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BIOLOGICAL SCIENCES

GLOBAL WARMING AND ITS PREDICTION

Abstract

Janmammadova R.R.
DOI: 10.5281/zenodo.7327229

In the article, the prediction of global warming based on modern satellite data is defined by years. Climate
models take into account the influence of chages in solar activity, as well as the influence of volcanic activity. If
we take into account the total area of the planet, the change in the angle of the surface to the sun's rays, and the
fact that half of the Earth is in shadow, the actual energy received on average per year outside the atmosphere
decreases. Despite the fact that there are many characteristics of the weather (wind, precipitation, etc.), it is more
appropriate to conduct research on the temperature change of the air in the first approximation of the climate.

Keywords: Climate, prediction, temperature change, available energy, fixed, satellite data, atmospheric

convection, greenhouse.

Our planet earth receives almost all its heat from
the sun. According to modern satellite data, every
square meter of area located outside the atmosphere and
placed at right angles to the sun's rays receive.1365
watts of solar radiation energy. This sun is "fixed". For
skeptics, it should be noted that none of them are con-
stant and vary within £3% depending on the activity of
the sun, the season the method of measurement and
calculation [1]. Climate models take into account the
influence of chages in solar activity, as well as the
influence of volcanic activity [2].

If we take into account the total area of the planet,
the change in the angle of the surface to the sun's rays,
and the fact that half of the Earth is in shadow, the
actual energy received on average per year outside the
atmosphere decreases (to 340 watts per square meter).
When it reaches the earth, part of this energy is
reflected from the clouds, the surface of the continents,
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and the oceans, the atmosphere itself, is absorbed and
released again. As a result, only 250 waat m of energy
is available to drive the climate heat engine. This
quantity is known with less accuracy (£10%) than the
solar constant. In comparison, the effect of heat from
deep within the planet is small, amounting to only 0.03
Watt m?, or about 0.01% of the available energy. The
direct effect of human-generated heat is about the same
magnitude, about 0.04 Watt m? [3]. From a practical
point of view, climate is perceived by humans and by
the bulk of the biosphere as the average regime of air
near the Earth's surface, where we live and operate.
Despite the fact that there are many characteristics of
the weather (wind, precipitation, etc.), it is more
appropriate to conduct research on the temperature
change of the air in the first approximation of the
climate.
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Figure 1. Distribution of temperature changes by years.
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Atmospheric convection helps combat global
warming by moving water vapor above the bulk of the
atmosphere, where it releases heat during condensation,
thereby radiating heat more efficiently to the
surrounding space. Atmospheric convection helps
combat global warming by moving water vapor above
the bulk of the atmosphere, where it releases heat
during condensation, thereby radiating heat more
efficiently to the surrounding space.

Currently, volcanic activity is considered the main
factor that can change the value of the solar heat
balance. Geochemical studies of glaciers and other
sediments make it possible to revise the activity of
volcanoes in the historical period quite well and to
compare it with temperature changes [4]. Indeed, many
historical coolings can be explained, if not entirely, by
bursts of activity and its "unsuccessful” geographical
and seasonal configuration, where again the dynamics
of the atmosphere manifests itself: not all volcanoes
affect the climate in the same way [5]. A number of
recently published works show that there are changes
in the dynamics of convective processes, as they affect
the amount, organization, reflectivity and radiation of
heat from the surface of cloudiness, and also affect the

..o
5
»

heat balance and temperature of the planet significantly
[6]. Heat exchange with the ocean directly changes the
temperature—the amplitudes of such changes are very
small. Unfortunately, the dynamics of the interaction
between the atmosphere and the ocean is still not
sufficiently studied due to the resonance and
nonlinearity of the relationship [7]. But whatever the
changes in dynamics and thermodynamics, it is a fact
that the temperature has changed by more than 0.5° C
(figure 1).

From the middle of the 19th century, unusual
things happen. The two processes - an unprecedented
increase in temperature of more than 1° C in 100 years
and a simultaneous increase in carbon dioxide (COy) of
more than 40% - are going in parallel. In addition, a
strong increase in the concentration of methane,
nitrogen oxides and other "greenhouse™ gases. It is not
difficult to prove that the reason for the increase in CO;
concentration is the burning of residual slopes. For this,
coal, oil, gas, etc. there is no need to study the statistics
of production and use, but these statistics are
sufficiently known, it is enough to study the change of
the isotopic composition of carbon. The composition of
CO; and oxygen in the atmosphere is given in figure 2.

Figure 2. Dynamics of CO, and oxygen content in the atmospher

Three isotopes of carbon are found in nature in
various compounds, minerals, air and ocean water. The
most abundant (about 98% of the total amount of this
element is stable isotope, 12C, consists of 6 protons and
6 neutrons. The seven-neuron stable isotope 13C is
about 1%. There is also a small admixture of the long-
lived radioactive isotope 14C with eight neurons, which
is formed from atmospheric nitrogen as a result of
exposure to cosmic radiation in the air and oceanic

upper crust. Accurate measurements of isotope ratios,
such as the 12C/13C ratio in the mass of carbon dioxide
and methane in the air, reveal the sources of observed
changes in the concentrations of these greenhouse
gases. Plants preferentially absorb 12C. Therefore, the
produced fuels are enriched in this isotope. Figure 3
shows the prediction and experimental results with
different combinations of radiation effects.
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The consequences of climate change

But it's not just about rising temperatures. Climate
change leads to many unpredictable consequences in a
variety of areas, including:

¢ Climate change is intensifying the water cycle,
resulting in heavy rainfall and associated flooding in
some regions and extreme droughts in others.

e Climate change affects precipitation patterns.
In high latitudes, the probability of precipitation
increases, while in most of the subtropics it decreases.

e Coastal areas will continue to experience
rising sea levels in the 21st century, which in turn will
contribute to more frequent and severe flooding in low-
lying areas and soil erosion. Extreme changes in sea
level, which used to occur once every 100 years, will
occur annually towards the end of this century.

e Further warming will increase the melting of
permafrost, loss of snow cover and shrinking glaciers
in the Arctic.

e Changes in the state of the world's oceans will
cause more frequent warm currents, which will affect
the ecosystem of the ocean and the people who live off
fishing.

e Particular aspects of climate change may
affect urban residents, who will experience a warming
climate, as well as flooding due to heavy rainfall and
rising sea levels in coastal regions.

1 0 1 2
Trend (°C per percd)

Figure 3. Temperature anomalies and modeling results calculated on the basis of historical climate changes.

Suggestions

The main goal is to reduce the use of fossil fuels
such as oil, carbon and gas and replace them with
renewable and clean energy sources, while increasing
energy efficiency.

"By the end of the next decade, we must almost
halve our CO2 emissions (by 45%)

The path to this goal involves daily steps, such as
cutting back on car travel and reducing air travel,
switching to a green energy provider, and some changes
in diet and food choices.

It seems that the problem of global warming will
not disappear if a few conscientious individuals start
buying ecological products or switch to a bicycle.

However, many experts agree that such decisions
are important - they affect the behavior of our
acquaintances, forcing them to also change their
lifestyle sooner or later.

Other changes involve major systemic
transformations, such as upgrading energy and food
industry subsidies that still encourage the use of fossil
fuels.

As well as the introduction of new rules and
initiatives for such industries as agriculture, forestry
and waste disposal.
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EARTH SCIENCES

GEOECOLOGICAL INVESTIGATION OF MERCURY ON THE SHELF OF THE NORTH-EASTERN
SAKHALIN IN THE PERIOD OF SEISMO-TECTONIC ACTIVATION

Luchsheva L.N.,

Candidate of Biological Sciences

Geological Institute Russian Academy of Sciences,
Moscow, Russia

Konovalov Yu.l.,

Candidate of Geological and Mineralogical Sciences,
Geological Institute Russian Academy of Sciences,
Moscow, Russia

Obzhirov ALl
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Far Eastern Branch of the Russian Academy of Sciences
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IF'EO3KOJIOI'NMYECKHUE UCCJIEAJOBAHUA PTYTH HA IEJIB®E CEBEPO-BOCTOYHOTI'O
CAXAJIMHA B IIEPUO]I CEUCMOTEKTOHUYECKOW AKTUBU3AIINA

Jlyymena JI.H.

Kanouoam Ouoi02u4ecKux Hayx,

T'eonoeuueckuti uncmumym Poccuiickoti Axademuu Hayx,
Mocksa, Poccutickass @edepayus

Konosauios 10.H.

KAHOUOAm 2e01020-MUHEPANI0SUYeCKUX HAYK,
Teonoeuueckuti uncmumym Poccuiickoti Akademuu Hayk,
Mocksa, Poccutickas @edepayus

Oo0:xupos A.H.

OOKMOp 2€071020-MUHEPATOSULEeCKUX HAYK,

Tuxooxeanckuti okeanonocuueckuti uncmumym um. B.U. Hnvuuésa,
Jlanvnesocmounoe omoenenue Poccutickoti Axademuu Hayk,
Braousocmox, Poccuiickaa @edepayus

Abstract

Monitoring observations of changes in the levels of methane and mercury concentrations were carried out in
the water column of the oil and gas bearing northeastern Sakhalin shelf in the period 1998-2000. Significant dif-
ferences in the levels of methane and mercury concentrations were revealed on the shallow shelf, on the edge of
the shelf, and in the upper part of the continental slope. The maximum concentrations of methane in water (more
than 6000 nl/l) were noted over deposits of gas hydrates in the area of methane source discharge at the edge of the
shelf. The maximum concentrations of the dissolved form of mercury (up to 0.090 pg/l) were found in the coastal
shallow zone of the shelf and above methane sources. The maximum concentrations of suspended mercury (up to
0.036 ng/l) were found within the frontal zone of the East Sakhalin Current. It has been established that the differ-
ences in the distribution of methane and mercury concentrations in water are due to the decomposition of gas
hydrate deposits during periods of seismotectonic activation of oil and gas bearing structures. Their opening due
to stretching contributes to intense emanations of highly toxic dissolved mercury into the shelf waters, leading to
environmental disasters on the Sakhalin shelf.

AHHOTaUMSA

MOHI/ITOpI/IHFOBHe Ha6J'I}0[[eHI/I$I 3a UBMCHCHUEM ypOBHeﬁ COACPKaHUA METaHa U PTYTH OBbLUIM BBIIIOJIHEHBI B
BOJHOH ToJIIIe HeTerasoHOCHOro ceBepo-BocTouHoro menbda Caxanuua B nmepuon 1998-2000 rr. BeisiBieHs
CYHICCTBCHHBLIC PA3JINYUA B YPOBHAX KOHHCHTpaHI/Iﬁ METaHa U PTYTHU Ha MCJIKOBOJAHOM HIGJ'IB(I.)G, Ha Kparo mem)(ba
Y B BEPXHEH 4aCTH KOHTHHEHTAJIBHOTO CKIIOHA. MaKCHMaNIbHbIC KOHIICHTpAIMK MeTaHa B Boze (6osiee 6000 Hit/m)
OTMCYCHBI HA/] 3aJIC’)KaMU Ta30IruIpaToB B paﬁOHe Pa3rpy3Kku METaHOBOTI'O MCTOYHHKA HAa Kparo menb(ba. Makcu-
MaJIbHbIE KOHLIEHTpaK pacTBopeHHOH (Gopmbl pryTH (10 0.090 MKT/JT) BBISIBIEHBI B IPUOPEKHONW MEIKOBOJHOM
30HC Luean)a 1 Hag MCTaHOBBIMH MCTOYHUKaAMMU. MakcumanbpHbIe KOHIICHTpAaluu B3BEIICHHOM (1)OpMLI pryTu (,IIO
0.036 Mxr/n) oOHapyKeHBI B Ipeaenax (poHTaIbHOM 30HB BocTouHO0-CaxaqTuHCKOTO TEeYEHUs. Y CTaHOBIICHO,
YTO Pa3JIn4Ms B paclpeielleHuH KOHIIEHTPANi MeTaHa U PTYTH 00yCIOBIICHBI Pa3lIOKEHUEM 3aJIeKeH Ta30Tua-


https://doi.org/10.5281/zenodo.7327236

German International Journal of Modern Science Ne44, 2022 9

paroB B MIEPHOJIbI CEHCMOTEKTOHMYECKOH aKTHBU3AIIMU HETEra30HOCHBIX CTPYKTYP. VX pacKpbITHE 3a CUeT pac-
TSHKCHHS CTIOCOOCTBYET HHTEHCHBHBIM SMAHAIUSIM B IIEITH()OBEIE BOJBI BEICOKOTOKCHYHON pacTBOPEHHOU PTYTH,
TIPUBOJSIIIUM K DKOJIOTHUECKUM KatacTpodam Ha menbhe CaxanuHa.

Keywords: forms of mercury; monitoring of methane; gas hydrates; seismicity; ecological disasters; north-

eastern shelf of Sakhalin.

KnroueBble cioBa: (I)OpMBI PTYTH; MOHUTOPUHT METAHA; Ira30ruaparhl; CeﬁCMHqHOCTB; JKOJIOTHYCCKHEC Ka-

TacTpo(bl; ceBEpO-BOCTOYHBIN menb( CaxanuHa.

BBEJEHUE

WHTepec K M3ydeHHIo MOBEACHUS PTYTH B BOJAX
YHHUKAJTBHOTO HE(PTETa30HOCHOTO CEBEPO-BOCTOYHOIO
mienbsga CaxaauHa 00YCIOBIICH €ro PacloioKeHUEM B
aKTHBHON CEHCMOAKTUBHOH 30HE, I/I¢ IIPOUCXOIUT UH-
TEHCHBHAsI COBPEMEHHasl Jiera3anusi pTyTH U3 36MHBIX
Henp. [lpomeccrsl nerazamuu 3eMitd, CBI3aHHBIE C TIIy-
OWHHBIMU Pa3JIOMaMH B 36MHOM KOpe, IPUBOJIAT, KaK
M3BECTHO, K 00pa30BaHUIO MECTOPOKICHUN HETH, TO-
PIOYHX Ta30B, PTYTH, ¥ HEKOTOPHIX JPYTUX ITOJE3HBIX
nckomnaeMsix [ 1]. [lepBoMCTOUHHKOM PTYTH IpEIIoia-
raeTcsi BEIIECTBO MAaHTHH, NPH JeTra3alliil KOTOPOH
PTYTh BMECTE C MEpPErpeTbiM BOISHBIM IMApOM BBIHO-
CUTCSI B BEPXHIOIO 4acTb 3eMHOHU KOpsI [2, 3]. Murpa-
U PTYTH U3 HeAp 3eMIIM OCYILECTBISIETCSI BMECTE C
resiieM, BOAOPOIOM H JPYTUMH Ta3aMHu 10 30HaM pas3-
JIOMOB MAaHTHHHOTO 3aJoXcHus. [IOBBHINICHHAS TITy-
OMHHOCTh TaKHX PAa3JIOMOB CIIOCOOCTBYET aKTHBHBIM
SMaHAIUAM PTYTH U3 HEAp B IMEPHOABI CEHCMOTEKTO-
Huyeckoil aktusmzanuu [4]. Ilpomecchl nerazanuu
PTYTH, TIOCTYIAIOMmIEH M3 TEKTOHMYECKHX pPa3IOMOB
CyIIU, U3YYaloTCsl JJOBOJIBHO JaBHO, @ 0COOEHHOCTH ee
MUTPAIIA B THAPOCQEpe U TOIIIE TOHHBIX OTIOKCHUN
elle MPaKTUYECKH HE U3YYEHHI [5].

[Tensd ceBepo-BocTouHOTO CaxanwHa SBISETCS
eauHCTBeHHbIM Ha [lanbHem Boctoke paiioHoM, rie
BEJCTCS IPOMBINUICHHAS M00bYa HE(PTSIHBIX YTIICBO-
noponoB. Bce HedrerasoBbie MECTOPOXKICHUS caxa-
JIUHCKOTO IeNib(a CBSI3aHbI C 3aafHBIM O0OPTOM TITy-
OOKOBOJIHOW BMaIUHBI JleprornHa, OorpaHNYeHHON ce-
puci TIIYOMHHBIX HAJIBUTOB, YXOJISIIUX TOJ JIOXKE
BIIQ/IMHBI, TJ€ OHM PACCEKalOT IMOPOJbI «0a3anbTo-

BOTO» CJI0s U BepxHel maHTuu. K 3T0# ke 30He npu-
YpOUYEHBI KOPOBBIE 3eMIICTPSICCHUS 1 aHOMAJIBHO BBICO-
KHe 3Ha4YeHUs TEIIOBOTO noToka [6]. B mepuons! cxa-
THA TOpoJ, Korga TuXooKeaHCKass OKeaHH4YecKas
IUIATa TIOTPYXKaeTcs IMOJ KOHTHHCHTAJIBHYIO ILTUTY
OXOTCKOTO MOpSi, U3 MOTPeOEHHBIX OPraHUYECKUX OT-
JIO)KEHUN NPOUCXOJUT BBIIAEIIEHWE MeTaHa. B sToit
30HE CYONYKIIMH O] BO3/ICHCTBAEM BBICOKOTO JIaBJIC-
HUS 1 HU3KOH TEMIIepaTypsl 00pa3yrloTCs 3aIeH THI-
paToB MeTaHa W Jpyrux ra3oB. Kak w3BecTHO, Ha
nrenbde ceBepo-BocTouHOro CaxaiarHa BBIIBICHBI 00-
IIUpPHBIC TIOABOAHEIC TOJST CBOOOIHOM Jera3anny Me-
TaHOBBIX HCTOYHUKOB, JIOKAJTM30BAaHHBIX B KPOBJIE OCa-
JlogHOoTO Yexya [7].

B 1998-2000 rr. B pamkax poCCHUHCKO-T€pMaH-
ckoro nmpoekta COMEX Hamu ObLIH TPOBEACHBI MOHH-
TOPUHTOBBIE MCCIIEIOBAHUSL PACHpelesIeHUs] MOTOKOB
METaHa B BOJaX He(TErasoHOCHOrO CEBEPO-BOCTOY-
Horo menb(a CaxanmHa (Puc. 1) ¢ menpio pasBenku
HE(PTEra30BBIX MECTOPOKICHUHN, KOTOPBIC IOJITBEP-
JIATH BRICOKYFO TIEPCIEKTHBHOCTH 3TOTO PaiiOHa Ha I10-
ucKH 3anexed razoruapatos [8]. [IpoBeaenne MoHUTO-
PHHTOBBIX HCCIIEOBAHNI METaHA B IIPEIEIaX MOPCKIX
mens(oB MO3BOJISIET HAKATUTMBATE 3HAHUS 0 (GOPMHPO-
BaHUH 3AJICKECH W MECTOPOXKICHUN HePTH W Tasa, a
TaKKe HEOOXOAMMO JUIS OICHKU Ta30TeOXUMUYECKOM
00CTaHOBKHM B He(pTera30HOCHBIX 00JACTIX KaK Mpel-
TTOCBUTKH IS SKOJIOTHYECKUX HCCIEOBAHUH B MIX IIpe-
nenax. B nepuon npoBeneHuss MOHUTOPUHIa METaHa B
sToM patione B 1998-2000 rr. mosiBMIIach yHUKaNbHAs
BO3MO>KHOCTD JIJIsl U3YUEHUS TaKKe YPOBHEH coepxa-
HUS PTYTH B BOJIe M OCOOEGHHOCTEH €€ MOBEJCHUs B
MOPCKOM cpeze.
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Puc. 1. Kapma pationa uccneoosanus. Pacnonoscenue npoguneti cmanyuii (NO 1-5) monumopunea me-
mana, npogedenrom Ha HUC «Ilpogeccop Iacapunckuiiy ¢ 2000 e. na 6ocmounom wenvghe u Mamepuro8om
cknone Caxanuna [8].

[TomoOHBIE MCCaenOBaHMS B JaHHOM palioHE pa-
Hee HE MPOBOIIINCH M UMCIOT OOJBIIOE 3HAYCHHE B
CBSI3M C TE€M, YTO DHAOIE€HHELIC SMaHAI[MU METaHa 3Ha-
YUTEIHHO TIOHIDKAIOT COJEPKaHHUE KHCIOpOaa B MOp-
CKOI1 BOJIE, UTO MOXET OKa3bIBaTh OTPUIIATEIHLHOE BIIH-
SIHUE Ha JYKU3HEACATCIHHOCTh T'MIPOOHMOHTOB. PTyTh,
SIBJIICH OIACHBIM TOKCHKAHTOM, B OOJIBIIMX KOJIHYE-
CTBaX TAKXeE CIIOCOOHA OKa3LIBATh HETATHBHOE BIIHS-
HHE Ha MOPCKYI0 OMOTy. B wacTHOCTH, Ha IOMYISIIAA
Hau0oJiee YyBCTBUTEIBHBIX K CPE/Ic OOUTAHUS BUJIOB:
CephIX KUTOB M CEIBAN TUXOOKEAHCKOH, TSI KOTOPBIX
aKBaTOPHS CEBEPO-BOCTOUHOTO mienb(ha CaxanuHa siB-
JsieTcsl Hanboiee BaKHBIM PAiOHOM THTAHUS U pa3-
MHOXxeHUs. CeBepo-BOCTOUHBIN menb( CaxannHa xa-
paKTepU3yeTcs, KaK M3BECTHO, OOJIBIION MPOTYKTHB-
HOCTBI0 OEHTOCHBIX COOOIIECTB, KOTOPBIMU MTUTAIOTCS
CepbIe KUTHI 0XOTCKO-KOPEHCKOM MOMYIISIMHA BO BpeMs
€XKEroJHOTO JIeTHE-OCEHHEero Haryia. B Hacrosmiee
BpeMsI Cepble KUTHI BKIIOYCHHI B KaTETOPHIO BHIIOB,
HaXOJIAIINXCS M0/ yrpo30# ucue3HoBeHus [9].

B sTOM ke palioHe MPOUCXOTUT TaKXKe HAryl U
HEPECT APYroro BaKHOTO IPOMBICIIOBOTO 00HEKTa - TH-
XOOKEaHCKOU cenbau. B nocnenHue rojel 31€ch pe3ko

00oCTpHIIach IKOJIOTHYECKass 00CTaHOBKA, BBI3bIBAIO-
1asi MacCoBBIE 3aMOPBI CEIbIM U IPYTHX MPOMBICIIO-
BBIX BUIOB THApPOOHOHTOB. B mioHe 1999 r. B 3ai.
[MuneTyH npomsomnia SKoJormyeckas KaracTpoda,
CBSI3aHHAs C MacCOBO THOENBIO CeNIbAN, MPUILEAIICH
Ha HepecT [ 10]. B mpemnaraemoii ctathe HaMU clieNiaHa
TIOTIBITKA TPOJIMTh CBET HA NMPUYMHBI BOZHUKHOBEHUS
SIBHOT'O DKOJIOTMYECKOTO HEOJIaronory4dus B 3TOM paii-
OHE C HCIOJIb30BaHUEM JAHHBIX IO PTYTH U €€ TePMO-
¢dopmam. Kpome Toro, Obun MpHBJIEUYEHB! JTaHHBIE O
pacupeneneHys B BOAHOM TOJIE KOHLEHTpaLMid Me-
TaHa U JPYruX TUAPOPU3NUECKAX U THAPOXUMHIECKIX
rokasarelieil BOJHON TOMIHK HIeTb()OBOI IKOCHCTEMBI
1 PacCMOTPEHA MX MEXKT0JI0Bas M3MEHUYHMBOCTH B TIE-
puox 1998-2000 rr.

MATEPHAJIBI U METO/bI

HccnenoBanus npoBOAWIIM TI0 MaTepHaiaM Tpex
pelicoB HayYHO-NCCIIE0BATENBCKUX CY/IOB, IIPOBEICH-
HbIX B 1998-2000 rr. B npenenax menbda 1 KOHTHHEH-
TaJIbHOTO CKJIOHA BocToyHOoro CaxanuHa. B Bogax nan-
HOW aKBaTOpHH M3y4EHHE METaHa IMPOBOJHIIOCH B Te-
yenue Tpex jieT (1998, 1999 u 2000 rr.), a pTyTH - ABYX
net (1998 u 2000 rr.). 'maponoruyeckue mapameTpsl
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BOJIHOH TOJNIIX (TIPO(HIN TEMIIEPaTyphl, HIEKTPOIPO-
BOJHOCTH M COJICHOCTH) OBUIN MOJIYYEHBI C TIOMOIIBIO
CTD-30u10B Sea Bird-91 u Mark-3. ITpodunu BepTu-
KaJIbHOTO PACIpeNeNICHNs] TapaMeTPOB BOJHOM TOJIIN
OBbUTH TOCTPOEHBI HETIOCPEACTBEHHO B Ipolecce 30H-
nupoBanus. [TpoObl MOpCKOit BOIbI OBLTH OTOOpPaHBI OT
MOPCKOTO JIHA JI0 TIOBEPXHOCTH HA 33[aHHBIX TOPH30H-
Tax cucreMoit «Rosett» 6atomerpamu Huckuna.

Onpedenenue memana u opyeux 2azos. Jnsg ana-
JIM3a ra3oByIo (a3zy U3 Npod MOPCKOI BOJIbI N3BJIEKAIN
Ha BaKyyMHOH YCTaHOBKE M aHAJIM3MPOBAIM HA ra3o-
BbIX Xpomarorpadax JIXM-80. beiio mposeaeHo omnpe-
JeTICHUE COJIep KaHNe METaHa, TSKEIBIX YIIIeBOAOPO-
HBIX Ta30B, YIJIEKHCIIOTO ras3a, KHCiopoJa W a3oTa.
YyBCTBUTEJILHOCTh aHAJIU3a YIJIEBOJOPOJIHBIX T'a30B
cocrasisia 0.00001%, octanpHbIX Ta308 - 0.01%.

Onpedenenue _pmymu. IIpoObl MOPCKOH BOIPBI,
oToOpanHbIe cucTemoil «ROSetty, mpomyckamm yepes
MeMOpaHHbIe QUIBTPEI ¢ auameTpom mmop 0.45 MM
JUISL OTHEJICHUSI B3BECH. 3areM IPOObI ITOJKUCISIIN
A30THOH KHCJIOTOM M XpaHWIN B TOJINITUIICHOBBIX OY-
TBUIKaxX 70 TpoBeneHusi aHanmsa [11]. Bcero Obuio
npoaHanu3upoBaHo 230 mpod MOpPCKOH BOIBI, B KOTO-
PBIX ONPE/IENICHO COJIEpIKaHUE PTYTH B PACTBOPEHHOM
1 B3BeIIeHHOH Gopmax. J[is onpeneieHns pacTBOPEeH-
HOW PTYTH NPUMEHSUTH METOJI TPEABAPUTEIHEHOTO KOH-
LEHTPUPOBAHUS C IOMOLIBIO KOMILIEKCO00pazoBarelsi
THookcuHa [12]. OnpeneneHue B3BEHIEHHOW pPTYTH
MIPOBOAMIIN TT0 METOJIMKE, TPUMEHSIEMOH JUIsS aHaIn3a
JIOHHBIX ocankoB [11]. Ompenenenue KOHIEHTpanuit
PTYTH B mpo0ax MpOBOJMIM METOJOM OecIriiaMeHHOU
aTOMHO-abcopOunoHHOM criekTpodoromerpuu [13] Ha
pTyTHBIX aHanmu3aropax «Hiranuma HG-1» u «tOnus-
2». JIns xanuOpoBKU MpUOOpa W KOHTPOJIS KadecTBa
aHaIM3a WCIIONBb30BAIM ATTECTOBAHHBIA SITTOHCKUH
CTaHJapTHBIN o00pa3el.

