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Buono2uuecrxue HaAyxKu

YK 577.3.0

INPUMEHEHHME METOJOB BUOTECTUPOBAHMUS ITPU OHEHKE
COCTOSHHU BOAHbBIX OKOCUCTEM

Anuxkuna E.A.
Hayunuwit pyxosooumens: Yyguukuii C.B., cmapuwiuit npenooasames
DI'BOY BO «/[oul'Y»

Annomayus. B pabore u3ydeHa akTyalbHOCTh IPUMEHEHUS METOAa OMOTECTUPOBAHMA MPU OLIEHKE COCTOSHUS
MTOBEPXHOCTHBIX NPHUPOJIHBIX BOJ. PacCMOTpeHBI MpHUMephl NPUMEHEHHs TeCT-00bEKTOB pa3IM4YHBIX ypOBHEH
opranuzaiyy (0T (GUTOIIAHKTOHA JI0 PBIO) NPH OILEHKE CTETICHU 3arpsi3HEHUs BOAHBIX 00beKkTOB. O0CykIaercs
BO3MOXKHOCTh TPHMEHEHUS] CTaHJApTHBIX METOJOB OHMOTECTUPOBAHUSI COBMECTHO C (DIyOpHUMETPHYECKUMHU
METOJIaMH, HO3BOJISIIOIIUMY BBIMOJIHATh OLEHKY (DOTOCHHTETHYECKOW aKTUBHOCTH KYJbTYpP (DPUTOIIIAHKTOHA,
BOJHBIX PacTeHMH, a Takke TPO(PHUECKYI0 aKTHBHOCTh Na(HUIl M OPYTHX BHIOB 300IUIAHKTOHA. BHenpenue
9KCTIPECCHBIX METOAOB OHOTECTHPOBAHMS IO3BOJNAT B 3HAYMTEIBHOW MEpe CHU3UTh TPYJOEMKOCTH U
pecypco3aTpaTHOCTh YKOJIOTHUECKOTO MOHUTOPHHTA.

Kniouegvle cnosa: OWOTECTHPOBAaHWE, 3KOJOTMUECKHH OHWOMOHHUTOPHHI, TECT-O0BEKT, (UTOMIAHKTOH,
300IUIaHKTOH.

BBenenue. [1pu orieHke aHTPOIIOTEHHOTO BO3ICUCTBHS HA COCTOSIHUE BOAHBIX OOBEKTOB,
BKJIIOYasi TTOBEPXHOCTHBIE BOJbI U JOHHBIC OTJIOXKEHUS, MPUMEHSIOTCS Pa3IHMYHbIE METOJbI
9KOJIOTUYECKOro  MoHUTOpuHra. [lomaganue  OTHENBHBIX  TOKCHMYECKHUX  BEIIECTB,
MIPOMBIIIIJICHHBIX WU OBITOBBIX CTOYHBIX BOJ OKa3bIBa€T HEraTWBHOE BIMSIHHE Ha BOJHBIC
HKOCUCTEMBI, UTO CO3JaeT HEOOXOAMMOCTh MPOBEACHHUSI MOHUTOPHHTA COCTOSTHUS IPUPOTHBIX
BOJHBIX OOBEKTOB, Pa3paOOTKH METOJO0B OBICTPOM OLIEHKH U aHaJM3a KauyecTBa MPUPOIHBIX
MOBEPXHOCTHBIX BOJA. /I perieHus AaHHBIX 3a7ad, KpoMe OOMIEHPHHSATHIX (U3UKO-
XUMUYECKUX  METOJOB, HCIOJB3YIOTCS METOABbl OWOJIOTHYECKHE, B TOM  YHUCIE
OMOTECTHPOBAaHUE, KOTOPOE JaeT BO3MOXHOCTh OIpPENeINTh TOKCHUYECKOEe JeHCTBHE
(bUBUYECKUX, XUMUYECKUX M OHOJOTHYECKMX (PAKTOPOB CpEAbl Ha IKUBBIE OPraHU3MBI,
HasbIBaeMble TecT-00bekTamu [5]. Meton He mpenocTaBiseT WHGOPMAlUKA O HaJIUYUU U
KOHIICHTPALUSIX HWHAUBUAYATbHBIX TOKCHKAHTOB, OJIHAKO, JA€T HWHTETPAIbHYIO OIICHKY
KauecTBa BOJIbI M CTEMEHU €€ OMACHOCTH IS )KUBBIX OPTaHU3MOB, YTO JENAeT ero yI00HbIM
METOJIOM MOHUTOPUHTA BOAHBIX 00BEKTOB [5]. CyTh METO/A 3aKITIOYAETCSl B UCTIOJIb30BAaHUHU
OMOJIOTMYECKHX OOBEKTOB (TECT-OPTaHU3MOB), KOTOPHIE CIYyXaT CBOETO pPojJia «IaTUYUKAMU»
nHpOpMAIUA O TOKCUYHOCTH CPEJbI, OTpa)xkass CyMMapHO€ TOKCHYECKOE JECHCTBHE BCETO
KOMIUIEKCa 3arps3HSIONINX BeUIeCTB B uccienyemoi cpene (mpobe) [13]. Takum oOpazom,
OCHOBHas 3aj1aua OMOTECTUPOBAHUS — YCTAHOBUTh HAJIIMYME WJIM OTCYTCTBHE HHTETPATHHOU
TOKCHYHOCTH (OCTPOTO WU XPOHHUECKOTO JeiicTBus) [1].

L]envio nacmosaweii pabomei ABISETCS ONPEEIIEHNE aKTyaJIbHOCTH PUMEHEHHS METOo/1a
OMOTECTHPOBAHUS MPHU OLIEHKE COCTOSIHUS MIPUPOIHBIX BOJHBIX 0OBEKTOB.

Mertoast OMOTECTUPOBAHUS peryiaMeHTUPOBAHBI pAIOM HOPMAaTHUBHBIX
JOKYMEHTOB (Harpumep, P 52.24.809-2014, ®P.1.39.2007.03223 u T.A.) ¥ IPUMEHSIOTCS TIPU
MPOBEACHUN KOHTPOJISI 32 COOJIFOJICHHEM HOPMATHUBOB JIOMYCTUMBIX COPOCOB XUMHYECKHUX
BEIIECTB B BOJIHbIE OOBEKThI, HOPMATHUBOB JOMYCTUMBIX BO3JICHCTBUI X031 CTBEHHON 1 MHOMN
NESATETLHOCTH Ha BOJHBIE OOBEKTHI, OCYIIECTBICHHUU HSKOJOTMUYECKOTO MOHUTOPUHTA 3a
COCTOSTHUEM BOJHBIX OOBEKTOB B pailOHAX PACIOJIOKEHHS HMCTOYHUKOB aHTPOIIOTEHHOTO
BO3JICHCTBUS, IPOBEJICHUH OLIEHKU U3MEHEHHSI COCTOSIHUSI BOJIHBIX S9KOCHUCTEM M OMOIICHO30B.
B mporecce OuotecTUpOBaHUS Y TECT-OPTraHU3MOB HAONIOMAIOT W OIEHUBAIOT HX TECT-
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GYHKIIUM — pPEAKIMH TeCT-O0BEKTOB, HCIOJIB3YEMbIC JUIS ONPEICICHUS TOKCUYHOCTH
TECTHUpyeMOW cpenbl. B kadecTBe mpumepa paclpOCTPAaHEHHBIX TECT-O0BEKTOB MOXKHO
MPUBECTH PA3IMYHBIC KYJIbTYpbl (UTOIIAHKTOHA. J[7si OBICTPOl MHMArHOCTHKU COCTOSIHHS
MHUKPOBOJIOPOCTICH Pa3BUBAIOTCS COBPEMEHHBIC METOJBI PEruCTpanu  (QIyopecleHIInN
xJIopo(UIUIa, TO3BOJSIIOIIME TIMONy4aTh WHPOPMAIMIO O KOJIHYECTBE W aKTHBHOCTH
(GoTOTPOdHBIX OPraHMU3MOB, a TAaKXKE IO XapaKTEPUCTUKAM COCTOSHUS (POTOCHHTETUYECKOTO
amnmapara OIEHUBATh (PU3UOJIOTUYECKOE COCTOSIHHS KIIETOK M CYJIUTh O KadecTBE BOJIHOUN
cpeapl. OIyopeceHTHBI METO]] OLIEHKH KOHIICHTPaluu XJOpo(duiuia M, COOTBETCTBEHHO,
0o0MIIMS BOJOPOCIICH HAIIEN MMUPOKOE MPUMEHEHHUE B 3KOJOTUU U THIPOOHOJIOTHH, KaK IPU
paboTe C WHTAKTHBIMH BOJOPOCISIMH, TaK M C 3KCTParupoOBaHHBIMH W3 HHUX PacTBOPAMHU
nurmMedToB [11].

CymiecTByeT  IMPOKUA  CIIEKTP  Pa3HOOOpa3HBIX  METOJOB  OMOTECTHPOBAHMS,
UCTIOJTB3YFOIIUXCS JJISl Pa3HBIX IENeH, TaKuX Kak: uccienoBanue 3(h(HekToB KOMOMHUPOBAHHOTO
JICUCTBUSI TOKCHMKAHTOB, KOHTPOJIb HaJl KA4eCTBOM BOJ| XO3SMCTBEHHO-IUTHEBOIO HA3HAYCHMS,
MPOMBIIIUICHHBIX ¥ CTOYHBIX BOJI, ONPEICIICHNE TOKCHYHOCTH IPUPOIHBIX BOJ. JlocTonHCTBaMU
MeToJla OMOTECTHPOBAHUS SIBIISIIOTCS CKOPOCTh, BO3MOXKHOCTH MOJICITMPOBAHUS YCIOBHMA TIPH
MPOBEJCHUN TECTOB, a TAaKXKE IOBTOPSIEMOCTh W COINOCTABUMOCTH PE3yJbTaTOB 3a CYET
OIIPE/ICIICHHOW YCTOWYMBOCTH TECT-OPraHu3Ma K TOKCHYHBIM BEIIECTBAM B CTaHIAPTHBIX
YCTIOBUSIX MPOBEICHUs TecTa. HemoctaTkoM MeTona OMOTeCTHPOBAHMS SIBIISICTCS BO3MOXKHOCTh
MaCKHUPOBKH TOKCHMKAHTa KOMIIOHEHTAMH CPEJIbl, Ha KOTOPOW KYJIbTUBHUPYETCS CaM TECT-O0BEKT.
[TosToMy, Ui W3y4eHUS TOKCUYHOCTH IPHUPOIHBIX KOMIIOHEHTOB TPYIHO BBIICIHUTH OIMH
HEOOXOIMMBI TeCT-OpraHu3M. B cBsi3u ¢ 3TUM, chopMHpOBAIICS TPUHIUIT «OaTtapen OUOTECTOB,
BKJIFOUAIOIIEH HECKOJIbKO METOJUK OMOTECTUPOBAaHUS C MPUMEHEHUEM PA3HBIX OpPraHu3MoB [7].
OnHa ¥ Take poda Ha TECT-OPraHU3Mbl MOJKET OKa3bIBATh PA3HOE BO3JCHCTBUE. DTO CBS3AHO C
KU3HEICATSIIGHOCTRIO ~ PAa3NIMUHBIX  BHJIOB  TECT-OOBEKTOB, B3ATBIX JUISL  [IPOBEICHHS
ouorectupoBanus. I[loaTromy wucmonp3oBaHre Habopa TeCT-00BEKTOB SBISIETCS OCHOBOM
METOJIOJIOTHH OUOTECTUPOBAHUS TOKCUYHOCTH BOJI MPH pa3padOTKE HOPMATHBOB TOKCHYHOCTH
OTAETHHBIX BEIIECTB JJISI BOJHBIX OOBEKTOB, THTUEHHYECKUX HOPMATHBOB MUTHEBBIX BOJ, MPHU
OIIEHKE TOKCHYHOCTH OTICTbHBIX XUMIUECKHUX BEIIECTB, CTOYHBIX, IIPHUPOIHBIX IIOBEPXHOCTHBIX U
noJ3eMHbIX BoJ [2]. OqHako pe3yabTaThl OMOTECTUPOBAHUS MPU MCIIOJIh30BAaHUK Habopa TecT-
00BEKTOB HEPEIKO UMEIOT HEOJHO3HAYHBIN XapaKTep, U4TO 3aTPYy/THSIET OLEHKY TOKCHYHOCTH KaK
npoOBI, TaK U B IIEJIOM BOJAHOTO OOBEKTA.

IIpuMeHeHUe Pa3IMYHBIX TeCT-00HLEKTOB NMPH OLIEHKE COCTOSIHUA BOJAHOI cpenbl. Ha
CETOJHSIITHUNA JI€Hb, METOA OHOTECTHpPOBaHMS SBISETCS OCHOBHBIM TIpU IJIAHUPOBAHUU
OKOJIOTUIECKUX WCCIICOBAaHM, W YacTO IOJPa3yMEBaeT WCIIOIb30BAHNE HECKOJBKHX TECT-
OpPraHM3MOB PA3ITUYHON CUCTEMATUYECKOM MPUHAIISKHOCTH, MTO3BOJISIFOIINX BBISBIISATH HanOosee
YSI3BUMOE 3BEHO OMOTHI [8].

B kauectBe TecT-0OBEKTOB MOTYT OBITh HCIHOJNB30BaHBI  KYJBTYpBhl  3€IEHON
Bogopocau (Chlorella wvulgaris Beijer), Bbiciine BOJHBIC pacTeHHs OJIOJCsS KaHAJCKas
Elodea canadensis v psicka manast Lemna minor, a taxoke pakooopasusie Daphnia magna [13]. [{s
U3yUYCHUS! COCTOSHHSI pAcTEHHid, KpoMe TOoKa3aTeleld CKOpOCTH TPUPOCTA, OMPENEINISIOT
napaMeTpbl 3aMeIEHHON U ObICTpOl (uIyopecleHITni. B poimr TOKCHKAaHTOB MOTYT BBICTYIIATh
WOHBI TSHKEBIX METAJIOB, KOTOpPBIE TOOABISIOTCS B TECTUPYEMbIe 00pa3iipl B (hopMe pacTBOpOB
cynb(dartoB. B xoJ1e 3KCIIepUMEHTOB OBLIAa YCTAaHOBIICHA BBICOKAsI 9yYBCTBHTEIIEHOCTH BOJIOPOCIEH
Chlorella vulgaris k Tspk€nbpiM MeTaiiam, BO3EHCTBUE KOTOPBIX MPOSIBIISUIOCH B KOHIICHTPAITHUSIX,
OJTM3KUX K MPEIeITbHO-IOYCTHMBIM. BBICIINe BOTHBIC pacTeHHS psICKa U 3J101esI IIOKa3aii 0osee
HU3KYI0 YyBCTBUTEIBHOCTh K MPHCYTCTBHIO B CpeAe TSKENMBIX MeTayuioB. [ 3Toit rpymnmbl
THJIPOOHOHTOB (PITyOPECIICHTHBI METOJ] MOXKET OBITh MPUMEHEH JIS BHISBICHUS YCTOHYMBBIX
BUJIOB C IIENIbI0 MX HCHOJNB30BaHUS Ui (puTOpeMenauanuu 3arps3HEHHBIX BOI. 3mepenue
nokazaressi ObICTpOl (ITyOpeCHeHITH XJIOpO(HILIAa XJIOPEIIIBl TIPU OIPEIEICHNH Tpouaeckon
AKTHBHOCTU JadHUA CAETaT0 BO3MOXKHBIM YBEITMYEHHE YYBCTBUTEILHOCTH W OINEPATHBHOCTHU
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3TOro OMOTecTa MO CPaBHEHHUIO C METOJIOM perucTpaimu cMepTHocTH padkoB [13]. Kpome
kyasTypsl Chlorella vulgaris, pactipoctpaneHHBIM TECT-00BEKTOM SIBJSIETCS IPYTOM BUJT 3€JICHBIX
MHKpoBojopociel Scenedesmus quadricauda. Hampumep, MaHHBIH BHJ HCIIOIB30BAIH IPH
ounoTecTupoBaHuK cocTostHus Bogoema B — 11 Tedenckoro kackana [3]. Ha ocHoBe TecTupyemoit
BOJbI TOTOBWIM cpeny IIparra M 100aBIsIM CYCHIEH3WIO KIETOK Boopocieill. UncieHHOCTh
BOJIOpOCIICH B Havalie OMOTECTUPOBAHUS BO BCEX €MKOCTSIX ObLTa orHaKoBOM. 1o pe3ynbpraram
SKCTIEpUMEHTA TPU KYJIBTHUBUPOBAHUM BOJOPOCIEH B MpoOax BOABI, OTOOPAHHOM Ha IATH
CTaHIUSIX U3 Bojoema B — 11, Hab1r01a10ch TOCTOBEPHOE YBEIMYCHHUE YUCIICHHOCTH BOIOPOCIICH
B 2 — 4 paza 1Mo CpaBHEHHIO C KOHTposieM. Takum o00pa3oM, HpoOBI BOABI OKa3bIBAIH
CTUMYJIpYIOIIee JCHCTBUE Ha pPa3BUTHE (DUTOIUIAHKTOHA, BBI3bIBAsI YBEIWYCHHE YHCIICHHOCTH
BOJIOPOCIIEH, YTO MOXKET OBITh 00YCIIOBIICHO MOBBIIIEHHBIM COJIEpKaHHEM OMOTEHHBIX BEILIECTB B
BOJIC.

Kpome naduwuii, npu OMOTECTHPOBAHUHK YacTO UCTONB3YIOT paukoB Ceriodaphnia affinis.
B kadecTBe 0ojiee CIIOKHOTO TeCT-00BEKTa HEPEIKO BHIOMPAIOT MPECHOBOIHBIC PHIOBI JaHUO
pepuo (Brachydanio rerio) [11]. Meroauka onpeaeieH st OCTPOH TOKCHYHOCTH OCHOBaHa Ha
CpPaBHCHHHM BBDKUBACMOCTH PbIO B TECTUPYEMOH BOJEC W KOHTpOJIC, IJie IOKa3areieM
BBDKMBAEMOCTH CIYXKHT CPEIHEE KOJINYECTBO TECT-OPTraHU3MOB, BBDKHBIIUX B TECTUPYEMOU
BOJIC 33 ONPEACICHHBIN NMPOMEXYTOK BpeMeHH. MeToJuKa MpeaycMarpuBaeT paboTy He
TOJIBKO C TIOBEPXHOCTHBIMH BOJAMH, HO U C JIOHHBIMH BBITSDKKaMHU, KaK, HAllpuMep, IOKa3aHo
B pabore [4].

BapbpupoBanue BbIOOpa TECT-OpraHM3Ma B 3HAUUTENBHOW CTEMEHHW pacUIMpSET
BO3MOYKHOCTH TPHUMEHEHHUs Merojga OuorectupoBanusi. OIHAKO, HEOOXOIUMO TaKXKe
YYUTBHIBATh CTETEHb YYBCTBUTEIBHOCTH KaXKIIOTO TECT-OpraHu3Ma K OTICIBHBIM BHJIAM
3arpsi3HUTEINICH, KPOME TOTO, Ha PE3yJIbTaThl SKCIICPHUMEHTAIBHBIX JIAHHBIX BIIHSIIOT YCIOBHS
BBIpAIlMBaHUs KyJIbTyp. buorecTipoBanue BBITIOIHIETCS HE TOJIBKO Ha MPECHOBOIHBIX, HO U
Ha MOPCKUX TecT-00bekTax. IIpumepoM MOXKET CIyKUTh KyJIbTypa MOPCKHX BOJIOpOCIEH
Thalassiosira weisflogii, kotopast 06;1afaeT 4yBCTBUTEIBHOCTHIO K COJISIM TSKEJIBIX METAJIJIOB
[6]. Tak, comu pTyTH HPHUBOIUIN K CHIDKCHHIO TIEPEMEHHOH (yopecleHInn Xaopoduia
Fuv/Fm. Takoit xe 3 dext Habmoaacst Mpy ASHCTBUU COSTMHEHHI PTYTH B TEMHOTE, KOTOPbIC
BBI3BIBAJIM CHIDKEHUE aKTUBHOCTHU (oTocuctemsl 2 (DC 2) B kieTkax Bojopocield. B TemHoTte
XIopus pTyTH B KoHIenTparuu 10° M ue Biusn na aktusaocts PC 2 B knerkax Thalassiosira
weisflogii, a cHmwkenue akTHBHOCTH HEHTPOB DC 2 MPOHCXOIUIO TOJIBKO Yepe3 HECKOIbKO
CYTOK. OTO MOKa3bIBAa€T BBICOKYIO YYBCTBUTENbHOCTh PC 2 nuaTOMOBOM BOAOPOCIH K
JEUCTBUIO XJIOpUIa PTYTH M METUApTYTU. [lomyuyeHHble pe3ynbTaThl MOATBEPKIAIOT, UTO
METOABI PEerucTpanuu (GIIyopecueHInd XJIOpo(Hiia BIOJHE BO3MOXKHO HCIOJIB30BATH IS
OoOHapy>KeHHs JeMCTBUS TSKENBIX METAIJIOB Ha BOJAOPOCIH U CIIYy’KUTh COCTAaBHOW YacCThIO
CHCTEMBI DKOJIOTHYECKOTO MOHUTOPUHTA COCTOSTHUSI MOPCKHUX M TPECHOBOIHBIX aKBATOPHIA.

Ha psiny ¢ nabopaTopHbIMU KyJIbTypaMH IpH OMOTECTUPOBAHUU HCIIOJIB3YIOT HITAMMBI
JMKOTO THWIIA, BBIICIIEHHBIE W3 (UTOIUIAHKTOHHBIX COOOINECTB WCCIEIyeMbIX BOIHBIX
00bekToB. Hanpumep, orieHKy cocTosiHUS 03epa Kora mpoBoauiy ¢ HCMOIb30BaHUEM IIITAMMA
JIMKOTO THIIA 3eyieHoi oqHokieTouHoit Bogopocau Chlorella sp.-3K [9]. Kputepuem oreHku
Ka4yecTBa BOJBI SIBISUIMCH TIOKA3aTEIH POCTa MHKPOBOJOPOCIH B MPOOAX MCIBITYEMOU BOJIBI.
buotecTupoBaHue BKIIIOYAIO IPUTOTOBICHUE KOHTPOJIBHBIX U OTBITHBIX CpeJl, BHECEHHE B HUX
KIETOK TeCT-OpraHu3Ma, W3Y4YeHHE [WHAMHKH pOCTa KIETOK B TedyeHHWe & MHEH wu
CpaBHUTENbHBIN aHAIM3 MTOJyYEHHBIX JaHHBIX. [l Mccae10BaHUs O3€pHYIO BOly pa30aBisuin
JTUCTHJUISITOM B COOTHOIICHWH 1:2, a Takke M3y4ajau MpoObl B MCXOMHOM COCTOSHUH. B
pa30aBiIeHHON MpoOe Ha BTOpPbIE CYTKM OTMEYAJOCh HE3HAYUTEIbHOE YBEJIMUEHHE dYHcia
kietok aukoro mramma Chlorella sp.-3K. Oxnako, B mocieayromme CyTKH pocTa KICTOK He
Habmoxanock. B HaTypHOH mnpobe pocTa KIETOK He HaOMI0Janoch B TEUYEHHE BCETO
sKcniepuMenTa. [10 ToJTy4eHHBIM NaHHBIM OBUT C/IETaH BBIBOJ O MPHCYTCTBUU XUMHUYECKHX
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3arpsA3HUTENEH, KOTOPHIE  OKasplBAIM  MPSIMOE  BO3JACHCTBHE HAa  POCT  JHKOTO
mrramma Chlorella sp.-3K.

3ak/0ueHne. AHAIM3UPYS PE3YNIbTAThl MPOBEACHHBIX HCCIIEI0BAHMIA, MOXKHO CKa3arh,
9TO METOJ OMOTECTHPOBAHHWS MOXHO MPUMEHSTH IS OIEHKH Ka4eCTBa M TOKCHYHOCTH
IPUPOIHBIX W IMOBEPXHOCTHBIX BOJA. bBOJBIIOE KOJIMYECTBO JOCTYMHBIX TECT-00BEKTOB
3HAYMTENBHO  PACHIMPSET BO3MOKHOCTH IPUMEHEHHS OHWOTECTHPOBAHHUS,  IMTO3BOJIASA
Pa3HOCTOPOHHE OIEHUBATH HETAaTHBHOE BO3JICHCTBUE Pa3IMUYHBIX BHIOB 3arPA3HCHUS BOIHON
cpensl. 3HAUUTENbHAS YaCTh METOJMK OTIIMYACTCS MIPOCTOTOM BBIMOJIHEHUS, @ TECT-00HEKTHI
He TpeOyIOT OCOOEHHBIX YCIOBHHM KYJIBTHBHPOBAaHHs, YTO JeJaeT OMOTECTHPOBAHHE
O0IIEJOCTYITHBIM U MEHEE TPYI0EMKHM METOJIOM.

Cmampa nyonuxkyemcs 6 pamkax coczaoanus 124012400344-1 «Paszpabomka uHmMenN1eKmMyanibHolX CUCHEM
AHANU3A U RPOZHOZUPOGAHUA COCHOANHUA HPUPOOHO-MEXHUYECKUX 00BEKNO08).
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APPLICATION OF BIOTESTING METHODS IN ASSESSING THE STATE OF AQUATIC
ECOSYSTEMS

Annotation. The paper examines the relevance of using the biotesting method in assessing the state of surface
natural waters. Examples of the use of test facilities at various levels of organization (from phytoplankton to fish)
in assessing the degree of pollution of water bodies are considered. The possibility of using standard biotesting
methods in conjunction with fluorimetric methods is discussed, which make it possible to evaluate the
photosynthetic activity of phytoplankton cultures, aquatic plants, as well as the trophic activity of daphnia and
other zooplankton species. The introduction of rapid biotesting methods can significantly reduce the complexity
and resource consumption of environmental monitoring.

Keywords: biotesting, ecological biomonitoring, test object, phytoplankton, zooplankton.
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YK 577.3

OLEHKA BJIMSIHAA AHTPOIIOT'EHHBIX U TIPUPOJHBIX ®PAKTOPOB HA
POTOCUHTETUYECKHUU AIIITAPAT JPEBECHBIX PACTEHUH

Anmponosa JLIL
Hayunwtit pyxosooumens: Yyguukuii C.B., cmapwuii npenooasamens
DI'EOY BO «/[oul'Y)y

Annomayus. B pabote mpexncraBieH 0030p HMCTOYHHUKOB HH()OPMALUH, HOCBSIIICHHBIX W3yYEHUIO BIIUSHUS
Pa3IMYHBIX aHTPOIIOTEHHBIX M IIPUPOIJHBIX (PAaKTOPOB HA COCTOSHHE (POTOCHHTETHYESCKOTO amapara BBICIIHX
pacTennii. OCHOBHOE BHHMAaHHE YACJICHO M3YUCHHUIO BO3ICHCTBHS 3arpsi3HEHHS BO3IOYIIHOH Cpelbl U IOYBHI,
TEeMIepaTyphl, BIXHOCTH W JPYIHX OSKOJOTHYECKUX (AaKTOpoB HA (DYHKIMOHANBHOE COCTOSIHHE W
HPOLYKTUBHOCTH (POTOCHHTETHYECKOTO alllapara, a Takoke Ha aJalTallHOHHBIC MEXaHU3MBI IPEBECHBIX PACTCHUH
B YCIOBHSAX cCTpecca. PaccMaTpuBaroTCS W3MEHEHHS IIMTMEHTHOTO COCTaBa JIMCTBEB MW MapaMeTpel
¢dyopecuenuuu xnopopuuia (Fu/Fm, Y(NPQ), Y(NO)) kak HHANKATOPBI CTEICHU aHTPOMIOTCHHOM HArpy3KH.
Knouesvie cnoea: IpeBecHble pPacTeHUS, (POTOCHMHTETHUECKMH ammapar, (GIyopecLeHIHs, aHTPOIOIeHHOE
BO3JIeHiCTBIE, IPUPOHBIE (PaKTOPEHI.

BBenenue.

@DOTOCUHTE3 — 3TO OAMH W3 BAXKHBIX U UYBCTBHUTEJBHBIX IIPOLECCOB, B X0JI€¢ KOTOPOTO
JPEBECHBIE PAaCTEHUSI MPEoOPa3yIOT COMHEUHYIO SHEPTUI0 B XUMUYECKYI0, 0OecreunBasi TeM
cambIM cBO€ cymectBoBanue [1]. MccnenoBanue pOTOCHHTETHYECKMX IMPOIECCOB, BKIOYAs
(bOTOMUTMEeHTHBIM cocTaB u Tmpouecc GIyopeclueHIINN, HEeoOXOIUMO [UIsi TOHUMAaHHS
a/IaNITAIIMOHHBIX MEXaHU3MOB PACTEHUH, OCOOCHHO B YCIIOBHUSX AaHTPOIIOT€HHOW Harpys3KH,
TaKUX Kak ropojickas cpena [2].

[TurmeHnThl, Takue Kak XJIOpoQWII M KapOTHUHOUIBI, WUIPAIOT KIKOYEBYIO pPOJb B
MOTJIOIIEHNH CBETa M OCYIIECTBICHHUU (POTOCHHTETUYECKUX peakiuid. [IMrMeHTsl Moryr
CITY)KHUTh OHOMapKepaMH ISl OIICHKU COCTOSTHUSI 3JI0POBbS IEPEBHEB M IKOCKCTEM B 1ieioM [3].

dnyopecueHIMs XJIOpopUUIa SBISETCS BaXKHBIM IapaMeTpOM, KOTOPBIH IO3BOJISET
OLICHUBAaTh (PYHKIMOHAJIBHOE COCTOSIHME (DOTOCHHTETHYECKOIO ammapara pacTeHuw,
NpPEJOCTaBIsAsl ICHHbIE JaHHble O (U3UMOJOTMUYECKUX IOKa3aTelsiX pacTeHHMH U uX
CIIOCOOHOCTH, aJaNTHUPOBAaTbCd K M3MEHEHHSIM OKpyxKatouieil cpensl [4]. B ocHoBe
(I1yOpHUMETpPUYECKOTO METOJIa JIEKUT perucrpanus ciaboit (iayopecreHIuu Xiopoduiuia,
KOTOpasi SBIIETCS pe3yJbTaTOM IpoLeccoB (OTOCHHTE3a M HANpPSIMYIO CBsi3aHa C €ro
3P PeKTUBHOCTHIO [5]. Oco0yI0 3HAUMMOCTh METO/1 (IIyOPECLIEHTHOTO aHaIN3a IpuoOpeTaeT B
YCJIOBHSIX YCHUIIMBAIOIIEHUCS] aHTPOTIOTEHHON HArpy3Ku Ha YKOCUCTEMBI [6].

B ropoackux ycioBusix pacTeHHs MOJBEPraroTCsl BO3JIEHCTBUIO MHOXKECTBA (haKTOPOB,
KOTOpBIE MOTYT BIMSTH Ha (poTOCHHTETHUECKHH annapat. K oCHOBHBIM PUPOAHBIM (pakTOpam
OTHOCSITCSI TEMIIEPATypa, OCBEHIEHHOCTh, BJIAXXHOCTh BO3AyXa M NouBbl. HemocraTtok Biaru
BBI3BIBACT 3aKPBITHE YCTBHHI, YTO NPHUBOAUT K CHWKeHWI0 moctymwieHus CO; w,
COOTBETCTBEHHO, K YMEHbILICHNUIO (POTOCHHTETHYECKONW akTUBHOCTH [20]. IIpu mMoBBIIIEHHBIX
TEMIEpaTypax U MHTEHCUBHOM OCBEUICHHM MPOUCXOIUT JeHaTypauus (GOTOCHHTETHUECKUX
0enKOB, YMEHBIIAETCs coAepkanue xuopoduia [7, 8].

B nocnennue ronpl ocoboe BHUMaHHUE YIENSIOT U3YUYEHUIO BO3IAEMCTBUS 3arps3HEHHS
OKpYy’Kalolled cpelbl, BBI3BAHHOTO  CEJIbCKOXO3SMCTBEHHBIMH UM MPOMBIIIICHHBIMU
OPEINPUATHIMH, aBTOTPAHCIIOPTOM, NPUMEHEHHEM XHMHYECKHX BELIECTB Ui OOpbObI C
BPEIUTEISIMU U T.1. 3arpsA3HEHHE BO3AYLIHOW CpEIbl JIETYyYMMH OPraHUYECKUMU
COCIMHEHUSIMHU, TSDKENBIMA METalllaMH, YTIJIEKUCIBIM Ta30M, COEIWHEHHUSMHU OKCUa
azota (NOx) u nuokcuna cepsi (SO2) HEraTUBHO BIUSIIOT Ha COCTOSIHUE (DOTOCHHTETHUECKOTO
armapara pacTeHUM, YTO MPOSBISETCS B U3MEHEHUH napameTpoB Quryopecuennuu [9, 10].
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[loHnMaHne MeEXaHM3MOB BO3JEHCTBHS (DAKTOpPOB OKpyKaromed cpeabpl Ha
(bOTOCHHTETHUECKUN ammapaT APEBECHBIX PACTeHHM BaXXHO s pa3paOOTKU CTpaTeruit
COXpaHEHHS W BOCCTAaHOBJICHHUS PACTHUTEIBHBIX COOOLIECTB, a TaKKe IS OLEHKH HX
YCTOWYMBOCTHU K Pa3IMUHBIM CTPECCOBBIM (PaKTOpaMm.

Takum oOpas3oMm, mLenb JaHHOW padOTHI 3aKiIIOYaeTcss B MPOBEIACHUM aHajh3a W
CUCTeMAaTH3allMk JINTEPATypPHbIX JAHHBIX O BIMSHUM PA3JIUYHBIX MPUPOAHBIX U
AHTPOIIOTEHHBIX (DAaKTOPOB HA COCTOSTHUE (DOTOCHHTETUYECKOTO anmnapaTa BbICIINX PACTCHUH.

Binsinue NpUPOAHBIX U AHTPONOreHHBIX PAKTOPOB.

MHoOrounciaeHHble HCCIEIOBAaHUS II03BOJMJIM  BBIIBUTH KJIIOYEBBIE MEXAHU3MBbI
aJjanTaly pacTeHUM K U3MEHSIOIMMCS YCIOBUSIM OKpy»karomied cpensl [11, 12]. Onnako
MOJTyYCHHbIE JAHHBIE YaCTO MPOTUBOPEUYMBHI M 3aBUCST OT BHJIOBBIX OCOOCHHOCTEH J1€pPEBHEB,
a TaKoKe OT crietru(UKN MECT UX MPOU3pacTaHUs.

[Tnyraraps FO.B. u coat. [13] u3ydanu 3acyxoycCTOWYUBOCTh BHIOB poma Quercus L.
MPU Pa3IUYHBIX COYETAHUSAX TEMIIEpaTyp M BIAXHOCTH Bo3ayxa: 1) Temmepartypa 27°C,
BIaXHOCTh Bo3ayxa 40%; 2) temmepatypa 35°C, BinaxxHOCTh Bo3ayxa 25%. B kadectBe
0o0BbEKTa MCCIEAOBAHUS HCIIONB30BAaJIM  YEThIpE BHUAA JEPEeBbEB: Jy0 KaMEHHBIN
(Quercusilex L.), ny6 mymmcteiii (Quercus pubescens Willd.), ny0  ckambHBIH
(Quercus petraea Matt. Liebl) u ay6 ueperruarsiii (Quercus robur L.) TIlpu usyuenuu
M3MEHEHHs KOJMYecTBa XJopoduiuia B JHCThAX TIpeacraButeneil poma Quercus L. Owuio
BBISIBJICHO, YTO aTMOc(epHas 3acyxa IPUBOJUT K CHIDKEHUIO KOJIMYECTBA (DOTOCHHTETHYECKHUX
MMUTMEHTOB [0 MHUHUMAJbHBIX 3HAYCHUH. BBIIO OTMEUYEeHO CHMXKEHHE MaKCUMAaJIbHOU U
BapuabenbHO (rayopecuenuuu Ha 40%, 4TO aBTOPBI XapaKTEPU3YIOT Kak TTyOOKU cTpecc.
HanmeHpyto  3acyXOyCTOWYHBOCTh  (DOTOCHHTETHUYECKOTO — ammapara HWMeNId  BHJBI
Q. pubescens u Q. petraea. ITpu Temueparype 35°C u BIaKHOCTH Bo3ayxa 25% MPOUCXOAUIO0
CHIDKEHHE (POTOCHHTETHYECKOH PPEKTUBHOCTH cBeTOBOM (has3bl dorocuuTesa. Bum Q. ilex
ABIAETCS  HaumOolee  3aCyXOYCTOMUMBBIM, OH  OTJIMYAJICS  BBICOKUM  YPOBHEM
BOJIOY/IEP)KUBAIOIIUX CHUJI, B CJIEJICTBUE Yero (POTOCHMHTETUYECKHI ammapaT CTaOWIbHO
(GYHKIIMOHMPOBAJ.

B uccnenoBanun bonongunckoro B. K. [14] O6bU10 M3y4eHO BIMSHUE TEMIEpPaTyphl U
BJI&KHOCTH BO3JyXa, a TaKXKe OCBEIEHHOCTH Ha (QOTOCHMHTE3 Oepé3bl MOBHCION
(Betula pendula Roth) u 6epésnr kapenbckoii (Betula pendula Roth var. carelica Mercklin).
Jl71s OAHONETHUX Ca)kKeHIIEB Oepe3bl MOBUCIION ONTUMalIbHas TeMIepaTypa Obuia B IManazoHe
10-17°C, a mns uersipéxietHux — 14-27 °C. Jlns Oepé3bl KapermbCKOM TeMIiepaTypHBIH
ontuMyMm coctaBiisil 5-14 °C ana caxeHueB u 13-24 °C s 4eTBIPEXIJIETHUX JI€PEBHEB.
TemnepaTypHblii Auama3oH Kak Uil OJHOJETHUX, TaK M JUId YETHIPEXJIETHUX JIEPEBBHEB
Kapenbckoii 0epE3bl MeHbIIIe, YeM AJis 0epE3bl MOBUCIION, OAHAKO CMEIIEH B 00JIaCTh HU3KUX
teMneparyp. Takoe sBIeHHE CBUAETEILCTBYET 00 aKKJIMMaTU3alUUU (OTOCHHTETHUECKOTO
ammapaTa pacTeHMH K M3MEHEHUWsM OKpykatomiedl cpensl. B. pendula var. carelica Gonee
YyBCTBUTEJIbHA K JEPHUIMTY BOASHOIO IMapa, yMEHbIas MMOTEPIO BJIArM IyTEM OTPaHUYEHUS
TpaHCIHMpAlMU, BCJIEACTBUE YEro, yMeEHbIIalach (POTOCHMHTETUYECKAs aKTHMBHOCTh IO
cpaBHenwuio ¢ B. pendula. Y B. pendula cBeroBoii onTuMyMm ObLT BBIIIE, B CPAaBHEHUU C OoJiee
teHeBbIHOCMBOM B. pendula var. carelica. Asrops! 3akmrouator, uro B. pendula var. carelica
Oosiee amanTUBHBIA BUJ Onarofapsi CBOei CIIOCOOHOCTH CYIIECTBOBATH B YCIOBHAX CIaOON
3aT€HEHHOCTH U BO3MOKHOCTH JIyYIlle IEPEHOCUTh MEPUO/IbI 3aCYXH.

W3zyyanocs [21] BnusiHME BOAHOTO cTpecca Ha (POTOCUHTE3 U (POTOCHHTETUUECKYIO 1IETIh
MepeHoca IEKTPOHOB B pacTeHusix siononu camopoit (Malus domestica Boring. cv. Red Fuji).
B xoze uccnenoBanue ObLIO BBISBICHO, YTO MaKCHUMAaJIbHBINH KBAaHTOBBINA BbIXOJ (Fv/Fm) mpu
BCEX TpPEX BHJAX 3acyIlUIMBOTO cTpecca (JIErKUi, YMEPEHHbI U CUJIbHBIA) 3HAUYUTENBHO
CHU3WJICS 110 CpaBHEHUIO C KOHTpoieM nocine 33-mHeBHOro oskcnepumenta. Ilocne
peruaparanun B TeueHue 14 maueii Fu/Fm JTUCTOBBIX IMJIACTHHOK SIOJIOHM TpPHU JIETKOM H
YMEPEHHOM CTPECCE MOKET BOCCTAHOBUTHCS IIOUTH /10 KOHTPOJIBLHOTO YPOBHS, B TO BPEMsI KaK
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Fv/Fm ipu cuiibHOM ypOBHE CTpecca He BOCCTaHOBHIICSA. KpoMe Toro, CyIieCTBeHHO CHU3HITUCH
nokazatesu (horoxummuueckoro npeodpazoBanus (PPSII) u nuHEHHOrO MOTOKA AJIEKTPOHOB
(qP u qL) B oTBeT Ha NMPOAOIKUTEIBHBIN YCUIIEHHBIN 3acynuiuBbiil crpecc. [loMumMo 3Tux
apaMeTpoB, MOBBICUJIICS YpOBeHb HedoToxumuueckoro TymeHus (NPQ) u cuusmiics ypoBeHb
MakcuManbHOU GuryopecuieHiun (Fm). YBennueHue KBaHTOBOTO BBIXOJA PETYIHPYEMOMN
muccunanuu sHeprun (Y(NPQ)) sBisercss 3allUTHBIM MEXaHU3MOM Ui TOJAJEp>KaHUs
HOpMalibHOTO (hoTOCHHTEe3a Yy pacreHHi. OJHAKO yBEIMYEHHWE KBAaHTOBOTO BBIXO/A
Heperynupyemoro paccessHus sHeprun (Y(NO)) orpaxkaer (PoTOnmoBpexIeHHE pacTCHHM.
JlanHbie pe3yabpTaThl OBUTH MPU3HAKOM HEOOPAaTUMOTo 00€3BOKMBAHUS KIETOK M HApYyIICHHS
MeTabonu3ma.

UYemickue yd€HbIC HCCIIECIOBAIMA BO3JCHCTBHE 3acyXw Ha (OTOCHHTE3 CEMH BHJIOB
nepesneB [22]: kinéu monesoii (Acer campestre L.), kiaén octponuctabii (Acer platanoides L.),
rpad oObikHOBeHHBIH (Carpinus betulus L.), scennr Bwicokwmit (Fraxinus excelsior L.),
maraneockas Butias (Prunus mahaleb L.), ny6 ueperrdarsiii (Q. robur) u mumna MeaKoIuCTHAS
(Tilia cordata Mill.). [lns wu3MepeHuss mapaMeTpoB OBUIM B3SITBI JKUBBIC JIUCTHS
MIPOU3PACTAIOIINE HA CBETOBOM YaCTU KPOHBI, 110 OJJHOMY JIUCTY C KaXKJOTO JiepeBa. Y pa3HbIX
BUIOB HaONIomanach pasHas KOHLEHTpanus xiopodmmuia. Hambonpmee conepxanue
xnopoduta 6si10 y Q. robur, uyts Menbie Obuto y T. cordata u y nsyx Bumos Acer. Y C.
betulus OO0 HarMeHbIIIEEe KOJMYECTBO XJI0pOoduiuia B TUCThIX. CaMblil BHICOKHIA JTHHEHHBIH
notok ssektponos (linear electron flow — LEF) 6b11 oOHapysken y Q. robur, camblit Hu3kuii —
y C. betulus u T. cordata. [Tocie npekparieHust 3aCynuiiBoro ce3ona mokasarenb Y (NPQ) y
BCEX BHUJIOB JIEPEBbEB HE U3MEHSICA, 3a UCKIoueHueM 1. cordata. Bo Bpems ce3oHa joskaeit
HanMenbIee 3Hadenue Y(NO) obuto y C. betulus u y aByx BumoB kieHa, Hanbombinee — y Q.
robur. Bo BpeMst 3acyXu JaHHBIN MMOKa3aTelb CHIKAICSA Y BceX BUI0B. [locie nmepruoa 3acyxu
Y (NO) ocraBajicsi OJMHAKOBBIM y BCEX BHIOB, kpoMe T. cordata. Ha ocHOBaHWU MOTyYeHHBIX
pe3yNbTaTOB HMCCIEAOBATEISIMU OBUIM OMpPEEICHHBl 3aCyXOYCTOMUYMBBIE M TOTEHIIUAIBHO
ySI3BUMBIC K 3acCyXe JApeBecHbIe BUbI. T. cOrdata okasaics moTeHIMaIbHO YSI3BUMBIM K 3aCyXe
BUJIOM H3-32 CBOEH HW3O0THAPUH U HECHOCOOHOCTH MOJAJEP>KUBATH MOBBIINIEHHYIO CKOPOCTh
paccerBaHusl U30BITOYHON PHEPTUU OE3BPEIHBIM CIIOCOOOM. B KadecTBe 3aCyXOyCTOMYMBBIX
JPEBECHBIX BUAOB ObLTH oTMeueHbI A. campestre, C. betulus.

B pabGore PoctynoBa A. A. um ap. [15] uccrnemoBaioch BIHMSHUE TEXHOTEHHBIX
3arpsA3HEHNN Ha (PU3MOJOTMYECKHE MOKA3aTeNU JIUCTheB UMbl MenkonuctHo (T. cordata),
tormosis  apoxaniero (Populus tremula L.), uBer momkoit (Salix fragilis L.) u wuBbI
oemnoii (Salix alba L.), npouspacraromyx Ha TEPPUTOPHIX C PA3IHYHON CTEHCHBIO
3arpsi3HeHUsl. OTBITHOM TPYNIION CYWTAIM pacTeHUs, MPOW3PACTAIONINE HA TEPPUTOPHH
CTaporo MOJHUTroOHa TBEPABIX OBITOBBIX OTXOJOB, 3aBOJa MO TMPOHM3BOJACTBY CTPOUTEIHHBIX
cMecell M MallTMHOCTPOUTENBHOTO 3aBoja. CTereHb 3arps3HeHUs OLEHUBAIH 110 COJICPKAHUIO
TSDKENBIX METAJUIOB B TOUBe. Pe3yIbTaThl HCCiIeI0BaHMS MTOKA3alIH, YTO y BCEX BUIOB IEPEBHEB
TUTOIAb JINCTHEB Ha 3arpsA3HEHHBIX y4acTKax ObLIa 3HAYUTEIHHO MEHBIIE, YeM Y KOHTPOJIS.
Tax)ke Ha JTUCTHIX OBUIM HEKPOTHYECKHE MOBpeXxaeHus, ocodenno y P.tremula. C pocrom
CTETIeHH 3arpsi3HEHHOCTH Y BCEX BHJIOB YMEHBIIANACh OBOJTHEHHOCTh KIIETOK, BRIPOCIIA 001Ias
30HABHOCTh W B JIUCTHSIX OBUTH OOHAPYXCHBI HAPYIICHUS B NMUTMEHTHOM KOMILIeKce. B
JUCTHSIX JIMIBI MENKOJHMCTHOM, WBBI O€IOW M HBBI JIOMKOH CYIIECTBEHHO BO3pacTalio
KOJIMYECTBO KAPOTHHOWIOB, 4YTO CBHJICTEIBCTBYET O TIOBBIINICHUH aaNnTallHOHHON
CIIOCOOHOCTH PACTEHHI B YCTIOBHSX CHIIBHOTO 3arpsS3HEHUS MOJUTIOTAHTAMH U KOPPEIUPYET CO
CHIDKEHHEM COJICpP’KaHMSIX BOZIBI B JIUCTOBBIX IUTACTHHKaX. Hambonee HempucocoOIeHHBIM
BUIOM Okasaics P. tremula.

OpexoB [I. . u coaBt. [16] oneHuBaiM (PU3NOJIOTHIECKOE COCTOSTHUE JIMCTOBBIX
TUTACTHHOK JIUTIBI MenkosrctHou (T. cordata.), 6epéssl mosucioi (B. pendula) u tyu 3ananHoii
(Thuja occidentalis L.) B roOpoJaCKuX YCIIOBHSX MyTEM PETUCTPAIMM KUHETHKHA HHIYKIIHH
dnyopecteniun  xsopodpuiia. KoHTpoipHBIE pacTeHHs] MPOU3pACTAd HAa TEPPUTOPUHU
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6oTannyeckoro cana. K ombITHOH rpynme OTHOCHIN PAacTeHUsl B palilOHE JIEKTPOCTAHIIMU U
BJIOJIb TOPOJICKOro mocce. JIucTes coOupanu ¢ HUXKHUX BETBEH KPOHBI, HCCIEIOBAHUS
NpOBOAMIMCH HeMHBa3uBHO. [Tokaszarens Fv/Fm cHmkamncs i Bcex BHIOB, IPOU3PACTAIOIINX
B paiflOHaX ¢ aHTPOINOT€HHOM Harpy3koi. OcoO0eHHO JaHHBIHN MOKa3aTeNb ObUT HU30K [Tl Oepés,
pacTymux psaoM ¢ osnekTpoctaHiuei. Cpeau SKCIEePUMEHTAIBHBIX BUIOB CaMbIM
YyBCTBUTEIBHBIM K QHTPOIOTECHHON Harpyske okaszaicst T.cordata. Y pacTreHuii OmMbITHON
rpynnbl cHIKeHne otHoueHus Fv/Fm cocraBuiio 10% most T. occidentalis, 12% ans B. pendula
u 20% nmnst T. cordata. Muaekc mpoaykTuBHOCTH (Plabs), KOTOPBIi SBJISAETCS KOMILICKCHBIM
nokaszareneM (YHKIIMOHAJIbHONW aKTUBHOCTU (oTocucteMsl I, Obu1 HMXe A7 pacTeHuid,
POM3PACTAIOIINX BIOJIb ABTOMArMCTPAJIM OTHOCUTEIbHO KOHTpOJIs: Ha 17% st B. pendula,
Ha 22% npna T. occidentalis u wa 51% s T. cordata. Iapamerp Fv/Fo, orpaxaromimii
3¢ (HeKTUBHOCTH UCTIOIB30BAaHUS SHEPrUH Bo30yxaeHus B porocucteme 11, 6611 Ha 20% HIKE
ais T. occidentalis u B. pendula u wa 29% mis T. cordata. MccaemoBaresnsimu ObLIO
PEKOMEH/IOBAHO HCIIOIb30BaTh MPUBEIEHHBIE MapamMeTpbl HHAYKUUU (DIyopecleHnnn
xJopouIuIa A1l paHHETO BBISBICHHS aHTPOTIOTCHHOM HATPY3KH Ha PaCTCHUS.

B pabore benmosa T. A. [17] olieHHMBanOCh BIMSHUE AaHTPONOTEHHOW HArpy3KH Ha
MUTMEHTHBIN COCTaB JIMCThEB Oepe3bl oBucioit (B. pendula). Yuactkom as coopa marepuaia
ObLT BEIOpAH IKUPOKOJIUCTBEHHBIN JIEC HA CEBEpPE TOpoa, MPOU3PACTAIOIIMIA PSIIOM C KUIBIMU
KBapTanamu. JINCThs cOOMpay Co CIy4alHBIX AEPEBHEB IO MEPE YAAJIECHHS OT JOPOTH KaXKIbIe
10 MeTpoB. bbL10 BBISIBIEHO, UTO (DOTOMUTMEHTHI OEpE3bl KpaiiHe UyBCTBUTEIHHBI K BBIXJIONAM
aBTOTPAHCIIOPTA, @ UMEHHO K TsDKENBIM MeTayutaM. TspKénbie MeTaulbl, TPOHUKAs B JINCTOBBIC
TUTACTUHKH, BBI3BIBAIM HApPYIICHHUS MOJIEKYJSPHOTO cocTaBa mUrMeHTtoB. [Ipu cpaBHeHuu
XJIOpOGUIUIOB @, D ¥ KapOTHHOWIOB OBUIO OOHAPYKEHO, YTO HAMOOJIEe YYBCTBHTEIHLHBIM
SBIIAETCA XJIOpOohUII a. JIpyrue murMeHTsl Opanu Ha cedst PYHKIMH XJI0opoduiLia @, NbITasich
KOMIIEHCUPOBATh €ro HeJocTaToK. JIuib Ha pacctossHuu 400 METpOB OT AOPOT'M KOHIIEHTPALUs
xJlopouiuia @ B JTUCTOBBIX IUIACTUHKAX CTajla BO3pAcTaTh M NMPEBOCXOAUTH KOHIIEHTPALUIO
xmopodusuia b. I[Ipu BBICOKOH KOHIIEHTpAIMH TSKETBIX METAIJIOB HAOJIOIANICS aHTarOHU3M
3JIEMEHTOB — MAarHWi, WUrparoluii BaXXHYIO pOJIb B XJIOPOIUIACTaX pacTEeHHH, 3aMeHsuics
JIPYTUMH SJIEMEHTaMH, M3-32 Yero HapyllaluCh OCHOBHBIE (DYHKIIMM MUTMEHTOB. JlepeBbs,
IIPOU3pacTaloIIKe BIOIb JOPOTH, UMENN CKYAHBIM JUCTOBOM MOKpoB. [IpuumHON AaHHOTO
SBJICHHSI CTaJl0 OOJbIlee KOJIMYECTBO IIBUIM, OCEBIICH Ha JIMCTOBBIC IUIACTHHKH. [IbUTH
MPEMATCTBOBAIA HOPMaJIbHOMY NPOHUKHOBEHHIO COJIHEYHOM PHEPruu, Hapyllaua TerIoBOH
oOMEH M MpoIlecCchl TPAaHCHHUPALMU HM3-3a Yero y pacTeHuil ociabia (poTocCHMHTETHYECcKas
aKTUBHOCTb. BBICOKOE coziep)kaHue YIJIEKHUCIIOTO Ta3a BIMUIO Ha MPOLECChl JbIXaHUA U
BBIJICJICHUS] DHEPTUH, BCIECTBHE YeTO HHTEHCUBHOCTH (POTOCHHTE3a CHUKAJIACK.

B nccnenosanun Yepnssckoi M.B. u ap. [18] nzydanu BnusiHMEe ropoJCKO cpeabl Ha
MHTEHCUBHOCTh (OTOCHHTE3a W THUIMEHTHBIM cocTaB pacTeHuid pona Acer L.. xién
noieBoli (4. campestre), KI€H H0xHOIUIaTaHOBBIN (AcCer pseudoplatanus L.) u kjieH caxapHbIii
(Acer saccharinum L.). AHanu3 TOJNYYCHHBIX JAHHBIX IIOKa3al, YTO HHTEHCUBHOCTD
(doTOoCHHTE3a pacTeHUIl B TOPOJCKOW Cpele HIDKE, YeM y pacTeHUH, MPOM3pPaCTAIOIINX B
00TaHMUYECKOM cajy. BbIJIO BRISBICHO CHM)KEHHE XJIOPOGHILUIOB ¢ U D y UcciaeyeMbIX BUIOB.
Mexay KOHIEHTpalHusIMH XJIOPOPWUIOB W HWHTEHCHBHOCTHIO (DOTOCHHTE3a BBISBIICHA
KOppESIUOHHAs 3aBUCUMOCTh. [IprdrHaMu CHIDKEHUS! KOHIIEHTPALUU TUTMEHTOB SIBJISTHCH
OKCHJIBI CEphl M a30Ta, BXOJIINE B COCTAaB BBIXJIONHBIX T'a30B aBTOTPAHCIIOPTA, a TaKKe
OCaXXJIeHHe TbUIM Ha JIMCTOBBIX IJIACTUHKAX, BOAHBIM CTpecc M CpOKM Bererauuu. B
HeOJIaronpUsATHBIX YCIOBUSX M OCCHHUH TIEPUO]I KOHIIEHTPAIMS KapOTHHOMIOB BO3pacTaa,
YTO CBSI3aHO C 3aIIUTHOW peakuuel (oToCHCTEMBl PACTEHUN M CE30HHBIMU M3MEHEHHUSMHU B
micTbax. Hambonee moaBep)KEHHBIMH HETAaTHBHOMY BO3JICHCTBHIO 3arpsi3HEHHsI ObLT BUJI
A. saccharinum, a Haubonee ycroituus — A. pseudoplatanus.

[TapackeBonysio M. @. u coaBT. [19] u3yyanu BIMSHHUE TEXHOTC€HHOTO 3arpsi3HEHUS
ropojia Ha MUTMEHTHBIN cocTaB JinIbl MeakoaucTHoi (T. cordata) u s6monu cubupckoit (Malus
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beccata Borkh). HWcciaenoBanus mnpoBOIWIMCH Ha PACTEHUSX, NPOM3PACTAIOIIUX B
[EHTPAILHOM TIapKe TopoJa, Ha JABYX MpoCHekTax u yiuie. KoHTposibHBIE 00pa3ibl
oTOupanuce B neHapapu. [1o moxy4eHHbIM pe3ynbTaTaM ObUIO BBISIBIICHO, YTO Ha MIOYTH BCEX
UCCIIETyEMBIX YYacTKaX CoJIepKaHue XJI0OpopuLIa a Uit 000MX BUIOB JIEPEBbEB OBLIO OOJIBIIIE,
yem 11 KoHTposis Ha 20-50%. HambGonee conepskanue xjopodwmia a Obulo y s01I0HU
CHOMPCKOM, IPOM3PACTAIOIICH HA TEPPUTOPUHN LIEHTPAIBHOTO TApKa U MPEBBIIIATI0 KOHTPOJIb
Ha 74 %. UccnenoBaTelld CYUTAIOT, YTO B YCIOBHUSAX TOBBIIICHHON aHTPOIIOTCHHON HATPy3KH,
O]l BIHMSHHEM TIa3000pa3HBIX BEIICCTB HApPYIIAETCS CTPYKTypa MEMOpaH JIHCThEB U
AKTUBH3UPYETCs Tpolecc BBICBOOOXACHUS (oTonurmenTa. C Apyroil CTOpOHBI, Y4EHBIE
NPE/IONIarafoT, YTO Ta30yCTOWYMBOCTh BHJIOB IIOBBINIACTCS 32 CUET HWHTCHCH(HKAIMH
IPOIIECCOB CHHTE3a XJjopopmmia a. B ycnoBusx ropona ObUIO BBISBICHO 3HAYUTEILHOE
CHIDKCHHE cojepkanus xyopodmmia a u b mis oboux BumoB pacrenuil. [lpu nsyueHun
COZICpP)KaHMsI KapOTHUHA B JIMCThsIX T. cordata Ha Bcex WCCIEIyeMbIX TEPPUTOPHUSX ObLIO
BBISIBIICHO TOBBIIICHUE MUTMEHTA. B pe3ysbraTe ObUIO YCTAaHOBJICHO, YTO (DOTOMMTMEHTHBIN
COCTaB JIMCTHEB PA3JIMYACTCsA, B 3aBUCUMOCTH OT YCIIOBUU IPOU3PACTaHUs pacTeHUH. Byl
T.cordata u M. beccata o6;iamarOT BBICOKOW aTamnTal[MOHHOW CIIOCOOHOCTHIO K YCJIOBHS
TOPOACKOMN Cpebl 32 CYET TOTO, YTO UX MUTMEHTHBIH KOMIUIEKC MOXET NePeCTpanBaThCs.

Takum 00pa3oM, MHOTOYMCIICHHBIC HCCIICAOBAHUS OIMMCHIBAIOT BHUIOCHCIHM(PUYCCKYIO
PEaKIMio JPEBECHBIX pACTEHHH Ha AaHTPONOTeHHYIO HArpy3Ky, 4To Haubojee 4YacTo
BBIPAKACTCSI B U3MEHCHHMU COJCP)KaHUSl IMHUIMEHTOB B JIUCThSX. Bmecre ¢ u3MeHEHHEM
MUTMEHTHOTO COCTaBa JIMCTHEB, B KAUECTBE MOKAa3aTeseil CTeNEHH aHTPOIIOTEHHON HArpy3KH,
BBIJICTSIFOT TTapaMeTpbl (uryopeciieHiu xiaopoduiia, B yactHoct Fv/Fm, Y(NPQ) u Y(NO).
[Tapametpsl ¢uryopecueHIME XJI0podMisia ¥ TUTMEHTHBIH COCTaB JIMCTOBBIX IUIACTHHOK
YyBCTBUTEIbHBI K W3MEHCHHIO OCBEIIECHHOCTH, TEMIIEPATypbl, BIAXHOCTH, COJCPKAHUIO
TSDKEIIBIX METAJUIOB, TIOBBIIICHUIO KOHIICHTPAIIUU YTIIEKHUCIIOTO Tra3a, OKCUI0B a30Ta U CEpHI, a
TaKKe 3albIJICHUIO BO3AYIIHOM cpenbl. Kak mpaBuiio, nccie1oBaHus BHITIOMHSIIOTCS Ha Pa3HbIX
BUJIaX, TIPOU3PACTAOIINX B PA3TMIHBIX TPUPOTHO-KIMMATHICCKUX YCIOBUSAX, UTO YCIOKHSIET
CUCTEMAaTU3AINIO MMOTYYCHHBIX JAHHBIX U BBIJCICHNE KOHKPETHBIX UHAUKATOPHBIX BUIOB. K
BUIaM-HHIAKAaTOpaM MOKHO OTHecTd 1. cordata, maHHbIi B HauboJice YyBCTBUTEIICH K
M3MEHEHUsIM OKpYyXkaroliei cpenbl. Kpome Toro, oJjHOI U3 OCHOBHBIX MOMEX MPU MPOBEICHUN
UCCIICIOBAHWIA  SBJSCTCS  QJaNTallMOHHAs  W3MEHYMBOCTH  JIPEBECHBIX  PACTCHHI,
MPOSIBIISIONIASCS JaKe B paMKaX OJHOTO BHJIA, YTO MPUBOJUT K HEOOXOIMMOCTH HAKOTLIICHUS
OO0JIBIIIOrO KOJIMYECTBA JTaHHBIX U YBEIHMUEHHIO OOIIei BHIOOPKH MCCIEIyeMbIX pacTeHuid. B
TaKUX YCJOBHUSIX TpPUMEHEHHE OBICTPBIX M HWH(DOPMATUBHBIX METOJOB  SBIIAETCS
MEPCIIEKTHBHBIM U OITPABJIAHHBIM.

Hccnedosanue 6vinonHeHo 6 pamkax OesimenbHOCMU MOJLOO0eNCHOU nabopamopuu
«duaecnocmuxka  u  Mexamuzmvl  a0anmMayuu  NPUPOOHBLIX U AHMPONOLEHHO-

mpancgopmuposannvix  skocucmem  Jonbaccay  (Ne  eocpeeucmpayuu  HUOKTP
124051400023-4).
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ASSESSMENT OF THE INFLUENCE OF ANTHROPOGENIC AND NATURAL FACTORS ON THE
PHOTOSYNTHETIC APPARATUS OF WOODY PLANTS

Annotation. The paper presents an overview of information sources devoted to the study of the influence of
various anthropogenic and natural factors on the state of the photosynthetic apparatus of higher plants. The main
attention is paid to studying the effects of air and soil pollution, temperature, humidity, and other environmental
factors on the functional state and productivity of the photosynthetic apparatus, as well as on the adaptive
mechanisms of woody plants under stress. Changes in the pigment composition of leaves and parameters of
chlorophyll fluorescence (Fv/Fm, Y(NPQ), Y(NO)) are considered as indicators of the degree of anthropogenic
load. The need to systematize the data and expand the sample of plants under study in order to increase the
reliability of the conclusions, as well as the prospect of using fast and informative methods of analysis, was noted.
Keywords: woody plants, photosynthetic apparatus, fluorescence, anthropogenic impact, natural factors.

Antropova L.P.

Scientific adviser: Chufitsky S.V., senior lecturer

Donetsk State University

E-mail: antropowalilya@yandex.ru, chufitskyisergey@yandex.ru

17



Bectauk CHO IOHHY. Bein. 17. Tom 1. EcrecTtBeHHbie Hayku. — 2025

VJIK 581.15 : 581.5 (477.60)

IIPUMEPBI TEPATOJIOTHYECKHUX 9®@PEKTOB KAK HHIUKATOPHBIE
CBOUCTBA PACTEHUMU B ITPOMbBIINJIEHHOM JOHBACCE

bpamyxuna E.A., Paoues A.A.
Hayunwtit pykosooumens: Cagponos A.U., kano. ouon. nayk, 3ae. kagheopoi
DI'BOY BO «/[oul'Yy

Aunomayus. B crathe mpeacTaBiIeHbl pe3yNbTaThl COOPaHHBIX NMPUMEPOB (UTOMHAMKAIMOHHBIX 3(P(EKTOB C
BBISIBJICHUEM aTUIIMYHOTO MOJMMOpP(U3Ma PACTEHHH B HETHITUYHBIX YCJIOBUSX CYIIECTBOBAHUS, B TOM YHCIE B
YCIIOBUSIX TOBBIIIEHHOTO aHTPOIIOTEHHOT0 (hakTopa: 3arpsi3HEHHs, BBICOKOTO YPOBHS TEXHOT'€HHBIX HapyIICHUH
U BeJICHUs] BOCHHBIX COOBITHH Ha TeppuTopun JloHOacca. [IpuMepsl TepaToreHHbIX 3 QEeKTOB MOMOIHSIOT 00Ty O
6a3y MH(pOPMAIK O PACTEHHUSIX-UHIUKATOPaxX B HECTAOMIILHBIX HKOJOTHUECKHX yCIoBHsX JJoHOacca U B LesioM
CesepHoro [IpuazoBss.

Knrwouesvie cnosa: tepatorenes, Jlonbacc, GUTOMHANKALUS, OMOMOHUTOPHHT, OLICHKA 3arps3HEHUS, ITOJICBBIC
HCCIICIOBAHMUS, SKOJIOTHISCKUI MOHUTOPHHT.

BrisiBiieH#Ee reonaToreHHbIX 30H, TEPPUTOPUI ¢ HEOIArONPUATHON OKPY KaroIIeH cpenoin
Y 30H TMOBBIIIEHHON T'€OXMMHYECKON TPEIIMHHOBATOCTH SIBJSETCS aKTyallbHOM 3ajmadelt Jis
coBpemenHoro Jlonbacca [1-4] — pernoHna ¢ MHTCHCUBHOM aHTPOIIOTCHHOM HArpy3Koii [5, 6],
TpeOyIomIeil BCECTOPOHHEH ONTHMHU3ALMU OKPYXAlOMIel cpeibl M MOBBbIMIEHUsS KoMdopTta
MPOKUBAHUSL B TOpoACKUX YycnoBusx [7-9]. CyiecTByeT ycTOWYMBOE YOEKIEHUE, UTO
WHIUKATOPHBIE  CBOMCTBA  PACTEHUH  TMO3BOJSIOT  PErHCTPUPOBATH M BBISBIATH
HeOIaronpusTHbIE PaKTOPHI BO3ACHCTBUS, TAKIM 00pa30M SBIISSACH TaTYNKAMU U MOHUTOPAMHU
JUIS UCCIIeIOBATeNei, KOTOPhIE MPOBOAST SKOJIOTHMUYECKYIO SKCIIEPTU3Y MU OIEHKY KauecTBa
Cpelpl JUld JUArHOCTHKU >KU3HEOOECIEUMBAIOLIUX IapaMeTpoOB B, HAIpUMEp, MECTax
MPOKUBAHUS YEJIOBEKA.

[{enb paboTHI — peICTaBUTh IPUMEPHI HEKOTOPBIX U3MEHEHUH B PACTEHUSX, KOTOPBIE 110
CBOMM CTPYKTYPHO-(YHKIIHOHATbHBIM OCOOEHHOCTSM MOKHO JHAarHOCTUPOBATh Kak
aHOMaJIbHbIE (TEpaTHbIE) U BBIMOJHAIOMNE (DYHKLIHIO CUTHANA MPHU MOJIEBOM JMArHOCTHKE
TEXHOT€HHO M aHTPOINOTreHHO TpaHC(POPMHUPOBAHHOW cpeabl. Marepuan coOpaH B ropoje
Jlonenike B BereTanmoHHBIN miepuoa 2024 roma, mpu 3TOM YUYMTHIBATH JKOTOIBI Pa3HOTO
LIEJIEBOTO0 HA3HAYCHWs] M PA3HOTO YPOBHSA AHTPOIOI€HHOIO BO3ICMCTBUSI M CHIIBI
TpaHchopmaIuu.

[Ipy BBIMONHEHUH MOUCKOBOW pPabOTHI KaK TEOPETHUYECKOTO, TaK U MPAKTUYECKOTO
CoJiep’KaHusi B TMEPHOJ DBKCHEIWLUN, HCHOJIb30BAIM METOJUYECKHUE HapaOOTKH YyxKe
CYILIECTBYIOIUX pa3paboTok B JloHerkoMm rocyaapcTBeHHOM yHuBepcutere [10-13], B Tom
YlClie KAacalollMecss U HEMOCPEACTBEHHO aHalM3a TepaTOT€HHBIX MPOSBIECHUN y pacTeHUH B
YCIIOBUSIX TPOMBINUIEHHO pa3Butoro lonbacca [14—17], a Takxke C 1eNbl0 ONTUMHU3AIUU U
JIMAarHOCTUKHU 3arps3HEHHBIX WM TPaHC(HOPMHUPOBAHHBIX JIOKATBHBIX 3KocucTem [18-21].
Hcnonp30Bany METO MapIIPyTHO-3KCIIEAUIIMOHHOTO BbIE3/a I 9KOTOIOB ropoja JloHerka
1 JIOHEIIKOM arioMepaioHHON cucTeMsl [22], a Takke peKOMEHJAIUH U IIeJIeBbIe TPOrpaMMbl
IIPOBEJIEHUS DKCIIEPTHBIX MEPOIIPUATHH JUIsl 30H TPOBEJEHUS BOEHHBIX Meponpusituii [23, 24],
9TOOBI TaKXE WMETh BO3MOXHOCTh COOpaTh TMOJEBOM MaTepuan Uisd JaTbHEHIIero
XUMHUYECKOTO aHallh3a C LIEeJIbI0 aHAJTUTHYECKOTO KOHTPOJISI, HAIpUMEp, 3arps3HUTENeH Win
KOMIUIEKCa HeOJaronpUsTHBIX SKOJIOTMYECKUX (aKTOpOB, KOTOPbIE MOTYT CKOPPEKTHPOBATh
XO03WCTBEHHO-OBITOBYIO JIEITEIPHOCTH B TOpOJ€ M BHECTH CBOM PEKOMEHIALUU JUIs
YIYUIIEHUS MUKPOKJIMMATHYECKUX XapaKTEPUCTHK.

B menom, OBIIO YCTAaHOBIEHO, YTO pPAacTEHUS COPHO-pYyJEpalibHOM (ppakuuu
ypOaHO(IIOPHI XapaKTEPU3YIOTCS IOCTATOYHBIM YPOBHEM MOP(OJIOTHYECKON MIACTUYHOCTH,

18



Bectauk CHO IOHHY. Bein. 17. Tom 1. EctecTBeHHble Hayku. — 2025

YTOOBI MOKHO OBLIO MPOBOAMTH SKTOMMYECKYIO JUATHOCTUKY IO Pa3HUIE B NPOSBICHUU
MPU3HAKOM OTKJIOHEHHUSI OT HOPMBI B aDXUTEKTOHUKE HITH JIETAIISIX CTPOCHUS PACTCHU.

boun mpoananu3upoBaHbl OCOOEHHOCTH CTPOSHHS JBYX XOPOLIO IPEACTaBICHHBIX
ponoB: BepOackyM (KOpOBSIK) M TapakcakyM (OIyBaHUMK) KaK THUIMYHBIE pPYyJepajbHbIC
AIIEMEHTHI B JKOTOIMAX TOPOACKHX (CENIUTEOHBIX), HA TEXHOTCHHBIX OOBEKTaX, a TaKXkKe B
YCIIOBHSX, CPOPMHUPOBAHHBIX PE3KUM HAPYIICHUEM PACTUTEIHHOTO U MMOYBEHHOT'O TOPH30HTA
B pEe3yJIbTaTe BOCHHBIX COOBITHI (B3pBIBOB). Pe3yabTaThl MO CTPYKTYPHOMY MPEACTABICHUIO
00 aHOMaJbHOCTH B CTPOEHUH BapOackyMa M Tapakcakyma ¢pparMeHTapHO MpeACTaBICHbI Ha
pucynkax 1-4.

Puc. 1 — BapuanTsl cTpoeHus BETKa BepOacKyMa B HOPME U IaTOJIOTHH ISt
aHaJIM3UpPyeMbIX IK0TONoB JlonbOacca

Cai..)C06..)A67.)Go-1-2)

Puc. 2 — Ilpumep popmupoBaHuUs TPEHIOB MATOJIOTUYECKUX MTPEOOPA30BAHUIA IS IIBETKOB U
colBeTHii BepdackyMa 1o (eHOTUIMHYECKUM MTPU3HAKAM CTPOESHHS U B3aUMOPACIIONIOKEHHS
yacTell 1IBeTKa OTHOCUTENBHO IPYT Apyra
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Puc. 3 — Ananus xaprorpaguieckoro Marepuana no (PUTOTEpaTOIOrHH € MEPCENTUBHBIMU
JIOTIOJTHEHUSIMU TaHHBIX 110 puronHauKaTopaM B 2024 roxy coopa nHGpOpMauu

Puc. 4 — Ilpumepsl NaTOIOrMYECKUX MPOSBICHUHN COIIBETHS OJyBaHUMKA IO TUITY (aclMaluu
JUTSI TIPOMBITIIEHHBIX M aHTPOIIOTEHHBIX 2KOTONOB JloHOacca B 1emsX MpoBeIeHuUs
9KOJIOTMYE€CKOr0 MOHUTOPUHTA B PETHOHE

Co6paHHa51 I/IH(I)OpMaI_[I/I}I ABJISICTCA JOIMOJIHCHUCM K YK€ CYIJ_ICCTBYIOIJ_IGI\/'I Oaze JaHHBIX
110 HCTUIINYHBIM IPOSABICHUAM B CTPOCHHUH paCTeHHﬁ, HCIIOJIB3YCMbBIX JIsI 3KOJIOTHMYCCKOI'o
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MOHUTOPHHTA M SKOJIOTUYECKOTO KOHTPOJS OJIArOMPUSATHBIX 30H B HENAX ONTUMH3AIHUU
HapyIIEHHBIX U(HIIH) ACTPaIHMPOBAHHBIX SKOCHCTEM.

[Ipu aHammM3e CTPYKTYyp TMOJIB30BAINCH MPOTPAMMOIl  CTaTUCTHYECKOTO  Y4erTa,
KOJINYECTBEHHBIC TIPU3HAKN, HAHECEHHBIC HA KapTy, TAKXKE OBLIM YYTEHBI IIPH COCTABICHUU
o01Iel KapToCXeMaTHIeCKO MoieNu (PaKTOPOB MOJIEMOCTPECcca WIIM TEXHOETHE3a B JOHEIIKON
arJOMEpalMoHHOW  cucTeMe. B mepcrnektuBe pa3pabOTOK Yy Hac  ONpeieicHHE
(YHKIMOHAJBHBIX CTATYCOB J3THUX PACTEHMHA C TOYKH 3pEHUs (PU3MOIOTMYECKONl HOPMBI,
UHTEPECHBIM TAaKXKE IMPEICTABISETCS BOMPOC H3MEHEHHS MHKPOCTPYKTYp PpACTCHUH B
pesyabTare TpaHchopMalMy IICHOMOMYJISIIMOHHBIX J>KU3HEHHBIX CTpaTeruil. DTO MOXKET
NPECTABIIATh KaK TCOPETUYCCKUN, TaK M MPAKTUYCCKHI MHTEPEC MPOBEICHHOIO HAayYHOTO
HKCIEPUMEHTA 10 (PUTOAUATHOCTUKE dKocucTeM JloHbacca.

Takum o00pa3oM, TpeACTaBICHbl HArsAHbBIE ©W  00paOOTaHHBIE CTATUCTUYCCKH
pe3yabTaThl COOpPaHHBIX MPUMEPOB (PUTOMHIMKAIMOHHBIX 3()(EKTOB C BBIABICHHEM
ATHIIMYHOTO TOJUMOP(H3Ma pACTCHUH B HETUITMYHBIX YCIOBUSAX CYIIIECTBOBAHUS, B TOM YHCIIC
B YCIIOBHSIX IIOBBIIIEHHOTO AHTPOMOTEHHOTO (pakTopa: 3arps3HEHus, BBICOKOTO YPOBHS
TEXHOTECHHBIX HAPYUICHUH U BEICHHsS] BOCHHBIX COOBITHI Ha Teppuropuu JloHOacca. Takue
NPOSIBIICHUSI  MIPEUMYIIECTBEHHO TEPPUTOPHAIBHO COBHANAIOT C 30HAMH  HMMIIAKTa
(HEeTOCPEICTBEHHOTO BO3JICHCTBHS) KPYIHBIX MPOMBIILICHHBIX OOBEKTOB HIIM JIOKAJIBHBIX
BO3ICUCTBHI (haKTOpa MIJTUTAPU3AIMH B TOPO/IE U pETHOHE B 11esioM. [IprMeps! TepaTOreHHbBIX
3¢ (hexTOB MOMONHAIOT 001y 0 623y HHPOPMAIIH O PACTEHUSX-UHIUKATOPaX B HECTAOMIIbHBIX
sKoJoruueckux ycnopusx Jfonbacca u B nenom CeepHoro [TprazoBssi.

Hccneodosanue gvinonneno 6 pamkax memvl «/JuazHocmuka u Mexanusmvl adanmayuu npupooHviX u
AHMPONO2EHHO-MPAHCHOPMUPOBAHHBIX IKOCUcmeMm [Jonbaccay.
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EXAMPLES OF TERATOLOGICAL EFFECTS AS INDICATOR PROPERTIES OF PLANTS IN
INDUSTRIAL DONBASS

Annotation. The article presents the results of collected examples of phytoindicator effects with the identification
of atypical polymorphism of plants in atypical conditions of existence, including in conditions of increased
anthropogenic factor: pollution, high level of man-made disturbances and military events in the territory of
Donbass. Examples of teratogenic effects supplement the general database of information on indicator plants in
unstable environmental conditions of Donbass and the Northern Azov region as a whole.
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VJIK 581.15 : 582.32 (477.60)

YEK-JIUCT BPUO®UTOB JJOHBACCA (F-M) I1IO JAHHBIM BPUOTEKH
KA®EJAPBI BOTAHUKHA U SKOJIOI'U JOHI'Y

Bacunvesa H.H.
Hayunuwiit pyxosooumens: Cagponos A.U., kano. ouon. nayk, 3ae. kageopoii
DI'EOY BO «/[oul'Y)y

Annomayus. IlpeactaBiaeHsl HarsIHble 00pa3Ibl U UX CTATUCTHYECKUH YYeT MO IOKa3aTelsisiM COOTBETCTBUS B
as(aBUTHOM pacHpeieluTeNe KapTOTeKn MOX000pa3HbIX, BKIIF0Yast IIepBbIe OYKBHI 110 BUJOBOMY Ha3BaHUIO: OT F
10 M B naTuHCKOM SKBUBaJIeHTe. BpruoTteka kadeapbl HAXOANTCS B COCTOSIHUM MPEIEIbHON BEIHOCIMBOCTH CBOECH
L[EJIOCTHOCTH, TOCKOJIBKY KOPITyC OMOJIOTHYECKOro (haKysbTeTa 3a TOJbl BOCHHBIX COOBITHI ITOJHOCTBIO JIUIIEH
ocTeksieHns: Ha Kadenape, BCS KOJJICKIMOHHAs NPOXYKUUS TPH 3MMBI TOJAPSA COXPAHSETCS B CIOXKHBIX
MUKpOKIMMaTHUecKuX ycnoBusx. Ha ceromgua yrtepsHo Oonee 30% KOJUIEKIMH, IMOCKOJNBKY IOKa3aTelb
BJIQ)KHOCTH M TEMIEPaTYpHBIH PEKHM HE COOTBETCTBYIOT TPEOOBAHHMIO ISl COXPAHEHHS LIEHHBIX T'epOapHBIX H
KOJUICKLIHOHHBIX OOTaHUYECKUX (POHMIOB.

Knrwouesvie cnosa: moxooOpasnble, [lonOacc, ¢uronHmukanus, J{OHELK, 3KOJOIMYECKHH MOHUTOPHHT,
JIHArHOCTHKA 3KOCUCTEM, OHopa3HooOpasue.

N3yuenmne 6mopa3sHooOpasus sSBISAETCS KIIFOYEBOH 3a/1a4ell KOJUIEKTHBA OMOJIOTHYECKOTO
(baxynbTeTa J1H000r0 LEHTPAIBHOTO U PErMOHAIBHOIO By3a, IIPU 3TOM HAll YHUBEPCUTET HE
aBiseTcss uckiaoueHueM [1, 2]. B mepcnexkTuBHOM rpyIine BBICIIMX PacTeHU 0003HAUYEHBI
MOX000pa3Hble KaK MaJOM3ydyeHHass B TaKCOHOMHMYECKOM OTHOIIEHMM rpynmna. B psgy
aKTyaJIbHbIX JKOJIOTMUECKHUX mporpamm [3] M KOHUENUMil M3y4yeHUs pacTeHudl B
IOPOMBIIIJICHHO  HalpshKeHHOM — peruoHe  [4—6] MoxooOpa3Hble  OTIMYAIOTCS — Kak
MPEACTABUTEISIMU  KpallHE YSA3BUMBIX M PEIKUX BHAOB [7], Tak W 4pe3BbIYAHHOMN
BBIHOCIIMBOCTBIO, YTO ONPAB/BIBAET UX YACTOE y4yacTHe B OMOMOHHUTOPHHIOBBIX IpOrpaMmax
[8] B kauecTBe TeCT-OpraHu3MoB [9].

Lenb paGoThI — JaTh CTATUCTUYECKHUE JAHHBIE COXPAHHOCTH KOJUIEKIIMH MOXO0Opa3HbIX
JloHenKoro rocy/1apcTBEHHOIO YHUBEPCHUTETA IO YEK-JIUCTY TpYyMNIbl Ha3BaHUS BUAOB ¢ F 1o
M (B asipaBUTHOMN MOCIIEOBATEIBHOCTH) U WJUTIOCTPATUBHBIA MaTepuai HEKOTOPhIX U3 HHUX,
KOTOpBIE€ ObUIM MOJyYEHBl B pE3yJIbTaTe€ MHOTOJIETHUX cOOpOB hopmMHpoBaHUs U OPHUOTEKU U
TaKCOHOMMYECKOH KOJIJIEKIIUH B LIEJIOM.

B cBeTe MHOrounciaeHHbIX MHAMKAIIMOHHBIX MCCel0BaHUN Ha Tepputopun Jlonbacca
[10-13] u Ha ocHOBaHHHU YK€ HAKOIJICHHOTO OMbITa (GUTOMUATHOCTHKH 110 HHIPEIUECHTHOMY
COCTaBy M MOP(QOJIOTHUYECKUM TapaMeTpaM MOX000pa3HbIX [14], a Takxke peanu3yemoit
BO3MOXHOCTH cOOpa pacTeHHH B YCIOBUSAX ypOaHuctuueckoro sanamadta [15-17], Obuim
UCIIOJIb30BaHbl METOJUYECKHE PEKOMEHJAIMU [0 OpraHu3aluu OOTaHHWKO-IKOJIOIMYECKOTo
MOHUTOpPHHTa B TPOMBIIIJIEHHOM peruone [18, 19], ydyeGHBbIe mOCOOMS pPErMOHAIBLHOTO
cocraButenbcTBa [20] U Hay4Has acleKTHas NEATeNbHOCTh B pasjiesie GUTOKBAaHTH(PHUKAUU
[21]. HauGonee momHO# 00111e# cBOKON Opropa3zHoobOpasus cuntanu myonukanuo 2021 roma
[22] c BBIJIEIEHUEM TaKCOHOCTICIU(PHUECKOTO KPUTEPUS U IKOJIOTMUECKUX 3aKOHOMEPHOCTEH
pacrpeziefieHus: MOX000Pa3HbIX, MPOSIBIAIOMINX UHIMKAIMOHHYIO (PYHKIHIO B peruone [23].
Pabora peann3oBaHa B CONpPSDKEHUM C aKTHBHOCTBIO CTYJIEHYECKOTO HAyYHOro oOIecTBa
Ouosoruueckoro ¢akynabTeTa U HEMOCPEICTBEHHO CTYIEHTOB Kadeapbl O0TAaHUKHU U IKOJIOTHH.
Hcnonb30BaHbl TakkKe IreoCTpaTernueckue CBeJeHUs 00 MHPOPMALUU B PETHOHE MO MOBOIY
Teparonoruueckux 3QdexroB [24] M MexaHW3Ma OpraHM3ally Ipolecca JaHamadTHON
WHAVKAIMM Ha IpUMEpPE IPOMBIIIJIEHHOW M TOpPOJACKOW CpPEl — OTKPBITBIX T'€OCHCTEM,
HCIBITHIBAIONINX BBICOKHE YPOBHU TpaHC(HOPMUPYIOIIEH aHTPOIOTeHHON Harpy3ku [25].

Hamu 6bi10 mpoananusupoBaHo 38 oOpasioB u3 coopoB 2017-2022 romoB, KoTopsle
HaxonaTcs B Opuoteke kadenpwl. CoctosHHe OONBIIMHCTBA 0OpA3IOB KPUTHYECKOE, T.K.
CaHMTapHbIE HOPMbI XpaHEHUs KOJUIEKIMOHHOE MaTepuaia He BBIICPKHUBAIOTCA M TPeOYIOT
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6osee KOM(OPTHBIX YCIOBUU XpaHEHUs! repOapHOro odpasiia, B TOM YHUCIE €ro YMaKOBKH.
YacTp KONJIEKUMHM M3 OITOrO0 CHHCKAa O€3BO3BpAaTHO yTPaue€HO [0  COCTOSHUIO
MHBEHTApH3aMOHHBIX padoT 2024 u 2025 rr.

Haunbonee HarnsaHbeli WITIOCTPATUBHBIA BapuUaHT W3 YEK-JIUCTAa TPEACTABJICH Ha
CIIEIYIOIUX PHUCYHKaX B akKTyalbHOW pabore (puc. 1-4) ¢ ykazaHueM BUIOBOUI
MIPUHAIICKHOCTH KasKI0TO SK3EMILIpPA.

' Homomallium incurvatum
Funaria hygrometrica Hedw. Homalothecium lutescens (Hedw.) Robins. (Schrad. ex Brid) Loeske

Puc. 1 — BapuanTsl cniopoduToB OpHOTEKH B aa(paBUTHOM SKBHUBajieHTe BUIOB F-H mis
WITIOCTPATHBHOTO MaTepraa

Hy(’l?l::muén rusflie:t‘ilel?s Hypnum cupressiforme Hedw. Leptodictyum riparium (Hedw.) Warnst.

Puc. 2 — BapuanTsl ciopo@uToB OpHOTEKH B al(aBUTHOM SKBUBaieHTe BUI0B H-L mis
WIITIOCTPATHBHOTO MaTepraa
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~ : - 7 ] d
Funaria hygrometrica Hedw. Homalothecium lutescens (Hedw.) Robins.
.31 T : T A Ve Nl AT
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Homomallium incurvatum (Schrad. ex Brid) Loeske Hylocomium splendens (Hedw.) Bruch et al.

Puc. 3 — BapuanTsl raMmeTo(uTOB OpHOTEKH B asipaBUTHOM SKBHBaJICHTE BUIOB F-H mis
WITIOCTPATUBHOTO MaTepuana U3 KOJUIEKIIUN

Marchantia polymorpha L.

Leskea polycarpa Hedw.

Puc. 4 — BapuanTts! ciopodutoB 1 raMeTopuTOB OpUOTEKH B ali)aBUTHOM SKBUBAJICHTE
BUJ0B L-M 17151 MILTIOCTPaTUBHOTO MaTepuania U3 KOJUIEKITII

WTOroBeIii 4eK-JIUCT IO POJIaM COCTAaBJICH CIEAYIONTUM 00pa3oM:

1) Funaria — 7 5K3eMILISIpOB CO BCEMU CTaMSIMU PA3BUTHS;

2) Homalothecium — 4 sk3emMruisipa, U3 KOTOPBIX 3 Ha CTaJUK raMeTo(uTa;
3) Homomallium — 3 sk3eMrutsipa ¢ BeIpakeHHOM CTaauei copodura;
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4) Hylocomium — 5 3Kk3eMILISpOB, 13 KOTOPBIX 4 HA CTAJUU raMeTo(huTa;

5) Hypnum — 7 s3K3eMILIspOB C BBIpAXKEHHOM cTaauei criopodura;

6) Leptodictyum — 5 sk3eMIuIsIpOB, U3 KOTOPBIX 3 HA CTa K FAMETO(HTA;

7) Leskea — 3 sx3emIuIsipa ¢ BeIpaK€HHOM CTajuei cropodura;

8) Marchantia — 4 sk3eMIuIsipa ¢ BRIpaXXEHHOI cTaauei criopodura.

B oTHOIIEHUY 3KOJIOTHUYECKON SKBUBAJICHTHOCTH BUIOB: OHH IIPEJICTABIICHBI KAK BUIaMHU,
JOMUHHUPYIOIUMH B OpHO-COOOIIECTBAX, TAK U €AMHUYHBIMU YK3EMIUIPAMH, BBITOTHSIIOIINM
POJIb ACCEKTATOPOB B T€000TAHUYECKOM aHAIIN3E IPU PETUCTPAIIMK Ha HAPYIIECHHBIX 3KOTOIAX
1(WIH) KBa3UMPUPOTHBIX SKOTOMTMYECKUX 00Pa30BAHUSX.

Takum 00pa3oM, HaMH TPEACTABICHBI HArJSIIHBIC 00Pa3Ibl M UX CTATUCTHYCCKHNA y4eT
[0 TIOKA3aTessiIM COOTBETCTBUS B ali()aBUTHOM pacmpeaesnTese KapTOTeKH MOX000pa3HbIX,
BKJIIOYAsi MepBbIe OYKBBI 10 BHJIOBOMY Ha3BaHWIO: OT F 1o M B JIaTMHCKOM SKBHBaJCHTE.
Bpuoreka xadenpsl HAXOUTCS B COCTOSIHUY MPEIEIbHOM BEHIHOCIUBOCTH CBOEH IIETOCTHOCTH,
MOCKOJIBKY KOPIYC OMOJOrHYECKOro (aKyjabTeTa 3a TOJAbl BOCHHBIX COOBITHH ITOJHOCTBIO
JUIIEH OCTEKJIeHUs Ha Kadeape, BCA KOJUICKIMOHHAS MNPOAYKIUS TPH 3HUMBI TOAPS]
COXpaHSETCs B CIOXKHBIX MUKPOKIMMATHYECKUX ycioBusix. Ha ceromust yrepsHo 6onee 30%
KOJIJICKIMH, TOCKOJIBKY MTOKa3aTelb BIAXXHOCTH U TEMIIEPATYPHBIA PEKUM HE COOTBETCTBYIOT
TpeOOBAHUIO IS COXPAHEHUS IICHHBIX TepOaPHBIX U KOJUICKIIMOHHBIX OOTAHUYECKUX (OHIIOB
B JlOHEIKOM TOCYapCTBEHHOM YHHBEPCHUTETE.

Hccnedosanue 6vinonneno 6 pamkax Mono0edxcHou Jaabopamopuu «uasnocmuxa u  Mexamuzmvl
adanmayuy  NPUPOOHBIX U AHMPONOSEHHO-MPAHCHOPMUPOBAHHBIX — dKocucmem  Houmbaccay  (nomep
eocpecucmpayuu 124051400023-4).
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CHECKLIST OF DONBASS BRYOPHYTES (F-M) ACCORDING TO THE BIOTICS DEPARTMENT
OF BOTANY AND ECOLOGY OF DONSU

Annotation. Visual samples and their statistical accounting for compliance indicators are presented in the
alphabetical distributor of the mossy file, including the first letters of the species name: from F to M in Latin
equivalent. The department's library is in a state of extreme endurance of its integrity, since the building of the
Faculty of Biology has been completely deprived of glazing in the department over the years of military events,
and all collectible products have been preserved in difficult microclimatic conditions for three winters in a row.
Today, more than 30% of the collection has been lost, as the humidity and temperature conditions do not meet the
requirements for preserving valuable herbarium and collection botanical collections.

Keywords: mossy, Donbass, phytoindication, Donetsk, environmental monitoring, ecosystem diagnostics,
biodiversity.
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VK 595.785

BJIMSTHUE WHBA3HUU KAIITAHOBOW MUHUPYIOIIEI MOJIM CAMERARIA
OHRIDELLA DESCHKA & DIMIC, 1986 (LEPIDOPTERA: GRACILLARIIDAE) HA
®OTOCUHTETUYECKYIO AKTUBHOCTb KAIIAHA KOHCKOI'O
OBBIKHOBEHHOI'O (AESCULUS HIPPOCASTANUM L.; SAPINDACEAE)

I'. JOHELIKA

Jrcanmumuposa A.A.

Hayunwit pykosooumens: Kopnuenko B.O., kano.ouon.nayk, ooyenm
Dreoy «/loul’'Yy»

Annomayus. B crartbe NpeacTaBIeHa KpaTKas HUCTOPUS M3YYCHHS M PACIPOCTPAHEHHS OXPHACKOrO MHHEpa
Cameraria ohridella Deschka & Dimi¢, 1986 (Lepidoptera: Gracillariidae) na teppuropuu EBpomnsr u Poccun,
paccMOTpEHbI OCHOBHBIE METOIbl OOpHOBI C WHBAaWAEpOM W BbIAEICHBI Haubojee 3(QEKTUBHBIC U3 HHX.
YcraHOBIIEHA B3aUMOCBSI3b MEXK/TY CTETICHBIO TOPAXKSHUSI INCTOBBIX TUIACTHH KalllTaHa KOHCKOTO 0OBIKHOBEHHOTO
MHHAMH OXPHICKOTO MHHEpPa M WX (OTOCHHTETHICCKONH aKTHBHOCTHIO. BBUT TpeACTaBIeH MNepedcHb
MapasUTOUIOB KalllTAHOBOH MHHHUPYIOLIEH MOJH, Pa3BEJCHUE KOTOPBIX MOXXET OBITh OCYLIECTBICHO C IIEJbIO
COKpaIeHUs] YUCIEHHOCTH (uTodhara B 3eNEHBIX HACAKACHHUIX PETHOHOB Poccuu, ¢ y4y€TOM DKOJIOTHYECKOM
CTPYKTYPHI X HATUBHBIX BUJIOB TSPPUTOPHHU.

Kniouegvle crosa: xamrTaHoBas MUHHpYOIIas MoIb, oxpuickuii munép, Cameraria ohridella, 6uonnBazum,
Honbacc.

Beeoenue. llpoucxonsmue Ha Tepputopun JloHbacca W3MEHEHHsS KJIMMATa,
CMOCOOCTBYIOT ~ HMHTPOAYKLIMH HOBBIX BHJOB JIPEBECHO-KYCTApPHUKOBBIX  PACTEHHH,
MIPOU3PACTAIONINX B HETPOMUECKUX pailoHbl A3un, CeBepHoii AMepuku u Cpelu3eMHOMOPBS,
9T0 00YyCIOBIMBAET (POPMUPOBAHHE HOBBIX HKOTOIOB, HE SIBISFOIIUXCS a0OPUTCHHBIMH IS
pPEruoHa, U CTAHOBSATCSA MEPBONPHUYMHON YCKOPEHHsS] MHBA3MOHHBIX IPOLECCOB. AKTHUBHOE
UCII0JIb30BaHNE HEaOOPUTEHHBIX BUIOB B 03€JEHEHUU Iropojaa HEH30EeKHO BiedeT 3a co0oil
MOSIBJICHHE UHBA3HMOHHBIX ACHIPO(HUIBLHBIX HACEKOMBIX. HecMOTpsl Ha TO, YTO yAeNbHAs OIS
JIeHIPODMIFHBIX BUIOB CPEN HHBa3MOHHBIX HACEKOMBIX OTHOCHUTENBHO Maja (B EBpomne oHa
He npesblmaer 10%), UMEHHO OHU MPEACTABISAIOT HaHOOJBIIYIO OMACHOCTh JJS 3€IEHBIX
HaCaXJCHUN pErruoHa, OOYCIOBIHMBAs KOJIOCCATBHBIM IKOHOMHYECKHUN W SKOJOTHUUYECKHI
yiuep6 [7].

OnnuM u3 Hanbosee arpecCUBHBIX (aKTOPOB Jerpananuu ypoanoduopsl Jlonbacca B
MoCJeIHUEe TOJbl CTAl0 MPOrpPEecCUpYIolllee pPACHpPOCTpaHEHHE HAaCeKOMBIX-(PHUTO(Aaros,
MOPAXAKIINX HWHTPOAYLHPOBAHHBIE BHJbl JIPEBECHBIX pacTeHud. KOHCKMU KamTaH
obbikHOBeHHBIH (Aesculus hippocastanum L.; Sapindaceae), mmpoko mpeacTaBICHHBIA B
O3€JICHEHNH HAacelIECHHBIX IMyHKTOB JloHOacca, M0nTOEe BpEMsl OTIMYAJCS CTOMKOCTBIO K
BpEIUTENSAM U 00JIe3HAM, CHOCOOHBIM 3HAUYUTENBHO YXYIIIUTh COCTOSIHUE JIEpEeBa.

OmHako B TOCTENHWE TOJBI HACAXKIEHHUS KallTaHa KOHCKOTO 3HAYUTEIFHO
JeTpaupoBalid, 4YTO OOYCIIOBIIEHO TIOSBJICHHEM B JKOCHCTEME OXPHUJICKOTO0 MHHEpa
Cameraria ohridella Desch. & Dem. (Lepidoptera: Gracillariidae), koTopbIii, u3-3a cBOEH
BBICOKOM MOIMYJIALMOHHON IIOTHOCTH, 3HAYMTENBHO CHUXKAET JIEKOpPAaTUBHBIE CBOMCTBA U
oca0IIseT SKOJIoTHIeCKue (PYHKITNHI HACKICHUH.

Kontpons nonymsimmit C. ohridella, xak onmacnoro ¢urodara-unsaiinepa, ocraéres
HEpemeHHOW MmpobseMoit Kak 1isi 3apyoexkHort EBpombl, Tak u s Poccun, 4to siBisercs
MPEANOCHIIIKOM OpraHu3aluy 11eJICHANPAaBICHHBIX UCCIIEA0BAaHUN €€ OMOJIOTUH, SKOJOTHU U
BPEIIOHOCHOCTH B YCJIOBUSIX KOHKPETHBIX PETHOHOB C IENI0 pa3pabOTKH HAYYHBIX METOJIOB
OTpaHUYEHUS YTHETATEIHHOU e TeIbHOCTH WHBakaepa [9].

B cBs13u ¢ 3THM 1Lienbio Haleil paboThl OBbLIIO 3yUYeHHE OCOOCHHOCTEN pacpocTpaHeHUs
1 OMOJIOTMH OXPHUACKOT0 MUHEPA, YCTAaHOBJICHHUE B3aMMOCBSI3U MEX/Y CTETICHbIO TOPAKEHHS
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JMCTOBBIX TUIACTUH U (POTOCHUHTETHYECKOW aKTHMBHOCTH JIMCTHEB M ONpeAeieHHe Haubolee
3¢ (heKTUBHBIX METOM0B O0phObI ¢ Omomornueckoit skcmancueir C. ohridella B 3enénbix
HacaxacHusAx JlonOacca,

Mamepuanvt u memoowt. ViccnenoBanus npoBoauiu B 2024 roay B paMkax paOOThI
MOJIOJIC)KHOW JTAOOpaTOPHH TUATHOCTUKU U MPOTHO3UPOBaHUs dKkocucteM Jonbacca. OObekT
UCCIICIOBaHMsl — KalllTaHoBas MuHupyromas moias Cameraria ohridella Desch. & Dem.
(Lepidoptera: Gracillariidae), mopaxaromiasi JTUCTOBBIE TIUIACTUHKA KOHCKOTO KallTaHa
obsixkHOBeHHOTO (Aesculus hippocastanum L.).

Marepuan s paboTel ObUT coOpaH B JIPEBECHBIX HACAKICHHUAX BOpOIIMIOBCKOTO,
Kuesckoro u Kuposckoro paitonoB r. Jlonenka ¢ utonst no asryct 2024 r. Onpenensuiach
o0miass 1Jom@ane JUCTOBBIX IUIACTMHOK, IUIOIIAJAb MHH M OTHOCHTEIbHAs IUIONIA/b
HOBPEXJCHHOH JINCTOBOM MOBEPXHOCTH. Mop(hoMETpHIO JIMCTOBOrO anmapaTta OLEHHBAIU B
nporpamme AxioVision Rel. 4.8. B COOTBETCTBHH ¢ METOUKOM, MTPEIOKEHHON COTPYAHUKAMU
kaeapsel 3oomoruu BI'Y [10]. Ilpu aHanu3e sKclepUMEHTAIbHBIX M KOHTPOJIBHBIX JaHHBIX
npeBoctoeB A. hippocastanum wucnone3oBanm  nporpammy «Excel 2010» (Microsoft
Corporation).

Jns wccnenoBanus Obuin oTOOpaHbl JucThs A. hippocastanum, nopaxenusie C.
ohridella. B xauectBe KOHTpOJIs ObLIM BHIOpPAaHBI PACTEHHS, HE IMOABEPIKEHHBIE OXPHICKAM
MHUHEPOM, IPOU3PACTAIONINE BAOJIb Y. ApTrema u rnp-kta ['ypoBa. B kauecTBe ONBITHBIX TPy
paccMaTpUBaId PACTEHUs, MPOU3PACTAIOIIME BJOJb YJ. YHUBEPCUTETCKOM, 3HAUUTEIBHO
nopaxennsie C. ohridella. Bo3pact nepeBbeB B ropojickoit uepre coctasisut 2035 net. s
KaX/I0Ml TIpyMNIbl BBINOJHSIM He MeHee 16 u3MepeHudt npu nomou (ayopumerpa
«HEXAGON-IMAGING-PAM» (Heinz Walz, I'epmanus).

Pe3ynomamut uccnedoganuii. KamraHoBasi MUHUPYOILAS MOJIb, MJTM OXPUJICKUN MUHED
(Cameraria ohridella Dechka & Dimi¢, 1986) — 4yxepoaHsbiii 1yisi hayHbl KOHTUHEHTAJIBHOM
EBponbl mpencraButens cemelictBa Moneil-nectpsHok  (Lepidoptera:  Gracillariidae),
BHeCeHHBbIW B crnucok 100 Hambosiee omacHbIX WHBA3MBHBIX BHIOB EBpombl. IT0
CICIHMANN3UPOBAaHHBIA  (uTOdar KOHCKOro  KamraHa  oObikHOBeHHOro  (Aesculus
hippocastanum L.; Sapindaceae), MCTOpHYECKH CJIOXHUBIIMACS apeanl KOTOpOro ObLT
OrpaHUYCH JIOKAIBHBIMU MecTomnpouspactanusmu A. hippocastanum B ropHbIX JOJNWHAX Ha
IOre u I0ro-3anane bankanckoro nmomyoctposa. Bnepssie By onucanu G. Dechka u N. Dimic
B 1986 r. mo cObopam 1984 r. u3 okpectHocteil OXpUACKOro 03epa Ha TEPPUTOPUM OBIBLIEH
IOrociaBckoil pecryoiimku Makenonus [9].

B 2000-x apeasn kamTaHOBOW MUHUPYIOIIEH MOJIU 3HAUUTEIBHO PACIIUPUIICS, 3aXBaTUB
KalITaHOBbIE Hacax/eHus B roponax LlenTpanbHoii, Boctounoii u 3ananHoit EBponsl, B ToM
yucne B Benrpun, ®pannuu, ['peruun, bonrapuu, Pymsinuu, Uranuu, IIseiinapuu, Bo Bcex
ctpanax OwiBiiel FOrocnasum, B [lonbie, Ha 3anane Auriuu u {anun.

Bricoknii ypoBenb uucnennoctu C. ohridella, crabunsHO momnepxuBarommiicss B
EBPONEHCKUX HACAXKICHUSIX KalllTaHa KOHCKOTO, MOKHO TPAaKTOBAaTh KaK HHBAa3HOHHYIO
HETIEPUOIMYECKYI0 BOJIHY. B HacTosiee BpeMsi OXpUACKHA MHHEp BHECEH B 0a3y JaHHBIX
HanOoJee arpeccHMBHBIX MHBa3uBHBIX BUJOB B EBporie — DAISIE (Delivering Alien Invasive
Species Inventories for Europe) [1].

B Poccun ¢urodar usBecren ¢ 2003 rozna, B JEKOPAaTUBHBIX HACAKIECHHUIX KOHCKOTO
KalTaHa Hacen€HHbIX NyHKTOB Kammuuurpaackoit obmactu C. ohridella pacripoctpanena
noBceMecTHO. B 2006 r. ouaru nmopakxeHusi KalITaHOBOM MUHHUPYIOIEH MOJIbIO TaKXke ObUIH
BBISIBJICHBI HA JIEPEBbSIX KalllTaHa KOHCKOTO B ieHApapuu ['maBHoro 6orannyeckoro caga PAH
B MockBe, Ky/a, BEpOsiTHEE BCET0, OXPUICKUI MUHED OBbLIT 3aBE3€EH € MOCAT0YHBIM MaTEpPUAIIOM
u3 ['epmanun win apyrux crpan EBpomnsl. B 2009 r. C. ohridella 6pu1a 3adukcupoBana B
PocroBckoii ob6nactu, B 2010 r. — B KpacHomapckom kpae, a B 2018 r. — Ha Teppuropuu
Hwxnero u Cpegnero IloBomkbs [S]. B Kpeimy BriepBsie otmeuena B 2002 1. [11].
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KamranoBas MUHHpYIOLIas MOJIb BIEpBbIe ObljIa OTMEUeHa Ha Teppuropuu Jlonbacca
B 2006 r., B HacaxxaeHusax Jlonernkoro 6otanu4eckoro caaa npucyrcrsyer ¢ 2008 r. HecMoTpst
Ha MHOTOJIETHHE UCCIICAOBAHUS, pa3padoTKa H3(PPEeKTUBHBIX METOAOB OOPHOBI C BPEAUTEIEM B
KOJUIEKIHSIX JJOHEIKOro 00TaHUYeCKOTO cajia He J1aia MOJOXKHUTEIbHBIX Pe3ysIbTaToB [8].

JINYMHKY KalITaHOBOM MUHHPYIOLIEH MOJIA Pa3BUBAIOTCA B JINCTHSIX KOHCKOT'O KalllTaHa
obsikHOBeHHOTO Aesculus hippocastanum L. (Sapindales: Sapindaceae) u 1pyrux BHIOB poja
Aesculus, mmpoko pacnpoctpanernbix B CeBepHoit Amepuke — Aesculusturbinata, A. octandra
u A. pavia. OcrasibHbie BHIbI U (HOPMBI KAIITAHOB MMEIOT PA3IHYIO CTEMEeHb YCTONYUBOCTH K
MOBPEXKICHHUSIM KaIlITAHOBOM MOJIBbIO — Ha A. ChiNeNnsis ryceHuiipl rTiOHYT, JOCTUTHYB CTapIIero
Bo3pacra, Ha A. indica, A. californica u rubpume xoHckoro kamrada ¢ A. carnea TubeNb
ryceHuI] HaboqaeTcst yke Ha ctaauu 1-2-ro Bo3pacTos [4].

[ToBpexxn€HHBIE OXPUACKHMM MHHEPOM YYaCTKH JIMCTOBOM TOBEPXHOCTH YTPAYMBAIOT
€CTECTBEHHYIO OKpPACKy, IOCJIE€ Yero HEKpPOTH3HPYIOTCS, CTAHOBSACH OypbIMH. VIHTEHCHBHO
MOBPEXKIEHHBIC JIUCTOBBIE TIACTUHKY (Oosiee 70% MOBEPXHOCTH JIMCTA) JOCPOYHO OMAJIAOT,
910 BeACT K MPEXACBPEeMEHHOW aedoimanuu KpOH, KOTOpas HAOIIOAeTCsl B YCIIOBHSX
Jlonbacca yxe ¢ UIOHS, a pAaCTCHHUS M HACAKICHUS B LIEJIOM ITOCTYIATEIbHO YTPAYUBAIOT CBOIO
ACTETHYECKYIO IIEHHOCTD [9]. OcnabieHHbIe MHHEPOM JICPEBbBSI ITOIBEPKEHBI HHPEKIIMOHHBIM
3abosieBaHusAM, Hampumep, Bbi3BaHHbIM Guignardia aesculi (Peck) V.B. Stewart 1916 nnu
Erysiphe flexuosa (Peck) U. Braun & S. Takam. 2000. OciabiieHue B pe3ysibTaTe XpOHUIECKOM
nedonuauy 1 o] BIUSHIUEM MAaTOI€HOB MOXKET MPUBOUTH K rHOeNn aepeBbeB [4].

KoHckuii kamraH OOBIKHOBEHHBIM, IIMPOKO NPEICTABICHHBI B JEKOPATUBHBIX
3eJEHBIX HACAXKICHUSIX HACCNEHHBIX MyHKTOB JloHOAcca, 0COOCHHO MOJBEPKEH MOPAKCHUIO
mmunaok C. ochridella u3-3a KIMMaTHYECKMX YCIOBUHM, OJIATONPHSTHBIX ISl Pa3BUTHS
JUYMHOK (uTodara. buoskosornyeckne 0COOCHHOCTH OXPUIACKOI0 MUHEpA 3aKIHOYAIOTCS B
CIIOCOOHOCTH K AU(Qy3HOMY pACCEIICHUIO HAa CTaJWH MMaro, MOJUBOJBTUHU3MOM H
HEBBICOKON YS3BMMOCTb CO CTOPOHBI OMOTHYECKHUX (DaKTOPOB, YTO MO3BOJIMIIO KAIITaHOBOM
MUHHUPYIOIIEH MOJHM YCIENIHO PEaJH30BaThCS B YCIOBUSX KOMILJIEKCA AHTPOIIOTEHHBIX
Bo3zaelicTBuil JlonGacca. Illupokoe KyJIbTUBHpOBaHHME KalllTaHAa KOHCKOro Oeyoro Ha
TEPPUTOPUHU PETHOHA TIOIEP)KUBAET OOIIUPHYIO KOPMOBYIO 6a3y ¢urodara. B 3aBucumocTt
ot kiumatudyeckux ycnosuit, C. ohridella maér or aByx no msTH reHepauuii B TOf,
MPOJOJIKUTENBHOCTh SMOPHOHAIBHOTO PAa3BUTHS COCTABIISIET MEHEE JIBYX HEZelNb, IyceHul| (4
BO3pacTa) U KyKOJOK — OKOJIO 2-4 HeJellb, COOTBETCTBEHHO. KyKOJIKM MOCIeTHEro MOKOJICHUS
3UMYIOT B OITaBIIIEH OCEHHEH JTNCTBE.

JIMYMHKN OXPHJCKOTO MHUHEpPA pa3BUBAIOTCS BHYTPU Kamep B TOJIIIE JIMCTOBBIX
wiactTuHoK. Ha cranum I-III BO3pacToB JIMUYMHKHM MpPENCTaBISIIOT COOOM TaK Ha3bIBA€MBIX
cokoeslok; Ha V-V oHM mepexosT K MHTEHCUBHOMY MOTPEOJICHUIO JTUCTOBON MapeHXHUMBI,
YTO COMPOBOXKIAETCS CTPEMHUTEIBHBIM POCTOM IUIOMIAAM MUH; JTWYMHKA VI Bo3pacta He
MUTAIOTCA U TPSAYT KOJBIOETbKH, B KOTOPBIX TNPOUCXOAUT HMX OKykKiIuBaHue. Oxpacka
JMCTOBBIX MHH HM3MEHSETCSI OT CBETIIO-3€JICHON — B Hadale, 10 Oypoil — K KOHILy pa3BHTHS
JUYUHOK, YTO OOYCJOBJICHO IIOCTENICHHONH HEKPOTH3aIel TOBPEXKICHHBIX YYaCTKOB
JUCTOBBIX TUIACTUHOK. IIpu BBICOKOW IJIOTHOCTH (QuTOPara MHHBI MOTYT CIHBAThCS,
OXBaThIBas OOJBIIYIO YACTh JIUCTOBOW TTOBEPXHOCTH.

Jist KalTaHOBOTO MUHEPA XapaKTepHa 3UMOBKA Ha CTAJMH KYKOJIKM B OTaBIIeH JHCTBE
BHYTpH MyH. OKYKJIMBaHHE TYCEHUI] MOKET TIPOUCXOANTD B KOHIIE CEHTSOPS /10 HACTYTUICHHUS
NoJHOHN Aedonnanyy, 00 TyCeHUIbI, KOTOpbIe el He 3aKOHYMIN Pa3BUTHE, HAXOIATCA B
YK€ OMaBIIUX JIUCTBSAX, B 3TOM CIIydae MpOIEecC UX OKYKJIMBAaHUS OCYIIECTBIISIETCS B Hadaye
OKTS0pst. BaXkHO OTMETUTB, YTO KYKOJIKM BBDKHBAIOT MOJ] CHEKHBIM ITOKPOBOM.

CornacHo JaHHBIM JUTEPATypbl, JMHAMHKA YHCICHHOCTH OXPHUACKOTO MHHEpa He
3aBUCUT OT KOJIMYECTBA OCAJIKOB, CyMMBI 3(PQPEKTHUBHBIX TEMIIEPATyp U OTHOCUTEILHOU
BJIIAKHOCTH Bo3ayxa [5]. bonee TOro, KyKOJKM KalITAaHOBOM MOJM BBDKHBAIOT TIPH
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temneparype ot -19 no -23°C, Hu3KHEe TeMIepaTypbl HE BIUSAIOT HA HOPMaJIbHOE ITPOTEKAHNE
Jiaray3bl 1 BECEHHUU BbUIET 0abouek [2].

Bnussuue C. ohridella Ha QoTocuHTeTHYECKYIO aKTUBHOCTH JHCThEB Aesculus
hippocastanum. CoriacHO MOJyYeHHBIM pe3yjibTaraM, I[OKa3aTellb KBAHTOBOTO BBIXOJA
dyopecuenun (Fv/Fm) B BEIOOpKE MOBPEX)AEHHBIX JTUCTOBBIX IUIACTHHOK OBLT HIKE, Y€M B
BbIOOPKE HEMOBPEXKIEHHBIX JTUCTHEB KallITAHA KOHCKOTO OOBIKHOBEHHOTO (pHc. 1), MpUYMHON
4eMy MOXeT Oblb CHM)KEHHE OOIIEro COJACpX aHHUA XJIOpO(HIIa B JIMCTOBBIX IUIACTHHKAX,
BbI3BaHHOE nopaxkenuem C. ohridella.

Fv/Fm nospexnen. Fv/Fm ue noBpex.

0,9

Fv/Fm ots. ex.
_|
HEH- A
l_

o
SN
_|
'_
HEH -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Oran 3mepenus, Ne

Pucynox 1 — KBanToBbIit BeIxo ¢uryopecteniuu auctbeB Aesculus hippocastanum L.

[TpoueHT mopakeHust JINCTHEB ONBITHOM rpymiibl coctaBuia 30-35% ot obmieit miomaau
JIUCTOBBIX IIJIACTUH, YTO U 06y0J'IOBI/IJIO CHHXKCHUC (bOTOCI/IHTCTI/I‘ICCKOﬁ AKTUBHOCTH JIMCTOBBIX
IJ1aCTUH, U, KaK pe€3yJIbTarT, MEHBIINHI TOKA3aTelIb KBAHTOBOI'O BbIXO/a.

OJ_'[I/IH N3 BO3MOXHBIX MECTOOOB 60pL6BI C KallITaHOBOU MI/IHI/Ipy'IOI_I_Ieﬁ MOJIBIO B
nenapodiope lonbacca — 1eneHanpaBiIeHHOE TPUMEHEHNE a0OPUTEHHBIX MApa3UTOUIOB U
ecTeCTBeHHbBIX BparoB ¢urodara. Bo Bropuunom apeane C. ohridella arakyror npencraBurenn
15 cemeiictB Hymenoptera: Pteromalidae, Eupelmidae, Encyrtidae, Torymidae, Eulophidae,
Trichogrammatidae, Mymaridae, Diapriidae, Scelionidae, Platygasteridae, Megaspilidae,
Ceraphronidae, Cynipidae, Braconidae u Ichneumonidae.

HBy‘-IeHI/IC HUCTOYHUKOB JIMTCPATYPBI IMMO3BOJIMJIIO BBIABUTH IMAPA3UTOUIO0OB KaIllITaHOBOH
MUHHPYOIIEH MOJIH, 3aperHCTPUPOBAHHBIX Ha TeppuTopuu Poccuu, oHM mpencTaBiieHbl 68
Bugamu. Mesopolobus mediterraneus (Mayr, 1903), Pteromalus semotus (Walker, 1834),
Eupelmus microzonus Foerster, 1860, E. urozonus Dalman, 1820, E. vesicularis (Retzius,
1783), Cirrospilus diallus Walker, 1838, C. elegantissimus Westwood, 1832, C. lyncus Walker,
1838, C. pictus (Nees, 1834), C. salatis Walker, 1838, C. staryi Boucek, 1959, C. viticola
(Rondani, 1877), C. vittatus Walker, 1838, D. minoeus (Walker, 1838), Elachertus inunctus
Nees, 1834, E. isadas (Walker, 1839), Hemiptarsenus ornatus (Nees, 1834), H. wailesellae
Nowicki, 1929, H. waterhousii Westwood, 1833, Pnigalio agraules (Walker, 1839), P.
cristatus (Ratzeburg, 1848), P. longulus (Zettersedt, 1838), P. mediterraneus Ferriére &
Delucchi, 1957, P. pectinicornis (Linnaeus, 1758), P. soemius (Walker, 1839), Sympiesis acalle
(Walker, 1848), S. dolichogaster Ashmead, 1888, S. euspilapterygis (Erdés, 1958), S. gordius
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(Walker, 1839), S. gregori Boucek, 1959, S. sericeicornis (Nees, 1834), Zagrammosoma
talitzkii (Boucek, 1961), Z. variegatum (Masi, 1907), Achrysocharoides altilis (Delucchi,
1954), A. atys (Walker, 1839), A. butus (Walker, 1839), A. cilla (Walker, 1839), A. niveipes
(Thomson, 1878), A. zwoelferi (Delucchi, 1954), Chrysocharis elongata (Thomson, 1878), Ch.
laomedon (Walker, 1839), Ch. nautius (Walker, 1846), Ch. nephereus (Walker, 1839), Ch.
nitetis (Walker, 1839), Ch. pentheus (Walker, 1839), Ch. phryne (Walker, 1839), Ch. prodice
(Walker, 1839), Ch. pubicornis (Zetterstedt, 1838), Closterocerus lyonetiae (Ferriere, 1952),
C. trifasciatus Westwood, 1833, Derostenus gemmeus Westwood, 1833, D. punctiscuta
Thomson, 1878, Neochrysocharis formosus (Westwood, 1833), Pediobius alcaeus (Walker,
1839), P. cassidae Erdds, 1958, P. facialis (Giraud, 1863), P. metallicus (Nees, 1834), P. pyrgo
(Walker, 1839), P. saulius (Walker, 1839), Euderus albitarsis (Zetterstedt, 1838), Baryscapus
endemus (Walker, 1839), B. nigroviolaceus (Nees, 1834), Minotetrastichus frontalis (Nees,
1834), M. platanellus (Mercet, 1922), Pholetesor bicolor (Nees, 1834), Ph. circumscriptus
(Nees, 1834), Scambus calobatus (Gravenhorst, 1829), S. brevicornis (Gravenhorst, 1829) [3].

CormacHo JUTCPATYPHBIM JaHHBIM, HHTPOAYKI WA Y3KOCIICHHUAIIM3UPOBAHHOT'O
KOMHOOMOHTA U3 TIEPBHYHOTO BO BTOpu4HbIi apean C. ohridella 3auactyro monHOCThIO perraia
HpO6JI€MI)I C MHBA3WOHHBIM BHUJIOM. AJII)TepHaTI/IBHHe PacTCHUA MOT'YT BBICTYIIATh BaXHBIM
HCTOYHHUKOM HCKTapa IIpH JOIIOJIHUTCIbHOM IIHTAHUKU IIapaSUTOUOOB. YBenudeHue
pa3HoOOpa3usi PacTCHUH B 3KOCHCTEME OKAa3hIBACT IMOJIOKHUTEIHHOC BIMSHUE HA 3HAUCHUS
3apaXEHHOCTH MUHEPOB NapazuTongamu otMedeH B Poccun KocTiokoBbIM [6].

