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HayuHas cTatb
YK 547.572.6+547.64

CuHTe3 1 cTpoeHue NONULMKINYECKUX
0-copiepyxaLLux cucTeM Ha 0CHOBe
AUapuaMeTMnneHnunepuaoHoB(LKIaHOHOB)

T.B. Hwuua' =, A. T. Tonnkos?

1CapaToBCKMil HALMOHANbHBIA WCCNEA0BATENLCKMA TOCYAAPCTBEHHBIIl YHUBEPCUTET MMEHN
H.T. Yepubiwesckoro, Poccus, 410012, r. Capatos, yn. AcTpaxaHckas, g. 83

2[0CyAapPCTBEHHbIiA HAYUHO-UCCNEA0BATENbCKUIA MHCTATYT OPTaHNUYECKOii XUMUIN 11 TEXHONOTUN
(@ryn «focHNNOXT») FocyaapcTBeHHbIi HayuHblil LieHTp Poccuiickoit ®egepaumu, Poccus,
111024, r. MockBa, wocce IHTy3nactos, 4. 23

WHwuHa TatbsiHa BnafgMmMpoBHa, KaHAWAAT XUMUYECKAX HayK, JOLeHT Kadeapbl opraHuye-
CKOIA 1 broopraHnyeckoi xumun VHctuTyTa xumuw, tania912@mail.ru, https://orcid.org/0000-
0002-5497-3807

lonukoB Anekceii leHHafbeBNY, JOKTOP XMMUYECKIX HAYK, AOLIEHT, HaUaNbHUK OTAeneHus,
golikov_ag@list.ru, https://orcid.org/0000-0002-7940-9014

AHHOTaLMs. B faHHOIT paboTe 13y4eHO B3aMMOAENCTBME AMapUAMETUANLEHNIMNEPUAOHOB C
aLeTINALLeTOHOM W aLieTOYKCYCHbIM 3upoM. MokasaHo, YTo nepexos K NUNepuaoHy B 0CHOBE
[ANeHOHa He JiaeT BO3MOXKHOCTb OCYLLeCTBAATL U361MpaTeNbHbIil CMHTe3 NPOAYKTOB. BbisBaeHo,
uTo Ha HanpasneHue peakumn ¢ 1,3-C,C-AuHYKNEOGUAbHBIMM peareHTaMu BANSET NPUPOAA
nepuepryecknx MNNAEHOBLIX 3aMeCcTUTeNeld, YTO N03BONAET MPOBOAWTL LieNIeHaNPaBAEHHbIN
CMHTE3 NPOZYKTOB O-retepoLuKAn3aLm (rekcaruponupatonupuanHoB) NOCPe/CTBOM BBEje-
Hua NO,-rpynnbl B apUAMETUNMAEHOBBIA dparmeHT. OCyl|ecTBAEH CUHTE3 PaHee Hen3BECTHBIX
3amelLieHHbIX fieka(oKTa)ruapo(KcaHTeHOB)LMKIONEHTaXPOMEHOB. YCTaHOB/IEHO, YTO B3au-
MogelicTBre AVapUAMETUNNAEHLMKNAHOHOB C Liknorekca(neHTa)HoM B YCNOBUSX MSTKOro
OCHOBHOrO KaTanu3a (MUnepugnH) npotekaeT Heu3bupaTenbHo, BaXHYH ponib UrpaeT pasmep
LiKna B OCHOBE UCXOAHOTO CybCTpaTa, a NPOAYKTaMM B3aNMOAENCTBIS BCErja SBNAETCA CMeCh
BeLLecTB (4Ba v bonee). ONMpasch Ha NONYUeHHbIe 3KCNepPUMEHTa/bHbIe AaHHbIE, NPeANoXeHa
(xema 06pa3oBaHNs rMAPOKCAHTEHOBOIO U TMAPOLMKIONEHTAaXPOMEHOBOrO GparMeHToB 06-
pa3yHoLNXCs NPOAYKTOB. YCTAHOBNEHO, UTO NP COXPaHeHU 06LEro HanpaBaeHns peakLu
onpeaenstoLLyto pofib B CTPOEHUN NPOAYKTOB Urpaet pasmep Lukna (Cs,Cc) B OCHOBE MCXOAHBIX
cybcrparos. LLlecTnunenHble NPUKOHACHCMPOBAHHbIE GparMeHTbl CNOCOBCTBYIOT eHoNM3ALMMN
W BHYTpUMONeKyNApHON O-retepoLukmM3aLym 1,5-MKeToHa ¢ 06pa3oBaHNeM NOAMLMKANYE-
ckux cuctem. COCTaB M CTPOEHME CUHTE3NPOBAHHbLIX COAMHEHNIA MOATBEPXKAEHD! AAHHBIMMN
3N1eMeHTHOr0 aHanu3a, K- n ogHomepHoi, ABymepHoii AMP cnektpockonmeil.

KnioueBble cnoBa: koHaeHcaLns Miuxasns, aLeTunaLeToH, aLeToykcycHblii 3dup, Luknorek-
CaHOH, LMKNONEHTAHOH, AVapUAMETUANAEHLMKNAHOHDI, 1-0eH3uAnunepuanH-4-oH, nonnuy-
Knnyeckume cuctemsl, cnektpbl AMP

Ana uutnposanus: MHwuna T. B, osukog A. . CuHTe3 1 CTpoeHWE MOAMLIMKANYECKUX
0-copepxallyx cucteM Ha 0CHOBE AUapUAMETUANAEHNMNePUA0HOB(LKNaHOHOB) // V3BecTus
Capatosckoro yHusepcuteta. Hosas cepust. Cepua: Xumus. buonorus. Ikonorus. 2022. T. 22,
BbiN. 2. C. 122-127. https://doi.org/10.18500/1816-9775-2022-22-2-122-127

Cratbsl ony6ankoBaHa Ha ycnosusx nuueHsum Creative Commons Attribution 4.0 International
(CC-BY 4.0)

© WHwWuHaT. B., lonvkosB A. ., 2022



T. B. UHLmnHa, A. . FonvmkoB. CUHTE3 U CTPOEHME NOMUMKnYeckux O-coaepxalymx cmcm @

Article
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Abstract. In this work, the interaction of diarylmethylidene piperidones with acetylacetone and acetoacetic ester has been studied. It has been
shown that the transition to piperidone in the basis of dienone does not allow the selective synthesis of products. It has been found that the
direction of the reaction with 1,3-C,C-dinucleophilic reagents is influenced by the nature of peripheral ylidene substituents, which allows targeted
synthesis of 0-heterocyclization products (hexahydropyranopyridines) by introducing an NO, group into the arylmethylidene fragment. Previously
unknown substituted deca(octa)hydro(xanthenes)cyclopentachromenes have been synthesized. It has been established that the interaction of
diarylmethylidenecyclanones with cyclohexa(penta)ne under conditions of mild basic catalysis (piperidine) proceeds nonselectively, the size of
the cycle in the base of the initial substrate plays an important role, and the reaction products are always a mixture of substances (two or more).
Based on the experimental data obtained, a scheme has been proposed for the formation of hydroxanthene and hydrocyclopentachromene
fragments of the resulting products. It has been found that, while maintaining the general direction of the reaction, the determining role in the
structure of the products is played by the size of the cycle (C;,C;) in the basis of the initial substrates. Six-membered fused fragments promote
enolization and intramolecular 0-heterocyclization of 1,5-diketone with the formation of polycyclic systems. The composition and structure of
the synthesized compounds have been confirmed by elemental analysis, IR and one-dimensional, two-dimensional NMR spectroscopy.
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BeepeHne

K HacTosiLiemy BpeMeH| UCI0/Ib30BaHUe KPOCC-
COTIPSDKEeHHBIX [UK/TMUeCKUX JUEHOHOB B KaueCcTBe
00BLEeKTOB MCC/IeJOBAHIUI BbI3bIBAET HEMCCAKAeMBbIH
WHTEepeC B CUIY UX [JOCTYITHOCTH, BO3MOXXHOCTHU
TOCTPOeHHUsI Ha UX OCHOBE IIMPOKOT0O CIieKTpa Kap-
60- 1 rereporukIMUeckux cucteM [1]. Takke oHU
obsafaroT cBoMcTBaMU (hOTOCEHCHOMIN3aTOPOB,
CTIoCOOHBI CBSI3BIBATh KAaTHOHBI METAJJIOB C [aflb-
HEeMIIINM HCII0/Ih30BaHUeM B KaueCTBe OITHUEeCKHX
MOJIEKY/ISIDHBIX ceHCOopoB [2, 3]. B nuTepaType
HUMeTCs1 0030pHbBIe PAOOTHI TT0 CUHTE3Y, CTPOEHHIO,
B3aUMO/IeHICTBUIO C TIOJIMHYK/1e0(UIbHBIMU peareH-
TaM" a30/10BOTO psifa [1, 4].

[Tpu epexofie k C-HyK/1e0(pUILHBIM peareHTaM
CTOUT OTMETUTH, UTO JOCTAaTOYHO TIOJIHO W3yueHbI
peakiMy JaHHbIX CyOCTPaTOB C BbICOKOAKTUBHBIMHU
peareHTamu (LiMaHaL[eTaMKJOM, MaJTOHOAUHUTPU-
JIOM, eHaMWHaMH, UMUHaMHWHaMH) B TIPUCYTCTBUU
aJIKOTOJISITOB MEeTaJIJIOB, PACTBOPOB 1ilesiouel, Tpu-
sTuamuHa [1, 5].

Takum obGpa3om, u3yueHue peakIui [ue-
HOHOB C 60abIUM KpyroM C-HyK/1eo(UIbHbBIX
peareHTOB (alleTW/IAL|eTOH, alleTOYKCYCHBIM 3¢up,
LUKJIoNeHTa(rekca)HOH) T03BOJUT YCTAaHOBUTH
3aBUCHMMOCTb HallpaB/ieHUs] B3aUMOJENUCTBUS OT
CTpoeHUs CyOCTpaTa, MPOBECTU aHAIN3 aKTUBHOCTH

Xumuns

PeaKIMOHHBIX I[eHTPOB U CIIPOTHO3UPOBATh 1iefie-
HarpaB/ieHHbII OPTaHWYeCKU CHHTe3 HOBBIX I10-
JIMLUK/INYeCKMX CUCTEM B 3aBUCUMOCTH OT YCIOBUI
CHHTe3a.

Marepuanbl N meTobl

Panee ObI M3yueHbl peakiyy C-HyK/1eohHIoB
(aljeTHIaLIeTOH, alleTOYKCYCHBIN 3(up) ¢ cumme-
TPUYHBIMHU AUapUIMeTU/NIUAeHLUK/IaHOHAMU Ha
OCHOBe LIUK/IoneHTa(rekcaH)oHa [6, 7]. BapbupoBa-
HHUe pa3MepoB LIMKJIa U CTPOeHusl repudeprueCcKux
3aMecTuTesel o3BoJisieT MPOBOJWUTH Harpab/ieH-
HYH KOHJIeHCALUI0 AWapUIMeTH/IeHLUK/IaHOHOB C
obpa3oBaHHeM MPOJAYKTOB KapOo- WU reTepoIfu-
Knu3auuu. HampaBieHue peakiuu oripejessieTcs
pa3MepoM LMKJa JUapyUaIMeTHIN[eHIUKIaHOHOB
(Cs, Cg); BBEsIEHME 3/IEKTPOHOAKLIETITOPHON IPyTI-
bl B apWJIMETWIN/IEHOBBIM (hparMeHT TI03BOJISIET
MPOBOJUTh LieJieHarpaB/ieHHbI CUHTe3 MPOJYKTOB
O-reTepoLMKIM3aLuy.

B npopomkeHre paHee HauaTbIX UCCe0BaHUI
U C LeJbl0 OLleHKW B/MSIHUS MPUPOAbI LIMK/IAa Ha
HarpaB/ieHHWe B3auMO/eHCTBUS BIepBble BBe/E€HbI
B peakIuio AueHOHbI 1, 2, cozeprkaiiye B CBOeH
CTPYKType (hparMeHT 1-6eH3ummuiepuanH-4-oHa.

Peaxkijusi ¢ alleTHU/IaLETOHOM U alleTOyKCYCHBIM
3¢bupoM rpoBouack B cpese JIM®DA 1pu UCIO/b-
30BaHUM KaTa/IMTUUeCKUX KOJIMUeCTB TTUMepUnHa.
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XX

R = OEt (a), CH; (6); R’

Pe3ynbTaThbl U X 06CYyKAEHME

BapbupoBaHue Npupozbl LJUK/Ia He 0OKa3ajuo
CYIL|eCTBEHHOU POJIU U B C/lyuae jideHoHa 1 Habsro-
nanoch obpa3oBaHHMe BCETO OXKMaeMOro Habopa
TIPOJYKTOB — ZieKa(OKTa)IUIpON30XHUHOIMHOB 3a,0,
MTUPAHOMTUPHIMHKAPOOKCH/IaTOB 44,0 ¥ TUPAHOITUPH-
[IMHITaHOHOB 5a,0. Hanmmuwe y cybcrpara 2 B CTPyK-
Type reprdepruecKuX 3aMeCcTHTe el 1eKTPOHOAK-
uenTopHoii NO,-rpyrnbl BHOCUT CBOM 0COGEHHOCTH
Y TIPOZIYKTOM peaKLUH SIB/ISIETCS CMeCh U30MepHbIX
reKcaru/iporvpaHonyupuaruHoOB 6a, 7a, uTo CIIYy)KUT
TIO/ITBEP)K/I€HUEM paHee MOJyueHHbIX [JaHHBLIX O
BbI/Ie/IeHUY TOJTBKO TIPOAYKTOB O-reTepoLvKIn3aLum
TIpYU BBE/IEHUU B peakLUI0 JUWIN/EeHLMK/IaHOHOB C
3/IEKTPOHOAKIIETITOPHBIMU TpyITIamMu [6].

O6pas3yrormyecs MpoayKThl O-reTeporyKIM3aii
00/1a1afoT Xopoliel paCTBOPUMOCTBIO B 3TUIOBOM
CTIMPTE, UTO TO3BOJISIET OTAEIUTh UX OT KapOorm-
K/IMYeCKUX TIPOJYKTOB TPU MepeKpUCTaI3aLUu.

CrpoeHue NposyKTOB peakliyi, COCTaB U3omep-
HBIX CMece, KOHTPOJIb 3a X0ZI0M peakL{uH OCYy1LeCT-
B/SITUCh C WUCIOMb30BaHWeM MeToauk AMP-, K-
CIMeKTPOCKOTIMM, TOHKOC/IOWHOM Xpomarorpaduu,
3/IEMEHTHOTO aHa/u3a.

B AMP 'H cniekrpax npoziyKTOB KOHZIeHCALAK
3-7 Haubosee XapaKTepUCTUYHBIMU SIBJISTFOTCST CHT -
Hasbl 0/ie()MHOBBIX TIPOTOHOB apUIMETHUIEHOBOTO
(parmeHTa, KOTOpbIE Pe30HUPYIOT B BUJIE CUHI/IETA
npu 6.45 u 6.48 m.a. (coequHenus 3a, 30), 6.52 u
6.80 m.z1. (4a, 40), 6.71 u 6.86 m.7 (5a, 56)., 6.60 u
6.85 m.1. (6a, 7a).

C yueToM INOJIyYeHHBIX /IaHHBIX MOKHO OZHO-
3HAYHO CKa3aTh, UTO CXeMa 00pa30BaHuUsl POAYKTOB
Kap6o- u O-reTeponMK/IN3aINH, MpeJIoKeHHas
paHee [6], siBAsieTCs 0CTOBEPHOM.

Ph P
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-
H (1, 3-5), 3-NO; (2, 6, 7)

Takum 00pa3oM, CyMMHUDYsI BCe SKCTIepUMeH-
Ta/IbHbIE JlaHHbIe, MOJKHO MPeJJIOKUTD Lie/leHarpaB-
JIEHHBIM CUHTE3 MHAVUBHU/YaTbHBIX TIPOIYKTOB Kap6o-
LIMKJIM3aLMK — UCII0/Ib30BaHKe JUEHOHOB Ha OCHOBE
L[UK/IONIEeHTaHOHOBOTO (hparMeHTa C IOBLIILIEHHOMN
KapOOHW/ILHOM aKTMBHOCTEIO, a BhIJie/IeHHe TOTBKO
NpojyKToB O-reTepoLyK/IM3aliid BO3MOXKHO TIPU
HCIT0JTh30BaHUHU UCXOIHBIX CyOCTPATOB C 3/IEKTPOHO-
aKIL[eNTTOPHBIMU 3aMeCTUTEe/ISIMHU B TiepUQUPUYe CKIX
3aMeCTUTeJIsIX.

B npojomkeHre u3yuyeHUs1 B3aUMOJeHCTBUS
OUUNUeHUKIaHOHOB ¢ C- HyK/aeodumamu
OBLTM BBeZIEHBI B PEAKLIMI0 TaKHe pPeareHThl, Kak
LMK/Iorekca(reHTa)HOH.

B Hacrostineli paboTe rpe/icTaB/IeHbI HOBBIE JJaH-
Hble 110 U3yUYeHHIO peakLMil LIUK/IMUeCKUX KeTOHOB
C IMeHOHaMH B TMPUCYTCTBUM MSITKOTO OCHOBHOTO
KaraauM3aropa — NurepyujuHa.

Peakist 2,6-110eH3UIHAEHI[MKIOreKCaHOHa 8
C LMKJIoreKkca(reHTa)HOHOM BIiepBble TIPOBOAM/IACH
¢ cpege IM®A mnpy UCMHO/Ib30BaHUM TIATUKPATHOTO
130bITKA peareHTa W KaTaJUTUUYeCKUX KOIUYEeCTB
MUIepyvHa.

OcobeHHOCTHIO B3aUMO/eHCTBUS JUeHOHA
8 c UMK/IOTeKCaHOHOM sIBJ/isieTCs 0Opa3oBaHMe
He WHUBHU/YyaabHOr0 5-0eH3umuzeH-9-deHns-
2,3,4,4a,5,6,7,8,9,9a-nekarupo-1 H-KcaHTeH-
4a-oma 9, a ero cMecu C NPOAYKTOM Jerujpara-
nquu — 4-6ensunupgeH-9-denunn-2,3,4,5,6,7,8,9-
oktaruapo-1H-kcanteHoM 10 ¢ XOpOIIUM BbIXOOM
0Ko0Js10 86%.

OTa >ke 3aKOHOMEPHOCTh HabTIOIaeTCst TIPH UC-
T10/1b30BaHUU B KaueCTBe peareHTa LiMK/I0IIeHTaHOHa,
MIPOIyKTaMU B3aUMOJIeHCTBUS SBSIFOTCSA /leKa(0KTa)
ruzpouukioneHTalb]xpomensr 11 u 12.

Ph

(CHz)n

10,12
n=2(9,10), 1 (11, 12)

HayuyHbivi oTaen
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B UK-criektpax npofyKToB 9—12 NpucyTCTBYIOT
TOJI0CHI, OTBEUAOIIHe KOIeOaHUsAM IM/POKCUTbHON
rpynnsl npu 3324-3537 cm™!, ceasu C=C nupaHoBOro
1uKa npu 1670-1673cm1.

B SIMP 'H crekTpax npofyKTOB B3auMofieii-
cTBUsI cyOcTpara 8 c uksiorekca(meHTa)HoHOM 9—12
HanboJsiee XapaKTepUCTUUHBIME SIBJISTFOTCST CUTHAJTBI
npotonos H® nipu 3.18-3.37 M.71., MposBASIOIECs
B Buje nybieTa C KOHCTAaHTOH CIUH-CITMHOBOTO
B3aumozeticteus 3.6 'l 1 oe)HOBBIX MPOTOHOB
OeH3WTHIEHOBOTO ()parMeHTa, KOTOPhIe Pe30HUPYIOT
nipu 6.93-6.98 m.z. (1H, c).

Cnexrpbl IMP 13C kcantena 9 u xpomena 11
JOJ/DKHBI CofepykaTb cOOTBeTCTBeHHO 10 u 9 cur-
HaJIoB, COOTBETCTBYOIMX SP>-THOPUHBIM aTOMam
yIJIepPO/ia, OJJHAKO B CTieKTpe (Gukcupyetcs 15 u 14
JlaHHBIX CUTHA0B COOTBETCTBEHHO, UTO MO3BOJISET

MPEeATION0KUTh Ha/luure HapsiZly C KIUueBbIMHU
CoelMHeHUsMU U TIPOAYKTOB JerujpaTariiu, KO-
TOpbIe, B CBOIO Quepe/ib, BHOCST JOTONHUTebHbIe
curnanel. CurHassl aromoB yrepoga C* u C32 npu
TUIPOKCUIHLHOM TPYTINe TPOSIB/ISTIOTCS C OOMBIITNM
pacxoxgeHneM — ipu 91.71(C*) u 99.67 (C32) m.z.,
YTO 00YC/IOB/IEHO B/IUSTHUEM pa3Mepa MPUKOHIEeHCH-
POBAHHOTO LIUKJIA.

Amnanu3 criekTpoB BoiHoro pe3oHaHca (HSQC
C-H) rugpokcanteHoB 9, 10 u LUK/IONIEHTaxpoMe-
HOB 11, 12 mo3Bo/M/I OfHO3HAUHO pacHIM(pPOBaTh
CUTHA/bI yIJIepOJHBIX aTOMOB. OTMeueHbl Kpocc-
MUKK Sp3-rM6PUIM30BaHHBIX YI/IEPOJHBIX aTOMOB
C° u nporonos H? (HY/C® 3.37/46.81 u 3.18/46.98),
a TakKe KPOCC-TIMKH O/Ie()MHOBBLIX ITPOTOHOB OeH-
sunuzeHoBoro ¢parmMenta H> u aToma yriepoga
C> (H>/C® 6.93/120.62 1 6.98/120.49) (pUCyHOK).

A ®

Ph,
9
/4]3

5| O oH

=

e
130 120 110 100

HSQC criektp cmecu 5-6ensunugen-9-pennsn-1,2,3,3a,5,6,7,8,9,9a-gekaruapornukiionenral b]xpomen-
3a-ona 11 u 5-6en3unupaen-9-dennn-1,2,3,5,6,7,8,9-okraruaporukionenrtal b]xpomena 12 (Varian 400,
CDCl,)

HSQC spectrum of a mixture 5-benzylidene-9-phenyl-1,2,3,3a,5,6,7,8,9,9a-decahydrocyclopenta[b]
chromen-3a-ol 11 and 5-benzylidene-9-phenyl-1,2,3,5,6,7,8,9-octahydrocyclopenta[b]chromene 12
(Varian 400, CDCl,)

@DopMHUPOBaHKe K/TFOUEBbIX M'MPOKCAHTEHOBOIO 1
THZPOLMK/IONeHTaXPOMEHOBOI0 (hparMeHTOB 00pasy-
FOIIMXCSI TIPO/IYKTOB, BEPOSITHO, TIPOTEKAET I10 OJHOMY
13 BO3MOXKHBIX a/IbTEPHATHBHBIX HalpaB/IeHHMH, Kak
TepBOHaYasbHAs KOHeHcarusi Muxasns ¢ obpaso-
BaHWeM 1,5-IMKeTOHa C MoC/elyoLel eHoM3aL el
OfTHOY U3 ero KapOOHW/ILHBIX IPYII U LUK/TH3al[iei.

Xumuns

[Tpu BBeileHUU B peakIUIo C [IUK/I0reKca(reHTa)
HOHOM ZI0eH3UIH/IeHITUK/IONIeHTaHOHA 0Opa3yeT-
Cs1 MHOTOKOMITIOHEHTHasi CMeCh MpPOJAYKTOB, UTO
¢uxcupyercs no gaHHbeiM TCX U crieKTpaibHbI-
mu metogamu (AMP 'H, 13C), no pacmmmdposka
3aTpy/iHeHa B cuiy obpa3oBaHus Oosee BYX
BellleCTB B CMeCH.
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JaHHBbIN (aKT CAYyXUT OCHOBAHUEM rO-
BOPUTb O HeOOBIUHOM TpPOTEKaHUU peaKkIuil
LubeH3UMINAeHIMK/IOTIEHTAHOHA C LJUKJIOTIeH-

TAHOHOM U TI03BOJISIeT TPEAIOJ0XKUTh 00pa-
30BaHMe CMeCH U3 UeTbIpeX MPOAYKTOB peak
LUU:

Ph
” 00”7 A
o) O Ph Ph O

Ph
oy
+ +
\

TakuM 00pa3oM, Mpu MpOBe/[eHUU peakiui
o,-Herpe/ieTbHBIX KETOHOB C LUKJIOTeKca(T1eHTa)
HOHOM B yCJIOBHSIX OCHOBHOTrO KaTaimu3a (mu-
nepuuH) Ha HampaBJeHUe peaKLUU Cylije-
CTBEHHYIO pOJIb OKa3blBaeT pa3Mep LjUKJa B
HUCXOZHOM JueHOHe. IIpu mpoBefeHUU peakLUil
¢ AubeH3MIN/IeHI[UK/IOTeKCaHOHOM 00pa3yroTcs
T POKCUTHIPOKCAHTe(XPOME)HbI U UX TTPOJYKThI
Jerupparanuu. [1py BBeleHUU B peakLUIo JuOeH-
3UJIM/IeHLIMK/IOTIeHTaHOHAa peakLUs MpoTeKaeT C
obpa3oBaHUeM CJIOKHOM CMeCU TTPOAYKTOB.
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AHHOTaLms. Bnepsble paccMOTpeHbl NOAXOAbLI K KOHCTPYMPOBAHWKO HOBBIX MMOPUAHBIX MOAMOKCAreTepOLMKANYECKUX COeAMHEHNIA
Ha OCHOBe B3aumogencTBusi 2-(4-kapbokcubeHsunupeH)-3,4-gurugpoHadtaned-1(2H)-oHa € MeTUNEHAKTUBHLIMU COEAMHEHNSMN
2H-xpomeH-2-0HoBoro psaga — 3-(1,3-anokcobyTaH-1-un)-2H-xpomeH-2-0HOM 1 4-ruapoKcu-2H-xpomMeH-2-0HOM, a Tak e X KapboLuku-
YecknM aHanorom — 1,3-MHAaHANOHOM B PasfMUHbIX YCNOBUAX. BbIABAEHO, UTO B X0/e PeaKLit XaNnkoHa € 3aMeLLeHHbIM XPOMeH-2-0HOM
B NUNepUANHe ¢ nocnedytoLeil 06paboTkoii YKCYCHON KUC0Toil 06pasyeTcs aLetat okCoAMrnApo-6H-6eH30xpomMeHoKcaHTAMS. YcTa-
HOB/IEHO, YTO GOpMUpPOBaHNE NOA0OHON rMOPUAHON CTPYKTYPBI C y4acTeM B KOHAeHCaLun Muxaans 1,3-MHAaHANOHA B aHANOTNYHBIX
yCNOBUAX He MpeACTaBNSeTC BO3MOXHbIM. [IpeBannpytoLMm 0Ka3biBaeTcs KOHKYPEHTHOR HyKneodunbHOe NpucoefuHeHne nunepu-
AVWHa N0 apuANZEeHOBOMY GparMeHTy ¢ 06pa3oBaHneM TeTparnapooKcoHahTaneHuANUNepUANHNAMETUNGEH30/HOI KncnoTbl. Mokasa-
HO, YTO KOH/EHCUPOBAHHDIN afAYKT XankoHa ¢ 1,3-MHAAHANOHOM BO3HUKAET MpU KUNAYEHUN peareHToB B NUpUANHE. icnonb3oBatne
XN0POBOAOPOAHOI KNCNOTBI NPW BbIAENEHNM NPOAYKTA peakLymu Cnoco6CTBYeT apomMaTn3aLini 06pasyrolLerocs AMrMapoXpoOMeHoBOro
LKA, 4T B KOHEUHOM UTOTE MPUBOAMT K XJOPUAY OKCOAMTMAPOOEH30MHACHOXPOMEHNANS. AHANOTVUHAS TeHAEHLNS 0TMEUaeTCs 1 npu
BBe/leHN B M3yuaemoe npespaLyenne 4-ruppokcn-2H-xpomeH-2-oHa. Bnepsble yCTaHOBAEHO, YTO NPU NPOBEAEHUM peakLum B Nejs-
HOIi YKCYCHOIA KncnoTe ¢ fo6aBneHneM NUNepuanHa B KauecTBe KaTaan3atopa nocnefHNIA Takxe BbICTYNaeT a3aHykneopunom 1 KOHKY-
PEHTHO CBSA3bIBAETCA C peaKLMOHHbBIM LIeHTPOM Cy6CTpaTa. 3amMeHa pacTBOpUTENs Ha MUPUANH NPUBOANT K GOPMUPOBAHNIO TMOPUAHON
cuCTeMbI — OKCOAMTNAPOOEH30XPOMEHOXPOMEHINN6EH30HON KNCOTbI. [py 3TOM coneobpa-30BaHns nocne 06paboTkM X10pOBOAOPOA-
HOIl KNCNIOTON He HabMtoAaeTcs. Takum 06pasoMm, B Xo/e MCCNef0BaHMUS PACCMOTPEH HOBbI CUHTETUYECKMIA NOAX0/ K GOPMUPOBAHUIO -
OPUAHBIX XPOMEHOBbIX, KCAHTEHOBbIX cucTeM. Habntogaemoe coneobpa3oBaHne MOXeT ABUTLCS GaKTOPOM MOBBILLIEHINS 6UONOrNYECKOI]
JOCTYMHOCTI BHOBb CUHTE3MPOBAHHBIX CORANHEHMWIA.
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Abstract. Approaches to the design of new hybrid polyoxaheterocyclic compounds based on the interaction of 2-(4-carboxybenzylidene)-3,4-
dihydronaphthalene-1(2H)-one with methylene active compounds of the 2H-chromen-2-one series - 3-(1,3-dioxobutan-1-yl)-2H-chromen-
2-one and 4-hydroxy-2H-chromen-2-one, as well as their carbocyclic analogue - 1,3-indanedione under various conditions have been
considered. It has been revealed for the first time that during the reaction of the studied chalcone with 3-acetoacetyl-2H-chromen-2-one
in a piperidine medium, followed by treatment with acetic acid, the hybrid acetate 7-(4-carboxyphenyl)-8-0xo0-5,8-dihydro-6H-benzo[h]
chromeno[3,2-b]xanthylium is formed. It has been found that the formation of such a hybrid structure with the participation of 1,3-indan-
edione in the Michael condensation as the methylene component under similar conditions is not possible. In this case, the competitive
nucleophilic addition of piperidine at the arylidene fragment with the formation of 4-((1,2,3,4-tetrahydro-1-oxonaphthalen-2-yl)(piperidin-
1-yl)-methyl)benzoic acid is predominant. It has been shown that the condensed adduct of arylidene dihydronaphthalene-1(2H)-one with
1,3-indanedione arises by refluxing the reagents in pyridine. The use of hydrochloric acid in the isolation of the reaction product contributes
to the aromatization of the resulting dihydrochromene ring, which ultimately leads to the chloride 7-(4-carboxyphenyl)-8-oxo-6,8-dihydro-
5H-benzo[h]indeno[1,2- b] chromen-13-ilium. Asimilar trend is observed when 4-hydroxy-2H-chromen-2-one is introduced into the trans-
formation under study. It has been found for the first time that when the reaction is carried out in glacial acetic acid with the addition of
piperidine as a catalyst, the latter also acts as an azanucleophile and competitively binds to the reaction center of the substrate. Replacing
the solvent with pyridine leads to the formation of a hybrid system, 4-(6-ox0-8,9-dihydro-6H,7H-benzo[h]chromeno[4,3-b]chromen-7-yl)-
benzoic acid. In this case, salt formation after treatment with hydrochloric acid is not observed. Thus, in the course of the study, a new
synthetic approach to the formation of hybrid chromene, xanthene systems has been considered. The observed salt formation can be the
factor in increasing the bioavailability of newly synthesized compounds.

Keywords: arylidene dihydronaphthalene-1(2H)-one, 2H-chromen-2-ones, Michael condensation, polyoxahetero(carbo)cyclic compounds
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BBepeHne
CuHTe3 rubpUJHBIX CUCTEM KOHCTPYUPOBa-

o,[-HeHaChIMEHHOW KapOOHU/IBHOW CUCTEMBI B
XaJIKOHAX /leJlaeT UX XUMUUYECKU U OM0I0r1uecKn

HUEeM MyTeM oTOopa Mo MeHbIIIel Mepe JByX OUO-
JIOTUUeCKU aKTUBHBIX MOJIEKYI SIBJISIETCS yI00HBIM
MEeTO/IOM TIO/TyUeHUsT OMOJOTHUYeCKH aKTHUBHBIX
COeJUHEHWH B paMKaX OTKPBITHS HOBBIX JieKap-
CTBEHHBIX CPeJICTB.

o,-HenachwImeHHble KapOOHUIBHBIE COe/IU-
HEHUS SIBJSIOTCS ITUPOKO PaClpOCTPaHEHHBIMU
CTPOUTEJLHBIMU 0/I0KaMU B OPraHUYeCKOM CHH-
Te3e, XOPOLIO W3BECTHBIMHM KaK MPOMEXYTOU-
HBle NMPOAYKTHI /sl CUHTe3a pa3HooOpa3HbBIX
reTepOIUKJINUeCKUX, B TOM UHC/Ie ¥ TUOPUIHBIX
CUCTeM, MHOTHE U3 KOTOPBIX 00/1a/1al0T BBICOKOU
610/IOTUUeCKOM aKTUBHOCTBIO U UTPAIOT BAXKHYIO
pOJIb B MeIUITMHCKOW XUMHUHU. VIMeHHO Ha/inune

Xumuns

TpuBJIeKaTe/NbHbIMH [1, 2].

Cpey BCTpeyaroluxcs B MPUPO/e XaJaKOHOB
[3] ¥ UX cUHTeTUUYECKUX aHAJIOroB [4] U3BeCTHEI
COeIMHEHW S, TPOSIBJISIONINE IIUTOTOKCUUYECKY IO,
AHTUMHUTOTHUUYECKYI0 aKTUBHOCTh B OTHOIIEHUU
KY/JIbTUBUPYEMBIX OMYX0JIeBbIX K/1eTOK. CoeuHe-
HUS JAHHOTO psijia 06/1a1af0T aHTUMUKPOOHBIMH,
(GYHTULUAHBIMYA, TTPOTUBOBOCAUTEBHBIMU,
aHTHOAKTepHaJlbHBIMU U MMPOTUBOBUPYCHBIMHU
cBoiicteamu [5—7]. Hanuuue eHOHOBOU (yHK-
[[UU MpUJaeT aHTUOMOTUUECKYI0 aKTUBHOCTD,
OZIHAKO HEKOTOpbIe Bell[eCTBAa 3TOr0 THUIIA SB-
JISFOTCSI TOKCUUHBIMU [JIsI )KUBOTHBIX W Hace-
KOMBIX [8].

129



%@\) M3B. Capar. yH-Ta. Hos. cep. Cep.: Xumus. buonorus. 3konorus. 2022. T. 22, Bbir. 2

Xa/NKOHBI SIBJASIOTCS Ba)>XHBIMH TIpe/lie-
CTBEHHUKaMH B CUHTe3e (/IaBOHOB, (h/IaBaHOJIOB,
XPOMaHOB, MMPAaHOHOB, 3aMel[eHHbIX MUPUAHNHOB,
XWHOJINHOB, MUPUMUIMHOHOB ¥ XWHA30JUHOB U
MHOTHUX JIPYTUX KJIAaCCOB COeIMHEeHUH.

Llenbio HacTOsIIIeN PabOTHI IBUIOCH U3y UeHHe
CUHTETUYECKHUX BO3MOXKHOCTeH 2-(4-kKapboKcH-
6ensunuen)-3,4-gurunaponadranes-1(2H)-ona B
KOHJeHcaluu Muxassisi Ha myTH K GOpMHUPOBaHHIO
TUOPUIHBIX XPOMEHOXPOMEHOBBIX(KCAHTEHOBBIX)
CHUCTEM.

MaTtepmansi u meToAbl

ToHKocJioMHasi xpoMaTorpadus TpOBOAUIaCh
Ha ractuHkax Silufol-UV254, snroedT — rekcas-
sTuaaleTaT-aleTod — 3:1:1, NposBUTeNb Naphl
Hoza.

DJleMeHTHBIM aHa/lU3 [IPOBOJU/IN Ha IpO-
rpaMMHO-arnapaTHoOM aHajiu3atope Vario Micro
Cube.

Criektpnl SIMP 3anucanb! Ha ipubope Varian
400 ripu 20-25°C. Pabouasi yacToTa /ijisi CIIeKTPOB
AMP H - 400, ans cnekrpos AMP 13C — 100 MT'Ly.
BHyTpeHHuMe cTaHapThl — TeTpameruacunan (\H,
13C), pactBopurens — AUMETUIICYTb(OKCH -,

O6was memoouka cuHmesa

B kpyTri0f0HHY0 K010y, CHabKeHHYT0 0OpaT-
HBIM XOJIOZUJIbHUKOM, TToMelriany 2.26 MMOJIb XaJl-
KOHa 1, 2.26 MMOJ/Tb MeTH/IEHAaKTUBHOT'O PeareHTa,
10 M pacTBOpUTENIA, KUTIATUIU. [10 OKOHUAHUM
peakiuy CMech yIiapyBaIv Ha Bo3yxe, 00pabaTei-
BaJI¥ TenTaHOM (KOHL|eHTPUPOBaHHOU X/IOPOBO/I0-
PO/IHOM KUCJIOTOM), TPOMBIBATH BOJIOM, CYLLIUJIN.

Ayemam 7-(4-kapbokcugenun)-8-okco-5,8-
odueudpo-6H-6en30[h]xpomenol3,2-bJkcanmunus
(3). CuHTe3 IpOBOAMIY C HUcMoJb3oBaHueM 0.52 T
(2.26 MmMoJ1b) XpOMeEH-2-0Ha 2, JieJsTHON YKCYCHOU
KHCJIOTHI U KaTaJn3aTopa murepuuHa. Bpems
peakuuu 15 u. ITonyyanu 0.98 r (71%) »xenTbix
kpucTasioB aterata 3. T rt. 135-136 °C. Cnektp
AMP 'H, §, m.z.: 2.06 ¢ (3H, CH,), 2.98 m (4H,
CH,), 6.88 ¢ (1H, CH, ), 8.86 c (1H, CH_ ),
6.35-8.21 m (12H, Ar). Cnektp AMP 13C, §, m.z.:
26.4 (CH,), 27.8 (C), 28.8 (Cy), 103.2 (C;;), 126.8,
127.4,128.0,129.7,129.8, 130.1, 130.7, 130.9, 131.0,
131.2, 132.9, 133.5, 133.8, 135.3, 137.2, 138.6,
139.2, 146.2,146.3 (C, ), 128.7 (Cg,), 132.6(Cy),
141.2 (Cg,), 144.4 (C4,), 145.6 (C,), 160.4 (C,5),
162.1(C,,,), 171.3(COOH), 187.9 (C=0). Haiine-
HO,%: C 74.24; H 4.42; C4,H,,0.. Beruncieno, %:
C 74.71; H 4.18.

Xnopud 7-(4-kapbokcugerun)-8-okco-6,8-
oueudpo-5H-6en3o[hjundeno[1,2-b]xpomen-13-
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uaus (7). CuHTe3 NpoBOJUIMN C UCTIOb30BaHUEM
0.32 r (2.26 MMonb) AUKeTOHa 4, pPaCTBOPUTeEJIS
nupuauHa. Bpems peakyuu 8 u. [Tonyuanu 0.76 ¢
(76%) cBeT/I0-)KeNThIX KPUCTAJIJIOB COeIUHEHHUS 7.
T nn. 128-129 °C. Cnextp AIMP 'H, §, m.z1.: 3.01 11
(2H, CH,), 3.17 1 (2H, CH,), 7.18-8.62 m (12H, A),
10.16 ¢ (1H, COOH). Cnexktp AMP 13C, §, m.x.:
28.1 (Cy ), 28.6 (Cy), 126.89, 127.2, 128.1, 129.6,
129.8, 130.6, 130.9, 131.2, 131.4, 131.8, 132.6,
133.7, 133.9, 135.0, 137.0, 138.4, 139.1, 146.0
(CaPOM), 128.4 (Cg,), 132.5 (Cy5, ), 141.0 (Cyyyp)s
145.9 (C,,), 146.5 (C,) 171.1 (COOH), 183.6
(C=0). Haiigeno, %: C 73.97; H 4.02; Cl 8.32.
C,,H,,ClO,. Beruucneno, %: C 73.56; H 3.89;
Cl 8.04.
4-(6-0kco-8,9-0ueudpo-6H,7H-6eH30[h]
xpomeHo[4,3-b]xpomeH-7-u)-6eH30lUHASA KUCAO-
ma (8). CuHTe3 NpPOBOJUIU C HCIOJIb30BaHUEM
0.37 r (2.26 Mmmonb) 4-rupoKcu-2 H-xpoMeH-2-0Ha
5, pacTBopuTens nupuauHa. Bpems peakium 11
y. [Tonyuanu 0.84 r (88%) GecijBeTHBIX KPUCTAI-
soB coepavHenus 8. T na. 195-196 °C. CriekTp
AMP 'H (OIMCO-dy), 6, m.i.: 2.97 T (2H, CH,),
3.17 v (2H, CH,), 6.36 ¢ (1H, CH), 7.30-
8.86 m (12H, Ar), 10.16 ¢ (1H, COOH). Cnextp
SIMP 13C, §, M.z 27.7 (Cg ), 28.3 (Cq ), 36.8 (C.),
126.9, 127.4, 128.5, 129.3, 129.6, 130.4, 130.7,
131.0, 131.9, 132.4,133.4, 133.7,135.4, 137.2, 138 .4,
139.1, 146.0 (CaPOM), 128.6 (C,,), 132,1 (Cy5, ),
141.0 (C,), 145.9 (C,)), 146.5 (C), 167.0 (C=0),
171.1 (COOH).Haipgeno, %: C 76.62; H 4.53;
C27H18OS.BHHHCJIEH0, %: C 76.77; H 4.30.

Pe3ynbTatbl U UX 06CYXAeHME

Panee [9] Hamu Ha OCHOBe xaKOHa — 2-(4-Kap-
6okcubensumuaen)-3,4-gurugpoHadranen-1(2H)-
ona (1) u 3-(1,3-auokcobyTan-1-un)-2HxpomeH-2-
OHa (2) B MPUCYTCTBUU OCHOBHbBIX KaTajnu3aTOPOB
ObLLIM TOTy UeHbI THOPUIHBIE CUCTEMBI — XDOMEHO-
0eH30XpOMeHBI U MPOAYKTHI KX apOMaTH3aLuy —
COJTU XpPOMeHODOEeH30T 1 /IpPOXPOMEHUITH S, COZeprKa-
e GpapMakodopHbie PparMeHThbl pearupyrommx
BeII[eCTB.

B npopjosikeHue uccieoBaHUS, YUUThIBas
IIMPOKHe CHHTeTUUeCKHe BO3MOXKHOCTH CyOCTpa-
TOB, BIIEPBBIe OCYIL€CTBJIEHO B3aMMO/|eHCTBUE
xankoHa 1 u xpomeH-2-oHa (2) B cpejie NMUIEpU-
IWHa ¢ mocseaytoileii 06paboTko# yKCycHOMU
kucnoToit (cxema 1, I). BrisiBsieHo, uTo B JaH-
HBIX YCJIOBUAX 00pa3syeTcs rMOpPUAHBIN arjeTaT
7-(4-xkapbokcudenunn)-8-okco-5,8-gurupo-6H-
6en3o[h]xpomenol[3,2-b]JkcanTunus 3.
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C uesiblo paciiMpeHus psifia CTPYKTYP, BKJIHO-
yarouux GapmakodopHbiii ckaddosg — rnomure-
TepOLMK/INYEeCKU XPOMEHOBbIA (KCaHTEHOBBIH)
(parmeHT, HaMU UCCJIe/JOBAaHO B3aWMOJelCTBHe
xajkoHa 1 c¢ 1,3-ungaHauoHom (4) B aHa/JOTUy-
HBIX ycnoBusix (cxema 1, IT). BeisiBieHo, 4To
B pacCMaTpUMBaeMOM BapHaHTe TpeBpalljeHus
KOHJeHcaruss Muxas/si He UMeeT MecCTa, a IIpo-
TeKaeT KOHKyDeHTHasi peakLiusi HyK/1eo(QUabHOr 0
NpUCOeIMHEHUs TIMIepUMHAa ¢ 00pa3oBaHUeEM
4-((1,2,3,4-TeTparusapo-l-okconadraneH-2-un)
(munepuarH-1-1)-MeTH/1)6eH30MHON KUCIOTHI 6,
YTO TakK)ke Hab/IroZan0Cch HaMu paHee [9] mpu uc-
T10/1b30BaHUY MTUTIEPUUHA.

Panee [9] ycTaHOBIEeHa BO3MOXKHOCTb O-re-
TepoLUK/AM3aluu afJyKTa xajJkoHa 1 ¢ xpo-
MeH-2-0HOM (2) W [JanbHelInero coieobpaso-
BaHUS TIPU KUMSUEHUU peakLMOHHOM cMecu B
NUPUANHE C TIOC/TeAyomei 06paboTKol cmecu
XJIODOBOJIOPOAHOU KUCA0TOW. Hamu BmepBbie
rokKasaHo, YTO B3aUMOJEeUCTBHE M3yUyaeMOTo
xankoHa 1 ¢ JUKeTOHOM 4 TpoTeKaeT aHaJo-
TMYHO U BeJeT K (popMUDPOBaHUIO XJIOpUJA
7-(4-kapbokcudenumn)-8-okco-6,8-qgurugpo-
5H-6en3o[h]ungeno[1,2-b]xpomen-13-unus (7)
(cxema 1, IV).

YcTaHOB/EHO, UTO BBeJleHUe B KaueCcTBe
MeTH/IeHOBOM KOMIIOHEHTHI B pacCMaTpUBaeMyio
KOHZleHcaluio Muxasins 4-ruzipokcu-2H-xpomen-
2-oHa (5) B aHa/JIOTMYHBIX yCJA0BUAX (cxeMma 1,
V) NpUBOAUT K TOJNYUeHUIO TUOPUAHONU CHUCTe-
MbI — 4-(6-0Kc0-8,9-aurugpo-6H,7H-6eH30[h]
xpomMeHo[4,3-b]xpoMeH-7-11)0eH30MHOU KHUCIO-
7ol (8). [locsiegHIOI0O MOYKHO paccMaTpuBaTh Kak
WHTepMeUaT Ha MyTHU K CTPYKTYPHOMY aHasory
accoyuaroB 3 u 7.

Xumuns

I

OTcyTCTBHe apoMaTH3aluy B JaHHOM CJlyJae
MOXXeT ObITh 00yC/I0B/IeHO OOJIbIel CTaOUIbHO-
CTBbI0O XPOMEHOTHIPOXPOMEHOBBIX CTPYKTYD B
BbIOPAaHHBIX YCJIOBUSIX 3a CUET HETIOCPe/ICTBeHHOH
6sm3octu AByX O-TeTepodparMeHTOB.

[Tpy ucCro/b30BaHUM MUTIEPUMHA Kak 6o-
Jiee CUJIBHOTO HYKJeoduia, KOHKYpPUPYILEro c
4-runpokcu-2H-xpomeH-2-0HoM (5) 3a CBsI3bIBaHUE
¢ XasikoHOM 1, mosryunTs Tubpus 8 He yaeTcs, Kak
Y B ciiydae c AukeToHOM 4 (cxema 1, IIT).

CrpoeHue conu 3 yCTaHOBJIEHO HA OCHOBaHUU
panubix IMP'H cniekTpa Mo K/IlOueBbIM CHUTHa-
JlaM BUHW/IBHBIX NPOTOHOB mipu 6.88 u 8.86 m.nx.
H' u H? coorBeTcTBeHHO. Tak ke 06Hapy KeHbI
MYJIBTUAT/IETHI MEeTUJIEHOBBIX TPOTOHOB aJINLHAKJIA
npu 2.98 m.a. O6 apomaTu3aluu U 06pa30BaHUHU
CO/Y TI03BOJISIET CyIUTh OTCYTCTBUE CHUTHAJIOB B
obmactu 3—6 M.[], a TaK)Ke IPUCYTCTBUE CUHIJIETA
Tpex NpoTOHOB Npu 2.06 M.[., KOTOPbII MOXHO
OTHeCTU K MeTU/IbHOU IpyMIe aleTaT-aHHOHa. B
nByMepHoM HSQC criekTpe nmeeTcst KOppensinus
2.06/26.4 m.p., moATBepKAAlOIIasl Haluuue aie-
TaT-aHWOHA.

B SIMP 'H cniexTpe xj0puza 7 NpUCYTCTBY-
FOT CUTHAaJ/bl MeTU/IEHOBBIX MPOTOHOB Tipu 3.01 u
3.17 M.[., CUHIJIET IPOTOHA KapOOKCHUILHOM I'PyTI-
el 1py 10.16 M.ZA. U MyIBTUILJIET apOMaTHUeCKUX
MPOTOHOB B 06/1acTu 7.18—8.62 m.z.

B AMP 'H cnexTpe coeaunenus (8) oTmeue-
HBI CUTHAJIbI BYX ME@TU/IEHOBBIX IIPOTOHOB 2.97 U
3.17 m.A., cooTBeTcTBYyOIUX ByM CH,-rpymnmam
HachlljeHHoro pparmenTa. Cunrmet ripu 10.16 m.j.,
XapaKTepHBIH J7151 TPOTOHA KapOOKCUTbHOU TPyTI-
Ibl, HAJINYMe CUHIJIeTa NpU 6.36 M.[l. TPeTUYHOT O
MpoToHa, Koppeaupytomero B8 HMBC criekTpe ¢
KapOOHU/ILHBIM aTOMOM yTJjiepoja rpu 167 M.z,
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SBJISIETCS TIO/ITBEPXKAeHUeM 00pa3oBaHUs 1eH-
TPaJIbHOr'0 MUPAHOBOTO TeTeporukia. Obpa3osa-
HUe TUOPU/IHOM CUCTEMBI [0KAa3bIBAeT OTCY TCTBHUE
CHTHAJIOB BUHUJIbHBIX [IPOTOHOB B BU/Ie CUHIJIETOB
npu 5.6 u 7.8 m.A., npucymux 4-ruppokcu-2H-
XPOMeH-2-0HY U 2-(4-KapOoKcubeH3uMneH)-3,4-
purupapoHadTaneH-1(2H)-oHy cooTBeTCTBEHHO.

3aKnyeHune

Takum 00pa3om, BbIsIBJieHA BO3MOXXHOCTh
(hopMHUpOBaHUS KOHJEHCHPOBAHHBIX I'MOPUIHBIX
CTPYKTYP XPOMeHO(KCaHTEeHO)XPOMEHOBOTO, XPO-
MEHOWH/IEHOBOTO PSIZIOB Ha OCHOBe KOHZEHCAI[UU
Muxasns apunugenaurugponadranes-1(2H)-ona
C METUJIEHAaKTUBHBIMU coeInHeHUsIMU. OTMEUeHO,
YTO WCMOJIb30BaHWE MUPUANHA, OJHOBPEMEHHO
KaK KaTaJu3aTopa U PacTBOPUTEJIs, CTIOCOOCTBYeT
oburel TeHAeHMU 0Opa3oBaHUS 3aMeIleHHbIX
6eH30ruIPOXPOMEHOB, MpeTepIeBarLINX IeTepo-
apoMaTH3alyi0 B KUCJIOW Cpejie, 1 MOXeT ObITb
pacCcMOTpeHO KaK HOBBIN MOZAX0[ K UX CUHTe3Yy.
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AHHOTaLMA. TPaHCMOPTHbIe NPOLLECChl, NPOTeKatoLLMe B NOAMMEPHBIX MATPULLAX, XapaKTepusyioT UX GU3NKO-XMMUYecKue CBOICTB, onpe-
JensioT HanpaBaeHns NPakTYeckoro npuMeHeHus. Kputnyeckin paccMoTpeHbl IMTepaTypHble AaHHbIe N0 MOHHOMY TPAHCMOPTY B NAacTu-
pULMPOBaHHBIX MONMMEPHbIX MeMbpaHax, TeopeThyeckuM acnektTamM Mem6paHHoro TpaHcnopra. fokasaHbl BAMsHME MoAuuKaTopa Ha
TPaHCMOPTHbIE CBOMCTBA MEMOPaH M BO3MOXHOCTb peanu3alitit HOBOW aMOKCULMANNHCENeKTUBHOI NAACTMGULMPOBAHHOI MeMbpaHbl Ha
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CTaB KOTOPOIi BXOZAUT MONIEKYNSPHO-UMNPUHTUPOBaHHbIV nonumep (MUM) — HaHoTpy6KkyM nonnannanHa (PANINT), npeactaBnsiowye 0cobblii
NHTEpec B KauecTse MOAUGUKATOPOB CEHCOPHBIX U MEMOPaHHBIX KOMMO3WULMIA. VI3yueHbl TPaHCMOPTHbIE CBOACTBA HEMOANMULIMPOBAHHBIX 1
MOANGULIMPOBAHHbIX HAHOTPYOKAMU NOAMAHUANHA NAACTUGULMPOBAHHDIX NOAMBUHNAXNOPUAHBIX MEMOPaH. YCTAHOBNEHO BAUSHME KOHLIEH-
TpaLyK aKTUBHbIX KOMMOHEHTOB MeMbpaH, NpUMeMOPaHHbIX PacTBOPOB aHTMOMOTUKOB, MOAMdUMKATOPA Ha TPAHCMOPTHbIE CBOIACTBA. OLieHe-
Hbl KOIMYECTBEHHbIE XapPaKTEPUCTUKI MeMBPaHHOTO TPaHCMOpTa: KO3 GULIMEHT NPOHNLIAEMOCT 1 MOTOK MOHOB.
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Abstract. The transport processes occurring in polymer matrix characterize their physico-chemical properties, determine the directions of practical
application. The literature data on ion transport in plasticized polymer membranes and theoretical aspects of membrane transport are critically
reviewed. The effect of the modifier on the transport properties of membranes is shown. The article shows the possibility of implementing a new
amoxicillin-selective plasticized membrane ([Ag(Amox),]DMDSA), which includes a molecular imprinted polymer (MIP) - polyaniline nanotubes
(PANI NT), which are of particular interest as modifiers of sensory and membrane compositions. The transport properties of unmodified and
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modified polyaniline nanotubes of plasticized polyvinyl chloride membranes have been studied. The effect of the concentration of near-membrane
aqueous solutions of antibiotics, modifier on transport properties has been established. Quantitative characteristics of membrane transport are

estimated: permeability coefficient and ion flux.
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BeepeHne

MembpaHHoOe pa3/esieHre IoCpeiCTBOM T~
MepHbIX MeMOpaH UMeeT pa3HOIlJIaHOBbIe 00/1aCTH
Y TIoAX0Abl puMeHeHus [1-3]. I onpejeneHus
KOJIMUeCTBEHHBIX XapaKTepUCTUK MOHHOTO TpaHC-
TIOPTA B [MOJINMEPHBIX MIaCTUDHUITUPOBAHHBIX MEM-
OpaHax MpoBe/leH aHa/I|3 JINTepaTyPHBIX JaHHBIX,
OXBaTHIBAIOIINX TeOpeTHUeCKHe U MpaKThuecKue
acIieKThl pacyeTa TPAHCIOPTHBIX XapaKTePUCTHK.
VccnenoBaHbl B3aUM0O3aBUCHUMOCTH MeX[Jy CO-
TIPOTHBJ/IEHNEM MeMOpaHbI, TIpeie/IbHBIM TOKOM U
YKC/IaMH NepeHoca KOMOHOB Y TIPOTMBOHMOHOB [4,
5]. TIpotecchl mepeHoca uvacTul, AUuGbyHAUPY-
IOIIMX MPU MeMOpaHHOM TPaHCIIOPTE, COUeTaroT
Toc/ie/joBaTeNbHbIe CTaJANU: TepeHOC KOMIIOHEHTOB
WCXOZHOTO TIOTOKAa K MeMOpaHe; BHeZIpEHHe 3THX
KOMITOHEHTOB B MeMOpaHy; TPaHCIIOPT KOMITOHeH-
TOB uepe3 MeMOpaHy C TMOC/eAYIOLUUM OTBOZOM
MPOJIyKTOB pasjesieHus [6].

ConpoTuBieHue MeMOpaHbl BHOCUT BeCO-
MBI BKJIaZ, B oOIllee ompcaHue KOJTWYeCTBEHHBIX
CBOWCTB W TpOLIeCCOB MeMOpaHHOTO TPaHCIIOP-
Ta. 3aKoHOMepeH (PaKT yBeTHUeHUsI COMPOTHUB/IEHHUS
MPY YMEHbBIIIEHWU KOHLIEHTPALIMH, MOKAa3aHO, UTO
COTIPOTUBJIEHHE He SIBJISIETCSI TIOCTOSTHHOW BeJu-
ynHOM [7-9]. IIprMeHUMOCTb pa3HbIX MOAXO/0B
K OmpeJe/ieHUI0 IaHHOTO TapaMeTpa MPUBOJUT K
TIOJTyUeHUI0 PA3/IMUHBLIX pPe3y/bTaToB. M3yuanoch
BJIMSTHUE TeMIlepaTypbl Ha TPaHCIIOPT UOHOB uepe3
HMOHOOOMeHHBbIe MeMOpaHbI. B laHHOM C/Tydae peub
WJeT o IMHeHOM 3akoHe OHn3arepa [10].

