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A.A. Bakubaes ', M.2K. Cagpakacosa?, P.III. Epkacos?, A.E. Araryosa '

U Hayuonanvnvid uccaedosamenvcrutdi Tomeruti 2ocydapemeermvnti ynusepcumem, Tomcx, Poccus
2 Espasutickuti Hayuorasvno yrusepcumem umerny JI.H. Dymusesa, Hyp-Cysman, Kasaveman
(E-mail: bakibaev@mail.ru, madinas-t@mail.ru, erkass@mail.ru, atagulova.aigerim@mail.ru)

Naenrudpukanus n anann3 N-apuiaaaknii-N’-aiinJMO4eBUH METOI0M 1€ PHOro
MarHUTHOIO Pe30HaHCca

Aunnoramusi: B pabore usydeHO B/MSIHME AJKUJIbHBIX U AJKUJIAPUJIBHBIX 3aMECTUTEed Ha
XUMUYECKUE CJIBATU B CIEKTPax siJiepHOro MarHuTHOro pesonanca (SAMP) N-apumamkua-N'-
armpimoveBu (10 coemunennii). ITposemen cucremarndeckuii ananus crekrpos SMP IHu 1BC
U OIMCAHBI IPUYUHBI U3MeHeHusi crpyKTypHbIx mapamerpos C(1)-C(4) yruepogos, CH-yriepona u
AMUJTHOTO KApOOHUJIBHOI'O aTOMa, B apUWIAJKUILHOM U AlMJIBHOM (bparMeHTe MOJIEKYII.

: MOYEBHUH -apuaaaKuI- N -aIrmIMOIeBIHBI MJTAJIKAJTY PEH THBIIT
KuaodyeBbie cJjioBa: oueBmHa, N-apmia N’-a o1e , apuia. e
dparmenT, AMP-criekTpocKomust, XUMUIECKUI CIBUT.

DOTI: https://doi.org/10.32523/2616-6771-2019-129-4-8-12

CriekTpasibHble METOJbl UCCJICOBAHMsS OUOJOIMYECKH AaKTUBHBIX BEIecTB (B TOM dYHCie U
JIEKAPCTBEHHBIX [IPENapaToB) JaBHO M YCIENTHO UCIIOIb3YIOTCs KaK I ACHTH(DUKAIINT, TaK U JIJIs
YCTAHOBJIEHUsT MEXaHM3Ma X JeiicrBusd. JlaHHbIE CIIEKTPAJIbHBIX METOJOB aHAJM3a OKa3bIBAIOTCS
0CODEHHO TIOJIE3HBIMH JJIsl YCTAHOBJIEHHSI CTPYKTYPBHI W OIPeeseHUs] COCTaBa AHAJIM3UPYEMbBIX
BEIeCTB U HAJUYINA B HUX IPUMECHBIX COeINHEHM.

Cpean CHeKTpabHBIX METOJOB AaHan3a CIEeKTPOCKONIHUS sIEPHOI0 MAarHUTHOIO pEe30HAHCa
SIBJISIETCST OJHUM W3 PACHPOCTPAHEHHBIX aHAJIUTHIECKUX METOJOB, HAXOJSIIMM IIPUMEHEHHEe BO
MHOTHX O0JIACTSX COBPEMEHHOW HAayKW, MEIUIMHBI W ITPOMBINIJIEHHOCTH. B cBeTe BBINIECKA3aHOTO
B IOCJIEIHUE TOALI HabmpaeT cuiiy crekrpockonus AMP mis mpenTundukalnym W yCTaHOBJICHUS
MeXaHU3Ma JIefiCTBHs JIEKADCTBEHHDIX [IPEIapaToB U OMOJOTUYECKH aKTUBHBIX coequHenuii [1].

N-Apunajikuia-N’-alnjiMO4eBUHBL U3BECTHLI B KA4YeCTBE OMOJIOIMYECKH AKTUBHBLIX COEIMHEHU
pasauyHOro JeiicrBusi [2-3], a oOTmesbHBIE [PEJCTABATENM 3STONO psija COEJAUHEHHH HAILIN
IpUMEHEHHe B KJMHUYECKOH mpakTuke |4, 5. HemasioBazkHO M TO 0OCTOATEILCTBO, YTO
APUIAJIKIIYPEUIHBI  (DPATMEHT SIBJISIETCS KJIOYEBOW COCTABJISIIONIEN YaCTbI0 T'€TEPOIUKJIOB
6apbUTYyPOBOro, MMIAHTOMHOBOTO M ZUHA30AUHOUOHO6020 PSIIIOB, JTABHO 3apEKOMEHJIOBABIIUX CebHsi
Kak 3bdexTuBHble (BU3NOIOTNIECKH aKTUBHbBIE BEIIECTBA CAMOIO PasHOOOpa3HOro jeiictsus [6].