OnHako, Ha CETOAHANIHMN JeHb u3 MeroaoB OoprObl ¢ C. ohridella wambonee
HeﬁCTBeHHBIMH H OTHOCHUTCJIbHO IIPOCTBIMHM B pajiu3aliuu SABJIAIOTCA peranpHLIfI
OMOJIOTUYECKUH MOHHTOPUHT W TpHUMEHEHHe (U3HYECKMX MeToA0B. Du3nuveckue
MCPOIIPUATHSA, KOTOPBIC MOIYT 3HAYUTCIBHO CHU3UTH INUIOTHOCTH IOIIYJIALIUHA OXPHUACKOI'O
MUHEpA, BKIIOYAIOT B €051 OCEHHIOI0 YOOPKY ONaBILIeH JTUCTBBI, B KOTOPOU IPOTEKAET 3UMOBKA
KYKOJIOK (uTodara, ¢ HOCIEIYIOUUM €€ C)KUTAHUEM.

Bovi6oovl. 13 nutepaTypHBIX [OAHHBIX CIEIYET, YTO COXPAaHCHHIO U 3aKPEIICHUIO
C. ohridella B nmengpodope JloHOacca crmocoOCTBYET: MOJIMBOIBTUHHU3M MHUHEpA M, Kak
PpE3YIbTAT, €T0 BEICOKAs MIIOAOBUTOCTD, HU3KAA CTCIICHDb BOSI[CI\/’ICTBI/ISI €CTCCTBCHHBIX BPpAaros 1
napasutousioB purodara.

CortacHo IMNOJIYYCHHBIM B XOJ€ 3KCIICPUMCHTA AJAaHHBIM, KalllTaHOBAasd MWHHUPYIOLIAA
moJb C. ohridella okassiBaet BiusiHIE Ha (OTOCHHTETHUECKYIO aKTUBHOCTD JINCTHEB KallITaHA
KOHCKOro oObikHOBeHHOTO (Aesculus hippocastanum L.), npouspacraroiero Ha TeppUTOPHA
T. I[OHGI_IKa, YTO BBIPAXKACTCA B CHMIXCHHUH KBAHTOBOI'O BbIXOJa (I)nyopecueHuI/H/I. Cremnenn
IMOpaXCHUA TAKKC CKa3bIBACTCA HA aI[aHTaHHOHHOﬁ CIIOCOOHOCTH JCPCBLECB U Bblpa6OTKe MU
HOBBIX KOMIICHCATOPHBLIX MCXAaHU3MOB B OTBCT HAa CHMXKXCHHUC COHACPKAHUA XJ'IOpO(l)I/IJ'IJ'Ia B
JIMCTOBBIX IIJIACTUHKAX, BBISBAHHOC IMOPAKCHUEM KaIllITAaHOBOU MHHHPYIOHIGﬁ MOJIBIO.

Cucrema 3allUThl KOHCKOT'O KalllTaHa B yp6aH0(1)J10pe I[0H6acca JOJI’)KHa BKJIKOHATh B
ce0st KOMITJIEKC MEPOIPUSITUMA:

- MpPOBEJIEHHE CHCTEMaTU3UPOBAaHHONW YOOpKH JIMCTOBOTO Olaja ¢ JajibHEHIIed ero
J'IPIKBPI,Z[aI.IPIeﬁ BO H30exaHue TIOBTOPHOI'O BBITIJIOAA HOBBIX FCHCpaI_II/Iﬁ (I)I/ITO(I)aFa;

- IpU 03€JICHEHUU TEPPUTOPUU OTJaBaTh OOJIbIIEE MPEANOUYTeHnE aOOPUTeHHBIM BH1aM
paCTeHI/Iﬁ YCM UHTPOAYLUHUPOBAHHBIM, YTO TAKIKC IOBBICUT YCTOI‘/’I‘II/IBOCTB ACHAPOLICHO30B U K
H3MEHSIOIIMMCS TIPUPOTHO-KIMMATHYECKUM yCIOBHSIM perrona [12-15];

- wu3ydyeHue alOopureHHoi (ayHbl Napa3sUTOMAOB OXPUICKOTO MHHEpA M €ro
C€CTCCTBCHHBIX BparoB C LCJIbIO OHMOJIOTMYECKOTO KOHTPOJIA BpEANUTECIIA.

OnucaHHbIe MCTOJbl PCHICHUA HpO6J’ICMBI OMOMHBA3UI LICJICCOO6p8.3HO IMPUMCHSATH B
HaceJEHHBIX IDYHKTAaX, B O3CJICHCHUN KOTOPBIX AKTUBHO IMMPUMCHAIOT KOHCKHI KaIlTaH
oObikHOBeHHBbIN. [locmennuit meron OopsObl ¢ UWHBainepoM TpeOyeT MpOBEACHUs
CIICUAJIbHBIX I/ICCJ'IC,Z[OB&HI/If/i, HaITpaBJICHHBIX HAa IIPUMCHCHHUEC a60pI/IFCHHBIX BHUIOB C y‘IéTOM
JTUHAMHKHU 1 0COOEHHOCTEH IKOCHCTEM PETHOHA.
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Takum 00pa3oMm, OJUH U3 OCHOBHBIX CHOCOOOB peUIeHHs MpOoOIeMbl OMOMHBA3HHA —
pEryJspHbIii OMOMOHUTOPUHI IPEBECHBIX HACAXKACHUN PErHoHa C LEJIbI0 CBOEBPEMEHHOI'O
0OHapy>KeHHs HOBBIX BCIIBIIIEK PACIIPOCTPAHEHUSI MHBA3UBHBIX BUJIOB HACEKOMBIX-(huTo(aros
U pa3paboTku 3P(HEKTUBHBIX METOA0B OOPbOBI M KOHTPOJIS UX YHCICHHOCTH Ui COXPAaHEHUS
ounopaznoobpasus neaapoduiopsl Jornbdacca.

Hccnedosanue 6vlnoiHeHo 6 pamkax meMamuku MON00edCHOU Jjaabopamopuu
«duacnocmuxa U Mexamuzmvl  a0anmMayuu  NPUPOOHBLIX U AHMPONOLEHHO-
mpancgopmuposannvix  skocucmem  Jonbaccay  (Ne  eocpecucmpayuu  HUOKTP

124051400023-4).
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THE EFFECT OF THE INVASION OF THE CHESTNUT MINING MOTH CAMERARIA
OHRIDELLA DESCHKA & DIMIC, 1986 (LEPIDOPTERA: GRACILLARIIDAE) ON THE
PHOTOSYNTHETIC ACTIVITY OF THE HORSE CHESTNUT (AESCULUS HIPPOCASTANUM L.;
SAPINDACEAE) IN DONETSK

Annotation. This article presents a brief history of the study and distribution of the Cameraria ohridella Deschka
& Dimich, 1986 (Lepidoptera: Gracillariidae) in Europe and Russia, discusses the main methods of invasion
control and highlights the most efficient ones. The interrelation between the degree of damage to the leaf plates of
the horse chestnut caused by mines of the Ohrid miner and their photosynthetic activity has been established. Was
presented a list of parasitoids of the chestnut mining moth, the breeding of which can be carried out in order to
reduce the number of phytophages in green areas of Russian regions, taking into account the ecological structure
and native species of the territory.

Keywords. chestnut mining moth, Ohrid miner, Cameraria ohridella, bioinvasion, Donbass.
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BKJIAA CTYAEHTOB 1 MOJIOJABIX YYEHBIX KA®EJPbI BOTAHUKHA 1
9KOJIOI'M B PABBUTHUE MOJIOAEKHOU JIABOPATOPUM JOHI'Y (2024 T1'.)

JImumpuesa A.IL
Hayunuwiit pyxosooumens: Cagponos A.U., kano. ouon. nayx, 3ae. kagheopoi
DI'EOY BO «/[oul'Y)y

Annomayus. lleneHanpaBicHHas KOJUICKTHBHAs paboTa CTYJCHTOB M MOJIOJBIX YUYCHBIX Kadenpbl OOTaHUKU U
9KOJIOTUH J[OHEIIKOTO TOCYIapCTBEHHOTO YHHBEpCHTETa Obula akTuBu3upoBaHa B 2024 T. B CBSI3U C
JIESITETPHOCTRIO  MOJIONEXKHOW Jaboparopuu «JlMarHOCTHKa ¥ MEXaHW3Mbl aNaNTaldid MPUPOIHBIX U
AHTPOIIOTEHHO-TPaHC(HOPMUPOBAHHBIX IKOocucTeM JloHOaccay (pykoBoautenb: B.O. KopHHEHKO). YUeHBIME B X
HJICOJIOTUYECKOM PACCPEIOTOUCHUH OBLTH BBITOIHCHBI UCCIICIOBATEIBCKHIE PA0OTHI IS PA3HBIX MPUPOIHBIX CPET
(BO3MyIIHOM, BOAHOM, MOYBEHHOMN) MPH Pa3HOM YPOBHE UX TPaHC(POPMAIIMHU, TOATOTOBIICHBI IKCIIO3UIIHOHHBIC
MaTepHalbl U pa3pabOTKH COMUATBFHO-00pa30BaTeIFHOTO Ha3HAYCHHUS, YTO CYIIECTBEHHBIM 00pa30M IMO3BOJISICT
KOHCTAaTHPOBATh KOMIUICKCHBIH ITOX0]] B IUATHOCTUIECKUX TPOLEAYPaX U KBAHTU(DUKAIINH CPEIBl B TOM YHCIIC
TIOJT BO3JICHCTBHEM HEOIArONPHUATHBIX (PaKTOPOB BOCHHO-TIOTUTUIESCKOTO POTHBOCTOSHUSI.

Knioueswvie cnosa: puronnaukanus, JJordace, KBaHTHQUKAIHSA, Kadeapa OOTAaHUKH U KOJIOTHH, IKOJIOTHICCKHMA
MOHHUTOPHHT, MOJIOAEKHAS Ta00paTOPHS, JUATHOCTHKA IKOCHUCTEM.

HccnenoBarenbckas 3a/1a4ya, OCTaBIEHHAs Mepe CTYIEHTaMU U MOJIOIBIMU YUEHBIMU B
pamkax copMupoBaHHON MOIOAEKHOM Taboparopuu ¢ 2024 1. Obla BBITIOJIHEHA, OYEPUCHBI
Osmkaiiiye NepCreKTUBbl 1EJIEHAPABIEHHBIX MaHUMYJISALUN JUIsl OTYYEHUs aKTyalbHbIN
JTAHHBIX B 00JIACTH SKOJIOTMYECKOTO MOHUTOPUHTA U OIICHKH COCTOSTHUS IKocucTeM CeBepHOTo
[TpuazoBbs, B yacTHOCTH — LlenTpansHoro /lonbOacca. AHanM3 yCHNEUTHOCTH U XapaKTePHOTO
BKJIa/Ia YYCHBIX HIMEHHO Kadepbl O0TAHUKH M SKOJIOTHH CHEIMAIbHO HE ObLT MPOBEJICH, YTO B
COBOKYNHOCTH HAKOIUJICHHOTO OIbITa MpeJICTaBIsieT co00i aKTyalbHYI0 3agadyy H
00yCIIOBIMBAET BbIOOp TEMBI C JEMOHCTpALMEH HEKOTOPBIX aBTOPCKHUX JIOCTHIKEHUH 110
pe3ylbTaTaM MoJeBbIX COOPOB BereTaliMoHHOTo ce30Ha 2024 roxa.

[lenb paboThl — CrpyNIUpPOBaTh OpPUTHHAJIbHBIE HAPAOOTKH CTYJEHTOB, aCUPAaHTOB U
MOJIOJBIX YYEHbIX Kadeapbl OOTaHMKM M 3KOJOrMM JIOHEIKOro rocynapCTBEHHOIO
YHUBEpPCUTETA B  AKCIEPUMEHTAIbHO-QYHKIIMOHAIbHbBIE OJIOKM  HMCCIEAOBaHUN  AJis
KOMIUIEKCHOTO aHallM3a 3HAYMMOCTH PE3YJbTaTOB B COBPEMEHHBIX MOHMTOPHHIOBBIX
mporpaMmax JuarHoctudeckoro npoguis B Jlonbacce.

Mertonnyeckoit 0a3oif ans monydeHus U 0oOpabOTKM HMH(OpMaIUKM  sBISETCA
AQHAIUTUYECKUIN KOHTPOJIb pabOThI JIAOOpaTOPHH B OOTAHUKO-KOJIOIMYECKOM HalpaBiICHHUH, a
Takxke Ooubnuorpaduueckuii yuyér OCHOBHBIX MyOJMKaIMi aBTOpoB 3a mepuon 2024 rona c
MOCJIETYIONIEH CMBICIIOBOM 00pabOTKONM JaHHBIX MO Croco0aM TOJIyYeHHUs CBEICHUH,
NPUHAIEKHOCTH K cpe1oo0pa3oBaHUIO (TI0 aHAJIOTMU C HUIIIAMU KOMIUIEKTALMH ), BHEIPEHUS
Y UCTOJIb30BaHUS MOJTYyYeHHON HH(OpMaInK.

B xpononoruyeckoit mnociegoBatenbHOCTH Hayano 2024 1. ObUIO O3HAMEHOBAHO
Mpe0CTaBICHUEeM COTpyIHHKaMu Kadeapsl Ootanwku u skonorum JoHI'Y cnenumanpHOMA
WITIOCTpAaTUBHOM uHGpopManuu A  BbICTaBKM JTOCTMKEHHMH HapOAHOTO XO3siicTBa
(r. Mocksa) Ha ®opyme POCCHS [1], ayis gero OBLIN MOATOTOBIEHBI CIANIBI M HATJISTHBIC
MaTepuaibl OTAEIbHBIX TAKCOHOB U MPUPOJIHBIX CPEMA, KOTOPBIE CHEUAIBHO U3Y4YaroTCs IS
MOJTy4YeHUsl KpaeBeadeckol MHGOpMaluu W OLEHKU MPUPOJHOro MOTEHIMala pervoHa. B
MNOJArOTOBKE JTOM IMyOJMKAIMM MPUHSJIM y4YacTHE BCE COTPYAHUKH OT MOJOJAEKHOM
naboparopun Kadeapsl OOTAaHMKH M 3KOJIOTHH, 33 KaKIbIM YYEHBIM OBbLI 3aKpeIUIeH CBOM
(GpoHT paboThl, OOBEKTHI U MpeAMETHl uccienoBaHuid. Takke skonorndeckuii @opym ObLI
nposeeH U B [loneukoit Haponnoit PecriyOnike B cTeHaX TEXHUYECKOTO YHUBEPCUTETA, TIE
Kadeapa OOTAaHMKM M OSKOJIOTUM NPE3EHTOBaja JiBa WH(GOPMATUBHBIX CTEHJA CO CBOMMH
nocTwkeHussMUA  [2]. OTnenbHBIH  JMOKJ7Iaa OBUT TIOCBSIIEH OOOOIMICHHIO CTYIACHYECKUX
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HapaOOTOK B paMKaxX Hay4yHOTo OOILECTBa M KPYXKa, 4TO MO3BOJSET CTyIEHTaM cooOIna
MOJIy4aTh BaXXHYI0 MH(GOPMAIUIO U KOOIIEPUPOBATHCS B HKCIEAUIIMOHHBIX BbI€3/IaX WU MPHU
peanmzanuu 1a60paTopHOit padboTsI [3].

boranmnueckast crienn@UYHOCTh U IKCKIIO3UBHOCTH Pa3pabOTOK KacaeTcsi B MEPBYIO
ouepeslb aHallM3a CYIIECTBYIONMX TrepOapHbIX (oHAOB Kadenpsl [4], BKIOYas peakue U
oXpaHsieMble BUIBI (papuTeTHas (PpaKIus peruoOHAIBHOU (JIOPHI), a TAaK¥Ke COOp TeX 0OBEKTOB,
KOTOpBIE 10 crenuuku cBoeit MOp(hoIOTUN MOTYT ObITh HHPOPMATUBHBIMU UHIHUKATOPAMH U
(buTOCEHCOPaMHU COCTOSIHUS aHTPOIIOT€HHO U3MEHEHHOMU CpeJibl, B IEPBYIO OYepeb B YCIOBUAX
TOPOJICKOM 3aCTPOMKH — MECTax CKOIUICHHUs OOJbIIeH yacTh HacelneHus peruona [S5]. Takue
MIPOSIBIICHUSI pACCMATPUBAIOTCS HAMU B OOIIEH TEHICHIIMM aHAJIW3a TEePATHBIX MPOSIBICHUN Y
pactenmii. B 2024 1. MOAENBHBIM BHJIOM IS aHaIW3a IKOTOMOB JloHemka ObuT BEIOpaH
OJlyBaHYUK JieKapcTBeHHbINA. CriekTp MOoAU(UKaLUs aTUIIMYHOTO MPOSIBICHUS OBbLI cOOpaH U
MPOMILTIOCTPUPOBAH B OTAEIBbHON MyOnuKanuu [S], mpu 3TOM pOJib yUEHBIX ObLIa paszencHa
[0 MECTy TMpOBEJCHMsS OHKCIEpUMEHTa: IoJeBble cOOpbl, KaMmepajbHas o00paboTka,
CTaTUCTUYECKUN y4€T, NOANOTOBKA WILIFOCTPATUBHOIO MaTeprasa U TeKCTa pykonucu. B atom
COYETaHUH 3TANOB cOOpaHHas MH(OPMAIH LIETMKOM BOIILIA B FOJIOBOM OTYET 110 MOJIOAEKHOM
1a00paTOPHH U SIBISETCS HEOTHEMIIEMON YacCThIO KOJIOTHYeCKOro MoHUTOpHHTa B JloHOAacce.

OpuruHaibHble cxeMbl U (poTomarepuain (puc. 1 u 2) moka3plBalOT CIIEKTP U JUANa30H
BapbUPOBAHUSI KOHKPETHOTO NMPHU3HAKA B CTPOSHUH PACTEHUS-MHIUKATOPA, B YACTHOCTH, —
(bacuMUpOBaHHON OCH COLBETHsI, KOTOpask ONPEACICHHBIM 00pa30M CONpsKEHA ¢ TAKUMU Ke
TE€paTHBIMH HOBOOOPA30BaHMUSIMM y PAcCTEHUs Ha ypOBHE IMOOETroBOro LIBETOHOCA TECT-BU/A B
ypOaHU3UpOBaHHBIX JNaHAmadTax (Ha NpUMEpe MOHUTOPHUHTOBBIX TOYEK ILIEHTPAIbHBIX
paiioHoB r. JloHenka), — kaprorpaduyeckas cxema 30HUPYeT YYacTKH OJarornpHsITHOW Cpeibl
IIPOU3PACTaHMsI U TE€ 30HBI, IJI€ YPOBEHb TEpaTOreHe3a CYIIECTBEHHO MPEBBIIAI HOPMY IO
CTPOEHUIO MOP(OJIOTHUECKIX MAaKPOMAPKEPOB.

Puc. 1 — TeparoreHHblie MPOSIBICHUS B OCH COI[BETHS OyBaHUMKA JIEKAPCTBEHHOTO B
ycioBusX paiioHOB T. Jlonenka (A — Hopma, b-I" — cTrenenu dacuuammum ocu CoBeTHs)

[lpu aHanmm3e TEpPaTOTEHHOCTH CPEAbl BBIACIEHBI HE TOJIBKO (PacCIMUPOBAHHEIC
T€HEpAaTUBHBIE OpraHbl, HO W WX AaCHMMETPHUYHOCTh (puc. 2), 0OyCJIOBICHHAsS
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HEpaBHOMEPHOCTHIO MAaTPUKAJIBHBIX (PAaKTOPOB TPODHUKHU JJIsl CEMA3a4aTKOB B IEPHOJ POCTa,
Pa3sBUTHSL U CO3PEBAHUS IUIO/I0B.

Puc. 2 — Aranu3 Mopdoorndeckoil K3MEHIYUBOCTH COIBETHS OJTyBaHYHMKA JICKAPCTBEHHOTO
[0 aTUIIUYHOMY CTPOEHUIO B 3KkoTomnax Jlonbacca: A — gacuuarys IBETOHOCA U COLIBETHS,
B-I" — acummerpudaHOCTE cotBeTus, J[-3 — cTaiuu BRIPaXKCHHOCTH (acIHaIiii OCH

[IpoBeneHHbIi OMOIMOMETPUIECCKUI aHAIIN3 [6] TaKKe SBIISICTCS BAYKHOW MPOIIECITYpPOit
AHATUTUYECKUX MIPOTPAMM B HKOJIOTHUECKUX pazpaboTkax Jlonbacca.

B cwmbicioBoii Harpy3ke OJ0kM (YHKIMOHAJIBHBIX pa3pabOTOK OBUIM pacripeeeHbl
CJIEAYIOUIMM 00pa30M C BSI3U ¢ OTMIOPHBIMU HCTIOJIHUTESIMH TOCY1apCTBEHHOTO 33aHUs:

— BOMPOCH! JIaHAMIA()THOTO AM3aiiHa, CUCTEMBbl O3EJICHEHUS U CIOCOOOB BHEAPEHUS
NOJYy4YeHHOM nHpopManuu B 00pa3zoBaTeIbHbIH Mpolece Bbicuiel mkosl [7, 8];

— aCMeKT MaJICOHTOJIOTHYECKOTO KpaeBeAeHUs [9] u GUTOONTHUMHU3AINKA TEXHOTEHHBIX
naHaAmadToOB B TOM YKCIIE M0 IaHHBIM CITyTHHUKOBOTO 30HaupoBaHus [10];

— TpUMep JIOKAJBHOTO O3€J€HEHUS M YCIEUIHOCTH IBETOYHO-IEKOPATUBHOIO
oopmIIeHHs peKpeallMOHHON TeppUTOPUU B TOpoJIcKoit cpene [11];

— U3Y4YEHUE PACTCHHH CHEeU(PUUECKUX IKOTOMOB MyTeH COOOIIEHUI M aJBEHTHBHBIX
BUJIOB, BHEJPSIOMIUXCS pa3HbIMU crloco0aMu B aOOpUT€HHBbIE COOOIECTBA U MPOSBISIONINE
onpenenEHHy0 (UTOIEHOTHYECKYIO arpecCuBHOCTD [12, 13];

— BO3JYIIHas CpelJa B acHeKTe a’pONAJIMHOMOHMTOPHUHIA €KETOJHO IIONOJHAETCS
HOBBIMHU XapaKTEPUCTUKAMHU JIJIsl TOPOACKUX TEPPUTOPUH, MOTYUEHBI aKTyalIbHbIE TOKa3aTeIn
COCTOSIHUSI TBUIBLIEBBIX 3€PEH B aCHEKTe WX MOTCHUUAIBHOW aeproonacHoCTH U (MIIH)
OHOTEeCTUPOBaHUS Ta30BO3AYIIHbIX cMmecei [14, 15];

— BOJHbIE OOBEKTHl H3YyYEHBbl IO T'HIPOOMOIOTUYECKUM JIAHHBIM U COCTOSIHHIO
MHUKPOBOJIOpOCIel ¢uToriankTona [16, 17];

— ompenenéHHoe 0000IeHne BCeX YKa3aHHBIX HalpaBlIEHUI MPOBEIEHO B OTAEIHHOM
u3nannu [18], cmenmaHsl acmeKThl IS TUIAKTHYECKOW dacTh paboTel Ha kadeape [19] mo
pe3yJbTaTaM CTYJEHYECKUX HAyUHBIX paboT M MEpOINPHUITUHN, MOJIBOJAUMBIX JJISl CTYJECHTOB C
HeNbl0 UX MOTHBAalMM K TNPOPECCHOHAIBHON 3aHATOCTH: OJUMIMAJbI, KOHKYPCHI,
KOH(pepeHIMH, KpyTible cToibl, padbota CHO B kpykke u B skcnieaunusix [20].

Kaxnprii 3 dneHoOB MOJOAEKHON J1abopaTtopuu (CTYIEHTHI, acCUPAHThI U MOJIOJABIC
yuYeHbIE), BBIIIOJHSIS CBOIO OTAENBHYIO MPAKTHUECKYIO 3ajauy, IOMOras JIpyr ApYry, SBISUICS
COYYaCTHUKOM O0IIei peasn3yemoil mporpamMmbl. Cpenn CieruaibHBIX HapaOOTOK B TaKOM
HalpaBICHUU BAXXHO BBIJCIUTh HCCIENOBaHMA, oOmyoOnukoBaHHble ¢ Bectnuke CHO
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JIOHEIIKOTO TOCYJapCTBEHHOTO YHUBEPCHTETa 1O TeMaThkam: paboThl ¢ repOapueM Kak
HMCTOYHUKE MHUKPOKIMMATHYECKHX JAaHHBIX B pervuoHe ((pUTOMHAMKAIIMOHHOE HaIpaBlieHUE,
COBMEIIAIOIIEE CTPYKTYPHYIO OOTAaHUKY U PETPOCTIEKTUBHEIN aHau3) [21], 0030p METOI0B U
CIOCO0OB 3KOJIOTHYECKOTO MOHUTOPHMHTA, alalTUpOBAaHHOTO s peruoHa Jlonbacca [22],
MpUMEpPHl OPraHU3alUN HAY4YHOH, 00pa30BaTeIbHON W MPOCBETHTEIHCKON JESTEIHHOCTH Ha
0aze ¢onma wmyses kKadeapbl OOTaHUKM U SKOJOTMM JIOHEUKOro TrocyAaapCTBEHHOTO
yHHuBepcuteTa [23].

Takum obpazom, mo Mecty ([onbacc) m Bpemenu (2024 T.) 3K0JIOrO-00TaHMYECKHUE
pa3paboTKU XapaKTEePU3YIOTCs MIHUPOKUM CIEKTPOM HAalpaBJIEHUH HCCIEIOBaHUSA, MIPU 3TOM
POJIb KaXKIOTO HAIIPABJICHUS SBJIAETCS B3aMMOJIONIOHUTEIBHON IS IPYTHX, YTO TO3BOJISET B
JanbHEWIIeM TIJIAHUPOBATh TIOJIYYEHHE TIIOJHOLECHHOW HWHGpOpManmuu 00 3KOJIOTMYECKHX
napaMmeTpax peruoHa, IpOBOAUTH JACTANbHBIM aHAINU3 U HKCIEPTU3Y CTENEHH HAPYLUICHHOCTH
n(Wim) Kateropuu HeHapylmieHHOCTH dKoTtoma. Cucrema QurokBantudukanum [Jonbacca
OTKpBITa IJI1 HOBBIX HJEW M KPUTEPUEB OLICHKH, SIBJSETCS AMHAMHYECKON M aKTyaJbHOU B
OanaHce XO3sHUCTBEHHBIX 33/1a4 PETHOHA.

Hccnedosanue 6vinonneno 6 pamkax MoN0OedicHoU nabopamopuu «/uaznocmuxa u Mexanuzmvl
adanmayuy  NPUPOOHLIX U AHMPONOZEHHO-Mpanchopmuposannvix — skocucmem  Houmbaccay  (nomep
2ocpeaucmpayuu 124051400023-4).
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CONTRIBUTION OF STUDENTS AND YOUNG SCIENTISTS OF THE DEPARTMENT OF BOTANY
AND ECOLOGY TO THE DEVELOPMENT OF THE DONSU YOUTH LABORATORY (2024)

Annotation. The purposeful collective work of students and young scientists of the Department of Botany and
Ecology of Donetsk State University was activated in 2024 in connection with the activities of the youth laboratory
"Diagnostics and mechanisms of adaptation of natural and anthropogenic transformed ecosystems of Donbass"
(head: V.O. Kornienko). Scientists in their ideological dispersion have carried out research for different natural
environments (air, water, soil) at different levels of their transformation, prepared exposition materials and
developments for socio-educational purposes, which significantly allows us to establish an integrated approach to
diagnostic procedures and environmental quantification, including under the influence of adverse factors of
military-political confrontation.

Keywords: phytoindication, Donbass, quantification, Department of Botany and Ecology, environmental
monitoring, youth laboratory, ecosystem diagnostics.
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PECYPC BOTAHUYECKOI'O MY3EsSA YHUBEPCUTETA JJISA LIKOJBHOT'O
IKOJIOI'MYECKOI'O OBPA30BAHMUA

3ycape K. /1.
Hayunwtit pykosooumens: Cagponos A.U., kano. ouon. nayk, 3ae. kagheopoi
DI'BOY BO «/[oul'Yy

Annomayusa. Ha OCHOBaHUM peasbHBIX NPUMEPOB BHEAPEHUS HILIIOCTPATUBHO-TUIAKTUYECKHUX MaTepHalIOB,
COXpaHAIOMUXCs B My3ee Kadeapsl OOTaHUKM M DKOJOTHUHM JIOHEIKOTO0 TOCYNapCTBEHHOTO YHHBEPCUTETA,
paccMOTpeHa BO3MOXKHOCTh IMOJTOTOBKY BUJICOCIOKETOB M KOHKYPCOB HayUYHBIX 3HAHUI AJIS MIKOJIbHUKOB Pa3HBIX
BO3pacToB M mpoduieil oO0yueHHs. Y4TeHbl 0COOEHHOCTH BOCHPHSTHS M MH(pOpPMAIMU M BBIOpaH Hamboiee
3¢ PeKTUBHBIH croco0 npoBeieHHs TPO(HOPHEHTAOHHONW paOOThI U MOMYJIIPU3alUU HAYYHBIX UCCIIE0OBaHHH B
JIOHEIIKOM PETHOHE CPeIH IKOIBHUKOB o Onosoruu. I[IpoananusupoBan BuieoMaTepual, HCIIONb3yeMblii B 2024
T. U1 KOHKypca bruonukys! B mpoduipHoit nikomne 97 r. JloHenka.

Kniouegvie cnosa: »konormueckoe oOpasoBaHuWe, OoraHmdecknii Mysei, [lonOacc, ¢uTonHANMKANHS,
OMOMOHUTOPUHT, Kadenpa O0TaHUKH U IKOJIOTHH.

OKCIIOHUPOBAHUE JIOCTH)KEHUH YYEHBIX JOHELKOI'O0 pEruoHa BaXHO Kak Jyid
Mpe3eHTAllMl CBOMX HccienoBaHuil Ha ypoBHe napyrux HUMU, By3oB u mns oOcCyxaeHHsS
pe3ysbTaTOB IIMPOKOW OOIIECTBEHHOCTbIO, TaK M Uil [OMYJSpU3alMM  Hay4HbIX
UCCIIEIOBAHHM Cpeiu MOAPACTAIOIeH MOJIOICKH, TPOBeIeHUs TPOGOPHUEHTAIIIOHHON PadoThI
co mkoapHuKaMu [ 1, 2]. Kadenpoii peanusyercst IUpOKUil CIIEKTP METOINIECKUX TPUEMOB C
WCIOJIb30BaHUEM JIMJAKTUYECKOTO0 MaTepuana C HaTypHbIMH dKcroHatamu [3, 4] Ha 6aze
O0oTaHnyeckoro myses JIOHEmKOro TroCyJapCTBEHHOTO YHHMBEPCHTETa, YTO IIO3BOJISIET B
JanbHerIeM MoJenupoBarh [5], 6ubnuorpaduuecku 0600mare [6], TPOBOAUTH HAYYHO-
TEXHUYECKUE MepomnpusiTus [7, 8] W peTpocneKTUBHBIN aHamu3 [9] ¢ mociexyroumm
00s13aTeNIbHBIM BHEAAPEHUEM B MIPAKTUKY 00yueHus u oOpa3oBanus [10]. O6s3aTenbHO HYKHO
OTMETUTh, YTO TAaKOE HAampaBJeHUE SBISETCA 0a30BBIM Ui MEJarornyeckoil MoAroTOBKU
CTY/ICHTOB, BBIOMPAIOIIUX OCOOCHHOCTBIO CBOEW CHEIMAIM3AlMU U METOAMYECKHM acleKkT B
o0pa3oBaHMM, YTO TaKXe OTpakaeTcs Ha TEMaTUYECKOM HAampaBJIE€HUU OTIEIbHBIX
3JIEKTUBHBIX KypcoB Kadeapsl [11], a Takxke cONpsyKeHO € MeJarorn4eckoil 1esTeIbHOCThIO B
MEXIyHapOAHOM COTPYIHUYECTBE C YUYEHBIMU JAPYTrUX rocyaapcts [12, 13].

Iesnb paboThl — HA OCHOBAaHMM KOHKPETHBIX MEPONPHUATHH, IPOBENEHHBIX B JloHeIKoi
Haponnoii Pecniy6nuke B 2024 1. Ha ypoBHE KOHKYPCOB Hay4YHBIX paOOT JUIsl LIKOJIBHUKOB U
NOMyJIApU3allMd  OOTAHUKO-IKOJIOTUYECKUX MCCIIEOBaHUI B paMKax MpodopueHTaluH,
pPacCMOTpPETh PECypCHBIM MOTEHIUan My3es kadeapbl O0oTaHukd U dKkonoruu Jlonl'Y B
KayecTBe 0a30B0if M1aTHOpMBI 1J11 HOATOTOBKU ()OTO U BUAEOMATEpHaIa.

B kagectBe yueOHO-mMeTOqMUECKON Oa3bl OBLIM HCHOJIB30BAaHBI MyOIMKAIMKM YUYEHBIX
YHUBEPCHUTETA, CBS3aHHbIE C HMEIOIUMCS y4yeOHO-HAy4YHbIM Oa3ucoM B MpPENoJaBaHUH
OMOJIOrMYECKUX JUCHMIUIMH pEeruoHalbHOrO YypoBHS [14]. BaxsbiM mnoxacmopbeM B
(bopMyIHpOBKE 3a/1a4 U 000CHOBAaHUS HEOOXOAMMOCTH TaKHX MCCIeI0OBaHUH sIBiIseTCs paboTa
CTyaeH4ecKoro HaydyHOTO OOIIeCTBa M, B YaCTHOCTH, Ouosornueckoro ¢akynsrera JJounlY
[15-18], korma cTyJOeHTH HE TOJBKO OOMEHHUBAIOTCS TEOPETHYECKUMH CBEICHUSMH, HO H
COBMECTHO PEIlaloT KOMILUIEKCHbIE aHAIMTUYECKHE 3aJaul, YYaCTBYIOT B I'OCYJapCTBEHHBIX
[IporpaMMax II0 ONTHUMH3ALMKU OKPYXKAIOUIEW cpenbl B MNPOMBILUIEHHO HANpPSKEHHOM U
aHTpororeHHo TpaHchopmupoBanHoM JloHOacce. OOpa3zoBaTenbHBIA PECYpC Ha YpOBHE
My3eHHOT0 KOMIUIEKCa SBJSIETCS YacTOW 3ajauell uccienoBaTeslbekor padotsl [19-23], uto
MO3BOJISIET HA OCHOBAHWU HAKOILJIEHHOTO OIBITa PAaCHIMPATH BO3MOKHOCTH 3TOIO METOAa U
Jla’ke TMOTOJHATh My3ell HOBBIMHM SKcroHaTamu. B oxTsi6pe 2024 r. Ha ocHoBanuu LleHTpa
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JNETCKMX WHULMATUB, OPraHM30BaHHOrO yuuTesneMm MKoiael 97 1. [loHenka Mapueit
3a00JI0THOM, COCTOSIICS TPAAUIIUOHHBIN KOHKYPC BHOHUKYIIBI.

JIJist TOATOTOBKH K KOHKYPCY OBUIH CO3JaHBl BUICOCIOKETHI U UCTIOIB30BaHbI PECYPChI
KadeIparbHOr0 My3€esi, COCTaBJIECHbI BOMPOCHI M HATJISIIHO MPOJIEMOHCTPUPOBAHBI OTBETHI HA
BUJICO BOMpOchl. OCOOCHHOCTRIO BUAEOMaTepuana ObLIO TO, YTO OH CHSIT 0e3 q00aBICHUS
cnerP(@GeKToB, WITIOCTPAUUd U3 Ipyrux 0a3 JaHHBIX, a TOJbKO Ha OCHOBaHHH apTe(haKTOB
0oranndeckoro my3es Jlonl'Y (puc. 1-4). B konkypce npussum yuactue 6omnee 150 mkomn u3 5
peruoHoB P®, 4Tto Mmo3BOJsET CUMTaTh €ro BcepocCHilCKUM M, C YYETOM pEryJspHOCTH
MPOBEJCHUS, OBLIO TPUHATO pEIICHUE aKTyaTH3UpOBaTh HOBBIC 3aJaHUS Ha BECCHHHX
kaHuKynax B 2025 roxgy.

BUOMIONS B AETASISIX. Sxckypeus o BoTanimeckomy Myaeio Buosioruueckoro dakynisrera Fouly

4
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BUOMION 1S B AETASISIX. Skckypcus no 60TaHIMECKOMY Myaeio Buosioruueckoro dakynsteTa [oHrY.

Puc. 2 — PackagpoBka BUICOIKCKYPCUU O OOTAaHUYECKOM MYy3ee: KOJUICKIUS X03IiCTBEHHO
MOJIC3HBIX U YKCIIO3UIUS HCTOPUKO-KYIBTYPHBIX CIIOCOOOB MCIIOIH30BAHUS PACTCHHIMA
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BMOOrng B AETANISIX. Skckypcus No 6oTaHmMeckomy Myaeio Buonoruseckoro dakynsteta JoHMY

Coens wranancras
Panas proesess |
© pepoeuge

CocHa rycrousernas oo o
Pinus densiflora Sieb. et Zuce.

Snouns
Coun, “JleH, npgpm‘l“, 05.03.83 .

Cocna BelimyTosa
Di s SLO bus L.

Puc. 3 — PackampoBka BUICOIKCKYPCUH O OOTAaHUYECKOM My3ee: ICHIPOIOrHYeCKast
KOJUICKIIHSI XBOWHBIX (MOP(OJIOTHS MIUIIEK U CUCTEMATHKA TPEICTAaBUTEIICH )

Puc. 4 — PackazpoBka BUACOIKCKYPCHH O OOTAaHMUECKOM My3ee: SKCIO3HIIUS 1O
HCKyCCTBEHHOMY MyTareHe3y (HayuHas mkona @.J1. [llenoTrena)

beu1  mpoBenéH aHanmu3 BOCTPEOOBAaHHOCTH IOJTOTOBJIEHHOIO BHIEOMarepHaa.
YcranoBieHo, uto Oosnee 75% IIKOJBHUKOB JI0 MPOBEAEHUS KOHKypca HE 3HalIM, YTO B
JIOHEIKOM TOCYAAapCTBEHHOM YHHUBEPCHUTETE €CTh OTKPBITHIA sl OECIIaTHBIX 3KCKYpCHH
O6otannyecknii Myseil. M, xors kopmyc Ouonoruyeckoro ¢axkyiapTera mHocie 00CTpesoB
HaXOJUTCS Ha OJTHOM KOHCEPBaIlUH, TO aBTOPBI CHOKETa CMOTY 000paTh WIUTFOCTPATUBHBIN
MaTepHa s aHaIKu3a U IEMOHCTPALMU MPOOJIEMHBIX BOIPOCOB Ha pa3BUTHE TBOPUECTBA.

Pecypc 60TaHMKO-7KOJIOTMYECKUX 3aad W HANpPABICHUH MOJIrOTOBKM IO H3YyYEHHIO
pacTEHUl B pETUOHE B YACTHOCTH 3aKJIFOYAJICS B JIEMOHCTPATUBHOM MaTepHalle CIELUaIbHBIX
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BBICTABOYHBIX MAKETOB CEMEHHOM KOJUIEKIIMHU, ICHIPOJIOTHYECKOT0 MaTepHralia, OCOOCHHOCTEH
OpraHu3ali MOpQOJIOrUH IHUIIEK PAa3HBIX IPEICTaBUTENIEH XBOWHBIX (3TO BBI3BIBAET HHTEPEC
C BOIIPOCAMHM CEJIEKIIMM U UHTPOAYKLMH PACTEHUH), C LUTOJIOTUYECKUMHU 3aKOHOMEPHOCTSIMU
UCKYCCTBEHHO MOAU(DUIMPYEMBIX OPraHM3MOB-MYTareHOB, UMEIOIMX BaKHOE 3HAYEHUE IS
HAapOJHOI'O XO35MCTBA.

IIpu aHanmu3e HarJIAAHOrO Marepuana ObUIO YCTAHOBIJIEHO, YTO 3a BPEMs MPOBEICHMS
KOHKYpPCa BUJIEOCIOKET (3a MEepBbIE CYTKH I10CIIE Pa3MEILEHUs) B COLIMAIbHON ceTu BkoHTakTe
npocMoTpenu Oosiee 3 ThiC. pa3, 4YTO CBUIETENBCTBYET O BBICOKOM HHTEpece Ccpeau
00yJaromuxcs, MOTUBUPOBAHHBIX JUIS y4acTUs B HAYYHBIX MHTEJUIEKTYaIbHBIX KOHKYpCaX,
CBSI3aHHBIX C (POPMHPOBAHUEM ECTECTBEHHOHAYYHOW KapTuUHbI Mupa. OcoOblli MHTEpec y
yuyacTHUKOB KoHKypca BHMOHUMKYVYIJIbl BbI3BanM TeMaTH4yeCKUE  HANpaBICHUS O
JIEKapCTBEHHBIX PACTEHUAX, CIIOCO0ax NOJIydeHHs 3(UPHBIX Macell, a TaKXke B pasjene
reorpaduu paCTeHU — TeMaTHKa 00 K30TUYECKUX PACTCHUSAX TPOIMUYECKUX KIMMATHUECKUX
30H U a)pUKAHCKUX ITyCThIHb.

Takum 00pa3om, Ha OCHOBAHHWU pEATBHBIX NPUMEPOB BHEAPEHHS WILTIOCTPATHBHO-
JUIAaKTUYECKUX MAaTepUalioB, COXpAHSIOIIMXCS B My3ee Kadeapbl OOTaHMKU M 3KOJIOTHU
JIoHEKOro TOCyJapCTBEHHOI'O YHHBEPCUTETA, PAacCMOTPEHA BO3MOXHOCTb IOJArOTOBKU
BUJICOCIO)KETOB M KOHKYPCOB HAyuUHBIX 3HaHMH JJI IIKOJBHUKOB pa3HbBIX BO3PAcTOB HU
npoduieit 00y4deHus. YUTeHbl 0COOCHHOCTH BOCIIPUATHS M HH(OPMAIIMK U BRIOpaH Hanboee
¢ dexTuBHBIA crocod mpoBeneHUs MNPOPOPUEHTAIMOHHOW paboThl M  MOMYJSpU3ALUU
Hay4yHBIX HCCJIEJOBAaHUM B JOHELUKOM pPETHOHE CpeAM IIKOJIbHUKOB 110 OHOJIOTHH.
[Tpoananu3upoBaH BUaEOMaTEpHall, UCIOIb3yeMblil B 2024 1. 17151 KOHKypca BHOHUKYIBI.

ABTOp BbIpaKaeT OJarogapHOCTb BBITYCKHUIIE OWOJIOTMYECKOro ¢akynbTeTa U
PYKOBOJUTENIO IIEHTPA JETCKUX WHULIMATHUB, yuuTento mkoiasl Ne 97 r. Jloneuka Mapuu
3a00JI0THOM 32 TOJITOTOBKY PECYPCHOTO BHICOCIOKETA AJIsl MILTIOCTPAIIMH PYKOIIHCH.

Hccnedosanue 6blnonHeHO 6 pamkax Monooexcholl aabopamopuu «/uaenocmuxa u mexaHusmvl
adanmayuy npupoOHbIX U AHMPONOLEHHO-MPAHCHOPMUPOsanHbix dKocucmem [Jonbaccay (Ne cocpecucmpayuu
HHUOKTP 1023110700153-4-1.6.19;1.6.11;1.6.12).
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YIK 577.3

®JIYKTYHUPYIOIIASL ACHMMETPUS JIMCTA JTIPEBECHBIX PACTEHUM, KAK
MMOKA3ATEJb YCTOMYNBOCTH OPTAHU3MOB K JEHACTBHIO
IKOJOI'MYECKHUX ®PAKTOPOB

Komenxo /1. A.
Hayunwtit pykoeooumens: Koprnuenxo B.O., kano.ouon.nayx, ooyenm
DI'BOY BO «/]OHT'Y»

Annomayus: B paboTe IPUBOIUTCS JTIOKAIBHBINA aHAIN3 KOJIOTMYCCKOTO COCTOSIHUS YPOAHM3UPOBAHHOW CPEJIbI
ropoga JloHelka ¢ mpUMeHEHHeM JHCTOBBIX Iuiactur Acer platanoides L. xak Guomnaukatopa. B xome
WCCIICIOBAaHUSA TPOBOAMIIN CPaBHEHHE OHKCIIEPHIMEHTANBFHO TIONYyYEHHBIX TIOKaszaTened (QIyKTympyromeit
ACMMETpPHUH JINCTOBBIX IUIACTHH KJICHA OCTPOJIMCTHOTO HA YYacTKaX C Pa3IMYHON CTEIEHBIO aHTPOIOTCHHOTO
BO3JEUCTBUS.

Kniouesvie cnosa: pacteHms, (QIyKTyHpyrollas acHUMMETpHUs, OHOMHIUKAIWS, AaHTPONOTCHHAas Harpys3ka,
OMOMHIUKATOPHI, IIyM, CHMMETpPHs, JIHNCTOBAs IUIACTHHA, (DAaKTOPBHI Cpeldbl, HHTCHCUBHOCTh aBTOMOOMIHLHOTO
TpPaHCIOPTa BUOPAIIMOHHO-aKYCTHUYECKOE 3arpsi3HCHHE.

Beeoenue. B ycnoBusiX COBPEMEHHOIO IPOMBIIUIEHHOIO ropoja JloHelka oOleHKa
COCTOSIHUSI OKpY’ Karolllel Cpelbl U MOHUTOPUHI CTAOMIBHOCTU PAa3BUTHSL OHMOJIOTMYECKUX
CHCTEM B YCJIOBHUSIX aHTPOIOTCHHBIX HAarpy30K IPEeACTaBIISIOT COO0M akTyaibHYyo 3a1ady [1-
19]. OcobeHHO BaXHO H3yYEHHE COCTOSIHHS, YCTOWYMBOCTH W JMHAMHUKHU TIOMYJISIIHNA
pPacTeHHH, MOCKOJIBbKY 3TO IO3BOJIIET OLEHUTh KOMIUIEKC AHTPOIIOTE€HHBIX BO3ACHCTBHU,
XapaKTepHBIX ISl JaHHOH Tepputopuu [3-6, 11, 14, 18-21]. [lepeBbsi u KycTapHUKH, OyaydH
BO)XHOI 4YacCThIO HKOCHUCTEM, WIPAIOT KIIOYEBYIO pOJb B MOAJEPXKAHUU OHOJIOIMYECKOrO
pa3Hoo0pa3us u 370pOBbs OKpykaromiei cpeanl [21]. Ux cnocoOHOCTh TPUCTIOCA0IUBATHCS K
WU3MEHSAIOIINMMCS YCJIIOBUSM BO MHOIOM OIPENENSET UX YCTOMUMBOCTH K 3KOJOTMYECKUM
dakropam [5, 9, 11-12, 17, 20]. U3-3a npukpemnéHHoro oOpaza KHU3HU pacTeHUM
IPOCIIEKHUBACTCS CBA3b MEXJIy KOHKPETHBIM MECTOM OOMTaHMs PaCTUTENLHBIX COOOLIECTB U
ux cocrossHueM. B cBsa3u ¢ 3tuM ¢ 90-x ronoB B KauecTBE OMOMHAMKATOPOB COCTOSIHHS
OKpYXarolled cpelibl aKTUBHO HCIOJIB3YIOTCS JPEBECHBIE PACTEHMSI, B YACTHOCTH, JIMCTOBBIE
IUTACTUHBI HEKOTOPBIX BUOB: OepE3bl MOBUCIIOMN, KIIEHA IBOPA, KIEHA OCTPOJIMCTHOTO, TOMOJIS
4EPHOTO, JIUMBI MENKOMUCTHOW M ayOa dyepemruatoro [17, 22-29]. JlucToBble MIACTHHBI
UCIOJIB3YIOTCS OMOJIOraMH, TOCKOJIbKY OHHM OTpa)KaroT peaklyi0 OpraHu3Ma Ha U3MEHEHHUe
¢dakTopoB cpensl [22-29]. CumMeTpus WIM aCUMMETPUS KHUBBIX OpPraHU3MOB SIBIISIETCS
KJIFOUYEBBIM I10KA3aTEIEM UX B3aMMOJEHCTBHS C OKpyxkaromen cpenou. IIpm paBHOMEpHOM
BO3JCUCTBUM HaOJtoJaeTcs JydyeBas WM OunartepaibHas cuMMmeTpus. OJHAKO >KUBBIE
CHUCTEMBI HE SIBJISIFOTCS CTATUYHBIMH, ITOATOMY BO3MOXHBI OTKJIOHEHHUST 0T HOpMBI [30-33]. K
TaKUM U3MEHEHUAM OTHOCHUTCS (hiaykTyupyromas acummeTpus (PA), koTopast mposBIIsieTCs B
HE3HAYUTENbHBIX U CIIy4allHbIX OTKJIOHEHHUSX OT CTpPOroil OuiarepalbHON CHUMMETPUU
00bekToB. Ha 3TOoM mpuHIMIE OCHOBaH OMOMHIMKAIIMOHHBIA METOJ, KOTOPBIH HCHOJB3YyET
JIMCTOBBIE IJIACTUHBI APEBECHBIX PACTEHUM JUIS OLIEHKU COCTOSTHUS OKpYKarolen cpensl [34].
AcCHUMMETpUSI TUCTHEB IPEBECHBIX PACTEHUI, BbI3BAHHAS CIIyYallHBIMU OTKJIOHEHHUSIMH, MOXKET
OBITH MOJIE3HBIM MHCTPYMEHTOM JUIsl OLEHKU UX CIIOCOOHOCTU MPOTUBOCTOSTH BO3JECHCTBUIO
OKpY KarolleH cpeibl, I3MEHEHUS B YPOBHSIX 3TOM ACUMMETPHUH MOTYT CIIY’KUTh HHIUKATOpaMu
TEKYIIEr0 COCTOSHUSI JKOCHUCTEMBI, a TaKXe W3MEHEHUW, BBI3BAHHBIX JESATEIbHOCTHIO
yenoBeKka. M3ydeHHe MeXaHU3MOB, JIEKalluX B OCHOBE AaCUMMETPUM, U HX CBA3M C
YCTOWYMBOCTBIO OPraHU3MOB HUMEET OOJIbLIIOE 3HaueHue A pa3paboTku 3PQPEeKTUBHBIX
METO/IOB 3aIIUTHI OKPY>KaIOLIEeH CpeIbl U COXpaHEHUs! OMOJIOTHUECKOT0 pa3HOOOpa3Hsl.

AKTyalnbHOCTh UCCIIEIOBaHMs (UIYKTYHPYIOUIEH aCUMMETPHM HEYKJIOHHO BO3pacTaeT
Kak B OTEYECTBEHHOW, Tak W B 3apyOexHOW HayuHoil cpeme [17, 22-34]. DTO MOIIHBIHA
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WHCTPYMEHT, O0JalaloNMii 3HAYUTEIbHBIM MOTCHLIUAIOM JUIsl IPUMEHEHHsS] B TPUKJIaTHON
OMOJIOTMM W, B YAaCTHOCTH, B NPHUKIAAHOW dKojoruu Jlonenkoro perwona [17, 22-34]. B
pe3yiabTaTe pacTyliero uHTepeca K (QIYKTYUpPYIOLIeH acuMMETpuH HaOIromaeTcs
3HAQUUTEJIPHOE YBEJIMYEHHE 4YHUCIa METOJOB €€ KOJMYECTBEHHOM OLIEHKH, 4YTO CO3JAET
ONpeAeNEHHYI0 HEOAHO3HAaYHOCTh B HMHTEPIPETALUU pPE3yJIbTaTOB U 3aTPYAHSIET HUX
conoctaBienue [32-34]. Acummerpus JIMCTbEB [IEPEBHEB, BBbI3BAHHAs CIIyYalHBIMH
KOJI€OaHUsIMHU, SIBJIETCS BaXXHBIM I10Ka3aTelleM YCTOMYMBOCTM PAcCTEHHUH K BO3JIECHCTBUIO
OKpy’Karlle cpeapl. M3yueHne 3TOro sIBJICHHsS MOXET AaTh IIEHHbIE 3HAHUA U1l OXPaHbI
MPUPOJIBI, CEIBCKOTO XO3AHWCTBA M JKOJIOTHUH, YTO TO3BOJIMUT Oojiee 3PPEKTHUBHO YNPaBIATH
MIPUPOIHBIMU peECypCcamMu U NOIAEPKUBATh IKOCUCTEMBI.

Lenp uccrnenoBaHusi — OIEHKA (QIYKTYUPYIOMIEH aCHMMETPUHU JIMCTOBBIX IUIACTHH
Acer platanoides L., kak moka3zaTeinss ypOBHsS CTpecca pPacTCHHH B YCJIOBHUSX
ypOaHU3UPOBAHHON CpPEbI.

3agaun:
1. [IpoBecTn aHanm3 BUOPALMOHHO-AKYCTUYECKOTO 3arps3HEHUs TEPPUTOPUU
HCCIEA0BaHMS 1O Y. Y HUBEPCUTETCKOM ropoja JloHenka.
2. OneHuTh MHTEHCUBHOCTh aBTOMOOWJIBHOTO TPAHCIIOPTa BOJIb MCCIEIYyEMOM
aBTOMAarUCTPaJIH.
3. OueHutb  (PIYKTYUPYIOIIYI0O AaCHUMMETPUIO JIMCTOBBIX IIJJACTHH  KJIEHA
OCTPOJUCTHOTO.

AcummeTpus MokeT OBIThb pa3jelieHa Ha TpPU OCHOBHBIX THIIA: HampaBlcHHas,
GiykTynpyromas ¥ aHTHCUMMETpHsi. V3 3TUX THUIIOB TONBKO (DIyKTyHpyIOIIas aCHMMETPHS
MOJKET MPeIOCTaBUTh HHPOpMAIHIO 00 YpOBHE CTpecca, UCIBITHIBAEMOro pacrenueM [17, 22,
25, 28, 33]. IIpexie ueM MPUCTYNHUTh K KOJUYECTBEHHOMN OIEHKE HECTaOMILHOCTH Pa3BUTH
OpraHu3Ma Ha OCHOBE OwiarepaibHbIX IPHU3HAKOB, HEOOXOAMMO YOeIuThCcs B
(GIYKTYUpYyIOIEM XapakTepe aCUMMETPUU KaXKIOro Mpu3HaKa U3 BbIOpaHHOro Habopa [28].
Paznuumne Mexay HampaBieHHON U (QIYKTYUPYIOLIEH acHMMETpUel 3aKJII04aeTcsi B TOM, YTO
3Ha4YE€HHE MIPU3HAKA HA OJIHOW U3 CTOPOH OOJIbINE, YeM Ha JPyroid. AHTUCUMMETPHS, B CBOIO
ouepellb, IMEET MECTO, KOTla aCUMMETPUS IIPU3HAKA SIBJIIETCS HOPMOM, IIPU 3TOM HE UMEET
3HAYEHUSs, B KaKyl0 CTOPOHY HAIPaBIIEHO pa3Inuue Mexay ctopoHamu [27]. CtaTuctuueckue
UCCIIEIOBaHMS NOKAa3bIBAIOT, YTO YACTOTHI OTKJIOHSAIOTCS OT HOPMAaJbHOTO PAcHpEleNICHUs B
CTOPOHY OTpHUUIATENIbHOTO JKclecca WIM OumonanbHocTH. JIMCTha, Kak Haumbosee
YyBCTBUTEIbHBIE K YCIOBHMSM OKPY)KAIOIIEH Cpelbl OpraHbl pPACTEHUMN, IOJBEP>KEHBI
MOP(}OTOrHUeCKUM U3MEHEHUSIM T10/] BO3JIEHCTBUEM Pa3INYHbIX (akTopoB. IMEHHO O3TOMY
OHM 4YacTO HCIOJB3YIOTCA HCCIENOBAaTENIAMM  JUIsl  U3ydYeHHs acummerpuun [17].
Tpanchopmanis MopdoIOruM JIMCTHEB OJHOTO M TOrO K€ BHAA PAacTeHHH 00ycCiOBIEHa
U3MEHEHHEeM YCIOoBMH uX mpouspactanus. Ha Qopmupyronimecs mUCTbS OKa3bIBalOT
BO3JIEHCTBUE (DAKTOPBHI OKpYXKAloIIed Cpeapl, KOTOpbIE OINpPEAEsSOT OCOOCHHOCTH HUX
OKOHYATEIIbHON CTPYKTYpHI U opMmsbl [27]. UccnenoBanue BIUSHUS yCIOBUNM TPOU3PACTAHUS
pacteHuil Ha (opMy UX JHCTbEB NPEACTaBIsET COOON CIOXKHYIO 3ahady, KOTOpas TPYIHO
MoAJAETCsl HEMOCPEACTBEHHOMY AKCIIEpUMEHTaIbHOMY M3ydeHHto. OJHako 3Ty Mpobiemy
MOKHO pEIIUTh KOCBEHHBIM MyTEM, cOOHMpas MaTepual B pa3jIMYHBIX YCIOBHUSAX
MIPOU3paCTaHUS.

HccnenoBanus noKa3bIBalOT, YTO PacTEeHUs ¢ BbICOKOW DA MMEIOT MEHEE BBIPDAKEHHBIE
a/IalITHBHBIE CBOMCTBA, YTO JIe]aeT UX 0osiee ySI3BUMbIMU K U3BMEHEHUSIM OKPY KaloIel cpebl.
B ycnoBusix 3arpsi3HeHus BO3yXa WK MMOYBBI AEPEBbS U KyCTAPHUKU MOTYT IEMOHCTPUPOBATh
3HAYUTENbHbIE U3MEHEHUS B OpME U pa3zMepe JTUCThEB, YTO CBUAETEILCTBYET O CTPECCOBOM
peakuuu. B ortnmume oT HUX, BHIBI ¢ HU3KOH DA 00bYHO 007aAal0T BBICOKOMH
AKHU3HECIIOCOOHOCTBIO U YCTOMUMBOCTBIO a)KE€ B CIIOKHBIX YCIOBUSX.
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[TIpobnema cumMMeTpuH OHOJOTHUECKUX OOBEKTOB TMPEICTAaBIsAET COOOH OJHY U3
(GyHIaMeHTaJIbHBIX MpobsieM coBpeMeHHOM Ouonoruu. Cummerpus Mopdosnorndeckoi
CTPYKTYpBI MOIpa3yMeBaeT MOBTOPEHUE YACTEH B PA3IMUHBIX MMOJIOKEHHUSIX M KOH(PHUTYpaAIHIX
[35]. HAsist mpoBepKH paBEHCTBA OOBEKTOB HJIM YacTed CHCTEMbl MOJXKHO HCIIOJIB30BaTh
HEKOTOpOe Mpeodpa3zoBaHre, KOTOPOE COBMEIAET PaBHBIE OOBEKTHI MIIM YaCTH OJHOTO U TOTO
Ke 00beKTa. DTO 03HAuYaeT, YTO OOBEKTHl JIMOO MHBAPHMAHTHBI OTHOCUTEIBHO HEKOTOPBIX
npeoOpa3oBaHuid  MpocTpaHcTBa, JuO0 Her. CuMmMmerpusi 00BEKTa MOXET OBITh
OXapaKkTepHU30BaHa COBOKYMHOCTBIO BCEX €ro IpeoOpa3oBaHUN CUMMETPUM, TO €CTb
npeoOpa3oBaHuid, KOTOPBIC OCTABISIOT OOBEKT 0Oe3 W3MEHEeHHs. BO3HUKHOBEHUE
OunatepaJbHOM  CHUMMETPUM  SBISETCA  B@KHBIM  DBOJIOLMOHHBIM  JOCTHIKEHHUEM,
OTKPBIBAIOIIUM IIHPOKKE BO3MOXKHOCTH s AuddepeHnanuu opranuzma [25].

OnyKTyupylomas acUMMETpHUsi — 3TO pe3yibTaT TOro, YTO OPraHU3Mbl HE MOTYT
pa3BUBATHCA 110 3apaHee ONpeAeIEHHOMY CIEHapHio. J[pyruMu cioBaMu, 3TO HeOoJbIIHe
HEHaIpaBJIEHHbIE OTKJIOHEHMsI OT cTporoii cummeTpuu [25]. 1o cBoeit cytu uiykTyupytomas
ACHMMETPUSI — 3TO HEOOJIBIINE OTKIOHEHHUS OT CTPOTOH JIBYCTOPOHHEH CHUMMETPHH, KOTOPBIE
MOXKHO CYMTaThb CKOpee CiIydallHbIMH HapylIEHUSMHM pa3BUTHUS, 4YE€M HalpaBICHHBIMU
u3MeHeHusiMu [17, 25, 28]. Otu HeOONbIINE OTKIOHCHHS HE UMEIOT (DYHKIMOHAILHOTO
3HAYEHUs M HaXOAATCA B Mpejenax Juarna3oHa, KOTOPBIM JIOMYCKaeT eCTECTBEHHBIN
oT0op. YpoBeHb (UIYKTYHPYIOUIEH aCHMMETPUU MUHUMAJICH MPH ONTUMAIIBHBIX YCIOBHSIX
cpeabl M HecHnelu(pHUUecKd BO3pPACTaE€T IPU CTPECCOBBIX BO3AEUCTBUAX. B KoHTekcrTe
Mopdoaorun QIyKTYUPYIOIIYI0 aCHMMETPHIO PACCMATPHUBAIOT KaK METOJ OLIEHKU COCTOSIHUS
U JuHaMHuKHM OnocucteM. [lokazartens GuyKTyupyroliei acCUMMETPUN BBICTYIIAET B KayecTBE
MHJIeKCa CTa0MIIbHOCTH Pa3BUTHS OpPTraHU3Ma.

Mamepuanvt u memoownt. Jljis onenkn PA NpuMEHSIOTCS pa3HOOOpa3Hble METO[BI.
OpauM n3 HanboJee pacipoCTPaHEHHBIX SBIAETCS MOPPOMETPUUYECKHN aHAINU3, KOTOPBIN
MO3BOJISIET U3MEPATH U COMOCTABIIATH pa3Mephl U (POPMBI TUCTBEB. DTOT METOJ, IPEIOCTABIISASA
BO3MOXXHOCTH KOJIMUYECTBEHHO OMPEICITUTh OOHAPYKEHHYIO aCHMMETPHIO, TaET BO3MOKHOCTh
IPOBOJUTH CTATUCTHUECKUE HCCIIEIOBAHUS U JI€1aTh OOOCHOBAHHBIE BBIBOJBI O COCTOSIHUU
nomysiuii. CpaBHeHHe ypoBHEH DA B pa3IMYHBIX SKOCHCTEMAX WM Ha Pa3IMYHBIX y4acTKax
OJIHOTO apeajia MO3BOJISIET BBIIBUTH, IJie YCIOBUs Oojiee CTaOMIIbHBI, a Ie Halyogaercs
TIOBHIIIIEHHBIN yPOBEHB cTpecca. HaydHbie ncciieoBanus B 9TOM 00J1aCTH MOTYT BKJIFOUATh KaK
NOJIEBBIE HAOIOJCHMS, TaK U JJAOOPATOPHBIE SKCIIEPUMEHTHI, KOTOPBIE MO3BOJISAIOT J1€TabHO
U3yYUTh TPUYMHBI BO3HUKHOBeHHsI (DA W €€ CBA3b C KOHKPETHBIMH SKOJIOTWYECKHMHU
dakTopamu.

OmHMM W3 KIIOYEBBIX AaCIEKTOB B HCCIEAOBAaHUHM (DIYKTYHPYIOUIEH acHMMETpHUU
01000BEKTOB SIBIISICTCS BBIOOP, MAEHTH(PHKALNS OunaTepaibHbIX MPU3HAKOB U BepUpUKanus
uX (QIYKTyHPYIOIIETO XapaKkTepa y OpraHu3MOB Pa3IMYHBIX BUIOB.

Jnist ananu3a ObUTM BBIOpAHBI TApaMETPHI JIEBOU U ITPaBOM CTOPOHBI TMCTOBOM IITACTUHKHU
(puc. 1). IIpu ncce0BaHNM YTIIOBBIX TPU3HAKOB JIMCTOBOW TUTACTHHKHU M3MEPSUTUCH CEKTOPA,
MPUMBIKAOIIKE K BEPIINHE yTiIa, CO CTOPOHOM, He npeBbliatomen 10—15 % oT JIMHBI KUJIOK.

Hcnonb30BaHue B HCCIAETOBAHUAX (PIYKTYUPYIOIIEH aCHMMETPUU OHO0OBEKTOB TOIBKO
OJTHOTO TIPW3HAKa HE TO3BOJISET JeNIaTh HAJA&KHBIE BBIBOIBI, IMO3TOMY MPEANOYTUTEIHEHO
UCITIOJIb30BAaHUE MHOXKECTBA MPU3HAKOB. [Ipm 3TOM KaXIbpli JOMOJHUTEIBHBIN NpPU3HAK
NO0aBIISIET OHY CTENEHb CBOOOIBI K OIICHKE YPOBHSI HECTAOMIBHOCTH Pa3BUTHSI.

[Tpexne uyeM MNPHUCTYNUTh K KOJIUYECTBEHHOW OIEHKE HECTaOMJIBHOCTH pa3BUTHA
OopraHM3Ma IO TOKa3aTeNlsiM OWilaTepalibHbIX MPHU3HAKOB, HEOOXOAMMO YOEIUTbCS BO
GIIyKTYHpYIOIIEeM XapakTepe aCHMMETPHH KaXKA0To MpU3HaKa U3 BHIOPAaHHOTO Habopa.

Hns ompeneneHust xapakTepa OOHApYKEHHOW aCMMMETPUHU JIMCTOBOW TUIACTUHKHU TIO
aHAJTM3UPYEMBIM MapamMeTpaM HEOoO0XOAMMO IMPOBECTH TECT Ha 3HAYUMOCTHh Kod((uIreHTta
JKCIecca M CPAaBHUTH IOJIyYEHHbIE HM3MEPEHMs HAa IPaBOM U JICBOW CTOpOHE, a TaKxke
BBIYUCIIUTh KpUTHUECKUE 3HauYeHus. CIenyroluM 3TaloM aHaJIn3a JOJDKHA CTaTh MPOBEpKa
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3aBHCUMOCTH BEIMYUHBI ACUMMETPHH MPU3HAKA OT BEJIMYUHBI PH3HAKa HA 00EUX CTOpOHAX
JMCTOBOM mactuHku [17, 22, 25]. Ecnu Takast 3aBUCUMOCTh CYLIECTBYET, TO C YBEIUYECHUEM
pa3zMepa JIMCTOBOU MJIACTHHKUA MOXKET YBEIMYMBATHCS U BeJIMuMHa acumMmetpuu [17, 25]. Eciu
MOJIOKUTEJIbHAS CBSA3b MPUCYTCTBYET, TO B JaJIbHEHIIIEM aHaIN3e HE0OX0IMMO UCIOIb30BaTh
psiMOe HOPMHUPOBAHKUE ACHMMETPHH Ha CpeHee 3HaueHue pa3mepa npusnaka (L+R)/2 nim na
CyMMapHO€ 3HaueHue npusHaka Ha oOeux cropoHax (L+R). [lomyuennoe 3HaueHue Momys
Pa3HOCTH MEX/1y 3HAUCHUSIMH ITPU3HAKa Ha JIEBOH U MPaBOil CTOPOHE HEOOXOIUMO Pa3/IeIUTh
Ha CyMMapHOe 3Ha4yeHHe NMpU3HaKa Ha 00euX CTOPOHAaX JIMCTOBOM MJIACTHHKH.

Pucynok 1 — Metoauka orieHku OuaTepaibHBIX MPU3HAKOB JTUCTOBOM IJIACTUHKHU

Acer platanoides L.

O6o3HavyeHust: 1 — paccTossHUEe MEXIy TOYKaMH Hayajla M OKOHYAHUS TEpBOH JKWIKK (HyMepaluo H
U3MEpEeHHUs JKWIOK MPOBOJHIM, HAuUHAS ¢ 0a3albHOI 4acTH JMCTOBOW IUIACTUHKH); 2 — PACCTOSHHE MEXIY
TOYKAaMHU Hadaja ¥ OKOHYAHUS BTOPOH KMIKH; 3 — pacCTOSIHUE MEXIy TOYKaMH OKOHYAHHS MEpBOIl U BTOPOH
KHIOK; 4 — PAaCCTOSHUE MEXAYy TOUKaMH OKOHYAHUS BTOPOH M CpeHEH KMIOK; 5 — PacCTOsSHUE OT CepenHbI
CpeIHeN KIIIKK JI0 Kpasi IMCTOBOI IIIACTUHKHU (M3MEpPEHHs POBOAMIN T10 JINHHUH, MEPIECHANKYIIPHON cpenHei
KIJIKE); 6 — yroJl My MepBOH M BTOPOH KUIIKaAMH; 7 — yTOJI MY BTOPOH U CpeiHEel KUIKaMu.

Pacuér wuHTerpanbHOrOo 3HaYeHHS (DIYKTYHPYIOIIEH acHMMETPUH TIPOBOAMTCS TIO
bopmynam.
Y=|L-R|/(L+R);
Z=(1+Y2+..4+Yn)/N;
X=ZIn=Z1+2Z22+...+Zn)/n,

B nmanHoM koHTekcTe Y mpencTaBiseT coO0W BETUUYWHY, ONMPEACIEHHYIO NI KaKI0TO
MpHU3HAKa KaK Pa3sHUIly MEXKIy MPaBOW U JIEBOM CTOPOHAMH JUCTOBOW IUTACTUHKU. Z — DTO
OTHOCHUTENILHOE CpEeIHEE pazinuve MEXAy NpH3HAKAMHU I KaXJoro jucta. N — 3TO
KOJMYECTBO TMPU3HAKOB. X — 3TO HMHTETPAIbHBIM MOKa3aTellb aCUMMETPUU. N — ITO
KOJIMYECTBO JIUCTHEB.

AcuMMeTpusi B OuaTepaibHBIX MPU3HAKAX JINCTOBOW TUIACTUHKH MPOSIBIISECTCS B BUIE
baykTyaruu. ITo siBJICHUE HAOII0MaeTCs B CICAYIONNX XapaKTePUCTHKAX:

1. Paccrosinne Mexay TOUKaMH Hayajga ¥ OKOHYAHUS BTOPOU JKUITKH.
2. PaccTosinue Mexay ToOUkaMu OKOHYaHHS TIEPBOM U BTOPOM KHUJIOK.
3. Paccrosinne Mexay TOUKaMU OKOHYAHUSI BTOPOU U CPEIHEH JKUJIOK.
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4. Yrosm Mexay NepBOM M BTOPOM KUIKAMH, KOTOPBIM BHOCUT MaKCHUMAaJIbHbBIN
BKJI4J] B PE3yJIbTUPYIOIIEE 3HAYCHHE.
S. Yrois Mex1y BTOPOU U CpeIHEN KUIKAMU.

J1J1s TpOBeICHN ST aHAJIM3a COCTOSTHHS 3€JIEHBIX HACAXKICHUH B rOpojIcKol cpene JloHenka
ObLTM BBIOpPAHBI YYacTKM HAa OJHOW W3 3arpyKCHHBIX aBTOMArucTpalied ropoja — YIIHUIe
YHuBepcuteTckoi (puc. 2).

tHa >
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3A 24 F YMACTOK1 N
£ 2 2 0 :
‘-,‘23 — A R E DL TE TCRAR VT e
B = S
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Pucynok 2 — Tepputopus uccienoBanus ropoja Jlonenxa

Pesynomameul uccnedoganuni. Yuyactok Nel u 2 mpencraBisii coOoW TUHEHHBIE
Haca)kJICHUs BJIOJIb aBTOMAarucTpajiv, OPUEHTUPOBAHHBIE B IPOTUBOIOJIOKHOM HAIPaBICHUU
JBUKEHUS TpaHcnopTa. /laHHbIe 00 MHTEHCUBHOCTH TPAHCIIOPTHOTO MOTOKA Ha yyacTke Nel B
Touke 1A mpencraBieHsl B Tabnuie 2. Bee mpoesxkaromue TpaHCIIOPTHBIE CPEJICTBA ObUIH
KJIaCCU(UIIMPOBAaHbl O TPEM KaTeropusM (MyHMIMINAJIbHBIA TpPAHCHIOPT, TPY30BbIE U
JIETKOBBIE aBTOMOOMIIN) U MATH MOJAKATEropusiM (JETKue, TKENble, THOMapKH, aBTOMOOWIN
COBETCKOT'O MPOU3BOJICTBA, JUKUIIBI). DTa JeTallbHAsI KiaccuuKaius Oblia HE0OX0oauMa st
pacuéra Bo3JeiicTBUA IIyMa Ha OMOMHAMKATOPHI. JlaHHBIE MPE/ICTaBIEHbl B BU/I€ KOJIUYECTBA
MPOXOJAIIEero aBToTpancnopra 3a 60 MuHyT. THTEHCUBHOCTh TPAHCIOPTHOTO MOTOKA TaKkKe
BJIMSIET Ha BUOPALIMOHHO-aKyCTHYECKOE 3alllyMJIeHHe TePPUTOPHHU. bbl1o ycTaHOBIIEHO, YTO HA
yuactke Nel B Touke 1A MakcuMmaiabHOE 3BYKOBO€ 3HaueHHe coctaBwio 85,1 nBA, a
MUHUMabHOE — 56,8. OTH NOKa3aTeNM 3aBUCAT OT TUIIA TPAHCIIOPTHOIO cpeiacTsa. Bcee
pacdeThl BHECEHBI B TaOIHIIBI 1 1 2.

Tabmuna 1 — UHTeHCUBHOCTD aBTOTpaHCHOPTa (e/1./4ac) Ha yaule Y HUBEPCUTETCKOH B

oyaaue gum ¢ 8% mo 17%
MyHununanbHbIi I'py3oBbIE JlerkoBbie
TpaHcnopT, JIETKWE | TsDKENble | HWHOMapku | Impou3BoacTBa PO JOKUTIBI
aBTOOYCHI
132 96 12 456 132 204

Cymma: 1032+127
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HUHTCHCUBHOCTHU

IIpOBEJICHAa  OLIEHKA
3arpyKeHHOCTh

y4dacTKax
OIIpEIeNIUTh

Ha  uccnenyembix ObLIa

aBTOTPAHCIOPTHOTO  JBMXKEHHUS,  YTO  IO3BOJIMIIO
aBTOMarucTpaieil Ha ydactke Nel, npoctuparomemcst or Touku 1A 10 Touku 3A, TO €CTh OT

YHUBEPCUTETCKON yJHUIbI, JA0M 33, 0 MNepeceueHHs: yJ. YHUBEPCUTETCKOM U TepeyJika
OpemkoBa. IHTEHCHUBHOCTh TPAHCIOPTHOTO MOTOKA Ha ydacTke Nel B Touke 1A B cpenHem
cocrapisuia 10324127 en./dac, 4TO yKa3blBaeT Ha BBICOKMH YPOBEHb AaHTPOIIOTCHHOTO
3arps3HEHUs JaHHOW TeppuTopuu. OCHOBHYIO YacTh OOIIETO MOTOKA COCTABIISIFOT JIETKOBBIC
aBTomMoOmIu — 76%.

B mporecce nccnepoBanuii ObIIN TaK K€ MPOBEICHBI CHCTEMAaTUYECKHE 3aMePhl YPOBHS
oIymMa, IPOU3BOAMMOIO pa3IMYHBIMM KJIACCAMHM TPAHCHOPTHBIX CPEACTB B JABUKEHUMU.
W3mepeHuss OCyIIECTBISUINCh HA PACCTOSHUM OJHOTO METpa OT JOpPOKHOIO IIOJOTHA U
MATUJIECATH CAaHTUMETPOB OT HEr0, YTO XapaKTEpPHO JJI BTOPOTO M MEPBOIO PSAOB 3€IEHBIX
HacaxneHui. JlanHple mrymMomepa mpejcTaBieHbl Ha pucyHke 3 A u b. Bce mansbIil OblTn

BHECCHBI B TAONHITY 2.
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Pucynok 3 — [Ipumep 3anrymiieHUs] TEPPUTOPHH UCCIICTOBAHUS
(paccrosinue ot goporu 0,5 M (A) u 1 m (b))

[Ipobnema cumMmeTpuM OHOJOTHMUYECKUX OOBEKTOB SIBISETCS BaXHOH TeMOM
coBpeMeHHOM Ouonoruu. Cummerpuss MOpP(OIOrHYECKON CTPYKTYphl 3aKIJIIOUAETCs

B
B

MOBTOPEHUM YaCTeH B pa3HbIX MOJOXKEHUAX U KOHPUrypanusx [25]. IIpoBepuTh CUMMETpPHIO
00BEKTOB MJIM UX YacTel MOXKHO C MIOMOIIbIO NTpeoOpa3oBaHusi, KOTOPOE COBMEILIAET PaBHbBIE
OOBEKTHl WJIM YacTU. JTO O3HAYAET, YTO OOBEKTHI JIMOO HE M3MEHSIOTCS NMPU HEKOTOPBIX
MpeoOpa3oBaHUAX MPOCTPAHCTBa, JUOO MeHsTca. CumMMmeTpus oOBbEKTa XapaKTepusyeTcs

COBOKYITHOCTBIO BCCX Hp606pa30BaHI/II7I CUMMCTPUHU, KOTOPLIC HC MCHAKOT OOBEKT.

Tabmuua 2 — Cpeagnue 3HayeHHA akycTuuyeckoro myma (nBA) Ha Teppuropuu

HCCIIEN0BAHMMI
Paccrosinue ot aBTOMarucTpanu, M
Teppurtopus 0,5 1,0
MakKc. cp. MHH. MakKc. cp. MUH.
1-3 85.1+42 | 74.8+1 | 64.6x1 | 84.9+2 | 70.8+1 | 56.8+1
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bunarepanbHas cUMMETpPUST — 3TO Ba)XHOE HBOJIOLHMOHHOE JOCTH)KEHUE, KOTOPOE
OTKPBIBAET BO3MOXKHOCTHU i AU depeHnaliuy opranusma.

YpoBeHb  (QayKTyHpyroomeil acMMMETpHM — OKa3bIBaeTCsl MHUHUMAJIbHBIM  IIPH
ONTUMAJIBHBIX YCJIOBUAX CpeAbl M Heclenu(UYecKd BO3PACTaeT IMPHU JIIOOBIX CTPECCOBBIX
Bo3aeiicTBuaxX [3]. Ha makpockonmmyeckoM ypOBHE 3TOT BUJ aCUMMETPUM HCIOJIB3YIOT B
KaueCTBE MEpHI B OI[CHKE CTAOUIILHOCTH Pa3BUTHUS OPraHU3Ma.

B acummerpum cumrtaior, 4to (IAYKTyHpyromas acUMMETpHs — 3TO OJUH U3
MOP(}OIOrHUECKUX METOAOB OICHKU COCTOSIHMS U JUHAMHUKU OuocucteMm. CaM mokasarenib
GuyKTYyHpyromeid aCHMMETPUN Ha3bIBAIOT HHEKCOM CTa0MIIBHOCTH Pa3BUTHS OpPraHU3MA.

3aknouenue. B  pesynbrare OpOBENEHHBIX  HCCIEAOBaHUNA  Oblla  OlLIEHEHa
3alIyMJICHHOCTh TeppUTOpUH. MakcHUMaiabHbIe 3HAUCHHsI YpOBHS IIyMa Bo3iie Oopiropa
coctaBistor 85,1+2,0 nbA, a cpeaHee apudmeTrdeckoe mokazaresield akyCTHIECKOro mymMa —
74,8+1,0 nbA. Ilpu ynanenun Ha 1 MeTp OT aBTOMAarucTpaiud K IEPBOMY Py IEPEBHEB
00BEKTa HCCIIEOBAHUS, YpPOBEHb 3BYKOBOTO JIaBJICHHUS IO MaKCUMaJbHBIM 3HAYCHUSIM
JIOCTOBEPHO He cHMXkaercs u coctasiser 84,9+2,0 nbA, a cpeaHee 3Hau€HUE LIyMa IIPH 3TOM
— 70,8+1,0. IHTeHCHBHOCTb aBTOTPAHCIIOPTa B OyaHHE AHU B MHTepBane Bpemenu 9% — 120
cocraBmiia— 1032 en./gac, 9To CBUAETEIHCTBYET O BEICOKOM YPOBHE aHTPOIIOTEHHOM HArpy3KH.
W3ydyena MeTonuka ONEHKU (DIYKTYallMOHHON acUMMETPHH JIMCTOBBIX IUIACTHH JJIs KJeHa
octponucTHOTr0. COTJIacHO JIUTEPATyPHBIM JIAHHBIM, BEIMYMHA (DIYKTYallMOHHON aCHMMETPUN
BO3pacTaeT MpU JIEHCTBUU IIOOBIX CTPECCOBBIX (DAKTOPOB CPEAbl, KOTOPHIE MPUBOISAT K
HApyIICHUIO CTAa0MJIBHOCTH MOp(QOreHesa JHcTa W, Kak CJICICTBHE, YBEIMYCHUIO €ro
acUMMeTpuM. AHamu3 JIICTOBBIX IulacTuH Acer platanoides, TpoM3pacTaromMX B
ypOaHU3MpOBaHHOM cpefie roposaa JloHelka, oKa3an He3HAUUTENbHbIE OTIIMYUS B pa3Mepax
JUCTOBBIX IUJIACTUHOK, OOYCIIOBIIEHHBIE SKOJOTHMUYECKUMU YCIOBUSIMU TMPOU3pACTaHUS U
ocoOeHHOCTSIMH  ajmanTamui K HUM. llokaszarenb  (IyKTyallMOHHOM  aCHMMETPHH,
ONPEACISAIOMNN IKOJIOTHUECKOE COCTOSIHME 3€JIEHBIX HACaXACHWW ropoja, BapbUpOBal B
npeaenax ot 0,045 (mopma) go 0,054 (111-1V 6anna — 3arps3HEHHBIN pailoH), TaHHBIE TPEOYIOT
JalbHEHIINX yTOUHEHHH U 0oJiee TOUHOW 0TPabOTKH METOUKH UCCIIEIOBAaHUI.
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FLUCTUATING ASYMMETRY OF THE LEAF OF WOODY PLANTS AS AN INDICATOR OF THE
RESISTANCE OF ORGANISMS TO ENVIRONMENTAL FACTORS

Annotation. The paper provides a local analysis of the ecological state of the urbanized environment of Donetsk
using Acer platanoides L. leaf plates. as a bioindicator. In the course of the study, experimentally obtained
indicators of the fluctuating asymmetry of maple leaf plates in areas with varying degrees of anthropogenic impact
were compared.
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HEPCHEKTHUBBI IPOBEJTEHUA Z[A.JII)H]%IKIHHX OUTOMOHUTOPHUHI'OBBIX
HCCJIEJOBAHUHA B ITIPOMBIINIJIEHHOHN ATJIOMEPALIUU T IMAXTEPCKA
JOHEIIKOU HAPO/JJHOU PECITYBJIMUKH

Kpamapenko A.A.
Hayunwtit pykoeooumens: Caghonos A.HU., kano. ouon. nayx, 3ae. kagheopoii
DI'BOY BO «/[lonl’Y»

Annomayus. Ha ocHoBaHUM uccienoBaHuH, MpoBeAEHHBIX B 2023-2024 rosax no (GUTOMOHUTOPHHIY COCTOSIHUS
JPEBECHBIX pPACTEHHH, HAaXOJSIIMXCS B HEMOCPEJICTBEHHOH OJIM30CTH OT HOPOJIHBIX OTBAJOB M KPYIHBIX
aBTOTPAHCIIOPTHBIX MAarucTpaicH, ObUIM MpPOAHAIU3MPOBAHBI KapTOTpadUuecKre MaTepuanbl U BbISBICHBI
MIEPCIIEKTHBBI AT MPOBEICHHUS HEOOXOAMMBIX NATbHEHIINX HCCIECNOBAaHWN B NPOMBIIUICHHONW arjioMepanui
r. [laxTépcka.

Kniouegvie cnosa: duroMOHUTOPHHT, pUTOMHANKAIMSA, JloHOACC, TIOPOJHBIE OTBAJIBI, ITBLIICOCAXKICHHUE.

B cBiI3u CcO CHOXKUBIIMMHCS MPUPOJHO-KIMMATUYECKUMHU M AHTPOIIOI€HHO-
TOKCHYECKUMU (akTopami [ 1] B mpoMbInIeHHBIX Topoaax Jlonernkoi Hapomuoit Pecryomuku
CYILIECTBYET OCTpasi HEOOXOJUMOCTh M3YUYCHHS] U MOHUTOPUHIA SKOJOTMUYECKON CHUTyaIuu.
Hcxons n3 3Toro OMOMOHUTOPUHIOBBIE, JUATHOCTUYECKUE U MHIMKALIMOHHbBIE UCCIIEI0BAaHUS
SIBJIAIOTCSI HEOTHEMIIEMOM YacThIO U3YUEHHUS BIUSHUS JIEUCTBUS aHTPOIIOTEHHBIX (PAKTOPOB U
OLIEHKHA COCTOSTHHSI TEXHOTCHHO-TPAHC(hOPMUPOBAHHBIX JKOCHUCTEM B IPOMBIIUIEHHOM
peruone Jlonbacc. B JloHenkom rocynapcTBEHHOM YHUBEpPCUTETE Ha Kadeape O0TaHUKH U
9KOJIOTMH B paMKaX MHUIMATUBHOM rocyapcTBEHHOU TeMbl « boTaHNKa aHTPONOTEXHOI€HE3a!
WHJUKAKSA U ONTUMU3ALUs» [2] MOJOABIMU YYEHBIMHU U CTYAEHTAMU Ha PEryJIIPHON OCHOBE
MPOBOJATCS HUCCIEAOBaHUS M cOOp WHGOPMAIMU, B TOM YHUCIE MO (UTOMHANKAIMOHHBIM
JaHHBIM U (PUTOMOHUTOPHHTY aHTPOITOTEHHO TpaHchopMupoBaHHbBIX cpen [1; 3-6].

Ha ocHoBaHMM NpoBEeNEHHBIX MHOKECTBEHHBIX HCCJIEIOBAHUI MPUHATO CUUTAThH, UTO
MIOPOJIHBIE OTBAJIBI SIBJIAIOTCS OAHUM M3 (DAKTOPOB TEXHOTCHHOM TpaHC(hOpMAaLlUU SKOCHCTEM U
OKa3bIBalOT HEraTHBHbIE BiIMsSHME Ha Ouocucrembl [7]. [lo naHHBIM UCClIEOBaHUS
(eHOTUNMUYHON TIACTUYHOCTH JPEBECHBIX PACTEHUI B 30HE PE3KO IMOBBIMIEHHOW (POHOBOH
paauanuy npoMelnuieHHoN arimomepanuu r. Hlaxtépek B 2023 rogy ObUIO BBISBIEHO, YTO
JPEBECHbIC HACAXKICHUS BOJU3U IOPOJHBIX OTBAJIOB (KOTOpBIE SIBISIOTCS HMCTOYHHUKOM
MOBBIIIEHHOTO PaJAMallMOHHOrO (poHA) MPUOOPETAIOT BHEIIHHWE MOAW(UKAIUHU, TaKHE Kak
WCKPUBJICHHE CTBOJIa U U3MEHEHHUSI LIBETA KOPHI [8; 9]. Takke 0TMEUEHO BBICOKOE COJIEPIKAHNE
TEXHOI€HHOM MbUIM Ha JMCTOBOM alapare COCHbl OOBIKHOBEHHOM, YTO yKa3bIBaeT €Ilé U Ha
TO, YTO TOPOAHBIE OTBAJbl SBISIOTCS MCTOYHUKOM OOJBIIOrO KojuuyecTBa mblaM. [lpu
JabHEUIINX CKPUHUHTOBBIX HCCIIEI0BAaHUSAX ObljIa BBISBIIEHA SKPaHU3UPYIOIas CIOCOOHOCTh
JpeBECHbIX HacaxJeHuil B mepuoxa Beretauuu [10], a Takke 3¢p(PEKTUBHOCTH IEPEBLEB B
rpolLecce yaaBiauBaHus (0CaXI€HUs U IMOTJIOIIEHNUS ) BTN IPOMBIIIIEHHOTO U TPAHCTIOPTHOTO
MPOUCXOXKACHUS, B TOM YUCIE BAOJL aBToTpacc [11].

PaccmoTpenue nepcrekTuB AadbHEHIIEero H3y4eHus U MOHUTOPUHIa AaHTPOIIOT€HHOTO
BO3/JICHCTBUS TOPOAHBIX OTBAJIOB HA SKOCUCTEMY SIBIISIETCS aKTyaJIbHBIM BOIIPOCOM U IIO3BOJIUT
B OyaylieM TNOCTENEHHO JMKBUIUPOBATH M MpEAOTBpalllaTh HEraTUBHOE JIEHCTBUE Ha
OKpY KAIOIIyIO CpELy.

Ilenp paboTbl — BBIABUTH TEpPCHEKTHBHbIE  HAmNpaBiIeHUs s BEJIEHUs
(UTOMOHUTOPHHIOBBIX UCCIIEOBAHUM HAa TEPPUTOPUH MPOMBIIIUIEHHON arjioMepauy roposia
[ITaxTépcka.

[Tpobnema O6onbLIIOTO KONHMYECTBA MOPOIHBIX OTBAJOB, KaKk MOOOYHOE SBIEHUE
NEeSITeIbHOCTH MHOTOYMCIICHHBIX YIJIEAOOBIBAIOMIMX IIaXT, HAa NPOTSHKEHHMH MHOTUX JIET
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COXPAaHsSIET aKTyaJIbHOCTh HE TOJIBKO CpPeN YUEHBIX, HO ¥ Cpeau opraHosB Biactu [12; 13; 14].
Tak, M0 JaHHBIM rOCYJapCTBEHHOI'O KOMHUTETA IO 3KOJIOI'MYECKON MOJUTUKE U NMPHUPOIHBIM
pecypcam nipu rinaBe Jlonenkoit Haponuoi Pecryonuku Ha 08.06.2021 rox Ha teppuropuu
pecnyOnuku 3adukcupoBaHo 594 mopoaueix otBana (puc.l) [12; 15], 69 u3 kotopbix
HAXOJATCS Ha TEPPUTOPHH MPOMBINUIEHHON arnomepanmu T. Ilaxtépcka (puc. 2), 4to
coctaisieT 12% ot o0uiero KoJin4yecTBa MOPOAHBIX OTBAIOB B peruone (puc. 3).

Jlyzomcy
obnac

Anyesck

Pucynox 2 - PacnonokeHue NopoJaHbIX OTBAJIOB Ha Tepputopuu ropoja [laxrépcka u
ONMKalIMX HACEIIEHHBIX TyHKTOB
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JAoHeuK
24%

OcTtanbHble
ropoaa
33%

Topes
11%

LaxTépck
12%

Pucynok 3 - CooTHOIIEHHE IPOLIEHTHOT'O COCTaBa MOPOIHBIX OTBAIOB
B Pa3HBIX TOPOJIaX PecITyOInKH

Pucynok 4 — Kpynnsle nopogusle orBaisl I. [IlaxTtépcka
(kpacHBIM 00BE/IEHBI TOPOIHBIC OTBAIBI, 3€TIEHBIM — KUJION CEKTOP)
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Ucxons u3 uccnenosanuii, npooaumsix B 2023 roay [8; 9], MOXKHO clienaTh BBIBOJ,
YTO Kak MUHUMYM 3 u3 69 moponubsix orBasioB T. lllaxTepcka SBISIIOTCS UCTOYHHKAMU
MOBBIIICHHOTO PaIMAIMOHHOTO ()OHA B HEMOCPEACTBEHHOM Omm3octh k cede (1o 500-1000 m),
YTO, HECOMHEHHO, CO3/1aéT HEraTHBHBIC YCIOBHS A (POPMHPOBAHUS U POCTa JAPEBECHBIX
pacTeHuil.

Ha xaprorpadpuueckux wmarepuanax (puc. 4) mnpeicTaBiieHbl IPUMEPhl KPYIHBIX
MOPOJHBIX OTBAJIOB (IOJUTIOTAHTHOE ICHCTBHE KOTOPBIX B IIEPCIIEKTUBE MPEICTOUT BBIICHUTH ),
HAXOSIINUXCS B HETIOCPEICTBEHHOM OJIM30CTH K )KUIIOMY CEKTOPY.

OCHOBBIBasICh Ha HCCIICJIOBAHUSX, MPOBOJUMBIX B JPYTUX MPOMBIIUICHHBIX TOPOAaX
Honenkoi Haponnoit Pecniy6muku [16], B mepcnekTrBe GUTOMHANKAIIMOHHBIX NCCIEI0OBAHUI
CTOMT PAacCMOTPETh BHYTPEHHHE aHATOMO-MOP(OJIOTHYECKHE MOIU(PHUKAIHMHA B CTPOCHHUU
JUCTOBBIX  aNNapaTroB  pPacTEHUI-HUHIUKATOPOB, SIBISIIOIIMXCS  BOCIPUUMYMBBIMU K
NOBBIIICHHOMY paauanuoHHoMy ¢ony (CocHa oObikHOBeHHas (Pinus sylvestris), Jly6
yepemuateiii (Quercus robur), Scens oObikHOBeHHBIN (Fraxinus excelsior)) u pacrenusimu,
KoTOpbIe Hanbosee 3 dHeKTHBHO yiaBIMBaIOT U ocaxnarT mbuib (bepésa nosucnas (Betula
pendula), Pobunus noxnoaxanueBas (Robinia pseudoacacia), Tomons uépubliii (Populus
nigra) u ['penkuii opex (Juglans regia)).

YcTaHOBIEHO, 4YTO s TPOBEACHHUS (PUTOMHAMKAIIMOHHBIX HCCIECIOBAaHUM U
MOHUTOPHHTIA ITOKAa3aTelIel B IPOMBIIIIEHHON arnomepanui I. [IlaxTépcka ecTs 10CTaTOYHOE
KOJIMYECTBO O0BEKTOB, KOTOPBIE HYKAAIOTCS B PErYJIIPHOM HaOIIOACHUN U UCCIIEAOBAHUU JITIS
CHIDKEHHSI HETaTHBHOTO JIEHCTBHS TOOOYHOH MPOMBINUICHHON JESATEIBHOCTH IIAXT —
MOPOJIHBIX OTBAJIOB, M aHTPOIMOTEHHOM HAarpy3KH B FTOPOJICKOM cpefie.
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PROSPECTS FOR FURTHER PHYTOMONITORING STUDIES IN THE INDUSTRIAL
AGGLOMERATION OF SHAKHTERSK, DONETSK PEOPLE'S REPUBLIC

Annotation. Based on studies conducted in 2023-2024 on phytomonitoring of the condition of woody plants
located in the immediate vicinity of rock dumps and large highways, cartographic materials were analyzed and
prospects for conducting the necessary further research in the industrial agglomeration of Shakhtersk were
identified.
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OBOCHOBAHME BBIBOPA BUJOB PACTEHUH JIJIA
PEKYJIbTUBAIIMOHHBIX PABOT B TEXHOI'EHHBIX 9KOTOIIAX TOHBACCA

Kyswunoea E.M.
Hayunuwiit pyxosooumens: Cagponos A.U., kano. ouon. nayx, 3ae. kagheopoi
DOI'EOY BO «/[oul'Yy

Annomayus. B uucne caMbIx 1eHICTBEHHBIX METOJOB 110 BOCCTAHOBJIEHUIO HAPYLIEHHBIX TEPPUTOPHUIL B IPAKTHUKE
9KOJIOTMYECKOTO KOHTPOJISL OIpeNeNieHbl METOJIbl M CIOoCO0Bl (PUTOPEKyIbTUBAIMOHHBIX pPabOT, TO €CTh
MOA3TAIHOTO CO3JaHUS YCTOWYMBOIO PACTUTENBHOTO MOKPOBA, COXPAHSAIOLIETO KaK IPYHTOBO-IIOUYBEHHBIN CIION U
NPEOTBPAIIAIOIIETO 3PO3UI0, a TaKkke (OPMHUPYIOLIEro ONaronpuATHYI0 MHKPOKIMMATHYECKYIO Cpelny B
ypOaHM3UPOBaHHBIX MJIM TEXHOT€HHBIX KOTONax. B pabore mpoaHaln3upoBaHbl SKCIIO3ULNH TEPPUKOHUKOB T10
HanOosee ONaronpHsTHBIM MecTaM B UCIBITAaHUU (PUTOPEKYJIbTUBAHTOB M3 YMCIIAa MPUPOAHON (QIIOPHI perHoHa
st reppuropun Llentpansaoro Jonbacca.

Kniouegvie  cnoea: ¢uroonTHMH3anus, pEKyIbTHBanMA, (QUTOMHAMKAIMs, mosemocTpecc, JloHOacc,
¢uToKBaHTH(HUKAINSA, SKOJIOTMIECKUIT MOHUTOPHHT, ANATHOCTHKA SKOCHCTEM.

WMuukanmoHHbIe pabOTHI IO OIEHKE COCTOSIHUS YPOAHU3UPOBAHHBIX U MTPOMBIIICHHBIX
skocucteM JlonGacca [1] sABISIOTCA NPUOPUTETHOW 4YacThi0 paboT Kadeapbl OOTaHUKH U
9KOJOTUU JIOHEIKOTO TOCYJAapCTBEHHOTO YHHBEpcuTeTa [2-5], TOe pemarmTcs Kak
TEXHOJIOTUYECKHE 3a/adl B OCYILECTBIECHUH pAAa ONTUMHU3ALMOHHBIX paldoT, Tak H
BHE/IPSIIOTCSI B MPAKTHKY BBICHIETO 00pa3oBaHUs [6] Te JOKadbHBIE ITOCTHIKEHHUS, KOTOPBIC
OCYILECTBIIIIOTCS C LENbI0 JAHAMA(THOrO, JAEKOPAaTUBHOI'O OOOTrallleHHs] TeXHOTEHHBIX U
rycroHaceneHHbix Tepputopuit CeBeproro [Ipua3zoBbs. Panimonanu3zatopckoi 3agadeil Takux
paboT CIy’)KUT HAKOIUIEHHE NPAaKTU4eCKOH MHpopMmauuu o Haumbosee aJanTHUPOBAHHBIX U
MPUCTIOCOOTIEHHBIX MPEACTABUTENSAX PACTUTEIBHOTO MHUpPAa KakK YacTU pealnu3yeMoro
PECYPCHOTO TOTEHIMAIA TEPPUTOPUHU, EMKOCTb KOTOPOM Il KOMIIAKTHU3AalMM KU3HEHHO
BaXHOTO TIPOCTPAHCTBA HYKJIAeTCS B HAMOJIHEHUH OOBEKTaMH, PpEryJIUpYIOLIIMU
MHUKPOKJIMMAT U CBOMM MPUCYTCTBHEM O0ECIEUMBAIOIIMMH BOCCTAHOBUTEIbHBIE PAaOOTHI B
HapylLIeHHbIX OMoTonax u sxoronax [7, 8].

Llenp paboThl — MpeNCTaBUTh pE3yJIbTaThl CKPUHUHIOBBIX pPabOT MO ONpPENETICHUI0
Hauboee YAA4HBIX (mpuemMieMbIX) Y4acTKOB JUTS JKCIIEPUMEHTOB 1o
(UTOPEKYIBTUBALMOHHBIM pab0oTaM B HOBBIX PEANbHBIX YCIOBHUSIX COCTOSHHS JIOKaJIbHBIX
skocucteM llentpanpHoro JlomOacca. HyXHO OTMETHTH, UTO TakOE€ HANpaBIICHHE BeChMa
OIPaBJAHO, MTOCKOJIBKY MHTETPUPYET TOCYJAPCTBEHHBIN M COLMANIBHBIN 3aIIpOC B PETUOHE B
CBSI3M C TITyOOKOH TpaHchopmanmend 3KOCHCTEM BCIEACTBUE KaK MHIyCTPUANIM3AIMK, TaK U
o0ocTpeHus mojaeMocTpecca.

Mertoandeckoii OCHOBOM Juisi BbIOOpa OOBEKTOB HAyYHOW CHENUAIU3alid B
UCCIIeIOBAaHUM M MOHUTOPHHTA SBIISIOTCS KaK aKTyaJbHbIE CBEJCHUS O COCTOSHUM OMOTOIIOB B
peruoHe [9—14], Bkitoyas B IEpBYIO OYepelb TUATHOCTHKY MO KpUTEPUIM (UTOKOMIIOHEHTOB,
a TaK)Ke CBEJCHMS U TEXHOJOTMUECKUE MPHEMBI, OJYUYSHHbIE U allpOOMPOBAHHBIE B IPYTHX
tepputopusix Poccuu [15—17] no HoBelmM pazpaboTkaM AUCTAHIIMOHHOTO 30HIUPOBAHUS U
II0JIEBOTO OIBITHOI'O KOHTPOJIS IIPY COBMELLIEHUH JJAHHBIX CO CITyTHUKOB M HENIOCPEACTBEHHON
HAa3eMHOM  MHCTPYMEHTaJIbHOM  pabOTBHl  YYEHBIX. [IpombrnenHass ~ OoTaHMKa,
duToTeCTHpPOBAaHWE M YCTAaHOBICHHWE aJaNTallMOHHBIX MeXaHu3MoB pactenuil [18-20]
OIIPEJICTICHHO COIPSDKEHBI CO CIIOKHON KapTHHOW OMOTeOXMMHUECKHX mporeccoB [21-23],
aHAJTM3UPYEMBIX KaK B PETPOCIEKTUBHOM OTHOMICHUH [24], Tak U TpeOyIOUUX aKTyalIbHOU
NepCrneKTUPUKAIUN JaHHBIX JUIS PAllMOHAIBHOIO TMPHUPOOIOIb30BAHUS B 3KOJOTHYECKH
HaNpsOKEHHBIX PErHOHAX, CPEH KOTOPBIX Bhiaensercs u Jlonbacc.
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3a OCHOBY JIJIsl JOCTHOKEHHUSI IS OBUTH B3SIThI MOJICJIBHBIC TEPPUKOHBI (TEPPUKOHUKH ),
KOTOpbIE 10 crenu(uKe pacrojoXKEeHUS] W pPEalbHOH JOCTYIMHOCTH K HCCIICAOBAHUAM
MPEJICTABISIOT COOOW IUIONIAKA B MHOTOJICTHHX YK€ pealM3yeMbIX paboTax, a TakKxKe,
0€3yCI0BHO, HYXIAIOTCS B IOCTOSHHOM MOHHTOPHHIE YCICIIHOCTH CYIIECTBYIOIIMX U
pa3paboTke OoJyiee MPOMYKTUBHBIX CIOCOOOB o3eneHeHwus. JIOKanuu YYeTHBIX IUIOMIAIOK
[pe/ICTaBIICHbI HA PUCYHKE 1.

Puc. 1 — Cxema pacnonoxeHus y4eTHbIX IIJI0IIAI0K I aHAIN3a MPOEKTUBHOTO MOKPBITUS
peMeauaHTaMy B TEXHOTE€HHBIX 3kocucTemax Jlonenka u MakeeBku

Haubonee xombopTHbIMU Ui 3(PPEKTUBHOCTH O3€JICHEHUS TEPPUKOHHMKA SIBISIOTCS
CEBEPO-BOCTOUHBIE CKJIOHBI. OpPTOJOKCAIBHO BOCTOYHBIE SKCIIO3UIMH OOJIbILIE MOIBEPKEHBI
50JI0BBIM TpoueccaMm B JloHOacce, I0)KHBIE M 3araJHble SKCIO3MINU SBISIOTCS KPUTHYECKU
CIIO)KHBIMU IO HPHUYMHE BBICOKHUX JIETHMX TEMIIEPaTyp, YTO HUBEJIUPYET BO3MOXKHOCTb
(UTOPEKYIBTUBALMOHHBIX PA0OT B YCIOBUAX OTCYTCTBHUS INPEIBAPUTEIBHBIX MAaHUIYJISAIMNA
IPYHTONOATOTOBKU U (HOPMUPOBAHMSI IEPBUYHOIO TPABSIHUCTOTO Apyca.
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Bonee neranpbHO Ha pHUCYHKE 2 MPOJEMOHCTPHPOBAHBI XapaKTEpPhl PACTUTEIHLHOTO
MIOKPOBa TPABSIHUCTOTO sipyca Uil TEPPUKOHOB 3 U 7, 4TO MaéT BO3MOXKHOCThH IPOBOIMTH
muddepeHranuo Ha MHKPOIKOTONMMYECKOM YpoBHE. HyXHO OTMETHTh, 4YTO MPOLEHT
aocomotHOoro 3aaepHenus (98-100% mnpoeKTUBHOTO MOKPHITHSA) XapaKTepeH TOJIbKO 10 45-
55% ydYeTHBIX IUIOIIAJ0K, YTO CO3JaeT HEOOXOAMMOCTH MPOAOJDKEHHSI ONTHMU3ALMOHHBIX
paboT HA ATUX TEPPUTOPHUSIX.

AT
-

Puc. 2 — Jleranuzanus y4eTHBIX IUIOMIAI0K IO (POPMHUPOBAHUIO PACTUTEIBHOTO TOKPOBA B
Pa3HBIX YacTAX OJHOM YYETHOM IIOMIAKH MOHUTOPHUHTA TEXHOTEHHOTO 00BEKTa

CocTaBiieH CNHCOK BUIOB PACTEHUH, MOJHOIICHHO MPEACTABIEHHBIX B COOOIIECTBAX
yCIenrHoro (hOpMUpPOBAHKS PACTUTEIBHOTO IIOKPOBaA TPaBIHUCTOTO spyca: Phleum pratense L.
(B 60BIIMHCTBE cy4yaeB (GopMHUpPyEeT MOHOJTOMUHAHTHBIC 3aPOCIIH U BBIICPIKUBACT BHICOKHI
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ypOBEHb TOKCHYECKOM Harpy3ku), Plantago lanceolata L., Elytrigia stipifolia (Czern.) Nevski,
Astragalus cicer L., Trifolium campestre Schreb., Echium vulgare L. (B skcriepuMeHTaIbHBIX
coo01miecTBaXx MOTYT BBICTYIIaTh B Ka4eCTBE CyOJOMUHAHTOB, YAOOHBI U1 cOOpa CEMEHHOTO
Marcpuaia u pacipoCTpaHCHUA JJIEMCHTOB JUCCEMHWHAIIUN B npeacinax cBOEH
CyOmonyJIsSIMOHHOM CTPYKTYpPbI Ha TeppukoHe), Picris hieracioides L., Verbascum lychnitis L.,
Trifolium pratense L., Oenothera biennis f. stenopetala (E.P.Bicknell) B.Boivin, Cirsium
vulgare (Savi) Ten., Setaria verticillata (L.) P. Beauv. (¢ Touku 3peHHs T€000TaHUYECKOM
IpEACTAaBJICHHOCTH paCCMaTpHUBAKOTCA B  KA4€CTBE ACCEKTAaTOPOB, HUIPAOT BaXXHYIO
ANArHOCTUYCCKYTO q)YHKLII/IIO, OAHAKO UX MPCACTABJICHHOCTb B pPa3HbIC IroAbl MOXKET CHUJIBHO
BapbupoOBaThb, 4TO, IIO-BUAUMOMY, CBA3AHO C HHAWBHUAYAJIbHBIMHA BUAOBbIMU OCO6eHHOCT${MI/I,
T.€. TAKCOHOCTIEM(DUYHO HA BUAOBOM YPOBHE MPH OIIEHKE PEKYJIHTUBAIMOHHOTO YCIIeXa).

Taxum 06p8.30M, B 4YHUCIE CaMbIX HeﬁCTBeHHBIX METOAOB II0 BOCCTAHOBJICHUIO
HapyLICHHBIX TEPPUTOPUNA B IIPAKTUKE SKOJOTMYECKOrO0 KOHTPOJIS OINpPEIEIICHA BaXXHOCTH
IIO3TAIIHOT'O CO3daHUs YCTOﬁQHBOFO PaCTUTCIIBHOI'O IMTOKPOBA, COXPAHAIOIICIO KaK I'PYHTOBO-
MMOYBEHHBIN CJIOW M MPEIOTBPAIIAIOIIETO IPO3HI0, & TAKKE (OPMHUPYIOMIETO OJIaronpUsTHYIO
MHUKPOKIMMATHUYCCKYIO CpEAy B yp6aHI/ISI/Ip0BaHHHX WM TEXHOI'€CHHBIX 3KOTOIIaxX C IOMOIIIBIO
OTACJIIbHBIX BUI0B paCTeHHﬁ.

Hccnedosanue 6binonneno 6 pamkax MON0OedicHoU nabopamopuu «/uaznocmuxa u MexaHuzmvl
adanmayuy  NPUPOOHBIX U  AHMPONOZEHHO-MpanHchopmuposannvix — skocucmem  Houmbaccay  (nomep
2ocpeaucmpayuu 124051400023-4).
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RATIONALE FOR THE CHOICE OF PLANT SPECIES FOR RECLAMATION WORKS IN
TECHNOGENIC ECOTOPES OF DONBASS

Annotation. Among the most effective methods for restoring disturbed territories in the practice of environmental
control are defined methods and ways of phytoreclamation works, that is, the step-by-step creation of a stable
vegetation cover that preserves both the ground and soil layer and prevents erosion, as well as forms a favorable
microclimatic environment in urbanized or technogenic ecotopes. The work analyzes the exposure of waste heaps
in the most favorable places in testing phytorecultivants from among the natural flora of the region for the territory
of Central Donbass.

Keywords: phytooptimization, recultivation, phytoindication, polemostress, Donbass, phytoquantification,
environmental monitoring, ecosystem diagnostics.
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YIK 577.3

BUBPALIUUN KEJE3HOAOPOKHOI'O TPAHCIIOPTA, KAK 9KOJIOT'MYECKASA
COCTABJIAIOIIAA B I'OPOJE JOHELIKE

Peyykasa B.B.
Hayunwii pykosooumens: Kopnuenxo B.O., kano. ouon. nayk, oouenm
DI'BOY BO «/lonl’Y»

Aunomayus. B crarbe mpeacTaBieHbl Pe3yJbTaThl MCCIICAOBAHUS BHOPAIMOHHOTO BO3JCHCTBHS TpaMBaeB Ha
JepeBbsi pazauyHbIX nopoxn (Populus nigra, Acer negundo, Robinia pseudoacacia, Ulmus laevis). Ananms
MIOKa3aJl, YTO ABM)KEHHE TPAMBACB BBI3BIBACT BHOPAIMU C MUKOBBIMH 3HAYCHUAMH aMIUIATYIbI OKOJO 10 MKM H
JOMHUHHPYIOMHUMHA HU3KUMH dacToTaMu (<10 I'm) u BeicokmMu gactoramu (27-130 I'm). Bubpammm ot moe3nos
UMEIOT OoJiee MUpPOKMi gacToTHBIN auanasoH (1-200 I'm u Bemme). [lapamiensHo ¢ UccleTOBaHUEM BHOPAITHIA,
OBbLT MPOBEJCH aHAJIN3 TPAHCIOPTHOTO TMOTOKA BIONb mp. IlaBmmx KommyHapoB, BBIIBUBIINN IpeoOramaHue
nerkoBoro tpaHcmoprta (10-12 ex./mun). MakcuManbHEIN YpOBeHb IIyMa, 3a()MKCHPOBAaHHBIH B palioHEe Iemo
Baosb np. [TaBmmx KomMmyHapos, cocrasui 80,9 nb.

Knroueswie crosa: BUOpaiys, yM, TpaHCIIOPTHBIH MOTOK, JPEBECHBIC PACTEHHUSI, SKOJIOTHS.

Beeoenue. Bubpauuu sBIsSIOTCS HEOTHEMIIEMOH YaCThIO OKPYKAIOIIEH Cpe/Ibl, OKa3bIBast

KaK CTaTMYECKOe, TaK W JMHAMHUYECKOE BO3JCiCTBHE Ha KMBble OpraHu3Mbl. OCHOBHBIMU
HUCTOYHMKAMM 3arps3HEHHMS] U KaK CJIEACTBUE MPOSIBICHUE SKOJOTMYECKUX HApYyIICHUH B
ropofckoit cpene JlonOacca sBisieTCs aBTOTPAHCIOPT, PE3yNbTaThl BOEHHBIX ACHCTBU,
IIPOMBILJICHHBIE TPEANpPUATHS, BETEP, OCAIKU, INEpEMEIIeHHE >XUBOTHBIX MU J1p. [1-18].
JluHaMuueckoe BO3/EHCTBHE BUOpAIMil OT KEJIE3HOIOPOKHOIO TPAHCIOPTA HPOSIBISAETCS B
M3MEHEHUSAX JaBIICHHUS B TOYBE M OKpYy)Karomiem Bo3ayxe. [10700HO BETpOBBIM Harpyskam,
BUOpAIMKM TOPOXJIAIOT KOJIeOaHUsl MOYBBl M aKyCTHUECKHE BOJIHBIL, KaXKJ0€ U3 KOTOPBIX
okaspiBaeT crenuduueckoe BiusHUe [9—11]. Onpnako BuOpamuss — 3TO HE TOJBKO
MOTEHIIMAJIbHAs IOMEXa, HO U BXKHBII HCTOYHUK MH(OpMaIK 00 U3MEHEHHSX B OKpY KaroIien
cpeme, oco0eHHO B Topojackor cpeme [12—-16], moABEpKEHHOW  BO3JAEHCTBUIO
KEJIe3HOJOPOKHOro TpaHcnopra. IlomoOHO TOMy, Kak J>KMBOTHBIE CO34al0T BHOpaluy,
KENEe3HOAOPOKHBI ~ TPAHCHOPT  SIBJISIETCS  HMCTOYHMKOM  TOCTOSIHHBIX  KOJIEOAHWH,
BO3/ICHCTBYIOIIMX Ha MOYBY, 37JaHUA U UHPPACTPYKTYPY, a TAK)KE OKa3bIBAIOIMX BIMSHUE HA
XUBbIe opranu3mbl. [10100HO TOMY, Kak BETep M0-pa3HOMY BO3/IEUCTBYET HA PA3IMYHBIE YaCTU
pacTeHusi, BUOpalMK OT KeJE3HOJOPOKHOIO TPAHCIOPTa MOTYT HEOIMHAKOBO BIMATH Ha
OKPY>KaIOIIyI0 TOPOJCKYIO CPENy, PACIPOCTPAHSSACH Ha pa3HbIe PACCTOSHUSA U B3aUMOJICHCTBYS
C Pa3MUYHBIMU TUIIAMHU NOYB. B TO BpeMms Kak B €CTECTBEHHOW cpejie BUOpallMi MOTYT HECTH
nH(popMaluoo 0 Haauuuu GurodaroB U ObITh BaXHBIM (XOTS U HE BCeraa OnaronpusiTHBIM)
MCTOYHUKOM HMH(OPMAIMK A PACTeHUH, BUOpAIMM OT >KEIEe3HOAOPOKHOTO TPaHCIOPTa
CIly’)kaT CHTHajJoM OO0 aHTPONOreHHOM BoO3JAeHCTBUU. TakuM oOpa3oMm, BHOpaluu
NPEACTAaBISIOT  cOO0M BaXKHYIO OSKOJIOTMYECKYI0 COCTaBISIOIIYI0 TOPOJCKON  cpensl,
TpeOYIOIIYIO THIATEIILHOTO U3y4YeHHS U otleHkH [17,18].
B cBs3M ¢ BBINIEU3I0KEHHBIM, OCHOBHOM 1I€bI0 JTaHHOM PabOTHI SIBJISETCS HCCIEIOBaHUE
BIUSHUS BUOPALMOHHO-aKyCTUYECKOTO IIyMa Ha JKHU3HECHOcoOHOcTh Tomonst bome,
npouspacratoniero Ha npocnekre [laBmux Kommynapos n ynune MBana TkadeHko B ropone
Honerxke.

Mamepuanwt u  Mmemoowl. Hccnenosano BUOpAaIlMOHHOE  BO3JeicTBHE
YKEJIE3HOIOPOKHOTO TpaHCIopTa, TpamBaid 1o mapmpyty Ne3, r. JloHelK, Ha >KUBbIE TKaHU
JepeBbeB. M3yueHbl y4acTKU TpaMBalHOM KOJIEW C PAa3IMUHBIM PacCIOOKEHUEM HaCaKIEHUN
(Populus nigra, Acer negundo, Robinia pseudoacacia v ap.) oTHOCUTENBHO TTyTel. 3mMepenus
BUOpaIii MpOBOAMIIMCH Ha KOPHAX U CTBOJaX JepeBbeB. Hampumep, nBuxkeHue Tpamaas (10
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15 xM/4) BBI3BIBAJIO HA KOpHE Acer negundo BUOpalUU JUIUTEIHHOCTHIO 10 7,5 ¢, C TUKOBBIMU
3HAYEHUSIMU aMIUTATYAbI OKOJIO 10 MKM.

| |

a)

6) A A A AR

Pucynok 1 — Ocrmutorpamma Bubparnuu Kopas Acer negundo (a) u Robinia pseudoacacia (6)
B TOM e psaxy. Macmrad ueptsl — Ic

BuOpannoHHO-akyCTHYECKHE  HCCIEIOBaHUS  MPOBOAWIM  BAOdb mp. [laBmmx
KommyHnapoB u yi. Bana Tkauenko r. Jlonenka (puc. 2). M3MepeHus ypoBHs IIymMa U
BUOpanwuii mpoBoamy ¢ marom 30-50 MeTpoB B HETTOCPEACTBEHHON OJIM30CTH OT aBTOTPACCHI
C MCIIOJIb30BAHUEM OTKAJIMOPOBAHHOIO IIIyMOMEpa.

et 1=
Pucynok 2 — tepputopus ucciaenyembix 00bekToB Baoub mp. [lapmux KommyHapos u
yi1. iBaHa TkaueHKO

KuznecnocoOHOCTh U 0OIIEe COCTOSHUE JPEBECHBIX PpACTEHUH OIEHHUBAIMCh C
IPUMEHEHUEM UHTETPpaJIbHOM OOIIETTPUHATON 1IKabl AJeKceeBa.

PesyabTarbl mcciaenoBaHuii M MX o0cykaenus. B paiione geno mp. IlaBmmx
KommyHapoB 3ahUKCHpOBaHbI CIIEAYIONMINE 3HAYCHUSI YPOBHS IITyMa: MakcuMaibHbIN — 80,9 b,
MUHUMaIbHBIN — 59,0 1b (puc. 3). [IpoBeneH aHanu3 MHTEHCUBHOCTH TPAHCIOPTHOTO MOTOKA
BJIOJIb HCCJIEIyeMbIX ydacTKoB. OTMeueHO mpeobiasanue JierkoBoro Tpancmopra (10-12
€/1./MUH), TIPH TOM aBTOMOOMIIN OT€YECTBEHHOTO IIPOU3BO/ICTBA COCTABIISAIOT MEHBIIYIO J10JT0
(4-5 en./mun). BHeTOpOKHUKH BCTpedaroTcst pexe (okoio 1 en./muH), aBTOOyCH — MeHee 1
e/1./MuH.

Cpean  OOIIECTBEHHOTO  TpaHCIOPTa  JIOMHUHHPYIOT  MHUKpPOAaBTOOYCBHI,  4TO
CBHUJIETEJILCTBYET O crHeuuduke TpaHCIOPTHOM WHGPPACTPyKTypsl ropoja. KomumuecTBo
OOJBIINX U CPEIHUX aBTOOYCOB 3HAUUTEIBHO HUXKE, TPOJUIEHOYCHl KypCUPYIOT C UHTEPBAJIOM
okoJj10 8-10 MuHyT. B rpy30BOoM noTOKe MpeodiaiatoT Ipy30Bble MUKPOABTOOYCHI, YTO MOXKET
yKa3bIBaTh Ha 0COOEHHOCTH JIOTUCTUKH U IPYy30IE€PEBO30K B JAHHOM paiioHe.
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PucyHnok 3 — AMIUIMTYJHO-4aCTOTHBIH CIIEKTp, NOIY4YEHHbIN B MecTe [leno Ha mpocriekre
[TaBmmx KommyHapoB

BuOpauvionnsiii ananu3 Robinia pseudoacacia BbISIBUIT JOMUHUPYIOUIHME HU3KHE
gactoTsl (<10 I'r): 4; 0,8; 1,25; 1,88 I'l. B nuana3zone Bbicokux 4acTtot: 27-33; 60-74; ~108;
~120; ~130 T'm. AmmiuTtyga BuOpanuid 3aBUCHT OT HAmlpaBJICHUS W TIIyOMHBI KOPHEBOM
cuctemsbl. [Ipu kperieHun parumka Ha Bbicote 25-30 cMm y R. pseudoacacia npeobiamgaroT
gactotel 60-70 I'm (¢ menbmedt ammutymnod 120-140 T'm). YV nmepeBbeB BTOpOro psna
ToMUHUPYIOT 9acToThl 30-35 u 60-65 ' (muku menbmen ammutyasl ~100 '), Konebanus
oT TpamBaeB y R. pseudoacacia mepBOro psia He3HAUYUTENIBHO BBIIIE, YeM BO BTOPOM (puc. 4).
AHanu3 BHOpPAlIMOHHOTO BO3ACUCTBUS HA R. pseudoacacia u Populus pyramidalis nokasain
npeobnaganue yactor 30-60 ' (muku MeHbuX amMruutyg ~8, ~16, ~100 ', B HEKOTOPBIX
coydasx 170-180 m >200 I'm). AmmumTynsl BUOpanmuii Ha JEpeBBSIX IEPBOTO psijia
HE3HAYUTEIHHO BHIIIE, Y4EM BO BTOPOM (PacCTOSTHUE ~3 M).

a 0

Pucynok 4 — AMIUTUTYIHBIE CTIEKTPBI BUOpALMK CTBOJIOB Robinia pseudoacacia OT ABUKEHUS
TpamBasi: a — B TIEPBOM PsIy; O — BO BTOPOM PsIy 3€TIEHON MOTOCHI
a 0

Pucynok 5 — AMmunTyHbIe CIeKTphI BUOparuu ctBona Robinia pseudoacacia ot IBUKEHUS
TpaMBasi; a — B TIEPBOM Psy; O — BO BTOPOM PSITy 3€JIC€HON MOJIOCHI

Bubpanuun R. pseudoacacia MexIy TpaMBailHBIMM HYTSAMH 3HAUUTENIBHO CHUJIbHEE U
MPONOJKUTENbHEE, YeM OMHCaHHbIe paHee (puc. 5 0, 4a). YacToTHBINA AMana3oH — OT JOJEH
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repua 10 100 I'u u Beimze (puc. 6 6). [TukoBbie 3HaUSHUS pa3NUyalOTCs y pa3sHbIX JePEBLEB U3-
3a OIU30CTH K AeeKTaM TpaMBalHBIX MyTeH, BBI3BIBAIOIIUM 3TH CUJIbHBIC BUOpAIIUH.

