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ECTECTBEHHBIE HAYKH / NATURAL SCIENCES

Y]IK 54.04 https://doi.org/10.33619/2414-2948/119/01

WCCJIEJTOBAHUE ®U3UKO-XUMHUYECKHAX CBOIMCTB
OYUIIEHHOI'O BAPUTA U UX TIPUMEHEHMUE

©Amamoexosa A. K., SPIN-ko0: 7915-7638, Kvipevizckuil cocyoapcmeenHulil
yuugepcumem um. M. Apabaesa, e. Buwkex, Kvipevizcman

STUDY OF THE PHYSICAL AND CHEMICAL PROPERTIES
OF PURIFIED BARYTE AND THEIR APPLICATION

©Atambekova A., SPIN-koo: 7915-7638, Arabaev Kyrgyz State University,
Bishkek, Kyrgyzstan, atambekova@rambler.ru

Annomayus. VccnenoBaHa TEXHOJIOTUS OYMILNEHMS HEXEIAaTeNbHBIX IpUMecell 0apuToBOro
KoHLeHTpara Tys-MOIOHCKOro MeCTOpOXICHMs. JlIs OuMILeHHs HeXeaTelbHbIX IpUMecen
MCIOJIb30BAIM HEOPraHUYECKHE U OpraHMYecKue ocaauTeiu. M3ydeHsl crnenuduyuHble XapakTepsbl
pearenToB-ocaauteneid. Ilomyden ocobo umcThlii cynmbdar Oapuii. Ompenenensl (uzmueckue u
XMMHUECKHE CBOICTBa cyab(ara Oapust B 17aOOPATOPHBIX YCIOBUSIX

Abstract. The technology of purification of undesirable impurities of barite concentrate of
Tuya-Moyunskoye deposit has been studied. Inorganic and organic precipitants have been used for
purification of undesirable impurities. The specific character of reagents-precipitants has been
studied and investigated. Highly pure barium sulfate has been obtained. Physical and chemical
properties of barium sulfate have been studied under laboratory conditions.

Knrouesvie cnosa: npumecs, ounlienue, 6aput, cyabdar oapus.
Keywords: impurity, purification, barite, barium sulfate.

Ha rore Kbipreiscrana npakTuueckoe 3Ha4€HHE MMEIOT 3 00beKTa: MecTopoxaeHue benb-
Opyk, Kapaxsira u Tys Moton. Ha Teppuropun Omickoil oOmacti, Mexay roporamu Haykar u
ApaBan, pacnionoxxeH mMaccuB Tys-MotoH. ITo neBomy Gepery peku Stanp B maccuBe Tys-Morox
HaxonuTcsl camas nyookas neuniepa Keipreizcran — Ilpomacte ®@epcmana, rmyounoit 219 m. u
mHoM cBbite 4580 M. Tlemepa skcmutyarupoBaiach Kak MECTOPOXKICHUE paus, a 3aTeM — ypaHa
B Hayasie 20 Beka. K koHiy 50 X rosoB oHa Obu1a BeIpaOoTaHa M JUKBUAMPOBAHA, BXObI B IITOJIBHU
ObUIM B30pBaHbl WM 3aMypoBaHbl. O01ast MPOTAKEHHOCTh KAPCTOBBIX MOJIOCTEH U MCKYCCTBEHHBIX
BbIpaboTok B IIponacts depcmana cocrabnsaoT 6omee 4580 M.

bonpmias bapuToBas memiepa pacnoJiOK€Ha Ha FOKHOM 3Kcno3uuum MaccuBa Tys-MyroH.
Haunnaercs memiepa ropu3OHTaNbHBIN IITONBHEN auHON okono 20 M. CTeHbl memepsl ObuIH
IIPAKTUYECKHU TIOJHOCTBIO IMOKPBITBI MOIIHOM KOPOH KPUCTAJJIOB THAPOTEPMAIBHOIO KaJIbLIUTA,
pasmepamu 35-45 cm, a Takke Kpuctayiamu Oapurta. baput o0BomakuBaeT CTEHBI NENIEphbl B BUJIE
Ipo37bEB U KAPHU30B U OOJBIINX CBEPKAIOIINUX KpucTaioB. [Ipu cBeTe mammbl MOKHO HaOMI0AATh
OTPOMHBIE CKOTIJIEHUS! 0apUTOBBIX KOPOK, BecoM B 10 T [1].

HccnenoBaHa TEXHOJIOTUS OYUILEHHUS HEXEATeNbHBIX MpHUMeceil, 6apuToOBOro KOHILIEHTpaTa
Tysi-MotoHcKoro MectopokaeHus [2].

m Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 11
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HccnenoBaHbl M n3y4yeHsl crielu(UYHbIE XapaKTepbl OPraHUUECKUX peareHTOB-0CaqUTENEH.

[locnenoBaresbHBIM ~ HPUMEHEHMEM  OpPraHMYECKHUX  peareHToB IO  cxeme: 8-
OKCHUXONMH— Ky (pepoH—Q-HUTP030-b HapTON — qumeTurmnokcuMm. [Ipu sTom oOpasyercst ocanok
BHYTPHKOMIIJICKCHBIX COCI[I/IHCHI/If/'I MCTAJIJIOB Mar"us, 1IUMHKa, aJIOMHHUSA, KagMHUA, MCOb, XKCJIC3a
KkoOasbT, HUKenb. HexenarenbHbI 0CAaJOK BHYTPUKOMIUIEKCHBIX COEAMHEHHUH OTHENSAITCS C
JenuTeabHoM BOpoHKOH. C mociefoBarelbHbIMM HPUMEHEHHEM HEOPraHMYeCKUX pPeareHTOB-
OCaJUTEIICH:

AgNO;3(PH1NO3)—»>NH40H+NH4OH+NH,;CI(PH9)—HCI0;—Zn(UO,)3(CH3COO0)s
—>(NH4)2H PO4(PH-9)—>HC1—>(NH4)2C204—>H2804, (N H4)280.

OcaxnaroTcs HexenarelbHble mnpumecd MetaioB. [Ilpu sTomM o0pasyercs o0camok
COCMHEHHS CTPOHIIMS, CBUHIA, XpOMa, KaJbIUs, HATpUs, Kamus, kene3a, amoMuHus. Ocaaok
OTHENsAeTCSs C TPUMEHEHHWEM  JEIUTEIhHOW  BOPOHKOH.  DKCIEPUMEHTAILHO  H3ydYeHa
MOCJIEZIOBATEILHOCTh U CHEU(UYHOCTh TPUMEHEHU I HEOPTaHUYECKUX U OPTaHUYECKUX PEareHTOB
ocanutenei. [lomyueHHblil ocafgok cynbpara Oapus MPOMBIBATIH IHUCTWIIUPOBAHHON BOAOH 0
HehTpansHOU cpenbl. Ocanok cynbhara 6apus HarpeBanu npu temneparype 3000C st ymaneHus
JICTy4uX a7coOpOMPOBAHHBIX COeAUHEHHMI [2-4].

DKcnepumenmanvhas 4acmo

Quzuueckue ceoticmea cyibgpama Oapus. BusyallbHO omnpeneneHo cyiabdar Oapuid
KPUCTAJUTMYECKOE BEIIECTBO — O€Nbld MOPOIIOK WM Mpo3payHbiii Kpuctaml. Ilpaktuyecku
HepactBopuM B Boae (pactBopumocts 00,0015 r1/m mpu 180C) U JPYrMX PacTBOPUTEIAX
OpPraHUYECKHUX PAaCTBOPUTENAX (ALeTOH, CKUNUIap, OeH3uH, YalT criuput, 0€H3011, KCUJI0J, KETOHBI,
staHon). Cynbdar 6apust HEpaCTBOPUM B IIIeJI09aX U OONBIIMHCTBE KUCIOT. B ipupoje BcTpedaercs
B BUJIe MUHepasa 6apuTa, KOTOPBIi SBISETCSI OCHOBHOW OapueBOi pymoii.

Xumuueckue ceoticmsea cyivgpama 6apus. Cynbdar Oapust pacTBOPUM B XJIOPHOH BOJE,
OpOMHUCTOE BOAOPOJHOW W HOAMCTOE BOJOPOAHOM KHUCIOTaX, pacTBOpax TI'MJIPOKapOOHATOB
HIEJIOYHBIX MeTauioB. Ha XumMuyeckwili cTakaH HaimBaeM 15 MII KOHUEHTPUPOBAHHOW CEpPHOM
KHCIIOTBI 0 TMOPLUHMSAM BBICHIIIAEM MOPOIIKH Cynb(ara Oapusi NepeMelInBaeM CTEKISTHHBIN
nanoukoid. Cynbdar Oapuil ¢ KOHLEHTPUPOBAHHOM CEpPHOM KHCIOTOH, 0oOpa3yeT XOopollo
pacTBOpuMBI  rHapocyibdar  Gapus:  BaSO, + H,SO, —» Ba(HS0,)2BaS0, + H,S0, =
Ba(HS0,)2.

[Ipy npokaluBaHMM C KOKCOM Cynb(aT BOCCTAaHOBIMBAETCS 10 Cylbpuaa: s 3TOro
M3MENBUEHHBIN KOKC U cyabdar Oapus mpomyckaeMm uepe3 cuto ¢ siueiikoit 0,04 MKr xoporiio
pa3MmeniaeM cMmech B cooTHomeHusax 1:1. Cynbdar Oapus pasznaraercs B My(denbHOW meuyu Impu
temmeparype 1150°C u obpasyer cyispuT Gapus M OKHCH yriepoxa (yropHbii Tas). OKHCH
yriepoja OmpeaessiioT 3jekTporazoananuzaropom Curnan-4D (Tabnuua): BaS0, + 4C = BaS +
4COBaS0, + 4C — BaS +4CO0 1.

10 r cynbdara Gapus nomecTuian B (GpapdopoBblif THrenb, CTaBUM B My(eIbHYIO Medb MpU
TEMIIEPATYpE BBHIIIE 1590°C, oOpasyer okcun Oapus, okcun cepbl (IV) u kuciaopon. Okcua cepsl
(IV) onpenenstrot amekTpo razoanaausaropom Curnaia-4MSO?2. (Tabmuia).

2BaS0, = 2Ba0 + 25021 +021T 2BaS0,2Ba0 + 250, + 02

Jlia onpezneneHuss coAaep aHUs ra3oB MCIOIb30BAINA NIEKTPOXUMHUECKHUI razoaHan3arop.
l'azoanammzaroper Bce Momudukanuu CurHan-49, CurHan-4MSO2 wuMET CeleKTUBHBIN
(cneunduuecknii) xapakrep: CurHan-4D ompenenser coiep’kaHue TOJbKO OKHUCh YIviepoja u
Merana; Curnan-4M SO2 onpenenstor coaep:kaHue IByOKHCh CEPbl U CYMMBbI YIJIEBOAOPOIOB [5].

m Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 12
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Tabimna
COIEPXXAHUE OKUCH YI'JIEPOJA I/UI JIBYOKUCH CEPBI
B ITPOLIECCE XMMHWYECKOU PEAKIINHN

Tazoananuzamopei mooupurxayuu CO me/n® SO, me/m®
Curna-4> 0,02 -
Curna-4M-S02 - 0,08
Hroro 0,02 0,08

bapur (cynwdar 6apust, BaSO4) nMeeT mUpoKuii CIIEKTp MPUMEHEHHSI B Pa3IUYHBIX OTPACIIAX
IIPOMBILIIEHHOCTH Oarofapsi CBOMM YHMKAJIbHBIM CBOMCTBaM, B YaCTHOCTH, BBICOKOM IJIOTHOCTH,
XUMHAYECKOM MHEPTHOCTH M CIIOCOOHOCTH MOIVIOMIATh PEHTI€HOBCKHE Ny4H. BOT HEKoTOpble H3
OCHOBHBIX 00JacTell MPUMEHEHHUS U UCTIOIb30BaHUsI OapuTa:

BypoBbie pacTBOpbI: 6apUT OOBIYHO MCIIOJIB3YETCS B KAueCTBE YTSDKEIHUTENS B OYypOBBIX
pacTBopax, UCHOJIb3YeMbIX MpH pa3Benke HedTH u rasza. [lobasnss 6aput B OypoBoii pacTBOp, OH
YBEJIMYUBAET €r0 IIOTHOCTh, [IOMOrasi KOHTPOJUPOBaTh CKBAXMHHOE JABJICHUE U MPENOTBpaLlaTh
BBIOPOCHI.

JloGaBka k OypoBOMYy pacTBOpY: OapuT Takke ACHCTBYeT Kak MOAM(PHUKATOP PEOJIOTUU
OypOBBIX PacTBOPOB, IOMOTasi KOHTPOJIMPOBATH BI3KOCTh M TEKYYECTh OypOBOTO pacTBOpA.

KonTtpactHoe BemecTBO cynbdara Oapus: cyabdar Oapus HUCIONB3yeTCs B KadecTBE
KOHTPAaCTHOTO BEILIECTBAa B MpOILEAypaX MEIUIUHCKOW BHU3yalM3allMd, TaKUX Kak PEHTTeH U
KoMIibloTepHass Tomorpadus. [lpu mpornarbiBaHMM WM BBEACHUM B OpPraHU3M OH YAy4llIaeT
BUJIUMOCTb MATKHUX TKaHEW W IMO3BOJISIET Jy4Ile BU3YaJU3UPOBATH KEIYOYHO-KUIIEYHBIH TPAKT,
KPOBEHOCHBIE COCY/bI U IPYT'H€ BHYTPEHHHUE CTPYKTYPHI.

Hanonmuutens B Kpackax: OapUT HCIONB3YETCS B KaYECTBE HAMOIHUTENS MPH MPOU3BOJICTBE
KpPacoK, MOKPBITHI U TpyHTOBOK. OH MOBBIIIAET HEMPO3PAYHOCTh, MOBBHIIMIAET JOJITOBEUYHOCTh U
o0ecreYnBaeT MKyl TTOBEPXHOCTb.

HamomnauTens miuactMace ¥ pe3uHbl: 0apuT J00ABISIOT B IUIACTMACCHl M PE3HHOBBIC M3IEIHUS
JUI YBEJIMUEHUS UX IUIOTHOCTH, YIIy4IIEHUS] OTHECTOMKOCTH M YIYUIIEHHUS MEXaHUYECKHUX CBOWCTB.

beToHHBII 3aM0MHUTENB: B CTPOUTENBHON OTpaciu GapuUT MOXKET UCIOJIb30BaThCsl B KAUYeCTBE
3aIoJIHUTEINS B OETOHE I MOBBILIEHMSI €r0 INIOTHOCTH U PaJUallMOHHO-3aIIUTHBIX CBOMCTB B TEX
cllydasx, Korra HeoOxoauMma paJualMoOHHas 3alluTa, HampuMmep, B OONBHUIAX M Ha SIAEPHBIX
00bEeKTax.

CrekonbHas MPOMBIIUIEHHOCTh: OapUT HCHOJNB3YyeTCs B CTEKOJIbHOM MPOMBIIUIEHHOCTH B
KaduecTBe (hroca, KOTOPHIM MOMOTaeT CHU3UTh TEMIEpaTypy IUIaBJICHHUS CTEKJIa M YAYyULIUTh €ro
YHUCTOTY U SIPKOCTb.

BymaxkHoe mokpeITHE: OApUT UCIIONIB3YETCsl B KAU€CTBE HAIIOJHUTEINS B POU3BOJCTBE OyMaru
U LEJUIIONIO3bl Ul YAydIIeHUs OelIM3Hbl, HENpO3payHOCTH W KauecTBa IeyaTd OyMaKHOH
IIPOAYKLIHH.

XUMUYECKOE TPOU3BOJACTBO: OAPUT HCIONB3YyEeTCS B KAadeCTBE HCTOYHMKA Oapusi Ipu
MIPOM3BOACTBE PA3IMYHbIX XMMHUYECKHX BEIIECTB, BKIIouYas kapOoHar Oapusi, xjopun Oapus u
THJIPOKCHT OapHsl.

IlemeHnTHas 100aBKa: B HEKOTOPBIX peElENTypax IHEMEHTa OapUT HCHOJIb3YeTCs B KaueCTBE
MUHEPAJIbHOM 100aBKHU /711 YBETUYEHUS MJIOTHOCTH U YAYYIIEHUs MPOU3BOIUTENLHOCTH OypeHHs
P LIEMEHTUPOBAHUHU HEPTIHBIX CKBAXKHH.

PaguanuonHnas 3amuTa: Onarojapsi CBOEH BBICOKOM IUIOTHOCTH M CIIOCOOHOCTH IOIIOIIATH
PEHTICHOBCKHME M TaMMa-Iyyd OapUT HCHOJNb3yeTCs B KOHCTPYKIMH paJuallMOHHO-3aIIMTHBIX
MaTepuaoB Ha aTOMHBIX AIEKTPOCTAHIMIX, B OOJbHUIIAX U Ja0OPaATOPHUSIX.
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Topmo3Hble HakIaaAKK: GapUT MOXKET UCIOJIB30BaThCs B Ka4eCTBE (PPUKIIMOHHOIO MaTepuala
B TOPMO3HBIX HAKJIAAKaX M KOJIOJKAX CLEIUIEHUs Onarogapss CBOEH BBICOKOH IUIOTHOCTH H
TEPMOCTOUKOCTH.

YHHUBepcalbHOCTh OapuTa OOYCIIOBIIEHA €r0 YHUKAJIbHBIM COYETAaHHMEM CBOMCTB, YTO JAEJaeT
€ro LEHHBIM B CaMbIX pa3HbIX OTPACIAX: OT Pa3BEJKU HHEPreTHKH 0 31PABOOXPAHEHUS U
MPOMU3BOJICTBA [6].

Panee aBTOpOM M KoJuleraMu ObUIM OMyONMKOBaHBI paboTHI 1Mo u3ydeHHto Oapus u Tys-
Motonckoro mectopoxaenust [7-10].

Buvisoo
HccnenoBanbl (u3mveckue CBOMCTBA 0CO00 YUCTOrO cyibdara Oapus ©  ONpeAeTcHO
COJEPIKAHME JIETYYHX ra3oB. bapur uMeeT MUPOKUM CIEKTP IPUMEHEHUS B PA3IIMYHBIX OTPACIIAX
MIPOMBIIIJICHHOCTH OJIaroiapsi CBOMM YHUKAJIbHBIM CBOMCTBAM, B YaCTHOCTH, BBICOKOW IUIOTHOCTH,
XHUMHAYECKON MHEPTHOCTH M CIIOCOOHOCTH IMOTJIONIATh PEHTTCHOBCKHUE JTyYH.
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Abstract. Volcanic mud has long been the focus of scientific interest as a natural therapeutic
agent. Its composition includes microelements and organic components such as syngenetic bitumen,
resins, asphaltenes, humic substances, certain enzymes, and fulvic acids. Scientific studies have
confirmed the presence of bactericidal substances and other biologically active compounds in the
mud samples that may exert beneficial effects on the human body during treatment. Research
findings indicate that the organic composition of volcanic mud shares similarities with the
therapeutic properties of White Naftalan oil. As part of the study, the elemental and phase
composition of breccia mud obtained from the Pirekeshkul mud volcano was analyzed. It was
established that the mud does not contain components harmful to human health. This suggests that
the specified volcanic mud is suitable for use in the formulation of cosmetic products. During
experimental procedures, various cosmetic ointments were developed using breccia mud from the
volcano in combination with White Naftalan oil and plant-derived essential oils, as well as
compositions of essential oils with T-46 oil. Research findings revealed that the oxygen present in
the samples existed primarily in the form of oxides.

Annomayusn. Bynkanwdeckas Tpsa3b Ha MPOTSHKEHWM MHOTHX JIET OCTAaéTcsi B IICHTpE
BHUMaHUsl UCCIIe[oBaTeNiel Kak MpuponHoe JiedueOHoe cpenctBo. EE cocraB  BKIOUaeT
MHUKPODJIEMEHTHl U OPTaHUYECKHE KOMIIOHEHThl — CHHTE€HETHYEeCKUI OUTYM, CMOJIBI, ac(albTeHbl,
TYMUHOBBIE BEIIECTBa, OTHEIbHBIE (EepMEHTH u (PyIbBOKUCIOTHL. HaydHble wuccaenoBaHus
MOATBEPIMIIA HATMYKE B 00pasliax dTOW Ips3u OAKTEPUIIUAHBIX BEIIECTB U APYTUX OMOJOTHYECKU

m Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 16



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 11. Ne10 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/119

aKTHBHBIX COCJUHCHUH, CIIOCOOHBIX OKa3bIBaTh OJIATONPHUSATHOE BO3ICHCTBHE Ha OPraHW3M B
nporecce Tepanuu. [lomydeHHbIE pe3y/bTaThl YKa3blBalOT Ha CXOJCTBO OPTaHMYECKOTO COCTaBa
BYJIKAHUYECKOW Tpsi3u C JedyeOHbIMU cCBOiicTBamMu Oenoro HadTanaHa. beut mpoBenén anamms
COCTaBa IPSA3U COMOYHOU OpeKuHH, MOSy4eHHOM U3 [IMpeKemKioIbCKOro ByJKaHa. YCTaHOBJICHO,
4TO B €€ COCTaBe OTCYTCTBYIOT KOMIIOHEHTHI, OKa3bIBAIOIIME BPEIHOE BO3JICHCTBHE HA OPraHU3M
4eloBeKa. OJTO CBHJICTEIBCTBYET O IEJIECOOOPA3HOCTH NPUMEHEHUs YKa3aHHOW Tps3U B
MPOU3BOJCTBE KOCMETHMYECKMX TpenaparoB. B Xoge AKCHEepHUMEHTANbHBIX paboT Obuin
pa3paboTaHbl pa3IUyHble KOCMETHYECKHE Ma3M Ha OCHOBE BYJIKAHHYECKOW Tps3U COIOYHOU
Opekunu ¢ pobOaBieHHEeM Oeoro HadTaJaHOBOrO Macjia, 3(PUPHBIX Macel pPacTUTEIHHOTO
NPOUCXOXKICHHS, a Takke KoMno3unuid d3¢upHbXx wMacen c¢ wmaciom T-46. Kucnopon,
MPUCYTCTBYIOIINIA B 00pa3ax, CyiecTBOBA IPEUMYIIECTBEHHO B ()OPME OKCHJIOB.

Keywords: mud volcano, breccia mud, White Naftalan oil, T-46 oil, essential oils, cosmetic
ointments.

Knrouesvie cnoea: Tps3eBOW BYJKaH, COMOYHAsh Opekuusi, Oenblii HadramaH, macio T-46,
a¢upHBIC Macia, KOCMETHYECKUE Ma3H.

Mud volcanoes have long found extensive application in medicine as therapeutic agents. Their
curative properties stem from a composition rich in organic substances, mineral salts, and
microelements, all of which exert beneficial effects on the human body. Since ancient times,
Egyptians were known to apply mud volcano products directly onto their bodies. The Roman writer
and philosopher Gaius Plinius (Pliny the Elder) referred to this practice in his writings as the
“Egyptian method.” In later centuries, therapeutic use of mud volcano products spread to Europe as
well. For instance, in Italy, such applications date back to the 16th century, while in the Taman
Peninsula they began in the 19th century [1-3].

In Azerbaijan, which possesses vast reserves of this valuable natural resource, conditions are
favorable for its large-scale utilization — including the establishment of centralized mud therapy
centers even along the Caspian coast, where major volcanoes are located. Results of experimental
studies suggest that mud solutions derived from these volcanoes may serve as novel therapeutic
agents — such as for use in electrophoresis—in the treatment of various diseases. Due to its high
balneological properties, volcanic mud has been effectively employed in treating disorders of the
musculoskeletal system, spine, joints, peripheral nervous system, skin, gastrointestinal tract,
diabetes mellitus, atherosclerosis, and cervical osteochondrosis. It is also widely used in
cosmetology [2].

\olcanic breccia (also known as Sopka breccia) consists of terrigenous—carbonate rock
fragments of various geological ages, primarily composed of a clay-rich matrix. Its color varies
depending on the constituent rocks, typically ranging from gray and brownish-gray to greenish-
gray. Due to its high water-holding capacity, volcanic breccia exhibits thixotropic properties,
becoming more fluid and capable of flowing when saturated with water [4].

In terms of organic content, these muds show certain similarities with sapropelic muds and
medicinal Naftalan oil. Among the organic substances, metaboric acids—known for their notable
biological activity and bactericidal effects — are of particular interest.

The Sopka mud solution is a translucent liquid with a yellowish tint, odorless, and salty in
taste. Compared to sapropelic muds, the degree of mineralization in mud volcano solutions is
relatively low, ranging from 10-40 g/L, whereas sapropelic muds typically reach 150-350 g/L [1,
4].
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Research Object and Method

The primary objective of our research was to develop cosmetic ointments based on
combinations of white Naftalan oil with mud volcano products, or with mixtures involving
industrial oils derived from the Baku region — particularly using dearomatized T-46 oil distillate.
These formulations are intended for use in cosmetology and in the treatment of specific
dermatological conditions [5-12].

To this end, we examined two types of volcanic breccia mud samples collected from the
Pirekeshkul mud volcano: (1) freshly ejected clay-rich mud and (2) solidified mud that had
previously emerged and subsequently dried. The elemental composition of these breccia mud
samples was analyzed.

For the atomic composition analysis, we employed a Hitachi S-3400N scanning electron
microscope equipped with an OXFORD Instruments atomic analyzer. To obtain highly reliable data,
the samples were examined in multiple regions, prepared in tablet form, and degassed to eliminate
oxygen and other gases absorbed from the atmosphere.

Results and Discussions
Figure 1 presents the micrograph (a) and atomic spectrum (b) of the freshly ejected clay-rich
mud sample from the mud volcano. Figure 2 shows the micrograph (a) and atomic spectrum (b) of
the sample taken from solidified volcanic mud. It should be noted that the samples were ground
prior to analysis.

~

Figure 1. Micrograph (a) and atomic spectrum (b) of the mud volcano sample.

The micrographs indicate that the ground samples consist of particles ranging from 1.0 to 100
um in size. As evident from the atomic spectra of the analyzed samples, they are composed of
nearly identical elements. The quantitative composition of the various elements in these samples is
also approximately the same. Experimental results demonstrate that the samples contain uniformly
distributed atoms of O, Na, Mg, Al, Si, S, Cl, K, Ca, Ti, Fe, and Mo. The distribution of the
identified atoms in the solid samples is clearly illustrated in Figure 3.
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Figure 2. Micrograph (a) and atomic spectrum (b) of the sample taken from solidified mud volcano
material

| =

Figure 3. Elemental distribution of selected atoms in the sample taken from solidified mud volcano
material

m Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 19



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 11. Ne10 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/119

A similar elemental distribution was observed in the sample obtained from the dried clay-rich
mud volcano material. The percentage content of the identified elements in the analyzed samples is
presented in Table.

Table
QUANTITATIVE COMPOSITION OF THE IDENTIFIED ELEMENTS
IN CLAY-RICH AND SOLIDIFIED MUD VOLCANO SAMPLES.
Element Content, %
Solidified Mud Volcano Sample Clay-Rich Mud Volcano Sample

@) 59.5 61.5
Na 1.73 1.87
Mg 2.06 2.22
Al 8.31 8.24
Si 20.86 19.77
S 0.13 0.36
Cl 0.19 0.27
K 1.90 1.73
Ca 1.12 1.37
Ti 0.31 0.29
Fe 2.61 2.37

Mo 0.02 -

According to Table, the solidified mud volcano sample collected from various locations
contains the following elemental composition: oxygen — 59.5%, sodium — 1.73%, aluminum —
8.31%, silicon — 20.86%, potassium — 1.90%, and iron — 2.61%. In contrast, the sample obtained by
drying the freshly ejected clay-rich mud volcano material showed the following values: oxygen —
61.5%, sodium — 1.87%, aluminum — 8.24%, silicon — 19.77%, potassium — 1.73%, and iron —
2.37%. The analysis also revealed the presence of therapeutically relevant ingredients in the mud
volcano material, including iodine, calcium, magnesium, sodium, chlorine, iron, and others.
Spectral analysis confirmed the presence of approximately 19 chemical elements in total (some in
trace amounts). In addition to elemental composition, the phase composition of the samples was
also examined using a PANalytical EMPYREAN X-ray diffractometer.

Intensity (counts)

900 —

400 —
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Figure 4. X-ray diffractograms of solidified and clay-rich mud volcano samples
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Figure 4 presents the X-ray diffractograms of both samples. Based on the analysis of the
diffraction patterns, it was determined that the samples contain practically identical amounts of the
following crystalline phases.

Ref. Code Chem. Formula Cryst. Syst. Compound Name
96-900-9667* Si3.00 06.00 Hexagonal Quartz
96-900-7690* Ca6.00 C6.00 018.00 Hexagonal Calcite
96-901-1423* Nal.64Ca0.36Al2.36Si5.64016.00 Anorthic Oligoclase

*The identified crystalline phases and their corresponding ASTM reference codes (humbers).

As seen in Figure 4, the primary components of the samples are minerals that are widely
distributed in the Earth's crust — Quartz (Si3.0004.00), Calcite (Cas.00C4.000,5.00), and
Oligoclase (Na;.64Cag.36Al,.36Si5.640,4.00). The distribution of these compounds within the
mud volcano sample is clearly illustrated in the diagram below (Figure 5).

Figure 5. Quantitative distribution of Quartz (blue), Oligoclase (gray), and Calcite (green) phases in
the mud volcano sample

As shown in the diagram, the mud volcano sample is predominantly composed of quartz and
oligoclase, while calcite is present in smaller amounts.

In conclusion, the results of both elemental and phase composition analyses of the mud
volcano samples indicate that the Sopka breccia mud does not contain harmful elements in
quantities that could pose a risk to human health. Therefore, it may be safely and effectively used in
the formulation of cosmetic ointments.

Conclusions
The elemental and phase composition of the Sopka breccia mud obtained from the Pirokoskiil
mud volcano was investigated. The analyses revealed that the mud volcano material does not
contain elements in concentrations that could have harmful effects on the human body.
Using the mud volcano material, cosmetic formulations were developed based on Sopka
breccia mud, T-46 oil, white Naftalan oil, and essential oils derived from plants, intended for use as
topical cosmetic applications.
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PAYHA U OKOJOI'nA rmAPOGMOHTOB
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FAUNAAND ECOLOGY OF HYDROBIONTS OF THE LAKES DAUTKUL
VAASHIKUL IN THE LOWER REACH OF THE AMUDARYA

©Rakhimov M., Dr. habil., National University of Uzbekistan,
Tashkent, Uzbekistan, rahimov.matnazar@mail.ru
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Annomayus. B paliloHax ¢ CHIIBHBIM aHTPOINOTCHHBIM BO3JCHCTBUEM OIHON M3 aKTyaJIbHBIX
3aja4 SIBJIIETCSl BBIABJICHME W3MEHEHMH B IIJIOTHOCTH PACHPOCTPAHEHHMS U MOMYJSALMIX
ruipoOouoHTOB. B Xo1e uccnenoBanuii B JlayTkysne, pacnojgoKeHHOM B HU30BbSIX AMyJapbu, ObLIO
BBISIBJICHO pacnpocTpaHeHue 17 BUIOB U 2 MOABHJA, OTHOCALIMXCA K 6 cemelcTBamM U 9 ponam
ruipoOnoToB; B Ammkyine — 14 BugoB u 1 moxBui, oTHocAmmxcs K 6 cemelictBaM U 9 ponam.
VYCTaHOBIEHO, 4YTO BHUJbI, pAcCHpPOCTPAaHEHHbIE B BOAHBIX SKOCHCTEMAax, NPUHAAISKAT K
HKOJIOTHYECKUM TpyIIaM: nenopeodussl, peodussl, NeaIoIuMHOGIIBI, GUTODUIBI, TEIMOTODUITBI
u peropeodusl.

Abstract. In areas with strong anthropogenic impact, one of the urgent tasks is to identify
changes in the distribution density and populations of aquatic organisms. During the research in
Dautkul, located in the lower reaches of the Amu Darya, we identified the distribution of 17 species
and 2 subspecies belonging to 6 families and 9 genera; in Ashikul - 14 species and 1 subspecies
belonging to 6 families and 9 genera. It was found that the species common in aquatic ecosystems
belong to the following ecological groups: pelorheophiles, rheophiles, pelolimnophiles, phytophiles,
telmotophiles and fetoreophiles.

Kniouesvie cnosa: Hu30Bbs AMynapbH, JlayTKyiab, ANIMKYIb, BOJIHBIE 3KOCHUCTEMBI,
nesnopeodu, peopul, 3KOIOTHIECKHUE TPYIIIHI.

Keywords: lower reaches of the Amu Darya, Dautkul, Ashikul, aquatic ecosystems,
pelorheophile, rheophile, ecological groups.

Pacmpenue 3acynuiMBbIX TeppUTOpHMl Ha 3emile M COKpalleHue OHOJIOTHYECKOro
pa3zHooOpa3usi €CTECTBEHHBIX BOAHBIX 3KOCHCTEM IMPUBOIAT K Kpu3ucy BopoéMmoB. Mcropuuecku
CIIOKMBILIKECS BHUJbI TUAPOGdayHbl B IMPUPOJHBIX BOJOEMax PETMOHOB MMEIOT 0co00€ 3HaueHue,
OJIHAKO TOJI BO3JeHCTBHEM a0MOTHUYECKUX, ONOTHYECKUX U aHTPOMOTEHHBIX (DAKTOPOB MPOUCXOIAT
M3MEHEeHUs OMOTONOB I'MJIPOOMOHTOB, TpaHcHopMaIys (GpayHbl U COKpPAIIEHUE YUCIEHHOCTH PEIKUX
BUJ0B. [loaTOMY HayuyHOE M3yYeHHE IUIOTHOCTU PACIPOCTPAHEHUS TMAPOOMOHTOB, U3MEHEHHUH HX
MONYJISIUM, a TAKKE BBIABICHHUE HYKJIAIOIIMUXCSA B OXpPAaHE BUJIOB M MOJITOTOBKA PEKOMEHIALMHN 110
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UX COXPAaHCHMIO B pallOHaX C CHJIBHBIM aHTPOIIOTEHHBIM BO3/ICHCTBHEM HMEET BAXHOE HAydHOE
3HAYCHUE.

CoxpaHeHue THIPOOMOHTOB, OOWTAIOMIMX B ECTECTBEHHBIX BOAOEMAX, MpPEIIOIaraet
BBISIBIICHHE WX BHJIOBOTO COCTaBa, OIICHKY BO3JEHCTBHA Hamboiee 3HAaYMMBIX (DAaKTOPOB U
PacKpbITHE JKOJOTMYEeCKHX ocoOeHHocTeid. [lom BozzelcTBHEM MNOOATBHBIX KIMMaTHYECKUX
U3MEHEHHH OTMEYAeTCs COKpAICHWE YUCICHHOCTH THUIAPOOMOHTOB B BOJOEMAaxX, MX MHIpPAIIHs,
Tpanchopmanms cooOIIECTB, a TAKKe YBEINYCHUE PACIPOCTPAaHEHHsI MHBA3UBHBIX BUIOB. B 310l
CBSI3U M3y4YeHHE (payHbI M HKOJIOTUH THUAPOOUOHTOB 03€p JayTKymnb M AINKYIb, PACIIOJIOKEHHBIX B
HU30BBSAX AMYyIapbH, PEICTABIAET COOOH OHY U3 aKTyalbHBIX HaydYHBIX IPOOJIEM.

HccnenoBanus, MOCBAMIEHHBIC BBIABICHUIO IUIOTHOCTH PACHPOCTPAHEHHS THAPOOHMOHTOB,
M3MEHEHUS UX TOMYISUUN B palioHax C CHJIBHBIM AaHTPOIIOI€HHBIM BO3/ICHCTBHEM, a TaKXkKe IO
U3Y4YCHUIO BUJIOB, HYX/IAIOIINXCS B OXpaHe, MPOBOAMIKCH psijioM aBropos [1-7, 10, 12, 13].

Mamepuan u memoowvt ucciedosanus
HccnenoBanus 1o 3y4eHHIO THIPOOHMOHTOB MPOBOIMIIACE B 03€pax JlayTKynb M AIIUKYITb.
B xone uccnenoBanuii, npoBenéHubix B 2021-2024 rr. Ha o3épax JloByTKynb U AIIMKYIb,
pPacmloiIOKEHHBIX B HHU30BBSIX AMyaapbd, Obulo coOpano 194 o0pasma W NHpoOBEAECH aHANU3
TUAPOOMOHTOB.

Jlnst onpenenieHuss cOOpaHHBIX 00pasOB 10 BUAA ObLIM KCIOJIB30BaHbI JAHHBIE W psja
astopos [3-5, 8, 9, 13].

Ananuz u pesyilomamaosl

Ozepo [layTKynb pacmojiOX€HO B HMYKHEM TeUeHUM AMynapbu U (OPMHUPYET CUCTEMY
HayTkynbckux 03€p. 910 03epo HaxoauTcs B 41 kM k ceBepy oT ropona Hykyc. YpoBeHb Bonbl B
03epe SIBIAETCS M3MEHYMBBIM U B 3HAYUTEIHHOW CTENEHU 3aBUCHT OT HATNOJHEHHs BOJAMHU PEKH,
YTO XapaKTepu3yeTcs 3aMeTHbIMHU KoneOaHusMu. [lmomaap MOBEpXHOCTH O3epa KoJeONIeTcss OT
1780 mo 2260 km?. MakcumanbHast riryonHa o3epa cocrasiseT 4,1-6,3 m. [1o Geperam BecTpedarorcst
KaMBIIIIOBBIE 3apociu Beicotoi 0,7-1,5 m [7, 11].

B xone uccnenoBanuil mo u3ydyeHUro rupoOMOHTOB HaMH OBIIO BBISBIEHO, uTO B JlayTkyrne
pacrnpocTpaneHbl 17 BUAOB U 2 MOABKAA, OTHOCSIIMXCS K 6 cemeiicTBaM u 9 poaam (Tabnuia).

B o3epe pacnpoctpaHeHbl KpyIHBIC JBYCTBOpYAThIe MOJUTIOCKH cemeiicTBa Unionidae poxa
Sinanodonta: Sinanodonta gibba (0,6 »x3.), Sinanodonta orbicularis (0,4 sx3.), Sinanodonta
puerorum (0,7 3K3.), IpU 3TOM CE30HHBIE KOJIEOAHUSI YPOBHS BOJIbI SIBJISIFOTCS OCHOBHBIM (DaKTOpPOM,
OTIpeNeNIAIoNMM UX pacripocTpanenue. Ha rmyounax 0,58—1,2 M BBISBICHBI NpeACTaBUTENN poja
Colletopterum: Colletopterum cyreum sogdianum (0,4 sk3.) u Colletopterum ponderosum volgense
(0,9 7x3.).

Ha mecuanpix OuoTtomax mpaBoro M JjieBoro Oepera JlayTkyis, rie HaOioparoTcsi cialble
BOJIHBI, HaONIIOAaJIoOCh pacrpocTpaHeHue mnpexactaBureneil cemeiictBa Corbiculidae: u3 pona
Corbicula Corbicula cor 0,3, Corbicula fluminalis 0,2, a u3 poxga Corbiculina — Corbiculina
tibetensis 1,1 u Corbiculina ferghanensis 1,0.

B kananax, Bmajamoomux B 03€p0, a TaKKe B KaMEHHMCTBIX MECTax O03€pa BCTPEYArOTCS
NPEJCTaBUTENIN OpPIOXOHOTUX MOJUTIOCKOB M3 cemeiicTBa Lymnaeidae. YcTaHOBIEHO, YTO BUIBI
9TOr0 CEMENCTBA OTIMYAIOTCS MEHbBIIEH IJIOTHOCTHIO IO CPABHEHMIO C JAPYTMMH CEMEHCTBaMHU.
Hamnpumep, ObUTO BBISIBICHO paclpoCTpaHeHUE TakuX BUIOB kKak Lymnaea truncatula 0,7, Lymnaea
thiessea 0,3, Lymnaea subangulata 0,2, Lymnaea auricularia 0,8, Lymnaea bactriana 0,3.B o3epe
TaKkKe BCTpeYalnuch mpeacraButenu cemeiictBa Physidae mo 0,3 k3. Costatella acuta, u3
cemeiictBa Planorbidae — 0,4 k3. Planorbis planorbis, 0,5 Planorbis tangitarensi, a u3 pona
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Anisus — o 0,3 k3. Anisus ladacensis. 13 pakooOpa3HbIx, npeacTaBuTelneii cemeiictpa Astacidae,
ObLTO0 0OHapy:KeHO pactpocTpanenue 1o 0,5 sk3. Pontastacus leptodactylus.

Tabnuma
I'MAPOBUOHTHI O3EP JOBYTKVIJIb BA AIIIMKYJIb B HU30BbAX AMYJIAPHE1
(n = 10, m?¥/3K3)
Bbuomonsi
5 S T e s
o Budwl § g\ % § § Dronocuueckas
3 3 2 S ) epynna
< AR T
S =
Kiracc nBycrBopuatsie mosutrocku Bivalvia (Linne 1758), cemeiicto Unionidae
1 Sinanodonta gibba 0,6+0,1 0,5+0,1 - - +  Ilemopeoduisr
2  Sinanodonta orbicularis 0,4+0,1 0,5+0,1 - - +  Ilemopeodusr
3 Sinanodonta ruerorum 0,7+0,1 - - - +  Tlemopeodumsl
4 Colletopterum bactrianum - 0,3+0,1 - - +  Peoduisr
5  Colletopterum cureum sogdianum 0,4+0,1 - - - +  Peodusr
6  Colletopterum ponderosum 0,9+0,1 0,8+0,1 - +  IlemomuMHODHIBI
volgense
CemectBo Corbiculidae
7  Corbicula cor 0,3+0,1 - - + - Tlenopeoduisr
8  Corbicula fluminalis 0,2+0,1 - - + - Ilenopeoduns
9  Corbicula purpurea - 0,4+0,1 - + - Ilenopeodumns
10 Corbiculina tibetensis 1,1+0,1 0,8+0,1 + - - Tlemopeoduibt
11  Corbiculina ferghanensis 1,0+0,1 1,1+0,1 - + - Tlemopeoduiabt
Knacc 6proxonorue mommocku Gastropoda (Guver, 1795), cemeiictBo Lymnaeidae
12 Lymnaea stagnalis - 0,5+0,1 + - - ®uroduisl
13 Lymnaea truncatula 0,7+0,1 0,6+0,1 + - - Tenmarodwibt
14 Lymnaea thiessea 0,3+0,1 - - + - Peodusr
15 Lymnaea oblonga - 0,4+0,1 - + - ®wuroduis
16 Lymnaea subangulata 0,2+0,1 - + - - ®uroduisl
17 Lymnaea auricularia 0,8+0,1 0,7+0,1 - - +  ®uropeodusb
18 Lymnaea bactriana 0,3+0,1 - - + - ®urodus
CemeiictBo Physidae
19 Costatella acuta 0,3+0,1 0,5+0,1 + - - ®uroduisl
Planorbidae oilasi
20 Planorbis planorbis 0,4+0,1 0,3+0,1 - + - ®uroduis
21 Planorbis tangitarensis 0,5+0,1 - + - - ®wuroduis
22 Anisus ladacensis 0,3+0,1 0,2+0,1 - + - ®uroduisl
Kuacc Beicine paku Malacostraca (Latreille, 1802), cemeiictBo Astacidae
23  Pontastacus leptodactylus 0,5+0,1 0,4+0,1 - + - @uroduist
Hroro 19 15 6 10 7

HpI/I HCCJIICAOBAHUN  OKOJIOTHYCCKUX TIpyIlIl BHUHIAOB, PpPacCOnpOCTpaHCHHBIX B BOIHBIX
3KOCUCTEMAX I[aBYTKyj'ISI, OBLIO YCTAHOBJICHO, 4YTO 7 BUJ0OB OTHOCATCA K I'pYIIIIC HCHOPCO(bI/IHOB u
cocrasisror 37,5% (Sinanodonta gibba, S. ruerorum, S. orbicularis, Corbicula cor, C. fluminalis,
Corbiculina tibetensis, C. ferghanensis), 2 Buma sBistrores peopmiam — 10% (Solletopterum
cureum sogdianum, Lymnaea thiessea), 1 Bun k mnenoaumuodpuiam — 5% (Colletopterum
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ponderosum volgense), 7 Bumo k dutodpuram — 37,5% (Lymnaea subangulata, L. bactriana,
Costatella acuta, Planorbis planorbis, P. tangitarensis, Anisus ladacensis, Pontastacus
leptodactylus), 1 Bun k teapmaropunam — 5% (Lymnaea truncatula) u 1 Bua x detopeoduiam,
yto coctasisier 5% (Lymnaea auricularia).

O3epo AIMKYIb pacHoyiOKEHO B HH30BbSIX AMyIapbH, B KOTOPO€ BOJa B OCHOBHOM
MOCTYNAET U3 NMPUTOKOB AMyIapbu. DTO OJUH U3 KPYIHBIX BOAHBIX SKOCHCTEM Ha MpaBoM Oepery
Amynapeu. O3epo HaXOAWTCS MEXAYy BO3BBINICHHOCTAMU bectyba Ha 3amage u Kymrena Ha
BOCTOKE, TPU 3TOM €ro 3amagHoe MmoOepekbe MPUMBIKAeT K MycThiHe Tabakkym. JlyimHa o3epa
coctasiseT 810—-1009 m, mupura — 300-352 M, cpennsis rmyomna — 2,1-3,2 m. B o3epo Taxxke
MOCTYHAIOT BOJBI, UCIIOJIB3YEMbIE ISl OPOIICHUS, B COPOCHBIE BOJBL. B rojibl ¢ BHICOKMM YPOBHEM
BOJIBI €T0 IUJIOMIAJb pacHiupsieTcs. bepera mecdyanple, MECTaMH 3apOCHINE KaMBIIIOM, CPETHSS
COJICHOCTH BOJBI cocTaBisieT okoio 8,1-10,1 r/m, 9ro cmocoOCTBYET MIMPOKOMY HCIOIb30BAHUIO
JTAHHOTO 03epa B pribonoBcTBe [11].

