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Annomayus. IlpoBeneH aHanu3 mapauleIbHOro Meroaa (a3oBOrO CABMra NpHU 3alHMCU U
BOCCTAHOBJICHUU TOJIOTPAMM C HCIIOJIB30BAHUEM IIPOCTPAHCTBEHHOI'O MYJIBTUIIIIEKCUPOBAHHUS.
[Toka3aHo, 4TO MAaHHBIH MeTOJ OONagaeT 3HAYMTEIbHBIMH MPEUMYIIECTBAMU IO CPaBHEHUIO
M3BECTHBIMU METOJIaMU MYJIbTUILIEKCUpOBaHusl rojorpamm. Cpenn BakKHEHIIMX NPEUMYLIECTB
HapajuIeNIbHOro MeToza (pa3oBOro CABUra €ro BHICOKAsk CKOPOCTh, TaK KaK B 3TOM METOE 3allUCH He
TpeOyIoTCs TOCIE0BATENbHbIE SKCIO3UIMU, YTO JeJIaeT €ro MOJIXOAIIMM I HCCIeI0BaHMS
JUHAMUYECKHX MPOIECCOB, TAKMX KaK ra3oBble MOTOKU B a3POJMHAMHYECKHX TPYOax MM IUIa3Ma.
Jpyrum Ba)KHBIM IIPEMMYILECTBOM 3TOIO METO/A 3aIMCH T'OJIOTPAMM SIBIISIETCSA €r0 YCTOMYMBOCTD K
BuOpauusM. Ilpu wucnonb3oBaHMM JaHHOTO MeTona Bce (ha30Bble CABUTU PETUCTPUPYIOTCS
OIHOBpeMeHHO. Eille 0gHO NpenMyliecTBO NaHHOIO METOJAa — 3TO BBICOKOE PA3pEIICHHE, YTO
MO3BOJISIET TOUYHO BOCCTaHaBIMBaTh (ha3bl 0e3 uckaxkeHuil. IIpeanoxena MaTeMaTudeckas MOJEINb
napajieJIbHOro Meroja (a3oBOro CABUra IPH 3allUCU U BOCCTAaHOBJIEHUHU ronorpamm. IlogpoGHO
IIPOAHAIIM3UPOBAHO BIIMAHUE IIYMOB HAa Ka4€CTBO 3alUCH rosiorpamM. C 3TOH LENBI0 3HAYUTEINBHOE
MECTO B JaHHOW paloTe yAeneHO KaJuOpOBKE ONTHYECKON CHCTEMBI, YTO IO3BOJIIET CHHU3UTh
BIMSIHME IIYMOB Ha rosiorpaduueckuil mpouecc. IlpuBeaeH mpumep pe3ynbTaToB KaauOpOBKH,
KOTOpbIE MOKa3aJlli, YTO XapaKTEPUCTHKH TOJIOTpaguuecKoro npouecca 3HaYUTENbHO YaydIIaloTCs
IIPU IPABUIIBHOW HACTPOMKE ONTHYECKOU CHCTEMBI.
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Abstract. The article presents an analysis of the parallel phase-shifting method for hologram
recording and reconstruction using spatial multiplexing. It is demonstrated that this method offers
significant advantages over conventional holographic multiplexing techniques. Among the most
important benefits of the parallel phase-shifting method is its high speed, as it eliminates the need
for sequential exposures, making it suitable for studying dynamic processes such as gas flows in
wind tunnels or plasma. Another key advantage of this holographic recording method is its
vibration resistance. In this approach, all phase shifts are registered simultaneously. An additional
strength of the method is its high resolution, enabling accurate phase reconstruction without
distortion. A mathematical model of the parallel phase-shifting method for hologram recording and
reconstruction is proposed. The influence of noise on hologram recording quality is analyzed in
detail. To address this, a significant portion of the study focuses on optical system calibration,
which helps reduce noise impact on the holographic process. An example of calibration results is
provided, showing that proper optical system alignment substantially improves holographic process
characteristics.

Kntouesvie  cnosa: — mapamnensHbli  MeTron  (a3oBOro  cIBWMra,  roiorpamma,
MYJIbTHITIEKCHPOBAHUE TOJIOTPaMM, KaTMOPOBKA, IPOCTPAHCTBEHHBIA MOJYJIATOP CBETA.

Keywords: parallel phase-shifting method, hologram, hologram multiplexing, calibration,
spatial light modulator.

B merozne ¢a3oBoro casura Kak BO3MOXXHOCTH OJTHOKAJIPOBOW 3alUCH, TaK U CIIOCOOHOCTH
mudpoBoii romorpadguu paboTaTh B pEATbHOM BPEMEHH TEPSIOTCS HW3-3a IIOCIIEA0BATEIHLHON
peructpanuu  rojorpaMM.  YeTblpe  rojorpaMmbl  3aIMCHIBAIOTCS  IIOCIENOBATEIbHO  C
HCIIOJIb30BAaHUEM OIOPHBIX BOJIH, UMEIOIINX pa3IMuHbIi (azoBbiid casur: 0, m/2, m u 3n/2. Meton
¢$a30BOro caBUTA TO3BOJISET IOJNydYaTh H300pakeHHs] 0e3 IIyMOB, HO OH HENPHUTOJACH IS
MTHOBCHHBIX HM3MEpPEHHH ABIDKYLIMXCS OOBEKTOB. XOTA BHeoceBas wnudposas roiorpadus
SBJISICTCSA OJIHUM U3 BO3MOKHBIX METO/I0B JJIi MTHOBEHHOTO MOJIYYEHUS TOJIBbKO TU(PparupoBaHHON
BOJIHBI TIEPBOTO TOPSI/IKA, Y HEE €CTh HEJOCTATKU: TPeOyeTCsi BHICOKOUYBCTBUTEIbHBIA CEHCOP IS
perucTpanmy NpocTPaHCTBEHHBIX HECYILIMX I0JI0C, a TaKkKe HEOOXOAMMO TIIATEIbHO paclpeesiTh
IIPOCTPAHCTBEHHYIO NOJIOCY ITponyckaHus. B mapamnensHoMm metoze pa3oBoro casura B IUGpOBOI
rojorpaguu 4yeTbipe TUIa (a3zoBOro CIBUIA BBIMOJIHSAIOTCS OJHOBPEMEHHO JJISi ONIOPHOW BOJIHBI B
KaKIOM CETMEHTE, COCTOSALIEM M3 2X2 MUKCEIEW ceHcopa INpH 3alMcH rojorpaMMel. Takum
o0pa3oM, peaqu3ylTcs dYeThlpe Tmpoliecca (a3oBOro cIBUTa C HCIOJIb30BAHMEM TEXHUKU
IIPOCTPAHCTBEHHOTO MYJIbTHILIEKCUpOBaHMs. UeTbIpe TojorpaMMbl, HEOOXoauMble it (pa3oBo-
CIIBUT'OBOI MHTEp(hEepOMETPUH, YHCICHHO BOCCTAHABIMBAIOTCS U3 OJTHOW TOJIOrpaMMbl, 3alICaHHON
¢ omopHo# BostHOI [1-3].

Mudposas ronorpadusi mo3BoJIIET BOCCTaHABIMBATh aMIUIUTYLy U (pa3sy CBETOBOW BOJIHBI,
paccessHHONM  00bekToM. OnHaKO TpaJuLIUMOHHBIE METOAbl (pa3oBOro caBura TpeOYIOT
MOCJIeIOBATENbHOM 3alyuCH HECKOJIBKMX TOJIOTpaMM € Pa3HbIMHM (ha3aMu OMOPHOTO IMydYKa, 4TO
3aMeJUISeT MPOIIECC U JeTaeT ero YyBCTBUTEIBHBIM K BUOparmsMm [4-5].

[TapamnenpHblif MeTO (pa30BOro cIBUra pemaeT 3Ty NpodieMy, MO3BOJISS PErUCTPUPOBAThH
HECKOJIbKO (Da30BBIX CIBUTOB 3a OJIHO SKCIIOHMPOBAaHUE, YTO YCKOPSET 3aliChb WU IOBBIIIAET
TOYHOCTb. BMecTo mocienoBaTenbHON 3alUCH HECKOJIBKUX TIOJOrPaMM, MapaJljIeNIbHBI METOJ
¢$a3oBOro caBUTra HCHOJIB3YET MPOCTPAHCTBEHHOE MYJIbTUIUIEKCHpOoBaHHE. OTMOpPHBIA My4oK
pasnensercs Ha HECKOJIBKO KaHalloB C pa3HbIMU (pa3oBbIMU 3ajepkkamu (Hampumep, 0°, 60°,
120°,180°), xoTopble HHTEPHEPUPYIOT C OOBEKTHBHIM IMYYKOM OJHOBPEMEHHO, HO B pPa3HBIX

@ Tun nmuyensuu CC: Attribution 4.0 International (CC BY 4.0) 14



bBronemens nayku u npaxmuxu / Bulletin of Science and Practice T. 11. Ne7 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/116

obnactsax [13C-matpurel. B pesynbraTe 01HOTO CHUMKA MOTydaeTcst HAbOp MHTEP(HEPEHIMOHHBIX
KapTUH (TojorpaMM) ¢ pasHbIMH (a3oBeIMU caBuramu. Cpenu BaXHEHIIMX MPEUMYIIECTB
napajuieIbHOTO MEeTo/1a (Pa30BOro CABUTA €ro BBICOKAsi CKOPOCTh, TaK KaK B 3TOM METO/IE 3alllCH He
TpeOyIOTCS TOCIeA0BaTeIbHbIE JKCIIO3UIUU, YTO JENAeT ero MOAXOISIIUM JUIsl HCCIeAOBAHUS
JMHAMUYECKUX TMPOLECCOB, TAKUX KaK Ta30BbI€ MOTOKH B a3pOJMHAMHUYECKUX TpyOax WM IUIa3ma
[6].

JlpyruM BaXHBIM TPEUMYILECTBOM 3TOr0 METOJa 3alKiCH TOJIOTpaMM  SIBJISIETCSl  €ro
ycTOW4YMBOCTh K BuOpauusMm. I[Ipu uHCMoNb30BaHMM J@HHOTO MeToja Bce (Da3oBbIE CABUTH
PEruCTPUPYIOTCS OTHOBPEMEHHO [7].

Eme oaHo mpeuMyIecTBO JaHHOIO METO/la — 3TO BBICOKOE pa3pellieHHEe, YTO MO3BOJISIET
TOYHO BOCCTaHABIMBATh (Pa3wl Oe3 nckaxenui [8, 9].

MaremaTruecKkas MOJE/b apauieabHoro Meroaa ¢asosoro casura [10, 11].

BoccraHoBneHue MyJIbTUIUIEKCUPOBAHHOW — TIOJIOTPAMMBI, 3allMCAaHHOW  IMapaJljIesIbHBIM
METOAOM (a30BOT0 CIABUTA, COMTPOBOKIAAETCS CICAYIOIIEH MOCIE0BATENIEHOCTRIO ONEPALIUiA:

1. CermeHTanus roJiorpaMmMbl — pasJielieHne N300paxeHusl Ha 00JIaCTH, COOTBETCTBYIOIIHE
pa3HbIM (Pa30BBIM CABUTaM.

2. Boluncienne KOMIUIEKCHOTO TOJII — HCIIOJb30BAaHUE aIrOPUTMOB (Ha30BOTO CIABUTA IS
BOCCTAaHOBJICHHS aMIUTUTYABI U (pa3bl.

3. lludpoBas BOCCTaHOBIEHHE U300paKEHUS, KOTOpOE TMOJPa3yMeBaeT MPUMEHEHUE
npeoOpazoBanus OpeHens WK yriioBOTo CeKTpa A noiydeHus 3D-u3o00pakeHus: o0beKTa.

VYpaBHeHHe HHTEPHEPEHIINH:

LY FUX ) +R (6 Y)FHU [ +]R, [ +2RefUR },

rie U(x,y)=Ae*"" — obpextnas Bomma, R (X,y)=Ae*"*) — onopmas Bomma c
dasoBbIM cBUrom A, , N — HOMep KaHaia (Ha30BOro CBHra.

ITpu BoccTanoBneHuu (aswl s ciaydas yeThipex kaHaios (0°,90°,180°,270°) da3za obbekra

BBIUHUCIIACTCA C MIOMOIIBIO CICAYIOMIECTO COOTHOICHUA:

Iy, — |
(X, y) =arctg| ——=2
0~ '180

AMIUIUTYa BOCCTAHOBJIEHHOTO U300payKEHUSI pPACCUUTHIBAETCS 10 (hopMyIie:

A = \/(Igo - |27o)2 +(1y— |180)2
4A '

KitoueBble KOMIOHEHTHI CUCTEMBI 3aIUCH TOJOTPAMM MapauIeIbHBIM METOAOM (ha30BOTO
CIABUTA: KOTEPEHTHBIM HCTOYHHK cBeTa (0OBIYHO Ja3ep); (a3oBbI MOAYIATOp (HAmpumep,
KHUJIKOKPUCTAITMUECKUI MOAYIATOP MM TUGPAKIMOHHBIM ONTUYECKUH 3JIEMEHT) JUIsl CO3/1aHus
HECKOJIbKUX (Da30BBIX CIBUTOB; ONTHYECKHNE KOMIIOHEHThI CUCTEMBI (IEIUTENHN My4Ka, 3epKaia) aJs
pasnenenus omopHoro myuka; I[I3C/KMOII-kamepa BBICOKOrO paspelieHusi Ui perucTpanuu
MYJIbTUILIEKCUPOBAHHOM OJIOTPAMMBI.

Yuem wymos u kanubposka 6 napaiieibHOM Memooe azo8020 cosuea 6 Yupposoll
eonoepaguu. Ilpu xnaccupukay UICTOYHUKOB IIYMOB B MapajljieIbHOM MeToJie (ha30BOr0 CABUTA
HEO0OXOJIMMO YUUTHIBaTh CJENYIOIIME OCHOBHbBIE HCTOYHHMKH IIyMa: omouHbulll wyM, KOTOPBIHA
CBA3aH C KBAaHTOBOM NPHUPOAOH CBETA, MHBIMH CIOBAMH — C JUCKPETHOM NPHUPOJON CBETA;
MEeMHOB0U WYM Kamepbl — YUUTBIBAETCS IIyM, BBI3BAHHBIN TEIJIOBBIM JABM)KEHHEM DIIEKTPOHOB B
MaTepuase CEHCOpOB, B EpBYIo ouepenb B MaTpule [13C-kamepsl.
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HeoHOpOAHOCTh OCBEIIEHHUs, KOTOPYIO TaKKE€ MOXHO paccMaTpuBaTh Kak ITyM. JlaHHBIN
BHU/I IITyMa BBI3BaH HEPABHOMEPHOCTHIO CBETA, MPOXOSIIET0 Yepe3 MPOCTPAHCTBEHHBIH MOIYIISTOD
CBETa, MJIM HEPABHOMEPHOCTBIO B CCUCHHH JTy4a Jia3epa.

MexaHudecKknue BUOPAIlUK AJIEMEHTOB ONTHUYCCKONW CHCTEMBI, CIICJCTBUEM KOTOPBIX SIBISICTCS
pa3MbITHE UHTEPPEPEHITMOHHON KapPTUHBI.

HckaxxeHusi, BBI3BAHHBIE KOTEPEHTHOCTBIO cBeTa (u3myudeHue mazepa). OOBIYHO, 3TO
BO3HUKHOBEHHUE CIIEKIOB B MHTEP(EPECHIIMOHHOW KapTHHE, BO3HHKAIOIIUX 33 CUET pacCesHHs Ha
OINITUYECKUX DJIEMEHTAX.

[Tpu xanMOpPOBKE ONTHYECKUX CUCTEM IS MApAIICIbHOTO METO/Ia CABUTA (ha3bl UCTIOIB3YIOT
HECKOJIbKO OCHOBHBIX METOOB [12].

1. KanuOpoBka (a30BbIX CABHIOB, KOTOpas COCTOMT M3 CIEIYIOIIEH MOCIIeI0BaTEIIbHOCTH
JEWCTBUI: a) 3amuch Cepuu ToJIorpaMM 0e3 00beKTa IIPU U3BECTHBIX (Pa30BBIX CABHTrax (Hampumep,
0°, 90°, 180°, 270°). 6) Pacuér peanbHbIX (a30BbIX IIATOB YEPE3 METO HAUMEHBIITUX KBAIPATOB:

(1,sin(9,,,))

Ag, = arctg <In cos(gomp)>

B) Ilpu wucmonp30BaHMM MYJIBTUILUICKCUPOBAHMS TIPU 3allUCH TOJIOTPaMM  HE0O0XOuma
KOPPEKIIHSI MAaTPUIBI CMECIITUBAHHS KaHAJIOB.
2. KomrmieHcarnusi pOHOBO 3aCBETKHU:

I
a) 3anuch % 6e3 00BEKTa M OTMIOPHOTO MyUKa).
0) [TommHOMUANTEHAS ATITIPOKCHMAITHS:

,,(X, y) =a+bx-+cy+dx* +ey’ + fxy.

B) Brrunranue gona u3 roizorpamm:

moun = Vueroo = |¢-

3. KamubpoBka omnrtuueckoro mytu: a) KOcTHpoBKa JUIMHBI OMOPHOTO IJIeYa C TOYHOCTHIO
1o M10 (ucnonb3yetrcs uHTephepomerp Maiikenbcona). 0) KommeHcanus aucnepcuu mpusMamu
WM XPOMATHYECKUMH KOPPEKTOpaMHu (7151 HIMPOKOTIOIOCHBIX HICTOYHHUKOB).

Ilpumep Kanubposxu peanvbHOU cucmemvl 01 NAPALIEIbHO20 Memood (az08020 cosued.
Hcnons3yemoe obGopynoBanue: I'enuii-HeoHoBBIN nazep: 639 uMm, 50 mMBrt. Kamepa: Panasonic,
paspemenue 60 Mn. IlpoctpancTBennsnii monynsatop csera: HOLOEYE GAEA-2. Pesynbratsl
KaTMOPOBKU TMPEACTABIEHHOW CXEMbI 3allUCH TOJIOTPAaMM C HCIHOJB30BaHHWEM MapalljieIbHOTO
MeToza (pa3oBOro CABUTA MIPEICTaBIICHBI B Tadnuile.

Tabnuma
PE3VYJIbTATBI KAJIMBPOBKN
Iapamemp o xoppexyuu Ilocne xoppexyuu
Ommbka ¢azoBoro casura +5° +0.3°
HepasaomepHocTh hoHa 15% 1%
2

10 Ig(cueﬂcw) 0 35

OTHONIEHNE CUTHA/IIYM = WyM — (nb)
Bvi16oowi

HpOBCI[eH aHaJIN3 MapaJuICIIbHOTO MCTOAa (I)BBOBOFO CABHIA ITPU 3aIlIMCU U BOCCTAHOBJICHUU
roJjiorpaMmm € UCIOJIb30BAHHUEM ITPOCTPAHCTBECHHOI'O MYJIbTUINICKCHUPOBAHUS.
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[TokaszaHo, 4TO MaHHBIM METOA O0JIaJacT 3HAYUTEIHHBIMU MPEUMYIIECTBAMHU 110 CPABHEHUIO
W3BECTHBIMU METOJaMHU MYJbTUIUIEKCUPOBaHUS TojorpamMm. Cpenu BaXXHEHUIIUX MPEUMYIIECTB
napajuieIbHOTO MEeTo/1a (Pa30BOro CABUTA €ro BBICOKAsi CKOPOCTh, TaK KaK B 3TOM METO/IE 3alllCH He
TpeOyIOTCS TOCIeA0BaTeIbHbIE JKCIIO3UIUU, YTO JENAeT ero MOAXOISIIUM JUIsl HCCIeAOBAHUS
JTUHAMHYECKHUX TPOIECCOB, TAKUX KaK T'a30BbIE IOTOKU B aPOJAMHAMUYECKUX TPyOax WM IJia3Ma.

JpyruM BaXHBIM MPEUMYIIECTBOM JTOTO METOAAa 3alHCH TOJOTpaMM SBIISIETCS  €ro
ycTOW4YMBOCTh K BuOpauusMm. I[Ipu uHCMoNb30BaHMM J@aHHOTO MeToja Bce (Da3oBbIE CABUTH
PETUCTPUPYIOTCS OAHOBpEeMEHHO. Elle OAHO MpenMyIiecTBO JAHHOTO METOAAa — 3TO BBICOKOE
pas3pelieHue, 4To MO3BOJISIET TOYHO BOCCTAHABIHMBATH (Da3bl €3 UCKAKCHHUIA.

[Ipemioskena MaTeMaTHUECKasi MOJIEIb MApaIIEIbHOTO MeTo/1a (Pa30BOro CIBUTA MPH 3AIHCH
U BOCCTAaHOBJIGHUU TosorpamM. [logpoOHO mnpoaHalM3HpOBAHO BIUSHUE LIYMOB Ha KadyecTBO
3aMKCH FOJIOTPAMM.
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OIIEHKA TEMIIEPATYPHI 3EMHOM IIOBEPXHOCTH
B 3BAHTHJIAHCKOM, JKEBPAUJIbCKOM U ®U3YJINHCKOM PAMTOHAX
C UCHOJIb30BAHUEM KOCMHAYECKHAX TEXHOJIOI MiA

©Hacueea H. K., bakunckuii 2ocyoapcmeenHblll yHUgepcument,
2. Baky, Azepbaiioxcan, numina_164@mail.ru

ASSESSMENT OF EARTH SURFACE TEMPERATURE
IN ZANGILAN, JEBRAIL AND FIZULI DISTRICTS USING SPACE TECHNOLOGIES

©Nagieva N., Baku State University, Baku, Azerbaijan, numina_164@mail.ru

Annomayus.  OnpeneneHa  Temmeparypa  MOBEPXHOCTHM  IMOYBbI  3aHTHIJIAHCKOTO,
JlxxeOpaunbckoro u  DU3YIMHCKOTO pAllOHOB MO CHYTHUKOBBIM CHHUMKAaM pasHBIX JIeT.
Hccnenoanmne 6buto BbimonHeHO B ArcGIS ¢ ucnonbs3zoBanuem Bbipaxenus LST. ITomydennsbie
pe3ysbTaThl ObLIM KOJIMYECTBEHHO olieHeHbl. B 1987 rony 60% wuccienyemMoi TeppuTOpUHd UMENH
temueparypy 35+40°C, B 2004 roxy 38% cocrasisum 35+40°C, 39% cocrasmsum 30+35°C, B 2013
rony 37% cocraBusiiun 35+40°C u 4O+450C, a B 2023 roay 55% cocraBusiiamn 40+45°C. IIpu
CPaBHEHUHU STUX PE3yNbTAaTOB, C YYETOM OCHOBHOI 4YacTH HUCCIIeyeMOW TeppuTOpuH, Hamboiee
Terwiblid nepuof Obul ompenened B 2023 roxy, a Haubosee xonoausli — B 2004 rogy. MoxkHo
clenaTh BBIBOJ, YTO Hawboyiee 3aCylNUIMBBIM T'0JIOM, CKopee Bcero, ctaner 2023 rox. Ha ocHoBe
MOJIYYEHHBIX OMHMCAHUN ObUIM MPOBEJCHBI CPABHEHHS B Pa3NIUYHbIC TOJIOBBIE HHTEPBAIbI, a TAaKKe
BBISIBJICHBI U KOJIMYECTBEHHO OIlEHEHBI M3MEHEeHMs. IIpu paccMoTpeHuH NUHAMHKHW 3a 36 JIeT B
KJIFOUYEBBIX paloOHax HaOJIOAANICA POCT C 35-40°C 1o 40-45°C. B uenoM B KIKOYEBBIX peruoHax
3a)KCUPOBAHO MOBKIIIICHUE TEMITIEPATyPhI Ha 5°C, uro YKa3bIBa€T Ha POCT TEMIIEPATYPHI.

Abstract. The article determines the soil surface temperature of the Zangilan, Jabrayil and
Fizuli districts based on satellite images of different years. The study was carried out in ArcGIS
using the LST expression. The results obtained were quantitatively assessed. In 1987, 60% of the
study area had a temperature of 35-40°C, in 2004 38% were 35-40°C, 39% were 30-35°C, in 2013
37% were 35-40°C and 40-45°C, and in 2023 55% were 40-45°C. When comparing these results,
taking into account the main part of the study area, the warmest period was determined in 2023, and
the coldest - in 2004. It can be concluded that the driest year is likely to be 2023. Based on the
descriptions obtained, comparisons were made in various annual intervals, and changes were
identified and quantified. When considering the dynamics over 36 years, an increase was observed
in key areas from 35-40°C to 40-45°C. In general, an increase in temperature by 5°C was recorded
in key regions, indicating an increase in temperature.

Knrouegvie cnosa: LST, uagekc NDVI, cnyrHukoBbie cHuMkw, Landsat-5 n Landsat-8.

Keywords: LST, NDVI index, satellite images, Landsat-5 and Landsat-8.

Wunexc temneparypsl noBepxHoctd 3emin (LST) sBnsercs BakHEWIIMM (aKTOPOM st
OLEHKH TJIO0ANTbHOTO W3MEHEHUs KJIMMaTra W OLIEHKM BEJIMYMHBI PaJHallil B HUCCICIOBAHHIX

TeryioBoro Oamanca. TemmepaTypa MOBEPXHOCTH 3€MJIM SIBISETCS PETYISATOPOM ISl CO3/IaHUS
KJIIMMAaTHYECKUX MOJEIIEN.
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bouta  oOHapykeHa TecHass CBSI3b MEXAYy TemmepaTypoil moBepxHocth u  NDVI
(HOpMalTM30BaHHBIM HMHIEKC PA3HOCTH PACTUTEIBHOTO TIOKPOBA) [UIS PA3TUYHBIX BHJIOB
3eMJICNIONIb30BaHMUs, MOYBEHHO-PACTUTEIBLHOTO IOKPOBA W PEIKON pacTuTenbHOCTH. OleHuBas
B3aMMOCBSI3b MEXAY OTUMH IIapaMeTpaMH, OKa3aJloCh BO3MOXXHBIM OIICHUTb TEMIIEpaTypy
IIOBEPXHOCTH, Korza wu3BecTHbl 3HadeHuss NDVI. Ha ocHOBaHMM ITONIy4EHHBIX pPE3YJIBTATOB
HUCCIIeIOBAHUSI MOXHO CKa3aTh, UTO ATO IOJXOJSINAs METOHOJOTHUS s OLEHKH mHIekca NDVI,
U3Iy4yaTeJIbHOM  CHOCOOHOCTHM TMOBEPXHOCTH M TEMIEpAaTypbl IMOBEPXHOCTH 3€MJIM  Ha
HEOHOPOIHBIX TEPPUTOPHSIX C JOCTATOYHOM TOYHOCTHIO [1-7].

Temmepatypy 3eMHOW TOBEPXHOCTH MOYKHO OIICHUTH IO TEIUIOBBIM CIIEKTPAJIIbHBIM KaHaJIaM
JaT4yhka, T.e. KaHajaM, PEruCTPUPYIOUIMM 3E€MHYI0 ITIOBEPXHOCTh B JHMANa3oHE TEIUIOBOTO
nHppakpacaoro um3nydeHus (10-15 mxm). CoOTBETCTBEHHO, ATH KaHaJIbI Ha3bIBatOTCs Thermal
bands, TIRS Bands wim Thermal Infrared bands. Tonpko HEKOTOpBIE JATYMKH MMEIOT TETUIOBHIE
KaHanbl. [103TOMY JaHHBIX TUCTAHIIMOHHOTO 30HAMPOBAHUS, TO3BOJISIOIIMX OLEHUTH TEMIIEPATYPy
MOBEPXHOCTU 3eMJIH B Hallle BpeMsi U B IpouuioM, kpaitae mano (https://clk.li/eijd).

Obvexm u memoouxa ucciedo8anull

B xone uccnenoBanus ucnoiab3zoBanu nporpamMmy ArcGIS nns ompeneneHust teMieparypbl
MOBEPXHOCTH 3E€MJIM C TOMOINbI0 crmyTHUKOB Landsat-5 m Landsat-8. Ha nHawampHOM »dTame
3aBEepIICH ATall MONyYeHUS KOCMHUYECKUX CHUMKOB. Jljis 3TOro ObUIM MOJYYEHBI CIEAYIOLINE
n3zo0paxenus ¢ nomoiisio caiftta USGS Earth Explore (https://earthexplorer.usgs.gov):

LTO5 L1TP_168032_19870719 20201014 02_T1,

LTO5 L1TP_168033_19870719 20201014 02_T1;

LTO5_L1TP_168032_20040701_20200903 _02_T1,

LTO5 L1TP_168033_20040701_20200903_02_T1,;

LCO8_L1TP_168032_20130710_20200912_02_T1,

LCO8_L1TP_168033_20130710_20200912_02_T1,

LCO8_L1TP_168032_20230706_20230717_02_T1;

LCO8_L1TP_168033_20230706_20230717_02_T1.

OcHoBbBIBasicb Ha HUCXOAHBIX JaHHbIX Landsat, mpeamomaraercs, yto cHuMKH Landsat
MOJIBEPTaJIuCh KOPPEKTUPOBKE B TeUEHHE JUIMTENIbHOrO Bpemenu. Jlanuwie Landsat-1, 4, 5, 7, 8
OCHAIIEHbI TEOMETPUYECKON U pATUOMETPHUYECKON KOPPEKIUEH.

B Ha3Bamum  3arpyxeHHoro  u3oOpaxenus mnpucyrctByer LITP.  Hanpumep:
LTO5_L1TP_168032_19870719_20201014_02_T1.

Ananusz u oocyscoenue

TemnepaTypa SpKOCTM — 3TO TEMIIEpPATypa YEPHOIO TeJa, HCIYCKAIOIIEr0 OJWHAKOBOE
KOJIMYECTBO W3JIydEHUS HA 3aJaHHOW JJIMHE BOJIHBI, KOTOPYHO MOXXHO pacCUMTaTb IIyTEM
oOpamtenust pynkuuu [lnanka. Ha ocHOBe CITyTHUKOBBIX JaHHBIX 3HAYEHHS MUKCENEH B TEIIOBOM
nHppaxpacaom auanazone (TIR) crauana npeobpa3yrorcs u3 3HaueHuit udposoro unciaa (DN) B
APKOCTh. IHTEHCUBHOCTD M3Iy4eHus 1 nuana3oHa nonHoro MK-uznydenus cmytHukoB Landsat
5 TM u 7 ETM+ paccuuTbiBaeTcs ¢ HUCHoib30BaHMEM ypaBHeHHs (1). 3HaueHMs SPKOCTH IS
Landsat 8 TIR Mo0HO moixy4uTh U3 ypaBHeHHUS (2):

LMAX; —LMIN;,
L}. =

QCALMAX —QCALMIN

] + [QCAL — QCALMIN] + LMIN,, (1)
rne LA — cnekrpanpHas sipkocth atMmocheprr (TOA) (BT/(MZ'Cpa)I'MKM)), Q CAL —

KBaHTOBaHHOE KajauOpoBaHHOe 3HaueHue nukcenass B DN, L MINA (BT/(MZ‘CpaH'MKM)) —
cunektpanpHas sipkoctb QCAL MIN, L MAXA (BT/(MZ'Cpa,Z['MKM)) — CHEKTpajbHas SpPKOCTb,
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macmtrabupoBanHas g0 QCAL MAX, QCAL MIN — MuHUManhbHOE KBAaHTOBAaHHOE
kanuOpoBanHoe 3HaueHue nukcens B DN, a QCAL MAX — MakcuMalibHO€ KBaHTOBAaHHOE

kaymOpoBaHHoe 3HaueHune nukcens B DN. 3nauenns nanaeix L MINA, L MAXA, QCAL MIN u
QCAL MAX nonyuensl u3 aitna meranara Landsat TM u ETM+. [Ins Landsat 8:

LA=ML-QCAL+ AL )

rae LA — cnekrpanbHas sipkocth TOA (BaTT/(MZ'CpaI['MKM)), ML — cnemuduunbiii s
JEHTHl MYJIbTHUIUIMKATUBHBIA KOXPGUIMEHT MacmTabupoBaHus U3 MeTaJaHHbiX, AL —
cieun(UYHBIA ISl JIGHTH! JAONOJHHUTENbHBIM KOA((OUIMEHT MaciuTaOupoBaHHs M3 METaJaHHBIX,
QCAL —xBaHTOBaHHBIC U KaTUOPOBAaHHBIC CTAHJAPTHBIC 3HAUYCHUs TTUKcenel npoaykra (DN).

Bce »Tn mepemenHble MOXKHO HW3BIIeub M3 (ailia MeTamaHHbIX JaHHbIX Landsat 8. Ilocie
peoOpa3oBaHus SPKOCTU MOXKHO CIeHEPUpPOBaTh HM300pa)KeHUE SPKOCTHOW TeMIepaTypbl s
Bcero cnyTtHuka Landsat-8, ucronp3ys ypaBHEHHE.

T=Ko/In[(K1/LA) +1] 3)

rae T — sddexTuBHas spkocTh cmyTHUKA B Trpaaycax KenbBunHa, K (BaTT/(MZ'CpaI['MKM)) u
K (KenbBuH) — KanuOpoBOYHBIE KOHCTAHThI, @ LA — cnekTpaiibHas SpKOCTb. 3HAUEHUS KOHCTAHT
(K11 Ky) npencrasnens B Tabnuue 1, Tak Kak OHU MEHSIIOTCS OT JaTYMKa K JaTUUKY.

Tabauma 1
Cnymuuxu K; K,
Landsat 5 (Band6) 607,76 1260,56
Landsat 7 (Band6) 666,09 1282,71
Landsat 8 (Band10) 774,89 1321,08
Landsat8 (Band1l) 480,89 1201,14

Hakownen, B otnnune ot cnytHuka Landsat-5, onpeznensem temneparypy HOBEpXHOCTH 3eMJIIU
s Landsat-8 u onpenensiem ee ClieAyonMM BEIPpaKEHUEM:

T=TB/[1+(\+TB/c2) * In(e)]

rne: A — JUIMHA BOJIHBI MCIycKaemoro usmydenus, Uit 10 kananoB A=10,8; c2 — BTOpas
nocrosinHas m3mydenus, c2 = 1,4388+«10—2 m K = 14388 mxm K; e — koddpunment smuccun, e =
0,004*Pv + 0,986

Pv=((NDVI-NDVIipin)/(NDVima- NDVinpin))?

[TonydeHHbIN pe3yibTaT BelpakeH B rpaaycax KenbBuna. BeimonHsercs npeoOpa3oBaHue B
rpagycel Llenbcus, s uyero wu3 pesynapTata BbluMTaercs 273,15 egununpl. C  yyetom
BBIIIEU3JI0)KEHHOTO0 00pabO0TKa BBIMOJIHAETCS TaK, Kak NMoka3aHo Ha Pucynke 1.

Ha ocHoBaHMM pe3ynbTaToB, INpUBEACHHBIX Ha PucyHke 2, mocTpoeHa amarpaMma,
npencraBieHHas Ha Pucynke 3. Ha ocHoBanum auarpammsl (PucyHok 3) MOXKHO cka3aTh, YTO B
1987 r 60% ucciemyeMoi TEPPUTOPHUH UMETH TEMIIEPATYPY 35+40°C, B 2004 r 38% cocraBsuH
35+40°C, 39% coctasmum 30+35°C, B 2013 r 37% cocrasnsn 35+40°C u 40+45°C, a B 2023 1
55% cocraBmsn 40+45°C. IIpu cpaBHEHHHU 3THX pe3yJibTaTOB HauOoJiee TEIJIbI Mepuoja ObLI
onpeneneH B 2023 r, a HauOosee xonoaHbiii — B 2004 T, y4uThIBasi OCHOBHYIO YaCTh HCCIIETyeMOM
TeppUTOPUU. MOKHO 3aKIIFOUNTh, YTO CAMBIM 3aCyIIIMBBIM rogomcrai 2023 r.
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Takum oOpa3oM, ObUTa oOmIpeAeseHa TEMIIepaTypa MOBEPXHOCTH 3€MJIM HCCIEeTyeMON
tepputopun 3a 1987, 2004, 2013 u 2023 roxel. PaccMoTpuM AMHAMMKY Ha CIEYIOLIEM JTarle.
Paccmorpum nuHamMuKy HCXOmHBIX MaHHBIX ¢ 1987 r mo 2004 1. IlomydyeHHBIH pe3ynbTar
npejactasieH Ha Pucynke 4.
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Pucynok 4. JlunamMuka TemnepaTypsl HOBEPXHOCTH CYILINH MMOKa3aTenu Tepputopun B 1987-2004 rr.

OnpenenuM AWHAMHUKY HW3MEHEHHH, TOCTPOMB THUCTOTpaMMy Ha OCHOBE IIOKa3aTelel,
oTpakeHHBIX Ha Pucynke 4 (Pucynox 5).
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Pucynoxk 5. Jlunamuka TemepaTtypsl 3eMHOMIIOBepXHOCTH B 1987-2004 rr.

CornacHo rucrorpaMMe MOKHO CKa3aTh, YTO B OCHOBHBIX 30HaX HaOII0/1ajOCh CHUKCHHE
TEMIIEPATYPBHI C 35-40°C o 30-35°C, a TEMIIEpaTypa Ha YPOBHE 35-40°C ocranach HEH3MEHHOI.
To ectb, cpaBauBas 1987-2004 ronapl, MOKHO CHENaTh BBIBOJ, YTO OJHA YaCTb OCHOBHOM 30HBI
ocTajlach HEU3MEHHON Ha YpPOBHE 35-40°C, a npyras 30Ha 3adukcupoBayia cHWKeHHe Ha 5°C
[IpoBenem cpaBHeHue mexay ciuenyromumu rogamu: 2004-2013. Ha Pucynke 6 naHo onucanue u

KoJIndecTBeHHas orieHka nuHaMuku 2004-2013 rr.
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Pucynok 6. IlokazaTenu auHaMuKa TemMrepaTypsl U IJIoLaan nosepxHocty cymu B 2004-2013 rr.
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Ha OCHOBC PE3YyIbTATOB, ITOKa3aHHBbIX Ha P HCYHKC 6 MOXXHO IOCTPOUTH
I‘I/ICTOFpaMMy(PI/ICYHOK 7) .
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Pucynoxk 7. Jlunamuka Temneparypsl moBepxaoctu 3emiau B 2004-2013 rr.

CormnacHo rucrorpamme, peACcTaBIeHHOW Ha PucyHke 7, MOKHO CKa3aTbh, YTO MaKCUMAaJIbHAS
o6macth m3Menunach ¢ 30-35°C bi o) 35-40°C u ¢ 35-40°C bi o) 40-45°C. B uenom 1o o6nactu
HaOJII0AaTI0Ch TIOBBIIICHUE TEMIIEPaTyphl Ha 5°C. Paccmotpum aunamuky 2013-2023 rr. Kak eme
onuMH wuccienyembli uHTepBan. Ha Pucynke 8 mpeacraBineHo rpaduueckoe mpeacTaBlIeHUE
JIUHAMHUKH U INIOMIAIHBIX IToKa3areiaen 3a 2013-2023 rr. Ha ocHOBe mokasaTeliel IIoIagd MOYKHO

cOCTaBUTh rucTorpammy (PucyHok 9).

ERAR AL L x
dinamika_2013_2023
[ FID | temn_2013 | Tenn_2023 OWHaMuka nn b
0]206- 145-15  (206-25/145-15 |04ha
1]20 15-20 206-25/15-20 | 19.2ha
2]206- 20-25 206-25/20-25 | 1534 1ha
pstin po e o \ 3]20.6-25 25- 30 20,6-25/25- 30 |393.2ha
[ 4]206-25 3035 206-25/30-35_ |593ha
Wcenogyesmin ysacrox 2013.202%, 1 20.6-25 35-40 206-25/35-40 |25ha
T 25.30 25 25-301/20-25 1252 6ha
25 - 30 - 30 25-30/25- 30 |10799.6ha
25 - 30 35 25-30/30-35 5580,2ha
25-30 35-4 25-30/35-40 1668,4ha
10]25-30 40-4 25-.30/40-45 | 206.4ha
11]25-30 45.492  [25-30/45-492 |03ha
12]30-35 20-25 30-35/20-25 8,6ha
ol 13]30-35 25- 30 30-35/25- 30 | 1988.9ha
! 14130-35 3035 30-35/30-35 24670,1ha
1530-35 35-40 30 - 35 /35 - 40 19511,2ha
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P 18]35-4 20-25 35-40/20-25 3ha
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TN DR 22 |35-4 40-4 35-40 /40 - 45 72416,6ha
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25|40 -45 25. 30 40-45/25- 30| 14ha
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i e o= e 28[40-45 40-45 40 - 45 /40 - 45 88535.4ha
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30|45 -48, 30-35 45.48,6/30-35 | 55ha
1]45- 48, 35.40 45.486/35-40 | 418ha
2 |45-48 40-45 45-48,6/40-45 | 4544 3ha
34548, 45-492  |45.48.6/45-492 |40633ha
o 0 » » [E]= (0outof 34 Selected)
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Pucynok 8. JluramMuka v TUoma HeIe TTIOKa3aTely TeMIepaTypsl noBepxHocTu cymu B 2013-2023 rr.
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Pucynok 9. Jlunamuka TemMneparypsl mosepxaocty 3emiu B 2013-2023 rr., ra

Ha ocHoBanuu rucrorpammsl, pecTaBiIeHHON Ha PucyHke 9, MOXXHO cKa3aTh, YTO OCHOBHAs
001acTh — 3TO YBEJIMYEHUE OT 35-40°C no 40-450C, a Tak)ke 00JIacTH, rae 40-45°C He mensercs.
Takum 00pa3oMm, MOXHO cAeNaTh OOMIMI BBIBOJA, YTO B OOJBIIMHCTBE PallOHOB HaOIIOAIOCh
MOBBIIIICHUE TEMIICPATypPhl HA 5°C wim craGuibHOE MOBBILICHNE temmieparypsl. [locnenoBarenpHoe
CpPaBHEHHE JTHX JICT MMO3BOJISCT CACNATh BBIBOJ, YTO NEPBOHAYAILHO HAOJIONATIOCh CHI)KCHUE B
1987-2004 rr., poct B 2004-2013 rr. u poct B 2013-2023 rr., TO €CTh, UCXO/I1 U3 TUHAMUKH JIET,
TeMIlepaTypa MOBEPXHOCTH 3eMJIM UMeeT TeHJeHIUI0 K noBbimeHnto (Pucynok 10). [TomyuenHsrit
pe3yNIbTaT MPECTABJICH B BUJIC TUCTOTPAMMBI U TIOKa3aH Ha Pucynke 11.
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T HL LR
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+30/15 - 20
25.30/25. 30 |8965 Tha
35 .30 /30 35| 13063.3ha
- 30 735 - 80 |5751 8ha
-0 M0-45 | 3040 8ha
-30/45-292  |112.5ha
. , 269 6ha
(2574 Tha
L1674 &y
124624 Sha
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wais Ee vz 404025 | 138004 3ha |
o (35:4045-432 (24103 3ha |
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- 45 /35 - 40 405 Tha

23 ¢ - 45 M0 - 45 L 16318, 3ha
N.40-45 ¢ A 40-45M5-402 | 10453 Bha
31.45-452 140 - &5 (45 4524045 10.2hs
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Pucynox 10. JlmHamMuKa 1 TUTOIIATHEIE TIOKA3aTEH TEMITEPaTyPhI IOBEPXHOCTH cyIH B 1987-2023 .
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Pucynok 11. /Ilunamuka Temnepatypbl OBepXHOCTH 3eMid B 1987-2023 rr.

Takum 00pa3zoMm, IpH PACCMOTPEHUH IUHAMHUKH, MPOM3OIIeamei 3a 36 JieT, B OCHOBHBIX
palioHax HaOIOJAICId POCT C 35-40°C Io 40-45°C. B 1IEJIOM B KJIIOYEBBIX pEruoHax
3a)KCUPOBAHO MMOBKIIICHUE TEMITIEPATyPhI Ha SOC, YTO YKa3bIBACT HA POCT TEMIICPATYPHI.
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CIIYTHUKOBBIE METO/bI OIIPEJAEJIEHUA TEMIIEPATYPbI 3EMJIN
N IMTPU3EMHOI'O CJIOA ATMOC®EPHI V1A U3YUEHUSA PA3JIMBOB HE®THU

©Maczeppamos T. C., Hayuonanvnas akademus aguayuu Azepbauioxcana,
2. Baxy, Azepb6atiosxcan, tural. mhr@gmail.com
©A3u3zo6 b. M., 0-p mexn.nayx, Hayuonanvuas akademus asuayuu Azepbaiiodicana,
2. Baky, Azepbatioscan, bakhtiyar48@mail.ru

SATELLITE METHODS FOR DETERMINING THE TEMPERATURE
OF THE EARTH AND THE SURFACE ATMOSPHERE FOR OIL SPILL DETECTION

©Maharramov T., National Aviation Academy, Baku, Azerbaijan, tural. mhr@gmail.com
©Azizov B., Dr. habil., National Aviation Academy, Baku, Azerbaijan, bakhtiyard8@mail.ru

Annomayus. Temneparypa NOBEPXHOCTH U aTMOC(EPHI B IPU3EMHOM CIIOE ONPEILISICTCS TIPH
MOMOIIY METO0J1a, OCHOBAHHOTO Ha HMCIOJIb30BaHUH JaHHBIX OOpTOBOTO TerioBoro MK-ycrpoiicta
Ui TOJy4YeHHs] W300paKeHWH WM PaJuOMETPOB C Y3KUM IOJeM 3peHHs. MeToj y4uThIBaeT
atMoc(epHoe ocnabieHue, HW3IydaTeIbHYI0 CIOCOOHOCTh 3€MHOW TIOBEPXHOCTH, H3ITydeHHUE
6e300auHOr0 HEOa M 00JIAKOB, OTPAKEHHOE OT 3¢MHON MOBEPXHOCTH, & TAK)KE PEAKLUIO JAaTYMKOB
Ha pa3jMyYHble YPOBHM ammpokcuManuu. HeoOXoauMbIMU METEOpPOIOTUYECKUMHU H3MEPEHUSMU
SBIIAIOTCS TEMIIepaTypa MPOMEKYTOYHOTO CJI0os aTMoc(epbl U BO3MOXKHOW OCHOBBI OOJIAKOB.
Ocoboe 3HaueHWe MaHHBIM METOJ| MPHOOpPETaeT NpW MOHUTOPHHIE pa3nuBOB He(TH. Pa3nuBel
He()TH Ha BOJHOHN MOBEPXHOCTH M3MEHSIOT TEIUIOBHIC CBOWCTBA W AYMUCCHOHHBIC XapaKTePUCTUKU
MOBEPXHOCTH, UTO IMO3BOJISIET OOHapyXHBaTh TaKHe 3arps3HEHUS C  HCIOJIb30BaHHUEM
JTUCTaHIIMOHHOTO 30HaupoBaHus. HedTsanas menka oriandaercs 6ojee HU3KOH TeMmrepaTypoil 1o
CPaBHEHHUIO C YHCTOW BOJIOM W3-32 M3MEHEHHUs TEIJIOOOMEHA, YTO TMO3BOJISIET BBIICIUTH 30HBI
3arpsi3HEHUS] C BBICOKOM TOYHOCTHIO, BILIOTH 10 +0,1K. Takum oOpazom, TeruoBbie MK-meTombt
CTAaHOBSITCS BaXXHBIM MHCTPYMEHTOM B IKOJOTHYECKOM MOHHUTOPWHIE, BKJIOUas OOHApYyXeHUe U
OLICHKY MacITaboB He(PTSIHBIX paznuBoB. Jlns arMmochepHBIX KOPPEeKIUH MNpUMEHSeTCs
OJTHOKAHAIBHBIN MeToJ AU PEepeHIInaATbHOTO CMEIICHHS] OTAENBHOTO OKHA, KOTOPBIM MO3BOJSET
MIPOBOJIUTH PATUO30HANPOBAHUE C IIEJIbI0 KOMIICHCAIIMH PaIallMOHHOTO BO3IEUCTBHUS aTMOC(EPHI.
DTO TOBBIIIAET TOYHOCTh TOJY4aeMbIX TAaHHBIX MPHU aHAJIN3€ TEIUIOBBIX aHOMAJIUM, BBI3BAHHBIX
TEXHOTE€HHBIMU (haKTOpaMH, BKIIIOYAs YTEUKH YTIIEBOJAOPOIOB.

Abstract. The surface and atmospheric temperature in the surface layer is determined using a
method based on the use of data from a satellite thermal infrared (IR) device to obtain imagery with
a narrow field of view. The method accounts for atmospheric attenuation, the emissivity of the
Earth's surface, and radiation from both cloudless skies and clouds reflected from the surface.
Essential meteorological measurements include the temperature of the intermediate atmospheric
layer and, when applicable, the bases of clouds. As a result of the research, temperature data with an
accuracy of +1K were obtained. In addition to general surface and atmospheric temperature
monitoring, this method proves particularly effective in the detection of oil spills. Oil films on water
surfaces alter the thermal emissivity and heat exchange properties of the surface, typically
appearing cooler than surrounding clean water in thermal imagery. These temperature anomalies
enable remote detection of oil-contaminated zones, especially in marine and coastal environments.

@ Tun nmuyensuu CC: Attribution 4.0 International (CC BY 4.0) 29



bBronemens nayku u npaxmuxu / Bulletin of Science and Practice T. 11. Ne7 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/116

Knrouegvie cnosa: temmneparypa moBepxHOCTH, TemioBoe MK-uznyuenue, QucTaHIMOHHOE
30HMPOBAHUE, U3ITydaTEIbHASI CIIOCOOHOCTD, HEPTIHOE 3arpsi3HEHUE.

Keywords: surface temperature, thermal infrared radiation, remote sensing, emissivity, oil
pollution.

JUia omnpeneneHuss TEMIEPATypbl 3€MHOM IIOBEPXHOCTH C HCIIOJIB30BAHUEM JIaHHBIX,
HOJIYYCHHBIX CO CITyTHHKA, ObUIH pa3paboTaHbl pa3iudHble MeTos! [ 1, 2].

Hogelimme moaxoapl OCHOBaHBI Ha TeIUIOBBIX HMH(ppakpacHbix (MK) naHHBIX CITyTHUKOB JUIS
M3MEpEHUs TEMIIEPATypbl KaK BOJAHON MOBEPXHOCTH, TaK U APYTUX MPUPOAHBIX U aHTPOIIOI'€HHBIX
00BexToB [3-5].

B nanHol pabore omucaHa METOIUKA, [TO3BOJISAIOIIAs ONPENENIATh HE TOJIBKO TEMIIEPaTypy
BOJIHOM MTOBEPXHOCTHU M Pa3IMYHBIX THUIIOB CYIIH, HO TAKXXe TeMIIepaTypy arMmochepsl B IPU3EMHOM
CJIO€ BO3/yXa, BKJIOYAsl YYacTKH, MOKPBITHIE PACTUTENBHOCTHIO. OJHOM M3 aKkTyaJabHBIX 3aday
ABJISICTCA OOHAPYKEHHE M MOHUTOPHMHI Pa3JIMBOB HE(PTH, OCOOCHHO HAa MOPCKUX M MPUOPENKHBIX
Bojax. He(TsHble IUIEHKH W3MEHSIOT TEIUIOBbIE XapaKTEPUCTUKU IMOBEPXHOCTU BOJABI — OHHU
UMEIOT OTJINYHBIE W3JIyyaTeNIbHbIE CBOMCTBA M, KaK IMPaBUJIO, MOHI)KEHHYIO TEMIIEpaTypy H3-3a
HapyLIEHUs] €CTECTBEHHOI'O TEII000OMEHa. DTO MO3BOJSET UCIIOJIb30BATh TEIJIOBOE CIYTHUKOBOE
30HAMpOBaHUE Kak 3(P(EKTUBHBIM MHCTPYMEHT JUIsl BBISABIEHHMS 30H 3arpsi3HeHus. Meronuka,
U3JIOKEHHAas B CTaTbhe, O0ECIeYMBAeT BBICOKYIO TOYHOCTb TEMIIEPATYPHBIX HM3MEPEHHUH, UTO
II03BOJISIET BBISBIISATE AaHOMAJIUU, XapaKTEPHbIE AJIsl IPUCYTCTBUS YTIEBOJIOPOAHBIX 3arps3HEHUN Ha
MOBEpXHOCTU BOAbL. [Ipum HM3MEpeHHAX MOryT BO3HUKATh HEOIPENEIEHHOCTH, OOYCIOBICHHbBIE
HEJTMHEHHON XapaKTEPUCTHKON CEHCOPOB, YTO 3aTPyAHSICT UX KanmuOpoBky. W3mydatenbHas
CIOCOOHOCTh PA3JIMYHBIX TUIIOB IOBEPXHOCTH ObLIa paHee omIpelesieHa U 33aJOKYMEHTHPOBaHA.
OpnHako mpobiema yCIOXKHSETCS NMPH HaJIU4UU HEOJHOPOJHOM IMOBEPXHOCTH B Ipejesax Mot
3peHus CIIyTHUKOBOTO JlaTyMKa. B Takux ciydasx HeoOX0IuMO MPUMEHSTH JIBa THIIA MONPABOK: BO-
MEPBBIX, aTMOC(EPHYIO0 — JIJIs1 HCKITIOYCHHUS BKJIa1a aTMOC(Ephl B UTOTOBBIE 3HAUYEHUS; BO-BTOPBIX,
MIOTIPABKY, CBSI3aHHYIO C BAapUAaTHBHOCTBIO HM3JIy4aTEeNIbHOW CIIOCOOHOCTH CaMoOil MOBEPXHOCTH.
BaxHo yuuThIBaTh yKa3aHHbIE (AKTOpBl MPH aHAIM3€ 3arpsA3HEHHBIX AKBATOPUHM, TN XapakTep
U3JIy4YEHUSI MOXET CYIIECTBEHHO OTJINYAaThCsl OT YUCTOM BOJbI WJIM PACTUTEIBHOTO MOKPOBA.
[IpencraBieHHbI METOJ AEMOHCTPUPYET BBICOKYIO TOYHOCTh HPH OIPEIEICHUHU TEMIEpaTyphbl
BOJIbI, OZJTHOPO/IHBIX YYacCTKOB CYIIH, & TaKXKe TeMIIepaTypbl IPU3EMHOTO CJI0s1 aTMOC(EPhI B 30HaX
C pa3IMYHBIM JaHAIAadTHEIM MOKpbITHEM [6, 8, 10].

MeTo bl IpEaoaraloT, YTO pacCessHUE B TPAGKTOPUU HE U3 LIENH, a U3 APYTUX UCTOUYHUKOB
HECYIIECTBEHHO. JTO MPEIOI0KEHNE BEPHO JUIsl JJIMH BOJH A > 8§ MKM, 32 UCKIIIOUEHHEM A > 2
WM 3 MM HO4YbIO. Jlazee MmpeanonaraeTcs, 4To U paclpeneaeHue U KOJIMYECTBO pacCeUBaroUIe 1
MOTJIOTUTENEH B JIHOOOM BEPTUKAIBHOM CTOJIOE OIpPENEeNIEHHONM BBICOTHI B paccMaTpUBaeMOM
0o0JacTH TOCTOSHHBL. JTO MpUEMIIEMO JUIsi HEOOJBIIMX YYaCTKOB HAa PACCTOSHUU HECKOJIBKO
JIECSITKOB KUJIOMETPOB MJIM MEHBIIE OT B3PbIBOB, KaK HalpuUMep, HHTEHCUBHOIO (PpOHTA, Ii€ HET
TaKMX JIOKaJIM30BaHHBIX 3aTEMHEHUH, KaK IbUIb OT B3pbIBa WM AbIM. B aTOM ciyuae, paznuuue B
0CJa0JIeHUH 3aBUCHUT TOJBKO OT PasiMiyMid B JJIMHE TPAEKTOPUHU OT JAUCTAHIIMOHHO YIPABISIEMOTO
JIeTaTeIbHOrO ammapara A0 LeNd. OJTO MOCJEIHEe YCIOBUE HCIOJB3YETCsl NPHU OIpeleleHUH
k03 durrenTa ocnabieHus ooObeMa u, CIIeA0BaTEIbHO, H3TyYeHUs 13 aTMocheps! [2-4].

Wznyuenue Ry, mnanatomee Ha OOpTOBOM JNaT4MK, AamnMpOKCUMHUPYETCS MpPU MOMOIIA
YpaBHEHUS:

Ro=Ra(l-1)+eRgt 1)
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rne Rg — u3nmydenus, yxojsiiee ¢ 3¢eMHON MMOBEPXHOCTH; € — U3JIy4aTesIbHasi CIOCOOHOCTD
3eMHOW MOBEPXHOCTH; Ra — M3IydyeHne mpoMeKyTO4HOro ciiosi aTMocdepsl U T — K03 duumeHt
IIPOIYCKaHHUS.

Jlns OmMCaHHBIX 31€Ch HPOCTHIX ciydaeB: T = exp (-K Z S), rme k — koaddunment
ocnabnenusi oobema, Z — BepTHUKaJbHAsE BHICOTA JUCTAHIIMOHHOTO YIIPABIISIEMOTO JIETATEIHHOTO
ammapara HaJi MMOBEPXHOCTBIO, S — CEKaHC 3€HUTAa U Haaupa. K MOXKHO ONpPENeNuTh METOAOM
Korana [6, 7], € momydaroT H3 CIpaBOYHOW TaOJMUIBI, HCIONBb3Ys B KauyecTBE BBOJA THII
IIOBEPXHOCTU HAlpuMep, MeCOK WM BOJA, 3a UCKIIOYEHHEM IPOCTOM (GopMyiibl JUisl BOABI IpU
yribix Hagupa >50°, Ra onpenenstor ¢ ucnonb3oBanueM ypaBHeHus [lnanka. YacTs u3inydeHus u3
BOJBl WM JPYroll OTHOCUTENBHO IVIAJKOW ITOBEPXHOCTU MOMKET COCTOATh M3 OTPaKEHHOIO
U3Iy4YeHus: Heba miM objaka Wi U3 000MX. DTO JONOJHUTEIbHOE U3IyYEHHUE COCTaBIIAETCS IpU
nobapiieHnH 2 4ieHOB B ypaBHeHue (1):

Rot=Ra (1- 1)+ €Ry t+(1-€) (2)
Re(1-fec)+(1- €) Re T 1 fe¢

rae RS — usnydyenue Oe3o0nadyHoro HeOa, HarpaBiIeHHOE BHH3, RC — u3mydeHue olOnaka,
HaIpaBJIEHHOE BHU3, €C— M3JIy4aTeibHas CIOCOOHOCTh 00saka, T — K0P PUIMEHT MPONyCKaHUS
CIIOST MEX/Ty 00JTAKOM M 36MHOM TTOBEPXHOCTBIO, T — "dacTU4HbIi 00J1a4HBIN TTOKPOB.

Rs u Rc BbrUMCHsAOTCS TakuM ke MyTéM, Kak U Ra, ¢ UCIONIb30BaHUEM COOTBETCTBYIOIINY
TeMreparyp s 6e3o6mauHoro HebOa m ob6nakoB. Ha PucyHke moka3aHbl 3HAUMMBIC KOMIIOHEHTHI

RO.
(" (2 [ﬂ\
= R =ERgy * Ry (1-7)
’ 4 ‘m' (EcRe+(1-E )R 4
+{(-emr (1-e.)] /
Ry(t-4)

%)

I NTZTN A

\ eg,.[(«-un.('-re,)} +[('-e)n.r'ﬂ"¢}

Pucynok. YmpomeHHOe H300pa)KeHHE CYIIECTBEHHBIX KOMIIOHEHTOB H3JIYYEHHs, IMaJaloniero Ha
ooproBoii pagnometp RO: 1 - uimeH Uisi MCIMYCKAeMOro HM3Iy4YCHHs 3EMHON MOBEPXHOCTH. 2 - YIIEH JUIs
W3JTY4CHUSI, UCXOMSIIETO OT MPOMEXKYTOUHOTO CIIOSI aTMOC(EpBl. 3 - WIeH Ui OTPKEHHOTO M3IYUYCHUS
HeOa. 4 - WieH Uit OTPaKEHHOTO U3JTyueHUS 00JIaKOB

DddexTrBHAsS TOBEpXHOCTHAs TemiiepaTypa (T€) 4acTo BBIUMCISACTCS C JIOCTATOYHOM
TOYHOCTBIO MPU UCIIOIB30BaHUU 00paTHOTO ypaBHeHus [Inmanka ¢ Am:

Te= C2Am-1[In(cln-1Am-5Rg-1]-1 (3)

Tem He menee, Te nmonydeHHOE MPU UCHOIB30BAHUU AM HIMPOKOIOIOCHOTO PaIMOMETpa WU
M300paXaroniero yCTpoHCTBa, OCOOEHHO C HEpPOBHON QyHKuMeH QuiabTpa, MOXKET ObITh
HejocTaTouHo TovHo [9, 10].

Jlnist ucrpaBiieHus] TaKOro MOJIOKeHHUsI Rg cpaBHMBaeTcs ¢ u3nydyeHHeM R, BBHIYHMCICHHBIM C
MCIOJIb30BaHUEM Kax10ro Al ipu Te, BBIYUCIEHHOM ¢ Am:
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R=XL,Ripio/ZL, ¢io 4)
rae Kaxnaelii Ri — wm3mydenwue, BeIYHMCICHHOE JUIsl cooTBeTcTBYrommx Al mpu Te. Ecmm R

npeBbiiaeT Rg Ha 3apaHee omnpeneneHHoe 3HaueHHe. Te ymeHblnaercs (yBeIUUYHMBAETCS) Ha
3a/1aHHOe KoJin4uecTBO b. [Ipu nmpenBapuTenbHBIX BRIYMCICHHUIX 1151 3Toi ctathu a = 0.1, 0.02 Wm-
2sr-1,ub=0.5, 0.1 K. HoBoe 3nauenue Te ucnonb3yeTcs /Ui BEIUMCICHUS HOBBIX 3HAaYeHUH Rg, u
pesyabTupytomiee 3Hauenne R mposepsiercs mo Rg. Urepanusa nponomkaercs 1o Rg-a<R<Rg+a.
PaBHOBecue Mexay TOYHOCTHIO M BpPEMEHEM BBIUMCIICHHS OINpeieNsieTcss MmyreM BbiOopa a u b.
OOBIYHO MaJIble 3HAYEHHUS a K b Jar0T JYYIIyI0 TOYHOCTh, HO OTHUMAIOT OoibIine Bpemenu [11, 12].
N3nyuaTenbHble CIOCOOHOCTh IOBEPXHOCTH OCHOBBIBACTCS HA 3HAUCHUSAX, MOTYYEHHBIX
HeCcKOJbKUMU aBTopamu [8, 11-15] nis HeckoJbKUMX THMOB 3eMHOW moBepxHocTH. Ha TaOmnwuie
MIPUBOJIATCS 3HAYCHUSI U3JTy4aTeIbHON CIOCOOHOCTH ISl HECKOJIbKUX THUIIOB ITOBEPXHOCTH 3€MJIH.

Tabnuua
N3JTYYATEJIbBHAA CITOCOBHOCTbB HEKOTOPBIX TUITOB ITOBEPXHOCTHU

Tlogepxnocmo Kosgpgpuyenm uznyuenus Lnuna onnvl
Bona 0.97 2-15
Taromuii cHer 0.99 8-14
Topd 0.99 8-14
[lecuanast mousa 0.92 8-13
Iecok 0.90 8-14
Kpacnas riuna 0.96 8-14
AcdanbT 0.96 8-12
beron 0.97 8-12
I'panut 0.82 8-12
bazaneT 0.90 8-12
Jluctes 0.90 8-13
Kopa 0.94 8-13
Tpasa (JryroBasi OBCSIHUIIA) 0.88 8-13
Tpasa (oT™epias) 0.97 8-14
Tpasa (xuBast) 0.99 8-14

Ananusz u oocyscoenue
Bona oGnanaer m3nydarenbHO# criocoOHOCThIO 0.98, mpuemiiemble 3HaUY€HUS s 00JacTu
cnektpa UK uznydenus (2 MkmM<A<l5 mkwm) npu yrnax ao ~50°. OnHako, € yMEHBIIAETCsl MOYTH
HKCIIOHEHIIMATIBHO Mpu OonblMX yriaax Haaupa. Caenyromast ¢popmyna no >50°annpokcuMupyer
KPUBYIO JIJISl CPEIHEN M3TydaTeIbHOU criocobHocTH yist 2-15 Mxwm [14, 15]:

€ =~ 1-{2,7exp [0.09(0- 50)] - 0.7} / 100 ®)

Ota (opmyna BepHa /IS POBHOW WM TMOYTH POBHOM BOJIHON mMoOBepxHOCTH. HexoTopsie
JAHHBIE IIPEIIOJIaral0T HECKOJIBKO IPYTHE KPUBBIE M MOKA3bIBAIOT M3MEHEHUE CBSA3M IS Pa3HBIX
e UK o [11, 14]. OTta dopmyna Obuta BeiOpaHa st H30€KaHHUsI HEHY)KHOTO YCIOXKHEHUS, U
g [ menee ~60 nim 65°, paznuuns B KpUBBIX HeCyllecTBEHHBI. [1o Mepe Toro, kak MoBEpPXHOCTh
CTaHOBUTCS rpyOee, € yBennuuBaercs. [Ipu ckopoctu Betpa ~6-8 m/cek-1, € nocturaromum 0.8 y
TOPU30HTA MO CPAaBHEHHIO € € = () JyIs1 POBHOW TOPU30HTAIILHON MOBEPXHOCTHU. [[7151 GOMBITUX YIIIOB
Hajaupa (>55°) oTpakeHue M3ITy4eHUs OT Heba MM O0JIAKOB CTAaHOBUTCS CYyIIECTBEHHbIM. Kpome
TOr0, OTPAXEHHOE HW3NMydeHHe oO0Jaka MOXKET IOBBICTh OO0Ilee 3HAYEeHUS OTPaKEeHUs OT
MOBEPXHOCTH, TaK YTO OHO MPHUOJMKAETCA K M3IIy4YEHHUIO OT BepTHKaJIbHOW mpoekuuu [15], ecnu
npeHeOpeyb pa3HuLlaMu B aTMOchepHOM ociiabnenuu. M3nyyenrue Heba MeHbIIIe U, IO3TOMY, MaJlo
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npubaBisgeT K o0OmeMy H3Iy4eHHIO, KpoMe Kak Ipu Oonpmmx yriax Hagupa (> 700 ).
[ToBepXHOCTb, TOKpHITasi JEPEBbIMU U JPYrHMe€ HEPOBHBIC TOBEPXHOCTH, IMPEICTABISAIOT COOOM
JIOTIOJIHUTENbHBIE TPYAHOCTH. bojbIlas yacTh OTPayKEHHOTO U3TYYEHHS] HICXOAUT OT IPYTHX YacTen
TOTO *e 00BeKTa €, (Hampumep, APYTUX JHUCTHEB Ha TOM K€ JIEPEeBE) WM APYruX OIU3IEKALIUX
00BEKTOB Ha MOBEPXHOCTHU (HAIpUMEp, APYTHX JIepeBbeB). bpanbepH u ap. mpeacTaBuiIv JaHHBIE,
MOKa3bIBAIOIINE, YTO M3MEpPEHHAasl pajJHallMOHHAs TeMIlepaTypa JACPEBbEB M TPaBbl HAXOAMUTCS B
npenenax IK HMCTUHHBIX NpPU3EMHBIX TEMIIEpaTyp, U3MEPEeHHbIX Tepmomnapoil. Takum oOpaszom,
KOHEYHBIH pe3y/lbTaT UCIYCKAaeMOIr0 U OTPAXKEHHOT'O M3JIYYEHHH NMpU MOYTH TOH XK€ TemIepaType
COCTOHT B TOM, YTOOBI CIIeNIaTh 0OBEKT, 00JaAAFOIINN U3ITy4aTEIbHOU CIIOCOOHOCTHIO, OH3K0H K 0
[16].

W3nyuatenbHas CHOCOOHOCTh HU3KHX CEJIbCKOXO3SMCTBEHHBIX KYJIBTYP HaxOJIUTCS B
npenenax ot 0.98 no 1.00. TecHas cBsI3b MEXKy TeMIepaTypaMu JE€PEBbEB U TPaBbl MPEANOJIAraeT,
4TO TemIeparypa aTMocepbl Ha TOBEPXHOCTH WJIM OKOJIO TIOBEPXHOCTU MOXKHO moyduTh o MK
TaHHBIM HW300pakaloIero YCTPOMCTBAa AMCTAHIMOHHO YIPABIIEMOrO JIETATEILHOTO amnmnaparta.
[Tone 3penust paauoMeTpa AOKHO ObITh JOCTaTOYHO Y3KUM Ui TOTO, YTOOBI OXBAaTUTh OJMH THUII
MOBEPXHOCTH, KaK, HAllpUMep, JIYyT, TeCHasi TPYIIa JepeBbEeB WU KyJIbTUBUPOBAHHOE TIOJIE.

Heo6xomumeie matumku (MK wu3o0paxaromee yCcTpOMCTBO WM pagdoOMETp H JaT4UK
Temneparyp) ObUIM MpPaBHIBHO KainOpoBaHbl. TeM He MeHee, NMpaBWIbHAS KaTHMOPOBKAa MOXKET
OKa3aThCsl 3aTPYAHEHHON WM HEBO3MOXKHOW. DTO MOXET 3HAYUTENIbHO OCIIOKHUTH abCONIOTHBIE
M3MEpEHUs, U €CIU XapaKTePUCTHKA CO BPEMEHEM H3MEHSIETCS, 3TO TaK)Ke€ MOXKET yYMEHBIIUTh
TOYHOCTb OTHOCHUTENBHBIX 3HaueHuil. HecMoTpss Ha Bce mepedyuclieHHbIE 371eChb MNPOOJIEMBI,
M3MEpEeHUE TOBEPXHOCTHOM TEMIIEpaTypsl C JOCTATOYHOH TOYHOCTBIO BO3MOXHO TIpU
ucnosb3oBaHnn naHHbix MK  wm3o0paxkaromiero ycrpoiictBa. bomemuHCTBO ommbok B Te
HE3HAYUTENbHbl (HECKOJIbKO JECSATHIX CTENEHH) AJS MHOTMX OJHOPOJHBIX IOBEPXHOCTEH IpU
OOBIUHBIX aTMOC(hEpHBIX YCIOBUSAX (Hampumep, 0e3 ocaakoB). OmyOJIMKOBaHHBIE CpPaBHEHUS
IIPENIIoJIaratoT, YTO JJIsl ONpPENIEICHHBIX MOBEPXHOCTEH, KaK HalpuMep, BoJa WIH TpaBa, MOXKHO
JO0CTUYb a0COJIIOTHOM TOUHOCTH, puOIMKaromeiics 1o +£1K.

Wtak, onMcaH MpoCTON METOJ ONpEeAeNeHHs TeMIIepaTypbl MOBEPXHOCTH U TEMIIEPaTyphl
aTMoc(epsl BOJU3U TOBEPXHOCTH, KOTOPBIA MCIIOJIB3YEeT paJMalMOHHBIE JaHHble OOpPTOBOTO
M300pakarolero ycTpoMCTBa WM JIPYyroro pagdoMEeTpHUYeckoro mpudopa, paboTaromero B
terioBol uH@pakpacHoi (MK) obnactu cnexktpa. MeTon yduuThiBaeT arMocgepHoe ocialieHue,
U3Iy4aTeNbHYI0 CIIOCOOHOCTb 3€MHOM IOBEpXHOCTH, OTpPAXKEHHOE H3IydyeHHe OOJaKoB U
6e30051a4HOro Heba, a TAaKKe YyBCTBUTEIILHOCTD JIaTUHKA.

[Tonmy4yeHHbIE paHee YKCTIEPUMEHTANBHBIE JAHHBIE CBUAETENBCTBYIOT O TOM, YTO TEMIIEpaTypa
MOBEPXHOCTH BOJBl WJIM JAPYIHX THUIOB 3EMHOW TOBEPXHOCTH, H3JIydaTelbHas CIOCOOHOCTh
KOTOPBIX XOpOIIO M3BECTHA, MOXET OBbITh ompezeneHa ¢ TouHocTeio a0 £1 K. B ciyuasx, xoraa
U3Jy4aTenbHas CoCOOHOCTh TOBEPXHOCTH HEU3BECTHA MJIM BapbUPYETCs B Ipejenax Moiis 3peHus,
TOYHOCTh W3MEPEHUH MOXXET CYIIECTBEHHO CHIKaThCs. OTHAKO Ui YYacCTKOB, MOKPBITHIX
PacTUTENLHOCTHIO, JAHHBIA METO/] TO3BOJISIET OIEHUTh TEMIIEPATypy atMocepbl Ha YPOBHE BHICOT
PacTUTENILHOCTH TaKXKe ¢ TOYHOCTHIO 110 +1 K.

Oco0yt0 3HaYMMOCTb METOJI MPUOOpeTaeT MpPU MOHUTOPHHIE M OOHAPYKEHUU DPA3IUBOB
HepTH. HedTsHbIE TUIEHKM Ha TOBEPXHOCTH BOJBI W3MEHSIOT €€ TEIUIOBBIE M OINTHYECKHE
XapaKTePUCTUKHU, CHUXAasi YpOBEHb TEIJIOBOI'O H3JyYEHHUS IO CPAaBHEHHUIO C YHUCTOH BOJOM.
bnaronaps 3TUM OCOOEHHOCTSM, Ja)K€ MPOCTOW TEIUIOBOW pPagUOMETp, YCTAaHOBJIEHHBIH Ha
OECIIIOTHOM JIETaTEIbHOM alfapaTe WK JETKOM MUJIOTHPYEMOM BO3AYIIHOM CPEJCTBE, CIIOCOOCH
OOHapyXHUTh 30HBI 3arps3HeHUsA. B yclnoBHsX 3aTpyAHEHHOIO JOCTyNa WM HEO0OXOIUMOCTU
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OIIEPaTUBHOTO pearupoBaHus auctaHioHHble MK-mMeronbl mpeacraBisior co0oil 3¢ deKkTuBHBIN
MHCTPYMEHT U1 SKOJIOTHYECKOTO MOHUTOPUHTA HE(PTAHBIX 3arpsI3HCHUH.

Takum o00pa3oM, HCIONB30BaHUE TEIUIOBOTO 30HIMPOBAHHMS HE TOJBKO CIIOCOOCTBYET
TOYHOMY OIPEACICHUIO TeMIEepaTypbl, HO U CIYXHT BaXHBIM KOMIIOHEHTOM CHCTEMBI PaHHETO
MPEIYNPEXKACHUS U OIICHKH MTOCIIEICTBUI aBapUIHBIX Pa3IMBOB HEPTH HA MOPCKUX U IPUOPEKHBIX
TEPPUTOPUAX. ITOT TOJXOA MOXKET OBITh OCOOCHHO TI0JIE3€H MPH IPOBEACHUU TIOJIEBBIX
UCCIEOBAaHUH B TPYJHOAOCTYIIHBIX paliOHaX, a TaKkKe IpH peaTu3alud OporpamMm 110
9KOJIOTMYECKOMY MOHHMTOPHHTY, B TOM 4YHCIE€ C LEJIBIO OLEHKH IIOCICICTBHH aBapwii Ha
HedTenpoBoaax, miathopmMax Uin TaHKepax.
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CTPYKTYPHBIE UBMEHEHMS B Peganum harmala L.,
BBI3BBAHHBIE TAMMA-U3JTYYEHUEM
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Abstract. For the first time, the qualitative and quantitative alkaloid composition of Peganum
harmala L. was thoroughly studied by identifying IR and radiothermoluminescence spectra. In
order to identify alkaloids, a new combined and improved IR spectroscopy and
radiothermoluminescence methods with high resolution were proposed. It is shown that the content
and ratio of different types of alkaloids in the stems and seeds of P.Harmala differ significantly.
More precisely, harmine prevails in the seeds, and peganine in the stems. In terms of the content
and ratio of alkaloid components, P. harmala growing in the Absheron has a number of advantages
compared to the same plants growing in the Masalli and Ismailli regions. It was found that when P.
Harmala samples were irradiated, the IR spectra were transformed. More precisely, in the region of
small doses (0.5<Dy<25 Gy), the intensities of the absorption bands of alkaloids were redistributed,
the intensities of the absorption bands of harmine and harmaline increased, and on the contrary - the
intensities of the absorption bands of peganine and pegadinine decreased. A further increase in the
irradiation dose from 25 to 50 Gy led to a decrease in the intensities of all absorption bands. It was
assumed that structural changes in the dose range of 25<Dy<50 Gy are associated with partial
decomposition of alkaloids.

Annomayus. BriepBble KaueCTBEHHO-KOJIMYECTBEHHBIN cocTaB anmkaion 0B Peganum harmala
L. Obw1 eTanpHO M3y4yeH nmyTeM BbsiBIeHU K- U paguoTepMOIIOMUHECHIEHTHBIX CIIEKTPOB. JliIs
BBISIBIICHUS] aJIKAQJIOWIOB TPEAJIOKEHbBl HOBble KOMOWHUPOBAHHBIE U YCOBEPIIEHCTBOBAHHBIE
MeTo bl K-ciekTpockonuu u paanoTepMOIIOMUHECLIEHIIMU C BBICOKUM pa3pemeHuem. [lokazano,
YTO COZIepKaHHE M COOTHOILIEHUE PA3IMYHBIX BUJOB AJIKAJIONI0B B cTeOsX U cemeHax P. Harmala
CYIIECTBEHHO paznuyatorcs. TouHee, B ceMeHax MpeobiajaeT rapMuH, a B cTeOmax neranud. [o
COJZIEp’)KAHUIO M COOTHOLICHHMIO aJKAJIOMJIHBIX KoMmoHeHToB P. Harmala, mpowuspacraromas B
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AnmniiepoHe, HMeeT psAI NPEUMYIIECTB IO CPaBHEHUIO C TAKUMU KE PACTCHUSIMH,
npouspacraromuMu B MacajuimHckoM M VMIcMawIIMHCKOM pailOHaxX. YCTAaHOBIIEHO, 4YTO IIpH
obmyuenun o6pasznoB P. Harmala mpoucxoaut tpanchopmanus UK-cnexkrpos. Tounee, B obmactu
mautbix 103 (0.5<Dy<25 '), mpou3o1uio nepepacipee/ieHie MHTEHCUBHOCTEH MOJIOC MOTJIONICHHUS
QJIKaJION10B, BO3POCIM MHTEHCUBHOCTHU I0JIOC IMOTJIOLIEHUSI TapMUHa U rapMajilHa, 1 HAa000poT —
CHU3WIIUCh HMHTEHCUBHOCTH TIOJIOC TIOTJIOIICHMS] TIeraHMHAa W neraguHuHa. JlanbHeiiiiee
yBeIWYCHHUE 10361 00ydeHus ot 25 1o 50 'l mpuBeso K CHIYKCHUIO HHTEHCUBHOCTEH BCEX I0JIOC
nornomieHuss. CTpyKTypHbIe H3MEHEHHsS B jauamnazoHe a03 25<Dy<50 I'm cBsi3aHbl ¢ 4YaCTHMYHBIM
pacnaziom ajJKajJouJI0B.

Keywords: Peganum harmala, alkaloid composition, vy-radiation, IR spectroscopy,
radiothermoluminescence.

Kniouesvie cnosa: Peganum harmala, ankagouaHbeiii cocraB, y-m3nyuenue, HWK-
CIEKTPOCKOIHUS, PATUOTEPMOITIOMUHECIICHIINS.

Azerbaijan has a rich flora. Over 4,500 species of flowering plants are widespread in
Azerbaijan, including both rare and endangered ones. Almost all types of vegetation common in the
world are found in a relatively small area, which are united into 125 orders and 920 genera. Plant
species found in Azerbaijan make up 66% of the total number of species growing in the Caucasus.
Along with species widespread in the Caucasus and other regions, the Azerbaijani flora includes
plant species that grow only in Azerbaijan. Low-growing plant types are found on the mountain
peaks of alpine meadows, on steep hills, and slightly less on saddle-shaped passes compared to
subalpine glades. Alpine carpets consist of two groups of formations: true alpine carpets (caraway,
plantain, lady's mantle, dandelion) and alpine carpets on rocky terrain (sibbaldia, bellflower).
Azerbaijan is also a country rich in medicinal plants. One of these plants is Peganum harmala. The
plant contains a huge range of alkaloids [1].

Therefore, it has a wide range of medicinal properties. The therapeutic effect of this plant is
due to the presence of pB-carboline alkaloids in its composition, such as peganine, harmine,
harmaline and their derivatives [2].

The pharmacological activity of alkaloids varies widely depending on their structure. Among
them are analgesics - narcotics (morphine, codeine), powerful stimulants of the central nervous
system (strychnine, brucine), mydriatic - pupil dilators (atropine, hyoscyamine) and miotic - pupil
constrictors (physostigmine, pilocarpine) [3].

Some alkaloids, such as ephedrine, epinephrine, exhibit adrenergic activity, exciting the
sympathetic nervous system, and thereby stimulating cardiac activity and increasing blood pressure
[4,5].

Different organs of P. harmala, depending on the development phase and place of growth,
have different qualitative properties and are widely used in traditional folk medicine. In particular,
in the treatment of bronchial asthma [6], radiculitis, osteochondrosis [7], to normalize blood
pressure, insomnia [8], as well as in the treatment of various skin diseases [9], the use of a drug
based on P. harmala gave encouraging results.

Preparations prepared on the basis of P. harmala, in addition to anti-inflammatory, diuretic,
diaphoretic, also have diuretic, sedative, analgesic and antiseptic effects [10].

P. harmala also has a stimulating effect on the central nervous system, lowers blood pressure,
increases breathing, relaxes the muscles of the intestines, heart and dilates peripheral vessels [11].
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P. harmala is also recognized by official medicine. The pharmaceutical industry produces a
drug based on this plant, which is called harmine hydrochloride. The alkaloid harmine of the above-
ground part or seeds of this plant in the form of hydrochloric salt is used in the treatment of some
diseases of the central nervous system (shaking palsy, consequences of epidemic inflammation of
the brain - encephalitis, Parkinsonism) [12, 13], and other alkaloids, having a neuroprotective
property, can affect the nervous system [14].

P. harmala, containing some alkaloids, which, due to their physiological activity and being
strong poisons, are also used in medicine [15]. Preparations based on P. harmala also have
antidiabetic, antihyperlipidemic [16, 17] and antileishmanial properties [18].

Preparations made from P. harmala plants with different alkaloid contents in the countries of
Central Asia, India, Russia, and Iran, in addition to traditional medicine, are used in different
clinical purposes. In these countries, neoplasms are mainly obtained from plants containing p-
carboline alkaloids [19].

Recently, P. harmala has also found application in the treatment of a number of “serious”
diseases. Research by various authors has shown that some isolated components of this plant exhibit
cytotoxic [15, 20] and anticancer effects [11]. In particular, the use of these components revealed
cytoplasmic vacuolization of cells [21]. It is assumed that drugs based on these components are a
valuable sensitizer and in the future may find wide application as key regulators of cancer cells
[22].

