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KomMnuiekcHasi onileHKa reocucteM 0acCceiiHOBBIX TEepPpPUTOPUii

Aunnoramusa:  Vzjiaraiorcs KOHIENTyaJbHbIE U METOMMIECKHE IIOJXOJAbl K IPOBEIEHUIO
FE0IKOJIOTUIECKON OIleHKN TeodkocucTeM. lIpencraBiien anajm3 B3amMOAEHCTBUS ITPUPOIHOIA,
XO3SICTBEHHOM, COIMAJIbHOI IOJCUCTEM M CHUCTEMBI YIIPaBJIE€HUsI COBPEMEHHBIMHU TI'€OCHUCTEMaMU,
OCHOBAHHOTO Ha Yy4YeTe CHCTEeMHBIX YCJIyT, IMPeJIOCTABISIEMBIX IPUPOJIHOI IIOJICUCTEMON U
BOCTPEOOBAHHBIX ODIECTBOM U X03siicTBOM. 1o pesysibraram ucc/ieoBaHusl pa3padoTaHa MOIE/b
TEeXHOT€HHOU TIeoCHCTEMbl U CEPUM WHJMKATOPOB, OTPAarKaIOIINX CBOWCTBA, KOJWYECTBEHHBbIE U
Ka4ueCTBEHHBIE OCODEHHOCTH KaxKJIoro 0jioka mojcucteM. CTpyKTypHbIE U3MEHEHUsI, BOSHUKAOIIIE
B T'€OCHUCTEME B PE3yJIbTATe AHTPOIOTEHHOI TpaHChOPMAIMHU, TO3BOJISIOT YCTAHOBUTH KadeCTBO
TEXHOT€HHON TI'e€O0CHCTEMBl W PAHXKUPOBATH UX OT YCTOWYUBO (PYHKIMOHUPYIOMNIUX [0 AKTUBHO
JerpaJupyIoniuX CUCTEM.

KnroueBbie cjioBa: reocrucreMa, re0dKOJOImIecKasl OleHKa, aHTpororenes, rexnorenes, I'VIC-
TEXHOJIOTUSI.

DOI: https://doi.org/10.32523/2616-6771-2019-129-4-82-90

BBenenue. leocucremuo-6acceifHOBBIN TOIXOM, AKTUBHO PA3BUBAIONINICI B IIOCJIEIHUE
rojibl B Ka3axXCTaHCKOW U poccuiickoil reorpadudeckoit wayke |[1], mpemmosaraer paspaboTky
HOBBIX KOHIIENTYAJbHBIX U METOHOJIOTUYECKUX W3BICKAHUII B PErMOHAJIBHBIX TI'€O9KOJIOTUYECKUX
ncciienoBanngx reocucreM. OIHOH M3 OCHOBHBIX OCODEHHOCTEH 6acCEeiiHOBOTO IMOIAXOIa SIBJISETCH
TO, YTO 3HAYUTEJbHAasl 9YacTh 3E€MHOIO IIapa COCTOUT U3 PEYHBIX OacCeifHOB pas3IuIHOIO
paHra, oO0JIaJAIOIMMX CBOMCTBAMM, XapPaKTEPHBIMH JJjIs JII0OOI IIPUPOMHONR CHUCTEMBI: HabOPOM
CTPYKTYP U (PYHKIUH, HEPAPXUIHOCTHIO CTPOEHHS, [IEJIOCTHOCTBIO, CIIOCOOHOCTBIO K CAaMOPA3BUTHIO
[2]. Bakmneiimmeii 0coGEHHOCTBIO PEUYHBIX OACCEHHOB $IBJISIETCS WX JMHAMUYECKAsl AKTHBHOCTD,
OIIpEJIE/IAONIasl U3MEHEHNE SKOJOTMYECKUX CHTYalldii, OHa 3aBHCHT OT HHTEHCHBHOCTH OOMEHA
BEIIECTBOM U HEPTHEll MKy BXOAAIIMMU B HUX CMEXKHBIMH I'€OCHCTEMAMU. DTO OOCTOSTEIHCTBO
[IO3BOJISIET PACCMATPUBATEL PEUHBbIE OACCEHHBI KaK MHapaJluHaMUYeCKHe CHUCTEMbBbI, KOTOPBIE, KpOMe
JlapamadTHON  HEOMHOPOJSHOCTH, O00JIaIal0T W THUIIOJOTUYECKON HEOJHOPOIHOCTHIO, IIPH ITOM
napareHeTU4ecKue CBA3U BbIPAXKAIOTCA B IIEPEHOCE BEIIECTBA U SHEPTUM CBEPXY BHU3, OT KOPEHHBIX
CKJIOHOB K PYCJIy PEKH, OT UCTOKa K yCThIo [3]. VI3 manHOro o6cTosiTe/beTBa BhITEKAET BAYKHBIN J1Isi
OIICHKU I'€O9KOJIOTMYECKUX CUTYAIil MEeTOJANYECKUN BBIBO, YTO PEXKUM PEKU, HOMMEHHBIN aJlJII0BUAR
U XapaKTEPUCTUKN CTOKAa B 3aMBIKAIONIMX CTBOPaX dABIAIOTCA HHAAKATOPAMHU 3IKOJOIMYECKOI'O
cocrosinust Hacceiina B 1esom [4].

B macrosiee BpeMst BO MHOTUX PErMOHAX HAIEH CTPAHBI IPOU3OIILIO MPAKTUIECKN ITOBCEMECTHOE
IIpeBpallleHne KOPEHHbIX IIPUPOJHBIX T'€OCUCTEM B TI'€O3KOCHUCTEMbI IIPpHUPOJIHO-TEXHOI'€HHbIC, T.€.
HEIIOCPpeJACTBEHHO MJIN KOCBEHHO HN3MEHCHHDbIC XO3sIICTBEHHOMN AedTeJIbHOCTDBIO. HanpaBneHI/Ie,
NHTEHCUBHOCTH U Ma.CLHTa6 N3MEHEeHUn ANATrHOCTUPYIOTCA ILGﬁCTByIOL[LHMH B reocucreMe 1nIpupOoaHO-
AHTPOIOT'eHHBIMH IIpOIeccaMy, BHYTPUCTPYKTYPHBIMU U3MEHEHUAMU [5] B cosokymHOCTH
OHHM OIPEEJIAI0T T'e09KOJIOTNYEeCKOe COCTOSTHUE COBPEMEHHOII IeOCHCTEMBI, KOTOpas 3aBUCHUT OT
MHTEHCUBHOCTHU U HaIIPaBJIEHHOCTHU IIOTOKOB BE€HIECTBa U 9HEPI'UU, ITIO3TOMY KOHTPOJIL U yIIpaBJIEHUE
3KOJIOTUIECKOI 0OCTAHOBKOM B Ipeaesax TaHHON CHUCTEMBI I1eJ1ecO0DOPa3sHO MPOBOAUTH HA OCHOBE
6acceitnoBoro mozgxona |2, c. 78].

O06beKThl 1 MeToabl. Ha mepBoM 3ralie KOMILIEKCHON IMe03KOJIOrMYECKON OIEHKU ITPOBOIMTCSI
aHaJIn3 XapaKTepa CTEIIeHW WHTEHCUBHOCTHU beHKLLI/IOHI/IpOBaHI/IS{ reocucreM 30H HWHTEHCHUBHOI'O
TEXHOTE€HHOTO 3arpsi3HeHus. sl BBITOJIHEHUS 3TON 3aJatdyd COCTABJISAIOTCS JAHIIIAMTHAS KapTa
TEPPUTOPUHU HUCCJIeJOBAHUsS Ha OCHOBE TUIIOJOIMYECKOr0 IIOJXOJa M KapTa I'€OCHCTeM Ha OCHOBE
reocucreMHo-baccefinooro mojgxoza mo I'M. II:xanaseeBoit. B kadecTBe nmpumepa Mbl PACCMOTPUM
rTeppuTopuio bacceiina peku Viek u kapry reocucreM Vjiekckoit MakporeocucTeMbl (pUCYHOK 1).
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Pucvynok 1 — Kapra reocucrem 6acceiina p. Wiek

W3BecTHO, 9TO COBpEeMEHHAas I'€OCUCTEMA - 3TO 00pA30BAHUE CO CJIOXKHOM BHYTPEHHEN CTPYKTYPOii,
BBITIOJTHSIIOITEE OIpejlesIeHHbIe (DYHKIMK U 00ECIIEINBAIOIIEe YCIOBUSI XKU3HEIeATETbHOCTH IeJI0OBEKa
[6]. B manHoit paboTe npoaHaIM3upoOBaH MPOIECC OLPEIEIeHNsT U KapTorpaduIecKoro 0TodparkeHust
T€O3KOJIOTNIEeCKUX CHCTEeM Ha OCHOBE JaHHBIX KJ/IIOYE€BbIX YyYaCTKOB, SaCbI/IKCI/IpOBaHHbIX 3a IIepuo
noJeBbIX ucciaenopanuii 2013-2015 rr.

Jlrobast reocmcTeMa COCTOMT W3 HECKOJBKUX IIOJICUCTEM, OCHOBHAsi U3 HHUX [0 BPEMEHHU
00pa30oBaHus U [0 3HAYUMOCTH - IIPUPO/IHAST, TeXHOreHHas. C MO3UIMIT T€0IKOJTOTUIECKOIO aHAJII3a
OpuUpojiHast mojreocucrema (JaHamadT) XapaKTepu3yercsi ONPEJIEJeHHBIMU Te03KOCUCTEMHBIMU
YCIyraMu ¥ pecypcamu, KOTOPbIEe OHa MPEIOCTaBIsieT O0IIeCTBY (9Ta TePMUHOJIOTUST UCTIOIB3YeTCs
B QyHIAMEHTAJbHOM TpYyJe, moarororieHHoM 1o Mexaynaposgnoii mporpamme OOH "Omenka
9KocHCTeM Ha pybOexke Thicsiueneruil”"). B 910 NoHsiTHE BKIIOYEHBI Pa3JIMYHbIE, MOJE3HbIE JJist
YeJIOBEKa, IPUPOIHBIE PECYPCHI WU CBONCTBA, OJ1arogapst KOTOPBIM BOODIIE CTAHOBUTCS BO3MOXKHOI
JKU3HE/IESITEIbHOCTD O0IIEeCTBa M OTAEIBLHOTO YeJI0BeKa Kak GHOIornieckoro Buja [7].

[Ipumenenre Mofe/M TEXHOIEHHONH TI'€OCUCTEMBI JIJIsi T'E€O9KOJOTMYECKONW OIEHKM KOHKPETHBIX
reocucrteM TpedyeT moKasaTeseil, OIMUCHIBAIONINX OTJEJbHbIE OJIOKU IOJIN€OCHCTEMbI, UX CBOWCTBA
HJIH TIPOIieccHl [§].

Co6op undopmaruu, ee ob6paboTka u opMau3alns SABJISAIOTCH HEOOXOIUMBIMU ITPOIE/LY DAME
JIJIsT KOMIIBIOTEPHON CHCTEMATUKH OOIMUPHBIX 00 bEMOB NH(MOPMAITUN U IIOCTPOESHUH KJIacCupUKAITII
TEXHOTE€HHBIX reocucTeM. Jjisi 9acTu TPUPOJHON MOJIE€OCUCTEMBI - 3TO Cepus NoKasaTeseil
JINTOTE€HHO OCHOBBI JTaH madTa (MOPQOIOrIIecKOro yCTPOCTBA MOBEPXHOCTH, TOIBOOOPA3YIOIINX
noposl U T.JI.) I'UJIPOKJIMMATOTEHHBIX U OMOreHHBbIX —I10Kasareseii [9]. Onnm  onpenensaor
upupo/Ho-pecypcenbiit norennuan (ITPII) reocucrembr, Ha 0OCHOBE KOTOPOil pa3pabaThIBAIOTC CEPUU
HPAKTUIECKUX MEPOIIPUATHUHN, HEOOXOAUMBIX JIJIs 03J0POBJIEHUS OKPY2KAIOIIEN CPeJIbl U JIaIbHERITIero
HCIOJIb30BAHUST IIPUPOJIHO-PECYPCHOTO MoTeHIaia peruona [10].

[IpupomHo-pecypcHbIil TOTEHINA OINEHUBAETCS C IMO3UIUN PA3JMIHBIX OTPACAEH U CEeKTOPOB
SKOHOMHUKH: JIJIsi IIPOMBIIIIJIEHHONO U CEeJIUTEeOHOIO OCBOEHUSI, JIJIT PEIleHus 3aJad BOJIHOIO,
PEKpPEAIMOHHOTO U CeJIbCKUX XO3SIMCTB. B KazKJIOM CJIy4dae HCIIOJIb3YIOTCd CIIEINaAJIU3UPOBaHHBIE
uHKaTophl [11].

OcHoBHasT 3aj7a1a UCCJIEIOBAHUS PEIIAETCsT HA OCHOBE BBEIEHHS IOKasaTeJieil 9KOJOTMIeCKOro
[IOTEHITHAJIa, T[Ee0IKOCHUCTEM, CJab0 HCIOJb3yeMOro IIpH W3YYEeHHU CTEIeHH HapyIIeHHOCTH
TEPPUTOPHIl B YCJIOBHSIX CHJIBHOTO TeXHOreHesa [12.

OcHOBHBIMU areHTaMu TPH TPAHCGHOPMAIME U HAPYIIEHUN MEXKCHUCTEMHBIX CBsi3eil BHYTpH
TEOCUCTEMBI SABJISTIOTCST (PaKTOPBI TPOU3BOICTBEHHOM JESATETLHOCTU: TPOMBINLIEHHOCTD, pa3paboTKa
[IOJIE3HBIX HMCKOTIAEMBIX, CeJIUTEeOHbIe CHUCTEMBI. KpoMe 3TOro K areHTaM TaKOro POJa MOIYT
OTHOCHUTBCSL M PE3YJIbTAThI (DYHKIIMOHMPOBAHUS IIPOU3BOJICTBEHHBIX OO'bEKTOB (HAIPUMED, BBIGPOCHI
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OTXOJIOB, OOBEM OTUY¥KIAEMOli ¢ yporKaeM GHOMACCHI, INIOTHOCTL UH(MPACTPYKTYPHBIX cereii) u jp.
[13].

[e09KOIOrMIeCKril TTOX0, K aHAJIU3y COBPEMEHHON IeOCHCTEMBI 3aCTaBJISeT BHECTH B MOJEJb,
[OMHUMO HPHUPOJHBIX M XO3AHCTBEHHBIX (DAKTOPOB, COIMMAJIBHYIO NOACHCTeMY.  VIHAMKATOPBI
9TUX OJIOKOB OOBIMHO MHTErPaJbHBbIE, KasKIblil MHIMKATOD PACCIMTBIBAETCS C MCIIOJb30BAHUEM
HECKOJIbKUX MNOKazaTeseil, 1 MX 3HAYEHHsl OTParkKaloT CYINECTBEHHDbIE BO3JEHCTBHs, KOTOPBIE OHU
OKa3bIBAIOT Ha cocTostHue reoskocucrem’ [3, c. 38].

JIJIsT ONEHKHW CTEleHW TEXHOTeHHOH HArpy3KM Ha TEOCHCTEMbBI YYUTHIBAIUCH IaPaMETPBI
HAPYIIEHUs] KOMIIOHEHTOB CPEJIbI, ONEHUBAINCH ME€OXMMUIECKNE U3MEHEHNsI. B MTore IoJIyqn/Inch
K1accuUKAIMOHHBIE MOJIEH, MAapaMETPhl KOTOPBIX CBA3AHBI C ONPEJEJEHHON aHTPOIOTeHHON
Harpys3Koi, pagjanJamounieiica Kak II0 BHIY, TaK MW II0 CTEIEHU BO3JelCcTBULA (Ta6mma 1).
st onpesiesieHUsl  CTENEHM AHTPONOTEHHOW HArpy3KM H  TpaHChOPMaluu BCEX KaTeropuii
BBOIUJINCH 9KCIIEPTHBIE 6aﬂbeIe OIIEHKH, ITOKa3bIBaIOIIne OTHOCI/ITeHbHyIO CTEIIEHb aHTpOHOI‘eHHOI?'I
rpancdopmarmu [14].  jist 9T0ro UCHOIB30BATKCH HOPMUPOBAHHBIE [IOKA3aTENH AHTPOIOI€HHBIX
Harpy3ok Ha reocucrembl (Makesuun C.I. u mp. [15|, Peiimepc H.®. [16], Promun B.B. [17]).
HpI/IBe,ZLeHHbIe HM2KE HOPMbI 3KOJIOTMYECKUX IIPEeIe/IOB UCIIOJIb30BaHUYA I'€OCHCTEM IIO3BOJIAIOT HaM
PaHXKUPOBATH TEPPUTOPHUIO IO CTEIEHU AHTPOIOINeHHON HAIPY3KM HA I'€OCUCTEMBI, U, KPOME TOrO,
O6OCHOBaHHO IIPUMEHUTHb UX peByﬂbTaTbI JJId OIITUMU3aIN CprKTypr IPUPOIOIIOIB30BaHMA.