Brnepsrie B 03epe oOHapykeHO pacrnpocTpaHeHue 14 BuioB U 1 moaBuaa, OTHOCAIIUXCS K 6
cemeiictBam u 9 ponmam. J[aHHBIE O TUIOTHOCTH paclpocTpaHeHUs BHIOB cemeiictBa Uonionidae
npuBesieHbl B Tabmnuiie.

B BomHBIX sKOCHCTeMax o3epa HaOMIOMAeTCsl COKpAIIeHHE YHCIEHHOCTH, MUTpanus |
TpaHcopmaisi cooOlIecTB TUAPOOHOHTOB. B KkauecTBe mnpumepa, MOXKHO OTMETUTH, UTO
pacripocTpaHeHHbIe B o3epe cTeHaOuoHTHBIe BHsl Colletopterum bactrianum (0,3), Corbicula
purpurea (0,4), BcTpedaromiyecss B HEOOIBIIOM KOJUYECTBE, BHECEHbl B «KpacHyio KHHUTY»
Pecniyonuku Y36ekucran. Bumsl poga Corbiculina otiauuarorcest 60JbIiei MPUCIIOCOOTEHHOCTHIO K
MUHEpaJIU3alliy BOJbI 0 CPAaBHEHHUIO C JPYTMMHU BHUJIAMU, B YaCTHOCTH B 03€pe€ PaCIpPOCTPaHEHBI
mo 0,8 Buma Corbiculina tibetensis u o 1,1 Buga Corbiculina ferghanensis.

B kaMeHUCTBIX U MecUyaHblX OMOTONaxX AIIMKYISI pacpoCTPaHEHbI MPEICTaBUTENH
cemetictBa Lymnaeidae mo 0,5 Buma Lymnaea stagnalis, 0,6 suma Lymnaea truncatula, 0,4
Lymnaea oblonga, u o 0,7 Lymnaea auriculari. Munepanu3aius Boibl B 03epe oKazaja
BIUSHKE Ha INIOTHOCTh U YMCIIEHHOCTh BUIOB. 13 cemeiictBa Physidae pacnpocrpanenst mmo 0,5
Buja Costatella acuta, us cemeiictsa Planorbidae mo 0,3 Planorbis planorbis u 0,2 Anisus
ladacensis, a u3 pakooOpa3Hbix cemeiicTBa Astacidae pacrnpoctpanen mo 0,4 Buma Pontastacus
leptodactylus.

YCTaHOBIICHO, YTO PaCPOCTPaHEHHBIE B ATITUKYJIC BHJIBI OTHOCSITCS K CIICYIOITIM
HKOJIOTHYECKUM TpyIIam: mesnopeoduiasl 5 BUI0B, 4yTo cocTaniser 33,5% (Sinanodonta gibba, S.
orbicularis, Corbicula purpurea, Corbiculina tibetensis, C. ferghanensis), peoduinsr 1 Bum, 6,5%

(Colletopterum bactrianum), nexonumuoduinsr 1 Buz, 6,5% (Colletopterum ponderosum
volgense), dbutoduier 6 Buaos, 40,5% (Lymnaea stagnalis, L. oblonga, Costatella acuta,
Planorbis planorbis, Anisus ladacensis, Pontastacus leptodactylus), renmorodunsr 1 Bun, 6,5%
(Lymnaea truncatula), deropeodunsr 1 Bua, 6,5% (Lymnaea auricularia).

Buvisoo

B xonme uccinenoBaHuii yctaHOBiIEHO, 4To B JlayTkynbckom paiioHe Hwoknelh Amynapsu
pacnpocTpaHeHbl 17 BHIOB W 2 TOABUAA, OTHOcAIIMecs K 6 cemeilctBamM u 9 pomam, B
AmukynbckoM paiione — 14 BugoB u 1 nmoasuna, otHocsmuecs Kk 6 cemeiictBam u 9 ponam. Ilpu
W3YYCHUU SKOJIOTMYECKUX TPYII BHJIOB, PACIIPOCTPAHEHHBIX B BOIHBIX dKOCHCTeMax [laByTKy:s,
OBUTO OOHApYKeHO, YTO 7 BUAOB TenopeoduaoB coctarisioT 37,5%, 2 Buna peopunos — 10%, 1
BUJ TIeNOUMHOGUIOB — 5%, 7 BunoB ¢putodunoB — 37,5%, 1 Bug renmaropunoB — 5% u 1 Bua
deropeodunoB — 5%, a B AIUKYIECKOM 03€pe 5 BUIIOB NEN0peoduoB cocTaBisiioT 33,5%, 1 Bug
peodpmmor — 6,5%, 1 Bun nenonmumuOpMIOB — 6,5%, 6 BHIOB (utodmioB — 40,5%, 1 Buxg
tenamarodmioB — 6,5% u 1 Bug gperopeopuno — 6,5%.
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OIEHKA ACCUMMWJ/ISIHIUOHHOI'O HIOTEHIIUAJIA ITPUBPEKHbBIX ITIOYB
K TEXHOTEHHOMY BO3JEVCTBHUIO

O©Iynuesa JI. A., Bakunckuil 2ocyoapcmeennulil yuugepcumem, 2. baxy, Azepbaiioscan
©Haoscagposa C. H., baxunckuii cocyoapcmeenuvlil yuugepcumem, 2. baxy, Azepoatioscan

ASSESSMENT OF THE ASSIMILATION POTENTIAL
OF COASTAL SOILS TO MAN-MADE IMPACT

©Guliyeva L., Baku State University, Baku, Azerbaijan
©Najafova S., Baku State University, Baku, Azerbaijan

Annomayus. CtaTbsi NOCBAILIEHA MCCIENIOBAHUIO ACCUMWISLIMOHHOIO IOTEHLMAajga II0YB
npubpexxnoit 30Hbl Kacnumiickoro mopst Ha Tepputopun AsepOaiijpkaHa, MOIBEPrarolInxcs
He(TAHOMY 3arpsi3HEHUIO M0 MUKPOOMOJIOTMYECKHM IOKa3zaTellsiM. Pe3ynbTaTsl MOKas3alld, 4To
YHCICHHOCTh MHKPOOPTaHU3MOB B TI0YBaX IIOA BO3IEHCTBHEM HE(PTAHBIX YIJIEBOAOPOIOB
YMEHBIIAETCS M IO CTETEHU YOBIBaHUS YUCIEHHOCTH TeTePOTPOGHBIX MUKPOOPTAaHU3MOB IMOYBBI
MO>KHO PacCIONIOKHUTH B PALY: TyTOBO-JIECHBIE > CEPO3EMHO-IYTOBBIE > cepo-Oyphie mouBkl. Hapsay
C 9TUM HAOJIOJAIOCH YBEIIMYEHUE COOTHOIICHUS MEXAY KOJTUYECTBOM YIIIEBOJOPOJOKUCIISIIOIINX U
reTepoTpO(PHBIX MUKPOOPTaHW3MOB B COCTaBE MOYBEHHOTO MUKPOOHMOIIEHO3a, BrIsBIEHO, YTO Ha
UCCIIEIyeMO TEepPPUTOPUM HU3KHK ACCHMWJISIIIMOHHBIA TOTEHIMAT M HAuOOJbIIas OIAacHOCTb
3arpsi3HEHUS] XapakTepHa HJs Cepo-OypbIX TO4YB, KOTOpbIE MPU CHUJIBHOM 3arpsi3HEHUH B
€CTECTBEHHBIX YCJIOBHSIX IMOTEHLUAJIbHO HE OyAyT HUMETh BO3MOXHOCTH CaMOMPOU3BOJILHO
BOCCTAHABJIIMUBATH CBOIO MPOAYKTHUBHOCT.

Abstract. The article is dedicated to the study of the assimilation potential of coastal soils in
the Caspian Sea region of Azerbaijan, subjected to oil contamination, based on microbiological
indicators. The results revealed that the number of microorganisms in soils decreases under the
influence of petroleum hydrocarbons. Based on the decline in the number of heterotrophic
microorganisms, the soils can be ranked in the following order: meadow-forest > gray meadow
soils > gray-brown soils. In addition, an increase in the ratio between hydrocarbon-oxidizing and
heterotrophic microorganisms within the soil microbiocenosis was observed. It was established that
the studied area exhibits a low assimilation potential, and the highest risk of contamination is
characteristic of gray-brown soils, which, under conditions of severe pollution, are potentially
incapable of spontaneously restoring their productivity under natural conditions. Microorganisms,
especially hydrocarbon-degrading bacteria and fungi, play a vital role in the biodegradation of
contaminants, thereby supporting the soil’s inherent ability to cleanse itself. Moreover, the soil’s
texture and structural properties affect how pollutants diffuse and are retained, which in turn
impacts the efficiency of remediation processes. The growth of halophytic vegetation in coastal
zones also promotes microbial activity and enhances pollutant assimilation through interactions
within the rhizosphere. Gaining a thorough understanding and measurement of the assimilation
potential is crucial for designing effective bioremediation approaches and ensuring sustainable soil
management in coastal areas affected by technological pollution.
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Knrouesvie cnosa: TOYBBI, YIIIEBOIOPOJIbI;, ACCUMHUIISIIIMOHHBIA TOTEHIIHAT, OWOTEHHOCTD;,
CaMOOUHIIIAOIIASA CIIOCOOHOCTE.

Keywords: soils, hydrocarbons, assimilation potential, biogenicity, self-purification capacity.

OnHoil U3 100aIbHBIX MTPOOIEM 3KOJIOTHH SIBIISETCS 3arpsi3HEHHE NPUOPEKHBIX 30H MOpEl 1
OKeaHOB. B ycnoBusAx BO3pocCIIell aHTPONOreHHOW HAarpy3ku Ha Ouocdepy, mMouBa, SBISACH
SIIEMEHTOM NPUPOAHON CHUCTEMBbl W HAXOAACh B JAMHAMHUYHOM DPABHOBECHHM CO BCEMH JIPYTHMHU
KOMITOHEHTaMH, IOJIBEpraeTcsl JerpalalliOHHbIM Iporeccam [5].

CeBepHas yacTh npuOpexHoi mnonocsl Kacnuiickoro Mopsi BKIIIOYAeT /iBa SKOHOMHYECKHX
paiiona: AOmiepoH-Xb3bHCKHI W ['y0a-Xaumasckuii. Perwon, mmomanpio 12,850 ThIC. KM® 1
HacenenueM Oosee 3,3muH.uen. (https://stat.gov.az/). xapakrepusyeTcs 3HAYUTETBHBIM TPUPOIHBIM
U pPECypCHbIM NOTeHIManaoM. [IpuHMMas BO BHMMaHUE HBIHEIIHHE MAacCIITa0bl TEXHOI'€HHOIO
Bo3zedcTBUs (Hanmuue Cua3zaHb M ANIIEPOHCKMX HE(TAHBIX MECTOPOXKIEHHH, MapupyT
skcnoptHoro HedrenpoBoga CMOT wu gap.), HUX 4Ype3BbIYANHO BBICOKYIO IPUPOIHYIO
YYBCTBUTEIHHOCTh K aHTPOIOTCHHBIM BO3/ICHCTBHSIM, @ TaK)Ke MEPCIIEKTUBBI YBEIHMUCHUS TOOBIYH
U TPAaHCIOPTUPOBKU 3HEproHocuteneil, HeoOXxoauMa pa3paboTKa HayYHbIX OCHOB M CTpareruii mo
palMoOHAILHOMY YIIPABJICHUIO U MCIOJIB30BaHUIO MPUOPEKHOM 30HBI, YTO OYEHb BAXKHO JUIA
SKOHOMHUKHM CTpaHbl. BMecTe ¢ Tem, HCCiIeOoBaHUE PECYpCHOTO MOTEHIMANAa CaMOOYHIIAIONICH
COCcOOHOCTH TPUOPEKHON T0T0CH Kacnuiickoro Mopst He TPOBOIMIINCE.

Llenb wuccienoBaHMsi — OLEHKA ACCUMWIALMOHHOIO MOTEHIMajga I04YB JaHImadToB
npubpexHoil 3oHbl Kacnuiickoro Mops Ha Tepputopun AsepOaiipkaHa, I0BEprarouxcs
Pa3IMYHON CTENEHH BIMSHUS TEXHOT€HHOTO 3arPsI3HEHNS 110 MUKPOOHOIOTUIECKIM MTOKA3aTEeISIM.

ACCHUMWISILIMOHHBIA TOTEHIIMAJI TOYB — O3TO IOKA3arellb MaKCHMaJIbHOW BMECTHMOCTH
KOJMYECTBA TOJUIIOTAHTOB, KOTOpble B IIOYBE MOXKET ObITh HAKOIUIEHO, pa3pylleHOo,
TpaHC(OPMUPOBAHO 3a E€IUMHUILY BpPEMEHU Oe3 HapylleHHs €€ HOPMaJbHOW JEATENbHOCTH HU
ycroiuuBoctu [1, 2].

Obvexmbl u Memoovl UCCTe)08aAHUL

OOBbeKTaMH HCCIIEIOBAaHUN CIIY)KWJIM OCHOBHBIE THUIIBI IOYB BJOJIb MPUOPEKHON MOIOCH!
Kacnuiickoro mopsi: JyroBo-JIECHBIE, CEPO3EMHO- JYrOBble U cepo-Oypble MouBbl. [louBeHHBIE
o0pa3ubl OTOMpaIM C WCIOJIB30BAHWEM MapIIpyTHOTO MeTona. I[IpoObsl mouB oTOHMpamu c
ropu3oHTOB 0-25 cM. [IpoObl MOUB NOMeENaNny B OT/AEIbHbIE CTEPUIIbHBIE MEIIOYKH, TEPEBO3MIN B
71a0opaTopuio W J0 aHalW3a XpaHWIM B XOJOAWJIbHMKE. buojornueckue aHamu3bl MPOBOIWIN B
Te4eHue 2 JHel mocie oroopa mpoo.

B kauecTBe KpUTEpHEB ACCHUMWIAIIMOHHOM €MKOCTH TIOYB MBI MCIOJB30BAIHM IMOKA3aTeNN
OMOTEeHHOCTH MOYB — O0IIEH YMCICHHOCTH MUKPOOPTaHU3MOB, YHMCIEHHOCTH MHKPOOPTaHH3MOB,
CIOCOOHBIX HCIIONB30BaTh HE(TAHbIE YINIEBOAOPOAbI B KayeCTBE €IMHCTBEHHOTO HCTOYHHUKA
yraepoja M OHEPruH, COOTHOLIEHHE MEXIy  KOJIMYECTBOM YIVIEBOJOPOAOKUCISIOMUX U
reTepoTPOPHBIX MUKPOOPTraHu3MOB [3].

ConepxaHre HEQTH B TIOYBE OMPEICIISUIA TPAaBUMETPUIECKIM METOIOM B anmapare Cokciera
MOCJIe IKCTPAKIUU CMECBIO PacTBOPUTENS rekcaH: xsopodopm (1:100.%) [4].

OOmyr0 YHCIEHHOCTh TeTepOTPO(HBIX MHKPOOPraHU3MOB omnpeaensuin  Ha MIIA.
VYTIIeBOIOPOIOKUCIISAIONTNE OaKTepUH BBIACISUIM BBICEBOM Ha TBEPAYID MHHEPAIBHYIO CPEIy
PaiiMoH/1a, ¢ BHECEHHEM H-TEKCaleKaHa B KaueCTBe UCTOYHUKA YIIepoIa U SHepruu [5].

Crarndeckas o0OpaboTKa pe3ynbTaToB MPOU3BOAWIACH ¢ MPUMEHEHHEM Iporpamm Statistica
V6.0, Excel-2003.
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Pe3zynemamol u ux oocyscoenue
YCTOMYMBOCTh arpodKOCHCTEM 3aBUCHUT OT COCTOSIHUSI TOYB M BO BCEX IOYBEHHO-
KIIMMaTHYECKUX 30HAX OCHOBHAS TSKECTh 10 CHIDKEHUIO KOHIIGHTPAIIMA OPTaHMYECKHX
3arpsi3HEHUN B TIOYBE JIOKUTCS HAa MHKPOOPTaHW3MBI, TaK KAaK HMMEHHO OWOTE€HHOCTH IIOYB
OIpeessieT ACCHMUIIAIIMOHHYIO €eMKOCTh B OTHOIICHHH 3arpsisHuTenei [3].
Pesynbrarel ucclieioBaHM TIOKA3allM, YTO KOJMYECTBO MHKPOOPTaHU3MOB B TIOYBEHHOM
MOKPOBE Pa3HbIX TUIIOB MOYB MPUHIMIHAILHO paziudaetcs (PucyHok).

1 2 3 4 5 6 7 8 9

B Lg yucnennoctu MO, KOE/T , B g yucnennoctu MO, KOE/T, Lg wucnennoctu MO, KOE/T ,
B |g yucnennoctu MO, KOE/T , B Lg yucnenHocts YOM, KOE/r Lg uucnenHocts YOM, KOE/r
B g ugucnennocts YOM, KOE/r ®Lg uucnennocts YOM, KOE/r

SO P N W b~ OO N

Pucynok. UnCIeHHOCTh MHKPOOPTaHM3MOB B mouBax mo ce3oHaMm (2023-2024 rr.): 1-3 — myroBo-
JIECHBIE TIOYBHI, 4-6 — CepO3eMHO- JIyTOBbIE MTOYBEHI, /-9 — cepo-0yphie TOYBHI

Haubonbiiee comepkanre MUKPOOMOTHI OOHAPYKUBAIOCH B JIYTOBO-JECHBIX MOYBAX, 3aTEM
UX KOJTMYECTBO YMEHBINAIOCH OT CEPO-IIYTOBBIX IO CEPO-OypBIX MOUB, UTO OOBSICHIETCS BO3MOMKHO
TEM, YTO JIYTOBO-JIECHBIC MOYBBI MEHBIIIE TOJBEPTaAIOTCS TEXHOTEHHBIM 3arpsi3HEHUSM, Y€M CephbIe
MOYBHL. YBEJIMUEHHUE KOJMYECTBA TETEPOTPOPHBIX MUKPOOPTAaHW3MOB B IMOYBE MPUXOIUIOCH HA
BECCHHUI W OCEHHUH CE30Hbl — TMepuoj] ONarompusTHBIX (HAaKTOPOB OKPYKAIOIIEH Cpebl
(Temneparypa 1 BIa)KHOCTb).

Takum oOpa3zom, HcCCIeAOBaHMs, MPOBOAUMBIE HA HCCIECAYEeMOW TEPPUTOPUHU, TO3BOJISIOT
paCOJIOKUTh  TOYBBl MO CTENEHW YOBIBAHMS B HUX  YHCJICHHOCTH Te€TePOTPO(HBIX
MHUKPOOPTaHU3MOB: JTYTOBO-JIECHBIE > CEPO3EMHO-TYTOBbIE > cepOo-Oypble MOYBBI

B cepo-Oypeix © Cepo3eMHO-TYrOBBIX TOYBAX [0 CPaBHEHUIO C JYTrOBO-JIECHBIMU
YBEIUYMBAIACh  YHMCIACHHOCTh  YIVIEBOAOPOJOKHCISIOMUX  MuKpoopranu3moB  (Tabmuia).
VBeIMYMBANIOCh TAaKXKE€ U COOTHOIIEHHWE MEXIYy KOJWYECTBOM YIVICBOAOPOIOKUCISIONINX U
reTepoTPO(PHBIX MUKPOOPTAaHW3MOB, BXOMSIIUX B COCTAaB IMOYBEHHOTO MHUKpoOuorieHosa. Eciou B
JTYTOBO-JIECHBIX TOYBaX cooTHolneHue He mpesbimano 0,03-0,05, To B cepo-OypbIX MOYBaxX 3TO
cooTHotenue coctanisuio 0,10-0,13, a Ha cepo3eMHO-IYTOBBIX ToYBax oHO gocturano 0,16-0,21.

JlaHHBIE CBUIETENHCTBYIOT O TOM, YTO B 3arps3HEHHBIX YIJIEBOIOPOJAAMHU CEpO-OyphIX W
CEPO3EMHO-JIYTOBBIX TOYBAaX HCCIIEYyeMOTO PErHOoHa B PE3yIbTaTe CYKIIECCHOHHBIX H3MEHEHUN
YBEJIMYUBAETCS KOTMYECTBO MUKPOOPTAaHU3MOB, CIIOCOOHBIX pa3iararh HeTSHBIC YIIIEBOAOPOABI U
OHU COCTaBJISAIOT O0KOJIO 20-21% CTPYKTYpbl MUKPOOHOLIEHO3A.
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Tabnuma
COOTHOIIEHME MEX]TY YMCJIEHHOCTBIO YI'JIEBOJOPOJOKHWCJISIIOLIMX
U TETEPOTPO®HLIX MUKPOOPT'AHM3MOB B PA3HBIX ITOUYBAX

Tlousa Obwee Cpeonecooosas uuciennocms mukpoopeanuzmos,  Coomuoutenue
cooepoicanue KOE/2 YOM/2emepom
V211e6000P0008 eemepompouvie V2ne8000pO0OKUCTAIOUUE poghut
2/Kke nouewl MUKDPOOP2AHUZMbL MUKDPOOP2AHUZ ML
JIyroso- 0,7 2,1£0,11x 10° 7,9+0,21x 10° 0,03- 0,05
JICCHBIC
CeposemHoO- 20,05 4,8+0,13x 10° 88+0,11x 10* 0,16-0,21
JYTOBBIC
Cepo-0ypebie 12,01 1,2+0,11x 10* 1,4+0,15x 10° 0,1-0,13
Buvisoo

Ha wuccnenyemoil TeppUTOpUM HU3KUNA ACCUMWJISILIMOHHBIM MOTEHIMAT W HauOOJIbIIas
OMACHOCTh 3arpsi3HEHUS] XapaKTepHa HJs Cepo-OypbIX TOYB, /JIsi KOTOPBIX CBOWCTBEHEH U
HEONMaronpusATHBIM TUAPOTEpMUYECKU pexuM. HaumeHbllas >Xe OMACHOCTh 3arpsi3HEHUS U
BBICOKAsl aCCUMMISIHMOHHASI €MKOCTh CKJIAQJbIBAETCA B 30HE PACHPOCTPAHEHHUS JIYTOBO-JIECHBIX
MIOYB, JUISI KOTOPBIX XapaKTePHBI CPABHUTEIIBHO 0oJiee OIaronpusTHBIC YCIOBHS TEIUIA U BIIATH JJIs
OMOPa3IOKEHUS M OYUIICHUS [TIOYB OT OPraHUYECKUX BEIIECTB, HECMOTPS Ha CPAaBHUTEIBLHO Oolee
BBICOKYIO CIIOCOOHOCTh WX aJcopOMpOoBaTh ATH BellecTBa. TakuM 00pa3oM, MpU CUIBHOM
3arpsi3HeHuH JiaHamadToB npuoOpexkHoi 30Hb Kacrmiickoro Mopst Ha Tepputopuu AsepOaiimkana
— cepo-0ypbie M CepO3eMHO-TYTOBBIC IMOYBBI B €CTECTBEHHBIX YCIOBHSX NMOTEHIIMAIBHO HE OyIyT
MMETh BO3MOXKHOCTb CaMOIIPOM3BOJIBHO BOCCTAHABIMBATH CBOK IMPOAYKTUBHOCTb. B 3TOH 30HE,
XapaKkTepU3yIOLUMCSl CIa0bIM aCCUMUJISIIIMOHHBIM TOTEHIMAJIOM M HHU3KOM CHOCOOHOCTBIO K
CaMOOYMIICHUIO, MPH MPOYUX PABHBIX YCIOBUSAX OyayT HamboJiee aKTyaJbHBI MEPOIPHUSTHUS II0
PEKYIbTHUBALlMA C HCIOJIb30BaHUEM 0oJieeé HMHTCHCHUBHBIX TEXHOJOTUH, B TOM YHCIE ©
OMOTEXHOIOTUH i1 UHTeHCU(DHUKAIINK aKTyallbHOM CaMOOYHIIAOIIEH CIOCOOHOCTH.
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PE3VYJIBTATHBI CPABHUTEJBHOI'O AHAJIN3A BUOJIOI'MYECKUX U
3KOJOTHYECKHNX OCOBEHHOCTEM BHJI0B Ophisops elegans (Menetries, 1832),
Lacerta strigata (Eichwald, 1831) U Tenuidactylus caspius (Eichwald, 1831) (Reptilia, Sauria),
PACIIPOCTPAHEHHBIX HA TEPPUTOPUH HAXYBIBAHCKOM ABTOHOMHOM
PECIIYBJIIMKU U IPYT'UX CTAIIMOHAPAX A3EPBAI71I[)KAHA
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Annomayusa. 1lpu BbICOKMX TeMmmeparypax Iepejgada MUIMEHTa OT MeJaHO(OPHBIX KIIETOK
KOXH SILIEpPULl K SKUBBIM KJIETKaM »>MujepMuca ociadeBaeT, YTO HPUBOIUT K YPE3MEPHOMY
HAKOIUICHHUIO KCpaTruHa B [[Op?;&ﬂbHOfI YaCTU KOXW W CHHWKCHHUIO YPOBHA IMMUIMCHTAIWM.
yCTaHOBJICHO, 4TO KOXXa AICpull B pa3jIWMYHbIX Y4YaCTKaxX TEjIa OTIMYACTCA IO T'MCTOJIOTMYCCKOMY
CTPOEHHIO, ITIaBHBIM 00pa3oM IO TOJIIMHE M OpTraHU3alMM KJIETOK smnujepMmuca. JKuBble KIETKH
SMHJIEPMHUCA MOTYT (POPMHUPOBATh JIBYXCIOHHOE, TPEXCIONHOE MJIM MHOTOCIONMHOE CTpoeHue. Y
oco0eil oHOTO BHJIa, BO3pacTa U U3 OJHOM MOMY/ISLUN HAOII0IaeTCsl MACHTUYHAS CTPYKTYpa KOXKHU
B OAWHAKOBLIX Y4YaCTKax TcCJia. vy AMCpuIl, 06I/ITaIOHII/IX B JKapKuUX M 3aCyHIJIMBBIX paﬁOHax,
CIyIIMBaHUE DSIUJEpPMHCA TPOUCXOJUT MENKUMH (parmMeHTamu. JlIuUTenbHOE BO3JeHCTBUE
CTaOWIBHOM Temreparypbl IPUBOJUT K aKTUBU3ALMM IApa3UTOB, YTO HEraTMBHO OTPa)KaeTcs Ha
COCTOsTHUH KHUBOTHBIX. I[J'ISI COXpaHCHUA ’KM3HECIIOCOOHOCTH B NEprUOabl aKTUBHOCTU BHC y6e>1<1/m1a
He00XOMMBI KoJIeOaHUs TEMIIEPATYPbl OKPYKaIOIIEH CPEIbl.

Abstract. At high temperatures, the transfer of pigment from melanophore cells in the skin of
lizards to the living cells of the epidermis weakens, leading to excessive accumulation of keratin in
the dorsal skin and a decrease in pigmentation. It was established that the histological structure of
lizard skin differs across body regions, mainly in the organization and thickness of the epidermal
layer. Living epidermal cells may be two-, three-, or multilayered. In individuals of the same
species, age, and population, the skin structure in identical body regions is consistent. In lizards
inhabiting hot and arid regions, epidermal shedding occurs in small fragments. Prolonged exposure
to stable temperature results in parasite activation, which negatively affects the health of the
animals. For maintaining viability during periods of activity outside their shelters, fluctuations in
ambient temperature are essential.
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DKOJIOTHU4.
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s cpaBHEHUsT MOpP(OIOTHYECKOTO0 CTPOEHMs sIepul] — OObEeKTa HCCIel0BaHus,
oOuTaromux B JPYyrux peruoHax AsepOaifikaHa, ¢ 0coOsaMu, XMBymUMH B HaxubiBaHCKON
ABroHOMHOW PecnyOnuke, OBUIO BBIOPaHO CE€Mb pPA3IUYHBIX CTaMOHApOB. IlodydeHHbIe
pe3ynbTartel ObUIM NPOAHAIM3UPOBAaHBl B CpaBHMUTENbHOM acnekre. HaxubiBanckas AP,
pacriofioxkeHHasi Ha roro-zamajge Manoro KaBkaza, oOiagaeT yHHMKaJbHBIMH 3KOJIOTMYECKHUMHU
YCIIOBUSMU; 00IIas MpOTHKEHHOCTh €€ TOCYIapCTBEHHON TpaHMIlbl cocTapisieT 398 kM. Bricora
TEPPUTOPUU HAJl ypoBHEM Mops konebnercs or 600 m mo 3906 m [1, c.14]. Cpenusis MecsaHas
Temneparypa paBHMHHOM wactu HaxubiBanckoli AP B wurone pocruraer +28°C. IlomoOHble
TeMIeparypHble I0Ka3aTelad He HaOmoAalTcs B APYruX pernoHax AsepOaiimxana. Kimmar
HaxupiBanckold AP orimuaercs pe3Ko KOHTHHEHTAJIbHBIMH YEpTaMH: 3HAYUTENbHBIC KOJICOaHWUs
TEMIIEpPATyphl B TEUEHHUE CYTOK M MEXJY CE30HaMHU [ENal0T JAaHHBIA PErHOH YHHUKAJIbHBIM IJIf
Pecniyonuku. Ha Gonbiieii yacti TeppuTopuu mpeodiaaaoT kcepodutHbie pactenus [2, ¢. 239].

Mamepuanvt u memoouvl

OObekTamMu HCCIieMoBaHus SBISUTMCH siiepuitbl Ophisops elegans Menetries, 1832; Lacerta
strigata Eichwald, 1831; Tenuidactylus caspius Eichwald, 1831, xoTopble OTHOCSTCS K YHCIY
IIMPOKO PacIpoCTPaHEHHBIX BUIOB B A3epOaiimkane [3, ¢. 57].

Apean 3TUX BUJOB JIOCTATOYHO MIHUPOK [4, ¢. 105], a MIOTHOCTHh MOMYJISIUN 10CTaTOYHA ISt
TOr0, YTOOBI OHH HE MMEITH KaKoro-Jnbo oXpaHHOro craryca [5, c. 48].

IToneBbie nccnenoBanus mnposogwinck B 2009-2024 r1T. BECHOHM, JIETOM U OCEHBIO B
pa3NMYHBIX JKOcUcTeMax AsepOaipkaHa. OCHOBHBIE MMOJIEBBIE PAa0OTHI BBHIMOJHSUIMCH Ha CEMHU
BEIOpaHHBIX cranumoHapax: HaxueiBanckas AP, AmmepoHckuii momyoctpoB, Jkeiipandéinb-
AJDKMHOXYpCKasi HHU3KOTOpHash 30HA, TajbllICKWE TOpbl, OKPEeCTHOCTH ropoda loOycrtaw,
TOPHOJIECHAsI 30HA CEBEPO-BOCTOUHOrO CKJIoHa bonbmoro Kapkaza, ceBepo-BOCTOUYHBIN CKJIOH
Mauoro Kaskasa (Pucynox 1).

Pucynok 1. Okcnenuius B HaxusiBanckoit AP, C. laxpamanos u P. 'amumos
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Mopdonornyeckre 0COOCHHOCTH H3MEPSUIMCh IO CIACAYIOIMM IapamMeTpam: JJIMHA OT
KOHYHMKA MOPJIbI 0 CEPEANHBI KJIOAKH, JJIMHA TOJIOBBI, JJIMHA XBOCTA, IJIMHA TIEPEAHEH KOHEYHOCTH
U JuiMHa 3aaHeil koHeuHoctu (Pucynox 2). Jlns npoBeeHUs: HETMCTOJIOTHYECKUX HCCIIEI0BAHUM
OTJIOBJICHHBIE SIIIEPULBI COIEPKAIMCH B TEpPpapuyMax B IOCENKe J[Kopar, a MHOIIA B IOCENKE
Capaii [6, c. 183].

['ucronoruyeckre aHAIM3bI BBITIOJHSINCH B A3epOaliiKaHCKOM MEIUITMHCKOM YHHUBEPCHTETE
10 METOJMKaM, CIICUAIILHO aJIallTUPOBAHHBIM JIIs sepull [7, c. 43].

Pezynomameut

VY msyxneraux Ophisops elegans (Menetries, 1832) u Lacerta strigata (Eichwald, 1831)
JUITMHA Tella OT KOHYMKa MOPABI 10 KJIOAaKW MMEET OOpaTHYI0 3aBHCUMOCTb OT CpEeIHEH TromoBOH
TeMIIepaTypbl SKOCHCTEMBbl. VIHBIMU CITOBaMu, Mpu OoJiee HU3KOW TeMIIepaType 3KOCHCTEMBI JUTMHA
TeJa M Macca SIIEpULl OKa3bIBAKOTCs OOJbIlIE 110 CPABHEHUIO C 0COOAMH, oOMTarOIIMMU B Oosee
TEIUIBIX 30HAX. YBEJIMYEHHas JUIMHA Tejla OT MOpPJIbl 0 KJIOAaKU B IPONOpPHMU K 00BEMY Tena
MPUBOIUT K YMEHBIICHHIO IIJIOMIAIN TIOBEPXHOCTH OpraHu3Ma. Y sIepull], OOUTAIOMINX HA BEICOTAX
1000 M Hajg y. M. U BbIIlI€, YMEHBIIEHHAs] IOBEPXHOCTH T'OJIOBBI U TYJOBMILA MPEMATCTBYET MOTEPE
Teruia, 00pa3yrouierocs BHyTpH OpraHu3mMa.

B HaxubiBaHckoit ABTOHOMHOI PecnyOiinke, HECMOTpsl Ha OYEHb JKapKoe JIETO, 3uMa, Hadyajo
BECHBI U BTOpPas MOJOBHHA OCEHU IMPOXOAAT NpPU HU3KUX Temmeparypax. [lostomy /umHa Tema ot
MOP/IBI 10 KJIOAKH U YJeJIbHAs Macca SIIepuI] 31eCh COXPAHSIOTCSA Ha CPETHEM YPOBHE.

IIpu cpaBHEHUM CTAlMOHAPOB, PACIIOJIIOKEHHBIX Ha OJMHAKOBOM BBICOTE HAJ YPOBHEM MOps
[8, c. 14], okasanoch, uto y smiepurr Ophisops elegans (Menetries, 1832) u Lacerta strigata
(Eichwald, 1831) oxHoro Bo3pacTa JUIMHA Tejia OT MOP/BI IO KJIOAKU OOJIbIIE B TEX pailOHaX, TIe
KOJIMYECTBO CPETHETrOJIOBBIX OCAJIKOB BHIIIIE.

Pucynox 2. 3mepenre IMHBI TeNa SIIEPUIHl OT KOHIUKA MOPJIBI 10 KITOAKH

B wuccnenoBanuu ObLIO BBISBIEHO, YTO B YCJIOBUSX MOBBIIICHHONW BIQKHOCTH — B
HU3KOTOPHBIX JIeCHBIX JaHAmadrax TanbIICKUX TOp, B OKpecTHOCTAX cena [romky (cpemHss
BbICOTAa Hag y. M. — 572 M, 28°44' c.m.; 48°35' B.1.) — pa3Mepsl Tena SIIEpULl 3HAYUTEIHLHO

m Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 38



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 11. Ne10 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/119

MPEBBINIANIA pa3Mepbl 0cO0EH W3 CTAIMOHAPOB C AHAJOTUYHON BBICOTOH: B paiioHe bo3marckumx
xpeOToB roposa MuHreueBup (CpeaHsis BpICOTa Haa YpoBHEM Mopst 545 M, 40°46' c.m1.; 47°05' B.1.),
a TaKKe Ha CeBEpPO-BOCTOYHOM CkiIoHe bombmioro KaBkasa B IeCHBIX U MPEATrOpHBIX JaHAmadTax B
okpecTHOCTsX cena Amcap ['yOunckoro paiiona (Beicota 587 M, 41°20' c.ur.; 48°32' B.11.).

Msl 00bscHsIeM (akT yBenuueHHou mimHbI Tena y O. elegans u L. strigata B Tanblickux
ropax HMMEHHO BBICOKOM BJIQXXHOCTBHIO. J[e10 B TOM, YTO MpHU TMOBBILIEHHOW BIAXKHOCTH (B
OTpeeNIEHHBIX Tpe/eiax) 3HAYUTEIbHO YBEIMYMBACTCS BUAOBOE pa3HOOOpasue M YHCICHHOCTD
HAaCEKOMBIX M MAyKOOOPa3HBIX — OCHOBHOM MHUIIM HCCIeAyeMbIX smepull. CrenoBareibHO, Y
AIIEpUll, UMEIoLUX OoJiee Ooraryro U pazHOOOpa3HYI0 KOPMOBYIO 0a3y, AJIuHA Tella OT MOPIBI J0
KJIOAKU TaK)Ke OKa3bIBaeTcsl Oouibllie. DTO MOATBEPKIACT, UYTO MUTAHUE BIUSAET HA POCT OpraHu3Ma
(B mpeznenax HOPMbI peaklIUHy, 3aJI0KEHHON IT'eHaMHu ).

Lacerta strigata B cBsi3u ¢ yBeJIMUYCHUEM IUIOLIAJICH 3€IEHBIX HacaXICHUN B A3epOaiiKaHe
[7, c. 865] pacmupsier cBoi apean [9, c. 72]. @opMupoBaHHUE PACTUTEIBHOTO MOKPOBA SIBISETCS
OJTHUM U3 OCHOBHBIX (haKTOpPOB, CIIOCOOCTBYIOIIMX Hauyajy pacCeIeHHs 3TOr0 BUa Ha TEPPUTOPHH.
Ha AnmepoHckoMm moiyocTpoBe, B ropoae MunrsueBup u B [00ycrane B CBsI3U C YBEIWYCHHUEM
3eJEHBIX HACaXK/IEHUH BO3HUKIIM HOBbIE MOMYIISIUU 3TOH sAiepulibl. OHa MIMPOKO paclpoCTpaHeHa
u B borannueckom cangy Unctutyra 6uopecypcoB HAHA (HaxubiBan).

Ve ABaALaTUIBYXMECSYHBIE IOJ0CAThIE SUIEPULIbI IPUHUMAIOT YYacTHE B Pa3MHOKECHHHU.
EcrecTtBeHHO, 37€Ch BaKHBI HMX (U3MYECKHE IIOKA3aTeld, TO €CTh BEJIMYMHA M KOJIUYECTBO
HaKOIJIEHHOW »Hepruu. Bo Bcex cranuoHapax y BIEpPBbIE JTOCTUTIIUX I1OJIOBOW 3pPEIOCTHU SIIEPUI
L. strigata cpennue pa3mepbl JJIMHBI TeIa OT PbUIa 70 KJIOAKH y CaMIIOB OOJIbIIIE, Y€M y CaMOK.
[TpuurHa 3aKiII04aeTCs B TOM, YTO B MEPUOJ] PA3MHOKECHHSI HEOIIBITHBIE CaMIlbl MOTYT y4acTBOBaTh
B CIapuBaHUU 3a CYET CBOMX pa3MepoB U cuibl. [locie mpuoOpereHus omeiTa TO, YTO cCaMel]
00s3aTebHO KpYyIHEE CaMKH, YK€ HEe HMeeT Takoro 3HadeHus. OnHumM wu3  (HakTopos,
MPEMSTCTBYIOIIMX CIUIIKOM OBICTPOMY POCTYy CaMOK B MOMEHT JIOCTHIKEHHS MMM TIOJIOBOM
3penoctu [10, c. 90], sBIsgeTcs TO, YTO pa3BUBAIOIICECS SUIO O0JIaaeT BBICOKON KaJIOPHIHON
SHepruer, W Uit ero (HOPMHUPOBAHUS MOJIOIBIC SIIEPULBI TEPSIOT 3HAYUTEIHHOE KOJIHMYECTBO
SHEPrUHU U HEOOXOIMMBIX BelecTB. Cpeau 3THX YyTPaueHHbIX BEIIECTB Kajbluil U pocdop urparor
OO0JIBLIYIO POJIb B pOCTE U (POPMUPOBAHUH OTIOPHO-/IBUTATENILHOTO anmapara.

Koxka wuccmenyemplx sIIepul] B  pa3IMYHBIX YYacTKax Tella HMEET Ppas3iIM4Hoe
THCTOJIOTUYECKOE cTpoeHMe. [laHHOe pa3innune B EepBYIO odepeab HAOI0IaeTCs B SNUAEpMaIbHOM
cioe Koxku. JKuBble KJIETKH SIHAEPMHCA MOTYT OBbIThb ABYX-, TPEX- WJIM MHOTOCIOWHBIMHU. Y
ALIepUl] OAHOTO M TOTO € BHJAA, OAHOTO BO3pacTa M OOWUTAIOIIMX Ha OJHOM TEpPUTOPUU
TMCTOJIOTMYECKOE CTPOEHHE KOKM B OJMHAKOBBIX OOJACTAX Tena ocTaéTcss MaAeHTHUHBIM [11, c.
164].

VY smepun, oOOUTAIOUMX B OYEHb JKApKUX M 3acCylUIMBBIX palloHax, NpU CMEHE
SMUJIEPMAIBHOTO CII0S OTJEJISIOLINICS CTapblil SMHUIEPMHUC pacnagaeTcst Ha Oosee MEIKUe YacTH U
orxonuT oT Tena. B HaxueiBanckoil AP B cBsI3u ¢ JKapkuM M 3aCyLUIMBBIM JIETOM Yy SILIEpUL,
oOUTaOIMX 371eCb, BO BpeMs JHMHbKM TakXke HaOIIoJaeTcs OTAEICHHE KOXKH MEITKUMHU
¢bparmeHTamMu. Y KaclUHCKOro TIeKKOHA, JKHUBYILEro MpU BBICOKMX Temmeparypax [12, c. 158],
MenaHO(OpHbIE KJIETKH, PacHoOJIOKEHHbIE B KOXE, clab0 MepefaloT MUTMEHT KUBBIM KIIETKaM
snuaepMuca. B 3T0 Bpemst B KJETKax JOp3ajbHOM YacTH KOXKM HAKaIUIMBAETCSl M30BITOYHOE
KOJIMYECTBO KEpAaTHUHA, U MUTMEHTAIUS YMEHbBIIAETCSA. Y T€KKOHOB, COJIEP/KABIIMXCS B YCIOBHAX
OTPaHUYEHHOW TOJBMKHOCTH, CTPECCOBOE HAIPSKEHHUE, BBI3BAHHOE CTPECCOBBIM (PaKTOPOM,
coxpansieTcs JuymTensHoe Bpems [13, c. 91].

VY TEeKKOHOB, MOJBEPraBIIMXCS TaKOMY K€ CTpecCy, HO MMEBIIUX BO3MOXKHOCTH CBOOOJHO
nepeABUrarbcss Ha Oosiee OOLIMPHOM TEPPUTOPUH, CTPECCOBOE HANPSDKEHHE 3HAYUTEIHHO
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ocimabeBano. Ecnm wccnemyeMele smepunbl UTUTEIBHOE BPEMsl IMOABEPTalOTCS BO3/ACHCTBUIO
CTa0MJIBHOM TEMIIepaTypbl, B HMX OpPraHWU3ME AKTHBHM3HMPYIOTCS Iapa3wWThl, HAHOCAIIHE YIIEpO
*KuBOTHOMY [14, c. 133].

DOKCHEPUMEHTAIBHO JI0Ka3aHO, YTO MPH COAEP)KaHUHM HCCIIEAYEMBIX SILIEPULl B TEppapuyme
npu ctadbminbpHOM Temmneparype 32—33 °C B TeUueHHE MPUMEPHO JBYX HEIEJb UX MUTAHHUE CHavalia
ociabeBaeT, a 3aTeM INPEeKPaIaeTcs, YTO NPUBOANUT K THOENN KUBOTHBIX. AHAIM3 MOKA3aj, 4To Y
THX 0CO0EH KOJMYECTBO TEIbMHHTOB B NHIIEBAPUTEIBLHOW CHUCTEME M HMHOTAA B JIETKHX
3HAUUTENIbHO yBenuuuBaeTcs. CIenoBaTelibHO, MOXHO 3aKJIIOUUTh, 4YTO TMPH JUIUTEIHHOM
CONEpKAHUM SIICPHIl B YCIOBUSAX IOCTOSHHOW BBICOKOW TEeMIlEpaTypsl B HMX OpraHH3Me
aKTHBU3UPYIOTCS TAapa3sUThl M YCIOBHO-TIATOTEHHBIE MHKpPOOPTaHU3MBI, HaHOCAMUE ymepo
KHUBOTHOMY. [lJii BBDKMBAHHS HCCIIEAYEMBIX SIIEPHUI] B MEPUOJ MX AKTUBHOCTU 3a NpeaeiaMu
YKpPBITHIA (KOHEIl BECHBI, JIETO M IEPBBIC JIBE HEJCIN OCEHHU) TeMIIeparypa OKPY)KalolleH cpersl
JOJDKHA 00s13aTeNIbHO U3MEHAThCSA. B Tene simepuir BHyTpeHHHE OpraHbl 3alIMIIEHBl OT BPEAHOTO
BO3JICHCTBYSI COJIHEUHBIX JIydel Onaropaps 4€pHOMY CJIOIO, MOKPBIBAIOIIEMY OPIOIIHYIO ITOJIOCTh
cHapyx# [15, c. 106].

