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Pedepar

B nmuccepranmu paccMOTpeHBl OCOOEHHOCTH TMPOBENEHUS HHKEHEPHBIX
U3bICKAHUM Ha HeTe3arpsI3HEHHbBIX TEPPUTOPUSIX HA IpuMepe T. ToMcka.

[leapto pabGoOTBHI SBISETCS PACCMOTPEHHE OCOOEHHOCTEH WH)KEHEPHBIX
U3bICKAHUM 7151 pa3paboTKU npoekTa crpoutenbeTBa A3C B MPOEKTUPYEMOM PaliOHE
«HoBblli TOpOA» Ha TEppUTOPUM OBIBIIETO MPOMBIIIJICHHOTO O00BEKTa, TJe
coJiepkaHue HeQTENPOAYKTOB B IPYHTAX M MOJ3EMHBIX BOAAX IMPEBBIIIACT (POHOBBIC
3HAYEHUS.

B pabGote mpoBeneH aHanu3 OONBIIOTO YHUCHA JUTEPATYPHBIX HCTOYHHUKOB,
HOPMATHUBHBIX JOKYMEHTOB II0 TEME HCCIEAOBaHMM, OOOOIIEHbl JaHHBIE O
COJIEp’)KaHUU HEPTENPOAYKTOB B IpPyHTaX M NOJ3eMHBbIX Bojax B mpenenax A3K r.
Tomcka.

B pe3ynbrare aHanu3a npeasio’keH HOBBIM MMOAX0J K BbIOOpPY momaaku A3C
C YYETOM OILIEHKM CTENEHU 3alUIIEHHOCTH MOJ3EMHBIX BOJ OT BO3ACHCTBUS
HE(PTENPOAYKTOB, COCTABIIEH MPOEKT WH)XCHEPHO-TEOJOTUYECKUX H3BICKAHUMA TSt
npoektupoBanusd A3C wmukpopaiione «HoBbiii ropoa». TmarenbHo mnpopaboTaH
BOTIPOC J1IaOOPaTOPHOTO OTMpezeNeHusT HEePTEIPOAYKTOB B TPYHTAX M TOA3EMHBIX
BOJIaX U MPEAJIOKEH Haubosiee ONTUMAIbHBIM BapUaHT.

[ToryueHHble pe3yabTaThl W BBIBOJABI PEKOMEHIYETCS HCIOJIb30BaTh B
MPAKTUKE WHKEHEPHBIX W3BICKAHUH.

Marucrepckasi auccepTanusi COCTOMT W3 MOSICHUTENbHOM 3anmucku Ha 110

aucTaxX U 6 rpadyUUeCcKuX MPUIIOKEHUH.



BBEJIEHUE

Opno#t 13 Hanbosiee aKTyalbHBIX IKOJIOTUYECKUX MPOOIIEM Ui TEPPUTOPUH T.
Tomcka B Hacrosiliee BpeMsi SIBIISIETCS 3arps3HEHUE TPYHTOB M TOJ3EMHBIX BOJI
He(TENPOAYKTAMHU.

bonpmias yacte HedTENmpoAyKTOB TOMajnaeT B TPYHTHI, MOJ3EMHBIC BOJIBI,
MOBEPXHOCTHBIE BOJHBIE OOBEKTHl M3-32 AaBAPUUHBIX M IITaTHBIX YTEUYEK C
NpeanpUsITUI XpaHeHus U nepepadoTku Hedtu, HepTeba3 u MHOrouncieHHbx A3C.

Macmtabbl 3arpsi3HEHUS! T€0JIOTUYECKON cpeibl HePThI0 U HE(QTENPOYKTaMH 110
OlLlIeHKaM aBTOpOB paznuyHbl. ['onsbepr B.M. onenuBaet Benuunny yreuek B 0,1-0,5
% ot o0beMa obopoTa [26], mo nanaeiM Boperckoro b.B., KouetkoBa M.B. Ha cTapsix
o0bekTax oHa jgocturaet 1-2% [7]; Masyp U. ouenuBaer, 4ro morepu HepTH B
pe3yabTaTe aBapuiHbIX MPOJIUBOB COCTABIISIOT 0KOJI0 3% OT roA0BOM 100KIUM
HedTH [55].

HccnenoBanus 3arpsi3HEHUs] TOPOACKUX TEPPUTOpUA HedTernpoayKTaMu IJis
OTICIBHBIX TOPOJOB BhIMONHsIN [ompadepr B.M [26, 27], Makymun FO.B. [56],
Bpaxopenko H.H. [14, 15, 16].

Ananu3 paboT, TOCBSIIEHHBIX OIIEHKE 3arps3HEHUS TPYHTOB U MOA3EMHBIX BO/T
He(TENpOayKTaMH MOKa3aj, YTO JIaHHas MPodieMa MIMPOKO 00CYKIaeTCsl.

Hemano BHuMaHus yjaensercss oOIeHKe (AaKTOPOB BIUSIOIMIUX HA CTENEHb
3arpsi3HEHUS] TPYHTOB M MOA3eMHbIX Boja Hedrenponykramu (H.H. Bpakopenko [14,
15, 16], B.B. Cepenuna [58] u ap.), a Takke MeTOIaM OYMCTKH IPYHTOB U TIOJ3EMHbBIX
BOJ OT 3arpsi3HeHus Hedrenpoaykramu (B.A. Kopones [44], JIymnukos C.B. [54] u
7).

OpHako, TPOBEACHHBIM JUTEpPATYpHBbIM 0030p IMOKa3bIBaeT, YTO padOThI
MOCBSIIIEHHBIE OCOOCHHOCTSM WH)XCHEPHBIX W3BICKAHWNA Ha He]Te3arps3HeHHBIX
TEPPUTOPUSAX MPAKTUUECKH OTCYTCTBYIOT; B TOM 4YHCIJI€ OTCYTCTBYIOT TpeOOBaHUS K
BbIOOpY momanku A3C, K MeTojgaM ompeeieHus] HePTEIPOayKTOB B TPYHTaX U

IIOA3CMHBIX BOJaXx.



B cBsi3u ¢ aTUM 1enb0 paboTHI SBISIETCS pa3padoTKa METOAMKUA BEIOOpa
HanOoJiee ONTUMAbHOW Tutom@aaku pacmnojoxkenus A3C (Cc yd4eToMm CTeneHd
3aIMIIEHHOCTH TOJI36MHBIX BOJI) U COCTaBJICHUE MPOEKTA MHKEHEPHO-TEOJIOTMUYECKUX
u3bIlckaHuil s ctpoutensctBa A3C B Mukpaitone « HoBblil ropoay.

3ajaun MCCleI0BaHUM:

- OneHka CTeNeHHW 3arps3HEHUs TPYHTOB U MOJ3EMHBIX BOJ| HE(TENPOIyKTaMu
TeppuTOpHH I. TOMCKa;

- BrlisiBieHrEe 3aKOHOMEPHOCTEHN pacnpenesieHus: cojiepKaHusi HePTEnpOoayKTOB B
TPYHTaX U TPYHTOBBIX BOJAX;

- BrisBienne paxkTopoB 00ycaaBIMBAIOIIUX CTENEHD 3arPsI3HEHHUS.

- PailioHupoBaHHE T'eOJOTMYECKOM Cpeabl TEPPUTOPUH IPOECKTHUPYEMOTO pailoHa
«HoBblIli TOPO1», MO CTENEHHU 3AIUIIEHHOCTH MOJ3EMHBIX BOJI;

- Br16op ontumanbsHoro Bapuanta pasmeiieHuss A3C B IpOEKTUPYEMOM paiioHEe
«HoBsIl TOpOAY;

- CocraBieHue MpoeKTa NHKEHEPHBIX M3bICKAHUN 1S TpoekTupyeMon A3C;

- Pa3paboTka pekoMeHJaluii  HampaBiICHHBIX HA  CHUXKEHHME  BPEIHOTO
BO3euCTBUS poekTupyemMonl A3C Ha reoJIOrTHYECKYIO Cpeay.

IIpakTuyeckass HoBuM3Ha: B pabGore mnpuBomuTCA TMOAXOA K BBIOOPY
mromaaku A3C ¢ ydeToM pallOHMPOBAHUS IO CTENEHU 3alUIIEHHOCTH IMOJI3EMHBIX
BOJA OT 3arps3HeHus Hedrenpoaykramu. IlpoBesen 0030p  uMeronierocs
o0opyZoBaHusl JUIsl coJepkKaHusi HEPTEMpOIyKTOB B Mpobax TpyHTa W Mpodax
MO/I3EMHBIX BOJl, 13 KOTOPOTO BEIOpaH HanboJiee ONTUMAIbHbIA BAPUAHT.

IIpakTHyeckasi 3HAYMMOCTH pe3yibTaToB BKP:

B Hacrosmee BpeMs B HOPMAaTHUBHBIX JOKymMeHTax otcyrcrByer I[IJIK
He(TENPOAYKTOB B TpPyHTaxXx, B CBS3M C 4YEM aBTOpP pabOThl PEKOMEHAYET MpHu
WH)KEHEPHO-TCOIOTMYSCKIX HM3bICKaHUIX (emie g0 Hayana crpoutenscTBa A3C)
OTPENENATh COJAEp)KaHUE HEPTENPOAYKTOB B TPYHTAX M MOJ3EMHBIX BOAAX, YTO

IMO3BOJIMT IMMPOBOJNUTL OLICHKY 3arpsA3HCHUA reoJIOTUYCCKOM Cpeanl HG(l)TCHpO,Hy'KTaMI/I.
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B nacTosimiee BpemMsi OCHOBHBIE MOJOXKEHHSI UCCIIETOBAaHUM OBLIN JOJOKEHBI Ha
HAyYHBIX MEPONPHUITHIX:

— XIX MexyHapoJHOM Hay4YHOM CHUMIIO3UYyME CTYJIEHTOB U MOJIOJBIX YUEHBIX
uMeHn akagemuka M. A. YcoBa «lIpoGneMbl reoJorMd W OCBOCHHSI HEApP» B T.
Tomcke, 2015 1

— III Bcepoccuiickoit koHbepeHIMu «CHCTEMHBIA aHAIU3 U MOJEIUPOBAHUE
SKOHOMHYECKUX U 3Konornueckux cucteM (CAMOC)», B . ropco KpacHomapckoro
kpas, 2015 r;

— XX MexayHapoaHOM Hay4YHOM CHUMIIO3UYME CTYZEHTOB U MOJOJBIX YYEHBIX
uMeHu akagemuka M. A. VYcoBa «lIpoOnembl reojorum u OCBOEHHUS HEIp» B T.
Tomcke, 2016 1.

— XIV Bcepoccuiickoil cTyJieHYeCKOM HAyYHO-TIPAKTHUYECKONH KOH(EpeHIuu ¢
MEXIYHApOIHBIM ydacTueM, «Hayka u Mpou3BOACTBO: COCTOSIHUE U IEPCIEKTUBBD) B
r. Kemeposo, 2016 r.;

— MexayHapoaHOW Hay4yHO-IpakTHueckoi KoH(pepeHuun «HoBas Hayka:
[TPOBJIEMBI U ITEPCIIEKTUBBI» B r. Ctepnuramak, 2016 r.

B cents6bpe 2015 r. Tuxk HMBan AuekcaHApoBHY MpOIIET CTaXKHPOBKY Ha
IPOMBINUICHHBIX NPEANPUATHAX ['epMaHuu, rie 0O3HAKOMUJICSA C YCIIEIIHBIM OIBITOM

OXpaHbI OKPYKAIOIIEN CPEbI.
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MeTtoauka ucciae 0BaHUH

B ocHOBy marucrepckoil AmccepTalMM TOJOXKEH (PaKTHUeCKuil maTepuan Io
VHXCHEPHBIM M3BICKAHUSAM M MOHUTOPHUHIY T€OJIOTMYECKOW cpenbl . Tomcka,
BBIIIOJIHEHHBIN OpraHU3alUsIMH:

-000 «DxkoTex»;

-0O00 «Tomckasa byposas Komnanuny;

-O00 «ApraHusareoy;

-AO «TOMCKIr€OMOHUTOPHUHI».

