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PA3nen 1.
dU3nKo-
MATEMATUYECKUE HAYKW



HENUHEUHAA MATEMATUYECKAA MOJE/b
EMONOIMMYECKOIro POCTA NOA, AENCTBUEM
UHTMBUTOPOB U MPOMOTOPOB

NyKkuH K. 4.1, ChoHcKkada T.K.2, XA4ATYPAH M.A.2

PECNYBNUKA BENAPYCb, MWUHCKUIA ®UNNUAN POCCUMNCKOIO 3KOHOMMWYECKOIO
YHWUBEPCUTETA UM. [.B. TTNEXAHOBA

Poccua, MepBbIn MOCKOBCKWUIA TOCYAAPCTBEHHbBIN MEAUUMHCKWUA YHUBEPCUTET
MMEHU U.M. CEYEHOBA

B uccneposaHum [1] 6bina pazpaboTaHa MeToa0/10rTMA KONMYECTBEHHOM OLLEHKHM
KOMOWUHMPOBAHHOTO AENCTBUSA  HEOpraHWYeCcKUX BeWwecTB — Moaenew
JIEKAapCTBEHHbIX MNPEnapaTtoB — Ha 3YKApMOTHYI KneTky. [lpeanoxkeHa
OCHOBAHHAA Ha peleHnn 3adaun Kowm matematmyeckaa mogesb aHanusa wu
NPOrHO3MPOBAHMA KPUBbLIX pPOCTa APOXKMKEBOM KynbTypbl Saccharomyces
cerevisiae, rae KMHETMYECKME MapaMeTpbl — XapaKTEPUCTUKM poCcTa NONyAaLnm
— onpeaeneHbl 3KcnepumeHTanbHo. WccnepgoBaHa cucTema  /IMHEMHbIX
anddepeHumanbHbIX ypaBHEHUN, NpuBeaeHHan B [2]. B [2] paccmoTpeHa Takxke
HeNnHelHas cucTema:

dei/dt =-pi-c1 + f:bcy (1)
dcy/dt =p-c1-b-cy -a-ciCm,

rae ci, Cm — MNJOTHOCTU (KOHUEHTPauuu) pactywux u 3penbix ocobelt; a, b, g p —
KMHEeTUYeCKMe KoadpdULMEHTbl aBTOMHIMBUPOBaHUA, POXKAEHUSA (pa3BeTBieHuA), rnbenn u
pocTa nonyaAuMoHHOM Lenu. NpoBeaeHO KayecTBEHHOE UCCeloBaHMe 3TOW CUCTEMbI, B
YaCTHOCTM, HalAeHbl ee CTalMOHapHble TOYKM M OnpeaeneHo KBasucCTalMOHapHoe
NpUbAMMXKeHMe ANA BTOPOro ypaBHEHMUS.
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MpeanoXKeHHaa maTemaTMyeckas MoZeNb NO3BONAAET M3MEHATb NapameTpbl,
BXOAALLME B YPAaBHEHUSA B LULMPOKOM AMana3oHe, M Noay4yaTb COOTBETCTBYHOWME
peweHnsa, T.e. HabnwaaTb KUHETUMKY LENnHOro pocta M30/IMPOBAHHOMN
nonynauum.

Llenb HacToAwero wccnefoBaHWs — MNpoBeAEeHWEe LMPOKOro YUC/IEHHOIO
3KCNepMMeEHTa NO UCCIe40BAHMIO PeLIeHU AAHHOM CUCTEMbI YPABHEHWUA.

ABTOpbI CTaBuAM neped coboi 3agauvy HaXOXKAEHMA YUC/EHHOro pelleHun
cuctembl (1) B 3aBUCMMOCTM OT BXOAALWMX B Hee MNapamMeTpoB W aHanu3a
NOJIy4EHHbIX pe3ynbTaTos.

Ana cnepyowmx 3HayeHnin napametpos a=1.25*10° ma/y, b=0.8 u?, p=0.32 4},
f =2, g=0 (nMBHbIE ApOXKKEBbIe KNeTKM) [2] cuctema (1) umeeT Bua
dcy/dt =-0,32c1 + 1,6'Cnn (17)
deg/dt =0,32¢1 — 0,8¢cm — 1,28%10%-cy-cpy
Tak Kak cuctema (1’) HennHeMHasn, To pelaem ee YMcaeHHo. Huxke npusoaunTca

nporpamma peleHus aton cuctembl B nakete Wolfram Mathematica
NDSolve[{x'[t] == —0.32x[t] + 1.6y[t],y'[t] =
= 0.32x[t] — 0.8y[t] — 1.28 * 1078 x x[t] * y[t], x[0] =
= 0.3,y[0] == 0.1}, {x, ¥}, {¢t, 0,3.5}]

{{x — InterpolatingFunction[(0. 3.5)," <>"],y
— InterpolatingFunction[(0. 3.5)," <> "]

3necb n panee gna yaobctBa ucnonb3ytoTcs obo3HadeHua: ci=x(t), cm=y(t).
NHTerpanbHble Kpusble c1= X(t) U cm= y(t) n306parkeHbl Ha rpadumke (Puc.l1).

3apava Kowwu peweHa ansa HayanbHbIx ycnosuii x(0)=0,3, y(0)=0,1.
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Puc. 1. UHTerpanbHble KpuBble C1= X(t) — BEpXHAA KpUBaa U Cm= Y(t) — HUKHAA
KpuBas (akcnepumeHT 1)

Bpems nsmeHsetcs ot 0 40 3.5. O6e GyHKLMUM MOHOTOHHO BO3pacTaloT.
B cnepytolem sKkcnepumeHTe (PUC. 2) MEHAIOTCA HaYaslbHble YCI0BUA:
NDSolve[{x [t] == —0.32x[t] + 1.6y[t],y[t] =

= 0.32x[t] — 0.8y[t] — 1.28 * 1078 = x[¢t] * y[t], x[0] =
— 0.15,y[0] == 0.3}, {x,y}, {t, 0,2.5}]

C

Puc. 2. HTerpanbHble KpuBble C1= X(t) — BepXxHAA KpuBasA N Cm= y(t) — HMKHAA
KpuBas (3KcnepumeHT 2)

lpaduk c1=x(t) Bo3pacTaeT, a rpaduk cm=y(t) ybbiBaeT, Bpema nameHsetca ot 0
no 2,5.

YBennynm Bpemsa B npeaplayliem skcnepumenTte ao 4,5; nonyyaem (Puc.3):
12



NDSolve[{x[t] == —0.32x[t] + 1.6y[t],y[t] =
= 0.32x[t] — 0.8y[t] — 1.28 * 1078 * x[t] * y[t], x[0] =
— 0.15,y[0] == 0.3}, {x, y}, {t, 0,4.5}]

Puc. 3. HTerpanbHble KpuBble C1= X(t) — BepxHAA KpuBasa U Cm= y(t) — HUKHAA
KpuBasa (3kcnepmmeHT 3)

Ana cntyauumn, koraa spems nsmensetca ot 0 go 8,5, nonyyaem (Puc.4):
NDSolve[{x'[t] == —0.32x[t] + 1.6y[t],y'[t] =
= 0.32x[t] — 0.8y[t] — 1.28 * 1078 x x[t] * y[t], x[0] =
= 0.15,y[0] == 0.3}, {x, ¥}, {t, 0,8.5}]

Puc. 4. HTerpanbHble KpuBble C1= X(t) — BepXxHAA KpuBasa U Cm= y(t) — HUKHAA
KpuBasa (3KkcnepumeHT 4)
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Takum obpasom, nytem MNOACTAHOBKM PaA3/INYHBbIX 3HAYEHWM NAPaMeTPOB B
LWUIMPOKOM  WHTepBane  6blM  MNOAYYeHbl  AaHHblE  MHOTFOYMUCAEHHbIX
BbIYMC/IUTENIbHBIX 3KCMEPUMEHTOB, pPe3y/ibTaTbl KOTOPbIX COr/acytoTca ¢
3KCNEPUMEHTA/IbHO MOJ/lYyYEHHBIMU KPMBLIMM pPOCTa. ITO MO3BOJIAET CAeNaTb
BbIBOZ, O TOM, YTO NpeaoKeHHas MOAE b AaeT BO3MOXHOCTb NPOrHO3MpoBaThb
POCT MONYAALUMWN 3YKAPUOTHbIX KNETOK B MPUCYTCTBUM TOKCUUYECKUX areHToB
MHAMBUAYANbHO M B KOMOUHAUMAX B LUMPOKOM AManasoHe KOHUEHTpauuih C
NPUMEHEHMEM UCK/IIOYUTENIBHO MaTEMATMYECKOro annaparta 6es nposeaeHun
MPaKTUYECKOro MUKPOBUMONOTMYECKOro 3KCNepPUMEHTAa.