PE3YJIbTATBI

Jlis uccnenoBanuii ObUTA BBIOpaHBI 5 TIpoduieit
CTaHIIMI B pailOHaxX MHTEHCHBHOW Jiera3alud MeTaHa
13 JIOHHBIX 0CaJIKOB B BoAy (cM. Puc. 1). M3yuenue no-
JIyYE€HHBIX T'OJIOBBIX YUCJIOBBIX Ps/IOB KOHLEHTpPAIUH
METaHa U PTYTH M0Ka3aJI0, YTO OHU MPECTABIISIOT CO-
00i1 OTHEeNBHBIE IMApaMETPUYECKHE COBOKYITHOCTEH

KOHIIGHTpALlUii, KOTOpBIE ammpoOKCUMHUPYIOTCA KpH-
BBIMH, COOTBETCTBYIOIIMMH JIOTApU(PMUIECKON U IKC-
NOHEHLMabHOW (yHKIMsAM. BriepBble mapamerpude-
CKasl TYyBCTBUTEIBHOCTh XNMHUECKHX IPOLIECCOB ObLIa
ycranosieHa H.P.Amynaconom u O. bunoysom. Ilpu
3TOM B PaCTBOpPAaxX KOHIIEHTPAIUH IPUMECHBIX XUMHUYE-
CKUX BELIECTB SBIIIIOTCS NEPEMEHHBIMH BETHYHMHAMU
€/IMHBIX MapaMeTPUIECKUX COBOKYITHOCTEH, ecu Gop-
MHPOBaHUE UX KOHIEHTPALU IPOUCXOIUIIO MO BO3-
JIECTBUEM €IUHBIX UCTOYHMKOB BemiecTB [14]. s
(hOHOBBIX KOHIIGHTpAlMii METaHa M PTYTH B BOJAE Xa-
PaKTEpHO pacHpeAeieHUue COrIaCHO HOPMAJIbHOMY 3a-
KOHY paclipellelIeHUs, OIMChIBAEMOE JIOTHOPMAIBHON
3aBUCHMOCTBI0. JTO 00YCIIOBICHO TEM, 4TO (OHOBBIC
MOKa3aTeI OTPaXkatoT OCPEIHEHHBIE YCIOBHS, Xapak-
TEpHbIE AJIsl JaHHOM akBaTOpuu. DOHOBBIE NTOKA3aTENN
(hopMHPYIOTCS IO BO3CHCTBHEM €JMHOTO KOMILIEKCa
MHOTOYHCIIEHHBIX €CTECTBEHHBIX TPUPOIHBIX ITPOLIEC-
COB Ty00aipHOrO Macmraba. DTO CBOWMCTBO Xapak-
TEPHO ISl paclpenesieHus IIUPOKO PacIpOCTpaHEeH-
HBIX B I'€0JIOTHYECKUX 00BEKTaX XMMUYECKHX JIEMEH-
TOB, KOHIIEHTpPAIlMM KOTOPBIX COCTaBIISIOT IIEpBBIC
MPOLEHTHI [ 15].

OKCNIOHEHIIMAIEHOE PaCIHpeieieHUue HU3y4aeMbIX
MapaMETPOB CPENbl OTPAKAET MTPOMEKYTKH BPEMEHHU
MEXy NOCIENOBATENbHBIMU 3MU30JaMH CBEPLICHUS
OJIHOTO M TOTO €, BO3MOXKHO KaTacTpo(UuecKoro
MIPUPOAHOTO COOBITHS, (POPMHUPYIOIIETO 3TH ITOKa3a-
tenu. IToaToMy 0OpazoBaHue pAIOB TapaMETPHUECKUX
COBOKYITHOCTEW KOHLIEHTpALlMi METaHa U PTYTH B BOJE
Ha wenbde CaxainHa ¢ IKCIOHEHIMAIbHBIM THUIIOM
pacnpeneNneHnss MOTJI0 ObITh BO3MOXKHBIM TOJBKO IPH
MEPUOANYECKH TOBTOPSIOIIUXCA dMaHALUAX YIIEBO-
JIOPOJIOB U3 HEPTEra30BbIX MECTOPOXKICHUN B TIPUIOH-
HBIE cion Mopckoil Boabl. [Ipu sTtom QopmupoBanne
JIAHHBIX COBOKYIHOCTE KOHLEHTpalUWuid SMaHUPOBaH-
HBIX BEIECTB MTPOUCXOJUIIO, OUYEBUIHO, B PE3YNBTATE
UX MPOMEXYTOUHBIX pa3basnenuii [16]. [IpoBeneHHbIE
HaMH HCCIIEJIOBAHUS TONHBIX BEIOOPOK KOHIICHTPAIIUit
MeTaHa ¥ PTyTH B menb(oBbix Bogax CaxaivHa BbI-
SIBUJIM 3HAYUTEIbHBIC MEXKIOJJOBbIC UX N3MEHECHHUS.

PACIHPEAEJIEHUE METAHA

Tab6mumna 1

CoOBOKYIHOCTH MOJIHOH BHIOOPKHU KOHIIEHTPAUMii MeTaHa B BOJe
ceBepo-BOCTOYHOrO 1mejbpa Caxanuna B 1998 r.

CoBOKYHOCTH Jons Be16opku, % Konuenrpanwst, Hi/n DyHKIUS aNlIPOKCUMALHU
| (pon) 43 60 +/- 26 nmorapudMuIecKas
I 24 90 (75-120) SKCIIOHEHIHATbHAS
11l 21 240 (125-400) 9KCIIOHEHIMAJIbHAS
v 12 940 (420-1630) 9KCIIOHEHIIMATIbHAS

B 1998 r. B uncnioBoM psizie moaHo# BeIOOpKH (N=153 mpo0Obl) KOHLIEHTPAIU METaHa B BOJIE ObIJIN BBIJCICHBI
4 mapamerpudeckue coBokymHoctH (Tabu. 1). 3adukcupoBana oqHa «yparanHas» Mpoda ¢ aHOMAJIEHO BBICOKUM
conepxanreM MetaHa (11076 un/i), npeBbimaromuM GoHOBBII ypoBeHb (60 H/im) B 185 pas. [Ipu 3Tom BeIOOpKa
1po0 ¢ ()OHOBBIM COAEPKaHUEM METaHa ObliIa JOCTATOYHO MPEACTaBUTENEHOH (43%). DTO MOXKET CBUIETEIBCTBO-
BaTh O HAYaJILHOM CTaJMM CEHCMOTEKTOHMYECKOH aKTUBU3alMN HE(TEra30HOCHBIX CTPYKTYD Iuenbgha CaxannHa.
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Tabmnuna 2

CoBOKYNHOCTH MOJIHOI BHIOOPKH KOHIEHTPaLUii MeTaHa
B BOJIe CeBePO-BOCTOYHOrO mejb@pa Caxanuna B 1999 r.

CoOBOKYIHOCTH Jons Be16opku, % Konuenrpauwst, Hi/1 DyHKIUS annpoKCUMalUU
| (don) 27 60 +/- 32 sorapudmMuyeckas
I 29 150 (80-260) OKCIIOHEHIMAJIbHAS
-V 28 675 (270-1500) 9KCIIOHCHIMATIbHAS
VI-VII 16 4760 (1600-9100) 9KCTIIOHCHIMATbHAS

B 1999 r. B uncnoBoM psific KOHIEHTpanuid Me-
TaHa B Bojie (N=195 npo0) Ob110 BEIIENCHO 7 TapaMeT-
pudeckux coBokymHocTtel (Taba. 2), 9To 3HaYUTENBEHO
MIPEBBIIIATO0 UX KoaudecTBo B 1998 r. Beibopka npob ¢
(OHOBBIM conepkaHreM MeTaHa (27%) Oblia 3Ha4M-
TEIbHO MeHbIe TakoBoi B 1998 r. Beumn 3adukcupo-
BaHbl 3 «yparaHHble» HPOObI C KOHLEHTPALMSIMU Me-
tana (15370, 23760 u 117120 =H1/7), ypOBHH KOTOPBIX
npeBbany Gon B 256—1952 paz. dopmupoBanue ypa-

TaHHBIX COJEPYKAaHWH MeTaHa MOTJIO OBITH 0OYCIIOB-
JICHO €r0 MHTEHCHUBHBIM ITOJTOKOM M3 He(Tera3oBbIX
3aJeXed B pe3yNbTaTe PACKPBITHSA PA3IOMHBIX 30H,
0OYCIIOBIICHHOTO ~ CIBHI'OBBIMH  TeoJiepopMansiMH.
IIpu 3TOM NOBEpPXHOCTH OJOKOB 3€MHOM KOPBHI HCIIBI-
TBIBAIOT WJIMHIAPHUYECKUN M3rH0, BCIEICTBHE YEro
HNPOUCXOJUT PACKPBITHE TPELIMH U BHICBOOOXKIICHHE
JIETY4UX KOMIIOHEHTOB (Ta3a ¥ He(hTH), COMIePKAIITIXCS
B 3anexax [17].

Tab6muma 3

CoOBOKYIIHOCTH MOJIHON BBIOOPKH KOHIEHTPAIUi MeTaHa
B BOJIe CeBepO-BOCTOYHOrO0 mebpa Caxaauna B 2000 r.

CoBOKYNHOCTH Jonst BeIOOpKH, Y0 Konnenrpanwst, Hi/n DyHKIUS aNTPOKCUMALAN
| (pon) 28 60 +/- 42 JorapruMUIecKas
I 28 170 (85-290) SKCIIOHEHIMATbHAS
"n-1v 27 530 (320-690) SKCIIOHEHIMATbHAS
V-VII 17 2 665 (760-5600) IKCIIOHEHI[MATbHAs

B 2000 r. B urcnoBOM psiy KOHIICHTpanuii MeTaHa B Bojie (N=155 mpo0) ObLIO BhIENICHO 7 MapaMeTpHue-
ckux coBokymHOCTer (Tabm. 3). OmHako yparaHHBIX KOHIICHTPALUi MeTaHa 00HapyKEHO HE OBLIO.

PACIIPEJEJIEHUE PTYTHU

Tabmuma 4

CoBOKYIHOCTH MOJIHOIi BLIOOPKH KOHIIEHTPAUUN PTYTH
B BOJIe CeBepO-BOCTOYHOrO mejbpa Caxaauna B 1998 r.

Tlonst CpepHue collepKaHus PTYTH DyHKIMS arpPOKCH-
CosoxymHOCTH BEIOOpKH, % OOmas, Ifr/n Pach)B., % i y];3BeH.I., % " Maupmp
| (dhon) 42 36 (22-41) 85 15 JorapuGpMUIecKast
1 31 46 (42-51) 83 17 DKCIIOHEHIMAIbHASL
11 22 61 (52-82) 81 19 IKCIIOHEHIHATbHAS
v 3 104 (90-129) 23 77 IKCIIOHEHIHATbHAS

B 1998 r. B uucinoBoM psIy MOJHOW BBIOOPKH
KOHIEHTpanui pTyTu B Boje (N=88 mpo0), B3ATHIX ¢ 22
CTaHIUi, ObUIO BbIJENEHO 4 MapaMeTpuyecKue COBO-
kynmHOocTH (Tabi. 4), B KOTOPBIX YPOBHHU CPEIHUX CO-
JepxxaHuil prytd Bcero B 4-10 pa3 npessimanu ITJIK
PTYTH Ui BOJ PBIOOXO3SHCTBEHHBIX BogoeMoB (10

Hr/n). Beuta Taxke 3adukcupoBaHa 1 «yparaHHasy
mpo06a, mpezacrasineHHas Ha 94% B3BeneHHON Gopmoit
c cozjepxanueM oOueii pryru (263 Hr/i), koTopoe B 7
pa3 npeBbICHIIO (POHOBBIN ypoBeHH (36 HI/T) U B 26 pa3
- TIAK.

Tabnuna 5

CoBOKYNHOCTH MOJIHOH BHIOOPKH KOHIIEHTPAIMI PTYTH

B BOJIe CeBepO-BOCTOYHOro mejbpa Caxanuna B 2000 r.
CoBoxynHocTH | [lomns BeI6opkH, % o) 6m§sfe§r1;;e co;‘)‘:‘giﬁf{&e pTBy::em., % DyHKIUA anpOKCUMaLUU
I 35 24 (12-38) 67 33 SKCTIIOHCHITMATbHAS
I 21 47 (39-57) 72 28 HKCTIOHEHIIMAIbHAsI
-1V 30 114 (60-177) 83 17 HKCTIOHEHIIMAIbHAsI
V- VIl 14 590 (186-1068) 90 10 SKCTIIOHCHIMATbHAS
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B 2000 r. B 4rcOBOM psiy KOHIIEHTpAIHii 001en
pryt B Bozxe (N=125 mpo0), B3sAThIX Ha 21 cTaHIMH,
OBbUIO BBIJIEJICHO 7 HapaMeTpHYECKUX COBOKYITHOCTEH
(Tabn. 5), B KOTOPBIX YPOBHH CPEIHUX COAEp KaHUI
pryru npesbimanu [IJK pryru B 2-60 pa3. Otu napa-
METPHUYECKHUE COBOKYITHOCTH OBUIM amlMpoOKCHMHPO-
BaHBI HCKIFOUMTEIBEHO YKCITOHEHINAIBHOHN (pyHKITHEH.
[Tpu 3TOM COBOKYNMHOCTH P00 C (POHOBBIMH KOHIICH-
TpalysIMK BBIIEIUTH HE yznanock. [lomydeHHbIe naH-
Hble niokazanu, yto B 2000 r. ypoBeHb MaKCUMAaJIbHBIX
KOHIEHTPaWi PTYTH B BOJie (KOTOpHIE OBLTH TIpen-
CTaBJICHBI IPEUMYIIECTBEHHO PACTBOPEHHOH (hopmMoii)
npeBbiman 6onee ueM B 100 pa3 yposens [1JIK u B 30
pa3 - donoBbIi ypoBeHb 1998 r. IlosiBieHne B Boze
AQHOMaJIbHO BBICOKHMX KOHIIEHTPALMi PTYTH B PAacTBO-
PEHHOI ¥ B3BemeHHOH ¢opme OBUIO 00YCIOBICHO,
OYEBHJIHO, PE3KUM YCHUIIEHHEM YPOBHS CEHCMHYHOCTH
Ha CaxanmHe B 3TOT EpHOJ,.

BAPUALIMH PACIIPEJ[EJIEHNA PTYTU U
METAHA B CBA3U C U3SMEHEHUEM
THPOJIOTMYECKHUX ITAPAMETPOB BOJHOH
ToJiu

Haubomnee moapo6HOE mccenoBanne 0coOeHHO-
cTell pacripeneneHus KOHLIEHTpaluii MeTaHa, pTyTH 1
JIPYTUX THAPOJIOTUYECKUX U THAPOXUMHUYECKUX T1apa-
METPOB B BOJHOM TOJIIE Ha CEBEPO-BOCTOYHOM
miensge CaxanuHa ObLJIO MPOBEACHO Ha TpaBep3e 3all.
[unetyH, Tae poxoaui 4-i npodmib CTAaHIUH MOHU-
Topunra, BeinojHeHHoro Ha HUC «IIpodeccop I"ara-
puHckmit» B 2000r. (cm. Puc. 1). Ilpoduns 4 oxBatsi-
BaJI YeThIpE 30HBI LIeb(a: MEIKOBOHAs 30Ha (CTaH-
must GO0-2, rmybuna 25 M), kpail menbda (cTaHmus
G00-3, rmy6una 100 M), BepXHss 4acTh MaTEPHKOBOTO
ckioHa (cranmmu G00-4 u GOO-5, rmy6uns: 450 u 600
M) U TiyOokoBomHas 30Ha (ctanius G00-6, rmyOmnHa
1200 m) [8]. Ha nanHOM ITpoduiie MakCHMalbHbIE KOH-
neHTparmu Metana (1o 5500 ui/) ObpuTH 3aHUKCHPO-
BaHBl B NPUJOHHOM cJO€ Ha Kparo Ienbda. B sToit
30HE MPOMCXO/INIIA aKTHBHAsSI Pa3rpy3Ka MOIHOTO XO-
JIOJJTHOTO METAHOBOTO MCTOYHHKA (CHIIa) C BBICOTOH ra-
308010 (hakena Oosiee 40 M. B BoAHO# ToJIIIIE HAM ATUM
HNCTOYHMKOM MAaKCHMaJIbHbIE KOHIIEHTPAlMH METaHa
6onee ueMm B 100-180 pa3 mpesbimanu GOHOBEIA ypo-
BeHb MeTaHa (30-50 H/I) B IPUIOHHOM CIIO€ BOJ Ce-
Bepo-BocTouHOro Irenbda Caxammnaa [18]. Makcu-
MaJIbHBIE KOHIICHTPAluu PTYTH 3a()UKCUPOBAHBI B OC-
HOBHOM B MEJKOBOJHOH 4acTH menbda, rie cpegHee

conepxanue pryTta (322 Hr/i) ObUI0 B 3 pa3a BbIIIC Ta-
KOBOT0 Ha Kparo menbda (103 ar/m). [Ipu aToM ypoBHA
MaKCHUMaJIbHBIX KOHLeHTpauuid prtytu (1032 u 993
HT/JT) B 3THX pailoHaX OBUTH IIOYTH OJMHAKOBBIMHU.

B BoaHOM TOMIIE BEpXHEH YaCTH KOHTHHEHTAJIb-
HOTO CKJIOHA Oblia 3a(hUKCHpOBaHA XOPOIIO BHIPAKEH-
Has ¢poHTambHAsA 30Ha BocrouHo-CaxannHCKOTO Te-
YEeHUs], KOTOpast IPOCIIeKnBaiack 10 TayorHsr 500 M.
®poHTaNbpHAs 30Ha ObUIa 00pa3oBaHa ABYMS CXOISIIIN-
MHCSI TIOTOKaMH BOJ: OITyCKArOIIMMUCS C Hiebda Xo-
JOJHBIMH METAHCO/ICP KAIMMH BOIAMH U MOJHUMAIO-
LIMMUCSI TI0 CKIIOHY TETUTBIMU MOpPCKMMU Bostamu (Puc.
2). B 30He Hanbombliero 000CTpeHUs] GpPOHTAIBHON
30HBI (Ha Tiryorae 200-240 M) ObLT CHOPMHUPOBAH APKO
BBIDAKEHHBIM JIOKAJIIBHBI MaKCUMYyM B3BEILECHHOU
¢dopmer pryru (Puc. 2A). IIpoueHTHOE conepxaHHe
9TOH ()OPMBI PTYTH NOYTH B 3 pa3a IMPEBHIIIANIO ee HOp-
MaJIbHOE COJAEp)KaHHME B JTaHHOM paioHe. Jpyroii jo-
KaJIbHBIH MAKCUMYM B3BELICHHOH PTYTH IPUMEPHO Ta-
KOTO XK€ YPOBHsI HaOJIIOJascs HEMOCPEICTBEHHO Ha[
(poHTAIBEHOI 30HOH TeueHUs y moBepxHocTH Mopsi. C
MaKCHMyMaMH{ B3BEIIEHHOW PTYTH OBLIM HPOCTpaH-
CTBEHHO COMPSIKEHBI JOKAIbHBIE MAKCHMYMBI PacTBO-
peHHOW (GOpPMBI PTYTH, UMEIOIINE TEHACHIIMIO T0Jb-
eMa Kk noBepxHoctu mops (Puc. 2B).

Han ¢poHTanbHOl 30HO# TeueHus: Obu1 chopmu-
pPOBaH MPUIIOBEPXHOCTHBI MHHHMYM KOHICHTpPALUU
pacTBOpeHHOH (HOPMBI PTYTH, YPOBEHb KOTOPOTO OBLI
3HAYUTEIBHO (B 3 pa3a) HUXKE CpPEIHEro 3HAa4YCHUs. B
30HE 000CTpeHns (PPOHTATBEHON 30HBI TAaKXKe MPOH30-
nuio Hauboliee pe3koe CHmwKeHue (B 15 pa3) KoHIEH-
Tpanuit MeTaHa, moutu 10 oroBoro yposHs (Puc. 2C).
[lo HamemMy MHEHHWIO, pe3KOE€ CHI)KEHHE KOHIIEHTpa-
LM MeTaHa U paCTBOPEHHOM PTYTH B BOJI€ TPOU3OIILIO
B pe3yJIbTaTe BOBJICUCHUS U TpaHC(OpMALMK STHX Be-
IIECTB B XOJE€ HMHTEHCHBHBIX MHKPOOHOJIOTHYECKHX
TIPOLIECCOB BO (PPOHTAIBHOHN 30HE TeUSHH. JTa 30HA
SIBJISIETCSI, 110-BUAUMOMY, NPUPOIHBIM OHO(QHIBTPOM,
IJie IPOMCXOAUT OYMIICHUE HIENb(OBBIX BOJ OT Me-
TaHa U PTYTH. DTO BO3MOXKHO 3a c4eT (POPMHPOBAHUS
MHOTOYHUCIICHHBIX JIOKAIbHBIX 3aBUXPEHUH B Ipeesax
(pOHTAIBEHOI 30HBI 32 CUET HHTEHCUBHOTO TTEPEMEIIN-
BaHMS Pa3HOPOJHBIX CIIOEB BOJHBIX OTOKOB. DTH 3a-
BHUXPEHUS SBIISIOTCS, MO-BHIMMOMY, MHKpPOHHILIAMHU
JUIsl 0OMTaHUs Ccriel(UIecKoro cooOIIecTBa MUKPO-
OpPraHU3MOB, OCHOBAHHOTO B OCHOBHOM Ha METaHE.
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Puc. 2. Pacnpedenenue uz0aunuil memnepamypsi 600bl, KOHYeHmMpayuil 63eeutenHo popmol pmymu (A; mxe/n),
pacmeopenrnou gpopmol pmymu (B; mxe/n) u memana (C; ua/n) Ha éepmuxanoHom paszpese 600HOU MOAUU 60-
cmounoeo wenvgpa Caxanuna 4-20 npoghuns cmanyuil.

OyHKINOHNPOBAHUE JAHHON (DPOHTAIIBHON 30HBI
TEYEHHs TNPOUCXOANT, OUEBHIHO, AHAIOTHYHO OMO-
¢GuIBTPaM C MCEBIOCKIKEHHBIM CIOEM, KOTOPBIE HC-
HOJIB3YIOTCS U1l OYMCTKH CTOYHBIX BOJ. B aTnx Gno-
¢GuIbTpax B pe3yibTare UHTEHCHBHOIO IepeMelInBa-
HUS BOJABI  CO3JAIOTCA  CHJIBHBIE  BOCXOJISIINE
TypOyJIEHTHBIE OTOKH, B KOTOPBIX MHKPOOPTraHU3MbI
aKTUBHOTO WJIa TIOAJICPKHUBAIOTCA BO B3BEIIEHHOM CO-
crostHnu [19]. B mpupomHbix 6noduisTpax nmpu Muk-

pOOHOM OKHCIIEHWH METaHa OCHOBHBIE 3K30MeTabo-
TUTHl (YTICKHUCIBIN Ta3 M BOJa) WHTCHCUBHO 00pa3y-
JOTCSI 4epe3 IPOMEXKYTOUYHBIE MPOTYKTH (METaHOIM,
¢dopmanbaerun u popmuar). [Ipu aToM B nporecce me-
TabOoJIM3Ma MUKPOOPraHU3Mbl METaHOTPO(HOTO C000-
IECTBA MPOAYLHUPYIOT TAKKe METUIPTYTh - HanOoJee
TOKCUYHOE BEIIECTBO U3 BCeX coenuHeHuit pryru [20].
[on neficTBuem GakTepuii 1 rpnOOB MPOUCXOANT OKHC-
JIEHHE PTYTU U €€ COEAMHEHHH, a TakKe pa3Horo poja
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TpaHC(OpMaLNH, Pe3yIbTATOM KOTOPBIX SIBIISETCS Je-
TOKCHKaus pTyTd. K 00e3BpeKMBaHUIO PTYTH IIPHUBO-
JUT TIPOLIECC BOCCTAHOBJICHUS €€ MOHHOW (OPMBI 10
3JIEMEHTHOTO COCTOSHUS C MOCIEIYIOIHUM YAAJICHUEM
PTYTH U3 BOAHOI Tommu [21].

B npenenax ¢pponTansHoii 3006 BocTouHo-Caxa-
JIMHCKOTO TEUEHHS OCHOBHOE KOJIHMYECTBO PacTBOPEH-
HOW PTYTH NOTPEOISETCS M HAKAIUIMBAETCS, OYEBU/IHO,
B TKaHSX METaHOTPO(DHBIX OaKTEpHil, CKOTIICHHUS KOTO-
pPBIX (DOPMHPYIOT JIOKAIbHBIE MaKCHMYMbI B3BEIICH-
HOH pTyTH B BoAe. B 30HE 00ocTpeHus GppoHTaIBHON
30HBI JIOKATBHBI MaKCUMyM B3BEIIEHHON PTYTH OBII
chopMHpOBaH, NO-BHANMOMY, pTYTbIO, COJAEpXKa-
ieics B TKaHIX JKUBBIX OakTepuil. B npumoBepxHoCT-
HOM CJIO€ MaKCHMYM PTYTH ObUI c()OPMHPOBaH, O4e-
BUJHO, PTYTHIO, COAEPKAILEHCs B OTMEPILIEM MHUKPOTI-
JAHKTOHE B  pe3ylbTaré €ero BCIUIBIBAHUA U
HakoruteHns. Kak n3BecTHO, cyliecTByeT Takoe siBiie-
HUE, KaK «aHTHJO0X/b TPYIIOB», KOTOPOE 00YCIOBICHO
BCIUIBIBAHHEM K BOJIHOI MOBEPXHOCTH OTMEPIINX Op-
TaHU3MOB HeWcTOHHOrO coobmectBa. Co BpeMeHEM
O/lHA YacTh 3THUX OPTaHW3MOB OCEIAET B HIKHIOIO
4acTh BOJHOM TONINM B 30HE OIYCKaHHs, a Apyras
4acTh PAcCEMBAETCS MOJ BIMSHUEM BETpa M TCUCHUH
[22]. OueBumHO, IMEHHO TaKUM OOPa30M MPOUCXOAUT
MIPUPOJIHOE caMoouHileHne InenbpoBbix Boa Caxa-
JIMHA OT METaHa, PTYTH M JPYrHX 3arps3HSIONUX Be-
LIECTB.

POJIb IIOABOJHBIX METAHOBBIX
HCTOYHUKOB B PACIIPE/IEJIEHNU METAHA U
PTYTHU B BOJHOH TOJIIE

Ha ceBepo-Bocrounom mienbpe CaxanuHa B Ie-
puoa NpoBEACHHUA MOHUTOPHUHIOBBIX I/ICCJ'ICI[OBaHI/Iﬁ
metana B 1998-2000 rr. u B aipyrue rozpl Obu10 3auK-
CHPOBAHO 0OJIBIIOE KOJIMYECTBO KOHTPACTHBIX aKyCTH-
YECKMX aHOMAJIMH B BOJHOW ToJjie, (GopMHpyeMbIX
pasrpy3koil MHOJIBOAHBIX Ta30BBIX HCTOYHUKOB [23].
Pacnipenenenne KOHIEHTpAMA METaHA U PTYTH B BOZIE
Ha THUAPOJOTHYECKOM pa3pe3e BOAHON Tommu 4-ro
npo¢uist paliloHa MOHUTOPUHTA TTOKa3aJI0, YTO HCTOY-
HUKOM MOBBIIICHHBIX KOHIICHTPAIMH STUX BEIIECTB SB-
JSIFOTCSL IPUOpEXKHbIE He(TEera3oBbIe 3aIEKH, a TAKIKE
METaHOBbIE HCTOYHHMKH, DPACIIOJIOKEHHBIE Ha Kparo
menb(ba nu B BCpXHeﬁ YacTH KOHTHHCHTAJIBHOI'O
CKJIOHA. BOJIBIIMHCTBO HCTOYHMKOB UMEET IIOCTOSTHHOE
MECTO PACIIOJIOKCHHUS, IPU ITOM PEXHUM U MHTCHCHB-
HOCTb UX M3BEP)KEHUI U3MEHSIOTCS BO BpeMeHH. B me-
pHOIbI aKTHBH3ALMH T'a30BbIE MCTOYHHKH BBIICISIOT
00JIBIIIOE KOIMYECTBO METaHa, OPMHUPYS 3BYKOpacce-
MBAIOIINE AaKyCTHUECKHE aHOMAJIMH B TOJIIE BOJBI
(Puc. 3). B HmkHEH 9acTH 30H pasrpy3Ku Hanboee ak-
THUBHBIX Ta30BBIX CHIIOB, K KOTOPBIM OTHOCUTCS HUCTOY-
HUK «®Paken OOXHMPOBa», YPOBHU aHOMAJbHBIX KOH-
HeHTpaluii MeTaHa B Bojae gocrurart 11000-24000
HJI/T. DTOT UCTOYHHUK, PACIIOJIOKECHHBIN Ha TIIyOMHE
700 M Ha KOHTUHEHTAJIbHOM CKJIOHE CEBEpO-BOCTOY-
Horo CaxaJimHa, XOpOIIO U3y4eH B MOPCKHX SKCIIEIH-

nusx poccuiicko-repmanckoro npoekra KOMEX [8,
18].