JTo cux 1op He IPOBOAMIICS cucTeMarnaeckuii anasms ciekrpos AMP ' H u 13 C N-apunanknia-N'-
allJIMOYE€BMH C IIE€JIBIO Haﬂe)KHOfI nx I/I,[[GHTI/ICbI/IKa,LLI/H/I n yCTaHOBJ’[eHHﬂ SaKOHOMepHOCTeﬁ N3MEHEHUA
KJIIOYEBbIX XUMHWYECCKUX CABUI'OB OT CprKTypI)I I/I3y“IeHHbIX COGI[I/IHQHI/H'?‘I.

B nannoit pabore Hamu u3ydeHo BiusiHue Ha xummdeckue ciapuru (XC) B cnekrpax SIMP 'Hu
13 C N-apunasixuia-N-anmiodesus 1-10 u3MeHeHUs CTPYKTYPHBIX IIAPAMETPOB B APUIAIKIILHOM
1 aIuIbHOM (PparMeHTe MOJIEKYJI, IIPEACTABICHHBIX Ha PUCYHKE 1:
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3 2

o o
4©1—?—NH'—(|?!—NH”—M—R‘

R

R =H. R!'=i-CsH7 (1): R=R'=CHs (2); R = CHs, R!'= C2Hs (3): R = CHs. R! = C3H7 (4):
R = CHs. R! = CsHs (3): R = CHs. R! = Ph (6): R = CHs, R! = PhCH (7): R =Ph. R!=CHs (8): R =
Ph. R! = CFs (9): R = 3-Cl-C¢Hs. R! = CF3 (10).

PucyHok 1 — N-Apunankui-N’-anuiszaMeneHHble MOYeBUHbI

DkcnepuMenTtanbHas dacTb. Crexrpsl AMP 'H u 13 C perucrpuposasm na crekrpomeTpe
«Bruker AVANCE III HD» (Bruker Corporation, I'epmanusi) ¢ paboueii gacroroit 400 u 100 MI'i
coorBercrBeHHo B pacrBopax JIMCO (mumermicynbdorens) u JIMCO-d6 (neiirepuposanuast
dopma qumernicynbdokenaa). XuMudeckue CABUIM IPUBEJIEHBI B 0 -lKaje oTHocureabHo TMC
Kak BHYTpeHHero crangapra. CHeKTphl MOJydYeHbl B PEXKUME IOJHONH PAa3BS3KH OT IMPOTOHOB.
Kounenrpanus coepunennii cocrasisia 0.5% s cuexrpos IMP 'H u 10% nna SMP B C, a
BEIeCTBa CUHTE3UPOBAJIN U OUYHINAJIN U3BECTHBIMU MeTogamu [7].

O6cy>k/IeHne MoJTyYeHHbIX pe3yiabraToB. Xummdeckne capura (XC) B crexrpax SIMP ' H
u 13 C N-apuranxua-N'-anmivmouesun 1-10 npuseens! B Tabiuie 1 1 2 COOTBETCTBEHHO.

Paznuune mex iy manboJsiee U HamMeHee SKPAHUPOBAHHBIMU CUTHAJIAMUA apPOMaTHYECKUX ATOMOB
yriiepona N-apunankui-N'-anmmvouesun 1-10 B crexrpax '3 C cocrasiser: C(1) = 6.08 w.n.,
C(2) = 1.50 m.1., C(3) = 1.84 m.1, C(4) = 1.82 M. [a crexrpos SIMP 13 C coemunenmit
6, 7 upuBeneHbl 3HadeHusi TOBKO XC KapOOHUJIBHOIO W METHHOBOI'O ATOMOB YTIJIEPOJA, T.K.
OTHECEHME CUTHAJIOB aPOMATUIECKUX aTOMOB yIJIEPOJIa 3aTPY/IHEHO U3-3a UX IIepeKpbiBaHus. AHau3
m3menenuit XC aromo C(1) B coepuuenusix 1-10 mokasaj, 4ro 3TOT aToM yryepoja Haunbosiee
skpanuposat y N-6ensuin 1- u N-gudenuamernnypenios 8-10, a C(2) yriepos 6osiee sKpaHUPOBAH
y N-apunaakumypensios 2-5.