VY Buaa Tenuidactylus caspius naHHBIH ci10#f OTCYTCTBYET. Y JHEBHBIX SILEPHUI] ITOT YEPHBIN
CIIOW TaK)ke OTCYTCTBYET Yy TOJBKO YTO BBUIYNHUBIIMXCS ocoOeil u dopmupyercs mnosanee. B
IKCIIEPUMEHTaX OBUIO YCTAHOBJIECHO, YTO 4YEpHAs IUIACTUHKA BBIMOJHIET HE TOJBKO (DYHKIIHIO
3alIMTHl BHYTPEHHHUX OPTaHOB OT COJHEYHOTO M3JIYYEHHUsS, HO TaKXkKe IPENOXpaHsieT UX OT
neperpeBa W NEPeoXJKICHHsS. Y KACIUHUCKUX TEKKOHOB, OOWTAIONIMX HAa TOPU30HTAJIBHBIX
ydacTKax ¢ KaMEHUCTBIM penbedoM, JUIMHA Tela OT pbUla J0 KJIOaku Oojblie, 4yeM y ocoOei,
OOWMTAaIOMUX Ha OTBECHBIX CKaiax. lccinenoBaHWsS IOKa3aiHM, 4YTO TEKKOHBI, JKHUBYIIUE B
BEPTUKAIBHOM TIOJIOKCHUH, JOJDKHBI OBITh OBICTPBHIMH, JIOBKUMH M MEJIKHMH, YTOOBI HMMETh
BO3MO)XHOCTBh CKPBIBaThCS OT BparoB. Slmiepuiia MEHBIIMX pPa3MEpOB JIETKO IEPENBUTAETCS IO
CKaJlaM U B CIIy4ae OIIaCHOCTH OBICTPO MPSYETCS B TPEIIMHBI. B momyanusax KacruicKoro rekkoHa,
OOMTAIOMINX HAa TOPU30HTAIBHBIX MOBEPXHOCTAX, YCITyeK Ha OPIOIIHOW CTOpPOHE OOJbIle, M OHU
KpyIHee, 4eM y O0co0ei, OOMTalmuxX B APYrUX paloHaX. YBEIUYEHHE KOJIUYECTBA YEUIyeK
YMEHbILIAeT KOHTAKT MEX]y TE€JIOM M cyOCcTparoM, Ha KOTOPOM OHO HaxomuTes [16, c. 431].

OmHolM W3 OCHOBHBIX mpuumMH Toro, uro Tenuidactylus caspius (Eichwald, 1831) 6sicTpo
aTanTHPyeTcss Ha HOBBIX TEPPUTOPUSAX M oOpasyer momymsitmu [17, c. 864], sBusercs 3abota
B3pPOCIBIX 0COOEH O MOTOMCTBE C MOMEHTa Hadaia SMOPHOHAIBHOTO Pa3sBUTHS N0 JTOCTHKCHUS
MOJIOBO3PETIOCTH. Y TEKKOHOB pa3BUTHE siilla B SHIEBOAC HAYMHAETCS NpPU OJArONPHSITHBIX
YCIIOBUSIX Cpenbl. Bo BpeMs OTKIIaJbIBaHUs SWI] camasi ONBITHAs M B3pOCNasi caMKa MOMYJISIHUN
HaXOAMT yOeKuIle [l KJIaJKH U OTKJIJbIBAeT Tyna nepsoe sifno. Ilocie He€ psaaoMm ¢ 3TUM siIioMm
OTKJIA/IBIBAIOT CBOW SHIIA W JApyrHe camku simepuil. Korma 4mcio sl CTaHOBUTCS OONBIINM,
B3pocCiiasi caMKa HaXOAWT HOBOE MECTO M OTKJIAJbIBAaeT TyJa CBOE BTOpOE siifiio. BropuuHas kianka
APYTUX CaMOK TMOMYJSIUU yXK€ MPOUCXOAUT B 3TOM HOBOM MecTe. MoJjojble SIIepHlbl Mmocie
BBIXO/1a U3 SIMIl HA MEPBbIX CTAAUAX MOCTAMOPUOHAIBHOIO PAa3BUTHUS MUTAIOTCS MOJ MPUCMOTPOM
B3pocibIX 0ocobel. IIpu BOZHUKHOBEHHH OMACHOCTH B3POCIIbIE KACAHWEM XBOCTA CUTHAIU3HPYIOT
MOJIOIBIM OCOOSIM, UTO BBI3BIBAET X CTPEMHUTEIBHBIN YXO/ U3 OMaCHOW 30HBI.

Tenuidactylus caspius (Eichwald, 1831) oGuraer Ha ceBepO-BOCTOYHBIX CKJIIOHaXx Maoro
KaBkasa B jecocTenHbIX pailoHaX CpelHerophs, Ha NPEAropbsixX TalIbIIICKUX TOP U B JIECOCTEITHBIX
paifoHaxX HU3KOTOPUH CEBEPO-BOCTOYHBIX CKJIOHOB bosbmroro KaBkaza MCKIIOUHMTENBHO B MeCTax,
CBSI3aHHBIX ¢ MH(MPACTPYKTYPOi, CO3aHHON uenoBekoM. B aTux paiionax Tenuidactylus caspius
SIBIISIETCS TIOJTHOCTHIO CHHAHTPOITHBIM BUJIOM. OTH SIIIEPHUIIBI MOTYT CYIIECTBOBATH 3/1€Ch TOJBKO
Omaromapsi COOpyKE€HHsIM 4eloBeKa. B yka3aHHBIX CTallMOHapax KacIUHCKUI FeKKOH He CrocoOeH
KHUTb B €CTECTBEHHBIX OMOTOMNAX, TaK KaK 3MMHHI MEPHUOJI CPABHUTEIBHO XOJIOJHBIH, TPOU3pacTaeT
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00JIbIIOE KOJNIWYECTBO ME30(UTHBIX pPACTEHUHM, a MOYBBHI MPEACTaBICHBbl TEMHBIMU JIECHBIMHU
TPYHTaMHU.

O0ném cBexxecHecéunbix smir y Ophisops elegans (Menetries, 1832), Lacerta strigata
(Eichwald, 1831) u Tenuidactylus caspius (Eichwald, 1831) He 3aBUCHT OT JUIMHBI Tejla CaMKH
(ImMHA OT KOHYMKA MOPJBI 0 KJIOAKW), UHAEKCA COCTOSIHUSI Tella, BHICOTHI HaJl YPOBHEM MODS U
TeMrieparypbl. Pa3Huiiel B 00bEMe SUII, OTKIAIBIBAEMBIX MEJIKOH CAaMKOW W KPYITHOH CaMKOM, HE
Habmronaercs. Korja cenbCKOX03sCTBEHHBIE YTOJbs TOPKUTAIOTCS JIFOIBMH HITM BOSHUKAET MOXKap
1o MHOM npuuumHe, simepuiia Ophisops elegans, B oTimuue OT APYTUX KUBOTHBIX, HE TOKUIACT
TEPPUTOPHIO, a MPAYETCS B YKPBHITUU U HEKOTOpoe Bpems octaércs TaMm. Korja temmeparypa emié
OoJbllie TOBBIIIAETCS, OHA MOKUAAET CBOE yOexXHIle, HO BCE paBHO Jajneko He yxoauT. Hekoropoe
BpeMs SILEpULla 3aJep>KUBACTCA IMOOIM30CTH OT YKPBITHS, a 3aTeM IOKHUIAeT TEPPUTOPHUIO.
BcnencrBue 3TOro NaHHBI BHJI CTAHOBUTCS OJHUM M3 HauOojee MOCTPaJaBIIMX OT TOXapOB
KUBOTHBIX. B cBsi3u ¢ ypOaHu3anuell HaOmromaetrcs cokpaineHue apeaiga Ophisops elegans
(Menetries, 1832), pacmupenue apeana Tenuidactylus caspius (Eichwald, 1831) 3a cuér
YBEIMYEHUSI YHCa TIOCTPOEK U OOBEKTOB MH(PACTPYKTYpPBI, CO3AAHHBIX YEIOBEKOM, a TaKXKe
nosiBieHHe HOBBIX nomynsiiuii Lacerta strigata (Eichwald, 1831) B pe3ynbrare ymydiieHHs
UPPUTAIIMOHHOM CUCTEMBI U YBETTUUEHUS TEPPUTOPHIL, OOraThiX Me30()UTHBIMH PACTCHUSIMHU

Buisoo

VY B3pocnsix smiepui] O. elegans u L. strigata cpentue 3HauYeHUS JUIMHBI TENa OT KOHYHMKA
MOP/IbI IO KJIOAKU M MHJEKCA COCTOSIHUS OpraHU3Ma MOT'YT U3MEHSTHCS B 3aBUCUMOCTHU OT BBICOTBI
OuoreoreHo3a HaJl ypOBHEM MOPS M CPEAHETOA0BOM Temreparypbl. To ecTh y siepHil, 0OUTAIOMUX
B CpPEIHEMOTOPHBIX palioHax AsepOalipkaHa C OTHOCHTEIBHO HH3KOM CpETHErO0BOU
TEMIIEPATypOl, CpeAHME 3HAu€HUs JUIMHBI TejJa OT MOpAbl 10 KIOAKHM M HHJEKCa COCTOSHUS
opranu3ma OOJIbIlIE TIO CPaBHEHUIO C AILIEPUILIAMH, KUBYIIMMH B PABHUHHBIX M HHU3KOTOPHBIX
palioHaX C OTHOCHUTEIBHO TEIUION CpeaHEerofoBod Ttemmneparypoi. Ilpu cpaBHeHMM TeppuTOpUit
A3zepblaiipkana ¢ TPHOIM3UTEIHFHO OJMHAKOBOW BBICOTOW HAJl YPOBHEM MOpPsS OBLIO YCTaHOBIIEHO,
yro y B3pocibix smiepui; O. elegans u L. strigata, obutaromux B paiioHax ¢ 0ojiee BBICOKUM
KOJINYECTBOM CPEIHErOJI0BBIX OCAJKOB, CPEIHHME 3HAUEHUs JUIMHBI Telda OT MOpAbl 0 KIIOAKH,
MHJIEKCA COCTOSIHUS OpraHu3Ma W KOJIMYECTBa TEIbMHUHTOB B IHIIEBAPUTEIIBHOW CHCTEME
OKa3bIBAIOTCSI OOJNIbIIE [0 CPaBHCHUIO C JApPYruMH cranumoHapamu. Smepunsr L. strigata,
oOHuTaIOLIMEe B PA3JIMYHBIX SKOJIOTMYECKHX YCIOBUAX AsepOaiijkaHa, CIOCOOHBI y4acTBOBAThH B
Pa3MHOXEHUHU IMOCJHE ABYX 3MMOBOK. BO Bcex 53KOCHCTEMax ydacTHE HEOMNBITHBIX CaMIOB B
PENPONYKIIMU Ompeensercs MopHoMEeTpUIECKUMHU MTapaMeTpaMu, TIIaBHBIM 00pa3oM JJIMHOM Tena
OT MOP/IBI 10 KJIOAKU U MHIEKCOM COCTOSIHUSI opraHu3Ma. lccienoBanus mokas3bIBaloT, YTO BO BCEX
cranpoHapax y camioB L. strigata, BrepBble JOCTHUTIIHMX ITOJIOBOM 3PEIOCTH, CPEIHUE 3HAYCHUS
munbl Tena (BKY) u unaexca coctosiHust opraHu3Ma BbIIIE, 4eM Yy caMOK. Bo BpeMs pa3MHOKEHUs
HEOMBITHBIE CaMI[bl MOTYT YYacTBOBaTh B PENPOAYKTUBHOM Tpollecce Onarofaps KpyIMHBIM
pasmepam Tena u cuie. OJHaKO Mociie NPHOOPETeHHs OIbITa MPEUMYIIECTBO caMila B pa3Mepe Mo
CPaBHEHHUIO C CAMKOM YK€ He SIBIIIETCS pelaroiuM GakTopoM Ul ycrexa pasMHOXKeHus. fiepuiia
Tenuidactylus caspius (Eichwald, 1831) B cpemHemM ropHOM IMOsiCeé Ha OMYIIKax JICCOB CEBEPO-
BOCTOUHOTO ckiioHa Manoro KaBka3a, B HUJKHETOPHBIX pailOHaX Ha OIyIIKax JECOB TasbIICKUX
rop, a TaKXXe B HIDKHETOPHBIX paliOHaX Ha OMYIKaxX JIECOB CEBEPO-BOCTOUHOIO CKJIOHA boibiioro
KaBka3za oOuTaeT HCKIIOUMTEIRHO B MECTaxX, CBA3AHHBIX C UHQPACTPYKTYpOH, CO3JaHHON
yenoBekoM. B aTux paitonax Tenuidactylus caspius siBisieTCsl TOJIHOCTBIO CHHAHTPOITHBIM BHJIOM.
OTH sIEpUllbl MOTYT CYLIECTBOBaTh 3/€Ch TOJBKO Onaromapsi MHPPACTPyKType, MOCTPOCHHOM
4el0BEeKOM. B yIMOMSHYTBIX cTallMOHapaxX KaCUHUCKUN TeKKOH HE MOXET OOUTaTh B €CTECTBEHHBIX
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Ouoromax, Tak KaKk 3WUMHHUH MEPUOA MPOXOJUT OTHOCHTENBHO XOJOTHO, HUMEETCs OOJbIIoe
KOJIMYECTBO ME30(UTHBIX PACTCHHI M MPEOOIaaatoT TEMHBIE JeCHbIC MOYBBI. OMHON U3 OCHOBHBIX
OpUYHH TOro, uto smepuiibl Tenuidactylus caspius (Eichwald, 1831) ObicTpo mpucnocadbauBaroTcs
K HOBBIM TEPPUTOPHSIM U (OPMUPYIOT HOMYIIALNY, SBISETCS 3a00Ta B3pOCIBIX 0c00€i 0 MOTOMCTBE
— OT HayaJia SMOPHOHAIBHOTO PA3BUTHSI 0 TOCTHXKEHHS TIOJIOBO3PETIOCTH.

VY BumoB Ophisops elegans (Menetries, 1832), Lacerta strigata (Eichwald, 1831) wu
Tenuidactylus caspius (Eichwald, 1831) 00béM HemaBHO OTJOXKEHHBIX SHUI[ HE 3aBUCUT OT
MOpGHOMETPUYECKUX MTOKa3aTeNieil caMKu (JJTMHA Tela OT PbUIa 0 KJIOAKH, HHICKC COCTOSHHS TeJia)
U 9KOJIOTHYECKUX YCJIOBHH (BBICOTA HAJ YPOBHEM MoOps, Temiieparypa). CyleCTBEHHbBIX pa3indIuii
B 00BbEME SHUII, OTKIIBIBAEMBIX MEJIKUMH M KPYITHBIMH CaMKaMHM, He HaOmromaeTcs. TeM He MeHee
KPYITHBIE CAMKH CIOCOOHBI OTKJIaJbIBaTh OOJIbIICE KOJIMYECTBO SUI], YTO U COCTABISCT OCHOBHOE
paznuyre B uX 00IIeM pernpoLyKTUBHOM MTOTEHIIHAIIE.
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Abstract. The article presents a phytochemical study of the fruits of Crataegus orientalis L.
and, based on the results obtained, a comprehensive scheme for their use was developed. The main
components of oriental hawthorn fruits (flavonoids, carotenes, water-soluble polysaccharides, etc.)
were sequentially isolated from the same sample and studied using modern physicochemical
methods. The characterization of these compounds was achieved by chemical, as well as various
chromatographic and spectroscopic (UV/VIS, 1h- and 13c-nmr) methods. The scheme presented in
the research work is dedicated to solving a very important and important problem in the direction of
waste-free or low-waste complex processing of plant raw materials. A scheme for complex
processing of fruits is proposed, including stage IV and allowing the extraction of carotenoids,
flavonoids, water-soluble polysaccharides, pectin substances of hemicellulose, a-cellulose and fatty
oil from seeds.

Aunnomayus. llpencraBneHo  (UTOXMMHMYECKOE HCCIIEOBAHHWE IUIOJOB  OOSPBILIHUKA
Bocrounoro (Crataegus orientalis L.) u Ha OCHOBaHHMM MOJYYEHHBIX PE3YJIBTATOB pa3paboTaHa
KOMIUIEKCHAs CXeMa UX UCMOJIb30BaHUsl. OCHOBHbIE KOMITIOHEHTHI IUI0/10B OOSPBIIIHIKA BOCTOYHOTO
(¢pmaBoHOMIBI, KAPOTHHBI, BOAOPACTBOPUMBIE MOJIMCAXAPUAbI U Jp.) TOCIEOBATEIbHO BBIAEIECHbI
W3 OJHOTO 00paslia W M3YYeHBI C MCIOJIB30BAaHUEM COBPEMEHHBIX (DPU3UKO-XMMHUYECKHUX METOJIOB.
XapakTepucTHUKa OJTUX COCNWHEHHWH TMPOBEACHA XHMHUYECKHUMH, a TaKXKe pPa3TUIHBIMA
xpomarorpadguueckumMu U crekrpockonuueckumu (Y®-sugumas obnacts, 1H- u 13C-SAMP)
metonami. [IpencraBieHHas cxema MOCBSIIEHA PELICHUIO BECbMa BaKHON M aKTyaJIbHOM MpoOieMbl
B HampaBlIIeHUN O€30TXOMHOW WM MaJIOOTXOAHOM KOMILJIEKCHOW IepepaboTKH pacTUTEEHOTO
CBIPBSL.

Keywords: environment, Crataegus orientalis, polysaccharides, complex use,
spectrophotometric.

Kniouesvie cnosa: oxpyxarmas cpena, Crataegus orientalis, momucaxapuibl, KOMILIEKCHOE
WCIIONIb30BaHUE, CIIEKTPOPOTOMETPHS.
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Identifying plant species rich in biologically active substances and studying their
phytochemical composition are currently one of the pressing problems of modern science.
Currently, there is a great need for natural compounds of plant origin in various sectors of the
national economy, and research is expanding towards the complex use of plant-based raw materials
[10].

Many natural compounds have irreplaceable properties and are in dire need in various sectors
of the national economy, including medicine, pharmacy, and the food industry. The plant flora of the
Nakhchivan Autonomous Republic, which can be renewed every year and therefore has an
inexhaustible reserve and a very diverse species composition, is a source of natural biologically
active substances [2].

The chemical composition, flavonoids, polysaccharide complex and other compounds of the
eastern hawthorn fruits, which are widely distributed in the territory of the Nakhchivan Autonomous
Republic, have not been studied previously. Therefore, conducting a phytochemical analysis of
hawthorn fruits and determining the methods of their complex processing based on the results
obtained is of scientific and practical importance. According to the experimental findings, the
ethanol extract of C. orientalis displays remarkable antinociceptive, antiinflammatory, and
antioxidant activities [3].

Biological features. The genus Crataegus L. (hawthorn) belongs to the Rosaceae family and
has 280 species distributed in temperate regions of the world. It is known that 19 species of
hawthorn are distributed in the territory of the Nakhchivan Autonomous Republic [6; 7].

Pharmacological properties. Some species of the genus Crataegus L. have been used in folk
medicine in various countries since ancient times. Pharmacological and toxicological studies have
shown that various extracts of the hawthorn plant have a positive effect on cardiovascular diseases
[1].

Extracts from hawthorn flowers and fruits have also been found to have antiviral and
antioxidant activity. Hawthorn extracts are also known to significantly inhibit thromboxane A2
synthesis and platelet adhesion, thereby reducing the rate of atheromas and thrombosis formation
[4; 11].

The main pharmacological effects of hawthorn are associated with the presence of flavonoid-
type compounds in their composition. Many flavonoids have been found to have a wide range of
biological effects. They exhibit antibacterial, antiviral, anti-inflammatory, antiallergic,
antithrombotic activities, and have the ability to dilate capillaries and increase their elasticity [5; 9].

Material and methods

The fruits of the Eastern hawthorn were collected in the ripening phase from the Batabat area
of the Shahbuz district of the Nakhchivan Autonomous Republic. The fleshy part of the fruits was
separated from the seeds, dried at room temperature, and then ground. The ground plant sample
(570 g) was sequentially extracted with diethyl ether, ethyl alcohol, water, and alkaline solutions of
water (1% ammonium oxalate, 5 and 10% NaOH) to obtain carotenoids, flavonoids, and a
polysaccharide complex (water-soluble polysaccharides, pectin substances, A- and B-
hemicelluloses, a-cellulose) [2; 10].

Spectrophotometric and chromatographic methods were applied, UV spectra of the substances
were obtained on a UV-2900 spectrophotometer. Separation of individual substances from the
extracts and their purification were carried out using paper, thin layer and column chromatography
methods. Paper chromatography was performed on Filtrak FN-7 and FN-11 papers, thin layer
chromatography on Silufol UV254 plates, and column chromatography on alumina, silica gel
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(Silica Gel, 70-140 ) and Sephadex LH-20 columns. The determination of the obtained substances
in pure form was performed using chemical and physicochemical methods [4; 8].

Results and discussion

Fractionation of the total carotenoids extracted from the fruits of Eastern hawthorn was
carried out using column chromatography, quantitative analyses were carried out using paper and
thin layer chromatography, and quantitative analyses were carried out using UV-spectrometric
methods.

As a result of the analyses, it was determined that the carotenoid composition of hawthorn
fruit consists of a-carotene, 3-carotene, lutein, phytoin and phytofluin. The percentage amounts of
individual carotenes were determined as: a-carotene (37.5%), B-carotene (30.3%), lutein (15.5%),
phytoin (2.3%), phytofluin (3.8%).

The residue of the plant sample was extracted with 80% ethyl alcohol (60°C, 3 hours), the
extract was filtered through filter paper and concentrated under vacuum (40°C). The ethanol extract
was treated sequentially with ethyl ether and chloroform. The chloroform extract was
chromatographed on a silica gel column. The obtained substances were purified by Sephadex LH-
20 column. The pure substances were determined as quercetin, rutin, hyperoside, isogquercitrin and
catechin based on the results of chemical transformations (complete and partial hydrolysis in acidic
medium, enzymatic and alkaline hydrolysis), as well as the analysis results of UV- and 1H-NMR
spectra and comparison of these results with literature data. The total amount of flavonoids in
oriental hawthorn was determined to be 1.05%.

After extraction with ethyl alcohol, the solvent was removed from the residue of the plant
sample and extracted with water to obtain water-soluble polysaccharides (WSP). After dialyzing the
water-soluble polysaccharides, it was precipitated with ethanol. The precipitate was washed
sequentially with ethanol and acetone, and dried under vacuum at 400C. The yield was 6.90%.

The qualitative and quantitative characteristics (%) of water-soluble polysaccharides were
determined by the titrimetric method: free carboxyl groups — 4.62, esterified carboxyl groups —
6.75%, total carboxyl groups — 11.37, methoxyl groups — 4.65 and the degree of methoxylation
— 59.37. The content of galacturonic acid in SHOK was determined to be 37.5%. The high content
of galacturonic acid indicates that SHOK is of pectin nature.

The residue of the sample was extracted with a 1% aqueous solution of ammonium oxalate,
yielding 6.60% pectin substances (PS). The total content of WSP and PS in the fruits of Eastern
hawthorn was determined to be 13.50%. WSP and PS were completely hydrolyzed in an acidic
medium and their monosaccharide composition was analyzed by paper chromatography. As a result
of the analysis, it was determined that the characteristic monosaccharide composition of both
polysaccharides is the same, consisting of arabinose, galactose, xylose and rhamnose.

Analysis of the complete hydrolysis products of WSP showed that it contains a high amount
(37.5) of galacturonic acid, equal to neutral sugars. The high content of galacturonic acid in WSP
indicates that it is a polysaccharide with acidic properties and pectin character.

Pectin was partially hydrolyzed to obtain galacturone (40%). Chromatographic analysis of the
products of hydrolysis of galacturone in an acidic environment and by enzymatic method showed
that this substance consists mainly of galacturonic acid.

One of the main reasons for the increased interest in studying the chemical composition,
properties and structure of plant-derived polysaccharides is the recent discovery that some
polysaccharides exhibit physiological activity. These compounds have the ability to remove heavy
metal ions and radionuclides from the body. They have a gastroprotective effect and have a positive
effect on the endocrine and immune systems. Pectic substances are also widely used for technical
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purposes. They are used in the production of D-galacturonic acid, in geological drilling, in the
textile industry, and in printing. Pectic substances are irreplaceable natural compounds due to a
number of specific properties (gelling, complexing, etc.).

Currently, the development direction of chemical technologies is directed towards the
complex use of plant-based raw materials. For these purposes, priority is given to the application
and development of continuous and waste-free processes, while protecting the safety of the
environment. Therefore, the development of waste-free or low-waste complex processing schemes
for plant raw materials is very important and is the demand of the day.

The results of the conducted research allow us to propose a complex processing scheme for
hawthorn fruits, consisting of the following stages:

Obtaining total carotenes by extraction of fruits with diethyl ether. Separation of individual
carotenes by chromatographic methods.

2. Obtaining the total flavonoids from the sample residue by extraction with ethyl alcohol.
Separation of individual flavonoids by chromatographic methods.

3. Sequential extraction of water-soluble polysaccharides, pectin substances, A- and B-
celluloses from the sample residue.

4. Oil was obtained from hawthorn berries by extraction method (1.86%).

The physicochemical constants of the obtained oil (acid number -11.1, free fatty acid content
5.5, saponification number 238, peroxide number 1.04, iodine number 82.4, and nd — 1.4735) were
determined.

Conclusion

As a result of the research, natural compounds belonging to various chemical classes were
obtained from the fruits of oriental hawthorn by sequential extraction method: carotenoids,
flavonoids, water-soluble acidic polysaccharides, pectin substances, A- and B-hemicelluloses. A
method of complex processing of hawthorn fruits was proposed for the first time. The wide range of
applications of carotenes, flavonoids and polysaccharides, as well as the inability to replace these
substances with adequate other substances in most cases, allow us to characterize hawthorn fruits as
an indispensable source of raw materials for obtaining food additives, medicines and technical
means. The scheme presented in the research work is dedicated to solving a very important and
urgent problem in the direction of waste-free or low-waste complex processing of plant raw
materials.
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Annomayus. TlpoBeneHo cpaBHEHHME 3alajJHOM M BOCTOYHOM YacTed ATIIEpPOHCKOTO
MOJyOCTpOBa Ha (DOHE pA3NUYHOM AHTPOMOTEHHON HArpy3Kd, C HCHOJb30BAaHHEM LH(PPOBBIX
M300paXeHUIA, MOJEBBIX HCCIEAOBAHUN M pPe3yJIbTaroB jaboparopHoro aHanusa. Ha ocHoBanuu
BCeX TPEX MOIXOJOB YCTAHOBJICHO, YTO 3arajgHas YacTh IIOJIyOCTpPOBa IOABEpraeTcs Oolee
CI/IJII)HOMy HeFaTI/IBHOMy aHTpOHOFCHHOMy BO3I{€fICTBI/IIO, BKJIFOUas yp6aH1/13au1/Ho U TCXHOI'CHHBIC
(aKTOpBI, BCIEICTBHE 4YEr0 BIHSHHEC SK30JUHAMHUYECKHX IIPOIIECCOB HA TIOYBEHHBIN ITOKPOB
YCUITUIIOCh, a cepo-Oypble MOYBHI, MO JIaHHBIM JIA0OPATOPHBIX HCCIIEIOBAHUMN, MpeTeprenu Oonee
3HAUUTENBHYIO Jerpananuio. HampoTuB, B BOCTOYHOM 30HE IMOJYOCTpOBa, TIae ypOaHM3aIus
pa3BUBaETCS MEJICHHEE, TEXHOTCHHOE BO3/IEHCTBUE OTHOCUTENLHO clladee, a macTOUIla ¥ BHITOHBI
ObUTH 3aMEHEHbl MUHIAIBHBIMH W OJMBKOBBIMHU CaJaMH, YTO TOBJIEKJIO YIy4YIIEHHE COCTOSHUS
MMOYBEHHOTO MMOKPOBA.

Abstract. The article compares the western and eastern parts of the Absheron Peninsula
against the background of different anthropogenic loads, using digital images, field studies and
laboratory analysis results. Based on all three approaches, it was established that the western part of
the peninsula is subject to stronger negative anthropogenic impacts, including urbanization and
man-made factors, as a result of which the influence of exodynamic processes on the soil cover has
increased, and gray-brown soils, according to laboratory studies, have undergone more significant
degradation. In contrast, in the eastern zone of the peninsula, where urbanization is developing
more slowly, the anthropogenic impact is relatively weaker, and pastures and rangelands have been
replaced by almond and olive orchards, which has led to an improvement in the condition of the soil
cover.

Knrouesvie cnosa: sxocucrema, nerpaaanusi, cepo-0ypble MouBbl, reonHpopmanus, rymyc.
Keywords: ecosystem, degradation, gray-brown soils, geoinformation, humus.

AmnepoHckuil  monyocTpoB AszepOaimkanckoil PecnyOnuku siBisieTcss reorpaduueckoit
TEPpUTOpUEH, INIe MPOLECC OIMYCTHIHUBAHUS MPOTEKaeT Haubojiee HHTEHCHBHO, MPUYEM 3TOT
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MIPOLIECC TMPOUCXOAUT MOJ BIMSHUEM COBMECTHOTO JEWCTBUSI MHOTOCTOPOHHHMX HPHUPOAHBIX H
aHTPONOTEHHBIX (haKTOPOB. B 11€510M, TEPPUTOPHSI OTHOCUTCS K MOJYIYCTBIHHOM 30HE, OTIIMYAETCs
cabbIM  BOJOOOECHEUECHHEM M TIOCTOSHHO TIOJBEPraeTcs BO3JACHCTBUIO 3K30AMHAMHYECKUX
nporeccoB. OcCOOEHHO YacThle CHIIbHBIE BETPHI U Nepuonueckue kojaedanus yposHs Kacnuiickoro
MOpS BBI3bIBAIOT HETaTUBHYIO TpaHC(OPMALHIO MMOYBEHHO-PACTUTEIHLHOTO MOKPOBAa B YCIOBHSIX
COBPEMEHHOI'0 OIYCThIHMBaHUA. B cuTyanuu, Korma npoBeNEeHUE METUOPATUBHBIX MEPONPUATUN
3aTpyAHEHO, YpPOBEHb TPYHTOBBIX BOJ perymupyercss Kacmmiickum Mopem, KOTOpoe B 000HMX
CllydasiX OKa3bIBa€T OTPHUIATEIbHOE BO3JEHCTBHE Ha MOYBOOOPA30BATEIBHBIA IMPOIECC, YCKOPSA
3aconienue mnous. IIponecc nednsiuuu B BeCEHHHMI MEpHOA CHOCOOCTBYET MCHAPEHHUIO BBIMABIIUX
OCaJIKOB, CHH)KAeT BJIAXKHOCTh IIOYBBI U PACIHPOCTPAHSET TOKCHUYHBIC COJIeBble (pakuuu u3
HU3UHHBIX TEPPUTOPUI U COJIEHBIX 03€P HA MPUIICTAIOLIUE 3€MJIM, TEM CAMBIM YCUJIMBas 3aCOJICHUE
1o4B. JTO, B CBOIO 0YEpE/lb, CTAIO IMPUYMHOIN pacIIMpeHus apeaa rajJouToB Ha moiayocTpose [1-
3].

K uucny npuponusix ¢akTopoB, YACTUYHO BIMSIONIMX HA OIYCTHIHUBaHUE ATIIEpPOHA,
OTHOCSITCSL U TpsA3EBbIC ByJKaHbl. Ha TeppuTopun HaXoAUTCS OKOJIO TPUALIATH I'PSI3EBBIX BYJIKAHOB,
MEPUOJMYECKHAE HW3BEPIKEHUS KOTOPBIX M3MEHSIOT (DU3MKO-XMMHYECKHE CBOWCTBA TI0YB HA
MPUJIETAIOIINX y4YacTKaX, a BBIOPOCHI, cofepkallhe TOKCHUYHBIE COJNH, (OPMUPYIOT oOuaru
onmycThIHMBaHUs B NaHamadre.Ha ¢hoHe npupoaHOro onycThIHUBAHUS aHTPOIIOT'€HHOE BO3/ICHCTBUE
Ha AMIIEPOH 3a MOCIEAHUA BEK 3HAYUTEIIBHO Bo3pocio. C pa3BuTHeM HeTe- U ra3oq00bIBarONICH
MPOMBIIIJICHHOCTH B TEYSHHE MOCIIEAHETO CTOJETHS IPOUCXOIMIT OBICTPBIN Mpolece ypOaHu3aIum.
Ha teppuropun nomyoctpoBa obmiei miomanpio 2100 km? chopmupoBanack baky-Cymrautckas
armoMeparius rae npoxusaer 6onee 3 muH yenosek (https://goo.su/jKve).

B nHacrosimiee BpeMst cpeHss MJIOTHOCTh HACEJICHUS 1O cTpaHe coctasiser 106,6 den./km?, B
TO BpeMs Kak Ha Ammepone — 489,2 yen./km?, B npenenax bonbmoro baky — 996 uen./km?, a B
camoM baky — 5430,9 uen./xm? (https://goo.su/jKve).

Kaxxaplii feHb ecrecTBeHHbIE NaHAmAa(Thl AMIIEPOHCKOTO MOIyOCTPOBA COKPAIIAIOTCS M Ha
ux Mmecte GopMupyeTcst ypOIKocucTemMa. 3a TOCIeTHUE CTO JIET OKpyXKaromas cpena ArmmiepoHa
MOJBEPIIIaCh CHJIBHOMY 3arpsi3HEHUIO B CBA3M ¢ HeTenoObueil. Ha momyocTpoBe HacuuThIBaeTCS
OKOJIO 7 TBIC HE(QTAHBIX CKBAXHH, M3 KOTOpbIX OKkojJ0 2000 BBIBEJEHBI W3 HKCILTyaTallUH.
HedtenoOpiBaromiast pOMBIIUIEHHOCTh 3aHUMAET IUIONaab 0kojio 20 ThIC. Ta, U3 KOTOpbIX 10 ThIC.
ra 3arpsi3HEHbI WK 3aJIMThI JIACTOBBIME Bogamu [4].

B nocnennue roasl [IpaButensbctBo AsepOaiikana MpeapyHsIIO PsiJi MEP 110 TEXHUYECKON U
OMOJIOTUYECKON peKyIbTHBALUU He(Te3arpsA3HEHHBIX MOYB AMIIEPOHCKOTO MOJYOCTPOBA C YUETOM
MeXayHaponHoro onelta. C Apyrod CTOpPOHBI, Ha IIPOLECC OIYCTBIHUBAHUS B PETHOHE
OTpULIATEIbHOE  BIMSHUE  OKa3blBa€T M  TEXHOTE€HHAas  JEATEIbHOCTb, CBf3aHHasg C
(YHKIIMOHUPOBaHWEM MHOTOYHMCIIEHHBIX KaMeHHBIX (['tosner, 3upa, Mamrara, [tons6axT u ap.) u
necuanblx (bamaxanbl, Cypaxanbl, HoBxansl, [oBcansl u ap.) kapsepoB. BeicTpelii poct baky-
CyMrauTckoit arioMepaluu, pacliipeHue J0poKHOW HHPPACTPYKTYPBbI, Aerpajalys MouB MPUBEIH
K COKpAILEHUIO CEIbCKOXO3IUCTBEHHBIX Yroguil. JTo ocTaércs mpobiaeMoil /uis BceX KpPYMHBIX
rOpOJIOB MUPA U YK€ MPHUBIIEKATI0 BHUMaHUE psa ucciemaoBarenei [5-7].

Llenv uccnedosanusi 3akiaodaeTcss B OLEHKE JAMHAMUKHM IIpollecca OIYCThIHMBAaHUS B
CIIOXKHeHIIe ypOoakocucTeMe MoJ] BO3ACHCTBUEM Pa3IUYHBIX (OPM XO3IUCTBEHHOM JEeSITEIbHOCTH
YeJI0BeKa Ha OCHOBE MOJIEBBIX HCCIIEAOBAHHM, 1a00pPaTOPHBIX JaHHBIX U METOA JUCTAHIIMOHHOTO
30HAUPOBAHMUS.

Mamepuan u memoowt ucciedosanus
Paiton umccnenoBaHMil OXBaThIBAE€T CEBEPHYID 4YacTh ANIIEPOHCKOrO MOJYOCTPOBA — €r0
3amagHoe W BOCTOYHOE Kpbuto. ['eorpaduueckue KOOpAMHATHI 3aMafHONW YacTH: Ha CEBEpe —
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49°39'49,564"E 40°36'48,548"N; Ha 3amage — 49°46'55,726"E 40°26'44,641"N; Ha BOoCTOKE —
50°2'33,709"E 40°3527,17"N; Ha wore — 50°27227,285"E 40°25'36,112"N. BocrouHas yacTh
pacrnoJiokeHa B IMpejesiax CIeAYIOIUX KoopauHat: Ha cesepe - 50°2'42,432"E 40°34'57,42"N; na
zamage — 50°2'30,016"E  40°21'25,424"N; na Boctoke — 50°19'33,082"E  40°29'19,709"N; Ha
ore — 50°22'14,488"E  40°13'48,521"N. JlanHblii pailOH OrpaHUYEH C CEBEpa U BOCTOKA
Kacnuiickum MopeM, a ¢ rora mepexouT B 30Hy BBICOKOPa3BUTO# ypOoskocuctemsl [4-6] (PucyHok
1).

[TpuBOIATCS OCHOBHBIE TEOPETHUECKHE U IKCICPUMEHTAIBHBIC PE3yNIbTaThl, (haKTUUCCKUE
JlaHHbIe, OOHAPY>KEHHbIE B3aUMOCBSI3M W 3aKOHOMEpHOCTU. [Ipu 3TOM oTHaeTcss mpeArnoyTeHue
HOBBIM pe3ylbTaTaM U JaHHBIM JOJTOCPOYHOTO 3HAYECHMS, BaXXHBIM OTKPBITHSIM, BBIBOJAM,
KOTOpBIE OMPOBEPTaIOT CYIIECTBYIOIINE TEOPUH, a TAKXKE JAHHBIM, KOTOPHIE, IO MHEHHUIO aBTOPA,
HUMEIOT MpaKTH4YecKoe 3HaueHue [8].

N L0.0.0F

50 75

W0 E =

Pucynox 1. Teppuropus uccieqoBaHus

Obpabomxa yugpposwix uzobpadcenuti. VIHGopManus 0 BpPEMEHHO BBIJCIICHHOM paiioHe
WCCIIC/IOBAaHUN, a TaKXKE O pPACIOJIOKEHHBIX B HEM NPOOHBIX M ONBITHBIX IUIOMIAJKaX ObLIa
MOJydeHa C TMOMOINBI0 MyJabTUCHEeKTpanbHbIX kamep Enhanced Thematic Mapper (ETM+)
cnytHukoB Landsat 5 u Landsat 8,9, orpakarommx BereranmonHsiii nepuon 1994 u 2024 romnos.
1994 ron — Landsat 4-5 TM C2 L1; WRS Path — 166; WRS Row — 032; UTM Zone — 39;
reorpaduyeckre KOOpauHaTH IeHTpa cieHbl: 40°20'42,86"N; 50°10'48,25"E; pasmep nukcenst — 30
M. 2024 rox — Landsat 8-9 OLI/TIRS C2 L1; WRS Path — 166; WRS Row — 032; UTM Zone — 39;
reorpaduyeckre KoopauHarel 1eHTpa cueHsl: 40°19'58,80"N; 50°14'12,08"E; pasmep nukcens — 30
M.

B npenenax uccrnenyemoro paiioHa ObLIO 3a10KEHO 9 OYBEHHBIX PAa3pe30B M BHIIOIHEHO UX
noapoOHoe  Mopdornorudeckoe  ommcanue. OroOpaHHBIE  TOYBEHHBIE  OOpa3lbl  ObLIH
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MIPOAHAIIM3UPOBAHBI IO CIEAYIOIIUM METOJMKAM: MAaKCHMAJIbHAsl U TUTPOCKONMYECKAs BIAKHOCTD
— BECOBBIM METO/I0M; 00IIHii a30T u Tymyc — 110 U. B. TiopuHy; rpanyIoOMEeTpHUYECKUNA COCTaB —
no merony H. A. Kauunckoro; pH BogHON CyclieH3MM — MOTEHLIMOMETPUYECKH; MONIOIIEHHBIE
ocuoBanus: Na* — mo merony K. K. Tempoiinia; Ca?" u Mg** — no merony J[. . UBanosa; CO,
KapOOHATOB — KaJbLIMMETPUUYCCKH; TOJIHAs BiIaroéMkocts — 1o meroay [I. WM. Msanoga [5].

B moneBbIX yCIOBUSIX ISl U3YYCHUS HETaTUBHOTO BIUSHUS ACQISIMOHHBIX IMPOLECCOB HA
MMOYBEHHBIN IMOKPOB B UCCIIEyEeMOM paliOHE — KaK B BOCTOYHOM, TaK M B 3alaJHOM KpbUIe — OBLI
MIOCTABJIEH 3KCIIEPUMEHT C UCIOJIb30BAaHUEM IUCTUIUIMPOBAHHON BOJbI 00BEMOM OJIMH JIUTP: TPU
MOBTOPA U OIMH KOHTPOJIb. C yuéTOM BETPEHBIX JHEU, Yepe3 JIeCATh CYyTOK ObLITU 0TOOpaHbI MPOOHI,
KOTOPEBIE 3aTe€M B JTA00PaTOPHBIX YCIOBUSIX MOABEPIVIMCH AaHATU3Y MOJTHOU BIArOEMKOCTH.

Pezynemamut u obcysrcoenue

CornacHo TUIICOMETPUYECKOM KapTe ATIIEPOHCKOTO MOJYyOCTPOBa, HEKOTOPHIE MOYBEHHO-
KJIMMaTUYECKUE TOKA3aTeau €ro 3alaJHol M BOCTOYHOM YacTeld HM3MEHSIOTCS B COOTBETCTBHM C
€CTECTBCHHBIMU 3aKOHOMEpPHOCTSIMHU. 3a mnocieanue 30-35 7nerT MO3UTUBHbICE HW3MEHEHHUS B
XO3SIICTBEHHON JI€ATEIbHOCTU YEJIOBEKA TAaK)KE€ OKazaJld BIMSHUE Ha 3TOT Ipolecc. Tak Kak
3armajgHas ¥ BOCTOYHAS YACTH IMOJIyOCTPOBa HAXOMSTCS B OJMHAKOBBIX (DU3HUKO-TEOTpapUICCKUX
YCIIOBUSAX, 371eCh CGHOPMUPOBATINCH Cepo-Oypeie mouBbl. OJHAKO JUTUTEIBHOE BO3ICHCTBHE
ypOOIKOJIOTUYECKUX MPOLIECCOB M 3arpsiI3HEHUE O] BIUSHUEM TEXHOTEHHBIX (DaKTOPOB MPUBEIH K
CYIIECTBEHHBIM U3MEHEHUSIM UX MOP(HOTreHETHUECKUX CBOMCTB. Llenbio JaHHOTO aHanu3a SBISETCS
OIICHKA WM3MCHCHHM, IMPOUCXOMANIMX Ha (DOHE TMOJOKUTECIBHON XO3SHUCTBEHHOW JESATEIHBHOCTH
yenoBeka B nocieque rogpl. C 1990-x rogoB XX Beka /10 HACTOSILErO BPEMEHH HAa TEPPUTOPUU
paiioHa mccnenoBaHus Ipolecc ypOaHU3alMKU CTPEMUTENIBHO Pa3BUBAJICS, YCUIIMBAsk HArpy3Ky Ha
nanamad Tl ¥ COKpalas MOYBeHHbIE pecypchl. Hapsiay ¢ 3TuM B pernoHe MpoucXoIuiIo U pa3BUTHE
arponanmmadToB [7-11]. 3anamHas yacTh ATNIIEPOHCKOTO MOJYOCTPOBA B OCHOBHOM IPE/ICTABIICHA
HU3KOTOPhSIMHA ¥ XOJIMAMHU, CMCHSFOIIIMMHUCS K 3amajy MPUOPEKHBIMA paBHHHAMU M UX TeppacaMu
(Pucynok 2).
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Pucynok 2. I{udpoBoit Mozens penbeda uccieayeMoi TeppuTopum
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Penved wmccrmenyemoro paiioHa COCTOMT W3 CIEAYIOIMX 3JeMeHTOB: 1. BbicoTa <0 M —
IJI0CKHe aOpa3vOHHO-aKKyMYISITUBHBIE MOpPCKHE paBHHMHBI, 3aHuMaioT Oonee 30% oOmeit
TeppUTOpuu mosyoctposa; 2. 0-20 M — c1ab0 HAKIOHHBIE BOJHHUCTHIE, TPsIOBbIE, a0pa3UOHHO-
aKKyMYJISITUBHbIE MOPCKHE pPaBHUHBI, cocTaBisitoT 17,3% obmeit tepputopun; 3. 20-50 m —
JeHYJAllMOHHbIE TEKTOHMYECKHUE BIAJAMHBI HU3KOTOpPbs, cocTaBisAoT 13,5% olmieit Tepputopuu; 4.
100-200 m — cnabo pacuieHEHHbIE AaHTUKIMHAIbHbIE U MOHOKJIMHAJIBHBIE T'Psbl, B OCHOBHOM
CIIO)KEHHBIC OCAJOYHBIMU TIOPOJAMHM HEOTeHa U TIUIeHCTOolleHa, cocTaBisatoT 17,3% obmei
tepputopuy; 5. 200-572 M — naro cKiIaa4aToro HU3KOropbsi, CI0KEHHbIE OCAIOUHBIMU ITOPOAAMU
TUTHOLIEHA, 0XBaThIBAIOT 8,4% 00111el TeppuTOpun.

