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Cexknus 1
OBIIAS OKOJIOI'Usl. OXPAHA IMIPUPO/1bI

Ceknusa 2
IKOJOI'NMYECKHUE ACIHHEKTBI YPE3BBIYAMHBIX CI/ITYAI_[I/II71.
MMPOU3BOJICTBEHHAS 3KOJOI'UA

Cexknusa 3
PAIMAITMOHHASA BE3OITACHOCTDb

YTUINM3ALIUSA CIIMPTOBBIX OTXOA0B 1 OTXOA0B BEJIKOBOI'O
IMPOUCXOKAEHUA B PE3YJIBTATE IIEPEPABOTKMU I1JIA3MbI KPOBH
YEJOBEKA

Bonoowvxo /I.B.
XKyk O.H., nonent kadeapsl OMOTEXHOIOTHH, K.0.H., TOLEHT
YO «Ilonecckuii rocyaapcTBEHHBIH YHUBEPCUTET»

B coBpemenHoO# mpakTHKe TepepaboTKu Iia3Mbl KpoBH B PecnyOnuke benapych mmpoko
MPUMEHSIETCS METOJ] CIUPTOBOTO OCAXKICHUS [UIsl BbIAETCHHS OENKOBBIX (pakiuii, Ipu 3TOM
o0pasyeTcst CIOXKHBIH MPOAYKT OTXOJOB, COJIEPKAIIUN OCTATOYHBIN ATUIOBBIA criupT, OydepHbIe
pacTBOphl U HEOEIKOBBIE KOMIIOHEHTHI. KOHIIEHTpaIisi 0CTaTOYHOTO CHUPTA MPH HCIOIb30BAaHUH
Takoro Meroaa cocrtabisger 50-55 %. TpamuuuoHHas TEXHONOTHS YTWIM3ALUU TPEINOIaraet
pa3BelieHHE STUX XKHUAKOCTEH BOJOM U cOpPOC MX B KAaHAIM3AIMOHHYIO CHUCTEMY, UTO SIBIISETCS
IIPOCTHIM U SKOHOMMYECKHU BBITOJHBIM PELICHUEM 3a CUET OTCYTCTBHSI CJIOKHOTO JOTIOTHUTEIHHOIO
obopynoBanusi. OAHAKO TaKOW MOAXOJ COMPSIKEH C IKOIOTUYECKUMU PUCKAMH: OCTATOYHBIN CIIUPT
IpU JUIMTEIBbHOM SKCIO3UMLUHU Aake B KOHUEHTpauusx oT 1 mo 3 % Moker mHruOupoBarb pocT
aTOreHHBIX MHKPOOpPraHu3MoB, Takux Kak Staphylococcus aureus, Escherichia coli u
Pseudomonas aeruginosa, cHikas ux pasMHokeHue Ha 35-50 % u, TakuM 00pa3oM, BIHMSTH Ha
MUKpoOUonornueckuit 6amanc Bogjoémos [1].

B 3apyOexHbIx crTpaHax, Hanpumep, B l'epmanuu u SnoHuu, e MHUHUMH3ALHUU
9KOJIOTMUECKOTO BO3JEHCTBUS aKTUBHO INMPUMEHSIOT TEXHOJOTMHM peKylepauuu crnupra. B psne
MIPOU3BOJICTB YAAETCS BBIAEIUTD 10 90 % O0CTaTOYHOTO 3TUIIOBOTO CIUPTA U3 OTXOJHBIX PACTBOPOB,
YTO MO3BOJISIET CHM3MThH 3aTpaThl Ha 3aKylKy CBeXero staHoja Ha 65-70 % mnpu nepepaboTke
o0weMoB B auanazoHe 1000-1500 mutpoB orxomHo# kuakoctu [2]. Kpome Toro, ucnonb3oBaHue
PEKYIIEpUPOBAHHOIO CIHPTa CHW)KAET HArpy3Ky Ha CHUCTEMBI OYHMCTKM CTOYHBIX BOJ, 4YTO
SKOHOMMYECKH OIPaBAbIBAETCS JIOMOJHUTEIBHBIMU COKPAILEHUSIMU OIEPAallMOHHBIX pPacXxoJ0B U
YMEHBIIICHUEM PACX0/I0B Ha KOMIICHCAIIUIO dKOJIOrHueckoro yiepoa [3].

[ToMrMO CITUPTOBBIX OTXO/0B MPHU UCIOJIB30BAHUM METOJIa CIIUPTOBOIO OCAXKICHUS, TaK K€
00pa3yloTcsi TBEpAble OPraHMYECKHE OTXOJbl. OTHU OTXOIbl MPEACTABISAIOT COOOW HeleleBble
(dpakuuy, KOTOPHIE 3a4aCTYIO COJIEP’KaT OCTATOUHbIE OENKH, a TAKXKE JIOMOJTHUTEIbHbIE KOMIOHEHTBI
— JKApBI U UHBIE OPraHWYECKHE COeNUHEHNUs. [IperMMyIecTBEHHO, TaKhe OTXO/bI HAINIPABISAIOTCS Ha
TEPMHUYECKYI0O 00pabOTKy, TO €CTh CKWTaHHE€ B HMHCEHEpAaIMOHHBIX ycTraHoBKax [4]. K
MPEUMYILECTBaM JTaHHOTO METOJa MOYKHO OTHECTH BBICOKYIO CTENEHb 00e33apaXKMBaHHs OTXOJIOB,
MOCKOJIbKY MPHU CKUTAHUM YHUUYTOXKAIOTCA KaK MUKPOOPTaHU3MBI, TaK U OMOJIOTHUYECKU AKTHUBHBIE
BEILIECTBA; COBPEMEHHBIE YCTAaHOBKH, OCHAIIEHHBIE CUCTEMaMU (PUIBTPALIMK U KOHTPOJISI BEIOPOCOB,
CHOCOOHBI 100UThCs 3P PexTuBHOCTH 10 95 % B MIIaHE MOJHOTO pa3pyIIEHUs ONACHBIX KOMIIOHEHTOB
[5].

C npyroil CTOpOHBI, METOJI MHCEHEpPALIMM MMEET W psiJi MUHYCOB. lIpsiMoe cokuranue He
MO3BOJISIET BOCCTAHABIMBATH MOTEHIIMAIBHO IIEHHOE ChIPhE, OCOOCHHO YUMTHIBAsI HAJTMUUE KUPOB U
UHBIX JIMIAJHBIX (Qpakiuif, KOTOpble MOTJIM Obl OBITH HCHOJB30BaHbl JUIsl TMPOU3BOJCTBA
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OMOdPHEPTrUM WM BTOPHUYHBIX HPOAYKTOB. boiiee TOro, mpu HEZOCTATOYHO CTPOrOM KOHTPOJE
mporecca BO3MOXHBI BBIOPOCHI TOKCHYHBIX BELIECTB (TaKMX KaK JUOKCUHBI U (PypaHOBBIE
COCJIMHEHMS ) U 3arpsi3HEHNE aTMOC(EpHOTO Bo3ayXa [6].

Tak, B Kurtae 11 pauroHaIbHOIO UCIIOJIb30BAaHUSI OTXO0JI0B HELEJIEBBIX OENKOBBIX (paKIHid,
COZIePIKALINX TaKXKe JXUPbl U IPYTUe JIMMUAHBIE KOMIOHEHTHI, BHEIPSIETCS METOA aHa’dpOOHOTrO
cOpakuBaHMsl. DTOT IpoOLECcC MPeICTaBiIsAeT cO00H OMOXMMHMUYECKOE pa3okKEeHUE OPraHHYECKHX
BEIIECTB B OCCKUCIOPOJHON Cpejie MO JCHCTBUEM CIEIHATN3UPOBAHHBIX MHKPOOPTaHM3MOB. B
XoJie cOpakuBaHUsI 00pa3ylOTCs J1Ba KJIIOUEBBIX MPOAYKTa: OMoras, cocraB KOTOPOro BapbUPYyETCs
or 50 mo 75% wmeraHa c MpHUMECSAMH YIIEKUCIOro rasa, u 3¢ dmroent. Ilomydyennsii O6uoras
UCHOJb3YyeTCsl Ul MPOU3BOJACTBA 3JEKTPO3HEPrUM M TeIJla, YTO IO3BOJIAET NPEANPHUITUIM
COKpalaTh 3aTpaTbl Ha JHEProcHabKeHHWe, a W30BITOYHAs SHEPrHsl Jake Mpojaércs B CETh,
reHepUpys AONOJHMUTENbHBIN 10x0J. OJHOBPEMEHHO, MCIOJIb30BaHHE 3(PQUIIOEHTa B arpapHOM
CEKTOPE CHM)KAeT MOTPEOHOCTh B XMMHYECKUX YAOOPEHHSX, YTO NMPUHOCHUT SKOHOMHUIO CPEICTB
arpapues. IIpu 3ToM, TEXHOIOIUU aHA’POOHOro cOpakUBaHMs 00ECIIEUMBAIOT NEPEPAOOTKY ChIPbs
3HauuTesnbHO ObicTpee (0T 12 go 30 nHel) MO CpaBHEHUIO € TPAAUIMOHHBIMM METOJaMU
KOMIIOCTUPOBAHUS, YTO JOIOIHUTEIBHO MMOBBIIIAET UX 3(PPeKTUBHOCTS [7].

CnenyeT OTMETUTbH, YTO YTHJIM3ALMsI OTXOJOB, BO3HUKAIOIIUX B PE3Y/IbTATe€ CIIUPTOBOIO
OCAXJEHHsl IJa3Mbl KpOBH, MPEACTaBIsE€T COOOH KOMIUIEKCHYIO 3aJady, TpeOyrolyro
ONTUMAJIBHOrO OajaHca MEXJy TEXHOJIOTMYECKOM MPOCTOTOM M MUHUMH3ALUEN SKOJIOTMYECKUX
puckoB. IIpuMeHeHne COBpEMEHHbBIX TEXHOJOTHM peKylepaluy CIUpTa, YCIEUIHO pealu3yeMbIX B
I'epmanuu u SnoHuu, a Takke albTEPHATUBHBIX METOJOB MEPEPAOOTKH OpPraHMYECKHX OTXOJI0B
0€JIKOBOT0 MIPOUCXOXKACHHUS, TAKUX KaK aHadpOOHOe cOpaKuBaHUE, JEMOHCTPUPYET 3HAYUTEIbHbIHI
MOTEHIMAN Ui CHW)KEHHUS 3arpaT Hu 3()(EeKTHBHOTO WCIONB30BaHUS OTXOAOB B JIPYTHX
IPOMBIIIICHHBIX OTpaciisixX. [lomyueHHbIH 3apyOeXHbI ONBIT MOXET CIY)KMTh OPUEHTHPOM ISt
COBEPIICHCTBOBAHMS OTEYECTBEHHBIX YTHJIU3AIMOHHBIX CTPATETHH, CIIOCOOCTBYS BHEAPEHHIO
MHHOBAIlMOHHBIX PELIEHUH, HANpPaBICHHBIX HAa CHI)KEHUE HEraTMBHOIO BO3JEHCTBUS Ha
OKPY’KaIOIIYIO CPETy M CTUMYJIMPOBAHUE SKOHOMUYECKOH 3()(heKTHBHOCTH OTPACIIH.
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MUKPOBHOJIOT MYECKHWI KOHTPO.JIb ITIOYB ITPA BO3IEJBIBAHUU SAT'OJJHBIX
KYJIBTYP

Epema J].A.
TeoBen C.B., crapuiumii npenoiaBaTeinb

[Tomecckuii rocynapcTBEHHBIN YHUBEPCUTET, . [TnHck, Pecniy6nuka benapych

JlesTenbHOCTh TTOYBEHHBIX MUKPOOPTaHU3MOB UTPAET OOJBIIYIO POJIb B ILIOIOPOIHS TTOYBBI
U 3/I0pOBbE pacTeHHil. MUKpOOpPraHW3Mbl Y4acTBYIOT B Pa3lIOK€HHUHU OPraHUYECKOro BEIIeCTBa,
(hOpMUPOBAHUH CTPYKTYpPHI TOYBBI U OHMOJOTHMYECKOM KoHTpolie ¢uronmaroreroB [1,2]. Omenka
obmero MukpooHoro yucia (OMY) ciyXUT BaXXHBIM WHIUKATOPOM OMOJOTHUYECKOW aKTHUBHOCTH
MIOYBBI U €€ HKOJIOTHYECKOTO COCTOSTHHUS.

Heab uccaenoBanusi: onpenenuTs nokazareau OMY mouB mpu BO3JENBIBAHUU SITOJHBIX
KYJBTYD.

Matepuanbl U MeToabI: Uig uccienoBanuss OMY ObuH B3STHI 00pa3Ilbl TOYB OTOOpaHbIE
BecHOU 2025 rona ¢ y49acTKOB BO3JC/IBIBAHUS 3eMIITHUKH canoBoid (Fragaria x anandssa) (0Opasibl
1-4) u ronybuku Beicokopocioit (Vaccinium corymbosum L.) (o6pa3subl 5—7) B JKUTKOBHUCKOM,
CronunckoM u [luHckoMm paiioHax (MeTon «koHBepTa» Ha riayoune 0—5Scm) [3,4]. Onpenenenue
OMUY npoBoaMIM KIACCUYECKHMM METOJIOM IOCEeBa MOYBEHHBIX CYCIICH3MI HA MUTATEIBHYIO CPEIy
C MocCienyomUM TepMocTaTupoBanueM npu 28—30°C B Teuenue 72 yacos [8].

PesyabTaTsl 1 06cyxaenue: mnokazatend OMY wuccienoBaHHBIX MOYB BapbUPOBAJO OT
2,7x10* mo 1,01x10° KOE/r mouBsI (Tabyuma 1).

Tabnuna 1
Pesynbrars! onpenenenuss OMY
MecTo B3siTHs P00 Ne po6b1 KomnuectBo kononwii B 1 r nouBsl, KOE/T mouBsl
1 4.2*104
JKutkoBUYCKUM pailoH 2 3,87104
3 4*104
4 4,4*104
CTOonuHCKHIT 5 2,7*104
paiion 6 2,9*104
[IuHCcKuUi pailoH 7 1,01*105

B GonbmmHcTBe 00pasuoB (1-6) 3HaueHuss OMY okazanuch HUXKE HOpPMBI (HOpMa s
nouB: 10°-107 KOE/r [1]), uro MoOXeT OBITh CBS3aHO C HU3KUM COJEP)KAHHEM OPTraHUYeCKOTO
BellecTBa (MCTOYHMKA YIJIEpoAa M MUKPOOPraHU3MoB) [5],HeOIaronpusITHBIMU (U3UKO-
XUMAYECKMMH CBOWCTBAMH TIOYBBI, TAKIMH KaK TOBBINIEHHAs KHCJIOTHOCTh WM 3acoiieHue [7],
BO3/ICHCTBUEM MECTULIUIOB Ha MOYBEHHYIO MUKpodIiopy [5].

Tonpko B oOpaszue 7 mokazarenb OMY coOTBETCTBOBaJI HOPMATHMBHBIM 3HAUEHUSIM, YTO
yKa3bIBaeT Ha Oosiee 6JaronpusTHOE OMOJIOTMUECKOE COCTOSIHUE TTOYBHI.

Huskas wMukpoOuonornueckasi akTUBHOCTh IIOYBBI OTPAXKAETCs Ha OIKOJIOTUYECKOM
COCTOSIHMM arpolieHo3a. Hampumep, yxyAmaercs MHHEpaIH3alMs OPraHUYeCKOro BeIllecTBa M
JTOCTYITHOCTh 3JIEMEHTOB NHTaHUS, CHW)KAETCS YCTOMYMBOCTH TOYBBI K JPO3MM H3-3a CIa0bOu
CTPYKTYpbl [2], BoO3pacTaeT HEOOXOJUMOCTb BHECEHUS YAOOpeHMH M NEeCTUIUAOB, 4TO
JOTOTHUTEIHHO YXYAIIAECT YKOJIOTHIECKYIO CUTYAITHIO.

[Tonnep:kanue U BOCCTAaHOBIICHHE MOYBEHHON MUKPO]IOPHI ABISAETCS BAKHBIM JIEMEHTOM
OKOJIOTUYECKH YCTOWYMBOTO 3emiienenus. J{ias BOCCTaHOBJICHUS OHMOJIOTUYECKOH aKTHBHOCTH
MOYBBl M CHIKEHHMIO XHMHUYECKOH Harpy3ku HCIOJB3YIOT OpPraHMYeCKUX yAoOpeHud u
MHUKPOOHOJIOTHYECKHUE TIpernapartsl [6].


https://www.google.com/search?sca_esv=f9f1a50abb3c6f24&sxsrf=AHTn8zoDlmlGeZhZwhYs_ro_BM2CAJco_w:1744736609929&q=%D0%96%D0%B8%D1%82%D0%BA%D0%BE%D0%B2%D0%B8%D1%87%D1%81%D0%BA%D0%B8%D0%B9&stick=H4sIAAAAAAAAAONgVuLUz9U3SCvMKzBfxCpxYdqFHRebLuy6sO_CJiCr_WIjkL3jwk4AV-cP8SgAAAA&sa=X&ved=2ahUKEwig7PGuwtqMAxWNERAIHRaIKsIQmxMoAHoECBoQAg
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INCREASING THE LEVEL OF SAFETY OF CIVIL DEFENSE PROTECTIVE
STRUCTURES BY TREATING THEM WITH SPECIAL ANTISEPTIC FORMULATIONS

Kuznetsov M.V.

All-Russian Research Institute on Problems of Civil Defense and Emergencies of Emergency
Control Ministry of Russia (EMERCOM), Moscow, Russia

The development of national strategic priorities includes ensuring the safety of people and
the natural environment, as well as the safety of the techno sphere. Many facilities of the Ministry
of Defense (MD), the EMERCOM of Russia and civil defense facilities of the Russian Federation
that include wooden products (bunks, sleepers, rigging, etc.) are operated in difficult climatic
conditions. For example, in a wide range of positive and negative temperatures, at high humidity,
under high dynamic and static loads, as well as in contact with various biologically active media.
This places strict requirements on the stability of facilities and structures, not only in terms of
temperature fluctuations, humidity or dynamic loads, but also in terms of bio-effects. In this regard,
research aimed at improving the environmental and biological safety of such facilities is currently
becoming particularly important.

Because of our research, we have obtained a new preservative compound to protect
materials from bio-damage. The composition is based on oil fractions of petroleum products with
various additives, including those containing components of spent rocket fuels. We have developed
methodological and technological approaches aimed at obtaining a modified preservative
composition to protect wood and non-wood grades from biodegradation and bio corrosion. The
resulting new commercial product (which can be successfully used instead of coal oil of the second
hazard class) meets all the requirements of SWST 20022.5-93 and SWST 2270-78. The tests were
carried out on a culture of the fungus Coniophora puteana (strain "Senezh™) according to SWST
16712-95. The essence of the toxicity test method is to keep wood samples containing specified
amounts of protective agents for two months on pure cultures of the wood-destroying fungus
Coniophora puteana, taking into account weight loss. The tests were carried out on pine wood
sleepers. The assessment of the fungicidal toxicity of petroleum products has shown their good
protective properties in comparison with non-impregnated wood and coal oil. The average weight
loss of the sleeper decreased by an average of 2 times compared to the control sample of non-



impregnated wood. Relative toxicity decreased from 1.0 to 0.80—0.89 rel. units in comparison to the
sample soaked in coal oil.

The authors also conducted rapid tests of the fungicidal toxicity of modified samples of
petroleum products in relation to marsupials and imperfect fungi and other soil microorganisms. The
essence of the method is that filter paper samples impregnated with antiseptics measuring 20 x 10 mm
in 10 pieces are placed in a Petri dish filled with ground. The ground was taken from the upper
structural humus layer of a mixed forest on loamy soil at a horizon of 0-3.0 or 0-5.0 cm in May —
August. Freshly harvested soil should have a pH of 4.5-6.0 according to SWST 16712-95. The
consumption of modifying additives was calculated in strict accordance with state standards and
technological regulations of plants specializing in impregnation of sleepers, and the experiment was
carried out for two weeks. The analysis of the results showed a high preservative ability of petroleum
impregnating materials to a complex of soil cellulose disruptors, mainly from the class of marsupial
and imperfect fungi involved in the deconservation and primary destruction of wood. The weight loss
of samples impregnated with oil products together with naphthenates and copper rubbers reached a
value comparable to samples impregnated with coal oil of ~26-27%, which is currently used for
impregnating wood in trellis mills. For a more reliable assessment of the effectiveness of petroleum
antiseptics, we conducted tests in accordance with SWST 30028.4-93. The essence of the method
consists in fifteen—day exposure of wood samples soaked in antiseptic solutions in wet chambers
operating on the principle of “enclosed space - moisture reserve", in conditions that are maximally
favorable for the activity of biological agents. The results confirmed the correctness of the
conclusions about the effectiveness of wood protection with petroleum antiseptics. The degree of
fungal damage of wood samples impregnated with petroleum products was no more than 10% (which,
in accordance with state standards, was characterized as highly effective protection). At the same
time, the weight loss of the control, non-saturated sample was more than 50%.

Fungicidal toxicity tests were also carried out, in accordance with the requirements of SWST
16712-95, on a culture of the fungus Coniophora puteana (strain "Senezh"). The essence of the
toxicity test method is to keep wood samples for two months on pure cultures of the wood-destroying
fungus Coniophora puteana containing specified amounts of protective agents, taking into account the
loss of wood mass. The tests were also carried out on pine wood. For each variant of the experiment,
three samples were tested without exposure to mushroom culture. The samples were kept on the
mushroom culture for two months at a temperature of (24 + 2)0C and a relative humidity of 70-75%.
After two months, the samples were removed, cleaned from mycelium and kept at a temperature of 22
+ 20C and a relative humidity of 65 + 5% until they reached equilibrium humidity. After the samples
reached a constant mass, they were weighed with an error of no more than 5 x 10-3 g. The weight loss
of the experimental samples (D, %), the weight loss of the control non-impregnated sample (Dc, %),
as well as the average weight loss of impregnated wood D95, corresponding to 5% of the average
weight loss of non-impregnated wood (D95 = Dc x 0.05), were also determined. An analysis of the
results showed that on a control untreated wood sample, after they were aged for two months on pure
cultures of the wood-destroying fungus Coniophora puteana at a temperature of 24 + 20 C and a
relative humidity of 70-75%, a distinct radial growth of fungal hyphae was observed, and the weight
loss was 77%. When preserving wood with coal oil, as well as modified petroleum products, the
growth of the fungus was not observed. It necessary to note, that with almost the same weight loss of
wood impregnated with coal oil and modified petroleum products, the relative toxicity of samples
impregnated with modified petroleum products decreased by 10-20%.

Thus, the fungicidal toxicity of samples of antiseptic formulations for the treatment of wood
and other surfaces by the Gorshin method ("Ground - Paper blocks™) was evaluated in the work.
Modified samples of antiseptics based on petroleum products were tested against marsupials and
imperfect fungi, as well as other microorganisms. The preservative ability of the proposed
impregnating compositions is not inferior to this indicator (26-27%) to coal oil-based compositions
in terms of weight loss. At the same time, the chemical hazard class (I\V-th) of the developed
formulations is significantly more environmentally friendly than (I-l1ind) for coal oil-based
formulations. The degree of fungal damage to wood during treatment with petroleum antiseptics



was no more than 10%, which refers to the level of highly effective protection in accordance with
state standards. Fungicidal toxicity tests on the culture of the Caniophora puteana fungus showed
that, under the same conditions, this indicator improved by 20% compared to the samples treated
with coal oil-based formulations. Field tests against bio-damage and woodworms over the course of
2 years showed that the weight loss of oil-soaked samples decreased by 4 times compared to the
control samples of whole pine wood. The formulations we have developed will allow us to expand
the raw materials of oil refining companies through more rational methods of oil refining as well as
increase in the range of refined petroleum products, while significantly improving the
environmental performance of production facilities.

THE CAUSES OF MAN-MADE DISASTERS AT HYDROPOWER FACILITIES, THE
POSSIBILITIES OF THEIR PREVENTION AND OVERCOMING ADVERSE
ENVIRONMENTAL CONSEQUENCES

Kuznetsov M.V.

All-Russian Research Institute on Problems of Civil Defense and Emergencies of Emergency
Control Ministry of Russia (EMERCOM), Moscow, Russia

Since the accident at the Sayano-Shushenskaya HPP, many different mutually exclusive
assumptions regarding the causes of its occurrence have been made public. One of the possible versions
of the origin and course of this disaster is a version based on the features of the phenomenon of "steam
explosion”. Regarding the causes of this disaster, opinions were expressed about an alleged hydraulic
shock or electric shock, about electrodynamic shocks of various origins, about an explosion of an oil
transformer, about the operation of the station with overloads of 150 percent or more, resulting in a
"spinning top effect", etc. Alternative versions of this man-made disaster were also considered, based on
the involvement of the mechanism of the "steam explosion” phenomenon to describe the conditions of
occurrence and dynamics of these large-scale emergencies common to various hydropower facilities.

Along with significant damage and other extremely unfavorable technological
consequences, the disaster at the Sayano-Shushenskaya HPP also led to enormous damage to the
ecology and biosphere of the surrounding territories. One of the most dangerous consequences of
oil product leakage is water pollution - spreading over the surface, oil covers vast areas. It is known
that a unit of oil volume is capable of spoiling a volume of water that exceeds it by a thousand
times, as well as soil. More than 40 tons of engine oil spilled into the waters of Yenisei River. An
oil slick formed as a result of a transformer oil leak spread from the hydroelectric dam downstream
of the Yenisei River for 5 km, leading to pollution of the water area and the coastal zone, to the
death of fish, birds and animals. Another environmental hazard may be toxins from landfills,
cemeteries, and animal burial grounds that have been washed away by flooding. The flow of water
can not only cause soil erosion, but also lead to the spread of diseases. For example, animal corpses
infected with anthrax can be buried in flooded cattle burial grounds in Khakassia (and there are
officially 80 of them in this region).

It should be noted that the concept of "steam explosion™ arose in science and engineering
practice more than a century and a half ago with the advent of the century of steam engines: the
superheated aqueous medium in a boiler operating at high pressure, in the event of an emergency
pressure relief, instantly boiled up, which led to the formation of a shock wave destroying the
apparatus, accompanied by tragic consequences. In other words, these events in power plants were
among the first man-made disasters in the history of Mankind. A physically similar scheme is
considered to describe explosive catastrophes in modern energy systems within the framework of
the combined-cycle detonation concept.
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To date, various experts and specialists have proposed numerous versions of the origin and
development of the catastrophic situation that took place at the Sayano-Shushenskaya HPP on August
17, 2009. Official reports of state and departmental commissions have been published. However, taking
into account the proposed version of the "steam explosion”, none of the commissions or groups of
specialists considered this problem. Our version of the occurrence of catastrophic phenomena that led to
the destruction at the Sayano-Shushenskaya HPP is based on the mechanism of explosive volumetric
boiling of water ("steam explosion™) in vacuum zones of high-speed turbulence or in an electric
discharge channel. The expert opinions also considered the scenario of a high-power electric discharge.
Processes of this kind are associated with the occurrence of a destructive shock wave by the mechanism
of a "steam explosion", accompanied by cavitation phenomena in liquids.

The presence of cavitation damage to turbine wheel blades was noted by almost all the
commissions that checked the technical condition of the Sayano-Shushenskaya HPP in different years.
Our proposed explanation is based on an understanding of explosive processes that accompany the
phase decay of liquid media and are not associated with the action of, for example, any regular
explosives. The considered version is based on the results of a study of a phenomenon called
"detonation boiling”. Dealing with the problems of emergency situations in steam-producing power
plants, we came to the conclusion that cavitation is a detonation phenomenon that is associated with
explosive boiling of a liquid. With regard to the Sayano-Shushenskaya event, we note that a shock wave
occurs at the stage of catastrophically rapid boiling of a liquid during the formation of a vacuum cavity
or in the stratum of an electric discharge, but not during the collapse of a steam bubble, as it was
previously thought. According to the Act of investigation of the causes of accident at SS HPP: "Based
on the materials of the protocols of the survey of operational personnel and trends for GA-2, it was
established that on 08/17/2009 at 8:13 a.m. local time, the staff in the engine room heard a loud bang in
the area of hydraulic unit No. 2 and saw the release of a column of water." The nature of the appearance
of this "sound" has not been fully clarified, even as a result of the work of the state commission. All
conclusions on this issue are still at the level of assumptions. In our opinion, the "sound" was precisely a
steam explosion caused by the above reasons. In the described process, ordinary water acts as an
explosive. To illustrate the physical mechanism of this "steam explosion™ process, we present two
illustrative models of its implementation: The first relates to the problem of exposure to a liquid medium
by a short laser pulse. A vessel with water was used as a target, into which a laser pulse with a
wavelength absorbed by the aqueous medium was "shot" through a quartz window. The result of such a
"shot" was a volumetric explosion that destroyed the vessel and caused its fragments to scatter
throughout the room. In other words, in the area of absorption of light energy, water was overheated to
epy temperatures much higher than its boiling point, and then a volumetric explosive boiling of the
superheated mass occurred. Thus, it can be assumed that the laser beam modeled the electric charge
stratum in the aquatic environment of the Sayano-Shushenskaya HPP turbine plant. The second
example relates to the problem of so-called “exploding delays.” During the experiments, a very short
pulse of high—density electric current (10*-10° A/mm?) was passed through a thin metal wire (0.1-1.0
mm in diameter) placed in the reactor. Almost instantly (10°-107 s), it overheated above the boiling
point of the material and then, exploding, sublimated volumetrically, scattering micro- and nanoparticles
of metal at supersonic speeds throughout the space and walls of the reactor. Such an electric explosion
was accompanied by the appearance of a shock wave with a pressure of up to several thousand
atmospheres in its front, which was ensured by the ultrafast heating of the wire element at a speed of
over 1 x 10" K s™ to temperatures exceeding 10* K.