Puc. 3. Axycmuueckue 3x02pammbl ROMOKO8 MeMAaHA 6 600HOU Moye HA0 2a308biMu ucmouHukamu «I uzennay
(1) u «@aken Oboicuposay (2) na cesepo-eocmourom cknowne o. Caxanur 6 okmsiope 2007 2. [7].
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OCOFBEHHOCTH PACIIPE/JEJIEHHUA PTYTH
B OCAJJOYHOH TOJILIE HAJl 3AJTEJKBIO
T'A30I'"][PATOB
B nutonormdyeckoi KOJIOHKE TOHHBIX OTJIOKEHHH,
B35ITOH U3 30HBI PACIIOJIOKEHHUS Ta30BOr0 UCTOYHUKA
«Daxen OOxupoBay OBLIM U3YUCHBI YPOBHH U PacIpe-
JIeTICHUE KOHIICHTPALUH PTYTH, a TaKKe BBISABIICH aHO-

MaJIbHO BBICOKHIT YPOBEHB €€ CO/IepKaHUsI BO BCEX Ipa-
HYJIOMETPUYECKUX (PaKIUsIX OCaZOYHOH TOJNIIH
(Puc. 4). Pe3koe n3MeHeHHE KOHLEHTpaLUil pTyTH B
KOJIOHKE OBLIO 00YCIIOBIEHO, OUYE€BUIHO, HATHIHEM JIH-
TOJIOTMYECKUX IKPAHOB B TOJIIIE OCATKOB, IIPETISITCTBY-
IOIINX €€ CBOOOIHOM BEpTHKAIBHONH MHIPALlMU K MO-
BEPXHOCTH JTHA.

Mercury, ppm
1 1,5 2

Aleurite-pelitic silts

T T 1

-100 +

Aleurite - psammite

Pelite-aleuritic silts

-150 ~

Depth, m

-200 A

-250 1

Gas-saturalted layer
of aleurite pelitic

-300 4

-350 -

Gas hydrates

Puc. 4. Pacnpeoenenue xonyenmpayuii pmymu (He/2) 8 00HHbIX 0cadkax aumonocuyeckoi kononku (Ge 99-29)
u3 pationa 2a308020 ucmounuxa « @axen Obscuposay. I panyromempuyeckue munvt 0CAOK08 NPUSLOEHbL 8.
[24].

B BepxHem ci0e 0cagkoB JIMTOJOTMYECKOH KO-
JIOHKH cofiep>kanue pTyTH (470 HI/T) IpeBBICHIIO PeTH-
OHaJIBHBIN (POHOBBIN ypoBeHb (25 Hr/r) noutu B 30 pas.
B kosonKke Ha TyOuHe 2.5 M ObII 3aUKCHPOBAH CIOW
0CaJIKOB C T'a30TH/IpaTaMH, HETIOCPEICTBEHHO B KOTO-
POM U TIOJ HUM COJIEpXKaHHE PTYTH OBIJIO aHOMAIBHO
BbICOKMM (710 1830 HI/T), KOTOpOE IPEBBICHIO (OHO-
BBII1 ypoBeHb Ooiiee yeM B 70 pa3. DT JaHHBIC CIyXKaT
MOJTBEPKACHUEM TOTO, YTO 3alleKH Ta30rHApaToB
9KPAaHUPYIOT MOTOKHM OSHAOTEHHOW PTYTH, HaKarH-
BAalOT €¢ B ceOe M MOJACTMIIAIOIINX JOHHBIX OCAIKax U
SIBIISIFOTCS. TOTEHLMAJbHBIM HCTOYHMKOM 3MaHAIUH
PTYTH B BoJax He(hTera30HOCHBIX paiioHOB [25]. Harm
HCCIIEOBaHMS MOKA3aJIM, YTO Ha HA4YaJIbHOM 3TaIle ak-
TUBU3AINU METAHOBBIX TI'a30BBIX MCTOYHUKOB ITPOUC-
XOJAT BBIOPOCHI B MIPUAOHHBIN CIIOH BOJBI TMOBBIMICH-
HOTO KOJMYECTBA PTYTH BO B3BELICHHOW 3JIEMEHTHON
¢dopme [26]. Merammmyeckast pTyTh, KaKk H3BECTHO,
OYCHB JIETY4Ya U B pe3yJIbTaTe Jera3aluyl 3eMHBIX HEIp
MOCTyMaeT B atMocdepy B Buae napos. [Ipu sTom B me-
PHOMIBI CEHCMOTEKTOHNYECKON aKTHBM3AIMM HEAP U3
Hed)Tera3oBbIX MECTOPOXKICHHUH U 3ajiexel ra3oruapa-
TOB IIPOMCXOIAT Hanboyiee 3HAYNTENbHBIE 3MaHAIlIH

pTyTH. TekTOHHYecKHe MOIBIKKH B BEPXHHMX HACTSIX
TUTOC(EPHl IPUBOIAT K PACKPHITHIO 30H TITyOMHHBIX
Pa3JIO0MOB MAHTHITHOTO 3aJI0KEHUS U pa3pyLICHUIO 3a-
nexei razoruaparos. [loaToMy B 3TH IEpHO bl IPOUC-
XOJUT pasrpy3ka METAHOBBIX CUIIOB U HMHTEHCUBHOE
MOCTYIJICHUE PTYTH B L1eib(oBbie Boabl CaxainHa.

OBCYXJIEHHUE

Ha menbde Caxanuna nepruo/ sl akKTHBU3ALNH T'a-
30BBIX MCTOYHUKOB 3aBHCAT OT MHTEHCHBHOCTH CEM-
CMOTEKTOHUYECKUX JABMKEHUIN 3eMHON KOPBI B IIpejie-
max Xokkaimo-CaxalMHCKOM CKiIamdaTtoii 00JIacTH.
Ota 00s1acTh BXOJUT B COCTaB IIOJBIKHOTO THX0OKe-
AQHCKOTO CKJIQI4aTOTO OKPAaMHHO-KOHTHHEHTAJIBHOTO
mosica ¥ PeCTaBIsIeT CO00i CHCTEMY HIDKHEKOPOBBIX
Y TITyOMHHBIX JINTOC(EPHBIX pa3ioMoB OXOTCKOU MOp-
CKOM IJIUTHI ¢ KOHTUHEHTAIHHON W CYOKOHTHHECHTAITb-
HOU kopoii [27, 28]. Oxotckas Mopckas JJuToc(hepHas
IJUTa TPaHUYUT C THXOOKEAHCKOM OKEaHWYECKOM
IUTMTOH B 30HE CYONYKIMH, Te THuxXxooKeaHCKas IIUTa
rorpyxaetcs mog OX0TCKyIo IHTy. BekTopsl moaBu-
J)KeK M Juamna3oH ckopoctedl OXOTCKOW IIUTHL B
HauOOJbIIeH Mepe CBA3aHbI ¢ Bo3aelcTBUEeM THX00Ke-
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AHCKOH TUTUTHI U OKa3bIBAIOT HEMNOCPCACTBECHHOC BJIUA-
HUe Ha cTpYKTypsl CaxannHa. B meproasr rmobansHoM
CeCMOTEKTOHMYECKOW aKTUBH3ALMH B ITpeaenax X0oK-
Kaio0-CaxannHCKOW CKIIaI9aToOd CHCTEMBI MPOMCXO-
JST 3eMJIETPSCEHNUs, OOJIBIIMHCTBO KOTOPBIX BO3HH-
KaeT Ha okpanHax Jiutochepusix miut [29]. Tak, B HO-
sope 2015 1. B mpememax THXOOKEaHCKOTO
CKJIaT9aTOro Mosca MPOU30IILIa [east cepus ceiicMu-
YeCKHUX COOBITHH, KOTOPBIE COTIPOBOYKIAIOCH BYJIKAHH-
yeckMMHU u3BepxkeHusMu B Wuponesuu u Ilepy, a
TaK)K€ YMEPEHHBIMH ITOJI3€MHBIMH TOJIIKAMH BOKPYT
Bceil Tuxookeanckoi mumtel: B Kanmnpopunu, Unm,
[lepy, Konym6un, Benecyane, bpasunun, Unnonesun,
[Tarrya-HoBoii [ Bunee. Bece yka3aHHbIe 3eMIIETPSICEHUS
MOTJIM CBHJIETEIBCTBOBATh O POCTE CEHCMUYECKOIro
HAIPSDKEHHS B TOT MEPUOJ M COBITAIH C 3ITU30I0M O/
HOTO W3 CaMBIX MOIIHBIX MPOSBICHUH TCUCHUS Jb-
HuHBO, CBA3aHHOTO CO CIOXKHBIM KOMIUIEKCOM MPH-
YHHHO-CJICICTBCHHBIX CBsI3CH B cUCTeMe «aTtMocdepa-
ruapocdepa-3emis» [30].

OKOJIOTUYECKUE KATACTPO®AI U UX CBA3b
C [IPUPOJIHbIMU U TEXHOI'EHHbIMU
AHOMAJTHAMHA

Iab-Hunpo. Tlpuponnoe siiaeHue ib-Huubo
YYeHBIE OTHOCAT K Pa3psAmy TI00albHBIX KaTacTpod
IUTAHETHI, KAPAWHAIEHO U3MEHSIONINX KIUMAT 3eMITH.
®denomen Dnmb-Hunbo 2015-2016 rr. Bomien B 4uCIIO
CaMBIX MOIIHBIX €r0 SMU30/10B, KOTOPHIE HAOIFOIATHCh
Takxke B 1982-1983 u 1997-1998 rr. [31]. Becbma npu-
MeYaTeNbHO, YTO mpowmsomenmee B 1997-1998 rr.
MolHoe Dib-HUHBO MpesmecTBOBAIO MEPUOIY Hpo-
BEJCHMS HAITNX MOHHTOPWHIOBBIX HCCIECIOBAHWN Ha
BOCTOYHOM Mienb(e CaxamuHa, ONMMCHIBAEMBIX B JaH-
HOH cTaThe. SBnenne Dnb-Hunbo mpencrasiseT coboit
CII0KHOE COYETaHHE aTMOC(QEPHBIX IIPOILIECCOB, BBI-
3BaHHBIX KOMILJICKCOM reousndeckux (Gpakropon. OTu
(akTOpBl MPHBOIAT K PAa3BUTHIO JYHHO-COJHEYHBIX
HYTallMOHHBIX KoJyiebaHuil B atmocdepe u MupoBom
OKeaHe, a TaKkke MOACIHUPYIOT MPOIIECCHI, TIPOUCXO/IS-
mue B NryonHax 3eMiin, KOTopble (OPMUPYIOT TTEpUO-
AUYECKHUE UMITYJIBChI A€rasaliuu U CEMCMOTEKTOHHNYE-
CKOM aKTHBHOCTH. B romel mposiBieHUS HamOoiee
cUIbHBIX Db-Hunbo B TUXOM OKeaHe pe3Ko Bo3pac-
Taja celicMUYecKasi akTUBHOCTb BocTouHo-Tuxo0Ke-
AQHCKOTO TOJHSTHS, T/€ CYIIECTBEHHO IOBBIIIAIACH
TeMIepaTypa MOBEPXHOCTHOTO CJIOSI BOABI B Pe3ylb-
TaTe BBIX0[a OOJIBIIOTO KOJIMYECTBA EPErPEThIX SH/IO0-
TeHHBIX Ta30B (OCOOGHHO BOJOpPOJA M MeETaHa) Kak
crenicTBHe 3emierpsicernit [32, 33].

Hawnbonee cunpHbIe 311130161 D1b-HUHBO BIUSIOT
HE TOJIFKO Ha HHTEHCUBHOCTh TEPMHYECKUX U MEXaHH-
YecKuX KojeOaHuil B aTMocdepe, OKeaHe M HeApax
3eMi, HO TaKXKe W Ha MEPUOIUYHOCTh M MHTEHCHB-
HOCTb JKOJIOTHYECKHMX KaracTpod B mpenenax Tuxo-
OKEaHCKOTO IIOABIDKHOTO mosica. IIpmmepamu Takux
SIBIICHU MOTYT CIY)XHTh CHJIBHOC 3EMIICTPSICCHHE B
r.Yraeropcke (5 aBrycra 2000 r.), a Taxoke 000CTpeHHs
KPUTHYECKOTO COCTOSIHUS TOMYJISINI CephIX KUTOB U
CeNIb/IM  TUXOOKEAHCKOM, MPOU30LIECIIINE B IEPHUOJ
MIPOBEACHHUS HAITUX MOHHUTOPHHIOBBIX MCCIIEIOBaHUN
Ha caxaauHCKoM mrenbde B 2000 r.

Kak n3BecTHO, Ha ceBepo-BocTOUHOM Meibde Ca-
XaJlMHAa TPaTUIMOHHO MPOUCXOTUT JICTHE-OCCHHUMA

HaryJl CepbIX KUTOB OXOTCKO-KOPENCKOM MOy UU B
CBSI3H C OOJIBINION MPOTYKTHBHOCTEIO OEHTOCHBIX CO00-
niecTB B 3ToM paiione. B 1998-2000 rr. obiee koim-
YeCTBO OXOTCKO-KOPEHCKHX CEPBIX KHUTOB 3aMETHO
YMEHBIIMJIOCh, U OHM OBUIM BKIIIOYEHBI B KAaTETOPHUIO
BHJIOB, HaXOJSALIUXCS TOJT YTPO30i MCUYe3HOBEHUs. B
1999 r. 14-47% oOcrenoBaHHBIX KUTOB OBLTH TpPHU-
3HaHbl KpailHE HMCTOILIEHHbIMU. MHOrMe U3 HUX MO-
ruban B 3MMHUH nepuof B narynax Kammgopauiickoro
3ajMBa ¥ Ha mytu Murpauuu. B 2000 r. moru6io nouru
B IIBa pa3a 0oJbIIe KUTOB, yeM B 1999 1. [9].

VY ceBepo-BocTouHOTO NoOepexbs CaxanuHa npo-
MCXOJIUT TAK)Ke HaryJl ¥ HEPeCT APYTroro BaXKHOTO MPO-
MEBICIIOBOTO O00BEKTa - THXOOKEAHCKO# cenmbau. B me-
pHOI pa3MHOXKEHHUS CeJbJb 3aXOJUT Ha HEPECT B 3all.
[MunpTyH U Ipyrue ompecHEHHBIE 3aJIHBE BOCTOYHOTO
Caxanuna. OJTHaKO B MOCJEIHUE TOJBI B ATOM pailoHe
pe3ko 000CTpHIIacCh IKOIOTHYecKass 00CTaHOBKA, BBI-
3BIBAIONIAs MACCOBBIC 3aMOPBI CENIBIN U APYTHX IIPO-
MBICJIOBBIX BHJOB THApoOHOHTOB. B mione 1999 r. B
3aj1. [TMIeTYH IpOM30IIIIa SKOJIOTHYecKas kKaTacTpoda,
CBSI3aHHAsi C MacCOBOW THOEIBI0 THUXOOKEaHCKOMH
cenpu. Torma Ha mobepexkse 3amuBa OBLIO OOHApPY-
xkeHo 6osiee 5000 T MmepTBOit cenbu [10].

Ceiicuuueckaa akmuenocms. 1o Hamemy MHe-
HUIO YIIOMSIHYTBIE BBIIIE MAacCIITaOHbIE 3KOJIOTHYECKNE
KaTacTpo(bl MOTJHM OBITH OOYCIOBJICHBI 3HAYHUTEIIb-
HBIM Ae(pOpMUpOBAHHEM H Pa3pyIIEHHEM TOPHBIX I10-
poJ, BMenaomux HedrerazoBsle 3a1eKH U pTyTh. Co-
TJIACHO BBIBOJAaM JKCIIEPTOB, IPU CXKATHU OJIOKOB TIO-
pox W3 Tra30BOH IIamku HedTerasoBbIX 3ajexel
CHaJaJla MHTEHCHBHO BBIACISIIOTCS YTIIEBOJOPOTHBIE
ra3bl, 00oralieHHbIe aTOMapHOH PTYThIO. 3aTeM BbIJe-
JIieTCs Ta30BbIM KOHJEHCAT, coliepkaliuii cmech YB
ra3oB M JKAIOKUX (pakmuid JETKUX YTICBOJIOPOIOB.
PryTh, mOCTYnarmas U3 HeAp, €CTECTBEHHBIM 00pa-
30M HaKaIUIMBaeTCs W B IPUPOJHOM Ta3e, U Ta30BOM
KOHJIeHcaTe MecTopoxaeHui. [Tpu aToM HamOosbIIee
€€ KOHICHTPUPOBAHUC IMPOUCXOAUT B BBICOKOTOKCHY-
HOM BOJHOMETAHOJILHOM PacTBOpE, COJCpIKaIeMcsl B
ra3oBOM KoHJieHcate [34].

B mepuoas! 3emieTpsiceHu B MIETh(GOBBIC BOIBI
CaxanuHa peryyispHO NonajaroT O0JbIINe KOJINIeCcTBa
METaHa, PTYTH U JAPYTUX TPUPOTHBIX TOKCHKAHTOB.
Onnako B menb(poBOH 3KOCHCTEME BHIPaOOTAIIHCH,
OYEBUIHO, IPUPOIHBIE MEXaHN3MBI MUKPOOHOJIOTHYE-
CKOTO CaMOOYHIIEHHUS MOPCKHUX BOJ OT HPHUPOJHBIX
TOKCHKAaHTOB B pe3yJibTaTe MX €CTECTBEHHOI Omoje-
rpaJaldy aJanTHPOBaHHOW MuKpodiopoit. Harmsan-
HBIM IIPUMEPOM MPUPOJHOTO CAMOOYMILECHUS MOXKET
CIIY’)KUTh PACCMOTPEHHOE HAMH BBIIIE paclpeeeHne
KOHLIEHTPALIMI MEeTaHa U PTYTH B Ipenenax GpoHTaib-
Ho 30HBI BocTouno-Caxanuuckoro teueHus. OnHaxko
IIpY WHTEHCHBHOW HedrenoOblye, HayaTol Ha caxa-
JUHCKOM miensdhe B 1998 ., B mpuOpeKHbBIC BOIBI 10-
CTYIaeT CIUIIKOM OOJNBIIOE KOIMYECTBO PA3IMIHBIX
TOKCHKaHTOB U KCEHOOMOTHKOB, TIOATOMY Harpy3ka Ha
€CTeCTBEHHBIE TIPOIECCHl CAaMOOYHIIEHHUS BOTHOU
Cpe/bl SIBIsieTCsl U30BITOYHOM, YTO MPUBOJIUT K MOCTE-
IIEHHOMY HaKOIIJICHHIO 3arps3HeHuH [35].

Texnozennvie npuuunel. [TpuanHy rubGenu peIObI
B BoJax 3aj. [IunbTyH o¢uIMaIbHbIE TOCYIapCTBEH-
HBIE OpraHbl OOBSICHWIN HEOCTATKOM KHCIIOPOJA W3-
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3a HeOJArompHsTHONW JenoBoil 0OcTaHOBKU. OIHAKO,
10 MHEHHUIO SKOJIOTHYECKUX OPTraHNu3aIui, OTPaBIICHHE
pBIOBI IpOM30IUI0 HE(TENPOAYKTaMH M AWCIIEPreH-
TaMH, WCTIOJB3YIOIUMHUCS AT JMKBHIALUHU TIOCIEN-
CTBHH pa3IMBOB HE(PTH. DTO MOTIIO IIPOM30MTH, B 4ACT-
HOCTH, B pe3yibTaTe aBapuifHoro cobpoca B 1998 r. ¢
HedTerazomoOsBaromel  muargopmer  «MOJTHKITAK»
[MunbTyH-ACTOXCKOTO  HE(TSIHOTO MECTOPOXKICHUS
kommannn «Caxanua JHepmkm» [10].

HeraruBHble nocnencTus pa3paboTok HeTIHBIX
MECTOPOXKJICHHIA MOTYT OBITh Takke OOYCIOBIICHBI
HapylIeHHEM TPHPOJHOTO MEXaHWYECKOTO paBHOBE-
cHsl 3eMHBIX HE[p B 30HaX 3aJie’Kel M B OKpYKaroliei
reodusndeckoit cpene. Tak, Ha [TUIBTYH- ACTOXCKOM
MECTOpOXKJIeHUH Tmocie ero 10-metHedt pa3zpaboTku
ObuTa 3aUKCHpOBaHA TaK Ha3bIBaeMas «HaBEICHHAs
celicMUYHOCTEY. [1o/100HBIE COOBITHSI OOBIYHO TPOMC-
xomat depe3 12 u 14 mer mocne Hawyama pa3padoOTKu
HeTera3oBbIX MECTOPOXACHUN U NMPHUBOJAT K 3HAYH-
TEJIbHBIM Pa3pYLICHUSIM U OTPOMHOMY 3KOHOMHYE-
CKOMY H JKOJIOTHYecKoMY ymepOy [36].

B nocnennee BpeMs, B CBSA3U C pe3KUM 000CTpe-
HHEM HKOJIOTHYECKOH 0OCTaHOBKM Ha CEBEPO-BOCTOY-
HoM 1menb(pe CaxannmHa, BCTan pedOpPOM BOIPOC:
«Heth mmm peida?». C MmogoOHOW IHIIeMMON He-
CKOJIBKO JIET Ha3aj CTOJKHyauch B Hoperum, rue
«Coto3 pbI0aKoBy» OTpeOOBaI 3arpera ceiicMoIornye-
CKUX M3BICKaHW He()TeNOOBITINKAMH B PaiOHAX OOH-
TaHus W Murpanuu pei6. Hexortoperid koMmpommuce,
HakoOHeI, OblI HaiigeH. Pr100m00bITYNKAM OBLIN BO3-
BpalleHbl IUIOMIAAN, KOH(QHCKOBAHHBIE ISl JOOBIUU
He(TH W Tra3a, a Taxke ObUIO 3HAYNTEIHHO CHIDKEHO
KOJIMYECTBO BPEIHBIX OTXOI0B, COPACHIBAEMBIX B MOP-
ckyto cpeny. CyTh poOIeMbl BBIPA3UII IPEJCTABUTEN
Acconuanuy HopBexXcKux MopsikoB P. HunbceH, koTo-
PBIM MOJUEPKHYII, YTO PbIOOIOObIBaOLIas U HedTera-
30Bast OTPACIIH IPOCTO OOPEUEHBI HA COTPYJHUIECTBO.
Pa3BuBas ot orpacium HeoOX0aMMO M30eraTh B3auM-
HOTO yiep0a, Tak Kak MUpY B MIEPBYIO O4epe/ib HY)KHa
ena. Ona OyneT Hy)KHa M IOCJIe TOTO, KaK 3aKOHYATCS
3aracel He()TH U rasza Ha MOpCckoM Iesbde [37].

3AK/IIOYEHUE

Takum o00pa3om, B pe3yibTaTre IMPOBEICHHBIX
HaMHM HMCCIICIOBAHUH YCTAaHOBIICHO, YTO B IIEIb(OBBIC
BOJIBI ceBepo-BocTouHOro CaxajanHa B HEPHOMABI Cel-
CMOTEKTOHHYECKONH aKTHBU3AILMM U HANPSKEHHO-JE-
(opMHPYEMOTO COCTOSIHHSI HEIp IMEPUOINYECKH II0-
CTYMaroT OOJIbIINE SMAHAIINU PTYTH U3 HeTerazoBbix
3ajexedl. YpOBHH 3THX dMaHAIU MOTYT OoJiee 4eM B
100 pa3 npessiate ypoBeHs I1JIK pTyT mist BoJ peI-
00X035MCTBEHHBIX BOJOEMOB.

B nepuoas! celicMOTEKTOHNYECKOI aKTUBU3AIUU
MIPOMCXOANT TAKKE Pa3pyLICHUE 3aleKel ra3oruapa-
TOB METaHa M aKTMBH3AIMs Pa3rpy3KH XOJIOAHBIX Me-
TaHOBBIX cUMOB. [Ipu 3ToM (hopmupyrOTCS XOTIOIHBIE
BOJIHBIC MacChl, HACBHIIIEHHbIE METAaHOM. XOJOJHBIC
11e1b(oBbIe BOJBI OMTYCKAOTCS IO KOHTHHEHTAILHOMY
CKIIOHY M KOHTAKTHUPYIOT C MOJHUMAIOLUIMMHCS TITy-
OMHHBIMH 00JIee TEIUIBIMHA BOJIAMH, B PE3YJIbTATE YEro
(dopmupyercst kKoHTpacTHas (poHTampHas 30Ha Bo-
cToyHO-CaxaMHCKOTOo TeueHusl. B 9Toit ¢ppoHTansHON
30HE M0J] BO3JCHCTBUEM IICTb(POBBIX BO, 00OTaIICH-
HBIX METaHOM, (pOPMHPYETCS IPUPOIHBIH OHOPUIBTD,

Tac MpoucxXoguT HWHTCHCUBHAasA TpaHC(i)OpMaHI/IH MC-
TaHa ¥ PTYTH, IIPU KOTOPOH €€ TOKCHYHAs pPacTBOPH-
Masi (opMa HpeBpalaeTcsi B MaJOTOKCHYHYIO B3Be-
MIEHHYIO (POpMY, UTO MIPUBOAUT K OUHIIICHUIO MENb(HO-
BBIX BOJ OT pTyTH. IIpu 3TOM OCHOBHOE HAKOIJICHHE
B3BCLICHHON PTYTHU IPOUCXOJUT B IOBEPXHOCTHOM
CJI0E€ BOJIBI HETIOCPENCTBEHHO Haja (PpOHTANBHOM 30-
HOM, OTKyZla OHa 3aTeM paccerBaeTcs B TTyOOKOBOJ-
HOM 4acTH MOpSL.

