pa3pyLIHTENns U
HeHTpanau3aTopa pa3iMuHBIX 3arps3HeHuil. Ecimu 310 3BeHO Oumocepsl Oyaer paspyllieHo, TO
cloxuBIIeecs (yHKIIMOHUpOBaHUe Onocdepsl HeoOpaTuMo HapymmTea. Ecim atmocdepa m BogHas
cpena MOr'yT CaMOOYHMIIATECS, TO T0YBA TAKMM CBOWCTBOM He 00J1ajaeT: TOKCHYHBIE BEIIECTBA (B TOM
YrciIe OKHMCIIbl METAJJIOB) MOCTOSIHHO HAKAaIlJIMBAIOTCS B HEH M NMPHUBOAAT K M3MEHEHHUIO €€ COCTaBa,
KOTOpO€ COOTBETCTBEHHO BBI3bIBAET M3MEHEHMSI B PACTUTENBHOM M JKMBOTHOM mupe. [loctymneHue
METaJJIOB B OKPYXXAIOILYI0 CPEAY OT TEXHOI'€HHBIX HCTOYHHKOB OCYIIECTBIIIETCS IOCPEICTBOM HX
paccerBaHMS BO BCEX Cpelax SKOCHUCTEM: B IIOUBE, BO3Ayxe, Boae. IlyTu 3arpsi3HeHNs] MHOr0oOpas3Hbl,
HO Ba)XHEHIIMH M3 HUX - pacCEeMBaHHME TEXHOTCHHBIX BBHIOPOCOB uepe3 atmocdepy [4]. OcCHOBHBIM
HNCTOYHUKOM aKTHUBHOTO IIOCTYIJICHUS TSDKENIBIX METaUIOB HAa 3EMHYIO IIOBEPXHOCTH SIBIISIFOTCA
[POMBIIIEHHBIE BBIOPOCHI TOPHOAOOBIBAIOIIEH, METaJLUTypruYecKon u XUMUYECKOU
MPOMBIIIEHHOCTH. TONBKO B pe3yibTaTe paboThl METAJUIyPIHYECKUX MPEANPUATHI HA MOBEPXHOCTD
3eMJIM €XKEroJHo nmocrynaer He MeHee 154656 T menu, 12150 T nunka, 89 ThIC. T cBUHLA, 12090 T
HuKens [5]. B paiioHaxX MpOMBIIUICHHBIX TMPEANPUATHN TOYBa B 3HAYMTENBHON CTEIEHU 3arps3HeHa
MPONYKTaMHU CKUTaHMS TOIUIUBA, 3071 KOTOPBIX COACPKUT NMPAKTHUECKU BCE TEXHOICHHBIE METaIbI.
[Ip11€BOM BBIOPOC MPOMBILUICHHBIX NPEIIPUATHH ropoAa XapaKTepU3yeT MCKIIOYUTENBHO IIHPOKas
acconyanys XMMUYECKUX 3JIEMEHTOB. boJbIioe KOJIM4YeCcTBO M30TONOB TSDKENBIX METAJUIOB IOMAagaeT
B OKPYXaIOLIyl0 Cpely B BHJIE CTOKOB OT KOMMYHaJIbHO-OBITOBOH M NPOM3BOICTBEHHOH cep.
BasoBoe conep:kaHne MUKpPO3JIEMEHTOB B €CTECTBEHHBIX HE3arps3HEHHBIX I0YBaX OOYCIIOBIEHO MX
CoZiep’)KaHHEeM B MAaTEPUHCKOW IOPOJAE M OMNpenNeNsieTcss IeHE3UCOM, NEeTPOXUMHEH, (aruaabHbIMU
pa3nuYMAMU MaTEPUHCKOro cyOcTparta M IpoleccaMu mouBoodpasoBanus. Kpome Toro, cogepxanue
3JIEMEHTOB B IOYBE CBSA3aHO C PEAKLUEH Cpenbl U CONEpXKaHUEM B IOYBE OPraHMYECKOrO BEIIECTBA,
OMONOrMYECKMM KPYIOBOPOTOM 3JIEMEHTOB, MEXaHHMUYECKHMM COCTaBOM C IIPOLECCAMH MHIPALIH
3JIEMEHTOB B MOYBEHHO-TPYHTOBOM CJIO€ U C HEOJHOPOJHOCTHIO BHIIOBOTO COCTAaBa PACTUTEIBHOIO
nokposa [6,7, 8].

['maBHBIMM KOMITIOHEHTaMH (OPMHUpYIOLIEHCS B YCIOBUAX ypOaHM3allMM 3KOCHCTEMBI
SIBIISIIOTCA TOYBBL. [I0YBBI, B OTIIMYKE OT BO3AYIIHOH W BOIHOM CpEA, MCHBITHIBAIOT OoJjiee CUIbHOE
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BO3/eiicTBHE YpOAHHCTHYECKOTO IMPECCHHra, OBICTPO TMOTJOMIAIOT W3 OKPYXKAIoIeH Cpeabl
MOJUTFOTAHTHI M OYeHb MEJICHHO UX TpaHcopmupyrot [9, 10].

[TouBsl B TOpoax pa3BUBAIOTCS O] BO3ACHCTBUEM TeX k€ (PaKTOpOB MOYBOOOPA30BAHUS, UTO
U TPHUPOJHBIE TOYBBI, HO TEXHOTEHHBIH (pakTOp 3lech OKa3bIBAaeT MEPBOOUEPETHOE BIIUSHUE.
Xo3stiicTBEHHAS JEATENFHOCTh YEIOBEYECKOro OOIECTBa B KPYMHBIX M MAJIBIX TOpoAax MPHUBOIUT K
CYIIECTBEHHOMY U 4aCTO HEOOpaTUMOMY M3MEHEHHIO MOYBEHHOTo Mokposa [11, 12].

Taxum o0pazoMm, mpobinema 3arps3HeHus mouB TM sBIsieTCS OJHOM U3 «OCTPBIX» MpoOiIeM
9KOJIOTHH U SIBIISIETCS] O0BEKTOM JIANbHEHINET0 MPUCTATLHOTO H3YYCHHS.

Leus uccnenoBanus: u3ydeHre BIUSHUS TOPHOM, METAJUTypTUYECKON U TiepepadaThIBaIOIIeH
MIPOMBIIIUIEHHOCTEH Ha OKPY>KAIOIILYIO Cpeay.

O0bexkTbI M MeTOABI HccaenoBaHuil. OOBEKTOM HCCIENOBAHMS SBISIOTCS TEPPUTOPUH,
HaxOJSIIMECS TIOJ BJIMSHUEM BBIOPOCOB MPEANPUATHI IepepadaThIBAIOIIEH TOPHOPYIHOU
npomeinuieHHocTH T. Pumnepa BKO. BiusHue 1uHKOBOrO 3aBojia Ha OKPYKAIOIUIUE JaHANIA(THI
L{nHKOBBIN 3aBOA pacmonoxeH B uepte ropoaa (Pucynok 1).

’ .

Piedmant yonal sail /

o
Eaparimental plot

Puc. 1. Kapma cxema obvexma uccneoosanus

Metoabl Hccle0BAHMSA - TIOJIEBBIE U J1a0OpaTOpHO-aHATUTHYECKHE. PeKOrHOCIMPOBOUHBIN
00be3] TEPPUTOpPWH, ONpPEAeNeHHEe WCTOYHHKOB 3arps3HeHus. OTtOop mpod MOYB TPOBOMIIICA B
HampaBlieHUH po3a BeTpoB B 10-m ToYkax W BepxXHEW, CpedHed W HIDKHEH YacTH HCCIIETyeMOro
yuactka. OnpeneneHne TSHKENbIX METAIIOB U IPYTUX XUMUYECKUX 3JIEMEHTOB B IIOYBAX IIPOBOJMIINCH
SIIEPHO-(PU3MYIECKUMH ¥ aTOMHO-aOCOPOIIMOHHBIMH METOJaMU. OKOJOTHYECKHA aHaIH3 YpPOBHS
OIIACHOCTH 3arpsi3HEHUS TOPOACKUX MOYB KOMIUIEKCOM TSDKENBIX METAJJIOB IIPOBEACH 10 CYMMapHOMY
MOKA3aTeN0 XUMHUYECKOTo 3arpsisHeHus (Zc), npemioxennomy CanlluH 4266—-87 n orpaxaromemy
HarjsiaHylo auddepeHnuanuio XUMHYECKOro 3arps3HEHHsS IIOYBEHHOI'O IIOKpOBa B Ipenenax
yp6ann3upoBaHHbIX Tepputopuii [13]. CymmapHblil oka3aTens 3arpsi3HEHUs MOUYB (ZC) BBIYUCIUICS
o Hauboiee paclpoCTPaHEHHBIM TSDKENBIM MeETajlaM, IOKa3aBIIMM BBICOKHE KOHLEHTpAalUu B
MOYBax paioHa MCCIeNOBaHMM, IO cienytomei Gpopmyne [14, 15]:

Zc=ZKc

N — 4YUCIIO CyMMHPYEMBIX 3JIeMEHTOB, K¢ — KO3((QUIMEHT KOHIEHTPALMH XUMHUYECKOTO
BEIIECTBA, PABHbBIM OTHOLICHUIO COACPXaHHs | —MeTajyia B TOYBE 3arps3HCHHOW TEPPUTOPHU K
(doHOBOMY.