3amagHas 4acTb HUCCIEAYyeMOro paioHa oOTIMYaeTcss 0Oojiee  CIOKHBIMH  HKOJIOTrO-
reorpaUUecKuMH yCIOBHSAMHU: IPOLECCHl OYBOOOPA30BaHMs B HU3WHHBIX MECTax MPOTEKAIOT B
THIPOMOP(HBIX YCIOBHSX, @ Ha KPYTHIX CKJIOHaX — B aBTOMOP(MHBIX. 3acCylUIMBBIA KIUMaT U
BiausiHue Kacnuiickoro mopsi oOycinoBuiau 0osiee BBICOKYIO MUHEpAIM3alMI0 TPYHTOBBIX BOJ B
HuzuHax. C JOpyroil CTOpOHBI, B IMOCJIEIHUE TOAbl YCKOpEHHas ypOaHM3alMs U MHOTOJIETHEe
TEXHOTEHHOE BO3JCHCTBHE 3HAUYMTENFHO YCHUJIMIIN DKOJIOTHYECKYIO HANpsKEHHOCTh B PETHOHE. 3a
MOCIIeHUE TPUALATH JIET TMPH aHajJu3e IOKa3aTreJed HEKOTOPBIX KIMMATUYECKHX DIIEMEHTOB
3amagHod dYacTh AIMIIEpoHa MOXXHO OTMETUTh BO3pacTaHWE BIMSIHHS 3K30IWHAMUYECKUX
nporeccon (Tabmuma 1).

Tabauna 1
HEKOTOPBIE KIITMMATHUYECKUE S5JIEMEHTHI

BrnaxHocTh MOBEepXHOCTH IOUBHL, 5 cM  AH6. Mapm Maii  Hione Cenwm. Hos6. Cp.eodosas

0,72 071 052 034 023 049 0,49

S Kon-Bo cpeHEroBoBbIX 0CaKOB, 18,23 45,77 32,19 5,15 5,45 76,72 350,3
S mM/mens
TemmnepaTypa MOBEPXHOCTH ITOYBHI 3,09 581 1757 2558 219 9,38 13,56
CpemHsist CKOPOCTh BETpa, M/CeK 3,36 3,86 2,89 3,58 3,04 3,7 3,49
BraxHOCTh MOBEPXHOCTH MOYBHI, 5 CM 0,49 0,51 0,48 0,32 0,19 0,61 0,45
< Ko11-Bo cpeiHETOBOBBIX 0CAJIKOB, 22,73 37,06 33,86 1343 242 3934 386,40
N ™MMm/neHs
o TemmepaTypa HOBEpXHOCTH MTOYBBI 7,33 767 16,93 27,79 23,79 13,6 16,44
Cpemusist CKOpOCTh BeTpa, M/cek 572 408 451 381 481 5,24 4.4

B 1994 r cpenneronoBasi TeMiiepaTypa MOBEPXHOCTH MOYBKI cocTaBisuia 13,6°C, Torna kak B
2024 r stoT nokazatens goctur 16,4°C. Cpennsist ckopocTh BeTpa B 1994 rony pasnsiiacs 3,5 m/c, a
B 2024 r yBenuuunack 10 4,4 M/c. HanpoTus, BIaKHOCTh MOBEPXHOCTH MOYBBI 110 CPABHEHHIO C
1994 r B 2024 1 cHu3MIach. DTO pa3iauune Hanbojee 3aMETHO MPOSBUIOCH B MEPHUOJ BEreTaluuu
pacTeHui.

Uro kacaercs IoOKazaTellell HOpMalM30BaHHOTO BereranroHHoro uuzaekca (HBU), 1o 3a
NocjaeIHUue TPUALATH JIET Ha MOJIYOCTPOBE B IIEJIOM HAOJI0aeTCsl MOJIOKUTENbHAS JUHAMUKA. DTO
CBSI3aHO C OWOJIOTMYECKOW pEeKyIbTHBAIMEe HeTe3arps3HEHHBIX MOYB, PACIIMPEHHEM KHIIbIX
naHAmwagdToOB, Pa3BUTHEM OPOCUTENBHBIX CHUCTeM U Jpyrumu (axktopamu. B 3amannoil wactu
ATIIEPOHCKOr0 MOJYyOCTPOBAa 3a TPUALATH JIET IUIOIIAAb 3€Melb, KIaCCU(UIIMPOBAHHBIX Kak
oemnenn (-0,1-0,1) u cmabopassuras pactutenbHocTh (0,1-0,2), coctaBmsna 83% (45456,23 ra),
torya kak B 2024 r 3TOT mokasareib CHu3uiIcs 10 67% (Pucynok 3, 4).
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Pucynok 3. Hopmanu3oBaHHbIi Beretannonuslii uuaexkc (HBU) - 1994
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PucyHnok 4. Hopmanu3oBauHblii BereraunonHslii uuaexc (HBU) - 2024

Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0)

56



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 11. Ne10 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/119

ComnacHo kapTam 3eMJIETI0JIb30BaHMs 3aMlaIHOM YaCTH MCCIIENYEMOIro paioHa, 3a MOCIEIHUE
JecsTh JeT 3/[eChb YCKOpWICS Ipolecc ypOaHM3alMU: TIUIOMIAAb HACENEHHBIX ITYHKTOB U
UH(pacTpyKTypsl yBenuumiach ¢ 66,7% no 71%. CooTBeTCTBEHHO, HAOIIONAETCS COKpAICHUE
npyrux 3kocucteM. OcoOCHHO OBICTPO YMEHBIAOTCS MMOCEBHBIE 3€MITH, KOTOPBIC 3aMEHSIOTCS
HACEJICHHBIMH ITYHKTaMU U HHQPaCTPYKTYpHBIMH 00bekTamu (PucyHOK 5).

2016 Jlerenns

- BOHAIS SROCHCTEMS]
E PacTHTenBHAIR YKOCHCTENR

- bonot
D IMocenusie e
- Haceafzastii myHsT
[ | beanena
[_J IMactGumum
M 1:100000 2016 2024
™ 2024 Hasemundl mokpon Inomys
; Textap % Texrap %
Botue skocHcTeM | 338616 7,48 262321 577
P“;;‘c'f‘:‘:::',ﬂ" 55,79 012 | 10991 | 024
Bonors 91,46 0,20 55,30 0,12
Mocestte 3estms | 3004,04 | 6,61 | 200289 | 441

| Hacentmmstlimymer | 3026057 | 66,57 |32235,02| 7091

Beurern 226815 198 177168 3,90
IMactGamm 6393.06 1407 | 665819 14,65
OGuwmy romans, ra | 45456,23 100 45456,23 100

M 1:100000

Pucynok 5. HazemHbIi1 mokpoB

B BOCTOYHOM wYacTH HCCIEAyeMOro palioHa 3a NOCIEIHUE TPUALATh JIET OTMEYaeTCs
MOJIOKUTENIBHOE aHTPOINOreHHOe Bo3aeicTBUE. [l0 COyTHHKOBBIM JaHHBIM 32 3TOT MEPUOL
MOKa3aTelu KIMMaTUYeCKHX 3JIEMEHTOB — BIAXXHOCTh MOYBEHHOM MOBEPXHOCTH, TEMIIEparypa
MOBEPXHOCTH TIOYBBI U CKOPOCTh BeTpa — Obutu Bbimie (Tabmuma 2). [To HOpMaau30BaHHOMY
BETETAIMOHHOMY MHJCKCY HaOomaeTcs ené 0osiee BhIpaKEHHAS MOJIOKHUTENIbHAS TUHaMHUKa. Tak,
ecau B 1994 r mokaszarenb OemiIeHA B BOCTOUYHOM 4dacTH cocTaBisti 73,93%, 1o B 2024 r oH
cammics A0 19,95%. Ilokazarens motHoctn >0,4 no cpaBHeHuto ¢ 1994 ronom Beipoc B 4,55
pa3. [Tokazarenb yMEpeHHO CTEIISHH TI0 TUIONIA 1 OKa3aics B 3,6 pasa Boie (Pucynok 5, 6).

Tabnuma 2.
HEKOTOPBIE KIIMMATUYECKUE DJIEMEHTHI
Bia>xHOCTh MOBEPXHOCTH TOYBHI, 5 CM AHne. Mapm Mati  Hione Ceum. Hosb6. Cp.eoo.
< 0,73 0,73 0,6 0,38 0,30 0,56 0,55
& Kon-Bo cpenneroBoBbix ocaakos, mm/nenr 23,04 38,74 32,16 79,5 31,7 37,06 370,67
- TemrmepaTypa mOBEpXHOCTH TTOYBHI 6,52 6,84 15,34 23,88 23,13 13,22 14,79
Cpemusist CKOpOCTh BeTpa, M/Cek 512 517 359 426 4,11 5,31 4,68
BiiaxxHOCTh MOBEPXHOCTH TIOYBHI, 5 CM 0,98 0,91 0,51 0,35 0,24 0,51 0,57
N Kon-Bo cpeaneroBoBbix ocaakos, mm/aens 20,37 3555 30,51 11,76 2,21 38,42 367,44
< TemnepaTypa MOBEPXHOCTH MTOYBbBI 8,56 783 16,24 26,88 23,55 1494 16,53
Cpemusist CKOpOCTh BeTpa, M/cek 6,3 447 4.7 4,02 5,29 5,83 48
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PucyHnoxk 7. Hopmanu3oBauHblii BererauuonHslii uaaexc (HBU) - 1994

BocTouHas yacTe uccienyeMoro paiioHa AMNiepoHa OTIAWYAETCs OT 3alaJHONM HE TOJBKO IO
3eMJICTIONB30BaHUIO, HO M TI0 BHYTPHUTPYMIOBOW M3MEHUYMBOCTH TOKa3aTenei mo romam (PucyHok
7). Kak Buano Ha kapte, npu cpaBHeHu# 2016 u 2024 rogoB 3a BOCBMUJIETHUI IEPHOJT TPOU3OLTH
3HAuUUTeNIbHbIE M3MEeHEeHUs. B BOCTOUHOIN wacTu AmimiepoHa BHJIHO, YTO MPHUPOAHBIN JaHamadT
cMeHuiIca KynbTypHbIM. Ecnu B 2016 r mmomans 6eanenioB cocrasisina 7,86%, To B 2024 r sToT
MoKasarenb CHU3WICS 110 2,69%. [lnomaap namen Bo3pocna ¢ 6,44% no 13,44%.

m Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 58



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 11. Ne10 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/119

2014 2024

Haseasnill nospon HNrowaos
T'extap o Ilextap %

Jereaxa $ !

BOXHSE 3ROCHCTOME] 33545 0,74 309,61 0,69
- Bomime axocHcTent PacTaremauaie 2xX0CHCTeM I 13,49 0,03 492 a0
E PacTimeissnie aocncresss Bomotar 135,22 0,34 2040 0,06
B somoma | Mocenswe et 292843 | 644 | 610752 | 13,44
[ nocessme sescun HacenZuessi nyvsr 1895331 | 41,70 | 2047261 4504
Bl iacentummn oy o ST | 786 | 122469 | 269
[ Beamun ' MactGienr [ 1940552 | 42,89 | 17306,99 | 38,07
!: TTac TGz O0mss OIS, F3 4545625 100 4545023 100

Pucynok 8. HazemHslIi1 mokpoB

XoTs Hacen€HHbIE IYHKTHI Ha BCEM MPOTSHKEHUU AIMIEPOHCKOIO MOJIYOCTPOBA HMEIOT
MOJIOXKUTENBbHYIO TUHAMMKY, B BOCTOYHOM 4YacTH TeMIIbl MX pOCTa HMXKe, 4yeM B 3amagHoi. Kak
BUJHO M3 KapT, B BOCTOYHOM YacTH IOJYyOCTPOBAa BOKPYI HACENEHHBIX MYHKTOB pacloyiaratorcs
MAIIHW, B YaCTHOCTH OJIMBKOBbIE U MUHJaJIbHbIE cajpl. Cyas Mo Kapre, 3a MOCIeIHNE BOCEMb JIET
yYMEHbILIEHUE IUJIOU[aied MacTOMI M CEHOKOCOB MPAaKTUYECKHU MPOMOPIMOHATIBHO YBEIMUEHUIO
nameH. AMNIIEepOHCKUH MOJIYOCTPOB OTIMYAaeTcs OT JpyruX peruoHoB AsepOaiimxana
npeoOnajaHieM BETPEHbIX 4acoB. B apuaHbIX KiIMMaTH4YecKuX ycioBusx Hamnuue Kacrnwmiickoro
MOpS. M MHOTOYMCIIEHHBIX COJIEHBIX 03€p CYLIECTBEHHO MOBJIUSIO Ha 3aCOJEHHE CEepO-OypbIX U
CepbIX MoYB nostyocTpoBa. Ha onbITHOM yuacTke ¢ reorpaguueckumu koopauHaramu 40°31.818"N;
49°51.660"E mo pe3ynpTaraM aHajau3a MOJHOTO BOJHOIO M3BJIEUEHHUS KOJIMYECTBO CYXOIO OCTaTKa
coctasmiio 0,077%, cymma coneit — 0,061%. Cpenu annono npeodnanamu Cl- u SO4%-, cpenu
katnoHoB — Ca?+. B ceBepo-3amaHON 4acTH MOIyOCTPOBa, BOJIM3H CONEHOTO 03epa (KOOPIMHATHI:
40°31.693"N; 49°52.932"E), cpennee 3HaueHue cyxoro ocrarka coctasuiio 0,052%, cymma coneit
— 0,049%. 3aech Taxke npeodnasaal Cpear aHMOHOB CyAb(arhl U XJIOPUAbI, CPEAN KaTHOHOB —
Ca*t u Na".

CpaBHUTENBHBIN aHAJIU3 MOYBEHHBIX 00pa3IoB, B3ATHIX U3 Cepo-OyphIX MOUB, MMOKa3all, YTO B
3aMaJHOM  4YacTH TOJYyOCTpOBa M3-32 MHTEHCHBHOCTH 3K30MHAMHYECKHUX MPOIECCOB U
npeodsagaHusi HEraTUBHOTO aHTPOINOT€HHOI'O BO3IEMCTBHS MOYBBI MOJABEPIIUCH OoJiee CHUIBHON
nerpanauuu. HanpoTus, B BOCTOUHOM YacTH JAerpajanus mporekana ciadee, a B MOCIEIHUE TOJbI
MOJIOXKUTENbHASL AHTPOIOTEeHHAss JESATEIBHOCTh ChIIpajla BaXHYIO pOJIb B YIYYLIEHHH psjia
napameTpoB 1nous. Huke npuBoasTcest pe3yabrarsl aHann3a cpe3oB Ne600 (3anmax) u Ne602 (BOoCTOK)
(Tabmuma 3). M3 Tabmuilel BUAHO, YTO B 3aMaJHOM YaCTH BEPXHHUI TOPU30HT IOYB JACTPAIUPOBAT U
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MOJIHOCTBIO YTPaTHJI THUTATENIbHBIC BENIECTBA. OTH TOYBBI CHJIBHO KapOOHATHBIC, C PE3KUMHU
n3MeHeHus MU 10 mpoduiato. Cpeau TNOMIOMEHHBIX OCHOBAaHHMM MpeoOiagacT  KaJbIlHid.
MexaHndeckuii COCTaB — JIETKUE CYNNIMHUCTBIC IIOYBBI.

Tab6numa 3
HEKOTOPBIE ®U3UKO-XUMUWYECKUE ITOKA3ATEJIM CEPO-BYPLIX TIOUB
ABIIEPOHCKOI'O ITOJIYOCTPOBA
S o «~
= § i- _ Q Hoenowenrvie Mexanuyeckuil
3 > B I 9 o OCHOBAHUSL, o —
o~ - 3 S T g S © N y cocmasg, Y% q
8 3 s S g 5 S = = Me/IKe
2, = S S 3 < X S O L
@) S X SIS o~ ~ o —
\g\. 8 % i % Q ~ 2+ 2+ S 8 L
S 53 Ks R Ca Mg pc S =
f : 3 @) vV \Y
0-18 0,99 9,60 21,38 0,73 9,41 21,0 15 12,24 25,70 9,7
= 18-42 1,66 14,37 40,73 0,53 17,92 23,0 15 17,50 36,08 10,0
©  42-58 1,45 11,01 22,40 0,46 9,86 20,5 15 0,62 14,06 9,8

58-75 222 1635 3564 0,35 15,68 22,5 2,0 9,02 36,32 9,8

0-10 2,42 4,33 71,28 1,47 31,36 21,0 2,5 10,76 40,10 10,0
10-25 1,89 6,44 4582 1,16 20,16 25,5 1,0 0 35,94 9,9
25-42 1,85 8,18 50,91 126 22,40 22,0 2,5 21,26 57,80 10,0
42-70 1,96 8,76 40,73 0,11 17,92 25,7 1,5 23,32 55,38 101

602

B BoCTOYHOM ceKTOpe MccieayeMoil TeppuTopun KapOoHATHOCTH BhIle. Jlo rmyOunsr 35-40
CM cojepkaHue o01ero rymyca npebimaer 1%. DTH MOYBBI TakKe HACBHIIICHBI MOMIOMIEHHBIMU
OCHOBaHMSIMH. Peakuusi cpeapl CHIBHO WHIENOYHasA. [ paHyIOMETPUYECKUN COCTaB — CPEIHHUE U
TsKENple CymIMHKM. Ha OCHOBE NONy4EHHBIX JAHHBIX MOYKHO 3aKJIIO4YMTh, YTO Ha IIPOLECC
MMOYBOOOPA30BAHMS B BOCTOUHOM YaCTU MOJYyOCTPOBA OTPHUIIATEIIBHOE BO3JCHCTBUE XO3SIMCTBEHHOM
JEeSTebHOCTH YeJNOBEeKa OBbLJI0O OTHOCUTENBHO claObiM. JlJis BOCCTAaHOBIEHHUS 3KOJIOTMYECKOTO
paBHOBECHS B PETMOHE HEOOXOAMMO, KaK U B BOCTOYHOM YACTH, PACHIMPUTH MOJOKHUTEIbHBIC
AHTPOIIOTCHHBIE MEPONPUATHS M B 3alaJHOM YacTH, a TAKKE PEryIupoBarb TEXHOTCHHBbIE H
ypOO3KOJIOTHYECKHUE HATPY3KH.

Bv1600wb1

3amagHas M BOCTOYHAsl HCCIEIyEeMble TEPPUTOPUU  ATIIEPOHCKOTO  IOJYyOCTPOBA,
oOnajarone OIMHAKOBBIMU TOYBEHHO-KJIMMAaTUYECKUMHU YCIOBHSIMH, OBLIM CONOCTABJIEHBI Ha
OCHOBE OOpabOTKM MHOTOJIETHMX IU(PPOBBIX M300pakeHUil, TMOJNEBBIX HCCIEIOBAHUN U
naboparopHbelx aHanu3oB. Ha QoHe oMHAaKOBBIX 3KOJOro-reorpauyeckux ycjaoBUH, HO
pPa3IMYHOIO aHTPOIOTEHHOTO BO3JEWUCTBUSA, B 3alaJHOM YacTH TOJIYOCTpOBa paclIUpeHHe
ypOO3KOCUCTEMBI U YCUJIEHME TEXHOT€HHOTO BJIMSHHS TNPUBEIM K BO3PACTaHHIO BO3AEHUCTBUS
9K30IMHAMUYECKUX TIPOLIECCOB HA IIOYBEHHBIM NOKpoB. Hamporus, B BOCTOYHOM wYacTu 3a
MOCJIEAHUE TPHUALATH JIET YCWIWJIACh IIOJIOKUTENIbHAs AHTPOIOTEHHAs [EATENbHOCTh. TakuMm
o0pa3oM, B BOCTOUHOI YacTH MOIYOCTPOBA MO CPABHEHUIO C 3alaJHOM, Jerpajanus Mo4B Mo Py
(bU3UKO-XMMUYECKUX MOKa3aTeel, Oblla MEeHee BhIPaKEHHOM.
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ENERGY EFFICIENCY IN BAKU AS A WAY TO REDUCE EMISSIONS
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IHEPI'OO®PEKTUBHOCTD B BAKY KAK CIIOCOb COKPAIIEHHUSA BBIBPOCOB

©Hcmaunosa C. H., ORCID: 0009-0002-0566-5442, Azepbatioscanckuii yrusepcumem
apxumexmypbvl u cmpoumenvcmaa, 2. baky, Azepoaiioscan, Ismayilova_safura@mail.ru

Abstract. Baku, the capital of Azerbaijan, as the country’s economic, industrial, and
transportation hub, accounts for a significant share of greenhouse gas emissions. According to
statistical data, approximately 40% of the country’s annual carbon emissions originate from Baku,
posing substantial challenges to the city’s prospects for climate-resilient development. In recent
years, the rate of CO, emissions in the country has been notable: between 2020 and 2023, emissions
increased from 34,305 kilotons to 42,766 kilotons, representing an approximate 25% rise. Graphical
projections indicate that if the current growth trend continues, national CO, emissions could reach
49,703 kilotons by the end of 2025. This increase is closely linked to the city’s energy consumption,
industrial activity, and the sustainability of its transportation infrastructure. In the 21st century,
climate change has emerged as one of the most critical environmental and social challenges on a
global scale. Greenhouse gas (GHG) emissions resulting from human activities, particularly in the
industrial, energy, and transportation sectors, are accelerating global warming. Cities, especially
rapidly urbanizing regions, play a central role in this process, as high energy consumption, dense
transportation flows, and intensive industrial activities constitute the main sources of carbon
emissions. In this context, Baku’s transition to a climate-resilient urban model depends heavily on
the implementation of energy efficiency measures. Enhancing building insulation systems,
switching to LED lighting, applying smart thermostats, deploying electric buses, and integrating
renewable energy technologies not only reduce energy consumption but also minimize greenhouse
gas emissions. Mathematical models indicate that even a 3-5% annual reduction in energy use can
result in significant CO, emission savings. This paper discusses the implementation of energy
efficiency measures in Baku, their potential for emission reduction, and strategic directions for the
city’s climate adaptation. Furthermore, it highlights the importance of strengthening energy policies
and investing in renewable energy technologies based on projected CO,, levels.

Aunnomayus. baxky, Kak DSKOHOMHYECKHH, IPOMBIIUICHHBII W TPAHCHOPTHBIA LIEHTP
AzepOarimxana, Gopmupyet okosno 40% nHammoHanbHBIX BeIOpocoB CO,. C 2020 mo 2023 rox
BBIOpOCHI BhIpociu ¢ 34 305 no 42 766 kT (okoso 25%), u mporHo3upyercs, 4To K KoHiy 2025 rona
OHU AOCTUTHYT 49 703 KT. DTOT POCT HANPSAMYIO CBSI3aH C YHEPrONOTPEOICHUEM, TPOMBIIIICHHON
aKTUBHOCTBIO M TpaHCIOPTHONH HH(ppacTpykTypoit ropoga.B XXI Beke u3MeHeHue Kiumara
SBJIIETCS OJHOM M3 KJIIOUEBBIX II0O0ATBbHBIX 3KOJIOTMYECKHUX M COLHUAIbHBIX MpolieM. BuiOpock
napHukoBeIX Ta3oB (III') ot demoBeweckoil JeATETHLHOCTH, OCOOCHHO B TPOMBIIIICHHOCTH,
SHEpPreTUKe M TPAHCIOPTE, YCKOPSIOT TioOanbHOE MoTemsienue. lopoaa, 0COOEHHO OBICTPO
ypOaHU3UPYIOIIKMECs, UIPAIOT LEHTPAIbHYIO POJb, MOCKOJBKY 3/1€Ch COCPEIOTOYEHBI OCHOBHBIE
WCTOYHHUKH YIJIEPOJHBIX BHIOPOCOB: BBICOKOE 3HEPronoTpedieHne, MIOTHbIN TPaHCTIOPTHBIN MOTOK
U VHTEHCHBHAas NPOMBIIUIEHHAs JeATenbHOoCcTh. [lepexon baky K KIMMaru4eckw YCTOMYHMBOU
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ropojcKoil Monenu TpeOyeT peanu3ai Mep Mo MOBBIIICHUIO 3HEPro3(PPEeKTUBHOCTH: YITyUIlIEHUE
Terion3osiuuu - 31aHuid, nepexoq Ha LED-ocBemenune, npumMeHeHne UHTENIEKTYalbHbBIX
TEPMOCTATOB, BHEAPEHUE MEKTPUICCKIX aBTOOYCOB M HMCIIOJIb30BaHKUE BO30OHOBIISIEMON DYHEPTHH.
Maremarudeckre MOJENN MOKa3bIBAIOT, YTO JIaKe CHIDKEHHE dHepronorpednenus Ha 3—5% B roa
MOXET CYIIECTBEHHO COKpatuTh BbIOpochl CO,. Ctarbs paccMaTpuBacT TMOTEHIMAT OSTUX
MEpONPUSITHI, CTpPaTerHYeCcKre HAMpPaBICHUS aJanTalid Tropoja K HM3MEHEHUIO KIHUMara Hu
HE0OXOUMOCTh YKPETUICHUS JHEPTeTUICCKON TTOJTUTHKH.

Keywords: Baku, energy efficiency, carbon emissions, sustainable city, renewable energy,
urbanization.

Knrouesvie cnosa: baky, sHeprondeKTUBHOCTh, BBHIOPOCHI YyIIIEpoJa, YCTOWYUBBHIN TOPOI,
BO300HOBIIsIEeMas SHEprusi, ypOaHu3aius.

Material and methodology of the research

Climate-Resilient Urban Concept and Baku — A climate-resilient city is one that implements
sustainable strategies in energy, transportation, water, and land use to adapt to changing climatic
conditions and minimize greenhouse gas emissions (https://goo.su/blX38). Although some steps
toward this concept have been initiated in Baku, the process remains at an early stage. Rapid
urbanization, the expansion of the vehicle fleet, and the presence of outdated energy infrastructure
contribute to increasing emissions [1]. Energy efficiency refers to the ability to achieve the same
outcome with reduced energy consumption, made possible through technology and management.
Reducing energy use simultaneously lowers CO, and other greenhouse gas emissions. A simple
formula for calculating emissions:

E=CXf

where: E — carbon emissions (kg CO,); C — energy consumption (kWh); f — emission
factor (kg CO,/kWh).

In this formula, energy consumption (measured in kWh) is multiplied by the emission factor
of the chosen fuel or energy source. Emission factors vary depending on the type of energy, e.g.,
natural gas, coal, or electricity have different carbon footprints. This approach provides a
straightforward and practical estimation of the carbon dioxide released into the atmosphere relative
to energy usage. Increasing energy efficiency and transitioning to cleaner energy sources directly
reduce emissions.

Average greenhouse gas emissions in Azerbaijan (2015-2020) were approximately 33,000
kilotons of CO, [2-4].

Baku accounts for roughly 40% of this total, or 13,000-14,000 kilotons of CO,. Key sources
of emissions in the city include: Transportation: increase in private vehicles and inefficient public
transport; Buildings: old, uninsulated constructions and energy-inefficient heating systems;
Industry: particularly the energy and construction sectors.

Energy efficiency initiatives and potential impacts. Buildings: In urban areas, the largest share
of energy consumption is associated with heating, cooling, and lighting systems. Therefore,
improving insulation systems is critical. High-quality thermal insulation reduces heat loss in winter
and minimizes additional energy use for cooling in summer. Replacing traditional lighting with
LED systems enables significant electricity savings. The implementation of smart thermostats
allows users to monitor and control energy consumption in real time. Systematic application of
these measures, validated through energy audits, enhances building energy efficiency.
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Transportation reforms: In large cities like Baku, a significant portion of carbon emissions
comes from the transport sector. One of the main reform strategies is expanding the use of electric
buses, which reduce both air pollution and fuel costs. Additionally, creating bicycle lanes and
prioritizing pedestrians promotes a healthier, more sustainable urban lifestyle. Intelligent
transportation management systems optimize traffic flows, reducing fuel consumption and,
consequently, emissions [1, 5].

Renewable energy and technologies: Modern urban development strategies emphasize the
importance of integrating renewable energy sources. The installation of solar panels in both
residential and public buildings can provide environmentally sustainable electricity generation.
Moreover, smart city projects enable effective energy management, efficient resource use, and real-
time energy balance monitoring. These technologies not only improve energy efficiency but also
strengthen cities’ capacity to adapt to climate change.

Emission Reduction Using a Mathematical Model

tn=Cyx(1—-7r)"

where: C, — energy consumption after the nnn-th year (kwh), C, — initial energy consumption
(KWh), r — annual reduction rate, n — number of years.

Table
CARBON EMISSION INDICATORS OF AZERBAIJAN, 2020-2023
Year CO; Emissions in Azerbaijan (Fossil CO_ from Fuel Combustion and Extraction, kilotons)
2020 ~ 34,305
2021 ~ 37,187
2022 ~37,130
2023 ~42,766

In 2020, emissions showed a slight decrease (= 34,305 kt), which can be attributed to the
impact of the COVID-19 pandemic, restrictions on economic activity, and reduced energy
consumption in certain sectors [2].

In 2021-2022, emissions remained relatively stable or exhibited a slight increase —
approximately 37,187,090 tons in 2021 and 37,129,640 tons in 2022. In 2023, however, a
significant rise was observed, reaching ~ 42.766 million tons CO,-eq. This increase may be
associated with economic recovery, as well as the growth of energy production and consumption.

Figure illustrates the changes in Azerbaijan’s carbon emission levels for the period 2020-
2025. The blue line of the graph represents actual statistical data for 2020-2023, showing a
generally upward trend in CO, emissions. From 2020 to 2021, emissions increased by
approximately 8.4%; in 2022 a slight decline was recorded, but in 2023 a sharp rise of about
15.15% occurred. This growth can be linked to the intensification of economic activity in the
industrial and energy sectors [4].

The orange line of the graph presents projected CO, emission levels for 2024 and 2025, based
on the average growth rate calculated for 2020-2023. According to these projections, if the current
trend continues, emission levels may reach 49,703 kilotons by 2025.

In addition, a trend line — constructed using linear regression for the period 2020-2023 — is
included in the graph, providing a simplified representation of the overall growth trajectory.
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Figure. Changes in Azerbaijan’s carbon emissions, 2020-2025.

Conclusion

Energy efficiency and the use of renewable energy sources play a crucial role in Baku’s
efforts to combat climate change. Enhancing insulation systems in buildings, transitioning to LED
lighting, implementing smart thermostats, and introducing electric buses in the transport sector can
significantly reduce both energy consumption and CO, emissions. Statistical data indicate that CO,
emissions in Azerbaijan increased rapidly between 2020 and 2023, with projections suggesting they
may reach 49,703 kilotons by 2025.

Mathematical models demonstrate that even a 3-5% annual reduction in energy use can lead
to a substantial decrease in emissions. Therefore, the systematic implementation of short- and
medium-term energy efficiency measures will not only reduce the city’s carbon footprint but also
enhance ecological sustainability and improve residents’ quality of life. Consequently, Baku’s
transition to a climate-resilient urban model will provide both economic and environmental
benefits.
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HYDROLOGICAL ASSESSMENT
OF WATER LEVEL IN THE MINGECHEVIR RESERVOIR
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Annomayus. lenpto naHHOM pabOTHI cTajdaruaposioruyeckas OLIEHKa YPOBHS BOJbI Ha
MuHre4eBUpCKO  BOJOXpaHWIMINE U pa3pabdoTka PpPEKOMEHJAIUil 10  ONTUMAaJIbHOMY
HCIIOJIb30BAaHUIO BOJHBIX W DHEPreTHUYECKUX PECypcoB. MUHTEUEBUPCKOE BOJOXPAHWIIMINE — 3TO
HAJEXKHBIN crnoco® O6oprObl ¢ HaBomHeHusMH Ha peke Kype. Bomoxpanumumie obecriednBaet
opouieHue 1,2 MJIH. ra mIOAOPOIHBIX 3eMenb. MccnenoBaHue BBITOIHEHO TEXHUYECKUM PacyeToM
CPEIHEMHOTOJIETHETO TPHUTOKA BOAbI B Bogoxpanwmiuiie (14,5 KM3). OcHoOBHas 1051 TOAOBOTO
npuroka (58,6%) MpUXOIUTECS B IIepros monoBobs. [Iputok Bomsr 2020 . cocTaBmr 6707 MIH. M°
(27,1%), pacxonm Bombl — 6129,5 wiaMe. B 2021 rofy MPUTOK BOIBI cocTaBmil 8857,2 MIIH. M
(35,8%), a pacxox Bombl — 7281 MmuH. M. HaubGompmuit npuToK Boabl Obul B 2021 T. M Boma
BOJIOXPAHMJIUINA JOCTUIIA TPUTOYHOTO ypoBHS. [IpoBeneHbI CpaBHEHHSI B PAa3IMYHBIC TOIOBBIC
WHTEPBAJIbI, BBIABICHBI X MECSYHBbIC M3MEHEHHs. [IpW pacCMOTpEeHMIA NTUHAMUKHA YPOBHS BOIIBI
OTIPEICTUIIN, YTO U3MEHEHHsI ObLIIN B HECKOJIBKUX MEPUOIaX.

Abstract. The objective of this study was to conduct a hydrological assessment of the water
level in the Mingachevir Reservoir and develop recommendations for the optimal use of water and
energy resources. The Mingachevir Reservoir is a reliable means of combating floods on the Kura
River. The reservoir provides irrigation for 1.2 million hectares of fertile land. The study was
carried out using a technical calculation of the average long-term water inflow into the reservoir
(14.5 km3). The main share of the annual inflow (58.6%) occurs during the flood period. Water
inflow in 2020 amounted to 6,707 million m3 (27.1%), water discharge - 6,129.5 million m3. In
2021, water inflow amounted to 8,857.2 million m3 (35.8%), and water discharge - 7,281 million
m3. The greatest water inflow was in 2021, and the reservoir water reached the inflow level.
Comparisons were made over various annual intervals, and monthly changes were identified. When
examining water level dynamics, it was determined that changes occurred over several periods.

Knrouesovle cnosa: MuHredeBUpCKOE BOAOXPAHWIINILE, TIOJIUB, CTOKH BOJIBI, OPOILIICHHE.

Keywords: Mingachevir reservoir, irrigation, water runoff, irrigation.

MuHreueBupckoe BopoxpaHwinie U MunreueBupckas ['OC HaxomsaTcs B IKCILTyaTanus C
1954 roma m B HacTodIlee BpeEMs SBISETCA OJHOM M3 CaMbIX KPYIHBIX BOAOXPAHWINIL H

ruapocrannneit 3akaBkasbs. [nomanp Bogoxpanmiumia — 626,00 KMZ, 00beM Boabl — 15,05 muH.
M3, JunHa OeperoBod JHMHHUU TO TepuMmerpy — 247 kM. B MuHreueBupckoe BOJOXPAHUIIHILE
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MPUTOK BOABI B HACToOsAIIee BpeMs TmocTymaeT u3 pek Kypa u Anazanp. Pexum paboThbi
MUHre4eBUpCKOro  BOJOXPAHWJIMINA JIOJDKEH OTBEYaTh HMHTEpPECaM  CJIOKHOTO  KOMJIEKCa
BOJIONIOTpeOUTENICHl M BOAOMNOJB30BATENCH: PHEPreTUKH, WPPUTALUHN, BOIHOTO TPAHCIOPTA II0
Bepxne-I'apabaxckomy u Bepxue-lllupBanckoMy MarucTpanbHbIM KaHajlaM, THUIPOHOTEPS
MHQUIBTpAIMS, a TaKKe roJ0BOE McHapeHue Bobl. [Huaporpad ecTecTBEHHOrO MOJOBOAbS UMEET
HECKOJIbKO TTUKOB. B HEKOTOpbIE MECSYHbIE MOJOBOJABE CHIIBHO PACTAHYTO IO BPEMEHU M BBICOTA
OTJEJIbHBIX €ro IMKOB HEBEJIEKa; B JIPYrMe€ MeEcsllbl OCHOBHAs Macca BECEHHMX BOJ CTEKaeT U
TEUeHHE IOBOJBHO KOPOTKOTO MepuoAa M ruaporpad obnagaer pe3Ko BBIPAKEHHOW HMHKOBOU
YacTbIO.

Obvekm u MemoouKa uccie0o8aHuil
Vcnonb30BaHbl ~ MaTepuayibl  THIPONPOCKTA  HWCIOJNB30BaHHMsS ~ BOJHBIX  PECypCOB
MuHreueBUpCKOro Bogoxpanuinina Ha p. Kypa. Takke HCIIoap30BaH METOJ pacuyeTa KagacTPOBBIX
rpadMKOB BOJOTOKA, BOJOJHEPreTHYECKHMX PECypCcOB Ha OCHOBAaHMHM BOJHOrO OajaHca u
MOTEHIIMAIBHON SHEPIUU B BOAOEMAxX, HKCIIOIb30BaH CIIPABOYHHUK 10 T'MIPABIMYECKUAM pacdeTaM
BOJIOCJINBOB.

Ananuz u obcyscoenue
TexHonoruueckue uccieqoBaHus MUHI€UEBUPCKOTO THPOY3Ja MCIIOJIb30BAHbI ISl OLIEHKU
100aTPHOTO M3MEHEHUS MPHUTOKA M Pacxoja BOIBI W TOJOBOTO HCHAPEHHs BOIBL. 00ECIIeYHBACT
IIPOTHO3Bl: TOJOBOI0, MECSYHOTO M CE30HHOTO CTOKa; MAaKCHMAaJbHOTO pacxofa IOJOBOJbS;
JI0’KJIEBBIX TIOBOJKOB.
B 2020 rogy crok Bobl B BogoxpaHuiuiie coctaBuil 6707 MiH. M, IIPUTOK BOZABI B — M3 P.
Kypa u p. Anazass.

Z(I;.BQM.B = Z(F;.BQP.K. + Z;B'QP.A.

>..Q
cB <MB - 4685,6 + 2021,4

I
ZC-BQM'B = 6707 mH.M3

B 2021 romy cTok Bozmbl B BojgoxpaHminie — 8857,2 MIiH. M. ITpurok Bonsl — u3 p. Kypa u

p. Anaszans.
ZF Q _ ZF Q 4 zr Q
c.B <MB C.B <PK. CB. XPA.
P
cB*MB = 62375+ 2619,7
T
ZC'BQM'B = 8857,2 MiIH. M
T r r
ZC'B'QMB — CTOK BOJIBI; ZC'B "X cTok Bomel m3 p.Kypa; ZC-BQP'A' — CTOKa BOJBI U3
p. AnazaHsba.

B MunreueBupckoe Bogoxpanwiuiie B 2020 r B BECEHHE-JIETHUM MNEPUOJA MPUTOK BOABI

cocTaBuwio npumepHo 4386.8 MJ'IH.M3, B OCEHHE-3UMHHUI mnepuoj mnopsaka 2326.2 M. B

BECCHHE-JICTHBIM TMEpPUOJ PAcXO] BOJAbI B BOIOXPAHWIMIIE COCTaBUIO OKOJO 3941,9 miH. M3, B

OCEHHE-3UMHMI neprof okoio 2187,6 miH. M.
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B MuHnreueBupckoe BogoxpaHuiuie B 2021 . B BECEHHE-JIETHUW MEpPUOJ MPUTOK BObBI
cocTtaBul 5468,5 MITH. M3, B OCEHHE-3UMHMI niepuoa — 3388,7 MIIH. M3, B BECEHHE-JIETHHUI TTEpUOJ
pacxon BOJbI B BojgoXpaHuiuiie coctaBui 4502,8 MiH. M, B OCCHHE-3UMHHUIL nepuox — 2778,2
MIH. M° (Tabmuma).

Tabnuma
JTIMHAMUKA [IPUTOK U PACXOJI BOJIBL: 2020 -2021 rr.
2020 2021
Mecsuy Cmok 602bl, Pacxoo 603()bl, Mecsy Cmok 602171, Pacxoo 6030bl,

MIAH. M MIAH. M MIH. M MIAH. M
SuBapp 488,2 514,2 SuBapp 655,4 504,4
depasib 604,3 627,4 derpaib 774,2 660,6
Maprt 759,7 705,1 Maprt 969,5 721,2
Armpens 1138,4 906,2 Armpenb 1322,7 1000,5
Mait 918,1 714,0 Maii 1063,0 1127,2
Hronn 707,2 731,3 Hronn 857,3 603,1
Hronb 535,4 550,8 Hronb 685,2 522,3
ABrycr 328,0 334,55 ABrycr 570,8 528,5
CeHTs0ph 2775 282,3 CeHTsa0ph 525,3 462,0
OxTs0pb 316,6 255,4 OKTA6pB 486,1 419,1
Hos6pb 319,4 227,2 Hosi6pb 469,4 390,8
Jexabpb 320,2 281,1 Jexabpb 478,3 341,2
Cpeonee 559,4167 510,7917 Cpeonee 738,1 606,7471

B MunreueBupckom Bojoxpanuiuiie 3a 2020-2021 rr. mpuxoa U pacxol BOABI B BECEHHE-
JICTHUI U OCEHHE-3MMHUUI MEPUOIbI PE3KO M3MEHUJACh. [1omydeHHbI pe3yapTaT MpeaCTaBIeH Ha
Pucynke 1, 2. HambGomnee momHBIA pacxox BOABI MPHUXOAWUTCS HA JIOJIO BOJOMOTpEOUTENEH WU
BOJIOTIOJIB30BATENCH: PHEPreTUKU, UppUranuu, BogHoro TpaHcmopTa (Bepxue-I'apabaxckomy wu

Bepxne-1llupBanckoMy MarucTpajibHBIMM KaHaJlaMH), THUAPONOTEpH U (UIbTpauus, a TaKke

ronoBoe ucraperue Boabl. B 2020 r pacxon Boasl noctur 6129,5 MiH. M,

ZL,B QH.P = Z;B QB.]’L + Z;[BQBK +ZI‘M_B'QB.]_H. +21];['B'QF.(D. + zl];['B'QI/I.C.

r
ZM.B Qup = 3514,5+1455+723+30+407

r
ZMBQ”'P ©6129,5 MiH. M

B 2021 rony pacxoxn Boasl goctur 7281 muH. M.

ZII:A'B QH,P = ZLB QB,H, + ZL,B,QB-K- +ZI];[BQBUJ +Z;_B'QF.<D. + ZL'B'QI/IC.

r
ZM-B Que = 4223+1674+868+30+486

I
ZM-B Qup = 7281 MiaH. M

r r
ZMBQ”P i 3. ZMBQ3-U-
. — IOJIHBIK pacxod, MJIH. M : — pacxoa BOABI IJId BI)Ipa60TKI/I OHEPTIHUHU,

r r
3. ZMB QB.K. 3. ZMB QB.]_U.
MJIH. M’} B. — pacxon Bonabl o Bepxue-Kapabaxckomy, MiIH. M, B. — pacxon
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T
. DnQro
Boasl 10 Bepxne-lllupBaHckomy, MIIH. Ms; -B. — pacxoll BOJbI THUIPONOTEPU

r
9 3. ZMB QI/IC. 3
I/IH(I)I/IJII)TpaI_[I/IeI/I, MJIH. M, B — pacxon BOABI, rOA0BOC UCITAPCHUE. MIIH. M .

B 2020 r nmoBeImienre o6beMa BoAbl MUHTEUEBUPCKOTO BOIOXPAaHUIIHUIIA cocTaBuio 2,07 KMS
(mpu HITY 83,0 m exeronnoit ormetrku 71,37 M) npeaiecTBYOMIEH HACTYIUICHUIO SKCTPEMAIBHOTO
nosnioBoabsi, A0 HIIY 83,0 M akkymynupyercss B BomOXpaHuiuiie He MmeHee 2,41 KM, a npu
dbopcupoBanHoi oTmeTke 83,5 M — 2,68 kM (Pucynok 3). B 2021 r noBblmeHne o0beMa BOJIBI
BOJOXpaHUJIMILA cocTaBuio 2,14 kM (mpu HITY 83,0 M exeromHodi ormetrku 73,86 M)
IIPEIECTBYIOLIEN HACTYIJICHUIO 3KCTPEMAJILHOTO 1Mos1oBobs, 10 HITY 83,0 M akkymynupyercs B
BOJIOXpaHWJIUIIE HEe MeHee 2,41 KM, a pu otMetke 83,5 M — 2,68 KM (Pucynok 3).

B MuHre4eBUpCKOM BOJOXPAaHUIIUIIE €KETOAHO CTOK M PAacXO BOABI COXPAHSETCS C y4ETOM
CAaHUTApHOIO PeXHMa Ha MPOTSHKEHHEM MecsueB. [103ToMy KoIM4ecTBO BOABI B BOJOXPAHUIIMILE
KOHTPOJMPYETCS ¢ Hayasia J0 KOHIIA rojia. Pe3ynbrarsl mokasaiu, 4To KOJIMYECTBO MOCTyHAloIen 1
BBIXOJSILEH BOABI U3 MMHI€UEBUPCKOIO BOJOXPAHWIMIIA MPAKTUYECKHM HE MeHsAeTcCsA. BonHbIi
pexxum cobironaeTcs ¢ yuerom oobema 40% 3anacoB BOJIbI B BOAOXPAHUIIHILE.