ABTOp padOTHl JUYHO YYAaCTBOBAJ B HAIKMCAHUHM OTYETOB MO HH)KEHEPHBIM
U3bICKaHUSM, O0pabOTKe M CHCTEMAaTH3alMy IOJIEBBIX MAaTEPHAJIOB; HEOJHOKPATHO
BbI€3KaJl B COCTABE MOJIEBBIX OpUTaj AJis MPOBEAEHUS U3bICKaHUi, mpoBogumMbix OO0
«Tomckas bypoBas Komnanun» Ha Tepputopuu r. Tomcka.

B pabote npousBeneH aHaiu3 OOJIBIIOTO YHCIA JUTEPATYPHBIX HCTOUYHUKOB,
HOPMATHBHBIX JOKYMEHTOB I10 TEME UCCIIEIOBAHUN.

OOpaboTKka JaHHBIX MO COAEPKAHUIO HEPTENPOIYKTOB B TpyHTax H
NOJI3EMHBIX BOJAxX IPOBOJWIACH C HCIIOJIb30BAaHHMEM IporpaMm  «Statisticay,
«Microsoft Excel». ['paduueckne marepuanbl co3gaBalvCh ¢ MOMOILIBIO MPOrpamMm

«Core]DRAWX3», «AutoCAD» u 1p.

12



1. THE STATE OF KNOWLEDGE OF THE PROBLEM RESEARCH
1.1 Current state of the problem of contamination of components of
geological environment with petroleum products

The term "Geological environment” is commonly understood the part of the
subsoil, within which occur processes and phenomena that impact on human activity
and other biological communities. For the purposes of this work under the geological
environment is understood to be that part which may be contaminated with petroleum
products as a result of technological and accidental leaks [90].
The main types of hydrocarbon pollution of geological environment are:
1) The pollution of the earth's surface;
2) pollution of soils of aeration zone, which are generally identified together with their
top - soil layer; i.e., in the terminology of soil science, this type of pollution can be
called as "contamination of soil";
3) Contamination of the ground water table.
The last type of pollution is considered the most dangerous, as it has the possibility of
rapid and wide dissemination beyond the initially contaminated area and entering
surface water (streams and ponds), are closely associated with groundwater and water
intake structures, which selects the groundwater or surface water for water supply
purposes.
These types of contamination are closely linked. It is possible to allocate four basic
options for data links operating in oil-contaminated areas [27]:
1. During infiltration of liquid contaminants (actually a liquid petroleum product, and
hydrocarbon and associated substances in the wastewater) from surface and subsurface
sources of contamination down through the unsaturated zone; part of the substances-
pollutants in various forms of delayed soil and soils are accumulated in them, and the
other part infilterates liquid oil and (or) contaminated wastewater reaches a surface
level, soil of an aquifer. However, some components of petroleum products, owing to
their physical properties that directly pollute the ground water and others are

accumulated on their surface.
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2. During the subsequent infiltration through the contaminated zone of aeration even
relatively clean (uncontaminated oil products) of rain and melt water or technological
water leaks previously accumulated in soils (secondary) fuel-pollutants are washed
away or dissolved and transferred to the earth to an aquifer, which in turn accumulate
either above the groundwater table, or in the groundwater.

3. When natural or man-made increase of groundwater levels (seasonal and perennial)
this water comes into direct interaction with soils, "retreating" zone of aeration:

a) if the ground water is relatively clean, they are contaminated with accumulated (in
various forms) in soils by oil products; b) if ground water is already contaminated by
petroleum products, and soils of the aeration zone has not yet contaminated, then there
Is indirect contamination of the latter; c) if contaminated and the groundwater and soils
of unsaturated zone, there is an increase of those pollution and (or) other; moreover,
both gaseous and liquid hydrocarbon contamination can “go out™ of soils on the earth's
surface, especially in natural or manmade depressions of the microrelief her (including
in the recessed areas of buildings and structures - basements, cellars, wells, conduits
and sewers underground utilities, etc.).

4. When natural or man-made depressions in the groundwater level (seasonal and
perennial), if groundwater were contaminated with petroleum products, some of the
contaminants in various forms is held and remains in the soil " advancing" zone of
aeration, also speaking in the future as a "secondary" source of technogenic pollution
of underground waters.

Thus, one of the most serious environmental problems throughout the world it
is the oil pollution of the geological environment and, primarily groundwater. This is
due to the extensive development of such contamination as well as the difficulties of
its localization and liquidation. No other contaminant, no matter how dangerous it may
be, cannot be compared with oil in the latitude distribution, the number of pollution
sources, the magnitude of simultaneous loads on all components of the natural
environment. The analysis of available information shows that pollution of the

environment occurs at all stages of economic activity, ranging from oil production and
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ending with the storage and distribution of petroleum products. Almost at all objects,
where there was held at least a minimal volume of research, it was discovered
pollution of the geological environment (including groundwater) petroleum products.
High probability that such contamination can take place and on the other, not
examined to date objects [27].

In Russia only in the last 15-20 years to the began to pay serious attention to
the decision of the problems connected with the rehabilitation of the geological
environment contaminated with petroleum products. In the industrialized countries of
the West on the study and solution of these problems for many decades work
numerous scientific, industrial and design organizations and companies.

Practice shows that small pockets of contamination could be eliminated
relatively quickly (over several years), full localization and removal of large lesions
may last for decades and requires very substantial financial and material costs. This is
largely due to the extremely high inertia of the geological environment relatively the
pollution which has been formed.

In Russia there are thousands of companies involved in the extraction,
transportation, processing, storage and distribution of oil and oil products. However,
the status of the geological environment in terms of its possible contamination with oil
products in vast majority of cases is unknown. This is due to the fact that oil pollution
over many years or even decades may remain invisible, and manifested only when
reaching a critical and even catastrophic level, showing up in the form of direct
contamination of drinking water intakes, wells, surface waters, and so forth, that is,
when the fight against it requires a huge investment, and to solve problems there is no
time.

In fact, the pollution of geological environment with petroleum products
occurs at all stages of economic activity associated with the extraction, transportation,
processing, storage and distribution of oil and petroleum products as a result of the

emergency and technological leaks.

15



The extent of pollution of geological environment with oil and oil products
according to estimates of different authors. Goldberg V.M. [26] estimates the
magnitude of leaks in the 0.1-0.5% of turnover, according to Borevsky B. V.
Kochetkov M. V. on older objects, it reaches 1-2% [7]; Mazur I.1. estimates that oil
losses as a result of accidental spills account for about 3% of the annual oil production
[55].

A comprehensive study of the oil pollution of the environment was carried out
by many scientists Mironenko V.A.,1995, Goldberg V.M., 1997, Korolev A.V. 2001,
etc..

In 1996 Borevsky B. V., Borevsky L. V., Mironenko V. A. has developed a
common strategy for the protection from pollution of underground waters by oil
products [90].

General regularities of the influence of petroleum products on the state of
components of the natural environment were described by researchers Tetelmin V. V.,
Yazev V. A. [75], . Podavalov Y.A.[62], Mazur I.I. [55], Vladimirov A.l., Remizova
V.V.[65].

About the need for condition assessment of oil-contaminated soils and soils for
engineering and environmental survey mark Kurbatova A.S., Gerasimov S.A,
Reshetina T.V., Fedorov I.D, Bashkin V.N., Shcherbakov A.B. [48].

One of the first researchers who highlighted the problem of technogenic
pollution of urban areas was Goldberg V. M. This author noted that a feature of the
process of groundwater pollution is that it largely is determined by the pollution of
other environmental media - air, surface waters, soils. Being contaminated as a result
of emissions of various substances of anthropogenic origin, these environments are
like secondary sources of pollution affecting groundwater. In turn, the pollution of
groundwater can affect the quality of river waters in places of discharge of
contaminated groundwater into the river [27].

Thus, Goldberg V. M. notes the interrelationship of causes and effects in the

pollution of ground and surface waters. The degree of groundwater pollution depends
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on their security. According to the definition of Goldberg, V. M., under the protection
of groundwater from contamination is commonly understood Perekrest aquifer
sediments and primarily low permeability, which prevent the penetration of
contaminants from the surface of the earth. Protection of groundwater depends on
many factors, which can be divided into basic groups — natural, technological,
physico-chemical.

Alekhin V. T., Emtsev V.T, Rogozina E. A., Fakhrutdinov I. A. identified a
number of common features of soil pollution with oil and oil products. In their view
the natural recovery of soils at pollution by oil and oil products is much longer than
with other man-made pollution. Changes permeability due to water-repellency, of
structural are not individually wetted, but the water as it "falls" into the lower horizons
of the soil profile; moisture content decreases. As a consequence, the loss of one major
plank cenosis — vegetation. Oil and oil products cause almost complete depression of
the functional activity of flora and fauna. Inhibited the activity of most
microorganisms, including their enzymatic activity. The management of processes of
biodegradation of oil should be aimed, primarily, at enhancing microbial communities,
the creation of optimal conditions of their existence. There is a great heterogeneity of
distribution of oil components in soils of different parts of oil fields, which depends on
the physical and chemical properties specific soil differences, the quality and
composition of incoming pollutant. The result of all that - the conditions of self-
purification of the environment from toxic organic substances of anthropogenic origin
in the landscape zones and regions are very different. These authors in their research
point out that getting into the soil, the oil increases the total amount of carbon. In the
composition of humus increases the insoluble residue, which is one of the reasons for
the deterioration of their fertility; inhibition of plants starts when the amount of
petroleum hydrocarbons in the soil becomes higher than 1 kg/m? [2].

Other feature of hydrocarbon contamination of territories is the change in the
physical properties of soils. The change of soil properties is due to the presence of

petroleum products and microorganisms decomposing them.
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Researchers Titov K.V, Ilyin Y.T., Monosowski P.K., A.V. Muslimov A.V.,
Rybalchenko O.V., Orlova O.G, Meno A., conducted experiments on the effect of oil
and bacteria decomposers on the properties of sandy soils [76]. During the experiments
it was found:

- Active development of the bacteria Pseudomonas indica under aerobic conditions in
sandy soils contaminated with petroleum products leads to reduction of porosity and
increase the electrical conductivity of the pore water.

- The reduction of porosity or increase of sinuosity of the pores of sandy soils due to
the increase in the number of bacteria Pseudomonas indica leads to a decrease in the
filtration coefficient of the soil. Reduction of filtration coefficient of soil during
biodegradation of oil products - a factor that reduces their rate of proliferation.

At present does not exist the general criteria of soil pollution with oil
products.

Drugov Y. S., Rodin A. A. [33] propose to consider soil contaminated with
petroleum products if the concentration reaches a level at which:

- begins the degradation of the plant cover;

- reduced land productivity; an imbalance in the soil biocenosis;
- there is leaching of petroleum products from soils into the groundwater or surface
water;

In different climatic conditions, the concentration of oil and oil products in
soils in which soil can be considered contaminated. In connection with a wide variety
of soil types cannot be the single indicator of soil pollution for the whole territory of
Russia. Comparison of five classifications of soils according to the degree of

contamination with petroleum products is given in table 1.
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Table 1

The levels and limits of soil contamination with oil products

Levels Limits contamination mg/kg
contamination (according to different techniques)
1* 2* 3* 4* 5*
Background 100-500 100-500
Unpolluted To 400 1-100
Conditionally 100-500
contaminated
Valid Up To To 1000
Low 500-1000 | 500-1000 1000-2000
Weak pollution 3000- 500-1000
6000
Contaminated 1000-2000
soils
Moderate 1000-5000 | 1000-5000
Average 6000-
pollution 12000
Average 5000- 5000- 2000-3000
10000 10000
Severe pollution 12000- 2000-5000
25000
High 10000- 10000- 3000-5000
50000 50000
Very  strongly 5000-50000
polluted soil
Very strong

19



contamination More

than

25000
Very high-More More than More than
than 50,000 50000 5000
More than 5000

1* by Tetelmin V. V., Yazev V. A. [75]

2* by Goldberg V.M. [27]

3* by J. S. Drugov, Rodin A.A.[33]

4* According to "Methodological recommendations for identifying degraded and
contaminated lands" (app. Reskomzema 28.12.1994, 26.01.1995 Ministry of
agriculture of the Russian Federation, Ministry of natural resources 15.02.1995) [90]
5* by Moskovchenko D.V. [12]

In present time there is absent a single technology of reduce the concentration
of petroleum products in soil. About the differences of technology in the southern and
northern regions of Russia note Tereshchenko N. N., Lushnikov S. V., Alekhin, V. G.,
Emtsev V.T, Rogozina E. A., Fakhrutdinov I. A.