Pesynbrarel u ux oocyxnenune. [ns TM nmousa sBiseTcs eMKUM aKIENTOPOM, 3aHUMAIOIINM
MECTO B KPYroBOpOTE€ XMMHUYECKHX 3arps3Hutencid B Ouocdepe. [louBa HaxoauTCs B MOCTOSIHHOM
B3aMMOJCUCTBUM C JAPYTMMH OJKOJIOTMYECKUMH CHCTEMaMH — aTMoc(epHoil, ruapocdepoii,
PacTUTENBHBIM MHPOM U SIBJIETCSI Ba)KHBIM HMCTOYHHMKOM NOCTYIUIEHHS TM B OpraHu3M yenoBeka.
[NocrynuBmme B mouBy TM B mporecce akTUBHOIO MX W3BIEYEHMS U3 MOYBBI KOPHEBOW CHCTEMOH,
MOT'YT HAaKallJIUBaTbCsl B CEIbCKOXO3SMCTBEHHBIX KYyJIbTypax, a NpPU BBIMBIBAHHH MTOBEPXHOCTHBIMHU
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BOJIaMU KOHIICHTPUPYETCS B BOJHBIX OpraHU3MaXx, JOHHBIX OTJIOKEHUSX. Y CTAHOBJICHO, YTO METAJLIbI
CPaBHHUTEIILHO OBICTPO HAaKAaIUIMBAaeTCs B IOYBE M KpaiHE MEIJICHHO W3 Hee yhanstorcs. [lepBbrit
repuoa nonyynaieHus (T.. yIaJleHUS IOJIOBMHBI OT HadadbHOW KOHIIEHTpanuu) TM 3HaYUTENBHO
BaphUPYET Y Pa3IMYHBIX 3JICMCHTOB U 3aHMMAET BEChbMa IMPOJO/KUTEIBHBIN MEPUONl BPEMEHHU: IS
muHka — ot 70 mo 510 net; kxagmus — ot 13 go 110 ner, mequ — ot 310 go 1 500 ner, cBuna — ot 770
10 5 900 ner. Mzydernnto TM B mouBe mocBAieHO OOJbIIOe KOMMUECTBO HccienoBaHuid. [logpobHo
pPaccMOTpPEHbl MCTOYHHUKHM MOCTyIieHUuss TM B IOYBY M NPOAHAIM3UPOBAHO BAJIOBOE COIEPIKAHHUE
uenoro psga meramwio [16]. Ha xonnentparuio TM oka3piBaloT BIUSHUE CBOWCTBA MO4YB. B mouBax
TSDKEIOr0 TPaHyJIOMETPHUYECKOr0 COCTaBa, Kak IpaBWio, OOHApYKUBAIOTCS Ooyiee BBICOKHE
KOHICHTpaluu TM, IMECYaHbIC MW CyIIECYHaHbIC IIOYBbBI B MEHbBIIIEHl CTEeNeHW HaKaljJuBaloT WX.
3HaUNTENLHOE BIMSHUE OKA3bIBAIOT KMCIOTHO-OCHOBHBIE CBOMCTBA MO4YB. B YCIIOBHUAX KHCJION Cpe€anl
HepacTBopuMas 4acTh ¢pakiun TM nepexoquT B pacTBOpUMbIE (OPMBI, TEM CaMBIM KOHIICHTPAIUS
TM B xucaplx MmouBax MOXKeT Hapactatb [17]. [IpHOpHTETHBIMU 3arpsS3HUTEISMH HCCIECTyEMOM
TEPPUTOPUN ABJIAIOTCA TAKEIBIC MCTAJJIbl KaK PEIYJIbTAT YBCIUUCHUSA BLI6pOCOB ITPOMBITIIJICHHBIX
MPEANPHUITHN 3arpsI3HAIONINX 3HAYUTENIBHBIX TEPPUTOPHHA. ITO O0YCIOBIMBAET WHTCHCHBHOCTH U
HCOAHOPOAHOCTb IMOYBCHHBIX 33Fpﬂ3HeHI/II\/'I. TIo4BBI OIBITHOTO ydJacTka B BEPXHHUX TOPHU30HTAX
cofiepykar TspKeble MeTautbl, mpepbimatonwe [1JIK B mBa-gecsate pa3. OCHOBHBIMH 3arpsi3HUTEISIMHU
SBJIIAKOTCA HTHWHK, CBUHCI, MC/b. HpI/I 3arpsA3HECHUHN IIPOYHEC BCEro B IOYBE 3aKPCIUIAIOTCA MCIb,
CBHHCII. (DI/IKcaI_II/ISI HX IIPOUCXOJUT 3a CUCT KOMHHCKCOGpaSOBaHI/IH C OPraHUYCCKHUM BEIIECTBOM U B
MEHBIIEeH CTEeNeHH 3a cUeT crennuduyeckor copOIy MUHEPATbHBIMA KOMITOHEHTaMH, IIMHK ¥ KaJIMHAN
B TIO4BE CBs3bIBaIOTCA ciabee [18]. B mouBeHHBIX 00pa3iiax, OTOOpaHHBIX M3 Pa3pe30B, 3AJI0KEHHBIX
BO3JIe IIMHKOBOTO ropoja Pujnep mo mpodminro B HMKHUX TOPU3OHTAX HAONIOJAeTCs CHIKEHHE
COJIEpKAHUS TSHKENBIX METAIIIOB.

Ha spomupoBaHHOM ydacTKe JIsl ONPEeNeHUs] TSHKEIBIX METAIJIOB B TIOBEPXHOCTHOM CJIOE
ITOYBBI B 5 TOUKax ObUIM OTOOpaHbl 00pasibl mous Ha ryouHy 0-10 cm. JlaHHBIE TOKA3BIBAIOT, YTO
yeM OJIMDKE€ MCTOYHMK 3arps3HEHUS, TEM BBIIIEC COIEPIKAaHUSA TOKEIBIX MerauioB (tadmuua 1). Ilo
CTaTHCTUYECKUM JTaHHBIM BapualioHHbIA Koddduiment (V,%) mo uuHky coctasnser 4,3 - 44,3, no
meau 13,3 - 53,4, no ceunny 12-82,2 % (Tabmnuma 2).

MI/KT MT/KT
1400 1 o
_ 400 1 =
1200 T 350 E Sa—
1000 1~ [ 300 +
800 250
600 200
150
400 100
200 50
0 0
T-1,0-10 T-2, 0-10 T-3, 0-10 T-4, 0-10 T-5, 0-10 T-1,0-10 T-2,0-10 T-3,0-10 T-4,0-10 T-5, 0-10
EZn @Cu OPb mCd @Zn mCu @Pb mCd
1 2

Puc. 2. Cooeporcanue msoicenvlx Memainos 8 noueax, me/xe. Puooepckuil yunkoswiii 3a600,
apoouposannblil yuacmoxk: 1 — eanosvie popmol TM; 2 — noosudicnvie popmot TM

MNe 2(42), Vol.1, February 2019 27



WORLD SCIENCE ISSN 2413-1032

Tab6numa 1. ITJIK TspKenbIX MeTalioB B IOYBE 00hEKTa MCCACTOBAHMS

TTonBmxubIe GOPMBI, MI/KI Baisoseie popMBbI, MI/KT
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Tabnuia 2. BapuayioHHO-CTaTHCTHYECKU e TIOKA3aTEIH PacIpoCTpaHeHHs BajoBbIX (hopM Zn,

Cu, Pb, Cd
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Ham uccnenyeMslil ONBITHBIA y4acTOK MMEET € MOBEPXHOCTH YKJIOH 15-20°. [loatomy MBI
YCIIOBHO Pa3/IeNHIIN TEPPUTOPHIO OMBITHOTO YYACTKA HA TPU YaCTH BEPXHSAS, CPEAHSISI U HUKHSS YaCTH
yuactka (Pucynoxk 3).
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Puc. 3. Kapma-cxema onvimnozo yyacmxa
VenoBHBIE 0003HAUYEHUS

I:l - Bepxusist yacThb yyacTka I:l - CpenHsis 4acTh y4acTKa - - HuxHsst yacTh ydyacTka

BanoBoe cozmepxaHue TsXKeIbIX METAIUIOB B IOYBEHHOM cpele sBIsiercs PakTopoM eMKOCTH,
OTPaXKAIOIIUM TMOTEHIMANBHYIO OIACHOCTh 3arps3HEHUS TI0YB, PACTEHHH, WHQWIBTPAIMOHHBIX U

MOBEPXHOCTHBIX BoA [19].

Ilo pesynpraTam HamMX HCCIEAOBAaHUM B paliOHE PpACHOIOKEHUS MNPENNPUATHA LIBETHOU
METaJUTYpriy YCTAHOBJIEHO, YTO COJIEpKaHke BAJIOBOIO CBUHIIA B BepxHeM 10 CM clioe TOUBBI, MPEBHIIIAET
KOHTPOJIbHBIC 30HAJIbHBIC 3HaueHus B 707 pa3; kaamust — B 188 pa3; nuHka — B 2302 pasa (tabmuna 3).

Tabnua 3. BamoBoe copepikaHHe TSDKENBIX METAJJIOB IMOYBBI HCCICAYEMOH TEPPUTOPHH,