Taﬁ.mdua 1. IIIkajna HOPMHUPOBaHUA nokKasareJiei AQHTPOIIOT€HHBbIX Harpy3oOK Ha reocucreMbl

Tlokazarenn Bamner

0 1 2 3 4
ITnomans mocesrennit, % Her <10 1-3 3-7 > 10
ITnornocrs HacCeJIeHUs, | HET < 10 10-20 20-30 > 30
et /K>
TpancopTHast Harpyska, | HET <0,1 0,1-0,2 |0,2-0,3 | > 0,3
KM /KM2
ILomas TEXHOT'€HHBIX | HET < 0,5 0,5-1 1-3 >3
obpazosanmit, %
ILromwans namuu, % HeT < 10 10-40 40-60 > 60
ITnomanp mactonm, % Her <20 20-40 40-70 > 70

[Ipu ormenke crTeneHu TEXHOTEHHONW HATIPY3KHU HA T'€OCUCTEMbI KOJIUIECTBEHHBLIE TTOKA3ATEIU II0
KayKJIOMy Ilapamerpy IepeBoawimch B Gasibl (or 0 70 4), KOTOpble 3aTeM CyMMHPOBAJIKCH.
PesynpraroMm cymmmpoBaHust sIBJIsIeTCsl MHTerpasbHblii nokasarens (U), upejyoxennsiii K.M.
[Terposbim [18], bopmysma (1):

U——ixi ki (1)

rIe M - IUcjio PpaKTOPOB;

Tt - 6aJIbHASI OIEHKA ¢ (baKTopa;

ki - BecoBoit KoaddurnmenT ¢ dpaxTopa.

BecoBeie  ko3dduIMEHTH  YCTAHABIUBAIOTCS  SKCIEPTHBIM — METOJOM,  OCHOBAHHOM  Ha
PaHXKUPOBaHNHA IokKasareJen 110 CTelleHUu AHTPOIIOI'€HHOI'O BO3,ZL€I71CTBI/I5{ Ha reocucTreMabl.
[Toxkazarenun, xapakTepusyolue yKa3aHHble ((paKTOpbI, Jeryim B OCHOBY 30HUPOBAHUS
(paHXKMpOBaHMsI) TEPPUTOPUU OacceifHa 10 CTeleHNM TeXHOreHHO# Harpysku. Ilo mosydeHHOMY
uHTerpasbHoMy 1okazareato (U) omnpesesieHbl  ciiejyomipe Tpajaliiid  CTEIleHH TEeXHOIeHHOI
Harpy3K#u Ha reocucreMbl: <0,5 - HesHaunTeabHoe B Oasmax; 0,5-1 - cmaboe; 1-2 - cpenmee; 2-3 -
cujabHOE, 3-4 - OUeHb CUJILHOE.

Pesynbprarsl ucciaemoBanus. [loj reosKoIOrTIecKuM KavdeCTBOM T'€OCUCTEMBI TOHUMAIOTCSI
JIBe ee XapakTepucTuku: 1) HabOp BOCTPEOOBAHHBIX OOIIECTBOM PECYPCO-NIPOU3BOJISAINIMUX U
cpegodopMupyronmx (yHKIUMHA reocucreM; 2) IOCAEJICTBHs, BO3HUKAMONINE DU PA3HOOOPA3HBIX
TEXHOI€HHBIX U COLIUAJBHBIX Bo3jeicrBusx" [3, ¢ 97|. [Toceree KavecTBO 3aBUCHT OT
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Cl)YHKH,I/H'?'I HpI/IpO,Z[HOfI reocucremMbl, OT TOr'o, HACKOJIbKO YCIIEITHO TI'€OCHUCTEMa CIIpaBJIdA€TCA C
pa3HOO6pa3HI)IMI/I AHTPOIIOI'€HHBIMU IIPpOIleCCaMU, HE CBOWCTBEHHBIMHI TEXHOI'€HHOMI reocucreme,

HO pa3BUBalollelicda B Hell B OTBET Ha OKa3blBaeMble BO3/EUCTBUI.

Takum o06pazom, UMEHHO

IIOCJIEACTBUA OIIPEACIAIOT I'€O3KOJIOTUIECKOE COCTOAHNE I'€OCHCTEMDBI, CTCIICHDb eé yCTOfI‘IHBOCTH B

YCJIOBUAX TEXHOI'€HHOII Harpy3KH.
oT ycToitunBo (YHKIMOHUPYIOIUX 0 Jerpaaupyionmx (tabmamuma 1).

OTU XapaKTEPUCTUKHU ITO3BOJIAIOT PAHKUPOBATH I'€OCHUCTEMBI
B kaxmoMm ciydae

nHGOPMAIIHS ITO WHANKATOPAM U TIoKa3aTeIsIM (popMaan3yercs, BBoauTcs B mporpammy ArcGIS10.1

n O6pa6aTLIBaeTCH B COOTBETCTBUH CO IIMKAJONI OIICHKHN I'€O3KOJIOTMYICCKOI'O KadeCTBa.

Tabsmpa 2. OueHKa reo0’KOJIOrMYECKOro Ka4yeCcTBa HEKOTOPBIX reocucreM bacceiina p.Uaek

Ne Twun XozgiictBenHasi CtpykrypHble | I[Ipupoamo- KauectBO
reocud-reoCucTeMbl OCBOEHHOCTb U3MEHEHUsI B | AaHTPOIOTe€HHbIE re0CHUCTEMBbI
TEMBbI reoCHUCTEeMBI reocucreme I POIIECCHI
9, 23, | Cnabo-orayras | [lacTouma, 90% — | Cnabbie YceroitauBast
25, paBHUHA C | oceBHBIE macTouIIa, 9PO3UOHHBIE
27, pycJiaMu YTOIbS 10% - nocessl, ITPOIIECCHI
29, 31 | MOCTOSAHHBIX ILJIOCKOCTHOI'O
BOJIOTOKOB ¢ CMBIBA
KOBBIJIBHO-
PAa3HOIOJIBIHHOM
PaCTUTENTBHOCTHIY
Ha KaIITAHOBBIX
OYBaX
5, 6, | Bomuucro- [TacTOurma, 70% — | Céurocrb Ymepeno
7, 8, | mokarasi pPEKpealnoHHble | MacTOUIIA, macTOuII, yCTOMINBAs
21, 22 | paBHUHA C | TeppuUTOpPUH, 20% - noceswl, Jedasiust
dparmes. ITOCEBHBIE 10% — cenn
KPYIIHBIX YIO/IbsI
IPUPYCJIOBBIX
BaJIOB
10, BosaucTo- [Tonss 6orapuoro | 80% - mammus, | IHTeHCHBHBIE Cabo
26, IoKaTasd 3eMJIe eI, II0CEBBI ITPOIIECCHI YCTOMINBAA
30, 40 | paBHUHA ¢ | macTbuma 20% -nacrbuiia, | IJIOCKOCTHOI'O
KPYIHBIMEI CMBIBa,
pyciiamMu Teppuropust
BPEMEHHBIX U3MeHEeHHAs
U TOCTOSTHHBIX BOJIHO-
BOJOTOKOB. SPO3UOHHBIMHI
[Tpuposato- IrpoIecaMu
AHTPOIIOTCHHAS.
1, 2, | Henymanmonno- | Ipombimiennsie | 30% - ropu-m06. | IIpupyciosast Heycroitunsast
3, 14, | spo3uoHHast OTBAJIBI, IIPOMBIIII. AKKYMYJIATTST (merpa
15 paBHUHA ¢ | mycromu 50% - Kapbepbl, | B3BEIIEHHbIX JIUpYTOIIast)
XOJIMAMHI 7 | pa3pabOTaHHBIX | OTBAJIBI, JaCTHII,
BbIEMKAMHU  Ha | TEPPUTOPHIA, 15% - nacrburia, | gedasnus, uier
TEMHOKAITAHOBBIXCEHOKOCHI, 5%-pekpeanys JerpaIaliust
ITOYIBAX. pekpeartust
[Ipupoano-
TeXHOTeHHas.
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17, HerroBuaabao- [Tpombimnennsie | 60%-1pon. u | CunbHO- He

18, 41 | mposroBrabHas | 30HBI, KPYIHBIE | ceaUTEOHbIE Jerpaupyomas,| ycroianBas
paBHIHA ¢ | mocesrenwust, 30HBI, U3MEeHEeHHAs (cmrbHO
CyXUMHU CasMU C | IYCTOIIN TPAHCIIOPT, 9PO3UOHHBIMA Jerpa
Pa3HOIOIBIHHO- | aHTponorennsle, | 20%-mycromm IIpoIeccamMu JTUpYTOIast)
BOCTPEIOBOIT moJist GorapHOro | aHTp.,
PACTUTETHLHOCTHIO 3eMJIe e 10%-60rapubre
Ha TEMHO- o4,
KaIlITAHOBBIX 10%-nacrbura
II04YBaX
KapOOHATHBIX
TexHoreHHAas.

B macrosimee Bpemsi Teppurtopus Oacceiina pekm ek xapakTepusyeTcsl BBICOKOW CTEIEHLIO
MPOMBIIIJIEHHOTO U CEJIbCKOXO3SIICTBEHHOTO IIPOM3BOJCTBA. B pesyibrare B OrpOMHOM OObeMe
dbopmupyrorest pasHooGpasHble OTXObI (KUJIKKME, TBEpble, raszoobpasubie). B 2013 romy obmee
KOJIN49EeCTBO BI)I6pOH_[eHHbIX B BO3YyX AKTIO6I/IHCKI/IIVH/I KPYIIHBIMHA 3aBOJaMH IIapHUKOBBIX TI'a30B
cocraBuyio: CO - 55,2 Teic.Torn, SO 9 - 89,4 Thic.TorH, NH3 - 148 Thic.ToHH U Jap. B mousbl u
BOJIOEMBI TEPPUTOPUH B ITO Ke BPEMsI HMOCTYIIMJIO U3 Pa3HBIX TEXHOINEHHBIX UCTOYHUKOB 250 THIC.
ToHH a3oTa u 50 Teic.TOHH (hocdopa, He cuuTast TszKeabX MeTasuios [19]. Exerogno na Teppuropun
AkTiobuHCKOI objtacTu obpasyercss 52477,72 TOHH TBEPJBIX OTXOJOB, M3 HUX IepepadaTbIBaeTCs
okouio 0,208 Toun [20].

OnHako UCTOYHWKEM OOIMUX AaHTPOIOINE€HHO CTUMYJIUPOBAHHBIX MATEPUAJBHBIX IIOTOKOB 110
TeppuTopun OacceiiHa pe3ko guddepeHUpyoTcsa.  BoJibitas 4acTh BBIOPOCOB T'a3000pA3HBIX
SMUCCUIl TIOCTYIIAeT B IPUPOJHYIO CPEJy W3 IPOMBIIIEHHBIX OOBEKTOB M I'yCTOHACEJIEHHBIX
IEHTPOB. PUCYHOK 2 JIeMOHCTpUPYET, COIVIACHO HAIIUM KCCJCIOBAHUSIM, apeajl PaciupOCTPAHEHUS
3arpsi3HSIONINX BEIIECTB M AHTPOIOICHHYIO HAUDY3KYy HA OKPYXKAIOIYI0 Cpely 0 TEePPUTOPUU
bacceitna pexku Miek. I3BecTHO, 9TO B KPYIHBIX ITPOMBINIJIEHHBIX 30HAX KOPEHHON IepecTpoiike
[IOJIBEPralOTCAd MPAKTUYECKH BCE IPUPOJHBbIE KOMIIOHEHTHI - OT JIMTOI'€HHOH OCHOBBI, peJibeda,
reoMOpdOJIOrHIeCKUX TIPOIECCOB 10 OmokamMaTudeckux [2, c¢.  87|.  VMeHHO TexHOTeHHBbIE
TEeOCUCTEMBI TIPEJICTABISIOT OO0 MPUPOHO-AHTPOIIONEHHbIE 00pa30BaHUs € HAMbOJIEee MOITHBIM
BO3/IeICTBUEM Ha IIPUPOJIHYIO CPEJLY.
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PucvHok 2 — Kapra aHTPOIIOTeHHOM HAaIIPsiXKEHHOCTH reocucreM bacceiina p.liek

B pesyabrare mpocTpaHCTBEHHOIO MOJIEIUPOBAHNUS IPUPOJHBIX U TEXHOTEHHBIX (DaKTOPOB
oJiydeH HabOp PpACTPOBBIX KapT B €IUHON KOODJMHATHOM CHCTEME, IPEJCTABISIONIX CcOobOit
HEIPEPBIBHBIE TIOBEPXHOCTH PACIPEJICJIEHUsT OIEHUBAEMBIX IIOKa3aresieil.  Besg KommoHneHTHast
reodKOJIOTHIecKasi MHMOPMAIUs [0 HoKa3aTeadM (DYHKIIMOHUPOBAHUS M€OCUCTEM BBOIUTCS B Oazy
mauabix mporpaMMbl ArcGIS10.1, 9To TO3BOJISIET TONYYIUTH CEPUH KapT MO0 TEPPUTOPHUE Gacceiina,
OTPAXKAIOIINX PA3JIMIHBIE ITOCTEICTBUAS XO3SHCTBEHHOTO BO3/IeiicTBUsA Ha reocucteMbl. (Co31aHHbIE
MOJIET JIOXKATCSI B OCHOBY 30HUPOBAHWST TEPPUTOPUU TIO CTEMEHW TEXHOTEHHOW HATDY3KM Ha
reocucteMbl. [lo pesysnbrataM mccie0BaHus, TSI HATJISITHOCTH, COCTABIISIETCS KAPTa TEXHOTEHHOM
HATPY3KHU Ha TeOCUCTEMBI C YIeTOM ILIONIAIHBIX TT0Ka3aTeseli HapyIeHHbIX 3eMellb (PUCYHOK 3).
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YcnoBHble 0603HaYeHUA:
CTeneHb TEXHOreHHOW Harpy3ku Ha reocucTembl
He3HaunTenbHas (U<0.5) o=
cnabasi (U 0.5-1)
cpepHss (U 1-2) 1
cunbHas (U 2-3) ~

B ouers cunbhan (U 3-4) 1:500 000 |«

Pucvhok 3 — KapTa T€O03KOJIOTUIECKOI'O COCTOAHUA I'€OCUCTEM

BriBoa. Pazsutne u mporecchl aHTPOIIOreHHOM HArPY3KU HA OACCelH HATJISTHO UJLIIOCTPUPYIOTCS
reocucTeMHO TpaHcdopMaleir TpupoaHoii cpeabl. HeycrolauBbiil BOSHBIN PE2KUM PEK, TOAUIHbIE
KoJicOaHus BOMOOOECIIEIEHHOCTH BBI3BAJU CYINECTBEHHBbIC M3MEHEHUS THIPOMOPMHBIX TI'€OCHCTEM.
OHM HepeXuBaloT pas3jUdHbIe CTAIUNM U3MEHEHMI I10J] BO3JEHCTBHEM IIPOIECCOB TEXHOMEHHBIX U
arporeHHbIX U3MEHEHU.

leocucreMHBIN MOJAX0M CTaJ TJIABHBIM IIPU OIEHKE BJIMSHUS IIPOIECCOB JIETPaJIAIld T'€OCUCTEM
npu  (GOPMUPOBAHUN U PAa3BUTHU HOBBIX 9SKOJOIMYECKUX CHUTYAIldii, BBIABJICHUS OYaroB
I'e03KOJIOTUYECKOI'O HAIIPAZKEHUS .