It should be noted that, despite the wide use of alkaloids in modern therapeutic practice, their
potential capabilities have not yet been fully revealed. Therefore, the search for new drugs based on
medicinal plant raw materials containing alkaloids, as well as the production of new drugs with
improved pharmacotherapeutic indicators based on existing drugs should take a worthy place in
future research work.

Based on the literature on the pharmacotherapeutic effects of medicinal plants published in
recent years, it can be concluded that targeted chemical or physical modification of alkaloid
molecules, with the aim of synthesizing new derivatives of alkaloid-bearing natural compounds,
will be a prerequisite for creating effective drugs with pharmacological action. Based on these
considerations, it can be noted that the use of medicinal plants in industrial medicine, i.e. the
transition from traditional medicine to industrial medicine, is of great relevance.

Here it is necessary to mention one important fact. It is known that external factors such as
high and low temperatures, electromagnetic field, radiation background of the area of plant growth,
as well as its surface pollution caused by atmospheric aerosols and microorganisms, play a
significant role in the formation of the qualitative composition of the plant. Considering that the era
in which we live is characterized by high electromagnetic radiation, as well as a daily increase in
the number of locally contaminated zones with various radionuclides, in the presented work we
tried to study the structural changes caused in P. harmala under the influence of radiation.

Materials and methods

The medicinal plant P. harmala from the Absheron, Ismayilli and Masalli regions of the
Republic of Azerbaijan was chosen as the research object.

P. harmala, which belongs to the Zygophyllaceae family, is a perennial wild herbaceous plant
with a strong specific smell, lush flowering and many useful substances. The plant is successfully
used for medical purposes, observing precise dosages, since the plant is poisonous. The leaves and
seeds are the most toxic.

The plant has a powerful, two- or three-headed taproot up to 2-3 meters long and up to 10 cm
thick, which helps to penetrate the soil and provide the plant with moisture and nutrients. The stems
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are bare and green, grow to a height of 30 to 80 centimeters and branch out. The leaves are sessile,
alternate. The flowers can be yellow or white, singly on peduncles or up to three at the ends of
branches. The calyx is five-partite, almost to the very base. The corolla of 5 petals elliptical shape
and length approximately 1.5-2 centimeters. The flower has 15 stamens. The fruit is 6-10
millimeters in diameter and looks like a spherical capsule with three nests and partitions. The seeds
are angular, numerous, brown or brownish gray in color, about 3 - 4 m long. One plant produces up
to 120 thousand seeds. The weight of 1000 seeds is 2.5-3 g [23] (Figure 1).

P. harmala is not very demanding to growing conditions. It grows on saline, clayey soils and
sands, near wells on desert pastures, along cattle drives, on rocky areas, on wastelands. Often forms
pure thickets at an altitude of 450 - 3700 m [23]. In Azerbaijan, it grows in semi-desert areas. The
most well-known are the Absheron, Ismailli and Masalli species of P. harmala, which differ in
alkaloid content [24, 25].

Figure 1. General appearance of the P. Harmala (1 - root, 2 - stem, 3 - leaves, 4 - flowers, 5 - fruit, 6 -
seed)

Pre-sowing y-irradiation of the seeds of this plant was carried out using a ®°Co source.
Irradiation was carried out using a remote control of the radiation source in special concrete
chambers that ensured protection of the working personnel. The dose rate of the source was 1.03
Gy/s. The absorbed dose was calculated using spectrometry (absorption band of Fe** ions with a
maximum at 305 nm) and considering the electron densities of the dosimetric solution and the
sample under study. Depending on the nature of the study, irradiation of the samples was carried out
both at room temperature and at liquid nitrogen temperature.

Experiments on determining the quantitative and qualitative alkaloid composition of P.
harmala were conducted using dry samples of this plant. To obtain dry plant samples, a method of
low-temperature microwave processing was used. Microwave drying and fermentation of the plant
was carried out on a laboratory installation, which included a container with a cry solvent, a
microwave oven and a source of UV radiation.

A quartz vessel with green raw P. harmala (seeds, stems and leaves) was immersed in a
volume of liquid nitrogen, cooled to a temperature of 77 K for 5-15 min, then placed on a
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microwave oven conveyor and subjected to electromagnetic microwave field treatment at a
frequency of 400-1000 MHz with generator power varying from 45 to 55 kW.

Microwave heating was carried out with simultaneous blowing with air previously purified
from carbon dioxide and treatment with light with a wavelength of 400-700 nm and an intensity of
1 mW/cm?. The choice of the spectral range of 400-700 nm is since the band of residual chlorophyll
is at 665 nm, and photo irradiation of P. harmala in this region does not lead to deterioration in the
quality of the medicinal plant.

The method of drying P. harmala proposed by us allowed us to obtain dry samples of a
yellowish hue. The desired effect was achieved since the plants were irradiated with light of a
wavelength causing photo oxidation of the green pigments contained in them. At the same time,
simultaneous blowing with air purified from carbon dioxide sharply suppressed natural
photochemical processes in the seeds, stems and leaves of the plant, and the frequency of the
electromagnetic field used ensured the necessary duration of processing and drying of the
preparation.

The essence of this method is that because of intensive absorption of electromagnetic waves,
dielectric heating of the plant (material with low thermal conductivity and heat resistance) occurs.
In this case, photo- and thermochemical reactions occur both on the surface and throughout the
entire volume. The electromagnetic field, in addition to local thermal action, also initiates the
uniform flow of photochemical reactions, which is of no small importance for obtaining high-
quality products. Additional UV irradiation accelerates the decomposition of residual chlorophyll.

It should be noted that the combined drying method proposed by us is currently the only way
to obtain high-quality raw material. At the same time, a balance is achieved between the processes
of yellowing and moisture release (hydration) in different organs of P. harmala. Structural changes
occurring during heat treatment of P. harmala were studied using differential thermal analysis. To
record thermo grams of seeds, stems and leaves, the samples were crushed and filled into a ceramic
crucible. Thermal analysis in combination with weight and differential gravimetric analysis was
carried out using a derivatograph (Q-Derivatograff, MOM, Hungary). The heating mode selected
was: temperature range 300-127 K, heating rate 5 K/min. Aluminum oxide (Al,O3) was used as a
standard. To study the structural changes in P. harmala samples caused by y-irradiation and
microwave field treatment, we used our improved traditional IR spectroscopy technique based on
measuring the transmission spectra of translucent pressed tablets. For this purpose, a special optical
cell was developed and manufactured, allowing IR studies of the original and treated samples under
vacuum P=10"° Pa in a wide temperature range: from T=300 K (room temperature) to 923 K.

In our experiments, the optical cell was connected to a vacuum unit used to clean the samples
from adsorbed atmospheric gases and contaminants, as well as to dehydroxylate their surface.

For radiothermoluminescence analysis, tablets were made from finely ground samples of this
plant and inserted into special metal holders with holes necessary for the passage of irradiation.
Radio thermoluminescence curves of y-irradiated and microwave-treated P. harmala samples were
obtained in the temperature range of 80-450 K.

Results and discussion

Among the spectral methods for studying the molecular structure and composition of objects
of plant origin and bio systems, the most informative is the method of IR spectroscopy. This
method allows us to obtain more accurate data on the functional and structural groups that make up
plants, to trace the structural changes that occur in plants because of the influence of various
environmental factors and to identify their features.

To study the structural features, IR absorption spectra of P. harmala growing in three
different regions of Azerbaijan (Absheron, Masalli and Ismayilli regions) were obtained. The listed
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regions are characterized by a unique climate, differences in soil and radiation background. Since
the regions we selected belong to different geographical regions of our republic and differ greatly in
soil cover. Being located in different climatic zones, they also differ in climatic conditions of the
area. Let us recall that the listed areas belong respectively to the type of dry subtropical climate, to
the zone of humid subtropical climate, to the type of moderate dry subtropical climate zones. The
soils in these areas are sandy-clayey, chestnut and gray, respectively.

It is known that the content of alkaloids in plants often fluctuates depending on climatic
conditions, time of collection, stages of biological development of plants, and the specifics of its
cultivation. However, in most cases, the highest content of alkaloids is determined during the period
of budding and flowering of plant objects. It varies from insignificant amounts (traces of alkaloids)
to 2-3% of the total mass of dry plant material [25].

Based on this, the content of alkaloids was determined during the period of budding and
flowering of this plant. Considering that different parts of P. harmala (both underground and
aboveground - roots, stems, leaves, seeds) differ in the composition of the content of alkaloids, we
conducted a comparative molecular IR spectroscopic study of the structure of its individual parts.
IR absorption spectrum was obtained from samples that were prepared in the form of tablets pressed
in a solid matrix. To obtain more detailed information, relatively thin films of P. harmala, without a
binder, were studied. Figure 2 shows the IR absorption spectra of the seeds and stems of this plant
(curves 1 and 2, respectively) in the frequency ranges of 4000-2000 and 2000-650 cm-1, which
include the main molecular-structural features of chemical compounds.

As can be seen from the figure, the most intense bands appear in the regions of 1800-1500,
1500-1250 and 1250-1000 cm™. When interpreting the absorption bands, we relied on reference
data on the IR spectra of organic molecules and alkaloid-bearing plants. In the region of 1800-1500
cm’ there are carbonyl-containing C = O (1750-1700 cm™), C = C and — N = C groups (1690-1500
cm™) in aromatic cycles. The presence of aromatic C = C, — N = C and carbonyl-containing C = O
groups, including aceto groups (CH3 — CO — CH2) is associated with the alkaloids that are part of
this plant.
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Figure 2. IR absorption spectra of P. harmala (1 — seeds, 2 — stems)

The region of 1800-1500 cm™ has the finest structure and is characterized by a set of nearby
absorption bands caused by different types of alkaloids. It is known that the bands in the region of
1800-1200 cm " characterize various valence vibrations of groups with multiple bonds (C = O, C =
C). Here are also located the bands caused by deformation vibrations of the C—H bond and other
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groups. Conjugation with a double bond or aromatic ring leads to a shift of the bands to the region
of lower wave numbers (up to 1660 cm™). The band 1720 cm™ corresponds to carboxyl groups,
which, as can be seen from the figure, are also present in P. harmala samples.

When the carboxyl group is converted into the ionic form, this band almost disappears, and
two new bands (1555 and 1400 cm™) appear, which correspond to the asymmetric and symmetric
valence vibrations of the carboxylate ion. The type of hydroxyl groups present in the compound can
be determined from the acetylation spectrum of harmine derivatives. The absorption of the carbonyl
group in phenol acetates appears in the region of 1765 cm™, and in acetates of non-conjugated
alcohols — 1760 cm™. In addition, in the region of 1700-1660 cm™ the absorption of the valence
vibrations of carbonyl groups in quinoid structures appears. In the region of 1626-1608 cm™,
ethylene o-, B-double bonds absorb. In the spectra, this vibration sometimes appears as a weak
shoulder on the intense band of 1600 cm™, caused by vibrations of the aromatic ring [26].

The skeletal vibrations of the aromatic ring include four bands. These bands are bands
corresponding to the frequency intervals 1605-1595, 1515-1505, 1490 and 1450-1420 cm™. The
bands 1470-1460 cm™ are attributed by many authors to asymmetric deformation vibrations of
aliphatic C—H bonds. Note that the band 1430 cm™ is attributed to scissor vibrations of CH, groups
associated with the carbonyl group, as well as to skeletal vibrations of the aromatic ring. The
intensity of this band is insensitive to the influence of external factors. The spectral region of 1800—
1200 cm™ is characterized by a set of nearby absorption bands, related mainly to various types of
alkaloids in the composition of the studied plant. This is evidenced by the presence of carbonyl-
containing C = O (1750-1700 cm™), C = C and nitrogen-containing — N = C groups (1690-1500 cm’
1) in aromatic cycles. And the bands at 1600, 1580 (conjugated rings), 1500 and 1450 cm™ are
characteristic of the ring itself. Considering the complex chemical composition and reference data
on the IR spectra of individual P. harmala alkaloids presented in Figure 2, the absorption bands
with frequencies of 1725, 1700, 1690 and 1625 cm™ were assigned to harmine, peganidine,
harmaline and peganine, respectively. The peaks corresponding to these compounds are also clearly
visible in Figure 3.
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Figure 3. IR absorption spectra of P. harmala in the frequency ranges of 3800-2600 and 1800-1200
-1
cm

Figure 3 shows a fragment from the spectrum of a thin film of P. harmala in the region of
3800-1200 cm™, where the characteristic bands corresponding to the functional C=0,C=C,—N =
C groups and associated with the presence of alkaloids are located in the region of 1800-1200 cm™.
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The bands at 1600, 1580 (conjugated rings) 1500, 1450 cm™ are characteristic of the aromatic
ring itself, which together with the band of valence vibrations = C — H near ~ 3000 cm™ makes it
easy to recognize the aromatic structure (benzene ring). The absorption bands in the region of
valence vibrations of -OH, -NH and alkyl CH3, CH,, CH - groups with different around also testify
in favor of alkaloids. The bands with frequencies of 3120, 3180, 3240, 3360 and 3450 cm™ refer to
OH or NH groups. The bands with maxima of 2840 and 2780 cm™ are characteristic of aceto (CHs
— CO - CHy) — and aldehyde (HC = O) — groups. = C — O — groups absorb in the region 1270-1200
cm™, and bands 1040-1100 cm™ and 1100-1070 cm™ are associated with valence C — O — groups
(ethers) and a five-membered heterocycle, respectively.

In the region of 988-960 cm™, deformation vibrations of the C — H bond with a double bond
in the trans position are manifested. The low intensity of this band in the spectrum indicates a small
number of double bonds in the structure of P. harmala. Out-of-plane deformation vibrations of the
C — H bonds of the aromatic ring of varying degrees and nature of substitution are manifested in the
region of 900-720 cm™. In the samples of the studied plant, two bands were manifested,
characterizing the vibrations of one or two hydrogen atoms — in the region of 880-850 cm™ and
855-800 cm™. Based on the above, the content of alkaloids in two organs (seeds and stems) of this
plant was determined. Data on the content (both quantitative and qualitative) of alkaloids of P.
harmala, determined by the IR spectra of the samples, are presented in the Table.

Table
CONTENT OF INDIVIDUAL ALKALOIDS IN SEEDS AND STEMS OF P. harmala
OF THE APSHERON REGION
Plant organs Content, in % Total alkaloids, in %
Harmine Harmaline Peganine Peganidine
Absheron region
Seeds 2.8 0.8 0.6 0.1 4.3
Stems 1.2 0.3 2.5 0.2 4.2
Ismayilli region
Seeds 1.9 0.5 0.8 0.16 3.36
Stems 0.5 0.2 2.6 0.31 3.62
Masalli region
Seeds 1.6 0.5 0.74 0.1 2.94
Stems 0.6 0.3 2.6 0.2 3.7

The analysis of the data presented in the table shows that P. harmala contains a sufficient
amount of alkaloids. Moreover, these alkaloids mainly include harmine, harmaline, peganine,
pegadinine. From the IR spectra it is clear that the seeds and stems of this plant also contain traces
of such alkaloids as harmalol and peganol (these alkaloids are not listed in the table).

The results of our research confirm the fact that different organs of this plant are characterized
by different alkaloid content. Moreover, different organs differ not only in quantity, but also in the
quality of alkaloids. Comparison of IR spectra of seeds and stems shows that in all samples of P.
harmala harmine predominates in seeds, and peganine in stems. In other words, if the seeds of this
plant, regardless of the place of growth, contain a large amount of harmine, then its stems have the
greatest amount of peganine [25].

In terms of harmine content, P. harmala of the Apsheron district ranks first (2.8%). Second
place is occupied by P.Harmala of the Ismailli district (1.9%), and third place is occupied by P.
harmala of the Masalli district, for which the harmine content in percentage terms is 1.6%.
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Unlike the harmine content, peganine is present in approximately the same amount in all P.
harmala samples. Since the peganine content in P.Harmala stems is approximately 2.5%, 2.6% and
2.6% of the total dry plant material mass for the Absheron, Ismailli and Masalli regions,
respectively. All samples of P. harmala collected from different regions of our republic have a
relatively small amount of peganidin in the seeds and stems. We assume that the data on the content
of alkaloids can serve as a kind of biomarker for identifying P.Harmala. In other words, the amount
of alkaloids can be used to determine the place of growth of this plant.

Alkaloid content in y-irradiated P. harmala samples. Structural changes in y-irradiated P.
Harmala samples were also monitored in this case using IR absorption spectra. Figure 4 shows the
IR absorption spectra of the initial (curves 1) and irradiated with y-quanta at different doses (curves
2-3) P. harmala samples in the frequency range of 1800-1200 cm™. The irradiation dose ranged
from 0 to 50 Gy. The figure shows only irradiation doses of 10 and 50 Gy. The choice of these
doses is due to the fact that 10 Gy and 50 Gy are the lower and upper limits of the interval of the
stimulating dose for plant development. As can be seen from the presented spectra, when irradiating
P. harmala samples, the IR spectra are clearly transformed. More precisely, in the region of
relatively small doses (0.5<D,<2 5 Gy), a redistribution of the intensities of the absorption bands of
alkaloids occurs. More precisely, in this dose region, the intensities of the absorption bands of
harmine and harmaline (1725 and 1690 cm™) increase. At the same time, the intensities of the
absorption bands of peganine and pegadinine (1700 and 1625 cm™) (curve 2), on the contrary,
decrease. A further increase in the irradiation dose from 25 to 50 Gy leads to a decrease in the
intensities of all absorption bands (curve 3).

Absorption
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Figure 4. IR absorption spectra of P. harmala samples in the frequency range of 1800-1200 cm™ (1 —
non-irradiated, 2 — y-irradiated at a dose of 10 Gy and 3 — y-irradiated at a dose of 50 Gy

The observed feature of harmine, harmaline and their derivatives in the IR spectra of vy-
irradiated P. harmala in the analytical region of alkaloids can be explained by structural
conformational changes leading to an increase in the content of harmane and harmaline (in the
region of relatively small doses — 0.5<D,<25 Gy) and to their partial decomposition (in the region
of 25<D, <50 Gy).

The structural changes in P. harmala, caused by vy - radiation, studied in this work, open wide
possibilities for its medical use. The data we obtained show that pre-sowing y-irradiation of P.
harmala leads to noticeable structural changes. To obtain more reliable information about the
structural changes occurring during this, we considered it appropriate to study the structure of P.
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harmala, the seeds of which were subjected to vy - irradiation also by the radio thermoluminescence
method. The data obtained on these changes are presented in Figure 5.

Radio thermoluminescence curves show that irradiation with y-quanta leads to the appearance
of one intense peak at 175 K and 2 weak peaks at 320 K and 445 K in the spectrum of P. harmala.

We believe that the low-temperature broad peak (half-width Ty, = 110 K) at 175 K with
energy activation E, = 0.07 ~ 0.10 eV may be associated with both the presence of alkaloids in P.
harmala and molecular water in the steric environment of the alkaloids. The broad low-temperature
radio thermo luminescent peak with a maximum at 175 K has several features, since its spectral
parameters (intensity and half-width) depend on the dose of vy -irradiation (curves 2 and 3).

intensity ( in relative units)

100 300 500
TEK

Figure 5. P. harmala radio thermoluminescence curves (1 — non-irradiated, 2 — irradiated at a dose of
25 Gy and 3 — irradiated at a dose of 50 Gy)

With an increase in the y-irradiation dose from 0.5 to 25 Gy (0.5<Dy<25 Gy), the intensity of
the thermal emission peak increases by almost one order of magnitude. A further increase in the
irradiation dose to 50 Gy (25<Dy<50 Gy) is accompanied by a monotonic decrease in the intensity
of this peak and its narrowing by ~2 times (the half-width decreases by 60 K). In this case, the
shape of the band remains unchanged and is close to Gaussian.

Conclusion

By analyzing IR and radiothermoluminescence spectra, it is possible to identify the qualitative
and quantitative alkaloid composition of P. harmala with high reliability. The combined and
improved IR spectroscopy and radiothermoluminescence method with high resolution that we
proposed allowed us to show that P. harmala contains a sufficient number of alkaloids. Moreover,
these alkaloids mainly include harmine, harmaline, peganine and pegadinine. Traces of such rare
alkaloids as harmalol and peganole are also found in the seeds and stems of this plant.

The fact that P. harmala, growing in the Absheron region, has a number of advantages in
terms of the content and ratio of alkaloid components over the same plants growing in the Masalli
and Ismailli regions, is of particular interest.

Our results that different organs (seeds and stems) of this plant are characterized by different
alkaloid content, as well as the fact that these organs differ not only in quantity but also in quality of
alkaloids, are in good agreement with the results of various authors obtained for other plants.

The results on the change in IR spectra for gamma-irradiated samples are also of some
interest. Since these results, or rather the results on the change in the components of the chemical
composition of P. harmala under the influence of radiation, can find application in medicine, or
rather in the production of drugs based on this plant.
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FLORISTIC ANALYSIS OF THE SPECIES BELONGING TO THE Salicaceae Mirb.
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®JIOPUCTUYECKHNN AHAJIN3 BUJTOB CEMEMCTBA Salicaceae Mirb.,
IPUHAUVIEKAIIIAX ®JTOPE HAXYBIBAHCKON ABTOHOMHOM PECITYBJIUKHA
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Abstract. The study of the Salicaceae Mirb. species common in the flora of the Nakhchivan
Autonomous Republic was conducted and their floristic analysis was performed. In the flora of the
autonomous republic, 17 Salicaceae species belonging to 2 genera were identified, 9 species were
assigned to the genus Salix L., and 8 species to the genus Populus L. Types of areas: boreal areal
type (7 species), xerophilous areal type (4 species), Caucasian areal type (4 species) and desert areal
type (1 species). The areal type was not determined for one species. This family is of great interest
both in terms of biological diversity and ecological significance. It was established that the greatest
species diversity of the family is found in the middle mountain zone, and a small part is found in the
low and middle mountain zones, as well as in the subalpine zone. At present, the issues of adjusting
botanical-geographical and historical plant systems, analyzing the distribution and genesis of
species, and clarifying typical ranges are extremely important.

Annomayus. TlpoBeneHo wHccleqoBaHWE BHJIOB ceMmeiicTBa WBOBBIX (Salicaceae Mirb.),
pacmipoctpanéHHbIX BO (nope HaxusiBanckoit ABToHOMHOUW PecmyOnuku, u mpoBenéH ux
¢bnopuctrueckuil ananu3. Bo ¢aope aBToHOMHOI pecnyOnuky OblIO BBISBICHO 17 BHIOB MBOBBIX,
OTHOCSIIUXCS K 2 poaam, 9 BuIOB oTHeceHbl K poay Salix L., a 8 BumoB — k poay Populus L.
Tunsl apeanos: 6opeayibHbIN apeayibHbIN TUI (7 BUIOB), KcepoUnbHbIN apeanbHblid THI (4 BUIA),
KaBKa3CKUIl apeanbHblil THI (4 BUAA) U MyCThIHHBIN apeanbHbId Tun (1 Bun). g ogHOrO BUAA HE
ObUT ompeNesi€H apealibHbIi THI. JTO CEMEWCTBO MPEACTABISAET OOJBIION HMHTEpEC KaK ¢ TOUYKHU
3peHHs] OMOJIOTMYECKOro pa3HoOoOpasus, TaK W 3KOJIOIMYECKONW 3HAUYMMOCTH. Y CTaHOBJEHO YTO
HauOoJbIlIee BUOBOE pa3HOOOpa3He ceMeiicTBa BCTpevaeTcs B CpelHel TOpHOM 30He, a HeOobIas
4acTh — B HU3KOW U CpeliHel TOPHBIX 30HaX, a TaKkXke B cyOanbnuiickoi 30He. B HacTosee Bpems
KpaifHe Ba)XHBIMHU SIBJISIFOTCSI BOIPOCHI KOPPEKTUPOBKU OOTAHUKO-TEOrpauIecKUX U HCTOPHUECKUX
CUCTEM DPACTEHUM, aHAJIU3 PACIpPOCTPAHEHUS U TI'EHE3UCa BHUJIOB, a TAKXKE YTOYHEHHE THUIIOBBIX
apeasnos.

Keywords: Salicaceae, taxonomic composition, floristic analysis, genus, species

Knrouesvie cnosa: Salicaceae, TaAKCOHOMHUYECKUN COCTaB, (PIOPUCTUUECKUN aHAIN3, POJI, BUL.
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The richness of the flora and the diversity of vegetation in the territory of the Nakhchivan
Autonomous Republic are associated with its varied physical-geographical and natural-historical
conditions, as well as the influence of extensive floristic regions and its complex formation history.
Located along the migration route of species within the Caucasus ecoregion, the Autonomous
Republic is distinguished by its rich biodiversity.

Species belonging to the Salicaceae family play a notable role in the formation of vegetation,
the development of various plant communities, and the enrichment of the species composition in the
study area. This family mainly includes woody plants in the form of trees and shrubs. Among the
most well-known genera within the family are Salix L. (willows) and Populus L. (poplars). These
species are widespread both in natural and cultivated conditions. Representatives of this family are
particularly common along riverbanks, in swamps, and in moist habitats.

Since the Salicaceae family in the flora of Nakhchivan has not yet been fully studied in a
systematic manner, conducting research in this direction is considered essential. Therefore, it is
deemed appropriate to investigate the species belonging to the Salicaceae family in the flora of the
Autonomous Republic, as well as to determine their geographical distribution types, ecological
groups, and altitudinal zonation.

Material and research methods

The research was conducted during the years 2023-2024 in various regions of the Nakhchivan
Autonomous Republic. The main research objects were different areas of the region, and the
research material was based on literary sources and factual data obtained during field studies.
Species belonging to the family Salicaceae were selected for study. In the identification of species,
clarification of their names, and nomenclature changes, references were made to A. M. Asgarov’s,
“Flora of Azerbaijan” [12], and several other works [2-11, 13-19, 21-23]. For determining the
geographical elements of the species and the development of areal types, the schemes of A. A.
Grossheim [20] and C. Portenier [24] were used as a basis. The latest taxonomic changes were
made according to World Flora Online (https://about.worldfloraonline.org/).

Discussion and conclusions of the study

One of the main families widely represented in the flora of the Nakhchivan Autonomous
Republic is the Salicaceae family. In the flora of the autonomous republic, members of Salicaceae
are characterized by 17 species grouped under two genera. As a result of processing literature data
and personal research materials, 9 of these species were identified as belonging to the genus Salix
L., and 8 species to the genus Populus L. Based on the collected materials, the following taxonomic
spectrum of the family in the flora of Nakhchivan AR has been identified:

Familia: Salicaceae Mirb., nom. cons. — Willows and Poplars
1. Genus: Populus L. — Poplar

Subgen. 1. Turanga (Bunge) Dode

1(1) Populus euphratica Oliver (P. transcaucasica Jarm. ex Grossh.) — Transcaucasian poplar

Subgen. 2. Populus

Sect.1. Populus

2(2) P. alba L. (P. schischkinii Grossh.) — White poplar

3(3) P. tremula L. — Aspen poplar

Sect.2. Aigeiros Duby

4(4) P. nigra L. — Black poplar

5(5)*P. gracilis Grossh. — Cutting poplar

6(6)*P. deltoides Marsh. — Canadian poplar

7(7)*P. italica (Duroi) Moench. — Italian poplar
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8(8)*P. bolleana Lauche. — Samarkand poplar
2. Genus: Salix L. nom. cons. — Willow
Subgen.1. Salix
Sect. 1. Albella Ser. ex Duby
9(1) Salix triandra L. — Three-stamened (white rod) willow
Sect. 2. Salix
10(2) S. alba L. — White willow
11(3) S. excelsa S.G.Gmel. (S. australior Anderss) — Tall willow
Subgen. 2. Vetrix (Dumort.) Dumort.
Sect. 1. Vetrix
12(4) S. caprea L. — Goat willow
13(5) S. aegyptiaca L. — Egyptian willow
14(6) S. pseudomedemii E.L. Wolf (S. phlomoides auct. non Bieb.) — Swollen willow
Sect. 2. Helix Dumort.
15(7) S. purpurea L. — Brown willow
16(8) S. wilhelmsiana Bieb. — Wilhelm's willow
17(9)*S. babylonica L. — Weeping willow (Crying willow)

Salicaceae are dioecious trees or shrubs, with approximately 200 species widely distributed
around the world. Very few species are known to occur in tropical and mountainous regions.
Species belonging to this family are more commonly found in shrublands of the mid-mountain belt,
forests, and thickets. These species are effectively used for reinforcing riverbanks and valley slopes.
They are also utilized in carpentry, for making household items, and simple agricultural tools. Most
species are considered good nectar plants. The species of both genera differ from each other in
terms of morphological structure.

Figure 1. a- White willow (Salix alba); b- Aspen poplar (Populus tremula)

Paleobotanical materials discovered in the territory of the Nakhchivan Autonomous Republic,
as well as the current state of the plant world, stationary observations, analysis and identification of
the material, comparative analysis of literature sources, and the data obtained have been used to
conduct a floristic analysis of the species belonging to the Salicaceae family (Table).
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Table
FLORISTIC ANALYSIS OF SPECIES BELONGING TO THE Salicaceae FAMILY
Genus Species names Geographical Altitude zones Ecological
names elements groups

Populus L.  Populus euphratica Northern Iran low mountain belt mesophytes
P. alba Western Palaearctic Middle mountain belt mesophytes

P. tremula Palaearctic Middle mountain belt mesophytes

P. nigra Western Palaearctic Middle mountain belt mesophytes

P. gracilis Unknown Middle mountain belt mesophytes

P. deltoides Caucasus Middle mountain belt mesophytes

P. italica Mediterranean Sea Middle mountain belt mesophytes

P. bolleana Caucasus Middle mountain belt mesophytes

Salix L. Salix triandra Palaearctic Middle mountain belt mesophytes
S. alba Palaearctic Middle mountain belt mesophytes

S. excelsa Iran-Turan Middle mountain belt mesophytes

S. caprea Western Palaearctic Up to the subalpine belt mesophytes

S. aegyptiaca Caucasus Middle mountain belt mesophytes

S. pseudomedemii Caucasus Up to the middle mountain belt  mesophytes

S. purpurea Palaearctic Middle mountain belt mesophytes

S. wilhelmsiana Turan-Sarmatian Middle mountain belt mesophytes

S. babylonica Iran Middle mountain belt mesophytes

Based on our personal field research and existing literature sources, it has been determined
that the species belonging to the Salicaceae family are distributed across various areal types. This
makes it possible to trace the migration routes of these species within the region. In the flora of the
Autonomous Republic, the species of the Salicaceae family have been analyzed according to four
geographical areal types and six areal classes, based on zonal and regional principles.

:l“u

"o
s Boreal
6% & Xerophile
o Caucasus
# Desert

™ Unknown

11%

Figure 2. Analysis of the Geographical Distribution Types of Species Belonging to the Salicaceae
Family

As can be seen from the Table, 7 species belong to the Boreal distribution type. In terms of
the number of species, they are dominant compared to other groups. Boreal elements cover the
southern regions of the Arctic province and are widely distributed across vast areas. Among the
plants belonging to this distribution type, 4 species are classified as Paleoarctic and 3 species as
Western Paleoarctic elements. These elements are mesophytic plants that mainly inhabit forest and
forest-shrub areas. Although the species belonging to the Palearctic group are typically found in the
forest vegetation of Europe and Asia, they also occur in non-forest soils. This is due to their
evolutionary adaptation to the existing ecological environment.
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The xerophytic flora extends southward from the Boreal flora and westward from the steppe
flora region, covering a wide area from the Black Sea coasts of Eastern Europe to northwestern
India, including mountainous regions of Iran, the Near East, and Central Asia. The xerophytic flora
elements of the Salicaceae family make up 23.5% of the total plant species and are represented by 4
species. Species belonging to the Caucasian distribution type play a significant role in the formation
of the region’s flora. This type includes Populus deltoids, P. bolleana, Salix aegyptiaca, and S.
pseudomedemii, collectively comprising 23.5% of the total species. Desert flora elements constitute
6% of the species within the Salicaceae family. The desert distribution type includes the species
Salix wilhelmsiana. The distribution type of Populus gracilis is unknown.

As environmental conditions constantly change, water is a crucial ecological factor
influencing the widespread distribution of plants across different climate zones and the formation of
various plant groupings. Based on their water requirements, plants are divided into several
ecological groups.

In terms of their relationship to moisture and their needs, mesophytes occupy an intermediate
position between hygrophytes and xerophytes. Mesophytic plants are mainly found in forest,
shrubland, subalpine, and alpine areas and are more widely distributed. These plants, depending on
the natural nutrient environment and various influencing factors, differ not only in species
composition but also in ecological characteristics. Research has determined that species belonging
to the Salicaceae family are mostly mesophytes.

In the studied area, vertical zonation is more pronounced. Due to the changing environmental
conditions, the distribution of plant species varies by altitude, ranging from the lowlands to higher
altitude zones. Within the flora of the Nakhchivan Autonomous Republic, species of the Salicaceae
family have been studied in relation to four distinct vertical zones with differing physical-
geographical and ecological conditions, and their distribution according to elevation zones has been
examined.

.
as far asthe montanebelt 9 1

~
~
s fur as the subalpinebelt 1

middlemonntain belt SRS - 1

.
low-mountainbelt 1

Figure 3. Distribution of species belonging to the Salicaceae family across altitude zones

The low mountain belt covers areas with altitudes up to 1200 meters. The plain areas of the
Middle Aras valley are considered part of this zone. The Populus euphratica species of the poplar
genus is distributed within this low mountain belt.

The middle mountain belt spans elevations between 1200-2400 meters. The area is
intersected by river valleys and dry riverbeds. The foothill sections of this zone tend to be more
arid. The species Salix pseudomedemii of the willow genus is found up to the middle mountain
zone, while Populus italica, P. nigra, Salix aegyptiaca, S. excelsa, S. babylonica, and others are
found within the middle mountain zone. The Salix caprea species is distributed up to the subalpine
belt.
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As a result of conducted studies, the taxonomic composition of the Salicaceae family
distributed in the flora of the Nakhchivan Autonomous Republic was identified. The altitudinal
zones, ecological groups, geographical distribution types, and classification of these species were
also examined. The findings are considered an important scientific basis for studying willow-like
species in the region.

Conclusions

During the research, it was found that the willow-like plants (Salicaceae) in the flora of the
Nakhchivan Autonomous Republic are characterized by 17 species grouped into 2 genera -9 species
belong to the genus Salix L., and 8 species belong to the genus Populus L.

Based on the analysis of their geographical distribution types, 7 species (41%) belong to the
Boreal type, 4 species (23.5%) to the Xerophytic type, 4 species (23.5%) to the Caucasian type, and
1 species (6%) to the Desert type. The distribution type of Populus gracilis remains unknown.

The species of the Salicaceae family found in the flora of the Nakhchivan Autonomous
Republic were studied according to four vertical zones that differ in physical-geographical and
ecological conditions. It was determined that: 1 species is distributed in the low mountain zone, 1
species up to the middle mountain zone, 1 species up to the subalpine zone, and 14 species in the
middle mountain zone itself. According to the ecological group analysis, all studied species of the
Salicaceae family were identified as mesophytes.
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Abstract. Presents information about the botanical characteristics of rosemary, the regions and
species of rosemary found in Azerbaijan, its chemical composition, fields of application, medicinal
and therapeutic properties, as well as the preparation of its oil. The conducted research has revealed
that there are two species of the genus Rosmarinus in nature: 1. Rosmarinus officinalis and
Rosmarinus eriocalyx. In the flora of Nakhchivan Autonomous Republic, the species Rosmarinus
officinalis is found, while Rosmarinus eriocalyx is encountered in the Mediterranean region. Based
on literature data and our research, species belonging to this genus are used in medical, ecological,
decorative, and cosmetic fields.

Annomayus. TpencrasieHa uHpOpMAIKs 0 OOTAHHIECKHX XapPaKTCPUCTHKAX PO3MapHHA, 00
apeajsie pacrmpoCTpaHEHWs U BHAaX pO3MapuHa, BCTpeUarOmMxcs B AsepOaiimkane, ero
XMMHYECKOM COCTaBe, O0JIACTAX NPUMEHEHHUS, a TaKXKe O €ro Je4eOHBIX M TEpareBTHYCCKUX
CBOMCTBaX W crocobax MPUTrOTOBICHUs Macia. [IpoBen€HHbIC HCCACIOBaHMs IMOKA3ajiM, YTO B
NpUpoJie CYIIECTBYIOT JBa Buaa poaa Rosmarinus: Rosmarinus officinalis 1 Rosmarinus eriocalyx.
Bo ¢uope HaxuueBanckoit ABToHOMHO# PecnyOnmuku BcTpewaercst Bun Rosmarinus officinalis,
toraa kak Rosmarinus eriocalyx pacmnpoctpanén B CpeauszemHOMOpcKoM pernoHe. CoryiacHo
JUTEPATYPHBIM JAaHHBIM U PE3yJIbTaTaM HAIUX HCCIIEAOBAHUMN, BUIBI 3TOTO POa UCIIONb3YIOTCS B
MEIUIIUHCKOMN, SKOJIOTHYECKON, IEKOPATUBHOM U KOCMETHYECKOil cdepax.

Keywords: Rosemary, culinary, medicinal, cosmetic, aromatherapy, species, genus.
Knrouesvie cnosa: pPO3MapHuH, KyJInHapua, MCAULIMHA, KOCMCTUKA, apoMaTepanusi, BUAbIL, POAI.

Rosemary is one of the medicinal plants that has been used since ancient times in the
treatment of various diseases. The name "rosemary" is derived from the Latin words ros (dew) and
marinus (sea). Rosemary, also known as Rosmarinus officinalis, is a perennial shrub belonging to
the Lamiaceae (mint or labiates) family and is currently classified under the species Salvia
rosmarinus. Initially, rosemary was categorized under the genus Rosmarinus; however, recent
studies have reclassified it as a species within the Salvia genus. This plant is believed to have
originated from the southern coasts of the Mediterranean and is now cultivated as an aromatic plant
in various parts of the world [2].

Rosemary has significant value and a wide range of applications in different fields,
particularly in culinary, medicinal, cosmetic, and aromatherapy practices [6]. Due to its high
content of bioactive compounds, vitamins (B, C, D, E, K), and minerals, rosemary is used not only
as a flavoring agent but also in the treatment of various diseases. In recent years, this plant has
increasingly attracted attention in Azerbaijan as a therapeutic remedy [1].
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Discussion and conclusions of the study

Botanical Characteristics — Rosemary is a perennial, evergreen, densely branched shrub that
can grow to a height of 1.5 to 2 meters. It has tough leaves that are 1.5-3.5 cm long and 0.2-0.4 cm
wide, arranged oppositely, sessile, with a leathery surface and downward-curved margins. The
leaves are simple in structure, densely covered with fine hairs on the underside, giving a grayish
appearance, while the upper surface is shiny and dark green with a characteristic aromatic scent.
The plant produces small flowers, typically white, pale, or deep violet in color, arranged in small
racemose inflorescences. The flower color can vary depending on the species and environmental
conditions. Rosemary blooms throughout the year. It has both perennial and annual shoots: the
perennial shoots are dark gray, while the annual ones are light gray and hairy. The plant develops a
strong root system and produces small brown seeds. It can be propagated by various methods,
including seeds, cuttings, and division [7]. The aromatic compounds in the plant contribute to its
distinctive fragrance. The most valuable among these are 1,8-cineole, camphor, and rosemary
turpentine [4]. One of the main components responsible for the plant's therapeutic effects is its
chemical composition [2].

Ecology — Rosemary thrives in sunny environments and does not favor sandy soils. It grows
best in soils with a pH between 6 and 7. The plant is light-demanding, drought- and salt-tolerant,
and has low soil nutrient requirements. It does not tolerate excessive moisture [7].

Figure. Rosmarinus officinalis L.

Distribution and Varieties of Rosemary in Azerbaijan, rosemary is more commonly found in
subtropical regions and areas close to the Mediterranean climate zone. It is particularly widespread
in the southern regions, especially in Absheron, Ganja, Gabala, Lankaran, and Astara under natural
conditions. The climatic conditions in Azerbaijan also support the healthy development and
cultivation of this plant. As such, rosemary is cultivated in areas such as the Absheron Peninsula
and the Ganja-Gazakh region. The main species of this plant found in Azerbaijan is Rosmarinus
officinalis, which is the predominant variety cultivated and naturally occurring in the country [1].

Chemical Composition :The medicinal effects of rosemary are primarily attributed to its
abundance of biologically active compounds. In particular, rosemary contains essential oils,
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flavonoids, terpenoids, and phenolic compounds. Its chemical composition includes the following
key substances:

Rosemary contains a high concentration of essential oils. One of the most significant of these
is 1,8-cineole (also known as eucalyptol), which possesses both antibacterial and anti-inflammatory
properties [3]. This compound is responsible for rosemary’s beneficial effects on the respiratory
system, easing breathing and alleviating symptoms of colds [6].

Another important compound in rosemary's chemical profile is camphor, which is primarily
known for its analgesic and soothing effects [5]. Camphor not only helps relieve headaches and
muscle pain but also has a calming effect on the nervous system.

The Importance and Uses of Rosemary :One of the key compounds responsible for the
distinctive aroma and therapeutic effects of rosemary is rosmarinic turpentine. This compound not
only improves blood circulation but also enhances metabolic activity [3].

The flavonoids present in rosemary primarily possess antioxidant properties. These
compounds strengthen the body’s defense against free radicals, slow down the aging process, and
most importantly, offer protective effects against cancer [4].

Rosemary also contains numerous phenolic compounds, which further contribute to its anti-
inflammatory and antimicrobial properties. Rosemary is a versatile plant used for various purposes,
especially in culinary practices. It is a significant component of Mediterranean cuisine and is widely
used in the preparation of meat, fish, and vegetable dishes [6].

In Azerbaijan, particularly in the Lankaran and Astara regions, the fresh and dried leaves of
rosemary are used as a spice in cooking [1].

In addition, rosemary tea is highly popular. Such tea not only improves mood but also
provides numerous benefits to the digestive system [2].

Historically, rosemary has been recognized for its medicinal and healing properties and has
been used as a remedy for various ailments. Due to its analgesic, anti-inflammatory, and
antimicrobial effects, it has found application in the treatment of multiple diseases [3].

Rosemary improves blood circulation and also contributes to the regulation of metabolism
[4].

In Azerbaijani folk medicine, rosemary has long been used for the treatment of headaches,
colds, and digestive disorders [1].

Additionally, rosemary-based preparations help relieve headaches and reduce mental fatigue
[6].

Overall, due to its wide range of medicinal benefits, rosemary is commonly used in traditional
medicine across the southern and subtropical regions of Azerbaijan.

Rosemary oil is also highly valued in folk medicine. It is used in the treatment of headaches,
neurological disorders, and migraines. The oil has a calming effect on the nervous system and helps
reduce pain. In Azerbaijan, rosemary tea is commonly used as a traditional remedy for alleviating
headaches [1]. Moreover, rosemary is effective in relieving anxiety, stress, depression, and mental
fatigue [6].

As noted above, rosemary regulates both the digestive system and blood circulation. It also
has a protective effect against food poisoning. Furthermore, rosemary facilitates the digestion of
nutrients and helps regulate bowel movements [2]. In several villages in Azerbaijan, rosemary tea is
widely used in the treatment of digestive problems.

The Therapeutic Applications and Health Benefits of Rosemary :Rosemary is also used in the
treatment of common colds and respiratory diseases. It is applied to relieve symptoms of colds by
helping to clear the respiratory tract. The essential oils contained in rosemary possess properties that
facilitate breathing and help suppress coughing [4].
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In traditional medicine, rosemary is either consumed as a tea or applied topically through
massage using rosemary oil.

In addition, rosemary helps to alleviate pain and is used in the treatment of various infections.
In Azerbaijan, it is known as a natural remedy in the treatment of fever and inflammatory
conditions [1]. Rosemary oil is also widely used in the fields of aromatherapy and cosmetics. It not
only helps prevent hair loss but also has a revitalizing effect on the scalp [6]. In Azerbaijan,
rosemary oil is commonly used in the production of aromatherapy and skincare products [1]. In
aromatherapy, rosemary oil is applied to reduce stress and elevate mood [5].The numerous health
benefits and therapeutic properties of the rosemary plant have been the subject of scientific
investigation for many years. Various studies have confirmed the positive effects of rosemary on
human health.Rosemary also has a positive impact on memory and cognitive functions. It has been
shown to enhance memory and stimulate brain activity. Research has demonstrated that rosemary
oil, when used in aromatherapy, improves both memory and concentration [3]. It is suggested that
rosemary oil influences neurotransmitter activity in the brain, thereby supporting memory
enhancement [1].The Role of Rosemary in the Prevention and Treatment of Chronic Diseases.

The use of the rosemary plant is considered appropriate in the fight against chronic diseases.
Its antioxidant properties significantly enhance its importance in the prevention and management of
such conditions. For example, extracts derived from rosemary have been shown to help prevent the
development of cardiovascular diseases and regulate blood glucose levels [2]. Rosemary has
demonstrated effective results in the treatment of both diabetes and hypertension [6].

In Azerbaijan, the use of natural medications containing rosemary may contribute to the
prevention of these types of chronic illnesses [1].

In cases of skin rashes, itching, and diathesis, rosemary infusions are prepared and applied in
the form of compresses. Additionally, this type of infusion is used to massage the head, neck, hair
roots, and the area behind the ears for relieving headaches. For over fifteen centuries, this plant has
been used in traditional medicine for the treatment of various ailments. Studies have shown that
individuals who consume rosemary tea every two to three days are significantly less likely to
develop conditions such as sclerosis and Alzheimer’s disease. Moreover, rosemary tea is beneficial
for individuals seeking to lose weight. Unlike many other weight loss products, rosemary has a mild
laxative effect, helping to relieve bloating and constipation, increase intestinal motility, and reduce
appetite (https://fizulihuseynov.com).

Cultivation, Preparation, and Cautionary Use of Rosemary: this plant can be easily cultivated
in household gardens or in pots. To prepare rosemary oil, freshly harvested rosemary should be
gathered and dried in a shaded area. Once dried, it is placed in a jar, covered with olive oil, sealed,
and stored in a warm room for 10 days. Alternatively, rosemary can be packed tightly into a
sealable jar and covered completely with unrefined olive oil. The jar is then placed in an oven at
50°C for 4-5 hours.

The resulting oil extract is used as a massage oil due to its analgesic properties, particularly
for myositis (muscle pain), rheumatism, and joint pain. This oil is also applied topically for the
treatment of skin rashes, acne, and pimples [7].

Gargling with a rosemary infusion or chewing fresh rosemary leaves helps eliminate bad
breath. If the Helicobacter pylori bacterium is detected in cases of gastrointestinal ulcers,
consuming rosemary tea may be highly beneficial.

Some individuals suffer from indigestion or feel that food remains in the stomach for
prolonged periods. In such cases, equal parts of rosemary and elecampane root (Inula helenium) can
be mixed and brewed into a tea. Drinking this tea has shown positive effects, including diuretic
properties that aid in relieving kidney pain, colds, and edema when consumed three times daily.
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However, there are certain contraindications to rosemary use. It is not recommended during
pregnancy or breastfeeding (https://fizulihuseynov.com).

To prepare rosemary tea, add 1 teaspoon of dried rosemary to 200-250 ml of boiled water,
and let it steep for 5 minutes. Optionally, lemon or honey can be added to enhance flavor
(https://saglamgidalan.net). It is generally safe to consume one to three cups of rosemary tea per
day. However, it is advisable to start with small amounts and consult a healthcare provider, as
rosemary may interact with certain medications and, if consumed in excessive doses, can lead to
serious side effects [8].

Rosemary (Rosmarinus officinalis) is a valuable plant with wide-ranging applications not only
in the field of culinary arts, but also in medicine, cosmetics, and aromatherapy. Its therapeutic
properties and health benefits have been recognized and utilized by various cultures since ancient
times. In Azerbaijan, rosemary grows naturally in the southern regions, and its cultivation is
increasingly expanding in these areas. Moreover, rosemary is widely used in the cosmetic and
aromatherapy industries, and its popularity continues to grow due to its beneficial effects and
versatility.
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PHYTOCOENOSIS INVOLVING REPRESENTATIVES OF THE Brassicaceae Burnett.
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®UTOLEHO3bI C YYACTUEM MPEJCTABUTEJIEN CEMENCTBA
Brassicaceae Burnett. B BECEHHEMN ®JIOPE PABHUHHBIX PAMOHOB
HAXYBIBAHCKOM ABTOHOMHOM PECITYBJIUKHA
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Annomayus. PaccmatpuBaeTcsi yyacTue mpejacTaBuTeneil cemeiictBa Brassicaceae Burnett. B
BeceHHEH (prope paBHMHHBIX paiioHOB HaxwmueBanckoii ABToHOMHOW PecnyOimkm Ha mpumepe
noporu, Beaymieil B Jxynbhunckuit paitod. B uccienoBanun npuBoauTcs nHGOpMalus o BUIAX,
otHocsmuxcs K pogam Arabidopsis (DC.) Heynh. u Camelina Crantz u3 ganHoro cemeiictBa. B
YJaCTHOCTH, BJI0JIb Joporu Ha JIKyiabdy Obutk BeisiBiIeHb! BUabl Arabidopsis thaliana (L.) Heynh. u
Camelina sativa (L.) Crantz. JlanHbie o ¢uroneHo3e, CPOPMUPOBAHHOM ITUMH BHIAMHU, M €TI0
BHJIOBOM COCTaB€ MPEJCTABIEHbI. B HCClIeI0BaHNN pacCMAaTPUBAKOTCS CEMEUCTBO, PO, )KU3HEHHAs
dbopMa u 3KoNoruYecKas rpyrmna BUAoB, GOpMUPYIOMIUX PUTOLEHO3.

Abstract. Discusses the participation of representatives of the Brassicaceae Burnett. family in
the spring flora of the lowland areas of the Nakhchivan Autonomous Republic, using the road
leading to the Julfa district as an example. The study provides information on species belonging to
the genera Arabidopsis (DC.) Heynh. and Camelina Crantz within this family. Specifically, the
species Arabidopsis thaliana (L.) Heynh. and Camelina sativa (L.) Crantz were identified along the
road to Julfa. Data on the phytocoenosis formed by these species and its species composition are
presented in tabular form. The study investigates the family, genus, life form, and ecological group
of the species forming the phytocoenosis.

Knioueswie cnosa: Brassicaceae Burnett., cemeiicTBo, pos, B, PUTOIIEHO3, BECEHHSS (Itopa.
Keywords: Brassicaceae Burnett., family, genus, species, phytocoenosis, spring flora.

Julfa, one of the administrative districts of the Nakhchivan Autonomous Republic, is located
on the left bank of the Araz River, to the east of the city. The district borders Armenia to the
northeast, the Islamic Republic of Iran to the south, Babek to the west, Shahbuz to the northwest,
and Ordubad to the east [7].

The territory of Julfa district is situated at an elevation of 1290 meters above sea level. Most
of the area lies within a mountainous zone and, based on its relief characteristics, is divided into
foothill, low-mountain, mid-mountain, and high-mountain zones. Along the road from the city of
Nakhchivan to Julfa, the massive dome-shaped formations of the Julfa Mountains are visible. The
predominant soil types include mountain-meadow, mountain-forest, mountain-chestnut, brown,
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gray, and meadow-gray soils. Vegetation types such as mountain-steppe, forest plants, subalpine
and alpine meadows are widespread in the region [1, 2].

Along the roads leading to Julfa, representatives of the Brassicaceae Burnett. family are also
present among the plant species forming the spring flora. During the field studies, we investigated a
phytocoenosis involving species from the genera Arabidopsis (DC.) Heynh. and Camelina Crantz
within this family. In the flora of the Nakhchivan Autonomous Republic, three species of the genus
Arabidopsis (DC.) Heynh. are present: Arabidopsis parvula (Schrenk) O.E. Schulz, Arabidopsis
pumila (Steph.) N. Busch, and Arabidopsis Thaliana (L.) Heynh. Similarly, three species of the
genus Camelina Crantz are distributed: Camelina laxa C.A. Mey., Camelina rumelica Velen. (syn.
Camelina albiflora (Boiss.) N. Busch), and Camelina sativa (L.) Crantz [5, 6].

During the studies, a phytocoenosis involving Arabidopsis Thaliana (L.) Heynh. and
Camelina sativa (L.) Crantz species was encountered in the lowland areas. The coordinates of the
study area were determined using GPS:

39°421.90648" N, 45°3428.10388" E, 926 m a.s.l.

39°4'49.73952" N, 45°33'56.19276" E, 926 m a.s.l.

In the phytocoenosis involving the aforementioned species, other representatives of the family
also participate, as expected. Data on the species composition of this phytocoenosis are presented in
the Table below.

Table
SPECIES COMPOSITION OF THE PHYTOCOENOSIS INVOLVING Arabidopsis Thaliana (L.) Heynh.
and Camelina sativa (L.) CRANTZ ALONG THE ROAD LEADING TO JULFA

Familia Genus Species Life form Ecological
group
Poaceae Barnhart Avena L. Avena fatua L. Annual Mesophytes
Aegilops L. Aegilops Tauschii Coss. Annual or Mesophytes
biennial
Lythraceae J.St.-Hil. Lythrum L. Lythrum hyssopifolia L. Annual Hydromesophyte
Boraginaceae Juss. Echium L. Echium vulgare L. Biennial Mesophytes
Buglossoides Buglossoides  arvensis  (L.) Annual Mesophytes
Moench Johnst.
Caryophyllaceae Juss. ArenariaL.  Arenaria serpyllifolia L. Annual Xerophytes
Euphorbiaceae Juss. Euphorbia L. Euphorbia helioscopia L. Annual Mesophytes
Asteraceae Bercht. &  Cirsium Hill  Cirsium vulgare (Savi) Ten. Biennial Xerophytes
J. Presl Bellis L. Bellis perennis L. Perennial Mesophytes
Artemisia L.  Artemisia vulgaris L. Perennial Mesoxerophytes
Senecio L. Senecio vernalis Waldst. & Kit.  Annual Xeromesophytes
S. racemosus (Bieb.) DC. Perennial Mesophytes
S. Lipskyi Lomak. Perennial Xerophytes
Bidens L. Bidens, tripartita L. Annual Hydrophyte
Matricaria Matricaria recutita L. Annual Mesophytes
L.
Anthemis L.  Anthemis cretica L. Perennial Mesoxerophytes
Cirsium Hill ~ Cisrium arvense (L.) Scop. Perennial Mesophytes
Ambrosia L.  Ambrosia confertiflora DC. Perennial Xerophytes
Apiaceae Lindl. Daucus L. Daucus carota L. Biennial Mesophytes
Pseudorlaya  Pseudorlaya pumila (L.) Grande Annual Xerophytes
Maire (syn. Daucus pumilus (L.)
Hoffm. & Link)
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Familia Genus Species Life form Ecological
group
Geraniaceae Juss. Erodium Erodium cicutarium (L.) L’Her.  Annual Xeromezophytes
L’Her.
Convolvulaceae Juss.  Convolvulus  Convolvulus arvensis L. Perennial Xerophytes
L.
Amaryllidaceae J.St.- Allium L. Allium schoenoprasum L. Perennial Xerophytes
Hil.
Fabaceae Lindl. Medicago L.  Medicago littoralis Lois. Annual Xerophytes
Tylosema Tylosema esculentum (Burch.) Perennial Xerophytes
(Schweinf.)  A. Schreib.
Torre &
Hillc.
Hedysarum Hedysarum caucasicum Bieb. Perennial Mesophytes
L.
Papaveraceae Juss. Papaver L. Papaver rhoeas L. Annual Xeromesophytes
Polygonaceae Juss. Rumex L. Rumex crispus L. Perennial Mesophytes
Zygophyllaceae R.Br.  Tribulus L. Tribulus terrestris L. Annual Xerophytes

According to the data presented in the table, the phytocoenosis involving Arabidopsis
Thaliana (L.) Heynh. and Camelina sativa (L.) Crantz along the road leading to Julfa includes 13
annual species (44.82%), 12 perennial species (41.37%), 3 biennial species (10.34%), and one
species with an annual or biennial life form (3.44%). Among these, annual plants dominate and hold
a leading position. Among the families forming the phytocoenosis, Asteraceae Bercht. & J. Presl
has the highest number of species, with 11 species (37.93%). There are also significant
representatives among the species that make up the phytocoenosis [3, 4].

Camelina sativa (L.) Crantz (The The phytocenosis involving the species Arabidopsis
road leading to Julfa district, 05.04.2025)  Thaliana (L.) Heynh. and Camelina sativa (L.) Crantz (The
road leading to Julfa district, 05.04.2025)
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Aunomayus.  BplsBIeHbl — penukToBble  nAepeBbs M KycrapHuku Il mepuona,
pacnpocTpaHeHHbBIE B JIECHBIX IKOocHcTeMax ['axckoro paiioHa AzepOaiikaHa, KJIacCUPHUIIMPOBAHBI
10 T€OJIOTMUECKUM TEepHoiaM U NMPHUCBOEH CTaTyc peikux BUAOB. [1o pesynpraTaM aHain3oB Taxus
baccata L., Hedera passuchovii Woronow u Smilax excelsa L. Bxoast B coctaB peiukToB (Gaopsl
ITonraBpl. B wucciienoBaHHBIX JIECHBIX DKOCHCTEMAxX pacHpOCTPAHEHO S5 PEIHUKTOBBIX BHJIOB
JIEPEBbEB M KYCTAPHHUKOB, OTHOCAIIMXCA K S5 ceMeilcTBaM H S5 pojaM, BXOJAIIUX B
cyOTponuueckyro, BeuyHo3eneHyto [lonraBckyio ¢uopy (Me30TE€pMHBIE PEIMKTHl BIUIOTH J0
apktuueckoit duopsr III meprona). 3a uckarouerHnem Smilax excelsa L., emie 4 Buga BKIIOYCHBI B
«KpacHyro kuury AsepOaiimxanckoit Pecryommkm». Taxus baccata L. m Punica granatum L.
3aHeceHbl B KpacHyr0 KHUTY Kak «ys3BHUMbIE K Mcue3HOBeHHIO» (cTaTychl VU A2c¢+3c) Kak peakue
pacrenusi, Hedera pastuchovii Woronow u Buabsr Diospyros lotus L. BkiTro4eHbI B pO30BBIi CITHCOK.
B necax T'axckoro paiioHa IIMPOKO pacHpOCTPAHEHBI PEIUKTOBBIE JEPEBbS M KYCTapHUKHU
mucronagHoi Typraiickoil ¢uiopsl (Me30TepMUUECKUEe PEUKThI apkTudeckoit ¢iops! 111 nepuona),
HaCYUTHIBaKOIIME 26 BHIOB, OTHOCAIUXCS K 13 cemetrictBam u 20 pomam. M3 nux Pinus kociana

Klotzsh ex. K. Kox. «Ilourn moxm yrposoii wmcuesnoBenusi» — NT, Castanea sativa Hill.
«Ysa3Bumblii Kk BbimMupanuo» - VU A2c+3cd., Staphylea colchica Stev. «Haxonpsmmecs B
kputnueckom coctrosiaun» - CR B2b (I, I, 1), Vitis vinifera L. (V. sylvestris C. C. Gmel.)

«Haxopsmuecs B MEHbIIEH CTENEHU IOJ YTPO30M MCUE3HOBEHUSD» - 3aHECeHbl B KpacHyr KHUTY
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Aszepbaiipkanckoil PecryOnmku, kak penkue pactenus co crarycom LC, Philadelphus caucasicus
Koehne., Pterocarya pterocarpa Kunth. ex. iljinsk. u Corylus colurna L. BkmoueHsl B po30BbIit
crucok. Beero Ha uccieayemMoil TeppUTOpUr pactpocTpaHeHo 31 peMKTOBBIA BU, OTHOCSAIIMICS
K 25 ponam u 18 cemeiicTBam, U3 KOTOpbIX 6 BUIOB 3aHeceHbl B KpacHyto KHUTY, a 5 BUJIOB — B
Po3soayto.

Abstract. Relict trees and shrubs of the Ill period, widespread in forest ecosystems of the
Gakh region of Azerbaijan, were identified, classified by geological periods and assigned the status
of rare species. According to the results of the analysis, Taxus baccata L., Hedera passuchovii
Woronow and Smilax excelsa L. are included in the relicts of the Poltava flora. In the studied forest
ecosystems, 5 relict species of trees and shrubs are widespread, belonging to 5 families and 5
genera, included in the subtropical, evergreen Poltava flora (mesothermal relics up to the arctic flora
of the 111 period). With the exception of Smilax excelsa L., 4 more species are included in the "Red
Book of the Republic of Azerbaijan". Taxus baccata L. and Punica granatum L. are listed in the
Red Book as "vulnerable to extinction™ (statuses VU A2c+3c) as rare plants, Hedera pastuchovii
Woronow and species of Diospyros lotus L. are included in the Pink List. In the forests of the Gakh
district, relict trees and shrubs of the deciduous Turgai flora (mesothermal relics of the Arctic flora
of the 111 period) are widespread, numbering 26 species belonging to 13 families and 20 genera. Of
these, Pinus kociana Klotzsh ex. K. Koch. "Almost threatened with extinction” - NT, Castanea
sativa Hill. "Vulnerable to extinction” - VU AZ2c+3cd., Staphylea colchica Stev. "Critically
endangered" - CR B2b (I, 11, II), Vitis vinifera L. (V. sylvestris C. C. Gmel.) "Less threatened" -
listed in the Red Book of the Republic of Azerbaijan as rare plants with the LC status, Philadelphus
caucasicus Koehne., Pterocarya pterocarpa Kunth. ex. iljinsk. and Corylus colurna L. are included
in the pink list. In total, 31 relict species belonging to 25 genera and 18 families are widespread in
the study area, of which 6 species are listed in the Red Book, and 5 species are in the Pink Book.

Knrwouegvie cnosa: I'ax, bonpmoint KaBka3, penMKTOBBIM BUA, apeay, peakui, Typraickas
¢nopa, [Tonrasckas duopa, nenapodiopa, nec, KpacHas kaura.

Keywords: Gakh, Greater Caucasus, relict species, habitat, rare, Turgai flora, Poltava flora,
dendroflora, forest, Red Book.

B ncropuyeckue reojgornyeckie nepuosl U3MEHEHUs 3eMHOM Kophl, atmoceps! u ConHia,
a Tak)Ke FeHeTUYECKUEe CIIBUTH, NPUBOJAIIME K YHAAKY, CHITpAIM BaXHYIO pOJib B JIerpajallii U
BbIMHpaHuu BUA0B. Hanpumep, 65 MUIIIMOHOB JIET Ha3ajl, B KOHIIE MEJIOBOTO MEPHOJa, Ha 3eMITIO
ylajau KpYyIHbIE METEOPUTHI, YTO IPHUBEIO K MACCOBOMY BBIMUPAHHMIO HECKOJIBKUX BUIOB [34].
Beimepiine Buabl ObUIM 3aMEHEHbI B HPUPOJE, U TOSBIEHHE HOBBIX BHJOB M 3KOCHCTEM
npojookaerca. B Hamie Bpemsi, Hapsily ¢ IPHUPOJHBIMH IpoliecCaMd M HW3MEHEHHEM KJMmara,
CYLIECTBEHHBIM (PaKTOPOM CTaJl0 HEraTMBHOE BO3/ECHCTBHE YEJIOBEKAa Ha OKPYKAIOLIYIO Cpeay U
atMocdepy. B pe3yibrare 4MCIEHHOCTh psja BUAOB pacTEHUIl COKpaTHIAch, MX CYIIECTBOBAHHE
HaXOJUTCs MOJ Yrpo30oi Mcye3HOBeHMs. HeraTmBHOE BIMSHHE aHTPOIOI€HHOTO BO3ACHCTBHS Ha
BU/IbI BO MHOTOM SIBJIIETCSI HEOOPATUMBIM MPOIIECCOM.

Pacrenus, nogoOHO TOMy, Kak M3MEHEHHME KJIMMaTa U APyrue MPUPOIHbIC SIBJICHUS BIMSIIOT
Ha HUX, TaK)X€ HETaTHBHO PEarupyroT Ha KIMMAT U OKa3bIBAIOT MPOTUBOMOJIOXKHBIN 3ddext [29,
31].

I'mobGanbHOE MOTemIeHne U U3MEHEHNe KiMMaTa MpUBEAYT K MUTPAllUd pacTeHUi Ha Ooiee
BBICOKHE BBICOTHI U HIMPOTHI, YTO MPHUBEAET K U3MEHEHHUIO pacIpe/ieIeHHs] BUJIOB U MOMYJISIIHM, a
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Takxke K (pparmeHTanuu cpensl ooutanus [32].

B xoze ecTecTBEHHBIX MPOIIECCOB apealibl PEIUKTOBBIX BUOB ObUIH ()parMEeHTUPOBAHBI, OHU
CTaJli pa3pO3HEHHBIMU BHJAAMU B reorpaduueckyd pa3HbIX U OTAAJCHHBIX pailoHaX, a OTJEJbHbIE
0cOO0M BHYTPU MOMYNIALHMH CTAIM PEIKUMH, HAXOISIIMMHUCA TOJ Yrpo30d BBIMUPAHUS WU
MCYE3HOBEHHA. B 3TOl cuTyanuu oHu cranmu Oosiee ysI3BUMBIMH K HETaTUBHOMY BO3/EHCTBHIO
NESTEIbHOCTH 4esloBeka. [lo3TomMy CBsI3b PENUMKBUI C aHTPOIOT€HHBIMM, HKOJIOIMUECKUMU
dbakTopaMu M HU3MEHEHHEM KJIMMaTa, a TakKe€ HMX COBPEMEHHOE COCTOSHHUE ClIeJyeT H3y4yaTh
coBMecTHO. Ocoboe BHMMaHME CIEAYEeT YIENUTh €ro 3aluTe. TepMHUH «PEUKT» BIIEPBbIE OBLI
BBEJICH B Hay4yHyI0 JuTeparypy B 1875 r Hemernkum reorpadom u antporosorom Ockapom
®epnunanaom [lemenem [28].

PenukToBbie pacTeHUsI C pa3HbIX CTOPOH U3ydaluch psaoM uccienonateneid. C. B. CakcoHoB
U Jp., aHAIM3UPYs UCCIENOBaHMs, TMpoBeAeHHble B [loBomkbe, NPUIUIM K BBIBOAY O
1[E1ecCO00Pa3HOCTH HW3YYCHHS DKOJIOrO-Teorpa@uyeckux H OHMOIKOIOTHYECKUX OCOOCHHOCTEH
OTICNbHBIX PEIUKTOBBIX BUIOB B KOMIUIEKCE C MCTOPUYECKUM (OpMHUpPOBaHHUEM (IIOPHI JaHHOM
MecTHOCTH [23].

b. b. Ham3anoB u apyrue uzydanu pelUKTOBBIE SIBICHUSA B CTPYKTYpPE TOPHO-IECOCTEITHOTO
komnoHeHTa FOxnoit Cubupu. 31ech B TOPHBIX a3MATCKUX 3JEMEHTaX IIMPOKO PaCIpOCTPAHEHBI
npejcTaBuTeNid OopeanbHOM (uiopsl ApeBHero Cpenn3eMbsi MEIKOJIUCTHAs XKUMOJOCTh Lonicera
microphylla Willd. ex Schult., Cotoneaster megalocarpus Popov, Spiraea hypericifolia L.,
Juniperus sabina L. u npyrue peauktoBbie BUbI [21].

Tomamesuu A. C. uccienoBan OuodKoIOrnyeckre ocodbeHnoctu psga Bumos (Magnolia
grandiflora, Citrus reticulate, Punica granatum, Buxus colchica, Ficus carica, Pinus brutia,
Cupressus sempervirens 1 T.1.), B OCHOBHOM pPeIUKTOBBIX, B Coun u Cyxymu Ha YepHOMOpPCKOM
nobepexxbe KaBkaza u AOGXa3uu U OTMETWJ, YTO PAacTEHUS KYyJIbTYPHOW U TUKOpacTyiiend (ropbl
UMEIOT CXOJHbIe OMOIKOIOTHUECKHUE XapaKTEPUCTUKU U PUCIIOCOOJICHBI K YCIOBHUSIM CYyOTPOITUKOB
[26].

[Tnamen I'noros moka3zai, 4to B peiaukToBoi ¢uiope JlozeHnckoit roper B Coduiickoii odnactu
bonrapun pacnpoctpaneH 61 penuKTOBBIN BUA, OTHOCAIMINCA K 48 ponam u 35 cemeiicTBam. D10
cocraBiseT 7,4% (823 Buna) dmopsr Jlozenckoit odnactu u 17,6% (347 BUAOB) pEIUKTOBBIX BHJIOB
¢dbnoper bonrrapum [33].

Xyppam llax3an u apyrue usydajiu 3BOJIIOLMOHHYIO UCTOPHUIO MCYE3AIOIINX U PEMKTOBBIX
BUJIOB JIEPEBBEB, MOCTPAAABIIMX OT TIEOJOTMUECKMX W KIMMATHYECKUX COOBITH, Ha Mpumepe
Dipteronia sinensis B ropax Iuubaua B LlenTpambHom Kurae w mpuieraronmx paidoHax
Bocrounoii Asun. MccnenoBanne mokasano, 4To IBe reHeTnyeckue auauu D.sinensis 8 BoctouHoi
A3MM ¥ Ha BOCTOYHBIX M 3allafHbIX CKJIOHAX rop L{MHBIMH 3HAYUTENIBHO PACILIUPUIIN CBOU apealibl
MOCJI€ IIIEHCTOLEHOBOTO JIETHUKOBOrO niepuoza [36].

I'opsl Huubnun B Kurtae cumrarorcs OAHMM M3 BaKHEMIIMX o4yaroB OMOpa3HOOOpas3us B
Bocrounoii A3un. 3aeck npouspacraer 6osee 337 BUIOB PACTCHHM, HAXOMSIIUXCS TOJ yTrPO30M
HCYE3HOBEHHS, OOJIBIIMHCTBO U3 KOTOPBIX SBIISIIOTCS penukTamu [38].

Tan Y. K., Manyn T., Oxamm X. ¥ ap. U3y4daJd BbISABIEHHE JOJITOCPOYHBIX CTAOMIBHBIX
MECTOOOMTAHUI PENUKTOBBIX BUJIOB pacTeHHi B Bocrounoii A3zuu. MccnenoBanus npoBOIMINCH HA
133 penuxToBbIX poaax. M3 Hux 98% — npeBecHble, 2% — TpaBsiHUCTBIE, 93 pona SBISIOTCA
sHaemMukamu BoctouHoil A3um, a eme 40 posoB UMEIOT pa3o0IIeHHOE PaCHpPOCTPaHEHUE MEXIY
Bocrounoii Asueil u apyrumu 4vactaMu cBera. OHM IpUIIIM K BbBOXy, uTto K 2070 T
MOTEHIMAJIBHO MPHUTOJIHbIE PalfOHBI C BBICOKUM COJIEPKAHUEM PEIIMKTOBBIX BUIOB COKPATATCS, a
paiionbl Ha roro-zamaae Kurtas u ceBepe BbeTHama ocTaHyTCsl OJTOCPOYHBIMHM KIMMAaTHYECKH
cTabmibHBIMU yOekuamu [37].
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SAur [. u np. u3yyanu BIUSHUE W3MEHEHHUsS KIMMaTa Ha MOTEHIUAIBHOE Teorpaduieckoe
pacripocTpaHeHue penukToBoro Bujaa Pteroceltis tatarinowii B Kurtae. B coBpemeHHBIX
KJIMMAaTHYSCKUX YCIIOBHSIX MOTEHIMAIbHO OJaronpusATHBIA apean pacrpoctpanenus P. tatarinowii
3aHuMaeT miomans 180,84x104 KM B LEHTPAJIbHBIX U FOr0-BOCTOYHBIX pailoHax Kutas. [lnomanb
JOCTYITHOTO XWibsl yBenuuutces Ha 0,2-0,3% B nepuos ¢ 2050 r o 2070 r [39].

Maromanoa P. C. u ap. mpoaHalM3UpOBaIM PEIUKTOBBIE BHUIBI KCEPOPHUTHOH (ropsl
Poccutiickoii vactu KaBkaza u oTMeTniiv, 4To 3/1ech HacuuThiBaeTcs 80 penuKToBBIX BHIOB. Eme 8
BUJIOB C OTPaHUYEHHBIMH apeallaMd PacIpOCTPaHEHMsI ObUTU OTHECEHBI K TPETUYHBIM PEIUKTaM
(Pinus pallasiana, P. pityusa, Juniperus foetidissima, J. excelsa, J. isophyllos, J. polycarpos,
Ephedra equisetina, Celtis caucasica) [20].

Cadapos U. C. u OnucaeB B. A. nokazanu Hanuune B KaBkasckoit (hjiope pelmrMKTOBBIX BUIOB
Platanus orientalis L., Parrotia persica C.A.Mey., Punica granatum L., Juglans regia L., Buxus
sempervirens subsp. Hyrcana, Taxus baccata L., Castanea sativa Mill., Ficus carica L., Danae
Racemosa (L.) Moench., Zelkova carpinifolia (Pall) C.Koch., Quercus castaneifolia C.A.Mey. u
T.1. [25].

@nopa AsepOaiimkana Bkimoyaer 409 cyOSHIEMHUYHBIX BHUAOB BBICHIMX pPAaCTEHUH,
oTHocsmuxcs K 53 cemeiictBam u 193 pomam. U3 penukroBeix pacrenuit llex hiyrcana Pojark.,
Hedera passuchowii Woronow., Albizzia julibrissin Durazz., Alnus subcordata C.A.Mey.,
A.barbata C.A.Mey., Quercus castaneifolia C.A.Mey., Parrotia persica C.A.Mey., Fraxinus
coriariifolia Scheele., Pinus eldarica Medw. Buzb! siBIsIFOTCS CyOsHAEMHUKAaMU [5].

K. A. CappiroBa, I'. T. AcagoB u I'. C. ParumoB wu3y4aqu HHTPOAYKLHUIO HEKOTOPBIX
JOJITOXKUBYIIMX PEIMKTOBBIX BUIOB B ycioBusix Ammiepona (Parrotia persica C.A. Mey., Alnus
subcordata Mill., Populus tremula, Fagus orientalius L., Tilia begonifolia L., Leucaena
leucocephala (L.W.) u ap.) [22].

A. A. BaiipamoBa mokasana, 4TO Ha 0CO00 OXpaHSEMBIX TEPPUTOPUAX 3aMaHbIX PErHOHOB
Azepbaiimkana 21 Bup sBnsieTcs sHAeMuKaMu A3epOaiikana, 47 Bun — sHuemMukamu KaBkasa, a
54 Bux — penuxktamu. [lo MHeHUIO aBTOpa, PEIUKTBI pErMOHA MENATCS HAa TPU TPYIIIBL:
oTHocsAlMecs K (aope TpPeTHYHOro TMepHoja, JEAHUKOBOro mepuoja (mieicroneHa) u
MocJeNneIHuKOBOro (kceporepmudeckoro) mnepuona. B 60-70-e roabl apean ecTECTBEHHOTO
pacrpocTpaHeHHs TaKUX PETUKTOB, Kak Quercus macranthera, Acer frautvetteri, Betula pendula, B.
litvinovii, Ulmus glabra, Padus avium, Laurocerasus officinalis, 3HauntenbHO COKpaThics u3-3a
BJIMSIHUSL QHTPOTIOT€HHBIX (hakTopoB [11].

P. T. AGaueBa oTmedaeT, uyTO OOJBIIMHCTBO WHBAa3HBHBIX BHUIOB PACIPOCTPAHEHHI B
npurpanuuHbix ¢ Poccuelt um I'py3ueit OoTaHuMKO-reorpauueckux peruoHax, OTKyJa OHHU
NPOHUKAIOT B Jieca ¢ mpeoOiaJiaHkeM pelMKTOBBIX BUaoB Quercus iberica u Fagus orientalis B
Azepbaiixan. OHU TMOJABIAIOT LIEHHBIEC, PEIUKTOBBIE M PEJIKHE BUIbI JEPEBbEB U KYCTAPHUKOB
[35].

Atede T'opbananuzane u ['yceliH AxaHu M3y4yaldd BHIOBOE pa3zHOOOpasme, SHACMHUYHBIC U
pEeAKHe pacTeHUs JIECOB XHUPKH, OOraTbIMU pPEIMKTOBBIMHU 3JeMeHTaMH 3-ro nepuoga. CoriacHo
kputepusm [lUCN, 30 BUI0B HAXOAATCS MO/ YTPO30M BEIMUpPaHUs, 52 BUA HAXOIATCS TIOJ yrPpOo30it
ncue3HoBeHusi, 30 BUIOB SIBJISIOTCS YS3BUMBIMU U 81 BUJ HaXOIUTCS IMOJ HaWMEHBIIEH yrpo30it
ncye3HoBeHMsl. 30Ha ['MpKaHCKUX JIECOB SIBISETCA BaXXKHBIM M YHUKAJIBHBIM LIEHTPOM SHIEMHU3Ma B
EBpo-Cubupckom peruone. PacnpoctpaneHHbie B rupkaHckux jecax Parrotia persica (DC.) CA,.
Meii., Quercus castaneifolia C.A. Mey., Alnus subcordata C.A., Acer velutinum Boiss., Pyrus
boissieriana Buhse, Frangula grandifolia (Fisch. & C.A. Mey.) SBISIOTCS PEIUKTOBBIMHU
pactenusimu [30].
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Knaccudukanus u o0Imuil CiucoK peIuKTOB MO Me0JIOTMYECKUM MIEPUO01aM IPECTaBICHbI 110
nanabeM A. A. I'poccreiima [17], B. U. bapanosa [12] u A. H. Kpumrogosuua [19].

PacnpocTpanenune n3y4eHHbIX BUJIOB PACTEHUN HA TEPPUTOPUN UCCIEAOBAHUIN ONPENEIAIOCHh
HaIuMHU HaOJIIOICHUSIMH, a TaKkke ¢ ucrnoiab3oBanuem padbot K. C. Acamosa [4] u A. M. AckepoBa
[6].

Ha3zBanus poioB u BUJIOB JJaHbl 10 HHGOpManoHHOH cucteme D. M. ['ypbanosa [7] u World
Flora Online (https://www.worldfloraonline.org/). Kpacuas kuura Asepbaiimkanckoii PecryOnuku
[1] u tpyner T. C. MamenoB u nip. [9] Obuin UCHIOIB30BaHBI B KAYECTBE OCHOBBI ISl OPE/ICIICHUS
KpacHOTO CIIMCKA U CTaTyca U3y4aeMbIX PEAKUX PACTCHUM.

laxckuii paiioH A3epOaiipkaHa pacrojioKEH B CEBEpPO-3alaJHON YacCTH CTPAHBI, B FOKHBIX
npearopbsix bosbmoro Kaekaza, B gosuHe ['aHbix-Alipuydail U AJKUHOXYPCKOHM HU3MEHHOCTH,
3aHuMas iomanas 1493,8 km?. Beicota MecTtHOCTH mocturaeT npuMepHo 100 M Ha Geperax ozepa
AmxuHoxyp Ha tore u 3480 m Ha kpato KaBkasckoro xpebra Ha ceBepe. | OpHast 4acTh peruoHa,
ABIISIOIASACA YacThIO IOXKHOTO CKkioHa [maBHoro Kaskaszckoro xpe0Ta, uUMeeT KpyTol u
nepecedyeHHbId penbed. Cample BbicOKHMe BepmimHbl — AxBai (3481 M) u Daparas (3465 m).
AJKMHOYpCKast HU3MEHHOCTh BKIIto4aeT Jlanry3ckuid 1 XoIKalleHCKH XpeOThl U A JDKUHOYPCKYIO
paBauHy. Ha Teppuropun paitona oOHapyxeHbl oTioxkeHus: KOpckoro, Menosoro, HeorenoBoro u
AHTpOIOreHoBoro nepuojioB. FOxHas U IEeHTpalbHAs YacTH palloHa MMEIOT MPEUMYLIECTBEHHO
pPaBHUHHBIA peibed U CIOXKEHbl MeCYaHWKAMH KOHTHHEHTAJIBLHOTO MPOUCXOXKACHUS, MEeCKamH,
rnecyaHukamu, ramHamMu v wiamu HeorenoBoro m YerBeptuunoro mnepuonoB. Ilo Teppuropun
INaxckoro paiiona nporekarotr peku Kypmyk, Aiipuuail u ['anbix. [')paHnduuT Ha CEBEpO-BOCTOKE C
Pecniyonukoit Jlarectan, Ha 3amage — c PecrnyOmukoii ['py3usi, Ha ceBepe — ¢ 3arataibCKUM
paiioHom, Ha tore — c ropogoM llleku, Ha roro-zanage — ¢ Epnaxckum u CaMyXxCKuM pailoHaMH
[41].

PacTtuTenbHOCTH  TEppUTOPUU  OTHOCUTCS K  (prmopuctudeckum obnactsm  bonbiioro
KaBkasckoro 6oTtanuko-reorpaduueckoro paiiona Asepoaiipkana — bo3rupckoro miaro, Anazas-
Aiipuuaiickoii monuubl U 3anannoro boismoro Kaskaza (Pucynox).

Pucynok. Boranuko-reorpaduueckue paiionsl AsepOaiimkana: 1 - Bonbimoit Kapkas, 2 - Mabiid
Kagkas, 3 - Kypa-Apakc, 4 - Tanei, 5 - Haxasean; Tepputopus ucciaeaoBaHmii - A.

Knumar permona cyxoil cyOTponuueckuil B 105KHOM 4acTH, yMEPEHHO TEIUIbIH, MOTyBIaKHBIN
CyOTponmHuYecKuil B IIEHTPATBLHON YaCTH U XOJOIHBIN B BRICOKOTOPBsX. B monmune 'anux-Avpuyait
KJIUMAaT YMEPEHHO-TEIUIBIA C CyXOW 3WMOHM, B ADKHHOXype — KJIUMAT IMOJYMYCTHIHb U CYXOM
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CTEIH, B OTHOCUTEIIHO TOPHBIX pailoHaX — yMEPEHHO-TEIUIbIM C PaBHOMEPHBIM pacrpeieIeHueM
0CaJIKOB, B BEPXHEH rOPHOI YaCTH — KIMMAT XOJOAHBIA ¢ OOMIIBHBIMU OCAJIKaMH BO BCE CE30HBI, B
BEpXHEW TOPHOM 4YacTW — TOPHO-TYHAPOBBINM Tun kiuMarta. Cpennss TemrmepaTypa sHBaps
xonebnercs ot 2° C go 10° C, Toraa kak B Hrojie oHa coctabisieT 25° C Ha Hu3MeHHocTax U 10° C B
ropax. JIlnamazon temneparyp B ['axe ouens O6osbioii: or Mmunyc 40 rpajycoB Ha BEpIIMHAX TOp JI0
wioc 40 rpaxycoB BOMU3M 03epa AJLKMHOXYp. ['0710Boe KOIMUecTBO ocaakoB kosebsercs ot 300
MM Ha tore 10 1600 mMm Ha ceBepe [2].