MI/KT
Mecto oTbopa 00pasioB I'myOunHa, BainoBoe coseprkaHue 3J1eMEeHTa, MI/KT
cM Cd | ¢ | cd | Cd | cd | Cd
Bepxwsist uacth TeppuTOpuu
Y4acTok ¢ CyJJTaHCKOH TpaBoOi 0-10 53,8 1802,8 538,6 71,6 35 0,6
YHaCTOK  TON  AceHeM ¢ 0-10 355 | 781,3 | 138740 | 211,8 | 44 | 0,2
BHECEHHEM OMOYTJIS
Yuactok  mox - Oepesodd  u 0-10 40,2 | 1209,0 | 200000 | 3412 | 47 | 09
KHUMOJIOCTLIO
Yuacrok  mox - Oepesoit | 4 04 | 113 | 1200 | 03 | 33 | 07
JKMMOJIOCTBIO ! ! ! ! ! !
VY4acTok ¢ CyJaHCKOH TpaBoi 0-10 53,8 1802,8 538,6 71,6 35 0,6
CpenHsist 9acTh TEPPUTOPUU
YHaCTOK ¢ TpaBOCMEChIO W 0-10 32,2 | 141,3 | 74000 | 192 | 1,3 0
BHECEHHEM OHOYTJIS
VHaCTOK ¢ TPaBOCMECRIO W | g 45 18,2 | 200,7 | 72000 | 256 | 3,9 0
BHECEHHEM OHOYTIIS
YyacTok ¢ TpaBOCMEChIO U 10-20 0.6 9.7 440,0 0.6 26 0.6
BHECEHHEM OHOYTIIS
V4acTok ¢ BBICEBOM JOHHUKA 0-10 56,3 2545,6 | 58000,0 | 881,8 3,2 0,6
HuxHsist yactb TeppuTOpUN
VYyacTok moj 6epe3oid U CUPEHbIO 0-10 36,5 386,4 11050,0 42,6 2,8 0
YyacTok 1o 6epe3oid U CUPEHbIO 0-10 8,9 55,7 4200,0 2,3 2,7 0,6
VY4acTok o1 IATTOBHUKOM 0-10 39,6 392,6 10400,0 60,7 1,9 0,7
Yuacrok B 400 M BBepX o1 0-10 224 | 4450 | 82000 | 583 | 24 | 04
HCCIIEIyEMOI TEPPUTOPHU
KoHTponbHbIH yuacToK B 25 KM Ha ceBep.
C. byrakoBo. UepHo3eM TOpHBIil. 0-20 04 36 252 04 09 08
Top. A (max) ' ' ' ' ' '
C. byrakoBo. UepHo3eM ropHbIH 80-90 0,1 1,8 3,1 0,3 0,9 0
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Ha yrompsix, pacmoNOXEHHBIX PSJIOM C HCCIEAYEeMbIM y4acTKoM, B BepxHeM 10 cMm cioe
comepxutcs cBuHI@ — 445 wmr/kr (B 30HanbHOW TouBe — 3,6 mMr/kr), kagmus — 22,3 Mr/kr
(cootBercTBenHO 0,38 Mr/kr); uuaka — 8200 mr/kr (okomno 25 mr/kr). To ecTh Ha HECKOJIBKO TOPSIKOB
MPEBBINIACT 3HAYCHUS 30HAJNBHBIX TMOYB. [IpM TEXHOT€HHOM 3arps3HCHUM HM3y4aeMbBIX B palioHE
KOMOWHATa TI0YB XUMHUYECKUE 3JIEMEHThI HAKaIlIMBAIOTCS TJIaBHBIM oOpa3oM B npexaenax 0 — 10; 0 —
20 cM. Ha KOHTpONBHBIX y4acTKax, pacloliOKEHHBIX B 25 KM OT 30HBI HCCIIEAOBaHUS, B TOPHBIX
YepHO3EMax BBINICIIOYCHHBIX COJEPKAHUE TSKEIBIX METAJUIOB HE3HAYUTENIbHOE, 10 CPaBHEHHUIO C
YEPHO3EMOM JICTPAIMPOBAHHBIM. bBONBIIOE KOJIMYECTBO TSIKENIBIX METAJLIOB, IPEBBIIIAIOIICE
KOHTPOJNb B TIOPSJKH, MOCTYMHJIO B TIOYBY B pE3yJibTaTe BHIOPOCOB TOPHO-METAJLTypTUYECKOTO
LUHKOBOTO 3aBoja. Tak Kak MpH TEXHOT€HHOM 3arps3HEHUH M3Y4aeMbBIX B paiioHe KOMOMHATa MOYB
XUMHYECKUE 3JICMEHThI HAKAILJIMBAIOTCS TJIABHBIM 00pa3oM B BepXHEH 4acTH Mpoduiisi, TO OCHOBHOE
BHUMAHUC YACIAIOCH HU3YUCHUIO HOBerHOCTHOﬁ YacTH MOYBHEL. VICTOYHMKOM TEXHOT'€HHOTO
3arpsA3HCHUA  TSKCIBIMU  MCETAJUIaMU  ABJIAIOTCA aTMOC(i)epHBIe BI)I6pOCI)I N JXKHIAKHEC CTOKHU
MPOMBIIIUICHHBIX TpennpusThii. JJoObua u nepepaboTka MONE3HBIX MCKOMAaeMbIX M, KaK CIEJCTBUE,
Pa3sBUTUC MNPOMBINUICHHOI'O MNPOMU3BOACTBA IMPHBEIaA K TOMY, 4YTO B II0YBaAX, OKPYXAIOUIUX
MMpoOU3BOJCTBA M MECTa ,Z[O6BI'—II/I .HaHJJ;HIa(bTOB SHAYUTCIIbHO IPEBLIIACTCA COACPIKAHUC TAKEIBIX
METaJlIoB.

ITo nanneiM U. TopHTOHA B TIOYBE ONHOIO M3 mpeaMecTuid JIOHJI0HA COAEP>KUTCS CBUHLIA —
13680 wmr/kr, nmmaka — 13120, meau — 2320, kamgmus — g0 40 wmr/kr [20]. OOmieropoackumu
XUMHAYECKUMHY DJIEMEHTAMH-3arPI3HUTEISIMA ABISIOTCs SN u Pb; wacto Berpewaromumucs — Cu, Zn,
Cd; noxameaeiMu — Cr, Mo, Ni, Mn, Co, Bi, As, Sr [21]. B merpaaupoBaHHBIX YepHO3EMaX
HCCIIeyeMOI TEPPUTOPUH colepkaHue cBuHIa 9,7-2545,6 mr/kr; nuaka — 120-58000 mr/kr; kaaMus

0,4-56,4 wr/xr; meam — 0,3-881,8 mr/kr (tabmuia 3). JlaHHbIE DJIEMEHTBHI SIBJISIOTCS U
OOIIErOPOCKUMH XUMHUYECKUMH 3JIEMEHTaMHU-3arpA3HUTENSAMHU. CUUTAETCs, YTO 30HA HKOJIOTHYECKOT O
HeOIaronomydrss BOKPYT TOPOJAOB ¢ MHTCHCHBHBIME ITPOM3BOACTBAMH HWMEET IMMPHUHY OKOIO 5 KM [4].
Xots MOryT OBITh U UCKITIOUeHHs. |Ipenmonaraercs, 4To TeXHOreHHOe 3arpsi3HeHNe TOYBEHHOTO TIOKPOBA
TSOKETTBIMU METAIIAMU B TOpoe Puanep pacpocTpaHseTcs, IPEeHMYIIeCTBEHHO, Ha 5-6 KM OT TOPOICKOM
4epThl, U muieidoM 10 15-25 KM MO HampaBJIEHHIO TOCHOJICTBYIOIINX BETPOB, HA BOCTOK OT 3aBoja B
CTOPOHY TOpPOJia M 3aBUCHT OT 0COOeHHOCTH penbeda. [lo maHHbIM nccimenoBareneli, B paanyce 1 kM oT
WCTOYHHKA 3arpsi3HEHUs Ha TIouBe ocenaer 1 — 3 % TshKenbIX METaJuIoB OT MX KOJIMYeCTBa B aTMOC(HEpPHBIX
BBIOpOCax, a IO OCEBIIIEr0 Ha MOYBY IIMHKA B paanyce 10 KM OT IIHKOBOro 3aBofa He npebimana 10 %.
[omydenHbie pe3yabTaThl ONPENENIIOT CTeNeHbh TEXHOTEHHOTO BIMSHIS MTPOMBIIIIEHHBIX KOMITIIEKCOB Ha
OKPY’KaIOIIyIo cpeny. B mporecce nccinenoBanys ObUTH BBISBIICHBI TPUOPUTETHBIE TSHKENTbIE METAIIIBI, HX
WCTOYHHKM TIOCTYIUIGHHSI B CHCTEMY Io4YBa-pacTeHre. OCHOBHBIMH 3arpsi3HSIONIMME  SJIEMEHTaMHU
SIBTSIFOTCSL CBWHEI, IMHK M Menpb (Tabmuma 4, pucyHok 4). McTouHMkKamu 3arps3HEHUS TPHPOIHBIX
AKOCHCTEM SIBJISIFOTCS CBUHIIOBBIN 3aBox (Pb, Zn); muHKOBEIA 3aBof (Zn, Pb, Cu); - XBocTOXpaHMIIHIIE
(Pb, Zn, Cu) r.Pummep.CymmapHOe 3arpsi3HEHHE ITOYBBlI TSDKEIBIMH METalUIAaMH B 30HE BIHSHUA
CBHHIIOBOI'0, IIMHKOBOI'O 3aBOJIOB M XBOCTOXpaHMJIHINA T. Puaaep cocrasiser (Zc) = 88,71, uro nmo3Bosisier
OTHECTH, HCCIENyeMYI0 TEPPUTOPHIO K KaTErOpHH OMACHOTO YPOBHS 3arps3HeHus mouB. CyMMapHBIA
nmokasareib (ZC) 3arps3HEHds TOYB paBeH CyMMe KOI(P(HUIIMEHTOB KOHIIEHTPAIMH XHMHYESCKUX
AIIEMEHTOB U BBIPAYKAETCS CIIEAYIOMIEN (OpMYyIIOii:

7% = Zn Ke

t=1

N — YHUCIIO0 CyMMHUPYEMBIX 3JIEMEHTOB, K¢ — KO3(p(HUIIMEHT KOHIIEHTPALIMY XUMHYECKOr'0 BEIIECTRA,
PaBHbII OTHOIIICHHUIO COJIEPIKaHMsI | —MeTaJlIa B ITOYBE 3arPsI3HEHHON TeppUTOpUH K (hoHOoBOMY [14].