B MOHUTOBBIX MeMOpaHaX BbITIOTHSIIOTCS CBOM-
CTBa TOJTYTIPOHUIIaeMOM MeMOpaHbl, uepe3 KOTOPYIO
CTIOCOOHBI IPOHUKATh YaCTHUILIBI TOJIBKO OTPe/ie/IeH-
Horo copta. OHaKO C yBe/TnyeHeM KOHIIeHTPaLin
pacTBopa n3buparesibHast TPOHUIIAeMOCTb MeMOpaH
yMeHbILIaeTCsl, XapaKTep 3aBUCUMOCTH MeMOpaH-
HOT'O TIOTeHL{{aa OT KOHIIeHTPAaL[i! pacTBopa 13-
mensercd [11, 12].

ITo BesTMUMHAM CTaLIOHAPHEBIX COMPOTHUBIIEHUI
PaCcCUMTAHBI KaXKyI[HeCss KOHCTaHThI AMCCOLMALUH
(K ;mc) accoI[MaTOoB [3-TaKTaM-TeTpaAeliulaMMOHU T
B MeMOpaHHOU ¢a3ze metogoM Kpaycca—Bpes [13].

OTMeuaeTcst, UTO ITPY YBeTMUeHUH BpEMEeHHOT0
[maria3oHa cuHTe3a /151 MeMbpaH PANI/M®-4CK
Mopdonorus GUOPUIISPHOTO TUITA U3MEHSETCS Ha
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T'PaHyJISIPHYI0, UTO SIBJISIETCS BAXKHBIM 00CTOSITE/Tb-
CTBOM TIpY M3yueHUH npoBoaumocTu [14, 15]. s
y/yYllleHUs] TPAHCIIOPTHLIX CBOWCTB MeMOpaHbI
MOAUDULIMPYIOT TOKOMPOBOSILUMU TIOJUMEPaMu
[16-26].

Lenbio HacTosited paboThl sIBUJIACh OLleHKa
BJTUSTHUSI HAHOTPYOOK IMO/TMaHU/IMHA Ha TPAHCTIOPT-
HbIe CBOWCTBA MeMOpaH Ha OCHOBe acCOL[UATOB /IU-
MeTungucteapusamMmonus (IMICA) ¢ Komriiekc-
HBIMU coefiiHeHUsIMU cepeOpo (I)-aMOKCHITUIITHH
Ag(Amox),IMIICA, orleHKa NPOHUI[AEMOCTH U
MOTOKA UOHOB /1JIs1 aMOKCHULIA/IJTUHA.

MaTepMaan 1N MeTo/bl

B pabore ncciiejoBaHbI 1aCTU(GHULIMPOBAHHbBIE
TIOJTUBUHUIXJIOPUJHBIE MEMOpaHBI Ha OCHOBE acCo-
LMaTOB JUMETH/IIUCTeapUIaMMOHHUS C KOMIIJIeKC-
HBIMU coeZIMHeHUsIMU cepebpo (I)-aMOKCULIUIITHH.

Ha3sBanwus 11 HOpMyIIbI NCTIONb3yeMbIX BEIIeCTB
TIpe/ICTaB/IeHbI HU)Ke Ha CXeMax:

AMOKCULIWIIUH (AMOX) — TOMYCUHTETUUeCKU N
MEeHULU/IJTUHOBBIA aHTUOUOTUK. KoMMepueckoe
Ha3BaHUe TperapaTa «AMOKCULIUITUH», (hHUpMa-
npousBozutenb: AO «buoxumuk», Poccusi; dopma
BBIMyCKa: TableTKU (3as1BJIEHHOE CO/Iep)KaHHe aK-
TUBHOrO BejectBa 500 mr).

COOH
O
HO O M CH,
M 5 GH!
H
NH,

PacTBOpBEI aMOKCHIU/I/INHA KOHI[@eHTPALUH
0,01 M roToBuIM PacTBOPEHHEM COOTBETCTBYIO-
VX HaBeCOK B IUCTWIIMPOBAaHHOM BoZie; paboune
pacTBopkI ¢ KoHLeHTpanusamu 1:1073; 1:1074; 1-10°;
1:10°6; 1107 M roToBu/IM IOC/Ie[OBaTe/ILHBIM Pa3-
OaByieHHEM.

PacTBop x/10pHia JUMETUIAUCTeapPUIaMMOHUS
(AMICA) c xonuentpauueit 0,01 M rotoBu/u 1o
TouHOW HaBecke miperapaTa (0,0558 r) u konmue-
CTBEHHO TIepeHOCHUJIN B Jle/IUTe/NbHYI0 BOPOHKY,
pacteopsiid B 10 mn xsopodopma. CTpyKTypHast
(hopmya AUMeTUIAUCTeapUIaMMOHUS XJI0pU/a:

HayuyHbivi oTaen
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CyHas

N

H;C CiHas

B pa6ore nipumensiiu 0,01 M pacTBOpBI HUTPa-
Ta cepebpa, B KaueCcTBe MOAU(PUKATOPOB UCIIOJIb30-
BaHBI HAHOTPYOK!Y TIOTMaHU/TAHA.

Wcnons3oBanu Becel aHanutuueckue AND
Company Limited HR-250 A 252g /0,1 mg fAinoHusl.
B ucxopnbix 0,01 M BogHBIX pacTBOpax aMOKCH-
LM/IJIMHA OTAesI/IM BCIIOMOraTe/ibHbIe BellleCTBa
nyTeM (GUIBTPOBAHUS C TIOMOIIBIO 00€330/IeHHBIX
bunbTpoB «CUHSIS IeHTa».

CuHTe3 571eKTPOJJHOAaKTUBHOIO BelljecTBa
(OAB) orvcan aBTopamu B [27].

[MonyueHue nuacTUGULIMPOBaHHBIX MeM-
OpaH OCyIIeCTB/IsIN BHECEHHEM B OIOKC 37IEKTPO-
[IHOAKTHBHOIO Bell[eCTBa, paCTBOPUTe/ISA-IJIaCTH-
¢ukaropa [B®. 3aTeM npu mepeMelinBaHUU Ha
MarHUTHOH Mellajike N00aBisS/IM 3 MJI PacTBO-
puTesi (HMK/IOTeKCaHOH) U TIOCTeNeHHO HaBecKy
NMOIMBUHUIXI0pU A (cooTHOoIeHue [IBX: 1BP mo

F{T

|
|
8

Macce paBHoO 1:3). [lepemMeliviBaHue MPO/0JIXKaIU
[0 Tex Top, MoKa He obOpa3yeTcsi roMOTeHHas
cMech. [TonydyeHHY0 MeMOpaHHYIO KOMITO3ULINIO
BbI/IMBa/IU B yallKy [leTpu 1 oCTaB/Is/I1 IO, TATOU
[10 TIOJTHOTO MCTIapeHusl pacTBopuTessi. Beicymu-
BaHMWe TNPOBOJMU/IMA Ha CTPOTO FOPU30HTaIbHOU
MOBEPXHOCTH [Jis TIOIyUeHUs MeMOpaHbl Ofu-
HAKOBOU TOMMIUHEL. [IpuroToBnenHas MmeMOpaHa
“MeeT BUJ, 3/1aCTUYHOM U NMPO3PAayHOM MJIEHKU
TOJIIMHOM 0K0J10 0,5 MM U XpaHUTCS HaJi TapaMu
OB®. [ns monydyeHus: MaacTUGUIUPOBAHHBIX
Mo u(UIIMPOBaHHBIX MeMOpaH NMpUMeHeH aHa-
JIOTUUHBIA ajropuTMm (C yueTOM COOTHOLIEHUS
HaBeCOK 3/1eKTPO/JHOaKTUBHOIO BellleCTBa U MO-
gudukaropa 1:1).

TpaHCTOpTHBEIE CBOMCTBA MeMOpaH H3yuaau
MeTO/IOM IIPUJIOKEHHOr'0 NOTeHLjana C UCI0JIb-
30BaHHUEM UeThbIpex3JIeKTPOJHOU CXeMbl, COCTOsI-
el U3 mapbl MJIATUHOBBIX (TOKOTPOBOASAIINX) U
rapbl XJ1I0pu/icepeOpsTHHBIX (PerucTpUpyroIinXx)
31ekTposioB [16]. flueiika mpeacTaBsisieT coboit
LUJIUHAP, COCTOSIIUN U3 [BYX PaBHbIX OTCEKOB,
MEe>XX/1y KOTOPbIMU HaK/leeHa MeMOpaHa iInaMeTpoM
1 cm (puc. 1).

Puc. 1. YcTpoiicTBO 3/1eKTPOXMMHYeCKOH siueiiku: TuiaThHOBbIe 371ekTpogb! (1 = lem) (1),
KOHTaKThl THIA «KPOKOJUIBUUK» (2), OTCEKH 3/eKTPOXUMUUYECKOH siueliku (3), THe3za Mof,
TJIaATUHOBBIE 37IeKTPO/bI (4), THe3/1a 1oz, coyieBble MOCTHI (5), MeMbpaHa (6)

Fig. 1. Electrochemical cell device: platinum electrodes (I = 1 cm) (1), «crocodile» type
contacts (2), compartments of the electrochemical cell (3), sockets for platinum electrodes (4),
sockets for salt bridges (5), membrane (6)

HampspkeHne Ha MeMOpaHe MTPY IMPOX0XKIeHUN
TOKa PerMCTpPUPOBaJIU C IOMOILbIO IBYX 3J1eKTPO-
[IOB CpaBHEHMUSI, OJK/IOUEHHBIX K MYJbTUMETDPY
DT9202A u nocnenoBaTenbHO MOAKIHOYEHHOMY
MUKpoamriepMeTpy M244. ICTOYUHUKOM TOJSIPU-
3aLM¥ CJIY>KUJI TaJbBaHOCTAT.

[ng onpepeneHus CONpPOTUBJEHUS IJa-
CTUGUIMPOBAHHBIX MeMOpaH C MOJUBUHUII-
XJIODUAHOM MaTpUIlell Ha OCHOBE acCOI[MaTOB
JUMeTHU/IIUCTeapulaMMOHHUS C KOMILJIEKCHBIMY
coequHeHussMu cepebpo (I)-aMOKCHULIUIIUH B OT-

Xumuns

CeK 3IeKTPOXUMHUUECKOH siueKu (MMpreMHUK) M0-
MelI[aeTCs pACTBOP aHTUOMOTHKA C KOHL|eHTpaLuen
C=1107M, a B OTCEK MCTOUHMKA — PACTBOP aHTH-
6uoTHKa ¢ 6onbleii KoHeHTpanuei(1-102, 1:1073,
1-10"4 M). Cepus pacTBOpOB B NpobUpKax Ha
10 M1 6bI/1a TPUTOTOBJIEHA U3 UCXOJHOT'O PACTBOPA
amokcuuminHa Kouentpanuu 0,01 M. Ilpu cHs-
THU NO0Ka3aHUM C pubopa B Xo/ie SKCIiepruMeHTa
3aMeTHO W3MEHSIIOTCS KaK HampsDKeHUe, TakK U
CHWJa TOKa, B 3aBUCHMOCTH OT COCTaBa U CBOMCTB
nccieyeMoit MeMOpaHblI.
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Vcxopsi U3 BeJIMUMH JAHHBIX MapaMeTpOB,
PacCUMTHIBAETCS 3JIEKTPUUYECKOe COMPOTHBIIEHHE
MeMOpaH#I 110 3aKoHy OMa:

U
R=—,

rge R — conpotuBnenue wmembpansl, MOwm; U —
HaTpspKeHUe Ha MeM0OpaHe, B; [ — cuiia Toka, MKA.

Pe3ynbTaTbl U UX 06CyXKAEHE

VccnepoBanbl TpaHCIIOPTHbBIE CBOMCTBA He-
MOAUGULIMPOBAHHBIX U MOJUGUI[MPOBAHHBIX Ha-
HOTpyOKaMU Mo IMaHU/IMHA JIaCTUQUIUPOBAHHBIX
MeMOpaH Ha OCHOBE acCOI[MAaTOB JUMeTH/IANCTe-
apu1aMMOHHUS C KOMIIJIEKCHBIMU COeIUHEHUSIMU
cepebpo (I)-aMOKCHULMJIJINH TIPU BapbUpPOBa-
HUM KOHLeHTpauuu JAB u amokcuLUI/IMHA B
npumMeM6paHHbIX pacTBopax 1:1072 — 1-107 M
(puc. 2).

R, MOm
25

15

05

45 4 35 3 25 2

C3AB'

%
Puc. 2. 3aBUCHMOCTb CTaLMOHAPHOIO CONPOTHB/IEHHUS I/1a-
crudunupoBanHoli Membpansl [Ag(Amox),]AIMICA ot
KoHueHTpatyu AB ; C (npumem6bpanHas) 1:1041:107 M
Fig. 2. Dependence of stationary resistance of plasticized
[Ag(Amox),]DMDSA from the concentration of EAS;

C (primembrane) 1-104|1-107 M

Ha puc. 3 npuBefeHbl 3aBUCMMOCTH COIPO-
TUBJIEHUS TJIaCTUGUITUPOBAaHHbIX [TBX-MeMOpaH
Ha OCHOBe acCOLIMaTOB AUMeTU/IIMCTeapyuIaMMOHUS
C KOMIUJIEKCHBIMU coeuHeHusiMU cepebpo (I)-
aMOKCHI[UJIJTUH OT BPEMEeHHU.

[TpoBemeHo MmozuUIIpOBaHe UCCIeTyeMON
mMem6paHbl Ha ocHoBe [Ag(Amox),]AM/ICA na-
HOTpyOKaMU TMOJIMaHW/INHA, T.e. CUHTE3 MOJIEKY-
JISPHO-UMIIPUHTUPOBAHHOTO TosiuMepa (MUII),
CeJIeKTUBHBIX K aMOKCUL|W/IJINHY Ha I0BEPXHOCTU
MeMbOpaH. TeMHO-3e/1eHbIF OTTEHOK MOZUGBHUIIUPO-
BaHHOUW MeMOpaHbI CBU/IETEILCTBYET O TOM, UTO
MMUII B ee cocTaBe HaX0AUTCA B hopMe SMepab-
nuHa (puc. 4).

IMonuaHWIVH ¥ HAaHOTPYOKK 06/1a/jal0T XOpO-
1Ieil IPOBOAMMOCTBIO U 3@ CUeT 3TOTO SIBJISIOTCS
B3aMMO/IOTIO/IHSIEMBIMU MaTepuajaMu; MPU UX
COUeTaHUM YCTAHOBJIEH ONTUMAabHBIA 3PdeKT —
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R, MOm

20

40 50 60 70 80 9 100 110 120 130 140 150
t, MUH

o 10 20 30

a/a

R, MOm
1,40

1,30
1,20
1,10
1,00
0,9

0,80

0 10 20 30 40 50 60 70 80 %0 100 110 120 130 140 150

t, MUH
6/b

Puc. 3. 3aBUCHMOCTb COTPOTHB/IEHUS] AMOKCHLIU/UTHHCEIeK-
TUBHBIX MeMOpaH oT BpeMeHH: & — Cq , i, 2%, 1-10731-107 M;
6 — C5pp 4%, 1:1072/1-107 M pacTBOPOB aMOKCHLIW/LIMHA
Fig. 3. Dependence of the resistance of amoxicillin-selec-
tive membranes on time: a — Cg,q 2%, 1:1031-107 M;
b—Cpgpg4%, 1:102|1-107 M aqueous solutions of amoxicillin

Puc. 4. ®ororpadust ucciegyemMoi MmeMOpaHsI
Ha ocHoBe [Ag(Amox),]AM/ICA, monudpu-
[[MPDOBAaHHOW HAHOTPYOKaMM MOJMaHUIUHA
(Coap=2%)
Fig. 4. Photo of the investigated membrane based
on [Ag(Amox),]DMDSA modified polyaniline
nanotubes (Cg, g=2%)

yAy4llleHHe HOHHOTO TPAHCIIOpTa uepe3 MOAUMUIH-
POBaHHYI0 MeMOpaHy, BEIpayKeHHO€e yCTaHOBIeHHEeM
CTaL[MOHAPHOTO COTMIPOTHB/IEHHS IPU UHAMUYeCKOM
paBHOBeCUM B ucciefyeMol cucteMe. [TokasaHsl
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pe3y/bTaThl 3KcriepuMenTa (Tabs. 1), coriacHoO Ko-
TOPBIM MOXKHO Pe3FOMHPOBATh, UTO MCTOIb30BaHUE
MOJIEKY/ISIPHO-UMITPUHTHPOBAHHOTO TI0JIUMEpPa Ha
OCHOBe HaHOTPYOOK TIO/IMaHW/IMHA B KayeCTBe MO-

JuduKaTopa I1o3BoJisieT CHI)KATh COTIPOTHBIIEHUe
MeMOpaH nprMepHo B 1,5 pa3sa /711 pacTBOPOB C pas-
HBIM TPaJIeHTOM KOHLIEHTPALIMH B OTCEKaX 37IeKTPO-
XUMUUECKOU sTUeKHU, pa3ziessieMbiX MeMOpaHOH.

Tabauya 1/ Table 1

CranuoHapHble 3HaYeHHs1 OMHYeCKHX CONPOTHB/IeHUi MemOpaH Ha ocHoBe [Ag(Amox),] IMJCA+PANI NT

(n=3,P=0,95)
Stationary values of ohmic resistances of membranes based on [Ag(Amox),]DMDSA+PANI NT
(n=3,P=0,95)
KonueHTparust mpuMeMOpaHHbIX PAaCTBOPOB, M — MOw: o (1) u Tioce (2) U3MeHeHHUsI TIOSIPU3aLiii
Concentration of primembrane aqueous R, MOhm: before (1) and after (2) the polarization change
environments, M
1 2
1-1072[1-107 (1,28 £ 0,57) (1,24 £ 0,55)
1-103[1-107 (1,53 + 0,47) (1,52 £ 0,57)
1-1041-107 (1,77 £0,19) (1,66 £ 0,52)
[IprBejeHbI 3aBUCMMOCTH CTaLlMOHAPHOTO CO- P-10°,m/c
MPOTUBJ/IEHHA OT KOHLEHTPallUU HPI/IMEMGPEHHLIX 14
pactBopoB [IBX-mMeM0OpaH, MOAU(PUITUPOBAHHBIX b
HaHOTpPyOKaMu MoiMaHu/InMHa (puc. 5).
10
R, MOm .
18
6
117 1
16 !
2
15 2
14 0
0 20 40 60 80 100 120 140
13
t, MUH
12 a/a
11 J10%4,
5 4 3 2 1 0 monb/m2-c
pC 14
Puc. 5. 3aBUCHMOCTb CTaLMOHAPHOT'O COMIPOTHUB/IEHUS MEM-
6pan Ha ocHose [Ag(Amox),]AMJICA+PANI NT oT koH- 12
LieHTpaluK NTpUMeMOpaHHbIX PaCTBOPOB aMOKCHLIM/IMHA: 10
1 — po, 2 — ocsie v3MeHeHUs MOsIpr3aLuu
Fig. 5. Dependence of stationary resistance of membranes ¢
based on [Ag(Amox),]DMDSA+PANI NT from the concen- 6
tration of primembrane aqueous solutions of amoxicillin: ,
1 — before, 2 — after the polarization change
2
OueHeHbl KOTMUECTBEHHbIE XapaKTepUCTUKU 0
MeMOpaHHOT0 TpaHCMOPTa: KO3(PGULIMEHT MpPo- 0 20 40 60 80 100 120 140
HUI[aeMOCTH U MOTOK UOHOB [6, 16]. Koadduuuent /b t, MuH

TIPOHUIIaeMOCTH P — KonnuecTBO Bell{eCTBa, TPOHU-
Karolee uepe3 eJUHULY TIOBEPXHOCTH MeMOpaHbI,
VMerolIell e [UHUUHYTO TOJIIIUHY, B eIMHULY BpeMe-
HU TIpU TIeperna/ie KOHLIeHTpalyii, paBHOM eIUHULIE.
[ToTOK MOHOB J — KOJTMUECTBO BellleCTBa, POXO/s-
11ero yepe3 eJMHULYy MOBEPXHOCTU MeMOpaHbI B
eauHULy BpeMeHU. OOBbEMHBIE XapaKTePUCTUKU
HMOHOOOMEHHBIX MeMOpaH 3aBUCAT OT BPEMEHH UX
KOHTAaKTa C paCTBOpPaM¥ aHTUOHMOTHKOB (puc. 6, a, 6).

Xumuns

Puc. 6. 3aBucuMocTu K03¢pHUIMeHTOB NPOHUIIAeMO-
ctu (a) ¥ oToka uoHa (6) aMOKCHULMJIJIUHA OT Bpeme-
HM IIpU KOHIIeHTPAaLU¥ NMpuMeMOpaHHbIX PacTBOPOB
1:107%|1107 M; DAB: [Ag(Amox),]AIMJCA
Fig. 6. Dependences of the permeability coefficients (a)
and the ion flux (b) of amoxicillin on time at the concen-
tration of primembrane aqueous solutions 1-:1072|1:10"7 M;
EAS: [Ag(Amox),]DMDSA
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KosdduiireHT rpoHuijaeMoCcTyd MeMbpaHbl, M/C:
I C+C,
¢, -G,

- -
(1 1/
VAV,
ITOTOK MOHOB, MOJIb/M?*C
J=P(C,-C),
rae C, C, — KOHLIEHTPAL[UX PacTBOPOB UCC/Ie/ye-
MBIX Bell|eCTB B MCTOUHUKE, IPHeMHUKe, COOTBeT-
CTBEHHO, Mo/ib/M3; S — pabouasi I/I0Ija/[b TTOBEPX-

P:

HOCTU MeMOpaHbI, M%; t — BpeMsi SKCIIepUMeHTa, C;
V,uV, - obbem cekuyuu 1 (MCTOYHMKA) U CEKLIMU
2 (MpuéMHMKA) COOTBETCTBEHHO, M>,

B Tabmn. 2 mpuBejeHBl BeJIMUUHBI IOTOKOB
WOHOB U KO3 (PUILIMEeHTOB MPOHUI[aeMOCTU MeM-
OpaH A1t Bccyie[yeMbIX PACTBOPOB aMOKCHLIHII-
JIVHA.

[TpoHU1}aeMOCTb U MOTOK UOHOB He SIBJISIIOTCS
MOCTOSTHHBIMU XapaKTePUCTUKAaMU MeMOpaHbI, OHU
3aBUCAT OT TIPUPO/bI U TUMA JUMPYHAUPYIOLIUX
vacTur] [6].

Tabnuya 2 / Table 2

Ko/mmuecTBeHHbIe XapaKTepHCTHKH MeMOpanHoro Tpancnopta (3AB: [Ag(Amox),] IMJCA+PANI NT,
Cyap=2% (n=3, P=10,95)
Quantitative characteristics of membrane transport (EAS: [Ag(Amox),IDMDSA+PANI NT, Cp, = 2% (n =3, P = 0,95)

c M cM t,c v, M V,, M S, M2 P, m/c J, Mosb/M2-C

B 2 t,s V,, m3 V,, m3 S, m? P, m/s J, mol/m?'s
1102 (4,77 +1,76) -10° (4,77 +1,76) -10°14
1-1073 1-107 8040 1,5-106 1,1-106 1-10 (3,90 + 0,40) -10°° (3,90 + 0,40) -10°15
1-104 (1,06 + 0,25) 107 (1,06 + 0,25) -10°7

Takum 00pa3oM, U3ydyeHbl TPAHCIOPTHEIE
CcBOlicTBa HeMOAU(ULMPOBAHHBIX U MOAUPU-
L[UPOBAaHHBIX HAaHOTPyOKaMM MOJMaHUJINHA
M/1aCTU(GUIIMPOBAHHBIX MOJUBUHUIXIOPUHBIX
MeMOpaH. YCTaHOBJ/IEHO BJIMSTHHE KOHL|EHTpal[uu
NpuMeMOpaHHBIX PaCTBOPOB aHTUOHWOTUKOB Ha
TPaHCIOPTHbIE CBOMCcTBA. OLleHeHbl KOJINUeCTBeH-
Hble XapaKTepUCTUKH MeMOpaHHOI0 TpaHCIIOpTa
N1acTUGULMPOBAHHON aMOKCHLIUJITMHCeTeKTUB-
HOW MeMOpaHBI Ha OCHOBE acCOIMATOB JUMETH/I-
JACTeapu/aMMOHHUS C KOMIIJIEKCHBIMU COe/llHe-
HusmMu cepe6po (I) — amokcunuanus ([Ag(Amox),]
OMCA): ko3¢ ¢uLUeHT NPOHUL[aeMOCTH U IIO-
TOK MOHOB, KOTOpbIe UHMCJIEHHO Pa3/nyaloTcs Ha
5—8 mopsKoB.
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Abstract. Molecular imprinting is a rapidly developing and promising approach for the selective recognition for target molecules of different
nature. In this review, we have collected works devoted to synthesis and application of polyaniline-based molecularly imprinted polymers (MI-
PANI) over the last 5 years. The manuscript provides brief descriptions of the main approaches to the synthesis of PANI MIPs and the advantages
and disadvantages of each technique. We also discuss the effect of various factors on the process of MI-PANI synthesis, including polymerization
methods, molecular weight of template molecules and the types of scaffolds. The analytical characteristics of the resulting sensors are also
provided. Thus, it can be concluded that polyaniline is a very promising material for MIPs synthesis.

Keywords: polyaniline; molecular imprinting; molecularly imprinted polymers; sensors

Acknowledgements. The work was carried out with the financial support of the Russian Foundation for Basic Research (project No. 18-29-08033).

For citation: Presnyakov K. Y., Pidenko P.S., Pidenko S. A., Biryukov . R., Burmistrova N. A. Molecularly imprinted polyaniline: Synthesis, proper-
ties, application. A review. lzvestiya of Saratov University. Chemistry. Biology. Ecology, 2022, vol. 22, iss. 2, pp. 142-149 (in Russian). https://doi.
org/10.18500/1816-9775-2022-22-2-142-149

This is an open access article distributed under the terms of Creative Commons Attribution 4.0 International License (CC-BY 4.0)

0630pHas cTaThbs
YK 543.05+543.065

MonnaHnMH B MONEKyNSPHOM UMNPUHTUHTE: CUHTE3, CBOICTBA, NpuMeHeHue. 063op

K. 0. Mpechsikos’, M. C. Mugenko'2, C. A. Mugenko’, U. P. Bupiokos’, H. A. Bypmuctposa’ ™=

'CapaToBCKuil HALMOHANbHBIIA UCCIEL0BATENbLCKUIA TOCYAAPCTBEHHDIA YHUBEPCUTET UMeHM H. T, YepHbiweBsckoro, Poccus, 410012, 1. Capatos,
yn. ActpaxaHckas, 4. 83

2ynueepcuter r. PereHcbypra, lepmanng, 93040, Regenshurg, UniversititsstraBe 31

Mpecnskos Kupunn KOpbesuy, maructp Nuctutyta xummm, kirillpresnyakov1999@ya.ru, https://orcid.org/0000-0003-3137-7145

Muaenko Masen Cepreesuy, acnupaHT kageapbl 0bLueid u HeopraHuyeckoi xumun NHcTuTyTa xummm, pidenkops@gmail.com, https://orcid.
org/0000-0001-7771-0957

MuaeHko Cepreii AHaTONbEBINY, KAHAMAAT XUMUYECKUX HayK, AOLIEHT Kadeapbl 06LLeli n HepraHuyeckoii xumum MHcTuTyTa Xummn, sapidenko@
mail.ru, https://orcid.org/0000-0002-9087-4582

buptokos UnbHyp Pywanosny, 6akanasp MHctuTyTa xumuu, biryukov_ilnur@mail.ru, https://orcid.org/0000-0002-1977-2807

bypmuctpoBa Hatanus AHaTonbeBHa, JOKTOP XUMUUECKUX HAYK, Mpodeccop kadeapbl 06LLeli N HeopraHnyeckoit Xummun MHCTUTyTa Xumuu,
naburmistrova@mail.ru, https://orcid.org/0000-0001-8137-1599

AHHOTaLuA. MonekynspHbIil UIMAPUHTAHT SBASETCS BbICTPO Pa3BUBAOLYMMCA U NEPCNEKTUBHBIM MOAX0A0M CENeKTUBHOTO pacno3HaBaHms
Mosekyn-MuLLeHeii pasnnyHoi npupogbl. B 063ope cobpaHbl paboTbl, MOCBALLEHHbIE CUHTE3Y 1 NPUMEHEHINI0 MONIEKYNAPHO-MMMPUHTUPOBAH-
HbIX NONMMEPOB Ha ocHoBe noauannauHa (MA-MAHN) 3a nocnegHue 5 ner. MpusefeHo KpaTKoe ONMCaHNe OCHOBHBIX NOAX0A0B K CuHTe3y MU-
MAHW, a TaKoKe paccMoTpeHbl UX NpenMyLLecTBa U HeocTatku. 06CyX/AEHO BANSHUE Pa3nnyHbIX GakTopoB Ha npovecc cuHtesa MUA-MAHN, B

© Presnyakov K. Y., Pidenko P. S., Pidenko S. A., Biryukov I. R., Burmistrova N. A., 2022



K. Y. Presnyakov et al. Molecularly Imprinted Polyaniline: Synthesis, Properties, Application. A rem @

TOM YMC/Ie MeToA NOAMMEpPU3aLvK, MONeKYNSPHO MacCbl MOIEKYA TeMnAaTa v Tna noAnoxXku. 0Cob0e BHUMaHMe YAENEHO aHaNUTYeCKNM
Xapakrepucrikam ceHcopoB Ha ocHose MU-MAHW. Moka3aHo, uto nonnaHuIMH SBASETCS NepCrekTUBHLIM Matepuanom ana cuutesa MIT.
KntoueBble cnoBa: noANaHNNH; MONEKYNSAPHbIA MMIPUHTUHE; MONEKYASPHO-UMMIPUHTPOBAHHbIE MONMMEpbI, CEHCOPbI
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Introduction

In recent years, molecular imprinting technique
has become a powerful tool for the synthesis of lock
and key systems that are very effective at captur-
ing the target molecules. Molecularly imprinted
polymers (MIPs) are highly cross-linked polymers
containing artificially created cavities called recog-
nition sites that selectively bind template molecules
[1, 2, 3]. As synthetic receptors, MIPs are character-
ized by high stability, durability, and low synthesis
costs. More than 10 000 molecules with different
structure have been used as template molecules for
the MIP synthesis [2], including inorganic ions [4],
drugs [5], pesticides [6], proteins [7, 8], viruses [9],
cellular structures [10] and various macromolecules
and microorganisms [11, 12]. The current theoretical
and experimental knowledge offers an opportunity to
develop MIP-based systems to address a wide range
of challenges in science and technology including
analytical chemistry and separation science [13].

MIPs are based on polymers of various na-
ture. There are polymers of natural origin, such
as chitosan obtained from chitin [14], but the most
common polymers used for MIP synthesis are those
that contain monomers with basic (vinylpyridine),
acidic (methacrylic acid) and hydrogen bonds
(methacrylamide) or hydrophobic groups (styrene).
Usually, MIPs are electrically insulating polymers,
that may lead to low sensitivity and selectivity of
analytical systems due to the electron transport
barrier. This disadvantage of MIPs can be overcome
by using conductive polymers with characteristic
electrochemical activity [15]. Their synthesis can be
carried out using simple, versatile and cost-effective
approaches. Conductive polymers can assemble into
supramolecular structures [16] turning them into
a prospective matrix for MIPs design. One of the
most interesting conductive polymers is polyaniline
(PANI), characterized by good biocompatibility,
high physical and chemical stability, adaptability of
synthesis and high electrical conductivity. PANT is
capable of self-assembly, leading to increases in the
surface area to volume ratio, a fact that is relevant
to the case of MIPs development. Moreover, PANI
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is the only conductive polymer whose electronic
structure, magnetic and optical properties, electrical
conductivity and structural features can be adjusted
by doping—dedoping process [17].

In this review, we considered the studies of the
molecularly imprinted polyaniline (MI-PANI) over
the past 5 years. We compared various methods of
MI-PANTI synthesis, and discussed their prospects
and application fields.

Synthesis of Molecularly Imprinted Polyaniline

The synthesis of MIPs is based on the formation
of a complex between the template molecule and the
functional monomer through covalent or non-covalent
interactions, followed by the removal of the template
molecules from the polymer network. The functional
monomer determines the method of polymerization,
including electropolymerization, chemical polym-
erization, creation of composite membranes (MIPs
particles and conductive material), phase inversion,
lithography and surface stamping [1, 18].

PANI is a widely studied and the most inte-
resting example among conductive polymers for
MIPs synthesis. There is a large number of studies
describing the properties of PANI, its synthesis
methods and applications [19, 20]. The morphology of
PANTI structures ranges from nanoparticles (NPs) to
micron-sized clusters. Depending on the purpose of
the further application, PANI can be synthesized in
different forms, such as films [21, 22, 23], nanotubes
[24], nanospheres [25], nanowires [26], nanofibres
[27, 28, 29] and multicomponent structures [30].
Much experience has been gained over the recent
decade regarding the synthesis of different PANI
structures that can be adapted to MIPs creation.

The important features of PANI are simplicity
and low cost of synthesis compared to other poly-
mers and commercial availability of reagents. Other
benefits of PANI include low toxicity, high conduc-
tivity, good redox reversibility and environmental
resistance [19, 31]. These properties provide the
opportunity to develop low-cost analytical systems
based on MI-PANI that meet the requirements of
“green chemistry”.

143



%@\) M3B. Capar. yH-Ta. Hos. cep. Cep.: Xumus. buonorus. 3konorus. 2022. T. 22, Bbir. 2

There are two main methods of MI-PANI syn-
thesis [19]: electrochemical and chemical polymeri-
zation of aniline in the presence of various oxidants.
The choice of the method depends upon the task and

various forms of MI-PANI can be obtained by vary-
ing the polymerization conditions. Comparison of
electrochemical and chemical oxidative polymeriza-
tion methods is provided in Table 1.

Table 1
Electrochemical and chemical polymerization of aniline
Comparison Electrochemical polymerization Chemical polymerization
Simplicity of synthesis
High purity of the product Wide choice of oxidants
Advantages High product yield (wt. %) Wide scaffold types
Synthesis process control Semi-industrial
yield of product
Limited electrode surface area . . -
. . . . The complexity of synthesis monitoring
Disadvantages | Requires electrically conductive scaffold Costly and time-consumine purification of the product
Leaching of MIPs y &P P
Morpholo Nanowires [32, 33] Nanoparticles [33, 34, 35, 36, 37, 38]
CEMLDASY | Film 21,31, 34, 35] Film [22, 23, 39]
Nanofibers [28, 29] Nanotubes [24]

The electrochemical polymerization of
aniline is the most common approach for PANI
synthesis [22]. The main disadvantage of the
electrochemical synthesis of PANI is the need
to use an electrically conductive scaffold for the
synthesis of polymer films [40]. The main advan-
tage of this method is the high quality of the final

product containing a low level of impurities, that
does not require further purification from unre-
acted monomer and initiator molecules. Table 2
shows the examples of MI-PANI synthesis via
electrochemical polymerization methods in terms
of the morphology of the resulting structures and
the electrode materials.

Table 2
Electrochemical synthesis of molecularly imprinted polyaniline
MI-PANTI structure Synthesis method Template Electrode material Ref.
CA, CV [32]
Nanowires Chloramphenicol
Gold [33]
Histamine [41]
Graphene [21]
Cardiac troponin T
[42]
CV
Azithromycin Glassy carbon electrode [43]
Film Cefixime [44]
B-Amyloid-42 Copper@carbon nanotubes [45]
L-ascorbic acid Graphite [34]
n/a Dapsone Platinum with nanoparticles of Fe,0, [35]
PE Melamine Glassy carbon electrode [31]

Note. CA — Chronoamperometry, CV — Cyclic voltammetry, PE — Potentiodynamic electropolymerization.

According to the applied electrode voltage
mode, three electrochemical polymerization reac-
tion methods can be realized — cyclic voltammetry
[21], differential voltammetry [46], and chrono-
amperometry [33]. Synthesis is carried out on the
surface of electrodes made of an inert conducting
material in aqueous solutions containing background
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electrolytes and acids to increase ionic conductivity.

Electrochemical polymerization is mainly used
for the synthesis of MI-PANTI films on the electrode
surface, and precise control of film thickness is pos-
sible. However, the synthesis of complex MI-PANI
structures requires the use of special matrices [47].
In addition, obtaining MI-PANTI in large quantities
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via electrochemical polymerization is difficult, as
the synthesis is only carried out on the area limited
by the electrode surface.

Chemical polymerization of aniline is a simple
method to produce PANI with different morpholo-
gies in large quantities [48]. The main advantages of
chemical polymerization over the electrochemical
method are the wide choice of monomers and the
ability to synthesize the polymer matrix on any type
of substrate or without substrates. Chemical polym-
erization of aniline is carried out in the presence of
various oxidants [49] such as potassium dichromate,
potassium permanganate, iron (III) chloride and
others. The most widely used oxidant is ammonium
persulfate [50], as it has good solubility in aqueous
media and provides a high yield (~90 %) of products.

The method and conditions of aniline chemical
polymerization leads to differences in the electro-
mechanical, morphological, structural and physical
properties of resulted PANI [51] and, therefore, MI-
PANI properties. Chemical polymerization makes it
possible to obtain MI-PANTI in nanowires and films
forms, similar to electro polymerization, as well

as a wide range of other MI-PANI nanostructures,
including granules, nanotubes, microspheres, and
nanospheres. MI-PANI nanostructures have several
advantages over films, namely a large surface area
and high porosity of particles that allows decreasing
the cost of analysis and sample volume [52]. Moreo-
ver, the morphology of MI-PANI nanostructures
facilitates the immobilization of various biocatalysts
and bioreceptors on their surface, thereby increas-
ing the sensitivity of analysis [53]. The wider linear
range of analyte determination is obtained due to the
large specific surface area of MI-PANI nanoparticles,
while the low detection limit is attributed to the high
electrical conductivity of PANI [15].

Analytical Application of Molecularly Imprinted
Polyaniline

MI-PANTI has already found successful appli-
cations for analytical purposes. Its main purpose is
modification of electrodes, as MI-PANI obtained by
both electrochemical and chemical methods can be
used for such purpose. Some examples of analytical
systems based on MI-PANT are provided in Table 3.

Table 3
Analytical characteristics of molecularly imprinted polyaniline
MI-PANI structure Template LOD, pM (ng-mL™1) LR, pM (ng-mL™1) Ref.
Adrenaline 0.001 0.001-100 [54]
Azithromycin 0.1-1073 {0.3-920} - 1073 [43]*
B-Amyloid-42 (400) (1-66) [45]*
(8.0-107%) (0.02-0.09) [21]*
Cardiac troponin T
(40) (100-8-10%) [42]*
Film Cefixime 7.1-1073 0.02-0.95 [44]*
Flucarbazone 5.8 100-1-10° [55]*
Glucose 1.2 - 103 {2-11} - 103 [22]
Histamine 0.21 0.5-1000 [41]*
L-ascorbic acid 1.0 1-100 [34]*
Melamine 45-1074 {0.6-16} - 1073 [31]*
Nanotubes (3.6-107% (1073-1-10?) [24]
Horseradish peroxidase
(7-107%) (0.05-10) [26]
Nanowires 1.0- 1074 - [32]*
Chloramphenicol
1.2-1073 1072-103 [33]*
Aldicarb 5.0-107 {50-80} - 1073 [28]
Nanofibers
Calycosin 8.5-1072 0.42-129 [29]*
Ovalbumin (1.0-1079) (10™4-1) [36]
Nanoparticles p-Nitrophenol 20 60-140 [37]
Paracetamol 50 0.4-1-103 [15]

* — MI-PANI synthesized by electrochemical methods; LOD — Limit of detection; LR — Linear range.

Xumuns
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As we can see, the MI-PANI can be used for
determination of low- and high molecular weight
compounds on the nanomolar concentrations. The
MI-PANI nanoparticles (NPs) for such purpose were
synthesized via oxidative polymerization of aniline
within the micelles [15] with ammonium persulfate
used as an oxidizing agent. A selective recognition
element based on MI-PANI NPs has been devel-
oped for paracetamol determination; this element is
characterized by a particularly low detection limit.
The developed approach has several advantages:
polymerization is carried out in an aqueous medium
and is harmless to the environment; simultaneous
synthesis of NPs and imprinting reduce the time of
MIPs creation; the approach is universal and can be
adapted for other template molecules.

Various nanocomposites can be used as scaf-
fold for MI-PANI synthesis. For example, a binary
CuWO,@PANI nanocomposite has been used by
Ponnaiah S.K. and Periakaruppan P. [30] to deter-
mine the quercetin level in blood, urine and natural
samples without complicated pretreatment. Fatahi
et al. have developed [56] an electrochemical sen-
sor based on Fe,0,/PANI-Cu'! microspheres for
dexamethasone monitoring in real samples, such
as human urine and serum using differential pulse
voltammetry. The urine sample was centrifuged and
diluted 10 times without any further pretreatment.
The serum sample was treated with methanol to
precipitate proteins, and precipitated proteins were
subsequently separated out by centrifugation.

Quantum dots are also an interesting nano-
dimension scaffold. Li et al. [57] have reported the
application of CdTe quantum dots as a selective and
sensitive fluorescent nanosensor based on surface
imprinting technology. The sensor was used for
evaluation of rutin in fruits, vegetables and medici-
nal plants in the concentration range of 0.1-30 mM,
with the detection limit being 0.04 mM. Authors of
study [58] describe a nanocomposite probe based
on quenching the fluorescence of quantum dots to
detect lomefloxacin. The efficiency of the described
probe is based on a combination of the quantum dots
sensitivity, the MIP selectivity, and the high adsorp-
tion PANT affinity.

In some cases, expensive scaffolds and equip-
ment are not required for sensor fabrication. For
example, Chen el al. [22] report the procedure for
chemical synthesis of MI-PANI performed on the
surface of paper strips, that were then connected to
the electrode surface. This manufactured electro-
chemical sensor can determine the concentration
of glucose in the blood. The authors noted lower
temperature and humidity influence, simplicity, and
low cost of such sensors compared to existing ones.
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Saksena K. et al. [34] describe the development
of an enantioselective sensor for chiral and quantita-
tive monitoring of L-ascorbic acid in serum medium.
Polymerization has been performed using cyclic
voltammetry on the surface of the graphite pencil rod
resulting in formation of a uniform, homogeneous
and ultrathin film of MI-PANIL.

Wang et al. [24] describe the facile horserad-
ish peroxidase electrochemical biosensor based on
modification of a glassy carbon electrode with a
MI-PANI nanotubes chemically synthesized in
aqueous solution. Recently, we have also obtained
nanowire structured MI-PANTI for horseradish per-
oxidase determination [26]. The developed approach
has been used to determine the enzyme immobilized
on the inner surface of glass polycapillary using
optical detection via a chromogenic reaction with
3,3',5,5'-tetramethylbenzidine.

A large number of studies [32, 33, 35, 43, 58]
is dedicated to the development of MI-PANI based
antibiotic sensors. Compared to other means of anti-
biotic analysis, the use of molecular imprinting-based
devices usually does not require a time-consuming
stage of sample preparation. In addition, MIP based
sensors are comparatively simple and cheap in manu-
facturing, have high selectivity and reproducibility,
and can be used for electro-inactive compounds. The
use of MI-PANT is not limited to antibiotics analysis
in food and wastewaters, for example application of
MI-PANT for clinically important substances has
been reported by many studies [21, 22, 29, 31, 36,
42, 45, 46, 54].

Conclusion

Therefore, we have shown that PANI is the
great potential material for MIPs synthesis for
low- and high-molecular weight-targets including
complex objects. The obvious advantages of PANI
as a matrix polymer for MIPs synthesis are high
stability and biocompatibility. Various procedures of
MI-PANI synthesis result in obtaining MIPs layers
with dramatically different structure and properties.
These considerations suggest that PANI will remain
the object of keen interest in the field of molecular
imprinting for a long time.
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Abstract. Unlike antibiotics and heavy metals, nucleic acids exist in the aquatic environment as a part of prokaryotic and eukaryotic microorgan-
isms (bacteria, fungi, etc.) rather than in a free form. In this regard, the most important primary stage of sample preparation of an object for the
quantitative analysis of DNA and RNA in natural and wastewaters includes membrane ultrafiltration of an aqueous sample, followed by its sorption
preconcentration on a solid phase carrier. The efficiency of ultrafiltration and subsequent sorption of nucleic acids from natural and wastewaters
largely depends on the material of filters, membranes, and sorbents. Polymeric materials are widely used due to their special properties: the affinity
of polymers for biological objects, the ability to create pores of any required size, good mechanical properties and resistance to the extraction of
microorganisms captured. The paper reviews the 15-year-old scientific literature on filtering, membrane and sorption polymeric materials used
to extract nucleic acids from aqueous media and preserve them. Polymeric sorbents for collecting and concentrating DNA and RNA from the liquid
phase, as well as storing nucleic acids, are covered. It has been found that ultrafiltration is used at a relatively low concentration of the analyzed
object, followed by extraction of the substance using commercially available kits, including cartridges. Sorption (solid-phase concentration) is
used to extract nucleic acids at their relatively high concentration in the analyte. The main polymeric materials used include cellulose and its
derivatives (nitrocellulose, cellulose acetate, mixed cellulose nitrate-acetate, diethylaminoethylcellulose, polyethyleneiminocellulose), agarose,
dextran, polyestersulfone, polycarbonate, fluoroplasts, polyacrylates and polymethacrylates, polyaramids, polyamides, polyvinyl alcohol, poly-
aniline, polycaprolactone, polyacrylamide and polymethacrylamide, polystyrene. Chitosan, modified polycaprolactone, and magnetic particles
coated with polydopamine, polyethyleneimine, polyvinylpyrrolidone, polystyrene, or polyamidoamine dendrimer are considered as promising
polymers for further research in this field.
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AHHOTALWMA. B 0T1MYME OT aHTUOMOTUKOB 1 TAXENBIX METANNO0B HYKNEMHOBbIE KNCNOTbI HAXOAATCA B BOAHOI OKpYXatoLLeii cpefie He B CBO-
604HOM BUfe, a B COCTaBe MPOKAPUOTUUECKMX 1 3yKapUOTUUECKUX MUKPOOPraHn3MOB (6akTepuid, rpnbos v ap.). B 310ii cBA3K BaxHeiiLwwil
nepBoCTeneHHbIii 37an Npo6onoAroToBKkM 06bekTa Ans KonnyecrseHHoro onpegenexns IHK u PHK B npupogHbIX 1 CTOUHBIX BOAAX BKAKOYa-
eT MeMbpaHHYH yNbTpaduabTpaL|Mio BOAHOI Npobbl C NOCEAYIOLNM ee COPOLIMOHHBIM KOHLIEHTPUPOBaHKEM Ha TBepAodasHOM HocuTene.
Mpu 370M 3G deKTUBHOCTL yAbTPadUALTPALUM U NOCNEAYIOLLEN COPOLIMN HYKNEMHOBBIX KMCNOT U3 MPUPOAHbIX U CTOUHLIX BOA BO MHOTOM
3aBMCUT OT MaTepuana GunbTpoB, MeMbpaH 1 copbeHToB. LLIMPOKO NPUMEHAKTCS NONMMEpHbIE MaTepuanbl B CUY UX 0COBbIX CBOICTB,
06yCNOBNEHHbIX CPOACTBOM MOAMMEPOB K 6110N0rNYeCKIM 06BeKTaM, BO3MOXHOCTbIO CO3AaHNS NOP HEO6XOAMMOTO pa3Mepa, XopoLLNMHU
MeXaHM4ecKMMM CBOIACTBAMM W YCTOIYMBOCTLIO NPV U3BNEYEHIN 3aXBaYeHHbIX MKPOOPraHM3MoB. B pabote nposeaéH 0630p HayuHoil
nuTepatypsl ray6uHoii B 15 neT, NOCBAWEHHON GUALTPYIOLNM, MeEMOPAHHLIM 1 COPOLIMOHHBIM MOAMMEPHBIM MaTepuanam, UCnonb3ye-
MbIM [N U3BNIEYEHIS U3 BOAHDIX CPefi HYKNeUHOBLIX KUCIOT 1 X KOHCepBaLK. PaccMOTpeHbl nonuMepHble copbeHTbl Ans cbopa 1 KoH-
yenTpupoBanuns IHK n PHK n3 xugkoit asbl, a Takke XpaHeHNs HYKNeNHOBbIX KUCIOT. BbisiBaeHo, 4To ynbTpadunbTpaLms ncnonb3yercs
NPy OTHOCMTENbHO HI3KOM KOHLIEHTPALIMI aHaNN3NpyeMoro 06bekTa C NoCaeAyHLLMM U3BNIEYeHNEM BeLLeCTBa C OMOLLbI0 MPOMbILLNEHHO
BbIMYCKaeMbIX CpeACTB, B TOM Yncie KapTpuaxeii. Copbuns (TBepgodasHoe KOHLEHTPUPOBAHIE) NPUMEHSETCS ANS N3BNeYeHUS HyKnen-
HOBbIX KMCIOT NPY MX OTHOCUTENbHO BbICOKOW KOHLIEHTpaLK B aHanute. OCHOBHbIE UCNONb3yeMble NOAMMEPHbIE MaTepuabl BKOUYatoT
LieNiNioN03y U ee MPOU3BOAHbIE (HUTPOLIENNI0A034, aLeTaT LLeN0/103bl, CMELUaHHbIil HUTpaT-aLieTaT Lienono3sl, JU3TUNAMUHOITUALENIO-
n03a, NOAU3TUAGHUMUHOLLENNI0N03]), arapo3y, AeKCTPaH, noan3dupcynbGoH, nonnkapboHat, ¢roponnactsl, noAMaKpunaThl 1 noaMMeTa-
Kpunatbl, noauapamMufbl, N0AMaMugbl, NOAMBUHIIOBLINA CNNPT, NOAUAHUIMH, NOANKANPONAKTOH, NOAMAKPUAAMUA 1 NOAUMETaKpUnamMug,
noancTUpon. B kauecTse nepcnekTUBHLIX NONMMEPOB ANS MPOBEAEHNS JanbHeLMX NCCNef0BaHWIA B AaHHOI 061acTh Haykn paccmMaTpu-
BAIOT XMTO3aH, MOANPULMPOBAHHBIA NOAMKANPONAKTOH U MArHUTHbIE YaCTUL|bI, MOKPbITbIE NOANAOPAMUHOM, NOANITUAEHUMIUHOM, NO-
NMBUHWUANMPPONNLOHOM, MOAUCTUPOIOM UAN MOIUAMUA0aMUHOBLIM JeHAPUMEDOM.

Kntouesble cnosa: [1HK, PHK, MembpanHas ynbTpaduabtpaums, copbuus, cOpbeHT, KOHLEHTpUPOBaHUe, MPUPOAHbIE I CTOYHbIE BOADI,
NoNUMepHble MaTepuansl
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Introduction

Currently, the widespread use of antibiotics in
medicine and veterinary medicine has led to signifi-
cant contamination of natural and wastewaters with
these substances, which increases the probability
of the transfer of genetic information of antibiotic
resistance among bacteria. The so-called antibi-
otic resistance genes (ARG) are spoken of [1]. The
ecological function of ARG is to protect an organ-
ism from the inhibitory action of an antimicrobial
substance, while the operational one is to impart
antibiotic resistance to it.

The literature describes various methods for
studying the diversity of ARGs and assessing their
abundance (per unit mass or volume of the sample)
or prevalence (relative to all bacteria) in the aquatic
environment [2, 3]. Depending on the conditions of
cultivation or direct analysis of nucleic acids (NA),

Xumuns

these methods are divided into culture-dependent and
culture-independent. Culture-independent approaches
are based on the extraction of genetic material (most
often DNA, less often RNA) from a sample. Two main
approaches are used, namely: quantitative polymer-
ase chain reaction (PCR) and metagenomics [4, 5].
Metagenomic analysis through sequencing of the total
DNA of the community allows characterization of the
entire resistome, not limited to a few a priori selected
genes. Culture-independent methods involve the
isolation of all microorganisms contained in aqueous
samples, followed by the destruction of their shells,
the isolation, concentration and analysis of nucleic
acids. Early research used alcohol precipitation [6].
More recent studies have used membrane filtration
and, as an option, a chromatographic method with
a column filled with diethylaminoethylcellulose [7].
Flocculation has found application as well.

151



%@\) M3B. Capar. yH-Ta. Hos. cep. Cep.: Xumus. buonorus. 3konorus. 2022. T. 22, Bbir. 2

The efficiency of ultrafiltration and subsequent
sorption of NCs from natural and waste waters
largely depends on the materials of membranes and
sorbents. Polymeric materials are widely used due to
their special properties associated with the affinity
of biopolymers for biological objects, the possibility
of creating pores of any required size, mechanical
properties, and stability during the extraction of NCs
captured. The search for optimal materials has been
carried out mainly empirically, so it is of interest to
review the work and achievements in this area.

Membrane ultrafiltration

Membrane ultrafiltration is used in sampling
from environmental water bodies. Filter membranes
made of inorganic glasses, organic synthetic and
natural polymers are widely used [8]. Let us consider
these materials.

1. Glass fiber (glass microfiber, GF) [9, 10,
11, 12, 13, 14]

The method for isolating NCs on glass was for
the first time proposed by R. Boom et al. [15]. It in-
cludes the stage of cell lysis with a strong chaotropic
agent (e.g., guanidine chloride or guanidine thiocy-
anate), which destroys cell membranes and inactivates
intracellular RNAses, and subsequent NA sorption
on a carrier. Under such conditions, the binding of
proteins to the matrix does not occur. Impurities are
washed out with chaotropic salt, and a chaotropic salt
is with 80% ethanol. The purified NA is removed from
the glass with a low ionic strength buffer [16, 17].

However, fiberglass filter membranes do not
always perform well. E.g., in some works [11, 12]
such a filter outperformed a polycarbonate filter with
the same pore size (0.2-5.0 pm). Perhaps, the authors
believe, that this is due to the larger volume of water
passing through the filter before clogging its matrix.

They recommend a pore size of 1.5 pm for field stud-
ies and a range of 0.2—0.6 pm for laboratory tests. In
another paper [13], filtration through a polycarbonate
filter with a pore size of 0.2 pm and a glass fiber filter
with a pore size of 0.7 pm led to no significant differ-
ences. Considering the price difference (polycarbon-
ate filters are usually more expensive than fiberglass
ones) and the time required for filtration (the 0.2 pm
filter clogs easily when using aquatic environmental
samples), a glass fiber filter is recommended.

Many companies now offer commercial glass
matrix columns for nucleic acid isolation, such as
Zymo Research and Promega [16]. However, the
paper [10] states that due to the large pore sizes, GF
filters may not capture some small (<0.5 pm) organ-
isms and are not recommended for these waters.

2. Polyestersulfone (PES) [10, 12, 18, 19, 20]

In the paper [14] it was found that the Sterivex-
GP PES filter produced higher amounts of total DNA
than polycarbonate and GF filters. In another case [10]
it was noted that a PES filter gave the lowest concen-
tration of DNA when using the DNeasy kit for ex-
traction, but the highest one when using MolBio and
phenol and chloroform extraction. In the paper [19] it
was found that the zeta potential of a PES membrane
was higher than that of a PVDF one, which led to a
reduction in interaction with anionic pollutants and
reduced membrane fouling. DNA macromolecules
may bind to the aryl rings of the main chain of PES
membranes, being easily adsorbed on them. There-
fore, such membranes are better suited for removing
ARGs from wastewater than PVDF filters.

Industrial filters are described in [21]. Their
housings, assembled and equipped with PES filter
membranes with a pore diameter of 1.2 pm, are half
made of injection-moulded biodegradable hydrophilic
plastic (Fig. 1).

Collect samale

Open packet

Fig.1. Appearance of a filter (a) with a PES membrane (b) and its use for water sampling [21]
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The practical application of PES proves its
promise as a material for membrane filters, especially
when water samples are highly contaminated. How-
ever, the choice of filter should depend significantly
on the future method of DNA extraction.

3. Polycarbonate (PC)

PC filters were studied in many papers [10—14],
but this material rarely came out on top. Apparently,
its main advantages are relative cheapness and ease of
processing, so filters made of it are suitable for mass
use and in cases where high accuracy of analysis is
not required.

4. Polyvinylidene fluoride (PVDF) [10, 12, 18]
and other fluorine-containing polymers (fluoro-
plastics)

The authors of [19] compared PVDF and PES
ultrafiltration membranes. The filtration rate was 12%
faster for the PVDF membrane. The authors believe
that the PVDF membrane surface contains a large
number of electronegative fluorine atoms, which can
form strong hydrogen bonds with donor atoms of
substances in filtered water. In the method from [22]
a water sample was passed through PVDF membrane
filters with a pore size of 0.22 pm (Millipore, USA).

DNA was then extracted from the membrane using
the E.N.Z.A Water DNA Kit (Omega, USA) and
further purified using the Geneclean Spin Kit (QBio-
gen, Carlsbad, CA) to minimize PCR inhibition.
The purity and concentration of DNA were assessed
spectrophotometrically. Therefore, PVDF provides an
improved filtration rate and can be chosen when this
parameter is important. However, the completeness
of NC extraction from the sample may suffer in this
case. Such filters, in our opinion, are more suitable for
qualitative analysis than for quantitative one.

