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Abstract. In order for the forensic examination to be carried out properly, the investigator must provide appropriate

samples and properly prepare materials for conducting an expert study. In practice, there are a large number of problematic
moments in the implementation of these actions. The problems of the procedural order and the application of tactical methods
for obtaining samples for research, preparing materials for examinations are considered in this paper. The aim of the work is
to analyze the problems of tactics for obtaining samples for a comparative study.

Keywords: research samples, comparative research, sampling tactics, law, tactics, expert research, comparative

research, sampling.
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At the present stage of development of society, there is a negative trend towards an

increase in the level of crime in our state. Effective, quick and complete investigation of crimes
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and bringing the perpetrators to justice is primarily ensured by the quality of the pre-trial
investigation and the availability of an appropriate evidence base.

Obtaining samples for fingerprinting, phonoscopy, forensic and other types of
examinations is almost impossible without the involvement of a specialist. The legislator
procedurally regulated the ability to involve a specialist in the selection of samples for
examination and left the right to choose on the side of the criminal proceedings, which filed a
petition for the necessary examination.

The samples used for comparative research are objects (substances and (or) objects),
including their physically fixed representations, containing a set of features of specific objects,
including persons, subject to comparative research. In the process of implementing a forensic
examination, samples for a specific comparative study are used by the expert conducting the
study as necessary materials for comparison, but at the same time “for the investigator, they
are subject to all the requirements for proof in working with evidence” [2].

Bravilova E. A. notes the requirements that samples must meet for all types of research,
namely: legality, reliability, comparability and sufficient quantity [1]. Also, there is no
classification of samples in the legislation, which is important for the study.

The Decree “On Forensic Examination in Criminal Cases” defines the types and concept
of samples for specific studies [4]. After analyzing the scientific literature and current
legislation, in general, the following types of samples can be distinguished: free, conditionally
free and experimental.

A person from whom samples are taken specifically for examination can consciously
change his specific properties and characteristics. Undoubtedly, this complicates the
examination. "These materials were written by a person who is being checked before the
opening of criminal proceedings and have no connection with him" [3].

Objects that are used as conditionally free “appear after the opening of any criminal
proceedings, but are not related to the preparation of materials for examination” [5]. Samples
that arise after the opening of criminal proceedings are called experimental, since appropriate
conditions are usually created to obtain them. Together with the generally recognized
appearances of the samples, the following: reference, samples of "materials or substances of
the object under study, control and collection" [2].

To solve research issues in ballistic examinations in the examination of edged weapons,
the latter is used. They should include books, albums, reference books of vehicle tread
patterns, cold steel and firearms.
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Such samples simplify this work of an expert, for example, when identifying a
modification and brand of a foreign pistol with an obliterated marking, and in other cases [3].
Reference samples help to solve both classification and diagnostic issues.

Namely, when designating the brand of oil products, paintwork material, the name of
poisonous or drugs. They are necessary in case of establishing the fact of diluting "expensive"
gasoline with "cheap" one, counterfeiting alcoholic beverages, etc. [1].

Standards of materials or substances of the object under study, "depending on the
situation, can take part in the form of an average sample for watery and unsteady substances,
as well as sample-authorized persons of the whole" [4]. Trial samples are usually used in
forensic examination of materials and substances, technical examination of documents,
examination of soils, forensic bio examination of objects of animal and plant origin, etc.

They are confiscated in order to verify the properties of the object. These samples are
used for control, in the examination of soils they are called soil samples. According to them,
the boundaries of the territory into which the place of the criminal act enters are calculated.
Earth samples are taken both from the scene itself and beyond [3]. This classification of
samples for examination, like any other, is conditional.

However, applying these provisions, it can be argued:

1. Only the investigator seizes free and conditionally free samples.

2. Collection and reference samples are also selected by an expert. This state of affairs
is due to the fact that when conducting identification ballistic, investigative and some forensic
medical examinations, the assignment of samples for comparison is the function of an expert,
since this is one of the stages of a comparative study.

3. Experimental standards are also selected in the same way, however, the samples
that are obtained in the process of comparative analysis are selected by a specialist alone.

4. Samples of materials and substances of the investigated object are taken by the
investigator.

If the provision of samples from the object sent for comparative analysis is carried out
in the process of examination, then such an action is carried out by the expert himself, and
the procedure for obtaining such samples should be reflected in the expert's opinion [3]. It is
clear that at the legislative level it is impossible to provide for all cases when it is necessary to
involve a specialist to carry out these investigative actions, since various situations arise in
practice.

However, it is worth highlighting the main factors that determine the feasibility of
involving and the role of a specialist in obtaining samples.
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1. If a qualified investigator can independently take experimental samples for
handwriting examination, then when selecting samples for soil science examination, it is
advisable to involve a specialist, since such an investigative action requires special knowledge.

2. If obtaining free and conditionally free samples in most cases does not require special
skills, then when obtaining experimental samples, the investigator must be aware of the
features of the selection of such samples or involve a specialist. Samples (samples) of
materials and substances, as a rule, are taken with the participation of a specialist, which is
due to the complexity of these procedural actions and the need for special knowledge.

3. Investigator skills. Skilled sampling depends on the experience and knowledge of the
investigator. However, this is not a decisive factor. The investigator who studied the course of
criminology, has mastered only the minimum knowledge provided by the program in
criminology for law schools. It is clear that the specialist has in-depth knowledge of all
branches of forensic science and knows forensic technology at the current level of
development.

The selection of materials for examination requires the necessary knowledge of the
methods of comparative research, compliance with the rules for extracting, packaging and
storing objects of comparative research. The implementation of such actions by the
investigator independently bears certain risks for future examination.

Therefore, the involvement of a specialist in obtaining samples and preparing samples
for comparative analysis is justified, first, by the difficulty of selecting samples for certain types
of examinations, the types of samples that need to be obtained, and the level of training of the
investigator. Based on the analyzed material, it can be argued that the use of special
knowledge at this stage of the pre-trial investigation contributes to the qualified
implementation of such actions.
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YepHbix EkaTepuHa AnekceesHa

aCCUCTEHT Kadeapbl yNpasfieHns B 34paBO0OXpaHEHNN
BopoHeXXcKunin rocyaapCTBEHHbIN MEANLNHCKUIA
yHusepcuteT um. H.H. BypaeHko

Abstract. The article discusses the process of adaptation of foreign students, identifies some problems of the transition
period, and also reveals the role of the teacher in overcoming difficulties during training. So, adaptation to a complex of new
factors specific to higher education is a multi-level socio-psycho-physiological process and is accompanied by a significant
strain on the compensatory-adaptive systems of the student's body.

Keywords: VSMU, student, adaptation, psychology, pedagogy

Annomayusa. B cmamve paccmampubaemcs mnpoyecc a0anmayuu UHOCHIPAHHBIX Yuauwuxcs, Bviabasiomcs
Hexomopble npobaemb 1epex00H020 nepoda, a max xe packpvibaemcs poas npenodabamens 6 npeodosenuy mpyorocmeil 6o
Bpemsa 00yuenus. Mmak, adanmayua xk komniexcy HoBvix paxmopol, cneyupuunsix 045 Bvicuiei uikoavl, npedcmabasiem
coboil MHO20YpoBHeBbIL COUUANLHO-NCUXOPUSUOA0UMECKUT Npoyece U conpoBoXOaemcs SHAYUMEAbHbIM HANPSAKEHUEM
KOMNEHCAMOPHO-NPUCTIOCODUMNEABHBIX CULCITEM OP2AHUSMA C1TYO0eH1n08.

Katouebvie caoba: BTMY, cmydenm, adanmayus, ncuxonoeus, nedazoeuxa
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PeueHseHT: KyabMmeHko Hatanbs ViBaHOBHA, K.M.H., goueHT BAK. IBINTOY "MarHutoropckuim
rnegarornyecknin Konnepx"

Llenb paboTbl: n3yunts ocobeHHocTu agantauumn ctygeHtoB MUMOC Kk y4ebe B
Poccun, koHkpeTHo B BIMY um. H.H. BypaeHko.

3apauu: 1. NpoaHannaupoBaTb Negarorm4eckyo, COUMONOrMYECKYO NuTepaTypy no
TemMe nccnepoBaHus.

2. NI3y4nTb NCNXONOrMYECKYO0 CTOPOHY NMHOCTPaHHbIX CTYAEHTOB.

MeToabl nccnepoBaHnA: TEOPETUYECKININ, SMMUPUYECKUIA, aHKETUPOBAHME.

MepBbIi TEPMUH (B AanbHenwem pabo4nin) BBEAEH B Hay4HbI 0G0POT aMEPUKAHCKNM
nccneposarenem K. O6eprom B 1960r. CoBpemeHHble y4yeHble, passuBas mugen Obepra,
YCTaHOBWUN, YTO OMbIT NPEObIBAHMA B HOBOW KyNbType SBNAETCA HEMNPUSATHbLIM: BO-MEPBbLIX,
NOTOMY YTO OH HEOXXMAAH B NIIO6OM chnyyae, AaXke eC/i K HeMy roTOBUIUChL Aoma (MOCPeaHUKN
N peknamMa CTPOoAT arntTaumo n cUcTeMmy yoexxaeHun B CBOKO Nosb3y); BO-BTOPbIX, MOTOMY YTO
OH MOXXET MPUBECTU K HEOXMAAHHOMY MEPECMOTPY LEHHOCTEN COOCTBEHHOW KYNbTYpbl U
JaXKe K HeratMBHOW €€ OUEHKEe, B-TPeTbUX, cpabaTblBaeT Ba’KHEWLUNA CTUXUNHBIN
HEOCO3HaHHbIN (PaKTop, ONpPeaensWnini KOMMYHUKATUBHOE MNOBedeHue ngen, — 3To
cuUTyaumsi, Ha3BaHHas 3. XOJIOM «KyJbTypHbIE O4KU» [1].

[MpocToe HaceneHne cUMTaeT, YTO eCI UHOCTPAaHHbBIN CTYAEHT nNpuexan y4uTbCs, TO
OH OOJPKEH BeCTU cebsi MMEHHO Tak, Kak HY>XHO MHe, a HM Kak nHade. 1 BmecTte ¢ aTum
WHOCTPaHHbIN CTYAEHT CYMUTaET, YTO ecnn OH 3annatun 3a y4eby Oonbluve AeHbru, TO
y4ebHbIN MNPOLECC, YCNOBUSA MNPOXMBAHUA KyfbTypa W Tak ganee [OSKHbl MOSHOCTbIO
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COOTBETCTBOBATb NX NN EBPOMNENCKNM TPAaNUUAM. ITO Ha3bIBAETCH CUHLAPOM «KYJbTYPHbIX
OYKOB».

BbioensoT 6 (hopM KySIbTYPHOro LIOKa:

1. pnsndeckoe Hanpsi>KeHne.

2. 4yBCTBO NOTEPU Yero Mbo unm Koro nméo

3. 4yBCTBO MNOTEPAHHOCTU

4. HapylleHVe pPOoneBbiX OXWOaHuKW, 3aBbllLeHHasi caMOOLEeHKa W Kak crneactsuve
KOH(PIMKTbI C NpenogasaTensiMn n3-3a OLEHOK, CTpax BbIrSAETb Xy>Ke OPYrUX Ha 3aHATUSX

5. TpeBora (OH XO4YEeT TONbKO AEHEr, PYCCKUE OEBYLLKMA ....),

6. 4yBCTBO HEMOJSIHOLEHHOCTM (MPUCTYMbl arpeccun, aenpeccun, 3anou, oTkas oT
NOCELLEHNS 3aHATUR).

Camas kputnyeckas cumtaeTcsa 3 CTyneHb, Korga y4awmincss NCnbiTbIBAET YyBCTBO
NOTEPSAHHOCTU, U B 3TOT Nepuog, 60NbLUMHCTBO CTYAEHTOB BO3BPALLAOTCS HA CBOKO POAMHY
[2]. IHOCTpaHHbIN CTYAEHTblI HA OaHHOW CTYMEHU XOTAT MHAMBUAOYaNbHOro npenopaBaHus,
paspaboTaHHbIX nekuun n 3aHAaTnin. C 0gHOM CTOPOHbI, Yy4LLIAETCS Pa3roBOPHbIN PYCCKUIA,
YTO CO3[aeT N3N0 CBOOOAHOIO rOBOPEHUS U MOHUMaHUSA, NO3TOMY yXyawaeTca y4ebHas
AVCUMNAVHA, BEOb N3YyYaTb Hay4YHbI PYCCKUA HY>XHO CUCTEMHO, a 3TO TpebyeT BPEMEHHbIX
3artpaTt v UHTeNNeKTyasbHbIX YCUUN. HacTb CTYAEHTOB YXOASAT XUTb Ha KBapTUPbI, MOCELatoT
yBeCenuTesnbHble 3aBefeHus, 3a4acTyd 063aBOOATCA BPEMEHHBIMU UM NOCTOAHHBIMU
CeMbsMU.