CnnUcoK nutepartypbl:
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Progress: maTepuanbl KoHpepeHumn (Kapnosbl Bapbli-MockBa, 28-29 anpena 2017 r.).
— Kwupos, 2017. - C.12-21.

2. EpwoB HK.A. KuHeTMyeckme mogenn OMONOINMYECKOro pocTa nog AeWCTBUEM
NMHrMbuTOopoB M npomoTopos // HypHan dusmuyeckor xumun, Tom 72, Ne3, 1998.
C.470-475.
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PA3OEN 2.
XMMUWYECKUE HAYKM
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UCCNEAOBAHUE CUCTEMbI CUINSE>-FEIN,SE,

Mwup30EBA P.[., Anna3os M.P.

A3EPEAMAXAH, BAKMHCKWUA TOCYAAPCTBEHHbBIA YHUBEPCUTET

AHHOTauuA. MeTogamm KOMNAEKCOB GU3UKO-XMMMNYECKOTO aHaIN3a U3yYeH XapakTep
OU3MKO-XMMNYECKOro B3aMMOLENCTBMA KOMMOHEHTOB cuctembl CulnSez-FelnzSes um
noctpoeHa ee ¢asoBasa AuMarpaMma, KOTOpada OTHOCUTCA K 3BTEKTUYECKOMY TUMY C
OrpaHMYEHHOW PACTBOPUMOCTU Ha OCHOBE 060MX NCXOAHBIX KOMNOHEHTOB. DBTEKTUKA
Kpucranamsyerca npu 900°C n umeet coctas 77 mon% Feln,Ses . O6nacTb TBEPAbIX
pacTBOPOB Ha OCHOBe xanbKonupuTHon ¢asbl CulnSe; npoctupaetca ao 25mon%
Feln,Ses npu KomHaTHOM TemnepaType. Mepexos, o-TBEPAbIX PAaCTBOPOB B [ - TBepAble
PacTBOPbI NPOUCXOAUT C MUHUMYMOM Npu TemnepaTtype 615°C n 23mon% Feln,Ses.
Ob6nactb TBEPAbIX PAacTBOPOB Ha ocHoBe Feln,Ses npocTupaetca o 8 mon% CulnSe;
NPW KOMHATHOM TemnepaType.

KnioueBble cnoBa: TBepAblii PaCTBOP, 3BTEKTUKA, Xa/IbKOTeHUA, MUKPOTBEPAOCTD.

Abstract. Character of physical-chemical interaction of CulnSe,- Feln,Ses system was
studied by methods of differential thermal, X-ray diffraction, microstructural analysis
and measurement of microhardness. Eutectic phase diagram of the this system was
constructed. Eutectic of the system is crystallized at 900°C and 77 mol% Feln,Ses. a-
solid solution based on CulnSe; reaches 25mol% Feln;Ses and €- solid solution based
on Feln;Ses reaches 8mol% CulnSe; at room temperature. Transition of a-solid solution
into B-solid solution takes place with minimum matching temperature 615 °C and 23
mol.% Feln,Sea.

Keywords: solid solution.

PaHee Hamu O6blna yctaHoBneHa 60/sbliaa  pPaAcTBOPUMOCTb  OUMHApPHbIX
XaNbKOreHNA0B 3/1IEMEHTOB CEMENCTBA XKenesa B a- CulnSe; [5-6].

CoeaunHenmne Feln,Ses nnaBuTca KOHrpyaHTHO npu 890°C, Kpuctanamsyetca B
reKcaroHasbHOW  CTpyKType ¢ napametpamu a=4,18A; ¢=19,45A ¢
MUKPOTBEPAOCTbIO paBHOM 670MIMa [7].
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MN3BECTHO, YTO MOHOXA/NbKOreHWAbl MapraHua M Xenesa obpasyrT TPOMHble
CoeaAVHEHUA C CeCKBMXaNbKoreHngamu unHgma [8-12]. MpepctaBnaer nHTepec
nccnepnoBaHMe pPacTBOPUMOCTM TPOMHbIX XasbKoreHnaos 3d- nepexoaHbix
anemMmeHToB, B YacTHocTKn, Feln,Ses B CulnSe;.

B Hactoawern pabote npuBoauTCA pe3ynbTatbl B3ammogenctema CulnSe; c
Feln,Ses.

Ob6pasubl cUCTEMA CUHTE3MPOBANUCL M3 0COBO YUCTbIX d1EMEHTOB (Meap,
KeNne3o 3NEeKTPoNUTUYEecKMe, WHAMA MapKn-UH-000, ceneH OCH-17-4) B
BAaKYYMMPOBAHHbIX KBApUEBbIX amMnynax C nocaeayrwum MeasIeHHbIM
OXNAXKAEHUEM B PEXMME BbIKNAHOYEHHOM nevn. Ans AOCTUKEHUS PaBHOBECHOIO
COCTOAHMA B Cy6CONMAYCHOMN YacTX AMarpaMmbl NPOBOAUAN OTXKMUI CNAABOB Npwu
700°C B TeueHme 100 yacos.

UccnepgosaHue cnnasos nposoanan metogamm ATA, POA, MCA n nsmepeHmnem
MUKPOTBEPAOCTU. KpuBble HarpeBaHUA WU  OXNAXKAEHMA CHUMAAWU  Ha
ABYXKOOPAMHATHOM noTeHumMomeTpe H-307/1. JTaHO/IOM CNYXKUN
NPOKaNEHHbIA OKCUA aNtOMUHUA.

Mo coBOKYMHOCTM AaHHbIX NocTpoeHa pa3oBan gnarpamma (puc 1a). Kak BugHo
M3 PUCYHKa, CMCTEMA KBa3MbMHaApHAA, OTHOCUTCA K 3BTEKTUYECKOMY TUMy C
OrpaHMYEHHOM PaCTBOPUMOCTBIO C 06enx CTOPOH. IBTEKTMKA coaepKut 77
Mmon% Feln.Ses n Kpuctanamsyerca npu 900°C. Mpu KoMHaTHOM Temnepatype
obnacTb 0-TBEPAbIX PACTBOPOB NpocTnpaeTtca Ao 25 mon% Feln,Ses. Mepexoa a-
TBEpPAbIX PaCTBOPOB Ha 3-TBepAble PacTBOPbI MPOUCXOAMUT YePE3 MUHUMYM NPU
23mon% Feln,Ses. MpaHMLa TBEPAbIX PaCTBOPOB Ha OCHOBe FelnaSes cyXkaeTca o
8 mon% CulnSe; npy KOMHaTHOM TemnepaType.
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Puc.1. a) ®asosana gnarpamma KBasnmbuHapHoro paspesa CulnSe;-Feln,Ses; b)
3aBUCMMOCTb MUKpOTBEpPAO0CTM cucTembl CulnSex-Feln,Ses oT cocTaBa

TemnepaTypa nnasneHua Feln.Ses yctaHoBneHHas Hamu pasHa 950°C, a no
JaHHbIM [7] 3TO coeanHeHMe NNaBUTCA KOHIPYIHTHO npu 890°C .

MunKpoTBepaoCTb U3MepUAM Ha Mukpoteepgomepe MMMT-3 npu Harpyskax
20(ana a-TBepabix pacTBOpoB) U 5rp. (Ans €- TBepAbIx pacTBopos). B KauecTse
TpaBUTENs UCNO/b30BanuM pasbaBneHHyto (1:3) XxpomMoBYyO CMEChb.