I'. A. AnueB pazaenun moyBeHHbIM MOKpoB bosbmioro KaBkaza Ha 6 BEpTHKAJIbHBIX 30H:
CHEXKHYI0O WIM KaMEHHUCTYIO, aJbIIHICKYIO, CYOaJbIHMICKYI0, TOPHO-JIECHYIO, TOPHO-CTEIHYIO WU
MOJYIYCTBIHHYI0. B 3THX 30HaX BCTpPEYarOTCs pa3sIMiHbIC TUIIBI M OATUIBI To4B [11].

B TaxckoMm paiioHe pacnpocCTpaHEHBI CJIEIYIOIIME THUIIBI MOYB: «TOPHO-JIYTOBBIE MOYBBI»
(Beicota 1800-3500 M), «ropHo-necHbie mo4Bb» (400-2000 M), «Oypble TOPHO-JIECHBIC TOYBBI
(1100-2200 ™), «xamraHoBbie mouBb» (400-800 M), «ropubie yepHO3eMbl» (700-1500 Mm). Ha
PaBHUHHBIX TEPPUTOPUSAX, TIOJ TYraHbIMH JiecaMH 10 OeperamMm pek c(opMuUpoBaIHCh
AJTIOBUAJIBHBIE JIYTOBO-JIECHBIE U JIYTOBO-00JOTHBIE THIIBI TOYB. BeTpedaercss B jonuHe AjazaHb-
Aiipuyaii [3].

HauGonee pacrnpocTpaHeHHBIMU ITOpOAaMu B Jiecax AzepOaiimxkana sBistorcs Oyk (31,68%),
onbxa (26,01%) u ny6 (23,4%). B aTtux necax chopmupoBano 18 jiecHbIX Gopmariuii, o KOTOPEIM
JOMUHHUPYIOT 1y0, Oepesa, OyK, jkeine3Hoe IePEeBO, OpeX, XypMa, B3 U Jp. TOPOJIbIL.

B ropuoit mectHoctu ['axckoro paiioHa OOJBIIYIO IUIOHIA/b 3aHUMAIOT AaJNbIUNCKUE U
cybanbnuiickie Jyra M IIMPOKOJUCTBEHHbIE jeca (ay0, Oyk, oibxa, opex, KamraH u Ap.). Ha
PaBHUHHOW TEPPUTOPUH paliOHA JIYTOBBIE PACTEHUS paclpocTpaHeHsl B noiuHe I'annx-XadTapaH,
a CTENHbIE W IOJIYCTEIHbIE pacTeHUs — B ropHOM yactu AjkuHoxypa. OOmiasi miomanpb JIecoB
cocraBisieT 43,7 ThIC. ra, 4YTO cocTaBiseT okoyo 30% TeppUTOpUH 00JIACTH, U COCTOUT U3 IIEHHBIX
MOPOJ IEPEBBEB, PA3IMUHBIX IUIOJOBBIX JI€PEBbEB U KycTapHUKOB. 1o oxpanoil HaxoguTcs 26848
ra jecoB. Pekpeanmonusie jeca Bokpyr cena Wnucy 3anumaror momans B 300 ra. Ilmomans
3alIMTHBIX JIECHBIX TOJIOC BIOJHh aBTOMOOWJIBHBIX W Kene3HbIX jaopor baky-3ararama u Illexu-
3ararana coctaiser 865 ra. JlecHolt maccuB miomazabio 764 ra BIoib peku ['aHbIX onpeneneH Kak
3alpeTHas JiecHas I0JIoca, 3allMIIarolas HEepEeCTHWIMIIA IIeHHBIX MPOMBICIOBBIX pbIO. K 0cobo
[IEHHBIM JIECHBIM MaccuBaM OTHeceHbl 4867 Ta »HBKAJIMNTOBHIX M apuOBBIX JIECOB Ha
rycTOpacujieHeHHbIX CKJIOHax XpeOToB Jlamry3 u Ax6apOaxap.

B HImKHEM mosice TOPHBIX JIECOB PaclpoCcTpaHeHsl jieca u3 Quercus iberica Stev. Ex Bieb. —
rpy3uHckuii 1y6 u Carpinus betulus L. — oObIkHOBEHHBIIT Ipad, B CpefHEM TOPHO-JIECHOM TOsice
Fagus L. — Oyk, Carpinus L. — rpa6, Mespilus germanica L. — kaBka3ckas MyiiMyja, a B
BepxHeM TropHo-iecHoM Tmosice Betula pendula Roth. — oOwsikHOBeHHast Oepesa, Quercus
macranthera Fisch. et. C.A.Mey. — BocTounslii 1y6, Sorbus L. — riorosuna (psouna).

B ropubIx secax npeobnanarot Bunsl Fagus L. — 6y, Carpinus L. — rpa6 u Quercus L. —
ny6. 90% Bcex J1ecoB COCTOST U3 BUIOB, IPUHAUISKAIIMX K 3TUM 3 ponaM. Hebomnburyro miomans
3aHUMAIOT Jieca ¢ MpeodiaaHueM IPyTruX mopoj, Takux kak Fraxinus L. — sicens, Populus L. —
tomosb, Betula L. — sicenn, Acer L. — witen u 1.4. Ha Boicote 1800-2000 M BCTpeuaroTCs BHJIBI
nyba Bocrounoro (Quercus macranthera Fisch. & C.A.Mey. ex Hohen.), xiena TpayrBerTepa
(Acer trautvetteri A.E.Murray) u HeOoJbIIIHe YIaCTKH POJAOJCHIpOHa KaBka3ckoro (Rhododendron
caucasia), KOTOpbIii CUUTAETCS €AMHCTBEHHBIM JIJIsl TeppuTopru A3epOaiikaHa (B 3aratalbCKOM
3aMIOBETHUKE).

B ropHBIX, IPEeAropHbIX U PaBHUHHBIX JiecaX MPOM3PACTAIOT TaK)Ke OYEHb IICHHbIE U pelIKHe
BUJIbI JICPEBhEB M KYCTApHHKOB, TaKWX Kak Taxus baccata L. — tucc (HerHoit nepeso), Celtis
caucasica Willd. — kapkac (kamenHOoe aepeBo) KaBkasckas, Hedera pastuchovii Woronow. —
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ot [Toctyxosa, Juniperus polycarpos C.Koch — MoxokeBenIbHUK MHOTOILIONHBINA, Danae
rasemosa (L.) Moench — nanas BerBuctasi, Coryulus colurna L. — mensexwuii opex, Pterocarya
pterocarpa Kunth ex I. lljinsk. — manuna, Tilia begoniifolia Stev. (T. caucasica Rupr.) — numna
KaBKa3ckas u jap. B Oacceline pexkn ®umzuaii (baslakeHvail) Ha CKaIMCTBIX MEepeBajgaXx M KPYThIX
rofbix ckanax Ha BeicoTe 800-1000 M Hamg ypoBHEM MoOpsi 3aHMMas miomans okojo 10 ra
pacrpocTpaHeH KproukoBathlii Buj cocHbl — Pinus kochiana Klotzsch (P. hamata Sosn.) [8].

B ITaneonene u Dormene I KaitHO30iCKO# 3pbl KIUMAT ObUT TEIUIBIM M BIQXHBIM. B 3TOT
nepuof Bo ¢uope [lonraBel npeobianany MpeuMyIIECTBEHHO BeuHo3eleHble pacteHus. C Havana
OJMroIneHOBOro JTana TPETUYHOTO Meproja BeyHoseneHas llonraBckas ¢uopa Havania CMEHSATHCS
nucronaaHou Typraiickoi. IToT mponecc Havancs B EBpone u pacnpoctpanuics Ha ceBep. OH
Takke oxparbiBan CpenuzemHomopse U KaBka3. Bo ¢uope Typras npeobnanaroT JucTONagHbIe
poxsl, Takue kak Fagus L., Ulmus L., Betula L., Quercus L., Juglans L., Pterocarya Runth., Acer
L., Vitis L., Zelkova Spch. u np. B cepenune Onuroniena Typraiickas (hjiopa pacnpocTpaHUiIach u3
A3zuu B Snonuto, or Caxanuna B Kazaxcran, na Ypan, a B EBpone B llloTnanauto u AHriauto,
BbITECHSI apeaiibl XBOMHbIX mopoj. C konna Il m nayana IV nepuoga B CBsI3M C OJIeICHEHUEM
apeansl Typraiickoil ¢iopsl, kotopas ¢ OnuroreHa Obula MIKUPOKO pacmpocTpaHeHa B Empore,
A3umn, Ha KaBkase, B TOM uucie M Ha TEPPUTOPUU COBpEeMEHHOro AszepbaiijxkaHa, CTalH
cokpamarbcs [18, 19, 24].

3. B. Bynbd paccmarpuBaeT MOHSATHE «PEIHKBUA» C HCTOPUKO-T€OrpauuecKoil TOYKH
3penus. [lo ero MHEHHIO, TH000M BUJ CUYUTAETCS PEIUKTOBBIM PACTEHHEM C TOIO MOMEHTA, KaK OH
CTaHOBHTCS YaCTBhIO PEITMKTOBOTO apeana 6osee wim MeHee apeBHeit diopsl [13]. A. A. I'poccreiim
CUMTAJI, UTO IPEBHUE BUIBI C BBICOKOW CTETIEHBIO MOJTUMOP(H3Ma MOTIIH aJallTHPOBATHCS K HOBBIM
ycioBusiM [16].

A. JI. D6enb oTMeuaeT, YTO M3yYEHUE PEIUKTOBBIX BUIOB BBIIBUIIO PAJl MPEACTABICHUN O
dnoporeHese, Ha OCHOBE KOTOPBIX CTal HEOOXOAWMBIM KPUTHUYECKUN aHallu3 HEKOTOPBIX
MIPUHSATHIX MMOJOKEHUN «penukToBoi Teopumn» [27]. Uneu 2. B. Bynbda, A. A. I'poccreiima u A. JI.
D0enb COBMAJAIOT C BBIBOJAAMH, K KOTOPBIM MBI TaK)K€ MPUIUIA HAa OCHOBE TEOPETHYECKOTO
aHanuza: «/3yueHue QuioreHesa peNUKTOB UTPAET BAXKHYIO POJIb B BBISICHEHHH HaIpaBJICHUN
HBOJIIOIIMM, HAMPABICHUHA W MEXaHU3MOB HCTOPUYECKH MPOUCXOIAIIMX CMeH (GJIopsl B
CYUIECTBYIOIIUX TreorpapuueckuX M DSKOJOTUYECKHX YCIOBHSIX, W3MEHEHUN BEreTaTUBHBIX U
reHEepaTUBHBIX OpPraHOB. PeIMKTOBBIE pacTeHUsl MPUCTIOCAOINBAIOTCS K CYIIECTBYIOUINM YCIOBUAM
B 3aBHCHMOCTH OT T€HETMYECKOTO MOTEHIMAala Pa3UYHbIX OPraHOB M HUX CIIOCOOHOCTH THOKO
pearupoBath Ha TTo0anbHbIE H3MEHEHUs (aKTOPOB, OMPENSISIIONINX apean» [14].

Tperuunble peNUKTBHl — BHJIbI, COXpPAHUBIIUECS 0€3 CYIIECTBEHHBIX W3MEHEHUN CO BpeMEH
wnoneHa. Penuktel 11l neprona B nenapodnope Asepbaiiikana no UCTOpUM U GIOPUCTUYECKUM
KOMILJIEKCaM MOKHO Pa3JeNTh Ha CIEAYIOIINE TPYIIIbI:

1. PenuxTsl cyOTponuyeckoit BeuHo3zeneHoi IlonraBckoit ¢uoper III mepuoma (pemuKThI
Me3zoTtepMHoOil Quiopsl 10 Apkruueckoil ¢uops 11l nepuona).

2. Me3otepmuueckue penuktbl Apkrudeckoit (iopsl Il nepuoga — Typraiickue peauKThI.

3. Kceporepmuueckue penukrsl 111 nepuona.

B mHacrosimee BpeMss B ecTecTBEHHOM (rope AsepOaifjpkaHa coOXpaHHMIIOCH § BHIOB
PENUKTOBBIX JEPEBbEB U KYCTAPHUKOB, OTHOCAIIUXCS K 7 ceMelcTBaM M § pojaM, BXOJSLINM B
cocraB [lonTaBckoil ¢mopsl. PenukToBble pactenus Typraiickoil (aopsl BCTpeyaroTcsi B OCHOBHOM
B Tanbime, Konxuae u 4acTUYHO B Jiecax, MOKPHIBAIOIIMX 0KHBIE CKIOHBI bonbioro Kaskaza. B
AzepObaiiykaHe €CTEeCTBEHHO PaclpoCTpaHeHO 38 BUIOB JIEPEBbEB U KYCTAPHUKOB, OTHOCSIIUXCS K
16 cemelictBam u 28 poaam, KOTOpPbIE OTHOCATCS K ME30TEPMUYECKHM peIUKTaM Typraiuckon

bmopsr [15].
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Tuc srommbiii (Taxus baccata L.) teneBbiHOCINB, MOpo3ocToek (-20-250C), He MEPEeHOCHUT
CHJIBHOW COJIHEYHOM pajuanuu. XOpoIIo pacTeT Ha HErJIyOOKHX MOYBaxX M He JIIOOUT OYEHb CyXHX
nouB. TpeOoBaTelieH K BIAXHOCTH BO3[yXa, pacTeT MeJIeHHO. B pesynbrare uccienoBaHuil u
aHanu3a BHIBI Taxus baccata L., Hedera pastuchovii Woronow u Smilax excelsa L. BxiroueHsl B
cocTaB penuKToB (propsl [10ATaBIIMHEI C y4€TOM X OMOJIOTHYECKUX OCOOCHHOCTEH.

B menom B necHeIX 3kocucTeMax [axckoro paiioHa AsepOaifpkaHa pacHpOCTpaHEHO 5
PEJUKTOBBIX BUJIOB I€PEBHEB U KYCTAPHUKOB, OTHOCSIIMXCSA K 5 ceMeicTBaM U 5 poaam, BXOIAIINX
B cyOTpomnuyeckyro, BeuHo3edeHyto [lonraBckyio ¢uopy (Me30TepMHBIE PETUKTHI BIUIOTH 0
Apkrudeckoii daopsr Il nmepuona). 3a uckimouenuem Smilax excelsa L., ocranphbie 4 BuIa
3aHeceHbl B «KpacHyro kHury AsepOaiimkanckoit Pecnyomukum». Taxus baccata L. m Punica
granatum L. yka3aHbl KaK peJKUe paCTEHHs CO CTaTyCOM «YSI3BUMbIC K MCUE3HOBEHHIO», a Hedera
pastuchovii Woronow u Diospyros lotus L. yka3zaHsl Kak po30BbI€.

B necax 'axckoro paiioHa pacpocTpaHeHO 26 BUJIOB PEIUKTOBBIX JEPEBbEB U KYCTAPHUKOB,
OTHOCALIMXCS K apKTU4YecKoM mucrtonamaHoil Typraiickoil ¢uope (Me30TepMHYECKHE PEITUKTHI
Apkruueckoi ¢uopsr I nepuona), otHocsammxcst k 13 cemeiictBam u 20 pomam. M3 mux Pinus
kociana Klotzsh ex. K.Koch. «IToutu mox yrpo3oii ucuesnoBenusi» - NT, Castanea sativa Hill.
«Ysa3BuMmblii Kk BeiMupanuio» — VU A2c+3cd., Staphylea colchica Stev. «Haxonsmuecss B
kputudeckoM cocrosuun» — CR  B2b(i,ii,iii), Vitis vinifera L. (V.sylvestris C.C.Gmel.)
«Haxopnsmmecss B HaMMeHee YrpoKaeMOM COCTOSIHMM» 3aHeceHbl B «KpacHyio KHUTY
Asepbaiipkanckoil Pecriyomukuy, kak peakue pactenus co crarycom LC, Philadelphus caucasicus
Koehne., a Pterocarya pterocarpa Kunth. ex. iljinsk. u Corylus colurna L. BkirodeHBI B pO30BBIii
cniucok (Tabnuma).

Tabnuua
PEJIMKTOBBIE U PEAKUE BUJIbI IEHJIPO®JIOPHI TAXCKOI'O PAVIOHA
Cemeticmso, poo u 6uo Kamezopuu u cmamycwt 61006 Pacnpocmpanenue,
no Kpacrnomy Cnucky IUCN apeanvl
Pinaceae Lindl.
Pinus kociana Klotzsh PenukroBsrit Bug Typraiickoit guopsl. Peaxuii Bua Ceno Unycy, INaxckwuit
ex. K.Koch. pactenus B AzepOarimkane. Kareropus «biuskue k paiioH
ormacHoMy nipenery» - NT
Taxceae Lindl.
Taxus baccata L. PenukroBsiit Bua [lontasckoit gopsl. D10 penkoe INaxcknit paiion
pacrenue AzepOaitmkana. Kateropus «Ya3BUMEBIE K
ncuezHosenuion - VU A2c+3c
Cornaceae Dumort.
Cornus mas L. PenukroBsiit Bug Typraiickoit GIiopsl. lax
Fagaceae Dumort.
Castanea sativa Hill. PemuxToBslit Bua Typraiickoii ¢uiopsl. 1o penkoe I'ax
pacrenue AzepOaitmkana. Kateropus «YsS3BUMEBIE K
ucuezHosenuion - VU A2c+3c
Quercus iberica Stevan.  PemukToBsiit Buja Typraiickoii ¢iopsl. Iax
ex M.Bieb.
Fagus orientalis Lipsky.  PenukroBsiii Buj Typraickoit (aopsi. lax
Hydrangeaceae Dumort.
Philadelphus caucasicus  Penukrossiii Bun Typraiickoii ¢uiopsl. B posoBom lax
Koehne. CIINCKE
Oleaceae Hoffmgg.et Link.
Fraxinus coriariifolia PenukroBsiit Bua Typraiickoii ¢uiopsl. Ana3zanp-Alpudaii
Schelle.
F.excelsior L. PenukroBsiit Bug Typraiickoii GpIiopsl. lax
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Cemeticmso, poo u 6uo Kamezopuu u cmamycwi 61006 Pacnpocmpanenue,
no Kpacrnomy Cnucky IUCN apeanvl
Juglandaceae A.Rich.ex Kunth.
Pterocarya pterocarpa Penmkrosrrit Bua Typratickoit ¢mopsr. B pozoBom l'ax
Kunth. ex. iljinsk. CIIHCKe
Juglans regia L. PenukroBsiit Bua Typraiickoit GIiopsl. lax

Smilacaceae Vent.

Smilax excelsa L.

PenmukroBerit Bup IlonTaBckoii (hopsl.

Anazanb-Anpudain

Rosaseae Juss.

Cerasus incana(Pall.)
Spach. (C.mahaleb L.).

PenukroBsiit Bua Typraiickoit ¢pIiopsl.

AmnaszaHcko-
Alipuyaiickas JoauHa

Prunus spinosa L.

Penmkrossrit B Typraiickoil Gprmopsl.

T'ax

Mespilus germanica L. PenukroBsiit Bua Typraiickoit GIiopsl. lax

Staphyleaceae Lindl.

Staphylea colchica Stev.  PemuktoBsiit Bua Typraiickoit ¢iopsl. D10 penkoe, I'ax
3HAEMHYHOE pacTeHue Asepbaiimkana. Kateropus
«Kpurnueckas yrpozay — CR B2b (1, 11, 111)

Araliaceae Juss.

Hedera pastuchovii PenukToBsiit Bua [lontaBckoii Giopsl. Iax

Woronow. B po3oBom crimcke

Ebeneceae Bent.

Diospyros lotus L. PenukToBbiit By [TonTaBckoii Gopbl. I'ax
B po3oBom cnucke

Aceraceae Juss.

Acer pseudoplatanus L.-  PenukrtoBsiii Bug Typraiickoit (aopsi. I'ax

Acer laetum C.A. Mey. Penukrossrit B Typraiickoit Gpropsl. lax

A.hyrcanum Fish.ex.
C.A.Mey.

PenukroBsiit Bua Typraiickoii GpIiopsl.

T'ax, I'axckuii paiioH,
AnazaHb-Alipuydait

Betulaceae S.F.Gray.

Alnus barbata C.A. Mey.

Penukrossrit B Typraiickoit Gpropsl.

Anazanb-Alipuyait

Corylus colurna L. PenukroBsiit Bug Typraiickoit GIiopsl. lax
B po3oBoM criricke

Corylus avellana L. PenukToBsiit Buj Typraiickoit ¢iopsl. Iax

Carpinus orientalis Mill.  PermuxroBsiit Bua Typraiickoii ¢hiopst Iax

Carpinus betulus L. PenukroBsiit Bua Typraiickoii ¢uiops. Iax

Tiliaceae Juss.

Tilia begoniifolia Stev. PenukToBsiit Bua Typraiickoii ¢iopsl. Iax

PunicaceaeHoran.

Punica granatum L. PenukroBsiit Bug [TontaBckoit ¢uopsl. D10 penkoe T'ax
NPHOPHUTETHOE YHAEMHUYHOE pacTeHne AzepOaiiukaHa.
Kateropus «Ys3Bumbie K ucuesnoBeHuo» - VU Blab
(1, 11, 1)

Ulmaceae Mirb.

Ulmus scabra Mill. PenukroBsiit Bug Typraiickoii GIiopsl. lax

Ulmus glabra Huds PenukroBsiit Bua Typraiickoii ¢uiops. Iax

(U.elliptica C.koch).

Vitaceae Juss.

Vitis vinifera L. PenukroBsiii Bua Typratickoit ¢iopsl. D10 peakuii lax

(V.sylvestris C.C.Gmel.)

Buj pacteHus B AzepOaiimxkane. Kareropus «Menee
Onu3Kue K onacHoMy npeneny» - LC
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B xoxe uccnenoBaHMil yCTaHOBJIEHO, YTO B Jiecax l'axckoro paiioHa pacmpocTtpaHeHo 31
PETUKTOBBIN BUA, OTHOCAIIMKCS K 25 pomam u 18 cemeiictBam, Bxomsmum B 111 nepuos ¢iopsr. B
«Kpacnyro kaury AsepOaiimkanckoil PecnyOnuku» 3aHeceHO 6 BHJIOB B KpPAacHBIM CIUCOK U 5
BUJOB B PO30BbI CHHCOK. YUUTBIBAas OJaronpusiTHbE JUIsl PACTUTEIBHOCTH IOYBEHHO-
KIMMaTH4YecKue YCIOBHUsS ['axckoro paiioHa, ero 3KOJOro-reorpaguueckoe MOJO0XKEeHHe, oouime
peK, a Takxke 6orarcTBo penuKkToBbIME Bugamu [lontaBckoit u Typraiickoil pyiopel, MOXKHO CUUTATh
3Ty TEPPUTOPHUIO PEITUKTOBOM.

Cnucok numepamypul.

1. Azorbaycan Respublikasinin Qirmizi Kitabi. Ugiincii nosr. Baki: Imak, 2023. 507 s.

2. Azorbaycan Respublikasinin Cografiyasi. Fiziki cografiya. Baki, 2014. 528 s.

3. Babayev M. R., Cofarova C. M, Hasonov V. N. Azarbaycan torpaqlarin miiasir tasnifati.
Baki: Elm, 2006. 359 s.

4. 9sadov K. S., Mirzoyev O. H., Mommodov F. M. Dendrologiya. Baki, 2014. 483 s.

5. 9sgarov A. M. Azarbaycan florasinin subendemlori // AMEA Xabarlori. Biologiya vo Tibb
elmlori. 2014. C. 69. Nel. S. 81-91.

6. ©sgarov A. M. Azorbaycanin bitki alomi. Baki: TEAS Press, 2016. 444 s.

7. Qurbanov E. M. Ali bitkilorin sistematikasi. Baki: Baki Dovlot Universiteti, 2009. 420 s.

8. Mommodov Q. S., Yusifov E. F., Xalilov M. Y., Korimov V. N. Azorbaycan:
ekoturizmpotensiali. Baki: Sarg-Qarb, 2012. 360 s.

9. Mommodov T. S., Iskondar E. O., Talibov T. H. Azarbaycanin nadir agac vo kol bitkilari.
Baki: Elm, 2016. 380 s.

10. Anues I'. A. IlouBsl bonbmoro Kapka3za (B npeganax Azep6.CCP). Y. |. baky, 1978. 160

11. BaiipamoBa A. A. DHIEMBbl U PEIUKTHI 0CO00 OXpPaHSEMbIX TEPPUTOPHUI 3amaJHbIX
peruoHoB AsepOaifjpkana // BecTHUK AnTaiickoro rocyaapCTBEHHOIO arpapHOro yHUBEpPCUTETA.
2015. Ne4 (126). C. 66-70.

12. bapanos B. W. Oransl pazsutus ¢uopsl u pactureabHoctd CCCP B TpeTuyHOM nepuo/ie.
Yacte TpeThs: UMTOrM W3ydeHHWs WCKOMAEMBIX TPETHYHBIX (rop M mpolieMa pEIHKTOB B
coBpemenHoi pactutenbHocTH CCCP. Alexander Doweld, 1954.

13. Bynsd E. B. Ilonstue o penukre B 60TaHMuYeckoi reorpaduu // Marepuasusl o HCTOPUU
¢noper u pacturenbHocT CCCP. M.-JI., 1941. Bemm. 1. C. 28-60.

14. Tapaes C. I'., CokonoBa B. B. Xapakrtepuctuka peauKTOB TPETHUYHOTO TMEPHOJIA
nenapoduopsl AzepbaiikaHa mo ucropudeckuM rpymmnam // CoBpeMeHHas HayKa: aKTyajJbHble
npobnemsl Teopun U npakTuku. Cepus: EctectBennsle n Texuumueckue Hayku. 2023. Ne08/2. C.
22-28.

15. I'apaes C. I'., ®ap3anuena H. U., CetiunanueBa M. M., Celidpymnaea A. A., AneckepoBa
T. A. Peaxue, sHIEMHUYHBIE M PEIUKTOBBIC pacTeHUs OoTaHHMYeCKOreorpaduyeckux pailoHOB
I'younckoit u Camypo-Illabpanckoii HusmenHoctu bonsmoro Kaskaza // The Scientific Heritage.
2022. Ne91. C. 7-10.

16. I'poccreiim A. A. Tunsl penukroB // 3Bectus AsepOaiimkanckoro ¢ummana AH CCCP.
1939. Ne6. C. 74.

17. I'poccreiim A. A. PenukTsl BocTouHoro 3akaBkasbs. baky,1940.

18. XKyxogrckuii [1. M. boranuka. M.: Konoc, 1982. C. 384-385.

19. Kpumroosuua A. H. [aneoboranuka. JI.: T'octonrexuzmar, 1957. 650 c.

20. Maromamora P. C., TaiicymoB M. A., AOmayp3zakoBa A. C., AcrammupoBa M. A.-M.,
Xacyesa b. A., YmaeBa A. M. Ananu3 peiaukToBocTd (iiopsl KcepoputoB Poccuiickoro Kaskasza //

@ Tun nmuyensuu CC: Attribution 4.0 International (CC BY 4.0) 79



bBronemens nayku u npaxmuxu / Bulletin of Science and Practice T. 11. Ne7 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/116

W3Bectus I[aI‘eCTaHCKOFO rocyaapCTBCHHOTO HNCAArorn4cCKoro yHUBCPCUTCTA. EcrecTBennrie n
tounble HayKku. 2017. T. 11. Ne 1. C. 64-73.

21. Hamzanog b. 1. b., Camaan A. M., bynaxanos JI. B., Ham3anos M. b. 11. Ocobennoctu
HpOCTpaHCTBeHHOﬁ CTPYKTYpPBI U LECHOICHE3a PCIMKTOBBIX JIMCTBCHHUYHHUKOB FOpHOﬁ JIECOCTECIIN
HOxnoit  Cubupun  //  Cubumpckmit  necHodt  xkypHair. 2024, Nel. C.  3-12.
https://doi.org/10.15372/SJFS20240101

22. CanpiroBa K. A., Acanos I'. I'., ParumoB I'. C. UTpoaykuusi JOATOBEYHBIX PEITUKTOBBIX
Bu0B Ha Amepornckom monyoctpose // SCI-ARTICLE.RU. 2024. Ne131.

23. CakconoB C. B. PenukrtoBeie pacteHusi [IpHBOIDKCKONM BO3BBIIIEHHOCTH: COCTOSIHHE
npo6nemsl // Bectnuk Bomxkckoro ynusepcutera umM. BH Tarumesa. 2015. Ne4 (19). C. 306-318.

24. Cadapo M. C. Baxueiimme ApeBeCHbIC TPETUYHBIC PEIMKTHI A3epOaiikaHa. baky,
1962. 311 c.

25. Cadapos U. C., Onucaes B. A. Jleca KaBkaza. Bnanusokaskas, 1991. 271 c.

26. TomameBuu A. C. buoskomorndeckue o0coOEHHOCTH pacTeHud YepHOMOPCKOTo
nobepexbs KaBkaza u A6xasuu // MexayHapOIHbIH HIKOJIBHBIN HaydHBIH BecTHUK. 2018, Ne3 (u.
2). C. 134-139.

27. D6en» A. JI. ®nopa ceBepo-zananHoil yactu Antae-CasHCKOW NPOBUHIMH: COCTAaB,
CTPYKTYpa, MPOUCXOKICHUE, aHTPOIOreHHas TpaHcopmarusi: ABroped. nuc. ... 1-p OHOJ. HayK.
Tomck, 2011. 39 c.

28. Segerstrdle S. G. On the immigration of the glacial relicts of Northern Europe, with
remarks on their prehistory. Helsingfors : Societas scientiarum Fennica, 1957.
https://doi.org/10.5281/zenodo.6695518

29. Arslan E. S., Akyol A., Oriicii O. K., Sarikaya A. G. Distribution of rose hip (Rosa canina
L.) under current and future climate conditions // Regional Environmental Change. 2020. V. 20.
Ne3. P. 107. https://doi.org/10.1007/s10113-020-01695-6

30. Ghorbanalizadeh A., Akhani H. Plant diversity of Hyrcanian relict forests: An annotated
checklist, chorology and threat categories of endemic and near endemic vascular plant species //
Plant Diversity. 2022. V. 44. Nel. P. 39-69. https://doi.org/10.1016/j.pld.2021.07.005

31. Dai J., Roberts D. A., Stow D. A., An L., Hall S. J.,, Yabiku S. T., Kyriakidis P. C.
Mapping understory invasive plant species with field and remotely sensed data in Chitwan, Nepal //
Remote Sensing of Environment. 2020. V. 250. P. 112037.
https://doi.org/10.1016/j.rse.2020.112037

32. Duan R. Y. The potential effects of climate change on amphibian distribution, range
fragmentation and  turnover in  China // Peer). 2016. V. 4. P. ¢e2185.
https://doi.org/10.7717/peerj.2185

33. Glogov P. Study on the relict flora of Lozenska Mountain // Silva Balcanica. 2020. V. 21.
Nel. P. 5-28. https://doi.org/10.3897/silvabalcanica.21.e54625

34. Habel J. C., Assmann T., Schmitt T., Avise J. C. Relict species: from past to future //
Relict species: phylogeography and conservation biology. Springer Berlin Heidelberg, 2010. P. 1-5.
https://doi.org/10.1007/978-3-540-92160-8_1

35. Abdiyeva R. T. Invasive flora in the ecosystems of the Greater Caucasus (Azerbaijan part)
//'J. Plant Fung. Res. 2019. V. 2. Nel. P. 15-22. http://dx.doi.org/10.29228/plantfungalres.13

36. Shahzad K., Liu M. L., Zhao Y. H., Zhang T. T., Liu J. N., Li Z. H. Evolutionary history
of endangered and relict tree species Dipteronia sinensis in response to geological and climatic
events in the Qinling Mountains and adjacent areas // Ecology and Evolution. 2020. V. 10. Ne24. P.
14052-14066. https://doi.org/10.1002/ece3.6996

@ Tun nmuyensuu CC: Attribution 4.0 International (CC BY 4.0) 80



bBronemens nayku u npaxmuxu / Bulletin of Science and Practice T. 11. Ne7 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/116

37. Tang C. Q., Matsui T., Ohashi H., Dong Y. F., Momohara A., Herrando-Moraira S.,
Lopez-Pujol J. Identifying long-term stable refugia for relict plant species in East Asia // Nature
communications. 2018. V. 9. Nel. P. 4488. https://doi.org/10.1038/s41467-018-06837-3

38. Wan D. S., Feng J. J., Jiang D. C., Mao K. S., Duan Y. W., Miehe G., Opgenoorth L. The
Quaternary evolutionary history, potential distribution dynamics, and conservation implications for
a Qinghai-Tibet Plateau endemic herbaceous perennial, Anisodus tanguticus (Solanaceae) //
Ecology and Evolution. 2016. V. 6. Ne7. P. 1977-1995. https://doi.org/10.1002/ece3.2019

39. Yang J., Jiang P., Huang Y., Yang Y., Wang R., Yang Y.Potential geographic distribution
of relict plant Pteroceltis tatarinowii in China under climate change scenarios // Plos One. 2022. V.
17. Ned4. P. ¢0266133. https://doi.org/10.1371/journal.pone.0266133

40. T'apaeB C.I'., CanmumoB B. C., I'ycennnu A. A. PenukThsl ¥ penkue BUIbI ASHIAPOPIOPHI
BocTouHOTro 3aHre3ypa u KapabGaxckoil 30HBI A3zepOaiimkaHa, UX KiIacCUPUKAIMSI U CTaTyC IO
reosiorndeckuM  nepuomam  //  The  Scientific  Heritage.  2024.  Ne133.  10-18.
https://doi.org/10.5281/zenodo.10866557

41. Tapaes C. I'., Cadapoa D. Il., UcnamoBa 3. b. Kmaccudukamms um crarycsl IO
I'COJIOTHYCCKUM IICpHOJaM PCIMKTOB M PCAKHX BH/I0B paCTeHI/Iﬁ 3akaTaibCKOro U benokaHcKkoro
paiionoB // broomnerenr Haykm um  npaktuka. 2024, T. 10. Ne5. C. 61-74.
https://doi.org/10.33619/2414-2948/102/08

References:

1. Krasnaya kniga Azerbaidzhanskoi Respubliki (2023). Baku. (in Azerbaijani).

2. Geografiya Azerbaidzhanskoi Respubliki. Fizicheskaya geografiya (2014). Baku. (in
Azerbaijani).

3. Babaev, M. R., Dzhafarova, Ch. M, & Gasanov, V. N. (2006). Sovremennaya
klassifikatsiya azerbaidzhanskikh zemel'. Baku. (in Azerbaijani).

4. Asadov, K. S., Mirzaev, O. Kh., & Mamedov, F. M. (2014). Dendrologiya. Baku. (in
Azerbaijani).

5. Askerov, A. M. 2014. Subendemiki azerbaidzhanskoi flory. Novosti NANA. Biologiya i
meditsinskie nauki, 69(1), 81-91. (in Azerbaijani).

6. Askerov, A. M. (2016). Rastitel'nyi mir Azerbaidzhana. Baku. (in Azerbaijani).

7. Gurbanov, E. M. (2009). Sistematika vysshikh rastenii. Baku. (in Azerbaijani).

8. Mamedov, G. Sh., Yusifov, E. F., Khalilov, M. Yu., & Karimov, V. N. (2012).
Azerbaidzhan: potentsial ekoturizma. Baku. (in Azerbaijani).

9. Mamedov, T. S., Iskander, E. O., & Talybov, T. Kh. (2016). Redkie derev'ya i kustarniki
Azerbaidzhana. Baku. (in Azerbaijani).

10. Aliev, G. A. (1978). Pochvy Bol'shogo Kavkaza (v predalakh Azerb.SSR). Ch. I. Baku.
(in Russian).

11. Bairamova, A. A. (2015). Endemy i relikty osobo okhranyaemykh territorii zapadnykh
regionov Azerbaidzhana. Vestnik Altaiskogo gosudarstvennogo agrarnogo universiteta, (4 (126)),
66-70. (in Russian).

12. Baranov, V. I. (1954). Etapy razvitiya flory i rastitel'nosti SSSR v tretichnom periode.
Chast' tret'ya: Itogi izucheniya iskopaemykh tretichnykh flor i problema reliktov v sovremennoi
rastitel'nosti SSSR. Alexander Doweld. (in Russian).

13. Vul'f, E. V. (1941). Ponyatie o relikte v botanicheskoi geografii. In Materialy po istorii
flory i rastitel'nosti SSSR, Moscow, 28-60. (in Russian).

14. Garaev, S. G., & Sokolova, V. V. (2023). Kharakteristika reliktov tretichnogo perioda
dendroflory Azerbaidzhana po istoricheskim gruppam. Sovremennaya nauka: aktual'nye problemy
teorii i praktiki. Seriya: Estestvennye i Tekhnicheskie Nauki, (08/2), 22-28. (in Russian).

@ Tun nmuyensuu CC: Attribution 4.0 International (CC BY 4.0) 81



bBronemens nayku u npaxmuxu / Bulletin of Science and Practice T. 11. Ne7 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/116

15. Garaev, S. G., Farzalieva, N. I., Seiidalieva, M. M., Seifullaeva, A. A., & Aleskerova, T.
A. (2022). Redkie, endemichnye i reliktovye rasteniya botanicheskogeograficheskikh raionov
Gubinskoi i Samuro-Shabranskoi nizmennosti Bol'shogo Kavkaza. The Scientific Heritage, (91), 7-
10. (in Russian).

16. Grossgeim, A. A. (1939). Tipy reliktov. Izvestiya Azerbaidzhanskogo filiala AN SSSR, (6),
74. (in Russian).

17. Grossgeim, A. A. (1940). Relikty vostochnogo Zakavkaz'ya. Baku. (in Russian).

18. Zhukovskii, P. M. (1982). Botanika. Moscow, 384-385. (in Russian).

19. Krishtofovich, A. N. (1957). Paleobotanika. Leningrad. (in Russian).

20. Magomadova, R. S., Taisumov, M. A., Abdurzakova, A. S., Astamirova, M. A.-M.,
Khasueva, B. A., & Umaeva, A. M. (2017). Analiz reliktovosti flory kserofitov Rossiiskogo
Kavkaza. lzvestiya Dagestanskogo gosudarstvennogo pedagogicheskogo universiteta. Estestvennye
I tochnye nauki, 11(1), 64-73. (in Russian).

21. Namzalov, B. Ts. B., Samdan, A. M., Budazhapov, L. V., & Namzalov, M. B. Ts. (2024).
Osobennosti prostranstvennoi struktury i tsenogeneza reliktovykh listvennichnikov gornoi lesostepi
Yuzhnoi Sibiri. Sibirskii lesnoi zhurnal, (1), 3-12. (in Russian).
https://doi.org/10.15372/SJFS20240101

22. Sadygova, K. A., Asadov, G. G., & Ragimov, G. S. (2024). Itroduktsiya dolgovechnykh
reliktovykh vidov na Apsheronskom poluostrove. SCI-ARTICLE.RU, (131). (in Russian).

23. Saksonov, S. V. (2015). Reliktovye rasteniya Privolzhskoi vozvyshennosti: sostoyanie
problemy. Vestnik Volzhskogo universiteta im. VN Tatishcheva, (4 (19)), 306-318. (in Russian).

24. Safarov, I. S. (1962). Vazhneishie drevesnye tretichnye relikty Azerbaidzhana. Baku.

25. Safarov, I. S., & Olisaev, V. A. (1991). Lesa Kavkaza. Vladivokavkaz. (in Russian).

26. Tomashevich, A. S. (2018). Bioekologicheskie osobennosti rastenii Chernomorskogo
poberezh'ya Kavkaza i Abkhazii. Mezhdunarodnyi shkol'nyi nauchnyi vestnik, 2(3), 134-139. (in
Russian).

27. Ebel', A. L. (2011). Flora severo-zapadnoi chasti Altae-Sayanskoi provintsii: sostav,
struktura, proiskhozhdenie, antropogennaya transformatsiya: Avtoref. dis. ... d-r biol. nauk. Tomsk.
(in Russian).

28. Segerstrale, S. G. (1957). On the immigration of the glacial relicts of Northern Europe,
with  remarks on their prehistory. Helsingfors:  Societas scientiarum  Fennica.
https://doi.org/10.5281/zenodo.6695518

29. Arslan, E. S., Akyol, A., Oriicii, O. K., & Sarikaya, A. G. (2020). Distribution of rose hip
(Rosa canina L.) under current and future climate conditions. Regional Environmental
Change, 20(3), 107. https://doi.org/10.1007/s10113-020-01695-6

30. Ghorbanalizadeh, A., & Akhani, H. (2022). Plant diversity of Hyrcanian relict forests: An
annotated checklist, chorology and threat categories of endemic and near endemic vascular plant
species. Plant Diversity, 44(1), 39-69. https://doi.org/10.1016/j.pld.2021.07.005

31. Dai, J., Roberts, D. A., Stow, D. A, An, L., Hall, S. J., Yabiku, S. T., & Kyriakidis, P. C.
(2020). Mapping understory invasive plant species with field and remotely sensed data in Chitwan,
Nepal. Remote Sensing of Environment, 250, 112037. https://doi.org/10.1016/j.rse.2020.112037

32. Duan, R. Y., Kong, X. Q., Huang, M. Y., Varela, S., & Ji, X. (2016). The potential effects
of climate change on amphibian distribution, range fragmentation and turnover in China. Peer], 4,
e2185. https://doi.org/10.7717/peerj.2185

33. Glogov, P. (2020). Study on the relict flora of Lozenska Mountain. Silva Balcanica, 21(1),
5-28. https://doi.org/10.3897/silvabalcanica.21.e54625

@ Tun nmuyensuu CC: Attribution 4.0 International (CC BY 4.0) 82



bBronemens nayku u npaxmuxu / Bulletin of Science and Practice T. 11. Ne7 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/116

34. Habel, J. C., Assmann, T., Schmitt, T., & Avise, J. C. (2010). Relict species: from past to
future. In Relict species: phylogeography and conservation biology (pp. 1-5). Springer Berlin
Heidelberg. https://doi.org/10.1007/978-3-540-92160-8 1

35. Abdiyeva, R. T. (2019). Invasive flora in the ecosystems of the Greater Caucasus
(Azerbaijan part). J. Plant Fung. Res, 2(1), 15-22. http://dx.doi.org/10.29228/plantfungalres.13

36. Shahzad, K., Liu, M. L., Zhao, Y. H., Zhang, T. T., Liu, J. N., & Li, Z. H. (2020).
Evolutionary history of endangered and relict tree species Dipteronia sinensis in response to
geological and climatic events in the Qinling Mountains and adjacent areas. Ecology and
Evolution, 10(24), 14052-14066. https://doi.org/10.1002/ece3.6996

37. Tang, C. Q., Matsui, T., Ohashi, H., Dong, Y. F., Momohara, A., Herrando-Moraira, S., ...
& Lopez-Pujol, J. (2018). Identifying long-term stable refugia for relict plant species in East
Asia. Nature communications, 9(1), 4488. https://doi.org/10.1038/s41467-018-06837-3

38. Wan, D. S., Feng, J. J., Jiang, D. C., Mao, K. S., Duan, Y. W., Miehe, G., & Opgenoorth,
L. (2016). The Quaternary evolutionary history, potential distribution dynamics, and conservation
implications for a Qinghai—Tibet Plateau endemic herbaceous perennial, Anisodus tanguticus
(Solanaceae). Ecology and Evolution, 6(7), 1977-1995. https://doi.org/10.1002/ece3.2019

39. Yang, J.,, Jiang, P., Huang, Y., Yang, Y., Wang, R., & Yang, Y. (2022). Potential
geographic distribution of relict plant Pteroceltis tatarinowii in China under climate change
scenarios. Plos One, 17(4), e0266133. https://doi.org/10.1371/journal.pone.0266133

40. Qarayev, S., Salimov, V., & Hosseinli, A. (2024). Classifications and status of relict and
rare species distributed in the dendroflora of the Eastern Zangazur and Karabakh zones of
Azerbaijan, by geological periods. The Scientific  Heritage, (133), 10-18.
https://doi.org/10.5281/zenodo.10866557

41. Garaev, S., Safarova, E., & Islamova, Z. (2024). Classification and Status by Geological
Periods Relicts, Rare Species of Zakatala and Belokan Districts. Bulletin of Science and Practice,
10(5), 61-74. (in Russian). https://doi.org/10.33619/2414-2948/102/08

Pa6oma nocmynuna Ipunama k nyéiuxayuu
6 peoakyuio 12.05.2025 o. 19.05.2025 2.

Ccolka 0ns yumuposauus:

l'apaes C. I'., Xammumosa X. JI., A6oxymraeBa A. 0., ba6aesa JI. U., Hamazzane K. M.
PenukToBbIe W peiKHMe BHIBI JIECOB TPETHUYHOTO Mepuoaa ['axckoro paiiona AsepOaitmxana //
bromnerens Hayku u mpaktuku. 2025. T. 11. Ne7. C. 70-83. https://doi.org/10.33619/2414-
2948/116/08

Cite as (APA):

Garaev, S., Khalilova, H., Abdullayeva, A., Babayeva, L., & Namazzade, K. (2025). Relict
and Rare Species of Forests of Tertiary Period of Gakhasi District of Azerbaijan. Bulletin of Science
and Practice, 11(7), 70-83. (in Russian). https://doi.org/10.33619/2414-2948/116/08

@ Tun nmuyensuu CC: Attribution 4.0 International (CC BY 4.0) 83



bBronemens nayku u npaxmuxu / Bulletin of Science and Practice T. 11. Ne7 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/116

VIIK 638.12.21: 591.4.35 https://doi.org/10.33619/2414-2948/116/09
AGRIS F40

MEJIJOHOCHBIE PACTEHMS JIECOB U ME30®HWJIBHOT'O CYBAJIBIIMACKOI'O
JYT'A HAXUBIBAHCKOM ABTOHOMHOM PECIYBJIMKHA
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HONEY PLANTS OF FORESTS AND MESOPHYTIC SUBALPINE MEADOWS
OF NAKHCHIVAN AUTONOMOUS REPUBLIC

©lbragimov A., ORCID: 0009-0002-9097-1232, Ph.D., Institute of Bioresources
Ministry of Science and Education of the Republic of Azerbaijan,
Nakhchivan, Azerbaijan, alovsatibrahimov@mail.ru
©Maharramov M., ORCID: 0000-0002-4130-7071, SPIN-code: 3725-9692, Ph.D.,
Nakhchivan State University, Nakhchivan, Azerbaijan, mahirmeherremov@ndu.edu.az

Annomayus. IlpuBeieH nepeyeHb MEIOHOCHBIX pacTeHUI OOsPBIIIHMKOBO-1y00BOIO jeca U
Me30(¢uTHOTO cyOanmbuiickoro iyra. Jleca u cyOanenuiickue nyra HaxuwsiBanckoir AP akTuBHO
nocemaoTcs myenamu. Hekoropble M3 MEJOHOCOB BIEpBblE ObuIM HM3y4deHBI B A3sepOaiikaHe B
MEJIOHOCHOM OTHOILICHMU. B pe3ynbraTe HCCIEAOBAaHUM YCTAHOBJIEHO, YTO KaXJAbli IeKTap
penkosechsi OOSIPBIITHMKOBO-TyOOBOro Jjieca AaeT B cpeaHeM 49 Kr HeKTapa, 4TO MO3BOJISET
yIOBICTBOPUTh moTpeOHOCcTH 0,36 myenuHbIXx cemeid. Kaxaplii Tekrap Me30(UTHOTO
cybanbnuiickoro ayra faet 41 Kr HekTapa, KoTopblii MoxxeT obecrieunTs 0,30 muenuHbIX cemeil.

Abstract. The list of honey plants of hawthorn-oak forest and mesophytic subalpine meadow
is given. Forests and subalpine meadows of Nakhchivan Autonomous Republic are actively visited
by bees. Some of the honey plants were studied for the first time in Azerbaijan in terms of honey
production. As a result of the research, it was found that each hectare of sparse forest of hawthorn-
oak forest gives an average of 49 kg of nectar, which can satisfy the needs of 0.36 bee families.
Each hectare of mesophytic subalpine meadow gives 41 kg of nectar, which can provide 0.30 bee
families.

Knrouesvie cnosa: cydanbnuiickuil myr, Jiec, OOSPHINIHUK, Ty0, Mel, muena.
Keywords: subalpine meadow, forest, hawthorn, oak, honey, bee.

OnHOI M3 OCHOBHBIX OTpPAaciei CEIbCKOTO XO3SIMCTBA CTpaHbl ABISAETCS MUeN0BOACTBO. OHO
IIpU MaJIoi 3aTpaTe TpyJa Ha MaceuHble padoThl, 1aeT HAPOJHOMY X03sCTBY Mell U Bock. Ho atum
HE HCYepIbIBaeTCAd 3HAUYEHUE ITYENIOBOJICTBA JUIsl HApOAHOro Xxo3siiictBa. OHO SBISETCS TaK»kKe
MOIIIHBIM CPEJICTBOM IOBBIIIEHUS YPOKAHHOCTH MHOTUX CEJIbCKOXO3SIMCTBEHHBIX KYIbTYp. [Iuensl,
B IIOMCKaX HEKTapa M MbUIbII BO BpEMs IMYEIOBOJHOIO CE30HA IOCEHIAI0T pa3zHooOpa3HbIe
KyJIbTYPHBIE pAacTEeHUs M IPOMU3BOAAT IEPEKPECTHOE ONBLIEHHE JOTUX pacreHuid. U 310
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crocoOcTByeT 00pa3oBaHHMIO 0oJiee TOJHOIICHHBIX CEMSH M TUIOJOB CEIIbCKOXO3SHCTBEHHBIX
pacrenwii [1, 2].

B nr060M paiioHe MYeNOBOACTBO MOXET Pa3BUBATHhCS B TOM CIydyae, €CIM €CTEeCTBEHHas
KOpMoOBasg 0a3za 3TOro paiioHa JOCTATOYHO XOPOLIO pa3BUTa U M3YyYEHO paIMOHAJIbHOE €€
ucnons3oBaHue. B stom orHomenun HaxubiBanckoit AP 1o Hacrosimiee BpemMsi HE TpPOHYTA
HCCIIEOBATENIbCKOM PYKOM © T03TOMY TOBOPUTH O IUIAHOBOM Pa3BUTHHM  IMYEIOBOJCTBA
HaxusiBanckoii AP He mpeacraBisieTcs BO3MOXKHBIM [1, 2].

HyXHO OTMETHTB, UTO COBpEMEHHOE COCTOsIHME MuesioBoAcTBa B HaxubiBanckoi AP nanexo
He oTBeyaeT TpeboBaHUsAM ku3HU. OTCTaBaHWE MMYETIOBOJCTBA OMPEIEISICTCS C OJHOM CTOPOHBI,
HEJIOCTAaTOYHBIM KOJIMYECTBEHHBIM PA3BUTHUEM 3TON OTpPACiu U, C APYroli—HHU3KUM YPOBHEM €€
npoayktuBHOCTH [1-3].

CpenHee KOJIMYECTBO MYENMHBIX ceMeld B Xxo3siicTBax HaxubsiBaHCKOH ABTOHOMHOMU
PecniyOnuku exeroqHo yBenuumBaeTcs 3a mocienanue aecatb jer (2015-2025) m mocturaer 85
ThIcsid. CpenHsisi IPOAYKTUBHOCTh OJJTHOM MUEIMHOM ceMbU cocTaBmiia 4,7 kr. B nensax pacimmpenus
myenoBojicTBa B HaxubiBanckoil AP BbiTekaeT cepbe3Hasi HEOOXOAUMOCTh MPUCTYIUTh K U3YYCHHIO
KOPMOBOM 0a3pl IMYENOBOJCTBA W HA OCHOBE OJTOrO ONpEIEICHHE €€ pPalUOHAIBHOTO
ucrnosb3oBanusa. OOHOW W3 OCHOBHBIX 4YacTe Hamied paboThl OBUIO YCTAHOBJICHHE apeaiia
MEJOHOCHO-TICPTaHOCHBIX PACTeHHH 10 OOoTaHHWKO-reorpauueckuM paiioHaM pecrnyOIuKd Hu
CTENCHU HEKTApONPOAYKTHBHOCTH 10 OCHOBHBIM (pOpPMAIIMSIM M THITaM pacTUTEIbHOCTH [4, 5].

Pactutensnocts HaxubiBanckoiri AP Becbma cBoeoOpasna. Ilocnennee paszgeneHue
tepputopun  HaxusiBanckoii AP wHa  OoTaHuko-reorpaduueckue paioHbBl  IPEITI0KEHO
npodeccopom JI. U. Ipwmmrnko. [Ipu n3ydeHnn HEKTapONPOAYKTUBHOCTH PACTUTEIHHOTO TIOKPOBA
HaxubiBanckoit AP Mbl mpuaepkuBaiuchb, B OCHOBHOM, 3toro paszaenenus JI. WM. Ilpunaunko c
HEKOTOPBIMH OTKJIOHEeHUsIMH [4, 5].

[Ipy Hamuuuu CpemHero KOJMYeCTBAa BHJIOB Ha MPOOHOM IUIOMIAgKe U 3HAHUU
HEKTapOIpPOIYKTUBHOCTH KaKI0T0 BIJIa HAM YJaJ0Ch BBISBUTH CPEIHIOI0 HEKTapOIIPOIYKTUBHOCTD
MIPOOHOM TIJIOMIAJKH B K&XKIOH acCOIMAITIY 3a TICPHUOJT € IIBETCHMS, & UCXO/Is U3 3TOTO ONPEICITHTh
U HEKTApOMPOAYKTUBHOCTH OJHOTO TeKTapa OOTaHWYECKOro paiioHa B menoMm. CpenHecyTodHOe
KOJIMYECTBO HEKTapa, BBIACISIEMOTO OJHUM I[BETKOM KaXXJIOrO BHJIA, OINPEAEISUIOCh HaMU IO
MaKpOKanuuIsipHoMy Metoy mpodeccopom A. M. Kynuesa (1951) [6, 8].

[IpoueHTHl CyXHMX BeLIECTB B HEKTape ompenenwn pedppaxtromerpoM tuna PJIIY, a npu
OMpEeNEIeHU XHUMHUYECKOTO COCTaBa HEKTapa IOJIb30BaJUCh MOJIOMETPUUYECKUM METOJIOM
Bananmersepa [7].

OnenuBas neca HaxubiBaHckoil AP, HE0OXOqUMO y4HUTHIBaTH OOIIMI XapakTep TUX JIECOB,
ux mpeoOmanarommii mopoaHbiii cocraB. Kak yxaseiBaer JI. U. Ilpunmnko, Ha obmem ¢one
MOJIYITYCTBIHU, CTEMHBIX (opMmaruii, ¢opmaruii ¢puranbl U KCepOPUTHBIX KYCTAPHHUKOB, Jieca
pacrnosiararoTcsi OTACIbHBIMU MSATHAMHU — OCTPOBKAMH, B TOPHOM YacTH Kpask U COCPEIOTOUYEHBI
MIPEUMYIIECTBEHHO B OaceiiHax HanboJjiee KpymHbIX pek [4, 5].

B Hacrosimee Bpemsi HamOosiee KpYIHBIM MacCHB Jieca COXpaHWics B OacceilHe peku
HaxubiBan B okpecTHocTsix c. buuanak, oOmeit mmomansio 2550 ra. HeGomblime oCTpoOBKH
MMEIOTCS B yIenbe AnuHIKa-qaii (c. Apadca) u ['mbsu-qaii (c. Xypc, Hacupsa3) obmas rmiomaab
JecoB — okoyno 2,6 Teic. ra. H. H. Ky3neno mnomaraer, uro nec HaxusiBanckoro AP,
MPEACTABISIIOT CO00WM OOBEAMHEHHBIM THI Jieca COXMETO-KapabaxCKoro, B CBOI OYepeb
SIBJISTFOIIETOCS. 00BETUHEHHBIM THIIOM JIECa TAJIBIIIKMHCKOTO U OTYACTH MOHTHICKOTO [3].

N3 Tabnunel 1 BUAHO, YTO OCHOBHYIO Maccy HEKTapa 3/1eCh JIal0T TPABSHUCTHIE PAaCTEHUS,
pasrap UBETEHUS KOTOPBIX MPUXOIUTCS HAa BpeMs ¢ 15 uroHs Mo 25 Ui U KaXKIbld Ta YKa3aHHOU
JIeCHOU pacTuTenbHOCTU faeT 49% BCero BBIAENSAEMOro HEKTapa). OTO KOJIMYECTBO HEKTapa MOXKET
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obecrieunthy 0,36 myenmocemeil. 3mech Ha OO0 JCPEBHEB M KYCTAPHUKOB TMPUXOAUTCS
HE3HAYUTENIbHAs YacTh HEKTapa JIECCHON paCTUTEIbHOCTHU B IIEJIOM.

. Tabmuna 1
MEJIOHOCHBIE PACTEHHMA JIECOB HAXYbBIBAHCKOUM AP
Haszeanue pacmenuii YHucno pacmenul Bpewms Cpeonssn
yeemenuss  HeKMAaponpoOyKmMueHOCHb
1000 M° u 20 M° Ha Il ca 1 pacmenusige 1 ea/ke
Hepesvsi u kycmapruxu
I'pyria nonukas 0,5 5 25. 1V 86,6 0,42
I'pymia oObIKHOBEHHAS 0,7 7 8.1V 140,4 0,98
CusbBa pacToNbIpEHHAS 0,9 9 12. IV 94,8 0,85
YKuMOIIOCTh TTPHUIIBETHUKOBAS 0,2 3 5.1V 23,0 0,05
By3una uepnas 0,4 4 10. IV 47,25 0,18
BOsPBIIIHUK BOCTOYHBIN 0,9 9 12. IV 306,2 2,75
BosIphIIHUK COrHYTOCTOIOUKOBH 0,8 8 20V 133,0 1,06
Bosipeiank Metiepa 0,3 3 5.1V 146,08 0,43
Tpassnucmole pacmenus
Krnesep KaBkazckmii 51 2550 28.VI 1,98 5,04
Krnesep anpnuiickuii 6,7 3375 20.VI 2,09 7,05
Buka usMenunBas 4.2 2100 26.VI 0,90 1,89
Buka uzsamnas 3,1 1550 26.VI 0,95 1,53
Bsi3ens necTphrit 3,9 1965 5.VII 0,96 1,89
T'onmoBuarka Koun 15 789 15.VI 0,97 0,75
Yucrel rpy3UHCKHIMA 5,6 2455 25.VI 0,32 0,89
Uwna KHHOBapHAs 3,6 1800 25.VI 1,03 1,89
[Tandeit myToBUaTHII 1,4 732 18.VII 4,07 2,98
JIsanBeHel KaBKa3CKUi 6,8 3400 29.VI 0,85 2,89
JlepOeHMK UBOJIUCTHIM 4.8 2400 20.VII 0,81 1,54
OKOITHHK KECTKUH 1,7 850 28.VI 3,39 2,88
MopnoBauk ['pocreitmu 0,5 250 5.VII 2,86 0,71
KortoBHuk Topuamnuit 7,5 3750 15.VI 1,07 401
KoTOBHHK cepoKeNThIii 35 1773 8.VII 1,06 1,88
Bosir o0ObIKHOBEHHBIH 4.9 2450 25.VI 1,23 2,91
30IMHUK KITyOHEHOCHBIN 1,0 500 13.VII 1,87 0,93
JKusokocts IlloBuiia 2,8 1400 25.VII 0,30 0,42
Bcezo: 49,16

Jlns  monHOLEHHOro cbopa HekTapa ¢epMepaM, 3aHUMAIOIUMCS IUYEJIOBOJCTBOM B
PaBHUHHOW 30HE, MPUXOIUTCS NEPEHOCUTh MACEKU B JIEC JI0 T€X IOp, MOKA HE 3alBETYT JIECHbIE
35akoBbie MenoHOChl. CyOanbpnuiickue ayra, mo nanueM JI. . [lpununko, MmectaMu HauyuHAIOTCS
TYT K€ MOCJIE JIECHOM 30HBI, Yallle 110 YIIEIbsAM, BIAXKHBIM U BOTHYTBIM MEJIKO3EMHUCTBIM CKIIOHAM,
3ax0/11 MHOTa sI3bIKaMH Ha TEPPUTOPHIO, 3aHATYIO JiecoM. [lo cpaBHenuto ¢ ['maBHbM KaBkazom u
ceBepHOl okoHeyHocThi0o Manoro Kaskaza, cyOanbpnuiickue nyra B HaxubiBanckoit AP
peCTaBICHBI 3HAYUTEIbHO citabee [4, 5].

Bonee pacnpocTpaHeHHble Me30(pWIbHBIE TEPEXOAHBIE JIyra JECOAIBIUHCKOW TMOJI0CHI
pacrionoskensl B mpenenax 2350-2600 wm. Me3ogunbHble cyOanbnuiickue Jyra mepexoHON
JIECOATBITMICKANA TIOJIOCHI TIO CBOEW CTPYKTYpPE IMOXOMAT Ha JIECHBIE JIyra, HO 0ojiee MEeCTPhl H
KpacOYHBI, B CBSI3U C HAJMYMEM KPYMHOLBETHBIX CyOanbMUICKUX 3JeMEeHTOB. JlJig ycTaHOBIEHUS
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IIPUTOJHOCTH 3THUX JIYTOB B ITYEJIOBOJYECKOM OTHOLIEHHHM MBI B I'OJBI UCCICAOBAHUS 3AJI0KWINA
CreMabHbIe TPOOHBIE TUIOIAIAKH, Pe3yIbTaThl KOTOPHIX IpuBOAATcs B Tabmure 2.

Tabmuna 2
PACTUTEJIbHOCTbH DKCITEPUMEHTAJIBHBIX YYACTKOB,
CO3JAHHBIX AJIA ITYEJIOBOACTBA
Haszeanue pacmenuil Yucno pacmenuii Bpems CpeoHnsist nekmapo-
ysemeHus NPOOYKMUBHOCHIb
1000 M° u20 M na I 2a 1 pacmenus 6 2 1-2alke
Kinesep coMmHHTENBHBIN 8,5 4250 18.VI 1,34 5,69
Krnesep BoocHCTOr0M0BEII 7,7 3850 25.VI 1,9 7,315
Krnesep anpnuiickuii 6,4 3200 5.VII 2,09 6,685
KoToBHuK TOpUaIui 5,2 2600 3.VI 1,07 2,78
Kotornuk Tpayrderrepa 2,6 1309 22.VI 1,13 1,48
BykoBHuI1a BocTOUHAS 1,2 642 5.VII 14 0,9
Bacunex ®umepa 15 769 15.Vil 13 1,0
Buka nsmenunsas 3,5 1750 10.vIl 0,90 1,57
Buka mssamiaas 2,7 1350 10.vIl 0,85 1,33
JIsanBeHel KaBKa3CKU 6,98 3492 5.VII 0,85 2,97
DcmapieT 3aKkaBKa3CKun 4,6 2300 22.VI 0,9 2,07
Dcmapier poraTsii 0,25 125 27Vl 7,9 0,98
Tumbsa Koun 4,1 2050 12.Vil 2,18 4,465
SlcHoTka Oenas 57 2850 25.VI 0,64 1,82
Bcero: 41,05

N3 Tabnuupl 2 BUAHO, YTO pasrap LBETEHUS MEJOHOCOB TapUru MPUXoAUTcs Ha Bpems ¢ 3.VI
o 15.VII, 3To BpeMst Kaxk/Iblid Ta cyOaIbIUHCKOTO Me30(MIBHOTO JIyra AaeT OKojo 41 Kr HeKTapa.
Ecnu rooBast moTpeOHOCTh OJTHON CEMBHU COCTABHUT NMPUMEpHO 80 KT, TO 3a CYET ITOTO KOJIMUYESCTBA
HeKTapa MOXHO conepskatb 0,30 muesnocemMbH.

N3 Tabnuuel 3 BuAHO, 4TO Jeca u cybanbpnuiickue myra HaxusiBanckoir AP pacmonararoT
BECbMa XOPOIIMMHU MeJOoHOCaMU. MHOTHE M3 HHMX OY€Hb XOpPOIIO TMOCEHIAIOTCS IMYEeIaMH,
MPEACTABISII UM HEKTapa W MbUIbIY. HekoTopble M3 ATUX MEIOHOCOB BIEPBBIC OBUTH U3YUYEHBI
Hamu B AzepOaiikaHe B MEJJOHOCHOM OTHOIIIEHUH, K TAKUM OTHOCSATCS TPyIIa MOHUKIIAs, TpyIna
OOBIKHOBEHHAsI, JKUMOJIOCTh MPHIIBETHUKOBas, Oy3WHA 4YepHas, OOSPBIINIHUK BOCTOYHBIMH,
OosppIIHUK Meliepa, KieBep KaBKa3CKUM, KJIEBEp aJIbIIMUCKHUM, BS3€Ib MECTPbI, MOPIAOBHUK
I'poccreiima, KOTOBHHK cepo XKENTHIA, OOMAT OOBIKHOBEHHBIN, >XKMBOKOCTH IlloBuiia, kieBep
COMHUTENBHBIN, KJIEBEp BOJOCHUCTOTOJIOBBIN, Henera Tpayrderrepa, Bacunek duiiepa, scmapier
porarhiii [4, 8, 9].

Tabmuua 3
XAPAKTEPUCTKA HEKTAPOHOCHOCTHU HEKOTOPBIX MEJJOHOCOB
JIECOB U CYBAJIBITUMCKOI'O JIVTA HAXYBIBAHCKOM AP

Hazeanue pacmenuii Cpeone-cymoynoe Cooeporcanue cyxux gewgecma 6 nekmape, %
Koauvecmeo Hekmapa  Bcezo Imokozau  Caxaposa u opyeue
6 yeemxe, me Gdpyxmosa geuecmea
I'pyma nonuknas 0,89 40,8 - -
I'pyiia oObIKHOBEHHAS 1,17 38,6 28,5 10,1
CunbBa pacTOIBIpEHHAS 0,79 16,8 9,4 7,4
JKumonocTh NPULIBETHUKOBAS 1,40 26,4 20,8 5,6
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Haszeanue pacmenuii Cpeone-cymounoe Cooepoicanue cyxux geugecms 8 nekmape, %
Koauvecmeo Hekmapa  Bcezo Tokozau  Caxaposa u Opyeue
6 yeemeke, me @dpyxmosa seujecmea
By3una uepnas 0,45 34,5 12,8 21,7
BosipbIiHUK BOCTOYHBIH 0,49 50,2 20,0 30,2
BosIpBIIIHUK COrHYTOCTOIOUKOBBIM 0,35 55,8 - -
Bosipeiiank Metiepa 0,44 60,2 - -
Kiuesep Kapkasckuii 0,75 36,6 30,4 6,2
Krnesep anpnuiickuii 0,95 30,9 20,0 10,9
Bsi3enb necTphrit 0,53 30,0 215 8,5
T'onoBuarka Koun 0,36 42,8 - -
Yucren rpy3uHCKUI 0,25 50,5 - -
UwuHa KUH BapHas 1,26 68,0 48,6 19,4
MopnoBauk ['poccreiika 0,78 51,4 42.8 8,6
KOTOBHHK cepoKeNThIii 0,36 32,8 - -
Bomsir o0OBLIKHOBEHHBIH 0,25 50,6 22,4 28,2
JKusokocts LloBuiia 0,40 20,5 - -
KineBep coMHUTENBHBIN 0,49 40,4 - -
KreBep BOIOCHCTOTOIOBEIIM 0,56 44,8 30,2 14,6
Korosauk Tpaytderrepa 0,42 42,7 - -
Bacunex @umepa 0,19 32,4 - -
DcmaparneT 3aKaBKa3CKun 0,49 40,2 25,8 14,4
OcmnapaneT poraTsiid 0,73 56,5 50,3 6,2
SIcHoTka Oemnas 0,91 42,4 - -

B HacTosiiee Bpemsi HEKTapOIPOAYKTUBHOCTh YKA3aHHBIX YIOJHMM MCIIONB3YeTCsl AAaJeKO He
IIOJHOCTBIO, 33 MCKJIIOYCHHMEM YacCTHUYHOIO MCIIOJIb30BAaHUS IYEJIOBOAAMU-TIOOUTENBAMU U
MaJIOUUCJIEHHBIMU TNaceKaMHu (pepMepoB TOpHOM 30HBI. MenoHOCH jeca U CyOalbIUICKOro Jiyra
HaxusiBarckoit AP 00MIIBHO BBIICNAIOT HEKTAP M XOPOIIO MOCEHIAI0TCS MUeIaMHu.

Ha ocHOBaHUM NMpHUBEIEHHBIX JAHHBIX MOXHO CJIEJIaTh CIEIYIOIINE BHIBOIBI.

Kaxplii ra cBeTsI0ro 60sphIIIHUKOBO-AYO0BOIO Jieca AaeT 0KoJo 49 KI HeKTapa, 4TO MOXKET
obecneunts 0,36 muemoceMei.

Kaxnpiii ra cybampnuiickoro Me3o(uiIbHOTO JIyra jJaeT okoso 41 Kr Hekrapa, 3a cuer
KOTOpPOTo MOXHO cozepxathb 0,30 muenocemeit.
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Annomayus. B ruapodayne HaxubiBanckoit ABToHOMHO# Pecniy6nuku oOHapyxeHo 22 Buaa
MOACHOK MO JMYMHOYHOM CTaJuH, NMPUHAJISKAIKUX K S5 HaacemeiicTBaM, 9 cemeiictBam u 17
ponam. IIpoBenieH cpaBHUTENIBHBIN aHAIN3 BUJOBOIO COCTaBa, 3aKOHOMEPHOCTH PaclpOCTpaHEHUs,
CBSI3U C DKOJOTHYECKUMH (DaKTOpaMu M CE30HHOW JMHAMHUKH pa3BUTHs (ayHbl MOJCHOK ABYX
peuHBbIX cucTeM, chopMupoBaBIIuXcs Ha Teppuropun llaxOy3ckoro paiioHa B CXOIHBIX TOYBEHHO-
KJIIMMaTU4YECKUX YCJIOBHSX. YCTAHOBJIEHO, 4YTO CYIIECTBYET IpsAMas CBA3b MEXKAY BHUJIOBBIM
O0orarcTBOM JMYMHOK M pa3HooOpa3ueM OHOTOMOB (a Takke MHMKPOOHOTONOB) TOPHBIX pEK.
Homunupytomumu Bunamu (P>50%) nnst noHHOM (ayHBl peK M IPUTOKOB, MPOTEKAIOIIHUX B
[IIax6y3ckom paiione siBisitoTest Potamanthus luteus, Siphlonurus lacustris, Baetis rhodani, Cloeon
dipterum, Heptagenia sulfurea, Serratella ignita u Caenis macrura. 3a mepuoj HccieI0BaHHIA
cpenusisi ouomacca Humd aist p. HaxusiBanvaii u ero 6acceitna cocrasuia 0,354 /M (4UCIeHHOCTh
— 105 ocobeii/m?), a mis p. Kiokywait — 0,065 t/m° (umcmennocts — 27 ocoGeii/m’). B pekax
aBTOHOMHOM pecnyOJIMKH MHTEHCUBHOE pa3BUTHE HUM(Q OOBIYHO MPUXOIUTCS HA BECEHHE-JIETHUH
NIEPUOJ.

Abstract. In the hydro fauna of Nakhchivan Autonomous Republic 22 species of mayflies
were found in larval stage, belonging to 5 superfamilies, 9 families and 17 genus. Comparative
analysis of species composition, distribution pattern, relationship with ecological factors and
seasonal dynamics of mayfly fauna of two river systems formed on the territory of Shahbuz district
in similar soil and climatic conditions was carried out. It was found that there is a direct relationship
between the species richness of larvae and the diversity of biotopes (as well as microbiotopes) of
mountain rivers. The dominant species (P>50%) for the benthic fauna of rivers and tributaries
flowing in Shakhbuz district are Potamanthus luteus, Siphlonurus lacustris, Baetis rhodani, Cloeon
dipterum, Heptagenia ulfurea, Serratella ignita and Caenis macrura. During the study period, the
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average biomass of nymphs for the Nakhchivanchai River and its basin was 0.354 g/m? (abundance
- 105 individuals/m?), and for the Kyukuchai River - 0.065 g/m? (27 individuals/m?). In the rivers of
the Autonomous Republic, intensive development of nymphs usually occurs in spring and summer.

Kniouesvie cnosa: nuunnka, MoACHKH, MUKpoouoTomnsl, [1lax0y3ckuii paiioH.
Keywords: larval, mayflies, microhabitats, Shakhbuz district.

Pexu ropHoro kpasi — pp. Apnauaii, HaxusiBanuaii, Anunmkavait, ['unanyvait, [yitnynyaii,
Banannuaii, Opay6anyuaii, 'anzauaii u Koramuaii siBisrotTcs ieBbIMH puTOKamMu Apasa. X uctoku
PacIojIOKEeHbl Ha FO’KHBIX M FOTO-BOCTOYHBIX CKJIOHaX Jlepeneia3ckoro u 3aHre3ypcKoro ropHbIX
xpe0ToB, Ha BeicoTax 2700-3575 M Hag y. M. JIOMUHBI 3TUX PEK UMEIOT Pa3IMYHBIA MPOIOJIbHBINA U
MOTepEeYHbIN TPOQHIIb, B OONBIINHCTBE CIIy4aeB U30THYTHIH. XapaKTepHO MONEPEMEHHOE CYKEHHE
U pacIIMpeHue JOJIMH BJIOJb PEK U U3MeHeHHe ux ¢opM. B BepxHel yacTu TeueHHe BOABI pe3Koe U
c nepekaramu. C¢opMupoBaHHbIE OUOTONBI OTIMYAKOTCS OTHOCUTEIBHOM YCTOWYMBOCTHIO. B
HIDKHEM TEYEHUHM PEK MOXKHO BCTPETHTh YYAaCTKH, MOKPBITbIE TPOCTHUKOM OOBIKHOBEHHBIM,
O3€PHBIM KaMBIILIOM, Y3KOJUCTHBIM M IIHPOKOJIMCTHBIM pPOTr03aMH, OCOKOH, PpPOTOJIMCTHUKOM
TEMHO3€JIEHBIM U IPYTUMH BOJHBIMU pacTeHusMu [1].

PazHooOpasue ruipoOHOILIeHO30B BOAHBIX 3KOCUCTEM 3aBUCHUT OT pelsbeda, oporpaduyueckux
0COOEHHOCTEH M BEPTUKAIBHBIX BBICOT perumoHa. Cienyer OTMETHTh, YTO TOJBKO B IOCIEIHUE
TOBI PETYJSIPHO M3YYal0TCsl THIPOOHOIOTHIECKHE XapaKTEPUCTHKH PEK aBTOHOMHOM pecnyOIuKy,
0COOEHHO CHUCTEMAaTHYECKHWEe TPYIIBl JTOHHOH (ayHbl, HUMEIOIINE XO3SMCTBEHHOE 3HAYCHUE.
SBnsisick 60s1€€ YCTOMYMBBIMH U JOJIT0KUBYLIMMU OpraHU3MaMH, O€CII03BOHOYHBIE MaKpOOEHTOCa,
IJIaBHBIM 00pa3oM JIMYMHKH HACEKOMBIX, COCTABJIAIOLIME SAPO JAOHHOH (DayHbl TEKy4yUX BOJOEM,
aKTHBHO y4acTBYs Ha BCEX YPOBHSX MUIIEBOI ceTH, 00eCIIeUnBaIOT CYILIECTBOBAHUE IKOCHCTEM.

Pabota BbITIOTHEHa B OCHOBHOM B BEPXOBBsX p. HaxubiBanuaii (JyimHa 27 KM), CTOK KOTOPBIN
oOpa3oBaH Ha Teppuropun baradarckoro miato, u p. Krokyuaii (aymmaa 20 kM), Oepyiero Hagao ¢
CEBEPHBIX U CEBEPO-BOCTOYHBIX CKJIOHOB OJHOMMEHHOM ropsl. Llenb 3akirodeHa B onpenencHuu
3aKOHOMEPHOCTH IPOCTPAHCTBEHHOI'O PACIPEACIECHUS BHIOBOIO COCTaBa JIMYMHOK IOJEHOK, MX
OTHOIIEHUS K THUIy TPYyHTa, TEeMIEpaType BOJAbl, CKOPOCTH TEUEHUS U CE30HHOW JUHAMHKHU
pa3BUTHS.

MarepuanaoM UcclieI0BaHUS MOCIYKUIN cOOpBI JOHHOU (hayHbl, COOpaHHBIE B X0J1€ MOJIEBBIX
SKCHEeUIMI U3 pa3HbIX OMOTONOB BepxoBbeB p. HaxubiBanuait u p. Krokydait. Co0p 1 nepBUUHYIO
00paboTKy MaTepHasia MpOBOAWIN C IPUMEHEHHEM OOUIENPUHATHIX B THAPOOMOJIOTUH METOJI0B U
cpenctB. OuMIEHHBIX JUYMHOK (ukcupoBain B 4% pacTtBope (QopmaliiHa U B J1abopaTOpuu
OIpeJIeNININ UX BUJIOBOI COCTaB, UUCIIEHHOCTh M OroMaccy.

JU1 ycTaHOBJIEHHS TPOCTPAHCTBEHHOT'O PACHPENEICHMS] INYMHOK MOJIEHOK PErMCTPUPOBAIN
TOJILIMHY CJIOS BOJABI, €€ CKOpPOCTb, MPO3PAaYHOCTh, TEMIIEPATYpy, pacxoJ IO Ce30HaM Troja U
XapakTep rpyHTa.

[To xomMUeCTBEeHHBIM MOKa3aTeNsAM U yactore Berpedaemoctu (P = m/n100%) paccunTeiBanu
CTeNeHb JOMUHUPOBAHHUS OT/AEIbHBIX BHJIOB, BXOISALIMX B COCTaB MaKpo3000€HTOCa peK. 3/1eCh: m
— 1poOBbl, B KOTOPBIX OOHApYKEH BU; N — 00Iee KOJIMYECTBO MPo0, OXBATHIBAIOIINX OHOIIEHO3a
[7-9].

B cratee O. A. YepHoBoii, omybnukoBanHoi B 1938 r, nns ¢gaynsr Bogoémon IllaxOy3ckoro
paifoHa coOOIIEeHO O paclpocTpaHeHUH 5 BUIOB HUM(} moaeHok. B monorpadum A. I'. 'aceiMoBa
«IIpecHoBoanas ¢dayna Kaskaza» (1972) u crarbe (2004) ykazanbl 9 BHIOB MOACHOK ISl hayHbI
peruona (Epeorus sp., Isonychia ignota Walker, Ameletus inopinatus Eaton, Siphlonurus lacustris
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Eaton, Cloeon dipterum (Linnaeus), Cloeon simile Linnaeus, Baetis rhodani Pictet, Centroptilum
luteolum Muller u Ordella macrura Stephens), BoIOeMBbI, TJ€ OHU BCTPEUYCHBI, OMOTONBI, U
MOKa3aHbl OCOOCHHOCTH MHUTaHHsA. B Hacrosimee BpeMs misa ¢ayHsl AszepOaiikaHa ykazaHbl 33
BH/IA 10 JTHYMHOYHOM CTaJuK U 7 BUIOB 110 B3POCIBIM 0c00sMm [2, 3, 5, 6, 10].

[IpoAOMKUTENBHOCTh KU3HU B3POCHBIX IOJCHOK [UIMTCS OT HECKOJIbKMX YacoB [0
HECKOJIbKUX JHeH. M3ydeHo BUIOBOE pazHOOOpa3We MOACHOK MO JHYMHOYHOW CTaJMHU B PaMKax
TUIPOOUOJIOTUYECKUX UCCIIeI0OBAaHUI.

PacueTsl mokaszanu, 4To B BEpXHEM W cpeaHeM TedeHuW pp. HaxubiBanwaii u Krokywai
TUMIUYHBIC JINTOPEOPUIBHBIE U OKCU(UIBHBIC BUIBI, OTHOCSINHAECS K IMOJCHKAM, B TOM 4YHCIIE K
rpynnaM BECHSHOK U PYYEHHUKOB, UMEIHU O0Jiee BBICOKYIO YyacToTy BcTpeuaemoctu (P =45-90%) u
coctaBuwin 55-82% ot oOmiero kojaudecTBa COOpPAHHBIX MAaKpPOOEHTOCHBIX OECIO3BOHOYHBIX.
HNomunupyromumu Bunamu (P>50%) st noHHO# (ayHBl pek U NPUTOKOB, MPOTEKAIOUIMX B
[Tax6y3ckoMm paiione sistroTes: Potamanthus luteus, Siphlonurus lacustris, Baetis rhodani, Cloeon
dipterum, Heptagenia ulfurea, Serratella ignita u Caenis macrura. YaenbHbiii Bec HUM( TOACHOK
MpeTepreBacT pe3kue M3MEHEHUs B 3aBHCHUMOCTH OT penibeda, oporpaduueckux ocoOeHHOcTel
TEPPUTOPUH, pa3HOOOpa3uss OHOTOMOB, THAPOJOTHYECKOTO, TEPMUUECKOTO U KHUCIOPOJHOTO
pexxuma pek. OCOOCHHO B BEPXOBBSX M IMPUTOKAX PEK YCTOHUMBOE PYCIIO, OOMIINE PACTBOPEHHOTO
KHCJIOpOJIa B BOJIe, KOPMOBasi 0a3a, BO3MOXKHOCTh YKpBITHSI, HHOTAa MoxoBo# (Fontinalis) mokpos
ABIAIOTCS (DaKTOpamu, OMPEACNSIONIMMU pPa3BUTHE YHCIEHHOCTH U Ouomacchl JUYUHOK. [lns
dayHbl Kpasi oTMeueHO 22 BHJa MOJCHOK, BXOJALIMX B COCTaB 5 HajcemeicTs, 9 cemelicTB u 17
ponos (Tabmnuia).

Tabnuma
CUCTEMATUYECKAS CTPYKTYPA ®AYHbI [TOJEHOK HAXUYBIBAHCKOI AP
Haocemeticmso Cemeticmeo Poo Buo
Ephemeroidea Ephemeridae Ephemera E. vulgate L.,1758
Potamanthidae Potamanthus P. luteus (L., 1767)
Baetoidea Ameletidae Ameletus A. inopinatus Eaton, 1887
Siphlonuridae Siphlonurus S. lacustris (Eaton, 1870)
S. linnaeanus (Eaton, 1871)
Baetidae Acentrella A. lapponica Bengtsson, 1912
Baetis B. rhodani (Pictet, 1843)
Centroptilum C. luteolum (Miiller, 1776)
Cloeon C. dipterum (L., 1761)
C. simile Eaton, 1870
Pseudocloeon P. inexpectatum Tschernova, 1928
Heptagenioidea Isonychiidae Isonychia I. ignota (Walker, 1853)
Heptageniidae Ecdyonurus E. aurantiacus (Burmeister,1839)
E. flavimanus Klapalek 1905
E. ornatipennis Tschernova, 1938
E. venosus (Fabricius, 1775)
Epeorus E. assimilis Eaton, 1885
Heptagenia H. sulphurea (Miiller, 1776)
Rhithrogena Rh. znojkoi Tschernova, 1938
Ephemerelloidea Ephemerellidae Serratella S. ignita (Poda, 1761)
Caenoidea Caenidae Caenis C. macrura Stephens, 1835
Cercobrachys C. minutus (Tshernova, 1952)
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Bonbiioe paccrosHue MexIy BoJopasielaMHu BBICOKOTopbs (xpeber Kambimamrapa, ropsl
Anmamunar u Tekenuk), mIoXoi MmojeT ¥ KOPOTKas MPOJOKUTENBHOCTD AKU3HH B3POCIBIX 0CO0e
MOJICHOK OO0YCJIOBWJIM HEOIPENENIeHHOCTh BHMJOBOIO COCTaBa JIMUYMHOK B BEPXHEM M CPEIHEM
TEYEHUH JIBYX PEUYHBIX CUCTEM. U PA3JIMYUs B KOJIMYECTBEHHBIX NOKa3aTessx [4].