Ta6auna 1 - Xumudeckue capuru B cnekrpax SIMP ! H N-apunankua-N’-anuamodesun 1-10

Ne Cnexrpsr SIMP 'H, IMCO-dg, 4, M.1.
CoeJ.
NH!, 1 NHY, ¢ CH, 1 CHs, 1 Ph

1 9.02,9.09 10.53 2.36 1.02,1.09 7.46
(CH),4.70
(CHy)

2 8.90,8.98 10.54 5.03, 1.55,1.62 7.48, ¢
5.10,
5.17

3 8.95,9.05 10.51 5.03, 1.56,1.63 749, ¢
5.11,
5.18

4 8.97,9.04 10.51 5.03, 1.54,1.61 7.48, ¢
5.10,
5.17

5 8.42, 10.28 3.99-4.06 m 1.08, 7.18-7.27 m

8.43 1.09

6 9.24,9.33 10.81 5.10, 1.64,1.71 7.55, ¢
5.19, 7.76-8.22, m
5.25
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8.86,8.93

10.82

5.02,
2.09,
5.16

1.55,1.61

7.48, ¢

9.46,9.53

10.77

6.23,
6.31

7.46, c

8.70,8.76

11.73

6.10,
6.16

7.57, ¢

10

8.71,8.79

10.80

6.05,
6.12

718741, m

Tabauna 2 - Xumundyeckue casuru B cnekrpax SIMP 13C N-apunankwui-N’-anuiamoueBun 1-10

Ne Cnexrpsr SIMP BC, IIMCO, §, Mm.1
coeJ.
C(1) C(2) C(3) | C(4) CONH CH COR R!

1 139.40 | 127.30 | 128.49] 126.96 | 153.59 42.59 174.58 | -

2 144.10 | 125.88 | 128.31| 127.07 | 152.54 48.64 172.79 | 23.62

3 144.07 | 125.86 | 128.37| 127.00 | 152.62 48.67 176.14 | 10.77,29.00

4 144.03 | 125.80 | 128.49| 127.01 | 152.54 48.64 175.48 | 8.78,
10.10,28.00

5 144.02 | 125.80 | 128.50| 126.00 | 152.50 48.62 175.49 | 10.62,
13.61,
21.60, 26.46

6 - - - - 153.21 49.17 169.44 | 115.57-
143.10,
M

7 - - - - 152.52 48.87 173.46 | 42.52 (CHz)