The methods of determination of petroleum products to the environment components
are various. Drugov Y. S., Rodin A. A. gave mostly detailed description of comparison

of techniques and errors definitions [33].

An interesting approach have Pashkovskiy I. S., Konnova D.V., Klein LS,
Krgige L., Moteilo P. to the organization of measures to eliminate major oil spills; in
their o pinion all work should be accompanied by mathematical modeling because it
allows you to work as efficiently as possible [50].

It is worth noting that most studies of oil pollution of the environment are

made for the oil and gas complexes that are located outside the major cities.
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One of the most pressing environmental problem for many cities at the present
time is pollution of geological environment with petroleum products.

Gas and petrol stations are the main sources of hydrocarbon contamination of
soils and groundwater of the cities. The excess of MPC of oil products content in soils
and groundwater of the urban area leads to a deterioration of the quality of life of the
population.

Studies of pollution of urban territories with oil products for individual cities
were performed by Goldberg V. M. [27], Brakorenko N. N. [16], Pasechnik E. Yu.
[59], Makushin Yu. V. [56].

Through a retail network of gas and petroleum stations in the city of Tomsk
were implemented various grades of gasoline and diesel fuel. It is obvious that the
main pollutants of the environment from the activities of gas stations are different
grades of gasoline and diesel fuel. Hydrocarbon composition of gasoline fractions
includes well-known representatives of alkanes, cycloalkanes, arenes. The most toxic
and dangerous in environmental and hygienic terms are leaded gasoline, containing
tetraethyl lead and special substances-scavengers (ethyl bromide, dibromoethane,
dichloroethane, etc.) to increase the octane number of the fuel.

The main reasons because of which there is a pollution of soil and underground water
areas of the gas stations of the city of Tomsk are:
- violation of tightness of the joints of the walls and bottoms of tanks;
- failure of valves, seals and gaskets;
- the overflow of reservoirs and storage tanks;
- emissions through the cap of the tank when temperature drops and delayed the
opening of the drain valve.
- ruptures of connections;
- leakage through seals of valves;
- faulty pumps etc.
On the excess of MPC of oil products content in soils and underground waters

in the territories of gas and petroleum stations in the city of Tomsk is known for the
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materials of engineering researches, scientific studies, monitoring studies of the
geological environment. The maximum content of oil products in soils of individual
stations can reach 7250 mg/kg [16]. For example, according to AO
Tomskgeomonitoring the average content of oil products in samples of groundwater
filling station area of the city of Tomsk is 18.6 mg/l, which exceeds the MPC is on
average 186 times (GN 2.1.5.1315-03).

The problem of pollution of the geological environment of the territory of
Tomsk was studied in sufficient detail in the works of Brakorenko N. N. [22],
Pasechnik E. Yu. [59] etc. AO Tomskgeomonitoring annually conducts the monitoring
of the geological environment of the city of Tomsk, the data are published in open
sources.

Work of Pasechnik E. Yu. Are devoted to the assessment of the degree of
pollution of surface and groundwater different components of Tomsk.

Brakorenko N.N. in his works evaluated the effect of petroleum products on
the petrographic composition of rocks and physical-mechanical properties of soils in
the city of Tomsk [12]. The authors noted:

- as a result of the interaction of soils with petroleum products, depending on the time
and iron content in the composition of the soil may change the petrographic

composition of sandy-clayey soils, namely, increasing the content of fine fraction;

- contamination of soils with petroleum products leads to the change in the value of
compressibility of soil, depending on initial moisture content. Excessive moisture and
changes in the composition of the soil (increase the plasticity of the soil) can lead to

increased subsidence of ground at the base of the structures;

- the change of the strength properties of the contaminated soils is as follows: the
value of the adhesion forces contaminated soil increases (due to increase of fine
fraction), however, the angle of internal friction decreases (due to the "lubrication” of

the free pore space of the soil).
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Brakorenko N. N. according to the method of Goldberg V. M. notes that the
protection of groundwater areas of the gas and petrol stations of the city of Tomsk
corresponds to the I-111 categories. Brakorenko N. N. identifies 7 types of soil strata
on the composition and permeability of soils for the city of Tomsk [12].

Thus, the problem of pollution of environment components is well studied
but:

- the MPC for the soil is not installed;

- there are no requirements for the choice of sites taking into account the geological,
hydrogeological and engineering geological conditions;

- there is no common methodology for assessing the degree of contamination.

Currently for the engineering survey for design of new facilities on the
contaminated territories is not taken into account the accuracy of determination of oil
products in soils and groundwater, and some methods do not show at all the presence
in the samples of the light fractions of petroleum products such as petrol.

According to the opinion of the author of this work additional studies in
conducting engineering survey for oil-contaminated territories are necessary as it
allows to foresee possible changes in components of the geological environment due to
a possible increase in oil content due to the redistribution of the existing
contamination. The presence of oil in the soil leads to a change in their properties, and
this in turn is directly related to the stability of buildings and structures. This approach
will allow to predict possible changes of components of geological environment to

select appropriate design solutions.
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3. COCTOSIHUE KOMITOHEHTOB I'EOJIOT MTYECKOM CPE/JbI
TEPPUTOPUM A3C I. TOMCKA

3.1 Anaam3 cogep:xaHus He(TENMPOAYKTOB B TPYHTAX Ha miomaakax A3C

OO6o01IeHne TaHHbIX O 3arpsA3HeHuu TpyHTOB Teppuropuit A3C U CKIajoB
I'CM ropona Tomcka HedTenpoaykramu O0b110 BbinosiHeHO bpakopenko H.H. B 2013

roxy [17], maHHbIe TIpEeICTaBICHBI B TaOIHUIIC 4.

Ta0muna 4
Conepsxanue He(TEPOIYKTOB B TpyHTax [17]
MecTomnosoxeHue TOYKU I'on Hayanma Konuenrpanus Yuco mpod donoBoE
otbopa npod JKCILTyaTaluu He(TENPOAYKTOB, 3HauYEHHUE,
A3C MT/KT MT/KT
Min-max
A3C-3 Va. I'epuena, Het ganHbBIX <50-84 (1995 ron) 21 151
74a <50-977 (1999 ron)
A3C-24 WpxyTtckuit 1977 <50-818 22
TPakT,75
I'CM Peunoii mopt Het ganHbBIX <50 19
A3C-5 V. IMapkoBas, 1973 <50-1305 12
32
A3C-4 | V. CmupHoBa, 1971 <50-4882 55
45
A3C-21 V. Cennas 1974 <50 9
Kypbs, 5
Hedtebaz | Iln. FOxnas 1933-2000 <50-1950 13
a
I'c™m [TpuGopusIit 1970 2186,5-7257 6
3aBOJ
A3C-104 | I1. TumupszeBo Het nanHbIx <50-152 3
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CornacHo 3TUX JaHHBIX COJEp)KaHUE HEPTEMPOAYKTOB B IPYHTaX M3MEHSAETCS B
HIMPOKHX MpeAenax. MakCHUMallbHOE COJEPKAHUE MOXKET JOCTUIaTh Ha OTIAEIbHBIX
obbekTax 7250 mr/kr [17].

Pa3nas crenenp 3arpssHeHust rpyHToB A3C cBsi3aHa C TEM, YTO TEPPUTOPHUS
ropona TomMcka He OJHOpPOAHA MO TUIAM peibeda, T'eOJOTUYECKOMY CTPOECHHUIO,
TUAPOTEOJIOTHYECKUM  yclioBUsIM. KpoMe Toro, cTeneHb 3arpsi3HEHHs TPYHTOB
tepputopuii A3C u A3K 3aBHCHT OT KOJMYECTBAa peau3yeMbIXx HEe(TENpOayKTOB U
CPOKOB 3KCILTyaTalluu 3TUX 00bEKTOB.

Huxe mpuBomuTcs aHanmu3 cojepikaHus HEPTENpPOAYKTOB B TpyHTaX Ha JBYX
miomanakax A3C-21 u A3C-24. A3C-21 pacnonoxeHa Ha jeBoOepexbe p. Tomu.
Oyukumonupyet ¢ 1974 roga. B reonornyeckoM OTHOLIEHUM IUIOIIAJKA CIOXKEHA —
HACBIMHBIM 'PYHTOM, CYTJIMHKaMU TYTOIUIACTUYHBIMU, CYIECHIO INIACTUYHOM, KOTOpast
B CBOIO Ou€pe/ib MOJCTHIIAETCS MIECKOM BJIaXHBIM. B ocHOBaHMM pa3pesa, ¢ IIIyOUHBI
10,2 M 3ajeraer BOJOHACHIIICHHBIN T'paBUNHBIA I'pyHT. ['7TyOuHa 3ajeraHusi ypoBHS
TPYHTOBBIX BOJ| cocTaBisier 9,5 merpoB (Ha 25.05.2000 r) (puc 4). Pacnpenenenue
HE(TENPOAYKTOB B TIpYHTaXx MO TIJIyOMHE NPUBEACHO Ha pHUC. O (IO JaHHBIM
ONMpoOOBAaHMS E€IMHCTBEHHOW CKB&)XXHHbBI, NPOOYPEHHON HEMOCPEICTBEHHO Ha
tepputopun A3C-21). MakcumanbHOe cojiepkKaHue HEPTETPOIYKTOB COJEPKUTCS B

BOJIOHACBIIICHHBIX MIECKaX U rpaBuiiHOM rpyHTe — 13,11-21,08 mr/kr (puc. 5).
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Puc. 5 I'paduk nzmenenus conepxanusi He(QTEMPOAYKTOB B TPYHTAX IO pa3pesy

(A3C-21) [70].
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A3C-24 pacnonoxkeHa B ceBepo-BOoCTOYHOM uactu 1. Tomcka. B
reoMop(OIOruMueckoM OTHOIICHWH YYacTOK MPUYpOUEH K TMOBEpXHOCTH ToMb-
Siickoro mMexaypeubss (y OpOBKH CKIIOHA K JoiuHe p. Jlapuukum). AGC. OTMETKH
167,34 no 165,50 M, BHM3 no ckioHy g0 158,8 m. @ynkuuonupyer ¢ 1977 rona.
['eonoruyeckuii paszpe3 10 M3ydeHHOW riryouHbl 10,8 MeTpoB mpencTaBiieH CpenHe-
BEPXHEUETBEPTUYHBIMU  O3€PHO-AJUTIOBUATIBHBIMU  OTJIOKEHUSIMU —  CYIJIMHKaMU
OypBIMH TYTO-MSTKO-T€KYYEIUIACTUYHBIMUA C MPOCIOSIMU TEMHO-CEPHIX; B OCHOBAaHUU
paspesa — cynecu Tekyuue. [lepekpbIThl JaHHBIE OTJIOKEHUS! HACBHIITHBIMU TPYHTaMHU
(rpaBHii, CYrJIMHOK), MOLIHOCTBIO 2,8 MeTpoB (puc 6). Jlns omeHKu 3arpsi3HEHUs
TPYHTOB HE(PTENPOAYKTaMHU Ha JTAHHOM IJIOMIAKe ObLIO MPOOYypeHOo 8 CKBaKUH: 1 u 7
— BOJIM3M MOJI3EMHBIX PE3€PBYapoB, 3 — B 5 METpax OT pa3laTOuHON OEH30KOJIOHKH, 2
— B 60 merpax or A3C-24. Cks. 8, 4, 6, 5 mnpoOypeHbl Ha CKJIOHE H B
TMIICOMETPUYECKOM OTHOILLIEHUH HAXOATCS 3HAYUTENbHO HUXke camoit A3C-24,

B 1997 r no pexkonctpykiun A3C- 24 koHLIEHTpaIusi He(QTEPOTyKTOB Ha
IUIONIAJIKE B IPyHTaX cocTaBiisiia 6,9 — 818,8 Mr/kr, a B Boge — 1o 18000 mr/it (puc. 7).