1138,4

CTOK pacxon

328 2775 316,6 3194 320,2

— —
52823 a554 pp7, 2811

CTOK pacxonq

660,6
= Bl o5 5285, 4191
= 3908 3412
. § . . 2 & & S \4 \4 N4 N4
F & & &P e E
& & TS & & § A

Pucynoxk 2. Ctok u pacxo Bojbl B MuHreuaypckom Bogoxpanuiuiie 2021 r., MitH M
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B MunreueBupckom Bogoxpanmiuiie B 2020-2021 rr. 06beM MOCTYMaOMEeH W BBIXOISIIEH
BOJIbI U3MEHWIICS, a TaK)K€ MU3MEHMJIACh TEPPUTOPHS M 00beM MHHIeueBUPCKOTO BOJOXPAHUIIUINA
(Pucynok 2). OcHOBHas mnpuuMHa — HEOOJBIIOE KOJUYECTBO OCAIKOB, YTO BJHMSIECT Ha
ko3pdurnmenT mone3noi paborTel. KommuecTBO BOmbl MOCTymaromeid B < MHHIeYeBUPCKOE
BOJIOXPAaHUJIMIIE B 3aBUCHUMOCTH OT KOJMYECTBA OCAJKOB BBINAJAIOIIMX Topax boibmoro
KaBka3ckoro xpe0Ta, OKa3bIBae€T CYLIECTBEHHOE BIMSHHE HAa W3MEHEHHE KOJIMYECTBA BOJIbI,
IaBHBIM o0pa3oM B pekax Kypa um Amnaszanp. Takke OCHOBHAsi MPUYMHA CHW)KCHUS BOIBI B
BOJIOXPaHUJIUIIE — HOTPEOHOCTh B MIEKTPOIHEPIMM M 3aCyLUIMBBIN nepuoa Ha Mui-MyraHckoit
PaBHMHE, YTO MPUBOJUT K UCIOJIb30BAHUIO BO/I.

2 Arsan Lz 0 Anaies

Muneevayponuy
0000 XpaNIULe

Munzeyayporad
eodoypasunuye

w— o 0S0ev faccain MN2.
v Moz $00an Saicon 11N 2

(3 o v Sectoom NI 2

e [lpere 08 v Boreoin M1 ¢ \
LA L 0 Kapalay | 0 Xvae
. 8 Do . N Wapem

Pucynok 3. Tunorpadudeckre CHUMKA MUHredeBUPCKOTo Bojgoxpanuiuiia B 2020-2021 rr.

Kontposnp pexuma cOalaHCHPOBaHHOTO 0 JUHAMHYECKOMY PErYJIMPOBKU M XPaHEHUHU BOJIbI
BOJIOXPAHMWJIUIEH IPOBOAUT ATEHTCTBO BOIHBIX PECYpPCOB. ATEHTCTBO B HACTOSALIEE BpeMs
obecrnieunBaeT TUAPOY3JIbl €XEeTHEBHOM HH(OpMalMed o MpPUTOKE BOAbI U MHHIEYEeBHPCKOIO
BojoxpaHuiuma 1o pekam Kypa u Ana3anp. Taxke ATrEHTCTBO COJEPKUT O3EPHYIO
TUAPOMETEOCTAaHIMI0 HA MMHI€4eBUPCKOM BOJOXPAHUIIMIIE, KOTOpas BEIET METEOPOJIOTHYECKHE
HaOmrofieHns, HaONIOAEHUS HaJd YPOBHSAM BOJBI, MCIAPEHHEM C BOJHOW MOBEPXHOCTH,
TEMIIEPATYPHbIMU U THAPOXUMHUYECKUMU PEXKUMaMU BOJOXPAHWIMILA U €KErOAHO COCTABIISAECT
BOJIHBIM OanaHc BOIOXpaHWIMIIA MO MecsuaMm, o0ecrnedyrnBaeT T'MIPOY3Jibl METEOPOIOTHUECKUMH,
TUAPOJIOTMYECKMMH IPOTHO3aMH W ONOBEIICHHUSMH O HAJABUTAIOUIUMXCA OMNACHBIX MOAbEMax
YPOBHAX BOJBI B PEKaX U BOJOXPAHWIHILE.

Boisoo
Takum 00pa3oM IpHu PacCCMOTPEHHH TUHAMHUKH U OCHOBBIBASICh HA MCXOJHBIC PE3YIbTATHI, B
pEaNbHBIX YCIOBHUSIX, MOXKHO KOHCTAaTUPOBaTh, YTO KOPPEKTUPOBKA YPOBHSA U OObeMa BOABI HE
MOXKET CHOCOOCTBOBaTh BO3HUKHOBEHHUIO KaTaCTpPOPUUYECKUX CllyyaeB B MHHIe4eBUPCKOM
BOJIOX PAHHJTHIIIC.
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Aunomayus. OnucaHbl TpUKIaAHbIE cHnocoObl ucnoib3oBaHust WM -accucreHToB B
MH)KEHEPHOW IMpakTuke: (opmanu3anus TpeOoBaHWM, TeHepalys 3aroToBOK KOZAA, MOIJEpKKa
SQL/murpanuii, nokanuzanus Ae(EKTOB IO JOraMm, aBTO TIEHEpalus TECTOB, aKTyalu3alus
nokymeHtauuu u ontumuzanus CI/CD. Ilokazanbl TunuyHsle 3(Q@exTsl (3KOHOMUS BPEMEHH,
CHIKEHHE /1e(DEeKTOB), PUCKU (HEIOCTOBEPHOCTb, YTEUKH, JMIEH3UH) U TpeUIoKeHa HpocTast
METO/IMKA OLEHKH <«I0/Tociey Ha pealbHBIX 3ajadaXx KoMaHjbl. J[aHbl peKOMEHIAIUH IS
MIO3TAIHOTO BHEIPEHMUSI.

Abstract. The paper presents practical applications of Al assistants in everyday software
engineering: requirement formalization, code scaffolding, SQL/migrations support, log-based fault
localization, test generation, documentation upkeep, and CI/CD optimization. We summarize
observable benefits (time savings, defect reduction), typical risks (hallucinations, data leakage,
licensing), and a lightweight evaluation method based on before/after measurements on real backlog
items. Implementation guidelines for phased adoption are provided.

Knrouesvie cnosa: WNW-accucteHThl, HUCKycCTBEHHbIN uHTewekT, LLM; mnporpammuas
umxkenepus, rectupoBanne, Cl/CD, nokymeHTaIus Kak Koj.

Keywords: Al assistants, artificial intelligence, LLM, software engineering, testing; CI/CD,
docs-as-code.
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NH-accuCTeHTHl yXe CTald IOBCEJHEBHBIM MHCTPYMEHTOM pa3paOOTUMKOB: IIOMOTArOT
ObICTpEEe «CHUMATh pasroH» IO 3ajade, Jep’KaTb B MOPSAKE TECThl M JOKYMEHTAIMIo0, pa30uparh
JIOTH W TIOJCKa3bIBaTh MEJKHE MpaBKu B mHaimaifHax. Ilpu stom peanbHbId 3¢d¢dekT nanék ot
pEeKIIaMHBIX OOCIIAHMI: MOJEeNb HE MHUIIET MPOAYKT BMECTO KOMaHIbl M HE MNPUHUMAET
apXUTEKTypHble penieHns. OHa SKOHOMUT YCWIIUS TaM, I7ie paboTa cTaHAapTU3NpyeMa U pPe3yabTaT
nonnaérea mnposepke. Llenp 3TOro Tekcra — Aarbk NPaKTUYHYHO, BOCIPOU3BOAMMYIO KAapTHHY
NPUMEHEHHUsS ACCHCTEHTOB M II0Ka3aTh, KaK YECTHO H3MEpPATh NONb3y 0e3 aKaJaeMH4ecKOro
nepeycinokHeHus. Mpl oOpamaemMcst K IByM ayAHTOPHUSIM: WH)XEHEpaM, KOTOPBIM HY)KHAa OIOpa B
€KEIHEBHOW PYTHHE, U PYKOBOJUTEIISAM, KOTOPBIE OTBEYAIOT 3a KAa4€CTBO M CKOPOCTh pein3oB. B
LIEHTPE BHUMaHUS — KOHKPETHBIC TOYKM mpornecca, rae MM nelcTBUTENbHO «I10IXBAaThIBACT:
dbopmanu3zaiys pa3po3HEHHBIX TPeOOBaHM B YIOOHBIN ISl COITIACOBaHMS YEPHOBHUK, T€HEpAIIHs
3arOTOBOK KOJla M TecToB, moAaroropka SQL-murpanuii, momnepxka mnaimiaiiHoB CI/CD u
aKKypaTHasi CHHXPOHM3alMsl JOKyMEHTAllMU ¢ U3MEHEHUAMU B Kozie. Pedb He 0 «3aMeHe YeoBeKay,
a O COXpaHEHMU BHUMAaHHUA Ha TOM, YTO TpeOyeT OIbITa: pa3roBOpP C 3aKa34YHMKOM, BBIOOD
APXUTEKTYPhI, BAYMUYMBOE PEBbIO CIOKHOW JOTUKHU. [lox «M-accucTeHTOM» Mbl IOHUMAeM TpHU
NPUBBIYHBIX (OpMbL: BCTpoeHHble B IDE MOMOIIHUKH, AMANOroBblE WHCTPYMEHTHI (YaTr) H
uHTerpauun depe3 APl BHyTpu komanaHbix OoroB um Cl. Mbl cO3HareiabHO HE YXOAMM B
aBTOHOMHBIX «areHTOB» U aKaJeMH4yecKue OeHuMapku — (hOKyc Ha MpOU3BOACTBEHHOM MpaKTHUKE.
OTnenbHO MPOroBapuBaeM I'PAaHUIIBL: 3aAIIUTA JJAHHBIX, JIMLEH3UU U KOHTPOJIb KauyecTBa OCTAIOTCS
OTBETCTBEHHOCTbIO KOMAH/[Ibl; JIIOObIE TE€HEpalu NPOXOAAT dYepe3 OOBIUHBIE HH)KEHEPHbIE
IIPOBEPKU — TECTBI, CTATAHAIN3, KOA-PEBbIO. METO/ OLEHKH IIPOCTOM U MOBTOPSIEMBIN: KOPOTKHE
HKCIIEPUMEHTHI «/10/TI0CIe» Ha pealbHbIX 3aj1ayax 03kiiora. Mbl puKcupyeM apTedaxTbl, IPOMIITHI,
WUTOTOBBIM KOA W JUIMTEIIBHOCTH BBIIIOJIHEHUS; CMOTPUM Ha TPU OCH — BpeMs, KadecCTBO,
CTOUMOCTb. BaXXHO OTAensATh yA0OCTBO BOCHPUATUS OT OOBEKTUBHBIX IIOKasarenel u
MaclITabupoBaTh TOJBKO T€ HPAKTUKH, KOTOpPbIE CTA0MJIBHO MAal0T MNpUpPOCT. Takoi moaxon
MO3BOJISIET TOBOPUTH C OW3HECOM Ha TMOHATHOM s3bIKE M IPHUHUMArTh pELIEHUS HE «Io
OILYIIICHUSAM», a HA OCHOBE JAHHBIX.

Bxnang paboTel — B oneparuBHOM HaOOpe peKOMEHJAIMIl: KapTa CLIEHapUEB C OKUIAAEMbIMU
s dexTaMy, MUHUMaJIbHbIE TIPUMEPBI U KEHChI, PUCKH U CIIOCOOBI UX CMSTYEHHUs, a TaKkKe JErKas
METO/IMKa M3MEPEHMH, KOTOPYI0O MOXHO BHEIPUTH Oe3 mepecTpoiiku mporecca. Kon nmpuBoautcs
JUIIb TaMm, IJ€ OH WUIIOCTPUPYET MBICIb, — aKIEHT OCTaéTcsd Ha OpraHu3alMHh Tpyla |
MHXEHEpHOU KylbType. PUCYHKH M TaOMUIBI CIIy>KaT OPUEHTHPOM JIJIsi KOMAH/Ibl, TIOMOTast OBICTPO
HailTH, c 4ero HavyaTh U Kak YOeIUTHCS, YTO ACCUCTEHT JIEHCTBUTEIBHO SKOHOMUT BpeMs U JIeaeT
MIPOAYKT HaEKHEE.

CoBpemeHHas noBecTka o npumenennto UM B pazpaboTke CKIaabIBaeTCs U3 JBYX MOTOKOB:
(a) dynnamentanbHble paborel mo MM u MeronamM NOCTPOEHHSI HHTEIUIEKTYaJIbHBIX CHCTEM,
3ajjalollye TMOHATUHHBIA anmapar U paMKd KOPPEKTHOCTH; (0) NpHKIagHBIE HCCIEAOBAaHHUS U
oTpacjeBble 0030pbI MO HCIOIB30BAHUIO OOJBIIUX S3BIKOBBIX MOJIENCH B pealbHbIX WHKEHEPHBIX
Ipoleccax — TEHEpalUd KOJa U TECTOB, MOMAEPIKKE NOKYMEHTALUU, YIy4YIIEHUH ManIlIaiiHOB
CI/CD u kauecTBeHHbIX MpakTUK koMmaujbl. Knaccuueckuit Tpyn P. Paccena u II. Hopsura
(buKCHpYET 3BOIOLUIO MMOIX0/I0B K MPEACTABICHUIO 3HAHUN, TOUCKY U 00y4EHHUI0, HallOMUHAs, YTO
ycnemHoe npumenenue MU B mmxeHepuu onupaercss Ha GopMaiu3aluio 1ejaei, orpaHiYeHuil u
KpUTEPUEB KAaueCTBa, a HE HA «Marudeckue» 3BpUcTUKH [1]. O1o BaxHO u 11 LLM-accucTeHTOB:
OHU JAIOT BBIMTPBILII POBHO TaM, IJI€ pe3yabTaT (opMalu3yeM U MpOBepseM — Yepe3 aBTOTECTHI,
CTaTWYEeCKUW aHanu3 U 4yeTkue KOHTpakThl API. Pycckos3biuHbIil MaccuB myOiaMKaIUil MOCIEIHUX
JIET CHUCTEMATU3UpPYET IIpaKTU4YeCKue CleHapuu ucnonb3oBanus MU B mporpammupoBaHum:
YCKOpPEHUE HAIlMCAaHMs TUIIOBOIO KOJA, aBTOMATHU3alUs TECT-AU3aiiHa, YIIy4lIeHUEe KauyeCTBa 4epes

m Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 75



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 11. Ne10 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/119

MOJICKA3KH PEBBIO M CTaTaHaJN3, a TaKXKe PUCKH — OT HEJOCTOBEPHBIX OTBETOB 0 JINLIEH3MOHHON
U KOH(PHUACHIMATbHOW TpoOneMaTuku. B 0030pHBIX W TpUKIaAHBIX cTaThsX (CHMBOJ HayKw,
Hayunpiii  anmpmanax, Universum: Texnudeckue Hayku, Momnofol y4E€HBINA) (QUKCUPYIOTCS
oxuaembie 3((eKThl (COKpaleHHe BPEMEHHU, POCT MOKPBITUS TECTaMHU) U YKa3bIBAIOTCS YCIIOBHS
BOCIPOU3BOAUMOCTH (HalUuyue crenuduKanuii, cXxeM AaHHBIX, (OPMAIM30BAHHBIX KpPUTEPUEB
npueMkn) [2-4].

[TapannenbHO aHIIIOA3BIYHBIE U CMEIIAHHBIE MCTOYHUKU (OTKPBITHIE JKYPHAIBI U MPAKTHKO-
OpPHEHTUPOBAHHbIE IMyOIMKALMN) TTOAHUMAIOT BOIIPOC METOIUK U3MEPEHHUS: CPABHEHUE <«J10/TIOCIIE
Ha pealbHbIX 33/Ja4ax U KaauOpOBKAa METPUK TMOJ KOHKPETHBIM KOHTYp pa3pabOTKH.
[IpomblllieHHAass TpakTHKa HE OrpaHUYHMBaeTcs TeHepanueil koma. OTpacieBble MaTepUalibl
NOAYEPKHUBAIOT TI0JIb3Y ACCUCTEHTOB B TOIICPKAHUU «MHXCHEPHON TMTHEHBD»: CHHXPOHHU3AIUSI
JOKYMEHTOB C M3MEHEHHSIMH B KOJE€, PECTPYKTypH3alus MalIuIaiflHOB, KALIMPOBaHHE U COOpKa,
pa3MeTKa JIOroB JJisi ObICTPO JoKaNU3aluu Ae(PEeKTOB. DTU acleKThl PEryISpPHO MOJHUMAIOTCS B
npodeccuoHaNbHBIX MyOIMKALUAX U aHAIWTUKE (BKIIIOYas PYCCKOS3BIYHBIE MeIWa M OTPACIIEBbIE
0030pHBI), TI€ AKLIEHT JeiaeTcss Ha M3MEpUMBbIe BHITOABI — CHIDKeHHe P95 Bpemenm cOopkw,
YMEHBILIEHUE YKCila BO3BPATOB HA PEBbIO, CTAOMIN3ALMS CKOPOCTH PEIU30B [5].

OtnenbHas TUHUS — apXUTEKTYPHBIA KOHTEKCT. PelieHns ypoBHS «MOHOJIUT MHUKPOCEPBHUCHI
OTIPE/ICTSIOT TOYKU BCTPAMBAHUS ACCUCTEHTOB U TPAHUIBI MX MONB3BI: IJI€ YMECTHBI T'€HEpalus
KapKacoB W KOHTPAKTOB, I7l€ aBTOMATU3AIMs TECTOB, IJ€ MOIEP)KKA IKCIUTYaTAI[HOHHBIX MPAKTHUK.
CooTBeTcTByIOIIasK JINTEPATypa MO apXUTEKTYpPe MHUKPOCEPBUCOB (B PYCCKOM M3IAHWUM) TpEAJiaraeT
KpUTEpUU BbIOOpPA, KOTOPBIE XOPOILO COOTHOCSTCS ¢ «Bpe3kamu» MU B mpouecc: Tam, rie ecTh
yérkue uHTep(eichl W CTaHIapTU3HpyEeMble IIard, ACCUCTEHT YCKOpseT paboTy U CHHXKaeT
BapUaTHBHOCTH pPe3yJibTara. B JIOKaIbHOM M CMEKHOM KOHTEKCTE TOJIEe3HBI paboThl, HE HAIPSIMYIO
noceamEéHHble LLM, HO 3agaromme MHKCHEPHYIO IUIAHKY U JEMOHCTPHUPYIOLIME BaKHOCTH
MIPOU3BOAUTEILHOCTH M KOPPEKTHOCTH BbluMcieHuil. Hampumep, uccienoBaHne MHOTONOTOYHOU
o0pabotku nanueix B C#/SQLite moka3bIBaeT, YTO BBITOABl MHCTPYMEHTOB (B T. Y. aCCUCTEHTOB)
PaCKpBIBAIOTCSL TOJBKO BMECTE C AMCUUIUIMHOW MPOU3BOIUTENFHOCTH, TECTUPOBAHUS U KOHTPOJIS
COCTOSIHMS AaHHBIX [6]. [lyOnukanuu mo npukiaagHON MareMaTHKe M YHUCIEHHBIM WIUTIOCTPUPYIOT
3peNIoCTh HAy4yHOW Cpefbl, B KOTOPOil BOCTpeOOBaHbI (hopMajibHbIE MOCTAHOBKH U IPOBEpsEMbIe
peleHHs — 3TO BaXXHbIH (HOH JUI1 OTBETCTBEHHOTO BHeIpeHus: -nHCTpyMeHTOB.

OcnosHuvle npaxmuyeckue cyenapuu. dopmanuzanus TpeOOBaHHM W3 CBOOOIHOTO TEKCTA.
AccucTeHT mo mepenucke/Opudy npejyiaraeT use-cases, OrpaHUYCHHS, MPUMEPhl U HETAaTUBHBIE
CIIeHapuU. BbIXol — 4epHOBHK crienu(pUKaIUU IS COTNIACOBAHUS.

ApxumexkmypHole ICKU3bl NOO He@YHKYUOHANbHble mpebosanus. Kpatkoe cpaBHEHHE
«MOHOJIUT — MUKPOCEPBHUCHI — serverlessy ¢ puckamu, Toukamu pocta u BiausiHuem Ha SLO/SLA.

3acomosku kooa u munogvie kapxacwl. Ilo ommcanuio wuHTEpdeiica TEeHEPUPYIOTCS
koHTposepsl, DTO, Banunamus, 6a3zosbie TecThl. CoxpaHeHHE CTUJIS TPOEKTa 00sI3aTeNbHO.

SQL/ORM-3anpocul u muepayuu. ACCHCTEHT CHHTE3MpyeT 3ampochl mo cxeme B/l u T3,
00BSACHSET UHEKChI; HHKEHEP MPOBEPSET MJIaHbI BHIIOIHEHUS U TPAH3aKIIMOHHOCTb.

Jlokanusayus oegpexmos no nocam u mpaccuposxam. Ilo crexrpeicy/moram GoOpMHUPYIOTCS
THITOTE3bI IPUYXMH ¥ MUHIUMAJIBHBIN ClIEHApUH BOCITPOU3BEICHHUS.

T'enepayus ronum-/unmezpayuonnsvix mecmos u mecm-ouszaun E2E. PocT NOKpBITHA, JTydIlee
MOKpBITHE «KpaéB», yek-nucThl B Gherkin.

Axmyanuzayus ooxymenmayuu uz diff. Ilpennaratorcs npasku B8 README, API-cripaBke u
changelog Ha ocHOBe U3MeHeHUH B KoOfe.

Onmumuszayus DevOps/CIl/CD. Tlonckasku mns Dockerfile, kammpoBaHue 3aBHCHMOCTEH,
pa3bueHue craauii, yMeHbllIeHHe Oa30BbIX 00Pa30B.
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Tabmuma
KAPTA CIHIEHAPUEB ITPUMEHEHN S U B ITPOLIECCE PABPABOTKU
Ilocmanosxa 3adauu Peanuzayusa Tecmuposanue Conposodicoenue
dopmanuzanus TpeboBaHUN  3aroTOBKH KOJa I'enepanus tectoB  [lokymenTanums u3 diff
ApXUTEKTYpPHBIE 3CKU3bI SQL/murpanuu Tect-gu3aiia e2e IToMOLIHUK B KOZI-PEBBIO

Pedakxropunr neracu TecrtoBwie nanasie  CI/CD omrumm3arus

Jlokanm3arus nedeKkToB

Memoouka oyenxu 3¢pgpexmusnocmu. Marepuai: 10-20 3agay u3 63KJI0Ta, COMOCTABUMBIX 10
cnoxHOoCcTH. JIBa pekuma wucnonHeHus: «06e3 MUHW» u «c HUM». Duxcupyrorcs apredakTsl,
MOJICKA3KH, UTOTOBBII KOJ, MPOXOXJAEHUE TECTOB, JIUTENbHOCTh. KiltoueBble METpUKH: BpeMs Ha
3ajady; OJIs 3aj]lad, MPOMISAIINX TECThl C TIEPBOM TOIBITKH; 3aMEYaHUs HA KOJ-PEBbIO; HE(PEKTHL;
npsmble 3atparsl Ha M. Dddekr: oTHOCHTENnbHOE COKpalleHue BPEMEHHM, IIeHA <«IIPAaBUIBHON
3a/1a4m», CTaOMIBHOCTH (CHIDKEHHE pa3dpoca).

f serialize tool agent action(tool agent action: list

M\ /doc X Hanuwm AOKCTPUHS K 3TON dyHKUMM

Accept | Discard O

tool agent action into

action (list): A

zation fails.

returned.

if len(tool agent action) ==

turn []

Pucynok 1. Unterpanms UM-accuctenta B IDE

Munu-Keticol. I'eneparusi TeCTOB B Jieracu-MOJyJie pacu€ToB. ACCUCTEHT MPEAJIOKIII HaOOP
KelicoB, KoMaHJa oroOpana peneBaHTHblE W J00aBUJa (UKCTYpbI: BBIPOCIO TMOKPBITHE,
COKpAaTWJINCh 3aMEUaHUs Ha peBbI0. YckopeHue naitruiaiina Cl. PekoMeHganum no K3MMUPOBAHUIO U
paszeneHuto cTaIuil CHU3WIM p9S5 BpeMeHU COOPKH; CTaJIO MPOIIE BHITYCKATh MEJKHUE MaT4YH.
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DXPLORIR

Al

= dao.yaml

@ mainpy

: €I (before)
pn: [push, pull_request]

aenl

: ubuntu-latest

actions/checkoutgva
actions/setup-pyth

: { python-version: A2' )

: pip install -r requiresents.txt
pytest g

python -m build # cbopka naxera (g0

Pucynok 2. Yiyumenue naimraiina Cl: no (ksmmpoBanue, apredakTsl, NapaielbHble STarbl)

Pucku u ocpanuuenus. HenoctoBepHble OTBETBI — JI€YATCAd TECTAMHU U IPABUIIOM «MOJCIIb
IUIIET — WHXKEHEP NpoBepseT». ONacHOCTh YTEUKH — OTPaHUYMBAEM JaHHbIE U AaHOHUMH3UPYEM.
JInnensun — npoBepsieM COBMECTUMOCTD U BEEM >KypHAJI TeHepalyid. 3aBUCUMOCTb OT IIpOBaiepa
— nepxuM 1uiad B. He nmeperunbaem ¢ aBromaruzanueil, coxpaHseM TBOPYECKYIO YacTb padOThI
VH)KEHepa.

¥
nam:
0: [push, pall reguest ]

vest Iy DOWSKITM QUMOTD W TOCO NE BETEICH

pithub.workflow }}-$4{ pithub.ref })

ot

run: pig install —r regui roments-dev, txt

run: flake8 . &% black check |, &% wypy

£t lint

n: uhetu-Latest

satrix:
python-wersion:
2tup - pythor@vs

OuUTUNe ot [ satrix.python-wer<ion )
I

Pucynok 3. Yiyumenue naiimnaiina Cl: mocie

S3. Kapkac rest-pecypca na fastapi (python)

# app/main.py

from fastapi import FastAPIl, HTTPException

from pydantic import BaseModel, Field, condecimal
from typing import List
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app = FastAPI(title="Billing API")
class Invoiceltem(BaseModel):
sku: str = Field(min_length=1)
gty: int = Field(gt=0)
price: condecimal(gt=0)
class Invoice(BaseModel):
id: str
customer_id: str
items: List[Invoiceltem]
FAKE_DB = {}
@app.post("/invoices", status_code=201)
async def create_invoice(inv: Invoice):
if inv.id in FAKE_DB:
raise HTTPEXxception(status_code=409, detail="Invoice exists")
# TODO: 0u3Hec-JIOTHKa, BAJIMIALNI CKAIOK U HAJIOTOB
FAKE_DBJinv.id] = inv.model_dump()
return {"ok": True, "id": inv.id}
@app.get("/invoices/{inv_id}")
async def get_invoice(inv_id: str):
if inv_id not in FAKE_DB:
raise HTTPEXxception(status_code=404, detail="Not found")
return FAKE_DBJ[inv_id]
# tests/test_invoices.py
from fastapi.testclient import TestClient
from app.main import app
client = TestClient(app)
def test_create_and_get_invoice():
payload = {
"id": "INV-1",
"customer_id": "CUST-9",
"items": [{"sku™: "SKUL", "gty": 2, "price": "10.50"}]
}
r = client.post("/invoices", json=payload)
assert r.status_code == 201
r = client.get("/invoices/INV-1")
assert r.status_code == 200
body = r.json()
assert body["customer_id"] == "CUST-9"
S4. SQL 1 MUTPALIMU (POSTGRESQL + ALEMBIC)
-- db/schema.sql
CREATE TABLE customers (
id UUID PRIMARY KEY,
name TEXT NOT NULL,
email CITEXT UNIQUE,
created_at TIMESTAMPTZ DEFAULT now()
);
CREATE TABLE invoices (

m Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0)



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 11. Ne10 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/119

id TEXT PRIMARY KEY,
customer_id UUID NOT NULL REFERENCES customers(id),
total NUMERIC(12,2) NOT NULL CHECK (total >= 0),
created_at TIMESTAMPTZ DEFAULT now()
);
CREATE INDEX idx_invoices_customer_created
ON invoices(customer _id, created_at DESC);
-- IPUMED 3arpoca
EXPLAIN ANALYZE
SELECT * FROM invoices
WHERE customer id ='2b8c...-uuid' AND created_at >= now() - interval '30 days'
ORDER BY created_at DESC
LIMIT 50;
# migrations/2025_09 03_add_invoice_items.py (Alembic)
from alembic import op
import sqlalchemy as sa
revision = "2025_09 03 add_invoice_items"
down_revision = None
def upgrade():
op.create_table(
"invoice_items",
sa.Column("invoice_id", sa.Text, sa.ForeignKey("invoices.id"), primary_key=True),
sa.Column("line_no", sa.Integer, primary_key=True),
sa.Column("sku", sa.Text, nullable=False),
sa.Column("qty", sa.Integer, nullable=False),
sa.Column("price", sa.Numeric(12, 2), nullable=False),
)
op.create_index("idx_items_invoice", "invoice_items", ["invoice_id"])
def downgrade():
op.drop_index("idx_items_invoice", table_name="invoice_items")
op.drop_table("invoice_items")

NH-accuCTeHThl HE 3aMEHSIOT MHXKEHepa, HO 3aMETHO YCKOPSIIOT paboTy TaM, IJe ecTb
[IOBTOpsIEMBIE OIEpalM¥ M YETKUE KpUTEpUU KadecTBa. IIpakTHMKa MOKa3bIBAa€T: BBIUIPHILIN
MIPUXOJAT OT «MEJIOYEH» — KapKachl MOJYJIEH, TOKPBITHE «KPAEB» TECTAMM, AKKYpPaTHbIE MUTPALIUH,
MOpAIOK B nainiaiiHax. OcBoOOIUB pyKH OT PYTHHBI, KOMaH/1a BO3BpAIllaeT BHUMaHUE K TOMY, YTO
TpeOyeT ombITa W OTBETCTBEHHOCTH: DPA3TOBOPY C 3aKa3YMKOM, apXUTEKTYPHBIM peEIIEeHUsM,
BAYMUYHUBOMY PEBBIO CIIOKHOW JIOTHKH. YCTOWYMBBIM 3(PPEeKT BO3HHMKAET HE 3a CUET «MOIIHOCTH
Mojieny, a Onarojapsi IUCHMIUIMHE mpolecca. Tam, I7e ecTh aBTOTECThl, CTaTUYECKHH aHau3,
npo3paunble KOHTpakTbl APl u sxuBas noxymenrtauus, WM pabGoraeT Kak MyJbTUILIMKATOP
MIPOAYKTUBHOCTH; TJI€ 3TOr0 HET — JIMIIb YCKOPSIET HAKOIUIEHHE TeXHH4YecKoro poiara. Iloatomy
BHE/IPEHHE JIOJDKHO OBITh MOATAITHBIM M M3MEPUMBIM: HAUMHATH C Y3KUX, XOPOIIO MPOBEPSIEMBIX
CIIeHapHeB, (PUKCHPOBATh MOKA3aTeIM «I0/TIocie» (BpeMs, A0S MPOXOKICHHUS TECTOB C NEpBOM
MOTBITKY, 3aMEUaHusi Ha PEBbIO, MPSMBIE 3aTPaThl), OCTABIATh B MOTOKE TOJBKO TE€ IMPAKTHKH,
KOTOpBI€ CTA0MIIBHO JAI0T IPUPOCT.

Puckn ympaBnsembl Tam, TI1e JAEHCTBYET «KOHTYp O€30MacHOCTH»: MHUHUMH3AIMA U
QHOHMMU3ALMA  JaHHBIX, IIPOBEpKAa JIMLUEH3UH TIEHEPUPYEMOIO KOAA, KYpPHAJIUMPOBAHUE
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B3aUMOJICHCTBUI C ACCUCTEHTOM, 00sI3aTeNnbHas Bepu(UKalys pe3ynbTara 4eloBekoM. B nomenax ¢
BBICOKOM 1I€HOW OIIMOKM HYXKHBI MOBBILIEHHbIE TPEOOBaHMs K IMPOBEPKAM U MPABWJIO «ABYX Map
rma3». B takom nonxone MU 3aHMMaeT €CTECTBEHHOE MECTO PSAJIOM C CUCTEMOM KOHTPOJISL BEPCUU U
CI: momoraer Oepeub BHUMAaHHWE WHXKEHEpPa M JeiaTh MNPOAYKT Han&xkuee. Cremyromuit
IIPAKTUYECKUM IIar — 3aKPENUTh YCHELIHbIE CLEHAPUM B PENIaMEHTaxX KOMaHJbI, IOIJEPKUBAThH
KaTaJOI yJayHbIX IIPUMEPOB M IPOMITOB, IEPUOAMYECKH IE€PECMATpUBaThb METPUKH. ITO
MO3BOJIICT MAacUITaOUpOBaTh IOJNB3Yy 0€3 MOTEpU KadecTBa M CTPOUThH 3PEIyI0 HHKEHEPHYIO
KYJIBTYpY, B KoTOpoii I — MHCTpyMEHT, a HEe CaMOLEIb.
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OCOBEHHOCTH YILIOTHEHMS TPYEOITPOBOJIA
C YIIPYTOIINIACTUYHOM CPEJIOM

©Xacenosa C. M., ORCID: 0009-0000-4392-7672, Ph.D., Azepbaiioscanckuti
KoonepamusHulil yHueepcumem, 2. baxy, Azepbaiioscan, Sewramgasanova@mail.ru

FEATURES OF SEALING APIPELINE WITHAN ELASTIC-PLASTIC MEDIUM

©Hasanova S., ORCID: 0009-0000-4392-7672, Ph.D.,
Azerbaijan Cooperative University, Baku, Azerbaijan, sewramgasanova@mail.ru

Annomayus. TloctaBneHHas B paboTe 3agadya pelicHa HAa OCHOBE TEOPETUYECKUX U
IKCIIEPUMEHTAIBHBIX HCCIICOBAaHUN, TPOBEICHHBIX B Ja0OPAaTOPHBIX M MPOU3BOACTBEHHBIX
YCIIOBUAX. HpI/I BBITIOJTHCHUU pa60T MO0 OITUMHU3ALUN PCKHUMOB IOBEPXHOCTHOI'O apMHUPOBAHUA
IMOPHUCTBIX IMOAJIOXKCK IJIACTUYECKOU IIe(bOpMaIII/ICf/’I HUCIIOJIB30BAJINCh MECXAHHUKO-MATEMATUYCCKUEC U
CTaTHCTHYCCKHE METObl 00pAOOTKM MONYYCHHBIX JAHHBIX C HCIOJIb30BAHHUEM BBIYMCIUTEIBLHON
TeXHUKH. JIOCTOBEPHOCTh TMOJYYCHHBIX PE3YJIbTATOB IMOATBEPIKICHA OKCIIEPUMEHTAIbHBIMH
MCCIIC/IOBAHUSIMHU, ITPOBEIACHHBIMU C HCIIOJb30BAHUEM COBPEMEHHOTO OOOPYIOBaHHS, CPEICTB
U3MepeHuii, MpruOOPOB U PACXOMHBIX MaTepuasioB. [IpemiokeHa miacTudeckas MOJCb OPUCTOTO
Tella, OCHOBaHHAS Ha KOHICMIUM BS3KMX HANPSHKEHHH W CPEIHEKBAIPATUYECKUX CKOPOCTEH
nedopmaruii, kotopas o0JamacT CIEAYIONMMHA CBOHMCTBAMH: a) CYIIECCTBYET ITOBEPXHOCTh
HarpyxeHusi; 0) CyllecTBYeT MOBEPXHOCTb TEKy4eCTH; B) MOTEHIMAJ HANpPSDKEHUN COBMANAeT C
Harpy3Kou; T') TUCCUIATUBHAS (DYHKIUS UMEET MEPBBIA MOPSIOK OJHOPOJHOCTH MO KOMIIOHEHTaM
ckopocteit gedopmaruii. M3ydeHre KHHEMATHUYSCKHX IMapaMETPOB IMOPUCTON TMOIOKKH Kak
[[EJIOCTHOM Cpe/Ibl BKIIFOYAET MOHITHSA MaKpO- ¥ MUKPOAE(HOPMAIIMHU, YTO TO3BOJISICT ONPEICTUTD €€
nedOopMUPOBAHHOE COCTOSIHHE | auddepeHnupoBarh AePopMaMi0 YacTUIl M TOP Marepuaa.
DU3HKO-MEXaHUYECKHE U TPUOOTEXHHUECKUE XapaKTEPUCTUKH TIOPHCTOTO PACTBOPA ONPEACISIOTCS
C YYeToM TIapaMeTpPOB IOBEPXHOCTHOTO apMUPOBAHHS IOPUCTOTO pACTBOpa IUIACTHYECKON
nepopmareir U AeGOpPMAIIMOHHOTO YIPOYHEHHs OCHOBHOTO Marepuaia.jaMexay HUMH
YCTaHOBHJIMCH B3aUMHBIC OTHOIICHU .

Abstract. The problem posed in the work is solved based on theoretical and experimental
studies conducted in laboratory and industrial conditions. In the work on optimization of the modes
of surface reinforcement of porous substrates by plastic deformation, mechanical, mathematical and
statistical methods of processing the obtained data using computer technology were used. The
reliability of the obtained results is confirmed by experimental studies conducted using modern
equipment, measuring instruments, devices and consumables. A plastic model of a porous body is
proposed, based on the concept of viscous stresses and root-mean-square strain rates, which has the
following properties: a) there is a loading surface; b) there is a yield surface; c) the stress potential
coincides with the load; d) the dissipative function has the first order of homogeneity in terms of the
components of strain rates. The study of the kinematic parameters of a porous substrate as an
integral medium includes the concepts of macro- and microdeformation, which makes it possible to
determine its deformed state and differentiate the deformation of particles and pores of the material.
The physical, mechanical and tribological characteristics of the porous solution are determined
taking into account the parameters of the surface reinforcement of the porous solution by plastic
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deformation and the strain hardening of the base material. A mutual relationship has been
established between them.

Knrouesvie crnosa: COCTaB, HAIIOJIHUTCJIb, MCXaHU3M YIINIOTHCHUA, TJIACTUK, IPECCOBAHUC.
Keywords: composition, filler, compaction mechanism, plastic, pressing.

Pa3paborano cniennansHOEe 000PYIOBaHUE, TTO3BOJISIFOIIEE OCYIIECTBIATH 00Pa0OTKY OTIUBOK
METOIOM OOTOYKHM M penyLMpPOBaHUS B ONHOM 30HE. PEeKOMEHJI0BaHbI ONTHUMAJIbHBIC PEKUMbI
yIpouHeHUus:: oTHOcUTenbHOe HarshkeHue h=0,02+0,03, ckopoCTh TpOTATUBAHUS — 7 M/MUH,
oXJIaKaaromas cpena — cyiabppecoi. [1oCKonbKy B IIMHAX UMEIOTCS MENKHE MOPbI, MEXaHU3M HX
IIOBEPXHOCTHOM IIacTUYeCKON Ae(opMaluy HaJOrMYeH MEXaHU3My MOHOJIUTHBIX INHH. [losTomy
KOMIUIEKCHOE H3y4YE€HUE IIOBEpXHOCTHOM IacTU4ecko aedopmanvy MHOPUCTBIX INIMH HMEET
BaXHOE HAYYHOE U IpaKTUUECKOE 3HaYeHHE. B rocienHee BpeMs MOIy4YUIU pacpOCTPAHEHUE JIBE
MOJIENIM IJIACTUYECKOTO IOBEAEHUs NOopucThIX Ten. llepBas rpymnma Mozenedl HCHOJIb3YeT
SJUTMIICOUJHYIO0 (OpPMY IOBEPXHOCTH TEKY4E€CTH Ha OCSX TUAPOCTATUYECKOrO [JaBJICHUS U
MHTEHCUBHOCTH HAIIPSDKEHUN M CBA3aHA C 3aKOHOM CBSI3M JTOW IIOBEPXHOCTH C HapacTaHUEM
nepopmanuii u HanpsbkeHuid. Ko BropoMy THITy OTHOCSTCS MOZEH, B KOTOPBIX IPUMEHSIOTCS JBE
CUCTEMbI IIOBEPXHOCTEH apMHUpOBaHMs, OJHA U3 KOTOPbIX — JIEBUATOpHas HeoOparumas
nedopmarus. OHA COOTBETCTBYET YIPYroCTH, Apyras — o0bEMHOM nedopmanuu. B pamkax 3THx
MOJIEJIE BO3MOYKHO PAacCMOTPEHHE CTAaTUYECKU 3aJaHHBIX 3alad B 3aMKHYTOM ITOCTaHOBKE, HO
Oostee ob1Me 3a7ja4u MOTYT OBITh PACCMOTPEHBI C MCIIOJIb30BAaHUEM 3aKOHA, CBSI3aHHOI'O ¢ pédpamu
IIOTIEPEYHOr0 CeUYeHusl MoBepXHocTeil. B 06oux tumax mojaenel Tekymias MOPUCTOCTb MOXKET ObITh
IpPUHATA B KAadeCTBE E€AMHCTBEHHOIO IapaMeTpa, XapaKTEepU3YIOLIEr0 COCTOSHUE Marepuasia B
TeKylii MoMeHT aedopmaru. OIHAKO XOPOIIO M3BECTHO, YTO MOPUCTOE TEIO — 3TO TBEPIOE
Teno. BoccraHoBieHMIO CIOCOOCTBYET HE TOJBKO M3MEHEHHE (JIMKBUIALMSA) MOPUCTOCTH, HO U
YOpPOYHEHUE MaTepuaya, 00yCIOBJICHHOE €ro IIacTHYecKou aedopMainueit npu yaape. B cBsi3u ¢
3TUM BO3HUKAaeT BONPOC O pa3pabOTKe HOBOM BEPCHMM MOJEIU IUIACTHYECKOTO0 IOBEICHUS
MIOPUCTOrO Teja MPU MOBEPXHOCTHOM apMHUPOBAHUM IUIACTHUECKON Jedopmarineii, OCHOBaHHOM Ha
TEOPHH KBAJPAaTUYHBIX COT BS3KMX HaNpspKEHUHM M ckopocteit aedopmanuii, oobenuHstome oda
TUIIA MOJIeJIeH U JIMILIEHHOM yKa3aHHOro HejocTarka [1].

Llenv u 3a0dauu uccnedosanus 3aKIOYACTCS B CO3JAHUM IMOPUCTHIX KOMIIO3ULIMOHHBIX
MaTepuaJioB THUIA <OKEJIE30» C YIPYrOIUIACTUYECKOM CpeAod M YIPOYHEHUH IOBEPXHOCTH
MOJTy4YEHHBIX U3 HUX MOPUCTHIX MJIACTUH METOIOM IIJIaCTHYECKOM ehopManuu.

B cooTBeTcTBUM C MOCTaBIEHHON LEIbI0 pabOThl ObUIM CPOPMYIUPOBAHBI U PEIICHbI
CJIEYIOIME OCHOBHBIE 3a/1a4H:

1. cuHTe3 000XKEHHON MOPUCTON «UYT'YHHOI» KOMIIO3UIIUMH C YIPYTomjIacTU4eCKO cpeaoi
C MCTIOJIb30BAHUEM OTXOJI0B ONUJIOK UYT'yHa,

2. pa3paboTka IJIACTUYECKONM MOJENM TOpPUCTOrO Telda Ha OCHOBE KOHLENIUHU
CpeIHEKBaPaTHUECKUX BA3KUX HANpPsDKEHUH U cKopocTel aedopmariuii;

3. YCTaHOBUTHh KAueCTBEHHYIO M KOJIMYECTBEHHYIO CBA3b MEXIY MHKpoJehOopMalusiMu
(MukpoaedopmanusiMu) U MakponedopManusMy, H3YyYUTh 3aKOHOMEPHOCTH Je(OpMHUPOBAHUS
000 KEHHBIX YaCTHI[ PaCTBOPOB MPH PA3IUYHBIX CXEMax HArpyXeHHs M HaWTHU MyTH CO3JaHUs
TEOPUH IUIACTUYHOCTU Ha OCHOBE (PU3NYECKUX U MEXAHWKO-MAaTEMaTHYECKUX METO/IOB;

4. uccnenoBanue GU3NKO-MEXaHUYECKUX U TPUOOTEXHUYECKHX XapaKTEPUCTUK OO00XIKEHHBIX
MaTepuajloB IIOCJIE€ TOBEPXHOCTHOIO YIPOYHEHHUS PpA3IUYHBIMM  BHMJAMHU  IUIACTUYECKON

nedhopmaruu;
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5. pa3paboTka OOOCHOBaHHBIX pEKOMEHAAIMH, 00ECIeUYNBAIOIINX  HCIOIb30BAHNE
PE3yIbTaTOB UCCIIEIOBAHUM MPH MPOU3BOJCTBE PA3TUYHBIX BUJIOB JINTHIX J€Tajei.