[To Hamemy MHeHHIO, HepTera3oBble MECTOPOXK-
JCHUS, PACIOJIOKCHHBIE HA  CEBEPO-BOCTOYHOM
menbde CaxanuHa SBISIOTCS HE YYUTHIBAEMBIM paHee
S3HAYUTCIbHBIM NPUPOAHBIM HCTOYHUKOM PTYTH, IIO-
CTYTAIOIIEH B MOPCKYIO Cpey. DKOJOTHYECKUE KaTa-
cTpodbl, TpoU30OLIEAIINEe B JaHHOM paiioHe B 1998-
2000 rr., MOTIIH OBITH CBS3aHBI C HAYaJIOM IPOMBIIII-
JICHHOW J00BIYM He(TH W TEPUOJOM YCHUIICHHS Ce-
CMHYHOCTH, KOTOPBIH MOT OBITh OIIOCPEIOBAHHO CBS-
3aH C 3IU30/]0M HEOOBIYaifHO CHIIBHOTO SIBJIICHHS DIIb-
Hunro, npousomenmero B 1997-1998 rr. Hanoxenue
AQHTPOIIOT€HHOTO BO3/EHCTBUS, BBI3BAHHOTO HHTEH-
CHBHOW HedTeno0bIYel Ha caxaJMHCKOM Inenbge, Ha
MIPAPOAHBIC 3MaHAIMK PTYTH CHOCOOHO 3HAYMTEIHHO
yCyryOIsITh 9KOJIOTHYECKYIO CUTYAIHIO B IAHHOM paii-
oHe. OHO MOKET SBIATHCS OCHOBHOM MPUYHHOM KO-
JIOTMYECKUX KaracTpod B 3TOM palioHe, OCOOCHHO B
ro/ibl 3HaUUTEIbHONW CECMOTEKTOHMYECKON aKTUBHO-
ctu. Tak Kak B 3TH IEPHO/IBI BENNKA BEPOATHOCTH TO-
CTYIJICHUS OOJBINMX dMaHalMi PTYTH U3 HedTeraso-
BBIX 3aJIeKel B mens(poBbie BoApl CaxannHa, He00Xo-
JUMO TIOCTaBUTh B H3BECTHOCTb HE(PTSIHUKOB O
peampHON yrpo3e 3Komormdyeckux karactpod. Ilo-
3TOMY TpeOyeTcsl IPUHITHE COOTBETCTBYIOLIHUX IPHPO-
JOOXpPaHHBIX MEP C BHCCCHUEM H3MEHEHUH 1 JOTIOJTHEC-
HUH B CYIIECTBYIOIINE HOPMAaTHBHO-TIPABOBBIC aKTHI,
peryaupyromue 10064y HeTH U ra3a Ha caxajuH-
CKOM mienbge.
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Abstract
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The article studies the influence of changes in the geofiltration field of the actively exploited Pliocene-Qua-
ternary aquifer complex of the Terek-Kuma region on the amount of underground runoff into the Caspian Sea.

AHHOTAIIHSA

B cratbe H3Yy4a€TCs BJIMSTHUE W3MCEHCHUA FCOQ)I/IJ'IBTpaL[I/IOHHOFO IOJII aKTHUBHO OKCINTYaTHPYHIOIIETOCA
MJIMOUCH-YE€TBEPTUIHOTO BOJOHOCHOI'O KOMILJICKCA TepCKO-KyMCKOfI obnactu HpHKaCHHﬁCKOﬁ HU3MCHHOCTH Ha

BETMYUHY MOA3EMHOTO cToKa B Kacmmii.

Keywords: artesian waters, depression, underground runoff, mathematical modeling
KaroueBble cioBa: APTE3NAHCKUE BOBI, ACTIPECCHA, HOﬂSGMHLII\/'I CTOK, MAaTEMAaTHYECKOC MOACTTUPOBAHNE

OCOOCHHOCTBIO TEPPUTOPHH BOCTOYHOH YaCTH
Tepcko-KyMckoro apre3maHckoro GacceiiHa siBIsIeTCs
OTCYTCTBHE MOBEPXHOCTHOTO CTOKA M APUAHBINA KIIH-
Mar (kosimdectBo armochepHbix ocaakoB — 200 — 400
Mm/ron, 3HaueHus: ucnaperus — 800 — 1000 mm/roxn).
MakcuMasbHBIC TEMIICPATyphl 37€Ch B HIOIE MECAIE
nocturaot 43°C; MUHHUMalbHBIE OTMEYAIOTCA B SIH-
Bape. CpeaHerojgoBas TemiepaTypa Bo3ayxa — +8-
10°C. BbICOKOMY HCIAPEHHIO CIIOCOOCTBYIOT, IOMUMO
JIETHUX BBICOKUX TEMIEPATyp, MPOJIOJKUTCIBHEIC
CWJIBHBIC BETPBI: JIETOM TMPEOOSIANAlOT CcperHea3uar-
CKHE CYXOBEH C BOCTOKA, 3UMOH — 3ala IHbIe, IPUHOCS-
LIHE MOPO3 U XOJIOJI.

B »stux ycnoBusax Gonbmiast TOTpeOHOCTH B TIpec-
HOH apTe3naHCKOW BOJIE ISl BOJOCHAOXKEHHU ST HACEIICH-
HBIX IIYHKTOB, JUISl CEIbCKOXO3SHCTBEHHOI'O OCBOCHUS
3EMCEIIbHBIX HJ'[OHIaI[Cﬁ U OTTOHHOI'O )KMBOTHOBO/ICTBA,
JUIL OTpeOHOCTEeH HedTera3oBoW MPOMBIILICHHOCTH
MpHBEJia K PE3KOMY POCTY TOOBIYH apTE3UAHCKOH BOIBI
U3 IUTHOICH-YETBEPTUYHBIX OTJIOXKeHUN. Briewarsio-
e 00bEeMBI 3aI1acOB IPECHON BOJBI, BRICOKHE H30BI-
TOYHBIC HAMIOPHI HA YCThSIX MPOOYPUBACMBIX HETITy0O0-
KHX CKB2XKHH ITPUBENU K TOMY, YTO PECYPChI apTE3UaH-
CKHUX BOJI cranu paccMmarpuBaThes KaK
HercueprnaeMbie. [lomaBisioniee OONBIINHCTBO apTe-
3MaHCKHUX CKBa)XMH B TEUEHHE JIECATHIIETUI padoTain
B pexuMe camom3iuBa. Hambosiee MHTEHCHBHO (WC-
X051 U3 00IIero oobeMa J0OBITON BOIBI 32 BECh IIe-
PHOJT SKCIUTyaTaI[iH) UCTIOIb30BAIKChH TIPECHBIC BOJIBI
aTIIepPOHCKOTO BOJOHOCHOTO KOMILICKCa, ITyOHHa 3a-
JIeraHusi KPOBIH KOTOpoTo B Tepcko-Kymckom Mexy-
peube n3mensiercs ot 150 o 500 merpos. OH ObLT 1M0-
BCEMECTHO BOJOOOMIIEH, 1eOUTHI M3MEHSIUCh OT 3-10
1/cex 1o 50 n/cex, a M30BITOYHBIC JaBIICHHS Ha YCThIX

CKB&)XUH B cpenHeM oT 1 10 3 atM. Boasl xazapckoro
¥ XBAJIBIHCKOTO TOPH30HTOB, XOTS M PACIPOCTPAHEHBI
1o Bcell Tepputopun Horaiickoil paBHUHBI, coaepkKar
BBICOKOMHHEPAJN30BAHHBIE PACCOJIBI, HE IPUTOJHBIC
JUTS XO3SCTBEHHOTO PUMEHEeHHs. baknHCKre BOJPI,
MHUHEpaAIN3aIUs KOTOPBIX B CPEIHEM COCTaBIIsIeT 1 T/,
SIBJISTFOTCSI, HAPSILy C allllIEpOHCKUMU, OJJHIUM U3 OCHOB-
HBIX HCTOYHHKOB BOJIOCHA0KEHHSI 3TOTO paiioHa.

OO6nacTv MUTaHUS BOJIOHOCHBIX TOpU30HTOB Tep-
cko-Kymckoro apresmanckoro OacceiiHa, HampaBiie-
HUS JBWKCHHS MOJ3EMHBIX BOJ, CPEIHUE CKOPOCTH
BEPTHKAIBFHONH W TOPH30HTANBHON (HIBTPAINH, BO-
TPOCH (DOPMHUPOBAHUS XUMHYECKOTO COCTaBa M 30-
HAJIBHOTO pacIpe/ieIeHUs] HAIIOPHBIX BOJT BEPXHEN da-
cTu TuapoauHamudeckoi 30061 TKADB uccnenoBansl B
pabote [5]. 'maporeosornyeckue M3bICKaHUS, MPOBE-
neHHbie B 1956-61r.r. [3] MO3BOJMIN TOCTPOUTH KOM-
TJIEKC THUAPOTEOJIOTUYECKUX KapT, MAIONINX MPEICTaB-
JICHHE O 3aKOHOMEPHOCTSAX (DOPMHUPOBAHUS M pa3zMe-
IIEHMsI, 3amacax W pecypcax apTe3uaHCKUX BOJ,
TUAPOXUMHUYECKUX M TE€OTEPMUYECKUX YCIOBUSX U
yKa3aTh Ha HaJM4Ke pa3rpy3Ku MOJ3EMHBIX BOJ BOJIO-
HOCHBIX TOPH30HTOB TUIHOIICH-YETBEPTUYHBIX OTIIOMXKE-
Huii B Kacniniickoe mope.

[TocTtostHHO BO300HOBISEMBIE 3amachl MPECHBIX
BOJI B 00J1aCTAX MUTAHMS, TPUYPOUCHHBIE K IpeBHEAN-
JIFOBHAJIBHBIM I1€CYAHO-TAJICYHUKOBBIM OTJIOKEHHUSM,
00CCIICUMBAIOT MUTAHUE M THIPOCTATHUCCKUI HAmop
TUTHOTICH-Y€TBEPTUYHBIM OTJIOKCHHSIM, a reorpadude-
CKO€ IOJIOJKEHHME 00JIacTel MUTAaHMUS Ha FOro-3amaj-
HOM, 3aMaJHOM U I0)KHOM KpbuUIbsix Tepcko-Kymckoit
BITQJIMHEI (MMEIONIMX 00Jiee BBICOKUE THIICOMETpUYE-
CKHE OTMETKH) 00YCITaBIUBACT MMPEUMYIICCTBEHHO Ce-
BEpPO-BOCTOYHOE HAIpPaBIICHUE [BIKCHUS IIPECHBIX
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Box. IlocrexHee monTBEp)KIaeTCs KapTaMH IThE30MET-
pUYECKUX YpOBHEH, TOCTPOCHHBIMHU ISl Pa3IHIHBIX
BOJIOHOCHBIX TOPU30HTOB, Hanbosiee HHPOPMATHBHON
U MOJHON M3 KOTOPBIX ABJIACTCA KapTa a0COTIOTHBIX
NMbE30OMETPUUCCKUX ypOBHeﬁ TIJIMOLCH-YETBEPTUYHOT'O
komiuiekca Tepcko-Kymckoro apresmanckoro Oac-
ceifHa, nocTpoeHHas B 1964 roay [4], rae nee3omerpu-
YECKHE YPOBHH IIIMOIIEH-YETBEPTHYHBIX OTIOKEHHUH
YMEHBIIAIOTCS TI0 MEpE ABIDKEHISI Ha CEBEPO-BOCTOK H
BOCTOK. B 9TOM ’ke HampaBIICHUH CHIDKACTCS M BEJH-
yrHa THApaBimdeckoro rpaauenta: ot 0,002 Ha roro-
3amaze g0 0,0001 B mpubpexHoii yacTn Oacceiina.

Ha ceBepe larectana aOCONIOTHBIE MTBE30METPH-
yeckue ypoBHH (AITY) menstores ot 70 Ha 3amagHOM
TpaHUIC, NOCTCTICHHO YMCHBINAACH NPHU ABUKCHHUU B
BOCTOYHOM HarpasieHnu a0 —10 Ha nodepexbe Kunsz-
JISIPCKOTO 3aIMBa. | MIpaBiIndYecKue YKIOHBI MEHSIOTCS
pu 3tom oT 0,002 g0 0,0003. HanpaBnenue moazem-
HOTO TOTOKa C 3amaja, Iro-3amaja — Ha CeBepO-BO-
CTOK, BOCTOK. CeBepO-BOCTOYHOE HAIIPABIICHUE CMEHSI-
eTcs 110 Mepe MPHOMIMKEHNH K MOPCKOMY TIOOEpeKbI0
Ha BOCTOYHOE, ITHUPOTHOE HANpAaBICHUE, MOYTH Iep-
MIEHANKYIsipHOE OeperoBoii muHuM Kacmus.

Bananc ropuzoHTaNbHOM U BEPTUKAIBLHOM COCTaB-
JISIOMIMUX CKOPOCTH MOJ3€MHOT0 MOTOKAa IpU JABHXKE-
HUHU OT O0JIacTell MUTaHUs K 00JIaCTsAM Pa3Tpy3Ku Me-
HSIETCSI: YMEHbBINAETCs BeIMUNHA TOPU30HTAIBHOMN CO-
CTaBJSIIOLIEH CKOPOCTH (DUIIBTpalMd W BO3pacTaeT
pOJIb BEPTUKAIbHOM cocTaBiisomel. Beicokue rpaau-
€HTHI Haropa MeXIy BOJAOHOCHBIMH TOPU30HTAMH 3a-
CTaBIISIIOT JIPEHUPOBATHCS YaCTh MOJ3EMHOTO TOTOKA
BEPTHKAJIHHO BBEPX Uepe3 TIMHHUCTYIO TONIIY B BBIIIC-
JIeXKaIe BOJOHOCHBIE TOPH30HTHI, a 3aT€M B TPYHTO-
BEIE BOJIBI 110 Beei Tepputoprn bacceiina. Kapter AITY
JUIs GaKWHCKOTO M aIllIEPOHCKOT0 BOJOHOCHBIX TOPH-
30HTOB, IIPpU TMOCTPOCHHUU KOTOPBIX HCIOJB30BaAJINCH
NIEpBOHAYAJIbHBIC 3aMEPbI [[aBJ'leHI/Iﬁ Ha apTE3MaHCKHUX
CKBaXXHHAX, MpoOypeHHbIX 1m0 1960 roma, mokasbi-
BalOT, YTO [TOBCEMECTHO JABJICHUS B allllepOHE BHIIIE
JABJICHUH B OAKMHCKUX OTJIOXKEHHUSX, T.€. Pamu>Psax.
[6]. ITpu nBM>XEeHMU OT 3amagHON rpaHuilbl Jlarectana
Ha ceBepe K nodepexpio Kuzispckoro 3anuBa, BepTH-
KaJIbHBIC TPaJANCHTHI HANIOPA TIOCTEIEHHO CHMKAIOTCS
1o 3HaueHus 0,03, coOTBETCTBEHHO, U CKOPOCTH BEp-
TUKaJIbHOHN (PHIBTPAMN YMEHBIIAOTCS 10 MUHIMAJh-
HEIX — 3-4-10Mm/cyT.

PernonanpHas BBIJICP)KAHHOCTDL I1JIaCTOB, IlJIaB-
HbIe, 0e3 Pe3KNX CKauyKOB M3MEHEHHs peibeda, Mbe30-
METpUYECKAX TMpodwield M YKIOHOB ITbE30METpUIC-
CKHAX TIOBEPXHOCTEH TIO3BOJIAIOT SKCTPANOIHPOBATH
mof00HYyI0 KapTHHY B TIpenenbl akBatopun Kacrmii-
CKOTO MOPS: 9aCTh IOA3EMHOTO ITOTOKA, KOTOpasi ABH-
rajach B BOCTOYHOM HAIIPABIICHUH, ITOCTEIICHHO DPa3-
Ipy’Kasich BEPTUKAIBHO BBEPX I10 BCel momany dac-
ceifHa, TMPOJOIDKAeT [BWKEHHE U  IUIOMIAIHYIO
pasrpy3Ky B Ipejenax akBaTopuu. YacTe 1M0I3eMHOTI0O
MIOTOKA, KOTOpas JABMUrajacb B CEBEPO-BOCTOUYHOM
HalpaBJICHNH, TAKKe [0 Mepe ABHKCHUS Pa3rpyxkasch
B BBIIIEIISKAIINE BOJOHOCHBIE TOPU30HTHI U Jlajiee B
TPYHTOBBIE BOJpI, IepecekaeT pycino Kymbl u poctu-
raeT o0lacTeld eCTECTBEHHOW pasTpy3KH — COJICHBIX
03ep, pPacHoJOKEHHBIX B palOHE CEBEpHOTO OopTa
Kymo-Mansraeckoro mporuba ot Yorpaiickoro BoJo-
XpaHIIHUINa 10 modepexss Kacmus.

Jna pacueTa BeTHMUMHBI IOJ3EMHOTO CTOKA IMpec-
HBIX U CJ'Ia6OTepMaJ'IBHI)IX BOJ IJIMOIECH-YCTBECPTHUYHBIX

omiokeHui B Kacniniickoe Mope UCI0Ib30BaH OIMCaH-
HEIA B [1] runpoanHammdeckuii Mmeroa. PaccmarpuBa-
emas mpuOpexHas TeppuTopus oT ycThs KyMmbl mo
ycTbst Tepeka nenurcs Ha JICHTBI TOKA, I KaKJI0U U3
KOTOPBIX YTOUHSAIOTCS HUCXOJHBIE MapaMeTphbl: CKOPO-
CTH TOPH3OHTAILHON ¢uiIbTpanuy, 3(QGEKTUBHBIE
MOII[HOCTH BOJOHOCHBIX KOMIUIEKCOB Ha CTBIKE CyIlIa-
MoOpe, a TaK)Ke JJIMHBI OPeroBbIX JIMHUN BBIACIECHHBIX
neHT Toka. CyMMapHast BeIM4MHa €CTECTBEHHOTO 101~
36MHOTO CTOKa M3 BOJIOHOCHBIX TOPH30HTOB OaKWH-
CKOTO U aMIIepOHCKOTO OTJIOKEHUH B aKBATOPHIO MOPS
o pacuéram cocrauna 0,008xm%/rox [6].
Haunnas ¢ 70-X rojoB Ha apTe3NAHCKUX CKBAXKHU-
Hax Tepcko-Kymckoii obnacti moBcemecTHO HaOIio-
JacTCd CHUIKXCHHUE HAIlOpOB (XOTH TEMIIbI CHUHXXCHHUA
pa3Hble M 3aBHCAT OT MHOECTBAa (haKTOPOB), BO3HH-
KalOT MEpBBIE OYaru AEHPECCHM, KOTOpbIE YCUJIMBA-
I0TCS BCAEACTBHE NpUHYyAUTeNbHOM oTkauku. K 2000-
My TOJZy BO3MYIIEHHIO IIOIBEPracTcsl IMPaKTHYCCKU
BECh BOJIOHOCHBIH KOMILJIEKC BEPXHEIUIMOLEHOBBIX U
YETBEPTUYHBIX OTJIOKEHUH AarectaHckoi yactu Tep-
cko-Kymckoro apresmanckoro 6acceiina. J{ms MHOTHX
Mectopoknennii CeBepHoro Jlarectana OCHOBHOE,
MaKCHMaJIbHOE CHIDKEHHE YPOBHS IIPOUCXOJUT B Iep-
BbIC 2-3 rojia SKCIUTyaTallkH, 3a 3TO BpeMs cpabaThiBa-
eTcsi OoJblIas 4acTh YNPYroro 3amaca, Jajiee TEMIIbI
MajJieHUs] YPOBHEH CHMXKAIOTCS U PEAKO e IPEBBI-
HIAIOT 3Ha4YeHue 1m/rox.
BeiOpaB MeTos MaTreMaTHYeCKOro MOJENINpPOBa-
HUS B KAY€CTBE OCHOBHOTO METOANYECKOT0 TOAX0/1a K
W3Y4YEHUIO BIMSHUS MHOTOJIETHEH pa3pabOTKU MecTo-
PO’KIEHHH TOA3EMHBIX BOJ| Ha €CTECTBEHHYIO TMIPO-
JUHAMHYECKYIO KapTHHY MOJ3€MHOIO CTOKa, HE0OXO-
JUMO OBIJIO MPOW3BECTH THUIM3AIMIO U CXEMATU3ALUI0
THUAPOTEOJIOTHUECKUX YCIOBHM [6] B mpenenax BbIje-
JICHHOTO paiioHa (MeXIypedbe clieBa OrpaHHUYEHO Ipa-
Hutei Jlarecrana, cpaBa — akBaTopuei MoOpsi).
Maremartnueckasi (GopMyIHpOBKa 3agadd CBO-
JUTCA K PEIICHUIO MJIAHOBOTO HECTAIMOHAPHOTO ypaB-
HEHHMS YIPYroro pekuMa QUIbTPaIiN
gH 7 M) 2 H
—_—=— — |+ — — 1
nhd Y th@( +éy kyhéy ()

*
rae T - kosdduiuneHT ynpyroeMKoCTH IacTa,

kx,ky - cocTapmstionue koaddunuenta hunpTparuu, h
- 3(h(heKTUBHASI MOIIHOCTH IJIACTA.

B kadecTBe Ha4aIBLHOTO paCIpe/IelIeHHs HATOPOB
Ho (X,y) Gepercs cxemaTuyeckasl KapTa IMOA3EMHOTO
CTOKa BOJJOHOCHOT'O KOMILJIEKCa, B OCHOBY KOTOPOii IO-
JIOXKCHBI TICPBUYHBIC 3aMEPHI TUTACTOBBIX JAaBIICHUN HA
CKB@)XKMHAX, IpoOypeHHBIX 10 1960 roxa, T.K. pe3koe
YBEITMYECHUE 00HEMOB JOOBIYN apTE3NAHCKUX BOJI TIPO-
HCXOINUT UMEHHO B 60-€ ToIbl.

H ( Xyt ) /=0 =Ho ( le) (2)

I'pannyHbIe yCIOBHUS Ha BHEIIHWX KOHTypax Li,

Lou L3 OyneM cuutath MOCTOSIHHBIMH:

H(X,y,t)/Ll,Lz,L3:C0nSt (3)

st roxHO# rpanuist La tH (X,yt)/ L, =@ ®4)

B paiione uccnenoBanus Habupaercs 30 Touek
[2], paBHOMEpPHO Pa30pPOCAHHBIX IO TEPPUTOPHH, C JI0-
CTOBEpHOI MHpopManuell Mo JUHAMHKE IUIACTOBBIX
JIABJICHHH, JJTs1 KOTOPBIX TPAHUYHbIC YCIOBHUS 3aMHChI-
BaroTcs crenyromum oopazom: H (x,y,t) /1 =1 (). (5)
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®ynkuun  (t) u f(t) mocTpoeHs! Ha ocHOBE hak-

TUYECKOT0 MaTepHaa 110 JUHAMUKE IJIACTOBbIX JlaBJjle-
HUW Ha FOKHOM IpaHUIlC U Ha BHYTPEHHHUX I'DaHULAX
obnactu [6].

A%
&

Puc. 1. Cxemamuueckas kapma abcomomHbiX Nbe30MempudeckKux yposHeu
AnuepoHCcK020 6000HOCHO20 Komnaekca. 1- 1964200, 2- cospemennas kapma

Pemenune 3anaun (1) - (5) YHCIEHHBIM METOIOM
TIO3BOJISICT HAWTH paclpesesieHHe HalopoB B JFO00H
TOYKE CETKH, MOKPBIBAIOIIEH paccMaTpHBaeMyro 00-
JIacTh, Ha JII000# (PUKCHPOBAHHBI MOMEHT BPEMEHH.
Cormemnnenne cxemarndeckux kapt AITY: 1) moctpo-
€HHOM ISl allIlIepPOHCKOTO BOJJOHOCHOTO KOMITJIEKCa Ha
OCHOBE (PaKTHUYECKOTO MaTepHaja o CKBaXHHAM, IIPO-
OypenHbIM 710 1964 ronia u 2) COBpeMeHHOH KapThl, HO-
CTPOEHHOH 10 pe3yjibTaTaM MaTeMaTH4ecKOro MoJe-
JIMPOBaHMS TUAPOJMHAMUYECKOTO IpolLecca, MOKa3bl-
Baer (puc.l), UYTO MaKCHUMaJbHOH  JENpPeccuy
MOJIBEp)KEHa IEHTPaJbHAas YacTh paccMaTpUBaeMON
obmactu u nobepexne Kusnsapckoro 3anusa. [lossis-
eTcs mbe3ounsorurica —40 (koTopoii paHbIe He OBLIO Ha
KapTe); OHa MproOpeTaeT GopMy 3aMKHYTOH KPUBOH 1
MIOCTETIEHHO CMEIIaeTcs B 3allaJHOM HampasicHuH. B
9TOM € HaIllpaBJICHUN IPOUCXOANUT CABUT BCEX MbE30-
HU30THUIIC, YTO T'OBOPUT O TOM, YTO BCA O6J'[3CTI) (bI/IJ'IB-
Tpaluy BOBJIEYEHA B 30HY JICMIPECCUU B TOM MJIM MHOU
CTENEHU: CMEIIEeHUEe NMbe30u30TuIcel —20 cocTaBiser
ot 50 go 70 kM, a mpe3om3orumncel 60 ot 10 g0 20 KM.
W3mensercs ¥ KOHQUTypalusl MbE30U30THIIC: €CITH
IIPY €CTECTBEHHOM peXuMe (HIBTpalny JIMHUHM TOKa
HUMENH SBHO BBIPAKEHHYIO CEBEPO-BOCTOYHYIO M BO-
CTOYHYIO HAaIlPaBIEHHOCTb, TO TENEph HAa CEBEPO-3a-
MaJHOMH, ceBepHOIl rpaHnIax 007IacTH, a TaKkKe Ha BO-
CTOKe, TJie TPaHUIa MIPOXOJUT 1o akBatopun Kacmus,
OHM MEHSIOT CBOE HAlpaBJEHHE, Pa3BOPAYMBAsICh B
CTOPOHY JICTIPECCHOHHOM BOPOHKH. TakuM oOpasoM, B
aIIIepoHCKOM BOJJOHOCHOM KOMILJIEKCE HAJIMIIO M3Me-
HEHHE BEKTOpa FOPU30HTAIBHON COCTABIIAIONIEH ecTe-
CTBEHHOTO (MIBTPALIMOHHOTO MOTOKA. AHAIOTHYHBIE
pacyérsl Il OAKMHCKUX OTJIOXKEHWH IOKa3aiH, YTo
N3MEHEHUsI B TeO(MIBTPAL[IOHHOM TI0JIE 3/IECh TaKXKe
MMEIOT MECTO: KaK U B allllepoHe, JIMHUHM TOKa Pa3Bo-
paYMBaIOTCS B CTOPOHY 0Opa30oBaBIIEHCS ACHIPECCHH.
BcnencTBue n3MeHEHNs HAPaBJICHHOCTH TIOTOKA MO~
3eMHBIX BOJ MEHSAETCA M CIIOCO0 MX Pasrpy3KH: OHa

OCYHICCTBJIACTCA B IMOJTHOM 00BéME 4epe3 OTKPLIThIC
APTC3NAaHCKUC CKBAXKUHBI, HE 1OXOJs 10 €CTCCTBCHHBIX
oOxacreit ctoka B akBaTopru Kacuiickoro Mops.

YIII/ITLIBaﬂ, YTO AWHAMUKY CHHIKCHUS HAIIOPOB
yIAIOCh IPOCIEANTH HE BO BCEX TOOBIBAIOIINX aPTE3H-
aHCKHX CKBaxknHax (a mx mopsaka 3000), peambHbIE
pa3Mmepsl  00pa30BaBIICHCSA ACMPECCHH MOTYT OKa-
3aThCA 3HAYUTEIBHO BBIIIE PACUETHBIX. Y IaJ€HHOCTh
TEPPUTOPUHU OT OCHOBHBIX 00JIaCTEH MUTAHUS U MAJIbIC
CKOpOCTH (bPIHLTpaHI/II/I, a TaKKC HaJIMYUC MHOXKECTBa
SKCIITYaTHPYIOIIMXCS BOZ03a00pOB, "TepexBaThIBaIO-
IIII/IX" HO,Z[?,GMHBIﬁ CTOK Ha COIIPCACIIbHBIX TEPPUTO-
PpUAX, HE NO3BOJIAIOT PACCUNUTHLIBATL HA 6BICTpOG BOC-
IIOJIHCHHUEC 3aI1aCoOB €CTCCTBCHHBIM IIOTOKOM IIOJA3€M-
HBIX BOJ, U IIOTOMY IIpOLIECC [Jerpajallid BOIHBIX
pecypcoB permoHa IpUHUMAaeT HEoOpaTUMBIA Xapak-
Tep.
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THE CONCEPT OF A SENTENCE IN A CRIMINAL PROCESS
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In the science of criminal procedure law, it is generally recognized that the sentence is an act of justice.
However, in legislation and in theory, the concept of a sentence is defined in different ways, often to such an extent
briefly that it does not reveal its main properties as an act of justice. If, from the point of view of the wording
contained in the criminal procedural legislation, such an approach to the definition of the concept of a sentence is
quite understandable and explainable (after all, first of all, the legal norm is of a general nature, impersonal, typical
and cannot cover all possible situations that appear in lifel) then it is hardly justified from a scientific standpoint.
This necessitates the need to formulate such a concept of a sentence in the modern criminal process, which would

reflect its features as fully as possible.