Ha pwuc.lb npeacrtaBneHa 3aBUCMMOCTb MMKPOTBEPAOCTM OT COCTaBa.
MuKpoTBepaocTb o- ¢asbl coctaBasetr 2200MMa [13], 4TO COOTBETCTBYET
nony4YeHHbIM Hamu AaHHbiM. C pactBopeHuem Feln,Ses MMKpOTBEPAOCTb Q-
dasbl yBennumsaetcs oT 2200MMa (gna unctoro CulnSez) ao 2900 Mna (ans
cnnaBa c cogepaHuem 25mon% Feln,Ses). Hannume pacTtBopMmOCTM Ha OCHOBE
Feln,Ses noaTBEpKAaET YyBEAMUYEHNE MUKPOTBEPAOCTU (0T 670 ao 750 MMMa).

PeHTreHoda30BbIA aHaNM3 OCYyLecTBASAU Ha audpaktometpe “Bruker A8
ADVANCE” npu Cu Kq- n3nydyeHunun. PesynbtaTbl aHanmsa POA npeactaBneH B
18



Buae gndpaktorpammol Ha puc.2. Kak BugHo, Ha cnnasax Ao 30 mon% Feln;Ses

HabnogaeTca xapakTepHble peHTreHopednekcbl  a-CulnSe;, HeCKoNbKO
CMELLEHHbIE B CTOPOHY 60/1bLINX Yr/I0B. ITO TOXKE NOATBEPKAAET 06pa3oBaHue

a-TBepPAbIX PaCTBOPOB B TaKUX 6onbLINX KOHUEHTPaUnAX.
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Puc.2. Wtpuxamnarpamma HekoTopbix cniaBos cuctembl CulnSez-Feln,Ses

1-CulnSey; 2- 10 mol %; 3- 20 mol% Feln.Ses ; 4- 30 mol % Feln,Ses; 5- 60 mol %

Feln,Ses; 6- 80 mol % Feln,Ses; 7- Feln,Ses
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CUHTE3 U ®U3UNKO - XUMUYECKUIA AHANU3
OKCHUAA TrPADEHA U BOCCTAHOBJIEHHOIO
OKCUAA TPADEHA

CyryPseEKOBA IM.K.1, KynAMBEPTEHOBA P.M.2, MyP3AKACBIMOBA H.C.2, BAEA3APOBA
3.A.2

1|'(A3AXCTAH, HA3APEAEB YHUBEPCUTET, JIABOPATOPUA NPEOBPA3OBAHUA
MATEPUANOB U NPUKNALHOW ®U3UKK, HALMOHANBHAA TABOPATOPUA ACTAHA

2KA3AXCTAH, TAPA3CKMI TOCYAPCTBEHHbIA YHUBEPCUTET UMEHU M. X.[YNATH

AHHOTauuA. B TeyeHMe paga NeT NOCTOAHHO COBEPLUEHCTBYHOTCA Pa3/INYHble METOAbI
cuHTe3a rpadeHa, 4tobbl obecneuntb 6onee 6e3onacHole U IPPeKTUBHbIE
anbTepHaTMBbl. XOTA M3BNeYeHMe rpadeHa meTogom Xammepca ABAAETCA OAHUM U3
CTapenmnx MeToaoB, TeEM He MeHee, OH ABNAETCA O4HUM U3 Hanbonee NOAXOAALLNX
MeTof0B ANnA obpasoBaHMA obbemHoro rpadeHa. NpadeH mMoxKeT ObiTb MOyYeH B
BMAE BOCCTAHOBNEHHOrO OKcMAa rpaduTa, MHOrAA TaKXKe Ha3blBAEMOro OKCUAO0M
rpadeHa. IPpPeKTUBHOCTb 3TOrO NPOLLECCA OKUCAEHUA MOMXKHO OLEHUTb MO BEINYMHE
OTHOLWEHUA yrnepos / KUCNopoZ nojsydYeHHoro rpadeHa. B aaHHolM paboTe pAaHa
CUHTE3 N GUBUKO - XMMYeckuii aHanus O 1 BrO. N0 6bin nonyyeH ¢ ucnosb3oBaHMEM
MOAMOULMPOBAHHOFO MeToAa XamMmepca, 3aTeM NojyyeHHbl TO 6bia nopBeprHyT
XMMUWYECKOMY BOCCTAaHOBNEHWUIO C UCNO/Ib30BAHNMEM MOHOIMApaTa ruapasuHa. Mo u
BrO nmenn pasnmyHyo mopdoaorunio, Kauectso, pyHKLMOHANN3UPOBAHHbIE TPYNMbI,
MUKM MNOTNOWEHMA U KPUCTANAUMYHOCTb. MHPpPaKpacHbI aHaNM3 MoKasan Haauuue
06MNbHBIX KUCNOPOACOAEPKALLUNX GYHKLMOHANbHBIX rpynn B FO no cpaBHeHwmto ¢ BIO.
Pe3ynbTaTbl aHanM3a NoKasanu, 4to [0 bbia ycrnewHo okMcneH ns rpaduTa, Toraa Kak
BIO 6bin apdeKkTMBHO BOCCcTaHOBAEH M3 0.

KnioueBble cnosa: okcung, rpadeHa, BOCCTAHOBAEHHbIN OKecng, rpadeHa, rpadpuT.

BeeaeHue. paduT, 04NH U3 MHOTMX aNNOTPOMNOB YrAepoaa, MoXeT obecneunTtb
60/blWOM NOTEHUMAN BO MHOMMX MPUAOXKEHUAX, TaKMX KaK 3/1EKTPOHUKA W
bYHKUMOHANbHblE HaHOKOMMO3UTbl [1], cpean mHormx papyrux. [paden,
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oAHoc/oMHaa d¢opma rpaduTta, npeacraBnder coboit nNNaHApPHbIA - UCT
TONWMHOA B OAMH aTOM M3 SpP2-CBA3AHHbIX aTOMOB Yyrnepoaa, KoTopble
PacnonoKeHbl B rekcaroHasnbHoM peweTke [2]. U rpaduT, n rpadeH obnaaatot
YHUKANbHbIMW  CBOMCTBAMW, KOTOpble MOTFyT ObiTb OrpaHU4YeHbl €ero
AMCNEepPrMpyemoctblo, 0COBeHHO B CMecu C MOAAPHbIMU MOJAUMEPHBIMM
maTpuuamu [2], ns-3a ero ruapopobHOCTN B Npmpoae.

O n BI'O nmetoT pa3Hble CBOMCTBA MO CPaBHEHUIO € rpadpuTom u rpapeHom. MO
ABNAeTCcA oKcuaHom dopmoin rpadeHa [2], rae Kucnopos BBoAUTCA B rpadeH
nocpeacTBOM XMMWUYECKOro okucsieHuna. Kpome Ttoro, O onucbiBaeTca Kak
CU/IbHO OKCUTEHUPOBAHHbINA, C MPUCYTCTBMEM MHOMUX KUC/IOPOACOAEPKALLNX
OYHKUMOHANbLHBLIX  TPYNM, TaKMX  KaK  3MOKCUAHbIe, TUAPOKCU/IbHbIE,
KapbOHU/IbHbIE N KapbOKCUbHbIE FPYMMbl B €F0 OCHOBHOM NAOCKOCTH [2]. Taknum
obpasom, npu HannMuum 3STUX PyHKUMOHanbHbIX rpynn O cTaHOBUTCA
rmapodunbHbiM, 4TO obecneumBaeT nydywee mexdasHoe B3aMMOAENCTBME C
NONAPHBIMU MONMMEPHBIMM MATPULAMW ONA YAYYWEHUA MeXaHUYeCKUX W
SNEeKTPUYECKMX  CBOMCTB  ANA Pa3/INYHbIX NPUMEHEHUN. OpHako
bYHKUMOHaNu3auma kKucnopoga Ha O cHWMXKAeT 3NeKTPOonpPoOBOAHOCTb, M
nostomy [O CTaHOBUTCA MeHee npeanoyYTUTeNbHbIM 414  NPOBOAALLUX
KOMMNO3UTOB Ha OCHOBe nosinmeposB. BIO cogepXUT MeHbliee KOM4ecTBO
GYHKLUMOHANM3NPOBAHHbBIX KMC/IOPOAOM rpynn no cpaBHeHuto ¢ IO, KoTopble
MOTYT 6bITb CUHTE3UPOBAHbI MPU XMMUYECKOM M TEPMUYECKOM BOCCTaHOBNEHUN.
O4HaKo TepmMMyecKoe BOCCTaHOBNeHMe TpebyeT 6Gonblimx 3aTpaT, TaK Kak
BOCCTAHOBNAEHME MPOBOAUTCA MPU  BbICOKUX TemnepaTtypax, nosTomy
XMMMWYECKOE BOCCTAHOBNEHME ABNAETCA NPeanodTUTEIbHbIM ANA 6ONbLINMHCTBA
nccneposatenen [2].