[TocraBienHbie B paboTe 3aa4y PEUICHBI HA OCHOBE TEOPETUYECKUX M IKCIEPUMEHTAIBHBIX
MCCIICIOBAaHU, TPOBEJICHHBIX B JIAOOPATOPHBIX U MPOU3BOJCTBEHHBIX yCIOBUAX. [IpH BBIOTHEHUH
paboT MO ONTUMHU3ALMU PEKHUMOB TOBEPXHOCTHOTO apPMUPOBAHUSA MMOPUCTHIX MOIJIOKEK
lacTUYecKod  Aedopmanueil  MojlydyeHHble JaHHble 00pabaThiBaJlCh  MEXaHUYECKUMH,
MaTreMaTu4eCKUMH U CTAaTUCTUYECKHUMU METOJIAaMH C MCIIOJIb30BAaHUEM BBIYMCIUTEIHHON TEXHUKH.

JIOCTOBEPHOCTh ~ MOJYYCHHBIX  pE3YIbTaroB  IMOATBEPXKIACHA  AKCIIEPUMEHTAIbHBIMU
UCCIIEIOBAHUSIMH, TPOBEACHHBIMH C HCIOJIb30BAHUEM COBPEMEHHOTO OOOpYyIOBaHUS, CPEICTB
U3MepeHui, mpuOOpoB U pacxonHbIX MarepuasnoB. OOpa3zoBaHHe UCTUHHOW (U3NYECKOW aare3uu
MEXIY CONPUKACAIOIIMMUCS YaCTHUIIAMU JKUAKOCTH OOBSACHSIETCS W3BECTHBIMU CBOMCTBaMU
XKHUIKOCTH [2].

[Ipu npeccoBaHuu B )KUIKON (pa3e HA COOTBETCTBYIOIIMX BBICTYINAX IMPU KOHTAKTE BOSHUKAIOT
M30JIMPOBaHHbIE 00JacTh (KBa3WpacIUiaBbl), B KOTOPBIX MPOHCXOIUT TOBBIINICHHE JaBICHUS
npumepHo Ha 1-10 MIla 3a cuer ymeHblieHMs jauameTpa pacmiaBa. CIUIOIIHOM — clloi
KBa3UTBEPJOTO Tejla OTPakaeT MCTOYHUK KaMWULIPHOTO JAaBIIEHUS, a TaKKe CUMTAaeTcs Haubolee
OnmarompusTHOM cpenoil Il B3aMMHOTO CKONBXEHUS (a3 M M3MEHEHHUs IUIOTHOCTH YacTHUIl JI0
COCTOSIHMS HanOoJiee TIIOTHOW HACBITHON TNIOTHOCTH, KOTOPOE HCCIIEI0BAaTEeN Ha3bIBAlOT HYIIEBOI
cragued mpuroroBieHus.ylIpu otHocutenvHoil mnotHocTH = (,7-0,8 CTPYKTypHBIE 3J€MEHTHI
MOPUCTOTO Tela TEPSIIOT CBOIO CAMOCTOSTEIBHOCTb, TPOIECC VYIUIOTHEHUS CYIIECTBEHHO
ocnabeBaeT U B KOHEYHOM HMTOT€ — 3TO MPOUCXOIUT IO HU3BECTHBIM M OOIIECHPUHSATHIM CXEMaM.
BnusiHne MOBEpXHOCTHOW SHEPrUM Ha TEMIIEparypy IUIABICHUS MaJbIX YacTHIl OBUIO BIIEPBBIE
obHapyxeno I[laBnoBeiM B 1908 1. Ilo ero oreHke, MOHIKEHHE TEMIIEPATYPHI TUIABJICHUSI OOpaTHO
MPOMOPLHUOHAIBHO AUAMETPY YaCTHIl. DKCIEPUMEHTAIbHO YCTAHOBICHO MOHMKEHHE TeMIIePaTyphl
IUTaBJICHUS JHMCIEPCHBIX METAUTMYeCKUX dacTul [3]. DTo sBIEHWME XapakTepHO W IS
OpPraHUYeCKHX coeAuHeHWi. [lpuBomsTCS mNpUMEpHl IUIABJICHUSA YABTPAIMCIEPCHBIX YACTHIL
cepebpa u menu npu Temneparypax Ha 4000 [[x HuXKE HOpPMAJIbHON TeMIleparyphl IUIABIICHUS.
AHaNornyHoe siBJ€HHE HAOIIOJANIOCh TaKXKe B TOHYANIIMX CJIOSIX BHCMYTa M OJIOBA C 3€PHHUCTON
CTPYKTYpoii [4].

OCHOBBIBasICh Ha TEPMOJMHAMHUYECKMX 3aKOHAX BBbIBECHA QopMmyna Uil TOHIKEHHS
TeMIIepaTyphl IIaBjieHus [S]:

2-y02 1)
T T
30ECHh (r) U " — COOTBETCTBECHHO TEMIICpaTypa IUIABJICHHUA YaCTHLl C paJuyCcoM T U

HOMMHAJIbHAsl TeMIepaTypa IUIaBJICHHS YacTUIl ChIMY4Yero Marepuajga Ipu arMochepHOM
JIABJICHUU.Y — TIOBEPXHOCTHAsI SHEPTHUs TBEpAOH (ha3bl U TpaHUIIBI pa3zena criaBa, () — aTOMHBIH
o0beM TBepmoit (as3wl, (| — TeoTa IUIaBieHWss Ha oauH aroM [6]. Creayromas ¢dopmyna
MOKa3bIBaeT M30BITOYHOE CoxuMarolee naBinenue Jlamnaca (P) Ha eaunuiyy odbema TBepaoi ¢a3bl
MO/l BBICTYMAIOIIEH MOBEPXHOCTHIO C PaJAMYCOM H3ruba r, KOHTAKTHPYIOIIEH C ONpeaeeHHbIM
CILIaBOM:

2-x ()
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Orcroma BUAHO, YTO pE3ylbTaT, MOdydeHHbIH U3 (1) MOXHO mepenucarb CIAeAyIOINUM
obOpazom:

0Q 3)
Ty =Ta-exp P
Ecnu O606IHI/ITI> CXKUMAKIICC NaBJICHUC Jlamaca BBIHYKHOﬁ IOBEPXHOCTHU HA SKBUBAJICHTHOC
MEXaHMYECKOE JIaBICHHE IUIOCKOM IIOBEPXHOCTH, TO YypaBHeHHE (3) NPUBOAUT K CIOPHOMY
pe3yibrary, CBHAETEIbCTBYIOLIEMY O TOM, 4YTO @pPU TEMIEpPArypaXx HIKe HOMUHAJILHON
TEMIICPATYPHhI IUIABJICHUA CXKATBIC YHAaCTKU IIOBEPXHOCTHU TBépI[OFO pacilyiaBa IpOTUBOPCHAT 2TOMY
" COITIaCYIOTCA C OOBIYHBIM YBCIIMYCHUCM MOJISIPHOI'O 00BEéMa cruiaBa II0 CPAaBHCHHUIO C MOJIAPHBIM
o0béMoM TBEpHOW (askl; CKarhle TBEpAbIC Tela IUIABATCS TPU TEMIEparypax BBIIIE HX
HOMHHAJIBHOW TOYKM IUIaBJICHUs. B pe3ynbrare TpeHus ruiaBieHre GU3MUSCKON CUCTEMbI IIPHBOTUT
K nepexoay M3 TCIIJIOBOI'O COCTOAHHSA C 0oJiee BBICOKHUM COACPKAaHUEM B (ba?,y ¢ 0oJee HU3KUM
COACPKAHUCM. HCKOHTCHCI/IBHOCTB TBEPAOI0 KpucTalla USMEPACTCA 110 KOHIOCHTpAaluu BaKaHCHIL.
C HOOBEBIIIEHUEM TEMIICPATYyphbl KpHUCTAJlJIa IIPU aTMOC(bepHOM JaBJICHUHW KOHLCHTpPALHA BaKaHCHUI
OKCIIOHCHIHAJIBHO BO3paCTACT TAKHUM O6pa3OM, YTO HAKOIUICHHBIC IPpHU TEMIICPATYPC IJIABJICHHA
[[e(beKTI)I CO31arT I[I/ISJIGKTpI/IIIeCKI/Iﬁ HepeXOII B BHJIAC CKadKa H3 KOJIHYECTBA B Kadu€CTBO,
HU3BCCTHOI'O B TCPMOJIUMHAMHUKE KaK «(1)330BBII‘/’I nepexoa ImepBOoro poaax». Ecmn  xe Y4€CTh
BO3MOXHOCTh U3MCHCHUA I[perI‘/‘I TepMOHHHaMquCKOﬁ HepeMeHHOﬁ (I[aBHeHHﬂ), TO paBHOBCCHas
KOHIIEHTPAIMsl BAKAHCUI B TBEPAOM KPUCTAJIJIE MOKHO BEIPA3HUTh CIIEAYIOMIEH (OPMYIION:

T,P)= £ “)
E(TP)=&-axp| = =P

3nechly — paBHOBECHAs KOHIGHTpAalMs BaKaHCHUH TP KOMHATHOW TeMmImeparype u
armoc(eprnom naasienun, K — mocrosuuas Bonbcmana, T — abcomoTHas Temmeparypa, P —

n30bITOK arMocgepHoro naeieHus. J000l 0ObEKT, HE3aBUCHMO OT TOTO, MOJYYEH JIU OH IyTeM
BapKU WJIM [IPECCOBaHUs, 00pabarbiBaeTCsl OJMHAKOBO, UCXOS U3 «KPU3UCHOTO pa3pesar, KOTOPHIH
OTIPEIeTISICTCS CICAYIONUM (GU3NIECKAM COOTHOIIECHHEM [6]:

E ()

rae E u Eg — cooTBeTcTByrOImME MOAYIN YIPYrOCTH IIOPUCTOTO TeIa U KOMITAKTHOTO 00pa3ia
U3 TOro ke Marepuana. Kpurtudyeckoe ceueHrne MOpUCTOro Tejaa BCEra MEHbIIE FeOMETPUUYECKOTO
«KOHTAaKTHOTO CEUEHHs», KOTOPO€ 3aBUCHUT OT OTHOCHUTEIBHOM TMioTHOCTH Tena (v) paBHo. C
(U3HYECKOW TOUKH 3PCHHUS, KPUTHYCCKOE CEYCHHE ONHMCHIBAET Ty YacTh CCUCHUS KOHTAKTa, B
KOTOpO# ocymiecTBisieTcs (pakTuueckas (Qu3nyeckas CBA3b MEXJY arOMaMHM KOHTaKTHPYIOLIUX
gactull. [log Qu3uyeckoil CBSA3bI0 MOHUMAIOTCS T€ CTPYKTYpHBIE MOCTHKH MEXIY YacTHUIIAMH,
Omaromapsi KOTOpbIM (PU3UYECKHE TMPOIECCHl MPOTEKAIOT TaK K€, KaK B KOMITAKTHBIX 00pasiax
naHHOTO Marepuana. [lom 3TUM TepMUHOM TOHHUMAIOTCS DIIEKTPOHHBIE MEXKATOMHBIE CBS3U H
moJjlaraeTcs, 9YTo0 OHU OOpa3yrOTCS Ha OCHOBE TYHHEIHPOBAHMS BaJCHTHBIX JJCKTPOHOB dYepe3
MOTCHIIMAIbHBIC Oapbephl, BEI3BAHHBIC KOMIICHCAIIMEH TOBEPXHOCTHBIX aTOMOB COCEJIHHMX YaCTHII,
BJIMSIHAEM paboueit cpe/ibl, 100aBOK | T. 1. [7].

OTH JIB€ UHTEPIIONSAINN KAaCAIOTCS JABYX PAa3IMUYHBIX ATAlOB YETKO MOHUMAEMON KOHIIEIIIUH.
VYIIoTHEHHBIE KBA3HCIIABBI 00Pa3yloTCs B HEOOJNBIIOM YHCIIE OTICIBHBIX JKUIAKUX 30H, TaK UTO
JUIIb HEOOJbIINE YYaCTKH TOABEMA Ha OOJBIION KOHTAKTHOW ITOBEPXHOCTH MOTYT JOCTHYB
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BBICOKOM CTEIICHU YIJIOTHCHHA, I[OCTELTO‘IHOﬁ AJI1 HCPABHOBCCHOI'O ITJIABJICHMUS. HMeHHO X 3THM
KOHTAaKTHBIM Y4YaCTKaM (1)I/ISI/I‘ICCKI/I MOXHO OTHECTH Y4YacCTOK bammmua. CreneHs YIINIOTHCHUA,

HeoOxonumasi Juisi oOpa3oBaHUsl KBaszuciuiaBa npu komHaTHOM Ttemmeparype (T = 300 K),
KOJIMYECTBEHHO OIPENEISAETCS YyTEM IIEPECTAaHOBKU COOTHOLIEHMS (3):
T (6)
p=9 . |p_o
Q T

(P)

Ecnu uwcnonb3oBarh CTaHAapTHBIE 3HAYEHUS JJIs1 OOJBIIMHCTBA METAIOB, TO MOXKHO
paccuuTarh 3k30tnyeckue 3HadeHust 1-10 MIla. Onu MoryT coBnagark ¢ MNpOYHOCTHIO METAILIOB, a
B TEXHHMKE BBICOKUX JIABJICHUI TaKHE CKATUS TAK)Ke JOJDKHBI OBITh TOCTUTHYTHI C YYETOM CUIIBHOTO
yMeHbllleHus1 pabouero cedeHus. YacTuipl Kak OyITO IJIABAIOT B CBOMX TPaHHIAX U B JIAHHOM
cllydae BpalllaloTcs He3aBUCUMO JPYT OTHOCUTENBHO apyra [8-11].

DKCIEPUMEHTAIIbHO YCTaHOBJIECHO, YTO HYJEBas CTa/us OTXKUTa MOJMO/IEHA 3aKaHYHBACTCS
NP OTHOCUTEJIBHOM TJIOTHOCTH MOPUCTHIX Tel, paBHOM 0,7-0,8. IIpu 3TUX 3HAYEHUSIX MIIOTHOCTH
JIOCTUTAeTCsl IJIOTHOE 3aloJIHEHHWE JAUCIEPCHOM cucTeMbl. [Ipu 3TuUX 3HAYEHMSIX IUIOTHOCTH
cCHCTeMa TepSIET CBOIO «aBTOHOMHOCTBY, IIOCKOJIBKY KOHTAKThI MEKAY YacTUIAMH (PUKCHPYIOTCS,
MPOLIECC YIIIOTHEHHUS CYIIECTBEHHO 0ciadeBaeT. MOKHO pacCuuTarh, YTO HE3ABUCUMO OT TOJIIUHBI
KOT€PEHTHBIM CJOM KBAa3WCIJIaBa CO3/a€T MEXKAY YacTULIAMHM CJEAYIOLIEe pacTATMBaAOIIee
HalpspKeHue paguycoM R:

2c (7
P=214—
R
37€Ch O — IIOBEPXHOCTHOE HATsHKEHHME cIulaBa. Kak M B KIIACCHYECKHX MOJEINAX, 5TO

JaBJICHHE BBI3bIBAET Ipolecc 1u(p(dy3uH BaKaHCHUI, UTO MOXKET NPUBECTU K POCTY KOHTAKTHBIX YT
Ha [EePBOM JTare O0XKura, a 3aTeM K HEKOTOpOMY OcliabieHHIo yrmioTHeHusa. OTueTsl o nudpdy3un
BaKaHCUH IO ajNropuTtMy mnporpeccu Bs3kocTu @penkens wuiau KydymHCKOTO NpPUBOIAT K
KMHETUYECKUM BBIPAKEHUSM, KOTOpBIE OTIMYAIOTCS OT IIMPOKO H3BECTHBIX TOJIBKO YHCIIOBBIM
ko3¢ ¢purentom [12].

D¢ ekt KBa3UIIABIEHUS HA IMO3JHUX CTAIUSAX HPUTOTOBIEHHS MOXXHO HIHOPHUPOBATb.
PaccMoTpeHHBIH ¢ TOMOIIbIO KOHIENIIMKA KBa3UIUIABICHHUSI MEXaHNU3M JAa€T OJHO3HAYHBIA OTBET Ha
BOIIPOC O (POPMUPOBAHUU PEAILHOTO (PU3MUYECKOTO CLEIUICHUST MEX/ly YaCTHIIaMU MOPUCTOrO TeNa.
Hcxonst u3 mpencTaBieHuss O TOM, YTO MbI MOCTOSIHHO NpEACTaBisieM ce0e MOoJ0Cy MOBEPXHOCTH
KHUJIKOCTH, BBIBEJIEHA ITPUEMIIEMAsI MOJIEb TUCIIEPCHON CUCTEMBI, B KOTOPOM IPENIONAraeTcs, 4To
¢u3nyecKre KOHTAKThl MEKY YaCTHUI[aMH BO3HUKAIOT B MOMEHT KBAa3UIUIABICHHUS, TIPOUCXOASILErO
O[] IEHCTBUEM CXKaTHs WM HarpeBa, BIUIOTh JI0 AJIEMEHTAPHBIX BBICTYIIOB TBEPIOM MOBEPXHOCTH.
Wnes kBa3MKOHJIEHCALIMU HE OTPULIAET NPUBBIUHYIO CXEMY JEJICHUS IPOLECCA YIIIOTHEHUS YaCTHIL
Ha TPU CTaJuH, a JIUUIb MIPeIojaraeT ee JIornueckoe npoponkenue. Takum oOpas3om, mpeccoBaHue
U BapKy CIIeyeT paccMaTpuBaTh Kak «OOLIMN 3HAMEHAaTenb» Uil WX OObEIUHEHMS] B €IUHBIN
YHU(DUIIMPOBAHHBIA MeXaHU3M IpeccoBaHus. OueBHIHO, YTO MPOIECC YIJIOTHEHUS MAaTepuasoB
CJIO’KHOTO COCTaBa HE MOXKET OBbITh IMOJHOCTHIO 00bSCHEH OMMCAHHBIM BhIIIE MEXaHU3MOM. B Takux
CllyyasiXx BapKa MOXET MPOUCXOAUTh KaK ¢ y4aCTHEM KHJIKOU, TaK U TBEpAOH (a3bl OTHOBPEMEHHO.
HoBrie TpeOoBaHMs K KaueCTBY MAaTEpUajOB U M3AENIUN CTABST NEpe]] MaTepHalloBEIEHUEM 3a7ady
MIPUMEHEHHUS] JOTMOJHUTENIBHBIX BbICOKO3(D(PEKTUBHBIX METOJOB TIOBBIIIEHUSI KauecTBa padOdMx
noBepxHocTel u3nenuid. Hanbonee mpUMEHUMBIM U3 TaKMX METOJOB MOXKET OBITh IUIACTHUECKas
negopmarus credeHHbIX (¢uctamek. IIpoBeneHo TeopeTHdeckoe HcCCIEeOBaHUE Ipoliecca
YIPOUHEHUS! TMOBEPXHOCTHU JKEJIE3HBIX KOMIIO3MIMN IutacTudeckor nedopmanueit. YcTaHOBIEHO,
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970 (YHKIMS TUIACTUYHOCTH KOMIIO3MIIMOHHBIX MarepHalioB NpU IJIACTUYECKO aedopManuu
3aBHCHUT OT IEPBOTO0 MHBapHUaHTa TEH30pa HaNpsHKEHHI, HO MHTEHCHBHOCTh 3TOM 3aBHCUMOCTH
OLICHUBAETCS YIJIOM BHYTPEHHETO TPEHHUS W ONPENESeTCs BEIIMYMHON CHUKEHHUS MPOYHOCTHBIX
CBOICTB KOMIIOHEHTOB, BXOSIIMX B COCTaB KOMIO3WLMOHHOTO Marepualia, IUIOHaJblo
pacnpezeneHusi CBOMCTB B eIuHHUIE OObeMa KOMIIO3MTA, a TakKe B3aWMHON OpHeHTaluen
MOBEPXHOCTEN pacrpeieseHHs] CBOUCTB U CKOJIbKEHUSI.
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APPLICATION OF FTTB TECHNOLOGY IN MODERN CONDITIONS
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Annomayus. PaccmarpuBaercs npumenenue texaonorun FTTB (Fiber to the Building) B
COBPEMEHHBIX YCIOBHAX HU(poBU3anuu obiecTBa. [IpoBeneH aHanu3 TEXHUYECKUX 0OCOOCHHOCTEN
U TMPEUMYIIECTB JaHHON TEXHOJOTHH, €€ CPaBHUTEIHLHOE COMOCTaBICHHE C APYTUMH CHCTEMaMH
mupoxomnonocHoro aocrymna, Takumu kak FTTH, ADSL u DOCSIS. Ocoboe BHUMaHue yJeneHo
npaktuueckomy 3HaueHut0 FTTB aiis sKumasix 710MOB, OM3HEC-TIEHTPOB U COIMATIBHBIX YUPEKICHUH.
YcranoBneno, yto FTTB oOecrnednBaeT onTUMalbHOE COYETAHUE BBHICOKON CKOPOCTH Mepenavu
JAHHBIX, HAZIS)KHOCTH U JOCTYIHOW CTOMMOCTH BHEIPEHHUSI.

Abstract. The article examines the application of FTTB (Fiber to the Building) technology in
modern conditions of digitalization of society. The analysis of the technical features and advantages
of this technology, its comparative comparison with other broadband access systems such as FTTH,
ADSL and DOCSIS is carried out. Special attention is paid to the practical significance of FTTB for
residential buildings, business centers and social institutions. It has been established that FTTB
provides an optimal combination of high data transfer rate, reliability and affordable
implementation cost.

Knwoueevie cnosa: FTTB, cerm pocryma, HIMPOKONOJIOCHBIM IHTEpHET, onTHdeckue
TEXHOJIOTHH, TeJIeKOMMYHUKaluu, nudposuzauusd, FTTH, DSL, DOCSIS, ymHbIit ropoz.

Keywords: FTTB, access networks, broadband Internet, optical technologies,
telecommunications, digitalization, FTTH, DSL, DOCSIS, smart city.

3a nmocnenHue IecATHUIEeTHs] HH(OPMAallMOHHO-KOMMYHHUKAIIMOHHbBIE TEXHOJIOTHH MpeTepIienu
cTpemuTenbHble M3MeHeHHs. Eciu B koHme XX Beka OCHOBHOM 3ajnaueil Oblio oOecneuuTh
MacCOBBIN JOCTYM K TeleQOHHOM CBsI3U U 0a30BBIM HHTEPHET-cepBUCaM, TO B X XI Beke Ha nepBbIi
IJJaH BBIIUIA BOIPOCHl BBICOKOCKOPOCTHOM N€peNadyd JIaHHBIX, MYJIBTHUMEIUNHBIX CEPBHCOB,
ylaJeHHOM paloThl, JUCTAHLMOHHOTO O0pa3oBaHMs M  OOJNAUHBIX TexHoJoruil. Panee
JOMUHHMPYIOIIMMHU TEXHOJOTHSMU IIUpOKononocHoro gocryna 6summ ADSL, VDSL u kabenbHble
cetu (DOCSIS). OnHako 3TH pelIeHHs MOCTENEHHO IMEPECTaly YAOBIETBOPATh BO3pACTAIOLIHeE
TpeboBaHusl mosbp3oBareneil. OrpaHMueHHbIE BO3MOXKHOCTHM MEAHBIX JHHHUH MO MPOIYyCKHOU
CIOCOOHOCTU U HAJICKHOCTH MPUBEJIN K aKTUBHOMY Pa3BUTHIO ONTHYECKUX CHUCTEM CBs3H. B 3TOM
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KOHTeKcTe TexHojorun FTTX cranum yHHBepcalibHOW OCHOBOW ISl MOCTPOCHUS COBPEMEHHBIX
cereit gocryna. OngHoil u3 Hambosee BocTpeOoBaHHBIX pasHoBUAHOCTEH siBsieTcss FTTB (Fiber to
the Building), mpu koTopoii onTuyeckuii kabesb JOBOAUTCSA A0 3AaHUs (MHOTOKBAPTUPHOTO YKHUIIOTO
noMa, OW3HEC-IIEHTpPa, aIMHHUCTPATHBHOTO OOBEKTA), a BHYTPU CHUTHAJN pacHpeaessieTcs I0
cymiecTByromei nappacrpykrype [1, 2].

[Ipumenenne FTTB mo3Bonser oOecrneyuTh MHUPOKUNM CHEKTP YCIAyr: JOCTYIl K
BBICOKOCKOpOocTHOMY MHTEepHETY, nndpoomy tenesuneHuto (IPTV), cucremam BuaeonabmoneHus,
UHTEJJIEKTYalbHbIM CEPBHUCAM «YMHOIO JOMa» M «YMHOIO Tropoja». OTa TEXHOJOTus
paccMaTpuBaeTCs Kak KIHOUEBOM 3J€MEHT MOCTPOCHHs MH(POPMALMOHHOIO 00IecTBa, OCOOEHHO B
YCIIOBHSX MaccoBoil mudposusanuu [5].

AKTyanpHOCTh HpuMeHeHus: TexHosorun FTTB o00bscHAETCS KOMILIEKCOM COLMAJIbHBIX,
HSKOHOMHYECKHX M TexHoJormueckux (akropoB. Poct mudposoro morpebnenus. Ilo manHbIM
MEXYHApOIHBIX AHAJIMTUYECKMX KOMIIaHUI, 00bEM MMPOBOIO HHTEpHET-TpaduKa €XerogHo
YBEJIMUUBAECTCS HA ECATKH IPOoLEeHTOB. OCHOBHYIO Harpys3Ky CO3JalOT BUICO BBICOKOM YETKOCTH
(HD, 4K, 8K), moTOKOBBIE CEPBHCHI, BUACOKOH(PEPEHIINH M OHJIANH-UTPBL. [ IOAIEpIKKH TaKoro
ypoBHsI TpeOyercs HajexkHas HWHQPACTPYKTYpa C BBICOKOH MPOIMYCKHOW CIIOCOOHOCTHIO.
OrpaHM4eHHOCTb CTapbIX TEXHOJOIMH. MeJHble JTUHUM U KOAaKCHallbHble Kabenu (u3nuecku He
MOTyT o0ecneuuTb HeoOxoaumble ckopocTd. [laxke mopepauzauus VDSL umeer npeaenst (o 100—
200 Mout/c Ha KOpOTKHX paccTosHusx). B 1o ke Bpemss FTTB mo3Bosser 0e3 KapAMHAIBHBIX
W3MEHEHUH B JJOMOBOM IPOBOJKE 00ecneunTh CKopocTh 10 1-10 I'éut/c [3].

T'ocynapcTBeHHbIE IPOrpaMMBbl 1O UGPOBU3ALMKU 00pa3oBaHus, 3apaBooxpanenus, KKX u
TPAHCIOPTHOI CUCTEMbI TpeOyrOT ycToWuMBOro MHTepHeT-coenuHeHus. FTTB pemaer 3amauy
MacCOBOTO OXBaTa HACEJICHUs U OpraHu3aimii [4].

Onmumanvioe coomuouienue «cmoumocms — sgppexmusnocmoy. B ormmune or FTTH, raoe
TpeOyeTcst JOBOJUTh BOJIOKHO 10 Kax10i kBaptupbl, FTTB ncnonb3yeT CyliecTByrOIIyI0 MEAHYIO
IIPOBOZIKY, YTO CHW)XAET KalMUTAJIbHBIE BIOXKEHHA. 3aJadd HCCIECJOBAHMS: ITPOAHAIU3UPOBAThH
ocobenHocTH BHenpeHus: TexHonoruu FTTB B COBpEMEHHBIX YCIOBUSIX; M3YYUTh €€ TEXHUYECKHE
XapaKTePUCTUKH M BO3MOKHOCTH; BBIIBUTH IPEUMYIIECTBA M HEAOCTATKU IO CPaBHEHHUIO C
JAPYTUMHM TEXHOJIOTUSIMHM; OLIEHUTh MepcrnekTuBbl paszputus FTTB B Omwkaiimme romsl;
chopmynupoBars BeIBOJbI 0 poi FTTB B iudposoii Tpanchopmanuu odecTna.

Texnuyeckue xapaxmepucmuxu u ocooennocmu FTTB. Texnonorust FTTB npennonaraer, uto
ONTUYECKOE BOJIOKHO 3aBOJUTCS B TMOABA] WJIM TEXdTaX 3/aHus, IJ€ YCTAHABIUBACTCS
TEJIEKOMMYHUKAI[MOHHBIN HIKad ¢ aKTUBHBIM oOopynoBaHueM. Jlajgee curHan pacrpenensercs 1o
BUTOM Mape WM, pexe, Mo KoakCualbHOMY Kabento. OCHOBHBIE IPEUMYIIECTBA: BHICOKAsk CKOPOCTh
nepeaadn AaHHbIX (BIUIOTh 10 10 I'6mT/C); HM3Kas CTOMMOCTH Ha OJHOTO aOOHEHTA; BBICOKAS
HAJEKHOCTh U YCTOMYMBOCTD K BHEIIHUM ITOMEXaM; BO3MOXKHOCTh MTO3TAITHOTO MAacIITaOMpPOBaHMSL.
Henocrarku: 3aBHCHMOCTh OT  KayecTBa  BHYTPHJIOMOBOM  HPOBOJKH;  HEOOXOAMMOCTh
ANIEKTPONMUTAHUS AKTUBHOTO 000PYIOBAaHHUS B IOME; OTPaHUYEHHBIE MIEPCIIEKTUBBI 110 CPABHEHUIO C
FTTH B nonrocpounoii nepcrextuse (Tabnuia).

Tabmuma
CPABHUTEJIbHBIN AHAJIN3 TEXHOJIOT U
Texnonozus Ckopocmb Cmoumocmu Haoexcnocmv ~ Macwmabupyemocmuy
BHEeOpeHUs.

FTTB 1-10 I'dur/c cpenHsis BBICOKAs BBICOKas
FTTH no 10-25 I'dut/c BBICOKAs OYEHb BBICOKAss  OYEHb BBICOKAs
ADSL/VDSL  no 100200 Mo6wut/c HU3KAas cpeaHsis HU3Kas
DOCSIS 1o 500 Mowut/c cpenHssA cpenHssa CpenHss

m Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 91



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 11. Ne10 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/119

CpaBaenue nokaseiBaeT, uto FTTB BricTymaeT kak KOMIpOMHCCHOE, HO HauOOJee MacCOBOE
pemenue. FTTH Tpebyer Gonmpmux 3arpar, a DSL u DOCSIS He ynoBieTBOpSIOT COBPEMEHHBIM
TpeOOBAHUSM.

Ilpakmuueckoe npumenenue: Xuible 1oMa: MacCoBbI noctyn k Murepuery, IPTV, onnaiin-
urpam. busnec-nienTpsl: nopaepxkka VPN, BuneokoHbepeHIui, 00maqnbIX pemennii. ConpanbHbIe
OOBEKTBI:  IIKOJbI, OOJBHUIIBI, TOCYYPEKICHHUS. «YMHBIE TOpOAa»: HMHTErpauus C
BUJICOHAOITIOJICHIEM, YMHBIM TPAHCIIOPTOM, CHCTEMaMH y4eTa PECypCOB.

Ilepcnexmuswt  pazeumus. Oxwumaercs, dro B Ommxaitmume 5-10 mer FTTB coxpanwut
JUIUPYIONIME TIO3UIMKM Ha pbIHKE MaccoBoro pgoctyna. Opnako mnoctrenenHo FTTH Oyner
BBITECHATh €r0 B IpPEMHAILHOM CermMeHTe. TeM He MeHee, Onarofaps HU3KOH CTOMMOCTU U
npocrote paseprbiBaHus, FTTB ocranercs akryanbHOW TEXHOJOTHEW €Il€ MUHMMYM OJHO—IBA
necstuietus [6].

Pactymas nonynspHocts MHTepHeTa SBISETCS KIIOYEBBIM (PAKTOPOM Pa3BUTHS HOBBIX
METOJIOB  JIOCTYIA, KOTOpPbIE MO3BOJIAT KIMEHTAaM IOJIYYUThb JOCTYIl K HACTOSIIEMY
HIUPOKONONIOCHOMY JtocTyny. Cpeny pa3iMuHbIX TEXHOJOTHMH METOMBI JOCTYIa, OCHOBAHHBIC HA
ONTOBOJIOKHE, MPHUBJICKAIOT BCE OOJbIIIEE BHUMAHHUE, MOCKOJIBKY OHU MPEIIaraloT ONTHMAaIbHOE
peuieHue uisi Ipe10CTaBICHUs PAa3IMUHbIX YCIYT B IOMEIIEHUS KJIMEHTOB. bbUIM IIPeyIOKEHbI TPU
pa3iMyYHbIE apXUTEKTYpbl, OOJErdamliue pa3BepThiBaHUE HHQOPACTPYKTYPHI «ONTOBOJIOKHO 0
noma» (FTTH). Cern HWHrepHer «royka-TOuKa» SBISAIOTCA HauOoyiee IMPOCTBIM U YK€
oTpabOTaHHBIM peIIeHUEM. Pa3indHbIe BapHaHTBI MMACCUBHBIX ONTHYECKHX CETEH C JIOCTYIOM C
BPEMEHHBIM pa3/ielIeHHeM KaHAJIOB MOy4YaloT BCE OoJblliee pacnpoCTpaHEHUE 110 Mepe MOSBICHUS
Ha PBIHKE HEOOXOAMMOro o0OpyaoBaHUs. TpeThUM OCHOBHBIM MpeTeHaeHToM sBisoTcs PON c
JOCTYIIOM C pasJesieHneM KaHajloB 1o juinHe BoiHBI (WDMA). XoTs oHM noka HaxoJsaTcs Ha
Ha4yaJIbHOW CTaJuM pPa3BUTHsI, J1AO0OpATOpPHBIC MCHBITAHUS TIOKA3bIBAIOT, YTO OHU OO0JIAJIal0T
MHO>KECTBOM MPEUMYIIECTB 110 CPABHEHUIO C CYIIECTBYIOIUMH PELICHUSMH.

Bvi6oowt

Texnonoruss FTTB sBnsercs »(QQEKTUBHBIM HHCTPYMEHTOM MAacCOBOTO BHEIPEHUS
IIMPOKOIIOJIOCHOIO JOCTYIIA.

Texnonoruss FTTB o0ecneunBaeT onTUManbHbIM OajgaHc MeX1y KaueCcTBOM YCIyr U
3arparaMu.

Texnonoruss FTTB wurpaer xmroueByro poiib B pa3BUTUU LUGPOBON UHPPACTPYKTYphI
rOpOJIOB.

B nepcnextue Texnonorus FTTB Oyner mocrenenHo aononsstecss FTTH, Ho ocranercs
BOCTpEeOOBaHHOM B yCIOBHUSIX OIPAaHUYEHHBIX OO/KETOB.
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TPAHCAPKTUYECKHIA KOPHUJIOP - IEPCIIEKTUBHAS
TPAHCIIOPTHASA APTEPUSA J1JIsA ITTIOBAJIBHBIX ITEPEBO3OK I'PY30B
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THE TRANS-ARCTIC CORRIDOR IS APROMISING
TRANSPORT ARTERY FOR GLOBAL FREIGHT TRANSPORTATION.
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Annomayus. 1lo 3amacam npupoaHbiXx pecypcoB Poccuiickas denepaiusi 3aHUMaET OHO U3
JUAMPYIOIMX MECT Ha IUIaHeTe, 4YTO OE€3yCIOBHO IOBJIHMSUIO HA CBHIPEBYIO HAlpaBICHHOCTb
HSKOHOMHUKHM Halllero rocyaapcrsa ¢ JIOMHHHMpoBaHUEM HedrerasoBoro cexropa. CoBpemMeHHas
reorpadus 100buu yraeBopoponoB B Poccun chopmupoBasiocs eme B nozgHem CCCP, 3a
HCKJIIOYEHHEM HOBBIX MECTOPOXKIEHHUI Ha BOCTOKe cTpaHbl. /JJoObua HedTu Benercs B 34 pernoHax
Poccun, HO mpenMylecTBEHHO CKOHLIEHTpHpoBaHa B 3anaaHod Cubupu u VYpano-IloBomxbe.
Onnako mocreneHHO HedTenoObIBaroIlas NPOMBIIUIEHHOCTh MEpeMeIaeTcsi Ha ceBep, TaK Kak
JMIIb B IMOCIEAHEEe BpeMs J00blYa YIIIEBOAOPOJIOB 3/€Ch CTaja TEXHUYECKHM U SKOHOMHUYECKU
o0ocHoBaHHOI. HO B CBOIO oYepenb OTAANEHHOCTh 3TUX PAaOHOB U CYPOBBIN KJIMMAT 3aTPyIHSET
KaK OCBOCHHE, TaK U TPAHCHOPTHUPOBKY 3TUX pecypcoB. IMEHHO MOATOMY OYEBUAHO, YTO CErO/IHA
€CTb HEOOXOAMMOCTb CO3/1aHUSl €IUHON TPAHCIIOPTHOW CHCTEMbl M COBEPLICHCTBOBAHUS €€
UHOQPACTPYKTYpbl, a pa3BUTHE HOBBIX M MOJEpPHHU3AIUS CYHIECTBYIOIIUX TPAHCHOPTHBIX
KOMMYHUKAI[M KPOME STOTO TOCIOCOOCTBYIOT YAYYIIEHHIO YCIOBHH TPOXUBAHUS MECTHOTO
HACENICHHsI, PEIICHWI0 MHOTHUX COIHAIBHBIX mpobieM. TakuM MPOEKTOM, MPHU3BAHHBIM
KapIUHAJIFHO W3MEHHUTHh TPAHCIOPTHO-JIOTUCTHYECKYI0 CXEMy B CTpaHe W B MHUpE, SBISETCS
CesepHblif Mopckoil myTh .Llenbro 1aHHON paboThl SBUIOCH HccieqoBaHUs pa3BUTHs CeBepHOro
MOPCKOT'0 IyTH, CYILECTBYIOIIEH U MPOTrHO3UPYEMOH Ipy30B0Oii 0a3bl /Ui ATOTO MPOEKTA.

Abstract. The Russian Federation ranks among the world's leaders in natural resource
reserves, which has undoubtedly influenced the raw materials-based nature of our economy, with
the oil and gas sector dominating. The current geography of hydrocarbon production in Russia was
established in the late Soviet era, with the exception of new fields in the east of the country. Oil
production occurs in 34 regions of Russia, but is primarily concentrated in Western Siberia and the
Ural-Volga region. However, the oil industry is gradually shifting north, as hydrocarbon production
here has only recently become technically and economically feasible. However, the remoteness of
these regions and the harsh climate complicate both the development and transportation of these
resources. Therefore, it is clear that today there is a need to create a unified transportation system
and improve its infrastructure. The development of new and modernization of existing
transportation routes will also contribute to improving living conditions for the local population and
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addressing many social issues. The Northern Sea Route is such a project, designed to radically
change the transport and logistics system in the country and globally. The purpose of this work was
to study the development of the Northern Sea Route, as well as the existing and projected cargo
base for this project.

Knrouesvie cnosa: CeBepHbII MOPCKOUW MyTh, TPAHCIIOPT, ApkTuKa, Kpalinuii cesep.
Keywords: Northern Sea Route, transport, Arctic, Far North.

CeBepHbIE  MOpPCKOM IMyTh — OTO KJIIOYEBOM DIIEMEHT TMOBBIIMICHUS TPaHCIOPTHON
CBSI3AHHOCTH CaMbIX TPYAHOJOCTYIHBIX TEppUTOpUl Hamield cTpasbl. JlocTaBka B YyJIaJeHHbIE
pailoHbl Ipy30B, KPUTHUECKM BAXKHBIX JJI JIIOAEH M OpraHu3aluid, — OIHA U3 IVIaBHBIX 3aJa4
pasButusi Apktuku. [lanpHelee pacmmupenue uHGpacTpykTypbl Ha KpaitHem CeBepe mO3BOIHUT
OpraHu30BaTh MOCTAaBKH, JJI KOTOPBIX HE XBAaraeT MOUIHOCTH BOCTOYHOIO MOJMIOHA KEJIE3HBIX
nopor. B ApkTuke, B CTparermyecko-Ba)KHOM M 3HAYUMOM PETHOHE IPEJACTOSIT MaclTaOHbIE U
cucteMHbie 3a1auu. CeBepHbIii MOPCKOi myTh, CeBepHBIii MOpCKOi kopuaop, CeBmopiyts, CMIT
— Kparyailmuii Mopckoi nyTh Mexay EBponeiickoii yacteto Poccun u JlansHum Bocrokom. [lo
Hauana XX Beka B 3amajHoOil nuTeparype oObldyHO nuMeHoBasics CeBepo-BocTounblil mpoxoa. O1ot
nyts Hapsny ¢ CeBepo-3amagHbIM HPOXOAOM M TpaHCHOJSPHBIM MOPCKUM IIYTEM CBSA3BIBAET
EBpomy u A3uto Mmopckumu mytsimu uepe3 CeBepHblii JlenoButsiii okean [1].

[To TepMUHOIIOIMHM POCCUICKOTO 3aKOHOaTeNbCTBA CEBEPHBIM MOPCKOM IMyTh ONpPEAEIIEH KaK
«UCTOPUYECKU CJIOKMBILIASACS HAIlMOHAJIbHAS €IMHAs TPAaHCIOpPTHAas KOMMYHuKauus Poccum B
Apxkrukey. [Ipoxonut no mopsim Ceseproro Jlegosuroro okeana (Kapckomy, Jlantessix, Boctouno-
Cubupckomy, Uykorckomy). Anqmunuctparusao CMII Ha 3anazie orpaHnuyeH 3amaHbIMA BXOJaMU B
HOBO3E€MEJIbCKUE MPOJIMBBI M MEPHUIMAHOM, MPOXOJAIIUM Ha ceBep OT Mbica JKenaHus, a Ha
BOCTOKE, B beprHroBoM mposiuBe, — mnapajienblo 66° c.ui. u mepuarnadoMm 168°5837" 3.1.. Jlnuna
Cesmopnyt ot Kapckux Bopot no Oyxrtsl IlpoBuaenust — okono 5600 kM unu npubIu3UTENbHO
3000 mopckux Muib. Pacctosnue ot Cankt-IlerepOypra no BmamuBocToka mo HeEMy COCTaBisieT
cBbille 14 Thic.KkM (Ans1 cpaBHeHUs, yepe3 CyslKuil kaHam — cBble 23 THIC.KM). AJbTepHaTHBA
CeBepHOMY MOpPCKOMY IIyTM — TpPAHCIOpPTHBIE apTepuu, mnpoxopsmue uepe3 Cydnkuil uiam
[Tanamckuii kaHanbl. Ecnm paccTosHue, mpoxonaumoe cygaMd M3 mnopra MypMaHCKa B HOPT
Noxoramer (SAmonust) yepe3 Cysukuii kanan cocrasiser 12 840 mopckux Muiib, T0 CeBEepHBIM
MOPCKHM TTyTéM — TOJIBKO 5770 Mopckux Muiib [1].

Pucynok 1. I'padmyeckoe cpaBHeHrne CeBEpHOTO MOPCKOTO MYTH (CHHHI I[BET) U I0XKHOT'O MapIIpyTa
(KpacHBIif 1IBET)
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Mapuipyt TpaHcniopTupoBku Tpy3oB ¢ JlanpHero BocTtoka B EBpomny ¢ ucnoib3oBaHHEM
CeBepHOTro MOPCKOTO IMyTH — OoJiee 14 THIC.KM U aJbTePHATUBHBIN MyTh, HCHIOIB3YIOMUN CydIKHiA
kaHas — Oonee 23 Teic.kM. Teppurtopus 3a IlongpHBIM Kpyrom 3aHUMAaeT BCETO JIMIIb OKOJO 6%
IIOBEPXHOCTH 3€MJIM, OJHAKO Ha €€ JOoiI MOXeT npuxonutbes 10 20% Hepa3BelaHHBIX
M3BJICKACMBbIX 3aracoB He(TH U MPUPOIHOTO Ta3a [2].

ApPKTHUYECKUI PErMOH YaCTUYHO BKIIIOYAET TEPPUTOPHUM BOCBMH TOCYNAPCTB, K KOTOPBIM
otHocsitcsi: Coenuuénnbie lrarer Amepuku, Kanana, Janws/Ipennannus, Ouansuaus, Ucnanaus,
Hopgerus, Poccuiickas ®@enepanus u lBenus. i peanuzaium CBOMX UHTEPECOB B 3TOM PETMOHE
B 1996 1. ObIT co3MaH APKTHUECKUN COBET — MEKIPABUTEIBCTBEHHBINA (OPYM IS COTPYIHUYECTBA
Y B3aMMOJICUICTBHS 110 PEIICHUIO OOIIMX apKTHYECKHX BOIPOCOB [2].

Bo wucnonnenue mnepeuns mnopyudenuil Ilpesmpenra Poccuiickoit ®enepauud no uTOram
COBEIIIAaHMS TI0 BOIIPOCY pa3BUTHs ApkTudeckoit 30HbI Poccuiickoit @eneparun (Ne TIp-868 ot 22
Mmas 2022 r.) pacnopsokenueM [IpaButenbctBa Poccuiickoit ®denepanuu ot 1 aBrycra 2022 1. Ne
2115-p yrBepxkaen [lnan passutus CeBepHOro Mopckoro myTH Ha nepuoxa 1o 2035 roga (manee —
[Tnan CMIT) [3].