4-ctyneHb CTyOeHT apanTupyeTcs K pexumy y4ebHbIX 3aHATUN: MNpuBbIKAeT K
Heo6X0AMMOCTN PaHOo BCTaBaTb, MPUXOANTbL BOBPEMS Ha 3aHATUS, BblAep>KMBaTb 8-4aCOBOM
y4ebHbIN [eHb, 3aHUMaTbCA CaMOCTOATESIbHOW NOArOTOBKOW K 3aHATMAM, paboTaTb B
ynTanbHOM 3ane.

Ha 5-cTyneHn CTygeHTbl NONHOCTBIO afanTupyoTcs apyr K gpyry. lNocne 5 ctynerHn y
OONbLUNMHCTBA U3 HUX HACTYMaeT 6-5, Koraa BO3HMKaeT obpaTHasa peaganTtaumns, To eCTb Nocne
BO3paLleHns Ha Poauny, eMy TSXeno agantmpoBaTbCs K POAHON KyNbType.

MpoROMKNTENBHOCTL MEXKYNbTYPHOW ajantauun 3aBuUCUT OT UHAUBUOYASIbHbIX U
rpynnosbix. VIHamBuayanbHble (akTopbl CHATAKOTCA Hanbonee KpuTudeckune. Y CTyAEeHTOB,
KOTOpble OENCTBUTENIbHO HACTPOEHbl Ha MOJSlydeHWe 3HaHUA KU npodeccun, oTMeyaeTca
BbiCOKas MoTuBaumss M 6osfbllas CKOPOCTb ajanTtauuun, npexne BCero SA3blIKOBOM U
CTPaHOBEOYECKOWN, T.K. 9TU 3HaHUA ob6ner4yarT MM MPOLECC AOCTUKEHUS Uenn.- akTop
onbiTa NpebbiBaHNA B MHOKYNbTYPHOW cpefe CnocobCTBYOT ObferyeHmnio agantauMoHHOro
npovecca.
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pynnoBble aKTopbl: YCNOBUSA CTpaHbl, Kyga CTYAEHT OTNPaBWACA Y4YUTbCS,
OCOBEHHOCTN CBOEN POAHON KyNbTypbl. BOSHMKAET 4yBCTBO OMCTaHUMK C OKpy>Katrowmmu. B
cnyyae HeafeKBaTHOrO BOCMPUATUA (Kak B CTOPOHY YBENNYEHWSl, TaK U B CTOPOHY
YMEHbLLEHWS) 3TOM BEMMYMHBI NPOLECC agantaunmn 3aTpyaHAETCS U KYJIbTYPHbIN LWOK ONINTCS
ponblie. Kpome Toro, CTyOeHTbl M3 pas3BUTbIX CTPaH CYMTalT, YTO OHWM 3annatunm 3a
oby4eHre, N03TOMY afanTUPOBaTLCS A0/KHbI HE OHU, @ K HUM.

B onpoce yvactBoBanu ctygeHTbl 1 kypca MWMOC, Bbicoko apantupyetcs
NHOMNCcKasa obLLMHa, TaK Kak OHN CHUTAKOTCS OPY>XXHBIM KOMNIEKTUBOM, Y KOTOPbIX €CTb IMAEP.
ApanTaunoHHble TPYOHOCTU CTYOEHTOB-MHOCTPaHLUEB OOYCNOBMEHbl He B MOCNEOHIo
oyepefb HEQOCTATKOM 3HaHWN, MOAYYEHHbIX HA POOVHE, O KIMMATUYECKNX, SKOHOMUYECKNX
N KYJbTYPHbIX OCOBEHHOCTAX XWU3HM B Poccuun. [LOBOSIBHO NPECTUXKHbIM CYMTAETCH
MeaMUnHCKOe obpasoBaHne, nony4yeHHoe B Poccun. KadecTBo nonyyaemoro obpasoBaHuns B
BIrMY B uenom yposnetsopsieT pecnoHaeHToB. Kak ctygeHTol JIM Tak n JINA, cuutaoT
YpOBeHb 3HaHWN NpenogasaTeneil BbICOKUM, HO OKono 35% pecnoHOEeHTOB CYUTAKOT, YTO
npenogasaTenn HENOHATHO OOBACHSOT CBOWM NPEAMET.

3HauuTenbHbI BKNag B NpoOUEecC agantaumy WHOCTPaHHbIX CTYAEHTOB BHOCAT
coTpyaHuku gekanata MMMOC.
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Abstract. The paper considers the concept of leisure, physical activity is defined as one of the forms of its
implementation. The data of a sociological survey in order to identify the leisure preferences of young people are presented.
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Annomayua. B pabome paccmompeno nonamue docye, gusuveckas axmubHocms onpedesena kax 00HA U3 opm
eeo npobBedenus. IIpedcmabaensi OanHvle COYUOA02UHECKO20 ONpPOcA € yeavlo Bvisabaenus OocyeoBbix npednoumenuil
MOA00eIKU.
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PeueHszeHT: OdyoknHa Onbra BnagnmMmmposHa, KaHanaoaT CoLUONOrmYecKnX HayK, OOLEHT.
LOHCKOIM rocygapCTBEHHbIN TeXHNYeCKnin yHuBepcuTeT (A TY), r. PoctoB-Ha-[oHy, ®akyneteT
«Cepsuc n typnsm», kacdegpa «Cepsuc, Typuam 1 MHAQYCTPUSA FOCTENPUMMCTBA»

B coBpemMeHHOM Mupe, NOA4 BAUSHUEM  Pa3NNYHbIX  FEOMONMTUYECKUX U
rnobann3aumoHHbIX NPOLECCOB, B HAY4YHOM 00OMXOAe MOHATUS 4OCYr 1 CBOOOOHOE BPEMS BCe
yaile ynoTpebnsarTcs Kak CUMHOHUMBI. Tak, JoCyr, ONPeaensioT, Kak Bpemsi cBo6o4HOE OT
paboTbl N OT HEO6GXOAMMbIX AOMALUHUX OOS3aHHOCTEN, TakKuUX Kak BOCMUTAHWE [eTen,
NPUroToBAeHNe nuwm, yéopka u T.4.

Jocyr sBnsieTca coumanbHOM KaTeropuenn B KOTOPOW OTpaXkaeTcss OOLiecTBEeHHas,
NHOMBUAyanbHas M OyXOBHAsA CYLWHOCTb 4YenoBeka. Euwe co BpemeH ApucTtoTens, aocyr
paccMaTpuBancs Kak Bbicllee 6naro, npu aTom hmnnocod ykasbiBas, 4TO «BCA YenoBeveckas
>KU3Hb pacnafaeTcs Ha 3aHATUS U OCYr» U B FOCY[apCTBE NOAN AO/KHbI ObiTb CBOBOOHbI OT
NnoBCeOHEBHbIX 3a60T 1 YMETb UCMbITbIBATL CHACTLE U YAOBONLCTBME OT CBOGOObI OENCTBUN.
To eCTb UCTUHHO CHaCT/IMBbLIN YENOBEK, TOT KTO CaM OnpenensieT ceBoe cB060OHOE BPEMS 1
nony4yaeTt OT 3TOrO0 WUCTUHHOE yaoBosnbCTBME. PeHe [lekapT, B CBOK o4epenb OTMedyarn,
«cBOBOAA 1 JOCYr ... 9TUMM OBYMSA BeLlammn s ob6nagato B TaKOM NOSHOTE N LIEHIO NX B TaKOW
CTEMNEeHN, YTO HET B MMPE MOHapxXa, KOTopbIn 6bin O6bl HACTOSIbKO 6oraTt, 4Tobbl KYynNnUTb UX Y
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MeHs» [2]. V3BeCcTHbIM y4deHHbIn A.B. CokonoB, BeAst pasMbllLfIEHWS Ha TeMy gocyra u
CBOOOOHOr0 BPEMEHM yKa3blBan «40CYyr — Bcerga cBo60gHOe BpeMs, HO CBOOOAHOE BPeEMS He
BCerga ectb pocyr». [lpy 3TOM aBTOp MOSACHAN 4YTO CBOOOOHOE BpPEMSA MOXET ObiTb
noTpa4YeHo, N0 YCMOTPEHUIO ero BnafenbLa, Ha CBEPXYPO4Hyto paboTy unm Ha gomMaluHue
XNOMOoThl, HA OTAbIX, @ OOCYr - 3TO BCeraa akTUBHOE 1 NPOAYKTUBHOE BPEMS, MOTPaYeHHOEe C
yooBonbCTBNEM. ECnn He yrnybnaTtbCcs B geTany AafibHEWWEero CEMaHTMYeCKoro aHanmsa
NOHATNA JOCYT, Mbl MOXKEM OTMETUTbL, YTO pasnuyHble y4yeHHble B.H. JlaBpuyderko, T. Mop, K.
Mapkc, n gpyrne onpegensas OaHHbI TEPMUH CTapanncb BHECTU B HEMO CBOE MUPOBUAEHNE
N MUPOOLLYLLEHNE COOTBETCTBYIOLLEE UCTOPMYECKOMY U MOSINTUKO-COLUMANbHOMY nepuoay,
HO O6LLEeNn YepTon BMAaCh POSb Aocyra B camopasBuTumn INYHOCTU. TO eCTb, JOCYr BCcerga
OCHOBaH Ha MEHTasIbHOCTU, COUNanbHOM OnbITe, 3aBUCUT OT 3KOHOMUYECKOW N MOSINTUHECKOMN
cuTyaumm B CTPaHe W OPWEHTUPOBAH Ha JIMYHOCTb, Ha YAOBNETBOPEHWE €€ JINYHbIX
noTpebHoOCTEN, C Lenblo camopeannaaumm n CaMoyaoBIeTBOPEHNS.

CoBpeMeHHble peanuu OUKTYIOT Ham HOBbI pUTM U TeMn XN3HW. Ecnn nposectun
napannens Mexay NpoXXMBaem B ropofe 1 cene, To OOHW CKaxyT, 4TO B ropoge Bce beryT, a
B Cefle XUBYT, ApYyrne CKaxyT, YTO B rOpode pasBuTuhe B AepeBHe ctarHauus. U Kaxabin
O6ypneT npas. Bce 3aBUCUT OT OPUEHTUPOB, LEHHOCTEN, HOPM OTAENBHOrO YesioBeka. Takum
obpasom, oKpy>xatoLasa Hac AeNCTBUTENbHOCTb, BANSHUE CPELCTB MacCOBOWN NHopMauumn,
XXenaHna n CTpemneHnsa noby>XaarT YenoBeka K BbiOOPY akTMBHbIX (POPM NpPOBEAEHMS
pocyra [4].

locyoapcTBEHHOE MpasrfieHne, OOLLeCTBEHHblE M ObpasoBaTtesibHble OpraHn3auum
CTPEMATCA aKTMBHO MPUHUMATb Yy4yacTue B [OOCYrOBOW [AeATeNbHOCTM rpaxgaH [3].
MpegnaraoT pasnuyHble (GOPMbl NPOBEOEHUA OOCYyra: KynbTypHble NMPorpamMmMbl, MaccoBble
3penuLHbIE MEPOMPUATUS, CNOPTUBHbIE NNOWAOKN, TEMATUYECKNE MaCTEP-KNacchl, Ans TOro
4TOObl MOBGYAMTb OO6LLECTBO aKTMBHOW >KM3HW, CaMOpPas3BUTMIO W MOBbLILWEHNIO YPOBHS
300pPO0Bbs HaceneHus.

Kak oTmeuvaet butaposa JI.I. «Dunamyeckas KynbTypa Kak siBfieHne OO6LLECTBEHHOM
XKUSHU SABNAETCSH BaXXHbIM (PakTOPOM 06LLECTBEHHOro nNporpecca. BoBne4eHHOCTb KaXxaoro
4YenoBeka B PErynspHble 3aHATUSA (PU3NYECKUMU YNPaXKHEHUAMUN SBASETCA HEOOXOAUMbBIM
YyCNOBMEM COLManbHOro passutusa obwectea» [1].