B aton ctatbe mbl npoaemoHcTpupoBann cuHtes O u BIO u mnx HeKkoTopble
$U3MKO - XMMUYECKME UCCIef0BaAHMA.

Lenbto gaHHOW paboTbl ABAAeTCcA noaydyeHne obpasuoB okcmaa rpadeHa U
BOCCTAHOBNEHHOIO OKcMAA rpadeHa 1 xapakTepusaums KOMNIEKCOM MEeTOA0B
OU3NKO-XMMMYECKOTO aHanu3a. [nA AOCTMMKEHMA 3TOW LeNn NOCTABAEHO
cneaytowme 3agaum: 1) nonyyenme 'O n BrO; 2) nsyumtb HekoTopble PU3IMKO -
XMMMUYECKME CBOMCTBA Nony4veHHbix O n BlrO.
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JKcnepMmeHTaNIbHaA 4YacTb

MeTtoauka nonyyeHusa oKkcuaa rpadeHa. Okcmna rpadeHa H6bin NPUTOTOBAEH C
nomoubio mogmuduumnposaHHoro metoga Xammepca. NaNOs (0,5 r) pactsopuam
B H2S04 (23 mn) c nOMOLLbIO MHTEHCMBHOIO NepemMeLlnBaHus. 3atem gobasnanu
rpadutoBbii nopowok (1 r) B pactBop NaNOsB H.SOa4, oxnaxkaaa npu sTom B
nepaHon bHaHe. lNocne TWaATENbHOrO NepemellMBaHNA MeaneHHo aobasnanu
KMnOas (3 r) B pacTBop B Te4eHMn 30 MMH, NoanepHKMBan TemnepaTypy pacTBopa
HKe 40 °C. [danee npoBOAMAM pPeaKUMIO OKUCAEHWUA Mpu SHEepPrnyHom
nepemewmnsaHmn npu 35° C B TeyeHune 12 4, 4TO NpPUBOAMT K 0Bpa3oBaHUIO
BA3KOM cycneH3un. K nNONy4YeHHOM CYCNeH3Mn MeaneHHO NpPUaAnBanu
AENOHN3NPOBaHHYO BoAy (46 mn), Npu 3TOM COXpaHAA TemnepaTypy pacTBopa
HMKe 20 °C ¢ mucnonb3oBaHMeM neasHoM 6aHu. locne 3TOro, MHTEHCUBHO
nepemeLumBasn, npUAMBaANMU B pacTeop cneayoLyo nopumio
AenoHnsnpoBaHHo Boapbl (140 mn) u meaneHHo kannamu gobasnsnm H,0; (2,5
M) 00 BblaeneHua ny3blpbKOB rasa. [lo/ly4eHHbI KenToBaTOo-KOPUYHEBDLIN
pacTBop oOKcmaa rpaduta  npombiBaam  10%  pacteBopom  HCI  m
OEVNOHNU3NPOBAHHOW BOAOM A0 AOCTUXKEHUA pH pacTBOpa paBHbIM 7. 3aTem 3TOT
pacTBOp noageprann ynbTpa3BykoBon o06paboTtke B TeyeHne 30 MMH A0
paccnamBaHus okcuaa rpaduta B okema rpadeHa (GO).B  pesynbTate
NoJIy4eHHbIN pacTBop ueHTpudyrnposanm npm 3500 06/MuH B TedeHUn 40 MUH.
MpurotoBneHHbIN pacTBop oKkcmaa rpadeHa (GO) BblaepKMBaAAN B BaKYYMHOM
neyu.

MonyyeHne BOCCTAHOB/NIEHHOrO OKcupaa rpadeHa. KonnomgHyto cycneHsuto
oKcuaa rpadeHa B 4EMOHU3NPOBAHHOM BoAe (3 Mr/mA) nonyyanm ¢ NOMOLLbIO
YyNbTpa3ByKoBOW BaHHbI (Fisherbrand 11201) B TeyeHue 3-x 4yacoB. 3aTem K
cycneHsun aobasnann moHornapat rugpasmHa (98%, SigmaAldrich) (3 mr IO Ha
1 ). MNonyyeHHbIN pacTBOpP MNepemelnBanm C MOMOLLbIO MeXaHUYeCKoM
mewankm npm 80°C B TeyeHme 12 4acoB M 3TO NPUBENO K OCAXKAEHUIO YEPHOTO
NOPOLIKA BOCCTAHOB/IEHHOINO OKcuaa rpadeHa. [locne oxnaxaeHus [o
KOMHaTHOM TemnepaTypbl MNOPOWOK ¢unbTpoBanM Yepesd o¢GuAbTp €O
CTEKNAHHbIM PUNLTPOM (CpeaHUi pasmep NOp) C Noc/ieayrowen CyLWKon npu
150°C B Te4yeHme 10 yacos.
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JInctbl BOCCTAaHOBAEHHOIO OKcuaa rpadeHa (BrO), B otanume ot AMCTOB OKCMAA
rpadeHa, ABNAIOTCA rmapodobHbIMMK C OrpaHMYEHHOM BOAHOM
AMCNEePrMpyemocTblo M nerko obpasytoT HeobpaTumble arnomepatbl ANA
obpasoBaHusa rpadeHa B BOAHbIX pacTBopax. [MpeBocxoaHas McneprmpyemocTb
O no cpasHeHuMto ¢ BIO obycnoBneHa NPUCYTCTBUEM MOHU3UPYEMbIX
KucnoTHbIx rpynn B 0. Kak B inctax IO, Tak u B BIO MOHM3aumnA KapboKCUNbHbIX
rpynn B NepByl ovyepenb OTBETCTBEHHA 33 HAKOM/IEHHbIW 3apA4, HO Ha JINCTax
FO npucytctBne PeHONbHbIX U TMAPOKCU/bHbBIX TPYNN B HENOCPeACTBEHHOWM
611M30CTU OT KAapbBOKCUAbHbIX rpynn cTabunmsmpyetr KapboKCMAaT-aHMOH, YTO
AAET NPEBOCXOAHYIO0 ANCNEPTMPYEMOCTb B BoAe (PUCYHOK 1).

PucyHoK 1. BogHble ancnepcum okcnaa rpadeHa (cnesa) n okcmaa rpadura
(cnpaga):

a - B ieHb cMHTe3a; 6 - nocne 1 cyTKu; B - nocsie 2 CyTOK; I - nocse 3 CyToK

CTabunbHOCTb BOAHbLIX Aucnepcuit (14 cyToK) noKasbiBaeT, YTOo AUCMEepPCUM
SNEKTPOCTAaTUYECKM  CTabuAM3MpyOTCA 3@ CYET  HaKoMJeHua  3apAaja,
BO3HMKatowero nnMbo BcneacTsmMe NPOTOHUPOBAHUA PYHKUMOHANbHbLIX Fpynm,
NPUCYTCTBYIOWMX  Ha  3aKPEnJIeHHbIX  noaoctax, AMbo  MOHM3auuK
rMAPOKCUIbHbBIX Fpynm.

Habniogaemaa AaucneprMpyemoct B BOAE O3Ha4yaeT, YTO Haauuume
rMAOPOKCUIbHbBIX TPYMMN OCTAKOTCA NPUBA3AHHBIMK K ancTam BIO n gocTynHbl ans
BK/IIOYEHUA HEMONAPHbIX MoNekyn. Kpome Toro, niOCKME MONEKY/bl MOTyT
NPUAUNATL K rnapodobHbIM sp-naacTbipam Ha anctax Bro.