Ha yuactke TpamBaiiHON Koien Ae(EKTbl BBI3BIBAIOT BUOpAIMIO TPyHTA. AMILTUTYIA
BUOpaIuy BhIIE Ha JepeBbsiX Pinus excelsa Ha 3aacdansrupoBaHHO# 1uiomanke (Puc. 6 a),
4yeM Ha camoii miomajake (Puc. 6 0), u3-3a pacupocTpaHEHUs BOJIHBI 110 KOPHSAM C MEHBLINM
3aryxanueMm. Kupnuunselii 3a00p CHUKAET aMILTUTYy Ha momaake. Bubpauuu Ulmus laevis
OT TOBapHBIX MOE37I0B UMEIOT 00JIee MUPOKHIA YaCTOTHBIN quarmasoH (1-2, ~8, ~30, ~55, 75-90,
115-120, 145-160, 190-200 I'ty). Hu3kue 9acToThl MOIYIUPYIOTCSI CKOPOCTHIO M PACCTOSTHUEM
MEXJly KOJE€CaMU BaroHOB, BBICOKME IEPEKPBHIBAIOTCS C TPaMBallHBIMM M COOTBETCTBYIOT
aKycTHuueckoMy Irymy. Bubpanuu nepenaroTcst Ha CTBOJ JepeBa Kak 4epe3 IPyHT, TaK U IO
BO3/YXY.

37U, MmB

Pucynok 6 — [Ipumep ocumiorpaMMbl BUOpaIMK CTBOJIA POOMHUM TICEBI0AKALIMH (a), OT
JIBYDKEHUS TpamBas. Macmtab uepTsl — 1¢. AMIUIUTYIHBIE CIIEKTPBI OCLMIIOTPaMM
BUOpanuii (6)

Pucynok 7 — Ilpumep ocumsuiorpaMMbl BUOpaIiuy CTBOJIA Bsi3a IVIaJIKOTO, BBI3BAHHON
JIBUKEHHEM TOBapHOTo noesza (a). Macmrab ueptsl — 100 Mc. AMIUIUTYIHBIE CIEKTPbI
ocuiorpamm (0)

JIBuKeHHe K7 TpaHCIOpTa BBI3BIBACT BUOpALMU JIEPEBHEB B AHMAMAa30HE YacTOT OT
equuuil 10 200 ' u Beie, ¢ nukamu B paitoHe 30-80 'ty C 3Ko10ru4eckoil TOUKu 3pEHUsl, ST
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BUOpAIlMM  SIBIISIFOTCS  TIOCTOSIHHBIM ~ (DaKTOpOM ~ BO3/ICUCTBUS, TPEOYIOIIMM H3YUYCHHS
ouonornueckux 3dpdexroB. Pazmuums B CcBOWCTBaX JEpeBbREB MOTYT BJIHMATh Ha HX
YCTOMYUBOCTh K BHOPAlMOHHOMY M XHMHYECKOMY BO3/ICHCTBHIO TPAHCIIOPTa B TOPOICKOM
cpene, 9To TpeOyeT NalbHEHIINX uccaeoBaHni. YaCTUYHO NEpBhIC AT B TOM HAIlPABJICHUN
ObuTH crenanbl B 2024 rogy U olieHeHOo cocTosiHue Tonods boiie (puc. 8).

Pucynok 8 — Hapymenus crBona Populus bolleana L. na ynuue MBana TkaueHko u

mp. [TaBmmx Kommynapos

[Tpumeuanus: A — cTBOJIOBasi THUJIb; b — OTKpBITEIE paHbI IOCIIE HENPaBHIIbHOM 00pe3KH
WM 00JI0Ma CKeJIETHBIX BeTBeH; B — oTciioeHne Kopbl iepeBa.

Bb1600bi. AHanu3 naHHBIX MMOKa3al, YTO ABM)KEHHE TPAMBAeB BBI3bIBAECT BUOpAIMM C
MTUKOBBIMH 3HAYEHUSMHU aMILTUTY/IBI OKOJIO 10 MKM M TOMUHHPYIOIUMHA HU3KUMH YaCTOTAMHU
(<10 I'm) u Beicokumu yactotamu (27-130 I'm). [lapannensHO ¢ HccnenoBaHUEM BUOpALIUA,
OBLT TIPOBEJIEH aHAJIN3 TPAHCIIOPTHOTO TIOTOKA BJIOJb, BEISIBUBIINI MPeoOiaaHie JIETKOBOTO
TpaHcnopta (10-12 en./mMuH) M 3alIyMJIeHUsS TEPPUTOPUHU: MAKCHMAJbHBIH ypOBEHb ILIyMa,
3aukcupoBaHHBIM B paiioHe neno Baonb mp. [laBmmx Kommynapos, cocraBun 80,9 nb.
JanpHeine ucciaeqoBaHuss OyAyT HallpaBieHbl Ha MOUCK OTBETHBIX PEAaKLUH JpeBECHBIX
pacTeHuii, a TakXKe OICHKE COCTOSHUS BUIOB B YCIOBHSIX JCWCTBUS BBISBJICHHBIX 3HAUCHHH
¢uznyeckux GpakTopoB.

Hccneoosanue evinonneno 6 pamkax oesimebHOCMU  MONOOENHCHOL /za60pam0puu
«,ZZuaZHocmuKa u MEXAHUIMbL a()anmauuu npupoaﬁbzx u AHMPONOCERHO-

mpancopmupoganuvix  skocucmem  [onbaccay  (Ne  ecocpecucmpayuu  HUOKTP
124051400023-4).
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ANTHROPOGENIC FACTORS AND THEIR IMPACT ON THE BIODIVERSITY OF WOODY
PLANTS IN CITIES. (REVIEW OF THE LITERATURE)

Annotation. The article presents the results of a study of the vibration effect of trams and trains on trees of various
species (Populus nigra, Acer negundo, Robinia pseudoacacia, Ulmus laevis). The analysis showed that the
movement of trams causes vibrations with peak amplitude values of about 10 microns and dominant low
frequencies (<10 Hz) and high frequencies (27-130 Hz). Train vibrations have a wider frequency range (1-200 Hz
and higher). In parallel with the vibration study, an analysis of the traffic flow along the ave. Fallen Communards,
which revealed the predominance of light transport (10-12 units/min). The maximum noise level recorded in the
depot area along the ave. The number of fallen Communards was 80.9 dB.

Keywords: vibration, noise, traffic flow, woody plants, ecology.

Reutskaya V.V
Scientific director: Kornienko V.O.,PhD in Biological sciences, Associate Professor Donetsk state university
E-mail: reutskaya lerochka@mail.ru

69



Bectauk CHO IOHHY. Bein. 17. Tom 1. EcrecTtBeHHbie Hayku. — 2025

YIK 577.3

BJIMSHUE AHTPOIIOT'EHHBIX ®PAKTOPOB HA COCTOSIHUE IPEBECHBIX
PACTEHUM B ITPOMBIIIJIEHHBIX I'OPOJAX

Peyykasa B.B.
Hayunwiii pykosooumens: Koprnuenxo B.O., kano. 6uon. nayk, ooyenm
DI'BOY BO «/lonl’Y»

Annomayus. JlanHas pabora MOCBSIIEHa aHAJUTHYECKOMY 0030py COBPEMEHHBIX MCTOYHUKOB MH(OPMALUH IO
BIIMSHHUIO AHTPOIIOTCHHBIX (DAaKTOPOB HAa COCTOSHHE IPEBECHBIX PACTEHUH B TOPOACKOH cpene M BOIHM3H
MIPOMBIIIJICHHBIX MPEANPUATHH. PaccMOTpeHBI pe3ynbTaTsl MCCIIEAO0BAHHUM, MOCBSIICHHBIX OIEHKE COCTOSHHS
IIOYB U PACTEHHH, MPOU3PACTAIOIINX HA TEPPUTOPHAX C PA3HON CTENEHBIO aHTPOIOTeHHOW Harpysku. Ocoboe
BHUMaHHE YICIICHO BO3ACHCTBUIO 3arpsA3HEHUS BO3MYIIHONW CPEIbl U MOYB, HA KU3HEHHOE COCTOSHUE, BUIOBOH
cocTaB U (PU3MOIOTHUECKUE XapaKTEPUCTHKU JIPEBECHBIX pacTeHHi. B pabore maercs oleHKa yCTOWYHMBOCTH
Pa3INYHBIX BUIOB JIEPEBHEB K AHTPOIOIPECCHHTY, aHAIM3UPYIOTCS AWArHOCTHYCCKHE NPHU3HAKU YXyAIICHUS
COCTOSIHMSI pAaCTEHUH M pacCMaTPHUBAIOTCS CTPATErHU YIYUILICHUS COCTOSHUS YIUYHBIX HACKACHHH.

Kniouegvie cnosa: 3enéHble HACaKACHMS, APEBECHBIC PACTEHUS, AHTPOIOTCHHBIH (akTop, ypOaHU3aIMs,
ropozcKas cpefa.

Beeoenue. Topoackas cpefa CylIeCTBEHHO OTJIMYAETCSl OT €CTECTBEHHBIX YCIIOBHM, B
KOTOPBIX ~ mpoucxoaminio  (opmupoBanue  (QU3HOIOTHYECKHX W MOPQOIOTHYECKUX
ocoOeHHOcTel JpeBecHbIX pacTeHuil. CTaHOBIEHHME TOpPOJOB BEAET K CO3JaHUI0 HOBBIX
HKOCUCTEM, TZI€ B3aUMOCWCTBUE AHTPONOTCHHBIX (PAKTOPOB C MPHPOJHBIMH IPOLECCAMH
CTaHOBUTCS KJIOueBbIM acrnekroM [1-3]. B ycnoBusx ypOaHu3anuu JpeBecHbIe pacTeHUs
MOJIBEPTalOTCsl BO3ACHCTBUIO MHOKECTBA aOMOTUYECKHX U OMOTHYECKUX CTPECCOPOB, TAKHX
KaK 3arps3HEHUE BO3JyXa M IIOYBbI, HEJOCTAaTOK BIJIard, IIOBBIIIEHHAs TeMIleparypa,
MEXaHUYEeCKHE MOBPEkKACHUSI, BUOPAIIMOHHO-aKyCTHUECKHUI IIyM, YTO MOXET NMPUBOIUTH K
CHID)KEHHUIO BUJIOBOTO COCTaBa JIPEBECHOM pacturenbHocTH [4,5]. KomiuiekcHoe Bo3nencTBre
3TUX (PaKTOPOB MOKET BBI3bIBATh U3MEHEHMsI B Mopdosioruu (Hanpumep, n3MeHeHHe (HopMbl
KpOHBI), (hr3nonoruu (Hanmpumep, CHUKEHUE NHTEHCUBHOCTH (DOTOCHHTE3a) U YCTOMUUBOCTH
K HeONaronmpusTHBIM YCJIOBUSAM OKpYyXkaromiel cpensl [6-8]. HempaBuibHble moaxoabl K
03€JICHEHHIO C HCIOJIb30BAaHHEM HHTPOIYLIEHTOB 0€3 ydeTa HKOJIOTMYECKHX OCOOEHHOCTEeH
MECTHOCTH TaKK€ NPUBOAAT K HEraTuBHbIM mociuenactsusM [9,10]. Baxno mnpoBoauTh
MOHUTOPHHT COCTOSIHUSI JIPEBECHBIX HACAKACHUH B pa3lMYHBIX 30HaX ypOaHM3MPOBAHHOU
Cpelbl, 4YTOOBI BBIIBUTH KIIIOUEBBIE IPOOIEMBI U HANTH MyTH UX PELIEHMUS.

B cratbe H.E. CepeOpsixoBa ¢ coaBropamu [11] uccnenyercss BAMsIHHE aHTPOIOT€HHO
TpaHC(OPMUPOBAHHBIX MOYB (YpOOIOYB) Ha YCTOMUMBOCTH APEBECHBIX MOPOJ B YCIOBUIX
ropozackoii cpemsl Momkap-Onbl. M3y4anoch COCTOSHHE MOYB M PACTEHMH B PasIMUHBIX
JIOKAlMSIX TOPO/A, XapaKTEpU3YIOLIUXCS pPa3HOM CTENEHbI0 aHTPOIONeHHOM Harpys3KH.
OTmeueHo, 4TO TIpaHYJOMETPHUYECKUI COCTAaB TOYBBI HA MCCIEAYEMBIX ydacTKax
MPEUMYILIECTBEHHO CYTJIMHUCTBIN, C TEHACHIMEN K YTSXKEICHUIO B IPUIOPOKHBIX 30HAX U Ha
IUIOLIA/IAX, YTO CBUAETEILCTBYET O IOBBIIMIEHHON AaHTPOIIOI€HHOW Harpyske (Hampumep,
VIUIOTHEHUH). YIJIOTHEHHE TOYBBI, OCOOEHHO BBIPAXEHHOE BOJIM3M aBTONOPOT U
aBTOIIAPKOBOK, HETATUBHO CKAa3bIBa€TCi HA POCTE U DPA3BUTUU JEPEBHEB, BBI3BIBAS
CYXOBEPIIMHHOCTb. BBISBIEHO MOBBIIEHHOE COAEPKAHUE HEPTENPOLYKTOB B IMOYBAX C
MHTCHCUBHBIM JIBM)KEHHEM AaBTOTPAHCIIOPTA, YTO TPUBOAUT K HU3MEHEHUSM (PU3HKO-
XUMHYECKUX U MUKPOOHOJIOTMUYECKUX CBOMCTB MOUBBI, CHUXAs MPOYKTUBHOCTH OMOIIEHO30B.
Taxxe 3aduxcupoBaHa mienodyHas peakuus noussl (pH mo 8.2), yTo MOXeT orpaHHMYMBATh
JOCTYMHOCTh psifia MUTATENbHBIX 3JEMEHTOB JJI PAacTeHHM, HE aJalTHUPOBAHHBIX K TaKUM
ycnoBusaM. HecMoTpst Ha 3T0o, OTMeUaeTcsi BHICOKOE COAEp KaHUE MOJIBUKHBIX (OPM Kajus U
JIETKOPACTBOPUMBIX coennHeHHH docharoB, HEOOXOMUMBIX IJis pocTa pacteHuil. OaHaKo, 3TO
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MOXET OBITh CBSI3aHO C AHTPOIOTEHHBIM 3arpsi3HEHHEM (HalpuMep, OTXOAAMHU JOPOKHOTO
JIBUKEHHUSI WIM BHeceHueM yaoOpenuit). OrneHka >KHU3HECTOWKOCTH pacTeHuil (psOuHa
OOBIKHOBEHHAsSI, JIMIA MEJIKOJIMCTHAs, e1b Komouas "Glauca" u enb eBporeiickas) 1o
umnenancy [IKT cTBona mokaszana ofliee CHUKEHHE KU3HEHHOCTH B TOPOACKUX YCJIOBHSX,
0COOEHHO BBIPAKEHHOE y PSOMHBI Ha yYacTKaX C CHJIBHBIM YIUIOTHEHUEM H IEJIOYHON TOYBOM.
VY JIUIIbI METTKOJIMCTHOM pe3yNbTaThl BAPbUPOBAIICH B 3aBUCUMOCTH OT IO/ia HAOMIOACHHUS, YTO
MOXeET OBITh CBS3aHO C KOJIEOaHMSAMHU aHTPOIIOTEHHOW HArpy3KW WM ajganTtanueil Buga. Emnp
komouass "Glauca", cuwTaomascs yCTOWYMBOM, Tak)Xe JAEMOHCTPHUPOBAIA IPH3HAKH
ocnabieHus Ha UEHTPATbHOM IUIOMIAH ¢ CHIIBHO YIIJIOTHEHHOM MOYBOH.

T. B. Tepemenko B cBoeil cratbe [12] paccmaTpuBaeT BIMSHHE AHTPOIOTE€HHBIX
(aKTOpOB TOPOJCKOH Cpebl Ha COCTOSTHHUE JIPEBECHBIX pacTeHui. [loquepkuBas, 4To JepeBbs
B Topojax, TakuMx Kak Bousrorpaa, moaBep:KeHbl BO3ACHCTBUIO 3arpsi3HEHHOIO BO3AyXa
(TBepAble YacCTUILIbl, O30H, JUOKCHU] CEpPbI, OKCHJ yIJIEpoAa, OKCHJ a30Ta) U TPAHCIIOPTHOMN
MBUIH, aBTOP UCCIENYET, KaK 3TO BO3ACHCTBUE OTPAXKAETCS HA 310POBBE JIUIbI MEIKOJIUCTHOU
U KalTaHa koHckoro. MccnenoBanue, nposeieHHoe Ha 9 yuactkax Bosrorpaja, oCHOBbIBaeTCs
Ha BU3YaJIbHOW OLIEHKE COCTOSIHUS JEPEBHEB M AHAIM3€ XUMHMUYECKOIO COCTaBa JINCTHEB U
nouBsl. Mcnonp3oBaick metonbl [OCT u cratuctudeckue nactpymenTtsl (Excel, Salstat for
Windows) 1711 BBISBICHUS KOPPEJSAIHUI MEXAY COCTOSHHEM JepeBbeB (OIEHMBAEMBIM I10
OaJIIIbHOM CUCTEME) M COJIEp/)KaHUEM XHMHUYECKUX 3JIEMEHTOB. Pe3ynbTarhl mokasaiu, 4To Ha
OOJIBIIMHCTBE YYACTKOB COCTOSHUE JIEPEBHEB OICHMBAeTCA Kak Xopouiee. CTaTUCTUYECKUN
aHAJINU3 BBISIBUJI 3HAYMMBbIE KOPPEISILIUN MEXIY COAEpKaHUEM OIpeieleHHbIX eMeHToB (Ca
u Mn B nucthsx nunbl, K u Cd B mouBe Ha yyacTKax MpoOU3pacTaHUs KOHCKOTO KalllTaHa) U
cocTosiHMeM JepeBbeB. Bricokoe comepkanune K, Ca u Fe B JUCTBSIX JHIBI TOJOKUATEITHEHO
KOpPEIUPOBaJIO CO 3A0POBbEM JIepeBheB. [ KamTaHa ObLJIO YCTaHOBIICHO, YTO COACP)KAHUE
KaJIusl B II0YBE [1OJIOKUTENIBHO BIMUSIET HA COCTOSHUE JIEPEBHEB.

A.H. Cunmopenko B cBoeil pabore [13] MOCBATHI OLIEHKE COCTOSHUS JIPEBECHBIX
HACaXJCHUM LIEHTPAIBHBIX YJIMI[ I. YCCYPHUICKa, aKIIEHTUPYS] BHUMaHUE HA UX HOHU3UPYIOIIEH
CHOCOOHOCTH M (PUTOHIIMIHOW aKTUBHOCTH. ABTOPOM OBLITH BbIIEJIECHBI HanboJIee yCTOMYUBBIE
MECTHBIE BHJbI, Takue Kak aOpHUKOC MaHBWKYPCKUN, TIpyllla yCCypuUHCKas U SCEHb
MaHBYKYPCKHIL, a TaKkKe MOKa3aHa YI3BUMOCTh HHTPOAYIIUPOBAHHBIX BHIOB (TOMOIb YEPHBIH,
KJIEH SICEHENMCTHBIM) K TOPOJICKMM 3arpsi3HEHUSM U HU3KUM Temneparypam. OleHka
COCTOSIHMSI pacTeHUi npoBoauiack no meronukam B.A. AnekceeBa u H.C. IlluxoBoi, 4to
MO3BOJISIET CPaBHUBATh INOJYUYEHHBIE PE3yJbTaThl C JAaHHBIMU JIPYTHX HCCIEIO0BAaHUN B 3TOMN
oOnacT. BoNBIIMHCTBO BUJIOB UMEIOT BBICOKMI MHJEKC >KM3HECIIOCOOHOCTH M OTHOCATCS K
3I0pOBBIM WM cJ1a00 mMOBpexJaeHHbIM. IIpeobnanaioT Monoable U CpeAHEBO3PACTHBIE
pacrenus. IloBpexxaeHus BpeauTensMu M OOJIE3HSIMHU OLEHMBAJIKMCh MO 3-0ayuIbHOM IIKae,
OOJIBIIMHCTBO PACTEHHH €1a00 MOPAKEHBI.

E.A. Tlapaxuna u gp. [14] mpencTtaBUiIM HCCIEIOBAHUE HSKOJIOTO-OMOIOTHYECKUX
0COOCHHOCTEH JPEBECHBIX PpACTEHHM YIWYHBIX HacaxaeHu B ropoae Open. ABTOpPbI
boKycHpylOTCSd Ha BHUJOBOM COCTaB€, >KU3HEHHOM COCTOSIHUM M JKOJIOTMYECKOM CTaTyce
JiepeBbeB B Topojckoil cpene. B Oprnie BBIABICHO OrpaHMYEHHOE BUAOBOE pa3HOOOpasue
yau4HbIX HacaxkaeHui (10 BuoB), c mpeobinajaHneM KOHCKOTO KalllTaHa, Oepe3bl, KU3WIbHUKA,
sceHss U uBbl Oenoi. OTMeueHBbl pas3iavuusi B BHJIOBOM COCTaB€ B 3aBUCHUMOCTH OT THUIA
3acTpoiiku. OlLleHKa »W3HEHHOTO COCTOSHHUSI TIOKa3ana MpeoOnagaHue TMOBPEXIEHHBIX
pacrenuii (45.5%), mpu STOM sC€Hb OOBIKHOBEHHBIH M KOHCKUH KalITaH OCOOEHHO
MOJBEpKEHBI BO3/IecTBUIO BpeauTeneil. HempaBuibHas oOpe3ka HEraTUBHO CKa3bIBaeTCs Ha
CaHUTAPHO-TUTUEHUYECKUX U JEKOPATHUBHBIX KAa4eCTBax JiepeBbeB. KyCTapHUKU MPOSBIISIOT
0O0JIBIIYI0 YCTOMYMBOCTHh K TOPOJICKUM YCJIOBHUSAM, OJHAKO TpeOyIOT TIIATENbHOIO YXOja.
ABTOPBI MOAYEPKUBAIOT HEOOXOJUMOCTh PACIIMPEHUs] BUJJOBOTO COCTABA U YITyUIIEHUS yXOAa
3a YIMYHBIMU HAaCQXJICHUSIMU JIJIS TOJIIEPKAaHUS SKOJIOTUYECKOro OaiaHca U MpeIoTBpaLeHUS
ABapUIHBIX CUTYyaLUi.
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J1. KoroBa u U.B. BonkoBa [15] npoBoaunu uccienoBanusi B pa3iMdHbIX 30HAX ropoaa
AcTpaxaHu, KOTOpbIE MOKa3ajdu pa3inyus B JOMHUHUPYIOIIUMX BUAAX IPEBECHBIX Mopoi. B
¢donHOBOI1 30HE (0cTpoB ['OpOICKOIT) MpeobIaaoT B3 Majblii U SICEHh OOBIKHOBEHHBIH, TOTAA
KaKk B cenuTeOHOM 30He (yin. 28-ii ApMum) — B3 Majblii W TOmoJib Oenblii. B 30Hax
MOBBIIIEHHOW aHTPOINOreHHOM Harpy3ku (mepeceuenue yi. CaBymkuna u yiu. A. Bbap6roca)
JOMHHHUPYET BSI3 MaJIbIi, a B pekpearinonHon 30He (bparckuii can) — ruOuUcKyc CUpHICKUH,
eJib roy0as 1 cocHa 0O0bIKHOBEeHHAs. COCTOsIHHE IPEBOCTOS B (POHOBOM 30HE OLIEHUBACTCS KaK
3nopoBoe (K <1,5), uto yka3piBaeT Ha OTHOCHTEIHHO OJIArONPUSATHBIC YCIOBHS JJs pPOCTa
JIEPEBbHEB.

B uccnenoBanun A.A. Mactuy [16] ananu3upyeTrcs BIUSHUE aHTPOIOTC€HHON HAarpy3Ku
Ha pocT W pa3Butue enu komoued (Picea pungens) B ropomckoii cpeme [omens. ABtop
BBISIBJISIET, YTO OCHOBHBIE 3arpsi3HUTENN Bo3ayxa ((popmanbpierun, (QpTopucThiii BOAOpPO.,
TBEpJblC YACTHULbI, (EHON, aMMHAK, OKCHJ YIJIEpOAa) HETaTUBHO BIMAIOT Ha
KHU3HECIIOCOOHOCTh JIEPEBHEB, CHUXAas MX BBICOTY M auameTp. CpaBHUTENbHBIM aHaIu3
pa3nuyHbIX (HOpM €M KoJtouei (romyOoi, 3eIeHOW M IMEePEeXOJHON) NEMOHCTPUPYET, YTO
nepexonHas ¢opma o61aaaeT Oonblei aqanTUBHOCTHIO K TOPOACKUM YCIOBUSM, B TO BpEMs
Kak roiy0asi ¢opMa TpOSBISET MEHBIIYI) YCTOHYMBOCTB, YTO MOXET OBITh CBS3aHO C
O0COOCHHOCTSIMU CTPOEHUS M (PYyHKIMOHHUPOBAHHS BOCKOBOTO HaJieTa Ha XBOE.

HccnenoBanusi 3KOJIOIrMYECKOTO COCTOSIHUSL 3€JIEHBIX HACaXJICHUW B MPOMBIIIJICHHBIX
paiionax [17] moka3bIBalOT, YTO MX >KU3HECIIOCOOHOCTH 3aBHCHUT OT YPOBHSI TE€XHOTC€HHOTO
BO3JIEHCTBHA. MeToMKa OLEHKH COCTOsIHUA JepeBbeB oneHuBanu B.A. AnexceeBsiM 1 B.II
TapabpunbsiM. OCHOBaHHBIEC Ha aHATH3E MOPPOMETPUUECKUX ITapaMeTPOB (Pa3BUTOCTh KPOHBI,
CTENEHb M3PEKEHHOCTH, HAJIMUME CyXUX BeTBEM M 1p.). JKusHeHHOE COCTOSIHME pacTeHM
olleHMBanoch Mo mkaue: 3xopoBbie (100-80 %), ocmabnennsie (79-50 %), cuibHO
ocinabnennsie (49-20 %) u pazpymenusie (MeHee 19 %). Ananu3 JaHHBIX MOKa3all, YTO C
YBEJIMYEHUEM MHTEHCUBHOCTHU 3arpsi3HEHUS CHWKAETCSl KU3HEHHOE COCTOSIHME JepeBbEB. B
30He BiIMsHUS HoBomumenkoro MeTaJIypruyeckoro kKomOuHaTa OOJBIIMHCTBO TOIOJEH
UTAJbIHCKUX KIACCUPUIUPYIOTCS KaK CHIBHO OCHa0lieHHble. AHalOTHuYHAas TEHACHIUA
HaOmonaercss BOMM3M AQO «JlumeuknemeHnT», Te MNpeodiagaloT OcCIaOlIeHHBIC JIepPEBbs.
JInarHoCTHYECKMMHU MPU3HAKAMU YXYAIICHHS COCTOSHUS HACAKICHUN ABIIAIOTCS AEXPOMALIMS
JUCTBEB, XJIOPO3bI, BEPXYILIEUHbIE HEKPO3bl U MOBPEKICHUS (puTOnaroreHamMu. B xunbix u
PEKpEalMOHHBIX 30HAaX COCTOSHUE HACaXJEHWH Jydlle, OJHAKO JaXe TaM HaOIroaroTcs
MOBPEXKICHHS HACEKOMBIMU-BPEAUTEISIMU U TaliiioOpa3oBaTesisiMu. B mapkax ropona Jlumnerka
IIPEJICTAaBJIEHbl BCE KATETOPUM KM3HEHHOTO COCTOSIHMSA, HO 370pPOBBIE J€pEBbs MPeoOIaaatoT
(6omee 80 %). B To >xe BpeMsi B MCTOPUUYECKHX MapKax, Takux kak Huxuuit napk u «berxanos
cal», COCTOSIHME HAaCaXJACHUH pa3iMyacTcs B 3aBUCUMOCTH OT YAAJIEHHOCTH OT MCTOYHUKOB
3arpsi3HeHus. Tak, BOJAM3M JOpPOT W MPOMBIIUIEHHBIX OOBEKTOB OTMEUAIOTCS CHIIBHO
ocnableHHbIe U CYXOCTOMHBIE 3K3eMILISPhI, TOTJa KaK Ha yAaJeHHbIX y4acTKax Mpeo0saaatoT
3[I0POBBIE JEPEBbSL.

B. B. Heponosa [ 18] onieHnBaa 5K0JI0rHYE€CKOE COCTOSIHHE APEBECHOM paCTUTEIILHOCTH
B ropoackoi cpeae Tromenu, ucnoinb3ys mkainy J.H. Lpiranosa mid aHainmn3a 3K0JI0IrM4eCKON
CTpYKTYphl. B wucciegyemoM ropone BBISBIEHO JTOMHUHHPOBAHHE ceMeNCTB Rosaceae,
Salicaceae w Pinaceae, 4YTO COOTBETCTBYET OOILErOPOJACKUM TeHJIEHIUAM. OCHOBHBIE
JpEeBECHBIE TOpONbI, Takue Kak Betula pendula, Populus balsamifera w Pinus sylvestris,
JIEMOHCTPUPYIOT PA3IMYHYIO CTENEHb YCTOWYMBOCTH K CTPECCOBBIM (haKTOpaM TOpOACKON
cpensl. OnHako oblee )KM3HEHHOE COCTOSHHE JIEPEBhEB OLIEHMBAETCS KaK KPUTHUYECKOE, C
npeolnajaHueM CHJIBHO OCHAaONEeHHBIX JK3eMIUIApoB (2 Oauia Mo OLIEHOYHOM IIKase),
ocobeHHO BOMM3M aBronopor. HambGosee OmaronpusiTHble YCIIOBUSL [UISl PacTUTEIbHOCTH
HaOTIOAt0TCS B JIECOMAPKOBBIX 30HAX, BAIN OT MHTEHCUBHOTO 3aTrpsI3HEHHS, I/I€ JOMUHUPYIOT
JIEPEeBbsI ¢ MUHUMAJIBHOW CTEMEHBIO OcliabieHHOCTH. DIOPUCTHUCCKUN aHAIU3 BBIABHI 29
BUJIOB JPEBECHO-KYCTapHUKOBBIX pAcTeHMH, OTHOcAmmxcs K 15 cemeiictBam, 1€
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npeobnamaT apeBecHbie Gopmbl (65,5%). Dkomoro-00oTaHWYEeCKash OLEHKA MOATBEPXKIACT
noMuHupoBanue Me30puToB (74,0%). Ocoboe BHUMaHUE yIeNAeTCs BIUSHUIO aHTPOIOTEHHON
Harpy3kd, B YAaCTHOCTH BO3JEHCTBHIO AaBTOTPAHCIOPTA, KOTOPOE SIBIISETCS KIIFOUEBBIM
(bakTOpOM yXYAIIECHUSI COCTOSIHUSI PACTUTEILHOCTH. XOTSI pa30Bble BHIOPOCHI 3arps3HAIOIINX
BEIIIECTB B LIEJIOM HE MPEBHIIAIOT YCTaHOBICHHBIE HOPMBI, UX KOHIICHTpAIHS IPUOIIKACTCS K
MpeeIbHBIM 3HAUEHUSIM, UTO yCYTyOJIsieT HeraTUBHOE BO3/ICHCTBHE Ha JIEPEBbA.

K. B. Ilecrak u A. U. IlynatoBa [19] mpoBenu uccienoBaHue pocta W pa3BUTHSA
JPEBECHBIX PACTEHUI B YCIOBHIX aHTPOIIOT€HHOTO BO3CHCTBUS, U3YUUB BIMSIHUE TOPOACKON
cpensl llentpanbnoro paiiona KpacHospcka Ha uX (DU3MOIOTHYECKOE COCTOSIHHE U
JEKOpaTUBHbIE KauecTBa. B 30HE ropoJckoro o3eneHeHus ObLIO YCTAaHOBIIEHO 3aMeJICHUE
pocta y Acer negundo, Juglans mandshurica, Tilia cordata n npyrux BuIOB. XOTS SIBHBIC
NpU3HAKKA YTHETeHHUs y OOJBIIMHCTBA PACTEHUI OTCYTCTBOBAIM, HAONIONAIOCH CHHMXKEHUE
MHTEHCUBHOCTHU POCTa MOOETOB U YMEHBIIIEHHE PAa3MEPOB JIMCTOBBIX TUIACTHH, YTO YKA3bIBAJIO
Ha Haln4yue PU3NOJOTHUECKUX HapylleHuid. VccnenoBarenu OleHUIN 1eKOPaTUBHOCTD BHIOB
B pa3HbIe (DeHOJOTHUECKUE NIEPUOBI, BBIENUB Berberis vulgaris, Sorbus aucuparia n Malus
baccata xak HamOojee MPHUBIEKATEIbHBIE B TOPOACKUX YCIOBUAX Onarogapsi ATUTEIbHOMN
ACTETUYECKOW TPHUBIIEKATEIHLHOCTH, OCEHHEH OKpacke M OOMJIBHOCTH IUIONOB, a TaKXke
3¢ GeKTHOMY LBETEHHMIO, COOTBETCTBEHHO. Syringa josikaea, Tilia cordata w Juglans
mandshurica, HECMOTPS Ha TIOBPEKACHHUS, COXPAHSIIN BBICOKYIO IEKOPAaTHBHOCTbD, B TO BPEMs
kak Populus balsamifera 0bIn1 pU3HAH HauMEHEe AEKOPATUBHBIM. AHAJIN3 CYIIECTBYIOIIUX
HAaCKICHUN BBIIBMII UX HHU3KOE JIEKOPATUBHO-ICTETHYECKOE COCTOSHHUE, OOYCIOBIEHHOE
npeobaaHueM JTUCTBEHHBIX MOPOJI ¢ O€THBIM BUOBBIM cocTaBoM (Populus balsamifera, Acer
negundo, Ulmus pumila), 970 CHUWXaeT OONIYI0 YCTOHYHBOCTh U 3CTETHYCCKYHO IIEHHOCTD.
Takue geKopaTUBHBIE U YCTOWYUBBIEC BUABL, Kak Juglans mandshurica, Sorbus aucuparia v Tilia
cordata, BCTpeYaNnCh 3HAYUTEIHHO peke. KycTapHuky ObUTH TPEACTaBICHBI OTPaHUYCHHBIM
HaOopoM BuoOB (Berberis vulgaris, Syringa josikaea, Caragana arborescens). ABTOpHI
OTMETHJIU TIPe00IIalaHue PSAIOBBIX, YaCTO OAHOTIOPOIHBIX MOCAIOK, 8 TAKXKe 3aryIIeHHOCTb U
HEJI0OCTaTOYHOE KOMITO3UIIMOHHOE pa3HooOpasue.

M. B. TlomoBa B cBoeil pabore [20] mpoBena aHamW3 COCTOSHUSA JPEBECHOMU
pPAcTUTENBLHOCTH B 3€NEHBIX 30HaX I BopoHexka, pacroyioKeHHbIX BOMU3U MPOMBIIIIEHHOTO
npeanpusatusi AO "Boponexcunreskayuyk'". MccnenoBanue ObUIO BBITIOJHEHO Ha YETBHIPEX
penepHbIX Toukax: B ckBepax uMm. Ulykmmua, "3amutHukoB Boponexa', "UmxoBckuil" n
napke "HOxHBIN", a Takke B KOHTPOJIBHON TOuke — JecHOM MaccuBe "UmxoBckast nava". Ha
OCHOBaHMH aHajM3a (IOPUCTUYECKOTO COCTABA BbI/IEIECHBI MHANKATOPHBIE BU/IbI XUMUYECKOTO
3arpsisHeHus1  (Oepé3a TmoBHUCTAs, KIEH OCTPOJKMCTHBIM, TOIMOJb JPOXKALIUN, JUMa
Cep/leBHUIHAs) M TNEpCHEeKTUBHbIE BHJbI I MOHHUTOPHHIA 3arps3HEHUs Bo3ayxa (B3
NPU3EMUCTBIN U TIIAJKUN, TOMONb YEPHBIM M UTANbSHCKUHN, KIEH moneBoi). [Tokazano, uro
CTETIeHb MMOPAXKEHUS JIMCTHEB Ha MEPBBIX JIBYX pPerepHbIX Toukax gocturaet 30-40%, Torna kak
B YCIIOBHO YHUCTOM 30He He mpeBblmaer 5%. Haubonbiiemy BO3IEHCTBUIO MOJUTIOTAHTOB
TIOZIBEPTalOTCST HACAXKICHHS, PACTIONIOKEHHBIE ONMKe K UCTOYHUKY BBIOPOCOB U MPHJIETAIOIIHE
K JKMJIOW 3acTpoiike M aBTOoporaMm. TpeTbss W 4YeTBEPTAs TOYKM HAXOMATCS B YCIOBHSX
YMEPEHHOTO 3arpsi3HEHUs Onaronmaps OONbIIEMY YIAJICHWIO OT MCTOYHHWKA M TPOBEAEHHBIM
CAaHUTAPHO-TUTHEHUYECKUM MEpONpUATUSIM. MHUHUMAalIbHOE aHTPONOIeHHOE BO3JeiCTBHE
OTMEUYEHO B KOHTpOJBHON Touke "YUmxkoBckas nada". Cpeau NaTOIOTMYECKHMX IPU3HAKOB
OTMEUEHBI HEKPO3bI JTUCTHEB, YChIXaHUE CKEJIETHBIX BETBEH, BOASHbIE TOOETH, TaTOJIOTHYECKHE
(GbOpMEBI cTBOJIA U APYTHE HAPYIICHHS.

3aknrouenue. AHTPONOreHHOE BO3ICHWCTBHE, B OCOOEHHOCTH OT aBTOTPAHCIOpTa U
MIPOMBIIIICHHBIX TPEANPUATHIA, OKa3bIBaeT HETATHBHOE BIMSHUE HA JPEBECHBIC PAaCTECHUS B
rOpoJICKOH cpefie. B mepByro odyepens cTpagaroT MOYBEHHAs SKOCUCTEMA U (PU3HOIOTHYECKHEe
MIPOIIECCHI AePEBhEB (BOAHBIN OanaHc, GOTOCHHTE3, MUHEPATbHOE MMUTAHUE), YTO TIPUBOIUT K
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ocnablIeHnI0 UMMYHUTETa U TIOBBIIICHUIO YSI3BUMOCTH K BpenuTensiM u Ooje3HsM. Taxxke
HaOJI01aeTCsl CHIDKEHUE BUIOBOTO pa3HOO0pas3us U Ierpafaius CTPYKTypbl HACAKICHHIA.

HccnenoBanus B ropogax Poccruu BBIABWIM HEOAHOPOJHOE BIMSHUE TOPOACKOU CpEbl
Ha iepesbs. B Momkap-Orne yp6onouBEl yIUIOTHEHBI, 3arpA3HEHBI HePTEIPOIyKTaMH, HMEIOT
mienouHyro peakiuio (pH mo 8,2) u 6orarel kanuem u ¢pocdaramu, 9TO HETATUBHO CKA3bIBACTCS
Ha psaOuHe u enu Komoueil. B Bonrorpazae 6onee 50% umn u KamtaHoB HAXOASTCS B XOPOLIEM
COCTOSIHUH, BO3MOXKHO, Oarogaps anantauuu. B Opie HaOmomaeTcst orpaHu4eHHOE BHIOBOE
paszHooOpasue u nospexnaenue 45,5% pacrenuit (siceHb, KOHCKMM KamiTaH). B Actpaxanu B
30HaX BBICOKOH Harpy3ku npeoOnamaer B3 Manblil. B T'omene cHIkeHa KU3HECTOCOOHOCTD
enu Kojdroued, mpuueM roiyOas ¢opma wmeHee ycroitumBa Ha 20-30%. B Jlunerke
9KOJIOTMYECKOE COCTOSHHE HEOJHOPOJHO: B MPOMBINUIEHHBIX 30Hax 20-79% nepeBbeB
oclablieHbl, a B pPEKpEalMOHHBIX 30HAaX cocrosHue aydime. B Tiomenu Bmomb gopor
npeolnagaroT CUIBLHO OCiabieHHbIe aAepeBbs. B Yccypulicke MECTHbIE BUABI yCTOWYMBHI, a
UHTpOAyLUpOBaHHbIE — ysi3BUMBI. B KpacHosipcke y Acer negundo, Juglans mandshurica n
Tilia cordata 3amensieH pocT, Py dTOM JTOMUHHUPYIOT Populus balsamifera, Acer negundo u
Ulmus pumila (conepxxanue Acer negundo: 13,3%, Juglans mandshurica: 13,3%). B
Boponexe, Bozne npeanpusatus «BopoHexcHHTe3KayuyK», MOPaKEHUE JIMCTHEB B CKBEPAx
nocturaet 30-40%, a B KOHTpoiIbHOU 30HE («HmkoBcKas gaua») — meHee 5%.

Hccneooeanue 6binonHeHo 6 pamkax O0esmenvHOCmu Mono0edcHou nabopamopuu «/uacnocmuxa u
MeXanusmvl a0anmayuy NpuUpooHbIX U aHMPONO2EHHO-MPAHCHOPMUPOBAHNbIX dKocucmem JJonbaccay (Ne
eocpecucmpayuu HUOKTP 124051400023-4).

CIIMCOK JIMTEPATYPHI

1. Kopuuenxo B. O., Xapxora JI. B. MOHUTOPHHT COCTOSIHUS IPEBECHBIX PACTEHUH LIEHTPANBbHON YacTu ropoja
Honenka // Camapckuii HaygHBIH BecTHUK. — 2023. — T. 12. — Ne 2. — C. 46-51. — DOI 10.55355/snv2023122107.
— EDN BATLWA.

2. Kopamenko B. O. BrusHume npupomHO-KINMAaTHYeCKUX (AKTOPOB HA MEXaHWYECKYIO YCTOWYHBOCTh W
aBapUITHOCTh JIPEBECHBIX pacTeHWi Ha mpumepe Juniperus virginiana L // Brommerens [ocymapcTBeHHOTO
Huxknrckoro 6orannyeckoro cama. — 2020. — Ne 134. — C. 93-100. — DOI 10.36305/0513-1634-2020-134-93-100.
— EDN EXLREC.

3. Kopauenxo B. O. Hemeto M. B. BiusHue oTpHIaTensHBIX TEMIEPAaTyp Ha MEXaHHYECKYIO YCTOHYHBOCTD
ny6a kpacuoro (Quercus rubra L.) // TIpombinutenHas 6oranuka. —2013. — T. 13. — C. 180-186. — EDN YZUCEX.
4. Cadono A. U. Dxonornveckuii GPHTOMOHUTOPHHT aHTPOMOTeHHBIX TpaHchopmaruii // Jloneuk: Joul'V, 2024.
—288 c. EDN: QVISQE

5. Zinicovscaia LI, Safonov A.IL., Yushin N.S., Nespirnyi V.N., Germonova E.A. Phytomonitoring in Donbass for
Identifying New Geochemical Anomalies // Russian Journal of General Chemistry. — 2024. — Vol. 94. — P. 3472—
3482 DOI:10.1134/S1070363224130048

6. Kopauernko B. O. Biusiaue skomorndeckux (HhakTopoB Ha (PH3HKO-MEXaHUYECKHE CBOMCTBA, MOP(POMETPHUIO U
QUIOMETPHIO JIPEBECHBIX pacTeHUi ypOoskocucreM (Ha mpumepe ropoxa Jlonenka): cmen. 1.5.15 "Dkonmorus
(Omonornyeckue Haykn)": uc. ...KaHa. onon. Hayk / Kopauenko Bragumup Onerosuu. - lonenk, 2022. - 166 c.
EDN: QYUEPJ

7. Kopumernko B. O., Kamaes B. H. Mexanndeckass yCTOHYNBOCTD MOXK)KE€BEIbHUKA BUPTHHCKOTO B YCIOBHUSX
CcTemHOM 30HBI Bocrouno-eBpomeiickoit paBHuHBI // JlecoBemenme. — 2024. — Ne 1. — C. 70-78. DOI:
10.31857/S0024114824010084 EDN: SLLIXY

8. Kopauenko B.O. PeTpocnekTuBHBIN aHAIN3 aHTPOIIOTEHHOTO 3arpsi3HeHus ropoaa Jlonenka. BubpammonHo-
aKycruueckoe 3amymieHue // Bectauk [loHenkoro HammoHaimsHOTO yHHBepcuteTa. Cepust A: EctecTBeHHBIC
Hayku. — 2024. — Ne 1. — C. 93-100. DOI: 10.5281/zenodo.12532574

9. Maxkapenxo B. I1., XKyuxos /I. B. CoBpeMeHHbIE TpOOIEMBI 03€JICHEHHSI MaJIBIX U CpeHUX roponoB Poccun //
Becrauk [Ipnamypckoro rocyaapcrsenHoro ynusepcutera uM. llonom-Aneiixema. — 2022. — Ne 1(46). — C. 62-
78.—DOI 10.24412/2227-1384-2022-146-62-78. — EDN SLALKX.

10. Kanmymesa M. b. 3enenble HacaxIeHNUsI M UX POJIb B COBPEMEHHOM Topose // MexxayHapomHbIi KypHa
TYMaHUTapHBIX M €CTECTBEHHBIX Hayk. — 2023. — Ne 4-3(79). — C. 21-24. — DOI 10.24412/2500-1000-2023-4-3-
21-24. — EDN ENVNREF.

74



Bectauk CHO IOHHY. Bein. 17. Tom 1. EctecTBeHHble Hayku. — 2025

11. CepeopsixoBa H. E. I'punuenko K. B., Kapacer B. H. Bausiaue anTpomnoreHHo# TpaHcopManuu 1MOYB Ha
COCTOSIHHE JIPEBECHBIX BUI0B ropoa Momkap-Ounsl // JKuTHIIHOE X03SHCTBO H KOMMYHaJIbHAs HHYPACTPYKTYpa.
—2019. — Ne 4(11). — C. 78-85. — EDN QZSJLO.

12. Tepemenko T. B., Cpocnosa I. A., IloctHoBa M. B. BnusHue aHTpONOTeHHBIX (DaKTOPOB HAa COCTOSIHUE
JIpeBECHBIX pacTeHuii r. Bonrorpana // Tlpupoansie cuctemsl u pecypebl. — 2021, — T. 11, Ne 1. — C. 5-11. — DOI
10.15688/nsr.jvolsu.2021.1.1. — EDN GCPPZS.

13. Cunopenxo, A. H. OueHka >KM3HEHHOTO COCTOSIHUS IPEBECHBIX pPAacTeHUH ropopa Yccypuiicka // BecTHuk
Kpacl’'AY. —2017. — Ne 7(130). — C. 166-174. - EDN ZDUDMB.

14. TTapaxuna E. A., Kucenesa JI. JI., @ecenko A. C., CoraukoBa H. B. Dxomnormdaeckoe cocTosiHIE IpEeBECHBIX
pacTeHHi yIMYHBIX HacaxaeHwui . Oprna / MexaHH3MBI PEryisuH MPOLyKIIMOHHOTO IIpOoIecca pacTeHUI: OT
MOJIEKYJI 10 3KocHucTeM: Marepuansl MexayHapoIHOH HayYHOH KOH(PEpEeHINH. V YTSHHUS, TOCBSIICHHBIC TaMSTH
npodeccopa Edppemona Crenana Banosuua, Opém, 26 Host0pst 2021 roma. — Opén: OpitoBcKuii rocyaapCTBEeHHBIN
yauBepcureT nmeHn U.C. Typrenesa, 2022. — C. 129-137. — EDN RUFQXP.

15. Korosa /I., BonkoBa 1. B. MOHHTOPHHI COCTOSIHHSI JPEBECHBIX KYJIBTYP B Pa3iMYHBIX (DYHKIHOHAIBHBIX
30HaX ypOaHU3MPOBAHHOM cpeibl // AKTyalIbHbIE pEIIeHHUs TPOOIEM BOJHOTO TPAHCIIOPTa : COOPHUK MaTepHalioB
II MexayHaponHoii Hay4HO-TIpakTHYeckoll koH(pepeHuuu, Actpaxanb, 29 mas 2023 roma. — AcTpaxaHb:
WunuBunyanssslit npennpuaumarens Copoxun Poman BacunseBuu (M3narens: Copoxun Poman BacunseBuu),
2023.—-C. 115-121. - EDN CYHDRB.

16. Mactiu A. A., Jlunckas O. A. BinusiHue aHTpomoreHHoro (akropa Ha NPOU3POCTAHUE €U KOJIOYEeH B
ycrmousax ropoma l[omens // IlepemoBble TexHONOTMHM U Marepuanbl Oymymero: CoOopHuk crared IV
MexayHapoaHOi HaydyHO-TeXHHYecKoi koH(pepeHmuu. B 3-x Tomax, Munck, 09 nexadps 2021 roga. Tom 2. —
MuHck: benopycckuil rocynapcTBeHHbIN TexHonornyeckuil yausepeutet, 2021. — C. 112-116. — EDN CZDDQY.
17. KneBuoBa M. A., MuxeeB A. A. OLieHKa KOJIOTMYECKOTO COCTOSIHUSA 3€1EHBIX HACAKIEHUH B IPOMBILIIJIEHHBIX
paiionax // CoBpeMEeHHBIC HCCIIEIOBAHMUS B HAyKaxX O 3eMJie: peTPOCHEKTHBA, aKTyalbHbIC TPEH B! U IEPCTICKTHBEI
BHenpeHus : Marepuainsl [V MexmyHapoaHOW HayIHO-TIPAKTHIECKOM KoHpepeHnnn, Actpaxanb, 27—-28 mas 2022
roma / CocraButens E.A. Komuus . — Actpaxans: deaepaibHOe TOCYIapCTBEHHOE OIOIKETHOE 00pa3oBaTeIbHOE
YUpeXJEHUE BBICHIEr0 MpodecCcHOHaIbHOTO 00pa3oBaHus "ACTpaxaHCKUH TOCYAapCTBEHHBIH YHHBepcHTET",
2022. - C. 74-78. — EDN XRVICW.

18. HeponoBa B. B. OueHka 3KOIOTHYECKOTO COCTOSHHUS JPEBECHOM PAaCTUTENBHOCTH B YCIOBHUAX TOPOJCKOI
cpezbl // DNeKTpOHHBIN Hay4YHO-MeToaudeckuii xypHan Omckoro TAY. — 2018. — Ne 3(14). — C. 11. — EDN
YLHBWH.

19. llecrak K. B., IlymaroBa A. W. [IpeBecHBIe pacTeHHs B yCIOBHSAX ropojackoi cpexsl // IlmomoBoacTso,
CEMEHOBOJCTBO, HHTPOAYKIMS ApeBecHbIX pacTeHuil. —2011. — Ne XIV. — C. 130-134. — EDN ONIWLV.

20. IomoBa M. B. BoszeiicTBue BBHIOPOCOB TPEANPHATHH XUMHUYECKOH MPOMBINIICHHOCTH Ha COCTOSHHE
JIPEBECHBIX HacaXkaeHHH ropoaa Boponexa // CoBpeMeHHbIE TPOOJIEMBI SKOJIOTHH XKHBOTHOTO M PaCTUTEIHEHOTO
Mmupa : Marepuansl Beepoccuiickoid MOOAEKHON HaydHO-TIPaKTHIEeCKo KoH(epeHnu, Boporexk, 19 anpens
2021 roma / OtB. penakrop 10.B. UekmeHeBa. — BopoHex: BopoHex)CKHid rocynapCTBEHHBIH JIECOTEXHUUECKU it
yuuepcurer uM. [.®. Mopososa, 2021. — C. 117-121. — DOI 10.34220/MPEAPW2021 117-121. — EDN
NBHIYR.

ANTHROPOGENIC FACTORS AND THEIR IMPACT ON THE BIODIVERSITY OF WOODY
PLANTS IN CITIES. (REVIEW OF THE LITERATURE)

Annotation. This work is devoted to an analytical review of modern sources of information on the influence of
anthropogenic factors on the condition of woody plants in the urban environment and near industrial enterprises.
The results of studies devoted to assessing the state of soils and plants growing in territories with varying degrees
of anthropogenic stress are considered. Special attention is paid to the effects of air and soil pollution on the vital
condition, species composition and physiological characteristics of woody plants. The paper provides an
assessment of the resistance of various tree species to anthropopressing, analyzes diagnostic signs of plant
deterioration, and discusses strategies for improving the condition of outdoor plantings.

Keywords: green spaces, woody plants, anthropogenic factor, urbanization, urban environment.
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KOPPEKTHUPOBKA JIOKAJIBHBIX MAPIIPYTOB
JJIAA SKOJTOT'NMYECKOTI'O ®PUTOMOHUTOPHUHI'A B JOHELIKE

Cadghonoe P.A.
Hayunuwit pykosooumens: Kanununa FO.C., accucmenm
DI'BOY BO «/[oul'Yy

Annomayus. B nononHeHne K CymecTBYIOMNM pa3pab0oTaHHBIM MapIpyTaM 1o cOOpy ChIPhS M UCIIOIb30BAHHIO
MaTepHalioB B IKOJIOTHYECKOH (PUTOMAarHOCTHKE YPOaHU3MPOBAaHHBIX AKOTOIOB LIEHTPAIBHBIX paiioHOB JloHenKa
OBUTH NPEJUI0XKEHBI ONTUMH3ALMOHHBIE MOJIENH (KOPPEKTUPOBKU ) MAPIIPYTHBIX CXEM IS pean3aliiy porpamMm
Pa3HOrO IeJICBOr0 Ha3HAUCHMSI U HCIOJIB30BaHUA: MO BPEMEHH, MO JJIMHE TPAaeKTOPHUH, IJIS Pa3HBIX CE30HOB U
JIOJITOCPOYHOCTH NPEObIBaHUS B KOHKPETHON y4eTHOH Iutoniajke. PaspaboTaHHbIe ONTHMHU3aLMOHHBIE MOJICIH
paccuuTaHbl Ha OCHOBaHMH ombITa 2024 1. 1o 3a/105keHHBIM TpaHcekTaM 2023 I. B IepCIeKTHBE Ha UCIIOJIb30BaHHE
B 2025 1 nocneayoue rojpl.

Kniouegvie cnosa: sxonormuecknii MoHWTOpHHT, JloHenk, [loHOace, ¢uromHaukanus, GUTOKBaHTH(UKAINS,
TOpOJICKas cpea.

Omnenka kayecTBa TpaHC(HOPMHUPOBAHHOMN YETIOBEKOM CpeJIbl (M KaK YaCTHBIM puMep —
yp6aHu3upoBanHo# [1]) npeaycmarpuBaer npouenypy ApoOHON U 1HANEKTUYECKU CBA3aHHON
KBaHTU(UKAIIMK BCEX IapaMETPOB B PAHKHPOBAHHOM psiy OJarompusTHBIX W(HIIH)
HeOJIaronpusATHbIX (PaKTOPOB BO3JEHCTBUS Ha SKOCUCTEMBI [2—4] B 1IEJIOM U YEJIOBEYECKYIO
MOMYJISIUI0 KAaK KOHKPETHBIM Y3J0BOM KpUTEpUM CTAOMJIBHOCTH JKU3HEHHO Ba)KHBIX
nponeccoB [5, 6]. JlangmadTHas nuddepeHuuanys MECTHOCTH SBISETCS 00s3aTebHBIM
MoKa3aTeJieM He TOJIBKO PasHOOO0pasusi, HO U TIyOHMHBI H3MEHEHHOCTH MPUPOIHBIX SKOCUCTEM
OTKphITOro THNA [7, 8], TpeOyeT TIATEIbHOI0 PACCMOTPEHHUS Ul UCIIOJIB30BaHUs MpH cOope
MH(OPMALIUM O COCTOSHUM TE€OCHUCTEM Ha HU3y4aeMOWl TEppPUTOPHH, UTO M OINpeAesseT
aKTyaJIbHOCTb IIPEJCTABICHHON HayYyHO! pabOTHI.

enb paboThl — MPEeAOKUTh ONTUMU3ALMOHHBIE BApUAHTBI MapIIPYTHBIX TPAaeKTOPUI
JUISL pean3alii SKCIETUIIMOHHBIX BBIX0JI0B (PUTOIMArHOCTUYECKOTO 11€JI€BOr0 Ha3HAYCHUS B
JIOTIONIHEHWE K paHee NpeUIoKEHHbIM cxemaMm s Tepputopuit KamuHuHCckoro u
Bopomminosckoro paiioHoB I. JIoHeLKa.

Hounenkas Hapoanas Pecriybnuka — tepputopus Llentpansuoro JlonbGacca — siBisieTcs
30HOM MHTEHCUBHOM JKCIUIyaTallUd NPUPOAHBIX U BTOPUYHO CHUHTE3MPOBAHHBIX PECYPCOB,
[I03TOMY OTCJIEKMBAaHUE HEOIArONPUSITHBIX TEHACHINH B (YHKIIMOHUPOBAHUN BEILIECTBEHHO-
JHEPreTUYECKUX II0TOKOB CTaBUTBHCS IIEPBOOYEPENHON 3ajadell Iepel DSKOJIOoraMu |
HCTIOTHUTENISIMHU dKosorndeckux nporpamm [9, 10]. Ha ceronus nns ypbocucrem [loHerko-
MaxkeeBCcKOW —arjomMepani HakoIlJeH OoraTelii HayuHbBId Marepuan OOTaHMYECKOIro
COJIep’)KaHusl O TEXHOTEHHBIX JKOTOMaX, MX JWAarHOCTHKE, Croco0aM OLIEHKH OallaHCOBBIX
cocTtostHUI B HUX [11-14]. DTO NM03BONIIET KOHCTATUPOBATh BBICOKUN YPOBEHBb BO3IECHCTBUS
YyeloBeKa Ha cpely U HeoOXOJUMOCTh BIIAJETh aJeKBaTHOM HHQOpManued ¢ Lelbio
BO3MOKHOW ONTUMH3AIMU PUPOJHO-TEXHOICHHBIX mporeccoB. OleHKa CTaOHIbHOCTH,
BBIHOCJIMBOCTH, CIIOCOOHOCTH K CAMOBOCCTAHOBJICHHIO U CaMOPETYJISIIUU SKOCUCTEM TaKkKe
ABJIAETCS aKTyaJIbHOM 3a7auell A1 MUPOBBIX Hay4HbIX IIKoJI [15, 16] n paccMaTpuBaercs kak
METOJIMYecKasi OCHOBa B pa3palaThiBaeMbIX MOJIXOAAaX HKOJIOIMUYECKOT0 MOHMTOPHUHTA B
Cesepnom IIpunazosse.

Panee cozmannbie cxembl mMapmpyToB [17, 18] k 2025 r. npennokeHo onpenaenéHHbIM
0o0pa3oM HU3MEHUTb, YUMUTHIBas JAaJIbHEUIIYI0 BO3MOXKHOCTh CTaTHCTHYECKOM 00paboTKU
MEPBUYHOTO MaTepuaya JJisi MOJMyYeHUs KOHTHHYaJIbHOTO pacHpelielieHus 3HaUYeHUN B TOM
yuciae B Kaprorpagpuueckom wmatepuane [19, 20], a Takke npu OHOr€OXUMHYECKOM
KBaHTU(UKAITMK MeCTHOCTH [21, 22].
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MogenbHbIM 00BEKTOM MEPBUYHOM MapLIpyTH3aLUU TEPPUTOPHH Oblia BHIOpaHa 30HA
pa3MelleHNs U CONpPsKEHHasi MECTHOCTh K OTBaJly YrosibHOM maxtel uM. Kanununa (puc. 1).
[To pesynbratam obcnenoBanus 2024 r. Ha 19 nyHkTax (y3/1aX MOHUTOPHHTA) OBLTH BbIJIEICHBI
4 30HBI BO3MOYKHOW BapHallMyd MapIIpyTa C LEJIbI0 €ro ONTUMM3AaLMU MPH OCYIIECTBICHUH
cOopoB B TMONEBBIX YCHOBUAX. OmnbeiT 00paboTkm naHHBIX 2023 T. CBHICTEIBCTBYET O
PaBHO3HAYMMBIX ITapaMeTpax B GUTOMOHUTOPUHIE, MOITYUYEHHBIX JUIsl CONPSKEHHBIX TOYEK 8-
10; 7w 13; 3 m 15; 17 u 18. Ilpu oneHKe POHOBBIX MPOIECCOB, HAPUMEP, TEOXUMUYIECKOTO
KOHTpacTa WU 3albUIEHHOCTH, TAKHE TOYKH MOKHO COBMECTHUTD B OJIHY NIPOOHYIO IJIOLIA/Ib.

Puc. 1 — BapuaHnTbl onTUMH3a1MU MapUIPyTHOIO MOJISl B 30HE UMIAKTa maxTel M. Kannuuna
B 3aBUCHUMOCTH OT LI€JIEBOI'0 Ha3HAYCHUS DKCIIEIULUU

KonnuecTBo 1 TOKalM0 MOHUTOPUHIOBBIX TOYEK YCIOBHOIO PETHOHAIBHOIO KOHTPOJIS
U MECT BBICOKOW TE€XHOT€HHOH Harpy3kH (pHcC. 2) TakKe ONTUMAalIbHO U3MEHUTH B Mpeaesax
TeX JUala30HOB, KOTOpBIE MMOKaXYT OOJBIIYI0 (DYHKIMOHAIBHYIO pa3HHUIly, TOTAAa Kak
OCTAJILHOE TEO-TIPOCTPAHCTBO HMH(OPMAIIMOHHOTO TOJII TPU KapTOrpadUpOBAaHUHA MOXKET
paccMaTpUBaThCS KakK NEPEXOJHBbIE 3HAYEHHS MEXIY CYIIECTBYIOUIMMH MaKCHUMaJbHBIMU U

MHUHUMAJIBHBIMHU 3HAYCHUSAMMU.

P = ' [ =, S00M, Kauepa: 4040m  48°0122°N IT'SIIE 2184

A& e

Puc. 2 — YTouHEeHHBIE TOKAIMH TOYEK (JOHOBOTO PETHOHAILHOTO KOHTPOIIS AJist 3a00pa mpod
(bUTOMHIUKAIIMOHHOTO MOHUTOpUHTA B KarimHnHCKOM 11 BOpommioBckom parioHax
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JlJis IByXTHEBHOTO MapuIpyTa, 0OBEIUHSIONIETO 1Ba paiioHa T. JloHelka Takxke ObLIn
MepecMOTpeHbl TOYKM cOopa wuHopmanuu (puc. 3), 4ToOBl yOpaTh «IyOJeThl» 10
IIOJIy4a€MbIM I10KA3aTeNsIM, HallpUMEp, MHJEKCOB TEPAaTOr€HHOCTH PACTEHUM, MYTareHHOMU
AKTUBHOCTH IOYB, T€HOTOKCHYHOCTH Cpebl (KaKk BO3IYIIHOW, TaK M MOYBEHHO-BOJHOW MO
aHaJIM3y PeakUUU PacTeHWH Ha MOYBEHHBIA pacTBop). CokpamieHne MecT 3abopa o0pasioB
MO3BOJISIET OOJIee IETATbHO PealIn30BhIBAThH MPOrpaMMy cOOpa Ha OCTAaBIIMXCS KOHTPACTHBIX
JPYT APYTY YYETHBIX IUIOIIAIKAX.

TO00M | Kamopa: 7734M  4T'SE'S4N 37

Puc. 3 — OntumusupoBanHas cxema MapuipyToB Juist Kanununackoro u BopomuniaoBckoro
paiionos r. Jlonenxka Ha 2025 r.

[IpennpunsaT  cnoco0  MPOCTPAHCTBEHHOW — BU3yajHM3allMd B 2-ypOBHEBOM
muddepeHIManuy MPOoOHBIX TIIOMAICH M0 3aXBaTy TEPPHUTOPHH JJs aHaim3a (puc. 4). D10
00yCJIOBJICHO [JBYMs INpPUYMHAMH: HEOOXOAMMOCThIO cOOpa JOCTaTOYHOIO KOJIMYECTBA
o0pa3noB  (UTOMHIMKATOPOB ISl JOCTOBEPHOM BBIOOPKM M TOJMyuyeHueM Oojee
penpe3eHTaTuBHOW HMH(QOpPMalMi B MNEPBYIO0 odepelb (OHOBBIX TEHIEHIMHA Ha KpaeBbIX

IIO3HNIHAX I'COJTOKAJIUTETA.

Puc. 4 — Iuddepennmanus yueTHHIX MI0MAI0K B JlIoHEIIKE 110 MIMIAKTHBIM (TPEYTOIBLHUKH )
¥ ()OHOBBIM (MIPAMOYTOJIHHUKH ) 3HAUEHUSIM B 3aBHCUMOCTH OT 00bheMa BEIOOPKH st
MIPOBEJICHUS 3KOJOTHIECKOTO (PUTOMOHUTOPHHTA

CrnenoBartenbHO, MPEUIOKEHHAs paHee CHCTEMa JIOKAJTH3aIllMd MOHUTOPHHTOBBIX TOYEK
OblTa TIEpecMOTpEHa Ha IMpHMEpe IByX paiioHoB ropona Jlonenka: BopommioBckoro u
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KanuauHcKoro, 94To 00yCIOBIEHO PSAAOM 00BbEKTUBHBIX MpuuKH. O1HAKO, 0011as TpaeKTopus
MapUIPYTHBIX MEpeMeNIeHU 1-2 CyTOUHON BpEeMEHHOM MPOTSIKEHHOCTH COXPAHUIIKCh.

OTMe4yeHHbIE Ha PHUCYHKaxX JHMHUU SKCIECIUIIMOHHOTO BBIX0O/Aa (OPMHUPYIOT KapKac
KOMMYHHKAIMI 3KCIIEpUMEHTATOPOB-MOHUTOPUHIOJIOTOB, KOTOPbIE B Pa3HbIE CE30HBI MOTYT
OCYILECTBIISATH pa3pabOTaHHBIC B TOM YHCIIE B LIESIX O€30MaCHOTO MEPEMEIICHUST MapIIPYTHI.

Boigenennpie M3MEHEHUS ONTHUMH3UPYIOT T€ONPOCTPAHCTBEHHYIO MOJIENb, MO3BOJISS
coOMpaTh MEHbIIEEe KOJIMYECTBO MPOoO, HO B 0Ojee KOHTPACTHBIX YCIOBHUSX, YTO B CIIydae
BTOPUYHOIO aHaJlM3a MpH KapTorpagupoBaHuu [aéT OoJjiee HAMVISAIHBIM pe3ylbTaT
BU3yanu3anun. Pa3paboTaHHble ONTHMHU3AIMOHHbBIE MOEIIH PACCUNTAHBI HA OCHOBAHUU OTIBITA
2024 1. mo 3amokeHHBIM TpaHcekTaM 2023 r. B NEpPCHEKTHBE Ha (PYHKIHOHAIBHOE
ucnojp3oBaHue B 2025 1 nocienyomume rojisl.

OtnenpbHO 0003HAUMM, YTO B 3UMHHM M paHHEBECEHHUI NEpUOJ TaKKe BO3MOXKHA
peanu3anus MTPOTpamMMbl MO COOpPY LEHHOW HHQPOpPMAIUK B 3aBHCHMOCTH OT TJTyOHHBI
poMep3aHusl MOYBEHHOTO MOKPOBAa U 00BEMY BBINMABIIMX OCAIKOB B KPHUCTAIM30BAHHOM
cocrosHnu. Ecmu cpemHecyrounas Temmeparypa He MeHpme 0 °C, To peamen c6op
MOX000pa3HbIX, MOYBEHHBIX BOJAOPOCIEH, a Takke 00pa3loB IPyHTa AJsl SKCIEPUMEHTOB I10
(GUTOTECTUPOBAHUIO B 1A0OPATOPHBIX YCIOBUSIX; BECbMa MHTEPECEH IKCIIEPUMEHT I10 aHAIU3Y
MOYBEHHOT0 0OaHKa CceMsSH B pa3HbIX Y4yacTKaX MeEXaHM4YecKoil TpaHchopMaluu
MIOBEPXHOCTHOTO TOPU30HTA B PE3YIbTATE PAOOTHl KOMMYHAIBHBIX U OBITOBBIX CITY:KO H(MJIH)
BOCHHBIX JICHCTBUIN Ha TEPPUTOPUU MOHUTOPUHTOBBIX UCCIICIOBAHHIA.

B nanpHeiimeM cunTaeM HEOOXOIWMBIM H3YyYUTh MAapHIPYTHI C YYETOM oporpaduu u
¢dusuko-reorpauyecKux OCOOCHHOCTEH JIOKAaIbHBIX OHOTONOB, HANPUMEDP, BaKHBIM
KPUTEPUEM SIBIIIETCS XapaKTep CMELIEHHUS BO3YLIHBIX MacC IPU OLIEHKE 3alblJICHHOCTH
BO3[lyXa, 4YTO, IO IMPEIBAPUTEIILHBIM CBEJCHUSM, MOXET SBISATHCS KpPUTEpUEM st
YCTAaHOBJIEHUSI OYaroB M(WJIM) MECT TIE€ONaTOreHHOrO MPOSBICHUS WM CKOIUICHUS
HEONMaronpusaTHBIX (OPM BO3JECUCTBUS HA 3[JOPOBhE HACENIEHHUS areHTOB JKUBOW M HEKHUBOM
NpUPO/IbI (aIepreHHas IbLIbIa U IPOMBIIIIJICHHAS ITbUIb).

Hccnedosanue 6vinoaHeHo 6 pamkax MON00edNHCHOU aabopamopuu  «/Juasnocmuka u MexaHu3Mbl
adanmayuy npUPOOHLIX U AHMPONOLEHHO-MPAHCPHOPMUPOBAHHbIX dKocucmem JJonbaccay (Ne cocpecucmpayuu
HHUOKTP 1023110700153-4-1.6.19;1.6.11;1.6.12).
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ADJUSTMENT OF LOCAL ROUTES FOR ECOLOGICAL PHYTOMONITORING IN DONETSK

Annotation. In addition to the existing developed routes for the collection of raw materials and the use of materials
in the ecological phytodiagnostics of urbanized ecotopes in the central regions of Donetsk, optimization models
(adjustments) of route schemes were proposed for the implementation of programs for various purposes and uses:
time, length of trajectory, for different seasons and long-term stay at a specific accounting site. The developed
optimization models are calculated based on the experience of 2024 for the laid transects of 2023 in the future for
use in 2025 and subsequent years.

Keywords: environmental monitoring, Donetsk, Donbass, phytoindication, phytoquantification, urban
environment.
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BAKTEPUOIIVIAHKTOH KAK COCTABHASA YACTb BUOT'EOLIEHO30B
BOJAOEMOB U EE BJIIMAHUE HA KAYECTBO BO/bl

Ckopuk B.A.
Hayunwtit pykoeooumens: Mupnenxo 3.H., cmapwiuit npenooagamens
DI'EOY BO «/[oul'Y)y

Annomayus. B nannoii pabote paccMaTpuBaroTcs OakTepUaIbHbIe cOOOIECTBA BOJOEMOB, UX paclpeielieHIe B
Pa3IMYHBIX SKOJOTUYECKUX 30HAX, a TaKKe (PaKTOpPbI, BIUIOIINE Ha YHUCICHHOCTh MHKPOOPTaHM3MOB B BOJE.
Oco0oe BHIMaHHE yIeJICHO canpo(@UTHBIM OaKTEPHIM, UX 3aBUCHMOCTH OT COJIEPKaHMUs OPTaHUIECKHX BEIISCTB
U CE30HHBIX M3MeHEeHUH. OCBENIeHbI KIIF0UeBbIe CAHUTAPHO-0aKTEePHOJIOTHYECKUE [TOKA3aTeNIN Ka4eCTBa BOJBI, B
YaCTHOCTH POJIb KHMIICYHOH IMajJodKd KaK MHAMKATopa (eKalbHOro 3arps3HeHHs. ONHCaHbl METOIBI OLEHKH
0aKTepHaIbHOTO 3arpsA3HEHHS C HCIIOIb30BAHMEM KOJU-THTPA M KOJIHM-MHACKCA, X HOPMATHUBHBIC 3HAUCHUS H
BIMSIHUE Ha O€30MacCHOCTh BOAHBIX HSKOCHCTeM. [IpencraBieHHBIE MaTepHajbl MMOJYSPKHBAIOT 3HAYHMMOCTD
0aKkTepuaabHOrO0 COCTaBa BOABI KaK MHIUKATOpPA SKOJOTMYECKOrO COCTOSHHUS BOJOEMOB M HEOOXOIMMOCTH
KOMIUIEKCHOTO MOHUTOPHHIA JJIsl 00ecTieueH sl CAHUTapPHO-TUTHEHHYEeCKOW 0€30MacHOCTH.

Knouesvie cnosa: 6aKTepuOIIAHKTOH, capo(UTHBIE OaKTePUH, SKOJIOTHYECKHE 30HbI BOJOEMOB, OPraHIYECKOe
3arpsi3HEHUE, KUIIEYHas Najo4Ka, KOJHM-TUTP, KOJU-WHIEKC, CAaHWTapHO-0AKTEPUOJIOTHYECKHE IOKa3aTely,
(exanpHOE 3arpsA3HEHNE, KaueCTBO BOJBI, MUKPOOHOE COOOIECTBO, MOHUTOPHHT BOJIOEMOB.

Boga — 9310 ecrectBeHHas cpena oOuTaHUS OOJNBIIMHCTBA MHKPOOPTaHHU3MOB.
KonnuecTBO MUKPOOPraHM3MOB B BOJI€ 3aBUCUT OT MHOTMX a0MOTHYECKUX, OMOTUYECKUX U
AHTPONOTEHHBIX (DAKTOPOB: COJACP)KAHUS OPTaHUYECKHX BEIIECTB, CKOPOCTU TEYCHHS BOJBI,
TEMIIEPATypbl OKpY’KaloLEH cpeibl, BpeMEHU Tofa, 3arpsi3HeHus: Bojgoema u jp. KauectBo
BOABl W TEPBUYHAS NPOAYKIHS BOJOEMOB B 3HAUUTEIHHOW CTEHEHH OMPEIEISIIOTCS
(GYHKIIMOHUPOBAaHUEM OaKTEPHUAILHOTO HACEICHHUS.

OKOJIOrHYecKHii MeTaboIM3M MPUPOTHBIX SKOCUCTEM BO MHOTOM OIIPENENSIETCS] MMEHHO
¢yHkmoHupoBaHueM Oaktepuoduiopbl. TpaHchopmanus OpPraHUYECKOTO  BELIECTBa,
ocylIlecTBIIsieMast OaKTepHsIMU B BOJJOEMAaX, BKIIIOYAET €ro MPOAYKIUIO 32 CYET Pa3MHOKEHUS
OakTepuaIbHBIX MOMYJIALMI, U3MEHEHUE 3a CUET Mepexoja Ha Cleayrouuil Tpoduyeckuit
YpOBEHb BCJIEICTBHE MOTpeOieHuss OaKTepuil BOJHBIMU >KMBOTHBIMM, a TAKXKE JIECTPYKIIHS
OpTraHWYECKUX COCTMHEHHH B TIpoliecce OaKkTepuaabHOro apixanus [1].

KavecTBeHHbIH cocTaB MUKPOGIIOpHI BOJOEMOB OYE€Hb Pa3HOOOPa3eH Kak B OTHOLICHUU
BXOJSAIIMX B HEr0 pAa3IMYHBIX CHCTEMAaTHYECKUX TIpPyHI OpraHu3MoB (OaxkTepui,
AKTUHOMHUIIETOB, JAPOXOKEBBIX M IUJIECHEBBIX TpUOOB M Jp.), TaK U B OTHOLICHHUHU
OMOXMMHYECKHX CBOMCTB, ONpEAENAIONIMX WX Y4YacTHE€ B pa3HOOOpPa3HBIX Mpoleccax
KpPYroBOpoTa Yyrjepoja, a3oTa, cepbl, (ocopa u APYrux 3JIEMEHTOB B Bogoémax. B
HMCKYCCTBEHHBIX BOJI0OEMaX OOHWTAIOT TMpEJCTaBUTENN Bcex rpymnm Oaktepuil. CoriacHo
HanOoJiee pacIIMpeHHONW KiaccUu(UKAUU K OakTepUsiM OTHOCATCS, TAKXKE aKTMHOMMIIETBI,
KOTOpBbIE€ HMMEIOT MalOYKOBUJIHYIO, HHUTYATYI0 MM KOKKOOpasHyr (opMy ¢ OOKOBBIMHU
pasBeTBIEHUSIMH 0€3 KJIETOYHBIX MEPeropofok MU cBoe (opMoil  HAMOMHUHAIOT
MUKpockonuyeckue rpudsl. K HMM mnpuHamiexxat Oaktepun poaa Actinomyces WU
COOCTBEHHO AKTHMHOMMLETHI (JUIsI HUX XapaKTEepPHO CIIOpPOOOpa3oBaHHE), MUKOOAKTEpuH (p.
Mycobacterium), MEKpoMOHOCTIOPHI (p. Micromonospora). AKTHHOMHIIETBI U POJICTBEHHBIE C
HUMH OpPraHU3MBbl JOCTATOYHO PacIpOCTPaHEHBbI B THIpocdepe, B YaCTHOCTH B MII€ BOJIOEMOB

[2].

K waubonee PaclpoCTPpaHCHHBIM B  BOJHBIX 3KOCUCTEMAX MHKPOOpPTaHHU3MaM
npuHauiexat: Psevdomonas fluorescens, Micrococcus agilis, Micrococcus roseus, Proteus
vulgaris, Spirillum rubrum, Sarcina lutea, mpeacraBurenu p. Cladotrix, Sphaerotilus,
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Corynebacterium, Artrobacter, Mycobacterium globiformis, Mycobacterium luteum, Bacillus
mycoides, Bacillus subtilus u mp. [13].

B moBepxHOCTHOM cjoe Bojbl, TAe HaOdromaeTcss HauOONbIIass KOHLEHTPAIHS
IIUTATENbHBIX BEUIECTB U BBICOKHH YPOBEHb KUCIOPOAA, KOJIMYECTBO OAKTEPUAIBHBIX KIETOK
Bappupyetrcsi ot 300 muummonoB g0 4 mwumapaoB Ha 1 cm?. 3HauuTenbHas 4acThb
0aKTEepHOIUIAHKTOHA COCPEOTOYEHA BO BTOPOH 3KOJIOIMYECKON 30HE, paclooKEHHOW Ha
ryoune 20-50 cm. 3pech  cO37arOTCS  ONTHMAJbHBIE  YCJIOBHMSI  OCBELLEHHOCTH,
CIOCOOCTBYIOLIME aKTUBHOMY Pa3BUTHIO (puToraHkToHa [1].

Tperbst sKomorMyeckas 30Ha COBMAJACT C TEPMOKIMHOM — CIIOEM DPE3KOro
TEeMIIepaTypHOTo Mepexo/ia, YTo NPUBOIUT K YBEJITMUYEHHUIO INIOTHOCTH BOJBI M KOHLIEHTPALH
Oaktepuii. B 3TOM cioe 3a7ep>KUBatOTCsl YaCTHUIIBI IETPUTA M OCTATKX NOTHOMIETO TUIAHKTOHA,
Ha KOTOPBIX AKTUBHO IOCENSIOTCS OaKTepuH. OTO OOBSICHAET 3HAUYMUTENbHBIM POCT HX
YHUCJIEHHOCTHU 10 CPAaBHEHUIO C IOBEPXHOCTHBIMU CIIOSIMU [4].

B nmpuaoHHBIX €0SX, COCEACTBYIOIIUX C aHadpOOHOH 30HOMN, GopMHpYIOTCS 0COOBIE
HKOJIOTUYECKUE YCIOBUA. 31eCh €Ile MPUCYTCTBYET PACTBOPEHHBIM KHCIOPOJ, HO TaKXe
HAUMHAKOT HAKaIUIMBATHCSl BOCCTAHOBJICHHBIE BEILECTBA, MOCTYMHAIOIINE U3 OECKHCIOPOIHBIX
NPUIOHHBIX CJl0eB. B 3T0oil  MUKpoa’spouiabHOW Cpene aKTHUBHO  pa3BUBAIOTCS
&Kene300aKTepruu, METaHOTPO(pHBIE MUKPOOPTraHU3MbI, OaKTEpUH, OKUCISIOLIME BOJIOPOJ, U
cepobakTepuu. Hmxe 3TOro ciost pacrosiaraercst aHa’poOHasi 30Ha, B KOTOPOH OOHTaroT
cyib(arpeyupyIOLe 1 MacasSHOKHCIbIE aHa3poOHble OakTepuu. C 3KOIOTHYeCKON TOUKU
3peHUs MUKPOHACEIICHHE BOJIOEMOB JISITUTCS Ha COOCTBEHHOE (aBTOXTOHHOE), 00YCIIOBICHHOE
(bU3NYECKUMHU U XMMUYECKHMMHU CBOMCTBAMU BOJBI M €€ MPOUCXOXKIEHUEM, U NTOCTYyMAaolIee B
HUX W3BHE, M3 Pa3IMYHBIX MCTOYHHUKOB 3arpsisHeHMs (ayutoxtonHoe). Ilocnemnee oOBIYHO
ObIBaeT 0OpeueHO Ha BBIMUPAHUE, €CIM HOBBIE YCIOBUS OOUTaHUS CYIIECTBEHHO OTJIMYAIOTCS
OT OT TeX, KOTOpBIE JJIsi Hero sABIsieTcs OObIYHBIM. bornee mmmTenbHO MUKpodopa KUBET U
COXpaHseT CIOCOOHOCTh K Pa3MHOXEHHIO, €CJIM OJHOBPEMEHHO IOMaJgaeT B BOJOEM M TOT
cyOcTpaT, B KOTOpOM OHa paHee oburana [2].

B 3aBucuMocTH OT TOTPEOHOCTM M YYBCTBUTEIBHOCTH K KHCIOpPOJY Cpeau
MHUKpPOOPTaHNU3MOB BBIAEIAIOT a3p000B (TpeOyIOT BBICOKOTO COJIEpKaHusl B BOJIE KHCIOPOa),
MHUKpPOa’po0bl (pa3BHUBAIOTCS NPH MOHWKEHHOM MapLUAIbHOM JaBJIEHUM KHUCIOPOAad), U
(akynbTaTUBHBIE aHA’POOBI (MOTYT HCIIOJIb30BaTh KHUCIOPOJ, a MOTYT CYLIECTBOBAaTh 0Oe€3
Hero). Cnenu@uyeckyto TpyIIy COCTaBISIIOT OOJMraTHbIE aHA’3poObl, KUCIOPOJ JUIsl HUX
SIBJSIETCSI TOKCUYECKUM dJIeMeHTOM [7-9].

CanpodutHble OakTepuH CHOCOOHBI CYIIECTBOBATH Kak B ad’pOOHBIX, TaK M B
(baKyTbTaTUBHO-aHA’POOHBIX  YCIOBHUSX, HCIONB3Ysl B KayecTBE WCTOYHHWKA IUTAHUSA
pacTBOpEHHbIE OPraHWYECKHE BELIECTBA — OCTATKM OTMEPIINX PacTEHUH M JKUBOTHBIX. JTH
MHUKPOOPTaHU3Mbl MOYKHO OOHApYXXHUTh TPW KYJbTHBHPOBAHWH BOJBI HAa CIHEIHAIBHBIX
MUTATENbHBIX CpelaX, OOOTalleHHBIX OPraHWKOM, TAaKMX KaK MSCO-NIENTOHHBIN arap
(MITA) [4].

OOmiee KOJIMYECTBO CAMpPO(HUTHBIX OaKTEpHil B BOJOEMaxX SBISETCS IEPEMEHHBIM
nokKaszaTesieM, 3aBHCALIMM OT MOTOIHBIX YCIOBHH (OCaaKH, BeTep, KoJeOaHHUs TeMIepaTyphl
BOJIBI U JI.), & TAK)KE OT YPOBHS COAEPIKaHUSI OPTraHWYECKUX COCTUHEHUH, OCTYTAIONINX U3
NPUPOJHBIX (ABTOXTOHHBIX) HJIM BHEIIHUX (QJUIOXTOHHBIX) MCTOYHHUKOB. JlJIi MOJTydeHHUs
OOBEKTHBHBIX JaHHBIX O OaKTEpUAIBHOM COCTaBE BOJOEMa HEOOXOJAWMO TIPOBOIHTH
MHOTOKpaTHBII 0TOOp P00 BOJIBI U3 PA3TUYHBIX YUACTKOB M B pa3Hble ce30HbI roja. [lpu stom
BaXHO HE TOJILKO OIIEHMBATH 0OIIee 4YhCiio OakTepwil, HO M aHAJIM3UPOBATH UYHCICHHOCTDH
OTIENbHBIX (PU3MOIIOTUYECKUX TPYNIN B BOJHOW TONIIE W JOHHBIX OTJIOXKEHHUAX, TaK Kak
OaxTepuanbHas MOMYJISALUS ATUX CPEJ] OTPakaeT cTerneHb TpodHOCTH Bogoema [3].

OCHOBHBIM (haKTOPOM, BIUSIONIMM Ha MAaCCOBOE Pa3BUTHE MUKPOOPTaHU3MOB, SIBIISIETCS
KOHIIEHTpaLlusl OpraHMYeCKHX BeLeCTB B Bojae. YUeM Bbllle YPOBEHb OPraHUYECKOTrO
3arpsi3HEHus, TeM Oouiblie B Hell 6akrepuii. Hampumep, B chopMUpPOBaHHBIX BOAOXPaHUIIHILAX
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coniepkanue 6akTepuil B IurankToHe gocturaet 0,7—3,3 MIH KJIETOK Ha 1 ¢M?, 94TO mpeBhIaeT
nokaszarenau pek. B mpynax ke 4MCIeHHOCTh OakTepuil MOXKET AOXOAMUTH O HECKOJBKHX
MWIIMOHOB Ha 1 cm?® [13,14].

B cBs13u ¢ BbllIE CKa3aHHBIM, B JUTEpaType [2] BcTpedaercs elle ojHa Kiaccudukanus
MHUKpPOOPTraHU3MOB, IPHUHATAs B CAHUTAPHO-TUTMEHUYECKOW IpakTuke. B naHHOM ciyuae
MHUKPOOPIaHU3MBbl pa3JeNAI0TCs Ha TeTepoTpodbl, oOecleYnBaOIMe MHUHEPAIU3ALUI0
OpPraHUYECKUX 3arps3HUTENCH B BOJOEMAX, WMJIM, CIEAys HKOJIOTHYECKOH Kiaccu(uKaiu,
canpoduThl, OOMTAIOLIME HAa OCTATKAX PACTUTEIBHOI'O M >KUBOTHOTO IPOMCXOXkAeHUs [S] n
aBTOTPOGBI, NPOIYUUPYIOUIME OpPraHUYECKHE BellecTBa B Tpouecce (POTOCHMHTE3a WU
XEMOCHHTE3A.

Pacnpenenenne M KayecTBEHHBIH COCTaB MHKPOQUIOpPHI B BOJOEME 3aBHCUT OT
Temneparypbl. EE mOBbllIEHHME CTUMYJIUpPyeT pa3BUTHE (UTOIIAHKTOHA M €ro
(OTOCHHTETUYECKYIO AEATENbHOCTb, YTO BEAET K OOOTalIeHHIO BOJOEMA OPTraHUYECKUM
BEIIECTBOM M KOCBEHHO — K YBEJIMYEHUIO uucina Oakrepuil. OOBIYHO, MaKCHMallbHOE
KOJIMYECTBO MUKPOOPTaHU3MOB IIPUXOAUTCS HA Mail — HFOHB, HECMOTPSI HA TO, UTO COJEPIKAaHUE
IUTATEIbHBIX BEIIECTB B 3T MECSIBI HE SBJISAETCS MAaKCUMAJIbHBIM. JTO SIBJICHHE CBSI3bIBAIOT
[6] c ©3MEHEeHuEM TeMIlepaTypbl BOJBI B 3TOT EPUOI.

Kpome Toro, ompenenreHa  3aBUCHUMOCTb  TOPU3OHTAJIBHOIO  pacrpeeeHus
OakTeprnodIophl B BOJOEMaX Pa3IMUHBIX THIOB. Y CTAaHOBJICHO [ 1], 4TO OoJbIIIee KOJTUYECTBO
UX HaXxOAMTCS B MPUOPEKHON 30HE M HA NMOBEPXHOCTH, MEHbIIEEe — BIAU OT OeperoB u Ha
riryOuHe.

MuKpoOpranu3msl, SIBIISASCh HEOTHEMJIEMOW YaCThIO BOJHBIX HKOCHCTEM, BCTYHAlOT B
pa3zHooOpa3Hble B3aMMOOTHOUIEHHSI C IPYTMMH KOMIIOHEHTaMU OMOTUYECKOM COCTaBIISIIOIIEH.
Hanpumep, OakrepuanbHOe HaceJIeHHE BOJAbI HAXOJUTCS B TECHOM B3aMMOOTHOLIEHHU C
pacTeHUsIMM BOAOEMA U, B IEPBYIO O4YEpEAb, C BOAOPOCISIMH. ODTH B3aUMOCBSI3U JIETKO
IIPOCIIEKUBAIOTCS IIPY AHAJIN3€E JAaHHBIX 10 OTHOMY M3 OCHOBHBIX IPOLIECCOB, IPOTEKAIOIINX B
BOJZI0OEME - KPYTOBOPOTY opraHudeckoro Bemectsa [1, 11].

Mukpoburonoruueckass MUHEpaTU3alsl OpraHMYeCKHX COEIMHEHHH B 3arps3HEHHOM
BOJIOEME U OTMHUPAHUE B CBSI3U C TUM CanpOPUTHBIX TATOT€HHBIX MUKPOOPTraHU3MOB SIBIISI€TCS
OJIHUM M3 JTOMHHMPYIOIIHX MIPOLIECCOB CAMOOYMILIEHH. B 3TOM mpolecce BaKHENIIYIO pOJIb
UTpalOT MaccoBble (OPMBI, 3€JIEHBIX MPOTOKOKKOBBIX BOJOpOCIEH, 00Oramaroumx BOaY
KHCJIOPO/IOM, HEOOXOIUMBIM Ui MUHEPAJIH3alMi OPraHMYECKUX BEIIECTB, HO UX POJIb 3TUM
HE OrPaHUYMBACTCS — BOJOPOCIIH ABJISIOTCS aHTarOHUCTaMH OaKTEpHil.

OObIYHO B BOJOEME MAKCUMYyMy YHCIa BOJOPOCIEH COOTBETCTBYET MMHHUMYM 4YHCIa
Oakrteputii [2,11]. CymecTBoBaHUE ATOM KOPPEALIUU ObUIO MOATBEPKACHO PSAIOM HAOIIOACHUI
npod. I'. I'. BunGepra ¢ corpynnukamu [2]. OqHako MHEHUS UCCIieIoBaTeNe OTHOCUTENBHO
CTOPOH B3aMMOOTHOILIEHUN BoJopociiel W Oakrepuil pasounumch. OIHU yTBEPKIAIOT, 4YTO
ObICTpoe OTMHpaHHe OaKTepuil BEI3BAHO B OCHOBHOM Mo/IIenayruBanueM Bojabl 10 pH 9 — 10
BOJIOPOCJISIMH, aCCUMIUTUPYIONTUMHU CBOOOIHYIO 1 OMKapOOHATHYIO YIIIEKUCIOTHI [2]. BTOphIe
MOJIaraloT, YTO B OCHOBE aHTAarOHHUCTUYECKUX B3aMMOOTHOILIEHUHN Bojopociiell U OakTepuit
JIEKAT KOHKYPEHIUS 3a PaCTBOPEHHBIE OpraHMUYecKue BelecTsa. HakoHel, TpeTbH CUNTAIOT,
YTO KJIETKH BOJOPOCIEH BBLACISIOT B OKPYXAIOIIYI0 Cpely OpraHndyeckue BelllecTBa,
TOPMO3SIIIIUE pa3BUTHE OaKTepHODIOPHI.

Okcrepumentsl ¢ Chlorella vulgaris Beij.,, Scenedesmus obliquus Thurp. wu
6akteprodaramu, crnenupUUIHBIMA OaKTEpUsIM MBIIIMHOTO TH(a M KHUIIEYHOW MalouKe,
MOKa3ajM, 4TO CLEHeJAecMyC MHruoupyer ¢aru, a xjopemna Het [12]. IIpu stom Xxiopenna
oOnajgana GakTepUIIUMJIHBIMUA CBOMCTBAMH, a CIIEHEAECMYC JIMIIb OakTepruocTarndeckuMu. Ha
OCHOBAaHUHU O3TUX JAaHHBIX MOXXHO MPEANONIOKHUTb, YTO HpU MNpeoljalaHud B IUIAHKTOHE
CIIeHeJZIecMyca B BOJJOEME MOXKET ObITh MHOTO OaKTepUi, TaK Kak 3TH BOJIOPOCIH HHTUOUPYIOT
crennduaeckue 6akTepusm daru.

83



Bectauk CHO IOHHY. Bein. 17. Tom 1. EcrecTtBeHHbie Hayku. — 2025

Taxum 00pa3oM, BUIMMO, B3aMMOOTHOIIIEHUS B 3BEHE «OaKkTepuu — (harm» ToKe UrparoT
BaXXHYIO POJIb B (JOPMHUPOBAHUU CAHUTAPHO-3IUAEMHUOIOIMUECKOrO PeKUMa BOJJOEMA U ATUM
HEJIb3sI TpeHeOperaTh.

MHUKpOOpraHu3Mbl HE TOJIBKO pa3jaraloT MEpTBbIE OCTaTKH PAcTEHUM, HO M YacTo
WCTOJB3YIOT NMPKU3HEHHBIE BBIJCNICHUS PACTCHUH, CO3/IAI0T CeNU(DPUIECKYI0 MUKPOIIJICHKY
Ha MOBEPXHOCTH TeJla PAaCTCHUH (BBICIIUX U HU3ILUX).

BumoBoit coctaB Oakrepuii, OOWTAOMMX, HANpUMEpP, Ha BOJOPOCISAX BEChMa
pazHooOpazeH. Cpeau HUX 0OHAPY)KEHBI Kak OaKTepUH-0alMILIbI, TaK U KOKKOBBIE (hopMmbI [ 12].
BosbmmHCTBO MpeacTaBUTENEH 3TOM (IIOphl OTHOCATCS K MUKPOOPTaHW3MaM, Y4acTBYIOIIUM
B KpPyrOBOpOTE yIjepojia, U TpeOyIOIUM Ul CBOEr0 POCTa HAJIUYUE YIJIEpOJCOASPKALIIX
COCIMHECHUM.

Ecte u npyroii Tum B3aMMOJEHCTBUS OAaKTEpPHl M pacTEeHUN: HEKOTOPBIC BOJIOPOCTH
YTHETAIOT IaTOT€HHbIE MMKPOOPraHM3Mbl — IIUTEJUIbI, CAJIbMOHENJIl U CHHETHOWHYIO
nanouky. Ilokazano [14], 4yTO mpu yBEJIWYEHUH KOJMYECTBA HEKOTOPBIX BOJOPOCIEH
MoBBIIIAETCST KX OakrepuuuaHocTh. Hampumep, MaccoBoe pa3BUTHE CHHE3EJIEHBIX
BOJIOPOCIIEH, KaK IPaBUJIO, COMPOBOXKIAECTCS YTHETEHUEM canpo@uTHoi MUKpoduiopsl. Takum
o0pa3oMm, (PUTOMIAHKTOH Ha Ka4eCTBO BOJABI JeicTBYyeT ABOsAKO. C OJHON CTOPOHBI, B
pe3yibTaTe €ro MacCOBOIO pa3BUTHs HaOIIOAaeTCs MOIJIOLIEHHE OMOTEHOB M YIyYllIeHUE
ra3oBOro peKMMa, YMEHBIIEHHE COJepKaHUsl CBOOOIHOM YIJIEKUCIOThI, 00OTalleHUe BOJIbI
kucnopoaoMm [9]. C apyroil CTOpoOHBI, B MEPUOJI MAcCOBOTO pPa3BUTHUSA (PUTOILUIAHKTOHA
MOBBILIAETCSI MyTHOCTb U LIBETHOCTH BO/Ibl, YBEIMUUBAETCS COJEPKaHUE B HEH OPraHUYECKUX
BelleCTB. B mepuoj ecTecTBEHHOro OTMHMpaHMs BOJOPOCIEH, MOCIe OKOHYAaHUS BEreTalui,
CHIDKAETCS MJIM COBCEM HCYE3aeT MHrubupyouiee BiIUsSHUE (UTOIIAHKTOHA Ha
OaktepuorulaHkToH. Kpome TOro, BOAa 3HAUYMTENBHO O0OOTramaeTcss OpPraHUYECKUMHU
BELIECTBAMU 3a CUET pazjararoliuxcsi KJIETOK BOJOPOCIEN U BHOBb, OoraTtasi OpraHnyecKuM
BELIECTBOM BOJHAs CPEla CTUMYJIUPYET pa3BUTHE MUKPOOPTaHU3MOB.

bakTtepuanbHOEe caMOOYHMIIEHHME, TO €CTh MPOLECC OCBOOOXKAECHHUS BOAOEMA OT
AUIOXTOHHON canpoUTHOW M CONpOBOXAAMOLIEH €€ MmaToreHHoH MUKpOo(pIopsl, B
3HAYUTENILHON Mepe OIpeAessieTcs] B3aMMOOTHOIIEHUSIMU, KOTOPbIE YCTaHABIMBAIOTCS MEXLY
Heil M aBTOXTOHHbIM HaceneHueM [11]. Takum oOpazom, OakTepuu ONpEAEISAIOT
CaMOOYHUIIEHUE TPUPOIHBIX BOJOEMOB.

bakTepnomIaHKTOH MPH 3TOM SIBJISIETCA U MIOKA3aTeNIeM 3arpsA3HEHMsI BOJbl. OCHOBHBIMHU
MapKepaMy SIBIISIFOTCSL OakTepuu - OOUTAaTeNM KHIIEYHHKA YeJIOBeKa W JKUBOTHBIX U
canpouTHele OakTepuu, crnocoOHble pactu Ha craHgaptHod MIIA. Ilocneanue
CBUJETEIBCTBYIOT O TOCTYIUIGHUM B BOJIOEM HECTOMKHMX OpraHu4eckux BemecTB. OHU
oOHapy>KuBaroTCs mpopammbanueM mpoos! Boasl Ha MITA mpu 200°C u skcno3unuu B 48
yacoB. [ HunocTHas MukpodIiopa KuiledyHuKka MHKyOupyercs 24 yaca takxe Ha MIIA, HO ipu
temneparype 370°C (Temmeparypa KHUIIEYHHKA). B ¢ekanusx dvernoBeka MOCTOSHHO
MPUCYTCTBYIOT KHIIEYHbIE TMallOYKH, DSHTEPOKOKKHM U aHa’pOoOHbIE CHOpPooOpasyrolue
OakTepuu, raaBHbIM 0Opa3zom Bacillus perfringens.

Kumeuynass  manouka  SBIS€TCS  OCHOBHBIM  CAHUTapHO-OAKTEPUOJIOTHUECKUM
WHIUKATOPOM 3arps3HeHUs BOJbl. BpeMs ee BbDKMBaHUS B BOJHOW Cpejie MPEBBIIIAET CPOK
COXPAaHEHHUsl MAaTOT€HHBIX MHUKPOOPraHM3MOB KHUILIEYHOW Ipynmbl. B Bomoemax, MOJHOCTBHIO
CBOOOAHBIX OT (PeKaJbHOrO 3arpsi3HEHUS M PACIMOJIOKEHHBIX B MeCTax, IJe He Obuio
YeJI0BEYECKOI0 BMEUIATENbCTBA, 3TOT MHUKPOOPraHu3M OTcyTCTByeT. I[loaTOMy oneHka
OaxkTepraIbHON YMCTOTHI BOABI OCHOBBIBAETCS HE TOJIBKO HA (PaKTe ero MpucyTCTBUS, HO U Ha
KOJINYECTBE, COJIEPIKAIIEMCs B OIIPEIEICHHOM 00beMe BOJIbI.

Jlisa ompeneneHus ypoOBHSI 3arpsi3HEHHS] HCIOJIb3YIOTCS JIBa KIIFOUEBBIX IMOKAa3aTels:
KOJIU-TUTP U KoJHu-uHAeKc. Konu-Tutp npeacraBnser coOoi MUHHUMAIbHBIN 00beM BOJBI (B
MWIIHIINTPAX), B KOTOPOM OOHapy»KMBAETCsl XOTs Obl OJHA KHILEYHAas MajJoyka. 3HAYCHHE
3aMMCBIBAaeTCsS YUCIOM 0e3 yka3aHMus eQUHHUI] u3MepeHus. Komm-uHaekc, B CBOIO Ouepelb,
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OTpa)kaeT KOJIMYECTBO ITHX Oakrepuid B oaHoM AM® Boabl. CorjacHo JeHCTBYIOIIMM
HOpMAaTHBaM, KOJIM-TUTP J0bKeH ObITh He MeHee 300°C, a KOIu-uHIEKC — HE MPEBHIIIATh 3.
Ecin konu-tutp Bo3pactaer Bbimie 300°C, 3T0, Kak NIpaBHUIIO, CONPOBOXKIAAECTCS IOJHBIM
YHUUYTOXXEeHHEM OakTepuil Tudonapatudo3HO TPYIIIILI, JIENTOCIHD, TYIIPEMUIHON MaT0YKu
U BO30yuTenel opymeriesa.

BaxxHo momuyepkHyTh, UYTO  KOJHU-TUTP  SIBISIETCS  HAJASKHBIM  CAHUTApHO-
0aKTEpHUOIOIrMUECKUM KPUTEPUEM. DKCIIEPUMEHTAIIBHBIE UCCIIEI0BAaHUS MOKA3aJIH, YTO J1aXKe
[P 3HAYUTEITLHOM YBEITMYEHUU KOHLIEHTpaluu O0akTepruodaros, CielMPUUHbBIX K KUIIEYHON
NaJoYKe, 3TOT IOKa3aTellb OCTAETCs HEU3MEHHBIM. OTO CBSI3aHO C TEM, YTO 3€JeHas
IUTAHKTOHHAsT BOJOpOCib pomaa Scenedesmus Turp. ObIcTpO MOAABISET aKTUBHOCTH JaHHBIX
¢aros, mpenoTBpalas Ux BIUSHUE HA KOJH-TUTP BOJIBI.

[Tpu ompeneneHN KayecTBa MUTHEBOM BOJIbI HEOOXOAMMO PYKOBOJCTBOBATHCS JABYMS
0aKTEpHUOIOrMUECKUMHU TIOKA3aTEIAMU:

1 )kOHIIEHTpalMel KUIIEUHBIX NaI04eK (KOJU-TUTP, KOTU-HUHJIEKC);

2) 00IIMM KOJIMYECTBOM OaKkTepuii-MeTaTpodoB.

Bropoii nnaukaTop 6akTepruaabHOTo 6Jaronoiyyduns BOJbl HE MEHEE BasKEH, YeM IEPBbI.
Hctopus ero BBeaenus tTakosa. B 1892 rony B 'amOypre (I'epmanus) Obl1a 3nuaeMus X0JIEPHI.
KonnuecTtBo 3aboneBmux coctaBisuio 1075 uenoBek B 1eHb. B To ke BpeMst B MOrPaHUYHOM C
['amOyprom AIbTOHE €XelHEBHas 3a00JI€BaeMOCTh XOJepod He mpeBbimana 30 dYenoBex.
Hacenenue r.AnbTOHBI HOJIH30BANIOCH BOJOM, MpoIIeAIIeH yepe3 GUIbTPYIOUIyI0 yCTaHOBKY.
Pobept Kox, ananuzupys npuyruHbl BOSHUKHOBEHUS SMIUIEMUH, OTMETUII, 4TO (PUIBTPOBaHHAs
BoJa ATIETOHBI coziepkana Bcera MeHee 100 Gaktepuii-meratpodos B 1 cm. C Tex mop cranu
CUNTATh BTOPHIM 0053aTEIbHBIM CAaHUTAPHO-0AKTEPHUOIOTHIECKUM TTOKA3aTEIIEM KOJIHMYECTBO
6akTepuii-MeTaTpodoB B BOJIE, IPHYEM OHO JOIKHO 6BITh He Gomee 100 KOE/cm® [10].

DTOT METO/ UMEET MIMPOKOE IPUMEHEHHUE B MIPAKTHKE CAHUTAPHO-0aKTEPHOIOTUIECKUX
WCCJIEOBAaHUM BOJBI. BhIpaniuBanue KOJIOHUN NMPOBOJUTCS HA CTAaHAAPTHOW MSCONENTOHHON
araposoii cpeae (MIIA). Ilpu ananuzax uyucToi BOABI (OUYMILEHHAs NMUTHEBAs BOJA, BOAA
apTe3MaHCKUX CKBaxuH) 3aceBaioT 1 cm® u 0,1 cM® HaTypanbHOM Boab! (6e3 pasBeaenus). [Ipu
HCCJIEIOBAaHUH OTKPBITBIX BOJIOEMOB (PEKH, MIPY/Ibl, 03€pa U Mp.) UCHOJIB3YIOTCS pa3BEeIEHUS OT
0,1 10 0,001cm® 1 Gostee B 3aBUCHMOCTH OT MPEATIONIAracMoro 3arpsi3HeHus.

Hannuune dexanbHOro 3arpsi3HEHUs BO/IBI ONPEAEIAETCS HaX0XK/ICHUEM B Hell OakTepuit
IpyIIbl KUIIEYHON MalOYKU. B HacToslee BpeMs N3BECTHBI TPU OCHOBHBIX Pa3HOBUIHOCTH
KHIIeuHo# nanouku Escherichia coli: E. coli commune, E. coli citrovorum (Citrobacter) u E.
coli aerogenes (Aerobacter aerogenes). Kaxxaast u3 pa3HOBHIHOCTEI MOYKET XapaKTepHU30BaTh
CTa/IMIO pa3oKeHus (eKaabHbIX Macc.

B crpanax 6siBiiero CCCP onpenensitot Bcto rpynmy E. coli B 1ienoM, a 3a py0exxom
TONIBKO E. coli commune, ABISAIOIINXCS MOKa3aTeIeM CBEXUX (eKaabHBIX 3arps3HeHuil. Bee
Pa3sHOBUIHOCTH XapaKTEPHU3YIOTCS CIEAYIOIUMH MPU3HAKaMHU: 3TO a’poOHBIE, KOPOTKHE,
rpaMOTpULIaTENbHbIE, HECTIOPOHOCHBIE MAaJOYKU, COpa’KMBaIOIIUE TIIIOKO3y ¢ 00pa3oBaHUEM
raza B TeueHue 24 yacos npu 43 - 45°C. Ha cpene Duao O6akTepun 3TON TpyNIbl 00pa3yroT
KpacHbIe KOJIOHHU C 30J0THIM OJECKOM MM TeMHO-KpPacHbIE U PO30BbIE KOJIOHHH C TEMHBIM
LEHTPOM.

Jis 4ucToil BOABI 03€p M BOJOXPAHWIUIN NPUMEHSIOT METOJ YJIbTpauiIbTpaliu
UCIBITYEMON BOJIbI C IMOCIEAYIOIIMM MpopaliiBaHueM Ha MeMOpaHHbIX (uiIbTpax (cpena
OH0), a Takke OpOoAWIbHBIN MeToa. BrlpamuBanue KOJIOHUH OCYIIECTBIAIOT 24 dYaca mpu
37°C.

dakTopaMu, OIpPENEeNIONUMH JKU3HEACATEIbHOCTH OakTepuil B HCKYCCTBEHHBIX
BOJIOEMax, B TOM YHCIIE U TPYAAX, SIBISIFOTCS:

1) KonMueCTBEHHBIN COCTAB OPraHUYECKUX BEILECTB;

2) Ka4eCTBEHHBIN COCTAB OPTaHUYECKHUX BEIECTB;
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3) TUIPOJOTMYECKHM, TEMIEPAaTypHBI, COJIEBOM M Ta30BbIi pEXHUMBI, HAIUYHE
OMOTeHHBIX JIEMEHTOB.

[To conpepxaHui0 MUKPOOPTaHU3MOB B BOJIOEMAaX BBIIEISIOT 3 30HBI: MOJIUCATIPOOHYIO,
Me30CanpoOHYI0 B oJurocanpoOnyto [14].

[omucanpoOHas 30HA COAEPKUT O HECKONBKHX MHIJUIHOHOB MHKpoOOB B lcm® m
00JIbII0E KOJMYECTBO JIETKO YCBAaWBAEMbIX OpraHMYECKHX BellecTB. MUKpoOHoIornyeckue
MIPOIIECCHI B 3TOW 30HE MPOUCXOAT B aHAIPOOHBIX YCIOBUSIX M COIIPOBOKIAIOTCS BBIZICTICHHEM
ME€TaHa, MEPKaITaHOB aMMHaKa, CEpPOBOJOPOA.

B wme3acanpoOHOW 30HE MeEHbIIEEe COJEp)KaHWE OpPraHMYeCKHX BEIeCTB. B Heid
MIPOUCXOJAT MPOILIECCHl MUHEpalu3allii, a Takke OKuciaeHue u Hutpudukauus. OOiiee
KOJIMYECTBO MUKPOOPraHU3MOB B 1cM® BOJIBI B 3T0i 30He He MpeBBIMAET | MUIUIHOH.

OnurocanpoOHyI0 30HY XapaKTepu3yeT OTCYTCTBUE KHUIIEYHOM MAJIOYKU U CHUKCHUE
O0IIero KOJIMYeCTBa MUKPOOPTAaHM3MOB JI0 HECKOJIBKHX JECSATKOB MM COTEH MHKPOOHBIX
kinetok B 1 cM® Bompl. B Boje omurocampoGHOi 30HBI IPOUCXOAT TPOLECCH OKHCICHHS
HUTPUTOB M xemne3a [3].

Takum o00pa3zom, OaKTEPUOIUIAHKTOH SBIISETCS COCTAaBHOW YacThlO SKOCHUCTEM,
OIpesessieT IMPOLECChl CaMOOYMIIEHUS W BCTYNAeT B CIIOKHBIE B3aMMOOTHOUIEHMS C
OMOTHYECKOW KOMITOHEHTOH 3KocHcTeM. Ero peKOMeHIYIOT HCIONb30BaTh KakK IMOKa3aTesb
3arpsi3HEHUs] BOJIOEMOB Pa3HbIX THIIOB.
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VYK 331.5-053.6

OBETEHHUE" U 9BTPOPUPOBAHUE ®UTOIIJIAHKTOHA IIPY1OB
AMBPOCHEBCKOI'O MYHULIUITAJIBHOI'O OKPYTA

Xoxnoea O.A.
Hayunwuii pykosooumens: Mupnenko 3.HU., cmapwiuii npenooasamens
dIrboY BO «/loul’Y»

Aunnomayus. B nanHoi paboTte paccMaTpHBaIOTCS MTPOLECCH IBTPO(UPOBAHHS M «LBETEHHUs» (UTOILIAHKTOHA,
BO3/IEHCTBHE ATUX NPOLECCOB Ha BOIHYIO IKOCHUCTEMY AMBPOCHUEBCKOTO MYHHUIMNAIBHOIO OKpyTra. BrolsBieHa
JOMMHHPYIOIIAs! II0 YHCJICHHOCTH Ipynna (PUTOMIAHKTOHA.

Kniouegvie cnosa: GUTONMIAHKTOH, KIIBETCHHUE, IPYABI, 3BTPOGHUpOBaHNE, AMBPOCHEBCKUI MyHUIINTIATbHBIA

OKpYT.

Bonopocnu (Algae) urpaioT orpoMHyI0 poiib B SKOCHCTEME U >KM3HHU 4eJoBeKa. JTa
rpynmna OpraHu3MOB IIPOM3BOAMUT OPraHWYECKUE BelllecTBa B BOAHON cpene. Bomopociau
SBIISIIOTCA MCTOYHHMKOM TMHUIIM JUTSI BOAHBIX U HA3€MHBIX JKUBOTHBIX, B TOM YHUCIIC U IS
YeJI0BEKa, MCIOJB3YIOTCS B KaueCTBE YAOOpEHUs, UX KYJIBTUBUPYIOT C LEJIbIO IONyYEHUs
0O0JIBIIIOTO KOIMYECTBA OMOMACCHI, UCIIOIB3YEMOM B MUILEBOM MPOMBIILIIEHHOCTH. [1].

AKTyalTbHOCTH pabOTHI: U3yUEHUE MPOIIECCOB IBTPOPUPOBAHUS U CIIBETCHUS» BOIOEMOB
SIBIISIETCSL OJJHOW M3 MPHUOPHUTETHBIX 33/1a4 COBPEMEHHOM IHIPOOHOIOTHH.

@OUTOMIAHKTOH — 93TO 4YacTh IUIAHKTOHA, BKJIOYAroImias B ceOs JIHAaTOMOBEIE,
MIPOTOKOKKOBBIE BOAOPOCIH, KOKKOTUTOGMOPUIBI, TUHO(IATEIUIATH U IPYTHE OJHOKIETOYHbIE
BOZIOPOCIM (Yalle KOJIOHUAJBHBIC), a TakXke IMaHoOakTepuu. JlaHHas rpymnma BOAOPOCIEH
CHocoOHa OCYIIECTBIATh POTOCUHTE3.

OBTpo(pUpoBaHHE BOAOEMOB — TMPOLECC, MPEICTABISIIOMIMI CcOOONH MOBBILICHHUE
cofiepaHusi OWOTEHHBIX DJIEMEHTOB, KOTOPOE CIOCOOCTBYET POCTY OHOJIOTHYECKOM
MPOAYKTUBHOCTH BOJHBIX CUCTEM. J[aHHBIH ITpoIiecc MOXKET OBITh PE3yIBTaTOM €CTECTBEHHOTO
CTapeHusl BOIHOTO 00BEKTa, a TAaKKe aHTPOIIOTeHHBIX (DAaKTOPOB, AeHCTBYIONIMX Ha Hero. [Ipu
HecOaTaHCUPOBAHHOM 3BTPO(GUPOBAHUM MPOUCXOIUT OypHOE pa3BUTHE (PUTOILUIAHKTOHA, YTO
BIIOCJIEJICTBUU MPUBOAUT K TAKOMY SIBIIEHHIO, KOTOPOE HAa3bIBAETCS «IIBETEHHEM» BoJoeMa. [2,
3]

AHTpOIIOTeHHOE HBTPO(UPOBAHNE BOJOEMOB CBS3aHO C JEATEIHHOCTHIO YEIIOBEKa U
MpeJICTaBIsIeT cO00H yBETMUEHNE IOCTYIUIEHUS B BOJLy OMOTE€HHBIX 3JIEMEHTOB U BO3paCTaHUE
OMONPOAYKTUBHOCTH BOAHBIX OSKOCHCTEM. BcnencTBue MaHHBIX MPOLECCOB MPOUCXOTUT
BO3pacTaHHe CKOPOCTH HAKOIJIEHHsI OMOTEHHBIX 0Ca/IKOB. B KauecTBe OMOTe€HHBIX 3JIEMEHTOB,
KOTOpbIE KOHTPOJHUPYIOT 3BTPOPUPOBAHUE BOJOEMA, OOIIEMpPHU3HAHBI TaKHe BEIIECTBA, Kak
dbochop wm azor, a wHOrMA MW yIIepoA. DBHOTEHHBIMH 3JE€MEHTaMH, BBI3BIBAIOIIUMU
sBTpoupoBanre BomoeMoB, sABistOTCS (dochop (P), azor (N), kpemuwmii (Si), a uHOTIA U
yrepon (C).

EctectBenHoe (mpupomHoe) 5BTpoHpOBaHHE BOIHBIX JKOCHUCTEM MPOUCXOIUT B
pe3yapTaTte TOCTEIIEHHOTO0 HAKOIUICHUS B BOJOEMaX OWOTCHHBIX M XEMOTCHHBIX OCAIKOB,
KOTOpBIE 00pa3yrOTCs BIOCIEACTBUH KU3HEAEATSILHOCTH PACTCHHUI U KUBOTHBIX.

N3-3a momagaHus B BOJOEMBI OBITOBBIX CTOYHBIX BOJ, BOI C (epM pa3IudIHOTO
HaIpaBIEHUS, a TaKKe BO3CIBIBAEMBIX IMMOJICH MPOUCXOIUT 3arps3HEHHe BOAbl. Benencteue
BBICOKOTO COJICp)KaHUS B BOJHBIX OOBEKTAaX HHUTPATOB, YEJIOBEK MOXKET 3apa3uThCs
MH(DEKIUSIMHI, KOTOpble MOTYT MPHUBECTH K ruOenu. Bricokoe copepkaHHe cojeil a30THOM
KHUCJIOTHI (HUTPATHI) MPEACTABIISET yIpo3y Il OOMUTATENeH BOIOEMOB, & TAKKE OKPYKAIOIINX
KUBOTHBIX, B TOM YUCJIE U JJI YeIOBEKA.
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XuMudeckoe HBTpO(UpPOBaHHWE BOMHOW Cpelbl 3aKIIOYaeTCs B IMOBBIIICHUU
MIPOIYKTUBHOCTH (TPO(HOCTH) BOIOEMOB B PE3y/IbTaTe MOCTYIJICHUS B HUX JTOTIOJHUTEILHOTO
KOJTMYECTBA OMOTCHHBIX AJIEMEHTOB C OKPYKAIOIICH TEPPUTOPHH.

Tepmuyeckoe 3BTpoUpPOBAHHWE — OTO MPOIECC YBEIMYEHUS TPOPHOCTH BOIOEMA
BCJIC/ICTBUE YCKOPEHUS KPYyroBOPOTa OMOTCHHBIX AJIEMEHTOB MPHU MOBBIMICHUH TEMIIEPATypPhl
BOJHOM Cpebl.

HectparudukanuonHoe  3BTpoUpPOBaHME  —  3AKIIOYAETCSs B IOBBINICHUU
MIPOAYKTUBHOCTH (POTHUUECKON 30HBI BCIICJCTBHE €€ OOOralieHus OMOTeHaMH U3 TITYOOKHX
CJIOEB TOTO K€ BOJI0EMa, KOTOPHIEC HA TAHHOU (heHOIOTHIeCKOH (pa3e B €CTeCTBEHHBIX YCIOBUIX
HEJIOCTYIIHBI JUIsl BOAHBIX PACTEHUI

HecbanancupoBanHoe 3BTpOPpHPOBAHHE U «IIBETCHHUE» MPHUBOAMUT K PSAIY HETATHBHBIX
IIOCJIEOCTBUIA:

e [ToBbIIIIEHWE MYTHOCTH BOJIbI;

o CHI)KEHUE COJIEpyKaHUs KUCIOPO/Ia;

® MaccoBblii 3aMOp PbIO;

e Co3ianue 01aronpusiTHBIX YCIOBUM IS Pa3MHOXKEHHSI TATOTEHHONW MUKPOMIOPHL;

e OrpaHnyeHue peKpearmoHHOIO UCIOIb30BaHUS BOJJOEMOB.

BaxkHo OTMETHUTb, 4YTO MHOTHE BHJbl CHHE3CJICHBIX BOJOPOCIECH, BBI3BIBAIOIINE
IBTPOUPOBAHUE U «I[BETCHUEY, CITy)KAT MPOIYIICHTAMUA TOKCHYECKHX BEIIeCTB [S].

Hns pa3pabotku 3¢h(GEKTHBHBIX MEp IO MPEIOTBPAIICHHI0 HecOaJaHCHPOBAHHOTO
IBTPODUPOBAHUS U «IBETECHUS» BOJOEMOB HEOOXOIUMO YIIyONATh 3HAHUS O MEXaHU3Max
Pa3BUTHUSA ATHX MPOLECCOB U (PAKTOPaxX, UX MPOBOLUPYIOIIUX.