Thus, apparently, it was the steam explosion that led to the devastating man-made disaster
that took place at the Sayano-Shushenskaya HPP. Preventing such phenomena in the future should
become one of the priorities in the design and operation of energy complex facilities. To this end, it
is necessary to develop theoretical concepts regarding the nature of steam explosions, create models
of processes occurring in real conditions, as well as their testing during the operation of hydropower
facilities. This will avoid large-scale destruction, disruptions of technological cycles, as well as
huge environmental and hydrological damage.
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ITPABO HA BJIATOIIPUATHYIO OKPY/KAIOIIYIO CPEQY U «3EJIEHA S
INOJIMTUKA UHIUHU

Jleonésa A.C.
Yupexnenue oopasoBanus «BoeHHas akagemus PecriyOmnvku benapycb»

[TpaBo Ha GIArONMPHUATHYIO OKPYXKAIOUIYI0 CPEAY SBJIAETCS OJHUM U3 HEOThEMJIEMBIX MpaB
YeJI0BEeKa U Ha MEXIYHApOTHOM ypoBHE 3akperuieHo B Jleknaparun CTOKIOIbMCKON KOH(pEepeHInn
OOH 1no oxpyxatomeir yenoBeka cpeae 1972 r., Koudepennmn OOH mno oxpykaromieit cpene u
ycToitunuBomy pazButuio (Puo-ne-XKauneiipo, 1992 r.). B NUuauu 3T0 mpaBo 3aKkpemyieHO Kak B
OCHOBHOM 3aKOHE, TaK M B 3aKOHOJATENIbHBIX aKTaX, KOTOPBIE IONOJIHSIOT U KOHKPETU3UPYIOT
MOJIOKEHHUS TJHaBHOTO 3akoHa. Crenmuduka -HKOJOTUYECKOTO TMpaBa MHIUM TpOSBISETCS
OTCYTCTBHEM (DOPMYIHPOBKH «OJarompusiTHas OKpYXarollas cpena», YHOMHHAETCs IpaBO Ha
noJie3nyto (1eaocTHyro) cpeny (the right to a wholesome environment). Briepesie 3ta neduHuIms
Obuta 3aKkperuieHa B perrenud Beicmiero cyma 1983 r.  (the Supreme Court). Eme Bo BTOpO#
nojioBuHe XX B. COPMHPOBATIOCH MOHUMAHUE TOTO, YTO B BOIPOCE OXPAHBI OKPYKAIOIIEH Cpesbl
clielyeT PYKOBOJACTBOBATHCS MPHUHIIMIIOM «MBICIUTH INI00ANBHO, NEHCTBOBATH JOKAIBbHOY. B Xx01e
MPEANPUHSATHIX MOIMBITOK PEHIUTh 3KOJOTMYECKYI0 MPOOJIeMy CTajJ0 OYEBUAHO, YTO HE TOJBKO Ha
HallMUOHAJIBHOM, HO JaK€ M Ha PErMOHAIbHOM YpPOBHE TOCYAAapCTBa CaMH HE MOTYT PELIUTh
npobnemy skojormueckor OesomacHocT. [lostomy B pamkxax OOH B 1972 r. Obina co3mana
[Iporpamma OOH no oxpyxatomeit cpeae — FOHEIT

Koncturynuss Unauu, npusstas YdpeauTeabHbIM COOpaHMEM M BCTYNHBIIAS B CHIIY 26
saaBapss 1950 ronma, B cratbe 21 B uucne Opyrux IpaB ONOCPENOBAHHO KOHCTAaTHUPYET IPaBO
KaXJ0ro Ha OJaronmpusaTHYIO OKpy»Karolryto cpeay: «Hu ogHO JMIIO HE MOXKET ObITh JIMIIEHO
KU3HU UM CBOOOBI MHAYE, YEM B MOPAJKE, YCTaHOBIEHHOM 3akoHOMY [1]. Takas dhopmynupoBka
XapakTepHa JUIsl aHIJI0-CAKCOHCKOM IpPaBOBOM CHUCTEMbI, BeAb WMHAWA, UIUTEIBHOE BpeMs
HAaXOJUBIIAsCSA T1OJ  OpUTAHCKUM  KOJOHUAIBHBIM  BJAJbIYECTBOM, HCIOJIB3YeT MHOTO
3aMMCTBOBAaHUN B HAIMOHAJIbHOM IpaBe U 3akoHojaTenbcTBe. Ho, HecmoTps Ha TO, 4TO
KOHCTUTYIIMOHHOE TpaBo MHauu OyKBalbHO HE 3aKpeIUIsieT MpPaBO KaXKIOrO0 Ha IEJOCTHYIO
OKPYKAIOIIYI0 CpeAy, CyIbl IPAaBOMOYHBI PErJIaMeHTHPOBAaTh MPABOOTHOIICHUs B JJaHHOW cdepe,
nonoiHsAg noynoxeHuss OcHoBHoro 3akoHa. Pemenus Boiciero Cyna MHauu, UMEOT OTAENbHBIN
0COOBIH CTATYT, ABJSAIOLINNCSA aHAIOroM KOHCTUTYIIMOHHOTO cy/ia B IPYTHX CTpaHax.

B Wnaum BenymuM 3aKOHOAATEIbHBIM aKTOM B OO0JIACTH OXpPaHBI OKpYXKaloIlIeH cpembl
BeICTYNaeT AKT 00 oxpaHe okpysxkaromei cpeabl 1986 r. (The Environmental Act) [2], mpunsThIi
Ui oOecriedeHnst OXpaHbl M YIYYIIEHUS! OKPYKaOIIeH cpelibl U MPeA0TBpaIlleHHue OMacCHOCTH s
YeJIoBEKa, a TaKXKEe JUIS JPYIMX JKMBBIX CYIIECTB, PACTEHWA M HMYIIECTBAa. B WHIMIICKOM
3aKOHOAATENhCTBE TEPMHUH «OKpPYXKAIOIIas Cpela» BKIOYAaeT B ceOs BOMAY, BO3IAYX, a TaKkKe
OTHOIIIEHWS, BO3HUKAIOIIME MEXAYy JIOJbMH IO TIOBOJY BOJBI, BO3JlyXa H 3€MJIM, WHBIMU
CYIIIECTBaMH, PACTEHUSIMH, MUKPOOPTaHM3MaMH U UMYIIiecTBOM. 26 crateii The Environmental Act,
coJiepKaT JIUIIb paMOYHbIEe (MIPOTPAaMMHBIE) HOPMBI, YTO HE SIBISETCS HEIOCTATKOM IPaBOBOTO
peryaupoBaHusi B CBS3U C TeM, 4yTo B MHAMM HMMEHHO CyJaMu OCYUIECTBISIETCS OCHOBHas
3aKOHOTBOpYeckas (yHKIUs. B 3TOM nposiBisieTcs: TeCHasi B3aMMOCBS3b PaBa U 3aKOHOIaTEJIbCTBA
NHauu u aHIr0-cakCOHCKOM TPaBOBOM CEMbH.

B Nuauu ocHOBHBIM OpPraHOM YIIpaBIICHUS B 00JaCTH OXpaHbl OKPYKAIOIIEH CPEIbl SBISCTCS
MuHHUCTEPCTBO 3KOJOTHH M JIeca, KOTOPOE SIBISIETCS YUPEKICHUEM B aIMUHHCTPATUBHOU CTPYKTYpE
ueHtpaigbHoro IlpaBuTenbcTBa, CO3MaHHOE Ui IUIAHMPOBAHMS, MPOIBHXKEHUS, KOOpAWHALIMU H
KOHTPOJIS 3a pealn3alrell SKOIOTMYECKUX U JIECHBIX cTpaTteruil u nporpamm Uuauu [3]. OcHOBHBIMU
3agayaMu MUHHCTEpPCTBa SBJSIOTCA OOecCredeHue COOMIOACHUS TpaB 4YeJOBeKa Ha IOJIE3HYIO
(LIEMIOCTHYI0) OKPY)KAIOIIYIO Cpely, a TaKKe OCYIIECTBICHHE MOMUTUKUA M MPOTpaMM, KacaromIuXcs
OXpaHbl IPUPOJHBIX PECYPCOB CTpaHbl. MUHUCTEPCTBO TAKXKE BBICTYIAET B KAYECTBE IIEHTPAIHLHOIO
oprana B cotpyaaudectBe ¢ Opranmsanueii O0beauHeHHbIx Harmii o okpyxkaromeit cpeae, FOxHo-
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AzuaTckuM OOBEIMHEHHEM TIO0 SKOJIOTHYECKHM TIporpaMmaM ©U MeXIyHapOIHBIM ILIEHTPOM IIO
KOMITJIEKCHOMY OCBOEHHMIO TOpPHBIX pailoHOB. Ha MUHUCTEpCTBO TakX e BO3JIOXKEHO pa3pelIeHHe
BOIIPOCOB, KacCarOIMXCsl PETYIMPOBAaHNUS MHOTOCTOPOHHUX OTHOIIEHUM C TAKUMHU OpraHU3alUsAMH KakK
Komuccus 1o ycTodumBOoMy pa3BUTHIO, [J100ambHBIA HKOJOTHYECKUN (OHI, DKOHOMHUYECKHN |
Counanpnbiii CoBer Asum u Tuxoro oxeana, HOxHo-a3uarckasg accouuanys pErnOHAIBHOTO
CorpyaHuuecTBa MO BONPOCAM, KacarOIIMMCSA OKpYXKawoled cpenbl. JledaTenbHOCTh JaHHBIX
OpraHM3alliil HampaBjlIeHa Ha Pa3BUTUE COTPYAHMYECTBA MEXAY TIOCylapcTBamMy, B TOM 4HCIE B
HKOJIOTHH I10 3aIUTE MPaBa Ha MOJIE3HYIO (LIETIOCTHYIO) OKPYKAIOIIYIO CpELy.

Wunus sBnsercs OBICTpopacTylieil SKOHOMHKOW B Mupe, o0 3ToM B ¢espane 2024 r.
coo0nI TpemMbep-MUHUCTP cTpanbl Hapennpa Moau. [lo mpornozam MB®, sta TeHaeHuus
coxpaHurcsa. B Teuenue cienyromux natu et B MHIuM 0>XKMIaeTcsi pOCT SKOHOMHUKHM Ha yYpOBHE
okoso 6,3% B rTom, XxoTsa yxe B 2023 r. mokazarenu agocturm  7,5%. Takum oOpaszowm,
MPEIoIaracTcs, YTO B PEUTHHTE BEAYIIUX DKOHOMHUK MHpa WHIUS MOXKET OKa3aThCsi B TOM-3.
Ceituac B BepxHeit yactu cnucka — CIIIA, Kurait, Poccust, 'epmanus u SAnonus.

Wupus, xak W JApyrue rocynapcTBa, peliaeT mpolieMy pa3yMHOTO COYETaHHs IpaBa
YyelloBeKa Ha JOCTOWHbBIE, HO O€30IMacHbIe YCIOBUS XU3HU U PA3BUTHS MPOU3BOIAUTEIBHBIX CHIL,
4TO, OJTHO3HAYHO, IPE/IoIaraeT HeraTMBHOE BMEIIATEILCTBO B Ipupoy. Kak HeBbICOKMI ypOBEHb
KHU3HU, TaK M COCTOSIHHUE OKpPY)KAIOIIEeW Cpelbl CTaHOBUTCS BaXXKHBIM (PAaKTOPOM COLMATBHON
HaIPSHKEHHOCTH BO MHOTUX MHAMMCKUX IITaTax. 3HAYMUTEIbHAS YaCTh UHIUIIIEB HE UMEET JOCTYyIa
K JeleBoi snekTposHepruu. Jlemorpadsl mporuo3upyroT, 4to kK 2050 r. Hacenenue UWuaum
YBEJIMUUTCS Ha 273 MIJIH 4elnoBeK, JOCTUTHYB 1,65 Mipa, yIBOUTCS M YHUCIEHHOCTb >KUTEJEH
roposaoB. Ceiluac NMpakTUYECKH BCE IITAaThl MIHAMM KCHBITHIBAIOT HEXBAaTKY B AIIEKTPOIHEPIHH,
npuyeM HW3MEHEHHE J0NM JaepuiuTra K oO0meMy MOTPeOJCHHIO MPOUCXOAUT HEPaBHOMEPHO.
Pemenue 3Toil mpobiaembl mpuobpeTaeT KIYeBOE 3HAYCHHE JJISi YCTPAHEHUS TePPUTOPHATBHBIX
aucnponopuuid. Kpome TpagulIMOHHOTO HCHOJIB30BAHUS YIVIEBOAOPOJOB M ATOMHOW 3HEPruu
WHnusa, kak mnoanucaBlias psl MEXKIYHAPOAHBIX COTJIALICHUM IO BHEAPEHUIO «3EJICHOIN»
SHEPreTHKH, BECbMa 3aMHTEPECOBAHA B Pa3BUTUHU BO30OHOBIISIEMbIX HUCTOUHUKOB Hepruu (BUD).

[Tocne mpuxona k Biaactu B 2014 r. Hapenmpa Moau, koTopelii 10 U30paHusi TpeMbep-
MHUHHUCTPOM, OBbLI IVIaBHBIM MHUHHMCTpOM mITaTa ['ymkapara M 3aHUMAaliCsl 3€JICHOM SHEPreTHUKOM,
MOJIMTUKA TOCYIApCTBa IO BBIPAOOTKE SHEPTUU M3 BO30OHOBISIEMBIX HCTOYHHMKOB CTAHOBUTCS
MIPUOPUTETHON. BBIIM mepecMOTpeHsl 1eNeBble MoKa3aTend B 00JacTH COJTHEYHOM SHEpPreTHKH, U B
2021 r. Moau 3asBWI, 4TO 3a 7 JIET IPOU3BOJICTBO U3 YMCTHIX UCTOYHHUKOB B CTPAHE YBEIMYMIIOCH Ha
250% [4]. Nunus 3anumaer 4-¢ mecto B mupe nociie KHP, CIIIA u I'epmanuu 1o yCcTaHOBICHHBIM
MOIITHOCTSIM BETPSIHBIX JIEKTPOCTAHIINM, CPEAHEr0I0BOI TeMIl pocta cektopa — 15%.

B HanmonanbHOM mu1aHe IEMCTBUI 1O U3MEHEHUIO KIIMMAaTa YKa3bIBAKOTCS TOJIBKO 1EJIEBHIE
nokaszarenu no BUD, mpu 3TOM HEe OmpenensitoTcs LeNu MO COKpAIeHHIO BBIPAOOTKU U3
TpaguIMoHHBIX. Ilepex TpaBUTENHCTBOM CTOMT 3amada Jocthub mokasarens 450 I'Br
npou3BoacTBa n3 BUD. Peanusyercs HanumoHnanbHasi collHEUHas MMCCHs, 3ajada KOTOpPOW —
noctudyb BblpaboTtku 100 I'BT conneunoit osHepruu. VYmop Jenaercss Ha CO3JaHHUU
JNEUEHTPAIIM30BAHHON CHCTEMBl pacHpeiesieHuss M JIOCTUKEHUU [apuTeTa C  YroJbHbIMU
anektpoctanusaMu Kk 2030 r. Ilnmanupyercss mocTpouTh 25 COMHEYHBIX MapkoB. MMeHHO Takwue
WHUIMATHBBl 00€CTeYnBalOT OOIIMIl POCT, MOCKOJIBKY HCIONIB30BaHHWE COJMHEYHBIX OaTaped Ha
YpOBHE IOMOX03HCTB pa3BUTO c1abo.
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MPOMBIIIJIEHHAS 9KOJIOTUA U YCTOMUYABOE PA3BBUTHUE
Manaw H.U., Anexceenko C. A., Oounyosa C. B.
Axanemus ynpasnenus rnpu [Ipesunente Pecnyonuku benapychb

B nauane 90-X rooB B aHINIO-aMEPUKAHCKOM SI3bIKOBOM IIPOCTPAHCTBE IOSBUIIOCH ITOHSITHE
«IIPOMBIIIJICHHAs 3KOJIOTUS», 3@ KOTOPBIM CKpPBIBAIOTCS JBa OCHOBHBIX TEUCHMS, Pa3BHBAOLIMX
KOHLIEMIIMIO YCTOWYMBBIX CIOCO00B mpou3BoAcTBa [1]. IIpomblnieHHAss 3KOIOTHS HCCIENYET,
OZIHOHM CTOPOHBI, B3aUMOJIEHCTBUE MPOMBIIIJIEHHOCTH M OKPYXKAIOLIEH Cpesbl, a ¢ APYroM, BIUsSIHUE
YCIIOBHIA TPUPOAHOM cpeibl Ha (DYHKIIMOHUPOBAHHUE MPEANPUATHIA U UX KOMITJICKCOB.

I'maBHOM 3a1a4eil MPOMBIIIJICHHOW 3KOJOTMHU SBIISIETCA COJACUCTBHE JOCTHKEHHUIO LieJeh
YCTOMYUBOTO Pa3BUTHA (B MEPBYIO OYEpEb, OTBETCTBEHHOMY IOTPEOJICHUIO U MPOU3BOICTBY, U
00pb0e ¢ N3MEHEHHEM KJIMMaTa) yTeM ONTUMM3ALUN MaTepUaIbHbIX U 3HEPreTUYECKUX [TOTOKOB B
MPOMBIIIJICHHOCTH, MUHUMHU3ALUU OTXOAOB M BBHIOPOCOB, a TaKXKe MAKCUMAIBbHO 3(PPEKTHBHOMY
HCIOJIb30BaHHUIO PECYPCOB.

Jnsg peanmu3zanuyM KOHUENIUU YCTOMYHMBOIO Ppa3BUTHS MpengaraeTcss psal pa3IudHbIX
cTpareruii (3KOHOMHOCTH, 3((GEKTUBHOCTH M COCTOATEIBHOCTH), B OCHOBE KOTOPBIX JIEXKaT
KOHKPETHbIE MHHOBALIMKM B TEXHOJIOTUSX, MOBEIEHUU U OOIIECTBEHHBIX MHCTUTyTaX. CTparerus
SKOHOMHOCTH, OEpEeXIMBOCTH KacaeTcs MOBEICHUS MOTpeduTeNell u BeIpaxkaercss B 00pase KU3HH.
B cooTBeTCTBMU C MPUHIMIIOM «4€M MEHBIIE, TEM JIydlie» abCOM0THOE NOTpeOiieHHe TOBAPOB U
yCIYyT JIOJKHO IOCTENEHHO CHMYKAaThCS M3-3a TOrO, YTO HBIHEIIHEE UX MOTpeOJeHHE HE TOJBKO
MOPOXK/IAET HKOJIOTHYECKHUE MPOOJIEMBbI, HO U YTpOKaeT HaIllMOHaJIbHOW Oe3omacHocTu. CTparerus
3pPEeKTUBHOCTH NOApa3yMeBaeT ONTHUMAJIbHOE MCIIOJIb30BAHUME acCCOPTHUMEHTa U o0bema
IPUPOJHBIX PECypcoB Ul  YIOBJIETBOPEHMsI OOLIECTBEHHBIX MoTpedOHOocTel. Crparerus
COCTOSITENIBHOCTH,  PEAIM3yeMOCTH,  Y4YMTHIBAeT  HEOOXOAMMYIO  aJanTalMi0  IPOLIECCOB
MIPOM3BOJICTBA U MOTPEOICHUS K MPUPOIHBIM mporeccam [1].

[TpoMbllIeHHAss 3KOJIOTUS pa3paldaTbiBaeT TaKTHUECKUE JEHCTBHSI IO OCYLIECTBICHMIO
JAHHBIX CTPaTeruid, K KOTOPBIM OTHOCSTCS OpraHu3alus JeATEJIbHOCTH NPEINpUITUN Ha
NPUHIUNAX LUPKYIIPHONH SKOHOMHKH; CO3JJaHHE OTpaciel MpOou3BOJACTBA OMOMACChI; MOBBILICHNE
3¢ ($EeKTUBHOCTH MCIOJIb30BAHUS JIECHBIX PECYPCOB; Pa3BUTHE aJIbTEPHATUBHON SHEPIETUKU U T. [I.

[Tpobnema 0TX00OB 3aHMMAET OJHO U3 INIABHBIX B COBPEMEHHOM MHpPE, OTpaxkas He TOJIbKO
9KOJIOTUYECKHUE, HO U COIMAJIbHbIE, U SKOHOMUYECKUE aCleKThl. 3aMeTHA TeHJEHIHS, IPU KOTOPOH
KOJIMYECTBO OTXOJIOB YBEIMYUBAETCA ObICTpee, 4YeM YHCICHHOCTh HAaceleHHs U O0ObEMbI
npousBozacTBa. L{upkymsipHas S5KOHOMUKA SBUJIACh PE3YIIHTATOM MOMCKa 3PPEKTUBHBIX PEIIEHUH IO
YIIpaBIEHUIO OTXOJaMH M UX repepaboTKe U MpeiCcTaBiseT cOO0N IeSTeNbHOCTh 110 IPOU3BOICTRY,
pacrnpeieNneHu0 U NOoTpeOJaeHuIo OJar, OCHOBAaHHYIO Ha MpPHUHIMIAX COEpPEeKEHUs pa3IMYHBIX
PECYpCOB M MarepHasoB, T.e. «0€30TXOTHOTO XO3IHUCTBAY.

OTX0[bI MOTYT CTaTh LIEHHBIM PECYPCOM JJIsl MOCJIEAYIOLIEr0 MPOU3BOICTBA, YTO BHITOJHO
BCEM YyYaCTHHKaM IIpolecca: MPeaNpUsTHIO, CHAIOIIEMy OTXOJbl, KOTOpoe u30aBisercss OT
po0OJieMbl UX YTHIIM3AlMK; TiepepadaThIBalOeil KOMIIAHUH, KOTOpas MoJydyaeT OeCIIaTHOE ChIPbe,
COKpallasi CBOM 3aTpaThl, a TAK)KE YMEHBIIIAETCS] HErAaTUBHOE BO3/IEHCTBUE HA OKPYXKAIOIIYIO CPENLY.
Hcnonp30BaHue OTXOA0B B Kau€CTBE PECYPCOB MO3BOJISIET CYIIECTBEHHO COKPAaTUTh MOTpediieHne
MIEPBUYHBIX NPUPOAHBIX PECYpPCOB. JTO HE TOJBKO COKpAIIAET HArpy3Ky Ha JKOCHUCTEMBI, HO U
CHIDKAET 3aTpaThl HA 100bIYY U 00paOOTKY CHIPHSI.

[TpomblllIEHHAs DKOJOTHMSL CTPEMMUTCS CO34aTh TaK Ha3blBAEMbIN IPOU3BOJACTBEHHBIN
cuMOM03 — 0Cco0yr0 (opMy COTPYIHHYECTBA MEXKAY PA3TUYHBIMUA TPEINPUATHIMH, OTPACISIMU,
roCyJapCTBaMHM, KOT/Ia COBMECTHO HCIOJIB3YIOTCS PECYPCHI C 1I€TbI0 YMEHbIICHNUS UX MOTPeOIeHu s
U TOBBILEHUS APPEKTUBHOCTH UX OKCIUTyaTallMd. 3HAUUTENbHYIO pOJb 3[eCh HUIpaeT
MHPOPMALMOHHBIA OOMEH (0OMEH 3HAaHUSMH, OIBITOM, TEXHOJOTUSAMH), CIIOCOOCTBYIOIIUI
pa3BUTHIO HHHOBAIMH B chepe 3pPexTHBHOrO NoTpedaeH s U TPOU3BOACTBA.
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JlecHble pecypchbl WIrpalOT KPUTUYECKH BaXKHYIO pPOJIb B MOJJEPKAaHUM I100aTbHOTO
HKOCHCTEMHOro OanaHca, oOecneunBas MOTPEOHOCTH YEIOBEYECTBA B pecypcax, COXpaHEHUU
O6uopazHoo0pasnsi M KIMMaTHYECKOM cTabuiabHOCTH. CerofHs ympaBieHHE JIECAMU CTAJIKHBAETCS
CO MHOXKECTBOM BBI30BOB, BKJIIOUAsi HE3aKOHHYIO BBIPYOKY, U3MEHEHHE KJIMMaTa U KOHKYPEHIIHIO 32
3eMeNbHbIe pecypchbl. D GEeKTUBHOE yIpaBiIeHHE JIECHBIMU PECypcaMy MPEAIoaraeT ux pasyMHOE
UCIOJNIb30BaHue 0e3 3HAYUTEILHOTO COKpAILlEHUs TUIOIIA U JIECOB; COXPAaHEHUE OCHOBHBIX (DYHKIIUI
jeca (3amIMTa BOJHBIX MCTOYHHMKOB, IPEJOTBPAILCHHE HpPO3UU TOYB, obOecmeueHue OanaHca
KHCIIOpOJia U YIJIEKUCIIOTO Ta3a B aTMocdepe U T. J.); COXpaHEeHHEe OMOJIOTHYECKOTO pazHooOpa3us
KUBBIX CYIIECTB U IPUPOIHBIX IKOCUCTEM.

AJbTepHATUBHBIEC HCTOYHUKHU SHEPTUU — 3TO UCTOYHHUKH, KOTOPbIE HE HCUEPIBIBAIOTCS U HE
HAHOCAT Bpelda OKpyxkarwoleld cpene. K HMUM OTHOcATCS CONHEYHasi, BETPOBasi, Ie0TepMallbHas
SHEprusi, THAPOHEprus M HHeprusi Ouomaccel. Tak, 3a Oomee uem 20 JeT HUCHOIB30BAHHE
BO300HOBIISIEMBIX MCTOYHMKOB 3Hepruu (BMD) B benapycu Belpociio mouty B JBa C MOJOBUHOMN
paza—c 3,3% B 2000 . no 7,6% B 2023 . [2].

Ceronmust B cTpaHe 3KcIuryarupyroTcs: 80 (hOTOIEKTPpUUYECKHX CTAHIUN MOIIHOCTHIO 159
MBT; 53 runposnekTpocTaHiiiu MomiHocThio 96 MBT; 101 BerposHepreThueckas yCTaHOBKa
MomtHOoCcThI0O 109 MBT; 29 Omora3oBbix KomruiekcoB MomiHocThio 38 MBT; 10 mMuau-TOL] Ha
JIPEBECHOM TOILUIHUBE AJICKTPUUYECKOM MOUTHOCTHIO 0Kosio 89 MBT [3].

[To maHHBIM TOCHpOrpaMMBI «JHEprocoOepexkeHue» B bemapycu B cTtpykrype BUD oxoio
97% 3aHMMaeT UCHOJB30BaHUE OMOMACCHI, B OCHOBHOM JpPEBECHOrO TOIUIMBa, u Oonee 3% —
SHeprusi Bojbl, BeTpa u conHua [3]. Hamo orMeTuTh, uTO CpenHsis ce0eCTOMMOCTh MPOU3BOACTBA
TEIUJIOBOM PHEPTHH C MCIOJIb30BaHUEM MpupoaHoro rasza B cucreme JKKX cocraBuna 115 Gen. pyo.,
a Ha OMOTOIUTMBE U JIPEBECHOM ToIuTHBE — 89 Oeil. pyo. (1Mo pe3ynbraram padotsl 3a 2020 rom), 94To
MO3BOJIIET CHU3UTH T'OI0BOE MOTPEOIeHNE UMIIOPTUPYEMOTO MPUPOAHOTo ra3za Ha 1,3 miipa ky0. M
(188,5 man USD) [2].

V3MeHeHusT JHIIb B MPOMBIIUICHHON cdepe He Moryr oOecrnedyuTh YAydlleHHe U
CTaOMIIBHOCTh OKpYKaromie cpensl. s JOCTIDKEHHSI YCTOHYMBOTO pPa3sBUTHS HEOOXOAMMO
M3MeHeHue o0pasa xu3Hu Jrofiel. [loaromy erire oHOM 1eIbI0 MPOMBIIIIEHHOW SKOJIOTUH SIBISIETCS
(bopMHpOBaHUE HKOIOTUYECKOTO CO3HAHUS Jrofei. [IpoMBIUIEHHAsT HKOJIOTHSI TTOMOTAET JIFOISIM
OCO3HATh B3aUMOCBSI3U MEXKIY IPOU3BOJACTBOM, TMOTpEeOJIEHHEM U HX BO3JCHCTBHEM Ha
OKpPYKaIOIIyI0 cpely. YCHEIIHbIE MPOEKThl MPOMBIIIJIEHHOT0 CUMOMO3a U BHEAPEHHUE «3EJICHBIX»
TEXHOJIOTMH J0Ka3bIBAIOT, UYTO IKOJIOTMUYECKH OTBETCTBEHHOE IOBEJIECHUE SBIISETCS BO3MOXKHBIM H
BBITOZHBIM. Mem yCTOMYMBOTO pa3BUTHSA, NPOABUTAEMBIE IPOMBIIIIEHHOM  3KOJIOTHEH,
CIOCOOCTBYIOT paclpOoCTPaHEHUIO [IEHHOCTEH YBaXXUTEIbHOIO OTHOILEHHS K IPUPOJIE.

Takum 00pa3zoM, MPOMBIIIIIEHHAS! SKOJIOTUS MpeAaraeT CUCTEMHBIN MOAXOA K TIOCTHXKEHUIO
YCTOMYMBOTO Pa3BUTHS YE€PE3 UHTETPALIMIO IIPOMBILUIEHHBIX IPOLECCOB B IPUPOJHBIE IKOCUCTEMBI,
UCIIONIb3YS CTpPAaTerud LUPKYISIPHOW SKOHOMHUKH, MPOMBILIUIEHHOTO cHMMOMO3a U Mepexoja Ha
aJIBTEpPHATUBHYIO SHEPTETUKY B YCIOBUAX TpaHC(hHOpMalUU OOIIECTBEHHOIO CO3HAHMSL.
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AHAJIN3 KAYECTBA BO3JIYXA B BOPOHEKCKOM OBJACTH
Cagonosa H.JI., Ky3neyosa H.H.
BVYHII BBC «BBA um. npod. H.E. Xykosckoro u FO.A. I'arapuna»

ATMmochepa — camasi JUHAMUYHAS U3 BCeX MPUPOAHBIX cpen. [loaToMy BpenHble BemecTBa
B Hell OBICTPO pazHOCATCS Ha OoJblIMe paccTosiHus. M3-3a 3TOro Te BeliecTBa, KOTOPbIE MOTYT
J0r0 CYIIECTBOBaTh B aTMocdepe 0e3 HM3MEHEHWiH, BCTpedaloTcsi MoBcioay Ha 3emie. Mx
HA3bIBAIOT TNI00aJIbHBIMU 3arPSI3HUTEISMHU.