B pekax ronbple W TOKPBITBIE MXOM M PAaCTHTEIbHOCTBIO KAaMEHHUCTBIE TPYHTHI
XapaKTepU3ylTcs OOraThiM BUAOBBIM COCTABOM M CTAaOWMJIBHOM OTHOCHTENBHOHM J0Jel BUAOB
OCHOBHBIX TPyl HaceKOMbIX. OCHOBHBIE MECTa B TAKMX 300LIEHO3aX 10 KOJIMYECTBY U HaCTOTE
BCTpEYaeMOCTH 3aHMMaroT BHbI ponoB Cloeon, Baetis, Ephemera, a B pacTuTeIbHBIX ¥ MOXOBBIX
nokpoBax, npuHaiexamue k Acentrella u Heptagenia. Ha romsix xamusix, Agapetus, a Takxe B
MHKpOOHOTONAaX OOWTAIOT JHYMHKH pyderHUKoB ponoB Hydropsyche, Rhyacophila. Jnunaku
xuponomu pogaos Ablabesmyia, Thienemannimyia, Tanytarsus u cemeiictBa Simulidae, a Taxke
raMMapuisl — JOHHbIE OpraHU3Mbl, OOMTAaIOLIME COBMECTHO C€ HHUM(paMH IOJEHOK B
JTUTOPEOPHILHOM OHOIIEHO3E.

YcranosneHo, uro B pekax lllaxOy3ckoro paifoHa aBTOHOMHOW pecnyOJIMKM WHTEHCHUBHOE
pa3BUTHE JIMYMHOK MOAECHOK OOBIYHO IMPUXOAMTCS HAa BECEHHE-JIIETHUM nepuo. B 3aBucumocTty ot
METEOpPOJIOTHYECKUX YCIOBUH BO3pOXKAeHHE (ayHbl B BEPXHEM BBICOTHOM IIOSICE€ pPETHOHA
orMeuaercs Ha 10-20 gHeil nmo3xe, yeM B BoJoéMax cpegHero nosica. K oceHu MIOTHOCTh JTUUUHOK
OOJNIBIIMHCTBA BHUOB OTpsAZa CHIIKAETCS, YTO CBS3aHO C THAPOTEPMUYECKUMH YCIOBUSIMH,
YMEHBUIEHHEM CTOKa BOJbI U HUX OMOJOIMYECKMMH OCOOCHHOCTSIMM. 3a MEpHUOJ HCCIelOBaHUN
cpemnsis 6romacca auvd uist p. Haxupisanuaii i ero 6acceiina cocrasuia 0,354 r/M? (YHCICHHOCTD
— 105 ocobeii/m?), a mst p. Krokyuait — 0,065 r/m? (uncnennocts — 27 ocobeii/m?). Haunnast ¢
HOSIOpsI-IeKa0psi, TMUMHKH, OTHOCSIIUECS K TIEPBOM CTaJMU Pa3BUTHUS, IPOBOAST 3UMHUI CE30H B
He3amep3arolel rpyHTe BogoéMoB ¢ Temiiepatypoit 5-10°C (PucyHok).

mp. Haxurieamuaii  wp. Krokyuaii
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PI/IcyHOK. ILI/IHaMI/IKa KOJIMYCCTBEHHBIX ITOKa3aTeaeH JIMIMHOK IIOACHOK

[Ipeobnananue peoduinbHON (ayHbl B Takux pekax 3akoHomepHo. [locne mepemenieHus
cyOcTpara, HaCeJIEHHOTO YUCTO peodUIbHBIMU OpraHU3MaMH, B CIOKOWHO MPOTOYHYIO YacTh PEKU
0€CII03BOHOYHBIE JKUBOTHBIE AaKTUBHO MHUTPHUPYIOT (ApeiidyroT) M ¢ MOTOKOM BOJbl HAYMHAIOT
MIOUCK HOBOT'O, MOAXOJAIIEro Ouorona. B BOAHBIX 3KOCHCTEMax BEpXHEro mosica kpas ¢ayHa
MOJICHOK, oONajaromas BBICOKOW YCTOMYMBOCTBIO K HHU3KMM U CpPEAHHUM TeMIeparypam
(3BpUTEPMHBIE), BO BCE CE30HBI I'0/1a OTINYAETCA BUJOBBIM Pa3HOOOpa3HEM.
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UDC 598.2 https://doi.org/10.33619/2414-2948/116/11
AGRIS L20

AUTECOLOGY AND MODERN STATUS OF SPECIES OF THE FAMILY Sylvidae,
COMMON IN THE NAKHCHIVAN AUTONOMOUS REPUBLIC

©Novruzov H., ORCID: 0009-0003-1988-2146, Nakhchivan State University,
Nakhchivan, Azerbaijan, Husynn956 @gmail.com

AYTAKOJIOTASI U COBPEMEHHBIN CTATYC BHJIOB CEMEMCTBA Sylvidae,
PACIIPOCTPAHEHHBIX B HAXYBIBAHCKOM ABTOHOMHOWM PECITYBJIMKE

©Hoepysoe I'., ORCID: 0009-0003-1988-2146, Haxuvleanckuii 20cyoapcmeeHHblil
yHusepcumem, 2. Haxuwviean, Azepbaiioscan, Husynn956@gmail.com

Abstract. Provides information on the bioecological characteristics and modern status of
species belonging to the Sylvidae family distributed in the Nakhchivan Autonomous Republic. It
was found from the research that 11 species belonging to 4 genera of the Sylviade family are found
in Nakhchivan, all of which come to this area to breed and migrate in the fall after breeding. One of
the main issues raised during the research was the study of the modern status of the Sylvidae. As in
the whole world, the negative effects of anthropogenic factors in Nakhchivan have worsened the
feeding and nesting conditions of these birds, leading to a significant decrease in their number
dynamics.

Annomayus. llpeacraBieHa uHpopMmanus O OHMOPKOJOIMUYECKUX XapaKTEepUCTHKAX U
COBPEMEHHOM COCTOSIHUM BMJIOB cemeiictBa Sylvidae, pacmpocTpaHeHHbIX B HaxubiBaHCKOH
ABtoHOoMHON Pecnybnuke. B pesynbrare ucciienoBaHuii ObLIO BbISIBIEHO, yTOo B HaxubiBane
BcTpeuatores 11 BHIIOB, OTHOCAIIMXCS K 4 poaaM cemelictBa Sylviade, Bce OHU MPWIETAIOT HA ATY
TEPPUTOPUIO JJIsl THE3/IOBAHUS U OCEHbBIO TOCJE THEe3A0BaHUs MUTpUpYIOT. OZHUM U3 OCHOBHBIX
BOIPOCOB, MOJHATHIX B XO0J/I€ UCCIIEI0BaHMUN, ObUTIO M3y4EeHUE COBpeMEHHOro coctosHus Sylvidae.
Kak m BO BceM Mupe, HEraTMBHOE BO3/ICHCTBHME aHTPOMNOIeHHBIX (akTopoB B HaxubiBaHe
VXYIIIMIO YCJIOBHS THUTAHWS W THE3JOBAaHUS OSTUX MTHI, YTO IPHBEIO K 3HAYUTEIHLHOMY
CHIDKEHHIO TUHAMUKH UX YACIICHHOCTH.

Keywords: Sylvidae, insectivorous birds, fauna, Azerbaijan.
Knrouesvie cnosa: Sylvidae, HacekoMosiiHbIe ITULIBL, (payHa, A3epOaiiikaH.

The relief of the Nakhchivan Autonomous Republic, located in the southwest of the Lesser
Caucasus, consists mainly of plains and mountainous areas, with an average altitude of 1,400
meters above sea level. The Araz river area, which covers a large part of the territory, is the lowest
area of the Republic, with an average altitude of 800 meters above sea level, and the absolute
altitude of 20 percent is 2,000 meters. The presence of low, medium and high mountain belts here
also distinguishes it from other regions of Azerbaijan and has led to the formation of a unique relief
and climate.

The Araz river area, which constitutes 32% of the Autonomous Republic, is rich in bushes
and greenery, and therefore has favorable conditions for the survival and reproduction of a number
of birds. The Autonomous Republic borders the Islamic Republic of Iran and the Republic of
Turkey to the south and west, and the Republic of Armenia to the northeast. As can be seen, the
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territory of Nakhchivan, surrounded by three states, consists of landscapes with various natural
conditions that differ from each other in terms of climate, soil, vegetation cover and relief. The
different conditions in each landscape have had a significant impact on the formation of its own
ornithofauna. It should be noted that the Nakhchivan Autonomous Republic is completely different
with its sharply continental climate.

The main factors that create the climate here are related to the abundance of solar radiation,
the complexity of atmospheric circulation, and the diversity of the relief. Thus, being surrounded by
the Zangezur and Daralayaz mountains from the east and north, neighboring the Armenian and
Iranian plateaus, and being far from large water bodies have led to the creation of special climatic
conditions, which have had an impact on the diversity of the fauna [9, 14].

Observations show that in the autumn, the number of birds in the Araz river area increases
due to migratory birds and individuals making short movements from the mountain belts. In the
winter, some of the passerines (mainly sedentary birds) that live in the middle and high
mountainous zones make short movements to the Araz river area to feed. During this period, an
increase in the species diversity of birds is also observed. Despite this, the density of birds in the
plain is lower than during the breeding and migration periods [10, 11].

Based on observations and ornithological studies conducted in various regions of the territory,
it can be said that the main mass of sparrows associated with trees and shrubs settle in the green
areas, cultivated fields and gardens along the Araz river. Although we conducted research on the
ornithofauna of Nakhchivan 40 years ago, considering the serious changes taking place in nature
and the negative impact of anthropogenic factors on the living conditions of all living things, it was
considered appropriate to conduct inspection-type research.

Research material and methodology
Research work was carried out in the Araz river area and foothill zones of the Nakhchivan
Autonomous Republic during 2023-2024. Young orchards recently established in these areas and
suitable for the habitat of fruit eaters were used as the research object. Using birds belonging to the
Sylvidae family as research material, their species composition and current status were studied.

Discussion and results of the study

In 2023-2024, research was conducted on the passerine family of the passerine order, and
their current status and species composition were clarified. It was found that, although the species
composition of passerines remained stable (11 species) compared to previous years, fundamental
changes in the dynamics of numbers have occurred towards a decrease. The main reason for this is
the decrease in food objects and deterioration of nesting conditions for these birds due to the
influence of anthropogenic factors. Recently, gardens have been established in large areas
considered suitable for the habitat of birds in the Araz plain and foothill regions of the autonomous
republic, and it is assumed that these birds will grow and reproduce intensively in these areas.
However, the expected result did not occur. Later studies revealed that periodic spraying of young
orchards leads to the destruction of insects that form the food of these birds, as a result of which 20-
30% of the chicks die of starvation while in the nest, as the parent birds are unable to provide their
hatched chicks with normal food.

Looking at the list, it becomes clear that 11 species belonging to 4 genera of the family of
nightingales are widespread in Nakhchivan. As a result of my long-term autecological research on
these birds, the following information was obtained [1, 12].
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Table 1
SPECIES COMPOSITION OF BIRDS BELONGING TO THE FAMILY OF FRUIT EATERS

Genus Species

1. Cettia Bonap., 1834 . Cettia cetti Temm., 1820

2. Acrocephalus Naumi., 1811 . Acrocephalus arundinaceus Linn., 1758

. Acrocephalus melanopogon Temm., 1820

3. Hippolais Bal., 1727 . Hippolais pallida Hemp., 1833

4. Sylvia Scopoli., 1769 . Sylvia nisoria Bechat., 1795

. Sylvia hortensis Qm., 1789

. Sylvia atricapilla Linn., 1758

. Sylvia borin Bodd., 1783

OO N| OO D WIN -

. Sylvia communis Lat., 1787

10. Sylvia curruca Linn., 1758

11. Sylvia mystacea Men., 1832

1. Broad-tailed Nightingale — Cettia cetti Temm., 1820.

A polymorphic species. The Nakhchivan fauna includes the subspecies cettia cetti orientalis.
Its range is Western Europe, Africa and Transcaucasia. They migrate to India in winter. They can
be considered a nesting bird in Nakhchivan. In the territory of the Autonomous Republic, this bird
is found around mountain rivers in the second half of April. They especially settle in areas rich in
tall grasses and shrubs [8. 16].

2. Reed Warbler — Acrocephalus arundinaceus Linn., 1758.

A polymorphic species. The Nakhchivan fauna includes a nominal subspecies. Its range is
located in Asia Minor, Iran and Mongolia. It can be considered a nesting bird in Nakhchivan. It is
observed during the breeding season.

Birds arriving in April settle near reed-covered water bodies up to 2000 meters above sea
level in the Autonomous Republic. They are especially numerous in the Araz-bearing plain. In May,
they build nests among the reeds and lay eggs. In July, it is possible to see chicks of this bird flying
out of the nest. The grown chicks migrate with the adults in September.

3. Narrow-billed Reed Warbler — Acrocephalus melanopogon Temm., 1820.

A polymorphic species. The Nakhchivan fauna includes the subspecies A.m. mimica. The
range is Europe, Egypt, Palestine and Irag. It can be considered a nesting bird in Nakhchivan. It is
observed only during the breeding season. These birds arrive in the territory of the Autonomous
Republic in early April and settle in the reed thickets on the Araz-bound plains. They build nests
among the reeds in May and breed. In August, they migrate with their young [5, 12].

4. Large-billed grebe — Hippolais pallida Hemp., 1833.

The Nakhchivan fauna includes the subspecies Hippolais pallida elaeica. Its range is located
in the Balkan Peninsula, Central Asia, North Africa and Transcaucasia. It migrates to East Africa in
winter. It can be considered a nesting bird in Nakhchivan. Because it is observed during the
breeding season.

It is widespread in the Aran zone of the Autonomous Republic. Birds arriving at the end of
April settle in bushes and gardens. They build nests on bushes in May and breed. After breeding,
they migrate in the second half of August [4, 15].

5. Sylvia nisoria Bechat.,1795.

The fauna of Nakhchivan includes the nominal subspecies. Its range is located in Western
Europe, Iran, Central Asia, China and Mongolia. It migrates to Eastern Europe in winter. It can be
considered a nesting bird in Nakhchivan. Because it is observed only during the breeding season.
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The birds that come to the area in April settle in the bushes in the Arazboyu plain. The nest
they build on the bushes in May is located approximately 1-2 meters above the ground. The
diameter of the nest of the Sylvia nisoria hawk we found in the Julfa plain on June 16, 2023 was 14
cm, and there were 2 dirty, whitish eggs with gray spots on them. It is possible that these birds are
breeding in the area for the second time [3, 6].

6. Reading Warbler — Sylvia hortensis Qm.,1789.

A polymorphic species. The Nakhchivan fauna includes the subspecies Sylvia hortensis
grassirostris. Its range extends to Western Europe and North-West Africa. It migrates to India and
the Arabian Peninsula in winter. It can be considered a nesting bird in Nakhchivan. Because it is
observed every year during the breeding season.

Birds that arrive in spring spread in the mountainous zone up to 2000 meters in altitude. They
are often observed on mountain slopes. After breeding, they descend to the meadows with their
young birds. However, they do not stay in the meadows for long and migrate after 5-10 days.

7. Black-headed Warbler — Sylvia atricapilla Linn.,1758.

A polymorphic species. The Nakhchivan fauna includes the subspecies Sylvia atricapilla
dammohizi. Its range is located in Europe, North-West Africa and Transcaucasia. It migrates to the
southern regions of Africa in winter. It can be considered a nesting bird in Nakhchivan. Because it
is observed only during the breeding season. Birds that migrate in April spread to the lowland and
foothill zones of the Autonomous Republic and make their home in bushes, gardens and forests. In
early May, they build nests on bushes and trees and breed. Some individuals breed twice a year. On
June 2, 2024, we observed a black-headed warbler laying eggs near the village of Tunbul. The nest
was located on a small cherry tree. There were 4 greenish eggs with yellowish-brown spots inside.
The nest was 1.6 meters high from the ground, had an outer diameter of 12.7 cm, an inner diameter
of 6.8 cm, and a depth of 7.2 cm. The floor of the nest consisted of wool, feathers, and the remains
of delicate grasses. | studied the postembryonic development of the four hatched chicks by
periodically observing their nest and measuring their weight, beak, claw, rump, and tail feathers
every day [7].

' Table 2
POSTEMBRYONIC DEVELOPMENT
OF THE BLACK-HEADED SYLVAN (AVERAGE OF 4 BROODS)

Mass in gr Beak in mm Claw barrel Wing in 3rd flight feathers Outer rudder

mm mm in mm feathers in mm
1,9 6,5 6,7 72 0,0 0,0
2,8 6,7 7,2 8,9 0,0 0,0
4,2 7,6 8,6 10,2 1,5 0,0
4,9 8,9 12,4 12,6 3,8 0,0
5,7 9,5 12,8 15,4 6,7 1,2
6,8 10,6 14,5 19,2 10,8 2,8
7.8 11,2 18,8 22,5 16,4 3,7
9,2 11,7 19,7 28,6 20,2 5,2
10,6 12,0 20,2 31,4 22,6 8,6
11,8 12,3 21,4 36,2 25,7 10,2
12,4 12,8 215 41,2 31,6 14,2
13,2 13,2 21,6 45,7 32,4 15,6

After breeding, they migrate in September.
8. Garden Warbler — Sylvia borin Bodd., 1783
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The general color is olive-gray. The belly is light colored. The nominal subspecies is included
in the Nakhchivan fauna. Its range is located in Europe. It migrates to South Africa in the winter. It
is considered a nesting bird in Nakhchivan. Because reproduction is observed.

The birds that arrive in April spread to the gardens and forests of the Autonomous Republic.
After the nesting has developed, some of them move to the bushes along the river banks. In May,
they build grass stems and eggs and lay eggs and reproduce. They migrate at the end of August [2].

9. Gray Warbler — Sylvia communis Latham., 1787.

The back, wings and tail are brown-brown, the neck and top of the head are brown, the belly
is pinkish-white, the throat is completely white.

The Nakhchivan fauna includes the subspecies Sylvia communis icterops. Its range is located
in Western Europe, Asia Minor, Iran and Pakistan. It migrates to Southwest Asia and Africa in
winter. It comes to Nakhchivan to breed. It settles in the meadows, foothills and middle mountain
belts. It nests wherever there are shrubs and young trees. However, they stay away from dense
forests.

The birds that arrive in the area in April ascend to the mountain forests of Nakhchivan and in
May build nests on various shrubs and breed. On June 12, 2024, while observing in the Shahbuz
region, we witnessed a gray jay feeding its chicks. During the autumn migration, these birds
temporarily descend to the Araz-boi plain and migrate after a few days [13].

10. Sylvia curucca Linn., 1758.

The general color is brownish-gray. The male has a "cap"” on his head, while the female and
young have a reddish-brown head. Its range is located in Europe, Asia and North-West Africa. It
migrates to Africa and India for wintering. It is widespread in the lowland and foothill zones of
Azerbaijan. Birds arriving in Nakhchivan in April settle on the edge of the forest, in the protective
forest strip in the bushes and in the bushes. In May, they build nests on the bushes and breed. At the
end of May, their fledglings can often be found. In August, their numbers increase relatively in the
Araz-river plain. Birds arriving in early April migrate in September-October [3].

11. Agbigh pheasant — Sylvia mystacea Menetr., 1832.

The fauna of Nakhchivan includes the nominal subspecies. Its range is located in Asia Minor,
Iran, Iraq and Afghanistan. In winter, it migrates to the west of the Arabian Peninsula. It can be
considered a nesting bird in Nakhchivan. It is observed only during the breeding season. The birds
that arrive at the end of March are located in the bushes and greenery in the lowland zone of the
area. They nest and breed in late April. After breeding, they migrate at the end of August.

Conclusion

Research conducted on the Sylvidae family of the passeriformes order in 2023-2024 revealed
that there were no changes in their species composition compared to previous years. All 11 species
included in this family are birds that nest in Nakhchivan, arriving in early spring, breeding, and
migrating in autumn. When examining the current status of the black-headed warbler in
Nakhchivan, it was found that serious changes have occurred in the dynamics of the number of
these birds towards a decrease, which is due to the indirect impact of the anthropogenic landscape
on all living things.

During the course of the research work, the study of the postembryonic development of the
black-headed warbler (Syliva atricapilla) for the first time in Nakhchivan is of great ornithological
importance.
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BUPTYAJIBHBIE 3JIEKTPOCTAHIIUN
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VIRTUAL POWER PLANTS
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Nakhchivan, Azerbaijan, sevincrzayeval969@gmail.com

Annomayus. llpencraBineHa WHPOpMaLUs O BHUPTYAIbHBIX 3JeKTpocTaHUusaX. CraHIMU
MIPEJICTABIISIIOT COOOM JIEEHTPaIN30BaHHYI0 CETb HCTOYHUKOB SHEPrUM, OObEIMHEHHBIX IS
o0ecriedeHns HAAEKHOTO HHEprocHadkeHuss mnorpeOuteneii sHepruu. PaccmarpuBarorcs Tpu
OCHOBHbIE (OPMBI 3THUX MCTOYHUKOB. OTH CHCTEMbl HWIPAIOT BAXHYK pOJb, OCOOEHHO B
MHTETpalui BO300OHOBISIEMbIX HCTOYHMKOB SHEPruM (COJHIA, BETpa M T. J.) U B OOecledeHuu
CTaOMIIBHOCTH dHEeprocucteMbl. OCHOBHOM IIETBI0 BUPTYyanbHOH anekTrpoctanuuu (BOC) sBisiercs
00bEIMHEHNE PA3IMYHBIX HCTOYHUKOB DHEPTUU B €IUHYIO B3aMMOCBsI3aHHYIO cucTeMy. K Takum
UCTOYHUKAM MOTYT OTHOCHUTHCS COJHEYHBIE U BETPOBBIE JJIEKTPOCTAHLMH, AKKyMYJIATOPHbIE
Oarapeu U Jpyrue pacupeesieHHble S3HepreTuueckue pecypcebl. O0beUHsIs HECKOJIBKO HCTOUHUKOB
sHeprud, VES Moxer mnpeaocTaBisiThb YyCIyrd, KOTOpPbIE NPEJOCTaBISIOT TpaJULMOHHbIE
AJIEKTPOCTAHIINHU, TOPTOBaTh HAa TEX K€ DHEPTETHUECKUX PBIHKAX M B TO K€ BpeMs 00ecnednBaTh
MHTETpaluio OOJIBIIEr0 KOJUYECTBA BO300HOBISEMBIX HCTOYHHUKOB 3HEpruu. B BHpTyanbHYyIO
antektpocTaHuio (BOC) MOXHO BKIIOYMTH MHOKECTBO PA3JIUYHBIX 3SHEPreTHUECKUX CHUCTEM.
Buptyanbhnas anekrpocranuus (VES) ucnonb3yer sHepreTuuecke yCTponCcTBa, pacioioKeHHbIE B
pasHbIX MecTax, No-pazHoMmy, mpumeHss TexHonoruto loT (MurepHer Bemedl) u momoras
MOJIIEP>KUBATh OallaHC MEXAY CIPOCOM U MPEIOKEHUEM, IBITasCh COMOCTABUTh MPEIOKEHUE CO
cnpocoM. CuHcCTeMBl HAKOIUIEHUsI JHEpPruu (aKKyMmyJasTopHble Oartapen) B coctae BOC,
HCIOJIb3YIOUINE MECTHYIO COJIHEYHYIO SHEPrHI0, MOTYT MIOMOYb COKpPaTUTh O0BEMBI MOTPEOIICHUS
ANEKTPOIHEPTUH M3 CETU. TEeXHOJIOIMH MCKYCCTBEHHOTO HHTEIJIEKTa W MAIIMHHOIO OOy4YeHHS
nosbimaoT  3ddextuBHocTh  VES.  PaccmarpuBaroTcs  mpeMMylecTBa  BHUPTYaJIbHBIX
JIEKTPOCTAHLIMM, OTMEYaeTcsi, 4YTO TaKHe CTaHLIMM TIOMOTalT Cco3AaTh OajaHC MEXIY
MIPOM3BOJICTBOM M TOTpeOJeHUEM 3a CcUeT OOBEAMHEHMsI Pa3IMYHbIX MCTOYHHUKOB 3SHEPIHUU.
O¢ddexTuBHOE yIpaBIeHUE BUPTYAIbHBIMH AJIEKTPOCTAHLMSIMU SIBISETCS BaXXHBIM IMPOIIECCOM,
OCYILIECTBIISIEMBIM C LEJIBI0 MOJAEPHU3ALMH U ONITUMHU3ALIAN YHEPIETUUECKUX CETEH.

Abstract. Provides information on virtual power plants. The plants are a decentralized
network of energy sources combined to provide reliable power supply to energy consumers. Three
main forms of these sources are considered. These systems play an important role, especially in the
integration of renewable energy sources (solar, wind, etc.) and in ensuring the stability of the power
system. The main goal of a virtual power plant (wind farm) is to combine various energy sources
into a single interconnected system. Such sources may include solar and wind power plants,
batteries and other distributed energy resources. By combining multiple energy sources, VES can
provide the services that traditional power plants provide, trade in the same energy markets, and at
the same time enable the integration of more renewables. Many different energy systems can be
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incorporated into a virtual power plant (WPP). A virtual power plant (VES) uses energy devices
located in different locations in different ways, applying 10T (Internet of Things) technology and
helping to maintain a balance between supply and demand by trying to match supply with demand.
Energy storage systems (batteries) in wind farms using local solar energy can help reduce electricity
consumption from the grid. Artificial intelligence and machine learning technologies increase the
efficiency of VES. The advantages of virtual power plants are considered, it is noted that such
stations help to create a balance between production and consumption by combining various energy
sources. Efficient management of virtual power plants is an important process to modernize and
optimize energy networks.

Knroueswvie cnosa: IIPOU3BOACTBO JSHCPIrur, CUCTEMbI XpaHCHHUSA SHCPTHHU, BO300HOBJISIEMBIE
HUCTOYHHUKU DHEPIUHU, UBMCHCHUC KiIIMMaTa, TPAAUIUOHHBIC 3JICKTPOCTAHIIUH.

Keywords: energy production, energy storage systems, renewable energy, climate change,
conventional power plants.

DJNEKTPUYECTBO SBJSETCS OJHUM W3 KPAeyroJIbHBIX KaMHEW COBPEMEHHOTO OOIIEeCTBa, a €ro
MIPOM3BOJICTBO, TIEpelaya M paclpeseieHne HrpaloT OCHOBOIMOJATalONIyId POJb B Pa3IMYHBIX
chepax xu3zHu. OpHAKO B TOCIEAHEE BpEeMs pEryjIHpOBaHHE U ONTUMHU3AIMS PaOOTHI
TPaAULIMOHHBIX SJIEKTPOCTAHIINI CTaIN Cepbe3HOM MpobiieMoil. B 0TBET Ha ATH BBI30BHI MOSIBUINCH
HOBbIE TEXHOJIOTHMH, TakKhe Kak BUpTyalbHble sJekrpoctaniimu (BOC). BuptyanbHbie
AJIEKTPOCTAHIIMM OCHOBAHBI Ha MHTETPAIMH PA3UYHBIX OOBEKTOB T'€HEPALMU SHEPTHH, BKIIOUYAsS
BO300HOBIISIEMbIE WCTOYHHMKH JHEPTUH, CHCTEMBl XpaHEHUs W morpeduteneii. Bmecte oHu
obOecnieunBarOT Oonee 3(hdexkTuBHOE M TUOKOE YIpaBIEHHWE HHEPromoTpeOIeHHeM, a TakkKe
MOMOTal0T MOJAJIEPKUBATh CTA0OMIBHOCTL ceTu. BOC — Oonee ObicTpas U IWHAMUYHAS CHUCTEMA,
4eM TpPAJAWLIUOHHBIE OJIIEKTPOCTAHLIMHU. OTH CHCTEMBl IIO3BOJIAIOT YBEJIHYUTH JIOKAJIBHOE
MIPOU3BOJICTBO DHEPTHH, YTO, B CBOIO OUYEpE]b, CHMKAET MOTEPHU JHEPrHMH W IOMOTaeT Ooiee
3¢ GeKTUBHO OOPOThHCS C KoJeOaHMSMM LIEH Ha SHEpreTH4YecKuX pbIHKax. B Oyaymem, c Ooinee
IIMPOKHUM PACIIPOCTPAHEHUEM U Pa3BUTHEM 3TON TEXHOJOTHH, CTAHET BO3MOXKHBIM CO3/1aHue Ooiee
YCTOWYMBBIX M 9KOJOTUYECKH YUCTBIX dHepreTudeckux cucrem (https://www.enelx.com).

BuptyanbHble 3JEKTPOCTAHIIMM — 3TO CHCTEMBI, KOTOpbIe OoJiee 3((EKTUBHO YIPABISIOT
MPOU3BOJICTBOM M TOTPEOJCHUEM 3JIEKTPOIHEPIHMU. DTU CUCTEMBbl OOBEIUHSIOT pa3IHYHbIC
MCTOYHHUKU BBIPAOOTKM 3JIEKTPOIHEPTHM, TaKUe KaK COJHEUHbIE IMaHENM, BeTpsHble TYpOMHBI U
sHEprocOeperaroire yCTporucTBa, U yNPaBIAIOT UMU KaK €IMHBIM OJIOKOM BBIPAOOTKH SHEPTrHUH.
WHTerpanusi BUPTYAIBHBIX 3JEKTPOCTAHIIMKA B CETh IO3BOJISIET PETYJIHPOBATH IPOU3BOJCTBO
SHEPIUH B COOTBETCTBHUHM CO CIIPOCOM, CHIJKATh 3aTpaThl Ha 3JIEKTPOIHEPIHI0O U MOBBIIIATH
Ha/IeKHOCTh CHCTEeMBbl. Takoil NOAX0a JenaeT SHepreTHdyeckhe cHcTeMbl Oojiee TMOKMMHU U
YCTOMYMBBIMHU 33 CYET IIUPOKOTO HCIOIB30BaHUS BO30OHOBIISIEMBIX MCTOUYHUKOB PHEPruu. Takue
CHCTEMBI TaK)Xe MO3BOJISIOT O0siee 3 (PEKTUBHO y4acTBOBATh B YHEPIEeTUUECKOM PhIHKE, ITOCKOIBKY
ONTHMHU3UPYIOT TIPOU3BOJICTBO SHEPTHU B COOTBETCTBHHU CO CIIPOCOM M IpeaioxeHueM [3].

Takum o00pazoMm, BUpPTyalbHblE OHIEKTPOCTAHIUUM — OTO COBPEMEHHBIE CHCTEMBI,
nmo3BoJisiroIue 0osee 3P(HEKTUBHO YMPaBIATHh MPOU3BOJACTBOM M MOTPEOICHUEM AIEKTPOIHEPTHH.
OTH CHCTEMBI MTBITAIOTCS COATAaHCHUPOBATH MMPOU3BOICTBO SHEPTUH MTYTEM OOBEIMHECHUS PA3TUIHBIX
MCTOYHUKOB 3Hepruu. Hampumep, Bo300HOBIIsIEMble HICTOUHUKH, TAKHE KAaK COJIHEYHAs! YHEPTUs U
SHEprus BEeTpa, IOMOTaOT MPOU3BOIUTH OOJIbIIIE SHEPTUU B NIEPUO/IBI MTOBBIIIEHHOTO MOTPEOICHHUS.
B 1O ke Bpems 3TH CHCTEMBI MOKHO KOMOMHHPOBATH C PEIICHHUSIMH 110 XPAaHEHHIO DHEPTHH IS
JYYIIETO YAOBJIETBOPEHUS SHEPTETUYECKUX MOTPEOHOCTEN MOTpeOuTENEeH.
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BuptyanbHble 3M€KTPOCTAHIMK TakXke Oosiee TMOKO YIPaBISIOT MPOU3BOACTBOM SHEPTHH,
ObICTpee pearupysi Ha prIHOUHBIC YCIOBHUS. . Pa3BUTHE TaKUX CHCTEM, MOBBIIICHUE Y(P(EKTUBHOCTH
MIPOM3BOJICTBA U TOTPEOJCHUS HHEPrUM TaKKEe MOXKET OKa3aTh IMOJOXKUTEIbHOE BIMSIHHE Ha
SKOHOMHUKY U  OKpPYXKalolllyl0 cpeay. BupTyanbHas 5SJI€KTpOCTaHIUS — 3TO  CETh
JCIEHTPATU30BAHHBIX HCTOYHUKOB DJHEPruH, OOBEAMHEHHBIX JUISI OO0ECIECUYEHHUS HaICKHOTO
AJIEKTPOCHAOKEHHUsI TOTpeduTeNeil SHEpruu. DTH MCTOYHUKH SHEPTHH OBIBAIOT TPEX OCHOBHBIX
BujoB. IlepBas rpymma — »3To cpeaHue Mo Maciitady OOBEKThl MPOU3BOACTBA DHEPIHH,
BKJIIOUatOlMe B ce0s MCTOYHMKM DHHEPrUH CpPEeJHEro pasMepa, TaKhue KaK BeTpsHbIE
AJIEKTPOCTAHIIMU M COJIHEUHBIC AIEKTPOCTaHIMU. BTopast rpynma — rudkue noTpeOuTen SHEpruH,
K KOTOPBIM OTHOCSTCS IMOJIb30BATENH, CIIOCOOHBIE OBICTPO M3MEHATh CBOE MOTPEOICHNUE SHEPTHH B
COOTBETCTBUM C MEHSIIOIIMMCS CIIPOCOM M HPEJIOKEHHEM B DHEProcucTeme. TpeTbsi — CUCTEMBbI
HAKOIUIGHUS DSHEPruU. OTO TEXHOJOTUH XpAaHEHUS SHEPruu, KOTOphbIe CIIOCOOHBI OBICTPO
pearupoBath Ha KoyieOaHus OamaHca B SHEPreTUIECKON CUCTEME.

OTH CHCTEMBI UTPAIOT BAKHYIO POJIb, OCOOCHHO B MHTETPAIIUN BO30OHOBIISIEMBIX UCTOYHHUKOB
SHEpruu (COJIHLA, BETpa M T. J.) U B OOECIEeYEeHUH CTaOWJIBHOCTH SHEprocucreMel. B menom,
OCHOBHA$l 11eJ1b BUPTYaAJIbHOMN 3JIEKTPOCTAHLIUN — OOBEIUHUTH Pa3UYHbIC UCTOYHUKU SHEPTUH B
€IMHYI0 B3aUMOCBSI3aHHYIO cHcTeMy. K TakuM HCTOYHMKaM MOTYT OTHOCHUTBCS COJHEYHBIE H
BETPOBBIC DJIEKTPOCTAHIINH, aKKYMYJISITOPHBIE OaTapen U APyrhe pacrpeeleHHbIe YHEPTeTHUECKUE
pecypcbl. XOTs 3TH MCTOYHUKH PACIOJIOKEHBI B PA3HBIX MECTaX, 3TH SHEPreTHYEeCKHE CHUCTEMbI
CBSI3aHBI MEXIy co00il uepe3 IEHTpalIM30BaHHYIO IMpoBylO Iuargopmy. OTta muatdhopma
neiicTByeT kak Mo3r BOC, BbICTynasi B KaueCTBE €IWHOW CHCTEMBI YIIPABJICHUS Ui MOHHUTOPUHTA,
KOOP/MHAIIMH U YIIPABJICHUS BCEMU SHEPreTHUECKUMH CUCTEMaMH. B pesynbraTe 3ieKTposHeprus
pacmpenensercs Haubojee ONTUMAIBHBIM U 3PGEKTUBHBEIM 00pa3oM, obecrieunBasi OTpeOUTeNeH
CTaOWUJIBHOW U HA/IC)KHOM SHEPrHeil B TeUCHHE ONPEICIIEHHOr0 epruo/ia BpeMeHH [2].

Kpome toro, sHeprus, moiydyeHHas U3 STOW CETHU YHEPrOCUCTEMBI, MOKET OBITH MPOJaHa Ha
SHEPreTUYECKUX phIHKax. [Ipomaka sHepruyM Ha ATUX PHIHKAX MO3BOJSET HCHOJIB30BATH €€ IS
CTa0MIIM3alUN SJIEKTPOCETH BO BpeMs KoJeOaHWi{, 4TO MPHUBOAMT K TOBBIIICHUIO HAJAECKHOCTH
HHEPrOCUCTEMBl. JTO OCOOEHHO Ba)XHO B YCIOBUSAX pOCTa HCIOJIB30BAaHUS BO300HOBISEMBIX
UCTOYHHUKOB »Hepruu. [lo Mepe yBelIMYEHHs HCIOIb30BaHUS BO300HOBISIEMBIX HCTOUYHUKOB
SHEPTUU U3MEHEHUs, KOTOPbIE OHHM CO3/Ial0T B MPOU3BOICTBE YHEPTUHU, MOKHO KOMIIEHCUPOBAThH C
nomotsio BOC. B oHOM OTHOMIEHHH BUPTYalbHBIE JIEKTPOCTAHIIMHA UMEIOT OOJIBIIOE 3HAYCHHE
JUI. MHTErpallMd BO30OHOBIISIEMBIX HCTOYHMKOB SHEPrUM B CYILECTBYIOLIME 3HEPreTHUECKUe
cucreMbl. Ilo Mepe M3MEHEHMs SHEPreTUYECKMX PBIHKOB MEHSIOTCS M 3JEKTPOCTAaHLIMHU. XOTS
TPaIUIIOHHBIE AIIEKTPOCTAHIIUH JOJIT0€ BpEeMs 3aHUMAIIM JOMUHHUPYIOIIEe TIOJI0KEHNE, TETeph UX
3aMEHWIM BO300HOBIIsIEeMble HCTOYHUKHU SHEPTruu. B pe3ynbpTare dHEPreTHUECKOro Mepexosia o
BO300HOBIISIEMBIX MCTOUHUKOB SHEPTUU CTPEMUTENbHO yBenuuuBaercs. [lo mpornosam, k 2026 r
95% mnpupocTa MUPOBBIX 3HEPreTMYECKHX MOIIHOCTEH OyaeT MPUXOJUTHCS HAa BO30OHOBISEMbIE
UCTOYHUKH dHeprud. [1o 3toit mprunne BOC urparoT BaKHYIO pOJb B Pa3BUTHH SHEPTETUYECKUX
cucTeM. B mpomnmwioM TpaauMoHHBIE JIEKTPOCTAHIINN BBIPA0ATHIBAIM DHEPTHUIO ITYTEM CHKUTAHHS
MCKOIIAaeMOr0 TOIJIMBA W TOJJIEPKUBAIM OajaHCc dJIeKTpoceTH. IIpou3BOJICTBO 3HEPruUu
OCYILECTBISIIOCH TOJIBKO B OJHOM (UKCHpoBaHHOM MecTe. Ilo Mepe pocra cnpoca Ha HEPrHIO
CKUTaoch 0O0JbIIe HcKomaeMoro ToruinBa. OOBIYHO Takue 3JIeKTpocTaHUuu padotaroT Ha 80%
MomiHocTH, a 20% MOIIMHOCTH OCTAlOTCA B pe3epBe Il TOKPBITHS KoJieOaHU# cripoca.
BuptryanpHble 3JIEKTPOCTAHLIMU BBIIOJIHAIOT Ty *Xe (QYHKIUIO AeleHTpanu3oBaHHO. To ecTsb,
BMECTO €JIMHOI0 OIEpallMOHHOro LeHTpa, BOC obecneunBaioT cTaOMIBHOCTH CETH, MOIydas
JHEPTUI0 U3 HECKONBKHUX pa3HbIX MecT (PucyHok). OObeanHsAs HECKOJBKO MCTOYHHKOB SHEPTHUH,
BDOC MokeT TpemoCcTaBlIsATh YCIYTH, TPEIOCTABISEMbIE TPAJAUIUOHHBIMUA DIIEKTPOCTAHIIUSIMH,
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TOProBaTh Ha TEX K€ JYHEPTeTUYECKUX PBIHKAX M B TO K€ BpeMs O0ECNedMBATh WHTErPAIUIO
0O0JIBIIEr0 KOJMYECTBA BO30OHOBIISIEMBIX MCTOYHHUKOB SHEPTrUU. B TO Bpemsl Kak TpaaullMOHHBIE
aNeKTpocTaHuU paboTaroT Tobko Ha 80% cBoeit moirHocTH, BOC MOryT OBICTpO reHEpUpPOBAThH
SHEPTHUIO U3 PA3IUYHBIX HCTOYHUKOB, KOT'/Ia CIIPOC HAa HEee BO3PAcTaeT.

///_ \\
P, o
- >~ Virtual Power |_
/ Plant (VPP)
(~ Predict - ¥

e

\ S5 @ <

f >oin
7~ Optimise '~ fwws s monenn e |
/\/ ~ TN /)
) ( Aggregate | s e
T— A H F i« W

Pucynox. Cxema BUPTyaIbHOM 3IEKTPOCTAHIINN

Kak mnokazano Ha Pucynke, BOC oOecneuuBarOT SKOHOMMIO OJHEPrMM 3a CUeT
IIPOrHO3UPOBAHUS, ONTUMHU3ALMU U arperupoBaHUs BbIPAOOTKHU 3JiekTpo3Hepruu. Kak m3BectHo,
TPaJULMOHHbIE IEKTPOCTAHLUU pabOTalOT B OJHOM paliOHE U YAOBJIETBOPSAIOT MOTPEOHOCTH CETU
B DJIEKTPOPHEPTHH, B TO BpeMs Kak II0 MEpE YBEIMYEHHUS CIpoca LEHTPAIU30BaHHBIC
AJIEKTPOCTAHLIMKM MOTYT O0ecnednTh mnmoTpeduteneii OompmuM o0beMoM »Hepruu. C apyroi
CTOPOHBI,  BHUPTyaJlbHasl  JJIGKTPOCTAHLMS  HCHOJB3YeT  DJHEPIeTUYECKUE  YCTPOMCTBA,
pacroyio’KeHHbIE B pa3HbIX MECTax, MO-pasHoMY, IpuMeHss TexHosoruto loT (MutepHer Beuieit) u
IIOMOTasi COTJIACOBBIBATH MPEAJIOKEHHE M CHPOC, T. €. IOMoras MOAJNepKHUBAaTh OalaHC MEXAY
CIPOCOM M IMpeajoKeHueM. B BUPTyalbHYIO 3JIEKTPOCTAHIMIO MOYKHO BKIIIOUYUTh MHOXKECTBO
Pa3IMYHBIX CUCTEM XpaHEHUs 3Heprun. CUCTeMbl HAaKOIUIEHUS 3HEPTHH MO3BOJISIOT MOTPEOUTENIIM
UCIIOJIb30BaTh HAKOIUIEHHYIO DHEPrHUI0 B IIEPUOJBI HU3KOrO0 €€ Mpou3BoiacTBA. (CHCTEMBI
HaKOIJICHUsS SHEpruM (akKymynaTopHble OaTtapen) B cocrtaBe BOC, ncnosip3yrole MECTHYIO
COJIHEYHYIO SHEPTUI0, MOTYT IIOMOYb COKPAaTUTh O0OBEMBI MOTPEOICHUS 3JIEKTPOIHEPTUN U3 CETH.
Ha 3Tom sTane M3numKy Npou3BEACHHON COJTHEUHOM SHEPTHMH MOXKHO 3KCIIOPTUPOBATh OOPATHO B
ceTb. CHCTEMBl HAKOIUIEHUS DJHEPIMM CUUTAKOTCS HOBBIM HWHCTPYMEHTOM, I103BOJISIOLIIUM
YIOBJIETBOPUTh M3MEHYMBBIA CIPOC Ha HHEPruro0 cerofs. CHUCTEMbl HAKOIUIEHUS DJHEPIHH,
npeAHa3HaueHHble s wHTerpanumu B BOC, pasHooOpasubl. [mapaBiuueckoe HACOCHOE
xpanmuie sHeprun (HPES), xpanwnume sueprum cxaroro Bosnyxa (CAES), maxoBukoBoe
xpanunuiie sHeprun (FWES), cBepxmpoBojmsiiee MarHutHoe XpaHwiuiie sHepruun (SMES),
cucTeMa XpaHeHMs HEpPruu Ha OCHOBE aKKyMylsTopHbIX Oarapeit (BESS), cynepkonaencatopHoe
xpanuuiie 3ueprun (SCES) u t. 1. [4].

[ToaTomy BHpTyalbHas ANEKTPOCTAHLINS JOJIKHA ObITh HHTETPUPOBAHA B DHEPTOCUCTEMY U €€
MOJIKJIIOYEHUE K CETH JO0JDKHO OBITh oOecreueHo Haubosee ONTUMAIbHBIM criocoboM. B 3To Bpems
OOMEH »JHepruel Mexay pa3IMYHbIMM YacTSIMHU CETH OyAeT OCYIIECTBIATHCA YAOOHO U
3¢ dexTrBHO. TEXHOJIOTMHM HCKYCCTBEHHOIO HWHTEIJIEKTa M MAIIMHHOTO OOYYEHMs IOBBIIIAIOT
sppextuBHOCTE BOC. DTH TEXHONOTHMHM YCKOPSIIOT M MOBBIIMIAIOT TOYHOCTh IpoIEecca MPUHSATHUS
pelIeHui, POTHO3UPYS TPOU3BOCTBO U MOTPEOICHHE SHEPTHU B CETH [ 7].

Baxubpim  TpeboBanneM k BOC  ABAAIOTCSI KOMMYHUKAIMOHHBIE TEXHOJOTHMH U
uH(ppacTpyKTypa, KOTOpble BKIIIOUAIOT B ce€0s pa3ivyHble KOMMYHUKALUU, MEAMATEXHOJOTHH U
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CHCTEMBl yIpaBlIeHUs »HepromorpediieHneM. Hampumep, co3maB LEHTP JUCIETYEPCKOTO
ynpasinenusi 1 coopa naHHbIX (SCADA) u nentp ynpasnenus pacnpezaeneaueM (DCC), moxHO
OCYILLECTBIISATh MOHUTOPUHI, KOHTPOJIb M AaHAIM3 I10 BCEH ILIENOYKE IOCTaBOK B HHEPreTHUECKOU
cucreme. Cucrembl BOC oOecrnieunBaroT CTaOMIBHOCTh CHCTEMBI, INPUHUMAs JOMOJHUTEIIbHBIC
Mepbl O 3aIIuTe OE30MacHOCTH CETH M CHIDKAs BIUSHHE JIIOOBIX aBapuil MM OTKIIOYCHUH
ANEKTPO’HEPTMU B CETU. BUpTyanpHble 3JIEKTPOCTAHIMM ONTUMHU3HUPYIOT IOTOK 3HEPIHMM B
COOTBETCTBHH CO CIIPOCOM, OoJiee TMHAMUYHO PEryJupysl IPOU3BOACTBO U MOTPeOIEeHHE YHEPTUU.
DTO TaK)Xe MOMOTaeT CHU3HUTh 3aTPaThl HA SJIEKTPOIHEPIHIO U MOBBICUTH HAZICKHOCTh CHCTEMBI [ 3].
Boree mmpokoe MCHONIb30BaHME BO30OHOBISEMBIX HMCTOYHHKOB HSHEPTUU SBISAETCS OIHUM M3
IJIaBHBIX NIPEUMYIIECTB 3TUX cUCTEM. TakuM 00pa3oM, HCTOUYHUKHU COJTHEYHON U BETPOBOM SHEPruu
pacripenensaorcs 6osnee 3(p(HEKTUBHO MEXIY pa3IMUHbIMU IPOU3BOMUTENSAMH M MOTPEOUTENSIMU
SHepruu. B pesynbTare SHEpreTHdYecKUe CUCTEMbI CTAHOBATCA OoJjiee YCTOWYMBBIMH, a TaKKe
UTPAIOT BaXHYIO poOJib B OOphOe ¢ M3MEHEHHEM KIMMaTa. DTO CIIOCOOCTBYET AajbHEeHIIeMy
Pa3BUTHIO NPOM3BOJICTBA DHEPTUU B OyaymieM U (OPMHUPOBAHUIO YCTOMUMBOM >HEPreTHUECKOU
CpeAbl C MEHBIIUM YIJIEPOAHBIM CJIEAOM. DTH CUCTEMBl aHAIU3UPYIOT CIIPOC U MPEUIOKEHUE B
peKUME pPeaJbHOr0 BPEMEHH M COOTBETCTBYIOIIUM 0Opa30oM KOPPEKTUPYIOT IPOU3BOJCTBO
sHepruu. B pesynprare mpOoM3BOIUTENN YHEPTUU MOTYT Oosiee THOKO pearnpoBaTh Ha PHIHOYHBIC
[IEHBI U TIOTPEOHOCTH MOoTpeduTeneid. ITo momoraer 6oiee 3pPEeKTUBHO UCTIONH30BATH SHEPTHIO U
IPEJOCTaBIIATh MOTpeOUTEeNsAM Oosiee BBITOAHBIE LEHBI HAa SHEPrOHOCUTENH. B TO ke Bpems
BUPTyaJIbHbIE 3JEKTPOCTAHIMM TaKXXe CIHOCOOCTBYIOT CO3JaHHI0 Oosiee Mpo3payHoil u
CIPaBEUIMBONM PBIHOYHOM Cpenbl MEXKIy HE3aBUCHUMBIMHU IMPOU3BOAUTEISIMU U MOTPEOUTEISIMHU.
Takum 00pa3om, 3TH CHCTEMBI CO3/IAl0T YCIOBUS JUIsl O0Jee JMHAMUYHOTO M CTAOMIIBHOTO PBHIHKA
sHepruu [1].

[IpenmyniecTBa BUPTYaJIbHBIX IEKTPOCTAHLUN HepeunciieHsl Hbke. CoueTaHue pa3inyHbIX
MCTOYHHUKOB HHEPIUM IIOMOraeT co34aTh OallaHC MEX1y IPOU3BOJCTBOM M IMOTPEOICHHEM.
D¢ dexTuBHOE YNpaBICHHE BHUPTYAIBHBIMU SJICKTPOCTAHIMSIMHU SBIISETCS BAXKHBIM IIPOILIECCOM,
IIPOBOJAMMBIM C LIEJIBI0 MOJEPHHU3ALUUU U ONTHUMU3ALMK 3HepreTuueckux cereil. BOC no3Bosser
YIIPaBIIATh PAa3IUYHBIMA UCTOYHUKAMHU 3HEPTUU Majoro M cpeiHero macmrada (Bo300HOBIsEMbIe
MCTOYHUKU SHEPTUH, paclipe/ieieHHbIe SHEPreTUYECKHe CUCTEMBI U T. [I.) KaK €IMHONW CHCTEMOU B
cetu. Takoil Tum ympaBieHuss obOecmeunBaeT Oojee ObIcTpoe, cTabuiIbHOE W A(PPEKTUBHOE
pacnipenenenue sHepruu. BOC mnpemraraior motpeOutensiMm 0Oojiee TOUYHBIM BBIOOp IIEH Ha
sHeproHocutenu. Hampumep, ocymiecTiisist IpsMble 3aKyIKH SHEPTHH MEKAY MPOU3BOIUTENSAMU U
NOTPeOUTENAMH, OHU JIEal0T 1IEHbl Ha SHEPrOHOCUTENN 00Jiee KOHKYPEHTOCIOCOOHBIMH HA PHIHKE
U MIPEJUIaraoT MOTPEOUTEIISIM TOCTYITHBIC IICHBI [5].

BOC cokpamaroTr nepebon B IOCTaBKax »JJIEKTPOSHEPTUH B CETh U CO3JAlOT Oosee
YCTOMYMBYIO CHUCTEMY C JIOKAIbHBIM IPOU3BOACTBOM 3HEPrUH, UYTO OOecreuyuBaeT OOJBIIYIO
0€30macHOCTb MOTpeOUTENIel PHEPTUU BO BpeMsl CTUXMUHHBIX O€JICTBUH WM IPYruxX NpolieM ¢
nocraBkamMu. COBpEMEHHbIE€ TEXHOJOTMM AaBTOMATU3AllMM W AHAIUTHUKH, HCIOJIb3yeMble IpU
yrnpasieHun onepanusMu BOC, mo3BoisitoT MOBBICUTH 3(P(GEKTUBHOCTH PabOTBI 3TUX CHUCTEM.
TexHOoIOrMM MCKYCCTBEHHOTO MHTEJUIEKTAa M MAIIMHHOIO OOYyuYeHHs aHAJIM3HPYIOT MPOU3BOJCTBO
SHEPIUH B PEKUME pEalbHOTO BPEMEHH, MO3BOJIAS MPHUHUMATh Oojiee TOUHBIE pELIeHHS. JTH
TEXHOJIOTUHU TIOMOTAI0T ONTUMH3UPOBATh PadOTy CETH U COKpaTUTh pacxoabl. BOC mpenocTaBisioT
CETEBBIM OIlepaTopaM HOBBIE YCIYIrM W HCTOYHMKH Joxona. Hampumep, BOC moryr momoub
oreparopaMm ceTedl peKylepupoBaTh SHEPrUI0 3a CYeT OaJaHCHUPOBKH HArpy3Kd Ha CeTb. JTO
obecrieynBaeT Jiydllee YIpaBlieHHE U JIOTOJHUTENbHbIE BO3MOXXHOCTH TOJYYEHHUS J10XOJAa s
CEeTEeBBIX OMepaTopoB [6].
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BOC o00beauHAIOT pazaUuHble BO30OHOBJSIEMble HCTOYHHMKH HHEPTUU  (COJHEUHYIO,
BETPOBYIO, THIPOIHEPTHUI0O U T. A.) A oOecriedyeHHss OOJBIIEr0 IMPOU3BOJACTBA HKOJOTHUECKU
YUCTON SHEPTUU B CETU. DTO CHHXKAET 3aBUCUMOCTb OT MCTOYHMKOB MCKOIAEMOro TOIUIMBA U
3HAYUTENIBHO CHUXXKAET BBIOPOCHI yriepoja. bosiee MMpOKOe HCHOJIB30BaHHWE BO30OHOBIISIEMBIX
HCTOYHUKOB DHEPIHM SIBJIAETCS OJHUM M3 KIIOUYEBBIX IIaroB M0 IPEJOTBPAIICHUIO I100aJbHOIO
MOTEIJIEHUS] U U3MEHEHUs KIMMara. BupTyallbHbIE 3JEKTPOCTAHIIMM UIPAIOT HECKOJIBKO Ba)KHBIX
poisieii B Ooprbe ¢ m3meHeHueM kimmata: BOC mospossitor Oosnee 3(PpPEKTHBHO HCIOIB30BAThH
BO300HOBJISIEMbIE UCTOYHHUKHM HHEPTHH, TAKUE KAK COJHEYHAs M BETPOBAs DHEPrusi. ITO CHHXKAET
3aBUCHMOCTH OT MCKOIIAeMOT'0 TOIUIMBA U MHHUMH3HPYET BBIOPOCHI yriiepoaa [2].

BupryanpHbple CTaHIMM ONTHUMHU3UPYIOT OallaHC MEXAY MPOU3BOJACTBOM H  CIIPOCOM,
OTCJIeKUBas TOTPeOICHNE SHEPTUU B PEKUME PEAIbHOTO BpEMEHHU. JTO MO3BOJSET OalaHCUPOBATh
Harpy3Ky B CETM W HaKalIMBaTh SHEPrUI0 B NEPUOJABI €€ BBICOKOIO IMPOM3BOJCTBA, a TaKkKe
MOBTOPHO HCIIOJIb30BaTh €€ B MEPHOJBl €€ HHU3KOro NpOu3BOJACTBA. D(D(EeKTHBHOE yIpaBiIeHHE
BUPTYaJIbHBIMU 3JIEKTPOCTAHIMAMHU SIBJIAETCS BAKHBIM (PAKTOPOM ONTHMH3ALUH MPOU3BOJICTBA U
pacnpezeneHus 3Hepruu, 0oyee MUPOKOro NPUMEHEHHUs BO30OHOBIISIEMBIX UCTOYHUKOB SHEPTUU U
obecrnieueHrs 0€30MaCHOCTU CETH. DTY TEXHOJIOTHIO MOXKHO ObLIO ObI MCMOJIB30BaTh O0JIEe IUPOKO
B OynyiieM, 4ToObl C/eNaTh SHEPreTUYECKHE CUCTEMbI 00jiee YCTOWYMBBIMU M 3(PPEKTUBHBIMHU.
OxoHoMu4eckast 3(h(HEeKTUBHOCTD BUPTYAIBHBIX 3JEKTPOCTAHIIMNA HMEET MHOXKECTBO MPEUMYIIECTB
KaK TEXHOJIOTUYECKUX, TaK U (PUHAHCOBBIX. JTa cucTeMa oOecrnedyuBaeT MOTpeOuTeNsM Oolee
HU3KHE 3aTpaThl Ha WHPPACTPYKTYpy, Oojee TruOKoe pacipeneieHue SHepruu, 3pQexTuBHOE
WCTIOJIb30BaHNE BO30OHOBIIIEMBIX MCTOYHHKOB PHEPTUU M 0OJee yCTOWYMBOE SHEProcHabKeHHE.
JlonrocpouHble SKOHOMHUYECKUE BBITOJbI JIOCTHTAIOTCA 3a CYET 3alIUThl OKPYXAloLIeW Cpensl,
COKpAlIeHHUs] TOTEPb HHEPrUM U IMPENOCTABICHUS JHEPruM IO Oojiee JOCTYNHBIM LIEHAM.
BuptyanpHble 37€KTPOCTAHIIMM CO3JaAyT HOBBIE SKOHOMHUYECKHE IOXOJbl B HHEPreTHUECKOM
CEeKTOpe 3a CuUeT OOBEIMHEHHUS COBPEMEHHBIX TEXHOJOTUH YIpPaBIICHUS HIHEPrHed U CETEeBBIX
texHojoruii. BOC coequHSIOT pa3IuyHbIX MaIbIX M CPEJAHUX IPOU3BOJAUTENEH HHEPrUU
(BO300OHOBIISIEMbIC HMCTOYHUKU JHEPIHU, CHUCTEMbI XPAHCHHsI SHEPIUU M JPYrHe HCTOYHUKH),
obecnieunBas Oosiee 3¢ (eKTUBHOE yrpaBieHue U 0aJlaHCUPOBKY 110 Bcell ceT. Bee 310 moBbImaeT
Ha/IeXHOCTh CETH, IIO3BOJIAET peXKe JO0IMYyCKaTh aBapuu U nepedou B sHeprocucreMe. BupryanbHble
AJIEKTPOCTAHIIMK WTPAIOT BAXKHEHIIYI0O posib B Oopprde ¢ wu3MeHeHueM kiumara. OHH
MOJAJEPKUBAIOT IIMPOKOE HCIOJIb30BAHNE BO30OHOBISEMBIX HCTOYHUKOB SHEPTUH, COKPAILIAIOT
BBIOPOCHI yTJIepojia, MOBBIMAIOT YCTOMYMBOCTh CETeW M MNPEeNoCTaBIAOT Oosee 3¢ (EeKTUBHbIC
CHCTEMBbl YNpaBJICHUs SHEprocHabkeHueM Juist OopbObl ¢ M3MeHeHHeM kinuMata. BOC Taroke
CO3/1al0T 0o0Jiee YCTOMYMBYIO SHEPreTHUECKYI0 CHCTEMY K TaKHUM COOBITHSM, KaK CTUXHIHbIE
OelICTBUS U U3MEHEHHS CIpOoca Ha HSHEPrHUl0, BHI3BAHHBIE M3MEHEHHEM KJIMMaTa. JTa cucTema He
TOJIBKO 00€CHeunBaeT JOJITOCPOYHYIO YCTOMYMBOCTH SHEPreTHKH, HO W ITOMOraeT 3allMiiaTh
OKPY>KaIOILYIO CPEy U NOAJEPKUBAT IKOHOMUYECKOE PA3BUTHE.
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Annomayus. VIHHOBallUOHHBIE TEXHOJIOTUM TpaHC(HOPMUPYIOT OOLIECTBO, Mpenasaras
NepeZIOBbIC PEUICHUsI B TAaKUX 00JAcTsAX, KaKk MCKYCCTBeHHbIM uHTEIuIeKT (Al), Onokueitn, 5G,
HAHOTEXHOJIOTUH, POOOTOTEXHUKA, ABTOMATU3alUs M HCKYCCTBEHHAsl XM3Hb. OJTH TEXHOJIOIHH
MOBBIIAIOT MPOAYKTUBHOCTh, 3(PQPEKTUBHOCTb M KauyeCcTBO JKUM3HUM B cdepax oOpa3oBaHus,
3/IpaBOOXPAHEHMsI, MPOMBIIIJICHHOCTH W TpaHcrnopTa. VCKyCCTBEHHBIH HWHTEUIEKT IO3BOJISIET
MalIMHAM MBICIUTh U 00ydaThes, OJIOKUEHH oOecreunBaeT 0e30MmacHoOe 1 MPO3PavyHOe YIIPABICHHE
naHHbIMH, a S5G  moaep)KMBaeT CBEPXOBICTPYHO M HaA&KHYKO CBA3b. HaHoTexHosoruum
MaHMITYJUPYIOT BEIIECTBOM HAa aTOMHOM YpPOBHE JUISl CO3JaHMs YJIYYIIEHHBIX MAaTepuaioB, a
aBTOMaTHU3alusa U poOOTOTEXHHUKA ONTUMHU3UPYIOT IPOMBILLIEHHBIE POLIECCHI.

Abstract. Innovative technologies are transforming society by introducing advanced solutions
across various fields such as artificial intelligence (Al), blockchain, 5G, nanotechnology, robotics,
automation, artificial life. These technologies enhance productivity, efficiency, and quality of life in
areas like education, healthcare, industry, and transportation. Al enables machines to think and
learn, blockchain ensures secure and transparent data handling, while 5G supports ultra-fast and
reliable connectivity. Nanotechnology manipulates matter at the atomic level for better materials,
and robotics with automation optimize industrial processes.

Knrouegvie cnosa: WCKYCCTBEHHBIM WHTEJUIEKT, OJIOKYEHH-TEXHOJIOTHS, HAHOTEXHOJIOTHS,
pOOOTOTEXHHKA, ABTOMATH3AIIHS.

Keywords: artificial intelligence, blockchain technology, nanotechnology, robotics,
automation.

VHHOBallMOHHBIE TEXHOJOTMH — 3TO HOBBIE TEXHOJOTHH W O0JAcTH WX IPUMEHEHHUS,
KOTOpBIE BIMSIOT Ha pa3BUTHE OOIIECTBA M CO3MAIOT HOBBIE BO3MOXKHOCTH. DTH TEXHOJIOTHU
MEHSAIOT Haml o0pa3 JKM3HH M TpyJa, CIHOCOOCTBYS Mporpeccy B 3KOHOMHKE, 00pa3oBaHWH,
3PaBOOXPAHEHUU M MHOTHX JPYyrux cdepax. MIHHOBAI[MOHHBIC TEXHOJOTHU — OYEHBb OOIIUpHAs
TeMa, BKIFOYAIoIasi MHOXKECTBO HampasieHuid. Hanbosee pacrpocTpaHEHHBIMU U3 HUX SBIISIOTCS:
UCKYCCTBEHHBI HMHTEIUIEKT, TEXHOJOrMM OJIoK4YeiH; TexHoiorud S5G; HaHOTEXHOJIOTHUH;
pOOOTOTEXHMKA M aBTOMaTu3arus [1].

UckycctBennsiit uHTe/uiekT (Artificial Intelligence). WckyccTBEeHHBIM HWHTENIEKT, WU
“artificial intelligence” (Al), — »To o00nacte, KOTOpas TIO3BOJSET MalIMHAM NPUOOpPETATh
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CIIOCOOHOCTh JIyMaTh, YYUTHCS, IPUHUMATh PEIICHUS M pelaTh 33aauu, MOJA00HO YEIOBEUECKOMY
MO3Ty. DTa TEXHOJIOTHs OXBAThIBAET CHCTEMbl U QJITOPUTMBI, KOTOPHIC MBITAIOTCS UMHUTHPOBATH
UHTEJUIEKTYaJbHYI0  JEATENbHOCTh  4YeloBeKa.  Pa3BUTME  HMCKYCCTBEHHOIO  HHTEJUIEKTa
BJIOXHOBJISIETCA pa3lIMYHBIMM HAyYHBIMH HAIpaBICHUSMU, B TOM 4YHCIe HHPOPMATUKOM,
NICUXOJIOTUEH U HHXKeHepuen [2].

HckyccTBEHHBIN MHTEIJIEKT MOXHO YCJIOBHO pa3feiuTh Ha 3 OCHOBHBIE rpynnbl: y3kuid N
(Narrow Al) , o6muit MU (General Al) u cBepxpasymubiiit UM (Super Al). Y3kuii U1 (Narrow Al)
— Ttaxke m3BectHbid kak “Artificial Narrow Intelligence” — sto tanm MU, KOTOpPBIi BBIMOIHSAET
TOJIBKO KOHKPETHBIE 3a7jauydl M KOMaH[bl. [IpuMepsl BKIIOYAIOT T'OJOCOBBIX HMOMOIIHHKOB, TaKHX
kak Google Assistant u Siri. 9T cHCTEMBI BBIIOIHSAIOT CTPOrO OrpaHuYeHHbIe PyHKUIUU. OOmmii
NN (General AI) — wmu “Artificial General Intelligence” — sro Teopernueckas dopma MU,
KOTOpasi MOXKET JyMaTbh, YUUTHCS M BBIIOJIHATH Pa3HOOOpA3HbIE 3a/1a4l HA ypOBHE yenoBeka. Llenb
storo tuna MM — co3zmanre MHOTO(QYHKIIMOHAIBHBIX U aJalTUBHBIX MOMOIIHUKOB, CXOXHX C
yenoBekoM. MccnenoBanus B 310l o0nactu Bcé emé mpopospkatores. Cunrtaercs, yro takod MU
MOJKET OBbITh CO3/]aH Ha 0a3e CyNepKOMIIbIOTEPOB WM yHUBepcainbHbIX MM -11poaykToB, Harpumep,
ChatGPT. Cepxpaszymusiit U (Super Al) — wmu “Avrtificial Superintelligence” — moka ocraéres
HaydHOH (aHTacTukoil. OTO0 rumorternyeckas ¢opma WU, obOmagaromas WHTEIUIEKTOM,
3HAQYUTEIIBHO MPEBOCXOAAINM YestoBeuecknil. IMeHHO ¢ atuM tunom MU cBsi3aHbI cTpaxu O TOM,
YTO OH MOXXET BBIUTH W3-IIOJ KOHTPOJIA U MPEJCTaBIATh Yrpo3y Uil yenoBeuecTBa. OJHAKO Ha
CErOHSIIIHUIN ICHb 9TO JHIIb IPENOI0KEHHE, He MOATBEPKAEHHOE HAyKo# [3].

Orpannuuth 00JIaCTU MNPUMEHEHUS HMCKYCCTBEHHOI'O HHTEIJIEKTa HEBO3MOXHO. B
COBpeMEHHYI0 30Xy MM MOXHO HCIOJIb30BaTh MPAKTHYECKH B Kaxaoi cdepe. B oOpazoBanuun
WCKYCCTBEHHBI HMHTEJIEKT CIIOCOOCTBYET CO3JaHMI0 OOydarommx IUaTdopM, KOTOpHIE
NEPCOHATM3UPYIOT yueOHbIE IIaHbI, UCXOMS M3 CUJIBHBIX M CIIA0BIX CTOPOH Ka)JOro CTYJCHTA.
CerosHsd MHOTIME YHUBEPCUTETHI MpelaraloT OHJIAHH-KYpPChl C HCIIOJIB30BAaHUEM IOPTAJOB U
CHCTEM YIpaBJIeHUs oOydeHueM, mojiepkuBaemMbix MU, 9To MO3BOISIET CTyIEHTaM YYHTHCS B
CBOEM TeMII€ U TI0 MHAWBUAYAIILHOMY IpaduKy, paciupss JOCTYI K KaYeCTBEHHOMY 00pa30BaHHIO
no Bcemy mupy. Kpome toro, M1 nmomoraer npenojaBaresisM Mpolie coOupaTh U aHAIU3UPOBAThH
HoBbIe JaHHbIe. 1M 00nasaeT orpoMHBIM MOTEHLIMAIOM JJIsl CHM)KEHHUSI pacXo/I0B U PacIIMpEeHus
noctymna K yciayraMm. Hampumep, anroputmsl riry0oKoro oOydeHHsi, OCHOBAaHHbBIE HAa METUITMHCKHUX
TaHHBIX, COCOOHBI BBISBIIATH 3a00JI€BaHMS M MIPEJIaraTh JUArHOCTHYECKUE U JIeUeOHbIC peIIeHuUs
C TMOMOIIBIO aBTOMATH3UPOBAHHBIX MEIUIIMHCKUX CUCTEM. VICKYCCTBEHHBIH HMHTEIJIEKT TaKxkKe
UCMOJb3yeTCsl MpU pa3padoTKe HOBBIX M Oosiee 3(PPeKTHBHBIX JekapcTB. Hapsnay ¢ stum oH
IpUMeHsieTcd U B npoekTax Ha 0aze MurepHera Bemel (IoT), Takux kak cuCTeMbl MOHUTOPHHIA
smopoBbst (Health Monitoring). B Tpancnmopre MM mnpumensiercs B Takux 00JacTsix, Kak
OecnWIOTHbIE aBTOMOOWJIM M aBTOMAaTH3UPOBAHHbIE TPAHCIIOPTHBIE CHUCTEMbI. VICKycCTBEHHBIN
MHTEJUIEKT aHaIU3UpYyeT IOPOXKHBIE YCIOBUS W B3aMMOJAEUCTBYET C JPYTUMH aBTOMOOWIISMH,
oOecnieunBasi 0e30macHOE TEpeABMKEHHE aBTOHOMHBIX TpPAaHCHOPTHBIX cpeAcTB. B chepe
kubepOe3zonacHoctu MU ncnonb3yercss B OCHOBHOM J1Jisi OOHApYKEHUsI yTpo3, aHAIN3a MOBEACHUS
U BBISBJICHUS aHOMaIMid. B ()MHAHCOBOM CEKTOpE MCKYCCTBEHHBIM MHTEIEKT MCHOIB3YeTCs IS
OLIEHKU DPHUCKOB, TOPrOBIM AaKIMAMU M BAJIIOTAMH, IPEIOCTABICHUS KPEIUTOB U BBIABICHHS
MomeHHn4YecTBa. OH Takke MPHUMEHSETCS B OOCTY)XMBaHWUHM KJIMEHTOB W B aBTOMATHUYECKHX
TOPTOBBIX anropuT™ax [4].

OnHUM U3 OCHOBHBIX METOJIOB OOY4EHHUS! MCKYCCTBEHHOTO MHTEIIEKTA SIBJISETCS MAIIWHHOE
obyuyenue (Machine Learning), KoTopoe JeTUTCsS Ha TPU OCHOBHBIE TpyNIbl. OOyueHue ¢ yuumenem
(Supervised Learning) — anHajgorMyHO OOYUYEHHIO C TMpEMOJaBaTeieM, KOTJa CHCTeMa 3HaeT
MPAaBUJIBHBIN OTBET W UCIIOJIB3YET ATO 3HAHHE IS TPOTHO3UPOBAHHS HOBBIX JaHHBIX. OOyueHue be3
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yuumens (Unsupervised Learning) — paboTaeT ¢ HEU3BECTHBIMH JaHHBIMH, CAMOCTOSTEIHHO
BBISIBJISISI 3aKOHOMEPHOCTH U Tpynibl B mHpopMmanuu. Obyuenue ¢ nooxkpentenuem (Reinforcement
Learning) — otim4aeTcs TeM, YTO HE HUCIOJIB3YET MPUMEpPhI sl o0ydeHus. BmecTo 3TOro OHO
U3y4yaeT MoBeAeHUEe MyTéM Mpod M omMOOK, Motydas 0OpaTHYIO CBSI3b U KOPPEKTUPYS AECHCTBUS
(https://clck.ru/3MsNDX).

Texnonorus Onokueitn (Blockchain technology) B mocnmennue roxael crama OOBEKTOM
IIMPOKOIO BHUMAaHHUSA, OCOOEHHO B CBSI3M C PAaCHPOCTPAaHEHUEM KPUNTOBAMIOT. biiokueitH
IpeJCTaBIseT cO00i TEXHOJIOIHI0, 0OECIeUNBAIOLIYI0 XPaHEHHE JaHHBIX B JAELEHTPAIN30BaHHON
dopme n ux Oe3omacHbiii 0OMeH. [1o cyTH, OJIOKYEHH COCTOMT W3 TPYII JAHHBIX, HA3bIBAEMBIX
«OIJI0KaMM», KOTOPBIE 00BETUHSIOTCS B «IIETIOYKY» C IOMOIIBIO KPUITOTpaPHUECKUX METO0B. JTa
TEXHOJIOTUSl MO3BOJISIET XPaHUTh MH(pOpMaIMio 0e30MacHO, MPO3padyHO U HEU3MEHHO. biokueiH
paGoTaeT 03 ILEHTPATM30BAHHON CHUCTEMBI YIPaBJICHUS WM €AMHOTO YIPaBISIOLIET0 CyOBEeKTa.
Kaxnp1ii monp3oBaTesb B ceTH OJI0KYeHH 001agaeT CBOeH KOMMEH JaHHBIX. JTO CO3AaéT CHCTEMY, B
KOTOpO# MH(pOpManus pacrpesielieHa MeX/1y BCEMH yYaCTHHKAaMHU, U HU OJIHA TPYIa HE MOXKET
KOHTPOJIMPOBATh €€ B OAMHOUKY. Bce onepanun u n3aMeHeHus JaHHbIX (PUKCUPYIOTCS B OJIOKYEHHE
U MOTYT OBITh MPOBEPEHBI KAXAbIM yYaCTHUKOM. Eciau KT0-1100 MombITaeTcsi U3MEHUTh JIaHHbIE B
CETH, OHU HE OyyT COOTBETCTBOBATH MPEABIAYIINM 3aIUCSIM, U TAKOE BMEIIATEILCTBO JIETKO OYyIeT
OoOHapy»XEHO APYrUMH ydacTHHKaMu. Ilocie Toro kak OOk j100aBieH B IEMOYKYy OJIOKYEHHA, ero
HEBO3MOXHO M3MeHUTh. Kax/iplii 010K copepKuT MHPOpMaLUIO 0 IpeabayleM 0Joke, Gnarogaps
yeMy HEBO3MOXKHO MOJIeNaTh WM W3MEHUTh paHee COXpaHEHHbIE JaHHbIE. JTO oOecleyuBaeT
HaJI&KHOCTD U 3AIUIIEHHOCTH BCeil cuctemsl [5].

Haumbonee w3BeCTHOE W IIMPOKO PACIPOCTPAHEHHOE MPUMEHEHUE TEXHOJOTHUU OJIOKYSHH
cBsi3aHO ¢ OuTkoWHOM (Bitcoin) W IpyrMMu KpUNTOBATIOTaMU. KpHUNTOBATIOTHI IMO3BOJISIOT
OCYLIECTBIATh (DUHAHCOBBIE OINEPALMU MEXAY I0JIb30BaTesIMU HANpsAMylo, 0e3 ydacTus
LEHTPAJIN30BaHHbIX (PMHAHCOBBIX CUCTEM. baHKK U (MHAHCOBBIE YUPEKIEHHUS MOTYT UCIIOJIb30BaTh
OJOKYEHH ISl YCKOPEHHS JCHEKHBIX IEPEBOAOB, TOBBIMICHHUS OE30MaCHOCTH M IMPO3PauHOCTH
omepauuii. Tarxke OJOKYEHH MOXET NPUMEHATBbCA B chepe KpenuToBaHWs H 3aliMoB. B
3/IpaBOOXPAaHEHUM JaHHbIE NAIlMEHTOB MOTYT XpaHUTbCA B OJIOKYEiiHEe, 4TO TrapaHTHpPYeT HX
0€30IacHOCTb M MPO3PAYHOCTh. ITO TakKe o0serdaeT oOMeH MeIUIMHCKON HH(pOopMalMed Mex1y
Bpadamu u crnienmanucramu (https://clck.ru/3aMsNCz).

Texnonorus 5G (cBsi3b MATOrO MOKOJEHMS) O3HAMEHOBala HA4aj0 HOBOW 3pbl B MOOMIBHBIX
ceraix. 5G — 9TO cereBas TeXHOJOrMs, oOecreuuBaromias Oosee OBICTPYIO, HAIEKHYIO U
BBICOKOEMKYIO CBS3b 10 CPAaBHEHUIO C MPEAbIAYIIMMHI MOKOJIEHUSIMH MOOMIIBHBIX TexHonorui (2G,
3G, 4G). Ona mpenocTaBiseT MOJb30BATEISIM HOBBIE BO3MOXKHOCTH Onaromapst 6ojiee BBICOKOH
CKOpPOCTH HHTEpPHETa, MHUHHMAJIbHOM 3alepKKe M CHOCOOHOCTH OJHOBPEMEHHO MOJKIIIOYaTh
Oonplioe KomU4ecTBO ycTpoilctB. TexHomorus 5G Takxke MOJNJEpKUBAET HOBbIE 00IacTH
NpUMEHEHHUs W MHHOBalMHu, Takue kak MutepHer Bemel (IoT), aBromarnsanus u OecnMIOTHBIE
aBToMoOmIM. CKOpOCTh Nepeiaun 1aHHbIX B SG-CeTSX 3HaYUTENbHO MPEBbIIIAeT OKa3aTeNlN ceTeil
4G. 5G obecrieunBaeT CKOpOCTh Nepenaun naHHbIX 10 20 ruradut B cekyHay (Gbps), a cpennss
CKOpOCTh 3arpy3Ku cocTaBiisieT okosio 432 merabut B cekyHay (Mbps). Takas BbIcOkasi CKOPOCTb
MO3BOJISIET OBICTpEe 3arpykaTh BUIEO, IPOBOAUTH BHICO3BOHKH B BHICOKOM KAauye€CTBE U JICIUTHCS
oonpiuMu (paitmamu 6e3 3amepxkek. [[puauHO CTONb BBRICOKOW MPOU3BOAUTENHHOCTH SG sSBIsSETCS
KpaliHe HHU3Kas 3aJiepKKa MpH TMepefade JaHHBIX. DTO OCOOEHHO BaXKHO JUIsi OECHMIIOTHBIX
aBTOMOOWJIEH, AMCTAaHIIMOHHBIX XUPYPrHYECKUX Oomepanuil u oHnaiH-urp. B cersx 5G 3amepxka
MOJKET COCTaBJIATh BCEro | MMJUIMCEKYHAY WM Jake MeHbIle, Toraa kak B cerax 4G oHa
cocraBisier 30—50 mwmmucekyna. Texaomnorus 5SG Takke MO3BOJSET OJHOBPEMEHHO IOJKITIOYATH
OoJbIiee KOJMYECTBO YCTPOHCTB K CETH, 4TO 0coOeHHO BakHO misi MuTtepHera Bemeit (IoT). 5G
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MOJIEPKUBAET MUJUTUAPABI OJTHOBPEMEHHBIX TOJKIIOUEHHH, YTO JeIaeT BO3MOXHBIM PEaTH3aIIII0
MIPOEKTOB «YMHBIX TOPOJIOBY, «YMHBIX JOMOB» U MpoMbIuieHHBIX [0T-cucrem. Cetn 5G crmocoOHBI
OJTHOBPEMEHHO O0OCIyKHBAaTh MHOKECTBO I0JIb30BAaTENiel M YCTPOWCTB, 4YTO MpEeAOTBpaIlaeT
Meperpy3Ky CeTH B MECTax MAacCOBOTO CKOIUICHHUSA JIIoJeH (Hampumep, Ha CTaJuOHAaX, KOHIIEpTax
WIA B TYCTOHACENIEHHBIX pailoHax), oOecreynBasi MPU 3TOM CTa0MIIBHYIO U KaueCTBEHHYIO CBS3b.
5G Takke UrpaeT BaXXHYIO POJib B chepe aBTOMOOUIIBLHBIX TEXHOJIOTHIA. becnmuioTHRIE aBTOMOOWIIN
MOTYT C €ro IOMOIIbI0 OBICTPO U 0e30MacHO OOMEHMBATHCS JAHHBIMH MEXIy CcO00M u ¢
OKpY>Karolen cpesioid. ITo MO3BOJIIET UM ONEPAaTUBHO aHATU3UPOBATH JOPOXKHYIO CUTYAIUIO, YTO
SABIISICTCA KIIOYEBBIM (DakTOpoM JuIst G€301MacHOCTH aBTOHOMHOTro BokieHus. Kpome toro, 5G
obecrieynBaeT OBICTPYIO U HAI&KHYIO CBs3b JUIst l0T-yCcTpoiicTB, UCTIONB3yeMBbIX B YMHBIX J0Max,
ropoaax u Ha (pabpukax. B 3mpaBooxpanenun 5G mosBojsieT 6osee 3PGEKTHBHO OCYIIECTBIATH
MOHHUTOPHHI TMalMEHTOB U MPENOCTABIATh YJAIEHHbIE MEAUIIMHCKUE yCIyru. Boicokas ckopocTh
nepeaay MEAMIMHCKUAX JaHHBIX JIeJTaeT BO3MOXKHBIM IPOBEACHUE TUCTAHLIMOHHBIX OIEpaIlHi.
Bpauu u xupypru Moryt HaOm0aTh 3a MAlMEHTAMU B PEKUME PEaTbHOIO BPEMEHU U BBINOJIHATH
MpoLEAYpHI ¢ OONbIIeH TOYHOCTHIO U 0€30MacHOCThI0. Takke 3Ta TEXHOJIOTHS YIPOIIAET U JIeiaeT
Oosiee CTAOMILHON KOMMYHHUKAITMIO MEKIY BpauoM U MarreHTom [6].