Takum 06pasom, Hannume GYHKLMOHANbHbIX FPYNN HA NOBEPXHOCTU ncTos BIO
no3BonAeT MoaMPuUMpPOBaTb MOBEPXHOCTb M AOMNONAHUTENIbHO YBENYUTD
rmapodobHoCTb, ucnonb3ya rmapodobusmpylowine BewecTtBa B OAHOM
AUCneprupyemMom B BOAE MaTepuane, 4YTO OAHO3HAYHO MOATBEPXKAAETCH
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AaHHbIMK UK cnekTpockonuu. Ha PucyHke 2 npeactasneH MK-cnekTp okcuaa
rpadeHa, NoONy4YeHHbIN C NOMOLLbIO MeToAa Xammepca.

CornacHo MMelLWMMca B anuTepatype AaHHbiM [1-4], nonocbl NOriowWeHusa B
AnanasoHe BosHOBbIX uncen 3000-3500 cm! mMoXKHO mpunucaTb Base€HTHbIM
KonebaHuam ceasen O-H.

—

\/ A |
: \

% Transmittance
\

Wavelength (em )

PucyHok 2. K-cnekTp okcmaa rpadeHa

Monocy nornoweHuns npn 870 cm™ B MK-cnekTpe okenaa rpadeHa pukcmposanm
TaK¥Xe u apyrve aBTopbl (CM., Hanpumep, paboTy [5]) n 3Ta Nonoca xapakTepHa
AN BHENNOCKOCTHbIX KonebaHmit C-H rpynnbl B apOMATUYECKOM KOJIbLie.
Monocy nornoweHna npu 1571 cm? cKkopee Bcero MOMKHO OTHECTU K
AedopmaymoHHbIM KonebaHmam C-0 ceazeit. Og4HaKO OTHECEHME 3TOM NOOChI
nornouweHuns B AinTepatype obHapy*KeHo He 6bino (Tabnanua 1).

Tabaunua 1 — OTHeceHme nonoc UK cnekTpoB okcuaa rpadeHa

YacrtoTa, cmt CBA3b/pyHKUMOHANbHASA rpynna CcblniKa

3381 BaneHTHble KonebaHua O-H cBasen [1-4], [8-10]

1644 BaneHTHble KonebaHua C=0- KapbOHU/IbHOM [5], [10,11]
rpynnol, AedopmaLoHHble KonebaHusa H,0

1145 C-OH KapbokcuabHas rpynna [71, [9, 11]

1028 BaneHTHble KonebaHua C-0 cBazei [7], [9-611

870 C-H cBsA3M apomaTnyecKoro KosbLa [6], [8, 11]

571 dedopmaumnoHHble konebaHua C-0 ceszel

Pe3ynbrarthbl

Xapakrepusauua cmHtesnposaHHoro IO n Bro
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Hamn cuHTe3npoBaHbl /UCTbl OKcMga rpadeHa no moanduuMpoBaAHHOMY
MmeToay Xammepca M NpoBeAeHa XapaKTepusauma maTepuasa C MOMOLLbHO
CNEeKTPOCKONNUU KOMBMHALUMOHHOIO paccesaHmns (PamaHOBCKasa cneKkTpocKkonus),
CKaHMpYloLWEen 31eKTPOoHHOM MUKpockonuu (CIM) u sHeprogMcnepcuoHHOM
PEeHTreHoBCKoM cnekTpockonuu (3PC).

Okcup, rpadeHa 6bin aHanM3MpoBaH C MNOMOLLbIO 3HEpProamMcrnepCcUoHHOM
peHTreHoBCKOM cnekTpockonuu (3PC) ana onpeneneHma sNeMeHTHOro CocTaBa.
Ha pucyHKe 3 B 1 r u3obparkeHbl pesynbTtaTbl IPC aHanM3a, a Ha PUCYHKax 3 a m
6 nokasaHa mopdonorva okcmga rpadeHa A0 WM Nocae BOCCTaHOBAEHUA,
nccnegoBaHHble ¢ nomouwpbto COM. Ha C3M-m306parKeHUAX 4YeTKO BUAHDI
ABymepHble (2D) cnou rpadeHoBbIX OKCUAOB. Kak 1 0Xnaanocb pasmep NCTOB
oKcuAaa rpadeHa BapbupoBanca B gnanasoHe 2-10 MKkm. B ganbHenwem AncTbl
roadeHa MCNoONb30BaAUCb C  UENAblo NnonayvyeHusa  cyneprngpodpobHoro
MArHMTHOro matepuana gna pasgeneHna HepTn n Bogpbl.
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PucyHok 3. a) COM-un3o06parkeHns okcnaa rpadpeHa n 6) BOCCTaHOBNEHHOIO
oKkcupaa rpadeHa; B) 1 r) pesynbtatbl IPC aHanM3a okcuaa rpadeHa um
BOCCTAHOB/IEHHOIO OKcMAaa rpadeHa cCooTBETCTBEHHO

B Tabaunue 2 npmBeaeHbl AaHHble 06 3/1eMEeHTHOM COCTaBe KaK oKcuaa rpadeHa,

TaK W BOCCTAHOB/JIEHHOrO OKcuAaa rpadeHa. MOMKHO 3aMeTUTb, 4YTO Npwu

BOCCTAHOBNEHUM OKCMAA rpadeHa c MOHOrMAPaATOM rmapasuHa snemeHTbl Na n
Si  6blnM  NONHOCTbO  BOCCTAaHOBAeHbl. CoaepraHuMe  yrnepoga B
BOCCTAQHOBNEHHOM OKcuae rpadeHa ysenmumnocb ¢ 52,06% po 71,61%, a

Kucnopon ymeHowmnca oo 17,22%.

Tabnvua 2 — dNemMeHTHbIM COCTaB OKcuaa rpadeHa, NoayyeHHOro MeToaom
Xammepca U BOCCTAaHOB/IEHHOIO OKcMAa rpadeHa

OkcuarpadeHa BoccTaHoB/IEHHbIN OKeuarpadpeHa

Ne | InemeHTbl Maccosaa | AmomHaAa Maccosas AmomHas
dons, % dons, % dons, % dons, %

1 | Yenepoo (C) 52.06 63.80 71.61 81.37

2 | Kucnopoo (0) 31.41 28.89 17.22 14.69

3 | Hamputi (Na) 0.31 0.20 - -

4 | KpemHuli (Si) 0.78 0.41 - -

5 | Cepa (S) 12.31 5.65 6.16 2.62

6 | Kaaui (K) 1.94 0.73 0.70 0.25

7 | MapaaHey (Mn) 1.18 0.32 4.32 1.07

nmoeo 99,99% 100% 99,99% 100%
Kommepueckn  AoCTynHbIM  OKcua  rpadeHa  aMepUuKaHCKoM  pupMmbl

GrapheneSupermarket [11] coaepxut 79 % yrnepoga u 20 % Kucnopoaa.
OcTtaswuniica 1% cKopee BCero nNpuHagNeXuT sogopoay. [onyyeHHble Mo
MoanPUUMPOBAHHOMY MeToay Xammepca cBexkue obpasupl okcuaa rpadeHa

27



copeprkanu 55,10% yrnepoga 1 40,81 % kmucnopoga [12]. Ecnm npocymmmpoBaTb
3TW AaHHble, TO cymma noaydaetca meHee 100%.

3TO CBA3AHO C Tem, YTO B peasibHOM obpa3ue OCTalTCA TeXHONOTrMYyeckune
npUMecH, KoTopble TPYAHO YAANUTb B NpoLLecce NPOMbIBKM ANCTUAINPOBAHHOM
BOAOM, MOCKO/IbKY TaKMe NPMMeCcH MOryT HAaXOAUTbCA B 3aKPbITbIX NOPaX OKCMAQ
rpadura.