KoHTpons kayecTBa BO3/yxa — 3TO CUCTEMa, KOTOpasi MO3BOJISIET OTCIECKUBATH COCTOSIHUE
atMocepsl, YpoBeHb €€ 3arps3HEHHs] U IPUPOJIHBIE SBJICHUS, MpoHcxoadime B Heil. Takke oHa
BKJIIOYAaeT B ceOs OICHKY M NPOTHO3MPOBAHME COCTOSHHUS BO3/AyXa M €ro 3arps3HeHus. IJTOT
nporecc perynupyercs DenepanbHbiM 3akoHOM Ne 96-D3 ot 4 Mas 1999 roga «O06 oxpane
aTMOC(EepHOTro BO3TyXa.

s cOopa MaHHBIX MCHOJB3YIOTCS COBPEMEHHBIE TEXHOJIOTUU, TaKWe KaK JUCTAHIIMOHHOE
30HIMPOBAHUE. DTO TO3BOJSET TMOJydaTh WH(OPMAIMIO O IMOBEPXHOCTH 3eMiH, arMmocdepe,
MOYBEHHOM U PACTUTEIBHOM TOKPOBE U JPYTMX MPHUPOAHBIX OOBEKTax C IOMOIIbIO
a’pokocmmuueckoil  gororpaduu. [lomydeHHbIE H300paKeHUsT OOPaOATHIBAIOTCSI, W HA HUX
BBIICTISIIOTCS TIPUPOAHBIE M XO3AWCTBEHHBIE OOBEKTHI, ONMPEACNAIOTCS IUIOMAAN SPOJIUPOBAHHBIX
MI0YB, OBPArH, 3arps3HEHHBIC 3€MIIM M BOJAHBIE OOBEKTHI, YIaCTKH 3arpsi3HEHUS aTMOC(EPHI U T. 1.

Kpome Toro, nHdopmamus 0 COCTOSIHHMM OKPYXKAlOIIeH cpelbl cOOMpAeTCss C IMOMOIIBIO
HA3eMHBIX aBTOMATHU3MPOBAHHBIX CTAHIUN M TPAIWIIMOHHBIMH METOJAMH, TAaKUMH KaK OTOOp U
aHayu3 npo0 MOYBkI, TPYHTA, BOABI, BO3AYyXa, PACTEHUH U T. 1.

OxHuM W3 KIIIOYEBBIX ~ aCHEKTOB,  ONPEACHSIONIMX  COCTOSIHUE  CaHUTAapHO-
AMUAEMHUOJIOTHYECKON OOCTAaHOBKM B PETrMOHE, OCcTaércs mpolbiema 3arpsizHeHus Bosmayxa. llo-
MPEeXHEMY, OCHOBHOM BKJIaJ B yXYy/IIEHHE KayecTBa BO3/yXa B PETHOHE BHOCST BBIOPOCHI OT
Tpancnopra — 6omaee 80% oT obmiero oobEMa.

Ha Teppuropun Boponexckoir ob6mactu ¢yaknuonupyer 6014 mnpenmpuartuii  u
OpraHm3aluii, KoTopsle Ipou3BOAAT 6ojee 350 pa3snUYHbBIX 3arpsI3HAIONUX BellecTB. JlJis 3anIuThI
OKpY>KaloIllel cpefibl OT UX BO3JCHCTBUS OBLIN CO3J]aHbl CAHUTAPHO-3AIUTHBIE 30HBI BOKPYT 3568
00bexToB. B 2023 roay Obuiu pazpaboTaHbl IPOEKTHI 17151 268 0OBEKTOB.

B 2023 rony cnerumanuctsl Pocniorpednaazopa mo BopoHexxckoit 0061acT MpoBey aHaIu3
15 993 npoO6 Bo3nyxa B Hacen€HHBIX MyHKTax. M3 Hux 13 286 (83,1%) ObuM B3STHI B rOpoAax, a
2707 (16,9%) — B cenbCKOM MECTHOCTH. YPOBCHbD 3arpsA3HEHUS BO3AyXa B CEIbCKOM MECTHOCTH B
OTYETHOM TOAY, KaK M B MpPEIbIAYIINE TO/bI, IPEBBICUI YPOBEHb B ropojax. Jlons npod Bo3ayxa,
HE COOTBETCTBYIOIIMX CAaHUTApHBIM HOpMaM B ropoaax, cocrasuina 0,1% (B 2021 rogy — Ttaxxe
0,1%). B cenbckoif MeCTHOCTH 3TOT mMokazarenb yBenuuwics ¢ 0,6% mo 0,8% 3a Tpu roga (cwm.
Tabmuiy 1).

Tabmuna 1

Hons mpo6 atmocdepHoro Bozayxa, mnpeBbimammux I[IJIK B ropoackux u cenbCKux
noceneHusx Boponexckoit obnactu (%)

TOJBI Jnnamuka
HanmeHoBauue mmokasareis 2021 2022 2023 [IoKa3aTeis
k 2021 1.
B ropoackux nocenenusx 0,1 0,1 0,1 T
B cenbckux moceneHusx 0,6 0,5 0,8 1

B pesynbrare MouuTOpHHra, nposeAéHHOro B 2023 roay Ha MapHIPpYTHBIX TOCTax
opranmu3zanuii Pocnorpebnanzopa B BopoHnexckoil o0nacTu, ObUIO BBISIBIEHO, YTO HaubOosbliiee
KOJINYECTBO KHUTEJEH CTAJKUBACTCA C BBHICOKMM YPOBHEM 3arps3HEHHUs BO3JlyXa B3BEIICHHBIMHU
YacTHULlaMU. DTO BEILIECTBO 3aHMMAET NEPBOE MECTO B PEUTHUHTE (CM. Ta0IHILy 2).
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Tabauua 2.
KonuuecTBO HacelneHHs, MOJABEPKEHHOTO BBICOKMM YPOBHSM 3arpsi3HEHUS aTMOC(HEPHOTO

BO3/IyXa

HaunmenoBanmue roabl Panr 52023

3arps3HSAIONINX BEIICCTB 2021 2022 2023 ]
JIMOKCHUJ] a30Ta 125000 0 0 -
dbenou 80000 0 0 -
B3BelieHHbBIE BeliecTBa 75928 59864 4158 1

B Boponexckoii 001acT mo-nipeKHEMY aKTyalleH BOIIPOC O pa3MENICHUH MPOMBINIICHHBIX
NPEANPUITHIT HA TEPPUTOPUSAX, T[AE CO3JAKOTCA YCIOBUA [UIsl OIEPEkKAIOLIEro COLUAIbHO-
SKOHOMMYECKOTO Pa3BUTHS M HMHAYCTPUAIbHBIX MAapKOB. OJTO IIOMOIAaeT CHU3UTh HEraTHUBHOE
BO3JICUCTBUE 3arpsi3HEHUs] BO3[yXa Ha JKHW3Hb JIOAEH. B 3TOM KOHTEKCTE pean3yercs
nocraHoBienue IlpaButensctBa Boponexckoit obmactm ot 4 ampens 2006 roma «O
MEXBEJIOMCTBEHHO KOMHCCHM 110 Pa3MEIICHUI0 IPOU3BOJACTBEHHBIX CHJI Ha TEPPUTOPHUH
Boponexckoii o6mactu» u nocranosierue ot 6 anpens 2010 roga «O co3aaHuU UHYCTPUATBHOTO
napka «MacnoBckuit». B Hacrosiiee BpeMsi B perioHe peaiu3yeTcs WECTh KPYMHbBIX MPOEKTOB 10
CO3JIaHUI0 HMHAYCTPUAIbHBIX MapkoB: «MacnoBckuit», «llepcriektuBay, «JIMCKUHCKUIY,
«bobpoBckuity, «Boponex» u «lloaropenckuii». B 3Tux mapkax yxe pabortator Oonee 120
MPEATPUITHIA.

B pamkax 3T0# paboThl HEOOXOAMMO:

— [IEPEBECTH MYHULIUIIAJIbHBIA TPAHCIIOPT HA ra30BOE TOIUIUBO;

— OOHOBHTH MAPK MACCAKUPCKUX TPAHCTIOPTHBIX CPEJICTB;

— YBEJIUYUTH JOIK0 MyHUIUIIAIBHOTO TPAHCIIOPTA;

— 3aMEHUTH aBTOOYCHI MaJION BMECTUMOCTH Ha aBTOOYCHI OOJBIIION BMECTUMOCTH;

— MePEBECTU aBTOTPAHCIIOPT, OCYLIECTBIISIOIIUN PEryIsIpHbIE IEPEBO3KHU MaCCAKUPOB,
Ha ra3oBO€ TOILIUBO;

— OJIaroyCTpOUTh yIMYHO-TOPOXKHYIO CETh, BKIIOYAs CTPOUTEIBCTBO TPOTYapOB JUIS
IEIIEX0/10B U MMAPKOBOYHBIX KAPMAHOB /ISl aBTOMOOUIIEH;

— HCKIIIOUHUTh JBUKEHUE MEXIYTOPOJHET0 TPAHCHOpPTa MO TOPOJACKUM MarucTpaisM,
MOCTPOUB 00BE3/THBIE IOPOTH;

— MIPOMBIIIIJICHHBIE TIPEANPHUATHS CIEAYeT KOHIICHTPUPOBATH 3a MpeaeiaMu KHUIBIX
30H, BBIBOJISl UX U3 TOPOJICKMX OKPYTOB U MYHUIIMIIAIBHBIX PailOHOB;

— BHEIPSTH MbUIETA300YUCTHOE OOOPYAOBAaHME, MEXAHMYECKHE U OHOJOTHYECKHe
(UIBTPBI HA TPOU3ZBOJACTBEHHBIX U MHKEHEPHBIX 00BEKTaX. ITO MOMOXKET UCKIIIOUUTh HETATUBHBIC
aBapUifHbIE BBIOPOCHI 3arpsI3HSIONINX BEIIECTB B aTMOC(HEPHBIN BO3AYX.
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1. Hoknang «O  COCTOSHHMM  CAaHUTAPHO-IMIHUAEMUOJIOTUYECKOTO  OJIaromnoiaydust
HaceneHus B Boponexckoil ob0mactu B 2023 romy» — Boponex: Ynpasnenue dexnepanbHoi
CIyx0bl TO HaA30py B cdepe 3ammuThl TpaB MOTpeOUTENEed W OJAromoyydusi YeoBEeKa I10
Bopounexckoii obnacty, 2024-199 c. [D71EeKTPOHHBIN pecypcl].
https://36.rospotrebnadzor.ru/download/dokl_seb 2023.pdf (mata oopamienus: 20.04.2025).

2. Cagonona, H. JI. Ouenka cocTossHUSI BO3JIyLITHOM cpelbl Ha mpumepe BopoHexckoii
obnactu / H. JI. Cadonona, 0. B. Bogonaxckas, A. E. Hemuenkos // TIpoGiemsl obecriedeHust
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BJIMAAHUE CTOYHBIX BOJ ®PAPMAINEBTUYECKHUX NPEANPUSATUN HA
OKPYXXAIOIYIO CPEAY

Ckubckas H.A.
[Tonecckuii rocy1apcTBEHHbI YHUBEPCUTET

B Hacrosimee Bpems HaOJIOJaeTCs 3HAYUTEIBHBIM POCT KPYIHBIX (hapMalieBTHYECKUX
MPEANPUATHIA, YTO CBSI3aHO C YBEJIMUYEHUEM CIpOca HA MEIUIMHCKHE MpermapaThl Pa3iIndHOTO
cuektpa gAeictBus. OpHako, JaHHBIA mporpecc (apManeBTUYCCKON  MPOMBIIIJICHHOCTH
COIPOBOXIAETCS CEPbE3HBIMU JKOJOTUYCCKUMH IMPOOIeMaMu, OCOOCHHO KacaroIIUecs CTOYHBIX
BojA. CTouHBIC BO/BI, OOpa3yromuecs Ha (apMaleBTHYSCKUX MPEANPUATHAX, COACPKAT aKTHBHBIC
XUMHUYECKHE KOMIIOHEHTHI, KOTOPhIE OKAa3bIBAIOT OTPHUIATEIHLHOE BO3JICHCTBHE HA OKPYKAIOIIYIO
cpeny.

BomoemMbl ¥ TOYBBI, 3arps3HEHHBIE TOKCUYECKUMHU  BEIIECTBAMH CTOYHBIX  BOJI
(dapMaleBTHYECKON TPOMBIINIICHHOCTH, SBJSIOTCA HaumOoJee aKTyallbHOM MpoOJeMOM st
HACEJICHUS, TOCKOJIbKY ITOCIICICTBUS TAKOTO BO3JICHCTBHSI OKa3bIBAIOT HETATHBHBIN dPPEKT KaK JIst
AKOCHCTEM, TaK U IS 3I0pOBbs YesioBeka. [lomaganue naxe HEOOIBIINX KOHIIEHTPALUH, CIOCOOHO
BBI3BIBATh TOKCHYECCKUE PEAKIUM Y BOJHBIX M HA3€MHBIX OPraHU3MOB, Hapymias TEM CaMbIM
OMOJIOTHYECKOE pa3HooOpasue u 0asaHC YKOCUCTEM.

OCHOBHBIM aCIEKTOM BIHMSIHHSI CTOYHBIX BOJ (hapMalleBTHUSCKUX NPEINPHITHIA Ha
OKPYXKAIOIIYI0 Cpeay SBISETCS WX XUMHUYECKUH cocraB. Takue CTOYHBIC BOJBI COJEPIKAT
pa3HOO0pa3HBIC XUMHYECKHUE COCTUHEHUS, BKITFOYAS:

° AKTHBHBIE KOMIIOHEHTBHIL;
° METa0O0IUTHI;

. YIIaKOBOYHBIC MaTEPHAIIBI,

° XUMHKATBI, UCTIOJIh3YEMbIE B TIPOIIECCE TPOU3BOJICTRA.

Bce sTo npuBoAMT K (OPMHUPOBAHHUIO CIOXKHOIO IO COCTaBYy M TOKCHYHOCTH CTOYHOTO
IIOTOKA, KOTOpPBIA IIpM IIONAJAaHUM B OKPYXKAIOLIYI0 CpEly MOMKET BBI3BATh CEPHE3HBIE
HKOJIOTUYECKUE U CAHUTAPHO-TUTHEHUYecKue npodiemsl [1].

XHUMHUYECKUE COCIMHEHHUS, MTONaasi B OKPYKAIOIIYIO CPeNy, MOTYT NPUBECTH K CHUKECHHIO
MONYJIALMA ¥ HAPYILICHUIO MUIIEBBIX Lieneil. HekoTopble XMMUUECKUE BELIECTBA, HAKAIUIUBASCH B
BOJHBIX OpraHM3Max, MPUBOIAT K YBEIMYECHHMIO UX KOHIIEHTPALMM HA BEPXHUX YPOBHAX MHUIIEBOU
LIEIH, TEM CaMBIM MPEICTABIIAS YIPO3Y IJI YEI0BEKA.

Kpome ToOro, 3sarps3HeHHe CTOYHBIMA BOJAMHM MOXKET IPUBECTH K HWCYE3HOBEHHIO
YYBCTBUTEIBHBIX BHAOB M JOMUHHUPOBAaHUIO YCTOMYMBBIX K 3arpsA3HEHHUIO OpPraHU3MOB, YTO
Hapyuaer 0anaHc SKOCUCTeM. Takoe 3arps3HeHHe TakKe yXyAlaeT (U3NKo-XUMUYECKHE CBOWCTBA
BOJIOEMOB, YTO HETaTMBHO CKa3bIBA€TCS HA BCEX OOMTATEIISAX.

OcoOyro onmacHOCTb NPEACTAaBISIET TO, YTO MHOTME U3 XMMMUYECKHX BELIECTB 00JIaJaroT
BBICOKOM aKTMBHOCTbIO M TOKCHYHOCTBIO. OHM MOryT OBITH TPYJHO pasjlaraéMbIMU
(IEepCUCTEHTHBIMU ), UTO BEAET K JUIMTEIbHOMY 3arps3HEHUIO CPEIbI.

He menee BaxHOM mpoOieMoil Takke sIBISETCS BIMSHME CTOYHBIX BOJA Ha mouBy. [lpu
WCIIOJIb30BAaHUH 3arpsI3HEHHBIX CTOYHBIMU BOJAMHU 3€MEJb, NMPOUCXOAUT YXYALICHHE CTPYKTYPBI
[I0YBBl U CHWKECHHME €€ IUIoAopoaus. BemiecTBa, coxepxkaiiyecs B CTOYHBIX BOJaX, NPOHUKAs B
II0O4YBY, MOTYT 3arpsi3HATh MOJ3EMHBIE BOJbI, TEM CaMbIM YyXyAIlIas HX KadyeCTBO, KPOME TOrO,
TOKCUYECKHE BEIECTBA M3 CTOYHBIX BOJ MOIYT IIONACTh B HCTOYHUKHU, HCIIOIB3YEMBIE IS
BOJOCHAOKEHUSI HACENEHHBIX IMYHKTOB. TeM caMbIM, 4Yepe3 3arps3HEHHYI0 BOJY, BO3MOXKHO
3apakeHHe MH(QEKUUsAMH, OTpaBJICHHE XHWMHUKaTaMM, a TaKkKe MOSBICHHE XPOHMUYECKHX
3a00JIeBaHUH, BCIICJICTBUE UTUTEIBHOTO BO3/ICHCTBUS HU3KUX 7103 TOKCHHOB [2].

JUis MUHMMU3aIluM HEraTUBHOTO BIMSIHUSA CTOYHBIX BOJ (papMalleBTUYECKUX MPEANPHUITUI
Ha SKOCHCTEMBI U 37I0pPOBbE YeJIOBEKa HEOOXOIMMO BHEAPATH COBPEMEHHBIE METOJbl OUMCTKH,
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KOTOpbIE CHOCOOHBI 3((EKTUBHO YAAIATh AKTHUBHBIE KOMIIOHEHTHI M JAPYrHe€ TOKCHYECKUE
BEIIECTBA, a TAaKXKE YIy4YlIaTh yXe ICHCTBYIOIIME TEXHOJOTMH OYHCTKA CTOYHBIX BOJ. Tarke
He0o0X0IMMO pa3padaThiBaTh U BHEAPATH CIICIUATH3UPOBAHHBIC CHCTEMBI TSI 00PabOTKH CTOYHBIX
BOJI C BBICOKMM COJIEpKaHHEM (apMalleBTHUSCKUX TOKCHYECKUX KOMIIOHEHTOB. HeoOxomum
TIIATEIbHBI MOHUTOPUHI U KOHTPOJIb, IIPOBOJUMBIN PETYJISIPHO, @ TAK)KE YCTAHOBJICHHE CTPOTHMX
HOPM H CTaHJAPTOB COJCpXaHUs HauOoJiee TOKCHYECKUX BEIIECTB CTOYHBIX BOA. Jlist
MHUHUMAJIBHOI'O 3arpAa3HCHUs HGO6XOI[I/IMO NOoAACPIKUBATL HAYYHBLIC HCCJIICAOBAHUS B oOiactu
Oe3omacHoOro obpaieHust ¢ GpapMaleBTUYECKUMU OTXOJaMU M Pa3pabOTKH HOBBIX IKOJOTHYECKH
YUCTBIX MIPENapaToB ¢ MUHUMAJIbHBIM BO3JIEUCTBUEM Ha OKpYyXkarolyto cpeay [1].

JUTEPATYPA

1. CucteMHBI aHaIU3 KOMIIBIOTEPHO-UHTETPUPOBAHHOIO KOMILJIEKCA MOHUTOPUHIA U
MIPOTHO3UPOBAHUS PUCKOB BO3HUKHOBEHHS YPE3BBIUAMHBIX CUTYallUd HAa 00BEKTaX KOMMYHaJIbHO-
npombiiuieHHOro BogooTBeneHus / B.H. Illtrena [u ap.] / IHHOBaIlMOHHBIE TEXHOJIOTHH 3alIUTHI
OT Ype3BBIYAMHBIX CHUTyalMid : COOPHUK MAaTepHajoB MEXIYHAPOAHOH HaydyHO-NIPAKTHYECKOU
koH(pepennur, MuHck, 28 centsaops 2023 roga / ['ocymapcTBeHHOE ydUpexacHUE 0O0pa3oBaHUS
«YHUBEPCUTET I'Pa)xJAaHCKON 3aliuThl MUHUCTEPCTBA MO Ype3BbIYaHBIM CcUTyanusM PecnyOnuku
benapycw»; penakimonnas komnerus: B.A. buptok [u ap.]. — Munck : Y1'3, 2023. — C. 20-21.

2. [rema, B.H. VYcopepuieHcTBOoBaHHash cxemMa O0OpaOOTKHM BOJHBIX PacTBOPOB
MUIIEBBIX TPEINPHUATUI ¢ ucrionb3oBanueM Texnonoruii AOPS / B.H. llltena, C.B. TeiHoBen, A.b.
ukynen // Bectauk benopyccko-Poccuiickoro yHuBepcuTeTa : HayYHO-METOAMYECKHUH KypHAI. —

2022. — Ne 4 (77). — C. 84-91.

IMPROVING THE ENVIRONMENTAL ASPECTS OF NITRIC AND SULFURIC
ACID PRODUCTION PROCESSES THROUGH THE USE OF FIBERGLASS
WOVEN CATALYSTS

Kuznetsov M.V.

All-Russian Research Institute on Problems of Civil Defense and Emergencies of Emergency
Control Ministry of Russia (EMERCOM), Moscow, Russia

The basis of the proposed technological approach is the use of catalysts formed on
amorphous glass fiber matrices. The matrices are doped with metals and are designed as products
with different types of woven structure. These catalysts are highly efficient compared to the
traditional catalytic materials, including the contact stages of production of nitric and sulfuric acids.
In general, fiberglass woven catalysts (or FGWC elements) are products woven from silicate and
amorphous glass fibers (SiO2 content 55-98% by weight), as well as aluminoborosilicate fibers in
the form of panels or meshes activated with catalytic components from a number of metals (Pt, Pd,
Ag, Cr, Ni, Mn, Co, etc.).

The achieved selectivity of FGWC systems is comparable to the activity of platinum metal
grids (about 95%), and their resource temperature resistance is about 8500C, which allows the
implementation of GWC packages in ammonia conversion reactors both as in the form of a
combined circuit with a platinum package, as an independent design. However, the use of GWC
even in combination with platinum grids makes it possible to reduce the mass of platinoids in the
reactor's catalytic package by 20-50% and reduce their losses by 2 times (0.06 g of platinum per ton
of acid produced compared to the standard value of 0.12 g). This structure of the catalyst package is
implemented in industrial reactors of some Russian enterprises producing nitric acid.

In the production of sulfuric acid FGWC elements doped with platinum of the order of
0.05% by weight have an activity significantly exceeding the level corresponding to the vanadium
catalytic systems traditionally used in this process. The transfer of sulfuric acid production to GWC
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systems will reduce contact temperatures by 40-600 C, which, in turn, will lead to an increase in the
conversion of sulfur dioxide and a decrease of its content in gas emissions. It will solve one of the
most important environmental problems of sulfuric acid technology. Tests of various samples of
ICS in the sulfur dioxide oxidation reaction have shown that these catalytic materials are an
alternative to traditional vanadium catalysts in a number of parameters.

The tests were carried out using standard methods for evaluating the catalytic activity for the
conversion of sulfur dioxide with the following experimental conditions: the platinum content in
FGWC is 0.05-0.20% wt; concentration of SO2 in the reaction stream — 10% vol; flow temperature
at the inlet — 350-5000C. In a series of experiments, it was found that FGWC have the best
indicators of catalytic activity of all known industrial catalysts, in particular, those produced by:
Monsanto — USA (LR-120, LP-110), BASF — Germany (04-110, 04-111), Haldor Topsoe -
Denmark (VK-38, VK-48), Catalyst Chemical Europe (C-116-3, etc.). FGWC are characterized by:
high activity (especially at low temperatures — comparative tests at temperatures of 420 and 4850C),
low "ignition™ temperature of the process (350-3800C), significantly higher thermal stability than
vanadium catalysts - 800-8500C (this factor is especially important for sulfuric acid production in
non—ferrous metallurgy enterprises). Tests of fiberglass catalysts for life were carried out by placing
FGWC samples directly into a layer of granular vanadium catalyst in an operating industrial reactor.
It was found that during the annual run, the samples did not lose their catalytic activity (unlike the
vanadium catalysts themselves) and was not mechanically destructed.

Pilot tests were also conducted on a model reactor with a diameter of 300 mm, connected in
parallel to the fourth shelf of an industrial reactor of the second stage, i.e. in conditions as close as
possible to production. Test parameters: concentration of sulfur dioxide in the reaction stream is 9%
vol.; temperature at the entrance to the catalytic layer is 380—4500C; platinum content in the FGWC
samples is 0.10-0.15% by weight; number of layers in the FGWC catalyst package is 20-60 (the total
height of the cassette is 15-50 mm); linear flow rate is 0.13 m/sec. Advantages of FGWC in comparison
with the vanadium catalyst: contact time is reduced by an order of magnitude; height of the loading
layer is reduced by 20-30 times. Obviously, the FGWC cassette design provides significant advantages
during the reactor operation. The economic assessment shows that the cost of FGWC package will be
20-50% lower than the cost of loading the reactor with traditional vanadium catalysts.

DEVELOPMENT AND IMPLEMENTATION OF A NEW GENERATION OF IMPORT-
SUBSTITUTING CATALYTIC MATERIALS FOR VARIOUS INDUSTRIES AND
ENVIRONMENTAL PROCESSES

Kuznetsov M.V.

All-Russian Research Institute on Problems of Civil Defense and Emergencies of Emergency
Control Ministry of Russia (EMERCOM), Moscow, Russia

An import-substituting technology has been developed for the production of fiberglass
woven catalytic (FGWC) materials and their adaptation to specific production processes in
chemical, oil refining, food and other industries. The proposed technological approaches have been
successfully implemented and have shown excellent results in solving import substitution and
environmental problems by expanding the areas of use of FGWC and organizing their large-scale
production.

A wide network of catalyst factories was established in the Soviet Union to serve the needs
of the chemical industry, oil refineries, and the food industry. Unfortunately, a significant volume of
the catalyst market in Russia is currently occupied by imported materials for various reasons.
Combined with the very insignificant temporary operating resources of most catalytic materials, as
well as the economic sanctions imposed on Russia regarding the supply of high-tech chemical
products in the form of catalysts to our country, all this makes the situation on the Russian catalyst

20



market extremely difficult. The inability to develop and modernize production facilities due to the
lack of sanctioned catalysts significantly reduces their economic efficiency, slows down the
development of high-tech sectors of the domestic industry, and in some cases leads to the closure of
enterprises. This, in turn, leads to an even greater dependence of the Russian market for food,
metalworking, chemical and petrochemical industries on the supply of final imported products.

The FGWC materials developed by us can be classified as new, objects of catalytic
chemistry. This class of catalytic systems is characterized by both its own fundamental scientific
novelty and the novelty of their technological application. In the course of the search for methods of
catalytic activation of the silica base of FGWC, a number of methods for implanting metal activator
ions into an amorphous fiberglass matrix during their production were developed. FGWC elements
are characterized by high catalytic activity with a very low content of metal components in the
matrix and a highly developed catalytic surface. Their macroporosity is regulated by the selection of
a specific multi-fiber matrix structure, which is formed by twisting individual elementary fibers
with a diameter of 5-9 microns into a working thread, as well as by the type of thread intertwining
into the working fabric (simple woven weaving, twill, satin, mesh, jacquard, etc.). As for the
implementation and implementation of our proposed technology and its elements in enterprises and
organizations, the following results have been achieved in recent years:

A research cycle on the development of surface nitriding technology for metal and alloy
products based on the method of preliminary catalytic activation of furnace atmospheres has been
completed in the Skolkovo Special Economic zone (Moscow Region). A fundamentally new
technology of chemical and thermal treatment of metals and alloys is proposed, based on the use of
FGWC in combination with certain chemical and thermal conditions. The installation of a special-
purpose catalytic reactor in a furnace on an ammonia (ammonia-air) line provided radical activation
of the furnace atmosphere, which was reflected in the implementation of the following features of
the nitriding process of metal surfaces. As a result, the corrosion resistance of structural steels was
significantly increased; the hardness of the treated product was increased to a depth of more than 1
mm; the wear resistance and impact strength of the treated product were increased; the
decarbonization process was suppressed during nitriding; A significant acceleration of the nitriding
process (hours instead of days) has been achieved; ammonia consumption has been significantly
reduced; the application of nitriding to products that were not previously nitrided using traditional
technology, such as high-speed steels, furnace metallurgy products, titanium and its alloys, has been
experimentally tested. (the technology was introduced at Chelyabinsk Technological Equipment
Plant Ltd., Chelyabinsk).

A technology for catalytic purification of industrial gas emissions and air from pollutants
using FGWC was developed jointly with the scientific and production enterprise Ecopromica
(Moscow Region). The equipment of this company is currently installed throughout Russia and in
the CIS countries (Belarus, Kazakhstan, etc.). Ecopromica has developed 12 basic gas purification
plants and more than 30 modifications. More than 500 «Yatagan» gas cleaning complexes have
been commissioned, which purify over 5000000 cubic meters of polluted air per hour (this
technology has also been implemented at STINOL Ltd., Lipetsk).