HanoTtexnomorust — 3To Hay4Hasi 00J1acTh, CBA3aHHas ¢ 00pabOTKOI BemecTBa Ha ATOMHOM U
MOJIEKYJISIPHOM ypOBHE, TO €cTh B Auana3oHne oT 1 g0 100 nHanomerpoB. OaMH HAHOMETP — 3TO
onHa MuLTHapaHas yacte Merpa (0,000000001 m). HanoTexHOIOTHS TTO3BOISAET CO3/aBaTh HOBBIC U
YCOBEPILIEHCTBOBAHHBIE MPOAYKTHI M MPOLECChl NYyTEM MPOU3BOJCTBA HAHOMATEPUAIOB U
HaHOCUCTEM. DTa 00JacTh CIOCOOCTBYET 3HAYUTEIBHBIM JOCTHIXKEHUSM B PA3IMYHBIX HAYYHBIX U
WH)KCHEPHBIX HampaBieHusx. C TOMOIIbI0 HAHOTEXHOJIOTHH (U3HYEeCKHe, XUMHYECKHE U
OMOJIOTHYECKHE CBOMCTBA BEIIECTB MOTYT MEHAThCA. Hampumep, Ha HAHOpa3MEPHOM YPOBHE TaKHe
CBOMCTBA, KaK 3JEKTPHUUECKas MPOBOJIUMOCTb, TEIIONEpeaaya U B3aUMOJICHCTBUE C CBETOM, MOTYT
OTJINYATHCSA OT CBOWCTB MaKpPOCKOIMYECKUX MATEpPHAIOB. JTO JIeNaeT HAHOTEXHOJIOTUHU OCOOCHHO
MOJIE3HBIMH B CIECHHAIM3UPOBAHHBIX TPUMEHEHHSX. HaHoMmMaTepwambl MOXHO H3MEHSATh Ha
aTOMHOM WJIM MOJIEKYJIIDHOM YPOBHE, 4YTO TIO3BOJISIET HACTPaMBaTh WX XapaKTEPUCTUKU I10
HeoOxomuMocTU. Takke HaHOTEXHOJIOTMH BIMSIOT Ha CBOMCTBA MOBEPXHOCTH MAaTEpPHANIOB, YTO
MOXET CIeNaTh UX MpoyHee, jgerde win 6onee ycrouusbiMu (https://clck.ru/3MsNCS).

[IpumeHeHre HAHOTEXHOJOTHI OXBAaTHIBAET MHOXKECTBO OTpacied. B anexkTpoHuke OHH
CIOCOOCTBYIOT MUHHUATIOPU3AINHN U YCKOPEHHUIO paboThl ycTpocTB. C MOMOIIbI0 HAHOMATEPHAJIOB
MO>KHO C03/1aBaTh 00Jiee KOMITAKTHbBIE U MOIIIHbIE KOMIIOHEHThI — HaIrpumMep, 6osee 3¢ (heKTuBHbIE
MHUKPOTPOIIECCOPHI M YUITBI MaMsITH MEHBIIUX pa3MepoB. B MeauInHe HAHOTEXHOJOTMH HUMEIOT
OTPOMHBIN TMOTeHIMAI. HaHOYacCTHIIBI MOTYT JOCTaBJIATH JIEKAPCTBA HEMOCPEICTBEHHO K
MopakEHHBIM ~ y4acTKaM oOpraHu3Ma (HampuMmep, K pakoBBIM KJIETKaM), YTO IIOBBIIIAET
3¢(heKTUBHOCTh JieueHus. TakKe HAHOTEXHOJOTHH TIO3BOJISIOT  pa3pabaThiBaTh  HOBBIE
JMAarHOCTHYECKUE CpEACTBA, TaKHMe Kak HaHOpoOOTHl M  OuoceHcopsl. B sHepreruke
HAHOTEXHOJIOTUM BHOCAT 3HAuMTENbHBbIE M3MeHeHHs. C HMX MOMOMIBI0 MOXXHO CO37aBaTh Ooiee
3¢ EeKTUBHBIE COJHEYHBIC MAHENH, AKKyMYJIATOPhI C OoJybIIeid EMKOCTBIO M BO3MOXKHOCTBIO
OBICTPOH 3apsKu, a Takke ONTHMH3UpPOBATH MPOIECCHl TeHepanuu sHeprun. K mpumepy,
MCIOJIb30BAaHNE HAHOMATEPUAIIOB MO3BOJISIET IPOU3BOIUTH OaTapen, KOTOphIe 3apsiKatoTCs ObIcTpee
W cIyXxar fojbine. braromapst cBomM pa3mepaMm U CTPYKType, HAaHOMATepHasbl JIEMOHCTPUPYIOT
BBICOKYIO TPOU3BOAMTENBHOCTE. OHH CHOCOOHBI BBIMOJHATH OOJBIIE PAa0OTBI C MEHBIIMMHU
00BbEMaMH PECYpPCOB, YTO CIIOCOOCTBYET 3alllUTE OKpY»Karoliel cpeasl. Be€ yalie nux nNpuMeHsoT B
crcTeMax YUCTOW U BO30OHORBIIsIeMoit sHepruu [1, 5].

PobGoToTexHrKka W aBTOMAaTH3amWs 3aHUMAOT BaKHOE MECTO B Pa3BUTHH COBPEMEHHBIX
TexHojoruii. O6e obiacTu HampaBieHbl Ha BBIOJIHEHHE pabdOT U omepauuil ObicTpee, TOUHEE U
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s dexTuBHEE. DTH TEXHOJIOTUH JIENal0T MPOU3BOJCTBEHHBIE MPOIECCHl U TOBCEAHEBHYIO KU3HB
Oosiee PONYKTHUBHBIMH M O€30MaCHBIMU B MHIYCTPHAIM3UPOBAHHBIX oOmiecTBax. PoboToTexHuka
— 9TO HayKa W TEXHOJOTHUs, 3aHUMAIOIIAsCsl TPOSKTUPOBAHNEM, IPOU3BOICTBOM, IPUMEHEHHUEM H
ympasieHueM podoramu. PoOOTBI — 3TO MamIMHBI, KOTOPBIE MOTYT BBIIOJHATH ONpEICIEHHbIC
3aJaud  BMECTO 4eJOBEeKa WM TMpu ero mnoxaepxke. OHU  CHOCOOHBI  BBINOJIHATH
3arporpaMMHpPOBAHHBIC ICHCTBHSI 0€3 BMEIIATENbCTBA YEIOBEKA, YTO JIENACT UX UACATBHBIMH IS
aBTOMAaTH3allMU OJHOOOpPa3HOW W omacHOW paboThl. POOGOTH paboOTarOT ¢ BBICOKOW TOYHOCTHIO,
CHIKAsl KOJIMYECTBO OIIMOOK, CBOWCTBEHHBIX 4YEJIOBEKY, W HE IIOJIBEPKEHBl YCTAIOCTH WIIN
MICUXOJIOTHYECKUM TpobieMaM, YTO OCOOCHHO BaXHO B MPOU3BOJCTBE, XUPYPIHMH U JAPYTHX
chepax, TpeOyOIMX BBICOKOW TOYHOCTH. COBpeMEHHBIE pPOOOTHI BBIMOJHAIOT HE TOJIBKO
¢u3nyuecKylo, HO W WHTEIUICKTYaJlbHYI0 paboTy. brmaromapss TEXHOJOTHSM HCKYCCTBEHHOT'O
MHTEIIEKTa U MAIIMHHOTO 00y4YeHHUs, POOOTHI MOTYT IIPUHUMATH PEIICHHUS M BBIIOIHATH CJIOXKHBIC
3amaun. PoOoTel paborator ObicTpee M d(h(EKTHBHEE IIOACH, YTO CHUXKACT MPOHU3BOJICTBEHHEIC
pacxopl M MOBBIIIAET NMPOU3BOAUTEIBHOCTE. POOOTH MPUMEHSIOTCS Ha COOPOYHBIX JTUHHSX IS
cOOpKH MPOJYKIMH, KOHTPOJISL Ka4eCTBa, CBAPKU U TOKPACKU. B XUpypruum ucrnoiab3yroTcst poOOTHI,
takue kak Da VincCi, xoTopbie MO3BOJSAIOT MPOBOIUTH OIEPALMUA C OONbIICH TOYHOCTBIO H
0e30macHOCThI0. B OBITY — pOOOTHI-IIBIIECOCH, MOMOIIHUKH, a TaKXKe CIEHUATN3UPOBAHHBIC
YCTPOKCTBA ISl HOXKIIIBIX JTEo/iei. Takke poOOTH MPUMEHSIOTCS B OTIACHBIX YCIOBUSX, HAIIPUMED,
Ha JKEJE3HBIX JOpOrax, B IIaXTaX M Ha aTOMHBIX 3JIEKTPOCTAHIMAX, oOecreyrnBas 0€30MacHOCTD
nepcoHaia. ABTOMAaTH3alUs — 3TO TEXHOJIOTHS, ITO3BOJISIOIAS BBITOIHITH MPOLECCHl M 33/1a41
06e3 yuwactus uyenoBeka. OHa JjenaeT BBINOJIHEHHWE 3amad ObIcTpee, TOYHEe U JCIICBIIC.
ABToMaru3anus TOBBIIIAET dS()()EKTUBHOCTH TMPOMU3BOJCTBEHHBIX IPOIECCOB, OCOOCHHO B
MOBTOPSIONINXCS M PYTHHHBIX 3a/Ja4ax. BMeCTO 4YenoBe4ecKOro TpyAa HCIOIb3YIOTCS
aBTOMAaTH3UPOBAHHBIE CUCTEMBI, KOTOPBIE Pa0OTAIOT OBICTPEE M C MEHBIINM KOJIHMYECTBOM OLIMOOK.
D10 CcHMXKaeT 3aTpaTrhl M obOecrmeynBaeT Oojiee Oe3omacHyo pabouyro cpemy. ABTOMAaTH3aIMs
IIMPOKO HCTONB3yeTCs Ha COOPOYHBIX JHHHAX, B TPAHCIIOPTUPOBKE MATEPHAJIOB, YIIAKOBKE WU
npoBepke mpoaykuuu. CNC-cranku, poOOTBI M Apyrue aBTOMATU3MPOBAHHBIE YCTPOMCTBA
YIIPaBIISAIOT MPOU3BOACTBEHHBIMU MpolleccaMH. B joructuke M CKIaJupoBaHUM TNPUMEHSIOTCS
pPOOOTU3NPOBAaHHBIE CUCTEMbl M aBTOMAaTHYECKOE YympaBieHue. B Oyxranrepun u ¢uHaHcax
aBTOMAaTH3amMsa  ocymiecTBiusercss udepe3  WU-anropuTmbl, BKJIIOYas  aHAIW3  JTAHHBIX,
WHBECTUIIMOHHBIC PEIICHUS U 00CTY)KMBaHUE KIMEHTOB (HarpumMep, 4at-60ThI) [6].

VIHHOBAIlMOHHBIE TEXHOJOTUM HUIPAlOT BaKHYIO pPOJIb B COBPEMEHHOW >XH3HH OOIECTBA.
OOmacT, TakWMe KaK WMCKYCCTBEHHBI WHTEUIEKT, Onok4yeitH, 5G, HaHOTEXHOJIOTHH W
pPOOOTOTEXHHKA, CIIOCOOCTBYIOT HE TOJIBKO pa3BUTHIO TEXHOJIOTHH, HO M TpaHChOpMauu
HSKOHOMHKH, 00pa30BaHMs, 3/[PABOOXPAHEHHS U IPYTUX cdep Ku3HHU. VICKyCCTBEHHBIH MHTEIUIEKT
TpaHCc(OPMHUPYET MOJAX0J K OOpa3oBaHHIO, JUATHOCTHUKE W TPAHCIOPTY, OJIOKYEHWH YCHUIMBAET
0€30MacHOCTh JaHHBIX U MPO3PAaYHOCTh B (PUHAHCOBBIX cHucTeMax, a 5G cmocobcTByer Oosee
ObICTpOM W HAA&KHOM  CBA3M MEXIy YycTpodcTBamMu. HaHOTexHOJOrMM  MOBBILIAIOT
NPOM3BOAUTEILHOCTh B MeAMIMHe, SHepretuke W napyrux chepax (https://clck.ru/3MsNC2).
PoOoToTexHuka M aBTOMaTH3alMs 3aMEHSIOT 4YeJOBEYeCKHi Tpyn Oosiee Oe30macHbIM U
NEPCHEKTUBHBIM CHOCOOOM B MPOM3BOJCTBE M YCIyrax. MOXXHO C YBEPEHHOCTBIO CKa3aTb, YTO
pa3BUTHE WHHOBAIIMOHHBIX TEXHOJOTUH CTAHOBUTCS OJIHOW W3 KIIFOYEBBIX JBIDKYIINX CHJI
3apTpamHero faHs. OIHAKO X OTBETCTBEHHOE M MPABHILHOE BHEIPEHHE B OOMIECTBO KPUTHYCCKU
Ba)XXHO JUIsl YCTOMUMBOTO OYyIIEro.
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BUPTYAJIBHOE MOJAEJINPOBAHUE POBOTA SCARA B UNITY 3D
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VIRTUAL SIMULATION OF A SCARA ROBOT IN UNITY3D
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Aunnomayus. Pabota mocBsllleHa MOJAEIUPOBAaHUIO MpoMmblluieHHOro pobora SCARA B
nporpamMmHoil cpeae Unity3D. PaccmarpuBaroTcs 3Tambl MOATOTOBKM M uMmopTa 3D-monenu
poboTa, opraHu3anus ero KHHeMaTu4ecKOl CTPYKTYphI C MCIIOJIb30BaHUEM PA3IMUHBIX M10AX0/I0B,
Bkiarouass Parent-Child, Joints u Articulation Body. IlpencraBieHbl aqropuTMbl PYyYHOTO H
aBTOMATHUYECKOT'0 yNpaBJIEHUs, OCHOBAaHHBIE HAa PELICHUH NPSIMON U 0OpaTHOM 3a7jau KUHEMAaTHKH,
a TakkKe peaJu3alus TPACKTOPUM JBMXKEHUS C I[OMOINBIO JIMHEHHOW HWHTEPHOJSILUU U
nporpaMMmupoBaHusi Ha ocHoBe G-kona. IloguepkuBaercs mnpakTHueckas W oOpa3oBaTelbHas
3HAYUMOCTb BHUPTYyaJbHOM Mojenu, €€ TMOTeHIHal JUIsi MCIHOJIb30BaHUS B OOyYEeHUM U
[IPEIBAPUTEIILHOTO TECTUPOBAHUS aJITOPUTMOB YIIPABJICHHUS.

Abstract. This paper presents the development of a virtual model of an industrial SCARA
robot using Unity3D. It covers the preparation and importing stages of the robot's 3D model, the
organization of its kinematic structure utilizing different approaches, including Parent-Child
hierarchy, Joints, and Articulation Body components. Algorithms for manual and automatic control
based on forward and inverse kinematics solutions are described, alongside motion trajectory
implementation through linear interpolation and G-code programming. The article highlights the
practical and educational value of the developed virtual model and its potential for learning and
preliminary testing of control algorithms.

Kniouesvie cnosa: podbor SCARA, BupryansHoe MmonenupoBanue, Unity3D, xuHemaruka,
npsiMasi 3ajaya KUHEMaTHKH, oOpaTHas 3ajada KUHEMaTuku, G-KoJ, TpaeKTOpHUs IBUKEHMS,
poboTu3aus Npou3BOACTBA, BUPTYyaJIbHAs CPENa.

Keywords: SCARA robot, virtual simulation, Unity3D, kinematics, forward kinematics,
inverse kinematics, G-code, motion trajectory, industrial robotics, virtual environment.

B nocnennue aecatunetuss poOOTOTEXHHMKA CTPEMHUTEIbHO pa3BHUBAETCs, OXBAaThIBas BCE
Oonplie obnacTedd, OT MPOMBIIUIEHHONH COOpKM 1O MEAMLMHBI U 00pa30BaTENbHBIX IPOEKTOB.
OpuumM u3 HanboJiee MOMYNAPHBIX MPOMBILIUICHHBIX pemieHuit sBisercss pooor SCARA (Selective
Compliance Assembly Robot Arm), koTopslii coueraeT B cebe psa MPEUMYIIECTB, TaKUX Kak
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BBICOKAasi CKOPOCTb, TOYHOCTh M JOCTAaTOYHO IPOCTasi KMHEMaTH4yecKas CTPYKTypa, Omaromaps
KOTOPOM OHHM HAaxoJiIT UIMPOKOE NPUMEHEHHE B ONepalusx MO0 3aXBaTy U IEPEMELICHHIO
pa3nuyHbIX OOBEKTOB, HampuUMep, COOpKE MPOMBIIIJIEHHBIX U3EIUi, YINAaKoBKE M APYrux
MaHMITYJIAIHOHHBIX 3a1a4ax [1, 3].

[Tpu 5TOM OHUM M3 BaXKHBIX ITANOB Pa3pabOTKH M BHEAPEHUS POOOTH3MPOBAHHBIX CUCTEM B
IIPOU3BOJICTBO CTAHOBUTCS BHUPTYaJbHOE MOJEINPOBAHUE, KOTOPOE IIO3BOJIAET OTJIAXKUBATh
JITOPUTMBI yIpaBiieHUs! 0e3 HeoO0XOAMMOCTU JOPOTOCTOSILEro MNPOTOTUIIMPOBAHUS U PHUCKOB
MOBPSXKICHHUS peallbHOro obOopymoBanus [6, 8]. Jlas 3TuX 1eneld HCMIOIb3YIOTCS Kak
CHETIHATU3UPOBAHHBIE MPOrpaMMHBIC w1aTopmel, HaTnpuMep, Gazebo, Webots,
MATLAB/Simulink, Tak u nmporpamMHubie pemeHust coOCTBeHHOH pa3zpabotku. Cpean mociaeIHux
CBOMMHU JIOCTYITHOCTBIO, MOIIHBIMU CPEICTBAMH BHU3yallM3allui, THOKOCTBIO M PACTYLIMM HabopoM
MHCTPYMEHTOB i1 POOOTOTEXHUKU BbIienseTcss UrpoBoil nBuxkok Unity. Pesynprarsl paGoThl
MOTYT HMPHUMEHSTHCS KaK B 0Opa3oBATENbHBIX LENAX, B YACTHOCTH NPU U3YUYEHHH IHCLUUIUINHBI
«Pobotuzanms nmpousBoacTBa» B Omickom ['ocymapctBennom YuuBepcurere (Oml'Y), Tak u Ha
IPAKTUKE JUIs OTJIAJKU TECTUPOBAHUS aJlTOPUTMOB YIIPABICHUS IIEpesl UX 3arpy3Koil Ha peaabHbIN
poOoT.

Iloozomoska 3D-mo0enu u opeanusayusi Kunemamuieckou cmpykmypul. s MogenupoBaHus
pobota B mporpammHoii cpene Unity TpeOyeTcsi HaTnIre TPEXMEPHOUM MOICTTH, KOTOPasi KOPPEKTHO
OTpaXkaeT ero (U3MUECKyl0 M KHHEMAaTHYECKYyI0 CTPYKTYpy, oOecrneuuBas BO3MOXHOCTb
PEATMCTUYHOIO BOCIPOU3BENEHUS ABMKEHUS U PaboThl pobOora. CyIIecTBYIOT /Ba OCHOBHBIX
[O/IX0Jla TI0 peau3aldu TPEXMEPHBIX Mojeieil poOOTOB: CaMOCTOSATENbHOE IPOEKTUPOBAHUE
mozaenu B CAD cucrteme U UCIOIb30BAaHUE TOTOBBIX MOJIENEH, KOTOPBIE YacTO MPEIOCTABISIOTCS
npou3BoauTeneM po6oroB. [Ipn HanmMYMM HEOOXOMMMBIX TEXHWYECKHX TAHHBIX M TPeOOBaHUU K
KOHCTPYKLIUU POOOTa, MPOEKTUPOBAHUE MOJEIM MOXKET IMPOU3BOJIUTHCS B OAHON M3 MOIMYJISPHBIX
CAD cucreM, K KOTOpPbIM OTHOCSTCS, B yacTHOCTH, Autodesk Fusion 360, SolidWorks u FreeCAD.
[Tpu sTOM MpoeKkTUpyemas MOJAEIb JOJDKHA YYUTHIBATH T€OMETPUYECKHE MMapaMeTphbl 3BEHbEB, HX
OCH BpAaIlleHUS W JIOMyCTUMBIC [UAIa30HBI JBWKCHHS, OOECIeunBasi COOTBETCTBHE THUIIOBOM
KOH(Urypaluy peasbHOro podora. ANbTEpPHATUBONW CaMOCTOATENIBHOMY MPOCKTUPOBAHUIO MOXKET
ObIThb ucnonb3oBaHue TroToBbIX CAD-mozeneil, pa3MeIIeHHBIX B OTKPBITBIX HHXEHEPHBIX
oubmmorexkax (GrabCAD, Thingiverse u aAp.) WIM OPEIOCTAaBISEMBbIX MNPOU3BOAUTEIIMU
MIPOMBIIIJIEHHBIX pOOOTOB B OTKpbITOM jocrtyne. [Ipu BbIOOpe mogo0HOM Mopaenu clemayer
y0enuTecss B €€ JAOCTaTOYHOW JeTamu3alliM, TaK)Ke B COOTBETCTBMM rabapUTOB U KOHCTPYKLIUHU
TeXHH4YeCKUM TpeOoBaHUsAM. Ilocie MNOATOTOBKM TPEXMEPHOW MOJENIH CIEIYIOIUM 3TalloM
aBIgeTcs €€ UMIOpPT M HacTpoiika B cpene Unity. Ha mepBom stane mMozaens po6oTra HE0OXOIUMO
skcnioptupoBath U3 CAD-cpensl B onuH u3 ¢opmaToB, nojjaepxkuaembix Unity, Takux kak .fbx,
.obj umu .stl. Ilpu sToM, Hambonee MpennOYTHTENbHBIM siBIsieTca Gopmar .fbx, MOCKOIBKY OH
MO3BOJISIET COXPAHUTh MEPApXHI0 O0OBEKTOB, TpaHC(HOpPMAIMU, a TAKKe TEKCTYphl U MaTepHalbl,
npumenénnsie B CAD-cpene.

OkcnopTUpoBaHHbIN (haiin momemnaeTcst B manky Assets mpoekta Unity ¥ aBTOMaTHYECKH
oroOpaxkaetrcss B o0Oo3peBatene mpoekra. llocie 3Toro mMojens nepeTackuBaeTcs Ha CLEHY s
nanpHelme HacTpoiiku. B okHe Inspector HE00X0AMMO MPOBEPUTH KOPPEKTHOCTh Maciuitaba u
opueHTanuio Mojaenu. I[lpu HeoOxomumocTu creayeT mpuBecTH eAuHMIBI u3mepeHuss CAD-
cucTeMbl K ernHUIaM Unity W/WIK BBITIOJTHATE MTOBOPOT MOJIEIH, TIOCKOJIBKY HAMPABICHUS CUCTEM
koopauHaT B CAD wu Unity moryr otnmuathes. Kpome Ttoro, crnemyer yOeamTbes, YTO OCH
BpallleHWss M HaIMpaBICHHUs TIOCTYNATEIbHOTO TIEepEMENICHUS 3BEHbEB TOYHO COOTBETCTBYIOT
KMHEMAaTUYeCKOM CTpyKType poboTa, a BCE ONOpHbIE TOYKM pacloyiokeHbl B o0jacTtu
COOTBETCTBYIOIIMX COWICHEHUU. CIeAyronuM 3TarnoM SIBISETCS OpraHU3alusl KMHEMATHYECKON
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CTPYKTYpBI poOoTa, it KoTopoir B Unity mpexycMOTPEHO HECKOIBKO CITOCOOOB MOJEIHPOBAHUS
CBSI3eH MEXIy 3BEHbSIMU MEXaHMUYECKOW cucTeMbl. B naHHOM paboTe paccMaTpuBalOTCs TpU
HauboJlee pPacIpOCTpaHEHHBIX IOAXO0JA: Hepapxudeckas CTpykrypa oObektoB (Parent-Child),
HCIIONBb30BaHUE (u3nuecknx coeauHenuid (Joints), a Ttakxke komroHeHT Articulation Body,
MpeIHa3HAYEHHBINA CIEIUALHO [T 33134 pOOOTOTEXHUKH [2].

CaMbIM MPOCTEUITUM CTIIOCOOOM TIOCTPOCHUS KMHEMAaTUYECKOW IEMH SIBISETCS OTHOIICHUE
poautenb-motoMok (Parent-Child), mpu koTopom Kakoe 3B€HO Ha3HA4YaeTCsl TOYECPHUM OOBEKTOM
npenpiaymero. [Ipu Takom moaxojie ynpapieHUE ABH)KEHUEM 3BEHBEB OCYIIECTBIIACTCS HAMPSAMYIO
myTéM HM3MEHEHUsSl IMapaMeTPOB IO3UIMKM M OPUEHTAIMM KOMIOHEeHTa transform. OCHOBHBIM
JOCTOMHCTBOM 3TOrO TOAXOJA SBISETCA NPOCTOTA peanu3aldi: OH He TpedyeT HacTpOoHKu
(bU3MYECKUX CBOMCTB M MO3BOJISIET MHTYUTHUBHO YIPABIATH IOJOXKEHUEM 3BeHbeB. OHAKO MpHU
3TOM OTCYTCTBYET (pU3HUYeCKasi CUMYJISIUS — HE YYUTHIBAIOTCA Macca, MHEPIHs U BHEIIHUE CUJIBL,
YTO OTPAHUYUBACT PEATHCTUIHOCTH TTOBEICHUS MOJICITH.

Jpyroi moaxox K MOICIMPOBAHUIO CBA3E€H MEKIAY 3BEHBSIMU KHHEMAaTUYECKOW LIETH
3aKJII0YAETCs B HCIONb30BaHMM KommoHeHToB Hinge Joint wim Configurable Joint, xotopsie
peau3yoT (U3NYECKUE COEIMHEHHUS C BO3MOXKHOCTBIO 3aJlaHUsl OCEil BpallleHus, OrpaHHYEeHUN
YIJI0B, JKECTKOCTH, JCMII(PUPOBAHUS U JPYrUX [apamMeTPOB B3aUMOJCHCTBHUS, TIPU ITOM
¢u3nveckue CBOWCTBA 3BEHBEB, TaKME KaK Macca W MarepHaj, 3aJaloTcsi 4Yepe3 KOMIIOHEHT
tBepaoro tena (Rigidbody). K ocHOBHBIM mpeumyliecTBaM [aHHOTO MOJAXO0Ja CTOUT OTHECTH
BO3MOXXHOCTh 00Jie€ PEaIMCTUYHOIO BOCIPOM3BEICHHUS MOBEIEHUS POOOTa C YYETOM CHIIOBBIX
BO3JICHCTBUI 1 MOMEHTOB, OJHAKO IPH 3TOM BO3PACTACT CIIOKHOCTh HACTPOMKH, YBEIIMYUBACTCS
MOTPEOHOCTh B BBIYHCIUTEILHBIX pecypcax, B TOM YHCJIC 3a CYET HEOOXOJWMOCTH ITOBBIIICHUS
TOYHOCTH (PU3MUYECKUX PACUETOB, a TAKKE MOXKET HAOIOIAThCS HECTAOMILHOCTD TPH YCIIOKHEHUN
KoH(puUrypanuu MexaHu3ma. Hauboinee COBpeMEHHBIM U (PYHKIHMOHAJIBHBIM  CHOCOOOM
MOJIETTMPOBaHUsl KMHeMaTudeckux uemneil B Unity, OpUeHTUPOBAHHBIM Ha 3a7aud POOOTOTEXHUKH,
SBJIICTCS TIPUMEHEHHE KoMIoHEeHTa Articulation Body, KOTOpBI MO3BOJSIET TOYHO HACTPaWBaTh
napaMeTpsl COWICHCHH, BKJIFOYAs MAacChl, MOMCHTHI WHEPIWHU, JHANA30HBI YIJIOB M THIIBI
npuBo0B. (OCHOBHBIM TMPEUMYIIECTBOM JaHHOTO TOIXOJa SBISETCS BBICOKAas TOYHOCTH
MOJICTTMPOBAHUSl U CTaOWJIBHOCTh YHMCIEHHBIX Pacy€ToB, YTO JenaeT ero 3()(eKTUBHBIM MpHU
CUMYJISIIUM CIOXHBIX pOoOOTOTEXHUYECKUX cucTeM. Bmecte ¢ Tem kommnoHeHT Articulation Body
noctyneH Toiabko B Bepcusix Unity 2020 u Bbllle, U COAECPKUT Psii OTPAaHUYEHHM, B YaCTHOCTH, HE
MOAJEPKUBAET MOJEIUPOBAHUE 3aMKHYTHIX KHHEMaTHYecKuXx Iieneil. Takum oOpa3om, BBIOOD
METOJIa OpTaHM3aIMHM CBA3CH MEXAY 3BEHBSIMH OMNpenensercs TpeOOBaHUSAMU K TOYHOCTH
MOJISIIMPOBAaHUS. W YPOBHIO CIIO)KHOCTH peIIaeMod 3amaud. B ciydasx, HE Mpearoiararonmx
(DU3HYECKOTO B3aUMOJICHCTBUS, JOIMYCTHMO HWCIIOB30BAHUE HWEPAPXUUYCCKON CTPYKTYphI THUIIA
Parent—Child, Torma xak mmst Oosee TOYHOTO M (PU3NYECKH OOOCHOBAHHOTO MOJEIUPOBAHUS
MpeoYTeHne ClielyeT OTaaBaTh KoMmnoHneHTam Joints unu Articulation Body.

Peanuzayua ynpaenenuss supmyanvroi mooenvto poooma SCARA. Ha srtane peanuzanuu
VIpaBIIeHUS] BUPTYAITBHONW MOJIEIBI0 OCHOBHOE BHUMAHHE YACISCTCS 00ECIEYCHUIO BO3MOKHOCTH
yIpaBJICHHS MOJIOKEHUEM U JIBIKeHHEM 3BeHbeB SCARA -MaHUIyIATOpa, KaK B PYYHOM PEXKUME,
TaKk U C HCIOJB30BAHHEM aJTOPUTMOB pEUICHUS 3a7ad OpsSMOH U OOpaTHOW KHHEMATHUKH.
VYnpasiieHue MoKeT ObITh PEeaJTM30BaHO KaK HANpPSMYIO 4Yepe3 MOJIb30BaTeNbCKUM HHTEpdeiic uiu
YCTpOMCTBAa BBOJa (HAIpUMep, KJIIaBHATypa WM JHKOHCTHK), TaK W MPOTPAMMHO, ITyTEM pacuéra
TpeOyeMbIX mapaMeTpOB ABMKCHUS Ha OCHOBE MaTeMaTUYECKUX Mozene [5].

B nHacrosmieii pabore paccMOTpPEeHO JiBa crioco0a yrmpaBiIeHUs poOOTOM: PyYHOE YIpaBlieHHE,
IpH KOTOPOM OIepaTop HEMOCPEACTBEHHO 3aMaéT 3HAYCHHs YIJIOB IOBOPOTA BpaIIaTENbHBIX
3BCHHCB W BEJIUYHMHBI JIMHCHHOTO IIEPEMEIICHUS BJIIOJIb OCEH IOCTYyHaTeNbHBIX 3BEHBEB, H
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aBTOMAaTHYECKOE YIPABICHHE, pealu3yeMoe 4Yepe3 pelIeHHe OOpaTHOM 3alaud KWHEMAaTHKH,
KOTOpPOE MO3BOJIAET OIpe/iesieHHe TpeOyeMBbIX YTIIOB MOBOPOTA 3BEHBEB 110 3alaHHBIM KOOPIMHATAM
pabouero oprana. [[ns menel TecTUpOBaHHWS M OTIanku BHpTyaibHOW monxenu SCARA-pobGora
peann3oBaHa BO3MOXXKHOCTb YIIPABJICHUS 3BEHbSIMU B MHTEPAKTUBHOM PEXHUME. Y IPABICHUE MOXKET
OCYILECTBIATBCS C MCIOJB30BAHUEM pA3IMYHBIX CPEACTB BBOJA, BKJIIOYas KJIaBHATYpY,
rpaduueckuii mHTEp(dEiic MmoNb30BaTeNs M BHEIIHWE YCTPOWCTBA, TakuWe Kak JpKorcTtuku. [lpum
YIPaBJICHUH C KJIABUATypbl U3MEHEHUE YIJIOB BPAILLEHUS 3BEHBEB OCYILIECTBIIAETCS MOIIAroBO, YTO
MO3BOJISIET  ONEPATHUBHO MPOBEPSITH KOPPEKTHOCTh pPabOTBHl COWIEHEHUHl U  CcoOJo/IeHne
KMHEMaTH4YecKuX orpaHuueHuid. ['padudeckuil marepdeiic Ha 6aze BcTpoeHHBIX 1eMeHTOB Ul
o0ecrieynBaeT HATSAHOCTh U yIOOCTBO B3aMMOACUCTBUS, OCOOCHHO B 0Opa30BaTENbHBIX HIIU
JEMOHCTPALIMOHHBIX ClieHapusX. Vcronb30BaHWe BHEIIHUX YCTPOMCTB BBOJIA, TAKMX KaK reiMIIa bl
WIN TPEKEepbl, pealn3yercss C MOMOIIbI0 BCTPOCHHBIX cpencTB Unity U MO3BOJISET pPacCHIMPUTh
BO3MOXXHOCTH YIPAaBJIEHUSI MOJIENbI0 B MHTEpAaKTUBHOH cpene. Huke, B nuctunre 1, npuseneHa
0000mEHHAs CTPYKTypa peaau3allid PYYHOTO YIPAaBIEHUS C HUCHoJb3oBaHueM C#-ckpumnra B
Unity:

void Update()
{

// YnpaBneHue nepsbiM 3BEHOM
if (Input.GetKey(KeyCode.A)) thetal -= step;
if (Input.GetKey(KeyCode.D)) thetal += step;

// YnpaBneHue BTOpbM 3BEHOM
if (Input.GetKey(KeyCode.W)) theta2 += step;
if (Input.GetKey(KeyCode.S)) theta2 -= step;

ApplyJointRotation(thetal, theta2);

JIuctunr 1. [Ipumep Koa pydHOTO yrpaBieHHS 3BEHBSIMHE POOOTa B 00IIEM CiIydae

ITpu sTom metox ApplyJointRotation() peanusyercs B 3aBUCHMOCTH OT CIIOco0a OpraHu3aIim
3BEHBEB (CM. HIDKE) M OTBEYaeT 3a (PM3UYECKYI0 WM TPaHC(HOPMAIMOHHYIO YCTaHOBKY HOBBIX
3HaueHWil. Peanm3arys yrnpaBieHUsl 3BCHBSIMUA HANpSMYyHO CBsi3aHa C BBIOPAaHHBIM CIIOCOOOM
MOJICTTUPOBaHKs 3BCHBEB, OMMCAHHBIMU BbIIC. B ciydae opraHu3anuy 3BEHBEB MPU ITOMOIIU
oTHoIIeHus poaurenb-niotoMok (Parent-Child) ynpasnenue peanusyercs mpu moMomny H3MEHEHHS
JIOKaJIBHOTO TIOBOPOTA MM JINHEWHOTO TIEpEMEIIEHHS COOTBETCTBYIOIIETO 3B€HA, B 3aBUCHMOCTH OT
ero TUIa, TaK Kak noka3ano B Jluctunre 2.

linkl.transform.localRotation Quaternion.Euler(0, thetal, 0);
link2.transform.localRotation = Quaternion.Euler(@, theta2, 9);

JIuctusr 2. HpHMep KOJa yIpaBJICHUSA 3BCHbSAMHU, CBA3aHHBIX OTHOIICHUEM POAUTCIIL-IIOTOMOK

Kak OBLIO OTMEYEHO BBIIIE TAKOH MOJXOJ JOCTATOYHO IMPOCTO PEANTU3YETCs, OJHAKO HE
MOXET MPHUMEHATHCS B 3aJadax, B KOTOPBIX HEOOXOIMMO YYHMTBHIBATh CHJIbI U MOMEHTHI. [Ipu
OpraHM3allii COCJMHCHUI 3BEHbEB C MpHMeHeHuneMm kommoneHToB Hinge Joint / Configurable
Joint, ympaBieHue MpOU3BOIUTHCS MyTEM 3aJaHusl CBOMCTB (u3mueckoro motopa (Jluctunr 3), a
TaK)Ke BEJTMYUH MAcChl U TUTIOB MaTepUalIOB 3BEHBEB.

Takoke, mpu TakoOM MMOJIX0JIE, B Cilydyae HEOOXOJAUMOCTH MOYKHO KECTKO 3a/1aBaTh YIJIbI 4epes3
napameTpbl IPYXKHHBI (SPring) u neneBoro moyoxenus (target position).
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Haubonee TOYHBIM ¥ YHHBEPCAIBHBIM CIIOCOOOM COCJAWHCHHS 3BEHBEB, KOTOPBIA
MOJIIEPXKUBAET MOJIHBIN HAbOp (PU3MIECKUX MApaMETPOB, TAKMX KaK WHEPIHS, )KECTKOCTh, TPEHUE U
ap., SABIsETCS npuMeHeHHe KommoHeHta Articulation Body. B stom ciyuae ympaBicHue
OCYIIECTBIIICTCS MyTEM YCTAHOBKH IleJeBOro mosioskenus (Target Position) tak, kak mokasaHo B
Jluctunre 4.

var motor = joint.motor;
motor.targetVelocity = targetSpeed;
joint.motor = motor;

Jluctuar 3. Tlpumep Koja ympaBleHHs 3BEHBSIMH, CBSI3aHHBIX KoMmoHeHTamu Hinge Joint /
Configurable Joint

ArticulationDrive drive = articulation.xDrive;
drive.target = targetAngle;
articulation.xDrive = drive;

Jluctunr 4, IIpumep Koza YIIpaBICHUA 3BCHBSIMU, CBSI3aHHBIX KOMIIOHEHTaMU
Articulation Body

JlanbHeiiee ynpapiieHUE BUPTyalbHOH Mojenbio pobora SCARA  ocymiecTBisercs
HOCPEICTBOM PEILCHHUS 3a1a4 NpsiMoi 1 oOpaTHoW kuHematuku [3-7]. IpsiMast 3ajaya KUHEMATHKH
3aKJII0YAETCsl B ONPE/IeICHUH TOJI0XKEHUsI U OpUEeHTAlMK pabodero oprasa podboTa Ha OCHOBaHWUHU
3aJlaHHBIX YIJIOB MOBOpOTa ero cowieHeHui. I[IpumenurenbHo k podoty SCARA, sta 3amaua
CBOJUTCS K BBIYHMCIICHUIO KOOPAWHAT pabouero oprana (3¢ dexkropa) Ha OCHOBE M3BECTHBIX YIJIOB H
JUIMH 3BEHbEB MaHUMNYIATOpa. MHBIMM CIOBaMu, IpPU 3a/laHHBIX 3HAUYEHUSX YIJIOB COWJIEHEHWH
MOJKHO JIETKO M OJIHO3HAYHO OIPENENUTh, IJIe UMEHHO OyaeT HaXOoAUThCs pabouuil opran podora.
OOparHas ke 3ajaya KMHEMAaTHKM, HANpOTHB, DPELIA€T BONPOC O TOM, KaK HMEHHO HYXHO
PAacIIoNIOKUTh 3BEHbsI po00Ta, UTOOBI pabounii OpraH 3aHsJI 33JaHHOE TOJI0KEHUE B MIPOCTPAHCTBE.
Heo0xomuMo OTMETHTh, YTO Ha NpPaKTUKEe oOpaTHas 3ajaya KHHEMATHKH SBISIETCS Oolee
BOCTPeOOBaHHOM M MMeeT OONbIIYI0 3HAYUMOCTh B POOOTH3MPOBAHHBIX cucTemax. OnHaKo 3Ta
3ajjaya PeIKO MMEeT EIMHCTBEHHOoe pelleHue. B uacTHocTH, A7 3agaHHOro HaOopa YIJIOB
cowrtenenuit (Q1, Q2, ..., Qn) Bceraa MOKHO OJTHO3HAYHO OMPEACIUTE MOJIOKEHHE pabovero opraHa
(X, Y, 2), HO 0OpaTHOE YTBEpIKACHHE CIIPaBeUIMBO HE Bceraa. J{ist oHOM U To# ke Touku (X, Y, Z)
MOJKET CYILIECTBOBaTh HECKOJBKO pa3inyHbIX HabopoB yrioB (Q1', Q2 ..., Qn'). D10 06ycnoBneHO
MaTeMaTHYeCKOM crenupuKoi 3a1auu, IJie PEeUIeHHs YacTO BBIPAKAIOTCS 4Yepe3 MHOIOWIEHBl U
KBaJ[paTHbIC KOPHHU, YTO MOPOXKIAET MHOKECTBEHHOCTh pelieHuit [8].

st Ooilee NETambHOTO TOHUMAHHUS PACCMOTPHM MpPHUMEP pEIIeHHs MPSIMO 3a1aun
KMHEMaTUKH Ul IJIOCKOTO JIBYX3BEHHOTO MaHUIYNATOpa, MpejacTaBieHHoro Ha Pucynke 1. Ha
pUcyHKe H300paxEéH ympomeHHbIH MaHunyiastop SCARA, pabGorarounmii B OAHON MIIOCKOCTH U
COCTOSIIIMK U3 JBYX BpallaTeiabHbIX 3BeHbeB: Tuieya (L1) u nokrs (Ly). IlepBblit cycTaB 3akpemnyién
Ha OCHOBAaHWMW W Bpamaercss Ha yros Qi OTHOCHTENBHO TOPU3OHTAIBHOW OcH. BTopoe 3BeHO
KpEeNUTCs K KOHIly MEpBOTO M COBEpIIAeT BpalleHHe Ha yroid Q2 OTHOCHUTENIBHO MEPBOTO 3BEHA.
D¢ dexrop pacnonokeH Ha KOHIIE BTOporo 3BeHa. IIpsmas 3amada KMHEMaTUKH (HOPMYIHPYETCS
cienyromuM oOpa3oM: 3Has JUTUHBI 3BeHBbeB (L1, L) m yrmer Bpamenus (Qi, Q2), Tpebyercs
OTIPENIENITh KOOPIMHATHI paboyero opraHa (X, Y). DopMaibHO 3TO BBIPAXKACTCS CIEAYIOIIMMU
yYpaBHEHUSMU:

x = L,-cos(@,)+ L, -cos(@, + @,) @
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y =1Ly Sin'[:Qi] + L, 5'7:“{'31 + Qz] (2)

KoopamE T 10
twy)

Koopamssrme ToMKA

Pucynok 1. Cxema naByx3BeHHOTO Iuiockoro manwmynsatopa SCARA i WIDIFOCTpariul penieHus
337124 KHHEMaTHUKH

B nuctunre 5 mpuBeseH mpuMep Koja pacdera HpsMOM 3ajauyd KMHEMAaTUKU Uii poboTa
SCARA B cpeae Unity3D. B naHHOM MeToJe MCIOJIB3YIOTCSI BCTPOEHHBIE MaTeMaTHYeCKHUe
¢bynkuuu cpenpl Unity (Mathf), a pe3ynpTarom BBITONTHEHUS (QYHKIUH SBISETCS TPEXMEPHBIN
BEKTOP, ONHUCHIBAIOIIUI MOJIOKEHUE paboyero opraHa B IJIOCKOCTH MaHHITYJISTOpA. DTOT MOAXO
MO3BOJISIET yJOOHO MHTErpUpOBaTh KMHEMATUYECKHE PacdeThl HEMOCPEACTBEHHO B BHPTYAJIbHYIO
Cpeay M ONEepaTUBHO BU3YaIU3UPOBATH PE3YJIbTATHI.

public Vector3 CalculateEndEffectorPosition(float L1, float L2, float Q1l, float Q2)
{
float x
float y

L1 * Mathf.Cos(Ql) + L2 * Mathf.Cos(Ql + Q2);
L1 * Mathf.Sin(Q1l) + L2 * Mathf.Sin(Q1 + Q2);

return new Vector3(x, y, 0);

Jluctunr 5. [Ipumep Kopa pacueTa npsMoit 3agaun kunematuku 11t pobora SCARA B cpene Unity3D

OOparHas 3aa4a KMHEMAaTUKU MCIIOJIB3YEeTCS JJIs ONpEAENICHHUs YIJIOB 3BEHbEB, KOTOpHIE
obecrieyar 3a/JlaHHOE TIOJIOKEHHE pabodyero opraHa. OTOT METOJ 4YacTO NPUMEHsETCs B
pOOOTOTEXHHUKE, KOTJa HEOOXOMUMO pPACHOJOXKUTh HMHCTPYMEHT po00OTa B KOHKPETHBIX
koopauHatax (X, Y). [ns pemieHus oOpaTHOW 3ajaud KWHEMATHKU CHavalga pPacCUMTHIBACTCS
paccTosiHue OT Havaja KOOPJAMHAT /10 3aJaHHON TOYKH (X, Y), 0003HauuM ero kak B:

B* = x>+ y* 3)
VYron (; mexay ocbio OX u ipsimoii B Haxoautes o hopmyie:

G, = arctan (z) (4)

X

VYron q2 MeXy npsiMoit B 1 3BeHoM L1 BRIYUCIISIETCS TIO TEOpEME KOCHHYCOB:
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(5)

Li+B*—13
g, =arccos| ————
- 2-L,-B

Torma yron Q) pacCUMTHIBAETCS KaK Pa3HOCTD:
@ =q,—q (6)

Amnanornuno, yroa Q; mexmay 3BeHbsiMu L 1 L, Takke onpenensercs 1o TeopeMe KOCHHYCOB:

2

L7 +L%—B?
@, =m—arccos| ————
- 2-Ly L,

(7)

Cnenyer ywectb, uTO Uil 3agaHHOM Touku (X, Y) cCylIecTBYeT albTEpHATUBHAS
KOH(Urypalusi MaHUITYJIATOpa, KOraa:

@, =q,+q; (8)
i 9)

Taxum oOpa3om, pu pacdere 0OpaTHOH 33124l KHHEMATHKH BCET/1a HEOOX0IMMO YUUTHIBATh
BO3MOXXHOCTh HEOJTHO3HAUHOCTH perienus. [Ipumep kona pacuera oOpaTHOM 3aaui KHHEMATUKH B
Unity3D npuBenen B  jaumctuHre 6. B npuBeeHHOM — JIMCTUHIE  KOJA — METOJ
CalculatelnverseKinematics npuarMaeT Ha BXOA JUIMHBI 3BeHbEB (L1, L) U KOOpAMHATHI 1EICBOM
TOYKH, a JONOJHUTEIbHbIA mapamerp elbowUp mo3Bomsier BbIOpaTh  KOHQHUTYpaIUEO
MaHMITYJIATOPA: IOKOTh BBEpPX» WM <JIOKOTb BHHU3». CTOUT OTMETHUTh, YTO PACCMOTPEHHBIE
dbopMyIbl IpAMOI M OOpaTHOM 33724 KHHEMATHKU IPUMEHUMBI JIJIs1 YIIPOILIEHHOM IIIOCKOW MOAEN!
manwumynsitopa SCARA, pabotaromeit B ognoit iockoctu (XY). B peanpHbIX 3amavax s podora
SCARA 10omosiHUTENBHO 33/1aETCs BEPTUKAIBHOE JIMHEMHOE IepeMelnieHue pabodyero opraHa o
ocu Z, KOTOpOoe OOBIYHO PErylHUpyeTcss HE3aBUCHUMO OT BpallaTelIbHBIX CTEMEeHEH CBOOOIBI U
paccUUTHIBACTCS OTIEIBHO.

public bool CalculateInverseKinematics(float L1, float L2, Vector2 target, out float Q1, out float
Q2, bool elbowUp = true)

{
// BblMucCnAemM paccToAHWe OT OCHOBaHWA MaHWUNynATopa A0 3a4aHHOW TOYKM
float B = target.magnitude;
// TpoBepka AOCTUXMMOCTU TOYKM
if (B > L1 + L2 || B < Mathf.Abs(L1 - L2))
{
// To4yka HaxoAMTCA BHe 30Hbl AOCAraeMOCTU MaHUMynATopa
Q1 = Q2 = 0;
return false;
}
// Yron ql mexay ocbiw OX u npAMON, COeAMHANWEN OCHOBaHWE C LeseBON TOYKOW
float gl = Mathf.Atan2(target.y, target.x);
// Yron g2 no Teopeme KOCWUHYCOB
float g2 = Mathf.Acos((L1 * L1 + B * B - L2 * L2) / (2 * L1 * B));
// Yron Q1 3aBUCUT OT BbiGpaHHO KOHPUrypauuv (JIOKOTb BBEPX WM BHU3)
Q1 = elbowUp ? (g1 - g2) : (ql + q2);
// Yron Q2 mexapy nnevom (L1) u noktem (L2)
float angleQ2 = Mathf.Acos((L1 * L1 + L2 * L2 - B * B) / (2 * L1 * L2));
Q2 = elbowUp ? (Mathf.PI - angleQ2) : (angleQ2 - Mathf.PI);
return true;
¥
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Jluctuar 6. Ilpumep koma pacuera oOpaTHOHM 3amaun KuHeMaTtwku it poobora SCARA B cpene
Unity3D

Jlns obOecrieyeHHs TJIABHOTO W PEATMCTHYHOTO IEpeMeIeHus pabdodyero opraHa pobota
SCARA mexny 3alaHHBIMU MTO3HIMAMH, TIOMHUMO pacueTa MOJ0KCHUH Yepe3 MpIMYI0 U 00paTHYIO
3a/layd KMHEMAaTHKH, BaKHOE 3Hau€HUE MPUOOpEeTaeT pacueT TpaeKTopuu IBMkKeHHs. OJHUM U3
HauboJjee MPOCTBIX M PACHPOCTPAHEHHBIX IMOAXOA0B SABISETCS JUHEHHAs MHTEPHOJSALUS MEXIY
JIBYMSI 3aJlaHHBIMM TOYKaMH, MpPU KOTOPOM IMPOMEXKYTOUYHBIC TOJOXKEHUsI pabdouero opraHa
PaCCUMTHIBAIOTCS KaK JIMHEHHAs KOMOMHAIMS HA4aIbHOW M KOHEYHOH mo3unuii. Huxe, B TucTUHTE
7, IpUBEJICH NIPUMEP peaTu3aluy JuHeHon naTepnosiuu B Unity3D:

Vector3 startPosition = CalculateEndEffectorPosition(L1l, L2, Q1_start, Q2_start);
Vector3 endPosition = CalculateEndEffectorPosition(L1l, L2, Q1_end, Q2_end);

for (float t = ©; t <= 1; t += 0.01f)
{

Vector3 currentPosition = Vector3.Lerp(startPosition, endPosition, t);
// Bu3yanusauusa Tekylero nonoxeHua pabodero opraHa

JIuctunr 7. [Ipumep ko/a TMHEHHON HHTEPIOJISIINN TPACKTOPUH ABIKEHHS pabovero oprana

[lepcneKTHBHONH BO3MOXXHOCTBIO BHPTYAIBHON MOJAETH poOOTa SBISAETCS €€ MHTErpamus C
CUCTEMaM{ YHCJIOBOro mnporpamMMmHoro ynpasieHus (YIIY), 4ro mno3BosisieT HCHOIb30BaTh
CTaHJApPTHBIA SI3BIK IporpaMMupoBaHusi TpaekTopuil G-xon. G-kolx mpeacraBiseT coOoi
[I0CJIeI0BATENbHOCTh KOMaH/, KOTOpPbIE ONPEAEIAIOT AeHCTBUS poOOTa, TAKHE KaK MepeMelleHus
10 33/IaHHBIM KOOpJAWHATaM, BBIOOp CKOPOCTEH W ApYyrue mapaMmerpsl padoTel. B paMkax maHHON
paboTel ObLT pa3zpaboTaH MOIYh s 00padoTku U uHTepnperanuu G-koma B Unity3D. bazoBeie
KOMaH/1bl, TIOJ|/Iep’)KUBAEMbIMHI MOJ1yJIeM NpUBeieHbl B Tabuie.

Tabnuua
BA30BBIE KOMAH/IbI G-KOJIA, TIOJAEP)KMBAEMBbIE
B PASPABOTAHHOM ITPOT'PAMMHOM OBECITEYEHUU
Komanoa Onucanue
G0/G1 Jluneiinoe mepemernieHie pabodyero opraHa B yka3aHHbIE KOOPAUHATHI (X, Y, Z).
G90 AOGCOIIOTHOE TIO3UIIMOHUPOBAHNE, KOOPIUHATHI 331aH0TCS OTHOCUTEIBHO HYJICBOU TOYKH.
Ga1 OTHOCHTENIFHOE TO3WIIMOHUPOBAHUE, KOOPAHMHATHI 33/Ial0TCS OTHOCHTENBHO TEKYIIETO
MOJIOKEHUSI.
F YcraHOBKa CKOPOCTH NepeMeIieH s pabodyero opraHa.

[Ipouecc 06paboTku G-KoJa BKIIOYAET CIEIYIOIINE dTaIbI:

[Tapcunr ctpok G-koaa U3 TEKCTOBOro (hailna U BbIAETICHUE KOMAH/] U UX apaMeTPOB.

[IpeoOpa3oBanue BBIIEICHHBIX KOOPAMHAT W IapaMeTpPOB B IIENIEBbIE TIO3HMIUU C
WCTIOJIB30BaHNEM OOPATHOM 3a/1aui KHHEMATHKH.

BeinmonHenue pacyeToB NPOMEXKYTOUYHBIX TOYEK TPAEKTOPUU C NPUMEHEHUEM JIMHEHHOU
MHTEPHOJIAINY, 00eCIIeUnBaIOLIeH IaBHOCTD ABMXKEHHS poOoTa.

[Ipumep ympoOUmIEHHOTO anropuTMa MapcuHra KoMmaHabl (G-Koja TpeACTaBICH HUXKE B
JUCTUHTE &:

CkopocTb JBHXKEHUS poOOTa, 3amaHHas koMaHaoil F B G-konme, peanusyercs MyTéM
M3MEHEHMs MapaMeTpa BpEMEHH WM I1ara HHTEPIOJAILMHY MEX/ly TOUKaMH TpaeKTopuu. Yem Bblie
3aJjaHHass CKOpOoCTh (3HadeHue F), TeM MeHbIee BpeMs 3aTpauuBaceTCs Ha MPOXOXKICHUE KaKIOW
MIPOMEXYTOUHON TOYKM TpaekTopuu, U HaoOopoT. B Unity 3T0 gocturaercs peryaupoBKOH
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CKOPOCTH HW3MEHEHHUs IapamMeTpa WHTEPHOJSAIUU (Hampumep, BEIMYMHOW Imara t B IIUKIE
uHTepnosiiun). Takum o0pa3oMm, BUPTyalbHAs Cpela MO3BOJSET MPEABAPUTEILHO OTIAXKHUBATH
NporpamMMbl, TIpEJAHA3HAYCHHBIC JUISI  PEaTbHOrO  OOOpYIOBAaHUS, MHUHUMH3HDPYS PHUCKHU
BO3HHUKHOBEHHS OMIMOOK M yBeanunBas 3(pPeKTHBHOCTh peaabHOM dKCIIyaTanuu podora [9].

string command = "G1 X10 Y20 Z© F1500";
var parts = command.Split(' ');
float x =0, y =0, z = 0, speed = 0;

foreach (var part in parts)

{
if (part.StartsWith("X")) x
else if (part.StartsWith("Y
else if (part.StartsWith("z
else if (part.StartsWith("F"

float.Parse(part.Substring(1));
y = float.Parse(part.Substring(1));
z = float.Parse(part.Substring(1));
speed = float.Parse(part.Substring(1));

))
))
))

JIuctunr 8. Ilpumep koxa napcunra koMauasl G-koga

IMonnepxkka G-koja CYILECTBEHHO paclIUpseT 00JacTb NPUMEHEHMs CO3aHHOM MOAEIH U
MO3BOJISIET 00JIee THOKO MOIXOAUTH K PEIICHUIO pa3IMYHBIX MPOM3BOJICTBEHHBIX 3a7a4y. B pamkax
HacTosimed paboTel aBTOpamu Oblla pa3paboTaHa JAEMOHCTpPALlMOHHAs IporpamMma B cpejie
Unity3D, peanusyromiasi onucaHHbIE BbIIIE aIrOpUTMbI. [IpuiioskeHue MO3BONISET MHTEPAKTHUBHO
M3MEHSTh 3HAUEHUS YIIIOB 3BEHBEB M KOOPAWHATHI Pa0OYero opraHa, BHU3YAIM3HPYS pacyeThl
npsMoil M oOpaTHOW 3ama4 KWHEMAaTUKH B peanbHOM BpemeHu. Ha Pucynke 2 mpencraBieH
ckpuHIIOT uHTepdeiica Unity ¢ IEMOHCTPAlMOHHOW MpOrpaMMbl [0 YIPABJIECHUIO POOOTOM
SCARA.

Pucynok 2. CKpHHIIOT pa3paOOTaHHOHN JIEMOHCTPAIMOHHON MPOrpaMMbI 0 YIPABICHHIO pOOOTOM
SCARA B Unity3D

Pa3zpaborannas BuptyanbHas monenb pobota SCARA umeeT 3HAUYUTENbHBINA MOTEHIIHAN AJIS
JanpHenIero pa3Butus. K nepcrnekTUBHBIM HAITPABIEHUSM MOXKHO OTHECTH:

-peanuzanuio 0ojiee CIOXKHBIX aJITOPUTMOB YIPABIEHHUSA, TaKUX KakK TUIAHHPOBAHUE
TPAeKTOPUH C HCIHOJIb30BAHUEM HCKYCCTBEHHOTO HWHTEJJIEKTa M MAIIMHHOTO OOYy4YeHHs, 4YTO
00ecrneunT aIanTUBHOCTh M aBTOHOMHOCTH MoBeeHus poboTa [10];

-CO3JIlaHue MOJYJS Ml YOAIEHHOTO JOCTYIa K BUPTYAIbHON MOJenu depe3 BeO-untTepdeiic,
YTO MO3BOJIUT UCHOJIb30BaTh €€ B JUCTAHIIMOHHOM OOYyU€HHUU;

-pa3paboTky monHOW mtmdpoBor komuu (digital twin) KOHKpETHOTO peaJbHOro pobdoTa
SCARA c 1ieip10 MOHUTOPUHTA, TUATHOCTUKY M MIPEAUKTHBHOTO 00CTYKUBaHUSI 000pYIOBaHUS;

-BHEIpEHUE BUPTYaJIbHOW MOJENHU B Y4eOHBIE KypChl, HampuMep, B paMKax IUCIUTUIMHBI
«PoboTu3amnms mpou3BoACcTBaY, n3ydaemoid B Omickom ['ocynapctBennom YHuBepcurere [11].
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Crout ormeruth, 4To poOOTH TUma SCARA dacTo MCHONB3YIOTCS UIsl aBTOMATHU3AINH
TUIIOBBIX 33jay, TAKUX KaK cOOpKa, MepeMeIleHre U yIaKoBKa, YTO JeJaeT UX BOCTPeOOBaHHBIMU
Ha npou3BoicTBe. [lo3Tomy, HcmoOiIb30BaHUE pa3pabOTaHHOW BUPTYAIbHONH MOJENH, MO3BOJIET
CTYJCHTaM Ha MPAKTUKE W3YYUTh MPUHLHUIBI pabOThl M YIpPaBIEHUS MPOMBIIUIECHHBIMU POOOTaMH,
0e3 PUCKOB U 3aTpaT, CBA3aHHBIX C IKCIUTyaTallMel peaTbHOTO 000PYIOBaHMS.

Wrak, nmpeacTaBieHbl OCHOBHBIC 3Tallbl pa3paboTKu BUPTyalabHON Mozaenu pobota SCARA B
cpene Unity3D, Bxmrowaronge TIOATOTOBKY W HAacTpodky 3D-mMopenu, oOpraHu3aiuio
KMHEMAaTUYEeCKOM CTPYKTYPBI, pealn3aliio 0a30BbIX aITOPUTMOB YIPABICHUS C PEIICHUEM MPIMOl
u 00paTHOI 3a/1a4 KHHEMaTUKHU, a TaK)Xe IMOCTPOCHUE TPACKTOPHHA JBMKEHUS C UCIOJIH30BAHUEM
nporpaMmmupoBaHus Ha ocHoBe G-kona [12-17].

[IpoBenénnpie vccaea0BaHUs MOATBEPANIN yI00CTBO U 3()PPEKTUBHOCTh MPUMEHEHUS CPEIbI
Unity3D s 3agad  BUPTYQJIbHOTO MOJENUPOBAHUSA M OTIAJAKU AJITOPUTMOB  YIpPaBICHUS
pOOOTH3MPOBAHHBIMH ~ CHCTEMaMH, YTO OTKPBIBaCT IIMPOKHE TEPCHEeKTHBBI KaK  JJIs
00pa3oBaTeNbHBIX 1IeNCH, TaK U JJIs NPAKTUYECKUX MPUIIOKEHUH B poboToTexHuKe. [IpakTiueckas
3HAYUMOCTb PabOThI COCTOMT B €€ 00pa3oBaTeNbHOM IPUMEHEHUH, a TaKK€ B BO3MOXXHOCTHU
MIPOBEJICHUS MIPEIBAPUTENHLHOTO TECTUPOBAHUS U ONTUMU3AIMH AITOPUTMOB YIPABICHUS MEepe UX
BHEJPEHUEM B PEAJIbHOE IIPOU3BOJICTBO.
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CHUCTEMHBIA MMOJIXO0OJ K CO3JAHUIO 3D-MOJEJIEH JIJISI UTPOBBIX ITIPOEKTOB
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2. Mockea, Poccus, zelenova.julie@yandex.ru
A SYSTEMATIC PIPELINE FOR GAME-READY 3D ASSETS

©Zavgorodnyaya S., Russian Technological University MIREA, Moscow, Russia
©Zelenova Ju., ORCID: 0000-0002-6979-2443, SPIN-code: 4568-0055, Ph.D.,
Russian Technological University MIREA, Moscow, Russia,
Moscow, Russia, zelenova.julie@yandex.ru

Annomayusa. PaccmarpuBaercs mponece co3nanus 3D-moneneil aisi UTpOBBIX MPOEKTOB C
aKIIEHTOM Ha CHCTEMHBIH MOJX0JI, 00ECIECUNBAIONINI BHICOKOE Ka4eCTBO BU3YaJbHOIO KOHTEHTA H
YCTOMYMBOCTh TPOW3BOACTBEHHOrO maimuiaitHa. Cosnmanwe 3D-acceToB mpeacraBisieT co0oi
MHOTO3TAlHBI  TIpoIecC, TPEOYIOMM TOYHOW KOOPAMHALMH MEXAYy HWHCTPYMEHTaMH U
COONIO/IEHUST CTPYKTYPHBIX TpaBWi. B cTarke moOIIaroBo pasoOpaHbl JTambl  pPabOTHI:
monenupoBanue low-poly cetku B Blender ¢ mpoxymanHO# nepapxueil 1 HAMMEHOBaHHUEM JI€TaNICH,
neranmu3anus high-poly Bepcun B ZBrush ¢ npumenennem mnarnaa GoZ, pydHas 1 aBTOMaTHYECKast
UV-pasBepTka, skcniopt mozeneid B popmarax FBX u mocnenyromiee 3amnexkanue kapT HOpMaieH,
ambient occlusion u thickness B Substance Painter. Takyxe BHMMaHue yaeneHo HacTpoiikaM baking-
ceccuu, 00ECTIEYMBAIOIIMM TOYHOE COOTBETCTBHE MEXAY OOBEKTAMH M UCKITIOUYAIOIIMM TTOSBICHUE
apredaxToB. PaccMarpuBaroTcst THITMYHBIE TIPOOIEMbI, BO3HUKAIOIINE MTPY HAPYIICHUH MaiTUIaiiHa:
HEKOPpPEKTHasi WepapXusi, HECOOTBETCTBUE HAa3BaHUI, HAIOXKEHHE TI'€OMETPUH, OINUOKH MpU
HKCHOPTE. AaKIEHTUPYeTCs BHUMAaHME Ha BAXXHOCTU EIUHBIX CTAaHJApTOB Ha BCEX JTamax
MIPOU3BOJICTBA, YTO OCOOCHHO KPUTHYHO JUIsI KOMAaHTHOW pabOTHl M MacHIITAOMPOBAHMS TPOEKTA.
BaXHBIM actieKTOM SIBIISIETCSI BEIOOpP BH3YaIbHOTO CTHIISL: TIPOBENEHO cpaBHeHHe stylized-rpadukn
n peanuctuyHoro PBR-moaxona. Stylized-rekcTypupoBaHue mnpeamnojaraeT pyyHyr MOKpacky,
BbIpa3uTeNbHbIe (POPMBI M YIIPOIIEHHBIE MaTepUalbl, B TO BpeMs Kak pealu3M TpedyeT (pU3nuecKu
KOPPEKTHBIX MapaMeTpOB, CIOXKHBIX MAacoOK W MpOLEAYpHbIX KapT. OmucaH BeIOOp Moaxoja B
3aBHCUMOCTH OT IIeJIeH MIPOEeKTa U MPeAnodYTeHui aynutopun. [IpemnoxkeHHas METOIOIOTHS MOXKET
OBITh aIaITHPOBAHA IOJT PA3IMYHBIE MacIITa0bl pa3pabOTKH U CTAHET MOJIE3HBIM OPUEHTHPOM JUIS
CTY/IEHTOB, HWHIM-KOMaHJ, (QpUIaHCEpOB W HauMHAKOMMX 3D-XyH0XXHUKOB, CTpeMsIuXcs
HaJIaAUTh 3(GGEKTUBHBIN U MpeJICKa3yeMblil polecc co3AaHus rpaduku B paMKax COBPEMEHHOTO
remmena.

Abstract. The article explores the process of creating 3D models for game projects, with a
focus on a systematic approach that ensures high-quality visual content and a stable production
pipeline. The creation of 3D assets is a multi-stage process that requires precise coordination
between tools and adherence to structural conventions. The article outlines each step in detail:
modeling a low-poly mesh in Blender with a well-organized hierarchy and naming conventions,
detailing a high-poly version in ZBrush using the GoZ plugin, manual and automatic UV
unwrapping, exporting models in FBX format, and baking normal, ambient occlusion, and thickness
maps in Substance Painter. Special attention is paid to baking settings that ensure accurate matching
between objects and prevent the appearance of artifacts. The article also discusses common
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problems that arise from breaking the pipeline, such as incorrect hierarchy, mismatched names,
overlapping geometry, and export errors. Emphasis is placed on the importance of consistent
standards at every stage of production, which is especially critical for teamwork and project
scalability. A key aspect of the process is the choice of visual style: the article compares stylized
graphics and a realistic PBR-based approach. Stylized texturing involves hand-painting, expressive
shapes, and simplified materials, whereas realism requires physically accurate parameters, complex
masks, and procedural maps. The choice of approach depends on project goals and audience
preferences. The proposed methodology can be adapted to various development scales and serves as
a practical reference for students, indie teams, freelancers, and aspiring 3D artists aiming to
establish an efficient and predictable graphics workflow within modern game development.

Knrwouesvie cnosa: 3D-monmenupoBaHue, wurpoBas rpaduka, NadIuIaiiH —pa3paboTkw,
crunu3anusi, PBR meron.

Keywords: 3D modeling, game art, development pipeline, stylization, PBR method.

Coznanne 3D-mopeneii sBIsETCS KIIOUEBBIM ATAlOM B MPOU3BOJCTBE MIPOBOTO KOHTEHTA,
MMEHHO BH3YaJIbHBIE acCeThl (POPMHUPYIOT ICTETHUECKYI0O OCHOBY UTPOBOTO MHUPA, 33/1al0T CTUJIb U
ycunauBarOT —norpyxkeHue. OnHako HauuMHAKOIME pPa3pabOTYMKU M JaXKe  HEKOTOphIe
npodeccHOHAIbHbIE KOMaH (bl 4aCTO CTAJIKUBAIOTCS € MpolieMaMu MpH MOCTPOSHUM NairiaiiHa
3D-monenupoBaHus: HApyIICHHEM HEpapXuu OOBEKTOB, HECOOTBETCTBHEM HMEHH JACTANCH INpHU
3aleKaHuM, OTCYTCTBHEM EIMHBIX TPAaBWJI HAaUMECHOBAHHS, a TAK)Ke OIIMOKAMH TPH TEPEexXojie
mexay mnporpammamu (Blender, ZBrush, Substance Painter). ITomoOHBIE HecorIacOBaHHOCTH
IPUBOAAT K apTedakTaM Ha KapTax HOpMajel, yBeJIMUYMBaIOT BpeMs Ha IPAaBKU U JEIAl0T MPOLECC
HenpeackazyeMbIM. OTCyTCTBHE CUCTEMHOIO MOJIX0/Ia 3aMeUIAeT pa3paboTKy U CHIXKAeT UTOTOBOE
Ka4ecTBO UTPOBBIX acceToB. [IepBrIM marom siBisieTcss MOACTUPOBaHHE JIOYNoIu-ceTku B Blender.
Mopgenp co3maercss ¢ pacdeToM Ha ONTHUMAJIbHOE KOJIMYECTBO IIOJIMTOHOB, MOAXOJSINEE IS
HCIOJIb30BAaHUS B UTPOBBIX JBMKKax (Hampumep, Unreal Engine) [1].

BaxHo cpa3y MpaBHIBHO CTPYKTYPHPOBATh MOJAEIH: KaXAYI0 OTJENIBbHYIO JIOTHYECKYIO YacTh
0o0BbeKTa HEOOXOAMMO UMEHOBATh ¢ OKOHYaHueM _low (Hampumep, circle low, leg low) (Pucynox

1) [2].

Low

V circle low

» V leg low

=
» VY plank low

Pucynok 1. [lpumep nHanmenoBanus yactei low-poly Mmonenn
Ha nmanHoMm »Tame mpoaymbiBaeTcs oOmiast (opma, TMpOMOPIUN U paslieieHne MOJENd Ha

3JIEMEHTHI, YTOOBI 00ecneunTh yIoOHyI0 paboTy Ha MOCIEAYIOUIMX dTamnax. 3aTeM KaXJaass 4acTh
Mozenu nyonupyercs. JlyOnukaTsl nepeMMeHOBBIBAIOTCS, UCTIONb3ysd OKOHUYaHue _high, Hampumep
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circle_high, leg high (PucyHok 2). OTu yacTu OynyT UCIOJNB30BAThCS JJIs 3alleKaHUs HOpMaiel u
IPYTUX KapT JeTaTnu3allnu.

circle_low

leg_low
» WV plank low
v E High
» W circle_high
» V leg_high

» ¥ plank_high

Pucynok 2. [Ipumep HauMeHOBaHMS U MepapPXUU YACTEH MOJIEIH

Jlyis GoJiee BBIpa3UTENBHON AeTanu3aluu ucrnoib3yercs ZBrush. I[Teperoc monenu u3 Blender
B ZBrush ocymecrensiercs uepe3 miuarud GoZ, KOTOPBIH MOIICPKUBACT IKCIOPT C COXPAHCHUEM
HanMeHOoBaHui 1 uepapxuu (Pucynok 3) [3].

Export ) Import A

—s

Manual &3

- - - — — -

Export selected Objects to ZBrush
LeftMouse: as Subtool
SHIFT/CTRL/ALT + LeftMouse: as Tool.

LGN

Pucynok 3. Menro skcniopta yepe3 GoZ

B ZBrush BeImonHsAeTCS CKYJABNTUHI: HAHOCUTCA MMKpOJETaln3alus, CIeAbl H3HOCa,
nekopaTuBHbIe neMeHThI. [Tocne 3aBepuienus padbots! high-poly Monens skcropTupyercst 00paTHO
B Blender. [IpoBepsieTcst cooTBeTCTBUE HepapXuu U HauMeHoBaHUM. Eciu B nporiecce netanuszanuu
N0OABIIIOTCS. MEJIKUE AJIEMEHTHI (HampuMep, 3aKJICTNKH, TBO3AH), UX HEOOXOIUMO OOBEAHHUTH C
YacThlO, Ha KOTOPYIO OHM 3amekaroTcsi B pamkax high-poly momenu. D10 HyXHO cnenarb A0
HKCHOPTA, YTOOBI OHU OBUTH BOCIPHHATHI KaK €lWHas MOBEPXHOCTh. Takke HE0OXO0AUMO cO31aTh
UV-paszseptky st low-poly Bepcuu. Pa3zsepTka Brinonssiercsa B Blender Bpyunyto uiiu ¢ moMoIpro
ABTOMATHUYECKUX AJITOPUTMOB C TTocienytomiei qopadorkoit (Pucynok 4) [4].

[Tocne 3aBepmienuss UV-pa3BepTku HEOOXOAMMO HJKCHOPTHPOBATH 1Ba OTAENbHBIX FBX-
¢aitna — oxuH g low-poly Bepcum mopnenu, Bropoit mis high-poly. Oto BakHBIN 3Tam, or
KOTOPOTO HANPSIMYIO 3aBUCHUT YCIIEIIHOCTD MOCTIEIYIOMIETO 3aeKaHus KapT.

[TepBriM 3kcniopTupyetcst low-poly daiin, BkiIrodaronuii Bce 31eMEHThl ¢ OKOHYaHHEM _low.
OtoT (Qaiin nomKeH coaepkaTh KoppekTHylo UV-pa3BepTKy, a Takke OBITh OYMIICHHBIM OT
JTUIIHUX MojaupukatopoB (Hanpumep, Mirror, Subdivision u 1.1.). Bee Tpancdopmanuu (scale,
rotation, location) pekomenyercst npeasaputensHo npumeHuts (Ctrl+A, Apply All Transforms),
9TOOBI M30eXKaTh HEXKeIaTelIbHBIX MCKaXEHWH B TeKkcTypax. Daiii coxpaHsieTcsl T0J] Ha3BaHHEM
model low.fbx u GyneT ucnonb3oBaThcst Kak OCHOBA MpoekTa B Substance Painter.
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3areM aHaJNOrMYHO 3KcropTupyercs high-poly daiin, B KOTOpPbI BXOAAT BCE 3IEMEHTHI C
okoH4yaHueM _high. ['maBHOE ycioBHE — TOYHOE COOTBETCTBHE Ha3BaHUIl yacTel HepapXUN MEXKIY
low- u high-poly Bepcusimu: circle low u circle high, plank low u plank high u T.1. ®aiin
coxpansiercs moa HazBanueM model high.fbx. On He 3arpyxaercs B cieny Substance Painter, a
JIMIIB YKa3bIBACTCS KaK MCTOYHUK TEOMETPUH ISl 3alleKaHusl.

Pucynok 4. [Ipumep UV-pazséptku low-poly mogenu B Blender

CBoaka 1O HKCIOPTY ISl MOCIEAYIOIIEr0 TEKCTypUPOBaHHUS IMpelcTaBieHa B Tabmuie.
BaxxHO coXpaHUTH CTPYKTYpy HaUMEHOBAHHM U HE OOBEAMHSITH YACTH MOJAEIU B OJUH OOBEKT —
3arneKanue Oy/ieT MPOUCXOAUTH IO COBIAICHUIO HMEH.

5 Tabmnura
OKCIIOPT MOJEJIEU
Haszeanue ¢aiina Cooepoicumoe Hasuauenue
model_low.fbx Bce yactu mogenu ¢ «_low» Nmnopt B Substance Painter, ocHoBa
model_high.fbx Bce yactu mozenu ¢ «_high» W cTOYHUK /TS 3aTIeKaHusT KapT

B Substance Painter coznaercst HOBbII npoekT ¢ umnoprom model low.fbx. Ilpu HacTpoiike
Baking Settings ykasbiBaercs model high.fbx kak wuctounuk nns 3anekanust aetanend. s
MOJIy4YeHHUs] KOPPEKTHBIX KapT MpU 3alleKaHWd HEeoOXOAMMO 3aJaTh TPU KIIIOYEBBIX MapameTpa,
KOTOpBbIE 00€CIeunBalOT TOYHOE COMOcTaBiIeHne reomerpun low-poly u high-poly moneneit.

st kapter HopMmasieit (Normal Map) crenyer yCTaHOBUTH PEXUM COIOCTaBiIeHUs1 kak "By
Mesh Name" (Pucynok 5). Kaxnas gacts low-poly Mogenu Oyner 3amekaThbcsi TOIbKO ¢ ToH high-
poly 4acTeio, KOTOpasi UMeeT Takoe ke uMs (Harmpumep, circle low Oyner 3amekarbcsi TOJNBKO ¢
circle_high) [5]. DTo mpenoTBpaiaer HajlOXXEHHE TEOMETPHUH C JPYrUX YacTedl Moaenu u
obecrieurBaeT YMCTyrO mpoekiuio. [Ipu 3amekanuun Ambient Occlusion Heo6xoauMo B mapaMeTpe
Self Occlusion BeiOpats 3Hauenue "Only Same Mesh Name", 4ro uckitoYaeT BIUSHHE TEHEH OT
HECBSI3aHHBIX YacTe MoJAeIM M TOo3BOJsIeT H30exarh apTeakToB Ha TpaHHULAX MEXIY
3JIEMEHTaMHU.
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Common

MNormal A

Id space normal

jin] ' Antialiasing None
Ambient l:u:l:|lJ5il:lr|A
Curvature A

Position

Match By Mesh Name
_low

O High poly mesh _high
b Thid

Ignore backf: _ignorebf
Height

Bent normals
* Mormal baker parameters

Pucynok 5. Hactpoiiku mis 3anexanust Normal Map B Substance Painter

AnanoruyHass HacTpoika mpumensiercss uis kapTtol Thickness: mapametp Self Occlusion
TaKXke JOoDKeH ObITh yctaHoBieH B "Only Same Mesh Name", uToObl ToNmMHA 3amekaiach
KOPPEKTHO, 0e3 yueTa MepeKPhIBAOIINXCS BHEITHUX O0HEKTOB.

[locne 3amexkaHuss HauvMHaeTcs OJrtan TekcTypupoBaHusa. HMcmomszyercs PBR-noaxon,
BKIIIOUaronuii paboty ¢ kapramu Base Color, Roughness, Metallic, Normal, Ambient Occlusion
[6]. BaxxHO y4HMTBIBaTh CTWJIMCTUYECKYIO HAMPABICHHOCTh MPOEKTa IpH BBIOOpE MOAXO0Ja K
TekcTypupoBanuto. s crunmsoBanHoi rpaduku (stylized) xapakTepHbl 0ojee BBIpa3UTEIbHBIC
1[BETa, CTJIAKCHHBIC IMEPEXOJbl, PYYHAs TOKpacKa JeTajcil, MCIOIh30BaHUE KOHTYPOB, a TaKkKe
akueHT Ha (opMmy U cuinydT oobekta (PucyHok 6). B momoOHBIX MPOEKTax 4acTo MPUMEHSIOTCS
py4YHbIE MacKd, HaMEpPEHHbIE YIPOIICHUS TEKCTYp, OTKa3 OT pEaTMCTUYHBIX MaTepHaloB U
00001IeHHOE OCBEIICHUE TSI TOCTIXKEHUS Xy0KECTBEHHOTO Y PeKTa.

Pucynok 6. Ilpumep TekcTyprpOBaHus B CTUIIM30BaHHON rpaduke

Jna peanuctuyHoro (PBR-HanpaBieHHOr0) BU3yajbHOTO CTHIISL OCHOBHOM YIOp JeJlaeTcs Ha
¢u3nyeckn KOpPpEeKTHOE B3aMMOJEHCTBHE MaTepuanoB co cBeroM (PucyHok 7). 3aech BaxHBI
TOUYHBIE 3HaYeHMs roughness u metallic, JoCTOBEpHBIE TEKCTYpBlI U3HOCA, TPS3H, LAPAIIUH, a TaKXKe
BBICOKasl IeTalu3alus KapT HopMaie u ambient occlusion. YacTo NpUMEHSIOTCS CKaHbI PEaTbHBIX
MOBEPXHOCTEN, T€HEPATOPhI MPOIETYPHBIX KapT U CI0XKHBIE MacKH Ha ocHOBe baked-kapT.
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Pucynok 7. [Ipumep TekcTypHpOBaHHUs B peaICTUIHOM CTHIIE

BeiObop moaxoma omnpenenseT Kak TEXHHKY TEKCTYPUPOBAHHs, TaK M HCIOJIb3yeMbIe
WHCTPYMEHTBI W IIa0JIOHBI MaTepuaioB. He3aBUCUMO OT CTHIUCTHKH, (UHAIBHBIC TEKCTYPHI
AKCIIOPTUPYIOTCA B (DOpMATax, COOTBETCTBYIONIMX TPEOOBAHMSIM HTPOBOTO JIBFIKKA.

[Iponece co3manust 3D-moneneit st urp TpedyeT TOUYHOW KOOPAMHAIIMHM MEXIY dTalnaMu U
UHCTpyMeHTaMu. [Ipy OTCYTCTBHM YETKOTO MaiIuiaiiHa BOSHUKAKOT TUITUYHBIC MTPOOJIEMBI: OIIMOKU
B 3aIICKaHUH, HECOOTBETCTBUE JICTAJICH, HAPYIICHUE HepapXuu U N30bITOYHBIE HopaboTku. Bee 3To
CHIDKaeT 3 (EKTUBHOCTh M KA4eCTBO (PHHAILHOTO PE3yJIbTaTa.