Filter materials made of other fluorine-contain-
ing polymers, including polytetrafluoroethylene and
composite fluoropolymers, were thoroughly studied
in an earlier period, so now there are only a few
works on them in the literature [20], but their practi-
cal application (patents and prototypes) has begun.
It is convenient to use PTFE filters as ready-made
cartridges (Fig. 2, photo from [23]). The use of, for ex-
ample, a Sterivex™ filter cartridge (Merck Millipore)
provides convenient in situ filtration and thus helps
to avoid the degradation of microbial DNA during
transport. In addition, the filter cartridge is sealed,
which reduces the risk of contamination.

Fig. 2. Appearance of filter cartridges with a fluoroplastic membrane and work
with them [23]
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The main advantage of fluoroplastics, in this
case, is their chemical inertness, so it can be rec-
ommended in cases where NA decompose on other
filters, for example, due to delayed extraction.

5. Cellulose and its esters

Cellulose membranes (paper, cardboard, gauze,
fabric, granules) are used for sample filtration and
subsequent lysis of microorganism cells retained on
the membrane [24, 25]. It is also possible to use cel-
lulose filters to store the biomolecules absorbed on the
substrate for their subsequent analysis. [26, 27]. To
stabilize the immobilized substance, sodium dodecyl
sulfate, lithium or potassium salts, cetylpyridinium or
ginidinium hydrochloride, ginidinium thiocyanate,
lithium or potassium sulfate are used. The stabilizer
may also include an antioxidant, namely: ascorbic
acid, disodium salt of ethylenediaminetetraacetic
acid, dithiothreitol, ethylparaben or methylparaben.

Nitrocellulose (NC) membrane in many cases
outperforms other materials [28, 29]. E.g., in [10],
water samples were filtered using five different mem-
brane filters made of NC, PVDF, PES, PC, and GF.
DNA was extracted using three extraction methods.
Membrane filtration through NC (0.2 pm pores)
followed by extraction with the Qiagen DNeasy kit
gave the highest DNA concentration of all extraction
methods, as well as compared to filters from other
polymers. The paper [8] also notes that trapping
DNA on NC filters, storing them in Longmire buffer
and extracting with the DNeasy Blood & Tissue Kit
(or similar) provides a fairly high quality of DNA.
NC filters showed the highest DNA extraction ratio
compared to polyethylene sulfone, polyvinylidene
fluoride, and polycarbonate filters [12], as well as
compared to a glass fiber filter (1.6 pm) and a What-
man paper filter [9]. The authors of the latest work
believe that 1.6 and 3.75 litres of water, respectively,
must be filtered through filters made of CB and
Whatman paper to obtain the same results as after
filtering 1 litre of water through a filter made of NC.
Therefore, another advantage of NC filters is the
lesser dependence of their operation on the quality
of the water is passed through.

The authors of Ref. [30] set out to maximize
the extraction of DNA from water for subsequent
analysis. In terms of cost and efficiency of DNA re-
covery, filtration through NC filter paper is preserved
in ethanol or stored in a —20°C freezer and, again,
extraction with a Qiagen DNeasy kit is preferred. It
is recommended to filter water samples within 24 h,
but if this is not possible, then refrigeration is pref-
erable to freezing for short term storage (3-5 days).
Filters can be stored frozen or placed in ethanol for
up to four days before extraction without significant
effect on DNA.
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The paper [31] describes PCR monitoring of
ARGs in groundwater using a cellulose acetate filter
with 0.45 pm pores (diameter 14.2 cm). Samples were
taken by filtration through one to three filter layers in
a flow-through filter holder made of stainless steel.
To prevent premature clogging of the filters, heav-
ily contaminated samples were pre-filtered through
standard paper filters. The filters were stored at 4°C
and analyzed within 1 week after sampling. Cellular
material was removed from the filter with a plastic
scraper, resuspended in phosphate-buffered saline
(pH 7.4), and concentrated by centrifugation.

The authors of [12] believe that cellulose ni-
trate and acetate act as electron donors, while high-
molecular DNA acts as an electron acceptor in an
aqueous solution.

For membrane ultrafiltration, materials from
mixed (acetate—nitrate) cellulose ester are also used
[12, 32]. Cellulose acetate—nitrate filters with a pore
size of 0.8 pm, according to the authors of [18], pro-
vide a reasonable balance between filtration time and
quantitative efficiency and may be optimal for sam-
pling in turbid waters, while filters with a pore size of
0.45 pm are suitable for more pure water. However,
the researchers [32] used filters with pore sizes of 0.2,
0.45, 1.0, and 3.0 pm and found no significant differ-
ences in their efficiency. Perhaps the bulk of the DNA
is associated with large particles or encapsulated in
whole mitochondria or cells. One way or another, the
authors recommend filters with small pore sizes (0.2 or
0.45 pm). The paper [33] investigated the effect of the
pore size of cellulose acetate—nitrate and PC filters, as
well as the physicochemical properties of surface wa-
ter samples, on DNA extraction. It was found that PC
bound DNA to the least extent, whilst mixed cellulose
acetate—nitrate did to the greatest extent (up to 16%
reduction of plasmid DNA at a pore size of 0.2 pm).

Based on the analysis of studies on the influence
of pore sizes of filters made of cellulose and its esters,
the authors of [8] note that the use of filters with even
average pore sizes (0.45-1.5 pm) in turbid waters
may lead to their rapid clogging and slow filtration
rate. When filtering low-turbid water, small pore sizes
(0.2-0.45 pm) are recommended. However, for more
turbid water it is better to use filters with larger pore
sizes (>1.0 pm).

Sorbents

After sampling from aqueous media and removal
of the retained biomaterial from the filter membranes
and destruction of cells, the procedure for concen-
trating NCs using sorbents is carried out. Sample
preparation on sorption elements refers to solid-phase
methods for NA isolation. The most promising poly-
mers for making such sorbents are considered below.
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1. Polyacrylates and polymethacrylates

Sorbents based on polyacrylates and meth-
acrylates are widely used for DNA isolation due to
their high specific surface area, hydrophilicity, and
the nature of functional groups which reversibly

interact with DNA. The work [34] describes the use
of a monolith based on methacrylate with diethyl
aminoethyl and butyl groups as a sorbent for selec-
tive DNA extraction. Several types of sorbents were
studied (Table).

Table
Types and properties of solid particles of stationary phases for DNA microextraction in microfluidic systems [34]

Stationary phase Particle size, pm Specific surface area, m?/g Pores
Monodispersed silica 5.1 395 (12.5) Macro + meso
Polydispersed silica 4.2 824 (3.5) Meso
Poly(TMSPM-co-EDMA) 6.2 60 Macro
Poly(GDGDA-co-GDMA) 5.6 21 Macro
Poly(METMA-Cl-co-GDMA) 5.1 82 Macro
Poly(SVP-co-GDMA) 5.5 30 Macro

Note. TMSPM - 3-(trimethoxysilyl)propyl methacrylate, EDMA - ethylene dimethacrylate, GDGDA - glycerol
1,3-diglycerolate diacrylate, GDMA - glycerol dimethacrylate, METMA-CI — 2-[(methacryloylox)ethyl] trimethylammonium

chloride, SVP — 1-(3-sulphopropyl)-2-vinyl pyridinium betaine.

The authors suggest that the very low level of
DNA extraction on polymer microspheres is due to
the low specific surface area and strong nonspecific
interactions between DNA and surface functional
groups.

There is an adsorbent made from silanized in-
organic material coated with polyaryl methacrylate,
polyaryl acrylate, polyheteroaryl methacrylate or
polyheteroaryl acrylate for single-stage separation
of biomacromolecules by extraction of DNA from
complex mixtures [35]. The basis of such a porous
sorbent is silanized silicon dioxide in the form of
powder (average particle diameter 15-200 pm),
fiber or membrane (average pore size 1-100 nm,
specific surface area 0.1-130 m?%/g). The properties
of the immobilized polymer coating, in particular,
the balance of its hydrophobic and hydrophilic
properties, can be controlled by the nature of the
comonomer units, whose synthesis involves anisole
methyl methacrylate, phenylethanol methacrylate,
pyridine methyl methacrylate, and naphthalene me-
thyl methacrylate.

2. Polydopamine (PDA)

The dopamine monomer contains catechin and
amine functional groups. At room temperature un-
der slightly alkaline conditions, it self-polymerizes
and deposits on organic or inorganic surfaces (metal
oxides, polymers, and graphene). The resulting PDA
has good dispersibility in an aqueous matrix and is
environmentally stable, hydrophilic, and biocompat-
ible. The authors of [36] applied PDA to the surface
of magnetic Fe;0, nanoparticles and obtained func-
tionalized magnetic nanoparticles (PDA@Fe,0,)
for fast and efficient capture of genomic DNA from
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human whole blood. Sometimes poly-2-hydroxy-
propyleneimine is additionally grafted onto such
particles [37]. The use of magnetic solid carriers
has many advantages over non-magnetic separation
methods. Typically, a magnet is applied to the wall of
the vessel containing the sample so that the particles
aggregate against this vessel wall and the remainder
of the sample can be removed [38]. In this way, it is
possible to separate the components of the cell lysate
which inhibit the DNA polymerase and the PCR
reaction, such as polysaccharides, phenolic compo-
nents, and humus [16]. Examples of other polymer
compositions (cellulose, dextran, polyvinyl alcohol,
polystyrene, etc.) for immobilization of the surface
of magnetic media for NA isolation are given in few
reviews [16, 39]. New research in this area will be
discussed below.

3. Polyaniline (PANI), polyaramid (PAA) and
fluoropolymers

These polymers are used to make composite sor-
bents by precipitation polymerization of monomers
on solid carriers of inorganic nature: on the surface of
glass slides and solid silica particles [40, 41, 42, 43].
Inrecent years, the greatest interest of researchers is
associated with PANI. Oxidative PANI polymeriza-
tion to obtain a coating on the surface of macropo-
rous silica can be carried out by aniline protonation
with polysulfonic acids [44, 45]. Two variants of
cation modification were studied, namely: aniline
polymerization in the presence of pre-silylated glass
coated with polysulfonic acid, and modification of
silyminated glass with pre-formed polydisulfonic
acid—diphenylenephthalamide—polyaniline com-
plexes. In both cases, an even polyaniline-containing
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polymer coating with a thickness of ~3 nm was
formed on the substrate surface. Sorbents containing
the polydisulfonic acid—diphenylenephthalamide—
polyaniline complex are selective in the separation
of nucleic acids and proteins and are very promising
for single-stage DNA extraction in PCR diagnostics.

Kapustin et al. [41, 43, 46] analyzed the influ-
ence of the chemical composition, morphology and
surface charge of nanolayers of new polyaramid-
containing sorbents on the mechanism of selective
sorption of nucleic acids and proteins in comparison
with previously studied sorbents modified with
PANI and fluoropolymers (Fig. 3). The study of
these materials was carried out in the mode of static
sorption using compact spin columns and in the
mode of dynamic sorption by the method of spectral
correlation interferometry. It was shown that PANI

and PA A exhibited similar sorption properties when
interacting with nucleic acids, but retain proteins to
a different extent. DNA retention by the surface of
such materials is due to the presence of hydrophobic
sites, while the ability to retain RNA and proteins
is due to the presence of charged groups and sites
capable of forming hydrogen bonds. Therefore, in
a neutral aqueous medium, which is optimal for
separating mixtures of biopolymers, polyaramids,
although not retaining DNA, had a lower affinity for
proteins compared to PANTI. It can be concluded that
the use of composite nitrogen-containing polymeric
sorbents makes it possible, by changing the composi-
tion, to vary the affinity of the surface for NAs and
proteins, adapting the product to a specific area of its
application (composition of aqueous samples, priority
analysis of one or another analyte, etc.).

Folyaramide-silica composite for one-step isolation of DNA
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Fig. 3. Scheme of using the PAA-silica composite [46]

Extraction of DNA passed through PANI-coat-
ed macroporous silica turned out to give the high-
est yield among dispersed adsorbents; therefore,
PANI-modified composites are preferred as carriers
for the preparative isolation of NAs from complex
biological mixtures, such as bacterial lysates [42].
In addition, the effectiveness of using such sorbents
for analytical purposes, in particular, in detecting
DNA fragmentation as a result of apoptosis induced
by UV irradiation of lysates of colon carcinoma
cells, was shown [40].

The same research team recently reported on
the synthesis of composite sorbents modified with
nano-thin layers of two polymers: PANI and fluo-
roplast [47]. In such a composite material, the outer
PANI nanolayer acts as a selective polymer phase,
while the fluoroplast layer immobilized on the silica
surface serves as a substrate for it. High selectivity
in the single-stage separation of nucleic acids and
proteins is exhibited by a composite sorbent based
on porous silica modified with fluorinated aromatic
polyamide (polyamide-6F) and PVDF [48, 49].
A chromatographic column and a sorbent cartridge
modified with a covalently bound fluorinated poly-
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mer coating for NA extraction are described in the
patent [50]. The solid porous substrate for forming
the coating can be made from organic polymers
such as cross-linked polystyrenes, polyacrylates
and polyethylene, as well as from inorganic metal
oxides such as alumina, titanium, zirconium, silicon
and iron oxide.

The authors of [51] performed DNA extraction
using bacterial magnetic particles modified with
a hyperbranched polyamidoamine dendrimer as
adsorbents. Growth of dendrimers was initiated
using bacterial magnetite coated with 3-[2-(2-ami-
noethyl)ethylamino]propyltrimethoxysilane or by
suspending artificial magnetite in methyl acrylate.
The resulting particles were collected magneti-
cally, washed with methanol, and the reaction
was continued in methanol:ethylenediamine (1:1).
Stepwise growth using methyl acrylate and ethyl-
enediamine was repeated until the desired number
of layers was reached (Fig. 4). The advantages
of magnetite-based systems are short processing
times, little need for chemicals, easy separation
through a magnet and the possibility of automating
the entire process.
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Fig. 4. Dendrimer growth on the surface of aminosilane-modified bacterial magnetite [51]

4. Polyethyleneimine (PEI)

PEI is a cationic polymer with a high density of
primary, secondary and tertiary amino groups in a
ratio of 1:2:1, respectively, capable of interacting with
NA. Since the pK, of its amino groups is 8.7, the PEI
macromolecule is positively charged at physiologi-
cal pH. This causes the possibility of electrostatic
interaction with the negatively charged phosphate
groups of the nitrogenous bases of the DNA chain.
Like PANI, PAA and fluoropolymers, it is used to
form functional surfaces in the modification of car-
riers, usually magnetic particles [52].

In the paper [53], a nanocomposite sorbent was
obtained by immobilizing PEI on the surface of
FePO, nanoparticles through electrostatic interac-
tions. The obtained nanocomposites had a spherical
shape with a size of ~100 nm and represented a new
adsorbent for solid-phase DNA extraction from
complex samples with high efficiency in biological
samples at pH 4, which is due to the electrostatic
interaction between a negatively charged polyanionic
DNA fragment (phosphate groups in the main chain)
and positively charged amino groups on the sur-
face of nanocomposites. The selectivity of these
nanocomposites for DNA against proteins was also
found. The adsorption behaviour of DNA on nano-
composites is described by the Langmuir model with
an adsorption capacity of 62 mg/g. Adsorbed DNA
is easily recovered by changing pH using 0.04 M
Britton—Robinson buffer in 85% yield. The extrac-
tion efficiency and purity of the DNA recovered are
comparable to those achieved using other sorbent
materials or commercial kits. DNA isolated using
PEI-FePO, nanocomposites as an adsorbent is well
suited for amplification by PCR.

5. Other polymers and approaches

The work [54] summarizes the methods of NA
extraction using polymeric sorbents. In addition to
the polymers discussed above, chitosan microparti-
cles, chitosan-modified fiber, and magnetic particles
coated with polyvinylpyrrolidone or polyvinyl alco-
hol are used as sorbents.

Xumuns

Modified polycaprolactone is used to increase
the hydrophilicity and hence the absorbent proper-
ties of materials for collecting biological specimens
(blood, buccal cells, etc.) [55]. This provides the pos-
sibility of extracting DNA from a biological sample
with its subsequent sequencing and analysis.

Patents sometimes claim a whole list of poly-
mers as NA sorbents. E.g., the patent [26, 27] uses
cellulose and its functionalized substrates (polyeth-
yleneiminocellulose; cellulose 3,5-dimethylphenyl-
carbamate, cellulose 4-methylbenzoate, cellulose
cinnimate, cellulose 4-methylphenylcarbamate,
cellulose 4-chlorophenylcarbamate, cellulose phe-
nylcarbamate and cellulose benzoate), dextran, poly-
ester, polyurethane, cross-linked polyvinyl alcohol,
polyamide (nylon), polycarbonate or polypropylene
for the manufacture of sorption material for NA.

For the isolation and analysis of individual nu-
cleic acids, affinity chromatography is also used with
sorbents containing nucleic acids or their fragments
(oligonucleotides), DNA chips, and DNA biosensors
[56]. Agarose, cellulose, dextran, polyacrylamide,
polymethacrylamide, polystyrene, and glass are used
as polymer carriers for the manufacture of commer-
cial affinity sorbents.

Conclusion

As can be seen from the presented review, the
methods for extracting nucleic acids from natural
and wastewaters have been sufficiently developed
by now, there are patents, industrial devices and
tools are produced, and research is being carried
out to improve these methods and expand the range
of applications. Polymeric materials for membrane
filters and nucleic acid sorbents are selected based on
different criteria. E.g., ultrafiltration using industri-
ally produced means, including cartridges, is used
to extract NA at their relatively low concentration in
the object analyzed, while sorption on a solid phase
carrier is used to concentrate the biological object. In
the first case, the pore size and strength of the filter,
its resistance to liquid pressure, and ease of regen-
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eration of the retained biomaterial are important. In
the second case, the affinity of the polymer matrix
with the biomaterial and the ease of removing DNA
(RNA) from the sorbent are required.
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AHHOTaLMs. PaccMoTpeHbl COpOLIVIOHHbIE CBOMCTBA HEKOTOPBIX MECKOB, 0TOBPAHHBIX B MPUOPEXHBIX 30HaX 3KOHOMUYECKN BaXHbIX, HO B TO
Ke Bpems IKONIOTMYEeCKY YTHETEHHbIX TeppuUTopuii BoetHama. Lienb nccieoBanmii — oLeHKa NOrnoTUTeNbHOI CNOCOBHOCTM NeCKOB MO OTHO-
LEHNI0 K 3MYNbIMPOBaHHBIM HeTeNnpoAyKTaM, BbISBIEHNE UX IKOJOTUYECKOIi PON B TINYHBIX CUTyaLMsIX PO3NMBa HEOONbLLINX KONNYECTB
TOKCMYHbIX BeLwecTs. Moka3aHo, YTo COpOLMOHHbIE KauecTBa NeCKOB 3aBUCAT OT MECTOHAXOX/EHMS NECKOB, X re0XMMUYECKOii 1 rpaHynome-
TPpUYecKoi HeogHopoaHoCT. OKa3anoch, YTO MO COAEPXKAHMIO O-KBApLLA UCNONb3yeMble Meckit MOXHO pasfeniTb Ha AiBa TUMa C YeTKO Bblpa-
XXEHHOI1 KOPPeNALMOHHON CBSA3bI0 COPOLIMOHHBIX KauecTs C CoAepXkaHneM MuHepana. KeapLiesble necku, npe/cTaBneHHble MeNKo3epHUCTLIMU
OKaTblLLaMK, 0671afiat0T BbICOKOIA CNOCOBHOCTbIO yAepXuBaTh HeGTAHbIe MeHKM. Mecku ¢ cogepxaHnem 10-11% (mac.) KopyHAa NpejcTaBe-
Hbl 60/1€€ KPYMHBIMM 11 OCTPOTPAHHBIMI YaCTULLAMM C MeHbLUE HaCbIMHOIA MAOTHOCTBIO 1 MOHKEHHbIMI MOTNOTUTENbHBIMI COCOGHOCTAMY.
[Ins Kaxz0ro necka, MakCMMasnbHO HaCbILLEeHHOro 6eH3MHOBbIMIU KOMMOHEHTaMU, UCCNe0BaHa PeaKLNs HA «JOKANNBYH» UIN «CONHEYHYHO»
norogy. [lns nepsoro c1yyas nposejeHa AecopbLns ¢ MHOTOKpaTHbIM NPOMbIBaHUeM BOZOI, BO BTOPOM — BbICYLUNBAHME C HarpeBaHueMm 1
nocney LM 0HOKPATHBIM MPOMyCKaHNeM BO/AbI Yepe3 Cnoil necka. MoKasaHo, uTo NeHKM 6eH3nHa NPOUHO YAEPXKNUBAKTCA Ha YacTULaX
necka npy NpoMbIBaHWM, HO NIETKO YAANAOTCA NPU HarpesaHuu. pu MHOTOKPaTHOM MPOMbIBAHUM HUDKEEXaLnX CNoes JOCTUraeT 0KoJ0
YeTBEPTU OT MCXOAHOTO COAepXKaHus beH3nHa B 3MYNbCuK, KoTopas GuAbTPYeTCs Yepes necok. Mpu BbICYLWMBAHNM C HAarpeBaHMeM i3 NeckoB
paccenBaeTcs 10 YeTBePTH NIErkoNeTyuinx yriesoA0poA0B, B PuabTpaTax Xe 0Ka3blBaeTCs He3HauUTeNbHOe KOMYECTBO OPraHnKu.
KnioueBble cnoBa: necok, copoums, GunbTpoBaHue, yAepX1BaHue, NOrNOTUTeNbHAS CNOCOBHOCTb, IMYNbIPOBaHHbIE HedTenpPoAyKTbl, 3KO-
noruyeckuii bapbep
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Evaluation of the sorption properties of coastal sands in relation to emulsified petroleum products
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Abstract. The sorption properties of some sands selected in the coastal zones of economically important, but at the same time ecologically op-
pressed territories of Vietnam are considered. The purpose of the research is to assess the absorption capacity of sands in relation to emulsified
petroleum products, to identify their ecological role in typical situations of spillage of small amounts of toxic substances. It is shown that the sorp-
tion qualities of the sands depend on the location of the sands, their geochemical and granulometric heterogeneity. It turned out that according
to the content of a-quartz, the sands used can be divided into two types with a clearly expressed correlation of sorption qualities with the mineral
content. Quartz sands, represented by fine-grained pellets, have a high ability to retain oil films. Sands with a content of 10-11% (wt.) corundum
arerepresented by larger and sharper-edged particles with lower bulk density and reduced absorption capacity. For each sand maximally saturated
with gasoline components, the reaction to “rainy” or “sunny” weather has been investigated. For the first case, desorption with repeated wash-
ing with water has been carried out, in the second case, drying with heating and subsequent single passing of water through a layer of sand. It is
shown that gasoline films are firmly held on sand particles during washing, but are easily removed when heated. With repeated washing of the
underlying layers, it reaches about a quarter of the initial gasoline content in the emulsion, which is filtered through sand. When drying with heating,
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up to a quarter of volatile hydrocarbons are dispersed from the sands, while an insignificant amount of organic matter is found in the filtrates.
Keywords: sand, sorption, filtering, absorption ability, holding, emulsified petroleum products, sand filter, ecological barrier
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BeepeHne

HedTb 1 nonyuaemsle u3 Hee He(pTEPOAYKTbI
IITMPOKO UCTOb3YIOTCSI TIPAKTHUE CKU BO BCEX OTpac-
JISIX HAPOJJHOTO X03siHicTBa. I1pu 100bIue, XpaHEHHH,
TPaHCIIOPTUPOBKe U 11epepaboTKe HeTerpoyKThI B
3HAUMTEJTBHBIX KOJTMUECTBAX TOMa/[aloT 1 3arPSI3HSIOT
OKPY’KAIOIIyIO Cpejly, HapyIasi X0, eCTeCTBeHHBIX
OMOXUMUYECKUX MPOLIECCOB. 3arpsisHeHust He(Thio
Y He(TerpoyKTaMH Upe3BbIuaiiHO OTacHbI, OHH CO3-
JIAfOT 3HAUMTEJTbHYI0 TOKCHUHYIO Harpy3Ky Ha BOZY,
TI0YBY, BO3/IyX, broioruueckue 06bekth [1-5]. Oco-
Gast cUTyarysi CBsi3aHa C 3arpsi3HeHHeM IPUOPEXKHBIX
TPYHTOB OTKDBITBIX OacceiHOB (peK, 03ep, MOpeii)
U O/IM3KO JIeXKALUX MO/3eMHbIX BOJ. 3arpsi3HeHHe
MPUOPEXXHBIX TPYHTOB MOYKET TIPOMCXOUTH HEKOH-
TPONMPYEMBIMA CTOKAMHU TPEJTIPUSTHH, a TakkKe
e)Ke/THeBHLIM BMeIIIaTe/IbCTBOM UesIoBeKa (JTY>KULIbI
TOTUIMBA IO/, aBTOMOOU/IEM, MeXaHHUeCKOe TTepeMe-
IIMBaHUe MeckKa 1oj, Kojaecamu U T. 1.). HedTsHble
SMY/IbCUM OKa3bIBalOT HeraTHBHOE BO3[eHCTBHe Ha
OuOTY TIPUOPEKHBIX 00J1aCTel U BOAHBIX 0aCCEHHOB U
MOT'YT CTaTh IPUUMHOM OMaCHBIX cuTyaruii. [Tostomy
Ba’KHO OIIEHUTH CITOCOOHOCTH MPUOPEKHBIX TPYHTOB
TIPUHMMATD Ha cebst pPoJTb SKOIOTHUeCcKiX bapsepoB,
3alUIIATh TVIyOUHHBIE CJIOM TIOUB OT TIPOHUKHOBE-
HUs1 He(pTePOAYKTOB U y4acTBOBAaTh B Ipolieccax
YCTaHOBJIEHHsI KOJIOTHUECKOT0 paBHOBecws [6, 7].
Ot npupoAHO# CITOCOOHOCTY MECKOB K HAaKOTIJIEHHIO
TIOJUTFOTAHTOB 3aBUCHT, HACKOJIBKO OTIACHBIM SIBJISIET-
Cs1 3arpsi3HeHNe OKPY Karolljei Cpefibl.

ITpuHsATHE HOBBIX, OOTEe CTPOTUX HOPM IO 3a-
IIUTe TIPUPOABI TpeOyeT 000CHOBAHMUS U BCECTOPOH-

Intensity
1000

HEero M3yueHHst 9KOIOTHUeCKHX IpobsieM, CBSi3aHHBIX,
B YaCTHOCTH, C CUTYyal|UsIMU PO3/IMBa He()TernpoayK-
TOB Ha 1ouBkI [8—17]. ABTOpamu paboThI MPOBE/IEHO
MO/le/TMPOBaHKe CUTYariH PO3/MBa HeTernpoyKTOB
Ha TiecyaHble MOYBbI. [IpU MPOBEAEHUM 3KCIepH-
MEHTOB HCIOJb30BaHbl 4 o0pa3ra nmpubpeKHbIX
MeCKOB U BOJHBIE IMYJIBCHH, KOTOPble UMHUTHUDYIOT
GeH3uHCOepsKalye CTOKH. Llebio paboTh SB/ISIETCS
OIleHKa CIIOCOOHOCTH TIECKOB K Y/IepP>KUBaHHIO OeH-
3WHOBBIX (PPAKLIMI 1 BBITIOJTHEHUIO POJTH PETYIIsATOpa
9KOJIOTMY€eCKOr0 paBHOBeCHsl. [I/is1 10CTDKEHHSI LIeJTH
MPOBE/IEHBI OMBIThI, B KOTOPBIX 3MY/IbCUU OEH3UHA
MIPONyCKaIu uepe3 (PUIBTPYIOLIMI C/I0M Mecka 3a-
JIAHHOM MacChI (BBICOTBI) U OTIPE/IeJISITH COfiepyKaHue
OeH3mHa B (ubTpare.

Martepunanbi n MeToAbl

B paboTe paccMOTpeHbI Mecku, 0ToOpaHHbIe Ha
Oeperax BbeTHaMCKHUX pek XoHrxa (A), TxyboH (B),
TxauxaH (K) u 3ammBa bak6o (). s Toro uro6sn
OLIEHUTb MPHUPOJHYIO (QUIBTPALUMOHHYIO CIIOCO0-
HOCTh TIECKOB, CrielMaabHON 00paboTKu 00pasijoB
riepe/i UCCIeIOBaHUSIMU He TIPOBOJVITH. MuHepasio-
rUyeckasi TVIOTHOCTh, 0ObeMHasi Macca MpH PhIXJIOM
Y TUTOTHOM CJIOJKeHUH, TPaHy/IOMeTPHUUe CKUI COCTaB
n3yueHbl paHee [18]. AjcopOIMOHHBIE HCCIeN0BaA-
HUsI TIPOBeJieHbI € (PaKLUSIMU, COOTBETCTBYIOLMMU
MaKCHMyMaM Ha KPUBLIX pacripefiesieHus. XapakTe-
PUCTHKA MUHEpa/TbHON CTPYKTYpPhI 00pa3LioB mecka
TI0JTyueHa Ha PeHTTeHOBCKOM JudpakTtomeTpe XRD-
7000 X-ray Shimadzu (fnonus). s npumepa Ha
puc. 1 mpeacraieHa gudpakTorpamMma necka K c
paciimdpoBkoi (matched phases) B Ta6sm. 1.

Exper pattern: () (ic.raw)
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Puc. 1. Tudpakrorpamma necka K
Fig. 1. Diffractogram of sand K
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B

Tabnuya 1/ Table 1

MuHepanorudeckuii cocraB necka K (Matched Phases)
Mineralogical composition of K sand (Matched Phases)

A: Silicon Oxide (Quartz, syn)
Formula Sio,
Entry number 01-085-1053
Figure-of-Merit (FoM) 0.940705
Total number of peaks 29
Peaks in range 8
Peaks matched 9
Intensity scale factor 1.00
Quant. (weight %) 89.11

B: Aluminum Oxide (Corundum, syn)
Formula Al,O4
Entry number 01-089-3072
Figure-of-Merit (FoM) 0.548071
Total number of peaks 25
Peaks in range 6
Peaks matched 3
Intensity scale factor 0.02
Quant. (weight %) 10.89

B pabore ucrnonb3oBanu 6eH3uH AN-92 1o
'OCT 32513-2013 ot OO0 «CubupbOHeproKom-
TIeKT» U rekcaH no TY 2631-001-54260861-2013
¢upmbr Kproxpom.

Omynbcuu 6eHsnHa AV-92 roToBUIN PacTBO-
penvieM 1 M7 GensuHa B 0.5 M3 AUCTUINIUPOBAH-
HOM BO/IbI B ZIeINTETbHOW BOPOHKE TIPU CUJIBHOM U
JuTenbHOM BeTpsaxyuBanuu. Yepes 10—15 MuH nipo-
BOZMJ/IM SKCTPAKLMIO U [JIs1 OMBbITOB UCII0/b30BaIN
HIKHIOK YacTb.

KonuenTpaiuwo smynbcuu 6ensuna AUN-92
ompefienisiau GIyOpUMeTPUUECKUM METOZOM I10
Metozauke [TH/T @ 14.1:2:4.128-98 (MeToAuKa BbI-
TIO/THEeHU ST 3MepPeHU MacCOBOM KOHIIEHTpAaIuy He-
(TenpoAyKTOB ...) C moMolibko npubopa «Paropat
02-5M» ¢upmel IOMEKC (Poccus).

[7g rpasiyupoBKHU ILIKajbl aHaauM3aTopa UC-
T10J/1b30BaJIU CTAH/JaPTHBIN 1 I'Pa/lyPOBOYHBIE pac-
TBOPHI OeH3nHa A11-92 B rekcaHe. V13 ctaHiapTHOTO
c KoHLieHTpauyeii 100 mr/am3 66111 TPUTrOTOB/IEHE
rpaZlyupOBOYHBIEe PACTBOPBI C KOHLIEHTPaLIUsIMU OT
5 10 40 mr/ gm°.

CopO01i1to TPOBOAUIIN B KOJIOHKE TUAMETPOM
0.01 M, KyZa 3acelnaad HEKOTOpOe KOJUYeCTBO
recKa U3BeCTHOW MaccChl, YIJIOTHSIA aKKypPaTHBIM
MOCTYKHBaHUEM U U3MePSITU BBICOTY CJI0s1 COpOeHTa.
I[Tpu peIXJIOM 3aTI0THEHUN pabouero MpoCTpaHCTBa
BBICOTA CJ1051 [IeCKa COOTBETCTBOBA/Ia Macce HaBeCKH!
C yYeTOM JUCTIEPCHOCTH (Tabi1. 2).

Tabauya 2 / Table 2
BbicoTa cs105 A/151 pa3HBIX HaBeCOK IecKa, M
The height of sand layers, m

Macca Tun necka / The type of sand
HaBeCKW, I /
The mass of sand A B T K
samples, g
3 0.0265 | 0.0270 | 0.0260 | 0.0275
5 0.0445 | 0.0450 | 0.0440 | 0.0465
8 0.0745 | 0.0750 | 0.0740 | 0.0755
Xumnsa

UYepes cioii necka nponyckanu 0.025 gm3
OeH3HWHOBOH 3MY/IBCUU C O/IMHAKOBOW CKOPOCTHIO,
KOTOPY}0 KOHTPO/IMPOBAJIY C TIOMOILIBIO CIelhasib-
HOT0 3aKHMa.

[nst onpesienieHust yAep>KUBaeMocT OeH3u-
HOBBIX (pakLUil meckamu M3Mepsiii KOHLIeHTpa-
uto OeH3uHa B (UIbTpATax IMoC/e MpOMyCKaHUs
IMY/ILCUU Yepe3 cJiol recka. CTerneHb yJep)KUBaHuUs
recKoM OeH31Ha U3 BOOHOTO PacTBOpPa R pacCUnTHI-
BaJIU 110 OTHOCUTE/IbHOW Pa3HOCTH HavasibHoU Cjy 1
KOHeuHO! C, KOHL|eHTpaLuii OeH3uHa:

CO - CK
R= ——-100%.
Co

s OLleHKH MPOYHOCTM CLIeIJIeHUS TJIeHOK
OeH3MHa TecyYaHbIM CJI0€M TIPOBOAU/IU Ziecopo-
LIMI0 ¥ TIPOMBbIBaHME MecKa BOJOM, BCIKUM pa3
ucnonb3ys 0.025 am3 aucTHRAIMPOBAaHHOI BOJbI
¥ KOHTPOJUPYS cocTaB (uabTpara. [IpombiBaHue
BeJIU TIPU aKTUBHOM BCTPSIXUBaHUU [JO0 HEKOTOPOI
MUHUMAabHOU KOHIIeHTpaluu OeH3WHa B CTOKe.
OKCIlepUMeHTbl C MHOIOKPaTHBIM IIPOMbIBaHUEM
VMUTHPOBAJHU YCJI0BUSA LOXKZAel B npupoge. Ilos-
HOT'0 OUUIIeHUsI TTecKa OT OeH3WHOBBIX TIJIEHOK B
TaKHX KCIIePUMEHTaX MOy YUTh He YAaJ0Ch axke
6—7—8-KpaTHbIM ITpoMbIBaHUEeM. [1/15 BOCIIpOU3Be-
JleHUs CUTYyal|{ COJTHeYHOT O JHS HaBeCKHU I1ecCKa,
HacbIleHHbIe YTI/IeBOJ0POaMU U3 SMYJIbCUM, BbI-
cymwuBasu 6e3 rmepeMeIuBaHus 0 BO3AYIIHO-CY-
XOT'O COCTOSIHUS Y 3arpy»Kaiu 00paTHO B KOJIOHKH.
OnbITHI IPOBO/MIIN [P KOMHATHOW TeMIlepaType
(23 £ 2 °C), BrICylIMBaHUE HABECOK B TeueHUe
15 muH — B cyxoM kosieHe TepmocTtata UTU-4 npu
Temneparype 35 £ 2 °C.

Pa3nnuHblii JUcIiepCHbIN COCTaB NeCKOB U UX
HachbIMHasi JIOTHOCTD JOMYCKald MaHEBPUPOBaHUE
YCJIOBUSIMU OMBITOB TTPU OLIeHKe 3HaUMMOCTH U3~
YyeCKUX ycsioBui copbiun. [Tpesies OTHOCHUTEEHOM
MOrPeLLHOCTY POBe/IeHHbIX KCIIEPUMEHTOB C J10-
BepUTenbHBIM nHTepBasoM 0.95 He npeBsIiman 5%.
[ns rpadmyeckoi MHTEpIIpeTaliuy UCIOIb30BaIu
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niporpammy Microsoft Excel. DkcriepyumeHTaibHbIe
TOUKH Ha rpaduKax MpeCTaB/IsSIOT CpefHee 3HaUe-
HUe [IByX-TpeX He3aBUCUMBIX OITBITOB.

Pe3ynbTaThbl U X 06CYKAEHME

CrerneHb y/iep>KMBaHus 0eH3MHOBBIX (PpaKIHif
13 SMYJIbCUI UCC/lelyeMbIMU TTeCKaMH ITPU pa3HbIX
HaBecKax copOeHTa IpeZicTaB/eHa Ha puc. 2.

R, %
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mA &L Al OK

Beicora, cm / The height of sand layer, cm

Puc. 2. YiepkuBaHue GeH3MHa MpY OFHOKPATHOM HacChIIlje-
HUY 11ecKa
Fig. 2. Retention of gasoline with a single saturation of sand

[ns Bcex neckoB 3¢ (deKTHBHOCTb Y/ep)KHBa-
HUs1 OeH3WHA 3aKOHOMEPHO YBeTUUNBAETCSI C TTOBBI-
LIeHWeM MacChl HaBeCOK (C BBICOTOM CJIOS TIecKa).
Ha HauasbHBIX yuacTKaxX U30TePM peuHble MecKu
A, b u K umeroT MeHbIlIle 3HaueHHs BeJTUUUHBI R
T10 CPaBHEHUIO C MOPCKHUM IeCKOM, HO 3aTeM IoKa-
3aTesnu MeckoB A M b BBIXOZST Ha COMOCTaBUMBIE C
neckoM [' 3HaueHus.

[Ipy cpaBHEHUU MOJIyUeHHBIX Pe3yJbTaTOB
00HApYXHUJOCh, UTO METOJUUECKH OMU3KUMU
OKa3bIBalOTCs Te MyOJIMKALMK, B KOTOPBIX MECOK
paccMaTpuBaeTcs Kak GUABTPOBaIbHBIN MaTepra
B IPOLIECCaX OUUCTKU BOABI OT He(TSHBIX 3arpsi3-
HeHuit [19-21]. B pabore [19] aBTOpamu mokasaHo,
YTO MpH BbICOTe necuaHoro c/1osi B 0.03 M apdexTus-
HOCTh HedTeymaneHus gocturaet 90%, B paborax
[20, 21] aBTOpBI AOOMBaKOTCA elle 6oJiee BHICOKUX
ToKa3aTesiell OUNCTKH, UCII0JIb3YS TIPH COTIOCTAaBU-
MOU ToJi[MHe QuabTpaioHHoro cios (0.086 m)
TPeXypOBHEBYIO CTPYKTYPY. B Halliem ciiydae Takux
rokasaresieli JOCTUYbL He yZaeTcs, Tpefie/ibHble
3HaueHus R efiBa mpubmkaioTcs K 75% U B 9TOM
OTpa’kaeTcsl, OUeBU/IHO, He TONBKO 0COOEHHOCTH
HCClelyeMbIX TTeCKOB, HO U IieJib UCCrle/joBaHus. B
LUTUPYEMBIX PAab0OTaX pacCMaTPUBAIOTCS ITPOOIEMBI
(bUIBTpaINY C TOYKH 3PEHUSI OUMCTKH BOJbI, aBTOPLI
TIpUJIaraloT YCUINS JIJis TIOBBIIIeHHUs TT0Ka3aTenei
HebTeynep)kuBaHusA. HaMu CriocoOHOCTE MecKoB
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yAep>KUBaTh He(PTENPOJYKTHI pacCMaTpPUBAeTCs
Kak X TIPUPO/IHOE CBOMCTBO, OAHAKO LIUTUPYEMbIe
HCTOYHUKH MO TBEPKJAI0T 0OHApY K1BaeMble HAMU
3aKOHOMEpPHOCTH.

[TpucyTcTBue cienoB OeH3wHa B (umbTparte
CBU/IETe/IbCTBYET O HEIIPOUHOM CLielJIEHUH [1JIEHOK
YIJIeBOOPO/ZIOB C TTIOBEPXHOCTHIO MeCUaHbIX YaCTHLI,
HeCMOTpSI Ha TO, UTO, Ka3aioch Obl, TpeipacIiosio-
JKEHHOCTb TaKOI'0 B3aUMO/eMCTBUS BbICOKA.

[Tpu HebombILIOM C/i0e copbeHTa HU3KHUe 3Ha-
yeHUsl CTeNeHU yJep>KuBaHUs y necka b, Ha Hail
B3IJIS1], CBSI3@aHbl C Te€M, UTO NIOYTU TPU YeTBEPTU
MacChl 3TOT0 ITeCcKa COCTaBJISTFOT YaCTULIbI pa3MepoM
0.42 + 0.02 mm. Beicokasg OZHOPOAHOCTbL U PAaBHO-
MepHast 3ePHUCTOCTh IAHHOTO TIeCKA CTIOCOOCTBYIOT
(hopMHpOBaHUIO TAKOTO MEXXITOPUCTOr0 IPOCTPaH-
CTBa, KOrjla yrjieBOJOpPOJHble COCTaB/dOLINe
CcBOOOJHO W OBICTPO TEpeMeIjalTCcsi C 00beMoM
SMYJIbCUU Uepe3 CPaBHUTETBHO HeOOJbIIONW CIIOH,
JIMIIb He3HAUUTeJIbHO 3a/lep)KHUBasiCh Ha IIOBEPXHO-
cTh. Y neckoB A u K f/151 Takoii ke TOJILIUHBI CJI0S
MoKa3aHusl R o/jHAaKOBBI [IPU CXOKUX 3HAUEHHUSX
CTereHu OJJHOPOJHOCTH, TOpPa3/io MEHBIINX, YeM Y
necka b.

WN3oTepma asisi iecka I (cM. puc. 2) cBuieTesNb-
CTBYeT, UTO YIJIEBOZIOPO/HbBIE TIJIEHKU U3 00BO/I-
HEHHOUW cMecu He(TempoOAYKTOB IPOUHEe BCETO
a7IcOpOUPYIOTCS Y He BEIMBIBAFOTCS BOJJOM C UMCTOTO
KBapLieBoro mnecka. [loBbllieHHe (UABTPALMOHHO-
ro csioss copbeHTa IIPUBOAUT K YaCTUYHOM yTpare
JOMUHHPOBaHUsI reoOMeTpUUeCKUX MapaMeTpOB
U fucrnepcHOcTH. He MeHee Ba)KHBIMU TPU 3TOM
CTaHOBSATCSl HaTUBHbIE CBOMCTBA IOBEPXHOCTH,
CBsI3aHHBIE C COJZiep)KaHueM KBaplia B Mecke.

BuaHo, uto mecku A, b u I' 06/1a1at0T B 11€710M
HeTJI0X0M CITOCOOHOCTHIO K Y/lep)KUBAHMI0 OeH31Ha,
B CJI0€ IecKa 1o 8 cM yep>kuBaeTcsi 6osee 70% Jrer-
KUX yIJIeBOL0poZ0B. OueBUHO, BepXHUeE CJI0U IpH-
Ope’KHBIX MeCKOB 3TUX TUTIOB, BLITIOTHSIS (QYHKITHEO
5K00apbepoB, CITOCOOHEKI 3al[UIIATh HUXKeTeXKallie
CJIOU OT 3arpsi3HeHHI, B HUX MOCTyTIaeT He Oosiee
30% mponuToro 6eH3uHa.

Pe3ynbraThl AecopOIiiy B CepUsX OMBITOB C
BOCIIpOU3Be/IeHHeM TIPUPO/HBIX SIBJIEHUH (JJ0XK/b
WJIM WCTIapeHue C TIOBEPXHOCTH B CO/THEUHbIH /IeHb)
npe/CcTaB/eHbl Ha PUC. 3.

HeopHokpaTHOe mpoMbIBaHUe TecKa, Hachl-
IIIeHHOT0 OeH3WHOBLIMU COCTABJISIOIIVIMHY, He TIPH-
BOJIUT K BOCCTaHOBJ/IEHUIO CBOMCTB YaCTHLI, [JIEHKU
He(TenpoZyKTOB OCTalOTCsi Ha MOBEPXHOCTU. Ha
puc. 3 B cTosibljax co MTPUXOBKOU «I» (Tymou
yroJ K MPO/IOJKeHNUI0 ocu abciucc) npejcTas-
JIeHBI 3HAUEHUS CTelleHW yAep>KUBaHWs OeH3WHa
8-CaHTUMEeTPOBBIM CJI0EM JIJIs BCeX INeCKoB. Takas
JKe, OCTaTOYHO TUITMYHAasl, CUTyalusl XapaKTepHa

HayuyHbivi oTaen



A. A. flkoBneBa, Y. T. HryeH. OLeHKa copbLUMOHHbIX Ka4eCTB rpubpeXXHbIX NECKOB

B

R, %
100

90
80
70
60
50
40
30
20
10

0

Puc. 3. CreneHb yiep>KUBaHUsI IeCKaMy OeH3MHa TPU MHOTOKPAaTHOM TIPOMbIBaHKH (1)
Y BBICYIIMBAHWU C HarpeBoM (2). Bricota ¢unsrpytomero ciost 0,08 m
Fig. 3. The degree of retention of gasoline by sands during repeated washing (1) and
drying with heating (2). The height of the filter layer is 0.08 m

JIJIS1 BCeX TeCKOB U MPU BBICOTE C/I0A B 3 U 5 CM.
CTon0I1bI CO IITPUXOBKOM «2» (OCTPBIM YT0JI K TPO-
IIOJIPKEHUIO 0CH abCIIMCC) TTOKA3bIBAIOT YBETMUEHHE
CTereH! y/ep>KUBaHUs MecKaMu, KOTOpbIe Moc/e
HAaCBIL[EHUST UX OEH3WHOBBIMHU COCTAaBJISTFOIIIAMUA
OBIIM TIPOCYIEHBI C MOOTPEBOM. YBe/JnUeHUe
R B 3TOM ciydae focTuraeTcs 3a CYeT TOTO, UTO
JIeTKHe KOMITOHEHTHI OeH3WHOBBIX (YpAKLMU TIpu
BBICYILIIMBAaHUM YaCTUYHO YJEeTyUYU/UCh C TTOBepX-
HocTH. [IpoMbIBaHMe TaKMX MeCKOB MOKa3bIBaeT, UTO
HapbepHble KaueCTBa yJIyUIlIaloTCs BO BCEX CAyYasX,

HO U B 3THX pe3yJbTaTaX IPOSIB/SETCs BIUSHUE
CBOMCTB (DUIBTPYIOIIEro MaTeprasa, CBsI3aHHBIX C
HCXO/IHBIM Te0/Ioro-TeorpadruuecKuM XapaKTePOM.
[ KOMIOUJHO-XUMUYeCKOTO 00BsSICHeHUS
TOTyUeHHBIX pe3yJabTaTOB B pa3TUUYUU CBOUCTB
TIeCKOB TI0 OTHOIIIEHUIO K OeH3UHY HeoOX0JuMO pac-
CMOTpEeHUe COBOKYITHOCTH BCeX (JaKTOPOB, KOTOPbIE
B/IUSIFOT Ha CUTYaIL[1t0. KpoMe HachITTHOM MJIOTHOCTH
Y pa3MepoB 3epeH ecKa, K HUM OTHOCSITCSI TpaHy-
JIOMeTpHsl U XUMUUYeCKUI COCTaB, Olpeie/sitoIiye
aJre3vOHHbBIE CBOMCTBA TIOBEPXHOCTH (TabJ1. 3).

Tabnuya 3 / Table 3

HekoTopsble cBOWCTBa IeCKOB
Some properties of sands

CgoiicTsa / Tun necka / The type of sand

Properties A B T K
$i0,, % (mac.) / SiO,,, (% by mass) 98.38 89.93 98.99 89.11
ALOs, % (vac.) / ALO,, (% by mass) 1.62 10.07 1.01 10.89
CPeAiHii pasmep Hacri, M / 0.294 0.429 0.241 0.849
Average particle size, mm

0,

Koauiuent otiopoarocri, % / 53.125 72.240 66.919 61.367
Coefficient of uniformity, %
IInotHOCTB, Kr/M3 / Density, kg/m3 1414 1397 1432 1370

CopeprkaHue KBapLja B Iecke 0Ka3bIBaeTCsI BaXk-
HBIM TIPHM PAaCCMOTPEeHMH MexaHu3Ma copbiuu. M3
tabs1. 3 cyefyeT, uTo CofiepyKaHue KBapiia B meckax
usMeHsietcs B ropske K < b < A <T. I3meHeHue
MaKCHUMaJbHOU yZep>KMBaeMOCTH TIeCKOB IO OT-
HOIIIEHUI0 K OeH3MHOBBIM KOMIIOHEHTaM CUMOaTHO
3TOMW TeHJeHLuU (puc. 4).

Xumuns

Bornee Toro, mono>keHue Touek Ha rpaduke mo-
3BOJISIET pa3/ie/IuTh U3yuaeMble TIeCKH Ha /1Ba TUTIA,
KOTOpBIE UMEIOT CBOU 0COOEHHOCTH IO OTHOIIIEHHO
copbumy HeTecoAepKalUuX IMYIbCUN. YCI0KHe-
HUe XUMHUUEeCKOr0 COCTaBa MUHepabHOT0 copbeHTa
BCerja BIMsieT Ha MeXaHu3M copbumu. [losiByieHne
B KPHUCTA/JTMUECKOHN pelleTKe TecuUaHblX YaCTHI]
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Puc. 4. DdbdeKTUBHOCTE yaneHus GeH3KMHa Meckamu
Fig. 4. Efficiency of gasoline removal by sands

KODYH/Ia BJIMSIET Ha MpUJKNaHue OeH3UHOBBIX
TJIEHOK K TIOBEPXHOCTU U Ha M3MeHeHHe CBOWCTB
KOHTaKTHBIX T/I0I1a /10K, [TOCKO/IbKY 9TOT MUHepaJ

A

obsiajiaeT UHBIMK CBOWcTBamMu. Harnpumep, Heonu-
HAaKOBO OTHOLLIEHHWe PaZiyCOB KATUOHOB a/TFOMUHUS
U KpeMHMSl U aHMOHa KMCJIOpOZa, COCTaBIIsioLee
0.415 u 0.387 coOTBeTCTBEHHO, CYyl[eCTBEHHO
pa3/nyvaroTCs KOHCTaHTHI ['amMakepa OKCHZOB IO
OTHOIIIEHHWIO K BOZIe W JIpyTHe CBoMcTBa [22, 23].
OTO BjeYeT pa3/nyue B SHEPrysix aJire3MOHHOTO
B3aMMO/IeHCTBUS U, KaK CJie[ICTBUE, B U3MEHEHUSIX
ylep>KUBaIoILel CTOCOOHOCTH MecKa, KOTOpble CBsi-
3aHbI C MIOBEPXHOCTHBIM CTPYKTYpUPOBaHUeM [24,
25]. BmecrTe ¢ TeM, n3MeHeHMe KOJInYeCcTBa KOPyH/ja
B nipefiesiax 1-1.5% B neckax A u [" mpuBoJuT K He-
OOMBIIUM M3MEHEeHHSIM T0Ka3aTesis R, B TO BpeMst
Kak npucytctBue 10-11% kopyHpza B neckax b u K
TIPOSIBJISIETCS OUeHb Pe3KUMM OTKJIOHeHUssMU. Ha
Halll B3IJI5iJ, 9TO CBSI3aHO C TeM, UTO KpOMe pas-
JIMUUN KPUCTA/J/INYeCKUX pelIeTOK 3HaUMMbIMU
OKa3bIBAOTCS MJIOL[a/[¥ KOHTaKTa. C MOBbIIIIEHUEM
pa3MepoB YacTul] (a Haubosiee 3TO MPOSBASIETCS Y
niecka K) yzep>xuBarolijasi CriocoGHOCTb CHIXKAeTCsI
BechbMa CyILIeCTBEHHO (pucC. 5).

Puc. 5. ®oTorpaduu mecKoB B UCXOAHOM BH7le (IIPY KBapTOBaHUN) U TP 50-KpaTHOM yBeTUYeHUH
uccieyeMoi ppakiyu
Fig. 5. Photos of the sands in their original form (with quartering) and with a 50-fold increase in the
studied fraction
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B

¥ neckoB b u K, cyst mo mukpodoTorpadusim,
pa3auuusi 0OHapy KUBAIOTCS HE TOJTBKO B pa3Mepax
YyacTHI], HO ¥ B UX (opMe, pesibede TTIOBEPXHOCTH,
TIPUCYTCTBUH OCTPBIX YIJIOB U Pe3KUX I'PaHel, Bbl-
CTYTIOB ¥ BIAZIMH Ha MUKPOYPOBHE.

CoOBOKYITHOCTE (D aKTOPOB, OMpefesIOInX
crietiduky (a3oBbIX KOHTAaKTOB (KPYTTHO3epHO-
CTOCTb, TPAHYIOMeTPUUeCKass U XUMUUecKasi He-
OJJHOPOZHOCTh) CBUETeILCTBYET, UTO ecok K 1o
CBO€¥ CTIOCOOHOCTH MpeIoXPaHsTh HIDKeIexalue
CJIOM OT HETaTUBHBIX BO3/[EMCTBUH YCTyTIaeT OCTallb-
HBIM TecKaM.

3aKnoyeHune

WccnepoBaHa copbIjoHHasi CrtoCOOHOCTD K
yIep>KUBAaHUIO OEH3UMHOBBIX (paKIUil B CUTyal[uU
pO3/1Ba He)TETPOAYKTOB Ha IlecKax, 0TOOpaHHBIX
Ha Oeperax peK ¥ MOPCKOTO 3ajiMBa BO BbeTHaMme.
Pe3ynbraThl CBU/IETETLCTBYIOT, UTO POJIb IKOJIOTU-
yeckux OaprepoB, M3HauUaILHO 3a/I0’KeHHAsI B MTPU-
po/ie Tecka, CBsi3aHa C TeoJsIoro-reorpaguueckoit
XapaKTepUCTUKOU 006pa3ijoB. [IpakTuuecku BCe
recku 1ipu ~ 0.08-meTpoBOM cJi0€ yaep)KUBarOT OT
60 1o 70 1 60o51ee % (Mac.) 6eH3MHOBBIX (PAKIUH U3
BOJIHBIX 3MYIbcrid. OHAKO Y Pa3HBIX MECKOB CII0-
COOHOCTD y/Iep)KUBATh HePTEMPOAYKThI pa3/IUYHa U
3aBUCHUT OT CTeTeHU AUCTIePCHOCTH, OJHOPOAHOCTH,
0cobeHHOCTelH pesibeda yacTULl ¥ UX MUHEPaTbHOTO
cocTaga.

B peanbHBIX YC/IOBUSX PUOPEKHBIE TIeCKY Ha-
XOJISITCSI B TIOIBUYKHOM COCTOSTHHUH M3-3a PAa3/TMUHbIX
TIPUPOZHBIX SBJIEHUH (TPUTUBBI-OT/IUBEI, CE30HHBIE
M3MeHeHWs B BU/Jle TassHUs CHera ¥ JibJia U T. 11.), a
TakKe JiesiTeJIbHOCTU YesioBeKa. MHOrOKpaTHOe
nmecopbUpoBaHue, paBHOLIEHHOE TPOCAYNBAHUIO JI0-
JKJIeBOM BOJbI Uepe3 BePXHUeE PhIXJIbIe CJIOU [TeCKOB,
TIPUBO/IUT K HEOOIBIIIOMY MOHMKeHHI0 (10 10-12%)
CTeleHu yJep>KUBaHUsl He(TeNpoOAYKTOB 3a CUeT
BLIMBIBAHUS MaC/ITHUCTLIX TIJIEHOK C TIOBEPXHOCTHU
Y yBelWUeHUs KOHIIeHTpaluuu HedTernpoAyKTa B
¢dunbTpare.

OpHokpaTHas flecopbiys Ha obpasijax, KoTo-
pble OB M3HAUabHO HACKIIEHbl OeH3MHOBBIMU
IMYJILCUSIMH, a 3aTeM TIPOCYILIeHbI ITPYU TeMITepaType
35 £ 2 °C, moka3aJjia MoBbIIIeHHe CTeNeH! YiepPyKU-
BaHUSI HedTeNpOJYKTOB 3a CUeT yJeTyuuBaHHUS
nerkux (pakiuii 6eH3uHa. BricyiBaHue 3arpsis-
HEHHBIX 00pas31[0B, 0 CYTH, UMUTUPYET UCIapeHus
C TIOBePXHOCTH, B TIPUPO/Ie JOCTATOUHO aKTUBHEIE.