FGWC were successfully introduced into the production cycle for the production of sulfuric
acid at the enterprise of JSC Voskresensk Mineral Fertilizers (Voskresensk, Moscow region).
Currently, technologically proven approaches are also being implemented in the production of
sulfuric acid by PhosAgro-Cherepovets JSC together with NIIF JSC (Moscow). In the interests of
SIBUR Holding (Moscow), as well as a number of its subsidiaries, a new generation of glass fiber
woven catalysts (FGWC) was being developed for the purification of raw styrene from
phenylacetylene impurities by selective hydrogenation, as well as the creation of a pilot reactor of a
new design with fiberglass catalytic cartridges. As part of this complex of work, we have developed
a specialized reactor for liquid-phase purification of the styrene fraction from phenylacetylene
impurities by the method of catalytic selective hydrogenation of the styrene fraction.

The new catalyst for hydrogenation of natural oils for the production of solid fats
(salamases) has been successfully tested at the Moscow and Nizhny Novgorod fat plants. Fiberglass
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catalysts in the production of solid vegetable oils and fats as an alternative to the traditional
technology of liquid-phase hydrogenation for the margarine industry on powdered Ni-containing
catalytic systems provide the following advantages: exclusion from the technological chain of the
node, energy-intensive stage of deep filtration purification of the product from powder components
and reduction of the cost of salamas by 20-30%; complete elimination of nickel content in the final
product, which is a heavy, physiologically dangerous metal; creation of the possibility of
transferring the hydrogenation process to a continuous production scheme of lubricants; elimination
of the environmentally acute problem of accumulation and processing of Ni-containing masses of
spent powder catalyst.

Thus, a project related to the introduction of fiberglass woven catalytic (FGWC) materials, which
are exclusively domestic developments, was very successfully implemented at enterprises of various
industries in Russia. These catalytic materials and technological approaches related to their use in the
chemical, oil refining, and food industries, as well as in environmental processes, can provide solutions to
import substitution problems in the production of catalysts in the future, as well as significantly improve
the environmental component of the relevant production processes in combination with the contribution to
the development of small business in the Russian Federation and the Union State.

IMPROVING THE SAFETY LEVEL OF RBMK-TYPE REACTORS BY USING AN
IMPROVED FUEL ELEMENT

Kuznetsov M.V.

All-Russian Research Institute on Problems of Civil Defense and Emergencies of Emergency
Control Ministry of Russia (EMERCOM), Moscow, Russia

The problem of safe operation of nuclear thermal power plants occupies an important place in
the development of global energy. Considerable attention currently being paid to improving the
emergency system of nuclear reactors of single-circuit steam generating plants by searching for a design
of fuel elements (fuel rods) that increases the safety level of these energy systems as well as increases
the maximum permissible thermal loads per unit mass of nuclear fuel embedded in the fuel rods.

There is still no consensus among experts on the causes of the accident at fourth power unit
of the Chernobyl nuclear power plant. The official conclusions cite various versions of the event, in
particular: non-compliance of the reactor design with safety standards; defects in the rod design
("end effect™); a certain "power surge" of an unexplained nature; cavitation of pumps; even a local
earthquake was mentioned. However, practically all experts agree that the destructive phase of the
accident began with the fact that the fuel elements (fuel rods) collapsed due to overheating of the
nuclear fuel. We have considered alternative versions of the indicated man-made disasters in
nuclear installations, based on the involvement of the mechanism of the phenomenon of "steam
explosion™ to describe the conditions of occurrence and dynamics of these large-scale emergencies.
This concept arose in science and engineering practice more in the 19th century. with the advent of
the era of steam engines: the superheated aqueous medium in a boiler operating at high pressure, in
the event of an emergency pressure relief, instantly boiled up, which led to the formation of a shock
wave destroying the apparatus, accompanied by tragic consequences.

To describe the mechanism, conditions of initiation and dynamics of the Chernobyl disaster,
we use the concept of the "boiling crisis”, which is well known to everyone involved in the
development and design of nuclear power steam-producing plants (for example, HPDR type
reactors). Modern HPDR nuclear reactors, as a rule, use fuel rods with a thermal energy source in
the form of tablets with a low content of uranium dioxide (UO2). They are loaded into a tubular
(cylindrical) shell made of steel or zirconium alloy uniformly along the entire length (the so-called
homogeneous assembly of nuclear fuel pellets stacked on top of each other). The energy released
inside the fuel rods is diverted by a water coolant flowing around them. The "boiling crisis” is a
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spontaneous transition from the normal "bubble boiling” mode to the emergency "film boiling"
mode. In the normal vaporization mode ("bubble mode"), the temperature on the surface of the fuel
elements (fuel rods) does not exceed 150-200 °C. If the removed power exceeds a certain limit, a
continuous vapor film forms on the surface of the fuel element, the heat transfer rate deteriorates by
an order of magnitude, and, consequently, the heating of the fuel element increases by an order of
magnitude as well. The fuel element collapses, uranium fuel is scattered throughout the reactor's
water volume, and the aqueous medium quickly overheats well above the boiling point, resulting in
explosive boiling (i.e., a "steam explosion™) and reactor destruction. We consider the transition
mode from single-phase convective heat transfer from the fuel element surface (the zone of the
working water medium that was not heated to the boiling point) to the near-surface boiling mode,
which is the most dangerous from the point of view of the possibility of an emergency. Under this
regime, the temperature field in the working medium at the surface of the fuel element loses
stability, as a result of which the heat transfer process in the local area becomes unstable. This
phenomenon is caused by the formation of a cyclically repeating pattern of alternating phase states
in the boundary layer between the liquid and the surface of the fuel element: I — heating of the
surface liquid film to the temperatures exceeding its boiling point; 1l — decomposition of this
metastable state in the mode of "explosive"” boiling, i.e. in the mode of cyclically repeated acts of
"steam explosions” along the surface of the fuel element. The process of disintegration of an
overheated liquid film (the act of a "steam explosion™) is physically similar to the detonation
process. It differs from classical detonation only in the low energy of the "fuel” and its low mass.

The described mode was called the "detonation boiling” mode. A reliable sign of the entry of
a fuel element into this mode is its accompaniment by an acoustic effect — the appearance of intense
acoustic emission. The process of "detonation boiling™ can quite effectively contribute to the
destruction of liquids sensitive to mechanochemical or sonochemical effects, as well as lead to scale
formation on the surfaces of fuel rods in water steam generating plants. The effect of the actual
explosive process on the structure of fuel rods can be represented in the following form. The
explosive destruction of the superheated water film at the surface of the fuel element accompanied
by chemical activation of the "fragments” of both the working fluid itself and the salts contained in
it. This is what leads to the deposition of salt impurities on the fuel element surfaces, which
activated by a steam explosion. The deposits bind firmly to the surfaces of fuel rods, overcoming
adhesive barriers and compacting under the influence of shock-wave effects constantly occurring in
the subsurface layers.

A significant disadvantage of the currently used homogeneous fuel element loading with a
uniform energy release over the entire length (namely, this fuel element loading scheme is widely used
in world practice) is the instability of their normal thermal operation. Taking into account all of the
above, there is an instability of the boiling regime of the liquid coolant (in our case, water) in relation to
disturbances that randomly occur in a localized section of the fuel element. It is precisely such
disturbances that can cause in the disturbed zone a spontaneous transition of the normal thermal mode of
operation of the fuel element (corresponding to the bubbly boiling of the working liquid medium) to the
emergency high-temperature mode of film boiling, which then spreads along the entire length of the fuel
element. As a result of the experimental work carried out, fuel rods are proposed for HPDR-type steam-
producing power plants in which the energy source has a periodic structure of loading nuclear fuel
alternating with inert ballast (for example, in the form of heat-resistant oxide ceramics or metal
elements). The purpose of introducing the proposed new fuel element design into real operational
practice is reducing the risk of explosive situations during the operation of nuclear power plants as a
result of the loss of stability of the steam generation regime on the fuel element, accompanied by its
catastrophic overheating and, as a result, the destruction of the fuel element.

Thus, in our opinion, it was the steam explosion caused by various causes that led to the
devastating man-made disaster that took place at the Chernobyl nuclear power plant. Preventing
such phenomena in the future should become one of the priorities in the design and operation of
nuclear power facilities. For this purpose, it is necessary to develop theoretical ideas regarding the
nature of steam explosions and create models of processes occurring in real conditions.
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Cexuus 4
PABPABOTKA CITIOCOBOB U CPEJACTB OI'HE3AILIUTHI MATEPUAJIOB
PA3JINYHOM MNPUPOABI

Cexknus 5
3AMEJIMTEJIA TOPEHUS HOJII/IMEPHUI)IX MATEPHUAJIOB: CUHTE3 U
MEXAHU3M JEUCTBUSI

ONTUMMU3AIIUSI COCTABA 1 OTHECTOMKHUX CBOMCTB
TEPMOBCIIEHUBAEMOT'O KOMITIO3UTA HA BOJHO-IUCHEPCUOHHOM
OCHOBE METOAOM MATEMATHYECKOI'O IINTAHUPOBAHUSA S9KCIIEPUMEHTA

B.B. EOZOGHO@GI, o.u. Ko6eu1, A.C. Hﬂamonoez, A.B. Hepeeo3Hu7<06a3

'Vupexnenne Benopycckoro rocyrapcTBeHHOro yauBepcntera «HayuHo-HCCIe10BaTebCKHiA
UHCTUTYT PU3UKO-XUMHUUecKux npodnem» (HUU OXII BI'Y),
ZFOCYﬂapCTBeHHOC yupexxaeHue o0pa3oBaHusl «Y HUBEPCUTET I'PakJaHCKON 3aIlUThI
MunuctepcTBa 1o Ype3BbluaiiHbiM cuTyanusM PecniyOinku benapycoy,
SBCJIOpYCCKI/Iﬁ rOCyJIapCTBEHHbIN YHUBEPCUTET

B o0mactu mOpakTUYECKOTO TPUMEHEHUS TEPMOBCIIEHUBAEMBIX MOJIMMEPCOIACPIKAIINX
KOMITO3MLIUHM aKTyaJbHOM 3ajaueil siBiigeTcs 00ecredeHne nux nokapHoi 0e30MacHOCTH.

C uenp0  ompedeNneHUs — BIUSHUA  OCHOBHBIX ~ KOMIIOHEHTOB  OTHE3AIUTHOTO
TEPMOBCIIEHUBAEMOTO CTHUPOJI-AKPUIIOBOTO BOJIHO-IHCIIEPCUOHHOTO KOMIIO3UTa  (CBA3YIOLIETO,
BCIICHUBAIOLIETO U Ta30KOKCOOOPA3YIOLIEr0 HMHIPEIUEHTOB) HAa XapaKTEPUCTHKU TOPIOYECTH H
(bU3NKO-MEXaHUYECKUE CBOWMCTBA TIEHOKOKCA (BCIICHMBAHMWE, MEXaHUYECKass IPOYHOCTH) C
UCIONIb30BAaHUEM METOJa MAaTEeMaTUYeCKOro IUIAHUPOBAHUSA OKCIEPUMEHTA OMpPENeIeHbl HX
OINITUMAaJIbHbIE COOTHOLIECHMUS.

Ontumusupyemsiii coctaB (6a3oBb1ii OTBK) Bkitoyas cienyromye 0CHOBHbIE KOMIIOHEHTHI:
BOJIHO-JMCTIIEPCHOHHOE COTIOJTUMEPHOE CTUPOJI-aKPUIOBOE CBSIZYIOIIIEE (CAQ),
tepmopacmupsomuiics rpagur (TPI), orHezamenIMTeNnbHYIO ra30-KOKCOOOPA3yONIylI0 CUCTEMY
('KC — cmech u3 monmudocdara aMMOHUS, TIOJUTIUKONSA M METANIOKapOOHATHOTO MPUPOIHOTO
MUHEpana) B COOTHOIIeHuu, mMac. %, 40,2 : 13,3 : 46,5. Ilo pe3ynbraram HCTBITAaHUI TOPIOYECTH B
ycTaHoBke «kepamuueckas Tpyoa» mo I'OCT 12.1.044 — 89, n. 4.3 [1] 6a3oBeiii OTBK (06pazen
pazmepom 1x10 cM) KIaccuPUIpoOBaNCA KaK «TOPHOYUI CpeAHEH BOCIUIAMEHSIEMOCTI .

s moucka ontuManbHoro penentypHoro cocraBa OTBK ucnonb3oBanu perpeccuoHHyIO
Moziens nonHodakropHoro skcnepumenta (I1P3J), mpumeHeHHy0 Hamu paHee [2]. B kauectBe
BapbUpyeMbIX (pakTopos [1PD npunumanu conepxkanue (Mac.%) OCHOBHBIX KOMIIOHEHTOB 6a30BOT0O
komno3uta, Mac %: CAC — x;; TPI' — x,; 'KC — X3 ¢ MX YHCIAEHHBIMH 3KCIEPUMEHTATbHBIMU
3HaueHusMu x; = 40,2; x, = 13,3; x3 = 46,5. Mexy Tpems BEIOpaHHBIMU (DaKTOpaMu CyIIECTBOBAIA
yclIoBHast B3auMOCBA3b Xx; +x,+x3=100% , rme x3=100% —x; —x,, MO3TOMY [ pacyeTOB
HCIOJIb30BANIM JBYX(DAKTOPHYIO MOJIENb SKCIIEPUMEHTA I (DAKTOPOB X; U X».

OYHKIHUAMH OTKJIMKAa OorHecToMkux cBOMCTB cornacHo ['OCT 12.1.044-89 BoiOpanbl aBa
MoKaszaTenisi: moreps Maccel obpasua (4m, %) U MakcuUMajbHOE NpupalleHue Temmeparypsl (47,
°C), 3HaYeHHs] KOTOPBIX AOJLKHBI ObITh MeHee 60 % u 60 °C, coorBercTBeHHO [1]. DyHKIUSIMU
OTKJIMKA, XapaKTepu3ylIIUMH (U3NKO-MEeXaHHYecKHe cBoicTBa mponykroB mporpesa OTBK,
BbIOpaHbl OTHOCHUTENbHAs Jedopmanus cxarus (g %) U k03hHUIMEHT 00bEMHOr0 BCIICHUBAHUS
(Ky), xoTOpBIE TOJKHBI COCTaBIATh, COOTBETCTBEHHO, HEe Oosnee 10 % u He menee 10 (I'OCT P
12.3.047-98) [3]. AT u Am onpenensiu 1o Gopmynaam: AT = Ty — To 1 Am = (my — m)/m,
100% , rne 7T, — MaKCUMallbHasl TEMIIepaTypa OTXOMASAIINX T'a30B BO BPEMsl OTHEBBIX HCIIBITAHUM,
°C; Ty — nauanpHas Temneparypa ucneitanus (200 °C); my u m — mMacca oOpasna 10 W TOCIe

ucneiTanus, T. Ky ¥ & Beuncisum cornacHo dopmynam: Ky, =V /Vy u € = (hg — h)/hy - 100 %,

24



rae V' — o0beM BCIEHEHHOTo oOpasiia mocie tepmuueckoro Bozneicteus (500 °C, 10 mun); V) —
00BeM UCXOMHOTO 00pasia; sy u i1 — BRICOTa MTEHOKOKCA J0 U Mocie Bo3aeicTBus Harpy3ku (80 I1a).
JIONOMHUTENBHO K  (DU3UKO-MEXaHMYECKUM CBOMCTBAM MEHOKOKCA MPEIbSBISIIOCH TaKkKe
TpeboBaHUE K CaMOMYy KOMITO3MIIMOHHOMY MaTrepuany Mo 3iacTuyHocTd npu u3rube mo 'OCT
680673 [4].

CnenoBarenbHO, GYHKIMSIMH OTKJIMKA CUCTEMBI (V, W, ¢, z) SBIsuck: y = Am, % (< 60%),
w = AT, °C (< 60 °C), g=¢ % (< 10%), z= Ky (=10). 1 HaxXOXKACHUSI ONTUMAIHLHOTO
cootHomenus: komnoneHToB OTBK npoBenens! sxcniepuMenTsl 11 ceMu mianoB [1D3. Tlpu stom
neHTp miaaHa Nel Haxomuics B TOUKeE (X4, X, X3)=(40,2; 13,3; 46,5) u Ax,=5, Ax,=6. [locnenyrommue
3a MEePBBIM IICHTPHI TUIaHA CABUTAIUCH B CTOPOHY YMEHBIIICHUS ITOTEPU MACCHI TaK, YTOOBI B HOBOM
IUIaHE MCMOJIb30BaTh YacTh TOYEK MPEIbIAYILEro IjaHa, A KOTOPHIX OIBITHl YK€ MPOBEICHBI.
CHiKeHHe MoTepyu Macchl MPOBOJIMIIU IIPU OJHOBPEMEHHOM CHMKEHHUU 3HAUEHUS OTKIJIMKA CUCTEMbI
[0 MaKCUMaJbHOMY MpupaiieHuto temneparypsl (47,,) U C MOIy4eHUEM YAOBIETBOPUTEIbHBIX
3HAYCHUI TI0 OTHOCUTENbHON NedopMaruu cxatus (&) U kKodhGUIueHTy o0beMHOTO BCTICHHBAHUS
(Ky) ¢ yuetom ycnoBuii ux BappupoBanus. B pesynsrare [1DD nentp miana Ne7 cMecTHIICS B TOUKY
(X4, X5, X3) = (26,0; 8,8; 65,2) u Ax;=1, Ax,=0,5. Ilpu comocTaBiIeHUU PE3yIHTATOB HadaIbHBIX
UCIBITAHUNA C KOHEYHBIMH JAHHBIMU OBLTH BBISBJICHBI CJIEIYIOIIME TEHJICHIUHU BO B3aWMOCBS3H
cBoiictB u cocraBa OTBK: u3sMeHeHue XapakTepUCTHK IOTEPU MacChl U MaKCUMAaJIbHOTO
npupamienust temneparypsl (Am u AT,,) B CTOPOHY MEHBUINX 3HAUYEHUN MPOUCXOAUIIO MpHU
CHIKEHUU B penentype kommnosuuuu conepxkanus komnoHeHToB CAC u TPI' ¢ cooTBercTByronmm
yBennyeHneM  azor-(ocdopconepkamiero  KommnoHeHta. Ilpy  3ToM mpu  cOXpaHEHUU
YIAOBJIETBOPUTENIbHBIX 3Ha4YeHUM Ky OAHOBPEMEHHO HAOIONAIOCh YMEHBIIEHUE I10Ka3aTels
OTHOCUTENbHON nedopManuu ckaTusi, 4YTO CBHJETENBCTBOBATIO 00 YIYYIIEHWH MPOYHOCTH
MIEHOKOKCA.

B xone mareMarudeckoro IjIaHWPOBAHUS AKCIIEPUMEHTA HaliJieHa aJieKBaTHasl perpeccUoHHas
MOJI€J1b, TIOJTYYCHBI YPABHEHUS PETPECCHH B HATYPATBHBIX IIEPEMEHHBIX JUTS KOKI0H (DYHKIIMU OTKITKA
(yv=Am, w=AT, q=¢, z=K,), onpeneneHbl 3KCTPEMyMbl MOJIETH, TMOCTPOECHBI COOTBETCTBYIOIIHE
noBepxHocTH (yHKIWH (1o pesyisraram [IDD Ne 7), 9T0 MO3BOIMIO YCTAHOBHUTH DS PEICHTYP
OTBK, ynoBieTBOpSIONIMX NPUHATHIM HAayallbHBIM YCJIOBHSIM B JTHANIA30HE COMEPMKAHUS OCHOBHBIX
koMroHeHToB, mac. %: CAC : TPI' : 'KC = (25,0+27,0) : (8,3+9,3) : : (63,7+66,7). lns nanpHeHAIIMX
uccienoBaHuit  otoOpan peuentypHblii cocraB OTBK, mpu koTopoM »racTU4HBIE Ha M3rHO
KOMITO3UIIMOHHBIN Marepuajg TPOSIBIISET ONTHMAJIbHBIC XapaKTEPUCTUKH TI10 OTHECTOMKOCTH |
MEXaHUYECKON MPOYHOCTH MEHOKOKCA, a TaKkKe YIOBJIECTBOPUTENHHYIO BCIEHHUBAIOIIYIO CIIOCOOHOCTH
MIPOAYKTOB MporpeBa. B ommumne or 6a3oBoro cocrasa ontumusupoBanHblii OTBK xapakrepuzyercs
KaK «TPYyIHOTOPIOYMI Marepuaiy, MpH 3TOM JUIS HEro MOoKaszaTelH MO MOTepe MAcChl YIy4IIeHbl Ha
14 %, a 0 MakKCUMaJIbHOMY TIPHUPAIIECHUIO TEMIIEPaTypbl U OTHOCUTEIILHOU Je(opMalliu CKaTH — B
1,8 u 3,2 pa3za, COOTBETCTBEHHO.

TakuM 00pa3oM, ¢ MOMOIIBIO METO/la MAaTEMaTHYECKOro IUIAHWPOBAHMS SKCIEPUMEHTA
ONPEAENIEHO  ONTHUMAJbHOE  COOTHOIIEHHWE  OCHOBHBIX  KOMIIOHEHTOB  TPYAHOIOPIOYETO
TEPMOBCIIEHUBAEMOTO KOMITO3MIIMOHHOTO MaTepuajga C VYIYYIICHHBIMA XapaKTePUCTUKAMHU
OTHECTOWKOCTH U OJIHOBPEMEHHO YIOBIETBOPUTEIHHBIMU (DU3UKO-MEXaHMUYECKUMH CBOWCTBAMU
neHokokca. OTHE3alUTHRIM KOMITO3UT C ONTHMHU3WPOBAHHBIMH COCTAaBOM M CBOMCTBAMH MOJKET
OBITh MCIIOJIB30BAH B COCTaBE MACCUBHOM OTHE3AIUTHI CTPOUTENHHBIX KOHCTPYKIUU. [lomydeHHbIe
SKCIIEPUMEHTAJIbHbIE JaHHbIE C HCIIOJIB30BAaHMEM METO/Ja MAaTeMaTHYeCKOro IIaHWPOBAHUS
AKCIIEPUMEHTA CBUACTEIBCTBYIOT O MEPCIEKTUBHOCTU €Tr0 MPUMEHEHHsI MIPH pa3paboTKe perenTyp
3((PEeKTUBHBIX OTHE3AMUTHBIX TEPMOBCIIEHUBAEMBIX KOMITO3UTOB.
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SAMEIJIMTEJIU TOPEHUS UIS1 YCTOMUYMBOM K CTUPKAM OTHE3AIIUATHI
MOJINDI®UPHBIX TEKCTUJIbHBIX MATEPUAJIOB PA3JIMYHOM IVIOTHOCTH

bocoanosa B.B., lllykeno 3.B., Kobey O.U., Pesa O.B.
HayuHo-uccnenoBaTenbCKiil ”HCTUTYT (PU3UKO-XUMHUECKUX TTPOOIeM
VYHuuBepcurer rpaxnanckoi 3amutsl MUC benapycu

AHHOTALHSA. Pazpaboransl HEOpraHN4ecKue ¢bocdop-ragoreHcoaepKanye
OTHE3aMeJUINTENIbHBIE COCTAaBbl M TEXHOJOTMH IOBEPXHOCTHOHW OOpabOTKM HMMH HOJIMI(PHPHBIX
TKaHEBBIX MATEPHAJIOB PA3IMYHON IUIOTHOCTH, OOECTICYMBAIONINE MEPMAHEHTHBIA OTHE3alIUTHBINA
apdexr. Tepmuyueckne W aHATUTUYECKUE WCCICIOBAaHMUS OrHE3AIIMIICHHBIX MOIHMI(QUPHBIX
MaTepHaJioB TIOCJIE€ CTUPOK IIOKAa3ajly HaJM4YWe KOMIIOHEHTOB 3aMe/UIMTeNel TOpeHHs Ha
noJM3(GUPHOM Marepuane. DJIeKTPOHHO-MUKPOCKONUYECKMMU HCCIEI0OBAaHUAMHU I1OKa3aHO, YTO B
IPUCYTCTBUH XJIOPH/IA OJI0BAa HAOIIOAeTCsl PAaBHOMEPHOE paclpeIesiCHHEe B paCTBOPE 3aMeITUTEILS
ropeHHs KOJUIOMIHBIX YaCTHUI] pa3MepoM 4-7 HM.

KaioueBble cioBa:  ¢ocdop-rajoreHcopepKane OrHe3aMeUINTeNbHbIE  CHCTEMBI,
MoUUIMpPYIOLe T00aBKH, MONUI(UPHBIE MaTepHalIbl, OTHE3AIUTHAs 00paboTKa.

[TonuaupHble Marepuanbl B CyMMapHOM OObeMe MPOU3BOJUMBIX CHHTETHUECKHMX TKaHEH
3aHUMAcCT HepBOC MECTO U IIHUPOKO HCIOJB3YIOTCSA KaK B 6BITy, TaK U B HPOMBIIJICHHOCTH. OI[HaKO
noan3(upHbIe BOJIOKHA U TKaHU TOPIOYHM, a MPHUJIAHUE UM NEPMAHEHTHOM OHECTOMKOCTH CBSI3aHO
CO 3HAYUTEJIbHBIMU TPYAHOCTSMH, CBS3aHHBIMH C MHEPTHOCTBIO NMOJMMEpPHOro marepuana [1] u
NpPUMEHEHHEM JAe(PULIUTHBIX TOKCHYHBIX OpraHuueckux ¢ochopconepxammx coequnenuit [2, 3] .
[IpoGrnemMa mnpugaHuss yYCTOMYMBOIO K CTHpPKaM OTHE3AIIUTHOro AJPdexra MNoaud(pUpHbIM
TEeKCTWJIBHBIM ~ MarepuajaM MeTOJaMHM TOBEPXHOCTHOW O0OpabOTKM €  HCHOJIb30BAHUEM
HEOpPraHMYECKUX 3aMeIJINTeNell TOpeHHsI 1O HACTOSILEro BpPEMEHHM HE pEIIeHAa U SBISeTCS
Ype3BBIYAITHO aKTyaJIbHOM.

C nenpro nmpuaanus MoaMd(GUPHBIM MaTepHuaiaM pa3IMdHOTO Ha3HAYEHHUS U TUIOTHOCTH (65;
114; 145 u 204 F/Mz) YCTOMYMBOTO K BOJHBIM 00paboTkaM orHe3amuTHOTO dhdexta ¢
MPUMEHEHUEM HEOPraHMYeCKHX 3aMeJUIMTENel TOpPEeHHs METOJOM IOBEPXHOCTHOH 00paboTKu
npoBeieH CHHTE3  (ochop-a30T-TaIOreHCOAepKALIEr0 OrHE3alIUTHOTO COCTaBa U BHIOOP
MOTUGUIMPYIONINX T00aBOK, aKTUBHUPYIOIIMX XHMHYECKOE B3aUMOJICHCTBHE KOMIIOHEHTOB
OTHE3aIMTHOTO COCTaBa ¢ MOIMA(UPHOI MaTpUIIEH.

Cunrerndeckuii ornezamuTHbll coctaB (OC) mpexacrapnsieT co00il BOIHO-KOJIOMIHBIN
pacTBop ¢ coaepkanueM Qocdopa, raoreHa U a30Ta B MacCOBOM COOTHoIeHuH 1: 2,2 : 2. JlanHyio
KOMITO3MIIMIO  MOJUGHUIMPOBAIN  JONOJIHUTEIBHBIM BBeIeHHeM xiopuaa ojoBa (SnCly),
nonuaTIiieHrmkons (I1917) u runodocdura Harpus (I'TID). PentrenodazoBbiM HcciaenoBaHuEM
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CHHTETHYECKOro 0a30BOro M MOAU(PHUUIHUPOBAHHBIX Ha ero ocHoBe OC yCTaHOBJIEHO, YTO OHHU
COCTOST M3 aMOP(HBIX U KPUCTANIMYECKHX HEUJCHTHUPHUIHPYEMBIX COEAMHEHMH, YTO TaKKe
XapaKTepHO U JUIsI MPOAYKTOB UX TEPMOOOPAOOTKH.

Jlns  akTuBalMKM TOBEPXHOCTH MOMMA(GHUPHBIX MAaTepuajgoB 00pasllbl TKAaHH IOJ(BEPrayid
TpaBJIeHHIO B I1eiouroM pacteope mpu 70 °C B Tederre 30 munyT. [IpeBapuTeIbHO YCTAHOBIICHO, YTO
TKaHW C MEHBIIIEH TIOTHOCTRIO (65 1 114 F/MZ) COXPAHSIOT OTHECTOMKOCTH TIOCIIE CTUPOK 03 IIeTIOYHOM
00pabOTKH, TOra KaK JUls MATepHAIoB Golee BbICOKOH uioTHoctH (145 1 204 1/M°) mpeaBapuTesbHAs
akTuBanus HeoOxoauma. OOpaOOTKy OIMHAKOBBIMH OObEMaMH OTHE3AIIMTHOIO COCTaBa MPOBOIMIN
METOJIOM TUTFOCOBKH [P KOMHATHOM TeMIieparype wi ripu Harpesaruu 10 6070 °C B teyenwue ot 30 10
60 MUHYT B 3aBUCHIMOCTH OT TUIOTHOCTH TKaHH. CyIltka 00pa3IioB mpoBoawiIach mmpu temmeparype 140 °C
B TeueHne 15 munyt, Tepmodukcanus npu temreparype 220 °C B reuenue 2 MuHyT. CTUPKY 00pasiioB
nposoauan 110 [OCT 30157.1-95 npu 40 °C B Teuenue 15 mum.