Coo0miecTBa (GUTOIIIAHKTOHA TPEICTABIISIOT COO0N IEHHBI OOBEKT B X031 CTBEHHOM
JIEATEIbHOCTH YEJIOBEKa, TaK KaK IUIAHKTOH MMEET Psij NPEUMYIIECTB B OLIEHKE KauecTBa
BOJIOEMOB I10 CPaBHEHUIO C MHBIMU U3BECTHBIMHU METOaMHU OMOUHIUKALIMH [4].

Ilenp paboTBl — YCTAaHOBHTH BHJIOBOW COCTaB (PUTOIUIAHKTOHA B BOJOEMax
AMBPOCHEBCKOTO MYHUIIMITAJIBHOTO OKPYTa.

bbl1n nocTaBieHsl caeayone 3a0a4u:

1. HccnenoBate BHMJIOBOM coOcCTaB (PUTOIUIAHKTOHA HpPYAOB AMBPOCHEBCKOIO
MYHMIIMIIAJIBHOTO OKPYTa;
2. OnpenenuTs JOMUHUPYIOUIYIO IO YUCIEHHOCTH TPYINY (PUTOIUIAHKTOHA.

[Io Hamuyuioo  €CTECTBEHHOIO  MPHUPOJHOTO  PEYHOr0  CTOKAa AMBPOCHEBCKHI
MYHUIUNAIBHBIA OKPYr OTHOCHUTCS K HauMeHee BojoobOecrieueHHomy. s ruaporpadun
OKpyra XapakTepHa MaJloBOJHOCTb. IIpexzae Bcero, 3To oOyClIOBIECHO MPUHAJUIEKHOCTHIO K
CTETIHOM 30HE, I KOTOPOil K03(h(HUIIMEHT yBIa)KHEHUS (OTHOILIEHHE aTMOC(HEPHBIX OCa/IKOB K
ucnapenuto) cocrapiusger aumb 0,66. C 1enpl0 MakCUMaldbHOTO 3aperyaupoBaHUsl U
BHYTPUTOZIOBOTO II€pEpaclpeneiieHus] CTOKa IIOCTPOEHBI MpyAbl U BOAOXPAaHWIMILA
CeJIbCKOXO3SICTBEHHOT'O Ha3HAYEHUSI.

B AMBpOCHEBCKOM MYHUIIMIIAIILHOM OKpYT€ BBISBICHO 87 BOIHBIX OOBEKTOB, OOIIast
momans BoxHoro 3epkana npu HIIY cocraBnser 870,8ra. Ha Ttepputopum okxpyra
pacrionioxeHo 77 mpyaoB oOmieil miomansio BoaHoro 3epkana mnpu HITY- 474,85ra, 8
BOJIOXpaHUJIUI, OOIIe miomanpio BomHoro 3epkana mpu HITY- 312,72ra, 1 xapwep
MJIOIAJIBI0 BOJHOTO 3epkana §1ra, 1 o3epo miomaapio BoaHoro 3epkana npu HITY-2,23ra.

Anbronornyeckuid aHanus npoO MpyAoB AMBpPOCHEBCKOTO MYHUIMIAIBHOTO OKpyra
nposoguin ¢ 01.10.2024 1. mo 11.10.2024 . BKIIOUUTETBHO.

UccnenoBanus ObuM TpoBeAeHbl B 4 mpynax AMBPOCHEBCKOIO MYHHUIIMIAIBHOTO
OKpyTa:

— mpya Ne 1, rutomaapio BogHoro 3epkaia 7,4 ra, oosém mpu HITY, teic. M? - 165,
pacrionoxeH B ropoae AMmBpocueBka B 6anke Cyxoii Jlor, 6acceitn pexun Mokpsiii Enanuuk,
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aJIMUHHUCTPATUBHO OTHOCHTCS K AMBpPOCHEBCKOMY MYHHIIMIIAILHOMY OKpyry. [lpyn
MpelHa3HaueH JJis pa3BeACHUs PHIObI U OTAbIXa (OBIBLINI TOPOJCKOMN TUISIK);

— npyx Ne 2, tutomaasio BogHOTO 3epkana 43,6 ra, 006ém mpu HITY, Thic. M* - 6964,
pacnonoxen B cesne OnpruHckoe Oeperax peku mnopa HazBanuem Cpennuit Enanumk (mputox
Cyxoro Enanumka, ©OacceiiH AB30BCKOTO MOps), aIMHHHCTPATUBHO OTHOCHUTCS K
AMBpOCHEBCKOMY MyHHUIMIaTIbHOMY OKpyTy. [Ipyn nmpennazHadeH asis pa3BeAeHUs PHIOHL;

— npyn Ne 3, miomaapo BomHOTO 3epkana 5,3 ra, o0bém npu HITY, teic. M* - 1074,
pacmnonoxeH B cene Mokpoenanuuk B FOxxHoit yactu JloHenkoro kpsixa, B 10 kM OT paililOHHOTO
HEeHTpa — I. AMBPOCHEBKHM U 8 KM OT rpaHuibl ¢ POCTOBCKO# 001acThio, aIMUHUCTPATUBHO
OTHOCUTCSI K AMBpOCHEBCKOMY MYHHULUIAIbHOMY OKpyry. Ilpyn mnpenHazHaueH s
CEJIbCKOXO3SIICTBEHHBIX HY K, OPOLICHHS aCTOMIIIb;

—npya Ne 4, momassto BogHoro 3epkana 32,2 (29,1) ra, oouém nipu HITY, Thic. M? - 962,6
(789,5), pactionoxen B cesnie Mokpoenanumk, 6anka Mokpeiii Enanunk, 6acceitn peku Mokpblii
Enanuuk, atMUHUCTPAaTUBHO OTHOCUTCS K AMBPOCHEBCKOMY MyHHUIIMIAIbHOMY OKpyTy. [Ipyn
MpeIHa3HA4YeH IS CeTTbCKOXO3SHCTBEHHBIX HYXKI.

B pesynbraTe mnpoBeneHHBIX HCCIEAOBaHUN ObUIO HAeHTU(uULMpoBaHO 60 BHUIOB
Bojiopocieit, kotopeie oTHOocsTcs kK 5 otaenam (Chlorophyta, Charophyta, Xantophyta,
Bacillariophyta, Euglenophyta), 7 xnaccam, 10 mopsiakam, 17 cemeiictBam, 31 pomam (tada. 1).

JIOMUHUPYIOIIUM I10 KOJHYECTBY HWACHTH()DHUIIMPOBAHHBIX BHUJOB SBISCTCS OTIEN
Bacillariophyta (29 BumoB), BTOpoe MeCTO IO BHIOBOMY OOTaTCTBY 3aHMMAeT OTJEIN
Chlorophyta (25 BumOB), HaMMeEHbIIEE KOJIMYECTBO BHJIOB OBLIO XapaKTEPHO Ui OTIela
Xantophyta (1 Bum). B Tabm. 1 mpeacraBieHa TaKCOHOMHYECKas CTPYKTypa BOAOPOCIEH
(UTOTUTAHKTOHA.

Tabmuna 1 — Takconomuueckas CTPYKTypa UIASHTHU(GHUIMPOBAHHBIX BOJOpOCIEH

(UTOIUIAHKTOHA.
KonnaecTBo
Otnenst -
KJIaCCOB IMOPAAKOB CEMCHUCTB POJa0B BUIO0B

Chlorophyta 2 3 8 11 25
Charophyta 1 1 1 1 2
Xantophyta 1 1 1 1 1
Bacillariophyta 2 4 6 15 29
Euglenophyta 1 1 1 3 3
Bcero 7 10 17 31 60

Bonopocnu ¢puTomiaHKTOHa MO/ BO3AEHCTBHEM (PAKTOPOB OKPYXKAIOLIEH cpeibl, TAKUX
Kak TeMmIeparypa, OCBEIIEHHWE, a TakKe B pe3ylbTare 3arps3HEHUs BOJOEMOB
(HecOanaHCcUpOBaHHOE BTPO(PHUPOBAHUE) CIIOCOOHBI K OYpHOMY Pa3BUTHIO, YTO MPUBOAMUT K
WX «IBETEHHUIO» B BOJHOM OOBEKTE.

Bo u3bexxaHue UCTOIIEHUST BOIHO-PECYPCHOTO MOTEHIIMANA, TaTbHEHIIIEero 3auIiBaHus
W JeTpajallid BOIHBIX OOBEKTOB HEOOXOAMMO MPOBOAHWTH PabOTHI B paMKaxX IPOEKTOB,
HalpaBJIeHHBIX Ha MOAJEpXKaHUE, 3aLIUTy M YIy4lleHHE KayecTBa BOJIHBIX PECYPCOB B
COOTBETCTBHUH CO CTAaHAAPTaMU JIJISl MX NAJTBHEHIIIETO ITOJIE3HOTO UCTIONB30BaHMS.

Takum o6pa3zom, B UcceyeMbIX BogoeMax AMBPOCHEBCKOTO MYHHUITUIIATBHOTO OKpYTa
npeobnamaroT OamwuiapuoduimeBsie  Bogopociu (otaen Bacillariophyta), nmanmee 1o
YHUCICHHOCTH cJenyloT 3eneHble Bopopociu (otmen Chlorophyta), a HaumeHbIIUM
KOJIMYECTBOM OTMETHIIMCH TPEICTAaBUTENIN JKEITO3EJICHBIX Bomopocieit (ortaen Xantophyta).
Bcero B npynax AMBpOCHEBCKOTO MYHUITUIIAIBHOTO OKpYyTa ornpeneneHo 60 BUI0B.
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VJIK 581.9 : 58.006 : 502.75 : 712.253 : 57.087 (477.60)

CTPYKTYPHAS OPTAHU3BALUA 'EPBAPHBIX DK3EMILVIAPOB ITPU
NIEHTUOUKALNUU MUKPOKIMMATHYECKHUX JAHHBIX B TJOHBACCE

Yynaesa H.B.
Hayunwtit pykosooumens: Cagponos A.U., kano. ouon. nayk, 3ae. kagheopoi
DI'BOY BO «/[oul'Yy

Annomayus. Vlcnionp30BaH aBTOPCKUI MOJIXOM B OLIEHKE MUKPOCTPYKTYpP PacTeHUH M3 repOapHON KOJUICKIHH
JloHeIKoro rocy1apcTBEHHOTO0 YHUBEPCUTETA ISl COPHO-PyiepanibHOi (pakiuu ¢iopsl JloHOacca B IpUBSI3KE K
OCHOBHBIM HKOJIOTHYECKHM (haKTopaM. PeTpocneKTHUBHBII aHann3 3a MOCIEAHUE 6 NECATWIETHH IMO3BOJISIET
BBIJICJIUTh OCHOBHBIE MUKPOKJIMMATHYECKHE TPEHJBI JUISl TEX 3KOTOIOB, KOTOPHIE MO repOapHO perucrpanuu
UMEJH TEOJOKAIUTET W BBIIBHIM JKOTOIMYECKYI0O M MEKIOJIOBYIO Pa3HHUIy B CTPOCHUH (YHKIMOHAIBHBIX
3JIEMEHTOB, CBA3aHHBIX C MUKPOKIMMATHYECKUM TeHACHIUAME. CenaH IpeAnoNoKUTEIbHBII BEIBOJ] O HAIMYUU
¢GuryKkTyHpytomeil KoMOMHAIMK (UTOMHIMKAIMOHHBIX JAHHBIX C BS3M C aHTPOIIOTCHHOW TpaHc(opmarmeil n
IIpoIIeCCcaMy JIOKAJIbHOTO MOTETUICHHSI B YCIIOBHAX MHIYCTPHAIBHOTO PETHOHA.

Kniouegvie cnosa: rtepbapuii, KiIMMmar, CTpyKTypa pacTeHud, (uromngukamus, Jonbacc, 3KosorHYecKnit
MOHHUTOPHHT.

dopmupoBanue repoapHbIX (OHJIOB SBISETCS OCHOBOIOJIATAIOIICH 3ajaueli HaAy9IHBIX U
o0pa3oBaTeNbHbIX OpPraHu3aluid B KaXIoM peruoHe [1-3]. B ycnoBusAX BCECTOPOHHETO U
MHOT'OTPaHHOT'O MCIOJIb30BAaHUSI PACTUTENIbHBIX OOBEKTOB B IKOJIOIMUECKUX U XO3SIICTBEHHO
MPHUKIIAJIHBIX HENX [4—6], 0COOEHHO B 9KOJOIHUECKH HAPSKEHHBIX perrnoHax [7—12], a takxke
JUISE METOJIUYECKOro obecrniedeHus ydeOHoro mporecca [13, 14] Bo3HHKaeT HEOOXOAMMOCTh
aKTyaJIM3UpOBaTh KaK HaJTM4Ke U PyHKIMOHUPOBAHUE repOapusi Kak TAKOBOTO B LIEHTPAIbLHOM
BbICILIEM Y4eOHOM 3aBEJICHUU PETHOHA, a TAKKE BO3MOKHOCTh UCII0JIb30BAHUS HAKOTIMBILIEHCS
uHboOpMalMU 7Sl pelleHHs. JOCTYNHBIX B aHaJIW3€ AaKTyaJlbHBIX 3ajlad, Harmpumep, s
PETPOCIEKTUBHOTO MUKPOKIMMATHUECKOT0 aHalln3a B JJOCTYITHOM Pa3pe3e BpeMEHHU.

Llens paboThl — pacCMOTPETh HEKOTOpbIE MpUMEpPhl MOP(HOIOTHUECKON (CTPYKTYpHO-
(YHKIIMOHATIBHOW) OPraHU3alluy PACTUTENBHBIX OPraHU3MOB B repOapHoi kojutekiuu Joul'y
JUI CPAaBHMUTEIBHOIO AHAJINW3a BO3MOXHBIX MUKPOKIMMATHUYECKU 3aBUCHUMBIX IPOLIECCOB,
YUUTHIBAs CIEUUPUUHOCTD YCIOBUHM MPOU3pACTaHUs BUIOB B KOHKPETHBIX SKOTOIAX B pa3HbIe
rofibl Ha MPOTSHKEHUH (POPMHUPOBAHUS APXUBHBIX U HKCIO3ULUOHHBIX COOPOB perMOHAIBLHON
KOJUIEKIIMH, a TAK)KE B CPABHUTEIBHOM apXTEKTOHUYECKOM aHAJIU3€e ¢ TepOapHbIMU 00pa3amMu
LEHTPAJIbHBIX XpaHWINL] OoTaHYecKuX 00pa3noB B MI'Y u Keto.

OUTOMHINKAMOHHBIN KPUTEPUIl MO CTPYKTypHOH OOTaHHKE IIOJOKEH B OCHOBY
HKOJIOTUYECKOT0 MOHUTOpPHHra, peainusyemoro B JloHOacce B MpHKIagHON 3ajnadye —
JTUArHOCTUKU COCTOSIHUS JIOKAJbHBIX 3KocucteM [15, 16], Tem Oosiee moaBepraroniuxcs
MHTEHCUBHOMY aHTPOIIOreHHOMY (akTopy B nocineanue rojsl [17]. Taxke akTyanuzupoBaHa
3amava mudposusaruu repoapust Jonl'Y [18] B Tom umciie B paMKax JOPOXHOM KapThl B
COTPYJIHUYECTBE JOHELKOr0 YHMBEPCUTETa C LEHTpaibHbIM By3oM Poccum — MockoBCKUM
roCcyapCTBEHHBIM YHUBEpcUuTeTOM M. M.B. JIomoHOCOBA.

Hanpasnenuss nmo mnpexacraBieHuto ¢parMeHToB QuTopazHoodpaszus lLlenTpanbHoro
Honbacca 6butn npeacraniensl B 2023 u 2024 rogax uist GOpMUPOBaHUS 3KCIIO3UIIHOHHOTO
Marepuaia Ha IIeHTpaibHOU BeicTaBke B Poccuu [19]. PernonansHo 00yCIOBICHHOM SBIISIETCS
HEOOXO/MMOCTh OTCIICKMBAHUS ATUIMYHBIX TPOSBICHUA B CTPYKType pacTeHuil i
¢dbopMupoBanusi 0a3bl JAaHHBIX Kak 00 WHIMBUAYaJIbHOM IUTACTUYHOCTH BHUAOB, TaK U
UCIOJb30BAHUU CHUTHAJBHBIX (YHKIMHA pacTeHH B (PUTOIMArHOCTUKE AaHTPOMOTCHHBIX
TpaHcopmaruii [20-22]. Panee O6bl1a mpeAIpUHSTA TONBITKa 000CHOBAaHUS BHIOPAHHOM TEMBI
B CBeTe BOCTpeOOBaHHOCTU WMH(MOPMAIMKU O MEHsomeMcs H(I1ub0) TpaHCHOPMUPYIOLIEMCS
KJIMMaTe B PETHOHE U B MUPE B 1I€JIOM IIPH UCII0JIb30BAHUU TepOapHOii Kosutekuuu JloHerkoro
roCy/1apCTBEHHOIO yHUBEpcuTeTa [23].
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Jiis penukToBOTO M 3nadoTonuyecku crerududeckoro Buaa Hyssopus cretaceus Obutn
MIOJTyYEeHBI 00pa3Iibl TOBEPXHOCTH JIMCTOBOM IJIACTUHKHU B 3aBHCUMOCTH OT r'ojia cOopa B OJJHOM
U TOM XK€ JokaiureTe (puc. 1) — XapakTep ONYyIIEHUS, a TAKKE XapakTep >KUIKOBaHUS
JMCTOBOIO arapara y OCHOBaHHMs JINCTOBOM utactuHk Pimpinella titanophyla (puc. 2) kak
TaKke creuupuueckoro mpeacraButens Bo (aope Jlonbacca, HMEIOIMIETO  Y3KYIO
9KOJIOTUYECKYIO aMILTUTY1y 10 31aQHUeCKUM KOMIIOHEHTaM CPE/Ibl.

loters Dol
o>

2 i S
7S 7 hups://plarm.depo.;nsu.?u/open/public/item/Mwoa5093
Puc. 1 — Ananu3 nmoBepXHOCTH (T10 OIYIICHUIO) JIMCTOBOM TutacTUHKU HySSOpus cretaceus B
HaTJISTHO-CPABHUTEIBLHOM TPEHIE MEXTOJIOBBIX CPaBHEHUI U rabuTyca
B repOapusx JJoul'Y (opurunanbsHbiit oOpazen) u MI'Y o [24]

v LT

https://www.gbif.org/occurrence/4952009341
Puc. 2 — Ananu3 xxunkoBanust JucToBoi mactuaku Pimpinella titanophyla B marssiiHo-
CPaBHHTEIILHOM TPEHJIE MEKTOJIOBBIX cpaBHEHHI U raburyca B repoapusx Joul'Y u Kbio

ITpu BeIOOpE penepHBIX 00pa310B OBUIN HUCIIOIb30BAaHbl PETUMKTOBBIC PACTCHHS MEIOBBIX
skotonoB Jlonbacca, repbapHbie 00pa3ibl KOTOPBIX OTMEUAIOT CBOIO COXPAHHOCTH ¢ 1965 T.
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MenoBbie 0OHaKEHUS SIBISIFOTCSI MECTOM KOHCEPBHPOBAHUS MHOTHX DHJIEMUYHBIX PACTEHUH,
IIPH 3TOM OTMEUYAETCS] OTHOCUTENILHOE TOCTOSTHCTBO CPE/Ibl B MECTaX MPHUPOJIHO-3aMIOBEAHOTO
(dhoHIa 1 MUHIUMH3AIUS TIPSIMOTO BMEIIATEIHCTBA HH Ty CTPUATH3AIIHH.

Jlis mpuMepa paccMOTpeNy pa3HUIly B TOBEPXHOCTHU (OIYIIEHUH) JTUCTOBOM TUIACTUHKU
Hyssopus cretaceus u BBISICHWIM, 4YTO B pa3HbIe JECATHIICTHS TaKOW TOKa3aTelb
(kcepoduTuzanMKM BKIIIOYAs pa3MEpbl KJIETOK OKOJIOYCTBUYHOTO armapaTra) MEHSJICS B
3aBUCHMOCTH OT ()aKTOpa YBIAKHEHUS M CPEIHECYTOYHOU TEMIIEPATYPHI.

CoxpaHHOCTb repOapHON KOJUIEKIIMA Ha COBPEMEHHOM JTare HaXOJIUTCS MOJl yTpo30i B
pe3ynbTare o0CTpenoB yueOHoro kopmyca (puc. 3 u 4) U mMOBpeXIeHUs JTa00paTOPHUHL.

Puc. 3 — CocrosiHue BrIcTaBOYHOTO repOapust kadeapsl 60TaHukH U 3kojoruu oY
(2022-2025 rr.) B mepuon nposeaenus CBO B Jlonbacce

4 OUCHO3 — 310 COBOKYTIHOCTY-
H €CTHOM MpOTsHKeHUM 3eMuoi NO-
CTH  OHOPOHBIX TPUPOAHBIX siB-

(arMocdepsi, ropHOit Topossl, Pac-
THTEIABHOCTH M >XMBOTHOIO MHMpa W Mupa
MHKPOOPTaHU3MOB, II0YBBI W THIpOOrH-
YECKMX YCIIOBHIA), MMEIOLIas CBOIO 0CO0YVI0
crnenuuKy B3aMMOJEHCTBM STHX Cla-

- raio e KOMIIOHCHTOB M ONpPEC/eH-
OOMeHa BEIIECTBOM M JHEpriei
00Ot B C APYTHMHU ABTCHUAMA

; BOpEUNBOE JIHANEKTHYCCKOC
eecst B NOCTOSTHHOM

e nOHAMIA
u. — B k. Oc-

Puc. 4 — Cnenuduka coxpanHocTH repoapHoro ¢poHa kadeapsl 00TAaHUKU U SKOJIOTUU
HoulVY (2022-2025 rr.) B nepuox nposenenus CBO B Jlonbacce

BapuaTtMBHOCTh CETH KHJIKOBAHUS SIBJISETCS TAaK)KE MPU3HAKOM, CBSI3aHHBIM C
MHUKPOKJIMMATHYECCKUMH U3MEHEHUSMH M TEHACHIUAMU. JIJIs1 TOTO OBLIH MPOAHATM3HPOBAHBI
340 nucroBeix mractuHok Pimpinella titanophyla u3 coxpanuBmuxcs Ha Hadamo 2024 romga
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AK3eMIUTSAPOB. Takke YCTAaHOBJICHBI BOJIHBI KcepopuTH3aMK (MaKCUMAIBHBIX TUIOTHOCTEH
JKUJIKOBaHMS Y OocHOBaHUs jucta) B 1979, 1990, 2004 u 2013 roael. B mpomexxyTke MexIy
YKa3aHHBIMHU T0JIaMU HaOJIOaeTCs MEHBIAsi BBIPAKEHHOCTh KcepoHuTHOTO (akTopa, UTo,
0e3ycioBHO, TpeOyeT AOMOIHUTEIbHON IPOBEPKU U U3YUCHHUSI.

OCOOEHHOCTBhIO TMPOBEJCHHOTO PETPOCIEKTUBHOTO aHalM3a SIBJIAETCS TO, YTO
MUKpOIIpENapupoBaHUE MPOUCXOIUT HATYPHBIM CHOCOOOM 0e3 MOBpekAEHUs TrepOapHOro
oOpasua. IlpencraBurenu SCHOOKMX M 30HTUYHBIX MHTEPECHBI IIHPOKUM CIIEKTPOM
pa3zHooOpa3usi MOpP(}OIOrMYECKUX CTPYKTYp, CBS3aHHBIX C OKOJOTMUYECKUM (akTopaMu
KJIIMMAaTHYECKOW IIPUPOABI. BBIIEINTh MUKPOKIMMATUYECKUNA TPEHJ — CJIOXKHas 3ajada IIpu
YCIIOBUU XOPOILIEH COXpaHHOCTH MaTepualla U MPOBEPKH TOUYEK cOOpa marepualia B pa3HbIe
rOAbl IS OJUHAKOBBIX BUAOB. [Ipm 3TOM BBIOOp, Kak NpaBUIIO, KOHUEHTPUPYETCS Ha
MPEJICTABUTENAX COPHO-PYAEpaNbHON (Ppakiuu ypoaHo(pIopsl KPYIMHBIX arjioMepanMoOHHBIX
CUCTEM pETrHOHa.

K coxanenuto, k 2025 romxy MHOTHE repOapHbIe JUCTHI yTPAUUBAIOT CBOIO CIIOCOOHOCTD
aJIeKBaTHO COXPAaHATh CBOK LEJIOCTHOCTh, IOCKOJBbKY YYEOHBIN KOpIyC OHOJIOTMYECKOTo
dakynbTeTa TPETHIO 3UMY JIMILIEH OCTEKJICHUS U repOapHble (POHIIBI HE COXPAHSIOT TPeOyeMyto
CaHUTApPHYIO HOPMY.

Hccneoosanue 6binoaneno 6 pamkax Monooedxcnou Jnabopamopuu «uacnocmuxa u mMexamusmvl
adanmayuy nPUPOOHLIX U AHMPONO2EHHO-MPAHCHOPMUPOBAHHBIX dKOcucmem [lonbaccay.
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Annotation. The author's approach was used to evaluate the microstructures of plants from the herbarium
collection of Donetsk State University for the weed-ruderal fraction of the flora of Donbass in relation to the main
environmental factors. A retrospective analysis over the past 6 decades allows us to identify the main microclimatic
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YK 595.7
JAEHAPO®UJ/IBHBIE HACEKOMBIE JOHBACCA

HlIxupenko A.0O.
Hayunwit pykosooumens: Kopnuenko B.O., kano.ouon.nayxk, oouenm
dIboY BO «/lonl'Y»

Annomayus. B pabore NpoaHaIU3NMPOBaHBl OYarM MacCOBOTO PAa3MHOXKEHHS WHBA3MBHBIX IECHAPO(DHIBHBIX
HACEKOMBIX, BIMSIOIIUX Ha )KU3HECIIOCOOHOCTH JIPEBECHBIX PACTEHUH M KaK CIEICTBUE HA COCTOSHHE IKOCHCTEM
Jonbacca. OTMeueHbl BpeuTeNd, KOTOPbIE Ha AaHHBIH IEPHOJ| YBEIMYHBAIOTCS B YHCICHHOCTU U NPHUBOIAT K
YTHETEHHUIO JyOpaB Kak Ha TEPPUTOPHUH OPOJIA, TAK U B 3aIIOBEAHBIX 30HAX.

Kniouegvie cnosa: nenapoduinbHble HACEKOMBIE, BPEIUTEIN, MACCOBBIE OUard pa3MHOXKECHUsI, ONOWHBA3HU.

[TonsiTe neHapodUIbHBIE HACEKOMBIE MOJIPAa3yMEBAET HACEKOMBIX, KOTOPhIE OOUTAIOT
HAa JIEPEBBIX U UCIIONB3YIOT UX KaK CBOIO ECTECTBEHHYIO Cpely OOMTaHUs. DTU MPEACTaBUTEIU
TOpOACKOH (hayHBI MOTYT TMPEICTABIATh OMNACHOCTh HE TOJBKO Ui PACTEHHH, Kak
KOMIIOHEHTOB TOPOJCKUX HAacaXJACeHUW, HO W i dkocucteMm Jlonbacca B menom [5; 6].
[Tpu3Haku ONMACHOCTH JJIsl APEBECHBIX PACTCHUH, KOTOPBIE MOTYT MPOSBIATH ACHIPOQHIBL,
BKJIIOYAIOT B ce0s1: MOBPEKIEHUE KOPBI, KPOHBI, TOOETOB, INCTHEB U KOpHE. Bee 310 mpuBoauT
K CHI)KCHUIO HX >KM3HECHOCOOHOCTHM W THOenu pacteHuil. Hambonee cyiiecTBEHHBIMU
OpPUYMHAMHU, CIOCOOCTBYIOIIME MAacCOBOMY pa3MHOKEHHMIO  BpeAMTEIeH  sSBIsETCS
KJIUMaTH4eCKHe ycloBUs. M3MeHeHHsT B KIMMaTe MOIYT IPUBECTH K YBEJIUYECHUIO
pacripocTpaHeHHs ¥ aKTUBHOCTU HanboJiee OMacHbIX BUOB IEHAPOGUIHHBIX HACEKOMBIX, TaK
Kak OoJiee Terible 3uMbl U OoJiee TEIUIbIe JIETHUE CE30HBI CO3Jal0T OJaronpusTHbHIE yCIOBHUS
JUISL X Pa3MHOKEHHUS U OBICTPOTO Pa3BUTHA, & TAK)KE MUTPAIUU U3 OpYrux peruoHos. Kax
OTMEYAIOT HEKOTOphIe yueHsbie [1; 2; 5—14] yacToit mpUUMHON MOSIBICHUS UHBA3HM SBIISICTCS
3aHOC IIPEUMAaruHaAJIbHBIX CTaIUMN C OCAJOYHBIM MAaTEPUATIOM.

B mnocnennue roasl Ha Tepputopuu JloHOacca BBISIBICHO OOJBIIOE KOJIHMYECTBO
WHBAa3UBHBIX BHUJOB, KOTOPBIE aJalTUPYIOTCA K HOBBIM YCIIOBHSIM U COCTAaBJISIIOT DJIEMEHTHI
ropoJickoi ¢ayHsl. [Ipu 3ToM HEKOTOpbIE U3 HUX HE MPOSIBISIOT BPEJOHOCHOCTH (B OCHOBHOM
pasHoBUAHOCTH TaM) [12]. OgHako apyrue BHUIbI HAHOCAT CEpPhE3HBIH BpEN pacTEHUsM,
BBI3BIBAsl 3HAYMTENIBHBIA yIIEpO M dKocucTteM. Takum oOpa3oM, u3ydeHue u Ooprda ¢
HanOoJiee OMacHBIMU BUJAMHU JACHIPOPHIBLHBIX HACEKOMBIX, 00pa3yIolIie o4ard MacCoOBOIO
MOpaXEHUsI Ha IPEBECHBIX PACTEHUSX, UMEET OOJIbIIOE 3HAUECHUE JIJISI COXPaHEHUS IPUPOTHBIX
U aHTPOIOT€HHO-TPAHC(HOPMHUPOBAHHBIX IKOCUCTEM.

Ilenp pmaHHOM pabOTBl — MPOAHATU3UPOBATh MAacCOBBIE BCIIBIIIKM HHBAa3UBHBIX
JEeHJIpO(GUIBHBIX BHMJOB, OKa3bIBAIOIIME 3HAUUTENbHBIA yIIepO IpEeBECHBIM pPACTEHHUSM Ha
tepputopun Jlonbacca.

Marepuanom i HarucaHus paboThl MOCITY KU COOCTBEHHBIE COOpPBI 1 HAOIIOIeHUS,
a TaKXXe aHaJlu3 JIMTEPATypPHbIX JaHHBIX, IJIS KOMIUIEKCHOTO M3Y4YEHHS! MAacCOBBIX BCIIBIIIEK
JeHIPOGUIBHBIX HACEKOMBIX.

Hacexomble SBISIFOTCST Ba)KHBIM KOMIIOHEHTOM OHOIIEHO30B, OJHAKO CpPEOU HUX
cyluiecTByeT OOJbIIOE KOJWYECTBO JACHAPO(PHUIOB, KOTOpPBIE TPHUBOIAT K MAacCOBOMY
YTHETEHUIO Pa3IMYHbIX OPraHOB APEBECHBIX PACTEHUI, B TOM YHCIIE CHUXKAsl UX IEKOPaTUBHBIN
BuJ. [Ipu 5TOM BpeauTeny HaceNsIOT BCE IPYChl PACTUTEIBHOCTH, U IPEJICTABIISIOT OIACHOCTh
HE TOJBKO IS IepeBheB, HO U 3KkocucteM JloHOacca B nenoM. 1o xapakrepy moBpexaeHHs
JeHIPOGUIBHBIX HACEKOMBIX MOYKHO pa3[eliuTh Ha BpenuTeNeil JHMCThEB, CTBOJIOB, KODBI,
T€HEPATHUBHBIX OPraHOB W BpeAMTENed KOpHe. Takum 00pa3oM, KaKIbI W3 ITUX THUIIOB
BpeIUTENeH HAaHOCUT Crieln(pUUECKUN YPOH PA3IMUHBIM YaCTSIM JepeBa, YTO MOKET IPUBOIUT
K CHHKEHHIO €T0 >KU3HECIIOCOOHOCTH.
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B nocnexnue roasl HabIr01a€TCSI K3MEHEHUE BUAOBOTO pa3HO00pa3usi HACEKOMBIX, UTO
COIIPOBOYXKAAETCS MOSIBJICHUEM WHBAa3UBHBIX BUJIOB, CTIEHU(DUUECKUX JIJIsl TAaHHOU TEPPUTOPHUH.
Takue HaxoJIKM OTMEUAIOTCS BEAYIIMMH yU4E€HbIMU peruoHa [1; 2; 4-14]. Ha nepuon 2024 rona
KOJIMYECTBO BUOB JeHApodmiIoB Ha TeppuTopun JlonOacca yBenuuuBaetcs 10 125 Bumos. B
CHUCTEMATUYECKOM OTHOIICHUU MHBA3UBHBIC BU/IbI IPEICTABIICHBI 5 OTpsAaMu, CPEIU KOTOPBIX
HauOoJIIbIIIEe YHCIIO OTMEUeHO B oTpsaae Hemiptera — 75 (Heteroptera — 7, Auchenorrhyncha —
10, Sternorrhyncha — 58), orpsa Lepidoptera mpencrarien 21 Bugom, Coleoptera — 15,
Hymenoptera u Diptera — 7 Bugamu kaxapii [ 10]. [Ipu 3ToM 60JITMHCTBO HHBA3U BBI3BIBAIOT
OoYard MaccoBOI'O Pa3MHOXKEHHs, MPUBOJAIIMNE K MAaCCOBOMY YTHETEHHIO MECTHOH (PIOpHI.
Cnenyer Takxke n00aBUTh, YTO B TMOCJIEIHEE BpeMsi Ha TeppuTopuu ropona JloHenka
MacCcOBOMY IOPaXCHUIO MOJBEPraroTcs pacTeHuss W abopureHHoi ¢pakuuu. bomee Toro,
CHIDKEHHE >KU3HECIIOCOOHOCTH DPACTEHUH OTMEUEHO KaK Ha Tropojackod ¢uope, Tak U B
3aroBeIHBIX 30HaX (AeHapapuii Jlonenkoro 60TaHMYECKOTo caia).

Cocrosauem Ha 2024 ron k HamOoJjiee OMAcCHBIM JACHAPO(GUIAM MOXHO OTHECTH
MUHUPYIOIUX HACEKOMBIX, KOTOPbIE CIIOCOOHBI K MACCOBOMY ITOPAYKEHUIO JIMCTOBBIX IJIACTUH
abOpUreHHBIX U HHTPOIYIICHTHBIX pacTeHHi. K TakuM BpeIuTesiM ciielyeT OTHECTH T1yOOBYIO
HIMPOKOMUHHpPYOITY0 Moib  (Acrocercops brongniardella) (puc. 1, b), ayboyio
oxnouserHyro Mok (Tischeria ekebladella) u xamranoByro Munupyromyo mons (Cameraria
ohridella) (puc., 1, A). Kak ykassiBator Hekotopsie yueHbie [10] Cameraria ohridella na
MPOTSHKEHUH MHOTHX JIET COXPaHsSeT XPOHUYECKHE O4Yard C BBICOKOM UHCIEHHOCTBIO,
NpUBOINAS K Jedoiualuy KamraHa KoHckoro. [lpu stom kamrtan koHckuid (Aesculus
hippocastanum) - moka3bIBaeT yCTOHYHMBOCTh K HEKOTOPHIM OOJIE3HSIM W BPEIUTEISIM, HO
AKTUBHO ITOBPEXKJIAETCS BCEM M3BECTHOW KalITaHOBOM MUHHpYyrouied moinn. Ho HekoTopbie
Pa3HOBUAHOCTH KOHCKOTO KallITaHa MOKa3bIBAIOT YCTOMYUBOCTh K 3TOMY Bpeautenu [15].

Cnenyer OTMETHTb, YTO MUHHUPYIOLIUE BpPEAUTENN JyOa B IOCIEIHEE BpEMS TaKKe
YBEIUYMBAIOTCS B UHUCIEHHOCTH, OCOOCHHO 3TO Habmomaercs B aeHnapapuun JIbC.
[MoBpexnenus, BbI3BaHHBIE Acrocercops brongniardella mnpuBomsT k  cHKeHHIO
(dboToCHHTETHUYECKOI aKTUBHOCTH [3].

s/

A

Pucynoxk 1 — [ToBpex/ieHHbIE JIUCTOBBIE IIACTHHBI MUHUPYIOIIUMH BPEIUTEISIMH
O0o3HauyeHus: A — TOBpEXICHHBIC JHUCThS JepeBbeB Aesculus hippocastanum L.
opxuackuM MmuHepom Cameraria ohridella; b — mnoBpexaeHHbIE JHCThS JepEeBbEB
Quercus robur L. g1y6oBoii mmmpokoMUHHEpYIOLIEH Mobio Acrocercops brongniardella.
[IpuMeuanue: CTPENIKON yKa3aHbl MUHBI BPEIUTEIICH.
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Kpome Toro, B mociieHue roapl 1y0 4epeuryaTblii CHIBHO MOIBEPraeTCsl BPEIUTEISIM.
3auKCcUpOBaHO MacCOBOE MOBPEKICHUE XKey el Ha TeppuTopuH T. JJoHenka u r. EHakueBo
ny6oBbM oaronocukom (Curculio glandium) (puc. 2).

- AT L R
. ¥ .

S

Pucynok 2 — [MoBpexaeHHbIC ey au ayoa yepenrdaroro Quercus robur L. 1y0oBbim
noaronocukom Curculio glandium
[Mpumeuanus: crpenkoi o6o3Hauensl auuraku Curculio glandium

K nHambosee omacHBIM JTHCTOTPHI3YIIMM BHAaM BSI30BBIX MOXKHO OTHECTH WIBMOBOTO
nuibirka-3ur3ara (Aproceros leucopoda) [5]. B Jlyranckoii o6iacTé 3TOT BpPEAUTEIb
BriepBble 3apeructpupoBan B 2006 roxy. B Jlonenkoit obmactu — B 2014 romy. Ouaru
MacCOBOTO pa3MHOKEHHS oTMeueHbI B 2015 roay [6], olHAKO Kak OTMEUYAIOT YUEHbIE BCIIBIIIIKA
YUCJICHHOCTH TOTO MHBAa3UBHOTO BHJa Havdayach ¢ 2014 roxa [5] u mo 2024 rox coxpaHsier
JOKaJbHBIE OYarn C BBICOKOH YMCIEHHOCTBIO B MPUIOPOXKHBIX HacaxaeHusx [10],
COTPOBOXAASICH TIOJIHOM Ae(oinannei HacaKIeHUH Bsi3a MPU3EMHUCTOTO [S].

Yrpo3y [uis TIpUIOPONKHBIX HaCaKACHUH mpencraiseT kimon-mutHuk (Halyomorpha
halys), nokanbHbIe Odaru KOTOporo BeisiBIIeHBI B Mapuymose u Jlonenke B 2023 r. [10]. DtoT
BUJ| CTICLIUATIN3UPYETCS HA TUIOJOBBIX U JEKOPATHBHBIX (pa3iHuHbIe BHUIbI KIIEHA U SCEHS)
pacteHusix. Ero BpeaoOHOCHOCTH CBSI3aHA C IMPOKOJIAMHU MOBEPXHOCTH IJIOJA WJIM JIUCTA U
BBICACBIBAHUEM €TI0 COJEPKUMOTO, B Pe3yJIbTaTe 00pa3yroTcs HEKPOTHUECKHE IATHA.

B nepuoa ¢ 2017 no 2024 roj cylmecTBEHHO YBEIUYUBAETCS B YMCIEHHOCTH a3uaTcKast
numnoBast mousb-tiectpsiika (Phyllonorycter issikii) [10]. BriepBbie HaiiieHHAs HA TEPPUTOPHH
Honbacca B 2017 roxy na nune menkonuctHoit Tilia cordata [7]. IToBpexxneHHas nucTBa
JTAaHHBIM BpeIUTENIEM MPEKICBPEMEHHO 3aChIXaeT U OMaJIaeT.

B nmnocnenHune ronmbl oTMeuUaeTcsl MOSABJIEHUE KIOMOB-KpykeBHuil. B 2021 1. Ha
tepputopun JloHOacca BIiepBbIC BBISBICH KION TomoseBas KpyxkeBHuna (Monosteira
unicostata). DToT BpeauTeNs MOpaXkaeT JUCThs Tomons yepHoro (Populus nigra) u tomomns
oenoro (Populus alba) [2]. B 2022 roxy BmepBble 3aperMCTPHpPOBaHBI JOKAIBHBIE OYard
nyooBoit kpyskesuuisl (Corythucha arcuata) [9], u wa mepwox 2024 r. 3TOT BHI HE
JEMOHCTPHUPYIOT TeHACHIMH K yBenuueHuto miomanu [10]. B 2023 roay BbIsBIEHBI TakXe
JIOKaJIbHBIE OYard IIaTaHOBOro kiona-kpykeBHuiel (Corythucha ciliata) B mapkoBsix
HacaxxJaeHusx r. Mapuynosns [10; 14]. Ot nHBa3uBHBIE BHUIBI MOPAXKarOT HIKHIOK YacTh
JUCTOBOM macTUHBL. [IuTanue BpeauTesnss MPUBOAUT K MOXKEITEHUIO JINCTHEB, 3arPA3HEHUIO
UX JKCKpEMEHTaMHU U TpexkJeBpeMeHHOU nedonuanuu pacteHuid. OAHAKO ATH BpPEAUTENH
MIOMHUMO OCHOBHBIX KOPMOBBIX TTIOPOJI aKTUBHO MTUTAIOTCS U JIOTIOJTHUTEILHBIMU BUaMu (Acer
platanoides, Alnus glutinosa, Corylus avellana, Crataegus spp., Malus sylvestris, Prunus
avium, Rubus idaeus, Robinia pseudoacacia, Pyrus spp., Rosa canina, Salix caprea, Ulmus
minor) [9; 14]. Takum o0pazom, 3TH ASHAPOPUIIBI IPEICTABISIET OMACHOCTD JUIS BCEX THIIOB
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HacaxaeHui. Cienyer TakKe OTMETHTb, YTO YBEITUUCHHUE B YUCICHHOCTH MOXET MMPOBOIUTH K
MacCOBOMY YBSIJIAaHUIO JI€PEBHEB.

Kak ormeuator yuensie [1; 4; 5; 8; 10; 13] B Hacrosimee BpeMsi KOMILIEKC
NeHAPOPUIBHBIX HACEKOMBIX JOMOJHSAETCS ONACHBIMU BPEIUTENSIMH  JEKOPATUBHBIX
pacrenuii. K HamOosee omacHbIM BpeIUTENIsIM OTHOCAT camimuToByto orHeBky (Cidalima
perspectalis) [5], BmepBbie Haiimennyro B 2024 romy Ha Tepputopuu r. JIOHEIKa B
JIEKOPaTUBHBIX HACAXACHUSAX caMIluTa Be4yHo3enEéHoro [13]. DToT BpeauTeslnb MpUBENT K
CepbE3HON SKOJIOTMYECKON KaTtacTpode B pelMKTOBBIX CaMIIUTOBBIX Jiecax KaBkaza. Takum
o0pa3oM, B HACTOAIIEE BpPEMs IKEJIATEIbHO OTPAHMYUTH WCIOJIH30BAHUE CAMIIUTA B
03€JICHEHUHW HACEICHHBIX MyHKTOB JloHOacca U yCwiInTh PUTOCAHUTAPHBIN KOHTPOJb [13].

B 2023 r. 3apeructpupoBaHbl BCIBIIIKA MACCOBOTO PA3MHOKEHHUS MOXIKEBEIbHUKOBOTO
ay6oena Phloeosinus aubei [10]. IlepBoie Haxoaku maccoBoro ouara Phloeosinus aubei B
Honenike n ABneeBke 3apeructpupoBanbl emé 2010 romy. Ha JlonGacce 3TOT BpeauTensb
CUUTACTCS BPEIUTEIEM MOJMOKEBEIbHMKA BHPTUHCKOro Juniperus virginiana, kasarkoro
J. sabina u Tyu 3anagnoii Thuja occidentalis [1; 11].

Ha mepuon 2024 roma y4eHBIMH OTMEUYEHO 3aBEpIICHHE BCIHBIIIEK OONBIION €I0BOM
noxHomToBku Physokermes piceae B npupoaHbix HacaxkaeHusx [10]. DToT BpeauTesb
cymectByer Ha Jlonbacce ¢ 1983 roma [4; 8]. U mepBast joKajbHAass MOMYJISIUS 3TOrO
BpEIUTEINS MOSABWIACH B MapkoBou 30He nocénka [lecku Jlonenkoii obmactu [4]. C momeHTa
OoOHapyXEeHHs 3apETUCTPUPOBAHO YETHIPE MOAbEMA YUCICHHOCTH 3TOro Bpeautens: B 1983,
2001-2002, 2006 romax u ¢ 2016 roma o 2020 [8]. B mepuon ¢ 2018 mo 2021 rr. oTmMeueHa
MaccoBasi BCIIBIIIKA Pa3MHOXKEHHs OOJBbIION eoBOM JokHOIMTOBKH Physokermes piceae
KOTOpas B 3TOT IEPUOJ JOCTUrIIa cBoero nuka [10].

Takum o06pazoM, AeHAPOGUIbHBIE HACEKOMBIE WIPAIOT 3HAYUTENIBHYIO pOJIb B
KU3HEJCATCIILHOCTH PACTCHUN, OKa3blBasi B OCHOBHOM OTPHUIIATSIIBHOE BIIMSHHE Ha
KU3HECMOCOOHOCTh JAPEBECHBIX HacakaeHUil. [IoCKONbKY BpeauTeNnu HaCeNstoT BCE SPYChI
PaCTUTEIBHOCTH, OHH MPEACTABIISIIOT OMACHOCTh HE TOJBKO /IS IEPEBHEB, HO M SKOCHUCTEM B
nenoM. Kpome Toro, mosiBieHHE HHBA3WBHBIX BHJIOB, CIIOCOOHBIX OOpa30BBIBATH OYaru
MacCOBOT'O PAa3MHOKEHHUS CTAHOBHUTCS YTPO30M ISl ACHAPOIEHOB B 1iesioM. Cie10BaTeNbHO,
MOHHUTOPHHT BCHBIIIEK WHBA3UW SBISETCS BAXKHOM 3ajayeil Uisl peanbHOr0 MOHUMAaHUS
COCTOSIHMSI M TaJTbHEUIIIEro MPOrHO3UpoBaHus skocucteM Jlonbacca.

Paboma evinonnena no meme cocyoapcmeenno2o 3a0anus «/uacHocmuxa u Mexanuzmol
aoanmayuy NPUPoOOHbIX U AHMPONOLEHHO MPAHCHOPMUPOBAHHBIX dKOocucmem [Jonbaccay
(nomep 2ocpecucmpayuu 124051400023-4).
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MASS OUTBREAKS OF DENDROPHILOUS INSECTS IN THE TERRITORY OF DONBASS

Annotation. In this paper, the foci of mass reproduction of invasive dendrophilous insects affecting the viability
of tree plantations in the territory of Donbass are analyzed. Pests have been noted, which are increasing in numbers
during this period and lead to the oppression of oak forests both in the city and in protected areas (arboretum of
the DBS).
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VK 595.771

JUATHOCTHYECKHUE ITPU3HAKU POJA EUSIMULIUM ROUBAUD, 1906 HA
TEPPUTOPUHN JOHBACCA

HlIkupenxo A.O.
Hayunuwiit pykoeooumens: Pesa M.B., kano.ouon.nayx., ooyenm
DI'BOY BO «/lonl’Y»

Annomayus. B nmaHHO# paboTe m3ydeH BUAOBOW coctaB pona Eusimulium Roubaud, 1906, oTHOcsmmicsS K
ceMmeiicTBY KpoBococymux Momek Simuliidae. B pabore Takke mpencTaBieHBl OOIIMEe NpU3HAKAM poia
Eusimulium Roubaud, 1906, u mnpoaHamM3UpOBaHE HaWOOIee 3HAYUMBIC IHATHOCTHYECKHE IPU3IHAKU
MOP(OIIOTHISCKUX CTPYKTYP, 10 KOTOPHIM HICHTUPUIUPYIOT OTACIbHBIE BHIBI.

Kniouesvie cnosa: xpoBococymme Mmomkw, Simuliidae, Eusimulium, BHIOBOH cOCTaB, IHarHOCTHYECKHE
MPU3HAKH.

KpoBococymue momku (cemeiictBo Simuliidae) — ato menkue (mmHa Tena 2-6 MM) B
OOJIBLIIMHCTBE CIIy4yaeB KPOBOCOCYIIME IBYKpbLIble. Takue MeJKue, HO aKTUBHO MUTAIOIIUECs
HAaCEKOMBIE MOTYT OKa3blBaTh 3HAYMTEIBHOE BIMSHHE Ha 370POBbE YEIOBEKA, BBI3BIBAS
auckoMdopT U GoJieBble OIYIIEHHs MPU YKyCE, a TakXKe CIIOCOOCTBYS paclpOCTpPaHEHUIO
Pa3IMYHBIX 3a00JICBaHUM (TYIISIpeMUsi, CHOMpPCKast S13Ba, OHXOIEpKo3 U T11.). Cienyer 100aBHTh,
YTO pacnpocTpaHeHue MH(EKIMOHHBIX 3a00J€BaHUI UYelIOBEKa B OCHOBHOM IPOUCXOAMT B
CTpaHax C TPONUYECKUM KJIMMAaToM. B permoHax ¢ yMepeHHBIM KJIMMAaTOM KpPOBOCOCYIIHE
MOILIKH IIPY YKYCE YEJIOBEKA CIIOCOOHBI BBI3bIBATH TOJBKO AJIJIEPIrHUECKYI0 PEaKIMI0, KOTopast
HOCHUT Ha3BaHHE CUMYIUAOTOKCHKO3. OJIHAKO HECMOTps Ha BPEIOHOCHOE 3HAUYE€HUE 3TUX
HACEKOMBIX, JIMUMHKHM UTPAlOT BaKHYIO pojb B ruapooduoneHosax [5; 12]. OHu npuHUMAaIOT
ydacTHe B CAMOOYMIIIEHUH BOJJOTOKOB U CITy’KaT MUILEH pa3IMyHbIM THAPOOHOHTAM.

Tepputopust Jlonbacca, ornuuaromascss pasHooOpazueM NPUPOJHBIX JAHAMA(TOB U
BOJHBIX PECYpPCOB, MNPEAOCTABISET XOPOULIME YCIOBHsS s OOMTaHMS W BBIIOAA 3TUX
HACEKOMBIX. B JJaHHOM pernoHe y:ke€ MHOTHE TOBI IPOBOISTCS OOIIMPHBIC HCCIIEI0OBAHUS IO
M3YYEHHI0 KPOBOCOCYIIMX MOIIEK, OTHocsmuxcsa k cemeictBy Simuliidae [3-13]. Takue
UCCIIEIOBAHUS TPOJOJIKAIOTCA U o HacToswee BpeMs [ 13]. Hayunsie paboTsl B 3TOH o0nactu
OXBAaTBIBAIOT PA3JIMYHbIE aCHEKTHl. B mepByro ouepenb CBS3aHHBbIE C U3YYEHHEM BUIOBOTO
COCTaBa KakK OTIENBHBIX PooB [4; 6; 7; 13] Tak u o01miei GayHbl KPOBOCOCYIINX MOIIIEK [ 1; 5;
8-12]. Tak Ha Teppuropun JlonbOacca 3apeructpuponano 8 ponos: Odagmia Enderlein, 1921,
Eusimulium Roubaud, 1906, Nevermania Enderlein, 1921, Wilhelmia Endrlein, 1921,
Boophthora Enderlein, 1921, Simulium Latrielle, 1802, Argentisimulium Rubzov et Yankovsky,
1982, Cnephia Enderlein, 1921. IlpeobnanaromuyMu 1o YUCIEHHOCTH sBisitorca Cnephia
Enderlein, 1921, Odagmia Enderlein, 1921 u Wilhelmia Endrlein, 1921.

Psg  pabor mocCBsIIEHBl M3Y4YEHHIO OJarompusiTHBIX OWOTOMOB JJSl  Pa3BUTHS
npenMaruHanbHeIX ¢a3 [8-9]. Kpome Toro, UMeroTcs OT/AeIbHbIE UCCIIEA0BAHUS 110 U3YUESHHUIO
aJlanTanuyd KPOBOCOCYIIMX MOIMIEK K MEHSIOIIMMCS YCIOBHSIM MX OOWTaHWsA. Tak CHUMYJIHI
JIeTISIT Ha JIBE OCHOBHBIE YKOJIOTHYECKHE TPYIIIbI: CTEeHOOMOHTHBIE (Y3KO CHIEIMATIN3UPOBAHHBIE
U OOWTAIONIMX TOJBKO B ompeaenéHHbIXx Ouotomax) [10] m »BpuOMOHTHBIE (CIIOCOOHBIE
a/lanTHPOBATHCS K OoJiee HIMPOKOMY cieKTpy ycioBuil) [11]. Cpenu cuMynua Takke BbIIENISIOT
penKue, MaJourCIeHHbIE U MHOTOYMCICHHBIE BHU/IbI, YTO CBHUJETEIBCTBYET O Pa3HOOOpazuu
BUJIOBOTO COCTaBa, KOTOPbIM TpebyeT Oojiee AeTalbHOTO M3y4deHHs. Takke BaXKHOM 4acThIO
WCCIIEIOBAHUM SIBJIETCS U3yUeHHE OUOJIOTUY Pa3BUTHA peuMaruHaibHbiX ¢as [9; 13] u umaro
[6].

AKTHUBHO BEIyTCS WCCJIECIOBaHWS TIO BIMSHAIO aHTPOINOTCHHBIX (AKTOpOB Ha
¢opmupoBaHue OUMOTONOB M OTIAEIBHO MX BIMSHHE Ha pa3BUTHE IMpEUMarvHalbHBIX (a3
KpPOBOCOCYIIMX ABYKpbUIbIX [8]. MccnenoBaHus MOKa3bIBAIOT, YTO BIMSHUE AaHTPOMOTEHHBIX
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(haKTOPOB HETAaTUBHO CKA3bIBAIOTCS HA MOMYJISIIUK KPOBOCOCYIIMX MOIIEK. B pamkax naHHOM
TEMBI M0 U3YYEHHIO KPOBOCOCOB 0CO00OE€ BHUMAHUE YAENSAETCS KU3HEHHOMY LIMKIIY MOIIEK,
BKJIIOYAsl BBIILJIOA M WX JIET. V3yueHue KU3HEHHBIX IUKJIOB MOIIEK MOXKET OBITh TMOJIE3HO B
KauecTBe OMOMHAMKATOPOB COCTOSHUSI OKPYXKAIOIIEH cpebl [S], YTO MO3BOMISIET OTCIEKUBATh
U3MEHEHHUsI B SKocucTeMax. Kpome Toro, mo BHIOBOMY COCTaBY MOIIEK MOXKHO ONPEACTHTH
Ka4ecTBO BO0oeMOB [12]. OmxHako uaeHTU(PUKAIIUS OTACIBbHBIX BUOB KPOBOCOCYIIIUX MOIIEK
cemeiictBa  Simuliidae  mpeacraBisier  CIOXKHYIO — 3amadyy  M3-32  HEOOBIYaHOTO
MOP(}OJIIOrHYECcKOro OJHOO00pa3us MHOTOYUCICHHBIX BUJOB CEMEHCTBA, BEAYIIMX CXOAHBIN
00pa3 KU3HU BO BCeX (a3ax pa3BUTHUS.

[{enbto maHHOI pabOTHI ABISETCS U3yUEHUE BUAOBOTO COCTaBa Mollek poaa Eusimulium
Roubaud, 1906 wna Tteppuropuu J[lonbacca, a Takke aHaMM3 HAUOONEE 3HAYUMBIX
JTUArHOCTUYECKUX MTPU3HAKOB.

MarepuaJibl 1 METOABI.

[Ipu Hanucanum [aHHOW pPaOOTHI OBUIM MCHONB30BaHBI COOCTBEHHBIE COOpPHI H
HAOJTIOEHUS 32 MOIIIKaMHU, MUKPOTIPENapaThl CAMYJIUU, XPaHSIIIHECs B KOJUICKITUN Kadeapbl
300JIOTUM U DKOJOTMHM JIOHELKOTr0 TroCyIapCTBEHHOTO YHHBEPCHUTETa, a TakKe aHalIu3
JTUTEPATYPHBIX TAHHBIX.

OcHOBHBIM METOI0M cOOpa MOILIEK B IPUPOJIC UCTIOTB30BAIU PYUHOM COOP, C TOMOIIIBIO
CHEIHUATU3UPOBAHHBIX HHCTPYMEHTOB. J[i1st cO0opa MMaro mpuMEHSUIA METO]] KOIICHHUS CAYKOM.
s coopa mperMaruHalbHBIX CTaJui BBIOMPATN TOJBKO MPOTOYHBIE BOJOEMBI C OBICTPHIM
TedeHHeM BOJbl. CKOPOCTh TEUEHHUS ONpPEACTSUIM METOIOM «IoIiaBKa». OCylIecTBISIIN
PETUCTpalMIO TOTOJHBIX YCIOBUM, XapakTep BOJOEMa, TeMIlepaTypy BOABI U BO3AyXa.
JlmuuHOK coOupamu BMecTe ¢ cyOCTpaToMm, H3bIMas BPYYHYIO MM C HCIIOJb30BaHHEM
MexaHu4decKux mpucrnocodnennid. Kykomnok cHumanu ¢ cybctpara ¢ MOMOUIBIO CKANbIEs U
MUHIETA 32 CaMbIi 3aHUI KOHen KokoHa. CoOpaHHBIN Marepuall (PUKCHPOBAIH B ATHIOBOM
criupre (koHuentpauus 70%), ykcycHoM adupe, X10podhopMe WIH ¢ TTOMOIIBI0 MOPHIIKH, YTO
TIO3BOJISIIO COXPAHATh 00pa3Ibl ISl JAIbHEHIIEro aHaIn3a.

COop MoOIIIEK OCYIIECTBISUIM B TEUEHHE NEpUOa OKYKJICHHS W BBUJIETa B3POCIBIX
HACEKOMBIX, KOTOPBIN IJTUTCS ¢ MapTa — anpess U 0 KOHLA ceHTI0ps — okTa0ps. Haubonbiee
pazHooOpa3ue BUAOB B (pa3e KyKOJIKHM HaOmomaercs BecHOW. MaccoBblif BBUIET HMAaro
MPOMCXOIUT B OCHOBHOM B Mae. Pa3BHTHE JIMYMHOK B TEIUIBIX BOJOEMaxX 3aHUMAET OKOJIO
Mecs11a, B TO BpeMs Kak CTaJus KyKOJKH JUIUTCS OT OHOM 10 ABYyX Henaenb. [Ipu aTom, B omHOM
BOJI0E€ME, KaK MPABUIIO, PAa3BUBAETCS OTHOBPEMEHHO HECKOJIBKO BUIOB KPOBOCOCYIIHX MOIIIEK.
Cpoku BX pa3BUTHS MOTYT HE COBIAAATh, IOATOMY Ba)KHO MPOBOAUTH COOPBI KAXKIYIO HEIETIO
Ha MPOTSHKEHUH BCETO TEIUIOTO MOJTYTOIUS C MapTa — arpelis 0 CEHTA0Ph — OKTAOPb.

KamepanbHyto 00paboTKy Marepuana W HM3TOTOBICHHE MHKPOIPENapaToB MOIIEK
OCYIWIECTBIISIA MO oOmenpunsaTeiM Mmetoaukam M.A. Py6mosa [2] u 3.B. VYcosoit [1].
OmnpeneneHre BUAOBOTO COCTaBa IMPOBOAWINM C HCHOJb30BaHUEM ompenenurteneid M.A.
Py6mosa [2], 3.B. Ycomoii [1], A.B. SuxoBckoro [14]. Jlis ompeaeneHus pa3mMepoB
WCITOJIB30BAI  METOJT MHUKPOCKOTTMYECKOTO HW3MEpPEHUsS OMOJOTHYEeCKUX O0O0BeKkToB [15].
OpuruHaiabHbIE PUCYHKH MOPGOIOTUYECKUX CTPYKTYP BBITIOTHEHBI C TIOMOIIBIO MUKPOCKOTIA
MBP-1 ¢ npumenennem — PA-6.

Pe3yabTarhl Hcciae10BaHU.

B pesynbrare Hammx ucciaenoBaHui ObUT H3y4YeH BUIOBOM COCTaB, OMOJIOTHS pa3BUTHS,
(deHonorus, KpoBOCOCYIIas AaKTUBHOCTb W MOP(}OIOTHYECKOe CTPOCHHE KPOBOCOCYIIMX
motek poaa Eusimulium Roubaud, 1906 Ha Bcex (aszax passutus (puc. 1). Ha tepputopun
Hounbacca pox Eusimulium Roubaud, 1906 npencrasnen 4 Bugamu: E. aureum (Fries, 1824);
E. krymense Rubzov, 1956; E. angustipes (Edwards, 1915); E. securiforme Rubzov, 1956.
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Pucynok 1 — cranuu pa3BuTHs KpOBOCOCYIIMX MOIIIEK cemeiicTBa Simuliidae.
O6o3Hauenus: A — nuunHKa, b — Kykosika, B — umaro

Kak u3BecTHO, omnpe/esieHiue BUJI0BOTO COCTaBa KPOBOCOCYIIMX MOIIEK MPEICTABIISAET
OTIpe/IeTICHHBIC CIIOKHOCTH, CBSI3aHHBIE C MX MOP(POIOTUISCKUM CXOJCTBOM MHOTOYHCIICHHBIX
BUJIOB CEMEHCTBA, BEAYIIUX CXOAHBIA 00pa3 *U3HUM HAa Bcex (azax pa3zButusa. OCHOBHOE
BHHMaHWE B JAHHOW paboTe YICNSIOCh M3YYCHHIO MOP(OIOTHYECKUX W OHMOIIOTHYECKUX
ATANoB Pa3BUTHS MoOIICK. [10 BHEIIHEMY CTPOCHHUIO MOIIEK OTIUYUTH JOCTATOYHO CIOXKHO.
OHaKO HEKOTOPBIC MPU3HAKY (HAJIETHI, OKpacKa, OMYIICHHUE ), HCYS3AIOIIUE ITPU U3TOTOBICHUN
MUKpOIIperapara, YYuThIBAIOTCS U UCTIOIB3YIOTCS JIJISl ONPECIICH s BUIOBOTO pa3HO00pa3usi.
JleranbHas uaeHTH(GUKAIMAS MOIIEK TPeOyeT M3TOTOBICHUE MUKPOCKOTTMYECKUX TPEraparoB.
HaunOonee HaneKHBIMUA OTIMYUTEIBHBIMH TNPHU3HAKAMH SIBISIOTCS — IIOJIOBOHM ammapar (B
0COOEHHOCTH JIJIsl UMaro) M crpoeHue poToBbix yactei [1; 3]. K oOmmMm mpusHakam pozaa
FEusimulium Roubaud, 1906 oTHOCAT: 1)1 CAaMKH — CIIMHKA OOBIYHO TEMHAs1, OJHOTOHHAs, 0€e3
MOJIOCOK HMJIM TATeH. KOroTKM ¢ KPYIMHBIM 3yOIIOM Y OCHOBaHUS. | €HUTAIBHBIC IJIACTHHKU
SI3BIKOBHU/THO BBITSTHYThI. BETBY BHIJIOYKH, KaK [TPABHUJIO, OTHOCUTEIILHO IMPOKKE; LIS caMIla —
CIMHKa OapxaTucTo-yepHas, B SIPKUX 30JOTHUCTBIX BOJIOCKAX; TOHOCTHIIM KOPOTKHE
CaNOXXKOBUIHBIC, AlTMKAIBHBIN U oauH. [oHOCTEpH ckaT ¢ 6okoB. [oHODYpKa B BUIE Y3KOI
TUTACTUHKY, HETTYyOOKO pacIielieHa B JAWCTALHON dacTu. B mapamerpax mo 1 kpymHOMY
HIUIY; AJI TUYUHKA — PUCYHOK Ha JIOY YeTKHi, KpecTooOpas3HbIi (puUC. 2); aHTEHHBI ITTHHHbBIE
(0,50-0,55 mm). BenTpanbHbIi BeIpE3 TOJIOBHOM KallCyabl 3aHUMAET MEHEE TIOJIOBUHBI JITTUHBI
Karcynpl. Ha 3amHeM KoHIlE Tena Tapa KpPYHMHBIX BEHTPAIbHBIX OOKOBBIX KOHHYECKHUX
BBIPOCTOB; JUISI KYKOJIKM — KOKOH IPOCTOH, ITOJIHOCTHIO TPHKPHIBAET TEJIO KYKOJIKU. B
JBIXaTeIbHOM OpraHe 4 TOBOJBHO HIMPOKO PACCTABICHHBIE OT OCHOBAHUS HUTH.

Pucynok 2 — pucynok Ha n0y smausku Eusimulium angustipes (Edwards, 1915).

Ha ocHOBaHMM HAIIMX MCCIIEIOBAaHUH 1 aHAITM3A JTUTEPATYPHBIX TaHHBIX [ 1-4; 7; 14] cocTaBneH
pSA TUArHOCTHUYECKUX MPU3HAKOB IS MACHTH(PHUKANMK BUIOB. K HUM OTHOCST, y CaMOK —
¢dopma 10a u nuIA, CTPOEHUE BUJIOYKH, CTPOCHUE T€HUTAJIbHBIX U aHAIbHBIX IUIACTHHOK, a
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takxke popma mepok (tadm. 1). V camios — ¢opMa JUIEBOTO KW, CTPOCHHE TOHOCTHUIICH,
TOHOCTEpHA ¥ TOHOPYPKH, a TAaK)Ke CTPOCHHE ImapaMmepoB (Tadm. 1).
Tabmuma 1. Mopdonorndeckue CTpykTypsl umaro poaa Eusimulium Roubaud, 1906
BUJ
MIPHU3HAK

E. aureum E. angustipes E. securiforme

Camka

T'onosa
(7106 (110)
a0 (1))

Bunouka

I'enurannsHbIe
IUIACTHHKU

AmHanpHBIE
IUTACTUHKHU 1
LHEPKH

JIuneBon Kuib
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[Iponomxenue Tabnuipl 1

3
Tl'onoctuie - I¢ re
re
ToHOCTEPH 4
TR
wn
Tonodypxu o ﬁ
=
|
I
ITapamepsl i

VY JIMYMHOK K HamOojee JUarHOCTHYECKH Ba)KHBIM IMPHU3HAKaM OTHOCSTCS — (opma
BEHTPAJIbHOI'O BBIPE3a, CTPOCHHUE 3yO110B MaH 1Oy, CyOMEHTyMa U ero 3yO1oB (Tabi. 2).

VYV KyKOJIOK — KOJIMYECTBO U CTPYKTypa JBIXaTEIHHOTO OpraHa M XETOTaKCHUS OproIikKa
(Tabn. 2). ®opma U pacmojIOKEHHE XET UMEET POAOBOE U TPYIIOBOE 3HAUCHUE, IIMITUKU —

BuaoBoe [1].

Tabnuua 2. Mopdonorudyeckue CTpyKTypbl IpeMMaruHalbHbIX cTaaui poaa Eusimulium

Roubaud, 1906

BU]T
MIPU3HAK

E. aureum

E. angustipes

E. securiforme

E. krymense

JInunnka

Bentpanbusril
BBIpE3
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[Tponomkenue Tabnuib 2

/] 0,02

MO ]

3yO16t i L

MaHIuOYy

CyO6meHTyM

3yOmbt
cyOMeHTymMa

KomnuaectBo
IIBIXaTEIbHBIX
HHUTEH

N

Pacnonoskenue
JIBIXaTEIbHBIX
HUTEN

Bprouko

KPK

Takum 00pa3oM, MONIKM HMMEIOT CYIIECTBEHHOE CXOJICTBO B CBOEH MOpPQOIOTHH,
00yCTIOBIEHHOE CXOXKHM 00pa3oM KH3HU ONM3KUX BUIOB Ha Bcex (azax pa3BUTHSL.
CrnietoBaTeNlbHO, JUTSl YCICITHOW HICHTU(MUKAIIUN OTACIHHBIX BUJIOB CUMYITHH]T HEOOXOTMMBI
HaJie)KHbIe Mopdonorndeckue kputepun. OnHako HASHTU(UKALKS BHIOB KPOBOCOCYIIHUX
Momiek cemeiictBa Simuliidae mpeAcCTaBIsIET 3HAYUTENBHYIO CIOXHOCTh. JlJIs TOYHOTO
OTpeieNieHUs] Pa3HBIX BUIOB KPOBOCOCYIIMX MoOIIeK ceMmeiicTBa Simuliidae BHemHero
ONHMCAHMUS HEIOCTAaTouyHO. TakuMm 00pa3oM, MpPU OTCYTCTBUM BHEIIHUX PA3JIHYUN CaMIIbI
pa3HBIX BHUJIOB PE3KO OTIMYAIOTCS MO CTPOSHUIO IMOJIOBBIX MpHAaTKoB. Kpome Toro, BomHbIE
(a3bl pa3BUTHS MOIIEK UMEIOT CYIIECTBEHHBIC Pa3INdrs, HHOTIA 00JIee OTUYCTIINBEIC, HEKEIH
T€, YTO HAONIOHAIOTCS y B3POCIBIX HACEKOMBIX, 0coOeHHO y camok. Hambomnee BaxxHBIMU
OTJIMYUTEIBHBIMU BHIOBBIMH ITPU3HAKAMU SBIISIFOTCS TAKUE MMPU3HAKH, Kak (hopMa Jida U JIHIIa,
CTpOEHHUE BWJIOUKH, (hOpMa aHANBHBIX TUIACTUHOK M LEPOK, CTPOSHHUE MOJIOBBIX MPUIATKOB U
XETOTAKCHS.
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DIAGNOSTIC SIGNS OF THE GENUS EUSIMULIUM ROUBAUD, 1906 IN THE
TERRITORY OF DONBASS

Annotation. In this work, the species composition of the genus Fusimulium Roubaud, 1906, belonging to the
family of blood-sucking black flies Simuliidae, was studied. The paper also presents and analyzes the analysis of
the most significant diagnostic features of the genus and the morphological structures of the species.

Key words: blood-sucking black flies, Simuliidae, Eusimulium, species composition, diagnostic signs.
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YIK 577.3

BUBPAIIMOHHO-AKY CTUYECKOE 3AIIYMJIEHUAE KAK DKOJIOTMYECKHUHA
PAKTOP B I'OPOJE JOHELIKE

HlIkupenxo A.O.
Hayunuwiit pykoeooumens: Koprnuenxo B.O., kano.ouon.nayx, ooyenm
DI'EOY BO «/[onl’Y»

Annomayus. B nanHOll pabore NpOBeAEHO HCCIEAOBAaHWE BHOPAIIMOHHO-aKyCTHYECKOTO 3allyMJICHHS Ha
JIpeBecHbIe HacaxIeHus mo OynpBapy LlleBuenko B ropoxme Jlonenk. B pesynprare aHamuM3HpyeMBIX NaHHBIX
aMIUTUTyJa BO3HMKAIOIIMX BHOpaIMii OT JIETKOBBIX aBTOMOOWIEH (B OONBIIeH CTENEHH HWHOCTPAHHOTO
MPOU3BOJICTBA), OKAa3bIBacT HAWMEHbBIIEE BHUOPAMOHHOE BO3ACHCTBUS HAa DPACTCHUS, W HMMEET HECKOJIBKO
BBIpAKEHHBIX MakcUMyMoB: okojio 60, 140 u 170 I'n. OcranpHbIe BUABI aBTOTpaHCIIOpTa (TPY30BBIe, aBTOOYCHI,
TpONEeHOyCHl M Ap.) HE NEMOHCTPHPYET 3HAYUTEIBHBIX PAa3IMIUi. YCTaHOBJICHO, YTO YPOBEHb aKyCTHYECKOTO
oyMa Ha HCCIeNyeMoil Tepputopund cocTtaBisier B cpegHem 63,5 nBbA. CymmapHas MHTEHCHUBHOCTD
TpaHCIOPTHOrO Motoka Ha mepuox 2024 1. cocraimsier a0 20 en./MUH, NPU 3TOM JOMHHHUPYIOT JIETKOBBIC
ABTOMOOMIIH.

Kniouesvie crosa: BuOpanys, THTEHCUBHOCTb aBTOTPAHCIIOPTA, aKyCTUUECKHUH IIyM, SKOJIOTHYECKHH (aKTop.

Beeoenue. BubpanmonHo-akycTHIeCKOE 3alIyMJICHHE SIBJISICTCS BAYKHBIM
9KOJIOTUYECKUM  (aKTOpOM,  KOTOPBIM  OKa3blBaeT  3HAUUTENBHOE  BIMSHHE  Ha
YKU3HECIIOCOOHOCTh JAPEBECHBIX HACAKACHUNM BIOJb aBTOMarucrpaieil. JlanHHoe sBieHue
XapakTepu3yeTcss HalM4YMeM HEKelaTelbHBIX 3BYKOBBIX U  BHOPAllMOHHBIX  BOJIH,
BO3JCMCTBYIONIMX Ha OKpPYKAWOILYK cpeny. Takoil BHUJ IIymMa BO3HUKAaeT B pE3yjbTare
WHTEHCUBHOCTHU TPAHCIIOPTHOTO MOTOKA U JPYTUX aHTPOIIOTCHHBIX ASHCTBUI (CTPOUTENHCTBA,
IPOMBILIIEHHOTO IPOM3BOJICTBA U JIP. ), CO3JAIOLINX BUOPAIIMOHHO-AKYCTUYECKOE 3alllyMIICHUE
cpenn! [1]. Hanbonee pacnpocTpaHEHHBIMM MCTOYHHMKAMH 3alIyMJICEHUS HA TEPPUTOPUH T.
JloHelKa SBJISIOTCS aBTOTPAHCIIOPT, TSKENAsk BOGHHAsI TEXHUKA, BEICHUE BOCHHBIX AEHCTBUI C
2014 rona Ha TEPPUTOPUU TOPOJA, IPOMBIIIJIEHHBIE PEANIPUATHS, @ TAKKE YCUIUBAIOIINECS
IPUPOTHO-KIMMaTHUECKHE (DaKTOPhI B pe3yabTare H3MEHEHHs KiMMara B peruose [6; 15].

B ycnoBusx ropoackoil cpeasl 3a cueT 3BYKOBBIX M BUOPAIMOHHBIX HArpy30K JIEpeBbs
MOJBEPraloTCs MHOXKECTBEHHBIM CTPECCOBBIM BO3ACUCTBUSM, YTO MOXET MPUBECTH K
U3MEHEHHI0 uX (usnonorndyeckux u Mopdonorndyeckux mnapamerpoB. OTBeTHas peakuus
JPEBECHBIX PACTEHUH HA TaKW€ aHTPOINOTreHHbIE (PaKTOPBl MOKET U3MEHSTHCS B 3aBUCMOCTHU
OT BHJIOB PacTEHMM, UX YCTOMYMBOCTH U COCTOSIHUS B OKpyskarowei cpene [2]. Hanpumep,
OTBETHOM peaklMeil Ha JEHCTBHE BETpa SBISAETCA M3MEHEHUE CKOPOCTH POCTa B BBICOTY H
yYBEJIMYEHUE MHTEHCUBHOCTH pPAJUaIbHOTO NPUPOCTA, 4YTO BedeT K (OPMUPOBAHMIO
YKOPOUEHHOTO IIUPOKOTO B OCHOBaHUU cTBOJA [ 19]. Taxke pacTeHus, KOTOpbIE MOABEPTAOTCS
TaKOMY IMOCTOSTHHOMY MEXaHUYECKOMY CTUMYJYy UMEIOT BBIPaXKEHHYI0 KOHYCHOCTb CTBOJIA (T.€.
MIPOMCXOTUT MHTEHCHUBHBIM POCT TKaHEW B HIDKHEW 4yacTH cTBojia U KopHAX) [20]. Taxum
00pa3oM pacTeHUs aJanTupyeTcs K pa3IndHbIM (pakTopam U npuoOpeTaeT yCTOHUUBOCTb.

Kpome Toro, pacreHust MOTyT CIIy’KHTh WHAMKATOPAMU PA3IUYHBIX BIMSHHM, IPU 3TOM
MI03BOJISIs OLIEHUTH YPOBEHb BO3JAEHCTBUI Ha 3KOCUCTEMY B LieoM [12]. Tak npu nocTossHHOM
BO3JICMCTBUM AHTPONOI€HHON Harpy3kd BO3HHMKAET CHIKEHHE MOp(ho-(YyHKIIMOHATBHOTO
COCTOSIHME, CONPOBOXKAAIOIIEECS CHUKEHUEM ITPOYHOCTH JIPEBECUHBI, TOBPEXACHUEM CTBOJIA,
M3MEHEHUEM apXUTEKTOHUKHU KPOHBI, CyXOOOUYMHHOCTD, IIOBPEXIEHUS JIMCTOBOTO anmnapara [ 1;
3; 9; 13; 15; 16], cHmwkenue GHOTOCHHTETHUYECKOW AKTMBHOCTU (C TIOBBIIICHHEM YPOBHS
3arpsi3HEHUS] U3MEHSEeTCA MUTMEHTHBIN cocTaB) [21] u Ta. Ha cHmkeHue Ku3HecrnocoOHOCTH
JPEBECHBIX HACAXICHUU BJOJIb ABTOMAarucTpajeil B IEPBYIO OYEpPEAb BIUSET YpPOBEHb
BUOPAIMOHHO-aKyCTUYECKOTO 3allyMJIeHUsT TeppuTopuu [17], KOTOpBIM 3aBUCHUT OT
MHTEHCUBHOCTHU TPAHCIIOPTHOTO TIOTOKA, HATTMYUS 1€(DEKTOB TOPOKHBIX MOKPHITHIA, TSKEIOTO
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IPy30BOTO TPAHCIIOPTA, OTCYTCTBHSI OOPIOPHBIX OrPaXKIACHUN, IIMPUHBI JOPOKHOTO MOJIOTHA,
JUTUTEIILHOCTH CBETOBOIO IIUKJIA M TUIIA 3aCTPOMKH BAOJb aBTOMarucrpaieu [6; 15].

Crnenyer Takxe J100aBUTh, YTO KPOME aHTPOIIOTEHHBIX (PAKTOPOB HA PACTEHHUS MOTYT
BIUATh U OMOTHYECKHE (DaKTOPhI, BHI3BIBAIONINE TAK)KE HEraTUBHOE JICHCTBHE HAa pacTEHUS.
J’KuBOTHBIE, B YaCTHOCTH HACEKOMBIC BBI3BIBAIOT KOJICOAHUS M BUOPAIIUU PACTCHHIA, TIOYBBI HITH
JOpYyTUX CyOCTpaToB KaK CIydyallHO TNpU NEpeMEelIeHHMH U IUTaHUuU, TaKk U B Ipolecce
KoMMyHuKanuu [22; 23]. Takue BuOpaluu MOTYT OKa3blBaThb KaK IIOJIOKUTEIBHOE, TaK U
OTpHUIAaTEIbHOE BIMSHUE Ha pa3BUTHE JIepeBbeB. OJHAKO aHTPOTIOTeHHbIE (DAKTOPBI TOPOACKOM
cpenbl (IyM ¥ BUOpaLuy, CO31aBaeMble TPAHCIIOPTOM M CTPOUTEIIBHOM IS TETLHOCTHIO) TaKXKe
OKa3bIBAIOT 3HAUUTEJIBHOE BIUSHUE HA I[OBEICHHWE HACEKOMBIX M HX CIOCOOHOCTh K
B3aMMOJICHCTBUIO C pacTeHUusIMH. [locTosiHHOE elicTBIE TaKuX (DaKTOPOB MOXKET MPUBOIMUTH K
CHHIKEHUIO OMOpa3HOOOpa3usi.

Kpowme Toro, npeBecHble Hacax/A€HUs BJI0JIb aBTOMArucTpajieid MOryT CHU)KaTh yPOBEHb
IyMa B ropofie, OJHAKO HeMpaBHIIbHAS BbICAJIKA PACTEHUIN MPUBOIUT K oOpatHOMY 3(PdexTy.
Takum 00pa3omM, MOHUTOPHUHI >KU3HECIOCOOHOCTH JPEBECHBIX HAaCaKJIEHUN B YCIIOBHUAX
AHTPONIOTEHHOW HArpy3KH SIBISIETCS aKTyallbHBIM HAalpaBiICHHEM HCCIIEIOBaHUN, KOTOPOE
MpoJoJKaeTcss o Hacrosimiee Bpems [4; 5; 7-11; 14; 17; 18]. BaxHo Takke yduTHIBaTh
Mop(onornueckre mapaMeTpbl  JIEPEBhEB, C IOMOINBIO KOTOPBIX MOXHO OLEHUTh
AKHU3HECIIOCOOHOCTh BUAOB Ha ONpEIENIeHHBbIX TeppuTtopusx [5; 7; 13; 18]. Takxke oueHuBas
YpOBEHb CTpecca, BBI3BAHHOIO BUOPALMOHHO-aKyCTUYECKUM 3allyMJICHUEM, [O3BOJISIET
OIIPEIENIUTH 00IIee COCTOSTHUE TOPOACKIX HACAKICHUI.

Llenp nmanHO# paboThl McclenOBaHUE BUOPAIMOHHO-aKyCTUYECKOTO 3alllyMIICHUS Ha
oynbBape LlleBuenko B ropone JloHenk.

Mamepuanst u memoowl. ViccienoBanusi BUOPAIIMOHHO-aKyCTUYECKOTO 3aIlyMIICHHUS
OBLIIO TIPOBEICHO BIIOJIb aBTOMarucTpaiiei Ha OynsBape LlleBuenko (puc. 1) B ropoxae JloHerke.

—
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Pucynok 1 — Uccnenyemsliii yaactok Ha Oyi. [lleBuenko B ropoae JloHerx
[Ipumeuanus: Ha KapTe OTMEUEHBI TOUKU U3MEPEHHUS LITyMa BI0JIb aBTOMarucTpanen

Jns peructpanuu BuOpauuii pacrenuit (poga Populus L.) ncnonb3oBainy HOPTaTUBHBIN
OCIIMJIJIOCKON KOTOPBIM pacrojaraiv Ha mouse, ooparope u aepese. OnudpoBaHHbIE JaHHbBIE
obpabareiBaii B mnporpamme «MathCad 2001» ¢ momydyeHueM aMILTUTYIHO-YAaCTOTHBIX
XapaKkTepUCTHUK (pe3ynbTaT ObicTporo nmpeodpaszoBanust Oypse) [15].

VHTEeHCHBHOCTD IBU)KEHUS aBTOTPAHCIIOpTA BI0JIb OyiabBapa LlleBueHKo olieHuBaiach mo
KOJIMYECTBY €IUHHI] aBTOTPAHCIIOPTa OIPENEICHHOIO THUIA, MPOEIKAIOIUX MHUMO TOUYKHU
n3Mepenus 3a enunuiy spemen (rmo 'OCT 20444-85).

VYpoBeHb 3BykoBOro napiieHus Ha OynbBape llleBuenko (n1bA) m3mepsum ¢ MOMOIIBIO
urymomepa (upmel Benetech).
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Pesynomamut u oocyycoenusn. lpu ananusze BUOPAIIMOHHOTO BO3ACHCTBUS Pa3TUYHBIX
BUJIOB aBTOTPaHCHOPTa (TPOJLICHOYChI, aBTOOYCHI, JIETKOBBIE aBTOMOOWIIM, BHEIOPOKHHKH,
JIETKOBBIC TPY30BbIE U TSKEIBIC TPy30BbIC MAIIIUHbI) HA paCTEHUS OBLIO MPOBEICHO CPABHCHHE
OCHOBHBIX YaCTOT B OTCHSTBIX CUTHaNAX. /lfana3oHbl 4aCTOT 3apeTrUCTPUPOBAHHBIX BUOpAIIHiA
JepeBbeB HaxoasTcs B mpomexyTke ot 15 10 300-400 I'y (max g0 200 I'a). IlepBoe cpaBHeHue
NPOBOAMIIOCE MEXKIYy TpoJuleliOycamu U aBToOycamMu (puc. 2), OTEYECTBEHHBIMH U
WHOCTPaHHBIMH JISTKOBEIMH aBTOMOOHMIISIMHE, & TAKKE MK JISTKUMU U TSKEITBIMU TPY30BBIMU
ABTOMOOMIISIMU.
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Pucynok 2 — YcpenHeHHbIE OT HECKOJIBKUX MCTOYHUKOB aMIUTUTY/IHbIE CIIEKTPbI BUOpannii
nepeBbeB poaa Populus L., BBI3BAHHBIX MPOE3IKAIOMIUM TPAHCTIOPTOM
O06o3HaueHus: A — Tposeidycol, b — aBToOyCHI; CIUTONTHAS JTUHUS — TSDKEIIBIE, ITYHKTHD
— MUKPOaBTOOYCHI.

[Ipu 3TOoM crekTp BuUOpauuii OT JBHUXKEHHS aBTOOYCOB HECKOJIBKO OTJIMYAaeTcs OT
TpOJJIe0yCcOB, OCHOBHBIE MHKH CMEIIEHbI B 00J1acTh 00jiee HU3KUX 4acTOT (PUCYHOK 2, O —
crtomHas JuHUs). Jlomuaupytomme dactotel — okojo 90, 60, 30 u 120 I'm (B mopsiake
yOBIBaHUs aMIUIUTY/bI). Kpome Toro, B CieKTpe naccakxupckux MUKpOaBTOOYCOB UMEIOTCS JBa
MPAKTHYECKH paBHBIX MakcuMyma — okoio 30 u 150-200 ', cnenyromuii o BeIUYUHE MUK Ha
yactotax 350-400 I'm (myHktup Ha pucyHok 2, 0). B oGmactu Oonee BBICOKMX YacTOT
aMIUIUTY/bl BUOPALIUU HECYIIECTBEHHBI.

Crnenyer Takxke 100aBUTh, YTO aMIUIUTY/A KoJieOaHUI OT TposLIeiOycOB CPAaBHUTEIBHO
HEBEJIMKA, 9TO MOXXET OBITh CBSI3aHO C OTHOCHUTEILHOMN YJIAJICHHOCTBIO OT PACTCHHI 3€JIEeHOU
HOJI0CHI (TPOJUIEHOYChI Yallle 3aHUMAaIOT MPABBINA PsIJT TPACCHI) U MaJIOW CKOPOCTHIO IBUKEHHUS.
A Taxke BUOpalnH, BbI3BAHHBIE TPOIEHOYCOM «MacCKUPYIOTCS» BHOpaIUsIMU OOTOHSIOIIETO
TpaHCIopTa.

HmeroTcss Takke OTIMYME B BHOPAIIMOHHBIX CIEKTPaX, BBI3BAHHBIX JIBUKEHHEM
aBTOMOOMJIEH POCCHIICKOTO WJIM COBETCKOTO MPOM3BOJCTBA OT MHOCTPAHHBIX aBTOMOOMIIEH.
[TepBslii THI aBTOMOOUJIEH HMEET HECKOJIBKO BBIPaKEHHBIX MaKCUMYMOB: okoJio 60, 140 u 170
' (pucyHok 3, a — crutomrHas TuHus). J[j1st Broporo Tumna aproMoOuIel XapakrepeH O0bIIHi
MK OTHOCHUTEIILHON aMIUIUTYbI CyMMapHoro crekTpa Ha 140 ' (pucyHok 3, a — MyHKTHD).
Taxxke TpUBEAECH aMIUIMTYIHBIH CHEKTp BHOpaluil JepeBbeB OT MPOEIPKAIOLINX
BHEZOPOXHHUKOB. JJIs1 JTaHHBIX aBTOMOOMJIEH XapaKTepHa BbICOKas OTHOCUTENbHAS aMILIUTY/1a
KaK Ha HU3KUX — ~15, ~60 I', Tak u Ha Oojiee BhICOKMX yacToTax 140-170 I'um. Dot KiIacc
aBTOMOOWJIeH MHIYIHUPYIOT BUOpALIMK PACTEHUN perucTpupyemble U Ha yactoTax Bbiie 200
['a: 200-300, 350-370 'y, ~4500 ', ~500 ', ~580 u ~780 I'x (puc. 3, au 6) [15]. Takue nuku
Ha BUOpPALlMOHHBIX CHEKTpax OT pa3HbIX aBTOMOOWJIEH BBbI3BaHBI TEXHUYECKHUMH
XapaKTEepUCTUKAMH, a TAKXKe Ka9YeCTBOM JOPOXKHOI0 MojaoTHa [15].
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Pucynok 3 — AMmnutyaHble crieKTpsl BUOpanuii nepesbeB Populus nigra L.,
Populus pyramidalis ot nBu>xeHusi aBTOTpaHCIIOpTa
OO6o3HaueHMs: a — JICTKOBbIC aBTOMOOWIM, O — BHEIOPOXXHUKH, CILIOIIHAS JIMHHS —
ABTOMOOWJIM POCCHUHCKOTO/COBETCKOTO IMPOU3BOJICTBA, MyHKTHP — AaBTOMOOMIIM HHOCTPAHHOTO
MPOMU3BOJICTBA

Ananu3upyss  BuUOpauuu  JE€peBbEB  OT  JBIDKEHUS  TPY30BBIX  aBTOMOOUIEi
3apETUCTPUPOBAHO OTIMYAIOIINE B CIIEKTPAX B 3aBUCUMOCTH OT TPy30MOIbeMHOCTH. Jlerkue
Ipy30BbIe aBTOMOOWJIM XapaKTEpU3YIOTCS BBIPAKEHHBIM MAaKCUMyMOM OTHOCHUTEIBHOMN
aMIUTUTYIBl YCPEIHEHHOTO CIeKTpa Ha yactore ~60 I, BTOpoW pa3IBOCHHBIA MaKCUMyM
npuxonutcss Ha 4vactoTel okosio 180-200 I'm. Ha wacrorax Beime 300 ' ammiauTyzabl
CYIIECTBEHHO CHIKAIOTCS. BuOpanuu TsHKETbIX TPy30BBIX aBTOMOOWIJIEH XapaKTepU3yIOTCS
HaJIMYMEM HECKOJIbKHX IMHUKOB Ha yacToTax okoso 15, 120, 150, 185, 280, a Takxke Ha Oojee
BBICOKMX YacTOTaX. Takod CHEKTp HAlOMHUHAeT CIEKTp BUOpaluil EpeBhEB OT JIBHIKCHHS
TpoJiienoyca, 4To TOATBEPKAAeTCs BRLICOKUM Kod(duiinentom koppessinuu (r=0,91).

B pesynbrate aHanu3upyeMblX JaHHBIX aMIUIUTYa BO3HHKAIOIIMX BUOpAIUil OT Bcex
TUTIOB aBTOTPAHCIIOPTA B IIEJIOM HE JIEMOHCTPUPYET 3HAYUTENBHBIX paznuduil. MckitoueHuem
SBIISIOTCA  JIETKOBBIE aBTOMOOWMIIM HHOCTPAHHOTO TMPOW3BOACTBA. Takue aBTOMOOHIU
OKa3bIBAIOT HAUMEHbIIIEE BUOPAIIMOHHOE BO3/ICHCTBUS HA IPEBECHBIC HACAXKICHUSI.

B pesynbrare uccienoBaHuil Mbl MPOBEIN CPaBHEHWE MHTEHCUBHOCTU TPAHCIIOPTHOTO
noToka 1o OynbBapy IlleBueHKko B pa3Hbie roabl (Ta0M. 1), 4TO MO3BOJISET BHISBUTH U3MEHEHUE
Harpy3Ku Ha JPEBECHBIE HACAKICHUS.

Tabnuua 1. MaTeHCHMBHOCTD (€11./MHH.) TPAaHCTIOPTHOTO MOTOKA 10 OynbBapy llleBueHko

Bun aBroTpaHncnopra
I'ox uccnenoBanus TPy30BbIE [Taccaxxupckue
TSDKEJIbIE | JIETKUE | JIETKOBBIE ABTOOYCBHI/TpOILIEHOYChI
2008 <1 2-3 30-35 1
2024 <1 <1 15-20 <1

CymMapHasi MHTEHCHBHOCTh TpPAaHCIOpPTa Ha ucciaeayeMom ydactke 3a 2008 rox
cocraBuia 40 ex./mMuH. Ha nepron 2024 r. cymmapHasi HHTEHCUBHOCTD TPAHCIIOPTHOTO TTOTOKA
cocraBimsier 1m0 20 en./mun. Takum o00pa3oM, HaAOMIOMAETCS PE3KOE COKpAIICHHE
aBTOTPAHCIIOPTA, W CIIEAOBATEIbHO CHUKEHHE BHOPALIMOHHO-aKyCTHYECKOH Harpy3Kd Ha
pactenus. OgHaKo MOBpeXIeHUs, 00pa30BaBIINECs paHEe 3HAYUTEIHHO OCIa0UIH IPpeBECHBIE
HACaX/EHUs, HO CTOMT OTMETHTb, UTO CHIKEHHas Harpy3ka c¢ 2014 r. kommeHcupyercs
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MOSIBJICHHEM HOBBIX AaHTPOINOTEHHBIX (AKTOpPOB, B TOM YHCJIE BHOCAIIMX BKJIAJ B
BUOPALIMOHHO-aKyCTUYECKYIO COCTABIISIOLIYIO TOpo/Ia.

OcHoBHast 10J1s1 TPOE3KAIOIIUX TPAHCTIOPTHBIX CPEACTB B Pa3HbIE TOABI TPUXOIUTCS HA
JIETKOBOM maccaxkupckuii Tpancrnopt. Cregyer n00aBUTh, 4YTO OT HHTEHCHBHOCTH
TPAHCHOPTHOTO TOTOKA 3aBHCUT U BHOPALMOHHO-aKyCTHYECKOE 3alllyMJICHUE TEPPUTOPHUH.
HccnenoBanus mnokasanu, uto Ha OynbBape llleBueHko BIOJIb aBTOMArucTpalid aMIUIUTYIHO-
YaCTOTHbIE CHEKTPhI HaxoAsaTcs B uHTepBaie ot 50,6 nbA no 87,5 nbA. Cpennee 3HaueHue
LIYMOBOT'O 3arpsi3HeHus coctasiisger 73,5 nbA.

Takum 06pa3om, COBOKYITHOCTh aHTPOIIOTEHHBIX (PAaKTOPOB (BUOpAINH, aKyCTUYECKUI
OIyM, HWHTEHCHUBHOCTb  TpPaHCIOpPTa) BIMSIET Ha  HKU3HECIIOCOOHOCTh  PAaCTEHUH,
IPOM3PACTAIOIINX BIOJIb aBTOMarucTpaeil. [Ipu 3ToM BbI3bIBask ONpe/ieieHHbIEC TTOBPEXKIACHUS
(puc. 4), cka3bIBarONIUECS HA PA3BUTUU U COCTOSTHUU JICPECBBEB.

Ny X wr - Ui -

Pucynok 4 — noBpexxaeHus aepeBbeB poaa Populus L. B10OJIb aBTOMarucTpanu
[Ipumeuanusi: A — cyxoOO4MHHOCTh, b — HM3MeHeHHME apXUTEKTOHHKU KpOHbI, B —
OTCJIOEHHUE KOPBI

Bwieoowl. Vicxonst u3 npoBEIEHHBIX UCCIEIOBAHUN YCTaHOBUIIM, YTO JIMAIa30H YacTOT
3apEeTUCTPUPOBAHHBIX BUOpAIUii, TEPEJaHHbIX JEPEBbIM OT aBTOMOOWJIECH, HAXOmATCs B
npomexyTtke oT 15 1o 300-400 I'i. AMIIUTYAB! BO3HUKAIONUX BUOpaMid OT pa3HbIX TUIIOB
aBTOTPAHCIIOPTAa HE WMEIOT 3HAYUTENBHBIX pPa3Iu4uii, 3a HCKIIOYEHUEM JIETKOBBIX
aBToMoOmiei. Takue aBTOMOOUITM OKa3bIBAIOT HAMMEHbIIIEE BUOPAIIMOHHOE BO3JCHCTBUE Ha
JIPEBECHBIE HACAKICHUS, 1 UMEIOT HECKOJIBKO BBIPAXKEHHBIX MAaKCUMYMOB: 0koJ10 60, 140 u 170
I'n. YpoBeHb akyCTHYECKOTO IIIyMa Ha KCCIIEJOBAHHOM TEPPUTOPUU COCTABIISIET B cpeaHeM 73,5
1BA. THTEHCHBHOCTH TPAHCIIOPTHOTO MoTOKa Ha Tiepuoy 2014-2024 1. pe3ko yMEHbIINIIACh 10
cpaBHeHHIO ¢ 2008 T., OJHAKO UMEIOTCS KOMIICHCAIMOHHBIE (PAKTOPBI B CBS3H C MOSIBICHUEM
HOBOTO aHTPOIIOT€HHOTO PEeXHMa 3alTyMmiIeHuss Ha Tepputopun. CymmapHas HHTEHCUBHOCTD
TPaHCIOPTHOTO 1MOoTOoKa B 2024 1. coctapisiia 10 20 en./MUH, IPH STOM TOMHUHHUPYIOT JIETKOBBIS
aBTOMOOMIIH.

Hccneoosanue 6vinonneno 6 pamkax O0esamenbHOCMU MON00eNCHOU aabopamopuu
«duaecnocmuxa  u  MexamusMvl  aoanmayuy  NPUPOOHBIX U AHMPONOLEHHO-

mpancopmupoganuvix  sxkocucmem  [louwbaccay  (Ne  cocpecucmpayuu  HUOKTP
124051400023-4).
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VIBRATION AND ACOUSTIC NOISE AS AN ENVIRONMENTAL FACTOR IN THE CITY OF
DONETSK

Annotation. In this paper, a study of vibration and acoustic noise on tree plantations along Shevchenko Boulevard
in Donetsk was conducted. As a result of the analyzed data, the amplitude of the resulting vibrations from passenger
cars (mostly of foreign manufacture) has the least vibration effect on plants, and has several pronounced maxima:
about 60, 140 and 170 Hz. Other types of vehicles (trucks, buses, trolleybuses, etc.) do not show significant
differences. It was found that the acoustic noise level in the study area averages 63.5 dBA. The total traffic intensity
for the period 2024 is up to 20 units per minute, with passenger cars dominating.

Keywords: vibration, intensity of vehicles, acoustic noise, environmental factor.
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dusurxo-mexHuuecrKue HaAyxKu

YK 004.931

OBYYAIOIIUN TPEHAXKEP JJISI CACTEMBI JUCTAHIIMOHHOI'O
OBYYEHUA CUCTEMHBIX A AIMUHUCTPATOPOB C UCIIOJIb30OBAHUEM
SJIEMEHTOB HCKYCCTBEHHOI'O HHTEJIJIEKTA

Bacunvee C.B.
Hayunwuii pykosooumens: bonoapenxo B.B., cmapuwiuit npenooagameis
drE0Y BO «/lonl’Y»

Aunomayusn. B naHHOW cTaTbe paccMaTpHBAeTCsl HAyYHBIH MOAXo[ Ui oOecriedeHHs HE0OXOIUMOTO YPOBHS
MIOJITOTOBKH CHUCTEMHBIX aJMHHHCTPATOPOB, KOTOPBIE MOJTYYAIOT NMPAKTUYECKUE 3HAHMS Yepe3 KOMIIbIOTEPHbIC
TpEeHa)Kephl WIN HHTEIUIEKTYalbHbIE OOydYarolye CHUCTEMBbl C NPHUMEHEHHEM IUCTAaHIHMOHHBIX TEXHOJOTHH.
JlaHHOE pelIeHNe HAMpaBJICHO HA CO3/1aHWE CHUCTEMBbl IUCTAHIMOHHOTO OOYYEHHS, OPHUCHTHPOBAHHOW Ha
MHTEHCHBHOE OCBOCHHE 3HAaHWH. [IpHHIINIT BHYTpEHHET0 yOEeKACHH JISKUT B OCHOBE MPEIaraeMoro moaxo/a,
YTO TO3BOJSIET JOCTUYh BBICOKOTO YpPOBHSI NMpodecCHOHANbHOI MOATOTOBKUM B KpaTKHe Cpoku. Takxke ObLI
NPEAJIOKEH aJalTHBHBIA alrOPUTM YIpaBJICHHs NPOLECCOM O00Y4eHHs, KOTOPBIA MO3BOJIIET MUHUMH3HPOBATh
BPEMEHHBIE 3aTPaThl IPH JOCTIKEHUH ONTUMANIBHBIX PE3YyIbTaTOB.

Kniouesvie  cnosa: CucreMa IUCTaHIMOHHOTO OOy4eHMs, DJJIEMEHTHI MCKYCCTBEHHOIO HHTENJIEKTa,
MHTEJJICKTyalbHasi CUCTEM, HHTCHCUBHOE 00y4eHHEe, KOMIIbIOTEpHbIE 00yYaloIIne CUCTEMBI.

Beenenne. CtpeMUTEIbHOE PA3BUTHE KOMITBIOTEPHBIX TEXHOJIOIMH U UX IPUMEHEHHE B
pa3aMuYHBIX  O00JIACTSAX  CHeNalyd  HEBO3MOXKHBIM  oOyueHue OyIylIuX  CHCTEMHBIX
aJIMUHUCTPATOpPOB B By3ax 0€3 HCHOJIb30BAHUS KOMIBIOTEPHBIX OOy4aromux cucremM. B
HacTosIee BpeMs pa3pabdoTKa CHUCTeMbl TUCTaHLUOHHOro odydenus (DLS) u meronos eé
IIPUMEHEHHUsI SIBIIAETCS BaXXHOM 3adaded. J[aHHas cucreMa MOXKET CTaTh OCHOBOHM JUIS
MHTEJUIEKTyallbHOW  CHUCT€Mbl OOy4YeHHMs] CHCTEMHBIX aJAMHHUCTPATOPOB, ONTHUMAJIbLHO
COOTBETCTBYIOIIEH MX NOTpeOHOCTSAIM. B cBsI3u ¢ BO3pacTaromiei CIOXKHOCTBIO U
MH(GOPMAIIMOHHON  HACBIIEHHOCTbIO METOJIOB IOATOTOBKM  CIIELUAIUCTOB, BO3HHKIIA
HEOOXOUMOCTh CTPEMHUMCSI YAOBJIETBOPUTH MOTPEOHOCTh B 3P (HEKTUBHOM YIPABIECHUU
yueOHbIM TporeccoM. [TockoabKy cucTeMbl 0Oy4eHHUs! CTAaHOBATCS BCE 0ojiee CIOKHBIMU U
MHOTOQYHKIIMOHAJIbHBIMU, a TAaKKe€ OpPUEHTUPOBAHHBIMM Ha pa3M4YHble KaTEropuu
MoJib30BaTese, BO3HMKAET HEOOXOJUMOCTb B HUX aJaNTallMd K HWHIUBUAYaJIbHBIM
ocobeHHOCTsIM Kaxkaoro. CrnocodHocts DLS anantupoBatbes 1moj MoJb30BaTENsl CUATAETCS
OJTHUM U3 KpUTepHeB €€ 3pPEeKTUBHOCTH U MHTEIICKTYaIbHOCTU. J{JIs1 TOCTHXKEHUS TaHHOU
ajlanTanuu pa3padaThiBalOTCS MOJENHU MOJb30BaTeNe!, co/iepKaliie MHPOPMAIIHIO O KakKI0M
o0yyaeMOM U Ipolieccax yrnpaBieHus: 00ydeHUEM.

IlocranoBka 3agauu. llenpt0o nmaHHOW pPaOOTBI SABISETCS CO3/JaHWE CHCTEMBI
UHTeHCUBHOro oO0yuenuss DLS, opueHTHpOBaHHOW Ha yIyd4llleHHE KauyeCTBEHHBIX
XapaKTepUCTUK OOYy4YeHMs] MPU MUHUMH3ALUN MaTepUabHBIX, PECYPCHBIX U BPEMEHHBIX
3arpar. B cBs3u ¢ 3TUM HEOOXOUMO PEIIMTh HECKOIBKO HAYYHBIX 3aJ1au:

e pa3paboTaTh METO/bl aHaN3a (PYHKIIMOHUPOBAHHUS KOMITBIOTEPHOM aJalTUBHO-
yIIpaBJIsieMoil CUCTeMBI TucTanronHoro ooyuenus (C10);

® CO3JaTh METOJOJIOTHIO CTPYKTYPHO-TIApAMETPUUECKOTO CUHTE3a KOMITbIOTEPHOM
CIO c¢ oneMeHTaMH HCKYCCTBEHHOIO WHTEIUIEKTa W OPraHu30BaTh HX
ONTUMaNIbHOE (PYHKIIMOHUPOBAHUE B MpoIecce O0YUCHNUS;

® YCTAaHOBUTH TpeOoBaHMSA K 0a30BBIM MeTOIMYECKMM ocHoBaM DLS Ha ocHoOBe
IIPEUI0KEHHONW METOI0JIOTUU CUHTE3a;
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e pa3paboTaTh METOIUYECKUE TPUHIIUITBI TOCTPOCHUS U (yHKIIMOHUpoBaHus DLS,
a TaKK€ HX OCHOBHBIX D3JIEMEHTOB, OOECIIEUMBAIOLIMX BBIIOJIHEHUE 3THUX
TpeOOBaHMIA;

e Cco3JaTh ANTOPUTM  QJAlTUBHOTO  YIPABJIEHUS TMPOIECCOM  MOATOTOBKH
CUCTEMHBIX aIMUHUCTPATOPOB.

TakuM 00pa3oM, OCHOBHOHM 3a/ayeil JAHHOTO MCCIEIOBAHUS SIBISETCS OIpe/eeHHe
ontumanbHoro BapuaHTa noctpoeHus CJ1O, KoTopbelii oOecneduT BBICOKOE KauecTBO
MOATOTOBKU OYJIyIIUX CHUCTEMHBIX aIMHUHUCTPATOPOB B Kparuauime cpoku [1,2]. s
pellIeHus TaHHOM 3a7auu He00X0IMMO IPUMEHUTh COBPEMEHHBIE TEXHOJIOTUH UHTEHCUBHOTO
oOydeHus. B 1aHHOM KOHTEKCT€ MHTEHCHBHAS TEXHOJIOTHS MOHUMAETCS KaK COBOKYIHOCTh
(bakTOpOB, CIOCOOCTBYIOIIMX AKTUBU3AIMM Y4eOHOro Tpollecca, HaNpaBICHHBIX Ha
MOBBILICHHE BOBJIEYCHHOCTH OOy4aeMoro, M MaTepUAIbHBIX (TEXHUYECKHX), KOTOpPbIE
o0ecreynBaroT He0OXOAUMBIH YPOBEHb OJATOTOBKH B KOPOTKHE CPOKH.

AHalu3 MeToaa W Ppe3yJbTaThl. AHAIU3 CYLIECTBYIOIIETO HAYYHO-METOAMYECKOTO
Meroaa Juis co3aanust DLS moka3biBaeT, 4TO OH OPUEHTUPOBAH HA SKCTEHCUBHBIN MOAXO0 K
00y4eHHI0, TMPH KOTOPOM YBEIUYUBACTCS KOJMYECTBO KIJIACCOB W TPEHUHIOB. Takike,
COBpPEMEHHbIC HH(POPMAIIMOHHBIE TEXHOJIOTHH U METO/bI 00y4eHUs ¢ ucroib3oBanueM DLS
OTKPBIBAIOT OOJIBIIIKE NEPCIIEKTUBBI AJI1 UHTEHCUBHOTO 00yYEHUS.

B mpouecce pemieHus Hay4dHOW 3aJauyd  HY)KHO OIPENEIUTb LEIW M MOJEIb
dbynkumonupoanust DLS, a Ttakke ycioBus ee paboThl MpU HHTEHCHUBHOM IOATOTOBKE
Oynymmx crnenuaauctoB. OCHOBHbIE MOHSTHS MeTtoaudeckod Oa3el DLS ommparorcs Ha
Kareropun obmelt Teopun cucreM. KuiroueBbiMu  snemeHTamu  DLS  sBasrorcs
MHTEJUIEKTyalIbHbIe KOMITbIOTEepHBIE oOydvaromue cuctembl (CBLS), xotopeie 00beanHEHBI
UEPAPXUUECKUMHU, HH(POPMAIIMOHHBIMU U YHPABISIOUIMMH CBSI3SIMHU, HANpaBICHHBIMU Ha
JOCTIDKEHUE oOmiel menu — oOecredeHne HEeoOXOTUMOTrO YPOBHS 3HAHUH y Oymymmx
CIEUAJINCTOB.

[Ipu cozmanmu DLS HeoOXoauMo OmpenenuTh €€ CTPYKTypy W Habop aJropuTMOB,
HaAWIy4IIUM 00pa3oM COOTBETCTBYIOIIMX €€ Ha3HaueHuo. /s peleHns npukiagHbiX 3a1a4d
BaXXHO 3HaTh 00 3(PEKTUBHOCTH METOJOB CTPYKTypHOW opranuszaumu DLS u ynpaBneHus
nporeccamu ee (pyHkunoHupoBaHus. CpoiictBa DLS M 3akOHOMEpHOCTH JMHAMHYECKOTO
aJaNnTUBHOIO (YHKIMOHUPOBAHUS B KOMIIBIOTEPHBIX CETSIX Pa3JIMYHBIX OpraHU3aluil Npu
MOJrOTOBKE CIIEUAIMCTOB COCTABIAIOT TpeaMeT Teopun DLS, ocHOBHBIMM 3a1auaMu KOTOPOI
SIBJISIFOTCSL @HAJIU3 U CUHTE3 UHTEJUIeKTyanbHbIX CBS.

3anaun, kacaromuecs ananusa DLS, cocTosrt n3 nByx sranos. IlepBblil 3Tam BKIIOYAET B
ce0st MOCTpoeHNe KOHIENTyalbHON MoJienu pyHkunoHupoBanust DLS, a BTopoit — co3nanue
MaTEMaTHYECKON MOJEIN TUHAMHYECKOIO alallTUBHO-YIIPABIIIEMOTO NIPOLIECCa, OCHOBAHHON

Ha NOpPUHATOM KoHUenuuu. B naHHOM mpouecce oOBEKT ympaBieHUs — 3TO Oynyliue
CIEMAJINCTBI, KOHTPOJIMPYEMBIE IApaMeTpbl — 3TO IOKA3aTelu KayecTBa JEATEIbHOCTH
o0ydyaeMoro, ymnpapBJsIOIIUME BO3JEHCTBUS —  ydeOHble 3amaHusi, (opMHUpyeMble

unTeuiekTyansHsiMu CBLS. Takke pazpaboraHa cucteMa rokasaTeneil 1 METO/Abl OLICHKH
s dexTuBHOCTH MHTEIUIEKTYyanbHBIX CBLS.

Konuenmus Hanpsbkenus peanusyetrcs B DLS yepe3 cokpaliieHue HKIa 0TOOpaeHus
yueOHOM MHpOopMaIUH 70 TeX IMOp, MOKa HANpPSHKEHUE He JOCTUTHET 33JaHHOTO YPOBHS, NPU
KOTOpPOM HEXBaTKa BpEMEHHU HaYMHAET UTPaTh KIIOYEBYIO POJIb. DMOLMOHAIBHOE HAIIPSIKEHUE
CIOCOOCTBYeT TOMYy, UTO B TIporecce OOydeHHUs CHEeIUaIuCcThl paboTatoT Oosee
COCpPEOTOUEHHO, MOBBIIIAS BEPOATHOCTHh IPABUIBHOTO U CBOEBPEMEHHOI'O BBINIOJHEHUS
yueOHbIX 3amanuil. Oynknus Hanpsbkenus (D) mpencraBisier co0OM COOTHOIICHUE MEXITY
BpeMeHEeM, He0OXOAMMBIM ISl BHITIOJIHEHUS 3aJJaHus, U TIOCTYITHBIM BpeMEHEeM, KOTOpPOe eCTh
y CIIEUATIUCTOB B KaxkoM 1ukie DLS, u paccuntsiBaercs o Gopmysie HUXKe:

_Z%=1 tiTp
H===00r, 1)
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rre t;Tp — 310 cpennee BpeMsi, HEOOXOAMMOE CIIEUAINCTAM JUIs BBITOTHEHU 3a/1a4; |
— KOJIMYECTBO 3a/lay, KOTOphIE ellle MPEACTOUT BHIIOIHUTH; | - MOJIHOE BPeMs, JIOCTYITHOE
OyAyIIMM CIIEUATMCTAaM JUIsl BBIMONHEHUS [-y4eOHBIX 3a7a4, OCTAIONIMXCS B KaXKIOM IHKIIE
¢dbyukuronupoanus DLS.

Cpennue 3HaueHHs BpPEMEHM BBINOJIHEHHUS JJIEMEHTAapHBIX Y4YeOHBIX 3aJaHui
PacCUMTHIBAIOTCS HAa OCHOBE CTATUCTUYECKHX aHHBIX, IMOJYYEHHBIX B XOJi¢ OOy4YeHHS.
PacyeTsl 3HaUeHHI HHTEHCHBHOCTH ;; B ipoliecce 00ydenus orpanndensl B DLS tuanasonom
ot 1,0 mo 4,0.

OcHoBHasi 3ajjaua MHTEHCUBHOTO OOYYEHHUs 3aKIIO4YaeTcs B TOM, YTOOBI HAWTH U3
MHOXECTBa BO3MOXXHBIX BapuaHTOB (X) Takoi BapuaHT mocTpoeHus DLS (x), KOTOpsIii
o0ecrieynBaeT MHTEHCHBHYIO MOATOTOBKY Oyaymux crnenuanuctoB (h>V) no tpebyemoro
(MakcUMalIbHO BO3MOXKHOT0) YpoBHS (P) ¢ MuaMMansHbiME prHaHCOBBIMHU (C) 1 BpEMEHHBIMHU
(T) 3arpatamu. @opmanpHasi TOCTAHOBKAa HAy4yHOW NpoOJIEMBI NpPEICTAaBICHA B BHJIE
cienyoen GopMyIIbL:

P—max, C—min, T—>min, h—>max. (2

Hcxonsa u3 gopmyiiel, Bce KpUTEpUU IPOTUBOPEUAT APYr APYTY, U HAWTH HAWIy4IIUH
BapuaHT nocTpoeHust DLS, KoTopsiii y1oBIeTBOPSUT OB BCEM YCIIOBUSM, KpaiiHE CIIOKHO. be3s
pa3pabOTKHU METOJANYECKUX OCHOB JJISl CO3JAaHUS TAKUX CUCTEM M METOJIOB ONTHMHU3ALUM UX
CTPYKTYpPbI U [TapaMETPOB pPELICHHUE ITON 3a]Ja4l HEBO3MOXKHO.

KonnenryanbsHoit ocHoBoi DLS uHTEHCHMBHOrO 00yueHMs SIBJIE€TCSI KOMOMHUPOBAHHOE
pellIeHre ABYX OCHOBHBIX 3aJau:

1) VYckopeHHas TMOArOTOBKA CHELHUAIMCTOB JO HEOOXOAUMOIO YpPOBHS IS
peaninzanuy o0pa3oBaTeIbHbIX 33/1a4 C MUHUMaJIbHBIMU BPEMEHHBIMU 3aTpaTaMu
(mepBBIit 3Tall MHTEHCUBHOTO 00y4eHus);

2) OOyueHHE CIEIHMATUCTOB BBITIOJIHEHHUIO 337a4 HAa MaKCHUMAaJIbHO BO3MOXXHOM
ypoBHE Mpo(ecCHOHAIBHOM TMOATOTOBKM IPH 33JaHHBIX BPEMEHHBIX U
CTOMMOCTHBIX OTPAaHMYEHUSX BO BpEMsl 3allJIaHUPOBAHHBIX y4E€OHBIX 3aHATHUN
(BTOpOI1 3Tanm HHTEHCUBHOTO O0yUYEHHS).

Pemenue nepBoii 3aaun 3aBUCUT OT Pe3yJIbTaTOB TecTUpoBaHus. Eciu cnenuanuctel He
JOCTUIJIM  TpeOyeMOro ypoBHS, HUX KOMIIBIOTEPbl MOJKIIOYAIOTCA K KOMIIBIOTEPY
IpenojaBaTesis A OpraHu3aluy IepBOro 3Tana UHTEHCUBHOTO 00yuyeHus. TakuMm oOpaszom,
pa3nuuHble 00pa3oBaTeNbHbIE 3a/laud MOTYT peIIaThCsl B JH0O0€ BpeMs, YTO IO3BOJISET
COKpAaTUTh BPEMEHHbIE U (PUHAHCOBBIE 3aTPaThl Ha MOATOTOBKY CIIEUAINCTOB.

JUid Tex, KTO YCIEIIHO IIPOLIESl TECTUPOBAHUE, CO3/1aeTCs alaNTUBHAsA cTpykTypa DLS,
KoTopasi popMUpyeT HE0OX0JUMOE KOJIMYECTBO YUEOHBIX 3aJjaHUi Ha SKpaHe KOMIbIOTEpa U
obecrieynBaeT JaibHeNIIee MaKCUMaIbHOE MOBBIIIEHUE YPOBHS MOTOTOBKH.

Bo BTOpOI rpy1ire 3a/1a4 0JHOM U3 KITIOYEBBIX ABIISIETCS 3a7a4a ONTUMAIbHOTO CUHTE3A,
KOTOpast 3aKJII0YaeTCsl B BBIOOpPE METO/1a MOCTPOCHHUSI CUCTEMBI, HanboJiee MOIXOASIIET0 IS
BBITIOJIHEHUS 3aJJlaHHBIX (QYHKUUH. VIcXonHble AaHHBIE JUIsl CHHTE3a BKIIOYAIOT (YHKLUUU U
3a/layl CHCTEMBbI, NIEpeYeHb OTPAHUYEHHUIN Ha XapaKTePUCTHKHU (BpEMEHHbIE, PECypCHBIE) U
KpuTepuii 3(G(EeKTUBHOCTH JUIS OLIEHKM KadecTBa cHCTeMbl B IieoM. Ha ocHoBe sToi
MH(OPMALIUK MOKHO OIpPENEIUTh CTPYKTYPY CHUCTEMBI, TapaMeTphl JIEMEHTOB U CTPaTeTuu
yIpaBJIEHUS NPOLECCAMH, COOTBETCTBYIOLINE 33aHHBIM OTPAaHUYEHUSM U ONTHUMAJIbHBIE 110
KpuTepusiM 3 HEeKTUBHOCTH.

IIpouenypa cunreza DLS nenutcs Ha CTpyKTypHBIN U apameTpudeckuil cuntes. Lens
CTPYKTYpPHOTO CHHTE3a — ONPEICNIUTh CTPYKTYpYy CHUCTEMBI: THUIIbI IMOJCHCTEM, COCTaB
JJIEMEHTOB M B3aMMOCBA3M MEXJIy HUMH. [lapameTpuyeckuil CUHTE3 HaIpaBlIeH Ha
HaXO0XXJEHHE ONTUMAJIBHOIO CII0c00a COrJIaCOBaHUS TEXHUUYECKUX XapaKTEPUCTUK MOJICUCTEM
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¢ (bUKCUPOBAHHOW CTPYKTYpPHOU CXeMOU cucTeMbl. OmpeeneHne ONTUMAIBHON CTPYKTYpPhI
paccMaTpuBaeTCsl Kak 3ajjaua COMOCTaBJICHMsSI MHOXKECTBa BhIMONHAeMbIX GyHKiui DLS ¢
MHO’KECTBOM €€ B3aMO3aBUCUMBIX 3JIEMEHTOB.

TakuM oOpa3oM, BHEApPEHHWE TEXHOJOTHHM HMHTEHCHBHOIO OOYy4YeHHUS CBS3aHO C
QJIalITUBHBIM ~ M3MEHEHHWEM CKOPOCTH Iepefadyd y4deOHBIX 3aJaHuil C  KOMIIBIOTEpa
npenogaBaresnss Ha KomnbioTep odydaemoro. Ctpykrypa DLS nenutcs Ha yueOHbIE Kiacchl,
BKJIIOUYAIOLIME KOMIIBIOTEP IPEINOAABATENS U KOMIIBIOTEP CTYJIEHTOB, a TaKXe IOACHUCTEMY
JUCTAHIIMOHHOTO O0y4eHHs, 00eclneynBaloulyl0 CBsI3b Mexay Humu. dusnueckoe
MOJIKJIFOUEHUE MOXKET OCYIIECTBIATHCS UEpe3 BHYTPEHHIOIO ceTh Intranet miam riodajibHyro
ceTh Internet, 4To co3maet ruOKyI0 U UHTEIIEKTYalbHYI0 CTPYKTYpy DLS mist addextuBHOrO
IIPOBEJICHUS BCEX BUJOB KOMIIBIOTEPHOTO O0YUYEHHUS.