PaccMoTpeHHBIH  MOAXOJ — MpelyiaraeT  CHCTEMHOE — pellleHHe: 4€TKas  CTPYKTypa
HAaMMCHOBAHMU, COOTBETCTBHE IeTaliel mexay low- u high-poly BepcusmMu, mocienoBaTelIbHbIM
SKCIIOPT M CTPOTO 3aJaHHBIC IMapaMeTphl Ha JTamne 3arnekaHus. [IpencTaBicHHBIH B CTaThe
MaNTUTaifiH OPUEHTHUPOBAH Ha HAISKHOCTh M BOCIHPOU3BOIUMOCTB. OH TO3BOJSET H30€kKATh
pacrpoCTpaHEHHBIX TPYJHOCTEH TPU CO3JAaHMM MOJCNeH W co3AarTh (QyHAAMEHT IS
MacmTaOupoBaHus — Kak MpH padoTe HaJl OJWHOYHBIMU aCCETaMH, TaK M INPH IOCTPOCHUU
MOJIHOIIEHHOTO BU3YAJIbHOTO KOHTEHTA ISl UTPOBBIX TPOEKTOB.
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Annomayus.  IlonpoOHO  omuMcaH MpOLECC CO3/aHUSl  BHU3YaJbHOTO  KOHTEHTa U
MOJIb30BATEIBCKUX MHTEPQEHCOB Al MHAU-UTPOBOTO MpoekTra Shamania, pa3pabaTeiBaeMOro Kak
KoorepatuBHas survival-RPG ¢ sjaemeHTamMu poJIeBOM CHCTEMBI M CTHIIM30BAaHHOW TpadUKOM.
PabGota HampaBieHa Ha pelleHHE KJIIOYEBBIX 334ad  HMHIU-Pa3pabOTUMKOB:  CO3JaHME
BbIpa3uTenbHbIXx 3D-mozeneil, mpopaboTKa CTHIMCTHYECKH LIEJIOCTHOIO KOMIIJIEKTa acCeToB,
uHTerpanusi accetoB u uHTepdeiicoB B Unreal Engine 5, a takke ontummsanus 0e3 MOTepU
BU3yaJIbHOTO KauecTBa. PaccMOTpeH Bech MaIuIaiiH MpOU3BOJCTBA aCCETOB: OT co3aaHust low-poly
Mmozeneit B Blender no ckynentunra high-poly Bepcuit B ZBrush ¢ mocienyronium 3anexkanuem Kapt
normal, AO, curvature. Onucan nporuecc TekcTypupoBanus o PBR-naiimaiiny ¢ npumeHeHueM
Substance Painter, rne HacTtpauBaroTcsi KapThl base color, roughness, metallic u npyrue. s
MOJArOTOBKM aHUMMalui Hcnoiab3oBainch Auto-Rig Pro m pyunoit purruar B Blender c¢ IK-
nenoykamu. MuTtepdeticer coznaBanucek B Figma u nepenocunucs B UES uepe3 Widget Blueprints.
Taxke BHUMaHHE yJeleHO pa3paboTKe YAOOHOro, MHMHUMAJIUCTHMYHOIO  HUHTepdeiica,
BKJIIOYAIOIIETr0 KpadT-cuctemy, okHO nepcoHaxa, HUD u nHBeHTaph. AKLEHTHl Ha BU3yaJIbHOMN
MepapXu¥, MHTEPAKTUBHOCTH M OBICTPON HABUTAIIMH TIO3BOJIMJIM TTOBBICHUTH ITOJIb30BATEIILCKUH
koM(popt. Takke peann3oBaHa cucreMa master material Ay yHuuKanuy BHEIIHETO BH/IA aCCETOB
U MX aJanTalud TOJ pPa3JIMYHble CTHIIMCTHUYECKHE 3ajaud mpoekTa. llpeacraBieHHBIH MOIXO0N
MO3BOJIMJI JTOOMTHCSA LEIOCTHOTO XYI0)KECTBEHHOI'O CTHJIS, HOBBICHTH IPOU3BOAUTENIBHOCTS,
MUHHUMH3HPOBATH BU3YaJIbHbIE HECOCTHIKOBKH, COKPATHTh 00BEM pydHOW pabOTHI M TOJATOTOBUTH
NpoeKT K MacmTabupoBaHuio. OINWCaHHBIE PEMICHUS TPUMEHHMBI B JPYIHX HWHAW-UTPAxX CO
CXOKUMH 33J]auaMH, OIpaHHUYEHHUSIMH PECypCcOB, TEXHHYECKHMHU YCIOBHUSAMU U TPEOOBaHMSIMHU K
BU3YaJIbHOU I1€IOCTHOCTH.

Abstract. The article provides a detailed description of the process of creating visual content
and user interfaces for the indie game project Shamania, developed as a cooperative survival RPG
with role-playing elements and stylized graphics. The work addresses key challenges faced by indie
developers: creating expressive 3D models, developing a stylistically cohesive asset set, integrating
assets and interfaces into Unreal Engine 5, and optimizing performance without compromising
visual quality. The full asset production pipeline is presented: from creating low-poly models in
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Blender to sculpting high-poly versions in ZBrush, followed by baking maps such as normal, AO,
and curvature. The texturing process is described using the PBR pipeline in Substance Painter,
where base color, roughness, metallic, and other maps are configured. For animation preparation,
Auto-Rig Pro and manual rigging in Blender with IK chains were used. Interfaces were prototyped
in Figma and implemented in UE5 via Widget Blueprints. The article also focuses on the
development of a user-friendly, minimalist interface, including the crafting system, character
window, HUD, and inventory. Emphasis on visual hierarchy, interactivity, and quick navigation
improved user experience. A master material system was also implemented to unify asset
appearance and adapt it to various stylistic goals of the project. The proposed approach ensured a
cohesive artistic style, improved performance, minimized visual inconsistencies, reduced manual
workload, and prepared the project for further scalability. The presented solutions can be applied to
other indie games with similar challenges, resource constraints, technical requirements, and
demands for visual coherence.

Knrouesvle cnosa: BuzyanbHbIl KOHTEHT, 3D-MoaenupoBanue, paspadorka unrepdeiica, Ul,
Unreal Engine, purrunr, PBR-tekctypupoBanue

Keywords: visual content, 3D modeling, interface development, Ul, Unreal Engine, rigging,
PBR texturing

UrpoBoit mpoext Shamania paspabarbiBaeTcsi Kak KoomepatuBHas survival-RPG ¢
DJIEMEHTaMHU POJIEBOM CHCTeMBI M (PIHTE3WHHOTO ceTTHHra. KIltoyeBBIMH TpeOOBaHUSAMH K
BU3YAJIbHOMY O(OPMIICHUIO SIBIISIIOTCSI CO3JaHUE BBIPA3UTEIBHBIX UTPOBBIX MOJEJICH, IpopaboTKa
CTUJIMCTUYECKM IIEJIOCTHOIO OKPY)XEHUs U  pa3paboTka yAOOHOro, MHUHMMAJIMCTUYHOTO
uHTepdeiica. UroObl peanu3oBaTh 3TU 3aJaud Ha NpPaKTUKE, ObLI NPUMEHEH KOMILIEKC
COBPEMEHHBIX 3D-MHCTPYMEHTOB, TEXHOJOTHH TEKCTYPUPOBAHHS, a TAKXKE METOAMK HWHTETPALUU
acceToB U MHTEpQEHCHBIX pemeHuii B 1Bmkok Unreal Engine 5.

WHan-pa3paboTuuKy 4acTO CTAJKUBAIOTCS ¢ MpoOJIeMaMu MHTErpallii BU3YaJbHBIX aCCETOB
U MHTEP(ENCHBIX JIEMEHTOB B €AMHYIO XYJOXECTBEHHYIO KOHIIECTILUIO, a TaKXkKe C TEXHUUECKUMHU
OTpaHUYEHUSIMH, CBS3aHHBIMH C ONTHMHU3aIMeld. HecorimacoBaHHOCTH CTHIIS, HEPAMOHAIHHOE
WCTIOJB30BAaHUE TEKCTYp M CJIOXHBIE AHMMAI[MOHHBIC MEMOYKH MOTYT MPHUBECTH K CHIKEHUIO
Ka4yecTBa BOCIPUATHUS UTPHI U YCIOKHUTD €€ MOIJEPKKY B OyayIeM.

ITponiecc pa3pabOTKM BU3YadbHOI'O KOHTEHTa A Shamania CTpOMJICS MOATANHO, YTOOBI
o0ecTeYnTh CTaOMIIBHOE KaYeCTBO aCCETOB U €UHBIN XyI0KECTBEHHBINA CTHIIb.

Ha nepBom 3Tamne co3naBaauch HU3KOMONIUTOHANIbHBIE Mozienu (PucyHok 1) ¢ MUHMMAaJIbHBIM
ypOBHEM Jietanu3anuu [1].

Jns sroro wucnonb3oBancs Blender, kak oauH U3 Hambosee JOCTYNMHBIX M THOKUX
WHCTPYMEHTOB IS WH/IN-Pa3pabOTKH. Crnenyromum I1aroM CTaJIo CO3/1aHue
BbICOKOIIOJIUTOHaIbHOU Bepcun (Pucynok 1) B ZBrush, rae npopabarbiBanich MEIKHE 3JIEMEHTHI,
CKJIaJKU, TEKCTypHBbIe MEpexoJbl W Jpyrue jaeranu, HexoctymHele B low-poly [2]. Takas
CKYJBITYpPHAs JETaJM3alusl MO3BOJISIET B JanbHeIeM >(QQeKTHBHO 3ameKkaTbh KapThl HOpMaleH,
9TO HKOHOMHUT pECypCchl IBW)KKa 0€3 TOoTepH BHU3yalbHOTO KadecTBa. llociie 3aBeprieHus
CKYJIBIITUHTA BBIMOJHSJIOCH 3allekaHue KapT: normal, ambient occlusion, curvature u ApyTHUX.
3arekaHue KapT MO3BOJISET MEPEHECTH JeTajld BBICOKOTO pPa3pelleHHs] Ha YIPOIIEHHYIO CETKY.
Janee mpousBoauTCs 3Tan TeKkcTypuposanus no PBR-maiinmaiiny (Physically Based Rendering),
KOTOPBIH CTajl CTaHAApTOM COBPEMEHHOM UrpoBoi rpaduku [3].
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Pucynok 1. I[Ipumep low-poly u high-poly Bepcun omHoro o6bexra

Jnst TekcTypupoBaHus npuMensiics Substance Painter, Grarogaps ueMy MOKHO OBLIIO OBICTPO
HacTpamBaTh KapThl roughness, metallic u base color ¢ y4€Tom CTHMIM30BaHHOTO BHU3YaJIbHOTO
noaxoxaa. Bece pyakuun kapt PBR cBenenst B Tabmuiry.

Tabnuua
KAPTHI PBR 1 X ®YHKIIWUU
Kapma Hasznauenue
Base Color OCHOBHOI1 11BET
Normal WmMuranus Menkux aeraiei
Roughness [IIepox0oBaTOCTh MOBEPXHOCTH
Metallic Otpaxarorue CBOUCTBa
Ambient Occlusion I'nyOuHHBIE TEHH B YTIyOJICHUIX

BakHpIM 3Tanom crajia MoAroToBKa acceToB K aHMMauuu. Jis 3Toil 3a1aun noTpedoBaioch
BBICTPOUTb KOPPEKTHYIO CKEJIETHYIO CTPYKTYpy, IIO3BOJISIIOILYI0 II€pCOHaXaM M Bparam
pPEATMCTUYHO JBUTAThCS U B3aMMOJIEWCTBOBATH C OKpyX’eHHEeM. OCHOBHBIM HMHCTPYMEHTOM MJis
CO3/IaHUA CKeJeTa MepcoHa)ka OblT BeIOpaH miaruH Auto-Rig Pro (PucyHok 2), mHTErprpoBaHHBIN
B Blender [4]. JlanHBI TJIarvH TMO3BOJISIET ABTOMATHYECKU TEHEPHPOBATH 0a30BBIE CKEJETHI,
HACTPOUTh KOHTPOJIbHBIE TOUKH JUIsl YIpaBlIeHUs cycTaBaMu U chopmupoBath IK-koHTpoIIepsl,
4TO 00€CIeunsIo eCTECTBEHHOE MTOBEIeHNEe KOHEUHOCTEH NPU aHUMAIIHH.

brnarogapss Auto-Rig Pro ymamoce 3aMeTHO COKpaTHTh BpeMsl MOATOTOBKHU TMEPCOHAXKEH,
YMEHBIIUTh KOJMYECTBO OIIMOOK MPU PUTTUHIE U OOJETYUTh NATbHEUIINNA SKCIOPT aHUMAIUi B
Unreal Engine 5.

Pucynok 2. Pur nepconaxa uepe3 Auto-Rig Pro
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OnHako 17151 OTAEIBHBIX 00BEKTOB, HATPUMEP MAJIBIX MPOTUBHUKOB MIJIA MPOCTHIX )KUBOTHBIX,
MPUMEHSIICS TAK)KE CTAaHAAPTHBIM MHCTPYMEHT pUrruHra camoro Blender ¢ py4Hoil paccTaHOBKO#
kocrerr (Pucynok 3). JlanHbI crmoco0 co3maHus cKelleTa OCOOCHHO ynoOeH mnpu pabore ¢
CYLIECTBaMH, UMEIOIIMMH OTHOCUTEIBHO MPOCTYIO CTPYKTYPY, HApUMEp MayKaMu WIH APYTUMU
YeThIPEX- M IIECTUHOTUMHU MOJENSIMM, TJ€ aBTOMAaTU3MPOBAHHBIE PEUIEHHMS] YacTO CO3JAl0T
n30bITOYHBIC TeopMaIivH.

Pucynok 3. Pur mayka gepes crangaptabii Rigify

PydHoli purruHr mno3BojsieT Oojiee TOYHO HACTPOUTH IIOBEACHHE CYCTaBOB, Y4Ye€CTh
MHUBUAYaIbHbIE OCOOCHHOCTH 103 U JBMKEHHUS, a TAK)KE 33]1aTh MIPABUIIbHBIE OCH BpaleHus. J{is
Jam ¥ XBOCTOB IPH 3TOM HCmoib3oBammch Inverse Kinematics (IK)-memodku, 9To ympocTHIIo
CO3/IaHHME PEATUCTUYHBIX OMOPHBIX TOYEK W IUIABHBIX M3THOOB B aHmMaruu [S5]. brmaromaps 1K
CUCTEMa MOIJjla aBTOMAaTHYECKHU MOJICTPAauBaTh MOJIOKEHUE CYCTABOB B 3aBUCUMOCTH OT JABUKEHUS
KOHTPOJIbHOM TOYKH.

[Tocne npopabotku wireframes B Figma ObuT peann3oBaH MOJTHOIECHHBINA MOJIB30BATEIbCKUI
uHTepdeiic, OCHOBAaHHBI Ha paHee pa3pabdOTaHHBIX CLEHAPUSAX H MApHIPYTHBIX CXeMax.
Wutepdeiic Shamania BkIIt0OYaeT HECKOIBKO KIFOYEBBIX 9KPaHOB: MEHIO KpadTa, OKHO TIEpCOHaXKa C
XapakTepucTukamy, a Takxe HUD.

Kaxnpiii skpaH ObLI CIPOEKTHPOBAH TaK, YTOOBI CBECTM K MHMHHMYMY KOJHYECTBO
HaBHUTAIIMOHHBIX IIATrOB W TIOBBICUTH CKOPOCThH JIOCTyNa K OCHOBHBIM (yHKIUAM. Hampumep,
cucTeMa KpadTa Mo3BOJSET Cpa3y MPOCMATPUBATH JOCTYIHBIEC PEIENTHl U HY)KHbIE MaTepuaibl 0e3
JUIIHUX TEePEXOJ0B, a UHBEHTAph MUMEET TMOKYI0 COPTHPOBKY M BKIAIKU A yAOOCTBA MOMCKA
npenmetoB (Pucynok 4) [6].

% Cralt Wern

Pucynok 4. Uarepdetic cucremsr kpadra
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Okpan mnepcoHaxa (PucyHok 5) comepXuT OJOKH J7s  OTOOpaXKeHHS KIFOYEBBIX
XapaKTepUCTHK (3710pOBbE, CHJIA, BBIHOCIMBOCTh M T.JA.), @ TaKXKe SYCHKH HSKUMHPOBKH. [lpu
pa3paboTke BHHUMAHHUE YIEISIIOCHh CTPYKTYpPE M TOCIIEIOBATEIILHOCTH PACIIOIOKEHUS 3JIEMEHTOB,
9TOOBI UTPOK MOT OBICTPO OIICHHTH COCTOSIHUE TIEPCOHAXKa W BHECTH HEOOXOIMMBIC M3MECHEHUS B
SKUIUPOBKY 0€3 JUIIHUX NePEeX0A0B 0 MEHIO [6].

# Chatacte
o (Daracher

Pucynok 5. DkpaH okHa epcoHaxka

OcnoBras 3amaya HUD (Head-Up Display) — omepatuBHas mnepemaya uH(GOpPMAIUK B
nporecce akTuBHOM wurpel (Pucynok 6). B Shamania oH BKIIOYaeT WHAMKATOPHI 3JI0POBBS,
BBIHOCIIMBOCTH, COCTOSIHUSI OPY)KHsS, @ TakXKe YBEJOMJICHHA O COOBITHAX (Hampumep, H0ObIue
peCypcoB UM MOJIy4YeHUH ypoHa) [7].

Pucynoxk 6. Oxpan HUD

OcHOBOM BH3yalbHOW KOHIENIMH HHTepdeiica cTal MHUHHUMAIU3M C aKIeHTaMU SPKUX
I[BETOBBIX JJIEMEHTOB, YTO OOJerdaeT BOCHpUATHE HWH()OpPMAIMM M CHIKAaeT KOTHUTHBHYIO
Harpy3Ky TpH JUTHTENBHBIX WUTPOBBIX CECCHAX. bonblioe BHHUMaHWE OBUIO YAEICHO COCTOSTHUSM
HJIEMEHTOB YIIPaBJICHUS: UKOHKH, KHONKM M WHAMKATOPHl M3MEHSIOT LIBET U IPO3pPavyHOCTh B
3aBUCUMOCTH OT QAKTUBHOCTH WJIM HEJOCTYIHOCTH, 4YTO TIOBBIIIAET MHTEPAKTUBHOCTh U
IpeJcKa3yeMoCTh JielcTBUI Mojbp3oBarend. Ha 3aBepiiatomieM sTare Bce MOArOTOBICHHBIE MOJIENN
¥ aHUMaIMu dKcnoptupoBasivichk B Gopmarax FBX (mis 3D-Mozeneil M CKEETHBIX aHUMAIIH) U
PNG (w1 WKOHOK, TEKCTYp M HHTEP(EHCHBIX 3JIEMEHTOB), MOJOOHBIE (OPMATHI 00ECIICUNBAIOT
KOppeKkTHYI0 nepenauy naHubix B Unreal Engine 5 6e3 moteps kauecTna [8].
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Jlis  TOBBIICHWS  CTAOMIIBHOCTH  OTOOpaXEHHS AacCeTOB B  WIPOBOM  OKPYKEHUH
UCIoNIb30Bajach cucreMa master material (PucyHok 7), KoTOpas MO3BOJMIIA [EHTPATU30BAHHO
YIOPaBIATh MapaMeTpaMHu MaTepuajoB U JIETKO BHOCUTh M3MEHEHMsI B I[BETOBBIC aKIEHThl WU
CBOMCTBA MMOBEPXHOCTHU Cpa3y JJIs IPYIIIBI 00BEKTOB [9].

Pucynok 7. Ctpykrypa mactep-marepuana B Unreal Engine 5

Wntepoeiic, coopannsiii panee B Figma, Obu1 mepeHecéH B ABMKOK C TMOMOIIBIO CHCTEMBI
Widget Blueprints (Pucynok 8) [10]. Ucnone3oBanne Widget Blueprints obecrieanBaeT OBICTpYIO
alanTaluio UHTEPPEHCOB MO pa3Hble pa3pelicHHs DKPAHOB M TMOKOE WU3MEHEHHE CTPYKTYPBI
MeHI0 0e3 HE0OXOIMMOCTH TOJIHOTO MEPEPOSKTHPOBAHHUS.

Pucynok 8. Cucrema Widget Blueprint 8 Unreal Engine 5

B pesynbrare palGoTsl Oblna peanu3oBaHa MOJHas IEMOYKa pa3pabOTKU BU3YaJbHOTO
KOHTEHTa U MOJIb30BaTENbCKUX HMHTEpPEcoB i urpoBoro npoekra Shamania. Beimu ycnemniHo
peleHsl pacupocTpaHEHHBIE U1 UHAU-KOMAaH] TPO0JIeMbl — TaKUe KaK HECOTJIaCOBAaHHOCTb CTUIIS
Mexay 3D-accetaMu U HHTEpdeicoM, MNEperpy>KeHHOCTh 3KPAaHOB W OTCYTCTBHE €IUHOU
CTPYKTYphl MaTepuaioB, a TaKXe HHU3Kas IPOU3BOJIUTEIBHOCTh BHYTPU JBMKKa. braromaps
MIOCTPOCHHOMY MaMlIlIaifiHy, BKJIIOYAIOIIEMY COBPEMEHHbIE MHCTPYMEHTHl MOJAEIUPOBAHUSA,
TEKCTYpPUPOBAHUS, PUTTHHTA U IPOTOTUIIMPOBAHUS HHTEP(EICOB, y1anoch 00eCIeynTh 1eT0CTHOE
XY0’)KECTBEHHOE BOCIIPUATHE U BBICOKOE Ka4eCTBO UTOrOBOro NpoaykTa. IlonxydyenHsle HapaboTKu
MOTYT MOCIYXHTh OCHOBOM sl JaJbHEWIIero pa3BUTHs Shamania ¥ NPUMEHSATHCA B JIPYIHX
UTPOBBIX MPOEKTAX, I/ie TpedyeTcs OalaHc MEXIYy BhIPA3UTEIbHON rpa@uKoi, ONTUMU3UPOBAHHON
apXUTEKTYpOH acceTOB U yOOHBIM MOJIb30BATEIBCKUM B3aUMOJICHCTBHEM.
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Annomayus. OJHUM U3 NMyTEH NOBBILIEHHUS KayecTBa HPOAYKIMH MAaIIMHOCTPOMUTEIbHOU
IIPOMBILIJIEHHOCTH  SIBJIAETCS YBEJIMYEHUE IPUMEHEHMS B MAIIMHOCTPOCHUM ITPOIPECCUBHBIX
KOHCTPYKLIMOHHBIX MAaTE€pHaJIOB IPOKAaTa M3 HU3KO-JIETMPOBAHHON CTaIM THYTHIX (ACOHHBIX HU
TOYHBIX Mpoduied U T.1, OTO TpeOyeT yJydlleHUs KOHCTPYKLUMU U IKCIUTyaTallMOHHOM
HAJEKHOCTM  OCHOBHBIX  HECYHIMX  JJIEMEHTOB W  MEXaHU3MOB  IPOU3BOACTBEHHOI'O
TEXHOJIOTUYECKOTO O0OpYAOBaHMs, B TOM YHUCJIE IMPOKATHBIX CTAHOB, OJIIOMUHIOB, KapJaHHBIX
BAJIOB U JIPYI'MX, B KOHCTPYKLMHM KOTOpBIX Iepeladya KpYTAIIEro MOMEHTa pabodyuM opraHam
OCYILIECTBIISETCS [IOCPEACTBOM OBICTPOPa3bBEMHBIX COEIUHEHU, Ha3bIBAEMbIX
BBICOKOHAIPY)KEHHBIMH KPECTOBBIMH My(TaMH, CHOCOOHBIMH TII€pelaBaTh MpPH HEBBICOKHX
oboporax KpyTsmue MoMeHThl cBbimie 300 kHM mpu 3HauUTENIHLHONH HECOOCHOCTH COEAMHSEMBIX
BaJIOB (710 3—5 MM) M yIilax HaKJIOHa OCH BHJIKM IO OTHOILEHHIO K OcH jonactu Mydtsl 10 8§—10.

Abstract. One of the ways to improve the quality of products of the machine-building industry
IS to increase the use of progressive structural materials in machine-building rolling from low-alloy
steel bent shaped and precision profiles, etc., which, in turn, requires improving the design and
operational reliability of the main load-bearing elements and mechanisms of production process
equipment, including rolling mills, blooming mills, cardan shafts and others, in the design of which
the transfer of torque to the working bodies is carried out by means of quick couplings, called high-
loaded cross couplings, capable of transmitting at low speeds torques over 300 kNm at a significant
misalignment of the connected shafts (up to 3-5 mm) and angles of inclination of the fork axis with
respect to the axis of the coupling blade up to 8-10.

Kniouesvie cnosa: MydThl, MAIIMHOCTPOEHUE, KOHCTPYKLIMH, KapJAaHHBIH BaJl.
Keywords: couplings, mechanical engineering, structures, cardan shaft.

3a moclegHWEe TONbl  BBICOKOHATPYKCHHBIE KPECTOBbIE MY(Thl CTald TOIy4aTh
pacmpocTpaHeHHE M B JPYTUX OTPACIAX MAIIMHOCTPOEHHUS, B TOM 4YHUCie He(TIHOH, dYeM
0o0yCNaBIMBAETCSl aKTyalbHOCTh BOINpPOCa O TOBBIIIEHMH UX pPabOTOCMOCOOHOCTH MYyTEM
YMEHBIIIEHNUS WX MacChl W TabapuTOB, TOBBIIMICHUS MEXPEMOHTHOTO CpOKa CIYyXOBI, T. €.
HaZeXKHOCTH paboTel. HemocTatoyHass HageXHOCTh PabOTHI CYIIECTBYIOIIMX KOHCTPYKIIUN
BBICOKOHArPYKEHHBIX KpPECTOBBIX MYy(PT oOyclnaBiaWBaeTcs TeM, YTO yJAelbHAas Harpy3ka Ha
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KOHTAaKTHOW TIOBEpXHOCTH TMPH TMepeaadye KPYTAMIEr0 MOMEHTa paclpeneiseTcss sSBHO
HCPpAaBHOMCPHO, B OCHOBHOM TIIO 3aKOHY TpCYrOJIbHHUKA, HOPUYICM MAKCHMAJIbHBIC 3HAYCHHA
VACTBHBIX HArpy30K HMEIOT MECTO Ha Yy4YacTKaX KOHTAaKTHOM ITOBEPXHOCTH C HaHWOOJBIIHM
pagnycoM KadaHHs 3a CY4ET HECOOCHOCTH BEAYILErO M BeIOMOro BajoB MydTsI [1]. DTO mpuBOIUT K
HEPaBHOMEPHOMY H3HOCY TPYIIMXCSl MOBEPXHOCTEH M OBICTPOMY BBIXOAY UX U3 crpos [2, 3].
BBIpaBHI/IBaHI/Ie YACIBHBIX HArpy30K Ha MOBCPXHOCTU TPCHUS MMO3BOJIUT UCKIIFOYUTL 3TO ABJICHUC U
B 3HAYMTEJIBHOW Mepe MPOUIMTH  JIOJITOBEYHOCTh  OCHOBHBIX  pabOYMX  3JIEMEHTOB
BBICOKOHATPY>KEHHBIX KPECTOBBIX MY(T.

B Hacrosimeii paboTte cennana mombpITKa J0oKa3aTh BO3SMOXKHOCTD MOBBIIIEHHUS pecypca paboTh
MydT, Hamboyiee pacpOCTPAHEHHOTO KOHCTPYKTUBHOTO HCIIOJHEHHSI C MOMOIIBIO YMEHBIICHUS
paboThI TPEHHSI B OCHOBHBIX pa004YMX opraHax (MEKIy JONAaCThI0 U BKJIABIIIAMHK) TyTeM BHECEHUS
HE3HAYUTEIIbHBIX U3MEHCHHUI B MX KOHCTPYKIIHIO C LEIbI0 YPABHOBEIIMBAHUS yJCIBHON HArPy3KH
MCKAY IMOBCPXHOCTAMHU TPCHUA BUJIKU, JIOIIACTHU U BKJIaI[LHHefI. I[JISI 9TOro mnpeajaracTcsa Kopmyc
BUJIKA HWCIIOJIHUTh B BHUJAC PaBHO-TIPOYHON Oayiku, oOecrieunBaromiell Takue ero aedopmanuu,
KOTOpBIC BBI3BAJIM OBI MepepacipeieieHue KOHTAKTHOTO JaBJICHUS Ha MOBEPXHOCTH TPEHHS U €TI0
BBIpaBHMBaHME. JTa 3ajadya B TOYHOW ITOCTAHOBKE PEIIAeTCs METOJaMU TEOpUHU YIPYrocTU U
HOJIy‘IGHHI:Iﬁ PE3YIbTAT MOXKET OKa3aTbCd BECbMa I'POMO3AKHMM W HCIIPUTOJAHBIM JIA IPAKTUKH
WHXXEHEPHOTOo pacueTa [4].

OnHaKko B BUJY TOTO, YTO OCHOBHOW IENIBIO PEIICHHS 3TOW 3aJauu SBJISICTCS HE YTOYHCHHUE
HANPSHKCHHOTO COCTOSIHUSI JIONACTH, a BBIPaBHUBAaHUC YJCIbHBIX HArpy30K Ha IOBEPXHOCTH
KOHTAaKTa, B IpCAciiax OIpPCACICHHBIX I[OHyHIeHI/Iﬁ 3aa4yy pemacM MCETOoAaMU COIPOTHUBJICHUA
MatepuanoB. CorjmacHO M3MEHEHHOM KOHCTPYKLMHM BHWIKH, MpPEANoJaraercs, 4ro BblIOpaHHOE
KOHCTPYKTUBHOE WCIIOJHCHHE KOpIyca BHJIKH OOCCIICUMBACT PAaBHOMEPHOE paCIpeCIICHHE
KOHTaKTHOTO JIaBJICHMsI Ha MOBEPXHOCTH TPEHHUS MEXAY JIONACThI0 M BKIafbImamMu. Onpenenum
3aKOH M3MCHEHUS TOJIIIMHBI CTEHKU BIJIKU, 00CCIICUHNBAIOIINIA TAaKOE pacpeielieHue Harpy3Ku (d.

[TockonbKy Kakgasi W3 CTOPOH BWJIKH TIOZ ICWCTBHEM CHIIBI (Q paboTaeT Ha W3ruO, TO
ompejeNisis TOJIIWHY CTEHKH CTOPOH Yy OCHOBaHUS, HCXOIs W3 TpeboBaHWU oOecreueHus
HE00XO0IMMOM MMPOYHOCTH KOHCTPYKITUH, & UMEHHO

ho>3/3¢12/b0 — [2] 1)
MOJKEM HAUTH 3aKOH U3MEHEHUS BEICOTEI CEUEHUS CTOPOH BUJIKHU hh
h=f(z) )

IIpU KOTOPOM JJOCTUTAETCs MOCTaBJIEHHAs 11€Jb BbIPABHUBAHUS KOHTAKTHOM Harpysku (. Ota
noJiyoOparHas 3ajaya pelaeTcsi IpUMEHEHUEM YPaBHEHUs YIPYTroil JMHUM U3ru0da CTOPOH BUIIKU
10/, IEUCTBUEM HATPy3KH (|, paBHOMI

2
q=Tk /2bol (3)
rae Ty — mepenaBaeMblii My(QTOH SKBHBAJICHTHBIA KPYTSIIMA MOMEHT, Dy — mmpuHa
KOHTaKTHOI MOBEPXHOCTU BHJIKU M BKJIaJbIIICH; | — IMHA KOHTAKTHOM MOBEPXHOCTH.
YpaBHEHHE U30THYTOM KOHTAKTHOM IIOBEPXHOCTH CTOPOH BUJIKM UMEET BUJ|
EJy,=M(z) 4)

WHTerpupys 310 ypaBHEHUE, UMEEM

y'=Q=[q(I-2)*/2EJ, dz. (5)
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3necs E — moayne ynpyroctu marepuana My(Thl; JX — 0CeBOW MOMEHT MHEPIMH CEYCHHUN
CTOPOH BWJIKH B Z ceuyeHHH. C Ipyroil CTOPOHBI KOHTAKTHBIE MIOBEPXHOCTH BUJIKH MPUMYT (GOpPMY,
COOTBETCTBYIOLIYIO J1€(OPMUPOBAHHOMY COCTOSIHUIO CTOPOH JIONACTH IOJ TOH K€ CIUIOLIHOM
Harpy3koi g, T. €.

y=[ q(l—z)2 /2E]B dz= qI* /6EJs [1-(1-2/1)’], (6)

raec JB — MOMCHT I/IHepI_[I/II/I HpOI[OJILHOFO CCUCHUS CTOpOH BUJIKH, hB — BBICOTA CCUCHHUA
BHJIKH, TIOCTOSTHHAS Y HE 3aBHUCSIIAsl OT KOOPIUHATHI.

[IpupaBuuBas mpaBbie 4acT (5) u (6) MOJYy4YUM ypaBHEHHE, B KOTOPOM KECTKOCTh CTOPOH
Buinku EJ 1OBONBHO CIIOKHBIM 00pa3oM 3aBHCHT OT Z, T. €. TPAHCIICHICHTHOE YpaBHEHHUE
OTHOCHUTEIBHO YX

1?13g[1 — (121’ 1 =J; q(1 — 2) /] dz (7

Jlyis packpbITUsi UHTErpana B IpaBoi yactu (7) mpeAcTaBUM OCEBOMl MOMEHT MHepHuu JX B
CJIEYIOILEM BUJE:

Ix=Jpe (8)

3nech Jo =bhg*/12 oceBoii MomeHT MHEpPLUUU CTOPOH JIONAcTH Y OCHOBaHMsS, T. €. INpHU
hx=0hx=0; b — HeusBecTHbIII KOI(D(DUIMEHT, KOTOPBI HAXOAUTCS W3 TPAHCICHICHTHOTO
ypaBHeHUs (7); € — OCHOBaHHUE HATYPATBHBIX JIOTAPH(PMOB.

VYuureiBas (8) B ypaBHeHuu (7), MOCJE BBIIOJHEHHS ONEPAllMM WHTETPUPOBAHUS MOTYIHM
TPaHCIIEHJCHTHOE ypaBHEHHE I TOKMCKAa 3HaueHWs Kod(h¢uimeHta b, yI0BIETBOPSIOIIETO
YCJIOBUSIM IIOCTABJICHHOW 3aJ]auH, T. €. ypaBHEHUE (7) NPUMET CIEAYIOLINI OKOHYATEIbHBINA BU:

Jol3e[L = (1 -2/ = P/bI(L + 1/bl — z/1)? 9)

D10 ypaBHEHHE y00HEee BCero pemnarh rpaduuecku 0o ¢ mpuMeneHrneM DBM.

JInsi moydeHusl paBHOMPOYHON KOHCTPYKIIMM BBICOKOHATPY)KEHHBIX KPECTOBBIX MY(T IO
npejaraeMoil METO/IMKe, He MEHSSl OCHOBHBIX CTaHJAPTHBIX Pa3MEPOB HX, JIOCTATOYHO MPOCTOU
MEXaHH4YEeCKOW 00pabOTKOW MpHUIaTh HAPYKHOM TOBEPXHOCTH BWIKH (OPMY, OIHCHIBAEMYIO
KPHUBOM COIJIACHO ypaBHEHUIO (9).

Bvioowt

BriepBble mocTaBieHa M pelieHa 3ajada O BbIOOpe KOHCTPYKTUBHBIX IapamMeTpoB
BBICOKOHAIPY>KEHHBIX KpPECTOBbIX My(]T, obecreunBaromiasi BbIpaBHHUBaHHME YJEIbHOM Harpy3ku
KOHTAaKTHOW IMOBEPXHOCTH JIONACTH W BKJIAJIbIIEH. BHeagpeHre peKOMeH1alnii HACTOAIEH CTaTbU B
MIPAKTUKy MH)XEHEPHOTO pacyeTa U MPOEKTHUPOBAHUS MO3BOJMUT 3HAUUTEIBHO YMEHBIIUTH PaboTy
TPEHUsT Ha KOHTAKTHBIX IIOBEPXHOCTSAX BBICOKOHAIPY>KEHHBIX KPECTOBBIX MYy(PT OYypOBBIX
YCTQHOBOK M TPOKATHBIX CTAHOB M TEM CAMbIM YIJUHHUTh MEXPEMOHTHBIH CPOK MX CIIYKOBI C
OJIHOBPEMEHHBIM OOJIErYeHHEeM Macchl KOHCTpyKuuu. [locrnenHee HeMalloBaXXHO Takke JUIs
YMEHBIIEHNS TUHAMUUYECKUX HAarpy30K, BOSHUKAIOUIUX B KOHCTPYKIIMH.
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Annomayus. PaccMaTpuBaroOTCsl BOIPOCH! UCIOJIb30BaHUS BO3MOXKHOCTEH MH(POPMALIMOHHBIX
TEXHOJIOTUH HpPU HCHOJIB30BAHUM MHOTOCIONMHBIX OaJOK IpPU CTPOUTEIHCTBE MHOTO3TaXKHBIX
3IaHUM C HCIIOJIb30BAHMEM COJHEYHOW SHEpruu. BakHehnien 3agadeil CTPOMTEIbHOM OTpaciu
SBIISICTCS CHIDKEHHE CeOEeCTOMMOCTH KOHCTPYKIMHA 3JaHWA M COOPYKEHHH MpH oOecTedyeHun
TpeOyeMoil Juid HuUX Hecyliel crocoOHocTH. Vcnonab3oBaHHE BO3MOXHOCTEH HMH(POPMALMOHHBIX
TEXHOJIOTUH CTAHOBUTCSI OCOOEHHO BaXKHBIM IPU MCIOJIB30BAaHMHM MHOTOCIOMHBIX OaJoK MpH
CTPOMTENBCTBE MHOIOITaXHBIX 3J1aHuil. Pe3ynbTarsl HcclaenoBaHUS IOKa3blBalOT, 4YTO B
CTPOUTEJIBHOM OTPACIIH CYIECTBYIOT OOJIBIINE YKOHOMHUECKUE U IKOJIOTHUECKUE BO3MOXKHOCTH 32
CUET UCMOJIb30BaHUs COJTHEUHOM HEPTUU IPU BO3BEICHUN HOBBIX 3/1aHUM.

Abstract. This article discusses the use of information technology capabilities in the use of
multi-layer beams in the construction of multi-story buildings using solar energy. The most
important task of the construction industry is to reduce the cost of building structures and structures
while ensuring the required load-bearing capacity. The use of information technology capabilities
becomes especially important when using multi-layer beams in the construction of multi-story
buildings. The results of the study show that there are great economic and environmental
opportunities in the construction industry due to the use of solar energy in the construction of new
buildings.

Knroueswvie cnosa.: conneunas SHEprus, CTpOUTCIILCTBO, I/IH(I)OpMaI_II/IOHHBIe TEXHOJIOTHH.

Keywords: solar energy, construction, information technology.

Paznnunrie KOHCTPYKTUBHBIC PCIICHUA MHOT'OCJIOMHEIX  DJIEMEHTOB paccMaTpuBarOT
BO3MOXHOCTDb BJIMAHUA CJIOSA YTCIUIMTCIIA HAa HCCYIIYIO CIIOCOOHOCTD KOHCTPYKIIMU B ICJIOM. HpI/I

3TOM CJOM YTEIJIMTENs] MOKET ObITh KaK BHYTPEHHMM, TaK M BHEIIHUM. Ha ceropHsmHuii 1eHb
BOIIPOC pacyeTa MHOTOCIIOMHBIX KOHCTPYKLIMH aKTyaJeH, TaK KaK B pPAMKax IOBBIIIEHUS
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SHEeprocOepeeHus 3MaHUM Takue DSJIEMEHThl HCIONb3YeTCsl KaK B BEPTHKAIBHBIX, TaK U
TOPU3OHTANBHBIX KOHCTPYKLUAX B ycrmoBusx mepexona K BO30OHOBISIEMBIM MCTOYHHUKAM SHEPTUU
oco0oe 3HaueHUEe MpUOOpeTaeT pa3BUTHE COJNHEYHOW dHepreTuku. Koipreidcran, oOnanas
3HAYUTENIBHBIM MMOTEHIIMAJIOM COJIHEYHOW PaJualuy, aKTUBHO BHEIPSAET COJHEYHBIE U BETPOBBIE
anekTpocTanuuu. B KeIpreiscrane mOTEHIMAN CONMHEYHOH (OTODIEKTPUYECKON HHEPruu
cocrasisier 267 000 MBT. I[Ipu conneunoit paauamuu 1000—-1700 kBr/M? (1 1500-1900 kBt/m?)
MOTEHIIMAJ COIHEYHOH sHeprun onenuBaetcs B 490 I'Bt-u/ron ans rerosoit u 22,5 I'Br-u/rox mis
AJIEKTPUUYECKON dHepruu. DPQPeKTUBHOE MpOoeKTUpoBaHWe KOHCTpykimid anst COC Tpebyer
MPUMEHEHHUS COBPEMEHHBIX MH(POPMALMOHHBIX TEXHOJIOTMH M TOYHBIX PAacYETOB MHOTOCIOMHBIX
0ajoKk, oOecrneunBarOIUX HAAEKHOCTh M JOJITOBEYHOCTh COOpYXEHMH. MHOrocioiiHele Oaiku,
0COOEHHO COTOBBIE U KOMIIO3UTHBIE KOHCTPYKLMH, IIUPOKO INPHUMEHSIOTCS B CTPOMTENBCTBE U
JHEpPreTHKe O1aromaps WX BBICOKOW KECTKOCTH M MalloMy Becy. st uX aHanmm3a UCIONb3YIOTCS
METOABI KOHEYHO-3JIeMeHTHOT0 MozaenupoBanus (KOM), no3Bosisionife yuuToiBaTh (PU3NIECKYIO U
reOMETPUYCCKYIO HEIMHEHHOCTB, a TAKKe 0COOCHHOCTH MaTepuaiios [ 1, 2].

CornacHo pacderaM, MOIIIHOCTb UCTOYHUKOB 3Hepruu B LleHTpanbHON A3UM IPEICTABJICHA B
Ta6nuue [3, 4].

Tabnuua
Hcmounuk snepeuu Mowrocms, MBm
CostHe4Hast SHEPTUs 195 000-3 760 000
I'unposuepreruka 275-30 000
Berposnepreruka 1 500-354 000
I'eoTepmanbHast SHEPTHSA 2-54 000
Buosnepreruka 200-800

B pesynpTaTe npuHUMaeMbIX KOMILIEKCA MEp MO Pa3BUTHIO CTPOUTEIBHOTO KOMILIEKCa
Koipreizcrana coxpansieTcst yBelnueHUue 00beMOB KaUTaIbHBIX BioxeHui. [1o mpeaBapuTenbHbIM
manaelM  Hamcrarkoma 3a 2023 r 00beM HHBECTHUIMI B OCHOBHOHM KaIllMTaJI 3a CYET BCEX
UCTOYHUKOB (puHaHCUpoBaHus ysenuuwiics Ha 18,8% (poct Ha 4,0% B 2022 1) u cocraBun 168,5
MJIPJI. COMOB. 32 UCTEKILIHUI MEepUOJ MOCTPOCHBI U BBEJICHBI B AKCILTyaTAIUIO:

- 76 KOMIUIEKTHBIX TpaHC(HOPMATOPHBIX MOACTaHIMK HampshbkeHunem 10/4 kB, nuxum
anekTponepenaun HanpsikeHueM 0,4 kB npotsokennocteio 148,58 kM, 6-20 kB — 30,43 kM, 35 kB
u Bbime — 3,33 KM, rasopacnpeienuTeNbHble CETH MpOTsHKEeHHOCThI0 17,60 kM, MHHH-
TUAPOAIEKTpocTanuu Ha 5,50 MBa;

- 72 o0meobpa3oBaTenbHbIX MKOJBI (Ha cymmy 8 060,0 MIIH COMOB) U J1eCSITh IPUCTPOEK Ha
19,7 ThIC. yueHUYECKUX MECT, uTo B 1,4 pa3a Gombiie, yem B 2022 r. BBo/ 1IKOJ OCYIIECTBIISIICS BO
Bcex pernoHax PecrnyOnuku;

- 21 nomxkonbHOE yupexjeHue (Ha cymmy 2 5594 mun comoB) Ha 1 893 mecra. BBoa
JIOLTKOJIBHBIX YUPEKIEHUN OCYIIECTBIISIICSA BO BCeX pernoHax PecmyOmuku;

YBennunBaOTCS 00BEMBI KUIHMIIIHOTO CTpOUTeNnscTBa. Ha cTtpoutenberBe xkuibs 3a 2023 T
WCIIOIB30BaHO (MO OIeHKe) 54,2 MIpa COMOB MHBECTHUIIMHA B OCHOBHOM KamWTal, WM BBIPOC HA
6,4% mo cpaBHenuro ¢ 2022 r. B 2023 r. caansl B 3kcrryaranuio 13 755 momoB/kBapTHp 00IIEiH
miomazso 1 360,5 teic. M2 Jloms CPEICTB, OCBOCHHBIX Ha KHIHUIIIHOE CTPOUTENHCTBO B 00IIEM
o0beMe OCBOCHHBIX MHBECTHIMH, cocTaBmia 32,2%. OCHOBHAs J0Js BBEJIECHHOTO XUIbs (85,7%)
npuxoautcs Ha Jxamam-AGanckyro, Omickyro, Uyiickyto m baTkeHCKyro o0yiactu, a Takxke T.
bumkek. CoBpeMeHHBIE MPOTPAMMHBIE PEIICHHS 3HAYUTEIHHO YIPOIIAIT M YCKOPSIOT MPOIece
MPOEKTUPOBAHMSI KOHCTPYKIMI: 00layHOe MporpaMMHOEe olecreueHue s pacuéra Oaliok,
MO3BOJISIIONIEE OBICTPO aHATM3UPOBATH PEAKIIMU, H3THOAIONTNE MOMEHTHI U IPOTHObI; HHCTPYMEHT
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Uis pacuéra KIEEHBIX JCPEBSHHBIX OAllOK TO CTPOWTENBHBIM CTaHAApTaM, C BO3MO>KHOCTHIO
JETAILHOTO aHAJIN3a BHYTPSHHUX CHJI U ieopmaruii [5-7].

[Ipy nOpoeKTUpPOBaHMU KOHCTPYKLIUH Ui COJIHEYHBIX TaHeled BaXXHO YYMUTHIBATh
cnenuduueckre TpeOOBaHUA: JIETKOCTh M TMPOYHOCTh: KapKachl JIOJDKHBI OBITh JIOCTaTOYHO
MIPOYHBIMHU, YTOOBI BBIJCPKUBATH BETPOBBIC W CHETOBBIE HATPY3KH, HO MPH ITOM JETKUMH IS
oOJerdyeHHs MOHTaXa M CHIDKEHHUs 3aTpar. s aHanmm3a MHOTOCIONWHBIX OaJlOK HCTOIB3YIOTCS
pa3iMyYHble METOABI M IOAXOJbI, BKJIIOYAs aHAIUTUYECKUE, YMCICHHbIE U HKCIIEPUMEHTAJIbHBIC
METOJIbl. AHAIUTUYECKHE METOJbl MO3BOJIAIOT MONYyYUTh AHAJIUTUYECKUE BBIPAKEHUS IS
pacmpeseneHus HanpsDKeHUH U gedopmaiuii B Oalkax Mpy pa3HBIX BUJAX Harpy30K. DTH METObI
4acTO OCHOBAHbl HA TEOPUHM YIPYTrOCTH M IUIACTUYHOCTH M TO3BOJISIOT NMPOBOAUTH PACUETHI C
BBICOKOW TOYHOCTBIO MPH YCIOBUH, YTO MaT€PHAIIbl U HarPy3KH OMHUCHIBAIOTCS aHATUTHYECKU.

UucneHHsle METOABI, TaKWe€ KaK METOJ KOHEUHbIX »djeMeHToB (MKD), sBusroTcs
3¢ (HEeKTHBHBIMU CPEICTBAMHU JJII MOJCIUPOBAHUS M aHajdM3a MHOTOCIOWHBIX Oamok. MKD
pazbuBaer OanKy Ha KOHEYHBIC JJEMEHTHI, JUIsl KOTOPBIX PEMIAIOTCS YypaBHEHUS MEXaHUKH
MaTepuajIoB. JTO TO3BOJSET YUUTHIBATh CIIOKHBIE M€OMETPUM M pa3IMYHble BUIbl HATPY30K, a
TaK)Xe MOJICTMPOBATh PA3TUYHbIC MEXaHUUYECKHE CBOMCTBA CIIOEB MATEPUAIIOB.

DKCIEePUMEHTAIBHBIE METOABl BKJIIOYAIOT B CE€OSl MCHBITAHUS MHOTOCIOMHBIX OaJloOK B
pEATBHBIX YCIIOBUSAX HArpy3KU. DTO MOXKET BKJIOYATH B ce0sl TECTHPOBAHUE HA M3TUO, KPYUCHHE,
CABUI M Jpyrue BHUABl HArpy3oK, a TakKe H3MEpeHUe HamnpsHkeHHud U aedopMaruid.
DKCIepUMEHTANIbHBIE JTaHHBIE MO3BOJIIOT MPOBEPUTH PE3YIbTaThl aHAIUTUYECKUX U YHCIECHHBIX
pacyeToB U 00ECIIEYNBAIOT TOMOJIHUTEILHOE TOHUMAHKE MTOBEICHHUSI MHOTOCIIOMHBIX 0aJIoK.

OaHuM W3 KIIIOYEBBIX ACMEKTOB IMPHU pacyeTe W aHAIM3€ MHOTOCJIOWHBIX OaJIOK SIBIISAETCS
BBEIOOP TOIXOSIIMX MaTEpUAOB JIJISi KaKIOro CIIos. PasmudvHBIE CIIOM MOTYT MMETh pa3HbBIE
MEXaHMYECKHUEe CBOMCTBA, TaKWe Kak MOMAYNb YIPYTOCTH, Mpened TeKydecTd U KOd(PPHUIHMEHTHI
TEIUIOBOTO paciupeHus. JIpyruM BaKHBIM AacleKTOM SBJSIETCS y4eT B3aUMOJICHCTBUS MEXITY
CJIOSIMHM TIPU PA3JIMYHBIX BHAAX Harpy3ok. Hampumep, mnpu m3ruGe MHOTOCIIOWHas Oajika MOMKET
MOABEPraThbCsl KaKk HOPMAJIbHBIM, TaK M TAHTCHIMAIBHBIM HAIPSDHKEHUSM B KaXJAOM CIIOe. DTO
MOKET MPHUBECTH K JOMOJIHUTENBbHBIM 3 deKTaM, TaKuM KaK CABUTOBBIE nedopMaluu MEXAy
CIIOSIMH, 4TO TpeOyeT CIelHalbHbIX pacueToB U aHanu3a. B 2025 r Komu4ecTBO COTHEYHBIX CHUCTEM
yBenuuutcss Ha 25%, 4Yro mnpencTtaBiser co0OM yBenMUeHHE OOILed J0iM MPOU3BOJCTBA
anekTposneprun. [EA mporHosupyer, 4To MOIIHOCTH BO30OHOBISIEMBIX MUCTOYHUKOB YBEIHUUTCS
eme Ha 2400 I'BT B TedeHue cleAyroomux MOATH JIeT, 4yTo cocTaBUT 91% oT obmielt HOBOM
YCTaHOBJIEHHOW MOIITHOCTH [8§].

B mnactosimee Bpemsi OoJibllioe 3HAYEHHE B OOCCIEUYEHHH JJIEKTPOIHEPTHEH HE TOJIBKO
KPYIHBIX TOTpeOuTENe, HO U yJaJeHHBIX M CTAIIMOHAPHBIX MOTpeOUTEeNeH, HETOCTYIHBIX IS
MOJIYYEHUS SJIEKTPOIHEPTHH, UMEIOT COTHEYHBIE ANEKTPOCTAHIIMU. BaXkKHBIM aclieKToM MpH padoTte
C MHOTOCIOMHBIMU OalKkamH SIBISETCS TakkKe y4eT BO3MOXKHBIX J€(EKTOB M TOBPEXKIACHUN B
Marepuaiax, TaKuX Kak TPeuuHbl uiu nedopmaruu. ITH 1e)eKThl MOTYT 3HAYUTEIHHO BIUATH Ha
MOBEJIEHNE KOHCTPYKIIMU TOJ HArpy3KOW M JOJDKHBI OBITh YYTEHBI MIPH aHAIM3€ HAJEKHOCTH U
6e3omacHoctd. C pa3BUTHEM BBIYUCIUTENBHBIX TEXHOJOTHH M MPOTPAMMHOIO OOecredeHus
WHXEHEephl TMONy4aloT BCE OOIbIIE BO3MOXKHOCTEH Il Ooliee TOYHBIX W BBIYUCIUTEIHHO
(O (PEKTUBHBIX PACUETOB MHOTOCIOWHBIX OaJIOK. JTO TO3BOJSET CO3/1aBaTh OOJiee CIOXKHBIE U
ONTUMU3UPOBAHHBIE  KOHCTPYKIIMH, YYHMTHIBasi BCE€ BHUABI HArpy30Kk ©  TpeOOBaHMIA
(https://www.iea.org). OqHUM U3 OCHOBHBIX OTJIMYHMN COTHEUHOU AJIEKTPOCTAHIINH, ITOAKIIFOUYCHHOM
K CeTH, SBISETCS TO, YTO OHAa BKIIOYaeT B CeOs BO3MOXKHOCTH TMOJA4YH DIEKTPOIHEPTUHU
HETIOCPEICTBEHHO OT (OTOAIEKTPUYECKUX IMaHeNeld B IEHTPAIBHYIO CETh JJIEKTPOCHAOKEHUS.
DoTOINEKTPUYECKass YCTAaHOBKA (COJIHEUHAs TIaHENb) MpeAHa3HaueHa JUIsl HEeMOCPEICTBEHHOTO
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npeoOpa3oBaHusl COJIHEYHOM SHEPIUU B AIIEKTpHUYECKylo sHepruio. Ha PucyHke mokazaHo, 4To
BbIpabaThiBaeMasi dDJCKTPOIHEPrusi B  (OTODICKTPUUECKUX TMaHensax (coimHeuHas Oartapes)
HAIPaBJIICTCS B KOHTPOJUIEP 3apsiia, IAC NPOU3BOJUTCS PACHPENEICHUE B CTOPOHY CHCTEMBI
HaKOIUICHUS SHEPrMM B LEISIX HAKOIUICHWsS BBIPAOOTAHHOM JJIEKTPO’HEPIUH, KOTOpas, Kak
IPaBUIIO, TOTPEOISIETCS B IEPHO OTCYTCTBUS COJIHIIA.

EEEEEs
L 1 1 1 1 1]
L 1 11 1 1] ConHeuHas BGamapes

| ” | KoHmpoanep 3opRga

| — . Boxog ~2208

q HMrbBepmop

Akiymynamop

Pucynok. Obmas cxema QyHKIMOHHPOBAHHUS ABTOHOMHOW COTHEYHOU AIEKTPOCTAHITHH

Vcnonb3oBaHue BO3MOXHOCTEH MH(MOPMAIMOHHBIX TEXHOJIOTMH NpU  CTPOMUTEIHbCTBE
MHOTOITKHBIX 3JIaHUH C KCIOJB30BAHUEM COJIHEYHOW PHEPTUU CTAaHET KIIOYEBBIM (haKTOPOM,
KOTOpBIM CleAyeT Yy4YuThIBaThb MH)KEHEpaM. OTO CIIOCOOCTBYET CHHKEHHUIO Ce0ecTOMMOCTU
CTPOSILIMXCS 3JaHUN U oOecreurnBaeT aBTOHOMHBIM MCTOUHUK SHEpruu. B cTpouTenbHOM oTpaciu
CYIIECTBYIOT 3HAUUTENbHbIE SKOHOMHUYECKHE M 3KOJOIMUYECKHE BO3MOXKHOCTU HCIOJIb30BAHUS
COJIHEYHOM 3HEPTUU B HOBBIX 3aHUSX.
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Annomayus. IlpousBeneH aHaau3 U BBIOOP MaTepHasIoB Ul BHEIIHErO YeXJja OpOHEKHUIICTOB.
bponexuner dBiseTcs OCHOBHBIM CpPEACTBOM HHIUBUIYalIbHOW OpOHE3aIMThl BOEHHBIX,
IIpe/ICTaBUTENIe MUIIUIIMH, OTPSIIOB 0COOOr0 Ha3HAUYEHHUs U OXpaHHBIX Oropo. B mpouecce ananusa
JUTEPATYPHBIX MCTOUYHUKOB OBUIM OIpEJesIeHbl OCHOBHBIC XapaKTEPUCTUKU, KOTOPHIMU JOJKHBI
o0yiazjaTh MaTepHasbl Ui BHEIIHETo yexja OpoHexuiera. Takxke MpHUBEICHbI OCHOBHbIE (DU3HMKO-
MEeXaHMUYECKHE XapaKTePUCTUKHN pPacIpOCTPaHEHHBIX MaTepuaioB. [Ipu nposenennn 1adbopaTOpHBIX
UCCIIEIOBAaHUM  BBIABIEHBl (U3MKO-MEXaHWYECKUE XapakTepucTuku 11 o00pa3uoB TKaHEw,
NPUOOPETEHHBIX Ha pBIHKE, B COOTBETCTBUU C HOPMATUBHO-TEXHUYECKOW JOKyMEHTAIUEH,
periaMeHTHpYIOLe MeTONUKY HCIbITaHui. B Xone wucnblTaHuit ObUIM  ONpeneNeHbl Takue
CTPYKTYpPHBIE XapaKTEpPUCTUKH TKaHEW Kak: BOJOKHUCTBIA COCTaB, TOJIIHMHA, MOBEPXHOCTHAs
IJIOTHOCTD, TUIOTHOCTh HUTEH 10 OCHOBE U IO YTKY, JIMHEIHAs MJIOTHOCTh HUTEW OCHOBBI M YTKa.
Kpome 3toro, onpesneneHsl NPOYHOCTHBIE XAPAKTEPUCTUKHU TKaHEH MpU OJHOOCHOM DPACTSKEHUU
70 paspblBa J0 U IOCJI€ MOKpOW 00pabOTKM TKaHeW. 3hech e MpOBEJIeHbl HCHBITAaHUS Ha
IIPOYHOCTh TKAHEW IpU HUX  PA3AUpPaHUM M HUCTHPAHUH, JAJEE OCYILIECTBIEHO CpaBHEHUE
MOJIYyUEHHBIX  [OKa3aTreneil  mpoyHocTu.  Pesynbrarel  1a0OpaTOpHBIX — MCCIEA0BaHUMN
MPOAHAIU3UPOBAHBI U 0000IICHBI. AHATN3 MO3BOJIIET ONTUMAIBLHO T0100paTh CrielMalbHbIe TKAHU
JUIsl BHEILIHETO yeXJja OpOHEXUieTa, B 3aBUCUMOCTH OT YCJIOBUH €ro UCHOJIb30BaHUS U Ha3HAYCHUS.

Abstract. Analyzes and selects materials for the outer cover of bulletproof vests. A bulletproof
vest is the main means of individual armor protection for military personnel, police officers, special
forces, and security agencies. In the process of analyzing literary sources, the main characteristics
that materials for the outer cover of a bulletproof vest should have were determined. The main
physical and mechanical characteristics of common materials are also given. During laboratory
studies, the physical and mechanical characteristics of 11 fabric samples purchased on the market
were identified in accordance with the normative and technical documentation regulating the testing
methodology. During the tests, in laboratory conditions, the following structural characteristics of
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fabrics were determined: fiber composition, thickness, surface density, warp and weft thread
density, and linear density of warp and weft threads. In addition, the strength characteristics of
fabrics were determined under uniaxial stretching to rupture before and after wet processing of
fabrics. Here, the strength of the fabrics was tested during their tearing and abrasion, and then the
obtained strength indicators were compared. The results of the laboratory studies are presented in
the form of tables and graphs, which are analyzed and summarized. Analysis of fabric structural
data and laboratory test results allows for the optimal selection of special fabrics for the outer cover
of a bulletproof vest, depending on the conditions of its use and purpose.

Knouesvie cnosa: OpOHEXKWIIET, BHEIIHUN dYeXosl, (PU3UKO-MEXaHUYECKUE CBOICTBA,
CIIeIIHaIbHBIC TKaHH.

Keywords: body armour, outer cover, physical and mechanical propeties, special fabrics.

OCHOBHBIM CPEJICTBOM WHINBHIYaJbHON 3aIUTHI BOEHHOCTYKAIMX SBJSETCS OPOHEOIEK 1A,
CpecTBa MHAMBUAYAILHON OpOHE3AIMUTHI MPEIHA3HAYEHBI JUIS 3AIMThHI YeIOBEKA OT Pa3IMYHBIX
BHJIOB yIPO3, BKJIFOYAs OrHECTPEIBHOE OPYKHE, OCKOJKH, YAAphl M JPYrHe BHIbI MEXaHUYECKUX
noBpexacanii. CormacHo ['OCT 34286-2017. «bponeonmexma. Knaccudpukanms u  oOmime
TeXHUUYECKHe TpeboBanus Ha Oporeonexay» [1] (Tabmuma 1).

Tabnuna 1
KITACCU®UKALNA BPOHEOAEX/IbI
Ilo ¢pyHKUMOHANTBEHOMY 3alUTa TYJIOBHILIA
Ha3HA4YEeHUIO TYJIOBHILA M KOHEYHOCTEH (32 UCKITIOUEHUEM CTOI HOT M KUCTEH PYK)
KOHEYHOCTEeH (32 MCKIIIOYEHHEM CTOII HOT M KHCTEH PYK)
1o koHCTPYKTHBHOMY Ha JKECTKYI0, HA OCHOBE ECTKHUX (DOPMOBaHHBIX OPOHEBBIX MAaTEPHAJIOB
HCTIOTHEHHIO Ha MOJYKECTKYI0, HA OCHOBE MATKHMX 3aILUTHBIX CTPYKTYP C IJIACTUHAMH U3
TBEPBIX OPOHEBBIX MaTEPHATIOB
Ha MATKYIO

[To 3amUTHRIM CBOMCTBAM  Ha MYJECTOUKYIO
Ha [IPOTHBOOCKOJIOUHYIO
Ha CTOMKYIO K BO3/IEHCTBHUIO XOJIOJHOTO OPYKHS
Ha KOMOMHHPOBAHHYIO

CaMbIM pacrpoCTpaHEHHBIM CPEJICTBOM OpPOHE3AIIUTHI SIBISIIOTCS OpPOHEKUIIETHI, KOTOPBIE 110
(GyHKIIMOHAJIBHBIM MPU3HAKaM MpeJHa3HAYEHbI IS 3aIIUTHI TYJIOBHILA 4YeloBeKa. bpoHexuner —
KOMIUIEKCHOE H3JI€JIME, COCTOAIIEE M3 HECKOJIBKMX CJOEB 3alllUThl M3 MSATKHX, TIKEIbIX
OpoHenaHene M AeMI(EpHOro ClIosl, HaXOJAIIMECs BHYTPH BHEIIHEro 4exsa. HapyxHblid uiu
BHEIIHUM CJIOM HamOoJee TMOJBEpPKEH BO3JICUCTBUIO BHEIIHUX (DaKTOPOB M, COOTBETCTBEHHO,
JIOJKEH OTBEYATh CIEAYIOMMM (U3UKO-MEXaHUUECKUM TPeOOBaHUSAM: 001a/1aTh YCTOMYMBOCTBIO K
UCTUPAHUIO; YCTOWYMBOCTBIO K  3arpsi3HEHHIO; 00JaJaTh  BBICOKMMH  MPOYHOCTHBIMHU
XapaKTepUCTHKaMH; OBITh YCTOMYMBBIM K KPAaTKOBPEMEHHOMY BO3JEHCTBUIO OTHS;, HE JIOJDKEH
OKa3bIBaTh Pa3IPaxkarolero BO3JACUCTBHUS Ha KOXKY YeloBeka [2].

ACCOPTUMEHT CIIEIUANIbHBIX TKaHEH Ha 3apy0eKHOM pPBIHKE TOBOJBHO HMIMPOKUI, MHOTHE U3
HUX UMEIOT MH(POpPMALMIO O cCOCTaBe U (U3MKO-MEXaHMYECKHX XapakTrepucTtukax. Ho y mMHoOrmx
00pa3IoB CHEUANbHBIX TKAaHEH, MPHOOPETEHHBIX HA MECTHBIX PBIHKAX, TAKUX JOKYMEHTOB HET. B
MpoIiecce MPOCKTUPOBAHUS BHEIIHETO Yexja OPOHEKUIIETOB HEOOXOIUMO BBIOpPATh OOpa3IlhI
TKaHEW, KOTopble 0OJIbIIe OTBEYAIOT TPEOOBAHUSAM, YCTAHOBIEHHBIMU B HOPMaTHBHO-TEXHUYECKOM
nokyMeHTanuu. [loaToMy ompeneneHne BOJIOKHHCTOTO COCTaBa, CTPYKTYPHBIX XapaKTEPUCTHUK, a
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TaK)Ke MCCIIEeIOBAaHUE MPOYHOCTHBIX CBOMCTB MAaTEpHANIOB, IPUOOPETEHHBIX HA MECTHBIX PHIHKAX,
SIBIIICTCSL aKTyaJIbHBIM BOIIPOCOM TPHU MPOSKTUPOBAHUY CTICIIHATLHBIX H3IACTUH.

Jliia onpenienieHns XapaKTepUuCTHK, KOTOPBIMU JOJDKHBI 00J1a/1aTh TKAHU JUIS BHEIIHETO yexJja
ObUT MPOBEACH aHANU3 JIMTEPATYPHBIX M HAYYHBIX UCTOYHHKOB. BMecTe ¢ TeM, ObLIM MpOBEICHBI
WCCJICTOBAHMS TKAHEH, UCMOIb3YEMBIX JJIsI CIIEIOJICK b, UMEIoIIrecs Ha phiHKax r. Om u Ouickoi
obnactu. BpuiM TpoaHANM3WPOBAHBI CTPYKTYPHBIE XApaKTEPUCTHKU TKAHEH W OMPEIEICHBI UX
¢bu3nKo-MexaHuueckue cBoicTBa. [l uccieqoBaHus MPOYHOCTHBIX XapaKTEPUCTHK TEKCTHIIbHBIX
MaTepuaiaoB ObUTH BbIOpaHbl 11 TkaHel pa3nuyHoOro aptukyna. Jias sTux o0pasloB Onmpeaeuin
CTPYKTYypHBbI€ xapakTepucTuku corsacio 'OCT.

3areM MPOBOIWINCH TaOOPATOPHBIE UCTIBITAHUS HA CTOMKOCTh MATEpUAaIOB MPHU OJTHOOCHOM
pacTshDKEHUH, a Takke K cTupke. Mcmbitanus mpoBommnuck B cooTBerctBuM ¢ ['OCT 3813-72
«Martepuanbsl TeKCTUJIbHBbIE. TKaHM M IITy4YyHbIE W3JAeIHs. MeToabl OIpeneieHHs] pPa3phIBHBIX
XapakTepUCTUK mpu pacTsokeHun» [3], a Tawke ¢ ['OCT 30157.0-95 «Meroasl orpeaesieHus
M3MEHEHHMS pa3MEpoB TOCIE€ MOKpPHIX O0O0pabOTOK MM XHMHUYeCKOH uucTku. OOmme
noJsiokeHus»[4]. MiaMeHnenue pa3pbIBHBIX XapakTEepUCTUK (GUKCUPOBaNM 0€3 CTUPKHU, IOCIE MepBOi
CTHPKH U TIOCIIE 5 CTUPOK.

s BeIOOpa HamboJee ONTUMATBHBIX OOPA3IOB MECTHBIX TKAHEHW IMPOBEIIM CpPaBHEHUE
Pa3pBIBHBIX XapaKTEPUCTHK CIEIUAIBHBIX TKAHEH /ISl OPOHEKHMIICTOB C TKAHSIMU, HUMEIONTUMUCS B
r. Om no Meroauke oOIpeAesieHUs TecTa Ha ucthupanue no Maprenneiny ISO 12947-2 un
npoyHocTH Ha pazaupanue ISO 13937-2 [5].

[To pe3ynpTaram aHanmm3a OBUIO BBISBICHO, YTO HauWOoJee pacpOCTPAHEHHBIMU BHIAMHU
MaTEepUajIOB, HCIIOJB3yeMbIe JI BHEIIHErO dYexJia OpOHEKUIICTOB SIBISIOTCS TKaHu Okcdopi,
Kopnypa u Kopmon Mukc, KoTOpble 00JIATalOT CICAYIOMUMH  (DU3HKO-MEXaHUICCKIUMH
xapakrepuctukamu (https://lastday.club/armor-materials/) [6] (Ta6muria 2).

Tabmuma 2
OU3UKO-MEXAHUYECKUE XAPAKTEPUCTUKU TKAHEN
JULISI BHEILIHET'O HEXJIA BPOHEXWJIETA
Cesoticmeo Oxcghopo Kopoon Muxc Kopoypa
CocraB Heiinon, nonuscrep 50% mommammp, 50% 100% nommamuy (Nylon
o GUp 6.6 DuPont)
CTOHKOCTB K 9,000 mukiI0B 45,000 1uxioB 150,000 nukiioB

HNCTHUPAHUTIO

BogonenponumaemMocts

1000-3000 MM BOZ.CT.

3000-5000 MM BOZ. CT.

4500-10000 MM BOSI. CT.

(PU nokpsiTue) (monmuyperaHoBas
TIEHKA)
Mop030CTONKOCTh 1o -40°C. 1o -50°C. 1o -60°C.
TepmocToikocTh -40°C no +80°C. -50°C mo +100°C. -60°C no +85°C.
YcroitunBocts k YO [Mornomaer g0 90% Y®- Tlornomaer no 75-85%  Ilormomiaer g0 95% Y-
H3JIy4YCHUs Y®-uznyueHus. H3JIYyYECHHUs.

DnacTHYHOCTh Y umHeHue Ha pa3phIB VY anvHeHne Ha pa3phiB Y anmuHeHue Ha pa3phiB 0
(mepBoHavYaTBEHAS) 1o 20-25%. 1o 15-20%. 10-15%.

[Mpounocts Ha pa3peiB~ 784—1568 H 1764-2450 H 2940-4410

(0 ocHOBeE)

[Ipounocts Ha pazpeiB~ 441-1176 H 1176-1960 H 2450-3920

(1o yTKY)

Xumudeckas KosxHblit xup, nor, AtmocdepHbie Macna, 'CM, ciupTsl,
CTOMKOCTh pacTBOPHUTEIHN BO3/IEHCTBUS IETIOYH, KETOHBI
Coxpanenne HOpMBI Xopotuee OtauuHoe OtauuHoe

Macca

150-260 r/m?

200-300 r/m?

330-600 r/m?
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Cesoticmeso Kopoon Muxc Kopoypa

TKAHb PRIVAL KOPAOH-500 PU

15 x 2M

Oxcgpopo
BHenuii Bun e s

YEPHbIN

Pe3ynbTarhl CTpYKTYpHBIX XapakTepUCTHK 11 MeCTHBIX 00pa3loB TKaHel ykazaHbl B Tabnuiie
2. AHanu3 CTPYKTYpPHBIX JaHHBIX TKaHEH JaeT cleqyroliue pe3ynbTarsl. Haubombinyo TonmuHy
umeroT oopasubl Ne3 (Typrus) u Ne§ (Kutait), HO moBepxHOCTHAsI IJIOTHOCTh oOpasna Ne8 B 1,6
pa3za mensbiie, yem Ne3. HaubGonpmas Ttommmaa y oOpasma Ne3, a HauMeHbIIas IUIOTHOCTh —
obpazery Ne6 (Typuwus). JInneliHasi TUIOTHOCTh IO OCHOBE y OOJIITMHCTBA 00PA3IOB MEHBIIE, YeEM
1o yTKy. Bennuuna 3anonnenus Ha 100 mm MakcuManbHas y oopasna Nel (Kurait), a HameHbI1as
y obpaszua Ne3. [To BonokHucTomMy coctaBy obOpaszerr Ne3 coctout u3z 100% xmomnka, a oopazer; Nel
COCTOUT U3 CMECH CHHTETHYECKHX BOJOKOH. OcTajgbHble TKAaHU CMECOBBIE C COJEpKAHUEM
HATypPaJIbHBIX U UCKYCCTBECHHBIX BOJIOKOH.

B Ta6nuue 3 npeacraBieHbl pe3yibTaThl IPOYHOCTHBIX XapaKTEPUCTUK JAHHBIX TKaHEH /10 U
nocne ctupok. Tabnmuna 3 u Pucynku 1, 2 mpencTaBisitoT pe3ylbTaThl ONMpeAeNieHUsl pa3phbIBHON
Harpy3Ku TKaHEH, MCIOJIb3YEeMbIX IIJISi CIELOACKIbl. AHAIN3 MOJYYCHHBIX TAaHHBIX MOKA3bIBACT,
YTO BO BCEX MCCIICIOBAHHBIX 00pa3lax pa3pbiBHAS Harpy3Ka MO OCHOBE MPEBOCXOJUT Pa3phIBHYIO
HArpy3Ky Mo yTKy. DTO OOBSCHSETCS Pa3lIUYHBIMU CTPYKTYPHBIMU XapaKTEPUCTUKAMU TKaHEH:
IUIOTHOCTA TKaHW, TUIA BOJIOKHA (HAapUMeEp, HATYpalbHBIM XJIOMOK MEHEe NPOYHBIN, YeM
CUHTETUYECKUE BOJIOKHA), IEPEIUICTeHUsI (HampumMep, MOJIOTHIAHOE TMepervieTeHrue 0ojiee MpoyHoe,
9eM CaTHMHOBOE), 00paboTKa TKaHW (HAIPUMEDP, MPOIMUTKA TKAaHW BOJOOTTAIKHUBAIOIINM COCTABOM
MOXKET CHU3HUTh €€ MPOYHOCTH). MHOTOKpaTHbIE CTHPKH OKa3bIBAIOT 3HAYUTEIHHOE BIMSHHUE Ha
MPOYHOCTh TEKCTUIIBHBIX MaTepuasioB. [locie MHOTOKpAaTHBIX CTUPOK pa3phIBHAS HArpy3Ka TKaHEH,
KaKk TMpaBUJIO, CHIDKAETCS. OTO TPOUCXOIUT WU3-3a TOCTENEHHOTO W3HAIIMBAHUS BOJIOKOH,
BBI3BAHHOTO KaK XHMMHYECKUM BO3JIEUCTBHEM MOIOIIMX CPEACTB, TaK W MEXaHUYECKUMHU
Harpy3kaMy, BOSHUKAIOIIUMU MPU TPEHUH U PACTSHDKEHUU B CTHpaANbHON MammHe. Hammyummmu
MPOYHBIMU XapaKTePUCTUKAMU IO OCHOBe mocie 5 ctupok y obpasua Ned (Typuus) c¢ 85%
COJIepKaHUEM CMECH HATYpPaJIbHBIX BOJOKOH. Pasznuuwe B HW3MEHEHUH MPOUYHOCTHBIX
XapaKTEepUCTHK TOcie KoJudecTBa cTUPOK y oOpa3ioB Nel, Ne6, No7, Ne8, NelO, Nell mo ocHoBe
HAXOJHUTCSI HA OJHOM YpoBHE okoiio 5%. Haubonpie mociae 5 CTUPOK CHU3WIMCH MPOYHOCTHBIC
XapakTepucTUKH y 00pa3oB Ne3, Ned i Ne9.
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PI/ICYHOK 1. 3aBHCUMOCTH pa3pLIBHOﬁ Harpy3km 1O OCHOBC TKaHeH JUI4 BHCIOIHEIO 4Ye€XJjia OT
KOJ4YECTBa CTUPOK
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Pucynoxk 2. 3aBUcHMOCTb pPa3pbIBHON Harpy3KH IO yTKY TKaHEH Ul BHELIHErO 4eXJia OT KOJIMYeCcTBa
CTHPOK

Haubonpmiass pa3peiBHass Harpy3ka mo yrky y ooOpasma Nel. DTo oOBsCHsETCS OOJBIION
IUIOTHOCTBIO PAcCIOJIOKEHUS HUTEH, a TaK)KE€ BOJOKHHUCTBIM COCTaBOM, B KOTOPOM OTCYTCTBYIOT
HaTypaibHble BOJIOKHA. OOpazmbel Ne2 u Ne8 (Kurail) ¢ 001agar0T  yaOBJIETBOPSIFOIIMMHE
MPOYHOCTHBIMHM TOKa3aTeIsiMH, TaKKe B OTUX TKAHSIX HUMEIOTCS BOJIOKHA HATypaJlbHOTO
MIPOUCXOXKACHUS — XJI0moK 6onee 35%. Ho oOpasiibt No5S u Ne6 (Typiiusi) ¢ TakuM e BOJIOKHUCTBHIM
COCTaBOM W TMPHMEPHO OJWHAKOBOM IUIOTHOCTBIO, HMMEIOT 0o0jiee HHU3KHE MPOYHOCTHBIC
xapakTepucTuku (Ha 15%). AHnanu3 mnokasajl HPOYHOCTb HUTEH YTKa HaNpsSMYyK 3aBUCUT OT
IUIOTHOCTA HUTEH B TKaHU. Tak Mo yTKYy MPOYHOCTh MAaTEpUaIOB C COJAEP)KAHUEM HATypaIbHBIX
BOJIOKOH I1OCJIE MHOTOKPATHBIX CTUPOK HamboJjee BricoKas y oOpasiua Ne§, T.K. B TKaHb CMECOBasi C
45% conepxkanuem xJionka u 55% nonuddupa.

5 Tabnuma 2
CTPYKTVYPHLIE XAPAKTEPUCTUKU TKAHEU

Ycaoruoe 0bo3raTeHEED Neln Nelo | Nedo Nedn NeSo | Ne'bo NeT | Ne-Su NoO | NelOm Nello

Macca, TC 5,50 5,50 850 7.750 5,50 4,750 6,50 5040 | 5920 | 5820 6,120
Crpasa-npouzeogaTens T Kuraiic: | Kuraiit) Typuusd Typumss | Typums] Typumad TypumaS Kuraits Karaic| Kuraid Kuaraic
20%- 35%- 52%xnomox-|  35%- 35%- 93%- 45%- 93%-

BonorsmcTeni cocTag- MaEcaH x5 | 100%- | 16%komoma-|  xg- XL __.;:, 0| B x/6.- 15% %0

TKaHH, Yo coAepEanHel 80%- 65%- | xnomort] 16%0amovk-| 63%- 65% | BETIY) 5504 7% 85%-
TomHsCTepd  mfacTd 16%rexkcensd wacTpl| nfacTpC AT nfabupd  agacTs ol norEshEps

Tommyma Txans-b, My 0.64c | 061c| 09c 0.820 0520 | 0540 | 0650 | 07620 05790 | 04840 07340

[NorepxXHOCTHAA TLIOTHOCTE"

M1 hadls 22920 | 22972m 3542c 32290 2292c| 1979cz| 27080 | 2100z 246,70 | 24250 2550w

Koppo HuTeii-no-ocHORE Ha-

72,00 5700 30,00 33.0c 4700 4600 | 4700 | 4600 | 4400 | 500o 480t
1 -cM npH-ArHEHE 5 -cMT

Macca maTH I0-0CHOBE T 0,0894c | 0,08129 01241z 01179 | 0,0719g) 00701z 00756z 007065 0.0836z( 0.07839  0,0878c

Jemeiinad IWIOTHOCTE
HATEH-0CHOBE To, TEKCD:

250 28z 850 Tz 3o 30c 32z 3o 38c £ bt 3o

Konep wurreii-mo-yTrana-l-

450 24 16c 290 260 22c 19z 27 250 260 230
CMTIPH [{THHE 3 CMi

Macca EaTH OO yTKa T 0,0347c | 0,0484g 00812z 00701z | 0.0601g] 00353z 00788z 0.0418c 0.0482c( 005129 0,0493c

JuneiiEag WIOTHOCTE

. 150 400 | 1020 480 460 | 320 | 8o | 3o | 390 | 390 430
HATeH yTEa Ty, Teke T
Tcto mrredt ocrossr Ha: 7202 | 570m| 300m 3300 4700 | 4600 | 4700 | 4600 | 440m | 500o 480z
1000 -Ticazm TLD
mcto mmredt yria sa: 4500 | 2400 | 1600 290c 2600 | 2200 | 1900 | 2700 | 250m | 2600 | 2300
100nma -Trcasm TIC

Pacaerman TIOBEPXHOCTHAA

IUIOTHOCTH TKaHu bez-yaera-| 223380 | 233284 369.54m 338.4c 237,600 189,720 277920 202320 237240 2331c) 246,780

voaboTi HEHTeH. /M2 T
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Jlnsi cpaBHEHHsI XapaKTEPUCTHK OPEHIOBBIX M MECTHBIX 00pa3loB TKaHEW ObUIM BHIOPAHBI
TeXHUYecKHue Xapakrepuctuku Tkanu Kopaypa, Oxcdopn (Heition) u oOpasuoB Nel(monmacrep) u
Ne8 (¢ BbICOKHMM copepkaHueM XJionka). [lomydeHHble pe3ysbTaTbl IPOYHOCTH HA UCTUPAHUE U HA
pasznupaHue MpeACTaBICHBI B BUIe rpagukoB Ha Pucynke 3, 4.

160
B Koan4ecTBO HUKIIOB (ThIC.)

18
10
- I

Pucynox 3. [lokazaTenu mpoYyHOCTH HAa UCTUPAHUE N0 TecTy MapTunaeiina

200
159 156 B OcHoBa B YTok 148

109
I I 1

Pucynox 4. [TokazaTenu NpoYHOCTH Ha pa3aupaHUe

=
(o]
o

IIpounocts Ha pazaup (H)
o o
o o

Jannple TaOnuil Moka3plBalOT, 4TO Haubojee JyYIIUMH MPOYHOCTHBIMH CBONCTBAMM Ha
UCTUpaHUE U paznupaHue oOnanaeT TkaHb Kopaypa, y KOTOpOW NpPOYHOCTh Ha HCTUPAHUE
cocraBisieT 160 Thic. HUKIOB, a IPOYHOCTh Ha pa3zaupanue coctaswio 159 H. Ha Bropom mecte
croutr TKaHb Okchopn (Heiinon), koropas modytd B JBO€ YCTymaeT IO MPOYHOCTHBIM
XapaKTepUCTHKaM. A TKaHM M3 MOJUACTEpa U XJIOMKA, UMEIOIINECs Ha MECTHOM pBIHKE, 00a/1al0T
0ojiee HU3KMMHU MPOYHOCTHBIMHU XapaKTEPUCTUKAMU Ha HCTHpPAHUE, HO y MOJMACTEpa U XJOIKa
MPOYHOCTH Ha pa3aupanue Boiie Ha 30-50 mporeHToB ueM y TkaHu OKcdop/.

Pe3ynpTaThl uccne0BaHUM MOKA3bIBAIOT, YTO MPHU MPOEKTUPOBAHUM OPOHEKUIETOB MOKHO
UCIIOJIb30BaTh IIMPOKUI aCCOPTUMEHT CIELUANBHBIX TKAaHEH, UMEIOIINXCS Ha MECTHOM PBIHKE B
3aBHUCHMOCTH OT BMJIa OpOHEKWJIETa, T.€. YCIOBUN €ro MCIOJIb30BaHUS M HazHadeHus. Tak Juis
0ojee HKCTPEMAaJbHBIX CHUTyallM W TMPOEKTHUPOBAaHUS OpOHEXMIETOB 0oJjiee BBICOKOIO Kiacca
3alIUThl HEOOXOMMO UCII0JIb30BaTh TKaHb Kopaypa. [Ipu nmpoexkTupoBaHuM JeTKUX OpOHEKUIETOB
BO3MOKHO HCHoJb30BaHue TKaHU Oxcdopa u Tkaned u3 monumdcrepa (100%), KoTOpble UMEIOT
OoJsiee HU3KHME TIOKA3aTeNN, OJIHAKO WX MPOYHOCTU JOCTATOYHO IS U3/EIHHA, He OBEpraromuxcs
MTOCTOSIHHBIM Harpy3Kam.