Hakomiennast B Xo/1e T€09KOJIOIMYEeCKUX UCCIEI0BaHNA NHMOPMAIHS O CTPYKTYPHOI OpraHu3aIiu
reocucTeM TeppuTopnu bacceitia peku Vek mo3BoJmia NPUATH K BBIBOAY O HEOOXOIMMOCTHU yUEeTa
dakTa UX JTUHAMUIECKUX COCTOSHUN Ha OCHOBE BPEMEHHOI'O CHCTEMHOI'O aHAJIM3A.
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AsaGrhl aliMmakTap reoxkyiiesepin keimnesnzai 6axkasay

Angnarna Teoskoxkyiiesiepre reosKOJOrUsIIBIK, Gakagayabl YKYPTi3yAiH TYXKBIPBIMIAMAJIBIK YKOHE 9IICHAMAJIBIK, TOCLIaepi
cunarrajaran GasiHmasraH. Tabury ki »Kyile YCbIHATBHIH »KoHE KOFaM MEH HIapYallblIbIK KaXXeT eTeTiH »Kyiesik KbI3MeTrTep
ecebinjie HerizgesireH Tabury, MapyallbliIbK, 9JI€yMeTTIK IIKi »Kyiiesep MeH Ka3ipri 3aMaHfbl reoKyiiesepi 6ackapy *KyHeciHiH,
eo3apa 9peKeTTecyiHe Tajfay Kyprisiarern. 3eprrey HOTH2KeJepi OGOMBIHINA TEXHOTEHIIK IeoKyileHiH yurici »koHe opbip irmmki
JKyiie OJIOKTapbIHBbIH KACHUETTEPIH, CaHJBIK >KOHE CalaJIblK, epeKIIeJiKTepiH KepcereTiH 6ipkarap KOPCETKIIITep KacaJiibl.
AHTpOnOreH ik KailTa Kypy HOTHXKECIHIE reoxkyiiege GOJIATBHIH KyPBUIBIMIBIK ©3T€piCTep TEeXHOIeHJIK IeoKYHeHiH canachblH
aHBIKTayFa »KOHE OJIap/ibl TYPAKThIIaH OeJICeH i TO3aThIH Kyiieslepre »KaTKbI3yFa MYMKIHJIK O6epesi.

Tyiiin ce3nep:reoxyiie, reO9KOTIOIUILIK, OaKasay, aHTPOIOreHe3, Texuorenesd, I'A2K-rexmonorust.

Berdenov Zh.G.
L.N.Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan

Integrated assessment of geosystems of territories of river pools

Abstract The conceptual and methodological approaches to conducting a geoecological assessment of geoecosystems are
described. An analysis of the interaction of natural, economic, social subsystems and the management system of modern
geosystems is based on the consideration of system services provided by the natural subsystem and in demand by society and
the economy. Based on the results of the study, a model of the technogenic geosystem and a number of indicators reflecting the
properties, quantitative and qualitative features of each block of subsystems were developed. Structural changes that occur in
the geosystem because of anthropogenic transformation make it possible to establish the quality of the technogenic geosystem
and to rank them from resilient to actively degrading systems.

Keywords: geosystem, geoecological assessment, anthropogenesis, technogenesis, GIS technology.
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Study regarding the quality of undersground water within Natura 2000 Cefa site
(ROSCI 0025), Romania

Abstract: Having in view the background of water quality problems and the need to conserve
biodiversity globally and regionally, this study aims at analyzing the underground water quality of
Natura 2000 Cefa site, Bihor county, Romania. In this respect, the exceedances of the acceptable
limits regarding the quality of groundwater for a series of quality indicators have been analyzed. The
results obtained will form the basis of other scientific endevoars that will lead to better preservation,
protection and valorisation of the biodiversity in the protected areas.

Keywords: groundwater quality, quality indicators, 2000 Nature site, biodiversity.
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Introduction. Water, thanks to its multiple functions, represents an indispensable element of
life. Over time, life, in all its forms of manifestation, including man, has adapted and evolved in close
connection with this primordial element [1-4]. In this context, it goes without saying that “water is
not a commercial good but a patrimony that must be protected, defended and treated as such”[5].

2000 Natura Cefa site, ROSCI 0025, is a structural part of the Natura 2000 Ecological Network,
with functions in the field of conservation, protection and capitalization of natural heritage in order
to promote and stimulate sustainable, responsible social and economic development of the territory
[6-9]. In its essence Natura 2000 Romania Ecological Network, with an area of 5 555 854.13 ha
and 23% of Romania’s surface area [10], is a clearly defined geographical area, structured from 383
Special Areas of Conservation (SAC) and 148 Special Protection Areas (SPAs) [11, 12], with a major
role in the conservation of species and habitats set out in the annexes of the two “Habitats” Directives
92/43 / EEC and “Birds” Directive 79/409 / EEC [13, 14].

Natura 2000 Cefa site, ROSCI 0025 with an area of 5,268 ha, is located in the North-West of
Romania, in Bihor County, on the territory of Cefa, Spnicolau Romen, and Mrdrras territorial
administrative units (figure 1).
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Fi1GUuRrE 1 — Localization of Cefa site (ROSCI 0025) at regional and European level

The physico-geographic features generated by the spatial location have led to the emergence and
development of a favorable environment for coexistence of species of community interest and not
only, in the studied area. Of the species of community interest listed in Annex II of the Council
Directive 92/43 / EEC, we mention the following: mammals (Myotis d., Lutra l.); amphibians and
reptiles (Emys o., Triturus c., iturus d., Bombina b.); fish (Cobitis t., Misqurnus f., Rhodeus s. a.);
invertebrates (Coenagrion o.); plants (Cirsium b., Marsilea q.). Besides these species, in the area of
the 2000 site Cefa, a number of other important flora and fauna species have been identified, among
which: Hyla arborea, Rana arvalis, Triturus vulgaris, Ondatra z., Pipistrellus n., Pelobates f., Rana
d., Felis s., Felis s., Alisma p., Polygonatum o., Iris s., Lacerta a., Natriz n. etc. [15].

Representative natural habitats for the site of natura 2000 Cefa are: Highland hygrophilous
grassland communities from the plains to the alpine mountain; Low altitude meadows (Alopecurus
p., Sanguisorba o.); Dystrophic lakes and ponds; Riparian forests mixed with Quercus r., Ulmus L.,
Frazinus e. sau Frazinus a., along the big rivers (Ulmenion m.) and Pannonian and Ponto-Sarmatian
meadows and marshes [15].

As a result of the study performed by A.B.A. Crisuri on the level of dependency between the
Natura 2000 Cefa site and the groundwater body ROCRO01, it was found that the level of dependence
is type A, which implies the highest level of dependency [16].

Considering this, the study is an informational support regarding the groundwater quality, con-
tributing to the conservation and maintenance of biodiversity within the Natura 2000 Cefa site. As
“underground water is an important mineral resource whose quantitative and especially chemical
degradation is difficult and costly to remedy”, [16] with direct functions in the “conservation of nat-
ural habitats, flora and wild fauna species and all species of birds found in the wild”, [16] the present
study is self-explanatory, having the role of shaping a picture in time about the quality of the water
underground from the Natura 2000 Cefa site.

Research methodology. In making the present study the data obtained by A.B.A. Crisuri in
the boreholes: Ateas (between 1993 and 2010); Cefa (between 1993 and 2010); Sannicolau Roman
(between 1993 - 2017) and Martihaz (between 2006, 2010 - 2017). Their analysis involved the
identification, spatial and temporal distribution of deviations from the maximum limits allowed by
Law no. 311 of 28 June 2004 amending and supplementing Law no. 458/2002 regarding the quality
of potable water quality 17 for the following quality indicators Ammonium (NH 4, Nitrates (NO 3 ),
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Nitrates (NO 2 ), Phosphates (PO 4), Chlorides (Cl), Sulfates (SO 4 ), Fixed Residue, Manganese
(Mn), Calcium (Ca), Magnesium (Mg) and Sodium (Na).

Results and discussion. The analysis of the number of exceedances of thresholds allowed for
the indicators analysed has highlighted the existence of a number of 157 exceedances of the maximum
allowed thresholds imposed by LAW no. 311 of 28 June 2004 amending and supplementing Law no.
458/2002 on the quality of drinking water (table 1).

The analysis of the data on the exceedances of the acceptable limits regarding the groundwater
quality for the studied indicators, at the level of the drilling samples from which the samples were
taken, reveals the following situations:

- During the taking of samples from the Ateas drilling, 62 exceedances of the accepted thresholds
were observed between 1993 and 2010. Most exceedances of the maximum admissible limits were
recorded in Magnesium Mg (28 exceedances), Manganese Mn (13 exceedances), Fixed residue (11
exceedances), Calcium Ca (3 exceedances), Phodphates (PO 4) (2 exceedances) while for Nitrates
(NO 3 ), Nitrites (NO g ), Chlorides (Cl), Sulphates (SO 4) and Sodium (Na) were registered only
one exceedance. For Ammonium (NH 4 ) quality indicator, the exceedance value was equal to 0.

- As for Cefa drilling site, 50 exceedances of the maximum permissible limits for the analysed
parameters were identified as follows: Manganese Mn (18 exceedances), Magnesium Mg (12 ex-
ceedances), Calcium Ca (7 exceedances), Fixed residue, Nitrates NO 3 (4 exceedances), Phodphates
PO, (3 exceedances), Nitrites NO o (1 exceedance) and Ammonium NH 4 (1 exceedance).

- from the analysis of the data obtained from the Sannicolau Roman drilling, 28 exceedances
of the maximum allowed limits were reported for the following quality indicators: Manganese Mn
(7 exceedances), Nitrites NO o (6 exceedances), Magnesium Mg (3 exceedances), Calcium Ca (3
exceedances), Fixed residue, Nitrates NO 3 (2 exceedances), Phodphates PO 4 (2 exceedances), and
Ammonium NH,4 (2 exceedances).

- at Martihaz drilling 17 exceedances of the limits allowed for the indicators were identified:
Manganese Mn (16 exceedances) and Ammonium NH, (1 exceedance).

Table 1. The situation of the number of exceedances in the indicators of groundwater quality 16

Indicator Am | Ni Ni Pho | Chl | Sul | Fi Man | Cal | Mag | So To
mo |tra | tri dph | ori pha | xed |gan |cium | nesi|di tal
ni tes |tes |ates|des |tes |resi|ese |(Ca)|um |um |ex
um | (NOgz) (NO2) (POy4) (Cl) | (SO4) due | (Mn) (Mg)| (Na) | ce
(NHy4 ed

an
ces

Ateas 0 1 1 2 1 1 11 13 3 28 1 62

Cefa 1 4 1 3 0 0 4 18 7 12 0 50

Martihaz 1 0 0 0 0 0 0 16 0 0 0 17

Sanicolau 2 2 6 2 0 0 3 7 3 3 0 28

Roman

Total 4 7 8 7 1 1 18 54 13 43 1 157

The analysis of the data on the exceedances of the acceptable limits on the groundwater quality
at the global and drilling level for each studied indicator in part revealed the existence of the largest
deviations to Manganese (Mn), Magnesium (Mg), Fixed Residue, Calcium (Ca), followed by Nitrites
(NO 2 ), Nitrates (NO 3 ) and Phodphates (PO 4) (Table 1).

The temporal analysis of the data with regard to the exceeding of the acceptable limits of the
groundwater quality for the studied indicators highlights the existence of a trend defined by two
different time intervals in terms of quantity, 1993-2003, characterized by a relatively high number
of exceedances of the admissible limits (with an average of 7.4 exceedances per year), respectively
2006-2017 (with a lower number of exceedances of the maximum admissible limits (averaging 3.7 per
year), separated by two years of the highest increase in exceedances of the water quality indicators
analyzed, ie 2004 (13 exceedances) and 2005 (17 exceedances) (Figure 2).
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Ficure 2 — Evolution of the number of exceedances of groundwater quality indicators

From the analysis of the exceedences of the maximum thresholds accepted by Law no. 311 of 28
June 2004 amending and supplementing Law no. 458/2002 on the quality of drinking water, for the
11 indicators analysed, their existence, in different ratios, from one indicator to another was noted
(Figure 3).

The analysis of the evolution on the number of exceedences over time, of all the underground
water quality indicators studied, highlights an improvement of the groundwater quality situation, so
that starting with 2006 their number does not exceed the value of 6, and in 2015 it was registered a
single exceedance of the maximum limit admitted to the Manganese (Mn) indicator at the Martihaz
drilling (Figure 2, 3).
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Ficure 3 — Evolution of the number of exceedances in the indicators of groundwater quality

Indicators with the most exceedances of the maximum allowed limits within the Natura 2000 Cefa
site were Manganese (Mn), Magnesium (Mg) and Fixed Residue.

As a result of the study on the exceedances of the maximum manganese tolerances, at the level of
the Natura 2000 Cefa site, over the period 2000 - 2017, 54 exceedances were identified, distributed
in the four localities as follows: Cefa (17 exceedances ), Martihaz (16 exceedances), Ateas (13
exceedances) and Sanicolau Roman (8 exceedances).

The evolution of the number of excedences over time, to the Mangan (Mn) quality indicator,
shows an improvement in the groundwater quality situation starting with 2010 (Figure 5, Table 1).
The highest deviation from the maximum allowed limit for the manganese indicator was recorded
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in 2001 in Ateas, which was 2.510, compared to the maximum admissible limit of 0.05. Very high
values were recorded in Ateae between 2007 - 2010, after which no measurements were made at this
drilling, the samples being taken from Martihaz and Sanicolau Roman. Here the situation is the
same in the sense that the maximum accepted threshold for manganese (0,05) was exceeded for each
measurement, but with values below those recorded in Ateas locality (figura 4).
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Ficure 4 — Evolution of the number of exceedances to Manganese

The magnesium indicator was the second in the series of exceedances of the maximum limits
admitted in the Natura 2000 Cefa site, recording 43 exceedances in the period 1993 - 2017. Most
exceedances were recorded in Ateas locality (28 exceedances), followed by Cefa (12 exceedances) and
Sanicolau Roman (3 exceedances). The highest value of deviation from the maximum admissible
limit was registered in Ateas in 1998, which is 111.3, double the maximum accepted limit (50). From
the analysis of exceedances done on time related to the magnesium quality indicator, there is an
improvement in groundwater quality, so that no exceedance of the magnesium quality indicator has
been recorded since 2011 (figura 5).
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For the water quality indicator, the fixed residue in the period of study 1993 — 2017 were observed
18 exceedences of the maximum allowed limits, in Ateas (11 exceedences), Cefa (4 exceedences)
and Sannicolau Roman (3 exceedances). The highest value from the maximum allowed limit was
registered in 1998 (1731), in Ateae locality. As in the case of previously analyzed indicators (man-
ganese and magnesium), in this case, from time to time analysis of the number and intensity of the
exceedances was noticed an improvement in water quality starting with 2011.

Conclusions. Water through its properties and functions constitutes a primordial factor with
profound implications in the genesis, evolution and sustaining of life on Earth [18-20] . In this
context, considering the increase of the anthropogenic impact on the natural environment [21-25],
the study of groundwater quality in nature 2000 sites is an important and necessary step at the same
time, knowing its role and implications in the preservation, protection and conservation of natural
habitats and the flora and fauna species they host.

From the groundwater quality analysis of the Natura 2000 Cefa site, the following conclusions
were drawn:

- at the level of the 4 drillings (Ateae, Cefa, Martihaz and Sannicolau Roman) related to the
studied site, over the period 1993 - 2017 were identified 157 exceedances of the maximum admissible
limits for the following water quality indicators: Ammonium (NH 4 ), Nitrati (NO 3 ), Nitrites (NO 2 ),
Phosphates (PO 4 ), Chlorides (Cl), Sulfates (SO 4 ), Fixed Residue, Manganese (Mn), Calcium (Mg),
Magnesium (Mg) and Sodium (Na);

- analysis of the total number of exceedances at the drilling level revealed their predominance
in hierarchical order at: Ateas (62 exceedances), Cefa (50 exceedances), Sannicolau Roman (28
exceedances) and Martihaz (17 exceedances).

- the analysis of the evolution of the number of exceedances over time, for all the underground wa-
ter quality indicators studied, highlights an improvement of the underground water quality situation
within the Natura 2000 Cefa site.
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I'.B. Xépman ' , I.K. Uaunem ! , C.M. Couko20. I'aney !, A. Uauem ' , 1. Jd>xycan !, K. Mecrep 2

1 Opados ynusepcumemi, zeozpadus darysvmemi, Typusm orcone cnopm kagdedpacv, Pymovrrus.
2 Accane Cexa 3uzuHuwiop amuirdaes, YHUSEPCUMEM, IKOHOMUKANDIE HCOHE dNEYMEMIMIK 2olAMOGD Kadhedpacvl, MYpusm
rxagpedpacu,, Cenezan
2 Kuuypu e3eni araboinbir, CY WaPYOUBLAGIE oKimuinizi, Opadas, Pymoinus.

2000 >x. Cedpa Garmapsamacei (rosci 0025) xKongany apkblibl PyMbIHUS >KepacThl CyJapbl CanacbhblH 3epTTey

Apgparna: Cy canackl Mocesie/IepiHiH Tapuxbl MEH OHOAyaHTYPJIUIKTI CaKTay/IblH FaJlaM/IbIK, YKOHE ailMaKThIK, JeHreiaeri
KarKeTTUIIrH eckepe oThIpbIi, 6ya 3eprrey Pymbinus, Buxop enipingeri "CEFA 2000" Ileda afimarbinga Kep aCTbl CyJIapbIHbIH,
camachlH TaJijayra GarpiTTasrad. OcbiraH GallyIaHBICTBI GipKaTap camnaJjblK KOPCETKIIITep OOMWBIHINA YKeP acThl CyJIapbIHBIH,
aCBIIl KETY JIeHreifine Tanaay Kacajabl. AJIBIHFAH HOTUXKEJEP KOPFAJIATHIH TAOUFU ayMaKTapAa GUOJIOTUSIIBIK alyaHTyPIIIiKTIH
KYH/BUIBIFBIH KOTEpPYTe, KOPFayFa »KoHe XKaKCapTyFa 9KeJIeTiH 0acKa FhIJIBIMU 3epTTeyJep YIIH Heri3 6osa ajaaibl.