Merton pemieHus 3aaa4y napaMeTpUuecKoro CUHTE3a BKIIFOUAeT HECKOJIbKO 3TanoB. Ha
NIEPBOM JTare OMpPEeIIOTCs MoKazaTenu 3()()EeKTHBHOCTH KaKJOro BapuaHTa MOCTPOCHUS
DLS B pa3inuuHBIX YCIOBUAX (PYHKIMOHHUPOBAHUS CHUCTEMBI, IOCJIE YEro BbIOMPArOTCS
Hauyumme. Bropod aTtam 3akirodaeTcss B KJIAcCH(UKAIMKM CUTyallud 10 KPUTEPHUIO
yaoBieTBopeHus: orpanuueHus [3,4]. Cutyauus B MHOTOMEPHOM (PAKTOPHOM MPOCTPAHCTBE
[0/Ipa3yMeBaeT PELICHUE U YCIOBUS €T0 peanu3anuu. s Kakoi cuTyaluy pacCunThIBatOTCS
nokazarenu 3(p(GEeKTUBHOCTH, KOTOPbIE 3aTEM CPABHHUBAIOTCS C JOMYCTHUMBIMU 3HAUCHUSMHU.
JlanpHeliliee cy)XeHHE CBS3aHO C BbIOOpOM BapuaHTa mocTtpoeHus DLS, xotopsiit
obOecrieunBaeT HEOOXOAMMBIN YPOBEHb II€NIeBOM U 3KOHOMHUYECKON 3ddexTtuBHOCTH. Takum
00pa3oM, ONTHUMaJIbHOE PEIIEHHUE NOMOIAET ONPEAENIUTh AMANA30H JOMYCTUMbIX 3HAUEHUUN
napaMeTpoB MHTEIUIEKTYaJbHOW OOydaromieil CUCTeMbl ISl MOJATOTOBKU CIICLUATIHCTOB JI0
HEO0OXOAMMOTO YPOBHSI.

Metoauueckre OCHOBBI (opmupoBanus TpeOoBanuii k DLS ocHoBbIBatoTcs Ha
METOJI0JIOTUH UX CHHTE3a W BKIIIOYAIOT PEILIEHUE TPeThed TPYMIbI 3a7au: MOJEIUPOBAHUE
JUHAMUKHA YPOBHSI MOATOTOBKHM OyIyIIMX CHELHMAIMCTOB U (popMysnpoBaHHe TpeOOBaHUHN K
noctpoeHnto DLS Ha ocHOBe mMONyYEeHHBIX TMOKa3aTelel IeNeBOH M HKOHOMHUYECKOM
apdexTuBHOCTH. Taxke 000CHOBBIBarOTCS TpeOoBaHus K apxurektype DLS, Gaze 3HaHwmid,
AKCIEPTHBIM IOJICHCTEMaM OOBEKTUBHOI'O KOHTPOJIS, JIAHUPOBAHUS U YIIpaBJIeHUs y4eOHOMI
¥ UH(OPMAIIMOHHON Cpesloi, a Takke K anmapaTHOMY M MPOrpaMMHOMY OOECIIEYEHHIO BCEX
nozcucrem DLS.

YerBépras rpynna 3agay BKJIOYAET pa3pabOTKy TEXHHUUECKUX MPUHIMIIOB MOCTPOSHUS
DLS, To ecTb TEXHHUYECKHUX pelIeHUuHN, O0O0eCIeUYnBaIOIMUX peaTu3aluio TpeOOBaHUM.
KonuenryanpHas ~ mepcnektuBa  paccmarpuBaeT  DLS  kak  MHTErpUpOBaHHYIO
MHTEJJIEKTyalIbHO-aJallTUBHYIO CUCTEMY, KOTOpasi CHayajla aHAJIM3UpYyeT yueOHbIe 3a1auu, a
3aTéM C TIOMOIIBIO 3JIEMEHTOB HCKYCCTBEHHOI'O HHTEJUIEKTa O00ydYaeT CIEelUalIiCTOB
BBITIOJTHEHHIO ATHUX 3a/1a4 [5,6].

OcHoBHas nenb DLS — moArotoBuTh crenuagiucToB 10 TpeOyeMoro (MakCUMalbHO
BO3MOXXHOT0) ypoBHS (R;,) ¢ MunumanbabiMu 3aTpatamu BpeMenu (T) u pecypcos (C). B atom
ciyyae 00OOMmEHHBIH ToKa3arenb C JOKEH YYMTBHIBATH 3aTpaThl Ha pa3paboTky (S;),
cepuiiHoe Mpou3BoJICTBO (S,) 1 BHenpenue (S3) kaxnoro Bapuanta DLS (r=1, ..., R), a Taxxke
Bpems (S,;) ® OKcmiIyaranuoHHBIE pacxoabl (Sz), HEOOXOmuMBIE HNsl  JOCTHIKEHUS
ONTUMAIBHOTO ypOBHS MoAroToBKu crienuanuctoB (R,). Kpome Toro, C momkeH BKIHOYATH
3aTpaThl Ha CO3JJaHKE U MOJAEPKKY 0a3 JaHHbIX (0a3 3HaHUIN) y4eOHbIX 3a1aHuii (Sg), a Takxke
Ha OpraHM3anuio 0OBEKTUBHOTO KOHTPOJIA M YIIpaBIeHHUs yueOHBIM IporeccoM (S;). Taxoxke
MOXXHO  ydecTb 3arpaThl (Sg), He0OXoaWMble IS  TIOBBIMICHUS  CTaOWMIBLHOCTH
(YHKIIMOHMPOBAHUS TPOTPAMMHOIO OOECHeUeHUs] M CeTeBOro O00OpYyNOBaHMSA KaXKIAOTO
Bapuanta DLS. Ilpu stom 3HaueHue k-ro croumocTtHoro mokaszarens (k = 1, s) He JOKHO
IIPEBBIIATh MAKCUMAJIBHO JOIycTUMOro ypoBHs XDOP.
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Tak kaK CTOMMOCTHBIC MMOKA3aTeNu 3aJlaHbl B PA3HBIX SAMHHIIAX W3MEPEHUS U UMEIOT
pa3nuyYHbIl (U3NYECKUIl CMBICH, UIS BBIOOpA palMOHAILHOTO BapHaHTa IOCTPOCHUS U
opranm3anuu QyHKIuoHupoBanus DLS Ha mepBom 3tare oO0y4deHust OyAeT HCIOJIb30BAThCS
KOHILIETIUS KOMIIPOMHCCHOM HETMHEUHON CXEMBI.

B niporiecce BeiOopa r-ro BapuanTa DLS, koTopslii o0ecrnieunBaeT yckopeHHOe o0ydeHue,
1€JIeCO00pa3HO MPUMEHSATD CIIEAYIONIHI 0000EHHBIN ToKa3aTenb (C,):

FrCrd .
C.=Yi_ 1 ——=2 5 min, 3)
deop_ckr
rae P. — cpenHuil ypoBEeHb NMOATOTOBKM CHELUAIMCTOB, KOTOPBIM JOCTUIAETCA MPHU

ucronb3oBaHuu -t Bepcun DLS Ha mepBom stame oOyuenus; R, — TpeOyemblii ypoBeHb
MOJIFOTOBKH CHEIHATKCTOB; Fy — ko3 duiment Baxkuoctu K-ro mokasares.

Kpowme toro, noctpoenue r-ii (panronansHoit) Bepcuu DLS Ha BTopoMm sTamne o0y4yeHust
JOJDKHO COOTBETCTBOBATH CIICAYIONINM KPHTEPHSIM 3P PEKTUBHOCTH:

P, —> max (4)

HadganbHBIM 3Tanom NpoeKTHPOBAHUS JTF000M CI0KHON CHCTEMBI SIBISIETCS CO3/IaHue €€
apXUTEKTypbl W 0a3bl 3HAHUHM, 3TO 3aBUCUT OT CPEIACTB U METOAOB peaIM3alUU JTaHHON
CUCTEMBI.

Ilenn ananTHBHOIO YHpaBieHHUs Y4YEOHBIM MPOLECCOM MOTYT ObITh OOOCHOBaHBI
OCHOBHBIMM 3TallaM{d OpraHU3allUd W I[POBEJIEHUS IOATOTOBKM C HCIOJIb30BAaHUEM
a/lalTUBHOT'O O0YYEHHUS.

Ha nepBoM 3Tane onpenensrorces Henu 1 3a1a4u oOydenus. ['1aBHast Lenb 3aKitoyaercs
B TMOATOTOBKE IEpcoHaja J0 HEOOXOJMMOIo YpOBHs, KOTOPbIM OOECIEeUYUT BBITOJHEHHE
o0Opa30BaTeNbHBIX 33/1a4 B CIOXHBIX ycioBUsAX. Eciu B pe3ynbrare npeaplaynero o0yueHus
NEepCOHaJ IOCTUT "OTIMYHOIr0" YpOBHS, TO OCHOBHOM 3a/1aueil JanbpHeinero ooyuenus oyaer
nojajaepxaHue  3Toro  ypoBHs. Ecim ke  ypoBeHb  NOJATOTOBKM  HE  JIOCTUT
"y IOBJIIETBOPUTENIBHOIO", TO IENbI0 IOCIEAYIOMIEro OOy4YeHHMs CTaHET JIOCTHUXKEHHE
"y10BIETBOPUTENILHOTO", 3aTeéM "Xopolero", a B KOHEYHOM UTOre "OTIMYHOTO" YpOBHSL.

YpoBeHb MOATOTOBKM OOYy4YaeMbIX OINpEAEseTcss HUX CIOCOOHOCTbIO TOYHO H
CBOEBPEMEHHO BBIMIOJIHATH CTaHIAPTHBIE ONEpallMK MPH 3a/1aHHON MHTEHCUBHOCTU y4E€OHBIX
3agaHuii. CpeaHee KOJUYECTBO MOAEITUPYEMbIX CUTyalluid B €JUHMILY BPEMEHH, TPEOYyIOIUX
BMeEIIAaTeIbCTBA IEPCOHAJIA, OTPa’kaeT MHTEHCUBHOCTh MOTOKA YUEOHBIX 3a/laHUM.

Janee Oy1yT pacCMOTPEHbBI OCHOBHBIE TAIbl OPraHU3aIlMH OrOTOBKHU CIIELIUAIUCTOB C
HCIIOJIb30BaHNEM a/IalITUBHBIX CPEJCTB 00yueHus (pUCYHOK 1).

IIpennonaraercs, 4YTO NOpPU MOJECIUPOBAHMM OIPENEIEHHBIX THUIOBBIX CHUTYyalUil
COTPYJIHUKHU BBIMOJHAIOT HeoOxoaumblie M T-onepanuu B COOTBETCTBUM C yCTaHOBJIEHHBIM
JITOPUTMOM PalOTHI.

JUis 1OCTH>KEHUS YPOBHSI MOJATOTOBKH, MO3BOJISIONIET0 00YyYaloIIUM CBOEBPEMEHHO U
0€301IM00YHO BBIMOJIHATH ONEPAllMM B CJHOXHBIX YCJIOBUSAX, HEOOXOIUMO, HUCXOIs U3
(akTUYeCKOro YpOBHS O00y4aeMmblX, ONPENENsITh JUIsl KaXJ0H TPEHUPOBKH MPUPOCT
MHTEHCUBHOCTH MOJIETHPYEMBIX CUTyalui (Xz) B TEOMETPHUECKON IPOTPECCUH.

TakuMm oOpa3oM, KOHEUHOM 11eTbI0 00yueHus (Z;) sBiseTcs AOCTHKEHHE NEPCOHAIOM
TpeOyeMoro ypoBHSI TOATOTOBKH (R ) sl BEITIOTHEHUS! OCHOBHBIX THTIOB onepanuii (E7) mpu
3aJJaHHON MHTEHCUBHOCTU UMHUTAIIMOHHBIX CUTYAUH (A7), ¥ BRIUUCIAETCA 1O (hopMyIIe:

) PP,
ZT_{AR = Ag(R =12, ..,N) ©)
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Kak mokazano Ha pucyHke 1, Ha BTOpPOM dTame HEOOXOIMMO OIpPENeIUTh TpeOyeMbie
NPOTHO3UPYEMbIC YPOBHH TOJTOTOBKH CICIMAIMCTOB JUIsS BBINOJHEHHS OCHOBHBIX THIIOB
omepamuii R*, ..., Ry,.

GopmMynupoBaHue Lenein obyqeHnA

P> P

|hz=hrz. (R=1,2,..N)

OnpepeneHve Tpebyembix NPOrHo3Mpyemblx
—> YpoBHeh P;* .. P.* 1 BpeMeHW TecTMpoBaHUA
onepauuin

Bocnpoussenexve obpasosarensHon
WH(OPMAUMOHHO MOAeNn

OTpaboTka TPEHUPOBOYHBIX 3aAaHUIA NePCoHANom

KoppekTvpoBka (agantauuA) Mogenpyemoi
cuTyauum

Puc. 1 - OcHOBHBIE 3TalBl OPraHU3ALUA U TOATOTOBKH CIIEHHATIUCTOB C
HCIOJIL30BaHuEM ajanTuBHOM DLS

HeoOxoauMmblii ypoBeHb HOATOTOBKH CIICIIHATMCTOB IS BBIMIOJIHEHUS! 00pa30BaTeIbHBIX
3aJ1a49 MOXET OBITh ONMCAH KaK ()yHKIIHS:

PT=PT(P1>'<9""Pi*""9PT;,k)' (6)

OCHOBHOM  LIENbIO  QJANTUBHOTO  YOPABJIEHHS  MPOLIECCOM  MOJEIUPOBAHUS
00CTOSITENTLCTB  SABJISIETCSI MHUHUMH3 allMsl BPEMEHH, HEOOXOIWMOTO JUIsl TOJATOTOBKH
CIEIHMAIMCTOB K JIOCTIDKEHUIO TpeOyeMbIX MpeaCcKa3yeMbIX YPOBHEHM [UIsi BBITIOJHEHUS
OCHOBHBIX THUIIOB oOIllepanuii oOpa3oBaTeNbHBIX 3a4ad. TakuMm 00pa3oM, aJanTUBHOE
yIOpaBlieHUE BKIIOYAET B ceOsl U3MEHEHHE MapaMeTpOB MOJECIUPYEMbIX CUTyauuu Si,...,S, U
ONTUMHU3AIMIO OTPAOOTKH KaXI0T0 THUIIA OTIEpaliid 32 MUHUMAJIbHO BO3MOKHBIE TTPOMEKYTKH
BpeMenu Ty,...,Tp,.

Ecnu HwxHMI mpenen amanTtanuy mpoiiecca (OpraHu3ais U MpoBeIeHHe O0ydeHUs )
OKa3bIBAETCsl HEAOCTAaTOYHO J(PEKTUBHBIM, T.e. ycioBue (6) He BCeraa BBITOJHAETCS,
PEKOMEHIyeTCsl CKOPPEKTHPOBaTh Ieu OO0ydeHusi (Zr) B COOTBETCTBHHM C (DAKTUUECKUM
YPOBHEM TMOJTOTOBKH CIICI[HAIUCTOB, a TaKXKe COOTBETCTBYIOIIME IMOKa3aTenu Pf,...,
B;,T;,...,T,,. JlaHHBII UWKI aJanTUBHOTO YIPaBIEHUS MOACITUPOBAHUEM OOCTOATEIHCTB
OTHOCHTCSI K BEpXHEMY YPOBHIO aJanTaliiy mporeccoB o0ydeHus (ctpenka 3 Ha puc. 1).

KoppektupoBka HE0OX0IMMOTO YPOBHS MOATOTOBKH TiepcoHana (Pr) 1 MHTEHCUBHOCTH
BOCIIPOM3BEICHHUS CUTyanni (A4,-) 3aBUCHT OT (PaKTHUECKOTO YPOBHS ITOATOTOBKH TIEpCOHANA
JUTSI BBITIOJTHEHUS 00pa30BaTeIbHBIX 33/]1a4, YTO OIMPEIEIsieT XapaKTEPUCTUKH BEPXHETO YPOBHS
aganTaruu. OCHOBHAS 11EJTh JIANITHBHOTO YIPABIICHUSI MPOIECCOM MOJICTUPOBAHUS CUTYaITHHI
(Z,) 3aKmI0¥aeTcs B COKPAICHUM BPEMEHH 00yYeHMs MEpCoHaia 10 YpOBHs, HEOOXOAMMOro
JUUISI TIOJTHOTO BHENIPEHUsT 00pa30BaTeNbHBIX 3a/a4, U PACCUUTHIBAETCSA 10 hopMyJIe:

P(P,,...,B)>Pp (P}, ..., P);
ZT: AR = ATR(R = 1,2, N), (7)
T =Y, T;>min.
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B coorBercTBMM C yKa3zaHHbBIMHM YcJIOBUsAMH (8), BaXHOM 3ajaueil peanusanuu
aIalTUBHOTO YIPABJICHHUS MPOLIECCOM MOJICTTMPOBAHUS OOCTOSITEIBCTB SBIISIETCS ONPECTICHNE
TpeOyeMBbIX MPOTHO3UPYEMBIX YpOBHEH Py ..., By .

3akirouenune. B 1aHHON cTrathe paccMaTpUBAIOTCS MOJAXOJbl K PEIICHHUIO HAay4YHOUN
npoOsemMbl  pa3pabOTKM M OpraHM3alud  (PYHKIMOHUPOBAHMUS CHCTEM JUCTAHIMOHHOTO
Oo0y4eHHs C D3JEMEHTaMH MCKYCCTBEHHOTO HMHTEJUIEKTa JJIsi MOJATOTOBKH CHCTEMHBIX
aZIMUHUCTPATOpOB. Mcronb3yoTcst TpeHaXXepbl U MHTEIJIEKTyalbHble 00YYarolue CUCTEMBI
JUIL TIPOBEICHHUS NPAKTUYECKUX U JabopaTOpHbIX 3aHATHH. OOOCHOBaHBI TpeOOBaHHS K
MHTEJUIEKTyalIbHbIM CHUCTEMaM JMCTAaHIIMOHHOIO OOyuYeHMs 4epe3 3ajaud CTPYKTYpPHOrO U
MapaMeTPUIECKOro CHHTE3a, a TAK)KE ONTUMH3AINU UX paboThl B yueOHOM IpOIIecce ¢ YIETOM
IIPEIIOKEHHBIX KPUTEpUEB. Takyke MNPEACTaBIEH aJrOPUTM aJalTHBHOIO YIPAaBICHUS
IIPOLIECCOM TMOJTOTOBKM CIELUAINCTOB, OCHOBAaHHBIM Ha IPOTHO3UPYEMBIX YPOBHSX
MOJrOTOBKM, YTO II03BOJIAET COKPAaTHTh BpeMsi OOydeHHUs C HCIOJIb30BAHHEM METOOB
aIaTHBHOTO OOYYCHHUS.

CIIMCOK JINTEPATVYPBI

1. Boriak F. Automated learning systems with elements of artificial intelligence for the study of technical
disciplines/ K. F. Boriak, Yu. O. Hunchenko, S. V. Lenkov, V. le. Lukin, S. A. Shvorov, // VMV, Odesa —
2012.

2. Ifinedo P. Business undergraduates perceived use outcomes of Moodle in a blended learning environment: The
roles of usability factors and external support / P. Ifinedo, J. Pyke, A. Anwar // Telematics and Informatics 35
—2018.

3. Costa D. The theory of learning styles applied to distance learning / R. D. Costa, G. F. Souza, R. A.M.Valentim,
T. B.Castro // Cognitive Systems Research— 2020.

4. Boussakssou M. Towards an Adaptive E-learning System Based on QLearning Algorithm / M. Boussakssou,
B. Hssina, M. Erittali // Procedia Computer Science— 2020.

5. T.Teng. Adaptive computer-generated forces for simulator-based training / T. H. Teng, A. H. Tan, L. N. Teow
/I Expert Systems with Applications — 2013.

6. Zhyrov G. Analysis of problem optimization of parameters maintenance process according to state with
constant periodicity of control / G. Zhyrov, S. Lienkov, Y. Husak, H. Banzak, I. Tolok // International Journal
of Emerging Trends in Engineering Research 8 — 2020.

A TRAINING SIMULATOR FOR A DISTANCE LEARNING SYSTEM FOR SYSTEM
ADMINISTRATORS USING ARTIFICIAL INTELLIGENCE ELEMENTS

Annotation. This article discusses a scientific approach to provide the necessary level of training for system
administrators who gain practical knowledge through computer simulators or intelligent learning systems using
remote technologies. This solution is aimed at creating a distance learning system focused on intensive knowledge
acquisition. The principle of internal persuasion is the basis of the proposed approach, which allows you to achieve
a high level of professional training in a short time. An adaptive learning process management algorithm has also
been proposed, which minimizes time costs while achieving optimal results.
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YJIK 004.853

PA3BPABOTKA AJITOPUTMA CEI'MEHTAIIUU U PACIIO3HABAHUA
HOMEPHBIX 3HAKOB ABTOMOBWIEN HA U30BPAXKEHUSIX
N3 BUJEOIIOTOKOB JOPOKHBIX KAMEP

Bepemenvnux /. H.
3eazunyeea A.B., 00kmop mexnuueckux Hayk, npogeccop
DIboY BO «/loul’'Y»

Annomayus. B cTaTbe TpEACTaBICH alrOPUTM CETMEHTAlMA W DPAcMO3HAaBaHUS HOMEPHBIX 3HAKOB Ha
M300paKEHNAX U3 BHUICONOTOKOB JOPOXKHBIX KaMep C HMCIOJIB30BaHHUEM coBpeMeHHOH Monenu YOLOvV2 mis
oOHapyxenus apromobuis, a Takxke WPOD-NET, oTBeuaromeii 3a sokanusanuio HomepHoro 3Haka 1 OCR-NET
JUId TOYHOTO PAcHO3HaBaHMs H300paXKeHHH CHMBOJIOB aBTOMOOMJIBHOTO HoMepa. [IpemnoskeH IBYXATamHBIN
MOoAX0J, obecneyuBaOUIMid TOYHOCTE 96% (MAP) npu ckopoctu 0,05 c/kaap, aganTHpysChb K pealbHbIM
ycIIoBUAM (OCBEIIEeHUE, TOorojia, mryMsl). IIpoBeieHHbIE HCCIe0BaHNUS TOATBEPAUIN, YTO IPUMEHEHHE METO/IOB
npenoOpaboTKM M ayrMEHTAalUH IIOBBILIAIOT YCTOHYMBOCTh WHTEIICKTYalIbHBIX TPAHCIOPTHBIX CHUCTEM.
PaccmarpuBaroTcsi mepcneKTUBBI MCNOJB30BaHUs Bo3MokHOCTe YOLOvV2 st u3BiedeHusl JaHHBIX O LBETE,
MOJIENIN B Pa3Mepe MaIlIiHBL.

Knioueswvie crnosa: cermeHTanus n300pakeHNi, paclio3HaBaHHE HOMEPHBIX 3HAKOB, TITyOOKHe HEHPOHHBIE CETH,
YOLOV2, unTemiekTyaabHble TPAHCIIOPTHBIE CUCTEMBL.

ABTOMaTH3a1Msl KOHTPOJS JOPOKHOTO JBMIKEHMSI — Ba)KHOE HAIPABJICHHUE DPA3BUTHUS
UHTEJUIEKTyalbHbIX TpaHCOpTHBIX cucteM (M TC). Ona noBeiiaet 6€30MacHOCTb Ha 10porax,
yMEHbIIIas 3aTOpbl U o0ecrieunBasi COOJII0ICHUE MPaBUII JOPOKHOTO JIBUYKEHUS, CIIOCOOCTBYET
MaKCUMaJIbHOMY IOBBILIEHUIO MOOUJIBHOCTH TPAHCHOPTHBIX CPEACTB U HACEJCHMS, a TaKXKe
yBenu4YeHuo KoMm@opTtHocTH mnepensuwxkenus [1]. B Poccun pasButHe HMHTEIIEKTyalbHBIX
TPAHCHOPTHBIX CHCTEM BEAETCS B paMKax HalMOHalbHOro mpoekta «WHppacTpykTypa s
#u3HM» [2]. C pocTOM IUIOTHOCTM TPAHCIOPTHOTO IMOTOKA M YCJIOXHEHHEM IIOr0JIHO-
KJIMMAaTUYEeCKUX W JIPYT'MX YCIOBMH pacro3HaBaHHWE HOMEPHBIX 3HAKOB aBTOMOOWIEH
npuoOpeTaeT Bce OONBIIYI0 aKTyalbHOCTh. TpelyeTcst ObicTpasi U TOUHasi 00padoTKa TaHHBIX
B pea’lbHOM BpeMeHHM. ONHAKO peajbHbIE CLICHApUH, TaKWE KaK IEPEMEHHOE OCBEIICHHUE,
CWJIbHBIN J0XK/1b, CHEronaja, TyMaH U UIyMbl OT JBUKEHHS, CO3JAl0T 3HAYUTENIbHbIE BHI30BbI
JUISL CYIIECTBYIOLIMX CUCTEM KOMITBIOTEPHOTO 3peHus [3].

C pa3BuTHEM TEXHOJIOTHH TTTyOOKOro 00y4eHHs, B YaCTHOCTH CBEPTOYHBIX HEHPOHHBIX
cereil (CNN), cTamy BO3MOKHBI HOBbIE MOAXOJIbl K pelleHuto 3Toi 3anaun. CoBpeMeHHbIE
mozenu, Takue kak YOLOv2, WPOD-NET u OCR-NET, 1eMOHCTpUPYIOT BBICOKYIO TOYHOCTh
B 00paboTKe BU3yaJbHBIX JAHHBIX, HO UX MPaKTHYECKOE MPUMEHEeHue TpedyeT ajanTaluu K
crenupuYecKkuM YCIOBHSIM peanbHOro Mupa. B yacTHOCTH, HEOOXOIUMO YUUTHIBATh Mallble
pa3Mepbl HOMEPOB, UX BO3MOXKHbIE UCKAXKEHUS U CI0XKHbBIE (DOHBI TOPOXKHBIX CLIEH.

[lenbto pabGoThl siBisieTCs pa3pabOTKa aNropuTMa CETMEHTAllMM U Paclio3HAaBaHUS
HOMEpHBIX 3HAKOB aBTOMOOWJIEH Ha M300pa)KeHMSIX U3 BHJICONIOTOKOB JIOPOXKHBIX Kamep ¢
MCIIOJIb30BAHUEM COBPEMEHHBIX apXUTEKTYP CBEPTOUHBIX HEHPOHHBIX CETEH /IS MOBBILIECHUS
HAJEKHOCTH, 3((HEKTUBHOCTH U OE30MACHOCTH TPAHCIOPTHOM CETH 3a CUET YBEJINYECHHS
TOYHOCTH U CKOPOCTH OOpabOTKH COOTBETCTBYIOIIMX H300paXEHUH B WHTEIUIEKTYaJIbHBIX
TPAHCIIOPTHBIX CUCTEMAX.

AHallu3 COBPEMEHHBIX METOJOB IOKa3bIBaeT, YTO JUIs PELIeHUs 3aJa4u HauOolee
NOAXOAIIMMHU sBIIsItOTCS cBepTouHble HelipoHHble cetu (CHC) knacca YOLO [4]. Otu cetn
BBIJICJIAIOTCS  Onaroiapst CBoeil CIOCOOHOCTHM COYETaTh BBICOKYIO CKOPOCTh M TOYHOCTb
NETEeKTUPOBAaHUS OOBEKTOB, YTO JIeJaeT MX MPEANOYTHTEIbHBIMU Uil  00paboTKH
BUCOaHHBIX B peanbHoM Bpemenu. CHC oOpaGarbiBaroT HM300pa)KeHHss C CETOYHOU
TOIIOJIOTUEH, UCIOJIB3Ysl MOCIENOBATEILHOCTD CIOEB: CBEPTOUHBIE CIOM (OPMHUPYIOT KapThl
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MIPU3HAKOB, CIIOM MOABBIOOpKH (pooling layers) yMeHBIIAIOT MX Pa3MEPHOCTb, COXpPaHsA
Ba)KHBIE JICTAJIH, & BEIXOAHBIE CJION BBIIOIHSIOT KJIACCU(PHUKALNIO HITH PETPECCHUIO.

Kak mokazaHo Ha pucyHke 1, mpoiiecc HauMHAETCS C BXOJHOTO HM300paKEHUSs, TIC
HayaJIbHBIC CIIOM BBIACISIOT NPOCTHIE NMPU3HAKHM (HAampUMeEp, Kpas U TEKCTYphl), a Ooiee
ri1y0OOKHe — CIIOXKHBIE MATTEPHBI, TAKHE KaK OYepPTaHUsI CUMBOJIOB HA HOMEPHBIX 3HaKax. JTa
nepapxudeckas ctpykrypa aenaer CHC > dexkTHBHBIM MHCTPYMEHTOM ISl aHATIH3a MEJIKUX
00BEKTOB B YCIOBUSIX JOPOKHBIX CIICH.

CeepToudsid cnol

CyBAECKPUTHINPYIOLWMil CySASCKPHTHIMPYIOWHA
CNoW cnoi

Buixon
‘ KapTe npuakaxos

KapTul NnpuaHakos
KapTul npuaHakos

CeepTouHeA cnol

BxoaHoR
CNoR

KapTe NpU3HAKDE

Pucynok 1. Cxema cBepTOYHON HEHPOHHON CEeTH

OCOOECHHOCTBIO TPEATIOKEHHOTO AITOPUTMA SIBIISIETCSI ABYXATATHOCTh PACIIO3HABAHUS
HOMepHbIX 3HaKkoB. CHauana monens YOLOV2 HaxoauT aBTOMOOMIM HAa HM300pa)K€HHUU U
BBIJIEJISIET 00J1aCTH, T/Ie MOTYT OBITh HOMEpA, YTO JENIAeT IPOIECC TOYHBIM U d(PPEKTUBHBIM.
Jlns 0OBEKTOB pa3HOIO pa3Mepa CeTh COEAMHSAET JaHHBbIE W3 PAa3HBIX CIIOEB. | 'paHHUIIBI
OTIPEIEIISIOTCS uepe3 sSKOpHbIe 3HaueHus (anchor boxes), BbIUMCIEHHBIE MO O00YyYarOIIUM
nanHbIM. 3aTteM cetb WPOD-NET onpezenser B 3Tux 30HaX caMy HOMEPHBIE 3HAKH, yCTpaHssA
HCKa)KeHUS Bpoje HakioHa win nepcnektusbl, a OCR-NET pacnio3HaeT cMMBOJIBI HA HOMEpax
[5]. OCR-NET ycroiiunBa K Ipsi3d M IUIOXOMY KadecTBY H300pakeHus. Takoil moaxon
MO3BOJISIET Pa30MTh 3aj7ady Ha JiBa dTama: OOHapyXeHHue aBTOMOOWJEH W pabora ¢ HX
HoMepamu. Kakgas ceTh BBINOJHSAET CBOKO pOJIb, YTO IIOBBIIIAET KAa4E€CTBO PE3YJbTATA.
bnarogapss mocnenoBarenbHOM paboTe CIENMAIM3UPOBAHHBIX MOJENEH pacrno3HaBaHUE
CTaHOBHTCS TOYHBIM U OBICTPBIM, YCIELIHO PEHIAIOTCS JaXKe CaMble CIIOKHBIE 3a1a4H.

IMoaroroBKka JaHHBLIX U BHIOOP AaTaceTOB

B mporecce nccnenoBanus B Ka4eCTBE OCHOBHBIX MCTOYHUKOB JAHHBIX HCIIOJIE30BAHBI
CIIEYIOIINE OTKPHITHIE 1aTACETHI.

Dataset OpenALPR Bkitouaer Gonee 200 Thicsiu M300pa)keHUII HOMEPHBIX 3HAKOB,
COOpaHHBIX C JIOPOXKHBIX KaMep B PEATbHBIX YCIOBHUSAX, TAKUX KaK HOYHOE BpeMs, JOXKIb,
TyMaH, COJTHeUHbIC OJTUKH U JBM)KCHUE Ha BBICOKOW CKOPOCTH.

AOLP (Automatic License Plate Recognition) Dataset comepxxut oxono 30 TwIcSY
M300paKECHUH, OXBATHIBAIOIINX PA3IMYHBIC YIIIbI ChEMKH, pa3pEIICHUs U THITHI HOMEPOB.

CCPD (Chinese City Parking Dataset) mpexacraBien Oosee yem 250 Thics4aMu
M300paKEHUH HOMEPHBIX 3HAKOB, CHATBHIX B Pa3JIMYHBIX ITOTOIHBIX YCIIOBHUSAX, MPH Pa3HON
OCBEIIEHHOCTH U C U3MEHSIOIIUMUCS YTIIaMH ChEMKHU. DTOT HAOOp UCTIONB3YETCs ISl aHATH3a
PE3KHUX MOTOTHBIX U3MEeHEeHHMI [6].

Hcxonnbie naHHBIe OBLTH paszjieneHbl Ha TpeHupoBouHYH (80%) u TectoByro (20%)
BBIOOPKH JUISI OOYyYeHHsS ¥ BadWaaluud Mojelield. Takod IOaXoJ MHUHHMH3UPYET PHCK
nepeoOyUYeHHs U MTO3BOJISIET OIIEHUTH 0000IIAIOITY 0 CIIOCOOHOCTH CCTeMbl. OCHOBHOMH 1IETbI0
00ydYeHHSs CTano TOCTHKEHUE MUHUMAIIbHOU omuOku cermeHTanuu (s YOLOvV2 u WPOD-
NET) u knaccudukamuu cumBosioB (st OCR-NET), uto mocturanochk ¢ MCMOIb30BaHUEM
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(GyHKUIMH OTEph, TAKUX Kak MepeKkpécTHas sHTponus s cermenTauuu u Categorical Cross-
Entropy ms knaccudukanuyu cuMBOJIOB [6].

AyrMmeHTanusi, Ucroib3yemasi B paboTe, OCHOBBIBAJIaCh HA IPUMEHEHUH COBOKYITHOCTH
METO/IOB, HAIpPAaBJICHHBIX HAa HMCKYCCTBEHHOE pacliMpeHHe 00bEéMa JaHHBIX Uil OO0y4yeHHus
Mojeneil. JTOT MpoLecc  pPealu30BBIBAICS  4epe3 MNPUMEHEHHE  Pa3HOOOpPa3HbIX
npeoOpa3oBaHuil K MCXOJHOM MH(OpMaIK, TAKUX KAK BpallleHUE, 3epKaJIbHOE 0TOOpakeHue,
KOPPEKTHPOBKA SIPKOCTU MM KOHTPACTHOCTH M300paKEHHIA, HAJIOKEHHUE IIyMa Ha KaJap WIN
3aMeHa CJIOB B TEKCTOBbIX HaOopax. OcCHOBHas 3ajaya ayrMEHTAallMM 3aK/o4ajach B
YBEIIMYECHUU DPA3HOOOPa3Hus TPEHHUPOBOYHBIX MPHMEPOB, YTO CIHOCOOCTBOBAJIO YIIYUIICHHIO
CHOCOOHOCTH Mojienel K 00OOIIEHHI0 HOBBIX, PaHEE HE BCTPEUYABIIMXCS JAHHBIX, a TAKKe
MOBBIIIIEHUIO UX TOYHOCTH M YCTOMYMBOCTH K Pa3IMYHBIM YCIOBUSM [7].

ApxuTeKTypa U npouecc 00yueHus Heiipocereil. Onucanmue ajropurMma

Cuctema Oasupyercs Ha Moxaenun YOLOv2 (Bkmwouas e€ Bepcuro YOLO9000),
ONTUMHU3UPOBAHHOW  JUIsi  TIOBBIIMICEHHS]  TOYHOCTH U CKOPOCTH,  JIOTIOJIHEHHOM
cneruanuzupoBaHHbiM cetsiMu WPOD-NET u OCR-NET, o6ecneunBamuMy BBICOKYIO
TOYHOCTh TIPH COXPAHCHHH BBIUYHCIHTEIBHOW 3(PQPEKTUBHOCTH. AJITOPUTM peaU3yeT
JBYX3TaHBIA Tpouecc: Ha mnepBoM i3Tane MoAenb YOLOV2 BbINOTHSAET AETEKLUIO
aBTOMOOWIICH, BBIJIENISISI 00JIACTH MHTEpeca Ha n3o0pakeHnu. Ha BTopoM — B 3THUX 00JacTsIX
cetb WPOD-NET nokanu3syer HOMEpHbIE 3HAKU, KOPPEKTUPYS UCKAXKEHUs, TIOCIIE YETO CETh
OCR-NET pacnioznaet n300pakeHHsi CHMBOJIOB aBTOMOOMIIbHOTO HOMepa. O0ydeHne Kaxx 101
KOMIIOHEHTBI TPOBOAWIOCH C YYETOM OCOOCHHOCTEH 3aladydl W pealbHBIX YCIOBUUN
skcrutyaTanuu. COOTBETCTBYIOIIMM pa3pabOTaHHBIN aJITOPUTM CETMEHTALUU U PACIIO3HABAHUS
HOMEpHBIX 3HAKOB aBTOMOOWIIEH Ha M300paKEHHUSIX U3 BHUACONOTOKOB IOPOXKHBIX Kamep
MIPE/ICTABJICH HA PUCYHKE 2.

»

1
PacnioznaBanue
CHMBOJIOB HOMEPHOTO
3Haka (OCR-NET)
Baza V 3arpyska / v
JTAHHBIX ILaHHBIX [TocroOpaboTka

PE3yJIbTaTOB

Y

Hpe/:[06pa60TKa
Kazapa (Koppekuus
OCBEUICHUS U

TounoCTE /

IITyMOIIOAaBJICHHE) YBEPEHHOCTb
* mpeacCKa3aHus BBILIC
3aJaHHOTO TTopora?
JleTekius A p
aBTOMOOUJIS
(YOLOV2)

v

J1006 3anuch Baza
Jlokanmuzanms 000y4eHrE MOAEITH pesynbTaTon B Bl q o
HOMEPHOI'O 3HaKa Ha KPUTUIHOM Kva,upe
(WPOD-NET) C MTOBTOPHOM

F e

Pucynok 2. binok-cxema ajaropurMa CerMEHTallMu U paclio3HaBaHUSI HOMEPHBIX 3HAKOB
aBTOMOOMIIEH Ha U300paKEHUAX U3 BUAECONOTOKOB TOPOKHBIX Kamep

[Tpouecc paboThI aNITOpUTMA HAYMHAETCS C TIOJTYYEHUS! BXOJHOTO H300paKeHHs — KaJipa
U3 BHUJCONOTOKA, CHATOIO JOPOXKHOW KaMepou. /[Ias NOATrOTOBKM [aHHBIX K aHaJIU3y
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MIPOBOJUTCS PeAoOpaboTKa: KOPPEKTUPYIOTCA SIPKOCTh M KOHTPACTHOCTb, YTOOBI YCTPAHUTh
BIUSHUE TEHEW WIM YpPe3MEpPHOrO0 OCBEIICHUSA, a TakKKe IPUMEHSAIOTCS (UIBTPHI IS
I10/IaBJIEHUS 1IIyMa, TAKOI'0 KaK pa3MbITOCTh OT OCaAKOB MJIM MEJIKME UCKAKEHUS OT ABHXKECHUS.
D10 obecreunBaeT Oojiee 4€TKOe H300pakeHHE, MPUTOTHOE IS JMajdbHEHIel o0paboTku
HEUPOHHBIMU CETSIMHU [8].

JHanee wucnonszyercs wMoaenb YOLOV2, koropas oTBeyaeT 3a OOHapyKeHHUE
aBToMoOwmIe Ha kagpe. Moaens YOLOV2 noctpoena Ha 6a3ze Darknet-19, Bxirouaromeit 19
CBEPTOUHBIX CIOEB U 5 CII0EB MOABBIOOPKU. DTH CJIOU UCIOIb3YIOT (PUIBTPHI pa3HOTO pa3Mepa
— 0T 32 B HavaNbHBIX closx 10 1024 B 6oee Ty0OKHX, YTO IOMOTAET MOJIENIN U3BJIEKATh KaK
MPOCThIE TpHU3HAKK (HampuMep, Kpas OOBEKTOB), TaK W CIOXHBIE (Takue Kak ¢dopma
aBTOMOOWIISA). DTa ceTh paboTaeT MO MPUHLUITY OJHOIPOXOJHOTO aHAIN3A: OHA OJTHOBPEMEHHO
MIpOCMaTpUBAET BCE M300paKeHUE U BhIAEISAET 00JIaCTH, I/Ie HAXOIATCS MAIIUHBI, 00BOJIS HX
NPSIMOYTOJbHUKAMU. Takoi MOJX0[ MO3BOJSET CYIIECTBEHHO COKPATUTh BpeMsi 00paboTKH,
UCKJIIOYasi MyCThle WJIM HEpelieBaHTHbIC y4yacTKU. /[ TOBBIIIEHHS KayecTBa OOY4YCHHS
npumMensitorest ¢yakiuu aktuBauuu Leaky ReLU, koTtopble mpeoTBpamiaroT 3aTyXxaHHe
rpaJueHTa, 1 NaKeTHasi HopMaiu3aus, CTabuIn3upyolas npoiecc ontumuzanuu. O0yueHue
MO/IETH MTPOBOMIIOCH HA KOMOMHHUPOBAHHOM Ha0Ope JaHHBIX, BKIIIOUYAIOLIEM U300paKEHUs U3
TpéX u3BecTHhIX naTaceToB: OpenALPR, conepxkamiero 6omnee 200 Thicsy IpUMEPOB HOMEPOB
u3 pazueix crpad; CCPD c 6omnee yem 250 ThicauamMu u3o0OpaxkeHui, CHATHIX B Poccuiickoit
Oenepanun; 1 AOLP, Bitoyaroiiero okoso 30 ThICAY KaJpoB.

[Tocne BeIIeneHus o0macTH ¢ aBToMOOMIIeM u300paxenue nepeaaércs B cetb WPOD-
NET, cnenuanu3upymromyocs Ha OOHAapyXeHHMM K BbIpaBHUBAHUM HOMEPHBIX 3HAKOB.
ApxuTekTtypa 3TOH ceTu BKJItOuaeT 21 CBEPTOYHBINA CIIOHM, JOMOJHEHHBIM OCTATOYHBIMU
omokamu (residual blocks), koTopsle ymyumiaioT o0yudeHue 3a c4ér nepenauu MHGoOpMauu
MEXIy ClIosMU. B kauecTBe (yHKIIMM akTUBAIMu Hcnoib3dyercs RelLU, oOecreumBaromias
ObICTpYyIO cxoauMocTb. HoMepa Ha Kajpax 4acTo OKa3bIBaIOTCS CHATBIMHU MOJ YIJIOM WU
HCKaXEHHBIMU W3-3a mepcrekTuBbl, © WPOD-NET pemaer sty mpoGiemy, mpeoOpasys
n300pakeHue Tak, yToObl HOoMep cTan poBHBIM U uuTaeMbiM. WPOD-NET olyuanace Ha
CHEMATM3UPOBAaHHOM Ha0Ope JaHHBIX C AHHOTUPOBAHHBIMM HOMEpaMH, CHSTBIMU TOJ
Pa3UYHBIMM yIJIaMU U B CIOXKHBIX YCIOBUAX. J[s moBbimeHust o6o01maromiei crnocoOHOCTH
MOJIENN IPUMEHSJIACh ayTMEHTalMs: 1300pakeHNsl MaclITaOMPOBAIIUCH, BPALLIAINCh, & TAKKE
JIONOJTHSUTUCH IIIyMOM, MMUTHPYIOIIUM J0XK]b, OJMKH MM HU3KOE KayecTBO ChEMKU. ITO
MTO3BOJIMJIO CETH YCIIEIIHO CIPABIATHCS C pEaIbHBIMH 33a4aMHu.

3axnrounTenbHbli 3Tan BeinonHsercs cetblo OCR-NET, koTopas pacrno3Haér CMMBOJIBI
Ha HOMEpPHOM 3HaKe, TO €CTh «4HTaeT» OYKBbI M HUQPPHI. DTa CETh MPEICTABISET COOOM
moudukanuio YOLO, ananTupoBaHHYIO 171 33/1a4 ONTHYECKOro pacro3HaBaHMs Tekcra. Eé
apXUTEKTypa coCTOUT U3 14 cBEPTOUHBIX clOEB ¢ QyHkuusamu aktuBanuu Leaky ReLU u
ReLU. Bxoanoe uzo0pakenure Homepa umeet pazmep 240x80 nukceneid, a Bixoganoe — 30x10,
YTO TIO3BOJISIET JETANBHO aHAIM3UPOoBaTh Kk blii ciMBOoJ. OCR-NET oOy4vanace Ha JaHHBIX
u3 OpenALPR u CCPD, a Takxe Ha CHHTETHUUYECKUX M300paKeHUSX, CIIEIIMATIbHO CO3/IaHHBIX
JUI. UMUTALMM CIIOKHBIX YCJIOBMH: Pa3MbITHS, 3arpsI3HEHUS HOMEpPAa WM €ro YaCTUYHOIO
nepekpbIThs. Takol MOIXO0J MOMOI MOJENU HAyYUThCS pa3inyaTh MOXO0XKHE CHMBOJIBI,
Hanpumep, «O» u «0» mimm «S» M «5», UTO YacTo BBI3BIBACT MPOOJIEMBI B 3ajaydax
pacrmo3HaBaHMsl TeKcTa. B ciyuasx, Korja KadecTBO H300pakeHHs HEAOCTaTOYHO st
YBEPEHHOI'0 paclo3HaBaHus (HalpUMep, HOMEP CIUIIKOM TPS3HBIA WK Pa3MBITHIN), cUCTEMA
CrocoOHa aJanTUPOBAThCs, MOICTPaUBasl MapaMeTPhl ceTeil Ha OCHOBE 0OPaTHOM CBSI3U.

Ha »stame moctoOpaboTKH pe3ynbTaToB MPOBOIUTCS JOMOJHUTENIBHBIA aHAIN3 YXKe
00paboTaHHOTO M300pAKEHUSI — OLIEHUBAIOTCSI OCTATOYHBIE MCKAXKEHUS, YPOBEHb Pa3MbITHS
WM HEJOCTATOUYHOE pa3pelleHuUE.
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3aTeM mpoBepsieTCS MTOTOBas YBEPEHHOCTh mpenckasanus (confidence score) — sro
BEPOSATHOCTh, C KOTOPOM MOMAEHh KIACCUPUIUPYET OOBEKT WU TPEJCKA3BIBAET €Tro
MecTtomnojoxenue. B anropurme nopor yBepeHHocTH mig YOLOV2 ycTaHOBIIEH HAa ypOBHE
0,45, a nis WPOD-NET — 0,5. Eciu yBepeHHOCTh HUXE MOpora, mpeicka3aHue CUUTAeTCA
HEJOCTOBEPHBIM M KaJp OTIpaBIseTCs Ha 1000ydeHHEe U JOMOJHUTEIbHYI0 00paboTKy, 4TO
MOBBIIIAET AJAITUBHOCTH CUCTEMBI.

HToroBeiii pe3ynbTaT — paclio3HaHHBIA HOMEpP, KOTOPBIM coxpaHseTcs B 0a3y JaHHBIX
BMECTE C JIONOJHUTENIBbHON uH(popManueir o0 aBTomMoOWie (UIBET, BpPeMS U MECTO
oOHapy»XeHHs ), 4YTO 00eCTIeYnBaET MOJTHOLUEHHYIO WACHTH(PHUKAIIUIO TPAHCIOPTHOTO CPECTBA.

Onrumuzanus napaMmeTpoB, BKIIIOUYas HACTpOMKY nopora ysepennoctu YOLOV2 (0,45)
u WPOD-NET (0,5), MuHUMH3upOBaJia KOJUYECTBO JIOKHBIX cpadaThIBAaHUHN U MPOIYIIICHHBIX
00BEKTOB, YIYUIIUB CTAOMIBHOCTD MpEACKa3aHnil. AyrMeHTalMs JaHHBIX Ha KaX]IOM JTare u
UTOTOBOE aJIallTUBHOE J0OOYYeHHE TMOBBICUIM YCTOWYMBOCTH MOJIEIM K BapHalUsIM
OCBCIIIEHUS, TIOTOTHBIM YCIIOBUSM U apTedakTaM U300paKeHHUS.

Pe3yabTaThl 1 00cy:KIeHHE

TectupoBanue npousBoausock Ha Beibopkax OpenALPR, AOLP u CCPD u3 100 000
n300pakeHuid. [Jis OIEHKH TOYHOCTH HCIIONIb30Baslach MeTpuka Mean Average Precision
(mAP), mupoko npuMeHsemMas B 3a71a4ax KOMITBIOTEPHOT0 3peHus [9]. IToroBhIii moka3aTelb
TOYHOCTH cocTaBmI 96% (mAP), uTo moATBepIKIaeT BBICOKYIO d3PPEKTHBHOCTD TPEITIOKEHHOTO
QITOPUTMA JJAXKE B YCIIOBUSAX CHIIBHOTO JTOK/sl, HOUHOTO BpeMeHHU 1 611uKoB (ap. [TonyueHHbrit
pe3ysbTaT yKa3bIBaeT Ha aIallTUPYEMOCTb UCII0JIb3YEMbIX HEHpOCeTel K pealbHbIM YCIIOBUSAM
nopoxkHoro Monutoputra. Cxopoctb 06padotku (0,05 c/kaap) nenaer cucremy MPUTOTHOU
Ui paboOTBl B peaJbHOM BPEMEHH, YTO OCOOCHHO Ba)XKHO IS HWHTEIUICKTYalbHBIX
TPAHCIIOPTHBIX CHUCTEM.

OCHOBHOE MPEUMYILIECTBO MPEAJIOKEHHOTO AIrOPUTMa C JBYXATAlHBIM IOAXOA0M K
CErMEHTAIlMU U PACIO3HABAHUIO — MUHUMU3AIMS JOXKHBIX cpadaTeiBanuid. [IpenBaputensHoe
JeTeKTUpoBaHue aproMoOuseil ¢ momompio YOLOV2 orpannumBaer 00JacTh IMOMCKa B
WPOD-NET, ywmeHbIlas BbIUYHUCIUTEIbHBIE 3aTPAaThl U MOBBINIAS TOYHOCTH JIOKAIW3AIUU
HOMEpOB. AyrMEHTalMs JaHHBIX W aJalTUBHOE J1000yYeHHE MOBBIIIAIOT YCTONYHMBOCTh
Mojenu K mymam. OHAaKo MO-TPeXKHEMY OCTAOTCSl TPYAHOCTH, CBsSI3aHHbIE ¢ 00pabOTKON
M300paKeHUH C CUIIbHBIMU MCKa)KEHUSMHU, HU3KUM pa3pellieHueM, HalUIaHueM Tps3y U T.1.,
4YTO TPUBOIUT K omuOkam cermeHTanuu Ha stane WPOD-NET u cHmkaeT TOYHOCTH
nocnexayrouero pacrnozHasanus cuMBoioB OCR-NET. Hampumep, mpu BbICOKOM ypOBHE
IIYMOB TOYHOCTh MOJIENU NajaaeT 10 85%, uto TpedyeT MoAu(HKAIMU dTana MpeaoopadoTKu
Y TIPUMEHEHUSI CIICIIHATU3UPOBAHHBIX (PHITBTPOB.

CpaBHeHHUE ¢ OIHOATANMHBIMU MeToaaMu, TakuMu kak YOLOV3 [10] u RetinaNet [11],
MOKA3bIBAET, UTO YIPOIEHHBIE MOIXOAbI K 00pa0OTKE N300paKeHH 001a1al0T OrpaHUICHHOMN
touHocThio. Tak, YOLOV3 nocturaer 80% mAP mpu ckopoctu ob6padotku 0,1 c/xanp,
3¢ (HEeKTUBHO TETEKTUPYS OOBEKTHI, HO MPU STOM HCIBITHIBAET TPYJHOCTH C HOMEPAMHU IO
yIJIOM U B ycioBusXx 1yma. B cBoro ouepens RetinaNet nocturaer 82% mAP mpu 0,12 c/kaap,
ucnonb3ys Focal Loss 1 yMeHbIIIEHHs TOKHBIX cpabaThIBaHUM, OJHAKO TpeOdyeT OOIbIINX
BBIUMCIUTENBHBIX PECYPCOB U IIOXO aJaNTHPYETCs K cHeupUYecKUM 3a7adaM, TaKuM Kak
00paboTka MCKaKEHHBIX HOMEPOB. B CpaBHEHMHM C HUMH, M3JIOKEHHBIA B JAHHOW CTaThe
JBYXATalHBIA MOAX0A obecrneuynBaeT TOYHOCTH 96% (mMAP) mpu ckopoctu 00paboTKu
0,05 c/kanp, mpeBocxo1s 0JHOITaNHbIe MeToAbI Ha 16% 1mo TouHocTH U Ha 50% MO CKOPOCTH.

IlepcniekTUBBI pa3BUTUA

Crnemyer OTMETHTh, YTO ONTHMU3AIMS BBYUCIUTENBHOH S((EKTUBHOCTH IS
BCTPAaUBAaEMbIX CHCTEM BO3MOXHA 3a CUY€T MCIOJIB30BAaHUS METOJOB KOMIIPECCUU
(xBanTOBaHwme, pruning) u mwiatdopmsl TensorRT. Kpome toro, YOLOV2, npumeHsiemast aJis
oOHapy>KeHHs] aBTOMOOMIIEH, MOKET OBITh yCOBEPILICHCTBOBAHA JJISl U3BJICUEHUS HH(OpMAIIN
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0 MOJENHU W pa3Mepe TPAaHCHOPTHBIX cpeAcTB. Dto ynyumut pyakuuoHan UTC, moBeicuT
KauecTBO aHaJIM3a TPAHCIOPTHBIX MOTOKOB M YIPOCTUT UACHTHU(PHUKALIUIO aBTOMOOMIIEH.

B nmanpHeimeM T1IaHHpyeTCs BHEIPEHHE CaMOOOYydarolmuxcs Mojelied (BKIodas
aKTUBHOE OOY4YEeHHE) M METOJIOB YINIYOJIEHHOW NpenoOpaboTKu (HarmpuMmep, TEKCTYPHOTO
aHaJIM3a), 9T0 00ECIEUYHT aJaNTAIMIO CHCTEMbI K U3MEHSFOIIUMCS YCIIOBUSM JKCILTyaTalluu 1
MO3BOJIUT MOJENU KOPPEKTHO padoTaTh C HECTaHJAPTHBIMH HOMEpPaMH, CHIIbHBIMU
WCKXCHHSIMH, CIIO)KHBIMH YTJIAMU ChEMKH, 2 TAK)KE C TIOTOHBIMHU SIBICHUSMHU (CHET, JT0XKIb,
TyMaH, Tpsi3b), MPEOI0JIeBas COOTBETCTBYOIIME momexH [12]. [Ipeomonenue cymecTByOIMX
0apbepoB BO3MOXKHO TAaKXKE 4Yepe3 HMHTErPAllMI0 JICTKOBECHBIX apXUTEKTYp, TaKHUX Kak
MobileNet, 11 CHH)KEHHSI BBIYMCIUTENBHBIX 3aTparT.

3akir0ueHue

B pamkax wuccnenoBaHus pa3paOoTaH aJrOPUTM CETMEHTAllMHM M paclo3HABAHHS
HOMEpHBIX 3HAKOB aBTOMOOWIEH Ha HM300paKEHUSAX M3 BHUJIEOMOTOKOB JIOPOXKHBIX Kamep.
JIByXATaIHbIA MOAX0/ K CETMEHTALIMU U PACIIO3HABAHUIO, 3AJI0KEHHBIN B aJITOPUTM, ITO3BOJIHII
noctuub TouHOoCcTH 96% (MAP) um ckopoctu o00pabotku wuzoOpaxkenuit 0,05 c/kamp.
[TomyueHHBI pe3yapTaT YKa3blBaeT Ha AaJallTUPYEMOCTh HCIIOJIB3YEMBIX HEHWpOCETEN K
peaNbHBIM YCJIOBUSIM JOPOXHOTO MOHHUTOPUHIA. OJTO JI€JAeT NPEAJIOKEHHOE pelIeHue
3¢ (HEeKTHBHBIM HHCTPYMEHTOM JUIsl MHTEJUICKTYAIbHBIX TPaHCIOPTHBIX cucTeM. KiroueBbiM
MPEUMYIIECTBOM MPEJI0KEHHOTO MOAXO0/a SBISETCS CHIDKEHUE JIOXKHBIX cpabaThiBaHUN U
YMEHBIIEHUE BbIUMCIUTEIBHBIX 3aTpaT 3a CYET IPEeABAPUTENBHOIO BBIIEIEHUS 00J1acTU
MOHUCKA.

JInsi TIOBBIICHHUS BBIYUCIUATENBHOW A(PQGEKTHBHOCTH MPEIIaraeTcsi HCIOJIb30BaTh
MeTo bl Komnpeccud U TensorRT, a Takke pacuupsts pynkiuonan YOLOvV2 ans u3BneyeHus
JIOTIOJIHUTENBHBIX JAHHBIX O TPAHCHOPTHBIX CPEACTBAX (MOAENb, pa3Mep). DTO MO3BOJIUT
YIIYYIIUTh AETEKUUIO MAIINH, aHAJIU3 TPAHCIIOPTHBIX TOTOKOB M aBTOMATHU3ALMIO TOPOKHOTO
KOHTpossl. BHenpenuwe camooOywarommxcss Mojened U yJIydlmeHHOM mpenoOpaboTKu
00eCneunT aAanTanrio K SKCTPEMAIBHBIM YCIOBHSIM SKCILTyaTalllu.

B nenom mpennioskeHHOE pelIeHHe MPeCTaBIseT coO0N HaASKHBIA WHCTPYMEHT ISt
aBTOMATHU3AIMH JOPOXKHOTO KOHTPOJSI C MOTEHIIMATIOM MAacCIITA0MPOBaHUS M UHTErpalluil B
COBPEMEHHBIE CHCTEMBI MOHUTOPHHTA.

CIIMCOK JIMTEPATYPBI

1. TOCT P 56294-2014. MHTenneKTyalbHbIE TPAHCIOPTHBIE CHUCTEMBL. TpeOoBaHWS K (DYHKIIMOHATBHOH H
(U3NIECKON apXUTEKTypaM HWHTEIUICKTYAIbHBIX TPAHCIIOPTHBIX cucTeM. YTB. [lpmkazom ®epepambHOro
areHTCTBa MO0 TEXHUYECKOMY peryiupoBaHuio W Metposnorun Nel966-ct or 11.12.2014. — M.:
Crannaptuadopm, 2015, 2018. — 12 c.

2. Tlocranosnenue Cosera @enepanun PenepansHoro Cobpanuns Cosera Poccuiickoit ®eneparuu Ne530-CD ot
27.11.24 «O naunonansHOM npoekte «appacTpykTypa g xu3Hn». PazpaboTaH B COOTBETCTBHH ¢ YKa30M
IIpesunenta Poccuiickoii @enepanmu Ne309 ot 7.05.24. «O HanmMOHANBHBIX IENSAX pa3BUTHs Poccuiickoit
Oeneparuun Ha miepuog no 2030 roma m Ha mepcenektuBy A0 2036 roma». — Omnekrt. pec. URL:
http://static.government.ru/media/files/zgMNp2cgkY vKPXYPAofOBaaNyaK ARubc.pdf (10.02.25);
https://xn--80aapampemcchfmo7a3c9ehj.xn--plai/new-projects/infrastruktura-dlya-zhizni/ (10.02.25).

3. Zhang, Y., Wang, L., & Li, X. (2023). Real-Time License Plate Recognition in Challenging Environments
Using Enhanced YOLO-Based Models. IEEE Transactions on Intelligent Transportation Systems, 24(5),
5678-5690. DOI: 10.1109/TITS.2023.3245678. [Online]. Available at: https://ieeexplore.ieee.org/document/
3245678 (accessed February 17, 2025).

4. Silva, S. M. License plate detection and recognition in unconstrained scenarios / S. M. Silva, C. R. Jung. —
Text: direct // ECCV. - 2018. - P. 593-609. Available at: https://openaccess.thecvf.com/
content ECCV_2018/papers/Sergio_Silva_License_Plate_Detection ECCV_2018 paper.pdf (accessed
February 12, 2025).

128


http://static.government.ru/media/files/zgMNp2cgkYvKPXYPAof0BaaNyaKARubc.pdf
https://национальныепроекты.рф/new-projects/infrastruktura-dlya-zhizni/
https://ieeexplore.ieee.org/document/
https://openaccess.thecvf.com/%20content_ECCV_2018/papers/
https://openaccess.thecvf.com/%20content_ECCV_2018/papers/

Bectauk CHO IOHHY. Bein. 17. Tom 1. EctecTBeHHble Hayku. — 2025

5. Redmon, J. YOLO9000: Better, Faster, Stronger / J. Redmon, A. Farhadi. — Text: direct// IEEE CVPR. —2017.
— P. 6517-6525. Available at: https://arxiv.org/abs/1612.08242 (accessed February 10, 2025).

6. Bbepecues, A. II. HccrnenoBanue cBEpTOUHBIX HeHpoHHBIX ceTeld kimacca YOLO mist MOOWIBHBIX CHCTEM
JIETeKTUPOBaHUsl 00beKTOB Ha m3obpaxeHusx / A. Il. bepecues, U. B. 3oes, H. I'. MapkoB. — Tekcr :
HerocpeacTBeHHbId // I'padukon-2020: 30-1 MexxayHapoaHass KOHQEPEHIHs 10 KOMITBIOTEPHOU rpaduke 1
mamuaHOMY 3penuto. — 2020. — C. 1-7. — Dnuekr. pec. URL: https://graphicon.ru/html/2020/papers/32.pdf
(09.02.25).

7. Wopren, K. O630p MeTon0oB ayrMeHTanuu uzoOpaxeHui s riayookoro obyuenus / K. Ilopren, T. M.
XomrogTaap. — Teker : HenmocpeacTBenHslit // Journal of Big Data. — 2019. — T. 6, Ne 60. — C. 1-48. — Dnexr.
pec. URL: https://journalofbigdata.springeropen.com/articles/10.1186/s40537-019-0197-0 (27.03.25).

8. brruxosa, A. I'. Ucnonp3oBanue cBEPTOUHBIX HelipoceTeit i knaccudukannu nzodpaxennii / A.I' berakosa,
T. B. Kucenéna, E. B. MacnoBa. — Tekct: HenocpenctBenHslit / Bectauk Cubl' Y. — 2023. — C. 1-10. -
Onext. pec. URL: http://vestnik.sibsiu.ru/ (09.02.25).

9. Merpuku KadecTBa paH)XUPOBAHUS: NPAaKTHYECKOEe NPUMEHEeHne. — TeKcT: 3J1eKTpoHHbIH // Xabp: [caiT]. —
Onexkr. pec. URL: https://habr.com/ru/companies/econtenta/articles/303458/ (15.10.24).

10.Lin, T. Y., Goyal, P., Girshick, R., He, K., & Dollar, P. (2017). Focal loss for dense object detection. IEEE
ICCV, 2980-2988.

11.Kapnog, A. B. Meroasl pacrio3HaBaHusi 0OBbEKTOB C HUCIIOJIb30BaHHEM HeHpoHHbBIX cetel / A. B. Kapros. —
Teker: HenocpeacTBeHHbIH / CoBpeMeHHbIe TeXHOIoruu apromaruzanuu. — 2023. — Ne 4 (88). — C. 35-42. -
— Omekt. pec. URL: https://www.cta.ru/articles/88/recognition-methods (03.10.24).

12. Suvarnam, B. Combination of CNN-GRU Model to Recognize Characters of a License Plate number without
Segmentation / B. Suvarnam, V. S. Ch. — Text : direct // ICACCS. — 2019. — P. 317-322. Available at:
https://ieeexplore.ieee.org/document/8728499 (accessed February 11, 2025).

DEVELOPMENT OF A NEURAL NETWORK APPROACH FOR SEGMENTATION
AND RECOGNITION OF VEHICLE LICENSE PLATES ON IMAGES FROM ROAD
CAMERA VIDEO STREAMS

Abstract. The article presents an algorithm for segmentation and recognition of license plates on images from
video streams of traffic cameras using a modern YOLOv2 model for car detection, as well as WPOD-NET,
responsible for license plate localization, and OCR-NET for accurate image recognition of license plate symbols.
A two-step approach is proposed that provides 96% accuracy (mAP) at a speed of 0.05 s/frame, adapting to real
conditions (lighting, weather, noise). The conducted studies have confirmed that the use of preprocessing and
augmentation methods increase the stability of intelligent transport systems. The prospects of using YOLOvV2's
capabilities to extract data on the color, model, and size of a car are being considered.

Keywords: image segmentation, license plate recognition, deep neural networks, YOLOvV2, intelligent
transportation systems.
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VJIK 004.931
CHUCTEMA PEKOMEHIALM JJISI IIJIAT®OPM OHJIATH-BUIEOUTP

3auka U.C.
Hayunwit pykosooumenv Bacunuwenko T.A., cmapwuit npenooasames
dr'E0Y BO «/lonl’Y»

Annomayus. B nocnenHue rogsl HHAYCTPHS BUACOUTP 3HAUUTENBHO H3MEHMIACh. PocT pasHooOpasns urp npusen
K YBEJIMYEHHIO YMCIIa M0JIb30BaTeNei, BOBJICUCHHBIX B OHJIaWH-COOOIIECTBA, a TAKXKE K PACIIMPEHUIO JOCTYITHBIX
XAHPOB M THUIOB uUrp. B 1aHHON cTaTke paccMaTpUBAIOTCSI COBPEMEHHBIE PEKOMEHJATENbHbIE MOEIH,
OCHOBaHHBIE Ha MeToax (akropuzaunu (FM), rimydokux HelipoHHsIX ceTsix (DeepNN), a Taxoke nX KOMOWHALIUH
(DeepFM). lannble Mozeny BBIOpaHbI M3-3a UX CIIOCOOHOCTH 00padaThIBaTh Pa3IMYHbIC TUIIBI BXOIHBIX JaHHBIX
U NepeMeHHbIX. by1yT OlleHUBAThCS Pe3yNbTaThl, UCXOA U3 aHAIKM3a TOUHOCTH PAHKUPOBAHUS PEKOMEHIAIUMH,
a Tarxke pa3HooOpa3ust U HOBU3HBI PEKOMEH IyEMbIX CITUCKOB.

Kniouegvie crnosa: pexoMeHgaTenpHas CHCTEMA, INTyOOKHE HEHPOHHBIE CETH.

Beeagenne. CoryiacHO JaHHBIM POCCUICKOTO phIHKA MOOMIIBHBIX UTp, B 2022 roxy 6osee
2,5 MMJUIMApAOB YENOBEK YIESUIM 4acThb CBOETO BPEMEHHM BHUJCOUIpaM. Takoe OrpoMHOE
KOJIMYECTBO UTPOKOB CJIENIATI0 WHAYCTPHUIO BHIICOUTP OJHOM M3 Hambosee 3HAYMMBIX B MUDE.
Jlums Tonpko B 2023 roay BbIpyuyka 3TOM oTpaciau Bblpocia Ha 10,7%, npeseicuB 116
MUJUIAApA0B oy1apoB. OJHUM M3 KIIIOUEBBIX (PAaKTOPOB yCI€Xa cTaja BbICOKas CTENEHb
auBepcU(pUKaAIMK, KOTOPOH oTpacib JocTuria 3a mnocienHue roxasl. Ilocnme storo cramo
JIOCTYITHO MHO>KECTBO UIPOBBIX IUIAT(OpPM, HIMPOKUN BBIOOP KAHPOB M KaTEropuil urp, a
TaKXke IUIATQOPMBI, KOTOpbIE CHOCOOCTBYIOT COLMAIBHOMY B3aUMOJIEHCTBUIO MEXITY
urpokamu. Takasi THOKOCTb IIpUBEJIA K CO3/1aHHI0O MHOXKECTBA IIPOJYKTOB C Pa3HOOOpPa3HBIMU
XapaKTepUCTUKaMHU, CTIOCOOHBIMH 3aMHTEPECOBATh CAMBIX Pa3HbIX MOJIb30BATENEH.

[Ipumepom Takoil anmanranuu ssiasercs miaarpopma STEAM —  kommaHus,
crienuanu3upymomascss Ha 1udpoBoid auctpubyumu Buzeourp. STEAM mozBonser
M0JIb30BATENSIM TOKyIaTh, MPOCMATPUBATh WUIPhI, OCTABIATh OT3bIBBI, UIPaTh OHJIAWH U
o dnaitn, copeBHOBATLCS M COTPYIHHYATh BHYTpHU IuatdopMel U urp. ExxeuacHo 6onee 10
MUJUIMOHOB YeNIOBeK MOAKIovatoTcesi K cepBepaM STEAM, uroObl mourpath B BUJICOUTPBI.
OnHako M3-3a 6OJIBLIOrO pa3HO0Opa3us MPOIYKTOB U 3HAUUTEJILHOTO YHCIIA MOJIb30BaTENEH,
HEKOTOPBIM MOYKET OBITh CJI0KHO BbIOpaTh HOBYIO UTpy. bonee Toro, mo nanueiMm STEAM 3a
2014 ron, okoso 37% KyIUIEHHBIX UTP TaK U He OBUIM 3aITyIIEHbl UX BIIaJeIbIIaMH.

B cBsI31 ¢ 3TUM BO3HHMKAaEeT HEOOXOJUMOCTh B PEKOMEHIaTENIbHBIX CUCTEMAaX, CIOCOOHBIX
MIPEJIOKUTH MOJIB30BATENSIM IEPCOHAIN3UPOBAHHBIE PEKOMEH AN, TPELYTIPEKAIOIINE X
0 HOBBIX peNM3ax M HEU3BECTHBIX Mrpax. B Hacrosiee BpeMs BUIEOUTPHI CTAHOBSITCS
PETyJISIPHBIM 3aHATHEM I10JIb30BaTENIEH, KOTOPhIE MHOTOKPATHO MIPAIOT B JIIOOUMYIO UTPY, HO
TaK)Ke CTPEMSTCS OTKPBIBATh /I c€0sl HOBBIE BUICOUTPHI. DTO CO3JIAEeT JBE KIIOUYEBBIE 3aaUn
JUIL OTpaciu — HEOoOXOAMMOCTb pa3pabaThiBaTh WIPbI, K KOTOPHIM IOJb30BaTENNd OyayT
BO3BpAIIAThCS, U TOMOraTh UM HaXOJIUTh HOBbIE, KOTOPbIE CTAHYT TAKUMH K€ MOIMYJIIPHBIMU.
MmuoxectBo (yHkimi, mocrynHeix Ha miaargopme STEAM, mno3Bosisier wuccienoBarhb
B3aMMOCBS3U MEX]y XapaKTepUCTUKAMU UTP W MPEINOYTEHUSIMU ToJib3oBaTenel. JlaHHble
B3aMMOCBSI3H 0T BO3MOKHOCTB pa3padoTaTh allrOPUTM, CIIOCOOHBIH pelaTh JaHHbIE 3a/1a4H,
YTO TMPUHECET 3HAYUTENIbHYIO BBIFOJy KakK JUIsl WHAYCTPUM, TaKk W JJIi HIPOKOB U
pa3pabOTYMKOB, TOMOTas! TPECKA3bIBATH KeJTaHHsI TOJIb30BaTelNeil U MPOIBUTATh HOBBIE UTPHI.

IlocranoBka 3agaun. llenbio gaHHON paOOTHI ABISETCS UCCIIEOBAHHE COBPEMEHHBIX
pexomeHnnarenbHbIXx cucreM (RecSys) B KOHTEKCTE BHAECOMIP M IPEICTaBICHHE HOBBIX
pe3yIaBTaTOB, KOTOPBIE MOTYT CTAaTh OCHOBOM JIJIsl Oy AyluX ucciaeaoBanuii. [lomumo TouHoCTH
pamKUpPOBaHMs, HEOOXOJMMO TIPOBECTH AaHAIM3 IIOKa3aTesied HOBU3HBI U Pa3sHOOOpas3Hs
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PEKOMEHJIAlUM, a TAKKE€ PACCMOTPETH BIMSHUE AHAJIN3A OT3BIBOB I10JIb30BATEIICH, B3ATBIX U3
TEKCTOBBIX 0030pOB Ha Ka4eCTBO, HOBU3HY U Pa3HOOOpa3ne UTPOBBIX PEKOMEHIAIIHH.

Ha6op nannabix. /|1 TOCTYOKEHHUS IIeNiel, OMMCAHHBIX paHee, HEOOXOAMMO MPOBECTH
TECTUPOBAHUE TPEX COBPEMEHHBIX aJITOPUTMOB, OCHOBAHHBIX HAa PA3JIMUHBIX IMOAXOJAX K
PEKOMEH/IaIUsAM, KOTOPBIE MOTYT 00padaThIBaTh pa3IMyHbIC TUITBI BXOIHBIX JAHHBIX:

e pekxomenjaarenbHas cuctema (RecSys) Ha ocHOBe Ko1a00paTUBHOM GUIbTPAIIUT
(CF), ucnionp3ytoniast METOJ] YEPEYIOIINUXCS HAMMEHBIINX KBaapaToB (ALS) nius
CO3JIaHUsI PEKOMEHAIM Ha OCHOBE HESBHOW OOpaTHOW CBs3W [1], KOTOpBIi
OyZeT UCIOIBb30BaThCs B KauecTBe Oa30BOI MOIEIH.

e RecSys, ocHoBaHHAas Ha (haKTOPHU3AIMOHHBIX MAIIUHAX [2], KOTOpas UCTIOIB3YET
0oJbIIOE KOJMYECTBO JAHHBIX, BKJIIOYAash KOHTEKCT M XapaKTEePHUCTUKH,
IIOJIyYEHHBIE OT I10JI30BATEIIEH, TOBAPOB U IOKYIIOK.

e RecSys, ocHoBanHass Ha komOuHanmu FM U MeTon0B TriryOOKOro oOydeHus
(DeepNN u DeepFM [3]), rae OyayT aHamu3UpOBAaThCS OT3BIBBI MOJIb30BATENEH
JUISl UHTEPIIPETALUN JaHHBIX.

Jlns  BHeOpeHWs NPEeAJIOKEHHBIX PEKOMEHIATENbHBIX CHUCTEM U OLEHKH MX
NPOTHOCTUYECKOH 3((HEKTUBHOCTH MBI HUCIONB30BATH TPU HAa0Opa MAaHHBIX, MEPBBIA —
UCTOpUSl TOKYNOK mojb3oBateneid mnatdopmel STEAM wu3 Poccum, ¢ ykazaHuem
IPUOOPETEHHBIX UIP U BPEMEHU UTPbl. BTOpOI — OT3BIBBI M0OJIb30BATENEH, KOTOPBIE CITyKaT
o030pamu a1 coobuectBa. TpeTuit — uHpOpMAaIs 0 XKaHpaX U JOCTYMHOCTH BHICOUTD HA
wiatdopme. Jlanusie codpansl ¢ okTsa0ps 2015 mo saBaps 2023 roxa.

HaGopsl naHHBIX OOBEIMHEHBI ISl CO3JaHUS CBSI3eH MEXAYy IOJb30BaTEIAMU U
urpamu. Ba)XHO OTMETHTBH, YTO HE CYHIECTBYET OOIIEr0 PEeWTHHTa, KOTOPBIA TOYHO OyAeT
OTpakaThb MPEJOYTEHUS IMOJIb30BaTENeH, MOITOMY Oblla MCIOJB30BaHA CKpPbITas oOpaTHas
CBSI3b M pa3JIMYHbIC TIOJIE3HBIE JaHHBIE U (DOPMUPOBAHHS PEKOMEHIAINH.

Bonbiioit 00bEM JaHHBIX TO3BOJISET TECTUPOBATH PA3IUYHBIC BHJIBI B3aUMOACHCTBUIA,
yaensiss ocoboe BHHMaHUE BPEMEHM HWIPbI, KaK 3HAYMMOW MEPEeMEHHOH, OTMEYEHHOH B
MpEeAbIIYIINX UCCIETOBAHMSIX.

Tabmuma 1. Kpatkoe onmcanne GyHKIHA

Onucanne Tun OOBeKT
user_id Str YHUKaJIbHBI UICHTHHUKATOP TI0JIb30BATEIIS
item_id Str YHHKaIbHBIN HICHTH(UKATOP TOBapa
count Int KoJsmuecTBO HIp, NPHOOPETEHHBIX I10JIb30BATEIIEM
playtime Int [epuon BpeMeHH, B TeYEHHE KOTOPOT0 MOJIb30BATEb UTPAJT B UTPY
RecCount Int Bpewmsi, B TeueHHE KOTOPOro ToBap OBII peKOMEHIOBAH
Metacritic Int OtieHKa Urpbl
Genrels [Bool] | BepHo, eciu npeaMeT OTHOCHTCSI K OTHOMY M3 NIPEAJIOKEHHBIX HIPOBBIX JKaHPOB.
Category [Bool] BepHo, eciu urpa OTHOCHTCSI K OJHOM U3 HTPOBBIX KaTErOPHid, HAITPUMED:
MHOTOMOJIb30BATENILCKAS
Platform [Bool] BEPHO, €CJIN UIpa MOJICPKUBACTCS OMHON U3 3-X MePEUNCIICHHBIX
ONEPALMOHHBIX CUCTEM
recommend [Bool] 3uauenue True, eciv M0JIb30BATENb PEKOMEHIYET JaHHBII TOBap
review Str CBOOOIHBIN TEKCT, BBIPAXKAIOIIMH MHEHHE MOJIb30BATEIsI

JlaHHBII HAOOP NaHHBIX BKJIIOYAET OKoIo 5 153 209 3anuceil, B KOTOPBIX MPEICTABICHbI
70 912 paznuunbix nonb3oBareneil u 10 978 pasnuyHbix TOBapoB (BuAEOUTp). DTU HUDPHI
YKa3bIBalOT Ha BBICOKYIO pa30poCcaHHOCTh JaHHBIX — Bcero 0,66% mpoCcMOTPEHHBIX 3amucei.
Takast pa30pOCaHHOCTH JIaHHBIX HE SIBISIETCS ONTHUMAJIbHOM JUIsl 00y4YeHHs] MOJENH, KOTopast
aHAJTM3UPYET B3aUMOJICHCTBUS MEX/y MOJIb30BaTEeNsIMU U ToBapaMu. Mcxons U3 3Toro, ObLIO
INPUHATO pelleHre (QUIbTPOBaTh JaHHbIE, Mpeanoaras, 4ro IIOTHOCTh okojo 10% Oynet
OoJiee MOJIE3HOM /7Sl TIOCTABJICHHBIX Iiefieil. B UTOroBbIi HAOOp JaHHBIX BOILIM TOJBKO TE
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TOBApHI, KOTOPbIe ObLTH MproOpeTeHsl He MeHee 200 pa3, U MOoJIb30BaTENH, COBEPIINBIINE HE
Menee 100 mokymnok. Onucanrue UTOroBOi 0a3bl TAaHHBIX MPEJICTABIICHO B TabauIie 2.

Tabmura 2. CBogHAas CTAaTUCTHKA OKOHUYATENFHOM 0a3bl JAHHBIX TIOCTIE BHIPE3aHHS

KonuuectBa CTaTuCcTHKa
KommaecTBo perucrpanmit 2149 858
KomnaecTBo pa3smTuiHbBIX MMOJIb30BaTeei 8183
KoaruecTBo pa3TuiHbIX TOBApOB 2872
KonnuecTBo 0T36IBOB 9823
[TnoTHOCTH HAbOpa NaHHBIX 9,14%
CpenHee KOJIMYECTBO MOKYIOK HA OJTHOTO TOJIh30BaTEIIS 262,72
CpenHee KOJIMYECTBO MOKYIIOK HA OJIMH TOBAp 748,55
CpenHee KOJIMYECTBO ChHITPAaHHBIX YACOB HA OJIHOTO MOJIh30BATEIS 161 317,9
CpenHee KOJTMUYECTBO ChHITPAaHHBIX YAaCOB HA OJIMH TOBAp 476 7279
CDBDK}'I’HEH CYMMa BKNaaoe NoNbL30 BaTENed B KONWYECTED peecTpoB
100 -

. L

BepoATHOCTL

20

0 2000 4000 6000 8000
KonwuyecTso nons3osarenei

Puc.1 CoBokynHas cymMMa BKJIa/10B TIOJIB30BATENE B KOJIMUECTBO peecTpoB. 67% monb3oBaTesei
00bsacHAr0T 80% maHHBIX

B pesynbraTte QpunbTpanuy JaHHBIX ObUI MOJTYYEeH HOBBII HA0OpP C IVIOTHOCTBIO OKOJIO
10%, yMeHbIIINB €ro UCXOAHBIN pa3Mep npumMepHo BJiBoe. HecMoTps Ha 3T0, HAOOp OcTaeTcs
JOCTaTOYHO  OONBIIMM  JJIsi  TIPOBEIEHHS  OKCIEpUMEHTOB. HeoOxommmo  Taxke
MIPOaHAIM3UPOBATh pacrpeieieHne NoTpeOIeHns B JaHHbIX, YTOObI IPEAOTBPATUTH MPOOIEMBI
mucOanaHca, KOrJa CIHMIIKOM MHOTO TpaH3aKIWH TPUXOAWTCS Ha HEOOJBIIOE YHCIO
nojp3oBarenei. Ha pucynke 1 mpoeMOHCTpHPOBAHO, YTO MEPEKOC Cpelu Mojb3oBaTesnen
HE3HauYuTeNIeH: 0KoJIo 67% mnonbp3oBarenei oTBedaroT 3a 80% 3anuceid. OqHAKO HA PUCYHKE 2
BUJIHO, YTO OOJIbIIast YacTh 3alUCel MPUXOAUTCS Ha HeOOJbIIOe KoJaruuecTBO ToBapoB (40%
anemMeHToB TeHepupyroT 80% 3amuceit). Takas cutyanus TpeOyeT DalbHEHIIEro aHaim3a
cucTeM, 4ToOBbl yOeAMTBhCS, YTO OHM PEKOMEHAYIOT pPa3HOOOpaszHble BHUIbI TOBapoB. [lis
pemieHusi JaHHOH MpoOJieMbl TUIAHUPYETCS HCIOJB30BaTh IMMOKA3aTelId HOBH3HBI H
pa3HooOpasusl.

CosoKynHan CymMa BKITafos ANEMEHTOB B KONUYECTBO PEeCTPoB

100
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o 2000 4000 6000 8000
KonuuecTtso urp

Puc.2. CoBokymHas cyMMa BKJIQJIOB 3JIEMEHTOB B KOJIMYECTBO peecTpoB. 47% 311eMEHTOB OOBSICHSIIOT
80% maHHBIX
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Puc.3. BpCMH HI'PBI HanboJee aKTUBHEIX MOJIE30BaTEICH

JlaHHbBIe 0 HesIBHOM 00paTHO¥ cBsI3W. B 1aHHOM MCClIeJOBaHUU UCIIOJIB3YETCs HesIBHAS
oOpaTHast CBA3b JUIsl ONpeAEICHUs NPEANOYTEHUN M0Ib30BaTeNeH, IPUMEHSSI HTPOBOE BPEMsI
KaKk KOCBEHHbIM moka3zarenb. Ilociae aHanmu3a pacnpeneneHus UIPOBOIO BpPEMEHH Obll
YCTaHOBJIEH HOPOr B 5 4YacoB JUIsl ONpEeNIeHUss MHTepeca K Urpe. XoTb 3TO U SBJISETCA
YHOPOLIEHHBIM pelIeHUeM, OyIyT MpeicTaBiieHbl 0osiee TOUHBIE MOAXOJbI AN JabHEHInX
uccienoBanuii. Ha pucynkax 3 u 4 mokaszaHo, 4TO Pa3jIMyUsi B UTPOBOM BPEMEHM CPEIU
aKTUBHBIX IOJIb30BaTENEed HEBEIMKH, HO s OOJBIIMHCTBA HUIP OHO 3HAYUTEIBHO
BapbUPYETCsl, U HEKOTOPbIE II0JIb30BATENIN HE UTPAIOT B CBOU IPUOOPETEHHBIE UTPHI.
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Dynomite Deluxe
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The Lengest Journey

Two Werlds Epic Edition

Saira
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Puc.4. Bpemst Boctipon3BeieHus OOJIBIIMHCTBA UIP

®@akropuzannonusie MamuHbl (FM). dakropuzanmonnsie mamuuel (FM) — sto
MOJIEJH AJIs1 PEKOMEHIATEIbHBIX CUCTEM, KOTOPBIE TO3BOJISIOT pa00TaTh C MOAEISIMU CKPBITBIX
(akTOPOB TaK e MPOCTO, KaK C PErpeCCHOHHBIMU MoJiensiMU Wi SVM-mozaensimu. OHU MOTYT
o0OpabaTbIBaTh pa3jiMyYHble TUIBI BXOJHBIX JAaHHBIX — OT HENPEPHIBHBIX /0 JUCKPETHBIX
NEPEMEHHBIX, a TaKXe MOJAEINpPOBaTh B3aUMOJEHCTBHS Mexay HuMHU. FM crnocoGHbI
YUYUTBIBATh B3aWMOJECHCTBUSA DPa3HBIX N-TIOPSAAKOB MEXAY IepeMeHHbIMHU. [[nsg maHHOrO
uccleioBaHus OyJeT BBIOpAHO N = 2, TaK KaK 3TO YacTO HCHOJIb3YETCs Ul TOCTHUIKECHUS
XOpOILIUX pe3ylbTaTOB NpHU IMpUEMIEMOM BpeMmMeHH oOyueHnus. [Ipu maHHOW HacTpoiike
BBIXO/JIHBIE JaHHBIE OYIyT SBISATHCS MPOTHO30M, OCHOBAHHOM Ha JIMHEHHOM B3auMOJICHCTBUN
BXOJIHBIX MEPEMEHHBIX (MOPSIOK-1) U CKPBITHIX (AKTOPOB, 3aBUCSIIUX OT B3aUMOJICHCTBUI
MEX/Ty MapaMH MEePEMEHHBIX (TIOPSI0K-2).
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Yepenywmuecsi Haumenbme kBaapatbl (ALS). Cpeau paznooOpasHbIXx Mojeneit
MaTpu4yHOu (pakropuszanuu, mMoaeidb ALS BwIgenseTcss CoCOOHOCTBIO paboTaTh ¢ HESBHOM
obOparHo#i cBsi3bi0 [4]. OHa colmepkuUT B cebe HOBOE MPEACTABICHUE /IS B3aHMMOJCHCTBHS
MI0JIB30BATENSl M JIEMEHTA, I/l MPEANOYTEHUs MOJb30BaTENsl OTHOCUTEIBHO KOHKPETHOIO
JJIEMEHTA  ONPEACNSAIOTCS  CKAIAPHBIM  MPOU3BEICHHEM HUX  CKPBITBIX  (PaKTOPHBIX
MpeACTaBICHUI. | 71aBHas HMHHOBAIMS STOrO AJITOPUTMA 3AKIIOYAETCSd B Yy4YeTe HESIBHOU
0o0paTHOW CBSI3M dYepe3 BBEIEHHE JABYX HOBBIX IIOKa3aTesed, KOTOpBIE OTpPa)kaloT Kak
MPEANOYTEHNUs M0Ib30BATENS, TAK U YBEPEHHOCTh B MCIIOJIb30BaHUU ToBapa. [Ipennourenus
YKa3bIBAIOT Ha TO, OBUI JIM MPOAYKT HCIIOJIb30BAH WM HET.

Mogaear DeepFM. Monens Deep FM o0begunser B cebe crmocoOHOCTH
¢bakropuzanroHHbIX MamuH (FM) 11t MojenupoBaHusl B3aUMOJICHCTBUI HHU3KOTO TOPSIIKA
MEXIy BXOIHBIMH TIepeMeHHBIMH [5]. brarogapsi uMcnosib30BaHUIO TIIyOOKHX HEHPOHHBIX
cereit (DNN), mogens Deep FM mo3BolisieT 3aXBaThiBaTh 0OJIee CIOKHBIC B3aUMOIeHCTBHS. B
nanHor mogenu FM u DNN pabortaioT mapamienbHO, a UX pe3ysbTaThl OOBEAMHSIOTCS Ha
BBIXOJTHOM y3JI€ C TIOMOIIBI0 CUTMOMJAIBHOW (DYHKIMH, KOTOpas BBLIAET IIPOTHO3,
OCHOBAHHBIM Ha B3aUMOJEWUCTBHUSAX pa3HbBIX MOPSAJKOB BXOAHBIX JaHHbIX. [Ipornos
MIPEJICTABISIET BEPOATHOCTh TOI'O, OTHOCUTCS JIM IOJIb30BaTENb K OIPENEICHHOMY KJaccy,
HarpuMep, IOHPABUJIACH JIM EMY UIpA.

B nanHom nccnenoBanuu 0y 1y T KiIacCUQUIIMPOBATHCS 3alMCH 10 TUIIaM (I10JIb30BaTEIb,
TOBap, Kareropusi, rargopmMa U T.A.) U UCHOJB30BAaThCS BCTpPAMBAHHE 3amHCeH IS TOTO,
9TOOBI COATAaHCHPOBATH BIMSHUE PAa30POCAHHBIX IEPEMEHHBIX.

Moaean DeepNN. HoBbiM astemerToM Moaenu DeepFM sBisieTcst HelipoHHas ceTh deep
(taxoke Ha3piBaemast Deep NN), koTopast mapauieIbHO 00padaThiBaeT B3aUMOACHCTBHS MEXKTY
moJib30BaTensiMu 1 ToBapamMu. KommoneHT deep mpencraBisieT coOoil HEMpPOHHYIO CETh
MPsIMOTO PAcCHpOCTPAaHEHUs W NpeJHa3HAa4YeH JUIsl W3YyYEHUs B3aUMOJCHCTBHII BBICOKOTO
MOpsJKA.

[lepBbIM KOMIIOHEHTOM SIBJISIETCS CJIOM BCTpauMBaHUs, KOTOPBIA CKHUMAaeT BXOJHBIE
JaHHBIE B HEOOJIBIION MJIOTHBIN BEKTOP C BEIIECTBEHHBIMU 3HAUeHUAMU. CTOUT OTMETHUTh, YTO
JUIMHAa 3TUX JAaHHBIX MOXKET BapbUpPOBAThCS, OJHAKO BCTPAaMBaHUE BCEIr/la BO3BpalllaeT
KOIUPOBKY (hukcupoBaHHOW uinHbI B K enunui. [[ns maHHOTO MCCleqoBaHUS HEOOXOAUMO
npoJenarh cienyromue maru. O003HaYUTh BBIXOJHBIE JAHHBIE CJIOSI BCTPAaUBaHUS KaK:

a(0)=[ey, €2, €m], (1)
r7ie e;, — 3TO 1 [oJie, BHEAPEHHOE U3 OOIIEro yuciaa m mojien.
3aTeM 3TU BXOJIHbIE JIAaHHBIE HYXHO BHEJIPUTh B CKPBITHIE CJIOW, IJI€ MPOUCXOJUT
B3auMO/IeiicTBHE 00BEKTOB. [laHHBII MpoIiecc OCYIIECTBISETCS MO Cleayromiei hopmyre:

aD=qW O a®O+Wwp®), 2)

rie | - TnyGuna cnos, a 6 - gpyskmus aktusamun. Iepemennsie a®, (WO, b® — 510
BBIXO/IHBIE IaHHBIE, BEC MOJIEIH U CMEIIEHNUE NIEPBOTO CIIOS.

[locne »3TOro Qopmupyercss HTOTOBbI IJIOTHBIM BEKTOP, PE3YJIbTAaThl KOTOPOTO
nepefaTcs dYepe3 CUTMOBHIHYI0  (yHKIMIO, BO3Bpamias (UHAJIbHBIA  pe3ysbTaT
PEKOMEHTALIHIA.

PesyabTaThl. [ DOCTHXKEHHUS ONTUMATBHBIX PE3YyJIbTATOB HEOOXOIUMO MPOBECTH
aHAJIM3 Pa3JIUYHBIX HACTPAWBAEMBIX MapameTpoB. AnroputM ALS umeeT Tpu HM3MEHSEMBIX
napaMmeTrpa: KOJIMYECTBO CKPBITHIX (PaKTOPOB AJisl (haKTOPHU3AINH, KOJTHYECTBO 30X 00yUEHHS
(utepanuii) 1 KO3PGUIUEHT PETYISIPUZALNHU A.

B koHeyHOM HTOre HCHOJIb30BAaHbl ONTHMAJBHBIE MapaMeTpbl, C YCTAHOBJIEHHOU
perynsipusanueit Ha ypoBHe 0,01 ¢ 500 ckpbIThIMU (paKTOpamMH, YTO TO3BOJIHIIO YBEITUIUTH
BpeMs OOy4eHHs NpU HE3HAUMUTEIBHOM YIydlleHHH, 1Mo cpaBHeHHIO ¢ 800 dakTopamu.
O6yuenue npoBoauiiock ¢ 300 urepanusamu.
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Jns moneneit rimy0okoro o0y4yeHus ObLIM HACTPOEHBI J1BA Mapamerpa: MepBbId — 3TO
KOJINYECTBO HEHPOHOB B KaX/I0M CJI0€, ONIPENENAIOIUI apXUTEKTY Py CETH; BTOPO — pa3zmep
naKeTa JaHHBIX, KOTOPBIM BIIMSET HAa KOJMYECTBO 0OpadaTbiBaeMbIX KOpTexel. JlaHHBIN
napamMeTp Ba)KEH, TaK KaK BIMAET Ha PUCK MepeoOydeHus U CKOpocTh oOydeHus. B xoxe
TPEHUPOBOK OBLIM TOJYy4YEeHbl TpaduKu, Kak IOKa3aHO Ha pHCyHKax S5 u 6. Ouenka
IPOBOJMIIACH C UCIIOJIB30BAHUEM I10KA3aTellsl HOpMaJIM3aluy Ui OMHApHOU KilacCU(pUKaLUU

C IIMPOKHUM AMAITa30HOM pa3pClICHUS.
DNN

0.65

o
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o
L
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DeepFM
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Puc.6. KpuBas o0y4yenns monenmu DeepFM

Hcnonb3ys naHHBbIE KPUBBIE U ONpEIENCHHbIE IOKa3aTelaH, ObLI MPOBEIEH aHalu3
YyBCTBUTEJIBLHOCTH, TOKa3aHHBIA B Tabnuie 1. B Xoxe aHanu3a M3MEHSUIOCH KOJIMYECTBO
HEHpPOHOB Ha cJIOM M pa3Mep nepuoja. B kauecTBe MCXOTHONW KOH(UTYpALUU UCHIOIB3YIOTCS
HAaCTPOWKH IO YMOJIYAaHHUIO: iepuo pazmepoM 1024 u 32 HelipoHa Ha KaXKJI0OM CJIOE.

Tabnuna 1. AHanM3 9yBCTBUTENIBHOCTH i1 MoJienu Deep FM

Kondurypauus Bpewms Kapra Hosusna Pa3znooOpaszue
B1o24HL30437 2027,52 0,8911 0,1667 0,4245
Bsq, 2186,77 0,8940 0,1845 0,4967
Byce 2692,96 0,8919 0,1847 0,4996
HLj 16 1815,70 0,8939 0,1815 0,4775
HLg.q 1708,57 0,8941 0,1837 0,4869
Be,HLgyeg 2180,6 0,8945 0,1857 0,5149

Bbu10 BBIABIEHO, UTO IIpU yMEHBIIEHUU pa3Mmepa nepuoja ¢ 1024 no 512 pesynbrarsl
yIy4dlllaloTca Mo BceM napamerpaMm. OJHAaKO JalbHeiee CHWXeHUe A0 256 MpUBOIUT K
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HEOOBIIOMY YXYAIICHUIO Pe3yJbTaTOB, HO HOBHU3HA HEMHOIO BO3pacTaeT. ITO MOXKHO
OOBSICHUTH TEM, YTO YMEHbIIEHUE pa3Mepa Iepuojia CIOCOOCTBYET MepeoOydeHUI0 Ha
oOydatomeM Habope, U CBsI3M OBICTPEEe YCBAaWUBAIOTCSA MPH 0OpadOTKE MEHBIIEro o0bhema
JTaHHbIX. KpoMe TOro, yMeHbIlIeHHE KOJIMYECTBA HEUPOHOB B CIOSX € 32 110 8 TaKke yJIy4IlaeT
PE3yNIBTATHI [0 BCEM MapaMeTpaM. DTO CBSI3aHO C TEM, YTO MEHBIIEEC KOJTHMYECTBO HEHPOHOB
0onee >(PQPEeKTUBHO HUCHOIB3YET B3aUMOACWCTBUA MEXIYy NpuU3Hakamu. B wurore, ObuIH
OOBEMHEHBI  JaHHBIE KOH(MUTYypauu Ui CO3JaHUs  MOJCIM C  HawIydIiei
MIPOU3BOIUTEIBHOCTHIO JJISl TECTUPOBAHHUSL.

B Tabmuiie 2 npuBeAeHBI pe3yIbTaThl OIEHKH BCEX MOJIETICH peKOMEHJAaTeIbHBIX CUCTEM,
PaccCMOTPEHHBIX paHee.

Tabauna 2. Pe3ynbraThl TECTUPOBAHUS JJIs1 KAXKION IPEICTaBICHHON MOJeNn

Konduryparms Bpewms Kapra HosuzHa Pa3Hoobpasue

ALS 14218 0,107 - -

FM 1450,86 0,893 0,176 0,45
DeepNN 1889,58 0,897 0,186 0,49
DeepFM 2027,52 0,891 0,167 0,43
FM(WS) 1416,04 0,894 0,18 0,46

DeepNN(WS) 1866,35 0,897 0,197 0,54
DeepFM(WS) 1984,17 0,892 0,19 0,53

MoxHO clienath BbIBOJIBL, UTO 0a3oBas Mozenb ALS mokazana HanOoOJbIIyI0 CKOPOCTb
00y4YeHHs, HO €€ TIPOU3BOUTEIHLHOCTh OKa3ajach CaMON HU3KOM Cpellr BCEX PaCCMOTPEHHBIX
nokasarenei. Taxoke, mogens DeepNN mpoaemMoHCTpupoBana HawiydylIMe Pe3yJIbTaThl I10
BCEM I0KazaressaM, npesocxoas FM u naxxe DeepFM. DTo MoKeT CBUIETENBCTBOBATH O TOM,
YTO B3aUMOJEHUCTBUS BBICOKOTO MOpsAaKa, u3Biekaemble DeepNN, npenocTaBistoT Oosibliie
nH(pOpMallMK, YeM B3aUMOJEUCTBUS HU3KOro mnopsaka B FM, um mosToMy MOryT MeumaTh
utoropomy pesynbtaty B DeepFM. Kpome Toro, HOBu3Ha M pa3HooOpa3ue peKoMeHIalui
Taioke BoIe 1t DeepNN, uTo 0COOEHHO BaKHO B HTPOBOM MHAYCTPHUH, T1I€ pa3HOOOpa3ue u
HOBH3HA UTPAIOT KIIFOYEBYIO POJIb.
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RECOMMENDATION SYSTEMS FOR ONLINE VIDEO GAME PLATFORMS

Annotation. The video game industry has changed significantly in recent years. The growing variety of games
has led to an increase in the number of users involved in online communities, as well as the expansion of available
genres and types of games. This article discusses modern recommendation models based on factorization methods
(FM), deep neural networks (DeepNN), as well as their combinations (DeepFM). These models are chosen because
of their ability to handle different types of input data and variables. The results will be evaluated based on an
analysis of the accuracy of the ranking of recommendations, as well as the variety and novelty of the recommended
lists.

Keywords: recommendation system, deep neural networks.

Zaika 1.S.
Scientific adviser: Vasilishchenko T.A., Senior Lecturer Donetsk State University
E-mail: ilya.zaika.1999@mail.ru

136



Bectauk CHO IOHHY. Bein. 17. Tom 1. EctecTBeHHble Hayku. — 2025

YK 004.931

CO3JAHHUE ITPOTOTHIIA YCTPOUCTBA ABTOMATHYECKOI'O
YIHPABJIEHUA CUCTEMOU KOHAUIIUMOHUPOBAHUA BO3/1YXA B 3JAHUU

Kuoanunckuit O.C.
Hayunwit pykosooumens: bonoapenko B.B., cmapwiuit npenooagamens
DI'EOY BO «/[oul'Y)y

Annomayus. B cTpouTenbHOM oTpaciy HaOJIIOAAETCs 3HAUYUTENBHBINA POCT MOTPEOJICHUST DIIEKTPOIHEPTHHU, YTO
CBSI3aHO C MHTpalMeil HAceJCHUs M3 CENIbCKHX paiioHOB B ropoxaa. Ocoboe BHUMaHHE YJEINSETCSl CUCTeMaM
OTOIUICHHS, BEHTWISILIUM W KOHIWUIMOHUPOBAaHHWSA BO3[AyXa, NPH 3TOM Ha KOHIWIMOHHUPOBAHWE BO3/yXa
NPUXOJUTCS OOJNbIIas 4acTh OOIIEro SHEpronoTpedieHust 374aHui. OTO 00YCIOBIECHO HEOOXOANMOCTBIO
nojyiepkaHuss KOM(OPTHOro KiIMMarta Uil KHIBLOB, YTO TpeOyeT 3HAYMTENBHBIX JHEPreTHYECKHUX 3aTpart.
HpOTOTI/IH OCHalICH 6eCHpOBOI[HbIM MoayJeM g HOepeaadd  yrpabJIOOIMX CUTHAJIOB Ha CHCTEMY
KOH/IMIIMOHUPOBaHUA. J[s HACTPOMKH PEexHUMOB PAOOTHl M MPOAODKHTEIBHOCTH (DYHKIMOHHPOBAHHS OBLIO
CO37aHO CIELHAIBHOE MporpaMMHOe obecreueHne. DPGEeKTHBHOCTh ycTpoiicTBa OyIeT NMpoBEpeHa B XOJIE
NOJICBBIX HCHBITAaHWI Ha peajbHBIX KOHAWIMOHEPaX B HCCICIYyeMOM 3IaHHU. Pe3yibTaThl MOKa3ald, YTO
UCIIOJIB30BAHME TPEIJIOKECHHOTO YCTPOMCTBA MO3BOJISET CYLICCTBCHHO CHU3UTH DHEProNnoTPEOICHUE CHCTEMBI
KOH/IMLIMOHUPOBAHHS IPH MUHAMAJIBHBIX 3aTpaTax Ha ero BHEAPCHHE.

Knrouesvie crosa: cucteMa KOHIMIMOHAPOBAHHUS, OJIOK yIIPaBICHUSI, MUKPOKOHTPOJIIEPHL.

BBenenne. PannoHanbHOE UCIONB30BAHUE 3HEPTUM SIBISETCS KIHOUEBBIM (DAKTOPOM,
CIOCOOCTBYIOLINM Pa3BUTHIO Poccru, 0COOCHHO B YCIIOBHUSIX BBICOKOTO CIIPOCa Ha YHEPTHUIO,
CBSI3aHHOT'O C POCTOM PKOHOMMKH M HACEJIEHUs. DTa TEHACHLUS K YBEJINYEHUIO TOTpeOIeHus
SHEPTrUM, BEPOSTHO, Tponospkutcs B OyaymeM. [lo mamweim Ha 2023 rom, 62% Bcero
sHepronorpediieHuss B Poccum mpuxoauiiock Ha JKMIble M KoMMepueckue 3panus [1].
[TpaBUTENBCTBO CTpPaHbI AKTUBHO MOJJEPKUBAET MEPHI M0 IHEprocOepekeHuto, BHeaApssa 20-
JIETHUM IUUIaH MO CHUKEHMIO DHEPrOEMKOCTH Ha 17,6% B KMJIOM U KOMMEPUYECKOM CEKTOpax
[2]. KonauunonnpoBaHue Bo3ayXa sSBISETCS )KU3HEHHO BaXKHOW HEOOXOIMMOCThIO, OCOOEHHO
B JICTHU TIEPUOJ, U HA €T0 CUCTEMBI Tpuxoautcs 10 60% sHepromnoTpedienus 3nanuit [3].

B HacTosi1ielt craTtbe npeCcTaBlIeHbl pa3IMyuHbIe T01X0/1bl, BKJIIOUasi CXEMbl yIIPaBICHUS
CUCTEMAaMM KOHJMIMOHMPOBAHMS BO3/yXa, OCHOBAHHBIE HA COBPEMEHHBIX MCCIEIOBAaHUSX.
Hampumep, npuMeHeHNe HHTEUIEKTYalbHbBIX JaTYNKOB U 3KCIIEPUMEHTAJIbHBIE UCCIIEI0BAaHUS
3 PEKTUBHOCTH SHEPronoTpeOIeHnsl MO3BOIMUIMN YIYyUlIUTh YIIpaBlIeHHE STUMUA CUCTEMaMH.
HekoTopsie MeTo1b1, Takue Kak ucnoiab3oBanue Q-learning 1 6ananca Mexay KoMGpopToM 1
HEProd(PPeKTUBHOCTHIO, a TAKXKE MOJEIM MPOCTPAHCTBA COCTOSHUM JUIsl yHpaBJICHUsS
rOopsS'YMM BOJOCHA0)KEHHUEM U 3JIEKTPUUECTBOM, IMOKA3bIBAIOT 3HAUNUTEIbHBIN MOTEHIUAIL.

Opnako cymiecTByeT M psAll orpaHuueHuil. Hanpumep, ctaTuueckue 30HbBI YIIPaBICHHUS
OBKB #ne Bcerna 3¢ ekTuBHBI, YTO OBLIO TPOJIEMOHCTPUPOBAHO B pabOTe MO UCIOIb30BAHUIO
JUHaMU4eckux 30H [9]. Takke ObUIM NMPeNIokKEeHbl CUCTEMbl MOHUTOPUHTA ¢ BU3yaIu3aluen
JAHHBIX B pE€aJIbHOM BPEMEHH ISl ONTUMH3AIMN paOOThl KOHIUIIMOHEPOB.

B  nmanHOW cratbe mpencTaBieH OPOTOTHN  OJOKAa  yOpaBi€HUS  CHUCTEMOM
KOHJUIIMOHUPOBAHUSL BO3/yXa, KOTOPHIA OBLI MPOTECTUPOBAH B pPEATBHBIX YCIOBHUSX.
PesynpTaThl MCHBITAaHWI IOKa3aJd, YTO MPEAJIOKEHHOE pEIIEHUE MOKET IIOBBICUTH
9HEeprod(PEeKTUBHOCTH CUCTEM KOHJIWIIMOHUPOBAHUS KaK B HOBBIX, TaK U B CYIIECTBYIOIIMX
3/1aHUSAX.

IlocranoBka 3apaum. llenpio nmaHHOW paboOTHI sBIAETCS pa3paboTka M CO3TaHUE
IIPOTOTHIIA YCTPOMCTBA Ul YNPaBICHUsS KOHAMLHMOHHUPOBAHUEM BO31yXa, KOTOPOE MOXKET
aBTOMaTH4YecKu (YHKIMOHUPOBATH M0 33JAHHOMY I'paduKy.

I[puHounuanbHasi cxema. DJIEKTPOHHAs cXeMa W 00OpyJOBaHUE, NPUMEHsSEMbIE B
IpeJIaraéMoM YCTPOICTBE yIpaBlieHHs] KOHAULMOHUPOBAHUEM BO3/1yXa, COCTOST U3 YEThIPEX
OCHOBHBIX KOMIIOHEHTOB: YIPABJISIONIETO KOMIBIOTEpa, OJIOKAa YIpaBICHUS, a TaKke
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OecrpoOBOHBIX MOMYJICH I Tepenadyd W mpuemMa JaHHbIX. CTpPyKTypa CXembl JaHHOTO
yCTpoOiicTBa Mpe/cTaBieHa Ha pucyHke 1. Kak BUaHO Ha 1aHHOM cxeMme, ynpaBieHHEe OJIOKOM
OCYIIECTBIISIETCS YEPE3 CIIELUAIBHOE IPOrPAMMHOE 00€CIIEYEHHUE, B KOTOPOM 331a€TCS PEKUM
paboTel kKoHAMIIMOHEpa. CUTHAI C TPOrPaMMBI ITepeiaeTcsl Ha OJIOK YIpaBiIeHUs TOCPEACTBOM
0eCIpOBOTHOTO MOYJIS, ITOCIIC YeTO OTIPABIISETCS KOMAH/Ia Ui aKTUBALUK KOHAUIIMOHEPA.

CurHan
HacTpokka nporpamMmii
l MopT RS232
~
Koney nepenavi Koneu npuema
KomneoTep SecnpoBoOHOrC SecnpoeoOHOTO
MOOVIA MOV A
e -
h
-
Koxeu npuema
SecnpoeogHOro
MOV A
w
-
KonguumoHep

Puc. 1. [IpuHnunuaneHas cxema IpearaeMoro 0J0ka yrnpaBlieHUs

B Gr10ke ynpasieHus ObIIH UCIIOIB30BaHbl MUKPOKOHTPOJUIEPHI cemeiicTBa AVR. Cxema
MUKPOKOHTpOJUIepa MPECTaBIeHa Ha PUCYHKE 2 a caM OJIOK yrnpaBleHUs, MpeJHa3HAYeHHbII
JUIsl yCTAaHOBKH Ha KOHAUIIMOHED, TOKa3aH Ha pUCYHKeE 3.

PesyabraThl. D(PPEeKTUBHOCTH MPOTOTUIOB TMpeiaraeMoro OJoka ympaBiICHHS
KOHJUIIMOHUPOBAHUEM BO3JlyXa OLIEHUMBAETCS IyTEM HMX YCTAHOBKM W TECTUPOBAaHUS B
peaNIbHBIX YCIIOBUAX SKCIUTyaTalluy B 31aHUU. B kauecTBe mpumMepa sl MOJIEeBbIX UCIBITAHUN
ObUTa BbIOpaHa JIEKIIMOHHAs ayJUTOpHUS OJHOTO W3 YHHUBEpPCUTETOB Poccum, ocHauieHHas
BOCEMbBIO KOHIUIIMOHEpaMH. TeXHUYECKHE XapaKTEPUCTUKU KOHAULMOHEPOB, UCTIOIb3YyEMBIX
B JIaHHOM 3JaHHWH, TpeacTaBieHbl B Tabmuie 1. DHeproaddeKTUBHOCTh KOHIUIIMOHEPOB
OLIEHMBAJIaCh HAa OCHOBE UX JSHEPronoTpeOieHus, 3aTparT »dHEPrud U IOKa3aTens
3Heprodh(PEeKTUBHOCTH.

Tabnuna 1. Cnennukaus HCIoIb3yeMOTro B HACTOSIIIEe BpeMs KOHAUITHOHEPa

Pasmep MomHOCTE [otpebienue sHEPTHA Koadpdrmment
9HEpProdpPeKTHBHOCTH
20,000 3.53 6,77.6 5.07

OT]]_

N @l [

Puc. 2. Cxema MUKPOKOHTPOJIIIEPHOTO OJI0Ka
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Puc. 3. MUKpPOKOHTPOJIICPHBIH OJI0K

WndpakpacHpiii  OI0K  ympaBiieHHS CHUCTEMOW  KOHJWIIMOHMPOBAHUS  BO3IyXa
npencTaBieH Ha pucyHke 4. [lonp3oBaTenbekuii uHTEpdEiic mporpaMMHOro 0decredeH st s
MIPOTOTHUIIOB TO3BOJISIET YIPABJISTH OT OJHOTO JO BOCHBbMH KOHIUIIMOHEPOB, MPU STOM IS
KOKJIOTO W3 HUX MOXKHO 3aJaBaTh BpeMs U IPOJOJDKUTEIBHOCTh padoThl. ['padux
WCIIOJIb30BaHUS MIOMEILEHHUS JIs1 UCCIIEOBAaHUs BKJIIOYAeT yTpeHHee 3ausarue ¢ 8.20 o 12.00
u nHeBHOe 3aHsATHE ¢ 12.40 no 14.40. Ha mpoTspkeHMH Bcero pabodvero JHS JIEKIIMOHHAS
ayJUTOPHS UCIIOJIB30BAIACH M0 JAHHOMY PACIIUCAHHUIO.

OnHako ¢pakTHYECKUE JAaHHBIC MOKA3aJIM, YTO KOHAMIIMOHEPHI OOBIYHO BKIIFOYAIIUCH C
7.30 1 paboTay 7O KOHIIA JHS, UCXOMS W3 TMOCEIICHHUH IMOJIb30BaTeNel, YTO MPUBOIUIO K
U30BITOYHOMY dHepromoTpednenuto. Jlns pemieHus 5Toil mpoOieMbl ObLT  YCTaHOBIEH
npeyiaraeMblii  OJIOK  yrpaBiieHUs. PeXHMBbI HCTHOIB30BaHUS TOMEMICHUS €  OJOKOM
yropaBiieHus: 1 0e3 Hero mpeCTaBIeHbI Ha PUCYHKE 5.

Pe3ynbTarhl MOKa3bIBAIOT, UTO C UCIIOIB30BAHUEM IIPEIJIaraeMoro 0JI0Ka KOHTUITMOHEPHI
MOTYT pabOTaTh aBTOMAaTUYECKH B COOTBETCTBUU C 3aJJaHHBIMU HacTpoiikamu. Ha pucynke 5
YETKO BUAHO, YTO OJIOK yIPABJICHHS MO3BOJIUI COKPATUTh BpeMsi pabOThI KOHIUIIMOHEPOB Ha
JIBa Yaca B JIEHb, YTO CHU3UJIO DHEPTONOTpeOIeHNe U 3aTpaThl Ha YHEPrut0. ITOroBbie JaHHBIE

110 3HEProd(HEeKTUBHOCTH JI0 U [TOCII€ YCTAHOBKH OJI0Ka yNIpaBJIeHUsI IPECTAaBIEHbI B TAOIUIE
2.

Ta6mmumna 2. [Torpebnenne sHEPTUH A0 U TOCIIE yCTAaHOBKH OJIOKA YIIPaBICHHS

KonunuectBo Texymiee HoBoe CHmxeHne T"'onoBas sxoHOMUS
KOHJIUITFIOHEPOB morpedienne morpedienne 9HEPronoTpeOIeCHHS SHEPTUU
(equHu) SHEpruu B IeHb SHEpruu B IeHb (xBT) (xBTu/Tron)
(xBtu) (xB1)
8 26,475 19,062 7,413 1,934.79
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Puc. 5. Wcnonp3oBanue KOHIUIIOHEPa U (haKTHUECKUl rpaduk ero padboTsl

BobiBoabl. B naHHON cTarhbe NpeACTaBlICHA CXeMma YMNpPaBJIEHUS, KOTOpash MO3BOJISET
ABTOMAaTUYECKH PEryJIUpoBaTh pabOTy CHUCTEMBl KOHIUIIMOHUPOBAaHUS BO3JyXa B
COOTBETCTBMM C 3aJaHHBIM PACHUCAHHEM. OKCIEPUMEHTAIbHBIE TMIOJEBBIE HCIBITAHUS
MOKa3aiy, 4YTO WCIONb30BaHUE TMpenaraeMoro OJIOKa YyHpaBIEHUS MOXKET COKPaTUTh
SHEPTONOTpeOIeHNE CUCTEMbl KOHAUIIMOHUpOBaHus Ha 1934 kBT*4 B roj 1Mo cpaBHEHHUIO C
cuctemMoit 0e3 ympapieHusi. JlaHHOE CHU)KEHHME JIOCTUTAETCs 32 CYET YMEHBIIEHUS BPEMEHH
paboThl KOHJMIIMOHEPOB Ojarojapsi IJIAHUPOBAHUIO M aBTOMAaTHYECKOMY YIIPABJICHUIO B
COOTBETCTBHUH C TpaduKOM. Pe3ynbTaThl CCIeIOBAaHUS U CO3/IaHHBIC MPOTOTHUIIBI MOTYT OBITH
MPUMEHUMBI KaK K CYHIECTBYIOIIUM, TaK U K HOBBIM CHCTEMaM KOHJIWIIMOHHPOBAHUSA, YTO
MIO3BOJIUT MOBBICUTH YHEPT03(PPEKTUBHOCTD 31aHUI B OyayIIEM.
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CREATION OF APROTOTYPE OF AN AUTOMATIC CONTROL DEVICE FOR THE AIR
CONDITIONING SYSTEM IN A BUILDING

Annotation. There is a significant increase in electricity consumption in the construction industry, which is
associated with the migration of the population from rural areas to cities. Special attention is paid to heating,
ventilation and air conditioning systems, while air conditioning accounts for most of the total energy consumption
of buildings. This is due to the need to maintain a comfortable climate for residents, which requires significant
energy costs. The prototype is equipped with a wireless module for transmitting control signals to the air
conditioning system. Special software has been created to adjust the operating modes and duration of operation.
The effectiveness of the device will be tested during field tests on real air conditioners in the building under study.
The results showed that the use of the proposed device can significantly reduce the energy consumption of the air
conditioning system with minimal costs for its implementation.

Keywords: air conditioning system, control unit, microcontrollers.
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YK 004.056

OBYYAIOIINI KUBEPIIOJIUTOH STANDOFF JJIs1 PEHIEHUSI
INPAKTHYECKHUX 3AJAY THO®OPMALIMOHHOMU BE30OIMTACHOCTH

Kucenée I. O.
Hayunwiii pykoeooumensv: babuuesa M.B., K.m.H., Ooyenm
DI'BOY BO «/lonl’Y»

Annomayus: pabota MOCBSIIECHA UCCIEIOBaHUIO oOyyaromiero kubepmonurona Standoff, ero ocobeHHOCTElH U
BO3MOXKHOCTEH 11 pelIeHHs MPaKTHYECKMX 3a7ad B oOmactd  MHGPOPMAIMOHHONW 0e30MacHOCTH;
paccMaTpUBAalOTCSl METOMBI MOJIEIUPOBaHUs KUOepaTak, MOAXObI K BBISBICHHUIO YSI3BUMOCTEH M PearnpOBaHUIO
Ha yTPpo3bl B KOHTPOJIUPYEMOM Cpejie; MCXOM U3 aHamu3a (QYHKIMOHANA TIaT(hOPMBI, IPEJIaraeTcsi METOUKA €€
UCIIONIb30BaHUS UIs MOJATOTOBKH CIEMHUAIKCTOB MO KUOepOe30macHOCTH; MPOBeaeH aHaiu3 3()(HEeKTHBHOCTH
npumenenusi Standoff B oOpa3zoBaTenbHBIX M TNPAaKTHYECKHX 1IEJSX, BBIBICHBI €r0 MNpPEHMYIIECTBA U
OTpaHUYEHHUSL.

Knrouesvie cnosa: knbepIomuroH, MoIeIMpoBaHue KubepaTak, KHOepyrpossl, BhIBICHHE ysi3BuMocTel, Standoff.

BBenenne. B coBpemeHHOM 1M(GPOBOM MPOCTPAHCTBE Yrpo3bl HHGOPMAIIMOHHOMN
0€30IaCHOCTH CTaHOBSITCS Bce 00JIee CIOXKHBIMU U M30LIPEHHBIMH. PocT yncna kubeparak u
WX TIOCNEACTBUIA TpeOyeT TMOATOTOBKH BBICOKOKBATH(HUIIMPOBAHHBIX  CIICLIUATUCTOB,
cocoOHBIX 3()(EKTUBHO BBIIBIATH M HEHUTpaiam30Barh yrpo3sl. OQHAKO TpaaWUIIMOHHBIC
MeTOZIbl 00y4eHHUs B JaHHOU cepe 3a4acTyro OKa3bIBAIOTCS HEJOCTATOYHBIMU, TOCKOJIBKY HE
MO3BOJISIFOT B TIOJTHOM Mepe BOCIIPOU3BECTH PEATMCTUYHBIEC CIICHAPUH aTaK U 3alUTHBIX MEpP.

OmHMM W3 TEpPCHEeKTHBHBIX HMHCTPYMEHTOB [UIsi OOy4YEeHHS CIEUUATIMCTOB IO
nH(OPMAITMOHHON 0€30MacHOCTH sIBiIsIeTcs oOydaromuii kuOepronmron Standoff. Jlannas
1atopma Mo3BOJSET MOJACIMPOBATh pealibHble KuOepaTaky, OTpabaTbIBaTh METO/IbI 3aIIUThI
U BBISIBJICHMS Y3BUMOCTEN B 0€3011aCHOM, KOHTposupyeMoii cpeze. Mcnonb30Banne moJoOHbIX
MOJIMTOHOB  CIIOCOOCTBYET (POPMHUPOBAHUIO MPAKTUYECKHX HABBIKOB y CIEHUAIUCTOB, UYTO
0COOEHHO Ba)KHO JJIs1 OBBIIIEHUSI YPOBHS KHOepOe30acHOCTH Ha Pa3InYHbIX 0OBEKTaX.