Ta6m/1ua 4. DKOIIOrMYECKHM aHaJIN3 COCTOSIHUS TI0YB I10 CYMMAPHOMY ITOKAa3aTCIII0 3aIrpA3HCHU

I'opog CpenHeB3BelllcHHAs BEMWYMHA ZC |  YPOBEHb 3arpsi3HEHMs [T0YB
EcrecTBeHHBIE HEHApYILIEHHBIE 4,0 Homyctumetii (< 16)
MTOYBBI
Punnep, TexnoreHHo 88,71 OnacHerii (32-128)
3arpsi3HEHHBIE TOYBBI
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Cx(X)‘QIC earth
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VYciioBHBIE 0003HAYEHUS
Zc - CyMMapHoe 3arpsAA3HCHUC TS XKCIIBIMHA M eTallJlaM

|:| — 1016 - —32-128
[ ]-1632 B - oonce 128

' — OnbITHBIH y4acTOK

Puc. 4. Kapma-cxema cymmaprozo 3a2psa3Henus 0CHOBHIMU MANCETbIMU MEMAIAMU HA
meppumopuu ucciedyemvix 06vbexmog: Puodepckoeo yunkoeo2o, c8UHY08020 3460008 U
X80CMOXPAHUIUWA

BriBoabl. TakuMm 00pa3om, B CBSI3M ¢ HHTEHCHBHBIM POCTOM M Pa3BUTHEM ITPOMBIIIIICHHOCTH
3a IIOCIENHHME TIOAbl 3HAYUTEIbHO YBEJIWYMIOCH U MPOJODKACT HApacTaTh IOCTYIUIEHHE B
okpyXkawlinyo cpery TM TEXHOr€HHOTO NPOUCXOKICHUS. AHAIMTUYECKUE [aHHBIE I103BOIMIIN
OIIPECNIUTD CO/IEPKAHUE THKENBIX METAJUIOB B ITOYBE KAaK BAJIOBBIX, TaK M IOABIXKHBIX MX (HOpM.
[IpuoputeTHbIMM 3J€MEHTAMHM 3arps3HEHMs SIBISIIOTCS LUHK, CBUHeL, Menp M kagmuil. Ilo
pe3ynbTaTaM aHaJM30B  COACpP)KAaHUWE TSDKENBIX METaUIOB B MCCIEAYEMOH  YepHO3EMHOU
BBIIIEJIOYCHHON IMOYBE IO BCEM OJJIEMEHTaM MPEBBIIAET MPEAEIbHO IOMYCTHMBIE HOPMBI.
[loBbIIeHHAs: KOHLEHTPALUS TSDKEIBIX METAJUIOB OTMEYaeTcs B BepXHUX ciIosiX. C IIMHKOBOTO 3aBOAa
UIYT BBIOPOCHI TSDKENBIX METAJJIOB, YTO HETATHBHO CKA3bIBAETCS HA MOYBEHHBIH M PACTHTEIBHBIN
IIOKPOB paiiOHA IIMHKOBOT'O 3aBOJA. DTOT y4acTOK CHJIBHO 3arps3HeH. Bricokoe 3arps3HeHHe CHIbHO
CKa3bIBA€TCsl HA PACTUTEIBHOM IOKpoBe. Ha KOHTPONBHBIX ydacTKax, PAacHOJIOKEHHBIX B 25 KM OT
30HBI HCCIENOBAaHUS, B TOPHBIX YEPHO3EMax BBIIIENOYEHHBIX COIEP)KAHUE TSDKEIBIX METAJIOB
HE3HAYUTENbHOE, [0 CPABHEHHUIO C YEPHO3EMOM IErPaJUpOBAHHBIM. JTO FOBOPUT O TOM, YTO TaKOE
00MbIIOE KOJTMYECTBO TSKENBIX METANJIOB, IPEBBILIAIONIEE KOHTPOIb B MOPSIAKY, TOCTYIHIIO B IIOYBY
B PE3yJIbTaTe BHIOPOCOB FOPHO-METAJUTYPIUYECKOr0 LIMHKOBOT'O 3aBOJIA.
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Xota kapTodenb BHIpalIMBalOT B YKpamHe C 18-T0 Beka, 3Ta KyImbTypa MEIEHHO
aJanTUPOBaach K YKPauHCKOMY KJIMMATy, W IEPBOHAYAIBHO €€ HCIIOIb30BAJIH, TIaBHBIM 00pa3oM,
IVl TPOW3BOACTBA Kpaxmana M ankoromsd. Jlumps B 20-M crojeTud KapTodenb CTalId IIUPOKO
BbIpAIIMBaTh AJISl NPUMEHEHHs B MPOJOBOJBCTBEHHBIX WENSAX, M OH IOJNyYHJ HM3BECTHOCTH Kak
«BTOpOM x1eb». CeromHs, cOrIacHO MAaHHBIM IIPONOBONBCTBEHHOM W  CENBCKOXO3AHCTBEHHON
opraamzannn O0benuHeHHBIX Hammii (FAQO), TodhKO HECKONBKO CTpaH B MHUPE MPOU3BOMAAT OOJbIIe
20 muH. T. 3Toro nponykra. Cpenu nuaepoB U Ykpauna, kortopas BxoauT B TOII-5 mpousBoaureneit
kaprodens (Kuraii BeipammBaer 95 mutH T kaprodens B rox, Uuaust — 45 mumH. 1., Poccust — 30 muH. T.,
Vxpanna — 22 maH. 1. 1 CIIHA — 20 maH. T. B rox). OgHako, B CTPYKType MHPOBOI'O JKCIIOpTa
Kaprodenss Hama crpaHa 3aHumaer Bcero 0.13 %, a ummopt ceiporo kaprtodens U3 YKpauHbI
MOJHOCTHIO 3ampenieH EBpocoio3oM H3-3a pacnpocTpaHeHHs] KapaHTUHHBIX Oole3Hed M BpeauTesnen
(ToBapHOCTBH ypoxKasi KapTodes, o OLeHKaM Y KPauHCKON acCOLMaIliM MTPOU3BOAMTENEH KapTodes,
cocrasisier ceitdac Toinbko 60 %) [1].

[lorpebnenne kapTodens B Hallel CTpaHe JOCTUTAET BBICOKOI'O YpOBHsS — 136 Kr Ha Jymry
HaceJeHus1 B TOJ, NPU 3TOM YK€ B JAekabpe OOBIYHO NpOSBISETCS AePULUUT KadeCTBEHHOIO
KapTodens, KOTOpbIii OBl IOJHOCTBIO OTBeYad TPeOOBAHMSAM KPYIHBIX POSHUYHBIX CETEH.
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HefictButensHo, KapTodenb — OYEHb ypoKaliHas KylbTypa, HO CBECTH BCE TpPYAbl MO ee
BBIPAIIMBAHUIO K HYJIIO MOT'YT OOJI€3HH U BPEAUTEIH, OCOOCHHO MPH XpaHEeHUH KiyOHeii [1, 2].

BaxHbM (akTOpoB, CAEP)KUBAIOLIMM POCT MPOAYKTUBHOCTH KapTO(ENeBOJICTBA, SBISETCS
MopakeHne noceBoB GUTOPTOPO30M M BUPYCHBIMHU Oone3HsIMH. [ naBHBIN McTouHUK PuTodTOpo3za —
3apaKeHHbIE KIYOHH, HCIOJIb3yeMbl€ B KadecTBE IOCAJOYHOTO MaTepuana, ¥ OONbHBIC KIyOHH,
ocTaBiecs B noine nocie yoopku. Ilorepu ot passurust purodproposa (Oypoil THHIIM) CTAHOBST OT
15% mo 50 % ypoxkas. Bo3Oymutens 3aboneBaHus — MUKpockomuueckuit rpubd Phytophthora
infestans de Bary. IlepBbiec nmpu3Haky OOJIE3HN Y4aCTO HAOMIOJAIOTCS Ha CTEOIAX (MOpaKEHHE MOXKET
OXBaTUTh Bech credenb). CTeONM JIerko HajjlaMbIBAIOTCS, MOpPaKeHHas O0OTBa OBICTPO 3aChIXaeT U
OTMHpAET, 32 CUET Yero 3HAYMUTENHHO MOBBIMIACTCS BPEIOHOCHOCTH OOJIE3HM - MpPEKICBpEeMEHHas
nedonuanysi OOTBBI NMPUBOJUT K CHUKCHUIO BECa M KOJIMYECTBA KIYOHEH, a TaKkkKe K MacCOBOMY
THUEHHUIO MTOpPaKeHHBIX KIyOHEH BO BpeMs XpaHEeHHS.

[locne mepe3WMOBKM B €CTECTBEHHBIX YCIOBHSIX (HEPHOA TIOKOS, HEOOXOAWMBIA JUIS
no3pesanusi) oocriopbl Phytophthora infestans DB crioco6HbI k popacranuto. [Ipopactaror 00CIopsl,
Kak MpaBuio, TH(O WM KOPOTKHMH POCTKOBBIMH TpyOkamu (1o 3-5 mT.), Ha KOHIE KOTOPBIX
pacronaraercsi OJHa WJIM HECKOIBbKO KOHWAWW. KoHMmuu wimm 300cmopbl, 0Opa3oBaBIIHMECS B
pe3ynbTaTe MpopacTaHusi 0OCHOpP, OYEHb MOJBMKHBI B Boje. KiyOHM KapTodens MOryT mopaxaTbest
KakK oOT KOHPI)Z[I/Iﬁ, TaK U OT OOCHOp, KOTOpPLIC IIpU 06I/IJ'H)HBIX JOXKIAX CMBIBAKOTCA C JIMCTBEB U
MOMAIAl0T B TIOYBY, BBI3bIBAs 3apakeHUE 370POBBIX POCTKOB B MOYBE U (HOPMHUPYS, TAKMM 00pa3oM,
MEPBUYHbIC OYard MHMEKIHH, TArOIINe HA4yalo0 Pa3BUTHIO MOMyJsiuuu (urodpTopbl. Oocrmopsl, He
MPOPOCIINE Cpa3y, B TEUEHHE HECKOJBKUX JIET MOTYT COXPAaHATHCSA B IMOYBE KU3HECTIOCOOHBIMU 0€3
norepu naroreHHocTH. IlopakenHas 00TBa 1 KIyOHHM ¢ oocropamu rpuda, Momnajaas B MO4YBy, OyayT
CIOCOOCTBOBATh HAKOIJICHUIO IMOKOSIIUXCS CTPYKTYp (0OCHOp) B HEH, B Pe3yjbTaTe Yero MOXKET
CIIOKHUTBLCS CUTYyaITusl, KOTr/a BhIpaluBaHue KapTodels Ha IMONSX ¢ 3aCIIOPEHHON MOYBOM OKaXKeTCs
HEBO3MOXXHBIM B TE€UEHHE MHOTHX JeT. To €CTh, IT0YBa CTAHOBUTCA AOIIOIIHUTCIBHBIM, ITOCTOAHHBIM
HMCTOYHUKOM TEPBHYHON WHQEKIMH, H 3TO OOCTOSITENBCTBO 3HAYUTENBHO OCIOXHSIET OOphOy ¢
¢durtodTopozom [2 - 4].

