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MATEMATHUKA U UHOOPMATHUKA

MPHTH 89.57.35
YK 551.501: 629.195.1

HNCCIEAOBAHUE COAEPKAHUSA YIVIEKUCJIOTI'O I'A3A
B ATMOC®EPE KAZAXCTAHA
IO JAHHBIM CITYTHHUKOBOI'O 30HINPOBAHUA

AxmemkanoB A.X., Kapaganos T.K.
Hayuonanvhulili yenmp Kocmuueckux uccied08anuil u mexHonio2uil
Anmamol, Pecnybnuxa Kazaxcman

e-mail: model_lab@mail.ru

Hccneoosanvl pacnpedenenus yenekuciozo 2aza 6 ammocgepe no 0aHHbIM KOCMUYECKO20 30HOUPOBAHUS
nHa meppumopuu Kazaxcmana. Buinonnen ananusz memooog onpeoeneHus co0epiucanusi yeneKucaio2o 2asa 6
ammocgepe no CNYmMHUKOBOU UHPOPpMAYUU U COBPEMEHHbIX CNEKMPOCKONUYECKUx OaHKO8 OaHHbIX.
Ilocmpoena cxema pacyema meppuUMOPUATLHO2O PACNPEOCNCHUs NIOMHOCMU V2AeKUCI020 2a3d 8
ammocgepe ¢ y4emom NO2NOWEHUS MENI08020 U3NYYeHus. AHanu3 MHO2ONemHe20 Ce30HH020
pacnpedenerus cooeprcarnusi CO, ¢ ammocghepe Kazaxcmana c aueaps 2010 200a no dexabpv 2016 2co0a
noKaszan, 4mo Hauboabuiee codepicanue YeleKuciozo 2asa Habmoodaemcsi eecHou u nemom. Ilomyuenvl
pe3yibmamul CIMAmMuUCmMu4ecko20 aHaIu3a UMeHeHUull KOHYeHMpayuu y2ieKucio2o 2asda no meppumopuu
Kaszaxcmana 3a nepuoo 2010-2017 2o0vi. Muoeonemuee pacnpedenenue ¢ ausaps 2010 2oda no ¢espans
2017 200a nokaswieaem  Henpepvignvii pocm cooepocanusi CO, 6 ammocepe Kasaxcmana. Tpeno
cooepoicanust YeneKucioz2o eaza 6 ammocgpepe noxazan yeeauuenue ¢ 390 ppm oo 404 ppm. B cpednem no
meppumopuu Kazaxcmana c 2010 200a no 2017 200 KoHyeHmpayus y2ieKuciozo 2a3a ygeauuuiacs Ha 3,6%.

Knioueswie cnoga: ammocgepa, konyenmpayus, yereKucavlil 2as, OUCMAaHyuoHHoe 30H0uposanue 3emu,
usjiyyenue, NApHUKOBble 2a3bl, CNEKMPOCKONUSA, NOJIOCHL NO2TIOWEeHUSL.

Ammocghepadasvl KOMIPKbIUKBLL 2a3biHbIY Mapanybl Kazaxcmannvly aymazeinoa 2apblutmuli 30HOMAY
Oepexmepi OouibiHua 3epmmeinzer. CHymMHUKMIK AKNApammul JHCaHe KA3Ipel CNeKMpPOCKONUSIbIK OepeKmep
bankmepin nAOAIAHA OMBIPLIN AMMOCPHEPAOazbl KOMIPKLIUKDLT 2A3bIHbIY KYPAMbIH AHLIKMAY 20iCmepiH
manoay scypeizindi. Koy paduayusceinvly CiHIDIYIH ecKkepe Omblpbln ammocgepaoazol KOMIpKbIUKbLL
2Aa3bIHbIY MbIZLI3OBIZLIH AYMAKMIK, 001y0i ecenmey yuin cxema dicacanovt. 2010 xcvlndbiy Kaymap aublHaH
2016 owcvinoviy  ocenmoxcanvina Oeiin  Kazaxcmanuwvity ammocghepacvinoazer COp-niy y3ax mep3imoi
MAyCcolMObIK, OONIHYIH MAi0ay KOMIPKbIUKBLL 2A3bIHbIH ey KON Meuiepl Kokmemei-scazoa batikanraowt. 2010-
2017 oxcvindap apanvievinoazel Kazaxcman aymagblHOd KOMIPKbIUWKBLL 2A3bIHLIE KOHYESHMPAYUSCHIHbIY
032epyin CMamucmuKkanblk manoay Hamuicenepi anvinosl. 2010 scotioviy xaymap auvinan 6acman 2017
JAHCHLIOBIY aKNnauwbina Oellinei y3ax mep3imoi beny Kazaxcmaunoly ammocghepacvinoazoel COy MA3MYHbIHbIH
Y30iKkci3 ocyin kepcemedi. Ammocpepadasvt komipmeei ouokcudiniy ypoici 390 ppm-oan 404 ppm Oeiiin
ocmi. Kazaxcman aymasgvinoa 2010 ocviidoan 2017 owcvinza Oetiin opma — ecenner KOMIPKbIUKbLL
KoHyenmpayuscol 3,6 % -2a apmmui.

Tipex ce30ep: ammocghepa, KOHYeHMPayusicol, Komipmei OUOKCUOL, dHcepli KAUBIKMbIKMAH 30HOMAY,
cayneneny, NapHUKMiK 2azoap, CeKmpoCKOnus, CiHipy JHColaKmapol.
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The distribution of the atmosphere carbon dioxide according to space sensing data on Kazakhstan
territory is studied. The analysis of methods for determining the content of carbon dioxide in the atmosphere
by satellite information and modern spectroscopic data banks. The scheme of calculation of territorial
distribution of density of carbon dioxide in the atmosphere taking into account absorption of thermal
radiation is constructed. Analysis of long-term seasonal distribution of CO, content in Kazakhstan
atmosphere from January 2010 to December 2016 showed that the highest content of carbon dioxide is
observed in spring and summer. The results of statistical analysis of changes in the concentration of carbon
dioxide in Kazakhstan territory for the period 2010-2017. Long-term distribution from January 2010 to
February 2017 shows a continuous increase of CO, content in the atmosphere of Kazakhstan. The trend of
carbon dioxide content in the atmosphere showed an increase from 390 ppm to 404 ppm. On average, the
concentration of carbon dioxide in Kazakhstan increased by 3.6% from 2010 to 2017.

Keywords: atmosphere, carbon dioxide concentration, remote sensing, solar irradiance, greenhouse
gases, spectroscopy, absorption bands.

B cBs3u C aKTUBHBIM HCIIOJIB30BAHMEM YEJIOBEUYECTBOM HCKOIIAEMbBIX SHEPIOHOCUTENEH B
Ka4yecTBE TOIUIMBA, MPOUCXOAUT OBICTPOE YBEIMYEHHE KOHIIEHTPAIMHM STOrO ra3da B aTMmocdepe.
HaunOonpmmii BKIag B TI00aMbHOE MOTEIJICHHE BHOCHT yriekucielid ra3 COy, M0 COBpeMEHHBIM
orieHKaM ero 10 coctasisier 60—70% [1]. OTinuuTenbHOM 0COOEHHOCTHIO TAPHUKOBBIX CBOWCTB
JIBYOKHCH YIJIEpOJia 110 CPAaBHEHUIO C JAPYTUMU ra3aMu sIBIsSIETCs €€ JOJIrOBPEMEHHOE BO3JIEHCTBUE
Ha KJIMMaT, KOTOPOE IOCJIE€ IMPEKPALEHUs BBI3BABIIEH €€ 3MUCCUU OCTAETCS B 3HAYUTEIBHOU
CTETIEHU IOCTOSHHBIM Ha MPOTSHKEHUM MO0 Thicsun JieT. OmnpenenceHo coAepkaHHe B CTOJIOe
aTMoc(epsl YIIEKUCIIOro Ta3a U3 M3MEPEHHBIX CIEKTPOB IPU MCHOJIB30BAaHUU B MPSMOM 3amaue
pa3HBIX COBPEMEHHBIX CIEKTPOCKOMMYECKHX OaHKOB NaHHBIX [2]. HecmoTps Ha OTHOCHUTENHHO
HEOOJIBIIYI0 KOHIIEHTpauio B Bo3ayxe, CO; sSBIISIETCS BaKHOW KOMIIOHEHTOW 3eMHOU aTMochepsl,
MIOCKOJIbKY OH TOIJIOIIAET U NepensiiydaeT nHdpaKpacHOE U3TyYyeHUE Ha Pa3IMYHbIX JJIUHAX BOJH,
BKJIOYasl JUIMHY BOJIHBI 4,26 MKM (BHOpAlMOHHBIN pPEXHM — aCHMMETPUYHOE paCTSHKCHUE
Mosiekynbl) U 14,99 MM (u3ruOHbie kosieOanust). J[aHHBINA MPOIECC HCKIIOYAET WM CHHXKACT
U3Iy4eHne 3eMiId B KOCMOC Ha 3TUX JUIMHAX BOJIH, YTO IMPUBOJUT K MapHUKOBOMY 3 dekTy.

B HacTosmee BpeMs MHTEHCUBHO pa3BUBalOTCA MeTonbl [I33, OCHOBaHHbBIE HA NPUMEHEHUU
MH(PAKPACHBIX CIIEKTPOMETPOB-PATUOMETPOB BBICOKOTO pa3pelieHus. DTO CBS3aHO ¢ TeM (hakToMm,
4To B Tpomocdepe M HUXKHEH cTpaTocdepe, T.e. B Haubojee NEATEIBHOM U BaKHOM CJIO€
atMoc(epsl, MOJYUIMPUHBI CIEKTPAIbHBIX JIMHUM aTMOC(QEpPHBIX Ta30B MPONOPLHMOHAIBHbI
JIABIICHHIO M TI0ITOMY MEHSIIOTCS OT JECATBIX IO COTHIX JIONeH 0OpaTHOro canTuMerpa (cM™).
[ToaTomy npu 30HAMPOBAHUM ITOTO ciost atMochepsl MmeTogamu UK-cniektpockonuu, paspenieHue
JOJDKHO OBITh TOTO XK€ mopsnka, T.e. ~ 0,02-0,5 CM'l, a pabouuii aWama3zoH MpuOopa JOKEH
coctaBmsth ~ 500-3000 cM™ (06MACTh TEMIOBOrO M3IyYeHHsS aTMOC(EpHI, TIe PACIONOXKCHBI
KoJie0aTenbHO-BpaIlaTeNIbHbIE TMOJOCH OCHOBHBIX aTMOC(HEPHBIX Ta30B). ODTO 00yClaBIMBAET
KOJINYECTBO M3MEPHUTENbHBIX KaHAJIOB MpUOOpa, T.e. TOUEK B IKCIIEPUMEHTAIBHBIX CHEKTPaX, 10
~104-105. Takum o0Opa3oM, BBICOKOE CHEKTPaJbHOE pa3pelieHHe I03BOJIET TOIydaTh
uHpopmanuto 00 arMmocdepe, 3amMPPOBAHHYI0 B TaKUX CIEKTPax, B MEHbIIEH cTeneHu
HCKKEHHBIX M3-32 KOHEYHOro paspeuieHus: npubdopa. [Ipu 3ToM 00sbinoe KOJMYECTBO KaHAJIOB
1o3BoJisieT 3P(GEKTUBHO YMEHBIIUTh CTATUCTUUYECKHE MOrPEUIHOCTH M3MepeHuid. OHaKo B CHILY
M3BECTHOM MaTeMaTHYEeCKOW ‘HEKOPPEKTHOCTH 3ajad 0O0paOOTKU AUCTAHIIMOHHBIX M3MEPEHUH, B
JAHHOM CJIy4yae CHEKTPOB YXOIIIeH paauanuu, npu oOpaboTKe MOJKHBI MPUMEHSTHCS BeChMa
BBICOKOTOYHBIE METO/IbI pac4€Ta TAKUX CIEKTPOB.
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I'moGanpHelii aTMOChepHBI peaHanu3 crnyTHUKOBBIX naHHBIX (MERRA) ocymectBusercs
HACA (GMAO) Ha ypoBHE TJI00AIbHOTO YIPABJICHUS, MOJCTUPOBAHHUS M ACCHMUIISIMU
CcnyTHUKOBBIX naHHbIX. Ilene MERRA-2 3akmrodaercs B TOM, 4YTOOBI OOECIEYUTH
CHCTEMaTU3UPOBAHHBIN, OJJHOPOAHBIN YUeT TI00anbHON aTMOC(EPhl U BKIIIOYUTD JOIOJHUTEIbHbIC
aCIIEeKThbl KIIMMaTHYECKOW CUCTEMBI, BKIIIOYAsl ra30Bble KOMIIOHEHTHI U YIyUIIEHHOE IIPECTaBICHHE
MIOBEPXHOCTU 3eMJIi. DTa cUcTeMa SIBJISAETCS OJHOW M3 NEepPBBIX CHUCTEM peaHalMu3a CIIyTHHKOBBIX
JAHHBIX JJI aCCUMWIALIMU KOCMUYECKUX HAOIIOICHUH Ira30B U a3p030JIei, a TaKkKe MpeICTaBIEeHUs
UX B3aUMOJAEHCTBHUS C JpyrMMU (U3MYECKMMHU IIpoleccaMd B KIMMartudeckoil cucreme. Ha
KpPaTKOCPOYHBIX €KEJHEBHBIX JaHHBIX 10 TeppuTopuu KazaxcraHa Ha psiie y4acTKOB HET JIaHHBIX.
B cnyyae HEOOIBIINX yYACTKOB B JIBa-TPU MUKCENIS MOXKHO HUCIOJIB30BATH METObI HHTEPIOJISAIIHH.
Ho Bo mHOrux ciydasx 3to Oousbimme tepputopuu. lloaTOMy HEOOXOOMMO BOCCTaHABIMBATH
JaHHBIE Ha 3TUX Y4aCTKaX PacYETHBIMU METOAAMHM.

OOw1ast mocTaHOBKA 3a/1a4 JUCTAHIIMOHHOTO 30HIMPOBAHMS METEOPOJIOTHYECKUX MapaMeTpOB C
NC3 B puana3zoHe OT yJIbTpaduoIETOBOTO 10 MH(PAKPACHOTO M3IIyYEHHsI C HCHOJIb30BAaHUEM
TEOPUH CONPSKECHHBIX YPAaBHEHMH M ypaBHEHHH LleHHOCTH MHGpopMmauuu chopmynuposasa B [3].
PaznuuHplM 3a7ayaM BOCCTAHOBJICHHMSI TEMIEpaTYpHOIO IIOJIi IpU B3aUMOJCHCTBUU 3E€MHOM
MOBEPXHOCTU M aTMocdepsl co cnyTHHkoB B MK nuana3one crnekTpa HOCBALIEHO OCTaTOYHO
MHOTO0 pabor [4,5].