Qunancuposanue. BHITIOIHEHNE HAYYHO-UCCIIEA0BATENbCKOM paboThl 1o Teme «O00oCcHOBaHME
KOHCTPYKTOPCKO-T€XHOJIOTHYECKUX  IapaMeTpoB OpOHEXKHIIETOB C  UCMOJb30BAHUEM
KOMITO3HUIIMOHHBIX MaTE€pPHajIOBy», BBITIOIHIEMON 1Mo 3akasy MuHuctepcTBa OOpa3oBaHus W HAYKU
Koipreisckoit Peciydnuku.
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ONITUMM3AIIUA BIOUKETA IIEPEBO3OK I'PY30B
KEJIE3HOAOPOXHBIM TPAHCIIOPTOM
HA YYACTKAX MAJIOMHTEHCUBHBIX JINHUM KEJIE3HOM TOPOTE
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YHugepcumem nymeti cooowenus, 2. Examepunoype, Poccus

OPTIMIZATION OF THE BUDGET FOR FREIGHT TRANSPORTATION
BY RAIL ON LOW-INTENSITY SECTIONS OF RAILWAY LINES

©Vydashenko L., ORCID: 0000-0002-1372-5516, SPIN-code: 8436-5179,

Ural State University of Railway Transport, Junctions and Freight Work,
Yekaterinburg, Russia, Vydashenko@mail.ru, Vydashenko@mail.ru
©Vydashenko P., ORCID:0000-0002-7844-3579, Ural State University of Railway Transport,
Junctions and Freight Work, Yekaterinburg, Russia
©O0saulenko A., ORCID: 0009-000085384-7623, Ural State University of Railway Transport,
Junctions and Freight Work, Yekaterinburg, Russia

Annomayus. B cOBpeMEHHOM MHUpPE BOIPOC MOBBIIIEHUS JOXOIHOCTH KEIE3HOJOPOKHOIO
TPAaHCIOPTa, UTPAOIIET0 HanboJiee BXKHYIO POJIb B IEPEBO3KaX MIMPOKOH HOMEHKJIATYPHI TPY30B,
aKTyajleH u TpeOyeT oco0oro BHUMaHUs. PaccMaTpuBalOTCs METOABI MOBBIIIECHHS TIOXOJHOCTH OT
I'PY30BbIX IIEPEBO30K HA yYaCTKAaX MAJOUHTEHCUBHBIX JUHMHA CBEpAIOBCKOM KEIe3HOH opory, a
TaK)K€ aHAJIM3UPYIOTCS KII0UeBble (PaKTOPbI, BIUAIOMINE HA 3PPEKTUBHOCTD SKCILTyaTalluy JaHHBIX
Y4aCTKOB, BKJIIOYas OPraHU3alMI0 JIOTUCTUYECKUX IMPOLIECCOB, ONTHUMM3ALUI0 MapLIpyTOB U
BHEJPEHHUE COBPEMEHHBIX TeXHOJIOTUH. Oco00oe BHUMaHUE YAEISETCS SKOHOMUYECKUM acleKTaM,
TaKUM KaK CHW)KEHME 3aTpaT U yBeJIMUeHUEe 00beMa MepeBO30K.

Abstract. In the modern world, the issue of increasing the profitability of rail transport, which
plays the most important role in the transportation of a wide range of goods, is relevant and requires
special attention. The article examines methods for increasing the profitability of freight
transportation on sections of low-intensity lines of the Sverdlovsk Railway, and also analyzes key
factors affecting the efficiency of operation of these sections, including the organization of logistics
processes, route optimization and the introduction of modern technologies. Particular attention is
paid to economic aspects, such as reducing costs and increasing the volume of transportation.

Knrouesvie cnoea: ManouHTEHCUBHBIE JKEJIE3HOJOPOKHbBIE JIMHUU, JOXOJHOCTh OT IPY30BBIX
MEPEBO30K, PACCTOSTHUE, TApU(BI HA TIEPEBO3KY, JKEJIE3HOA0POKHBIA TPAHCIOPT.

Keywords: low-volume rail lines, freight revenue, distance, freight rates, rail transport.
Ha C€1"O)1H$IH.IHI/II71 JACHb OCHOBHBLIM IIEPECBO3YHNKOM, MMPUHUMAIOIINM Y4aCTUEC B OOJIBIIMHCTBE
MponecCoOB TPAHCIIOPTUPOBKU I'PY30B IO TCPPUTOPHUU Poccuiickoit (I)C,Z[epaI_II/II/I, ABJISACTCS KEJIC3HaA

Aopora, KoTopas CHOCO6CTByeT MNOJIHOLICHHOMY YJIOBJICTBOPCHUIO HOTpC6HOCTCI>i MOJIb30BaTeNIeH
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yCIIyT IO MepeBo3Ke, o0ecreunBas KaueCTBEHHOE B3aUMO/JICHCTBHE C APYTUMH BHIaMH TPaHCIIOPTa
U COXPaHHOCTb I'Py30B IIpU MX JocTaBke. JKene3Honopo)kHas OTpacib, 3aHUMAasi BAKHOE MECTO B
JEATEIIbHOCTH CTPaHbl, JOJDKHA OPraHU30BBIBaTh IIPOLIECCHl IIEPEBO30K B 3aBUCUMOCTU OT
IPUOPUTETHOCTH HAIPABICHMH M BBICTPaMBaTh MapLIPYThl, OCHOBBIBA’AChH Ha o0OBEMax
NEPEBO3UMBIX TPY30B. B CBs3u ¢ 3TUM 00pa3yeTcsi HECOOTBETCTBHE MHTEHCHUBHOCTH CIICIOBAHUS
KEJIE3HOJOPOKHOTO IOJBUKHOTO COCTaBa: HAa OJHHUX Y4YacTKaX KOJMYECTBO I10E€3]I0B MOKET
IIPEBBIIIATH MPOIYCKHYI CIIOCOOHOCTb JMHHHU, a Ha JPYTUX — KOJUYECTBO IOE3]I0B COCTABIISIET
MeHee 8 map B CyTKH. Takue y4acTKM Ha3bIBaIOT MAJOMHTEHCHUBHBIMM JKEJIE3HOIOPOKHBIMU
muausmMu - (MOKJI). B coBpeMEHHBIX  yCIOBHSIX IOBBIIIEHHOI'O Pa3BUTHSL TPAHCIIOPTHOM
uHpacTpykTypsl Poccuiickoit denepanyu NPUXOAUTCS CTAJIKUBATHCI C HEOOXOIUMOCTBIO
YBEJIMYEHUSI IPOU3BOJAUTEIBHOCTH JKEIE3HOAOPOXKHOM oTpacimu. W oaun w3 Haubonee
IIPUOPUTETHBIX HANPABICHUH — O3TO IIOBBILICHHE [IOXOAHOCTH OT TIPY30BbIX IIEPEBO30K Ha
MaJIOMHTEHCUBHBIX JINHUSAX.

OOBEKTOM JTAaHHOTO HCCIICAOBAHMS SBISAIOTCS MaJOMHTCHCUBHBIE JHUHUUA CBEpJIOBCKON
XKEJIE3HOM JIOPOTH, a TAKXKE CBS3aHHBIE C HMMH IIPOLIECCHI M MEXAHU3MBI I'PY30BBIX IEPEBO3OK.
OOnacte uUCClIEOBAaHUS — 3KOHOMMYECKHE IPOLIECCHl JKEJIE3HOJOPOKHOIO TPAaHCIOPTa U
yIOpaBieHUE TpYy30BbIMU IepeBo3kaMu. Llenb maHHOM cTarbu ABIIIETCS  ONpEJelICHNE
3¢ HEKTUBHOCTH NPUMEHEHHUS ITyTel OOIIEeTo MOJIb30BAHUS HA YUYAaCTKaX MaJOWHTCHCHUBHBIX JTHHUN
B (hMHAHCOBOW COCTaBJISIOIIEH MEPEBO30K, a TAKXKE UX BIMSIHMSA Ha pacdeT Tapuda MepeBo3KU Ha
CBepIIOBCKOM JKeJIe3HOM Jopore.

[TpoGiema 3¢h(HEeKTHBHOCTH HCIIOIB30BAHUSA M (PHHAHCOBOW BBITOJTHOCTH JKEIIE3HOIOPOKHBIX
IyTel Ha y4yacTKaX MAJIOMHTEHCUBHBIX JUHUNA aKTUBHO 00CYKIAE€TCs Ha CAMbIX Pa3HbIX YPOBHSIX, U
Ha CETOHSIIHUN JIeHb CIICUAUCTHI B 00JIACTH MEPEBO30YHOTO Mpoliecca GOpMyTUPYIOT IOAXO0IbI
K KOMIIJIEKCHOMY pEIeHUI0 JaHHOM mnpoOiemsl. [IpoBoas aHain3 MpPOTSKEHHOCTH POCCUHCKUX
JKEJIE3HBIX JOpPOr, MOXKHO czenaTh BeIBOJ, yTo MOKJI cocTaBilOT moutu OJHY IATYIO 4YacTh OT
obmiel nmpoTsokEHHOCTH Kele3HbIX nopor OAO «PXK»: mmura MXKJT nocturaer 15 353 kM, uto
npupaBHuBaercs K 18,2% ot Bceil jxene3HonopoxHon cetu komnanuu. bonbias yacts M¥KJI He
NIEKTPU(PULIMPOBAHA, & CAMU YYACTKU NPEACTABISAIOT cO00M OHOMYTHBIE JIUHUU [2].

CornacHo IlocranoBnenuto IIpaBurenscrBa Poccuiickoit ®enepaunn ot 27 mapra 2018 r.
Ne330 k MaJIOMHTEHCHUBHBIM JIMHUSIM OTHOCAT CIIEAYIOIIME >KEJIE3HOJAOPOXKHBIE MyTH OOIIEero
I0JI30BAHUS C HEBBICOKOM IPy30HANPSKEHHOCTBIO M HU3KOM 3(h(heKTUBHOCTHIO PadOTHI:

-TIpUBE/IEHHAsl TPY30HAIPSIKEHHOCTh COCTABISAET 5 MIIH. TOHHO-KMJIOMETPOB OPYTTO/KM B TOJT
U MEHEE;

-cyMMapHoe (aKTUUYECKOE JIBUKEHUE TPY30BbIX M MAaCCAXUPCKUX TOE3/10B PaBHO 8§ mapam
MIOE3/I0B B CYTKU U MEHEE.

Ha CBepanoBCckol JKEIE3HOM JOpOre Ha CErONHSAIIHUN [I€Hb BBIICISAIOT TaKue
MaJIOMHTEHCUBHBIE YUaCTKH, Kak MuxaiioBckuii 3aBoj — HuxHeceprunckas — Atur — J{py>KUHUHO
u Bocrounast — Anmaparnas — bepe3ut — Kenposka — Monetnas — Konanyxa — Anyit - Kpyruxa —
Koctoycoso — Ctpuranoo — Pex — KpacHbie op:ibl — Eropiinzo, mo3ToMy cieioBaHue Moe310B 10
JAHHBIM y4acTKaM OI'pPaHUYEHO MPOITYCKHOW CIIOCOOHOCTBIO M MApIIPYTHI CIEIOBaHUS CTPOSATCS B
00X0/1 TaHHBIX YYaCTKOB BO U30€KaHHe 3aJepKeK MPOCIeJOBAHUS MapIIPyTa B MyTH.

Ha cerogusimnunii nens komnanus OAO «PXK/1» npumensieT cucreMy TapuHbIX pacCTOSHUMN
JUIsi pacdera crtouMmocTd (Tapuda) 3a TmepeBo3Ky. JlaHHOe paccTosHUE OIpeAenseTcss T
Tapudnomy pykoBoactBy Ne4, m3gaBaeMoMy OTIEIBbHO, C Y4ETOM OCOOEHHOCTEH ompeneneHus
KpaT4allINX PacCTOSIHUM TP MEPEBO3KE IPY30B IO PA3JINYHBIM y4acTKaM POCCUNCKHX JKEIE3HBIX
JIOpOT,  YCTaHOBJIEHHBIX (eiepalibHbIM OPraHOM HCIOJHUTENBbHOM BIacTHU B 00JacTH
YKEJIE3HOI0POKHOTO TPAHCIIOPTA B COOTBETCTBUHU €O CTaTheél 15 YcTasa.
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[Tnara 3a mepeBO3Ky Ipy30B JKEJIE3HOJOPOKHBIM TPAHCIIOPTOM MCUHCISETCA MO Tapudam,
KOTOpBIE JEHCTBOBAJM HAa MOMEHT IPOCTABIEHUS KAJICHJIAPHOIO WITEMIIENS] B IEPEBO30YHBIX
JOKYMEHTax CTaHLUMU oOTnpasieHus. I[lo 1aHHOMY pYKOBOACTBY ompezensercs TapugHoe
paccTosiHHE OT JKENEe3HOAOPOXKHOM CTAaHIMK OTHpPABICHUA [0 SKEJIE3HOAOPOXKHOM cTaHIMU
HA3HAYEHUS C yYETOM MPABUII OTIPeIeNICHUs] TAPHU(PHBIX PACCTOSHUI:

-32 pPAcCTOSHHWE IO KpaTyalllleMy HalpaBICHUIO, €CIU TI'Py3bl IIEPEBO3ATCA T'PY30BOH U
OO0JIBLIION CKOPOCTBIO;

-3a pacCTOSIHME B COOTBETCTBUHU C COINIACOBAaHHBIM MAapIIPYTOM CIIEOBAHUS IIPU NEPEBO3KE
HerabapUTHBIX TPY30B U IPY30B Ha TPAHCIIOPTEPAX;

-3a CyMMapHoe paccrosgHue nepeBo3ku no PIXKJI mpu mepeBo3kax Ipy30B C ydacTHEM
KanunuHrpaackoi sxenne3Hon Joporu;

-3a PacCTOSHUE MEPEBO3KU C y4eTOM 00XOJa JKEIE€3HOAOPOKHBIX Y3JIOB Ul psAAa ONACHBIX
I'Py30B M OCTaJIbHBIX I'PY30B C y4E€TOM 00X0/Ja MaJOJEATENbHbIX YYaCTKOB U CKOPOCTHBIX JIMHUH,
nyOJIMKyeMbIX B COOpHHKAX IMPaBHJ IEPEBO30K >KEIE3HOJOPOKHBIM TpaHcnopToM U Tapuduom
pykoBojcTBe Ned, u3naBaeMbIM OTAEIbHO.-Tak Kak Tapu@ 3a MepeBO3KY PACCUUTHIBAETCS, UCXOAS
U3 TPOUIEHHOIO TIO0€37I0M pPAacCTOSHHUSA, CIIEJOBATEIbHO, MPU YBEIMUYEHUM KUJIOMETpaXka
CIIEZIOBaHMsI MOJIBIKHOTO COCTaBa 3HaueHWe Tapuda Taxke Oyaer yBenmuuBaTbes. Ha Texymiwii
MOMEHT MOKHO HaOJI0/1aTh CUTYalUIO, B KOTOPOH, YTOOBI paHee MCIIOIb30BAaHHBIE MapLIPYThI
ObUIM TNPHUYUCIIEHBl K KaTeropuM MAaJIOMHTEHCHUBHBIX JKEJIE3HOJOPOKHBIX JIMHUM, H3-3a 4Yero
noeszaM Heobxoaumo cienoBath B 00xo1 MIKJI mo OCHOBHBIM JK€IE€3HOAOPOXKHBIM y4dacTKaM, a
Tapu( 3a IepeBO3KY MOBBIIIACTCS aHAIOTUYHO TMOBBIIICHHUIO MPOHIEHHOTO TOABMKHBIM COCTAaBOM
paccrosinus. CorjacHO MCCIIEJOBaHMIO, IPOBOJUMOMY Ha TeppuTopun CBEpAsIOBCKOH Kene3HOU
JIOpOTH, Mbl MOKEM Ha0JII0/1aTh CUTYALMIO, TP KOTOPON MPOUCXOAUT YBEJIUYEHHUE IPOXOAUMOIO
MOJIBIKHBIM COCTaBOM paccTosiHus B cpeaneM Ha 20% (Tabnuna 2).

Ha ocnoBe Tabmuu 1 u 2 paccMoTpuM cienoBaHMe Moe3fa co cTaHuuu M o cranuuu B.
Cornacuo Tapupuomy pykoBoacTBy Ned moes mpu IpociaeI0BaHUU TI0 TAKOMY MapIpyTy JOJDKEH
npoexarb 503 kM, 4TO U sBiIseTcd KpaTyalmum paccrossHueMm (puc. 1). Munys craHuuio
Jpy’>KMHHHO, ITO€3]] TPOXOJUT YEPE3 KPYIHBIN JKEIE3HOLOPOKHBIN y3€] U HAIPAaBISAETCS CTPOrO B
CTOPOHY CTaHLIUN Ha3HAYECHMSI.

Tabmuma 1
HECOOTBETCTBUE KPATUAMIIIETO U ®PAKTUUYECKOI'O PACCTOSIHUM TIPU CJIEJJOBAHIU
ITOE3/10B OT CTAHIIMUM OTIIPABJEHUS 4O CTAHIIMM HABHAUYEHI S

Cm. Cm. Ipomsoicennoc  Ilpomsasicennocmo Yeenuuenue Yeenuuenue ¢

OMNPAGNEHUsT  HA3HAYEHUs. — Mb MAPWPYMA — MApuipyma 6 o6xo0  paccmosiHusl NPOYEHMHOM

no MJKJI MOKJT COOMHOUEHUU
Crannus b1 Crannusa H 2997 3080 83 2,69
Cranuus M Cranuus 3 726 865 139 16,07
Craunmus M Crannus B 503 990 487 49,19
Craunmus M Cranmus K1 1674 2161 487 22,54
Cranmua M Crannus S 1896 2248 352 15,66
Cranrus P1 Crannusa H 72 72 0 0,00
Crannus C Cranmus 1] 387 662 275 41,54
Cranmus 1] Crannus M 1896 2248 352 15,66
Cranuus Al Cranuus M 552 1039 487 46,87
Cranmus ET Craamusa T 370 427 57 13,35
Crannus B3 Crannus M 294 825 531 64,36
Cranmus P2 Crannus H 2183 2286 103 451
Cranrus P2 Cranmus E 182 281 99 35,23
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Cm. Cm. Ipomsowcennoc  IIpomsoicennocmo Yeenuuenue Yeenuuenue ¢
OMNPAGNCHUs.  HASHAYEHUS. — Mb MAPWPYMA — MApuipyma 6 00xo0  paccmosiHus NPOYEHMHOM
no MOKJI MOKJT COOMHOUEeHUU
Craumus A2 Craunus I 756 791 35 442
Cranuus Al Cranuus M 552 1039 487 46,87
Cranuus K2 Cranuus M 206 1385 1179 85,13
Tabmuna 2

HECOOTBETCTBUE TAPU®OB I1IPU UCIIOJIb3OBAHUN KPATYAMIIETO
U ®PAKTHUYECKOI'O PACCTOSAHUU ITPU CJIEAOBAHNMU [1OE3/10B
OT CTAHIIUU OTIIPABJIEHNA 1O CTAHIIMU HASHAYEHIMA

Cm. Cm. naznauenus Tapudgh npu Tapugh npu Pasnuya ¢ IIpoyenmnoe
OMnpPasIeHUs. mapwpyme no mapwpyme 6 mapuge coommoueHue
MIKJT 06x00 MIKJI

Cranums b1 Cranums H 3781800,00 3914640,00 132840,00 3,39
Cranuusa M Cranuus 3 23182,00 25797,00 2615,00 10,14
Cranuusas M Cranuust B 17314,00 28114,00 10800,00 38,42
Cranuus M Cranmms K1 47368,00 57066,00 9698,00 16,99
Cranuusa M Cranuums 51 43838,00 48254,00 4416,00 9,15
Cranuums P1 Cranuus H 33893,00 33893,00 0,00 0,00
Crannmsa C Crannus 111 14911,00 21092,00 6181,00 29,30
Crannus 111 Cranuus M 7825,00 27692,00 19867,00 71,74
Cranuums Al Cranuusa M 13956,00 23795,00 9839,00 41,35
Cranuus ET Cranuus T 13949,00 16040,00 2091,00 13,04
Crannms B3 Cranuusa M 6589,00 16969,00 10380,00 61,17
Crannms P2 Cranmms H 49313,00 50070,00 757,00 1,51
Cranuus P2 Cranuus E 13270,00 15908,00 2638,00 16,58
Cranuus A2 Cranuums 11 51029,00 52591,00 1562,00 2,97
Cranmms Al Cranuusa M 13956,00 23795,00 9839,00 41,35
Cranmms K2 Crannusa M 5923,00 28472,00 22549,00 79,20

Ho B [felcTBUTENbHOCTHM TO€3] OTMPABUTCS MO JPYroMy Mapuipyry — B 00xon

MaJIOMHTEHCUBHBIX JKEJIE€3HOJIOPOKHBIX JIMHUN. B pe3ynbraTe Obl1 BBIOpaH CleqylOmuid MapuipyT:
Crannus M — Cka3s - bepasym - YensiOunck-I'naBubiii - Huxnss - Kamenck-Ypanbckuii — TroMeHb
— Cranuus B (PucyHnok 2). PaccrosiHue B TakOM ciydae yBEeIMYMBAETCs MPaKTHUECKH B 2 pas3a U
coctaBisieT 990 kM. Micxoas U3 MOTy4YeHHBIX PACCTOSTHUM, MOKHO ONPEAETUTh Tapu(d I KaKI0ro
BApUAHTa NEpeBO3KU cTaHuus M — cranuus B. B mepBoMm ciywae ¢ y4eToM KpaTdalliero myTH
cnenoBanus noesna (503 kM) Tapud Ha mepeBo3ky coctaBuT 17314 pyOneit. Ilpu npoxoxaeHun
noe3sioM Gaktuueckoro paccrossHus (990 kM) Tapud Ha mepeBO3Ky Ha 3TOM K€ HalpaBICHUU
cocTtaBuT yxke 28114 pyOaeii (tapud yBenuuuics B 1,62 pasa).

OpueHTHpYSCh Ha TOJy4YeHHbIe aaHHble (Tabimmma 3), MOXHO cIeNaTh BBIBOJA, YTO IPHU
ucrions3oBanun MOKJI m MamojmesiTeNbHBIC yYacTKH ISl CIICIOBAHUS TOE37I0B BO M30EKaHHE
3arpy’kKCHHbIX HalpaBICHUI MPOTSHKEHHOCTh MapuIpyTa MX IYTH YBEJIWYMBAETCS B CPEIHEM Ha
322,06 kM (29,01%). Tax xkak Tapud 3aBUCHUT OT TPOWJEHHOTO IOE3/I0B PACCTOSHUS,
CJIEIOBATENIbHO, U €T0 3HAaUY€HHE BO3pacTeT. Mbl OINpeieii, YTO CTOMMOCTh IEPEeBO3KH (Tapud) B
cpennemM Bo3pactaet Ha 15379,5 pyouneit (27,27%).
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Tabmuna 3
JAHHBIE T10 YBEJIMYEHNIO PACCTOSIHUA 1 TAPUDA 3A TTEPEBO3KY
COI''TACHO ®AKTUYECKOMY MAPHIPYTY CJIIEJOBAHUS
Cm. Cm. yeeauuenue npoyenmHoe yeeauyeHue npoyeHmHoe
OMNPAGIECHUS. HA3HAYEHUs PACCOSIHUS coomuouienue mapugpa COOmHOUleHe
Crannus b1 Crannusa H 83,00 2,69 132840,00 3,39
Cranmusa M Cranmus 3 139,00 16,07 2615,00 10,14
Cranuusa M Cranuus B 487,00 49,19 10800,00 38,42
Cranuusa M Crannmsa K1 487,00 22,54 9698,00 16,99
Cranmusa M Cranmus 352,00 15,66 4416,00 9,15
Crannus P1 Crannusa H 0,00 0,00 0,00 0,00
Cranumsa C Crannws 111 275,00 41,54 6181,00 29,30
Crannws 111 Cranuusa M 352,00 15,66 19867,00 71,74
Cranmus Al Cranmusa M 487,00 46,87 9839,00 41,35
Cranmus ET Cranmusa T 57,00 13,35 2091,00 13,04
Cranuus B3 Cranuusa M 531,00 64,36 10380,00 61,17
Cranuus P2 Cranums H 103,00 451 757,00 1,51
Crannms P2 Cranmus E 99,00 35,23 2638,00 16,58
Cranmms A2 Crannms 111 35,00 4,42 1562,00 2,97
Cranuus Al Cranuusa M 487,00 46,87 9839,00 41,35
Cranuus K2 Cranuusa M 1179,00 85,13 22549,00 79,20
CpexHee 3HaUCHIE 322,06 29,01 15379,50 27,27

OCHOBBIBasICh Ha JaHHOW WH(OPMAIMK, MOXHO CHENaTh BBIBOJ, YTO IOCJE YTBEPKICHUS
[ToctanoBnenus IlpaBurensctBa Poccuiickoin @enepaunn ot 27 mapta 2018 r. Ne330 u BHeceHus
OIIpEICIICHHBIX y4acTKOB Ha (CBEpIUIOBCKOM KEIE3HOM AOPOre B KATErOPUI0 MaJOMHTECHCHBHBIX
KEJIE3HOJOPOXKHBIX  JIMHUM  CTaHAapTHbIE  MapLIPyThl  CIIEJOBaHMUS  IO€370B  ObUIK
CKOPPEKTUPOBAHBI, a MPOIIEHHOE MOJIBUKHBIM COCTaBOM PAaCCTOSIHUE YBEJIMYWIOCH B CPEJHEM Ha
29.01%, 4ro TmpHUBENO K KOPPEKTUPOBKE pacuera Tapuda U yBETUUYEHUIO CTOMMOCTHU
KEJIE3HOJOPOKHOM NepeBO3KU Ha 27,27%.

JlanHOe HcclieoBaHNe, MPOBEACHHOE HA OCHOBE JaHHBIX CBEpIOBCKOM JKEJIe3HOM JT0pOTH,
MIOKA3bIBAET, YTO YTBEP)KICHHE KATErOpUM MAaJOWHTEHCUBHBIX KEJIE3HOJOPOXKHBIX JIMHUN U
MCMOJIb30BaHUE (PAKTHUECKOT'O PACCTOSHUS CIIEI0BaHMsI 1T0€3/1a IpU pacdere Tapuda BeaeT Kk 0oee
IIMPOKUM (UHAHCOBBIM BO3MOXKHOCTAM KommaHuun OAO «PXK/I». Ecnu ke paccmarpuBarh BCIO
CeTb JKeJe3HbIX Jopor Poccum, TO BO3MOXKHas NPHUOBUIL OT TPY30BBIX IEPEBO30OK TOJIBKO
yBenuuutcs. [loaromy npobnema ucnonszoBanus MOKJI u pacuera tapuda 3a nepeBo3Ky Mexay
CTaHUUSAMHM OTIpABIEHUS M Ha3HAuUeHUs sBJIsercs Haubosjee akTyaabHOH U Tpelyer
HE3aMEUINTEIBbHOTO PACCMOTPEHUSI U TAIbHEUILIETO €€ PELICHHSI BOIIPOCA MOBBILEHUS JOXOJHOCTH
KOMITaHUH OT TPY30BbIX NEPEBO3OK.

Cnucox numepamypeoi

1. Bakynenko C. II., IlpoxopreB M. H., EBpeenoBa H. ). I'py3oBbie mnepeBo3ku
KEJIe3HOJOPOKHBIM TpaHcniopToM. M.: PYT (MUUT), 2021. 234 c.

2. Bakynenko C. I1., Komun A. B., EBpeenoBa H. FO. ManonestensHble JIMHAN: COCTOSIHAE U
BapHUaHTh! onTuMu3anuu //Mup tpancnopra. 2017. T. 15. Ne3. C. 174-180.

3. Ilocranosnenue IlpaBurensctBa PO ot 27 mapra 2018 r. Ne330 «OO6 yTBepkaeHUU
KPUTEPHEB OTHECEHHsI JKEJIE3HOJOPOKHBIX ITyTeH OOIIEro IOJIb30BaHUS K MAJIOMHTEHCUBHBIM
JUHUAM (y4acTKaM)».
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XAPAKTEPUCTUKA BUOXUMHUYECKHX U 'EMATOJIO'HYECKHAX
ITOKA3ATEJIEN Y ) KUTEJIEU I'OPOJJA PA33AKOB

©Hpypaanobex koizvl C., Kvipevizckutl HayuoHanibHslil yHUepcumem
um. K. banacazvina, 2. buwxek, Kvipevizcman
©OKa3zvioekosa A. A., kano. ouon. nayx, Mncmumym eoproti gpusuonoeuu u meouyurwvt HAH KP;
Kuipevizckuu nayuonanvhwiii ynusepcumem um. XK. banacazeina, 2. buwxex, Kvipevizcman

CHARACTERISTICS OF BIOCHEMICAL AND HEMATOLOGICAL
PARAMETERS IN RESIDENTS OF THE CITY OF RAZZAKOV

©Nurlanbek kyzy S., Kyrgyz National University named after J. Balasagyn, Bishkek, Kyrgyzstan
©Kazykbekova A., Ph.D., Institute of Mountain Physiology and Medicine National Academy of
Sciences of the Kyrgyz Republic; Kyrgyz National University named after J. Balasagyn,
Bishkek, Kyrgyzstan

Annomayus. llenp wuccieqoBaHUS — OLIGHKAa OHOXMMHUYECKHMX M TIeMaTOJIOTHYEeCKUX
IIOKa3aTesen y xurene Pa33zakoBa B yCIOBUSAX XPOHUYECKON T'MIIOKCUHM BBICOKOTOpbs. 1IpoBenén
cpaBHUTENbHBIA aHanmu3 ¢ 3000 sxutensimMu buinkeka, BbBISBIEHBI CTaTUCTUYECKU 3HAYMMBbIE
pasnmuuust (p<0,001). V xuteneit Pa33akoBa 3adukcrpoBaHbl NOBBHILIEHHBIE YPOBHU FeMOITIO0MHA,
SPUTPOLIUTOB U CHIBOPOTOYHOIO JKEJIE€3a, OTPaKarolle KOMIICHCATOPHbBIE ajanTaluu. Takxke
ormeudeHo noBwiieHne ounnpyouna, AJIT, ACT u rioKo3bl, yKa3plBaoliee Ha METa0OIHMUECKYIO
Harpy3ky. Pe3ynbTaTsl moqu€pKuBalOT HEOOXOAMMOCTh y4€Ta PErHOHaIbHBIX OCOOEHHOCTEN Ipu
MHTEpIpEeTally JJabOpaTOPHBIX TAaHHBIX U pa3pabOTKU JOKaIbHBIX HOPMAaTHUBOB.

Abstract. The aim of the study was to evaluate biochemical and hematological parameters in
residents of Razzakov under conditions of chronic highland hypoxia. A comparative analysis was
conducted with 3,000 residents of Bishkek, and statistically significant differences were revealed
(p<0.001). Residents of Razzakov had elevated levels of hemoglobin, erythrocytes, and serum iron,
reflecting compensatory adaptations. An increase in bilirubin, ALT, AST, and glucose was also
noted, indicating metabolic stress. The results emphasize the need to take into account regional
characteristics when interpreting laboratory data and developing local standards.

Knrouesvie cnosa: ruNoOKcHs, aganTalus, TI'eMOIVIOOMH, OHOXMMHYECKHE I[OKa3aTelH,
BBICOKOTOPBE.

Keywords: hypoxia, adaptation, hemoglobin, biochemical parameters, high altitude.

I'opon PaszakoB, panee u3BecTHbli kak Mcdana, — HeOonbIION HacenEHHBIM MYHKT,
pacroyio’keHHbIN B 10’KHOW 4yacTu Depranckoil 1oyuHbl, Ha 3anajne batkeHckoil obmactu, B 10ro-
3anmaaHoil wactu Keipreicrana. 18 mapra 2022 roma oH ObUl oUIMAIBHO MEPEHMEHOBAH M3
Hcdans! B PazzakoB. CornacHo nanHbM HarmoHnanbHOro cratuctudeckoro komurera Kulpreizckoit
PecniyOnuky, 4MCI€HHOCTh HAcelleHUsl TOpoja BMECTE C MOAYMHEHHBIMU c€naMu cocTaBiser 34
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219 uenosek, wu3 KoTopeix 23 038 mpoXMBalOT HENOCPEACTBEHHO B  Pas3akose
(https://goo.su/xsMv).

N3ydyenne OMOXMMHUYECKMX W TIeMaTOJIOIMYECKUX MapaMeTpoB uTelieid ropoja PazzakoB
SBJIICTCS BaXXHBIM [UIsl JMAarHOCTUKM M TNPO(PUIAKTUKH Pa3IUYHbIX 3a00JIeBaHMIA, BKIIIOYas
CepACYHO-COCYUCTbIC, PHIOKPUHHBIE M MH(EKIMOHHBIE MATOJOrHU. JloCTOBEpHBIE NaHHBIE O
HOPMAJIbHBIX 3HAUEHUSX OTHX I[OKa3aTelel cpeld MECTHOTO HaceJIeHHs HEOOXOIMMBI s
o0ecrniedyeHrs TOUHOCTU JUArHOCTHKYU U 3()PEKTUBHOCTH JICUEHUSI.

B ropone PazzakoB coxpansercs mpoOiieMa 3arps3HEHHs] BOJbI TSKEIBIMH METaIaMU.
WNuctutyr Ouonornn HarmumonaneHOW akagemMun Hayk KeIpreizckoir PecryOnukyu TpoBOIHI
HKCHEeIUIIMOHHBIE MCCIIeIOBAHUsA, B X0/1€ KOTOPBIX OCYIIECTBIISUICS OTOOp MpoO CTOYHBIX BOA U
MOYBBl B pa3HbIX pailoHax, Bkioudas Pa33akoB, ¢ LENbIO ONpeAeNeHHUs YPOBHS 3arpsi3HEHUs
TSOKENBIMU METaJUIaMHU.

B cocennux paiionax, takux kak Cymcap, MCTOYHMKOM IIOCTOSIHHOT'O 3arpsi3HEHUS PEKU
Cymcap sBisitoTcsi 3a0polleHHbIe XBOCTOXpaHuiuIia. OHU NPUBOASAT K CHCTEMAaTHUYECKOMY
MOMAJIaHUI0 B BOJY COJIEM TSDKENMBIX METAJIOB, TaKMX KaK CBHUHEN, IUHK, KaAMUH U CypbMa
(https://goo.su/0Hox218).

Caxapublil quader octa€res oJHOM u3 HanboJiee aKTyalbHBIX IIPOOJIEM 3JpaBOOXPAHEHUSI BO
BcéM Mupe, u ropon Pas33zakoB He sBisercs uckiarodeHueM. CoryiacHo AaHHbIM HarmoHanbHOTO
cratructuyeckoro komurera Koipreickoit PecnyOmuku, B 2017 © ypoBeHb CMEPTHOCTH OT
caxapHoro auabera B barkenckoit obGnactu coctaBmsin 6,1 cnydas wa 100 000 HacenmeHus
(https://goo.su/PqQJVI)].

B TepaneBtuyeckoe otaenenrne baTkeHCkoll 00JacTHONW OONBHMIIBI Yallle BCETO MOCTYHAIOT
MAIMEeHThl C CaxapHbIM JWAa0ETOM M XPOHWYECKMMHU 3aboneBaHusMH JETkuX. Kpome Toro, B
pErHoHe MIMPOKO PaCIpOCTPaHEHbl NMATOJOTHHU meueHu U modek. [lo manHeiM HanmonanbHOTO
craructuyeckoro komurera Koipreizckoit Peciyonuku, B nepuoa ¢ 2015 r mo 2019 r B batkenckoit
obyacTi ObUTH 3apETUCTPUPOBAHBI CIIydal CMEPTHOCTH OT OOJI€3HEW OpraHOB MUINEBAPEHUS, YTO
MOXET CBHJICTEIILCTBOBATh O BBICOKOH 3aboseBaemoctu niedenu (https://goo.su/PqQJIVI).

JononuurensbHo, B 2025 T co00IANI0Ch O CIOKHOCTIX C MPEJOCTaBIEHUEM TeMOAMATU3HBIX
ycayr B baTkeHe, 4YTO CBUIETENBCTBYET O 3HAUYUTEIBHOM YHCJIE NALUEHTOB C IIOYEYHOMN
HenocrarouHocThio (https://goo.su/maTR).

L]env uccneoosanus: oxapakTepu3oBaTb OMOXMMHUYECKHE U T€MATOJIOIMUECKHUEe TIoKa3aTeln y
XKUTeNel ropoaa Pa33akoB ¢ IIENBIO OLEHKM COCTOSIHMSI UX 310POBBS, BBIABICHUS BO3MOYKHBIX
OTKJIOHEHUH OT HOpPMBI M paHHEH IMAarHOCTUKM TaKUX HapylIeHWH, Kak 3aboyieBaHUS cepala,
MEYEHH, TIOUEK, a TAK)KE METa00IMUYECKIUE 1 MMMYHOJIOTHUECKHE PacCTPOMCTRA.

Mamepuansi u MmemoOobi uccie0o8anuil

Pabota Obla BeInonHeHa Ha 6a3e nabopatopun Pazzakos JILOBII.

B wuccnenoBanme Obuin  BiiroueHbl 3000 kurTeneid ropoaa Pa3zakoB, TOpPOBHY
pacnpenenénubix mo nouy: 1500 myxxuun u 1500 >xeHIuH, TpeuMyIecTBEHHO B Bo3pacte oT 20 10
60 ner. 'opon PazzakoB pacronioskeH Ha BbicoTe Ookojio 1500 M Hax y M, uTO 00YCIOBIMBAET
0COOEHHOCTH KJIMMaTa U TMIOKCHYECKYIO Harpy3Ky, BIUSIOIIYIO Ha (PU3HOJIOTHYECKUE MTapaMeTphl
OopraHu3ma. Y4acTH€ HacCeJIeHHsS pPEruoHa C BBICOKOTOPHBIM KJIMMAaTOM TII03BOJISIET OLIEHUTh
aJlalTalliOHHbIE  W3MEHEHHd B  OMOXMMHYECKMX M  TE€MaTOJIOTUYECKUX  IOKa3aTelsx,
00yCJIOBJICHHbIE XPOHMYECKOM rumnobapuyeckoil rumokcueil. i monydeHus: OOBEKTUBHBIX
JAHHBIX y BCEX HCHBITYEMBIX OBLTH B3AThl 00pa3lbl BEHO3HOW KpoBH. UTOOB MUHMMH3MPOBATH
BO3MO>KHbBIE IIPEaHATUTHUYECKHE OINOKH, CTPOro COOTIOJAINCH CTaHAAPTU3UPOBAHHBIE TIPOTOKOJIBI
MOATOTOBKM  MAlMEHTOB, MpoOUEAypbl 3abopa, XpaHEHHd U MHocienyromed o0paboTku
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ouomarepuana. Takoil moaxox obecredmsl JOCTOBEPHOCTh M BOCHPOU3BOAMMOCTH TOTYYCHHBIX
pe3yiabTaToOB.

s cobmo/ieHusT TOYHOCTU HCCIEIOBAaHUSL MPEIBAPUTENHLHO CHOPMYIUPOBATIN KPUTEPUU
orObopa y4aCTHUKOB. Kpumepuu 6xnmouerus: MYXYHHBI U JKCHIIUHBI B Bo3pacte 20-60 ier;
OTCYTCTBHE OCTPBIX BOCHAIUTENBHBIX 3a00JCBAaHUI B TEUEHUE TMOCIEAHUX [BYX HEJENb,
OTCYTCTBHE XPOHHUYECKUX 3a00JI€BAaHUH, CIIOCOOHBIX MOBIHUATH HA MOKA3aTEM KPOBU (HAIPHUMED,
caxapHoro nuabera, XpOHHYECKONH IOYEYHOM HEJAOCTATOYHOCTH), COIJIache Ha YydyacTHE B
uccinenoBanuu. Kpumepuu ucknouenus: HaTu4he TOPMOHAIBHOM HIIM MMMYHOMOIYJIHPYIOIIEH
Tepanuy, KypeHHe WiH ynorpebiieHue anmkoroyisi 3a 48 d9acoB m0 3a0opa KpOBH, HEIaBHUE
XUPYPrUdecKre BMENIATEIhCTBA WM 3HAYUTEIbHBIC KPOBOTIOTEPH; JIUIIA C U3BECTHOM TreMopuInei
WIH IpYTUMHU 3a00JI€BaHUSMU KPOBH.

Ilepen B3aTMeM mpoO 3apaHee WHGOPMUPOBAIU BCEX YUYACTHUKOB HCCIEIOBAaHUS O
HEOOXOIUMOCTH COOJIIOJICHUSI CTaHIAPTHBIX YCIOBUH MOATOTOBKH. (OCHO8Hble mpebosaHus
6KIOYaIU; 3a00p KPOBU HATOIIAK — MOCIEAHUN NMpUEM MUILKA HE TO3Hee, yeM 3a §-12 JacoB 10
MpoUeaypbl. DTO HCKIIOYAIO BIUSHUE NHIIEBBIX (PAKTOPOB Ha OMOXMMHUYECKHE IOKa3aTelu;
orpaHuueHue (U3MYECKUX HArpy30K — 4ToObl H30ekaTh KoJeOaHWH MeTabOTUYEeCKHX
rapaMeTpoB, YUaCTHUKAM PEKOMEH/I0BAJIOCh HE 3aHUMAThCS CIIOPTOM 3a CYTKH JI0 CIa4Ml aHaJu3a,
HCKITIOYCHHUE CTPECCOBBIX (DAKTOPOB — IMOCKOJIBKY CTPECC MOKET MOBJIMATH Ha TTOKA3aTEIH KPOBH,
MaUMUeHThl nepen npoueaypoil mpoBoawid 10-15 MHUHYT B CIOKOMHOM COCTOSIHMM, KOHTPOJb
npuéma JIeKapcTB — B CIy4asiX, KOTJa UCIBITyeMble TPUHUMAIU MEIUKaMEHThI, Mbl (PUKCUPOBAIH
3Ty HH(OPMAITUIO, YTOOBI YUUTHIBATh €€ IPH HHTEPIPETAIINN JaHHBIX [2].

JIisi BBIMIOJIHCHUS OMOXMMHUYCCKHMX aHaiM30B, Obul ucronb3oBaH HUMALYZER Primus
(Pucynox 1) ¢ poTomeTpudeckuM METOOM U3MEPEHHsI, OCHOBAHHBIH Ha OTPEICIICHUH ONTHYCCKOI
IUIOTHOCTA pacTBOpa. IJTO CTaHAAPTHBIA METOJ [UIsl TOJyaBTOMATHYECKHX OHOXUMHUYECKHX
aHaJIM3aTOPOB.

Pucynox 1. HUMALYZER Primus

Tumnel Mmetos0B, npumensiembix Ha HUMALYZER Primus:

1. Kunernueckuif meron: M3mepeHue W3MEHEHHS ONTHYECKOM IUIOTHOCTH BO BPEMEHHU.
Ucnonw3yercst nnst hepMEHTATUBHBIX peakinid, Takux Kak omnpenenenue aktuBHOCTH AJIT, ACT u
IpyTrux GEepMEHTOB.

2. Koneunas Ttouka (Endpoint): M3mepeHne onTHYECKOW IJIOTHOCTH TOCIE 3aBEpIICHUS
peakiuu. Ilpumensiercs Ans ompenesNeHUs] TaKMX MapamMeTpoB, Kak TIUIOKO3a, OOImuMi OesokK,
MOYEBHHA.
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3. [IByxBoTHOBOE M3MepeHue: M3MepeHne onTH4ecKkoi MIOTHOCTH Ha JBYX JUTMHAX BOJIH JUIS
KOMITEHCAITMH (JOHOBOTO MOTJIOMIECHUS U MOBBIIIEHUS TOYHOCTH.

Yacto ucnonb3yemble anuHbl BoaH: 340 HM (pepmentaruBHbie peakimu, NADH/NAD+);
405 um, 505 aM, 546 M, 600 HM 1 apyrue (B 3aBUCUMOCTH OT TecTa). Kaxkaplii TECT UMEET CBOIO
VHUKAIbHYIO METOJUKY, KOTOpash OnmucaHa B MHCTPYKIMHM K peareHTam. OOIMiA aHAlW3 KPOBH
(OAK) c wucnonp30BaHHEM MHUKPOCKOMA TIPOBOJAMIICS CICAYIOIIUM 00pa3oM: mocie 3abopa
KaWUSIPHOM TOTOBUTCS TOHKUHA Ma30K Ha MPEIMETHOM CTEKJie, KOTOPbIH 3aTeM (UKCHUpYETCs U
okpamuBaetcs (o PomanoBckomy—I'um3e). Ilocie BbICylIMBaHUS OKpAlllEHHBIM Ma30K H3y4aroT
MO/ CBETOBBIM MHUKPOCKOIIOM. B rmpormecce MHKPOCKONHH OIICHUBAIOTCS MOPQHOIOTUYECKUE
OCOOCHHOCTH KJIETOK KpOBHU: (hopMa, pa3Mep U OKpacka JPUTPOIUTOB, KOJUYECTBO U BHUIBI
JEHKOIMTOB (C TMOCTPOEHUEM JeHKOIUTapHOW (OpMyIibl), HaTWYHe MNATOJOTHYecKuX ¢opM, a
TaK)Ke NPUOIM3UTENbHOE KOJIMYECTBO TPOMOOIMTOB. DTOT METOJI MO3BOJSIET BBIABUTH MPU3HAKU
aHeMu#, HH()EKIMOHHO-BOCTIAJIUTEIbHBIX 3a00J€BaHNH, KPOBOTECUEHHUH, Mapa3uTapHbIX UHBA3UN U
JPYTUX T€éMaTOJIOTHYECKUX HapyIICHUH.

s onpenenenuss COD ucnoisb3yercs meton [laHueHKkoBa, IpUMEHSETCsS] IPU UCCIIEI0BAHUN
KaMWJUSIPHOM KPOBHU U UCMOJb3YeT CTEKISHHYIO IpaayupoBaHHYIO TpyOky. KpoBb cMmemnBaercs ¢
AHTHKOAryJISTHTOM (IIUTPATOM HATPHUs), YTOOBI MPEIOTBPATHTH CBEPTHIBAHWE. 3aTeéM OHa
MTOMEIIAETCS B CIICIHUATBHYIO BEPTHKATBHYIO TPYOKY, U CITYCTS 9ac U3MEPSETCSI BRICOTA CTOJIOMKA
J1a3Mbl, 00pa30BaBIIETOCS HaJ OCEBIIUMH SPUTPOLIUTAMHU (B MM/4).

Pesynomamot u ux oocysrcoenus

B xome wuccrenoBaHus OBUT TIPOBENEH aHANU3 KIIOYEBBIX T'€MATOJIOTHMUECKUX |
onoxumuueckux rmokaszareneit y 3000 sxureneit ropusix paiionoB (r. Pazzako) u 3000 xureneit
ropoga bumikek. B BbiOOpky Bomumm ciemyromue mnokazatenu: xkenezo, AJIT, ACT, rmrokosa,
OUMUPYOUH, TEeMOTIO0MH, DSPUTPOLUTHI, JEUKOLUTHI, TPOMOOIMTHI M CKOPOCTh OCEIaHUS
sputpouutoB (COD). AHanu3 pe3yiabTaTOB Yy KUTEJIEH TOPHBIX PAalOHOB MOKa3aj, MOBBIIICHHBIC
3HAueHMs reMOIIoOuHa U >puTporuToB. 'emornobun (162,3 r/n) u spurpouutst (5,9 x10° /mxn)
HaXOJATCs OMIKe K BEpXHEH rpaHuile HOpMBI, IpHu 3ToM Oosiee 70% y4acTHUKOB HaXOJSATCS B 3TOM
auamna3zoHe. DTO THUIIHYHO JJISl KUTENEH BBICOKOTOPbS, TI€ B YCIOBHUAX XPOHHUYECKON TMIIOKCHUU
MPOUCXOTUT (HU3UOJIOTHYECKAs KOMITEHCALUS — CTUMYISILUS SPUTPOIIOd3a IS YIYUIICHHUS
TpaHCHoOpTa Kucioponaa. ['emaronormueckas aganTanusi — IOATBEPKAACTCS W HOPMAIbHBIM
YPOBHEM TPOMOOITMTOB U JIEUKOLIUTOB, 0€3 MPU3HAKOB MATOJIOTHUYECKHUX CIBHUTOB.

buoxumnueckue mokazarenu mneueHu (AJIT, ACT, ounupyoun). AJIT u ACT: B cpennem
HAXOJATCS B TpeJenax HOPMBI, HO ONke K BepxXHEH TrpaHume. OTO MOXET TOBOPUTH O:
(GU3MONOTHYECKO Harpy3ke Ha TI€YeHb, BO3MOXXHO IIOBBIIICHHOTO MOTpeOIeHusT Oelka.
bunupy6un (19 mxmonw/n mpu BepxHeil rpanune 21) — Toxe Ommxke K MakcuMymy y 68%
UCIBITYEMBIX, YTO MOXET OBITh CJIEICTBHUEM: IMOBBIINIEHHOTO TE€MOJH33a, YMEPEHHOW THUIIOKCUHU
TKaHel. Takoi ypoBeHb OMIIMPYOMHA MOXKET OBITh aJalITHBHBIM, a HE TTATOJIOTHICCKUM.

I'mroko3a (5,4 MMoIb/) 3HAYEHHUE B Mpeesiax HOPMBI, HO OJbke K BepxHel rpanuie y 70%
y4aCTHUKOB. Bo3MOXHa yMmepeHHass HWHCYIMHOPE3UCTEHTHOCTh KakK aJanTHBHAs peaklus Ha
MOCTOSIHHBIN MeTaboIHuecKuii ctpecc. Jluera ¢ MOBBIMIEHHBIM COIEPKAHUEM YTIIEBOIOB. [ HTIOKCHUS
MOXKET CHWXaTh UYBCTBUTCIBHOCTh TKaHEH K WHCYJIWHY, YTO TpeOyeT KOMIICHCATOPHOTO
YBEIMYCHUST YPOBHS TIFOKO3BI.

[TonydeHHbIe JaHHBIC HE CBUAETEIHCTBYIOT O MATOJIOTHH, & CKOPee OTPaKal0T HOPMAaJIbHYIO
(U3HONOTHYECKYIO aJanTallMi0 OpraHM3Ma K KH3HU B YCJIOBHSIX ropoaa Pa3szakoB: ycuieHue
KHCIIOPOJATPAHCIIOPTHON (YHKIMU KpOBU (T€MOTJIOOMH, HPUTPOLIUTHI), BO3MOXKHO, JIETKOE
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MOBBIIIEHUE OMIMPYOUHA — KakK CJIEJICTBHE YCKOPEHHOTO OOMEHa, CTa0MIbHBINA YPOBEHB TIIFOKO3BI,
YKa3bIBAIOIIUI Ha XOPOIIYI0 METa0OINUECKYIO alalTalltIoO.

Tabmuna 1
HOJIYYEHHBIE PE3YJIbTATbI BUOXUMUYECKUX AHAJIN30B
Y XUTEJIEU T'OPOJA PA33AKOB
Toxazamenw Cpeonee Pegpepencnvie  Koauuecmeo nooeii 6 % om obwezo
3HAYeHUe SHAYEeHUs. sepxHell epanuye yucaa (n=3000)
XKenezo (MKMOJIB/T) 24,5 10,7-26,0 1875 75
AJIT (En/m) 35 5-40 1980 66
ACT (En/n) 34 5-38 1860 62
I'mroko3a (MMOJIB/IT) 54 3,9-6,1 2100 70
bunupyOuH (MKMOJTB/JT) 19 5-21 2040 68
. Tabmuma 2
I[NIOJIYUEHHBIE PE3YJIbTATBHI OAK YV JKUTEJIEW 'OPOJIA PA33AKOB
Tokazamenv Cpeonee Peghepencrnvie  Konuuecmeo nrooeti % om 0bwezo
3HAUYeHue 3HAUEHUS. 6 gepxrell epanuye  uyucaa (n=3000)
I'emormobun (/1) 162,3 120-170 1950 78
DputpouuTsl (x10° /MKn) 5,9 4,2-6,0 1820 72,8
JletikoumTser (x10%/MKT) 7,5 4,0-9,0 2256 75,2
TpomboruTs! (% 103/ MKIT) 260 150400 2280 76,0
COD (Mm/4) 12 2-20 2160 72,0

AHanu3 npeICTaBIEHHBIX TeMaTOJIOTHYECKUX U OMOXMMUYECKUX MaHHBIX B Tabmunax 1 u 2
JEMOHCTPHUPYET YETKHE pa3inuus MeXIy XuTensMmu ropoga PaszzakoB u ropoma buinkek, dro
OTpakaeT OCOOCHHOCTH (PU3MOJIOTUYECKOW aJanTaluud K YCJIOBUSM XPOHHYECKOW THUIMOKCUU. Y
JKUTEJICH TOPHBIX PAallOHOB 3HAUUTEIHHO BBIIIE TOKA3aTeNId T'€MOIJIOOMHA M SPUTPOLUTOB. ITO
OKMJIa€MO, TOCKOJbKY B YCIIOBUSIX CHHIXKEHHOTO aTMOC(EpHOro IaBJIEHUS U NaplHUATIbHOTO
JABJICHUS KHUCJIOPOAa OPTaHW3M AaKTUBUPYET BBIPAOOTKY HPUTPOMOATHHA, YTO CTUMYIUPYET
sputpomnod3. [loBbllIeHHAas KOHIIEHTpalUs TreMorioOnHa obecrneunBaeT Oojee 3()PEeKTUBHBIM
TPAHCIIOPT KUCIOPOa, KOMIIEHCUPYSI €ro NeQUIUT B OKpYXKarolen cpene. Takke ypoBeHb kelesza
B CHIBOPOTKE y TOPHBIX JKUTEJEH BBIIIE, YTO HEOOXOAUMO IS TOAIePKAHUS YCUIIEHHOTO CHHTE3a
reMorJIO0OHHa.

Jle#ikouuThl U ckopocTh ocefanus dputpounutoB (COD) Takke HECKOJIBKO BBIIIE B TOPHOI
rpymnme. OTHU TOKa3aTeldn HaxXOJATCS B MpeJeiax HOPMBI, HO MX HE3HAUYUTEIbHOE MOBBIMICHUE
MOXET OBITh CBS3aHO C aJaNTallMOHHBIMU CcTpecc-(hakTopaMu — TAKMUMU KaK IMOBBIIICHHAS
(bu3nueckas akTUBHOCTb, YIbTpaduOIETOBOE U3TyYEHUE U TeMIIepaTypHbIe KojaeOaHus. ITO MOXKET
TOBOPHUTH O HEKOTOPOM METa0OINYECKOM HAMPSHKEHUH U MOOMIIM3AIIMH UMMYHHON CUCTEMBI.

[Tokazarenu neueHouHbIX GpepMeHTOB (AJIT nu ACT) y ropHsIX )uTesei HaxoaaTcs OIMxKe K
BEpXHEH IpaHHIlE HOPMBI, YTO MOXKET CBUICTEIHCTBOBATh O KOMIICHCATOPHON aKTHBHOCTH MEUCHHU.
Bo3smoxkHas mpuuMHa — YCHJIIGHHOE pa3pylleHHe OJPUTPOLUTOB (TeMonn3) W mepepaboTka
MPOAYKTOB  MeTabonmu3Mma, XapakTepHble TpU THIIOKCUYECKOW Harpyske. OTO  Takke
MOATBEPKIAETCS  TOBBIIIEHHBIM ypOBHEM OO0IIero OwiupyOWHa, 4YTO, TPH OTCYTCTBUHU
KIIMHAYECKUX MPOSBICHUHN, CKOPEE SIBIISIETCS TIPOSBICHHEM YCKOPEHHOTO 0OMEHa, a He TTaTOJIOTHH.

I'moko3a kpoBU y kuTenel rofa Pa33akoB Taxke HaXOAWTCS ONMKE K BEPXHEMY IMpeaeny
HOPMBI. DTO MOXKET OBITh OTPAKEHHEM aJallTUBHON MeTa0OJIMYeCKON peaklMyd Ha TOBBIIICHHBIE
SHEPTEeTUYECKHE 3aTpaThl, XapaKTEepHbIE IS YCIOBUH TOp (MepeoxjaxaeHue, (QU3NUecKue
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Harpy3Kku), a Tak’K€ BO3MOXHOI'O YMEPEHHOI'O CHUKEHUS YyBCTBUTEIBHOCTH TKAHEN K MHCYJIMHY B
YCIIOBUSIX TUIIOKCHUH.

XKurtenu bunikeka, HampoTUB, JIEMOHCTPUPYIOT Oojiee «yCpeIHEHHBIE» IOKa3aTesH,
TUTMIUYHbBIE JJI pAaBHUHHOMN 30HBL. VX 3HaUeHUs reMOIJIoOMHA, SPUTPOLIUTOB, Kene3a 1 OuanpyouHa
HUKE, HO TAK)KE€ HAaXOJATCS B Ipe/esiax HOpMbl. buoxuMuyeckue nokasaTesid NEeYeHHU U TIIIOKO3bI
TaK)K€ UyTh HMKE, UTO OTPAYKAET OTCYTCTBUE 3HAYMMBIX THIIOKCUYECKUX HArpy30K Ha OpPraHU3M.

Tabnuua 3
CPABHUTEJIbHAS TABJIMLA
C PE3YJIbTATAMU BUOXUMUNYECKUX AHAJIM30B XUTEJIEM I'. PA33AKOB U I'.BUILIKEK
lokazamenw Topuvie pationvl buwxex Pecghepencuuie
(n = 3000) (n = 3000) 3HAUeHUs
Kenezo (MKMOJIB/1T) 24,5 18,9 10,7-26,0
AJIT (En/m) 35 28 5-40
ACT (En/n) 34 27 5-38
I'moko3a (MMOJIB/T) 54 51 3,9-6,1
Brunmupy6un oOmmwii (MKMOITE/JT) 19 15,5 5-21
Tabnuua 4
CPABHUTEJIBHA Sl TABJIMLIA C PE3YJIBTATAMU OAK JXUTEJIEN I'. PA33AKOB U I BUILIKEK
Tloxazamenw T'opHule paiionst (n = Buwkex (n = 3000) Pegepencuvie snauenus
3000)
I'emorno6uH (/1) 162,3 140,6 120-170
DPUTPOIHTHI (X 106 /M) 5,9 48 4,2-6,0
JletikonuTer (X 103%/MKT) 7,5 6,4 4,0-9,0
TpombouuTsl (*10%/MKT) 260 270 150- 400
COD (Mm/9) 12 10,2 2-15

Takum 00pa3oM, COBOKYHHOCTb JaHHBIX IIO3BOJSIET TOBOPUTH O  BBIPAKEHHOMH
(bU3MOIOTMUECKON aJjanTalK KUTeNe rop K yCIOBUSAM MOHM)KEHHOI'O KUCIOPOAHOTO JIaBJIEHHUS.
OTu ajgantanuyu HOCAT (YHKIMOHAJIBHBIM XapaKTep W YKJIAaAbIBAIOTCA B PaMKH (U3HOIOTHMUYECKON
HOPMBI, HE IE€pexoJs B NATOJOTMYECKHE COCTOSHHUA. AHaIN3 MOAYEPKUBACT BaXKHOCTh y4€Ta
reorpagpuuecKkuxX M KIMMAaTUYeCKUX (PAKTOPOB MPH WHTEPIIPETALMH JTa00paTOPHBIX MOKa3zaTeneil u
MPOBE/ICHUU KIIMHUYECKUX 00CIeI0BaHUH.

Cratuctuueckuil aHanu3 BbIABUI 3HauuMble pasianuusd (p<0,001) mexay OONbIIMHCTBOM
MoKaszareie JByX TpYII, YTO MOJATBEPXKIAeT BIUSHUE YCIOBUH NpPOXHUBAaHUS  Ha
reMaToJoruueckue napamerpbl. JlnuTenbHoe mpeOblBaHME B YCIOBUSX Tropoja PazzakoB
CrocoOCTBYeT (POPMHUPOBAHUIO CTOMKUX M3MEHEHUI B cucTeMe KpoBH, obecrieunBas 3(ppekTuBHOE
cHaOkeHHe opraHu3Ma KuciopoioM. B To ke BpeMms y xurteneil ropoga bumikexk ypoBHU Bcex
IIOKA3aTeJe COOTBETCTBYIOT HOPME, HO HE JEMOHCTPHUPYIOT KOMIICHCATOPHBIX CIBHUIOB,
XapaKTEPHBIX /71l TOPHBIX PailOHOB.

CpaBHUTENbHBIN aHAIM3 MOKa3all, YTo y skuteneil r. PazzakoB HabmogatoTcsa 0osiee BHICOKHE
3HAYEHHUS XKejie3a, TeMOro0MHa, SPUTPOLUTOB M JIEHKOLUTOB IO CPAaBHEHHUIO C JKUTEISIMH T.
bumikek. OTn pasnuuns yKas3bIBAIOT Ha aJallTaAllHOHHBIE MEXAaHW3MBbI, PA3BHUBIIHMECS Yy HACEICHUS
BBICOKOTOpPHBIX DPAaliOHOB B OTBET HA XPOHMYECKYIO THIOKCHIO. B TO 3xe Bpems ypOBEHb
TPOMOOIIUTOB OKa3aJCsi HEMHOI'O BBIIIE Yy TOPOXaH, YTO MOXKET OBITh OOYCIOBJIEHO WHBIMU
YCIOBHUSMU Ccpefibl uiau oopa3om xu3HU. [lokazatens COD Takke BBIIIE B TOPHONH MECTHOCTH, YTO
MOXKET OTpakaTb OCOOEHHOCTM HMMYHHOrO OTBeTa. B 1enmomM rpaQuk AeMOHCTpUPYET
CTaTUCTMYECKH 3HAYMMBbIE DPa3IUyusi, MOJITBEPXKAAOLINE BIMSAHUE reorpauuecKkux YyCIOBUH Ha
(bu3MOIOrHUECKUe MapaMeTpbl KPOBH.
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35 34 r. Pazzaxos r. Bumm
28 27
24,5
18,9
54 51

Pucynok 2. CpaBHUTENbHBIH TpapuK OMOXMMHYECKHX IMOKazaTened y skurteneil r. Pa3zakoB u T.
Bumkexk (maHHele o Tropoxy buikek mnpuBeneHbHI Ha OCHOBaHMHM HH(GOpPMAlWHU, NPEACTaBICHHON B
CTaTUCTUYECKUX U aHAINTHYECKUX McTouHMKax [2] https://goo.su/m3iWt; https://clck.ru/3Mufgb)

r. Pa3z3akos r. bumkek 260 270

162,3
140,6

59 48 75 64

Pucynoxk 3. CpaBautenbHbIi rpaduk nokazareneit OAK y xwureneii r. Pa3z3akos u r. buiikek (aHHbIe
Mo ropoay bulikek NpvBeeHBI Ha OCHOBAaHWW WH(OPMAIMH, MPEICTABIEHHOW B CTAaTHCTUYECKHX U
aHaTMTHYeCKuX ucrounukax [2] https://goo.su/m3iWt; https://clck.ru/3Mufgb)

[IpoBenénHoe  mccienoBaHWE,  BKJIIOYABIIEE  CPAaBHUTEIbHBIA  aHAIM3  KIIHOYEBBIX
reMaToJOrMUeCKuX U OnoxuMuueckux nokaszatenei y 3000 »xureneit r. Pa3zakos u 3000 >xureneit
r. buiikek, No3BoJauiI0 BBIABUTH J0CTOBepHBIe pazianuus (p<0,001), oOycioBiIeHHbIE YyCIOBUSAMU
MIPOXKUBAHUS U XapaKTepOM aJanTalllii OpraHu3Ma K XpOHHUYECKON TUITOKCUU.

Y  xurtened r. Pa33akoB oTMeuYeHBl  (PU3MOJOTMYECKH 3HAUYMMBIE  HM3MEHEHUS,
CBUJCTEIbCTBYIOIINE O CHCTEMHOM aJanTalliM K IOHMXEHHOMY MapLUUalbHOMY IaBJICHHIO
KHUCJIOpoAa. B yacTHOCTH, 3aperucTpUpOBaHbl MOBBIIMIEHHBIE YPOBHU reMoryioOnHa (B CpeaHeM
162,3 /1) u sputpouuroB (5,9x10° /M), mpuOmMKamuecs K BEpXHEH TIPaHHIE HOPMBI Y
OOJBIIMHCTBA OOCIEAOBAHHBIX. OTH M3MEHEHHsS] OTPaKaloT AaKTUBU3ALMIO HPUTPOIO33a Kak
KOMIICHCATOPHBII MEXaHW3M, HANpaBJICHHbIM Ha YCHUJIEHHE KHCIOPOATPAHCIOPTHON (YHKIMU
KpoBH. [IOBBIIEHHBIM YpPOBEHb CBHIBOPOTOYHOIO KEjl€3a y JAHHOW TIpyNIbl JONOJHUTEIBHO
MOTBEPK/1aeT META0OINYECKYIO MOAIEPKKY YCHIEHHOTO CUHTE3a FeMOTJIOONHA.

VYpouu Owmmpyouna, AJIT u ACT y skuteneir r. Pa33akoB Takke HaXOAATCSA OJIKE K
BEPXHUM TpaHHIlaM peepeHCHbIX 3HAUE€HHUH, YTO MOXKET OBbITh CBSI3aHO C YCHJIEHHBIM F€MOJIHM30M,
nepepaboTKOM MPOAYKTOB OOMeHa M MeTaboJIMYeCKMM HampspDKeHUEM, BO3HHKAIOIIUM Ha (oHe
runokcuu. TeMm He MeHee, Takhe U3MEHEHHUs HEe BBIXOST 3a Mpe/elibl (pU3M0J0rH4eckoil HOpMbI U
MHTEPIPETUPYIOTCS KaK 4acTh aJanTallMOHHOTO Mpoliecca.
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I'moko3a KpoOBU Yy JKMTENEH Trop TakXkKe IEMOHCTPUPYET TEHACHLMIO K IOBBIIIEHUIO (B
cpeaHeM 5,4 MMOJB/I), YTO, BEPOSATHO, OTPAXKAeT AJaNTUBHYIO WHCYIHMHOPE3UCTEHTHOCTh —
pe3ynbTaT MeTabdOJMYEeCKOro CTpecca W DJHEPreTUYeCKUX 3arpaT B YCIOBHUSX THUIIOKCUU H
¢bu3nueckoil Harpy3KHu.

[Tpu 3TOM MOKa3aTenu JEUKOUUTOB, TPOoMOOIIMTOB U COD y TOPHBIX KUTENIEH COXPAHSIIOTCS B
Ipeziesax HOpMbl, HECMOTPSI Ha UX HE3HAUUTEIBHOE MOBBIIIEHHUE, YTO MOXKET CBUIETEIbCTBOBATH O
MOOUIM3allMd UMMYHHOM CHUCTEMbl B OTBET Ha JKOJIOTMUECKHUE CTpeccophl (yibTpaduoieToBoe
U3Ny4yeHue, TeMIlepaTypHble Kojiebanus U pu3nueckas akTUBHOCTD), TUITUYHBIC JIJIS1 BBICOKOTOPbSL.

B 1mpoTMBOMNOJIOKHOCTH 3TOMY, y KHUTeJNed ropoaa buiikek OOJBIIMHCTBO IOKa3aTenei
OCTAlOTCSI B CpeIHEM Juana3oHe pe(epeHCHBIX 3HAYCHH, 4YTO COOTBETCTBYET HOpME IIpHU
OTCYTCTBUM T'MIIOKCHYECKON Harpy3ku. OTCYyTCTBUE BBIPAKEHHBIX KOMIIEHCATOPHBIX MEXaHHU3MOB
MOATBEPK/IaeT CTA0MIIbHbBIE (PU3NOJIOTUYECKUE YCIOBUS OOUTAHUS.

Takum 00pa3oM, pe3yabTaThl UCCIEIOBAHUS AEMOHCTPUPYIOT, YTO MPOKUBAHUE B YCIOBHSIX
BBICOKOTI'OpBSl BBI3bIBAET YCTONYMBBIC, HO HE IATOJOTMYECKUE U3MEHEHUS B I'€MaTOJIOTUYECKUX U
OMOXMMHUYECKHUX MapaMerpax, OTpPa)arollMe BBICOKYIO CTENeHb (U3MOJIOTMYECKON aaanTanuu
opranusma. ITH U3MEHEHHs HalpaBieHbl HA MOJCpKaHUE aIEKBATHOTO KHCIOPOJOCHAOKEHUS U
MeTab0IMUECKOT0 TOMEOCTa3a B YCIOBUSAX XPOHUYECKOW THMIIOKCHHM U SIBJISIIOTCS MNPUMEPOM
HOPMAJIbHBIX aJaNTAMOHHBIX peaknuid. [lomydeHHble naHHBIE MOTYEPKUBAIOT HEOOXOIUMOCTH
yuéTa pEeruoHalbHBIX M KIMMATHYECKHX (AKTOPOB NIPU HHTEPIPETalud J1abOopaTOPHBIX
MOKa3aTese U NPOBEACHUU KIMHUYECKON JUarHOCTUKH.
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Annomayus. IlpeacTtaBieH cpaBHUTENbHBIN aHAU3 YPOBHEN KaJbIMsl U MarHusl y HaceJIeHus
BBICOKOTOPHBIX pailoHOB Auaiickoro u Yon-Amalickoro paiioHOB, a Takxke ropoga Om. B
uccienoBanre ObUT0 BKIOYeHO 60 mamueHToB B Bo3pacTe oT 45 mo 70 ner. Llenbto paGoThl
SIBJISTIOCH OIEHKA YPOBHSI OOCCIICYCHHSI HACEJICHHS MarHueM W KajbI[MIeM B BBICOKOTOPHBIX H
CpeIHETOpHbIX permoHax OIICKON 00JacTH, a Tak)Ke BBISBICHHUE BO3MOXHBIX CBS3€H MEXKIY
MUHEpalu3alMell KOCTHOW TKaHW, ypoBHEM BHTamMuHa D u BbicoTON mpoxuBaHus. JKutenu
BBICOKOTOPHBIX Auaiickoro u YoH-AnalCcKoro pailOHOB, HAXOJSIIMECS B BEPXHEM KBapTUIE IO
COOTHOILIEHUIO Kasibluil/mMarauii (Ca:Mg), 1eMOHCTpUPYIOT B cpeliHeM 0oJjiee BBICOKUN YpPOBEHBb
25(OH)D (21,0£7,2 ar/mn), dYem ropokane Oima, OKa3aBIIMECS B HUXHEM KBapTHIIC
(18,1+7,4 ur/mn).  Pa3znuume  CTaTUCTHMYECKHM  3HAYMMO, YTO  MOXKET  yKa3blBaTh  Ha
naToQU3NOIOTHYECKYIO CBSI3b Mexay O6amancoMm Ca:Mg u ButamMuHOM D B yCIOBHUSIX pa3HBIX BBICOT
npoxkuBaHusi. OTMedaercs AOCTOBEPHOE pa3iiMyue MEXIy IpyIIaMH MO YPOBHIO MHUHEpAJIOB U
BUTaMHHA D, 4YTO TOMYEPKMBAET BaXXHOCTh ydeTa reorpaduueckux (QakToOpoB IMPH OLEHKE
COCTOSIHMSI 3/I0pOBBsI HaceneHus. [loydeHHbIe HaHHBIE CBUIETEIHCTBYIOT O TOM, YTO Y KEHIIUH
cTapiie 55 JeT ajekBaTHOe MOTpeOsieHne MarHusl acCOLMUPOBAHO C CHUKEHHEM PUCKA Pa3BUTHS
JIETKUX KOTHUTHBHBIX HApYyIIEHUH, B TO BpeMs KaK y My>KUYUH TI0JIOOHO# CBSI3U BBISBIIEHO HE OBLIO.
VY4yuThiBas MOJOBBIE U BO3PACTHBIE OCOOEHHOCTH OOMEHA MarHheM, YCTAHOBJICHBI CTaTUCTUYECKU
3HAUYMMBbIC Pa3IUYMs TOKa3aTeJlel MEXIy CpaBHHUBAaeMbIMU TpymnmnaMu. [lomydeHHBIE pe3ynbTaThl
MOMYEPKUBAIOT HEOOXOAMMOCTh PETyISIPHOTO MOHHMTOPHHTAa YPOBHS MarHus y TaI[UEHTOB,
0COOCHHO MPOYKUBAIOIIUX B TOPHBIX PETHOHAX C OTPAHHYEHHBIM JOCTYIIOM K COJTHEYHOMY CBETY, a
TaK)Ke aKTyaJbHOCTh BKJIIOUEHHUS KOPPEKIIMH MAarHUE€BOTrO OOMEHa B KOMIUIEKCHBIE MPOTPAMMBI
MPpOUIAKTAKY | JISICHUS 3a00I€BaHUN KOCTHOM TKaHU U META0OJINYECKUX HAPYIIECHUH.

Abstract. Presents a comparative analysis of calcium and magnesium levels in the population

of high-mountainous areas of Alai and Chon-Alai districts, as well as Osh city. The study included
60 patients aged 45 to 70 years. The aim of the work was to assess the level of magnesium and
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calcium supply in high-mountainous and mid-mountainous regions of Osh oblast, as well as to
identify possible links between bone mineralization, vitamin D level and altitude of residence.
Residents of high-mountainous Alai and Chon-Alai regions, who are in the upper quartile of
calcium/magnesium (Ca:Mg) ratio, demonstrate on average a higher level of 25(OH)D (21.0£7.2
ng/dL) than Osh city dwellers who are in the lower quartile (18.1+7.4 ng/dL). The difference is
statistically significant, which may indicate a pathophysiologic relationship between Ca:Mg balance
and vitamin D in conditions of different altitudes of residence. There is a significant difference
between groups in mineral and vitamin D levels, which emphasizes the importance of taking
geographical factors into account when assessing the health status of the population. The findings
suggest that in women over 55 years of age, adequate magnesium intake is associated with a
reduced risk of mild cognitive impairment, whereas no such association was found in men. Taking
into account sex and age specifics of magnesium metabolism, statistically significant differences
between the compared groups were found. The obtained results emphasize the need for regular
monitoring of magnesium levels in patients, especially those living in mountainous regions with
limited access to sunlight, as well as the relevance of including the correction of magnesium
metabolism in complex programs for the prevention and treatment of bone tissue diseases and
metabolic disorders.

Knrouesvle cnosa: xanplinii, MarHuii, BBICOKOTOpPHBIE pailoHbl, Analickuii paitoH, YoH-
Amnaiickuii paiion, ropos O1il, ypoBeHb MUHEPAJIOB, MPOQHIAKTHKA 3a00I€BaHUI KOCTHOM TKAaHU.

Keywords: calcium, magnesium, high-mountainous areas, Alay district, Chon-Alay district,
Osh city, mineral levels, prevention of bone tissue diseases.

B nocnepHuMe  AecATWIETHS  3HAQUUTENBHOE  KOJMYECTBO HAYYHBIX  HCCIEIOBaHUMI
COCPENOTOYEHO Ha MpOoOJIeMe HEIOCTATOYHON 00ECIIE€YEHHOCTH OpraHM3Ma 4YeloBEeKa MarHueM, a
TAaKK€ Ha BBIABICHUUM IPUYMH M NOCIEACTBUM JaHHOro cocrosiHug [l1]. B pamkax artux
UCCIIE/IOBAaHUM YCTaHOBJIEHA pOJIb JeQHUIMTAa MarHus B Pa3BUTUM HApYLICHUH YTJIEBOAHOTO U
JUMUTHOTO OOMEHOB, AapTepUANbHOM TUIOTOHUHM, OXHMPEHHSA, a TaKkkKe B HapyLIEHHUIX
pPENpPOAYKTUBHOM  (QYHKIMM W  JPYrMX  NATOJOTMYECKHX  COCTOSIHMM,  OOYCIIOBIIEHHBIX
B3aumojieicteuemM ¢ 6osee yem 700 marmuii-zaBucuMbiMu Oenkamu [2, 3]. Ocoboe BHHMaHUE
yIeNseTcss BOIpocaM BbIOOpa ONTUMAJIbHBIX OHMOJIOTMYECKHUX CYOCTpPaTOB JIi OLIEHKH YPOBHS
MarHusi B OpraHM3Me, TaKMX KaK JPHUTPOLMUTHI, CIIOHA, BOJOCHI M CBHIBOPOTKAa KpoBH [4-6].
[IpoBenénHble HCCIEN0BAHNUS MOTYEPKUBAIOT BBICOKYIO AKTYaJbHOCTb HM3YYEHUS CBSI3U MEXAY
00€eCrIeYeHHOCThI0 OpraHM3Ma MarHUe€M U COCTOSIHUEM 3/I0pOBbS YEJIOBEKA, YTO OOYCIIOBIMBAECT
HE00XO0AUMOCTh JIaIbHENIINX HayYHBIX Pa3padOTOK B JaHHOI obiacTu.

Llenbto JAaHHOTO MCCIEOBAHMS SBJSIETCS OIpeJeIeHue YPOBHs 00eCIeUeHHOCTH MarHueM u
KaJIblIUEM Y HacCeJeHHUs BBICOKOTOPHBIX pailoHOB Adaiickoro um YoH-Anaiickoro paiioHOB B
CPaBHEHHUH C KUTEISIMU ropoja Oml.

Mamepuanvt u memoowvl ucciedosanus
B uccnenoBanue 6putn BKITFOUeHb! 60 manueHToB B Bo3pacte oT 45 no 70 net. Bee yuacTHUKH
nand uH()OPMHPOBAHHOE COTJacHe€ Ha YJacThe B HCCIeAOBaHWUU. KpuTepusmu BKIIOYCHHS
SIBJSUTHCH: BO3pacT 45—70 yer, OTCYTCTBHE TSDKEIBIX COMAaTHYECKUX 3a00JIeBaHUM, XPOHHUYECKOMN
MMOYEYHON HEIOCTATOYHOCTH M OCTPHIX BOCIAJIUTEIHHBIX MPOIIECCOB HA MOMEHT OOCIIEeIOBaHMUSI.
[TarueHTH! OBLTH pa3/IeiIeHbI HA JBE TPYIIIBI B 3aBUCUMOCTH OT MECTa MPOKUBAHUS:
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I'pynma 1 (n=30) — >xuTenu BHICOKOTOPHBIX paiioHOB Kbipreizckoii PecyOmiuku: Anaickoro
n Yon-Analickoro paiioHoB. Bricota mpoxkuBanus cocrasisiia or 2000 no 3000 merpoB Hanx
YpOBHEM MOpHI.

I'pymna 2 (n=30) — skurenu ropoaa O1il, pacioI0KEHHOro Ha BEICOTE 0KOJIO 950 METPOB Ha
YPOBHEM MODs, XapaKTepHU3ykolerocs 0ojee MATKHUM KIMMAaTOM M JOCTYIIOM K Pa3HOOOpa3HOMY
paloHy NUTaHUS.

['pynmbl 6bUTM COMOCTaBUMBI IO TONY, BO3PACTy M MHAEKCY MAacChl Tela, YTO HCKIIOYAET
BIIUSIHUE 3TUX (PAKTOPOB HA PE3YJIbTAThl OMOXUMHUUECKOTO aHAIIM3A.

Memoovl nabopamopHnozo ucciedosanus. Y BCEX YYaCTHHKOB HCCIECIOBAHUS TPOBOIMICS
3a00p BEHO3HOI KPOBU HATOIIAK B yTpeHHHUE Yachl. O0pasiubl KpoBu LeHTpudyruposaiu npu 3000
o0/MuH B TeyeHue 10 MHHYT ISl OTHEJEHUS CHIBOPOTKH, KOTOpas 3aTeM XpaHWJAch IpHU
temrniepatrype —20°C mo mpoBeaeHus aHanu3a. OnpeaesieHne KOHIeHTpauu oomiero kanbims (Ca)
u Maraus (Mg) B CBIBOPOTKE KpOBU IMPOBOAMIIOCH METOJOM KOJOPUMETPUU C HCIOJIB30BAHUEM
aBTOMATHYECKOTO0 OMOXMMHYECKOTo aHanu3atopa. i u3MepeHus] YPOBHS KaJbIHs MPUMEHSIICS
apcenas3o Il MeTos, 4yBCTBUTENBHBIN K OOIIIEMY COACPKAHUIO MOHU3UPOBAHHON (HOPMBI KaJIbIHS.
Marnuii onpenensiyii ¢ UCHOJIb30BaHWEM KCHUJIHAMIOBOIO CHHErO WJIM aHAJTIOTUYHBIX PEareHTOB.
Bce anHanmm3sl NpPOBOAMINCH B CEPTH(QHUIMPOBAHHOW J1TAOOpPaTOpUU B  COOTBETCTBUU C
MEX1yHapoAHbIMU cTaHaapTaMu kadecTtsa (ISO 15189).

Jisa pacu€ra uHANBUAYyAIbHOTO cooTHomeHus Ca:Mg HCIONb30BAUCh TOTYYEHHBIE
KOHI[EHTPALlMU KalblMsl U MarHus, BhIPAKEHHbIE B MMOJB/JI. Takke y MalueHTOB MPOBOIUIOCH
onpeneneHue ypoBHs 25-ruapokcuBuramuaa D[25(OH)D] nist anann3a BO3MOKHON B3aUMOCBSI3H C
MUHEpAJIbHBIM ~ CTaTycoM.  YpoBeHb  BUTamMuMHa D ouenuBaics  Mmetogom DA
(ummyHOpepMenTHOTO  aHanm3a). Cratuctuyeckas  obOpaborka. Bce  gamHble  ObUIH
MIPOAaHAIM3UPOBAHBl C KCIONb30BaHUEM Mporpammuoro obecrneueHuss SPSS 26.0. [lns oueHku
HOPMaJbHOCTU pacmpefesieHus wucnoib3oBaica kputepuit I[llamupo—Yunka. [lpu cpaBHeHHH
IoKazareiael Mexay rpynnamMu npuMeHsuiuch t-kputepuil CThloJeHTa Ui HE3aBUCUMBIX BBIOOPOK
(npu HopmanpHOM pachpeneneHur) u  U-kputepuit MaHHa—YuUTHH (IIpY HEHOPMAJIbHOM
pacnpezeseHnn). YpoBeHb CTATUCTUUECKON 3HAUUMOCTH CUUTAJICSA AOCTOBEPHBIM ITpH p< 0,05.

Pezynvmamot uccnedosanus u ux oocysicoenus.

B xone cpaBHUTENBHOIrO aHainu3a ypoBHs BUTaMHMHAa D cpeam mpencraBUTENel PasInYHBIX
PErMOHOB — BBICOKOTOPHBIX Anaiickoro u YoH-Amaiickoro paiioHOB, a Takxe ropojaa Our — ObUIH
BBISIBJIEHBl JIOCTOBEPHBIE pa3iNyMs, YKa3bIBAIOLIME HA BIUSHUE KaK reorpa@uueckux, TaKk M
OnoxuMu4eckux (aKkTOpOB Ha BHUTAaMHHHBIM cTaTyc HaceneHus. OOBEKTOM aHalu3a CTallo
COOTHOIIeHHe Kanbluss W MarHusa (Ca:Mg) B opraHusmMe M €ro CBsi3b C KOHILEHTparue 25-
ruapokcuButamuHa D [25(OH)D] — ocHoBHOTO Mapkepa 00eCIeYeHHOCTH OpraHu3Ma BUTAMUHOM
D.