s 00paboTku KiIyOHEH mepen 3akiafKoW Ha XpaHEHHUE HMCIIONb3YIOT, MPEUMYIIECTBEHHO,
XUMUYecKue peareHThl. Hambonee 3>QQekTUBHBIMU Ui 3ammThl KapTodenst oT d¢urodroposa
cumtaroTcsi cucteManle (Akpobar MII, Permon-cymep, Tanoc, Koncenro, Pumommn T'omg MII,
Aprepun) win KoHTakTHBIE peareHTHl ([lomupam, Oxcuxom, AuTpakon, Kypsar, Kynpokcar, [lupaan
U JIp.), KOTOpble HEOOXOANMO IPHUMEHSITh MHOIOKpaTHO. B wactHocTH, mpenapar Tutycum Tpedyer
morpy’keHre KiIyOHel B pacTBOp peareHTa Ha 15 muH (He mo3xke 3-X mHel mocie yOopkw), a mepen
MocagKoil ciemyer 3a 15 mHEH TPOBOAWTH MPOTpaBIMBaHWE 3THX KIyOHed mpermapatom TMT/.
Cxema TpUMEHEHHUS WHBIX WMIIOPTHBIX XHUMHYECKHX pEarcHTOB, peajM3yeMbIX B HaIllel CTpaHe,
aHanornyaa. OTHAKO HU OWMH M3 M3BECTHBIX CETOIHS CIOCOOOB/pEareHTOB HE SBISIETCS HII€ATbHBIM,
Torma Kak TpeOOBaHUS TIOTPEOMTENEH OTHOCHUTENBHO HX 3(PQPEKTHBHOCTH M IKOJOTHIECKOM
0e30acCHOCTH TOCTOSHHO BO3PACTarOT. OJTO TOATBEpPXkAaeT aKTyaJdbHOCTh MPOOIEMBI TOWCKA U
ampobanmu 3(h(PEKTUBHBIX OTEUECTBEHHBIX PEATeHTOB JUIA JieueHus ¢GuTodTOopo3a W 0OecredeHus
COXPaHHOCTH KapTodens B XpaHWIUIIAX TPU COOMIOACHUH ONITUMATBHBIX YCIOBUN €ro XpaHeHusI.

Panee, mpu Hamem ydactuu [5], mpoBeneHbl 1a00OpaTOPHBIE HCCIEAOBAHUS U TIOKAa3aHO, 9TO
BOJIHBIE PacTBOPHI peareHTa MolmrekcaMmerniaenryannaaa ruapoxiopuaa (II'MIY) B koHIIEHTparun
0.05 - 0,1 % momaBmsrOT pocT Bo3OyauTenel psaa 3aboneBaHuid kaproderns: YepHas HOXKKa, MOKpas
THWIb, PE3WHOBas THUJb, (py3apuo3, Makpocmopuos, ¢omo3, a B xonmeHtpamuu 0.01 — 0.025%
MOJIABIISIIOT POCT BO30yAMTENEeW KOJBIIEBON THUJIM, MApII OOBIKHOBEHHOW W TApIIH CepeOpHCTOMH,
pU30KTOHMO3a. PeareHT XOpomio pacTBOpHM B BOZE, HE MMEET 3araxa, He arpeccuBeH, oOiagaer
BBIDQKCHHBIMU aJIF€3UBHBIMU U JIeTEpreHTHbIMU cBokcTBamMu. llomumepnas mpupoma III'MIT
obecrieynBaeT €My JUIMTENIEHOE TOcienelicTBue Onarojapss CO3JaHWI0 Ha 00paOOTaHHBIX
MTOBEPXHOCTSIX MOJEKYJISPHON TUIEHKH, oOnamaromed OuolMIHONH akTUBHOCTBIO [6]. Paboume
pactBopsl pearenta [II'MI" cTaOuIIbHBI TP XpaHEHUH U TPAHCIIOPTUPOBKE. PeareHT He nMeer 3amaxa,
HE JIeTy4, He pa3/ipakaeT KOXKY U CIM3UCTHIE, 7K00e30IaceH u Oe3Bpe/eH UIsl IepCcoHaa U KHBOTHBIX
[7], To ecTb oTBeuaeT OONBIIMHCTBY COBPEMEHHBIX TPEOOBAaHWH K MEPCIEKTHBHBIM XHUMHUYECKHM
peareHTaM COOTBETCTBYIOIIEH HAIIPABICHHOCTH JCHCTBUSL.

[lomy4yeHHbIE MONOXHUTENBHBIE PE3YNIBTATHl NPH OAHOKPATHOH 00pabOTKe MyTeM OpOLIEHHUS
knyoneir kaprodens 0.2 % BomgaeiM pactBopoM [II'MIT mepen 3akmankoii Ha 3uMHee XpaHeHHe [5]
MO3BOMMIIN c(hOPMYITUPOBATh 3a1auell paboThl onpeneneHue ocrarodnbix komudects [II'MIT B kapToderne
1 TOKCHKOJIOrO-THI'MEHUYECKYIO OLIEHKY MPOTPABIMBAHMS KITyOHEeH JTaHHBIM aHTHCENTHKOM.
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Eme onmHo#t 3amavelt paborbl Obulo u3ydeHHe 3GGEKTHUBHOCTH 0OpaOOTKM BOAHBIMU
pactBopamu [II'MI" (Toprosas mapka «['emOap», mpoussoncteo OO0 «buonmmy, YKkpanHa) THCTHEB
kapTodesst HecToiikoro kK putoprope copra (“Hezabyakay), 3apakennbix Phytophthora infestans DB.
LenecooOpa3HOCTh TakoW MOCTAHOBKM OMBITOB ObUTa MPOIUKTOBAHA TEM, YTO KIyOHH Kaproderns
YaIie BCero 3apa)xatoTcsi MIMEHHO OT OOTBBI (JIUCThEB, cTebmei) [2, 3].

Marepuan u meroasl uccienoBanuid. (1) Jluctes xaprodens oOpadaTbiBamm (C MOMOIIBIO
MyJIBBEpPU3aTOpPa) PacTBOpOM peareHTa coorBercTByromieii koHueHtparmu (0.01 — 0.3 %; KoHTpomb -
Bona). Yepe3 30 MUH. HA KOKIYIO JIMCTOBYIO TDIACTHHKY HAHOCWIIM JO3UPYIOIIEH MUIIETKOM MO 2 Karuid
CycIieH31H HHOKYTFoMa rpuba (15-20 KoHnauWii B 1mose 3peHns MUKPOCKOIa IpH yBenuieHud B 150 pa3s).

OnpbiTel B 10-KpaTHOM MOBTOPHOCTH MPOBOJMIIHN B CIIEUATBLHON HHKYOAIIMOHHOH Kamepe, Tae
MCKYCCTBEHHO MOJAJCp)KUBAIM ontumaibhbeie s Phytophthora infestans DB Temmepatypy,
BIIQXKHOCTH U OCBEIICHHOCTb.

VY4er u OlIEHKY YCTOMYUBOCTH JUCTheB KapTodens Kk GuTodTopo3y MpOBOAUIN Yepe3 7 CYTOK
Mo takoi mkaie: «0» — maTHa GUTOPTOPBI OTCYTCTBYIOT; «1» — mopaxeHo ¢utodropor g0 10 %
MOBEPXHOCTH JIUCTHEB; «2» — MOPaKeHO 10 25 % MOBEPXHOCTH JIUCTHEB; «3» - mopaxeHo 1o 50 %
MOBEPXHOCTH JIUCTHEB; «4» — MOpakeHo 0 75 % MOBEpXHOCTH JIUCTHEB; «5» - mopaxeHo Oonee 75 %
MOBEPXHOCTH JUCTheB. OIHOBPEMEHHO C YYEeTOM MOPaXEHHOCTH JIMCThEB  (UTOPTOpOM
PETHCTPUPOBAIH HAJIMYME 0’KOTOB-HEKPO30B OT pearcHTa.

(2) TIpy XUMHMKO-aHAJIUTHYECKUX HCCIASIOBAHUAX KIIyOHM KapTo(ens OpoIraan pacTBOPaMHU
pearenta III'MI' pasuoit konmentpamun (0.2 %, 0.6 %, 1.0% u 5%). Comepxanne IIT'MI B
kaprodene uepes TpU Mecsia Mociie 3aKIa Ky Ha XpaHeHue (mociie 00paboTKH BOJHBIMU PaCTBOPAMHM
pearenta [II'MI") onpenensiu cortacHO METOIUKE, MPUBEACHHOHN B [§].

Pe3yabTaTthl ucciaenoBanuii. (1) Kak BUaHO U3 TaHHBIX, IPEICTAaBICHHBIX B Ta0J. 1, cTeneHb
nopaxkeHuss (HUTOPTOPO30OM JIMCThEB KapTodens, oOpaboTaHHBIX BOAHBIMH pacTBopamu [IIT'MIT B
kornenTpanmsx 0.01 — 0.05 %, mouTn He oTIMYANACE OT KOHTPOJIBHBIX JIAHHBIX WM BBISBIIsIIA cl1aboe
3aIUTHOE JICHCTBUE.

Tabnuma 1. Bausaue BomHbiXx pacTBopoB peareHta [II'MIT Ha nposiienus ¢urodroposa Ha
JIACTBAX KapTodems

Bapuant Konuenrpauus Crenenb Hanuumue o:xxoros-nexkpo3on ot III'MI’
onbITa IIMr’, % nopaxkeHus, 6aj
1 KoHTpoms - Bona 5 OTCYTCTBYIOT
2 0,01 5 OTCYTCTBYIOT
3 0,03 3 OTCYTCTBYIOT
4 0,05 3 OTCYTCTBYIOT
5 0,10 0 OTCYTCTBYIOT
6 0,15 0 20% nuCcThEB UMEIOT HEOOJIBIIINE
HEKPO3bI
7 0,20 0 100% HCTBEB UMEIOT HEKPO3BI
8 0,30 0 100% muCTBEB UMEIOT OONBINNE HEKPO3bI

Bonusie pactBoper pearenta III'MIT B xonuentpauusx 0.15 — 0.20 — 0.30 % s¢dexruBHO
3aIIUIIIAIH JIUCTHI KapTOQens OT mopakeHus: pUToPpTOpoii, HO BRI3BIBATIH HEKPO3BI-0XKOTH JIUCTHEB (B
20 - 100 — 100 %, cOOTBETCTBEHHO).