B pamkax paHHom paboTtbl, npuBegemM ONOK [aHHbIX MOJSlyYEeHHbIX B XoAe
COLMOSIONNYECKOro nccnegosaHus NpPOBEAEHHOrO  OByYaroLMMUCSH Ky6aHckoro
roCyAapCTBEHHOIrO YHMBepcUTeTa (U3NYECKOW KyNbTypbl crnopTa M Typusma C UeSbio
BbISIBfIEHNUS [O0CYroBbIX MNPEeAnoYTEHUA COBPEMEHHON Monogexun. Cpady akueHTupyem
BHMMaHVe, 4TO onpawmsanm METOAOM CBOGOAHON BbIOOPKM Ha ynuuax ropoga. OnpolueHo
6bino 463 pecnoHgeHTa, B Bo3pacTe oT 18 po 25 ner.

Bonee 40% pecnoHAEHTOB, a 3TO 60NbLLUON NPOLEHT, MO CPaBHEHMIO C aHaNOMMYHbIMU
nccneposarnsa 2016 n 2018 rr. oTMETWUAW, YTO NPEenNoYNTAIOT aKTUBHbIE (POPMbI NPOBEAEHMS
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pocyra. K akTuBHbIM (pOpMaM OHW OTHEC/UN 3aHATUE (PUINYECKOWN KYNbTYPOW, NOLBUXKHbIE
Urpbl, NPOryNKN Ha CBeXem Bo3gyxe. Ha Bonpoc oTKpbiToro Tuna «Moyemy Bbl Bbibpanu
AaHHyo hopMy Jocyra» PecrnoHOeHThl JaBann pasBepHyTblie OTBEThI. bbino 0TMe4YeHo, YTo:

- usnHeckasn akTMBHOCTb JaeT 3aps S3HEPrn Ha BECb eHb, NPOonafaeT COHNBOCTb,
yBeNM4MBaeTcs paboTocnocoOHOCTb;

- (pm3n4ecKast akTUBHOCTD yiyyLuaeT PuU3n4eckoe 1 NcMxoaMoLnoHaIbHOe COCTOSIHNE;

- (hm3nyeckast akTUBHOCTb MO3BOSIAET NOAOEPKMBATL TENO B NPeKpacHon hopMe;

- NPOryJiKN Ha CBEXEM BO3[yXe, 3aHATMNE B CriopT3asie Jal0T BO3MOXXHOCTb Yy4dLIUTb
KOHLIEHTPAUMIO BHUMaHUS, OTAOXHYTb OT paboThbl, OTBAEYLCA U T.4,.

[Npn aTOM MHOrMe pecrnoHOeHTbI B NpoLEecce ornpoca oTMedanu, 4To BO BPEMS 3aHATUSA
PU3NYECKON KyNbTYPON OHW CAYLIAKT HE TONbKO My3blKy, HO W ayauOKHUIMN, NeKuun,
obyyalowpe nporpaMmMbl MO  WUHTEPECYOWMM WX TemMaM. TO eCTb [AaHHble (OopMbl
CNoco6CTBYIOT CaMOpPa3BUTUIO.

OU3KYNbTYPHO-CNOPTMBHAA [OEATENbHOCTb SBNSAETCHA, NO  CyLEecTBY, CNocobom
CaMOCOBEPLLUEHCTBOBAHMA JINYHOCTKN, paclmpss ee  MUPOBO33PEHYECKne B3rnsagpl,
HPaBCTBEHHbIE NPEACcTaB/IeHNs, 3CTETUYECKIME BKYCbI.
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BaTtbkosckuin AnekcaHgp Muxannosuy
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Kpasuyk lNasen Bacunbesny
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OwmenbyeHko Anekcein Hukonaesmy

KaHanaaT 3KOHOMUYECKUX HayK, BEOYLLUNIA NHXXEHEP,
LleHTpasnbHbI 9KOHOMUKO-MaTeMaTMYeCKUn MHCTUTYT PAH,
Poccuinckaa ®epepauysi, Mocksa

Abstract. The purpose of this study is to develop methodological foundations and tools for solving the most
important military-economic task currently facing the enterprises of the military-industrial complex. During the period of
the special military operation in Ukraine, its scientific and practical significance has increased significantly. During the
period of the special military operation in Ukraine, its scientific and practical significance has increased significantly. The
increased needs of the Russian Armed Forces as a result of this operation in military equipment and weapons systems
necessary for military and technical support of national security in the context of a hybrid war unleashed against Russia
should be met by developing and supplying new generation weapons and military equipment to the troops. The main way to
solve this problem is the diversification of production at the enterprises of the military-industrial complex, which requires
significant financial resources, since diversification measures are very costly. These circumstances determine the special
scientific and practical importance of optimizing the financial support of diversification activities carried out by enterprises
of the military-industrial complex. It should be noted that this task has not yet been systematically and comprehensively
solved. The tools proposed in the article for solving the problem under consideration are based on the use of economic and
mathematical methods and a systematic approach to its solution. It makes it possible to increase the efficiency of the
diversification activities of enterprises of the military-industrial complex while ensuring the security of Russia.

Keywords: tools, military-industrial complex, diversification, enterprises, financial support, optimization.

Annomayus. leavio dannoeo uccaedobanus aBasemcs paspadbomka MemoouHeckux ocHob u UHCHpyMeHmapus
peuieHus BaxHenuien 60eHHO- IKOHOMUYeCKOT 3a0auy, cmosujell 6 HacmoAwee Bpems neped NpeONpPUAMUAMU 000POHHO-
NpoMBbLULAEHHO20 Komnekcd. B nepuod npobedenus cneyuaivnoi 6oenHoi onepayuu Ha Ykpauxe ee HAYUHO-NpaKmudeckas
3HAUUMOCTb 3HAUUMEAbHO B03pocaa. YBesuuubuiuecs 6 pesyavmame 0aHHOU onepayu nompedHocmu BoopykenHbix cua
Poccuu 6 Boernnoi mexuuxe u cucmemax BoopyxeHs, Heodx00UMbLxX 044 BoeHHO-MexHUueckoeo obecheuen s HaYyUOHAALHOU
besonacrocmu cmpanst 6 ycaobuax pasbasannoi npomub Poccuu eubpudwnoil Botinbl, 00mkHbL YoobaemBopamsca nymem
paspabomxu u nocmabxu 6 Boticka 0dpasyo8 oopyxerus u Boennoil mexruku HoBo20 noxosenus. OcHoBHOU cnocod peuieHus
Oannoil 3a0auu - oubepcudpuxayus npousbodcmba Ha NpeonpuUAMUAX 000POHHO-NPOMbIULIEHHO20 KOMNAEKCA, KOMOpAs
mpebyem 3HAUUMEABHbIX (PUHAHCOBbIX cpedcmB, max Kax Oubepcugpukayuontvie Meponpuamusa Abasomca Becoma
sampamuvimu.  Ommeuennvie  obcmosmensscmba  0dycaabaubatom — 0codyl0  HAYUHO-NPAKIMUUECKYIO  3HAYUMOCIIb
onmumusayuu unancoboeo obecneuenus OubepcupUuKAYUOHHBIX MEPONPUAMUL, OCYUeCmBASEMbIX NPEONPUAMUAMU
000poHHO-npoMbiULIeHH020 Komnaekca. Caedyem ommemums, umo 0aHHAsA 3a0aua 00 HACHOAU4e20 BpeMeHU CUCTEMHO U
KomnaekcHo He peuiena. ITpedsaeaemviii 6 cmamve uHcmpymenmapuil peuieHus paccmampubaemon 3adauu ocHoBan Ha
UCNO0Ab30BaHUY IKOHOMUKO-MAMEMAMUYECKUX Memo0o8 u cucmemHom nooxode x ee peuienuto. On nosboasem nobvicums
sppexmubrocms  OubepcupuxayuoHHol  OesMeAbHOCY  NPeONpUAMULL  000POHHO-NPOMBIUACHHO20 KOMNAekcd Npu
obecneuenuu besonacrocmu Poccuu.

KaroueBuie croBa: urncmpymenmapuii, 000poHHO-NpoMbLULIEHHBLIL KoMILAEKC, OuBepcudpukayus, npednpuamus,
¢punarcoboe obecneuerue, ONMUMUIAYUS.
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PeueHseHT: Tnexypain-bepserosa Jlapuca TanmbosHa - [JOKTOP 9KOHOMUYECKNX HayK,
poueHT. rb0Y BO «Agbirenckunin rocyaapCTBEHHbI YHUBEPCUTET»

BeepgeHue

Pe3koe yxyguleHne counanbHO-NONTUYECKON OB6CTaHOBKM B MUPE MPUBESIO K POCTY
yrpo3 HaumoHanbHom 6e3onacHoctn Poccun. T[lostoMy, 4TOObI COXpPaHWUTb CBOKO
HE3aBUCUMOCTb, Hawa CcTpaHa Obina BbiHY)XAEHA NPUVHATb afeKkBaTHble  Mepbl,
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COOTBETCTBYIOLLUME Yyrpo3am rocypapctea. B nepsyto o4depenb, Heobxooumble LS
yKpenneHnsa Boopy>XeHHbIX CU 1 pasBuTna 060POHHO-MPOMBbILLIEHHOIO KOMMJIEKCa CTPaHbI.
[aHHble OTKpbITOro [JocTyna CBUOETENbCTBYOT, 4TO BoopyxeHHble Cunbl Poccun
ycunmeBaroTcsa. B Boicka nocTynatoT HOBble 00pa3subl BOEHHOW TEXHUKW. Boesoi onbIT
BeAeHNs BOEHHbIX pencteuin B Cupuiickon Apabekon Pecnybnuke u nepexon Ha
KOHTPAaKTHbIN MPUHLNN KOMMAEKTOBAHUS BOOPY>XEHHbIX CUM YBENNYMBAET UX KA4YE€CTBEHHbIN
noteHuyman. B 0BGOPOHHO-NPOMBILLIEHHOM KOMMJIEKCE BBUOY PE3KOro pocTta yrpos
HaunoHanbHonm 6e3onacHocTn Poccun MHOrMe npegnpusaTus  3arpy>kalT pe3epBHble
MOLLUHOCTM W WUCMOMb3YIOT UMEKLMECH PEeCYpCbl, @ HEKOTOpble W3 HUX Mepewnn Ha
TPEXCMEHHbIN pPeXUM pPaboTbl. YKasaHHblE Mepbl SBASOTCA HEoOXOOUMbIMK, HO OHWU
peanu3yloT B OCHOBHOM 3KCTEHCUBHbIN MyTb passutusa npegnpuatuii ONK. BaxHenwunm
HanpaBNeHNeEM WX WHHOBALWOHHOIO pPasBUTUS B COBPEMEHHbIX YCNOBUSX SABASETCSA
ansepcundurkaumnsa Nnpons3BoacTea NPOAYKUMM Ha NpegnpuaTuax komnnekca [1; 2; 3].

Oneepcudukayms, Kak npoLecc paclumpeHnss aCCopTUMEHTA BbiNyCKaeMown NpoayKumn
N OCBOEHNSA HOBbIX BUOOB NPOU3BOACTBA, B KAYECTBE Ba)XKHEWNLLEro HanpasfiEeHNs pa3BuUTus
poccuinckoro OlK 6bina onpepeneHa ewe B 2016 r. Npwn aTOM, B OTAIM4ME OT NPOBOAVIMON B
90-ble rogpl NPOLIOro roga KOHBEPCUM MPOM3BOACTBA, OHA npegnofiaraeT CoxXpaHeHue
«OCHOBHOIro» MPOU3BOACTBA, & He ero yHu4toxeHue. lNpu nposefeHnn gmeepcudmkaumm
npoussogctea Ha npegnpuatnax OMNK He ocTaHaBnmBaloTCs OOOPOHHbIE MPOU3BOACTBA.
Mpon3BoacTBO NPOAYKUMM pPacLUMPSETCS OO YPOBHSA, MO3BOMSIOWErO MPOouM3BOAUTL B
TpebyemoM ob6beMe NPOOYKUMIO, KaK BOEHHOIO, Tak U rpaXkaaHCKOro Ha3Ha4YeHnsa ¢ y4eTom
ero oTpacieBon CTPYKTYpbl 1 pUCKOB Npou3soacTea [4; 5]. dnsepcndurkaums npon3soncraea
NPOAYKUMMN [O/MKHA OblTb MO BO3MOXXHOCTU MNPOUNBHON, TO €CTb COOTBETCTBOBAaTb
ocHoBHoW crneumanusauun otpacnen OlK. MNpn ee npoBegeHM HEOBXOANMO MaKCUManbHO
LLUMPOKO NCNONb30BaTbh KOMMNETEHLMN U NOTEHLMAN 060POHHBIX NPEANPUATUI, a rPaXkKgaHCKMe
NPOU3BOACTBA SBMASAKTCA OCHOBOM  MOOGUAM3ALMOHHOM 3KOHOMWKW W B Cryvae
HEOOXOOMMOCTM OHM [OJSKHbl OblTb FOTOBbl BEPHYTbCA K MPOM3BOLCTBY OOGOPOHHON
npoayKuum [6; 71.