OmnpefesieHo, YTO MOPCKOM TeCOK, Ipe/CTaB-
JIEHHBIW OKaTbIIIaMHU, MeTKOAUCTIEPCHBIMUA U J10-
CTaTOUYHO OJHOPOJHBLIMH TI0 pa3MepaM U COCTaBy
(99% Si0,), obnasiaeT camoii BbICOKOH COPOLIMOHHOM
CTI0COOHOCTBIO, OJJHAKO PEUHOM TIeCOK C OJIU3KUM
coJiepykaHreM KBapija 06J1a/jaeT CX0XKel CopOIHOH-

Xumuns

HOH CrIOCOOHOCTBIO U 3TO MO3BOJISIET BBIJETUTh UX
B OT/le/IbHBIM TUI MPUPOAHBIX cMecelt. K apyromy
TUITY MOTYT OBITH OTHECEHHI IeCKH, B COCTaB KO-
TOpbIX BXoAUT 0 10-11% (mac.) KopyHja. B cuny
CBOell KpPYMHO3epHUCTOCTU U CJI0KHOU (OpPMBI
(ocTpble yriibl MeX/ly TPaHsSMH) 3TOT THII MECKOB
uMeeT 0COOEHHOCTU MeXaHHM3Ma 3aroTHeHUs 3a-
30pOB NpY (UABTPaLIUM, YTO SIBJSIETCS PUUYMHOU
TIOHV>KEHHOMU TIOT/IOTUTEe/IbHOM CITOCOOHOCTH.
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AHHoTaums. [PUBOAATCS pe3ynbTaTbl NaPa3MTONOrNYECKOro MCCNIe0BAHNS HEXMAbIX N04-
CHeXHbIX THe3j 06bIkHOBeHHOI nonesku Microtus arvalis s.l., cobpanHbix B anpene 2019 1.
Ha Tepputopuu JlyxosHuLkoro pailoHa CapatoBckoii 06nactu. BoisieneHo 9 BUA0B 1 poA0B
ramasoBbIX KNelLei 3K0/10ro-$payHNCTUYEeCkoro KOMnAeKca, CBSI3aHHOTO C rHe3gamMu 06bIk-
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yKka3aH Laelaps algericus Hirst., 1925. ins dayHbl CapaToBCKOii 061acT NpuBOAATCS ABa HO-
BbIX POAa (6e3 onpegenequs BUA0B) CBOHOAHOXMBYLWMX Knewweii: Laelaspis A. Berlese, 1903
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(BO6OAHOXMBYLME GOPMbI. Bce BUABI, OTHOCALLMECS K reMaTodaram, SBAAKTCS TUMNYHbI-
MW 3KTONApa3uTaMn 06bIKHOBEHHOIA NONEBKM, MMEKT 06LIMPHbIE apeaibl U 06bIYHbI ANA
dayHbl CapaToBCKOii 06naCTH.
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Abstract. The results of a parasitological study of uninhabited nests of the common vole Microtus arvalis s.1., collected on territory of the Duk-
hovnitsky district of the Saratov Region in April 2019 are presented. We identified nine species of gamasid mites associated with nests of the
common vole. For the first time, Laelaps algericus Hirst., 1925, was recorded for the fauna of the Dukhovnitsky district of the Saratov Region. We
found two new to Saratov region genera of free-living mites (without species identification): Laelaspis A. Berlese, 1903 (Laelapidae) and Neoseiulus
A. M. Hughes, 1948 (Phytoseiidae). The study has shown that facultative hematophages dominate numerically, and free-living forms predomi-
nate in terms of species composition. All hematophagous species found belong to the typical ectoparasites of the common vole, they have wide
distribution and are common species for the fauna of the Saratov region.
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BeepeHue

ITon o6mMM Ha3BaHWEM «0OBLIKHOBEHHAs
1oJieBKa» W3BECTHBI 5 BUIOB-ABOMHUKOB [1]. Ha
Tepputoprr CapaToBCKOHM 00J/1laCTH BCTpPeEUaroTCst
IIBa U3 HUX — OOBIKHOBEHHas ToJieBKa Microtus
arvalis Pallas, 1778 u BocTOUHOEBpOIeHCKas T0-
neBka Microtus levis Miller, 1908 (=Microtus
rossiaemeridionalis Ognev, 1924), cxofHble Kak
BHeIIIHe, TaK U IO 9KOJOrHYeCKUM I0Ka3aTessiM
[2]. B HacTosieli paboTe TaKCOH «OOBLIKHOBEHHasI
T0JIeBKa» I0/Ipa3yMeBaeTCsl B IIUPOKOM CMEICITe
(Microtus arvalis s.1.).

17151 yueTa S5KTOIMapa3uTOB MTPU STIM300TOJIOT H-
YeCKOM MOHUTOPUHTe UCTIOJb3YIOTCSI JKIJIbIe THe3/1a
0OBIKHOBEHHOU TOIEBKH, [JOOBIThIE TIPH PACKOIKe
Hop [3]. [TokuHyThIe THe3/a, yCTPauBaeMble B 3UM-
HUM TIepro/] Ha TIOBEPXHOCTH 3eMJIU TI0Z, CHETOM [2] 1
ob6Hapy KUBaeMble IT0C/Ie CX0/ia CHE>KHOT'0 TIOKPOBA,
B TIOC/Ie/IHee BPeMsl TaKiKe TPUBJIEK/IN BHUMaHUe
rccyenoBaTesieil. [1osB/AIOTCS JaHHBIe O Hacess-
FOIIUX MTO/ICHEKHBIE THE3/]a TaMa30BbIX KJIelnax [4],
6J10Xax U MX JIMUMHKAX [5], @ TAK>KE )KECTKOKPBLIBIX
[6]. TTpu uccieiloBaHUM 3KOMOTO-(hayHUCTUUECKUX
KOMIIJIEKCOB UJIEHUCTOHOTUX, CBS3aHHBIX C FHe37a-
MU ¥ HOpaMH Pa3/TMIHbIX MJIEKOTTUTAIOITUX U IITHLI,
MMEIOT MeCTO HaXOJKW HOBBIX [I/Is1 pETMOHA BHU/IOB,
B TOM UHCJIe ¥ He SIBJISTIOIIUXCST HUTUKOTaMU.

CoobijecTBa ramMa3oBbIX KJjelleld UTrparoT
BAXKHYI0 POJIb B THE3[]J0OBO-HOPOBBIX OMOILIEHO3aX.
XuIIHbIe BUJBI KJIeL[el SBJSIOTCS PeryasiTopaMu
YKMC/IEHHOCTH TIapa3sUTUUYECKUX ramasujl. Mejkue

Gunonoruns

ramasoBble KJIely Cy’KaT NCTOYHUKOM MUILIU J7IsT
0oJiee KPYITHBIX, B TOM YKCJI€ /1J1s1 PaKy/IbTaTUBHBIX
rematodaros. I'He3a TPHI3YHOB 3acCesisIIOTCs Kile-
IIaMHY, TIapa3sUTHUPYIOIIMMU Ha 3BepbKaX, a TaKKe
CBOOO/IHOXKUBYILIUMHU BU/IAMH, KOTOPbIE MUTPUPYIOT
B HUX W3 JIECHOW MOJCTUJIKY, CTEITHOI'O BOMJ/IOKA U
apyroro cybcrpara.

KpoBococyuiue BUAbI raMa30BbIX KJleIei
MOT'YT BBICTYTIaTh B POJIU TPUPOJHBIX Pe3epBYapoB
B030yauTeell mpUpOHO-0YaroBLIX Oose3Hel, B
YacTHOCTH, KJlelleBoro sHuedanuta [7]. Ha Teppu-
Topuu CapaTOBCKOM 00J/1aCTH MPUPOJHLIX OUaroB
KJIeleBoro sHLedanruTa He BbISIBJIEHO, HO CleflyeT
VUUTBIBATH TOT (JaKT, UTO CEBEPHBLIe paiioHBI 00-
sactu rpaanuaT ¢ CaMapcKou U YIbsTHOBCKOU 00-
JIACTSIMU, Ha TEPPUTOPHSIX KOTOPBIX UMEIOTCS SH30-
OTUYHBIE TIO KJIelljeBoMy 3HLedanuTy paiioHsr [8].

B CaparoBckoii 06/acTu Ha 0OBLIKHOBEHHOU
MOJIeBKe K HACTOSL[EMY BpPeMeHU OOHapyKeHo 7
BU/IOB TaMa30BbIX Kielei [4, 9] u 12 Bu0B 3ape-
TUCTPUPOBAHO MPU MCC/Ie[JOBAHUU €€ TTOKHUHYThIX
TIO/ICHE)KHBIX THe3[| B ceBepHbIX paiioHax [IpaBo-
6epe>xbst obsactu [4]. Ins dayHbl JyXOBHUIIKOTO
pationa CapaToBckoi ob6siactu u3BecTeH 21 BUJ
ramasu/j, OTHOCSIUXCSI K 9K0JIoro-payHUCTUUe-
CKOMY KOMIL/IEKCY, CBSI3aHHOMY C MeJIKUMU MJIeKO-
nutatouumu [10].

Llenb paHHOW pabOTHI — U3yueHHe BUIOBOTO
COCTaBa raMa3oBbIX KJIellei, CBA3aHHBIX C TMOJ-
CHE>KHBIMU T'He3laMU OOBLIKHOBEHHOM T0/IeBKU Ha
Tepputopuu CapaToBCKOM 0061acTu.
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Matepuanbl u MeToAbI

TTokuHYTBIE TIOJICHE)XHBIE THe3/ja 0OBIKHOBEH-
HOU MOJIeBKU COOpaHbl MPYU MPOBEIeHUH 3ITH300-
TOIOrMuUecKoro obcenoBanus B amnpesie 2019 . Ha
TeppuTOopuu [yXOBHULIKOTO paiioHa CapaTOBCKOM
obsmactu: Bcero 12 rHe3n. eorpaduueckre Koopau-
HaTbl PErUCTPUPOBAIUCH TIpU rtomolu GPS-Tpekepa
(Garmin). HaiiieHHble Ha TOBEPXHOCTH 3eM/IH (T10Cie
CXOJla CHE)KHOTO TIOKPOBa) THe3/ia C LieJIbl0 HefloMNy-
1LleHUs [1I0Tepy HUJMKOJIOB YIIaKOBBIBA/INCh B I10J1U-
3TUJIEHOBbIE TIaKeThI U B TaKOM BH/le [JOCTaB/IS/TUCh
B T10JIEBYIO J1abOPaTOpHIO, TZe B TeueHHe TOTO JKe
[IHsI OCYIIeCTB/IsNach UX pa3bopka. VI3 rHe3moBoro
cybcTpaTa HUAMKOBI W3B/IEKATUCh TIPU TIOMOIIN
¢oroTepmosKnekTopa. Vi3BrneueHHble HUJUKOJIBI, B
TOM UKCJIe rama3oBble Kiielly, pukcupoBanuck B 70%
5TU0BOM crupTe. [IpocBeTsieHHe mpernapaTtoB OCy-
IIeCTB/ISI/I0CH MPU 1oMoly 80% MOIOUHON KUC/IOTHI
(skcrno3uuusi 2—24 yaca). BuznoBas ujeHTrduKaLys
MIPOBO/M/IACK TI0 OTIpe/ie/IuTe/TbHbIM Tabmuiam [11—
13]. Ha3BaHust BUZIOB [JaHBI B COOTBETCTBUM C 0a30ii
JIaHHBIX [1006a/mpHOTr0 HHGOPMaI[HOHHOTO (POH/IA 10
6uopasnoobpasuto (Global Biodiversity Information
Facility — GBIF) [14]. dns kaxzaoro Buja (B ciyuae,
eC/Id BUJ, He Oripe/iesieH — [J1s1 pofia) IpYBe/ieHbl: HH-
Jekc BcrpeyaeMocTy (VIB) — oTHOIIeHMe Uuc/ia rHes
€ TaMasuzilaMu K 00IIeMy 4uciay o0ciieZoBaHHBIX
rHe3z; unaekc obunst (MO) — cpeHee KOMUYeCTBO
9K3eMIUTIPOB B 00C/1€/I0BaHHBIX THE3/IaX; UHTEHCHB-
HOCTB 3acesieHHOCTH (M3) — cpefiHee umc/io IK3eMrLisi-
POB B rHe3/iaX, 3aceieHHbIX raMmasugiamu (6e3 yuera
He3acejleHHbIX THe37l). [IpyuHaj/1e)XxHOCTh K TpodU-
YeCKMM IpyIINaM yKasaHa Ha OCHOBe JIUTepaTypHbIX
maHHbIX [11, 15-17]. B maHHOM paboTe MbI He /ie/laeM
paszuuust Mexxay QakynbTaTUBHBIMU reMatodaraMmy 1
00/ aTHEIMU HEHCKJTFOUUTe/TbHBIMU reMaToaramu,
YCJIOBHO OOBEUHSIS U TEX, U IPYTUX B TPOMUUECKYIO
rpyrmmny (akyabTaTUBHBIX reMaTogaros.

Xapakmepucmuka patioHa uccied08aHus

PatioH ucciefoBaHUM pacro/ioyKeH B CTEMHOMN
30He, B I10/[30He pa3HOTPaBHO-TUITYaKOBO-KOBBL/Ib-
HBIX cTerel. [TonuHa peku Bosry, 3aHuMarorias
3HAUUTE/NIbHYI0 YaCcTh palioHa MCCJieJJOBaHUM,
Tripe/icTaBsisieT OO0l MHTPA30HAIbHBIN TaHAa(T
[18]. OHa xapakTepu3yeTcsi 00JIBIIUM KOJIUYeCTBOM
03ep u ctapull. Baonas ux GeperoB pacriosioykKeHb
YYaCTKH MOMMEeHHBIX JIyTOB U/IU ITOMMeHHBIe jieca.
OTKpBIThIE TIOJIOTHE CTEITHbIe YYACTKU Ha JaHHOMN
TePPUTOPHUH MOKPBITHI CUJIBHO TPaHC(HOPMUPOBAH-
HBIMH B pe3y/ibTaTe BbIllaca CKOTa PaCTUTETbHBIMU
coobmmectBamMu OO0 3aHITH arporeHo3amu. Me-
CTOOOUTaHUsI OOBIKHOBEHHOM TMOJIEBKH, T/ie ObIIH
00OHapy>KeHbI TIOACHEXXHBIE THE3/Ia, TTPeICTaBISIOT
co06oii HapyIlIeHHbIe CTeIH, arpOLIeHO3bI, TTOHMeH-
HBIE JTyTa, OIYLIKH TOMMeHHBIX U OalipauHbIX JIeCOB,
a TaK’Ke JIECOTIOCA/IOK.

Pe3ynbTaThbl U X 06CyXKACHME

Bcero 6b1710 cobpaHo u 06ciezioBaHo 12 THe3;
B 11 rHe3ax 0OHApY>KeHBI XapaKTePHbIE WU CJTy-
yaliHple HU/UKOJILI: TTAHLMPHLIE KJIEIH, TIayKH,
MOKPHIIbI, MHOTOHOXXKH (I'yOOHOTHE U JBYTapHO-
HOT'He), HOTOXBOCTKH, 0/I0XW (MMaro U JTMUUHKH),
JKeCTKOKDBlIJIble (MMaro W JUUMHKH), MypaBbH,
TPUIICHI, MOJTY>KECTKOKPBIJIbIE U /IP. YWIEHUCTOHOTHE.
I'amMa30BBbIe KJIeIIH IPUCYTCTBOBAH B 5 THe3/jax, B
KonmuecTBe OT 2 10 137 5k3. MecTa HaXOOK THe3,
CoJieprKall[iX raMa30BbIX KJellel, C yKa3aHWeM Treo-
rpadMUecKuX KOOPAWHAT U OMOTOIOB MPUBE/EHbI
B Tabm. 1.
Bcero cobpano 324 3K3., OTHOCSAIIUXCS K
9 BuJaM M pojam ueTbipex ceMeicTB. CIMCOK
BU/IOB C yKa3aHWeM YUCJeHHOCTH, UH/IEKCOB
00u/usA, BCTPEUaeMOCTH ¥ WHTEHCUBHOCTHU 3ace-
JIEHHOCTH THe3[] KaXK/IbIM BUJIOM TIpe/ICTaBJIEHbI B
Tabm. 2.
Tabnuya 1/ Table 1

MecTa HaX0/{0K HEXKHUJIBIX MOJCHE)KHbBIX THE3]| 00bIKHOBeHHO! nmosieBKU M. arvalis, cofepikamux raMa3oBbIX KJIeIe,
Ha TeppuTopuu /lyXoBHUIIKOro paiiona CaparoBckoii o61actu B 2019 1.
Sites of sampling of uninhabited nests of the common vole M. arvalis containing gamasid mites
on the territory of the Dukhovnitsky district of the Saratov Region in 2019

Ne rHe3za / KoopauHars! /

Number Mecto c6opa, 6uoror / Site of sampling material, biotope DA .

Coordinates
of nest
19 Okp. c. TenvkoBKa; MONMeHHBIH JIyT, OIyIlIKa NOWMeHHOoro Jyieca / N52.5936°
’ Surroundings of the village of Telikovka; floodplain meadow, edge of floodplain forest E48.3428°
3 Okp. c. HukosbcKoe; HapyllleHHas CTellb, OMyLlKa J1eCcornocasox / N52.4612°
Surroundings of the village of Nikolskoye; disturbed steppe, edge of forest plantations E48.5246°
4 Okp. c. TenuKoBKa; MOVMEHHBIH JIyT, I0XOBOE pefiKoiecke / N52.5350°
Surroundings of the village of Telikovka; floodplain meadow, silverberry woodlands E48.3514°
5 Okp. c. TenukoBKa; HapylleHHas CTellb, KyCTapHUK / N52.5260°
Surroundings of the village of Telikovka; disturbed steppe, shrubbery E48.3514°
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Tabnauya 2 / Table 2

T'ama30BbIe KJIely HeXXWIbIX MOCHe)KHbBIX THe3]| 00bIKHOBeHHOH nosieBku M. arvalis,

Cco0paHHbBIX Ha TeppuTOpUH [yx0BHHLIKOro paiona CaparoBckoii o6/1acTu B anpesie 2019 r.
Gamasid mites has sampled on the nests of the common vole M. arvalis,
on the territory of the Dukhovnitsky district of the Saratov Region in April 2019

Ne rHe3zna / Nest’s ID NO, 5K3. / VB, % / s, 3K.3. / Tpodmueckas
. Y 9K3. / Abundance Intensity,
Bugpt / Species Specimens | rate, specimens Occurrence specimens rpymma /
11213415 P » 5P rate, % P Trophic group
per nest per nest
Haemogamasidae
Haemogamasus nidi 281 6 |77 17| 1 129 10.8 41.7 25.8 OI'd / FHPh
Laelapidae
Androlaclaps 20| 4 |52|92]0 168 14 33.3 42 ®I'® / FHPh
fahrenholzi
Eulaelaps stabularis 60610 13 1.1 25 4.3 oI'd / FHPh
Gaeolaelaps aculeifer | 0 | 0 | 0 | 0 | 1 1 0.1 8.3 1 3®/ZPh
Laelaps algericus* ofoj1(0}0 1 0.1 8.3 1 OI'® / OHPh
Laelaspis sp.** 0|j]0j0f1]|0 1 0.1 8.3 1 ?
Parasitidae
Pergamasus olof1]0]o0 1 0.1 8.3 1 3®/ZPh
(Pergamasus) sp.
Phytoseiidae
Amblyseius sp. 0(o0|j0|4]0 4 0.3 8.3 4 3®/ZPh
Neoseiulus sp.** 020|410 6 0.5 16.7 3 3® /ZPh
Bcero / Total 54|12 [137(119| 2 324

Ipumeuanue. ®T'D — dakynbratuBHble rematodaru; 3@ — 300daru; OI'D — oburatHbie rematodary; MO — uHAEKC
o6unus; VIB — nnjekc BcrpeyaeMocTy; VI3 — MHTEHCUBHOCTH 3aCe/leHHOCTH; HOMepa rHe3/l COOTBeTCTBYIOT Tabm. 1.

* Buzpl, BliepBble OTMeueHHble 1151 [lyXOBHHULIKOTO paiioHa.

** PoJibl, BIIepBble OTMeueHHbIe [iyisi CapaToBCKO 06/1acTy.

Note. FHPh - facultative hematophagous; ZPh — zoophagous; OHPh — obligatory hematophagous; the nests numbers

correspond to Table 1.
* Species first noted for the Dukhovnitsky district.
** Genera first recorded for the Saratov region.

Cpenu ramasu/j; 3K00ro-hayHUCTUUeCKOro
KOMIIJIEKCA HEXXUJ/IbIX I'He3]] 0ObIKHOBEHHOU T0-
JIEBKH 110 KOJINYEeCTBY BHOB rpeobiafaau CBoOoz-
HOXKUBYILIME (XUL[HbIE) HOPMbI, HO UYMCIEHHOCTh
ux Oblyla KpaliHe HU3Ka: B THE3/[aX OHU BCTPEUEHbI
eIMHUYHO WK B MaJIOM KOJIUUeCTBe (MH/IEKC 00U-
sust coctaBua oT 0.1 o 0.5 3K3. Ha rHe3/10, UHJEKC
BCTpeuyaeMOCTH — OT 7.7 1o 15.4%).

ITo umcieHHOCTH abCOIOTHO Mpeobiazanu
(hakynbraTuBHbIe rematodaru. Tak, Haemogama-
sus nidi Mich., 1892 HaiizieH Bo Bcex 5 THe3fax,
cojep)KaliMx ramasu/j, B KoaduyecTse oT 1 10
77 9K3. (MHAeKC obuaus coctaBua 10.8 3K3., UH-
TEHCUBHOCTH 3acesieHHOCTH — 25.8 9K3. Ha rHes-
o). Androlaelaps fahrenholzi (A. Berlese, 1911)

Gunonoruns

(=Androlaelaps glasgovi (Eving, 1925)) o6Hapy>keH
B YeThIpex I'He3/lax B KoauuecTse OT 4 10 92 3K3.
(MuHgeKc 061K cocTaBU/I 14 9K3., MHTEHCHBHOCTh
3ace/leHHOCTU — 42 5K3. Ha rHe3/10). B Tpex rHe3gax
€ro YMCIeHHOCTh HECKOTbKO HUJKe, ueM y Tpe/ibl-
nyiero Buja (B cpegHeM B 1.5 pasa), HO B OZHOM
rHe3/le HalIpOTUB, YUCJIeHHOCTEL A. fahrenholzi
G6osee yeM B 5 pa3 MIpeBLIIIaeT YUCIEHHOCTH
H. nidi. B Tpex THe3/jlax COBMECTHO C BbIllIeyKa3aH-
HBIMU [IByMs BUJIaMU BCcTpeueH Takke Eulaelaps
stabularis (C. L. Koch, 1839), Ho B 3HaUMTe/JbHO
MeHbllleM KosinuecTBe. JlaHHble BU/bl remaToaros
IIIMPOKO pacrpoCcTpaHeHbl Ha TEPPUTOPUM eBpOTIei-
CKoM yacTu Poccuu, UMeroT IIMPOKUI KPYT ITPOKOP-
MUTesel ¥ 0OBIYHBI /17151 0OBIKHOBEHHOM MOIeBKU.
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BrniepBrie fsg Tepputopun yXOBHULIKOTO
paiioHa ykassiBaeTcs Laelaps algericus Hirst., 1925,
o0Hapy KeHHBIH B OJHOM THe3/le B eJUHCTBEHHOM
sk3emruisipe. O6UraTHbIi remarodar, crienupu-
yeCcKull mapasuT JOMOBOI MbIlIU. PaHee Ha Teppu-
tTopuu CapaTOBCKO# 00/1aCTH IaHHbIA BH, IOMUMO
JIOMOBO¥ MBIIIY ObLT 0OHApy’KeH TakyKe Ha MaJioi
JIECHOW MBIIITH, 0OIeCTBEHHOW MOJIeBKe, MaJloi
6e03yOKe M B TIO/ICHE)KHBIX THE3aX 0OBIKHOBEH-
HOW nosieBKU B Bosibckom u [TyraueBckom paiioHax
CapartoBckoii obmactu [4, 9].

Brieperbie s daynbl CapaToBcKol 06s1acTH
TIPUBO/SATCS ZIBA POZia CBOOOMHOKUBYI[UX TaMa-
30BBIX Kilelleli (/10 BUZia He OripejiesieHbl), OTHO-
csLyecs K ByM ceMmeiicTBam. [lasee MpUBOASITCS
CBeJIeHUsI 0 HaXO/IKaX.

Laelaspis A. Berlese, 1903 (Laelapidae). Ha
TeppuTopuu Poccuu usBectHo 5 BUJoB [19], BcTpe-
YarOI[UXCsI B MypaBeHUKAX, TIOICTUIIKe, Peyke — Ha
IpbI3yHaX U B UX rHe3zax [12]. HaiigeH B ogHOM

rHe3/ie B eJUHCTBEHHOM 3K3eMruispe. N52.5350°;
E48.3514°. [ToliMeHHBbIH YT, T0XOBOE pPefiKoJiecke.
Bcero B manHom 6uoTome cobpaHO TpW THe3fa.
[TpeAmnonoKUTeTEHO, BpeMeHHBIM HUJMKOJL.
Neoseiulus A. M. Hughes, 1948 (Phytosei-
idae). B [TasieapkTHKe 3aperucTpupoBaHo 89 BU/I0B
[13]. Bce BuABI pojja — XUILHUKH, 0OUTAIOIIME Ha
pacTuTenbHOCTU. B ByX rHe3gax HaiifjeHO 6 3k-
3emnsipoB. N52.5936°; E48.3428°. [loiiMeHHbIN
JIyT, OMYIIKa MOMMEeHHOTO Jjieca. Bcero B laHHOM
6uoTore cobpaHo 4 rHe3zga. Cy4yaitHbIN HUJUKOJT.
O61ue WHAEKChl 00MIIYsI, BCTPEUaeMOCTH U
WHTEHCHBHOCTM 3aCeJleHHOCTHU THe3[ KjellaMu
pa3/IMuHBIX TPO(UUECKUX TPYII MpeCcTaBaeHbl
B Tab. 3. BCTpeueHHBIH B € JUHCTBEHHOM 3K3€M-
risipe Laelaspis sp. He Bowien B JaHHYO TabIuly,
MIOCKOJIbKY ZlaHHBIM 3K3eMILIsp He ompejesieH [0
BU/la, a CpeJid TIpe/iCTaBUTe/iel posia UMEITCs
HU/INKOJIbHBIE, TIOUBeHHbIE U MUPMeKO(UIbHbIe

hopmbi.
Tabauya 3/ Table 3

Tpoduueckue rpynnbl raMa3oBbIX KJIeleil — 00uTaTe/ el HeXXU/IbIX MOCHEKHBIX THe3]| 00bIKHOBEHHOMH MM0/IEBKH
M. arvalis, codpanubix Ha TeppuTopuu [[yxoBHHIKOro paiiona CaparoBckoii 00/1actu B anpeste 2019 r.
Trophic groups of gamasid mites sampled from the nests of the common vole M. arvalis on the territory

of the Dukhovnitsky district of the Saratov Region in April 2019

Tpoduaeckast rpyrma / N oK3. / o, sx3. / "B, %/ N3, 3k3./ Yucso BUzoB /
p Trophic r(f)li, S éciméns Abundance rate, Occurrence Intensity, Number
phiC group p specimens per nest rate, % specimens per nest of species

3oodaru / Zoophagous 12 1.0 33.3 3 4
CDaKynLTaTI/IBHbIe remarodaru / 310 26.0 417 62 3
Facultative hematophagous

O6nurarHbie remarodary /

Obligatory hematophagous 1 0.8 8.3 1 1
Bcero / Total 323 8

[Ipumeuanue. N — 4yuCJI0 3K3eMIIJISIPOB BCEX BU0B raMa30BbIX KJlelllel, OTHECeHHBIX K IaHHOM Tpo(huyeCcKoii rpyre.

OcranbHble 0003HaUeHUs CM. B TabJI. 2.

Note. N — the number of specimens of all species of gamasid mites belonging to trophic group.

Takoe HepaBHOMepHOe pacIpe/iesieHue 110 Ync-
JIEHHOCTH TIpe/iCTaBUTe el pa3/IMUHbIX TPOhIYe CKIX
TPYIII MO>KHO OOBSICHUTD TeM, UTO (aKy/IbTaTUBHbIE
remaroaru — rHe3/ioBO-HOPOBbIe MapasvThl, Mac-
COBO pa3MHOXasiChb B TIPUCYTCTBUU XO35IMHA, TIPU
MOKWZAHUM TIOCIeJHUM CBOero ybexxuiia HeKoTo-
poe BpeMsi MOTYT CYIL[eCTBOBAaTh CaMOCTOSITeLHO,
WCTIONB3YS albTepHATUBHbIE UCTOUHUKU TTATAHMUS.
Ob6nurarHble ke TeMaTodaryd MOKUIAIT yOexkuiie
BMeCTe C XO3SMHOM JIM00 uepe3 HeKOTOpOe BpeMsi
rnorubaroT. MHOrve CBOOOJHOKUBYIIHME KIIeIu,
BXOZSILIME B 9KOJIOTO-(ayHUCTUUEeCKHUN KOMIIIEeKC
TTOKUHYTBIX TIO/ICHE)KHBIX THe3[] 00bIKHOBEHHOH I10-
JIeBKH, He SIBJISIFOTCST HU/IMKO/IaMHU U TI0T1a/1at0T B THe3-
Zla ciyvaiiHo (M3 TIOUBBI, CTEITHOTO BOM/IOKA U T.11.).

174

3aKnwyeHune

[IpuBeeHHBIN BU/JOBOM COCTaB raMa3oBbIX
KJIellel He)KHMJIbIX MOZICHE)KHBIX I'He37, 00bIKHOBEH-
HOM MO/TIeBKY Ha TeppUTOPHH [IyXOBHHUIIKOrO paiioHa
sIBJIsIeTCS TIpe/iBapuTenbHBIM. lanbHelire ucce-
Jl0BaHUs paclIMpsT BUJOBOM CIIEKTP Kak ramasu/,
TaK ¥ APYTUX TPYII YUT€HUCTOHOTMX — HUJUKOJIOB
rHe37, 00bIKHOBEHHOH IM0JIEBKH.

[IpescTaBiisieT WHTEpeC MPOCTPAHCTBEHHAs
U BpeMeHHasi JMHaAMHKa BUJOBOM CTPYKTYpbI U
YKMC/IEHHOCTH raMa3su/i 9K0j10ro-(ay HUCTUUeCcKoro
KOMIIJIEKCa, CBS3aHHOTO C THe3/jJaMU 00bIKHOBEHHOM
M0JIEBKHM B Pa3IMYHBIX OMOTOMAaxX M MPUPOAHBIX
3oHax CaparoBckoii o6sactu. VI3BecTHO, YTO I10-
MyJISIUA OOBIKHOBEHHOM TI0JIEBKH, OOMTaroIve B
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Pa3/IMYHBIX THUIAaX OMOTOIOB (JIECHBIX, CTEIHBIX,
MONWMEHHBIX) XapaKTepPU3YyITCs PAa3JIUYHOUN IO
CcTpyKType (ayHoii rama30BbIX Kiemjeid [20]. B
CBSI3U C 3TUM BEpOSITHO BbIsIBJIeHUE MOJ00HOM 3a-
KOHOMEPHOCTH U JIJIsI UX THe3[, TeM Oosiee, UTO B
9K0/10r0-(hayHUCTUUECKHUH KOMITJIEKC HEeXKUJIBIX
THe37 BXOJAT U CBOOOJHOXKUBYIIUE KJIelu, 00u-
Talolye B ZaHHOM OHWoTore. B HacTosIee BpeMst
HeI0CTaTOYHOCTL COOPOB He IM03BOJISET MPOBECTH
KOPPEKTHOe CpaBHEHUe BU/IOBOT'O COCTaBa TaMa3u/
U IPYyTUX HUJJUKOJIOB — 0OuTaTe el rue3 | 00bIKHO-
BEHHOM I0/IEBKU U3 Pa3HbIX OMOTOMOB U ITPUPOJHBIX
30H pervoHa.
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Tulipa sylvestris L. B konnexyuu
LieHTpansHoro cuéupckoro 6otaHuyeckoro caga CO PAH

1. B. TepacumoBuy

LleHTpanbHblil cbupckuin 6otaHnyeckuii cag CO PAH. Poceus, 630090, r. HoBocubmpck, yn. 3onotogonutckas, a. 101

lepacumoBiy fliogMuna BnagnmmupoBHa, kKaHAMAaT 6MoNOrMYECKUX HayK, HayuHbIA COTPYAHUK NabopaTopum UHTPOZYKLMN JeKOPATUBHbIX
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AHHOTaUMA. B cTaTbe NpejcTaBneHbl pe3ynbTaTbl MHOTONETHeld MHTPOAYKUMK Tulipa sylvestris L. B konnekumm LieHTpanbHoro cubupckoro
6otaHnueckoro caga CO PAH. Pactenus Buga T. sylvestris 06UnbHO LBETYT M UMEIOT KOIQOULIMEHT Pa3MHOXEHUS JOYEPHUMI NYKOBMLLA-
My 1-2. PacteHns 0bpasyloT NNOAbI M CEMeHa, HO BCXOXKECTb WX B OTKPLITOM FPYHTE paBHa HyNH. BbisBaeHo, 4To Ans KOPOTKOA (asbl
LiBeTEHNA XapaKTepHbl MNaBHble Nepenagpl TeMnepatyp, AN ANUTENbHOMO Nepuoja — Havbonee peskue Konebanns faHHoro dakrtopa.
TaKxe ycTaHoBNeHa npsiMast 3aBUCUMOCTb MPOJOMKUTENBHOCTY Neproja LiBETEHNS OT KONNYECTBA 0Ca/iKOB B TeUYeHWe JaHHOro Nepruoaa,
ko3 duument koppensumu cocrasun 0,7. B ycnosusix LICBC uHTpogyLeHTbl BUAa I. sylvestris yBenuunatot napameTpbl MOPpGOoMeTpruyeckix
MPU3HAaKOB 1 YMEHbLUAIOT NOKa3atesn BaxHOro [leKopaTuBHOro npu3Haka — AnnHa 1MCTOUKOB 0KonoLBeTHUKa. CymMma Temnepatyp Bbilue
HYNA 1 CyMMa CONHEeYHbIX JHeil 0Ka3blBAlOT 3HAUMTENbHOE BANAHME HA KONNYECTBO W pa3Mepbl BereTaTBHbIX OpraHoB. Cymma ocag-
KOB NONOXWTENbHO BAWSET HA ANMHY MbINbHUKA, TEM CaMbIM YBENNYNBAET ANNHY ThIYMHKM. [NMHA THIYMHOYHOI HUTK W BbICOTa bokana
0AHAKOBO 3aBUCAT OT CyMMbI CONTHEYHbIX AHEN. ITOroM MOXHO CYMTaTh OLLeHKY YCMeWHOCT MHTPOAYKLK, KoTopas Ans ocobei BuAa
T. sylvestris coctauna wectb 6annos u3 cemin. OLeHKa MHTPOAYKLMOHHON YCTOIRYMBOCTM MOKA3ana, YTo PacTeHns AaHHOTO BUAA MOXHO
CYMTaTh BbICOKO YCTOMUNBBLIMM B KyNbType.

KnioueBble cnoBa: Tulipa sylvestris, wHTpogykums, ¢eHonorus, mopdonornueckne u MoppomeTpuyeckue 0COOEHHOCTH, CeMeHHas
NPOZYKTUBHOCTH

Dinsynrnposauus: fepacumosuy /1. B. Tulipa sylvestris L. 8 konnekuwu LieHTpanbHoro cubupckoro 6otaHnyeckoro cafia CO PAH // U3sectus Ca-
paToBckoro yHusepcuteta. Hosas cepust. Cepust: Xumus. buonorus. 3xkonorus. 2022. 1. 22, Bbin. 2. C. 177-186. https://doi.org/10.18500/1816-
9775-2022-22-2-177-186
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Article
Tulipa sylvestris L. in the collection of the Central Siberian Botanical Garden of the SB RAS

L. V. Gerasimovich

Central Siberian Botanical Garden of the Siberian Branch of the Russian Academy of Sciences, 101 Zolotodolinskaya St., Novosibirsk
630090, Russia
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Abstract. The article presents the results of a long-term introduction of Tulipa sylvestris L. in the SB RAS Central Botanical Garden collection.
Plants of the species T. sylvestris bloom abundantly and have a reproductive factor of 1-2 for the daughter bulbs. It was found that the
short phase of flowering is characterized by smooth temperature changes, the most dramatic for a long period. We also established a direct
dependence of the duration of the flowering period on the amount of precipitation during this period, the correlation coefficient was 0,7.
Under the conditions of the CSBG, the species introduced T. sylvestris increased the parameters of the morphometric characters and decreased
the indicators of an important decorative feature - the length of the petal. The number of days with of temperatures above zero and the
number of sunny days have a significant impact on the quantity and parameters of vegetative organs. The amount of precipitation has a posi-
tive effect on the length of the anther, thus increasing the length of the stamen. The length of the filament and the height of the goblet also
depend on the number of sunny days. The result can be considered an assessment of the success of the introduction, which for individuals
of the species 7. sylvestris was six points out of seven. The evaluation of resistance to introduction showed that plants of this species can be
considered highly resistant in cultivation.

Keywords: Tulipa sylvestris, introduction, phenology, morphological and morphometric features, seed productivity
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BeepeHue

B koanekiuu LJCBC CO PAH popx Tulipa
Ha 2020 roj HacuuTbIBaeT 9 BU/IOB, B TOM UHCJe
UHTpOAyLMpoBaHHbie 6osee 30 yet Hasag Tulipa
sylvestris L.

ITepBoe 3HauMTeIHLHOE HOTAHUUECKOE OIHCAHKE
npeZicTaBuTeiell Buia Ob1I0 ormyobsnKoBaHo M. e
JI’O6enem [1, c. 63], oH onMcan pacTeHUst cCoOpaH-
Hble BO ®paHumu u Utamuu. B 1753 . K. JIunHeem
[2, c. 305] 6Bt BRIZENEH poa Tulipa, Kyzaa BOILIN
Tulipa minor lutea italica v Tulipa minor lutea gallica
niof, obutum Bugom Tulipa sylvestris. Mecta niepBo-
ro onucanusi — HapbonHa (®panums) u bosoHbs
(UTanust) — MOXKHO CUMTaTh TOUKOW OTIpaB/eHUs
pacIipoCcTpaHeHUs UCCIeyeMoro Bu/a o EBpore u
nanee. CoBpeMeHHOe PacIipOCTpaHeHHe BH/ja OXBa-
ThiBaeT EBporny, ceBepHyto uacTh AdprKH, Poccuio
u CeBepHY10 AMepHKY [3] 1 00bsICHSIETCS €r0 paH-
Hell UHTPO/IYKI[Uel, HeTIPUXOTIUBOCTBIO U JIETKOU
nndgaemMocThio [4]. Oco6eHHOCTh UCTOPHUUECKOTO
pacripocTpaHeHus BIA Ha TEPPUTOPUH CeBEpPO-3a-
raiHoU yactu ['epMannu xoporio onucan Kowarik
L. [5]. ABTOp Tak’ke oTMeuas GMOIOTHYeCcKyI0 0CO-
OeHHOCTD Mpe/ICTaBUTe/IeN BH/ja — YCTOMUMBOCTD K
3aTOIJIIEMOCTH UX MeCTOOOUTAHUM, IPOBET OTIBIT,
KOT/Ia TyKOBUITbI HAXOAWIUCH B BoJle o 11 nHelt u
He Tepsiii CII0COOHOCTE K MTPOPACTAHUIO ¥ OTMETHIT
criocobHOCTE K THpoxopuu. Criocobamu paccere-
Hus 3aHuMaJicst 1 Wohlgemuth J. O. [6].

Llesbto paboThI CTANO BBIsSBIEHWE 0COOEHHO-
cTell TIpu ncciefioBaHUU (PeHOIOTUUeCKUX U MOpP-
(hoMeTprUeCKIX IIPU3HAKOB Y IIpeiCTaBUTe el BUja
Tulipa sylvestris L. B yClIOBUSIX eX Situ Ha TEDPUTOPUH
LCBC CO PAH.

Matepuanbl n MeTo/bI

3. I1. Bouanuesa otHocut Tulipa sylvestris L.
(puc. 1, a) k cexkuyuu Eriostemones Boiss. [7,
c. 117-118], oTnuaroyocs onylieHreM BHYy TPeH-
Hell CTOPOHBI JTyKOBUYHOU UeTITY KU U THIYMHOUHOMN
HUTU B OCHOBAaHMHY, 3aBSI3bl0 C CUJSTUUM DPbLIbLIEM
W/ OUeHb KOPOTKHUM CTOJIOUKOM.

Pactenwus T. sylvestris BK/ItOUeHbI B KOJIJIEKLTHFO
pactenuit LICBC CO PAH (YHY Ne USU 440534),
TpOU3pACTalOT Ha JesissHKaxX (BbIKaIlbIBaHUe IMpo-
HUCXOAUT He yallle OJHOr0 pa3a B TPU — IATh JIET) U
Ha mapTepe B KOp3UHaXx /sl TYKOBUUHbBIX KYJbTYD
(BbIKambIBaHUe KaXk bl rof). MopdomeTpuueckue
3aMepbl IPOBOAMIUCH y 20 pacTeHUM.

B mporjecce paboThl MCII0/Ib30BAIUCE METO-
IUKU 110 deHosoruu [8], 1o oljeHKe YCTeIIHOCTH
WHTPOJYKLIMU U UHTPOAYKLIMOHHON YCTOMUUBOCTU
[9, c. 12-18; 10, c. 3—4].

CeMeHHasl MPOAYKTUBHOCTh 3peJIbIX IJIOJ0B
M3yuasach C UCTI0Sb30BaHMeM MeTo iKY U. B. Baii-
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Harutii [11]. MccnenoBanuck: IICIT — noTeHIjHaabHas
CceMeHHas TPOAYKTUBHOCTD (YMCJI0 CeMsI3a4aTKOB);
PCII - peasibHasi ceMeHHasi TPOAYKTUBHOCTD (UHCJIO
cemsH); [IC — nporeHT ceMUHUPUKALIUU (MTPOLIEHT
3aBSI3aBIIUXCS] CEMSTH):
[1C = PCII + IICIT x 100%.

Cratuctuyeckast 06paboTKa 3pesbix ceMsH
npoBoAunack 1o meroguke b. A. [locnexosa [12]
C ucrosib30BaHueM mporpaMmbl Microsoft Office
Excel 2010. ITogcunTeiBamu X — cpefiHee apudme-
TUUeCKOoe 3HaueHWe Mpu3HakKa; S — CcTaHJapTHOe
oTk/oHeHue; V (%) — Ko3hpuLiueHT Bapualiuu
(mo 10% — He3HauuTe/NbHAasi U3MEHUUBOCTh,
10—-20% — cpepHsisi, Boilie 20% — 3HauUUTe/bHAs);
r — ko3¢ dunuent koppensyuu (ITupcona) (xa-
paKTepUCTUKA CHUJIbI CBSI3M MO LIKaje Yeamoka:
0,1-0,3 — cnabas; 0,3-0,5 — ymepeHHast CpeHsIs;
0,5-0,7 — 3ameTHas cpepnuss; 0,7-0,9 — BbICOKas
cunbHasi; 0,9-1,0 — BecbMa BbICOKasi CUbHAs).

Pe3ynbTaThbl U X 06CydKAEHME

ITpencraButenu Buga T. sylvestris BolpalljyBa-
I0TCs1 B KOJIIEKLIUY Oosiee IBYX 1eCSITKOB JIeT, pacTe-
HUsl yCITeITHO MPOLLITU MPOLIeCChl aKKTUMaTU3al[1iu.

B EBpome Buj mpouspacTaeT B jecax, 3a-
OpoOLIeHHBbIX cajlaX W MapKax, BUHOTpPajHUKAX,
mo Oeperam pek, MHOT/A Kak copHoe [4, 5, 13,
c. 353-354]. B ycnoBusx konneknuu LICBC T.
sylvestris pacTéT Ha JlerKux CcyIecuaHbIX M0YBaXx,
Ha OTKPBITBIX Ma/IOCHE)KHBIX, XOPOLIO MMPOBeTPHU-
BaeMbIX MecCTaX, I[ile CHer MOJHOCTbI CXOAUT B
TIepBOM JleKajie aripers.

Ha ganHOM 3Tarie 0co6W TPOXOAST TIOJTHBIN
(eHONOrMUECKU IJUKJI, 3aBA3BIBAIOTCS TJIOJbI, HO
obpa3oBaHue ceMsiH HabJTIO/1a/l0Ch OUeHb PeJIKO, U
UX TpopacTaHue oTcyTcTByeT. B ycinoBusax LICBC
pacTeHUst XOpOILIO 00pa3yIoT JouepHUe JyKOBUIIbI,
U KO3(PhUIIMEeHT pa3MHOXEHUSI UMM COCTaBJIsIeT
1-2, 4TO sAB/ISETCS XOPOLIMM II0Ka3aTeseM JJist
CUOUPCKUX YCJIOBUM.

Pactenust 20—53 cM BBICOTOM C TIPIMOCTOSTYUM
TOHKHM cTebeM (cM. puc. 1, a). JTykoeuija 1,5-3,0 cm
B /luaMeTpe C MJIOTHOM KPOIoILiel yelryéil opaHske-
BO-KOPUUHEBOTO 1[BeTa (cM. puc. 1, 6). Ha ctebse
BHU3Y PacIio/ioyKeHbl 2—4 aHL|eTHIX CHU3bIX JIUCTA,
BepXHUI U3 KOTOPBIX HarpaBJieH BBepX, a CPeJHUN 1
HWKHUN OTKJIOHEHB, TOYTH C Ha/IJIOMOM, B CTOPOHY.
LiBeTOHOC pacTéT /10 MJI0/IOHOLLIEHHS1, 3aKaHYMBaeT-
Cs1 OJHUM >KeJITBIM LIBETKOM, /IO 3aL{BeTaHUsl [IOHU-
KaromuM. Ha cimHKe JIMCTOYKM Hapy>KHOIO Kpyra
HMMeIOT 3e/IeHOBaThIi HasléT, BHyTPEHHero Kpyra —
SPKO BbIpa>KEHHYIO 3e/IeHYI0 I10JI0CYy, KOTOpble
MDY BBICBIXaHUU CTAHOBSTCS KOPUUHEBLIMU (CM.
puc. 1, 8). JINCTOUKU HAPy >KHOTO KpyTa 3HaYUTe/lb-
HO y’Ke JINCTOUKOB BHYTPEeHHero Kpyra, [1py 3TOM

HayuyHbivi oTaen
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Puc. 1. Tulipa sylvestris: a — BHellHUI Bufi; 6 — JIYKOBUILIbI; 8 — JINCTOYKUA OKOJIOLIBETHHUKA,
1 — Hapy»>XHOTO KpyTa, 2 — BHYTPEHHEr0 KPYra; 2 — ThIUUHKH; O — [UIOZIbI; e — CeMeHa
Fig. 1. Tulipa sylvestris: a — appearance; b — bulbs; ¢ — tepals, 1 — outer circle, 2 — inner circle;
d — stamens; e — fruits; f — seeds

[0 J/IMHe NpakKTU4YeCKU paBHBL. [llMHA JUCTOY-
KOB Hapy>kHOro kpyra 2,8—4,2 cM npu IIUpUHe
0,5-1,6 cm. [liMHa IMCTOYKOB BHY TPEHHET0 KpyTa
2,5-4,1 cm nipu wmpuHe 1,0-2,6 cm.

THIUMHKU KEJTble, COOTHOLUEHUS MEXJY
pasMepaMM MNbIJIBHUKOB W HUTeH pa3iuuHbl. B
OOBIIMHCTBE C/Ty4YaeB MBUTHHUK PaBeH HUTH, HO
HepeJKO BCTpeyaeTcs, UTO MbLIBHUK B /iBa pasa
KOpOYe HUTH U/IU UyTh eé fAnrHHee. CKopee BCero,
MeJIKHe TIBIJIbHUKHU SIBJISTFOTCS CJIeICTBUEM OTCYT-
CTBUS YCAOBUH [/ KaUeCTBEHHOI'O MX Pa3BUTHSL
Bcerza Habt0jae TCS IPHU3HAK — TEIUMHOUYHbIE HUTH
BHYTpPEHHEro Kpyra J/JMHHee HHUTeill Hapy>KHOro

Gunonoruns

Kpyra. Bce HUTH UMeIOT B OCHOBaHUM CO CTOPOHbI
JINCTOUKA I'yCTOe OonylieHue (cM. puc. 1, 2).

ITnon — kopobouka, 060/10UKa KOTOPOH MsITKast
nepramMmeHTOOpa3Has (cM. puc. 1, 0). Kopobouku ot-
JIMYAIOTCS] OUe€Hb KOPOTKUM CTOJIOMKOM M Ha BU[
OTCyTCTBHeM Kaprodopa, 2,2-3,2 cM AIUHOU U
1,7-2,0 cm mmpuHoii. CemeHa (cM. puc. 1, e) Ko-
pUUHEeBbIe OKPYIJIO-TPeyTOobHOU (OPMBI, AJTUHON
4,5-6,1 MM U IUpUHON 3,5—4,8 MM, UMEIOT y3KYHO
Kalimy. 3apojblll IJIOX0 MpocMaTrpuBaeTcs. B
Tabs1. 1 aHbl METPUUECKE XapaKTePUCTUKH 3PeJIbIX
cemsiH. Cuja CBA3U MeXJy AJUHON U HIMPUHOMN
ceMsiH (110 wKane Yeaoka) yMepeHHas CpeiHss.
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Tabauya 1/ Table 1

Mopdomerpruueckne XapaKTEPUCTHKHU 3Pe/IbIX CeMsSIH
Morphometric characteristics of mature seeds

[nviHa cemsH, MM / IlvpuHa cemsiH, MM /
Tapamertp / Seed length, mm Seed width, mm [mna obuwyast / IMTupuna obuwast /
Parameter Overall length Overall width
2015 2019 . 2015 2019
XtS 51+0,3 55+0,4 41+0,3 43+0,3 5,4+0,4 4,2+0,3
V, % 6,7 6,6 7,2 7,5 7,4 7,6
r 0,1 0,5 - - 0,5 -

[IpumeuaHue. X — cpefHee apudmMeTHUeCcKOe 3HaUeHHe MIPU3HAaKa; S — CTaHJapTHOe OTKIoOHeHUe; V, % — KoadduiiveHT

BapHaLyy; r — KO3(QGULMEeHT KOppessLyu.

Note. x — the arithmetic mean of the attribute; S — the standard deviation; V, % — coefficient of variation; r — correlation

coefficient.

W3 Tab. 2, Tme mpuBOAATCS AaHHBIE 110 CeMeH-
HOW NPOJYKTMBHOCTH, BU/IHBI HA3KUe eé [IoKa3aTesu.
IICII yka3biBaeT Ha BO3MOXXHOCTB /laBaThb XOpollee
yucao ceMssH. MOXKHO MpeJIonoKUTb, YTO TIPU-
YMHOW TaKOW HU3KOMW peanu3aliyu sIB/ISeTCsS HU3KOe

KaueCTBO MbUIBLIBI, TaK KaK HAMH YaCTO BCTPEYaINCh
«3aKaMeHeBIlIMe» MbITIbHUKA. CaMbIM BBICOKHM I10-
Kasaresib Obu1 32 2019 T, KOTOPBI XapaKTepH30Bacs
HHU3KUM KOJIMYeCTBOM OCAJKOB M BBHICOKMM UHCJIOM
COJIHEYHBIX /IHel B [epro/, BereTaluu.

Tabauya 2 / Table 2
CeMeHHasi IPOAYKTUBHOCTb
Seed productivity
ITokasarerns / Top / Year
Parameter 2015 2016 2017 2018 2019

[ICIT/ PSP XxS 191+46 279424 218455 183+34 237432
dCIT/ ASP xS 6,6+1,8 10,0£5,4 4,7+3,1 2,8+2,2 15,0£8,0

min 1,7 1,5 1,0 0,5 3,2
[1C /SP medium 3,6 3,7 2,0 1,6 6,1

max 4,9 7.3 2,8 3,4 8,4

[Tpumeuanue. [ICII — noTeH1ManbHas ceMeHHasi POAYKTUBHOCTB (Unciio ceMsi3ayatkoB); PCII — peasnbHas ceMeHHast
MIPOAYKTHUBHOCTSD (uncro cemsH); [1C — nporjeHT ceMHUHN(HUKALIUH (TTPOIIEHT 3aBs3aBIINXCSI CEMsTH); X — CpefjHee apudMeTH-

YeCKOoe 3HaueHue IpU3HaKa, S - CTaHJapTHOEe OTK/IOHeHHe.

Note. PSP — potential seed productivity; ASP — actual seed productivity (number of seeds); PS — percentage of semini-
fication; x — the arithmetic mean of the attribute; S — the standard deviation.

Cpeau BugoB T. sylvestris ciefyeT OTHECTH
K Tpymre Mo3JHOLBeTYIIUX pacTeHuil. Ha puc. 2
Tipe/icTaB/IeHbl (PEHOCTIEKTPHI 3a MoceHue 12 ieT,
KOTOpbIe OT/INYal0TCs 3HAUUTe/IbHBIMU K/IUuMaTuye-
CKUMU KoJiebaHussMu. TTpoc/ie)KuBaeTCst TeHAeHITHS
CMell[eHNs OTPAaCcTaHusI Ha OoJiee paHHUE CPOKU.

B Tabs1. 3 mpe/icTaB/IeHbI JaHHBIE 110 HEKOTOPBIM
KJIMMaTU4yeCKUM TlapaMeTpaM, XapaKTepu3yloLue
Hayvasio ¢peHoda3. [IpoxoxaeHue heHodas oTpacra-
HUs ¥ Oy TOHU3ALWK TIPY CPeTHUX OTPHULATe/TbHBIX
TeMmIlepaTypax yKa3biBaeT Ha MOPO30CTOMKOCTb
ocobeii viccieyeMoro BU/a.

Mo AUTeTbHOCTH I[BETEHUS ObIN BBIZIe/IEHB:
KopoTKuili riepuoy, 1iBetenus (10 gHelt, Mmojens 3a
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2015 rop); cpeguuii nepuos 1BeTeHus (15 gHei,
Mogesb 3a 2020 rof); A/IMTeTbHbIN MePUO/, LIBETEHHSI
(21 penb, Mogens 3a 2018 rop) (cM. puc. 2).

Ha puc. 3 oTobpaskeHbl TeMIepaTypHble pe-
JKMMBbI U KOJIMYEeCTBO 0Ca/IKOB, XapaKTepHble /s
MO/ie/IbHbIX TIePUOZOB 1BeTeHUs. M3 nquarpamm
BU/IHO, UTO HauaJIbHbIM 3Tall KOPOTKOTO Tiepro/ia
XapaKTepu3yeTcsl BBICOKMMM TeMIiepaTypaMu, 1
JlajsibHellllee TIOHW)KeHUe TeMIlepaTyp He yBeJsu-
YyMBaeT JJWUTeJbHOCTH LjBeTeHus. 51 cpejHero
Tepro/ia XapaKTepHbI KOJe0aHUsI CpeIHUX TeM-
repaTyp B MepBo¥ mojioBuHe ¢as3bl B Tpejesax
+9 — +16 °C, a Tak>ke BLICOKHE TTI0Ka3aTe/ I MaKCH-
MaJ/IbHBIX TeMIeparyp, 40 +25 °C. Y nauTenbHOro

HayuyHbivi oTaen
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MeCALBI anpens Mait MIOHb MIOITD
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.l OTpacTaHue .I OyTOHM3aIMS .uBeTeI—me TUIOJJOHOIICHHE

regrowth flower-bud formation flowering fruitage

Puc. 2. ®enocnekTps! 1o rofam asst Tulipa sylvestris (uiBet online)
Fig. 2. Phenospectra by years for Tulipa sylvestris (color online)

Tabauya 3 / Table 3

HekoTopble XapaKTepHCTHKH Haua/IbHBIX 3TanoB ¢eHodas y Tulipa sylvestris
Some characteristics of the initial stages of phenophases for Tulipa sylvestris

Hauano ¢enoda3ssl / Start of phase
[Tapametps! /
Parameters oTpacTaHus / OyToHu3armu / LBeTeHus / TJI0/JOHOLLIeHHs /
regrowth flower-bud formation flowering fruitage
Cp. T° -2-10 -1-12 6-14 9-18
Yy T°>0 3-147 54-142 204-368 386-564
Y c. 4. 2-18 9-19 7-26 16-34

ITpumeuanue. Cp. T° — cpennsas temneparypa, °C; Y. T° > 0 — cymMa Temrieparyp Bbiile Hyns °C,

Y C. i. — CyMMa COJIHEUHBIX JIHEeM.

Note. Cp. T° — average temperature °C, Y T° > 0 — sum of temperatures above 0°C; Y. c. . — sum of

sunny days.

nepro/ia OOBIIMHCTBO JHeH MepBoi MOJIOBUHBI
(haswl 1e>kUT B iMamna3one +2 — +13 °C, a moka3sa-
TeJTM MaKCHMaJIbHBIX TEeMIIePaTyp B OCHOBHOM He
npesbimatoT +15 °C.