B Hacrosmieit paboTe mocTtaHoBiI€HA 3ajadya MOCTPOEHUS CXEMBbl pacyeTa IUIOTHOCTU MallbIX
ra3oB B arMocdepe C y4eTOM IMOTJIOMIEHUS TEIUIOBOTO H3IYYCHHs STHUM Ta3oM. YXOJsIiee
U3y4YeHHEe 3eMITU TeHEPUPYETCS B PA3IUYHBIX CIOAX 36MHOW aTMOC(Ephl M TEM CaMbIM OTpakaeT
TEPMUYECKUH PEXUM HTHX CJIOEB MM KOHIEHTPALMIO BOASHOrO mapa B HHUX. M3mepsemoe
CIIyTHMKaMHM TEIUIOBOE U3JIy4YEHHUE, €CTh CyMMa BCEX U3IYUYEHUI 3JIeMEHTapHBIX CIIOEB aTMOc(hepsl,
xapakrepusymwomieecss (QyHKuueil ocnabineHus TeIIoBOro wusiaydenus @,,, 3aBHcAas OT
BEPTUKAJIBHOIO MpouiIs MajblX Ia3oB, HaBieHus P u temmeparypsl 7(p), a Takke OT IJIUHBI
BOJIHBI A (MJIM 4acTOTHI V), Ha KOTOPOM (PUKCHpYyeTcs U3JIyuyeHue, U yria BU3upoBanus 6.

VYpaBHeHHE NepeHOoca JJIMHHOBOJIHOBOIO M3Iy4eHHUs B arMocdepe B H300apUyecKoil cucreme
KOOpJIUHAT MOXHO IIPEJCTaBUTh B BUJIE:

Ji®) = BTl * Fa(po) + [, BalT] A8 du, (1)

rae J1(p)— BOCXOsIIee TEIIOBOE H3TyHUCHIE,

B;[T (p)]- dyukims [Tnanka,
po = 1000 rlla— naBneHue Ha 3eMHOM MOBEPXHOCTH.

CopepxaHuie YIIEKUCIOro raza A0 OONBIINX BBICOT MPAKTHUYECKH HE MEHSETCS U MOXKHO
MPUOJIU3UTENHHO CUUTATh €T0 MOCTOSHHBIM JI0 ONPEACICHHONW BHICOTHI (80 KM), TO3TOMY MOXKHO
OTIPENICTUTh KOHIIEHTPAITHIO Ta3a Mo CICAYIOIIEMY TUCKPETHOMY YPaBHEHHIO:

J3(pn) = BAlT(0o)] * Fa(po) + X1 Bi[T (py)] (Fy(Pis1) — Fa(piz1))- (2)

(DYHKI_II/I}I oca0JIeHUs TEIJIOBOIO HU3JTy4YCHUSA OIIPCACIIACTCA B BUAC

e
Fa(pi) = e coso™, (3)

rac a,— MAacCCOBBIM KOB(I)(I)I/II_[I/ICHT MorjiomeHus U3JIy4CeHusd,
P— INIOTHOCTH I'a3a.
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[epBble nBa YIeHa pa3IokKeHUS B Al 3TOH QyHKIMK OyAyT UMETh BHL:

Fp)=1—-"2p @)

cos9 UL’

[Tocne mocranoBku (3) B (2) momydum

Jow) = 0B [T()] * (1= 222 p, ) + T, BAT ()] 25 (i — py 1) (5)
p= (0BT ()]-JL(PN))cos? ©)

a3 (0BT )]-XN, BAT®0)]®i41-D))

Jns pacdera pacnpenesieHuss 0 TEPPUTOPUU KOJMYECTBOM mukcened N Ha M mioTHoCTH
YTIIEKHCIIOTO Ta3a Py, ,, HEOOXOAUMBI JaHHBIE pacHpeieNIeHUs pajinanca (M3MepsaeMoe Ha CITyTHUKE

em
BOCXO/III€e TEIJIOBOE U3JIyUEHUE HA3bIBAETCS PaJMAaHC C PA3MEPHOCTHIO [2—]), TEMIIEPATYPbI
M*“MKMCP.

Tym, KodbduiMeHTa INOMIOIEHUS «, YIVa 30HAMpOBaHUA ¥, KOd(QQUIMEHTa CEPOCTU O.
[TapameTpsl MOCHEIHEr0 COOTHOIICHHWS MOTYT OBITh TOMY4YeHBI B pe3yiabTare oO0padOTKU
CIYTHUKOBBIX JIaHHBIX: TeMIepaTypa, faBienue. g onpeaeneHus: ko3(pPUIMEHTOB MOTIOMIEHUS
ucnonsizyercs unpopmanronnas cucrema HITRAN, npennasnauennas ans obecrieueHust 10CTyma
yepe3 MHrepHer k uMHGOpMAlMU O MapaMeTpax CHEKTPaJbHBIX JMHUNA aTMOC(EpHBIX Ta3oB U
3arps3HAOMUX BemecTB. Cuctema cocTouT u3 cranaapTHoi 6a3el gaHHbIX HITRAN [6] u GEISA
[7], koTOpast B OCHOBHOM OXBAaThIBAa€T OTHOCUTEIHLHO XOPOIIO N3YYEHHYIO HH(paKpacHyto 001acTh
CIIEKTpa, HO pacmpocTpaHsieTcss Ha 0ojiee MIMPOKUE CIEKTPaAIbHBIE AMAMAa30HbI OT MHUKPOBOJH JI0
ynbTpaduonera (0,00001-25232,0 CM'l). baza nmaHHBIX WHTEpHET-TIOpTANia O MOJICKYISIPHOM
CHEKTPOCKONIMU MOXET COJAEpKaTh CIUCKM MapaMeTpPOB CIEKTPAIbHOM JIMHUM U3 Pa3HbIX
HCTOYHUKOB JaHHBIX. B Ganke atMocdepHbix 1aHHBIX NASA MMeEI0TCs pacipeeneHns MIOTHOCTH
ra3oB M UX COJIEp’KaHUsl B aTMOC(EepHOM CTOJIOE, pacCCUUTAaHHBIE Ha OCHOBE PA3JIMYHBIX MOJIEIEH.
Ho moka oHM MOKpBHIBAIOT HE BCIO TEPPUTOPUIO 3EMIIM, MOITOMY aKTyaJbHOM OCTaeTcsl 3ajada
pacuera IIOTHOCTH aTMOC(HEPHBIX Ta30B, MOMIOMIAIOIINX TEIJIOBOE U3TyUSHHE.

[TornomeHne aTrMOC(HEPHBIMH  COCTABISIIOIIMMHM  MOXXHO —XapaKTepH30BaTb C TOMOIIBIO
CHEKTPATbHOM 3aBUCUMOCTH KOI(PPHUIIMEHTOB MONEKYISIpHOTO moriomieHusi. CreKkTpanbHbIN
XapakTep  MOJIEKYJISIPHOTO  TOTJIONIEHMsS,  OOYCJIOBJIEHHBIH  CHUJIBHOW  HM3MEHUYHMBOCTHIO
KO3((ULUEHTOB MOJIEKYJISIPHOTO TIOIVIOIICHUS, SBJISIETCS OCHOBAaHMEM IS JIOMYILEHUs
CEJICKTUBHOTO TIOTJIOMICHUSI B TIEPBOM MNPUONIKEHUH. BpluncieHne cnekTpaibHBIX Tpoduiieit
JUHUI MOJIEKYJ ra3a OCHOBaHO Ha JIMHEWHOM METO/i€, KOTOPBIH CYMMHUPYET CTaHJIapTHBIE POPMBI
JUHUWA OTAENbHBIX JUHUN mnornouieHus. llo3unuu nuHEMHOro 1LEeHTpa W HHTEHCUBHOCTH
PETUCTPHUPYIOTCST CIIEKTPOMETPAMHU BBICOKOTO pa3pelieHus] B KOHTPOIUPYEMBIX JTabOpaTOpHBIX
ycaoBusax. OOmumi Kod3pPUIHMEHT MOJEKYISIPHOTO MOTIOIIEHUS B aTMOCc(epe NpeAcTaBiIsieT co00i,
B MEPBOM IPUOIIKEHUH, CyMMY KO3((OUIIMEHTOB TOTJIOMICHHS B OTACIBHBIX JTMHUSX MOTIOMECHUS
atMocdepHoro raza. 3HadeHHs] Kod(QUIMEeHTa TMOIJIONIEHUs KOHKPETHOTO Tra3a MOTYT OBITh
nonydeHbl U3 0a3pl gaHHbIX HITRAN, koTopas comep HUT CHEKTPOCKONHWYECKHE IaHHBbIE O
MOJICKYJIIpHOM  moromieHnd. Jlanaele, mpexactaBineHHsie B 0aze HITRAN, saBmstorces
pe3ylibTaTaMi 3KCIIEPUMEHTOB, MO3BOJIAIOIINX BOCCTAHOBUTH CHEKTPHI MOMIOMICHUS U U3TYYECHHUS.
ba3bl naHHBIX TO3BOJSIIOT JETAJIBHO YYECTh KaXKAYK CIEKTPAJIbHYIO JIMHUIO TOTJIOLIEHUS
Mosiekylnamu  Bo3ayxa. 3oHna AIRS, pacnonararomuiics Ha chnyTHUKe Aqua, SIBIsSETCA
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CIIEKTPOMETPOM BBICOKOTO pa3pelIeHHs], KOTOPhI H3MepseT MHPpPaKpacHOEe H3JIydeHHEe 3eMIu B
CHeKTpajabHOM auanaszone ot 3.75 go 15.4 mxm. U3mepenue Beaércs no 2378 kananam. Mosekyina
yraekucioro raza CO; umeer B K obnacTu criekTpa JBe MHTEHCUBHBIC TIOJIOCHI MOTJIOIMICHUS C
JuMHaMu BOJH 4.3 MKM (B oOsiactu BoimHOBBIX yucen 2100-2400 em™t) 1 15 MM (550-800 em™).
Haunbosee cuiibHOM SBIISIETCS TI0JIOCA TOTJIOMICHHSI C IIEHTPOM 0KoJ10 4,3 MKkM. OtHaKo 3Ta 00J1acTh
HAaXOJUTCSI Ha CaMOM Kpalo CHEKTPaJbHOM IJIOTHOCTH SHEPreTHYEeCKON SPKOCTU COJHEUYHOTO
U3ITy4eHUs, U3JIyYeHUE 3€MHOM MOBEPXHOCTH 3[ECh TaKXKe HEBEIMKO. BaxkHOU g yriekucioro
raza sBusgercs mupokas mnosoca 12,9-17,1 mxm c¢ mentpom y X = 14,7 mMkm. DTta noioca
pacmoyoKeHa B MaKCHMyME TEIJIOBOTO H3IydeHUs: arMocdepbl. DTOW TOJ0Ce TMOTJIOMICHHUS
cootBeTcTBYET 2234 Kanan AIRS.

Pacnipenenenne cogepxkanus CO; B armocdepe mo tepputopuun Kazaxcrana Ha utonb 2016 roga
no obpaboranHbIM gaHHBIM ckaHepa AIRS mokazano Ha pucynke 1. TeppuTopuanbHbIi aHATU3
pacnpenenenuii CO, MoOKa3bIBaeT, YTO MAaKCUMyM cojepxaHus 10 415 ppm Habmomaercs Ha
ocylieHHOM JHe Apanbckoro Mmops. JlokanbHbie MakcuMymbl a0 407 ppm HaxonsaTcs B
ATbIpayckoii, AKTFOOMHCKOM 1 AKMOJIMHCKOM 00JIacTsX, a TakKe B CeBEpHBIX 4acTax [Ipuapanbs u
[Tpubanxambs. MUHUMYM cozepikaHHs YTTIEKHCIOro Tra3a 398 ppm HaOmroAaeTcs Ha CThIKE TPexX
obnacreii: K3pui-Opaunckoit, Kaparannuuckoit u TypkecTaHCKOM.
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Pucynok 1 — Pacnipenenenue coaepxxanus CO; B atmocdepe no Tepputopun Kazaxcrana
Ha uroHb 2016 roga

Mmuoronetnee pacnpenenenue ¢ siHBaps 2010 roma mo ¢eBpans 2017 roga (pucyHOK 2)
MOKa3bIBaeT HempepbiBHBIN pocT copepxkanus CO; B atmocepe Kazaxcrana. Tpenn conepxkanus
nokazan ysenmuuenue ¢ 390 ppm mo 404 ppm. B cpennem no Tepputopun Kazaxcrana ¢ 2010 roga
mo 2017 rox KOHIEHTpAmus YIJIEKUCIOTO Ta3a yBenuumiack Ha 3,6 %. CpenHee 3HaUYeHHE
conepxkanust 397,10 ppm; cranaaptHas ommbka 0,46 ppm; cranaapTHoe oTkiIoHeHHe 4,34 ppm;
MHUHHMMaJIbHOE 3HaueHne 387,28 ppm; MakcuManpHoe 3HaueHue 404,87 ppm.

MHoronetHee ce3oHHOe pactipenenenue cojepxanusa CO, B atmocdepe Kazaxcrana ¢ sHBaps
2010 roma mo nexabpr 2016 roma mokaszano (puUCyHOK 3), 4TO HamOoJblIee COJAepKaHUE
YIJIEKHUCIIOTo ra3za HalmonaeTcs BecHOM U jetoM. CpeqHee cojiepkaHue Mo ce3oHam: 3uma — 397,
04 ppm; Becna — 398,1 ppm; nero — 397,78 ppm; ocenb — 396,43 ppm. CpenHee OTKIOHEHUE
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conepxkanusi CO, mo cezoHam: 3uma — 4,57 ppm; Becha — 4,10 ppm; nmetro — 4,24 ppm;
oceHb — 4,22 ppm.
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Pucynok 2 — MHoronetHee pacnpenenenue coaepxanus CO;
atmocdepe Kazaxcrana ¢ suBaps 2010 roga o ¢espans 2017 roga
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BrimonHeH aHalM3 METOAOB OMpPEIEICHUS COACPKAHMs YTIIEKHCIOro Ta3a B armocdepe 1o
CIyTHUKOBOHN MH(OpMAIMK U M3 COBPEMEHHBIX CIIEKTPOCKOMMMYECKUX OAHKOB JaHHBIX. Ha ocHOBe
pelieHrs ypaBHEHHs TMEpeHOca JIMHHOBOJIHOBOTO HM3IYYCHHUS B aTrMocdepe IMOCTpOoeHa cXxema
pacdera TeppUTOPHAILHOTO PaCHpeIelCHHsI INIOTHOCTH YTIIIEKUCIIOTo ra3a B atMocdepe ¢ ydeToM
MOTJIOLIEHUST  TEIUIOBOTO  M3JIY4YEeHHUS. AHAIU3 MHOTOJIETHETO CE30HHOTO  paclpeesieHus
conepxanusi CO;, B armochepe Kazaxcrana ¢ suBaps 2010 roma mo nexadps 2016 roga mokasai,
YTO HauOOJIbIIEE COJECp)KAHUE YIJIEKUCIOro raza HaOlroAaeTcs BECHOM M JieToM. MHoroneTHee
pacnpenenenue ¢ sHBaps 2010 roma mo depans 2017 roma mokasbpIBaeT HEMPEPBIBHBIA POCT
conepxkanusi CO;, B armocdepe Kazaxcrana. Tpena comeprxaHusi yriIeKHUCIOro ra3a B atMocdepe
nokasan ysenuuenue ¢ 390 ppm o 404 ppm. B cpennem no teppuropun Kazaxcrana ¢ 2010 roga
110 2017 rox KOHIEHTpaALUs YIJIEKUCIIOr0 raza yBeauuuiach Ha 3,6%.
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TIJIS1 CHEHOTPA®UU