M3HavanbHO rnaeBHOM Lenbio guBepcudukaumm nponssonctea Ha npegnpusatuax ONK
paccmaTpmBasncsa NX BbIXOA HA PbIHOK MpaXKaaHCKom npoaykummn (ee gona K 2025 r. gomkHa
6bina gocturHyTb 30% oT obuiero o6bema NpPon3BoAcTBa, a K 2030 r. - ao 50%) [8]. OgHako
Nno Mepe yxyAweHnsi BOEHHO-NONMUTUYECKON OBCTAaHOBKM B MUpPEe 1 pocTa yrpo3 Poccun co
ctopoHbl CLLA ©n ux COW3HMKOB LeENneBble 3agayn guBepcudukaymm nponssoacTaa
npoaykumn Ha npegnpusatuax ONMK yTodHsanucb n TpaHcdopmMmpoBanmck. locne Havana
crneunanbHOM BOEHHOM oOnepauMnm Ha YKpanHe BadKHEeWWwen uenbo ameepcudukaumnmn
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NPON3BOACTBA cTana paspaboTka 1 NPon3BOACTBO HOBbIX 06Pa3LI0B BOOPY>XEHUSA 1 BOEHHON
TEXHVKW, KOTOpble SBAAIOTCA rapaHTmen 6e3onacHoctn Poccunm n coxpaHeHus ee
rocyAapCTBEHHOrO CcyBepeHuTeTa. [Ona  paclwmnpeHus BO3MOXHOCTEM U MOBbILEHUS
6oecnocobHocTn BoopyxeHHbix cun Poccun HeobxoouMMo He TOMbKO  YBENUYMBATb
NPOV3BOACTBO TPAOULMNOHHLIX 06Pa3LI0B BOOPY>XXEHNSA, HO U padpabaTbiBaTb NPUHLMNNATBHO
HOBblE CMCTEMbl BOOPY>XEHUS, OCHOBaHHblE Ha HOBbIX (praundeckux npuHuunax [9; 10]. MNpwn
9TOM Heobxoammo obecneymBaTtb ONTUMU3ALMIO MCMOJSIb30BaHUA MNPOU3BOACTBEHHbIX
MOLLHOCTEN NpegnpusaTuii 060pPOHHO-NPOMBILLIEHHONO KOMMJIEKCA, a TaKXXe KOHLEHTpauuo
1 cneymnannaaumio Npon3soacTea npogykumm [11; 12].
MeToabl 1 METOANKMU

Mpw npoBepeHun gusepcudmrkaumm nponssogctaea npeanpuatua ONK gonmkHbl pelatb
OAHOBPEMEHHO 2 OCHOBHbIE 3ajadqn: ygoBneTBopeHune notpebHocTn Boopy>keHHbix Cun
Poccuinckon degepauun B NpoayKLUn BOEHHONO Ha3Ha4YeHns 1 NoTpebHOCTEN HaUMOHaNbHOM
9KOHOMWKN B BbICOKOTEXHONOMMYHON NPOAYKUNA FPaXXOAHCKOro HadHadeHus. [loatomy
CYLLHOCTb MeToan4eckoro obecneveHus gusepcundunkaumm nNpon3BOACTBA 3aK/IOHAETCA B
onpegeneHnn onTUManbHOro COOTHOLEHNS 06bEMOB NPON3BOACTBA NPOAYKLMN BOEHHOIO U
rPaXX0AaHCKOro Ha3HayYeHst Npu AOCTMXKEHUM IKCTPEMYMa BblOPaHHONW LIENeBON (PyHKLMN 1
y4yeTe COOTBETCTBYIOLWMNX orpaHndeHnia [13].

BaxkHelwmm orpaHnu4eHnem npouecca agneepcugurkaumm npon3BoacTea sSBAsSEeTCa ero
pecypcHoe obecnedeHne [14; 15]. B obwem Buae AaHHyO 3agadvyy MOXXHO MpeacTtaBuTb B
cnepgyoLiem Buge:

C WUY)= iy j Cij-Wij=max (1)
npwu:
Wij vV >Wijpl vV, Wif G >W jjpl G,
Y IY W WiV +Wi G )<Ri dop 2
roe C — nHTerpanbHblil KPUTEPUIA IKOHOMUYECKON 3(PEKTUBHOCTU auBepcurKaumu;
U* — paumoHanbHbin BapunaHT gusepcudunkaumm, U* €U , rae U — MHOXXECTBO BO3MOXKHbIX
BapmaHToB ameepcudukauumn; Wij — obwmin o6bem, NponsBoaNMON MPOAYKLMN BOEHHOrO
HadHadeHud j-ro suga (j=1,...,M) Ha i-om (i=1 ,..., N) npeanpuatun; Cij — CTOMMOCTb j-ro Buga
NPOAYKLUMM BOEHHOIrO HasHa4yeHusi, npous3sogmMmon Ha i-om npegnpuatun; Wij V , Wijpl V -
peasibHble U NnaHoBble O6beMbl NPOM3BOACTBA NPOAYKUMM BOEHHOro HasHadveHus; Wij G,
Wijpl G — peanbHble 1 nnaHoBble OObEMbI BbiNyCKa BbICOKOTEXHONOMMYHOW NPOAYKLNN
rpaxaaHCKoro HasHa4veHus:; | ij — cpegHue yaenbHble 3aTpaTthl PECYPCOB Ha NPOU3BOACTBO
NPOAYKLMMN BOEHHOro HasHaveHus j-ro suga (j=1,... ,M) Ha i-om (i=1 ,...,N) npegnpusatim; Ri
dop — gonyctumblin 06bemM pecypcoB BCEX BUOOB, Bbiaensembix i-my npegnpuatnio OlK.
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Ocobyto ponb B onTMMM3aUuK npouecca pueepcupukauun npousBoacTea  Ha
npegnpuaTnax OlNK nrpaet goctaTtoyHoe 1 pUTMUYHOE (DMHAHCPOBaHME AAaHHOMO npoLecca
[16; 17]. BnusHme pasnnyHbIX BHYTPEHHUX W BHELWHUX (aKTOpPOB, 4acTO UMELMX
HeonpeneneHHbIN XxapakTep, TPEOYT KOPPEKTUPOBKN pacnpeneneHns 06beMOB AEHEXHbIX
CPEACTB, BblOENAEMbIX Ha peanu3auuio OMBEPCUPUKALUNOHHBIX MEPONPUATUA C YYETOM
TEKYLLEN CKMaablBaLWENCsa BOEHHO-NOAUTUYECKON cuTyaumn. B ycnosusx pedvyuta
(bMHAHCOBbIX CpPEACTB, CIIOXKMBLUUXCSA B HaACcTosiLlee BpeMs, 3ahadya KOPPEKTUPOBKN
acCUrHOBaHU, HeobGXoauMMbIX  Ofs  peanuM3auuun  nporpammbl  avBepcudmKaumm
NPON3BOACTBA, CTAHOBUTCA OCOBEHHO 3Ha4umom [18].

[MoaTOMy B Takux yCNOBUSAX akTyaslbHOMN SABNSAETCSA 3afada pa3paboTkyu n 060CHOBaHUA
WHCTPYMEHTAPUS KOPPEKTUPOBKN TEKYLUMX ACCUIHOBAHUN B YCNOBUSX HEPUTMUYHOIO
unHaHCMpOBaHMA auBepCcUdUaLNOHHbBIX MeponpuaTuin. YTobbl pewnTb AaHHyto 3apady
Heo6X0oAMMO OMpeaenuTb CUCTEMY NPennoydTeHun Ans onpepeneHus obbema pecypcos,
KOTOpble HEOBXOOUMO BbIOENUTL AN KaXKOOro AnBEPCUMUKALMOHHOIO MeponpuaTus,
BXOASALLEro B mporpammy gusepcudukaunmn, npu orpaHn4eHnsix Ha oO6bemM UMEHOLLMXCS
PECYPCOB N BPEMEHHbIE XapaKTEPUCTUKN.

na pa3paboTkn hopManM3oBaHHONM MOLENN 3ada4vn KOPPEKTUPOBKM pacnpeneneHuns
(hbMHaAHCOBbIX CPEACTB, BbIOENSEMbIX HA peanu3aunio OUBEPCUPUKALVMOHHBLIX MEPONPUATUN,
0603Ha4YnM HeobXoaUMbIe UCXOLHbIE AaHHbIE CeayroLwmnM o6pas3om:

L —nuMnTbl 06BEMOB (PMHAHCMPOBaHMSA KaXXaoro Aro (i :1,_n) amBepCcnrKaLnoHHOro
MEPONPUATMS HA paccMaTpuBaEMbIl NEPUOA;

t 9
PCF - nnaHoBbin 06beM (hrHaHCUPOBaHMA AVBEPCUMUNKALIMOHHOO MEpPOnpuATUA B

nepvog Bpemenn f(

-
-
O
Tl
I

I

t=1

FCF' - akTudeckuii 06bemM (UHAHCUPOBAHUA /Aro  AMBEPCUPUKALIMOHHOrO

1
MeponpusaTUA B Nepunog BpeMeHn £
S - o06beM cpencrts, pacnpegensieMbix  Mexay — auBepcudUuKaumoHHbIMUK
MEepPONPUATUAMMI, BKIIKOYEHHBIX B MPOrpaMmy ansepcudurkauumn npoussoacTsa npu peLleHnm
OaHHOW 3a4a4u;
(S.,S,.--»S,) BEKTOP pacnpeneneHns AONOSHUTENbHO BblAeNsieMbIX CpeacTB, KOTopble

[AOMKHbI MOMHOCTBIO PacrnpenenaTbCs MexXay OMBepCUdUKaUMOHHBIMU MEPONPUSTUSMM
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-1 J—
SCF, :ZFCFit, I=1n - obbem CpeacTsB, WCMONbL30BaHHLIX B paccMaTpryBaeMoM
t=1

nepuoge ANs PrHaHCMPOBAHKS KaXXA0ro ANBEPCUhUKALVIOHHOrO MEPONPUSTHS;
SCF =L, — SCF, - o6bem Hencnonb3oBaHHO Ha MOMEHT PELLIEHNS| paCCMaTpUBaeMOli

3a4a4M YacTu IMMUTOB (PUHAHCMPOBaHMS KaXKA0ro AnBePCUMUKaLMOHHONO MEPOMNPUATHS;

n
SCF =ZSCE - CYMMapHbIi 06bEM HENCMOb30BaAHHON Ha TEKYLLUWI MOMEHT 4acTu
i=1

AMMNTOB (DMHAHCUPOBaHNSA MO BCEM OMBEPCUPUKALNOHHBIM MEPONPUATUSAM MPOrpamMmbl
ansepcudunkaunum npoms3BoacTea;
f — nepvon BpemMeHu, Ha KOTOPbI pacrnpenensoTca NOCTYNUBLLVE OOMNONHUTENbHbIE
(hbnMHaHCOBbIE CPEACTBA;
_ SCK,

h, T'— COOTHOLLEHME MPOU3BEAEHHbIX 3aTpaT U NUMUTOB (hMHAHCUPOBAHWS MO

KaXXgomy ,D,I/IBepCI/ICbI/IKaLl,I/IOHHOMy MeponpuAaATnio;

" SCF
i=1

S _ i
h> = n
>t
i=1
BCEM [J,VIBepCVICpVIKaLI,VIOHHbIM MEepPONnpPUATUAM,

h —h®
d = Ihs - OTHOCUTENbHAasA nepennara uivM Hegonnara Bcex AMBepCUUKaUNOHHBbIX
MEPONPUATUIA Ha TEKYLLINIA MOMEHT BPEMEHMW.
dopmMann3oBaHHYO MoAeNb 3afadqdny KOPPEKTUPOBKWU pacrnpeneneHns (uHaHCOBbIX
CpencTB, BblOeNsieMbIX Ha peann3aunio ANBEPCUPUKALMOHHBIX MEPONPUATUA, MOXHO

NnpeacTaBuTb B ClieayloLeM Buae:

- COOTHOLUEeHMe rnpon3segeHHblX 3atpat n IMM1nToB q.)VIHaHCVIpOBaHI/IFI no

> (d; +d)*> > min

i=1
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s S
S
SCF”

Ka)XKOoMy ANBEPCUMPUKALMOHHOMY MEPONPUATUIO OTHOCUTESIBHO YPOBHSA Heonna4YeHHON
4acTu IMMUTOB B NJIaHMPYEMOM pacnpeneneHnmn OnoMHUTENbHbIX CPEACTB.