[Ipu pexonctpykuuu A3C-24 Ha IIONIAJIKaX COOPYKEHHM ObUIa MpoBeACHA
BbIEMKA T[PYHTa W 3aME€Ha €ro HEe3arps3HEHHbIM, 4YTO IMPUBEJIO K CHWKEHHIO
3arpsA3HEHUs TpyHTa MW noa3eMHblx Bofd. llocine  pekonctpykiuun — A3C
HKCIUTYaTUPYETCS] CO CTPOTMM COOIIOCHUEM MPaBUJl MO HEIOMYIICHUIO 3arpsi3HEHUS
reojioruyeckoi cpeasl. Ho onmpoGoBaHue rpyHTa W BOJbI B CKBaXXUHE, TPOOYpPEHHOMN
HEIMOCPEACTBEHHO Ha TEPPUTOPUM JAHHOU pekoHcTpyupoBaHHOM miomanaku A3C B
1999 r. cHOBa MoKa3ano, YTO KOHLUEHTpalus He(TENPOIyKTOB B TPYHTaX U3MEHSETCS
ot 35,53 no 147,04 mr/kr, conepkanre HePTEMPOAYKTOB B MOJ3EeMHbBIX Bojaax 314,50

MT/mM°.
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(A3C-24)
1o JaHHbIM cKB. Ne7 [70].



[ToBpiieHHble KOHIEHTpaMK HedrenpoaykToB B rpyHtax A3C -24 Ckopee
BCET0 3TO CBS3aHO C:

JUTUTEIBHBIM CPOKOM dKcmutyaTanuu (Oonee 15-20 ner);

OonpIIMMHU 00BeMaMu He(PTETPOAYKTOB, KOTOPHIE PEATU3YIOTCS Yepe3 JaHHYIO
CTaHIIHIO;

OJIN3KUM 3aJIETAaHUEM YPOBHSI TPYHTOBBIX BO/I;

nepepacnpeieieHUeM CTaporo 3arpsi3HEHHUS.

CpaBuuTtenbHO HeOobIoe 3arps3HeHre rpyHTOB A3K Ne21 MOxKHO 00BSCHUTH:

MEHBIIUM CpOKOM 3KcruryaTauuu (10-15 ner);

XOPOIIIUM TEXHUYECKUM COCTOSIHHEM IUIOMIAIKU U 000pYI0BaHMUS;

OBICTPBIM BBIHOCOM 3arps3HUTENSI B MECTA PA3rPY3KH.

CornacHo «MeTtonuueckre peKOMEHIAIMH IO BBISIBICHUIO IETPAJAUPOBAHHBIX U
3arpsi3HEHHBIX 3eMelby (yTB. PockomzemMom 28.12.1994, Muncensxo3npojgom Pd
26.01.1995, Munnpupoasr PO 15.02.1995r.) [90] BeImenstoTcs ClAeAyOMNUE YPOBHA
3arpsi3HeHHs 1MoYB HedTenpoaykraMu: gomyctuMbiit (<1000 mr/kr), auskuit (1000-
2000 wr/kr), cpemnuii (2000-3000 wmr/kr), Bwicokuit (3000-5000 wMr/kr), o4eHb
BbicOKUH (>5000 mr/kr). Takum 06pa3om, rpyHTHI Bbillle paccMOTpeHHBIX A3C UMEIOT
JIOTTYCTUMBIN YPOBEHb 3arpsi3HCHHsS] W TPOBEACHUS MEPONPHUATHI 0 CHUKEHUIO

3arpsi3HeHus He Tpedyercs [70].

3.2 XapakTepucTHKAa 3arpsi3HEHNS MO/3¢MHbIX BOJ HeQTenpoayKTaMu

3arpsi3HEHHE MOA3EMHBIX BOJ] - 9TO HanOOJIee OMACHBIN B 3arpsA3HEHUS, TaK
KaKk 00JaJaeT CIOCOOHOCTBIO OTHOCUTEIHHO OBICTPO PACIpPOCTPAHATHCS MajeKo 3a
npeaensl MepPBOHAYAIBHOTO OdYara W TPOHHWKATh B TIOBEPXHOCTHBIE BOJOEMBI U
BOJIOTOKH, TECHO CBSI3aHHBIE C TPYHTOBBIMH BOJaMH, a TaK k€ K B0J103a00pHBIM
COOPY)KEHHUSM, JKCIUTyaTUPYIOIIMM TMOA3EMHBIE BOJBI JJIs IEJel XO03AiCTBEHHO-
MUTHEBOTO BOJOCHAOKEHUS. BooOIIe COCTOSHHME 3arpsA3HEHHS TPYHTOBBIX BOJI

ABJIAACTCA  YHUBCPCAJIBHBIM  IIOKA3aTCJICM  3arpA3HCHUS re0JIOru4YeCcKoMn CPCAbI
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He(pTENpOAYKTaMH, TaK KaK OHH SBISIOTCA OJHOBPEMEHHO KaK OOBEKTOM
3arpsi3HEHMs], TaK U OOBEKTOM-3arpsi3HUTENEeM. B cuily TOro, 4to IpyHTOBBIE BOJBI
MOJIy4aroT UHPWIBTPALIMOHHOE NMUTAHUE HA BCEH IUIONIA/IA CBOETO PaCIpPOCTPAHEHUS,
OHM 3arps3HAIOTCA IO BCEH IUIOMIAAW, TJI€ TEO0JOTMYecKas Cpeaa COACPKUT
HeTenpoayKThl Kak B CBOOOJHOM (JIMH3a), TaK U B CBSI3aHHOM BHJE (TIOYBBI, 30HA
a’pallii) 3a CYET PACTBOPEHHUS MOCIEAHUX MPOCAYMBAIOIIMMUCI aTMOCHEPHBIMU
ocajlkamu. B nanpHeiillieM Ha IMyTH CBOETO JIBM>KEHHSI OHU MOTYT 3arpsi3HATH JIPyrue
KOMITOHEHTBI OKpY>KaroIIei cpe/ibl, KaKk MPUPOHBIC, TAaK U TEXHOTEeHHBIE [90].

O npesbimienun IIJIK copepxanus HedTENpOIyKTOB B IMOA3EMHBIX BOJAX
teppuropuii A3C m A3K r. ToMcka H3BECTHO IO MarephajiaM WHKEHEPHBIX
U3BICKAHWM,  HAY4YHBIX  HCCIEIOBaHMI, MOHUTOPUHIOBBIX  HCCJEIOBAHUN
reoJIOrTHYecKor cpefibl. JlaHHble 0 coaep:kaHud He(TEPOIYKTOB B MOA3EMHBIX BOAAX

B nipezenax Tepputopuid A3C r. ToMmcka npeacTaBiaeHsl B TaOIHUIE S .

Bcero mnpoananusupoBano 210 mpoO BOJbI, B3ATHIX B HAOMIOAATEIIBHBIX
ckBaxxknHax A3C-3, A3C-4, A3C-5, A3C-6, A3C-21, A3C-24, A3C-28, A3C-32, A3C-
35, A3C-37, A3C-50, A3C-52, A3C-60, A3C-96, A3C-100, A3C-100, A3C-101,
A3C-103, A3C-105, A3C-109 B mepuon c 01.01.2000 mo 31.12.2015. Awnanus
coJiep KaHusi HEPTEPOIYKTOB B MOA3EMHBIX BOJAX IMOKA3bIBACT, YTO KOHIIEHTpAIIHS
u3MeHsietcss B mupokux mnpenenax ot 0,02 mo 16420 wmr/m; Hambosiee BBICOKOE
conepkanre HerenpoaykToB otmedeHo B 2007 roay B mpobax A3C-3 u A3C-28 u

cocraiisieT 6060 mr/n u 16420 Mr/in COOTBETCTBEHHO.
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3MeHeHne KOHIEHTpauruu HeTEPOAYKTOB B IpyHTOBBIX Boaax Tepputopuit A3C u A3K r. Tomcka ¢ 2000-2015 r.

(mo manabM AO «TOMCKI€OMOHHTOPHHI ¥ IaHHBIM Bpakoperko H.H.)

Tabnuma 5

KonnenTpamus HehTeIpoIyKTOB B IIPOOaX BOJBI, MI/I

T'on 3-A3C | 4- 5- 6- 21- 24- 28- 32- 35- | 37- 50- | 52- 60- | 95- | 96- | 100- | 101- | 103- | 105- | 106- | 109- | 110-
A3C | A3C | A3C | A3C | A3C | A3C A3C | A3C | A3C | A3C | A3C | A3C | A3C | A3C | A3C | A3C | A3C | A3C | A3C | A3C | A3C
2000 2,54 1,6 0,22 | 0,44 | 0,37 11370 (0,48 | 0,13 | 7,09 | 0,69 | 9,25 | 0,36
2001 29,78 1,45 |07 0,64 | 275 05 |064|119 |155 |041 |4,52
2002 17,26 18,28 | 18,8 | 0,95 | 0,86 | 15,3 | 2040 171,8 | 0,64 | 9,06 | 47,8 | 28 0,66
2003 59 4,9 635 | 037 | 002 |3 1475,3 | 0,18 035 |306 |008 |05
2005 2,27 1,72 |1 49,1 | 3,53 | 0,3 1,68 | 902 1,67 1,77 | 85 2,56 |354 767019 011|041 |048 |015 0,11 |011
2006 13,4 0,64 |359 (083 |316 |6 1048 0,57 843 | 175 | 264 |20 59 1035|064 012 | 0,88 | 0,13 0,8
2007 6060 125 | 0,23 | 1,46 | 0,08 | 249 | 16420 | 0,29 5,6 142 | 3,9 1,61 | 40 0,7 |0,05 008|187 0,18 0,21 | 0,41
2008 3515 |094 |344 |754 (044 | 17,8 | 536 0,29 0,61 |524 (149 | 161 0,18 0,05 0,15
2009 1920 0,358 | 11,6 | 0,256 | 7,65 | 586 1688 2,06 8,76 | 3,83 | 1,147 |3
2010 3158 |43 5,05 0,047 | 25,44 | 1008 0,42 31,41 0,276 | 3,82
2011 672,5* 155 | 1,07 | 514 | 47 570 7,4 2,69 | 6,39 4,56
2012 7,41 0,3- 2250 1,75 | 48 3,56
27,5
2013 0,83
2014
2015 89 1650
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109 2. Tomcxa ¢ 2000-2015 2. [74]
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[74]
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AHanmusupysi Tpadukd W3MEHEHUS KOHIIGHTpaluu HE(QTENpOIyKTOB B
nom3eMubIXx Bomax Ttepputopuiit A3C 1. Tomcka (puc. 8 m puc. 9), HE0OXOAUMO
OTMETUTh  OTCYTCTBHE  SBHOTO  3aKOHOMEPHOTO  M3MEHEHHS  COJIepKaHUs
HEe(DTEMPOAYKTOB IO TOJaM, YTO CBSI3aHO CKOpPEE BCETO C aBAPUHWHBIMHU YTEUKAMH U
CpPOKaMH KCIUTyaTalluy 3TUX 0OBEKTOB.

MakcumanbHble KOHIIEHTpAlMM He(PTENnpOAYKTOB XapaKTepPHBI JJIsi MOA3EMHBIX
Bog A3C-3, A3C-4, A3C-5, A3C-24, A3C-28, A3C-37, 4T0 CBSI3aHO C JJIMTEIHLHBIM
cpokoM Hdkcrutyatauuu  (Oonee 15-20 meT) W 3HAYUTEIBHBIMU  OOBEMaMH
HEe(PTENPOAYKTOB, KOTOPBIE PEATU3YIOTCSl Yepe3 JaHHbIe CTaHIMH, T.K. PACTIONOKEHbI
OHM Ha YJWIAX C WHTEHCUBHBIM JBM)KeHMEM aBToTpaHcnopra. B 1970-1990 rr.
JOJDKHOTO BHHMAHUS 3aIIATE OKPYXKAIOMIEH Cpelbl HE YIEISJI0Ch, a IPOIUBBI
He(TENPOYKTOB U WX HAKOIUICHUE B TPYHTOBBIX BOJAaX BIIOJHE MOIJIM BO3BHUKHYTH
BCJICJICTBHME HEUCIPABHOCTU OOOPYJAOBAHMS MM OTCYTCTBHSI JIMBHEBOM KaHAIM3aIUU
[74].