8 142.47 | 126.92 | 128.87| 127.63 | 153.23 57.04 173.65 | 23.59

9 140.52 | 127.17 | 128.61| 127.82 | 151.58 58.16 - -

10 138.02 | 126.67 | 127.03| 126.17 | 149.94 55.74 - -

Hus psna N-apunankumiaypengos 2-7 moxkuo ormeruth 10, 4to XC C(1)-C(4) yrumepomos,
aMUIHOr0 KapOOHUJILHOIO WU METHHOBOI'O ATOMOB YIJIEPO/A MPAKTUYECKH HE MEHAIOTCS, HECMOTPSI
Ha CYIIeCTBEHHBIH pocT obbeMa 3amecturesieii R B armibHoM dbparmente mosekysn. Crepudeckoe
U 9JEeKTPOHHOE BIIMSHHE BapbupyeMbiXx 3amecturereii R1 B coemmmenmsx 1-10, mo-BHANMOMY,
HUBEJIUPYETCs 3HAYUTETbHON YIAJeHHOCTHIO 3aMeCTHTE/Ee OT BBIMEYHOMSIHYTHIX PEAKITHOHHBIX
nerTpos. To, UTO yIaJleHHOE PACIOJIOKEHHe BapbUPyeMBIX 3aMecTureseii R1 B coeumuenmsx 2-
7 ue Biusier Ha XC C(1)-C(4), amuanoro kapboumna u CH-yriepos niunocrpupyercst o6paTHbIM
npumepom Ha XC coemmmennit 2 u 8, y koropeix R omumaxkoBel, HO pazimmunble R. Tak
BBEJICHIE JIOMOTHATEIHHOrO (DEHIIIBHOTO sIpa K OJTHOMY U3 peaknnoHHbX 1eHTpoB (K CH-yriepony,
coe/HeHrEe 8) MPUBOAUT 110 CPABHEHUIO C COCAWHEHUSIMU 2-5 K HEKOTOPOMY J€39KPAHHPOBAHUIO
C(1)-C(4) yrueposoB u aMugHOrO KapOOHWIA, HO B TO K€ BPEMsl BBI3bIBAET 3HAUNTEJbLHbII
caabononbublil capur (Ha 8.40 M.j1.) curHAJa METHHOBOIO aToMa yriaepoja. B paborax (8, 9| mbrl
[IOKA3aJ/IM, IYTO BBEJICHUE 3aMECTHUTE/Ie B OPTO-TIOJIOXKEHIE NU(PEeHUIMETUILHON CUCTEMbI BBI3HIBACT
nporpeccupytoriee ne3skpanuposarne CH-yryepoma ¢ yBenuvueHumem obObema 3aMecTUTeNEd Yy
aToMa a30Ta NOpu AUPEHUIMETHIbHOM dparMenTe U3y4YeHHbIX coefubenuit. Kak BumgHo wu3
JaHHbIX Tabaunbl 1, dopMupoBanue nudeHnIMETHIbHON cucteMbl (coeaunenusi 8-10) npuBouT
K peskomy ciabononabaoMy casury XC CH-yriepoma ornocurensao XC CH coenunenwmii 2-7.
Cpasunrensublii anagnz XC CH-aroma yriaepoma N-nudennmvermiamuoB (mo paHebM  [8]),
N-mudenuamernavmouesnn (o jganabiv [9]) u N-gudenuwnamvernaypengos 8-10 ycraHoBuiI, 49TO
curaajil CH-yryiepona coenunennit 8-10 Gojiee J1€35KpAHUPOBAHBI, YeM Y IPEJIIIECTBEHHUKOB.
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Ycranopienuslit pakT Haunbosbiero ae3skpanuposanns CH-yriepona N-mudennimermiaypenaon 8-
10 B cpaBHUBaEMBIX PsIJIaX COCTUHEHUN, OUEBHUIIHO, CBI3aH, TJIABHBIM 00Pa30M, C IPOCTPAHCTBEHHBIM
daKTOpOM, T.€. C YBeJIUIEHNEM pa3Mepa 3aMeCTUTEJIA IPH IN(DEeHMIMETIIEHOM (pparMeHTe MOJIEKYJT
(ypensHasi rpyIIIupOBKa CYIIECTBEHHO OOJIbINe, deM aMmuanHas [8| min kapbamuanas [9]).

Kpome BbIIeckazaHHOro, MOXKHO OTMETHTh, 4T0 N’-Tpudropanernibias rpynna (CoeMHeHUsT
9, 10) Grarofapsi CBOEMY MOIIHOMY 3JIEKTPOHOAKIENITOPHOMY JIEHCTBHUIO OKa3bIBAET OOJIbIIEe
JIUMAaMArHATHOE BJIMSHAE Ha AMUIHBIM KapOOHUIBLHBI aToM yIjepoja, dYeM aJIKHJIAIIbHBIE
paukasisl R 1. IToqpIToKuBast BIUSHIE AlMIbHBIX TPy B N'-mosiozkennn N-apuiIaJKkniIMOYeBHH,
OTMETHM, YTO AIMJIbHBIE PAJINKAJbI BBI3BIBAIOT CHUJIBHOIOJIBHOE CMeIlieHre (10 6 M.JI.) aMUIHO
KapOOHUIBHON IPyHIbl nCXoAHbIX N-apuanakuimodesut |9, 10].

B crnekrpax JIMP 'H N-apmmankua-N’-ammmvouesnn 1-10 (tabmmma 1) amuabHBIE TPYTITIBL,
SIBJISISICH 9JIEKTPOHOAKIIEIITOPAME, BBI3BIBAIOT 3aKOHOMEPHDLIE CJIA0OIOJILHBIE CMEIIeHUsI CATHAJIOB
aMIJTHOIO W METHHOBOI'O IIPOTOHOB CpaBHHUTEJbHO ¢ XC aHAJOIMYHBIX IIPOTOHOB HCXOIHBIX N-
apuankummvodesnn [10, 11]. Xummdeckue capurn CH-porona B crextpax ' H N-apmmamkun-N'-
amuIModeBrH 1-7 GoJjiee SKpaHUPOBAHBI, U€M CHUI'HAJIBI 3TUX ITPOTOHOB y N-IueHUIMETIITY PEUIOB
8-10.