LonycTtnm, 4yTto:

- nporpamma gusepcudukaummn npomnssoactea Ha npegnpusatusax OMNK BknoyaeT B
cebs k anBepCUPUKaLMOHHBIX MEPONPUATUIA;

roe d|*= — OTHOCWUTEeJIbHaA nepennara winm Heporuiata cpencts no

k

- KaXK[0€e U3 H1X OLeHMBaeTcs KO3 MULMEHTOM BaXKHOCTU Wi, ZWi =1;
i=1

- ONA peanu3aumm Fro amBepcudurKaumoHHOro MeponpusTua HeobxoamMm o6bem
hpuHaHcnpoBaHus L;

- MVHMMasbHO JOMYCTUMbIN YPOBEHb (hHaHCMpOBaHNs cocTaBnseT h%;

Torpa cTeneHb BbINOSIHEHMS ANBEPCUUKALMOHHOIO MEPONPUSATUS NPU BblAENEHNN HA

d.
ero peann3auuio CpeacTs B CyMME @) COCTaBUT qi = EI ,0<d< D

ANroput™m peLLeHnst paccMaTprBaeMon 3aaym npeacrasneH Ha puc.i.
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'

L;)PCE7FCE7S

v

-1
SCE=>"FCF

=1

W=t
2L
i=1

!
N

d—h;f

!

SCE =L,—SCFE,
!
xﬁ:i&f
i=l

'

Y (d,+d;)* > min

i=1
Zs, =S,

i=1
SCE +s, <L,
5,20,

v

( — ]

Puc. 1. Anroputm KOppeKTUpOBKU pacnpefeneHusl CpeacTs Ha peanvsaymio
AnBepCcUUKaLMOHHBLIX MEPOMPUATUIA
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Mopeno  pacnpepeneHnss  obwenn  cymMmbl  umHaHcupoBaHna S no A
AnBepCcnrKaLMOHHBIM MEPOMPUATUSAM, HanpasfeHHas Ha TO, YTOObl CTEMNEHb BbINOJIHEHMS
BCel nporpamMmmbl @ 6binia MakCuMasnbHOM, MOXKHO NPEACTaBUTb B CNeayoLwem Buae:

Q — max,

Zk:Di >S,i= 1.k,
i=1

d, > D, xi, (4)
100

k hj
S> D.x— |
LT

MpennoXXeHHbI MHCTPYMEHTapuUini - pewaeT 3agadyy ontuMmsaunnm (UHaAHCOBOMO
obecneyeHns OMBEPCUPUKALNOHHBIX MEPONPUATUA, OCYLLECTBAAEMbIX MNPEANnPUATUAMU
OlK, nyTemM KOPPEKTUPOBKM pacnpefaeneHnss TeKYLNX acCUrHOBaHWUN, BblOENSeMbIX Ha NX
peanusaumnio.

3aknoyeHue

B npegnaraeMoM  MHCTPYMEHTapuM  OCHOBHbIMW  KpUTEpYeM  onTuMusaumm
pacnpeneneHnsi  CPEeAcTB, BblOENsieMbIX Ha  peanu3auuio  AMBepPCUUKaLNOHHBIX
MEPONPUATUA Npu  UX NapasfieSlbHOM BbINOSIHEHUU, SBASAETCS MNPOMNOPLMOHaNIbHOCTb
HEen3pacxo4oBaHHON YacTn numuTta UHaAHCUPOBaHNS MNOCe O4YepenHOro pacnpeneneHuns
BblOeNsiEMbIX CPEACTB MO KaXkgoMy MeponpuaTuio. VIcnonb3oBaHMe OAaHHOro KpuUtepus B
npouecce huHaHCUpoBaHns AnBePCUPUKALMOHHBIX MEPONPUATUI noBbIWaeT
ONTMMabHOCTb yNpasneHus gmeepcudurkaynen nponssoacTaea Ha npegnpusatmax OMNK.

UccrenosaHmne BbIMOSIHEHO MpU rHaHCOBOU Mogaepxke Poccuickoro Hay4YHoro
@porHaa B pamMkax Hay4Horo rpoekta Ne 21-78-20001.
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Abstract. The objects of urban-ecological monitoring were the soils along the main highways of the Nizami district of
Baku. The purpose of the research work was to assess the ecological state along the central highways of the city. To determine
the ecological parameters of soils, an analysis of some chemical indicators of soils and biological activity of soils was carried
out. In the course of the work, field and laboratory methods were used to study the soils of urbanized areas. Conducted studies
based on the study of the content of heavy metals, humus content, activity of urease and catalase, as well as pH values revealed
the dependence of the biochemical parameters of soils on their location along the highways of Baku. As a result of the influence
of intensive road traffic on the activity of soil enzymes, high rates of urease and catalase activity, low humus content and a
significant weakening of soil enzymes in soil samples from the studied areas of Baku were revealed. The high lead content in
the first zone (26 mg/kg) allows us to draw a conclusion about the intensity of microbial-biochemical processes, the rate of
transformation of organo-mineral compounds. An analysis of the results of the studies and foreign experience in implementing
a set of measures to improve the ecology of urbanized territories made it possible to determine the degree of importance and
the need for the soonest implementation of measures to improve the ecology of soils in Baku.
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1. Introduction

One of the reasons for the deterioration of the state of ecosystems since the end of
the last century is the process of urbanization. More than half of the world's population today
lives in cities, and the trend of urban population growth is steadily growing. According to UN
data, in 2030 about 8.3 billion people will live on the planet Earth, of which about 5 billion will
live in cities (the share of the planet's urban population can grow to 60%) [ 17].

International journal of Professional Science
Ne6-2022

27


https://creativecommons.org/licenses/by/4.0/deed.ru|

Professional science applies the Creative Commons Attribution (CC BY 4.0) license to the materials published-
https://creativecommons.org/licenses/by/4.0/deed.ru|

The object we are studying is the soils of Baku. Today, Baku is the largest metropolis
in the country and the core of the Baku agglomeration. More than half of the country's
population lives here, most of the socio-cultural and educational institutions function, and the
industrial complexes of Azerbaijan are located. The presence of more than 70% of the
country's industrial potential in the Apsheron economic region is explained solely by the
historical position of the city and the Apsheron Peninsula. Baku is a large city with an area of
2430 km2 with a highly developed highway system. In addition, Baku, being the center of
industry in Azerbaijan, is steadily growing and developing, and its network of transport
infrastructure is also expanding.

One of the important points of the General Plan "Development Concept "Azerbaijan -
2020: a look into the future"" is the development of the country's integrated transport system.
Achieving environmentally sustainable socio-economic development of Azerbaijan is one of
the main goals of the concept. Measures taken to protect biodiversity, reduce and neutralize
the negative impacts of existing industrial complexes on the environment, eliminate pollution
of the Caspian Sea and its coastal zones and protect them, restore and plant green areas and
effectively protect all existing resources have been implemented and will be implemented in
the future. “Improvement of transport infrastructure” (one of the points of this program)
provides for the introduction of comprehensive measures for the reconstruction of road, rail,
water, air and underground (metro) transport.

Bringing the country's road transport infrastructure in line with international standards
dictates the need to expand highways in the direction of the East-West and North-South
transport corridors, complete projects for the reconstruction and construction of roads
nationwide. To do this, it is planned to replace gravel roads with hard-surface roads,
reconstruct and expand the network of roads of republican significance, ensure the transition
to international environmental standards, build road junctions and bridges with high
environmental safety, carry out work to modernize existing roads. All these works will be
carried out on the principle of ensuring the safety of the population. Along with the work to
improve the relevant infrastructure, intelligent transport control systems will be integrated in
large cities, the transport system of the capital and other cities, districts, villages will be
developed.

The above measures should contribute to the optimization of the functioning of
vehicles and the development of a network of environmentally sound modes of transport.
However, today it cannot be denied that vehicles serve as a source of pollution not only of air
and water, but also of the soil cover of highways and adjacent territories [13,18]. Highways are
laid both within the city and through agricultural lands, covering people, flora and fauna with
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a veil of pollutants. Relatively untouched territories are allotted for the construction of transport
infrastructure. In addition, the city is actually surrounded on all sides by operating oil fields,
some of which are located within the city itself.

During the construction of new and repair of existing roads, the road dust released at
the same time, the components of the exhaust gases of vehicles, negatively affect the land
fund. When asphalting, the soil cover is covered with water- and air-tight materials, which
negatively affects the properties of the soil [6, 9]. Most of the harmful substances emitted with
the exhaust gases of cars intensively settle at a distance of up to 30 m from the main road.
So, at a low speed, a car running on a gasoline engine emits 0.05% of hydrocarbons (of the
total emission) into the environment, and at low speed, the emission of pollutants is 0.98%,
carbon monoxide corresponds to directly — 5.1% and 13.8% [16].

Salt and other chemicals that are a component of anti-icing mixtures have a negative
impact on the ecological state of highways (their concentration causes drying of green spaces
along the roads). The ecological state of soils is also aggravated by the climatic conditions of
the region: high temperatures in the warm season and a high dose of ultraviolet radiation cause
intensive decomposition of petroleum products in soils. If we take into account the fact that
60-65% of the automobile transport of Azerbaijan is concentrated in Baku and the number of
cars in the republic is steadily growing, then we can guess the consequences of pollution with
harmful emissions of the environment [1].

The situation is aggravated by the fact that the share of vehicles that use less
environmentally friendly gas fuel is only 5%. The European Economic Commission of the
United Nations approved an environmental standard that reflects the need to comply with
established standards for the content of various hydrocarbons and other harmful substances
in automobile exhaust gases. To further reduce soil pollution in the Republic of Azerbaijan, the
national standard “Road transport. Ecological classes. According to this standard, depending
on the level of pollution, motor transport was divided into 6 classes, and from April 1, 2014, all
vehicles operating on the territory of the republic must use fuel corresponding to the Euro-4
standard. Restrictions do not apply only to individual brands of cars.

The importation of a large number of vehicles into the country, the construction of
filling stations and parking lots, which are the cause of the violation of the hydrological and
geochemical regime of landscapes, the emissions of exhaust gases and oils into the
environment by motor vehicles, have acutely posed the problem of preserving the city's
ecology. The tension of the geoecological state of the Apsheron landscapes, expressed by
the degradation of the soil and vegetation cover, is also a consequence of such factors as
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climate aridity, wind erosion, desertification, a significant excess of evaporation over
precipitation, a high level of radiation, non-leaching regime of soils [5].

On the Absheron Peninsula, mostly gray-brown soils. These soils are characterized by
a grayish-brown color, granulometric composition - mainly clay, loam, lumpy structure. As a
result of asphalting, the natural factors of soil formation change, for example, vegetation, relief,
and climate change. Prior to laying asphalt-concrete pavements, preliminary work is carried
out, such as filling the top layer of soil for surface uniformity or strengthening with concrete.
These actions to some extent reduce the amount of natural urban soils, as soils are mixed,
polluted with organic and inorganic substances (mainly construction waste and household
waste). Soils are also contaminated with heavy metals and oil products. These soils are
distinguished by low moisture capacity, stoniness, neutrality of the soil solution. The
physicochemical parameters of gray-brown soils under the conditions of the Apsheron
Peninsula depend on the type of soil cover structures (SCS) (Table 1) [8].