VYyactHuku n3 Anaiickoro 1 YoH-Anaiickoro paiiloHOB, HaXOAUBIIMECS B BEPXHEM KBapTUIIE
no ypoBHio Ca\:Mg, mpoIeMOHCTPHPOBAIHM CTATHCTHYSCKH 3HAYMMO Oojiee BBICOKHH YPOBEHB
25(OH)D B ceiBopoTke kpoBu (21,0+7,2 Hr/nm), uem >kutenu ropoja Otil, HaxXoAsIUecs B HIKHEM
KBapTwie 1o TomMy e mnokazaremo (18,1£7,4 ur/mm). Paznuumst MOCTHTIM CTaTHCTHYECKOM
3HaynMocTH (p<0,05), 4To yKa3bIBaeT Ha BO3MOXHYIO MATO(U3NOIOTHIECKYIO B3aUMOCBS3b MEXITY
cootHomieHneM Ca:Mg u ButamMuHOM D B yCIOBHUSX pa3IW4YHOM BBICOTHI NPOXHUBAHUSA U
pasnauyaronmxcs Kiumaro-reorpadpudeckux ¢akrtopoB. JluarpaMma WITIOCTPUPYET, YTO KUTENH
BBICOKOTOPHBIX Autaiickoro u YoH-AaiCcKoro palOHOB, HAXOJSIIHMECS B BEPXHEM KBapTWIE IO
COOTHOLIEHUIO Kamnbiuil/marauii (Ca:Mg), 1eMOHCTpUPYIOT B cpeliHEM OoJjiee BBICOKUN YpOBEHBb
25(OH)D (21,0+7,2 ar/nn), dyem ropoxkane Orma, OKa3zaBIIMECSs B HIDKHEM KBapTHIIE
(18,1+7,4 ur/nm). Paznuume cratuctuuecku 3Hauumo (p<0,05), 4ro MoXeT yKa3bIBaThb Ha
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naTo(U3NOIOTHUECKYIO CBsI3b MeX Ay Oanancom Ca:Mg u BuTaMrMHOM D B yCIOBHSX pa3HBIX BBICOT
npoxuBaHus. OTMeUaeTcst J0CTOBEPHOE pasinuue Mexay rpynnamu (p<0,05).

*p<0.05
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Pucynok. CpaBautensHbli ypoBenb 25(OH)D (Hr/mn) y skuTeneidl perHOHOB C  Pa3IHYHBIM
cooTHoutenneM Ca:Mg

[ToBpiiennsie ypoBHu 25(OH)D y xuTenell ropHbIX pallOHOB MOTYT OBITh OOYCIIOBIIEHBI
KOMILUIEKCOM (PaKTOpOB, BKIIOYAs TPAAWIMOHHBIA PAlMOH THTAaHUS C JIYYIINM MHHEPAJIbHBIM
OanaHcoM, 0Oojee BBICOKYIO (U3NYECKYH0 aKTUBHOCTb, a TaKXe BO3MOXKHBIE aJanTallMOHHbIE
MEXaHU3MBbl, CGOPMHPOBABIINECS B pe3yabTaTe MHOIOJETHET0 INPOKUBAHUS B  YCIOBHSX
OTPaHUYEHHOTrO yIbTpaduoneToBOro ooOiydeHus. HecMoTpss Ha TOTEHIMANIBHO CHIDKEHHOE
BO3JICHCTBUE COJIHEYHOIO CBETA, Y ITUX TIPYII, BO3MOXHO, AKTUBU3UPYIOTCS SHIAOKPUHHBIE W
METa00JIMUECKUE MEXaHU3Mbl KOMIICHCALIUH.

Kpome Toro, ocoboe BHMMaHHE B MHTEpPIPETALUH DPE3YJIbTAaTOB CIEAYeT YAEIUTb DPOJIU
MarHusi B akTHBanuu ButamuHa D. Maruuii siBisiercsi KoakTopoM (PepMEHTOB, YIaCTBYIOIIUX B
THJIPOKCHIIMPOBAaHUH BUTaMuHa D, 1 ero neuimr MoXeT 3HaYUTEeIbHO CHUYKATh OMOJOCTYITHOCTh
aKTUBHOM (OpMbI — KanmbIUTpHOaa. [lodydeHHbIe 1aHHBIE JEMOHCTPUPYIOT, YTO Y YUYACTHUKOB C
MOHMXEeHHbIM cooTHouieHneM Ca:Mg ypoenb 25(OH)D Obl1  3HAUUTENBHO HUXKE, YTO
MOATBEP)KIAaeT  BaKHOCTb  COQJIAHCUPOBAHHOTO  IOCTYIUIEHMS  3TUX  MaKpO3JEMEHTOB.
Cromaronorudeckas 3HAYMMOCTh JAHHBIX pPE3yJbTAaTOB 3aKJIOYAeTCsl B TOM, 4YTO Je(UIUT
BUTaMMHA D M MarHusi MOKET HETaTUBHO BJIMATH HA MUHEPAIM3ALHUI0 KOCTHOM TKAHM YEIIOCTEH,
yXyAllaTb  YCJIOBMsSI ISl  yCTAHOBKM  JEHTAJIBHBIX  MMIUIAHTATOB, YBEIMYMBATH  PHUCK
BOCHAJINTENBHBIX OCIOKHEHHUM U 3aMeUIATh MPOLEcChl OcTeoMHTerpannu. CieoBaTeabHo, OLEHKA
MUHEpaJbHOr0 OoOMeHa M cTaTyca BUTaMMHAa D J0KHa craTh 00s3aTENIbHOM YacTbio Mpen
UMIUIAHTALMOHHbIE MOATOTOBKM TMAIlMEHTOB, OCOOEHHO MPOKMBAIOIIMX B reorpapuyecku u
TUETUYECKN YSA3BUMBIX PETHOHAX.

Takum o6pa3zom, ypoBeHb BUTaMUHA D y jxuTeneil BBICOKOTOPHBIX PailOHOB CTaTMCTUYECKU
BbIIIIE, UeM Yy ropojckoro HaceneHus. CootHomenne Ca:Mg sBisieTCsl BAXKHBIM IIPOTHOCTUYECKUM
¢dakTopoMm craryca BuTaMuHa D. YueT MHHEpalbHOTO cTaryca U ypoBHS BuTamuHa D HeoOxoaum
IIPU OLIEHKE COCTOSIHUS KOCTHOM TKaHM uentocTei, 0cOOEHHO Mepe] ASHTAIbHOM MMITJIaHTaI[ueH.
Pexomenayercs  BKIIOYAaTh  KOPPEKLHUIO  MHMKPODJIEMEHTHOIO  COCTaBa B KOMIIIEKCHYIO
npodUIaKTUKY U JieueHre 3a00J1eBaHN KOCTHON TKAHU YEITIOCTEH.

Pesynomamor uccnedosanusi ypoeus maznusi. B Xone NpoBeIEHHOTO HCCIIEAOBAaHUS ObLIM
IIPOAHAIM3UPOBAHBI I0KA3aTEIN YPOBHS MarHus B CHIBOPOTKE KPOBU y YYaCTHUKOB M3 IBYX TPYIIIL:
KHUTENM Adaiickoro paifona, YoHn-Anaiickoro pailona u ropoga Om. HccnenoBanue OblIo
HaIlpaBJIECHO HA OLEHKY PacHpOCTPaHEHHOCTH TMIIOMarHUEMHUU U €€ BO3MOXKHOW CBSI3U C YPOBHEM
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BUTaMuHa D, a Takke cooTHomeHueM Kaiabluss ¥ marHus (Ca:Mg), KoTopoe MOXKET OKa3bIBaTh
BJIMSIHME HA MUHEPAJIbHBIA 0OMEH B KOCTHOM TKaHHU.

Cpenuuii ypoBeHb Marfusi y y4acTHHKOB M3 BBICOKOTOPHBIX pailoHOB (Anaii m YoH-Anaii)
OKa3aJICsl CTaTUCTUYECKM HMKE II0 CPaBHEHMIO C Y4acTHHKamH M3 ropoxa Om. B uactHOCTH, y
xureneid Yon-Aunaiickoro pailoHa cpeaHuil ypoBeHb Maruusi coctaBui 1,614+0,19 mmons/n, B TO
BpeMs Kak y skuteneit ropoga Our — 1,7440,21 MMonb/n. YUacTHUKH U3 AJTalicKOro paiioHa UMenn
MpOMeXKyTouHble 3HaueHus — 1,66+0,18 mmonw/n. [Ipu 3TOM y 9yacTu oOCiIenyeMbIX YpOBEHB
MarHusi HaxoJIWJICA HMIKE YCTaHOBJIEHHOM pedepeHcHo Hopmbl (1,7 MMoOnb/i), 4TO
CBHJICTEIILCTBYET O HAJIMYMU CYOKIMHUYECKOH TUIOMarHueMuu. Paznmuuumst Mexmy Tpyrnamu
OKa3aJIUCh CTAaTUCTUYECKH 3HAaYUMBIMU (p< 0,05).

Ananmu3 cootHomeHus Ca:Mg mokaszajn, 4TO y JKUTEJIEH BBICOKOIOPHBIX PAlOHOB JaHHOE
COOTHOILIEHHE 4Yallleé BBIXOAWJIO 3a ONTHUMaJbHble (PU3HOIOIMYECKHE Ipenesibl. Y HEKOTOPBIX
YYaCTHUKOB HaOJ0/1aloch MOBBIMIEHHOE cooTHomeHne Ca:Mg (>3:1), 4ro mnoTeHIHUAIBHO
YKa3bIBa€T HAa OTHOCUTENBHBIA Ne(DUIUT MarHus. JTO MOXET OKa3blBaTh HEOJIAronpusTHOE
BIMSIHME Ha MeTa0ojau3M BUTaMuHA D, Tak Kak MarHMi y4yacTByeT B €ro akTHBallMM Ha 3Tamax
NeYEHOYHOM M MOYEYHOM TMAPOKCUIMALMU. J[eHCTBUTENBHO, CPEIN YYaCTHUKOB C BBIPA)KEHHBIM
neuuuTOM MarHMs OTMEYEHBI Takke Oojee Hu3kue ypoBHH 25(OH)D, uto moarBepikmaer
CYLIECTBYIOILYIO B JIMTEpaType TUIIOTE3y O CHHEPreTHYEeCKOW pOJM MarHus W BUTamMuHa D B
peryJsiu KOCTHOIo OOMeHa.

Pesynprathl  MccienoBaHHMA — MOTUYEPKUBAIOT  HEOOXOJMMOCTh  KOMIUIEKCHOW — OLIEHKH
MaKpO3JIEMEHTHOI'O cTaryca (B 4aCTHOCTH, MarHus) IpU MHTEPIpPETAluu YpoBHsA BuTamuHa D u
TUTAHUPOBAHUH TMPOPMIAKTUIECKUX M JICUCOHBIX MEpONPHUATHIA, HANPaBICHHBIX Ha YITy4lICHHE
MUHEPAJIbHOM IUIOTHOCTM KOCTHOM TKaHH, OCOOEHHO B CTOMATOJIOIMYECKON IpaKTUKE.
[losydyeHHBIE JaHHBIE IO YPOBHIO MarHus B CBIBOPOTKE KPOBU YYaCTHMKOB MCCJIEIOBAaHUSA
CBHJIETEJILCTBYIOT O PAaCHpPOCTPAHEHHOCTH CYOKIIMHUYECKOro JeduuuTa Maruus, 0COOEHHO cpelru
JKUTEJIEH BBICOKOIOPHBIX pailoHOB Anaiickoro u Yon-Amnaiickoro peruoHoB. Hecmotps Ha TO 4TO
aOCONIOTHBIC 3HAYCHHsT MAarHus B OJTUX TPyNIax B psAe CIy4aeB HAXOIWINCh B Ipelenax
pedepeHCHbIX 3HAUYEHUl, 3HaYUTEIbHAsA J0JsI 00CIEIOBAHHBIX JIEMOHCTPHPOBAJA YPOBEHb HUXKE
1,7 MMOJIB/11, UTO KJIAaCCUPUUIUPYETCS KaK TUIIOMarHueMHs.

[IpyurHaMu BBISIBICHHOTO JAedUIIMTa MarHusg MOTYT CIYXUTh OCOOEHHOCTH IUTaHUS B
TOpPHBIX palioHax, OETHBIX Ha MPOJIYKTHI C BBICOKHM COJAEpKAHUEM MarHus (3eJ€HbIE JMCTOBbIE
OBOIIIM, OPEXH, LENbHbIE 3JIaKW), a TaKKe€ BO3MOXHBIC HApYIIEHUS BCAChIBAHMs, CBS3aHHBIE C
KHUIIEYHBIMU 3200JI€BAHUSAMH, PACIPOCTPAHEHHBIMU B YCIOBUAX BBICOKOTOPBS. J|OMOIHUTENIBHBIM
(akTOpoM MOXET BBICTYNATh BBICOKUH YpPOBEHb (PU3MUECKOM Harpy3km M  CTpecca,
CHOCOOCTBYIOIIME MOBBIIIEHHOMY BBIBEJICHUIO MarHus ¢ MO4oil. MarHuii urpaer KJroueByro pojib B
aKTUBallMM BUTaMuHa D, MockoibKy ydacTByeT B paboTe (epMeHTOB 25-Tuapokcuiasel U la-
TMJIPOKCUIIa3bl, HEOOXOAMMBIX [UIs IpeBpallleHuss BUTaMuHAa D B ero axkTHBHbIE (GOPMBI —
25(OH)D u 1,25(0OH), D cootBercTBeHHO. B ycnoBHsIX HEZOCTaTOYHOCTH MarHusi Mpolecc
aKTUBALMU MOXKET 3aMEJIATHCSA, YTO MPUBOAMUT K CHUIKEHHIO OMOJOCTYITHOCTH BUTaMuHa D naxe
IOpU €ro JOCTaTOYHOM TMOCTYIUIEHMM C THIIeH WM NpuéMe MpenaparoB. OTO OOBICHIET
BBISIBJICHHYIO B MCCJIEZJOBAHUH 3aKOHOMEPHOCTh: Y YYaCTHUKOB C HU3KMM YPOBHEM MarHus yaiie
HaOmonancss aepuuut BuTamuHa D, a Takke MmeHee OnaromnpusiTHoe cooTHomeHue Ca:Mg,
oTpa)karolee MeTaboJInYecKoe HalpsHKeHNe MUHEPaIbHOTO 0OMEHa.

VY4uThIBas BAXKHOCTh MarHus s MUHEpAIU3alliid KOCTHOM TKaHU, JePHULUT 3TOr0 JIeMEHTa
MOJKET CIIOCOOCTBOBATh CHIKEHHUIO IIIOTHOCTU KOCTHOW TKaHHW, B TOM YHCJE YENIOCTHBIX KOCTEH.
D10 mpeacTaBiseT cOOOW KIMHUYECKH 3HAUUMYIO HpoOJieMy B CTOMAaTOJOTHYECKOW MpPAaKTHKE,
OCOOCHHO TMpU IUIAHUPOBAHUHU JIEHTAJIBHOM MMILUIAHTAllMM, KOCTHOM TIUIACTUKU U JPYTUX
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XUPYPTUYECKUX BMEIIATENbCTB. [IOHMKEHHBI YpPOBEHb MarHus MOXKET HapyllaTh IMPOLECCHI
OCTEOreHEe3a M OCTEOMHTETPALINH, a TAKXKe MOBBIIIATh PUCK BOCIIAIUTENBHBIX OCIOKHEHUNA. Takum
o0pa3oM, MOJy4yeHHbIE PE3yJbTaThl MOJUYEPKUBAIOT HEOOXOTUMOCTh PETYJISIPHOIO MOHUTOPUHTA
YpOBHSI MarHuisi y ManueHTOB, OCOOEHHO MPOKMBAIOLIMX B TOPHBIX pallOHAX, U BKIIOYEHHS €ro
KOPPEKIMH B COCTaB KOMILJICKCHBIX MPOTPaMM MPO(UIAKTHKH U JIeUeHHs 3a00JeBaHUN KOCTHOH
TKaHu. AHaTOMO-(pU3HONIOTHYECKHEe OCOOEHHOCTH MAarHHEBOro OOMEHa JAEMOHCTPHUPYIOT
3HAYUTENIbHbIE BapHallMy B 3aBUCHUMOCTU OT I0Jla U BO3pacTa, 4TO MMEET Ba)KHOE KIMHUYECKOE
3HAYEHHE MPHU OLIEHKE COCTOSHUS 3/J0POBbS U IJIAHUPOBAHUH JIEYEOHBIX MEPOIPUSITUH.

Ilonosvie paznuuus 6 macHuesom obmene. ViccnenoBaHusi IOKa3bIBAIOT, YTO y JKEHIIUH Yarie
HabmrogaeTcss JeHUIUT MarHusg 1O CPAaBHEHHIO C MYKYMHAMHU. OJTO MOXET OBITh CBS3aHO C
TOPMOHAJILHBIMU KOJIEOAHUSIMU, OCOOCHHO B MEPHObl MEHCTPYaJbHOTO LIHMKJIA, OEPEMEHHOCTH U
MeHomay3bl. Kpome TOro, >KEHUIMHBI YacTO MOTPEOJSIOT MEHbIIE MarHus ¢ MHIIEH, YTO
YBEJIMYMBAET PUCK THIIOMarHUeMUd. B Hammx uccieqoBaHusaX ObLIIO yCTAaHOBJIEHO, 4TO 0KoJo 50%
KCHIIMH HE JIOCTUTAIOT PEKOMEHIyeMOTO YPOBHS MOTPEOICHHUS MarHus, YTO MOXET IPUBOJAUTH K
pa3IMYHBIM CHUMIOTOMAaM, BKJIIOYas OECCOHHMILY, Iepenajbl HACTPOCHHS] W KOTHUTHBHBIC
HapYIICHHUS.

VYCTaHOBIIEHO, YTO CHUCTEMHOE YMEHBIICHHE MHHEPAJIbHON IJIOTHOCTH KOCTHOM TKaHU
CKeJleTa KOppEeNupyeT C JUIIb cIab0 BBIPAKCHHBIMHA BOCHAINTEILHBIMA M3MEHEHUSMH B TKaHIX
MapoJOHTa MPU COXPAHEHUH YJIOBIETBOPUTEIHLHOTO YPOBHS TUTHEHBI MONOCTH pra. JlaHHas
B3aMMOCBS3b MPOSBISETCS TOCTOBEPHO Ooiee BhICOKUM (p<0,05) rUrHEeHHMYECKUM HHIEKCOM Y
MY>KYUH C MHO>KECTBEHHBIM KapHeCcOM H, OJIHOBPEMEHHO, IOCTOBEpHO Oosee Hu3kumu (p<0,05)
3HAQYEHMSIMU UHJIEKCa KPOBOTOUMBOCTHU JIeCHEBBIX cocoukoB (PBI) u runruBansuoro unngekca (GI).
Y MyX4HH YpOBEHb MarHus B OpraHH3Me TaKkKe MOXKET BapbUPOBaTh B 3aBUCHMOCTH OT
ropMoHasbHoro ¢ona. Hanpumep, rccnenoBanue mokasano, YT0 KOHIIEHTPALUS HOHU3UPOBAHHOTO
MarHusi B CbIBOPOTKE KPOBH Y MOJIOJIBIX MY>KYHH HAIPSMYIO CBsI3aHA C YPOBHEM MPOreCTEPOHA, UTO
YKa3bIBa€T Ha BO3MOXKHYIO POJIb 3TOI'0 TOPMOHA B PEryJISLIMU MarHUEBOrO OOMEHa.

Bospacmuvie usmenenus macnueeoco oomena. C BO3pacToM NMPOUCXOIUT CHUKEHUE OOIIETOo
COZIep’)KaHUsl MarHus B OpraHu3Me, OCOOEHHO B KJIETKaX M KOCTHOM TKaHU, HECMOTpS Ha
OTHOCHUTEJIbHYIO CTa0MJILHOCTh YPOBHSI MarHusi B CbIBOPOTKE KPOBH. DTO CBA3aHO C YMEHBIIEHUEM
BCACHIBAaHUSI MarHus B KHUIICYHHWKE, YBEJIMUYEHHEM €ro BBIBEJACHUS TOYKAMH W CHIKCHHEM
noTpeOIeHnst ¢ MUIIel. Y MOXHIIBIX JIFOJeH AeQUIIUT MarHusi MOXET CITIOCOOCTBOBATH Pa3BUTHIO
OCTE0I0p03a, CAPKONEHUH U KOTHUTUBHBIX HapylleHUi. B nccnenoBanusax ObUIO YCTaHOBIIEHO, UTO
y KEHIIMH cTapuie 55 JeT ajeKkBaTHOe MOTpeOJeHHe MarHusl CBA3aHO C CHIKEHMEM pHUCKa
pPa3BUTHS JIETKMX KOTHUTHUBHBIX HApPYIICHWH, B TO BpeMS KaK y MYXYHH TaKOW CBS3H HE
HaOmonanock. TakuM oOpa3om, ¢ yd4é€ToM Moja - M BO3pPACT-CHEHU(PHUUECKUX OCOOEHHOCTEH
MarHueBOro oOMeHa YCTaHOBJIEHbI CTATUCTHUYECKH 3HAYMMBbIC PA3JIMuMs €ro Hokaszareied Mexay
cpaBHUBaeMbIMH rpynmnamu (p<0,05).

PexomeHyeTcs: POBOANTH PETYISAPHYIO OLIEHKY YPOBHS MarHusl y ITOXKWJIBIX TMAIEHTOB,
0c00EHHO y JKEHIIMH B TIOCTMEHOTay3e; 00eCTIeYuBaTh aJleKBaTHOE TIOTPEOIEHHEe MarHHs C TTUIIEH,
BKJIIOYAsk POAYKTHI, OOraTtble 3TUM MHHEPAJIOM, TaKMe KaK OpeXH, 3eJEHbIC JHCTOBBIE OBOILU U
LEJIbHO3EPHOBBIE MPOJYKTHI; PACCMATPUBATh BO3ZMOKHOCTh HAa3HAUEHUS! MarHUEBBIX J100ABOK IpHU
HaIMYUA (AaKTOPOB PHCKA AePHUIINTA MM KIMHHYECKUX TPOSIBICHUH THIIOMarHUEeMHH.

Bvisoo

[IpencraBneHHbIe pe3yabTaThl CBUIETENBCTBYIOT O BAXKHOCTH PETYJISIPHOIO KOHTPOJIS YPOBHS
MarHusi y TMalMeHTOB, B OCOOEHHOCTH TMPOXKUBAIOIIMX B TOPHBIX pETHOHAaX, a TaKXke O
HEOOXOJMMOCTH BKJIIOUCHHSI KOPPEKIIMM MarHUeBOro OOMEHa B KOMIUIEKCHBIE IPOTPaMMBI
NpoGWIAKTUKA B TEpaniy 3a00JeBaHUN KOCTHOW TKaHW. Y CTAHOBJICHHBIC TIOJIOBBIE M BO3PACTHBIC
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0COOEHHOCTH MAarHMeBOTO OOMEHa IMPEICTAaBIAIOT COOOW 3HAUMMBIE (DAKTOPBI, KOTOpPBIE CIEIyeT
YUUTHIBATh IPH OILIEHKE COCTOSHHUS 3J0pOBbS M TpU pPa3pabOTKE WHAMBHIYaTHM3UPOBAHHBIX
7e4eOHO-TIPOMIIAKTHUECKUX CTPATETHH.
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MONITORING OF QUALITY INDICATORS IN NEONATAL CARE:
RESULTS AND ANALYSIS

©Omurzakova A., ORCID: 0000-0002-6959-9897, SPIN-code: 4595-7219
Osh State University, Osh, Kyrgyzstan, impamil.osh@mail.ru

Annomayus. Ilpencrasien aHanu3 pabOThl OTAEICHUS PEaHUMAIMM M UHTEHCUBHOW Teparnuu
HOBOpOXAEHHBIX (OPUTH) pomunbHoro cranmonapa Omickod MeK00JaCTHOM KIMHUYECKOU
oompHUIBI Kbipresckoit PecnyOnmmku 3a 2023-2024 roxel. Llenpro WcclieOBaHUS SBISETCS
M3YYEHHE CTPYKTYpPhl M TUHAMHUKU 3a00J7€BAa€MOCTH HOBOPOXKIEHHBIX HAa OCHOBAaHMHM OTUYETHBIX
JAHHBIX, C AaKIEHTOM Ha YacTOTy TOCHUTANIM3alNi, pachpeneieHre HO30J0THYecKuX ¢Gopm,
TECTAIllMOHHBIM BO3pacT, maccy Tena W ucxonbl Jjedenus. Otaenenne OPUTH Bemomuser
KITFOUEBYIO (YHKITMIO B OKA3aHWW HEOTIIOKHOM ITOMOIIY HOBOPOXAEHHBIM C YIPOXKAIOIINMH KU3HU
COCTOSIHMSIMU M TPOBEACHUE MOJ0OHOTO aHallM3a MO3BOJSIET OLEHUTHh 3()(PEeKTUBHOCTH JeueOHO-
JUArHOCTHMYECKUX MEPONpPUSTUN, a TakKe BBIIBUTh MPHOPUTETHBIE HAMpaBICHHUS s
COBEPILICHCTBOBAHUSl TEepUHATAIIbHOW Tmomomu. I[lo pe3ynpraraM CpaBHUTEIBLHOTO aHaIM3a
BBISIBIICHO 3HAYMUTEJIBHOE YBEIMYECHHE 4YHCia mocTyruieHuit B 2024 romy, B TOM 4YHUCIE Cpeau
ryOOKO HEJOHOIIEHHBIX W MAaJOBECHBIX HOBOPOXAEHHBIX. OTMEUYEH pocT 3a00JeBaeMOCTH
WH(EKIMOHHONW STUOJIOTUH, B YAaCTHOCTH IMHEBMOHUH, a TaKKe YBEIMYEHHE YHCIa CIy4yaes,
TpeOYIOMMX  PECHUPATOPHON  TOMACPk KA. HecMoTps Ha  MOJIOKHUTECIBHYIO  JUHAMHKY
BBDKMBAEMOCTH, YPOBEHb HEOHATaJIbHON CMEPTHOCTH OCTA€TCS BBICOKMM, YTO TOMYEPKUBAET
HE0OXOIMMOCTh JallbHEHIIero yIydlIeHHs] METOJOB HHTCHCHUBHON Tepamud W aHTEHATaIbHON
npodunaktuku. Ha OCHOBaHWMM TONYYEHHBIX JAHHBIX TPEUIOKEHBl PEKOMEHAAIMU  T10
ONTUMU3ALMKM BEJICHUS HOBOPOXKAEHHBIX C BBICOKMM IE€PUHATAIBHBIM PHUCKOM, YCUJIECHHUIO
MH(EKIIMOHHOTO KOHTPOJIS ¥ TOBBIMICHUIO YPHEKTUBHOCTH PECIIUPATOPHON TOIIEPHKKH.

Abstract. Presents an analysis of the work of the Neonatal Intensive Care Unit (NICU) at the
maternity department of the Osh Interregional Clinical Hospital of the Kyrgyz Republic for the
years 2023-2024. The aim of the study was to examine the structure and dynamics of neonatal
morbidity based on official reporting data, with a focus on hospital admission frequency,
distribution of nosological forms, gestational age, birth weight, and treatment outcomes. The NICU
plays a critical role in providing emergency care for newborns in life-threatening conditions.
Conducting such an analysis allows for the assessment of the effectiveness of diagnostic and
therapeutic interventions and helps identify priority areas for improving perinatal care. The
comparative analysis revealed a significant increase in hospital admissions in 2024, particularly
among extremely premature and low birth weight infants. A rise in infectious morbidity, including
neonatal pneumonia, was observed, along with an increase in cases requiring respiratory support.
Despite a positive trend in survival rates, the neonatal mortality rate remains high, underscoring the
need for further enhancement of intensive care methods and antenatal prevention strategies.Based
on the findings, recommendations are proposed for optimizing the management of high-risk
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newborns, strengthening infection control measures, and improving the quality and effectiveness of
respiratory support.

Knroueswie cioea. HOBOPOXKICHHEIC, OTACIICHUC p€aHumMaliuu, HECAOHOIICHHOCTD,
pecnupaTtopHasd noAACpKKa, ITIHCBMOHUA, TUIIOTCPpMUA, CMCPTHOCTD, JICUCHUC.

Keywords: newborns, intensive care unit, prematurity, respiratory support, pneumonia,
hypothermia, mortality, treatment

OnHoit U3 Beaymux npodyieM HEOHATOJIOTUH OCTAETCS COCTOSTHUE 310pPOBBS, 3200JI€BaEMOCTh
U CMEpPTHOCTh HOBOPOXACHHBIX. CHUXeHHEe YypoBHS 3a00JIeBa€MOCTH U NEpUHATAIbHON
CMEpPTHOCTU SIBJISICTCSI TMPUOPUTETHBIM HAINpPABICHUEM pAa3BUTHS CHUCTEMBI 3/IPaBOOXpPAHEHUS
Keiprenckoit Pecniyomuku. Cornacao nanasiM Jlerckoro ¢pouga OOH (FOHUCE®), Keipreizcran
3aHuMaeT 76 mecto cpeau 184 crpaH 1o ypoBHIO MiaJieHuecko cmepTHOCTU. OIIeHOUHBIE JaHHBIC
3a 2020 roj CBUAETEIBCTBYIOT O CHUIXKEHHHM JETCKOM CMEpTHOCTHM Ha 73% MO CpaBHEHUIO C
ypoBHeM 1990 roma. HecmoTps Ha JOCTUTHYTBIH NpOrpecc, IOKa3aTenu MIIaJeHYeCKOn
CMEPTHOCTH OCTAIOTCSl TPEBOKHO BBICOKMMM B OTIENIbHBIX PErMOHaX MUpa, Tak U B cTpaHe. Ilo
JaHHBIM HalMoHanbHOrO CTaTUCTUYECKOrOo KOMHTETa, 3a mnocienHue 15 ner B Keipreizcrane
OTMEeYaeTcs MO3UTHBHASA JUHAMHKA B CHH)KEHUHM CMEPTHOCTH Cpeu HOBOPOXAEHHBIX: ¢ 19,0%0 B
2004 r 1o 12,7%0 B 2020 r. CMEepTHOCTh Cpeyu JIETeH MepBOM HEAEM KU3HU cHU3WIach Ha 40%, a
YPOBEHb MEPTBOPOXKIACHUNA — Ha 32,6%. DTH TOCTHIKEHUS CBHAETEILCTBYIOT 00 3¢ dexruBHOCTH
pEaIM30BAHHBIX MPOrpaMM M YCWIMH CcUCTeMbl 37paBooxpaHeHus. OJHAKo, M0 JaHHBIM
yIIIyOJIEHHOTO MCCIIEIOBAHMSI, MPEICTABICHHBIM Ha KPYTJIOM CTOJE, MOCBIMEHHOM KOHBEHIIMHU O
npaBax peOEHKa, TEMIIbl CHUKCHHS HEOHATAaJTbHOW CMEPTHOCTH OCTalOTCA HEJAOCTAaTOYHBIMU. B
nepuoj ¢ 1990 r mo 2018 r cMepTHOCTH Cpeii HOBOPOKAEHHBIX cHU3Mach ¢ 24,0 no 10,7 cmepreit
Ha 1000 >kMBOPOXKACHUI, UTO COCTABISIET yMEHbIIEHHE Ha 54% [1].

B crpykrype npuunH mitanenyeckor cmeptHoctH 1o ganHsiM HIIOMu/Jl na 2022 r, nepBoe
MECTO 3aHUMAlOT 3a00JeBaHUS U COCTOSHHMS TNepuHatanbHOro nepuona (57,6%), Briouas
HE3pENOCTh JIETKUX, INEPUHATAJIbHBIE IMOPAKEHUS MO3ra, BPOXKIEHHYHO IHEBMOHHIO W JIpyrue
OCJIO)KHEHUS, NPEUMYILECTBEHHO Yy HEJOHOIIeHHbIX JeTeil. Ha BTOpoM MecTre HaxoasTcs
Bpox€HHbIe aHoManuu (16,7%), Ha TpetbeM — Oosie3nu opranoB abixanus (10,3%). OcobeHHo
yA3BUMOM KaTeropuei oCTaloTcs AETH C SKCTPEMAIbHO HU3KOW Maccoi Tena npu poxkJIeHHH (MeHee
1500 r). B 2024 r oTMeueHO aaibHElIIee CHU)KEHHE ToKa3aTeNsl MIaJeHYeCKO CMEPTHOCTH — 10
14,1 na 1000 xuBopoXaeHM, 110 cpaBHEHUIO ¢ 14,2 B 2023 1. OHAaKO ypOBEHb OCTAETCS BBICOKUM,
0COOEHHO B OTJIETBHBIX pernonax pecrmyosnmku (Omickas u XKanan-Aobanackas o01acTH).

['maBHBIMM TNpUYMHAMU CMEPTH TNPOAOJDKAIOT OCTAaBATHCA COCTOSHUS IIEPUHATAIBHOIO
nepuona (62,9%) u Bpoxxaéunsie anomanuu (18,2%). HecmoTps Ha peain3oBaHHbBIE TPOrPaMMBbl —
«Manaacy, «Manaac Taanummn», HanmoHabHYIO CTpAaTErHI0 pENpOAYKTHUBHOTO 310pOBbs, «/leH
coonyk» U HanumoHanbHble MepuUHATalbHBIE MIPOrpPaMMbl, — €XerojHo B KeIpreizctane ymupaer
oko:10 2000 HOBOPOXIEHHBIX U peructpupyercs 6omaee 1400 cmyyaeB MEPTBOPOKICHHH.

IIo manweiv CHERG, IHME u HPP, HenoHomeHHOCTH OCTa€rcss OCHOBHOM NPUYMHOMN
HeoHaTanbHOU cMepTHOCTH (41-47% Bcex ciydaeB). Cpeau AeTei ¢ HOpMaIbHON Macco# Tena nmpu
poxxaenun (>2500 r) BeAyMMH TPUYMHAMU SBISIOTCS BPOXKJIEHHBIE TOPOKH pa3BUTHUS (26,5%),
acukcus/runokcus (22,8%) u unpexuun (18,2%).

Ha ¢one o0mero cHWKEHHs MJaJeHYeCKOM CMEpTHOCTH HaOIIofaeTcs pocT YHucIia
HEJIOHOIIIEHHBIX JeTel, 4To TpeOyeT 0co0oro BHUMaHMS U yCHINN B chepe BhICOKOAIP(HEKTUBHOM
HEOHATaJbHOW TMOMOIIM. Y HEIOHOLIEHHBIX HOBOPOXKIEHHBIX YacTO BO3HHMKAIOT TSKENbIE
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JBbIXaTEIbHbIE PACCTPOMCTBA, CTEIEHb KOTOPBIX 3aBUCUT OT BBIPAXKCHHOCTH IIEPUHATAIBHOIO
MOpaKEHUsI MO3ra W TeCTAllMOHHOTO Bo3pacTta. YeMm MeHbIE TeCTallMOHHBIM BO3pacT peOEHKa U
TsDKeJlee TeyeHue 3abosieBaHus, TeM 0oJiee BBIPAKEHb! KIMHUYECKHEe nposiBieHus. K coxanenuto,
HECMOTpPSI Ha JOCTH)KCHMsI B Pa3BUTHM ICPUHATAJIBHONW MEIULMHBI, IIEPUHATAIbHBIC IOPAXKCHUS
OCTAIOTCA BEAYLIIUMMHU [PUYMHAMH JETCKOM CMEPTHOCTM M HHBAJIUJIHOCTU  BCIEICTBUE
MOBPEXJCHHUS IICHTPaJbHOM HEpBHOH cucrembl. Ha ¢QoHe crpemMuTenbHOTO —Pa3sBUTHSA
HEOHATAJIbHBIX TEXHOJIOTUH 0CO0YI0 aKTyaJlbHOCTh IPUOOPETAIOT BONPOCH! OLIEHKH BBKMBAEMOCTH
ri1yOOKO HEJOHOIIEHHBIX AETed, BHEAPEHUs] MUHMMAIbHO MHBA3UBHBIX METOJOB PECHUPATOPHOM
MOJIICP>KKH, aHTEHATAIbHON MPOPUIAKTHKH U TPeAYIPEKIeHUS HH()EKIMOHHBIX OCI0KHEHHUM.

AKTyanpHOCTb UCCIIE0BAHUSA 00ycIioBJIEHA HEO0XO0IMMOCTBIO JlalbHENIIETO
COBEPILLIECHCTBOBAHMS CUCTEMbl OKa3aHMs IOMOIIM HOBOPOXAEHHBIM, OCOOEHHO HEIOHOLIEHHBIM,
JUI CHWDOKCHMSI MJIQJICHYECKOM CMEpPTHOCTH, IOBBIINICHUS KauecTBa HEOHATAJIbBHOM IOMOIUM U
IPEAYNPEXKACHNUSI MHBATUAUZUPYIOIIUX COCTOSIHUMI Y JETEN.

Llenp wuccienoBaHuss — TMPOBECTH KOMIUIEKCHBIM aHajIW3 I[IOKAa3aTelle MIIaIeHYECKOU
CMEPTHOCTH JJIS YJIYYIIECHUs Ka4eCTBAa OKa3aHUs HEOHATAJIbHOW IOMOLIM POAWIBHOIO CTallMOHapa
B OTJICJICHUM PeaHUMallMd U MHTEHCUBHOM Tepanuu HoBopoxaeHHbIX (OPUT).

Mamepuan u memoost ucciedo8anus.

B wuccrnenoBanuu mpoBeNeH MOHUTOPHHI O(UIMATIBHBIX OTYETHBIX JAHHBIX OTICIICHUS
peaHuMalMM W HMHTEHCUBHON Tepanuu HoBopoxkaeHHbIXx (OPUTH) 3a 2023-2024 roasl.
Hcnonp30Banuch cBeeHHUS O 3a00JI€Ba€MOCTH, CMEPTHOCTH, UCXO0/1aX JICUCHUS, CPOKAX T€CTAlluU U
Macce Telna HOBOPOXKACHHBIX. AHaNM3 BKIOYaT 00pabOTKy aOCONIOTHBIX W OTHOCHTEIBHBIX
[I0Ka3aTesaei, OLUEHKY AMHAMMKHU 33 HUCCIENYyEMBbIH MEpPHUOJI, ONpEAESIEHUE CTPYKTYpbl OCHOBHBIX
MPUYMH CMEPTHOCTU U 3a0ojneBaeMocTu. [lonmydeHHble NaHHBIE CITY>KAaT OCHOBOW JJIsi BHIPAOOTKHU
MPAKTUYECKUX PEKOMEHJIAIMI MO YITYYIIEHHUI0 KaueCTBa HEOHATAILHOM MOMOIIU U 00ECTIeUeHUIO
OIarompUATHOTO MPOTHO32 JJIST HOBOPOKAEHHBIX, OCOOCHHO U3 IPYIITHI BEICOKOTO PHCKA.

Pezynomamot u o6cysncoenue

OtneneHne peaHMManud W UHTEHCUBHOM Tepanuu HOBOpoxaéHHeIXx PC  OMKD
(YHKIIMOHUPYET B COOTBETCTBUM C MpHHIMIOM «BaxeH Kaxablii peOEHOK», olecrednBast
no0OpoxenaTenbHOE W WHAMBUIAYaJbHO  OPUEHTHPOBAHHOE  OTHOLIEHHE K  KaXJIOMY
HOBOPOXXIEHHOMY. B oTIeneHnn nocinenoBaTeNbHO pealu3ylOTCs NPUOPUTETHBIE HAIPABIICHUS B
00JIacTH TepUHATATbHON METUIMHBI, BKIOYas: mporpamMmy «HHUIMaTHBa JOOpPOKENIATEIBHOTO
oTHomIeHHs K Marepu U peOEHky» (MBAOMuP), «OddexTuBHbIN NepuHATAIBHBIA YXOIY,
BHEJPEHUE COBPEMEHHBIX IEPUHATAIBbHBIX TEXHOJOTUM, HANpPaBIE€HHBIX HA BbIXa)KMBAaHUE
HOBOPOXKIEHHBIX C IKCTPEMalIbHO HU3KOM Maccoil Tena (Menee 1500 r).

AHanu3 IMHaMUKH PO’KJIAEMOCTH 3a IOCIEAHME [Ba roza B poawisHoM crannoHape OMKD
MI0Ka3aja MoJIOKUTENbHYIO TeHaeHIHo. B 2023 1 Obu1o 3apeructpupoBaHo 8331 HOBOPOXKAEHHBIX.
Haubonbiiee uncio HOBOPOXAEHHBIX 3apeructpupoBaHo B 2024 r — 10442 peGénka, 4yTto Ha
25,35% 6omnbiie, yem B 2023 r. Beero 3a nepuon ¢ 2023 r no 2024 r B poJMIBHOM CTallMOHape
OMKDB pomumuce 18773 nereit. Poct poxaaemoctn B 2024 1, BeposiTHEE BCETO, CBSI3aH C
BPEMEHHBIM 3aKPBITUEM TOPOJICKOTO MEepUHATAILHOTO IHeHTpa r. Oul Ha KanuTajdbHBIA PEMOHT,
HaIpaBJIEHHBIN Ha yay4lIeHHe YCIOoBUH 171 Oyaymux MaTepei 1 HOBOpOoxkAE€HHBIX. (PucyHoxk 1).

3a nepuoa ¢ 2023 r mo 2024 r depe3 OTAEIEHHE pEaHUMAIMM M MHTEHCUBHOW Tepanuu
HOBOPOXIEHHBIX (OPUTH) nponuto 3HauuTeNbHOE KOJIMYECTBO HOBOPOXKJICHHBIX, YTO IO3BOJISAET
OLICHUTh JAWHAMUKY HArpy3kd Ha OTHEJIEHHE M HU3MEHEHHUS B CTPYKType BBIXa)KHBAHUS
HOBOPOXAEHHBIX. B 2023 1 B oTHE€NEeHNN peaHNMalMi U UHTEHCUBHOM TEPAIMM HOBOPOKIEHHBIX
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(OPUTH) nponeueHo 781 HOBOpOXIEHHBIX, a B 2024 T KOJIMYECTBO HOBOPOXKIEHHBIX PE3KO
BO3pocio u coctaBuio 1145, uro Ha 364 peG€nka 6ombiie, ueM B 2023 T, unu Ha 46,6% BbIIIIE.

B 2023 r B otnenenuu peanumanuu HoBopoxkAEHHBIX (OPH) nomops nomyunnu 539 nereit, a
B nanatax uareHcuBHou tepanuu (IIUT) — 242 nereii. B 2024 r B (OPH) nomois nonyuusnu yxe
759 HoBOpOXAEHHBIX, uTo HA 40,8% Oosbmie, yvem B 2023 r. KomuectBo nereit B (ITUT) Takxe
yBeMMUUIOCh — 0 386, uro Ha 59,5% OoIbIIe MO CPABHCHHIO C MPEIBIIYIIAM TOIAOM. JTO
CBUJCTEIBCTBYET KaK O pocTe OOIIEro 4ucia MOCTYNUBIIMX, TaK M 00 YBEJIMYEHHH 4YHCIa KaK
TSOKEIBIX, TAK U OTHOCUTEIBHO CTA0MIIBHBIX NAIMeHTOB. B mporienTHOM BhIpakeHun aoiss OPH
cocraBuia 66,3%, a [IUT — 33,7% (Pucynok 2).

2023 rop 2024 ron

Pucynox 1. Ilokazarenu poxxaaemoctu 3a 2023-2024 rr.

1145

781 759
m2023 1.
i m2024 1.
86
242 .
OPH nur )

OPUTH

Pucynok 2. Ananus pa6otst otnenenuss OPUTH 3a 2023-2024 rr.

Takxke 3a uccneayeMblid MEPUOJ OTMEYEHbl 3HAUUTEIbHBIE M3MEHEHHS B COOTHOILLIECHUHU
JIOHOIIICHHBIX W HEIOHOIICHHBIX HOBOPOXKAEHHBIX. B 2023 r w3 781 mnposjedeHHOro
HOBOPOXIEHHOTO JI0JIs TIOHOMIEHHBIX cHU3MUIAch 10 50,6% (395 nerteit), Torma Kak HEJOHOIIIEHHBIE
cocraBmmn 49,4% (386 npereit). B 2024 r TeHACHIMSA K CHIDKEHUIO JIOJIM JOHOIIEHHBIX
MPOJOJKUIIACh — OHM cocTaBwin Jwmmb 37,2% (426 neteit) ot obOmero uucma 1145
TOCTIMTAIM3UPOBAHHBIX, TIPH ATOM J0JIT HEAOHOMICHHBIX nocTturia 62,8% (719 nereit). B nmemom 3a
JNIBYXJICTHUM TIEpHOJ JOJs JOHOIICHHBIX HOBOPOXKIEHHBIX yMeHbImiach Ha 13,4%, a
HEJIOHOILLIEHHbIX — yBenuuuiack Ha 13,4% 4To oTpaxaeT BbIpaXXEHHBIM CABUT B CTOPOHY POCTa
qrclia JeTed, pOAUBIIUXCS MPEXKIEBPEMEHHO U TpeOyromux 0ojiee HHTEHCUBHOTO HEOHATATBHOTO
HaOmoieHus u Tepanuu (Pucyrnok 3).
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Pucynoxk 3. Anamms pabotst OPUTH, %

AHanu3 CTPYKTYphI 3a00J1€Ba€MOCTH HOBOPOXKAEHHBIX 1O CPOKY rectamuu 3a 2023 ru 2024 r
BBISIBIJI CIIEAYIOIIME U3MEHEHHUs: Tpymna AoHOoImeHHbIX (>37 Henens): B 2023 1 cocraBmia 50,7%
(396 ciyuaeB), B 2024 T — 37% (424 ciydas), 4TO yKa3bIBaeT Ha CHUKEHUE JOJIM TOHOIIEHHBIX
cpenu 3aboneBuux, rpymmna 35-36 negens: yBenuuenue ¢ 21,9% (171 cmyuyait) B 2023 r no 23,4%
(269 cnyuaes) B 2024 r, rpynna 33—34 nenenu: poct ¢ 10,4% (81 ciyyait) no 17,9% (205 cnyqaes),
rpymmna 30-32 wegenu: yBenmuenue ¢ 9,3% (73 camywas) no 13,3% (153 cayuaeB), rpynmna 28-29
Henenb: pocT ¢ 3,1% (24 cnyuas) no 4,4% (51 cnyuas), rpynmna 25-27 uwenensb: cHkenue ¢ 3,6%
(28 cyuaeB) no 3,1% (36 cnyqaeB), rpymnmna <24 Henenb: ymenbiieHue ¢ 1% (8 coyuaen) 1o 0,6%
(7 cnyuae). Takum oOpa3om, B 2024 r HabmogaeTCsl TEHASHIUS K YBETUYCHHUIO 3a00JI€Ba€MOCTH
CpeIy HEIOHOIICHHBIX JeTed, ocobeHHO B Tpymmax 33-34 u 35-36 Henenu, 4To Tpedyer
JIOTIOJTHATEIHPHOTO BHUMAHUS K MPO(HUIAKTUKE U JICUCHUIO HOBOPOXKIEHHBIX B IAHHOW KaTETOPHH.
IIpu ananmuze cTpyKTypbl KauecTBEHHbIX Nokazatened paborsl OPUTH no mecsmam 3a 2024 r.
OTMeYaeTcs, YTO Hauboblllee MOCTYIUIeHHEe OONBHBIX JeTelt 0o B ceHTsioOpe — 141 u B gexabpe
— 140, a HauMmeHblIEee TPUXOAWIOCH Ha Mecsl MapT — 54, 4yTo MoYTH 2 pa3a MEHbIIE, YEM B
ceHTs0pe mecsie. (Pucynok 4).

50%
40%

30%

20%

v — m w11

Mc::j 4 25-27 nen. 28-29 wex. 30-32 nen. 33-34 pen. | 35-36 wen. 37 nen.
W2023-r. 1% 3.60% 3,10% 9.30% 10.40% @ 21,90%  50,70%

2024-r.  0,60% 3.10% 4,50% 13.40% | 17,90% | 23,50% 37%

Pucynok 4. Ilocrynusmue 8 OPUTH no cpoky recrauuu, %
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[IpoBenéH cpaBHHUTENbHBIN aHATU3 CTPYKTYpPHl 3a00JIEBAEMOCTH HOBOPOXKIEHHBIX IO
BecoBbIM Kateropusim 3a 2023 r u 2024 r. B 2023 r HanOobIIyIO OO COCTABWIN JETH C MacCOU
tena Oonee 2500 r — 384 cuyuas (49,1%). Hetu ¢ maccoit tena 2000-2499 r cocraBuiu 210
ciydaeB (26,9%), ¢ maccoit Tena 1500-1999 r — 93 cayuas (12%), 1000-1499 r — 44 cnyuas
(5,6%), 750-999 r — 31 cayqaii (4%), u meree 750 r — 19 cinyuaes (2,4%).

B 2024 r nabmogaeTcsi M3MEHEHUE B PACHpPEEICHUN: KOJIUYECTBO JETeH C Maccod Tena
6onee 2500 r cocraBuno 424 cinydas (37%), 4TO CBUACTEILCTBYET O CHUKEHHM JOJH JAHHOMN
rpynmbl. OTHOBPEMEHHO YBEIMYHIIACh A0Js aetei ¢ maccoi Tema 2000-2499 r — 376 cimydaeB
(32,8%) u 1500-1999 r — 217 cinyuaeB (20%). KonuuectBo aereit ¢ maccoit tena 1000—-1499 r
OCTajoCh Ha MpexHeM ypoBHe — 64 ciyuas (5,6%), a 1018 HOBOPOXKIEHHBIX C dKCTPEMAIBHO
Hu3Koi maccoit tena (750-999 r u menee 750 r) cocraBuna 43 cinydas (3,7%) u 22 cnyuas (1,9%)
cooTBeTcTBeHHO. Takum oOpa3om, 1o cpaBHeHHto ¢ 2023 romom B 2024 romy oTMeuaeTcs
YBEIMYEHUE JIOJIM HOBOPOXKIEHHBIX ¢ Maccoit Ttema ot 1500 mo 2499 1, uyto MOXeET
CBUJICTEIBCTBOBATh O POCTE 4YHUCJIA HEAOHOUICHHBIX M MAJIOBECHBIX JIETeH, HYXIAIOUIUXCS B
WHTEHCUBHOM HaOmroneHnu u jedeHun. CHUKeHUE noiy nereil ¢ maccoil 6osee 2500 r Taxxe
yKa3bIBaeT Ha U3MEHEHHE MPO(Uils NaleHToB, MOCTynauX B otaeneHue (Pucynok 6).
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B2024-r.  1,90% 3,80% 5,60% 20% 32,80% 37%

B2023-r.  2,40% 4% 5,60% 12% 26,90% 49,10%

Pucynok 6. I[locrynusmue 8 OPUTH o BecoBoii kareropuu, B %

B xone ananmza cTpyKTyphl 3a00J1€Ba€MOCTH HOBOPOXKIEHHBIX, HAXOIALINXCSA Ha JICYEHUU B
oTheneHnn peaHuMannu M UHTeHCUBHOM Tepanuun PC OMKDB 3a 2023-2024 rr., BBISBIECHBI
CYLIECTBEHHBIE U3MEHEHUS B HO30JIOTHYECKOM PACTIPEACICHUY.

B 2023 roxy nmuaupyromei IpuYrHON TOCTIUTATN3AINH SBISUTach HEJTOHOMEeHHOCTh — 210
ciydaes (26,8%). Bropoe MecTo 3aHsI0 TPaH3UTOPHOE TaXUITHO? HOBOPOXKIEHHBIX — 140 ciyuyaes
(17,9%), Tpetbe — uHpekuuu, cneuuduuHble 1 NepuHaTaabHoro nepuoga — 13,4%. Jlanee
crefoBanu: BpoxaEHHbIe mopoku pazsutus (BIIP) — 9,4% u manoBecHble Ui recTallMOHHOTO
Bo3pacta — 9,2% (PucyHok 6).

B 2024 r HeENOHOLIEHHOCTh TaKXe OCTaJlaCh Ha IEPBOM MECTe, IMpPU OATOM €€ 0

3HAYUTENbHO yBenuumiach — 1o 414 cmyuaeB (36,1%). Ha BTropoe mecTto BbIIUIM HH(EKIUU
nepuHatagbHoro nepuoaa — 122 cmyyas (10,6%), Tpetbe MecTo pazaenuian mHeBMOoHHS — 120
ciydaeB (10,4%) u Tpan3utopHoe TaxumHod — 109 cmydaeB (9,5%). UyTh HMXKE TO 4YacCTOTE

pacnonaraiuch: ManoBecHble Aetn — 103 ciyuas (8,9%), BIIP — 91 cayyait (7,9%) u cunnpom
neixaTenbHbIX paccrpoiictB (CHP) — 72 ciydgas (6,2%) (Pucynok 7). Takum obpazom, B 2024 T
OTMEYAeTCsl YBEIMYEHHE JONU TOKENBIX (QOpPM MATOJIOTMM, TPeOYIOIIUX HHTEHCHBHOTO
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HaGHIOI[eHI/ISI n JICYCHMUA, 0COOEHHO Cpeau HCOOHOMIICHHBIX U HOBOpO)KI[éHHLIX C I/IHq)CKI_[I/IOHHO-
BOCIHAJIUTEILHBIMHI 3a00JIEBAHUAMU.

HO30J0THA I II I IV v VI VII | VIII | IX X XI XII BCET'O
HenonomennocTe 17 15 20 17 16 19 13 14 14 17 17 21 210
ManoeecHBIH 108 recTADHOHHOTO 7 5 4 7 6 3 11 11 B 3 5 2 72
E03DACTA
IueemonEs 6 2 8 5 5 7 1 6 7 1 5 9 63
TpamzaTopHOE TAXEOHOE 12 7 9 10 15 10 18 8 18 7 9 17 140
CIP, IlepEnqsEIE aTe1eKTas 6 4 3 1 1 1 2 1 1 2 23
I'EH 3 1 2 3 0 k) 2 1 3 19
BIIP, BIIC 8 11 0 7 4 6 3 8 7 4 8 8 74
Hudexnra, cnenadaanas 118 11 6 3 16 7 7 6 12 7 14 3 13 105
NEpHHATAILHOTO TEPHOIA
Cencac 1 2 1 1 1 1 7
Kpanuasa geapenocts 1 4 3 g 5 3 1 3 1 2 4 2 35
BAK 1 1 1 1 1 1 7
BYH 1 - 1
I'mnornareman 2 1 1 1 5
Heon.zexryxa 1 1
Tpomb.mypnoypa 2 2
Boxamia 1 1
TH3 1 3 1 5
AcnHpanas MexoEEEM 2 1 4
Temopparaaeckan Gomezns 1 1 2
KedamoremaToma 1 1
Hezoxopmanreanne 1 1
AH3K 1 1
Ieperom kaogEDEL 1 1
BpowaenariH 3ME1epMHEOTHI 1 1
BCET'O 75169 | 55|71 |60 | 65|61 | 68 (65|56 | 58 |78 781
Pucynoxk 7. Ctpykrypa 3aboneBaemocts 3a 2023 T.
[Ipu mpoBeneHnn CPaBHUTEIIFHOTO aHajW3a TI0 NPUMEHEHHIO aHTEHATaJIbHON

rimokokoptukocteporinot (I'KC) npodunaktuku CJ/IP 'y HEIOHOUIEHHBIX HOBOPOXAEHHBIX,
ponuBiuxca A0 34 Hexenb rectauuu, 3a 2023 u 2024 rozpl, ObLTH BBISBICHBI HIKECIEIYIOIINE
nannbie. B 2023 r cpean 214 HeZOHOUIEHHBIX HOBOPOXKIEHHBIX, POAUBLIMXCS 10 34 Heenb
rectaluu, MOJHBIA Kypc aHTeHaTainbHOU rimokokoptukoctepouHol (I'KC) npodunaxtuxu C/IP
nonyuniu 127 nereit (59,3%). Henonnblil kype npouuin 48 HOBOpokaEHHBIX (22,4%), a 30 nereit
(14%) He momyuynu NpoQUIaKTHUKY BOBCE.

B 2024 r o6miee uyucio HEJOHOWIEHHBIX 10 34 Henxenb 3HAYUTEIbHO YBEIMYWIOCH U
cocraBuio 442 pebOéuka. Ilpu stom anexkBarHyto ['KC-mpodunaktuky nomydwnn aumb 157
(35,5%), nenonnsiit kypc — 76 (17,2%), a 209 (47,3%) He nosydanu NpoQUIaKTUKH.

Takum oOpa3oM, Ha ¢oHE pocTa MPEeKICBPEMEHHBIX POJOB HAOIIOJACTCS TPEBOKHOE
cHIKeHne oxBara aHTeHatanbHOM ['KC-mpodunaktukoit. OcoOeHHO HAacTOpa)XKMBAET YBEINYECHUE
JIOJIU JKEHIIIMH, He MOJIyYHMBIIUX €€ BOBce. DTH JaHHbIE MOTYEPKUBAIOT HEOOXOIUMOCTh YCUTICHUS
Mep Ha TMEPBUYHOM YpPOBHE DPOJOBCIIOMOKEHHS, BKJIOYas CBOEBPEMEHHOE BBISIBJICHHE pHCKa
MPEX/IEBPEMEHHBIX pOJIOB U olecriedeHne mnposeaeHus mnonHoro kypca ['KC tepanum uis
cHKeHus pucka TsokEnbsix Gopm C/IP y HoBopoxxaéHHbIX (Tabmuma 1).

CT . Tun uyensuu CC: Attribution 4.0 International (CC BY 4.0) 187



bBronemens nayku u npaxmuxu / Bulletin of Science and Practice T. 11. Ne7 2025

https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/116
HO30I0T HA L i i iv v vi [voi VIO X [x 1 [xII | BCEIO
[HeqoHOINEHHOCTE 12 p5 |16 po P57 Pl |52 B4 53 |65 M4
ManoEecHRIH A4 TecTAHOHHOIO EOSpacTa @ i 4 6 5 14 10 N2 g 11 11 6
[THeEMOHEA 17 2 11 & 5 i 8 12 (10 R 5 12
|[paHsHTOPHOS TAXHIHOES 11 7 6 7 £ 6 11 77 10 p 16 [0
ICIOP, IlepEHYHEIH aTeIeKTAS 1 6 2 & H 1 7 6 6 4l 6 20
TEH 3 1 -l 0 2 1 1 1 2
BIIP, BIIC 10 |7 5 7 7 7 3 15 p 10 M 11
Mrdexmsaa, cnenadEIHad 111 5 11 B g 2 i 1 {18 po p7 11 fd
MepHHATATEHOTO EPHOIA
(Cencuc 1 2
K pafHaa HespelIocTh 2 1 1 4 o 1 2 £ 7 1 @ 12
123058 1 1 1 3 1
MexoHHATBHBIH HIEYC 1
[THeEMaTOpOK: 1 1
[Tepemon EIHOUHITEL 1
[TpoM6.mypmypa
Cyzoporn 1
(113, Mimemma Mosra 1 1 1 16 3 4
\ACTTHPAITHA MeKOHHEM, MOIOKOM 1 1
[eMopparsueckan GonesHe 1
[Kedamoremaroma 1
[bonesHE THPIMIPYHTA 1
MaccHEHOE KpOEO-HE 1
BYUPT 1
[Tapamma MromeHa-3PEA 1
\AcdHECHA TRKSTOH CTENeHH 1 1

Pucynok 8. Ctpykrypa 3ab6oneBaemocts 3a 2024 r.

Tabnuma 1
AHTEHATAHEHAH INPO®PUITAKTUKA CTEPOUIAMU
V IETEU, IIOCTYIIMBIINX B OPUTH, B %.
2023 2 2024 2
Abc. % Abc. %
Jo 34 nenens 214 442
AIEKBaTHO MOJXYYUIN 127 59,3 157 35,5
He nonyuunu, HET JaHHBIX 30 14 209 47,3
HEaJIeKBAaTHO 48 22,4 76 17,2

AHanu3 CTPYKTYpbl CMEPTHOCTH B paHHEM HeoHaTambHOM nepuoje 3a 2023-2024 roasl
MoKa3aJl, 4YT0 HauOONBIIMKA BKJIAJ B JIETAJBHOCTh NMPOJODKAET BHOCUTH CHHAPOM JbIXAaTEIbHBIX
pacctpotictB (CAP). B 2023 r ero nons cocraBmia 54%, a B 2024 T nmokasareib YBEIUYUIICS 0
60%, YTO CBUIETEIBCTBYET O COXPAHSIIOUICHCS TSHKECTH JBIXaTeTbHOW TATOJIOTHU Yy
HE/IOHOUIIEHHBIX HOBOPOXXKIEHHBIX, HECMOTpPsS Ha IpHUMEHsAEMble METOAbl PECIUpPaTOpHOU
nojaepxku. Ha BropoM mecTte 1o yactoTe 3aHsuia BpoxkaEHHbBIE opoku pa3sutus (BIIP), ognako
ux aoas cHuzmiach ¢ 25% B 2023 T 10 19% B 2024 1. DTO MOXKET OBITH CBSI3aHO C YJIYYIICHUEM
JIOPOJIOBOM TMAarHOCTUKH, CBOCBPEMEHHOW MapIIpyTHU3aIueii 0EpeMEeHHBIX, a TAK)KE C POCTOM JIOTH
JpYTuX MpUYUH cMepTHOCTH. H(peKInoHHbIe 32001€BaHus, BKIOYas HEOHATAIbHYIO THEBMOHHIO,
3aHsuM TpeTbe MecTo. B 2023 r onu coctaBunm okono 11% npuyuH cMEPTHOCTH, B TO BpEMS KakK B
2024 r sToT mokazarenb yBemuamics 10 12,4%.
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Pucynok 9. CTpykTypa Npu4rMH CMEPTHOCTH B PaHHEM HEOHATaJIbHOM Tepuoe, B %

Taxum o0pa3om, CTpyKTypa paHHEl HeOHaTaabHOU cMepTHOCTU B 2024 roay JEMOHCTPUPYET
yBennuenue ponu CJIP u cHmxkenue ynensHoro Beca BIIP u undexuuii, yto nomyépkuBaet
HEOOXOAUMOCTh  YCWJIGHUS ~ QHTEHAaTaJbHOW  NPOQMIAKTUKH, CBOEBPEMEHHOIO  BEAEHUS
JBIXaTEJIbHBIX ~HAapyIIEHWH M JaJbHEHIIEro pa3BUTUS MPOrpaMM [0 IPEeAOTBPAILEHUIO
UH(EKIMOHHBIX ocnoxHeHu# (Pucynok 10).

[9]
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BUK, MuesMonn
Cencuc BYH BIIP HINeMHA npoune
_ _ MO3Ta "
u2023-r. 25% _ 13% _ 38% _ 25% _ _
u2024-r 0 39% 13% 9% 22% 17%

Pucynoxk 10. CtpykTypa ymepiux B O3JJHEM HEOHATAILHOM Tieproze, B %

CpaBHHUTENBHBIN aHAIN3 TPUYMH CMEPTHOCTH B TO3JHEM HEOHATaTbHOM Tiepuoje 3a 2023 u
2024 ronpl nmoka3aja BbIpaXEHHbIE U3MEHEHHUS B BEAYLIMX MAaTOJIOIMYECKHUX Ipoueccax. B 2023 r
OCHOBHYIO JIOJIIO COCTaBJSUIN BpOXIEHHBIE MOpoku pazButusi (BIIP) — 38%, na Bropom MmecTe ¢
PaBHBIMU TOKa3aTeIsIMU — CEINCUC M HMILEMUs TOJIOBHOTO Mo3ra (1o 25%), TpeTbe MECTO 3aHSUIH
BHYTpuyTpoOHble nHpekunn (BYN) — 13%. B 2024 r cuTyauus usmMeHWIach: Ha MEPBOE MECTO
Beiu BYU (39%), Ha BTOpoMm mMecte — mHeBMOHUS (22%), a mpoune NpuauHbl cocTaBuiu 17%.
Hons BIIP causunacek 1o 13%, onycTUBIINCH HAa YETBEPTYIO MO3HIMIO. TakuM oOpa3om, Ha GoHE
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CHIDKCHHUS IO BPOXKIAEHHBIX TOPOKOB M HIEMHH MO3Ta HAOIIOMAeTCs POCT MHGEKIIMOHHBIX
MPUYMH, YTO MOXKET OTpakaTh Kak yBEIWYCHHE 4YHCla HWHQPEKIMOHHBIX OCIOXKHEHUH B
MepUHATAILHOM I[E€pHOJe, TaK U YIydlIeHHWE JWAarHOCTUKA JTHUX COCTOSHUM. JluHamuka
MOAYEPKUBACT HEOOXOJMMOCTh YCHJIEHUS Mep N0 MNpOo(UIAKTUKE U PpaHHEMY BBISBICHHUIO
UHQPEKINH Y HOBOPOKIEHHBIX.

AHanu3 npuMeHeHus MeTo10B pecnuparopHoil noanepxxku B OPUTH 3a 2023-2024 ronasl
MIPOJIEMOHCTPUPOBAN KaK POCT YUCIIa HOBOPOXKIEHHBIX, HYKIAIOMIMXCS B JIbIXaTEIbHON Teparuu,
TaKk W u3MeHeHus B e€ cTrpykrype. B 2023 r pecnupaTopHyr0 MHOMJAEPKKY moiaydaiu 486
HOBOpOXIEHHBIX. M3 HuX CPAP mpumensics y 366 nereit, uto cocraBuino 47% ot oOriero
KOJIMYECTBA I'OCHUTAIN3UPOBAHHBIX, a MHBa3uBHAas BeHTW AU jn€rkux (MBJI) — y 120 pereit
(15%). B 2024 r konu4ecTBO JeTel, HY)KIABIIUXCS B JIBIXaTEIbHOW TOIJIEPIKKE BO3POCIO 10 583,
yTo coctaBuiio 50,9% ot Bcex nposnedeHHbix nereil. B tom uncie Ha CPAP u BPAP naxoaunuce
Bce 583 peOénka, a MBJI mpumensutack B 184 cinydasx (16%). OTHocUTENbHO CTaOWUIbHAS OIS
npumenenus UBJI (15% B 2023 r. u 16% B 2024 r.) MOKeT yKa3bIBaTh Ha 3PPEKTUBHOCTh PAHHETO
MPUMEHEHUST HEMHBA3UBHBIX METOJIOB, MO3BOJIAIOIIMX H30ekaTh IepexoJa K WHBA3UBHON
BEHTWISIMH B 3HAUUTEIHHOM YHCTIE CITyYaeB.

[lepunaranpHass W HEOHATAJbHAsI CMEPTHOCTH SBISIIOTCS KJIIOYEBBIMU HWHIMKATOPAMH
KauecTBa aKyIIEPCKO-HEOHATOJOTHYCCKOW moMomu. WX amHamMuka orpaxkaeT 3((HEeKTHBHOCTH
aHTEHATaJbHOTO HAOIIOJCHUS, POIOBCIIOMOXKEHHUSI M BBIXQ)KHBAHHUS HOBOPOXKICHHBIX, OCOOCHHO
HenoHomeHHbIX. Hactosmee uccieqoBanue ocHoBaHo Ha maHHBIX PC OMKSB r. Om 3a 2023 u 2024
roJlbl W HAMpaBJICHO Ha BBISIBICHUE MPOOJEMHBIX TOYEK M ONPEEICHUE MPUOPUTETHBIX
HaIpaBJIEHUH JUIsl YITy4YIICHUS TTOKa3aTesield BBKUBAEMOCTH HOBOPOKICHHBIX.

5 . Tabnuma 2
CPABHUTEJIbHbIV AHAJIN3 IIEPUHATAJIBHOU
1 HEOHATAJIbBHOU CMEPTHOCTMH (2023 — 2024rr).
Toxazamenw 2023 2 2024 2 HUsmenenue

Bcero ponos 8611 10800 A +2189
’KuBopoxeHHbIE 8483 10634 A +2151
MepTBoOpOXIeHHBIE (BCETO) 143 193 A +50
AHTEeHaTaJIbHBIC 128 (14,8%0) 166 (15,3%0) A +38
WuTtpaHataibHbIe 15 (0,17%o) 27 (0,25%o) A +12
[IepunaTtanbHasi CMEPTHOCTb 245 (28,4%o) 346 (32,0%0) A +101
YMepnu B paHHEM HEOHATAIbHOM IEPHOJE 102 (11,8%0) 153 (14,1%0) A +51
YMepiiu B O3/ JHEM HEOHATAIBHOM IEPHOJIC 8 (0,9%0) 23 (0,21%o0) A +15
HeonaranbHast CMEPTHOCTB (BCETO) 110 (12,7%o) 176 (16,2%o) A +66

B 2023 r ob1ee KoM4ecTBO poIoB cocTaBuiIo 8611, mpu 3TOM KUBOPOKAECHHBIMU POJMINCH
8483 HOBOPOX/IEHHBIX, MEPTBOPOXKAECHHBIMU — 143 (B TOM uucie aHTeHaTalbHbIX — 128
cllyyaeB, MHTpaHaTalbHbIX — 15). B 2024 r olmee konnyecTBo ponoB yBenuumioch a0 10 800,
IIPU 3TOM YKUBOPOKIEHHBIMU poauinch 10 634 HOBOPOXKIEHHBIX, MEPTBOPOKIEHHBIMU — 193 (B
TOM YHCIIe aHTE€HATaIbHBIX — 166, uHTpaHaTaIbHBIX — 27). Takum oOpazoM, HaOIOAAETCSI POCT
aHTeHaTaIbHOU cMepTHOCTH C 14,8%0 10 15,3%0, a Takxke nuaTpanataabHo — ¢ 0,17%0 10 0,25%o,
YTO MOXET OBbITh CBSI3aHO C HEAOCTaTOYHOW 3()(PEKTHBHOCTHIO AHTEHATAIbHOTO HAOIIOACHUS U
Ka4eCTBOM aKyIIEPCKON ITOMOIIIH.

PanHMiI1 HEOHATAIBHBIN NTEPUOJT XapaKTEPU3YETCS TAKXKE YXyIUIEHUEM MokasaTeneit: B 2023 v
B 3TOM nepuoje ymepian 102 HoBopoxaeHHbIX (11,8%o), B 2024 r — yxe 153 (14,1%0). B no3anem
HEOHATaJHLHOM TepHojie cMepTHOCTh BhIpocia ¢ 8 (0,9%o) mo 23 cimyuaeB (0,21%o). Obmiee uncio
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YMEpIIUX JIeTeH B HeOHaTaIbHOM Mepuoe yBeanumnoch ¢ 110 (12,7%o) B 2023 r go 176 (16,2%o0) B
2024 r. OTO CBUIETENBCTBYET O 3HAUMTEIBHOM YXYIUIEHUM BBDKMBAEMOCTH HOBOPOXIECHHBIX B
nepBble Henenu ku3Hu. Ocoboe BHUMaHKE 3acIyKHBaeT CTPYKTypa HEOHATaIbHOM CMEpTHOCTH. B
2023 1 nons yMepHIMX HEJOHOIIEHHBIX HOBOPOXAEHHBIX coctaBuina 80% (88 wu3 110), a
noHoieHHbIX — 20% (22 ciyyas).

Tabnuua 3
CMEPTHOCTb CPEJIY IOHOLIEHHBIX 1 HEJOHOLIEHHbBIX JIETEM
Kamezopus 2023 2024 Uszmenenue
JIoHOIIIEHHBIE 22 (20%) 27 (15,3%) A +5 (B OTHOCHTEIBHOM CHIDKEHHH JIOJIH)
HenonoreHusie 88 (80%) 149 (84%) A +61
C OHMT 23 (26,1%) 32 (32,3%) CrabuinbpHO BBICOKAsi CMEPTHOCTD
ymepiu u3 70 ymepau u3 99 — 32,3%
— 32,8%
C OHMT 47 (97,9%) 56 (91,8%) Hebounpiioe cHmkeHne, HO CMEPTHOCTD BCE
ymepin u3 48 ymepin u3 61 emnié KpaifHe BBICOKAs

B 2024 r nons HemoHomeHHBIX yBenuuuiach 10 84% (149 uz 176), Torma kak moms
JOHOIIEHHBIX yMeHbmuiack 10 15,3% (27 cnydaeB). DTO yKa3blBa€T Ha COXPAHSIOIIUECS
TPYOHOCTH B BBIX&KWBAHWU HEJIOHOIICHHBIX HOBOPOXKICHHBIX M B OOECICUYCHUHU IOJHOIICHHOTO
BeJeHUSI OEpEeMEHHOCTH Ha NEpBUYHOM YpoBHE. OcoOyi0 TpeBOTY BBHI3bIBACT KpaiiHE BBICOKAs
CMEpPTHOCTb Cpelld HOBOPOXAECHHbIX ¢ oueHb HU3KOM (OHMT) u skcTpemanbHO HHU3KOH Maccoi
tena (OHMT). B 2023 r cpenu 70 nereii ¢ OHMT ymepnu 23 (32,8%), cpenu 48 nereii ¢ OHMT —
47 (97,9%). B 2024 r cutyauus He mpeTepriena 3HaUUTeNbHbIX yiaydiienuit: u3 99 nereit c OHMT
ymepan 32 (32,3%), a uz 61 ¢ SQHMT — 56 (91,8%). HecmoTpst Ha HE3HAYUTENIBHOE CHUKCHHE
netanpHOCTH cpenu aered ¢ DHMT, mokazatenu ocraroTcs KPUTHYECKH BBICOKMMH. OOmmii
MOoKa3aTeNlb NePUHATAIBHOW CMEPTHOCTH Takke BIpoc: ¢ 245 cimydaeB B 2023 r (28,4%0) no 346
ciydaeB B 2024 1 (32%o), uTo TpeOyeT mepecMoTpa U ONTHMHU3AIMH MMOAXOJ0B K TepUHATATHEHON
MIOMOIIIM KaK Ha JOPOJOBOM 3TaIe, TaK U B MPOLIECCE POIOPA3PEIICHHS U TIOCIEPOIOBOTO yXO0Aa.

Bovisoo

[IpoBen€HHBII  aHAJIW3  CBUJETENBCTBYET O  CYHIECTBEHHOM  pPOCTE  IIOKa3arenei
MepUHATAIBLHONW M HEOHATaNbHOU cMepTHOCTH 3a mepuos 2023-2024 rogos. Haubonbimii Bkiiaj B
CMEpPTHOCTh BHOCAT HEOHOIICHHbIE HOBOPOXAEHHbIE, ocobeHHO ¢ OHMT u OHMT, uro
MOATBEPKIAET HATMYHME CUCTEMHBIX TIPOOJIeM B chepe BhIXaKUBAHUS TaAKUX JICTEH.

Poct Bcex KOMIOHEHTOB TMEpPUHATAIBLHON M HEOHATAJIBHOM CMEPTHOCTH, OCOOCHHO Cpeau
HEJOHOIIIEHHBIX JeTel, TpeOyeT KOMIUIEKCHBIX Mep: YCHJICHHs aHTEHATalbHOTO HAaONIOJCHUS,
yIyUIIeHUs] YCIOBUNA POJIOpa3pelIeHrs, MOBBIIIEHUS KBaTU(PUKAUKU MEAUIIMHCKOTO MepCcoHaa, a
TaKkKe MOJICPHU3AIIMU HEOHATaIbHOTO oOopymoBanus. Ocoboe BHUMAHHE JOKHO OBITH yIEIEHO
PO UIAKTUKE MPEKIEBPEMEHHBIX POJOB M YCUIICHUIO BBIXaXKUBaHUSI HOBOPOXKAeHHBIX ¢ OHMT u
OHMT. KommiekcHbIM MOAXO0J NO3BOJUT B JajJbHEWIIEM CYIIECTBEHHO CHM3UTh IOKa3aTelu
MJIaIEHYECKOM CMEPTHOCTH | YIIYYIIUTh AeMOTPadUUIECKYIO CUTYAIHIO B PETHOHE.

B 2024 r nabmromaeTcst 3HAUMTENbHBIA POCT 4YMCIAa TOCHUTAIU3ALUNA HOBOPOXKIEHHBIX B
OPUTH PC OMKBb, B ToM uucie 3a CU€T yBEIWYEHHs] POKJAEMOCTH U YHCIAa HEJTOHOIIEHHBIX
JIETEi, YTO MOBBIMIAET HATPY3KY Ha OTJIEIICHUE U TPEOYET AOMOIHUTENBHBIX pecypcoB. [Ipousomén
CABUT B CTOPOHY pOCTa 4YHcla TIyOOKO HEIOHOUIEHHBIX M MAaJIOBECHBIX HOBOPOXKIEHHBIX,
ocobeHHo ¢ Maccoil Tema 1500-2499 r, uTo oOTpakaeTcsi Ha CTPYKType 3a00JIeBaeMOCTH U
YBEIUYCHUU TOTPEOHOCTH B WHTEHCHUBHOW Tepanmuu. 3HAYUTEIbHO YBEJIMYWIIACH  JOJIA
pECTIpPAaTOPHON MMATOJIOTUH, OCOOCHHO CHHJIpPOMAa JBIXaTeNbHBIX PAacCTPOHCTB, Ha (QoHe
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HE/JIOCTaTOYHOTO  OXBaTa AHTEHATAJIbHOW  TJIOKOKOPTHKOCTEPOMIHOW  MPOPUIAKTHKOW Y
OepeMEeHHBIX C PUCKOM NPEKICBPEMEHHBIX POIOB.

OCHOBHBIMU HO30JIOTHYECKUMHU (POpMaMH TOCHUTAIM3ALIMUNA OCTAIOTCS HEJOHOIICHHOCTD,
MH(pEKIMU NEpUHATANIBHOIO Mepuojia, MHEBMOHUU U CHUHAPOM IbIXaTEIbHBIX PACCTPOICTB, YTO
TpeOyeT ycrieHns HH()EKIIMOHHOTO KOHTPOJIS M aHTEHATATLHON MPOQIIAKTUKH.

Hecmotpss Ha yBennueHue aOCOJIIOTHOIO 4YHCJA JIETAJbHBIX HCXOZOB, OTHOCUTENIbHBIN
YpOBEHb HEOHATAJIbHOM CMEPTHOCTH CHU3WICSA, YTO TOBOPUT OO0 YIYYIIEHHH KadyecTBa
MHTEHCUBHOW Tepanuu, HO COXPAHSETCS BBICOKMM YPOBEHb CMEPTHOCTH CPEAU HOBOPOXKIEHHBIX C
JKCTPEMAJIbHO HU3KOW MAcCOM Tena.

CTpyKkTypa NpUYMH HEOHATAILHOW CMEPTHOCTH CMECTWIACh B CTOPOHY HWH(EKIMOHHO-
BOCHAJIUTENbHBIX 3a00J€BaHMi, OCOOEHHO BO BTOpPOI IOJOBHHE HEOHATAJIBLHOTO MEPUOMa, YTO
MoAYEPKUBAET HEOOXOAUMOCTh COBEPILICHCTBOBAHUS TUAarHOCTUKU U JICUCHUS] HHPEKIUH.

Pe3ynbrarel aHanu3a mokaszaTesiell NESATENbHOCTH OTAENICHUS peaHMMalMM U MHTEHCHBHOMN
Tepanuu HOBOPOXKAEHHBIX OIICKON MEXO0O0IACTHOW KIMHHYECKON O00mpHUIBI 32 2023-2024 rosl
JEMOHCTPUPYIOT KaK TIOJOXKHUTENbHbIE CABUTU, TaK M COXpaHsIOIIMecs NpobiieMbl B o0nacTu
HEOHATAJbHOW TMOMOINM. YJyYllIeHHE BBDKMBAEMOCTH HOBOPOXKIEHHBIX, OCOOEHHO MpHU
MCTOJIb30BAHUH IASIINX METOJIOB PECTIMPATOPHON MOAJIEPIKKH, SBIISIETCS JTOCTHKEHUEM CITYKOBI.
JInst manbHEHIIero CHUKEHUST MJIAJICHYECKOH CMEPTHOCTH HEOOXOAMMO YKpEIJICHHE IEePBHYHOTO
3BEHa POJIOBCIIOMOXKEHHUSI, paciiperne oxBarta anteHatanbHoil ' KC-npoduinaktiukoil u BHeIpeHHe
CTaHAApPTOB 110 BbIXa’KWBAHUIO HEJOHOUIEHHBIX HOBOPOXKAEHHBIX.
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Annomayus. PaccMaTpuBalOTCS TEOPETHMUECKHUE OCHOBBI U NPAKTHUECKUE  ACIEKThI
WCIIONB30BaHUSI  TelleCHO-opueHTtupoBanHou  tepanuu  (TOT)  ana  BocCTaHOBIICHMS
IICUXOAMOLIMOHAIIBHOTO OajlaHca y JIMIL, CTPAJaloIIMX OT XpOoHMYeckoro crpecca. llpuBoaurcs
noJpoOHbI  0030p wucropuyeckoro paszputus TOT: ynpensercs BHUMaHUE BKIALy TaKHX
uccnenonareneit, kak B. Paiix, A. JloysH u ux mnocnenoBaresnei, aHaIU3UPYIOTCS KIIOYEBbIE
KOHLEMNIMN OTEYECTBEHHBIX U 3apyOexHbIX aBTOpOB. PaccMaTpuBaroTCsi COBPEMEHHBIE B3IJIsAbl Ha
IPUYMHBl U TPOSBICHUS XPOHUYECKOIO CTpecca Kak IMCUXOAIMOLMOHAIBHOIO M COMAaTHYECKOIo
¢denomena. Ocoboe BHUMaHME YIENAETCS MEXaHU3MYy BO3ICHCTBUS TENECHBIX TEXHUK Ha
IICUX03MOIIMOHATILHOE COCTOSIHUE, POJIM (POPMUPOBAHMS MBIILIEYHOM OpPOHM U BO3MOMKHOCTEH €&
MIPEOIONICHHS B TepareBTHUECKOM mporecce. OnuceiBaeTcs d¢dextuBHOCTs nmpumenenuss TOT Ha
OCHOBAaHUHU COBPEMEHHBIX SMIIMPUYECKUX HCCIEIOBAHUN, IMPHUBEAEHbI JAHHBIE IO CHUKEHUIO
YPOBHSL TPEBOXKHOCTM M HOMOLMOHAIBHOIO HANPSKEHUS Yy Pa3IMYHbIX LEJIEBbIX TIPYIII.
OO6ocHoBbIBaeTcsi  1enecooOpasHocTs — uHTerpanuu  TOT B CTpYKTYpy — KOMILJIEKCHOM
IICUXOTEPANIEBTUYECKON MOMOLIN MPH XPOHUYECKOM CTPECCE M BO3MOXKHOCTH €€ UCIOJIb30BaHUS
JUIS TIOBBILLIEHUS] KaYeCTBA KU3HU U BOCCTAHOBJICHHUS aJalTallUOHHOTO pecypca JUYHOCTH.

Abstract. Discusses the theoretical foundations and practical aspects of the use of body-
oriented therapy (TOT) to restore psychoemotional balance in people suffering from chronic stress.
A detailed overview of the historical development of the TOT is given: attention is paid to the
contribution of researchers such as V. Reich, A. Lowen and their followers, key concepts of
domestic and foreign authors are analyzed. Modern views on the causes and manifestations of
chronic stress as a psychoemotional and somatic phenomenon are considered. Special attention is
paid to the mechanism of the effect of bodily techniques on the psycho-emotional state, the role of
the formation of muscle armor and the possibilities of overcoming it in the therapeutic process. It
also describes the effectiveness of the use of TOT based on mode