O6pabotka smctbeB kaprodens 0.10 % BomubsiM pactBopom pearenta III'MIT oka3zeiaia
npodrITaKTHYECKOE JIeHCTBIE OTHOCHTENBHO mopaskenust Phytophthora infestans D.B. u He Bbi3bIBaia
pa3BUTHE HEKPO30B-0XKOT'OB JIMCTHEB KapTOdes.

Takum 00pa3oM, pe3yabTaThl IPOBEIEHHBIX HCCICAOBAHUH MO3BOJISIIOT CYUTATh, YTO
obpabotka nuctbeB kaprodens 0.10 % BoaneiM pactBopoM peareHTa [II'MI siBisiercs a¢dexTuBHBIM
croco0oM Mo HITAKTUKH - IPEAYIIPEXICHUS mopaxkeHus kaprodens Phytophthora infestans D.B.

(2) Ilpu aHanmze pe3ysbTATOB HCCICIOBAHWM, MONTYYEHHBIX B 3TOH CEPHM OIBITOB, CIEAYeT
OTMETUTb, YTO, KaK BUAHO M3 JAHHBIX, MPEACTABICHHBIX B TaONI. 2, IpH OYMCTKE Oe3 MpelBapUTEIbHOM
MOMKH KITyOHEH KapTodens, COXpaHsBILErocs B TEUEHHE 3-X MeEcAIEB Iocie 0O0pabOTKU pacTBOpaMu
pearenta [II'MI" pasHoii koHIeHTpauuu, comepxkanue III'MIT B koxype B 3-15 pa3 npeblmaer
conepxkanre [II'MIT B xiyOHsIX oumiieHHOro kaprodens. Toraa kak HpH yCIOBHM MpPEIBAPUTEIBHOM
MOMKH KITyOHeH, MOCTeqyIOmeld HX OYMCTKH U MOMKHM OYMILEHHBIX KITyOHel (KyiauHapHas o0paboTka) B
OYHMILICHHOM KapTodere He BBISBICHBI Jaxe cieaoBblie konmuectsa [1TMI.
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Tabmuna 2. Coneprkanue [II'MI B kapToderne yepes Tpu Mecsia Moclie 3aKIaJKH Ha XpaHCHHUE.

KonuenTpanus Coaep:xanne II'MI B 00paGoTanHOM KapTodesie, MI/Kr
III'MI" B Oumncrka 0e3 npeaBapu-TeJbHoi | Moiika Bomol KiayOHed + oumcTka +
pacTBopax ajs BOJIHOIi 00padoTKHU MOIKA OYHIEHHBIX KJIYOHeil
opoenus,% OuneHHbII Ko:xypa OuunieHHbI Ko:xxypa
Kaprogdein Kaprodeib

5.0 125 355 <0.1* 0.1

1.0 10 65 <0.1 <0.1

0.6 3 35 <0.1 <0.1

0.2 0.8 12 <0.1 <0.1

HpuMeuaHue: * - KOHYeHmpayus Huace 4yecmeunesibHocmu Memooa onpeéeﬂeﬁuﬂ

[Mo-Buanmomy, Tipu MoOiiKe KIIyOHeH kapTodens ¢ MOBEPXHOCTH KOXKYPHI YIalseTcss XOpOIIOo
PACTBOPUMBIH B BOJIE 3TOT peareHT. ToJIbKO mpu 00paboTKe KiyOHel kaprodens oporieHuem 5.0%
PAcCTBOPOM peareHTa B KOXKype MOCJIe MOWKH BBIABIISUIM octaTodHble KojaudecTBa [ITMIT (0.10 mr/kr).

Takum oOpazom, ucciemnoBanust noATBepAuan orcyrcteue [I'MIT B chipoM, OYUIIEHHOM U
BapeHoM KapTodele, mpu 00padoTKe KOTOPBIX HCIONB30BAH 3Tall MOWKH KITyOHEH. AHaJIOrHMYHbIC
JIAHHBIE TIOJTYYEHBI TIPH BapKe MPEIBAPUTEIEHO TOMBITOI0 KapToderst «B MyHIUPE».

PesynpTaThl paHee MPOBCACHHBIX HCCICHOBAHHWNA [5] TO3BOIWIN YCTAHOBHTH CIECTYIOIIAE
napamMerpbl TokcMuHOCTH 1II'MI npy BHYTpHIKENnyJOYHOM IOCTYIUIEHUH BELECTBA B OPTaHU3M:

- Cpenne neraipHas mo3a (J1s0): 2500 (2150£2800) mr/kr;

- Knmacc Tokcmanoctn — IV (BelecTBa MalOTOKCHYHBIE);

- Koaddumment BumoBoit uyscrBurensaoctd — 1.03;

- Koa¢duimeHt BO3pacTHBIX pa3iuduii B 4yBCTBUTEIbHOCTH — 1.61;

- Koa¢duinent monoBeix paziuuuii B uyBcTBuTenbHOCTH — 1.00;

- Koo durnent maTepransHOl KyMyisimuu: 3.6+4.2 (MaJIOKyMyJIsITUBEH);

- B 30-gHEBHBIX dKCTIepUMEHTaX He 00HApYy)eHo amteprenHoe aciicreue [II'MI, Bimusaue Ha
OBOT'€HE3, CIiepMaToreHe3 (TOHaAOTPOITHOCTE) B 3CTPATLHBIHN ITHKIT;

- HeneficTByromas KOHIIEHTpanusi B XPOHUYECKOM JKCIIEPHMEHTE ONperelieHa Ha ypPOBHE
6wmMr/n  (mo mokazartensM — nepuepUvecKol  KpOBH,  HEHPOMOBEICHYECKUM  PEaKIHSIM,
(hYHKIIHOHATTFHOMY COCTOSIHHIO TIEYCHH, ITOYCK, OCITKOBOTO U JKHPOBOTO OOMEHOB);

- TUMHATHPYONIHN (akTop - opranonentuieckuit — 10 mr/n (mpuBkyc);

- O/1Y (OpueHTHPOBOYHO JOMTYCTUMBIH YPOBEHB) COICPIKAHHS B TIUIIIEBBIX TIPOIyKTax — 10 Mr/K.

Takum o0pa3oMm, nmaxke mpuHAB coaepxkanue I[II'MIT B HEMBITOM OYHIIICHHOM CBIPOM
kaprodene 3a (0.8 MI/Kr, MOKHO 3aKITFOYNTh, 9TO OE30MMacHBIM IS denoBeka Oyaer opomrenue 0.2 %
pactBopom pearenta [II'MI" xiryOHe# kapTodens nepea 3aKiagkoil Ha 3MMHEE XpaHEHHE.

CoxpaHHOCTh TIOCEBHOTO MaTepHajia B MPOBEACHHBIX HCCIEIOBAHHUAX COCTABMIIA MPAKTUIECKH
100 %. Tlo BU3yaJbHBIM HAONIONEHUSIM BCXOXECTh OOpabOTAHHOTO IOCEBHOrO MarepHayia He
YXyIIIIIAch, YPOKaHOCTh HE CHU3MJIACH M BKYCOBBIE KauecTBa KapTodels He N3MEHUITNCE.

Hekotoprie manHble 0 cpaBHUTEIHHON TOKCHMYHOCTH H dPpdexrusrocTr [II'MI" 1 mupoko
MIPUMEHSEMBIX TIPOTPaBUTENEH KapTodens IpruBeAeHbI B Ta0MI.3.

Tabmuma 3. CpaBHuTeNbHas XapaKTEPUCTHKA HEKOTOPBHIX PEareHTOB, MPHUMEHSEMBIX JUIS
00paboTku KapToderns, 3aKIaIbIBAEMOr0 Ha XpaHEHHE

BemecrBo Cpeane-jieTajibHas b dexTuBHAs OaKTepUUUAHAS
1033, MI/KT U PYHIIHMIHAS KOHIEHTPALUs

[I'MI" (monmurekcaMeTHIICHT yaHUIHHA 2500 0.12%

XJIOpUT)

Pumomun ([IB - MeTanakcun) 669 0.25%

TMT/ (B — terpameruntmy- 375 0.30%

pamaucynshu)

Kak BHOHO M3 TpEACTaBIEHHBIX MAaHHBIX, MO CPAaBHEHHIO C HW3BECTHBIMH M IIHUPOKO
npuMeHsieMbiMi  TipotpaButensaMu  kaptogens [II'MIT (LDsp = 2500 mr/kr) B 3.7 pasa MeHee
TokcuyeH, d4em pugomMun (LDsp =669 mr/kr), B 6.7 paza Menee TokcuueH, uem TMT/
(LDso = 375 mr/kr). [I'MI" B 2-2.5 pa3a Oonee akTHBEH B ITOJABJICHUH BO30yquTENel OaKTepHaIbHBIX
u TpuOKOBBIX 3a0oneBaHui Kaprodens. OTo TpeOyeT MEHBLIEr0 €ro pacxojia IO CPaBHEHHUIO C
TpaIULMOHHBIMU npoTpaBuTessiMu (75 r/Tonny npotus 175-210 r/Tonny) [5].
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PesynbTaThl McciaeaoBaHMI MO3BOJSIOT CUMTaTh, 4yTo opomieHne 0.2 % BOXHBIM pacTBOPOM
[II'MI" xnyOHelt kapTodens mepen MX 3aKJIaJKOH Ha XpaHEHHE SBIAeTcs 3PQPEKTUBHBIM CIIOCOOOM
npoQUIaKTHKA psifa 3aboneBaHUil KapTodens, Oe30macHbIM Ui 4YelIOBEKa, 3KOHOMHYECKH H
9KOJIOTHYECKH O0OCHOBaHHBIM, O0ECIEYMBAIOIIUM COXPAHHOCTh MOCEBHOI'O MaTepualla U BKYCOBBIE
Ka4yecTBa 3TOr0 MUIIEBOTO MPOLYKTa.