TyitiH ce3mep: Kep acThl CYJIAPBIHBIH CAlachl, CalaJblK KepceTkimrep, "2000 CEFA" xemnici, 6uoatyanIbUIbIK.

I.B. Xépman !, JI.K. Wanem ! , C.M. Couxko 2 O. Tauey !, A. Mnnem ! , 1. Jxycan !, K. Mecrep 2

1 Vhusepcumem Opadasa, zeoepaduneckuts daxysvmem, xadedpa mypusma u cnopma, Pymovurus
2 Vnueepcumem um. Accamne Cexa Buzunwop, Garysvmem dKOHOMUYECKUT U COUUANLHOLT HaYk, Kadedpa mypusma, Cernezan
2 Admunucmpayus 600nozo xosaticmea baccetina pexu Kuuypu, Opadss, Pymwvirus

VccuenoBanue KadecTBa NOA3€MHBIX Boj, PymbiHnu ¢ npumeHenueM nporpammbl 2000 Cefa (ROSCI 0025)

Annoranus. IlpuauMasi Bo BHUMaHME HUCTOPUIO MPOBJIEM KAadeCTBa BOABI M HEOOXOAMMOCTH COXPaHEHUs 6MOpasHoObpa3us
Ha I“J'IO6aJIbHOI\/I 1 PEruoHaJIbHOM YPOBHAX, aBTOPBI HAIIpABUJIA UCCJIEIOBAHNE Ha aHAJIN3 KaveCTBa IIOA3€MHBIX BOJ Ha yYIacCTKe
«2000 CEFA» Ileda, okpyr Buxop, Pymbiaus. IIpoanaiusupoBaHbl IPEBLINIEHNS JTOIYCTUMBIX IIPEJIEJIOB B OTHOIIIEHUU Ka4eCTBa
MOA3EMHBIX BOZ, IJIsl PsAfa [IOKa3aTesell KadecTsa. [lojydueHHBIE pe3ysbTaThbl CTAHYT OCHOBOHM APYTHX HAyYIHDLIX HCCJICIOBAHHUIA,
IIOCIIOCOGCTBYIOT MOBBIIIEHHUIO IIEHHOCTU OHOpa3HOO0pa3usl Ha OXPAHIEMBIX TEPPUTOPHAX, €0 JIyUIIeMy COXPAHEHUIO U 3aIlUTE.

KuroueBble cjioBa: KavecTBO IOI3EMHBIX BOJ, KadecTBeHHbIe moka3aresn, ceTb «2000 CEFA», 6uopasnoobpasue.
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Ways of soil biologization and their efficiency

Abstract: In the current socio-economic conditions generally recognized method of increasing
soil fertility and crop productivity is the transition system of farming to the biological basis for
what it is necessary to review the existing direction and to justify a new direction in the system
of agriculture based on the principles of using organic fertilizers, green manure, symbiotic nitrogen
fixation, long-term grasses widely.

Assessing the above-mentioned means of biologization individually the article states that the main
focus on the question of increasing the fertility of the soil and the plant and equipment in agriculture
biologization is sowing permanent grasses.

Using cultivation technology, following the rules perennial grasses are resistant agrophytocenoses
which are able to withstand drought. Due to the large mass of plant residues and their high degree
of humification, perennial grasses successfully help the problem of increasing the content of organic
matter in the soil.

In accordance with the materials, the article shows the dynamics of humus in the soil under the
influence of various processing methods of soil cultivation and use of perennial grasses.

Comparative evaluation of traditional, minimum and zero processing technologies for the forma-
tion of grass crops has shown that after four years of every year plowing the value of humus in the
0-30 cm soil layer has returned back to the original level of its contents before seeding. Switching to
a minimum and zero processing technology, the formation of herbs and their subsequent use under
crops has significantly reduced the fall of humus in agricultural production. More solid build 0-30
cm soil layer reduces the total porosity and hence, core aeration. As a result, there will be more
favorable conditions for the preservation and use of crops.

Keywords: soil, pollution, biologization, agrophytocenosis

DOI: https://doi.org/10.32523/2616-6771-2019-129-4-100-106

Introduction The amount and duration of humus reproduction depends on the species compo-
sition of herbs and their degree of adaptation to the climatic conditions of the region. The results
of observations show that the higher the yield of the ground mass agrophytocenosis the more influ-
ence it has on the fertility of the soil. Leading position in the accumulation of humus belongs to
grass-legume grass mixture and lucerne in pure form.

For the four-year-old period of stay on emergency field of a crop rotation these agrophytocenosis
have provided increase of the humus contents on 0,35 and 0,46 % or on 11,9 and 15,7 t/ha accordingly.

Despite of the big productive opportunities of the main grasses used in the region, the major
component in technology grassing, in our opinion, should belong to melilot, which is able to enrich the
topsoil not only with nitrogen and phosphorus, but with calcium due to its special phytomeliorative
property.

Agricultural production of West Kazakhstan runs in conditions of extremely continental climate.
Characteristic features of climatic conditions of region are instability and deficiency of atmospheric
precipitation, intensity of processes of evaporation and abundance of direct solar illumination during
all vegetative period.

Material and research methods

Average annual precipitations for an agricultural year is 324 mm with fluctuations from 164,2 up
to 522,3 mm. For spring-and-summer period of spring crops vegetation average precipitation is 92
mm. Other part of precipitations is 232 mm or 71,6 % falls in autumn (118 mm or 36,4 %), winter
(74 mm or 22,8 %) and early-spring (40 mm or 12,4 %) periods.
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Thermogenesis of the region is high. The effective heat sum is above 10° C in average makes
2700-2800 ° C. Summer season is characterized by hot, very dry and fair weather. Average monthly
daytime temperature in June is to 24-28°C, in July 27-31°C, in August 25-28° C. Duration of
warm period with temperature 0° C is 210-215 days.

Soil cover is basically dark chestnut soil. In microdownturn there is meadow-brown soil, and in
the Far North small area there is black soil.

Dark chestnut soil constitutes the basic agricultural fund. Dark-brown calcareous, residual cal-
careous and alkaline soils are distinguished among them.

Comparison of many years’ characteristics of humus soils has shown that being intensively used as
arable land from 1955 until 2005 meadow-chestnut soil lost 42,1 % of head grade of humus, southern
chernozems (black soils) - 49,2 %, dark chestnut normal soil - 35,2 %, poor alkaline chestnut - 28,6
%, light chestnut alkaline - 48,9 %.

Now the actual condition of arable lands is on 11,5 % very low and on 87,7 % low of humus
content. Very low and low movable phosphorus content is 85,5 % of soils, and 93,6 % soils contain
potassium less than 300 mg / kg. [2]

Until 1990 agricultural production stably developed on the basis of intensification which compo-
nents was wide use of organic and mineral fertilizers. In the current socio-economic conditions when
the use of organic and mineral fertilizers has practically stopped, the most perspective decision is
transition of traditional system of agriculture to biological basis. Biologization of agriculture began
to include not only reduction of anthropogenic load on agrosystem but also to provide maximum of
conditions for high-grade use of its own biopotential [3].

The most accessible and widespread way of biologization in agriculture is transition to energy-
saving technologies of crops cultivation. Besides economy of direct expenses and fuel, specific feature
of these technologies is in obligatory preservation of all plant residues on the surface of field.

At current estimations one ton of straw is equivalent to three tons of covering manure and its
regular use is directed on stabilization of humus content in soil, minimizing basic cultivation of
soils. At the same time the calculations carried out on the Ural agricultural experimental station
have shown, that crop rotations in condition of development energy-saving technologies of crops
cultivation do not provide positive humus balance. In this case we can speak only about its deficit-
free content. Humus content wide reproduction is possible only due to involving additional means
of biologization. It is dung application, use of green manure, use of fields which were not cultivated
for a long time.

Assessing the above mentioned means in biologization increasing everyone should note, that for
creation of positive humus balance in dark chestnut soils of West Kazakhstan in five course rotation
with winter crops it is necessary to bring 80 ton/ha partially rotted manure in fallow. Only due
to use of manure in fallow humus content is up to 2400 kg / ha and 636 kg / ha due to the plant
residues. Thus its waste is only 1052 ton / ha. In this case there are favorable conditions not only
for simple, but also expanded reproduction of organic matter of soil [4].

Manure is the most traditional means to increase soil fertility. However, sharp reduction of cattle
stock caused that this fertilizer use is extremely limited. It is mainly used in farmer’s forage crop
rotation.

Practice of green manure application shows, that green manure equals to manure litter used -
20-30 ton/ha in influence on crops productivity. Green manure carry out the important function of
protection of natural environment from pollution, weaken erosive processes, raise productivity grain
on the average on 4-5 c¢/ha, and with regard to consequence - up to 7-8 c/ha [5].

For steppe conditions of the West Kazakhstan it is recommended to use yellow melilot as green
manure cultures. Plough down of vegetative weight of melilot under black fallow provides favorable
conditions not only for its decomposition, but also raises productivity of winter crops on 6,4 c¢/ha in
comparison with variants without melilot [6].

Successful reproduction of soils fertility in modern agriculture is impossible without the complex
approach to regulation of organic substance. A mainstream in ecologization of land tenure and a
major factor in biologization of agriculture belong to long-term grasses.

Results of the research

101



JI.H. 'ymunues arsiagarel EYY Xa6apmeicsr - Bulletin of L.N. Gumilyov ENU, 2019, 4(129)

At full observance of technology of cultivation crops of long-term grasses represent steady agrophy-
tocenosis which depending on specific selection of cultures can be used as in haying and a pasturable
direction (table 1).

High realization of potential artificial long-term grasses, expressed in a high degree of their safety
and efficiency during long time, for a straight line is connected from technology of their crop well
fulfilled in the zone relation.

Based on the production and environmental objectives the grass is best planted in the grass mix-
ture. The basic value of grass mixture is in its polycomponental structure which includes as cereals
and legumes of recognized varieties. In the fodder relation complex crop-legumes agrophytocenosis
have not only the high contents of nutrients in their ground weight, but also steady efficiency.

Table 1. Productivity (c/ha) hay of long-term grasses on years of researches

Year | Agrophytocenosis Years of supervision

of

crop

2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018

2013 | Wheat-grass 229 271 |70 |143 | 194 | 19,0 | 16,0 | 14,0
Wheat-grass+melilot | 57,9 | 34,0 | 8,4 | 22,7 | 22,8 | 20,4 | 20,5 | 16,0
Wheat-grass+melilot | 49,1 | 54,9 | 12,7 | 24,7 | 35,7 | 21,3 | 24,0 | 15,0
+sainfoin

2016 | Wheat- - 62,3 | 20,1 | 32,5 | 26,1 | 22,9 | 25,5 | 26,6
grass—+sainfoin
+melilot
Wheat- - 54,3 | 18,8 | 31,9 | 23,7 | 20,7 | 25,5 | 24,8
grass—+sainfoin
+melilot-+
Psathyrostachys
juncea

2018 | Wheat-grass - - - - 22,0 1348 | 33,0 | 17,2
Wheat-grass-+melilot | - - - - 37,8 1359 | 38,3 | 23,3
Sainfoin - - - - 33,9 | 36,7 | 38,1 | 24,8
Lucerne - - - - 55,2 | 54,5 | 48,4 | 22,6
Wheat- - - - - 429 | 43,5 | 53,2 | 29,6
grass—+sainfoin
+melilot+ Lucerne

Steppe zone is first of all a zone of unstable humidifying. In the given nature-climatic conditions
productivity of cultures in many respects depends on weather conditions of the period of their
vegetation. In this connection high productivity grass mixture, in comparison with one-specific
agrophytocenosis, is achieved because various kinds of grasses on miscellaneous use an atmospheric
precipitation of the period of their vegetation. So, if in case of display of an early-spring drought,
low efficiency of cereal grasses can be observed then the increase of use of bioclimatic resources of
region can be quite compensated leguminous agrophytocenosis which can use subsequent summer
rainfall with maximum efficiency and vice versa.

In the biological relation leguminous agrophytocenosis have unique ability to acquire nitrogen of
atmosphere and to accumulate it in ground due to symbiotic activity with nodule bacteria.

The increase of contents of nitrogen and organic substance in ground due to biological activity of
grasses considerably raises a level of fertility of ground and reduces necessity of the further purchase
and use of mineral and organic fertilizers. So, for example, according to the Ural agricultural
experimental station from the organic chemistry which has been saved up by five years’ Lucerne
in 0-20 cm a layer of ground it was formed 6440 kg humus and 448 kg of nitrogen on 1 ha. The
root system of biannual Lucerne growing in more favorable conditions has provided formation of
8960-10080 kg humus and 588-700 kg on 1 ha nitrogen [7].
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From leguminous cultures except for Lucerne in field grass growing the West Kazakhstan also can
have wide application of sainfoin and melilot which surpass Lucerne in a nitrogen fixation level [§].

Despite of the big productive opportunities of the basic grasses, grown in the region — wheat-grass
and Lucerne, the major component in technology grassing, in our opinion, should belong to melilot.
Due to special biological properties of melilot it is very unpretentious to places of the growth. It
is drought-resistant and the ability to tolerate salinity and soil alkalinity well guarantees its high
productivity on almost all types of soils of the steppe zone.

Melilot is good phytomeliorator of soil. Having the root system advanced and deeply penetrating
into ground, melilot is capable to acquire from remote connections calcium and to move it from the
bottom layers of ground in top. In result in it is soil - absorbing a complex there is a replacement,
and then and washing away in the bottom layers of ground of poisonous salts of sodium. Further,
after dying off melilot and manure its root system, the top layer of ground is enriched not only
nitrogen and phosphorus, but also calcium [9]. Thus, melilot not only improves the fertile soil, but
also creates favorable conditions for the subsequent development of grasses in agrophytocenosis.

In the first years of the development the majority of grasses yet have no sufficient development and
efficiency. Additional inclusion in structure melilot grass mixture allows to increase gross gathering
of hay on the second year of life agrophytocenosis in 1,7-2,5 times in comparison with productivity
of their clean crops. At the same time melilot, developing powerful vegetative weight, not only does
not oppress growing under its flat grasses, but also, due to the phytomeliorative and to symbiotic
qualities, provides for them the best conditions of a feed, and on this background and conditions
for the further development and efficiency of components of grasses accompanying with it. In this
researches phytomeliorative influence of melilot has increased productivity growing with it of melilot
on the average from 3,9 up to 4,2 ¢/ha hay by experiences of a bookmark 2010 and 2014 accordingly.
Ability to increase in influence productivity sowed with melilot of phytocenosis is reflected not only
in increase of their efficiency, but also on increase of the contents of humus in soil (table 2).

Table 2. Accumulation and contents of humus in 0 - 30 cm a layer of ground various kinds of grasses and grass
mixture on a field of a crop rotation for 2015-2018 (the initial humus contents before crop of grasses of 2,85 %)

Agrophytocenosis | Average The contents of | Amout of growth of
produc- humus before grass humus contents
tivity  of | plowing
grasses for
4 years,
c/ha

%o ton/ha % ton/ha

Wheat-grass 26,8 3,09 105,7 0,24 8,2

Wheat-grass 33,8 3,12 106,7 0,27 9,2

+melilot

Sainfoin 33,4 3,17 108,4 0,32 10,9

Lucerne 45,2 3,31 113,2 0,46 15,7

Wheat-grass 423 3,20 109,4 0,35 11,9

+melilot + sain-

foil+Lucerne

The received results of observations show that the above productivity of ground weight of agro-
phytocenosis it renders the greater influence on a fertile soil. The leading place in accumulation
of humus belongs crop-leguminous grass mixture and Lucerne. For the four-year-old period of stay
on emergency field of a crop rotation these agrophytocenosis have provided increase of the humus
contents on 0,35 and 0,46 % or on 11,9 and 15,7t /ha accordingly.

Wheat-grass has no symbiotic property to acquire nitrogen of an atmosphere for formation of the
vegetative weight. Therefore its initial growth and development occurs due to an existing nutritious
mode of ground before its crop and the further vegetation - due to an own level of soil development.
The four-year-old period of its stay on emergency field of crop rotation obviously not enough for full
realization of its biological potential.
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Thus, a mainstream in biologization agriculture due to long-term grasses is the correct choice
phytocenosis. The adaptive orientation of specific structure of grasses allows not only it is good to
solve problems of forage production, but also for short term to provide restoration and the expanded
reproduction of organic substance in ground.