Table 1
Physical and chemical properties of gray-brown soils of the Apsheron Peninsula
Type of soil cover Depth of | Humus, | CaC0;, % Grading, % The
structures cut, cm % amount pH of
<0,001 <0,01 of aqueous
mm mm absorbed | suspension
base,
mg-eq
Gray-brown soils of 0-10 0,440 10,9 26,12 67,36 251 8,3

a radially rounded
type in the foothill

part 10-30 0,448 17,2 36,12 69,00 23,00 8,4
Gray-brown swampy | 0-10 1,90 21,1 8,24 23,12 20,8 8,2
soils of the flat part

10-35 0,96 21,5 7,64 21,28 22,3 8,2

The soil cover of urban areas can be considered a mirror image of the qualitative state
of the city's ecology, because soil properties affect the state of all other elements of the city's
ecosystem. The soil cover of the city of Baku, laid down in the climatic conditions of the arid
region, is represented mainly by varieties of gray-brown soils, characterized by a low content
of humus (1,2-1,8%), an alkaline reaction of the environment, low capacity absorption (about
20 meq. per 100 g of soil). Today, given the importance and relevance of the problem of
protecting land and the urban environment, there is a need to monitor indicators of the soil
cover of the territory along the roads and to study international experience in improving the
ecology of urban areas.
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2. Materials and methods

The main goal of the work is to study the ecological state of soils along the main
transport routes of Baku (Nizami district) (fig. 1). The Nizami district of Baku city covers an area

of 20 km? with a population of over 182 thousand people, the total area of green spaces is
40.0 ha.
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Figure 1. Map of highways of Nizami district of Baku city
When conducting research, field and laboratory methods were used to study the soils
of urbanized territories [15]. Soil sampling for the determination of heavy metals was carried
out at sites located close to communications; if possible, samples were taken at the same
temperatures of 25-280C [15]. The upper soil layer (0-10 cm) was studied. In the soil around
the highway there is an accumulation of metals such as cobalt, nickel, copper, zinc, and lead.
It has been established that the degree of transport pollution depends on the location of the
sail relative to the road. At a distance of up to 25 m (zone 1) - the greatest accumulation of
metals. The second zone (within 25-100 m) - at this distance, the accumulation of metals

weakens due to the large dispersion of the air flow. Heavy metals were also found in the third
zone (200 m from the highway) (table 2).

Table 2
Metal content in soils (mg/kg)
Place of Metals
selection Co Ni Cu Zn Pb
| 22 62,5 60,0 125 26,0
I 15,9 42,3 46,2 114 24.0
1] 10 40,1 43,4 100,9 23,2
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It is possible to inactivate heavy metals in the soil or to significantly reduce their toxic
effect by different methods [2]. All these methods are mainly based on the use of lime and
phosphate substances in combination with organic substances. For this purpose, along the
main major highways of the Nizami district1, at a distance of 3-5 m from the road, soil samples
were taken for research from depths of 0-10 cm. Soil sampling for analysis was carried out
according to approved methods [15]. To identify the ecological state of the territories adjacent
to highways, the chemical indicators of soils (determination of humus and actual acidity) and
the biological activity of soils (determination of urease activity and catalase activity) were
studied. Soil samples taken for research from the territories of 4 main highways in Baku differ
in their degree of contamination.

Under conditions of technogenic impact on the urban environment, a distinctive
humus is formed, the composition of which differs markedly from the humus of soils that are
not subject to anthropogenic impact. To determine the degree of resistance of soils along
highways to the impact of the emission of harmful and toxic substances, the value of humus
was determined. Determination of the amount of humus, which is an important indicator of the
ecological potential of soils, was carried out according to the method of I.V. Tyurin. To do this,
a soil sample was sifted through a sieve with 0,25 mm holes and the soil sample was weighed
on an analytical balance to 0,5 g. in a 1:1 ratio with diluted sulfuric acid. The contents of the
flask were boiled for 5 min, then cooled and, after adding 10 drops of phenylanthranilic acid,
titrated with 0,2 N solution of Mohr's salt until the solution turned dirty green.

In urbanized conditions, as a result of anthropogenic impact on the environment, there
is a change in the indicator that determines important stages in the conversion of nitrogen-
containing compounds in the soil [3]. As a result, there is a violation of all soil functions.
Therefore, the study of urease activity, which makes it possible to assess the biochemical
potential of soils, as well as their self-cleaning ability, is a very important step in identifying the
ecological state of the soil. In this work, we use an express method for the determination of
urease, which is advisable to carry out to assess the violation of the stages of the conversion
of nitrogen-containing compounds in samples of a large volume of urban soil covers.

For analysis in laboratory conditions, the following were used: technical scales, Petri
dishes (diameter ~10 cm), indicator paper, urea, watches. A 50 g sample of soil and 0,5 g of
urea preliminarily diluted in a small amount of distilled water were placed in a Petri dish. The
cup was covered with a lid (leaving a gap between them for the reaction to proceed) with a
strip of filter paper impregnated with the indicator solution attached to the inside. The data
resulting from the decomposition of urea, accompanied by the formation of ammonia, causing
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a change in the color of the indicator paper (the exposure time of the cups was 3,5 hours, the
samples were taken in May), are listed in table. 3.
Table 3
Biochemical indicators of soils along the main thoroughfares of the city of Baku

Name of motorways
Indicators Babek Avenue Heydar Aliyev Kara Karaev Rustam Rustamov
Avenue Avenue street
Humus content, % 1,2 1,2 1,4 0,9
Urease activity, 3,9 41 4,5 3,8

mg NH; /100g soil
Catalase activity, 27 25 28 27

ml 0,/min

pH water 7,67+0,11 7,65+0,09 7,63+0,1 7,92+0,1

Changes in soil properties also have a significant impact on such a biochemical
indicator as catalase activity [14]. The activity of catalase depends on the redox processes
occurring in the soil and its granulometric composition. Determination of catalase activity was
carried out by the gasometric method described in [15]. The gas volume was measured after
1 min.

Intensive pollution of roadside soils of motorways causes changes in the chemical
composition of soils, leading to the processes of transformation of the components of the
mineral and organic parts of the soil, as a result of which a change in actual acidity occurs.
For better dispersion of the soil in the aqueous solution, an electric stirrer was used while
shaking the flasks. Soil acidity was determined using a pH meter.

3. Results and Discussion

As can be seen from the obtained data (Table 3), the content of humus in the soils of
highways in Baku varied from 0,9 to 1,2%. This difference in the humus index is explained by
the fact that a gas station is located along Rustam Rustamov Street and samples were taken
close to it. The reason for the low content of humus in the soil is caused by the lack of nutrients
in urbanized soils, which, in turn, leads to an acceleration of the processes of humus
mineralization. The low quality of soil fertility is caused by high rates of mineralization of organic
matter.

When comparing the obtained data on the activity of the urease enzyme in soils near
highways, a low activity of the urease enzyme was revealed. This fact indicates that the studied
soils are characterized by a high number of bacterial microflora and this, in turn, is
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accompanied by a low activity of soil enzymes. In the study of soil along highways with heavy
traffic (Babek Avenue and Heydar Aliyev Avenue) with grass, exposed to pedestrians, exhaust
gases and other anthropogenic and technogenic factors, a significant weakening of soil
enzymes, which play an important biogeochemical role, was revealed. Enzymes carry out
functional connections between the soil and the microorganisms inhabiting it and thereby
contribute to maintaining the integrity of the ecosystem. Microorganisms, in turn, support the
processes of transformation of substances that take place with the participation of various
groups of enzymes.

Metabolic processes occurring in the soil are determined to a large extent by
environmental conditions. Thus, as can be seen (table 3), all soil samples are characterized by
a certain pH optimum. The optimal pH values for ureases and catalases are in the range from
6,3 to 7,2. Changes in soil pH lead to a decrease in urease activity as a result of a reversible
process representing the ionization (deionization) of acidic (basic) groups in the active site of
the enzyme. It is known that enzymatic activity decreases with increasing soil salinity [7]. High
levels of urease and catalase activity in the soil sample from Kara Karaev Avenue suggest that
this soil is more saline than other samples.

Very high rates of catalase activity in soils along the highways of Baku (25-28) ml 0,/1
min/1 g of soil make it possible to judge the intensity of microbial-biochemical processes, the
rate of transformation of organo-mineral compounds, and, as can be seen (table 2 ), an
increase in the lead content in the first zone (26 mg/kg). Thus, the conducted studies showed
that the emissions of road transport, settling along the road as a whole, increased the activity
of the studied soil redox enzymes. The manifestation of a high indicator of catalase activity at
a distance of 5 m along the road is a consequence of the sedimentation of pollutants on the
surface of the soil cover.

The high value of active acidity is the result of the multiplication of Azotobacter
microorganisms. The limiting factor in the presence of alkali-resistant Azotobacter
microorganisms in the soil cover may be the presence of a large number of toxic substances
in it. Alkalinization of the soil along highways is usually the result of the penetration of calcium
and magnesium chlorides into the soil, which are an integral component of the means
sprinkled on the soil along sidewalks and roads in the winter season to prevent highways from
being covered with ice. Considering that concrete and asphalt concrete are considered
conditionally impervious coatings, and with poor-quality road surface, harmful components,
being washed out, seep into the depths of the soil cover. In addition, soil alkalinization occurs
due to lime dust settling when roads are covered with cement, which also contains calcium.
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4. Measures to reduce and prevent soil pollution along highways

There is a direct relationship between the speed of a car and the emission of harmful
substances into the environment: the higher the speed of a car, the more toxicants are emitted
onto the roads (Table 4). Consequently, highways with high-speed traffic are considered the
most polluted. The problem of pollution of highways with harmful emissions (changes in
various soil properties, migration of pollutants, pollution of groundwater, etc.) is relevant for
specialists in various fields of knowledge and encourages them to look for methods to solve it
[19]. To date, effective biological products are being developed to increase the biological
activity of soils at the microbiological and enzymatic levels [10].

Table 4
Approximate amount (in%) of components of exhaust gases under
various modes of operation of vehicles

The amount of pollution emitted under different modes
Exhaust Engine idle Constant speed Acceleration Deceleration from
components from 0 to 40 km/h 40 to 0 km/h
Carbon monoxide 0,5-8,5 0,3-3,5 2,5-5,0 1,8-4,5
Hydrocarbons 0,03-0,12 0,02-0,6 0,12-0,17 0,23-0,44
Nitrogen oxides 0,005-0,01 0,10-0,20 0,12-0,19 0,003-0,005

According to the recommendations of experts, the most convenient, promising and
economical way is to divide the highway into separate sections, taking into account the objects
adjacent to the highways. Technological solutions used in Germany and Austria (accumulative
treatment facilities with deep wastewater treatment, flow-through facilities for oil products,
sand and large debiris, filtering treatment facilities to prevent soil erosion and clean up surface
runoff) for wastewater treatment help prevent environmental pollution from highways and
nearby territories [9]. Therefore, when designing new highways, building and expanding them,
such technical solutions for treating main sewage should be adopted. However, all these
methods require large capital costs.

Particular attention should be paid to sections of highways with light soil. It is from
these areas that the unhindered penetration of toxicants into soil and underground horizons
occurs, which are almost impossible to clean. A decrease in the intensity of pollutant migration
in the soil environment can be embodied by an increase in the buffer capacity of soils. Given
the threatening environmental conditions on the highways of Baku, it is recommended to apply
organic and mineral fertilizers to improve soil fertility.

Preservation of soil ecology along highways is possible by improving the development
of road transport [4]. One of the options for this kind of action can be the improvement of
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internal combustion engines of vehicles without high-speed and expensive re-equipment of
the enterprises producing them, as well as the transition of vehicles from a fuel-based option
to an electric one, which excludes the release of hydrocarbon combustion products into the
environment. Such shortcomings of cars as a short range, lack of charging are being solved
today.

Another option is to improve transport infrastructure. A renovation solution for
improving the transport infrastructure of Baku is the development of an environmentally
friendly way of traveling by bicycle and tram, which are widely used abroad. For example, as
a result of work on organizing lines of environmentally friendly modes of transport in Canada
by 2031, it is expected to increase the passenger flow of cycling by 2,4 times compared to
2011 [12]. An example of the introduction of lines of environmentally friendly modes of
transport is the organization in 1985 of the green corridor of the tram line in Nantes in France,
the construction of a multimodal station in Melbourne in Australia and the construction of
multimodal traffic lanes in Mannheim in Germany. The initial stage of the development of the
tram network in Baku is the construction of a tram line along the embankment, the construction
of railway lines to the Baku International Airport. Heydar Aliyev and the tourist centers of
Shahdag and Gabala [12]. The successful implementation of street improvement (the concept
of the development of multifunctional streets) can also have a positive environmental effect
[11].