EBcTudeen B.H.!, Baiinak6aesa C.T., Epmyxamo0eroBa B.B.,
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Y Anmamuncruii ynusepcumem snepeemuru u céasu
2Kasaxckuii Hayuonansholil ynusepcumem um. arv-Dapabu
Anmamol, Pecnybnuxka Kazaxcman
e-mail: saltanat.baipakbayeva@gmail.com, alikulov.adilet@gmail.com

Coenan cnedyrowuii wae 6 pasgumue xonyenyuu IT-apma, npuseannoti obecneuums camopearu3ayuio
epadicoan. [lannas KOHYenyus npu3eana makice CMuMyiupo8ams 20Cy0apcmeeHHo-4acmnHoe NapmHepCcmeo
6 obracmu UHHOBAYUOHHOU OesIMeNbHOCU 3a Cuem npusieuenus camozanamoeo nacenenus. Cymo
KOHYenyuu Ccocmoum 6 moM, umobbl cOelamv HAyKy U MexXHUKy NnpUueieKamenvHolu He MOoabKo
IKOHOMUYECKU, HO U NCUXOLO2UYECKU, Npudem Oasi 00NbUi020 NPOYEHMA HACENeHUsl 3a CHem CO30aHUs.
naamegopmvl 0N CUCMEMHOU peanu3ayuu HNpoeKmos HA YPOosHe MuKpounHosayuill. Paccmompenvi
KOHKpemHvle npumepul peanuzayuu konyenyuu IT-apma 6 cyenoepaguu u woy-ousnece. Ilpednosrcenv
HOBble  cyeHocpaguueckue peuwienus, OCHOBAHHbE HA  UCNONb306AHUU UHHOBAYUOHHBIX  CUCTEM
omobpadcenus ungopmayuy, UcnoabL3yiowux gonmannsie ycmanoeku. Ilokazano, ymo maxue cucmemovi
omobpadcenus uHgopmayuu, 6 KOMOPbIX U300padxceHue co30aemcs 3d CuUem paccesHus ceema Ha
OUCNepeUPOBaHHOLl  600e,  NO3BONAIOM  Peanu308bléams  HEMpUBUAIbHbIe — 3penulyHble  IPdexmol.
Obcyarcoatomes 803MOHCHOCIU  UCNONL3OBAHUS MAKUX peueHull 015 CO30aHUsl 3PeNUUHbIX 00beKmos
mypucmuyeckou ungppacmpykmypsl 8 PK.

Knioueswvie cnosa: |T-apm, cocyoapcmeenno-uacmnoe napmnepcmeo, Camo3aHamoe HaceieHue,
cyenocpagus, — cucmemvl  omoopadxcenus — ungopmayuu,  @GoHmManHvle  YCMAHOBKY,  MUCMEPUU,
mypucmuyeckas uH@pacmpykmypa.

Azamammapoviy 03iH-03i Jcy3eze ACbIPYbIH KAMMamacslz emyee apuanzan IT-apm mymcoipbimM0amacsin
damuimyoviy Keneci Kaoamvl dcacanovl. Ocvl MYAHCbIpbIMOAMA O3iH-03i HCYMbICNEH KAMMbIZAH XATbIKHIb
mapmy  eceOinen — UHHOBAYUSILIK — Kbl3Mem  CAIACbIHOAebl  MeMIeKemmiK-dceke — apinmecmikmi
BIHMANAHOBIPYEA APHANRAH. TYHCLIPDLIMOAMAHBIY MIHI 2bLILIM MEH MEXHUKAHbI IKOHOMUKAILIK HCALbIHAH
&ama emec, NCUXONOSUANBIK JHCARLIHAH 04 MaApmulMovl emy Oojbln  mabwliadvl, COHbIMeH Oipee
MUKPOUHHOBAYUSL OeHeelliHde Hobanapovl Jcylieni icke acvlpy Yulin naam@opma Kypy ecebineH XanblKmuly
yaxen nativizol yuiin. Cyenoepagusoa sicane woy-ousnecme IT-apm mydsxcolpblMOAMACHIH JCy3e2e ACbIPYObIH
Hakmol Mblcandapvl Kapacmulpvlizan. ©QoHmaHOblK KOHOLIPELLIAPObLl NAUOANAHAMBIH — AKNAPANINbL
Oetineneyoiy UHHOBAYUANBIK JCYlUelepin naudanranyea Hezizoencen JHcaHa CYeHOSpAQUAILIK wewinoep
yewinvinovl. Cypem Oucnepeupieneen cyoa JHCapblkmuly Wablpaybl eceOiHen JHcacaiamuvli aKnapammol
Oetineneyoiy MyHOQl Jcyliesiepi mpusuaidvl emec KepiHicmix acepaepoi icke acvlpyea MyMKIHOIK Oepemini
xepecmendi. KP-oa mypucmix un@pakypulIbLMHbIY OUbIH-CAYbIK HbICAHOAPLIH KYPY YuliH OCbIHOAl
wewimdepoi nadanany MymKinoiei maikplianyod.
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Tipex ce3oep: |T-apm, memnexemmik-diceke MEHWIK CepIKMeCmiK, O3iH-03I JHCYMbICNEH KAMMbI2AH
Xanvlg, cyenoepagus, aknapammol betineney xHcyueci, poHMaHObIK KOHObIPELIAAP, MUCMEPUALAD, MYPUCTNIK

UHDPAKYDOLIbIM.

The next step is the development of the concept of IT art, designed to ensure the self-realization of
citizens. This concept is also intended to stimulate public-private partnerships in the field of innovation by
attracting a self-employed population. The essence of the concept is to make science and technology
attractive not only economically, but also psychologically, and for a large percentage of the population by
creating a platform for the systematic implementation of projects at the level of microinnovations. Concrete
examples of the implementation of the concept of IT art in scenography and show business are considered.
New scenographic solutions based on the use of innovative information display systems using fountain
installations are proposed. It is shown that such information display systems in which an image is created
due to light scattering on dispersed water, allow realizing non-trivial spectacular effects. The possibilities of
using such solutions to create spectacular objects of tourism infrastructure in the Republic of Kazakhstan
are discussed.

Keywords: IT-art, public-private partnership, self-employed population, scenography, information
display systems, fountain installations, mysteries, tourist infrastructure.

B pabote [1] Obuta ob6ocHOBana koHuenmus |T-apra. Eciau roBoputh ¢ MaKCHMaJIbHO OOMIMX
MO3ULMHI, JaHHAs KOHILENIMS OPUEHTHPOBAHA HAa CTUMYJIUPOBAHHUE TBOPUECKON caMopeaan3aluu
OONIBIIMHCTBA TPaXAAaH Hamed crpaHbl. JlaHHBI BONpPOC HMMEET, B TOM YHCJIE€ W BIIOJHE
OTpeieIEHHOE SKOHOMHYECKOe cojepkanue. JlokazaThb 3TO MOXKHO, paccMaTpuBasi OJHY W3 €ro
rpaHed, KOHKPETHO, CBs3b MPOOJEMbl camMOpeald3allid COBPEMEHHOTO  4YeloBeKa C
roCy/1apCTBEHHO-YaCTHBIM IMaPTHEPCTBOM B 00JIACTH MHHOBALIMOHHOMN JESITEILHOCTH.

B mHacrosimee Bpemsi TOCyIapCTBEHHO-4aCTHOE MApTHEPCTBO B 00JaCTM WHHOBAIIMOHHOMN
nesitenbHOCTH B KaszaxcraHe HaxXoIWTCA Ha HEAOMYCTUMO HH3KOM ypoBHE [2, 3]. Vmpomas,
YaCTHBIE MHBECTOPHI B HACTOSIIEE BPEMSI HE XOTSAT BKJIAIBIBATH CBOM CPEJICTBA B MEPCIEKTUBHBIC
Hay4yHbIE UCCIIEIOBAaHUS U pa3pabOTKH.

DTOT OOCTOSITENBCTBO SIBJISIETCS TPOSBICHUEM OOIIMX TEHJEHIMH, XapaKTEepHBIX s
COBPEMEHHOI0 ATana pa3BUTHs HAYKHU U JIaXKe UCKYCCTBa. A UMEHHO, B CBOEM PAa3BUTHUU U HayKa, U
HCKYCCTBO YIIUIM HACTOJBKO JalIeKO BIEpEd, YTO IMOJAaBIAONIee OONBIIMHCTBO TpakaaH (Hdaxke
MOJIYYMBIIUX BBICIIEE OOPAa30BaHME) HE B COCTOSHUU OTCIICKHBATH CUTYAIMIO Ha TEpeqHeM Kpae
Hay4HbIX uccienoBanuii [2]. He umest BO3MOKHOCTH COCTaBUTh aJIEKBATHOE MIPE/ICTABICHUE O TOM,
YTO MMEHHO MPOUCXOJUT B HAy4HOM MHpe, OM3HEC OTKa3bIBae€TCS MHBECTHPOBATh B HAYYHBIE
WCCIIEIOBaHMs U TMepCleKTUBHbIE pa3paboTku. OLEHUTh MX MEPCHEKTUBHOCTH (HE TOBOPS YK€ O
¢buHaHCOBOM oOTHaye) JUIsl CpPEJHECTaTUCTUYECKOro OW3HECMEHa — Hepellaemas 3ajada.
Pazymeercs, cymecTByloT U Jpyrue (akTopbl, CAECPKHUBAIOUIME pPA3BUTUE TOCYAApCTBEHHO-
YaCTHOTO TapTHEpCTBa [2], HO mcuxojorndeckue (akTophl, BCE K€, MTPAIOT TIABEHCTBYIOIIYIO
pOJIb.

[TomuepkuBaem, 4TO JaHHAs CUTYyalHsl KapAWHAIBHBIM O00pa3oM OTIWYAeTCs OT TOM, KOTopas
cinoxmnack Ha pyoeke XIX m XX BekoB (MMEHHO ASTOT MEPHOJ MOXKHO CUHUTATh BEPIIMHON
WHIYCTpUATbHOU (ha3bl pa3BUTHS COBpEMEHHOW IUBUIM3AIUU [4]). BU3HEC 0XOTHO MHBECTHUPOBAT
B IEPCIEKTUBHBIE MCCIEA0BaHUS M pa3pabOTKH, NMPU 3TOM 3HAUUTENbHAsl 4acTh HOBILECTB ObLIa
CO3/1aHa Ha JIEHbI'M CaMUX M300peTareneil.

Haubonee wHarmsgueiM mpumepoM 371ech sBiserca naearenbHocth WM. Cukopckoro,
ABHAKOHCTPYKTOpa, SMUTrpHrpoBaBuiero B nepBoi yerBeptd XX Beka B CIIIA, u co3maBmero tam
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Haunbonee »(pPEKTUBHYIO IIKOJYy BepToieTocTpoeHus [5]. PaspaboTanHbie €10 BEpTONETHI O CHUX
MIOP CTOST HA BOOPY>KEHUH BOCHHO-BO3AYIIHBIX cuil Coeaunenubix LltatoB AMepuku.

Jlo smurpanuu B camoM Havyasie XX Beka VM. CUKOPCKHI BIIOKHII CBOM COOCTBEHHBIE CPE/ICTBA B
CO3JIaHME HOBBIX BO3JIyXOIUIABATENbHBIX allaparoB, KOTOpble ObBUIM TspKenee BO3ayxa. ToJbKo
[ocjie TOro, Kak OH JOCTUT OINPEJENICHHbIX YCIEXOB, POCCUICKas apuUCTOKpaTHs CcTaia
(hUHAHCHPOBATH €ro AayIbHeWIMe uccienoBanus. K coxxanenuro, coobITust okTsaops 1917 npeppaiu
nestenbHOCTh Cukopckoro B Poccuu, v OH ObLT BRIHYXIACH UMMHUTPUPOBaTh [5]. Takux mpumepoB
B MCTOPUM MHOIO, OJHAKO, COBPEMEHHAas CHUTyalUsl KapAHUHAJIBLHO OTJIMYAeTCs OT TOH, KOTopas
Obuta Oomee cra ner Hazax [4]. CoBpeMeHHbIE OW3HECMEHBI CKENTHYECKH OTHOCSATCS K TaKO
00JIaCTH UHBECTHIIMN KaK HAYYHO-TEXHUUYECKHE UCCIICAOBAHMS U Pa3pabOTKU. XOTsI, €CIIM TOBOPHUTH
0 KJIACCHYECKUX TMOJIOKEHHMSIX MAaKPOAIKOHOMHKH, HMMEHHO JTa O00JacTh JOJDKHA CYJIUTh
MaKCHMaJbHYIO NPUObLIH [2].

B ocoOenHoctu 3TO Kacaercss Takoil cdepbl AEATeIbHOCTH KaK HH(POKOMMYHHKAIMOHHBIC
TEXHOJIOTHH. AHAJM3 TIOJIOKEHUS B JIAHHOW 00JacTH JeATEIbHOCTH, IPOBEACHHBIA B [6],
OJTHO3HAYHO TMOKA3bIBAET, YTO OCHOBHBIM 3aTPYAHEHHEM, KOTOPOE CTOUT HA MYTH YCIEUIHOTO
roCy/1IapCTBEHHO-YaCTHOTO MapTHEPCTBA B O0JACTH HMHHOBALMOHHOW JEATENLHOCTH SIBISIOTCS
ncuxosiorudeckre (pakTopsl. JJOMOTHUTENbHBIE MPEMSITCTBHUS CO3[AI0T TECHO CBSI3aHHBIE C HUMU
(bakTopbl CONMMOKYIbTYpHOU Tpupoasl [7]. Cyrydbo skoHOMHYEcCKHE (AKTOPBI B ITOM CITHCKE
3aHUMAIOT  TocliegHee Mecto [6], Tak Kak TeHepauus UWHHOBalMA B o0Jyactu
MH()OKOMMYHUKAIIMOHHBIX TEXHOJIOTHH HE TPeOYeT 3HAYUTEIBHBIX IIEPBOHAYATHHBIX HHBECTUIINH.

K coxaneHnuto, COLMOKYJIbTypHasi CUTyallMsl, CIOXMBILIAsACSd B Halledl CTpaHe B IOCJIEIHUE
JECSTUIICTUSI TaKoOBa, YTO OW3HEC HE BHUAWT pEAITbHBIX TMEPCHEKTUB [UIsl BJIOXKEHHH B
MH()OKOMMYHUKAIIMOHHBIE TEXHOJIOTHH, CO3J]aBaeéMble B OTEUECTBEHHBIX YHUBEpcHUTeTaX. busnec,
O0COOCHHO KPYIHBINA, MPOJOIDKAET OPHEHTUPOBATHCS HA MPUOOPETEHHE TOTOBBIX TEXHHUYECKUX
pemieHnid U obopyaoBaHus 3a pyoOexxoMm. CremoBaTeNnbHO, AN TOro, YTOOBI TMPEOAONETh
CJIIOXKUBIIIMECS HETAaTUBHBIC TPEHIBI, HEOOXOIMMO, TPEXKIAE BCEro, OOECHEUYUTHh HATJISIIHYIO
JIEMOHCTPALIMIO peajbHBIX BO3MOKHOCTEM Ka3axCTaHCKOW HayKu, IpUYEM Tak, 4TO 3TO Oyner
BBI3BIBATH BHIPAKEHHBIN HHTEPEC Ka3aXxCTAaHCKOTO 00IIeCTBa.