Tak>Ke ycTaHOBJIeHa ITpsiMasi 3aBUCUMOCTb I1PO-
JIO/DKUATEIbHOCTH Mepro/ja LIBeTEHUSI OT KOJTMUeCTBa
0CaJIKOB B TeUeHHe JAHHOT0 ITepro/ia, KO3 OUITIeHT

Gunonoruns

Koppesisiuu coctaBui 0,7, y BCeX APYTUX IKOJIOTH-
yeCcKUX (DaKTOPOB CBSI3b HOCUT C/1a0bIH XapakTep.
V3yuasi MopdomMeTpruueckue faHHbIe (Tabl. 4)
MOJKHO BBISIBUTH CJIeIyIOIINe MOMEHTHI.
YuuThiBasi, YTO KOJUYECTBO JIUCTHEB 3aKJla-
IbIBAeTCS B IIOUKe BO30OHOBJ/IEHUS B ITPe/bIAYIIEeM
TOJIY, MBI TIPOCJIeIUJTU 3a BJIUSTHHEM 3KO-(aKTOPOB,
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Puc. 3. TemriepatypHbIe YCJIOBHSI M KOTMUECTBO 0Ca/jKOB B (a3bl iBeteHus Tulipa sylvestris
Ha IprMepe MOZie/TbHbIX TIeprofioB: ITeprosp! 1jBeTeHusT: A — KOPOTKUH, B — nuTensHbIH,
C — cpepguuii. I'padyiky BK/IIOUAIOT ITOKA3aTe/lu CPefHeCyTOYHBIX, MAKCUMAa/IbHBIX U MU-
HUMaJbHbIX TeMIlepaTyp 10 AHSM U KOJMUeCTBO 0CafIkOB, MM
Fig. 3. Temperature conditions and precipitation during the flowering phases of Tulipa
sylvestris on the example of model periods: Flowering periods: A — short, B — long, C —
medium. The graphs include daily average, maximum and minimum temperatures by days
and the amount of precipitation, mm

3a IpeZbIAYIIUM IoJl, HA KOJIMYEeCTBO JIMCThEB B
TekyueM rozgy. Tak, 6b1I0 0OHApy’>KeHO, UTO Y
T. sylvestris mipeBbIllIeHNe CYMMBI TE€MIIepaTyp
500 °C u HauMeHblllee KOJWYECTBO COJIHEUHBIX
ZIHel B TpejblaylleM roJy NPUBOAUT K TOsSIBJie-
HUIO B rocieyomux (2016 u 2017) rogax ocobeti
C YeThIPbMsI JINCThSIMHU.

B 2015 u 2017 rr. npuYMHaMHU yBeIUUYeHUS
pa3MepoB JINCThEB CTa/Iy [10Ka3aTe/lx 3a TeKyIUi
rofi, Tae cymMMa Temrepartyp Osbiia Beie 550 °C u
CyMMa COJTHeuHbIX 1Hel 26—29. [TokazaHMsI CyMMBbI
COJIHEUHbIX JHel Bblile 30 CTAaHOBUTCS TPUUYMHOMN
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yBeIMUeHUs BBICOThI TeHepaTUBHOro nobera. Bei-
cokasg cymma temneparyp B 2020 r. nmpusesa K
HU3KUM IOKa3aTessiM pa3MepoB JIMCTheB. BricoTa
6oKaJsia 3aBUCUT OT CYMMBbI COJTHEUHBIX /IHEH: ueM
UX MeHbIlle TeM BhIlIe OOKal.

Bricokue nokasarenu pa3mMepoB THIUYMHOK B
2018 1. (AMTeNbHBIN TepUO/, LIBeTeHUS) COOT-
HOCSITCSI C BBICOKOW CYMMOW 0Ca/JiIKOB U HU3KUMU
CyMMaMU TeMIlepaTyp U COJHeYHbIX AHel. Huskuii
ToKa3aTejlb CYMMbl OCaJKOB U BbICOKasi CyMMa
TeMIlepaTyp U COJHEeYHbIX [JHeH yMeHbLIal0T pas-
Mephbl MbIBHUKOB B 2019 T.

HayuyHbivi oTaen
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Tabauya 4/ Table 4
BiMsiHMe HEeKOTOPBIX 9K0JI0rHUecKHX ()aKTOpOB Ha Mop()oMeTpHUecKHe TapaMeTphl reHepaTHBHOro nodera

y Tulipa sylvestris
The influence of some environmental factors on the morphometric parameters of the generative shoot
in Tulipa sylvestris

[TapameTpsi / Ton (yuutbiBaymick auu ¢ 01.04 mo 20.10)
Parameters Year (days from 01.04 to 20.10 were taken into account)
A. Ikonorueckue /| g, 2015 2016 2017 2018 2019 2020 2021
Ecological
5 To50(%) 2486 2683 2706 2568 2472 2564 2829 2560
(478) (574) (539) (557) (346) (451) (741) (559)
C. I

* 104 (31 82 (29 80 (16 73 (26 86 (21 92 (35 73 (31 86 (37
Yocaz. (*) 322(72) | 380(84) | 261(66) | 350(53) | 333(103) | 298 (55) | 349 (62) | 225 (36)
B. Mopgomerpuyeckue / 2015%* 2016 2017 2018 2019 2020 2021
Morphometric
Beicora pacrenns, cm 41,0-60,3 - 20,5-37,5 | 23,4-36,3 | 23,0-52,5 | 38,0-46,5 | 23,0-30,0
Plant height, cm
A/mHa IBeToHoCa, CM 31,5-47,5 - 10,0-19,4 | 12,2-16,7 | 17,2-40,5 | 26,3-34,2 | 12,5-16,5
Flower stalk length, cm
H/maHa BEDXHETO JIACTa, CM 13,5-17,0 - 10,6-17,2 | 9,0-16,3 | 10,0-17,8 | 9,5-14,5 | 11,5-15,0
Upper leaf length, cm
ILMpuHa BepxHero MCTa, Cm 0,7-1,4 - 06-1,5 | 06-09 | 05-1,5 | 0,5-1,5 | 1,0-1,4
Upper leaf width, cm
[ nvHa cpefiHero vcTa, CM u _ = . u -
Middle leaf length, cm 16,3-22,0 15,5-23,5 | 17,5-19,7 | 17,0-21,5 | 14,0-16,0
H_II/IpI/IHa CcpejHero jucTa, CM
Middle leaf width, cm 1,3-2,5 - 1,5-2,0 1,3-1,9 1,5-2,0 | 1,2-1,3
H/IHA HIDKHETO JIUCTa, CM 19,5-28,4 - 13,2-24,5 | 13,0-28,8 | 12,0-24,3 | 13,6-19,0 | 13,5-17,5
Bottom leaf length, cm
H_II/IPI/IHa HIWKHero Jimcra, CM
Bottom leaf width, cm 2,0-2,5 - 1,7-3,0 1,6-2,6 1,5-2,7 1,9-2 1,7-2,1
Yucno nucTheB
Number of leaf 2-3 B 34 24 2-3 2-3 2
Bricora 6okana, cM
Goblet height, cm - - 3,1-4,6 3,042 | 2838 | 3,1-33 | 3,2-39
[lnvHa THIYMHOUYHOW HUTH, CM _ _ . . . . .
Staminate thread length, cm 0.8-13 0,7-1,4 0,7-1,3 0,7-1,5 0,7-1,0
A/miHa THIHHKHA, CM - - 1,1-1,9 1,7-2,6 | 09-1,9 | 0,7-1,6 | 1,0-1,3
Stamen length, cm
'HJ'II/IHa TIbIJIbHUKA, CM
‘Anther length, cm - - 0,3-0,6 1,0-1,2 | 0,2-0,6 0,4 0,3

IMpumeuanue. ) T°>0 — cymma Temreparyp Bbiiile Hy/s1 °C; Y c. I. — CyMMa COTTHeUHbIX JHel; Y 0cafl. — CyMMa OCa/jKOB.
* — B cKOOKax yKa3aHO KOJIMUeCTBO 3a BpeMsi BereTaluu (amnpesib — Mait); ** — MeTpruecKue roKa3aTe/y C OTLBETLIMX PACTEHUH.
Note. Y’ T°>0 — sum of temperatures above 0°C; ¥ c. . — sum of sunny days; Y ocaz. — amount of precipitation. * — in

brackets is the amount during the growing season (April — May); ** — metric values from plants after flowering.

Beiiien310)keHHOE HAIIIIO OTpaykeHUe B Koppe-
JIIL[MOHHOM aHa/IK3e CBSI3U MeXK 1y MophoMeTprye-
CKMMH TTapaMeTpaMH reHepaTUBHOTO robera u He-
KOTOPBIMH 3KOJIOTHUECKUMH (paKTopamHu (Tab. 5).
Tak, cymMMa TemIiepaTyp U CyMMa COJTHEUHbBIX JAHekH
OKa3bIBAIOT 3HAYUTE/IbHOE BIMSHUE Ha TapaMeTpPhbl

Gunonoruns

BereTaTUBHBIX OPraHOB. [[/TMHA TEIYMHOYHON HUTH
U BbICOTa OOKajia OJJUHAKOBO 3aBUCST OT CYMMBbI
COJTHEUHBIX THEeH.

Cpaenenue ocobeii T. sylvestris pa3HbIX peru-
OHOB (Tabs1. 6) TPUBOAMT K BBIBOAY O IJIACTUUYHO-
CTH peaju3alliy TeHOTHuMNa B deHoTure. Y ocobeii
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Tabauya 5/ Table 5

KoppeaLHoHHbIH aHaN3 CBA3M MeXAY MopdoMeTpUYeCKMMH llapaMeTpaMy reHepaTUBHOr0 modera
H HEeKOTOPBIX 3K0JI0THUecKHX (hakTopoB y Tulipa sylvestris
Correlation analysis of the relationship between the morphometric parameters of the generative shoot
and some environmental factors for Tulipa sylvestris

184

[TapameTpsi / Parameters Y1°>0 Yc. . Y.ocaz,.
Bricora pactenus / Plant height 0,5 0,3 0,0
[nuHa BepxHero yucta / Upper leaf length -0,4 0,3 -0,5
[upuHa BepxHero jwcta / Upper leaf width 0,5 0,9 -1,0
ImHa cpezHero mvcra / Middle leaf length -0,8 -0,2 0,0
[MupuHa cpexuero nucrta / Middle leaf width -0,6 0,0 -0,2
[nmHa HwkHero ycta / Bottom leaf length -0,8 -0,9 0,8
[upuHa HwkHero ucta / Bottom leaf width -0,2 -0,6 0,1
Beicota 6okasna / Goblet height -0,3 -0,4 -0,2
[nvHa TeruMHOYHOM HUTH / Staminate thread length 0,0 -0,8 0,7
[JvHa TerumHKY / Stamen length -0,7 -0,9 0,9
[nvHa neinbHUKa / Anther length -0,7 -0,9 1,0
Yucno muctees / Number of leaves -0,2 -0,8 0,4

[Ipumeuanue. Y T°>0 — cymma Temneparyp Bblile Hyns °C; Yc. . — CyMMa COJIHEUHbIX JHel;

Y.0caji. — CyMMa OCa/KOB.

Note. Y’ T°>0 — sum of temperatures above 0°C; Y’ c. i. — sum of sunny days; Y ocaz. — amount of

precipitation.

Comparison of morphometric data for Tulipa sylvestris from different regions

Tabauya 6 / Table 6
CpaBHeHue Mop(doMeTpuuecKux JaHHBIX y Tulipa sylvestris W3 pa3sHbIX perHOHOB

[Tapametps! / Parameters ex situ™ ex situ** in situ***
Beicota pactenusi, cm / Plant height, cm 1o 46,0 20,0-53,0 20,0-40,0
[IymHa nBetoHoca, cM / Flower stalk length, cm - 10,0-40,5 -
[InunHa BepxHero icTa, cM / Upper leaf length, cm mo 18,5 9,0-18,0 -
IupuHa BepxHero mcta, cM / Upper leaf width, cm no 1,0 0,5-1,5 -
[InuHa cpepHero ymcta, cM / Middle leaf length, cm - 14,0-23,5 -
IupuHa cpegHero nvcta, cM / Middle leaf width, cm - 1,2-2,5 -
[nvHa HIWKHero yiucTa, cM / Bottom leaf length, cm 1o 24,0 12,0-29,0 -
IuprHa HDKHETO ytkucTa, cM / Bottom leaf width, cm o 2,4 1,5-2,6 1,2-2,0
Yucno mucteeB / Number of leaf 3 2-4 2-4
Bricora 60kana, cm / Goblet height, cm 1o 5,5 2,8-4,6 4,0-5,5
[vHa ThIYMHOUHOW HUTH, cM / Staminate thread length, cm no 1,4 0,7-1,5 0,8-1,3
[nuHa nbuibHUKa, cM / Stamen length, cm 1o 0,9 0,2-1,2 0,8-1,3
IvHa TeruuHKY, cM / Anther length, cm no 2,3 0,9-2,6 1,6-2,6
[nuna nnoga, cM / Boll length, cm - 2,3-3 3,0
IupuHa mioga, cm / Boll width, cm - 1,5-1,8 1,5

[Tpumeuanue. * — TaukenT, o ganHbIM 3. I1. bouanuesoit (1962); ** LICEC, o saHHbIM aBTOpa;

*** _ Eppona (®n. CCCP).

Note. * — Tashkent, according to Z. P. Bochantseva (1962); ** — CSBG according to the author;

*** _ Europe (F1. USSR).
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J1. B. lepacumoBny. Tulipa sylvestris L. B kosuiekLmm LIeHTpaibHoro cubupckoro 60TaHNYecKoro m @

ex situ Hab/IO/jaeTCs yBeJNUeHre BereTaTHBHOM
yacTu noberos. Hampumep, BbicoTa rmobera yBe-
JauunIach Ha 13 cM, IIMpUHA HUXKHEro JIMCTa Ha
0,6 cMm. B reHepaTHUBHOM YaCTH TOAMYHOTrO nobera
YBeJIMYUINCh IIMPUHA N/10/a U AJUHA ThIYU-
HOUHOW HUTHU. BciefcTBUe yMeHbIIEHUS AJIUHBI
MbIIBHUKOB YMeHbIIUIAaCh U AJUHA THIYUHKHU
B LIeJIOM.

Ntorom MOXKHO CUMTaThb OLIEHKY yCIiell-
HOCTH MHTPOAYKLIMH, KOoTopas AJist ocobell Brga
T. sylvestris cocTaBuja 1IeCTh DajJIOB U3 CEMHU.
OlleHKa UHTPOAYKI[MOHHOW YCTOMYHMBOCTHU TIOKa-
3a71a, UTO pacTeHusi JAHHOTO BU/la MO)KHO CYUTAThb
BBICOKO YCTOMYMBBIMU B KYJ/IbTYpE.

3aKnwyeHune

Pactenus Buza T. sylvestris 0OMIBHO LIBETYT
Y UIMeIOT KO3 GUITEeHT pa3MHOXKeHHU S JOUepHUMU
nykoBuilamMmu 1-2. Pactenusi 06pa3yrT TIOABI U
CceMeHa, BCX0XKeCTb KOTOPbIX B OTKPbITOM I'DyHTe
paBHa HYJIIO, TaK KaK CeMeHHOe BO300HOB/IEHNE Y
npejcTaBUTeel faHHOTO BU/Ja B ycsioBusix LICEC
OTCYTCTBYET.

MO>KHO TIpe/ITI0/I0OKUTh, YTO HU3KUU MPOLIEHT
CceMUHUGHUKALUU SIBJISIETCSI Pe3yIbTaTOM OTCYT-
CTBUS HeOOXOTUMBIX KJIMMaTHUECKUX YCIOBHUH [I7IsT
TIOJIHOLIEHHOI'0 Pa3BUTUS IbIJIbHUKOB U CO3peBaHUs
TMBLIBLIBL.

CrneznyeT OTMETHUTD, UTO /JisI KODOTKOU (pa3bl
LIBETEHUSI XapaKTepHbI I/1aBHble Tiepenajibl TeM-
nepaTyp, JJs1 JJIATeILHOTO Tleprosia — Haubosiee
pe3kue KonebaHus JaHHOro (hakTopa. Takoke HaMu
yCTaHOBJIeHA IpsAMasi 3aBUCUMOCTb IIPOJ0JIKU-
TeJIbHOCTH Nepro/ia LIBeTeHHs OT KOJIMUecTBa ocaji-
KOB B TeueHUe [JaHHOTO Tepuoja, Ko3hpuiueHT
Koppesnsituu coctaBu 0,7.

B ycnoBusax LHCBC uHTpOAyLeHTH BUAA
T. sylvestris yBeJIMUMBAaIOT IMapaMeTpbl Mopdome-
TPUUECKUX MPHU3HAKOB ¥ YMEHbIIAOT MIoKa3aTeau
Ba’KHOI'O 1eKOPOTHBHOIO IpU3HaKa — BbICOTHI
Hokara.

CymMa TemIiepaTyp Bbllle HYJS U CyMMa
COJITHEUHBIX JIHEeW OKa3bIBalOT 3HAUUTEJIbHOE
B/IMSIHME Ha IlapaMeTpbl BereTaTUBHBIX OPraHoOB.
CyMMa 0ca/iKOB MOJIOKUTEIbHO BIUSIET Ha JI/INHY
MbIJIbHUKA. [IMHA THIYMHOYHOW HUTHU W BBICOTA
Ookasa OZMHAKOBO 3aBUCSAT OT CyMMBI COTHeu-
HBIX JHEW: ueM OHU MeHbIIe, TeM 0o0Jibllle UX
pa3mephl.

N3 Bcero BhILIEN3/I0)KEHHOTO, [le/laeM BbIBO/,
yTo rnpejacTaBuTend Buga T. sylvestris ycIieniHo
a/lanTUPOBA/IUCh K YCIIOBUSIM eX Situ U MOTYT pe-
KOMEeH/I0BaThCsl K MCI0J/Ib30BaHUIO B IeKOPaTHBHOM
CaJl0BO/ICTBe.
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AHHoOTauus. NpuBeAeHbI pe3ynbTathl U3yYeHnss KOMOUHALMOHHON CMOCOBHOCTU HOBBIX AUTaNAONAHBIX NMHWIA KYKYPY3bl, CO3AAHHBIX NyTeM
AMNNOMAN3ALIMI TaNAOUAHBIX PACTEHWIA, MOAYYeHHBIX MPU UCNONb30BAHWM TVHUU-TANNOUHAYKTOPA. B 3KCnepumeHTe yuacTBOBaaM NpocTble
rnépugpl (30 KoMbUHaLKiA), nonyYeHHbIe N0 MOAHOI ANannenbHoi cxeme 6 roMO3UroTHLIX AMHWIA. BbisiBneHbl 3dpdektbl OKC n gncnepcun CKC
NNHWIA, @ TaKxKe KOMMOHEHTbI FeHeTUYecKoil AUCepcu No 0CHOBHLIM MOPPOMETPUUECKUM NapameTpam pacTeHus (AnMHa cTe6s, BbicoTa
3aN10XeHNs NoyYaTka, AANHa MeTeNKW, Anametp cTe6ns, nnowaab NMCTOBON NOBEPXHOCTI PacTeHus). BbigeneHbl AMHUK C BbICOKOI OLLEHKOI
OKC  gucnepcueii CKC, koTopble LienecoobpasHo Mcnonb3oBaTh B CeNeKLMOHHOM MPOLLECCe Ha BbICOKOPOCAOCTb, YCTORUNBOCTL K MONEFaHNI0,
TeXHONOrMYHOCTb. OTMEeYeHO BANAHME CBEPXAOMUHMPOBAHIS NPY NPOSIBAEHNI ANNHBI METEKN 1 AnameTpa cTebns 1 npeobnafanns apam-
TUBHbIX 3Q$EKTOB B GOPMMPOBAHUN BbICOTbI 3NI0KEHNS MOYATKA. AHANN3 KOMMOHEHTOB MO3BOMUN BbIIBUTL KOANYECTBO T€HOB AW rpynn
reHOB, OKa3aBLUNX BANAHWE Ha NPOABAEHMe Npu3HakoB B 2021 r. (An1Ha cTe6ns — 1-2, BbICoTa 3aN0KeHUs novatka — 2-3, ANNHA MeTenku —
1-2, gnamerp crebns — 2-3, NNOWaAb MCTOBOI NOBEPXHOCTN — 1-2). loMUHMPOBaHMe MO 13y4aeMbIM NapamMeTpam HanpaBneHo B CTOPOHY
pOAMTENLCKIX GOPM C 60NbLLEld BbIPAXEHHOCTbIO NpHU3HaKa. OTMEUEHO CyLLeCTBEHHOE BAMSHWE YCI0BUIA BO3AE/bIBAHUS HA NPOSBAEHNE ANK-
Hbl CTE6/1S, BbICOTbI 3/10)KEHIS N0YaTKa, ANMHbI METeNKH, AuameTpa cTe6ns.

KnioueBble cnoBa: kykypy3a, 1MHUS, TM6pUABbI, ypoxaiiHoCTb, n3meHunsoctb, OKC, CKC, gnannensHblit aHanus
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Abstract. The article presents the results of studying the combination ability of new dihaploid maize lines created by diploidization of haploid
plants obtained using a haploinducer line. The experiment involved simple hybrids (30 combinations) obtained according to the complete diallel
scheme of 6 homozygous lines. The effects of GCA and variance of SCA lines, as well as the components of genetic variance in terms of the main
morphometric parameters of the plant (stem length, ear height, panicle length, stem diameter, plant leaf surface area) were revealed. Lines with
a high GCA score and a dispersion of SCA have heen identified, which are advisable to use in the breeding process for tall stature, resistance to
lodging, and manufacturability. The influence of overdominance in the manifestation of the length of the panicle and the diameter of the stem
and the predominance of additive effects in the formation of the height of the cob were noted. Analysis of the components made it possible
to identify the number of genes or groups of genes that influenced the manifestation of traits in 2021 (stem length — 1-2, ear height - 2-3,
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panicle length — 1-2, stem diameter - 2-3, area of leaf surface — 1-2). Dominance according to the studied parameters is directed towards
parental forms with a greater severity of the trait. A significant influence of cultivation conditions on the manifestation of the length of the stem,
the height of the cob, the length of the panicle, and the diameter of the stem was noted.

Keywords: corn, line, hybrids, productivity, variability, GCA, SCA, diallel analysis
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BeepeHue

SddekTHBHOCTE TO/100pa POAUTENBCKUX KOM-
TIOHEHTOB [71s1 pPeKOMOMHAITMOHHOM CeJIeKI[UU U OT-
60p BBICOKOTIPO/IYKTUBHBIX T'€HOTHUIIOB OTIPe/Ie/iseT
XapakTep M3MeHUMBOCTHU MPU3HAKOB. [I0CKOIBKY
M3MeHUYMBOCTb U HAacje[j0BaHUe 3aBUCST OT TeHO-
TUMA U YCJOBUU BHELIHEH Cpefbl, HAUOOJIBIIYIO
LIeHHOCTb ITpe/icTaB/IsieT MH(OpMaliys 0 Hac1eloBa-
HUU OTAETBHBIX 3/IeMEeHTOB X035HCTBEHHO-IIeHHBIX
TIPU3HAKOB y TUOPU/IOB U UX POAUTETLCKUX (HOPM,
roJiyueHHasi B KOHKpPeTHBIX ycsioBusix [1]. HeoTs-
eMJIeMbIM yCJIOBUEM CeJIeKL[MW Ha TeTepo3uC SBJIs-
eTCs OLleHKa MCXO/IHOT0 MaTepHasia He TOJIbKO 110
XO03SIICTBEHHO LIeHHbIM MpH3HaKaM CaMUX JMHUH,
HO Y 110 UX KOMOMHAI[MOHHOM LeHHOCTH [2]. AHanu3
pe3y/nbTaToOB KOMOWHAI[MOHHOM CIOCOOHOCTH TIO-
3BOJISIET ONTTUMHU3UPOBATh PaboTY C CeIeKI[MOHHBIM
MaTepHuasioM, Tof06paTh Tyuliiie KOMIIOHEHTHI [1J151
TOJTy YeHUsT HOBBIX BBICOKOT€TEPO3HCHBIX THOPHU/IOB.
Hawubosee momHyt0 nH(pOpPMAIHO 0 KOMOMHALIMOH-
HOU CTIOCOOHOCTH CeIeKIIMOHHBIX (YOPM I0JTyUatoT
B CHCTeMe /IMaJljieJIbHbIX CKpelnuBaHuii [1, 3].

IyHa cTe671s1 orpe/iesisieT HarpaBJieH|e UCTIOJTh-
30BaHMsI TMOPH/Ia, TEXHOIOTMYHOCTE ero BO3/e/IbIBa-
ust. [Ipy co3aanmy riOpH/ia CHIOCHOTO HATpaB/IeHUs
JKeJlaTe/TbHO MCII0/Ib30BaTh BBICOKOPOC/IbIe (hOPMBI,
yTo GyzIeT CriocoOCTBOBATh MOBBIILIEHUIO YPOXKasi 3a
CUeT yBeJTMUeHus IMCTOCTeOembHON Maccel. Mogiennb
rubpuzia 3epHOBOTO HalpaB/IeHuUs Ipe/riosiaraeT uc-
TI0/Tb30BaTh OTHOCHUTEILHO HU3KOPOC/Ible PACTeHHs,
TIPUTOZHBIE [/ TIPSIMOM KoMOaliHOBO# ybopku [4].
BricoTa 3a/105keHusI 1ouaTka TaksKe SB/IsIeTCsI BAKHBIM
Mop¢osoruueCcKMM MPU3HAKOM, OTpejessioinum
TeXHOJIOTUYHOCTh YOOpPKU KyKypy3bl. [ToporoBoii
BBICOTOM 3a/I0’KeHHsT 110YaTKa Py yOOpKe KyKypy3bl
C MUHMMaJ/IbHBIMU NT0TepsaMu cunrtaercs 50 cm. Of-
HaKO CJIMLIKOM BBLICOKOE 3a/I0KeHHe ToYaTKa Takke
He’KeJlaTesIbHO, TTOCKOBKY YBeTMUUBAIOTCS TIOTePU
13-3a KOHCTPYKTUBHBIX 0COOEHHOCTEN KyKypy30y-
6opouHbIx KoMOalHOB [5]. TTapameTpbl uaroTHMNA
3epHOBOTO THOpH/A TIPeATIoaraloT (GOpMHUpPOBaHLEe
HU3KOPOCJ/IbIX PAaCTeHUM C OTHOCUTETbHO BHICOKUM
3aJI0’KeHreM TIouaTka ¥ MajbIM pasMepoM MeTesIKd
[6]. Kpome Toro, mpy nonyueHUH TMOPHUOB, BBIpa-
IIMBaeMbIX Ha (ePTUILHOM OCHOBE C 0OpBIBAHHEM
MeTeJIOK, IpruobpeTaeT 3HaUeHHe [TUHBI METesKH,
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KOTOpasi B OTIpe/ie/IeHHOM CTeleH! B/IUsieT Ha YPOBEHb
cpesa, a 3Ha4uT 1 Ha Ka4eCTBO 3aBsI3bIBaeMbIX CEMSIH.

Lenbro UccejOBaHUM SIBJ/ISIETCS yCTAHOBJIEHUE
Ha HOBOM HCXOJHOM Marepuase (JurarjoujHble
JIMHUM KYKYpy3bl) NposiBaeHus 3¢p¢HeKToB KOM-
OMHAITMOHHOM CTIOCOOHOCTH, a TaK)Ke HEKOTOPBIX
KOMIIOHEHTOB T€HeTHUeCcKOoN AUCIepCUU M0 Mop-
(homeTpHUueCKHM NapameTpam.

MaTepMaan N MeTo/bl

[ToneBsie onbITHI MpoBoAUAM B 2021 1. B Ipu-
ropojie r. CapaTtoBa Ha omnbITHOM Tosie ®I'BHY
PocHNUCK «Poccopro» B COOTBETCTBUM C METO-
nuko# [7]. Knumat pervoHa xapakTepusyeTcst Kak
Pe3K0 KOHTHHeHTaIbHBIN. [TouBa OMBITHOTO yUacT-
Ka — YyepHO3eM IOKHBIM MaloryMYCHBIN cpefiHe-
MOLHBIN TSKeNOCYIJIMHUCTBIA. B maxoTHOM ciioe
cojiepkaHue rymyca (o Tropuny) coctaBsiet 3,80—
4,60%, ob1ero azota —0,17—-0,22%, BasoBoro ¢oc-
thopa —0,11-0,14%, kamus — 1,10-1,38%. [TnoTHOCTD
nouBsl coctarssieT 1,20 — 1,32 r/cM3, HauMeHbLIas
Bnaroemkoctb (HB) cimosa 0-30 cm — 101,1 mm,
csos 0-100 cm — 295,6 MM. B skcnieprMeHT BKJItO-
YeHbI MTPOCThbIe TUOpUALI (30 KOMOUHALIWH), TTOJTY-
YyeHHbIe 10 TOJIHOM Jiuaje/bHOl cxemMe 6 roMo-
3UTOTHBIX JIMHUH 110 MeTony 1 B. Griffing [8, 9].
[ToBTOpPHOCTb — TpeXKpaTHasi. YueTHas IJIOLa/b
JenssHKu 7,7 M2, ['yCToTa CTOSHMS pacTeHuii (55 ThIC.
pacTeHuii/ra). ATpOTeXHHUKA B OMbITe — 30Ha/IbHas,
pa3paboranHas B ®PT'HY PocHUVCK «Poccopro».
It IpoBe/ieHUs] yUeTOB U 00pabOTKHU JJaHHBIX
MCII0/1b30Ba/JIMCh COOTBETCTBYIOIIME MeTOAUKHU
[10, 1]. KoMOMHAITMOHHYO CTIOCOOHOCTH 00Opa3LoB
ompeensiiy 1Mo nepsomy metoay B. Griffing [9].
leHeTHUeCKW aHa/IM3 KOMIIOHEHTOB reHeTUUeCKOU
Jucrniepcuu riposoguu no B. 1. Hayman [11].

Pe3ynbTaThbl U X 06CyXKAeHME

AHanu3 gaHHBIX TTO3BOJINJI BBISBUTH 3HAUEHUE
MOp(dOMeTPUYECKUX TTapaMeTPOB HOBBIX JIUTATL/IO-
UHBIX TMHUH U CpeIHerPyIITIOBbIe ITOKa3aTe /i rub-
puioB (Tabs. 1). TIpu 3TOM BBISIB/IEHO BADEUPOBAHKE
MPU3HAKOB Y JINHUH B CJIeIyIOLIUX Tpe/ieax: AuHa
crebsisg—126,6—186,0 cM; BbICOTA 3a/I0’KeHU [10Yat-
Ka — 34,0-84,0 cm; gyivHa metenku — 31,7-52,0 cm;
nuametp ctebiist — 1,37-1,90 cm; rioiaab TMCTOBOM
TMOBEPXHOCTH pacTeHus — 2122,4-3383,4 cm?.
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Tabnuya 1/ Table 1

Mopdomerpuueckue mapaMeTpbl JUrarIOUAHBIX JIMHUA KYKYPYy3bl U CPeJHErpynnoBbie 3HaueHusi rudpuios, 2021 r.
Morphometric parameters of dihaploid maize lines and average group values of hybrids, 2021

JmiHa BricoTa 3anoxeHus HmiHa Huametp Tlnoman, mucToBoii
TTOBEPXHOCTH
herr crebrs, cm / Toyatka, cM / MeTeJIKH, CM / crebis, cm / pacterms, cM2/
Line Stem length, sm Cob height, sm Panicle length, sm | Stem diameter, sm Plant leaf area, cm?
p* F* p* F* p* F* p* F* p* F*
Oori1/0G1 126,6 176,9 34,0 67,5 45,9 51,8 1,46 1,81 2595,9 3922,8
Oor2/0G2 165,6 204,0 74,0 88,2 48,4 53,4 1,76 2,10 3343,1 4161,0
Oor'3/0G3 186,0 198,5 76,4 86,1 42,5 46,3 1,90 1,87 3383,4 3996,9
or4/0G4 158,0 202,6 84,0 88,3 31,7 48,5 1,64 1,87 2908,5 3900,2
OI'5/0G 5 167,0 203,4 59,2 80,6 38,0 49,3 1,37 1,94 2122,4 4108,8
ore/0G6 178,2 191,1 62,8 71,4 52,0 56,1 1,66 1,96 2874,4 3832,5
Cpennee
3HaueHue / 163,6 196,1 65,1 80,3 43,1 50,9 1,63 1,92 2871,3 3970,4
Average

IMpumeuanwue. P — cpefiHee 3HaueHue JTUHUA, F — cpejHerpyIIOBOe 3HaueHre TubOpPHU/I0B.
Note. P — is the average value of the line, F — is the average group value of hybrids.

M3MeHUMBOCTb CpeJJHErpyTIIOBbIX MTOKa3arenei
rubpuoB Kosmebanace B ripeaenax: 176,9-204,0 cm
110 AyiHe cTebi1st, 67,5-88,3 CM M0 BBICOTE 3a/10/KEHHST
novatka, 46,3-56,1 cm no gnuHe Metesikuy, 1,81—
2,10 cm mo auametpy crebns, 3832,5-4161,0 cm?
TIO TJIOIIA IV IUCTOBOM TIOBEPXHOCTU PACTEHMUS.

O6u1as koMmbuHaIoHHast criocobHocTh (OKC)
BbIpa)kaeT CPe[HIOK [IEHHOCTh TWHUU B TUOPHU/IHBIX

KOMOWHALUAX C ee WCII0JIb30BAaHUEM U U3Mepsi-
eTCsd CpeJJHUM 3HaueHWeM OTKJ/IOHEHHUs Mpr3HaKa
y BCex ee rubpujos F; ot obmero cpegHero mno
BceM (opmaM JuasijieslbHOM cxeMbl. Pe3ynbraThbl
ananu3a OKC caMoorbl/IeHHBIX TUHUM KYKYPY3bl,
yKa3bIBarT Ha Bbicokue 3¢ dexkTsl OKC no gavHe
ctebnst y munuii O 2, OT 3, OT 4, OT 5 (Tabu. 2).
[Tpu 5Tom nuHus OI' 5 xapakTepr30Baiacbk HU3KUM

Tabauya 2 / Table 2

AdpdexTsr OKC u aucnepcuss CKC o mopdoMeTpHyecKHM apaMeTpaM AUralIoN/{HbIX TUHUN KYKYPY3bl
Effects of GCA and dispersion of SCA by morphometric parameters of dihaploid maize lines

ImuHa crebst / Beicora sanoxe- Imna meteniku /| Trametp crebnsi / TLnowaas MCTOBOi
Stem length Hus rovarka / Panicle length Stem diameter MIOBEPXHOCTH paCTEHHs! /
HE}.II/IH / Cob height Plant leaf area
ine
OKC/ | CKC/ OKC/ CKC/ | OKC/ | CKC/ | OKC/ | CKC/ OKC/ CKC/ SCA
GCA SCA GCA SCA GCA SCA GCA SCA GCA
O/ | 163 | 1564 | -140 | 140 | 24 | 55 | -010 | 0008 | -303 | 1052987
orz2/
0G 2 3,7 155,2 6,8 46,6 2,4 22,5 0,13 0,010 149,9 234389,7
ora3/
0G 3 6,9 110,2 5,6 59,7 -3,2 12,7 0,04 0,007 145,9 134160,0
or4/
0G 4 4,1 244,0 9,5 24,1 -3,8 6,8 -0,05 0,005 -69,7 195936,8
ors/
0G5 7,3 96,0 -0,6 13,3 -2,6 10,0 -0,04 0,011 —-41,2 172405,1
ore/
0G 6 =57 103,3 -7,3 23,4 4,7 17,7 0,01 0,014 -154,6 70900,4
F 140,9* | 89,8* 396,9* 55,2* 44,5% 13,0%* 8,13* 5,16* 5,47* 20,81*
HCP 5/
LSD0:05 3,10 1,82 2,16 0,11 208,7

ITpuMeuaHue. F — cpe/jHerpyIoBoe 3HaueHHe THOPHI0B.

Note. F —is the average group value of hybrids.

Gunonoruns

189



%@\) M3B. Capar. yH-Ta. Hos. cep. Cep.: Xumus. buonorus. 3konorus. 2022. T. 22, Bbir. 2

3HaueHueM gucriepcu CKC, 5To yKasbIBaeT Ha To,
YTO TUOPU/IBI C yUaCTHeM JAaHHOW JIMHUM UMEIOT
TIPMMEPHO OZIMHAKOBOE BblpakeHue Npr3Haka. Bol-
cokuii ypoBeHs 3¢ dexkta OKC y nunuii OI' 2, OI" 4
COYeTaeTCsi CO 3HAUMTEe/IbHBIM BK/1a/|JOM JUCIIEPCUN
CKC, 13 yero MOXHO 3aKJIIOUUTh, UTO BbICOKAsl
OKC faHHBIX TUHUM — pe3y/bTaT Cyl{eCTBOBAHUS
OTJie/IbHBIX KOMOWHAIIMH, 3HAUUTE/IbHO MPEeBOC-
XOZISIIIUX Cpe/iHee 3HaUeHNe U TUOPHU/IOB C HU3KUM
3HaYeHUeM [JJIMHBI CTeOIs.

Pa3nuuus u3ydaemMoro MaTepuasa 1o ooiei
U crierfuduueckoli KOMOWHAI[MOHHON CITI0COOHOCTH
0Ka3a/INCh BEICOKO3HAUKMBI [10 BBICOTE 3a/10’KEHUS
royarka, JJIMHe MeTeJKH, AuaMeTpy ctebs. Bei-
cokuii apdekt OKC ormeueH y sunuii OI" 2, OI" 3,
OI" 4 1o BeICOTE 3a/I0KeHMsI TTouaTKa, muHui O 1,
OrI' 2, OI' 6 no anrHe MeTenKH, TuHUKM Ol 2 no aua-
MeTpy cTebsis. Huskue mokaszatenu agdekta OKC
u aucnepcun CKC nunuit OI' 1, OI' 6 no BeICOTe
3a/10)KeHU s I0YaTKa yKas3blBaloT Ha TO, UYTO JJaHHbIe
JIMHUY HeXXeJlaTeJbHO MCII0/b30BaTh B CeIEKI[UU
Ha TOBBIlIeHMe Mpu3Haka. Tak Kak rokasaTealu
TOJILIUHBI CTe0JIT MOT'YT YKa3bIBaTh HAa yCTOHUM-

BOCTb PacTeHUH K I0JieraHuio, ocoboe BHUMaHUe
cnepyet yaenuts muHun OI' 2, xapaKTepu3yoLencst
BbicOKUM 3 dekToM OKC U cpeflHUM 3HaUEHHEM
nucnepcuu CKC. ITokasaTesnb HCPO)05 10 MJoaau
JIUCTHEB Ha PACTEHUU He M03BOJISIET TPy INHUPOBaTh
suHuu 110 3ddexktam OKC Ha BBICOKHE U HU3KHE.

MeTop fuannenbHbIX CKPeLMBaHUM TaKoKe To-
3BOJIsIeT YCTaHOBUTh XapaKTep Hac/ie/J0BaHUs KOJIU-
YeCTBEHHBIX ITPU3HAKOB, MOy YUTh MH(POPMALIUIO 0
[PYTMX reHeTUUeCKHX CBOMCTBaX aHaIM3UPyeMbIX
tdopm (tabs. 3). ['mybuHa Mo/yyaeMbIX TeHEeTHYe-
CKUX BBIBOJIOB ¥ CDABHUTETHHO HU3KHe TPeOOBaHUS
K 00beMy U CTPYKTYpe 3KCIIePUMEHTA MO3BOJISIFOT
MeToZy XeliMaHa OCTaBaTbCsl aKTya/bHbIM B Ce-
JIeKIIMOHHO-TeHeTUUeCKUX HccaefoBaHusax [12].
[ucriepcroHHbIN aHaIu3 BeIMuMH Wr-Vr nokasars,
YTO aAJWMTUBHO-IOMUHAHTHas MOJeJb ajleKBaT-
Ha: 110 JIuHe CTeOJst — MPY UCKJIIOUeHUH JIMHUH
OrI' 1, OI' 4, o BRICOTE 3a/I0KeHUSI IoUYaTKa — TMHUU
OrI' 2, nnouja gy TUCTOBOM TOBEPXHOCTH — JIMHUM
Or' 3, OI' 5. Dnuctatuuyeckux 3¢ (HeKTOB reHOB
He BbISIBJIEHO B JleTepMUHALIUU JJIMHBI METe/IKH U
JuameTpa ctebJis.

Tabauya 3 / Table 3

KomMnoHeHTBI reHeTHYeCKOH Jucniepcuu 1o MopgoMeTpHYecKUM napaMeTpaM JAUTanIOuAHBIX JTMHUHA KyKypy3bl, 2021
Components of genetic dispersion by morphometric parameters of dihaploid maize lines, 2021

monern | A ceun | " | At v/ | Ao 1| i e
Cob height Plant leaf area
D 73,5 365,1* 49,8%* 0,04* 70422,8
F 177,1 85,0 17,1 0,03 245072,3
H, 2008,4* 307,3* 110,1* 0,13* 1660168,3*
H, 1612,1%* 253,6* 96,6* 0,11* 1440961,3*
h 1949,5* 561,7* 165,2* 0,22% 1642773,5*
E 19,3* 7,4% 9,1* 0,03* 75669,5
m11-m10 22,2 11,9 6,5 0,24 651,8
\/Hl/D 5,23 0,90 1,49 1,87 4,85
H,/4H, 0,20 0,21 0,22 0,22 0,22
h/H, 1,21 2,22 1,71 2,09 1,14
r -0,84 -0,90 -0,32 -0,79 -0,77

B ombiTe oTMeuaeTcsi oTpuljaTesibHas KOp-
pessIusl MeXy BBIPa)KeHHOCTBIO TIpHU3HAaKa U
JIOMUHHUPOBAHWEM Y POAUTEeNbCKUX auHui: —0,84
(pnunHa crebnst), —0,90 (BrICOTa 3a70)K€HUS TI0-
vyartka), —0,32 (gnuHa metenku), —0,79 (auameTp
ctebs1), —0,77 (TI011aAb TUCTOBOM MOBEPXHOCTH).
CyI1iecTBeHHO 3HaUKMMBbIe TTOKAa3aTeTd KOMITOHEH-
TOB JoMuUHMpOBaHus (H,, H,), mo abconroTHoH
BeJINUMHE TPEeBBIIIAIOT 3HAUeHUs] KOMIIOHeHTa D,
XapaKTepu3yIoIero aJJuTHBHOE ZIeCTBHEe TeHOB
Mo AJuHe CTeO/sA, OJMHE MEeTeIKU, AUaMeTpy
cTebJ1s1, TIJIOMA/iU JTUCTOBOUM TOBEPXHOCTH pac-
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TeHUs. JJOMUHUDOBaHUE IO W3y4yaeMbIM Iapa-
MeTpaM HampaBJ/ieHO B CTOPOHY POAUTENIbCKUX
¢opm c Gosblel BbHIPa’)KeHHOCTHIO NPU3HAKA
(m1l — m10 > 0). OTHowenue VH,/D mo AnuHe
MeTeJIKH, IUaMeTpy cTebsist 6osbiie 1, uTo CBU/e-
TeJIbCTBYET O MOJI0KUTETBHOM BJIUSTHUU CBEPX 10-
MUHUPOBAHUSI B POSIBJIEHUU [[AHHBIX [TAPAMETPOB.
Cy1iecTBeHHOE MpeBbIllIeHV e 3HaYeHU 1 KOMITOHEH-
Ta D Hai KOMITIOHEHTaMH1 JOMUHAHTHOTO IeHCTBUS
(H,, H,), yka3piBaeT Ha npeobnajianue 3¢ dexTon
aJIUTUBHOTO /IeHCTBUS TPU (HOPMUPOBAHUU BBI-
COTBI 3a/I0)KEHHUS [10YATKa.
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CyujectBeHHOoe BiugHue B 2021 r. Ha mpo-
sIBJIEHHE TaKWX TTapaMeTpOB, KaK /AJiuHa CcTebJis,
BBICOTA 3aJI0’KeHUSs MoyaTka, [JJ1MHa MEeTeJKH,
nuaMeTp cTebsis 0Ka3biBaj MapaTUIIUYeCKUH
KOMTIOHEHT [JUCTIEPCHUU YCJIOBUM BO3/e/bIBaHUS
(E). 3HaueHus oTHowleHus H,/4H, MeHblle Te-
opeTuueckoro 3HaueHus (0,25), yTo yKa3biBaeT
Ha HepaBHOMepHOe paclipejiejieHue ajseseil C
TOJIOKUTEbHBIMUA U OTPUILlaTeJbHBIMU 3] dek-
TaMu. AHaau3 KOMIIOHEHTOB MOKa3biBaeT, UTO B
yc/10BUsAX BblpamjuBaHus B 2021 r. Ha mposiBie-
HUe NWHBI cTeOss BAUSIOT 1-2 TeHa Wu TpyIn
TeHOB, BBICOTHI 3a710)KEHU s ToyaTka — 2—3, JIJTUHbI
MeTenKu — 1-2, anameTpa cTebis — 2—3, roiaib
JINCTOBOM MOBEPXHOCTH — 1-2.

BoiBoAbI

OrneHka KOMOMHAIMOHHOM CHOCOOHOCTH
JUTaNIOUJHBIX JTUHUN 10 MophoMeTpruueCcKUM
rnapaMeTpaM M03BOJIsIeT MPeAINOA0XUTh, YTO
aguHun OI' 2, OI' 3, OI' 4 BO3MOYKHO HCIIO/JIb30-
BaTh TPH MOJyUYeHUU rUOpUI0B, HOPMUDPYIOLUX
IUIMHHBIA CcTebesib U BBICOKOE PAaCCTOSHHE OT
nouBkl 0 noyatka. Ocoboe BHUMaHUe CjefyeT
yaenuTb nuHuu OI' 2, xapakTepu3yolleics BbI-
cokuM 3¢pdexktom OKC u cpejHUM 3HaueHUEM
mucnepcun CKC mo auametpy ctebiis1, 4TO BO3-
MO)KHO HCII0J/Ib30BaTh B CeJeKLjMU Ha YCTOWUM-
BOCThb K mosieraHuio. CyliecTBeHHO 3HAUMMBbIe
NoKasaTe/ii KOMIIOHEHTOB JIOMUHUpOBaHus (H,
H,) no abconoTHON BelMUMHe MpPeBbIMIAT
3HaueHUs KOMIIOHeHTa D, xapaKTepuU3yollero
aJIUTUBHOE JefiCTBUe TeHOB MO0 AJnHe CTeOs,
IUIMHEe MeTeJKH, AuaMeTpy cTebJsis, mola u
JINCTOBOU TIOBEPXHOCTHU pacTeHHus. [JoMUHUPO-
BaHUe [10 U3yyaeMbIM [1apamMeTpaM HalpasJieHo B
CTOPOHY POJIMTENBbCKUX (opM ¢ Gosbliield BbIpa-
JKEHHOCTbI0 npu3Haka. CyIiecTBeHHOe BAUSHUE
B 2021 r. Ha MpOsIBJIeHUe TaKUX MapaMeTpOB, KakK
ITHa cTebJ1s1, BRICOTA 3aJ/I0)KEeHHsI [T0YaTKa, AJIMHa
MeTeJIKY, uamMeTp CTebsist oOKa3biBas MapaTUIln-
YyeCKHUI KOMIIOHEHT [UCIIePCUU YCJIOBUM BO3Je-
nbiBaHus (E).
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CpaBHUTENbHbIW aHaNW3 BUA0BOIO COCTaBa

UXTUOpayHbl 3SMMOBA/bHBIX AM U MPUAEraloLLmX
PyCcnoBbIX y4acTKoB KpacHOAPCKOM NONMBbI
Bonrorpagckoro BogoxpaHunmLa
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AHHOTaLus. Bonrorpagckoe BOAOXpaHUANLLE NPeACTaBAsET 060/ CNOXKHYI0 MAPONOTYECKYH CUCTEMY, B KOTOPOIA B FY60KOBOAHON pyC-
NI0BOIA YaCTH JABHO OMpeAeneHbl MecTonoNoXeH!s 3UMOBANbHbIX M. B T0 e Bpems B NOAMEHHbIX Y4aCTKaX OHW Tak)Ke CyLLEeCTBYIOT, HO UX
onpefenenme 3aTpyAHEHO 13-3a OTHOCUTENbHO HEOOMBLUMX Pa3MepoB 1 FIy6IH 1 He BCerAa BO3MOXHO. Lienbto paboTbi 6bin CpaBHUTENbHDI
aHanu3 BUJ0BOrO COCTABa YNOBOB Ha AMaX M Ha NPUAEratoLynX PycnoBbIX y4acTkax Ans UCNONb30BAHNS NONYUYEHHBIX Pe3YNbTAaTOB B PbIGHOM
xo3giicTBe. ccnepoBanns 6bin1 npoBefeHbl B 3uMHUIA nepuog B 2019-2020 rr. B KpacHospckoii noiime Bonrorpagckoro Bogoxpanuauiya. Mo
NPOAO0ALHOMY pa3pe3y BOAOXPAHUAMLLA OHA MMeeT ANnHY 26 kM, winpury ot 4 o 10 kM. [nybuHbl konebmtotcs o1 0,1 2o 10 M. [ns yTouHeHus
ry61H 3MMOBaNbHbIX IM 6bina NpoBeAeHa 6aTumeTpus. B noliMe nepuognyeckin MeHseTCs HanpaseHne TeYeHIs, YT0 CBA3aHO C MPOMyCKamu
BoZbl CapaToBCKUM AN Boarorpagckum rufpoy3namu, nocnefHee u3-3a pacnonoxeHus sM UMeeT pasnnuHoe BAUSHUE Ha GOPMUPOBaHIe
penseda AHa. OnpegeneHne BUAOBOrO COCTaBa UXTUOLIEHO3a OCYLLECTBASAAN Ha OCHOBE KOHTPO/IbHBIX 0610BOB 1 U3y4eHWs YOBOB Pbl6oN0-
BOB-tobuTeneil. B KpacHosipckoil noiime B 3MMHMIA neprog B COBOKYNHOCTM BCEX OPYANIA 1 Cnoco60B N0Ba 6b110 onpeaeneHo 19 Bigos pbib.
AHanu3 3HaueHnit HAekca LlenHoHa Ha AMax 1 Ha yyacTkax, MpuaerawLyux K HAM, N03BOASET NOATBEPAUTD, UTO AMbl ABASIOTCA pabounmu
W CnyXaT MecTamMin 3MMHEro CKomneHns pbib. MpoBeaéHHbIE MCCNER0BAHNS NO3BONAT Pa3paboTaTb PEKOMEHAALMN MO M3Y4eHINHo aKBaTOPUiA
BOAHbIX 00BEKTOB, Ha OCHOBAHWUM KOTOPbIX NOATBEPX/AAETCS UAN NEPECcMATPUBAETCS CTAaTyC 3MMOBAIbHBIX M, UTO BYAeT CMoCobCTBOBATH CO-
XPaHeHUHo PbI6HbIX 3aMacos.
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Comparative analysis of the species composition of ichthyofauna of fish watering holes and adjacent channel areas
of the Krasnoyarsk floodplain of the Volgograd reservoir
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Abstract. The Volgograd reservoir is a highly complex hydrological system. The locations of fish watering holes, which are situated in an abys-
sal area of the Volgograd reservoir, have been well established for a long time. Meanwhile, fish watering holes exist in areas of the bed of the
Volgograd reservoir as well. However, their determination is not always possible and is complicated due to the small size and shallow depth of
the watering holes. The aim of this work was to carry out a comparative analysis of the species composition of fish caught in watering holes and
adjacent channel areas. The results might find an application in fish farming. The studies were conducted in the 2019-2020 winter season within
Krasnoyarsk floodplain of the Volgograd reservoir. Floodplain length stretches some 26 km. The width of the Krasnoyarsk floodplain is 4-10 km.
The depth of the Krasnoyarsk floodplain ranges from 0.1 to 10 meters. A bathymetric survey was conducted in order to validate data concerning
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the depths of fish watering holes. The current changes its direction periodically within the floodplain as a result of water passing by Saratov and
Volgograd hydraulic structures, thus influencing the relief of the reservoir bed due to various locations of fish watering holes. The evaluation of
the species composition of ichtyocoenosis was conducted using test fisheries and assessment of fish caught by recreational fishers. We assessed
19 fish species in the Krasnoyarsk floodplain of the Volgograd reservoir during the winter season using all fishing techniques. The conducted
analysis of the Shannon diversity index within the watering holes and adjacent areas allows confirmation that all of the studied holes are active
and serve as fish gathering places during the winter period. This study will allow the development of recommendations for the confirmation or
revision of the status of fish watering holes in any subsequent study of bodies of water. That will facilitate the preservation of fish resources. .
Keywords: fish watering holes, ichtyocoenosis, species composition, the Volgograd reservoir
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BeepeHne

3uMa — ocoboe BpeMsi B KM3HHU BOJHBIX
obutarteneil. JIE 3aTpy/HSeT HacChIl[eHUE BOJBI
atMocdepHbIM KUCTOpOioM. CHEXHBIM TTOKPOB
yMeHbIIIaeT AOCTYII COTHEUHOTO CBeTa B ITO//IETHOE
MpOCTPaHCTBO. Pe3Ko yMeHbIIaeTCsi KODMHOCTh
BogZloeMa. CHU)KaeTcsl TeMIiepaTtypa BOJbl, 0TUYero
OOJIBIIMHCTBO XJ1aJHOKPOBHBIX JKUBOTHBIX (PbIO)
CTaHOBSITCSI MaJIOTIO/IBMKHBIMH. BOTBIITMHCTBO PBIO
Cpe/iHel MOJOCHI TIepeXXMBalOT 3UMHUM MepUoZ, 3a
CUeT 3arlaCeHHBIX B JIETHUH MePUOJ TUTATeTbHBIX
BeljecTB. VX pacxo/ COPOBOXK/JaeTCsi CHUXKeHNeM
Beca (Maccel) ocobeti.

MHorounc/ieHHbIMU paboTaMu, TPOBOAUMBI-
MU B [103aIIPOILIJIOM U TIPOILJIOM BeKe Ha BofloeMax
pasHOro Tura, ObIIO MOKAa3aHo, UTO HebJaronpu-
SITHBIE YC/IOBHS 3MMOBKH BeChbMa YCIIEIITHO TTPeo/io-
JIeBAIOTCS, TIPU YCJIOBUM HCIIO/Ib30BaHUS pblbamMu
3UMOBAJIbHBIX SIM.

ITox 3uMOBa/NBHBIMU SIMAMH TTOHUMAIOTCS
MpPUPOZHbIE MeCTa MacCOBOM 3MMOBKH DbIO B pe-
KaX U 03epax, BOJOXpaHUINIAX. B 3MMOBa/bHBIX
CKOIJIEHUSIX COCPeZ0TOUMBAIOTCS PhIObI OJHOTO
WM HeCKO/IbKUX BUJIOB. B IIPOTOYHBIX BoZoeMax
3UMOBAJIbHBIE SIMbI HAXO/SITCSI B Hanbosiee riry60Kux
MecTax C 3aMe/lIeHHBIM TedeHHeM. B o3epax 1 Bozio-
XpaHUJIUIIaX OHH, KaK [paBUJIO, PacIiosaramTcs B
YCTBEBOH 30He BMA/JAOIINX PeK U Peuek, B MeCTaxX
BBIX0/]a TI0/]BOJJHBIX MICTOUYHMKOB [1].

TepmuUH «3UMOBa/bHAas siMa» BO3HUK B XIX B.
3ampeT JI0Ba Ha siMax BIlepBbie OBIT BBE/IEH B
1865 1., kKorza B IIpaBuax prIO0JIOBCTBA TIOSIBU-
Jlack TaK Ha3bIBaeMas 3arpeTHast OeperoBast mo-
Ji0ca, OKaMMJISIFOLLasi BCHO HUXKHIOIO YacTh /Ie/IbThI
Bosrn.

MecTOMO0M0KeHHsT 3MMOBAILHBIX SIM OTIpe/ieisi-
I0TCSI SMIIUPHUYECKH 110 HA/IMUHUIO B HUX MaCCOBBIX
ckorieHU# peib. C rojaMu MeCTOII0/I0KEeHe TOM
WU UHOU SIMBI MOKET MEHSIThCS, UTO CBSI3aHO C
v3MeHeHUeM penbeda, I03TOMY yKa3aTb TOUHOe
MeCTO 3UMOBA/IbHOM SIMbI ObIBAeT 3aTPYAHUTETHEHO
Y YKa3bIBaeTCsI PAliOH ee HaXKAeHUSI.
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B nolimenHbIX yuacTkax Bosarorpa/ckoro Bo-
IOXpaHW/INILA, BC/IeACTBYE OOJBIITNX TI/IOMa/iei u
HU3KOW MTPOTOUHOCTH B 3UMHHUI MEepUOJ, MeECTaMH1
BO3HUKAIOT Ce30HHEIE 3aMOPbI, TTI03TOMY 3MMOBAJTb-
HbIe SIMBI UTPAIOT 0COOYIO POJIb.

I3BeCTHO, UTO C TIOHVDKEHUEM TEMITePaTypPhI
BO/[bI PeUHbIe PhIObI (Ca3aH, fiell, Cy/aK, COM, r'y-
cTepa, ueXOHb, CUHeL] U JIp.) KOHLeHTPHUPYIOTCSI Ha
3MMOBAJIbHBIX SIMaX U/ B MeCTax, IPUTOJHbIX [T
X 3UMOBKH [2].