Pesynbraret ucnbitanuii mo [OCT P 50810-95 orre3amuiieHHbIX MOMHMAIUPHBIX MAaTEPUATIOB
(O3M) pa3nuyHOM TUIOTHOCTH IOKA3aJId, YTO OTHE3aUTUTHBIN 3()(EKT mocie CTUpOoK st 00pasIoB C
HU3KOM IUIOTHOCTHIO (65 u 114 F/MZ) coxpansieTcs mpu Bcex moampukausax uccienoBanabix OC,
TOrJa KaK yCTOMYMBasi OTHECTOMKOCTh Ui TKaHEW IIIOTHOCThIO 145 u 204 /m° JOCTUTAETCSA TOJILKO
npu niostHoM Habope B OC mouduimpyronmx areHToB (SNCly, [191 u I'TID).

s HaxoxaeHus (paKTOpOB, 00YCIOBIUBAIOIIUX YCTOWYMBOCTD OIHE3AIIUTHI MOTHI(PUPHOIMA
TKaHU TI0CJI€ CTUPOK IPOBEJIEHBl CONOCTABUTEIbHBIE TEPMUYECKUE, AHATUTHUYECKUE U
ANEKTPOHHOMUKPOCKOIIMYECKUE UCCIEAOBAHNUS UCXOJHONW M OTHE3aIIUIIEHHON TKaHU TIOTHOCTBIO
204 r/m* mocie crupku. VI3 JaHHBIX KOMIUIGKCHOTO TEPMHYECKOro aHaim3a Ha mpuGope Netzch
STA 449C wucxoaHo# W OTHE3alUIIEHHON MOMMAI()UPHON TKAHU MOCIEe CTUPKHU CIIEAYeT, 4TO BCe
koMIIOHEHTbl OC 0Ka3bIBAIOT CYIIECTBEHHOE BIIMSHUE HA €€ TEPMUUYECKUE XaPAKTEPUCTUKU: CABUT
MakcUMyMa BTOpPOro 3k303(¢deKTa, COOTBETCTBYIOLIETO MOJHOMY pAa3J0XKEHUIO MOIUMEPHOI
MaTpHIIBl, B BBICOKOTEMIEPATYPHYIO O0JACTh M CHIKEHHE CyMMAapHOTO KOJMYECTBa TEIUIa IPH
TEePMOJIN3e TOTUIPUPHOTO MaTepHaa.

ONHOBpPEMEHHO B TKAaHEBBIX CTHUPAHBIX OOpa3lax ompeAeysuid (CHEKTPOMETP (HUPMBI
PANalytical ¢ aBromatuueckoit 06paboTkoii maHHBIX 1Mo mporpamme Epsilon 3) coxepxanmne
docdopa, x0pa 1 0JI0Ba, BXOASAIMHUX B cocTaB uccieayeMbix OC. [Ipu 3ToM Ha TKaHEBBIX 00pa3max
3adukcupoBaHo conepkanue Qochopa M XJopa, OTCYTCTBYIOIIMX B HCXOJHOM MOJIHI(PHUPHOM
MaTepuase, a coJepKaHue dTUX MHTUOMPYIOIMX A1eMeHToB B 1,7—1,8 paza Bblmie st 0OpasLos,
OTHE3allMIIEHHBIX COCTaBaMU, COJIEPKAIUMU XJIOPU] 0JI0BA.

ONEeKTPOHHOMHUKPOCKOIIMYECKHE MCCIEA0BaHUs C HCIOJIb30BAaHUEM IPOCBEUHBAIOIIETO
anekTpoHHOro Mukpockorna LEO-906 E, npoBeneHHble A BBIACHEHHs NMPUYUH Oosiee BBICOKON
PEaKIMOHHON CIOCOOHOCTH OJIOBOCOJAEPKAILUX 3aMeJUINTeNell TopeHus, MoKa3alH, 4TO pa3Mep
KOJIJIOWJHBIX YacTUI[ COCTaBa, COJEPIKaIlIero XJOpUJ OJOBa, COCTaBiIseT OT 4—7 HM Ipu
PaBHOMEPHOM HX pacIpellelIeHUH M0 BceMy 00beMy, TOI/Ia Kak B OTCYTCTBHE XJsiopuaa ojiosa OC
COCTOUT M3 0oJiee KPYIHBIX MEPBUYHBIX YACTHULL, CKIIOHHBIX K arJoMeparyH.

C ucnonp3oBanueM MK cnexrpockonuyeckoro uccienoBanus (MK cnextpomerp ¢ @ypoe-
npeoOpazoBarenem  Alpha) moiyueHO — J0Ka3aTeNbCTBO  XMMHUYECKOTO — B3aUMOJICHCTBHS
KOMITOHEHTOB OTHE3ALUTHONW CUCTEMBI C MOJMMEPHOM MaTpulleil, YyTO IMO3BOJIMIO OOECIEeYUTh
YCTOMYMBOCTh OIHE3ALIUTHOTO 3¢ (heKTa K CTUpKaM

TakuM o00pa3oM, ¢ HCIOJB30BAHUEM CUHTETHUYECKOM HEOPraHMYECKOH  CHUCTEMBI
3aMeIIUTENe TOpEeHUs] METOJ0M IOBEPXHOCTHOM OOpabOTKH MOMUI(PUPHBIX TEKCTUIIBHBIX
MaTepUajIoB Pa3INYHOMN IJIOTHOCTH TOJY4YEeH YCTOMYMBBIM K CTUPKaM 3(QQEeKT OTHE3allUThl, YTO
JOCTHraeTcs MpH Ucnonb3oBanuu 6azoBoro OC, mub0 B NPUCYTCTBUU MOIU(DUIIMPYIONIUX areHTOB
B 3aBUCHUMOCTH OT IUIOTHOCTH TKaHHU.

JIUTEPATYPA
1. [TnazmeHHO-pacTBOpHasT MOAUDHUKAIIS MONMUAITUICHTEPEPTATATHOTO BOJOKHUCTOTO
marepuana / C. M. Kyzemun, H. I1. [Ipopokosa, A. B. Xopes, C. FO. Basunosa // Xumuueckue
BosokHa. — 2010. — Ne 1. — C. 26-30.

27



2. CabupssinoBa, P. H. CoBpemMeHHBICE TEHACHIMU B TPOU3BOACTBE OTHECTOMKHUX
TekCTWIbHBIX MatepuasioB / P. H. CabupssuoBa, M. B. Kpacuna // Bectnuk Kazanckoro
TexHosornueckoro yausepcurera. — 2013. — T. 9. — Ne 5. — C. 75-79.

3. Influence of Aflamit KWB on the process of pyrolysis and the properties of cellulose
fibres // Fiber chemistry. — 2017. — N.4. — P.246-250.
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OIIPEJEJIEHUE ®N3UKO-MEXAHUYECKHNX CBOMCTB OTHE3AIIMIIIEHHOI O
KOMITIO3UIIMOHHOI'O MATEPUAJIA HA OCHOBE ITA-6
N HETOKCHUYHbBIX HEOPTAHUYECKUX AHTUIIMPEHOB

/.B. Kpusanw, O.B. Pesa, k.X.H., 0oyeHnm
VYHuuBepcurer rpaxnanckoi 3amutsl MUC benapycu

Beenenme. Ilonnamuna-6 xapakTepu3yeTCsl KOMIUIEKCOM BBICOKMX W BOCTPEOOBAHHBIX
SKCIUTyaTallMOHHBIX  XApPAaKTEPUCTUK: CTOMKOCTBIO K HW3HOCY, YOPYrOCTbIO, XOPOLIUMH
3JIEKTPOU3OJISIIUOHHBIMA CBOMCTBAMU U TEPMOCTOMKOCTBIO, XUMHUYECKOW CTOMKOCTBIO K AEHCTBHIO
1IeoYel, yIJIeBOJOPOAOB, MHUILIEBBIX XUPOB W MHUHEpalbHbIX Macen [l1]. OrtpuuarenbHbM
CBOMCTBOM NOJIMAMUAHBIX MATEPUAJIOB SIBJISIETCS UX BBICOKAs TOPIOYECTh, KOTOPask IPEO0IEBACTCS
BBEJICHUEM AHTUIIMPEHOB B MOJUMEPHYIO MaTpuly. OTrHe3ammTa MMOJMAMHUIHBIX MaTepuajoB
OCJIOKHSIETCSl TEM, YTO KOHILIEHTpalUs 3aMeJIMTeNed rOopeHus B IOJIMMepe, obOecreyuBarouias
TpeOyeMblil ypOBEHb CTOMKOCTH K TOPEHUIO JOCTATOYHO BBICOKA, 10 25-30 Macc. %, 4TO BBI3bIBACT
CYIIECTBEHHOE YXyJIIIeHue TmpoyHocTH wmatepuana [2]. Kpome Toro, OOJIBIIMHCTBO U3
3¢ (HEeKTUBHBIX AHTHIHMPEHOB JAJISl MOJMAMUOB MPH TEPMOJAECTPYKLUU BBIACISAIOT 3HAYUTEIHHOE
KOJIMYECTBO TOKCHUYHBIX COEIUHEHUU. TakuMm o0pa3oMm, OYEHb aKTyaJbHOW SIBISETCS pa3paboTka
HOBBIX KOMIIJIEKCHBIX 3aMEIIUTENIEH TOPEHNUS CUHEPIMYECKOIO IEHCTBUS HA OCHOBE HETOKCHUYHBIX
KOMITOHEHTOB.

Hamu Obutu pa3paboTaHbl KOMIUIEKCHBIE OTHE3aIIUTHBIE KOMIIO3ULIMY IS ToJnaMuaa-6 Ha
OCHOBE HEOpPraHMYECKHX CHHTETUYECKMX aMMOHUHHBIX (ochaTtoB u  noaudocdaros,
ONTUMAJIbHBIM 00pa3oM coyeTarole a3zoT- U (ocdopcoaepkaiiie KOMIOHEHTHl ¢ J00aBKaMU
TYTOIUIaBKUX MMHEPAJIbHBIX COEIMHEHUN ABYX- M TPEXBAJIEHTHBIX METAJIJIOB, BBIIOJHSIOIINX
CTPYKTYPUPYIOLIYIO pOJib B KOHAECHCUPOBaHHOH (haze, a Takke MeJaMMHA M MEHTa’pPUTPUTA Kak
ra3oBBIACNAIOMNUX areHToB [3]. OTu kommo3uuuu oOecnedyuBaroT IOJMAMUTY HAUBBICIIYIO
KaTEeropuio CTOMKOCTH K ropenuto 11B-0 npu koHueHTpauuu B noaumepHoil marpune 10-15 macc.
%. B nanHoit paboTe OBLIIO M3YYEHO BIUSIHUE MACCOBOTO COACPKAHUS KOMIUIEKCHOTO 3aMeJTUTENs
TrOpeHuss B  NOJMAMUIHOM  KOMIIO3UT€ Ha Pl (U3MKO-MEXaHMYECKMX  IoKas3aresien
KOMITO3UIIMOHHOT'O MaTepuaa, pe3yabTaThl IPEJCTaBIECHbI B TAOIHUIIE.

Tabmuna — @OU3KKO-MEXaHHUUYECKHE CBOWCTBA TOJMAMUJIHBIX KOMIIO3UTHBIX MATCPUAJIOB B
3aBHCHUMOCTH OT COJICP’KAHUS 3aMEJUIUTEIISI TOPESHUS

KOHHGHTpaHI/IH KOMIIJICKCHOT'O 3aMCJINTECIIA FOpeHI/ISI B
ITokazaTens KOMITO3UTE, Macc. %o

0 6 8 10 12 15

VYV napnas Baskocts no [lapnw,

b/’ mepasp. | 6550 | 6324 | 5044 | 49,79 | 43
Ynaphas BA3KOCTS 110 Nzony, He pasp. | 97,64 | 53,02 4944 | 2613 | 2012
kJDKx/m
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[Tpounocts nipu pazpseie, MIla 70* 69,16 67,66 66,60 60,50 53,2

OTHOCUTETBHOE YUTMHEHUE TIPH <100* 57 56 56 70 75

pas3psiBe, % ' ’ ' ' '

Monynp FOnra npu pactsxkenun,
MIla

MakcHMaIbROC HANPAKCHUC PH | g5 | 9906 | g2 | 94,94 | 37,44 | 32,46
n3rude, Mlla ' : ' ’ ’

Monyne FOnra npu nsrut6e, Mlla 2500 2520 2590 2670 2722 2802
IITP, r/10 Mmun 25 27,2 37 49,8 54,4 59,9
* larubie mpousBoautens [1A-6 I'poaHo- XuMBOIOKHO

2600* 2440 2380 2520 1250 1114

[lony4yeHHbIe TaHHBIE CBUAETENBCTBYIOT, YTO KOHLEHTPALUsl KOMIUIEKCHOM OTHE3aIllUTHON
koMmo3uiu 12 macc. % B MOJMaMUAHOW MaTpHUIIE SIBISETCS KPUTHUUYECKOM, TTOCKOJIbKY TOCIIE €€
MIPEBBIIICHUS] TPOUCXOAUT MAJCHUE NPOYHOCTHBIX XapaKTEpUCTUK MaTepuana. BeposTtHo, 3TO
CBA3aHO C MAaKCUMaJIbHO BO3MOXXHBIM  MHUKPOOAHOPOJHBIM  HAIlOJHEHUEM  IMOJIMaMMIA
HEOPraHMYECKUMHU COEAMHEHUSMHU MPU KOTOPOM 00pa3zyIOTCsl arjioMeparhl JUCHEepCHOU (asbl, HEe
CMOYCHHBIC MOAUMEpoM. Takue ariomeparbl OyIyT SIBISETCA KOHIEHTPATOpaMH HaNpPsHKCHHUH.
CrnenoBaTenbHO, ONTUMAIBHBIM SIBJISIETCS BHECEHHE HOBOTO KOMILJIEKCHOTO 3aMEJIUTENSI TOPEHHUS B
noMaMuAHy0 marpuny koiaudecrBe 10-12 macc. %, MOCKOJIBKY IMPU MEHBIIMX KOHLEHTPALMIX
aHTUIIUPEHA He obOecredrBaeTcss HEOOXOaMMas OTHECTOHMKOCTh MaTepualia, a MpH OONBIINX —
HEJOMYCTUMO YXYALIAIOTCS IKCILTyaTallHOHHbIE XapaKTEPUCTUKH.

[Ipu ompeneneHuu rpynmbl TOKCUYHOCTU TMOJIHMAMHIHOTO KOMIIO3UIIMOHHOTO Martepuala,
MOAU(PUIIMPOBAHHOTO HOBOM KOMIUIEKCHOW OTHE3AIMTHOM KOMIIO3MIMEN B KonuuyecTBe 12 macc.
%, cepTu(pUIMPOBAHHBIC HCIBITAHUS MOKA3aJld, YTO OHA COOTBETCTBYET HMCXOJHOMY MaTephaly
(T2), a mokazarens TokcuuHOCTH (Hcy 50) AaXKe HECKONBKO HHXKE, YeM y He MOAUGHIIMPOBAHHOTO
nonumepa: 64,5 u 66,9 /M cootBercTBEHHO. TakuM 00pa3zoM, HOBasi KOMIUIEKCHAsl OTHE3aIIUTHAs
KOMIIO3UIIMSI HAa OCHOBE HEOPraHMYECKUX COEAMHEHUH Ipu TEPMUUYECKOM Pa30KEHUU
KOMITO3UIITMOHHOTO MaTepuajia HE TOJIbKO HE BBIJIEISET B Tra3oBYI0 (pa3y HOBBIX TOKCHYHBIX
KOMIIOHEHTOB, HO UM HECKOJIbKO CHM)KA€T KOHLEHTPALUI0 TOKCUYHBIX Ta30B, CTAHIAPTHO
BBIICTISIIONIUXCS W3 MOJMAMHUAA, 3a CUET 3aMEUIEHHUsS TEePMOJECTPYKLHU OTHE3alUIIIEHHOTO
Marepuana.

3akiarouyenue. B pe3ynbrare NpOBENEHHBIX HCCIIEIOBAaHUI YCTaHOBJIEHO, YTO HOBas
HETOKCUYHAs KOMIUIEKCHAsi OTHE3alIUTHas KOMIIO3MIIMS, ONTHMAJIbHO COYEeTarolas a3oT HU
docdopcoaepkaiirie KOMIOHEHTHI U CTPYKTYpUPYIOLE MUHEpaIbHble JOOABKH, IIPU COACPKAHUU
10-12 macc. % nmnpu BHECEHMHM B paciilaB METOJIOM MEXaHMUYECKOTO JKCTPYAHPOBAHUS
o0OecrieurBaeT MOIMAMMUIY-O KaTeropuio CTOMKOCTH K ropeHuto [IB-0 npu He3HaunTenbHOM
CHMKEHUU BAXKHBIX OKCIUTyaTallUOHHBIX XapaKTepPUCTUK M HE TPUBOJAUT K MOBBIIICHHUIO
TOKCUYHOCTH MPOAYKTOB TEPMOJIECTPYKIIUU MOJIUMEPA.
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OBECIIEYEHUME D®PEKTUBHOCTHU OI'HE3AINUTHI ITIOJINDPUPHBIX
MATEPHUAJIOB HEOPTAHUYECKUMMU 3AME /VIMTEJAMU I'OPEHUS

Pesa O.B., k.x.n., ooyenm, Hazaposuu A.H.
VYHusepcurer rpaxaanckoi 3amutsl MUC benapycu

W3  cymecTBYIOUIMX TEXHOJOTUH  MOJMYyYEHHUS  OTHE3ALUIICHHBIX  CHHTETHYECKHX
MatepuaioB (MomupuKaKMs MOHO3BEHBEB IOJIMMEPA, BBEICHUE CHHEPTHUYECKUX CMecei
AHTUIHMPEHOB B pacCIUIaB, KPEU3HUHT, OOJIydeHHE PEAaKIIMOHHBIX CMECE BBICOKOIHEPIeTUYECKUMU
umnynbcamu [1]) Ui HETKaHBIX MAaTEPHAIOB Yallle BCErO UCIIOIb3YETCs MPOIMUTKA MU CIIpCHHAs
0o0paboTKa BOJHBIMM pPACTBOpaMH 3aMEUIMTENICd TOpPEeHHS KaKk HauOoJiee SKOHOMUYHAS H
TEXHUYECKH JAOCTymHas. Psg dakropos, Biusommx Ha 3(QPEKTUBHOCTh TAKOH OTHE3AIMTHOU
o0paboTku wu3ydeH B paborax [2, 3], HO HecMOTpsSs Ha OOHAapy>KEHHblE 3aKOHOMEpPHOCTH,
ONTUMAJIbHBIA COCTaB OTHE3ALIUTHON KOMMO3UIMU JUJISl KaXJOro THUIa MaTepuaja YacTo
moAOUpaeTCss SIMIUPUICCKH.

Lenpto nmaHHON paboTHl OBUTIO BBISBICHHWE BaKHEHIINMX KpuTepueB 3(dekTuBHOCTH
HEOPraHMYECKUX 3aMEITUTENEH TOPEHHS 110 OTHOIICHUIO K HETKaHbIM MOMUA(UPHBIM MaTepraIaMm.

B kadectBe 3amemnuTeseil TOPEHUS HCIOJIB30BAIM CHHTETUYECKUE OTHE3AIUTHBIC
komnosuiuun Kb-2, CuAHS, u CuAH 6.5-20, npencraBistonme coOol CI0KHOCOCTaBHBIC
JIUCTICPCHBIC CHCTEMBbI Ha OCHOBE aMMOHHIHBIX (Poc]aToB IBYX- M TPEXBAICHTHBIX METAIJIOB
Pa3IMYHOTO KaTHOHHO-aHMOHHOTO cocTaBa. [lo pe3ysnbraraM OrHEBBIX UCHBITAHUM BCE M3yYEHHBIE
MetamodocharHbie cocTaBel oOecreunBaOT oOpaboranHOMy [IDT® kareropuio CTOHKOCTH K
TOPEHUI0  «TPYAHOBOCIUIAMEHSEMBI», OJHAKO HX KoJMuecTBa Ha mnoBepxHocTH [IDTO
pazIuyaroTCs MOYTH Ha MopsAnoK. [[0CKOIbKY MPUHIUMIIUATIBHBIX OTJIMYMNA B XUMHUYECKOM COCTaBE
UCCIIETOBAaHHBIX HEOPTaHMUECKUX aHTUIIUPEHOB HET, MPEJCTABIAETCS BAXKHBIM BBIICHUTH OTIMYUS
B UX aucriepcHocTd. Meronom [1OM 6b110 ycTaHOBIEHO, YTO OrHe3aluTHbIe komno3uuuu CuAHS
n CuAH 6,5 — CI0XHOCOCTaBHbIE TOHKOJMCIEPCHBIE CHUCTEMBI, B KOTOPBIX YacCTHUIbI
HEPAaCTBOPUMOK TBEpJOW (ha3bl HMEIOT pa3Mephl He Oosiee A0JIe MUKPOHA, a B PACTBOPHOW YacTH
IIPUCYTCTBYIOT KOJUIOMJHBIE 4YacTHLbI ¢ pasmepamu 25-75 HM, Puc. 1, xotopsle co BpeMeHeM
arperupyroT B KOHTIIOMepaThl ¢ pazmepamu 110 150-200 am. J{ns orHesamuTHOM kommozunnu Kb-2
(HauMeHbIee KoMuuecTBO Ha mMoBepXHOCTH [IDTd ¢ Hanbomnbieil OrHECTONKOCTHIO) XapaKTEepPHO
OTCYTCTBHE HEPACTBOPUMBIX YaCTHIl, TOTJa Kak B €€ O00beMe HAIMYECTBYIOT YCTOMYHMBBIE K
arperanuu JJIMTEeJIbHOE BPEMs KOJUIOMIHbIE YacTulibl ¢ pazmepamu 10-50 uMm, Puc. 1.

CHAHS CHAH-6,5 KB-2
Pucynok 1 — II9M ¢otorpaduu gactuil, GopMupyromuxcs B paCTBOPHON 4acTH
orae3anmuTHBIX komriosuinii CHAHS, CuAH-6,5, Kb-2 co cpokom xpanenus 30 cyTok

Meronom muddepeHaabHO-CKaHUPYIOUIeH KaJIOPUMETPUHU JIOKAa3aHO, YTO IOBEPXHOCTHAs
OTHE3allUTHas 00paboTka HEeTKaHoro monmddupHoro yrermrens kommosunueil Kb-2 mpuBomut k
CYIIIECTBEHHOMY M3MEHEHHUIO 3aKOHOMEPHOCTEH €ro TepMOAeCTpYKIMU U ropenwus, Puc. 2. Hecmotps
Ha TO, YTO TOTEps MAacchl MOIU(PUIMPOBAHHBIM TOMMAIGUPHBIM BOJOKHUCTBHIM MaTepUAIOM
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HaunHaeTcs npu ~320° C, Toraa kak ajs HeoOpaboTanHoro oopasma — mpu 380° C, cymmapHasi moreps
Macchl OTHE3ALUILIEHHBIM YTEIUTUTENEeM He MeHee ueM Ha 35% HIbKe MO0 CPaBHEHMIO C MCXOAHBIM
MmarepuaigoM. OueBHIHO, ISl OTHE3ALIMIIEHHOTo oO0pasla MOoTeps MacCchl NpH Oojee HU3KUX
TeMIieparypax MPOUCXOAUT HE 3a CUEeT pacraga IMOJUMEPHOTO CKelleTa W JCCTPYKIIMU KPYITHBIX
MOHOMEpOB, a B 3HAUYUTEIBLHOM CTENCHM CBS3aHA C Pa3lIOKEHHEM KOMIIOHEHTOB AaHTHUITUPEHA W
BBIXOJIOM B Ta30BYIO (asy WHTHOMTOPOB TOPEHUsS. DTOT BBIBOJ JOKA3bIBACTCSI TOSBICHUEM Ha
i depeHIanbHON KPUBOI SHIOTEPMUIECKHX MUKOB B 001acTax temmeparyp 200, 260, 360 °C, siBHO
COOTBETCTBYIOUIMX TIOTJIOIICHUIO TEIUIa Ha BBIIENCHUE CBA3aHHOW BOJBI M3 KPHCTAUIOTHUAPATOB,
TUIABJICHUE U PA3JI0KEHHE KOMITOHEHTOB 3aMEIJTUTEIIS TOPEHHSI.
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Pucynok 2 — Kpussie JITA u TT" 11t mosnmaupHOTO TEMION30IIIUOHHOTO MaTeprana: 1 —
HCXOJIHOTO; 2 — IOCJIe OTHE3aUTHON 00paboTku kommno3uimen Kb-2

YCTaHOBIEHO, YTO HAWIY4IIUE PE3yJIbTaThl MO YCTOWYUBOCTH K TOPEHHUIO BOJOKHUCTOTO
noJIMd(UPHOTO  MaTepuaiia OO0ECIeUYMBAaeT CHHTCTUYCCKUH aMMOHHUIHO-MeTaiodochaTHbIi
3amequrens ropeHus Kb-2, B oObeMe KOTOpOTro MPHUCYTCTBYIOT KOJJIOWJHBIE YACTHIIBI C
pasmepamu 10-50 HM; XOTs ero abCONIOTHOE KOJMYECTBO HA €IWHUIIC TUIOMIATU TOBEPXHOCTH
o0paboTaHHOTO Marepuaia He caMoe BbICOKoe. PesynbTarhl nuddepeHInanTbHO-CKaHUPYOIen
KaJOPHMETPHUU JIOKA3bIBAIOT 3aMEIJICHWE pa30KEHHUs TOIMMEpa 3a CYeT TOTJIOMEHHs Teruia
3aMeIUTENIEM TOpPEeHUs ¢ (OPMUPOBAHHEM KOKCOBOTO CJIOS M BBIXOJOM MHTHOUTOPOB TOPEHHS B
razoByto (azy. Takum oOpa3om, MOXKHO CHOPMYIUPOBATH CIEAYIONINE MPUHIIUIBI Pa3pabOTKU
HOBBIX CHHTETHYECKHX HEOPraHWYeCKUX 3aMeJITeNe TOpeHHsl i1 TOHKOBOJOKHHUCTBIX
MOJIMMEPHBIX ~MAaTEPHAJIOB: OTHE3alIUTHAs KOMITO3WIIUS JOJDKHA OBITh TOHKOJUCIICPCHOMN
KOJUIOMIHOM cHCcTeMOil ¢ pa3MepoM dactuil He 6ornee 50 HM, BEPOATHO CHOCOOHBIX XUMHYECKH
B3aMMO/ICHCTBOBATH C MTOJIMMEPHON MTOBEPXHOCTHIO, U COJIEPIKATh KOMIIOHEHTHI KaK TBEPI0(a3HOTO
(pocdater), Tak u razodazHoro (aMMOHUNHHBIE COETMHEHUS) OTHE3AIIUTHOTO JIEHCTBUSI.
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MEXAHM3M OTHE3AIIIUTHOT'O JEMCTBUSA KOMILIEKCHBIX 3AMEIJINTEJENA
I'OPEHUSA B KOMITIO3UTHBIX METAJUVICOAEPKAIIIUX CJIOAX

Pesa O.B., k.x.n., doyeum, Kpusanw /[.B., Kosanv B.B.
Yuusepcuret rpaxaanckoit 3amutsl MUC benapycu

JUid  3aliMTHOM SKMUIIMPOBKM IOXAapHBIX-cllacaresieil  BOCTPEeOOBAaHHBIM —MaTepUaIoM
SBJISIETCS.  TEIJIO-CBETOOTPAXKAIOIIMM M OJHOBPEMEHHO OTHECTOMKHMM KOMIIO3UTHBIM CJIOW Ha
TEeKCTHIIbHOW ocHOBe. Heo0XxoauMbIM Hab0poM (pU3MKO-MEXaHUUECKUX CBOMCTB (MJIACTUYHOCTBIO,
M3HOCOCTOMKOCTBIO, CIIOCOOHOCTBbIO K oOTpakeHuto WK-u3nydeHus M BBICOKUM KHCIOPOIHBIM
MH/IEKCOM), KaK paHee HaMM ObLJIO yCTaHOBJIEHO, 00JIaZial0oT METAJUICOAEPIKaIlUe CIOM Ha OCHOBE
TEPMOCTOMKHUX CMOJI, HAHECEHHBIE Ha OKCOJIMA30JbHYI0 TEKCTHIIBHYIO MOUIOKKY [1, 2].

B nanHoii paboTe HaMu ObUIM U3yUYEHBI OTHECTOMKOCTh U 3aKOHOMEPHOCTH TEPMOIECTPYKIIUU
METAJJICOJEPKAIMX KOMIIO3UIIMOHHBIX CJIOEB Ha OCHOBE CHJIMKOHOBBIX M KapOOCHUIOKCAHOBBIX
CMOJI, MOJU(PHUIIMPOBAHHBIX KOMIUIEKCHBIMU 3aMEAJUTENIMU FOPEHHS, HAHECEHHBIX MEXaHUUYECKUM
pacnbUIEHHEM Ha apcesioH (OKCOIMa30IbHbIA MaTepHa), UCIIONIb3yEeMbIH JUIsl OJyUYEHUS! BEPXHETO
TEIUIO- U CBETOOTPAXKAOILETO €101 B MHOT'OCJIOIHOM MakeTe A1 00eBOM OfeKbI.

W3ydeHHble 3aMEIIUTENN TOPEHMs NMPEACTaBISAIOT COOOM KOMIIO3ULMU M3 aMMOHHUMHBIX
MeTau10gochaToB U CAEAYIOIUX MHOTO()YHKIIMOHAIBHBIX CUCTEM:
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aMMOHHUITHBIE TTONU(OoCchHaThI oprannveckue GpochuHaTHI MeJIaMUH (TpUa3HH)

B pe3ynbTare mpoBeeHHBIX MCCIEIOBAHUN OBUIO YCTaHOBIJIEHO, YTO HECMOTPS Ha TO, YTO
WCCIIC/IOBAaHHBIE ~ CMOJIBI  TO3WIIMOHUPYIOTCS ~ Kak  TEPMOCTOWKHE, TpH  JONHPOBAHUHU
METAJUIONOPOIIKAMA M HAHECEHMM Ha TKAHEBYIO OCHOBY, IIOJyYEHHbIE CJIOM HE OTBEYAIOT
tpeboBanusiMm ['OCT s 3amuTHOM onexkapl. Benenwe B MOJMMEPHYIO KOMIIO3HUIIUIO
nonudochaToB B KOHIEHTpauuun 5-8 macc. % okazanoch HeIPPEKTHUBHBIM, UM TOJIBKO MpHU
koHueHTpauuu 10-15 mMacc. % 3amenuTens ropeHus yIaeTcsl NOJyYuTh JOCTaTOYHO OTHECTOMKYIO
cucremMy. Haubosiee mNepCHEeKTUBHBIMU HNPEACTABISIOTCS  CIOXKHOCOCTaBHBIE — KOMITO3MLIUHU
AHTUIHMPEHOB ¢ J00OaBKaMM OpraHN4eCKUX NoaupocpUHATOB U TpUA3HHA.