[IpunHsATHIE peLICHUS HampaBieHbl Ha CO3JaHUE HMHPPACTPYKTYPHBIX YCIOBHH 7S
nanbHelmero pasButus CeBepHOrO0 MOPCKOro MyTH W MpuOpexHbIx Tepputopuil. [lnan CMII
BKItOyaeT 155 wmepompusituii, pa3OUTBIX Ha S5 OIOKOB: Tpy3oBas 0a3a; TpaHCIOpPTHAs
nH(PACTPYKTYypa; TPY30BOM U JIEAOKONBHBIA (roT; Oe3omacHOCTh cymoxoactBa mo CMIT;
ymnpaBieHue u pasButHe cygoxonctBa mo CMIL. OOmee ¢uHaHCHpPOBaHWE MEPONPUSATHH,
npenycmorpennoe B [lmane CMII, coctaBmsier 1,79 TpnH pyO., U3 KOTOPBIX IMOATBEPKICHHBIC
cpencTBa QenepanbHoro Orwomkera — 619 mupa py6., coOcTBeHHBIE U 3aeMHbIe cpeacTa — 406 mipa
pyO., JOTIOIHUTEBHAS MOTPEOHOCTh B TOCYIaPCTBEHHOM (PMHAHCUPOBAHUH — 765 MIp1 pyo.

Crparerust Poccuiickori @Denepanuu yrBepkaeHa B 2008 1. gokymeHTOM «OCHOBBI
rocynapctBeHHON mnonutuku Poccuiickoii @enepanuun B Apkrtuke Ha nepuoa o0 2020 r u
JaIbHEUITYI0 TepcrneKTuBy». BrmocienctBum ona Obuta gomonHeHa B 2013 . «Crparerueit
pazButusi Apkrudyecko 30HbI Poccuiickoit ®enmepanuu u  oOecriedeHHS  HAIMOHAIBHON
6e3omacHocTH Ha nepuox 10 2020 roga» u B 2014 . rocynapcTBeHHOM nporpammoit «ConuanbHO-
HSKOHOMMYECKOE pa3BuTHE ApKTHUecKor 30HBI Poccuiickoii ®denepannn Ha nepuoxn ao 2020 roga».
K kiroueBbIM LE€nsiM M 3aJadaM POCCHMCKON IOJUTUKA B APKTHKE OTHECEHBI HCCIIEOBAHUE
pecypcHoii 0a3bl ApkTHueckoil 30HBI Poccuu, oxpaHa TOCYIapCTBEHHOM TI'paHUIbl CTpaHbI,
COXpaHEHHUE OHKOJOTMHM PEruoHa, OCYIIECTBIEHHWE HAyYHbIX MCCIEIOBaHUM, COTPYAHHUYECTBO C
MPUAPKTUYECKUMHU TocynapcTBaMu u japyrue. OpHa U3 KIIOYEBBIX poJieil B oOecredyeHuH
peanmus3anuu  uHTepecoB Poccum B ApkTuke orBoxutTcs CEBEpHOMY MOPCKOMY IIYTH Kak
HallMOHAJIbHOM TPAHCIIOPTHOW MarucCTpaJIn.

Ha Texymuii MOMEHT B ApKTHKE OOHApyXeHbl KPYITHBIE 3arachl YIIIE€BOAOPOAHOIO CHIPhS,
METAUNTUYECKUX Pyd, YN W TPOYUX TOJE3HBIX HCKOMAEMBIX, 3HAUYUTENbHBIE OMONOTHMYECKHE
pecypcbl. B cBi3M ¢ 93TUM TnosBUIAch OCTpas HEOOXOAMMOCTb co3faHusi 3(H(HEKTUBHO
(GYHKIMOHUPYIOUIEH apKTUYECKOM TpPaHCHOPTHOW CHUCTEMbl Ha 0a3e CYIIECTBYIOIIUX U BHOBBb
MOCTPOEHHBIX  TPAHCHOPTHBIX  MarucTpasei. B dyactu  pa3BUTHS ~ KeJe3HOAOPOKHON
UHOPPACTPYKTYPbl AapPKTUYECKUX PErMOHOB, HEOOXOAMMO OTMETHTH PsiJi MPOEKTOB, MPaBHIBHOE
codeTaHhe KOTOPBIX B MPOCTPAHCTBE U BPEMEHH JOKHO OOECIEYUTh HOBOE KAu€CTBO JIOTUCTHKU:
benxomyp, CeBepHblii mupoTHbIH xon1, boBanenkoBo-Caberra, bapenukomyp, Kapckomyp,
MypMaHCKH#t TPaHCTIOPTHBIH y3eJ1, TTyOOKOBOIHBIH MOPT ApXaHrenbek, nopt Uumura [4]
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Pucynok 2. PecypcHas 6a3a Apkruaeckoii 30ub1 Poccuiickoii ®enepanun (https://gematit.ru/)

CeBepHBIE MOPCKOM MyTh — 3TO MEPCHEKTHBHAS TPAHCIIOPTHAS apTepHs IJs pacIlIupeHus
JIOTUCTHUYECKNX BO3MOXHOCTEH HE TOJIBKO CTPaHbI, HO U I00AIHHOIO PhIHKA MEPEBO30K U ILIIOC K
3TOMY €lle M MOUIHEMIINN apailBEp Pa3BUTHUS CEBEPHBIX peruoHOB Hamel crpansl. K 2035 r
TUTAHUPYETCS HApaCTUTh 00bEM TPy30B, MEPEBO3UMBIX 110 CeBMOPITYTH, /10 220 MIJITHOHOB TOHH. B
cootBeTcTBUM C pazBuTHeM CMII ocHOBHBIE TMEPCHEKTUBHBIE TPY30MOTOKHU - TPY3bI CHIPHEBBIX
npoektoB: [TAO «Hosarak», [TAO «Pocued1by», [TAO «"aznpom HeGTH», OO0 «'IK «banmckasy,
000 «YK «BocrokYromnb», [IAO «I'MK «Hopunbckuii HUKenb» u apyrue. B Tabnuue 1 nokazan
nporxHo3upyemsiii 00beM rpysomnoroka CMIT (https://ntranslab.ru/).

O0beM  mepeBe3eHHBIX Tpy30oB 1o Tpaccam  CeBEepHOrO  MOPCKOTO  MyTH U3
aAMUHUCTPATUBHBIX JaHHBIX, npeaoctaBigeMbix PI'KY «Aamunuctpanus CeBEpHOr0o MOPCKOTO
nyTi» nmokaszansl B Pucynke 3 (https://goo.su/3vUUmMNp).
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Pucynok 3. Ilporno3upyemsbiii 00beM rpy3omnotoka mo CMII B COOTBETCTBUH C IUIAHOM Pa3BUTHUS
CMIT mo 2035 r, maa. T (https://www.bnkomi.ru/)

Hons Tpan3uta Ha Mapuipyte k 2035 r Oyner 3anumars He Oonee 6% (00BEM TpPaH3UTHBIX
IPy30B 3a TOT € MepuoA IoJKeH Bo3pacT ¢ 0,49 muH 1o 10 MIIHT, YTO IPUMEPHO B THICAYY pa3
MEHbIIIe, YeM MPpoxoauT yepe3 Cys1Kuil KaHam).
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Tabmmma
OBBEM ITEPEBO30OK I'PY30B B AKBATOPUUM CEBEPHOI'O MOPCKOI'O ITYTH, TBIC. T
2019 2020 2021 2022
31531,3 32978,9 34 867,9 34 116,9

CeBepHbIE MOPCKOHM MyTh — Ba)KHasl COCTABJIAIONIAA TPAHCIOPTHOM CUCTEMBI CTPaHbl. DTOT
MapuIpyT HapsAy ¢ TAKMMHU OOIIEHAIIMOHAIBHBIMU IPOEKTaMH KaK CKOPOCTHAsi aBTOMarucTpaib M-
12 «Bocrok», BAM u Tpanccub, LleHTpanbHbIN KeIE€3HOJOPOKHBIA TPAaHCHOPTHBIN y3el
(MockOBCKHE LIEHTpaJIbHBIE IUAaMETpPbl), PETHOHAIbHBIE a3POMNOPTHI CBSA3bIBAET B €UHOE MOJIOTHO
TpaHcIopTHEIC apTepuu rocyaapcrsa (https://goo.su/pM70k).

Ota paboTa NpOJOKUTCS 110 HOBOMY HAUIPOEKTy «D(deKTuBHas TpaHCIIOPTHAsI CUCTEMAY,
KOTOpBI  Oymer nanee (GOpMHpPOBaTH OCCIIOBHYIO TpPAaHCHOPTHYIO JIOTHCTUKY W JacT
JOTIOJIHUTENbHBIE  CTUMYJBI  JUIS  JAJbHEHINEro  pa3BUTUA  OTEYECTBEHHOM  HKOHOMHKH.
IIpenmnonaraercs, 4T0 MOAEPHU3ALMS 3aTPOHET U PEYHBIC IIYTH, U IIUPOKYIO CETh a’pOAPOMOB, U
OIIOPHYIO CeTh JKEJIE3HBIX A0POT, Kyaa BxoasT BAM u Tpanccu6. JlanbHeliiiee coBepIeHCTBOBAHNE
CeBepHOTO MOPCKOTO IyTH TaKke OOO3HAYEHO B YHCIE OCHOBHBIX NPUOpPHUTETOB. Tak,
MPEIONaraeTcsl HapaluBaHue JIEAOKOIBHOTO M TPY30BOTO apKTUYECKOTO (pIIOTOB, YTO MO3BOJIHT
obecnieunTh paboTy camMoil ceBepHOH MOPCKON MarucTpajiu CTpaHbl 0€3 NPUBSA3KH K Ce30HY. Takxke
3a[UIAHUPOBAHO  MAcCIITAOHOE CTPOMTENHCTBO OOBEKTOB IOPTOBOM MHMPACTPYKTYphl  JUIs
yBenuuenus rpyzoodopota (https://goo.su/pM70Kk).

Cesepnblii Mopckoit yTh (CMII) moMokeT CHU3UTh 3arpy’>KEHHOCTh HAa3€MHBIX IYTEH, B TOM
yuciae bAMa u Tpanccu6a, u NO3BOJIUTE I'PY300THPABUTENSAM MOJHUMATh I10 JKEJIE€3HOIOPOKHBIM
IyTSM U peKaM CBOU I'Py3bl B CEBEpHbIC MOPTHI. TaM rpy3bl OyayT I'PY3UThCS Ha Cyaa JIe0BOIO
kiacca u ornpasiaTbes no CMII Ha peiHku HasHadeHus. Kpome toro, CMII — 310 HOBBIi
[100aJIBHBIA  TPAHCTIOPTHBIN KOPUIOP, OCOOCHHO BBHJY BOCTOYHOTO ITOBOPOTA POCCHUHCKON
HSKOHOMHUKHU (OTYACTH €CTECTBEHHOIO, a OTYAaCTH BBIHYXJEHHOTO BCJEJICTBHE AHTHUPOCCHUHCKHX
CaHKIMHA M pa3pbiBa oTHOIIEHHWH ¢ 3amagom). Ero pa3BuTHe B KauecTBE KOHKYPEHTOCHOCOOHOM
HallMOHAJIbHOM TPaHCHOPTHOM apTEepUU JIOJDKHO OCYIIECTBIATHCS C Y4ETOM BO3MOYKHOCTH €rO
0ojiee MIMPOKOTO MEXKIYHAPOIHOTO HCIIOJIb30BAaHUS JJISi OCYLIECTBICHUS MEPEBO30K MEXAY
EBponoit u Aszueil. CeBepHbIi MOpPCKOM IMyTh — OCHOBa 3KOHOMMYECKOM cTaOmibHOCTH CeBepa
Poccun v BaXXHENIINM SIIEMEHT POCCUMCKON U MEXIyHApOJHOW TPAaHCIIOPTHOW CUCTEMBI. B oTHX
YCIIOBUSIX 3a/laud Pa3BUTHsSI apKTHUECKOTO TPAHCIIOPTa M KOMMYHHUKAIMN JIOJKHBI YYUTHIBATh
IIPOTHO3 MOCIEACTBUI CAaHKIIMOHHOTO JaBJICHHs Ha Poccuto, a Takke MPUHUMAEMBbIE PYKOBOICTBOM
cTpanbl Mepbl 1o oOyctpoiictBy CeBmopryTu. CeBepHbII MOPCKOW MYyTh NpEACTaBiIseT cOOOM
CTPaTeTNYECKN BaXKHBIM BOIHBIM MapIIpyT, coeluHsomui EBpony m A3uio depe3 apKTUUYECKHE
BOZBI. B mocienHue rosibl €ro 3Ha4eHUe TOJIBKO BO3PACTAET, YTO CBA3AHO C U3MEHEHUSAMHU KJIMMara,
OTKPBIBAIOIIMMHU HOBBIE TOPHU3OHTHI JUI MEXKIYHAapOJHOM TOPrOBIM M CyHOXOAcCTBa. PasBurue
CeBepHOro MOPCKOTO IyTH CHOCOOCTBYET 3KOHOMHMUYECKOMY pocTy Poccum, a Taxke pacmupser
BO3MOXKHOCTH JIPYTHX CTpaH B cdepe JOTUCTUKH U JOOBIYM MPUPOAHBIX PECYpCOB. 3a MOCIEAHNE
10 et oObeM TepeBe3eHHBIX TPY30B BhIpoc mpakTudecku B 10 pa3. Co3maHue eaIuHON pa3BUTON
TPAHCHOPTHOM HMHQPACTPYKTYPhI, BBICTPOEHHOH BOKpYr mnoptoB CeBMOpPIYTH C >KEJIE3HBIMU
JIOpOTaMH U aBTOMAarucTpaliiMU, MO3BOJIUT CHOPMUPOBATH BaKHBIM AJIEMEHT «TPY30BOT0 KapKaca»
crpanbl. Perienue sToif HempocToi aMOMIMO3HOW 3amaun crenaeT CeBepHbI MOPCKOW IyTh
IIPUBJIEKATENIBHBIM U JIJIS1 POCCUICKUX MEPEBO3UYNUKOB, U JUIsl HHOCTPAHHBIX IAPTHEPOB. DTUM LENSM
OyneT crnocoOCTBOBaTh Halla)KMBAHHME PETYISPHBIX T'PY30MEPEBO30K, MOCTPOHKA HOBBIX aTOMHBIX
JIEIOKOJIOB U MOJIEPHU3AIIMH COOTBETCTBYIOLIEH HHPPACTPYKTYPHI.
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Bo Bpemst Hawana CBO Ha Poccurio HaJlOKUIM MHOYKECTBO CAHKIIUM M 3alIPETOB, B TOM YHUCIIE
Ha «CeBepHbiii moTOK-2» u CMIIL. [Jlonanen Tpamn mnpeamnosiaraet paspelieHue yKPauHCKOTO
KOH(IIUKTA C TOMOIIIBIO CHATHS CaHKIMi ¢ CeBepHOro MOPCKOTO IyTH ¥ HAYAJIOM WHBECTHPOBAHUS
B pasButue Apkruku (https://goo.su/EA4PL).

Cusatue orpannueHuii ¢ CMII mocmocoOCTBYeT MNPUTOKY 3amaHbIX HWHBECTUIIMA B
Apktuueckuii pernoH. Takum o6pa3zom, CeBepHBIN MOPCKOM IyTh MPEICTaBIsACT COO0H HE TOJIBKO
SKOHOMHUYECKYK0 BO3MOXHOCTb, HO M KOMIUICKCHBI 3KOJIOTMYECKUM W COLMAIIbHBIA BOIPOC,
TpeOyroInii BHUMATEIHPHOTO U B3BEIICHHOTO MOIX0/Ia CO CTOPOHBI BCEX 3aMHTEPECOBAHHBIX CTPAH.
W3ydeHnne u moHMMaHKHE BCEX aCMEKTOB AKCIUTyaTallud 3TOr0 MaplIpyTa MOMOKET 00eCIeYUTh ero
YCTOHYHMBOE Pa3BUTHUE B OymyIIEM.
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IKOHOMUYECKASA DOPEKTUBHOCTD ITIOJYYEHUA KOMIIO3UTOB
N3 MMOJIMMEPHO-PE3MHOBBIX OTXO40B U BA3AJIBTOBBIX IIOPO/]
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ECONOMIC EFFICIENCY OF PRODUCING COMPOSITES
FROM POLYMER-RUBBER WASTE AND BASALT ROCKS

©Mamatov E., ORCID: 0000-0003-4744-7611 SPIN-code: 5186-5359,
Osh State University, Osh, Kyrgyzstan, mamatov.elbek@list.ru

Annomayusn. OueHeHa CTOMMOCTH IIOJIYYEHHs KOMIIO3MLIIMOHHOIO MaTepuana Ha OCHOBE
MOJIMMEPHBIX OTXOJOB U PE3UHBI (OTXOABI EKTPOTEXHUUYECKUX, H3OJSLMOHHBIX, YMaKOBOYHBIX
MaTepHuayioB, OBITOBBIC M O€30IaCHBIC MEIMIIMHCKHE OTXObI) C JI0OaBIeHHEM 0a3alIbTOBBIX MOPOJ
mectopoxkaenuss  Kobul-Kusi,  Koipreisckoit  Pecnyonuku.  IlpoananusupoBaHa — cpenHsis
ce0eCTOMMOCTh M3TOTOBJICHUS OJIHOTO JIMCTA JIAMMHATa U3 IOJIyYCHHOIO Marepuana Ha OCHOBE
MECTHBIX PECYPCOB. YCTaHOBIIEHO, YTO BHEIPEHUE Pa3pabOTaHHOM TEXHOJOTHH 103BOJISIET CHU3UTh
3aTparhl B cpeaHeM Ha 36,04 % 1o cpaBHEHUIO C IMIIOPTHBIMH aHajoraMu. [IpuBenens! Tapudsr Ha
rpy3onepeBo3ku 1o Ttepputopun Keipreickoit PecnyOnukum W Kareropum moTpeOuTenen
ANIEKTPO’HEPIuu Julsl mpou3BozcTBa 3a 2024 ron. PaccMoTpeHbl 0COOEHHOCTH HalOro00JI0KEHUS
IIPOM3BOACTBA NpoAayKuuu B KeIpreizcrane.

Abstract. The paper estimates the cost of obtaining a composite material based on polymer
waste and rubber (waste from electrical engineering, insulation, packaging materials, household and
safe medical waste) with the addition of basalt rocks from the Kyzyl-Kiya deposit in the Kyrgyz
Republic. The average cost of manufacturing one laminate sheet from the obtained material based
on local resources is analyzed. It was found that the introduction of the developed technology
reduces costs by an average of 36.04% compared to imported analogues. The tariffs for cargo
transportation on the territory of the Kyrgyz Republic and the categories of electricity consumers
for production for 2024 are given. The peculiarities of taxation of production in the Kyrgyz
Republic are considered.

Knrouesvie cnosa: KOMMO3UITUOHHBIN marepuall, OTXOHIbI, 0a3aJIbTOBEIC TOPHBIC TTOPOABI,
JJaMUHaT, CbIpbEC, PE31HA.

Keywords: composite material, waste, basalt rocks, laminate, raw materials, rubber.

C »KOHOMHYECKOM TOYKH 3pEHHUs, IPOU3BOJICTBO KOMIIO3UTOB HA OCHOBE BTOPHUYHBIX
MTOJIMMEPHO-PE3NHOBBIX OTXOJ0B M 0a3aJbTOBBIX MaTepUajiOB MO3BOJSET CHU3UTHh CEOCCTOMMOCTH
MPOAYKIHWH 3a CUET YMCHBIICHHA 3aTpar Ha ChIPbC, CHU3HUTH PACXOAbl HAa YTHIIM3allUIO0 OTXOJ0B U
OJTHOBPEMEHHO CO3/1aTh MPOIYKLUHIO C BBICOKMUMH 3KCIUTYaTallMOHHBIMU XapaKTEPUCTHUKAMU. ITO
OTKPBIBAET BO3MOKHOCTH JJISI BHEAPEHUS TAKUX MAaTEpHaJOB B CTPOUTENLCTBE, TPAHCIIOPTHOM M
MaHIHHOCTpOPITeHBHOfI oTpaciIsiX, a TaKXEC B IMPOU3BOACTBEC KOHCTPYKHOHWOHHBIX OJOJICMEHTOB C
MTOBBIIIIEHHOW M3HOCOCTOMKOCTHIO. J[0OBIYa TOJIE3HBIX MCKOMAEMBIX — A3TO MPOIECC M3BIICUCHUE
TBEPABIX (METaJUIbI, YTOJb, pyna), KUIKUX (He(Th) U Ta3000pa3HbIX (IPUPOIHBINA ra3) pecypcoB U3
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Heap 3emiu. llenecooOpa3Ho HPOBOAUTH A0OBIYY TMOCHE OLEHKH 3alacoB MECTOPOXKACHHUS C
OTlpe/IeICHNeM MX XHMMHUYECKOTO COCTaBa. B 3KOHOMHMKE MHOTHMX CTpaH J00blya MOJE3HBIX
HCKOITAEMBIX OTHOCHUTCSI K MEPBUYHOMY CEKTOPY M OOECIICYMBACT CHIPhEM MHOXKECTBO OTpaciieit
MIPOMBIIUICHHOCTH. J[00bIYa TOJIE3HBIX HMCKOMACMBIX OCYIIECTBIISCTCS MOA3EMHBIM M OTKPBITHIM
crocobom, OypeHHeM CKBa)KHH, a TaKKe ¢ MOPCKOro AHAa U T. 1. [1].

bazanbToBBIE TOPOJBI OTHOCATCS K TBEPABIM MarepuajaM B BHJE TOPHBIX IOpPOJ U
pacrosiararoTcs B OTKPBITBIX Kapbepax, Hanpumep, B MecTtopoxkaeHusax Kespui-Kus B Keipreizckon
Pecriyonuke. [Ipu m00BIYe TOJIE3HBIX MCKOMAEMBIX TEXHHMUYECKHE CPEJICTBA UTPAIOT BAXKHYIO POJIb.
Hanpumep nipu 3arpy3ke 0a3ainbTOBBIX TOPHBIX MOPOJ B CpeACTBa A0cTaBKU. CpeaHss pacyeTHas
IIeHa J00bIYM W TIOTPY3KH IM® GasanbToBOI nopoabl  coctaisier 2000com. 1m* GazansToBOM
nopozbl paBHa okosto 2,8-3,0 TouHs! ceipbs (https://goo.su/WX9deR).

OTcrona CTOMMOCTh AOOBIYM M TIOTPY3KH JISTHM Ha KOJIMYECTBO TOHH. T.€. CTOMMOCTh JOOBIYU
1 T = nena 3arpy3Kku / KOIU4YECTBO T, CToMMOCTh A00ban 1 T = 2000 com / 3T. OTcronma ciaeayert, 4To
no0brya U morpyska 1 T 6a3ansToBOM MOpoAbl cocTaBisger 666.7 com. Ilociae moObrvm, moyie3HbIC
HCKOITaeMbIC TPAHCIIOPTUPYIOTCS K MECTy TepepaboTKy; 0a3abTOBBIC MOPOABI B JAaHHOM CIIydac
noctaBieHo u3 Keibui-Kum B ropox Om Ha paccrosiuue okono 100 kM. CornacHO JaHHBIM
Tabmuupr 1 ¢ Ttapudamu Ha rpysomnepeBo3ku o Keipreisckoit PecnyOnmke 3a 2024 1, cpemHsis
cTouMocThb octaBku 20 T rpy3a Ha | kM cocTtaBuseT npumepHo 80 com.

Tabmuma 1
LIEHBI HA TIEPEBO3KH I'PY3A 1O TEPPUTOPUU KbIPT'bI3CKO PECITYBJIMKU

Mapwpym Paccmosinue I'pys Cmaexa Llena 3a xm
Ke13p11-Kuss — BoenHO-AHTOHOBKA 604 xm 21T, 30 M3 42000,00 com 69,54 com/km
[lonokoB — [xxanan-Adan, Omr 609 xm 23T 60000,00 com 98,52 coM/kM
brmkex — Taiac 291 km 22 1,90 M3 25000,00 com 85,91 coM/kMm
bumkek — Tanac 291 xm 20 T, 86 m? 22000,00 com 75,60 com/xm
bumikex — Ko3p11-AbIp 348 xm 22 1,90 m3 25000,00 com 71,84 com/xm
Om — Mamanapr-Caii 141 xm 151,30 M 20000,00 com 141,84 com/xm
Bumkex — J[>xanan-Adan 622 xMm 15T 60000,00 com 96,46 coM/kM
bumkex — Ke3pii-Kus 614 xm 17 1, 50 »® 45000,00 com 73,29 com/km
Bbumkek — O 606 xm 20T, 92 M3 45000,00 com 74,26 com/km
bumkek — Kepben 504 xm 20 T, 92 M3 40000,00 com 79,37 com/xm
bumikex — ToxToryn 272 kM 20T, 92 M3 30000,00 com 110,29 com/xm
Bbumkek — O 606 xm 20 T, 86 m? 45000,00 com 74,26 com/kMm
bumkex — Ke3pii-Kus 614 xm 19,6 1,92 m®>  51507,63 com 83,89 coM/kM
bumikex — Ana-byka 538 kM 151,92 M3 40000,00 com 74,35 com/xm
Toxmak — Ke3su-Kus 688 kM 20T 55000,00 com 79,94 coM/kM
Bummkex — O 606 kM 20T, 25 M3 51087,13 com 84,30 coM/kM
Bummkex — O 606 kM 20T 48000,00 com 79,21 com/km
bumkek — Om 606 xm 18 T, 86 Mm* 53000,00 com 87,46 coM/KkM
bumkek — Y3ren 638 xm 20 T, 86 m? 57000,00 com 89,34 coM/kM
bumkex — JKananaban 623 kM 20T, 86 M3 55000,00 com 88,28 coM/KM

Ha Pucynke 1 mnpuBeneHa OuHaMHMKa W3MEHEHHUs II€H Ha MEPEBO3KU TPY30B MO BCeil
tepputopuu Keipresckoii Peciyonuku 3a 2024 r. @opmyna onpenesieHus eHbl JOCTaBKHU Tpy3a U3
ropoaa Kei3p1-Kus B ropon Ot umMeeT Clieyroniuii BUL:

Ilena nocraBku = Ilena 3a kM X PaccTosinue
[Hena nocraBku = 8000 com.
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Ilena 1 T 6a3anproBoi moposasr = 8000 com / 20 T
N3 storo crmenyert, 4uto 1ieHa aoctaBku 1 T Ga3anmbToBOM Topoabl u3 ropoaa Kemwsui-Kus B
ropoa O, ¢ paccrosaueM 10 100 km cocrasnser 400 com.

80
75 ¢
70 o=
65
60 — . - S . -
anp Man WIOH wion daBr CeH OKT HOAR nex AHB ¢es Map anp
= rpAPUK MIMEHEHUA LLEHbI == TPeHa

Pucynox 1. JluHamuka H3MEHEHUS LEH Ha MEPEBO3KU TIPy30B MO Tepputropun KeIprei3ckoi
PecryOmnuku

JlpoGiieHne — 3TO 3Tan W3MENbUeHUs, KOI1a TBEp/ible MaTepuabl MEXaHUUECKU pa3pylIatoT
Ha Oojee Menkue dYacTuipl. [Ipolecc MUPOKO NPUMEHSIETCSs B TOPHOW IPOMBINUIEHHOCTH,
CTPOMTENBCTBE W TepepaboTKe sl YNPOIICHUs ManbHeHIeld oOpabOoTKM WM WCHOIb30BAHHS
Mmarepuaia. Kpome yMmeHbIIEHHs pa3Mepa YacTHIl, IpOOJCHHE YBEITUYMBACT MX IOBEPXHOCTh U
NOATOTABIMBAaeT Marepuan K JajubHeiied oOpaboTke WM  copTUpoBke. B ropo-
nepepabarsiBaroiel orpaciu cBeime 90% apobunok — miekoBbie (2-4 kBt 4/T) u xonycubie (3-5
kBr-u/T) [2]. dpobnenue 1 ToHHBI Oa3zanbra TpeOyer B cpemHeM 1-5 kBr/u4 amexktposnepruu B
3aBHCUMOCTH OT O0OOpYyIOBaHHMS M CBOHCTB Marepuana, a MpONOJLKHTENBHOCTh IIpolecca
cocraBisger 15-30 muuyt. CornmacHo Tabmuiue 2, pacxol S3JIE€KTPOIHEPIMHM PACCUUTHIBAICA I10
tapudy «IIpomeinuienHsie notpeduTenn» — 3,34 com 3a kBT/4.

. Taomuua 2
KATEI'OPUU ITOTPEBUTEJIEU DJIEKTPOSHEPI'MIU B KP 3a 2024 r
Kamezeopus nompebumenet Hoewiti mapugh (com)
Hacenenue (no 700 kBtu/ cBbie 700 kBT4) 1,37 /2,60
ComnmanbsHbIe U 00IIECTBEHHBIE TIOTPEOUTENH 2,62
[IpombinuieHHbIe TOTPEOUTENN 3,34
Kommepueckue nmorpedurenn 3,96
BromkeTHbIe MOTpeOUTETH 4,09
OHeproéMKHre NpPOMBILUIEHHBIE TOTPEOUTETH 6,06
CraHIu 110 3apsAaKe HIEKTPOMOOUIIEH 531

I'OCT 8267-93 (IllebeHp u TpaBUU W3 IUIOTHBIX TOPHBIX MOPOM JJISI CTPOUTEITBHBIX PaboT)
OTHOCHUTCS K IIEOHIO M TPaBHUIO W3 TOPHBIX MOPOJ CO CpeaHell MIOTHOCThIO 3epeH oT 2,0 mo 3,0
r/cM?, UCTIONIb3YEMBIM B KaueCTBE 3arlOJHUTENCH A TSHKeIoro 0eToHa, a Takke Ui IOPOKHOTO U
JPYroro CTPOUTENBHOTO NpUMeHeHus [ 3].

CroumocTs 11e0Hs U TpaBus U3 0a3aIbTOBBIX TOPHBIX MOPOJ IJIOTHOCTHIO 3epeH oT 2,0 10 3,0
r/cem?, u ppakunoHHOCTHIO OT 5x10, 10x20 konebnercs. Hanpumep, B HekoTopsix crpanax CHIT M3
6azanproBoro meoHs ¢pakuuoHHocTbio oT 5x10, 10x20 cocraBnser 300,38 com. A CTOMMOCTb
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0azanpTOoBOTO MmIEOHSA (pakimoHHOCTRI0O 20x40, Mapkoi mpoyrHoctd M1200, HackITHOM
wioTHOCTBIO 1200 Kr/M° ¢ KocTaBkoit cocrasmser 1430 py6./m° (https://goo.su/QgWIBPR).

N3 »atoro crhemyer, u4to cpemHsisi IieHa | TOHHBI JPOOIEHHOrO 0a3aabTOBOTO IEOHS
¢dpakumoHHOCTRI0O OT 5 1m0 20 MM cocraBmser nopsaka 300,18 com. YuutTheiBas pacxombl 3a
AMEKTPOIHEPTHIO, CTOUMOCTh JIpo0aeHuss 1 TOHHBI 0a3anbTOBOW Moponbl coctapisieT 313,54 com.
Mexanndeckasi 00paboTka 6a3aibTOBBIX MOPOA, KOTIAa OHH JIpOOSATCS Ha Ooyiee Menkue Gpakiuu
(10 MUKPOHHBIX pa3MepoB), HA3BIBACTCS M3MENBUCHHEM. ba3albTOBBIE TOPOIbI MHKPOHHBIX
pasMepoB MOTYT HCIIONB30BaTbCs ISl 3allONHEHUs OeToHa W acdanbra, JUIsi MPOU3BOICTBA
Pa3IUYHBIX BUIOB CTPOUTEIILHBIX MATEPHAIIOB, ISl CO3/[aHMUs TOPOKHBIX OCHOBAHUH U T. 1. [2].

Jlst u3MenpIeHusT OBLJIO MCIIONh30BaHa I1apoBasi MeiabHUIa Moneau MQZ1224 ¢ 6apabanom
1,2x2,4 M, ckopocThio Bpamienus 31 00/MuH, 3arpy3koit 10 4,8 T, HCXOAHBIM MaTEpPHAIOM Pa3MEPOM
0-20mMMm u pasmepom roTtoBoro mpoaykra 0,07-0,6 MM, npousBomutenbHOCTEIO 0,4-6,8 T/4 u
JIIBUTaTeJIEM MOIIHOCTRIO 37 kBT

Cormacao I'OCT 6613-86 [4], 1 T 6a3ansToBO# MOPOABI ObLIa M3MEIBIEHA 0 MHKPOHHBIX
pasMepoB C MCIOJIb30BAaHUEM POBOJIOYHBIX TKAHBIX CETOK IS COPTHUPOBKH U pas/ieNICHHsI YacTHUII.

W3menpuenne 1 M 0a3zanbToBOM MOponsl Ha mapoBoit MenbHUile MQZ1224 cromio 330 $
CIIA. ITockonbky 1 M* Ga3anbTOBOM MOPOJBI COOTBETCTBYET 2,8—3 T, CTOUMOCTb M3MeNbueHUs 1 T
cocraBwia npumepro 110 $ CHIA.

s m3menwaeHus 1 T 6azanbra motpeboBanock no 2-5 kB1/4 anekrposneprun. CormacHO
Tabnuie 2, CTOUMOCTB MEKTPOIHEPTHH BBIUYUCISUIOCH IO Tapudy [lpomviuinennvlie nompebumenu
1o 3.34 com 3a kB1/4 (4xBt/u % 3,34 com = 13.36 com). OxkoHYaTesbHAs [[CHA 32 U3MebucHuE | T
6azanbToBoi mopoasl MectopoxkaeHust Korzpui-Kust Keiproizckoit Pecydonuku coctaBumno 9618,27
coM. O1H U3 3TaNoB MOJYyYEHUS! KOMIIO3UTOB — CMEILIMBAaHUE, KOTOPOE MOBBIIIAET OJIHOPOIHOCTh
MHOTOKOMIIOHEHTHOTO MaTepuaja W I03BOJISICT BBOJAUTH TBEPIbIC WM JKUJKKAE 100aBku. Jlis
CMEIIMBaHUsA | T KOMIIOHEHTOB KOMIIO3MTa M3 0a3aibra U MOJUMEPHO-PE3UHOBBIX OTXO/0B
Tpebyerca 0,5-2 kB1/u snekrposHepruu, 4To CYHIECTBEHHO MEHbIIE, YeM MpH APOOICHUU U
M3MEJTBUCHHH.

VYenyra OetoHomemianku Ha 24 4. cocraBmser 6258 CIHA. Tlockombky 3arpyska,
CMEIIMBaHWE M BHITPY3Ka KOMIIOHEHTOB 3aHMMAIOT A0 & MUHYT, CTOMMOCTh MOJy4YeHHs | T.
KOMITO3UIIMOHHOTO MaTepuaja Ha OCHOBe O0a3zanbTa W TMOJMMEPHO-PE3MHOBBIX OTXOIOB C
MOBBIIICHHON OJHOPOAHOCTHIO cocTaBisieT 18,4 § CLIA (1 576,71 coM ¢ y4€TOM BIEKTPOIHEPTUH):
1,5 kB1/4 x 3,34com = 5,01com.

[Tocne ppoOnenusi, W3MEIBYCHHUS U CMEUIUBAHUS KOMIIOHEHTOB KOMITO3UIIMOHHOTO
Marepuana, HeoOXOIMMO pacIUIaBUTh MX. Bpems muiaBneHus 3aHuMaeT A0 25-45 MuHyT. UTOOBI
paccuuTarh KOJIMYECTBO JIIEKTPOIHEPTHH, HEOOXOIMMOE sl TUIaBJICHUS | TOHHBI KOMITO3UTA,
coctosimero u3 80% mnomumepa u 20% M3MENbUeHHOTO 0a3aibTa, HY)KHO YYUTHIBATh TEMIIEpaTypa
TUJTABIICHUS KaXKI0TO KOMIIOHEHTA.

Ionumep: 0OBIYHO 7S TIOTMMEPOB TEMIIepaTypa IUIaBIeHHs cocTaBisieT nmpumepHo 120-200
kJIx/kr. [lng pacueta BozbMeM 160 k/[x/Kr.

bazanem: Temneparypa nnaBneHus 6a3anbTa coctaBisier npuMepHo 1200-1300 xJx/xr. st
pacuera BozbMeM 1250 xJ[x/kr.

Macca nonumepa: 1 1.X0.8=0.8 T=800 kr
Macca 6a3anbra: 1 1.%0.2=0.2 7=200 kT
DHeprus Jisl MIIaBICHUS TToMMepa.
Qrommep=800 krx160 xJx/kr=128000 kI
DHeprus Ui TUIaBJIeHUs 0a3anbra:
Q6asamr=200 krx1250 xJx/kr=250000 & Ix
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CyMMupyeM 3Hepruu Jisi 000UX KOMIOHEHTOB:

QO6IHa$I=QHOHPIMep+Q6agaH],T:128000 K,Z[)I(+250000 K,Z[)I(:378000 KZ[}K

JUia tutaBnenuss 1T xommosuta, cocrosimero u3 80% mnomumepa U 20% H3METBYEHHOTO
0azanbra, norpedyercst mpubdau3utenbHo 378000 k/x, umu 105kB1/4. snexrposnepruu. CornacHo
Tabmune 2, kareropuu norpeduteneit anekrposHepruu B KP 3a 2024 1, mo Tapudy [IpomblinuieHHBIC
notpedutenu, 105 kBt anekrposnepruu mo 3.34 com 3a kB1/4 cocraBur 350,7,5 com. B wurore,
nepepabotka 1 T cbipbsa, cocrosimero u3 80% mnomumepa u 20% wu3MenpueHHOTO Oazabra
cocraBuino 12 925,97 com. Ompenencane cronmMocTd 1 M? KOMITOSHTHOTO JIAMHHATA DAa3HBIX
pa3sMepoB M3 MECTHOTO ChIphbs. [IIOTHOCTH 0a3albTOBBIX MOPOJ COCTaBiseT mo 2,6-3,1 r/cm®, a
IUIOTHOCTh TOJIMMEPHBIX OTXOAOB (B AaHHOM ciydyae [IBX-MOMMBUHWIXJIOPUI) U PE3UHBI
coctaBasger 1,35-1,43 /oM. Cpenusis MWIOTHOCTH 0a3aJIbTOBOM MOPOABI COCTAaBWIO 2,85 r/em® u
MIOJIMMEPHBIX OTXOJO0B WU pe3uHbl 1,39 r/em®. A CpeiHsAs TUIOTHOCTh KOMITO3UTa W3 0a3aJbTOBOU
MmopoAbl ¥ TOJMMEPHBIX OTXOAOB, M PE3WHBI cOocTaBwio 2,12 r/em® = 2120 ko’
(https://clck.ru/3PaE>5j). dus onpeneneHus miomany (S) HEOOXOAMMO YUUTHIBATH pa3Mephl (IIHHY
u wupuHy) obbekrta. C LEIbl0 ONpeleseHUs IUIOMAAN KOMIIO3UTHOIO JaMHHara HaMmu ObuIo
BBIOpPAHO KOMITO3UTHBIH JIaMUHAT ¢ pazMepamu 1380 MM mymmHO#, 193 MM MIUPUHON, ¥ C TOIIIUHON

8 mm (https://clck.ru/3PaE5j):
s =1380 mm * 193 MM 1)

2
[Tnomane (s) koMrmo3uTHOTO JamMuHaTa cornacHo (1) cocraBuio 0,26634 m°.
O6beM KOMIIO3UTHOTO JIaMUHaTa Obliia onpeneneHa Gpopmymnoii (2).

V=s*h 2

7€ S — IUIONIa/b, h — BeICOTa 00BEKTa (B JTAHHOM CJIy4ae TOJIMHA KOMIIO3UTHOTO JIAMUHATA —
8 MM).
2
v =10,26634 m“ * 0,008 m

O6beM (V) KOMIIO3UTHOTO JlaMHHaTa ¢ pasMepamu 1380 mm juinHON, 193 MM mMpuHOH, U ¢
ToimuHOo#N 8 MM coctasuio 0,00213072 M,
Macca KoMIO3UTHOTO JIaMUHATa OblIa onpeneneHa popmynoit (3).

m=p*v 3)

IJe p — IJIOTHOCTh, V — 00BbeM 00BekTa;. m = 2120 Kr/M° X 0,00213072M3; m = 4,51613 xr
(4,52 xr)

Macca koMno3utHoro JyamuHara pasmepamu 1380 mm mHoH, 193 MM mmpuHOHR, U C
TONMIIMHONW 8 MM cocTaBmiio 4,52 kr. UtoObl HailTH KOJMUYECTBO JlaMuHara pasMepamu 1380 mMm
JUTHHOU, 193 MM MIMPUHOMN, U C TONIMHON § MM, | T CBIpBS JIeJMM Ha Maccy, TO €CTh Ha 4.52 KT.

11 chipesi / 4,52 kr =221

W3 1 T chIpbsl U3 MOJMMEPHBIX OTXOAOB U Pe3UHBI, M 0a3aJIbTOBBIX MOPOA MOXKHO MOJYYHUThH
221 mT KOMITIO3UTHOTO JJaMHuHaTa pazmepamu 1380 MM aymHOM, 193 MM MIMPHUHOM, U € TONIIMHOM §
MM. {7151 Toro 4ToOb! HaiiTu neHy 221 mT. KOMIIO3UTHOTO JJaMHHaTa pasMepamu 1380 MM nMHOM,
193 MM IMPUHOM, U C TOJIIMHON 8 MM, KOJIMYECTBO JIJAMUHATA YMHOXKAaeM Ha CPEIHIOI0 PHIHOYHYIO
CTOMMOCTb JIaMUHaTa JaHHoro pasMmepa. To ects: Llena = 221 mt. namunara * 961 com/m?, rae 961
coM/M? cpefHsisl pblHOYHas IleHa jJamuHara pazmepamu 1380x193. U3 srtoro cnemyer, yto u3 1
TOHHBI CBIPbSI MOKHO TOJYYUTh MPOIYKIUIO CTOUMOCTEIO 212 381 com.

CornacHo TpymoBomy Kkomekcy Keiprenckoit Pecnyonmuku (Pasmen IV, Ommara u
HOpMUpOBaHue Tpyna. I'apantum u kommneHcanuu. [n. 13. Omnara tpyna. Ct.152. Onuara tpyna
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paboOTHUKOB), OT OOIIed CTOMMOCTH TMOJY4eHHOH cyMMbl Oyner BbiuutaHo 40% B wmemsx
3apa0OTHOM TUIaThl PAOOTHHMKAM IPOM3BOACTBEHHOM OpraHM3aluu. TakKe YYHUTHIBAIOTCS
OoT4YMCICeHUs B couuanbHblil (oun Keipreisckoit Pecybnmuku B pasmepe 19,6%, m pacxonsl Ha
KOMMYHaJIbHblE ycayru B pasmepe 10%  nmpousBoacTBeHHOM  opranuszauuu. [lpoyecc
Hano20006100ceHue byoem gvienadems ciedyiouum oopazom. 40% (0T CTOUMOCTU MPOIYKIIUH — 3TO
212 381com) omuata Tpyna pabotHukam — 84952 com; 19.6% (ot 40% omatel Tpyna
paborHukam) B conuanbHbid Goug KP — 16 655,6 com; 10% (OT CTOMMOCTH TIPOAYKIIUU — 3TO
212 381com) — KommynansHble yeyru = 21 238 com. [lomyyaem cymmy Bcex Tpex BHIIOB HAJIOTOB
(3aprutara + coudoHa + KOMMyHalIbHBIE yCIIyT), U monydaem 122 845,6 com. Takke yduThiBaeM
pacxonmbl Ha 0OBIYY, ApoOieHus — a 310 12 925,97 com (mepepadotkau 1 1 cbipbs). [Tomyuaem
UTOTOBYIO CYyMMY pPAacXolOB M HAJOTOBBIX OTUYMCIEHUH B pazmepe 135 771,6 com. U3 croumoctu
MPOAYKLUMHU U3 1 T ChbIpbs OTHHMAaEM pacxojpl U Hajorosble oTunuciaenus: 212 381-135 771,6 = 76
609,4 com. B pesynbrare noiaydaem noxop B pasmepe: 76 609,4 com.

JUist TOro 9TOGHI OIPEIEIUTh CTOMMOCTh | M? KOMIIOBUTHOTO JAMHHATA, HTOTOBYIO CYMMY
pacxofoB M HAJOTOBBIX OTYMCIEHUU JEIMM Ha O0OIlee KOJIMYECTBO KOMIIO3UTHOIO JIaMUHATa
nmoJydeHHbld U3 1 T MectHOro ceipbs: 135 771,6 com / 221 wr. smamuuara = 614,71 com/M?.
Croumocts | M? KOMIIO3HTHOTO JIaMHHATA pasmepamu 1380 mm maymHOM, 193 MM HIMPUHOM, U C
TonuMHOA 8 MM cocraBuser 614.71 com/mM’, B TO BpeMsl KaK CpElIHssi pbIHOYHAs CTOMMOCTh
namuHata cocraBisieT 961 com/mM? M3 3TOTO0 MOXKHO YTBEPXkAaTh, YTO CTOMMOCTH KOMIIO3HTHOTO
JlaMHHara U3 MECTHOTO ChIpbs Ha 36.1% HMKE 10 CPaBHEHUIO C JIAMUHATOM, UMIIOPTUPOBAHHBIM U3
IpYTUX cTpaH. AHAJIOTUYHBIM 00pa3oM OBLITU MPOBEACHBI BBIYUCICHUS U PACYETHI IO OMPEICIICHUIO
CTOMMOCTH KOMITO3UTHOTO JIAMUHATa Pa3HbIX Pa3MEPOB U3 MECTHOTO CHIPbS KOTOpPbIE 0TOOPaKEHbI
B Tabnuue 3.