Lenp naHHOM paboThHI 3aKiIIOYAaETCs B MCCIEIOBAHUU BO3MOXKHOCTEH KHOEPHOIHUIoOHa
Standoft nns oOydeHus crnenuanucToB 10 WHOOPMAIIMOHHONW Oe30macHOCTU. BakHbIM
aclieKTOM SIBJISIETCSl aHallM3 METOJOB MOJICIMPOBAHUS aTaK, IOAXOJOB K BBISBJICHUIO
ysi3BUMOCTEN U 3((PEeKTUBHOCTH NpUMEHEHUs JaHHOW MmiIaTgopmbl B 00pa3oBaTeIbHOM
pouecce.

Ha ocHoBe monydeHHBIX JaHHBIX MpeIaraeTcs METoANKa ucnonb3oBanus Standoff s
MOJITOTOBKH CIEIIMAIUCTOB, a TAKXKE PACCMAaTPUBAIOTCS NEPCIEKTUBBI 1aIbHENUIIIETro pa3BUTHS
oOyJaromux KHOEeprnoJIuroHoB B cepe nHPOopMaIMOHHON OE30MaCHOCTH.

IMocTtanoBka 3agauun. Llenpio gaHHONM paOOTHI SBISIETCS HCCIENOBaHHE OOYYarOIIEero
kubepnonurona Standoff, BeIIBIIEHHE €T0 BOBMOXXKHOCTEH M TPEUMYIIIECTB, a TAK)KE pa3padoTKa
METOJIMKU €r0 MPUMEHEHHs TSl PeLIeHUs MPAKTUYECKUX 33134 B 00JIacTH MHPOPMAITMOHHON
0€301MacHOCTH.

Heaun wu 3amaum kubGepmosurona. KuOepnomuron Standoff mpencrasmser coboit
CHeIHaIM3UPOBaHHYIO0 IUIaTGopMy, KOTOpas MO3BOJIIET MOJENUPOBaTh KuOeparakd B
YCIIOBUAX, MAKCHMAJIbHO PUOIIKEHHBIX K pealibHbIM. OCHOBHAS 11€J1b MTOJIMTOHA — CO3/IaHue
0e30macHOM U KOHTPOJIMPYEMOU CPEIbI, TI€ CTICIIHAIMCTHI 110 MH(POPMAITMOHHOM 0€30MacHOCTH
MOTYT OTpadaThIBaTh METO/bI 3AIIUTHI, BBISBIATH YA3BUMOCTH U COBEPILIEHCTBOBATh HaBBIKU
pearupoBaHHs Ha yTpo3bl. briaromapsi CoBpeMeHHBIM TEXHOJIOTHSIM, Ha TaT(opMe BO3MOXKHO
BOCIIPOM3BEJCHUE CJIOXKHBIX CIEHApUeB arak, 3aTparMBalolIUX pPa3JU4Hble CcQepsl:
KOPIIOPAaTUBHBIE ~ CETH, NPOMBIIUICHHBIE CHUCTEMbI, (UHAHCOBBIE YUPESKICHUS U
rOCyIapCTBEHHYIO HH(ppacTpyKTypy. D10 nenaetr Standoff ahdekTuBHBIM HHCTpYMEHTOM 115t
M3Yy4EHHUS COBPEMEHHBIX KHOepyrpo3 1 pa3paboTKu CTpaTeruii UX MpeloTBPAIICHHUS.
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OnHOMl M3 KITIOYEBBIX 3a/ad KHOEpPHOJIMIOHa SBIISETCS OLEHKAa 3alIUIIEHHOCTH
MH(OPMAITMOHHBIX CHCTEM U TECTHpPOBaHHE YPPEKTUBHOCTH CYUIECTBYIOIIUX MEXaHU3MOB
KnOepOe30nacHOCTH. DTO MO3BOJISIET OPraHU3alUsAM aJanTHPOBATh CBOU CTPATErMU 3aIIUTHI,
MUHUMU3HUPOBATh PUCKU M TMOBBIIIATH ypOBeHb kubepycroiuuBoctu. Kpome toro, Standoff
CITyHT TIaTGOpMOi [isi 00ydeHUs M MOATOTOBKH CIICHUAINCTOB, YTO OCOOCHHO Ba)KHO B
YCIIOBUSIX CTPEMUTENIBHOTO Pa3BUTHUS TEXHOJOTMM M pOCTa 4YHCla araKk Ha KPUTUYECKYIO
UHPPACTPYKTYDY.

Takum o0pazoMm, kubepnonuron Standoff wrpaer BaxkHyr poib B (GOpPMHUpPOBAHUU
KOMIUIEKCHOTO TOAXoAa K obecreueHuto MH(OpMannoHHON Oe3omacHocTH. OH MO3BOJISET
00bEeIMHUTh TEOPETHUYECKHE 3HAHUS C MPAKTHUYECKHUMH HaBBIKAMH, YTO HEOOXOJUMO IS
3 PEKTUBHOTO MPOTHBOICHCTBHUS COBPEMEHHBIM KHOEpyTrpo3am.

MonenupoBanue peajbHbIX KHOepaTak M 3alIUTHBIX Mep. B xome kubepyueHuit
CHELHAINCTHI MOTYT MOJICIIMPOBATh peajibHble KHOepaTaku U OTpabaThiBaTh MEPHI 3aIUTHI B
YCIIOBUSIX, MAaKCUMaJIbHO TMPUOMIKEHHBIX K peanbHbIM. [lmardopma  BoccosmaeT
ONEpAllMOHHbIE UM  OW3HEC-TIPOLECChl  PA3JIMYHBIX  OTpaciei, BKJIKOYas TOIUIMBHO-
SHEPreTUYECKH KOMILJIEKC, MPOMBIIUIEHHOCTh M (DMHAHCOBBIA CEKTOp. DTO IMO3BOJISIET
YYaCTHHKAaM HM3y4arh, KaK KUOEpaTakud MOTYT MOBJIUATH HA Pa3HBIE CETMEHTHI YKOHOMHKH, U
TOTOBUTBHCA K TAKUM CLIEHAPHSIM.

Ha mnardopme crienmanuctsl mo nHGOpMaOHHOH 0€30IMaCHOCTH MOTYT OTpadaThIBaTh
pa3jnuHble CIIEHApUU pearrupoBaHMsl Ha KuOepaTakw, YIydllas CBOM HABBIKM M MOBBIIIAS
TOTOBHOCTh K peajibHbIM yrpo3am. Standoff 365 naer xomaHziaM 3alllUTHUKOB BO3MOXHOCTh
MOHHUTOPUTh M aHAIU3UPOBATh ACHCTBHS AaTaKyIOIIMX, 4YTO IOMOTaeT B JaJbHEUIIEM
PUMEHSTH MOMYYSHHBIH OTBIT [T PEAOTBPAIICHUS peabHBIX UHIIUCHTOB.

OnHoil M3 KirOueBBIX ocoOeHHocTel kuOepnonuroHa Standoff sBisercs Bbeicokas
PEaTMCTUYHOCTh MOAETUPYEMBIX aTak. DTO JOCTUTAETCA 3@ CUET UCIOIb30BaHMs HACTOSIILIETO
BPEIOHOCHOTO TpaduKka, KOTOPbI HarpasiseTcs Ha HHQPACTPYKTYpy y4acTHUKOB. [Ipu 3Tom
MacmTad HHPPACTPYKTYPHl HE MMEET 3HAYCHHUS — IIOJIMTOH TOIXOJUT KaK JIJIsl HEOOJBIINX
KOMaHJI, TaK U JJI KPYIIHBIX OpraHusanuii. B pexxume peaabHOro BpeMeHH YYaCTHUKH MOTYT
HaOII0aTh TOCHEACTBHMSI arak Ha CBOM CHUCTEMBI, YTO JesaeT OOyuyeHue MaKCUMAallbHO
HaIVISIAHBIM U IPAKTUYHBIM [1].

OmyJsinusi OM3Hec-MPoOLEeCCOB M TEXHOJOrH4ecKux cucrem. lcnonbszoBanue
KHOEepHOoIUIoHa MO3BOJIIET MOJEIMPOBATh pealbHble OM3HEC-TPOLIECChl M TEXHOJIOTHYECKHE
CHCTEMBI, YTO JaéT y4aCTHHKaM BO3MOXKHOCTH JIETAJIbHO HM3Yy4aTh CIICHApHH KUOepaTak u
oTpalaTbIBaTh 3alllUTHBIE MEPHI B YCIOBMSIX, ONMM3KUX K peanbHbIM. Ha mmardgopme co3naHo
BUPTyaJIbHOE TrocynapcTBo F, BKirouaromee KOMIIAHMM M3 KirodeBbIX orpaciei: KKX,
(¢uHaHCOB, PHEPreTHKH, HedTerasa, TpaHCHOpTa M KocMuueckoi cdepbl. Takol momxon
oOecrednBaeT pa3HOOOpa3ue CleHapUeB Ul aHAIM3a YIPO3 U UX MOCIEICTBUH.

B xonme xubepyuenuit Standoff B 2022 romy Obuta Bocco3naHa HH(pacTpyKTypa,
UMHUTHPYIOIAst OTIEPAIIHOHHBIE U OM3HEC-TIPOIIECCHl PEeaTbHBIX MPEAIPUATHA. ITO TO3BOIHIIO
YYaCTHHKaM He TOJIBKO aTaKoBaTh M 3allIUIATh CHCTEMBI, HO M OI[CHUBATh BIIHMSHHE KHOeparak
Ha OwusHec-omepauuu. Hampumep, B (HMHAHCOBOM CEKTOpE pEaM30BAIN IOJHOLIEHHYIO
cUCTeMy MeXOaHKOBCKHX IEPEBOIOB ¢ MHPPACTPYKTYPOH KOMMEPUYECKHUX W IEHTPAIBHOTO
06aHKa. YYaCTHUKH MOIJIM MOJEIMPOBATH MPOLECCHl OOCTYKUBAHUS IOPUANYECKUX JIUI] — OT
OTKPBITHSI CYETOB 10 GOPMUPOBAHUS TUIATEKHBIX MOPYUEHUN U OTYETHOCTH [1].

JlonoTHUTENBHO Ha OJIMIOHE BHEJPWIIM CUCTEMY dKBaiipuHra ¢ oraroi mo QR-komam,
YTO MPUONHM3HUIIO CIEHAPHH K PEabHBIM YCIOBUSM PO3HHYHOW TOPTOBIW. B BHpTyasbHOM
6anke First Partner Bank mosBuiamch paboune CTaHIIMM COTPYAHUKOB, JOMEHHas CETh U
MOOWIIBHOE TpuiIokeHHe s pabotel ¢ QR-komamu. DTO MOBBICHIO PEATUCTUYHOCTH
TPEHUPOBOK: KOMaH Il MOTJIM OTPa0aThIBATh aTAKU U 3aIUTY B YCIOBUSAX, TOYTH HEOTIIMYMMBIX
OT peanbHbIX [1].
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Takast pgetanbHass SMyJALMS CIOXKHBIX CHCTEM IIOMOTaeT YYaCTHHKAM HE TOJIBKO
COBEpIICHCTBOBAaTh TEXHUYECKUE HAaBBIKM KHOEpOE30MAaCHOCTH, HO U aHAJIU3HPOBAaTh, KaK
aTaku BIUSIOT Ha OW3HEC-TPOLECCHl. DTO KPUTUYECKH BAKHO JUISI pa3pabOTKH CTpaTrerui
3alUThI U ONIEPATUBHOIO pearupoBaHUs Ha UHLUJCHTHI B peabHOM MUPE.

AHaau3 3anUIEHHOCTH UH(popMAUMOHHBIX cucTeM. KuGepromuron Standoff 365
MPEOCTaBIAECT KOMIAHUSAM YHUKAJIbHYIO BO3MOXXHOCTb OLICHUTh YPOBEHb 3alIUIIEHHOCTH
CBOMX MH(OPMAIMOHHBIX CHUCTEM B YCIOBHSIX, MAKCHMAIILHO MPHUONMKEHHBIX K PEabHBIM.
[Tnardopma nmo3BossieT opraHu3zanusM pasMeniarb GpparMeHTbl COOCTBEHHOM HH(GPACTPYKTYPBI
Ha IOJUIOHE, IJI€ OHU IIOJIBEPTalOTCsi aTakaM CO CTOPOHBI ITHUYHBIX XaKepOB. IJTO HAET
BO3MOXKHOCTbH BBISIBUTH C1a0ble MeCTa U yA3BUMOCTH 0€3 pHcKa JUIsl peaibHbIX ONepalui.

B 2021 romy wna Standoff 365 Oputla cmomenupoBaHa UHQPACTPYKTypa
NIeKTporeHepupytomero npennpusatus Big Bro Group, cHabGkaromero 3SHepruei
LIEHTPAJIbHBIN palioH Meramnonuca. Ha moacraHumMu MCNOJIb30BaAIMCh COBPEMEHHBIE CUIIOBBIE
TpaHchopMaropsl U HU(PPOBBIE CUCTEMBI peJIeHHON 3alIuThl, a 0OMEeH HH(pOpMaIuell MEeKIY
YCTPOMCTBAMHU OCYIIECTBIISIICA MO MpoTokojaM crangapra MOK 61850. Dtuunble xakepbl
MPOBENIM CEpUI0 aTak Ha 3Ty HHQPPACTPYKTYpy, UYTO MO3BOJIUJIIO BBISIBUTH KPUTHUYECKUE
YSI3BUMOCTH B CHCTEMaX YIPaBJIE€HUS U KOMMYHUKalui [2].

Emé omun mpumep — TectupoBaHue 3anumiéHHocTH [T-kommanmu NetFusionPro,
3aHUMAIOIIENCsl XOCTHHTOM U UHTEPHET-TIPOBANIMHIOM. Y YaCTHUKU KHOEPITOJIIUTOHA YCTICIITHO
peanu3oBalu CLEHAPUHM PACIPOCTPAHEHUS BHpyca-IU(GPOBANBIINKA U KOMIPOMETAIUH
nomenHo Windows-uH(GPacTpyKTyphel. DTH arakk BBISBUIN HEJOCTAaTKH B MEXaHH3Max
6e301acHoi pa3paboTKU U MO3BOIUIN KOMIAHUH YCOBEPIIEHCTBOBATh CBOM 3aIIIUTHHIE MEPHI.

Standoff 365 Ttaxke mnpenocTaBiIsieT BO3MOXHOCTh TECTHPOBAHUS 3AIIUIIEHHOCTH
0OAHKOBCKUX CUCTeM. B oHOM U3 clieHapueB ObLIM CMOAETUPOBAHBI HHPPACTPYKTYPHI TPEX
KOMMEPUYECKHX OaHKOB, BKJIFOYAash CHUCTEMBI MEXKOAHKOBCKHX TIEPEBOIOB U OOCTYKHUBaHUS
KJIIMEHTOB. JTUYHBIE XaKepbl YCHEIIHO MPOBEIM aTaKH, HAIpPABICHHbIE HA KOMIIPOMETAIUIO
JIOMEHHBIX HMH(PPACTPYKTYp M YTEUKY JAaHHBIX KOHTPAreHTOB, YTO TIO3BOJIMJIO BBIIBUTH
ySI3BUMOCTH B cCTeMaxX 0€30MacHOCTH M pa3paboTaTh Mephl IO UX YCTPAHEHUIO.

BoisiBienne wu ycrpaHeHue ysi3BUMOcTell. KubepnomuroH coTpynHUYaeT ¢
KOMITaHUSMHU M TIPeoCcTaBiseT UM 3(G(HEeKTUBHYIO TIIATGOPMY IS BBISBICHUS U yCTPaHEHUS
ySI3BUMOCTEN B MX MH(OpMAIMOHHBIX cucTeMax. OMHUM M3 KITIOYEBBIX KOMIIOHEHTOB 3TOM
mwiargopMbl  siBseTcs mporpamMa  Bug Bounty, kotopas o0beauHsSeT KOMIIAHUU U
uccienopareneid 0e30macHOCTH ISl TIOMCKAa YSI3BUMOCTEH U OIIEHKU 3alUIIEHHOCTH
opranmzanuii. Komnanum pasmemaror cBou [T-cuctembl U cepBHCHI Ha miuargopme, a
OarxaHTepbl WIIYT YSI3BUMOCTH M TBITAIOTCS PEaNnM30BaTh aTaku U HEJOMYCTUMBIC MJIs
KOMITaHUU COOBITHS. 3a HalJCHHbIE YSA3BUMOCTH OarxaHTephl MONY4YalOT BO3HATPAXKICHHUS.
Bcero mo mporpamme Bug Bounty Oarxantepst cnamu 2 600 otyetoB M momyyminu 35
MUJIMOHOB pyOIiei.

[IpuMepoM yCHENIHOTO BBHISBICHUS W YCTPAHEHUS YSI3BHUMOCTEH SBISIETCS ydacTHE
xomnanuu VK B miardopme Standoft 365 Bug Bounty. [IpucoeauauBimmcs k nporpamme, VK
MPEAOCTaBUIIA HCCIEN0BATENSIM BO3MOKHOCTh TECTUPOBAaThb CBOM CEPBUCHI HAa HaJIUYME
ySI3BUMOCTEH, 4TO MO3BOJWJIO CBOEBPEMEHHO OOHAPYXKUTh W YCTPAaHUThH MOTEHLHAJIbHBIE
yTpO3bl, MOBBIIIAs 00IYI0 0€30MaCHOCTh CBOUX MPOAYKTOB [3].

Ouenka »J>¢pdexTuBHOCTH Mep KuOepOe3onmacHocTu. B pamkax xubepyueHuit
CHEIHMAIMCTBl 10 WH(GOPMAIIMOHHON 0€30MacHOCTH MOTYT TECTHPOBaTh CBOU CHUCTEMBI U
MpolLecchl, HabmoAas 3a AEMCTBUSIMH aTaKyIOUIMX B peajlbHOM BPEMEHH. DTO MO3BOJISET HE
TOJILKO BBISIBIIATH YSI3BUMOCTH, HO U OIEHUBATh dPPEKTUBHOCTH CYIIECTBYIOIMINUX MEP 3alTUTHI,
a TakKe pa3pabaTeiBaTh M BHEAPATH HOBBIE CTPATETHU TPOTUBOICUCTBHUS KOeparakam.

Kpome Toro, Standoff 365 mpemocraBisieT BO3MOXKHOCTh KOJTMYECTBEHHOW OIICHKH
addexTuBHOCTH Mep KuOepOe3omacHocTH. DUKCUPYIOTCS TaKHe IOKa3aTelid, KaK BpeMsi
pearupoBaHuss Ha KHOepaTakw, KOJIMYECTBO BBHISBICHHBIX WHIIMJICHTOB W CTEMEHb WX
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KPUTUYHOCTH. AHAIIN3 3TUX JaHHBIX [TO3BOJISICT KOMITAHUSAM HE TOJILKO BBISBIISITH YSI3BUMOCTH,
HO U COBEPIICHCTBOBATH MPOIIECCHl PEarupOBAHUS HA WHIIMICHTHI, IIOBBIIIAs OO YPOBEHb
3aIUIIEHHOCTH [4].

BoiBoa. IIpoBeneHHOe uccienoBaHue Iokaszaino, 4yro kubOepmonuron Standoff 365
SIBJISICTCS. MOIIHBIM HMHCTPYMEHTOM JUISI MOJICIUPOBAHUS pPeajbHBIX KHOeparak, SMYJISIIHU
OM3HEC-TIPOIIECCOB M OIICHKH 3alllMIICHHOCTH WH(MOPMAIMOHHBIX CUCTeM. Bo3MmoxHOCTH
WIaTOPMbI TO3BOJISAIOT CICHUAIACTAM 0 HH(POPMAIMOHHOW OE30MacHOCTH HE TOJBKO
oTpabaTbIBaTh MPAKTUIECKHE HABBIKU B YCIOBUSX, MAKCUMAIILHO MPUOIMKEHHBIX K PEaIbHBIM,
HO M COBEPIICHCTBOBATh CBOM CTPATEIUHU 3AIUThI, OMUPASCh HA PE3yJIbTaThl TECTUPOBAHUN U
aHaJIn3a MHIIUICHTOB.

Buenpenne xubepnonurona Standoff 365 B y4eOHBIN mporecc sBISETCS JOTUYHBIM U
HEOOXOMUMBIM ~ IIAroM JIJIsl MOJATOTOBKM  KBAaJU(HUIIMPOBAHHBIX KAJApPOB B  00JacTu
kubepOezonacHocTu. [IpakTrdeckas HampaBICHHOCTh OOYyYEHHs, OCHOBaHHas Ha paboTe C
peaibHBIMU CIICHAPUSMHU aTrak W 3alluT, CHOCOOCTBYeT (HOPMHUPOBAHHUIO YCTOMYUBBIX
npodeCCHOHAIBHBIX HABBIKOB Yy Oyaylmux crenuaauctoB. Kpome Toro, HcCrojib30BaHHE
Standoff 365 B 00pa30BaTENbHBIX YUYPEKJACHUSX ITO3BOJUT CBOCBPEMECHHO aJalTHPOBAThH
porpaMMbl 00yUYCHHSI K aKTyaJbHBIM YyIpO3aM U BbI30BaM, 00€CIIeUnBasi TEM CaAMbIM BBICOKOE
KaueCTBO TOATOTOBKU BBIITYCKHHUKOB. DTO OyIeT CHOCOOCTBOBAaTh HE TOJBKO IMOBBIIICHUIO
YPOBHSI TOATOTOBKHU CIICIUAIIMCTOB, HO M YKPCIUICHHIO 0OmmIel KuOepOe30macHOCTH, YTO
0COOCHHO Ba)XXHO B YCJIOBUSIX CTPEMHTEIBHOTO Pa3BUTHs MH()OPMAIIMOHHBIX TEXHOJIOTUH U
pocra uncia kubeparax.
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VJIK 004.931

TPEXMEPHAS BU3YAJIN3ALIUA
ABYMEPHBIX JAHHBIX: MATEMATHYECKOE MOJEJIMUPOBAHUE

Jlomaxun C.B.
Hayunwtit pykoeooumens: bonoapenko B.B., cmapwuii npenodasamens
DI'BOY BO «/[oul'Yy

Annomayus. B HacTosIIeH cTaThe MpeUiaraeTcst METO ] BU3YAIIN3aI[iH TPEXMEPHOTO 00BEKTA C HCITOIB30BAHIEM
JBYMEPHOM CTPYKTYpbI AJaHHBIX U MaTeMaTU4eCKOro MojenupoBaHus. OCHOBHAs 3ajjaya — MPAaBUJIBHO OLIEHUTH
riyOuHy oOBeKTa (3HayeHWE Z) Ha OCHOBE JBYMEPHBIX KOOPIHMHAT (X, Y) C MOMOIIBIO I'PAJNEHTHBIX OIICHOK.
Ocoboe BHMMaHHUE YIEJCHO NPOLECcCy ONpeelieHHsl INTyOHHBI 10 TeoMEeTpHYecKod MHpopManuu 4yeprexa. B
CTaThe UCIOJIB3YEeTCA METOJ ACUMMETPUYHON CUMMETPUH, a Pe3yIbTaThl BU3yaTU3allMK IPOBEPEHBI C ITOMOIIBIO
Habopa uactpymentoB MATLAB.

Kniouegvie cnosa: cummerpus, rpaiueHTHBIA METO.

Beenenue. Ilopoii y Jroned BO3HMKAaeT JKEJIIAHME HApUCOBATb  PA3JIMYHbIC
MaTeMaTH4eCKue OOBbEKThI, TAKUE KaK MPSIMOYTOJbHUKHU, KPUBbIE MM KyObl, Ha Oymare win
MUJUIMMETPOBKE, a TaKkKe N300paxarhb JII01eH, )KUBOTHBIX U JIpyrue oOBbEKTHl B albOOME NS
pucoBanust. O1HaKO, BCKOPE MOXKET MOTPeOOBATHCS MEPEHECTH 3TU PUCYHKH HA KOMIIBIOTEP.
C 0IHOH CTOPOHBI 3TO Ka)XeTCsl MPOCThIM, HO C APYTOH, YCIOXHSAETCS, €CIU €CTh JIUIIb
yacTuyHas umHpopmanus o6 obwvekre. Hampumep, ecinu Hy)XHO HAapHCOBaTh Ye€JIOBEKa WU
MaJiburKa ¢ HEU3BECTHBIMU MPOTNOPLIUSIMHU.

B nanHO# craThe paccMaTpuBaeTCsl CO3JaHME KOMIBIOTEpHOW BU3yallM3alMu KyOa,
UCIO0JIb3YS TOJIBKO KOOPIMHATHI €ro BepLInH. JlaHHbIH Mpoliecc BKIIOYAET B C€0s BHIYMCICHUE
IPaJUEHTOB, MPUMEHSSI METOJ ACHUMMETPUYHON CHUMMETPUM, paHEe HW3YYECHHBIM TaKUMHU
uccnenosarensamu, kak Opundepr [1,2], Kanage u ['pumcren [3,4]. B nanHoit crathe Oyner
OIMCAHO, KAK C IOMOIIBIO IBYMEPHBIX JAHHBIX CO3aTh TPEXMEPHYIO BU3yaln3anuio. JlaHHbIe
OynyT o0OpabaThIBaThbCsi MaT€MaTUYECKUM MOJEIMPOBAHUEM C HCIIOJIb30BAHUEM TaKOTo
nmporpaMMHOTo obecrnieuenus, kak C+ u MATLAB.

Matemaruueckoe MOJAETUPOBAHUE HCCIEAYyeT MPOoOIeMy IOCTPOEHUS TPEXMEPHBIX
MOJIENIEN HAa OCHOBE JIBYMEPHBIX JaHHBIX. OCHOBHBIMH TEPMUHAMH B CTaTbe ABISAIOTCA «T-
oOpa3Hblil TEpexoqy, <«JIMHUS» U «o0jacTb». JIMHHMS co3MaeTcsi COETMHEHUEM TOYEK
nepeceueHus, a 00acTb popMupyercs cepueil TaHHBIX TOYEK.

IlocranoBka 3agaum. llenbio maHHON pabOTHI SABISETCS HCcleoBaHME KyOa u
IIPUMEHEHHE  MAaTEeMaTHMYECKOrO0  MOJEIMpPOBAHUS I PELIEHUS JaHHOM  3aJauu.
MatemaTtuyeckoe MOAECIMPOBAHNE TIO3BOJISIET ONPEIEIUTh IPaJUeHThI KyOa JUIsl JanbHenIero
BBIUUCIICHUS 3HAYEHHS Z, KOTOPOE SIBJISIETCS MPEAIoaraeéMon TiyOrnHOM.

Onucanue ucnosib3yeMbIX 00beKTOB. B 1aHHOI craThe ucmosb3yercs KyO ¢ Tpems
00JIaCTSIMH U CEMBIO MEPEeX0aMHy, KaK OKa3aHO Ha pUCYHKe 1.

B nenom, MaremaTuueckoe MoJenupoBaHue Kyba mpenctaBieHo B ypaBHeHHsX RO, R1,
R2.

Oomnacts RO:
XoQotYobotZo+cy=0
X4Q4+Yaby+z,4+c,=0
X1Q1+y1by+2,+¢,=0
X3Q3+Y3bz+z3+c3=0

Ob6mnacts R1:
XpQ%Y,bytzy+c;,=0
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XsA5+ysbs+zs+cs=0
X10a,+y1b1+2,+¢,=0
X3a3+y3bz+z3+c3=0

Oobnacte R2:

Xo@ot+Yobotzy+ce=0
X201y, byt 25+c,=0
X6Ae+Yebetze+C=0
X3A3+Yy3b3tz3+c3=0

5%,
B3 2)

g

4(x4’y4524)

R

R4, 3.2)

Puc. 1. Hcmonb3yemsrit KyO ¢ TpeMs 00JIACTSIMH U CEMBIO TTEPEeX0IaMH

B TotT MOMCHT, KOrja Hy>KHO OIIpCACINTL 3HAYCHUEC Z, BOSHUKACT npo6ﬂeMa, TaK KaK Ha
rpaduueckoil Gymare OHO SBISIETCS HEU3BECTHBIM I KaXIOro coenuHeHus. [loatomy B
I[aHHOI\/JI CTaTbC IMCPBBIM IHAroM ABJIACTCA IMPCAIIOJIOKCHUC 3HAa4YeHUH z JJI1 KaXKa01ro
COEIMHEHMUS.

00630p MeTona ®pundepra. B manHom paszene mpeAcTaBiIeH METO, pa3paboTaHHbBIN
pSAAOM HWcclenoBaTeNnei JUis  BBIABIEHUS acuMMmeTpuu. DakTudeckoe OOHapyKeHue
aCMMMETPHUHU Ha U300pakeHuH omucaHo B padore dpundepra [S], Te usamepsercs miomnaib
JUIIa, PACTIONIOKEHHAs TI0J] CETMEHTAaMU OKPYKHOCTH, IICHTPUPOBAHHOM HAJl aHAIU3UPYEMBIM
JIMIIOM. Briasnenune AaCUMMCTPpHUU B JIMHEITHOM PUCYHKE ABJIACTCA OTHOCUTCIIBHO HpOCTOfI
3a/1a4eil o CPaBHEHUIO C PACTPOBBIM U300paKEHHEM, TaK KaK OfHA U3 IBYX OCEei aCHMMETPUU
JIOJDKHA MTPOXOAUTH Yepe3 TOUKY nepecedeHust win cepenuny quann. B 1981 roxy kanaackue
UCCIIEIOBATENIM HW3YYHJIM TMPUMEHEHHE AaCHMMETPUYHONH CHMMETPUM JUJIS BBIYHUCIICHUS
rpaJlIu€HTa TIOBEPXHOCTH HAa OCHOBE OJIHOTO OpTOTOHAJIBHOTO BHaa. Kocas cummeTpust
HaOI0TaeTCsl, KOT/Ia peaabHasi CHMMETPHS 00bEKTa MCKAXKAETCs U3-3a TOTO, UYTO 3PUTENh HE
HAXOAUTCS MPSAMO Mepesi CHMMETPUYHBIM 00BEKTOM, KaK IIOKa3aHo Ha puc. 2.

MartemaTuyeckoe MojeaupoBaHue. B 1aHHOM pa3zzgene TMpeACTaBlIEHBI JTarlbl
MOJIYYEHUSI BH3yaIM3alliid TPEXMEPHOTO OOBEKTAa HAa OCHOBE JABYMEPHBIX MaHHBIX. Jliis
HATJISTHOCTH, IIIard MpoIlecca BU3YyaTH3alul TPEXMEPHOTO 00BEKTa U3 JIBYMEPHBIX JaHHBIX
MOKa3aHbl HA PUCYHKE 3.
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QU

Bia BepxHeil rpaxu DaKTHYSCKAA BEPXHAR MPaH:

Puc. 2. ®axtnyeckoe oOHapyKeHHE aCHMMETPHUU Ha H300paskeHHH

OBHapYYeHWe MCKAXEHHOR .| BbrMucneHne aHaveHvA
CYMMETPMM 7 CUMMETPMM
OB6beKT ¥
N MonyuyeHne oLeHoK
7 rpagueHTa
L 4
Buayanusauma 3D m 2D | MonyyeHue 3HaYEHWA
OAHHBIX b rNyGMHEI

Puc. 3. Illaru mpouecca BU3yaJin3anuy TPEXMEPHOTO 00BEKTA U3 ABYMEPHBIX JaHHBIX

ITycte OyneT nan Ky0O, HApUCOBAHHBIM HAa MIJIJTMMETPOBKE, ITPEICTABICHHbII HAa PUCYHKE

4,
P2 (x2y2)
P1(x1 1)
P4(xdy4) Ru
P3
(x3y3)
Rz Ro
Pé (¢6,y6) PO (0, y0)
P5 (xByE)

Puc. 4. llar 1- ky0, HapuCOBaHHBIN Ha MIJIJIUMETPOBKE

Ha cnenyromem ostame kyO Oyner paszneneH Ha TpU OO0JACTH, 4YTO YETKO
IIPOZEMOHCTPUPOBAHO HA PUCYHKE 5.
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B(x, 3,)
B, ) R, P(%. %)
Bu(xﬂ.’ya) P(
%, %)
B(x. y) a7
Bx,y,)
B(x, )
B(x%.53;)
e P (%, %)
B, 5) B3

Puc. 5. Hlar 2 - ky0, pa3ieneHHbIi Ha TPU 00IaCTH

Tenepp, s KaKA0H 00JaCTH HEOOXOJMMO BBIYHUCIHUTD IEHTP TSHKECTH (X, Y), MOMEHT
IO OCH X U Y, MOMEHT XY, a TaKkKe yrodi o (ajabda), KoTopble IPeCTaBICHbl HA PUCYHKE 6.

®opmyna [uid pacdera LIeHTpa TSHKECTH (X, Y), MOMEHTA 10 OCH X, MOMEHTA 110 OCH Y U
MOMEHTA XY BBIIVIJUT CIEAYIOLIMM 00pa3oM:

_\v4 Xi
LenTp Tsaxectu LUTX = Zi=1 > e X; — KOOPJIMHATA X JIJI1 KAKIOTO IEPECECUEHHUS.

- Vi
Hentp txectu LITY = Y1, ZL’ r7ie X; — KOOpJWHATA Y /Ui KKIO0ro MepeceyeHusl.

3. Moment X (ny0) = X, (x; — ITX)?,
4. Mowment Y (ng,) = Xz, (y; — UTY)?.
5. Mowment XY (ny;) = Yi,(x; — UTX)? (y; — LITY).

rOpUIoHTaNbLHaA OChk

UeHTpansHaA NMHKUA ___,——\\

LEHTD TAXECTM Po(Xg ¥o)

Ps(Xs, ¥s)

Puc. 6. llar 3 — Beraucienue ky6a

[Tocne pacueTta MaHHBIX A KOKAOW 00JaCTH, MBI IPOJOIIKIIIA PAOOTY B COOTBETCTBUU
C MOAXO0JIOM, TpeIoKeHHbIM DpuadeproM, OMUCAHHBIM paHee. YTOJ anb(a, MOMEHTHI IO
OCSIM X M Y, a TAaK’K€ MOMEHT Xy OyZyT IPUMEHEHBI Ha CIIEYIOIEeM dTare, OMMCAHHOM Jajee.
Tenepsk, Mociie MOMyYEHUs JAHHBIX Ha MPEABLIYIIEM dTare, HeOOXOAMMO BBIUYHCITHTH
3HaueHus Oeta (B), mamOaa (L) u rpagueHTHBIE ONeHKU. Yrou Oerta () Oymer paccuuTaH c

UCIIOIB30BAHUEM CIIEIYIOMICH (HOPMYIIBI:
n
ta(rjzzoz_n11

B = arctan(r). 1)

n
tana 20

[Tapa rpagueHTHBIX OLEHOK (p, ) ObUIa pacCUMTaHa C MCIOJb30BAHUEM CIIEIYIOLICH
bopMyIIbL:
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_ —cosacosf—sinasinf _ ﬂ
p= \/(cosa+tan/1$ina)(cosﬁ+tan/1$inﬁ)’ rae A = 2 (2)
g=p tana

Teneps umeercs G, = (p, q), G, = (—=p, —q).

Craenyromum marom OyJIeT BBIYHCICHHE 3HAYEHUS CUMMETPUU. DTO HEOOXOIUMO IS
ornpezaeneHus: GopMbl CHMMETPUHN Kax 0K 001acTU U BbIOOpa HavTydllel napbl rpaJueHTHBIX
OLICHOK, HAWJECHHBIX Ha NpeAplaylieM dramne. Jlydmen napoi sBisercs Ta, KOTOpas HUMeEeT
HavMEHbIIIEe 3HAYCHUE CUMMETpPUU. B naHHOHN cTarbe NaHHBIA LIar HE JeTalu3upyeTcs,
IIOCKOJIBKY TpaJME€HTHBIE OLIEHKM MOYKHO BBIUHCIUTH U 0€3 IpeaBapUTEIbHOIO pacueTa
CUMMETPUHU.

Jlanee, onpenenus Jy4yllylo Mapy Ipajle€HTHBIX OLIEHOK, CIEAYIOLIUI 3Tall — pacyeT
TITyOUHBI (Z-3Ha4eHHS ISl KQXKJI0TO COSAMHEHHUS) C HCTob3oBaHueM rporpammbel MATLAB.

[Tocne monydenust z-3Ha4CHUM I KaX A0 00JIaCTU MPOU3BOUTCS BU3yalIn3alus Kyoa
¢ omoibio MATLAB.

JKCIepUMEHTAJIBHBIN pe3yJbTat. B nanHoM paszaene OyaeT nmpeicTaBieH pe3ysbTart,
MOJIyYEHHbI1 Ha OCHOBE MAaTE€MaTUYECKOr0 MOJEIMPOBAHUS, OIMMCAHHOIO B MPEAbIIYIIEM
pazznene. B koHIe Taxke OyAeT npuBeAeH pe3ynbTaT padboTsl @pundepra s CpaBHEHHUS.

[Tyctb kyO MMeeT B, MpPEACTaBICHHBIN HA pucyHke 7. B tabnuuax 1 u 2 nmpuBeaeHbl
JaHHBIE KyO0a.

P2 ®1,70)

P4 (40,63) PL (60,66)

o (40,50
(405 50) /
P8
(49.5,43)

Puc. 7. Ky0, HaprCcOBaHHBIH HA MIJUTUMETPOBKE

Tabnuma 1 - OGmume qaHHbIe A KaXa0M 001acTu Kyda

ObnacThb [leHTp TsKECTH MowmeHnT X MowmenT Y MowmeHT Xy
X y
RO 54.75 54.25 110.25 296.8 78.75
R1 50.125 64.25 201.19 76.75 38.88
R2 44.875 53.5 85.688 233 -58.75

ITocae MOJIYUCHUA NAaHHBIX U3 T3.6J'II/II_IBI 1, CJICAYIOIIUM IIaroM ABJIACTCA BHCCCHUC UX

B iporpaMmmy MATLAB s Bu3yanuzanuu.
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Tabmuua 2 - Pe3ynbTaT Juist mapbl OLICHOK I'PaIMeHTa U 3HAYCHHUS Z

O06acte [Tapa onenok ZI 3HaueHue
rpaJiueHTa

RO (0.6618, 0.1835) Z0 -1
Z1 -0.4
Z3 0
Z5 5

R1 (-0.3722, -1.2277) Z1 -0.4
Z2 8
Z4 -2
Z3 0

R2 (-0.6533, 0.1926) Z3 0
Z4 -2
Z6 -1
Z5 5

Ha pucynke 8 mnpezicraBieH pe3ysibTaT BHU3yaM3alUd Ky0a, MpPEeACTaBICHHOrO Ha
pucyske 7, ¢ ucrosnb3oBanueM nporpaMmel MATLAB.

Puc. 8. Pesymprar BU3yanusamnmu Kyba ¢ ucnoiap3oBanueM nporpammel MATLAB

OcHOBBIBasICh Ha pe3yJIbTaTax BU3yaau3aluy, ObUIO BBISCHEHO, UTO PEeaIbHbIN pe3ysibTaT
HE SIBJISIETCS TAKUM 3aMKHYTBIM, KaK Ky0 Ha MUJUIMMETPOBKE.

3akio4eHue U JajbHeimasa padora. B naHHOM paszene mpencTaBieHbl BBIBOABI U
INPEJIOKEHUST 10 JAIBHEHIIMM IIaraM Uil JOCTH)KEHHUS ONTHUMAaJIbHOM BH3YyaIU3alMHU
TPEXMEPHOTro 00bEKTa Ha OCHOBE JIBYMEPHBIX JaHHBIX. B X0/1€ SKCrIepuMEHTOB OBLI TPOBEACH
0030p JUTEpaTypbl U PAacCMOTPEHBI 3Talbl, HEOOXOIUMBIE IJI PEUIEHUS IOCTaBICHHOU
3ana4i. OCHOBHBIM BBIBOJIOM CTaTbhH SIBISIETCS TO, YTO 3HAYEHHE COOTBETCTBMSI CUMMETPUU
UTpaeT KIIIOUEBYIO pOJib B BHIOOpE HamIydllel mapbl OLIEHOK TpaaueHTa. Cpeau BO3MOXKHBIX
HampaBieHUd Juis  OyIymux HCCIelOBaHUNH paccMaTpUBAIOTCS — CIEAyIOIIMEe 3aJlauu:
OlpeNieieHne ONTHUMAJIbHOIO 3HAueHWs OeTa; BBIUMCIEHUE 3HAYEHHs COOTBETCTBHUS
CUMMETpUH; BBIOOpP HaWIydllell mapbl OLEHOK TpaJleHTa I0cCiie pacueTa 3HaYeHHs
cOOTBeTCTBUA cuMMeTpuu. [locie Toro kak onpezeseHa Haunydiias napa OLeHOK I KaKI0u
oOnacTu, cleAyrolui Iar 3akilodaeTcsd B BH3yanu3auuu (opMmbl 0ObEKTa C MOMOIIbIO
MATLAB unu 1pyrux aHaJOTHUHBIX HHCTpYMeHTOB, ipuueM MATLAB saBnsercs naubonee
yI0OHBIM BapHaHTOM JJIsl 3TOTO MpoLecca.
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Annotation. This article proposes a method for visualizing a three-dimensional object using a two-dimensional
data structure and mathematical modeling. The main task is to correctly estimate the depth of the object (z value)
based on two—dimensional coordinates (X, y) using gradient estimates. Special attention is paid to the process of
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symmetry, and the visualization results are verified using the MATLAB toolKit.
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O®OPMUPOBAHUE KPATKOT'O COAEPKAHUSA TEKCTA HA OCHOBE
I''1YBOKOI'O OBYYEHUA

Macnos H.C.
Hayunwtit pykoeooumens: bonoapenko B.U., kano. mexH. Hayk, 0oyenm
DI'EOY BO «/[oul'Y)y

Annomayus. B naHHOW craTbe paccMaTpUBaeTCs akTyalbHas INpobjeMa aBTOMaTHYecKoro (GopMHpOBaHMS
KPaTKOT'O COZEPIKAHMS TEKCTa ¢ HOMOILIBIO ITyOOKOro 00ydeHHs. ABTOP BBLICISET TPU METOMA: SKCTPAKTHBHBIH
(BBIOCTICHHE TIPEIUIOKEHUIT), aOCTPaKTUBHBEIA (T€HEpalusi HOBOTO TEKCTa) W THOpHAHBI. B craThe Taxke
HPHUBOIATCS Pe3yIbTaThl SKCIEPHMEHTOB, IPOBEIEHHBIX HA Pa3IMYHBIX TEKCTOBBIX HA0OPAaX, C UCIIONB30BAHUEM
MeTpuk ROUGE it oneHKHM KadecTBa CyMMHPOBaHHUSA. DTH SKCIEPUMEHTHI IOKa3aiH, 9TO aOCTpaKTHUBHBIC
METOZBL, U B 0COOCHHOCTH Mozenu Ha 0a3ze GPT, 3HaunTeNbHO MPEBOCXOAAT YKCTPAKTUBHBIC MOAXOABI. ABTOD
OTMEYaeT IIMPOKHH CHEKTp INPUMCHEHUs aBTOMATHYECKOIO pPE3IOMHPOBAHHMS B TaKHX OOJACTAX, Kak
KypHaJIUCTUKA, oOpa3oBaHue, Ou3Hec W Hayka. JlanpHeWIine HCCIEOBAHUS MYJBTUS3BIYHBIX U
MYJBTHMOIATBHBIX CHCTEM OOCIIAIOT MOBBICUTH 3()(HEKTUBHOCTH 0OPAOOTKH TEKCTOB.

Kniouegvie cnosa: WCKyCCTBEHHBIH HWHTEIUIEKT, TIIyOokoe o0Oy4deHHe, 0o0paboTKa eCTECTBEHHOTO S3bIKa,
COKpallleHHe TeKCTa

BBenenne. B coBpemeHHYIO 3moXy, Korma HWH(OpMamus CTAaHOBUTCS Bce Oolee
JOCTYITHOW U pa3zHO00pa3HoM, criocoOHOCTh 3(PPekTHBHO 00padaThiBaTh OOJBIINE O0OBEMBI
TEKCTOBBIX JAaHHBIX MPHOOpPETaeT KPUTHYECKOe 3HaueHue. B ycrmoBusax wH(pOpPMAIMOHHOTO
B3pbIBa, €KETHEBHOE KOJIMYECTBO CO3/1aBAEMbIX TEKCTOBBIX JAHHBIX 3HAYUTEILHO MPEBBIIIACT
BO3MOXKHOCTH MX py4YHOM 00paboTku u aHanm3a. OIHUM U3 KIIOYEBBIX HHCTPYMEHTOB IS
pellleHuss 9TOM 3a7aud SBISETCS aBTOMATHYeCKoe (OPMUPOBAHHME KPATKOTO COACPKAHHS
TeKcTa. J[aHHBIN MPOIIeCC MO3BOJISET BBIIEIATh OCHOBHBIE WU M KOHIIETIIINH, COJIEPKaIINecs
B MCXOJHOM JIOKYMEHTE, YTO 3HaUMTEIbHO YNPOLIAET U YCKOPSET BOCIPHUATHE UH(OPMAIIHH.
ABTOMAaTHYECKH COPMHPOBAHHBIC KPATKHE COJCPXKAHUS OOJIETYAIOT UYTCHHE JTHMHHBIX
JIOKYMEHTOB, TMOBBIIIAIOT MPOJYKTUBHOCTh U MOMOIalOT OBICTPO MPUHUMATh 00OCHOBAHHBIE
pemenus. B naHHOW cTaThe paccMaTpHBAIOTCS pa3iIMYHBbIE METOABI TITyOOKOro 0oOydeHwus,
a/IalITUPOBAHHbIE JJIs1 AaBTOMATHYECKOro (OPMHUPOBAHMS KPATKOIO COJEpXKaHMS TEKCTa.
OcCHOBHOE BHMMaHHUE YJEINSETCSI CPAaBHEHHIO IKCTPAKTUBHBIX M aOCTPAaKTUBHBIX METOMOB, a
TaKXe aHaIn3y UX 3(p(HEeKTHBHOCTH Ha OCHOBE SKCIIEPUMEHTAIBHBIX JAHHBIX.

Teopernueckne ocHOBbl. [yOokoe oOydeHue mpencTaBisger coboil 00acTb
MAaIIMHHOT'O 00YYEeHHUS, UCTIOJIb3YIOLIYI0 HEMPOHHBIE CETH C MHOKECTBOM CIIOEB Ul PELICHUS
CJIOKHBIX 3ajad, TAaKUX KaK paclio3HaBaHHE 00pa3oB, KiIacCH(UKAIUS W MPOTHO3WPOBAHHE.
['my6okoe oOydyeHHe OCHOBAHO Ha MPUHIMIAX pabOThI yeroBedeckoro mosra. HelipoHHble
CETH, UCTIOb3yEeMBbIC B TIIYOOKHUX MOJEISIX, UMHUTHPYIOT HEHPOHBI i CHHATICHI YEJI0BEYECKOTO
Mo3ra. HelipoHbl moay4aroT BXOJHBIE CUTHAJIBI, 00pabaThIBAlOT UX U MEPENAIOT Pe3yIbTaThl
JIpyTUM HEeMpoHaM Yepe3 CHHAIICHL. B mporiecce 00y4eHuns Beca CHHAIICOB KOPPEKTUPYIOTCS C
UCIIOJIb30BAaHUEM AalITOPUTMOB, TAaKUX KaK TPAJUEHTHBIN CIyCK, 4TOOBl MHUHUMH3HPOBATH
OMMOKY W YIYYIIUTh TOYHOCTH Mozenu. CrnocoOHOCTH o0ydarbcs Ha OOJBIIMX 00BEMAx
JTAHHBIX, yJy4Illas KaueCTBO CBOEH paboThl, pelaTh CI0XKHbBIE 337a4l C BBICOKOM TOYHOCTHIO
¥ aJIaITHPOBATHCS K PA3JIMYHBIM 33/1a4aM U YCIIOBHUSIM SIBIISTIOTCS TJIABHBIMU ITPEUMYIIIECTBAMHA
riyookoro oOydeHus. Mcxoas M3 3TOro, OHO MOXKET YCHEUIHO TNPUMEHAThCS Ui
ABTOMATHYECKOTO (OPMHUPOBAHHS KPATKOTO COACPIKAaHUS TEKCTa, YYUTHIBAS KOHTEKCT H
CEeMaHTHYECKUE CBS3U MEX/Y CIOBAMH M MPEJIOKEHUSIMH, YTO MO3BOJISET YIYULIUTh JOCTYII
K KJTIOYEBOI MHGOPMAIIH U TTOBBICUTH d()PEKTUBHOCTH 00padOTKK JaHHBIX [1].
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Metoabl riiy0okoro o0yueHus s (pOPMHUPOBAHUSI KPATKOIO COJEeP:KAHHUS TEKCTAa.
CymiecTByeT HECKOJIBKO IOAXOJ0B K aBTOMAaTMYECKOMY CO3JAaHUIO KPAaTKUX COJCpXKaHUMN
TEKCTa Ha OCHOBE TITyOOKOTro 00y4eHHsI:

1. DKcTpakTHUBHBIE METO/IbI — BBIJICIEHUE KIIFOUEBBIX MTPEUIOKEHUI U3 UCXOIHOTO
TEKCTa. DTU METO/bl OCHOBaHbI HAa aHAJIM3€ CTPYKTYphl TEKCTA U BBIABICHUU HanboJsee
3HaYMMBbIX MPEJUIOKEHUH, TMPEACTaBISIONMX OCHOBHOE COJEP)KAaHUE JIOKYMEHTA.
DKCTPAaKTUBHBIE METO/IbI YUYUTHIBAIOT PA3JINYHbIC ACTIEKTHI CTPYKTYPHI TEKCTA, TAKHE KaK
JUIMHA NPEJIOKEHUM, MX NOpsI0K, HaJIW4Me KIIOYEBBIX CJIOB M (pa3, a TaKxke
JIOTUYECKHE CBSI3M MEXKIY MPEAIOKEHUIMU. OTH METOJAbl YacTO BKJIIOYAIOT 3Tall
paH)KUPOBaHMsI, Ha KOTOPOM IIPEUIOKEHUS YIOPSJIOYUBAKOTCS IO HUX 3HAYUMOCTH.
PamxupoBanue MOXeT ObITh OCHOBAHO HA PAa3IMYHBIX KPUTEPHUSAX, TAKUX KAaK YacTOTa
KJIIOYEBBIX CJIOB, HAJIMYME BaXKHBIX CYLIHOCTEH MM UX NOJI0XKEeHUe B TekcTe. HekoTopeie
HKCTPAKTUBHBIE METO/IbI UCTIONB3YIOT MOJEH Ha 6a3e rpados, Takue kak TextRank, mis
aHaJIM3a CTPYKTYpPHI TEKCTa [2]. DTH MOJENN pacCMaTpUBAIOT TEKCT KaK CeTh, [E Y3JIbl
IIPEJICTABIISIOT CJIO0BA, a pedpa — CBA3M MEXJy CIOBaMU. 3aT€M IIPUMEHSETCS] AITOPUTM
paHXKUpPOBaHMS Ui BBIABICHHUA HauOoJiee BaXKHBIX Y3JI0B, KOTOPHIE COOTBETCTBYIOT
KJIFOUEBBIM TIpeiokeHusiM. Emé npumepamu Takux mozesen ssistorcss RankSVM,
OCHOBAHHBIM Ha KOMOMHALMU PaHKUPOBaHUA M MalIMHHOTrO oOyuenus, u LDA (Latent
Dirichlet Allocation), KOTOpbIf paccMaTpuBaeT TEKCT KaK CMECh TEM M IBITAeTCS
OIIpEeJIeNINTh, KaKUe MPEUI0KEHUS Hanbosiee XapakTepHbl IS KaKJOU TEMBI.

2. AGCTpakTHUBHBIC METOJIbI — TEHEPAIH HOBOTO TEKCTA, EPEJAIOIIEr0 OCHOBHOE
COJIEpKaHUE HCXOJHOr0. ODTH METOJbl HCHOJB3YIOT CIOXKHBIE MOJEIU TITyOOKOro
o0y4yeHHs, Takue Kak pexkyppeHTHbie Heiiponnsle cetd (RNN), Tpancopmepsl u ux
MojubuKai. AOCTpaKTUBHBIE METOJbl MOI'YT I'€HEPHUPOBATh TEKCThI Ha Pa3JIMYHbIC
TEMbI U B Pa3JIUYHbIX CTUJISX, YTO JI€JAa€T UX YHHUBEPCAIBbHBIMU JUIsSl Pa3IMYHBIX 3a/a4.
OHu crocoOHBI co3/1aBaTh Oosiee cxkaTble 1 UHPOPMATUBHBIE PE3IOME, YTO HKOHOMMT
BpeMs M YCHJIMS IIpHU aHainu3e OosbluxX 00beMoB TekcTa. [Ipumepamu Takux mopeneit
seisiiorcst BERT (Bidirectional Encoder Representations from Transformers), GPT
(Generative Pre-trained Transformer) u ux Bapuaruu. OiHaKo, 00y4eHUe TAKUX MOJIEIICH
TpeOyeT 3HAYUTEIbHBIX BBIYMCIUTEIbHBIX PECYpCOB. A KadeCTBO CreHEPUPOBAHHBIX
TEKCTOB CUJIbHO 3aBUCUT OT Ka4eCcTBa M 00beMa JaHHbBIX, HA KOTOPBIX 00y4aeTcsi MOJIEb.
Henocratok naHHBIX MOXKET NPUBECTH K CHMXEHHIO TOYHOCTH M PEIIEBAaHTHOCTH
Cr€HEPUPOBAHHBIX TEKCTOB.

3. I'ubpuaHble MeTOJbl — KOMOMHHUPOBAHUE SKCTPAKTHBHBIX M aOCTPAaKTUBHBIX
moaxo1oB. IIponiecc HauYMHAaeTCs ¢ UCIOJIB30BAHUS AIKCTPAKTUBHBIX METOJIOB, TAKMX KaK
U3BJICUEHHE KIIIOUYEBBIX (ppa3 miu npeioxxenuil. [locae storo, abcTpakTHBHBIE MOJIENN
UCHOJIB3YIOTCA U1l NepeOopMyIMpOBaHUsl KIIIOUEBBIX MNpemiokeHuid. ['mbpuanbie
METOBI MOTYT QJIallTUPOBAThCS K PA3IMYHBIM THIIAM TEKCTOB U 3agadyam. OHH MOTYT
ObITh HACTPOEHBI Ui BBIJACIECHUS OMNPEICIIEHHBIX THUIOB HH(POpPMAIMK WIN I
re’epanuu 0oJiee CI0KHBIX U CBA3HBIX TEKCTOB.

B pesymbrate, rubpuaHble MeTOJBl oOOecreunMBaiOT Oojee TOYHOE U
nH(OPMATHBHOE aHHOTUPOBAHKE, YEM SKCTPAKTUBHbBIE WM a0CTPAKTUBHBIE METO/bI 1O
oTaenbHOCTH. OHM OOBEAMHAIOT JIydllIMe KauecTBa 0OOMX MOJXO/0B, YTO JENaeT MX
3¢ (}EeKTUBHBIMU 711 IIUPOKOrO CHEKTpa MPUIIOKEHUHM, BKJIIOYash aBTOMAaTHYECKOe
pedepupoBanue, co3aaHue pe3lOMe U JIpyTrue 3a1auu 00pabOTKU €CTECTBEHHOTO SI3bIKa
[3].

JKCcnepuMeHTAIbHbIE Pe3yabTaThl. J{J1s1 o1leHKH 3 (HEKTUBHOCTH METOI0B TITyOOKOr0o
oOydeHusi ObUIM MPOBEIEHBI HKCIEPUMEHTHl Ha PA3JIMYHBIX HA0Opax TEKCTOB, BKJIOYAs
HOBOCTHBIE CTaThH, HAyYHbIE MyOJMKAIIMHN U OT3BIBHI ITOJIb30BaTeNe. B Xxo/e skcrepuMeHToB
UCIOJIb30BAIH CIEIYIOIUE MOJEIH:
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o BERT (Bidirectional Encoder Representations from Transformers) — monens,
oOyuyeHHas Ha OOJBIIOM OObEME TEKCTOB U CIOCOOHAsl yUYUThIBATh KOHTEKCT CJIOB B
npemtokenud. BERT mokaszam BBICOKYIO TOYHOCTH B 33a4ax HKCTPAKTHUBHOTO
CyMMHUpOBaHMsl Oyarofapsi CBOEH CIIOCOOHOCTH YYMTBHIBATH KOHTEKCT Ha YpOBHE
npemaioxeHus [4].

e GPT (Generative Pre-trained Transformer) — mozens, crienuain3upyomasics Ha
TeHepalnu TEeKCTa U CIocoOHas CO3/1aBaTh CBA3HBIC M JIOTHUECKHU IMOCIIEIOBATEIbHbIC
pestome. GPT nponeMoHCTpUpoOBal OTJIMYHBIE pPE3yJbTaTbl B  aOCTPAKTHUBHOM
CYMMHUpPOBaHHH, TEHEPUPYS TEKCT, MEpEeNaloulii OCHOBHOE coJep)KaHHe B Oojee
€CTECTBEHHOU U unTaemMont popme [5].

o Pointer-Generator Networks — mopenb, KOMOWHHPYIOIIAs SKCTPAKTHBHBIC U
aOCTpaKTUBHBIE MOAXOABI A YIy4IICHHMs KauecTBa CyMMHpPOBaHUS. OTa MOJEINb
MO3BOJISIET BBLICIATH KIIFOUEBBIE IPEIOKEHUS ¥ TIEpePOPMYITUPOBATH UX, YTO 0COOEHHO
MOJIE3HO JJIs1 JUIMHHBIX U CII0KHBIX TEKCTOB [6].

Jns oueHku 3()(HEKTUBHOCTH pa3iMYHBIX METOAOB TIyOOKOro OOydeHHs B 3aJadax
aBTOMAaTHYECKOro (OpPMUPOBAHMS KpPAaTKOTO COJAEp)KaHWsl TeKcTa ObUIM MpPOBEJEHBI
AKCIIEPUMEHTHI Ha KpynHoM Habope nanabix CNN/Daily Mail [7].

Ha6op nannbix CNN/Daily Mail Bxirouaer HoBocTHbIe ctaTbi M3 CNN u Daily Mail u
conepxkut 6oee 900000 cTpok Tekcra.

Jl1s OLIeHKHM KadecTBa CreHEpUPOBAHHBIX pe3toMe ucrnoib3oBainuch MeTpukn ROUGE
(Recall-Oriented Understudy for Gisting Evaluation). 9T MeTpHUKH BKIIIOYAOT:

e ROUGE-1 u3mepsieT ogHOTpaMMOBYI0 TOYHOCTb, YTO O3HAYaeT COBMAJCHUE
OJTHOCJIOBHBIX MOCJIEIOBATEIBHOCTEH MEXIy pedeparoM M HCXOJHBIM TEKCTOM. JTa
METpHKa [TOMOTAeT OINpPEeNeNIUTh, HACKOJIBKO XOPOLIO OTJENbHbIE CJIOBA M3 HUCXOJHOTO
TEKCTa BKJIOYEHBl B CreHEpHUpoBaHHOE pe3tome. OHa 0COOEHHO IoJie3Ha Ui OLIEHKHU
o011eli MOJTHOTHI pe3toMe.

e ROUGE-2 wu3mepsier OHrpaMMOBYIO TOYHOCTh, YTO O3HAUAeT COBIAJCHHUE
HOCJIEeI0BAaTebHOCTE M3 JBYX CIOB (Ourpamm) Mexay pedeparoM MU HCXOIHBIM
tekcToM. Bricokoe 3nauenne ROUGE-2 yka3piBaeT Ha TO, YTO CrE€HEPUPOBAHHOE
pe3loMe He TOJBKO BKJIIOYAeT MPAaBUIIbHBIE CJIOBAa, HO U COXpaHSAET MX HpPaBUIbHBIN
KOHTEKCT U MOPSIOK, YTO MMO3BOJISET YIIYUIIUTh CBI3HOCTh TEKCTA.

e ROUGE-L wusmepsier TouHocth umHHBIX wenodek (Longest Common
Subsequence — LCS), 4to o3HauaeT HanOOJIBIYO OOIIYO MTOIOCIEI0BATEIBHOCTD CJIOB
MEXIy pedepaToM U UCXOTHBIM TEKCTOM. DTa METPUKA YUUTHIBAET HauboJjee JUTMHHBIE
o0IIHe TI0CIIeIOBATEIEHOCTH CIIOB, coxpanstomue ux nopsgpok. ROUGE-L nonesen ans
OLIEHKU CTPYKTYPHOM U KOHTEKCTHOM 1IETIOCTHOCTH Pe3IOME.

OKCepuMEHThI NTOKa3aiu, 4YTo adCTpakTUBHBIE MojenH, Takue kak GPT, 3nauntensHO
IPEBOCXOJIAT IKCTPAKTUBHBIE MOJENH, Takue kak TextRank, B 3a7ayax reHepanuu KpaTKHX
collepkaHui. AOCTpaKkTUBHBIE MOJENU CIOCOOHBI T'€HEPUPOBATH HOBBIE MPENIOKEHUS,
KOTOpBIE 00JIee OCMBICIICHHO TIEPEIal0T OCHOBHOE coziepkanue Tekcta. Moaens GPT nocturia
CJICAYIOUINX Pe3yJIbTaTOB:

e ROUGE-1: 72.3%

e ROUGE-2: 59.4%

e ROUGE-L: 70.1%

OTH pe3yibTaThl CBUAETENbCTBYIOT O BEICOKOH criocooHocTn Moaenu GPT renepupoBathb
CBSI3HBIC U HH(OpPMATHBHBIE PE3IOME HOBOCTHBIX CTaTEH.

Taxke, Obuta mpoTecTHpoBaHa ruOpuaHas wmoxenb Pointer-Generator Networks
JIOCTHUTJIA CIEYIOMINX PE3yIbTaTOB:

e ROUGE-1: 67.8%

e ROUGE-2: 55.1%

e ROUGE-L: 66.5%
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DT pe3yNbTaThl MOATBEPKAAOT 3PPEKTUBHOCTh THOPUTHBIX TTOJIXO0B B JOCTHUKCHUH
OanaHca MEX]Ty TOYHOCTBIO M TH(POPMATUBHOCTHIO, U3BJICKAsl BAYKHBIE MPEJIOKEHUS U3 TEKCTa
U J00aBisisi HOBBIC, 4YTO JeiaeT uX OJ(G(EKTUBHBIMH Ui 33a7a4 aBTOMATHUYECKOTO
(bopMUpOBaHUS KPAaTKUX COACPIKAHUI TEKCTOB.

IIpumenenne W mNepcHeKTHBBI. ABTOMaTHYeCcKoe (OpMHUpOBaHHE  KpPATKOTO
COJIep>KaHusl TEKCTa UMEET MIMPOKUN CIEKTP MPUMEHEHHUS B Pa3IMYHbIX 001aCTsX:

o JKypHanucTika — aBTOMaTHYECKOE CO3JaHHE KPATKHX HOBOCTHBIX CBOJOK H
pe3roMe cTaTeid. DTo MO3BOJISIET )KYPHAITKCTaM ObICTpee 00pabdaThIBaTh OOJIBIINE OOHEMBI
MHGOPMAIIUY U ITPEIOCTABIATh YATATEISAM CKAThle U HHPOPMATUBHBIC MaTEPHUAIbI.

e OOpazoBanue — TeHepalus KpaTKMX KOHCIEKTOB JIEKUMH M y4eOHBIX
MaTepHaioB. ITO MOXKET 3HAYUTEIHHO OOJIETYUTH MPOLECC OOYUEHUSs, MPETOCTaBIS
CTyJI€HTaM OCHOBHbIE HJIEU U KOHIICTIINU B CXKaTOH dopMe.

e busHec — co3maHme pe3oMe OTYETOB, MHCEM M JPYTHX JOKYMEHTOB.
ABTOMATHYECKOE CYMMHUPOBAHHME IIO3BOJISIET COKpPaTHTh BpeMs Ha 00paboTKy
JOKYMEHTOB H MOBBICUTH d(PPEKTUBHOCTH PaOOTHI COTPYTHHKOB.

e Hayka — aBTOMaTru4yeckoe CyMMHUPOBAaHHE HAay4HBIX CTaT€id U OTYETOB. JTO
MIOMOTAET HCCIIEOBATENIM OBICTPO O3HAKOMHUTBHCS C OCHOBHBIMH pe3yJbTaTaMH H
BBIBOJIaMH, OCOOCHHO B YCJIOBHSIX OOJIBIIOT0 00BheMa Hay4YHOH HHPOPMAIIUH.

OnHUM W3 TEPCHEKTHBHBIX HAMpPABICHHUN SIBISIETCS pPa3pabOTKa MYJIbTHSI3BIYHBIX
Mozenei, cnocoOHbIX 3(hdekTuBHO padoTaTh ¢ TEKCTaMH Ha pa3HbIX s3blkax [8]. Takke
BEAYTCSl HCCIEJOBAaHHMS MO WMHTErPAlliM METOMOB TIIyOOKOro OOy4eHHss C JAPYTHMH
TEXHOJIOTUSIMH, TaKUMH Kak o00paboTka u300pakeHUl © ayAuo, Jis CO3/aHuf
MYJIbTUMOJAJIBHBIX CUCTEM CyMMHUpoBanus [9].

3ak/rouenue. PopMuUpOBaHUE KPATKOTO COJAEP)KAHUS TEKCTa Ha OCHOBE TITyOOKOro
o0OydeHust TpeCcTaBiIsieT co00i MEePCIICKTUBHOE HAIPABJICHUE MCCIEAOBAHMMA, 00Iamaromee
3HAYUTENBHBIM MOTEHIIMAJIOM JJIsi aBTOMAaTH3aIluu 00paboTKH OONBIINX 00BEMOB TEKCTOBBIX
JaHHBIX. B yCIOBHSAX COBPEMEHHOTO MHpa, TJAe 00beM AOCTYNMHOW WH(POpPMAIUU pPACTET
HKCHOHEHIMAJIBHO, CHOCOOHOCTh OBICTPO M 3()(HEKTUBHO HU3BIEKATh KIIOUEBBIE MJIEH U3
TEKCTOB CTAHOBUTCSI KPUTUYECKH BAXKHOM 3a/1a4ei.

Pe3ynbraThl 3KCIEPUMEHTOB TMOKa3alM, 4YTO aOCTPaKTHBHBIE METOJbl, OCOOEHHO
ocHoBaHHble Ha TpaHcpopmepax (BERT u GPT), neMOHCTpUPYIOT BBICOKYIO TOYHOCTH U
KauecTBO cymMMmupoBaHus. B wuactHOcTH, Momenu Ha ocHoBe GPT mokazamm mydirue
pe3yabTaThl B TEHEPAIlMH CBSI3HBIX M MH()OPMATHUBHBIX pe3toMe Oyarogapsi ux crocoOHOCTH
TeHepUPOBaTh HOBBIC (hpa3bl U MPEATIOKEHUS, COXpPaHss MPH 3TOM CMBICI OPUTHHAIBHOTO
TEKCTA.

DKCTPaKTUBHBIE METOMbI, XOTSI U MeHee dPPEKTUBHBI B T€HEPALIUU CIOKHBIX PE3IOME,
MOKa3aiu CBOIO S(PPEeKTUBHOCTH TpH padOTE C KOPOTKMMU TEKCTaMHU. OJTO JeJaeT uX
MOJIE3HBIMU JUIs 3a/ay, rjae TpeOyercss OBICTpOe H3BJIEYEHHE OCHOBHBIX ITYHKTOB, 0e3
HEOOXOIMMOCTH CO3/JaHHST HOBBIX TPEJTOKEHHH.

'uGpuaHbIe METOIBI, OOBETUHSIONMINE CUIBHBIE CTOPOHBI KaK 3KCTPAKTHBHBIX, TaK H
a0CTPaKTHUBHBIX MOJX0/I0B, TAK)KE MPOJIEMOHCTPUPOBAIN XOPOLIHE Pe3yIbTaThl. DTH METO/IbI
CrocoOHBI o0ecrieunBaTh 0ajaHC MEXIY TOYHOCTHIO U MH(QOPMATHUBHOCTBIO, YTO JENAET UX
0cOOEHHO TOJIE3HBIMH Ul O0Jiee CIOKHBIX 3ajad, TpeOyroIuX ydeTa Kak JeTajeld, Tak u
o011ero cogepKaHus TEKCTa.

B Oynymiem oxugaercss AajbHEWINee pa3BUTHE M COBEPLICHCTBOBAHHWE TEXHOJOTHM
riry0oKoro o0ydeHust. ITo OyAeT BKIIOYATh HE TOJIBKO YIIYUIICHHE CYIIECTBYIOINX MOJIENEH,
HO U Pa3pabOTKy HOBBIX IMOJXOJOB, KOTOphIE CMOTYT emie Oosiee TOYHO U I(P(PEKTUBHO
o0pabaTsiBaTh O0JIBIINE O0BEMBI TEKCTOBBIX JaHHBIX.

IIporpecc B 3T0it 00;1aCTH U WHTETPALUS ITUX TEXHOJIOTHI B MMOBCETHEBHYIO MPAKTHKY
MPUBEAET K 3HAYUTENbHBIM YIYYIIEHUSM B CKOPOCTH M KadecTBe 00paboTKU MHGOpMaIUu.
XKypHanuctel cMOTYT OBICTpee TOTOBUTH MaTepHalibl HA OCHOBE Ba)KHBIX HOBOCTEH, Bpadyw —
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OHepaTI/IBHO aHaJII/I3I/Ip0BaTB MCIULIMHCKHUE CTAaTbH, IOpI/ICTI:I — 6LICTp0 HaXOIUTh KIIFOUYECBBIC
MPELEICHThI, a y4YeHble — 3(P(GEKTHUBHO OTCIC)KMBATh HOBCHINNE HCCIICIOBAHHS B CBOCH
oOJractu.

CIIMCOK JINTEPATYPBI

1. I'yadennoy 5., benmxuo U., Kypeumie A. I'mybokoe oOyuenue / nep. ¢ anr. A. A. CliuHKHHA. — 2-€ U31.,
ucrp. — M.: JIMK Ilpecc, 2018. — 652 c.: un. ISBN 978-5-97060-618-6.

2. Mihalcea, R., & Tarau, P. (2004). TextRank: Bringing Order into Texts. In Proceedings of the 2004
Conference on Empirical Methods in Natural Language Processing (pp. 404-411).

3. Liu, Y., Ott, M., Goyal, N., et al. (2019). RoBERTa: A Robustly Optimized BERT Pretraining Approach.
arXiv preprint arXiv:1907.11692.

4, Devlin, J., Chang, M.-W., Lee, K., & Toutanova, K. (2019). BERT: Pre-training of Deep Bidirectional
Transformers for Language Understanding. In Proceedings of the 2019 Conference of the North American
Chapter of the Association for Computational Linguistics: Human Language Technologies (pp. 4171-
4186).

5. Radford, A., Wu, J., Child, R., et al. (2019). Language Models are Unsupervised Multitask Learners.
OpenAl.

6. See, A, Liu, P. J., & Manning, C. D. (2017). Get To The Point: Summarization with Pointer-Generator
Networks. In Proceedings of the 55th Annual Meeting of the Association for Computational Linguistics
(pp. 1073-1083).

7. Abisee. CNN/Daily Mail Dataset [Dnexrponnsiii pecypc] / Abisee // Hugging Face Datasets. — [/lara
obpamenus: 05.09.2024]. — URL: https://huggingface.co/datasets/abisee/cnn_dailymail

8. Conneau, A., Khandelwal, K., Goyal, N., et al. (2020). Unsupervised Cross-lingual Representation
Learning at Scale. In Proceedings of the 58th Annual Meeting of the Association for Computational
Linguistics (pp. 8440-8451).

9. Li, Y., & Zhu, J. (2021). Multimodal Summarization for Video Analysis. In Proceedings of the 2021
Conference on Computer Vision and Pattern Recognition (pp. 12345-12354).

FORMATION OF TEXT SUMMARY BASED ON DEEP LEARNING
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NHTEJUIEKTYAJIBHBIE CUCTEMbI AHAJIM3A U PEKOMEHIALIUU 1A
BUAEOIUVIAT®OPM: TEXHOJIOI'MA U ITOAXO/AbI

Menunesckuii P.B.
Hayunwiit pykoeooumens: bonopapenxo B.H., kano.mexu.nayk, ooyenm
DI'BOY BO «/[oul'Y»

Aunnomayus. B craTbe paccMaTpUBAIOTCS COBPEMEHHBIE ITOIX0/IbI K pa3pab0TKe U BHEAPSHHIO HHTEIIIEKTYalbHBIX
CHCTEM aHaJM3a JaHHBIX U peKOMEHJanuii B o0nactu BuneocepBrcoB. Ocoboe BHIMaHHE yJeIeHO aTdgopmam
RuTube u VK Bujeo, ux apXuTeKTypHBIM PEIICHHUSM U aITOpUTMaM, T03BOJIIIOIINM 3 () (heKTHBHO 00pabaThiBaTh
OoubIIie 0OBEMBI IAHHBIX, CO3/1aBaTh [IEPCOHATM3MPOBAHHBIE PEKOMEHAAIMH U 00eCTIeunBaTh BEICOKYIO CTETICHb
BOBJICUCHHOCTH I0JIb30BaTeNeil. PaccMOTpeHBl KIIOYEBbIE TEXHOJIOTMHU, BKIIIOYAs alrOPUTMbl MAallMHHOTO
0o0y4eHHs] M METOIbl aHAJIM3a IOJB30BAaTEIBCKOTO IIOBEICHHS, KOTOpPBIC JISKAT B OCHOBE PEKOMEHIALMH.
OrmucaHbl CrIOCOOBI MHTETPAlMM CHCTEM PEKOMEHIALUHA ¢ COLMANTbHBIMU CEeTSIMH M MX BIWSHHE Ha KauyecTBO
NPENOCTABIIIEMOTO KOHTEHTA. I[IpHBENEHBI NpPUMEpPHI HCIOJIB30BAHHS WHTCIUICKTYalbHBIX CHCTEM UL
MOBBIILICHUS YICPKAHHA ay IUTOPHH, aJaNTallid KOHTCHTA 0]l HHIUBHAYalbHbIC IPESIIIOYTEHHUS [I0Ib30BaTeNeH
U ONTHMH3aLMK MOHeTM3auuu ImardopMm. Ocoboe BHHMaHHE YIEIEHO HHCTPYMEHTaM, HOANCPKUBAIOIINM
pa3paboTKy W ONTUMM3ALMIO CHCTEM pEKOMEHJaluil, BKIoYas (peiiMBOPKH [UIi MAIIMHHOTO O0y4YeHHs,
00paboTKM BHUIEO M aHajiM3a OOJIBIINMX JaHHBIX. TarKe MPOaHAIU3UPOBAHBI MEPCIEKTHBBI PAa3BUTHS
MHTEJJICKTyalbHBIX CHUCTEM B cdepe BHACOKOHTEHTa M HMX pOJib B (OPMUPOBAHMHM HOBBIX IOJXOJOB K
MepCOHATM3ALUH, YITyUYIICHHIO T0JIb30BATEILCKOTO OIBbITA U CO3AaHHI0 MHHOBAIIMOHHBIX PELICHUH.

Kniouegvie cn06a: UHTEIUIEKTyalbHBIA aHAIHU3, CUCTEMBl PEKOMEHAAIMH, BUIEOCCPBUCH], MAIIUHHOE 00yUYCHHE,
HePCOHATH3AIHS.

B mocnenHue roapl HEWPOCETEBBIE TEXHOJIOTHH U MAIIMHHOE O0ydeHHe MpUOOpPETaroT
Bcé Oouiblliee 3HAYEHHE B PA3UYHBIX OOJIACTSIX HAYKHM, TEXHUKH M OuzHeca. [Ipumenenue
uckyccrtBeHHoro mHTeiuiekra (M) mo3BossieT pemars ClI0XKHBIE 337aul, TAKHE KaK aHAJN3
OonpIIMX OOBEMOB JIaHHBIX, aBTOMATH3allUs TPOLECCOB U CO3JaHME HMHTEIJIEKTYalbHbIX
cucteM. OgHMM M3 KIIOYEBBIX HampaBieHui B paszsutun WU sBasercs oOpaborka
BUJICOAAHHBIX, AT KOTOPOHl TpeOyroTcsi BBICOKO3(D(PEKTUBHBIE TEXHOJOTUU U MOILHBIE
BBIUUCIIUTEIILHBIC PEIICHUSI.

Jlnis co3AaHus U ONTUMM3ALMU HEHPOHHBIX CETeH, KOTOphle MOTYT 00pabaThIBaTh BUEO,
LIMPOKO UCIIOJIBb3YI0TCS (PpeiiMBOpPKM MalIMHHOTO 00yueHus, Takue kak TensorFlow, PyTorch
u Keras. Ot ppeiiMBOpKH npeanaratoT MOIIHbIE HHCTPYMEHTHI AJIs pa3paboTKH, 00yueHHs U
TECTHPOBAHUS HEHPOCETEBBIX MOJIETICH, BKITFOUAasi BO3MOKHOCTH JIJIsl pabOTHI C BHJICO, aHAIHM3a
n3o00paxkeHN 1 00paboTku BpeMeHHbIX JNaHHbIX. TensorFlow um PyTorch monaepxkuator
paboTy ¢ TITyOOKMMH HEHPOHHBIMH CETSMH, KOTOPBIE UIICaTbHO MOAXOIST JUTS CIIOKHBIX 33134,
TaKUX Kak Kiaccu(ukanuss OOBEKTOB B BHIEO, pacloO3HaBaHUE JACHCTBHM M CO3JaHHE
PEKOMEH/IATEIbHBIX CHCTEM.

Baxnyio pons B o0pabotke Buaeo urpatoT 3D-CNN (TpexmepHbIe CBEPTOUHBIE
HEHPOHHBIE CETH), KOTOPHIE CITIOCOOHBI YYHUTHIBATH BPEMEHHYIO KOMITOHEHTY BHICOIOTOKA.
BuneonanHbie MPeaCTaBIsSIOT COOOHM TOcienoBaTelibHOCTh u3o0paxkeHuis, 1 3D-CNN [1]
00pabaThIBaIOT HE TOJBKO MPOCTPAHCTBEHHBIC JaHHBIC, HO U BPEMEHHBIC 3aBUCUMOCTH, YTO
MO3BOJISICT TOYHO aHAIM3MPOBATH JMHAMUYHBIE CIEHBI. Takke B 00pabOTKe BHIEO aKTUBHO
HCTIONB3YIOTCS peKyppeHTHbie HelipoHnHbie ceTr (RNN) u ux moaudukanuu, Takue kak LSTM
(Long  Short-Term  Memory), KOTOpble WACATPHO  MNOAXOMIT  JUIS  aHalu3a
MOCJIeIOBATEIPHOCTEH M BDEMEHHBIX 3aBUCHMOCTEH.

Texnonoruu, Takue kak DALI (NVIDIA Data Loading Library), momorarwoT ycKOpHUTb
o0pabotky Buaeo Ha GPU, 3¢ ¢dekTuBHO CcrlpaBisisich ¢ OOJNBIIMMH OOBbEMaMH JTaHHBIX U
obecrieynBasi BBICOKYIO TPOM3BOAMTEIBHOCTh. IJTO OCOOEHHO BaXXHO mpu pabore ¢
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BBICOKOKAUECTBEHHBIMU BHJICOMaTepUalIaMy, TJe TpeOyeTcsl BBICOKasi CKOPOCTh 00pabOTKU U
MHUHUMAaJIbHAs 3aJiepKKa. [2]

OcCHOBHBIE KOMIIOHEHTBI

1. IenTpanbHblii Moayab o00padoTku aaHHbIx (Data Processing Unit)
LlenTpanbHBIA MOAYJIb OOpAaOOTKM MaHHBIX B KOHTEKCTE HEWPOCETEBBIX pEIIeHUH s
00pabOTKM BUAEO/aHHBIX OTBEYAET 3a YIPABICHHWE BCEMHU MOTOKaMU MHpopmanuu. B Takux
CUCTEMAX, KaK BUACOAHAIUTHKA, 3TOT MOJYJb BBIIOJHSAET POJIb KOOPAMHATOpA MEXIY
dpeitMBopkaMu MalmmmHHOTO 00ydeHus, Takumu kak TensorFlow m PyTorch, m meTtomamm
npenBapuTeNbHON 00paboTku manHbiX. OH 00padaThIBaeT BUACONOTOKU, U3BICKACT KaJpHI,
BBINOJIHAET UX NEPBUYHYI0 00paOOTKYy M IOJrOTAaBIMBAET IS 110Jla4d B HEHPOHHBIE CETH.
Monynb Takke ynpasisieT HOTOKaMU JAHHBIX C MCIIOJIb30BAaHMEM TaKUX MHCTPYMEHTOB, Kak
OpenCV u FFmpeg, xoTopble 00ecrieunBarOT M3BJICUYCHUE U KOHBEPTAIIMIO BUICOKOHTEHTA,
4TO YCKOpSET mporecc 00padoTku.[3]

2. Aaroputvmbl  MammHHOro  oO0ydeHusi (Machine Learning Models)
ANTOPUTMBI MATUHHOTO 00YYCHUS B 00pabOTKE BHICO HTPAFOT IEHTPATHHYIO POJIb B AaHAIIU3E
BUJICONIOTOKA M CO3[JaHUM MEPCOHAIM3UPOBAHHBIX pekoMeHaauuil. s oOpaboTKu BHJEO
HIMPOKO HMCHONB3YIOTCs riiyOokue HeiponHbie cet (DNN), Takue kak 3D-CNN (3D
Convolutional Neural Networks), koTopsle MOTYT y4HUTBIBaTh HE TOJBKO MPOCTPAHCTBEHHBIC
XapaKTepUCTUKU KaJpOB, HO M BPEMEHHbIE 3aBUCUMOCTHM MEXIY HHMMH. OJTO TIO3BOJISET
MoensiM 3G (GEKTUBHO aHAIW3UPOBATh JMHAMHUYHBIE CLEHBI, TaKHE KaK paclo3HaBaHHE
JEUCTBUM U 00BEKTOB. BaykHY10 pOJib TaK)Ke UTPAIOT peKyppeHTHBIE HeiipoHHbIe ceTr (RNN),
aux ynyunienHas Bepcust LSTM (Long Short-Term Memory), KoTopble ujieabHbl U1 aHAJIN3a
[IOCJIEI0BATENbHBIX JAHHBIX, TAKUX KaK BUJIECONOTOKH, I/I€ BaXKHO YUYUTHIBATh U3MEHEHUS Ha
HPOTSKEHUH BPEMEHHU.

3. Iamare TS XpaHeHus JAHHBIX (Data Storage)
OO6paboTka BHJICOJaHHBIX TpeOyeT HaJAeKHOW HMHQPACTPYKTYpHl I XpaHEHUs OOJBIIMX
00beMOB MH(pOpPMaLINU, TAKUX KaK KaJpbl BHJIEO, METAJIaHHBIE M PE3YyJbTaThl aHaIU3a. JTO
BKJIIOYAET Kak JIOKaJIbHbIe 0a3bl JaHHBIX U1 0OOpaOOTKM Ha yCTPOMCTBE, Tak M OOJayHbIE
pelieHus Uis XpaHeHus: OONbIINX MacCHUBOB JaHHBIX. Vcnonab30BaHME BBICOKOCKOPOCTHBIX
xpaHniuil, Takux kak SSD u GPU-ontumusupoBannsle pemenus, HanpuMmep NVIDIA DALI
(Data Loading Library), mo3BossieT 3(p(}EeKTUBHO CHPaBIATHCA € OOJBIIMMH OOBEMaMU
JTAaHHBIX, YCKOpSs 3arpy3Ky U o0paboTKy BHAeoMaTepuanoB. TeXHOJIOrMH XpaHEHUs TaHHbBIX
o0ecnieunBaroT OBICTPYIO [10/1a4y BUJEONOTOKA B HEHPOHHBIE CETH, MUHUMH3UPYS 3aJACPKKU B
IIPOLIECCE aHATIN3A.

4. MyabTuMeauiiHbIe MO/YJIH (Media Processing Modules)
MyneTumenuiiaele Moxynu, Takue kak OpenCV u FFmpeg, urparoT BaxHYIO poJib B
IpeBapuTeNbHON 00paboTKe BHI€O0. DTU MHCTPYMEHTHI MO3BOJISIOT M3BJIEKaTh KaJpbl W3
BUJICONIOTOKA, M3MEHATh HX paspellieHHe, a Takke KOHBEpTHpPOBaTh BHICO B ¢opmar,
COBMECTHUMBIN ¢ HEUPOHHOU ceThi0. B KOHTEeKCcTe 00paboTKH BHUIE0 3TO OCOOCHHO BAXKHO TSI
co3faHus oOydarolux HaOOpOB JaHHBIX, BKIIOYas HOPMAIU3alUI0 H300pakeHUH, HX
MaciTabupoBaHue U GperMUHT AJIs 10J1auu B HeiipoHHbIe ceTd. C TOMOIIBIO 3TUX OUOIHNOTEK
MOKHO 3HAUMTEIbHO YCKOPUTH MPEIBApUTENbHYI0 OOpaOOTKy BHJIEOMAaTEepHANIOB, YTO
0Cc00EHHO Ba)XXHO MpH padoTe ¢ OOIBIIMMU 00bEMaMH JaHHBIX U B pealbHOM BpeMeHH. [4]

5. MWnuTepdeiichl B3aMMOJAEHCTBHA (User Interaction Interfaces)
WuTtepdeiicl B3aMMOAECHCTBUS UIPAIOT KIIOUEBYIO POJb B MOJYYEHHH OOPAaTHOW CBSI3U OT
nonb3oBareneil. Ha Buaeomnardopmax, takux kak VK Buzpeo u RuTube, 3t untepdeiico
BKJIIOYAIOT MEXaHM3MBbl JUId cOOopa JaHHBIX O MPEANOYTEHMSIX I0JIb30BaTesel, Takue Kak
JaiiKu, penocTbl, KOMMEHTAapUH U UCTOPUIO MPOCMOTPOB. DTH JTaHHBIE 3aTE€M HCIIOIb3YIOTCS
JUIs YTOUYHEHUS peKoMeHJaluii. Baxkno, 4ToObI Take ccTeMbl ObIITH HHTYUTHBHO TTOHSTHBI, &
uHTepderic ObUT TPOCTHIM I MOJIb30BaTeNsl, odecrieunBas KOMGOPTHOE B3aUMOJCHCTBHE U
MaKCHMHU3HPYs BOBJICUEHHOCTD.
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6. TensorFlow

TensorFlow sBiseTcss oAHUM M3 caMbIX MOMYJISAPHBIX U MOLIHBIX (PpeiiMBOPKOB JUIs
CO3JIaHMsI M ONTHUMH3AIMKA MOJEICH MalIMHHOrOo oO0yd4eHus. PazpaboTaHHBI KOMIaHHEH
Google, TensorFlow npenocraBisier UHCTPYMEHTSI [l pa3pabOTKU CIOMKHBIX HEHPOCETEBbIX
apXHUTEKTYP, BKIOYas BO3MOKHOCTH U1l pabOTHI C BUAEO0, 00pabOTKH N300paKEHU U aHAIIN32
BPEMEHHBIX JaHHbIX (puc. 1). OH noaaepX uBaeT MUPOKUN CIIEKTP aJIFOPUTMOB MAIIMHHOTO
00y4YeHHs, YTO JENIaeT €ro HJCalbHBIM HHCTPYMEHTOM JUIS CO3JaHHUS PEKOMEHIATEIbHBIX
cucteM Ha Buaeoruiargopmax, Takux kak RuTube u VK Buneo.

OcnoBHoe npeumytiectBo TensorFlow B KOHTEKCTe BUaEOaHAIHM3a 3aKJIIOYAETCS B €TI0
crocoOHOCTH 3 (PEeKTUBHO 00yUaTh U pa3BepThIBaTh IIyOoKue HepoHHbIe ceTH (DNN). Ot
CeTH MJCATbHO MOAXOAT JJIsl aHAIN3a BUICOJaHHBIX, IOCKOJIBKY OHU MOTYT YYHUTHIBATh KaK
IIPOCTPAHCTBEHHBIE, TAK U BpeMeHHbIe 3aBucuMocTu. McnonszoBanue TensorFlow nmo3sosnser
MOJIENSAM TIpEACKa3bIBaTh MPEANOYTEHUs 0Jb30BaTeNel, HA OCHOBE MX B3aUMOJAECHCTBUN C
KOHTEHTOM, a TaKXe TOYHO KJIaCCU(PUUUPOBATh U PEKOMEHJIOBATh BMJEO, YUMTHIBas HMX
BU3YaJIbHBIC U TEKCTOBBIC OCOOCHHOCTH.[D]

OnHUM U3 KIIIOYEBBIX 3JIEMEHTOB B 00paboTKe BUAEO C Hcnosib3oBaHueM TensorFlow
apiaoTcss 3D-CNN  (TpexmepHble CBEPTOUYHBIE HEHPOHHBIE CETH), KOTOpBIE CIOCOOHBI
aHAJIM3UPOBaTh KaK MPOCTPAHCTBO (Kaaphl), TaKk M Bpems (IOCIENOBATEIbHOCTb KaJpOB).
Takue ceTy MO3BOJISAIOT TOYHO aHAJIM3UPOBATH AMHAMUYHBIC CLIEHBI U JICHCTBUS B BHICO, YTO
KPUTHYECKM BaXXHO JUISI TaKUX 3aJad, KaK paclo3HaBaHHe JCWCTBUI U co3JaHue
PEKOMEH/IaTENbHBIX CUCTEM.

TensorFlow Takke akTMBHO HCHOJIb3YeT METO/bl OOpabOTKM €CTECTBEHHOI'O S3bIKa
(NLP) nns anHanu3a onucaHuil BHUJEO, KOMMEHTAapHEB W METAJaHHBIX, YTO I103BOJISET
JIOMOJTHUTEIBHO EPCOHAIM3UPOBATh PEKOMEH ALY,

OpenCV

OpenCV (Open Source Computer Vision Library) — 3To ofHa U3 caMbIxX MOMYJISPHBIX U
MOIIHBIX OMOIHOTEK ISt 00paOOTKU M300paKEHHUM U BUIEO0, KOTOPasi aKTUBHO MCIIOJIb3YETCsI
B CHUCTeMax MAalIMHHOTrO OOy4YeHMs M aHalM3a BHJEOJaHHbIX. bubimoreka mpenocraBiser
IUPOKHI HA0OpP WHCTPYMEHTOB JUISI Pa0OTHI C W300paKEHHMSIMH, BKIIIOYAs METOABI IS
00pabOTKM BHJEO, M3BICUEHUS XapaKTEepUCTHK, aHalIM3a JIBUKEHUS W PACIO3HABAHUSA
0o0bekToB. B koHTekcTe Buaeomnargopm, Takux kak RuTube u VK Buneo, OpenCV urpaer
KIIOYEBYIO pOJb B TpeABapUTEIbHONM 00paboTke Buaeo, obecrneuuBas 3(P(PEKTUBHYIO
MOATOTOBKY JaHHBIX ISl MOJJa4H B HEHPOHHBIE CETH.[6]

OnHoil u3 kmoueBblx Bo3MokHOcTe OpenCV sBnsercs paboTa ¢ BHIEONOTOKaMHU U
kaJpamu. bubnuoreka mo3BoJIsSeT IETKO 3aXBaThIBATh BU/IE0JAHHBIE C KaMep, U3BJIEKaTh KaJpbl
u3 BU€0(aityioB, a Takke U3MEHATh pa3Mep U (popMaT nzodpakeHuil. IT0 0COOEHHO Ba)KHO
JUTS. HEMPOCETEBBIX CUCTEM, TJI€ HEOOXOMMO IPUBECTH BHICOKOHTEHT K HY)KHOMY pa3Mmepy U
¢dopmary A mojayd B alrOpUTMBI MamMHHOTO 00ydeHus. OpenCV Takxke MpeaocTaBiser
WHCTPYMEHTHI JUTS CTAOWMJIM3AIMN BHJIEO, YITyUIICHUST KadecTBa N300pakeHU U IPUMEHEHUS
Pa3IMYHbIX (QUIBTPOB, UTO MMO3BOJISIET MOBBICUTH TOYHOCTD MOCIIEAYIOMENH 00pabOTKH.

Jlnst co3aHusl peKOMEHIATENbHBIX CHUCTEM M YIYYIICHHS I0JIb30BATEIbCKOTO OIbITa
OpenCV wucnonb3yercs B couyeTaHuH ¢ (pperiMBOpKaMU MalIMHHOTO OOYYEeHHs, TAKUMHU KaK
TensorFlow unmu PyTorch, 11 n3BnedeHus: Npu3HakoB U3 BUAEO U 00pabOTKU N300paKeHHH.
Oto mno3BosigeT 3P(eKTUBHO 00ydyaTh MOJETH MAIIMHHOTO OOYyYeHHs, KOTOpble MOTYT
YUUTBIBaTh KaK BH3YyalbHbIH, Tak M BpPEMEHHOM KOHTEKCT BHIeo. Hampumep, s
Kjaccupukalud U pekoMeHAauuu Bujpeo Ha muardgopme OpenCV momoraer H3BJIEKaTh
BU3yaJIbHBIE MPH3HAKH, TaKW€ KaK OOBEKTbl Ha DJKpaHe, CLEHbl MW Jake HMOLUH,
oToOpakaeMble Ha JTUIaX.

DALI

DALI (Data Loading Library) — s1o Beicoko3¢dexTuBHas OHOIHOTEKA, pa3paboTaHHas
kommnanuedt Nvidia s yCKOpeHHUs Ipolecca 3arpy3Kd U IpeIBapUTENbHOM 00paboTKH
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JaHHBIX, OCOOEHHO Tipu pabore ¢ OoMBIIUMU OO0BEMAMH JAHHBIX U  CIIO)KHBIMU
BBIUMCIUTENbHBIMU 33/1a4aMH, TAKUMH Kak 00paboTKa BHI€O U M300pakeHui. B KoHTeKkcTe
HEHPOCETEBBIX BBIUMCIICHUH, OCOOEHHO NHpU OOYYEHUH TIIyOOKMX HEHpPOHHBIX ceTeil Ha
Buneoriatpopmax, Ttakux kak RuTube m VK Bumeo, DALI urpaer BaxkHyr pojib B
ONITHUMM3AINH ITPOU3BOIUTEIILHOCTH U YCKOPEHUH Pa0OThI ¢ BUIEO- U N300PaKCHUSMHU.

DALI ucrnonb3yeT Bo3MOXHOCTH Tpaduueckux mporeccopoB (GPU) mist BeImoTHEHUS
TaKUX ONepanui, Kak U3MEHEHUE pa3Mepa, HOpMaau3alus, o0pe3ka, MOBOPOTHl U JIPYTHUE
TpaHcGopMaly U300paKEeHUl U BUEO. DTO MO3BOJSIET 3HAYUTEIIBHO CHU3UTh HAarpy3Ky Ha
neHTpanpHeii nporieccop (CPU) u yckoputh 00paboTKy naHHBIX. BMmecTo TOro 4ToObI
BBINOJHATH 3TU onepanuu Ha CPU, nanHbie 3arpyxaroTcsi HermocpeAcTBeHHO B nmamsath GPU,
rie oHM 00pabaThIBAlOTCS MapaliesIbHO. DTO OCOOEHHO BAaXXHO IMPH paboTe ¢ OONbIIMMU
HabopaMH BHJICOJAHHBIX, I/le TpeOyeTcs BBICOKAas CKOPOCTh OOpaOOTKHM M MHHHMMAbHas
3ajepxKa.[7]

B 3agauax, cBsizaHHBIX ¢ 00pabotkoi Bumeo, DALI mpepocraBisieT cpeiacTBa Uis
3¢ (heKTHBHON paOdOTHI C BUICONIOTOKAMH, BKITFOYAS JCKOIMPOBAHNE U MTOJATOTOBKY KaJAPOB IS
mojauu B HelpoHHbIe ceTr. Hanpumep, Buaeoratdopmsl, Takue kak RuTube u VK Buneo,
ucnionb3ytor DALI ans yckopeHus 3arpy3kd M oOpaOOTKH BHUICONOTOKOB B pPeabHOM
BPEMEHH, YTO HEOOXOAUMO JIJIs1 00pabOTKH OOJIBIINX 0O0bEMOB KOHTEHTA U aJallTAllUU €T0 JIJIs
PEKOMEHIAlIMOHHBIX CUCTEM.

DALI nonnepxxuBaer ucnonb3oBanue Data Parallelism ans yckopenHoit o0paboTku
JAHHBIX, YTO TMO03BOJseT d(h(dekTuBHO 00padaThIBaTh OrPOMHBIE OOBEMBI BHACO H
M300paxKeHuii, pa3pabaTbiBas BBICOKOIIPOU3BOIUTENBLHBIE CUCTEMbl O0paOOTKU JAHHBIX IS
HEHWPOCETEBBIX MPUIOKEHUH. OH aBTOMAaTHYECKH ONTUMHU3ZUPYET MTPOIIECCHI ITepeaun TaHHbIX,
s dexTrBHO Hcnonb3ys pecypebl GPU, 4To yBenmuuMBaeT CKOpPOCTh 3arpy3ku U o0pabOTKu
uH(popManuu B BuaeorarGopmMax, peKOMEHIATeIbHBIX CUCTEMAaX U IPYTUX MPHIOKCHUSX.

&l reduce
it A
N Qutput Layer \@ﬁ Output Layer SN
* update >
Hidden Layer Hidden Layer
\‘\V/z \‘\V/z
Input Layer Input Layer

Pucynok 1 — CunxponHoe pacnpeaeneHHoe ooyuenue TensorFlow

IHoaroroBka ycTpoiicTB K HCIOJIb30BAHUIO

s apdexruBnoro ucnonszoBanus TensorFlow u OpenCV B 3a1auax 06paboTKH BUAECO
¥ MalIMHHOTO OOYYEHHUs, HEOOXOAUMO TOJTOTOBUTH HECKOJBKO KITFOUEBBIX KOMIIOHEHTOB
cucTeMbl. Bo-niepBbIX, BA)KHO YCTAaHOBUTH 00€ OMOIMOTEKH, YTO SBISETCS MEPBHIM LIaroM B
noarotoBke K padore. TensorFlow mpemocraBisier MOIIHBIE WHCTPYMEHTHI IS CO3JIAHUS H
o0yueHHsI HEeHMpoceTeBBIX MoJelNel, BKI0Yas BO3MOXHOCTH JJsi pabOThl ¢ BUICOJAHHBIMH,
aHAIN30M M300pakeHU U BpeMeHHbIX AaHHbIX. OpenCV, B CBOI0O ouepenp, SBISETCS
OCHOBHBIM HHCTPYMEHTOM JUIsl 00pabOTKH M300paXeHU U BUI€0, TIO3BOJISSA U3BJIEKATh KaAphl
U3 BHJICONIOTOKA, U3MEHATh MX pa3Mep W YJIydllaTh KadeCTBO, YTO KPUTHUECKU BaXKHO IS
MOJArOTOBKU JAHHBIX JUIS [TOJIa4X B HEMPOCETH.

[Tocne ycraHoBKM OMOIMOTEK HEOOXOAUMO MOJIrOTOBUTH BUAEOAAHHBIC I MOJA4U B
HEHpPOHHBIE CeTU. DTO BKJIIOYAET B ceOs M3BJICUEHUE BHUJCOMOTOKA U MPeoOpa3oBaHUE €ro B
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dbopmar, mpuroansii st ananuza. OpenCV Mo3BOJISET JIETKO 3aXBaThIBATh BUJIEO C KAMEp UITN
u3 (aiinoB, pa3dUBaTh €ro Ha OTAENbHbIE KaJIpbl U U3MEHATH UX pa3Mmep. BaxkHo npuBectu Bce
KaJIpbl K OJIMHAKOBOMY pa3Mepy M MaciTaldy, a TakKe BBITOJHUTH HOPMATHU3AIMIO TaHHBIX,
yTOo HeoOxoaumo it dddexkTuBHOM paboThl Moaenu. [locie mpeaBapuTebHOW 00paOOTKH
KaJIpbl MOKHO MPeo0pa3oBbIBaTh B TEH30PHI, KoTOpbie TensorFlow ucnone3yer nns oOyueHus
MoJieJiel. DTH TEH30pbl OJAIOTCS B HEUPOCETH IS aJIbHEHUIIIEro aHajin3a U MpecKa3aHui.

Korma nanHble TOATOTOBJICHBI, MOXXHO WPHUCTYHaTh K CO3JaHUI0O U OOYYCHHUIO
HelipoHHBIX cereld. TensorFlow mnpenocTaBisieT IMMPOKHM HAOOp HMHCTPYMEHTOB JIJIS
pa3paboTku ¥ OOy4YEeHHS HEHPOCETEBBIX apXUTEKTYp, BKIIOYAs IIyOOKHE HEHPOHHBIC CETH,
KOTOpbIE HJEAIbHO MOAXOAAT Il 00paboTKM BHAEOAAHHBIX. OgHUM U3 3PPEKTUBHBIX
MoAXoA0B siBisieTcsi ucnosibzoBanue 3D-CNN, KoTopble MO3BOJSIOT aHAJIU3MPOBATH Kak
MIPOCTPAHCTBEHHBIE, TAK U BPEMEHHBIEC 3aBUCUMOCTH MEXAY KaJpaMU BUJIE0, YTO KPUTUUECKH
BAXHO IS 3a7ad pacro3HaBaHUs JeWcTBUU u 00bekToB. [lnsa 0OpaboTKM BpeMEHHBIX
3aBHCHMOCTEH Tak)Ke 4acTo MPHUMEHSIOTCS peKyppeHTHble HeliponHble ceTH (RNN) u ux
YCOBEPILICHCTBOBaHHBIE Bepcuu, Takue kak LSTM, koTopble MO3BOJISIOT aHAIM3UPOBATH
BHJIEONIOTOKH KaK MOCIEA0BATEIbHOCTH, YUUTHIBAsA JUHAMUYHbIE U3MEHEHHUS B Kaapax.[ 8]

Wuterpanus TensorFlow n OpenCV Tarke BakHa Ui paObOTHI ¢ BHIECO B pealbHOM
BpeMeHH. Buzaeormnargopmbpl MOTyT HCHOJIB30BaTh ATy KOMOMHAIIMIO TEXHOJIOTWHA IS
TUHAMUAYECKOW 00pabOTKU BUECOMOTOKOB, TAKMX KaK BUJCO3BOHKH WM MIPSIMbIE TPAHCIISIIIUHY,
JUIS aHallu3a KOHTEHTA, M3BJICUYECHUS KIIIOYEBBIX OOBEKTOB WM JlaXe aJanTallid KauecTBa
BHJICO B 3aBHCHMOCTH OT IPEANOYTCHUH MOJIb30BaTes. JTa CIOCOOHOCTh K aHaIW3y B
pEaIbHOM BpPEMEHHU MOMOTaeT YIYyYIIUTh MOJIb30BATENIbCKHI OMBIT HAa BUeoIIaTgopmax,
takux kak RuTube wim VK Bugeo.

I[HoTeHUMANBbHBIE BO3MOKHOCTH HCIOJIb30BAHMS

[ToTennmansHbIe BO3MOXKHOCTH Hcmonb3oBanust TensorFlow m OpenCV B 006pabotke
BUJICOJIAHHBIX U pa3pabOTKe HEMPOCETEBBIX PEIICHHUI BeChMa IIHUPOKU U pa3HOOOpa3Hbl. JTH
TEXHOJIOTHU OTKPBIBAIOT HOBBIE TOPH30HTHI ISl WHHOBAIIMOHHBIX PEIICHUN B Pa3IMYHBIX
o0nacTax, oT 00pabOTKH MYJIbTUMEAMMHOTO KOHTEHTA 10 Pa3pabOTKH HHTEIUIEKTYaJbHBIX
CUCTEM JJISI PA3JINYHBIX MPUIIOKEHUMN.

Opaum u3 Hambonee oueBuAHbIX npuMeHeHuil TensorFlow u OpenCV sBnsercs
CO3JJaHUE WHTEJUICKTyaJIbHBIX CHCTEM, CIIOCOOHBIX aHaJU3UpPOBATH BHUACO B pPEATbHOM
BpemeHH. Buneomnardopmsel, Takue kak RuTube m VK Buaeo, MoryT ucnons3oBaTh 5TH
TEXHOJIOTHH ISl peau3alliil yCOBEPIICHCTBOBAHHBIX PEKOMEHIATEIIBHBIX CUCTEM, KOTOpPHIE
HE TOJIbKO aHAJIU3UPYIOT MOBEIACHUE MOJIb30BATENS, HO U JIENIAl0T TOYHBIE MpPEICKa3aHus Ha
OCHOBE KOHTEHTA BUJIe0. MoJiesTn MalltuHHOTO 00y4YeHus1, pa3paboTaHHbIE C UCTIOIH30BAHUEM
TensorFlow, wmoryt mpenackaspiBaTh, Kakoil KOHTEHT Oyjaer Haubonee HMHTepeceH
MOJIb30BATENI0, HA OCHOBE €r0 HCTOPUHU IIPOCMOTPOB U B3aumoieiicTeuii, a OpenCV nmomoraet
W3BJICKATh KJIFOUEBHIE MPU3HAKU U3 BUJEO, TAKUE KaK OOBEKTHI, JIUIA U CLIEHBI, YTO YIIYYIIAET
TOYHOCTh PEKOMEHJAIIAMN.

He wmenee BaxubiM sBisercs wucnoib3oBanue TensorFlow wu  OpenCV B
MEINANHIyCTPUH, TJ€ 3TU TEXHOJOTHH MOTYT OBITh MPUMEHEHBI JUIsl CO3/IaHusl QUIBTPOB U
3¢ PeKTOB B peaIbHOM BpEMEHH, YIIYUIICHHUs KAYeCTBA BUJCOKOHTEHTA, PACITIO3HABAHUS JIUII B
KaJipe JJis IONOJIHEHHON PeaIbHOCTU U JPYTUX UHTEPAKTUBHBIX MPHIIOKEHUH.

B o6mactu 06pazoBaHus M TUCTAHIIMOHHOTO OOyYEHHUS TEXHOJOTMH MOTYT TIOMOYb B
aHamm3e O00pa30BaTeNbHBIX BUACOMATEPUATIOB M  CO3JAHUU  TEPCOHATM3HPOBAHHBIX
00ydJaronmx CUCTEM, KOTOPBIC YIUTHIBAIOT HHTEPECH! U TTOBEACHUE CTY/ICHTOB.

B nenom, ucnons3oBanue TensorFlow u OpenCV oTKpbIBaeT MIMPOKHE BO3ZMOKHOCTH
JUISL  CO37]aHUS WHHOBAIIMOHHBIX pEHIEHWH B paslIUyHbIX cdepax. ODTH TEXHOJIOTHH
00ecreunBaOT BBICOKYIO CKOPOCTh 0OpabOTKH, TOYHOCTh aHaiu3a W BO3MOXKHOCTH
MacIITaOUPOBaHUsl PEIICHUH, YTO TO3BOJISET 3HAYUTENIbHO YJIYUYIIUTh KauecTBO YCIYr U
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YIYyUYIIUTh TI0JIb30BAaTEIbCKUN ONBIT B CaMbIX Pa3HBIX OOJIACTSX, OT BHUACOIUIATGOpPM HU
MEINacepBUCOB JIO aBTOHOMHBIX TPAHCIIOPTHBIX CUCTEM U MEJULIMHCKUX MTPUIIOKCHUH.

O6siacTi, B KOTOPBIX y:Ke MpuMeHsI0Tca TexHoJorun TensorFlow m OpenCV B
Poccun

B Poccun texnonoruu TensorFlow u OpenCV akTUBHO NPUMEHSIOTCS B Pa3IHMYHBIX
chepax, oT MenuamwiaTGopM M pas3BICUEHUH [0 3APaBOOXPAHEHUS, TPAHCIOpPTa U
0€30MaCHOCTH. DTH TEXHOJIOTUU MTOMOTaI0T co37aTh Oonee 3(p(eKTUBHBIE U MHHOBALMOHHBIE
peLIeHMs], KOTOPbIE 3HAYMTEIbHO YIyUIIWIN Ka4eCTBO YCIYT U YCKOPUIIM 00pabOTKY JaHHBIX.
OnHoil n3 KiIOUEBBIX 00JacTel, TIe UCHOIB3YIOTCA 3T TEXHOJIOTUH, SIBISIETCS MHIYCTpPUS
BHJIeocepBUCOB. KpymHble poccuiickue Buaeoriatrgopmel, Takue kak RuTube, VK Buneo u
ivi, aktuBHO mnpuMeHsoT TensorFlow s co3maHuss peKOMEHIATENbHBIX CUCTEM. OTH
CHCTEMBl aHAIM3UPYIOT JaHHbBIE O IOJIb30BATENAX, TAKME KaK UCTOPUS NMPOCMOTPOB, JAHKH,
KOMMEHTAapUu, U MpeUlaraloT NepCOHAIN3UpPOBaHHBIE pEKOMEHIauuu. B To ke Bpewms,
OpenCV nomoraet 06pabaThiBaTh BUJEOKOHTEHT, paclo3HaBasi 00BbEKTHI, CLIEHBI U JIMLA, YTO
JOTIOJTHUTEIIHHO YIy4IIaeT TOYHOCTh PEKOMEHAANI 1 TOMOTaeT (PUIbTPOBATH KOHTEHT.

B o6nactu meaununsl TensorFlow u OpenCV urparot BaxxHy!0 pojib B aBTOMaTH3alMU
nuarHoctuku. Cucremsl, ucnonbdyomue OpenCV, noMmorarotr o0pabaTsiBaTh MEIULUHCKUE
U300pakeHMs], TakMe KaK PEHTICHOBCKUME CHUMKH WM YJIbTPa3BYKOBbIE H300paKeHHUS,
M3BJICKasl KIFOUEBbIC MPU3HAKY [T NanbHeimei quarnoctuky. TensorFlow ncnonb3yercs s
CO3J1aHUs HelpoceTeBbIX MOJeNed, KOTOpbIE CIIOCOOHBI PACIO3HABATH MATOJIOIMH, TAKUE KaK
OITyXOJIM WJIM KPOBOTEUEHHSI, YTO TIOMOTAET BpadyaM OBICTPO W TOYHO CTaBUTH TUArHo3bl. B
Poccum 3TH TEXHOJOTMM AaKTMBHO BHEAPSIOTCS B YaCTHBIX MEIUIMHCKUX KIMHUKAX MU
cTapTamax, Takux kak Neurobotics, KOTOpbele pa3pabaThIBAIOT CHCTEMBI aBTOMATHYECKOTO
aHaJM3a JIaHHBIX JUI HOJ/IEP’KKU Bpaueil.

BriBoabI

TensorFlow u OpenCV npezacraBisiioT co00i MOIIHbBIE U YHUBEpPCAbHbIE HHCTPYMEHTBI
JUIst 00pabOTKM BUJICO/ITAHHBIX M CO3JJaHUsI UHTEUIEKTYaJIbHBIX CUCTEM, KOTOPbIE 3HAUUTEIbHO
pacIupsOT BO3MOKHOCTH IPUMEHEHUS UCKYCCTBEHHOTO MHTEJUIEKTA B Pa3JINYHBIX OTPACIISIX.
TensorFlow, kak ¢peldMBOpK ajii MalIMHHOIO OOyYeHHs, MpPEeIOoCTaBIsIeT OTrPOMHBIE
BO3MOXHOCTH JUId DPa3pabOTKM M OOy4YeHHs HEUPOHHBIX ceTei, 0ocoO0eHHO B obiacTu
BHJICOAHAIN3a, PACIIO3HABAHUS OOBEKTOB M IIPEICKa3aHusl IPEANOYTEHUH mosb3oBarenei. Ero
CHOCOOHOCTH PabOTaTh C OOJNBIIMMU JAHHBIMHU U 3¢ ()EKTUBHO UCIIOIB30BATh BHIUMCIIUTEIIbHBIE
pecypcsl GPU mo3Bossier co3naBaTh BBICOKOI((EKTUBHBIE CHCTEMBI, KOTOpPBIE MOTYT
o0OpabaTbIBaTh BUACONOTOKH B pPEAIbHOM BPEMEHH, YTO KPUTHYECKH BaXXHO JUIS TaKUX
IIPUWIOKEHUN, KAaK PEKOMEHJATEIbHBIE CHUCTEMBI, PACIO3HABAHME JEHWCTBUM W AaHAJIW3
KOHTEHTA.

OpenCV, B CcBOIO ouepenb, SBISIETCI HEOTHEMJIEMBIM HHCTPYMEHTOM  JUIs
npeBapuTeNbHON 00pabOTKH BUAEO M M300pakeHUH, oOecrieynBast MOIIHbIE (YHKIHUU JUIs
3axBaTa, (QUIbTPALMU U aHaJIM3a BUe0. Ero BO3MOKHOCTH B 00J1aCTH KOMITBIOTEPHOTO 3pEHUS
JIENIal0T €r0 He3aMEHUMBIM IIPH PEILIEHUH 3a/1a4 paclo3HaBaHUsI JIHLl, OObEKTOB U aHOMAJIbHBIX
cOOBITHI B BUZIEONIOTOKAX. JTa OMOIMOTEKa aKTUBHO HCIIONB3yeTcs B coueTannu ¢ TensorFlow
JUIsL TIOATOTOBKHU JAaHHBIX, U3BJICUEHUS MPU3HAKOB U YJIYULICHUS TOYHOCTU HEHPOCETEBBIX
Mozenei.[10]

Takum o6pazom, coueranue TensorFlow u OpenCV oTKkpbIBaeT HOBbIE TOPU3OHTHI IS
CO3/1aHUS BBICOKOTEXHOJIOTUYHBIX U 3()(PEKTUBHBIX peLIeHUH, KOTOPbIE CIOCOOHBI YIIyUIIUTh
KayeCTBO YCJIYT U MOBBICUTH 3(()EKTUBHOCTH MPOLECCOB B CAMBIX PA3IMYHBIX 00JIACTIX, OT
pa3BIEUYEHUN U MEINACEPBUCOB JI0 3[paBOOXPAHEHUS U IPOMBIIUIEHHOCTH.
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INTELLIGENT ANALYSIS SYSTEMS AND RECOMMENDATIONS FOR VIDEO PLATFORMS:
TECHNOLOGIES AND APPROACHES

Annotation. The article discusses modern approaches to the development and implementation of intelligent data
analysis systems and recommendations in the field of video services. Special attention is paid to the RuTube and
VK Video platforms, their architectural solutions and algorithms that allow efficient processing of large amounts
of data, create personalized recommendations and ensure a high degree of user engagement. The key technologies,
including machine learning algorithms and user behavior analysis methods that underlie the recommendations, are
considered. The methods of integrating recommendation systems with social networks and their impact on the
quality of the content provided are described. Examples of using intelligent systems to increase audience retention,
adapt content to individual user preferences and optimize platform monetization are given. Special attention is
paid to tools that support the development and optimization of recommendation systems, including frameworks
for machine learning, video processing and big data analysis. The prospects for the development of intelligent
systems in the field of video content and their role in shaping new approaches to personalization, improving user
experience and creating innovative solutions are also analyzed.
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IMOIIMN U UX BU3YAJIBHOE NPEJACTABJIEHUE: KAK I''ITYBOKOE
OBYYEHUE MEHSAET BOCITPUATHE

Cmenanenko C.H.
Hayunwui pyxosooumensv: Maxcumenok U.H., kano. ¢puz.-mam. nayx, oouenm
dIrboY BO «/lonl'Y»

Aunomayus. B naHHO#M cTaThe HccienyeTcs BIMSHUE TIIyOOKOro OOydYeHMsI Ha BOCIPHSATHE 3MOLMH M WX
BU3yaJIbHOE NPEJCTAaBICHUE. DMOIMU UIPAIOT BaXHYIO POJb B UEIOBEUECKOM B3aUMOJACHCTBHM, U UX Iepeaada
Yyepe3 BU3yaIbHbIE O00pa3bl CTAHOBHUTCS aKTyalbHOH. [Jybokoe oOydeHHe IO3BOJISAET aHAIM3UPOBATh H
pacro3HaBaTh 3MOLUHU B M300PAXKEHUIX, YTO HCIOIB3YETCS B KHHO, COLMANBHBIX CETSAX M pexname. Takxe
paccMaTpuBarOTCs BBI30BBI M 3THUYECKHE aCMEKThl PacliO3HABAHMS AMONMWH, BKIOYAsl KyJIbTypHbIC Pa3IHduus U
BOIIPOCHI KOH(UASHINAIBLHOCTH. B 3aKitoueHme mog4epKuBaeTcs, Kak TEXHOJIOT MM U3MEHSIOT Hallle BOCTIPHATHE
SMOIMH B BU3YAJIbHBIX 00pa30B.

Kniouegvie cnosa: sMonny, BH3yalbHOE MPEACTABICHHE, IMyOokoe oOydeHHe, pacro3HaBaHHE 3SMOIMH,
TEXHOJIOTHH.

Beenenne: DMonuu (GOpMHUPYIOT Halle BOCHPUATHE APYTUX, co3AaBas arMocdepy
JIOBepUsi WJIM HanpspbkeHHOCTH. OHM [OMOTaroT [OHUMMaTh HAMEPEHHs cOoOeceHUKa U
CHOCOOCTBYIOT 3MIIaTUH, YKPEIULSIsl COLMAlbHBIE CBA3M. OMOLIMU BJIMAIOT HA INPUHATHE
pelIeHU, HalpuMep, MOJOXKUTEIbHbBIE SMOLMHU CIIOCOOCTBYIOT COTPYAHHUYECTBY, a
HEraTHUBHbIE MOTYT BbI3bIBaThb KOH(MIMKTH. B 3KOHOMHMKE SMOLMH BIMSIOT Ha
NOTPEOUTENHCKOE MOBEACHHUE, TaK KAaK MOKYNKH YaCTO OCHOBBIBAIOTCS Ha 3MOIMOHAIbHBIX
peaKuusx.

B a0t craThe paccmaTpuBaeTcs, Kak IiyOokoe o0yueHue MEHsIeT BOCIPUITHE IMOLUIT
U UX BHM3YyalbHOE IPEJACTaBIECHUE, a TakKe OOCYXJAIOTCS BBI3OBHI U BO3MOXHOCTH,
BO3HHUKAOIIKME HA 3TOM NyTH. [loHMMaHHe ATHX acleKTOB Ba)KHO HE TOJIBKO ISl HAyYHOTO
cooOmiecTBa, HO W JJIsl LIMPOKOW ayAUTOPUH, MHTEPECYIOIIEHCS BIUSHUEM TEXHOJIOTHH Ha
YeJIOBEYECKHE IMOIIHUH.

CoBpemeHHOE COCTOSIHME TEXHOJIOTHI pacno3dHaBaHus 3Mouuii: TexHoioruu
pacro3HaBaHUsl 3MOLMH, OCHOBaHHbIE Ha TIyOOKHX HEHPOHHBIX CETAX, CTAaJU Ba)XHBIM
UHCTPYMEHTOM B IICUXOJIOTMHM, MapKETHHIE, MEIUIMHE U HCKYCCTBEHHOM HHTEIIEKTE.
AnroputMmbl MammHHOro ooOydenusi, takue kak CNN u RNN, crnocoOGHbI aHann3upoBaTh
BBIPQKEHUS JIUI], UHTOHALIMIO TOJIOCa U BBIOOP CIIOB JUISL ONpPEAETCHUS 3MOLMOHAIBHOTO
COCTOSIHUSL.

CucreMsl pacno3HaBaHUs SMOIIMH, TaKue kak Affectiva u FaceReader,
JEMOHCTPHUPYIOT BBICOKYIO TOYHOCTh B MACHTU(UKAIIMA OCHOBHBIX 3MOLUH (pasoCTh, eYallb,
THEB, CTpax, yAMBJIECHHE). DTH TEXHOJOTHH MPUMEHSIOTCS OT JUArHOCTUKHU MCHUXUYECKUX
paccTpoicTB JI0 CO3AAaHUS MEPCOHAIM3UPOBAHHBIX PEKJIAMHBIX KaMIaHHWH, yUHUTHIBAIOIIMX
HMOIMOHANIbHBIE PEAKLIUHU TOTpeOUTENeH.

TeM He MeHee, CYIIECTBYIOT OTPAaHUYEHUS U BBI30BBL. TOUHOCTH pacno3HaBaHUs SMOLIMI
MOKET BapbUpPOBATbCS B 3aBHUCHMOCTH OT KOHTEKCTa M KYJIbTYPHBIX paziInduil. OMoUuU
BBIPAXAIOTCS MO-PAa3HOMY B Pa3HBIX KYJIbTypax, YTO 3aTPYAHSIET CO3/laHHWE YHHBEPCATbHBIX
Mojeniell. DTUYeCKUe acleKThl, TaKue KaK KOH(HIECHIMAIbHOCTh U 0€30MacHOCTh JIaHHBIX,
CTaHOBSITCA Bce 0ojiee aKTyalbHBIMH, TpeOys TIIATEIbHOIO MOAXOAa K 3allUTe JUYHOMN
UH(OPMALINH TOJIb30BaTeNeH

AKTYaJIbHOCTh HCCJIEI0BAHMA: AKTYaJIbHOCTh TEXHOJIOTUH paclO3HABaHMS dMOLUMN
00ycJoBIeHa pa3BUTHEM IIU(PPOBBIX TEXHOJOTUI M UX UHTErpalell B IOBCEAHEBHYIO JKU3Hb.
B ycnoBusx rmobanu3anuu 1 yBequdeHus: 00beMa HHPOPMAIMHA CITOCOOHOCTH OBICTPO U TOYHO
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UHTEPIPETUPOBATh SMOLIMOHAIBHBIE COCTOSIHUS CTAHOBUTCS B@)XKHBIM HAaBBIKOM  JUIS
WH/IMBUJIOB U OpraHU3alui.