OrHeBble HCIBITaHHUS [OKA3aJIM, 4YTO KOMIUIEKCHbIE aMMOHHUIHO-(hochuHATHBIE U
TprUazuHOBO-TIOM(oc(haTHBIE OTHE3AIUTHBIE KOMIIO3UIIMKA TPU BBEACHUH B aJFOMOCOCpIKAIIUe
CUJIMKOHOBBIE M CHJIOKCAHOBBIE CMOJIBI MO3BOJSIOT jaocThub Tpedyemoit mo I'OCT croiikoctn K
TOPEHUIO /111 KOMIIO3UTHOTO M3/IeNUsl Ha TEKCTUIIBLHOM OCHOBE IpH coaepxaHuu He 6onee 10 macc.
%.

Janee Hamu ObUIM MOAPOOHO HCCIIENOBAaHBI TEPMUYECKUE MPEBPALLEHUs OKCOIUA30JIbHOMN
MOJUIOKKM €O CJIOEM  CBETOOTpaXKarolleld  MeTajuicoJepamiell  CUJIMKOHOBOW WM
KapOOCUIIOKCAHOBOM CMOJIBI IPU TOOABICHUH 3aMeIUTeNIell TOPEHUsI B MOJIMMEPHOE CBSI3YIOIIIEE.
OOHapyXeHO, 4TO Ul BCEX BapUAaHTOB MOJMMEPHBIX CBA3YIOIIMX NPH BBEJICHUH 3aMeTUTeNei
TOPEHHs] B UX COCTaB HaOJIOJAeTCsl CYIIECTBEHHOE YBEIMYEHHE OCTAaTOYHOM Macchl 00pa3loB
nocje TepMosin3a, cMmeleHne 2 3k303¢pdekra B 0Ooee BBICOKOTEMIIEPATypHYIO 00JacTe U
ncue3HoBeHne 3-ero sk303¢pdexra, Tadn., Puc. Onnako nHambGosee 3¢GGHEKTUBHBIMU OXKHIAEMO
OKa3aJIMCh KOMIUIEKCHBIE 3aMeITUTEITN TOPSHHS
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Tabmuuna — TepmMuueckue XapaKTEPUCTHKH OTHE3AIIMIICHHOTO apceioHa C HAaHECEHUEM
METAJUICOIEPKAILET0 MOJTUMEPHOTO CII0s

Ne 1-i1 9x303(- 2-i 3-i > OcraTok
O6paboTka dekT, IDk/T | 3K3030- 9K303()- | TermoBbizen | Macchl, %
(exkr, dexr, enue, JIx/T
Jx/r JIx/T
1 Hcxoaubiii MaTepua 522,9 555,2 631,4 13489 5,25
2 CunukoHoBas cMoiia 0e3 526,2 648,0 747 12821 28,01
JI00aBOK 921*
3 Cunukonosas cmona + 5 % 526,5 623,3 Het 11160 14,32
MeJIaMHUH
4 CunukonoBas cmouta +10 % 421,3 572,4 631,2 12640 17,51
noaudochuHaTt
5 CunuxonoBast cmouta +10 % 522,7 567,0 631,5 12156 19,52
aMMOHHUHHBINA mTonudocdar
6 Cunokcanosas cmona + 5 % 523,7 612,0 Het 12715 23,09
MeJaMuH
7 Cunoxcanosas cmoina +10 % 527,5 559,4 616,3 9296 32,25
aMMOHHUHBIN TTonudocdar
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Takum O6p8.30M, B Cliy4ac 06pa6OTKI/I OKCOJMA30JIbHOI'0  MaTcpualia Tpe6yeTC$I
MOJIMMEPHYIO KOMITO3UIHUIO C OIITUMAaIbLHOM KOHHGHT‘paHHGﬁ 3aM€I[J'II/IT€J'I€I\/'I HaAHOCHUTH TOJIBKO Ha
mpeaABApUTEIILHO HpOHI/ITaHHHﬁ AHTHUIITUPCHOM MaTcpHuall.
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uCeKHI/Iﬂ 7
INEPBBIM HIAT B HAYKY

BO3MOKHOCTH U IEPCIIEKTUBBI HEWPOMO/IEJIMPOBAHUSA B OBJIACTH
IKOJIOI'nn

bopseney /[. B., 3acpexosa A. A., Kysux U. A.
®ponos A. B., kana. 6uosn. HayK, TOIEHT
MuHCKuUH rocy1apCTBEHHBIA IMHIBUCTUYECKUA YHUBEPCUTET

HeiipomonenupoBanue — HCIOIB30BAaHUE HCKYCCTBEHHOTO WHTEIUIEKTA Ui CO3/IaHUs
MoJiesiel, UMUTUPYIOIUX CJIOXHBIE CUCTEMbl M NPOLECCh U (OPMHUPYIOIIUMX HA 3TOHl OCHOBE
OLIEHKU ¥ BBIBOJIBI, B HACTOAIIEEe BpeMs BCE OOJbIIE MPOHUKAET B CaMble pa3Hble Chepbl HAYKU U
IPAaKTUKU. DTO CBSI3aHO KaK C MOBCEMECTHHIM HapacTaHUEM OOBEMOB IOJUICKALIUX aHAIN3Y U
oueHKe WHGOpMAIMM ¥ JaHHBIX, TaK M C BO3POCIIUMH BO3MOXXHOCTSIMH COBPEMEHHBIX
KOMIIBIOTEPHBIX CPEJICTB M TEXHOJOIMiH B uX o0paborke. I[lo MHEHHIO CHELMAINCTOB,
HEHpOMOIeTMpPOBaHNE TPUMEHIMO €/IBa JIM HE BO BCEeX 00JacTAX YenoBedecKoro 3HaHus [1 u ap.].
ITpu 3TOM O1HON M3 3HAYMMBIX U NEPCIEKTUBHBIX C(hep ero peaau3alld HECOMHEHHO SIBISETCS
obmacte »Koyoruu. M WccinenoBaHWid MO MPUMEHEHHWIO HEMPOMOJEIMPOBAHUS Uil aHAIHW3a |
MIOUCKA MyTeH peleHus: pa3IuyHbIX SKOJIOTMYECKUX MPOOJIEM B MOCIEIHHE IOfbl MOSABISAETCS BCE
6ompme [2, 3 u ap.]. OnHAKO MOXXHO 3aMETUTh, YTO B OTACIBHBIX JHUTEPATYPHBIX HCTOYHHKAX,
MOCBALIEHHBIX aHAIU3y MOTEHLHAa HEMPOMOJEIMPOBAHUS B PA3IUYHBIX OOJIACTSX 3HAHUS, €ro
BO3MOYKHOCTH ¥ NIEPCHEKTHBBI B 00JIACTH TEOPUH U MPAKTUKUA OXPaHBI OKPYXKAIOMIEH Cpellbl TTOPOi
OKa3bIBAIOTCS 3aTEHEHHBIMU, U cpepa 3KOJIOIMU MHOT/Ia HE OTHOCUTCS] aBTOPAMU K PSAAY OCHOBHBIX
HAIpaBJICHUH €ro COBPEMEHHOTO HMCIOJb30BaHUS. MCXOAs M3 ATOr0, MBI HOIBITAINCH CHAENATh
coOcTBeHHOE 0000IIEeHNEe JaHHBIX O BO3MOXKHOCTAX M OLIGHUTh IEPCIEKTUBbI INPUMEHEHHS
HEHpPOMOIeTMPOBAHNUS B 3TOH 001aCTH.

HaGnronenue 3a okpyskaromieid cpesoil, Bkitodaroliee coop, 00paboTKy M, Ha 3TOH OCHOBE,
MPOTHOCTUYECKYIO OILEHKY KOMIUIEKCA aKTYyaJIbHBIX NAHHBIX SIBISETCS M, MO-BHIANMOMY, OyaeT
ocTaBaThbcs HE MPOCTO TPYAOEMKUM, HO Jake BCE Oosee yCIoKHsAoIMMes nporeccoM. [lomous B
KOTOPOM CIIOCOOHBI HCKYCCTBEHHBIE HEUPOCETH, JIekKAI[Ue B OCHOBE HEHPOMOICIMPOBAHUS.
HckyccTBeHHBIE HEHPOCETH MPOEKTUPYIOTCS TaKUM 00pa3oM, 4ToObl ux paboTa Obla CXOXeH ¢
(YHKIIMOHMPOBAHUEM YEIOBEYEeCKOTO Mo3ra. OHM 00ydJaroTCsi HA OCHOBE OIPOMHOTO KOJMYECTBA
YUUTBIBAEMbIX JAHHBIX MOMUCKY UM HAaXOXJEHUIO BO BCEM HMX MaccuBe 3aKOHOMepHocTeil. bymyumn
CHOCOOHBIMU  00palaThiBaTh  KoJoOcCCaldbHblE OOBEMBI  pa3HOOOpPa3HBIX JAaHHBIX — OT
MPEJOCTABIIAEMBIX CIYTHUKOBBIMH CHUMKAMH J0 XMMHYECKOTO COCTaBa MOYBBI, MPOEKTUPYEMbIE
HEHpOCeTH MOTYT HaXOJWTh B CHCTEME HWH(POPMALMU TaKHE CKPBITHIE W TPYIHOYJIOBHUMBIE
3aKOHOMEPHOCTH, KOTOpPbIE KpaiiHe CII0’KHO BBISIBUTH TPAJUIIMOHHBIMU METOAMHU.

Hcxonst w3 3TOr0 MOKHO JI€NaTh BBIBOJI, YTO B OOJIACTH HKOJOTHH HEHMPOMOJIEIIUPOBAHHUE, B
YaCTHOCTH, BIOJHE MOXKET YIYYIIUTh TOYHOCTh IPOTHO30B U3MEHEHUH B MPUPOIHOM Cpefie, B TOM
YHCIIe Pa3BUTHUS MPHPOTHBIX KAaTakIM3MOB. OT TaKMX MOCTENEHHBIX M3MEHEHHH KaK MOBBIIICHUE
YPOBHS MOPSL MJTH BOJIbI B TIOBEPXHOCTHOM BOJOEME, /10 PACIPOCTPAHEHUS B MIPUPOJHBIX CHCTEMax
M0’KapOB M MPOSBIECHUI CTUXUNHBIX OeICTBUNA. DTO, HApUMEp, MO3BOJIUT CBOEBPEMEHHO M JIy4Ile
TOTOBUTHCS K TPEAYNPEXKICHUIO M JHUKBUAALMU TOCIEACTBUN NPUPOAHBIX Ype3BBIYAMHBIX
cUTyanuid. DTO TaKKe MOXKET OBITh MPOAYKTHBHO M TIOJIE3HO B pa3pabOTKe CHCTEM Mep II0
MUHHMM3ALUN TOTEPb MPHUPOJIHBIX pecypcoB. Hampumep, yMEHBIIEHHIO MOTEPh B CEIHCKOM
XO3SIACTBE BOJIBI, MCIIONB3YEMON JIsi TOJIMBA, OO CHMKEHHIO BBHIOPOCOB B TPUPOJHYIO CPENy
3arpsizHuTenel. Kpome Toro, HelipoMoienupoBaHue MOXKET TaKkKe MO3BOJIUTH MaKCUMAaJIbHO TOYHO
MIPOTHO3UPOBATh MPOTEKaHNE PETeHEPATHBHBIX MPOIIECCOB B MPHUPOJIE, TAKUX KaK BOCCTAHOBJICHUE

34



JIECOB, KOPAJUIOBBIX pU(OB MM BOIOEMOB, Oaroaps 4eMy MOXKET JOCTUTaThCsl Hanbosee TOUHbIN
YUYET MOJIyYCHHBIX PE3YJIbTaTOB B IUIAHUPOBAHUU U OCYLIECTBIEHUN KOHKPETHBIX MEP IMPOBOIUMON
IIPUPOIOBOCCTAHOBUTENIBHON MpakTuku. K mpumepy, Ha OCHOBE BCEr0 KOMILIEKCA JAHHBIX O
BbIOpOCax 3arpsi3HUTENEH B BO3yX Meramnojiuca, epeMelleHus B ero npejaenaax BO3AYyLIHbIX Macc,
JBIDKEHUS TPAHCIOPTa HEHPOMOJENU CHOCOOHBI TpeasiaraTh ONTUMAIBHOE PACIIOJIOKECHHE
3€J€HBIX 30H W IPOMBIIUICHHBIX NPEIIPUATHH B paMKaX TOPOICKUX TEPPUTOPUM, HAXOIUTh
BapHUaHTHI 11e71eCO00Pa3HON KOPPEKTUPOBKU TPAHCIIOPTHBIX MIOTOKOB.

IIpu >TOM pa3BUTHE OTKPBITBIX IUIAT(GOPM HCKYCCTBEHHOI'O HWHTEIUIEKTa, OJHUM H3
MIOJIXOJI0OB K CO3JaHMIO KOTOPOTO KakK pa3 U SBIAIOTCS HEHPOCETH, MO3BOJUT CHENaTh KaK €ro
MHCTPYMEHTBI, TaK U MOIY4acMbI€ C €ro IMOMOILBIO JaHHBIE JOCTYIHBIMH I CIELIMAIUCTOB BO
BCEM MMpE, BKJIIOYas PErvuoOHbl C OrpaHUYEeHHbIMM pecypcamu. Kpome Toro, Heipomonenu,
(GYHKLMOHMPYS B pealbHOM BPEMEHH, MOI'YT 00€CHeuMBaTh ONEPAaTUBHOCTh U CBOEBPEMEHHOCTh
JOBeZieHNsT MH(OPMAIUK 10 3aMHTEPECOBAHHBIX JIUI] U OPraHOB JJIsi CBOCBPEMEHHOTO MPHUHATHUS
O00OCHOBAHHBIX U LI€Neco00pa3HbIX pelieHuid. YTo, B YaCTHOCTH, BaXKHO, B OOppOe C TeMHu xe
TEXHOTEHHBIMH 3KOJIOTUYECKMMHU KaTacTpodaMu, Hampumep, C pas3duBoM HepTH, HIU C
IIPOSIBJICHUSIMU DKCTPEMAJIbHBIX IIOTOJHBIX SIBJICHUN.

B kauecTBe nepCcreKTUBHBIX L€NEeN MPAKTUKU HEHPOMOJIEIUPOBAHUS B 00JACTH 3KOJIOTHUH,
[I0 HAlIEMy MHEHHUIO, TaKXe CIeAyeT Ha3BaTh BO3MOXXHOE CO3/JaHHUE MOJEJCH, IMOJIE3HBIX I
COKpalIeHHs] BEIOPOCOB MAPHUKOBBIX ra30oB U, B LIEJIOM, YMEHBIIEHUS 3arps3HEHUE OKpY’Karolen
cpeabl, Ui pa3pabOTKH CTpaTeruil ajanTauy SKOCUCTEM U OOLIECTBA K BEPOSTHBIM H3MEHEHHSIM
KJIUMaTa, JUls CBOEBPEMEHHOIO M MAaKCHMaJIbHO TOYHOIO HMH(OPMHUPOBAHMS OOILIECTBA U €ro
PYKOBOJSAIIMX CTPYKTYp O PEAJIbHOM COCTOSIHUM OKPYXKAroLIeW Cpezpbl, NMEPCIEKTUBAX pPa3BUTHS
IIPOTEKAIOIUX B PUPOJHON Cpe/ie MPOIIECCOB U BO3MOKHBIX CIIOCO0aX €€ 3allUThI.

Takum 00pa3oM, HCIIOJIb30BaHME HEWPOMOJICIUPOBAHUS B COBPEMEHHOM 3KOJIOTMYECKOil
HayKe U IPAKTHUKE CIOCOOHO pe3y/lbTATHBHO MOMOTaTh PEUICHUIO IIMPOKOTO Kpyra akTyaJlbHbIX
IIPUKJIAJHBIX 3a7ad. bynyun HYXHBIM M IIEPCIEKTUBHBIM HaIpPaBICHUEM Hay4YHO-NIPAKTUYECKOU
JeSITeIbHOCTH, TI0 HAllleMy MHEHHI0 OHO TpeOyeT axkTuBu3auuu. [Ipum 3TOM, OnHAaKo, pa3BHUBas
UCIOJIb30BAaHUE HMCKYCCTBEHHOIO HHTEIUIEKTa B cdepe 3KOJOIMM, CleAyeT He 3a0bIBaTh Takou
9KOJIOTMUYECKH HETaTUBHbBIN aCIEKT ITOW MPAKTUKHU, KaK CETOJHSIIHSAS BHICOKAsl JHEPro3aTpaTHOCTh
UCIOJIb3YEMBIX IIPU 3TOM TEXHUUYECKUX YCTPOUCTB U cucTeM [4]. UTo, B 4aCTHOCTH, IOTEHIMAIBHO
YpeBaTO POCTOM BHIOPOCOB B aTMOC(EPHBIA BO3AyX VYIJIEKHCIOro Tas3a, CIOCOOCTBYIOIIETO
r7100aIbHOMY MOTEIUICHHUIO, KaK TOOOYHOT0 MPOAYKTa COBPEMEHHOMN YTIIEBOOPOIHOM SHEPTeTUKH.
[ToaTomy TpeOyrOTCS yCHJIMS MO CHUYKEHHUIO SHEPro3aTpaTHOCTH HEOOXOJUMBIX AJIs MPaKTUKU
HEHPOMOJIETUPOBAHUS BEICOKOIIPOU3BOJUTEIBHBIX KOMIIBIOTEPHBIX TEXHOIOTHH.
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UCIIOJIb30BAHUE PEI'PECCHUHU LASSO AJ151 MUHUMU3AIINU TECTUPYEMBIX
ITAPAMETPOB KPOBH B OIIPEJAEJIEHUHN OHKOJIOI'MYECKHUX 3ABOJIEBAHUU

Hanunun A.I1O., Cunrueonuux H.B.
Yemenuk B.T., k.0.H., 1OLIEHT
[Tonecckuii rocyiapcTBeHHbIA YHUBEpCUTET, [ InHCK

Brenenue. Oukonornueckue 3adoneBanus (O3) ocTaroTcsi OCHOBHOM MPUYMHOM 3a001€BaEMOCTH
U CMEPTHOCTH BO BCeM MHpe. TpaaulMOHHBbIE METOAbl JUarHOCTMKU (O3 4YacTo SBISIOTCA
JIOPOTOCTOSILIIMMU U TpeOyrOT MHOTO BpeMeHHU. V3MeHeHNs B mapamMeTpax KpoBH, BbI3BaHHBIE OOJIE3HBIO,
MOT'YT CYILIECTBEHHO IOBJIMATH HA Pa3IMYHbIC aCIeKThl OnoaHamm3a. Bpaun Hepeako GoKycupyroTcs Ha
SIBHO aHOMAJIbHBIX IIapaMeTpax, YTO MOXKET INPUBECTU K MTHOPUPOBAHUIO MHOXECTBA JIPYIHX JAHHBIX
TECTOB M B3aMMOCBSI3EH MEXIy J1JaOOpaTOPHBIMH TTOKA3aTEeNIsIMU, 4TO, B CBOIO OYepellb, MOXKET CHU3UTh
JIMAarHOCTUYECKUIM ToTeHIan 3Tux TecToB. [1]. Ilosromy kpaiiHe BaKHO H3y4aTh pedepeHTHBII
JIMAMa30H U XapaKTEPUCTUKY BapUaAIIUM TEMATOJIOTMYECKUX U OMOXUMHUYECKUX TIOKa3aTesNel 11 paHHEro
BBIBIICHUS MPEAOTBpAILaeMbIX (PaKTOpPOB pHCKa M paHHed JuarHoctku O3, ocoOeHHO IMokasaresei,
CBSI3aHHBIX C META0OJIMIECKHAM 3/I0POBbEM, YTOOBI IOMOUb BpadyaM B BbIsiBICHUH O3 Ha paHHEH CTaIuM.
Hcxons u3 n3yd4eHHOM JUTEepaTypbl MOXKHO MPEATIONOXKUTh, YTO JUI BBISBIEHHUS HanOoJee KPUTUUIHBIX
napamerpoB O3 Moxer nogoitu Meton perpeccun LASSO [2].

ANropuTMBI Ha OCHOBE MAIIMHHOTO OOYYEHHUs IIHPOKO MCIOJIB3YIOTCS B IPHHITUU
KIMHAYECKUX pelIeHui. 3 HuX onepaTop HaMMEHBIIErO aOCOTIOTHOTO CkaTusi U Beroopa LASSO
ABIISICTCA OJHUM M3 HauOojiee YacTO MCIOJIb3YeMbIX aITOPUTMOB, MU €ro KJIMHUYEcKas
3¢ (HeKTHBHOCTH OBLTA TPOJEMOHCTPUPOBaHa paHee [3].

Perpeccuss LASSO — 310 MeToa NTMHEHHON perpeccuu, KOTOPbIi BKIFOUAET PEryssiprU3aliuio
JUI TIPEOTBpAIllEHUs] NepeoOydeHHs] MOJENU. IJTOT IMOAXOJ OCOOEHHO IOJIE3EH B CUTYyalMsX,
KOIrJja KOJMYECTBO IPEIUKTOPOB (MCCIENyeMbIX IapaMeTpOB) 3HAYUTEIbHO IPEBBILIAET
KOJIMYECTBO HAOJIOICHUI, UITH KOT/1a IPEAUKTOPHI CHILHO B3aUMOKOPPEIMPOBAHBI [4].

Perpeccuss LASSO Bxmowaer mTpad K (YHKIMH TOTEpb, NPONOPIUOHATIBHBIN
aOCONIOTHBIM 3HAYEHUSIM KO3(PPHUIMEHTOB. DTO MNPUBOAUT K "cxkaTuio" KO3(PPHUIMEHTOB, B
pe3yibTaTe 4ero HEKOTOpbIE U3 HUX MOTYT CTaTh PaBHBIMHU HYIIIO, YTO MO3BOJIIET aBTOMATUYECKU
otOupaTh HauOoyiee BakHbIE MepeMeHHble. Takum oOpazom, perpeccusi LASSO cmocoOctByer
BBISIBJICHUIO 3HAYUMBIX MPEAUKTOPOB |5, 6].

B cBs3M ¢ 3TUM LI€NBI0 HACTOSIIEH pabOThI ABISETCS U3ydEeHHE BO3ZMOKHOCTH MPUMEHEHHUS
metozaa perpeccun LASSO s cokpalieHust TECTUPYEMBIX MapaMeTpoB KPOBU, HEOOXOAUMBIX IS
JMArHOCTUKHU U PAHHETO ONPEEIICHNs OHKOJIOTHYECKUX 3a00JIeBaHUH.

Marepuanbl M MeTOAbl HMCCJIeAOBaHUsS. MaTepuasoMm Ui MCCIEIOBaHUS SIBWIACh
CBIBOpOTKa KpoBHU 65 wyenoBek: 30 ycioBHO-310poBBIX JroAei (Y3JI) B kadecTBE KOHTPOJIHHOMU
rpynnsl 1 35 manmentoB ¢ O3. Ilpenmerom wuccnenoBaHus sBIAIOTCS 42 mapameTpa KpOBH,
KOTOpbIe OBLIM pazfieieHbl Ha 3 rpynnsl (OMOXMMHMUYECKHE MOoKa3zaTenu — 24, reMaTojIoru4ecKkue
nokazarenu — 10, meraGonmuueckue mnokazatenu — §). CrarucTuueckyro oOpabOTKY JaHHBIX
OCYIIECTBJISUTM C MOMOIIBI0 MmakeTa nporpamm R cratuctuku (v4.3.3). C ucnonap30BaHUEM MaKeTa
stats (v4.3.3) mpoBoamIM NEpBUYHYIO 00pabOTKy NaHHbIX. C Hcnonb30BaHNeM nakeTa caret (v4.3.3)
MIPOBOAMIIM TIOCTPOEHUE PErPECCHMOHHON MOJENM MAalIMHHOIO O0Y4YeHMsI ¢ peryispu3alued o
metoay LASSO. Moaenbs npuHUManachk J0CTOBEPHOM MpH ypoBHE 3HaunMocTH p < 0,05.

PesyabTaThl HMccienoBaHusi U uX oOcy:kaenue. B pesynbrate uccienoBaHusl ObLIO
nocTpoeHo 4 Monenu ¢ ucnonb3oBaHueMm perpeccun LASSO. Tpu monenu ¢ HCIoNb30BaHHEM
KaKI0W U3 3 rpynm nokaszareneil (OMOXUMHUYECKUX, TeMATOJIOTHYECKUX U METa00INYECKUX) U OJHA
MOJIETb C COBMECTHBIM MCIIOJIb30BaHUEM IOKa3arTenen Bcex rpyni. [lo pesynbraram uccienoBaHus
ObLIO BBISIBJIEHO, YTO MO/IENb, IOCTPOCHHAS C MCIIOJIb30BAHUEM METabOIMUECKUX MoKa3aTesel He
uMella CTaTUCTUYECKM 3HAUMMBIX OTJIMYMHA OT CIy4alHBIX npenckazanuit O3, mpu 3TOM MoJeNn
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MOCTPOCHHBIC C HCIIOJIB30BAHUCM 6HOXI/IMI/I‘-IGCKI/IX U TeMaTOJIOTUYECKUX IIOKa3aTeinei KpOBH, a
TakKXXE€ MOACIb C COBMCCTHBIM HCIIOJIB30BAHUEM moKaszaTelieli BcexX TpymIn ImmokKasajid XOpOoHIne
nokazatenu coriacus (0,907, 0,999 u 0,999, cOOTBETCTBEHHO) M YPOBHSI CTAaTHUCTHUYECKOU
sHaunmoctu (p=0,0002, p<0,0001 u p<0,0001, COOTBETCTBEHHO).

3akiIrroueHue. Pe3yJIBTaTH I/ICCJICI[OBaHI/Iﬁ IMOKa3bIBAKOT, 4YTO JII AWMArHOCTUKHM W PAaHHCTO
OIIpCACICHUA O3 uenecoo6pa3Hee HCHOJIB30BaTh OMOXUMHYECKHE Y IeMAaTOJIOTHYECKHE IMOKa3aTeNn
KpOBH. OI[HaKO JAaHHOC HUCCIICAOBAHUC UMCIIO PAI OI‘pﬁHH‘-IGHHfI, CBA3aHHBIX C KOJIMYECCTBOM BBI60pKI/I
1 METO0B ITOCTPOCHHA Moneneﬁ, YTO MOKET IIOBJIMATH Ha O606H_IaeMOCTB BBIBOIOB.

HccnenoBanust mpoBefeHbl Npu (UHAHCOBOM MoJAepkke MuHHcTEpcTBa 00pa30BaHUs
Pecniyonmnku benapyce (moroBop Ne 65 ot 05.05.2021) B pamkax I'TIHU «buorexnonoruu-2» (Per.
Ne HUP 20241017).
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INPAKTHUYECKASA 3HAYUMOCTD OIIPEJEJEHHOI'O HHTEI'PAJIA
B 3AJAYAX BOEHHOM 3KOJIOT U

Meoseoes J[.H.
Hukapesa O.H., kann. TexH. HayK

BVYHII BBC BBA umenu H.E. XXykosckoro u FO.A. INarapuna

OI[HOI\/JI N3 HCHTPAJIBbHBIX TEM BEICIIIE MaTEMAaTUKHU MJIaJIINX KYPCOB TCXHUYCCKUX BY30B, B
TOM YHCJI€ BOGHHBIX, BBICTYyMaeT Tema: «/HTerpanbHoe ucurciaeHne GyHKIui 0HON U HECKOIbKUX
nepeMeHHbIX». llpu ocBoeHMHM ydeOHOro Mmarepuaja y KypCaHTOB BO3HUKAET MOTPEOHOCTh
MOHUMATh HYXHOCTh M O00JacTh NPUMEHEHHUS H3Y4aeMbIX MaTeMAaTUYECKUX HWHCTPYMEHTOB,
1enecoo0pa3HocTsh U A(H(PEKTUBHOCTh WX HCIOJIB30BaHMS Ha TpakTuke. JlaHHas paboTa CTaBUT
[[ebI0 TI0Ka3aTh HEKOTOpPbIE MPUMEHEHHS OIPENEICHHOTO WHTEerpalla U ero MpUIIOKEHUH Mpu
pEIIeHNH 33a71a9 BOSHHOW YKOJIOTHH.

BriGepeM B kauecTBe MpuMepa 3a/1a4u OILIEHKH KOJIOTUU B 30HE OOEBBIX ACHCTBUI C LIETBIO
OIMPEACICHUA KOJIMYCCTBEHHBIX N KAYCCTBECHHBIX XapaKTCPUCTUK PA3JIMYHBIX ITapaMETPOB.

1. Ouenka 3arpsi3HEHUS.

OrnpezenieHre M aHAIN3 YPOBHS 3arpsi3HEHUS BOJBI M BO3/IyXa SIBJISIOTCS OJTHOM W3 TJIABHBIX
3aJ1a4 BOGHHO# 3Konoruu. Mcnonp3oBanne XUMUYECKOTO OPYXKHsl, COPOC OTXOJ0OB C BOCHHBIX 0a3 H
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Apyrue ACUCTBUS B 30HAX KOH(IIMKTA MOTYT OKa3aTh CEpPbE3HOE BO3JCHCTBUE HA HKOCHCTEMY.
HeobOxomuM peryssipHbIii MOHUTOPUHI KadecTBa BOJBI M BO3/yXa B TAaKMX pailoHax, BO-TICPBHIX,
IUIL KOHTPOJISL IOIYCTUMBIX HOPMAaTHBOB, U BO BTOPBIX, JUIS BBIPAOOTKH PELICHUH 10 yCTPAHEHUIO
HETaTHBHBIX MOCIIEACTBHUH.