Tabnuma 3
CTOUMOCTDL KOMITO3UTHBIX IAMHWHATOB PA3HBIX PASMEPOB U3 MECTHOI'O ChIPbS1
Cmanoapmusiii pasmep ~ Macca 1  Konuwecmeo Cpeomnsis Cmoumocmo Lloxo0
wm,Kr AAMUHAMOB PBIHOYHAS NoYyYeHHOU NoyYeHHbLU
uz Il m cmoumocmy  npodyKyuu 3a M°, us I m
CbIpbsL, WM com/m? com/m? CbIpbsl, COM
1380x193 Tommmua — 8 MM 4,52 221 961 614,71 com/™m* 76 609,4
1286x160 Tommmua — SMm 35 286 855 539,7 com/m” 90 168
1261x190 Tommuua — 8 MM 4,06 246 752 488.05 65 163
600x100 TonmmHa — 8 MM 1,02 980 1601 661,8 64 8 567

[IpoBenénnbie pacu€Thl MOKa3adM, YTO HUCIOJIB30BAHHUE IMOJIMMEPHO-PE3MHOBBIX OTXOMIOB C
noGasienueM 0a3anbToBBIX TOpoJ Kb3pui-Kuiickoro MecTOpOoXKJIeHHS TMO3BOJISET IMOTYYHUTh
KOMITO3UTHBI Marepuan c Ooliee HU3KOH Ce0eCTOMMOCTBIO MO CPaBHEHHMIO C HMIIOPTHBIMU
aHasioraMmu. Ha »orame pacuéra TroTOBOM MNpOAYKUMHM YycTaHOBIEeHO. CpenHssi IUIOTHOCTh
pa3paboTaHHOTO KOMIO3UTa cocTaBuia 2,12 r/cM?, 4TO COOTBETCTBYET AMama3zoHy IUIOTHOCTEN
KOHCTPYKIIMOHHBIX MaTepuajoB, MPUMEHSEMBIX B CTpOUTENbCcTBE. M3 1 T CHIpbS BO3MOXHO
nonyuutb OT 221 nmo 980 WIT. TaMUHUPOBAHHBIX MaHENed B 3aBUCUMOCTH OT HX Pa3MEPOB.
CebecrouMocTh 1 M? KOMIIO3UTHOTO JIAMAHATA U3 MECTHOTO ChIphs cocTaBuia 614,71 com, uyTo Ha
36,1 % HWXKE cpeaHelt ppIHOYHOM IIEHBI UMITOPTHpPYeMoro anajora (961 com/m?).

Takum 00pa3oM, CpaBHUTENBHBI aHAIM3 MOATBEPAWT BBICOKYIO SKOHOMHYECKYIO
3¢ dEeKTUBHOCTh pacCMaTPUBAEMON TEXHOJOTHH. VICHoiah30BaHWE BTOPHUYHBIX —IOJIMMEPHO-
PE3MHOBBIX OTXOJOB HE TOJBKO CHIDKAET CE0ECTOMMOCTh TOTOBOM MPOAYKIIMH, HO W PEIIaeT
9KOJIOTHUECKYIO 33/1a4y YTUIIU3AINH OTXOJ0B, YTO UMEET BAKHOE 3HAYCHUE VISl TPOMBIITUICHHOCTH
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Keipreckoit Pecyonmuku. J[nst omeHkn skoHOMUYeckoro 3(ddexra, mojaydyaeMoro B pe3y/abTare
BHEJPEHUs Pa3pabOTaHHOM TEXHOJIOTUH, JOCTAaTOUYHO CpaBHUTH cebectonmocth KM ¢ naHHBIMH,
IIOJIyYEHHBIMU JIPYTMMHM HM3BECTHBIMM MeTonaMu. CeGecToMMOCTh |M? KOMIIO3UTHOIO JlaMUHara,
BBO3UMOro B Pecnybnuky, B cpeaHeM coctaBisieT 856com, a cpenaHsii CceOecTOUMOCTD
KOMITO3UTHOTO JIJAaMHHATA, MOJTYYEHHOTO Ha OCHOBE MOJIMMEPHO-PE3MHOBBIX OTXO/I0B U 0a3aJIbTOBBIX
nopon Ke3pui-Kuiickoro mecropoxkaenus, - 547.49com. M3 mpuBeNEeHHBIX JAHHBIX CIEAYET, YTO
KOMITO3UTHBIN JIAMUHAT, CO3JaHHbI Ha OCHOBE JAHHOM TEXHOJIOIMU JJISI CTPOUTEIIBHOW OTpaciu
Koipreisckoii  PecnyOonmuku, obxomurcs B 36.04% nemeBne, ueM BBO3UMBIE aHAJIOTUYHbBIE
MaTepuabl.
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HISTORICAL PERIODS OF DEVELOPMENT OF THE MEDICAL CARE SYSTEM
FOR PUBLIC SERVANTS IN THE REPUBLIC OF KAZAKHSTAN
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Annomayus. B ucropuyeckodl MEAMIIMHCKON JIMTEpaType IMOYTH OTCYTCTBOBAJIM Hay4dHbIE
WCCIICIOBAHNS, TOCBSIICHHBIE WCTOPHUH pPAa3BUTHS M COBPEMEHHOTO COCTOSIHHS — CIY)KOBI
MEIUIUHCKOT0 00CIy)KHBaHUS TOCYJapCTBEHHbIX Ciykaux B Pecnyonuke Kazaxcran. YkazaHHble
00CTOSATENBCTBA MOCIYKHWJIM OCHOBAaHUEM JJIi HAyYHOIO aHalIM3a NEepUOAM3ALMU MCTOPHUYECKUX
ATAalOB CTAHOBIEHHWS W PAa3BUTUS MEIUIMHCKOW CIyKObl YmpasieHus nenamu llpesujenra
Pecnnyonmuku Kazaxcran (VIII PK), npennasHaueHHOW 11 MEIUIIMHCKOTO OOCITYKUBaHUS
pabOTHUKOB TOCYJapCTBEHHOHN ciyxObl. [Ipoananu3upoBaHbl apXMBHbIE MaTepHalbl 3a MEPUOA C
1929 mo 2025 romer o pazButumm Meaunuackoro 1eHTp (MeamenTpa) YopapieHHs enamMu
[Tpesunenta Pecryonuku Kaszaxcran. YcraHOBieHO, 4TO 3a 95-NETHUH HCTOPUYECKHHA TEPHON
CIIO)KMBILIEECS. YETKO€ B3aMMOJEHUCTBHE BCEX HAINpPaBICHUNH JaHHOW MEIMIMHCKOM CIyXObI
CIOCOOCTBOBAJIO JOCTUKEHUIO BBICOKOTO YPOBHS MEIUIIMHCKOTO OOCITYKMBAHUS TOCYIapCTBEHHBIX
CIlIly’)KallluX B cTpaHe. VICTOpUYECKH CIOKHUBLIEECS UYETKOE B3aMMOAECUCTBHE BCEX HaIPaBIICHUMN
MeaunuHckoil cimyxOb1 YIII PK ¢ pa3Butuem 10 BBICOKOTO MHPOBOTO YPOBHSI Ka)KJOTO U3 HUX,
BKJIIOYasi KaJpOBbIil, MaTepUalIbHO-TEXHUUECKUH, MEANKO-TEXHOJIOTUYECKUI peCypchl - OCHOBHAA
3ajja4ya CHCTEM MEAMLMHCKOrO OOCITYy)KMBaHHMsS TOCYJapCTBEHHBIX Cclyxamux B PecrnyOnuke
Kazaxcran. B HacTosimee BpeMs MEIUIIMHCKOE OOCTy)KMBaHHE pPAaOOTHUKOB LEHTPAIbHBIX
rocylapcTBeHHbIX opraHoB PecnyOomuku Kazaxcran no mnonHomy nukiy (oT amOylaTopHO-
MOJIMKJIMHUYECKOT0, CTAllHOHAPHOTO U JI0 peabUIMTALIMIOHHOTO JIEUEeHUs) 00eCIIeYMBaeTCsl CIy>KO0M
Menuentpa YII PK u ee 9 noaBenoMCTBEHHBIMU OpraHU3alUsIMU, B TOM YHCJIE ABYMS KPYITHBIMU
MHoOronpo¢misHbIMU OonbHUIIAMU B I. Actana (bonbnunia Menuentpa) u . Anmarsl (LlenTpanbhas
kinuHudeckass OonbpHuIA. Knnnuku Meauentpa YIII PK, npennazHaueHHble UIsi METUIIMHCKOTO
o0cCiTy)kMBaHHsI paOOTHUKOB LEHTPAJIBHBIX TOCYIapPCTBEHHBIX OPraHOB, CYMMapHO HMeromue 692
KOWKHM, OTIMYAIOTCA HAJIUYMEM BBICOKOTEXHOJIIOTMYECKUX METOJOB JAMATHOCTHKU U JICYECHUS
pa3NUYHbBIX 3200J€BaHUI U 0310POBIICHHS 00CTY)KHBAEMOT0 HACEJIECHUSI.

Abstract. There were almost no scientific studies in the historical medical literature on the
history of development and the current state of medical services for civil servants in the Republic of
Kazakhstan. These circumstances served as the basis for a scientific analysis of the historical stages
of formation and development of the medical service of the Presidential Administration of the
Republic of Kazakhstan (PA RK), which is intended for medical care of civil servants. Archival
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materials from 1929 to 2025 on the development of the Medical Center (Medcenter) of the
Presidential Administration of the Republic of Kazakhstan have been analyzed. It has been
established that over a 95-year historical period, the established clear interaction between all areas
of this medical service has contributed to achieving a high level of medical care for government
employees in the country. The historically established clear interaction of all areas of the medical
service of the Ministry of Health of the Republic of Kazakhstan with the development of each of
them to a high global level, including personnel, material and technical, and medical and
technological resources, is the main objective of the medical services for civil servants in the
Republic of Kazakhstan. Currently, full-cycle medical care for employees of the central government
bodies of the Republic of Kazakhstan (from outpatient, inpatient and rehabilitation treatment) is
provided by the Medical Center of the UDP of the Republic of Kazakhstan and its 9 subordinate
organizations, including two large multidisciplinary hospitals in Astana (Medical Center Hospital)
and Almaty (Central Clinical Hospital). The clinics of the Medical Center of the Ministry of Internal
Affairs of the Republic of Kazakhstan, which are intended for medical services to employees of
central government agencies and have a total of 692 beds, are distinguished by their use of high-
tech methods for diagnosing and treating various diseases and improving the health of the
population they serve.

Knouesvie cnosa: KazaxcraH, paOOTHHKYW YIPaBICHHUS, MEIUIIMHCKAS CIIy)k0a, HCTOPHS
MEIUIIMHCKOE O0CTYKUBAaHUE.

Keywords: Kazakhstan, employees apparatus, medical service, history of medical care.

N3BecTHO, 4YTO BaXXHOW COCTABIAIOIICH YCIEMIHONM JEATEIBbHOCTH TIOCYIapCTBEHHBIX
CIy’KallUX SIBISIETCS MEIULUHCKOE OOCIy)KHMBaHHE, KOTOpO€ B CTpaHE OKa3bIBA€TCS CHCTEMOM
MenuuuHckoro neHTpa Ympasnenus aenamu Ilpesunenta Pecnyonuku Kazaxcran (Meauentp YT
PK) [1]. B cBsi3u ¢ 3TUM B cTpaHe OXpaHa 370POBbS HACENEHUS U €TI0 YKPEIUJICHUE SBISETCS
BaXkHeIel rocynapcTBeHHON 3ajnaueii. OO 3TOM CBUIETENBCTBYIOT MOCTOSHHO MPOBOJUMbBIE Ha
rOCylIapCcTBEHHOM ypoBHe [Iporpammpl pa3nUYHOTO XapakTepa HampaBleHUd u pedopMm ¢
MOJIEepHM3AIlel BCEX YPOBHEW OKa3aHWsS MEAMIMHCKOM TMOMOIM — OT aMOylIaropHO-
MTOJIMKJTMHUYECKOM JTO CTallMOHApHOH [2].

B nocnegnue roapl B JaHHOW CiIy)kOe BBINOJHSUIMCH AKTUBHBIE OpraHU3allMOHHbIE
MEpONpUSTHS,  HANpaBICHHbIE HAa  OKAa3aHWE  KAueCTBEHHOM  MEIUIMHCKOH  MOMOIIH
TOCYJapCTBEHHBIM  CIIy)KalllUM, KOTOpas JOMOJHEHAa BBICOKOTOYHBIMH JIMarHOCTUYECKUMH,
BBICOKOTEXHOJIOTUYHBIMU  d(PPEKTUBHBIMHU JIEYCOHBIMA TEXHOJOTHUSAMU W JPYTMMH BaKHBIMU
Meronamu [3].

B orteuecTBeHHON mpOoGUIBHON NHUTEparype HMEIOTCS (parMeHTapHble HAy4YHbIE TPY/bI,
MOCBAILIEHHBIE MCTOPUU PA3BUTHUS, COBPEMEHHOTO COCTOSIHUS U TEPCHEKTUBHBIX HaIPaBICHUIX
CITy’KOBbI MEAUIIMHCKOTO 00CTYKUBAHUS TOCYIapCTBEHHBIX chyxamux B Pecyonuke Kazaxcran [4].

Mexy TeM, HccieloBaHue UCTOPUUYECKUX aCleKTOB pa3BUTHs MeaunuHckoil ciayxObr YT
PK ©He Obumm mpeaMeToM IIeNICHANpaBIEHHBIX HAy4YHBIX HCCIIEeNOBaHUNA. MarepuanamMu s
MCCIIEI0BAHMS TTOCITYKHJIA METULIMHCKUE apXUBHbBIE JAHHBIE O CO3/IaHUM, CTAHOBJICHUU U Pa3BUTHHU
CUCTEMBl MEIHUIIMHCKOTO OOCTY)XMUBaHUS PAOOTHHKOB TOCYJApCTBEHHOTO amnmapara yIpaBiIeHHS
Pecniyonmuku Kazaxcran 3a 1929-2025 romel. Meron uccienoBanus — JTAIMHBIA aHAIH3 UCTOPUHU
Pa3BUTHS MEIUIIMHCKOM CITy>kObI YripaBnenus neinamu [Ipesunenra Pecnyonuku Kazaxcran.

[Ipn aHanmu3e UCTOPUYECKHX MATEPHATOB YCTAHOBIEHO, 4To B 1929 r IlocTraHoBieHuem
Cosera Haponubeix Komuccapos KazACCP cronuua PecyOnuku u3 Koei3pui-Opabl nepeBesieHa B
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Anma-Aty. C mepee3nom [IpaBuTenbcTBa B HOBYIO CTOJMILY BCTald BOMPOC O HEOOXOAMMOCTH
OpraHu3alyi MEJUIIMHCKOM MOMOIIM COBETCKO-TIAPTUIHOMY aKTHUBY.

Opranuzanus amOynaropun Jleue6Hoi komuccuu CoHapkoma KazACCP Obiia mopydena
nokropy Helimapky ®. WM. Beumm yTBepkaeHsl mrarsl amOynaropuu B koiuuecTBe 10 cTaBOK.
AmMOynaropus pacronaraiach B OJHOITaXXHOM JOME, COCTOSIIIEM U3 5 KOMHAT 1o ynauie ToproBoi
(B HacTosimiee Bpems ynuna JKubek YKosbl). BbI30BbI Ha 10M OCYHIECTBIISIIUCH HA JOMIAASIX. IJTO
COOBITHE TTOCITY>KUJIO HA4aJIOM OPTaHU3AIMH BCEH MEIUITMHCKOMN CITY)KOBI.

B 1932 r na 3acemanuu CoBera Haponaubix komuccapoB KazACCP Obut peiieH BOIpOC
co3nanusi CaHnuTapHoro YmpapiieHHss B cocraBe Ympanienus neinamu CoBHapkoma. C Tex mnop
MEAMIIMHCKOMY OOCITY)KMBaHHIO KOHTHHreHTa B amOymaropuu CaHuTapHOro YIpaBieHUsS ObLIU
NPUCYIIH OCOOCHHOCTH, OTJIMYAIONIME paboTy KIMHUK M B HacrosAmiee BpeMms. Tak, Bpadu
amMOy/laTOpuu BIIEPBBIC CTAJM TPHUBIEKATbCA K OOECHEUCHHIO pPECIyOIMKaHCKUX (OPYMOB H
coBenranuii: B nexkadpe 1932 r B cBsa3u ¢ otkpeitueM Ilnenyma Kpaitkoma BKII(6) amOynatopus
MPUCTYNHIIA K 00CITYKHBAHHIO €T0 JIEJIeraToB.

B 1933 r mocne OKOHYAHUS CTPOUTEILCTBA CTAIIMOHAPHOTO KOpIyca 3TO ObUIa yiKe
oObeHeHHas ¢ aMOynaropuei bonpHUIa CanutapHoro yrnpasieaust CopHapkoma KasACCP.

B roasr Benukoit OteyecTBeHHON BOMHBI OOJIbHUIIA, KaK M BCsI cTpaHa, paboTana Ha QpPOHT:
ObUT mepecMOTpeH KOe4yHbIH (OHA Ha ciaydail BO3MOXKHOW TOCHUTANHM3AIMM  PaHEHBIX,
OpraHU30BBIBATIUCH JEXKYpCTBa nepconaa mo mrady MITIBO.

B mocnexyromme romel OONBHHIIA pACHIMPSIIACh, NOSBISUIUCH HOBBIE JieyeOHBIE U
JMArHOCTHYECKHE KOpIyca, YKpeIsiach MaTepHallbHO-TEXHUYecKas 0a3a, COBEPILEHCTBOBAIACH
OKa3aHUE MEIUIIMHCKOMN MOMOIIN FOCYIapCTBEHHBIM CITYXKAIllUM, 3apOKIaTNCh U TepeaaBaluch U3
IIOKOJIEHHS B IOKOJIEHHE MEIMKOB CIIaBHBIE TPAIMUIIMM, KOTOPbIE COXPAHWJIMCh M B HACTOSILIEE
BpeMsl.

B ¢espane 1964 r IlocranoBnenuem CoBeta Munucrepcts Kazaxckoit CCP  Obuio
oOpa3zoBano 4 [maBHoe ympasienue npu Munucrepctse 3apaBooxpanenust Kazaxckoit CCP, Hbine
Menumunckuii Lentp Ynpasnenus nenamu [Ipesunaenta Pecriyonuku Kazaxcran.

AmbOynaropust, opranuzoBanHas B 1929 r IlocranoBnennem CosHapkoma Kaszaxckoit CCP B
Anma-Ate, B TmocleAylomeM o0beiMHEHHas ¢  OONbHUIICH, ABISETCS  HMCTOPUYECKON
npapoauTenbHulel HelHemHel LlenTpanbHoi kauHu4yeckoil OombHMLBI (LIKB) Meauentpa VII
PK.

B 2007 r B LIKB BHenpeHa MexayHapoaHas mporpamma KoHTpouis kadectsa “EQAS” (CILIA).
B 2008 romy GosbHHIIA TTONYYHIa MEXIYHApOIHYIO Harpany «EBpomeiickoe kauectBo» (European
Quality) 1 B ToM ke oIy MPH3HAHO BBICOKOE KAa4eCTBO OKA3bIBAEMBIX B OOJBHHIIE MEAUIIMHCKHUX
yenyr EBpornetickoii busnec-Akagemueii (Okcdopa, Bennkobpurtanus).

s OecrniepeOoifHOTO M 0€30MacHOrO JIEKapCTBEHHOTO OO0ECHeYeHUs] TOCYIapCTBEHHBIX
CIy)KallluX MeAWIMHCKas cimyx6a Ympasnenus aenamu [Ipesugenta PK B 1969 r opranmuzoana
COOCTBEHHYIO anTeKy B I. AJIMaThl, CyIIECTBYIOIIAs U B HacTosllee Bpems, a B 1998 . — Ga3oByro
anTeky B I. AcTaHa.

Jisa  obecnieueHUs CaHUTAPHO-IMHIEMUOJIOTHYECKOTO OJIaronoiay4yusi ToCyIapCTBEHHBIX
ciyxkaumx B cocrae Menuentpa YAII PK B 1978 r Obut otkpeiT llenTp canutapHo-
snuaemMuonorndeckoil  skcreptussl  (LICDD), ocymecTBngomuil  OpoQUIBHYIO SKCHEPTH3Y
OOBEKTOB BHEIIHEH cpeabl C BBHIMOJIHEHHEM CaHUTAPHO-XMMUYECKHX, TOKCHUKOJIOIMYECKHUX,
PaZvoNIOrMuecKuX, 0aKTEPHOIOrHUECKUX UCCIIEIOBAHUN HA MOAKOHTPOJIBHBIX 00BEKTaX.

B 1994 r npu LHUKB oTkpsITO OTAENEHWE MJIT METUIIMHCKOTO OOCITY)XHBaHUS PaObOTHUKOB
JUIJIOMaTHYECKUX MPEJCTaBUTENLCTB 3apyOeKHBIX CTpaH Ha OCHOBE MEXKIIPaBUTEIbCTBEHHOI'O
noroeopa. B Hacrosmiee BpeMs COTpYAHMKM JUIIJIOMaTMYECKOrOo KOpPIyca HHOCTPAHHBIX
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TrOCYIapCTBEHHBIX TOCydapcTB  OOCITYXHBAIOTCS B 00€MX BEJIOMCTBEHHBIX  OOJbHHUIIAX,
pPacnoJIOKEHHBIX B I. AlIMarkl U I. AcTaHa.

B 1998 r B cucreme MenunuHckoro ueHTpa ObUT opraHu3oBaH LIeHTp BHenpeHus
COBPEMEHHBIX MEAMIIMHCKUX TEXHOJOTMH (B Hacrosimiee BpeMs — LIeHTp MeIuIMHCKUX
texnojmoruii ¥ uHpopmanmonueix cucteM (IIMTUC)). ILlentp BHempua KomiutekcHyro
MeaunuHCKylo uHpopMmanmonnyio cucremy (KMUC), koropas mnpuBoamia K aBTOMATHU3aLUU
Ou3Hec-miporieccoB Bo Bcex opranusanusx Mennenatpa YIT PK. Jlanabie 00 OCHOBHBIX
HMCTOPUUYECKUX TEPUOJAX pPa3BUTHUS BEJOMCTBEHHOM cny:kObl Menununckoro mentpa YIAII PK
npencTanieHsl B Tabnuie.

Tabnuma
HCTOPHUYECKA ITEPUOAN3 AL PASBUTHA
CUCTEMBI MEJJUIITMHCKOI'O IEHTPA VY I1 PK

oo OcHognbie op2aHu3ayuoHHble MePONPUANUS

1929  Ilepeson cromuns! u3 Ke3eu1-Opasl B Anma-Aty, amOynaTopuu 1ist padboTHHKOB CoBHapKoMa

1932  Coszpanmne Canurapraoro Ympasnenus npu CoBHapkome KACCP

1933  OrtkpeiTHE 60NBHULEI ¢ aMOynaTopueil CaHUTApPHOTO YIPaBICHUS

1939  OrtkpsiTHE pEHTTEH KaOWHETa ¥ CAHATOPHOTO OTAEICHHS

1946  Usmenenwue "Hazsauwus Ha bonsauia Cosmuna KazCCP

1964  Oo6pazoBanue 4-oro ['maBHoro ynpasnenus npu M3 KazCCP (abine Meauentp Y AIT PK)

1969 Opranuszamus cooctBeHHoM anTekn Memuentpa Y 11 PK 8 AnmaTst

1978  Ortkpeitue LlenTpa caHUTaPHO-3MHIEMHOIOTHIECKON SKCIIEPTU3HI

1994  OtkpbiTHE OTACICHUS IS 00CTYKUBAHHE JUILIOMATUICCKUX TPEICTaBUTEIBCTB

1998 Coznanue LlenTpa BHEAPEHHSI COBPEMEHHBIX MEIUIIMTHCKIX TEXHOJIOTHI

1997  Otkpertue dunuana LIKB B r.Acrana, peopranuzoBanssiii B bonsauy Meanentpa Y1 PK

1998 Coznanwne 6a3oBoit antekun Menuentpa Y /I PK B r.Actana

2009  Orkpeitue nenrpa xupypruu B LIKb

2011  OrTkpbITHE KapIUOJOTHUYECKOIO IICHTPA U OTJCIICHUS HHTEPBCHIIMOHHON KapIUOJIOTHU

2012 HamumonanbHas akkpeguTanus 0oiapHUI Mo ISO

2015  OrkpseiTue HOBOTO 31anHus boybHuiel Meanentpa Y/IT PK
2015  Axkkpemutanus BMII u LIKb no cucteme JCI
2018  Peakkpemutanus 6oxpHUI 10 cucteme JCI

2021  Peakkpeautanus 6ospHUI 1O crcteme JCI

2023  Peakkpemutanus 6oxpHHII 10 cucteme JCI

B cBsi3u mepee3oM LEeHTpabHBIX FOCYIapCTBEHHBIX OpraHoB B I. ActaHa B 1997 r Ha Gaze
cymectBoBaBmero npoguiakropuss IIpousBoacrBenHoro OObeauHeHus «llenuHcenbmann ObLT
otkpbeIT ¢unuan KB, xoTopslii B mocneayrouiem peopranu3oBaH B bonbHHIly MemunuHckoro
uentpa (BML) VIII PK, xoropas 3a OTHOCHUTENbHO HEOONBIIOW CpPOK (YHKIIMOHUPOBAHUS
npeoOpaszoBanach B OAHY M3 COBPEMEHHBIX MeIUIMHCKUX opraHuzanuii. Ceituac BMI] mo mpaBy
MOXeT ObITh OTHeceHa K psaay «locnuraneil Oymgymiero», rae Bech KOMIUIEKC JiedyeOHO-
JUarHOCTUYECKUX  CIY>KO  OCHAIlleH  yJIbTPAaCOBPEMEHHBIM  00OpynoBaHUEM, oOecreueH
BBICOKOKBaJIM(UIIMUPOBAHHBIM KaJIPOBBIM MEPCOHAIOM, OOOpYyI0BaH KOM(OPTHBIMH OJHO- H
JBYXMECTHBIMU TaJIaTaMHU.

Wtak, 3a 95-metHuii mnepuon ciyx0a, HayaBIIascs Kak MaJjeHbkoe amOylnaTopHoe
yupexXJIeHUe, K HACTOSIEMY BpEMEHH cTajla KpyIHbIM MEIUIMHCKUM KiacTepoM. Crucrema uMeer
B CBOEM COCTaBE JIB€ KPYIHBbIC KJIMHUK, PACHOJOKEHHBIE B I0KHOW (I. AJMarhl) U CEeBEepHOM (T.
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AcraHa) cTONMMIAX, OKAa3bIBAIOIIMX MEIUIMHCKYIO IIOMOIIb T'OCYJapCTBEHHBIM CIIyXKallluM
Pecnyonuku Ka3zaxcran 1o noiaHomy Hukiay (0T aMOyaaTOpHO-IOJUKIMHUYECKOTO, CTAllHOHAPHOTO
U 0 peabMIMTALMOHHOTO JICUEHHs), CyMMapHasi KOeYHass MOIIHOCTh KOTOPBIX coOcTaBiseT 692
Koiiku. Kpome ykazaHHBIX KJIIMHUK, CITy0a UMeeT 7 MOJIBEIOMCTBEHHBIX OpraHU3aluil (caHaTOpHO-
KypOPTHOI'O, CaHMTapHO-3MUIEMUOJIOTHYECKOI0, MEAUKO-TEXHOJOIMYECKOro, HH(POPMALMOHHO-
AHAJIUTUYECKOI'0, JIOIIKOJIBHOIO 0Opa3oBarenbHOro HampasieHuit). Ciayxba B HacTosIee BpeMms
cTajia MepeJOBbIM U PU3HAHHBIM (riarMaHoM cdepsl 3apaBooxpanenus Pecriyonuku KazaxcraH.
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CNN-BASED DETECTION OF CARDIOMEGALY IN CHEST X-RAYS
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Annomayus. B pamMkax IaHHOTO MCCIIEIOBaHMs pa3paboTaHa aBTOMAaTH3UPOBAHHAS CHUCTEMa
JUIS BBISIBIICHUS KapJMOMETAIUU C UCIONb30BaHUuEM CBEPTOUHBIX HeipoHHBIX cereil (CHC). Lens
— TIOBBICUTHh TOYHOCTh M OOBEKTHBHOCTh aHAlW3a PEHTICHOTPAaMM TPYIHOW  KIJIETKH.
Kapmuomeranust — 3To cepb&3HOE 3a0osieBaHHE, KOTOPOE HEOOXOAWMO TUAarHOCTUPOBATh Ha
paHHuX ctaausx. OJHAKO TPaJUIIMOHHBIE METObI, TAKUE KaK BU3yaJbHBIA aHAJIU3 PEHTTEHOBCKUX
CHUMKOB, MMEIOT CYIIECTBEHHbIE HenocTarku. OHHM 3aBUCAT OT OIBITa Bpada U IOABEPIKEHBI
CYOBEKTHBHON WHTEPIpPETAIIMN, YTO MOXET MPUBOIUTh K JTUATHOCTHYECKUM ommbam. B
WCCIICIOBAaHUM TIpescTaBieH anroputM Ha ocHoBe CHC, korophlii oOydeH Ha OoyiblioM Habope
JTaHHBIX, BKJIIoYas peHtrenorpammsl u3 6a3el NIH Chest X-rays. [l ynydiienus kaduecTBa aHaan3a
MPUMEHSIFOTCS METO/Abl yBENWYEHHs] JNaHHBIX W Z-HOPMaJlMU3allMH, YTO T[I03BOJIAET MOBBICUTH
YCTOHYMBOCTh MOJICNIM K BapHAIUsM BXOJHBIX H300paKCHH. Pe3ylbTarhl IMOKa3bIBAIOT, YTO
MPEVIOKEHHBIN  Toaxon 3¢ deKTuBeH: Moaenb jgocturaeT TodHoct 82%. Ilpemmymectsa
aNTOpUTMa BKJIIOYAIOT aBTOMATHU3AIIMIO MPOIIecCca, YMEHbBIIICHNE BIMSIHUS YeI0BEYECKOro ¢akTopa u
BO3MOXKHOCTh HHTErpallidl B KIWHUYECKYIO MPAKTUKY, OCOOCHHO B YCJIOBHUSX OIPaHUYCHHOTO
J0CTyna K CHEIUaIU3UpOBAaHHBIM HcclefoBaHusM, TakuM kak MPT. Opnako MmeTon wumeer
OTpaHHWYEHUS, CBSI3aHHBIC C 3aBHCHMOCTBIO OT Ka4ecTBa BXOJHBIX JaHHBIX. Hu3koe pasperreHue
CHUMKOB HJTM HAJIMYHE apTe(PaKTOB MOTYT CHI)KATh TOYHOCTh JUATHOCTHKU. J[71s1 00ydeHHs MOIeTn
ucnons3oBanock  Oomee 4000  aHHOTHPOBAHHBIX  HM300paKeHWi, UYTO  OOecHeymso
pPENpPEe3eHTaTUBHOCTh  PE3YJIbTaToB. ANTOPUTM MOMYEPKUBAECT TMOTEHIMAT HCKYCCTBEHHOTO
WHTEJUICKTa B JUATHOCTUKE Kapauomeranwu. Pa3paboraHHas cHUCTeMa JIEMOHCTPUPYET BBICOKYIO
KIIMHUYECKYI0 3HAYMMOCTh, 00CCIICUrBas CTA0MILHBIC PE3YIIBTAThI IPH aHAIHM3E PA3IMYHbBIX THIIOB
peHtreHorpamMm. lccnegoBanue  crmocoOCTBYeT  pa3BUTHUIO  aBTOMATHU3HPOBAHHBIX  CHUCTEM
MEAMIIMHCKON BHU3yallU3allMK W MpeAiiaraeT perieHue AJis MOBBIIICHUS AOCTYIMHOCTH U TOYHOCTHU
JTMArHOCTHUKH.

Abstract. Within the framework of this study, an automated system for detecting cardiomegaly
using convolutional neural networks (CNNSs) has been developed. The goal is to improve the
accuracy and objectivity of chest X-ray analysis. Cardiomegaly is a serious condition that requires
early diagnosis. However, traditional methods, such as visual examination of X-ray images, have
significant drawbacks. They depend on the physician's experience and are prone to subjective
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interpretation, which can lead to diagnostic errors. The study presents a CNN-based algorithm
trained on a large dataset, including X-rays from the NIH Chest X-rays database. To enhance
analysis quality, data augmentation and z-normalization techniques are applied, improving the
model's robustness to variations in input images. The results demonstrate the effectiveness of the
proposed approach, with the model achieving an accuracy of 82%. The advantages of the algorithm
include process automation, reduced human factor influence, and the potential for integration into
clinical practice—particularly in settings with limited access to specialized studies such as MRI.
However, the method has limitations related to its dependence on input data quality. Low-resolution
images or artifacts may reduce diagnostic accuracy. The model was trained on over 4,000 annotated
images, ensuring the representativeness of the results. The algorithm highlights the potential of
artificial intelligence in diagnosing cardiomegaly. The developed system demonstrates high clinical
significance, providing consistent results across various types of X-rays. This research contributes
to the advancement of automated medical imaging systems and offers a solution to improve the
accessibility and accuracy of diagnostics.

Knroueswie cnosa: KapauoMeraius, I’ICKYCTBCHHI:Iﬁ HWHTCJIJICKT, CBEPTOYHLIC HCprOHHI:IG CCTH,
peHTFeHOFpa(i)I/ISI, JUAardHoCTuKa, aBToOMaru3anusi.

Keywords: cardiomegaly, artificial intelligence, convolutional neural networks, radiography,
diagnostics, automation.

Kapauomeranus mnpexacrasisier co0oil MaTOJIOTMYECKOE YBEIMUEHHUE pa3MEpoB Cepila,
KOTOpPO€ MOXKET OBbITb BBI3BAHO pA3JIMYHBIMU 3a00JE€BAHUSMHU, TAKUMU KakK TUIEPTOHHUSA,
uuieMuueckas OoJie3Hb cepaua WIM KapJuOMUOMNaTus. DTO COCTOSHUE CYIIECTBEHHO BIHUSET Ha
o0liee COCTOSHHUE 3/[0pOBbS TMalueHTa u TpeOyeT CBOEBPEMEHHOW JMArHOCTHKHU IS
MIPEeIOTBPAIeHHs] OCTIOKHEHHUH. Tpa uIIMOHHbIE METO/IbI IUAaTHOCTUKH, TaKHE KaK peHTreHorpadus
IPYIHOW KJIETKH, MO3BOJISIOT BBISIBUTH KapAMOMETAIINIO, OHAKO MX A(P(EKTHUBHOCTH OTrpaHUYCHA
CYOBEKTHBHOCTBIO MHTEPIPETAIMN U 3aBUCUMOCTHIO OT OMbITA Bpaya. B CBSA3UM ¢ 3TUM BO3HHKAET
HEOOXOIMMOCTh B pa3pabOTKe aBTOMAaTH3MPOBAHHBIX METO/IOB, KOTOpbIe Obl oOecrneunBain
BBICOKYIO TOYHOCTb M HAJI€KHOCTb IHMAarHOCTUKH. Vcmonb3oBaHME TEXHOJIOTHMH HCKYCCTBEHHOI'O
MHTEJJIEKTa, B YACTHOCTH CBEPTOYHBIX HEMPOHHBIX CETEH, MPEAOCTaBISAET HOBbIE BOSMOXKHOCTH JIJIS
pelieHus 3Toi IpoOIeMBbl.

Oxokapauorpapuss 1 MPT mnpenocraBnsior Oonee eTanu3MpoOBaHHYI HMH(OpManuo o
COCTOSIHUM CepAlla, HO TPeOyIoT CHEIHATU3UPOBAHHOTO OOOPYAOBaHMUS M KBaJIM(PHUIHMPOBAHHOIO
IIEPCOHAJIA, YTO OTPAHWYMBAET UX NMPHUMEHEHUE B CTAaHAAPTHOM KIMHUYECKOM NIpakTuke. B arToit
CBSI3U pEHTreHorpadus MpoaoiiKaeT OCTAaBaThCS OCHOBHBIM METO/IOM MEPBUYHON JHAarHOCTUKH,
HECMOTpS Ha CBOM OrpaHHYEHHUs. OTO MOJYEPKHBAET HEOOXOAMMOCTb  pa3paboTKu
ABTOMAaTU3MPOBAHHBIX MOAXOJO0B JJI AHAJIW3a PEHTTEHOTPAMM, KOTOPBIE MOT'YT IMOBBICUTH TOUHOCTh
JMArHOCTUKY U CHU3HUTH 3aBUCUMOCTH OT uenoBedeckoro dakropa. Hampumep, aBTOomMarmyeckas
orieHKa (pakimoHHOTO pe3epBa KpoBoToka ¢ momomibio CT Al MOXeT BBISIBUTH aHOMAaJIbHBIN
(dbpakuronnsiit pezep kpoBotoka ¢ AUC 0,78, uyBCTBUTEIBHOCTRIO 84,6 % W crienM(pUIHOCTHIO
62,6 % [1,c. 4].

UckyccrBennsiit untemiekt (M), Bkmodas ceeprounsie Heliponubie cetu (CHC), naxogut
IIMPOKOE NPHUMEHEHHWE B MEAMIIMHCKOM JTUarHoCTHKe Oyarogapsi CIOCOOHOCTH aHaJU3UpOBATh
Oonbiie O0ObEMBbl JAHHBIX M BBISBISITH CKPBIThIE 3aKOHOMEPHOCTH. B oOmactu MeaumuHcKoin
Bm3yanmzanuu MM akTHBHO MCHONB3yeTcs NJis aBTOMAaTHUYECKOW KIacCH(PUKAIMN U300paKeHUH,
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OoOHapy)KeHHUs TaTOJOTHH M TPOTHO3UPOBAHMS HCXOMOB 3a0ojieBaHUN. «MOIIHON TEXHOJOTHEH
aHaJIM3a TaKUX JIAHHBIX SBIISETCS MAIIMHHOE U, B YaCTHOCTH, IITyOOKoe o0ydeHue» [2, c. 1].

BHCI[peHI/Ie 3TUX TEXHOJOTHU HE TOJIBKO IIOBBLIMIAET TOYHOCTH JAUArHoCTUKMU, HO H
3HAYUTEITFHO COKpAIIaeT BpeMs aHAJIM3a, YTO OCOOCHHO aKTyallbHO B YCJIIOBUSX BBICOKON HArpy3ku
Ha MEIMIIMHCKUH MTepCcoHall.

Mamepuan u memoOowvt ucciedo8amus

Ceeprounbie Heliponnbie cetd (CHC) — 310 0cOOBIN THUIT HEHPOHHBIX CETEH, KOTOPBIA OBLI
CO3/laH CIeUUaIbHO Al paboThl C BU3YyaJbHBIMH JaHHbIMH. B ocHOBe uX (YHKIMOHUPOBAHUS
JEKUT MEXaHU3M CBEPTOK, Onarofaps KOTOPOMY CE€Th CIOCOOHA BBISBISATh Ha HM300paKEHUSIX
3HAUYMMBbIE XapaKTEPUCTUKU: KOHTYPBI OOBEKTOB, 0COOEHHOCTH TEKCTYpP U F€OMETPHUECKUE (DOPMBI.
[Tporecc ananu3a OCYIIECTBISETCS MMOCPEACTBOM MPUMEHEHHSI CIIEUAIBHBIX (HUIBTPOB, KOTOpPbIE
MIOCJIEZIOBATENIbHO CKaHUPYIOT M300paxkeHHe M (OPMUPYIOT TaK Ha3bIBa€Mble KapThl IMPHU3HAKOB.
BaxxHo oTMeTHTb, YTO «O0OydueHHE HEHPOHHOM CeTH - 3TO MpoIecc, B KOTOPOM MapaMeTphbl
HEHPOHHOM CETH HACTPauBAIOTCS MOCPEACTBOM MOJEIUPOBAHUS CpElbl, B KOTOPYK 3Ta CEThb
BCcTpoeHay [3, c. 19].

PazpaOarbiBacMblil aNrOpUTM OCHOBAaH Ha APXUTEKTYpe CBEPTOYHON HEHWPOHHON ceTH,
CHEIHMAIbHO aJalTUPOBAHHOM [UIsl aHallu3a PEHTreHOrpaMM TIpyaHo kieTku. Ero ocHoBHOM
3ajjaueil SIBJIIETCS ABTOMATMYECKOE BBISBIECHUE IPU3HAKOB KapAMOMErajluM Ha H300paKeHUsX.
AnroputMm ObUT 00ydeH Ha OOJBIIOM HA0OpE NAHHBIX, COAEPIKAIIEM IOMEUCHHBIC M300paKCHUS,
YTO TMO3BOJIMJIO €My HAyYUThCS pa3inyuaTh HOPMaJbHbIE PEHTTEHOTPAMMBI OT Te€X, KOTOPbIE
JIEMOHCTPUPYIOT MATOJOTHYECKHe U3MeHeHUs. [lJis MOBBIIIEHUS TOYHOCTH OBLTM HCIIOJIBb30BaHBI
METOAbl yBEJIWYEHMs] JaHHBIX M peryaspusauuu wmozaenu. Ha Pucynke 1 npencrasieHa
peHTreHorpamma 6e3 naranoruii. Ha PucyHke 2 3aMeTHO yBeMUYeHHUE Cepria.

Pucynoxk 1. Pentren 0e3 maranoruii Pucynoxk 2. Penrren ¢ npu3HaKaMu
KapANOMETaTHH

JIyist 00y4eHHsT MOJIENI HUCIIOIb30BAIKCEH OOIIEOCTYHbIE HAOOPBI JaHHBIX PEHTIEHOTPAMM,
takue kak NIH Chest X-rays, xotopeiii Bkiatogaer Oomee 100 Thicsu wu300pakeHUI
(https://clck.ru/3Paz8u). Dtu naHHbIe OBLTH TpeABAPUTEIBHO 00paObOTaHBI TS YIAICHHS IIYMOB H
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VIIyYIIeHHsI KauecTBa n3o0paxeHnid. Takxke OblIa MpoBeIeHa pa3MeTKa TaHHBIX, KOTOpast BKIII0Yasa
KJ1accu(PUKaIuio n300paKeHUH Ha KaTETOPUH C TTPU3HAKAMU KapAHOMETaIiy 1 0€3 HHX.

Jns  ymydimieHust CTa0MJIBHOCTM M KadecTBa paboThl  Monenu Obula  BBIOJHEHA
CTaHmapTH3alus  (z-HOpMAIM3alMsl) 3HAYCHUH THUKCENed  W300paxeHwid 1o  Qopmyrie
(https://clck.ru/3PazEUV):

rac U — Cp€AHEC 3HAYCHHUC 110 AAaTACCTy, 0 — CTAHAAPTHOC OTKJIOHCHUC.

IIponecc 0oOyueHMss MoAeAM BKJIIOYAJ pa3eleHHe JaHHbIX Ha TPEHUPOBOYHBIE,
BaJIMJAIIMOHHbIE W TECTOBbIE IIOAMHOXECTBA. TPEHUPOBOYHBIE JAaHHBIE HCHOJIB30BAIUCH VIS
HACTPOWKH TMapamMeTpOB MOJENIH, BaJUJAMOHHBIE — JJIsI OLIEHKH €€ IMPOU3BOIUTEIHFHOCTH B
nporecce oOy4eHHs, a TECTOBbIE — Ul OKOHYATEIbHOW MPOBEPKH TOYHOCTH M HAAECKHOCTHU
airoputMa. [l OleHKH TOYHOCTH U TIPOU3BOAUTENIFHOCTH AITOPUTMA HCITOIB30BAIUCH PA3TNIHbIC
METPUKH, BKJIKOYas TOYHOCThb, MOJIHOTY, Fl-Mepbl. DTH mokaszarenn oOecneduian OOBEKTHBHYIO
OLIEHKY KauecTBa pabOThl MOJAEIM U IO3BOJIMIM CPaBHUTh €€ C TPAAMLUOHHBIMU METOIaMH
IMAarHOCTUKU. Ba)kHO OTMETHTB, UTO «B JaHHOW paboTe mpenaraeTcs METOA MPHHATHUS PEHICHUS
00 oOHapyKeHHH, TaK)Ke MMEIOLINH MOTEHIIA K Kiaccu(UKauu 00OHApY)KMBaeMOT0 00BEKTa /st
JIOKaIlMOHHBIX cuctem» [4, c. 1].

Takum 0o0pa3oM, MpeUIOKEHHBII METOI HE TOJbKO JIEMOHCTPUPYET  BBICOKYIO
3pPEKTUBHOCTb, HO W OTKPHIBAET HOBBIC BO3MOKHOCTH ISl YIYYIICHUS JUATHOCTUKH, YTO
MOJYEPKHUBAET €r0 3HAUMMOCTh B JaHHOU obnactu. Ha Pucynke 3 npencTaBieHbl METPUKHU KayecTBa
MOJIEIIH.

Confusicn Matrix:
[[1780 428]

[ 381 1828]7]

Classificaticn Report:

precision recall fl-score support

false a.82 a 0.8 2219

true 0.81 a 0.82 2219
accuracy .82 4438
MECYXC AvVg 0.52 .82 0.82 4438
weighted avyg 0.352 0.382 0.82 4438

Pucynok 3. MeTpuku KadecTBa MOJEJIN

Pesynomamut u obcyscoenue

Pesynbrarel paboThl alropuT™Ma NPOAEMOHCTPUPOBAIIN €T0 CHOCOOHOCTH TOCTUTATh TOUHOCTH
10 82%, 9TO 3HAYUTENFHO IMPEBBINIAET IM