At the same time competent realization of the fertility of the ground achieved by long-term grasses,
determined by a choice of technology of its use by grain crops in a crop rotation has the important
value also.

Available materials allow to analyze further changes in the humus contents in ground under
influence of various technological receptions of processing and use of a layer of long-term grasses.

So, the comparative estimation of various technologies of cultivation of grain crops on a layer of
long-term grasses has shown, that for four years of application of annual plowing value of humus in
ground has returned on an initial level of its contents before crop of grasses (table 3).

Table 3. Changes of the humus contents (%) in 0-30 cm a layer of ground on a field of long-term grasses
depending on technology of its use under grain crops for the period 2014 — 2017.

Agrophytocenosis | The humus contents The basic cultivation of grasses
before layer for grain crops
regrassing | plowing plowing - | Subsurface | without
25-27 cm | cultivator | cultivation
-12-14 cm
Wheat-grass 2,85 3,09 2,75 2,84 2,98
Wheat-grass 2,85 3,12 2,79 2,87 3,03
+melilot
Wheat-grass 2,85 3,20 2,95 3,06 3,12
+melilot + sain-
foil+Lucerne

Intensive reduction of humus stocks is connected, in our opinion with the vigorous activity of
aerobic bacteria for which development on plowing perfect conditions on the one hand and by
reduction of receipt of fossils with another were created.

Change of a mode of receipt in ground of fossils finds the reflection in the humus contents and on
other variants of technology of cultivation of grain crops. Nevertheless, transition to the minimal
and zero technologies of cultivation of a layer of grasses and their subsequent application under grain
crops considerably allows to lower falling humus. Refusal of classical plowing a layer of grasses and
its replacement by other technologies of rise do not result in deterioration agrophysical properties of
ground and to reduction of efficiency of cultures [10]. However, denser addition of a layer of ground
of 0-30 cm provides reduction in it general pore space and hence, an active zone of aeration. In
result on these variants of processing of ground there are more favorable conditions for preservation
and uses of the organic substance saved up by grasses.

Process of reduction of organic substance of ground under grain crops was observed on all variants
before created on emergency field of a crop rotation agrophytocenosis. However, the big safety humus
after crop-leguminous grass mixture should be considered as one of the best receptions providing
stability of biologization of agriculture in region.

Conclusion

Thus, adaptation of an agricultural production of the West Kazakhstan to display of some adverse
factors of the natural environment essentially can be increased due to correct application of all
receptions and methods stipulated by system of biological agriculture.

In view of deficiency of organic fertilizers and high cost mineral, the basic source of stabilization
of the humus contents in ground is straw of a crop and a source of its expanded reproduction - crops
of long-term grasses on the emergency field of crop rotation.

Crops of long-term grasses allow not only to suspend an exhaustion of soil fertility but also to
provide its expanded reproduction. The best variants on the emergency field of crop rotation are
leguminous and crop-leguminous agrophytocenosis.
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Comparing with classical plowing, the minimal and zero technologies of cultivation of long-term
grasses layer under grain crops considerably allows to prolong term of its productive use. Thus,
perennial grasses can not only stop the depletion of soil fertility but also to ensure the expansion of
its reproduction.
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E.X.Mennapi6aen ! , C.I'Uekanun 2 , I.C.Kaiicaranuesa 2 , K.M.AxmeneHoB 2

L Axmiobuncruti peeuonasvroud 2ocydapcmeennonti yrnusepcumem um K. 2Kybanosa, Axmobe, Kasaxcman
2 Banadro-Kasaxcmanckud 2ocydapemeennuiti ynusepcumem um. M. Ymemucosa, Yparocrk, Kasaxcmar

IIpuemsb! Guosiorn3anuu 04YBbI U UX 3P PEKTUBHOCTH

AnHoTaumsB CclIOKUBIIUXCA COLUATBHO-9KOHOMUYECKUX YCIOBHUAX OOIIEIPU3HAHHBIM IIPUEMOM IOBBIIICHUS IJIOAOPOIHS
[IOYBBI U YPOXKAWHOCTHU KYJIBTYP SIBJISIETCSI MEPEXOJI CUCTEMbBI 3eMJIeJIeJINsI Ha OMOJIOIMYECKYI0 OCHOBY, JJII 9ero HeoOXOIMMO
[IePECMOTPETH CYIIECTBYIOIIME HAIIPABJIEHUs M I'PAMOTHO OOOCHOBATH HOBOE HAIIPABJIEHHE B CHCTEME 3€MJIEJIEJINsI, OCHOBAHHOE
Ha MPHUHIUNAX [MIUPOKOTO MPUMEHEHUs] OPraHNYeCKUuX yAOOpPEHUil, CUIepaToB, CUMOMOTHYIECKON a30TOMUKCAIINN, MHOTIOJIETHUX
TpaB.

JlaBasi OIEHKY CYIIECTBYIOIIMM CPeJCTBAM OHOJIOTM3aIlUM, aBTOPBI CTATbU YKAa3bIBAIOT, YTO IJIABHBIM HAIIPABJIEHHEM B
PELIIEHNN BOIIPOCA IOBBIIIEHUS IJIOJOPO/IAS IOYBBI M OCHOBHBIM CPEJICTBOM B OMOJIOTH3ALMHN 3€MJIEENINs SBJISIOTCS ITOCEBBI
MHOTOJIETHUX TPAaB.

B coorBeTcTBHME C TpejiCTaBIEHHBIME MaTepHAJaMH B CTaTbe IIPEJCTAaBJIeHa JUHAMUKA COJIEPyKAHUsS CyMyca B IIOYBE IO
BO3/IEMICTBUEM DPa3JINYHBIX TEXHOJOIMYECKUX IIPUEMOB 0OpabOTKU U UCIOJb30BAHUS IJIACTa MHOTOJIETHUX TPAB.

CpaBHUTeEJIbHAS OINEHKA TPAIUIMOHHON, MUHUMAJbLHON W HYyJIEBOW TEXHOJIOTHI OOPabOTKHM NJIACTa TPaB II0f 3€PHOBLIE
KYJIBTYPBI ITOKa3aJja, YTO 3a YEThIPe roJa IMPUMEHEHUs €XKeroiHOo# Bernamky 3uadenne rymyca B 0-30 ¢M cj1oe MOoUBBI BEPHYJIOCH
K HCXOJHOMY YPOBHIO €ro COJEepXKaHHs IO IoceBa TpaB. llepexos Ha MUHHMAJBHYIO U HYJIEBYIO TEXHOJIOTMU OOPabOTKH
jIacTa TpaB M IOCJAEAYIONee UX IPUMEHEHHE I10J[ 3€PHOBbBIE KYJIbTYPhI ITO3BOJIMIN 3HAYUTEIbHO CHU3UTH HAJEHHE IyMyca B
[IPOIIECCe CEJIbCKOXO35MCTBEHHOIO IIPOU3BO/CTBa. Boitee miorHoe ciioxkenune 0-30 cM cJi0st TOYBbI 0becIieYnBaeT CHUYKEHNE 00111eit
ITIOPO3HOCTH, CJIEJOBATEILHO, M AKTUBHOI 30HBI aspanuu. B pesyipraTe 376€Ch CKIIAIBIBAIOTCS 0ojiee GIarONpUATHBIE YCIOBHS
JUIT COXPAHEHUsI U UCHOJIb30BaHUS KYJIbTYP.

KurouyeBbie cjioBa: M0OYBa, 3arpsi3HEHNe, OMOJIOru3arysi, arpodUTOIEHO3.

E.X.Mengasi6aes ! , C.I'Uekanuu 2 , I.C.Kaiicaranuepa 2 , K.M.AxmMmeeHoB

1 K. >Ky6anos amovmmdaes Axmebe oHipairx memaexemmir yrusepcumemi, Axmebe, Kasaxcman
2 M.Omemicos amuvindazv, Bamuvic-Kaszaxeman memaexemmir yrueepcumemi, Opan, Kaszaxcman

TonbIpakTbl OMOJJIOTN3aALMSJIAY TICIIAEepi »KoHe oJ1apAbIH, TUiMaiairi

AngparnaKasbeimracKan 991eyMeTTIK-9KOHOMUKAJIBIK, YKaF1ail/1a TONbIPAK, KYHAPJIBLIBIFBIH YKOHE JAKbLIIaPAbIH TYCIMILIIriH
apTTBIPYABIH >KaJjlbl >KYPT TaHbIFaH TOCLIi €riH IapyallblIbIFbIHBIH OHOJIONUSJIBIK, HEri3re aybICybl OOJIBII TaObLIaIbl, OJI
yIIH Kasipri 6ap Tociijepl KalTa KapacTbIPBII >K9HE OPraHUKAJBIK, ThIYaWTKBIIITaAPAbl, CHIEPATTAP/Ibl, CUMOUOTUKAJIBIK,
a30TOMUKCAIUAHBI, KOIKBIIBIK IIONTEP/l KEHIHEH KOJIIaHY KaFu1aTTapblHa HEri3/1e/INeH eriH MapyallblIbIFbIHBIH, YKyHecinmgeri
JKaHa OarbITTBI cayaTThl Herizzey Kaxker. Kazipri 6Guosorusanusiay KypaJsjiapblHa O0ara 6epe OTBIPBII, 9PKANCHICHIHA YKEKe
TOKTAl OTBIPBII, TOIBIPAKTHIH KYHAaPJIBUIBIFBIH apTTHIPY MICeJeCiH mrenrygeri 6acTbl OArblT »KOHE €riH IIapyalllblLIbIFbIHIAFbI
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OuosIoru3anysiIayIblH, Herisri KypaJibl OOJIbII KOIDKBUIJIBIK, IIeNTep/iiH erici ekeHi Makajaga KepceriireH.  YCbIHBLIFAH
MaTepuajIapra Coflkec MakKaJiajla KOIDKBUIIBIK IIONTEPAiH KabaTTapblH NaiijajaHy »KoHe OHJIEY/iH 9PTYPJi TEXHOJIOTUSIIBIK,
TOCJIIEPiHiH ocepiHeH TOMapbIKTHIH KYPaMbIHIAFbl I'YMYC MOJIIIEPiHiH JuHaAMUKaChl KopcerinreH. JloHai Jakpliiapra apHaIFaH
men KabaTTapblH OHJEY/IIH JI9CTYPJI, €H a3 YKOHE HOJIIIK TeXHOJIOTUSIJIAPBIH CaJbICThIPMAaJIbl 6AKAIAY YKbIJI CAUBIHFBI YKBIPTY/ I
KOJIJTAHYIBIH TOPT »KbUIbl imrisge TtonbipakTbly 0-30 cM KabaThIHAAFbl I'yMyC MeJINIEDiHiH InenTep eriiyiHe JgeiliH OHBIH
KYPaMbIHBIH 6acTalKbl JIeHreiline Kaiita opajranbia KepcerTi. [1len kabarTapblH ©HIEY/IiH €H a3 YKOoHE HOJIAIK TeXHOJIOTUSIChIHA
KOIIy »KoHEe OoJIapAbl KeiiHHeH MoHAl JakbplIgapra KOJIJAaHy aybll HIapyallbLIbIFBIHBIH OHJIpici ypaiciHae ryMycCTBIH a3alObIH
afiTapabiKTali TemMeHjeTyre MyMKiHIiK Gepgai. TombipakTbiy 0-30 ¢M THIFBI3 KabaThl KybICTBUIBIKTBIH TOMEHJEYiH, IeMeK,
a’dpalnusaHblH OesiceH Il allMarblH KaMTaMachl3 ereli. HoTrkecinge MyHIa JaKbUIIapAbl CakTay »KoHe Maiajany YIIH KOJIalibl
Kargailyiap KaJIblliTacaIbl.
Tyiinai cesaep: TombIpak, JacraHy, 6moJsiornsanus, arpoUTOnEeHO3.
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«JI.H. I'ymuineB arbingarsl Eypasust yaTTeiK, yHuBepcureriniy Xabapuibicbl. Xumus. 'eorpadmusi.
DKOoJIOTUsl CEePUsACHI» >KYPHAJBbIHA MaKaJja >Kapusijay epekeci

1. 2Kypnasn makcarbl. Xumus, reorpadus, SKOJIOIUs Cajaagapbl OOMBIHINA MYKUAT TEKCEPYIEH OTKEH FBLIBIMHI
KYHJIBLIBIFBI 6ap MakaJjajiap Kapusiiay.

2. ZKypuamaga makasia KapuUsIayIIbl aBTOD MAaKAaJaHBIH KOJ KOWBLIFAaH 1 JaHa Kara3 HYCKACHIH I 'bLIBIME
GacpuibiMap Gemimine (pemakuumsra, Mmekemxkaiibl: 010008, Kaszakcran Pecny6imkacoi, Hyp-Cysran, kamacor, K.
Cornaes kemeci, 2, JI.LH. 'ymuses arsianarsl Eypasust yarTeik yHuBepcureri, Bac rumapar, 402 kabuHer) »KoHe e-
mail vest chem@enu.kz snexrponasik nomrracsina Word, Tex, PDF dopmarrapsingarst HycKaaapbiH Kibepy KaxKeT.
Maxkasia MoTiHiHIH Kara3 HYCKAChl MEH 3JIEKTPOHIBI HYCKaJapbl 0ipzeit 6osrymapsr KaxkeT. Makasmamap Ka3ak, OpbIC,
aFBUIIIBIH TliAepinge kabblnnanansl. CoHBIMEH KaTap, aBTop(Jap) lecie XaT yCbIHYBI KEPEK.

3. ABTOpabIH KoJ>ka30aHbl penaknusira >kidbepyi makasmanbiy, JI.H. 'ymuaes arbinmarsl Eypasus
VIATTHIK, YHUBEPCUTETIHIH xabapiubiChbIHJa 0acyra KeJriciMin, mIeres TijliHe ayJapblLiblll KalTa
OacburybIHa Kedicimin Oinaipeni. ABTop MakaJsiaHbI pefakIUsiFa >kibepy apKbLIbl aBTOP TYPaJbl
MOJIiIMeTTiH, AYypBICTHIFBIHA, Makajia KeulipisMereHziride (maruaTTbiH >KOKTBIFbIHA) >KoHe Oacka Ja
3aHCHI3 KeIIipMeJiep/iH >KOKThIFbIHA Kemijigeme oepesi.

4. Maxasuasabis kesteMi 18 Gerren acnayra tuic (6 6erren Gacrarn).

5. MaxkajiaHbIH, KYPbLJIBIMBI

FTAMPK http://grnti.ru/

Aemop(aap)doiy amuoi-otconi

Mexemenir, moasl, amayst, KaAACH, Memaeremi (erep aBTOPJAD OPTYPJi MEKEMeIEe YKYMBIC *KaCaWThIH
6oJica, OH/Ia Op aBTODP MEH OHBIH YKYMBIC MeKeMecl KachlHa Oipzeil 6esri KONbIILy Kepek)

Aemop(aap)dvr, E-mail-vi

Maxanaa amayst

Annomayus (100-200 ces; dopmyrachi3, MaKaJaHbIH arayblH MeijiHIle KafTasaMmaybl KaxkeT; oaebuerrepre
cinremesiep 60Maybl Ka2KeT; MaKAJIAHBIH KYPBLUIBICHIH (Kipiche /MaKaJaHbIH MaKCAThl,/ MIHAETTEPl /KapaCThIPLLILIIT
OTBIPFAH CYPAKTBLIH TAPUXbI, 3€PTTEY SICTEPl, HOTHUZKEJED,/TaJKbLIAY, KOPBITHIHIbI) CAKTAH OTBHIPBIN, MAKAJAHBIH
KBICKAIIA Ma3MYHBI 6epinyl Kaxer).

Tyiin ceadep (6-8 ce3 me cos ripkeci. Tyilin ce3mep Makaga Ma3MYHBIH KOPCETIN, MEHJIHIIE MaKaJIa ATaybl
MEeH aHHOTAIMJIAFBI CO3JEPAl KaiTasiaMmail, Makajia Ma3MYHBIHIAFBI CO37epii KosaHy Kaxker. COHBIMEH Karap,
aKIapaTThIK-13/IeCTipy Kyiiesiepinie MaKaJIaHbl YKeHiJT TadyFa MyMKIH/IIK OepeTiH FBIIBIM CaJIaJIapbIHBIH TEPMUHIEPIH
KOJJIAHY KAXKET).

Hezizei momin MakaJaHblH MAKCATbI/ MIiHZETTEPI/ KAPACTHIPBUILII OTBIPFAH CYPAKTBIH TAPUXbI, 3ePTTEY
9JIicTepl, HOTHXKEIEP / TAJIKBLIAY, KOPBITBIHIbI OOTIMIEPIH KAMTYBI KArXKeT.