[lpuBeneM mnpuMepsl HCIOJIB30BAHUS ONPENEICHHOTO0 HWHTErpayiia JUIsl pPEUICHHs 3a/aad
JTaHHOW HaIpPaBJIEHHOCTH.

[Tpumep 1.

[penmnonoxum, u3BectHa GyHKIMsA F(X), ompenesnsromias 3aBHCHMOCTh KOHLEHTPAIUH
3arps3HAIONICTO BEIIECTBA (HApPUMEp, TSOKEIBIX METAUIOB WM XHUMHUYECKHX BEIIECTB) OT
YIAJCHHOCTH OT MCTOYHHKA 3arpsi3HeHHs X. BeiOupasi rpaHuinbl nHTepBaia (Hampumep, a u b), B
npezenax KoToporo Tpedyercsl OLeHUTh oOliee 3arps3HeHre H, MOXKHO pemuTh MOCTABICHHYIO
3a7a4y ¢ HOMOUIBIO (hOPMYIIBIL:

H = j F(x)dx (1)

[Tpumep 2.

JlommycTiM, 9YTO METOJaMH MAaTeMaTHYeCKOr0 MOJCIMPOBAHMS TONydeHa (DyHKIHS
KOHIICHTPALIMH 3arpsA3HSIONIETOCs BEIIECTBA B BO3AyXe, MeHsomlascs Bo Bpemenu G(t), rme t —
BpeMs B yacax. TpeOyeTcs OIEHUTh CPEIHIO KOHIICHTPAIMIO 3arPS3HCHUS BO3IyXa BO BPEMECHHOMN
untepnai (11 — ty). Bocrionb3yemces hopmynoii:

! TG(t)dt @)

-t
27y

G=

2. OneHka BO3/ICHCTBHS Ha 310POBBE.

3ajmaun MaHHOW TPYMIBI, MPU PEIICHUH KOTOPBIX MOTYT OBITh MCIOJB30BaHbl METOJIbI
WHTETPUPOBAHUS, BKIIOYAIOT aHAJIU3 BO3JCHCTBHUS pajuallid, pacdeT J103bl JIEKapCTB, PUCKU TS
HaCEeJICHHs, IPOTHO3MPOBaHNE 3a00JIEBaHUI U IpYTHE.

[Tpumep 3.

Ecnu um3BecTHO, uTO pHCK 3a0o0yieBaHM (HampuMmep, OT OTPABICHHS WM HH(EKIHiA)
[POIOPIMOHATICH HeKoTopol (yHKimU R(X), Tae X — paccrosHHe OT MCTOYHHMKA PHUCKA, TO C
MTOMOUIBIO ONPEJEICHHOT0 MHTErpajla MOKHO IMOJYYUTh OLIEHKY OOLIEro pucka JJisg HAaceJIeHHs B
oTpeaeNeHHOM 00IacTH.

3. AHanu3 BIMsIHUS HA OMOpa3zHooOpasue.

BoenHbie neiicTBUS MOTYT HEraTMBHO BIUSTh Ha OMopazHooOpa3ue peruoHoB. Vcmonb3ys
WHTETPaJIbl, MO’KHO OIICHUTh U3MEHEHHE YHMCIEHHOCTH TOMYJSIUNA Pa3IMYHBIX BHJIOB JI0 U TOCIE
KOH(MIMKTOB. DTO MO3BOJUT 00Jiee TOYHO OIEHUTH YIIepOd 3KocucTeMaM U pa3paboTaTh MephI MO
BOCCTAHOBJICHHUIO.

[TpuBeneHHbI aHANM3 MOATBEPXKIAET 11eJIecO00pPa3HOCTh U TMPAKTUYECKYI0 3HAYMMOCTH
WCIIOIb30BaHUSI WHCTPYMEHTOB MAaTEMaTHYECKOTO aHaliu3a, M B YAaCTHOCTH, OMPEIEICHHOTO
MHTErpajia B 33/1a4aX BOEHHOM SKOJIOTHUH.
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IKOJIOI'MYECKASA BE3OITACHOCTbDB PECITYBJIMKU BEJIAPYCb:
HAIIMOHAJIBHBIE HHTEPECBI H HEOBXOJIMMOCTb
ITPABOBOI'O OBECIIEYEHMU A

Hexpaweesuu /1. /1.
Manam H.H., crapmmii npenogasareinb
Axanemus ynpasnenus npu [Ipesunente Pecnyonuku benapych

Dkonornyeckast 6€30MaCHOCTh — COCTOSTHHE 3aIUIIEHHOCTH OKPY>KAIOIIEeH Cpelibl, )KU3HU U
3JI0pOBbsI IPAXJaH OT yYrpo3, BO3HUKAIOIIUX B Pe3yJbTaTe aHTPOIIOT€HHBIX BO3JACHCTBUIL, a Takke
(akTOpOB, TMPOLECCOB M  SBICHUW MNPUPOJHOTO M  TEXHOTEHHOTO  Xxapakrtepa [l].
OcHoBormnosararomye 1ejal B 00JIacTH OXpaHbl OKPYKAIOLIEH cpelibl, OTPakaroLINe UX MHIUKATOPbI
U TI0Ka3aTeld, IPUOPUTETHBIE HANpPABICHUS MAEATEIbHOCTH, MEXaHU3Mbl HMX pealu3aluuu u
OXKHUJaeMble pe3yibTaThl omnpenesneHsl Crpaterueil B 00JacTH OXpaHbl OKpY’KalOIIEH Ccpelibl
Pecnyonmuku benapyce Ha mepuox mo 2035 roxa, yrBepxkaeHHou 24 nexaOpst 2021 r. mpukasom
MuHHCcTepCTBa MPUPOAHBIX PECYPCOB M OXpaHbl OKpyKatomed cpensl PecnyOnuku benapyce.
HanmonaneHbele MHTEpECHl B KOJIOTHYECKOH cdepe ompeneneHsl B mpoekre HoBoW KoHmenumu
HalMoHanpHOU Oe3omacHoctu PecnyOnmuku  benapycs, omobpennoit Coetom beszonacnoctu
PecnyOomukn benmapyce 6 mapra 2023 1. M BBIHECEHHOW Ha OOIIECTBEHHOE OOCYXKIEHHE C
IIPUBJICUEHUEM MpEeACTaBUTENCH HAYYHOTO U 3KCIIEPTHOrO COOOIIEeCTBa B LENAX HHPOPMHUPOBAHUS
HACEJIEHUS U IIUPOKOT0 OCBEIIEHUS B MH(OPMALIMOHHOM IIPOCTPAHCTBE €€ OCHOBHBIX MOJI0XKEHUH.

K HauuvoHanbHBIM HHTEpecaM B SKOJIOTMYECKOM cdepe OTHOcATCS: obecneueHue
9KOJIOTMUYECKU OJIarONpUATHBIX YCIOBUMN JKU3HEIEATENbHOCTH IPaXaaH; IPE0J0JICHUE HETaTUBHBIX
MOCJIEJCTBUM pPagMOaKTUBHOIO 3arps3HEHUsT TEPPUTOPUM CTPAaHbl M MHBIX UYpE3BbIYAMHBIX
CUTyalui, peaOuWauTalMsl SKOJIOTMYECKH  HApYLIEHHBIX  TEPPUTOPHIA; IKOJIOTUYECKU
OPHEHTUPOBAHHOE COLIMAJIBHO-9KOHOMHUYECKOE pasBUTHE rocyaapcTBa; ycToiuuBOe
WCTOJIB30BaHUE TPUPOJHO-PECYPCHOTO TOTEHIMANa, a TaKXKe COXpPaHEHHWE OWOJIOTHYECKOTO M
JaHamAadTHOrO pa3HOOOpa3us, SKOJOIMUYECKOrO0 PABHOBECHs NMPHPOJHBIX CUCTEM; aJanTalus K
W3MEHEeHHIo KiauMarta [1].

Bompockl  o0ecrieueHusi 3KOJIOTMYECKOM HE MOTYT OBITh pelIeHbl TOJbKO 3a CYET
PalMOHAIILHOTO HCIOJb30BAaHUSI MMEIOIMXCS PECYPCOB, MPUPOIOOXPAHHOM, BOCCTAHABIMBAIOIIEH U
CO3UJIaTeNIbHOM 3KoJIorndyecKoi JesTenbHocTH. HeoOxonuma nepeopueHTanusi HEeHHOCTeH KaykKaoro
rpa)kJaHuHAa B OTHOIIEHUWHM K OKpYy’Karolied cpene. B umucie mpaBuil 3KOJIOTMUECKOTO IMOBEIEHHS
YeloBeKa B OBITY: NEpexoi OT TPAHCHOPTHBIX CPEICTB C JBUrarelieM BHYTPEHHEro CropaHus,
MOTPEOISIFOIIUX HEBO30OHOBISIEMBIE PECYPCHl M 3arpsi3HSIONIMX OKPYXKAIOIIYIO cpeny, K Oolee
0e30macHbIM M OSKOJOTMYECKM YMCTBIM BHAAaM aBTOTpaHcmopra. B olmactu snekTporpaHcriopra
Oenopycckre ydeHble pa3padaThIBalOT dKCIEPUMEHTaJIbHbIE 00pa3libl OeCIMIOTHOM TeXHUKU. B mux
yucne Tpaktop «bemapyc-A3523i1», rpy3oBoil siekTpoMoOnab MA3 ¢ momHOM Jokanu3anuen
ANIEKTPOIIpUBO/Ia  OEJIOpYCCKOW  pa3pabOOTKH, DJIEKTPUUYECKUH MHHUBAH, KapKacHO-TIAHEIbHBIN
anekrpomoOmiie AcademicElectro, ciopTUBHBIN 371€KTPOKap; AIEKTPOCKYTED; ONBITHO-IIPOMBIIICHHAS
MapTHs JIEKTPOBETOCUIIEN0B U MOTOLMKIIOB. OKUAAeTCs, YTO JI0JIs AIEKTPOMOOMIIEH B HAlIMOHATIbHOM
aromnapke bemapycu k 2030 roxy mMoxeT coctaBuTh 14%, mim 565 ThIC. 3IEKTPOMOOUIIEH, KOTOpbIe
OyayT ynotpeosars okono 2,3 muipa kBt u. 2, ¢.27].

[To MHEHHUIO S3KCIEpPTOB, AJIsi YEOBEUeCTBa B IOCIEAHEE BpeMs OCOOYI0 ONacHOCTb
MPENICTABISIOT SKOJOTHYECKHe MpoOieMbl, BOSHUKIINE B pe3y/bTaTe BO3pPACTaHUsI aHTPOIIOI€HHOMN
Harpy3kd Ha OKpYXKAIOIIYI0 Cpedy, BBI3BAHHOM pOCTOM IPOMBIIIJIEHHOIO TPOM3BOACTBA B
COBpeMEHHOM Mupe. OCHOBHBIE MCTOYHHMKH BO3JICUCTBUM Ha OKPYKAIOUIYIO CPENy CBSI3aHBI C
SHEPreTUKOM, XMMHUYECKOH MPOMBIIUICHHOCTbIO, TPAHCIOPTOM, He(QTEeXUMHUEH, KUIUIIHO-
KOMMYHAJIHBIM XO3SIICTBOM, MHTEHCHUBHBIM CEJILCKUM XO34HCTBOM, HEYCTOMUYMBHIM BEJECHUEM
JECHOIO XO03dlcTBa. BceMmupHas MeTeoposormyeckas OpraHM3alUsl YKas3bIBaeT Ha TO, 4YTO B
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ONMKaKIIe HeCKOIBKO JIET YEIIOBEYECTBO CTOJIKHETCS C €Ile OOJIBIIUM MOTEIIEHHEM aTMOC(hepHl.
Pa3BsizaHHas psIoM 3amagHbIX CTpaH U MEXIOCYAapCTBEHHBIX allbIHCOB HENPUKPBITAs THOpUIHAS
BoitHa ipoTuB Poccuu u benapycu, BBenenue npotuB MockBbl 1 MUHCKA TPAOUTEIBCKUX CAHKITUI
NpUBEJIM K TJIYOOKHMM TMOTPSICEHUSM B MHPOBOM SKOHOMHUKE. MHOrMe CcTpaHbl, CTPEMsCh
YMEHBIINUTh CBOIO 3aBUCHUMOCTh OT 3KCIOPTa POCCHUHMCKHUX YIJIEBOJOPOAOB, CTaJld HapalluBaTh
MIOCTaBKU SHEPropecypcoB W3 APYTUX HCTOUYHUKOB M B YIIEpO SKOJIOTHMH BO300HOBWIM PadOTY
CTapbIX 3JEKTpOoCTaHIMK. TeM caMbIM OHM NPHUOCTAHOBUIIM BBINOJIHEHUE CBOMX 00SI3aTENILCTB 10
MepPexo1y K UNCTOU SHEPreTHKe.

DKonoruyeckass TeMaTHKa MHTETPHPOBaHA B  y4eOHbIE MPOTpaMMBbl  yUPEXKIACHUI
oOpazoBanus. D(PheKTHBHO 3apeKOMEHIoBaia ceOs Takas (opma BHEKIACCHOW pabOThI, Kak
mkojbHOoe secHuuecTBo. C 2019 roma B GenopycCKUX IIKOJIAX pPEan3yeTcs WHHOBALMOHHBIN
MPOEKT «3eJIeHble KJIACChl OeNOpyCCKOM CTONMUIDY. JlJis moyuyeHusl craryca «3eJIeHOro Kiaccay
HE00XO0IMMO KeJTaHWe M3y4aTh YyTh TIy0)ke MPUpPOaY HE MEHee JecaTu yJammxcs. Takue pedsra
MOJIYYaloT CHEIUalbHbIE 3HAUKH, a 17 yuuTenb — CepTHU(UKAT «3EJIEHOro Kiacca». «3eJeHble
KJIaCChl» OPraHU3YIOTCS Ha 0a3e yupexJeHUil o0pa3oBaHMs, KOTOpBIE PACHOJAraroTcsi BOIU3U
AKOJIOTUYECKHUX TPOIT U APYTHX MPUPOTHBIX 00BEKTOB [3, c.61].

AKTUBHO  NpOBOAUTCA  MH(POPMAIMOHHO-pa3bsiCHUTENbHas ~ pabora.  Peamusyrorcs
pecryOIMKaHCKHe M perdoHalbHbIE MPOEKThL. ExxeroqHo mpoBoasaTcst cBbiie 20 pecrmyOmuKaHCKUX
aKIUil ¥ KOHKYpPCOB IMPHUPOI0OXpaHHOM HampasieHHocTH («Yac 3emmm», «/lenr Marepu-3emmmy,
«Jlenn 6e3 aBTOMOOWIISY, «Ilocanu cBoe nepeBoy, «BMecTe 3a YUCTYIO U 3eNIeHYI0 CTpaHy», «UucThiit
BOJIOEM», KOHKYPCBI Ha Jiyylllee 0OYCTPONCTBO M COJAEpP)KaHHE MECT IOJIb30BaHUS IMOBEPXHOCTHBIMU
BOJIHBIMH O0BEKTaMH I peKpealuu, cropra u TypusMa u ap.). C 1 mapra 2023 r. crapToBana HOBas
AKOJIOTHYECKasi KaMmaHus «MHpPHBIA CO3UIATENBHBIA TPY/ BO OJIaro YMCTON M 3€JICHOM CTPaHbI!».

B Pecny6nuke benapyce nponenana macimtabHasi paboTa Asisi 03I0pOBJICHHS OKPYKaroIIen
cpenpl. OgHAKO B IENsAX OOecHeueHHs] SKOJIOTHYECKOH Oe30MacHOCTH elie MPEACTOUT PEIIUTh
MHOro mpobnem. OxpaHa OKpYXKaroIlled Cpelbl U HKOJIOTHuYeckas Oe30MacHOCTh MOCTOSIHHO
HAXO/ATCs B cepe MPUCTATHHOTO BHUMAHHsI OEIOPYCCKOTO PYKOBOJCTBA. Borpock! obecriedenus
HKOJIOTMYECKON Oe30MacHOCTH HalUId OTpakeHWe B TMpoekTe oOHoBieHHON KoHuenuu
HanuoHanbHOM Oe3omacHoctu PecnyOomuku bemapycs. Kak ormerun ['nmaBa rocymapctBa Ha
3acenannn CoBera beszonmacHoctu PecnyOnuku benmapycs 20 deBpans 2023 r.: «Apanranus
Konuenmnumn HannoHalibHOM 0€30MaCHOCTH MOJ pealMy CErOJHSIIHETO JHS — BIOJHE JIOTUYHBIN U
OUY€Hb CBOEBPEMEHHBIN mar» [2, ¢.83].

B Konuenuuu onpeneneH MUPOKUM CIIEKTP INIaBHBIX YIpO3 HallMOHAJIBLHOM O€30MacHOCTH
PecniyOnuku benapych Ha cerogHsimiHuiA AeHb U B OyaymieM. TakuM oOpa3oM, rocyaapcTBEHHAs
Konuenmus ykaspiBaeT HaM cdepbl JAEATEIbHOCTH, TJe TpedyeTcs U IpaBOBOE oOOecreueHue
HAI[MOHAJILHOW O€30MaCHOCTH.

3akiarovyeHue. B kauecTBe HEOTIIOKHBIX MEP MO IMPABOBOMY 00ECIEUEHHIO 3KOJIOTHYECKON
6e3onacHoctu PecnyOnuku benapych cienyer cuuTaTh pa3paboTKy M npuHsaTHe KoHuenuuu
IIPaBOBOIr0 oOecreueHus: 3Kojorudyeckoi Oe3omacHoctu Pecnybnuku benapych; pa3zpaboTky u
peanuzaunio KoHIENuil 3KOJOTU3alMU MPOU3BOJICTB, TEPPUTOPHUM, TOPOJIOB, HACEIEHHBIX
IIYHKTOB Ha OTPAcj€BOM, PETMOHAIBHOM M JIOKAJIbHOM YpOBHSX; IMPUHATHE JIOJITOCPOYHBIX
pecnyOIMKaHCKUX, OTpaclieBbIX U JIOKANbHBIX IUIAHOB JEWCTBUHA TIO PalMOHAIBHOMY
HCIOJIb30BAaHUIO TPUPOJHBIX PECYPCOB U OXPAHBI OKPYKAIOLLEH CPEbl.

JIMTEPATYPA
1. Konuenmus HanuonanbHOM Oe3omacHocTH Pecnyonuku benapych [DneKTpoHHBIN
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«benHUIL] «3konorusy», 2006. — 124 c.

3. Dxonorudeckoe npapo: yueOH. mocoodue / C.A. bamamenko [u ap.]; mox pen. T.U.
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OIITUMM3ALMSA BBIIEJTEHUS MUTOXOHIPUAJILHOM JHK U3 TPOMBOIIMTOB
AJIA SKOJTOT'MYECKH OPUEHTUPOBAHHBIX MOJIEKYJIAPHO-TEHETHYECKHUX
NCCIEJOBAHUU

Cunusonuux H. B., Jlanunun A. IO.
Yemesuk B. T. kana. 61o1. HayK, TOLEHT
ITonecckuii rocyaapCTBEHHBIM YHUBEPCUTET

Beenenne. B paMkax KOMIIJIEKCHOTO 3KOJOTMYECKOTO MOHUTOPMHIA BA)KHO YUYUTHIBATH
COCTOSIHUE MUTOXOHAPHUM — KIIFOYEBBIX OMOIHEPreTUYECKHX, OMOCHMHTETHUECKUMX M CUTHAJIBHBIX
OpraHeiyl dyKapHoT, HECYIIMX COOCTBEHHBI I'€HOM M OTBEYAIOUIMX 3a BhIpaboTKy AT® uepes
okuciaurenbHoe  ¢ochopunuposanue. IloBpexkaeHne MHUTOXOHAPUM  MOA  BO3JEHCTBHEM
3arpsi3HUTENIE CIHOCOOHO HAapyIIUTh KIETOYHBIH T'OMEOCTa3 M IPUBECTH K ILEJIOMY psay
[ATOJIOTMYECKUX MPOLECCOB. TpOMOOLMTEI, JIMIIEHHBIE s/Ipa, HO coleprKaliue (QyHKIHMOHAJIbHbIE
MUTOXOH/IPHH, TPEACTABISAIOT CO00i ymoOHYI0 MOAENb Ui HM3Y4YeHUs Takux SPQPEKTOB: OHU
aKTUBHO YYacTBYIOT B BOCHAJIMTEIbHON U CTPECC-OTBETHBIX pEAKIUsAX MU JAIOT BO3MOYKHOCTh
OLICHUTh JIUICHETUYECKUE M3MEHEHUs U BapuadenpbHoCTh uncia konuit mMTJHK npu neifictBum
9KOJOrnYecKux (hakTopos [1].

HccnenoBanusi MOKa3bIBAOT, YTO 3arps3HUTENIM OKPY)KAIOIIEH Cpesbl, TaKhe KaK TKEIbIe
METaJUIbl, MOMMLUMKIMYECKHE apOMaTHUYECKHE YIJIEBOAOPOJbl U TBEP/ABIC YACTHUIIBL, MOI'YT H3MEHATh
guciio kormii MT/IHK 1 e€ meTmimpoBaHue, 0OCOOCHHO B MUTOXOHJIPHUSX TPOMOOIIMTOB. JTO JeiaeTt
TpoMOoimTapayto MTIHK yHHMKalbHOW MUILIEHBIO IS OLIEHKH OMOJIOTMYECKUX —IOCIHIECTBUI
3arpsi3HeHuil. bornee Toro, 13-3a BHICOKOM IJIOTHOCTH MUTOXOHJIPUI U OTCYTCTBHSL MEXAHU3MOB 3allUTHI,
noo6ueIx saepHoit JIHK (Hanpumep, ructoHoB), MT/IHK HakarmmBaer moBpexieHust ObicTpee, 4To
MO>KET MPUBOAUTH K MUTOXOH/IPUATIBHOMN AUC(YHKIMH 1 3aITyCKy MaTOJIOMYECKUX MPOoLeccoB [2; 3].

VYuuThIBask BBIIEONMCAHHOE, OCOOCHHO aKTyaJbHBIM SBISETCS HAIMYUE BOCIPOU3BOAUMBIX
METOAOB BbAeNeHHss unctoro mpenapata MTJHK #3 TpoMOOIMTOB, MNPHUTOTHBIX IS
MOCTIEeTYIOIIEr0 KOJMYECTBEHHOT0 U KaUeCTBEHHOT'O MOJIEKYJIIPHO-OMOJIOTMYECKOT0 aHaIM3a.

Matepunansl u MeToabl ucciaenoBanus. Boinenenue Mt/IHK ocymectsisian u3 1000 M
3aMOpPOKEHHOM  MJIa3Mbl  TPOMOOIIMTOB,  KOTOPYIO, B  CBOIO  OuYe€pelb,  MOJydalld
HeHTpudyrupoBaHuem 1enbHON kpoBU uenoseka npu 100 g B Teuenue 20 muH, B 3,8 % murpaTtom
HaTpus B KayecTBE aHTUKOAryJsHTA. OcaxxJeHHe TPOMOOIMTOB MPOBOAMIN B TeUeHHE 15 MUHYT
npu 5000 g. B cioyuyae ucnosib30BaHHs HE3aMOPOXKEHHOW IIa3Mbl CJEYyEeT BBI3BaTh TI'€MOJIM3
SPUTPOLMTOB JO0aBIEHHEM K OCaJIKy TPOMOOIMTOB | M AUCTHIUIMPOBAHHOW BOJBI, €r0
pecycneHzupoBanueM, u jaobasieHueM mociie storo 0,6 M NaCl mis ocTaHOBKM Temoin3a, U
nposectu ocaxkaeHue B TeueHne 30 cexynn npu 14500 g; 3areM npoBecTH 3-X KpaTHYIO POMBIBKY
CTEpUIbHBIM (PU3UOJIOTUYECKHMM DPACTBOPOM IIYTEM PECYCIIEH3UPOBAaHUS OCajKa TPOMOOLUTOB U
ero nieatpudyruposanrem 30 cexyna mpu 14500 g [4].

Jns nusuca tpombouuToB B MoauduupoBanHoM 0ydepe Kasacaku (50 mM KCI, 10 mM
Tris-HCI pH 8,3, 2,5 mM MgCl,) no6asmsimm mu6o 1% Triton X-100, mu6o 1% Tween 20 — 1o
JBYM MapajyielbHbIM MPOTOKOJIaM, KaXKIbl B TpEX HE3aBUCUMBIX MOBTOpHOCTAX. K cycnensuu
nobasmsiin 96 Mk Oydepa, TIIATETbHO MEpEeMEIINBAIM OOpaTHBIM IUIETUPOBAHUEM, 3aTeM
BHOCcWIM 4 Mk ipoterHasbl K (10 mr/mi) u unkyouposanu npu 60 °C B Teuenue 3 4 [5].

[Tocne nu3uca B mpobupky BHOcwim 100 mxn 6 M NaCl m 200 Mk cmecu
xyiopodopm:uzoamuiioBoro crnupra (24:1). IlepememmBanu B TeueHHWE MHHYTBHI, M Jaliee
unentpudyruposanu 15 munyr mpu 15000 o6/mur u 4 °C. Cynepnarant (150-160 wmxom)
MEPEHOCHIIM B HOBYIO MpoOupkKy, nobasmsun 600 mxin xomogHoro (—20 °C) 96 % stanona u
nepeMerBaiy 10 o0pa3oBaHus TOHKOHM B3Becu — mpusHaka ocaxaeHus MTAHK. Jlns ycunenus
npeuunuranuu npodbupku Ha 10-15 MuH nomemanu B MoposwibHuK (—20 °C), mocie uero
nentpudyruposanu 10 munyt npu 15000 g u 4 °C.

41



Ocanok Tpwxael npoMbBasiin 200 mxin 70 % stanona, 3arem noacymuBand 10 MuH npu
37 °C u pecycrieHIupoBaH B 25 MKJI CTEPHIIBHON JEHOHN30BAHHON BOJIBI.

Pe3yabTaThl cciieoBaHusi U Ux oocy:kaenue. [Ipu npumenenun Triton X-100 cpennuit
BbIX0JT (=17,5 HI/MKII) OYTH B MOJTOPA pasa MPEBBIINIACT TAKOBOW MpH UCIOIb30BaHuu Tween 20
(=11,4 ar/mxa) (tabnuua 1). To cBUAETENLCTBYET O Oosiee 3(h(HEeKTUBHOM pa3pyIICHUH JUMTUIHBIX
MeMOpaH TpoMOOIHMTOB U MUTOXOHApUA Triton X-100, 4TO MO3BOJIAET MOJIy4aTh OOJIBIIE IEICBOM
JHK. Koadduuuentsr yncrorsl B cpeaneM B obomx cimydasx (1,71 u 1,74) yknansiBarorcsi B
oOmenpuHAThIn auama3zoH 1,7-2,0, xapakrepubii mis JHK, npurogHoit nms GoibIIMHCTBA
MOJIEKYJISIPHO-OMOIOTHYECKUX TPOLIETYP.

Tabmuuna 1 — CpaBuenue Bbixoga MT/IHK TpoMOOIIMTOB B 3aBHCHMOCTH OT HCIIOJIB3YEMOTO
JeTepre’Ta

Oopasen JereprenT Kﬁﬁ;ﬁ'ﬂg;ﬁﬁﬂ Yucrora JTHK
A 16,1 171
b Triton X-100 18,3 171
B 18,1 1,71
r 9,1 1,81
Ji | Tween 20 11,3 1,70
E 13,7 1,71

3axmoyenne. [Ipotoxon Beinenenuss muroxoHapuansHoi JIHK n3 TpomOouumToB mnokasan
NPUEMIIEMYIO0 BOCHPOU3BOJMMOCTb M oOOeclieueHue oOpa3loB HEOOXOAMMOIrO KauecTBa Ul
MOJIEKYJISIPHO-TEHETUUECKUX MCCIIEIOBAHUN KOJOTHYECKOro npodumrs. s MakCMMH3aIly BBIXOJa
MT/IHK ¥ noBBbIIIEHUS TOYHOCTH OLEHKU €€ KOIMMHOCTH B KIIETKAaX PEKOMEHIYETCsl NPUMEHSTh
m3ucHbId Oydep, comepxammii nereprent Triton X-100, T. k. 3T0 obecneunBaeT BEpOATHO Ooiee
3 dexTUBHBIN U31C MEMOpaH TPOMOOLIMTOB U MUTOXOH/PUN MPH COXPaHEHUU TPeOYeMOro ypOBHS
YHCTOThI OKCTPAKTA.