B nurteparype uacTo HeT CBeIeHUM O CTPYKTYpe
coobiriecTBa puib B OMMEHHBIX yU4aCTKaX OTHOCH-
TeJIbHO KPYITHOTO BO/i0eMa B 3SMMHMIM rieprof. MecTa
3MMOBKHU PBIO C/IeZlyeT pacCMaTpUBaTh KaK BaXKHOE
yCJIOBYE COXpaHeHUs1 6MopecypCcHOro ToTeHIHaIa
Bozi0eMOB. OTHUM M3 TaKUX MeCT B Bonrorpaackom
BO/IOXpaHU/THIIIE sIBJIsieTCsT KpacHOsipcKast moima.

KpacHosipckas moiima mpefcTaBisieT coboit
YYaCTOK JIeBOOEpe’KHOU MOMMBI C MacCOU TTPOTOK,
03ep, 3a/IMBOB, CTapHlLl, ¢ 60/IbIIMM pa3HoobOpa3vemM
ouororioB. KopmoBasi 6a3a BK/IHOUaeT OpraHU3MbI
(uTOMIAHKTOHA, 300MJIAHKTOHAa U 3000eHTOCA.
ITo ypoBHIO pa3BUTHs yKa3aHHbBIX TPYII OpraHu3-
MOB T0¥iMa MOXeT ObITh OTHeCeHa K BecbMa Ipo-
OYKTUBHBIM ydacTKaMm, 001ell mioujaZbio 0KOJIo
20 TeIC. Ta. I'mybunsr konebmtores ot 0,1 go 10 m.
Pe>xum ypOBHST BOZBI, @ TAKKe TTPOTOYHOCTH OTTpe-
IeNISTIOTCST peskuMoM paboTel ruzapoctanuumii (Ca-
patoBckoii U Boarorpackoit).

[TOCKOMBKY SIMBI TTIOMMBI SIBJISIOTCSI MECTaMU
CKOTIJIEHUSI IPOU3BOAMTE N PeuHbIX phid (ca3aHa,
coMa, Jiellja, 1 /p.), HeobXozrMa orleHKa MX KOHI|eH-
Tpauuii U BH/IOBOTO COCTaBa. B mepByto ouepeb
PbIOOXO03sICTBEHHbBIE UCC/IeJOBAaHUS HAlleJIeHbl Ha
yCTaHOBJIEHUH Pa3/IMUUii B IJIOTHOCTSIX KOHL[EHTpPa-
L[ BOAHBIX OMOPeCYPCOB B sSIMe U B ITPHJIerarolrei
K Hell akBaTOpUH, a TAK)Ke OL[eHKY BI/I0OBOI'0 COCTaBa
HXTHUOLIeHO3a.

Llenb danHoll pabombl — CpaBHUTETHHBIN aHa-
JIU3 BUJIOBOTO COCTaBa Y/IOBOB Ha sIMax U Ha TpH-
JIETAFOIINX PYC/IOBBIX yUaCTKaX /it UCIIOTb30BaHUs
0Ty YeHHBIX Pe3y/IbTaTOB B PLIOHOM XO3sICTBe.
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Matepuanbl 1 MeToAbI

NccnenoBanust mo M3yuyeHUI0 UXTUO(ayHbI
MpPOBOAMAN B 3UMHUN mepuop B 2019-2020 rr.
Ha PYCJIOBBIX siMax W TMpUJIerarliuX pyCJ0BbIX
yuactkax B KpacHosipckoii noiiMe Bosrorpazckoro
BOZIOXpaHu/uIIa. MecTomno/o)eHre 3MMOBa/IbHbIX
sIM He TIPUBOJUTCS, TaK Kak ellje He orpefiesieH UxX
OXPaHHO-TIPaBOBOM CTaTycC.

BatumeTpuueckre U3MepeHUs TIPOBOAUIU C
WCII0/Ib30BaHueM 3xosi0Ta «Lawrence».

OmnpesiesieHre BUI0BOIO COCTaBa UXTUOLIEHO3a
OCYILIECTBJISJTA HAa OCHOBE KOHTPOJIbHBIX 00JIOBOB
Y M3yUeHHs YJIOBOB PbIO0OJIOBOB-/I00OMTeeH Ha
aKBaTOPUSIX 5IM U pycJie. Bcero ocylecTBieHo 6 ce-
TETIOCTAHOBOK, OTIPOIIIeHO 34 PbI00JIOBa-TFOOUTE S,

OTHOCUTeNbHAS YUCIEHHOCTh PHIOBI B YI0BaX
ompejiesieHa TI0 IIKase, ripejsokenHoi B. I1. Ep-
MOJIUHEIM [3].

Pe3ynbTaTbl 1 UX 06cyaeHmne

B 3umuumii nepuop 2019-2020 rr. B KpacHo-
SIPCKOM TIoiMe jie[ioBble SIBJIeHUs] HauaUuCh T0-
CJle Tepexofia TeMreparypsl Bo3zyxa uepe3 0 °C
21 Hos16pst 2019 1. 25 HOsOps B 3a7MBaxX U 03€pax
YCTaHOBWJICS JIe[JOCTaB, B PyC/I0BOM yacTu — 16 fie-
Kabpst 2019 r. YCTONUUBEI Jie/IsTHOM TTOKPOB y€ep-
JKUBAJICS B TeueHue 114 nHei.

XapakTepHbIM 6aTUMETPUUECKUM KPUTEPUEM
sIMbI SIBJISIETCS Tleperaji r1yOWH 10 CpaBHEHHUIO C
TIpUJIeraroIiiM y4acTKOM pycra (PUCYHOK).

Cnepyer OTMeTUTh, UTO B IOMMe Mepuo-
[UYecKHd MeHsIeTCsl HallpaBjleHHWe Te4YeHUsl, U4To
CBSI3@aHO C mpornyckaMu Bogbl CapaTOBCKUM WU
BoarorpajckuMm ruzipoysnamMu, nocjiejHee U3-3a
pacroyiokeHus sIM UMeeT pa3/inuHoe BAUsSHUE Ha
¢hopmupoBanue penbeda gHa. Kak BUgHO U3 pu-
CYHKa, SIMbl He UMEIOT CUMMEeTPUYHBIN XapakKTep.
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CoryiacHO IMTepaTypHbIM AlaHHBIM [4-6], B
KpacHosipckoii moiime HacuuThiBaeTcsi 26 BU/OB
pBIO, OTHOCALIUXCS K 6 oTpsizaM, 9 cemelicTBaM.
Haubosiee MHOrouncieHHb! KaprioBble (16 BH/OB).
Ha BTOpOM MecTe ceMelCTBO OKyHeBble — 3 BU/A.
OcranbHble 7 CeMeMCTB BK/IIOUAlOT Mo 1 BUAY.

B COBOKYIMHOCTH BCeX OpyJui U criocoboB
JIOBa B 3MMHUI MepHo/ BCTpeuaeTcsi 19 BUOB PbIO
(Tabm. 1).

B pyc/oBoli yacTu npeobiafaloT XUILHbIE
BU/IbI, TaKKe KakK IyKa U peuHou okyHb. B Kpac-
HOSIDCKOU TIOWiMe COTJIaCHO pe3yJibTaTaM YJIOBOB
BUZIOBOE pa3HOOOpa3ue B 3UMHHI TIepHO/, HUXKE B
PYCJIOBOM 4acTu UCC/elyeMOl aKBaTOpUM, UeM B
3UMOBAJIbHBIX siMax (Tabsi. 2). B To e BpeMms OT-
MeuaeTcsl OTCYTCTBUe MpeobsiajaHust KaKOro-Tnubo
13 BUJOB B OT/IMUME OT 3MMOBAJIbHBIX CKOTIJIEHUN
B pycJie Bonrorpaickoro Bo0XpaHUIHUIIIA.

Tabnuya 1/ Table 1

BcerpeuaemocTs BUAOB PbI0 B 3uMHuUiI epuoj, B KpacHosipckoii moiive
Frequency of fish species in winter in the Krasnoyarsk floodplain

3umoBasnbHas sMa /
Bupl poi6 / Fish species gzgﬁ(gaafe:ﬁ;ﬁ Fish wintering pits

Ne 1l Ne 2
Jlewy Abramis brama Linnaeus, 1758 - +++ ++++
S13b Leuciscus idus Linnaeus, 1758 - ++ +
IInotsa Rutilus rutilus Linnaeus, 1758 + +++++ ++++
KpacHoriepka Scardinius erythrophthalmus Linnaeus, 1758 + +++ ++++
O6bIKHOBeHHBIN OKyHb Perca fluviatilis Linnaeus, 1758 Tttt ++++ ++++
O6bikHOBeHHast 11{yKa Esox lucius Linnaeus, 1758 -+t F+++ A+t
Potan-rosnoBémika Perccottus glenii Dubowski, 1877 ++++ + +
IMyxnowuékas peiba-urna Syngnathus abaster Risso, 1827 +++ + +
CepebpsiHblii kKapack Carassius auratus gibelio Bloch + ++++ FH+++
Tonasne Squalius cephalus Linnaeus, 1758 - + ++
JIunb Tinca tinca Linnaeus, 1758 + + +++
T'ycrepa Blicca bjoerkna Linnaeus, 1758 + ++++ +++
OO6bIKHOBeHHBIH Jxepex Leuciscus aspius Linnaeus, 1758 - ++ +
OO6bIKHOBEHHBIH (eBporierickuit) com Silurus glanis Linnaeus, 1758 - + +
Cunerj Ballerus ballerus Linnaeus, 1758 - + -
Caszan Cyprinus carpio Linnaeus, 1758 - +++ +++
Haymm Lota lota Linnaeus, 1758 ++ + -
BepxoBka Leucaspius delineatus Heckel, 1843 - + +
O6bIKHOBeHHbIH épii Gymnocephalus cernuus Linnaeus, 1758 + - -

IMpumeuanue. OU — 0THOCUTEbHAS YMCIEHHOCTD; — BU/L B YZIOBaX OTCYTCTBOBAJI, + — BU/J| TIPe/ICTaB/IeH e JUHUYHbBI-
MM 0COOSIMU; ++ — BUJI C 0OUeHb HU3KOH uncieHHOCThIo (0,01-0,10%); +++ — BUJ ¢ HU3KOM unciaeHHocThio (0,11-1,00%);
++++ — BUJ, co cpefiHel uncneHHocTbio (1,1-4,0%); +++++ — BUJ € BBICOKOW UYMCIeHHOCTHIO (4,1% U BbllIIE).

Note. OU — relative abundance; — the species was absent in the catches, + — the species is represented by single

individuals; ++ — species with very low abundance (0,01-0,

10%); +++ — species with low abundance (0,11-1,00%);

++++ — species with average abundance (1,1-4,0%); +++++ — species with high abundance (4,1% and more).

Tabauya 2 / Table 2

Pa3HooGpa3sue U BEIDAaBHEHHOCTh UxTHO(hayHbl KpacHosApCKoH NoiiMbl B 3MIMHHUI NEPHOJ,
Diversity and equalization of the ichthyofauna in winter in the Krasnoyarsk floodplain

PycnoBas yactb /
TToka3atens / Parameter Y

3umoBasnbHast siva / Fish wintering pits

Over-water length No 1 No 2
Wupekc [lenHoHa / Shannon Index 1,67 2,26 2,25
Yucso Buzgos / Number of species 11 18 16
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CpaBHUTe/bHBIA aHa/lu3 BU/IOBOTO COCTaBa
yJIOBOB Ha fIMax U Ha yuacTKax, NpuJerarnmx K
HUM, [103BOJIsIeT O/ TBEPJUTh, UTO SIMbI SIBJISIFOTCS
pabourMy U CITy>KaT MeCTaMH 3UMHEro CKOIJIEHUS
pbI0. DTO Tak)Ke MOATBEPKAAeTCS CXOKHUMHU 3HaUe-
HUsMU uHJeKca llleHHOHa B IMax ¥ CHU)KeHHEeM ero
3HaueHus B pyC/I0BOM UacTH aKBaTOPUU.

3aKnwoyeHune

CeropHsi peKy ¥ BOJJHO-00JIOTHBIE YTO/bsi TIpe/i-
CTaBJISTIOT COO0M HanboJ1ee ysI3BUMbBIE SKOCHCTEMBI BO
Bcem mMupe [7]. CoBpeMeHHbIe HaO/TIO/|eHNsI TTOKA3bI-
BalOT, UTO B MOWMeEHHBIX yJacTKax Bonrorpazckoro
BOJJOXPAHWIHUIIA [TOCTOSTHHO TIPOUCXO/ISIT TIPOLIE CChI
v3MeHeHUs penbeda AHa. HecMOTpsi Ha TO UTO TIOUMBI
OTHOCSITCS K MEJIKOBOJJHBIM YUaCTKaM, B HUX TaK)Ke
(hOopMUPYIOTCST 3UMOBAJTBHBIE CKOTUIEHUST PBIO.

M3BeCTHO, UTO OZHOM M3 0COOEHHOCTEH 3HU-
MOBAQJILHBIX SIM SIBJISIETCSI MX OosblIas TaybuHa u
CBsI3aHHOE C 3TUM 00Jiee CIIOKOHWHOe TeueHre BO/IbI
y ZiHa 110 CPaBHEHHUIO C [PYTUMU yuacTKaMU pycJa.
B To e BpeMsi UXTHOJIOTUUECKHe UCCTIeJOBAHUS C
BLICOKOM TOUHOCTBIO T03BOJISIET C/leaTh OLeHKY
COOTBETCTBUS UX CTAaTyCy 3MMOBAJIbHBIX SIM.

Takym 06pa30M, HaIllK UCCITeI0BAHUSI TIO3BOJISAT
pa3paboTaTh peKOMeHJALUU 10 MPOBe/IeHUI0 CO-
BPEMEHHBIX UCCJIe[JOBAHUI aKBaTOPHI BOAHBIX 00b-
€KTOB, Ha OCHOBaHUH KOTOPBIX TIOATBEPIKAAEeTCST UITH
repecMaTpUBaeTCs CTaTyC 3UMMOBAJIbHBIX 5IM, UTO Oy-
ZIeT CrIoCoOCTBOBATh COXPAHEHUIO PHIOHBIX 3aracoB.
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K Bonpocy o pacnpoctpaHeHuu Iridaceae
Ha TepPUTOPUM H0ro-BOCTOKa BocTouHom EBponbl
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AHHOTaLMs. B cTaTbe NpuBefeHbl pe3ynbTatbl 06paboTku GOHAOB, XpaHALMXCS B repbapun CapaToBCKOro rocyAapCTBEHHOr0 yHUBEPCUTETa
(SARAT), oTHocsuxes K cemeiicTay Iridaceae. Fepbapuit CIY (SARAT) 6bin ocHoBaH B 1909 r., B HacTosLiee Bpems HaKOMIeH 3HaYUTENbHbIif
Matepuan, KoTopblii ewwje 4o KOHLA He obpabotaH. CemeiicTBo Iridaceae copepXuT psaj BIZOB, KOTOPbIE MOANEXAT OXpaHe, B TOM uncae n
Ha defiepanbHOM ypOBHe, SBASETCA A0CTAaTOYHO KPYNHLIM (6onee 60 pogos 1 800 BMAOB, PacnpOCTPAHEHHbIX MO BCeMy 3eMHOMY wwapy). Mo
NNTePaTypPHbIM AAHHBIM Ha TEPPUTOPUMN KOr0-BOCTOKA BocTouHOIR EBpONbI, Ha KOTOPOIA NPOBOAMANCH COOPBI, XpaHALLMecs B GOHAAX repbapus
CapatoBcKoro rocysapcrBeHHoro yuusepcuteta umenu H. . YepHbiwesckoro (SARAT), 3apernctpupoBaHo fBa, BO3MOXHO, Tpu poga. Mo mate-
puanam repbapus CIY (SARAT) Ha CCnef0BaHHOI TeppUTOPUM BbISIBEHO 9 BUAOB, OTHOCALLMXCS K 2 pofiaM cemeiicTBa Iridaceae. B pesynbTate
aHanM3a BbISCHUOCb, uTo B GoHAe repbapus CIY (SARAT) xpaHuTtcs 326 repbapHbIX 1UCTOB, OTHOCALLMXCS K UCCIEA0BAHHOMY CEMENCTBY.
AHanu3 pacnpocTpaHeHus BUA0B NPOBOANACA N0 ABYM KPYMHbIM CBOAKaM «Pnopa esponeiickoii yactn CCCP», «®nopa HuxHero MoBoaxbs»
B COOTBETCTBIW C MPUHATLIM B HUX pailoHMpoBaHKeM. B pesynbTare aHanusa ¢poHos repbapus Cry (SARAT) 1 nonyyeHHbIX NONeBbIX JAHHbIX
paclumpeH apean cemeiictsa Iridaceae, Iris arenaria, I. ruthenica w 1. sibirica pacnpocTpaHeHbl 60niee WMPOKO, YeM 3T0 NPeACTaBASNOCh paHee.
Kpome Toro, paccmoTpeH BOMpoC 0 HaXOX/AEHUN B UCCIEA0BAHHOM peruoHe /. ruthenica v 1. tenuifolia Ha 0CHOBaHMM COBCTBEHHbIX MONEBbIX
HabntogeHnid. ins /. tenuifolia B repbapuu CTY (SARAT) oTcyTCTBYIOT repbapHble MCTbI, NOATBEPXKAAIOLLNE HAXOXAEHNE B HA TEPPUTOPUN
CaparoBckoii o6nactu. Mpegnaraetcs BKAOUMT /. ruthenica B koHcnekT gnopbl CapatoBckoi 06nactu 1 B coctaB KpacHoii KHUIM pernoxa, no-
CKOJbKY 3T0 eAUHCTBEHHOE MECTOHaX0XAeHMe /. ruthenica B 061aCTi, U3BECTHOE Ha CErOAHALIHNIA [ieHb.

KntoueBble cnoBa: Iridaceae, repbapuii CTY (SARAT), dnopa toro-Boctoka BoctouHoit Esponsl, /ris ruthenica, I. tenuifolia

bnarogapHocTw. Buipaxaem bnarogapHocTb Banepuio Butanbesnuy bpéxoy — kpaesegy, 3aC1y)XeHHOMY paboTHUKY KynbTypbl PO, unery
Pycckoro 6oTaHnueckoro 06LyecTBa 3a MOMOLLb B NPOBeJEHNI ONMCaHNS LieHononynswum . ruthenica.

[Iins untuposanus: Apxunosa k. A., bondsipes B. A, @emiyanuna P. P. K Bonpocy o pacnpoctpaHenuy Iridaceae Ha Tepputopui toro-Boctoka Boc-
TouHoii EBponbl // W3ectus CapatoBckoro yHusepcuteta. Hosas cepus. Cepus: Xumusa. buonorus. konorus. 2022. 7. 22, bin. 2. C. 198-204.
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Abstract. The article presents the results of processing funds stored in the herbarium of the Saratov State University (SARAT), belonging to the
Iridaceae family. The Herbarium of SSU (SARAT) was founded in 1909; at present, significant material has been accumulated, which has not yet
been fully processed. The Iridaceae family contains a number of species that are subject to protection, including at the federal level. It is quite
large (more than 60 genera and 800 species distributed throughout the globe). According to the literature data on the territory of the south-east
of Eastern Europe, where collections were carried out, stored in the herbarium of the Saratov State University named after N. G. Chernyshevsky
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(SARAT), two, possibly three genera are registered. According to the SSU herbarium (SARAT), 9 species belonging to 2 genera of the Iridaceae
family were identified in the study area. As a result of the analysis, it turned out that 326 herbarium samples belonging to the studied family are
stored in the SSU herbarium fund (SARAT). An analysis of the distribution of species was carried out according to two large summaries “Flora of
the European part of the USSR, and “Flora of the Lower Volga region” in accordance with the zoning adopted in them. As a result of the analysis of
the collections of the SSU herbarium (SARAT) and the obtained field data, the range of the Iridaceae family was expanded, /ris arenaria, I. ruthenica,
and /. sibirica are more widely distributed than previously thought. In addition, the question of the presence of /. ruthenica and /. tenuifolia in the
studied region was considered based on our own field observations. There are no herbarium sheets for /. tenuifolia in the SSU herbarium (SARAT)
confirming the presence of the species on the territory of the Saratov region. It is proposed to include /. ruthenica in the summary of the flora of
the Saratov region and in the Red Book of the region, since this is the only locality of /. ruthenica in the region known to date.

Keywords: Iridaceae, herbarium of the National Research Saratov State University, flora of the south-east of Eastern Europe, /ris ruthenica, I. tenuifolia
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BeepeHne

B cemeiicte Iridaceae 6osiee 60 po/ioB, BK/IIOUa-
1o1rx okos1o 800 BHZIOB, pacripoCcTpaHeHHBIX I10 Bce-
My 3eMHOMY IIIapy, HO 0COOeHHO MHOTOUMC/TEHHBIX
B Adpuke. Ha TeppuTopuu 1oro-Boctoka BoctouHoit
EBpoIIbI, K KOTOPOU OTHOCATCST COOPBI, XPaHSIIEeCs
B repbapun CapaToBCKOTO TOCYAapCTBEHHOTO YHU-
BepcuteTa uMeHu H. I. UepHsbiueBckoro (SARAT),
3aperucTpUpOBaHO [jBa, BO3MOXXHO, TpH poza [1].

Llesb paboThl — paCIIMPUTL TIPEJICTaB/IEHHE O
pacripoctpaHeHuy BuzoB Iridaceae Ha Tepputopun
10ro-Boctoka BocrouHoii EBporibl.

Matepuanbl 1 MeToAbl

C6opnl 06pasL[oB, XPAaHAIIUXCS B Tepbapuu
CI'Y (SARAT), npoBoguauck ¢ 1914 o 2018 rozbl.
HowmeHnknatypa BU/OB NipuBe/ieHa o ceogke [2]. B
tone repbapus nmeetcst 326 repbapHbBIX JIMCTOB,
OTHOCSILIUXCS K UCC/IefloBAHHOMY CeMelCTBy. AHa-
13 o06pasLoB MPOBOAMICS 0 cBoAKaM «Propa
eBporetickoit uactu CCCP» [3], «®nopa HukHero
[ToBO/MXKBSI» B COOTBETCTBUM C MPUHSATHIM B HUX
pationnpoBanueM [1]. K Bomkcko-/oHCcKoMY peru-
oHy oTHocsiTcs [TeH3eHCKast 00/1aCThb, TEPPUTOPHUS
YnesinoBckol, Camapckoii, CapaToBCKoi obacTeit
u Pecriy6mku TaTapctaH, HaXo/sIIMeCs 3anajHee
peku Bonru. HukHe-JIoHCKOM peroH 0xBaThbIBaeT
Bonrorpackyro obnacte 3amajsHee peku Boaru u
Pecriy6uky KanMbIKys. 3aBO/KCKAN PervuoH 3a-
HuMaeT CapaToBcKyto, CaMapCKyto, YIbSHOBCKYIO
obs1actu BocTouHee peku Bosry; Pecriy6iuky Ta-
TapcTaH rkHee peku Kamel, Pecriy6iky Batikop-
TOCTaH; 3anajHyi yactb OpeHOYyprckoit obiacTy.
K HuxHe-Bo/mKCKOMY peruoHY OTHOCSITCS TEPPUTO-
pus Bonrorpazickoii o6sactTi BocTouHee peku Bosi-
ry; Ypasbckas v ['ypbeBckast obactu KaszaxcraHa
3anajiHee pekH Ypasn u ActpaxaHckasi 061acTs [3].

CooTHoOIlIeHMe MeXAY MPUHATHIM B JaHHOM
cratbe paiioHupoBaHueM HukHero IToBO/mKbsS U

Gunonoruns

aJIMMHUCTPAaTUBHBIM pallOHWUPOBaHUEM COOTBeT-
cTByMOIKX obsacteit cienytoiee: CapaToBckas
obnacte C1l: ApKajlakCKWH, 3amajHasi MOJOBUHA
ATtkapckoro, banamoBckuii, EkaTepuHUHCKUH,
KanunuHckui, 3anagHas yacts [leTpoBckoro,
PomanoBckui, Prumesckuii, CaMmOUTOBCKUH,
TypkoBckuii paiionsl (rpanuna mexay Cl u C2
NpoxoAuT 1o p. Measeauiie). C2: BoCTOUHas UaCTh
Artxkapckoro, Ba3zapHo-KapabOynakckuii, banTaii-
CKMH, 3anajHas yacTb Bosbckoro, KpacHoapmeii-
ckwuii, JIeicoropckuii, HoBoOypacckuii, BOCTOUHAst
yacTb [leTpoBckoro, CapaToBckuii, TaTuIleBCKU
pationsl (rpanuiia Mexzay C2 u C3 mpoxoAuT 1o
p. Tepemike, mexxay C2 u C5 1o p. no Bonre). C3:
OosbIIass BOCTOYHAsA YacTh BoOILCKOro, XBasbIH-
ckuii, BockpeceHckuii paiioHsl (rpaHuiia mexxkay C3
u C4, C5 npoxoaut o Bonre). C4: ceBepHas 4acTb
Bbanakosckoro, JlyXOBHULIKUM, CeBepHasi I10JIOBUHA
[MyraueBckoro, ViBaHTeeBCKuii palioHbl (TpaHULia
Mex gy C4 u C5 npoxogut 1o p. bonbimoit Mprus).
C5: AnekcaHjipoBo-I"alickuii, to)kHast 4acTb baa-
KOBCKOT0, EpmioBckuii, [lepraueBckuii, PoBeHCKUH,
KpacHokyTtckuii, KpacHonapTuszaHckuii, MapkcoB-
ckuil, HoBoy3eHnckuti, O3unHckui, IepemodCcKui,
[MuTtepckuii, 0KHas noJjoBuHa [lyraueBckoro,
CoBeTtckuii, @eJopOBCKH, JHTeIbCCKUM paliOHbI.

Bonrorpazckast o6i1acts Bl: roro-3amagHas
yacTh AekceeBCKoro, HexaeBcKui, 3amagHas
rosioBrHa KyMBIDKEHCKOTO, BOCTOUHAs Oosibiiast
YyacTh YPIOMUHCKOTO pailoHOB (IpaHULa MeXIy
B1 u B2 npoxoaut no p. Xoriep). B2: BocTouHas
yacTb AJieKCeeBCKOT0, BOCTOYHas yactb [a-
HunoBckoro, Emanckuii, HeGombias 3amagHas
yacTh JKupHoBCcKoro, KukBui3eHCKUH, ceBepHas
(6onbias) yacth MuxainoBckoro, HoBoaHHUH-
ckuii, HoBOHUKO/1IaeBCKUI, BOCTOUHAs I10JI0OBUHA
KyMmblmkeHckoro, PyaHsaHckui, 3anajHas (He-
Gosbliiast) YacTh YPIOMUHCKOTO PAOHOB (TpaHUIa
Mexay B2 u B3 npoxoaut no p. MeaBeautie).
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B3: T'opoguienckuid, r. Bonrorpaj, 3anagHas
yactb JJanusnoBckoro, Jy6oBckuii, JKMpHOBCKUHM
(xpome camoii 3ama/[HON ero uacTH), CeBepo-BOC-
TOYHas 4acTb V/IOBJIMHCKOrO, CpeJiHsSl 4acCThb
KanaueBckoro, KotoBckui, KaMBIIIUHCKHH,
HeboOJIbIIIAsA F0KHASA YyacTh Muxaiinosckoro, Ojib-
XOBCKHM, BocTouHasi yactb CepadvMOBUUCKOTO
(ApuenuHcko-/oHcKue rieckr), @POIOBCKUI paiio-
Hbl (rpaHuiia Mexxay B3 u B4 npoxoaut no p. [loH,
Mexay B3 u B6 no p. Bosare). B4: oro-3anagHas
yacTe MI0BIMHCKOTO, ceBepHas yacTb Kasaues-
ckoro, Knetckuii, 3anazHas uacts CepapMoBUY-
ckoro, CypoBUKHMHCKUM, YepHBIIIKOBCKUI paliOHbI
(rpanuua mexxay B4 u Bl, B2, B3, B5 npoxoaut
1o p. lon). B5: KoTenbHUKOBCKUH, OKTAOPbCKUH,
ro>KHas yacTb KamaueBckoro, CBeTnosipckuii (Kpo-
Me CeBepHOI 3aBOJIKCKOM yacTH) (TpaHuLia MeX Ay
B3 u B5 npoxogut no Bonro-loHCcKoMy KaHamy).
B6: brikoBckui, HukonaeBckuii, I1anmacoBCKui,
CraponosiTaBCKUM palOHbl, CeBEPHble YACTHU
CpeHeaxTyOWHCKOTO U JIGHUHCKOTO PaliOHOB.
B7 (Bonro-AxtybuHcKasi moliMa): F>KHBIE UYaCTH
CpeHeaxTyOUHCKOTO U JIGHUHCKOTO PaliOHOB,
ceBepHas yacTb CBeT/I0pCKOro pailoHa.

ActpaxaHckas obsmacte Al: YepHosipcKui
(kpoMe NPUBOJDKCKOM YacTH) M CceBepHasl MOJI0BU-
Ha EHoTaeBckoro paiioHa. A2: ro)xHas MOJIOBUHA
EHoTaeBckoro u HapuMaHOBCKUM paiioH (Kpome
CcaMoro KHOro yyacTtka [enbThl U 3aBOJIXKbS).
A3: AxTyOuHCKUH (KpOMe MPUBOJIKCKOW YaCTH),
KpacHosipckuii, XapabaauHCcKui patioHbl. A4
(Bonro-AxTy0OuHCKas IOMa): IPUBOJKCKHE YaCTH
Axtybunckoro, EHoTaeBckoro, KpacHosipckoro,
HapumaHoBckoro, YepHosipckoro, XapabaTiHCKO-
ro paiioHoB. A5 (Jenvra Bosru): [IpuBo/KCKuUi,
Bonopapckuii, UkpssHuHckul, KamMbI3SKCKUH,
JlumaHCKu palioHBbI.

Kanmbikusi K1: ToposoBukoBckuii, fAimani-
TUHCKUHY, [IputoTHeHCKM paiioHsl. K2: 3amajHas
yacTh MasnozepbeTOBCKOTO, 3amajiHast 4yacTh KeT-
yeHepoBckoro, CaprnuHckuii, LlemuHHBIN, DnucTa,
Wku-Bypynbckuii paiions! (rpaHunja mexay K2 u
K3 npoxoaut no rpanutie Epreneit). K3: BocTouHas
yacTh MasnogepbeToBCKoro, JlaraHCKHiA, BOCTOUHAst
yactb KetuenepoBckoro, OKTssOpbckuii, UepHo3se-
MenbcKui, FOcTuHCKYM, ATKyIbCKUM paroHsI [1].

MaTepuasbl KoJIeK1[uY, oTHocsuecs: K Ca-
PaTOBCKOM 00/1acTH, ObIIM OMyO/JIMKOBAaHbI paHee
[4, 5]. Onrcanue neHomnonysALyu I. ruthenica 6110
TIPOBe/IeHO T0 CTaHJapTHON MeTouKe [6].

Pe3ynbTatbl 1 MX 06CyXAEHUE

ITo matepuanam repbapusi CI'Y (SARAT) Ha
WCCIeZIoBaHHOM TePPUTOPHUH BhISIBJIEHO 9 BU/IOB, OT-
HOCSIIUXCS K 2 pojaM ceMelictsa Iridaceae.
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IIpu cpaBHeHuU uncyia cOOPOB, CleMaHHBIX
13 aMUHUCTPATUBHBIX PeTMOHOB TEPPUTOPUU
WCC/IeZlOBaHMSI, BBISICHUIOCh, UTO caMoe 00Jib-
I110€e UKCJIO JINCTOB OBIIO 3arepOapu3rpoBaHO Ha
tepputopuu CapaToBCKo# obsactu (262). Bropoe
MeCTO TI0 UHCJTy HaliIeHHbIX pacTeHUU 3aHUMaeT
Bosrorpasckast o6macts — 25 repOapHBIX JTUCTOB.
OcTanbHble TepPUTOPUU TIpeCTaBIeHbl HeOOJIb-
LIMM YUCJIOM JINCTOB: ACTpaxaHckas obsacts — 14,
3amagHo-KazaxcraHckasi — 11, TleH3eHckast — 7,
ATpipayckas — 2, Pecriy6sinka Kanmbikus — 2 rep-
6apHbIX UCcTa. EquHUUYHbBIe COOPBI ObIIN C/ie/IaHbl
B YnbstHOBCKOY 1 Camapckoii obnacTsx, Pectry6iu-
Ke BamrkoprocraH.

Pe3ynbTaThl aHanM3a ceMeliCTBa UPUCOBBIE B
tdonge repbapus (SARAT) mo uuc/ly 3THUKETOK,
TIPUHA/JIE’)KHOCTH K aJJMUHUCTPATUBHBIM PeTrHU0-
HaM Tpe/ICTaB/eHbI B Tab1. 1.

Mbl noaTBepxJaem repbapHeiMu cbopamu
crenyoomue, ykasanuole Bo «®ynope HukHero
[ToBOJIXKBSI» JIUILIB TI0 JTUTEpPaTyPHLIM [JaHHBIM,
palioHbI, B KOTOPbIX Hali/leHbl BUJbl CEMeNCTBa:

G. tenuis — C3 (BockpeceHcKu#, XBa/bIH-
ckuit), C4 (UBanTeeBckuii), C5 (Ilepemtobckmii);

Iris aphylla — C1 (3ama/jHasi TofioBUHa ATKap-
ckoro), C2 (bazapHo-Kapabymakckuii, bantalickui,
HoBoOypacckuii, 3anajHast yacTh [TeTpoBCKOTO,
Tarumesckuii), C3 (XBanbiackuii), K2 (CapriuH-
CKul (X0Ts1 COOp ¥ OUeHb CTapbIi));

I halophila — C2 (Kpacnoapmetickuii, HoBoOy-
pacckuii, CapaToBcKuii, TaTUllleBCKHA, BOCTOUHAs
yacTb ATKapckoro), B2 (BoctouHast yactb Kymbisi-
»KeHcKoro), B5 (toxkHasi uactb KanaueBckoro);

I. arenaria — C1 (3amajiHasi mojoBUHA AT-
Kapckoro), C2 (BocTouyHas yacTb ATKapCKOro,
bazapHo-Kapabynakckuii, JIsicoropckuii), C5 (Ho-
BOy3eHCKui, O3uHckuit), B6 ([TannacoBckuit), A5
(MkpsiHUHCKUI);

I. pseudacorus — C1 (Apkapmakckuii, bana-
IIIOBCKUM, 3amajiHasi roJjioBUHa ATKapckoro, Ptu-
ueBckuul, TypkoBckuii), C2 (BocTouHasi 4aCTb
Arkapckoro, KpacHoapmeiickuii, JIbICOrOpCKUH,
CaparoBckuii, TaTtuijeBckuii), C3 (Bosibckui,
XBanbIHCKUH, BockpeceHnckuit), C4 (banakoBckuit),
C5 (MapkcoBckuii, DHTenbCcCcKuit), B2 (BocTouHas
yacTh AnekceeBckoro), B6 (CtapornontaBckuii);

I. pumila — C1 (3araiHasi TIoJioBUHa ATKapCKo-
ro, Kanununckuii, CamoitnoBckuii), C4 (ceBepHasi
yacTb banakoBckoro), C5 (to)kHasi mosoBuHa [lyra-
ueBckoro), B6 (CraponontaBckuii, [1anmmacoBckuii),
A5 (JlumaHckul, UKpssHUHCKUN, [IpUBOIKCKUI),
K3 (Jlaraunckuii);

L sibirica — C1 (banamosckuti), C5 (OHrenbc-
ckuii, PoBeHckuii, MapKCOBCKU).
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Tabnuya 1/ Table 1

Iridaceae B doH/e rep6apusi CapaToBCKOro rocyfapcreeHHoro yuusepcurera (SARAT)
Iridaceae in the Saratov State University Herbarium Collection (SARAT)

CSpeciesname | Towlsamples | 00T pecnyua / Region, Republic Number of samples

CaparoBckas / Saratov 58
Gladiolus tenuis 60 Bonrorpazckast / Volgograd 1
bamkoprocran / Bashkortostan 1
CaparoBckasi / Saratov 17
Iris aphylla 19 [Tensenckas / Penza 1
Kanmbikust / Kalmykia 1
CaparoBckas / Saratov 12
L arenaria 14 Bonrorpazckas / Volgograd 1
Actpaxanckas / Astrakhan 1
CaparoBckasi / Saratov 18
1. halophila - Bosnrorpazckasi / Volgograd 6
ITensenckas / Penza 1
VYnbsiHoBcKast / Ulyanovsk 1
CaparoBckas / Saratov 52
ActpaxaHckas / Astrakhan 7
I. pseudacorus 76 Bonrorpazckast / Volgograd 6
3arnagHo-KazaxcraHckas / West Kazakhstan 6
[Tensenckas / Penza 5
CaparoBckas / Saratov 83
Bosnrorpazckas / Volgograd 11
L. pumila 102 ActpaxaHckas / Astrakhan 5
3amnazgHo-KaszaxcraHckast / West Kazakhstan 2
Kanmeixust / Kalmykia 1

I ruthenica 2 CaparoBckasi / Saratov
I sibirica )1 CaparoBckas / Saratov 20
Camapckast / Samara 1
3aragHo-Ka3zaxcraHckas / West Kazakhstan 3
I tenuifolia 6 Artsipayckasi / Atyrau 2
Actpaxanckasi / Astrakhan 1

Ons I. ruthenica u 1. tenuifolia xotenock 6b1
OTMETUTH creaytoiee. I. ruthenica ykasbiBaeTcsi BO
«®Dnope eBpomneiickoii uactu CCCP» st HukHe-
ro IToBo/DKbSI IO €JUHCTBEHHOMY 3K3eMILISIpY U3
okpecTtHocTeil T. Bonrorpaga — «Sarepta») [3]. o
MHenuto B. A. CaranaeBa u U. A. Ilantepa, obuta-
HUe 5TOro BH/a Ha Tepputopun Hibkaero IToBo/mkbs
KpaiiHe COMHHUTE/IbHO, TOCKO/BKY apeaJt ero — [lab-
Huli Boctok, LlenTtpasnbHast A3vst 1 tor Cubupu c n3o-
JIMPOBaHHBIMU MeCTOHAXOXKAeHUsIMA B Pymbiaumu [1].

Gunonoruns

[Tpu nocemennu BonbCcKoOro KpaeBeuecKoro
Mmy3esi (Bonbckuii parioH, CapaToBcKasi 00/1aCTh)
BBISICHUJIOCH, UYTO TaM XPaHUTCS repOapHbIi JIUCT,
cobpaHHbBIM B 1984 . 1 Ha3BaHHBIM B KOHCIIEKTE
¢noper CapaToBckoli obsactu kKak I. tenuifolia
(«naliseH B. B. bpexoBbiM B BonbckoM paiioHe
(cyxoii oBpar, necku) (I'epb. Bosibckoro kpaeBei-
yeckoro myses)») [7, 8] (puc. 1). OgHako y pacTe-
HUSI UMEIOTCSI BCe TIPU3HAKU, KOTOPbIE MO03BOJISIOT
ero oTHecTu K I. ruthenica. 26 mas 2018 r. Hamu
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Puc. 1. Tepbapusiii suct Iris ruthenica,
cobpanHbIii B. B. BpexoBeim
Fig. 1. Herbarium sample of Iris ruthenica,
collected by V. V. Brekhov

ObI/1 OMMCaH MapuWaabHbIA KyCT I. ruthenica B
ypouwniie «Cyxoii oBpar», Ha 3ara/iHON OKpauHe
r. Bosibcka. [l/iviHa ¥ IMprHA NapLUUaabHOT0 KyCTa
COCTAaBJISIIOT COOTBeTCTBEHHO 134 1 120 cMm, uucsio
noberoB 137 . CpeHsis AJIMHA JIMCTA COCTABIISIET
31,746,8 cm, mmpuHa 5,2+1,3, UTO COOTBETCTBYET
OMMCaHUI0 3TOTO BU/A B JIUTEPATyPHBbIX UCTOU-
HuKax [1]. IIBeTKM Ha MOMEHT TIOCeIIeHUSI OTCYT-
cTBOBau (puc. 2).

Ocobu I. ruthenica BxoasaT B coo0bIecTBo,
OTHOCSIIeecs K accouuanuu gybpaBel pa3Ho-
TpaBHOU. CpejHsis BeicoTa ApeBocTosi 18 M. B
MO/IPOCTe MPUCYTCTBYeT Acer platanoides, mion-
Jecok mpejcraBaeH Euonymus verrucosus, Acer
tataricum, Corylus avellana. TpaBsiHOU spyC
BkJouaeT Stellaria holostea, Viola mirabilis,
Platanthera bifolia, Agrimonia eupatoria, Glechoma
hederacea, Pulmonaria obscura, Corydalis solida,
Lathyrus vernus, Aegopodium podagraria, Veronica
chamaedrys, Campanula trachelium, Fragaria
viridis, Lathyrus pisiformis.

I'epbapHble 3K3eMIJISIPBI XPaHATCSA B KOJ-
nekuuu CI'Y (SARAT) c Homepamu SARAT-V-
SE-18108 u SARAT-V-SE-18109. MbI coryacHsl C
mHeHreM H. H. I1BesieBa, 4TO MOCKOJ/IBKY BUJ, BCTpe-
yaeTcs 3anajgHee — B PyMBbIHUM, OH MOKeT TIPUCY T-
CTBOBaTh B Bosrorpa/ickoi, a 1o HalluM JJaHHBIM,
u B CapatoBckoii obsactsix. IIpe/jiaraeM BK/IFOUNTh
BUJ B KOHCITEKT ¢iopbl CapaToBCKOM 00/1aCcTH U B
coctaB KpacHoii KHUTM peruoHa, TOCKOJ/IbKY 3TO
eIMHCTBEHHOEe MeCTOHaxoxJeHwue I. ruthenica B
o6s1acTH, U3BECTHOE Ha CeTO/HSIIHNN [IeHb.

Bce nuctel, xpaHsmuecs: B repbapun CI'Y
(SARAT) u otHocsiuecs K I tenuifolia, cobpaHbl
Ha TeppuTOopur AcCTpaxaHCKo# obmactu W 3amaj-
Horo Kaszaxcrana. CrnesfoBaTe/ibHO, COMHUTEJIBHO
HaxoK/JeHue 3Toro Buja B Bonabckom patione Ca-
PaTOBCKOM 00/1aCTH, TaK e, KaK U B palloHaX, yKa-
3aHHbIX BO «®nope Huknero IToBomkbsa» kak Cl u
C2 (mpaktuuecku Bce [TpaBobepeskbe CapaToBCKOM
obmacty, Kpome XBaTbIHCKOTO, BoCKpeceHCKOT0 1
6osbineit yacTu Bosbckoro paiiona). ITo Haiemy

Puc. 2. Iris ruthenica B coobiijecTBe
Fig. 2. Iris ruthenica in community
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MHEHHUI0, CyllecTBoBaHue ero B CapaToBCKOM 00-
JIaCTH BO3MO’KHO, TIOCKOJIBKY OHAa IPAaHUUUT C 3a-
nagHo-Ka3zaxcTaHCKo# 06/1acThio, 0JJHAKO, CKOpee
BCEro, B palioHax, yKa3aHHbBIX Bo «Dyiope HuskHero
[ToBomxbs» Kak C5.

Hwke npyuBoauM WHGOPMAIMIO C ITUKETOK Ha
repbapHbIx ucTax I. tenuifolia.

AcTpaxaHckasi 00/1acThb

KpacHospckuii paiion: [ocanr, 19.04.1960,
MTyinanza, SARAT-V-SE-4345.

Ka3zaxcran

3anajgno-Ka3axcraHnckas 00/1acTh

JKaHra/IMHCKUM paioH: 11oc. MyXopCKUi, OK.
¥3eHs1, necku C pesfkol pactuT., 05.05.1928, Legit

3emnisinnueHko, Determ Bynanwiii FO. U., SARAT-
V-SE-4346; JIONIeHCKHUI paiioH: TTecyaHast CTellb,
02.05.1931, Koctuna A., SARAT-V-SE-4348; necua-
Hasi cTernb B OKp. aysa Nel, 02.05.1931, KoctuHa A.,
SARAT-V-SE-4347;

ATpIpayckas 00/1aCTh

KypmaHra3sunckuii paoH: HoBblil Yiura-
raH, mecyaHas crenb, 13.05.1935, Xyaskos U. 1.,
SARAT-V-SE-4838, SARAT-V-SE-4839.

PacripocTpaHeHue BU/IOB ceMeiCTBa UPUCOBLIe
Ha TePPUTOPHU FOT0-BOCTOKa BocTouHoii EBporbi,
o ganHeIM repbapusi CI'Y (SARAT), B nenom co-
OTBETCTBYET TaKOBOMY, YKa3aHHOMY B cBojike [3]
(Tabus. 2).

Tabauya 2 / Table 2

XapakTepHcTHKa pacupocrpaHeHusi BU/oB Iridaceae Ha TeppuTopuu 1oro-socroka Bocrounoi EBponsi
(no paHHbIM rep6apusi SARAT)
Characteristics of the distribution of Iridaceae species in the territory of the southeast of Eastern Europe
(according to the SARAT herbarium)

Peruon / Region
Haspanue Brza / Bomkcko-JloHcKoi / Hinxre-Jlonckon / 3aBOJDKCKHMH / Hipkre-Bo/mkeknit /
Species name Volga-Donskoy Nizhne-Donskoy Zavolzhsky Nizhne-Volzhsky
®dnopa* / SARAT ®nopa / SARAT ®nopa / SARAT ®nopa / SARAT
Flora Flora Flora Flora
Gladiolus tenuis + + + + + + - —
Iris aphylla + + + + + — - _
I. arenaria + + + — _ n _ +
I halophila + + + + + - + +
I. pseudacorus + + + + + + + +
L pumila + + + + + + + +
I. ruthenica - + + - - — - _
I sibirica - + + - + + _ —
I. tenuifolia - - + - + — + +
ITpumeuanue. *®nopa — «Popa eBpornetickoit vactu CCCP» [3].
Note. *«Flora of the European part of the USSR» [3].
Kak cnenyer u3 tabn. 2, apean I. arenaria,  Cnucok nutepaTypbl

L ruthenica u I. sibirica 6onee MUPOKUH, YeM 3TO
NIpe/iCTaB/Is/IOCh paHee.

3aKnwyeHune

B pe3sysnbrare aHanv3a 326 MMCTOB, XpaHSLLMXCS
B ¢ongax repbapust CI'Y (SARAT), u momy4eHHbIX
TO/IeBBIX JAaHHBIX paciIupeH apean I. arenaria,
I. ruthenica u I. sibirica. B KonieKju1 oTCyTCTBYIOT
repbapHble MHUCTHI, OTHOCsIMeCs K I. tenuifolia,
KOTOpBIe TIOATBEP)KAaau Obl HaXOXKJeHHe BUJa Ha
Tepputopun CapaTtoBckoit obnactu. [Tpeasaraercs
BK/IOUUTh I. ruthenica B koHcmiekT (sopsl Capa-
TOBCKOHW 00s1acTH ¥ B o4epesiHOe u3saHue KpacHoit
kuury CapaToBCKO# 06/1acTu.

Gunonoruns

1. ®nopa HwxkHero IToBo/mkbs / oTB. pef. A. K. CKBOpLIOB.
T. 1. M. : T-Bo Hayu. usg. KMK, 2006. 435 c.

2. The World Checklist of Vascular Plants (WCVP) [D5ek-
TpoHHbIN pecypc]. URL: / https://wcvp.science.kew.org
(mata obpamenus: 11.01.2022).

3. ®nopa eBpomneickoii yact CCCP / otB. pefj. AH. A. ®e-
nopos, pen. toma 0. [I. T'yces. JI. : Hayka. JleHuHrp.
ota-uue, 1979. T. 4. 355 c.

4. Apxunosa E. A., CmenaHos M. B., Kosbipesa E. A.,
HJykuna A. B., Munacan M. I1I. MaTepuabl 110 BUiaM
poga Iris L. (cekuusi Apogon) B CapaToBCKOUM 06macTi
(Ha ocHoBanuu ¢tougoB repbapusi CI'Y (SARAT)) //
Okonorus U reorpadusi pacTeHUN U PaCcTUTebHBIX
coobiiecTB : Marepuanbl [V MexayHap. Hayd. KOHQ.
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Hlykuna A. B., MuHacan M. III. MaTtepuasbl 10 BU-
nam poga Iris L. (cekuusi Pogoniris) B CapaToBckoit
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Ne 1-2 (39). C. 116-120.

6. Kopuaeun A. A. CTpoeHHe pacTUTEe/bHBIX COODIIECTB :
B 5 T. T. 5. TToneBast reo6otanuka. JI. : Hayka. JIeHUHTp.
otg-Hue, 1976. 320 c.

7. Eneneeckuil A. I. Byaaubili FO. U., Padbieuna B. U.
Koncnekt ¢iopsl CapaToBckoii o6mactu. Caparos : UL
«Hayka», 2008. 232 c.

8. Kpacuas kuura CaparoBckout obsactu. I'pubsl. JIu-
waiHuKU. Pactenus. )KuBoTHble / MUHUCTEPCTBO Mpu-
POJHBIX pecypcoB U 3kosoruu CapaToBckoid 06macTu.
Caparos : [Tanupyc, 2021. 496 c.
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AHHOTaLMA. ApUNNAEHN30KCa30N0HbI N3BECTHBI CO BTOPOI MOMOBMHBI XX B. M [0 CUX MOP COXPAHSAIOT CBOK aKTyanbHOCTb Kak buonornye-
CKM aKTUBHbIE COEJIMHEHNS 1 OCHOBA ANA AanbHeliLumx npeobpa3oBaHuid. MpoBejeHo bronornyeckoe TeCTMPOBaHUE CUHTETUYECKIX reTe-
POLIMKANYECKUX COeANHERNIA — 4-apunnjeH-3-MeTIN30KCa30/-5-0H0B, KOTOPbIE OTANYATCA NO NPUPOAE, MONOXKEHMIO U KONNYeCTBY 3a-
MecTuTeneil B apuabHOM pparmenTe: 4-(4-MeToKCMOEH3MNMAEH)-3-MeTUAN30KCa300-5-0H, 4-(4-xnopbeH3nnngeH)-3-MeTnan30Kca3on-5-oH,
4-(4-gumeTnnaMmHobeH3NANLeH)-3-MeTUAN30KCa301-5-0H,  4-(4-rnapooKcu-3-MeToKcMbeH3nnaeH)-3-metunnsokcason-5-o4,  4-(3,4-au-
MeTOKCMbeH3MNzeH)-3-MeTUAN30KCa301-5-0H. CoeuHeHs NonyyeHbl Ha Kadeape opraH4eckoil 1 broopraHnyeckoil xumuu CapatoBckoro
HaL{MOHaNbHOrO NCCNeJ0BaTeNbCKOro rocyAapPCTBEHHOTO yHMBEpCUTeTa M. H. I. YepHbILLEBCKOTO C LieNbI0 BbIABNEHNS B3aUMOCBA3N CTPOEHME —
bronornyeckoe geiictne. B pabote npeAcTaBneHbl XapakTepUCTUKY UCTbITYeMbIX COBAVUHEHWI 1 MOANOULIMPOBAHHAS METOANKA CUHTE3a ap-
NVfHIN30KCA30/10HOB. TeCT-06BeKTOM CRYXNAN NPOPOCTKI APOBOIA MArKO NLeHnLbI Triticum aestivum L. copta Capatosckas 36. [ins oLeHKu
$M310N0rNYecKoil aKTUBHOCTY CMbITYEMbIX COBANHEHMIA UCMONb30BAN NOKA3aTeNb BCXOXECTI CeMSH, aHanu3s MopGOMETPUIecKX JaHHbIX
MpopoCTKa, 3HaYeHe KOPHEBOTO H/EKCa 1 MoKa3aTens KOpHeobecneueHHOCTV MPOPOCTKA. YCTaHOBNEHO MHTMBMPYIOLLIee AieiiCTBIE HEKOTOPbIX
COe/IMHEHNIA Ha BCXOXECTb ceMsiH. MaKCMasbHO BbipaXeHHbIii 3¢ et nposBuacs npi npopaiLuBaHim CeMsH Ha pactBope 4-(4-rugpookcu-3-
METOKCUBEH3UNNZEH)-3-METUIN30KCa30/1-5-0Ha B KOHLEHTpaLm 10-7M. CylyecTBeHHOr0 BAMSHMS NPOM3BOAHbIX U30KCA30/10HA HA POCT nep-
BOTO /INCTa TeCT-06beKTa He BbIfiBNEHO. Bce UcnbiTyeMble 4-apunigeH-3-MeTuNn30KCcason-5-0Hbl 0Ka3anu CTMyanpytoLLyee AelicTne Ha poct
KOpHeBO cucTeMbl B ANMHY. OnpeieneH NpaMoii XxapakTep 3aBUCUMOCTY JaHHOT0 3G deKTa 0T KOHLIeHTpaLM pacTBopa 4-(4-xnopbeHsnnuaen)-
3-MeTunM30Kca3on-5-0Ha u 4-(3,4-gMMeToKCMbeH3MANAEH)-3-MeTUNN30KCa301-5-0Ha. BbISBNEHO NONOXMUTENbHOE BAUSHME UCTIbITYEMbIX COe-
[AVHEHWIl Ha noKa3aTeNb KOPHeobecneueHHOCTV NPOPOCTKOB (3a MCKNKUeHNeM 4-(4-AuMeTUNaMUHObEH3NANEH)-3-MeTUNN30KCa30/1-5-0Ha).
OnpefeneH KOPHeBOIl MHAEKC TPOPOCTKOB 1 YCTaHOBAEHO, YTO HaNUMe METOKCUIbHBIX FPYNM OKa3blBaeT MHIMbUpytoLLee AeiCTBIE Ha 3Have-
Hue JaHHOr0 noKa3atens. Ha 0CHOBaHWUM NONYYEHHBIX AAHHBIX MOXHO 3aKI0UMTb, UTO 4-(4-4UMeTUNaMUHO6eH3NNMAH)-3-MeTUIN30KCa30-
5-0H 1 4-(4-xnopbeH3nnuaeH)-3-MeTIN30KCa30oN-5-0H SBASIOTCA NepCnekTUBHLIMU CORAUHEHNAMN AS AaNbHEALINX NCCNef0BaHUIA.

Kntouesble cnoBa: ¢putoTecTpoBaHue, retepoLykanyeckie CoevHeHNs, NPoU3BOAHbIE M30KCa30M1a, apUANAEHU30KCa30NOHBI, Triticum aestivum L.
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Abstract. Arylidenisoxazolones have been known since the second half of the 20th century and still retain their relevance as biologically active
compounds and the basis for further transformations. Biological testing of synthetic heterocyclic compounds - 4-arylidene-3-methylisoxazol-5-ones,
which differ in nature, position and number of substituents in the aryl fragment, was carried out: 4-(4-methoxybenzylidene)-3-methylisoxazol-5-one,
4- (4-chlorobenzylidene)-3-methylisoxazol-5-one, 4-(4-dimethylaminobenzylidene)-3-methylisoxazol-5-one, 4-(4-hydroxy-3-methoxybenzylidene)-
3-methylisoxazol-5-one, 4-(3,4-dimethoxybenzylidene)-3-methylisoxazol-5-one. The compounds were obtained at the Department of Organic
and Bioorganic Chemistry of the Saratov National Research State University named after N.G. Chernyshevsky in order to identify the relationship
between structure and biological action. The paper presents the characteristics of the tested compounds and a modified method for the synthesis
of arylidenisoxazolones. Seedlings of spring soft wheat Triticum aestivum L. cv. Saratovskaya 36 served as test objects. To assess the physiological
activity of the tested compounds, we used the seed germination index, analysis of the morphometric data of the seedling, the root-to-shoot
ratio and the root index. The inhibitory effect of some compounds on seed germination has been established. The most pronounced effect was
manifested during seed germination in a solution of 4-(4-hydroxy-3-methoxybenzylidene)-3-methylisoxazol-5-one at a concentration of 10-7M.
No significant effect of isoxazolone derivatives on the growth of the first leaf of the test object was found. All tested 4-arylidene-3-methylisoxazol-
5-ones had a stimulating effect on the growth of the root system in length. The direct nature of the dependence of this effect on the concentration
of a solution of 4-(4-chlorobenzylidene)-3-methylisoxazol-5-one and 4-(3,4-dimethoxybenzylidene)-3-methylisoxazol-5-one was determined. A
positive effect of the tested compounds on the root-to-shoot ratio of seedlings was revealed (with the exception of 4-(4-dimethylaminobenzylidene)-
3-methylisoxazol-5-one). The root index of seedlings was determined and it was found that the presence of methoxyl groups has an inhibitory
effect on the value of this indicator. Based on the data obtained, it can be concluded that 4-(4-dimethylaminobenzylidene)-3-methylisoxazol-5-one
and 4-(4-chlorobenzylidene)-3-methylisoxazol-5-one are promising compounds for further research.
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BeepeHue

NccnepoBaHuie CBOWCTB reTepOLIMKINUECKHUX
COeVHEHUH Kak MPUPOJHOro, Tak U CHHTEeTHYe-
CKOTO TIPOWCXO’K/IeHUS, TIpe/iCTaB/IsieT HayYHbIN U
TpaKTUUeCKUH uHTepec [1-5], 4To CBsSI3aHO HE TO/Tb-
KO C TeM, UTO TI0 pa3HO0OPa3HI0 OHU 3aHUMAIOT OJTHO
13 MepBbIX MECT CPe/ii OpPraHuuYeCcKruX Coe/JMHeHUH,
HO U C IIMPOKUM CTIEKTPOM OHOIOrHUeCKUX CBOMCTB
3THUX BelllecTB [3—6].