MunumansHOe (CpaBHUTEIBHO HEOOJBINOE) 3arpsizHeHue xapaktepHo aisa A3K
Ne21, A3C No52, Ne95, Nel0O, NelOl, Nel03, NelO5, Nel06, Nel09, Nell0O. Oto
CBSI3aHO C MEHBIIUM CPpOKOM 3KcrutyaTanuu (10-15 nert), 6osee riryOOKHUM 3alieraHueM
yYpOBHsI TPYHTOBBIX BOA (11-16 MeTpoB), OBICTPHIM BBIHOCOM 3arps3HUTENS B MeCTa
pasrpy3ku (XapakTepHO MJid IUIOMIAJOK, PACHOJIOKEHHbIX B TmoWMe p. Towb,
Harpumep, A3C Ne2l), a Takke XOpOIIMM TEXHUYECKUM COCTOSHUEM ILIOMIA/IOK,
CBOEBPEMEHHBIM PEMOHTOM 000py/0OBaHUA, UCKIroYaronmM (unsrparuio HII BHU3
o paspesy [74].

Takum 00pa3oM, CTENEHb 3arps3HEHUs] TPYHTOB U  TMOJ3EMHBIX BOJ
Heprenpoxykramu A3C u A3K 3aBucut B OOJbIIeH CTENEHH OT CICAYIOIIUX
(dakTopoB: penbed U TEOJOTMYECKOE CTPOEHUE, THUIPOreOJIOTMYECKUE YCIOBUS,
MPOHUIIAEMOCTh TPYHTOB, CJIATalOIIUX Pa3pe3 30HbI a’paluu, 00bEMOB PeaTN3yeMbIX
He(TETIPOTYKTOB.

VYuuteiBas TOT (akT, 4YTO cojeprKaHue HEePTENPOIYKTOB B MOJ3EMHBIX BOJA T.

Tomcka (B mnpenenax A3C) 3HauutenbHo mnpesbimaer I[IJIK v 1gaHHBIM  BUI
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3arpsi3HEHUS SIBJSIETCS HaumOojiee OMacHbIM, TaK KakK o0JlaJaeT CrIoCcOOHOCTHIO
OTHOCHUTENFHO OBICTPO PACIPOCTPAHATHCS AAEKO 3a Mpeesibl NEpPBOHAYAIBHOTO
oyara Mbl IIpeaJlaraéM palOHUPOBATh TEPPUTOPHUIO TMPOEKTUPYEMOTO OOBEKTa
cTpouTenbCcTBa (MukpopaiioHna «HOBBIM TOpoa») MO CTENEHU 3alUIIEHHOCTU

MOA3EMHBIX BOJI JUIsl BEIOOpa onTuMalibHOro pasmertenust A3C.
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4.6 PaiionupoBanue TeppuTopun Mukpopaiiona «Hosblii ropoa» no
CTeNeHH 3AINIIEHHOCTH MOA3€MHBIX BOJI

PalionupoBanue tepputopun MukpoparoHa «HOBBIM TOpOm» MO CTENECHU
3aIUIICHHOCTH TOJ3€MHBIX BOJI HEOOXOJMMO, TaK Kak 3TO TO3BOJUT BHIOpaTh
ONTUMAJIbHBIA BapHaHT pa3MmelleHuss mnpoektupyeMod A3C W MHHUMU3UPOBATh
HEraTUBHOE BO3JEHCTBUE HA T'€OJIOTUYECKYIO CPEY.

B 0CHOBY KapThl HHKEHEPHO-TE€OJOrNYECKOI0 palOHUPOBAHMS ObLIa MOJIOKEHA
Meroauka [ompabepra B.M. mo OlieHKE CTENEHU 3alllMIIEHHOCTH JUTOChEphl U
TI0JI3eMHOU THAPOC(EpBI OT MPOHUKHOBEHUS BPEIHBIX KOMIIOHEHTOB [27].

Cornacno onpenenenus ['onpaoepra B.M. mnon 3amuineHHOCTHI0 TOA3EMHBIX
BOJ OT 3arpsi3HEHUs MPUHATO MOHUMATh IMEPEKPHITOCTh BOAOHOCHOTO TOPH30HTA
OTJIOKCHHUSIMU W TPEXKJAE BCEro CIadOMPOHUIIAEMBIMHU, KOTOPBIE MNPENATCTBYIOT
IPOHUKHOBEHUIO B HETO 3arps3HAIONIMX BEMIECTB C MOBEPXHOCTH  3EMIIU.
3aIUIEeHHOCTh TOJA3EMHBIX BOJ 3aBUCUT OT MHOTHX (DAKTOPOB, KOTOpPHIE MOXKHO
pa3ieuTh Ha OCHOBHBIE TPYIIIBI — MPUPOJHBIC, TEXHOTCHHBIC, PU3UKO-XUMUUYECKUE
[27].

K OCHOBHBIM NpPUPOJHBIM (haKTOpaM OTHOCSTCS: HaJU4HMe B pa3pe3e MOpoA
C1a0ONPOHUIIAEMBIX OTJIOKEHUH; TITyOMHA 3aJeTaHusl MOA3EMHBIX BOJ; MOIIHOCTH,
JTUTONIOTUST ¥ (PUIbTpAllMOHHBIE CBOMCTBA TMOpoJx (B  TEPBYIO  OYEpEenb,
c1a00NPOHUIIAEMBIX), TEPEKPHIBAIOIIMX BOJOHOCHBIM TOPU30HT; MOTJIOUIAOIINE
(copOIIMOHHBIE) CBOMCTBa TMOPOJA; COOTHOIIEHHWE YPOBHEH HCCIEAyeMOTO |
BBIIIIEJIEKAIIETO BOJOHOCHBIX TOPU30HTOB.

K TtexHOoreHHbIM (hakTOpaM OTHOCSTCS YCJIOBHUSI HAXOXKJCHUS 3arps3HSIOIINX
BEIIECTB HA TOBEPXHOCTHM 3E€MJIM (XpaHEHHE OTXOJOB B  HAKOIMTEISX,
UTAMOXPAHWIIMIIAX, COPOCHBIX KOTJOBaHaX M APYIHMX MPOMBILUICHHBIX OacceiHax,
cOpOC CTOYHBIX BOJ Ha TOJIS (PUIBTpAIMU, OPOIICHWE CTOYHBIMU BOAAMHU H JIp.) U
ONpENENISIEMbII  3TUMU  YCIOBUSIMU XapakTep MPOHUKHOBEHHMS 3arps3HSIONINX
BELIECTB B MMOA3EMHBIE BOJIBI.

K ¢dusuko-xumudeckum ¢daktopaM OTHOCSTCS CHenupUYecKue CBOWCTBA
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3arpsI3HAIOIINX BEIIECTB, MX MUTPALIMOHHAS CIIOCOOHOCTh, COPOUPYIOIIETO BEIIECTBA,
B3aUMOJICCTBUE 3arps3HSIIONIMX BEIIECTB C TMOPOJaMH, BpeMsl pacmajaa, Wiu
XUMHYECKast CTOMKOCTD 3arpsI3HUTEIIS.

3aIUIIEHHOCTh OJIHOTO U TOTO K€ BOAOHOCHOT'O TOPU30HTA OyJIET pa3inuHOMI
B 3aBHCHMOCTH OT XapakTepa cOpoca 3arpsi3HSIONMX BEIIECTB Ha MTOBEPXHOCTh 36MITH
U WX TocheAyromeil (uipTpanud B BOJOHOCHBIH TOpPU30HT. Tak, BOJOHOCHBIM
TOPU30HT MOJXKET OBITh JOCTAaTOYHO XOPOIIO 3allUIIeH I10 OTHOIICHHIO K
AMU30IUYECKUM U HEOONBIINM 0 KOJUYECTBY cOpOCcaM 3arpsA3HSIONIMX BEIIECTB Ha
MOBEPXHOCTH 3eMJid. M1 HA000pOT, ATOT K€ BOJAOHOCHBIM TOPU30HT MOXKET OKa3aThCs
MPaKTUYECKH HE 3aIUIICHHBIM B Cllydae (DUIbTpAIMU CTOYHBIX BOJ M3 KPYITHBIX
MOBEPXHOCTHBIX XPAHUJIMII] OTX0/I0B [27].

OrmeHka CTEMEeHW 3alIUIIEHHOCTH JAeTCs C  YYETOM YEThIPEX OCHOBHBIX
noKasaTeyield: TJIyOMHBI 3ajeraHus BOJIOHOCHOTO TOPHU30HTA (MOITHOCTH 30HBI
a’pallin); JJUTOJIOTUH TIOPOJ 30HBI adpallui; MOITHOCTH CJIA0OMPOHUIIAEMOTO CJIOS B
paspese 30HbI a’panuu (Mp); GUIBTPALIMOHHBIX CBOMCTB MOPOJ 30HBI a’paiuu (depe3
JUTOJIOTUYECKUM COCTaB).

BeiessiroT st rpanun rayouH (H) 3aeranus BOJOHOCHOTO TOpU30HTA (TaldI. 7).

Tabmuma 7
PamxupoBaHue KOMIIOHCHTOB IPUPOIHBIX yCIIOBUil 10 riryoune [8]
I'nmyOuna ypoBHs rpyHTOBBIX BoA (H), M
<10 10-20 20-30 30-40 40-50

1 2 3 4 5

[lo nuTOMOTMM W COOTBETCTBEHHO TO (HUIBTPAIMOHHBIM CBOWCTBAM  Clia-
OOTPOHMIIAEMOTO CJIOSI OTJIOKEHHSI JICJIAT Ha TPU TPpymIisl (Tadm. 8):

- TpyIa «a» — CylnecH, Jerkue cyrnuHki (kg 0,1-0,01 m/cyr);

- rpymnmna «0» — CyrjJIuHKH, necuyaHucTsle TuHbl (K¢ 0,01-0,001 m/cyT);

. TpyIma «B» — IIUHBI TsDKebIe (Kg < 0,01 m/cyT).
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Ta0mumna 8.

PaH)KI/IpOBaHI/Ie KOMIIOHCHTOB HPUPOAHBIX YCJIOBI/Iﬁ II0 MOINIHOCTHU MW JIHUTOJOI'Nu

ciabonponuiiaeMoro cios [8]

MormtHoCTb (M) ¥ UTONOTHS (2, O, B) CITA0OMPOHHUITAEMOTO CJI0S

mo<2 2-4 4-6
a 0 B 0 B a 0 B
1 1 2 3 4 3 4 6
6-8 8-10 10-12
a 0 B 0 B a 0 B
4 6 8 7 10 6 9 12
12-14 14-16 16-18
a 0 B 0 B a 0 B
7 10 14 12 18 9 13 18
18-20 >20
a 0 B a 0 B
10 15 20 12 18 21

CymMma OaminoB, oOycCJOBIIGHHAsl TpajalusMU TIyOWH 3ajieraHusi YpPOBHS TPYH-

TOBBIX BOJ, MOIMHOCTBIO U IIPOHUITACMOCTBIO CHa6OHpOHI/IHa€MOFO CJ104, onmpeaciacT

CTeIEHb 3aIUIIICHHOCTH TPYHTOBBIX BOJ U TOPHBIX MOpo1 (Tadi. 9).

I xkareropuss — HaumeHee OnaronpusartHas; VI karteropuss — HauOoiiee Ona-

TONPHUSATHAS.
Tabnuma 9
Kareropuu 3aiuieHHOCTH TEPPUTOPUH TI0 cyMMe 0aiioB [8]
Kareropus 3anumeHHocTr
I I Il v \/ Vi
TEPPUTOPHH
CymMma 6aisioB <5 | 5-10 |10-15 | 15-20 | 20-25 | >25
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Takum 0Opa3om, ¢ y4ETOM BBIIIIE U3JI0KEHHBIX (PaKTOPOB U UX CYMMapHOU
OLIEHKHM I BCEX TEPpUTOpUN MUKpoparioHa « Hossii ropoa» r. Tomck
BBISIBJICHO 2 KaTETOPHUH 3aIMILIEHHOCTH TPYHTOBBIX BOJ:

- I kaTeropus;

- IT xareropus;

Kapra HUHKXEHEPHO-TE€OJIOTUYECKOTIO pPaliOHUPOBAHMS TEPPUTOPUU
MuKkpopaitona «HoBbIil ropoay» npeacTaBieHa rpad@uyecKoM NPUIoKeHn! 4.