Keywords: criminal procedural legislation, criminal procedure law, act of justice, criminal process.

Many of them have been and remain the subject of
scientific research. They are thoroughly and deeply de-
veloped in the theory of criminal procedure law. How-
ever, with regard to others, it is impossible to speak so
categorically. This conclusion is led by an analysis of
the relevant norms of the criminal procedural legisla-
tion and the definitions of the concept of a sentence for-
mulated in science. In the criminal procedure codes of
most countries of the post-Soviet space, the term "sen-
tence" is defined as a decision made by the court in a
meeting on the guilt or innocence of the defendant and
on the application or non-application of punishment to
him?2.

Code of Criminal Procedure of the Republic of
Moldova, para) 42 Art. 6 clarifies the term “sentence”
somewhat differently, in particular as “a decision ren-
dered by a court of first instance in a case considered
on the merits”. Note that the legislator is trying to get
away from the definition of the sentence formulated in
theory in the question of guilt. This happened due to the
fact that in the current legislation there appeared such
types of sentences as “sentence to terminate the pro-
ceedings”, “sentence to apply coercive medical
measures”, “sentence to terminate the proceedings to
apply coercive medical measures”, “sentence on the re-
jection of the application for revision of the case in an
audit procedure” and “the verdict in the case of a plea
agreement”.

An analysis of the theoretical provisions explain-
ing the term "sentence" allows us to identify the main
features that play a decisive role in formulating the con-
cept of a sentence as an act of justice in criminal cases.
So, a sentence is a decision made by the court of first
instance in a court session, giving answers to questions
about the presence or absence of a crime, the guilt or
innocence of persons sent to the court, about the type

and amount of punishment, if guilt is established by the
court.

It is impossible not to notice that even such a gen-
eralized description of the elements of the sentence, re-
lating to the concept of it as an act of justice, although
contradicting the current legislation, only expands the
possibilities of formulating a more complete definition,
but does not exhaust them. It should not be ignored that,
along with the growth of the number of norms, the num-
ber of contradictions between them also grows?. Thus,
with the advent of new types of sentences in the current
criminal procedural structure, the definition of the sen-
tence has undergone significant changes.

There are other very important signs of the sen-
tence, developed by science, which should certainly be
included in the definition. So, for example, in all legis-
lative definitions there is no indication that the sentence
is passed in the name of the law. Revealing the essence
and meaning of the sentence as an act of justice, some
authors emphasize that it is pronounced in the name of
the law*, moreover, one of the features of the sentence
is expressed in the named sign. What is the reason that
this important and essential feature is not included in
the legislative definition of a sentence? It is clear that
this gap needs to be filled.

Crime, as the most dangerous type of offense,
causes socially dangerous harm to the individual, his
rights and freedoms, property, environment, constitu-
tional order, sovereignty, independence and territorial
integrity of the Republic of Moldova, peace, security
humanity, and the entire legal order. In the system of
guarantees of human rights and freedoms, an important
place is occupied by the criminal law protection of

LE. Arama. The rule of law and the discretionary power of the judge // National Journal of Law, no. 10, 2003, p. 17.
2 |u. Sedletsky. The concept and main features of an acquittal// Scientific annals of the State University of Moldova, No. 5,

2001, p. 313.

3 E. Arama. The rule of law and the discretionary power of the judge // National Journal of Law, no. 10, 2003, p. 17.
4 A. Borodac, M. Gherman. Criminal liability / Law and Life, no. 11, 2005, p. 5-6.
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these values®. It is quite clear that it is the criminal law
that is given such a high “honor” as the protection of
the above values from criminal encroachments. And
that is why the verdicts of the courts of the Republic of
Moldova, which represent the final stage of the consid-
eration of the case in court, are issued in the name of
the law.

We believe that under the passing of a sentence “in
the name of'the law” (part (2) of Article 384 of the Code
of Criminal Procedure of the Republic of Moldova), the
supremacy of the law is assumed when the respective
court decision is passed. No one can be accused of com-
mitting a crime, and no one can be subjected to criminal
punishment except on the basis of a final decision of
the court, issued in accordance with the Code of Crim-
inal Procedure of the Republic of Moldova. Justice in
criminal cases is carried out in the name of the law only
by the courts. The creation of illegal courts is prohib-
ited. Sentences and other judicial decisions issued by
illegally established courts have no legal force and are
not enforceable (art. 25 of the Code of Criminal Proce-
dure of the Republic of Moldova). The courts of the Re-
public of Moldova, formed in accordance with the cur-
rent legislation, not only have this right, i.e. the right to
judge, but, and the obligation to administer justice in
the name of the law.

However, being an imperious act, the verdict of
the court does not create the norms of law. It has an
individual, law enforcement character. By its legal na-
ture, a court verdict, like other decisions in a criminal
process, is an act of applying the rule of law to specific
legal relations. In the light of the above positions, it is
impossible not to point out another equally important
provision known in the criminal procedural literature as
the presumption of innocence. After all, it seems to us
that this provision contributes to the passing of a just
sentence, and only such a sentence can be passed in the
name of the law.

The presumption of innocence in criminal pro-
ceedings plays the role of an important guarantee
against unreasonable conviction of a person who is in-
nocent of a crime, and at the same time is one of the
important conditions that ensure the discovery of mate-
rial truth in a criminal case®. "Any person accused of
committing a crime is considered innocent until his
guilt is established by law through a public trial, in
which he is provided with all the necessary guarantees
for his defense” - this provision of Article 21 of the
Constitution of the Republic of Moldova is duplicated
by Article 8 Code of Criminal Procedure of the Repub-
lic of Moldova, for some inconsistency in details.

The presumption of innocence implies the need to
establish guilt in a legal manner, and confirmation of
this very guilt in accordance with the definition pro-
vided for in Article 8 of the Code of Criminal Procedure
is carried out by a final judgment of conviction. Yes,
but after all, the current structure of the criminal proce-
dure law also provides for such sentences as “a sentence

5V. Stati. Offenses against the political, labor and other con-
stitutional rights of citizens // National Law Review, no. 3,
2005, p. 11.

LLINNT3

in the case of a plea agreement”, “a sentence to termi-
nate the proceedings” on some grounds, according to
which a person is found guilty, but in relation to him
not a guilty verdict. Does this imply a contradiction
with the principle of the presumption of innocence de-
clared in the criminal procedure law? Certainly yes. In-
deed, regardless of which of these sentences the court
decides, it is necessary to prove the guilt of the defend-
ant. The Procrustean bed of this issue boils down to the
fact that all the activities of the courts in issuing sen-
tences, in which it is necessary to establish the guilt of
the defendant with a ruling different from the guilty
verdict, contradicts the basic principle of the criminal
process - the presumption of innocence. These contra-
dictions urgently need to be brought into line.

All activities of the authorities preceding the sen-
tencing criminal prosecution, the prosecutor's office
and the court is necessary only for the court to pass a
sentence in full accordance with the current legislation,
i.e. in the name and in the name of the rule of law. The
purpose of the criminal process - establishing the truth
in a criminal case, exposing and punishing the person
who committed the crime, and protecting an innocent
person from unfounded accusation and conviction - is
achieved when a court decides a just sentence.

One cannot but agree that this goal is achieved
only in the case of exact observance of the law’. After
all, only then can one speak of an increased preventive
effect of the sentence, since it demonstrates the poten-
tial threat of coercion contained in the law as a real
measure of punishment for a specific person for a com-
mitted criminal act. Let us assume that an unlawful and
unreasonable sentence has been passed in the case. This
entails a number of negative consequences: from vio-
lating the legitimate interests of the participants in the
process and ending with the undermining of the author-
ity of the judiciary and the formation of a disrespectful
attitude towards the law in society.

The current legislation of the Russian Federation
has accepted the previously effective provision on pass-
ing a sentence "in the name of the state™ and, as it seems
to us, is not unreasonable. Processualists give a huge
number of arguments to justify this position. Among
the arguments, one should highlight the importance of
the verdict as an act of the state, because the court ad-
ministers justice on behalf of the state, because. en-
dowed with this right - the state. This is also explained
by the fact that in the verdict the state expresses its at-
titude to the actions considered in the court session and
to the person who committed them. The passing of a
sentence in the name of the state also means that the
enforcement of the sentence is ensured by the power of
state power.

In Article 269 of the Code of Criminal Procedure
of the Republic of Moldova of 1961, the phrase "in the
name of the Republic of Moldova" was changed by
Law no. 809 of 10.04.96 to the phrase "in the name of

6 Yu. Sedletsky. Acquittal and its socio-political signifi-
cance//Dissertation for the degree of candidate of legal sci-
ences. M., 1988, Chapter IIl, p. 5.

7 Gh. Golubenco. The object and system of forensics: cur-
rent problems // Law and Life, no. 10, 2005, p. 4.
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the law". Republic - "public cause®” (translated from
Latin: res - business, publicus - society) - the sentence
was supposed to be passed in the name of "public
cause”, and not the law, and this is essential. Everyone
makes mistakes: people, political parties, groups, peo-
ples. Only the law cannot be mistaken, if this law is the
experience of generations, and not a faceless collection
of faceless provisions, forgetting about the sovereign
power - the people, and after all, the people are the
source of all the power that the state has®.

We believe that it was these grounds that were
taken by the legislator for granted, which resulted in
their legislative consolidation in part (2) of Art. 384
Code of Criminal Procedure of the Republic of Mol-
dova. The verdict will lose its quality if it is seen only
as a means of resolving the accusation on the merits.
Namely, the appointment of the sentence Fatkullin F°,
and Nadi L. More successfully, but contradictory, the
essence of the sentence is determined by Malikov M*?,
He writes: "The only means of resolving the accusation
and the case as a whole is a court verdict."

The verdict is the result of all the procedural activ-
ities preceding the issuance of it, as Yu. Grosheva®®
rightly notes. Kutsova E**. he connects the legality and
validity of the sentence with the observance of the
norms of criminal and criminal procedural law during
the investigation and consideration of criminal cases,
that is, with all procedural activities. Lupinskaya P*®.
Also draws attention to the fact that "the legality and
validity of the sentence largely depend on the legality
and validity of those decisions that are made on various
issues in the course of the proceedings." “All the ac-
tions of the preliminary investigation bodies, the pros-
ecutor’s office and the court that precede the verdict are
ultimately aimed at ensuring the conditions necessary
for issuing the correct verdict,” writes Alpert S'®. The
statement of M. Strogovich?’ is also very interesting. ,
asserting that “The decision by the court of the verdict
completes the previous stages of criminal proceedings:
the initiation of a criminal case and its investigation (in-
quiry and preliminary investigation), trial.” Davydov P.
unequivocally and clearly states that the verdict sums
up not only the trial, but the entire proceedings. How-
ever, there is another point of view on the issue under
consideration, which is shared by a number of proce-
duralists. So, Ageeva G*. believes that the sentencing
sums up the outcome of the case in court. With such an
interpretation, it remains incomprehensible and inexpli-
cable whether the materials of the criminal prosecution
bodies have any significance for the formation of the
verdict.

8 Big encyclopedic dictionary. SPb., 1998, p. 1013; see also:
New encyclopedic dictionary. M, 2000, p. 1022.

9 G. Kostaki, E. Denchuk. Democratic principles of the
modern Constitution // Law and Life, No. 7, 2004, p. 11.

10 F, Fatkullin. Charge and court verdict, Kazan, 1965, p. 88.
L. Nadi. Verdict in the criminal process, M., 1982, p. 123.
12 M. Malikov. Problems of the court verdict, Ufa, 1987, p.
28.

13Yu. Grosheva. Legal properties of the sentence - an act of
socialist justice, Kharkov, 1978, p. 13.

14 E, Kutsova. Verdict, M., 1962, p. 6.

15 p. Lupinskaya. Decisions in criminal proceedings, M.,
1976, p. 71.

In 1869, Judicial reform was carried out in Bessa-
rabia. According to the Charter of Criminal Proceed-
ings, by listening to the parties and by analyzing all the
evidence available in the case, the justice of the peace
decided on the guilt or innocence of the defendant .1° It
was not by chance that we offered a brief excursion into
the history of the criminal procedure legislation of our
state. This was done in order to show the fact of resolv-
ing the issue regarding the guilt of the defendant in the
sentencing.

We believe that in the criminal procedure legisla-
tion the definition of a sentence should be fixed in the
following form: “A sentence is an act of justice pro-
nounced in the name of the law by a court of first in-
stance, adopted as a result of a trial on all issues of a
criminal case - onthe guilt of the defendant and his pun-
ishment or release from punishment, or from serving a
sentence, or on release from criminal liability; on the
application of compulsory medical measures; on the in-
nocence and acquittal of the defendant; on the termina-
tion of proceedings in the case - as well as on all issues
related to the decision of the verdict - on a civil suit, a
preventive measure, the fate of material evidence, court
costs and others specified in Art. 385 of the Code of
Criminal Procedure of the Republic of Moldova”.
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XUMHUOJYYEBASA TEPAIIUSA ITPU OITYXOJISAX 'OJIOBHOI'O MO3I'A

Cadaposa C.A.K.
Kuipewizcko-Poccuiickuti Cnassanckuti ynusepcumem, 2. buuixex

Abstract

Among malignant brain tumors, glioblastoma is the most common. This is an exceptionally aggressive and
locally spreading tumor with a very poor prognosis and low survival rate. Glioma is considered resistant to
chemotherapy and radiation. Recently, concomitant and adjuvant chemoradiotherapy with temozolomide has
become the standard treatment method for newly diagnosed glioblastoma. Other chemotherapy regimens in
neoadjuvant or adjuvant regimens with procarbazine, lomustine and vincristine failed to improve survival rates.
Preclinical studies suggest synergism or additivity of radiation therapy and temozolomide in glioma cell lines.
Epigenetic inactivation of the DNA repair enzyme methylguanine methyltransferase (MGMT) appears to be the
strongest prognostic marker of outcome in patients treated with chemotherapy with alkylating agents. Patients
whose tumors lack methylation of the MGMT promoter are less likely to benefit from the addition of temozolomide
chemotherapy and need alternative treatment strategies, such as a targeted approach using vatalanib tyrosine
kinase, vandetinib, cilengitide integrin inhibitor, bevacizumab and cetuximab monoclonal antibodies.

AHHOTAIIUA

Cpenu 370Ka4eCTBEHHBIX OIyXOJeH TOJIOBHOTO Mo3ra Hamojee 4acTo BCTpedaeTcsl nioldnactoma. ITo
HCKJIIOUUTENBHO arpecCHBHAs U MECTHO PacIpOCTPAHSIOIIASCS OMYX0Jb C OYE€Hb IUIOXUM MPOTHO30M M HU3KOM
BBDKHMBAEMOCTBIO. [JIMOMa CYMTaeTcs YCTOMYMBOW K XUMHOTepanmud W oOmydeHuro. B mocnenHee Bpems
COITYTCTBYIOIIAS U /IbIOBAHTHAS XUMHOJIyd€eBast TEPAIHS TEMO30JI0MHIOM CTaJla CTaHAAPTHBIM METOJIOM JICUSHHUS
BIIEpPBBIC HATHOCTUPOBAaHHON IIHOONAacTOMBI. Jlpyrme CXeMbl XHMHOTEpalud B HEOaIbIOBAHTHOM I
a/bIOBAHTHOM DPEXHMax C MPOKapOa3MHOM, JJOMYCTHHOM M BHHKPHCTHHOM HE CMOINIM YIYYIIUThH TTOKa3aTeIIH
BBIDKMBACMOCTH. JIOKHI/IHI/I‘IGCKI/IC nucciI€aoBaHuA NpeAmnoJararoT CHHEPru3m Uik aiaiunTUBHOCTb Hy‘leBOﬁ TEpanu
U TEMO30JOMHJIA B KJICTOYHBIX JIMHUAX DIIMOMBL OIUTCHETHYECKas MHAKTUBaIMs (epMenTa pernapauun JHK
MeTriIryanuameruirpancdepassl (MGMT), mo-BuguMoMy, sSBISCTCS HAHOOJCEe CHIIBHBIM IPOTHOCTHYCCKUM
MapKepoM HCXOZa y MAIMEHTOB, NOJYYaBUIIMX XHMHOTEPAIUIO AJIKWIMPYIOLIMMHU areHTamu. llanneHTsl, B
OIIYXOJISIX KOTOPBIX OTCYTCTBYET MeTHIIpoBaHue npoMotopa MGMT, ¢ MeHbIIeH BEpOSTHOCTHIO MOITyYaT MOIb3Y
0T 100aBIICHUS] XUMHOTEPAIIMN TEMO30JIOMUIOM U HY)KAAIOTCS B AJITEPHATUBHBIX CTPATETUAX JICUCHUS, TAKUX
KaK TapreTHBIH MOIX0/ ¢ MCIOJIb30BaHIEM THPO3WHKHHA3HI BaTallaHn0a, BaHACTUHNOA, NHrHOUTOpa MHTETPpUHA
LUJICHTMTHIA, MOHOKJIOHAIBHBIX aHTUTEN OeBanu3yMmada u merykcumaoa.

Keywords: tumor, brain, chemotherapy, target, radiation therapy, survival.
KitioueBble c10Ba: OITyXOJb, TOJIOBHON MO3T, XUMHOTEPAITHsI, TAPTET, JIydeBast TepaItis, BEKHBACMOCTb.

Beenenue. CoucTanue XUMHUOTEpAITNU C TAC 3JI0OKAYECTBECHHBIC KIICTKU BHCAPAKOTCA B HOPpMaJIb-

0o0ydeHHEeM 3HAYUTENBbHO YIYYIIMIO KIMHHYECKHE
Pe3YABTAThI TP PA3IMYHBIX COJIMIHBIX OMyXoysix [1].
Taxxke  ObIIO  TMOKa3aHO, YTO  KOMOWHaIUsA
temo3onomua (TM3), B KkauecTBe NepopabHOM
LIUTOTOKCUYECKON XMMMOTEPANIUHU, C COIYTCTBYIOIIEH
mydeBoil Tepanuedd (JIT) yaydmaer BBDKMBaEeMOCTBH
npu mobiacrome (I'B) [2].

CymiecTByeT HECKOJIBKO YCTaHOBJICHHBIX ITPUYNH
IIJIOXOr0 IIPOTHO33, cBsA3aHHOrO ¢ I'b. Bo-nepBsIx, omy-
XOJIEBBIE KJIETKH ITUPOKO MTPOHUKAIOT B OKPYXKAIOLIYIO
MIapEHXUMY TOJIOBHOTO MO3ra, TEM CaMbIM OTpPaHHYH-
Basi OOIIyI0 MOJE3HOCTh XHUPYPTUUECKOW PE3EKIHH.
Bo-BTOpBIX, reMaTosHIEQATNIECKUH Oapbep SBISETCS
MIPESITCTBUEM TSI aZleKBaTHOM TOCTaBKH XHMHOTEpa-
TIEBTUYECKUX areHTOB JUIS OITyXOJIEH TOJIOBHOTO MO3T'a,
0COOEHHO MH(HIBTPUPYIOLIETO KOMIIOHEHTA OITYXOJIH,

HYyIO0 IIApEeHXHMY TOJIOBHOTO Mosra. Toyibko HeOoJb-
IIMe ¥ JIMIO(QUIIbHBIE MOJICKYIIBI (HaIIPUMeEp, HUTPO30-
MOYCBHHBI) CIIOCOOHBI MPEOJI0IEBATh TeMaTodHIEeda-
JIUYECKUIl Oapbep, YTOOBI TOCTHYL CBOCH eI, XOTs
yCHIIEHHE KOHTPACTa B MCCIICIOBAHMSIX BU3yalH3aluu
JCUCTBHUTENIFHO YKa3bIBaeT Ha YaCTHYHOE HapyllCHHE
remarodHIedannueckoro 6apbepa, 3T0 NPEACTaBIAET
co00#l numb 4acTb 3TUX AUGPY3HO NPOHHKAIOMIUX
omyxoneid. B-tperbux, I'b HeBocipuumumBa K 00JIb-
[IMHCTBY HUTOTOKCHYECKNX areHTOB paka, M CIIydan-
HBIE PEaKIMM 4YacTo OBIBAIOT KPAaTKOBPEMEHHBIMH C
OBICTPBIM Pa3BUTHEM PE3MCTCHTHOCTH, YTO SIBIISETCS
MIPSIMBIM  CJIEZICTBUEM T'€HETHUYECKOHW TpaHCc(hOopMalnuu
U TETEPOTCHHOCTH OIYXOJH, XapaKTepHOH AJIsI 3TOrO
HOBOOOpa3zoBaHus1. CunTaeTCS, 9TO HKCIIPECCHS METUII-
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ryannamerunTpanchepassl (MI'MT) siBisercs ocHOB-
HBIM MEXaHH3MOM YCTOWYHMBOCTH K QJKHIIUPYIOIIAM
areHTaM, TaKUM Kak HMTPO30MOYEBMHA, TeMOJal M
mpokap0bazuH [3].

Ieap uccaenoBaHust — IPOBECTH Hay4YHBINH 0030p
10 COBPEMEHHOMY COCTOSHHUIO MpOOIEeMBI JIEUCHHUS
ONyXOJIeH TOJIOBHOTO MO3ra W H3YYHTh pOIb
XUMUOJIY4EBOU TEpAIUU.

Mertoabl ucciaeaoBaHus. bBbul IpoBeneH MOMCK
TEPMHHOB «OIIYXOJH TOJIOBHOI'O MO3ra WJIH TJIHOMa
WM TIHOOIaCTOMA TOJIOBHOTO MO3Tay, «XUMHOTEpa-
TTUSE TITHO0IaCTOMBI», «JTy4eBast Teparusi OIyXoJyel ro-
JIOBHOTO MO3Tray, «TapreTHhle INpemaparb» B 0a3ax
nanusix MEDLINE, PUBMED u nip. amst COOTBETCTBY-
IOLINX CTaTel, omyOIMKoBaHHBIX 3a nepuo ¢ 2012 no
2021 roap! (10 srer). Beumn McmoIB30BaHBI OHJIAH-HC-
TOYHHKH, KIIMHIYECKUE TPHAJIBI, CITy4ai-KOHTPOJIBHBIC
W3y4YEeHUs] KacaTeNIbHO JICUCHHUS OITyXOJIeil TOJIOBHOTO
Mo3ra.

PesyabTaTsl uccaegopanusi. Hamu 6summ mmpo-
aHAIM3MPOBAHbI OCHOBHBIE TCH/ICHIIMH B JICUCHHUH OITY-
XO0JIeH TOJIOBHOTO MO3Ta, pa3iINyHbIe aCIEKThl XUMHO-
1 JTy4€BOU TEpaINuu.

TemoOan. 310 TEpPOpalbHBIA  ATKHIMPYFOLIHNA
areHT, ObICTPO BCACHIBACTCSI M CAaMOIIPOU3BOJIBHO Ipe-
Bpamaercs B aKTHBHBIA MeTabosmt. MakcumanbHas
KOHIIEHTpauusl B IJa3Me KPOBH HAOJIFOJaeTcsl depes
30-90 MuHYT MOCNE mpHUeMa BHYTPbh, a IEPHUOJT TOTY-
BBIBE/ICHUS U3 MJIa3Mbl COCTABISAET MPUMEPHO 2 yaca ¢
HEKOTOPOH 3aJepKKOIl BCaCbIBaHUS IIPHU NPUEME C ITH-
meit [3] [loBTOpHOE €xXeNHEBHOE BBEACHHUE TEMOAANa
MIPOJEMOHCTPHPOBAJIO JyIITyI0 3()(HEeKTUBHOCTD, YeM
OJTHOKpAaTHOE BBEJICHHE, W Ul pa3pabOTKH NepBOHa-
YaJbHO OBLI BHIOPAH PEXKHUM J03UPOBAHHS ©KEIHEBHO
x 5 maeit [4]. [TanueHTH OOBIYHO XOPOIIIO MTEPEHOCAT
TEMOJIaJl; PAaCHpPOCTPAHEHHBIMH IMOOOYHBIMH S PeK-
TaMHU OT JIETKOW 1O YMEPEHHOW CTENEHU SBIISIOTCA
TOLITHOTA U PBOTA, KOTOPBIE OOBIYHO JIETKO KOHTPOIIH-
PYIOTCSl CTaHIAPTHBIMU MPOTHBOPBOTHBIMHU ITpenapa-
TaMH, a TaKKe 3a1op U HEKOTopasi yCTanocThb [5].

Jnurenproe npumenenue XT He poJeMOHCTPU-
pPOBAJIO YIYYIIEHHS BBDKHBAGMOCTH IPH MHOTHX CO-
JUITHBIX OIMYXOJISIX, XOTsI MHOTJa HaOMIoAanoch AJH-
TEJIFHOE BPEMsI 10 ITPOTPECCHPOBAHUS.

HemnpepriBHoe BBeaeHue Hu3kux 103 TMZ cBs-
3aHO C BBICOKOW YacCTOTOW TIyOOKOH JHMQOIHTOIE-
Huu. [IppMepHO y TpeTH MalyueHToB pa3Buiach riryoo-
Kas (4-s1 cTeneHb) TMMQPOLUTONICHHS K 3 MecsiaMm Te-
panuu, a wH(EKIWH, cBs3aHHBIe ¢ auchyHkuued T-
KJIETOK, HaOmromanucey 6omnee yem y 20% manueHToB:
ITHEBMOLIMCTHUT, KaHANIO3, Tepriec 1 capkoma Karmormm.

Luroroxcuynocts TM3 o0ycnoBieHa TIiIaBHBIM
o6pazom metrmpoBarueM JIHK B momoxxennu O6 Ty-
aHnHa. XoTs MeTwimposanue O6-ryaHuHa He SIBJISIETCS
HanboJsiee wactoil mmmeHblo TM3, oOpasyromuiics
O6-MeTHATyaHWH, €CIM €ro He BOCCTAHABIIMBATH, SB-
JISIETCSl MyTareHHbIM U JGHCTBYET KaK TPUITEP IUTO-
TOKCHYHOCTH W aIloINTo3a. JTH METWIBHBIC aJTyKThI
YIOAISIOTCS. TOBCEMECTHBIM (DEpMEHTOM pernapanuu
JHK mertnnryanmaMermntpancoepasoit (MGMT). Bo
BpeMst 3Toro npouecca MI'MT neiicTByeT Kak Oenok-
aKIENTOP JUIsi METUIIbHOW IPYIIIBL, YTO MPUBOAUT K HE-

oOparumoii nnaktuBarny MGMT u mocnemyroreit ae-
rpaganuu. [lutoToKCcH4eckuit cTpecc, BRI3BAHHBIN XU-
MHUOTeparneid i oOydeHHeM, BBI3BIBAET YCHIICHHE
skcripeccud MI'MT B IMHUSIX OMyXOJIEBBIX KIIETOK H,
TaKUM 00pa3oM, BEPOSITHO, TOBBIIIAET YCTOHIMBOCTH K
neyenuto. B I'b, cpenu npyrux omyxoseid, mpoMoTop
resa MI'MT yacTo METUIMPYETCS, YTO IPUBOIUT K I10-
JIaBJICHHIO TeHa [6].