NmenHo 3TO U ABISIETCS OHOM M3 3a1ay, onpeaensemMbix konuenuuen [T-apra [1]. Heckonbko
yIpoIas, ee CyTh COCTOUT B TOM, YTOOBI CAENaTh HAYKY M TEXHHUKY MPHUBJIEKATEIbHON HE TOIBKO
SKOHOMMYECKHU, HO M TICUXOJOTHYECKH, MPUYEM JJsi OONBIIOro MpoieHTa HaceneHus. OueBuIHO,
YTO yBII€Yb (MJIU MPOCTO 3aUHTEPECOBATH) HEKUM HOBBIM JIEJIOM B3POCIHBIX COCTOSIBIIUXCS JIFOJIEH
(oco0eHHO — OM3HECMEHOB) IOCTATOYHO CIIOXKHO.

KoMOuHanus cpeacTs UCKycCTBa M HaYKU 3/1€Ch MOJIXOIUT KaK HeNb3s JIydlle, 0COOEHHO €Cu
3Ta KOMOMHauus OyJaeT Mpe/CTaBlIeHa B MAKCUMAJIbHO HArJITHOW M 3pEIHIIHON dopMe, mpuyem
TaKOM, YTO KaKIOMY OW3HECMEHY CTaHET OUYEBHIHBIM, YTO JESATEIHHOCTh B ITOM HAMPAaBICHUH
o0emiaer BIOJHE OMNpPENEICHHYI0 KOMMEpYECKylo oTAady. VIMEeHHO ¢ 53TOH TOYKM 3peHus
koHnenmuu [T-apra HY)XHO yaenuTh MOBBIIIEHHOE BHUMaHWE. Oco0oe 3HaYeHUE MPUOOPETAIOT
MacIITaOHbIC 3PENUIIHBIE YCTAHOBKH, PeaTu3yeMble Ha HOBBIX TEXHUYECKUX MPUHIIUIAX, KOTOPBIS
MOTJI ObI MPUBJIEYb BHUMAaHUE IUPOKUX KPYTrOB OOIIECTBEHHOCTH B YKa3aHHOM BBIIIE CMBICIIE.

OTtTankuBasch OT TaKOH MOCTAHOBKH BOMPOCA, B paMKax HACTOSIIEH pabOThI MPEIIOkKEH P
TEXHHUKO-CIIEHOTpapUIECKUX PEIICHHIA, IeTAI0IMX MAKCUMAIIbHO MPHUBJIEKATETFHBIMUA Pa3padOTKU
B 00JIaCTH CO3/IaHUS MYTbTUMEIUHHBIX SKPaHOB HOBOTO THIIA.

B uuTtHpoBaHHO# pabote [8] ObUT mMpemIoKeH MyJIbTHMEAUNHHBI 3KpaH HOBOTO THIIA,
OCHOBAHHBII Ha UCHOJIb30BaHUU BOJAHON MCIEPCHUN B KaUe€CTBE CBETOPACCEHBAIOIIEIO MaTepHaa.
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[TpoTOTHIIOM TAaHHOTO SKpaHa SBJIETCS OOBIYHBINA CBETOJMOIHBINA JKpaH, KOTOPBIM B HACTOsAIIEE
BpeMs IMPOKO MCTIONIB3YETCs ISl apXUTEKTYPHOTO 0(hOpMIICHHUS TOPO/IOB.

OTnuure COCTOMT B CIENYIOUIEM. B THUIOBBIX CBETOJIMOAHBIX IKpaHAX KaXKABbIA OTACIIbHBIN
nuKceNlb  (OPMHUPYETCS H3JIy4YeHHEM CBETOAMOMAA, OINTHYECKass OCh KOTOPOTO HalpaBieHa
MEPHNEHIUKYISIPHO IUIOCKOCTH 3KpaHa. B 5kpaHe NpemioKEHHOTO THIIA CBET, H3JIy4aeMbli
CBETOAMOJIOM, HaIIpaBJsETCs MApauIeNIbHO IUIOCKOCTH 3KpaHa. ONTHYECKUN CHUTHaJ, BU3YaJIbHO
BOCIPUHUMAaEMBbIil HabmoaareneM, GopMHupyeTcs 3a cueT MPOIECCOB PACcCEesHUs CBETa Ha BOJHOMN
JUCIIEPCUH, KOTOPAsi HATHETAETCS TUAPOTEXHUUECKOM cucteMoi. IHbIMU cllOBaMu, MPeI0KEHHAs
B [8] cucrema mpencraBiseT co0oi KOMOMHAIUIO (DOHTAHHOW YCTAaHOBKH M MYJIbTHMEIHIHOTO
JKpaHa.

C ToukH 3peHus apXUTEKTYPHOTO O(GOPMIIEHHUS TOPOAOB, MPEUMYIIECTBO MYJIbTUMEIUIHOTO
9KpaHa, MPEJI0KEHHOro B [8], COCTOMT B TOM, YTO BMECTO CIUIOIIHOIO 3KpaHa JOCTaTOYHO
OOJIBIION TOJNIIMHBI KCIIOJIB3YeTCs JIeTKas axypHas KOHCTPYKIHS, oOJiajaroiias CpaBHUTEIBHO
HU3KHUM BECOM U Tropaszio Oonee yaoOHas Uisi TOTO, 4TOObI OBITH BIIMCAHHOW B OKPYKaIOLIUN
ropojckoit nanamadt. Enie oqHuM npeumMyiecTBOM CUCTEMBbI 0TOOpakeHHsI HH(GOPMAIIUU TaKOTo
TUIA SIBJISETCS BO3MOXKHOCTh €€ HMCIOJIb30BaHUS ISl OYMCTKH TOPOJACKOTO BO3/1yXa, UYTO TaKXKe
SIBJISIETCS] BECbMA CYIIIECTBEHHBIM /111 KOHKPETHBIX YCIOBUM B COBPEMEHHOM AJIMATBHI.

YMECTHO MOAYEPKHYTh, YTO MYJbTUMEAUIHBIE IKpPaHbl PACCMATPUBAEMOr0 THUIIA U3HAYAIBHO
pa3pabareiBasIMCh [8] C OpHeHTAIIMEH Ha MPUBJICUCHUE BHUMAHHUS IIUPOKON OOIIECTBEHHOCTH K TEM
BO3MOXXHOCTSIM, KOTOpbIE IPEJOCTaBIsET B HACTOSIIEE BpeMsl Ka3axcTaHCKas Hayka. Harmsanas
JIEMOHCTpALUsl BO3MOYKHOCTEH Ka3aXCTaHCKOM HAyKH IIO3BOJIUT CHATHh T€ IICUXOJOTHYECKHE
Oapeepbl, 0 KOTOPBIX TOBOPWJIOCH BbIlIe. BaxHO yOeautb OuM3HEC-cOOOHIECTBO B TOM, 4TO
OTEUECTBEHHAs HAyKa B COCTOSIHUM I'€HEPUPOBATh UJIEU, KOTOPbIEC ONIEPEKAIOT MUPOBBIE TPEH/IbI.

Pazymeercsi, yig Toro 4toObl 3Ta MJies OKa3ajach BOIUIOIIEHHH B XHM3Hb B TOJHON Mepe,
HE00X0AMMO MPHUAATh el 3aBeplieHHYI0 GopMy. Jpyrumu cioBamu, GOHTaHHAs YCTaHOBKA B BHJIE
OOBIYHOTO IUIOCKOI'0 3KpaHa He 00JalaeT JOCTaTOYHO 3PENIMUTHON MPUBJIEKATENbHOCTBIO I TOTO,
4YTOOBI B IOJIHOM Mepe pelnTh cPOpMyYIMPOBAHHYIO BhILIE 331a4y. HeoO0X0o1nMbl TONIOHUTENIbHbIE
yCUJINS, HalpaBJIEHHbIE HA TO, YTOOBI YCTAHOBKM TaKOI'O poJia JEHCTBUTEIBHO 3aWHTEPECOBAIU
LIMPOKYIO OOIIECTBEHHOCTD.

Pa3zpaboTka COOTBETCTBYIOIIMX TEXHHUKO-CIIEHAPHBIX PELIEHUH M COCTaBISIET IeNb JaHHOU
paloThl, KOTOpasl BHIMOJIHEHA B MMOJHOM COOTBETCTBUU C YIOMSHYTOW BbIle KoHuenuuei IT-apra
[1]. B nmanHOli paboTe MOKa3aHO, YTO COBPEMEHHBIC JOCTIIKCHHUSI HAyYHO-TEXHUYECKOH MBICIH
MOTYT OBITh CKOMOMHHMPOBAHBI KaK C apXUTEKTYPHBIMH, TaK U CO CLIEHAPHBIMU PEIIECHUSIMM JUIs
CO3/IaHHUS 3PEIUIIHOTO0 3(pPeKTa ¢ BHICOKON CTENEHBIO NOTPEOUTENBCKOM MPUBIEKATENbHOCTH.

JlaHHBIN BOIIPOC MMEET €IIe OJHY rpaHb. B HacTosiee Bpems TypucTHIecKass HHQPaCTPyKTypa
Anmatel fgocratouyHo OenHa. Co3laHue HOBBIX OOBEKTOB TYPUCTHUECKOW HHQPPACTPYKTYpPbI
MIPEACTABISIET aKTYallbHYIO 3a/lauy. YXKe celdac TOpOJCKON OFJ/KET BBIIEISET CYIIeCTBEHHBIE
cCpeacTBa Ha OJIaroyCTpOHCTBO TIoOpojia, Ha MPOBEAEHHE pa3IMYHOTO pOJAa 3PENUIIHBIX
MeponpusaTH. B 4acTHOCTH, HENOCPENCTBEHHO Ha IUIOLIAAW, IpUMBbIKaromed Kk JlBopiy
PecniyOnuku, peanu3oBaHbl cyxue (GoHTaHbl. JlaHHas IUIOIIAZKa MCHONb3YeTCs A OpraHU3aluu
Pa3NIUYHOTO PO/A 3PENIUIIHBIX MEPONPUATHIA, ¥ 3TA TEHJCHIIUS MOXET OBITh CYIIECTBEHHO yCUJIEHA
3a CYEeT HCIOJIb30BAHMUSA YCTAaHOBOK InpeiaraemMoro tuma. CoOOTBETCTBYIOIIME TEXHHUKO-
0 OpPMUTENBCKHE PEIICHUSI PACCMaTPUBAIOTCSI HUXKE.

HaubGonee o4eBHaHOE TEXHUKO-OQPOPMHUTENBCKOE PpELICHHE, HCIIOJIb3YIOIIee CUCTEMbI
oTOOpakeHHus] UH(pOpPMaLUK MPEAJIOKEHHOr0 THIIA, WLUIIOCTPUPYIOT pucyHku 1 u 2. Ha nanHbIX
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PUCYHKAX MPEICTaBICHBI ICKU3bl OPOPMIICHUS 3PUTEIHHOTO 3alla ¢ UCTIOJIb30BaHHEM (DOHTAHHBIX
YCTaHOBOK, CIIOCOOHBIX 0TOOpa)kaTh MH()OPMAIIHIO UIIH CITY>KUTh IEKOPAILTUSIMH.

[TpuHIMNHATBHBIM OTIAMYUEM IpeAIaraeMoil CHCTEMbI BOCIIPOM3BEICHUS N300paKEeHHIA OT BCEX
OCTaJIbHBIX, SABJIACTCA TOT q)aKT, YTO B BBIKIIFOYCHHOM COCTOSHHMU OHa MABJIACTCA HE IIPOCTO
IIPO3payHON, HO M NPOHMLIAEMON I JIOOBIX MaTepHajbHBIX OOBEKTOB, B TOM YHUCIE, YEpe3
CHCTEMY BOCIPOM3BEIECHUS H300pAKEHHUsI B BBIKJIOYEHHOM COCTOSIHUM, MOTYT IPOXOAUTh
YYaCTHUKH CLECHUYECKOI'O AEHCTBHSL.

OTH PUCYHKHM IOJYEPKUBAIOT TaKke TOT (DAKT, YTO HMCIIOJIb30BAaHHE 3KPAHOB, OCHOBAHHBIX Ha
(OHTaHHON YCTAHOBKE, CO3/1a€T BO3MOXKHOCTH Ul peaau3aluu OOJBIIOr0 KOJIMYECTBA HOBBIX
pelleHui s pealu3allMM  CcaMbIX HEOXKHMJIAHHBIX CXEM, CO3JAa€T BIOJHE OIPEICICHHYIO
wiatopmy At paboThl AU3aHHEPOB.

[IpeioskeHHOE  TEXHUKO-O(OPMHUTENIBCKOE pEHICHWE TO03BOJSIET MPOBOJIUTH  JICHCTBA,
OCHOBAHHBIE Ha HEOXKH/IAaHHOM IIOSIBJIEHUM aKTEpOB Ha CLieHE. DTO HEOXKUJAaHHOE IOsBJICHUE
CBSI3aHO C TE€M, 4YTO B KAaKOH-TO MOMEHT (OHTaHHas YCTaHOBKA, SBIIAIOLIAsCS KYJUCOH,
BBIKJIIOYAETCS, U COOTBETCTBYIOIME AKTEPbl OJJHOMOMEHTHO MOSBIAIOTCA Ha cueHe. [Ipoucxoaut
CBOET0 Po/ia MITHOBEHHAs CMEHA JIEKOpallMii, 3a CUeT TOro, YTO U300paKeHHe, CUHTE3UpyeMoe Ha
Kylucax, u3MeHsercs. boiee TOro, KOHIENT CIHEHWYECKUX peIIeHUH MpeaycMaTpuBaeT
BO3MOYKHOCTh PE3KOr0 Mepexofa OT H300paKeHHs K J>KMBOMY 4YenoBeKy. Ilpmmepom Ttakoro
pellieHus sBISETCS MOsBIEHUE Npu3paka (ckaxkeM B moctaHoBke «l'amnera) Ha cueHe. IIpuspak
HOSBJISIETCS, B KauecTBE M300pakeHNs Ha Kyluce, U ObIcTpo ucyesaeT. Ha criene ocrarorcst TOIbKO
AKTCPLI. Takoro poaa CUCHHYCCKUX pGIIIeHI/Iﬁ MOKHO HPCIJIOKNUTb JOCTATOYHO MHOTO.