TaxuMm o0pa3oM MOXXKHO peKOMEH0BaTh pasdmelieHne HoBoi A3C B mpezaenax
Il xaTteropuu, 3TO NMO3BOJIUT B HEKOTOPOW CTENEHUW CHU3UTh HETaTUBHOE BIIUSHUE
He(TENPOAYKTOB Ha T€OJIOTUYECKYIO CPELY.

Br16op ontumansHoro BapuanTa pazMenieHuss A3C B MIPOEKTUPYEMOM pailoHe
«HoBBIN TOPOI» MOJHOCTBIO HE MCKIIOYAKOT BO3MOXKHOTO ITOBBIIIEHUS COIEPKAHUS
He(TENPOAYKTOB B IPYHTAaX M MOJ3EMHBIX BoJax. B cilyuae MOBbIIIEHUSs COAEpKaHUS
HE(TENPOAYKTOB M3-3a IKCIUTyaTallud JaHHOTO O0BEKTa HEOOXOAUMO MPOBOJUTH
MEpONPUATHA 1O CHIKECHHMIO 3arpsi3HEHUS Te0JOorndYeckor cpenpl. JlaHHBIE
MEPOIPUITHS. MOTYT OBITh IPOBEACHBI PA3IMYHBIMU METOJaMH, O KOTOPBIX HanboJiee

IIPUBEHO B Iiase 8.
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8.3 MeponpusiTus 10 CHUKEHHIO 3aTPSI3HEHHS I'e0JI0THYeCKOil cpeabl
He(TEeNnPOAYKTAMM.

B rnaBe 1 Ob110 OTMEYEHO, YTO 3arpsi3HEHHE IE€OJIOTMYECKOU CPe/ibl MPOUCXOIUT
Ha BCEX JTamax XO3SAWCTBEHHOW JEATENbHOCTH, HAayWHAsg OT JA00bMM HepTH U
3aKaH4YMBasl XpaHEHUEM U pacipeielieHueM He(TernpoayKTOB.

OCHOBHBIM TPUYUHAMHU YIJIEBOAOPOIHOTO 3arpsi3HEHHS] T'€OJIOTUYECKOW CpEJIbl
ropona Tomcka SBISIOTCS aBAPUMHBIE U IITATHBIC YTEYKH C MPEANPUATHN XPAHECHUS U
nepepadoTku HedTH, HedTeba3 u MHorounciaeHHbIx A3C, A3K.

[Tpoextupyemas A3C OymeT pacroioeHa yKe Ha TEPPUTOPHH, T/I€ COICpKAHUE
He(TENPOAYKTOB B TPYHTaX M MOJ3EMHBIX BOJAX MPEBBIIIAET (DOHOBBIE, U TIPH 3TOM
cama OyJIeT SIBISATHCA MOTEHIIUATBHBIM UCTOYHUKOM 3arpsi3HEHUS.

[Ipu panpHevmen skcmuryataiud A3C BO3MOXKHO TOBBIIICHUS COJEPKAHUA
He(TENpPOAYKTOB B TPYHTaX MW TMOA3EMHBIX BOJAX H3-3a MepepachpenesieHus
CYILLECTBYIOLLIEIO 3arpsi3HEHUs WJIA BO3MOXXHOI'O 3arps3HEHUs OT JKCIUIyaTaluuu
0OBEKTA.

Takum oOpa3oMm, HEOOXOJUMO pPacCMOTPETh MEPONPUITHUS IO CHUYKEHUIO
3arpsi3HEHHS] TE€OJIOTUYECKOM cpelbl He(TEeNpoAyKTaMH, TaK KakK IOBBIIIEHHOE
coJiepkaHre He(TENpOAYKTOB B TPYHTaX W IOJ3EMHBIX BOJAX MOXKET HETaTUBHO
OTPA3UTHCA HA YCTOMYMUBOCTH COOPYKEHUMU.

VYTepsiHHbIE B pe3yibTaTe TEXHOJOTMYECKUX M aBAPUUHBIX yTeUeK Hed-
TEMPOIYKTHI MTPOCAYMBAOTCA B 3€MIII0 M YE€PE3 MOPOJbI 30HBI a’PALMH JAOCTUTAIOT
NEepPBOr0 OT TOBEPXHOCTH BOAOHOCHOTO Tropu3oHTa. [loCKOJBKY mMOJaBistolIEe
OOJBIIMHCTBO HE(PTEMPOIYKTOB JIErdye BOJIbI, OHM HAKaIlJIMBAIOTCS HA MOBEPXHOCTH
TPYHTOBBIX BOJI, 00pa3ys MOANOBEPXHOCTHBIE CKOTIICHUS («JTMH3BDY) HE(QTEPOIYKTOB
pPa3IUYHOro pa3Mepa U KOHPUTypaluu, MiaBarwliie Ha MOBEPXHOCTH TPYHTOBBIX BOJI
Y JBIKYIIHAECS BMECTE € MOCIEAHUMH K MECTAM MX Pa3rpy3KH - €CTECTBEHHBIM (PEKH,
MOpSI YU T.JI.) WU HMCKYCCTBEHHBIM (BOJ03a00pPHBIC CKBAXKUHBI, KOJOJIIIBI, APEHBI U
T.11.). [Ipu 3TOM 00pa3yeTcst HeCcKOJIbKO BUI0B 3arpsizHenus [90]:

— 3arpA3HCHHUC IMOYBO-TPYHTOB,
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— 3arpsi3HEHHE TPYHTOB 30HBI a3palliu;
— 3arpsi3HCHHE TOPU30HTA TPYHTOBBIX.

VYkazaHHbIC BUABI 3arPS3HEHHS T€OJIOTHYECKON Cpebl TECHO B3aMMOCBSI3aHBI U
OKa3bIBAIOT HETOCPEJCTBEHHOE BIMSHUE HA XapaKTep U MacIITaObl 3arps3HCHUS JIPYyT
Apyra.

Koponer B.A. Ha3piBaeT BeliecTBa, HE paszjararoiiygecs CamMoNpoOH3BOJBHO B
rCOJIOTHYECKOM  cpelle WM  paszjararomyecs:  Ype3BbIYaliHO  MEJJICHHO
«KOHCEPBATHBHBIC 3arpsS3HUTEIN». OTy TPYIIy 3arps3HUTENCH BXOIAT He(TSIHBIC
yriieBoiopoibl (ocobeHHo ponroxkuBymue) [44]. CamoouuilieHHEe OT TaKUX ITHUX
BCIIIECTB MMEET KAKYIIUHCSA XapakTep, TaK KaK JTH BEIIeCTBA CIOCOOHBI JIHIIb
niepepacpeeIsIThCS WIIH PACCEUBATHCS B TEOJIOTHIECKOM Cperie.

YMEHBIIIUT, HETaTUBHBIC IOCICACTBUS 3arps3HEHUs] T€OJIOTHYECKOM CpeIbl
HEe(PTEPOAYKTAMH MOXHO C TIOMOIIBIO PA3IUYHBIX MeponpusaThii.  OTaeibHbIE
MOHOTpadUU MOCBSIIEHBI METOIaM OYHNCTKH IPYHTOB OT 3arps3Huteci [44].

OTeuecTBEHHBIN U MUPOBOI PHIHOK M IPEIararoT MUPOKUMA Juaria3oH CPeCTB
U TEXHOJIOTHH I 00e33apaKWBaHWS W YTWINM3AIUH HEPTEOTXOMOB M OYHCTKH
3arps3HEHHBIX 3€Mellb U BOJ OT HePTenpoayKToB. DUIMKO-XMMHUYECKHE Xapak-
TEPUCTUKH BOJBI U MOYB U KJIMMATHYCCKHE YCI0BUs Poccun BechMa pa3HOOOpA3HBI H,
COOTBETCTBEHHO, TPEOYIOT N HEepEeHIIMPOBAHHOTO MOAX0a K BEIOOPY ONTHMAaIbHBIX
BapuanToB [30].

CymiectByronie MeToAbl O4YMCTKU [44] Tepputopuii OT HedTe3arpsA3HEHHI
MOYKHO Pa3CIUTh Ha HECKOJIBKO TPYIIIL:
dusnueckne (MEXaHWUYECKash OYHMCTKA) -  yOalieHWe 3arpsi3HUTENIS W3  Cpeipbl
MEXaHUYCCKUM, THIPOIUHAMHYCCKUM, a3POTMHAMHUYECKUM CITIOCOOOM.
DOU3UKO-XUMUYECKUE — HU3MEHECHHUE CBOMCTB 3arpsi3HUTENSI B CpEll€ C ITOMOIIBIO
Pa3IMYHBIX PEAreHTOB U €0 MOoCIeayroIIee GU3NIECKOE YAAICHUE U3 CPEIbI.
XUMHYECKHE — BHECEHHE B 3arpsA3HEHYIO CpEay BEIIeCTB, KOTOPHIE MOJHOCTHIO

HEUTPAIU3YIOT UJIN YCKOPSIIOT €ECTECTBEHHYIO JECTPYKLHUIO 3arPA3HUTENS.
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4. buonormueckre — BHECEHUE B Cpey OaKTepHil JECTPYKTOPOB 3arpsi3HUTENS, ACHCTBHE
KOTOPBIX MPUBOJUT K YCKOPEHUIO MPOLECCA CAMOOYNIIEHUS CPEJIBI.

O pa3nuuuu TEXHOJOTHI OYMCTKH HePTE3arpsi3HEHHBIX TEPPUTOPUN B FOKHBIN
U ceBepHBIX perroHax Poccum otmeuator Tepemenko H.H., Jlymuukos C.B. [54],
Anexun B.I'., EmiieB B.T., Poro3una E.A., ®axpyraunos A.U. [2].

Hamnpumep, 60JbIIMHCTBO CIOCOOOB PEKYJIBTUBAIIMU HEPTE3arpsI3HEHHBIX MMOYB
pa3paboTaHo 11 TOPMAHBIX M JEPHOBO-TIOA30JIMCTHIX IOYB CEBEPHBIX OOIACTeM,
NPUYPOUYCHHBIX K OCHOBHBIM peruoHaMm HedrenoObluum Hamed crpanbl. B aTHx
pPErHoHax MIPOLECCHl €CTECTBEHHOIO CAMOBOCCTAHOBJIEHUS HCXOJHOIO ILIOJOPOIUS
MPOTEKAIOT YPE3BBIYANHO MEJICHHO HW3-32 HU3KOW 3KOJOTHMYECKOW YCTOMYMBOCTU
CEBEpHBIX MOYB. KOpOTKH JIETHUI NEPUOJ NMPU HU3KUX 3HAYEHUSAX CPEAHETOHOBBIX
TeMIepaTyp U BBICOKass OOBOJHEHHOCTb JaHAA(TOB eiie Oosiee yCyryOmstoT
cutyauuio [54]. OnHako U Npu peKyIbTUBALIMM TAKUX MOYB KaK YEPHO3EMbI CpEIHEM
nosiocel Poccum  Takke NPUXOAWTCA CTAJKMBATBCSI C BECbMAa HENPOCTBIMU
npobnemamu. Eciu Ha ceBepe OCHOBHBIM JUMUTHUPYIOIIUM (PAKTOpPOM SBISIOTCA
HU3KHE CPEHEr0JI0BbIE TEMIIEPATYyphl, TO, K puMepy, B Camapckoii, CapaToBCKOil n
npyrux obnactsax IloBomxkss, a Takke B [Ipukacnuiickoit Hu3MeHHocTH Kazaxcrana
IPOLECCHl CAMOBOCCTAHOBIJIEHUSI HE(TE3arps3HEHHBIX MMOYB B 3HAYUTENbHOIN CTENEHU
OTrpaHUYEHbl OCTPBHIM HEIOCTATKOM IOYBEHHOM BIarn M HEOOJBIIMM KOJIHMYECTBOM
0CaJIKOB B JICTHUH niepuo [55].