Pone MI'MT ¢ neuenuu. B comyrcTByromem
TPAHCISLIMOHHOM HCCIIEJOBAHUHN K PAHJOMU3UPOBAH-
vomy uccrnenoannio EORTC-NCIC, onmcanHoMy pa-
Hee 3J/IeCh, CTAaTyC METWJIUPOBAHMSA MPOMOTOpA TeHa
MGMT ObI OIEHEH B penpe3eHTaTUBHON MOATPYIINE
3 6osee yeM 200 marueHToB. Y cOpoKa ISATH MPOIICH-
TOB TIPOAHAJIM3UPOBAHHBIX MAIIMEHTOB OBUTH OITYyXOJIH
C METHJIUPOBaHHEIM npoMoTopoM MGMT. ¥V marmen-
TOB C METHJIUPOBaHHBIM IpoMoTopoM MGMT, moiy-
yapmux TMZ/XRT—-TMZ, Menrana BBDKHBAEMOCTH
cocraBwia 22 Mecsua, a 2-IeTHsSl BBDKUBAEMOCTb —
46%. DTO0 KOHTPACTHPYET C MalUEHTaMH, Y KOTOPBIX
Takke OBIT METHIMPOBAHHBIA IMPOMOTOP M KOTOPHIX
neynnu Tosbko HadanbHOU XRT, y KoTOphIX Meauana
BBDKHMBAEMOCTH COCTaBHIa 15 Mecsi1ieB, a 2-JIETHSSA BbI-
KUBAeMOCTh - 23%. Haumxymummii pe3ynbraT HaOIO-
JaNicsl y TAllMeHTOB C HEMETHJIMPOBAHHBIM ITPOMOTO-
pom MGMT; koraa ux neuwnu tosibko XJIT, Mequana
BBDKHMBAEMOCTH COCTaBjsia 12 MecsieB, a 2-JETHSS
BBEDKHBAaEMOCTh COCTaBIsLIa MeHee 2%; Korja uX Je-
yumn TMZ/XJIT—-TMZ, menunana BEDKHBaEMOCTH CO-
craBisiia 13 Mecsaies, a 2-1eTHAS BBDKMBAeMOCTE 14%.
OTHOCUTENBHOE YNIYUIIEHUE BBDKUBAEMOCTH MaIUEH-
TOB C METHJINPOBAaHHBIM poMoTopoM MGMT, niepBo-
HayaJIbHO NOoJy4aBmKX ToJabko XJIT, no cpaBHEHUIO ¢
BBDKHMBAEMOCTBIO MAIEHTOB C HEMETHIMPOBAHHBIMHU
OTYXOJIIMH MOXET OBITh OOBSCHEHO BBEICHHEM XH-
MHUOTEpaNuN AJKIWINPYIOIUM areHTOM Iociie Ipo-
rpeccupoBaHus omyxoiu. JleiictBurensHo, 72% manu-
€HTOB MOJIy4aJld CIACUTEIbHYI0 XMMUOTEPANHIo MpU
mporpeccupoBaHuy omyxoiu. IIpyu anammse BpeMeHH
JI0 TIPOTPECCHPOBAHMS OIYXOJIH HE MOXET OBITh MPO-
JEMOHCTPHUPOBAHO HHUKAKOW PA3HHUILI MEXIY IpYI-
TTaMU JICYCHUS, 32 HCKIIFOUCHUEM TTAIUEHTOB C METHIIH-
POBaHHBIMU OIIyXOJIIMU u MOJTy4aBIIUX
TMZ/XJIIT->TMZ.

WneHTudukanus pacTymiero 4ucia moTeHIHalb-
HBIX TEpaIeBTUYCCKUX MHIICHEH IMPOM30IUIa B pe-
3yNIbTaTe YIYYIICHUS TIOHUMAHUS MOJICKYISIPHBIX Me-
XaHU3MOB U IAaTOT€He3a 3JI0Ka4eCTBEHHON ITTHOMBI U
pacTo3HaBaHU PA3TUINAN MEXKITY OITyXOJISIMH CO CXOJ-
HOW WJIM WJIEHTUYHOW MOp(OJOruel M IMOBEICHHEM.
MonekymnspHoe TpoGHUIHPOBaHUE TIHOMBI BBISBHIIO
CUTHANbHbIE IIyTH, OTpENeIAoNIe 3J0Ka4eCTBEHHOE
TOBEICHNE OITyXOJiel (HampuMep, IyTeM Iepenadn
MUTOTEHHBIX WM aHTHAIONTOTHYCCKUX CUTHAJIOB) U
WHAYKIMA MHUTPAlWU KJIETOK M HWHBA3UBHOCTH OILy-
xomu. Cnenuudeckoe HalleIMBaHUE Ha 3TH IIYTH B CO-
YETaHWU C JIy4eBOM Tepamuei MpoIeMOHCTPUPOBAIIO
CHHEPTHIO B JOKIMHHYECKUX MOIETSAX. DTH IyTH aK-
TUBHUPYIOTCSl YCHIJICHUEM W/WJIN CBEPXIKCIPECCHEr pe-
LENTOPHBIX THPO3WHKHWHA3, TAKUX KaK PEIEeNTop AIIH-
nepmanbHoro ¢akropa pocra (EGFR), daxrop pocra,
nosy4eHHbId u3 TpoMboruToB (PDGF), penentop un-
cynmuHonono6Horo ¢akropa pocra (IGFR) n npyrue,
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KOTOpPBIE MPUBOIAT K aKTUBAIIMH HIDKECTOSAIINX MEIU-
aToOpOB, €CIM UM HE IPOTHBOCTOSAT CYIPECCOPHI OIMY-
xonu, takue kak PTEN (romosor ¢ocdarassl u TeH-
3uHa Ha Xpomocome 10).

PCK®. Haubonee 3aMeTHBIM HW3MEHCHHBIM pe-
LEeTITOpOM TUpO3WHKUHA3KI siBisieTcsi EGFR, koTopsrii
YCHIIMBACTCS M CBEPXIKCIIPECCHPYETCS IPUMEPHO B
50% GBM. Haubonee pacnpocTpaHEHHBI MyTaHT
EGFR, xoucTuTyTHBHO akTuBHpoBaHHBI EGFRVIIL, y
KOTOPOTO OTCYTCTBYIOT 9K30HBI, OOHapyXeH B I10JIO-
BuHE omyxojeid ¢ ammumpukanueir EGFR mukoro
tuna. Marudurops! Tupozunkunassl EGFR reputnan6
1 3pIOTHHHUO OBUIH HCCIIeIOBAaHBI B HECKOJIBKUX HCCIIe-
JOBAaHMUSAX TPH PEHUIUBHPYIOMICH 3JI0Ka4eCTBEHHON
IJINOME ¢ HEKOTOPOW aKTUBHOCTHIO. OJTHAKO, B OTIH-
YHe OT IEPBOHAYAIBHBIX 0’KUIAaHUH, PE3yNIbTaT He ObLI
cBsi3aH co cBepxakcnpeccuert EGFR. Ycunus no BbisiB-
JeHnI0 (aKTOPOB PE3UCTCHTHOCTH TPUBENN K He-
CKOJIKUM THIIOTE3aM, BKIIOYAIOLIIMM HIDKECTOSAIINE
Menuaropsl, Takue kak uHaktupaus PTEN, akTtuBa-
nust AKT u npucyrcrsue myranra EGFRvVIII, Bnusto-
LIeTO Ha HIDKECTOSIINE ITyTH, C TPOTUBOPEUNBBIMHU pe-
3ynbraTamu [7].

Cuenanuzayusi  Ras. Tlpum  310kayecTBEHHOU
TJIHOME 3KCIIPECcCHs MOBBIIICHHBIX YPOBHEH aKTUBHPO-
BaHHOTO Ras. GTP sBisiercst 0ObryHbIM siBIICHHEM. Ero
aKTHBaus TpeOyeT MOCTTPaHCISILIMOHHOTO (apHe3u-
JIMPOBaHMS, OINOCPEIOBaHHOTO (hapHe3mITpanchepa-
3aMU, 4YTOOBI 3aKPEMUTh €ro Ha KJIETOYHOH MeMOpaHe.
3TOT MpoIIecC CIY)KUT MUIICHBIO T MHTHOUPOBAaHUS
IIyTH HHrHOUTOpaMu (apHe3uITpaHcdepasbl, KOTOpbIe
JEUCTBYIOT MTOCPEICTBOM KOMOHWHAIIMH aHTHIIPOIH(De-
PaTUBHBIX, ITPOATIONTOTHYECKUX W aHTHAHTHOTCHHBIX
a¢dexToB. Kpome TOro, ObUIO MOKAa3aHO, YTO OHH
TaKke 00IaJal0T PaoCeHCHOMITH3NPYIOIMMH CBOM-
CTBaMH B JOKIMHMYECKHX MOJENAX. VHrHOUTOPEHI
(apuesmnTpanchepasbl OIEHUBAIOTCS B KIMHAYECKUX
HCIIBITAHUSIX OTIIENBHO U B coueTanuu ¢ TMZ nipu pe-
LUUANBUPYIOIIEH TIMOME, U BMECTe C JyueBOil Tepa-
IUel Iy HeJJABHO TMarHOCTHPOBAHHOM 3200JIEBaHUU
[8].

Wurn6uposanne mTOR (Mumenn panaMuiyHa y
MJIEKOTIMTAIONINX), HIKecTosmero Meauaropa AKT,
MOJKET OBITh IPUBJIEKATEIEHON TePAIIeBTHICCKON MH-
HIeHs10. In vitro ObuIa IPOJIEMOHCTPHPOBAHA CHHEPTUS
Mexny uHrnomposanneM EGFR u wuarnbutopamun

mTOR. 3aBepiieHbl KIMHUYECKHE HCIBITAHUSI WHTH-
ouropoB mTOR temcupomumyca (CCI-779) u 3Bepo-
mumyca (RADOO1) npu penunuBupyronieM 3adoiieBa-
HUH, HO B KA9ECTBE OTJEIbHBIX ar€HTOB X aKTHBHOCTh
6b11a ckpoMHO#. KoMOnHanus temcuponmMyca ¢ apy-
TUMH MOJYJIATOpaMH Iepeiadyr CUrHajla B HacTOsIIee
BpeMs M3y4aeTcs B paMKax uchbeITanuid ¢a3sr I/11, mpo-
BoguMbIX NCCTG u CeBepoamMepuKaHCKHM KOHCOD-
OHYMOM TI0 oIyXoJisiM TosioBHOTO Mo3ra (NABTC) [9].
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Abstract
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The article presents, from a comparative perspective, the results of a hygienic assessment of food safety in-
dicators for food raw materials and food products sold in Samarkand Region (Uzbekistan) in 2020-2021. More
than 24,000 analyses have been carried out to detect toxic elements, pesticides and their residues, mycotoxins,
nitrates, nitrites and their derivatives, antibiotics, preservatives and colourants, as well as compounds from long-
term storage and high temperature treatment of food products. It has been established that food raw materials and
food products, in general, meet hygienic safety requirements. On average, during the study period, the number of
samples with deviations from the maximum permissible concentrations was in the range of 4.4-6.3%. The most
significant number of inconsistencies was found during the testing of table salt (30-33%) and fruit and vegetable

products (4-5,7%).

Keywords: safety, food raw materials and food products, laboratory control, hygienic assessment

In the modern world, the problems of controlling
the safety of food raw materials and food products are
relevant, since food that does not meet hygienic re-
quirements is one of the main risk factors for public
health.

It has been shown that it is with food that up to
70% of various xenobiotics with high toxicity enter the
human body [5]. According to the Codex Alimentarius
Commission (CAC), "food safety is a guarantee that
food products will not harm the consumer if they are
prepared and/or eaten in accordance with their intended
purpose” [3]. The legislative and regulatory framework
for ensuring food security has been created and is being
improved in the Republic of Uzbekistan [11]. The key
element of the system of providing the population with
safe food products is the organization of control and
monitoring of their contamination [4.10].

The purpose of the work was to conduct a hygienic
assessment of the safety indicators of food raw materi-
als and food products sold in the territory of the Samar-
kand region (Uzbekistan) in 2020-2021.

Laboratory studies of food products and food raw
materials were carried out using standard sanitary and
hygienic methods and techniques based on the princi-
ples of atomic absorption spectrophotometry, potenti-
ometry, high-performance liquid chromatography, and
other principles of quantitative analysis methods. The
results obtained were correlated with the recommended
republican standards "Hygienic standards for food
safety" (2019).

Results and discussion. According to the results of
laboratory tests, the investigated samples were ranked
according to the amount of non-compliance with regu-
latory data.

Thus, a significant number and continuous annual
increase in the number of samples exceeding the nor-
mative values (from 30% in 2020 to 33% in 2021) was
observed in salt testing for iodine content.

It has been proven that iodine deficiency can lead
to iodine deficiency disorders [9]. During pregnancy,
there is a risk of spontaneous abortion, stillbirth, birth
defects, impaired mental and physical development of
the fetus [2]. In adulthood, there is a risk of thyroid dis-
ease [12]. Due to the high role of iodine in the for-
mation and maintenance of human health, the law "On
the prevention of iodine deficiency diseases” was
adopted in the Republic of Uzbekistan in 2007. The law
provides for mass prevention of iodine deficiency dis-
eases among the population by eating iodized salt and
iodized foods. This regulatory document establishes
that iodized salt and iodized food products after the ex-
piration of the established shelf life are subject to recy-
cling, industrial processing or repeated iodization.

Melon crops and fruit and vegetable products were
included in the second group of food products, which
have deviations from the proper values. In the samples
of potatoes, watermelon and melon, excess of the
norms for the content of nitrates was revealed. The per-
centage of deviations in samples ranges from 4.0% in
2020 to 5.7% in 2021. It should be noted that in general,
the excess of nitrate indicators was noted in all groups
that make up the food chain: soil-plant-animal-human.
Of the tested meat products for the presence of nitrates,
non-compliance with regulatory data was found in
1.1% and 0.4% of the studied samples, respectively.

The high content of nitrates in plant products is of-
ten due to the use of increased doses of nitrogen ferti-
lizers, their use without taking into account the growing
season of the plant, species characteristics and varie-
ties, as well as non-compliance with storage conditions.
It is proved that the toxic effect of nitrates on the human
body is associated with their reduction to nitrites, am-
monia, hydroxylamine under the influence of the mi-
croflora of the digestive tract and tissue enzymes [7,8].

Increased levels of active nitrogen forms can lead
to 'nitrosative stress', in which mediators of damage to
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cellular structures, including lipids, membranes, pro-
teins and DNA, are produced [6].

Of the tested 989 samples in 2020 and 1,409 sam-
ples of milk and dairy products in 2021, a discrepancy
of 3.4% and 2.4% of the tested samples was found.
Moreover, of these, more than 60% of the samples ex-
ceeded the requirements for the acidity of milk, indicat-
ing its stale. Another reason for the "discrepancy" was
the detection of sterols of vegetable origin in cow oil
samples, indicating the presence of vegetable oil unu-
sual for this product.

Of the studied 2,143 samples of cereals, flour-
groats and bakery products, a discrepancy of 1.1% of
samples was noted in 2020, but this indicator, with the
same number of samples studied, increased by 2.5
times by 2021. As a result of the research, it was found
that in 35% of the samples with deviations from the
norm, high levels of zinc content in flour were noted.
According to scientists, the increased levels of this
metal in food products may be due to its high content
in the soils where wheat grew [1]. Excessive amounts
of the mineral in the body can also lead to severe intox-
ication, but zinc from grain is absorbed by the human
body by only 25-30%.

As part of the monitoring, tests of other product
groups and food raw materials showed that all the sam-
ples studied met the requirements of regulatory docu-
ments.

Thus, the accumulation and analysis of monitoring
data on food safety indicators make it possible to obtain
quantitative and qualitative characteristics of their con-
tamination levels and assess the risk of its impact on
public health.
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Abstract

This research was carried out to examine the studies on preschool education in Kyrgyzstan. The literature
review model was used in the research. A total of 40 studies, including 32 articles and 8 master's theses, were
examined. The studies reached were evaluated by theming according to the gender of the researchers, types of
research, research methods used, data collection techniques, study group, results and suggestions. According to
the results of the research; The gender of the researchers working on preschool education is mostly women.
Looking at the types of preschool studies, it was concluded that the majority of them were articles. In the researches
examined, the most qualitative research method was used. Literature review has been used in the majority of
studies on this subject as a data collection tool. It was concluded that the majority of the data sources in the studies
were literature. When the results of the studies are examined, it has been determined that teaching art in preschool
is important for the child's creativity, emotional, psychomotor and language development. The majority of the
studies examined suggested that art activities should be included in preschool education.

AHHOTAIUSA

ﬂaHHOG HCCJICA0OBAHUC OBLIIO MMPOBEACHO JId U3YyUYCHUSA I/ICCHe]IOBaHI/Iﬁ 0 JOIIKOJIbHOMY o6pa303aﬂmo B
Keipreizcrane. B nccrienoBanum MCIONB30BaNack MoJenb 0030pa mureparypsl. Beero 6puto paccmorpeno 40
I/ICCJICI[OBaHPIfl, B TOM 4HCe 32 CTaTbU U 8 ﬂHCCGpTaHHﬁ. HonyquHHe HUCCJICA0BaHUA OLICHUBAJIUCh 110 TEMAaM B
COOTBECTCTBHHU C ITI0JIOM I/ICCHG,Z[OBaTeJICﬁ, THIIaMH I/ICCHGI[OBaHI/If/'I, HCIIOJIB3YEMBIMH METOJaMMU HCCJIENOBAHUSA,
METOJaMU c60pa JaHHBIX, PICCJ'Ie,I[OBaTGJ'ILCKOﬁ rpyr[noﬁ, pe3yiibTaTaM U IPCAJTOKCHUSIMU. ITo pe3yiibTaTaM
uccnenoBanus; Ilonm wmccmenoBaTened, paboTalIMX B OO0JACTH JOIIKOJILHOTO OOpa3oBaHUsA, B OCHOBHOM
JKCHCKHH. PaCCManI/IBaSI BHUbI I/ICCJ'IG,Z[OBaHI/Iﬁ o AOHKOJbHOMY 06pa3013aH1/H0, OBLI CAclIaH BBIBOA, 4YTO
OOJIBIIMHCTBO W3 HUX ObUIA CTAaThbsIMHU. B PaCcCMOTPEHHBIX HMCCICAOBAHUAX HCIIOJIb30BAJICA OOJIBbIIIE BCEro
Ka4eCTBEHHBI METOJ MCCIeIOBaHMs. B OONBIIMHCTBE HMCCIIEIOBAHMUNA B Ka4eCTBE MHCTPYMEHTa cOOpa JaHHBIX
HCIIOJIB30BaJICA 0630p JIMTEPATYpPhI. Brin CACliaH BBIBOJ, YTO OOJIBILIMHCTBO HCTOYHUKOB JaHHBIX B
HCCIIeNOBaHUAX ObUTM JUTepaTypoil. IIpu paccMOTpeHHMH pe3yabTaTOB HCCIEAOBaHWN B OOJBIIMHCTBE padOT
YCTAHOBJICHO, 4YTO 06yquI/Ie HUCKYCCTBY B JOLIKOJBHOM BO3PAacTC UMECCT BAKHOC 3HAYCHUC JII TBOPUYCCTBA
pebeHKa, ero SMOIMOHAJIBHOTO, TNCHXOMOTOPHOTO M PEYEBOr0 pa3BUTHs. B OOJIBIIMHCTBE HM3YYEHHBIX
HCCJIICAOBAHUAX NPCIarajloCh BKIHOYUTD XYAOXKCCTBCHHYIO ACATCIIBHOCTL B JOMIKOJIbHYIO IPOTpaMMYy.

Keywords: Preschool, preschool education, researchs.
KaroueBrnle coBa: I[OHIKOJ'ILHOG, JOIIIKOJBHOC 06paSOBaHI/Ie, HUCCIICA0OBAHUA.
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B nomkoJsbHBIN NIEpUOJ, KOTOPBIN SIBISIETCA IIe-
pHOaOM, KOraa peOeHOK Hanboiee OTKPBIT It HOBOH
nHpOpPMAIMH, ClIeNyeT OKa3bIBaTh CHCTEMAaTHYECKYIO,
IUTAHOMEPHO-TIPOTPAMMHPOBAHHYIO [TOMOIIb PEOCHKY
B NPHOOPETEHUH IOJIOKUTEIbHBIX MOJIENICH IMoBese-
HUS, IEHHOCTEN U OCHOBHBIX IpuBbIYeK. I1o 3101 pu-
YHMHE, JOIMIKOJBHBIC YUPEXKICHUS JOJDKHBI OBITH (-
(eKTUBHO TOTOBBI pearupoBaTh Ha TaKyl IMOTpeO-
HocTh [1]. OGpaszoBanue, maBaeMoe B IONIKOJBHBIH
MIEpUO/I, TIO3BOJHUT PEOCHKY YUHUThCS, OBITH FOTOBBIM
y3HaBaTh HOBOE M OBITh AKTUBHBIM Ha HPOTSHKEHUU
Bcell cBoeit xu3HU [2]. CaMplil KpUTHYECKHI TIEPUOA
yCIeXxa U3BECTeH Kak MepBble AeTCKue Tob! [3].

Kak m yuurtens, KOTOpbIM BO3JIAraeTcsi OTBET-
CTBCHHOCTbh 3HAThb OCO6eHHOCTI/I pa3BUTHA ,ueTeﬁ J10-
IIKOJIBPHOTO BO3pacTa M 00J1aJaTh ClIOCOOHOCTBIO K HX
Pa3BHUTHIO, TaK U TPOTPaMMbI 00yUEHHSI, KOTOPBIM CJle-
YT YIHUTENs], JOIDKHBI IUIAHUPOBATHCS TAKKMM 00pa-
30M, YTOOBI YIUTHIBATh BCE TH MOMEHTHL. B momrkoss-
HOM 1ni€puoac ACTH HUMCHOT BO3MOXXHOCTH JOCTUTaTh
BBICOKOT'O YPOBHSI Pa3BUTHS B IIAHE B3IJIA0B, LIEHHO-
crell ¥ noBeAieHus. JIOCTH>KEHUE 3TOT0 pa3BUTHSI 3aBU-
CHT OT KQ4eCTBa U ITPAKTHYHOCTH MTPOTPAMM JOIIKOIb-
HOro ob6pasoBanus [4]. BumHo, uto peanusyembie BO
MHOTHX CTPaHaX MPOrpaMMBbl JOLIKOIBHOTO 00pa3oBa-
HUS Pa3IMYaloTCsl, KaKk U pa3HooOpa3ue MOIIKOIBHBIX
yupexaenuit [5]. 3agaueit 3Toro ucciaenoBaHus SBIISI-
ercst Borpoc: Kakne mcciiefoBaHus €CTh B JIOLIKOJIb-
HOM 00pa30BaHMU C JIETbMH, C BOCITUTATEISIMHU, C PO-
marensMu? OCHOBHOM LENBIO JAHHOTO MCCIIENOBAHUS
SIBIISIETCSI M3YYEHUE HMCCIIEIOBAHUI JIONIKOJIEHOTO 00-
pazoBanus B KeIpreiscrase.

Merton ucciieoBaHus.

B maHHOM WCCIIeIOBaHMHM HCIIOJIB30BANICS Kade-
CTBEHHBII METOJ MCCIIEIOBAHMS ISl M3YUCHUs] Hayd-
HBIX PabOT IOMIKOJIBHOTO 0O0pa3zoBaHWs B KwIpre-
craHe. J{uccepranuy M CTaThby IOMY4YEHBl U3 HAYIHOH
anexTpoHHO# Oubnmoreku (https://elibrary.ru/), u3 un-
tepHeT-anpeca (https://vak.kg), uz 7 By30B KvIpre-
CTaHa, U3 MX CAalTOB, M U3 TOPOJACKOH OHOMHOTCKH, U
3a()MKCHPOBAHBI B KOMIIBIOTEPE.

JlaHHble UccienoBaHusl ObUTH 3a(UKCHPOBaHbI B
KoMIbioTepe B Gopmare pdf u3z OubamoTex By30B, TO-
poackux 6ubnmoTek u caitoB. [Ipu moucke 1o pene-
BAaHTHBIM peCypCaM B Ka4Y€CTBEC KIHOYEBBIX CJIOB ObLIH
OIPEICNICHBI «OIIKOJIBHOE YUPEKACHHE, TOLIKOJIBHOES
o0OpazoBaHue, AOIIKOJIbHAS IIPOIPaMMay U IIPOU3BE/ICH
TIOUCK IO 3TUM KJIFOYEBBIM CIIOBAM.

B co3panHOM crivicke KOAMPOBaHUS OBUIA MPOM3-
BEJICHBI ITPOLICHTHBIC ¥ YACTOTHBIE pacyeThl. JlaHHEIe,
MOJyYCHHbIE B paMKax HCCIICNOBaHHMS, TakkKe ObLIH
KJ'IaCCI/I(i)I/ILII/IpOBaHBI B COOTBETCTBHUU C IIOA3aJadyaMH
HCCIIEIOBaHUA. AHAIN3 JOKYMEHTOB — 9TO METOJ Ka-
YCCTBCHHOI'O HMCCJICOBaHMUA, I/ICHOJ'II)?;}’CMBIﬁ Il CU-
CTEMaTHYECKOTO aHajJn3a COICPXKAaHHWS IHMCHMEHHBIX
JOKYMEHTOB [6]. AHau3 JOKYMEHTOB IIOMOTaeT Kiac-
cH(ULIUPOBATH AAHHBIE, 10 UISKALINE HCCISA0BAHHUIO,
IyTeM OPraHW3allMi UX MO0 OCHOBHBIM TeMaM, KaTero-
pPHSM U IIPUMEPaM JIeJI, C IOMOLIbIO KOHTEHT-aHaJIHn3a
[71.

Pe3yabTaTsl ncciienoBanmsi.

Pacnipenenenue uccnenoBanuii Mo AOMIKOJIBHOMY
00pa3oBaHUIO B 3aBUCUMOCTH OT T0JIa UCCieoBaTenei
MpeCTaBIeHO B Tadmmie 1.

Tabnuna 1.
Pacnpenesienne uccijieoBaTtesieii mo mory
IMon F %
Kenmmnua 38 82.6
MyxuuHa 8 17.4
Hroro 46 100

Kak BumHO u3 TabmuIlpl 1, B paCCMOTPEHHBIX UC-
CIIeIOBAaHUAX NPUHSIM ydactue 82,6% ucciemoBare-
neit-xenuyH u 17,4% uccnenosareneit-myxuut. [pu-
YHHA, 110 KOTOPO 00IIee KOJINYECTBO MPEBBIIIAET KO-
JUYECTBO M3YYCHHBIX MCCICIOBAHHUU, 3aKIIOYACTCS B

TOM, YTO B HEKOTOPBIX HUCCICIOBAHUSIX y4acTBYeT 00-
JIee OJHOTO MCCIIEI0BATES.

PacnpenencHue uccnenoBaHuid Mo TOMIKOJIEHOMY
o0OpaszoBanuio B KeIpreiscrane mo BuaaM IpeiCcTaB-
JIEHO B Tabmure 2.

Tabmauma 2.

Pacnpenesienue uccjieqoBaHui o BUIAM.

Buja uccaenoBanusi F %
Crarbu 32 80
Huccepranuu 8 20
Hroro 40 100

Kak mokazano B Tabmwmie 2, 32 uccieqoBaHus
(80%) mpencTaBisitoT co00# CTaThyl ¥ 8 U3 HUX JUCCEP-
Tarun (20%).

PacnpenencHue uccnenoBaHuid Mo TOMIKOJIEHOMY
00pazoBanuio B Kepreiscrane o MeToaM HCciaeIoBa-
HUSI IPEJICTABIICHO B Tabuiie 3.

Tabnuna 3.
PacnpesesieHue uccieI0BaAHUI 10 UCMOJIb3yeMbIM METO/IAM HCCJIE0OBAHNS.
MeToabl HCCJIeI0BAHNS F %
KauecTBennsie 23 57.5
KonnyecrBennnie 12 30
CMelraHHbIe 5 12.5
Hroro 40 100
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Kak BuaHO 13 Tabnuipl 3, 00JIbIIE BCETO UCIIOIb-
30BaJICS KQUeCTBEHHBII METOI MCCICAOBAHMS U COCTa-
Bui 57,5 %, Bcex MccaeI0OBaHNN, Ha BTOPOM MECTE HC-
II0JIB30BAJICS KOJIMYSCTBECHHEIA METO ] MCCICAOBAHUS 1

cocraBun 30 %. HamMeHee MCHONB3yeMBIM METOIOM
OBLI CMeIIaHHEI MeToa ¢ 12,5%.