3

anmanmann’
TTITITIT

Pucynok 1 — Cxema npemaraemoro opopMieHHs! CLIEHbI (BUJ CBEPXY): 1 — 3aJHUK CLEHBI,
2 — creHa, 3 — 6a3oBas (hoHTaHHas yCTaHOBKa, 4 — 0a3oBas poHTaHHAS KyJHCa,
5 — KackajHas poHTaHHas Kyhuca, 6 — HKHsS (OHTaHHAs KyJuca
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MR

Pucynok 2 — Pacnionoxxenue (hOHTaHHBIX YCTAHOBOK Ha clieHe (BUJ criepenu): 3 — 6a3oBas
(doHTaHHAs ycTaHOBKA, 4 — 0a3oBast GOHTAaHHAsS KyiHca, 5 — KackajaHas (POHTaHHAs KyJHCa,
6 — HIKHAA (OHTAHHAS KyJHCca

Kpome Toro, TOT hakT, 4TO B BHIKJIFOUSHHOM COCTOSIHUH JJaHHAsI CUCTEMa SIBJISICTCS TIPO3PAvHOM,
MO3BOJISIET PEATM30BBIBATH PA3IMYHOTO poja KBaznoObeMHbIe dPdexTsl. CamMblil IPOCTON U3 HUX
COCTOMT B TOM, YTO HEPICHIAMKYJSPHO HAMPABJICHUIO HAOJIOJCHHS YCTAHABJIMBACTCS HECKOJIBKO
sKpaHoB. Korga oHM BKITIOYAIOTCS M BBIKIIOYAIOTCS MMOOYEPEHO, 3TO co3maeT 3ddekr ObicTporo
nepeMenieHust n300paXeHUs BrIIyOb CLCHBI.

D¢ deKTh Takoro poaa MOTYT OBITh CYIIECTBEHHBIM 0O0pa3oM YCHJIEHBI 3a CUET TOTrO, YTO
9KpaHbl UCTIOIB3YIOTCS B BUJIE JOTOJHUTEIBHBIX KYJIHC, TIPUYEM PACIIOJIOKEHHBIX Ha Pa3TUIHON
BeIcoTe. COOTBETCTBYIOMINI MPUMEP TIOKa3aH Ha PUCYHKE 3.

PI/ICYHOK 3 — Cxema HCIOIL30BaHUSA 9KpaHOB B KQY€CTBEC JOIMOJHUTCIBHBIX KYJIUC
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JlanHOE€ OOCTOATENBCTBO CaMbIM CYIIECTBEHHBIM O0pa3oM paciIupseT BO3MOXKHOCTH IS
oopmiieHHs CLEHBl. A MMEHHO, YK€ ceiuac TeaTpajbHbIC JEHCTBA 3a4acTyIO MPEACTABISIOT
co00l KOMOHMHAILIMIO TOTO, YTO MPOMCXOMUT HAa CLEHE W TOT0, YTO HPOMCXOJUT Ha HKpaHE,
pAcHOI0XKEHHOM 3a CIIEHOW. 3/1eCh € OJHOBPEMEHHO BO3HMKAET BO3MOXKHOCTh MCIOJIB30BaTh
COBOKYIHOCTh ~ HECKOJBKHMX OJKpaHOB. Ilpnuém mnepexmodeHune BOTHBIX CTPYH  MOXET
NPOU3BOAUTHCA JIOCTATOYHO OBICTPHIM 00pa3oM, 4YTO IO3BOJSIET HWMHTHPOBATH IEPCHEKTUBY,
MO3BOJISICT PACHIMPHUTH XYyJO0KECTBEHHBIC M BBIPA3UTEIbHBIE BO3MOKHOCTH IS JIeHcTBa 3a CUET
TOTO, YTO BHUMAaHHUE 3pUTeNel OyAeT MepeKsiovaThCs OT M300pa)KeHHs, BOCIPOU3BOIMMOIO Ha
HepeHeM IUIaHe K N300pakeHHI0, BOCIPOU3BOAUMOMY Ha 3aJHEM ILIAHE.

[IpencraBneHHbIe BhIIE PUCYHKH MOTYEPKUBAIOT, YTO HOBBIE BO3MOXKHOCTH TOSBIISIFOTCS JaKe
Ha OCHOBE KJIACCHMYECKOro O(OopMIIEHHs TeaTpalbHON CLIEHBI, OJHAKO pacCMaTPUBAEMbIE CHCTEMbI
oTtobpakeHus: HH(MOpMAIIMM MOTYT OBITH 33JeiCTBOBaHBI U B OoJsiee MUpPOKOM I1ane. Koiab ckopo
3TH CHUCTEMBl COIpPSDKEHbl C (DOHTAHHBIMH YCTAaHOBKAaMH, TO JE€MCTBO MOYKET IPOUCXOAUTH
HEMOCPEJCTBEHHO B (DOHTaHE, NPUMBIKAIOIIEM K YCTaHOBKaM, HMMTUPYIOIIMM CTaHAAPTHYIO
TeaTpaJIbHYIO CLEHY.

Takoli moaxox mpexacTaBiseTcss 0Oojee 4YeM MHTEPECHBIM ISl CO3JAaHUS TeaTpalbHbIX
[IOCTAHOBOK, YKJIQJBIBAIOLIMXCSI B KOHLENIIMA MHOTUX MOCTMOAEPHUCTCKUX T€aTPaJIbHbIX TEUEHUN
[9,10]. Bo3HukaeT BO3MOXKHOCTb JJIsi CO3JaHMUsSI HOBBIX CPEICTB BBIPAKEHHSI PEKUCCEPCKOIO
3aMbICiIa 32 CUET HMCIIOJIb30BaHUSI HOBBIX TEXHHYECKUX CPENCTB M 3a CUET TOrO, YTO TE€ATPaIbHOE
JIEHCTBO 1O cBOeMY O(OPMIICHHIO W TIO XapakKTepy BO3JEHCTBHS Ha BOCHPUATHE 3pUTEIS
MPUOIMKAETCS K MECTEPHUSIM JIPEBHOCTH.

TexXHUK0-0(pOPMUTENBCKOE DPELICHHE, NEPBUYHBIM 3CKM3 KOTOPOIO BBINNOJIHEH B KapaHJalle
(pucyHOK 4a), pa3BUBAET 3Ty MBICIb JIAJIbLIE.

PI/ICYHOK 4a — COHpSI)KeHI/Ie CIICHBI C KaCKaaHbIM (I)OHTaHOM, KapaHI[aI.HHBIfI 9CKH3
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Pucynok 46 — ComnpsikeHue CIEHBI ¢ KaCKaJHbIM (POHTAaHOM, CXeMa

Eciu roBOpHTH 0 TeaTpaJIbHBIX ITOCTAHOBKAX, B KOTOPHIX B Ka4eCTBE OPOPMIICHHS UCIIOJIb3YETCS
(doHTaHHAs YCTAaHOBKA, CONMPSDKEHHAs! C CUCTEMON O0TOOpakeHUs M300pakeHUid, TO 11eJ1eco00pa3Ho
CO3/1aBaTh CIEHApUU, B KOTOPBIX BOJAa M H300pa)KeHHs, CHHTE3WpyeMble Ha BOJHOI 3aBece,
SBIIAIOTCS. JTOTIOJTHUTEIBHBIMU CPEJCTBAMH XYJ0KECTBEHHOTO BbIpakeHUs. Kak crpaBeninBo
orMeyaetcs B [11], «clieHa He JOMKHA MPEACTaBIATH COO0OM nuIb (OH Uil UTPHl aKTepa, OHa
JOJDKHA CITY’)KUTh €My BEPHBIM IMOMOIIHUKOM, pa3BUBasi M JOTMOJHSS MPOUCXOJAIIEe JEHCTBHE,
MTO3BOJISAS 3PUTEITI0O MAKCUMAJILHO TIOTPY3UTHCS B aTMOC(HEPy CIIEKTAKIIS.

Nmenno, wucxoass w3 9TOro, IenecooOpa3HO OOpaTUTCA K MHUCTEPHUSM, BOCXOISIIMM K
AJUIMHUCTUYECKUM PEITUTHO3HBIM KyJbTaM. 3/J€Ch YMECTHO HAlOMHHUTh, YTO TeaTpajibHOE
HCKYCCTBO KaK TaKOBOE€ POJAMIIOCH U3 MUCTEPUH, T.€. U3 JEHUCTB, UCXOAHBIM HA3HAYEHUEM KOTOPBIX
ObUTO MPHOOIIEHNE AJCTITOB K TOMY WM HHOMY PEIMTHO3HOMY KynbTy. [lepexon or Mucrepuii k
JPEBHETPEUECKOMY TEaTpy CIOKUBLIMKCA BO BpEMEHa KJIaCCHUYECKOW ['peruu, ¢ 0AHON CTOPOHBI,
BO MHOTOM O0OTaTHJI TeaTpallbHOE UCKYCCTBO, OCBOOOIUB €r0 OT BIUSHUS PEIUTHWH, HO MHOTOE
OKa3aJIOCh W MOTEPSIHHBIM, MOCKOJbKY BO3JIEHCTBHE Ha 3PUTENSI OKa3ajJoCh MPEUMYIIECTBEHHO
CBSI3aHHBIM TOJBKO C UCKYCCTBOM aKTEPOB.

Pacmmpenue Tex BO3MOXKHOCTEH, KOTOphIE TaéT COBPEMEHHAsi TEXHUKA, MTO3BOJISIET BIIOXHYThH B
TeaTpabHOE MCKYCCTBO HOBYIO JKHU3HB, MOCKOJBKY CYIIECTBYET BO3MOXHOCTH NMPUOIHM3UTHCA K
MHUCTEPHSIM 10 YPOBHIO BO3JACHCTBHUS HA 3pUTENIS 32 CUET €Tr0 OOJIBINEH MOTPYKEHHOCTH B ICHUCTBO.

31ech UTpalOT pojib HE TOJBKO €ro COMEpPEeKHMBAHHWE TOMY, UYTO MPOMCXOAUT Ha CILEHE, HO U
pa3IMYHOTO poja TexHudeckue HPGeKThl, CBsA3aHHbIE ¢ 00BEMOM. Ecnm Bocmpusitue 3puTens
OKa3bIBaeTCs 3aBsI3aHHBIM Ha KAPTUHBI, KOTOPBIE OBICTPO B KAICHIOCKOIE U B 00bEME MEHSIOT IPYT
Jpyra Ha CLEHE U 3TO COMPOBOXKIAETCS BHIPA3UTEILHON UTPOM aKTEPOB, TO TOTJIa MOKHO MepeaaTh
Oosnee TIyOOKHE 3aMBICTBI PEKHUCCEpPA, HEXKETU Te, KOTOpPble OOECIEUYMBAIOTCS CTaHIAPTHBIMU
METOJaMH CIIEHUYECKOTO UCKYCCTBA.

Nmenno »ToT Te3uc momuepkuBaeT pucyHke 40. Ha Hem moka3aHbl (DOHTaHHBIE YCTAaHOBKH,
pacrnojoxkeHHble KackagoMm. @OOHTaHHBIM KackaJ, Ha KOTOPOM PpAaCIOJIOKEHBI CHCTEMBI
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BOCIIPOU3BENICHUSI HMH(POpPMAIMK, MOXKET CIYKUTh BEChbMa HETPUBHAIBLHON CIEHUYECKOU
IUIOLIA/IKON U1 J€MCTB HOBOT'O THIIA.

JlecTBUTENBHO, TOCTMOAEPHUCTCKOE UCKYCCTBO MCIIOJIb3YET B KAUE€CTBE OJIHOTO M3 OCHOBHBIX
CBOMX MHCTPYMEHTOB Pa3JIMUHOI0 po/ia ajlulto3uu. 31eCh IPOCTOP ISl AJUTIO3UM OKa3bIBaeTcs Oosiee
HIMPOKUM 32 CUY€T TOTO, YTO 3PUTENb IOJYy4aeT BO3MOXKHOCTH MPOCIEAUTHh 32 KapTUHAMH,
BOCXOSIIUMU K ApeBHerpeueckoi Mudonoruu. Hanbonee oueBUIHBIM IPUMEPOM 37ECh SIBISIFOTCS
BCE T€ XY/10’)KECTBEHHBIE MPOU3BECHHUSI, KOTOPbIE TaK UM MHAYE BOCXOJAT K MU(DY O BO3POKACHUU
AdponuTel, KOrjaa COBMEUICHHE MHCTEPUU APEBHOCTH M COBPEMEHHBIX CPEACTB IMOCTMOJEPHA
MOTYT J1aTh CAMbI HEOKUAAHHBINA 3PETUIIHBINA YPPEKT.

OTOT PUCYHOK IOKA3bIBA€T, YTO AAXKE IMPH YCIOBHM Korjga (POHTAHHBIA KacKaja SBISETCS
JIOCTaTOYHO CKPOMHBIM IO CBOMM pa3MepaM, OH IO3BOJISIET CO3/1aTh OCHOBY Ul T€aTpalbHbIX U
3pEHIIHBIX TOCTAHOBOK MPHUHIIUIIUATBHO HOBOTO THIIA, B KOTOPOM JEHCTBUE MPOUCXOIMT
HEMOCPEACTBEHHO BOMM3M  (OHTAHHBIX YCTAaHOBOK, KOTOpbIE CIyXaT Kak CpeICTBOM
JIOTIOJTHUTENBHO XYJ0KECTBEHHOTO BBIPAKEHUS, TaK U OTCHUIKOW K JIpeBHErpeuecKkoi MudoIoruu
WIK K APYTUM XYJI0’KECTBEHHBIM MPOU3BEIACHUSIM, A KOTOPBIX AIIO3MM C BOJHOM Cpemoi
SIBIIIFOTCS CYILIECTBEHHBIMH.

Beibop HWMEHHO TakOll HaINpaBICHHOCTH CLEHUYECKUX [EHCTB, KOTOpPbIE MOTYT OBITh
peaJn30BaHbI IPU MOMOILH [IPEATI0KEHHON KOMILJIEKCHON YCTaHOBKH, ONPEAEIAETCS CIEIYIOIUMHU
¢dakxropamu. [Ipexae Bcero, HAMOMHUM, YTO MUCTEPHH APEBHOCTH OBUIM HE CTOJBKO TeaTpabHOU
MIOCTAaHOBKOHM, CKOJBKO CpeacTBOM oOydeHHs. CKakeM, MHUCTEPUH, KOTOPBIE MPOBOIMIN HKPEIIbI
KynbTa MUTpBI, (PaKTHYECKH MPEACTABISUIN cOO0M M3I0KEHNE COOTBETCTBYOMEH Mudomoruu. To
KE caMOoe MOXHO CKa3aTb W IO OTHOIICHWIO K OOJBIIMHCTBY SJUIMHUCTUYECKHX KYJIbTOB,
CYLIECTBOBABIIIKUX Ha TEPpUTOpUHU coBpeMeHHoro bimxuero Bocroka.