BbiBoabl. Pe3ynbTaThl BBIMOMTHEHHBIX HWCCIEJOBAHUI TO3BOJSIOT CUUTATh, YTO BOJAHBIC
pacTBOpel  OTEYECTBEHHOTO  peareHTta, JACHCTBYIOIIMM  BEIIECTBOM  KOTOPOTO  SIBIISIETCS
nonurekcameruiaenryanuauia ruapoxiopun (IIMIT, mpoussoactBo OOO «buonua», Ykpauna),
MOT'yT ObITh 3 (PEeKTUBHBIM CPEACTBOM MPOPHUIAKTUKH OpaxkeHus kaprodens Phytophthora infestans
D.B.: mpu o6pabotke 0.10 % pactBopom pearenta III'MI" nuctheB 60TBBI U mipu opotneHuun 0.20 %
pactBopoM pearenTa III'MIT kiyOHell kapTodens mepen MX 3aKiIagKkod Ha 3UMHEEC XpaHCHHE.
Anpobanust 3Toro crocoda oopaborku kaprTodens (JIMCThEB OOTBBI, KIyOHEH) IMOoKa3ajia TakKe ero
0€30MacHOCTh, OJKOJNOTMYECKYI) W JKOHOMHYECKYI0 OOOCHOBAaHHOCTH U  I1€I1€c000pa3HOCTh
MPUMEHEHUS B KapTO(ETIEBOICTBE.

YuuteBasi, 4To, MO JaHHBIM psaa uccienoatened [9, 10], mommmepHbIE MPOU3BOIHEIC
TyaHHJIUHA CIIOCOOHBI CTUMYJIMPOBATH MPOPACTaHWE CEMSH, POCT M Pa3BUTHE OBOIIHBIX KYIBTYD,
MIpeICTaBIISIEeTCS [eIeco00pa3HbIM B JajibHEHIeH padoTe aklleHTUPOBATH BHUMaHUE Ha STOM acleKTe
BBIpalIMBaHMs KapTodens Ha MoJsX ¢ 3aCOPEHHOMN TTOYBOA.
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In the process of cultivation and preparing for the sale of products and agricultural activities a
large amount of agricultural waste is generated.

Lignin-containing agricultural waste can be used for a variety of purposes, in particular to
generate energy while increasing biomass and reducing environmental pollution. With the help of
microorganisms they can be converted into proteins, carbohydrates and other biologically active
substances [1].

As a result of fermentation, the substrate is enriched not only with protein, but also easily
digestible carbohydrates, the increase of which is due to the degradation of hemicelluloses, cellulose,
pectin and other polysaccharides [4].

Therefore, in recent years, special attention is paid to the microbial biosynthesis of
polysaccharides and widely studied the conditions of biodegradation of lignocellulosic waste for use in
various fields of biotechnology.

In the southern region of Kyrgyzstan, a large number of rice, cotton and corn are grown. Rice
straw, rice husks and corn cobs have found little rational use untie the present time. Their nutritional
value, determined by the degree of availability of the polysaccharide complex to the enzyme systems
of the body, is low due to the fact that about 45-50% of polysaccharides are difficult to hydrolyze.
Therefore, to increase the digestibility of lignin-containing waste by increasing it easily accessible
carbohydrates allows substrate treatment as physico-chemical and biological methods.
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The aim of this work is to study the dynamics of the formation of extracellular and
intracellular carbohydrates in deep cultivation of some types of basidial fungi on media with lignin-
containing waste.

Experimental part:

As an object, we used local strains of basidiomycetes Pleurotus ostreatus (xylosupprofit) and
Fomes fomentarius (xyloparasite), related to the orders of Agaricales Aphillophorales, isolated from
the poplar trunk of the park cultures of Osh city. In the process of screening, we selected mushrooms
as an active strain of cellulose-depleting ability.

Fungi were cultured in a deep way on nutrient media containing the following plant waste:
rice straw, rice husk and corn cobs. Cultivation was carried out in a deep way at a temperature of 280-
300 C in conical flasks of Erlenmeyer with a volume of 500 ml with 200 ml of the nutrient medium,
pH 6.5 for 3 to 30 days on circular rockers with a rotation speed of 250 rpm.to determine the synthesis
of extracellular carbohydrates, samples were taken every three days. Total carbohydrate content was
determined by Dubois method [3].

The amount of grown biomass was determined by weight method, pH was determined pH meter.

At the end of growing the mycelium of the fungus was separated from the culture liquid by
filtering on the Buchner funnel under vacuum. The mycelium was thoroughly washed with distilled
water. The biomass was ground with quartz sand until the complete destruction of the mycelium
hyphae. The homogenate was centrifuged for 15 min at 8000 Rev\ min Separated the supernatant from
the homogenate. Further, they determined the content of carbohydrates, difficult and easily hydrolyzed
hemicellulose polysaccharides.

Results and discussion.

A characteristic feature of these fungi is the ability to synthesize cellulolytic and lignolytic
enzymes, which allows to utilize the components of lignocellulosic vegetable waste.

As a result of the studies, it was shown that both in the culture fluid and in the cell-free
homogenate of fungi, the total carbohydrate content is from 26.5 to 41.4 mg/ml.according to paper
(BX) and thin - layer chromatography (TLC), carbohydrates consist of mono -, oligo-and
polysaccharides, as well as uronic acids and includes mainly glucose, xylose, galactose, arabinose,
mannose, rhamnose and galacturonic acid. According to the ability to biosynthesis of carbohydrates,
the fungi can be arranged in the order of decreasing their ability to biosynthesis) P. Ostreatus >
fomentarius [2].

Table 1 presents a study of the dynamics of carbohydrate formation: it is shown that the
culture of the fungus R. ostreatus (A), grown on a medium containing rice straw, is able to accumulate
in the culture liquid significant amounts of total carbohydrates on the 12th day to (21.5 mg/ml), and in
the intracellular homogenate there are gradual increases to (24.0 mg/ml). Other guantitative indices of
carbohydrate accumulation were obtained during the cultivation of the fungus Fomes fomentarius (B).

In this case, there is a gradual increase in the concentration of up to (17.5 mg/ml)
carbohydrates in the culture liquid with a maximum accumulation on the 15th day of growth. The
greatest accumulation of carbohydrates in the intracellular homogenate of the above-mentioned fungus
was found on the 12th (20.0 mg/ml) day of producer growth. When studying the accumulation of
carbohydrates by the studied fungi on the medium with corn ears, it was observed that there is a
parallel accumulation of carbohydrates in both the culture fluid and the mycelium of fungi.

However, this causes an offset time of maximum accumulation of carbohydrates. For example:
the maximum accumulation of carbohydrates by the fungus Pleurotus ostreatus occurs on the 12th
(27.0 mg/ml), and in the intracellular homogenate on the 15th day of cultivation (24.7 mg/ml). The
formation of carbohydrates in the 12-th and 15-th days of cultivation of the intracellular carbohydrate
occurs on this medium, and a constant concentration of carbohydrates with a maximum on the 6-th
day of growth (23.5 mg/ml) is observed on the 12-th and 15-th day of cultivation (18.0 mg/ml).
Similarly, the dynamics of the formation of carbohydrates and fungi Pleurotus ostreatus has been
studied. Fomentarius, where the maximum accumulation of carbohydrates in a culture medium
containing rice husk occurs on the 18th and 15th day (20.5 mg/ml) of cultivation.

When growing mushrooms on these substrates, their utilization occurs with the formation of
biologically valuable and active substances. In the process of growing mushrooms from 10 days to 30
days, a decrease of the content of polysaccharides [5, p. 66].
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Table 1. Total carbohydrate content in culture liquid and mycelium homogenate depending on
the time of cultivation on lignin-containing waste media.

Fungus Substrates Cultural liquid, mg/ml Mycelium, mg/g

3 6 9 12 15 18 21 3 6 9 12 15 18 21
P. Ostre | 90 |116|131|215| 203|183 | 150 | 10,1 | 142 | 170|195 | 245 | 26,0 | 21,0
atus
F. fomen 10,0 | 85 | 12,0 18,2 | 175|140 | 123 | 128 | 19,7 | 20,0 | 13,0 | 123 | 11,9 | 9,8
tarius
P. Ostre 1l 92 | 126|151 | 215 | 24,7 | 19,2 | 150 | 12,1 | 16,2 | 17,0 | 27,0 | 21,5 | 26,0 | 20,0
atus
F. fomen
tarius 10187 |120| 18,2 |175| 140 123|198 | 235|215 | 175|110 | 22,0 | 21,2
P. Ostre 1| 60 |63 |94 |50 |135|205|170( 112|123 | 125|210 16,0 | 11,0 | 23,8
atus
F. fomen
tarius 55 |66 |116 150 17,3]|133]|105]| 109|187 | 210|250 175|110 21,0
Note: I-rice straw, II-corn cob, IlI - rice husk.

For the subsequent full assessment of the degree of utilization of lignocellulosic waste by fungi
Pleurotus ostreatus and Fomes fomentarius studied the chemical composition of plant substrates used in
this work. Table 2 shows the chemical composition of plant waste before the cultivation of fungi.

Table 2. Polysaccharide content (% of dry matter) in plant agricultural waste prior to
mushroom cultivation

Plant species Polysaccharides g/ ml
Water-soluble Pectin Hemicellulose | Hemicellulose -B
polysaccharides substances -A

Rice straw 2.72 1.92 3.0 2.9

Corncob 11.2 1.84 2.12 3.7

The facts of the table shows that the content of polysaccharides is different and the highest
content of water-soluble polysaccharides and hemicellulose-B is observed on the corn cob and is
11.2% and hemicellulose -B 3.7%. Rice straw contains fewer polysaccharides of water-soluble
polysaccharides, pectin substances and hemicellulose -B 2.72%, 1.92% and 2.9% respectively, and
hemicellulose -A contains more than corn cob.

Of particular interest for subsequent studies was the study of the ability of these fungi to
decompose native lignocellulosic plant waste.

Further, to study the component composition of extracellular and intracellular carbohydrates,
polysaccharide fractions were isolated: water - soluble polysaccharide, pectin substances and hemicellulose.

To determine the component composition, each of the obtained polysaccharide fractions was
subjected to complete acid hydrolysis and analyzed by paper and thin-layer chromatography.
Determination of the qualitative composition of the polysaccharide from the culture liquid showed that
it consists of the following basic Monomeric units: glucose, xylose, galactose, arabinose, mannose,
rhamnose and galacturonic acid.