OpnnHoit u3 >(P¢eKTUBHON TEXHOJOTUN pEeKyIbTHUBAMKA  (OHOpeMearaIivm)
He(dTe3arpsA3HEHHBIX 3€MEJIb SBIIAETCS, pa3padOTaHHAs! U BHEAPEHHAs CIIELIMAIMCTaMU
OOO HTO «ITpubopcepsucy» u Tomckoro I'ocynapctBenHoro YHuepcuteta [55]. B
OCHOBY TEXHOJIOTMH TOJOKEH KOMIUIEKC arpOMEIMOPAaTUBHBIX MEPOIPUSATHUH,
HaIlpaBJICHHbIX HA MAaKCHUMaJIbHOE  CTUMYJHMPOBAHHME AKTUBHOCTH aOOPUTEHHOMU
YIJIAEBOJOPOAOKUCISIONIEH ~ MHUKPO(IOpHl  MyTeM  BHECEHHMsS  MEJIHOpPAHTOB-
AJIFOMOCUJIMKATOB, 00JIaJalONINX COPOUPYIOLIMMU U KaTATMTUYECKUMH CBOMCTBaMH, B

COUYETaHUU C JO3UPOBAHHBIM BHECEHHEM MHUHEPAJIbHBIX yI0OPEHHUIA,
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AHanornyHasi TEXHOJOTHS, HO I WCTOJIb30BaHUS B YCIOBUAX KpaWHETo
ceBepa, mnpemnaraercs uccnenosareisimu JI. Kpxwnxk, 1. Yenenakosa, I1. Moreiins, U.
C. IMTamxkoBckwuii [50].

[Mamaruna A. A., bakyne JI.C., AxmemxkanoB P.P. [78] ormewarot, 9To ¢
MOMOIIbI0 OMOJIOTMYECKMX METO/IOB, OCHOBAaHHBIX Ha MPUMEHEHHH MPUPOJIHBIX
IITAMMOB MHUKpPOOPraHU3MOB, 3a 3 ToOJa pPEKYJIbTUBALMH MOXHO TMOJHOCTHIO
BOCCTAaHOBUTH IUIOAOPOJNE He(Te3arps3HEHHBIX MOYB NMPU yPOBHE 3arps3HEHUS, HE
npesbimaomeM 10—15% ceipoit HedTH K Macce mouBbl. B cimydae Gojiee BBICOKHX
KOHIICHTpAIlUi  3arpsi3HSIONIMX  BEIIECTB  OMOBOCCTAHOBJICHHE II€JIECOO0pPa3HO
KOMOWHHUPOBATh C PU3NISCKUMH B (PU3UKO-XUMUIECKUMH METOJaMHU OUHCTKH.

B.II. Cepenuna npejiaraeT mpu peKyJIbTUBALIMK HEPTE3arpsi3HEHHBIX 3€Meb
ceBepa Tomckoil 00nacTH B KadyecTBE YJIOOpEHHS M COpOEHTa MCIOJIb30BaTh
npupoansiii Topd [58]. UcnonszoBanue Topda B KadecTBe yAoOpeHHs U copOeHTa
JNEUCTBUTENTLHO HMMEET psAJl NPEUMYIIECTB TaK KaK OH SBJSETCS JOCTYHNHBIM U
JICTIEBHIM.

O mepcrekTUBax MUPOKOTO HCIOIb30BaHUS TOpda U €ro MpOU3BOJHBIX MPH
pEKyIbTUBALMK He(Te3arpsi3HeHHbIX 3eMelb Takxke otmedaeT A.C. Kpemuc. Ilo ero
MHEHUIO UCIOJIb30BaHUS Topda  ABIAETCS  ONTHUMAIbHBIM  BapHAHTOM IO
3G ()EKTUBHOCTH M CTOMMOCTH pabOT MO BOCCTAHOBJIEHUIO He(]Te3arpsa3HEHHBIX
3emens [49].

E.A. MoHaxoBa OTMEYaeT, YTO IOCJI€ 3aBEpUICHHs] OMOJIOTMYECKOTo 3Tara
PEKYJIbTUBALMM 3€MEJb HEOOXOAMMO NPOBOAUTH pPaldOThl MO BOCCTAHOBIICHHUIO
pPacTUTENBHOIO TOKpOBAa — TMPOM3BECTH BBICAAKY BHUIOB TpaB, CaXECHIEB
KYCTapHUKOBOW U JIPEBECHOW PACTUTEIBHOCTH, PAHEE IPOM3PACTABIIMX HA JTAHHOMU
Teppuropuu [57].

JlukBumanmsi ~ MOA3EMHBIX  3arpsi3HEHUNW  TPYHTOB  He(TENpOayKTaMH
mpeacTaBisger 0Oojee  CIOXKHYI0 HWHXEHEPHYIO  3ajady, 4YeM JIOKaJIu3aluu
MOBEPXHOCTHOTO 3arpsi3HEHUS] TPYHTOB. JIMKBUOAMsl TMOA3EMHBIX 3arpsi3HEHUI

He(DThIO M HePTENPOIYKTaMU B OOJIBIIMHCTBE CIy4aeB MPOM3BOJIUTCS B JBa dTama:
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TeXHUYECKUU W Omosormueckuii. Ha mepBoMm sTame B paMkax KOHTypa HE(TSIHOTO
MOJ3EMHOTO 3arps3HEHUs] MPOU3BOAUTCS OypeHHE HArHETaTENbHBIX W JPEHAXKHBIX
CKBakuH. Uepe3 HarHeTaTeNbHbIE CKBAKUHBI MI0JIA€TCS BOJA MO TaBJICHUEM, KOTOpas
BBITECHSICT HEPTEIPOIYKTHI B APCHAKHBIE CKBAXUHBI. V3BiIeueHHbIE HEPTETTPOAYKTHI
YTHIU3UPYIOTCSI TEPMUYECKUM WM MHBIM CTaHIApTHBIM criocoOoMm. buonormueckuii
JTAll  3aKJIOYAeTCS B 3aKayke Yepe3 CUCTEMY HArHETATENbHBIX CKBAXKHUH
OMOJIOTMYECKUX  MPEnaparos, CTUMYJIUPYIOIIMX  YTJIEBOJOPOAOKHUCIISIIONIYIO
mukpoduiopy [55].

B cmydae, momgzemHOoro He(TSHOTO 3arpsi3HEHWS Ha HEOOJBIION TIyOWHE
OTHOCHUTEJIbHO TMOBEPXHOCTU 3€MJIM BO3MOKHO IPOBECTU BCE HEOOXOIUMBIE PaOOTHI
0 €ro JIoKau3auu 0e3 OypeHusl HarHeTaTeNbHbBIX U JPEHAKHBIX CKBAKUH; B paMKax
KOHTYypa MOJ3€MHOTO HE(TSHOIO 3arpsi3HEHUS YCTPAUBAECTCS CHUCTEMa JIPEHAXKHBIX
KAaHAJIOB M MPOU3BOJUTCS BBIMBIB HE(DTENPOAYKTOB HA MOBEPXHOCTh U UX COOp s
JAIbHEUIEH YTUIU3ALUH.

B ciyuae, moazeMHOro 3arpsi3HEHUs] B OTHOCUTEIBLHO HEOOJIBIIOM CJIO€ TPYHTOB
Ha HEOOJBIION TIyOMHE OTHOCUTEIBHO TOBEPXHOCTU 3EMJIH, ONTUMAJIbHBIM
BAPUAHTOM JIOKAJIU3alluu SIBJISIETCS] BhIEMKA 3arpsi3HEHHOTO TPYHTa M €ro 00padoTka
OMOJIOTUYECKUMH WJIM BBICOKOTEMIIEpaTypHbIMU MeTonaMu. [locie oOe3BpekuBaHuUs
IPYHT BO3BpamaeTcsi o0paTHO.

Croutr OTMETUTH, 4YTO padoTaM IO JHUKBUAAIIMU TOA3EMHBIX 3arpsi3HEHUN
HeTenpoayKTaMu Bcerga MPEaIIeCTBYIOT padOThl MO OOCIIEIOBAaHUIO BO3MOYKHOM
TEPPUTOPUM  TOJ3EMHOTO  3arpsi3HEHUs,  JIOKadu3allid  MOJ3E€MHOW  JIMH3HI,
BKJIIOUAIOIINE B ce€0s UCCIEOBAHUE TEPPUTOPUN C MPUMEHEHUEM T'e€OPU3HUECKUX U
T€OXUMUYECKUX METOJI0OB, OypeHHE KOHTPOJBHBIX W HAOII0AaTEeIbHBIX CKBAKHH,
oTOOp NPOO BOJBI U MOJI3EMHBIX TPYHTOB Ha COAECpPKaHUE HEPTH U HEPTENPOIYKTOB,
MOHOJIUTOB. [lo mToram oOciemoOBaHMs OMPEAEISETCS MPUOIU3UTEIBHBIA KOHTYP U
IJIONIA/Ib 3aJeraHusl MOJA3EMHOM JIMH3bI M COCTABJISETCS MPOEKT HA JMKBUIALHUIO
MOA3EMHOT0  3arpsi3HEHHUs, KOTOPBIH COTJIACOBBIBAETCA C  KOHTPOJUPYIOUTUMHU

opraHamu. OmnucaHHas BBIIIE TEXHOJOTHS OYMCTKH IMOA3CMHBIX 3anﬂ3HeHI/II\/JI
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MO3BOJISIET CHU3UTH CcojiepkaHne HeTH U HE(DTETPOAYKTOB B IMOJ3EMHBIX TPYHTAX Ha
60-70% [54].

[IpumMeHeHne Ha3BaHHBIX OMOJIOTMYECKUX METOJIOB OYMCTKUA TPYHTOB XOPOIIO
NOAXOAUT [JIsi TNPUMEHEHUS Ha TEPPUTOPHUAX, TAE€ OTCYTCTBYIO CTPOCHUS W
coopyxeHus. Ha 3acTpOeHHBIX TEpPUTOPUSIX MEPE] MPUMEHEHUEM TaKUX TEXHOJIOTUI
HEOOXOJMMO TPOBECTU HCCIEAOBAaHUS KaK M3MEHATCS CBOMCTBAa TI'PYHTOB H3-3a
MPUCYTCTBHS HEPTEIPOIYKTOB U MUKPOOPTAHNU3MOB, UX pa3Jlararoinx.

HUccnenoBarenu K. B. Twurtos, FO0. T. Mneun, II. K. KoHocaBckuii, A. B.
MycmumoB, O. B. Pwibampuenko, O. I'. Opmoa, A. MeHO BBISICHWIHM, YTO
MPUCYTCTBUE HEPTENPOTYKTOB U OAKTEPUd AECTPYKTOPOB NPUBOAUT K 3HAUUTEIbHBIM
M3MEHEHHUSIM CBOMCTB IMECYaHBIX TPYHTOB [/6]. MI3MeHeHHe CBOMCTB IPYHTOB MOMKET
HEOIAronpusiTHO OTPA3UTHCS HA YCTOMYMBOCTH 3JaHUI U COOPYKEHUH.

B pab6orax H.H. BpakopeHko Takxke OTMEYEHO BIUSIHUE HEPTEIPOIYKTOB Ha
neTporpaguyeckuil coctaB Mmopoj U (HPU3MKO-MEXaHMYECKHUE CBOMCTBA I'PYHTOB (Ha
npumepe r. Tomcka) [16].

HauGoinee ObICTpO CHIDKEHHS COJIEp KaHUSI KOHIEHTpAIMK HEPTEIPOIYKTOB B
TPYHTOBBIX BOJAaX MOXKET OOECMEeUUTh UX OTKAyKa, MOCJIE YEro B 3aBUCHUMOCTH OT
CTETICHU 3arpsi3HEHHs BBITIOJIHACTCS WX OUYMCTKA W 3aKayuBaHUE OOpaTHO WU
YTUIN3ALMS Ha CIEHUAIU3UPOBAHHOM NpeanpustTiu. CylecTBYEeT U alIbTepHATUBHAS
TEXHOJIOTHS CHUIKEHUSI KOHIICHTpaluu He(TEeNpPOayKTOB B TPYHTOBBIX Boaax (0Oe3
OTKA4KH); JTaHHOW TEXHOJIOTHsI BKJIIOYAI0 TMOJady B 3arpsS3HEHHBIN BOJOHOCHBIN
TOPU3OHT OaKTEpUil-IeCTPYKTOPOB HE(PTENPOIYKTOB U KUCIOpoaa. BoccTraHoBieHue
KauyeCcTBa TPYHTOBBIX BOJ TaKUM CHOCOOOM XOPOIIO MPUMEHUMO Ha OTHOCUTEIHHO
HEOOJIBIIUX MPOCTpaHCcTBax, Hanpumep s Tepputopuii A3C u A3K.