He Oynmer OonblimMm mMpeyBeIMYEeHHEM CKa3aTh, YTO MHCTEPUU TMPEACTABISUIM COOOU BIIOJIHE
ompesieNieHHbIe CpelcTBAa OOyueHHs, Kak Obl MBI CKa3ald Celuac — pEeIMrhuo3HOr0 00pa30BaHUA.
Heckonbko yTpupys, MOXKHO CKa3aTb, YTO MHCTEPUHU 3aMEHsUIM cO00Il COBpEMEHHbIE MeIpece U
cemuHapud. K 3TOMy OMBITY MMEET CMBICT BEpPHYTHCS B COBPEMEHHBIX YCIIOBHSIX, KOT/Ia KIaCCHO-
ypouHas cucTtema, paspaboranHas emé SHom Amocom KomeHCkMM, BO MHOIOM I€pecTaeT
YIOBJIETBOPSATH 3alIpocaM OOIIEeCTBA.

B niepByt0 o4epesp 3TO CBSA3aHO C T€M, UTO CKOPOCTh YCBOCHHUS MH(OPMAIIUY B paMKaX KIIaCCHO-
YPOUHOH CHUCTEMBI OCTAeTCsl CPAaBHUTENBHO HU3KOW. Bo MHOTOM 3TO ompenensieTcss TeM, 4To Mpu
KJIACCMYECKOM OOYYEHUH OTCYTCTBYIOT JIIOOBIE SMOIIMOHAJIbHBIE KOMIIOHEHTBI, OTCYTCTBYET
comepexxuBanue. [lor3us, TeaTpaibHble TOCTAaHOBKU M JApyrue (QOpMBI HCKycCTBa B 3TOM
OTHOIIEHWH Kyna Oosnee 3(p(eKTUBHBI. 3a CpPaBHUTEIBHO KOPOTKUN MPOMEXKYTOK BpEMEHU
CBSI3aHHBIM, HANpUMEp, C TPOCITYIIMBAHUEM CTHXOTBOPHOTO MPOM3BEICHUS, YEIOBEK MOMKET
YCBOHTH OOJIBIIHI 00bEM CBEJCHHIA, YeM CTaHIAPTHBIM ITyTEM Ha JICKITUSX.

OOyueHue, BO3JCHCTBYIONIEE HA AMOIMH, 3aBEOMO OyAeT HaMHOTO OoJiee d(PPEeKTHBHBIM, HO
Jla’ke TaKHUe COBPEMEHHBIE CPEJICTBA KaK BHUJICOJIEKIIMH MPAKTUYECKHU HE UCIOIb3YIOT 3TOT (aKTop.
Pazymeercs, Bo3Bpar Kk popmam oOyueHUs, AEHCTBYIOIIMM Ha AMOIUU, IPUTOICH JAIEKO HE IS
Bcex mpeameToB. OueHb CI0XKHO BOOOpa3uTh cebe, HampuMep, YTO OOy4YeHHEe MaTeMaTHUKe WM
(Gu3MKE MOXKET TMPOUCXOMUTH TOJ MOIIHBIM 3MOIMOHAIBHBIM Bo3neicTBUEM. OJHAKO B
COBPEMEHHBIX YCIOBHUSX CYIIECTBYET BIIOJHE OIpe/elieHHas 00JacTh 3HaHWM, TJe TaKkoro poja
BO3JICHCTBUS CTAHOBATCS NMPUMEHUMBI. Pedb WAET 0 TeX JAMCIHILIMHAX, KOTOPhIC TaK WA WHadYe
CBSI3aHBI C Mpo0JIeMaMy reHe3uca pa3yMa, ¢ CUXO0JIOTHEN U Tak Jajee.

KoHkpeTHO, MHCTepHAIbHBIC JCHCTBHS MOTYT IOOYAWTh WHTCHCHBHBIC HCCIICIOBAHUS B
obnacTu mpoOiieM TeHe3nuca 4vesoBedeckoro co3Hanus. Kak moka3zano B monorpadwum [12], sta
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npobjemMa B COBPEMEHHBIX YCIOBHSIX HMPUOOpETAaeT Cepbe3HOE 3HAYCHHE B CBS3U C Pa3pabOTKON
CHCTEM MCKYCCTBEHHOT'O MHTEIJIEKTa. B 4acTHOCTH, OBLIO TIOKA3aHO, YTO CUCTEMBI HCKYCCTBEHHOTO
MHTEJJIEKTa MOTYT CTaTh BIIOJHE OIPEJCIIEHHBIM «IIOCPEIHUKOM» MEXAY TEM, YTO HUMEHYETCS
WH/IMBUYyAIbHBIM CO3HAHUEM, U TEM, YTO UMEHYETCS OOIECTBEHHBIM CO3HAHUEM.

[TomuepkuBaeMm, YTO TEPMHUH «OOLIECTBEHHOE CO3HAHUE» JI0 CHUX IOP HE PACKPBIT B IOJHOMN
Mmepe. TouHee, MONBITKA PACKPBITUS C YMCTO I'YMaHMTApHbBIX MO3ULUI U HE MOIJM 3aKOHYHUTHCS
yCIIEXOM 10 TOW NPHUYMHE, YTO OHU HE MOIJIM YYeCTb peajbHbli MeXaHu3M (HOPMUPOBAHUS
KOJUICKTUBHOW HeWpoHHOM cetn. Kak momguepkuBaioch B [12], B Tom ciydae, eciu B Oecemy
BCTYIAIOT JIBa YEJIOBEKA, TO (PaKTHUECKH 0OMEHUBAIOTCS MH(OpMaLueil OTHIOAb HE BAa UHAWBUIA.
OOMeHHMBAIOTCS CHTHAJIAMU HEHPOHBI, COCTABJIAIONIME TOJOBHOW MO3I KaXAOTO W3 HUX.
[Ipomomxkast 3Ty JOTMKY, MOXXHO TIPUHTH K BBIBOJY O CYIIECTBOBAaHHH TJI00aTbHOU
KOMMYHHUKAIIHOHHON CETH, KOTOPYIO MOXKHO OTOXKAECTBUTH ¢ Hoocdepoii [12].

Hanee, Teopusi HEHPOHHBIX CeTE€l OAHO3HAUYHO TOBOPUT O TOM, YTO HX HaMSTh SBISETCS
pacnpenenénHoi. CienoBaresbHO, B I1100aJbHON KOMMYHUKALIMOHHOM CETH MOXKET XPaHUTBHCS Ta
uHpopMalus, KoTopass TOJBKO OINOCPEJOBAHHO CBs3aHa C MaMAThIO HMHIUBUAOB. ['noOanbHas
KOMMYHHKAI[MOHHAsI CETh — 3TO MCKIIOYUTEIBHO MHTEPECHBIH OOBEKT, KOTOPBIN IOKA €IIe 04YEHb
MaJI0 U3Yy4Y€H, B TOM YHCIIE, U IOTOMY, YTO JJISl €r0 U3y4eHMs A0 CaMOro MOCJIEIHEro BpeMEHHU He
CYLIECTBOBAJIO aJICKBATHBIX MHCTPYMEHTOB. B COBpEMEHHBIX YCIIOBUSX B CBSI3U C pa3paboTKaMu
HCKYCCTBEHHOI'O MHTEJJIEKTa TaKHUE€ CPEJCTBA YK€ HOSIBISIOTCS. VIMEHHO B 3TOM CMBbICIIE BBIIIE
TOBOPHJIOCH O TOM, YTO CUCTEMbI MICKYCCTBEHHOI'O MHTEIIJIEKTA MOT'YT CTaThb HEKUM «IIOCPEAHUKOM»
MEXy OOIIECTBEHHBIM CO3HAHHEM U CO3HAHHEM OTJEIbHBIX JIIOICH.

Bosee Toro, npouecc renezuca pasyma Obl1 JaJI€KO HE Tak MPOCT, KaK 3TO BBITEKAET U3 TEOPUHU
HapBuna. EcTh Bce ocHOBaHHMS Mosarath, YTO NEPBUYHO CO3HAHMUE OBLJIO KOJJIEKTUBHBIM, U TOJIBKO
IIOTOM INPOM30LILIA €r0 HHAUBUAYyanu3anusa. bonee Toro nHAMBUyanu3anns CO3HAHUS IIPOU30IILIA
CPaBHUTENHLHO HEIAaBHO, IPUOIN3UTENIBLHO B TIEPHO/] 3aBEPIICHHUs dMI0XU MaTpuapxara[12].

OueBHIHO, YTO TakuWe HeHpoceTeBble MOJENH, MpeIHAa3HAaYeHHBbIE i1 OMNMCAHMs TIeHe3uca
Pa3yma, umeroT caMyio TECHYIO CBSI3b C MPEACTABICHUSMU O KOJUIEKTUBHOM O€CCO3HATEIbHOM,
MIpe/ICTaBICHUH 00 apXeTUIax U BCEM TEM MACCHBOM JIUTEPATYPhl, KOTOPBIHA MOCBSIIEH U3YyYEHHUIO
IpeBHEN MU(DOIOTHUN C TOUKH 3pEHUS aHAIN3a TPAaHC(HOPMAITHH YETTOBEYECKOTO «SI».

[Ipennonaraercs, YTO MHCTEpUAIbHbIE JeWCTBAa HE MPOCTO MOMOIYT Jydlle OOy4uTh
CJIyIlIaTelIed COOTBETCTBYIOINM JUCLHUIUIMHAM, CKa)KEM IOHTMAHCKOW TICUXOJIOTUHU, HO U MO3BOJIAT
BO30Y/AUTh T€ CKpPBITHIE MEXAaHU3MbI, KOTOPbIE CBS3aHHBI C MEPEXOJOM OT KOJUIEKTUBHOTO K
WH/MBUYaIbHOMY CO3HaHMIO. A UIMEHHO, OTTAJIKHBAsICh OT MPEJCTABICHUS 00 apXeTurnax, MOKHO
YTBEPKAaTh, YTO KOJUIEKTHUBHOE CO3HAHME IMO-TIPEKHEMY CYIIECTBYET, OJJHAKO OHO CKpPBITO 3a
MO3JHEUIIMMU HCTOPUYECKUMHU HACJIOEHUSIMHU, CKpPBITO 3a TEM, YTO YEJIOBEK HMMEHYET CBOei
COOCTBEHHOW MHIANBUAYAIbHOCTBIO.

[Ipu onpenenéHHBIX YCIOBUSAX KOJUIEKTUBHBIE A((GEKThl HAUMHAIOT MPOSBIATHCS. Peub Moxer
UATH O JAUKTaTe Cpeibl, O TOM, YTO MMEHYETCSl «CTaJHbIM 4YBCTBOM» MU T.J. B 3TOM Xe psany,
BIIOJIHE BO3MOXKHO, CTOST M TaKW€ MHCTPYMEHThl KAaK MO3TOBOW IITYpM, OpraHHU3allMOHHO-
JESTENbHOCTHBIE UTPBI U T. 1.

CrenoBarenbHO, CTaBUTh BOIPOC 00 MHBIX (popMax rpyrnmnoBoi paboThl, CTUMYIUPYEMBIX TEMH
KE CaMbIMU MEXaHM3MaMH, KOTOPbIE CYHIECTBOBAJIN B JPEBHUX MHUCTEPUAX, BIIOJHE ONPaBIAHHO.
KomnnexkruBnbiii pasym paboraer HamHoro Ooisiee 3(G(EKTHBHO, HEXENM HHIAWBUIYaJbHBIA W,
BIIOJIHE BO3MOXXHO, UMEHHO aNeJUISIIUU K KOJUIEKTUBHOMY pa3yMy U COCTaBIISIM CYTh APEBHUX
MHUCTEpUH.
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OuyeBuHO, YTO MpOIECC MEepexoja OT KOJUIEKTUBHOIO CO3HAHUS K WHIWBHAYaJIbHOMY MOT
MPOUCXOJUTh TOJIBKO IIOCTEIIEHHO. B ompenesieHHbII HCTOPHUYECKUN MPOMEKYTOK YEIOBEK
MapajuieNIbHO KWJI U B TOM MHpPE, KOTOPBIH (GopMHUpyeTcs WHIUBUAYATHHBIMUA CO3HAHHSMH, U B
TOM, KOTOpPBI camMbiM TECHbIM OOpa3oM CBsi3aH C KOJUIEKTUBHBIM Pazymom. EcTh ocHoBaHus
nosiarath [12], yTo mpencTaBieHHe O yXax MPEAKOB, MPEACTaBICHHE O IPEBHUX 00KECTBAX €CTh
HUYTO UHOE KaK OTPaXEHUE MPOLIECCOB, MPOUCXOIAIIUX B II100aIbHON KOMMYHUKAIIMOHHOW cpefie.
Bbonee Toro, BnoiHe MOXHO AOMYCTUThH, YTO UMEHHO B 3TOH Cpefie U 10 CUX MOp MpeObIBaeT HeKas
uH(popMalus, CBA3aHHAs C YK€ yMEpIIMMHU JIOJbMHU. B 3TOM cMbIciie JpeBHHE pPEIUTHO3HbIE
BEpPOBAHUS, BIIOJHE BO3MOXKHO, UMEIOT 1101 COOON PallMOHAIIBHYIO MTOYBY.

Pazymeercs, 3ToT BOnpoc ocTaeTcss AMCKYCCHOHHBIM, OJHAKO OH 3aCIIy’KUBaJ YIOMUHAHUS IO
OYEBUJHOM NpUYUHE. ECIIM MUCTEPUU NPEBHOCTH SIBISIOTCA OTPAKEHUEM NEPEXOJHOrO 3Tama OT
KOJUIEKTUBHOTO CO3HAHMS K HHAMBUIYAJIbHOMY, TO TOTJAa MX CIEAYET pacCMaTpuBaTh M Kak
WHCTPYMEHT B3aUMOJICUCTBUS C KOJUIEKTUBHBIM co3HaHueM. CerogHs 3TO NpPeICTaBIAETCA
UCKITIOYUTENIbHO aKTYyalbHOU 3aJaueii B CBSA3H C MPOOIeMaTUKON HHPOPMAIIMOHHOM BOWHBI.