Pacnipenenenue uccnenoBanuii o AOMIKOJIBHOMY
oOpasoBanuto B KeIprezcrane mo meronam coopa jiaH-
HBIX TIPEJICTABJICHO B Tabnwiie 4.

Tabmura 4.
PacnpenesieHue ucC/Ie0BAHNI 110 MCMOJIb3YeMbIM MeTOIaM cOOpa JaHHBIX.
Meton cO0pa JaHHBIX F %
JluteparypHblii 0030p 20 44.4
[Ixama 9 20
AHanu3 J0KyMEHTOB 7 15.6
AHKeTHpOBaHUE 4 8.9
HaoOmronenue 3 6.7
HHuTepBbiO 2 4.4
Hroro 45 100

[IprunnHa, Mo KOTOPOIl 0OIIee YUCIIO BBHIIIE, YEM
KOJINYECTBO PACCMOTPEHHBIX HCCIEIOBAHUH, 3aKIIIO-
YaeTcs B TOM, YTO B HCCIIEIOBAHUSIX MCIOJIb30BATIOCH
6oxee ogHOTO MeTosa cOopa naHHEIX. Ipu m3ydeHun
METOM0B cOOpa JTAHHBIX, UCIIOJIb3YEeMBIX B JIOLIKOJIb-
HBIX UCCJICAOBAHUAX, B Ta6n1/111e 4 BUIHO, YTO JAaHHBIC
ObUTH cOOpaHBI 0OJIBIIE BCETO ¢ TIOMOIIBIO 0030pa -
Tepatypsl (44,4%) n mkansl (20%), a Takxke aHaIH3a

nokymeHToB (15,6%). Taxke 4acCTHYHO C TOMOIIBIO
aakeTupoBanus (8,9%). BumHo, 9TO MEHBIIIE BCETO HC-
MIOJIB3YIOTCS METOBI HaOmoaeHus (6,7%) U HHTCPBBIO
(4,4%).

PacnpenenceHue uccnenoBaHuii Mo TOMIKOIEHOMY
oOpazoBanuto B KeIprei3crane 1o rpymniam uecieoBa-
HUS TIPEACTaBICHO B Tabnwmiie 5.

Tabnwma 5.
PacnpesesieHue mo rpynmnam uccjaeI0BaHus
Pabouast rpynma F %
Jluteparypa 19 42.2
Hetun 10 22.2
JIoKyMeHTBI 7 15.6
Vaurens 5 11.1
Poaurenu 4 8.9
OO6mwmit 45 100

[IpruuHa, MO0 KOTOPOIT 00IIEe YHCIIO BHIIIC YHCTA
N3YYCHHBIX HCCHQHOB&HHﬁ, 3aKJII04YacTCAd B TOM, YTO B
HEKOTOPBIX HCCICIOBAaHMAX HCHOJIB30BaJIOCH Oolee
OJJHOM MCCIIEZJ0BATEIbCKOM IPYIIIBL.

Kak BugHO U3 Tabmumm! 5, Hanboee NCIOIb3ye-
MO HCCIICIOBATEIBCKON TPYMION ObLa OmpeeieHa
nmuteparypa (42,2%) u metu (22,2%). Jlanee ciexytor

nokymeHtsl (15,6%) n yuamrens (11,1%). Haumenee
W3Y4CHHBIMH Tpynmamu Obsima  poautenu  (8,9%).
MoOXHO yBUAETH, YTO UCCIIEIOBAHHS, CBA3aHHbIC C JIH-
TepaTypoi, ObUTH NPOBEACHBI B 3HAYUTEIBHOW CTe-
TICHH.

Pe3yspraThl McciIe0BaHUN JOUIKOJIBHOTO 00pa-
3oBanms B KeIpreizcrane npeacrabiieHsl B Tabnure 6.
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Tabnuna 6.

Pe3y.m>TaT1>1 HCCJIeI0OBAHUMA TOIIKOJIbHOIO 06pa3013amm

Tembr F % [Tpumep pe3ynbTaTa ucciae0BaHus
OOy4eHne MOHUMAaHUIO UCKYCCTBA M TIIyOOKOMY YyBCTBY, HauH-
Baxuo 00y4aTh HCKyCCTBY B Y Y Y Y 1YBCTBY,
10 37  Has C IOHBIX JIET, JF000Bb K UCKYCCTBY OCTAETCSl HA BCIO JKU3Hb U
JIOIITKOJIEHOM BO3pAacTe.
HMEET BOXKHOE 3HAUYCHUE B Pa3BUTHHU ICTETUYECKUX YYBCTB (3).
DOMonroHaIbHbIe (PAKTOPBI BIAMSIOT HAa TBOPYECTBO maereid (25).
Ecnu B momrkomsHOM eKJICHUN CO3JIaHa AMOIMOHAIEHO KOM-
OMouuoHanbHble  (aKTOPBI, A YAPEHA Jlats H
(dopTHast cpena, eciid PeOCHOK MOXKET JCHCTBOBATH CBOOOIHO U
KOM(QOpTHAsE cpea W HrPHI
4 15  caMOCTOSATENBHO, a IeTSIM IPEIOCTABISACTCS Urpa, HalpaBICHHAS
BIIMSIOT Ha KpPEaTUBHOCTH B >
MMEHHO Ha pa3BUTHE UX TBOPUECKHUX CIIOCOOHOCTEH, IeTSM Ipeio-
JIOIITKOJILHOM 00pa30BaHHU.
CTaBIISIETCS BO3MOKHOCTH Pa3BUBATh CBOM TBOPUYECKHE CIIOCOOHO-
ctu B urpe (39).
OO0yueHne, KOTOpOE MPOXO-
PasButne npodeccnoHann3Ma BOCIIUTATENS B COTPYAHUIECTBE C
T yYUTENs, HAXOAUT cBoe 4 15 o
ceMbeli oOecrieunBaeT yerex B npodeccun (43).
OTpa)KeHHUE B IPODECCUH.
JlomkompHbIE  YIPEKICHUS MortuBamus geTei, mocenaBumx JOIIKOIbHOE YIpEKIeHHE, ObLIa
MOBBIIAIOT MOTHBalMi0O ne- 3 11 BbICOKOH, a MOTMBanus JAeTel, He NOCENIaBUIMX HIKOJY, HU3KOH
TeH K HIKOJIE. (5).
JomkomsHOE  00Opa3oBaHUE
UMeeT BaKHOE 3HAUCHHE VIS ConmanbHOe BOCIIMUTAaHHUE B JOIIKOJIBHOM YYPEKICHHU PeOCHKY
conmanmzanuu perer. ([es- Ba)KHA UTS TOTO, YTOOBI TIOMOYb €My BBITIOJHSATH CBOU COIHANb-
TENBHOCTh B caay moyioku- 3 11 Hele posu u ObITH MPUHATHIM B o0mecTse (31).
TENBHO BJIMSAET Ha ATy COIHA- Bruto 3aMedeHo, 4TO MOCemeHNe AOIIKONBHBIX 3aHSATHH B camy
JIU3aLIUIO). 3HAUUTENBHO yAYUIIaeT COIlMalIbHbIe HaBbIKU AeTel (20).
YyBcTBO 7I00BU M JJOBEpHS B CEMbE, 3apOXKJIAIOLIEECs] C POXKIe-
CtpyKTypa CeMbH H ceMeii- HUsI, OYEHb BXHBI JJIs BOCIIUTaHUs pedeHka (24).
HBIC yCTaHOBKHM BIUAIOT Ha 3 11  Bpoio 3amedeHo, 9YTO peOCHOK MOYKET 3aCTaBUTh CEMBIO JIENaTh TO,
BOCITUTaHHE peOCHKa. YTO OH XOYET, C IIOMOIIBIO TAKUX ACHCTBUH, KaK IU1ay, Mpockda u
mporect (21).
HUroro: 27 100

IIpu m3ydennn Tabaumbl 6 MOXHO cHENaTh BHI-
BOJ, 9YTO OOJIBIIMHCTBO HccienoBanuii (37%) yrBep-
KOACT, YTO B JOIIKOJIBHBIX YUPCKACHUAX BAXKHO O6y-
4aTh UCCKYCTBY. Kpome TOro, KOHCTaTUPOBAHO, YTO
SMOIMOHANBHBIE (PaKTOPBI, KOM(pOPTHAS Cpela U UTPbI
(15%) BusIIOT Ha TBOPUYECTBO B AOLIKOIBHOM 00pa30-
BaHHH, [10JIy4aeMO€E YUUTEJIIMH 00pa3oBaHue OTpaxa-
eTca B ux npocgeccuonansHol chepe (15%), a Takxe
JIOIIKOJIbHOE 00pa3oBaHUE MMEET Ba)KHOE 3HAUYCHHE
st cormanuzarmu aetei (11%). Kpome Toro, koHcTa-

THPOBAHO, YTO CTPYKTYpa CEMBH M CEMEHHBIE ycTa-
HOBKH BIIMSIOT Ha BocruTanue pedenka (11%). B pe-
3yJbTaTax UCCIACAOBAHUMN MO TaHHOW TeMe, TOBOPUTCS
Tak: «O0ydeHre MTOHUMaHHIO UCKYCCTBA U TITyOOKOMY
YyBCTBY, HAUWHAs C IOHBIX JIET, JTIO0OOBb K UCKYCCTBY
COXpaHseTcs Ha MPOTSHKEHWH BCEH JKU3HM U HMMEET
BaKHOE 3HAYEHHE B PA3BUTUU ICTETHUECKUX YYBCTBY.
Pacnpenenenue uccienoBaHuil 1Mo MpPeIIOKEHUSIM B
HCCIICOBAHUSAX M0 JOIIKOJIEHOMY OOpa30BaHUIO B
KeIpreizcrane, 4to sSBisieTcs ceIbMOM MOLEbIO JaH-
HOTO HCCIICIOBAHUS, TIPEICTaBICHO B TabmuIe 7.

Tabmauma 7.

Ipenoxennsi, TaHAbIE B HCCJIEA0BAHUAX JOUIKOJILHOI0 00Pa30BaHHUsL.

Temsbl F %

[Tpumep pesynbpTara HCCIEIOBAHUS

XynoxecTBeHHas! AeATeIbHOCTD JIOJDKHA

OBITH BKIIIOYEHA B JOLIKOJBHOE oOpazo- 10 48
BaHHE.

JorikonbHbIe  00pa3oBaTebHbBIE yUpe-
JKICHUS TOJDKHBI OBITH (PU3UYCCKH U IMO-
LAOHAJIBHO

KOMQOPTHBIMH.

Oco0oe BHIMaHHE CIEAYET YACIATH IMO-
TOTOBKE BOCIWTATENEH JOIIKOIBHBIX 4 19
YUPEKICHUM.

Urpsl JOHKHBI HCIOJIB30BATHCS HA 3aHS-
THUSAX.

B nporpammy creayeT BKIIOUNTH MATbYAKOBYIO THM-
HACTHKY, ITOJABIKHBIC HTPI U HTPHI TIOJT MY3bIKaJIbHOE
conpoBoxkaeHue (13).

B mporpamme crieyer MHOTO MCHOJB30BaTh (HU3MUC-
CKHUe ynpakxHeHus u urpsl (17).

Jetn MOIDKHBI TPOBOIWTH BpeMsS B OTKPHITOM IIPO-
CTPaHCTBE U B ecTecTBeHHOU cpeze (20).

Bocmurareno J0MIKOIEHOTO 00pa3oBaHus HY:KHO pas-
BUBAaTKCS BO Beex cepax (43).

dusnyeckasi aKTHBHOCTh M UTPBI JIOJDKHBI MHOTO HC-
MOJIb30BaThcs B porpamme (18).

Hroro 21 100
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IIpn paccMOTpeHUU MPEIUIOKEHUM 10 JOLIKOJIb-
HOMY 00pa30BaHUIO B TaOIHIIE 7 IIOKA3aHO, YTO B OOJTB-
LIMHCTBE Npeiaraercs A00aBUTh XYJI0KECTBEHHYIO
JeSITeTHbHOCTD B IOITKOJIBHOE 0Opa3osanue (48%), 00-
pa3oBaTelbHbIE YUPEXKICHUS JOJDKHBI SBIATHCS (PU3H-
YECKH U SMOIHOHAIBHO KoMbopTHBIMHE (19%), HYKHO
MpHUIaBaTh 3HAYCHHE MOATOTOBKe memaroros (19%),
UCII0NIB30BaTh Urphl Ha 3aHATHX (14 %). [To BEIOOpOU-
HOMY 3aKJIOYCHHUIO, TIOIYYCHHOMY B pe3yIbTaTe IPO-
BE/ICHHBIX MCCIIE0BaHUH 110 JAaHHOMY BOTIPOCY, OBIIO
KOHCTaTHPOBAHO, YTO «B IMPOTPaMMy HOJDKHBI OBITH
BKJIIOUCHBI TTaIbYMKOBass TMMHACTHKA, IT0JIBUXKHBIC
UTPBI U UTPBI TTOJT MY3BIKaJIbHOE COITPOBOKACHHUECY.

O6cy:xnenne

Korzaa paccMoTpeHHbIe ncciieioBaHus ObLIH Olle-
HEHBI 110 BY3aM, B KOTOPBIX OHH IPOBOAMJIHCH, OBLIT
cieTaH BBIBOJ, YTO HMCCIEJOBAHUS MO JOIIKOIBHOMY
00pa30BaHUIO MPOBOIMINCH TONBKO B 8 Pa3TMYHBIX BY-
3ax u3 50 By30B Keipreizcrana. B coorBeTcTBHU € 3TUM
pe3ysbTaToM OBUIO 3aMEYEHO, YTO JOIMIKOJILHOMY 00-
pa3oBaHHIO yAeseTcs OONbIIOe BHUMAaHUE KaK Mpe-
MeTy B HEMHOTHX YHHUBEpPCHUTETaX.

YuuTeIBast 110JI HCCIEA0BATENEH, OBLI ClIeNIaH BbI-
BOJ, YTO HUCCIIENOBAHUS, CBSI3aHHBIE C JOLIKOJBHBIM
00pa30BaHNEM, B OCHOBHOM COCTOSUIM U3 )KCHIIIMH-HUC-
crnenoBateneit. B uccnenosanuu [8] roBoputcs, yto
JIOIIKOJIbHOE OOYYeHHE MPUHAUICKUT IKEHCKOMY
moury. BumHo, 4TO OTAETIeHHEe TONMIKOIFHOTO 00pa3oBa-
Hust B KbIpreizcrane B OonblIel CTeNEHH IPUBIIEKAET
BHHUMAaHHE XCHIIMH, a MYKYHHBI Ha 3TOM OTACICHUH
MEHBIIMHCTBO, WIN Jaxke HeT. Bo3Mo)XHO mo3TOMY,
YKCHIIIUHBI-MCCIIEJOBATENIN TPOBENN OOJBIIYIO YaCTh
HCCIIeI0BaHU.

IIpu paccmoTpeHnHU pacupenereHus HCCIeI0Ba-
HUH N0 IOITKOJIEHOMY 00pa30BaHHUIO 110 UX BUIAM CJIe-
JIaH BBIBOJ] O TOM, YTO 3TO B OCHOBHOM CTaThU. AHaJO-
THYHBIA pe3ysbTar ObLI TOIydeH B MccienoBannu [9].
BbisicHIII0Ch, YTO GOJIBIIMHCTBO PAaCCMOTPEHHBIX HC-
cJIeToBaHUM TPECTABIISIIA COO0M UCCIIeIOBATEILCKIE
CTaThH, a AUccepTauii OblI0 0YeHb Maso. CrienaH BbI-
BOJI O TOM, YTO TeMa JIOIIKOJBHOTO OOpa30BaHMsI HE
YYUTBIBACTCS HA YPOBHE TUILIOMHBIX Pa0OT M AUCCEp-
Talum.

IIpu paccMoTpeHNN pacTpeneIeHus 0 METOIaM
HCCIIEI0BAHUSL, HICIIOJIBb3YEMBIM B HAyYHBIX UCCIIEOBA-
HUSAX JOIIKOJIBHOTO 00pa3oBaHus, ObIIO BEISBIICH, YTO
B OCHOBHOM C HCITOJTb30BAJICS KAYECTBEHHEIN METO]T, 32
KOTOPBIM CJI€I0BaJl KOJMYECTBEHHBIM M CMEIIaHHbIN
Meton. EcTh nccnenoBanus, IOATBEPIK IAIOIINE aHATIO-
rugnbie pesynbratel. [10], [11], [12], B Beimeykasan-
HBIX HCCJICTOBAHUAX OOHAPYKEHO, YTO KOJIUICCTBEH-
HBIE UCCJIE0BaHUs ObUTH CKOHLIEHTPUPOBAHKI B 00OJIb-
IIMHCTBE. B nmuTepaType BUOHO, YTO B UCCIEAOBAHHUIX
JIOIIKOJIFHOTO 00pa30BaHMUs HCHOJIB3YIOTCS KaK Kade-
CTBEHHBIC, KOJIMYECTBEHHBIE, TaK M CMEIIAaHHBIE Me-
TOMBI, HO BUJHO, YTO B OOJBIIWHCTBE U3 HUX HCIOIh-
3YIOTCS KOJIMYECTBEHHBIE METO/IbI NCCIIETOBAHHUS.

CnhenaH BBIBOJ, YTO 0030p JIMTEpaTyphl Halle
BCEr0 HCIONB3yeTCsl Kak MeToA cOopa TaHHBIX, HC-
MOJIb3YEMBIX B HUCCIIEIOBAHHSIX 10 JOIIKOJBLHOMY 00-
pasoBannio. BugHo, 9TO B pa3sHBIX MCCICIOBAHUAX B
JUTEpaType HCHOJB3YIOTCS pPa3Hble METOABl cOopa
nanueix. B uccnenosannu [13] BeIsiBIIEHO, YTO HAMGO-
Jiee 9acTO HCHOJB3YEeMBIMH HHCTPYMEHTaMH cOopa
JAHHBIX ABJSAIOTCS 0030p JUTEpaTyphl, TECThI JOCTH-
JKEHHH, IIKAJIBl OTHOIICHUS W PA3INIHbIC aHKETHI.

B wuccnenoBaHusax mo JOMIKOJIBHOMY 00pa3oBa-
HUIO OBUIO BUJHO, YTO OOJIBIIIE BCETO M3YJAUCH JTUTE-
paTtypHbIe pecypchl, W OBUIO BHJHO, YTO 3aHSTUS C
JIEThbMU TIPOBOJMIINCH B BUAE paboueit rpynmel. Che-
JaH BBIBOJ, YTO HAWMCHEE W3YYCHHBIMH TPYIIIaMH
ObLTH yuuTens U poautenu. B uccnenosanuu [9] mpu
00cie[oBaHNN BBEIOOPOYHBIX TPYI, BKIIOYCHHBIX B
HCCIIeIOBaHKe, ObUI cZellaH BBIBOJI, YTO B OCHOBHOM
OHHU COCTOSIT U3 JIETEN.

[pu o1ieHKE TeM, CBA3aHHBIX C PE3yJIbTATAMH UC-
CJIeZIOBAaHUI MO TEME JAOIIKOJIEHOTO 00pa30BaHus, OBIII
CZIeJIaH BBIBOJ O BAYKHOCTH OOY4EHUS MCKYCCTBY B J0-
MIKOJIbBHOM YUPCIKACHUHN U O BJIMAHUU SMOIMOHAJIBHBIX
(hakTOpOB, KOM(POPTHOM CPEABI ¥ UTP HAa TBOPUECTBO B
JIOIIKOJIEHOM Bo3pacte. OIHaKo ecTh UCCIIE0BaHus, B
KOTOPBIX 00pa3oBaHME BOCIUTATENEH HOIIKOIBHBIX
YUPEXICHUI OTpaXkeHo B cdepe 00ydeHHs U YTO JI0-
HIKOJIbHOE 00pa3oBaHHe UMEET BAKHOE 3HAYCHHUE IS
conuanmzanuu perei. [losToMy mpu paccMOTpeHUH
JIOIIKOJIFHOTO 00pa30BaHUsI C TOUYKH 3PEHHS €r0 BaXK-
HOCTH OBLI CZI€JIaH BBIBOJ O TOM, YTO JOLIKOJILHOE 00-
pa3oBaHMe TOJIE3HO /ISl PA3IMYHBIX 001acTell pa3Bu-
THS pebeHKa. DTO MOATBEXKIAIOT pa3IMIHbIe UCCIIEI0-
Banms: [14], ecnmum TBOpYeCKHE CIOCOOHOCTH W
OCTCTUYCCKUC YYBCTBA Yy )ICTGI\/’I HE BBIIBIIAKOTCA U HE
MTOACP)KUBAIOTCS B PAaHHEM BO3pacTe, TO MX MPOIYK-
TUBHOCTB He OyZIeT MPOsBIATHCS B aybHeleM. Mrpa
TaKXKe SBIETCSA CIIOCOO0M IMOCTOSTHHOTO TPHOOpeTe-
HUSI peOEHKOM BCEX XapaKTEPUCTUK KPUTHIECKOTO TIe-
puoma. Pesymbratel oTHX uccienoBanmii [15]; [16]
MTOJITBEX/IAFOT PE3YIbTATHI JAHHOTO MCIICAOBAHNSI.

HpI/I OIICHKE TEM, CBA3AHHBIX C IMPEITOKCHUAMU
HCCIICAOBAaHUN 10 TeMe JOIIKOJIHHOTO OOpa3OBaHMUS,
PEKOMEHJIyeTCsl BKJIIOYATh B JIOLIKOJIEHOE 00pa3oBa-
HUE XYIOKECTBEHHYIO NEATEIFHOCTh, 00pa3oBaTelb-
HBIE YUPEKICHHS JJOJDKHBI OBITh (PU3NYECKH W SMOLH-
OHAJIBHO KOM(OPTHBIMH, a B JESATEIBHOCTH IOJDKHBI
HCIOJIH30BAThCS HTPHL. TeM He MeHee, ObLT cIeTIaH BhI-
BOI, YTO €CTb MPECAJIOKCHHUA TPOBOANUTb TPECHUHI'U JJIA
ceMel, 9TOOBI Y3HATh CBOMX JIeTeH M MpUAaBaTh O0IIb-
1Ioe 3HaYeHue 00pa30BaHUIO yUUTENeH. AHAIOTHYHBIE
peKOMEeHIAu ObUIM JAaHBI U B JIPYTUX HCCIEIOBa-
HUSIX. XyI0XKEeCTBEHHOE 00pa3oBaHHE — ITO IMOHUMa-
Hue 00pa30BaHus, BKIIOUAIOIee Bce GOPMBI CaMOBBI-
paxenus. [loaTomy B mporpammax Xyn0>KECTBEHHOTO
o0OpazoBaHus1, pa3pabaTbIBaEMBIX IS JACTEH, JOJDKHBI
HCIIOJIb30BATHCSI BCE ACMEKThI HCKyccTBa [17].
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The implementation of digital tools is widely used in all spheres of life, including the educational
environment. This article examines the structure and characteristics of existing digital educational tools, the current

state of digitization in educational environments.
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Introduction

With the development of information technology,
the use of digital tools in various areas of life is becom-
ing a common practice. Digitization has also affected
the educational process. New technologies, including
mobile technologies, are used more in education than
ever before. Learners are also increasingly using digital
tools to solve their problems. Currently, there are many
information systems that are directly or indirectly used
in the educational process. Often, such systems are used
to facilitate the learning process, to visualize the ex-
plained material, to facilitate testing processes or ex-
ams. Examples of such systems include platforms for
remote deployment: for example, MOOC (Massive
open online course), learning process organization sys-
tems, learning process management in the form of com-
mercial products or digital modular systems developed
in certain educational institutions. Given the existence
and expansion of such systems, it will be necessary to
structure and describe them in order to further design
and develop such systems. In addition, the role of the
teacher in such systems, as well as the working mecha-
nisms of the two parties in the educational structure -
the teacher and the student - remain unclear. That is, the
purpose of writing this article was to determine the
change of the teacher's role in the learning process un-
der the condition of using digital educational tools.

Materials and methods

The methodology of this work consisted of the
analysis of literary sources on the given issue. Taking
into account the set goal and the established methodol-
ogy, the objectives of this study were as follows:

- analysis of literature and study of the current
level of digitization of society, identification of parties
involved in the educational process;

- analysis of the experience of introduction and use
of digital tools in education;

- study of digital innovative tools used in the field
of education;

- conclusion based on research results.

The large-scale and rapid emergence, develop-
ment and implementation of new technologies and in-
formation systems have inevitably led to changes in the
world economy, and important social changes are tak-
ing place. Many researchers have begun to think seri-
ously about the impact of digitization on public life.
Thus, most researchers agree that new digital technolo-
gies will replace manual labor, the working population

will improve or change their skills, and will be em-
ployed in enterprises and industries in other areas of ac-
tivity that are more related to social interaction.

Many learners find modern education to be a mo-
notonous and even horing process, and game elements
can help create artificial motivation for learning. In ad-
dition, scientists note that despite the widespread intro-
duction of game experiences in various spheres of life
(marketing, business, etc.), gamification of education
has not yet taken place [1].

Gamification elements can be used by computer
science teachers, and the fact that teachers of other dis-
ciplines do not have the necessary technologies to cre-
ate and implement game elements leads to a big prob-
lem. Thus, the introduction of game elements into edu-
cation is still an understudied process, which requires
certain suitable technological conditions and the devel-
opment of appropriate software products.

In order for learners to have effective interactive
learning, it is necessary to provide access to the widest
possible range of different interactive environments or
programs. That is, in addition to equipping the class-
room or acquiring various software and technologies of
educational institutions within the framework of tradi-
tional education, it is necessary to develop software
products for mobile learning opportunities. The emer-
gence of new technologies for teachers is associated
with the need for constant professional development.
This forces them to adapt to new paradigms of educa-
tion and to reconstruct their methodology and ap-
proaches. Taking into account the active implementa-
tion of digital learning environments and e-learning, as
mentioned above, the problem of changing the role of
the teacher in the educational process arises.

Today, new programs for the development of
"smart cities" are being actively implemented in the
world, including the tasks of digitalization of the econ-
omy, laws and projects on the use of digital data and
technologies. However, there is a limited number of
publications that examine the direct impact of such pro-
grams on learners and teachers in the teaching of vari-
ous professions.

Many researchers believe that new digital technol-
ogies will significantly change the professional practice
of teachers and the area of responsibility in the learning
process, but the process of teacher education should not
change significantly to adapt to such changes. The
teacher is the main person in the educational structure
within the framework of the traditional teaching con-
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cept. Improving the competence of teachers to use dig-
ital tools in their work is necessary for the learning pro-
cess and will be beneficial for the teachers themselves.
In order for teachers to communicate with students in
the "same language" in the future, it is necessary to con-
stantly improve their level of digital competence and
adopt the concept of continuous education in the con-
text of current changes [2].

Digital competence is the knowledge and skills
needed to use technology in the process of creating and
formalizing new knowledge. In addition, teachers face
significant challenges in the process of teaching digital
tools. This suggests that teachers need to better inte-
grate technology as a pedagogical tool to encourage the
use of digital technologies within their professional di-
dactic competence, and that such educational units
should be included in teacher professional development
programs. At the same time, there is a problem with in-
tegrating the training of "digital competences” into
teacher education institutions, as the content of the pro-
gram may be outdated by the time it is finally approved
and implemented. Therefore, attention should be paid
to digital competence, which includes not only the mas-
tery of tools, but also the teacher's awareness of how to
use technology critically and reflexively in the process
of generating new knowledge.

To meet the demands of today's economy and la-
bor market, education must go beyond traditional ap-
proaches. Let's look at examples of automated digital
technologies used in the learning process in different
countries and what opportunities they provide for
teachers and learners.

1. Modular digital educational environments.
Some educational institutions and companies create
their own digitally integrated modular learning envi-
ronments. One of them is PIES (Personalized Inte-
grated Education System). The system is currently un-
der development. It provides full functionality to learn-
ers, teachers, parents and other stakeholders. Given the
use of such a system, the role of the teacher in the
learner-centered paradigm shifts to that of a mediator
or mentor. The teacher selects and designs learning ma-
terials for students in the above-mentioned modular
systems [3].