JI1s Tokanu3aiuy MOBEPXHOCTHOTO 3arpsi3HEHUSI TPYHTOB HEPTEMPOAYKTaMU B
npeaenax Tteppuropuii A3C u  A3K MOXKHO HCHNONIB30BaTh MOYKHO METOJ
PEKYJIbTUBAIMA Ha MECTE WJIM MPOBECTU UX BBIEMKY U YTHJIM3ALMIO HA CIEHUATBHOM
nojauroHe. J[oCTOMHCTBaAMU MeETOJa PEKYJIbTHUBAILMM MOXHO Ha3BaTh HEBBICOKYIO

CTOUMOCTD pa60T, a HCAOCTaTKaMHu TO, 4YTO OJId CHHXKCHHA KOHICHTPpAINH
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HepTenpoaykToB Ha 50-70 % (0T mepBOHAYANBHOTO COMIEPXKAHNUs) B TPYHTE TpedyeTcs
2-3 roga. MeToa BBIEMKH 3arpsi3HEHHBIX TPYHTOB C MX MOCIEAYIOMIEeH YTHIU3AINU Ha
CIIELMATBHOM TIOJIMIOHE UMEET CBOU MPEUMYILECTBA MO0 BPEMEHH BBIITOJIHEHHS padoT,
a HeJIOCTaTKaMH SIBIISIETCSI BBICOKAsi CTOMMOCTD BBITTOJIHEHUS Pa0oT.
Takum o00pa3om, CyIIECTBYeT MHOXKECTBO METOOB, KOTOpBIE IO3BOJISIOT
CYIIECTBEHHO CHU3HUTb 3arpsA3HEHNE TPYHTOB U MOA3EMHBIX BOJI OT HEPTEIPOAYKTOB.
CriocoObl  3alMTHl TOA3EMHBIX BOJ OT 3arpsi3HEeHUs He(TenpoayKTamu AJis
kaxaon A3C r. Tomcka HeEOOXOIMMO BBIOMpATh WHIUBUAYAJIbHO C YYETOM
WH)XCHEPHO-TEOJOTHUECKHUX, TUIPOreOJOrHUYeCKUX YCIOBHM Tepputopuu. Enunoro

METOJa OYHCTKHU IIOAXOAAIICTIO AJIA BCEX 0OBEKTOB HE CymecCTBYCT.
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3AKJIIOYEHUE

B xoze mpoBeNEeHHBIX HCCIIEIOBAHUMN BBISIBIEHO, YTO OCHOBHBIM MPUYHUHAMHU
YTIEBOJAOPOJAHOIO 3arps3HEHUs T'€OJIOTMUECKOW cpelpl ropojga Tomcka SBISIIOTCS
aBapUiiHbIC W INTATHBIC YTCUKH C TPEANPUATHA XpaHCHHS U TepepaboTku HedTH,
He(dreba3 u MuHorounciaeHHsix A3C, A3K.

BblsicHEHO, 4YTO CTENeHb 3arpsA3HEHUss TPYHTOB M MOA3EMHBIX  BOJI
Heprenponykramun A3C u A3K 3aBucut B OOJBIIEH CTENEHU OT CIEAYIOIINX
dakTopoB: penbed U TEOJOTUYECKOE CTPOEHUE, TUIPOTEOJIOTHYECKUE YCIOBUS,
IPOHUIIAEMOCTh TPYHTOB, CJIArarIlIUX pa3pe3 30HbI a’palnu, 00bEMOB PEATH3yEeMbIX
He(drenponykTtoB. Creayer OTMETUTh TakXke, 4TO HanbOosee BhICOKHE KOHIIEHTpaluu
He(TENPOAYKTOB B IPYHTAX M MOJ3EMHBIX BOJIax TeppuTopuid xapaktepubl ais A3C,
yepes KOTOphIe peasiu3yeTcs: 00Jible 00bEMbI HE(PTETPOTYKTOB.

B nemom st OonpmumHcTBA A3C M A3K MOXHO OTMETUTH €XKETOIHOE
YBEIMYECHHE KOHIEHTpAIMK HEe(DTENPOAYKTOB B IPYHTAX U MOJ3EMHBIX BOJaX, YTO B
CBOIO OuYepelb MNPUBOJUT K CYIIECTBEHHOMY YXYJIIECHUIO OOIIEH 3KOJOTMYECKON
00CTaHOBKH Tropojia.

OcoOEHHOCTh MOA3EMHOI0 3arpsA3HEHUs] HEPTENPOAYKTaMHU 3aKIHOYAETCS B
TOM, UTO €T0 peajibHbIE MacCIITaObl TPYAHO OIICHUTH.

B mpoexkTHOM paszfnene auccepTainuu ObUT pacCCMOTPEH BapUaHT pa3MeEIIeHUs
HOoBOoM A3C B mpoekTupyeMoM parione «HoBbIi Topoay» ¢ y4ETOM TOTO, IIJIOMIAIKA O/
CTPOUTEILCTBO  PACIIONOKEHA HA  TEPPUTOPUU  OBIBIIETO  MPOMBIILIEHHOTO
npeanpusitug. Jlannoe npennpusthe  GyHKIUoHUpoBaio  Oonee 30 e
MpeAnojaraercs, 4Yro coJepkaHre He(TEenpoayKTOB B I'PYHTAX M MOA3EMHBIX BOAAaX
npeBbImaeT (HOHOBBIE TaK KaK HEPTEHPOAYKThl MHOTHE TOJbl CKIAAUPOBAINUCH Ha
TEPPUTOPHUH U UCTIOIH30BATUCH BO MHOTHUX TEXHOJIOTHYECKUX MPOLECCaX.

[IpoekT WHXKEHEpPHBIX M3bICKaHUW 1 npoektupoBanuss A3C Ha
He(dTe3arps3HEHHOM TEPPUTOPUU UMEET PsiJl OCOOEHHOCTEH, KOTOPBIC HAIPABIICHBI Ha
OIICHKY BO3MOXXHBIX HW3MEHEHHI CBOWCTB TPYHTOB IO MPUYHMHE BO3MOXKHOTO

MOBBIIIEHUS COJIepKaHMUs He(TEPOTYKTOB n3-3a nepepacrpeaeieHus
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CYILLECTBYIOLLEIO 3arpsi3HEHUsS WA BO3MOXXHOI'O 3arpsi3HEHUs OT SKCIUTyaTaluuu
OOBEKTA.

MuHuMM3anuss ~ HEraTUBHOrO  BiMsAHUSA — npoektupyemoil  A3C  Ha
TEOJIOTHYECKYI0 Cpely JOCTHIaeTrcs BbIOOPDOM ONTHUMAJIbHOIO BapUaHTa €€
pa3MelIeHus B IPOeKTUpyeMoM paiioHe «HOoBbII ropoy; A 3TOro ObLIO0 IPOBEAECHO
COCTaBJICHHE KapThl 3aIIMILIEHHOCTH MOA3EMHBIX BOJ Bce Tepputopuu. Takoil nmoaxon
IpeaiaraeTcsl HCIoJb30BaTh npu nmpoektupoanuu Bcex A3C r. Tomcka.

DakTHYECKH NPOEKTUPYS 0OBEKT HA HEPTE3ArpsA3HEHHON TEPPUTOPUH HYKHO
0c000€e BHUMaHNE TOYHOCTH OMpPEIEICHHS COAepKaHU HEPTENPOAYKTOB B TPYHTaX U
MoJI3eMHBIX Bofax. [IpucyrcTBre HeTEempOyKTOB B IPyHTaX MPUBOIUT K M3MEHEHHUIO
UX CBOMCTB, a 3TO B CBOK OYEpE]b HANPSMYIO CBS3aHO C YCTOMYMBOCTBIO 3[aHUH U
COOPYKECHUH.

Eciu B mpouecce W3bICKAaHWK BBISICHEHO, YTO COJEPKAHHME  COZIEPIKAHUIO
HEe(TENPOAYKTOB B TIpPyHTaX M IMOJ3EMHBIX BOAAX IpEBBIIAET (POHOBBIE, TO
HEOOXOAMMO MPOBECTH JOMOIHUTENIbHBIE UCCIEAOBAHMS, KOTOpPblE OYAYyT BKJIHOYATh
UCKYCCTBEHHOE 3arpsi3HeHUE oOpa3loB TIpyHTa He(TENpoayKTaMH U HU3yYEHUE
U3MEHEHUHN (PU3HKO-MEXaHUYECKHX CBOMCTB.

Haubonee yacto 1y1st onpeneiaeHust HeTEnpoyKTOB B TPYHTAX MPUMEHEHSIOT
METO/Ibl HTHPPAKPACHOM CHEKTPOMETpUU WU (HIIyOopHUMETpUUECKOro aHanu3a. /laHHbie
METO/Ibl UMEIOT HEJIOCTATKM MO JIMAaIa30Hy ONpeesieMbIX KOHIEHTPAUH U OO0JIBIINX
norpemiHocteld (mpu Hamuumu B mpoOe Jierkux ¢paknuii Tuma Ocu3uaa). O0a
Ha3BaHHBIE BBILLIE METO/1a MOYKHO MCIOJb30BATh TOJIBKO B CIy4ae, KOI/la U3BECTEH TUIl
HEe(TENPOAYKTOB, KOTOPBIMH 3arpsi3HEH TPYHT U H3BECTHO OTCYTCTBHE JIETKHX
dpakuuii Tuna GeH3MHA.

Jlns onpeneneHust coaepxaHus HEPTENPOAYKTOB B MPoOAX TpyHTa U BOJBI
TOPOJCKUX TEPPUTOPUN HauboJiee MNPEANOUYTUTEIbHBIM SBISIETCS METOJ Ta30BOM
xpomatorpaduu. B yactHocTH, razoBas xpomarorpadus 1a€T BO3MOXXHOCTh HE TOJIBKO
C JIOCTaTOYHOW CTENEeHbI0 HAJAECKHOCTH ONpPENeNsiTh B TPYHTaX COJAEpKaHUE

YIIAEBOJAOPOAOB, HO TOYHO WICHTU(DHUIMPOBATH WX THUIIBI (BUIBI) - Pa3IHMYHBIX
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He(TEenpoAyKTOB (OCH3MH, KEPOCHH, JU3EIbHOE TOILIMBO, MOTOPHBIE Macia, Ma3yT U
JPYTHE.), YTO OUEHb BAXXHO ITPH ONPEAECIICHUHA NCTOYHHUKA 3arPsI3HEHHUS.

Takum o00pa3oMm, T[JaBHasE OCOOEHHOCTh WHXKEHEPHBIX HW3bICKAaHUN Ha
He(Te3arpsA3HEHHON TEPPUTOPUHU TEPBOHAYAIBHO 3aKIIOYAeTCA B BBHIOOPE TOUYHBIX
METOJIOB OIPEACIICHUsI CoIepKaHusl HePTENPOAYKTOB B IPYHTAX U MOJ3EMHBIX BOJaX.
Jlanee He0OXOIMMO MO BO3MOKHOCTH ONpPEIeTUTh UCTOYHUK 3arpsizHeHus. Ha ocHoBe
OTO  JI€NAeTCs MPOTHO3  BO3MOXHBIX HW3MEHEHMM  COCTOSIHUSL ~ MHXKEHEPHO-
reOJIOTUYECKUX YCIOBUM M TPOU3ZBOAUTCA Pa3pabOTKa MEPONPUSITHS MO CHUKCHHUIO

KOHIIEHTpAIUi HEPTEPOIYKTOB B TPYHTA U MOA3EMHBIX BOJIaX.
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