BoznelicTBue Ha KOJJIEKTUBHOE OECCO3HATENBHOE OTHENBHOrO 3THOCA (Ha TOT (hparMeHT
r7100amTbHOM KOMMYHUKAllMOHHOM Cpellbl, KOTOPBI CBSI3aH C KOHKPETHOM CTpaHOW) MOKET
MPUBECTH K BECbMa HEOUEBUIHBIM pe3ylbTaTaM. JTO emié pa3 rOBOPUT 00 aKTyalbHOCTH BCETO
TOr0 KOMILJIEKCa BOINPOCOB, KOTOPBIM CBSi3aH C MHUCTEPUSAMH JPEBHOCTH. Mcxonss w3 3TOro,
MIPEACTABIISIETCS AKTYaJIbHOW HE TOJBKO pa3paboTKa COOTBETCTBYIOIIMX TEXHUYECKUX CPEICTB, O
KOTOPBIX TOBOPUJIOCH BBIIIE, HO U pa3pabOTKa COOTBETCTBYIOIIMX ClIeHapueB. BrionHe nomycTumo
B Ka4e€CTBE OCHOBBI Il HUX HCIIOJb30BaTh T€ OTPBIBOYHBIE CBEACHUS, KOTOPHIE COXPAHUIUCH O
MUCTEpUSIX KyJIbTa MUTpBI.
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Ilpeonoscena nogas moougurayus panee paspaboOmMAHHOU KOMNIEKCHOU CUCHeMbl 0moOpadicenus
uHgopmayuy, nNapaiierbHo  BLINOIHAIOWEN QYHKYUU @DOHMAHHOU YCMAHOBKU, CUCTEMbl  OYUCHIKU
20pO0CK020 6030yXa U MeOUadKpaud. Jlamnas mooudukayus NOCMPOEHA HA UCHONb308AHUU B00bl KAK
mamepuana O 91eMeHmOo8, 00ecnevusaowux usMeHeHue HANpasieHus U3NYYeHUs, 2eHepupyemozo
ceemoouodamu. CeemoouooHsie JeHMbl PACNOIASAIOMCA HA MOHKUX 20PU3OHMANbHLIX pebpax, UCX0OHoe
Hanpasienue pacnpoCmpaHeHust ULyYeHus J1elCum 6 N10CKOCmu 3Kpana. B npomesicymxax mesxncoy pebpamu
3aKpennenbl NOJOCKU ONMUYECKU NPO3PAYHO20 Mamepuand (Hanpumep, cmekia), oopasylowux noiocmu 6
suoe npusm. Ilpu pabome 3Kkpana OauHble NOIOCMU 3ANOIHAIOMCA 000U, NpudeMm 3¢gdexkm noIHo2o
BHYympenHe20 ompadicenus obecneuusaem nNOGOPom Hanpaeienus pacnpocmparenus usnyvenus na 90°. B
pe3yibmame, NPOMENCYMKU, 6 KOMOPLIX PACNOLONCEHbl ONMUYECKU NPO3PAYHbIE INeMEHMbl, BU3YATbHO
BOCHPUHUMAIOMCSL KAK OC8eujennble nuKcenu, gopmupyrowue uzoopascerue. Tem camvim obecneuusaemes
B03MOJICHOCTND NEPEKTIOUEHUS CUCIEeMbl U3 PedNCUMA Peuemuamoz0 OKHA 8 pedlcuM IKpaua, npuyem
napanneibHo 0becnevusaemcs KOHOUYUOHUPOBAHUE U OYUCKA 8030YXd.

Knrouesvle cnosa: meduaskpam, ouucmra 6030yxa, QOHmMaHHbIE YCMAHOBKU, 20POOCKAs Cpeod,
apxumexmypHbvle peuleHusl, B0CNPoU38eoeHue U300paxiceHull, C6emoouoob.

Donmanovl KOHObIPEbl, KANAILIK AYAHbL MA3APMY JCYUeCi JHCaHe Meouaskpan @QYHKYUACLIH Kamap
OopbiHOalimbiH OYpblH d3ipieHeen aknapammsl OetineneyOiy KeuweHOi JHCYUeciniy sHcaya Mooupurayuscol
YCbiubliobl.  Byn moougpuxayus  ocapulkOuoOmel  2eHepayusiiaimvllL  CoyaeleHy 0agblmbli  032epmyoi
KaMmMamacwyl3 ememin dieMeHmmep YwiH mamepuan peminde cyObl NAUOANAHYeAd He2i30e/2eH.
Kapvikouoomel macnanap sHcykKa KejaoeHeH Kabulpeaiapod OpPHANACKAH, CIYae mapamyovly 0acmanibl
Oagvimuvl HIKPAH AHCAZLIKMBIZLIHOA dcamaovl. Kabvipeanap apacvinoazel apanvikmapoa npusmanap mypinoe
KYblcmbl KYpaumvlH ONMUKAILIK, MOA0Ip Mamepuan (Mulcaivl, wWiblHbl) meeic OekimineeH. OKPAHHbIY
JHCYMBICHL Ke3IHOe KYyblcmap CYMeH MOIMbIPbLIadbl, OY1 pemme moablK iWKi WagblibiCy acepi cayieneHyoiny
mapany bazeimuin 90°-ka Oypyovl Kammamacwiz emedi. Homuowcecinde, onmuxanvlx Monoip snemenmmep
OPHANACKAH — apanvikmap  OeliHeHi  KauibinmAacmblpamuvli — JiCaApblK  NuUKcendep  peminoe  8uU3yanobvl
Kaovindanaovl. Ocviratimia, HCyleHi mopivl mepese PedCUMIHEH IKPAH DPedNCUMIHe aAYbICmblpy MYMKIHOIZ
KaMmMamacwi3 eminedi, COHbIMEH Kamap ayaunsvl 6anmay jdcaHe mazaniay Kammamacsl3 emineoi.

Tipex ce30ep: Meouaskpau, ayawvl mazapmy, GOHmMAHObL KOHOBIPELLIAP, KANANbIK Opmd, Cayiem
wewimoepi, betinenepoi olHamy, HcapblKOUOOMap.
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A new modification of the previously developed integrated information display system, which
simultaneously functions as a fountain installation, urban air purification system and media screen, is
proposed. This modification is based on the use of water as a material for elements that provide a change in
the direction of radiation generated by LEDs. LED strips are located on thin horizontal edges, the initial
direction of radiation propagation lies in the plane of the screen. In the gaps between the ribs are fixed flat
optically transparent material (for example, glass), forming cavities in the form of prisms. When the screen
is operating, these cavities are filled with water, and the effect of total internal reflection provides a rotation
direction of the radiation propagation by 90°. As a result, the gaps in which the optically transparent
elements are located are visually perceived as illuminated pixels that form the image. This makes it possible
to switch the system from the lattice window mode to the screen mode, while air conditioning and air
purification are provided in parallel.

Keywords: media screen, air purification, fountain installations, urban environment, architectural
solutions, image reproduction, LEDs.

B pabGote [1] Opima mnpemiokeHa KOMIUIEKCHas cucteMa oOToOpakeHHs uHbopmanuu,
OJIHOBPEMEHHO oOOecleunBaroniasi U OYUCTKY TOPOJCKOrO BO3JyXa OT IMpUMECEi, U IMpoKaT
pexnamel. Kak oTmewanoce B pabote [2], co3maHume Takux CHCTEM OTOOpakeHUs WH(pOpMauu
IpeJcTaBiIsieT coboi Oojiee 4eM akTyajbHYIO 3ajJady, B TOM YHCJIE, C TOYKU 3PEHUS CHATUS
IICUXOJIOTMYECKUX OapbepoB, CBA3AHHBIX C TOCYAAPCTBEHHO-YACTHBIM IMAapTHEPCTBOM B 001acTu
CO3/1aHHS WHHOBALIMOHHBIX MPOIYKTOB. I[lomuepkuBanoch, YTO 4YaCTHBIM OM3HEC B HACTOAIIEE
BpeMsl KaTeropuueckd OTKa3blBa€TCS HWHBECTUPOBATH B IEPCHEKTUBHBIE HCCIEAOBAHUS U
pa3paboTku B Kazaxcrane. [IpyuuHbl 5TOMY HOCST MPEUMYIIECTBEHHO MICUXOJIOTHUYECKHM XapaKkTep
1 CBSI3aHBI C ONIPEICICHHON HHEPITUEH MacCOBOr0 CO3HAHUS U OM3Hec-coodmecTna [2,3].

JUia Toro 4TtoObl, 3TH ICHUXOJOTMYECKHE Oapbepbl CHATH OCTPO HEOOXOauMa HarJsHas
JIEMOHCTpAllUs TEX YCIEXOB, KOTOpbIE JOCTHIJIA 3a IOCJIEIHEe BpeMsl Ka3axCTaHCKas Hayka.
HarnsgHocte  MoXeT — oOecreuuTbh — CO3JaHME  MAacIITa0HBIX ~ OOBEKTOB  TYpUCTHUYECKOMN
MH(QPACTPYKTYphl, KOTOpPBIE C OJHOM CTOPOHBI MPHUHOCAT HEMOCPEICTBEHHYI0 KOMMEPUECKYIO
npuObLIb, C JAPYrOoHM CTOPOHBI MOIJM OBl CIIY)KUTh BHU3MTHOW KapTOYKOM FOKHOM CTOJHMIIBL
Pemienuio MMEHHO 3TOH 3a7a4l MOXKET CYLIECTBEHHO CIIOCOOCTBOBAaTh BHEJPEHUE TAKHX CHCTEM,
Kak Obu10 mpeiokeHo B [1]. Kpome Toro, 310 mo3BosiseT HariasaHo MoKa3aTh, YTO Ka3axCTaHCKas
HayKa JIEHCTBUTENBHO DPA3BUBAETCS JOCTATOYHO YCIEHIHO, a TAaKXe, MPOJEMOHCTPUPOBATh TOT
(bakT, YTO €ciaM BECTH aJIeKBaTHYI0 HAay4YHO-TEXHHUYECKYIO MOJUTHKY, TO TOTAAa PEe3ylbTaThl B
00J1acTi MHHOBAIIMOHHOM JIESTEIIbHOCTH HE 3aCTaBAT ce0sl KAaTh.

B pabore [1] paccMarpuBanuchk (pOHTaHHBIE YCTAHOBKH, OCHOBaHHBIEC HA IMIPUHITUIIC PACCEMBAHUS
ONTUYECKOT0 M3JTyYCHHUS] Ha MEJIKOJAUCIEPCHON BOAHOM cpene. Takol moaxoj OmpaBlIaH ¢ TOYKH
3pEHMsI OUYMCTKU TOPOJACKOTO BO3/yXa OT PA3JIMYHOTO POjAa IMpHMeceil, MOCKOJIbKY B 00JacTu
XMMHUYECKON TEXHOJIOTUU YK€ J1aBHO J0Ka3aHO, YTO MMEHHO MEJIKOJUCIIEpCHas BOJHAs cpena
CIly’)KUT Haubojee YZOOHBIM TOTJIOTUTENIEM M A Ta3000pa3HbIX NpUMecei, W JUIs MbUIEBOM
KOMIIOHEHTHI. OJIHaKO Takoro pojAa YCTAaHOBKHM, MOTYT JKCIUIyaTUPOBAaTbCS TOJBKO Ha YPOBHE
MacimTaboB ropoga (OHM MOTYT yCTaHAaBIMBATbCS B CKBEpax, Mapkax, Ha IUIOINAASX, CIYKUTh
areMeHTaMu  Oo(opMIIEHHS TOpojAcKoro saHamadra u Tak pganee). Ha ypoBHE OTAENbHBIX
KOMIIaHUM, OTAENbHBIX JIOMOBIAICHUM M Jake OTHENbHBIX OTelled MCIOJIb30BaHUE TaKUX
YCTaHOBOK JOCTATOYHO 3aTPyIHEHO UMEHHO B CHIIy TOTO, YTO MEJIKOJMCIEpCHas BOJIa B COCTOSIHUU
MOKPBITH OOJBIIYIO IUIOMIA/b, YTO CO3JAET OMpeelieHHble Hey1o0cTBa i ucnoib3oBanud. Eciu
roBOpuUTh 00 OOecrevYeHur YCTOMYMBOIO COBITA TAKOTO POAA YCTAaHOBOK, TO TPEACTaBISAETCS
1esecoodpa3HbIM pazpaboTaTe UX MOIU(PHUKAIMIO, KOTOpas MOryia Obl ObITh YCTAHOBJEHA B TaKHX
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00BEKTaX KaK XOJUIBI OTENEW, OTIENbHBIE YAaCTHBIC KPYITHBIC JIOMOBIAJICHUS, XOJUIBI KPYITHBIX
BEJIOMCTBEHHBIX YUPEKJICHUE U TaK Jlajee.

CymecTByeT OONBIIOE KOJWYECTBO PA3IMYHBIX IMPUMEPOB, KOTOPHIE IMOKA3BIBAIOT, YTO
(OHTAHHBIC YCTAHOBKHU JICHCTBUTEIHHO CIIY’KAaT HHTEPHEPHBIM OOBEKTOM HE TOJIBKO B OTEJISAX, HO U
B BEIOMCTBCHHBIX 3/IaHUSAX (PUCYHOK 1), OHH yKe TaBHO CTAJIM OJHUM M3 CPEJCTB apXUTEKTYPHOTO
BBIPAYKEHUSI.

COOTBETCTBEHHO MJIsi TOrO, 4TOOBI pa3paboTka [1] cTasia KOMMEpPYECKH 3HAYUMON M YCIICITHO
MIPOJBUTANIACh HA PBHIHOK, KEIaTeJIbHO CO3/1aTh €e MOAM(UKalMI0, KOTopas Obl MCIOJB30Baja HE
MEJIKOJIMCIIEPCHYIO BOY, HO TOTOK BOJBI IPUCYTCTBYIONIUH TOJIBKO B JIOKAThbHOM 00BeMe. FIMEeHHO
Taknue (OHTAHHBIC YCTAHOBKM B HACTOSIICE BPEMs IIHPOKO HCIOIB3YIOTCS ISl CO3JIaHUS
WHTEPHEPOB B OTENSAX, XOJUIaX BEJOMCTBEHHBIX 3JaHuMM ©U T.A. B 3TOM cnydae Bona
HENOCPEACTBEHHO CTEKAeT 0 CTEHaM MWJIM 10 JIEMEHTaM JeKopa, ykpamaromum xoiul. [lo
CYULIECTBY, TAKOTO poJia (OHTAHHBIE YCTAHOBKH BOCXOST K BOCTOUHOM KIIACCHKE; IPUMEPOM TOMY
MOJKET CIIY>)KUTh 3HAMEHUTHIN DOHTAH cie3, MOCTPOCHHBIN B 1764 rony Ha TEPPUTOPUU XAHCKOTO
nBopua B baxuucapae (pucyHok 2). OdopmieHue OCyIIECTBISETCS HE 3a CUET CTPYH BOJBI, a 3a
c4€T BOJBI, KOTOpasi MEAJICHHO CTEKaeT WM M3 Yallk B Yallly WM MO TeM WU MHBIM JJIEeMEHTaM
JIEKOpa, B YaCTHOCTH, HEMIOCPEICTBEHHO 10 MO3aMYHOM MJIH CTEKSIHHON CTEHE (PHCYHOK 3).

Pucynok 1 — Ilpumep ucrnonb3oBanust POHTAHHOM YCTAHOBKH [T OPOPMIICHHS
Jewel Changi Airport, Singapore
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Pucynok 3 — [Ipumep ucnons3oBanus (POHTAHHON YCTaHOBKHU
JUTSL TA3aHEPCKOT0 0(OPMIICHHSI X0JIIa IIOMEIICHU
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B nannoli pabore paccMaTpuBaeTcs MoaudUKAIMsS dKpaHa, KOTOpas pemiaeT JaHHYIO 3aaady,
npuyéM MOXKHO Cpa3y MOAYEPKHYTh, YTO 3/I€Ch BOJA BBIMOJHSECT TAKXKE JBE BaXKHBbIC (YHKIHUU
onHoBpeMeHHO. C OfHOM CTOPOHBI, OHA, KaK U B [1], CIIY’KUT U cpemoil, KoTopasi obecreunBaeT
MOTJIOIIEHUE TpUMEce M3 OKPYXKAIOLIEr0 BO3AyXa, M Cpeloil, KoTopas oOecrednBaeT
KOHIUIIMOHUpOBaHUEe momemieHusi. C Apyroil CTOPOHBI, BOJa SBIISETCS BELIECTBOM, KOTOpPAas
CO371aeT HEOOXOIMMBIE ONITHYECKHE P DEKTHI.