3a mocnefHNe eCATUNETHUS] CHHTE3UPOBAHO
MHOTO HOBBIX T'eTepOIUK/INUYeCKHUX KOMIITIEKCOB,
XapaKTepU3YIOINXCsl BEICOKOW OMOJIOTHUeCcKon
aKTUBHOCTBIO; HA UX OCHOBe CO3/laHbl 3P peKTUB-
Hble Ouompernaparsl, obJajaroiiue CBORCTBOM
peryisiiiui pocTa, UMMYHOMOZYJIUPYIOU[UMHU U
AHTUMUKPOOHBIMU CBOWCTBAMU.

N30Kca30/1bHBIN LUK/ BXOAUT B COCTaB ITPUPOJ-
HBIX COe/INHEHUH, TAKMX KaK MO0OTeHOBast KUCJIOTa,
HEKOTOpble aHTUOMOTHKH, a TAKIKe JIeKapCTBeHHBIX

JIaJJAt0T LIUPOKKM CIIEKTPOM OHOJIOrMUeCKON aKTUB-
HOCTH: IPOTHUBOrPUOKOBOY [ 7], TPOTHBOOITY X0/IeBOH
[8], mpoTHBOMUKPOOHOIA [9].

Taxk, M30Kca30/1-5-0HbI — 3TO HATUYJIEHHbBIE
reTepOLIMKIIbI, CIOCOOHbIE IPUHUMATh Y4yacTHe B
pa3/IMuHbIX TpeBpallleHUsiX BCJIe/CTBHE BBICOKOM
PeaKIMOHHON CTIOCOOHOCTH:

— TIpeACTaBJAIOT c000l MeTu/eH-aKTHBHBIE
hopmbI ¢ cumbHO KucibiM C4-H;

— UMeIT 3 MOTeHLMaTbHbIX HYK/Ie0(hUTbHBIX
terTpa N2, C4 1 5K30IMKTNYe KU aToOM KapOoHM-
na O, Ho 00BIYHO HanboJIee peaKIMOHHOCTIOCOOHBI
npu N2 unu C4, no3ToMy WX WHOT[A Has3bIBarOT
aMOU/IeHTHBIMU HYK/Ie0hHUIaMu;

— umeroT cyabyto cBsi3b N-O, KoTopasi ipu pac-
LerJIeHWU C1Y>KUT BHYTPEHHUM OKUCJIUTE/IEM;

— OHH MOTYT JIETKO UCK/TI0UUTh Mosiekyty CO,
W3 CBOEM CTPYKTYPBbI, UTO MOXKET CTaTh TIPUUUHOMN
IanbHeHMX peobpa3oBaHU.

[IT¥poKUl CrIeKTP MNOTeHL{MaJbHbIX BO3MOX-

CpeJICTB, BK/ItoUast MHruoutops! 110I-2, mpoTeuH-
Tupo3uHpochaTasbl, aHTUOMOTHUKH, YCTOHUNBBIE K
OeTra-nakramase. 3aMelljeHHbIe W30KCa30JIbl YacTO
WCTIO/Ib3YIOT B Pa3/IMUHBIX CHHTETUYECKHX CXeMaxX
NojiyuyeHus: OHOJIOrMUeckKy aKTUBHbBIX BeleCTB B
KayeCTBe MHTepMe/IaTOB M3-3a BO3MOXKHOCTH pac-
KPbITHS U30KCA30/IbHOTO LIUK/IA B MATKUX YC/IOBUSIX.
V3BecTHO [7-9], uTO 3aMeljeHHbIe M30KCa3071bI 00-
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HOCTeU reTepoLUK/INYeCKUX COeJUHEHUH, TePCIiek-
THBA UX UCIOJIb30BAaHUs B Pa3HBbIX OTPAC/SAX Jes-
TeTFHOCTH YesioBeKa TPeOyIOT BCECTOPOHHETO U3-
yueHUsI UX OMosoruueckrx ceoicts [10], BKrouast
BJIUSTHUE HAa PACTUTE/IbHBIE OPraHU3MbI, KaK B [[eJIAX
YCTAHOBJIEHUS] UX BIUSTHUS Ha MPOLIECCHI POCTa U
Pa3BUTHS paCTeHUH, TaK U B L[EISIX SKOJTOTHUECKON
Oe30omacHOCTU OKpY>Karoieit cpensr [11].
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Ileab pabombl — puTOTECTHPOBaHUE 4-apu-
JIUJleH-3-MeTUIN30KCa30/-5-0HOB, KOTOpbIe OT-
JIAYAIOTCS T10 TPUPO/ie, TOJI0’KEHNUIO U KOJINUeCTBY
3aMecTuTesiell B apuibHOM (hparmeHTe.

MaTepuanbl N MeTo/bl

WccnenoBaHus npoBoguUINCh Ha Kadezpe
MUKPOOHOJIOT YU U PU3UO0JIOTUU PACTeHUH, 00 BeKTHI
WCC/Ie/IOBaHMs TI0/TyUeHbl Ha Kadepe opraHuue-
CKOH U OuoopraHuueckoi xumuu CapaTOBCKOTO
HAI[MOHA/ILHOT'O HCCJIe/I0BATeIbCKOTO TOCY1apCT-

BeHHOro yHusepcuteta uM. H. I'. UepHsbIleBcKoro.

[IpoBejeHO TecTUpOBaHUE Clefylo-
UX CoeJlUHEeHUN: 4-(4-MeTOKCUOEH3UTU/IEH)-
3-MeTunMU30Kca3zon-5-on (MBU), 4-(4-xmnop-
OeH3umuIeH)-3-MeTUIN30KCa30/1-5-0H (XBN),
4-(4-puMeTUNaMUHOOEH3UMIUeH)-3-MeTUI-
nsokcason-5-oH (JABU), 4-(4-ruppookcu-3-
MeTOKCHOeH3U/MU/IeH)-3-MeTH/IN30KCa30/-5-
o (CMBW), 4-(3,4-auMeTOKCHUOEH3UINIEH)-3-
MeTU/NIU30Kca3on-5-oH (JJMBU). XapakTepucTuku
UCTIBITYeMBIX COe/IMHEeHUH MTpe/iCTaB/eHbl B TabJ. 1.

Tabnuya 1/ Table 1

XapakTepucTHKa apu/IH/IeHH30KCa30/10HOB 4a—e
Characterization of arylideneisoxazolones 4a—e

MonekynsipHast
Ne O6o3Hauenwe / Crpykrypa / Mmacca, r/mons /| T, °C/ Lger /
- The designation The structure The molecular T mel., °C The color
mass, g/mol
0]
e N—o0
3 \ SAPKO-KENTBII /
MEMU / N PKO-KENTDI
4a MBI P Y 217 179-181 Bright
yellow
CHjy
Cl 0
N O\ brnegno-
XBU / N JKEJITBIN /
4b CBI P Y/ 222 126-127 Pale
yellow
CHj
T
H C/N O\ (0] TémHo-
IOABU / 3 \ . 6apaoBbiit /
4c DABI y /N 230 207-208 Dark
burgundy
CHj3
(0]
HO \ O\
I'MBU / N OpanskeBblit /
4d HMBI H 3C\O / Y/ 233 210-212 Orange
CHjy
o) (0]
HaC” Y
OMBU / N . OpanykeBblil /
4e DMBI H3C\O Iy 247 162-164 Orange
CHj

CuHTe3upoBaHHble 4-apUnnjeH-3-MeTUl-
M30KCa30/-5-0Hbl 4a—e MpeJCTaBISIOT COOOM
KPUCTa/l/IM4eCKHe BellecTBa, C YeTKMMU TeMIlepa-

Gunonoruns

TypaMH TIJIaBJIEHUSI, XOPOIIO PaCTBOPUMEIE B arle-
ToHe, tuMeTuncybdokcuze (JJMCO), xyopodopme,
TIJIOX0 PaCTBOPHUMEIE B BOJIE U CITUPTAX.
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CrnefyeT OTMETUTh, UTO paHee apu/W/leHu-
30KCa30J1-5-0Hbl OTHOCHUJIM K KJIacCy TPYZAHOZO-
CTYTHBIX COeJUHeHUN U TIOTyYa v KOHJeH Cal[huen
KHoBeHarens ¢ ucno/sib3oBaHUeM TPEX BeLeCTB:
THJIPOKCUIaMUHA COJITHOKHUCIIOTO, alleTOyKCYCHOr0
s¢upa 1 3aMeIiéHHOro OeH3ab/eru/a.

BrnepBrie cuHTe3 4-apuUineHU30KCa30/I0HOB
onucad ewé B 1976 r. Muxasnem Kokusepoii [12].

Cmecs 4 MMOJTb 3THI0EH301IaLeTaTa, 4 MMOJ/Ib
TU/IPOKCUJIaMUHA THUPOXJIOpUA U 4 MMO/b MH-
puzHa B 10 MJ1 3TaHOJIA TIOJBEPraioT PedIroKCy B
TeueHHe 5 MUH, 3aTeM J00aB/SOT 4 MMOJIb apoMa-
TUYeCKOro anbJieruzia U faaee cMeChb NOJBEprarT
pedrokcy B TeueHue 40—80 MUH 0 3aBepIIeHUs]
peakiuu (KOHTpPO/AUPYIOT ¢ nomoibio TCX). Pe-
aKL[MOHHYI0 CMeCh OXJIaXKJalT [0 KOMHATHOU
TeMIlepaTypbl U OCTaBJAOT Ha Houb. Ocaflok OT-
(UNBTPOBLIBAIOT W MPOMBIBAIOT BOJOM, a 3aTeM
niepekpucTtaanu3oBbiBaioT u3 EtOH (95%) [13].

V3BecTHO IpUMeHeHYe M HaHOMaTepuasoB KaK
KaTa/yn3aTopoB ToA00HOM peakiuu [14]. YuéHbie
MCII0/Nb30Ba/IM HAaHO Fe203, alietar HaTpHs, KJIH-
HonTunonut u H,PW, .0, 0. Heobxoumele XanKoHbI
OHU TIOJTyYa/Td TPeMsl CTIoCco0aMu, KaXKABIN U3 KO-

NH,OH*HCI + M
HaC 0~ >CH

3

1 2

Yka3aHHble 4-apuanjieH-3-MeTU/IN30KCa30/1-
5-OHBI 4 a—e TIOJIyYeHBI C LjeJIbI0 BbISIBJIEHUS
B3aMMOCBSI3U CTpOeHHe—OHooTHYecKoe neit-
cTBUe. [I7s 3TOTO B CTPYKTYpy M30KCa30Ji0HA
BBe/leHbl pa3/iMuHble MO MPUPOJe apujibHble
¢dbparmenTsl: 4-mMetokcu-(MBU)-, 4-xnop-(XbN)-,
4-numetunamubo-(JABWN)-, 4-rugpokcu-3-
meTokcu-('MBUN)- u 3,4-numetokcu-(JMBN)
OeH3U/THIeH-3-Me TU/IM30KCa30/1-5-0HbI 4 a—e.

B kauecTBe TecT-00beKTOB HCIIOb30BaTU
APOBYI0 MATKYr nueHuny Iriticum aestivum L.
(copt CapatoBckas 36). s npoBeseHuss Gpuro-
TeCTUPOBaHUS 3epHOBKU MpOpaIliMBaiy B YalllKax
ITerpu Ha H,O B Teuenue 48 4acoB, 3aTeM KyJIbTH-
BHPOBAJIU B Yallkax [leTpu Ha BOAHBIX pacTBOpax
HUCTIBITYeMBIX BelLIeCTB B KOHLeHTparusx 107, 10710
1 10"13M. B kauecTBe KOHTpPOJ/ISI C/TY>KU/IM pacTe-
HUSI, KyJTbTUBUPOBaHHbIE Ha AUCTU/ITMPOBAaHHOM
Bojle. Ky/bTHBHpOBaHe OMBITHBIX U KOHTPOJIBHBIX
TIPOPOCTKOB OCYL[ECTBIISINIOCH B KJTUMATOCTaTe IIpU
Temneparype +18°t1°C.

Ha cepbpMble cyTKU orpejie/isiii BCXOXXeCTb
cemsH (n = 100) ¥ NMPOBOAUNM KOTMYECTBEHHbBIN
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TOPBIX OT/IMYAJ/ICS IPUPOJOH KaTaau3aropa. Tak, B
O/IHOM CJTy4ae aBTOpbI MCTIo/b30Banmu H,PW,,0,,
B [IpyrOM — KJIMHOITU/IO/NUT, @ B TPETbEM — HAHO
Fe,0,. Obulas MeTo/yKa 3aK/Ir0uanach B CMeLlt-
BaHUU TU/IPOKCUIAMUHA COJISTHOKHC/IOTO, alleTtaTta
HaTpusi, alleTOYKCyCHOTO 3(dupa, 3aMeIjéHHOTO
GeH3asb/lery/ia ¥ KaTanu3aropa. [lanee cMech moj-
Beprasiack 00/IyueHUI0 B MUKPOBOJTHOBOM rreun. [To
pe3y/ibTaTaM UCC/eIoBaHUs ObLI C/leJlaH BBIBO/I, UTO
npuMeHeHue HaHO Fe,O, nMeeT nperMy111eCTBO, KakK
10 BpeMeHU CUHTe3a, TaK U 10 BbIX0ZaM MPOAYyKTa.

IocTaTouHO MPOCTOM CrOCO6 Tpe/JIoKeH aB-
TopaMu ctatbu [15]. Peak1into poBOASIT IPUA KOM-
HaTHOW TeMIlepaType B BOZe IIpY NepeMellBaHUu1
CMecH T'MpPOKCHIaMUHa COJISTHOKMCJIOTrO, aleTo-
YKCYCHOTO 3¢upa, 3aMel[EHHOro OeH3ambAeruia B
MPUCYTCTBUM BUHHOW KUC/IOThI B KaueCTBe KaTa/u-
3aTopa. CuHTe3 4-apuin/ieH-3-MeTUIN30KCa30/1-5-
OHOB 4 a—e OCYIL[eCTBJISIIA 110 MOAUGHUIIPOBaHHOMN
HaMU MeTO/MKe [15] pu mepeMeIBaHUH SKBUMO-
JISIPHBIX KOJIMUECTB I'M/IPOX/IOPUA MU POKCUIaMHU-
Ha (1), arjeToykcycHoro 3dupa (2) ¥ apuianbieruza
(3a—e), mpu HarpeBaHuU B 3TaHoJie. CxeMa MOJy-
YyeHUsl apyUJIMIeHU30KCa30/10HOB 4 a—e:

o Aryl
= Reflux |
— >
Aryl H3C /O
N—O
3 a—e 4 a—e

yUeT poCTa: Orpe/ie/isijii abCoMOTHO CYXYI0 Maccy
Ha/[3eMHON 4YacTH mobera ¥ KOPHEBOW CHCTEMBl,
OnuHy Haubosiee NJIMHHOTO KOPHS, CYMMAapHYIO
JJIMHY KOpHed U AuHy niepBoro jucta (n = 20). Ha
OCHOBAHWY TIOYUYeHHBIX JaHHBIX PACCUMTHIBAIH
KOpHeBOH MH/IEKC Kak CpejiHee 3HaueHHe [IJTMHBI
caMbIX JJIMHHBIX KOPHeH, OTHeCeHHOe K aHaJIoruu-
HOMY 3HaueHUt0 B KOHTposie. KopHeoOecreueHHOCTh
MIPOPOCTKA OTpeie/isiiv KaK OTHOILIIeHHe abCOTIOTHO
CyXO# MacChl KODHEBOH CHCTeMBI K abCOTIOTHO Cy-
X0 Macce robera. Pe3ysibTaThl MiCC/TeJOBaHUN TOA-
Beprajiuch CTaTUCTUYECKOM 00paboTKe B TaOIMUHOM
niporieccope Excel makera MS Office 2010.

Pe3ynbTaThbl U X 06CydXKAeHMe

[ns onipenienieHus 3¢ deKTa, 0Ka3biBaeMOro Ha
pacTUTe bHBIN OpraHr3M Kak paKTopaMu OKpy»Ka-
IOl Cpefibl, TaK M BeLeCTBaMHU, MOTeHLUaIbHO
obJajaromuMu (HHU3U0J0THUECKOH aKTUBHOCTBIO,
PEKOMEeH/1yeTCsi UCMO0/b30BaThb pa3jiduHbie TeCT-
(yHKIMH, K YMC/Iy KOTOPBIX OTHOCSIT BCXOXKECTh,
TriapaMeTpbl Pa3BUTHsI KODHEBOH CUCTeMBI U rTobera.
[Tpu npoBejeHNH GUTOTECTUPOBAHUS Lieeco-
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00pa3HbIM SIBJISIETCS MCIO/Ib30BaHUE KOMIIJIeKCa
MopdoMeTpHUUeCcKUX TTOKa3aTe e, COrocTaBeHye
KOTOPBIX TIO3BOJIUT BBISIBUTH Pa3/MUHble acleKThbl
pocTa 1 pa3BUTHUs popocTKa [16—18].

BcxoxecTs ceMsiH B KOHTposie cocTaBuna 98%.
Hekoropsle 13 BellleCTB OKasa/au IOAaB/follee
JleliCTBHe Ha BCXOXKeCTb ceMsiH. HavMeHbIUH 110-
KasaTesb BCXOKeCTU — 67 + 3% — BBbIAB/IEH MpPU
KyJBTUBUPOBaHUN 00BeKTOB Ha pactBope 'MBU B
HauOOoJbIIIeN U3 OTILITHBIX KOHLIeHTpanuii. HeraTus-
HOe B/IUsSIHME Ha BCXOXKeCTh TaKKe 0Ka3a/i paCTBOPhI
IOMBU 1 MBU B koHuenTpanuu 101°M (Bcxoxects
coctapuna 85 + 4%), XBU B koHyentpauuu 10”’M
(BcxoxkecThb coctaBuia 86 + 4%). B ocranbHbIX Ba-
pHUaHTax OMbITa CTaTUCTUUYECKH 3HAYMMBIX Pa3/Iuunil
C KOHTPOJIbHBIM 3HaueHUeM He BbISIBIEHO.

120 A
100 A
80 A

60 A

% 0T KOHTpOS /
The root-to-shoot ratio of seedlings, % of control

20 A

IMoka3sare/ib KOpHEO6eCrIeueHHOCTH TIPOPOCTKA,

OrmpefiesieH moka3saTejab KopHeobecreueH-
HOCTU KOHTPOJIBHBIX M OTBITHBIX pacTeHuit. OT-
HOCUTeJIbHOe MacCOBOe COOTHOIIeHWe KOpPHeu
u nobera, Ha3bpIBaeMoe KOpHe0OeCreueHHOCTh U
WCIIO/Ib3yeMoe B KaueCTBe T0oKa3aTessi CTpaTeruu
ajlanTalMy K YCJOBUSM poCTa U pasutus [17],
B YCJIOBUSIX JKCIIeDUMEHTa [IeMOHCTPUPYeT CIOo-
COOHOCTBL pacTeHUl pery/adpoBaTh COOTHOIIIEHHE
KOPEHb/TI00ET B CTPECCOBBIX YCIOBHSIX 3a CUET Iepe-
pacripefie/ieHUsl TIJITaCTUYECKUX BEIeCTB MEeXY
Ha/I3eMHBIMHU U TI0/13eMHBIMU OpraHamu. KopHeobe-
CIIeUyeHHOCTh TPOPOCTKOB KOHTPOJILHBIX PACTeHUN
coctaBusa 0,94 oTH.el, TOT/a KaK y pacTeHWH,
KYJIbTUBUPOBAHHBIX Ha UCIIBITYEMbIX pPacTBOpaX,
3HauyeHWe 5TOro nokasaresns Bapeupyet ot 0,84 o
1,17 otH. eg. (puc. 1).
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Puc. 1. BiusiHie MpoOW3BOJHBIX M30KCA30/I0HA Ha IMOKa3aresib KOpHeobecrneueHHOCTH TIPOPOCTKOB
SIPOBOM MSITKO# MieHuLbl copta CapaTtoBckasi 36
Fig. 1. Influence of isoxazolone derivatives on the root-to-shoot ratio of seedlings of spring soft wheat
Saratovskaya 36

YcTaHOB/IEHO, YTO MCIIOJIb30BaHUE pacTBOpa
OABW He oka3sblBaeT CTaTUCTUYECKU 3HAUMMOIO
BJINSTHUSI HAa KOPHeOOeCrneyeHHOCTh TTPOPOCTKOB
(0,9-0,97 oTH. ex.). Ipyrue UCTibITyeMble BellleCTBa
B HEKOTOPBIX M3 WCI0J/Ib30BAaHHBIX KOHIIEHTPaLUi
CTI0COOCTBYOT MOBBIIIIEHUIO KOPHEOOECTIEUEHHOCTH
MIPOPOCTKOB, a UMeHHO: MBU B HauboJIbIIel KOH-
uentpauuu (1,11 oTH. ef.), XbU B KOHLIeHTpaLsix
107°M u 10'3M (1,03 u 1,11 OTH. ef. COOTBeT-
cTBeHHO), [IMBU — B HaumeHsIue# (1,11 oTH. en.),
I'MBU B konyentpauu 1071°M (1,17 oth. ep.).

Cnemyer OTMETUTh Ha/lMuue 0OpaTHOH 3aBU-
CUMOCTH MeXX/ly KOHIleHTpalueli pactBopoB XBI u

Gunonoruns

IMBU 1 BeJTMUMHOM TOKa3aresisi KopHeobeceueH-
HOCTH, TOI/ja KaK [Py KY/IbTHBHPOBaHNUY IIPOPOCTKOB
Ha pactBopax MBU u 'MBU MuHMMaibHOE 3HaUeHUe
KOpHeo0eCreueHHOCTH XapaKTepPHO B BapUaHTe C
WCIO/Ib30BaHWeM HauMeHblliel KOHLIeHTpaLuu, a
MaKCHUMaJIbHOTO 3HaueHWsl T0Ka3aTebh KOpHeobe-
CIeueHHOCTH JI0CTUraeT Mpy KoHLeHTparuu 107 10M.

[nvHa mepBOro JuUcTa CEMUJHEBHBIX TPO-
POCTKOB BapbupyeT oT 48+15 MM (KOHTPOJIB) 110
74413 mm ('MBU B HavMeHblIIel KOHLIeHTpal[KN),
TPY 3TOM CTaTUCTUUYECKH 3HAYUMBIX pa3/inunii 1o
J/IMHe T1epBOro JIUCTa IIPOPOCTKOB B KOHTPOJIE U
BapHaHTaX IKCIIePUMeHTa, He 0O0Hapy»KeHo (Tabt. 2).
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Tabauya 2 / Table 2

BiiusiHHe MPOU3BOJAHBIX H30KCA30/I0HA HA POCT MPOPOCTKA APOBOI MArKoO# mueHuibl copra CaparoBckasi 36
The effect of isoxazolona derivatives on the growth of a seedling of spring soft wheat variety Saratovskaya 36

BapmanT ombira / JlnvHa nepBoro Jymcra, Mm / [lnvHa KOpHeBOM Konmuuectso
The op tion experience The length of the first leaf, CUCTEMBI, MM / 3apO/bILIEBbIX KOPHEeH, IIT. /
P P mm The root length system, mm | Quantity germinal roots, pcs.
KonTposs / Control 48+15 141446 50,1
107M 50+11 199+46 4,610,4
l\ﬁgl/ 10-10M 64+12 302+47* 5,1+0,2
1013M 6310 272+41* 4,4+0,2%
107M 66+13 273+57* 4,9+0,2
XBU / 10
CBI 10*°M 70£12 232450 4,8+0,2
10" 3M 53+10 209+42 4,7+0,3
107M 6446 234+33* 4,4+0,2%
OABI/ -10 *
DABI 101M 68+6 275+27 4,9+0,3
10-3M 70£12 249+45* 4,4+0,2%
10"M 48+15 176164 4,3+0,3*
I'MBU / 10 *
HMBI 10'M 73£10 284453 4,1+0,8
10 3M 74+13 266+50% 4,6+0,2*
10'M 6349 212434 4,9+0,1
JIMBY / o " "
DMBI 10°M 63+8 243+36 4,2+0,6
10-13M 66+12 196451 4,9+0,1

[TpumMeuaHue. * — pa3inuuus Me>Xy KOHTPOJIBHBIMU U OIBITHBIMY 3HAYEHUsIMU [JOCTOBepHbI Iipu p < 0,05.
Note. * — differences between control and experimental values are unreliable at p < 0,05.

MopdomeTpuueckuii aHa/lu3 MPOPOCTKOB
M0Ka3sas, YTO UCIIbITyeMble BellecTBa OKa3bIBalOT
CTUMY/UpYHOLIee AeiiCTBUe Ha POCT KOPHEBOU CH-
cTeMbl B J/IMHY. MakcHMa/ibHOU A/IMHBI JOCTUTIIA
KOpHeBasi CUCTeMa [IPOPOCTKOB, KY/IbTUBMPOBaHbIX
Ha pactBopax 'MBU u MBU B KOHLeHTpaLuu
1019 M — 284-302 mmM, uTo B 2 pa3sa 60Jblle, uem
B KOHTpOJI€.

BrisiB/ieHa 3aBUCUMOCTD MEXK/Ty pOCTOM 1obera
u KoHlleHTpauueit XbUM u JMBU: 3aBucumocTh
MeXXy [IJTMHOW KODHEBOM CUCTeMbI OMBITHBIX pac-
TeHUl U KOHI|eHTpallell pacTBOpa MMeeT TIPSIMOM
xapakTep. B pyrux BapraHTax onblTa KOpHeBas CU-
cTeMa ITPOPOCTKOB MMeeT MaKCUMasbHOe 3HaueHue
npu KonueHntpauuu 107°M, MmuHMMansHOe — npu
KoHILleHTpauuu 107 M.

OrnpesiesieH KOpHEBOW MHJEKC MPOPOCTKOB:
MaKCHMaJ/lbHOe 3HaueHue JaHHOTOo IoKa3aTess
BBISIBJIEHO Y TIPOPOCTKOB, KYJbTUBHUPOBaHHBIX
Ha pactBope 'MBU B koHuentpayuu 10710 M —
1,54 otH. en. (puc. 2). HecMOTpsi Ha Cyl1ileCTBeHHbIe
pas3/ikuus 10 /I/IiHe KOPDHEeBOM CUCTEMBI y TIPOPOCT-
KOB, KY/IbTUBMPOBaHHbIX [PU Pa3HbIX KOHLIEHTpa-
LUSIX MPOU3BOAHBIX W30KCa30/0Ha (CM. Tabj. 2),
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KOPHEBOM MH/eKC TPOPOCTKOB, Ky/IbTUBUPOBaHHBIX
IIPU pa3/IMYHBIX KOHLIEHTpaLUsIX OJHOUMEHHBIX
pacTBOpOB, BapbUpyeT He3HAUWUTeNbHO; KO3(hdu-
LIMeHT BapbupoBaHusa 1-7%. VckiroueHue cocTa-
BUJIY ITIPOPOCTKY, KY/IbTUBUPOBaHHbIE HA paCTBOPax
I'MBU: KopHeBOW MH/EKC KOTOPBbIX BapbHUpOBasl
ot 0,9 npu HanbO/IbIIEH KOHIIEHTPALIMK PacTBOpa
1o 1,5 npu xonuentparuu 10710 M; kosdduiyent
BapbupoBaHUs 24%, UTO COOTBETCTBYeT CJiaboi
CTereH! BapbUPOBaHUs ITPHU3HaKa.

YueT KosuecTBa KOpHel, CQOPMUPOBAHHBIX B
KOHTPOJIe ¥ IPY KY/IbTUBMPOBAHUH Ha UCTTBITYEMBbIX
pacTBopax, [oKasaJl, YTO y KOHTPOJIbHbBIX paCTeHUI
3apojpbllleBasi KOpHeBas CUCTeMa Ipe/CcTaB/leHa
IJIaBHbIM KOPHEM, [apoil HUKHUX NPUAATOYHBIX
KOpHel 1 napoil BepXHUX NMPUAATOUHBIX KOpHell. B
HEKOTOPBIX BapUaHTax OIbITa y psiia TPOPOCTKOB
B BEIOOPKE OTMEUeHO OTCYTCTBHUE OJHOTO WJIH ABYX
KOpHel BepXHero sipyca, 0JJHOro Wiu JiByX KOpHel
HIDKHero sipyca, hopMHUpOBaHUe JOMOTHUTENBHOT O
NpuaTouHoro KopHsa. CpefHue 3HaUHUS KOJIUYe-
CTBa KOpHeH rpe/icTaB/eHbl B Ta0I. 2.

[Ipy Ky/JbTUBUPOBAHUM MPOPOCTKOB Ha pac-
tBopax MBU, XBU, JABM oTmeueHa npsmas 3a-

HayuyHbivi oTaen




A. K. CMUPHOB v aip. BvsiHne reTepoLmKInyeckmx COeAnHEHNV psaa N30KCa30JI0Ha Ha PoCT 4@

180

160 —

5_140 —

- B ] ]

SE-120 = -

(SN [ N A R AN R AN N A N N R !l —

ééloo_ —

==

AT S R e T e e e S e e e T e [ e

>58

25 60

2 1 [ I I I A I I O A O

==

I (T e e I e e e I e I e e S I e I S I e I = =
N S S S T ) S ) T e N e s
0
S| =/ =21 =22/ =|=s/=2|1 =21 =2|/=21=2|=2|=
>~ OO | en | >~ Ol en | > O en > O N | > O en
sl 3l 3l 3zl Tl Tl Tl 7|7
Slele|~lelel~lele|~lgle|~lels
MBH/MBI XBU/CBI | JABW/DABI | TMBU/HMBI | IMBU/DMBI

Puc. 2. BausiHue NpoW3BO/IHBIX U30KCA30/I0HA HA KOPHEBOW MH/IEKC TIPOPOCTKOB SIPOBOM MSTKOW MILIEHULIbI
coprta CapaTtoBckas 36
Fig. 2. The effect of isoxazolona derivatives on the root index of seedlings of spring soft wheat variety
Saratovskaya 36

BUCUMOCTb MeX/y KOJTMUeCTBOM KOpHel U JIJTUHOMN
KODHEBOI CHUCTeMBbl. Y TIPOPOCTKOB, BbIPallleHHbIX
Ha pactBopax [IMBU npu HaubobIel KOHIIeHTpa-
LY pacTBOpa, J/IMHA KOPHEBOW CUCTeMBbI YBe/INYu-
Baercs B 1,6 pa3 I10 cpaBHeHUIO C KOHTPOJIeM, IIPU
5TOM I10 KOJTMYeCTBY KOPHel CY1L|eCTBeHHbIX OT/IU-
YMif OT KOHTPOJILHBIX 3HaueHW He Hab/IrOJaeTCs.
[Ipu ymeHbI1eHMY KOHLIeHTpanuu pactsopa JJMBI
1o 10710 M nabnmiofaeTcss CHUKeHHe CyMMapHOii
IJINHBI KOPHEM, CBsi3aHHOe C yMeHbIlIeHHeM UX
KosmyecTBa. HaumeHb111as JiiHa KOPHEBOH cUCTe-
MBI IIpU KyJ/IbTUBHPOBAHMHY pacTeHUH Ha pacTBope
IOMBU oTMeueHa npyu HaUMeHbLIeH U3 UCIO/b3Y-
eMbIX B OIbITe KOHLIeHTpaL1i, IpU 3TOM KoJihye-
CTBO KOpHell IpOpoCTKa He UMeeT CyI{eCTBeHHBIX
OT/IMYMM OT KOHTPOJIbHBIX 3HAUEHU.

Ha ocHoBaHMM conocTaB/ieHUsl JaHHBIX MOpP-
(boMeTprueCKOTO aHanau3a MPOPOCTKOB U TOTO
(hakTa, uto mpu cyujectBeHHoMm (B 1,3-2,1 pa3za)
yBeUUeHUU J/IMHbI KODHEBOM CUCTEMbI KOJIMYeCTBO
TIPUATOUHBIX KOPHEel BO BCeX BapyaHTax OrbITa (3a
uckmouenveM 101° M MBI) e usMeHseTcs Uau
YMeHbIaeTCsi, MOJKHO NPeAII0/I0KUTh, UTO CTUMY-
JUpyHolliee 1efiCTBUe Ha POCT KOPHEBOM CHUCTEMBbI
HCIBITyeMbIX BellecTB CBsI3aHO C BJIMSIHUEM Ha
MUTOTHYECKY aKTUBHOCTb KJ/IETOK B 30He Jle/IeHuUs
TOUKH POCTa KOpHeU Un(K1) MPOI[eCCOM PaCTsKeHUsI
KJ/IeTOK.

Gunonoruns

3aKnwyeHune

Ha ocHoBaHMM aHa/1M3a JaHHBIX, N0y YeHHbIX
T1pY NPOBeleHUH PUTOTEeCTUPOBaHHUS 4-apUIUIeH-
3-MeTUIU30KCa30/1-5-0HOB, CZe/aHbl ClAeAyolue
BBIBO/Ib.

HekoTopble ucnbiTyeMble BellleCcTBa OKa3aau
noJiaBJisitolLee 1eliCTBHE Ha BCXOKECTh CeMSIH: Hau-
OOJIBIITNYM UHTUOUPYIOTUY 3P GhEeKT BbISB/IEH TIPH
KyJIbTUBUPOBaHUU 00HeKTOB Ha pacTBope 'MBU
B KOHLleHTpaluu 107M, HeraTMBHOe BIMSHUe Ha
BCXOXEeCTh Tak)ke oka3aau pactBopel IMBU n
MBU B xoHuentpaguu 107°°M, XBU — KoHIeH-
Tpanuu 107 M.

CyliecTBeHHOr0 BJIMSTHUS MPOU3BOJAHBIX
M30KCa30J/I0Ha Ha POCT MepBOro JIUCTa MPOpPOCTKa
He BbISIBJIEHO.

Bce ucneiTyeMble pacTBOPbl OKa3bIBalOT CTH-
MyUpYyloliee eUCTBHe Ha POCT KOPHEBOUW CUCTEMBI
B [I/IMHY, TIPYA 3TOM BbIsIBJIeHa NpsiMasi 3aBUCUMOCTb
MeXX/ly pOCTOM KOPHEBOW CUCTEMbI M KOHLIEHTpaLu-
et XbU1 u [IMBU, Tor/ja Kak MMpy KyJTbTUBHPOBAHUU
TIPOPOCTKOB Ha [IPyTUX MPOM3BO/JHBIX U30KCA30/I0Ha
[/TMHA KOPHEBOW CHCTeMbl MaKCHMaJ/ibHa MPU KOH-
pentpayuu 107°M, mMyuHUManbHA — MPY KOHIL|EH-
tpauumu 107M.

YcTaHOB/IEHO B/MSIHWE TIPOU3BOJHbBIX M30K-
ca30/I0HAa Ha TIOKa3aTesib KOpHeobeCcreueHHOCTH
rpopocTkoB: IABW He oKa3blBaeT CTaTUCTUYECKU
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3HAUMMOT 0 BJIMSIHUSI Ha KOPHe0obeCTieyeHHOCTh IPOo-
POCTKOB, TOT/Ia KakK /Ipyrye UCTILITyeMble BellleCTBa
B HEKOTOPbIX M3 HCI0J/Ib30BAaHHBIX KOHLIEHTPaLUi
CII0COOCTBYIOT TOBBILIIEHUEO KOPHEOOeCTIeueHHOCTH
nipopocTkoB (MBU B HauboJibIiiell KOHLIEHTPALIAH,
XBU B xoHLeHTpanusx 10°M u 1013M, IMBU — B
HauMeHbIueil, TMBU B konuentpanuu 10-10M. Cre-
IyeT OTMETUTh Hajauure 0OpaTHOM 3aBUCHMOCTH
Me>XKy KOHL|eHTpalueli pacteopoB XbU u [IMBU
Y BeJIMUMHOM MOKa3aTeisi KOpHeoOeCIeueHHOCTH.

MakcruManbHbIM 3HaUeHUEeM KOPHEBOI'O MH-
JleKca XapaKTepu3YHTCsl IIPOPOCTKH, KyJbTUBU-
poBaHHbIe Ha pacTBope 'MBU B KOHIleHTpanuu
101°M. Hannume MeTOKCH/ILHBIX TPYIII CHUKAeT
KOpHeBOI MH/EKC.

OABU n XBU aBASIOTCS NepCcrieKTUBHBIMUA
reTepoLUK/JNUYeCKUMU COeJUHEeHUSIMU IS la/lb-
HeUINX UCC/IeZIOBaHUM.
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AHHOTaLMA. BBUAY Manoro uncia ncceloBaHmiA pon KyMapyuHOB B aCCOLIMATUBHBIX CUMBIMOTUYECKIX OTHOLLIEHUAX, BriepBble BbIK U3yYeHbl
HeKOTOpble acneKTbl BAUSHMUS CUHTETUYECKUX KYMAapPUHOB Ha QU3MNKO-XMMUYeCKUe W KynbTypanbHble cBoiictsa Azospirillum baldaniorum Sp245.
[\ns BbISIBNEHIS PON TMAPOKCUAUPOBAHMS B NOOXKEHNM 7 KOHAEHCMPOBAHHOMO apoMaTYecKoro konbLia — 1-(2-okco-2H-xpomeHr-3-un)bytau-
1,3-AvoHa NpoBefeHbl CPaBHUTENbHbIE UCCIEA0BAHNA BAUSHUS UCXOAHOTO W MMAPOKCUAMPOBAHHOMO KYMApPUHOB HA KyNbTypy MOAELHOMO
WTamma asocnupunn. MiccneioBany BbIXMBaeMoCTb bakTepuii npn fobaBneHny kymapuHoB MeTogom nogcyeta KOE Ha arapu3oBaHHON cpefe.
OLieHMBaNM aKTMBHOCTb HOPMIPOBAHNS BONNEHOK KYNbTYPOIA C MCMIONb30BaHNEM KPUCTANNNUYECKOro ¢p1oaeToBoro. M3yuanu nsmeHerue no-
BEPXHOCTY GaKTepuil NoZ AeiiCTBIIEM KyMapPUHOB MO 3NEKTPUYECKOIi MONSAPU3YeMOCTH 6aKkTepUanbHbIX KNETOK Ha 31EKTPOONTYECKOM aHann3a-
Tope ELUS (“EloSystemGhbR”, Germany). UccnegoBanu BbIxo4 M MOHOCaXapUAHbIiA COCTaB BHEKIETOUHbIX TUKOMOAMMEPOB C MCMO0/b30BaHNEM
ra30XmAKOCTHOM xpomaTorpadum. Briepsble ycTaHOBAEHO, UTO TMAPOKCMAMPOBAHHBIiA penapaT 06nagaet bonee BbICOKON aHTMOaKTEPUaNbHOI
aKTUBHOCTHO MO CPABHEHMIO C He3aMeLLEHHBIM. BbISBAEHO CHIDKEHME YnCna XKIU3HECNOCOBHBIX KNETOK B MNAHKTOHHOI KyNIbType 1 TopMOXeHue
pocta 6uonnéxok. MeTooM 31eKTPOONTYECKOrO aHaNU3a NokasaHo, YTo NPUCYTCTBUE KYMAPUHOB B Cpefie KyNbTUBUPOBAHMS BO BCEX CCIeAY-
eMbIX KOHLIEHTPALMSX NPUBOAUT K U3MEHEHWH0 3NeKTpUYeckoil nonspusyemMoctin knetok A. baldaniorum Sp245. NpumeHeHne MeTOAa 3neKTpo-
ONMTYECKOro aHanu3a KNEeTOUHbIX CYCMEeH3Mil C MCnoNb3oBaHMeM MOHOCTELMGUUECKNX aHTUTEN, NONYYEHHBIX HA IMNONOAUCaXapug JAHHOrO
LUTaMMa, NO3BO/IUNO BbISBUTL OTCYTCTBUE U3MEHEHNIA B YTNEBO/AHBIX aHTUrEHHbIX feTEpMUHAHTaX Ha MOBEPXHOCTU baKTepuanbHbIX KNeToK. 310
COrNIacyeTes ¢ AAHHbIMN aHAN3a COCTaBa IKCTPAKETOUHbIX NoANcaxapugoB MeTogoM NKX, B Xofe KOTOPOTO He GbI0 BbISBIEHO OTINYNIA Kaye-
CTBEHHOTO COCTaBa M COOTHOLUEHMS MOHOCaxapugoB. MokasaHo yBennyeHme Bbixoga MC 6aktepuid npu pocte B npucytcren 1-(7-rugpokcu-2-
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Abstract. Due to the small number of studies on the role of coumarins in associative symbiotic relationships, some aspects of the influence of
synthetic coumarins on the physicochemical and cultural properties of Azospirillum baldaniorum Sp245 were studied for the first time. To reveal
the role of hydroxylation in position 7 of the fused aromatic ring — 1-(2-oxo-2H-chromen-3-yl)butan-1,3-dione, comparative studies of the effect
of the original and hydroxylated coumarins on the culture of a model strain of azospirilla were carried out. The survival of bacteria after the
addition of coumarins was studied by counting CFU on an agar medium. The biofilm formation activity of the culture was assessed using crystal
violet. The change in the surface of bacteria under the action of coumarins was studied by the electrical polarizability of bacterial cells on an ELUS
electrooptical analyzer (EloSystemGhR, Germany). The yield and monosaccharide composition of extracellular glycopolymers were studied using
gas-liquid chromatography.For the first time, an increase in the yield of EPS of bacteria during growth in the presence of 1-(7-hydroxy-2-oxo-2H-
chromen-3-yl)butan-1,3-dione by 1.2 and 1.7 times for concentrations of 50 and 100 pM respectively was observed. It has been established for
the first time that the hydroxylated substance has a higher antibacterial activity compared to the unsubstituted one. A decrease in the number of
viable cells in planktonic culture and inhibition of biofilm growth were revealed. It has been shown by electro-optical analysis that the presence
of coumarins in the cultivation medium in all concentrations studied leads to a change in the electrical polarizability of A. baldaniorum Sp245 cells.
The use of electrooptical analysis of cell suspensions using monospecific antibodies obtained against lipopolysaccharides of this strain made it
possible to reveal the absence of changes in carbohydrate antigenic determinants on the surface of bacterial cells. This is consistent with the data
of the analysis of the composition of extracellular polysaccharides by GLC, during which no differences were found in the qualitative composition
and ratio of monosaccharides. An increase in the yield of bacterial EPS during growth in the presence of 1-(7-hydroxy-2-oxo-2H-chromen-3-yl)
butan-1,3-dione by 1.2 and 1.7 times for concentrations of 50 and 100 yM was shown. The results obtained allow us to consider the changes that
have occurred as features of the adaptation of bacteria to the associative conditions of existence.
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(UIMpOBaHbI KaK BTOPUUHbLIE MeTabO/IUTHI pacTe-
HUM. VI3BeCTHO, UYTO 3TH COeIUHEHNs TTPUCYTCTBY-
I0T B pacTeHusX, OTHocAImXcs K 30 pa3muyHbIM
cemelicTBaM, B TOM uucjie Poaceae, Caprifoliaceae,
Oleaceae, Apiaceae, Asteraceae, Papilionaceae,
Rosaceae u zip. [1-4]. [1pu 5TOM posib KyMap1uHOB B

BeepeHne

C/10>KHBIN KOMTIIJIEKC B3aUMO/IEUCTBUN MeX Ty
pacTeHUsMU U pu3ochepHbIMUA U MOUBEHHBIMU
MHKDPOOPTraHW3MaMHU OIOCPENYeTCS] MHOXKECTBOM
TPOAYLIMPYEMBIX UMW XUMHUYECKUX CUTHAJIOB, B TOM
YKC/ie BTOPUYHEBIX MeTabomuToB. KopHeBbIe 3KCCy-

ZlaThl paCTeHWH cofiep)kaT B cebe MIUPOKUI CTIeKTP
COeIUHEHUH, Ka)K/J0€ U3 KOTOPBLIX BBITIOTHSET
ornpezenéHHyo0 hyHKIuIo [1, 2]. Cpeii BTOPUUHBIX
MeTaboJUTOB pacTeHUH, BbI/IE/ISIEMBIX B OKPY-
JKAIOIY0 cpefy, BeljecTBa ()eHOTBLHOW TTPUPOJbI
(bnaBoHOMABI, aHTOLMAHEL, (DEHOIOBBIE KHCIOTH,
KyMapUHBI U [Ip.) 3aHUMAIOT 0C000€e MeCTO B CBSI3U
C UX pa3HOIJIAHOBBIM BJIMSIHHEM Ha OPraHW3MBI B
pusocdepe. bosiee 1300 KyMapyHOB ObIJTU UEHTH-
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pacTuTebHO-0aKTepraTbHBIX B3aUMOZIEHCTBUSIX 10
KOHI]a He BbIsICHEHa, HECMOTPSI Ha IITUPOKUH CTIEKTP
KCCJIeJOBAHUM MX OMOJIOrMUeCKOM aKTUBHOCTH [3,
4]. CpsizaHO 3TO B TOM YMCJie C MHOroobOpa3uem u
CTIOXKHOCTBIO KakK (eHOJIbHBIX MeTabOUTOB, Tak
U peajn3yeMbIX UMM CTpaTeruii BO3/eMCTBUS Ha
pacTUTeIbHO-MUKPOOHBIe CO00IeCTBa B YCJIOBU-
X (GopMUpOBaHUs CUMOMOTHYECKUX OTHOIIEHHIA.
Bornee ucciieioBaH BOIpoc, CBsI3aHHBINA C KyMapH-
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HamMu 6000BBIX pacTeHui, b/1arogapst yIpoleHro
CUCTeMBI 3a CUET UCII0JIb30BaHUsI MOJeJIbHBIX 3KC-
TIePUMEHTOB C yYacTHeM PacTeHui apabuorncuca u
HEKOTOphIX pu3obakTepuii u3 rpymnmbl PGPR (Plant
Growth-Promoting Rhizobacteria) [5, 6].

B nocsieiHMe rofibl BLISIB/IEHO, UTO (PeHUIITPO-
TaHOUbl KYMapHuHOBOT'O PsiZia MOTYT JIeliCTBOBaTh
Kak (hHUTOaJIeKCUHBI, OHW HAaKaIUTMBAIOTCS HA TI0-
BePXHOCTH JIUCTHEB, MJIOZOB U CEMSH, TIOAABISIOT
pocT u criopoobpa3oBaHHe IPUOKOBBIX MAaTOrEHOB
pacteHuil. Tak)Ke MHOTHe pacTUTeNTbHbIE KyMa-
pUHBI 00/1a1aF0T AHTUMUKPOOHOW aKTUBHOCTHIO
[7-9], koTOpast MOXXeT MpPOSIBJATHCSI B YyTHETEHUU
pocta u (opmupoBaHus 6uorIEHOK. OfHAKO /151
KyMapHHOB, B OT/IMUMeE OT ()JIaBOHOM/IOB, MEXaHU3M
TOPMOYKEHHMSI pOCTa OUOTIJIEHOK /10 CUX ITOP OCTAETCsI
HeusyueHHbIM [10, 11].

YcraHoBIEHO, UTO aHTHOAKTepHrabHast aKTHB-
HOCTb KyMapHHOB 3aBUCHUT OT KOJIUYeCTBA U TIOJISIP-
HOCTH KUCJIOPO/ICO/iepyKall[iX 3aMecTuTesiei B 6eH-
30/IbHOM KOJTbLIe [12], mo3TOMY HaMu ObLTH BEIOpAHBI
O/THOKPATHO 3aMeIEHHBIN I'U/IPOKCHTLHOM I'PYTITION
U JI/Is1 CPaBHEHUsl He3aMelléHHbIH B O6eH30/IbHOM
KoJibLle npejctaBuTenu [13, 14], oTHocsmMecs K
rpyIre mpocThix KymapuHoB [3]. K aToii rpyrre
TaK)ke OTHOCSITCS TAKKe XOPOIIIO H3yueHHbIe KyMa-
PHHBI, KaK yMbesmiudepoH u ckoroeTuH [9, 15, 16].

[TocKobKY 0COOBIN MHTEpeC IpefCcTaBsieT
BbISICHEHME XapaKTepa BO3JelCTBUs KyMapUHOB
Ha accolaTUBHbIe MUKDOOPTaHU3MBI, BIUsSHUE
WX Ha peaju3aliiio HayaabHbIX cTajui hopmupo-
BaHUS aCCOLMATUBHOTO CUMOMO03a, 1e/Th AaHHOU
paboThI COCTOsI/Ia B BBISIBJIEHUH BJIUSIHUS COe/IU-
HEeHUI — TIpeJicCTaBUTe/iel KJjacca KyMapyuHOB Ha
(bU3UKO-XUMHUYeCKre U KyIbTypaabHble CBOMCTBA
acCOLMATHUBHBIX a30TOUKCHUPYIOMIUX OaKTepuit
Azospirillum baldaniorum Sp245.

MaTepManbl N MeTo/bl

B pabore ucnonb3oBaH mrtamMmm A. baldaniorum
Sp245 [17, 18], mo6e3Ho MpeoCcTaBIeHHbBIN KOJIIeK-
LUell MUKPOOpPraHu3MoB MHCTUTYTa GMOXUMUM U
¢usroorum pacTeHU U MuKpoopranusmos, GULL
«CaparoBckuit HayuHbld 1leHTp PAH» (MBPPM
PAH) (r. CapaToB).

Kynerypy 6akTepuii BhIpAIL[UBAIU B >KUIKON
CHHTeTHYeCKOH MajaTHO-Cco/eBoi cpeze [19] 6e3
nobaByieHMs cosleld Jkesie3a MpU TIOCTOSTHHOM Tiepe-
MeIITMBaHWH Ha BUOPOCTeH/Ie B TeueHue 24 yacoB U
Temneparype 30°C.

B pabore ncronb3oBaau 2 CUHTETHUECKUX
KymapuHa: 1-(2-okco-2H-xpomen-3-un)byTan-1,3-
nuoH (kymapuH 1) u 1-(7-rugpokcu-2-okco-2H-
xpoMeH-3-u)0yTaH-1,3-A10H (KyMapuH 2), KOTOpbIe
Ob11M J1F00€3HO TIpe/i0CTaB/IeHbl COTPYAHUKAMHU

Gunonoruns

Kade)pbl OpraHUueCKoi ¥ OI00praHNYeCKON XUMUH
NHuctuTyTa xumun CapaTOBCKOI0 HAl[MOHABLHOTO
WCCJIeI0BaTe/IbCKOr0 FOCYAapCTBEHHOTO YHUBEPCH-
teta umenu H. I'. YepHbiieBckoro. KymapuHsl ObLiu
CUHTEe3UPOBaHbl B COOTBETCTBUM C W3BECTHLIMU
MeTozuKamu [13, 14].

Vccrnenyembie BeljecTBa A00aB/siid B BUE
pactBopa B iuMeTtuicyabpokcuge (IMCO) B cpeny
ToCJIe CTepU/IN3aLyy [epes; BHeCeHHeM HHOKY/IATa
[l0 ccyielyeMOi KOHLeHTpaluu. B KOHTPOJIbHBIN
obpaser; gobassiu Toasko JJMCO, copepkaHue
KOTOpPOTO B cpejie cocTaBisiyio 1% (06/06). THOKY-
JIAT BHOCUJIU B CpPe/ly ZI0 ONTUYECKON TJIOTHOCTH
ODGOOHM =0,09-0,11, yTo COOTBETCTBOBAJIO ITOKA3a-
tenmto KOE 2,1x10%. M3smepenue OD cycrieH31H Bbl-
nonHsiau Ha Specord 40 (Analitik Jena, I'epmanus).

[nst mofcyeTa KOJMUECTBa KOJIOHHeoOpasyto-
mux egunull (KOE), hopmMupyrommxcs u3 oTieb-
HBIX )KU3HECTIOCOOHBIX K/IeTOK TIOC/Ie BEIPAIIBaHHS
B [IPUCYTCTBUM KyMapWHOB, HCII0/Ib30Ba/IU CTaH-
JlapTHBIM MeTO[ MoceBa Ha MOBEPXHOCTh TMJIOTHOM
nUTaTeIbHON Cpe/ibl, KaK orucaHo [20].

[ToaroToBKy 06pasijoB U M3MepeHue 37IeKTpruye-
CKOM TOJISIpU3yeMOCTH BBITIOHS/IA Ha 3/1eKTPOOIITH-
yeckoM (30) ananuzarope ELUS (“EloSystemGbR”,
Germany). [TapameTpbl U3MepeHUs: HarPsXKEHHOCTh
aneKTprueckoro noJsist 89,4 B/cwm, f1yivHa BOTHEI CBeTa
670 HM (OTHOCHTE/IEHO BaKyyMa), BpeMsi TIPHJIOyKe-
HUS1 371eKTpruyeckoro nosst 4,5 ¢ [21, 22].

MoHocrnenMduueckre aHTUTeNa ObIN MOTy-
yeHbl Ha 00paboTaHHBIE TVTyTAPOBLIM a/ibJeTU/I0M
kn1eTku A. baldaniorum Sp245 mo u3BecTHOI Me-
toauke [23]. AHTHUTeNa 00aB/AIN K CYCIIeH3UU
KJeTOK [0 UTOTOBOM KOHLeHTpaluu 6 MKI/mi,
5 MUH UHKY OMpOBaJsIA ITpY KOMHATHOM TeMIIepaType,
T10CJIe Yero IpoBO/IMIIA aHa/Iu3 3/1eKTPUYeCKOo Io-
JISIpU3yeMOCTHU CyCTIeH3UH.

[TpoAyKLMIO 3KCTPaK/IeTOUHbIX T0JMCaxapy-
[IOB a30CIHUPUJII TIPOBO/IU/IH, OLIeHUBAasi OTHOILIEHHE
KOJIMUeCcTBa MOJMCaxapyioB B KyJbTypaJbHOMN
JKUJKOCTU OakTepui, orpezenéHHOE TI0 METONY
[robya [24], Kk Macce BBICYIIIEHHBIX JI0 TIOCTOSTHHOTO
Beca K/1eToK.

BrizienieHre 3KCTpak/IeTOYHbIX [10/IMCAXapUi0B
(OI1C) mpoBogwmu myTéM mobaBiennss 3 00HeMOB
OXJ1a)K JeHHOT'0 9TaHO/1a K X0JI0HOM 6eCK/IeTOUHOM
KyJIbTypa/ibHOM XUJKOCTU U BBIJEP)KUBaHUS B
TeueHne 24 4 npu 4°C ¢ nocaefyromM LeHTpU-
(dbyrupoBaHueM, [Uaanu30M U inodumu3anuei [25].

MonocaxapuHsbiil coctaB OIIC uccnenoBanu
MeToom ['JKX arjeTaToB MoMoI0B Ha XpOMaTorpa-
(e Shimadzu GC-2014. O6pas3iibl TpeJBapUTeILHO
ruapoausosan 2M CF;COOH (120°C, 2 u) ¢ no-
crieyroIuM BocctaHosiennem NaBH, v attetuiu-
poBaHueMm [26].
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OmnpesienieHne aKTUBHOCTU POCTa OUOTIIEHOK
TIPOBO/AU/IN B 96-TyHOUHBIX TIJIOCKOJJOHHBIX MUKDO-
MJlaHeTax nocjie 6 CyTOK KyJIbTHBUPOBaHUS C
MCTI0/Ib30BaHNeM KPUCTa/Inyeckoro (hHoIeToBOro
Kpacureis 1o MeTozuke [27].

151 Ka)k [0k cepyy 5KCIIepUMEeHTOB ITPOBOJUIN
He MeHee TISITU TTIOBTOPOB OTbITOB. AHAa/IN3 U TIpe/i-
CTaB/IeHUe IaHHBIX OCYLIECTBJISIIM TIPU TIOMOILU
nporpammel Microsoft Excel 2010 u cTanAapTHBIX
MEeTO/[0B CTaTHCTHYeCKOH 00paboTKy.

Pe3ynbTatbl 1 MX 06CyXAEHUE

[ns uccnesoBaHUsl akTUBHOCTH KyMapHHOB B
OTHOIIEHNH OaKTepHii — aCCOIIMaTUBHBIX a30T(HUK-

CaToOpOB — ObUIY B35IThI 2 CHHTETUUECKUX KyMapHHa:
KyMapuH 1 u fasiee KymapuH 2 (M. Bbiiie). Kymapu-
HBI JIJ151 9KCITEPUMEHTOB ObI/TH TI000paHbI UCXO/Is U3
BOTIPOCA KOPPeJISILIUK CTPYKTYPhl 3TUX BeL[eCTB U
UX OHOJIOrUUeCKUX CBOMCTB. OTIUUNe MeX /1y HUMU
3aKJ/TFOUAeTCsl B TIPUCY TCTBUM T /IPOKCUTBHOM TpyTI-
bl B KOHAEHCUPOBAHHOM apOMaTUUECKOM KOJIbLie
(monoxxenue 7) (puc. 1). IlockonbKy M3BeCTHO, UTO
Ha/IMuue B CTPYKType OpraHuYecKUX BeljecTB I'd-
IPOKCWIBHBIX TPYIIT 00y C/IaB/IMBAeT 3HAUUTETHHOE
yBeJInueHre OUOIOrMUeCKOr akTUBHOCTH [12], nc-
crefiyeMble BelllecTBa TMpeJCTaB/sSIOT 3HAUUTeTb-
HBIW HayYHBIA HHTEpeC Kak y7i00Hast Moieslb OLIeHKH
BJIMSTHUSI 3aMeCTHUTEJIsl Ha aKTUBHOCTb KYMapUHOB.