OaoHako nocne  pacc/oeHMs  oKcuga rpadeHa UM NOC/AeAYIOWEro
LEHTPMPYrMPOBAHMA MOMKHO NyTEM pAda NOCNeAoBaTe/IbHbIX OCaXAEHUMN
nonyyntb 6Gosnee uYUCTbIM MmaTepuan. AHanM3 nNpPeacTaBAEHHbIX AaHHbIX
NO3BONAET cAenaTb 3aK/YeHWe, YTO cocTaB OKcuaos rpaduta, rpadeHa, a
TaKe BOCCTAaHOB/IEHHOI0O OKCcUaa rpadeHa ABNATCA NePEMEHHbIM, 33aBUCALLNIA
OT MHOTUX $daKTOpOB. 10 3TOM NPUYMHE 3NNIEMEHTHbIN COCTaB HEOHX0AMMO 3HaTb
ONA  KaXAoW  napTuM, KOTOpPYl  npeanosaraetcA  WCNo/sb3oBaTb B
TEXHO/IOTMYECKOW LIeNnoYKe.

ey v v v TYTTYTYTYTY)
1000 1500 2000 2%00 300 3500 4000

Raman shift (cm”)

PucyHoOK 4. PaMaHOBCKWUI CNEKTP oKcuaa rpadeHa, Noay4eHHOro MeToA0M
Xammepca 1 BOCCTaHOB/IEHHOIO OKcMaa rpadeHa

KaK 13BecTHO B TMMMYHOM crekTpe rpadeHa NpuUCyTCTBYET TPU MNUKA: NepBbli
nuk D npu 1351 cm™, BTopoi Nk G npu 1580 cm™ n Tpetuin nuk 2D npu 2700
cmt. CooTHOLWeEHne mexay MHTeHcuBHocTbio G nnka (Ig) M 2D nuka (o) AaeTt
oueHKy umcna cnoes (ls/l2o) [13]. Ana ogHocnoHOro rpadpeHa 3To COOTHOLIEHUE
MeHblle eanHuLbl. COOTHOLWEHMNE MeXay MHTeHCMBHOCTbIO D nuka (Ip) n G nuKa
(Ic) paeT oueHKy aedekTHOCTM rpadeHoBbix cnoes (Ip/ls). Habnogaemble Nnkm
KOMBOWHAUMOHHOIO pacceAHMa Obln CBA3aHbl C WM3BECTHbIMW MNUKaAMKU ANS
okcmaa rpadeHa, obHapyKeHHOro B Npeablaywen nntepatype, n 4OCTUTHYTble
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rpadeHoBbIe INCTbl AEMOHCTPUPYIOT CUIbHO YLWMPEHHbIe Nonockl D n G. MoHO
yBUAETb, YTo rpynna D nonoca yBenmMumsanacb Nocae BOCCTAHOBNEHUA.

3aknoueHue. B 3akntoueHne, O n BIO 6bian ycnewHo noay4veHol. O 6bin
NONYy4YeH C MCMNONAb30BaHMEM MOANDULMPOBAHHOIO MeTogda Xammepa, U C
MCNONb30BaHMEM MoOHOrnapartarmgpasmHa O 6bin BoccTtaHoBneH go BrO.
CpasHeHua pesynbTtatoB COM mn 3PC mexagy N0 n BIO nokasanum, yto O n BIro
6bl1n ycnewHo cuHTe3npoBaHbl. Ha n3obparkeHmnsax COM IO n BIO nokasanu
OTAnYUTENbHbIE MOP(ONOTMKN. DTN YHUKAIbHbIE CBOMCTBA, KOTOPbIMK 0bNagatoT
rpaput, TO un BIrO, moryt OTKpbITb BO3MOXHOCTU [ONA YAO0BAETBOPEHUA
noTpebHOCTEN B pa3INYHbIX 061aCTAX NPUMEHEHMS.
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ACTINOMYCETES IN ALLUVIAL SOUR SOLIS OF
LAGODEKHI NATIONAL PARK

KHATIASHVILI I.N.*2, LOMTATIDZE Z.SH.2, SHIUKASHVILI T.G.3, MAMULASHVILI K.KH.3

'GEORGIA, TBILISI HUMANITARIAN TEACHING UNIVERSITY
2GEORGIA, SOKHUMI STATE UNIVERSITY

3GEORGIA, ILIA STATE UNIVERSITY INSTITUTE OF BOTANY

Abstract. Four samples of soil from the alluvial sour soils of the Lagodekhi National
Park have been taken. The bulk of the strict nature reserve is accessible only for
research purposes. Different physiological groups of microorganisms, among them
actinomycetes were isolated from these soils, and their quantitative composition has
been studied. Among the four isolated strains of actinomycetes most revealed selective
antagonistic activity towards the gram-positive and gram-negative microorganisms:
Elythrosporangium brasiliense, Actinosporangium violaceum, Staphylococcus aureus,
Escherichia coli, Mycobacterium rubrum 874, Agrobacterium tumefaciens (causes vine
cancer), Xanthomonas campestris (infects cabbage), Pectobacterium aroideae. the
mutual antagonistic properties of antagonists were investigated.

Key words: azotobacter, amylolytic bacteria, cellulose-destructors, nitrificators,
saprophytes.

Actinomycetes are members of a large group of pleomorphic Gramm-positive
bacteria, many of which have some tendency of mycelial growth. The metabolic
multilaterality of actinomycetes, accompanied by the production of primary and
secondary metabolites of economic importance, made possible their
biotechnological applications. They are a promising source of products like
antibiotics, enzyme inhibitors, antiparasitic and anticancer agents [1,2]. They are
one of the most important sources for the discovery of new antibiotics. An
important number of drugs and analogs obtained from actinomycetes are

successfully introduced in the market and used today in clinical practice.
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Actinomycetes are still one of the most important sources of chemical diversity
and a source to search for novel structures that require the integration of diverse
disciplines. These can range from novel strategies to isolate species previously
not cultivated, to in silico biosynthetic predictions from whole gene sequences
and novel engineered heterologous expression. Thus, studying of the conditions
of their evolution and distribution peculiarities is significant [3-5]. Actinomycetes
are significant groups of soil-inhabiting associations of microorganisms.

The purpose of our investigation was to study the microflora of alluvial sour soils
of Lagodekhi National park.

Materials and Methods

Both the gramm-positive and gramm-negative microorganisms served as test
objects:  Elythrosporangium  brasiliense,  Actinosporangium  violaceum,
Staphylococcus aureus, Escherichia coli, Mycobacterium rubrum 874,
Agrobacterium tumefaciens (causes vine cancer), Xanthomonas campestris
(infects cabbage), Pectobacterium aroideae, as well as actinomycetes isolated
from alluvial sour soils.

Cultivation of actinomycetes was performed on Krasilnikov’'s synthesized
medium (CP-l). Antagonistic properties were studied by Block’s method [6].
Modern methods of soil microflora testing have been used in study [7].

Results and discussion

Four samples of soil, picked from alluvial sour soils of Lagodekhi National park
have been tested.

Following physiological groups of microorganisms were isolated from the tested
soils: saprophytic and amylolytic bacteria, fungi, cellulose-destructors,
actinomycetes, nitrificators of the | and Il phase and azotobacter. Results are
demonstrated in table 1.

According to experimental results, it is clear that the quantitative composition
of microorganisms of the tested soils is different. Saprophytes dominated in all
four samples. They made in average 99,9% of the total number of
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microorganisms. This fact indicates that the studied soils are rich of plant and
animal residues and an process of transformation takes place here.

As for the percentage of particular group of microorganisms, in the four sample
the amount of anaerobic bacteria, amylolytic bacteria prevailed. Content of
actinomycetes was significantly higher in the second sample compared to other
ones, while the second sample was rich of nitrificators of the Il phase.

Peculiarities of the distribution of antagonistic actynomycetes in experimental
samples were studied on the next step of investigation. The pure cultures of
actinomycetes were isolated from the soil samples, for this purpose (Lgl, Lg 2,
Lg3. Lg4) and analyzied to reveal the antagonistic properties. Experimental
results are presented in table 2.