The environmental problem can also be solved by reducing the weight of the car. There
are more than 1 million vehicles of various types in the Republic of Azerbaijan. If we take into
account that each of them during the year is a source of pollutants emitted into the urban
environment, equal to their weight, and the weight of one vehicle, for approximate comparison,
is taken as 300 kg, then over 300,000 tons of pollutants are emitted into the atmosphere of
Baku per year . Reducing the weight of the car, and as a result of this, less fuel consumed are
conditions for reducing the environmental damage caused to the environment. All of the above
predictive solutions, combined with the successful implementation of the concept for the
development of multifunctional streets, will help improve the environmental situation in general
and, in particular, improve the condition of the soil cover of one of the most beautiful cities -
Baku.

5. Conclusions

A certain dependence of the biochemical parameters of soils on their location along
the highways of Baku has been established. Experimental data on the study of the effect of
heavy road traffic on the activity of soil enzymes revealed high levels of urease and catalase
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activity in soil samples from the studied zones of the Nizami district of Baku and, as a result,
relatively low biological activity. Foreign experience in the implementation of a set of measures
to improve the ecology of urban areas has been studied. Studies of international experience
and analysis of the results of the studies made it possible to determine the degree of
importance and the need for the speedy implementation of measures to improve the ecology
of soils in Baku.
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Abstract. The aim of the work was to study the influence of soils from different functional zones of the city of Baku,
contaminated with heavy metals on physical, chemical and biological indicators, to conduct a comparative assessment of soil
indicators, as well as to identify the degree of contamination of the studied soil samples through biotesting. Soil samples were
taken and prepared for analysis in accordance with state standards 17.4.4.02-84. Studies to determine the physicochemical
parameters of soils and biotesting were carried out in the field and laboratory conditions. Biotesting of soil samples revealed
a low phytotoxic effect on the third day. For watercress, soil phytotoxicity manifested itself in stimulating the development of
the root system and sprout. According to the calculations, a decrease in the length of watercress roots was noted in test samples
of all territories, with the exception of the soil sample from Dede Gorqud Park, which indicates a low degree of soil
phytotoxicity. The watercress sprout length indicators revealed a weak degree of phytotoxicity of all experimental soil samples,
with the exception of the Baku TPP experimental site, where this indicator was 40%. All districts and zones of the city of
Baku, as well as recreational and residential areas, are characterized by high the integral indicator of the biological state (IIBS)
of the soils taken from different functional zones. The average value of the maximum value of the IIBS of the recreational zone
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1. Introduction

In connection with the growth of urbanization, which is inextricably connected with the
development of the temps of industry, with an increase in the territories allocated for the
construction of residential areas, with the rapid growth of vehicles, the analysis of urban soils
is a paramount and important task today [12], [16].

Baku is a large developing metropolis, which is polluted with waste from the enterprises
of the machine-building, food, oil and gas, petrochemical and oil industries. In the coming
decades, it is planned to increase the area of the city, however, to expand the transport
infrastructure and for the construction of residential and industrial facilities, new “untouched
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open areas” are allocated, which leads to a violation of the soil profile, the death of microflora
and soil animals, and the deterioration of soil properties.

The accumulation of pollutants in the soil is explained by the fact that, unlike the
atmosphere, the soil is a sedentary medium and the process of migration of harmful
substances proceeds much more slowly [5]. The accumulated toxic harmful substances seep
into the groundwater. The rate of their entry into groundwater directly depends on the
mechanical composition and physicochemical properties of soils, as well as on the
geochemical characteristics of pollutants.

Taking into account the fact that within the city there are large oil territories, saline
soils, oil producing and oil refineries, machine-building plants, as well as other large industrial
facilities, the city is subject to severe technogenic pollution [8].

The problem of soil pollution with a large number of pollutants, among which heavy
metals, which are of paramount importance in terms of the scale of pollution and the impact
on biological objects, has been the subject of many scientific works and studies. However,
due to the accelerated temp of economic growth, unregulated territorial development and
population growth in the capital city of Baku, a long-term plan for the development of the city
has been developed and the environmental and geochemical assessment of urban soils is in
great demand. [9].

According to literary sources, heavy metals play an important role for the normal
course of vital processes in all living organisms, but on the other hand, when the permissible
concentrations are exceeded, they are toxic and can Kill all living things [11], [14]. Most of the
heavy metals emitted into the atmosphere as waste products from petrochemical and oil
refineries and other enterprises are deposited on the surface of 0-10 cm of urbanized and 0-
20 cm of arable soils.

The factors influencing the uneven distribution of heavy metals (aluminum, cadmium,
chromium, copper, lead, nickel, silver, vanadium, zinc and others) in the soils of the Apsheron
Peninsula include the following: population density, meteorological features, landscape
conditions, geochemical factors , features of pollution sources (production of petroleum
products), the introduction of organic and phosphorus fertilizers rich in cadmium and
containing impurities of uranium and lead into the soil, the use of pesticides [1].

An increase in the concentration of heavy metals in the soil leads to a rupture of natural
ecological bonds, an acceleration of the processes of mineralization of soil humus, a change
in acidity and alkalinity, etc. Heavy metals that pose a danger to the environment include more
than 40 metals from the periodic system of D. |. Mendeleev, and among them, xenobiotics,
i.e., metals that are not part of biomolecules, pose the greatest danger to humans. It is these
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metals and their compounds that play a primary role in increasing the number of genetic
mutations, cancers and various pathologies [3], [7].

The results of scientific research on the identification of amounts of heavy metals in
the soils of Baku and the Absheron Peninsula as a whole allow us to conclude that the zones
with the maximum technogenic load, i.e., the zones where industrial facilities are located, or
these zones are most affected by heavy metals located along major highways, in the zone of
toxic landfills (there are 7 of them in the territory of Baku) and municipal solid waste (fig. 1).

o W N s

Fig.1. Scheme of pollution of soils of the Absheron Peninsula with heavy metals (according
to the Ministry of Ecology of Azerbaijan, 2000):
1-uncontaminated land, 2-minimal pollution, 3-light pollution, 4-medium pollution, 5-heavy
pollution.

According to the literature data, due to the technogenic impact, the soils of the city of
Baku are heavily polluted with heavy metals [10]. It is known that the central and industrial
zone, as well as the oil production zone, are predominantly polluted with substances of the
1st and 2nd hazard class. Thus, the maximum concentration of lead exceeds the maximum
permissible concentration (MPC) by 18 times, cadmium, tin and molybdenum by 2-5 times,
nickel, chromium, manganese by 1-5 times. Soils in Baku are also contaminated with mercury,
which comes from industrial plants in Sumgayit.
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The results of studies of the impact of heavy metals on phytotoxic activity in the soil
should be the foundation for the development of preventive measures aimed at preventing the
negative consequences of pollution [17], [6], [18], [2].

The purpose of the work is to study the influence of soils contaminated with heavy
metals on the physicochemical and biological indicators of soils, as well as on the phytotoxic
activity of soils in different functional zones of the city of Baku.

In accordance with the given goal, the following tasks were set.

1. To study the scientific research works of domestic and foreign authors, whose
work is aimed at studying the effect of heavy metals on the indicators and phytotoxicity of
soils;

2. Conduct a comparative assessment of the indicators of soils contaminated with
heavy metals taken from different functional zones of an urbanized area;

3. To identify the degree of contamination of the studied soil samples through
biotesting;

4. Determine the average values of each indicator of soil biota activity according to
[IBS of soils for the functional zones of the city.

2. Materials and methods

Studies to determine the physicochemical parameters of soils and biotesting were
carried out in the field and laboratory conditions [20]. In particular, the soils of the city were
studied in the following locations: a thermal power plant, along highways, soils of areas
designated for wasteland, soils of recreational areas. Soil samples were taken and prepared
for analysis in accordance with state standard 17.4.4.02-84.

Samples of open soil were taken from a depth of 0-10 cm, 10-20 cm.

To determine the ecological state of soils in urban areas, the chemical indicators of
soils (determination of humus and actual acidity) and the biological activity of soils
(determination of catalase activity and soil phytotoxicity) were studied.

Sampling sites include the following areas.

Crossroads is one of the busiest highways in the Narimanov region. The constant
traffic flow of Tabriz and Aga Neymatulla streets (near the Nariman Narimanov metro station)
is the cause of the anthropogenic load on the nearest ecosystems (and in particular on the
soil, fig. 2).
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Fig.2.

Wasteland along the street. Samedbek Mehmandarov and st. Abbas Fatullayeva (fig.
3). The object is fenced along the perimeter, there are no buildings, no cars and green spaces
were noted.

Fig.3. Wasteland along Samad bey Mehmandarov street and Abbas Fatullayev street Baku
TPP, (coordinates: 40°22'25" N 49°55’'11" E) (Fig. 4)
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Fig.4. "Azerbaijan" Thermal Power Station - Only Power Station in Country Capable of
Operating on Fuel Oil

Dede Gorgud Park. The park is surrounded on three sides by highways, on which auto
traffic is constantly boiling, an artificial lake with an area of three hectares and a waterfall have
been created (fig. 5).

Fig.5. Dede Gorgud Park
An initial assessment of soil quality was carried out at the sampling site. During the
initial assessment, such positions as the presence of vegetation, anthropogenic inclusions in
the soil, hardness, stonyness, and clutter were considered. The soil samples studied by us are
classified as naturally anthropogenic, superficially altered. Traces of anthropogenic load are
found at all sampling points in the form of inclusions of construction and household waste.
Most of the emissions of pollutants into the urban environment are concentrated on the soil
surface, where they, gradually accumulating, can lead to a change in the physical and physico-
chemical properties of the substrate.

International journal of Professional Science 44
Ne6-2022


https://creativecommons.org/licenses/by/4.0/deed.ru|

Professional science applies the Creative Commons Attribution (CC BY 4.0) license to the materials published-
https://creativecommons.org/licenses/by/4.0/deed.ru|

Sampling was carried out under comparatively similar weather conditions.

Conclusions about soil phytotoxicity were made on the basis of seed germination data
(length of roots and green sprouts). The seeds of watercress, which are highly sensitive to the
presence of toxic substances in the soil, were used as a biotest.

3. Results and Discussion

The average indicators of biochemical indicators of soil samples in areas with varying
degrees of technogenic load were analyzed. Environmental conditions significantly affect the
metabolic processes occurring in the soil. So, as can be seen from table. 2, the optimum pH
values for catalases are in the range of 5,8 to 7,92. Changes in soil pH are accompanied by a
reversible process, the essence of which is the ionization of acidic or basic groups in the active
center of the enzyme. According to literary sources, the primary task to overcome all negative
processes (dehumification of cultivated soils, low enzymatic activity, etc.) is to increase the
biological activity of the soil and the content of organic matter through the application of
organic fertilizers, the use of bacterial fertilizers, the use of green manure crops and green
spaces [2]. The high rate of catalase activity (0,76) in the soil sample from the intersection of
Tabriz and Aga Neymatulla streets suggests that this soil is contaminated with carbonate
crushed stones, which are used in the construction of highways, is more saline compared to
other samples due to the use of anti-icing mixtures and other factors.

An analysis of the tabular data leads to the conclusion that the low content of humus,
ranging from 0,9 to 1,4, is an important indicator of their ecological potential, characterizing
the degree of soil resistance to heavy metal pollution. The low content of humus activates the
rate of organic matter mineralization processes, which leads to a deterioration in soil quality,
and, consequently, fertility.

The catalase enzyme is a measure of the soil's ability to process hydrogen peroxide.
The catalase activity index varies from 0,58 to 0,76. The low indicator of catalase activity in
soil samples from the territory of the Baku TPP and the high one in samples from the Dede
Gorgud park is explained by less disturbance of the soil cover in parks than in industrial zones.
The catalase activity of the soil from the territory of the Baku TPP is characterized on a scale
as very weak, in three other territories - the catalase activity is weak. This fact only confirms
that the city of Baku is highly prone to technogenic pollution, so there is an urgent need to
reduce the intensity of heavy metal migration in the ecosystem.