0 HO 0 HO
o] CH, HO o] CH,
F P
a/a 6/b
o] o]

Puc. 1. CTpykTypHble hOpMYJIbI UCCIeAYeMbIX KyMapyuHOB: a — 1-(2-okco-2H-xpomeH-
3-un)6yran-1,3-a1oH, 6 — 1-(7-rupokcu-2-okco-2H-xpomeH-3-mn)0yTan-1,3-110H
Fig. 1. Structural formulas of the studied coumarins: a — 1-(2-oxo-2H-chromen-3-yl)
butan-1,3-dione, b — 1-(7-hydroxy-2-ox0-2H-chromen- 3-yl)butane-1,3-dione

[MockonbKy Asisi peHONMBHBIX COeUHEHUN 13-
BECTHA 3aBHCAIAs OT KOHI[eHTPAI[Ud MeTabonuTa
aHTHbOaKTepraibHasi aKTUBHOCTE [1, 3, 4], Ha mepBomM
yTare OBLJI0O PAaCCMOTPEHO BJIUSHHUE BbIOPAHHBIX
KyMapHUHOB Ha pOCT OakTepHid. Pe3y/bTaThl ucciezio-
BaHus rokasasu, uto KOE 6akTepuii, BbIpaIljeHHbIX
Ha cpeJie C KyMapuHOM I TIpU BCeX HUCCJ/Ie[yeMbIX
KOHIL[eHTpaLusX, JOCTOBEPHO He OT/JIWYaJuCh OT

Kymapun /
Coumarine /

1E+09 4

KOHTPOJILHBIX 3HaueHuit (2,4 x 108) (puc. 2), uto
corjacyeTcsi C TUTepPaTypPHBIMU JaHHBIMHU 00
aHTHOaKTepHasbHON aKTUBHOCTU He3aMeIlEHHBIX
KyMapHHOB [2, 6].

[HeticTBUe KymaprHa 2 TPOSIBJISIIOCH B JIOCTO-
BEPHOM 3aBMCMMOM OT KOHLIeHTpalluM IperapaTra
CyILLIeCTBEHHOM ITOZIaBJIEHUM POCTa KYJBTYPBI, O
uéM CBUZETeNbCTBOBaMO NoHkKeHue uncaa KOE.

100000000 -

10000000

KOE/mn
CFU/ml

1000000

100000

Kymapun 2
Coumarine 2

Koutpone

Control 50 uM

50 mMkM  100mMKM 200 mkM
100 uM

S50 MM 100 MM 200 MKkM

200 uM 50 uM 100 M 200 uM

Puc. 2. TToka3atenu KOE A. baldaniorum Sp245, BbIpalljeHHBIX B IPUCYTCTBUM KyMap{HOB
Fig. 2. CFU of A. baldaniorum Sp245 grown in the presence of coumarins
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[TonyueHHble pe3yabTaThl XOPOLLIO COTJIACYIOTCS
C UTepaTypPHBIMHU JAaHHBIMU, KacarwIUMUCS akK-
TUBHOCTHU THU/IPOKCUJIMPOBAHHBIX KyMapuHOB [12,
28]. Ons xouuenTpanumii 50, 100 u 200 MKkM 65110
sapeructpupoBano uuciao KOE, pasHoe 9,8x10°,
3,4x10%, 3,6x10% cooTBeTcTBeHHO. HapacTanus
6roMacChl a30CITUPUILI B TPUCY TCTBUU KyMaprHa 2
B KoHIleHTpauuu 200 MKM He HabJTI0Aa/I0Ch, 0 YeM
CBU/IeTe/IbCTBOBA/IN He3HAUWTe/bHble U3MeHeHUs
OTITUUECKOU TIJIOTHOCTU KYJbTYDbI 3a 24 U, Mpu
CcoxXpaHeHUHM >Ku3HecrocobHocTu ¢ unciom KOE,
COOTBETCTBYIOIIMM TAKOBOMY /10 Havasla pocTa. TO0
T03BOJIsIET KOHCTaTUPOBATh OAKTePHUOCTATUUECKU
3bdekT KymapuHa 2, B OTVIMUKME OT KymapuHa 1.
Takum obpaszom, 200 MKM KymapuHa 2 — 3TO MH-
HUMaJjbHasi KOHLeHTPaLYsl, UHTUOUpPYIoIIasi poCT
A. baldaniorum Sp245.

BarkHoli XxapakTepuCTUKONU KOJIOHM3aL{MOHHO-
0 MMOTeHI[Maja aCCOITMAaTUBHBIX OaKTepuii 1o oT-
HOIIEHUIO K PaCTEHUSIM SIBJISIETCSI UX CTIOCOOHOCTh

0,14

0,12

0,1

KymapuH 1
Coumarin 1

(opMupoBaTh OUOTIJIEHKH Ha PAa3/IMUHBIX MTOBEPX-
HOCTsIX. VI3MeHeHHsI B aKTUBHOCTH 0Opa30BaHUs
OakTepUsIMU OMOIJIEHOK, KaK MPaBUJIO, OTpaXka-
I0T U3MeHeHHUs CIeKTpa CBOWCTB KOMIIOHEHTOB
ux noBepxHoctu [29, 30]. JobaBieHue B cpeny
BBIpAIMBaHUs 000X KYMapHHOB IPUBOJUJIO K
CHV)KEHUI0 aKTUBHOCTH pOCTa OWOMJIEHOK a30-
criupul. HauMeHsImii poct 6uoniéHok Habmro-
[Jlascsi TIpy JieCTBUM KyMaprHa 2 B KOHLIeHTpaLuu
200 MKM, cHU)KeHMe TToKa3aTessi CoCTaBuJ/io 55%
(puc. 3). lns KkymaprHa 1 Bo BCeX paCCMOTPEeHHbBIX
KOHL|eHTpALUsIX JaHHBIN TapaMeTp He IpeBbILIal
20%. ITonyueHHBIe pe3ynbTaThl MOATBEPKAAIOT
OakTepuocTaTuueckuii 3¢GdekT KymapuHa 2.
[MonyuyeHHbIe JaHHBIE MMO3BOJISAIOT CJe/IaTh Mpe/i-
TIOJI0KeHUe, UTO SKCKPelus KYMapuHOB MOJKeT
HCITI0/Ib30BaThCSI PACTeHUeM [IJisi KOHTDPOJISL UnC-
JIEHHOCTH MUKPOOPTaHW3MOB, B TOM UHCJIe U MaTO-
TeHHBIX, UTO COTJIaCYeTCsI C JaHHBIMHU JIUTEPATY PhI
[6, 10, 11].

Kymapun 2
Coumarin 2

o
&

0D, 590 Hm
0D, 590 nm

KoHTponb

Control 50 uM

50 MKM  100MKM 200 MKM

100uM 200 pM

50 MKM 100 MKM 200 MKM
50uM  100pM 200 uM

Puc. 3. CpaBHenue pocta 6uonnéHok A. baldaniorum Sp245, BbIpallieHHBIX B PUCYTCTBUM Ky-
MapHHOB
Fig. 3. Comparison of the A. baldaniorum Sp245 biofilms growth in the presence of coumarins

Y06HBIM ¥ OBICTPBIM METOZIOM OLIEHKH BJIMSTHHUST
Pa3/IMUHBIX BeIIeCTB Ha OaKTepUU CIIY)KUT METO[,
3/IeKTPOOINTHYUECKOro aHanusa. HanoxkeHue opueH-
THUPYIOIIET0 3/IeKTPUUECKOTO T10JIs1 TPUBOAUT K TTPH-
00peTeHuI0 K/IeTKOW UHAYLIMPOBAaHHOTO JIUTIO/IEHOTO
MOMeHTa, KOTOPBIH B/IMsIET Ha PACTIO/IOXKEHHe KITeTOK
B [IPOCTPAHCTBe. JTO OTpakaeTcs Ha BesinurHe J0-
curHana. JIrobeie uameHeHusi DO-CIIEKTPOB MOTYT
CBH/IETETbCTBOBATH O IMPOUCXOZSIINX C OaKTepHrab-
HBIMH K/IeTKaMH u3MeHeHusx [21, 22].

BbI/I0 yCTaHOBJIEHO, UTO BBeJIEHUE B KYJ/BTY-
pasibHY10 cpefy OaKTepuil UCC/ielyeMbIX BelleCTB
TIPUBOAMIIO K U3MeHeHUsIM B DO-crieKTpax OIbIT-
HBIX KJIETOK 10 CPaBHEHUIO C KOHTPOJILHLIME. Tak,

Gunonoruns

T0Ka3aHo, YTO KyMapuH 1 00yCIOBIMBaeT TOIBKO
cHXeHHe DO-cUrHasa CycrieH3ui K/eToK, Bblpa-
IIIeHHBIX B €ro TPUCYTCTBUM, BO BCEM AMaria3oHe
yacToT (puc. 4, a).

[HeilicTBue KymMapuHa 2 B KOHILIeHTpallUuu
200 MKM nposiB/IIOCh B YBeJIMUeHNUHU MTOKa3are/is
30-curHasa, B To BpeMs Kak 0oyiee HU3KHWe KOH-
LleHTpalluy /laBaju TOJbKO CHU)KeHUe JaHHOIO
napameTpa (cMm. puc. 4, 6). Kymapuu 1 B camoii
BBICOKOHW KOHI[eHTpauuu (200 MkM) mIpuBOAUI K
yMeHbiieHno DO-curHasa B 00/1aCTU BBICOKUX
yactoT Ha 20%, a B koHeHTpayuu 50 u 100 MkM
CHM>XeHHe curHasa Ha 15 u 30% cooTBeTCTBEHHO
HabJ/TI0aI0Ch B Iaria30He HU3KUX YacToT.
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Fig. 4. EO spectra of A. baldaniorum Sp245 cells grown in the presence of various concentrations
of coumarin 1 (a) and coumarin 2 (b)

N3menenus: B Auana3oHax cpegHux (400—
700 kI'1y) u Bicokux (1000—3000 kI'11) yacToT CBU-
TIeTesIbCTBYIOT 00 M3MeHeHUsAX B COCTaBe MeMOpaH
Y LUTOIIa3MblI [21].

BrisiBrieHHbIe 0TIuUst DO-CIIEKTPOB OMBITHBIX
00pasi[oB B HU3KOUAaCTOTHON 00/1aCTU CBU/IETE/Th-
CTBYIOT 00 U3MEeHEeHUH B MOJIEKY/IaX, MPeiCTaB/IeH-
HBIX Ha TIOBEPXHOCTH OaKTepua bHBIX KJIeTOK [21].
Ma>kKOpHbIM KOMIIOHEHTOM BHeIlTHel MeMOpaHbI
a30CIUPUJ/II, KaK IPaMOTPUIIATEIbHBIX OaKTepui,
sBsieTcs iunonosrcaxapuz (JITIC) [31], cTpykTypa
KOTOPOT'0 MOJKET IpeTeprieBaTh U3MeHeHUs TIO7], BJIH-
ssHUeM (QeHObHBIX coeiuHeHu [32, 33], moatomy
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ObLIO TIPOBe/IeHO HCCJ/IeZloBaHUE B3aWMOJEHCTBUS
OaKTepuanbHBIX KJIeTOK C MOHOCTIeL[U(pHUYeCKUMU
anTuTenamu K JIIIC maHHOro mraMMma MeTOZOM
D0-aHanu3a. Takoe TeCTUpOBaHMe HallpaBJ/IeHO Ha
BbISIB/IEHUE U3MeHeHUI B CTPYKType aHTUTeHHbIX
JleTepMUHAaHT B coctase JITIC.

Cyps 1o pesysbraraMm, Ipe/iCTaB/JeHHbIM Ha
puc. 5, 6bIJI0 BBISIBJIEHO COXpaHeHre XapaKTepa 13-
mMeHeHust DO-CUTrHa/la B peakliMi aHTUTe I Ha O6ak-
TepuasibHble KJIeTKH, BbIpalljeHHble B IPUCYTCTBUM
KyMapHHOB, U UHTaKTHbIe KJIeTKU.

HemanoBaKHBIM MOKa3aTeseM Crielid(pUuHOCTH
SIBJISIETCSI KOJTMUYeCTBeHHas XapaKTepruCcTUKa B3au-

HayuyHbivi oTaen
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Fig. 5. EO spectra of A. baldaniorum Sp245 cells during interaction with Absz 45+ @—control; b, ¢ — coumarin 1, d—f— coumarin 2

MogelicTBus. Eciu Be cycrieH3uu KJIeToK He OT/Inya-
FOTCS1 110 KOJIMUECTBY K/IETOK U COLeP>KaHUI0 aHTUTeJI,
To DO-curHan OyZieT HeU3MeHeH MPH OZJMHAKOBOM
ypPOBHe B3auMogelcTBUs [22]. OTauuusa Mexny
D0-cHrHasmamMu CyCrieH3uH KIeTok 0e3 1o0aBieHus
aHTUTeN U cofiepKallieil anTuTesna cocrasasiv 30%
Zst KOHTposist U 30—-45% [J1s1 ONIBITHBIX BapUaHTOB.
CHKeHHUs1 110Ka3aTesisi, KOTOpOe XapaKTepu30Basio
OBl yMeHbIIIeHWe CPO/ICTBA, He HabJIF0an0Ch, UTO
CBUJIeTebCTBYET O COXpaHEeHWH yPOBHS B3auMozeii-
CTBUSI @HTUTeEJ C KIeTKaMd. JTOT (akT yKa3bIBaeT
Ha TO, UTO CTPYKTYPbl YIJIEBOAHbIX aHTUT€HHbIX
JleTePMUHAHT OCTa/IMCh HEM3MEHHBIMU.

Gunonoruns

OpHako, yuuThbIBasi IIMPOKUM CIIEKTP IJIUKO-
M0JIMMEepOB, PUCYTCTBYIOLIMN Ha MMOBEPXHOCTH
a30CIUpUI/, U UMeIoLLMecsl B IUTepaType JaHHbIe
00 n3MeHeHUH IpoAyKOuu u coctaa SI1C noz gei-
CTBUEM 5KCTPaKTOB KOPHel MILeHULIbI U OTAe/bHbIX
(heHONMBHBIX coenrHeHUH [32, 33], ObUTH BBITTOTHEHBI
aHa/IM3bI TVTMKAHOB [TOBEPXHOCTH OaKTepHil XUMUJe-
CKHMH MeTOJaMHU.

17151 BbISIBIEHYSI BIIUSTHUS MCCTIEyeMbIX KyMapH-
HOB Ha MPOAYKLUI0 BHEK/IETOUHbBIX [JIUKOIIOIMMEPOB
ObUTH ITPOBEIEHBI TIPOLIeTYPHI TIPELIATIUTALTAH TTUKAa-
HOB CTIIMPTOM M3 KYJIbTypajbHON cpefibl OaKTepuit
C TMoC/aelyIOLUMM UCC/eloBaHMEM BbIXOJa UX Ha
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e/IMHUILY Beca GaKTepHa/bHBIX K/IETOK. YCTaHOB-
JIeHO, UTO NPUCYTCTBUE KyMaprHa 1 B cpefie, BHe
3aBMCUMOCTU OT KOHL|EHTpaLjuu, He IIPUBOJHUJIO K
[IOCTOBEPHOMY M3MEHEHHIO BbIXOZa 3K30I0J/K1ca-
xapuoB. [elicTBUe KyMaprHa 2 TIPOSIBJSIOCH B
yBennueHuu npoaykuuu IIIC B 1,2 v 1,7 pa3 g

koHUeHTpanut 50 u 100 MKM COOTBeTCTBEHHO.
NccnenoBanus coctaBa M COOTHOIIIEHU s MOHOCaXa-
PU/IOB B TJTUKOIIO/IMMEPAaX, NPOBe/JieHHbIe METO/IOM
I'’KX, BbIIBUIU, UTO M3MeHeHHUs coctaBa JIIC
A. baldaniorum Sp245 Kak pe3ynbTaTa JeUCTBUS
KYMapHWHOB He MPOUCXOAu/I0 (Tabiuniia).

CocTaB u cooTHoueHue Mmonocaxapujor JIIC A. baldaniorum Sp245,
BBIPAILEHHBIX B IPHUCYTCTBUH KYMAapHHOB
Composition and ratio of monosaccharides of A. baldaniorum Sp245 EPS,
grown in the presence of coumarins

CopeprkaHue B % OT CyMMbI [TUKOB arleTaToB MOJHOJIOB /
Hccnenyembie oGpasubl / Content in % of the sum of peaks of polyol acetates
Samples under study
Rha Glc
KonTpons / Control 8415 1613
KymapuH 1, 50 MxM / Coumarin 1, 50 pM / 87+4 1342
Kymapus 2, 50 MkM / Coumarin 2, 50 pM 9146 9+3

OTU JJaHHble KOPPeJUPYIOT C pe3y/bTraTaMu,
TOJIy4YeHHBIMU MPU aHa/iM3e B3auUMO/[|eHCTBUS
MOHOCTIeI[M(UUeCKUX aHTUTEJT C KJIeTKaMU B XO7ie
O0-aHanu3a.

3aKnioueHune

BrisiBieHO, UTO U3 1By X UCC/IeJyeMbIX KyMapu-
HOB aKTUBHOCTb B OTHOLLIeHUH A. baldaniorum Sp245
MPOSIB/ISIET TOJIKO 3aMeIéHHbIN B OeH30/1bHOM
Kosble 1-(7-ruapokcu-2-okco-2H-xpomMeH-3-u)
6yTaHn-1,3-guoH. [ns gaHHOTrO (heHUIIpOraHou/a
YCTaHOBJIEHO, UTO U3 UCCJIeIyeMbIX KOHI[eHTPaLui
200 MKM sBJIsIeTCSI MUHUMATbHOW HHTUOU Py FOIIeit
pocT 6akTepuii. Tak>Ke IIpH HATUUUK 000UX KyMa-
PHHOB B cpejie KyJbTUBUPOBaHUS HabmrozaeTcs
TOPMOYKeHHe pocTa OHOTIEHOK.

[IpucyTcTBUe KyMapuHOB B cpejie KYJbTH-
BUPOBAHUS NPUBOAUT K JOCTOBEPHOMY H3MeHe-
HUIO0 DO-CIeKTPOB BCeX OMBITHBIX 00pasLjoB 10
CpaBHEHHUIO C KOHTPOJIbHbIM. OJJHAKO ypPOBEHb
B3aMMO/IeHICTBUS KJIEeTOK C MOHOCHeLU(pUUHLIMU
aHTUTEeNaMM He CHW)KAJCs 10 CPaBHEHUIO C KOH-
TPOJLHBIMU 3HAUEHUSIMH, UTO CBH/I€TEIHCTBOBAJIO
0 COXpaHeHUM CTPYKTYPhbl aHTUT€HHBIX [leTepMU-
HaHT JITIC. OTCyTCTBUE KaueCTBEHHbIX U3MEHEeHU
6b1710 BbIsiB/IeHO MeTo0oM I 7K X ripu ananmu3ze OI1C
6akTepuanbHBIX KyJAbTyp. OfHAKO B MPUCYTCTBUU
1-(7-ruppokcu-2-okco-2H-xpomen-3-um)byTan-1,3-
auoHa Beixog JIIC Bo3pacran o 1,7 pa3 no cpas-
HeHUIo C KOHTposieM. [TonyueHHbIe 3¢ deKTbl MOTy T
OBITH PaCCMOTPEHBI KaK 0COOEHHOCTH aJjanTaljuu
HakTepHabHBIX K/IETOK K CyII[eCTBOBAHHIO B YCJIO-
BUSIX aCCOLMATUBHBIX CHMOHMOTHUECKUX OTHOIIIEHUH
C pacTeHUsIMH, MMPOAYLIUPYIOIUMHU pa3HO0Opa3HbIe
BTOPHUYHBIE MeTabOTUTHI (PeHONbHON MPUPOABL.
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IToka3aHa BaKHast poJib TUAPOKCUIBHOMN TPYIIITbI
B T0JIO)KEHUU 7 KOHJIeHCHPOBAaHHOTO apoMaTHhye-
CKOro KoJiblLla B akTHBU3aLuu 3¢ deKTa KyMapruHa
B OTHOLIIEHWH acCOL[MAaTUBHBIX pru30bakTepuii poja
Azospirillum.
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AHanus pacnpoctpaHeHus 1 CTPYKTYpbl
nonynsauui Hedysarum grandiflorum Pall.
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0322-3755

AHHOTaLMs. Bnepsble B 10HOI YacT MPUBOMKCKOIA BO3BBILIEHHOCT NPOBEAEHO MOAPO6-
HOe M3yyeHue PacnpocTpaHeHus W CTPYKTYpbl MONYASLMA peaKoro 1 OXpaHsiemoro Bi1aa Ko-
neeyHnka kpynHousetkosoro (Hedysarum grandiflorum Pall.), 3aHecéHHoro B KpacHble KHuMm
Poccuiickoii ®egepauum (2008) u CapatoBckoil 0bnacti (2021). WiccnegoBaHue npoBoaMnoCh
B8 2007-2021 rr. [ing BbIABNEHNS pacnpoCTPaHeHNs UCM0/b30BANUCH JaHHbIE MApLUPYTHBIX Ha-
bntofenmii n nHdopmaLms ¢ repbapHbIx 06pasLioB, NUTEPATYPHbIE AAHHbIE 1 YCTHBIE CO0bLLe-
HuA. Onpefenexue UNCIEHHOCTU W MAOTHOCTU NPOBOAUNOCH BO BCEX BCTPEUEHHDIX LieHOMo-
nynsuusx (L), a gna nogpobHoOro onucanms crpykTypbl 6bin0 u3yyeHo 23 LM ¢ 3anoxeHnem
6onee 600 yuETHbIX NAOLAZOK 1 C ONMcaHnem 6onee 3600 ocobeil KoneeuHnka CpeAHero reHe-
paTUBHOrO COCTOAHNS. BbisiBNeHo, uTo Bce LifT B pailoHe nccneoBaHMs 3aHMMaloT 061yt nno-
wagb okono 30.8 ra, Ha KOTOPbIX pacrionaraetcs He MeHee 2.068 MAH 0C0beil KoneeyHnka, u3
KOTOPbIX FeHepaTuBHbIX — 0ko0 1.305 MaH. CpeAHss NAOTHOCTL 0cobeid konebnetcs ot 4.6 Ao
18.4, a reHepaTMBHbIX — 0T 2.8 40 11.4 oc./M2. OT CeBEPO-BOCTOKA K H0r0-3anazy HXHOI uacTn
MpPVBOMKCKOIA BO3BbILLEHHOCTY YNCAEHHOCTb 006l 1 NAOTHOCTB LT koneeyHnka CHIXKatoTCs,
a nowWaam nx yMeHbLUatotcs. ba3oBblil oHTOreHeTueckui cnekTp LIM B paiioHe nccnegoBanus
0ZHOBEPLUMHHbIiA, LLeHTPUPOBAHHBIIA, C MAKCUMYMOM Ha 3peNioM reHepaTMBHOM COCTOSHUN, HO
13-3a HeHOMbLUNX BPEMEHHbIX CIBUTOB OHTOreHETUYECKMX CNEKTPOB BNEBO TUM AUHAMUKI BO3-
PpacTHoOro coctaBa GAIOKTyaLMOHHBbIA. LI SBASI0TCA, KaK NpaBuno, HOPManbHbIMU NONHOUNEH-
HbIMU, NEPeX0AHLIMU 1 3peNbIMU, CPeAHEr0 YPOBHS XIU3HEHHOCTU 1 HAXOAATCA B YCTORUNBOM
CcoCTOSHMM. TIPUBOANTCA CPaBHEHME C JaHHBIMU U3 APYTUX PErMOHOB. [oNyUeHHbIe pe3ynbTathl
MOryT bbITb BOCTPE6OBaHbI NpK OpraHu3aLmu v Begennn 00T, coctaBaeHnn GaopucTu4eckinx
CMUCKOB, UHTPOAYKLN W penHTpoayKLumun H. grandiflorum v cxoXux BUA0B, 0TBOPE NCXOZHOTO
martepuana npu BBeJieHnn B KynbTypy.

Kntouesble cnosa: Hedysarum grandiflorum, NpuBonxckas BO3BbILEHHOCTb, CapaToBCkas 06-
nactb, kanbLedun, peakunil BUg, pacnpocTpaHeHue, CTPYKTYpa LieHononynaLmii
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Abstract. For the first time in the southern part of the Volga Upland, a detailed study of the population distribution and structure of rare and pro-
tected species Hedysarum grandifforum Pall., listed in the Red Books of the Russian Federation (2008) and the Saratov Region (2021), was carried out.
The study was conducted in 2007-2021. To identify the distribution, data from routine observations and information from herbarium specimens,
literary data and oral reports were used. The determination of the abundance and density was carried out in all encountered cenopopulations
(CP), and for a detailed description of structure, 23 CP were studied with the laying of more than 600 discount areas and with a description of more
than 3600 individuals of the average generative state of the sweetvetch. It was revealed that all CP in study area occupy a total area of about 30.8
ha, on which there are at least 2.068 million individuals of the sweetvetch, of which about 1.305 million are generative. The average density of
individuals ranges from 4.6 to 18.4, and of generative from 2.8 to 11.4 ind./mZ From the northeast to the southwest of the southern part of the
Volga Upland, the number of individuals and the density of CP of the sweetvetch decrease, and the areas of CP decrease. The basic ontogenetic
spectrum of CP in the study area is unimodal, centred, with a maximum at the mature generative state, but due to small temporal shifts of the
ontogenetic spectra to the left, the type of dynamics of the age composition is fluctuating. CP are, as a rule, normal complete, transitional and
mature, with an average level of vitality and are in a stable state. A comparison is made with data from other regions. The results obtained can be
used in organizing and maintaining SPNR, compiling floristic lists, introducing and reintroducing H. grandiflorum and similar species, and selecting
initial material when introduced into culture.
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CTpPaHEHUH U CTPYKTYPHBIX 0COOEHHOCTSX MOMy-
nsiuid H. grandiflorum B pa3HbixX peruoHax [6—21].
HeobxoauMoCTh McCC/ielOBaHUs OTIpe/ensiach,
KpOMe TOTo, pasHooOpa3ueM MpPHUPO/HOM CpeJibl
TeppuTOpHH (CJI0XKHOCTh peJibeda, IecTpoTa IouYB
Y 10YBO00OpPAa3yOIUX MOPOJ, 3aCyIITUBOCTD KJIH-
MaTa C U3BeCTHOU CTeIeHbI0 KOHTUHEHTaTbHOCTH,
HM3MEHUYMBOCTh MOT0/bl OT TOJa K ToAy u ap.) [22].

Llenbio aHHOM pabOThI SIBJISIIOCH BbISIBIEHHE

BeepeHne

B HacTosiiiee BpeMst OMYJISILIMOHHBINA METO/
ucc/iefloBaHul B O0TaHUKE U SKOJIOTMH 3aBOEBbI-
BaeT Bce Oosiblilee NpU3HaHUe, a B UCC/IeZOBaHUU
Ouosiorun BUJIOB 0CcOO0Oe 3HAUeHUe MPUOOpeTaroT
M3yueHHe U MOHUTODHHI MPOCTPAHCTBEHHOM,
OHTOTEHETHYEeCKOW YW BUTAJUTETHOW CTPYKTYDBI
MONyASLUi pacTeHUN. [JaHHBIN MOAXO/ SABSETCS
aKTyaJbHbIM [IJIsl TIPOTHO3UPOBAHUSI COCTOSIHUSI,

palLiMOHaIbHOTO UCI0J/Ib30BaHUsI, BOCCTAHOBJIE-
HUS €CTeCTBEHHBIX U CO3/JaHUSI UCKYCCTBEHHBIX
TONY/ISILUH BUJIOB pacTeHWH, 0COOEHHO PeJKuX
Y oxpaHsieMbIX [1-3]. B ux uncio BXOAUT Komeey-
HUK KpymHOoI[BeTKOBbIN (Hedysarum grandiflorum
Pall.) — kanpriepUABLHBIN MHOTOJIETHUIN CTeP)KHe-
KODHeBOI Kay/|eKCOBBIM MOJIMKAPIIUK, 3aHECEH-
Hbllt B KpacHele kHUru Poccuiickoit ®Pepepanun
[4] u CaparoBckoii obsactv [5] ¢ Kareropue 3 u
CTaTyCOM «peaKuil Bui». OfNHAKO B IUTEpaType
TIPUBOJSITCSI OTPLIBOUHBLIE CBeJeHUSI O pPacIipo-

SKosorus

ocobeHHOCTel pacrpocTpaHeHUs KOMeeyHUKa
KPYTIHOL[BETKOBOTO, OTIpejiesieHHe TIIoMagu U
MJAOTHOCTU MOMYASLUNA, UCCAe0BaHUe MPO-
CTPAaHCTBEHHOUW, OHTOTE€HeTHUEeCKOW M BUTAJU-
TeTHOM CTPYKTYpHI ero LeHononyasuui (LIT)
B H0)KHOM uacTu [IpUBOJ/IKCKONM BO3BBLIIIIEHHOCTH
B a/IMUHUCTPAaTUBHBLIX rpaHuljax CapaTOBCKOU
obmacTtu.

TeppuTopus palioHa UCC/ie/JOBaHUS pacroso-
JKeHa B MeXxypeube Bonru u MezBenuiibl U Tsi-
HeTCsl [I0 FO>KHOM rpaHuLibl 06/1acTu. [TpuBoDKCKast
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BO3BBIIIEHHOCTb XapaKTepPU3yeTCst CUIbHO pacusie-
HEHHBIM peTbeOM U U3pe3aHHOCTRIO JOJIMHAMU
MaJIblX peK, oBparamu u 6ankamu. KopeHHbIe 1o-
PO/Ibl MHOT/IA BBIXO/ISAT Ha /IHEBHY IO TIOBEPXHOCTh
Y CO3/1al0T OOJIBIIYIO MMEeCTPOTY MOYBOOOpasyro-
mux nopog. [lepeceueHHbI penbed Gopmupyer
pa3Hoobpa3ue MUKPOKJIUMATHUECKUX YCIOBUM U
MecToobuTaHui. KiumMar yMepeHHO KOHTHUHEH-
TaJbHBIN, TPUUEM 3TOT TIOKA3aTe b CYL[eCTBEHHO
BO3pacTaeT C ceBepa Ha tor. PalioH ucciejoBaHust
OTHOCHUTCS K CTEITHOU 30HE C TFOCIO/ICTBYIOIINM
YepHO3EMHBIM TUIIOM MO4YBooOpa3oBanus. Of-
HaKo, B CUJIy MHOT000Opa3us MeCTHBIX (hU3UKO-
reorpavueckux ycCJOBUH MouBoobOpa3oBaHus,
TOUBEHHBIN MMOKPOB OTINYAeTCsT OOJBIINM pas-
HooOpa3ueM, uTO SIBISIeTCS OJHOUW W3 MPUUMH
dbopucTHuecKoro pa3zHooOpa3us U OoraTcTBa
TpPaBsiHOM PacTUTEIBHOCTH palioHa HMCCJe/[0Ba-
Hust [22]. CornacHo 60TaHUKO-TeorpadruuecKomMy
palioHMpOoBaHUIO ceBepHas 4acTh CapaTOBCKOTO
npaBobepexbss OTHOCUTHCST K CpesHepyCcCcKoi

Atkarsk

Ida/ga Tatishchevo —
—~= c

22

SARATOV

YT e
-y 'Krasnoarmeysk.
; o "%
X 13
h
!‘ 14.@
L
L ]

(BepxHemoHCKOW) TOATIPOBUHIIUKU BocTouHO-
eBpOIelCKOo iecoCTeNnHON NMpoBUHLMU EBpa3u-
aTCKOM cTernHOoW 00s1acT. 30HA/NBHBIMU TUITAMHU
PaCTUTE/NLHOCTHU SIBJISIOTCS IITUPOKOTUCTBEHHEBIE
nleca u nyroBele cTenu. FO)Has yacTh nipaBobe-
pexbst oTHeceHa K CpeJHeZOHCKOW MPOBUHLINU
IMTpuuepHomopckoii (IloHTHUecKkoit) cTenHol
npoBUHIMKM EBpaswaTckoi cTemHOM ob6macTw.
30Ha/NIbLHBIMH TUTIAMH PaCTUTEIbHOCTH SIBISIOTCS
MO/I30HbI Pa3HOTPABHO-TUITYAKOBO-KOBBIIBHBIX
creneii [22—-24]. Kpome Toro, B paiioHe uccnaefo-
BaHUsI UMEIOTCsI 3HAUUTeJIbHbIE TJI01Ia 11 0OHa Ke-
HUM KapOOHATHBIX MTOPO/], Ha KOTOPBIX Pa3BUJIaCh
KaJibliedu/bHast paCTUTENIBHOCTD [25].

MaTtepmanbl U MeTOAbI

ObmnexToMm ucciefoBanus sBisauchk LII Ko-
neeuHuKa KpymnHolBeTkoBoro (Hedysarum grandi-
florum Pall.), HaxofsIHecst B FO>)KHOM uacTH I1pu-
BOJIPKCKOM BO3BBILIIEHHOCTH B 8 IMUHHUCTPATUBHBIX
rpanuijax CapaToBckoii obsactu (puc. 1).

Voskresenskoye

YenosHbie 0bo3HaveHus (Legend):

~— peka (river)

@ obnacTHoii ueHTp (regional center)
o paHoHHbIH ueHTp (district center)

rpaHuLa paiioHa Heele10BaHks
(boundary of study area)

MECTOMON0KEHHA HAHICHHBIX
& lleHononynsuuii (locations
of found cenopopulations)

HOMEP H MECTOMOIMKEHHE H3YUEHHOI
17 ® uenononynsiuuu (number and location
of studied cenopopulation)

Macwitad (Scale):

0 20 40 60 80 100 km
— —

Puc. 1. Kapra-cxema paiioHa UCCIe[0BaHuUS
Fig. 1. Quick map of the study area
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Wccnenosanue nposogunocek B 2007-2021 rr.
[lns BBISIBJIEHUSI PACcIPOCTPaHeHUs KOIleeyHHKa
WCII0/Tb30Ba/IMCh B OCHOBHOM JlaHHbIE MapllpyT-
HBIX HabJI0fleHU#, KpOMe TOT0, YUUTHIBA/ach
nHpopMalnus ¢ repbapHbIX 00pas3ioB ['epbapues
CI'Y (SARAT, SARP), MI'Y (MW) u ISBb PAH
(PVB), nmuTtepaTypHble JaHHbIE U YCTHBIE CO00IIe-
Hus. Haxoxgenue LTT H. grandiflorum v coobiiiecTB
C ero y4yacTHeM OCYIIeCTBIIS/IOCH 00cieloBaHeM
MOXOASIUX /1T HETO MeCTOOOUTaHUH C yuéToM
pa3HoobOpa3usi 0COOeHHOCTe reooTHUeCKOTo
CcTpoeHUsi, penbeda, MOYB, PAaCTUTETLHOCTU U
dopbl paiioHa ucciesoBaHus [22-25] U, Kpome
TOr0, C TIPUMEeHeHHeM CITyTHHUKOBBIX KapT C cai-
ToB Wikimapia [26], Google [27] u SAHgekc [28].
Ocobu Bcex BcTpeueHHBIX LITT KomeeuHHWKa yuu-
THIBA/IUCh TPU TOJCUETe 0OIed YMCIeHHOCTH U
TJIOTHOCTH TIOTYJISILIUH.

Bbi1o mogpo6Ho usyueno 23 1T KoreeuHHKa
KPYITHOIIBETKOBOTO B MECTOOOUTaHUSIX C pa3inu-
HBIMHM 5KOJIOTUUECKUMU YCJIOBUSIMHU, B KOTOPBIX
6b1710 3a7105keHO 60Jtee 600 yUETHBIX IJIOIIA/I0K (TI0
25-30 B KaxxoM ¢uTorieHose). [1pu nccnenoBaHUN
WICTIONTb30BAJTUCH CTAaHAPTHBIE METOJUKHY OITUCAHUS
11T [29] ¢ 3a/105KeHHeM yUSTHBIX MJIOMA/0K B 1 M2
Y OTITUCaHUeM KaykKJIoi 0COOH KoTIeeuHHKa CpejIHeTo
reHepaTUBHOT'O OHTOTe€HeTUYeCKOTO COCTOSIHUS.
Ins onipenenenust xxu3neHHoctu LT 6b11a paspa-
0oTaHa ¥ TIPUMEHSIIaCh aBTOPCKast MATHOA/TbHAS
1rkasia kpurepueB [30]. OnrcaHye IpoCTpaHCTBEeH-
Ho cTpyKTypbl LITT oCcyl1iecTB/SIIOCH C 3apUCOBKOM
KaKI0M yueTHOH muioujafku. OHTOreHeTHUecKoe
cocTosiHue ocobell KoTleeyHHKa OTpe/iesisiyioch I10
MeToAuKe, pa3paboranHoii B. H. Unbuno# [31].
Tuner HIT 1 BUTaIuTeTHOE COCTOSTHHWE OIpefess-
JIUCH C TPUMeHeHHeM HHAEKCOB BOCCTAHOBJIEHUS
(I,), 3amerenus (I,), crapenwus (I ), Bo3pacTHOCTH
(A) v sdbdekTuBHOCTH () [32-35]. CraTHUCTHYeCKas
06paboTKa pe3y/bTaTOB MCC/IeJOBAaHUS MTPOBOIU-
Jlach OOIIEeNPUHSTHIMUA METOZAMHU C TTPUMEHEHHEM
WHTEerPUPOBaHHOM CUCTeMBbI «Statistica» Bepcum
10.0 u Microsoft Office Excel 2003. Bcero 3a re-
puio U3y ueHus 6110 onrcaHo 6osee 3600 ocobeti
BuJa. C peKOrHOCI{POBOYHBIMU MCCJIeJOBAHUSIMU
nipoiizieHo 6osiee 1200 KM.

KpaTkasi xapakTeprucTHKa U3y UeHHbIX MeCT00-
Ourtanuii u LII1 mpuBogutcs B [IpuioskeHUN.

Pe3ynbTaThbl U X 06CYKeHMeE

PacripocTpaHeHve monynsinuii KoreeuHUKa
ToKa3aHo Ha KapTe-cxeme (cm. puc. 1). Bece nomny-
JISILUU B PaliOHe UCCJIe/JOBaHUSI 3aHUMAIOT 0010
mionaib okosio 30.8 ra, Ha KOTOPBIX pacriosara-
eTcs He MeHee 2.068 MJIH ocobeli KoreeuHuKa, 13
KOTOPBIX reHepaTuBHBIX — 0K0J10 1.305 mutH. Cpeg-
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Hsis TIJIOTHOCTh 0co0eii Kosebietcs ot 4.6 70 18.4,
areHepaTMBHBIX — 0T 2.8 10 11.4 oc./M2. B HeKoTO-
PbIX MecTax u3-3a TpaHchopMaluy GUTOLIeHO30B
B CTOPOHY 30HA/IbHBIX COOOIIECTB U pa3pyLIeHUs
MeCT 0OUTaHUs )KU3HEHHOCTh KOTTeeUHHKa HU3Ka.
EcrecTBeHHO, pacrpocTpaHeHHe JaHHOTO BUJA
CB$13aHO CO CrerupUuuecKUMU MeCTOO0OUTaHUSIMH,
HO BCTPeuYaeMOCTh ero B 3TUX MeCTax HOCUT Bepo-
STHOCTHBIH XapakKTep, T. K. B OOJIBIIIUHCTBE C/TyYaeB
B TUITUYHBIX MECTax Jja’ke OTebHbIe 0C00U BUa
He BcTpeuatoTcs [36]. B LjenoM, oT meTpopuTHBIX
CTereil ceBepO-BOCTOKA K TUTYaKOBO-KOBBI/IbHBIM
CTersIM 10T0-3araJHoM UYacTy palioHa McCciie/loBa-
HUs YMCJIEHHOCTh 0CO0el, MJIolIa/ib U MJI0OTHOCTh
L@EHOTIONY/ISILIUI CHUXKATCS.

OTHOCHUTENbHO pacnpoCTpaHeHus, UUCIeH-
HOCTU ¥ ToTHOCTH H. grandiflorum B mpyrux
06acTsIX CBefleHUs] CKy/[HbIE U XapaKTepU3yIOT
otgenbHble LI, pegko Lesble MONyASLUU, TIPU
3TOM KOHTHHYaJIbHO MO/ POOHBIN aHaIU3 pacmpo-
CTpaHeHUs ¥ UNCTIEHHOCTH MOMYJISLUN ¢ O0TBIINX
TeppUTOpUN JAéTCsi B U3BECTHOW CTeNeHU pej-
ko. EcTp mannble u3 pecnybnnk BamkoproctaHn
(cpeauss motHOCTH 3.3-20.6 oc./mM?) u Tatapctan
(okono 15 momysnsitjuii), a Takke benropojckoi
(oxosio 10 momynsuuii), Bonrorpajackoii (6osee
25 monynsuMid, cpefiHss MIOTHOCTD 2.2 0C./M?,
UYMCJIEHHOCTb BbICOKas), PocTtoBckoil (okosno 20
nonyasuuii, cpefinsas naoTHocTh 0.1-4.8 oc./m2,
YHCJIEHHOCTD BbICOKas)) 1 Camapckou (rmogpobHO
OMNMCAHO paclpoCcTpaHeHue, CpejHss MJIOTHOCTh
2.6—8.3 oc./mM?) obnacteii [4, 6-8, 10-14, 17, 19,
37-40], B COBOKYTTHOCTH 3aMeTHO HEKOTOPOE CHU-
)KeHHue TJIOTHOCTH LIeHOMONY/IALUIl OT CeBepHBIX
yacTelt apeasia K FOXKHBIM.

[TpocTpancTBeHHas cTpykrypa LII1 koreeunu-
Ka XapaKTepu3yeTcsi arperupoBaHHbIM THUTIOM Pas-
MelieHHs1 0cobeil. CxeMy TPyTITIOBOTO pa3MeIleH st
ocobeli MpuBOIMM Ha rpuMepe TurnuHoi LTT Homep
[lBa, HAXOZsi1elicst B BepXHel 4aCTU CKJI0HA FXKHOM
9KCMO3UIMU B OKP. XBaJbIHCKa (puC. 2).

Kak BHJHO U3 puc. 2, BCTpeuarwTCcs MecTa
MOJIHOT'O OTCYTCTBUSI 0Cc00el M CKOIJIEHUS [0
25-30 u 6oaee oc./M2, TIpU 3TOM ONTUMa/bHBIM
ABNISeTCA 57 B3POC/IBIX 0co6eli Ha M2. Takxke He-
CTabUIBHO U TIPOEKTUBHOE TTOKPHITHE, HaTIpUMED,
Hau0OoJIbIIIee TOKPBITHE KOTIeeUHUKA BCTPETUIOCH
B ¢uTorieHose 19 (14.47%), a HauMeHblilee — B 18
(0.23%). B npeenax GpuUTOLIEHO30B Ha OTAETbHBIX
YUETHBIX TJIOL[aJKaX MPOEKTUBHOE TOKDPbITHE
MOXeT ObITh HaMHOTO OoJibllle (HampuMep, BO
BTOPOM CO00IIIeCTBe BCTPETU/IOCH MaKCUMaTbHOe
NnokpeiTHe 57%, B 17-M — 41%), NpUUYMHOI 3TOr0
SIBJISIETCSI TIPUCYTCTBUE B OOJIBILIMHCTBE U3yYeH-
HBIX (PUTOL[eHO30B CHUJIBHO BhIPaXKEHHOT'0 MUKDO-
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Puc. 2. Cxema rpymmoBoro pa3meitienust ocobeii B LI H. grandiflorum
Fig. 2. Scheme of group placement of individuals in the cenopopulations of H. grandiflorum

MexXay TpynInyupoBKaMu OOBIUHBI eJUHUYHBIE
MoJI0/ible 0cOOU KoreeuHHKa. I1pu aHamm3e CTpyK-
Typsl L[IT BBIZIeSIIOTCST TPU YPOBHS CKOTIJIEHUM

(puc. 3).

penbeda 1 arperupoBaHHOe pa3MelrjeHne ocobeil
Koreeyduka. B 1T c HU3KOM MIOTHOCTHIO 0cobeit
pa3Mepbl ¥ MJIOTHOCTb IPYNITMPOBOK CHUKAIOT-
Cs1, @ PAaCCTOSIHUS MeXXJy HUMH yBeJUUUBAIOTCS.
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Puc. 3. Cxema hopMupoBaHusi CKOTIeHUi pa3Horo ypoBHs B LIIT H. grandiflorum
Fig. 3. Scheme of formation aggregations of different levels in the cenopopulations
of H. grandiflorum

arperaryy BTOpPOro ypoBHsi. bosibiiivie rpymmipoBKu
TPeTLero YPOBHSI COCTOSIT U3 0C00eii BceX OHTOTeHe-
TUYeCKUX ITePHUOJIOB, IPH TOM ITpereHepaTUBHEIE U
reHepaTHUBHBIE 0COOM CKATl/TMBAIOTCSI BOKPYT CTaphIX

CKOT1/IeHHsI TIEPBOTO YPOBHSI XapaKTePU3YIOTCS
MaJjbIM Pa3MepoM U COCTOSAT B OCHOBHOM U3 TIpe-
reHepatuBHLIX ocobeii. Korma Takue ocobu rpym-
MIUPYIOTCSI BOKPYT TeHepaTUBHBIX, (HOPMHUPYIOTCS
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reHepaTUBHBIX U TMOCTreHepaTUBHBIX. PopMHUpPO-
BaHMWe TpynmnupoBoK B LIIT KoreeyHHKa CBsA3aHBI C
9H/IOT€HHBIMH (XapakTep PaclpoCTPaHeHUs CEMSTH,
0C00EHHOCTH POCTa U Pa3BUTHsI 0CO0ei, BO3pacTHOe
Pa3BHUTHE [IEHOMOMYJ/IALMOHHBIX JIOKYCOB) M 9K30-
TeHHBIMU (HEeOJHOPOJHOCTb CpeJbl, BO3/lelCTBUe
YyeJsioBeKa v KUBOTHBIX) IPUUMHAMHU, KaK U B IPYTUX
yacTsx apeasa [41].

N3yueHHble MOMyASIIUU SBASIOTCS, KakK mpa-
BUJIO, HOPMa/IbHBIMU TIO/THOUJIEHHBIMH, PeJiKO He-

40

TMOJTHOY/IEHHBIMU. B0o3pacTHbIe CIIeKTPhI OHO- U
PeJIKO /IByXBepLIMHHbIE, B OCHOBHOM C MAKCHMYMOM
Ha 0Cc00sIX reHepaTUBHOTO repro/a. ['eHepaTUBHbBIE
pacTeHust 00BIYHO TIPe00/IaZat0T HaZ ITpe- U IOCTre-
HepaTUMBHBIMU. ba30BbIli OHTOreHeTUUeCKU CIIEKTP
M3yUeHHOT'0 BU/Ia TOJIHOUJIEHHBIN, O[HOBepIINH-
HbIM, LIeHTPUPOBAHHBIN, C MAKCUMYMOM Ha 3pejioM
reHepaTHBHOM COCTOSIHUH, UTO XapaKTepHO AJIs
CTep>KHEKODHEBBIX Kay/leKCOBBIX TOJMKAPIIUKOB,
ocobeHHO 60060BBIX [29] (puc. 4).

35
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Ontogenetic states

Puc. 4. Ba3oBelii oHTOreHeTHUecKui criektp H. grandiflorum
Fig. 4. Basic ontogenetic spectrum of H. grandiflorum

Tun AUHaMMKK BO3pacTHOrO cocTaBa (hiirok-
TyallMOHHbIN, TaK KaK COOTHOILLIEHUEe OHTOreHeTH-
YeCKUX COCTOSTHUM HeIOCTOSIHHO M3-3a U3MeHeHUs!
YHCJIa pereHepaTUBHBIX 0CO0eid, T03TOMY UHOTIA
TIPOMCXOIUT HeOOJTBITION BpeMeHHbIH C/IBUT OHTOTe-
HeTHYeCKHX CIIeKTPOB BjieBO. [Toj00HbIe TeHIeHLIUH
pacripefiesieHUsi IPOCJ/IeKUBAIOTCS U B IPYTUX peru-
oHax [41]. [Tpu oTpuLjaTe/IbHOM BO3JelCTBUU pas-
JIMYHBIX (AKTOPOB, B TOM UYMCJIe aHTPOIOTr€HHBbIX,
LIIT focTaTOYHO OBICTPO CTAHOBSITCSI HETTIOTHOUJIEH-
HbIMM, O/JHOBEPLIMHHBIMH, [1IPaBOCTOPOHHUMU C
MaKCUMYyMOM Ha CTapOM reHepaTUBHOM COCTOSIHUU
[42]. Takue LT BeITEeCHSAOTCS U3 PUTOLIEHO3a APY-
TMMH BUJJaMHY, YTO OTMeYaeTCs U B PYTUX YaCTAX
apeana [39, 43].

B Bonrorpasckotii, PoctoBckoit 1 Camapckoit
o6mactsx LITT HoOpMa ibHBbIE, ITOJTHOU/IEHHBIE U 10 CO-
OTHOLIEHUI0 OHTOreHeTUYeCKUX IPyNIl IOX0XKHU Ha
nsyyenHsle [1I1, npu sTom u3 bamkupckoro [1peg-
ypaslbsi OIIMCBIBAIOTCS HOPMa/bHble HeIT0JTHOY/IeH-
Hble [T c MakCMMyMOM Ha MOJIOZJOM FreHepaTUBHOM
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WJTY ZlaykKe Ha BUPTUHUJIBHOM COCTOSTHUMU [4, 7, 8, 15,
16, 18, 20, 21, 39], uTO, BO3MO>KHO, SIB/ISIETCS CJIe/I-
cTBUEeM Oostee 61arOIPUATHBIX YCIOBUH B CEBEPHBIX
TEepPPUTOPUSIX.

Mnpekc BoccraHobnenus (1) konebnercs ot
12.8 no 103.7% u B cpeaHeM paBeH 53.9%, uTo
MOKa3bIBaeT JOCTaTOYHYIO YHUCTEHHOCTb MOJIO/bIX
pactenuil. Unnekc samemtenus (I,) Bappupyer B
npegenax 10.6-103.7%, B cpemgHem 50.5%, uTo
TaK>Ke YKa3bIBaeT Ha Oy1aronpusiTHbIE yCJIOBUS /17151
BO300HOB/IEHUsT 0COOeli U YCTOHUMBOE COCTOSTHUE
nonynsuui. MHaekc crapenus (I) meHsercs B
nipezenax ot 0 1o 18.1%, B cpesHeM paBeH 5.2%. VH-
JleKc Bo3pacTHOCTH (A) MeHsieTcst B ripefienax ot 0.29
1o 0.56. Mupekc 3¢ deKTUBHOCTH (w) TOMYASILUH,
XapaKTepy3YIOLHi Cpe/IHIOK SHePreTHUeCcKyo Ha-
rpy3Ky Ha cpeny, Kosebsetcs ot 0.38 go 0.69. ITo
KJ/1acCU(UKALIUU «JefbTa—0oMera» rpeobiaaroiast
YyacTh TIOMY/SLUN SBJSIOTCS MePeX0JHBIMU U 3pe-
JIBIMU, HO eCTh ¥ MOJIO/Ible, 3peloliiie U CTaperoLye

(puc. 5).
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Puc. 5. Pacripesienenue nonymsiguid H. grandiflorum no knaccudgukanym JI. A. Kupo-
TOBCKOTO [35]
Fig. 5. Distribution populations of H. grandiflorum according to the classification
of L. A. Zhivotovskii [35]

Kak moka3anu pe3ynbTaThl UCC/EIOBAHUS, >KU3HEHHOCTH COOTBETCTBYeT CpejHel riyouHe
6onpmuHCTBO LII1 XapakTepu3yeTcs CpeJHUM  3ajieTaHUs MOYBOOOpa3ylomleld mopoabl (0KOJI0
yPOBHEM >KHW3HEHHOCTH, MPU 3TOM MakcumMym 8 cMm) [36] (puc. 6).

CP7

Puc. 6. CooTHoleHne ypoBHe# >ku3HeHHOCTH ucciefoBaHHbIX LIT H. grandiflorum
(1-5 — ypoBHH )KM3HEHHOCTH) (10 Mepe yBeJIM4YeHHs [TyOHHBI 3a/1eraHst 1ouBoobpasy-
forieit mopozst ot CP (LIIT) 7 x CP (LIIT) 18)

Fig. 6. The ratio of vitality levels of the studied cenopopulations (CP) of H. grandiflorum
(1-5 — vitality levels (as the depth of the native rock increases from CP 7 to CP 18)

232 HayyHbvi oTaen



M. B. JlaBpeHTbeB, B. A. bonzbipes. AHa/m3 pacripoCTPaHEHWS Y CTRYKTYPbI MOMyJISILNA Hedysam @

B IIIT ipeo6siajatoT 0cobu CpeiHero KM3HeH-
HOI'O COCTOSIHMS, HO B HEKOTOPBIX MecTaX M3-3a
TpaHcdopMaluy (pHUTOLIEHO30B B CTOPOHY 30Ha/Ib-
HBIX COOOIeCTB W pa3pylleHHss MecT oOUTaHMs
JKU3HEHHOCTh KoreeyHnkKa Huskas. LIIT u3 Bos-
rorpazickoii, Poctoeckoit u Camapckoi ob/iacTei,
KakK M M3yUyeHHble, XapaKTepU3YyHTCs BbICOKOM
JKU3HEHHOCTBHI0 M YCTOWUMBBIM COCTOSIHUEM, a U3
bamkupckoro IIpeaypanbsi — IBJASIOTCSI MOJIO/bI-
MU, HaXOASILIIUMUCS TIPU 3TOM B /Ie[IPeCCUBHOM U B
TIpOLBeTaroIeM cocTossHuu [4, 7, 8, 39, 44].

3aKnoyeHue

TakuMm o6pa3om, BCe TOMYJIAUU B palioHe
WCC/IeJIOBaHUsl 3aHUMAIOT OOLIYFO TJIOMIA/[b OKO-
70 30.8 ra, Ha KOTOPBIX pacriojiaraeTcsi He MeHee
2.068 mMJsiH ocobeii KorleeuHHKa, U3 KOTOPBIX reHe-
paTuBHBIX — 0K0J10 1.305 MutH. CpeiHs IIIOTHOCTh
ocobeti konebsetcst ot 4.6 g0 18.4, a reHepaTHB-
HBIX — 0T 2.8 110 11.4 oc./mM?. OT ceBepo-BOCTOKa K
10T0-3arajly 10>KHoW yacTu [IpuBOJIKCKOUM BO3BBI-
LIEHHOCTHU YMCJIEHHOCTb 0cobel u myioTHoCTh LITT
KOIleeuHMKa CHUJKAIOTCS, a UX MJIOLIaAU YMeHb-
marTcsi. ba3oBelf OHTOreHeTUUYECKUI CIEKTP
LIT B palioHe uccie0oBaHUsI OJHOBEPLIMHHBIN,
LIeHTPUPOBAHHBIN, C MAKCUIMYMOM Ha 3peJjioM
reHepaTHBHOM COCTOSIHUM, HO M3-3a HeOOIbIINnX
BpPeMeHHBIX C/ABUTOB OHTOTeHETHUUYECKHUX CIIeK-
TPOB BJIEBO THUII JUHAMHUKU BO3PACTHOTO COCTaBa
¢darokTyaloHHbIN. [Tonyasauuu sBAAIOTCS, Kak
MpaBUJIO, HOPMa/bHbIMU O/THOWIEHHBIMH, Tepe-
XOZHBIMU U 3PeJIbIMH, CPeJHETO YPOBHSI KH3HEH-
HOCTH U HAXOZSITCS B YyCTOWUYHUBOM COCTOSTHUU.

ITo COBOKYMHOCTU KpPUTEPHUEB MOMY/ISIL[UN
KOIleeuHWKa KPYITHOLIBETKOBOTO B paiioHe Hcciie-
[IOBaHUsI HAXOJSATCSI B HOPMATbHOM U yCTOHYMBOM
cocrosinuu. Ho, HecMOTpsI Ha 3TO, BO3HHUKAET BO-
TpOC 0 HeOOXOAMMOCTU ¥ KOPPEKTHOCTH OXPaHbl
H. grandiflorum [45]. T'naBHOe orpaHyuueHue B pac-
MPOCTPaHEeHUH ITOTO BU/IA — er0 CTEHOOMOHTHOCTh
OTHOCHUTENbHO OOJIBIIUHCTBA 3KOJIOTHUYECKHUX
pexxumoB. Ilo3ToMy fa’ke B MeCTax C BBICOKOU
MJIOTHOCTBIO €ro 1Moberos, 3TOT BU/J, HEOOXOAMMO
obeperaTb, U I'JIaBHBIM MEpPOIPHUSITUEM 0 €ro
OXpaHe sIBJISIETCS COXPaHeHWe KOHKPETHBIX MeCT
obuTaHUs, MOAXOASMUX [0 aMILJIUTY[e 9KO-
jJoruueckux ¢paktopoB. K mozobHBIM BbIBOJAM
MPUILIJIA UCC/IeZIOBAaTeM U3 COCeJHUX obsacrteit
MpU U3yueHUH npobeMbl OXpaHbl KOTIEEUHUKOB
[46, 47].
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