PestoMupyst TpoBesieHHBIE WCCJIEIOBAHUST MOYKHO YTBEp:KJATb, UTO IOJyJYeHHbIE JAHHBIE
MIO3BOJISIIOT OHO3HAYHO pa3jnduTh B crekrpax AMP N-apunankua-N’-amuamoueBuabl oT N-
apUAKUJIMOYEBUH, U3 KOTOPBIX OHU CHHTE3UPYIOTCA. JlpyrumMu cjoBaMwu, IIpeJIOXKEHHBINH MeTOJ
naenTudukanun N-apuaaakuia-N’-aluJIMOYeBUH CIYKUT TOCTATOYHO YI0OHBIM METOIOM KOHTPOJIS
COJIEPXKAHUSI B HUX IPEIIIECTBEHHUKOB U ITPUMECEIA.
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N-apunankni-N’-anuiModyeBUHAJIAPAbI SAPOJIbIK, MAarHUTTIK pe30HAHC 94iciMeH maeHTUdUKALUAJIAY >KOHE
Tanaay

Annarna 2Kywmeicra N-apunanknia-N-anunavoueBunanapasi, (10 KOCBUIBIC) sApPOJIBIK, MarHUTTIK pesonanc (SIMP)
CIIEKTPJIEPIHIEri XUMUSITIBIK, BIFBICYIAPFA ATKIJ YKoHE ATKHJIAPUI OPLIHOACYIIBLIADEIHBIE ocepi 3epaerenmi. 1+ H xome 13 C
SAMP cnexrpiepine Kyiesi Tasgay Kyprisiuim, »KoHe MOJIEKyJaJapAblH apuiaikuil KoHe anuia dparmentingeri C(1)-C(4)
keMmiprekrepinin, CH-kemiprerinig >koHe aMuaTi KapOOHWJIZAI ATOMHBIH KYPBUIBIMJIBIK, [apaMeTpJIepiHiH e3repy cebemnrepi
CHIIATTAJIFaH.

Tyiiin ce3mep: wmoueBuHa, N-apumankui-N’-amuiamodeBuHa, apuiaiakuiaypeunri ddparment, fMP-cnexrpockonnus,
XUMUSIIBIK, BIFBICY.
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Identification and analysis of N-arylalkyl-N’-acylureas by magnetic nuclear resonance

Abstract: The authors have studied the effect of alkyl and alkylaryl substituents on the chemical shifts in the nuclear
magnetic resonance (NMR) spectra of N-arylalkyl-N’-acylurea (10 compounds). Additionally, a systematic analysis of * H and
13 C NMR spectra has been carried out allowing the authors to describe the reasons for the change in the structural parameters
of C (1) -C (4) carbons, CH-carbon, and the amide carbonyl atom in the arylalkyl and acyl moieties.

Keywords: urea, N-arylalkyl-N’-acylurea, arylalkylurea fragment, NMR spectroscopy, chemical shift.
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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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IlepuoguunocTts >kypHasa: 4 pa3a B rof,.

8.0mara. ABropaM, HOJIyYUBIIUM IIOJIOXKUTEJILHOE 3aKJIIOYEHHE K OIyOJIMKOBaHUIO HEOOXOJMMO IIPOM3BECTH
omIaTy mo ciaeayommM peksusutam (s corpyaaukos EHY — 4500 renre, mis croponHmx oprammsanmii — 5500
TeHre):

PexBusursr:

1) PT'II IIXB "Espaswuiickuii Harmonaabubiii yansepcurer uvenn JI.H. T'yvmnesa MOH PK

AO "Bauk IenrpKpeaur"

BUK Banka: KCJIBKZKX

NNK: KZ978562203105747338 (KZT)

Kano 861

Ko6e 16

"3a mybaukarnuio B Bectuuke EHY ®UO asropa

2) PT'II 1IXB "Espasuiickuii Hanmonanbublii yausepcurer umenu JI.H. T'ymmiesa MOH PK

AO "Bank RBK"

BUK Banka: KINCKZKA

NNK: KZ498210439858161073 (KZT)

"3a nybuukanuio B Becruuke EHY ®UO asropa"

3) PI'II 1IXB "Espasuiicknii Hanmonanbubiii yausepcuter umenn JI.H. Tymmresa MOH PK

AO "Forte"

BUK Banka: IRTYKZKA

NNK: KZ599650000040502847 (KZT)

"3a nybuukanuio B Becruuke EHY ®UO asropa"
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MakaJjiaHbI paciMaey YJrici
IRSTI 27.25.19
G.S. Mukiyanova ', A.Zh. Akbassova'!, J. Maria Pozo?, R.T. Omarov !

L L.N.Gumilyov Eurasian National University, Astana, Kazakhstan
2 Estacion Experimental del Zaidon (CSIC), Granada, Spain
(E-mail: gmukiyanova@gmail.com, a.j.alua@gmail.com, mjpozo@eez.csic.es, romarov@gmail.com,)

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
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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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