Tabauua, cypemmep — aTaJFaHHAH KeiH OPHAIACTBIPBLIAIbBI. Op Tab/INIa, CyPeT KACBIHIA OHBIH, ATAJIYbI OOJTY b
kaxker. Cyper aliKblH, CKAHEDJEH OTIereH OoJIybl Kepek.

Maxkasiagarsl gopmyaaaap TEK MOTIHIE ojapra ciireme Gepijice FaHAa HOMEDJIEHET].

Kanner kosnmanbicra 6ap abbpesuamypaaap MeH KbicKapmyaapdar OacKajgapbl MIHIETTI Typ/e aJjFarl
KOJIJIAHFaH 18 TYCIHIAIpityl Gepinyi Kaxer. Kapotcviaal kemex mypaasve aknapar OipiHiii 6erre Kepcerise/i.

Odebuemmep mizimi

Mboringe omibumerTepre ciaremesep TIKXKAKIIAFa aJIbIHAIHI. Mboringeri omebuerTep TisiMiHe CclaTemMesepIiH,
HOMepJIeHyl MOTIHAE KOJJIAHBULYBbIHA KATBICTHI KYpPrisluife: MoTiHze Ke3zeckeH oaebuerke asraimksl cinreme [1]
apKbLIBL, eKiHml cinreme [2] apkpuibl T.c.c. xyprisineni. Kiranka »KacajaTblH cliremenep/ie KOJJAaHbLIFAH GeTTrepl
e kepcerimyl kepek (mbicambr, [1, 45 Ger]). 2Kapusnambaram enbekrepre cirremenep kacammaiiapl. CoHbIMEH
KaTap, PEIEeH3UsAIaH OTIHeNTIH 6achlIbIMIApFa 1a cliremesiep KacaaMmaiiael (agebuerrep Tizimin, oxebuerTep TiziMiHig
arpIIIIBIHIIA 93IpJiey YJIrijIepiH ToMeH 1eri MakaJaHbl POCciMey YIIriCIHEH KapaHbI3).

Maxkasia COHBIHIAFBI 9/1€0MeTTEp Ti3iMiHEH KeiiH O6UbAU02PAPUAABIK, MIATMEMMED OPBIC XKOHE AFBLIIIBIH
Timinage (erep Makasa Kasak TLIIHZIE YKa3bLICA), KA3aK, 2KOHE aFbUIIIBIH TiMiHe (erep MakaJa OpbIC TIMH/E Ka3blIca),
OpBIC KOHE Ka3ak, TiliHje (erep MakaJa aFbUIIIBIH TUIiHIe XKa3bulFaH 6osica) Gepiresi.

Asmopaap mypaavl MaatMeM: aABTOPILIH aThI-?KOHI, FHIJIBIMUA ATAFbI, KBI3METI, 2KYMBIC OPHbBI, 2KYMBIC OPHBIHBIH,
MeKeH-Kalbl, TeesidoH, e-mail — Ka3ak, OpbIC YKOHE AFbLIIIBIH TiIEPiH/IE TOITHIPHLIA b

6. Koimkaszba MYKUAT TeKceplireH 0OJybl KaykeT. TeXHHKAJIBIK TajlallTapra cail KeJIMereH Kospkasbasap Kaira
eHJIeyTe KaliTapbutaabl. KomkaszbaHblH KaiTapbLIYybl OHBIH YKypHAJIAA 6aChUTYbIHA XKibepiiryin 6Limipmeiti.

7. Penakuumsara TyckeH MakaJsa »KaOblK (aHOHHMII) Tekcepyre »kibepimezi. Bapiblk penensusiap aBTOpJIapra
kibepineni. ABTOp (peleH3eHT MaKaJIaHbI Ty3eTyre YCHIHBIC OepreH Karjaiifa) yII KYH apaJbIFbIHIa KafiTa Kapail,
KOJ2Ka30aHbIH TY3€TiJITeH HYCKACHIH PeJaKInsara KaiTa xkibepyl kepek. PereHseHT KapaMChI3 /el TAHBIFAH MaKaja
KafiTapa KapacThIpbLIMaipl. MakKajaHbIH TYy3€TiINeH HYCKAChl MEH aBTODABIH DPeIeH3eHTKe Kayabbl PeIaKIUsIFa
Kibepisrei.
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8. Tesnemaxkpl. BacbiabiMra pyKcaT eTireH Makajaa aBTOPJAPBIHA TOJIEM JKacay TypaJbl eckepTimemni. Temem
keseMi 4500 Tenre — EYY kbi3merkepJiepi yiria xkone 5500 TeHre 6acka yibIM KbI3METKEPJIEPIHE.

PexBusursr:

1)PT'II IIXB "Espasuiickuii nHanuonanbuslii yausepcurer umenu JI.H. I'ymumresa MOH PK

AO "Bank HenrpKpemur"

BUK 6anka: KCJBKZKX

NUNK: KZ978562203105747338

Ko6e 16

Kmn 859- 3a crarbio

2)PI'II I1XB "Espagwuiickuii Harmonaabubiii yansepcuter uvenn JI.H. Tymmnesa MOH PK AO "Bank RBK"
Buxk 6anka: KINCKZKA

NUK: KZ7498210439858161073

Kb6e 16

Kmu 859 - 3a cratbio

3)PI'II IIXB "Espaswuiickuii HanmoHaabHblil yausepcurer uMenn JIL.H. I'ymunesa MOH PK AO "ForteBank"
BUK Banka: IRTYKZKA

NNK: KZ599650000040502847

Ko6e 16

Kmn 859 - 3a crarbio

4)PTTI I[IXB "Espasuiickuii narmonanbueiii yausepcurer nmenn JI.H. Tymmiesa MOH PK AO "Hapoamsnii Bank
Kaszaxcran"

BUK Banka: HSBKKZKX

NNK: KZ946010111000382181

Ko6e 16

Kum 859.

"3a nmybuukanuio B Becrunke EHY @O asropa"

Provision on articles submitted to the journal "Bulletin of L.N. Gumilyov Eurasian National
University. Chemistry. Geography. Ecology Series"

1. Purpose of the journal. Publication of carefully selected original scientific works in the fields of chemistry,
geography, ecology.

2. An author who wishes to publish an article in a journal must submit the article in hard copy (printed version)
in one copy, signed by the author to the scientific publication office (at the address: 010008, Republic of Kazakhstan,
Nur-Sultan, Satpayev St., 2. L.N. Gumilyov Eurasian National University, Main Building, room 408) and by e-mail
vest _chem@enu.kz in Word, PDF and Tex format. At the same time, the correspondence between Tex-version, Word-
version, PDF-version and the hard copy must be strictly maintained. And you also need to provide the cover letter
of the author(s).

Language of publications: Kazakh, Russian, English.

3. Submission of articles to the scientific publication office means the authors’ consent to the right
of the Publisher, L.N. Gumilyov Eurasian National University, to publish articles in the journal and
the re-publication of it in any foreign language. Submitting the text of the work for publication in the
journal, the author guarantees the correctness of all information about himself, the lack of plagiarism
and other forms of improper borrowing in the article, the proper formulation of all borrowings of text,
tables, diagrams, illustrations.

4. The volume of the article should not exceed 18 pages (from 6 pages).

5. Structure of the article

GRNTI http://grnti.ru/

Initials and Surname of the author (s)

Full name of the organization, city, country (if the authors work in different organizations, you need to put
the same icon next to the name of the author and the corresponding organization)

Author’s e-mail (s)

Article title

Abstract (100-200 words, it should not contain a formula, the article title should not repeat in the content, it
should not contain bibliographic references, it should reflect the summary of the article, preserving the structure of
the article - introduction/ problem statement /goals/ history, research methods, results /discussion, conclusion).

Keywords (6-8 words/word combination. Keywords should reflect the main content of the article, use terms from
the article, as well as terms that define the subject area and include other important concepts that make it easier and
more convenient to find the article using the information retrieval system).

The main text of the article should contain an introduction/ problem statement/ goals/ history, research
methods, results / discussion, conclusion. Tables, figures should be placed after the mention. Each illustration should
be followed by an inscription. Figures should be clear, clean, not scanned.

In the article, only those formulas are numbered, to which the text has references.
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All abbreviations, with the exception of those known to be generally known, must be deciphered when first used
in the text.

Information on the financial support of the article is indicated on the first page in the form of a footnote.

References

In the text references are indicated in square brackets. References should be numbered strictly in the order of the
mention in the text. The first reference in the text to the literature should have the number [1], the second - [2], etc.
The reference to the book in the main text of the article should be accompanied by an indication of the pages used
(for example, [1, 45 p.]). References to unpublished works are not allowed. Unreasonable references to unreviewed
publications (examples of the description of the list of literature, descriptions of the list of literature in English, see
below in the sample of article design).

At the end of the article, after the list of references, it is necessary to indicate bibliographic data in Russian and
English (if the article is in Kazakh), in Kazakh and English (if the article is in Russian) and in Russian and Kazakh
languages (if the article is English language).

Information about authors: surname, name, patronymic, scientific degree, position, place of work, full work
address, telephone, e-mail - in Kazakh, Russian and English.

6. The article must be carefully verified. Articles that do not meet technical requirements will be returned for
revision. Returning for revision does not mean that the article has been accepted for publication.

7. Work with electronic proofreading. Articles received by the Department of Scientific Publications (editorial
office) are sent to anonymous review. All reviews of the article are sent to the author. The authors must send the
proof of the article within three days. Articles that receive a negative review for a second review are not accepted.
Corrected versions of articles and the author’s response to the reviewer are sent to the editorial office. Articles that
have positive reviews are submitted to the editorial boards of the journal for discussion and approval for publication.

Periodicity of the journal: 4 times a year.

8. Payment. Authors who have received a positive conclusion for publication should make payment on the
following requisites (for ENU employees - 4,500 tenge, for outside organizations - 5,500 tenge):

PexBusuror:

1(PT'II IIXB "Espasniickuii nHannonanbublii yausepcurer umenn JI.H. I'ymuresa MOH PK

AO "Bbauk lHeatpKpemut"

BUK 6anka: KCJIBKZKX

NUK: KZ978562203105747338

Ko6e 16

Kou 859- 3a crarsio

2)PI'II IIXB "Espaswuiickuil HanuonaabHelit yausepcuter umenn JIL.H. I'ymunesa MOH PK AO "Bank RBK"
Buxk 6anka: KINCKZKA

NUK: KZ498210439858161073

Ko6e 16

Kmn 859 - 3a crarsio

3)PI'II IIXB "Espaswuiicknit nanuonaabublit yausepcurer umenu JIL.H. T'ymunesa MOH PK AO "ForteBank"
BUK Banka: IRTYKZKA

NUK: KZ599650000040502847

Ko6e 16

Kmnu 859 - 3a craTbio

4)PI'TI IIXB "Espaswuiickmit nanuonaabubiii yausepcuter nmenn JI.H. Tymmnesa MOH PK AO "Hapoamwiit Bank
Kaszaxcran"

BUK Banka: HSBKKZKX

NUK: KZ946010111000382181

Ko6e 16

Kum 859.

"3a mybsukarnuio B Bectuuke EHY ®MO asropa"
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ITosio>keHMe 0 PyKOMUCSIX, IPECTaBIISIEMbIX B >XKypHasl «BecrHuk EBpa3smiickoro HanmoHaJIbHOrO
yauBepcurtera umenu JI.H.I'ymuneBa. Cepusi: Xumusi. T'eorpadusi. dkosorusi»

1. Iesn xxypHasia. [lyGaukanus TIaTe /bHO OTOOPAHHBIX OPUTMHAJIBHBIX HAYYHBIX paboT IT B 06JIACTH XUMUH,
reorpaduu, SKOJIOTUN.

2. Asropy, kenarorieMy oy6JIMKOBaTh CTATHIO B YKypHAJIe HEOOXOAMMO IIPEJICTABUTH PYKOIMCh B TBEPJIOH Kouu
(pacreuaraHHOM BapuaHTe) B OJHOM 3K3€MILIsIpEe, NOAIMCAHHOM aBropoM B OTiesr HaydHbIX m3jaHuil (IO aapecy:
010008, Kaszaxcran, r.Hyp-Cymnran, yn. Carnaesa, 2, Espasuiickuit Hanmonaabubiit yausepcurer uM. JI.H.['ymuresa,
Y4ebHo-aAMUHUCTPATUBHBIH Kopiryc, Kab. 408) u mo e-mail wvest chem@enu.kz B dpopmare Tex, PDF u Word. Ilpu
9TOM JOJI?)KHO OBITH CTPOI'O BBIAEP’KAHO COOTBETCTBHE MexkIy Tex-daitiom, Word-daitiom, PDF-daitiom u tBeproit
kormeit. Takzke aBropy(am) HEOOGXOAMMO IIPEIOCTABATH COMPOBOAUTEIBHOE MICHMO.

Asbik mybaukanmii: Kazaxckuil, pycckuii, aHTJIMACKAIA.

3. OrmnpasJjieHue cTaTeil B peJaKIUIo O3HAYaET corjlacue aBTOpoB Ha npaso M3narensi, EBpa3suiickoro
HanuoHaJibHOro yHmBepcurera umenu JI.H. I'ymuneBa, nsgaHus crareii B >KypHajie U Iepen3JaHUS
X Ha JIO00M HMHOCTpPaHHOM s3bike. IIperncraBisisi TekcT paboTbl i myOJuKanmuu B >KypHaJe,
aBTOpP rapaHTHUPYeET MNPaBUJIbLHOCTh BCeX CBeAeHUil o cebe, OTCyTCTBHE ILIaruarta u JApyrux ¢opm
HeIPaBOMEPHOr'o 3aMMCTBOBAHUS B PYKOIIUCH, HaJJjiexkallee opopMieHre BCeX 3auMCTBOBAHUI TEKCTA,
TabJIniy, CXeM, UIJIIOCTPALUA.

4. OGbeM cTaTbu He JOJ/KeH HpeBbInaTh 18 crpanur (0T 6 cTpaHun).

5. CxeMa HOCTPOEHUsI CTATbU

I'PHTH http://grnti.ru/

Mruyuaasve v Pamuauro aemopa(os)

INoaroe naumenosaHue opzanusayuu, 20pod, cmparna (ecau aBTOPbl PAGOTAIOT B PA3HBIX OPraHU3AIMIX,
HEOOXO/IMIMO IIOCTABUTD OJMHAKOBLIH 3HAYOK OKOJIO (DaMUJIMKM aBTOPA U COOTBETCTBYIOIIEH OPraHM3aIyn)

E-mail asropa(oB)

Haszsanue cmamvu

Annomayus (100-200 csoB; He HOJKHA cofepkKarb (DOPMyJbI, IOBTOPATH IO COAEPIKAHUIO HA3BaHUE
craTby; HE JOJDKHA COAEpXKaTh OubiamorpadudecKue CCBLIKH; JIOJKHA OTPaykaTb KPATKOE COJEpXKaHHe CTaTbH,
COXpaHss CTPYKTYpPy CTaTbu — BBeJEHWE/ TMOCTAHOBKA 3a7[auu/ 1eju/ WCTOPHs, METOABl HCCJIEIOBAHUS,
pe3ysIbTaThl/00CY 2K AeHU, 3aKIIOYeHNEe/ BBIBOIDI).

Karoueesvie caosa (6-8 cnos/cioBocouerannit. Kirouesble c10Ba JOMKHBI OTpakaTh OCHOBHOE COJIEPIKAHUE
CTaTbU, WCIOJIL30BATh TEPMHUHBI U3 TEKCTa CTaTbHU, & TAKXKE TEPMUHBI, OIPEJEJIAIONNe IPeJAMEeTHYI0 00JacTh U
BKJIIOYAIOIINE JPYTe BaXKHbIE [MOHATHS, [TO3BOJISIONIE OOJErYUTh U PACIIMPUTH BO3MOYKHOCTH HAXOXKJEHUS CTATbU
cpeacTBaMu WHGPOPMAIMOHHO-TIOUCKOBOI CHCTEMBI ).

OcHosHoli. mekcm cmamovbu J0KEH CONEPXKATh BBEJEHHE, TOCTAHOBKY 33J@4r/ 1€,/ UCTOPUIO, METOIbL
HCCJIEIOBAHUS, PE3Y/IbTATHI/00CYKICHIe, 3aK/IIOYUEHNE / BBIBOIBL.

Tabauusbl, pucyrKu HEOOXOIWMO PACIOJIATATH MOCse yrmoMuHaHus. KakI0i WIocTpany J0IKHA CIIeTOBATH
HaJIIUCh. PUCYHKU JIO/KHBI OBITH Y€TKUMH, YUCTHIMU, HECKAHUPOBAHHBIMU.

B crarbe Hy™mepytorcs sunib Te pOpMYabL, HA KOTOPBIE IO TEKCTY €CTh CCHLIKU.