Table 1

Number of microorganisms per one gram of the dry soil
Soil

type

Site  of alluvial sour

samplin

g

Groups

of

mlcrof numbe % number % numb % numb %
organis r er er
ms

Saprop = 21262 1773133 67764 17844
hytes 5.10° 99,955 10° 99,13 7.10°© 96,67 3.10°
Cellulos
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destruc 25800 | 0,000001 9638 05 6470 09 8968 004
tors
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bacteria
Anaero 0,044111 0,053 0,00111

. 0,061-10
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tors 3,96 186,2112 29108

-108 .10 ¢
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L1 L2 L3 L4
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Nitrifica
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Table 2 — Antagonistic properties of actinomycetes

Antagonistic culture

Test-object Lgl Lg2 Lg3 Lga
Size of the inhibition zone, mm

Elythrosporangium brasiliense 3,0 0,0 0,0 0,0
Actinosporangium violaceum 3,0 0,0 1,0 0,0
Staphylococcus aureus 2,5 0,0 0,0 0,0
Escherichia coli 4,0 0,0 1,0 0,0
Mycobacterium rubrum 874 3,0 0,0 0,0 0,0
Agrobacterium tumefaciens 2,0 0,0 0,0 1,0
Xanthomonas campestris 5,0 0,0 1,0 0,0
Pectobacterium aroideae 1,0 0,0 0,0 0,0

From the table it is clear that the physiological activity of actinomycetes towards
the experimental test-objects was revealed with different intensity. The most
effective appeared to be the culture Lg 1, which inhibited growth and
development of Pectobacterium aroideae and Esherichia coli (size of the
inhibition zone was 1,0 mm and 4 ,0 mm.), Agrobacterium tumefaciens (size of
the inhibition zone was 2,0mm), Elythrosporangium brasiliense and
Actinosporangium violaceum , Mycobacterium rubrum 874 (size of the inhibition
zone was 3,0mm). Staphylococcuc aureus (size of the inhibition zone was
2,5mm).
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The strain Lg3 was antagonistic only against Xanthomonas camprestris,

Escherichia coli and Actinosporangium tumefaciens (size of the inhibition zone

was 1,0mm).

Strain of actinomycetes Lg 4 revealed antagonis Agrobacterium tumefaciens

(size of the inhibition zone was 1, omm).

Obtained results clear that the pure cultures of actinomycetes, isolated from

Lagodekhi National park demonstrated selective activity against both, gram-

positive and gram-negative microorganisms, as well as against each other.

Conclusions

— Active processes of transformation of the plant residues and nitrogen

fixation takes place in alluvial sour soils (of Lagodekhi National park).

— The alluvial sour soil (of Lagodekhi National park) is rich of actinomycetes

with selective antagonistic activity.
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®/10PA OKPECTHOCTEW CE/IA BEPE3OBKA
ENAHCKOro PAMOHA BONrorrAAICKOM
OBJIACTU

CUTHUKOBA M. W.

Poccua, BonrorpA4CKUM rOCYAAPCTBEHHbIWM COLUMANBHO-MNELATOTUYECKNI
YHUBEPCUTET

AHHOTauums. MNprBoaATCA AaHHbIE O BUAOBOM COCTaBe BbICLLIMX COCYAUCTbIX PACTEHUN
OKpecTHocTe cena bepés3oBKa, cuctematnyeckom, 6Guomopdonormyeckom wu
9KONOTMYECKOM CneKTpax ¢paopsbi.

Kniouesble cnosa: ¢siopa, *KU3HEeHHble GOPMbl, SIKONOTUYECKUE TPYNMbl, aiPaBUTHbIN
CMUCOK PacTEHWUIA.

EnaHcKknin palioH pacnonoxeH Ha ceBepo-3anage Bonrorpapckon obnactm B
HO)kHom depepanbHOm oKpyre. OH rpaHUMYMT Ha ceBepe, CeBepo-3anage ¢
Banawoscknum, KanuHuHckMMm wn  CamMoMNOBCKMM panoHamm CapaToOBCKOWM
obnactn; Ha BocTOoKe — C MMMPHOBCKMM U PYAHAHCKMM palloOHaMW; Ha tOro-
3anage — ¢ JaHunoBCKMM M MuxalNoBCKUM; Ha tore — ¢ KMKBUA3EHCKUM
paroHamum Bonrorpaackoi obnactu [1].

Ceno bepe3oBKa pacno/ioXKeHo Ha BOCTOKe EnaHCKoro panoHa Bonrorpasackoi
obnactn, BAONb PeKU Tepcbl M HaxoAUTCA B CTENHOM 30He. Bosbliana yacTb
TEPPUTOPUN paliOHa UCCNeA0BaHMA 3aHATA MO CE/IbCKOXO3AUCTBEHHbIE Yyroabs,
M NULWb Ha HE3HAUYUTENbHON YaCTU COXPAHWUICA €CTECTBEHHbIA PAaCTUTENbHbIN
NokpoB. Kak npaBuno, pacteHun, npouspacTatowime B NPUPOAHbIX YCNOBUAX,
Yallle BCEro MOXKHO BCTPETUTb BAO/Ib PEKM, MPOCENOYHbIX A0por, B basnkax, y
OBparos.

Hawwn wnccnepgoBaHmAa nposogunmcb B Mae-utone 2018 ropga. B xope
NpPOBeAEHHbIX WCCNeaoBaHUM Mbl BbiABMAWM 91 BMA, BbICWIMX COCYAMCTbIX

pacTeHun, oTHocALmxca K 35 cemerictBam [2]. Hanbonbluee Konmyectso BUAOB
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HacyMTbIBalOT cemencTBa cnoxHouseTHble (Compositae) (16 Buaos),
po3ougeTHble (Rosaceae) (9 BuaoB), 6obosble (Fabaceae) u 3naku (Poaceae) (no
6 BMaoB.), rybousetHble (Labiatae) (5 Buaos).

Buomopdonornyecknii  aHanus  Gaopbl  BbICLIMX  COCYAMUCTbIX PaCTEHWI
nccnenyemon TeppuTopMm NoKasbliBaeT, YTo NpeobafgatowmMmm *KU3HEHHbIMM
dopmamm no cucteme PayHKkMepa saBasatoTca remukpuntodutel (37 Bngos) um
TepoduTbl (21 BMA). B meHblen cTeneHn npeactasieHbl ¢paHepoduTbl (16
BMA0B) M KpuntoduTtsl (14 BMAOB). XameduTbl NpeacTaBaeHbl 3 BUAAMM.

JKOJIOTMYECKMIA aHa/IU3 MOKas3aa, YTO U3 SKONOTMYECKUX Fpynn PacTeHUin no
OTHOLUEHUIO K BAIAXKHOCTU npeobnagatoT meso-kcepoodutbl (42 Buaa). B
MeHbLUEel cTeneHn npeactasneHbl me3odutbl (30 BMAoB) n kcepodutbl (17
BMA0B). (MApodUTbI NpeacTaBAeHbl 2 BUAAMM.

PacTteHuA, 3aHeceHHble B KpaCHY KHUTY, HAMUW BCTPeYEeHbl He 6b1nn.