Phytotoxicity is the ability of polluted soil to slow down plant growth, leading to
disruption of physiological processes. Phytotoxicity is the most informative and reliable
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indicator of technogenic transformation and resistance of soils in urban areas to heavy metal
pollution [21] The assessment of the level of soil phytotoxicity was carried out according to
the method described in work [13]. The level of soil phytotoxicity was carried out according to
four levels:

* < 10% - ecologically clean soil;

e from 10 to 30% - weak phytotoxicity;

¢ from 30 to 50% - average phytotoxicity;

* 50% - high degree of phytotoxicity.

In table 1-4 show the lengths of the root and sprout on soil samples on days 3, 5, and
7 of research, mm.

Table 1
Morphometric indicators of the length of the root and sprout on days 3,5,7 of the study (mm)
for a soil sample taken from the intersection of Tabriz and Aga Neymatulla streets

Ne on day 3 onday5 onday 7
check Point check Point check Point
~ |3 1= |38 |= |3 |« |3 |« |3 <3
s |g |8 |g |8 |8 |8 |8 8 |8 S| g
1 10,8 | 6,1 20,2 | 8,8 33 53 | 27,1 40 54 49 25 54
2 6,3 52 | 17,3 | 6,1 29 49 13,2 32 51 44 26 49
3 9,2 6,8 | 23,1 | 10,9 24 30 | 21,1 38 55 47 31 52
4 13,8 | 8,1 152 | 6,2 20 33 | 34,2 45 38 46 28 59
5 16,9 | 79 | 124 | 12,3 25 47 | 32,3 | 47 40 40 37 56
6 8,3 42 | 21,2 | 141 15 40 | 22,2 36 46 47 35 47
7 179 | 71 14,8 | 10,1 29 48 | 31,1 40 51 41 31 55
8 148 | 59 6,8 5,3 15 29 13,2 18 34 44 28 52
9 16,1 8,1 22,1 | 13,9 22 47 | 259 | 35 36 35 18 41
10 8,1 6,9 | 142 | 7,3 28 46 16,1 38 17 39 15 35
the 122 | 6,6 | 16,5 | 9,42 24 | 42,2 | 23,6 | 36,8 | 42,2 | 43,3 | 29,7 | 50
average
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Table 2
Morphometric indicators of the length of the root and sprout on the 3rd, 5th, 7th day of the
study (mm) for a soil sample taken from the wasteland along Samad bey Mehmandarov
street and Abbas Fatullayev street

Ne on day 3 onday5 onday 7
check Point check Point check Point
5 5 5 5 5 5
5 | |5 |2 |3 |& |5 & |3 |8 | 3|¢t
9 /7] pud /7] e /7] pud /7] pud /7] pust (2]
1 10,8 6,1 22 10 33 53 38 35 54 49 16 54
2 6,3 5,2 13 9 29 49 29 39 51 44 32 51
3 9,2 6,8 11 11 24 30 10 34 55 47 44 47
4 13,8 8,1 21 13 20 33 16 39 38 46 35 59
5 16,9 7,9 20 10 25 47 15 44 40 40 32 61
6 8,3 4,2 24 11 15 40 47 39 46 47 55 59
7 17,9 7,1 15 9 29 48 24 29 51 41 37 25
8 14,8 5,9 20 11 15 29 34 40 34 44 49 54
9 16,1 8,1 10 7 22 47 36 39 36 35 39 56
10 8,1 6,9 16 8 28 46 25 37 17 39 41 51
the 12,2 6,6 17,2 9,8 24 42,2 | 27,7 | 37,7 | 42,2 | 43,3 38 51,7
average
Table 3

Morphometric indicators of the length of the root and sprout on the 3rd, 5th, 7th day of the
study (mm) for a soil sample taken from the territory of the Baku TPP

Ne onday 3 onday5 onday7
check Point check Point check Point
5 5 5 5 5 5
5 |2 |3 |g | |[g |8 |g |8 |8 5| @
° 73 ° 73 o 73 ° 73 <] 73 ° | &
1 10,8 6,1 24 18 33 53 26 35 54 49 36 49
2 6,3 5,2 10 7 29 49 25 34 51 44 21 45
3 9,2 6,8 14 12 24 30 20 22 55 47 34 51
4 13,8 8,1 18 17 20 33 25 40 38 46 36 40
5 16,9 7,9 11 6 25 47 38 35 40 40 41 37
6 8,3 4,2 17 8 15 40 15 31 46 47 22 44
7 17,9 7,1 22 16 29 48 19 35 51 41 26 45
8 14,8 5,9 19 12 15 29 27 29 34 44 21 39
9 16,1 8,1 15 5 22 47 26 36 36 35 15 36
10 8,1 6,9 15 6 28 46 15 38 17 39 28 39
the 12,2 6,6 16,5 | 10,9 24 42,2 24 34 42,2 | 43,3 | 28,1 | 42,5
average
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Table 4
Morphometric indicators of the length of the root and sprout on the 3rd, 5th, 7th day of the
study (mm) for a soil sample taken from the territory of Dede Gorgud Park

Ne on day 3 onday5 onday 7
check Point check Point check Point
- 13 |« |3 |= |3 |« 13 |+ |3 < |3
s |8 |8 |8 [e |§& |8 |& |8 |%§ S| 5
1 10,8 6,1 20 11 33 53 20 29 54 49 38 26
2 6,3 5,2 7 5 29 49 17 11 51 44 61 53
3 9,2 6,8 8 4 24 30 30 31 55 47 45 46
4 13,8 8,1 6 3 20 33 35 45 38 46 42 31
5 16,9 7,9 10 3 25 47 38 36 40 40 64 49
6 8,3 4,2 8 4 15 40 48 33 46 47 52 45
7 17,9 7,1 7 4 29 48 44 25 51 41 57 53
8 14,8 5,9 21 16 15 29 37 43 34 44 64 55
9 16,1 8,1 25 13 22 47 52 43 36 35 45 53
10 8,1 6,9 31 16 28 46 31 24 17 39 51 29
the 12,2 6,6 14,3 7,6 24 42,2 | 354 | 32,2 | 42,2 | 43,3 | 51,9 44
average

According to the results of laboratory studies, the length of the watercress sprout is
higher than this control indicator at the sites: “the intersection of Tabriz and Aga Neymatulla
streets”’and "Baku TPP" by 1,5 times, at the site "Wasteland along the street. Samad bey
Mehmandarov and Abbas Fatullayev street” by 1,3 times.

The root of a plant is the organ that is in direct contact with the soil, therefore, by the rate
of its growth and development, one can judge the degree of soil contamination or, in other
words, its exposure to anthropogenic impact. With an excessive amount of heavy metals in
the environment, the protective autoregulatory mechanisms of the plant weaken, excess ions
enter both the root and the aerial part of the plants.

The ecological state of the territory was determined by biotesting with watercress. We
have noted that for watercress, the length index of the main root, which characterizes the
phytotoxicity of the soil, can vary from 12,2 cm in the control (distilled water) to 17,2 cm at the
sites “crossroads of Tabriz and Aga Neymatulla streets”; "Baku TPP" and "Wasteland along
the street. Samad bey Mehmandarov and Abbas Fatullayev st. Heavy metals also penetrate
into plants through the root system. At the same time, such mechanisms can be involved in
admission, through which the concentration of incoming heavy metals can be significantly
minimized. For example, when using growth regulators of natural origin, the level of heavy
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metals in the plant is significantly reduced and the degree of dependence of their
concentration on fruit weight is noticeably reduced [19].

The difference between the length of the roots of plants germinated in aqueous extracts
of the control sample (distilled water) and the test samples averaged 2-4 cm, and the length
of the main root in the samples of the control sample varied from 24,0 cm to 27,7 cm.

When comparing the length of the root of the sample "Wasteland along the street.
Samedbek Mehmandarov and Abbas Fatullayev Street” and two other samples “CHP” and
“Intersection of Tabriz and Aga Neymatulla Streets” there was a slight increase in the first
sample and a decrease in this indicator in two other cases. The lowest growth rate of
watercress sprouts (42,5 cm), when compared with the control sample, is from the Baku TPP
site, and the highest (50 cm) from the intersection of Tabriz and Aga Neymatulla streets.
According to the studies, the length of the watercress sprout is 1,3 times higher than this
indicator of the control sample from the section “crossroads of Tabriz and Aga Neymatulla
streets”, 1,2 times from the site “Wasteland along the street. Samedbek Mehmandarov and
Abbas Fatullayev Street” and 1,1 times from the section “Dede Gorgud Park”.

The highest rate of root growth (1.4 times) was observed in watercress from the "Dede
Gorgud Park" site, the smallest - "Crossroads of Tabriz and Aga Neymatulla" and "Baku
Thermal Power Plant". The calculated indicators of phytotoxicity of soil samples along the
length of the root and along the length of the stem are presented in table. 5.
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Table 5

Indicators of phytotoxicity of soil samples along the length of the root and sprout

Samples from territories Distribution period, days
3 5 7
£ S £
E | E |E |E |E |E
= c = c = c
(@) = (@] = (@) =
s 5§ |8 |5 |8 |§
s /s |2 |38 |2 |
[ o a o) o3 o)
n o %) o n o
By spine length
Control sample 12,2 | - 24 - 422 | -
Crossroads of Tabriz and Aga Neymatulla streets 16,5 | - 23,6 | - 29.7 | -
Phytotoxicity, % 352 | - 2 - 29.62 | -
Baku TPP 10,9 | - 24 - 28.1 | -
Phytotoxicity, % 10,7 | - 13 - 33.41 | -
Wasteland along Samad bey Mehmandarov street and 17,2 | - 27,7 | - 38 -
Abbas Fatullayev street
Phytotoxicity, % 41 - 17,2 | - 9.95 | -
Dede Gorgud Park 143 | - 354 |- 519 | -
Phytotoxicity, % 17,21 | - 47,5 | - 23 -
Along the length of the sprout
Control sample - 6,6 - 42,2 - 43,3
Crossroads of Tabriz and Aga Neymatulla streets - 9,42 | - 36,8 - 50
Phytotoxicity, % - 42,7 | - 12,8 - 15,5
Baku TPP - 10,8 | - 34 - 42,5
Phytotoxicity, % - 63,6 |- 37,7 - 51,7
Wasteland along Samad bey Mehmandarov street and - - - - - -
Abbas Fatullayev street
Phytotoxicity, % - 48,5 | - 10,7 - 19,4
Dede Gorgud Park - 7,6 - 32,2 - 44
Phytotoxicity, % - 15,2 | - 23,7 |- 2

Biotesting of soil samples revealed a low phytotoxic effect on the

third day. For

watercress, soil phytotoxicity manifested itself in stimulating the development of the root
system and sprout. According to the calculations, a decrease in the length of watercress roots
was noted in test samples of all territories, with the exception of the soil sample from Dede
Gorgud Park, which indicates a low degree of soil phytotoxicity. The watercress sprout length
indicators revealed a weak degree of phytotoxicity of all experimental soil samples, with the

exception of the Baku TPP experimental site, where this indicator was 40%.
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Based on the obtained data on the biochemical parameters of soils, we carried out an
integrated approach to determine the integral indicator of the ecological state of soils in order
to generalize data on soils in different functional zones of Baku.

In table 6 shows the generalized results of determining biochemical parameters with the
calculated value of 1IBS.

Table 6
Generalized results of the determination of biological indicators
City zone IIBS, %
Humus content,% Catalase activity, ml 0,/ min pH water | General IIBS,%
Industrial 2,81 28,46 5,92 12,30
Residential 8,74 39,63 30,28 26,22
recreational 12,77 47,52 4514 35,14

4. Conclusions

It has been established that the main source of heavy metals in the soils of the city of
Baku is motor transport and the oil industry. The influence of heavy metal pollution on the
phytotoxicity of soils taken from different functional zones of the city of Baku was studied.
Based on the generalization of the calculated averaged values, it can be argued that all districts
and zones of the city of Baku, as well as recreational and residential areas, are characterized
by a high soil IIBS. At the same time, it should be noted that the average value of the maximum
value of the IPBS of the recreational zone is 3 times higher than this indicator of the industrial
zone. This fact confirms the high technogenic impact of industrial facilities on urbanized soil.
Low indicators of soil samples taken from the industrial zones of Baku were recorded. In the
aggregate, all soil samples taken from different functional zones have low biochemical
parameters, but at the same time, all samples are characterized by high soil IIBS. The results
of the study can be used in assessing the state of contaminated soils and, as well as in the
urban planning of the city of Baku.
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