HccnenoBanusi npoBeleHbl Npu (UHAHCOBOM mojaep)kke MuHHcTepcTBa 00pa30BaHUS
Pecniy6mmuku benapyce (moroBop Ne 65 ot 05.05.2021) B pamkax ['TIHU «buorexnonoruu-2» (Per.
Ne HUP 20241017).
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YCTAHOBKA MMOXAPOTYIHIEHHUSA CO CTBOJIOM 'ETEPO®A3HOM MOJAYH
OTHETYINAINMX BEHIECTB

Ckaxanun I /1.
Kypos M.M., K.T.H., JOUEHT
VYHuepcurer rpaxaanckon 3amutsl MUC benapycu

3a nocneanue 10 ner Pecnybnuka benapych CTOJKHYNIack ¢ pa3iMYHBIMH BBI30BaMHU B
o0racTu OE30MaCHOCTH U OXPaHbl OKPYKAIOIICH cpelbl. B yCIOBUAX pa3BUTHS MPOMBIIUICHHOCTH U
M3MEHEHHU KJIMMaTa YBEJTMYUBAETCS KOJIMYECTBO Ype3BbluaiiHbIX cuTyanui (naisee — YC), Bkimrodas
TEXHOTCHHBIC W MpHUpOoaHbIe Toxkapsl [1, 2]. Iloxapbl mpencTaBisroT co0oil OqHy M3 Hambosee
CepbE3HBIX U Pa3pyLIUTEIbHBIX YIPO3, CIOCOOHBIX HAHECTH 3HAYUTENbHBIA yiIepd Kak
YEJIIOBEUECKUM JKU3HSIM, TaK W MAaTE€pUAJIbHBIM IIEHHOCTSM. [lo)Kapbl BBI3BIBAIOT CEpPbE3HBIC
ColLlMaJbHbIE U SKOHOMUYECKHUE TIOCTIEACTBUSA. AHAIN3 CTATUCTUYECKUX JTaHHBIX 10 KonuuecTBy UC
¥ IoruOmuM Ha HuX Jirojed B iepuoa ¢ 2015 mo 2024 roaer mpeacTaBicH Ha pUCYHKE 1.
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Pucynok 1 — Yncao YC u mornOmmx Ha HUX Jroaei

B mocneaaue 10 et komuuecTBO mokapoB ot ootrero yncia YC cocrasisier 99,5-99,8 %, a
YHCII0O TIOTHOIIUX JIFOJIel Ha Tokapax oT obmero yucia morumbmmx Ha YC — 98,9-100 %
(pucynok 1). TlosTroMy ychmemrHas JHMKBUJAIMS TI0KapOB, CIIACCHHE JIIOJIEH M 3alluTa
MaTepUATbHBIX IIEHHOCTEH SBISIOTCS aKTyaJIbHBIMA MU TEPBOCTENIEHHBIMHU 3ajadaMu PaOOTHUKOB
MUC. Jns pemieHUs NaHHBIX 3a7ad HEOOXOAMMO OOECHeYHuTh OMEepPaTUBHOCTh ACHCTBHIA U
MOBBICUTH 3 (HEKTUBHOCTH TYIIEHUS MTOXKAPOB.

YcraHOBKa TMOXKAPOTYIIEHUS CO CTBOJIOM rerepoda3Hoi IMOoJa4y OTHETYIIANIUX BEIIeCTB
OTHOCUTCS K 00JIACTH TPOTHUBOIIOKAPHOW TEXHUKH, a UMEHHO K IMOXApHBIM PYYHBIM CTBOJAM, U
MTO3BOJISIET IMTOBBICHTH 3()D(PEKTUBHOCTD TYIIICHUS MTOKAPOB 3a CUYET IMOJaun TPeOyeMbIX KOMOMHAIINH
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OTHETYIIAIUX BENIeCTB. BHEMIHUI BUJ YCTAaHOBKHU IMOXKAPOTYIICHUS CO CTBOJIOM reTepodasHoOi
[IOJa4YX OTHETYIIAIIMX BEIIECTB MPEACTABIEH HA PUCYHKE 2.

PucyHok 2 — BHemIHui BU/I YCTAHOBKH OKAPOTYLLIEHHS CO CTBOJIOM rerepodasHoii monauu
OTHETYIIAIIUX BeleCTB

YcraHoBKa MOXKapOTYLICHUS MO3BOJIAET IIOAABATh HA TYLIEHUE OJHOBPEMEHHO HECKOJIBKO
reTepoda3HbpIX OTHETYIIAIIUX BEHIeCTB (KOMOWMHAIIMKM OTHETYINAIIMX BEIISCTB. BOJA, BOJIHBIC-
OMYJIBCUH, TOPOIIKOBBIE COCTaBbl, HEUTPAIbHBIE Ta3bl) U 32 CUET STOTO0 OKa3bIBaTh KOMILIEKCHOE
BO3/ECHCTBUE HA OYar Moxapa.
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MIPUPOJIONOIB30BaHUE U IepepadoTKa BO30OHOBIsIEMBIX pecypcoB. — 2024. — Ne 1(276). — C. 22-30.

PE3YJIbTATBI I/ICHI)ITAHI/[?[ YCTAHOBKH ITOKAPOTYIIEHUA CO CTBOJIOM
IF'ETEPO®A3HOU NIOJAYN OTHETYIIAIIUX BEIIECTB

Craxanun I'.J].
KypoB M.M., K.T.H., IOLIEHT
VYuuBepcurer rpaxnanckoit 3aumtsl MUC benapycu

VYHUKaJIbHOCTh YCTAaHOBKM IOXKAPOTYILEHUS CO CTBOJIOM reTepoda3HoOl  Mojayu
OTHETYIIAIMX BEIIECTB 3aKII0YacTcs B BO3MOXKHOCTU TMOJaBaTh JUId TYyLIEHHs TpeOyemble
KOMOMHAIIMK OTHETYIIAIIMX BEIIECTB C Pa3HBIMU arperaTHbIMH COCTOSIHUSMU.

W3BecTHO, 4TO B 30HE TOPEHHS BO3MOYKHO NPOTEKAHUE OJHOBPEMEHHO I'€TEPOr€HHBIX U
TOMOTEHHBIX PEaKIii, KOTOpble MOTYT YMEHBIIATh CKOPOCTh MPOTEKaHUS paguKaIbHO-LIEITHOM
peakuuu ropeHusa. C TOUKM 3pEHUs] KMHETHUKU PAaJUKaJIbHO-LIENIHBIX PEAKIMM BBIACISAIOT YETHIPE
MPUHLIMITHATIBHBIX TPYIIBI peakuii, y4acTBYIOIUX B mpouecce [1]:

1) Peakiuu 3apokaeHus, TPUBOASALIMNE K OOpa30BaHHMIO CBOOOJHBIX BaJIEHTHOCTEH IpH
B3aMMO/JICHICTBUM HACBIILIEHHBIX MOJIEKYJI;
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2) Peakuuu pooImKeHUst 1ETIeH, B KOTOPBIX TP B3aMMOJICHCTBUH PAIMKaNIa C HACBIIIICHHOW
MOJIEKYJION TIPOMCXOIUT 00pa30BaHUE HOBOTO paiiKajia U HOBOW HACHIITICHHON MOJICKYJIBI,

3) Peakiuu pa3BeTBIICHHS IIeTied, B KOTOPBIX B3aMMOJICHCTBUE pajJuKaia C HACHIIICHHOU
MOJIEKYJION IPUBOJUT K YBEJIMUYEHUIO CBOOOHBIX BAJIEHTHOCTEH;

4) Peakiuu 0OOpBIBBI IICTICH, TPU KOTOPBIX B3aMMOJICHCTBHE ABYX PAIMKAIOB MEXIY COOOM
60 paguKaa ¢ MOBEPXHOCTHIO MPUBOAUT K HCUE3HOBEHHUIO CBOOOIHOM BaJICHTHOCTH.

C yderoM mNpoOBENEHHBIX paHee HccienoBaHuit [2, 3] HaMHU U3rOTOBIIEHA YCTaHOBKA
MOKapOTYILIEHUS CO CTBOJIOM reTepoda3Hoi Mojauy OTHETYIIAIIUX BEIIECTB.

Jis  onpenenenust 3(pPeKTUBHOCTH pa3padOTaHHON YCTAHOBKH IOKAPOTYIICHUS CO
CTBOJIOM TeTepo(a3HOoi MoJaud OTHETYIIAIUX BELIECTB IMPOBEIEHBI CPABHUTEIbHBIE HATYPHBIE
HCTIBITAHUSI C YCTAHOBKOW BBICOKOTO jaaBjieHus co crtBojioM RL-51 (pucyHok 5). B kadectBe
MOJIETIbHBIX OYaroB II0OKapa MCIOJIb30BaHbl OYard, BbIoJHEHHbIe U3 30 OpYCKOB JApPEBECHHBI
TUCTBEHHBIX mopox (6epesa) pazmepom 0,8x0,1x0,015 m B konuuectBe (kimacc A). Pazmeps! ouara
0,8x0,4x0,8 M. Bpemsi TymieHus NOPUHATO OJM3KUM MIPOAODKUTEIHHOCTH PabOThl YCTaHOBKHU
MOXKapOTYIIEHUSI CO CTBOJIOM rerepodasHoil mogaun u cocraBmio 30 ¢, T.K. 00beM OanoHa i
OTHETYIIAIErO BEIIECTBA B YCTAHOBKE MOXKAPOTYIICHHs CO CTBOJIOM reTepodazHoil mogayu paBeH
50 11, a pacxo] BOJIBI IIPH JIaBJICHUH HA cTBOJIe 7 at™m. — 1,3 J1/C.

a) HA4aJI0 TylIeHUs 0) uepe3 30 ¢

Pucynok 1 — HatypHble HcnbITaHHS YCTAHOBKH MOKAPOTYIIECHHUS CO CTBOJIOM rerepogasHou
MO/Ia4M OTHEeTYIIAIIMX BelleCTB U YCTAHOBKHU BbICOKOI0 JaBjeHHs co cTBosioM RL-51 no

TYIWIEHUI0 MOJEJbHOI0 04ara Mnoskapa kjiaacca A

B pesynbpTaTe mpoBeNeHHBIX HCCIEAOBAHWN BU3YallbHO YCTaHOBIEHO, YTO pazpaboTaHHas
YCTaHOBKA TMOXAPOTYIICHHS MO TapamMeTpaM IMOJayd OTHETYIIANUX BEIIECTB (IalbHOCTh CTPYH,
¢daken pacmblia, pacXxo/) HE YCTYyIMaeT YCTaHOBKE BBHICOKOIO JaBleHus co cTBojoM RL-51. Bmecre
c TeM 3a BpeMms ucnbiTanuil (30 ¢) 006e ycTaHOBKM HE OOECHEeUIM TYIICHHE MOJCIBHBIX OYaroB
noxapa. [loaromy ans yBenudeHusi BpeMeHU paboThl pa3pabOTaHHON YCTAaHOBKH MOKAPOTYIICHUS
1eJ1eco00pa3HbIM SIBIIIETCS €€ MOJECpPHHU3AIMs, BKIIOYAONasl MPUMEHEHHE IBYX €MKOCTEH s
OTHETYIIAIIero BeIIecCTBAa U oOecleuyuBaronias HX aBTOMAaTHYECKOe 3alojHeHHe u3 0Oaka
aBTOIMCTEPHBI. CXeMa YCTAaHOBKH MOXKAPOTYIICHHS C aBTOMATHYECKUM aCIIUPAIMOHHBIM CTIOCOOOM
M0Ja4uy OTHETYIIAIIETO BEIIECTBA IIPE/ICTABIIEHA Ha PUCYHKE 2.
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PucyHnok 2 — Cxema yCTAaHOBKH MOKAPOTYIIEHUS
€ aBTOMATHYEeCKUM aCNMPAIHOHHBIM CIIOCO0OM MOJa4YU OTHETYHIAIEr0 BellecTBa

MonepHU3upoBaHHAas YCTaHOBKA IOXKAPOTYILEHUS C ABTOMATHMYECKUM aCHUPalMOHHBIM
CrocoO0OM ToJIayM OTHETYIIAIIETO BEIISCTBA BKIIFOYACT B ce0si 1BE €MKOCTH (6), COCTUHEHHBIX
TpyOomnpoBoamu (2) ¢ 6akom aBTorucTepHsl (1), Tpoiinuk (3), kommpeccop (10), aBToMaTH4YeCKHe
kpanel (5, 7), mryuep (8) m aBTOomMaTWyeckue KpaH-kiamaHel (9). Jlist paGoThl yCTaHOBKH
MIPUMEHSIETCS MPOTrpaMMHO-aNNapaTHbIM KoMIuieke (4), KOTOphlii oOecrneuynBaeT MOMepeMEHHOe
3al0JIHEHHE €MKOCTeHi u  OecrepeOOiHYyI0 I10Jady OTHETYIIAIIero BeIIecTBa. Y CTaHOBKA
MIPUBOJIUTCS B JIEHCTBUS OT Kommpeccopa (10), KoTopslii 3aKkayrBaeT MO/ JaBICHUEM BO3IYyX depes
aBTOMATHYECKHE KpaH-KianaHbl (9) B eMKOCTH Jisg OrHeTymamero BemecTBa (6). Jlamee u3
eMKocTel (6) uepe3 aBToMaTuueckue Kpansl (7) u mrynep (8) orHerymaiiee BEIEeCTBO ¢ IIOMOIIBIO
JOTIOJTHUTEIBHBIX [IUTAHTOB MOIAETCS B reTepoda3Hblil MOKapHbIN aCIUPAIIMOHHBIA PYYHOUN CTBOJI.

Takum o00pa3oMm, MOJAEPHU3UPOBAHHAS YCTAHOBKA IOXKAPOTYIICHHUS C aBTOMATHUYECKUM
aCIUPAIMOHHBIM CIIOCOOOM TIOJJa4¥ OTHETYINAIIET0 BEIISCTBA IO3BOJSET YBEIUYHUTH BpEMS
paboTsl rerepodazHOro CTBONA U JOCTUYD YCIEITHOTO TYIIEHHUS MOXKapa.
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OBLIASA OKOJIOI'Us. OXPAHA ITPUPO/IbI
Cnecapenko A.A.
VYHuuBepcurer rpaxnanckoi 3amursl MUC benapycu

OKoJlorusi — 3TO KOMIUIEKCHas Hayka, H3ydawollas B3aUMOCBA3U JKMBBIX OpPIaHU3MOB
(BKJIrOUast yesoBeKa) ¢ OKpYyXkarolei cpenoil. B OykBalbHOM cMbICie €€ Ha3BaHUE O3HAYaeT «HayKa O
7IoMe», TAE TOA «IOMOM» TOjpa3yMmeBaercst Bcsi Ouocdepa 3emmn — ri00anbHas CHCTEMA,
o0BeIMHAOIIAs BCE SKOCUCTeMbl IUIaHeTbl. COBpEMEHHas KOJIOTMs TaKKe PEIIAeT IPUKIAJHbIe
3a71aul, CBA3aHHBIE C OXPAHOW MPHUPObI, YCTONUYMBBIM Pa3BUTHEM U MUHUMM3ALUEN aHTPOIIOT€HHOTO
BO3JICHCTBUS Ha OKpY>Karoliyto cpeny [ 1].

Buonorunueckoe pasnooOpasue benapycu BrimodaeT okono 14 ThICSY BHIOB PacTE€HHH, Cpean
KOTOpbIX 4,1 TBICSYM BHUJOB BBICIIUX PAacTeHUH ¢ mpeoOnanaHueM 1,4 ThicsuM aOOPUTEHHBIX BUJIOB,
442 Buma MOX000pasHBIX, 669 BHUIIOB JHINAMHUKOB W Ooiiee 9 ThICSY BHUIOB HH3IINX PACTCHUM,
IPEJICTAaBIEHHBIX BOJOPOCIAMHU U rpubamu. 3a mociefHee CTojeTHe 3a(UKCMpOBAaHO MCUE3HOBEHHE
npuOIM3UTENEHO 50 MECTHBIX BUAOB JUKOPACTYIIMX pacTeHuid. PayHa CTpaHbl HACUMTHIBAET 76 BHIOB
MJICKOIIMTAIOIINX, PACHPENIENCHHBIX 0 HIECTU OTpsAAaM, ¢ HauOOJBIIMM BUAOBBIM pa3HOOOpazueMm
Cpeau TPHI3YHOB M JIETYYMX MBIIIeH, a Taioke 332 BuIa NTHIl, U3 KOTOphIX He MeHee 230 BUIOB
pEryJsipHO THE3ATCs Ha Tepputopun benapycu. [2].

[To cocrosiamo Ha 1 stHBapst 2024 roga B PecnyOnmke benmapych QyHKIMOHHpYeT crcTeMa
0c000 OXpaHseMbIX IPUPOIHBIX TEPPUTOPHA, BKItoUaromas 1335 oobexToB. B 1x cocTaB BXOIAT OJMH
3allOBE/IHUK, YEThIPE HAI[MOHATBHBIX TMapka, 374 3akazHuka (99 pecryOnmkaHcKoro u 275 MECTHOTO
3HaueHHs), a Takke 956 maMATHUKOB MPHUPObI (322 pecryOIMKaHCKOro U 634 MECTHOTO 3HAUCHMUS).
CoBoKymHas IUIOUIa b OXPAHSIEMBbIX TEPPUTOPUN AOCTUTaeT Mmoutd 1,9 MWIIMOHA TIeKTapoB, UTO
cocraBisieT 9,1% ot o0riei Turomaay cTpassi [3].

bepesuHckmii  OnocepHBI 3aMOBEIHUK - E€IUHCTBEHHBIM 3alOBEIHHK B CHCTEME 0C000
OXpaHsEMBIX IIPUPOJHBIX TEPPUTOPHUI benapycu, COXpaHUBIINI YHUKAIbHbIE IPUPOAHBIE KOMIUIEKCHI
10kHOI Taiiru EBponsl. OcHoBaHHBIM B 1925 rogy mist oXpaHbl UCUE3AIOILEH MOMYJSALMA PEYHOTO
600pa, 3a10BETHUK 3aHUMAET IUIOMaAb 85,2 THICSUM FeKTapoB Ha Tepputopuu Buredckoit 1 Munckoi
obnacteil. 3anoBeJHUK MMEET MEXIyHapoJIHoe Npu3HaHue kak Ouocdepubii pesepar IOHECKO,
orMeueH EBponelickuM IUIUIOMOM NPUPOAOOXPAaHHBIX TEPPUTOPHH, BKIIIOYEH B CIHUCOK Pamcapckux
yroguil. Takke OH NMpHU3HAH KIIOUEBOM OOTaHMUYECKOM TEPPUTOPUEH M BaKHOW OPHUTOJIOIMYECKOM
TEPPUTOPHUEN MEXKIYHApPOIHOIO 3HaueHNus [4].

Hammonanbupie mapku benmapycu — 3TO 4YeTbIpe YHUKaIbHBIE MPUPOAHBIE TEPPUTOPHH,
COXpaHsIOLMe NepBO3[AaHHble JaHAmadTel M Ooratoe OuopazHooOpasue cTpaHbl. OHHM COYETAIOT
OXpaHy MPUPOABI C BO3MOXHOCTAMH Uil SKOJIOTHUYECKOIO TYpHU3Ma U O3J0POBUTEIBHOTO OT/bIXA.
3nech co3JaHbl YCIOBUS ISl HAONIOAEHMS 3a JUKUMU JKMBOTHBIMH B MX €CTECTBEHHOHM cpere,
aKTMBHOTO OT/bIXa M JKOJOrM4ecKkoro mnpocsemieHus. HammonanbHble mnapku — benapycu:
Harnmonaneseni napk Ipunsarckuii, Hanmonansubeiil nmapk bpacnasckue o3epa, HanmonaneHelli mapk
Hapouanckuii, Harionansabril mapk benoexckas myiia [5].

Kpacnas kaura benapycu Beaet cBoro uctoputo ¢ 1981 rona, xorza 6bU10 BBIIYILEHO MEPBOE
U3/IaHue, cozieprkaBilee cBeneHns o 80 Buaax KHUBOTHBIX U 85 BuAax pacTeHuil. B Hactosiiee Bpems
JEHCTBYET UYETBEPTOE M3JIaHME, NPEJICTABICHHOE B JIByX TOMax: NEpBbId TOM BKiItodaeT 203 Buaa
JMKHUX KUBOTHBIX, BTOpoi - 303 BHIa AMKOPACTYIIMX pacTeHHid. TakuMm oOpa3oM, MO CPaBHEHHIO C
IIEpPBOHAYAILHON Bepcueil, coBpeMeHHasi KpacHas KHUra 3HaUMTENNbHO pacIlMpEeHa U BKJIIOYAET MOUYTH
B TpH pasa O0JIbIIIe OXpaHsIEeMbIX BUIOB (Iophl 1 GayHsI [6].

Benapyce Oorara mojie3HBIMH HCKOIIAEMBbIMH: KalIWHHbIE M KaMEHHBIE COJIM, JOJIOMHT, ME,
Topd, camporeny, noa3eMHble BoAbl. Ha uX ocHOBe paboTaioT MpeAnpusitus Mo A00bue U
nepepaboTke. OxpaHa HeIp BKIIIOYACT PALMOHATBHOE MCIHOJIB30BAaHME, COBPEMEHHBIE TEXHOJIOTHH
N0ObIUM, PEKYJbTUBAILMIO 3€MENIb U TMOCTOSIHHBI MOHMTOPHHI. JTO oOecriednBaeT OajaHC MEexXITy
MPOMBIIIJIEHHBIM OCBOEHHEM U COXPaHEHHUEM PECypcoB Juist Oymytero [7].
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https://otpusk.by/otdykh-v-belarusi/natsionalnye-parki/natsionalnyy-park-pripyatskiy/

MuHUCTEPCTBO NPUPOAHBIX PECYPCOB U OXPAaHBbI OKpYXKarowled cpelsl bemapycu peannusyer
rOCY/IapCTBEHHYIO MOJIMTUKY 10 OXpaHe aTMOC(EPHOro BO3yXa U 030HOBOT'O CIIOSI 4epe3 pa3padoTKy
MporpamMm, KOOPAMUHAIUIO BEIOMCTB, MPUHSATHE HOPMATHUBHBIX AKTOB M KOHTPOJIb 32 BBINOJIHEHUEM
MPUPOAOOXPAHHBIX MEPONPUSITHIA [8].

MUHOPUPOIBI peanu3yeT TOCYIAapCTBEHHYIO IOJUTUKY B cepe oOpaleHus C OTXOAaMH,
pa3pabaTbiBasi M KOHTPOJIMPYS COOTBETCTBYIOIIME MporpamMmbl. BegoMcTBO COBMECTHO C
TEPPUTOPHATBHBIMUA ~OpraHaMu TpoBOAUT Oosmee 10 ThICSY TIPOBEPOK EKETOTHO, BBISBIISS
HECAHKIIMOHUPOBAHHBIE CBAJKH, MPEJOTBpAILAsl 3aXOPOHEHNUE BTOPUYHBIX PECYPCOB M KOHTPOJIUPYS
COOJTIOICHUE CXEM YTHIIM3AIUA KOMMYHAIBHBIX OTXOJI0B [9].

benapych obnagaeT 3HaYMTENLHBIMU BOJHBIMU pecypcamu: 6osee 20 ThIC. BOIOTOKOB, 10 ThIC.
03ep, 6 ThIC. IpyA0B U 87 Bojgoxpanwmi. OO0mue 3anacel coctaBstor 61,2 mupa m® (58,9 mupa m?
MOBEPXHOCTHBIX U 2,3 Miipa M* moazeMHubix Boa). B 2023 roay ucnons3oBano 1,4 mupn m* (2,3% ot
3arnacoB), BKirodas 0,6 muipa M? moBepXHOCTHBIX U 0,8 MiIps1 M? MOI36MHBIX BOJI, YTO CBUJIETEILCTBYET
0 palMoHaIbHOM BOAOIOIb30BaHuH [ 10].
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O BJIIMSIHUN MATEPHUAJIOB HA PASPEHIMMOCTbD 3AJAYH O JE®@OPMAIINA
SAIUTHOHU CETKH

Huwrkun M.C., Xaxun A.H.
benornaszosa T.B., kanaunat Gpu3nko-MaTeMaTUYECKUX HAYK, JTOLEHT
BVYHI] BBC «BBA umenu npodeccopa H.E. XKykosckoro u FO.A. I"'arapunay (1. Boponex)

B HacTosimee Bpems oHOW M3 HpoOJIEM 3KOIOTMYECKOH O€3011aCHOCTH MOXHO CUHUTATh
aTaku JPOHOB Ha OOBEKTHI TPAXKTAHCKOW W BOCHHOW WHGpAcTpyKTyphl. Hampumep, cOpoc
0oenpunacoB Ha COOPYXKEHHUs, CBSI3aHHbIE C XpaHEHHEM He(TH, TOIUIMBA U JPYTUX XMMHUYECKHX
BEILIECTB MOXKET BbI3BAaThb 3HAYUTEIIBHOE 3arps3HEHHME OKPYKAIOIIEH Cpelbl M €€ XHMHYECKOE
3apakeHne. OJHUM U3 METONOB 3allUTBl WM IPEJOTBPAIICHHS IOBPEXKICHUMN, BBI3BAHHBIX
HananeHusiMu BITJIA, siBiseTcst orpaxkaeHue oXpaHseMbIX 0OBEKTOB 3aLIUTHOM CETKON OT JPOHOB.
HaznexHOCTb ceTKH, O4EBHIHO, 3aBUCUT OT MaTEPUAIIOB, U3 KOTOPHIX OHA U3TOTOBJICHA.

PaccmoTpum 3amauy o gegopMannu 3alUTHON CETKH, UCCIEyeM YCIOBHUS Pa3pelInMOCTH
3aJ1a4M C y4ETOM KaueCTB MaTEpUaJIOB CETKHU.

B kadectBe MaremMaTH4eCKOM MOJEIM pacCMOTpPUM ceTb M3 CTpyH ['. DyHKIHH
q(x) >0, vxeI' OyayT yIUTHIBATh CBOMCTBA MaTepHala, U3 KOTOPOrO U3TOTOBJICHA CETh.

[Tycts Gynkus u(x) e’ onucsiBaeT (opMy CETH B pe3yibTare ehopMaluu.

Paccmorpum =y =(a,a,) B R°’. IIpocTpaHCTBeHHBII OTpe30K »=(a,,a,) Ha30BeM
reomerpudeckuM rpagom I' B R®. KoHusl orpeska [a;,a,| HAa30BeM IDaHHYHBIMU BEpPIIHHAMU
rpada I' u 0603Haunm oI ={a,,a,} .

[Tycth nedopmariuio ceTKH BbI3bIBAET CHIIa, UMeromas miotHocts f():I'—> R, a cMelieHne

BCEX TOYEK CUCTEMBI I OT IT0JIOKEHUS PAaBHOBCCHA IIPOUCXOANUT BAOJIb BEKTOPA BHEIITHEH CHIIBI.
Ha ocnoBe MNpUHOHUII MUHUMH3AIUN HOTCHHI/IZUIBHOIZ OHEPTHUU CUCTCMBI IMOJTYYUM KPACBYIO
3aavy:

~(aeIu'() = (); M
u(a)=0;u(a,)=0.

n
Ecnu cetb coctout u3 IMPOU3BOJIBHOI'O YHCIIa pe6ep R :in , TO 0003HAYNB MHOXECTBO
i=1

pebep, NMpPHUMBIKAIOIIMX K OOIIeld BHyTpeHHeH BepiinHe udepe3 R(a),aeJ(I'), a MHOXECTBO
IPaHUYHBIX BEPIINH yepe3 oI, TOrja BCs CHCTeMa — ecTh MHOXKecTBO ' =R U J(T).

MUHUMHU3HPYIO TIOJHYIO SHEPTHIO CHCTEMBI Mociie ieopMalliu, TOTYIUM HEOTHOPOIHYIO
KpaeByo 3aj1auy:

_(qiui')/ =f, i=1n;
u(@=0,vaed;
> u(@a+0)=0; > qu(a+0)=0.

7eR(a), ae(T) yeR(a), aeJ(T)

Jns  paznuuHbIX BHJIOB Matepuana ((X) >0,Vxel ObUIM YCTAHOBIIEHBI KPHUTEPUU
paspemumocTH 3a1aun (1).

49



[TycTh 31MacTUYHOCTD CTPYHBI MOCTOSIHHA, HanpuMep, ((X) =1, Torna 3agayda (1) onHO3HAYHO
paspemuma npu

A= e a—-a,=0.
a'2
Ecimu YHIpyrocThb CTPYHBI NOAYUHSICTCA JIMHEHHOMY 3aKOHY, TO €CThb

q(x) =kx+Db, (x > —E, k # O) , TO KpUTEPHUH pa3pemnMOCcTH 3a1a4u (1) HaXOIUTCS U3 YCIOBHS:

lIn|ka1+b| 1
AZ i ZEIn
Eln|ka2+b|

ka, +b
ka, +b

#0.

Torpaa 3anaun (1) okaxeTcst HEBBIPOXKIEHHOM NPU YCIOBUHU:

ka, +b
ka, +b

#1.

A eciu q(X) = % (x > —E, k # Oj , To 3a1a4a (1) Oyzaer paspeniuma, eciu

kx+b
2
k%+ba1 i .
A= a.2 25(312—3.22)+b(a.1—a2)=(81—az)(E(a1+a2)+bj¢0_
kéﬁtbaz 1

KpuTepuii HeBBIPOXKICHHOCTH TS Hee Oy/IeT UMETh BHL:
k
E(a1+a2)+b¢0.

VYcTaHoBIIEHHE OJHO3HAYHOM pa3pelnMoCcTd 3aJauud o0 JedopMallii CETH, COCTOSILIEN U3
MIPOU3BOJILHOTO YKcia pedep, MPOU3BOIUTCSA Ha OCHOBE JI0Ka3aTeNIbCTBA €€ HEBBIPOXKICHHOCTH.

HeonHoponnyro 3amady Ha3blBacM HEBBIPDOKICHHOM, €CIM  COOTBETCTBYIOHIAs €U
OJIHOPOJIHAA 3a/1a4a UMEET TOJILKO HYJIEBOE PELIEHUE.

bbul0 nOKa3aHO, YTO OJHOPOAHASA 3a1adya, COOTBETCTBYIOLIAs HEOJHOPOIHOW 3akadul AJIs
MPOM3BOJILHOTO 4YHcla pedep, HMMeeT TOJNbKO HyjeBoe peuieHue. Takum obOpa3zoMm, ObLIO
YCTQHOBJIEHO, YTO HEOJHOPOAHAs 3aAaud O JIe(pOpMallUU CETH, COCTOSIIEH M3 MPOU3BOJILHOTO
yrcna pedep 0AHO3HAYHO paspeirma npu (x) € C? (F) q(x)>0,vxel .
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Hayunoe uznanue
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