Huxke B andaBUTHOM nopaaKe NpuBeAeH CNUCOK BbICUIMX COCYANUCTbIX PacTEHN
cena bepé3soBka EnaHcKoro panoHa Bonrorpaackon ob6nactu. JaHHbIN CNUCOK He
MOXKEeT CYMTATbCA NMOJIHbIM M OKOHYaTeIbHbIM: 6eNoKyApeHHMK YEpHbIN (Ballota
nigra), 6epes3a nosucnas (Betula pendula), 60APbLILLHUK COMHUTE/IbHbIN
(Crataegus ambigua), Bacunek npuxKaTodewymnyaTbit (Centaurea adpressa),
BEpPOHMKA AnuHHonuctHaa (Veronica longifolia), Bopob6eiHUK nonesown
(Lithospermum arvense), BbloHOK nonesoi (Convolvulus arvensis), Ba3 rnagKkui
(Ulmus laevis), ropey, ntnumin (Polygonum aviculare), rpaBunaT ropoacKom
(Geum urbanum), rynaBHUK U3MeHUMBbLIN (Sisymbrium polymorphum), nesnunii
BUHOrpad, nATUAMCTOYKOBbLIN  (Parthenocissus  quinquefolia), pessacun
6putaHckun (Inula britannica), pesacun repmaHckuit (Inula germanica),
nepbeHHUK nBoNUCTHbIN (Lythrum salicaria), peckypanHna Codum (Descurainia
sophia), ppema 6enas (Melandrium album), exeBuKa cusaa (Rubus caesius),
€XO0BHUK 06blkHOBeHHbIN (Echinochloa crusgalli), »abpuua nopesHMKoBas
(Seseli libanotis), 3Be3a4aTka cpeaHsan (Stellaria media), 30NHUK KNyOHEHOCHbIN
(Phlomis tuberosa), WKOTHUK cepblit (Berteroa incana), knesep rMOpPUAHbLIN
(Trifolium hybridum), knesep non3syuwnit (Trifolium repens), KneH amepUKaHCKU
(Acer negundo), KneH paBHUHHbIN (Acer campestre), KneH TaTapckuit (Acer
tataricum), Konokonb4MK cubupckmun (Campanula sibirica), koctpeu, 6e30CTbli
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(Bromus inermis), kpanusa asyaomHasn (Urtica dioica), kpanusa xrydasa (Urtica
urens), nanyatka Bwunbyataa (Potentilla bifurca), nanyatka cepebpucran
(Potentilla argentea), nacTtoyHuK ocTtpbit (Cynanchum acutum), natyk
KomnacHbln (Lactuca serriola), natyk Tatapckuit (Lactuca tatarica), nebepna
cTpenonuctHas (Atriplex sagittata), nebena Tatapckas (Atriplex tatarica), nonyx
nayTMHucTblh  (Arctium  tomentosum), nox y3konuctHbln  (Elaeagnus
angustifolia), nbHAHKa apokonuctHaa (Linaria genistifolia), noTUK nonsyunii
(Ranunculus repens), nwouepHa noceBHaa (Medicago sativa), nwouepHa
cepnosuaHana (Medicago falcata), nouepHa xmenesugHas (Medicago lupulina),
mapb 6enaa (Chenopodium album), menkonenectHUK KaHaackuit (Erigeron
canadensis), mono4yan CernepoB (Euphorbia seguieriana), mAaTa nosesas
(Mentha arvensis), MATAUK NYKOBUYHbINA (Poa bulbosa), MATANK Y3KONUCTHbIN
(Poa angustifolia), HoHea TEmHO-6ypan (Nonea pulla), nacneH yepHobiit (Solanum
nigrum), nacTywbA CymMKa ob6blkHOBeHHaAa (Capsella bursa-pastoris), nuxma
obbikHOBeHHaa (Tanacetum vulgare), noamapeHHWUK HactoAawmun (Galium
verum), NoAopoOXKHUK bonbwol (Plantago major), NogOPOXHUK NaHUETHbIN
(Plantago lanceolata), nonbiHb 0bbikHOBeHHan (Artemisia vulgaris), nopTynak
oropoaHbiii (Portulaca oleracea), npyTtHAK npocTépTbit (Kochia prostrata),
NYCTbIPHUK NAaTUAONacTHOW (Leonurus quinquelobatus), pe3ak 06bIKHOBEHHbIN
(Falcaria vulgaris), penewok o06bIKHOBEHHbIN (Agrimonia eupatoria), po3a
KopuyHasa (Rosa majalis), CMHEroNIOBHUK NAOCKOAUCTHbIN (Eryngium planum),
cMpeHb obblkHOBeHHas (Syringa vulgaris), ckepga KposenbHaa (Crepis
tectorum), cmoneBKka 3eneHoupeTkoBaa (Silene chlorantha), cmopoaunHa
3onotuctas (Ribes aureum), coknpku senmkonenHole (Consolida regalis), Tononb
6enbiir (Populus alba), Tononb apoxkawmn (Populus tremula), Tononb YepHbIn
(Populus nigra), TpexpebepHuK Henaxyuun (Tripleurospermum inodorum),
TPOCTHUK 1OXKHbIM  (Phragmites australis), TbiCAYENUCTHUK 6naropoaHbIn
(Achillea nobilis), xonapwnna 3nakosas (Chondrilla graminea), xoxnaTka na1oTHan
(Corydalis solida), uukopuit 06bikHOBeHHbIN (Cichorium intybus), uUMWH
necyaHbli (Helichrysum arenarium), yepepa TpexpasaenoHas (Bidens tripartita),
yepémyxa 0bblkHOBeHHan (Prunus padus), YiHa yeTblipexcemaHHasa (Lathyrus
tetrasperma), umctoten 6onbwoit (Chelidonium majus), wanden aybpaBHbIN
(Salvia nemorosa), wupuua Ha3aas3anpokuHytaa (Amaranthus retroflexus),
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WEeTUHHUK 3eneHbln (Setaria viridis), axMHoUuMCTUC nonacTHbi (Echinocystis
lobata), abnoHs pomawHsaa (Malus domestica).

Ana nonyyeHus 6onee [OCTOBEPHbIX AaHHbIX HEOBXoAMMbI AanbHellune
nccnenoBaHms.

CnNu1CcoK nuTepaTtypbl

1. [OapunyeHko B. M. CtpaHuupbl uctopmmn EnaHckoro kpaa. — CM6.: U3gaTtenbctso «/laHby,
2010. — 336.c.

2. Maesckui N.®. dnopa cpeaHeln nonocbl eBponenckon yactm Poccun. 10-e n3a. - M.:
ToBapuw,ecTBo HaydHbIX n3gaHmn KMK, 2006. — 600 c.
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PA3aEn 4.
TEXHUYECKUE HAYKW

41



HOBbIE NHOOPMALIMOHHBIE TEXHO/1IOITMK ANA
PABOTbI C 6OJ/iIbLLUIUMU MACCUBAMMU ,CI,AHHbIXl

AKMHWMH A.A., MNMonsak KO.E.

Poccuna, LLEHTPANBHbBIA SKOHOMMKO-MATEMATUYECKUI MHCTUTYT (UMW) PAH

AHHOTauuA. B paboTe onucaHbl HEKOTOPblE COBPEMEHHble NOAXoAbl K 0bpaboTke
3HAUUTE/NIbHbIX OOBEMOB WMHOPMALUM, BO3HUKAOLWEA MNPU  MOAEAMPOBAHUU
OYHKUMOHUPOBAHNA  ODBOPOHHO-MPOMbILLIIEHHOTO  KOMMJeKca. B yacTHocTw,
paccmaTpuBaloOTCA TEXHONOTMM U MmeToabl bonblimx AaHHbix (big data) w
WHTENNEKTyaNbHOro aHann3a AaHHbIX (text mining).

KnioueBble cnosa: 6onbine AaHHblIE, MHTeJ'II'IeKTyaI'IbeIVI aHanu3 TeKcTa, text mlnlng

B HacToAulee BpemA HAyKOEMKME W BbICOKOTEXHOJIOTMYHbIE MPOM3BOACTBA
06OpPOHHO-OPNEHTUPOBAHHOM  MPOMBbILW/IEHHOCTM  CTAHOBATCA  Hambonee
Ba*HOM U 3PPEKTUBHOM OCHOBOW pPa3BUTMA BCEro HAPOAHOXO3SAMCTBEHHOMO
Komnnekca. CerogHAa OHM CAYy)KaT MNOKa3aTe/Nem CTPaTermyeckoro YpPOBHA
S5KOHOMWYECKOM MOLLKM CTPaHbl, ee HauuoHanbHOro craTtyca. OTtgeneHue
3KOHOMWYECKON MHPOPMATUKKU LIeHTpaNbHOro 3KOHOMMKO-MATEMATUYECKOTO
nHctntyta PAH npuctynuno K peanusauum npoekta «UHbopmaunmoHHO-
aHAIMTUYECKMN M NPOTPAMMHbIA  MHCTPYMEHTApUM  CUCTEMATM3ALUU
MMEILWMXCA [AHHBIX O MPOAYKLMM BOEHHOrO HasHayeHus, onpenesieHna u
aHann3a 0H60POHHO-MNPOMBILINIEHHOrO MOTEHLUMana ¢ Uenbld MHHOBALLMOHHOIO
POCTa HAUMOHANbHOMW 3KOHOMWKU». B 3TOM wuccnesoBaHUM A0MKHA ObiTb
npoBefeHa BCECTOPOHHAA OUEHKA COBPEMEHHOrO COCTOAHUSA POCCUICKOro
060OpPOHHO-NPOMBILNEHHOIO KOMMAEKCA W €ero PO/ B 3KOHOMWMYECKOM
Pa3BUTUK CTPAHbI, ONpeaeneHbl CTPYKTypHble NpobiemMbl U BHELIHME YrpO3bl ero

1 Wccneposanue  BbinonHeHo npu ¢uHaHcoBoM nopaeprkke Poccuiickoro ¢doHAaa

dYHOAMEHTaNbHbIX MCCeA0oBaHUIA B pamkax HaydHoro npoekta Ne 18-00-00177 (18-00-
00172)
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