Hanpuwmep, B chepe 00CiTy:)KnuBaHUS KIIMEHTOB PAcIiO3HABAaHHE AMOIMI MOKET MTOMOYb
KOMIIAHUSAM JIy4llle IOHUMaTh HOTPEOHOCTH M OKUIaHUS KJIMEHTOB, YTO YJIy4llIaeT KaueCTBO
00CITy’)KUBaHUS U TIOBBIIIACT JOSIBHOCTD.

TexHonoruu pacno3HaBaHUS SMOLUH TakXKe HAXOMAT MPHUMEHEHHEe B 00JacTu
MICUXUYECKOTO 3/10pOBbsi. CHCTEMBI, CIOCOOHBIE aHAIM3UPOBATH YMOLMOHAIBHBIE COCTOSHHUS,
MOTYT HCIOJb30BATbCS sl MOHUTOPHUHIA COCTOSIHMS IALMEHTOB U pa3paboTKu
[IEPCOHAIN3UPOBAHHBIX METOIOB JIEYEHHSI. "'ITO CO3/1a€T HOBBIE BOZMOXKHOCTH JJ151 IOBBIILICHUS
Ka4yecTBa >KU3HHU JIIOJIeH ¢ SMOLMOHAIBHBIMU U IICUXO0JIOTHYECKUMHU PACCTPONCTBAMH.

Henrn wm 3agpaum wucciaenoBanus: llenp wnccinenoBaHus 3aKiOYaeTCss B AHAIN3E
TEXHOJIOTUH pacrO3HaBaHMs SMOLMMN, UX MPUMEHEHUS M BIUSHMS Ha BOCIPHUITHE SMOLMN B
COBpeMEHHOM oOrmiecTBe. sl TOCTMKEHUS 3TOW IIeNM HEOOXOAWMO PEUIMTH CIIEAYIOIINe
3aJjauu:

1. N3ydyeHne METON0B pacno3HaBaHUS 3MOLMI: AHaIU3 CYLIECTBYIOIIUX
QJITOPUTMOB U [TOJIXO/I0B, BKJII0Yas MAIIMHHOE 00yUYeHHE U ITyOOKHe HEIPOHHBIE CETH,
JUTS TOHUMaHUA WX 3PGEKTUBHOCTH U IPUMEHEHHUS B PA3IMYHBIX 00JIaCTX.

2. Onenka TOYHOCTH TexHoJoruii: I[IpoBeneHne cpaBHUTENBHOTO aHAIM3a
pa3IMYHBIX CHCTEM pAaclO3HABAaHHUS SMOIHMA M WX 3PPEKTHBHOCTH B Pa3IMYHBIX
KOHTEKCTaX, TaKWX KakKk BHJEOaHAU3, ayJUOBU3yallbHbIE JaHHbIE M TEKCTOBAs
uH(popManus.

3. HccnenoBaHue 3TUUECKUX aCIEKTOB: AHAIU3 BIMAHUSA TEXHOJIOTMHA Ha
IICUXUYECKOE COCTOSIHUE II0JIb30BaTele U  pa3paboTka peKoMEeHJauud 1o
MUHMMH3ALUU HETAaTUBHBIX MOCIEACTBUM, TAKUX KAK BTOPXKEHHUE B JIMUYHYIO JKU3Hb U
MaHUIYJISLUU C SMOLMSIMH.

4. N3ydyenne KyJnbTypHBIX pasnuuuii: MccnenoBaHue, Kak BOCHPUATHE SMOLMM
BapbUpPYETCs] MEKIY KyJIbTYypaMH U Kak 3TO BJIMSET HAa TOYHOCTh pacro3HaBaHus. [lonnmanue
KyJbTYpHBIX KOHTEKCTOB IIOMOXET YJIYyYIIUTh alrOpUTMBl W cAenaTb HX Oosee
YHUBEPCATbHBIMU.

O030p TexHOJIOTHIT ITTy00KOro 00y4eHusi B pacno3HaBaHuu dmMouuii: CoBpeMeHHbIE
TEXHOJIOTUU PACIIO3HABAHUS SMOILMNA aKTHUBHO HCIOJIB3YIOT INIyOOKHE HEWPOHHBIE CETH, YTO
MIO3BOJISIET 3HAYUTEIBHO MTOBBICUTH TOYHOCTh U CKOPOCTh aHanu3a. KinaccuueckuM noaxonom
SBJIAETCS KiacCU(PUKAIUS 10 KJIIOYEBBIM TOYKAM Ha JIMIE, TJE€ HCIOJIb3YIOTCS aJITOPUTMBI,
takue kak PDM (Point Distribution Model), CML (Constrained Local Models), AAM (Active
Appearance Models) u CNN (Convolutional Neural Networks). DTu anroputmsl onpeaensroT
KJIFOUEBBIE TOUKH HA JIMIIE, YTO MO3BOJIET 3aXBaThIBATh MUMHUKY U BBIPAKEHUS.

OpHako HCIOJI30BAHWE TOJBKO KIIIOYEBBIX TOYEK MOMKET NPHUBECTH K IOTEpe
uHpopmanuu. s pemeHus 3Toi npoOsieMbl PUMEHSIOTCS JeCKpUNTOphl, Takue kak LBP
(Local Binary Patterns), HOG (Histogram of Oriented Gradients) u SIFT (Scale-Invariant
Feature Transform), xoTopble MOMOrarOT YJIy4YlIMTh KadyecTBO Kiaccudukanuu. boiee

neTanbHas HHPOPMalUs MOXKHO YBUETh B Tabnuue 1.
Tabauna 1 - MeToap! pacrio3HaBaHHs YMOIHIHA

I'nyOokas cBéprouHass ceThb IS .
CNN Y P N a Pacno3naBanue sMoIMH Ha JIMIAX
aHaJM3a M300pasKeHU
PexkyppeHTHBIE HEHpPOHHEIE CETH .
RNN YppP P AHanu3 3MoIuii B BUACO
JUIsI aHaJIM3a BPEMEHHBIX JaHHBIX
LBP JlokanpHble OWHapHBIC NATTepHHBI | [IpenBapurenbHas o0OpaboTka
JUIsL TEKCTYPHOT'O aHaJIu3a JIAHHBIX
MacmrabHO-UHBapUAHTHOE .
Unentudukarms 3MOIMI B
SIFT npeoOpa3oBaHue Ul KIIIOYEBBIX
ToueK CJIOXHBIX YCIIOBUSAX
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ApxuTekTypa, OCHOBaHHas Ha

Transformer BHHUMAaHUH, TUTS 00paboTkH | AHamU3 TEKCTa U PeUu
MIOCJIEI0BATEIbHOCTEN
. . . Cucremarmaeckas KOJIMPOBKa
Facial Action Coding System . P HccnenoBanuss B TCHUXOJIOTHM U
BBIDOKEHUN JHIla i1  aHajlu3a
(FACS) N COITUOJIOTHH
SMOIMH
AHanu3  ayJUOCUTHAJIOB  JJIs
. . . O0paboTKa peur B MPHIOKEHUAX U
Audio Emotion Recognition omnpejieNiecHUus]  AMOLMOHAIBLHOTO

cepBHCax
COCTOSTHUS

HpnMeHeHne TEXHOJIOTUIl B PAa3JIHYHBIX odaacrax: TexHolloruu pacCiio3HaBaHuA

SMOILMH HAXOJAT NMPHUMEHEHHE B MHOTHX cdepax, BKIHOYAs MapKETHHT, 3JpaBOOXpaHCHUE,
o0Opa3oBaHue, aBTOMOOWIBHYIO ITPOMBIIIIICHHOCTh U Meaua. [loapooOueii B Tabmute 2.

Mapxketunr: Kommanuu ucronb3yroT TEXHOJIOTHUH IS OLICHKU peakuii morpedureneit
Ha pEKJIaMHbIe KaMIIaHWH, YTO IO3BOJISIET aJalTHPOBATh CTPATETUU JJISI TIOBBIIICHHS
s dexruBHOCTH. Hanpumep, mnardopma Realeyes ananusupyer Buieo u pekiaMHbIe
POJIMKH, OTIPEAEIISIsl SMOLUHU 3PUTEINICH, YTO TIOMOTAET B ONITUMHU3AIMH KOHTEHTA.
3npaBooxpaHeHre: TeXHONIOTUN TOMOTAlOT BpayaM OTCIICKHUBATh SMOLMOHAIBLHOE
COCTOSIHUE MAIIEHTOB, YTO OCOOCHHO BAYKHO MPH JICUCHUH TICHXUYECKUX 3a00JIeBaHUA.
310 MO3BOJISIET OOJIee TOYHO MOIOUPATH METOABI JICYCHUSI © MOHUTOPUTH IIPOTpecc.
Ob6pa3zoBanue: CrCTEMBI MOTYT OTCIICKHBATH SMOIIMH CTYIEHTOB, aaTUPYs yUCOHBIH
IPOLIECC B 3aBUCHMOCTH OT MX COCTOSHHS M BOBJIEYEHHOCTH. DTO MOXKET MPUBECTU K
6onee 3 pekTHBHOMY 00yUEHUIO U TIOBBIIICHUIO YCIIEBAEMOCTH.

ABTOMOOMIIbHAS MPOMBIIUICHHOCTh: TEXHOIOTUH HMCHOJB3YIOTCS Ul MOHUTOPUHTA
COCTOSIHUSI BOJHTEJCH B PEeaJbHOM BPEMEHH, ONPEACIsAs YyCTaJOCTh WM CTpPEecC H
npeaynpexaas 0 HeOOXOIMMOCTH ClIeNIaTh EPEPHIB.

Menuna u pa3piedeHus: TeXHOIOTHH TOMOTAIOT CO3/IaTeNIsIM KOHTEHTA MOHSTh, KaKUe
OMOIIMY BBI3BIBAET WX pPabOTa, YTO MO3BOJISET YIy4IaTh KadeCcTBO (HIBMOB H
BUJICOUTD.

Tabnuna 2 - [IpuMepsl npruMeHeHHs TEXHOJIOTHIA Paclio3HABAHHUS SMOIHH

Cdepa IIpumeHeHue TexHoJi0rus Pe3yabTaThl HCIIOJIB30BAHUS
AHanu3 peakuumii VBenndenue kousepcuu Ha 30%
MapkeTuHr norpeburenen Ha | Realeyes Gmaromaps ONTUMHU3ALUU
peKIaMy pEKJIaMHBIX KaMITaHU.
MouuTopuHr VYaydmeHue xadecTBa yxozaa 3a
3apaBooXpaHeHue SMOLIMOHAIBHOTO EmotionMonitor nanueHTamu  Ha 25% depes
COCTOSIHUS ITALIMEHTOB paHHee BBIIBICHHUE CTpecca.
IloBbIIIEHNE yCIIEBAEMOCTU Ha
OueHka BOBJIEYEHHOCTH . o
Oo0pasoBanue CTYIeHTOB EduEmotion 20% 3a cyer ajanTaluu
y METOIOB IPENOIABAHHSI.
YBenuueHue yAepKAHUS
Hacrpoiika HUTPOBOTO . urpokoB Ha 15% Omarogaps
Urposas unnycrpus P P GameEmotion p Aap
Ipolecca o 3MOLUIM ajanTanyuu KOHTEHTa B
pearbHOM BPEMEHH.
AHanu3 Sentiment VYBenuueHue B3aUMOAEHCTBUSA C
CouuajbHble ceTH SMOLMOHAIBHOTO Analvsis koHTeHTOM Ha 40% 3a cuer
KOHTEHTA M0JIb30BaTenen y TapreTUPOBaHHON pEKIIaMBbl.
[ToBeiieHne 6e30mMacHOCTH Ha
OOHapyxeHue .
. Facial MEPOTPHUATHSIX 4Yepe3 OBICTPYIO
Be3onacHocth CTPECCOBBIX COCTOSIHUI B ..
Recognition HACHTU(PHUKALIHIO
OOIIECTBEHHBIX MeCTax
10/TO3PUTEITHHBIX JIHIL.

ITHYECKHE ACTEKTHI U KYJIbTYPHbIE pa3jn4us: TeXHOJIOTHH paco3HaBaHUs SMOLIUN
OTUYECKUE BONPOCHl W  YUYUTHIBAKOT KYJbTYPHBIE Pa3IU4MS.

ODOAJHUMAKT BaXXHBIC
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"HMcnonb30BaHUe TEXHOJOTUH pACIO3HABAHUS SMOIMH TpeOyeT TIIATENILHOTO MOAX0Ja K
BOITpOcaM KOH(PHUACHIIMAIIBHOCTH B Oe30nacHOCTH AJaHHBIX. Kak momuepkuBaroT Alhassan et al.
(2022), cObop ¥ aHanM3 SMOIMOHAIBHOW HMH(OPMAIMM MOXXET BBI3BAaTh OECIIOKOWCTBO Y
MOJIb30BaTeIeH, OCOOEHHO €CIM OHHM HE OCBEAOMJICHBI O TOM, KakK WX JIaHHbIE OymyT
ncnoib3oBarhes."[3] BoT HEKOTOpBIE BaXKHbIE aCIEKThI, KOTOPBIE CTOUT YUUTHIBATH:

1. KoHuaeHIMaIbHOCTh  JaHHBIX: HEOOXOAUMO OOECICUUTh 3aIIUTy  JIUYHOU
nH(popManuy moib3oBarenei. KoMmnaHuu JOKHBI 4€TKO MHPOPMUPOBATH MOJIB30BATENCH O
TOM, Kakue JaHHbIE COOMPAIOTCS UM KaK OHHM OYIyT HCIIOIB30BaThCA. JTO BKIIOYACT B CEOS
MOJTyYSHHE SIBHOTO COTJIACHs Ha 00pabOTKy JTaHHBIX.

2. DTHueckue cTanaapThl: Pa3paboTka u BHEIPEHUE STHYCCKUX HOPM TSI UCITOJIB30BaAHUS
TEXHOJIOTHH  paclo3HaBaHWs SMOLMKH MOTYT TIOMOYb H30eXKaTh MAHUNYJSAIMA U
35oynotpednennii. Hanpumep, BaXKHO YCTaHOBHUTH I'PAHMIIBI, KOTJA U KaK TEXHOJOTUHA MOTYT
OBITh MCTIOIH30BAHbI, 0COOCHHO B UyBCTBUTEIBHBIX 00JIACTIX, TAKUX KaK 3/[PaBOOXPaHCHHE.
3. KynbTypHble paznuuusi: OMOLKUUA MOTYT BBIPaKaThCsl IO-Pa3HOMY B Pa3HBIX KYJIbTypax.
Texnomoruu, pa3paboOTaHHBIE HA OCHOBE JIAHHBIX OJIHOM KYJIBTYPBI, MOTYT OBIThH
Hed(h(EeKTUBHBIMU HIIM JaX€ BBOJAUTH B 3a0iyXJeHHE B JAPYro. OTO NOTYEPKHUBACT
HEO0OXOUMOCTh MHOTr000pasusi B OOyd4arolmmx Ha0opax JJAaHHBIX M y4YeTe KYJIbTYPHBIX
KOHTEKCTOB TIPH pa3pabOTKe aJIrOPUTMOB.

4, [Icuxonornueckue  mocnaeacTBus: Mcrnonp30BaHHEe  TEXHOJOTMH  pacno3HAaBaHUS
AIMOITMI MOJKET OKa3bIBaTh BIUSHHE Ha IMICHXUUYECKOE COCTOSHHUE T0JIb30oBaTenei. Hampumep,
MTOCTOSIHHOE OTCJIKMBAHHUE WX SMOIIMNA MOXKET BBI3BIBATH CTPECC MJIM 0ECIOKOWCTBO. BaxHo
YUUTHIBATh 3TO MPH pa3pabOTKe U BHEAPEHUU TaAKUX TEXHOJIOTHH.

Bynyuee TexHosoruii pacno3HaBanusi sMouuii: C y4eToM TEKyIIUX TPEHI0B, MOKHO
BBIIETTUTh HECKOJILKO HAMpaBlEHUH, B KOTOPBIX TEXHOJOTUU PACIIO3HABAHUS AMOLIUNA MOTYT
pa3BUBATHCS B OyayIieM:

1. Vayumienne TodHOCTH: C  pa3BUTHEM TEXHOJIOTUHA MAIIMHHOTO OOy4YeHUs U
yBEITMYEHUEM OOBEMOB JIOCTYIHBIX JaHHBIX, TOYHOCTb pACIO3HABaHUS AMOIUN Oyner
MPOJOIKATh PACTU. JTO MO3BOJIUT 0OJIEe TOYHO OMpPENesTh IMOLUOHAIBHBIE COCTOSIHUS U
peaKIuu.

2. WuTerpanuss ¢ JOpyruMH TeXHONOTUsIMU: Pacmo3HaBaHue SMOIMII MOXET OBITh
WHTETPUPOBAHO C JPYTUMHU TEXHOJIOTHSIMHU, TAKUMH KaK BUPTyalibHas peanbHOCTh (VR) u
JIOTIOJIHEHHAsE pealnbHOCTh (AR), 4TO co3macT HOBblE BO3MOXKHOCTH Ui B3aUMOJCUCTBUS U
oOydJeHwus.

3. Ilepconanuzanus: B Oynyiem TEXHOJIOTHH MOTYT CTaTh Ooiee
MEePCOHAIM3UPOBAHHBIMU, AANTUPYSICh K WUHIWBUIYATHHBIM OCOOEHHOCTSIM I0JIh30BaTENEH.
DT0 MOXKET MPUBECTH K Oosiee 23PEeKTUBHBIM METOAaM OO0YUYECHHSI U TEPAIUU.

4. Pacmimpenne npuMeHeHus: TeXHOJIIOTMM paclo3HaBaHUsA SMOLMKA MOTYT HAaWTH
MPUMEHEHHE B HOBBIX c(hepax, TaKuX Kak yIpaBlIeHHE YMHBIM JOMOM, IJi€ YCTPOHCTBA MOTYT
pearupoBaTh Ha HYMOIMOHAILHOE COCTOSTHHE TOJIb30BATENIeH, co3maBas Oojiee KOM(MOPTHYIO
aTMocdepy.

5. CouuanbHble B3aUMOJEHCTBUS: BO3MOXKHOCTh pacno3HaBaHUsl 3MOLMA B pealbHOM
BPEMEHU MOXKET U3MEHHTH CITOC00, KOTOPBHIM JIIOJI B3aUMOJIEHCTBYIOT JAPYT C APYTOM, KaK B
JUYHBIX, TaK U B OHJAHH-KOMMYHHUKAIUSAX. DTO MOXET IOBBICUTH YpPOBEHb SMMATHUH U
IIOHUMAaHUS B O0IIECTBE.

B 3akmrouenuwe o OyayieM TEXHOJIOTHH pacro3HaBaHUS JIMOIUH, BAXHO OOpaTHTH
BHHUMaHUE Ha TEKYIIUE IOCTHXEHHUS M CYIICCTBYIOIIME OTPaHUYCHHUS B JaHHOW 0OJacTH.
Tabnmuie 3 TpenocTaBiseT OOMIMPHBIA aHaIW3 pe3yJlbTaTOB MPHUMEHEHHUS TEeXHOJIOTUI
pacro3HaBaHUsl YMOILUN, BKIItOYas WX d(PPEeKTHBHOCTH, 00JIaCTH IPUMEHEHUS U BBISBICHHBIC
BBI30BBL. DJTO TO3BOJIUT YHTATENI0 Oojee TIyOOKO TMOHSTh, Kakue pe3yldbTaThl OBbLIN
JTOCTUTHYTHI Ha CETOJMHSIIHUKA JACHh W KaKHE PEKOMEHAAIIMH MOTYT OBITh MPEIONKEHBI IJIS
JAIBHENIIETO YJIyYIICHUs 3TUX TEXHOJIOTUH.
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Tabmuna 3 - AHaIu3 pe3yJbTaTOB MPUMEHEHHS TEXHOJIOTHI pacrio3HABAHMSI SMOITHI

9P PeKTHBHOCTH
Coepa b (%) OrpaHuyeHusi Pexomenaauuun
K [lepconanm3mpoBaTe MOAXOABl K
Ma 30% VIBTYPHBIC — Pa3JIM4usi B
PKETHHT ) N Pa3IMYHBIM LEJIEBBIM
BOCTIPHUSITUN SMOIIUN
Ay IUTOPUSIM.
OrpaHudcHUs B TOYHOCTH npu | Pa3paboTka YHHBEPCaIbHBIX
3npaBooxpanenue | 25% pa3IMIHBIX KyJBTYPHBIX | MOJENEH C YYETOM KYJIbTYPHBIX
KOHTEKCTaX 0COOEHHOCTEH.
Hcnonb3oBaTh
o Huskast TOUHOCTH B OOJIBIINX Ny
O0pazoBanue 20% DVIIIAX WHAUBUIYaTU3UPOBAHHBIN
Py MOIX0]T K K&KIOMY CTYACHTY.
Urposas 15% 3aBHCHMOCTH OT KadecTBa | YIydIIEHHE aJrOPUTMOB  JUIA
0
HHIYCTPHS TaHHBIX 00pabOTKH IITYMHBIX JIAHHBIX.
PazpaboTrka  Ooiee  CIOXHBIX
o CHOXHOCTh B MHTEPIPETALNU
ConmansHbeie cetu | 40% aJITOPUTMOB IS aHanm3a
KOHTEHTA
KOHTEKCTA.
5 VYcTaHOBIICHNE YETKUX TPABHI U
Be30HACHOCTE 30% THYECKHE BOIIPOCEI
() 9 HOpM IS HCIO0JIB30BaHUS
HCIIOJI30BaHUS TEXHOJIOTHIA N
TEXHOJIOTUH.

BbiBoa: Ha OCHOBE PE3yJIbTATOB M HUX aHAM3a MOXKHO CJENAaTh CIEIYIOIIMA BBIBOJ:
npojenaHHas  paboTa MPOJEMOHCTPUPOBAJIA  3HAYMTEIBHOE  MOBBINIEHHE TOYHOCTH
pacro3HaBaHMsI SMOIUN C UCHOJIH30BAaHUEM COBPEMEHHBIX AJITOPUTMOB, a TAK)KE BBIABHIIA
IMPOKUH TMOTCHIIMAT MPUMECHECHUS 3TUX TEXHOJOTHH B Pa3UYHBIX cdepax, MOTIepKUBas
HEOOXOIUMOCTD y4eTa ITHUECKHUX aCHEeKTOB M JaJbHEHIINX UCCIEAOBAHUMN I ONTUMHU3AIUU
WX UCTIOJIb30BaHUS
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EMOTIONS AND THEIR VISUAL REPRESENTATION: HOW DEEP LEARNING CHANGES
PERCEPTION

Annotation. This article examines the impact of deep learning on the perception of emotions and their visual
representation. Emotions play an important role in human interaction, and their transmission through visual images
is becoming relevant. Deep learning allows you to analyze and recognize emotions in images, which is used in
movies, social media, and advertising. The challenges and ethical aspects of emotion recognition, including
cultural differences and privacy issues, are also addressed. In conclusion, it highlights how technology is changing
our perception of emotions and visual images.

Keywords: emotions, visual representation, deep learning, emotion recognition, technology.
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CPABHUTEJIBHBIN AHAJIN3 CUCTEM AYTEHTU®HUKAIIUHA 1O
ITAPOJIIO

Tumowmenxo A. C.
Hayunwtii pykosooumens: baouuesa M.B., kano.mexn.nayk, ooyenm
dI'boOY BO «/loul’'Y»

Annomayus: paboTa MOCBSIICHA aHATN3Y METOAOB ayTEHTU(HKALUK TOJIb30BATENCH, BKIIIOYAs CHMBOJIBHbIC,
rpaguyeckue W JAWHAMUYECKHE IapoJid, a TaKKe COBPEMEHHBIM TEHICHIMSM, TaKUM Kak OHOMETpHUs |
MHOrodakropuass ayteHtudukanus. HMcciegoBaHa METOQMKA OICGHKH  KPUITOCTOMKOCTH CHUCTEM  C
UCTIOIb30BaHHEeM MaHX3TTEHCKOTO PacCTOSHHS. PACCMOTPEHBI IPEUMYIIECTBA U HEJOCTATKU PA3JIMYHBIX CUCTEM,
a TaKkXkKe NPEIJIOKEHbBI MEPCICKTUBHBIC HAMPABICHUS B 00JACTH aIaNTHBHON ayTeHTH(UKAIMU U IPUMECHEHHS
MAIIMHHOTO O0YYEHHUs IS TIOBBIIICHHS 0€30MaCHOCTH HH(POPMAIIMOHHBIX CHCTEM.

Kniouesvie  cnosa:  AyTeHTU(UKAIMsS, TMapONbHBIE  CHCTEMbBI, KPHUITOCTOMKOCTh, MHOTrO(GaKTOpHAs
ayTeHTU(DUKAIUS, OHOMETPHS.

Beenenne. B coBpemeHHOM IM(PPOBOM MPOCTPAHCTBE OE30MACHOCTh HH(POPMAIIH
UrpaeT KpUTUYECKH BaKHYIO POJib. AyTEHTU(UKAIUS IOJIb30BaTeNCH SBISIETCA OIHUM U3
KITIOUEBBIX DJIEMEHTOB 3alIUThl HMH()OPMAIIMOHHBIX CHUCTEM OT HECAaHKIHOHHUPOBAHHOTO
noctyna. B cBsa3u ¢ 3TuM pa3paboTka M aHaIW3 HAJAEKHBIX MEXaHU3MOB ayTEHTU(UKAIMU
CTAHOBSITCS IPHOPUTETHOH 3a/1aueil KuOepOe30MmacHOCTH.

CyuiecTByrolye MapoyibHble CUCTEMbI MOXHO Pa3/ieiUTh Ha TPH OCHOBHBIE KaTETOPHUHU:
CHMBOJIbHBIE TTAPOJIH, TpadudecKre Mapo U JMHaMUYecKue maponn. Kaxmas u3 3Tux cucrem
o0saaeT CBOMMH HIPEUMYILIECTBAMU M HEIOCTAaTKaMH B 3aBUCHUMOCTH OT TpeOOBaHUM K
0€30MacHOCTH U yA0OCTBY MCHOIb30BaHus. OJHAKO, HECMOTPSI Ha pa3HOOOpa3ne METOIOB, HU
OZIHa U3 CHCTEM HE sBseTcs aOCOMIOTHO 3aIIMIIEHHOW oT yrpo3. IlosTomy axtyanmbHOU
3ajavueil SBISIETCS] CPAaBHUTEIBHBIN aHAIH3

KPUNTOCTOMKOCTH pa3jiMyHBIX THUIIOB Maposied, MX YCTOMYMBOCTH K aTakaM H
3P PEKTUBHOCTH MPUMEHEHHS B PA3JINYHBIX CIICHAPHUSX.

ITocranoBka 3amaun. Llenp paboThHl 3akiatouaeTcs B MCCIEJOBAHUUM M CpPaBHEHHUH
pa3NMYHBIX THIIOB TMApOJIBHBIX CHCTEM, a Takke pa3paboTKe KpHUTEpHUEB OIEHKH UX
KPUNTOCTOMKOCTH. BayKHBIM acrieKToM SIBJISIETCS aHAJIN3 YSI3BUMOCTEH, CTOMKOCTH K aTakaM U
ya00CTBa UCMOIb30BAHNS KaXKA0T0 THIIA MTapojei.

CoBpeMeHHbIE TEHJCHLIIMU B ayTeHTU(UKAIMM IoJib30BaTeneil. B mocnennue ros
HaOIOMAaeTCsl 3HAUMTENFHOE pPAa3BUTHE METOJOB ayTEHTH(HKAIMK, HAlpaBICHHBIX Ha
MOBBIIIEHHE 0€30IaCHOCTH U y100CTBa MCIOJIb30BaHMs. TpaIullMiOHHbIE TAPOIH MOCTETIEHHO
YCTYHarT MECTO 0Oojieeé COBPEMEHHBIM W HaIeXKHBIM moaxogaMm. OIHON W3 KIIIOYEBBIX
TEHJICHIIU SBJISETCS POCT MOMYJIIPHOCTH OMOMETPUUYECKUX METOJIOB ayTEHTH(PUKAIINHU, TAKUX
KaK pacro3HaBaHUE OTIEYATKOB MalbIIEB, JUI] U CKAHUPOBAHHE pajyKHOW 00O0JIOUKH ria3a.
OTH MeTo/abl 00ecrevynBaloT BHICOKUN ypOBEHb O€30MacCHOCTH M YI00CTBA, MOCKOJIBKY
MOJIb30BaTENsIM HE TpeOyeTcsl 3allOMHHATh CJOXKHBIE Mapojd WJIM HOCUTh C €000
JIOTIOJTHUTEJbHbIE YCTPONUCTBA.

Eme opHON BaXHOW  TEHIEHIMEW  SBISETCS  BHEAPEHHE MHOTO(aKTOpHOU
ayreHTHu(ukanuu (MFA), koTopas coderaer B cebe HECKOJIBKO METO/OB IMOATBEPKACHUS
nugHoctn. MFA TpeOyeT OT monb3oBareeil MpeocTaBlIeHus] IBYX WM Ooiyiee (aKTOpoB
ayTeHTU(UKALMHU, TAKUX KaK MapoJib, OMOMETPUUECKUE JaHHBIE WM OJHOPA30BBIE KOJIbI, YTO
3HAYUTENIbHO MOBHIIIAET YPOBEHb Oe3onmacHocTH [1].

Kpome Toro, pasBuBaeTcsi MCIOJIb30BaHHE IOBEACHYECKOH OHOMETpUHU, KOTOpas
aHAJIM3UPYET YHUKAJIbHbIE MOJENH IMOBEACHMS IOJIb30BaTeNsl, TaKue Kak CKOpPOCTh Habopa
TEKCTa, JIBUKECHHUS MBIIIN UM XapaKTePHBIE )KECTHI C MOOUIIBHBIM YCTPOHCTBOM. DTOT MOJXO.
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MO3BOJIACT HCIIPCPBIBHO MOATBCPKAATL JIMYHOCTD IMOJIB30BATCIIA 663 H€O6XO,Z[I/IMOCTI/I SIBHOT'O
BBOJIa JAaHHBIX JJISl ay TeHTU(UKALINH.

Taxkke CTOMT OTMETUTH TEHICHLMUIO K OTKa3y OT MapoJiel B IIOJb3y TEXHOJOTHUH,
UCIONIB3YIOLMX KpunTorpapuyeckue K4, Takux kak passkeys. Komnanum akTtuBHO
NPOJIBUTAIOT MCIOJb30BaHUE passkeys, KOTOpbIe oOecrednBaloT Oosiee BBICOKHHA ypOBEHb
0€30MacHOCTH U y100CTBA [0 CPABHEHUIO C TPATUIIMOHHBIMH MTaPOJISIMU.

OTH TEHICHLUUHU OTPAXAIOT CTPEMJICHHE K CO3JaHuI0 Oosee Oe30MacHbIX M YIOOHBIX
CUCTEM ayTEeHTU(UKAIUU, CIIOCOOHBIX IPOTUBOCTOATH COBPEMEHHBIM KHOEpyrpo3am u
YIOBJIETBOPSATH MOTPEOHOCTH MOJIB30BATENEH B OBICTPO MEHSIOMIEMCS IU(POBOM MHUDE.

IMoaxox k anaau3y meroAoB ayreHTH(ukauuu. J[ns oOecneueHus 06€30MaCHOCTH
uHpOpMAalMM ¥ NPEJOTBPALICHUS HECAHKIMOHMPOBAHHOTO JOCTyHa K CHUCTEMaM
UCIIONIB3YIOTCSA Pa3IMyHble METOJbl ayTeHTU(hUKanuu. DPPEKTUBHOCTb STUX METOJIOB
OMpPCACIIACTCA UX yCTOfI‘II/IBOCTBIO K aTakKaM, yI[O6CTBOM HUCIIOJIB30BaHUA U BO3MOXHOCTBIO
UHTETpaIi B COBPEMEHHbIE CHCTEMbI 0€30IaCHOCTH.

Pa3Butne 1M@pPOBBIX TEXHOJIOTMH MPHUBENO K YBEJIMYEHUIO YHCIa KUOEpyrpo3, uTo
TpeOyeT Oosee AeTaabHOrO0 aHalu3a CYHIECTBYIOIIMX MEXaHM3MOB ayTeHTU(ukauuu. [Ipu
BI)I60pe nmoaxogdamero M™MeEToJa BaXHO YUUTBIBATHL HE TOJBKO C€ro TCOPETHYCCKYHO
KPUIITOCTOMKOCTh, HO U MPAKTUYECKHE aCIEKThI, TaKHe KaK yJ00CTBO JJs MOJIb30BaTENeH U
BEPOSTHOCTH YEJIOBEUECKOTO (haKTOpa MPH YIPABICHUN YIETHBIMU JAHHBIMHU.

HccnenoBanue pa3luyHBIX THIOB MAPOJBHBIX CUCTEM TpeOyeT CTPYKTYPHUPOBAHHOTO
MOJIX0/1a, BKIIOYAIONIETO KOJIMYECTBEHHYIO M KAueCTBEHHYIO OLIEHKY HMX MapaMeTpoB. B
CIEyIOIIEeM pa3jelie MpeAcTaBlieHa METOAMKAa HCCIEIOBaHUS, HaIlpaBlICHHAs Ha aHalu3
KIIFOYCBBIX XaPAKTCPUCTHUK MMAPOJIBbHBIX CUCTEM U UX CPABHUTCIIbBHYIO OLICHKY [2]

Metonuka wuccieaoBaHusi. /[ OIGHKM pa3iMYHBIX TUIIOB MAapOJBHBIX CHUCTEM
UCTIONIB3YIOTCS CIEAYIOINE KPUTEPUH:

1. DHTponus mapons — Mepa CIy4yailHOCTH Maposis, ONpeesisonias ero CTOMKOCTb K
nonoopy.

2. TloaBep)keHHOCTh aTakaM — aHAJIU3 BO3MOXKHBIX aTak, TAKUX Kak aTaka rpyooil CHIIbL,
noa0op, colranbHast HHKEHEPUS U KEUIIOTTEPHI.

— Bo3mokHOCTE TTOJTHOTO TIEpebopa;

- Bo3Mo)HOCTB aTaku ciioBapéMm;

- VA3BUMOCTE K IIOAIIAABIBAHUIO U 3allMCH BBOAA.

3. YcTOM4YMBOCTh K (PUIIMHIOBBIM aTakaM — BO3MOXKHOCTh IIepexBaTa Mapois
3JIOYMBIIIJICHHHUKOM.

4. YnoOCTBO UCTIONB30BaHUS — CyObEKTUBHBIN (DAKTOP, BIUAIOLINI HAa CKOPOCTh BBO/IA
Y BOCITPHUATHE TTOJIb30BATEIIS.

5. CkopocTh ayTeHTU(HUKAIUU — BpeMs Ha BBOJI M TPOBEPKY MapoJIsl.

6. BO3MOXXHOCTh BOCCTAHOBJICHHS — KaK TPOBOJUTCS BOCCTAHOBIICHUE IApOJIs, U
HACKOJIBKO 3TO 0€30I1acHO.
7. TpeOoBaHus K JOTMOJHUTEIBHBIM CpPEACTBAM — TMOTPEOyeTCcsl JU TPH ITOM

MCIIOJIb30BaHME alMapaTHBIX TOKEHOB, OMOMETPHH WU IPYTHX JOMOIHUTENBHBIX CPEICTB.

Kaxnpiii kputepuit onennBaetcs o mkaine ot 0 1o 1, roe 0 — Hauxyammii mokasarens, 1
— Hawiy4mui. MToroBas oneHkKa CUCTEMBI PACCUUTBIBAETCA C MOMOIIBID MaHX3TTEHCKOTO
paccTosiHUsl. ODTOT METOJ TMO3BOJISIET ONPENECIUTh CTENEHb OTKJIOHEHUS CHUCTEMBbI
ayTeHTH(HUKAIIMK OT WACATLHOTO BapHaHTa, B KOTOPOM BCE€ KPUTEPUU MPUHUMAIOT
MaKCcHMaJIbHBIE 3HAUYEHMS.
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Meton MaHX3TTEHCKOI0 PACCTOSSHMS B CPABHEHHH MAaPOJBHBIX CHCTEM.
MaHX3TTEHCKOE pacCTOSTHUE — 3TO METPHKA, UCIOIb3yeMast Ui U3MEPEHHs Pa3HUIbI MEXTY
JIByMsI TOUKaMH B MHOTOMEPHOM IIPOCTPAHCTBE. B KOHTEKCTE OLIEHKU HAJIEKHOCTHU MapOJIbHBIX
CUCTEM OHO IIO3BOJISIET KOJMYECTBEHHO OMNPEICIUTh CTENEeHb OTKJIOHEHHsS] KOHKPETHOM
CUCTeMBI ayTCHTH(HUKAIIMU OT HUACAIBHON MOAENH, B KOTOPOW BCE KPUTEPUU HUMEIOT
HawIy4lue 3HadeHus [3].

dopmanbHoe omnpenejeHne MaHXITTEHCKOI0 PpaccTosHMs. MaHX3TTEHCKOe
paccTosiHue MEXAy JBYMs TOYKAMH B N-MEPHOM MPOCTPAHCTBE BBIUUCISETCS IO CIeIyIONIei
dbopmyre:

D= ¥i_ilxi — il
re:
- X; — 3HAUYEHHE 1-T0 KpUTEPUs IJI UCCIEYyEeMOIl CUCTEMBbl ayTeHTHU(UKAIUY,
- Y; — UJealIbHOE 3HaU€HHE ITOTO KpUTEepHs (0OBIYHO MPUHUMAEMOE PABHBIM 1),
- N — KOJINYECTBO KPUTEPHUEB OIICHKH.

Takum o0Opa3om, ueM MeHblne 3HaueHue D, Tem Ommke mapoipHas CHUCTEMa K
UJICATTbHOMY PEIICHHUIO.

IlpumeHeHne B CpaBHUTEJHLHOM aHAJIU3e MNAPOJbHBIX cHcTeM. B ganHOM
HCCIEIOBaHUM MAaHXITTEHCKOE PACCTOSIHUE HCIOJB3YeTCs JUIsl BBIUUCICHUS OTKJIOHECHHS
Ka)XXJI0H MapoJIbHOM CHUCTEMBl OT HJeajbHOW. PaccumTaB 3TO paccTosiHME I Pa3IUYHBIX
CUCTEM, MOXKHO OIPENICIINTh, Kakas U3 HUX SIBISIETCS HanOosee cOaJaHCHPOBAHHOW C TOYKHU
3peHusi 6e30MacHOCTH, yI0OCTBA U YCTOMYMBOCTHU K aTakaMm.

IIpumep pacuera. [lycTb 1aHbl TPU CUCTEMBI C BEKTOpaMu KpuTepues (Tadm. 1):

- CumBonbHbIe Iapoiu: K;,,=(0.7,0.5,0.3,0.6,0.8,0.7,0)
- I'paduueckne maponn: Kyypqp,,=(0.6,0.6,0.4,0.7,0.7,0.5,0)
- JMunamugeckue naponu: K;,,=(0.9,0.8,0.9,0.5,0.6,0.9,1)

Wneanbuerit BexTop kputepues - K*=(1,1,1,1,1,1,1).

Paccuntannbie 3HaYEHUs MOKA3bIBAIOT, YTO JAMHAMUYECKHE TapOJH OKa3bIBAIOTCS
HaubOosee OMU3KUMHE K UACaIbHOMY PEIIeHHIO, TOTJIa Kak CUMBOJIbHBIE U TpadudecKre mapoiu
UMEIOT 00Jiee BHICOKHE OTKJIOHEHUSI.

Taoauna 1. CpaBHeHUe Pa3TUYHbIX TUIOB MAPOJIbLHBIX CUCTEM

Cucreva OHTpon YCTOHHHBO Oumm | Yoober Bpewms Boccranosne Hon.
ayTeHTU(]UKa CTh K ayTeHTH(HKA CpeacT
us HT BO HHC

1 aTakam 107171 Ba
CnvBonbhbie | (- 0.5 0.3 0.6 0.8 0.7 0
apoJu
I'papuueckue 0.6 0.6 0.4 0.7 0.7 0.5 0
apoJu
Jlunammaeck | o o 0.8 0.9 0.5 0.6 0.9 1
ue naponu

JlononuTeIbHBIE  Mepbl  3amMTLI.  [loMuMO  TpPaJMIHOHHBIX ~ METOIOB

ayTeHTU(HUKAIUY, TEPCIEeKTUBHBIMU HANpaBICHUSMH SBISIIOTCS TUOPUAHBIE CHCTEMBI,
coyeralomue B cebe Heckolbko (akropoB wuaeHTuukanuu. Hampumep, couetanue
CHUMBOJIbHBIX M JMHAMUYECKUX MapoJiel, HCI0Ib30BaHNE OMOMETPHUECKUX JJAHHBIX B CBSA3KE C
OHOPA30BBIMH KOJAMH WM TPHUMEHEHHE KpUNTOrpapUuecKuX TOKEHOB. OJTH MeEpHI
CYIIECTBEHHO TIOBBIIIAIOT YypPOBEHb O€30MacCHOCTH M MHUHHMU3HUPYIOT BEPOSTHOCTh
HECaHKIIMOHUPOBAHHOTO JOCTyTa [4].

OnHuM U3 aKTyalbHBIX PEIICHUI SBIISETCS MPUMEHEHUE alallTUBHON ayTeHTU(UKaIuy,
KOTOpasi MCIIONB3YeT MOBEJACHYCCKUH aHalM3 M MallMHHOE OOydYeHHe Uil AMHAMHYECKOTO
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onpezeneHusl ypoBHs pucka. B 3aBucumoctu oT ycioBuid Bxoja (ycrpoiictBo, IP-agpec,
reoJioKalys) CcHCTeMa MOXKET aBTOMATHYECKM YCHUJIMBATh MEpbl 3allUThL, Tpedys
JIOTIOJTHUTEBHYIO ay TEHTH(PHUKALIMIO B CITydae MOJ03PUTEIIbHON aKTHBHOCTH.

Boisoab!. [IpoBeieHHBIN aHaIM3 OATBEPAMI, YTO HU OJHA CHCTEMa ayTeHTU(UKALIUK He
ABJsIeTCA yHUBepcanbHOU. Kaxkaas U3 pacCMOTPEHHBIX CHCTEM UMEET CBOM IIPEUMYIIECTBA U
HEJIOCTATKH, U UX BBIOOP 3aBUCHUT OT KOHKPETHOTO CIIEHAPUS UCTIONb30BaHMS.

- CumBO/NbHbIE NapoAuM oOcCTaloTcs Haubojee pPacHpOCTPAHEHHBIM METOAOM
ayTeHTU(UKAIMKM, HO TOJABEpKEHbl arakam rnepebopa u QumuHra. Hx ocHOBHOE
IPEUMYIIECTBO — IPOCTOTA PEATU3ALMH U HU3Kasi CTOUMOCTb.

- I'padpuyeckne maposm  ynqoOHbl B HCIOJNB30BAaHMM, OJHAKO  HX
KPUITOCTOMKOCTh CHJIBHO 3aBHCHT OT CIIOKHOCTH H300paxenus. OHU oOnamaroT Oosbiien
YCTOMYMBOCTBIO K aTaKaM KeJIOrrepoB, HO MOT'YT OBbITh YS3BHMBI K ITOJIJISAIbIBAHUIO.

- JMHaMH4YecKHe MapoJM 00ecleunBaloT BBICOKUN YPOBEHb O€30IaCHOCTH, HO
TpeOyIOT OMOJHUTENBHBIX YCTPOMCTB MIIM TEXHOJOTHMM, YTO JIeJIaeT UX MeHee YIOOHBIMU B
HCTIOJIb30BaHHH.

JUis TNOBBbILIEHUST YPOBHS KHOEpOE30MMacHOCTH PEKOMEHIYeTcss KOMOWHUPOBaHHBIH
MOJIXOJI, BKJIFOUAIONINH MHOTO(GAKTOPHYIO ayTeHTH(UKAIUIO M PETYISIPHOEe OOHOBIICHUE
HOJIUTUK Oe3omacHOCTH. [lepcreKTUBHBIMY HalpaBlIeHUSIMHU PAa3BUTHUS SBJSIFOTCS aJallTUBHAS
ayTeHTU(UKAIKS, WCIOIB30BAHUE MAIIUHHOTO OOy4YeHHS W pa3BUTHE OHMOMETPUYECKHX
METOJI0B UJICHTU(UKALIUH.

Paspaborannas MeToauKa MOKET OBITh MIPUMEHEHA JUIS JAbHEHIINX UCCIECAOBAHHUHA B
obnacTy ayTeHTH(UKALUMU U O€30MaCHOCTH HMH(DOPMAIMOHHBIX CHCTEM, a Takke M
pa3pabOoTKK HOBBIX MOJIEJIEH 3alUThI, yYUTHIBAIOIINX COBPEMEHHBIE KHOEPYTPO3BI.
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PA3PABOTKA NPOEKTA METOJAUKH BbIITIOJTHEHUA HBMEPEgHﬁ
MPOP®UJIA CKOPOCTHU B PABOYEN YACTHU JIBYXCJIOUHOU
ADPOIUHAMUYECKOM TPYBBI

Yacnuk A. C.
Hayunwit pykosooumenw: llomemyn E. /]., kano.mexun.nayk, ooyenm
drE0Y BO «/lonl’Y»

Aunomayus. B craThe mpuBeneHbI pa3paOdOTKH MIPOEKTA METOIUKH BEITTOIHEHUSI H3MEPEHUH mpoduirsa ckopocTr
B paboueii 4acTu JBYXCIOHHOW aspoTMHAMHYECKOH TpYObl. PaccMOTpeHbI OCHOBHBIE ATAIbl CO3/1aHNSI METOANKH,
BKJIIOYasi BBIOOp W3MEPHUTENBHOTO 000pYHOBaHMS, pa3pabOTKy ajiropuTMOB OOpabOTKH IaHHBIX M OLCHKY
NIOTPEIIHOCTEN U3MEPEHUI.

Kniouegvie crosa: ABYXCIOMHas a’dponuHaMuueckas Tpyba, HpouIb CKOPOCTH, METOAMKA H3MEPEHUH,
JUHAMHYECKHUE XapaKTEPUCTUKU.

Beenenue.

OCHOBHBIM MHCTPYMEHTOM JUIsSl SKCIIEPUMEHTAJIbHBIX HCCIIEIOBAaHUI B a’pOJMHAMUKE
sBisitoTes adpoaunamuueckue TpyOsl (AT). C ucnons3oBanuem AT nosiBiisieTcss BO3SMOKHOCTh
MOJIETTUPOBAHUS MOTOKOB BO3/1yXa (MJIH IPYTUX Ta30B) C 3a/IaHHBIMU TapaMETPaMU U U3yUEHUS
MPOIECCOB OOTEKaHUsl pa3iuyHbIX OO0BEKTOB. AT IIMPOKO MPUMEHSIOTCS Ui PEUICHHUS
UCCIIEIOBATENIbCKUX U KOHCTPYKTOPCKHMX 3a]a4, TaKUX KaK TECTUPOBAHME JIETaTEIbHBIX
amnmaparoB, aBTOMOOWIeH u 1ip. [1].

B HacTosiiee BpeMs akTyalbHBIM SIBISIETCS W3YYEHHE IMPOLECCOB, MPOTEKAIOIIUX B
atmocdepe. AtMocdepa 3eMiIu TPENCTaBIAeT COOOW CIOKHYIO MHOTOCIIOWHYIO CHCTEMY,
COCTOSIIIIYI0 M3 HECKOJBKHUX CJOE€B, KaXKIbI M3 KOTOPBIX XapaKTEPU3YETCs YHHMKaJIbHBIMHU
(U3NYECKUMH, XUMUYECKUMU U JAUHAMUYECKUMHU CBOMCTBAMM. DTH CJIOU Pa3IMyarOTCs IO
TEMIIEPATYPE, NaBIEHUIO, IITIOTHOCTH, COCTaBY I'a30B U IpYyTUM NapameTpaM. MozaenupoBaHue
3TUX MPOLIECCOB SBJISAETCA BaXHbIM HWHCTPYMEHTOM JUIsl NMOHUMaHHUS M IMPOTHO3UPOBAHUS
M3MEHEHUN B OKpYKarolleil cpeie, a TakkKe JUIs PEeLICHUs] MPUKIAJHbIX 337a4 B PAa3IHMYHbIX
o0acTax HayKH U TEXHHUKH.

B nByXcnoiHBIX a’poAMHAMHUYECKUX TpyOax, IJe MOTOK pa3[elieH Ha JiBa cjos ¢
Pa3HbIMHM XapaKTEepPUCTUKAMM, U3MEPEHUE MPO(UIIs CKOPOCTU B paboyell 4yacTh CTaHOBUTCS
BXHOW 3a/aueil 1Jig MOHMMAaHMS JUHAMHKHU TOTOKA U ONTHMHU3AIMU AKCIEPUMEHTATbHBIX
ycioBuil. PazpaboTka METOIMKH BBIIIOJHEHUS TaKUX M3MEpeHuil TpedyeT ydera cnernupuku
KOHCTPYKLIIMU TPYObl, XapakTEpPUCTHUK TMOTOKAa M HCIOJb3yEeMOTO HW3MEPUTEILHOTO
00opyTI0BaHUs.

OcHoBHast 4aCTh.

Jliig (pu3nueckoro MOJENIUPOBaHUs CTPATU(UIIMPOBAHHBIX MPOLECCOB B aTMochepe Ha
kadpeape ®HITMD um.M.JI.IToBxa Obuta co3aHa ABYXCIIOMHAs adpoanHaMudeckas Tpyoa. Ona
MPEJCTaBIseT cO00il KOHCTPYKIIMIO, B KOTOPOW MOTOK BO3JyXa pa3JesisgeTcsl Ha JIBa CJOs C
Pa3IMYHBIMM XapaKTepUCTUKaMHU Mo TemmepaType u ckopoctu [1]. PaGouas wacts TpyObl
JI0JDKHA 00ecneunBaTh CTaOUIBHOCTh MOTOKA U MUHHUMANbHbIE TYpOyJIEHTHbIE BO3MYIICHHUS.
Bremnwmii Bug nByxcinoiHoi AT npuBeaeH Ha pucyHke 1.
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Pucynox 1 — BHemHuit B cTeHIA TSI MOJIEIMPOBAHUS CTYIIEHUATOI'0 MCIIBITaTEIbHOI'O CUTHAJIA!
1-Bentunarop, 2— HauanbHbIH yuyacTok AT, 3— HarpeBarenb, 4— TEIIOOOMEHHUK,
5 — mpsIMOYTOJIBHBIH y4acTok, 6 — hopkamepa, 7 — koHDy30p, 8 — Hacaagka

B 0CHOBY KOHCTpPYKIMM CTEHJA IOJO0KEH IMPHUHLMUII pa30MKHYTON AByXcinoiHo AT,
I'Jie /1Ba IUIOCKO — MapajuIeNIbHbIX KaHAJIOB, 00BbEIMHEHbI OHUM OOIUM pabounuM y4acTKOM, B
KOTOPOM 00pa3yeTrcsi CTallMOHAPHBIN ABYXCIOWHBIA CTpaTu(UIIMpOBaHHBIN TOTOK. Kaxmprii
IIOTOK UMEET CBOW MHAMBHUAYAJIbHBIN a3pOJINHAMUYECKUI U TEIUIOBON PEXUM.

JIByxcioliHasi a3poJuHaMU4ecKast TpyOa MpeICTaBiIsieT COO0H CIOKHYIO CUCTEMY, TJIe
IIOTOK  BO3/lyXa  pasjensercs Ha  IIOTOKM C  Pa3sHbIMH  XapaKTEpUCTHKaMH,
B3aUMOJICCTBYIOIIIUMU MEXAy cOO0M M Okpyxaromed cpemo. Takas cTpykTypa MmOTOKa
IIPUBOJUT K CJIIOKHOU JUHAMHUKE, B KOTOPOH BaXKHO yUECTh IIOBEIEHUE KAXKA0I0 U3 CIOEB IS
TOYHOTO M3MepeHHsI POt CKOpocTh [2]. OCHOBHBIM MapaMeTpoM, KOTOPBIH UCCIENYIOT B
a’poIMHaAMHUYECKOi TpyOe, sSBiIsieTcss Mpo(UIIb CKOPOCTH - paclipe/ielIeHue CKOPOCTH MOTOKa
Bo3/yxa B paboueit yactu AT. CkopocTh MOTOKA HE SIBISETCS OJJHOPOIHOM B pabodeil yacTu
AT, e€ 3HaueHMs MOTYT CWJIBHO BapbUPOBATHCA B 3aBUCUMOCTH OT pPaclOJIOXKEHHUS
U3MEPUTENIbHOTO MpHOopa. DOTH M3MEHEHUS BbI3BAHBI PSIAOM (PAKTOPOB, TaKUX Kak
TypOyJIEHTHOCTb, T€OMETPHsI TPYObl, BIUSHUE CTEHOK U JIpyTHe.

OpaHMM U3 II1aBHBIX (AKTOPOB, ONPEACIISAIONINX CII0)KHOCTh U3MEPEHUI B IBYXCIOWHOM
MOTOKE, ABJSETCSA TypOyJIeHTHOCTb. TypOyJIeHTHOCTh BO3HUKAET BOJIM3H CTEHOK TPYObI U U
CMEIIIEHUH CJIO0EB C pa3Iu4YHbIMU ITapaMeTpaMH 10 TeMIepaType U ckopocTu. [ usmepeHus
TypOyJIEHTHBIX MOTOKOB HIMPOKOE NMPUMEHEHHUE IMOJYyYMWIN TEPMOAHEMOMETPhI MOCTOSHHON
TEMIEPATypbl C HHUTOYHBIM YYBCTBUTEIBHBIM 3yieMeHTOM. TepMmoaHemomeTrp oOnanaer
BBICOKOW YYBCTBUTEIBHOCTBIO M CIIOCOOHOCTBIO pabOTaTh B YCIOBUSAX TUHAMHUYECKHX
U3MEHEHUH. [l KOpPPEeKTHBIX H3MEPEHHH CKOPOCTH B TaKUX YCJIOBUSAX, HEOOXOIUMO
YUUTBHIBATh HE TOJIBKO CpEHEe 3HAYCHUE CKOPOCTH, HO M €€ MTHOBEHHBIE 3HaYeHus [3].

Pa3paboTrka mnpoexkTta METONMKH HU3MEpeHHH NpoduiIsi CKOPOCTH B JIBYXCIOWHOMN
a’poJIMHAMHUYECKON TpyOe TpeOyeT CHUCTEeMHOro MOJXOAa M ydeTa MHOXECTBa (haKkTOPOB,
BIIUSIIOLINX Ha TOYHOCTH U JOCTOBEPHOCTD Pe3yIbTaTOB. BaykHeH MU 371IeMEeHTaMU METOTUKHI
SBIISIIOTCSL BBIOOpP M3MEPHUTEIbHBIX MPUOOPOB, pa3MeElIeHHE TAaTYMKOB B paboueM o0bEMeE,
pa3palboTKa alrOpUTMOB 00paOOTKH JaHHBIX U YUET CIEHUPHUKHU ABYXCIOHHOIO MOTOKA.

[lepBoHauanbHbIi 3Tan pa3pabOTKM METOAMKH 3aKJII0YaeTcss B BBIOOPE MOAXOSAIINX
npuOopoB At u3MepeHust npoduis ckopoct. s u3MepeHHil B ABYXCIOWHON TpyOe
IPEIIOYTUTENBHBIM HHCTPYMEHTOM SBJIIETCS HUTOYHBIM TEPMOAHEMOMETD IOCTOSHHOMN
temrepatypel  (TA TIT) ¢ mmamerpom Huth 8 wMkM. TA o0namaer BBICOKOU
qyBCTBUTEIBHOCTHIO, €r0 MaJlble T€OMETPUUYECKHE pa3Mephl COCOOCTBYIOT MHHUMAIBHOMY
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BO3MYIICHUIO MOTOKA U CIIOCOOHOCTBIO TOYHO HM3MEPATH CIOXKHBIC I'PAAMEHTHI CKOPOCTH,
BKIIIOYass TypOyJieHTHbIE XapakTepucTuku. B kauectBe oOpasmoBoro CH  ckopoctu
BO3YIIHOTO IIOTOKA MCIONb30BasIach TpyOka ITuro-IIpanatins u mukpomanomerp MKB-250,
uMeroluii ocHoBHyto mnorpemHocTs 0,02 %. Pa3memienue u3MepuTenabHBIX MPUOOPOB B
pabodeii yacTu TpyOBbI TOJDKHO OBITH TIIATEIBHO CIIAHUPOBAHO. J{Jisi IBYXCIIOHOTO TOTOKA
O0COOCHHO Ba)XXHO Y4Y€CTb, YTO JBa CJIOS UMEIOT pa3Hble XapaKTEPUCTHUKU CKOPOCTH, B
HEKOTOPBIX Cllydasix W Temmeparypbl. s Toro uroObl coOpaTh IMOJIHOE pacmpesesieHue
CKOPOCTH, JATYNKH JJOJKHBI ObITh PACIOJI0KEHBI HA PA3IMYHBIX YPOBHSX, HAUMHAS OT LIEHTpa
MOTOKA M 3aKaH4YMBAast OJIN3 CTEHOK TPYOBI.

[Ipu pa3zpaboTke MpoeKkTa METOIUKH BBIOJHEHUS H3MEPEHU Mpo(uiIs CKOPOCTH
HEOOXO/IMMO YUYUTHIBATh JUHAMHUYECKHE 3((EKThl, BIUAIOLUINE HA PE3yJIbTAaThl H3MEPEHHIA.
Jly1 3TOr0 HEOOXOIUMO HCIOIb30BaTh CTATUCTUYECKHE METOABI 00paOOTKU JaHHBIX, YTOOBI
yuecTb (UIYKTyallud CKOPOCTH M JaBJICHHS, KOTOPHIE MOTYT CHJIBHO M3MEHATHCS B PAa3HBIX
gacTax TpyObl. BaxkHO He TONBKO H3MEPUTh CpeaHEee 3HAueHUE CKOPOCTH, HO U
MIPOaHATN3UPOBATh €€ BpEMEHHBIE U IIPOCTPAHCTBEHHBIE KoeOaHus [5].

Pa3paboTka MeToauKu M3MepeHus NpoQuiis CKOPOCTH B pabouel 4acTu IBYXCIOWHOM
a’pOMHAMUYECKON TPyObl B KOOPAWHATHOM YCTPOMCTBE SBISETCS BaKHBIM IIArOM B OLIEHKE
KauecTBa a3pOIMHAMUYECKOT0 MPO(UIIs U ONTUMHU3ALUU PaOOTHI TPYOHI.

JUis yMEHbLIEHHs] NMOTPEIIHOCTEH, CBS3aHHBIX C TEMIEPATypHbIMH KOJIEOAHUSIMHU B
MOTOKE, HEOOXOAMMO 3apaHee BBIMONHATH IpagyupoBKy TA B 3aJaHHOM JHara3oHe
TEMIIEpPaTypbl U CKOPOCTH.

Tepmoanemometp nocrosinHoi TemnepaTypsl (TA IIT) — sto mpubop, ucnosnb3yemblit
JUISL U3MEPEHUS CKOPOCTU MOTOKA KUJIKOCTH WJIM ra3a Ha OCHOBE U3MEHEHUS TEeMIIepaTypbl
HarpeBaeMoro aatuuka. [Ipunmun pa6otet TA IIT ocHOBaH Ha 3aBUCUMOCTH TEIUIOOTJAYU OT
CKOPOCTH IIOTOKA: YEM BBILIE CKOPOCTh MOTOKA, TEM OOJIbIIIE TEMIOOTJa4a OT HarpeBaeMoro
natyrka. OOpaboTka TaHHBIX, MOoTyueHHbIX ¢ momouibio TA IIT, Tpebyer yuera ocoGeHHOCTEH
MeTO/a ¥ KaTMOPOBKH MpUOopa.

OO0paloTka JaHHBIX, MOJYYEHHBIX TEPMOAHEMOMETPOM IIOCTOSHHON TeMIlepaTyphl,
BKJIIOUAET KaJUOpOBKY, MpeoOpa3oBaHUE CHUTHaNA, aHAIM3 TYpOYJIEHTHOCTH M MOCTPOEHHUE
npopuis ckopocTH. TOYHOCTh pe3yabTaTOB 3aBUCUT OT KadecTBa KaJIMOpPOBKM M yyera
BO3MOXHBIX  morpemHocteil. lMcmnonb3oBaHWe  NpPOrpaMMHBIX — CPEACTB  TO3BOJISET
aBTOMaTHU3MPOBATh MPOILECC U MOBBICUTH 3((HEKTUBHOCTh OOPAOOTKH JTaHHBIX.

TepMoaneMoMeTp MOCTOSHHON TeMIlepaTyphbl SBISETCS MOLIHBIM HHCTPYMEHTOM JUIS
ucclieIoBaHusl TYpOyJIEHTHBIX IMOTOKOB M IIUPOKO HPUMEHSETCSs B a’pOJMHAMHYECKHX
IKCIIEPUMEHTAX.

JUis  KOMIIEHCAauuu JAWHAMHUYECKOM IOIPEHIHOCTH HYKHO HMETh JaHHBIE O
JUHAMHYECKUX  XapaKTepUCTHKax  TepMmomnpeoOpaszoBateneid. [loaTomMy  mpoBeneHue
UACHTU(DUKAIMY JUHAMHUYECKUX XapaKTepUCTUK TepMoIlpeoOpa3oBaresiell MMeeT pelaroniee
3HAYEHHUE MPU U3MEPEHUN HECTAIIHOHAPHBIX BHICOKOTEMIIEPATYPHBIX MPOLIECCOB.

B nByxcnoiinoit TpyOe npoduib CKOPOCTH UMEET BE XapaKTEpHbIE 00JIacTu:

- HIDKHUI C/Oil - OOBIYHO HMMEeT MEHBIIYI0 CKOpPOCTb M 0ojiee BBIPAXKEHHBIH
MOTPaHUYHBIN CIIOM;

- BEpXHMH cJIOH - HMMeTh Oojiee BBICOKYIO CKOPOCTb, Ye€M B HHKHEM KaHaje,
CJIEIOBATENIbHO, U MEHBIIYIO TYpOYJIEHTHOCTb.

W3mepenust mpoduinss ckopoctd B pabouedt yactu AByXcloiHOW AT BBIMONHAIUCH
cnenyromumM obpazoM. C MOMOIIBI0 KOOPIMHATHOTO YCTPOMCTBA naTuyuk TA mepemerancs ¢
maroM no ocu y = 0,1 mMm. M3mepenuss npoduisi CKOPOCTH BBINOJIHSIINCH B CIETYIOIIUX
cedyeHusax: x = 2 MM; 5 mm; 15 mm; 25 mm; 35 mm. Tlpodunu ckopoctu, noiaydyeHHbIE Ha
paccTOsIHUAX OT cpe3a KOH(PY30pa adpoAMHAMUYECKOr0 CTeHIa MpU X = 5 MM U X = 25 MM U
ckopocteir 2 M/c + 4 m/c; 4 m/c + 6 M/c; 6 M/c = 8 m/c; 8 m/c + 10 m/c, mpeacTaBiIeHBl HA
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pucynke 2. Iloctpoenue npoduisi CKOPOCTH IO3BOJISIET BU3YalTU3UPOBATh pacHpeciCHHUE
CKOPOCTH B paboyeil yaCcTH adpoJuHaMUUECKON TPyObl U BBIIBUTH OCOOCHHOCTHU MOTOKA.
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Pucynok 2 — [Ipodwim cKopoCcTH Ha pa3IMYHBIX PACCTOSIHUAX OT cpe3a KoH(y3opa
a’poIMHAMHUYECKON TpyOBbl

Pe3ynbraThl MpOBENEHHBIX M3MEPEHHM AEMOHCTPUPYIOT, YTO MO MEpe YyJIaleHUs OT
KOH(y30pa TpaJeHT CKOPOCTH B 30HE CMEIICHMs (Ha TPaHUIE MEXKIY CIOSIMU) CHHKAETCS.
[Ipu sToM HaOmrOAaeTCsl yMEHBIIEHHE OTHOCHTENbHON BEIMYMHBI MHUHHUMYMa CKOPOCTH,
00yCIIOBJIEHHOTO TOPMOXXEHHEM II0TOKa Ha Neperopojike, pasaenswomeid ciou. OIHaKo
paccTosiHue MEXJy YCTAaHOBHUBIIMMUCS 3HAQUEHUSMU CKOPOCTH B KaXJIOM U3 CIIOEB
yBenuuuBaercsi. Hampumep, Ha paccrossHum 20-25 MM 0T cpe3a KoH(y30pa BeIMYMHA
MUHUMYMa CKOpPOCTH cocTaBisieT npuMepHo 50% oT MakcuManbHOro 3HaueHusa. C
YBEJIMUEHUEM PACCTOSHUS OT KOH(Y30pa MPOUCXOIUT PACUIMPEHUE 30HbI CMEIIECHUS MEXIY
CJIOSIMM, YTO TMPHUBOJUT K CIIaKMBAaHUIO CTYNEHYATOro MpouiIs CKOPOCTH. DTO, B CBOIO
ouepellb, OTPAHUYUBAET BO3MOYKHOCTb MCCJIEIOBAaHUS JaTYUKOB, Ybsl MIOCTOSIHHAs BPEMEHHU
COIOCTaBMMa C BPEMEHEM IIEPECEUEHNUS 30HbI CMELIECHHUS.

Pa3paborannas MeroaMka u3MepeHUs Npouiss CKOPOCTH B JIBYXCIOWHOMN
a’poIMHAMUYECKON TpyOe MOKeT ObITh MCIIONb30BaHAa B Pa3IMUYHBIX 00JACTAX HAyKH U
TEXHHKH, T7Ie€ BA)XKHO TOYHO OLEHUTHh adpOJMHAMHUYECKHE XapaKTEPUCTUKHU TTOTOKOB BO3/1yXa,
BIMSIONUX Ha 00BEKT. [[puMeHenune Takoil MeTOAMKH MO3BOJISET HE TOJIBKO MPOBECTH TOUHBIE
SKCIIEPUMEHTHI, HO M YIy4YlIUTh CYIIECTBYIOIIHE TEOPETUYECKUE MOJETH, a TaKkKe
ONTUMHU3UPOBATH IPOEKTUPOBAHNE a3POJMHAMUYECKUX OOBEKTOB.

BoiBoabl.

Pa3zpaboTka MeToauKu M3MepeHus Mpoduisi CKOpocTH B paboyeil yacTu JBYXCIOWHOM
a’POAMHAMUYECKON TpyObl TpeOyeT KOMIUIEKCHOTO TOJIX0Ja, BKJIIOYAIOIIEro aHalIu3
KOHCTPYKIIUU TPYOBbI, BHIOOP IMOAXOISIIEro 000py/J0BaHUS U TIIATENBbHYIO 00pab0TKy TaHHBIX.
Pe3ynbTatel pabOTHl MO3BOJIAT MOBBICUTH TOYHOCTH a3pPOJIMHAMUYECKHX HCCIEIOBaHUN U
ONTHUMM3UPOBATh IPOLECCHl MOJEIUPOBAHMS IOTOKOB B JBYXCIOHHBIX cucTeMax. B
JalbHEWIIEM BO3MOXKHO YCOBEPIICHCTBOBAaHME METOJIMKHM 3a CYEeT BHeApeHus Ooiee
COBPEMEHHBIX METO/I0B U3MEPEHUH, a TakKe aBTOMAaTU3aluH Mpolecca cbopa u 00paboTKU
JTAHHBIX.
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Annotation. The article presents the development of a project methodology for performing measurements of the
velocity profile in the working section of a two-layer wind tunnel. The main stages of creating the methodology
are considered, including the selection of measuring equipment, the development of data processing algorithms
and the assessment of measurement errors.
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MamemamuueckKue HaAyxKu
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PABPABOTKA CUCTEMBI QJIEKTPOHHOTI'O I'OJIOCOBAHUA
HA BA3E TEXHOJIOT MM BJOKYENH

Buxnaee B.B.

Hayunwuii pyxosooumennv: Muponuyk A.H., kano. ¢pus.-mam. nayk, ooyenm
dIrboY BO «/lonl'Y»

Annomayus. PaboTa mocBsmeHa 0030py CHCTEMBI AIEKTPOHHOTO TOJIOCOBaHUs, Ha 0aze OJIOKICHH-TEXHOJIOTHH,
KOTOpas obecrieynBaeT BEICOKUI YpOBEHb 0€30IacCHOCTH, MPO3PAYHOCTH M HAJIEKHOCTH TpoLiecca roJI0COBAHUS.
PaccmarpuBaloTcss OCHOBHBIE NPOOJEMbI TPAIUIMOHHBIX METOJIOB TOJIOCOBAHUS, TaKHe KakK BO3MOXKHOCTb
¢danpcupuKamy pe3yabTaTOB, HEAOCTATOUHAs MPO3PAYHOCTh M HU3Kash YCTOHYMBOCTH K KHOepaTakam.
AHanM3MpyOTCs TPEHMYIIECTBA W HEJOCTaTKHM TaKOW CHCTEMBI, BKJIIOYas BOINPOCHI MacIITa0MPyeMOCTH,
AQHOHMMHOCTH YYaCTHUKOB M COOTBETCTBHSI 3aKOHOIATEIbHBIM TPEOOBAHUSIM.

Knioueswvie crosa: >NeKTPOHHOE TOIOCOBAHUE, OIIOKYEHH-TEXHOJIOTHS, X3MI-(QyHKIHS, 0a3a JaHHBIX, y3eI-cepBep.

BBenenne. CoBpeMeHHbIE H30HMpaATENbHBIE TPOIECCHl BO MHOTOM 3aBUCAT OT
3 PEKTUBHOCTH W HAIEKHOCTH CHCTEM TOJIOCOBAHHS, KOTOPHIE OJDKHBI 00ecreunBaTh HE
TOJILKO TOYHOCTb MOJICYETa TOJIOCOB, HO U JIOBepHue OOIIecTBa K pe3yibTaraM BHIOOPOB.
OpnHako TpaJuIIMOHHBIE METO/IbI TOJIOCOBAHMS, OCHOBAHHbIE HA OyMa)KHBIX OIOJIJIETEHSX WU
AJIEKTPOHHBIX CUCTEMax 0€3 UCIOJIb30BaHUS MEPEIOBBIX TEXHOJIOTUH, CTAIKUBAIOTCA C PAJIOM
cephe3HbIX mpolOsieM. Cpend HHUX MOXKHO BBIJCIUTh BO3MOXXHOCTH (pasibcupuKamm
pE3yJIbTaTOB, HEIOCTATOYHYIO IPO3PAYHOCTh IpolLiecca TIOJIOCOBAaHUS, YA3BUMOCTh K
pa3IUYHBIM KuOepaTakaM, UTO MOXKET ITOCTABUTH 110J] COMHEHHE JIETUTUMHOCTH BHIOOPOB.

B ycnoBusix uudpooit TpaHchopmanuu U pocTa HHTEpeca K 3JIEKTPOHHBIM PELICHUM
BO3HHUKAET HEOOXOJAMMOCTh B pa3pabOTKE HOBBIX CHCTEM, CIIOCOOHBIX YCTPaHUTh
CYILLECTBYIOIIIME HENOCTATKU. B HaHHOM cily4yae MEpCHEKTUBHBIM HAIPABICHUEM SBISAETCS
UCIIOJIb30BaHUE OJOKYEHH-TEXHOJIOTHH, KOTOpas yXe JoKa3ana CBOI 3(P(EeKTHUBHOCTh B
o0ecreyeHn: MpPO3payHOCTH M OE€30MacHOCTH. Y CHEIIHbIM MPUMEpPOM €€ HCHOIb30BaHUS
ABJIIETCS ONBIT OCTOHMM, KOTOpas NEpBOM B MHUpPE BHEApPUIA CUCTEMY DJIEKTPOHHOIO
roJIOCOBaHUS Ha HAllMOHAIIBHOM YPOBHE.

AKTyaJlbHOCTh Ppa3pabOTKU CHUCTEMBI JIEKTPOHHOTO TOJIOCOBAaHUS Ha 0asze OJIOKUEHH
00ycCJIOBIeHa HE TOJIBKO TEXHUUECKUMH MPEUMYIIECTBAMH, HO M COLUAIbHO-TIOIUTHYECKUMHU
3anpocaMu. BHepeHue Takoi ccTeMbl TIOMOKET CHU3UTh PUCKU (abcUPUKAINi, TOBBICUTh
IPO3pPaYHOCTh U 00ECTIEUUTD JOCTYITHOCTh M'OJIOCOBAHUS JUISl TPakaH, KOTOpbIe HAaXOUTCS 3a
npeesiaMyi CBOUX M30MpaTeIbHBIX y4acTKOB [1].

IMocTranoBka 3agauyu. B 1aHHON cTaThe MpOaHATU3UPYEM CYIIECTBYIOLIME MPOOJIEMBI
TPaJMLMOHHBIX METOJOB rojocoBaHus. [IpoBenéM aHanmu3 3aKOHOJATENBHBIX TPEeOOBaHMIA,
OPEIbABISEMBIX K CHCTEMaM »HJIEKTPOHHOTO TOJIOCOBaHUS. M3yuyuMm NpuHIMIIBI pabOTHI
OJIOKYEIH-TEXHOJIOTUM M ONpPENeIUM apXUTEKTypy CHCTEMbI, YUYHUTbIBas TpeOOBaHUS K
0€30I1aCHOCTH, MPO3PaYHOCTH U HAJAEKHOCTH Mpoliecca rosocoBanus. [IpogemMoncTpupyem
paboTy CHCTEMBI 3JIEKTPOHHOTO TOJOCOBaHHS Ha 0Oaze OJMOK4YEHH-TEXHOJOTHH B (opmare
KOHCOJIBHOTO NPUJIOKEHHS.

AHaJan3 coBpeMeHHbIX MPoodaeM. TpaauiiOHHbIE METOABI TOJIOCOBAHMS, HECMOTPS Ha
IIMPOKOE IPUMEHEHUE, CTAJIKUBAIOTCS C PSAZOM CYIIECTBEHHBIX MPOOIeM, KOTOPbIE CHIKAIOT
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JI0BEpHE K M30UpaTeIbHBIM MPOLIECCAM U OTPAaHMYUBAIOT UX 3PPEKTUBHOCTD. DTU MPOOIEMBI
3aTparuBalOT KaK TEXHUYECKHE, TaK W OPraHU3allMOHHBIC AaCIHEeKThl, a TaKKe BOIPOCHI
0€30MaCHOCTH, TPO3PAYHOCTH U TIOCTYITHOCTH.

Opnoit u3 Hauboyiee OCTPBIX MPOOJIEM SBIAETCS BO3MOXKHOCTH (hanmbcupukanuu
pe3ynbTatoB. DanbcuUKAMM MOTYT HPOMCXOJUTHh Ha Pa3HBIX 3Tamax H30MpPaTeNbHOTO
mporecca: oT MOAJENIKH OroJuIeTeHel 10 MaHUMYJISIUI TPU oIcUeTe royiocoB. YenoBeyeckuit
(bakTOp UrpaeT 3/1eCh KIIOYEBYIO POJIb, TAK KaK OIIMOKHU WM 3J0YIOTPEOICHHS CO CTOPOHBI
YJIEHOB U30MpaTEIbHBIX KOMUCCUI MOTYT IPUBECTH K HCKAKEHUIO UTOTOBBIX TAaHHBIX [2].

Kpome Toro, TpaauuuMOHHBIE METOABl TOJOCOBAaHMS YacTO XapaKTEPU3YHOTCS
HEJOCTaTOYHOM MPO3payHOCThIO. M30upaTenun He HMMEIOT BO3MOKHOCTH CaMOCTOSITEIIBHO
yOeauThcsi B KOPPEKTHOCTH TOJCUETa. DTO CO3JACT MOYBY Ui COMHEHUH B JIETUTHMHOCTHU
BBIOOPOB U MOJIPBIBAET IOBEPHE IPAXKIAH.

Eme ogHoM ipo0iieMoil TpaIuIIMOHHBIX METOJIOB SIBIIICTCSI MX HU3KAas YCTOMYHMBOCTH K
BHEUTHUM BO3AeHcTBUAM. Pu3nyeckue OIJIJIETEHH MOTYT OBbITh YTEPSIHbBI, TOBPEXKICHBI WU
YHUYTOXKEHBI, 4YTO [€JIaeT IIPOLIECC TOJIOCOBAHUSA YA3BUMBIM K CIy4YallHBIM WU
MIpeIHaMEPEHHBIM BMEIIATEIbCTBAM.

DJNEeKTPOHHBIE METOJBI TOJIOCOBAaHMSA, KOTOpBIE OBUIM pa3pabOTaHbl ISl PELICHUs
HEKOTOPBIX U3 3TUX MPOOJIEM, TaKKe CTAJIKHBAIOTCS C CEpbe3HBIMU BbI30oBaMU. OCHOBHOI
npoOJIeMol SBIsiETCS YA3BUMOCTh K KuOeparakam. [lake ecnm cucrema 3aliuileHa, BCET/Aa
CYLIECTBYET PHUCK YTEYKH JAaHHBIX WJIM HECAaHKIMOHHPOBAHHOTO JOCTYyMa, YTO MOXKET
IIPUBECTH K CEPHE3HBIM IOCIIECTBUSM.

Bompockl aHOHUMHOCTH W KOH(GUACHIHUAIHLHOCTU TAKXKE OCTAIOTCS CIIONKHBIMHU IS
3JIEKTPOHHBIX METOJIOB rosiocoBanus. C OAHOW CTOPOHBI, HEOOXOAUMO 00ECTIEUUTh, YTOOBI
roJIoC Ka)Xa0ro u3duparens ObUT yuyTeH U He MOT ObITh u3MeHeH. C Ipyroil CTOpOHBI, BaXKHO
rapaHTUpPOBaTh, UTO I'OJOCOBAHUE OCTAETCS aHOHMMHBIM U JIMYHbIE JaHHbIE U30MpaTenei He
MOTYT OBITh UCIIOJIb30BAHBI IS MX UAeHTUUKanuu [3].

bananc Mexnay stuMu TpeOOBaHUSMHU TPYJIHO JAOCTHYb, OCOOCHHO B YCIOBMSX, KOTAa
cUCTeMa JIOJDKHA OBITh Tpo3pauyHoi. HemoctaTouHas Mpo3padyHOCTh SJEKTPOHHBIX CHUCTEM
4acTO BBI3bIBAET COMHEHUs Y n30uparesneil, KoTopble He MOTYT CaMOCTOSITENIbHO YOeauTbcs B
TOM, YTO UX TOJIOC OBLI YYTEH MPaBUIBHO.

JIOCTYITHOCTB TaKXe SIBJISETCSA BAXKHOUM MTPOOTIEMOIM JJIIEKTPOHHBIX METOJIOB TOJIOCOBAHUS.
Y MHOTHX JTI0JIEil HEeT JOCTyNa K MHTEPHETY WJIM OHU He 00J1aaloT He0OX0IMMBIMH 3HAHUSMU,
YTO CcO3/aeT U(POBON pa3phlB U MOKET IMPUBECTU K UCKIIOYEHHIO OINPEJEICHHBIX TPy
HaceJIeHHUs U3 N30MpaTeabHOro npolecca.

Kpome Toro, BHeapeHHE 3IEKTPOHHBIX CHUCTEM TPeOyeT 3HAYMTENbHBIX (PHHAHCOBBIX
3aTpaTt Ha pa3paboTKy, BHEIPEHHE U TIOICPKKY HHPPACTPYKTYPHIL. [[71s1 HEKOTOPBIX CTpaH UITU
PETHOHOB ATO MOXKET ObITh HEMTOCUJILHOM 3a7aueii, 0COOEHHO €CIIM YUUThIBAaTh HEOOXOJUMOCTh
MTOCTOSIHHOTO OOHOBIIEHUS ¥ 3aIIUTHI CUCTEMBI OT HOBBIX YTPO3.

Taxum 00pa3zom, Kak TpaJULMOHHbBIE, TAK U AIEKTPOHHBIE METO/IbI TOJIOCOBAHUS UMEIOT
CBOM OrpaHMYEHUS, KOTOpPbIE CHIKAIOT UX J(PGEKTHUBHOCTH U JIOBEPUE CO CTOPOHBI
uzbupareneit. [{ns pereHus 3Tux npobieM TpeOyeTcs BHEIPEHHE HOBBIX TEXHOIOTHUYECKHUX
MOAXO/0B, TAKUX KaK TEXHOJIOTHS OJIOKYEHH, KOTopas criocoOHa o0ecreunTh 00J1ee BEICOKHI
YPOBEHb 0€30MaCHOCTH, IPO3PAYHOCTH U HAJICKHOCTH U30UpaTEIbHBIX MPOLIECCOB.

IIpaBoBble acneKThI 3JIEKTPOHHOIO roJ10ocoBaHus. Pa3paboTka U BHeIpEeHHE CUCTEM
3JIEKTPOHHOTO T'OJIOCOBAHUS TPEOYIOT CTPOrOro COOIIIOICHHS 3aKOHOAATENbHBIX TPeOOBaHUA,
KOTOpBIE BapbUPYIOTCS B 3aBUCUMOCTHU OT CTPAHbI U €€ MPaBOBOW CUCTEMBI. DTH TpeOOBaHUS
HampaBjieHbl Ha oOecreueHre O€30MacHOCTH, TMPO3PAYHOCTH, KOH(MUACHIMATBHOCTH MU
JIETUTUMHOCTH U30MpaTeIbHOTO MpolLecca.

OpHrM W3 OCHOBHBIX 3aKOHOJATEIBHBIX TpeOOBaHWM sBIseTCs oOecredyeHue
0e3onmacHOCTH cucTeMbl. Jlyist coOmroeHusi ATOro TpeOoBaHHMS B Tpolecce pa3paboTKH
CUCTEMBI HEOOXOIMMO MPEINPHHITH MEPHI MO 3allUTe JAHHBIX, BKIIOYas Imu(poBaHUE U
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UCTIOJIb30BaHuEe MHorodakropHoil ayreHTudukamuu. Kpome toro, cucrema A0KHA OBITh
YCTOWYHMBOM K cOOSIM U UIMETh MEXaHU3Mbl BOCCTAHOBJICHHUS B CIy4yae aBapUIHBIX CUTYalIUH.
3T0 0cOOEHHO BAXKHO [Tt 00eCTieueH s HENPEPHIBHOCTH U MPEAOTBPAIICHHUS TIOTEPU TaHHBIX.

[Tpo3payHOCTh SIBJISETCS €lle OAHUM KIIOYEBBIM TpeOOBaHHEM, 3aKpEIUICHHBIM B
3aKOHOJIATEeNbCTBE. M30MpaTesibHbIe CHCTEMBI JODKHBI 00€CIIeUnBaTh BO3MOXXHOCTH IPOBEPKU
pPE3yJIbTaTOB T'OJIOCOBAHUSI KaK CO CTOPOHBI M30upareneil, Tak U CO CTOPOHBI HE3aBUCHUMBIX
HaOmoaTesed. JTO BKIKOYAET IPENOCTABIEHUE AOCTYNA K JaHHBIM TOJIOCOBAHUS U €ro
pe3yibTaTam.

KoH}puneHMaabHOCTh TOJIOCOBAHMS TAaKXKe SBISETCS BaKHBIM 3aKOHOAATEIbHBIM
TpeboBanuem. CucreMa J10JDKHA TapaHTUPOBATh, UYTO TOJIOC Ka)XJAO0ro M30MpaTesis OCTaeTcCs
AHOHUMHBIM. 3JTO TpeOyeT BHEAPEHUS MEXaHU3MOB, KOTOpPbIE IIO3BOJIAIOT OT/ACIHUTH
uAeHTU(UKAIIMOHHBIE TaHHbIe M30uparess oT ero rojoca. B To jxe Bpemsi cuctema JoJKHA
o0ecreynBaTh BO3MOKHOCTb IIPOBEPKHU TOTO, YTO IOJ0C OBLT YUTEH KOPPEKTHO, O€3 pacKphITHs
ero conepxanus [4].

JlocTymHOCTP ~ CHCTEMBI  3JIEKTPOHHOTO  TOJIOCOBAHMSI  TaKXK€  PEryJupyercs
3aKOHOJATEIbCTBOM. JTO BKIIOYAET OOECIeueHHE BO3MOXHOCTH TOJIOCOBAHUS JUIS BCEX
KaTeropuii m30Ouparesei, BKIIIOYas JIIOJEH C OTrpaHMYCHHBIMH BO3MOKHOCTAMH. Cuctema
JOJKHA OBITh yAOOHOW B HCIOJB30BAHWM W TOAJCPKUBATH PA3NIUYHBIC S3BIKH, YTOOBI
o0ecneunTh ydacTue rpakJiaH U3 pa3HbIX pErMOHOB M STHUYECKUX TPYIIIL.

Kpome TOro, BaskHO OMpeAeTuTh MEXaHU3MbI Pa3pelieHHs] CIIOPOB MPHU 00KaTOBAHUH
pe3yIbTaToOB BEIOOPOB, UTOOBI OOECIICUNTH 3AIUTY MPaB H30HUpaTesei u KaHAUAaToB. Takum
o0pa3oM, 3aKOHOJATENbHBIE TPeOOBaHUS K CHCTEMaM DJJIEKTPOHHOTO TOJOCOBaHUS
OXBAaThIBAIOT IIWPOKUI CHEKTp acHeKTOB, BKJIOYass O€30MacHOCTb, IPO3PAaYHOCTD,
KOH(UICHIIMATBHOCTD, JIETUTUMHOCTh, JOCTYIHOCTh U COOTBETCTBHE MEXIyHAPOIHBIM
CTaHapTaM.

Ipunoun pa6oTsl 0JI0KYEHH-TeXHOJM0ruM. brnarogaps cBoel JeLEeHTpPaIn30BaHHON
CUCTEME, HEU3MEHIEMOCTU JaHHBIX U KpUNITOrpapuuecKoi 3amuTe OJIOKYEHH MOXKET CTaTh
OCHOBOH JUIsl CO3/IaHUSI CUCTEMBI AJIEKTPOHHOI'O TOJIOCOBAHUSA, KOTOpasi CocOOHA yCTPaHUTh
MHOTHE BBILLIENEPEUNCIIEHHbIE HEJJOCTaTKU U TIOBBICUTH YPOBEHb JJOBEPHUS I'PaXk/IaH.

KitoueBbIM acieKTOM OJTOKYEHH-TEXHOJIOTHH BBICTYIIAET MIPUHIIMII ACTIeHTpanu3anuu. B
OTJIMYME OT KJIACCHUUYECKUX CHCTEM, /i€ MHPOpMaIHs COCpPeloTOYeHa Ha €IMHOM CEepBepe U
ynpaBisercss OAHON opraHu3anuei, OJOKYEeHH pacmpenenseT JaHHbIE MEXIy MHOXKECTBOM
HE3aBUCHUMBIX Y35I0B. Kakaplii y3en-cepBep XpaHUT IOJIHYIO KOIMHIO 0a3bl JAHHBIX, YTO
YCTpaHSET PUCK BOZHUKHOBEHUS €IMHOM TOUKH OTKa3a U MOBBIIIAET yCTOMYMBOCTD CUCTEMBI K
BHEIIIHUM yTpo3aM, BKJII0Uasi KuOepaTaku. ITo o0ecreuynBaeT HaIeKHYIO 3alUTy PE3YIhTaTOB
rOJI0COBaHUS OT YMBIIUIEHHOI'O U3MEHEHUS MU yJaJIeHHs, IIOCKOJIbKY MEHATh WH(POPMAIIHIO
MPUJIETCS OJHOBPEMEHHO Ha KaX0M y3JI€, YTO MPAKTUYECKU HEBO3MOXKHO.

HeunsmeHnsieMoCTh JaHHBIX SIBISIETCS €I€ OJHUM KIIIOYEBBIM MPUHIUIIOM OJIOKYEHH-
texHoioruu. Kaxnas 3amuce B OJlOKYeiiHe, BKIIIOYas rosoca M30Mparenel, 3alfuilieHa c
MOMOIUIbI0 KPUNTOrpapUuecKoro Xsiia, KOTOPbI CBSA3BIBAET €€ C MPEAbLAYLIIUMH 3alUCsIMU.
3t10 popMupyeT 1enouKy OJI0KOB, /i€ KaKIbIH MOCIEAYIONIMNA OJIOK COAEPKUT HHPOPMALIUIO
o npenpiaymux. [lonbpiTka M3MEHUTH JTaHHBIE B OAHOM M3 OJIOKOB IpPUBEJIET K M3MEHEHMIO
X3IIeH BO BceX MOCIEAYIOUINX, 4TO cpa3dy OyaerT oOHapy>KeHO IPYrMMHU ydaCcTHHKaMu. B
KOHTEKCTE AJIEKTPOHHOI'O T'OJIOCOBAHUS 3TO TapaHTUPYET, YTO roJIoC U30HpaTesss HE MOKET
ObITh M3MEHEH II0CJe €ro perucTpalyy, 4YTO TOJHOCTHIO MCKIIIOYAeT BO3MOKHOCTh
banbcudukanum.

[Tpo3payHOCTh ONOKYEHH-TEXHOJIOTMH JOCTUraeTcs 3a cyeT MyONIMYHOro JocTymna K
naHHbIM. Kaykp1i y9acTHUK CETH MOKET ITPOCMaTpUBaTh HHPOPMAIUIO O 3aMUCAX, YTO JeJIaeT
IpOIIeCcC T'OJOCOBAHUS OTKPBHITHIM M TMOJAIOIIMMCS TpoBepke. B To ke Bpems OioxueiH
croco0eH 00ecTeunTh MaKCUMAaIbHYI0 KOH(PUACHIIMAIBHOCTD. JINUHBIE JaHHBIE MOTYT OBITH
3amr(pPOBaHbl U CBSA3aHBI C AHOHUMHBIMH HJICHTU(UKATOPAMH, YTO TIOJHOCTHIO MCKIIFOYAET
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BO3MOKHOCTh YCTaHOBJICHUS JINYHOCTH M30MpaTesnsi. TO MO3BOJSIET JOCTHYD OanaHca MEXIy
QHOHUMHOCTBIO U MPO3PAaYHOCTHIO, YTO SIBJISIETCS BaKHBIM TPEOOBAaHUEM IS COBPEMEHHBIX
n30UpaTenbHBIX CHCTEM [5].

ApPXUTEKTYpa CHCTeMbl 3JIEKTPOHHOIO TIO0JIOCOBAHMSA. ApPXUTEKTypa CHCTEMbI
AJIEKTPOHHOTO TOJIOCOBaHMA Ha 0a3ze OJIOKYEHH-TEXHOJOTHH JIOJDKHA YYHUTHIBATH BBIIIE
OIMCaHHbIE MPUHIUIBI PaOOTHI, @ TAKKE COOTBETCTBOBATH 3aKOHOATENIbHBIM TPEOOBAHUAM K
MIPO3PavyHOCTH, HAICKHOCTH U OE30IaCHOCTH.

[lepBpIM 1m1arom SIBASIETCS CO3JAaHUE JEIEHTPATM3OBAHHOM CETH, COCTOAIIEH U3
MHOYKECTBA y3JI0B, KOTOPBIE OyIyT XpaHUTb U MPOBEPSTH JAHHBIEC O IOJ0CaX. DTH y3JIbl MOTYT
OBITh YIIpaBJISIEMbl HE3aBUCUMBIMU OpPraHU3AIMSIMH, TAKUMU KaK U30UpaTenbHble KOMUCCHH,
HaOIIOAaTeNbHbIE TPYNNBl WIM JaXe CcaMd HW30MpaTeNd, 4YTO TOJHOCTBIO HCKIIIOYaeT
BO3MO>XHOCTh BHEIIHETO0 KOHTpoJs. [ oOecnieueHus 6€30MacHOCTH CHCTEMbI HEOOXOIUMO
UCIOJb30BAaTh KPUNTOTPaQUUECKUE METOMAbI, TaKHEe KaK aCUMMETPHYHOE IIHU(PpPOBaHHE U
rdpoBbIE TOMUCH.

Kaxnp1ii n30mpaTens T0HKeH UMETh YHUKAIBHYIO Mapy KIFOYeH: 3aKpPBITHINA KITIOY IS
MOJIUCH CBOET0 To0JIOCa W OTKPBITBIM KIIOY I HPOBEPKH €ro MOJIMHHOCTU. ITO
rapaHTHUPYET, YTO TOJIOC MOKET OBITH OTIPABIICH TOJIHKO aBTOPU30BAaHHBIM M30UpaTEIieM U He
MOKET OBITh U3MEHEH TPEeThUMHU CTOpoHaMu. Kpome Toro, gJaHHbIE O TOJIOCAX JTOJKHBI OBITh
3amu(poBaHbl, YTOOBI UCKIIOYUTH BO3MOKHOCTh UX MEPEXBaTa MM HECAHKIIMOHUPOBAHHOTO
JOCTyTIA.

[Tpo3pauHOCTh CUCTEMBI MOXKET OBITh JOCTHTHYTA 33 CYET MCIIOJIB30BAHUS ITyOJIUIHOTO
ONoKYeiHa, Te KaXAbld YYaCTHHK CETH MOXKET NpPOCMaTpuBaTh JaHHBIE O TOJOcax H
MIPOBEPATH UX KOPPEKTHOCTh. OHAKO [T oOecrieueHus] KOH(PHUICHIIMATLHOCTH H30upareinen
HE0OXOUMO UCMOJIb30BaTh METONbI, TAaKUE KaK KOJbIEBble MOAMUCH WU HYJIEBOE
pasriameHue, KOTOpbIe IMO3BOJISIOT MOATBEPAUTH (PAKT TOJOCOBAHUS 0€3 PACKPBITUS €ro
cojiepkaHus. DTo obecreurnBaeT aHOHUMHOCTh M30UpaTesei U UCKII0YaeT BO3MOXKHOCTh MX
UJIEHTU(DUKAINH.

JUis TOBBIMIEHUS HAAEKHOCTH CHUCTEMBI JJIEKTPOHHOI'O TOJOCOBAHUS HA OCHOBE
0JIOKYEHH-TEXHOJIOTHH 11e71eco00pa3HO UCIONIb30BaTh CMAapPT-KOHTPAKThL. TO NMPOTrpaMMHbIE
aJITOPUTMBI, KOTOPbIE aBTOMAaTHYECKHU BBIMTOJIHAIOT HEOOXOJUMBbIE IEHCTBUS IPU COOJIIOICHUN
OTIpEJICICHHBIX YCIOBUI. B KOHTEKCTE TOIOCOBAaHHS CMapT-KOHTPAKTHI MOTYT TPUMEHSTHCS
JUIE aBTOMAaTUYECKOM IMPOBEPKH TOJOCOB, MX IMOJACYETa U IMyOJMKAllUU Pe3yjibTaToB. DTO
MTOJIHOCTHIO UCKITIOYAET PUCK MAaHUMYJISIUN U YCKOPSAET MpoLecc 00padOTKH TaHHBIX.

BaxHBIM acreKTOM apXUTEKTYpbl CHCTEMBI SBISETCS MaclITaOupyeMocTb. biokueitH-
TEXHOJIOTHUS, OCOOCHHO MYyOJIMYHBIE CETH, MOTYT CTAJIKUBATHCS C OTPAaHMYCHHEM CKOPOCTH.
Jlnst pemieHust 3Toi MpoOJIeMbl MOXKHO HCIOJIb30BaTh TMOPUIHBIE pEIIEHUs, I'/leé OCHOBHAs
L[eroyKa OJIOKOB UCHOJB3YETCs JJI XPaHEHUsI UTOTOBBIX PE3yJbTaTOB, a BCIIOMOTaTEJIbHbBIE
MPOTOKOJBI ISl 0OpaObOTKH OTAEIBHBIX I'OJOCOB. DTO MO3BOJIAET YBEIHUYUTH MPOITYCKHYIO
CIIOCOOHOCTH CUCTEMBI U 00ECTIeUnTh ee paboTy Aake Mpu O0JIBIIOM KOJTUYECTBE YYACTHUKOB.

Eme omHMM BaXKHBIM DJIEMEHTOM AapXUTEKTYpHl SBISIETCS MEXaHHM3M KOHCEHCYycCa,
KOTOPBIH OIpeieNnseT, Kak y3JIbl CETH PearupyroT Ha Jo0aBIeHUe HOBBIX OJI0KOB. J{J1st cucTeMbl
AJIEKTPOHHOTO TOJIOCOBAHUS TOJXOMAT aJTOPUTMBbI KOHCEHCyca, Takue kak Proof of Work
(PoW), Proof of Stake (PoS) unmu Delegated Proof of Stake (DPoS), o6ecnieunBaromue 6oee
BBICOKYIO CKOPOCTH OOpaOOTKH TpaH3aKIUWA. ITO OCOOEHHO BAXKHO I M30MpaTEIbHBIX
cHcTeM, TJe BpeMsi 00pabOTKH TOJI0OCOB M MyOJHMKAIMKU PEe3yJIbTaTOB MMEET KPUTHYECKOE
3HauYEHUE.

JlemoHcTpanus paéoTbl npuio:keHusi. Ha ocHOBe BBbIIIE MPEATIOKEHHON apXUTEKTYPbI
ObLU10 pa3paboTaHO KOHCOJIBHOE MPUIIOKEHUE CUCTEMBI AJIEKTPOHHOTO T0JIOCOBAHHUS, KOTOPOE
SBIISIETCS OCHOBOM JUI JaJbHEUIIEro McCieoBaHus B JaHHOM oOmactu. s oOecneueHus
JENEHTPAIN3AIMN OBIJIO YCTAHOBJICHO MMATh M30MPATEIBHBIX YYaCTKOB (y3JI0B) KOJIMYECTBO
KOTOPBIX BCeraa MOXHO paciuputh (Pucynox 1). YMeHblneHue n3OupaTeNbHBIX yYacTKOB
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HE)KEJIAaTeNIbHO TaK KaK YeM MEHBLIE HE3aBUCHUMBIX Y3JIOB OCTA€TCSl B CUCTEME, TEM JIerdye €€
B3jioMath. JJia ycnemHoi paboThl M TECTUPOBAHUS CUCTEMBI AJICKTPOHHOT'O TOJIOCOBAHUS HA
0a3e OJIOKYCHH-TEXHOJIOIMH HE00X0IMMO MUHUMYM TPH M30UPaTEIIbHBIX yyacTKa (y3ia).
Buibepute yzen 4epez kotopuik bymet pobasneHa wHdopmauua B 6ok

1. ¥Y=3en
2. ¥Yzen
3. ¥3en
4

5

Y3en
Y3en
BOA:

Pucynoxk 1 — Bei6op n3buparenbHoro ydactka (ysia)

Orcrona mosnydaeM ImepBbli MuHycC ainroputma Proof of Work., Jlns ycnemnoit
kuOeparaku Ha CHUCTEMY JOCTAaTOYHO 3amoNyduTh KOHTpodb Han 51% y3moB. C mnenbio
TECTUPOBaHUs 0€30IaCHOCTH JaHHOW CHCTEMBbI Oblila pealn30BaHa HCKYCCTBEHHAs KubepaTaka
Ha 0a3y JaHHBIX OJHOTO W30HWpaTenbHOro ydactka (y3en-cepep). [locie B3moma u
MOCTEAYIONEro U3MEHeHHs] MH(OpPMAlUKd Ha y3Je-CepBepe Mbl MOJIYyYaeM MOMEHTAIbHYIO
PEaKINIO CHCTEMBI, KOTOPasi CIiepBa OTKIIFOYMIIA HEHCIIPABHBIH Y3€JI-CepBep, 3aTeM 3aITy CTHIICS
MexaHu3M pererepanuu (Pucynok 2). [Iporecc perenepanyu BKIOYAET MPOLETYPhI aHATH3a,
dbopMaTUpOBaHUs, BOCCTAHOBJICHHS M aBTOMAaTHYECKOIO OOCCIICUCHHS JIOTOJHUTEIBHON
3aIIUTHI y3J1a-cepBepa, MOCIE Yero ero padora yCrnemnHo BO300OHOBIISETCS.

1 nponaexHa.

a0

o0

=}

5 npoing
1 npoig
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=}
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a

r

-r
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ro
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Pucynok 2 — TectupoBanue cuctemMsl. B3nowm y3na-cepsepa

Jlnis obecrieueHus MPO3pPavHOCTH U OJTHOBPEMEHHO MaKCHUMaJIbHON aHOHUMHOCTH OBLIH
MCTIOJIF30BaHBI MPEUMYIIECTBA THOPUIHOTO OokderiHa. OTKpBITas 4acTh, KOTOpask XpPaHUTCS
B IMyOJUYHOM OJIOKYEHHE, COAEP)KUT HEOOXOoAuMyl HHGOpMaIHio Uil oOecredeHus
NPO3PaYHOCTH W KOPPEKTHOCTH M30MPATENFHOTO Tporecca. AHAJIOTHYHO, 3aKpBITasi YacTh,
KOTOpasi XpaHUTCS B NMPUBATHOM OJIOKUEilHE M CONEPXKUT JaHHBbIE O M30uparensx. Takum
00pa3oM, THOPHUIHBINA OJOKYEHH MO3BOJISIET JOCTUYHh BBHICOKOH MPO3PavyHOCTH, IPEIOCTABIISS
BO3MOXHOCTh IPOBEPKH KOPPEKTHOCTH IMpollecca TOJOCOBAaHHUS, W  OIHOBPEMEHHO
obecreunBaeT KOHPUICHIIUATBHOCTD, 3aIIHINAs TUIHBIC JaHHbIC H30MpaTeeH.

BbiBoabl. Pa3zpaboTka cHCTEMBI 3JIEKTPOHHOTO TOJOCOBAaHUS Ha OCHOBE OJOKYEHH-
TEXHOJIOTUH SIBJISIETCS. BAKHBIM IIArOM B PEUICHWH aKTyalbHBIX IMPOOJIEM, CBS3aHHBIX C
TPaJUIMOHHBIMH ~ MeToAaMu TosiocoBaHus. CoBpeMeHHble H30UpaTesbHbIE CHCTEMBI
CTaJIKUBAIOTCS C TaKMMH BBI30BAMH, KaK BO3MOXKHOCThH (panmbcupuKanmm, HEeJoCTaTOHAsS
PO3pavyHOCTh U HU3KAasl YCTOMUMBOCTD, YTO MOJPHIBAET JOBEpHE TPaKaaH K U30MpaTebHBIM
IpOoILecCcaM.

B paspabareiBaemoii cucremMe oco0oe BHUMAaHHE YAEIEHO BOIPOCaM aHOHHMHOCTH,
MacIITabupyeMOCTH U COOTBETCTBUIO 3aKOHOAATEILHBIM HOPMaM, YTO JEJIAeT IPEJIOKEHHYIO
APXUTEKTYpPy HE TOIBKO TEXHOJIOTUYECKU MEPCIIEKTUBHON, HO U IOPUIMUECKH 0OOOCHOBAHHOM.
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Peaﬂmaunﬁ CUCTCMbI JJICKTPOHHOTO T'OJIOCOBAHUA B (I)OpMaTe KOHCOJIBHOT'O TIPHUJIOKCHUSA
NPOJIEMOHCTPUpOBAJIa e¢  paboTOCIIOCOOHOCTh, YTO  TOATBEPXKIACT  BO3MOXHOCTH
NaTbHENIIero BHEAPEHUS B U30UpaTEIbHBIC MTPOLIECCHI.

Teoperndeckas 3HAYMMOCTH MCCIICIOBAHUS 3aKJIIOYACTCS B CHCTEMAaTH3allUU 3HAHUH O
NpPUMEHEHUH OJOKYEHH-TEXHOJIOTHH B cpepe AIIEKTPOHHOIO TOJI0OCOBAHMSA, a MPAKTHUECKas
[IEHHOCTh Pa0OTHI COCTOMT B TOM, YTO NPEIIOKEHHAs CHCTEMa MOXET CTaTb OCHOBOW IS
co3maHusi 0ojiee HOBBIX, MPO3PAYHBIX M 0€30MacHBIX IMIaT(OpM, CIIOCOOHBIX MOBBICHTH
YPOBEHbB JIOBEPHUS TPAXKIAH.
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VJIK 378:33(05)

INPUMEHEHUWE MAIIMHHOI'O OBYYEHUS B TIPOT'HO3UPOBAHHUU OTTOKA
KYPBEPOB B CO®EPE JOCTABKHU NTPOAYKTOB IIUTAHUA

Kopnes C.A.
Hayunuwit pyxosooumens: Illeeuyos /I.B., 0-p mexu. nayk, ooyenm
DI'EOY BO «/[oul'Y)y

Annomayus: B craThe paccMaTpuBaeTCsi NPUMEHEHHWE METOJ0B MAaIIMHHOTO OOYYEeHHWS AJIsl IPOTHO3MPOBAHMS
OTTOKa KyphEpOB B CIy>XO€ NOCTaBKHM NMpPOXYKTOB HuTaHUsA. OOOCHOBaHA aKTyalbHOCTh 3alaud, CBS3aHHAS C
BBICOKOM TEKy4YecThIO KAaJpOB W €€ HETaTHBHBIM BIUSHHEM Ha 3()(EKTUBHOCTH JIOTHCTHYSCKHX OIICPALlUi.
Ipencrasnen anroput™ CatBoost, HCIIONB30BaHHBIA Ul MOCTPOCHUS MOJENIH IPOTHO3MPOBAHMS, a TaKKe
OITMCaHBI dTaIbl cOOpa, MOATOTOBKM U aHaiW3a AaHHBIX. [[poBeieH aHaNM3 3HAYUMOCTH PA3JIMYHBEIX (aKTOPOB,
BIMSIOIINX Ha BEPOATHOCTH yXona KypbepoB. OLeHEHa TOYHOCTb HPOTHOZHUPOBAHHUS MOJCIH M HPEIJIOKEHEI
PEKOMEHIAINY 110 €€ IPUMEHEHUIO JUTS pa3paboTKH CTPATETruil yaepiKaHHs IepcoHaa.

Kniouesvie cnosa: mammuaHOe 00ydeHHe, IPOrHO3UPOBAaHUE OTTOKA, Kypbep, Cilyk0a noctaBku, CatBoost, aHanu3
JaHHBIX.

Crny>x6a 10cTaBKM NPOJAYKTOB UTAHUS UTPAET BAXKHYIO POJIb B COBPEMEHHON PO3HUYHOM
TOpromie, o0OecreynBas CBOEBPEMEHHYIO JOCTaBKY TOBAapoB moTpeburensiM. B ycnoBusix
BBICOKOM KOHKYPEHLIMHM U PacTyIIUX TpeOOBaHW K CKOPOCTH M KadyecTBY OOCITYyXHBaHUS,
KOMITAHUU CTpPEMSTCS MOBBICUTh 3(P(PEKTUBHOCTH JIOTHMCTHYECKUX omepanuil. OxHol u3
KJIFOUYEBBIX MPOOJIEM SBIISIETCS BBICOKAS TEKYUYECTh KaJpOB CPEIU KypbepoB, UTO MPUBOJIUT K
HapyLEHUsIM B JIOTUCTHKE M CHWKEHMIO KauecTBa oOciykuBaHMs. B cBs3u ¢ 3TuM, 3agaya
IPOrHO3UPOBAHUS U YNPABICHUS] OTTOKOM KypbEpPOB CTAHOBHUTCS KPUTUYECKU Ba)KHOM IS
o0ecrieyeHns CTaOMIBHOCTH M KOHKYPEHTOCIIOCOOHOCTH KOMIIaHHH.

MeTtoibl MalIMHHOTO OOYUY€HUsSl JEMOHCTPUPYIOT CBOKO 3(P(PEKTUBHOCTH B PELICHUU
3aJa4 MPOrHO3MPOBAHMS B pa3uyHbIX chepax OuzHeca [1-3]. [IpuMeHeHne S3TUX TEXHOIOTHIl
OTKpPBIBA€T HOBBIE BO3MOXXHOCTH JJIi COBEpLICHCTBOBAHUS IPOLIECCOB  YNpPABICHUS
IEPCOHAJIOM B CIIy>k0ax JI0CTaBKH, B TOM 4HCJIe IS IPeACKa3aHus U MPeJOTBPALeHUs OTTOKa
KypbEpOB.

[lenbro AaHHOTO MCCIIEOBAHMS SIBISIETCS KOHTPOJIb M CHMJKEHUE OTTOKA KaJpoB B
KypbEepCKOH ciTyk0€e, YTO JOCTUTAETCS 32 CUET CBOEBPEMEHHOTO BBISIBJICHUS U HEUTpaIu3aluu
(akTOpOB, BIMAIOLIMX Ha TEKy4eCTb MEPCOHANA, U Pealnu3yeTcsl MOCPEACTBOM pPa3pabOTKU
MH(OPMALIMOHHOM TEXHOJIOTUM TNPOTHO3UPOBAHUS OTTOKAa KypbEepOB C MPUMEHEHUEM
MAaIIMHHOTO OOYyYEHUS U aHAJIM3a KIIOYEBBIX (PaKTOPOB, BIUAIOLUIMX HA TEKy4ecTh Kaapos. B
KayecTBe OCHOBHOro airoputma BblOpaH CatBoost, neMoHCTpupyromuii BBICOKYIO
3¢ PEeKTUBHOCTP B 33/1a4aX C KATErOpUaIbHBIMU M YHCICHHBIMH MTpHU3HAKamMu [4-5].

UccnenoBanus B 001acTU MPOTHO3HPOBAHUS OTTOKA MEpCOHala C HCIOJIb30BAaHUEM
MalIMHHOTO OOyuYeHMsI aKTHBHO pa3BUBAIOTCSA B mocieaHue roisl. B pabore T. Yesmin
paccMaTpUBAIOTCS Pa3IMYHbIE METO/Abl MAIIMHHOTO O0yYeHHUs AJIsi MPOTHO3UPOBAHUS OTTOKA
COTPYJHUKOB U [I€AETCS BBIBOJ O IMEPCIEKTUBHOCTU INPUMEHEHHS O3TUX METOAOB JUISA
yiaydlieHus yrnpaBiieHusi nepcoHasioM. Kuumra F. Provost m T. Fawcett mnocssmiena
npuMeHeHuto Data Science B Gu3Hece, BKIJIIOYast 33/1a4M MPOTHO3UPOBAHUS U aHATUTUKH, YTO
TaKOKE SIBIISICTCS aKTyaJbHBIM JJISl TAaHHOW TeMbl [ 7-8].

B wuHTEpHETE [OCTYNMHO MHOXECTBO CTaTed M MyOJMKalUil, MOCBSIIEHHBIX
MPOTHO3MPOBAHUIO OTTOKA MOJIb30BaTeNIed U COTPYAHHKOB C HCIIOJIb30BAHWEM MAIIMHHOTO
oOyuenust. OgHako, OONBIIMHCTBO U3 HUX PACCMATPUBAIOT OOLIUE MOAXObI M aJTOPUTMBI, HE
YUUTBIBas cieU(PUKyY paboThl KyphepoB B CIIyk0ax IOCTaBKU MPOAYKTOB TUTAHMUS.
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JlanHOE WCCleOBaHMWE HAMpPaBICHO Ha 3alOJHEHHE ITOro mpodena M pa3paboTKy
CHEIHATM3UPOBAHHON MOJIENH MPOTHO3UPOBAHUS OTTOKA KYpPhEpOB C YUETOM OCOOCHHOCTEM
WX JIEATEIBHOCTH U JOCTYITHBIX TAHHBIX.

OOBbeKTOM HcCCieIOBaHUSl SBIAIOTCS JaHHBIE O Kypbepax — COTPYAHHMKA CIIyXkKObI
JOCTaBKH MPOAYKTOB NMUTaHUs. [IpeMeToM rccne10BaHusl — BpeMEHHBIC PSIbl JAHHBIX 00 MX
JEeSITeIbHOCTH U aITOPUTMbI MAIIIMHHOTO O0yUY€HUs JJIsi IPOrHO3UPOBAHUS OTTOKA.

JIJis TOCTHKEHMSI TIOCTABJICHHOM 11eTTM ObUTH BHITIOJTHEHBI CIICAYOIINE ITAIIbI:

1.  COop maHHBIX O Kypbepax ClIy>kObl JOCTaBKH, BKJIOUasi JaHHbIE O 3aKa3ax (Jara,

BEC, KOJIMYECTBO TAKETOB, OIUIaTa, »JKAIOOBI W  Jp.), JIOTOJHEHHBIC
CTAaTUCTUYECKUMHU XapaKTePUCTHKaMH (CTaHJApTHOE OTKJIIOHEHHE, CpeaHee,
Menuana) 3a 7, 14, 21 nenb 10 MOMEHTa Mpe/ICKa3aHus.

2.  IlpenBaputenbHas o0OpaOoTKa JaHHBIX, BKIOUarouias (UIBTPALUI0 Kypbepos,
yIOBJICTBOPSIONINX KPUTSPHUSM MOTHOTHI JAHHBIX, CTaXka paboThl Oonee 50 mHel u
AKTUBHOCTH B MIPEBIAYIIEM MECSIE, a TAKKE OYHCTKY OT IIPOIYCKOB M BHIOPOCOB,
HOpMaJIM3aIlIo0 M MpeoOpa3oBaHue B Gopmar, HEOOXOAUMBIA IJIsi TPUMEHEHUS
IITOPUTMOB MALTUHHOTO OOY4YEHHUS.

3.  Br10op u HacTpoiika anroput™ma MammHHOTO 00ydeHus: CatBoost 1 moctpoeHus
MOJIETI MPOTHO3UPOBAHUSI OTTOKa KyphepoB. Bribop CatBoost o0ycioieH ero
3¢ (HEeKTHBHOCTHIO B pabOTe ¢ KAaTErOPHATbHBIMH JaHHBIMH U YCTOWYHUBOCTBIO K
nepeobyuyenuto. Hactpoiika runepnapaMeTpoB MpOBOJIUIIACH C HCIIOIb30BAHHEM
METOJIOB Kpocc-Baanuu u oudimotexu Optuna [6].

4.  OueHKa TOYHOCTH IPOrHO3UPOBAHUS MO/JIEIH C HCIIOIb30BAaHHEM METPHUK accuracy,
precision, recall u AUC-ROC:

— Accuracy (TOYHOCTB) — JIOJIsl IPABWJIHHO MPEACKAa3aHHBIX CIIy4aeB OTTOKA.

— Precision (moyiHOTa) — 0JI1 BEPHO MPEACKA3aHHBIX CIIy4acB OTTOKA CpelIu
BCEX MPEICKa3aHHBIX CIy4aeB OTTOKA.

— Recall (4yBcTBUTENBHOCTE) — OIS BEPHO MpE/ICKa3aHHBIX CIyuyaeB OTTOKA
cpenn BcexX (PaKTUYECKHUX CIy4aeB OTTOKA.

—  AUC-ROC (Area Under the Curve — Receiver Operating Characteristic) -
WHTETpallbHasg Mepa KadecTBa OMHApHOU KiacCUUKAILMHU, MOKa3bIBAIOIAS
COOTHOIIICHUE MEXTY HMCTUHHO-TTOJIOKHTETHHBIMU " JIOKHO-
MOJIOKUTEIBHBIMU Cpa0aThIBAHUSIMHU.

5. AHanu3 3HAYMMOCTH Pa3IMIHBIX (PAKTOPOB, BIUSIONIUX HA BEPOSATHOCTH yXO/a
KypbepoB, C  HCIOJB30BAaHHEM METOJOB  BBIYHMCICHUS  KOIPDUIHMEHTOB
Koppensiuu, uHpopMannonHoro gain u SHAP-3HaueHuid.

B pesynbTaTe mpoBeI€HHOTO UCCIIeI0BaHMs pa3padoTaHa HHPOPMAIIMOHHAS TEXHOIOTHS

MIPOrHO3UPOBAHUS OTTOKA KyphepoB, UCOJb3YIomIast anroputM CatBoost.

O0paboTka JTaHHBIX:

—  HCIIOJIb30BAJIUCh JIaHHBIE O 3aKa3ax KyphepoB (l1aTa, BeC, KOIWYECTBO MAKETOB,
oryiaTa, *ajoosl U 1p.). Celpble JaHHBIE MPECTABIAIN COOOW T'paHyJISIPHOCTH:
Kyphbep, Jara, BpeMs, Bec, Halln4ue >Kano0bl, BRIPyUKa Kyphepa;

—  JIaHHBIC JIOTIOJIHEHBI CTATHCTUYECKUMHU XapaKTepUCTUKaMU (CTaHIapTHOE
OTKJIOHEHHE, CpellHee, Meuana) 3a 7, 14, 21 neHp 10 MOMEHTa MpeacKa3aHusl.

Kputepun or6opa KypbepoB ISl IPEACKa3aHHS:

—  TIOJHOTA JaHHBIX;

— cTaxk pabotsl 6omee 50 gHENH;

- AKTUBHOCTbH B MPEABIAYIIIEM MeCsIIe.

s perneHust 3ajaud MPOTHO3UPOBAHUS OTTOKA KypbepOB ObUT BBIOpPAH alTOPUTM
CatBoost, pa3paboranHbeiii kommaHuedr Yandex. DOTo 0O0YCIOBICHO CIEAYIOIIUMH
MPEUMYIIIECTBAMU:
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True Positive Rate

s dexTrBHAsT 00pabOTKa KATETOPHAIBHBIX MPU3HAKOB (MECTO paldOThI, THIT
JIOCTaBKH | T.J1.) 0€3 HEOOXOUMOCTH UX MPEIBAPUTEIBHOTO KOAUPOBAHUS;
BCTPOCHHBIE MEXaHU3MBbl PETyJSIpU3alUK, NPEAOTBpALIAONIUe MepeodydeHune

MOJIEJIH;

YCTOI>'I‘II/IBOCTI) K BI>I6pOC3M B JAaHHBIX,

ontuMmuzanus runepnapamerpoB CatBoost ¢ ucmonb3oBaHHEM METOJOB Kpocc-
BaJIMIaLWU JJI JOCTUKEHUSI HAWTYUIIUX Pe3yIbTaToB.

Mogens CatBoost nmpoaeMoHCTpHpoOBaiia BBICOKYIO 3((EKTUBHOCTh B IpEICKa3aHUU
OTTOKa KypbepoB, npeBbicuB 0,7 mo Merpukam accuracy u AUC-ROC. [nsg ontumuzaiuu
pa3dueHus Ha Ki1acchl ObUTO BEIOpaHO moporoBoe 3HadeHue 0,25, uro ymyummno ROC-AUC
meTpuky Ha 0,06 u cnenano e€ 6onee rnankoi (puc. 1).

ROC-AUC
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Puc. 1. ROC-AUC kpussie mogenu CatBoost 1151 moporossix 3nauenuit 0,5 (cneBa) u
0,25 (cnpaBa)
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False Positive Rate

AHanu3 BaXXHOCTH MPU3HAKOB, MTOIYUYEHHBIN Ha ocHOBe Mojenu CatBoost, mokasai, 4to
HauOOoJIbIIIee BIUSHHUE HA PEIICHHE KyphepoB 00 YBOJIBHEHHH OKa3bIBAIOT (puC. 2-3):

- JUTUTEIBHOCTh PaO0THI KyphepoM;

- Cpe/IHee KOJIMYECTBO KaJl00;

- MECTO paboTHI;

- oO1as cymma xanoo;

— CpenHsis 3apIuiara.

[IpencraBnennsie Ha pucyHke 1  pe3ynabTaThl  yOEIUTEIBHO  MOATBEPIKIAIOT
5¢b(hEeKTUBHOCT, MPUMEHEHUS  alropuTMa MamuHHOro  obydenus CatBoost  mis
MIPOTHO3UPOBAHUS OTTOKA KypPhepOB B CIyK0ax TOCTaBKHM MPOIYKTOB muTaHus. KitoueBbiM
nokazarenem 3¢ dextuBHocTH sBaseTcs 3HaueHne ROC-AUC (mnomaap mog ROC-kpuBoii),
kotopoe coctasmwio 0,71. 3nauenne ROC-AUC 0,71 o3HayaeT, 4T0 MOJAECIb C BEPOATHOCTHIO
71% mnpaBUIBHO paHXKUPYET CIy4ailHyI0 mapy KypbepoB, OJUH M3 KOTOPBIX YBOJMWJICSH, a
npyrou octaics B komnanuu. Kak npasuio, 3HaueHus ROC-AUC Beime 0,7 cuuTaroTcs
MIPUEMIIEMBIMH, YTO YKA3bIBAET HAa JOCTATOYHYIO MPEICKA3ATENbHYIO CHITY JUIsl IPAKTUUECKOTO
MIPUMEHEHUS.