2. One of the most modern educational projects is
MOOC (massive online open course). MOOC plat-
forms can also be called tools and digital environments.
Recently, the participation of universities in creating
online courses is high both in Kazakhstan and in the
world. Currently, more than 48 million learners are en-
rolled in the world's most popular online MOOC plat-
forms (Coursera, edX, FutureLearn and Udacity). In
addition, the practice of creating and developing

MOOQOC:s is only at the initial stage, so currently online
courses are free, only a certificate of completion is paid.

One of the main problems with MOOC:s is the low
completion rate — only about 10% of learners complete
the online course. Furthermore, there is currently little
empirical research on the actual effectiveness of
MOOC:s. It is unclear for which subjects online courses
are an effective form of education and for which their
model is not suitable. A limiting factor in the develop-
ment of the widespread distribution of MOOC:s is the
lack of a teacher to guide the learning process and, as a
result, the necessary feedback for an effective educa-
tional process. In online courses, the absence of a mo-
tivating factor in the person of a teacher or mentor leads
to the failure of participants to complete the course. In
addition, currently, not all platforms attract relevant
qualified specialists when creating courses, for exam-
ple, the stepic.org platform, which is mainly located on
the border between a MOOC and a simple educational
platform. Stepic provides access to courses that anyone
can do, regardless of skill level.

Despite considerable formal differences between
structural organization and platform interfaces, the for-
mat of all known MOOC platforms includes the use of
video lectures and test questions with multiple choice,
open and closed questions. There are no opportunities
and functionality to integrate additional tools, for ex-
ample, adding gamification elements to the educational
process, which can increase user participation [4].

3. LMS (learning management system) systems
implemented by programs such as LCMS (learning
content management system) are also used to organize
the distance learning process. These are learning man-
agement systems used to develop, manage, and distrib-
ute online learning materials in a shared user experi-
ence. LMS creates a unified learning space for theoret-
ical knowledge, active practice and personal teacher
feedback. Such systems also allow instructors to create
courses in a visual virtual environment. The teacher can
determine the learning trajectory of the student, as well
as the order of reading the material. Some of the most
successful examples of LMS systems are systems such
as Adobe Captivate Prime, Moodle, Claroline, and oth-
ers. Here the role of the teacher is not equalized, the
contribution remains the same as the participation of
the teacher in the educational process with the concept
of traditional teaching, but the educational process it-
self is transferred to the digital environment.

Let's put together a summary table with all the
characteristics of digital learning environments. Figure
1 shows a schematic diagram of teacher-student inter-
action through an educational environment.
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Pic. 1 Schematic diagram of teacher and student interaction

In all types of educational system, the student re-
ceives information from the teacher about the course
and monitoring work. Only in LMS and LCMS and
modular systems it receives course recommendations
from the instructor. In turn, the teacher can access in-
formation about the student's activity in LMS and
LCMS and modular systems, and receive reports on his
progress. In the case of MOOC courses, the teacher cre-
ates the course and the test blocks for it only once, with
no further interaction or monitoring of the learner's ac-
tions [4].

Taking into account the unwavering role of the
teacher as a mentor or assistant in the learning process,
it is necessary to develop a teacher training system to
promote the introduction of digital technologies into
the educational process, even in non-traditional teach-
ing models. In addition, training courses, trainings and
seminars on improving the "digital literacy" of teachers
are in demand in the future and require careful and de-
tailed research as new teaching technologies emerge.
The development of such criteria can solve the problem
of determining the need or lack of mastery of this par-
ticular competence.

Structuring information about educational systems
can also help to solve the problems of training and pro-
fessional development of staff, as it helps to create their
own training system for future teachers or to improve
the skills of experienced staff.

Result

As aresult of the study, it was determined that dig-
ital education standards will include the use of auto-
mated and digital educational tools in the future. In ad-
dition to the standard, there is also the influence of so-
ciety, because now most of the students cannot imagine
their life without gadgets and digital tools. Nowadays,
digital learning environments cannot function success-
fully without the involvement of the teacher. However,

there is no clear definition of the term "digital compe-
tence" that does not allow to assess the level of mastery
of new technologies of teachers.

Thus, due to the presence of the necessary tech-
nologies for the successful implementation of the con-
cept of education in the future, it is necessary to estab-
lish a permanent transfer of new educational technolo-
gies to the educational process, to introduce digital
environments and tools into the educational system.
The general educational process, the development of
digital competence criteria and the creation of a contin-
uous professional development program for teachers so
that the educational process can keep pace with the de-
velopment of technology.
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The aim of the work is evaluating self-regulation strategies under stress that reflect the adaptive mechanisms
of a person and describe the possibilities of using game biofeedback training to develop effective skills. Game
biofeedback technology was used. Effective self-regulation strategies is considered to be an essential factor in
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By learning to cope with difficult life circum-
stances and plan one’s actions in the uncertain, unstable
conditions, a person has permanent mental and physical
stress. There is a need to have at hand effective
tools/technologies and know how to use them. These
technologies are based on an individual’s ability to or-
ganize psycho-physiological resources in optimal way,
on “self-regulation”.

By learning to cope with difficult life circum-
stances and plan one’s actions in the uncertain, unstable
conditions, a person has permanent mental and physical
stress. There is a need to have at hand effective
tools/technologies and know how to use them. These
technologies are based on an individual’s ability to or-
ganize psycho-physiological resources in optimal way,
on “self-regulation”.

In our previous studies we developed an inventory
to evaluate the effectiveness of self-regulation ability
under stress conditions based on heart rate (HR) bio-
feedback game (“Vira-Rally” test). Stress conditions
were simulated as car racing game “Rally” or diving
competition “Vira” where the speed of players in-
versely depended on their heart rate (HR), and they had
to react fast to random objects. Six strategies of self-
regulation were identified differentiating by their effi-
ciency.

There was a classification of strategies of self-reg-
ulation offered by our authors (Mazhirina, Jafarova,
Pervushina, 2010, 2012):

Ne 1. Trials and errors strategy with positive re-
sult. This strategy involved losing in several trials but
achieving the goal in the end. Ne 2. Strategy of demo-
tivation. This strategy involved achieving the goal dur-
ing first part of the training session and consequently,
the results impaired during second part. Ne 3. Strategy
of successive impairment of results. This strategy in-
volved individual’s inability to fulfil the task. Ne 4.

Strategy of successive learning. This strategy in-
volved achieving positive results with each consecutive
trial. Ne 5. Pendula strategy. This strategy involved al-
ternation of successful and non-successful trials. Ne 6.
Non-integrated strategy (NIS). This strategy involved
the individual’s ability to fulfil only one of the tasks (to
control either reaction time (RT) or HR in “Rally” and
keep HR unchanged in “Vira”. Based on the effective-
ness of the achieved results and the ability to change
during further biofeedback training , all strategies of
self-regulation were divided into: effective (Nel, Ne4),
non-effective(Ne2, Ne6), and ‘intermediate’ (Ne3, Ne5),
- (Jafarova, et.al., 2010, Mazhirina, Jafarova, 2011,
2012).

The non-integrated strategy (NIS) was defined as
ineffective and difficult to be improved by further bio-
feedback training Nevertheless, it was revealed that this
strategy, especially in “Rally” game, which appeared
very frequent, was not homogeneous, as about 20% of
all participants demonstrated the following behavior
pattern during the assessment session: they had high ef-
ficiency of RT control and low ability to regulate inter-
beat interval (IBI); and about 10% had a controversial
strategy: they increased IBI duration and could not con-
trol RT.

The aim of our study was to find out if there were
any differences in these subgroups and to make a deci-
sion whether both of them were maladaptive and could
not be changed during the biofeedback training.

Method

145 students of the Novosibirsk Regional Fire-
fighter Training Center of EMERCOM of Russia took
part in playing the “Rally” game in a course of stress
resilience training in 2013-2015. All of them were
males of 25 + 6 years old. The behavior of 43 of them
resembled the NIS mentioned above (30 subjects who
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controlled RT formed group 1, 13 subjects who con-
trolled HR formed group 2). These 43 students became
the subjects of the study.

The strategy of Group 1 was named as Strategy 7
and was described as a “Strategy of a manager”, who
had to fulfil the duty in any case.

The strategy of Group 2 has kept the name Ne 6.
Non-integrated strategy. The groups were balanced in
age.

Assessment

Rally
MC
900

800 ‘\‘\_’\o‘.
700
ot Example of Strategy 7

500 IBI-(RR) and RT dynamics

400

300
|| ] 1 I

1 2 3 4 5

863 845 831 792 774
RT 379 291 305 300 269

NONBITHY

We studied coping strategies (E.Heim question-
ary, 1988), style of behavioral self-regulation (V. Mo-
rosanova, 2001), anxiety (STAI), tolerance to ambigu-
ity (MSTAT), and performed heart variability (HRV)
analysis on the I1BI probe of 300 beats conducted before
“Vira-Rally” test performing. The whole testing proce-
dure took about 3 hours and was held in the groups of
10-15 students. Usually, a subject (player) received the
information about the assessing methods but not about
the training procedure.

Rally
MC
850
800
750
700
650 Example- of Strategy 6
600 IBI (RR) and RT dynamics
S50
= I s
1 2 3 4 S
816 802 802 818 823
RT 582 522 473 527 742

Pic. 1. Example of 7 (left) and 6 (right) strategy.

Biofeedback Procedure

In our experimental study we used 2 games:
«Vira» and «Rally». The game «Vira» is a competition
of two on-screen divers to get treasures from the sea
bottom. The task is to win by controlling the speed of
one of the divers during the game trial. The game re-
sults reflect the ability to relax intentionally by slowing
down a player’s pulse.

The game “Rally” is a race of two cars, where the
speed of a player inversely depends on his HR, and he
has to react to random objects as quickly as possible.

Both games represented psycho-physiological
model of stress (sports competition). During biofeed-
back sessions, IBI and RT data were recorded. All par-
ticipants underwent testing session that included six tri-
als of Vira followed by five trials of Rally.

Results

Groups differed in emotional and behavioral cop-
ing styles (see Table 1), but anxiety scores were close

to normal values. So, we cannot correlate any weak re-
sults in IBI (RR) regulation with psychic tension that
can be expressed as anxiety.

The comparison of HRV results analysis in both
groups can give us a cue why it has happened.

For analysis, we used normalized values of HF and
LF to avoid individual biases according to the formulas
below:

HF (%) = HF / (HF + LH + VLF), LF (%) = LF/
(HF + LH + VLF),

here we used conventional abbreviations for HRV
analysis in frequency domain.

According to the results shown in Table 1, we can
assume that the higher value of LF/HF index in the
group with Strategy 7 is related to the sympathetic ac-
tivation, and therefore, to the excessive expenditures of
physiological resources in order to achieve the goal.

Results of One-way ANOVA. Total Model. Factor= Strategy. Tedle
Dependent variables, Factor ‘Strategy’ F P
observed means Str6 Str7
Anxiety state, STAI 32.60 34.10 0.23 0.631
Anxiety trait, STAI 30.80 31.40 0.72 0.400
Cognitive Coping, Heim 0.62 0.78 0.00 0.987
Emotional Coping, Heim 1.50 1.89 4.40 0.043
Behavioral Coping, Heim 1.00 1.36 4.05 0.049
HF % 34.12 28.65 8.54 0.006
LF % 38.07 45.93 6.84 0.012
LF/HF 1:21 2.16 19.16 0.001
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At LF-HF scatterplot one can see the different in-
terrelationship of LH and HF in the subgroups. The
group with Strategy 7 had higher reactivity of ANS than
the group with Strategy 6 where the vagal balance was
presented. It confirmed our assumption of heterogene-
ity of the NIS strategy. Moreover, we found out that the

HF (%)

sub-subgroup with Strategy 7 that is circled with green
color in the scatterplot not only had the predominance
of sympathetic system but were significantly less inde-
pendent according to Morosanova test than other sub-
jects of Strategy 7 group (3.7 against 5.1; F=3.98,
p=0.048).

y=0,3117x + 27,44
R? = 0,2457

y=-0,5586x + 61,94
R?=0,2288

30 40 50 60

5tr6 » Str7

Pic. 2. Scatterplot the different interrelationship of LH and HF in the subgroups.

The last aim of our study was to check if Strategy
of a manager can be changed by biofeedback without
psychotherapeutic intervention. Both groups conducted
7 sessions of Vira and Rally self-regulation training (30
min, 2 -3 times a week).

It was shown that the strategy when one controlled
only RT could be improved (83,3%) in contrast to Strat-
egy 6 group where only 1 of 13 subjects (7,6 %) im-
proved his self-regulation skills. The major changes
may take place due to the active use of the biofeedback
cognitive components.

Conclusion

Our study showed that when a person was trying
to complete a given task in the most efficient way pos-
sible (assuming their best ability), the “Strategy of
manager” lead to an excessive expenditures of physi-
ological resources. However, it can be corrected by uti-
lizing a psycho-physiological training. We could find
the targets for a counselor/ biofeedback practitioner to
work with, and increased stress resilience. Game bio-
feedback technology can help mastering the skills of
self-regulation and preventing stress-related disorders.
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Abstract

The article presents the results of an experimental study of the influence of controlled rolling temperature
regimes with accelerated cooling on the microstructure and properties of rolled steel. It is shown that the most
effective regime for increasing the plasticity and maintaining the strength properties of steel is the mode of ther-
momechanical treatment No. 2. The regime under consideration assumes the completion of deformation in the
single-phase y-region near the temperature of the beginning of phase transformations Ar3 and the beginning of
accelerated cooling of rolled products in the two-phase (y + o)-region.

AHHOTAIUSA

B cratne MPUBEACHBI PE3YJIbTATBI OKCIICPUMCHTAJILHOT'O UCCIICAOBAHMS BJINAHNUA TEMIICPATYPHBIX PEKUMOB
KOHTPOJIMPYEMON IPOKATKUA C YCKOPEHHBIM OXJIQXJICHUEM HAa MUKPOCTPYKTYPY M CBOMCTBA PYJIOHHOH CTalH.
HOKaBaHO, YTO € TOYKH 3pCHHA MOBBINICHHSA INUIACTUYCCKUX HNPHU COXPAHCHUHN NPOYHOCTHBIX CBOMCTB CTajlk
Haubosiee dPQPEKTUBHBIM SBISIETCS PEXUM TepMOMeXaHW4YecKuili oOpabotku Ne2. PaccmarpuBaemblil pesxum
MperoaraeT 3aBepuieHne aedopManiu B OgHO(MA3HOW Y-00JacTH BOMM3H TeMIEepaTypsl Hadana (a3zoBBIX
MIpeBpalieHii Arz 1 Ha4ano YCKOPEHHOTO OXJIaX/ICHHs IPOKaTaB NByX¢a3Hoii (y+a)-obnacTy.

Keywords: steel, rolled products, controlled rolling, accelerated cooling, microstructure, mechanical
properties
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B HacTosiee BpeMst OTHUM U3 OCHOBHBIX CIIOCO-
00B MOJIy4EeHHUS PYJIIOHHOTO IIPOKATa C 3aJaHHBIMH I10-
Ka3aTeIsIMA MEXaHWYECKUX CBOWCTB SIBIISICTCS TIPUME-
HEeHHe TeXHOJIOTUU KoHTpoupyemoi mpoxatku (KII) ¢
yckopeHHbIM oxitaxaeHueM (YO) [1]. PaccmaTpuBae-
MBI CITOCOO TepMOMEXaHHUYECKOW OOpabOTKH TIpes-
CTaBJISIET COOOH COBOKYITHOCTH OTIEpaIHii 1o nedopma-
LM CTaJIN C COONIOZIEHNEM TEMIIEPATYPHBIX PEXKUMOB,
BKJTIOYAIONINX TEMIIEpPAaTypsl HarpeBa IOJ IPOKATKYy,
Havajga ¥ KOHI[A YePHOBOW M YHCTOBOW CTaIHH IIPO-

KaTK{, a TaKKe Hadana M KOHILIAa YCKOPEHHOro OXJa-
xaeHus. [Ipy 3ToM H3MEHEHNE TeMIIEPaTyPHBIX PEXKHU-
MOB YCKOPEHHOT'O OXJaXKAECHUS MO3BOJIET B IIUPOKOM
JMana3oHe YIpPaBJIATh CTPYKTYPOW U CBOMCTBaMH Io-
TOBOM mpoaykuuu [2 - 5]. B cBA3u ¢ 3TUM 1enbio pa-
OOTBHI SIBJISIETCS UCCIIEAOBAHNE BIHMSHHUS TEMIIEPATYPEI
KOHIIa YHCTOBOW cTaguu mpokaTtku (Tkm) m Haugama
yckopeHHOTo oxiaxeHus: (THO) Ha MUKPOCTPYKTYpY
1 CBOIICTBA PYJIIOHHOTO MPOKATa U3 HU3KOJIETMPOBaH-
HOM cTanu.
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B xauecTBe MaTepmana Ui MCCIETOBAaHWHA HC-
MIOJIL30BAINCH 00pa3Ilbl POKaTa U3 HU3KOJIETHPOBaH-
HOW CTaJM, M3rOTOBJICHHBIE B YCJOBHUSX JIabopaTop-
Horo komutekca ®I'BOY BO «Marautoropckwuii roc-
yIapCTBEHHBIN TeXHUYECKHH yHuBepcuteT um. .M.
HocoBa» Ha ocHOBe (DM3UUECKOTO MOJCIMPOBAHUS
MIPOIIECCOB BBIMJIABKM M TEPMOMEXaHWYECKOH oOpa-
60Tku ctanu [6 - 10]. UepHOBas cragusi MPOKaTKH MO-
JETMPOBAIACh HAa THAPABINIECKOM IPECCE ITYTEM II0-
raroBoii nedopmManuy B paguaibHbIX CErMEHTaX, YH-
CTOBasl CTagus — Ha PEBEPCUBHOM JIMCTOBOM CTaHE
AYO «500». 3aBepmiaromuM 3TanoM ObLIO YCKOPEH-
HOE OXJIaXK/ICHHE PACKaTOB B YCTAHOBKE KOHTPOJIHpYe-
MOTO OXJaXXJEeHHUs. B KadecTBe oxiaxaaronien cpep
HCIOJIb30BajIach BOJA.

TeMneparypa HarpeBa MeTaJlIa IO IPOKATKy CO-
craismia (1200 = 10)°C. TemnepaTypa KOHIIA YepHO-
BOI W YHCTOBOW CTaguii IedopMamué COCTaBisuIa
(1000 + 30)°C u (780 - 910)°C, coorBeTcTBeHHO. TeM-
IepaTypsl Hayaja ¥ KOHIIAa YCKOPEHHOTO OXJIaXACHUS

A
Nel Ne2

Temnieparypa

Tl(n = Al";
Tuu > Ar.‘\

00pa3noB HaxoIuwIuch B auanasoHax (770-900)°C u
(570-580)°C, cooTBercTBeHHO. Takum 06pazom, J1abo-
paropHble 00pasipl MPoKaTa H3roTaBIUBAIIKMCH I10 Clie-
IYIOLIMM BapHaHTaM:

— 3aBepuieHue AehopMalHy U HaYajIo YCKOPEeH-
HOTO OXJIAXKICHHS B OAHO(DA3HON ayCTEHUTHOU Y-00-
nactu (Ars+(30-50) °C);

— 3aBepuieHHe Aedopmanuu B 0qHO(DA3HOH Y-
o0yacTi BOIMHM3U TeMIepaTyphl Hadaja (a3oBBIX Ipe-
Bpamiennii (Ars+(10-20)°C) u Hayaio YCKOPEHHOTO
OXJIaX/ICHUS B IBYX(a3HOH (y+o)-00macTu;

— 3aBepuieHue AehOpMalMy U HAYaJI0 YCKOPEH-
HOT'O OXJIXKJICHUS B IBYX(a3HOH y+a-001acTH.

Uccnenyemble  pexuMbl
JKEHBI Ha pUCYHKe 1.

CXEeMaTUYHO H300pa-

Bpewms

Puc. 1. Cxemamuueckoe uzobpasicenue ucciedyembix pejicumos mepmomMexaHuiecko 06pabomxu
€ PA3TUYHBIMU 8APUAHMAMY MEMNEPAMYP KOHYA YUcmogol cmaouu npoxamxu (Tkn)
U Hauana yckopennoeo oxaaxcoenus (Tnyo)

P€3yJ'ILTaTLI HCCJIICAOBAHNA BJIMAHUA TEMIICPATYPbl KOHIIA YHICTOBOM CTalMu NNPOKATKHW U Hadajla YCKOPCH-
HOI'0 OXJIAXKJACHWA HAa MCXaHUYCCKUC CBOICTBA Ha60paTOpHI>IX 06pa3u013 IMpoKara IMokKa3aHbl Ha pUCYHKE 2.
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Puc. 2. Bausnue memnepamypvbl KOHYa npoKamKu u Haviaia yCKOpeHHoco OXANCOCHUSL HA MeXAHUYEeCKUe
ceolicmaa IKCnepumernmajlbHovlx o6pa3u06

Kak crnenyer u3 pucyHka 2, CHHWXKEHHE TeMIepa-
TYphI KOHI[A YHCTOBOM mpokatku g0 Ars+(10-20) °C u
HayaJlo YCKOPEHHOTO OXJaXIeHUs B IByX(a3zHOU
(y+o)-o6macTy TOBBIMIAET MEXaHUYECKHE CBOWCTBA
cramu. Tak, mpu peanu3anuu oOpabOTKH B COOTBET-
CTBUH C pexuMoM No2 BpeMEHHOE CONpPOTHUBIICHUE
cTanu yBenuuunock Ha 55 H/mm? (pucyHok 2, a), a o1-
HOCHUTEJBHOE yIJIMHEHHE - Ha 5 % (pucyHoK 2, 6). CHu-
XKEHUE TEMIIEpaTypbl Hayajla yCKOPEHHOTO OXJIaX[e-
Hust Tyo B paccMaTpuBaeMOM MHTEpPBAJIC 3HAUCHHUN HE
0Ka3ajo CYIIECTBEHHOTO BIHSHUSA Ha Mpenen TeKyue-
CTH M TBEpAOCTh cTanu. TepmomexaHWYecKas oOpa-
6otka mo pexumy Noe 3, mpu koTopoM Tu<Arz u
Tin<Ar3 mpuBea K 3HAYUTEIBHOMY CHIDKCHHIO 3HAYE-
HuUil npejiena Tekydectd cramu (Ha 100 H/mm?), npu
OJIHOBPEMEHHOM POCTE OTHOCHUTENNBHOTO YATHHEHHUS (C
21% 1o 29%).

Ha pucynke 3 npencTaBieHs! pe3yJibTaThl MeTal-
JorpapUIecKuX UCCIEA0BaHNI MOYUYCHHBIX 00Pa3IoB.
YcraHoBieHO, 4TO Npu 00paboTke 1o pexxumy Nel ¢
Ha4YaJIOM YCKOPEHHOTO OXJIaXACHHS U3 OJHO(DA3HON Y-

obnactu (Tuo>Ar3z) MUKPOCTPYKTYpa CTaJIH HPENCTAB-
Jsia co0OM cMech, COCTOSIIIYIO M3 KPYIHBIX 3€peH
Oeitaura rinodymsipHoro (= 30%) n OeiiHuTa MroJbYa-
toro (= 70%) (pucynok 3, a). [Ipu 06paboTke 0Opa3ion
110 peskuMy Ne3 (T < Arsu Tyo < Ar3) MEKPOCTPYKTYpa
CTalM TpeJaCTaBiIsia co0OH  (eppUTO-OeHHUTHYIO
CMECh, COCTOSIIYIO IPEUMYIIECTBEHHO M3 KBa3UIIOJIH-
roHanbHOTO (epputa (= 55%) u OeitHuTA.

IIpu oxonHwanum nepopmanuu B OXHO(DAZHON
ayCTCHUTHOW 00NacTy BONMM3M Arz U Hadaie YCKOPCH-
HOTO OXJIK/ICHHUS U3 JIByX(a3zHo# (y+a)-obmactu (pe-
xkuM  Ne2) nHaOmomaercss 0Oojee METKOIUCIIEpPCHAsS
CTPYKTYpa, cocTosimasi u3 OelHuTa riodynspHoro (=
55%), OetinuTa urompyaroro (= 35%) u HEOOINBIION
JOJIM KBasumoJuroHansHoro ¢eppura (= 10%). Ipu
9TOM HAJIMYKE B CTPYKTYype MeTauia GeppuTHOU (a3bl
CII0COOCTBOBAJIO YBEJIMUYEHHUIO 3HAUCHUH OTHOCHTEINb-
HOTO Y/UIMHEHHs] U HE OKa3aJ0 3HAYMTEIILHOTO BIIMS-
HUSL Ha TIPEIeN TEKyYeCTH CTaH.



a — pesicum Nel (Tkn > Ars u Tho > Arg);
6 - pesicum Ne 2 (Tkn > Ar3 u Tno < Ar3);
6 - pesrcum Ne 3 (Tkn < Ar3 u Tno < Ar3)
Puc. 3 Muxpocmpykmypa nabopamopuwix 06pazyog npu paziuynuix cxemax Kl u YO (x1000)

Ha ocHoBaHMH pe3y/bTaTOB MPOBEICHHBIX JKCIIe-
PHMEHTOB YCTAHOBJIEHO, YTO TEMIIEPaTyphl KOHIIA YH-
CTOBOI cramuu nedopMaluy M Hayana YCKOPEHHOI'O
OXJIXKJICHUSI OKa3bIBAECT CYIICCTBEHHOE BIIMSHHE HA
cBoiicTBa ctanu. Ilpyu Hayane yCKOPEHHOIO OXJaxze-
HUSI HIDKE KPUTHYECKOW TOYKM Ar3 4acTh ayCTEHHUTa
npeBpainacTcs B GeppuT, BISIONHICS MITKO# (a3oii.
OcTaBIIMICS ayCTEHUT 3a CYET BBICOKHMX CKOpPOCTEH
oXJIXKJEeHUS (opMUpYeT OEHHUT pazauyHOil MOpdo-
JIOTUH, TEM CaMbIM COXPaHSAsA BBICOKHE IMPOYHOCTHBHIE
cBoiicTBa cTany. OHAKO MPU JOCTATOYHO HU3KUX TEM-
nepaTtypax Hadana yckopeHHoro oxiaxzaenus (770 °C)
B CTPYKType CTaiM TNpeobiamaer noss (eppUTHOH
(a3pl, YTO TMPHUBOAUT K 3HAYUTEIBHOMY CHHKECHHIO
mpenena Tekydectn cranu. JedopmarmonHas oOpa-
60TKa BOJIM3M TOUKH pacIajia ayCTeHUTa CIOCOOCTBYET
MOBBIICHUIO JTUCIEPCHOCTH MUKPOCTPYKTYPHI H, Kak
CJIEICTBHE, YBEIMYCHUIO 3HAYEHHH BPEMEHHOIO CO-
HPOTHUBJICHUSL.

[TomydeHHbIE TaHHBIE CITyXaT HAYYHBIM 3aJ€JI0M
MIPY IPOEKTUPOBAHUH MTPOTPECCUBHBIX TEXHOJIOTUH U3-
TOTOBJICHUSI MHOTO(QYHKIIMOHAIBHBIX MAaTEePHAJIOB C
TpeOyeMbIM KOMIUIEKCOM SKCILIyaTallMOHHBIX Xapak-
TEPHUCTHK.
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Haykn Poccum B paMKax peau3allii KOMITJIEKCHOTO
MIPOEKTa MO CO3JIAaHUI0 BBICOKOTEXHOJIOI'MYHOTO [TPOH3-

BOJICTBA, BBIIOJIHSIEMOIO C YYacTHEM BBICIIETO y4el-
Horo 3aBenenus (Cornamenune Ne 075-11-2021-063 ot
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rpymmsl MTa-21-2 ®T'BOY BO «MI'TVY um. I''M. Ho-
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