Bce abbpesuamypst u coxpaweHus, 3a WCKIIOYEHHWEM 3aBEeJOMO OOIIEM3BECTHBIX, JIOJIKHBI OBITH
pacmudpoBaHbl IPU IIEPBOM yIIOTPEOJIEHUU B TEKCTE.

Csenienusi o purarcosol noddepoicke paboThl YKA3bIBAIOTCS Ha IMEPBOIl CTPaHUIE B BUIE CHOCKHU.

Cnucokx aumepamyput

B Tekcre ccbuiku 0603HAYAIOTCS B KBaJIPATHBIX CKOOKax. CCbUIKM JIOJKHBI OBITH IIPOHYMEDPOBAHBI CTPOrO IO
HOPsIIKY yHOMUHaHUsSL B Tekcre. IlepBasi CChUIKA B TeKCTe Ha JIMTepaTypy JOJKHA MMeTb HoMmep (1], Bropas - [2] u
T.71. CchblIKa HA KHUTY B OCHOBHOM TEKCTE CTATBU JOJI?KHA COMPOBOXKIATHLCS YKA3aHUEM WCIOJb30BAHHBIX CTPAHMIT
(mampumep, [1, 45 crp.]). Ccbuikn Ha HeonyGJUKOBAHHBIE PAGOTBHI HE JONMYCKAIOTCs. HerKeaaTesbHbl CChUIKU Ha
HepeleH3upyeMble n3/aHust (IIPIMephl OIMCAHUSI CLIMCKA JIUTEPATYPBI, OIUCAHUS CIMCKA JIMTEPATYPbI HA AHIVIAICKOM
SI3BIKE CM. HIDKE B 00pasne obOPMIICHUST CTATHH).

B koH1E craThu, mocie CIUCKa JIUTEPATyPbl, HEOOXOAUMO yKa3aTh bubauozpagpuueckue 0aHHbLE HA PYyCCKOM
U AHIVIMHACKOM sI3bIKaX (ecyu cTarbs ogopMIIeHa HA Ka3aXCKOM sI3bIKe), Ha Ka3aXCKOM M aHIVIMICKOM s3bIKax (ecim
cTaTba 0pOPMIIEHA HA PYCCKOM fA3BIKE) M HA PYCCKOM M Ka3aXCKOM A3BIKaxX (eCm cTaTbs 0pOpPMIICHA HA AHTJIMACKOM
SI3BIKE).

Csederus 06 aemopax: daMuians, UMsi, OTYECTBO, HAy4IHAsI CTENEHb, JOJXKHOCTh, MECTO pabOTHI, MMOJTHBIA
cITyKeOHBII ajpec, TeqedoH, e-mail — Ha Ka3aXCKOM, PYCCKOM M AHTJIMICKOM SI3BIKAX.

6. Pykonmcy mosmkHa OBITH TIHIATEJNBHO BbIBEpPEHA. Pykomnmcu, He cooTBeTCTByOIINE TEXHUYECKUM
TpeboBaHUsIM, Oy/IlyT BO3BpallleHbl HA H0paboTKy. BosppalneHnue Ha H0pabOTKy He O3HAYAET, YTO PYKOIUCH MPUHSITA
K OITyOJINKOBaHUIO.

7. PaboTa c 3jIeKTpOHHOI KoppekTypoil. Crarbu, nocrynusmme B OTiaes HaydHBIX M3ZaHUi (perakims),
OTIIPABJISIIOTCS] HA AHOHMMHOE PeIleH3MpOBaHue. DBce pereHs3uu M0 CTaTbe OTIPABJSIOTCS aBTOpy. ABTOpaM B
TeUYeHne TpeX JHel HeoOXOAUMO OTIPABUTH KOPPEKTYpPy crarbu. CTaTbu, MOJYyUMBIIME OTPUIATEILHYIO PEIEH3UIO
K HOBTOPHOMY PACCMOTPEHHIO HE MPUHUMAIOTCdA. VIcIpaBjieHHbIE BAPDUAHTBI CTATEl U OTBET aBTOPA DPEIEeH3EHTY
MPUCHLIAIOTCS B pemakinioo. CTaTbu, UMEOIINE TOJOKUTEIbHBIE PEIEH3UH, TPEJICTABIISIIOTCS PEIKOJIIETHH XKYPHAJIA
1151 OOCY?KICHUS U YTBEPXKICHUST JIJIsl Iy OJIMKAIAN.
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Tbsv encoded capcid protein p41 triggers resistance in solanum lycopersicum

Abstract: Efficient infection of Nicotiana benthamiana plants with wild type Tomato bushy
stunt virus (TBSV) is influenced by expression of protein P19, which is a potent RNAi suppressor.
The capsid protein (CP) P41 is required for virion formation and facilitates long distance movement
of the virus. Along with RNAi suppression, P19 protein is involved in the development of severe
disease symptoms in N. benthamiana and elicitation of Hypersensitive Response (HR) in tobacco.
Our results show that wild type TBSV infection of Solanum lycopersicum (cv. Money maker) triggers
resistance to the virus. Despite detectable accumulation levels of P19 protein in leaf and root tissues,
the infection was not accompanied with obvious disease symptoms. Contrastingly, inoculation with
TBSV mutant, lacking capsid protein P41 demonstrated susceptibility to TBSV. Moreover, Chl-FI
analysis of plants infected with virus exhibited significant changes in metabolism. Our data suggests
that in response to CP expression tomato plants have evolved defense mechanisms to resist viral
infection.

Key words: Tomato bushy stunt virus, capsid protein, virions, resistance, Solanum lycopersicum.

TEXT OF THE ARTICLE

- The main text of the article should be divided into clearly defined and numbered sections
(subsections). Subsections must be numbered 1.1, 1.2, etc. Required sections of the article:

1.Introduction should supply the rational of the investigation and its relation to other works in
the same scope.

2. Materials and methods should be detailed to enable the experiments to be repeated. Do
not include extensive details, unless they present a substantially new modification.

3. Results section may be organized into subheadings. In this section, describe only the results
of the experiments. Reserve extensive interpretation for the Discussion section. Avoid combining
Results and Discussion sections.

4. Discussion should provide an interpretation of the results in relation to previously published
works.

5. Conclusion The main conclusions of the study can be presented in a short section "Conclu-
sions".

6.Author contributions should indicate the individual contribution of authors to the manu-
script.

7.Acknowledgments should be brief and should precede the References.

8.Funding the source of any financial support received for the work being published must be
indicated.

Ethics approval Manuscripts reporting animals and /or human studies must that relevant Ethics
Committee or Institutional Review Board include provided or waived approval.

Tables

Tables must be placed next to the relevant text in the article. Number tables consecutively in
accordance with their appearance in the text and place any table notes above the table body.
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be clear, clean, not scanned (PS, PDF, TIFF, GIF, JPEG, BMP, PCX).

1

Pucynok 1 — Title of figure

References

1 Alazem M., Lin N. Roles of plant hormones in the regulation of host-virus interactions // Mol Plant Pathol. - 2015.
- V. 16, Ne 5. - P. 529-40. doi: ... (if available) - Journal article

2 Abimuldina ST, Sydykova GE, Orazbaeva LA Functioning and development of the infrastructure of sugar production
// Innovation in the agricultural sector of Kazakhstan: Mater. Intern. Conf., Vienna, Austria, 2009. - Almaty, 2010.
- P. 10-13 - Proceedings of the conferences

3 Kurmukov A.A. Angioprotective and lipid-lowering activity of leukomycin. - Almaty: Bastau, 2007. - S. 3-5 -
newspaper articles

4 Sokolovsky D.V. The theory of synthesis of self-aligning cam mechanisms of drives [Elektron.resurs|. - 2006. - URL:
http://bookchamber.kz/stst-2006.htm (reference date: 12.03.2009) - Internet sources

5 Petushkova G.I. Costume Design: Textbook. for universities / G.I. Petushkova. - Moscow: Academy, 2004. - 416 p.
- the book

6 Kycamnosa A.A., Bynrakosa O.B., Bepcumbaes P.J1. Poias miR125b B narorenese paxa serkoro // Ilpukiaanbie
naOPMAIMOHHBIE acleKThl Meguiuabl. - 2017. -T. 20. - Ne4. -C. 86-92. - Journal article

I.C. MykusinoBa !, A.2K. Ak6acosa ', M.X. ITozo?, P.T. Omapos !

U JLH. Tymunes amuvindazo, Eypasus yammo yrueepcumemi, Hyp-Cyaman, Kazaxcman
2 Hcnanusanvs yammows sepmmey unemumymot, 1'panada, Hcenanus

Solanum lycopersicum ecimzairinge pe3ucTeHTTiNIIK »kayanTbiH tomato bushy stunt
virus (tbsv) BupyceiabiH p4l KancuAaTiK akybI3bIMEH GesiceHaipinyi

Annoramust.  Tomato bushy stunt virus (TBSV) supyceiven kogramarsin P19 akybisst
PHK wunaTepdepennusauniy, KyaTThl CyHIpeccopbl O0JbIn TabbLaaabl koHe Nicotiana benthami-
ana eCiMIIKTepiHiH BUpPYCIEeH KYKTBIPBLIYBIHIA MaHBI3IbI peJl aTKapaibl. P19 akybI3bIHBIH
9KCIIPECCUSICHI BUPYCIIEH 3aKbIMJIaHybl aflkblH Kepinic Oepemi i€, ©CIMIIKTIH TOJBIK, KOJIJIAIICHIHA
okesrin coKThipasbl. CoHbIMEH Karap cympeccopdiblk P19 akybiser Nicotiana tabacum ecimiriame
TUTIEPCe3iMTANIBIK, PEAKITUICHIH Oesicenaipyre xKkayanTtol. Bupycroin P41 kancuaTik akyb3bl BUPUOH
KYPBLIBIMBIH KAJIBIITACTBIPBII, OCIMIIK OOMBIMEH TapaJiayblH KAMTaMAChI3 eTeli. AJIBIHFaH 3epTTey
wormkesiepi TBSV Bupycbinbiy xabaiibl Tuninig nadeknuscer Solanum lycopersicum (Money maker
cypbIObl) KbI3aHAK OCIMJIriH/E BUPYCKA KAPChl TO3IMILIK KayaOblH TYJLIPATHIHBIH AHBIKTAIBI.
OCIMIIKTIH TaMbIp »KOHE >KAIBIpaK, yJrnackiHga P19 akybI3bIHBIH KUHAKTAJIYBIHA KapaMaCcTaH
BUPYCIIEH 3aKbIMJIAJIYIbIH, CBHIPTKbI Kepiici Hamap Oaiikaygbl.  Agaiiga, Chlorophyll Fluores-
cence Imaging system (Chl-FI) capanramackl BUpyciieH 3akbIMJIaFal ©CIMIIKTEP/IE YKacy Iainmiiik
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MeTabOIIM3MIHIH ©3repyiH aHBIKTaAbl. AJI BUPYCTBIH KAICHJITIK aKybI3bl 9KCIPECCUTIAHOANTHIH
MyTaHTIIEH UH(MEKIUS TYAbIPFaHIa, KbI3aHAK OCIM/IIKTEpl KOFApbhl Ce3IMTaJIIbIK, KOPCETil, Kyhemik
HEKPO3Fa YIIbIPa/Ibl. 3epTTey HoTHKeIepi KbizanakTblH Money maker cypeiobiaia TBSV Bupycoina
KapChl KOPFAHBIC MEXaHU3M/IEP] BUPYCTHIK, KAIICUATIK aKybl3 P41-7i Tamy apKbLIbl OeIceHIipiieTiHin
KopceTe/i.

Tyitia ce3aep: Tomato bushy stunt virus (TBSV), Bupyc, kamncuarik akysr3, BUpuoH, Solanum
lycopersicum, pesucrentrinik, PHK-untepdepentus.

I.C. Mykusinosa ', A.2K. Ak6acosa ', M.X. ITozo?, P.T. Omapos !

! Bepasuticxuti navuonarvroiti yrusepcumem umerw JI H. Dymunesa
2 Henanckuti mayuonaionsi ucciedosamenvexuti yenwmp, I'panada, Uenanus

Kanicuguasriii 6e1ok p41 Bupyca tomato bushy stunt virus (tbsv) akrTuBupyer
PE3UCTEHTHOCTh Y pacTeHwuii Buja solanum lycopersicum

Awnnoranms. Kosgupyewmsiit Bupycom Tomato bushy stunt virus (TBSV), 6enok P19 siBisiercs
MotabiM cytipeccopom PHK waTepdepeniiny u urpaer BaXKHYIO POJib P UHMEKITUH PACTEHUIT
Nicotiana benthamiana, Koropasi xapakTepusyercsi SpKO BBIPAYKEHHBIMU CHMITOMAME 3200/ I€BaAHUS
U CHCTeMHBIM KoJutanicoM. Kpowme Toro, 6emok P19 siBisiercss /ucuTOpOM THIIEPYYBCTBUTEIHLHOTO
orBeta y Nicotiana tabacum. Kamcugasriit 6esiok Bupyca P41 ¢popmupyer BUPHOHBI U CIIOCOOCTBYET
pasBUTHIO cucTeMHOI uHpeknuu. llosydeHHble HaMU JaHHBIE [TOKA3AJU, 9TO TPU HUHQMEKITUH
nukuM tuiom TBSV y pacrennit Buga Solanum lycopersicum (copr Money maker) akruBupyercst
pe3ucTeHTHBIN oTBeT. HecMmoTpsi HA CHCTEMHYIO aKKyMyJsiuio Oefika cymnpeccopa P19 B smmcrbsix
U KODHSIX, Y PACTEHHIl He IPOSBJISIOTCS BUJIUMBIE CUMIITOMbBI 3abosieBanus. OJHAKO aHAIU3
Chlorophyll Fluorescence Imaging system (Chl-FI) mokasas, 4uro B wHHUINPOBAHHBIX BHPYCOM
PACTEHUSIX TTPOUCXOIAT SHATUTEIbHbIE U3MEeHeHnsT MeTabom3Ma. Bostee Toro, mHbEKINsT pacTeHmi
myrantoMm TBSV mno kancugaomy OejKy HNPUBOJIUT K CHCTEMHOMY HEKPO3y TI'ubesin pacTeHWUil.
[Tonyuernbre JaHHbIE YKA3BIBAIOT HA TO, YTO ¥ TOMATOB BHIPAOOTAHBI 3AIMUTHBIE MEXAHU3MBI B OTBET
Ha KCIIpeccrio Karcuaaoro 6eiaka P41 supyca TBSV.

KumroueBbie cioBa: Tomato bushy stunt virus (TBSV), kancuausiit 6esok, Bupnon, Solanum
lycopersicum, pesucrenrnoctsb, PHK-unTepdepentms.
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KOJ2Ka30aHbIH TY3€TiJITeH HYCKACHIH PeJaKInsara KaiTa xkibepyl kepek. PereHseHT KapaMChI3 /el TAHBIFAH MaKaja
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Kibepisrei.
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ITosio>keHMe 0 PyKOMUCSIX, IPECTaBIISIEMbIX B >XKypHasl «BecrHuk EBpa3smiickoro HanmoHaJIbHOrO
yauBepcurtera umenu JI.H.I'ymuneBa. Cepusi: Xumusi. T'eorpadusi. dkosorusi»

1. Iesn xxypHasia. [lyGaukanus TIaTe /bHO OTOOPAHHBIX OPUTMHAJIBHBIX HAYYHBIX paboT IT B 06JIACTH XUMUH,
reorpaduu, SKOJIOTUN.

2. Asropy, kenarorieMy oy6JIMKOBaTh CTATHIO B YKypHAJIe HEOOXOAMMO IIPEJICTABUTH PYKOIMCh B TBEPJIOH Kouu
(pacreuaraHHOM BapuaHTe) B OJHOM 3K3€MILIsIpEe, NOAIMCAHHOM aBropoM B OTiesr HaydHbIX m3jaHuil (IO aapecy:
010008, Kaszaxcran, r.Hyp-Cymnran, yn. Carnaesa, 2, Espasuiickuit Hanmonaabubiit yausepcurer uM. JI.H.['ymuresa,
Y4ebHo-aAMUHUCTPATUBHBIH Kopiryc, Kab. 408) u mo e-mail wvest chem@enu.kz B dpopmare Tex, PDF u Word. Ilpu
9TOM JOJI?)KHO OBITH CTPOI'O BBIAEP’KAHO COOTBETCTBHE MexkIy Tex-daitiom, Word-daitiom, PDF-daitiom u tBeproit
kormeit. Takzke aBropy(am) HEOOGXOAMMO IIPEIOCTABATH COMPOBOAUTEIBHOE MICHMO.

Asbik mybaukanmii: Kazaxckuil, pycckuii, aHTJIMACKAIA.