B koHTEKCTe TPOrHO3UPOBAHMS OTTOKA ATO O3HAYAET, YTO MOJEIb MOXET OBITh
WCIIOJIb30BaHa ISl BBISABJICHHS KYypPhEpOB C BBICOKUM DPHCKOM YBOJBHEHUS WU TPUHATHS
CBOEBPEMEHHBIX Mep MO WX YyJep>KaHUI0. AHAIU3 JaHHBIX, IPUBEJACHHBIX HA PUCYHKax 2-3,
MOKa3aJ, YTO Ha PEIICHHE KyphepoB OO0 YBOJIBHEHWW OKA3bIBAIOT BIIMSHUE HE TOJBKO
(UHAHCOBBIE ACTIEKTHI, TAKKE KaK CPEIHSISI 3apIiiaTa, HO ¥ (JaKTOPHI, CBSA3aHHBIE C YCIOBUSIMHU
TPy/Zla ¥ YypOBHEM YJIOBJIETBOPEHHOCTH pabOTOM, BKITFOYAs CPEAHEE KOJTMIECTBO KaJI00 U MECTO
paboTHI.
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tenure
complaints_first_mean
shopio
complaints_first_sum
complaints_21d
complaints_14d
order_weight_7d
paid_to_courier_std
complaints_first_std
date_count
paid_to_courier_7d
order_weight_std
hour_7d

hour_mean

order_std

hour_std
paid_to_courier_median
paid_to_courier_sum
order_weight_sum
complaints_7d
paid_to_courier_21d
paid_to_courier_mean
hour_21d
order_weight_14d
packages_std
packages_mean
order_sum
order_weight_21d
paid_to_courier_14d
hour_14d
packages_7d
order_7d
courier_region
order_weight_mean
packages_median
order_21d

order_lad
order_mean
packages_21d
packages_sum
order_median
order_weight_median
packages_lad
hour_median
sex
complaints_first_median

Feature

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
Importance

Puc. 2. Baxxnocts npusHakoB (BcTpoeHHbIH B CatBoost)

High
tenure
complaints_first_mean
complaints_first_sum
order_weight_7d
complaints_21d
complaints_14d
shopNo

hour_7d
paid_to_courier_mean
paid_to_courier_7d

paid_to_courier_21d

Feature value

packages_mean
complaints_first_std
order_weight_std
hour_21d

order_std
paid_to_courier_std
packages_std
date_count

paid_to_courier_median

-2z -1 0 1 2
SHAP value (impact on model output)

fix) 6.335
242 = tenure
14 = complaints_first_sum

0084 = complaints_first_mean

92 635 — packages_mean
189.198 — order_weight_7d 031 -
296 — order_sum - +0.24
12.5 — hour_7d —0.23 .
259.605 — order_weight_mean . +0.2
0.286 — complaints_l4d . +0.18

37 other features | +o.01

—3.5 =—-30 -25
E[fX)] — - 3302

Puc. 3. Baxxnocts npusnakoB (SHAP-ananu3)

—-6.5 —-60 -55 -50 -—-45 -—4.0

9710 MOAYCPKUBACT BaAXXHOCTh KOMIUICKCHOI'O IMOAXOJa K YACPKAHUIO II€pCOHala,
KOTOpLIﬁ YUUTBIBACT KaK MAaTCPUAJIbHBIC, TAK 1 HCMATCPUAJTIbHBIC aCIICKThI pa6OTBI.
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Pe3ynbraThl CpaBHUTEIBHBIX SKCIIEPUMEHTOB C Pa3IHUYHBIMU AJITOPUTMAMH MAITHHHOTO
00y4eHus1, BKIIIOYas JOTUCTUYECKyto perpeccuro, Random Forest u GBDT (Gradient Boosting
Decision Trees), nemoHcTpupytor, uto CatBoost obecrnieunBaeT 60siee BBICOKYIO TOYHOCTh
MIPOTHO3UPOBAHUS OTTOKA KyphepoB (Taodur. 1).

Tabnumna 1. CpaBHeHnue 3 peKTHBHOCTH aITOPUTMOB MAIIIMHHOTO OOyYCHHUSI ISt
MPOTHO3MPOBAHMS OTTOKA KYPHEPOB

Metpuka Jlorucrtuueckas perpeccusi | Random Forest GBDT CatBoost
Accuracy 0,6 0,68 0,72 0,825
Precision 0,12 0,2 0,18 0,213
Recall 0,06 0,16 0,14 0,25
ROC-AUC | 0,55 0,58 0,62 0,71

[IpumeHeHne MalMHHOTO OO0y4yeHHs, B 4acTHOCTH airoputMma CatBoost, sBisercs
HNEPCHEKTUBHBIM IOIXO0A0M [yl IPOTHO3MPOBAHUS OTTOKAa KYypbEpOB B CIIy)X0€ JOCTaBKU
OpPOAYKTOB  muTaHus. Pa3paboraHHas Mojeiab  IO3BOJSET  BBIABIATH  KYpPbEPOB,
XapaKTepU3YIOIINUXCS MOBBILIEHHON BEPOSITHOCTBIO YBOJIBHEHMS, U MIPUHUMATh MEpHI M0 MX
yaepkaHuio (puc. 4).

courier_id order_mean paid_to_courier_mean sex courier_region shopNo packages_7d  complaints_first_sum paid_to_courier_sum tenure score

1 36,07 4773,345 0 50 5104 82,5 10 195707,1 87 0,157395
2 27,9 3331,475 0 77 4801 72,6 13 136590,5 54 0,885911
Puc. 4. ®parMeHT pe3yabTaTOB MOJIEIUPOBAHUS OTTOKA KyPbEPOB: XapaKTEPUCTUKU
KYpbEpOB (4acTh) U MpeICKa3aHHbIE BEPOSITHOCTU YBOJIbHEHUS

Buenpenune pazpaboTaHHONM Mojenu MNOBBIIACT 3()(YEKTUBHOCTD  yNpPaBICHUS
IIEPCOHAJIOM 32 CYET CBOEBPEMEHHBIX MEp M0 YIyUIIEHUIO YCIOBUH Tpy/la U MOTUBAIMH, YTO
MMPUBOJUT K CTa6I/IJ'II/ISaIII/II/I KaJapoBOro cocraBa u YBCJIIMYCHUTIO HpI/I6I>IJ'II/I.

Takum  o0Opa3oM, TpPOBEJEHHOE MCCIEJOBAaHHWE TMOATBEPAWIO  3(PPEeKTUBHOCTD
npuMeHerns anroputma CatBoost i mporHO3MPOBaHUS OTTOKAa KYphepoB B CIyxOe
JIOCTaBKH MPOJYKTOB MUTaHUS. MoJienb IPpOoAEMOHCTPUPOBaja BEICOKYIO TOUHOCTD (Accuracy
=0,825) u 3naunmoe 3HaueHue ROC-AUC (0,71), yTo CBUAETENBCTBYET O €€ MPUTOAHOCTH AJIs
NPaKTUYECKOTI'0 MCIOJIb30BaHUS. AHAIN3 BaKHOCTH MPU3HAKOB BBISIBIII KITIOUYEBbIE (haKTOPHI,
BJIMSFOIIIE HA BEPOATHOCTh YBOJIBHEHHS: JUTUTEITLHOCTD PAa0OTHI, CpeTHEE KOJTMUECTBO JKAI00,
MecTO paboThl, CyMMapHble *ajloObl U ypOBEHb 3apabOoTHOIN miaaTbl. DTO MOJYEPKUBAET
HEOOXOIMMOCTh KOMIUIEKCHOTO TIOJXO/a K YIPABJICHUIO IEPCOHAJIOM, COYETAIOIIETrO
MaTepHaIbHYI0 MOTHBAIMIO, YIydIlIEHHE YCIOBUH TpyAa M ONEpaTHBHOE pearnpoBaHUE Ha
00paTHYIO CBSI3b KIIMEHTOB.
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APPLICATION OF MACHINE LEARNING IN PREDICTING COURIER CHURN IN A FOOD
DELIVERY SERVICE

Annotation. This article discusses the application of machine learning methods for predicting courier churn in a
food delivery service. The relevance of the task is substantiated, related to the high staff turnover and its negative
impact on the efficiency of logistics operations. The CatBoost algorithm used to build the prediction model is
presented, and the stages of data collection, preparation and analysis are described. The analysis of the significance
of various factors influencing the probability of courier churn was carried out. The accuracy of the model
prediction is estimated and recommendations are proposed for its application to develop personnel retention
strategies.

Key words: machine learning, churn prediction, courier, delivery service, CatBoost, data analysis.
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YIK 004.921

PABPABOTKA ITOJIB30OBATEJIBCKOI'O UHTEP®EMCA JJIS1 UTP B CPEJIE
UNITY
Jlumeunosa C./1.

Hayunwuii pykoseooumens: Ilaueea M.H., kano.gu3s.-mam.nayx, oouenm
dIrboY BO «/IOHT'Y»

Annomayus: B cratbe paccMaTpHBAIOTCS OCHOBHBIC IIPHHLMIIEI Pa3pabOTKH ITOJB30BATEIBCKOTO HIPOBOTO
unrepdeiica. [IpuBoasrcst mpuMmepsl NPaBUILHO CTPYKTYpUPOBAaHHBIX HMHTEp(dEicoB, pa3OMparoTCsi OCHOBHBIE
OLIMOKH, JIOITyCKaeMble MU MPOEKTUPOBaHUH. OMHICHIBAIOTCS BO3ZMOXKHBIE BAPHAHTHI UCIIPABIICHH S JOITYILIEHHBIX
OLIMOOK ¥ COBETHI 110 AOTIOJHEHUIO HTPOBOTO HHTEpdelica.

Kniouesvie cnosa: wrpoBolt uHTepdeiic, kommblotepHas rpaduka, Unity, 0COOCHHOCTH HpPOEKTUPOBAHMUS
uHTepdeiica.

BBenenue. Ilomp3oBatenvckuii uuTepdeiic (Ul) sBnseTcss HEOTheMIIEMOW 4YacThbiO
JTF000TO MPOTrPaMMHOTO 00eCIICUeHHSI, BKIIIOYast BUIEOUTPhl. OH CIYKHUT CBS3YIOIIUM 3BEHOM
MEXy UIPOKaMHM M UTPOBBIM MHPOM, oOecreunBas yJoOCTBO B3aMMOJCHCTBUSA U JIOCTYI K
uHpopmanuu. C ydeToM pocTa TMOMYJISIPHOCTH BHICOUTP M PA3HOOOpa3Hs IUIaTPOpM,
npobineMa pa3paboTku 3(P(PEKTUBHOrO M HHTYUTHBHO IOHSTHOTO I10JIb30BaTEIbCKOIO
uHTepdeiica cTaHOBUTCS Bee Ooee akTyasibHON. HecMoTpst Ha 3HAUUTENBbHBIN Iporpecc B 3T
00J1aCTH, CYILECTBYET MHOKECTBO aCIIEKTOB, KOTOPbIE OCTAIOTCS HEAOCTATOYHO U3yYEHHBIMU U
TpeOYIOT JaIbHEHIIIEr0 HCCIICIOBAHMS.

[lenbto paOOTHI SABISETCS W3YYEHHWE OCHOBHBIX IPHUHIMIIOB pa3pabOTKU HIPOBOrO
uHTepdeiica U NMpUMEeHeHHe UX Ha MPAKTUKE MpH pa3paboTKe UIpoBOro mnpuioxenus. s
3TOro HEOOXOAMMO BBIAEIUTH HanboJiee BaXKHbIE ACHEKThl, KOTOPBIX CTOUT IPUJIEPKUBATHCS
Opy IUIAHUPOBAHWMU U pazpaboTke uHTepdeiica M MPOAEMOHCTPUPOBAaTh Ha IpHMEpax
NICUXOJIOTHYECKUE U (PyHAaMEHTaIbHble IPUHIIUIIBI TOCTPOEHUsI uHTepdetica. [2]

Teopernyeckue ocHoBbI paspadorku Ul

HnTepdeiic — 310 TO, C YEM UTPOK B3aUMOACHCTBYET Ha MPOTSHKEHUHU BCEH UTPBL, U €T0
KaueCTBO MOXET 3HAUYUTEIHHO MOBIMUATH Ha oOlIee BIeyaTIeHne OT UTPOBOTo Mpolecca.

[Tonp3oBarenbckuii UHTEp(ENCc B UTpax BKIIOYACT B CEOSI BCE BU3YaIbHBIE DJIEMEHTHI, C
KOTOPBIMH UTPOK B3aUMOAEHUCTBYET. ITO MOXKET ObITh, KAK OCHOBHOE MEHIO, TaK M 3JIE€MEHTHI
HUD (Head-Up Display), Takue kak MHIMKaTOpbl 30POBBS, KapThl, MHBEHTAPh U ApPYyTUe
Ba)XKHbIE KOMIIOHEHTBI, KOTOpBIE MPEI0CTABIIAIOT HH(POPMALIHIO O COCTOSTHUM UTPBI.

[Ipu pazpaboTke mosb3oBarenbckoro uHTEpdeiica mms urpsl B Unity HEoOXomumo
YYHUTBIBATh HECKOJIBKO KIIFOUEBBIX IPUHIUIIOB U NOAXO0B:

1) [onb3oBarenbckuit onbiT (UX) - B3aumonelcTBue ¢ MHTEp(ENCcOM NOIKHO OBITH
OPOCTBIM U JIOTWYHBIM. Ul-aM3aiiH J0MKEH OCHOBBIBAaTbCS HA TMOHUMAaHUU TMOTpeOHOCTEH
MOJIb30BaTeNell, UX TMPUBBIUEK U OXUAAHUNA. DJIEMEHThl HMHTepdeiica MOMKHBI YUYUTHIBATh
pasHbIi ypOBEHb IMOJIb30BaTeNiel, oOyeryarb MpoLecc BOCHPUATHS HHPOpMAIMU U
ynpasieHus. [4]

2) IHTYUTUBHOCTb U MPOCTOTA - BIIEMEHTHI YIPABJICHUS JAOJKHBI OBITH PaCIIONOXKEHbI
TakuM oOpa3oM, YTOOBl MTPOKH MOTIIM JIETKO MMH Tosb3oBaThes. MHTepdelic He nomkeH
neperpyxarbcsi n30bITOuHOM HH(opMaruen. [IpocToTa M sACHOCTH JU3aiiHa MO3BOJISIOT
n30eXarh MyTaHUIbl U MUHUMHU3UPYIOT BpeMs Ha MPUBBIKAHHUE K YIIPABICHUIO.

3) CornacoBaHHOCTB - BaKHO CJI€10BaTh €IMHOMY CTUJIIO M IIBETOBBIM CXEMaM BE3JE, TE
3TO BO3MOXHO. B pa3HbIX yacTax uHTepdeica OAHU U T€ e IEMEHTHI JOKHBI BECTH ce0st
OJIMHAKOBO U BBINOJHATH OAWHAKOBble (QyHKIHMH. COIaCOBAaHHOCTh B JU3aiiHE Jenaer
uHTepdeiic Oonee mnpeAckazyeMbIM, a 3HA4YUT, IO3BOJSET WIrpoOKaM ObIcTpee K HeMy
aJarTHPOBATHCS.
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B ycnoBusix BHICOKON KOHKYPEHILIMH 3allyTaHHBIA M HErpaMOTHBIN nu3ailH uHTEepdeiica
croco0eH OTTOJKHYTh Mosib30oBarens. He cymiecTByer yHuBepcaiabHOro uHTepdeiica,
MOJXOASAIIETO ISl KaXKI0W UTPBI, HO 3HAHHE U CJICI0BAaHUE OCHOBHBIM IMPUHITUIIAM pa3padoTKu
UI no3BonuT n36exarb pacupoCTpaHEeHHbIX I'PYObIX OIINOOK.

PaccmoTpum moapoOHee JaHHbIE MPUHIMIIBI PA3eUB UX HA JBE OCHOBHBIC TPYIIIIBL:
IICUXOJIOTHYECKHUE U (yHAaMEHTaJIbHbIE.

K ncuxonornyeckum NpUHIUIIAM MPOESKTUPOBAHUS HHTEepdeiica OTHOCIATCS T€, KOTOpPhIE
CBSI3aHbl C OCOOEHHOCTAMHU (DYHKIMOHUPOBAHUS YEIOBEUECKOI0 MO3ra U  BIUSHUEM
KyJBTYPHBIX (hakTopoB. [1]

1. JIronu B mepByro ouepenb oOpallaloT BHUMAaHUE Ha H300pa)KeHHs, a 3aTeM Ha
COITyTCTBYIOIIMI TEKCT. DTO CBA3aHO C TEM, YTO HAIl MO3r 00pabaThiBacT BU3YaIbHYIO
uHpoOpMaLUIO ObICTpee, YeM TEKCT WM 3BYK. Kak TOIBKO BU3yalbHbIM KOHTEHT MEpecTaer
IIPUBJIEKATh BHUMAHUE, JIOIM HAYMHAIOT aHAJIU3UPOBATh TEKCT.

2. EBpomneickuil CTWIb YTEHMs, KOTOPBIM MpearojaraeT ABMKEHHE B3IVIsAla cleBa
HaIpaBo M CBEpXy BHU3, ONPENENeT, Kak Mbl BOCIIpUHUMaeM HH(popMaimo. B ¢Bs3u ¢ aTum
CJIOKWJIOCh MHEHME, YTO HanboJiee BaXKHbIE 3JIEMEHTHI ClIeyeT pa3Meliarh 0 JUaroHaiu oT
JIEBOTO BEPXHETO yIJia K IPABOMY HUYKHEMY.

3. B mo6om uHTepdeiice MPUCYTCTBYIOT YCTOSBIIMECS aKCHOMATHUYHBIE SJIEMEHTHI.
Korna denoBek crankuBaeTcsi ¢ HE3HAKOMBIM HMHTEp(EHCOM, OH CTPEMHUTCS ONMUpPAThCS Ha
3HaKOMble M TOHATHBIE 00pa3bl, MPUHLUIBI OpraHu3alud HHGOpMALMKU WM W3BECTHBIE
snemMeHThl. [1o 3TOW mpUYMHE CHMBOJ 3BOHKA YacTO HM300pakaeTcsi B BUIC MUKTOTPAMMBI
Tene(oHHOM TPYOKH HECMOTPS HA TO, YTO TaKHE TPYOKH YK€ TaBHO HE UCIOJIb3YIOTCS.

4. Ilpu u3yyeHHUH HOBOTrO MHTepdeiica 4eroBeKy HeoOxonuMo o0padoTarh OoJblINE
o0beMbl nH(popManuu. Yem OosibllIe HOBILIECTB, TEM BbIIIE YPOBEHb cTpecca. UToObl 001er4uTh
IIpoLIECC OCBOEHUS UHTEpdeica, CI0KHbBIE JEMEHTHI ClIeyeT pa30uBaTh Ha 0oJiee MPOCTHIE,
n3beras mojadu Bceil MH(pOpMalMK B BUJAE CIUIOIIHOTO TeKCTa. DTOT MPHUHILMUI aKTyalleH He
TOJIBKO JIJIs1 UHTEP(EHCOB, HO M IS BHEJAPEHHS HOBBIX UTPOBBIX MEXAHHUK.

K ¢yHnameHTanbHbIM NPUHIUIIAM OCTPOEHUSI UHTep(delica OTHOCATCS T€ MPUHIIMIIBI,
KOTOpBIE CBSI3aHbI C €r0 JJOTHYECKON CTPYKTYPOU.

PazGepeM OCHOBHbBIE OIIMOKHM, CBSA3aHHBIE C JIOTHYECKOM CTPYKTYpOH MOCTPOCHMS
uHTepdeicos. [5]

1. CxomiieHHe MHOXKECTBA 3JIEMEHTOB Ha OHOM 3KpaHe. V30bhITouHbIM (QyHKIIMOHANI B
OJTHOM OKHE COHMBaeT I0JIb30BaTeNid C TOJIKY M BbI3BIBACT HEXEJAHUE YIIyOJsThCS B
npeziaraeMble QyHKIUH.

2. OrcyTcTBHE OOpPaTHOM CBSI3U.

Wrpok He T0JIKEH CTAIKHBATHCS C MYyCTHIMU OKHAMM MJTM HEaKTUBHBIMU KHONIKamu. Eciu
OH B3aUMOJEHCTBYET C KakUM-THOO »IeMEHTOM uHTep(deiica, 3HAYUT, y HEro ecTh
olpefiesieHHast 11eJb, U OH OXHUIAeT MNOJIy4YUTh OTBET. Ilo3TOMYy BaXHO NPEAOCTaBIATH
JIOTIOJIHUTENbHYI0 MH(POpPMAINIO, OOBACHAA, MOYEMY TOT WJIM WMHOW DJIEMEHT HEJOCTYIIEH.
Hanpumep, MO)XHO yKkazaTh: «HEOOXOJUMO 3aBEPIIUTh KBECT», «IOCTUTHUTE 5-T0 YPOBHSI» U
TakK Jajee.

3. HenocnenoBaTeabHOCTD DJIIEMEHTOB.

Ota omunbKa MOXET BO3HUKHYTh JIOBOJIHO JIETKO, TOCKOJIbKY reiiMau3aiinep paboraer
HaJ KaXJbIM OKHOM oTAeNnbHO. OnHako nHTepdeiic npeacrapiseT co0ol equHYI0 CTPYKTYpY,
KOTOpast I0JKHA BH3YyaJIbHO TapMOHUPOBaTh. [IpH B3aUMOAEHCTBUM C pa3IMYHBIMU OKHAMHU
He00X0IMMO UCTIOIb30BaTh OJJHU U TE YK€ AIEMEHTHI U (POPMBI, HHAYE MOJIb30BATEII0 PUIETCS
TPaTUTh 0OJIbIIE BPEMEHH Ha BBINOJHEHUE UTPOBBIX 337a4. DTO CBA3aHO C TE€M, YTO B KaXJIOM
HOBOM OKHE TPHUBBIYHBIC (YHKIUH MOTYT OBITh TPEACTaBICHHl BU3YAIbHO PA3TUYHBIMA
ANIEMEHTaMH MJTH PaclioyiaraThCsl B pa3HbIX YacTAX SKpaHa.

4. Obunme Tekcra.
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Urpoku o0bIYHO HE MIO0AT YUTaTh 00yUaloIke MaTepHalbl U MpaBuiia, IOTOMY Be3JE,
IJ€ 3TO BO3MOXHO, ciedayeT u30erarb TeKkcTa. BMecTo 3TOro HCHoiIb3yeM MHUHHATIOPHI,
NUKTOTPAaMMbl U HMKOHKH. UTeHHe BO BpeMs OBICTpON HAaBHUTAallMU IO OKHY 3aTpyAHSET
Bocripusatie uH(Gopmanuu. OIHAKO CTOUT OBITH OCTOPOXKHBIMM, TaK KaK IOJHBIA OTKa3 OT
TEKCTa MOXET IPUBECTH K HEPa300punBOCTH HHTEpdeiica.

5. HenocTaTok akIieHTOB

AKIIEHT — 3TO c1oco0 BBIICICHUS AJIEMEHTOB MHTep(eiica ¢ MOMOIIBIO IBETa, (POPMBI
win anumanun. Korna B MHBEHTape MOSBISETCS HOBBIM MPEIMET, OTMETHETE €ro ¢ IOMOIIBI0
NUKTOrpamMMbl. Eciam 1ocTynmHa KHOIKaA, KoTopasi paHee Obuia 3a0JIOKUPOBaHa, BBIICINUTE €€ C
NOMOIIBI0 aHMManuu. [Ipym momydeHHH HOBOTO MUCHMA OTAGIUTE €r0 OT MPOYUTAHHBIX C
MIOMOIIBIO IPYTOTO TEKCTA.

Pa3patGorka urposoro unrepdeiica cpeacrsamu cpeabl Unity.

Unity npenocTapisieT 0051611101 HAOOp MHCTPYMEHTOB IS CO3/IaHHS MTOJIB30BATEIHCKOTO
unrepgeiica: Canvas, UI-KOMIIOHEHTHI, aHUMalMU W TIpOYee, HO JIMIIb OT pa3paboTdymka
3aBHCUT HACKOJIKO BH3YaJIbHO MOHSTHBIM B MTOTE OyleT MpoekT. B pesymprare paspaboTka
nosib3oBarenbckoro uHrepdeiica mis urp B Unity mpeacraBinsier coOOW CIOXKHYIO, HO
YBIICKATEIbHYIO 33/1a4y.

Ha ocHOBe wu3yYeHHBIX NPUHIMIOB pPa3pabOTKM M TPOJAEIAHHOTO aHaiu3a ObLI
peanm3oBaH 0a30BbI TporpamMMmHBIA HHTEpdeiic manst 3D ¢oHTE3u Hrphl, ¢ KOTOPHIM
HI0JIB30BATENIO OY/IET JIETKO B3aMMOCHCTBOBATh, OH HE MEperpykeH JuIHel nHpopmanuei n
JIOCTAaTOYHO MPOCT B OCBOCHUH.

B xadectBe (oHOBOrO HM300pa)KeHUs BBIOpAaH PUCYHOK Xpama. Maker OymyIuero
uHTepdeiica obpaboran B rpaduueckoM pemakrope. Bce urpoBbie KHONKH BBIHECEHBI B
OT/ENBHBIN (aiin, KoTOpblid paspe3aercs B Unity Ha OTAEIbHBIE JCHCTBYIOIINE KHOIIKH.
[TonoGHbIi (aiin Ha3pIBACTCS aTIIACOM U CIYXKHT JJIs1 ONITUMH3AIIMYA UTOTOBOTO ITPOEKTA.

Bapuant nepBoii Bkiaaku nHTepgeiica nokasaH Ha pucyHke 1.

S P S

PI/ICYHOK 1 — OKHO IIaBHOMU CTpaHUIBI IJId BXOJa B UT'PY

BryTpu caMoil UIphl TaK)Ke peaJln30BaHO OKHO, BbI3bIBaeMoe Kiasuien Escape. [Ipu
BBI30BE OKHA UTPa CTAHOBUTCA Ha Tay3y, B pe3yJIbTare 4Yero MO>KHO MPOJOJDKUTD UTPY UITH
BBIITH B INIJaBHOE MEHIO. Bce BHYTpUMIPOBBIE HACTPOUKHU MPOUCXOAAT B INITABHOM MEHIO AJIs
ONTUMU3AIMH IIPOIIECcCa U 3a/1a4u pa3paboTUMKOB. [T1aBHOE UTPOBOE OKHO 3aTeMHSETCH,
oTaesss OT cebs yacTh uHTepdeiica.

Pabota KHOIIOK ¥ UTOTOBOTO OTKIIMKA UTPBI OMHCAHbl B COOTBETCTBYIOLINX CKPUIITaX Ha
s3b1ke C#, KaXKIIbIH CKPUIIT 110 UTOTY MIPUKPEIIEH K CBOEMY MOAYJIIO Ha uHTepdeiice.
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[To Mepe mponBuKeHUS Pa3pabOTKH UTPOBOTO MPOEKTA MOKHO JT00ABISATH HOBBIC OKHA,
KOTOpbI€ JOJKHBI OBITh BBIIEPKAaHBI B TOM K€ TeMaTHKe U LIBeTOBOW ramme. [[ns manHoro
MIPOEKTa BEIOpaHBI B KaU€CTBE OCHOBHOTO MaTepHalia il OKOH, PAaMOK U KHOTIOK — JIEPEBO, a B
1[BETax MpeoliajaeT KPaCHbIM U OpaHKEBBIH.

Ontumusauus uHTEepgeiica ¢ HebI0 yJIy4llleHUs] MPOU3BOAUTEIHLHOCTH.

OnTtummszanusi nons3oBarensckoro unHrepdeiica (Ul) B wurpax, pa3zpaOoTaHHBIX C
UCIONIb30BaHUEM JIBIKKA Unity, SBISIETCS OMHOW W3 KIIOYEBBIX 3aJlad, CIIOCOOCTBYIOIIMX
MOBBILICHUIO OO0l MPOU3BOAUTENBHOCTH MNpuiIokeHus. ¢GdeKkTuBHbIl uHTEpdeiic He
TOJIBKO YIy4IlIaeT B3aUMOJICHCTBHUE MOJB30BATENS C UTPOM, HO U CYIIECTBEHHO BIMSET Ha
MIPOU3BOAUTEILHOCTh, 0COOCHHO B YCIIOBHSIX OTPAaHUYEHHBIX PECYPCOB, TAKUX KaK MOOMIIbHbBIE
yCTPOMCTBA WM CTapble KOMIbIOTEpHl. Korma peus uiueT o pa3pabdoTke MOIbh30BATEIHCKOTO
uHTepdeiica, BaKHO MOHUMATh, YTO KAXKABIA 3JIEMEHT, KOTOPBIA OoTOOpaXkaeTcs Ha JKpaHe,
TpeOyeT pecypcoB s €ro OTPUCOBKH. DTO BKIIOYACT B ce0s HE TOJBKO TpauuecKue
AIIEMEHTHI, TAKME KaK KHOIIKU, TEKCTYPbl U U300paKeHUsI, HO U CJIIOKHbIE aHUMaIuu, 3)(eKTh
¥ B3aUMOJCHCTBHUSA. B 3aBUCHMOCTH OT CIIO)KHOCTH WHTepdeiica U KoTudecTBa OOBEKTOB,
KOTOpble HEOOXOAMMO OTPHCOBaTb, IPOU3BOAUTEIBHOCTh WIPHl MOXKET 3HAYUTEIBHO
nocTpanarbk. Ecim mHTEpdelic meperpykeH 3JIeMEHTaMH, 3T0 MOXKET MPHUBECTH K IMaJICHHUIO
4acTOThI KaJIpOB, 3a/I€pKKaM B OTKJIMKaX Ha JEHCTBHS MOJIb30BATENS U, B KOHEUHOM UTOTE, K
YXYAIMICHUIO OOIIETO BICYATIICHHUS OT UTPHI.

OpHMM U3 TEpPBBIX MIATOB K ONTHUMM3AIMH IMOJIH30BaTENBLCKOr0 MHTEpdeiica sBiseTcs
aHanu3 Tekyiero cocrosaust Ul. DTo BkirodaeT B ce0sl BBISIBJICHUE BCEX AJIEMEHTOB, KOTOPBIE
MPUCYTCTBYIOT Ha JKpaHe, U OLEHKY UX HeoOxomumocTH. YacTo pazpaboT4yuku 100aBISIOT
OOJbIIIe AIIEMEHTOB, YeM JCHCTBUTEIHHO HY)KHO, MCXOMAS W3 JKEeTaHWs cleiarh HHTepQeiic
6osee HHGOOPMATHUBHBIM WM MTPUBIEKATEIbHBIM.

Cy1miecTByeT HECKOJIBKO CTPATErHii, KOTOPhIE MOTYT IIOMOYb B YMEHBIIIEHUH KOJIHMYECTBA
OTPHUCOBBIBAEMBIX dJIEMEHTOB MHTepdeiica. Bo-nepBoIX, cienyer paccMOTPETh BOSMOKHOCTh
WCIIONIb30BaHUsl JUHAMUYECKONM OTPUCOBKH DJIEMEHTOB. OJTO O3HAYaeT, YTO DSJIEMEHTHI
uHTepdeiica, KOTOpbIE B JTaHHBII MOMEHT HE BHUHBI MOJIH30BATENI0, MOTYT OBITh BPEMEHHO
OTKJIIOYCHBl WJIM HE OTPUCOBBIBATHCS BOBce. Hampumep, eciu wurpa umeer OO0JbIIOE
KOJIMYECTBO KHOIOK WM MEHI0, KOTOpblE HE HCIOIb3YIOTCA OJHOBPEMEHHO, MOYKHO
peanu3oBaTh CUCTEMY, KOTOpas OyJeT CKphIBaTh HEHYXHBIE DJIEMEHTHI, OCTABJISsI TOJIBKO T€,
KOTOpBIE aKTyaJIbHBI B IAHHBII MOMEHT. DTO HE TOJIBKO YMEHBIIIAEeT HArPYy3Ky Ha rpaduyecKyro
MOJICUCTEMY, HO M YIIPOIIAET B3aUMOICUCTBHUE MOIB30BATENs ¢ MHTEPPEHCOM, TaK KaK UTPOK
He Oy/lIeT OTBIIEKAThCs HA JIUIIIHUE JIEMEHTHI.

JlpyrumM Ba)KHBIM aCIIEKTOM ONTHUMHU3AIUU SBISETCS HCIOJIb30BAaHUE OOBEIMHEHUS
rpadpuueckux snemeHtoB. B Unity cymiecTByeT BO3MOXKHOCTH OOBEIUHATH HECKOJIBKO
00BEKTOB B OJMH, YTO IO3BOJISIET COKPATUTh KOJIMYECTBO OTPHUCOBHIBAEMBIX OOBEKTOB. ITO
MOKET OBITh 0OCOOCHHO TIOJIE3HO JUIsI CTATUYECKUX DIIEMEHTOB MHTep(elica, Takux Kak (DOHBI,
paMKH H JeKOpaTHUBHbIE »dieMeHThl. OObenIUHEHHEe OOBEKTOB TIO3BOJSET YMEHBIIUTH
KOJINYECTBO BBI30BOB OTPHUCOBKH, YTO, B CBOIO OU€PElb, CHMKAET HArpy3Ky Ha rpaduyecKuit
nporeccop. OIHAKO CTOUT MOMHHUTH, 4YTO OOBEIWHEHUE OOBEKTOB MOXKET YCIOKHUTH
yIpaBJIeHUE HUMH, OCOOCHHO eciu TpeOyeTcs M3MEHEHHE WX COCTOSHHS WM aHUMAIWU.
[TosTOMy nepesr mpuMEHEHUEM 3TOTO METO/1a BaKHO B3BECUTDH BCE IIIFOCHI U MUHYCHI.

Kpome Toro, cienyer oOparuTh BHUMaHHE Ha WCIIOJIB30BAaHUE TEKCTYp M MaTEpHAJIOB.
BmecTto co3maHus OTHEIBHBIX TEKCTYp M KaXIOro OJlieMeHTa wuHTepdeica, MOXHO
UCIIOJIb30BaTh aTjiac TEKCTYpP, KOTOPbIM 00beTUHSAET HECKOIBKO N300paKEHHH B O/THY OOJIBIIYIO
TEKCTYpy. ITO MO3BOJISIET 3HAYUTEIIBHO COKPATUTh KOJIMYECTBO TEKCTYPHBIX MEPEKIIOUCHUH,
KOTOpbIe Takke TpeOytoT pecypcoB. B Unity MOXKHO JIerko co3/1aTh amiac TEKCTYp ¢ OMOIIbIO
uHCTpyMeHTa Sprite Atlas, KOTOpbIil MO3BOISIET OOBEAUHATH CIPAUTHI M YIPABIATH UMH OoJiee
s dextuBHO. Vcnonp30BaHUE aTIACOB TEKCTYP HE TOJIBKO YIyUllaeT IPOU3BOAUTEIbHOCTh, HO
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Y YIPOIIAET YIPABIEHUE PECYPCAMH, IOCKOJIBKY BCE CBSI3aHHBIE 2JIEMEHTHI HAXOATCS B OTHOM
MmecTe. [3]

Hakonen, crout ynoMsHyTh O TECTHPOBAaHMM U NpOQWIMPOBAHMM HHTEpderica.
OnTtuMu3anus IMOJIb30BATEIBCKOIO HMHTEpdelica — 3TO UTEPaTUBHBIA IPOLECC, KOTOPBIH
TpeOyeT TMOCTOSHHOTO aHalu3a M KOPPEKTUPOBKU. VIcronb30BaHWE HMHCTPYMEHTOB
npopwimpoBanus, Takux Kak Unity Profiler, mno3Bosser BbIABUTH Yy3KME MecTa B
NPOM3BOJUTEIBHOCTH M TMOHATH, KaKWe 3JIEMEHThl HHTepdeiica TpeOyloT ONTUMHU3AIHH.
[TpodminpoBaHue MO3BOJSAET HE TONBKO YBUIETh, CKOJIBKO PECYPCOB NOTPEOIIAIOT pa3InuHble
3JIEMEHTHI, HO U BBIIBUTbH, KAKME U3 HUX SIBJSIOTCS HaubOosee MpoOIIEMHBIMU. DTO MOMOXKET
COCPEIOTOYUTHCSA Ha ONTHUMHU3ALMU UMEHHO Te€X KOMIIOHEHTOB, KOTOPble MMEIOT HauboblIee
BJIMSIHME HA IPOU3BOAUTEIBHOCTbD.

BriBoaknl.

KauecTBennslii rpaduyeckuii urpoBoil nu3aiiH  TpeOyeT BHHMMaHHS KaK K
(YHKUIMOHATBHOCTH pa3pabaTbiBaeMOro HuHTepgeiica, Tak M K €ro 3CTETHYECKON
COCTaBJIAIOIIEH, a 3HAUUT TIPaMOTHOIO COOMIOACHUS OallaHca MEXIy YA0O0CTBOM JUIs
HOJIb30BaTeNsl U OPUTMHAIBHOCTBIO XYyHAO)KECTBEHHOH COCTaBIAIOLICH, [enaronied urpy
YHUKAJIBHOM.

B pabote paccMOTpeHbl OCHOBHbIE PUHIIMIIBI pa3pabOTKU UIPOBLIX UHTEP(EICOB U X
ONTUMM3ALIMH, TAKXKE PUBEACHBI IPUMEPHI UX peaIn3allui Ha MpaKkTUKe. Pe3ynbraTsl JaHHON
paboThl MOTYT OBbITh MPUMEHEHBI pa3pabOTYMKAMU UTP, CTPEMSIUMUCS MOBBICUTh YPOBEHb
B3aMMO/IEUCTBHS CBOUX ITPOEKTOB C UTPOKAMHU.
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YK 517.54
YCWJIEHHUE TEOPEMBI I3SJIbIKA O PABEHCTBE TPEX IUIOIIAJIENA

Hununenxo U.C.
Hayunwtit pykosooumens: Bonukoe B.B., 0-p. ¢hus.-mam. nayk, npogeccop
DI'BOY BO «/[oul'Y»

Annomayua. IlomyueHo ycunenue teopeMmbl B. K. [I3gapika 0 reoMeTpU4EeCKOM OINMCAHUM aHATUTHYECKUX
¢GyHKIAH.

Kniouesvie cnosa: ananmmtmueckue ¢(ynkmum, teopema B. K. J[3samsika, maOXectBo Ilommeiro, ¢pyHKOHUM C
HYJIEBBIMU MHTETPaJIaMH.

Berynienne. Berony B pabore U,V — nelcTBUTENbHbIE GYHKIUU, KOTOPbIE 33aJIaHbl B

obnact () Ha IUIOCKOCTH KOMIUIEKCHBIX umcen. CormacHo Teopeme B.K. [I3sabika o
IEOMETPHYECKOM OINMCAHUM AHATUTUYECKUX (GyHKIMHU, ecmu U(X,y) u V(X,Y) HENpepbIBHbI
BMECTE CO CBOMMHU YaCTHBIMHM MPOM3BOJHBIMH B €Y, TO jii TOrO YTOOBI (QYHKIHS
f(X+1iy) =u+iv Obula aHATMTHYIECKOM WM COTPSDKEHHAsE K aHATMTHYECKOM B 00iactu Q,

o o 2 2
HE0OXO0IUMO U JOCTATOYHO, YTOOBI BCE MOBEPXHOCTU IpaduKoB TPEX GyHKIMH U,V,VU" +V°,
pacrioyio)keHHbIe HaJ JIIOOBIM KOMIIAKTHBIM IIOJIMHOKECTBOM (), WMeNu OJMHAKOBYIO
wiomanas [1]. Teopema JI3sabIka moyunia yTOUHEHUE U TIOCIIEAYIOLIEE pa3BUTHE B paboTax
HEKOTOpBIX aBTOPOB [2] — [4]. B wacTHOCTH, ObUIO MOKa3aHO [2], 4TO B QOpPMYyITUPOBKE €&
ycII0BHi BMECTO QYHKIHUU /U + V? MOKHO B3ATh IPOU3BONIBLHYIO TanKyro pynkmuo ¢(U,V),

y KOTOpOﬁ IIPOU3BOAHBIC HE PABHBI HYJIIO TOXKIACCTBCHHO, U IJIA KOTOpOﬁ BBIINTOJIHAKOTCA
CICAYIOUC YCIIOBUA

2 2
ou ov ou ov

[Mpumepom Takoi GyHKIMH MOXeT ObITh @=oU+ [V, rie «,[ — neicTBUTEIbHbIC
HEHyJIeBble KOHCTAHTHI TaKHe, 4T0 o’ + [ =1. CHATHE TAKOTO yCIOBHS, KaK HEPEPHIBHOCT
¢byHKIMA U,V BMECTe ¢ MX YaCTHBIMH NPOU3BOAHBIMHU, SIBIISETCS 3aTpyAHUTENbHBIM. [Ipumep
¢ynkuun bopa w=x+ i|y| Ha MJIOCKOCTH JAEMOHCTPUPYET, YTO Jaxe yciaoBue Jlummmuna He
MOKET 00ECTeUuTh BBHIMOJIHEHUE TeopeMbl. HecMOTpst Ha 3TO, JUIs OTACTBHBIX (9 Teopema
Jl3a/1bIka I0IyCKaeT yCHileHue, ecliu TpeOoBaTh JIUIIb CylecTBoBanue U, ', U, "\V,",V, " Besie
B 00JIaCTH BMECTO MX HETPEePhIBHOCTH [3].

Jlns Beakoit pynkmun f € CH(Q) u xommakTHOro MHO)ectBa A Q) cumsonom S(f, A)
0003HAYHMM IUIOMIa/Ib MOBepXHOCTH Tpaduka f , pacmonoxennoit Hax 4. OGO3HAYNM TaKKe

f,=u, f,=v, f;=0(u,v),
rae ¢ € C*'( R?) — 3amannas ¢ynxims ¢ ycaosueMm (1). B monorpaduu [4, sacts 5, 1. 4]

paccMOTpeHa ciefyromias npoodiema.
ITPOBJIEMA 1. Onpenenym A Kak HEKOTOPYIO COBOKYITHOCTb KOMITAKTHBIX TIOJMHOKECTB

Qu u,veC'(Q).Iycrs

S(f,,A)=S(f,,A)=S(f;,A) onamoboco A€A. 2
Kakum ycrnoBusiM 1oykHa yIOBIETBOPATH A, 4TOOBI MOKHO OBLIO YTBEP)KIaTh, UYTO XOTS ObI
onna u3 QyHknmii U + iV, U — iV ananutudeckas B Q2 ?
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Hanpumep, eciin A — 3T0 BCce KOMIIAKTHBIC TIOJMHOXKECTBa {2 ¢ HYJIGBOH MEpOH, TO 3TOTO
YTBEPKIATh HEJIb34 (B 9TOM cilyuae ycnoBue (2) BhImonHsAeTcs s Beex U,V e CH(Q)).

Yepes cumBon D , 0603Ha4YMM MHOKECTBO nap GyHKIMH U,V B (2, TAKUX YTO XOTs Obl OJHA
u3 QyHknmit U+1V,U — IV ananmutudeckas B Q. B pabore [4, yacTh 5, ri1. 4] ObUIM MOTYYEHBI

TIOJIOKUTENBHEIE PE3yNIBTATHI, CBA3aHHEIE ¢ mpoOaemoii 1. JlokaszaHo, uto eciu U,V € CH(QQ),
To U3 (2) cnenyer, uto U,Ve D, B ToM ciydae, koraa A = {}tA}, rae A — pukcupoBaHHOE

MHOkecTBO Ilommeiro B (), a A— mo00i 3JIEMEHT TpYIIbl CBKIUIOBBIX JIBHYKCHUN
KOMIUIEKCHOH IIJIOCKOCTH, it KoToporo AAC (). B cBs3H ¢ 3TUM BO3HUKAET BOMPOC, OYIyT
JIM TaKue ke pe3ysbTaThl U s ceMeiicTBa [lomnelito? Onpenenenre MHOXkecTB [lommeiito,
cemeiicTBa [lommelito 1 KX OCHOBHBIC CBOMCTBA CM. B [4, yacTh 4], [5, 1. 19], [6, wacTts 2], [7].
B nannoii paboTe paccMOTpEH ciyd4ail, Korja A sBISIETCS COBOKYIHOCTBIO BCEX 3aMKHYTBIX
eAMHUYHBIX KBAJIPATOB M BCEX 3aMKHYTHIX CIMHUYHBIX MOJTYKPYTOB, JCKAIINX B OTKPHITOM
Kpyre (OTKpbITBIH Kpyr o0o3HauuM kak B, ={z €C z|< R}). IlpuBenénnas Huxe Teopema 1

— IEHTPaJbHBIA UTOT CTATHH.
TEOPEMA 1. I[Tycts R > @ , U,V— BelecTBeHHO3Haunble GpyHkuuu knacca C'(B,) Torna

TSt TOrO, 4T00BI 07HA U3 GyHKIMIA U+IV, U—IV Gbuta aHamuTHYecKas B B, HeoOxoanmo u
JIOCTaTOYHO, YTOOBI

1) nuomanu nosepxHocteil rpagukoB QyHKIMIA U, V, U? +V’ , pacnonokKeHHbIX HaJl TI0OBIM
3aMKHYTBIM €JMHUYHBIM KBajgpaToM K c B, ObLIM paBHBI,

2) nuomaau noBepxHocTeil rpadukoB GyHKUMA U, V, vU® +V® | pacIooKeHHbIX HaJl JI00bIM
3aMKHYTBIM €JMHUYHBIM NOJIyKpyroM D — B, ObLiM paBHBL

OcHoBHast 4aCTh.

1. BcnomorartenbHble yrBep:kaeHus. [lon M OynemM mnoHumaTh Ipynmy €BKIMIOBBIX
JIBYDKEHUH TIIOCKOCTH KOMIUIEKCHBIX uncesn C. COBOKYIHOCTh ABMXKEHMH W3 M, KOTOpbIe
OCTaBISIOT KoMmmakTHOoe MHOecTBO AcCC BHyTpm B, 0003HauMM COOTBETCTBEHHO
Mt(AB)={1eM:JAcB}, B(r,R)={zeC:r<z<R}.

[Tycts B (A B) — kiacc nokaabHO HMHTErpupyeMbix B B dyHkuumil, ynosierBopsiomiye

paBEHCTBY I f(z2)dz=0 mmt Becex AeMt(AB). TlpuGasiss  HeNpepbIBHYIO
AA

nu(hepeHIMPYeMOCTb, TONYYUM COOTBETCTBYONIMI (GyHKIMOHANBHBI Kiace P (A B) = P
(A, B) NC*(B), rae k matypansnoe uncio, B “ (A, B) = B (A B) NC~*(B).
Bceiogy B manbHeiinreM Touka (X,y)e R’° OTOXIECTBIAETCS C KOMILIGKCHBIM HHCIOM
Z=X+Iy.
1 1
K={(x,y)e R"{ X|§§,| Y|5§}

D={(x,y)e R*:x* +y? <1,x>0}.

Haszosém Bepmmnsl kBagpara K: A, B, ,C,,D,, momykpyra D:Q,,W,;.

ITycts  O(0,0), p(e) = p(O,ﬂB)ziﬂf{”&”Z X €e} — paccrosHHE OT IEHTpa Kpyra [0
anmementa A€ MHoxkectBa AE( kBagpara AK wmm momykpyra AD) npu  ycrmoBum
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A e Mt(E, By ). B 3aBucumoctu ot 3HaueHus R ( 75 > R >1), paccMOTpUM HEKOTOPBIE BaXKHbIE

MaKCUMaJIbHBIE U MUHHUMAJIBHBIC BO3MOXKHEIC PACCTOSAHUA 10 COOTBETCTBYIOIINUX 3JICMCHTOB!
sup(A) = sup{po(A)} , inf(A) =inf {p(A)}
sup(AB) = sup{o(A By )} . inf(AB) = inf {p(A B )},
sup(QW) = sup{p(QpW;)} , inf(QW) = inf {p(Q W)}

[IpuMeHsist reoMeTprYeCKUe PacCy)ACHUS, T0ApoOHO TpUBEAEHHBIE B [7], MOIyuuM jgemmy 1.

JIEMMA 1. Ilycts ? >R>1.Torma

sup(A) =R , inf(A) =2 —R,

_fge 1 _q- et
sup(AB) = ,|R 4,mf(AB) 1-./R 2 (3)

sup(QW) = VR =1, inf(QW) = 0.
B crnenyrommx nemmax 2-6 paccMOTpPHM TOJIBKO POPMYITUPOBKH (MX JOKa3aTeIbCTBA MOKHO
Havitu [7], [4]).
JIEMMA 2. Ilycth 0— yacTHas (B TOM YHCJIC U CMEIIAHHAS) TIPOU3BOIHAS JTIOOOTO MOpSIKa
byukiun f € P~ (A, B). Torna of € P~ (A B).

JIEMMA 3. Ecin f nenpepsiBHa B B, 1 VA Mt(K,B;)={1eM :AK =B}

J‘ dedy= 0, TO CMCIIaHHaA Pa3HOCTb OT f mo BCpIIMHAM JIF000T0 CAUHUYIHOI'O 3aMKHYTOI'O
K

kBazpara K u3 B, paBHa 0.

JJEMMA 4. Ilycts f € C*(B,). Bce npomssoausie ot f K-ro mopsiaka paBHEI HyITIO TOTA B
TOJIBKO TOT/a, Koraa f — MHOrOuwIeH crenenu He Boie K —1.

JIEMMA 5. Tlpennonoxum, uto f(X,y) =ZZaqjquj . Iycth Taxke j f(x, y)dxdy=0
=l j=L A

VA Mt(AB)={1eM:JAcB}, rae A — xommakt B R’ HeHyneBoii Mepsl, B — HekoTopoe

oTkpbIToe MHOKecTBO. Torma f =0.

JIEMMA 6. ITycte 6 >0 u dpynkius f e C[B(g -0, % + 5)} . [lyctp Takxke cMeranHas

pa3HocTh OT f 1O BepumIMHAM JIFOOOTO €IMHHUYHOTO 3aMKHYTOTO KBaapaTa, BCE BEPIIMHBI

Jo 2

KOTOPOTO JIeXKAT B 8(7 -0, - +0), pasusl 0.
Torga
f (X, y) =byx* +b,y* +bx+b,y+b,, (4)

rae by,b,,b,,b,— bukcupoBaHHbIC KOHCTAHTHL

(Bg) . IMycts Taxkxe VD < B, u VK < B,

loc

JIEMMA 7. Ilycth R>§ ufel
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j f(x, y)dxdy = [ f (x, y)dxdy =0.

D

Torma f =0.
JOKA3ATEJIBCTBO. bynem cuutats, uto f € C*(B;) (3T0 He SBISETCS YaCTHBIM CITy4aeM,
TaK Kak MpU HEOOXOJMMOCTH MOYKHO HCIIOJIb30BaTh CTaHAAPTHBIA MPUEM CIrIIAKUBAHUA).

V5 65

ITycts > >R> 3 Tora BepHO HEPABEHCTBO

1>2(J2-R)
PaccMOTpHM ClIeAyOLIee KOIbIO
B(v2-R,R) ={(x,y) e R?: (/2 =R)? < X2 + y2 < R%}.
®yukuus f MoOXoauT Mo yCnoBus 1eMMBI 6, TaK Kak cripaBeuiiBa jemma 3. B takom ciaydae
aktyansHa Gopmymna (4), T.e. f(X,y)= f(X,y) =b,x* +b,y> +bx+b,y+b,.
WccnenyeM OmHy M3 4YaCTHBIX IPOU3BOAHBIX TPETHETO IOPAAKA MaHHOW (YyHKIMH:

Fixy) =Y

paccMaTpuBaeMor TEOPEMBI, TaK KaK CIpaBeiuBa JieMMa 2.

=0.0rcroma F=0 B B(\/E —R,R) wu BbImoNHEHBI  yCIOBUS
Ilockonbky — |R? —% >+/2—R npu sagauHom pamuyce, F =0 u B Koibue GOIBLINX
1 1)
B(1-,/R? _Z’R) ={(x,y) eR? :(1— R? _ZJ <x*+y*<R%}

/ 1 .
Taxk kak BepHO 1 HepaBeHCTBO VR? —1>1— |R* — 2 II0JIy4aeM, C y4ETOM PABEHCTB U3 JIEMMBI

paanycoB
(cm. [8]).

1, utro F =0 Bo Bcém By (cm. [9]).

% f(x,
U3 atoro, F(X,y)= ¥ =0 Bo BcéMm B, . Tak kak npousBoxHas Gpyukuun f (X, y) Obuia

BI)I6paHa IMPON3BOJIBHO, MOXXEM YTBCPKIAATH, UTO KaXXKJasd MPOU3BOAHAA TPETHEIO MOPAaKa OT
¢ynxuun f pasna Hymo B B, . Toraa, cornmacHo nemme 6, f — MHOTroO4YIeH CTENEHH HE BBIIIE

2. Cornacuo narou nemme f =0.

2. Jloka3aTebCTBO Teopembl 1.
N3 camoit teopemsr B.K.J[3simpika [1] BbITEKaeT BBIMOJHEHHE HEOOXOAMMOCTH. YUTOOBI
000CHOBATh JOCTATOYHOCThH BBEAEM

(]3] 6]

f3=[1+(£ u2+v2j +[%\/u2+v2j] :

OX
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N3 ycnosus nmeem

[ fudxdy= [ fdxdy= [ f,dxdy [ f.dxdy= [ fdxdy= [ f,dxdy
AK AK K AD AD AD

npu mobom A eM : AK < B;,AD < B;.
Uccnenyem pasHoctu

j f,dxdy— j f dxdy = j (f,— f,)dxdy=0 u j f,dxdy— j f,dxdy= j (f,— f,)dxdy=0.
AK AK AK AD AD AD

ITo nemme 7 f,— f,=0. Torna f, =f,. AHaTOrM4HO yCTaHOBUM PaBEHCTBA MEXIY APYTMMHU
¢ynxumsavu f, = f, = f,. Orcroma cienyer paBeHCTBO yka3zaHHBIX B TeopeMe | Iiomanet,
PacHoI0KEHHBIX HaJl JIOOBIM U3MEPHMbIM IIOAMHOKECTBOM B .

B cuny teopembr B.K./[3sampika [1] momydaem, uro omHa u3 ¢yHKmuid U+IV, U—iv
aHAJINTUYECKas B B;.

BoiBoabl. B pabore Obimum paccMOTpeHbl (YHKIUM C HYJIEBBIMH HHTETpajaMH IO BCEM
3aMKHYTBIM €IMHUYHBIM KBaJpaTaM U BCEM 3aMKHYTHIM €IMHUYHBIM MOJYKPyTraMm, JIeXKaIIHIe B
OTKPBITOM KpyTre. YCTaHOBJIEHO YycuijeHue wusBecTHol teopembl B. K. I3aneika [1] o
TCOMETPHUYECKOM ONMCAHUU aHATUTHICCKUX (QyHKIUH. [lomydeHHbIe pe3yIbTaThl MOTYT OBITh
HCIOJIb30BaHbI B JAIbHEHIIIEM pa3BUTHH TEOPETUUECKON YacTH BOMpOcCa.
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YK 004.655

MHOJCUCTEMA OLHEHKHN U AHAJIU3A 3AITIPOCOB B IIPAKTHYECKHX
3AJJAHUSAX OBYUYAIOIIEI'O WEB-ITPUJIOXEHUSA «SI3bIK SQL B CYB/1 MS
SQL SERVER»

Ceovix M.O.
Hayunuwtit pyxosooumens: Illeeyos /[.B., 0-p mexu. nayk, ooyenm
DI'EOY BO «/[oul'Yy

Annomayus: Onucana mojcucTeMa OICHKH U aHanmu3a SQL-3ampocos, paspaboTanHas s oOydaroriero web-
npunoxenus «SI3pixk SQL B CYB/] MS SQL Servery. Iloacucrema ucnonb3yeT UCKYCCTBEHHBIM MHTENIEKT AT
MoCTpoeHUs Tpada IpUHATHS PEHICHNI Ha OCHOBE CITy>KeOHBIX ciioB SQL, aHaIH3UpyeT 3aIpOoCkH MOIH30BaTENeH
B MIPAKTUYECKUX 3aJaHUSAX U MIPEAOCTABISET ACTATIBHYIO O0PAaTHYIO CBSI3b.

Knioueswie cnosa: MS SQL Server, o0yqaroriee web-TipuitoskeHIe, aHalli3 3apOCOB, HCKYCCTBEHHBIN HHTEIIICKT,
rpad MpUHATHS PELICHUH.

BBenenmue.

B coBpemenHOM MUpe, TJi€ JaHHbIE UTPAIOT KJIFOYEBYIO POJIb B IPUHATHH OU3HEC-PEIIEHUH,
3HaHWE s3blka SQL CTAHOBUTCS HEOTHEMJIEMBIM HABBIKOM ISl CHELMAIMCTOB B 00JaCTH
uH(pOopMaIMOHHBIX TexHONOTHi. DddektrnBHOE 00yuenme SQL sBisercs BaxHOW 3amadei,
TpeOyrolieil pa3paOOTKH HHTEPAKTUBHBIX U 3IalITUBHBIX 00yUaroLX HHCTpyMeHTOB. [Ipobiema
3aKJIF0YaeTCs B TOM, YTO TPaJUIMOHHbIE MeTObl 00yueHus: SQL JacTo nomiararorcsi Ha py4yHyro
NPOBEPKY 3aJlaHui, YTO SABJIAETCS TPYAOEMKUM M HE BCerja o0ecleurMBaeT CBOEBPEMEHHYIO U
JICTANIM3UPOBAHHYI0 00paTHyio cBsizb. C Jpyrodl CTOPOHBI, aBTOMAaTU3UPOBAHHBIE CHUCTEMBI
OLICHKH 4acTO OrPaHUYMBAIOTCS MPOCTHIM CPAaBHEHHEM PE3YJIbTATOB 3alpoca ¢ 3TaJOHHBIM, HE
MPEI0CTaBIIAS MOJIB30BATENIO ITTyOOKOr0 IOHMMAHUS TPUYHH OIIHOOK.

B cBs31 ¢ 3TMM, aKTyalnbHOCTh JaHHOH TeMbl 00YCIIOBIEHA HEOOXOAUMOCTBIO pa3paboTKH
WHHOBAITMOHHBIX TOAXOMOB K 00ydeHM0 SQL, MO3BONAIOMIMX aBTOMATHU3UPOBAThH IPOLIECC
OLICHKU U aHaJlN3a 3allpoCoB, IPEOCTABIATH MOJIb30BATENSAM EPCOHATU3UPOBAHHYIO 00paTHYIO
CBSI3b U NOBBIIATh 3((PekTuBHOCT 00ydeHus. Vcrnonp30BaHue NCKYCCTBEHHOTO MHTEIUIEKTA, B
YaCTHOCTH, METO/I0B 00PaOOTKM €CTECTBEHHOT'O SI3bIKA M TOCTPOEHMS rpad)oB MPUHATHS peILIeHUH,
OTKPBIBA€T HOBBIE BO3MOXKHOCTH JUISl CO3JAHUSl HMHTEUIEKTYAJIbHBIX OOYyYaroIMX CHCTEM,
CIMOCOOHBIX aHAIM3UPOBATh 3AMpPOCHl MOJIL30BATENE Ha CEMaHTHYECKOM YPOBHE U BBIABISTH
HPUYMHBI OIIHOOK.

3amxaum ncciiel0BaHuA:

1. IlpoBecTr aHaTU3 CYIIECTBYIOIIMX METOIOB U MHCTPYMEHTOB 00yueHust SQL 1 BBISIBUTH
UX HEIOCTATKH.

2. Pa3paboTath apXWUTEKTypy TMOJACUCTEMBl OLIEHKM U aHanmu3za SQL-3ampocoB mis
o0yyaroIero web-npuioxKeHHs.

3. Peanu3oBare anroput™M noctpoeHus rpada NpUHATHS PELIEHUI Ha OCHOBE CITY>KEOHBIX
cioB SQL.

4. NaTerpupoBars nojacucremy ¢ Chat GPT API mist anaim3a 3ampocoB MMoJIb30BaTeleit 1
NPEIOCTABICHHS IeTATN3UPOBAHHON 0OPATHOM CBSI3H.

5. IIpoBectu oneHKy 3¢ GeKTUBHOCTH pa3pab0oTaHHOM MOICHCTEMBI.

ean uccieqoBanus:

Lenpto uccnenoBanus siBisieTcs: pa3paboTka U anpodalys MoJCUCTEMbI OLIEHKH U aHall3a
SQL-3anpocoB, UHTETrpupoBaHHON B oOyuaromiee web-npunokenue «S3pik SQL B CYBJ MS
SQL Server», koTopast TO3BOJIUT aBTOMAaTHU3UPOBATh MPOLECC TIPOBEPKHU MPAKTUYECKUX 3aJaHUH,
NpPEIOCTABIIATh IOJIb30BATENISIM  HEMEJICHHYIO, JICTAIM3UPOBAaHHYI0 OOpaTHylO CBs3b U
crocoOcTBOBaTh Oostee AP PeKTHBHOMY 00y4eHUIO0 OCHOBaM si3bika T-SQL B KOHTEKCTE pabOTHI ¢
CYBJI MS SQL Server. Ilpm >TOM KIIOYEBBIM 3JIEMEHTOM SIBJISIETCS HMCIOJIb30BAHUE
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WCKYCCTBEHHOTO MHTEJUICKTA JIISl aHAIM3a CEMAHTUKH 3allPOCOB U BBISBICHUS MPHYUH OIIHOOK,
YTO TIO3BOJIUT MPEIOCTaBUTH IOJH30BATENIO MEPCOHATUZUPOBAHHYIO ITOMOIIb U TMOBBICUTH €TI0
MMOHUMAaHUE MaTepHaa.

OcHoBHasi 4yactb. Cozmanue oOydJarmux Wweb-TpriIokeHu st ocBoeHus SQL
OTKPBHIBACT HOBBIC BO3MOXKHOCTH JIJIsl TIOBBIIICHUSI KA4eCTBA U JOCTYMHOCTH 00y4eHusi. OnHako,
JUIL TOTO, 4TOOBI TaKkue MNPWIOKEHHS ObUIM MO-HacTosmeMy 3(h(eKTUBHBIMU, HEOOXOIUMa
peanu3anys MEXaHH3MOB OIIEHKH U aHaJIM3a 3aIPOCOB, MO3BOJISIOIIMX TOJIb30BATENSM HOJIyYaTh
00paTHYIO CBS3b O MPABUILHOCTU CBOMX JICHCTBUI U OTCIIEKUBATH CBOM Iporpecc.

B st0ii cTathe paccmaTpuBaeTcs MOACUCTEMA OLICHKU M aHaIK3a 3aIlpOCOB, pa3paboTaHHAS
s web-npunokennst «SI3pik SQL B CYBJI MS SQL Server», HanpaBiIeHHOrO Ha OOy4YeHHE
ocHoBaM si3bika SQL B koHTekcTe padotel ¢ CYBJ] MS SQL Server, mmpoko UCmons3yeMoid B
pa3nuuHBIX cepax AesTeTbHOCTH.

[oacucrema OLIEHKH U aHATTN3a 3aIIPOCOB COCTOMT U3 CIISTYIOIINX OCHOBHBIX KOMIIOHEHTOB!

1. Uurepdetic BBoma 3ampocoB: Ilonb3oBatenbekuil HHTEPQENC, MO3BOMSIOMINN BBOIUTD
SQL-3ampockl U OTIPABIATh WX HA BhIMONHEHWE. OH JTOJDKEH ObITh WHTYHTHUBHO IOHSATHBIM U
yIIOOHBIM JIJIs1 TIOJIL30BATENS, @ TAKIKE 00eCTIeunBaTh BO3MOXKHOCTh (POpMaTHpOBaHHUS 3aIipoca Jyis
TIOBBIIICHUS YATAEMOCTH.

2. Cucrema BBINOJIHEHHUS 3apocoB: KOMIIOHEHT, OTBEUarOIINii 32 BBINOJIHEHNE BBEICHHBIX
3ampoCcoOB B KOHTEKCTE YueOHOM 0a3wl JaHHBIX MS SQL Server. [{ns oGecrieueHust 6€301acHOCTH
Y M30JISIUH, JTBUOKOK MOXKET ObITh PEealn30BaH B BUIE OTAEIBHOTO CEpBHCA, PAOOTAOIIEro C
Komuel yaeOHo 0a3bl JaHHBIX.

3. Anammuzatop pe3ynabTaToB: MOAyNb, CpPaBHUBAIONIMK TOJTYyYEHHBIE PE3YIbTaThI
BBIITOJTHEHUS 3aITPOCa C 0KUAAEMBIM PE3yJIbTaTOM, 331aHHBIM B 00yJaroIeM MaTepraie. AHAIU3
JIOJDKEH YYUTHIBATh HE TOJIBKO COOTBETCTBUE JAHHBIX, HO U MOPSAIOK CTPOK M CTOJIOIIOB.

4. Cucrema oneHku: Momynb, (OPMHUPYIOMIMI OLEHKY 3alpoca Ha OCHOBE CPAaBHEHUS
MOJYYEHHBIX U OXKHMJAEMBIX PE3yJIbTaTOB C MOMOIIbIO Tpada MPUHATHSA pEIICHUN Ui OIEHKU
MPAaBIIILHOCTH 3aIpoca. DTOT KOMIIOHEHT MCIIOJIb3YeT UCKYCCTBEHHBIM WHTEJUICKT JUTSl aHAIN3a
3ampoca 1 BBIBIICHHUS OIMOOK Ha CEMAaHTUYECKOM YPOBHE.

5. Cucrema obpatHo# cBsi3u: KOMITIOHEHT, IPEA0CTaBISIONINI TOJIb30BATEIN0 HH(POPMALIUIO
O pe3ynbTaTax BBIMOJHEHHS 3ampoca M OILEHKEe, B TOM YHCIE O MPUYMHAX OIIMOOK U
pEKOMEHAIMAX 10 YiydlmeHuto 3ampoca. Cucrema oOpaTHOW CBSI3M  JIOJDKHA — OBITh
MIEPCOHATM3UPOBAHHON U aIaITUBHOMN, YUUTHIBAsl yPOBEHb 3HAHUI TOJIb30BATENS U TUIT 33aHUsL.

[TpuHIIIT PabOTHI CIIEMYFOIINI — TIPH BBHIIOTHEHUH TIPAKTHYECKOTO 3a/IaHHSI TTOJTh30BaTEITh
BBOIUT SQL-3ampoc B cOOTBETCTBYIOLIEE Mose uHTepdeiica. 3amnpoc nepeaaercs Ha 00paboTKy
CHICTEME BBITIOJTHEHWSI, KOTOPBI BBIMOJHACT €r0 B KOHTEKCTE Y4eOHOH 00IauHOM 0a3hl JTaHHBIX
MS SQL Server. Pe3ynbraTsl BBIIOIHEHHUS 3anpoca (Tabsuiia JaHHBIX ) IEPeatoTCs B aHAIN3aTop
PE3yJIbTaTOB, KOTOPBIA CPAaBHUBAET UX C OXKHJIAEMBIM PE3yJIbTaTOM, 33JaHHBIM B OOyJarolIeM
Marepuae.

AHam3atop pe3ybTaTOB  ONpEACISieT, COOTBETCTBYIOT JIM TIONyYCHHBIC JaHHBIC
OXKHJIAeMbIM, M BBIBJISICT OMMOKH B 3ampoce. CucTeMa OINeHKH (GOopMHUpPYET OICHKY 3aIpoca,
YUUTBIBaS MPABUILHOCTh M APPEKTUBHOCTH €ro BHIMOMHEHUS. KIFOueBbIM 3JIEMEHTOM CHCTEMBI
OLICHKH SIBIIICTCS UCTIOJIb30BaHUE Tpada MpUHATHS pelIeHUH, TTOCTPOSHHOTO Ha OCHOBE aHAITN3a
cmykeOHbIX coB SQL M ux B3auMoOCBs3eil. DTOT rpad MO3BONAET CHUCTEME OMPEACIHUTH
JIOTHIECKYIO CTPYKTYypy 3ampoca W BBISIBUTH OINUOKH, CBSA3aHHBIC C HEMPABHIBHBIM
WCIIOJIL30BAHUEM OIIEPATOPOB, (DYHKIIMI U YCIIOBUH.

Hampumep, eciv nmosib3oBaress HEMpaBUIbLHO KUCTonb3yeT onepatop JOIN, cucrema Moxker
BBISIBUTH 9TO, aHATIM3UPYS CTPYKTYPY rpada u onpeaessis, KaKkue TaOIUIIbl U CTOIOIBI y4acTBYIOT
B COCIMHEHWH, W KaKOE YCIIOBHE COSNUHEHHs HMCIONb3yeTcs. Ecim monmp3oBarens HUCIONb3yeT
HEMpaBUJIbHYIO arperatHyro QyHkiwo (Hanpumep, SUM BMecto AVG), cucTeMa MOXET BBISIBUTh
3TO, aHATM3HUPYS CITy>KEOHBIC CIIOBA W OIPEIEIIss, KaKue CTOJOIBI 00pabaThIBAIOTCS, M KaKoe
ycioBue (GMIIBTPAIK IPUMEHSETCS K pe3y/IbTaTaM arperafim.
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Jnst mpenocraBnenus Oosee AeTaIM3UPOBaHHON 0OpaTHON CBSI3H, CHCTEMa UHTETPUPYETCS
¢ Chat APL. B ciyuae, eciiu aHanu3aTop pe3ysibTaTOB BBISABIISIECT OIIMOKH, 3aIIPOC MOJIB30BATEIIS
ornpasisiercs B Chat API, KOTOpbIii aHAIM3UPYET 3aIpOC Ha €CTECTBEHHOM SI3bIKE M TEHEPHPYET
MEPCOHATM3NPOBAHHBIE PEKOMEHAALUH 110 ucnpasieHuto onmbok. Hanpumep, Chat API moxer
NPEIUIOKHUTH TIOJIb30BATENI0 AIbTEPHATUBHBIC BAPUAHTBI CHHTAKCHCA, OOBSCHUTH 3HAYCHUE
CITy>KEOHBIX CJIOB WM YKa3aTh Ha JIOTHYECKUE OIMOKH B 3aIIpoCe.

HNudopmarmst 00 OIeHKe, MPUYNHAX OMUOOK U PEKOMEHIAIUAX TI0 YIIYHIIICHHUIO 3armpoca
MPEI0CTaBIISACTCS MOIb30BATENI0 Yepe3 CUCTEMY OOpaTHOM CBSI3H.

st pazpabotku npunoxenust ucnonssytorest C# (NET 8) u TypeScript, ¢ npumeneHnem
React mst co3manus monb3oBatenbckoro uaTepdeiica u ASP.NET Web API nns peanmzanum
RESTful API. ApxuTektypa mpoekTa OCHOBaHa Ha MPUHITUITAX YUCTOU apXUTEKTYpbL. J{jist paboThI
¢ nmanHbiMH  ucnonb3yorcs ORM  Entity Framework Core um  wmukpo-ORM  Dapper,
ONTUMU3UPYIOIIMI BBINIOJHEHUE NpakThyeckux SQL-3ampocoB mnomb3oBareneil. AutoMapper
aBTOMAaTU3UpyeT NpoenupoBanus 0onekToB, a JWT Bearer obecrieunBaer ayreHTudukamnmo. B
kauectBe CYBJ] wucmoms3dyercs MS SQL Server. Serilog oTBeuaer 3a BeneHHE JIOroB, a
FluentValidation — 3a Baammaruro moaeneii. Docker ucnons3yercs st KoHTeiHepu3sanun, Redis
— st kammpoBanus. [lokpeiTHe unit-recramm obecrieunBaeTcs ¢ momonipo xUnit, Moq u
AutoFixture. Jlns cOopa ¥ Bu3yalnM3allid METpPHUK HCIoib3yloTcs: Prometheus u Grafana.
[Tpumenenne MediatR peammyer marrepa CQRS, a BenchmarkDotNet — st 6eHumapkuHra.
[Tonb3oBatenbckuit uHTepdeiic, paspaborannbii Ha React u TypeScript, cTuiamM3oBaH ¢
ucnosib3oBanreM Bootstrap5. [IpuiioxkeHne cupoeKTUPOBAHO € KCIIOJIB30BAHUEM COBPEMEHHBIX
METOJIOJIOTHUI, YTO 00ECIIEUNBAET €0 THOKOCTh, PACIIUPIEMOCTb, OT3bIBYNBOCTh, CTAOUIBHOCTD U
HaJeKHOCTh. Vcnonb3oBanue unctoit apxutektypsl 1 ORM Entity Framework Core ymporaer
a/IanTaII0 CUCTEMBI K Pa3IMYHBIM TPEOOBAHUSIM.

AJTOpUTM MTOCTPOEHHMS Tpada IPHHATHS PEIICHUM.

KitoueBbIM 371€MEHTOM MOACHCTEMbI OLIEHKU SIBJISETCS aIrOpPUTM IOCTpOeHHs Trpada
NPUHATHS PELICHNH, OCHOBAaHHBIM Ha aHanu3e cinykeOHbIX cnoB SQL u ux B3auMocBsizeld. ITOT
rpad mpencraBiser coOOM CTPYKTYpUpOBAaHHOE MPEJICTABIEHHE 3allpoca, OTpa)aroliee
JIOTUYECKYIO MOCIE0BAaTEIbHOCTh ONEpaluii U yCIOBUH. AJTOPUTM COCTOMUT U3 CIIEAYHOIIUX
ATAIOB:

1. Toxenusauus 3anpoca: Mcxomusiit SQL-3ampoc pasnensercs Ha OTAEIbHBIE TOKEHbI
(mexcemsbl), Takue kak cmyxeOHble cnoBa (SELECT, FROM, WHERE, JOIN wu T.1.),
UAeHTU(UKATOPBI (MMEHa TabulLl, cTosIONOoB), onepatopsl (=, <, >, IN, LIKE u 1.1.), 3Hauenus u
paznenuteny (CKOOKH, 3arsThie).

2. Onpenenenue Tumna TokeHa: KaxxaoMy TOKeHy MpUCBaWBaeTCsl TUIl B COOTBETCTBUH C €TI0
ponbto B 3ampoce. Hanpumep, SELECT - cmyxkebnoe cioBo, CustomerID - uneHtudukarop
cronb6ia, 123 - yrcioBoe 3HaUYEHHE.

3. Iloctpoenue cuHTakcuueckoro aepesa: Ha OCHOBE MOCIENOBATENLHOCTH TOKEHOB
CTPOUTCS CHUHTAaKCHUYECKOE JIEPEeBO, OTPaXKarollee IpaMMaTHUYECKylO0 CTPYKTYpy 3ampoca. ITOT
9TaIl UCIIOJIb3YET MpaBmiIa cuHTakcuca SQL i onpenenenus B3aMMOCBA3e€H MEXTy TOKEHAMHU.
Hamnpumep, cuntakcudeckoe aepeBo oTpaszut, uro CustomerlD siBiisiercs cToa0110M, BEIOMpaeMbIM
ornepatopoM SELECT u3 Tabmunpst Customers, ykazaHHoil B onepatope FROM.

4. IIpeobpa3oBaHue CHHTAKCUYECKOT'O iepeBa B rpad NpHHATHSA pereHuid: CHHTaKCHYecKoe
JepeBo mpeodpasyerca B rpad NpuHATUS pelieHud. Y37bl Tpada COOTBETCTBYIOT OTAEIbHBIM
orepanusM M YCIOBUSM 3ampoca (HampuMep, BBIOOp CTOJOIOB, (uibTpanus Mo YCIOBHIO,
coequHeHne Tabnmir). PeOpa rpada oTpakaroT 3aBUCHMOCTH MEXIy omeparmsivu. Hampumep,
y3ed1, npeacTaBistomui punbTpario no ycnosuto WHERE, G6yner umers pedpo, ykasbiBaroriee
Ha y3eJ1, IPeACTaBIAIOMNN TabIHILy, U3 KOTOPOM MPOUCXOANUT (PUIBTPALIHSL.

5. Anamu3 rpada u BeisiBieHHe omOok: [TocTpoeHHslit rpad aHanu3upyercs Ha MpeaMeT
cootBercTBUs Joruke SQL n Hammums BO3MOXKHBIX oMOOK. Harpumep, mpoBepsieTcsi, 9To Bce
TaOMUIIBI, YKa3aHHBIE B 3alpOCe, CYIIECTBYIOT B 0a3e MAHHBIX, YTO THIIBI JAHHBIX CTOJOIIOB,
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UCTOJIb3YEMbIX B YCJIOBHSIX, COIJIACOBAaHBL, M YTO JIOTHYECKHE YCIOBUS COPMYITHPOBAHBI
KOPPEKTHO.

6. TI'enepaumst oOpaTtHOl cBs3u: Ha OCHOBE BBIBICHHBIX OLIMOOK TEHEPUPYETCS
JeTaIM3upoBaHHas o0paTHasi CBs3b JJIsl Mojib3oBatens. (OOpaTHas CBA3b MOXKET COJEpPKATh
OIMCAHKE OIIMOKH, YKa3aHUE Ha MECTO OIIMOKH B 3aIIPOCE U MPEIOKEHHS TI0 €€ UCTIPABIICHHIO.

Pazpaborannas noacucrema 06Ja1aeT pAAOM IPEUMYIIIECTB:

1. ABromaruzupoBaHHasi oneHka: OlleHKa 3alpocOB MPOUCXOAUT aBTOMATHUYECKH, YTO
MO3BOJISIET OCBOOOIUTD MPENoiaBaTessi OT PyTUHHOMN MTPOBEPKU.

2. Hemennennast oopatHasi cBsi3b: [lonb30Barenb moaydaeT MIHOBCHHYIO WH(GOPMAITHIO O
pe3ynbTarax BBIIOJIHEHHs 3ampoca M OLEHKe, 4TO crocobcTByeT Oonee 3ddexkTuBHOMY
00y4eHUIO.

3. TloapoOuas wmHpopMmarms o0 ommoOkax: IlomcucremMa mpemocTaBiIseT MOAPOOHYIO
uH(pOpPMALNIO 0 TPUYMHAX OMIMOOK B 3aIPOCE, YTO MO3BOJISET MOJB30BATEINIO JIyUIle MOHTh U
ucnpaButh ux. Hanmpumep, eciu 3ampoc HeBepHO yKazai UM cToJI01a, CHCTeMa MOYKET yKa3aTh Ha
3TO, MPEJJIOKUB BAPUAHTHI TPABUIILHBIX UMEH.

4. UnpuBunyaneHeiii moaxox: [logcuctema MoxkeT ObITH HACTPOEHA IS MIPEAOCTABICHUS
VHIMBUIYaJIbHOW OOpaTHOM CBSI3M B 3aBUCUMOCTH OT YPOBHS TIOJIB30BATENS M THIA 3a/IaHMUS.
Hanpumep, 17151 HauMHAOIMIKX MOJIb30BaTeNel CUCTEMa MOXKET MPEOCTABIATh OoJiee MoIpoOHbIe
OOBSICHEHHUS U TIOJICKA3KH, a JUTS ONBITHBIX TIOJIb30BaTeNel — 0oJiee JTaKOHWYHY0 HH(DOPMAIHIO.

5. Ucnonp3oBanue uckyccrBeHHoro nuntemwiekta: Murerpamust ¢ Chat GPT API no3Bosnsier
IIPEAOCTABUTH MOJIb30BATEIIO IEPCOHATU3UPOBAHHYIO IOMOIIb U PEKOMEH AU, OCHOBaHHbIE Ha
aHaJIM3€ 3aIpoca Ha €CTECTBEHHOM SI3bIKE.

[Ipyr npoexTHpOBaHUM TOJCUCTEMBl 3HAUUTENIbHOE BHUMAHHUE YIETSUIOCh OOECIEYEHUIO
HAJIOKHOCTH, O€30MacHOCTH M yHoOCTBa pa3BepThiBaHMs. HecMOTps Ha MOHOJIUTHYIO
APXUTEKTYpPy TPWIOKECHUS, TPEAIPUHATH MEPHI 10 MOIYJIHHOMY MOCTPOCHUIO KOMIIOHEHTOB
MOJICUCTEMBI, YTO OOJIerdaeT MOJJICPKKY M BHECEHHE M3MEHEHUWH. Peanmn3oBaHbl MeXaHU3MBI
JIOTUPOBAaHMUSA M MOHHUTOPHHIA, MO3BOJIAIOLIME OTCIIEKUBAaTh PabOTY CHUCTEMbI M ONEPATUBHO
pearupoBaTh Ha BO3HUKAroIMe podiemsl. be3onmacHocTs obecnieunBaeTcst 3a cueT MPUMEHEHUS
MapaMeTpU30BaHHBIX 3AMPOCOB ISt 3aUThl OT SQL-UHBEKIMNA, BATUIAIIMNA BXOIHBIX JAHHBIX U
pasrpaHuueHust Ipas goctyna. Pa3BepThiBaHrE MPUIIOKEHUS YIIPOILLAETCS 3@ CYET UCIIOIB30BaAHUS
Docker mist cozmanusi KOHTEiHEpa, COAEPKAIler0 BCe HEOOXOIMMBIE 3aBUCUMOCTH. BbiOop
MOHOJIUTHOW apXUTEKTYpbl OBbLT OOYCIOBIEH COOOPaXEHUSIMH TPOCTOTHI pa3paboTKH U
pa3BepThIBaHUSI HAa HAYaJlbHOM JTale IMPOEeKTa, a TaKkKe CHeln(UYecKUMH TpeOOBaHUSIMH K
MPOU3BOJIUTENILHOCTH U O€30MaCHOCTH.

B nonrocpouHoil nepcrneKkTuBe y JaHHOTO MPUIIOKEHUS €CTh BO3MOXKHOCTH PacIIMpPEHUs U
nob6asieHus (QyHKIMOHANA B BUJE CO3/IaHMs OoJiee MPOTyMaHHBIX TEXHUYECKU MPAKTUUECKHX
3a7[aHuil, ¥ UCHOJIb30BAaHMs MCKYCCTBEHHOI'O MHTEIJUIEKTa JUIS OLEHKH 3aIllpoca IMOJIb30BaTes,
peam3aluy OHJIAH 3aHATHI IO JPYTUM HAIMPaBICHUSM, HANpUMeEp, Pa3IUYHBIM S3bIKAM
MIPOrPaMMHPOBAHUS, U BCTPAUBaHUsI KOMITWIIATOPA JJIsl paOOTHI € si3bIKaMU. Takske, INIaHupyeTcs
pa3paboTKa CUCTEMBI aaTUBHOTO 00yUeHUs, KOTOpast OyJeT MOJICTPAauBaTh CII0KHOCTH 3aJaHHA
1 00beM IMPeIOoCTaBIIsIEMON TOMOIIH B 3aBUCUMOCTH OT IPOIPecca MoJib30BaTes.

Baxnocte ucnons3zoBanus rpada npunsTus pemieHuii: [Ipumenenue rpada npuHATHS
peIlIeHul ISl OLUEHKH MPaBUIIBHOCTU 3alpoca SIBIISIETCS KJIFOUEBBIM SJIEMEHTOM MOJICUCTEMBI.
I'pad mo3BosseT HE MPOCTO ONpENENUTh, BEPEH JIM 3alpOC, HO U BBIZETUTH KOHKPETHBIE OIINOKH,
KOTOpbIE NPUBEIM K HEBEPHOMY pe3yJIbTaTy. DTO MO3BOJISET CUCTEME IMPEAOCTaBIATH Oolee
TOYHYIO M TIOJIE3HYIO OOpaTHYIO CBS3b IOJIB30BATEIN0, HANPABIIASA €ro K 0osee dhdekTnBHOMY
pelenuto mpobnemMel. B manbHeiimem, muaHupyercs pacimpenre (QyHKIMOHATBHOCTH Tpada
MIPUHSATHS PELLCHNH, BKIIIOYasi MOAJIEPKKY Oosee caoKHbIX SQL-KOHCTPYKIMIA U UHTETPALUIO C
JIPYTMMU KCTOYHUKAMU 3HAHW, TAKUMH Kak JTOKyMeHTarws o SQL u mpumeps! koaa.

3akiro4eHue.
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Pazpaborannas nojcucTeMa OLIEHKH M aHAJIM3a 3aIllpOCOB MPEACTABIACT COO0M KITIOUEBOM
aneMeHT oOyuaroriero web-npunoxenus «S3eik SQL B CYBJ] MS SQL Server», cyiiecTBeHHO
noBbimas  3¢pQekTuBHOCT, 00y4yeHust s3pIky SQL. ABTomMarm3amusi Tporecca OIEHKH,
NpEeIOCTaBIEHNE MTHOBEHHON OOpaTHOW CBSI3U M JETAIM3UPOBAHHBIN aHATU3 OLIMOOK CO3/ar0T
OJAaronpHATHYIO Cpely Ul aKTUBHOTO OOYUYEHHUS U YTITyOJEHHOTO TIOHUMAHUS SI3bIKa 3aIIpOCOB.
Hcrnonb30BaHuEe MCKYCCTBEHHOTO MHTEJIEKTa W TIpada NPUHATHS PELICHUI M03BOJISET
peaM30BaTh MEPCOHATM3MPOBAHHBIA IMOAX0J K OOYYEHHIO, TMPEJOCTABIISASA IOJIb30BATEISIM
pEJeBaHTHbIE PEKOMEHIALIMH U TTIOMOLb, YTO 3HAYUTEIbHO MOBBIIAET 3()(HEKTUBHOCTH OCBOCHUS
Mmarepuana. B pesynbrare, mojacucrteMa CrocoOCTBYeT (POPMHUPOBAHHMIO MPOYHBIX HABBIKOB U
YBEPEHHOCTH B McosIb30BaHUU SQL 17151 pereHys NpakTHUEeCKUX 3a/1au.

IlepcriekTuBBl pa3BUTHS TAHHOTO IPOEKTa BHUJATCS BECbMa IIMPOKUMU. B nanbHeHIeM,
IUIAaHUPYETCA HE TOJIBKO pacIIUpeHue (PyHKIMOHAIBHOCTH MOACHCTEMBI IJIs1 paboThl ¢ Oosee
CJI0’)KHBIMU SQL-KOHCTPYKIMAMY 1 TUIIAMU 3aJaHUH, HO M MHTETrpaLus ¢ JpyTUMH 00y4arolMMu
w1aT(hopMaMH, 4TO MO3BOJIUT CO3JaTh €IUHYIO 3KOCUCTEMY JJIsl M3YUEHHUS Pa3IMYHbIX ACHIEKTOB
pabotel ¢ manHbiMH. OcoOoe BHMMaHue OyJeT yIelaeHO pa3pabdoTKe aJalTUBHOM CHUCTEMBI
00paTHOM CBsI3U, KOTOpask CMOXKET MOACTPaUBaThCs MO/ UHAUBHYAJIbHbIE TOTPEOHOCTH U TEMI
00yYeHUS KaXKIO0TO TIOJIb30BaTEIIsI, Mpeyiaras Hanoosee YpEKTHBHBIC CTPATETUH 00YUYCHUSI.
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YK 004.94
MOJAEJMPOBAHUE ®U3UKHU UTPOBBIX OBBEKTOB B CPEJIE UNITY

HJezunvckuii A.B.
Hayunwit pykosooumens: Ilauesa M.H., kano.gus.-mam.nayx, oouenm
dr'E0Y BO «/lonl’Y»

Aunomayusi. B pabore paccMaTpHBaroTCsl MOAXOBI K peai3aluy GU3UKNA UTPOBBIX OOBEKTOB, YTO OXBAaTHIBACT
TaKue acleKThl, KaK AMHAMUKA JIBI)KEHUS! 0OBEKTOB, aHUMAIIHsI, MOJICIIMPOBAaHUE CBOMCTB (M3MYECKUX Cpel U
MaTepHalioB, a Takxke paboTa ¢ rpaBUTALNEH ¥ crilaMu. MI3y4aroTcss BOSMOYKHOCTH UCIIOJIB30BaHUSI HHCTPYMEHTOB
cpensl pa3padotku Unity Ui MOAEIUPOBAHUS ONMCAHHBIX IIPOLIECCOB.

Knouesswie crosa: pnsnka UTPOBBIX 0OBEKTOB, MOJCIUPOBAHNE (PH3MUECKUX TPOILIECCOB, pa3paboTKa BHICOUTD,
Unity.

BBenenne. CoBpeMeHHBIC BUACOUTPHI MMPEICTABIISIOT COOOM CII0KHBIC U MHOTOTPAHHBIE
CHCTEMBI, B KOTOPBIX B3aUMOJICHCTBUE PA3JIMYHBIX UTPOBBIX OOBEKTOB M pean3aius GU3NKu
UTPAIOT KIFOYEBYIO POJIb B CO3/IaHUM YBIIEKATEIBHOTO U MPABAONOJO0OHOIO UTPOBOTO OIIBITA.
OnHoit U3 HauboJiee MOMYJISIPHBIX TIATGOPM JUIst pa3padoTku urp spisercs Unity, koTopas
MPEIOCTABIIICT pa3paboTYMKaM MOIIHBIE WHCTPYMEHTBI JUISI MOJCIMPOBAHUS (DU3HKHU
OOBEKTOB W CO3/IaHUSl MHTEPAKTHBHON Cpeibl. B yCIOBHSX CTPEMHTENBHOTO pPa3BHTHUS
TEXHOJIOTUH U pacTyIIuX TPeOOBAaHUI UTPOKOB K KAY€CTBY U PEATHUCTUIHOCTH UTP, TIOHUMAHKE
OCHOB (DM3UKHU U €€ MPUMCHEHUS B UTPOBOM WHIYCTPHH CTAHOBUTCS HEOOXOIUMOCTBIO ISt
pa3paboOTIYHKOB.

OOBEKTOM HCCIICIOBAHUS SBISICTCS IPOIECC CO3TAHUS U peau3ali PU3UKH UTPOBBIX
00BEKTOB, UTO BKIIFOYACT B c€0s MX ABMKCHHE, aHUMAIIHIO, B3aUMOJICHCTBUE C OKPYIKAIOIICH
Cpeloii ¥ MPUMEHEHUE PAa3INYHBIX PU3NIECKUX 3aKOHOB.

[IpenMeToM HcceToBaHUS BEICTYIIACT HCIIOJIB30BAHIE HHCTPYMEHTOB M BO3MOKHOCTEH
urpoBoro aBwxkka Unity /s MOAENMpPOBAHHS ASTHUX (PUINYECKUX TMpOIleccoB. BakHbIM
ACTICKTOM SIBJISIFOTCS. BOIIPOCHI ONTHUMHU3AIMN MOJCITUPOBAHUS JUISl JOCTH)KCHUS BBICOKOM
MPOU3BOJIUTENILHOCTH W PEATUCTHUYHOCTH B WIpax, 4YTO JeNaeT JaHHOE HCCIeI0BaHUE
AKTyaJIbHBIM ISl pa3paO0TYMKOB MI'P U CIICITHAIMCTOB B 00JIACTH KOMITBIOTEPHOH TpauKH.

Lenbro uccnenoBanus B JaHHOW paboTe sBIsieTcs MpuMeHeHne 3 (HEeKTUBHBIX METOOB
MOJICTTUPOBAHUS, KOTOPBIE 00ECIIEYNBAIOT PEATUCTUIHOE B3aUMO/ICHCTBHE HTPOBBIX 00BEKTOB
B BUPTYalbHOU cpeze. 3aauu UCCIEOBaHMs BKIIOYAIOT M3y4YeHHE OCHOB (PM3UKU B UTpax,
MOJICTTUPOBAHUE JBWKCHHSI OOBEKTOB C yYETOM PA3JIMYHBIX CWJI M TPABUTAIUH, CO3JIaHUE
aHUMAIMKM A JUHAMHYHOTO TIOBEJEHUS OOBEKTOB, a TaKKe MOJEIHPOBAHUE CBOWMCTB
matepuasioB. Kpome Toro, ocoboe BHHMaHHE YIENAETCS ONTUMHU3AIMH IIPOIECCOB
MOJICTTUPOBAHUS ISl TIOBBIIICHUS TPOU3BOAUTEIHLHOCTH U YIYUYIICHUS TOIH30BATEIHCKOTO
OIIBITa B UTPAX, YTO TO3BOJISET CO3/IaTh OoJiee yBIIEKAaTEIbHBIC M MPaBOINO00HBIE HTPOBHIC
MUPBI.

dusnka B UTpax — 3TO CIOKHASI U MHOTOTpaHHas 00J1acTh, KOTOpas TpeOyeT rIyOOoKOTO
MOHUMaHUs (PU3UYECKUX MPHUHIIUIIOB U UX MPUMEHEHUS B UTPOBOM Jau3aiiHe. PaspaboTynku
WCIIOJIE3YIOT (PU3NICCKUE MOJICIH IS CO3JIaHUSl PEATUCTUYHOTO IMOBEJCHHS 00OBEKTOB, YTO
CHOCOOCTBYET MOTPYKEHUIO UTPOKOB B UTPOBOM MpoIlecc. YMEHUE YIPABIATH JIBIKEHUEM,
CTOJKHOBEHUSIMH, CHJIAMH ¥ DHEpPruedl IO3BOJISCT CO3/1aBaTh yBJICKATENbHBIC U
WHTEPAKTHUBHBIC MEXaHUKH, KOTOPBIE JeNal0T UTPHI O0Jee HHTEPECHBIMU U Pa3HOO0Pa3HBIMHU.
BaxxHO OTMETHTH, 9TO (M3HWKA B UTPaxX — ITO HE TOJBKO BOIPOC pealii3mMa, HO M BOIPOC
UTPOBOTO JM3aiiHa, T/Ie pa3pabOTYMKU MOTYT HCIIOJIB30BaTh (DM3MUYECKHE KOHIICTIIUU [
CO3/IaHHS YHUKAJIBHBIX HMIPOBBIX MEXaHUK M TOJIOBOJOMOK. (Du3MKa SBISICTCS BaKHBIM
JJIEMEHTOM B Pa3pabOTKe BHUICOHUTP, OOecredrnBas PEaTMCTUYHOE TOBEIECHHUE OOBEKTOB U
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B3aMMOJICHCTBHE C OKpYyXaromiel cpenaoid. Paspaborunku, obmagaronye 3HaHUSIMHI B 00JIaCTH
(Gu3uKu, MOTYT CO3aBaTh 00JIee KaUeCTBEHHbIE 1 MHHOBAL[IOHHBIE IPOAYKTHI, KOTOpBIE OYIyT
BOCTpPEeOOBAHbI HA PHIHKE BUJCOUTD.

MopaeaunpoBanue B cpeae pa3padorku Unity. MoaenupoBanue IBHKEHUS O0BEKTOB U
CHUMYJISIIMSA WX TOBEICHUS B WUTPOBBIX Cpelax SBJSETCA OAHOM W3 KIIOUEBBIX 3a1ad B
pa3paboTke KOMIBbIOTEPHBIX UIp. B 3TOM KOHTEeKkcTe Unity, Kak oJlHa U3 caMbIX HOITYJISPHBIX
wiathopM Ui pa3pabOTKH UTP, IPEIOCTABISAET Pa3pabOTINKaM MOIIHbIE HHCTPYMEHTHI JUIS
peanu3anuu GU3UKK U AMHAMUKH 00BbEeKTOB. B wactHOocTH, kKoMmoHeHT Rigidbody B Unity
UTpaeT LEHTPAJIbHYIO POJb B CUMYJSIUHM ABIDKEHHS, TO3BOJISAS CO3[aBaTh PEAMCTHYHBIC
B3aUMOJICHCTBUS MEXKAY UIPOBBIMU O0BEKTaMM, KOTOPBIE TOABEP>KEHBI BIUSAHUIO PU3NUECKUX
3aKOHOB.

Rigidbody — 510 KOMIOHEHT, KOTOpBIA HOOABIAETCS K HIPOBOMY OOBEKTY, YTOOBI
c/lenaTh €ro MOJBEPKEHHBIM (U3UYECKUM BO3ACUCTBUSM, TAaKMM KaK CHJIA TSDKECTH,
CTOJIKHOBEHHUS U Jpyrue (usuueckue B3aumojeiictBusa. Korma oOBEKT MMEET KOMIIOHEHT
Rigidbody, on cranoBUTCS YacThio (hnuzndeckoro ABkka Unity, KOTOPBI OTBEYALT 32 PACUETHI
JBWDKEHUS, CTOJKHOBEHMH U npyrux ¢usnyeckux s¢ddexkroB. OcCHOBHOW 3amaueil mnpu
ucnonp3oBanuu Rigidbody siBisieTcst mpaBuiIbHAs HACTPOWKA MAPAMETPOB U MPUMEHEHHUE CHUIT
JUI JOCTHKEHUSI KeJIaeMOro MoBeIeHUs1 00beKTa B urpe [2].

OpHoil W3 ocHOBHBIX XapaktepucTuk Rigidbody sBisiercs ero macca, Kotopas
olpenieNseT, Kak OObEKT pearupyeT Ha CHJIbl, TaKue Kak IpaBUTAlMs M JIpyrHe BHELIHHE
BO3eHcTBUSA. Macca 00BbEKTa BIHMSIET Ha €ro MHEPIHIO; YeM OOJbIe Macca, TeM TpyAHee
U3MEHUTD €ro CKOPOCTh WM HarpasieHue AprkeHus. B Unity MOXHO JIeTKo HaCTpOUTh Maccy
00BEeKTa Yepe3 MHCIEKTOp, MPOCTO yKa3aB 3HAUYEHHWE B COOTBETCTBYIOMIEM Ioje. BaxHo
OTMETHTb, YTO MPABUIIbHAS HACTPOMKA MaccChl ABJSETCA KPUTUUECKU BaKHOW, OCOOCHHO IpHU
POCKTHUPOBAHUU HTP, TJ€ OOBEKTHI B3aUMOJICHCTBYIOT IpyT ¢ ApyroM. Hampumep, B urpax,
I'Jle UTPOK YIIPABISET aBTOMOOMIIEM, Macca aBTOMOOMIISL JIOJKHA ObITh 3HAYUTEIbHON, YTOOBI
00€CTIeYNTh PEATMCTUIHOE MTOBEICHHIE MTPH CTOJIKHOBEHUSX U MAHEBPHPOBAaHUH [5].

Cuna TsKECTH — ellle OJMH BaXKHBIH aCMeKT, KOTOPBIH HEOOXOJUMO YUYHMTHIBATh MpPU
pabore ¢ Rigidbody. [lo ymomuanuto Unity mpuMEHSIET CHIY TSKECTH K OOBEKTaM C
komrnoHeHToM Rigidbody, uro mo3BossieT UM majnaTh BHHU3 C OINpPENENEHHOW CKOPOCTHIO.
OpHaKko B HEKOTOPBIX CIyYasx pa3pabOTUYMKH MOTYT 3aXOTE€Th OTKIIOYHTH T'PAaBUTALUIO IS
OTIpe/IeIEHHBIX 00BEKTOB, HAPUMED, IS JIETAIOIUX OOBEKTOB WIN IIATPOPM. ITO MOKHO
caenath, yctaHoBUB (uaxok "Use Gravity" B uHcnekTope komnoHeHTa Rigidbody. B Takux
cilydasix pa3padOTUMKM MOTYT HPUMEHSTh CBOM COOCTBEHHbBIE CHIIBI JUISL YIpPaBJICHUS
JBUKEHHEM O0OBEKTOB, UTO MO3BOJISIET CO3/1aBaTh YHUKAJIbHbIE MEXaHUKHU UTPHI [3].

JIBmxeHne 00bEKTOB ¢ ucnoib3zoBaHueM Rigidbody ocymiecTsisiercs yepes npuMeHeHue
cui. B Unity ecTp Heckosbko MeTO/10B Jutst 3T0ro, BKitouas AddForce, AddTorque u npyrue.
Meton AddForce mo3BosisieT pUMEHATh CUITY K O0BEKTY B ONpe/IelIEeHHOM HAIpaBiICHUH, YTO
MPUBOAUT K M3MEHEHHUIO €r0 CKOPOCTH. DTO OCOOCHHO MOJIE3HO IS co3aaHus 3(h(dEKTOB,
TaKWX KaK TOJYKH, NMPBDKKA M JpyrWe JWHAMHYHBIC NIBWXKEHWs. Hampumep, ecmum HTrpok
yIpaBIIseT NepcoHakeM, KOTOPBI T0JIKEeH NPbITHYTh, MOJKHO Hcnoib3oBaTh MeTo AddForce
JUTSI IPUMEHEHUS CHITBI BBEPX, YTO 3aCTABUT MTEPCOHAXA TIOJHSITHCS B BO3ayX. [Ipr 3TOM BaskHO
YUUTBIBATh, YTO CHJIA, TPUMEHSIEMas K 0OBEKTY, 10JKHA ObITh JOCTaTOYHOM JUIS IPEOI0JICHHS
CHUTBI TSDKECTH, HHAYe OOBEKT HE CMOXKET IOTHSATHCS.

Jpyrum  BaxHbIM acrnektoM pabotsl ¢ Rigidbody sBnsercs  ympasieHue
cronkHoBeHUsiMH. B Unity cymecTByer cucreMa KOJUIaWIepoB, KOTOPBIE OIPEEIISIOT
¢usnueckyro (opMy OOBEKTOB M IO3BOJIAIOT UM B3aWMOJICHCTBOBaTH JAPYr C JPYIOM.
Konnaiigepsl MoryT ObITh pa3inyHONW (OpMBI, BKIIIOYas KyObl, cepbl U Karcyibl, U MOTYT
OBITH HACTPOEHBI JJIS ONPeIeTICHNs, KaK 0ObEKThI OyAyT CTAIKUBATHCS U pearupoBaTh JAPYyT HA

207



Bectauk CHO IOHHY. Bein. 17. Tom 1. EcrecTtBeHHbie Hayku. — 2025

npyra. 3HauanbHO, 0OBEKTH HE UMEIOT KOJUIaiifiepa, 4To MO3BOJSET 00BEKTaM MPOXOIUTh
CKBO3b Ipyrue 00beKThI (puc. 1).

I[Ipn wucnonp3oBanmu Rigidbody w kommaliaepoB pa3pabOTYMKH MOTYT CO3/aTh
pEaTMCTUYHBIE CIIEHBI, B KOTOPBIX OOBEKTHI OYyIyT CTAKUBAThCS, OTCKAKUBaTh W
B3aMMO/ICHCTBOBATH JPYT C APYTOM B COOTBETCTBHH ¢ (PM3MUECKUMU 3aKkoHaMU. Hampumep, B
UTPE C MIYOM U CTCHAMH, KOTIa MSTY CTAJIKUBACTCS CO CTCHOM, OH JIOJKEH OTCKaKUBaTh OT HEe,

Pucynoxk 1. /IBu:keHne 00bekTa 0e3 KoJuIaiiiepa

U 3TO MOBEJIEHNE MOXHO PEaIM30BaTh C MOMOILBIO MPAaBUIIBHO HACTPOSHHBIX KOJUIAiIepoB U
Rigidbody.

Kpome Toro, B Unity cymiecTByeT BO3MOXKHOCTb HACTPONKH CBONCTB (PU3HUECKOTO
MaTepuaia, KOTOPBIA MOXXET OBITh NPUMEHEH K KoJutaiaepam. Duzndeckuid MaTepual
oIpeJiesIAeT TaKue CBOMCTBA, KaKk TPEHHUE U YIIPYrocTh. TpeHue BIusSeT Ha TO, HACKOJIBKO JIETKO
OOBEKT CKOJIB3UT IO MOBEPXHOCTH, & YHPYTrOCTh OMpPEIEINSeT, HACKOIBKO CHIBHO OOBEKT
OTCKAaKMBaET IpPU CTOJKHOBEHHU. DTH NapaMeTpbl MOTYT ObITb HACTPOEHBI Ui CO3IAHUs
VHUKAIBHBIX (PU3MUECKUX B3aUMMOJACHCTBHIA B urpe. Hampumep, eciu pa3paboTYHMK XO4YeT,
YTOOBI IEPCOHAXK CKOJIB3MUII 110 JIbJY, OH MOXKET YCTAHOBUTh HU3KOE TpEHHE JUIsl KoJulaiiaepa,
YTO TO3BOJHUT €My OBICTpee JBHTAThCsA IO MOBEPXHOCTH. B TO ke Bpems, s CO3MaHUs
s¢dexTa MpykMHbI MOKHO YCTAaHOBUThH BBICOKMH KO3()(UIMEHT yNpyrocTH, YTO MO3BOJMT
00BEKTaM OTCKAaKUBATh OT TIOBEPXHOCTH.

Cumynsinus 1BuKeHHsI 00bEKTOB ¢ ucnoib3oBanueM Rigidbody Takke Bkitodyaer B ce0s
ynpaBieHne ux BpameHuem. B Unity MoxHO wucnonb3oBate Meton AddTorque s
MPUMEHEHHS K 00BEKTY BpallaTeIbHON CHJIIbI, YTO MO3BOJISET CO3AaBaTh APPEKTHI BPALICHHUS.
3TO OCOOCHHO TOJIE3HO ISl CO3JIAaHMSI MEXAHUK, CBA3aHHBIX C BPAIIAIONIMMHCS OOBEKTaMH,
TaKMMH KaK KoJieca aBTOMOOMJIEH MK Bpalnaronyecs miaropMel. YIpaBieHHe BpalleHueM
00BEKTOB MOKET 3HAUUTEIIFHO TIOBBICUTh IMHAMUKY UTPHI M TOOABUTH HHTEPECHBIE SJIEMEHTHI
B3aUMOJICHCTBHSL.

OnHoOil W3 BaXHBIX ocoOeHHOocTel paboTel ¢ Rigidbody sBisiercss BO3MOXXHOCTB
WCIOJIb30BAHUS PA3JIMYHBIX PEKUMOB YIpaBiIeHUs JBHXKeHueM. Unity mpemocTaBiseT /Ba
OCHOBHBIX pEXHMMa: KHHEMAaTHUECKUH M HEKOHCTPYKTHBHBIA. KnHeMaTndeckue oOBEKTHl HE
MOJIBEP’KEHBI BIMAHUIO (U3NYECKUX CHJI M MOTYT IepeMeliaTbCsi TOJIBKO C IMOMOILBIO
MPOrpPaMMHOTO KOJa. DTO MOJE3HO JJs1 00BEKTOB, KOTOPHIE JOJKHBI IBUTaThCs IO 3apaHee
OIpeJIeIEeHHOMY IyTH, Hampumep, uid IiaThopM B urpe-miardpopmepe. HeKoHCTpyKTUBHBIE
00BEKTHI, HA00OPOT, MOABEPKEHBI BceM (PU3MUECKUM 3aKOHAM M MOTYT B3aUMOJIEHCTBOBATH C
JIPYyTUMH 00BEKTaMH B ClieHe. DTO MO3BOJISIET CO3/1aBaTh OoJiee pealuCTHUHbIe (PU3NYECKHE
B3aUMOJICHCTBUSA, HO TpeOyeT Oojiee THIATEIBHOW HACTPOMKM M y4eTa BCeX (U3HUYECKUX
apaMeTpoB.

[Ipy ™MopenupoBaHWM JBHJKEHUS OOBEKTOB TakKe HEOOXOAUMO  YUHTHIBAThH
MIPOU3BOIUTENLHOCTh UTphl. PU3NYECKHE pacueThl MOTYT OBbITh PECYpCOEMKUMH, 0COOEHHO
€CI B CIICHE MPHUCYTCTBYeT OoibInoe KoJM4uecTBO 00bekTOB ¢ Rigidbody. Pazpaborumku
JOJDKHBI  ONITUMHM3MPOBaTh Hcnosib3oBaHue Rigidbody, n30eras H3MMIIHErO KOJMYECTBA
00BEKTOB, KOTOpBIE IMOCTOSHHO B3aWMOJEWUCTBYIOT Apyr ¢ JpyroMm. Hampumep, MOKHO
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UCIIOJIb30BaTh YIPOILICHHbIE KOJUTAWJephl JJs CIOXHBIX (OpM OOBEKTOB, 4TOOBI CHHU3HUTH
Harpy3ky Ha Qusnueckuil aBmxok. Kpome TOro, CTOUT OrpaHUYMTh KOJIMYECTBO OOBEKTOB,
KOTOpblE MOTYT B3aUMOJCWCTBOBATH OJHOBPEMEHHO, 4YTOOBI HW30€XKaThb CHUKCHUS
HPOU3BOIUTENBHOCTH UTPBI.

Peanuzanus pusuku )KuakocTeid u Tkaneil B urpoBom aBmwxkke Unity npezacrasisietr co0oit
CJIIO)KHBI M MHOTIOIpaHHBI Ipolecc, KOTOpbI TpeldyeT IIyOOKOro IOHUMaHHUSA Kak
(¢u3nUecKrX 3aKOHOB, TAK M OCOOCHHOCTEH MPOrpaMMUpOBaHus. B mocieqHue roasl nHTEpecC
K PEIMCTUYHOMY MOJIETMPOBAHUIO JKUAKOCTEH U TKaHEH B BUAECOUIPAX 3HAUUTEIBHO BO3POC,
YTO CBSI3aHO C YBEJIMYCHHUEM TPEOOBAHHH IMOJIb30BATENEe K KayecTBY Tpapuku U (U3UKU B
urpax. OgHuM u3 Haubojiee pPacIpPOCTPAHEHHBIX MOJIXOAOB K pealnu3aluu Takux 3PQeKToB
SBIISICTCS UCIOJIB30BaHUE CUCTeMbl vacTull, wiu Particle System, korTopas mo3BoisieT
CO3/1aBaTh BU3yaJlbHO MPHUBJIEKATENIbHbIE U JUHAMUYHBIE CUMYJISILIUM JKUJIKOCTEH M TKaHEH,
o0ecrieynBast MPH TOM BBICOKYIO TPOU3BOIUTEIILHOCTh i THOKOCTb.

Cucrema yactun B Unity npezacraBisier coOOW MOIIHBIH MHCTPYMEHT Ul CO3JaHHUs
pa3IMYHBIX BU3YaIbHBIX 3(Q(EKTOB, BKIIIOYAs JIbIM, OTOHb, CHET M, KOHEYHO K€, )KUKOCTH.
OcHOBHas ujes 3aKJII0YaeTcsl B TOM, YTO BMECTO TOT'0, YUTOOBI MOJICIUPOBATh KAXKYIO KaIllio
KUAKOCTU WM KaXKJbIM AJIEMEHT TKaHW, Mbl MOYKEM HCII0JIb30BaTh MHOYKECTBO MaJIEHbKHX
YaCTHIl, KOTOPbIe BMECTE CO3AI0T WILIFO3UIO KUAKOCTH WK TKaHu. Kaxkaas yacTuua MoXxer
UMETh CBOM COOCTBEHHbIE CBOMCTBA, TAKUE KaK M0JIOKEHNE, CKOPOCTh, Macca U Tak jaajee. ITo
HO3BOJISIET JOOUTHCS BBICOKOM CTENEHM JeTaau3aluy U PETUCTUYHOCTH 06€3 He00XOAUMOCTH
3arpy»aTb CUCTEMY CIHMILKOM OOJIBIIUM KOJIMYECTBOM MOJIUTOHOB, YTO OCOOEHHO Ba)XKHO IS
UIp, I71€ IPOU3BOIUTEIBLHOCTh UMEET IIEPBOCTENEHHOE 3HaueHue [1].

Uro kacaercs cumynsmuu Tkaned, Unity mpenocTaBisieT MOIIHBIA WHCTPYMEHT O[T
Ha3zBaHueM Cloth, koTopslii Mo3BoOJsSET pa3zpaboTUMKaM CO3JaBaTh PEATUCTUYHBIC TKaHH,
pearupymomye Ha (GuU3MUECKUe CUJIbI U SIBJICHUS, TaKUE Kak rpaBuTanus u Berep. Cucrema
Cloth paboTaer Ha OCHOBE MOJEIH BEPUIMHHON (U3UKH, I/le KaKaas BEpUIMHA TKAaHU MOXKET
nepeMeniaTbCcsl ¥ B3auMOJIEHCTBOBATh C APYTMMU 00beKTaMu B cueHe. [Ipu ucnonp3oBaHUN
Cloth pa3paboTuvku MOTYT CO3/1aBaTh TaKHe 3JIEMEHTHI, KaK (hjard, oAexaa NepcoHaxen u
JpyTH€ 3JIEMEHTBI, KOTOpPbIE JOJKHBI pearupoBaTh Ha IBUKEHUS U B3aUMOJICHCTBUS [4].

YroOsl HauaTh paboty ¢ cuctemoii Cloth B Unity, pazpaboTunkam HEOOXOJUMO CO3/1aTh
00BEKT, KOTOPBII OyIeT MPEeAICTaBIATh TKaHb. ITO MOKET OBITh IPOCTAst IIOCKOCTh UK OoJiee
CJIO’KHAsi MOJIeJIb, COCTOSAIIast U3 MHOXecTBa BepiuH. [locne co3nanust o0bekTa He0OX0IMMO
no0aBuTh KoMIoHeHT Cloth, KOTOpBIN MMO3BONMUT CUCTEME YIPABISTh MOBEJEHUEM TKaHU. B
HacTpoiikax komrnoHeHTa Cloth pa3paboTunku MOryT peryaupoBaTh pa3indHble apaMeTphl,
TaKHe Kak Macca, )KECTKOCTh, TPEHHE U JIpyrHe (pu3nuecKre CBOWCTBA, KOTOPbIE BIUAIOT Ha TO,
KaK TKaHb Oy/ieT pearupoBaTh Ha BO3/IEHCTBUSL.

OnmHoit u3 KII04eBBIX 0co0eHHOCTeH cucTemMbl Cloth sIBIsIeTCS BO3MOXXHOCTH HACTPOUKH
B3aMMOJICHCTBUS TKAaHU C IPyr'MMHU 0ObeKTaMu B ciieHe (puc. 2). Hanpumep, paspaboTuuku
MOTYT YCTaHOBHUTbH KOJIJIaiiepbl Ha 00bEKTax, C KOTOPBIMU TKaHb OyeT B3aUMO/IeHCTBOBATD,
9TOOBI 00ECTIEYNTh PEATUCTUYHOE TTOBEeHNE. ITO OCOOCHHO Ba)XHO MPHU CO3TAHUH OJICHKIbI
JUISL IEPCOHAXKEN, I1e TKAHb JTOJIKHA IPABWJIBHO PEArupoBaTh HA JIBUKEHUS U 03Bl MOJEIIH.
[Ipu 5TOM Ba)XKHO YYMTBHIBaTh, YTO W3JIUIIHEE KOJIMYECTBO KOJUIAWJIEPOB MOXKET HETaTUBHO
CKa3aThCs HAa MMPOU3BOAUTEIILHOCTH UTPHI, TOATOMY Pa3pabOTUUKH TOJDKHBI HAXOAUTh OalaHc
MEX]ly pealu3MOM U IPOU3BOJUTENbHOCTHIO.
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Kpome Ttoro, cucrema Cloth B Unity momnepkuBaeT pa3iuyHbIC THUIBI CUMYJISIUH,

PucyHok 2. /IBuzkeHue oobekta ¢ komnonenrom Cloth

BKJIIOYAsi CUMYJISIIIMIO C YY4E€TOM BeTpa. DTO IMO3BOJISET pa3pabOTYMKaM Cco3JaaBaTh Oolee
JMHAMUYHbIE CLEHBbI, IJe TKaHU OyAyT KOJbIXaThCsl IMOJ BO3JEHCTBHEM BeTpa, CO3/aBas
OLIYIICHUE KUBOCTH U PEATMCTUYHOCTH. JIJI1 HACTPOHKH BETPOBBIX 3(PPEKTOB pa3paboTINKU
MOTYT UCIIO0JIb30BaTh KOMIOHEHTHl Wind Zone, KOTOpble O3BOJISIOT 33aBaTh HAIPaBJICHUE U
cuiTy BeTpa B ciieHe. B coueranuu ¢ cucremoii Cloth 3T0 mo3BossieT co3aaBaTh BIEUYATIISIONINE
BU3YyaJIbHBIE AP PEKThI, TAKUE KaK pa3BeBaroLIUecs (paaru Wiu KOJbIIIYIIHECs ITOPHI.

BeiBoabl. B xoz1e uccnenoBanust ObIIIM paCCMOTPEHBI KIIFOUEBBIE aCTIEKThI (PH3HMUECKOTO
MO/JICJINPOBAHUS B UTPax, YTO MO3BOJISIET TIy0Ke MOHATh, Kak (PU3NYECKHE 3aKOHbI BIUAIOT Ha
B3aMMOJICHCTBHE OOBEKTOB B BUPTYaJbHOM IPOCTPAHCTBE M KaK MX MOXXHO 3(P(HEKTHBHO
peanu3oBath ¢ nomouibio Unity. IlodydeHHble 3HaHUS U HaBBIKK MOTYT ObITh IPUMEHEHHI B
CaMbIX pa3IMYHBIX MPOEKTaX, HauuHas OT MPOCThIX 2D-urp a0 cioxsbX 3D-3KIICHOB U
CUMYJIATOPOB. BakHO OTMeTHTh, 4TO (PU3MUECKOEe MOJEIUPOBAHHE — 3TO HE TOJIBKO
TEXHUYECKHH acCmeKT pa3paboTKH, HO M TBOPUYECKHI TpoIecc, KOTOpPbIA Tpedyer oT
pa3paboTyMKa CIIOCOOHOCTH K SKCIEpUMEHTaM M TIOMCKY HECTaHJApTHBIX pemieHuil. B
OyayIIeM MOYKHO OXKHIATh NAIbHEHIIEro pa3BUTHS TEXHOJIOTHH M MHCTPYMEHTOB, KOTOpBIC
crenaroT (GU3MKY B Urpax elle 6osiee pealuCTHYHON U TOCTYIHOM U1 pa3paboTuHKOB.

Takum o0Opa3om, ngaHHas paboTa HE TOJIBKO OXBATHIBAET KIFOUEBBIE ACIHEKTHI
¢uznueckoro moaenupoBanus B Unity, HO U CITy’KMT OCHOBOM JUIsl JajbHEUIIEro U3YYEeHUs U
SKCIIEPUMEHTOB B ATON 00J1aCTH.

CIIMCOK JINTEPATVYPBI

1. MBamesuy /l. C. PazpaboTka koMnbroTepHOM Urphl Ha 6a3e mardopmbl Unity ¢ HCIIONIB30BaHUEM TPEXMEPHBIX
mozeneit. — 2022, URL: https://libeldoc.bsuir.by/handle/123456789/49038 (nata oopamenus: 20.01.2025).

2. Koznos C. B., )Kopnosa 0. O. Ucnons3oBanue nporpammuoro npuioxenus Unity anst 3D-mozpenupoBanust
¢usnyecknx 00bpexToB // MHpOpMaMOHHO-BHIUNCIUTENBHBIE TEXHOJIOTHH U nX npwitoxkenus. — 2022. — C. 110-
116. URL: https://elibrary.ru/item.asp?id=49395407 (marta oopamenus: 20.01.2025).

3. Mensnukos C. A., Craponeros C. M. MoaenupoBaHye B3aMMOAEHCTBUN BO3LYIIHBIX MacC ¢ HCIOJIb30BaHUEM
cpemsl paspabotku Unity3D // CoBpemennble nugpoBeie TexHoiormu. — 2022. — C. 153-156. URL:
https://elibrary.ru/item.asp?id=49716461 (nara o6pamenus: 20.01.2025).

4. Illecrakos E. U., [Tupmaros A. 3., XKongomos T. M. [Tpumenenne Unity 3D i pa3Butust IpoheCcCHOHATBHBIX
HaBbIkOB // BectHuk Ouickoro rocyiapcrBeHHoro ynupepcutera. — 2024, — Ne. 2. — C. 369-383. URL:
https://cyberleninka.ru/article/n/primenenie-unity-3d-dlya-razvitiya-professionalnyh-navykov (mara oGpamietus:
20.01.2025).

5. Ilymxos [1. A., CyBopkuH JI. A. MoaenupoBaHre U MPOSKTHPOBAHUE B3aUMOJICHCTBUS UTPOBBIX OOBEKTOB B
TpexmepHoM mpoctpanctBe //  Modern Science. — 2020. - Ne. 7-2. - C. 253-260. URL:
https://elibrary.ru/item.asp?id=43361256 (nara o6pamenus: 20.01.2025).

210



Bectauk CHO IOHHY. Bein. 17. Tom 1. EctecTBeHHble Hayku. — 2025

SIMULATION OF PHYSICS OF GAME OBJECTS IN THE UNITY ENVIRONMENT

Annotation. The paper discusses approaches to the implementation of physics of game objects, which covers such
aspects as the dynamics of object movement, animation, modeling the properties of physical media and materials,
as well as working with gravity and forces. The possibilities of using the tools of the Unity development
environment for modeling the described processes are being explored.

Keywords: physics of game objects, modeling of physical processes, video game development, Unity.
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