Table 3 shows the content of carbohydrates after the cultivation of fungi on plant waste.

Table 3. The content of carbohydrates produced by basidial fungi, on environments with
different plant waste

Fungus Substrates The yield of polysaccharides, %

Extracellular Intracellular

Water-soluble Water-soluble Pectin Hemicellulose| Hemicellulose

polysaccharides-1 | polysaccharides-2 | substances -A -b

Fomes | 1.2 0.57 0.77 4.16 1.59
fomentarius | 11 1.67 0.8 0.78 1.68 1.67
Pleurotus | 1.39 1.11 1.6 3.45 1.67
ostreatus 1 2.8 2.2 2.6 2.8 2.6

Note: | —rice straw, Il — corn on the cob, Extracellular — from the culture fluid, Intracellular — from a
homogenate of mycelium.
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The table shows that compared with the fungus Fomes fomentarius mushroom mushroom
Pleurotus ostreatus synthesizes more polysaccharides. Therefore, to obtain on an industrial scale it is
desirable to use fungi of the genus Pleurotus ostreatus According to [6, p. 935] when growing fungi on
plant waste there is a splitting of polysaccharides to mono-, di - and oligosaccharides and the last,
induce biosynthesis of the corresponding enzymes.

From the facts of table 2 it can be seen that in the culture liquid obtained in the medium with
rice straw, the content of water-soluble polysaccharides is 1.2% -1.39%. Water-soluble
polysaccharides are powders of cream-yellow color, highly soluble in water. The main product of
hydrolysis of polysaccharides grown on medium with corn cob obtained from the culture liquid of
fungi Pleurotus ostreatus and Fomes fomentarius is glucose. The hydrolysates in the supernatant fluid
received from all types of mushrooms, is also dominated by glucose.

On the medium with rice straw in the products of hydrolysis of the polysaccharide of the
sedimentary fluid in fungi fomentarius, glucose was also found mainly. With the fungus P. ostreatus
prevails xylose and glucose. Pectin substance prevails on the content of medium with corn cob -2.6%.
Galactose, glucose, arabinose, mannose, xylose and galacturonic acid were found in the products of
hydrolysis of pectin substances by paper chromatography.

Hemicellulose is a dark brown powder, highly soluble in alkali. Aqueous solutions of the
hemicelluloses do not give the iodine reaction for starch. The content of hemicellulose on medium with
rice straw is high 4.16%. Among the monosaccharides of the hemicellulose — and on the environment
with corn cob and the environment rice straw, the predominant components are glucose and xylose.

Thus, the experiments have been showed that plant agricultural waste containing different
amounts of lignocellulose is actively utilized by the above-mentioned fungi, capable of synthesizing a
sufficient amount of both extracellular and intracellular carbohydrates. Among the nutrient media
used, corn ears are a favorable environment for growth, development and synthesis in a sufficient
amount of carbohydrates.
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It is now established that Ascorbic acid (AA) performs several important functions in the
body: -reducing properties of AA do her perfect kosubstrate in monooxygenize hydroxylation
reactions in the biosynthesis of collagen (hydroxylation of prolin and lysine residues), as well as in the
reactions of hydroxylation, leading to education noradrenalin, serotonin, carnitin in animal brain. -as
an oxidant, participates in the protection of both cytozolic and membrane component cells from
oxidative damage by neutralizing the damaging action of peroxide radicals [1-4].

The main role of AA in metabolism is that it is the best (but not the only) factor, it is necessary
to maintain iron-and copper-containing proteins in restored condition, in which they are most
functionally active [5]. Human leukocytes can accumulate in the cytozolic to AA concentrations,
which in 60-80 times higher than plasma concentrations [6.7]

However, despite the large amount of researches is still functional role of Leukocyte cells type
AA remains unknown. Although experimentally established fact, that the content of AA in leukocytes
high, could lead to the assumption that AA has played a major role in their physiological function.

Materials and methods. Human leukocytes obtained from peripheral blood of adult donors
fax during natural sedimentation of blood at room temperature. During nearly 4 hours every 30 min
collected from the cylinder with blood leukocyte layer formed on the surface of the section of plasma
and erythrocyte settling layer using a plastic Pasteur pipettes. The collected cells are washed twice
0.9% NaCl solution with the addition of 2% of cattle serum platelet removed by centrifugation at 200
g for 5 min [8].

Then the cells were resuspended concentration to 2.7x10. Of the washed sediments of
leukocytes, smears were made, fixed, stained and the cellular composition was determined. The
resulting suspension contained approximately 25% lymphocytes and 75% granulocytes (neutrophils).
Were prepared two kinds of suspensions:

- leucocytes with the addition of Ascorbic acid (12 mm) in the tris-buffer (20 mm),
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- leukocytes, with the addition of tris-buffer (20 mm) without AC. The leukocyte suspensions
were purged with argon for 5-7 min and incubated them in identical conditions at room temperature.
At certain intervals were taken samples in teflon tubes with an internal diameter of 3 mm and a length
of 30 mm and fast freeze them at the temperature of liquid nitrogen. Then the frozen solutions were
pushed out of tube in liquid nitrogen and samples were obtained in the form of columns with a
diameter of 3 mm and a length of 30 mm.

Used «Sigma» company AA. Concentration of AA in cell suspension was 15 mm. The cell
suspensions were purged with argon for 5-7 min and incubated them under identical conditions at
room temperature. At certain intervals samples were and quickly frozen them at a temperature of
liquid nitrogen.

Registration of ESR spectra. The EPR spectra were measured with X-band X-band radio
spectrometers ESR 300 from firm equipped with standard programs and ER-220D ("Bruker",
Germany). The number of produced nitric oxide systems determined by the method of double
integration of signals nitrozyl complexes hem-NO ESR signal and a reference. The standart was the
solution in the water nitroxide radicals 4-(N,N-dimethyl-decilamin) - 2,2,6, and 6-tetramethyl-
piperidine-N-oxide in concentration-107,

Results and discussion. Leukocytes and human blood. Suspensions were investigated human
leukocytes in their incubation in the presence of Ascorbic acid and without it. ESR spectra are shown
samples of human leukocytes incubated for for 19 hours at room temperature (~ 18-20) in the presence
of the AA (fig. 1.1) and without the addition of AA (fig. 1.2). The ESR spectra of leukocytes
incubated for with AA, recorded EPR signal resulting from the nitrozilnymi complexes gem-NO with
triplets splitting an = 17 gausses at g = 2.01 [9, 10, 19, 22]. Hemoglobin (= 10° M) has been preadded
to the incubation medium as a trap for NO.

AA and the absence of these complexes in suspensions incubated for without AA indicates
that under the influence of AA human leukocytes also produce nitric oxide.

Quantitative assessment showed that in these conditions, under the influence of AA in
leukocytes produced ~ 6 x-8 x 10" NO molecules per cell. It is known that NO synthesis by cells from
L-arginine is carried out by special enzymes - NO- nitroxide synthases (NOS). To date, there are three
types of NOS: endothelial nitroxide synthases (eNOS), neurological nitroxide synthases (nNOS) and
inducible nitrite oxidase (iNOS). Inducible nitrite oxidase (iNOS) in macrophages activated a number
of cytokines (such as interferon-y, interleukins, etc.) and endotoxins [11-19]. AA also likely involved,
directly or indirectly, it is in induction of iNOS in leukocytes.

In Figure 1. 2. And ESR spectra are human blood pecimens, incubated for for 6:00 pm in the
presence of AA (fig. 2.1) and without it (fig. 2.2).

In the spectrum of blood with the AA also registered nitrozyl complexes of hem proteins by
ESR signal-NO, indicating the formation of nitric oxide in the blood. The ESR spectra of blood
samples incubated without adding of AA, is registered in the monitored range only ESR signal plasma
protein ceruloplasmin g-factor 2.05 (fig. 2.2).

2,01 1
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Fig. 1. ESR Spectra of samples of human leukocyte after 19 hours incubation at room temperature:
1- of ascorbic in the presence of a concentrations 12 mm AA; 2- without added of AA.
Conditions of registration: Power Over the treble 20 mw, amplitude of modulation of magnetic field in
5 gausses, temperature 77 K, spectra of 1 and 2 recorded at the same enhancement.
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NO education in whole blood under the action of AA is also likely responsible, mainly
leukocytes, so in erythrocytes, as we know, there are no production system NO (see figure. 2. B).
Perhaps a minor contribution to the formation of NO in the blood could contribute and platelets.

Thus, the obtained data showed that AA is directly involved in the reaction, that triggers the
formation of NO cells. Producing NO leukocytes may also participate in the implementation of
immune control in blood (and the body), causing the death of pathogenic bacteria and tumor cells.
That AA is able to support the body's immune system, is known for many years [1-5, 20.21]. But, the
mechanism of action of AA while remained unclear. We believe that the induction of nitric oxide in
leukocytes can be one of the main functions of AA in the body.

The mechanism of action of AA to the formation of nitric oxide in cells so far is unclear. But
you can suggest two possible variants of its participation in the famous nitric oxide pathway involving
NO-synthase from L-arginine. Firstly, the AA can play the same role as that of tetrahydrobiopterin
(BH.), and serve as the donor electrons on a plot linking BH4 [22-25].

2.01 A
1
2|,05 2
100 I'c _Ho
2.00 B
! 1
?,00 >
100 I'c Ho

Fig. 2. EPR Spectra of samples of human blood (a) and (b) erythrocytes incubated for 24 hours at
room temperature: 1- the presence of a concentration of 12 mm AA; 2-without the addition of AA.
Conditions of registration are the same as in Fig. 1. 1.

Secondly, AA may participate in producing substrates NO-synthase, NADPH and in particular
BH4. The second assumption is based on the available data in the literature about increasing the
content of NADPH under the influence of the AA and the necessary participation in maintaining BH,
in restored condition. AA is needed to prevent irreversible oxidation BH. in digidrobiopterin [22].

Conclusions. The research shows that Ascorbic acid is involved in the formation of nitrogen
oxide in leukocytes of humans and animals. It is expected that is the participation of AA in the
formation of nitric oxide in immunocompetent cells of humans and animals. Suggests, an important
role of maintaining the immune status of the organism.
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