3. OrmnpasJjieHue cTaTeil B peJaKIUIo O3HAYaET corjlacue aBTOpoB Ha npaso M3narensi, EBpa3suiickoro
HanuoHaJibHOro yHmBepcurera umenu JI.H. I'ymuneBa, nsgaHus crareii B >KypHajie U Iepen3JaHUS
X Ha JIO00M HMHOCTpPaHHOM s3bike. IIperncraBisisi TekcT paboTbl i myOJuKanmuu B >KypHaJe,
aBTOpP rapaHTHUPYeET MNPaBUJIbLHOCTh BCeX CBeAeHUil o cebe, OTCyTCTBHE ILIaruarta u JApyrux ¢opm
HeIPaBOMEPHOr'o 3aMMCTBOBAHUS B PYKOIIUCH, HaJJjiexkallee opopMieHre BCeX 3auMCTBOBAHUI TEKCTA,
TabJIniy, CXeM, UIJIIOCTPALUA.

4. OGbeM cTaTbu He JOJ/KeH HpeBbInaTh 18 crpanur (0T 6 cTpaHun).

5. CxeMa HOCTPOEHUsI CTATbU

I'PHTH http://grnti.ru/

Mruyuaasve v Pamuauro aemopa(os)

INoaroe naumenosaHue opzanusayuu, 20pod, cmparna (ecau aBTOPbl PAGOTAIOT B PA3HBIX OPraHU3AIMIX,
HEOOXO/IMIMO IIOCTABUTD OJMHAKOBLIH 3HAYOK OKOJIO (DaMUJIMKM aBTOPA U COOTBETCTBYIOIIEH OPraHM3aIyn)

E-mail asropa(oB)

Haszsanue cmamvu

Annomayus (100-200 csoB; He HOJKHA cofepkKarb (DOPMyJbI, IOBTOPATH IO COAEPIKAHUIO HA3BaHUE
craTby; HE JOJDKHA COAEpXKaTh OubiamorpadudecKue CCBLIKH; JIOJKHA OTPaykaTb KPATKOE COJEpXKaHHe CTaTbH,
COXpaHss CTPYKTYpPy CTaTbu — BBeJEHWE/ TMOCTAHOBKA 3a7[auu/ 1eju/ WCTOPHs, METOABl HCCJIEIOBAHUS,
pe3ysIbTaThl/00CY 2K AeHU, 3aKIIOYeHNEe/ BBIBOIDI).

Karoueesvie caosa (6-8 cnos/cioBocouerannit. Kirouesble c10Ba JOMKHBI OTpakaTh OCHOBHOE COJIEPIKAHUE
CTaTbU, WCIOJIL30BATh TEPMHUHBI U3 TEKCTa CTaTbHU, & TAKXKE TEPMUHBI, OIPEJEJIAIONNe IPeJAMEeTHYI0 00JacTh U
BKJIIOYAIOIINE JPYTe BaXKHbIE [MOHATHS, [TO3BOJISIONIE OOJErYUTh U PACIIMPUTH BO3MOYKHOCTH HAXOXKJEHUS CTATbU
cpeacTBaMu WHGPOPMAIMOHHO-TIOUCKOBOI CHCTEMBI ).

OcHosHoli. mekcm cmamovbu J0KEH CONEPXKATh BBEJEHHE, TOCTAHOBKY 33J@4r/ 1€,/ UCTOPUIO, METOIbL
HCCJIEIOBAHUS, PE3Y/IbTATHI/00CYKICHIe, 3aK/IIOYUEHNE / BBIBOIBL.

Tabauusbl, pucyrKu HEOOXOIWMO PACIOJIATATH MOCse yrmoMuHaHus. KakI0i WIocTpany J0IKHA CIIeTOBATH
HaJIIUCh. PUCYHKU JIO/KHBI OBITH Y€TKUMH, YUCTHIMU, HECKAHUPOBAHHBIMU.

B crarbe Hy™mepytorcs sunib Te pOpMYabL, HA KOTOPBIE IO TEKCTY €CTh CCHLIKU.

Bce abbpesuamypst u coxpaweHus, 3a WCKIIOYEHHWEM 3aBEeJOMO OOIIEM3BECTHBIX, JIOJIKHBI OBITH
pacmudpoBaHbl IPU IIEPBOM yIIOTPEOJIEHUU B TEKCTE.

Csenienusi o purarcosol noddepoicke paboThl YKA3bIBAIOTCS Ha IMEPBOIl CTPaHUIE B BUIE CHOCKHU.

Cnucokx aumepamyput

B Tekcre ccbuiku 0603HAYAIOTCS B KBaJIPATHBIX CKOOKax. CCbUIKM JIOJKHBI OBITH IIPOHYMEDPOBAHBI CTPOrO IO
HOPsIIKY yHOMUHaHUsSL B Tekcre. IlepBasi CChUIKA B TeKCTe Ha JIMTepaTypy JOJKHA MMeTb HoMmep (1], Bropas - [2] u
T.71. CchblIKa HA KHUTY B OCHOBHOM TEKCTE CTATBU JOJI?KHA COMPOBOXKIATHLCS YKA3aHUEM WCIOJb30BAHHBIX CTPAHMIT
(mampumep, [1, 45 crp.]). Ccbuikn Ha HeonyGJUKOBAHHBIE PAGOTBHI HE JONMYCKAIOTCs. HerKeaaTesbHbl CChUIKU Ha
HepeleH3upyeMble n3/aHust (IIPIMephl OIMCAHUSI CLIMCKA JIUTEPATYPBI, OIUCAHUS CIMCKA JIMTEPATYPbI HA AHIVIAICKOM
SI3BIKE CM. HIDKE B 00pasne obOPMIICHUST CTATHH).

B koH1E craThu, mocie CIUCKa JIUTEPATyPbl, HEOOXOAUMO yKa3aTh bubauozpagpuueckue 0aHHbLE HA PYyCCKOM
U AHIVIMHACKOM sI3bIKaX (ecyu cTarbs ogopMIIeHa HA Ka3aXCKOM sI3bIKe), Ha Ka3aXCKOM M aHIVIMICKOM s3bIKax (ecim
cTaTba 0pOPMIIEHA HA PYCCKOM fA3BIKE) M HA PYCCKOM M Ka3aXCKOM A3BIKaxX (eCm cTaTbs 0pOpPMIICHA HA AHTJIMACKOM
SI3BIKE).

Csederus 06 aemopax: daMuians, UMsi, OTYECTBO, HAy4IHAsI CTENEHb, JOJXKHOCTh, MECTO pabOTHI, MMOJTHBIA
cITyKeOHBII ajpec, TeqedoH, e-mail — Ha Ka3aXCKOM, PYCCKOM M AHTJIMICKOM SI3BIKAX.

6. Pykonmcy mosmkHa OBITH TIHIATEJNBHO BbIBEpPEHA. Pykomnmcu, He cooTBeTCTByOIINE TEXHUYECKUM
TpeboBaHUsIM, Oy/IlyT BO3BpallleHbl HA H0paboTKy. BosppalneHnue Ha H0pabOTKy He O3HAYAET, YTO PYKOIUCH MPUHSITA
K OITyOJINKOBaHUIO.

7. PaboTa c 3jIeKTpOHHOI KoppekTypoil. Crarbu, nocrynusmme B OTiaes HaydHBIX M3ZaHUi (perakims),
OTIIPABJISIIOTCS] HA AHOHMMHOE PeIleH3MpOBaHue. DBce pereHs3uu M0 CTaTbe OTIPABJSIOTCS aBTOpy. ABTOpaM B
TeUYeHne TpeX JHel HeoOXOAUMO OTIPABUTH KOPPEKTYpPy crarbu. CTaTbu, MOJYyUMBIIME OTPUIATEILHYIO PEIEH3UIO
K HOBTOPHOMY PACCMOTPEHHIO HE MPUHUMAIOTCdA. VIcIpaBjieHHbIE BAPDUAHTBI CTATEl U OTBET aBTOPA DPEIEeH3EHTY
MPUCHLIAIOTCS B pemakinioo. CTaTbu, UMEOIINE TOJOKUTEIbHBIE PEIEH3UH, TPEJICTABIISIIOTCS PEIKOJIIETHH XKYPHAJIA
1151 OOCY?KICHUS U YTBEPXKICHUST JIJIsl Iy OJIMKAIAN.
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Tbsv encoded capcid protein p41 triggers resistance in solanum lycopersicum

Abstract: Efficient infection of Nicotiana benthamiana plants with wild type Tomato bushy
stunt virus (TBSV) is influenced by expression of protein P19, which is a potent RNAi suppressor.
The capsid protein (CP) P41 is required for virion formation and facilitates long distance movement
of the virus. Along with RNAi suppression, P19 protein is involved in the development of severe
disease symptoms in N. benthamiana and elicitation of Hypersensitive Response (HR) in tobacco.
Our results show that wild type TBSV infection of Solanum lycopersicum (cv. Money maker) triggers
resistance to the virus. Despite detectable accumulation levels of P19 protein in leaf and root tissues,
the infection was not accompanied with obvious disease symptoms. Contrastingly, inoculation with
TBSV mutant, lacking capsid protein P41 demonstrated susceptibility to TBSV. Moreover, Chl-FI
analysis of plants infected with virus exhibited significant changes in metabolism. Our data suggests
that in response to CP expression tomato plants have evolved defense mechanisms to resist viral
infection.

Key words: Tomato bushy stunt virus, capsid protein, virions, resistance, Solanum lycopersicum.

TEXT OF THE ARTICLE

- The main text of the article should be divided into clearly defined and numbered sections
(subsections). Subsections must be numbered 1.1, 1.2, etc. Required sections of the article:

1.Introduction should supply the rational of the investigation and its relation to other works in
the same scope.

2. Materials and methods should be detailed to enable the experiments to be repeated. Do
not include extensive details, unless they present a substantially new modification.

3. Results section may be organized into subheadings. In this section, describe only the results
of the experiments. Reserve extensive interpretation for the Discussion section. Avoid combining
Results and Discussion sections.

4. Discussion should provide an interpretation of the results in relation to previously published
works.

5. Conclusion The main conclusions of the study can be presented in a short section "Conclu-
sions".

6.Author contributions should indicate the individual contribution of authors to the manu-
script.

7.Acknowledgments should be brief and should precede the References.

8.Funding the source of any financial support received for the work being published must be
indicated.

Ethics approval Manuscripts reporting animals and /or human studies must that relevant Ethics
Committee or Institutional Review Board include provided or waived approval.

Tables

Tables must be placed next to the relevant text in the article. Number tables consecutively in
accordance with their appearance in the text and place any table notes above the table body.
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Solanum lycopersicum ecimzairinge pe3ucTeHTTiNIIK »kayanTbiH tomato bushy stunt
virus (tbsv) BupyceiabiH p4l KancuAaTiK akybI3bIMEH GesiceHaipinyi

Annoramust.  Tomato bushy stunt virus (TBSV) supyceiven kogramarsin P19 akybisst
PHK wunaTepdepennusauniy, KyaTThl CyHIpeccopbl O0JbIn TabbLaaabl koHe Nicotiana benthami-
ana eCiMIIKTepiHiH BUpPYCIEeH KYKTBIPBLIYBIHIA MaHBI3IbI peJl aTKapaibl. P19 akybI3bIHBIH
9KCIIPECCUSICHI BUPYCIIEH 3aKbIMJIaHybl aflkblH Kepinic Oepemi i€, ©CIMIIKTIH TOJBIK, KOJIJIAIICHIHA
okesrin coKThipasbl. CoHbIMEH Karap cympeccopdiblk P19 akybiser Nicotiana tabacum ecimiriame
TUTIEPCe3iMTANIBIK, PEAKITUICHIH Oesicenaipyre xKkayanTtol. Bupycroin P41 kancuaTik akyb3bl BUPUOH
KYPBLIBIMBIH KAJIBIITACTBIPBII, OCIMIIK OOMBIMEH TapaJiayblH KAMTaMAChI3 eTeli. AJIBIHFaH 3epTTey
wormkesiepi TBSV Bupycbinbiy xabaiibl Tuninig nadeknuscer Solanum lycopersicum (Money maker
cypbIObl) KbI3aHAK OCIMJIriH/E BUPYCKA KAPChl TO3IMILIK KayaOblH TYJLIPATHIHBIH AHBIKTAIBI.
OCIMIIKTIH TaMbIp »KOHE >KAIBIpaK, yJrnackiHga P19 akybI3bIHBIH KUHAKTAJIYBIHA KapaMaCcTaH
BUPYCIIEH 3aKbIMJIAJIYIbIH, CBHIPTKbI Kepiici Hamap Oaiikaygbl.  Agaiiga, Chlorophyll Fluores-
cence Imaging system (Chl-FI) capanramackl BUpyciieH 3akbIMJIaFal ©CIMIIKTEP/IE YKacy Iainmiiik
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MeTabOIIM3MIHIH ©3repyiH aHBIKTaAbl. AJI BUPYCTBIH KAICHJITIK aKybI3bl 9KCIPECCUTIAHOANTHIH
MyTaHTIIEH UH(MEKIUS TYAbIPFaHIa, KbI3aHAK OCIM/IIKTEpl KOFApbhl Ce3IMTaJIIbIK, KOPCETil, Kyhemik
HEKPO3Fa YIIbIPa/Ibl. 3epTTey HoTHKeIepi KbizanakTblH Money maker cypeiobiaia TBSV Bupycoina
KapChl KOPFAHBIC MEXaHU3M/IEP] BUPYCTHIK, KAIICUATIK aKybl3 P41-7i Tamy apKbLIbl OeIceHIipiieTiHin
KopceTe/i.

Tyitia ce3aep: Tomato bushy stunt virus (TBSV), Bupyc, kamncuarik akysr3, BUpuoH, Solanum
lycopersicum, pesucrentrinik, PHK-untepdepentus.

I.C. Mykusinosa ', A.2K. Ak6acosa ', M.X. ITozo?, P.T. Omapos !

! Bepasuticxuti navuonarvroiti yrusepcumem umerw JI H. Dymunesa
2 Henanckuti mayuonaionsi ucciedosamenvexuti yenwmp, I'panada, Uenanus

Kanicuguasriii 6e1ok p41 Bupyca tomato bushy stunt virus (tbsv) akrTuBupyer
PE3UCTEHTHOCTh Y pacTeHwuii Buja solanum lycopersicum

Awnnoranms. Kosgupyewmsiit Bupycom Tomato bushy stunt virus (TBSV), 6enok P19 siBisiercs
MotabiM cytipeccopom PHK waTepdepeniiny u urpaer BaXKHYIO POJib P UHMEKITUH PACTEHUIT
Nicotiana benthamiana, Koropasi xapakTepusyercsi SpKO BBIPAYKEHHBIMU CHMITOMAME 3200/ I€BaAHUS
U CHCTeMHBIM KoJutanicoM. Kpowme Toro, 6emok P19 siBisiercss /ucuTOpOM THIIEPYYBCTBUTEIHLHOTO
orBeta y Nicotiana tabacum. Kamcugasriit 6esiok Bupyca P41 ¢popmupyer BUPHOHBI U CIIOCOOCTBYET
pasBUTHIO cucTeMHOI uHpeknuu. llosydeHHble HaMU JaHHBIE [TOKA3AJU, 9TO TPU HUHQMEKITUH
nukuM tuiom TBSV y pacrennit Buga Solanum lycopersicum (copr Money maker) akruBupyercst
pe3ucTeHTHBIN oTBeT. HecMmoTpsi HA CHCTEMHYIO aKKyMyJsiuio Oefika cymnpeccopa P19 B smmcrbsix
U KODHSIX, Y PACTEHHIl He IPOSBJISIOTCS BUJIUMBIE CUMIITOMbBI 3abosieBanus. OJHAKO aHAIU3
Chlorophyll Fluorescence Imaging system (Chl-FI) mokasas, 4uro B wHHUINPOBAHHBIX BHPYCOM
PACTEHUSIX TTPOUCXOIAT SHATUTEIbHbIE U3MEeHeHnsT MeTabom3Ma. Bostee Toro, mHbEKINsT pacTeHmi
myrantoMm TBSV mno kancugaomy OejKy HNPUBOJIUT K CHCTEMHOMY HEKPO3y TI'ubesin pacTeHWUil.
[Tonyuernbre JaHHbIE YKA3BIBAIOT HA TO, YTO ¥ TOMATOB BHIPAOOTAHBI 3AIMUTHBIE MEXAHU3MBI B OTBET
Ha KCIIpeccrio Karcuaaoro 6eiaka P41 supyca TBSV.

KumroueBbie cioBa: Tomato bushy stunt virus (TBSV), kancuausiit 6esok, Bupnon, Solanum
lycopersicum, pesucrenrnoctsb, PHK-unTepdepentms.
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