Heckompko ympomias, MOXHO ckazarh Tak. Ecmum mnpenpiaymas Moaudukamus [1]
OpUEHTHPOBAIACh HA IMPOILIECCHl CBETOPACCEsIHHS, TO B JaHHOM CIIy4ae BOJAa HCIOJB3YETCs Kak
MaTepuai Ui CO3aHMs KIACCUUYECKUX MPU3MEHHBIX ONTHYECKUX 3JIEMEHTOB (MCIONB3YETCS TOT
dakt, uro KOIPPUIMEHT TpeTOMIICHUS BOJBI OTIMYAeTCs OT Kod(dduimeHta mnperoMiIecHUsS
BO3/lyXa). YMECTHO MOJYEPKHYTh, 4TO eulé¢ B cepenrnue XX BeKa, KOr/a TEIEBU3UOHHBIC IKPAHBI
MMEIN Majible pa3Mepsl JJIs TOro, YTOOBI HAOII0AATENIb MOT TOJIB30BATHCS TAKOTO POJia SKPAHOM,
UCIOJIb30BAJIMCh KpYyMHOTradapuTHbIe NUH3bL. [lpu STOM InWH3a JEHCTBUTENBHO CO3/aBallach
(bakTUYeCKH U3 BOJBI: €€ KOPIYyC, BHIIOJIHEHHBIN U3 CTEKJa, 3aJMBAJICA B MPOIECCE IKCIUTyaTaIl[uu
BOJIOM, YTO TO3BOJISJIO CYIIECTBEHHO YBEIMUUTh H300pa’keHHE, CO37aBacMoOe TEICBU3MOHHBIM
HKpaHOM MaJioro pa3mepa. AHAJIOTHYHBIM 00pa3oM B JaHHOW paboTe B KauecTBE Marepuaiia Ui
MIPHU3MBI, KOTOPBIA o0ecreurnBaeT npeodpa3oBaHUE ONTHYECKOrO CHTHaja, TAaKKe BBICTYMAET BOJA,
3aIOJTHSIONIAS TIOJIOCTH 3aJaHHON KOH(UTYpanuu.

CoBpeMeHHas TOpojCKasi 3acTpoiika IpeicTaBieHa OOJBIIMM KOJMYECTBOM Pa3HOOOPA3ZHBIX
oucHBIX 3maHMA, dacagsl KOTOPHIX (C TOYKH 3PEHHS HCIONB30BaHUS JUIA MPOKaTa PEKJIaMbl)
OCTAIOTCS HE3aIeiCTBOBAHHBIMH.

[IpuMeHHUTENHFHO K TOpOLYy ANMaThl TUIHYHBIM MPUMEPOM 37eCh sBisieTcs (acaa KOMILIEKca
Hypasi-Tay (pucynok 4). B Hacrosiiee Bpems mojo0HbIe (hacabl 3aCTEKIEHBI TOIYTPOHUIIAEMBIMU
CTEKJIaMH, OJIHAKO TEOPETUYECKH 3TU (pacaapl MOTIU OBITH MCIOIB30BAHBI JUJISl MPOKATa PEKIaMbI
Tak Kak O()UCHBbIE MOMEIEHUS BBIMOIHSIIOT CBOIO ()YHKIUIO TOJIBKO B IHEBHOE BpEMs, a B HOUHOE
BpeMs OHM (TIPH YCJIOBHUH MEPEKIIIOUECHHS U3 PeKUMa OKHA B peXuM nucruies [1]) Mmoryim Ob1 OBITH
MCIIOJIb30BaHbI JUIsl POKaTa peKamMbl U B TOXKE BPEMS CIYKUTh BAXKHBIM 00BEKTOM TYPUCTHUECKON
MH(QPACTPYKTYphl, OJHOW U3 BU3UTHBIX KapTodek rokHOM cronuubl Kazaxcrana. IloguepkuBaem,
YTO BOMNPOC O CO3/IaHUM CHCTEM BOCHPOM3BEACHHUS M300pakeHUM JBOMHOTO Ha3HAu€HUs B
HacTosIee BpeMsi 00CyXkJaeTcs JOCTaTOYHO LIMpPOoKo. HeoqHOKpaTHO mpeyiaraauch pa3ivyHble
BapUaHThl CHUCTEM, KOTOpbIE BO BKJIIOYEHHOM COCTOSIHUM MpPEJCTABISAIOT COOOW  aHaior
JTUCTIIEHHOTO SKpaHa, a B BBIKIIOYEHHOM COCTOSIHHUHM BBITIOTHSIOT (YHKIMH OOBIYHOTO OKHA.
[IpeumyiiecTBa Takoro pojaa CHUCTEM OYEBUIHBI, U HMMEHHO HA pEUICHUE JIaHHOM 3aJauu
M3HAaYaJIbHO ObLIa OPUEHTUPOBaHA CUCTEMA, IpeIoKeHHast B [1].

[Ipennaraemass B gaHHOW paboTe MoauduKanus peniaer, Mo CyIIECTBY, Ty K€ 3ajady, 4yTo U
omucaHHass B pabote [1]. A mMeHHO, OHa OOecrmeYyrMBaeT CO3JaHHE CHCTEMBI BOCIPOU3BEICHUS
M300paKeHHi, KOTOpas B MUHUMAJIbHOM CTENeHU 3aTPyAHSIET 0030p B BBIKIIFOUEHHOM COCTOSIHUU.

Taxas 3amaua pemanach B [1] 3a cueT UCHONIb30BaHUS aXYPHOU pelIeTYaTON KOHCTPYKIIMH, Ha
KOTOPYIO KPEHHJIUCh MPOMBIIUICHHO BBIMYCKAaeMble CBETOJUOJHBIE JIGHThI (PHUCYHOK 5),
JONYCKAIOLIME MPOrpaMMHOE YIpaBJIeHHWE M3IydeHueM Kaxaoro u3 RGB-ceeroanonos.
OnTuueckass OCh CBETOAMOJOB JIekKajla B IUIOCKOCTH JKpaHa, a IepeHalpaBlIEHUE CBETa Ha
HaOJI0AaTeNs OCYIIECTBISUIOCH 38 CUET PACCEsHUSI ONTHUYECKOTO M3IyUYEHHUS! Ha MEJIKOIMCIIePCHON
BOJie, KOTOpas (aKTUYECKH U CITYXKUJIa MaTEpPUAJIOM JUIsl SKpaHa.

[TomuepkuBaem, 4TO MPU PACCTOSTHUM MEXKIY CBETOAMOJAMHM Ha JIEHTE Mopsiaka 3 cM, 4TO
OTBEYAET CO3JaHMI0 KpyMHOradbapuTHoro skpana (10 30 M), paccTossHHE MEXIy pEOpaMu pereTKu
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MOKET OBITh CJeNlaHO TMOpsaKa 6 CM, a cama TOJIIMHA MOBEPXHOCTEH, HA KOTOPBIX 3aKpETICHBI
CBETOAMO/IbI MOXKET COCTABIIATH MOPSAIKA 2 WM 3 MM B 3aBUCUMOCTH OT BHIOPAHHOI KOHCTPYKIIHH.

Pucynox 4 — Ilpumep BO3MOKHOTO PACIIONIOKEHHS ANUCILIES, IEPEKIII0YaEMOT0 B PEXKHM
IPO3pavHOro OKHa, Ha (acane komuiekca Hypisi-tay

RN

0

Pucynox 5 — Cxema KOMIUIEKCHOU CHCTeMbI 0TOOpaXkeHHUs HH(GOpMAIUK, OCHOBAaHHOW Ha SBJICHUU
paccesiHus CBeTa Ha JUCIIEPrUpOBaHHOM BoJie; 1 — KOJUIEKTOp (POPCYHOK; 2 — HecyIas pama;
npeaHa3HauYeHHAs, B TOM YHCIIE, U Pa3MEIICHNs TOKOBEAYIINX IEMEHTOB; 3 — POPCYHKH,

o0ecrneunBaroIIye pacbUIeHUE BO/bI; 4 — CBETOANOHBIE JIEHThI
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WHbIMU citoBaMH, pelI€TKa AEUCTBUTENBHO SIBIISETCS JOCTATOYHO aXKYpPHOU U IIPU YCIIOBHUHM, YTO
BCE €€ DJIEMEHTBI, Ha KOTOPBIX DPa3MEILIAIOTCS CBETOAMOABI 3aHMMAKOT B IIONEPEYHOM CEUYCHHUU
OTHOCHUTEJILHO HEOOJBIIYIO IUIOIA/b, TO BU3YaJIbHO TaKasi KOHCTPYKIUS MOXET pacCMaTPUBAThHCS
KaK MPaKTUYECKHU IIOJIHOCTBIO Mpo3payHas. Hampumep, eciim Takas pemiéTka 3aTeHseT HEKOTOPBIE
aApXUTEKTYpPHBIE COOPYKEHHSI, TO € JOCTATOYHO OOJIBLIOIO PACCTOSHUS OHU OyIyT BOCIPUHUMATHCS
IIPAKTUYECKU HE UCKaXEHHBIMU. B KadecTBe MIUIIOCTpAalMU IOCTATOYHO 3AMETHUThH, YTO MHOTHE
OKHa COBPEMCHHBIX 3/1aHUM 3aIMINEHBl aXYPHBIMU pELICTKAaMH, KOTOPBIE TE€M HE MEHEe HE
3aTPyAHSIOT 0030p; cX0aHbIN 3h(EKT ucnoab30Bad U B [1].

AHAIOTUYHBIA TPUHIMI TpeJiaraeTcsi WCIOJb30BaTh M B Hacrosmed padore. [IpuHumn
JCWCTBUSL TIpeAsiaraéMoll KOMILUICKCHOM CHCTEMBI OTOOpaXXeHHs W300paKEHHl COCTOMT B
cnenytomeM. Koadduuuent npenomnenust BoAsl coctaBisieT npumepHo 1,33; 31oT kKodpdUmenT
COIOCTAaBUM C KOI()(UIIMEHTOM TPEIOMIICHHUS CTEKJIa M MHOTHMX OPraHMYeCKHMX MaTepHalioB
cocraBsAommux npuMepHo 1,5. CoOTBETCTBEHHO BOJY ACHCTBUTEIBHO MOXKHO HCIOJIb30BaTh B
KAaueCcTBE MaTepUalla, 3all0JIHAIOIIErO IPU3MY.

KoHcTpykuuss mpeuiaraeMoro 5SKpaHa MpeJCTaBiseT €000 peméTky, Ha BHYTPEHHHUX
MIOBEPXHOCTAX KOTOPOW 3aKperyieHbl CBETOAMOJHBIE JIEHTHI. M3i1ydeHus cBeToIMo0B 00Ja1aloT
OIIPEACIICHHOW JuarpaMMOi HalpaBlI€HHOCTH, U B JAHHOM CIIy4ae OCb 3TOM Juarpammbl JIEKUT
HETIOCPEICTBEHHO B IJIOCKOCTH AKpaHa (Kak U B KOHCTpyKuuH [1]).

CrnenoBaTtenbHO, ¢ TEXHUUYECKOM TOYKHM 3pEHUS 3a/ada COCTOMT B TOM, YTOOBI IEPEHANPABUTH
HaIpaBJIEHUE PACIIPOCTPAHEHUS U3YyUEHUS TaK, YTOObI OHO BOCIIpUHUMANIOCh HabmoaaTeneM. s
STOW LEJIM BIOJIHE MOAXOAST KIACCHUYECKHE NPU3MBI CIOCOOHBIE Pa3BEPHYTh ONTHUYECKYIO OCh
JMarpaMMbl HalpaBJIEHHOCTH cBeTouoaa Ha 90 u 6oee rparycos.

Cxema, WUIIOCTpUpYIOLIas MPUHLUUI paOOThl 3KpaHa NpeAsaraéMoro THIIA, IOKa3aHa Ha
pHUCyHKe 6.

Pucynok 6 — Cxema paboOThI IBYX COTPSKEHHBIX TUKCEJIeH SKpaHa MpeiaraéMoro THITa

Hcnonp3oBanbl cienyronme 0003HaYCHUS :
1 — cBeTOaMOEL;
2 — DIIEMEHTHI PeNIeTYaTON HECYIIeH KOHCTPYKITUH;
3 — 3a/lHEE CTEKIISTHHOE MOKPHITHUE;
4 — epeHee CTEKISTHHOE TIOKPBITHE;
5 - Boxa;
6 — KperneXHbIC JIEMEHTHI;
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Cxema 3KpaHa IpeJIaracMoro TUIa oka3aHa Ha PUCYHKE 7.

Hcnonb3oBaHbl Te ke OOO3HAYeHHs, YTO W HAa pPUCYHKE 4, a TakxKe JOMOJTHHUTEIhHBIC
0003HAYEHHUS:

7 — ONIOK MUTAHUS U YIIPABJICHHUS,

8 — TpyOa, obecreunBaroiast Mo ABO BOIbI;

9 — OTBOABI MJId I11ogadyu BOABI B IIOJIOCTH Mexcz[y 3aJHUM H Hepe[[HI/IM CTCKIAHHBIMHA
MTOKPBITHUSAMHU;
10 — macoc;

11 — KONIEKTOP BOJIBI.
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Pucynok 7 — @yHKIMOHaIbHAS cXe€Ma 3KpaHa IpeJiaraéMoro Tuma

B cooTtBercTBUM C naHHOM cxeMoM, cBeToamMonbl (1) pa3memiaroT Ha 3JIEMEHTax pelIeT4aTou
Hecylleld KOHCTpYKIUH (2). Mexay alieMeHTaMu HeCyLledl KOHCTPYKIMHU (2) pa3MelaroT Takxke
3annee (3) u nepeanee (4) CTEKISTHHOE TOKPBITHE, MOJIOCTh MEXY KOTOPBHIMHU 3aIOJIHSIOT BOJIOM
(5). 3agnee (3) u nepennee (4) MOKPHITUS KPEMATCSA K dJIEMEHTAM HECYIIeH KOHCTPYKIUU (2) mpu
MIOMOUIM KPEMEeXHBIX 3JIEMEHTOB (6), Tak, YTO OCTAIOTCA OTBEPCTHS JUIsl CTOKA BOJIBI JJIs
CONpSDKEHMs] JKpaHa C (OHTAHHOM yCTaHOBKOH. VYTpaBieHHE CBEYEHHEM CBETOJUOJIOB
o0ecreynBaroT Mpu oMoy 010ka nutanus (7).

VYron HakJIOHa IJIOCKOCTEH 3aJHEr0 MOKPBITHA K IUIOCKOCTH JKpaHa (KOTOpas COBIAJacT ¢
IUIOCKOCTBIO TIEPEIHEro IMOKPHITHs) BeIOMparoT Onm3kuMm k 45° Ilpm HeoOXoauMmocTu 3aaHee
MTOKPBITUE U3TOTABIMBAIOT U3 IBYX OTAEIBHBIX IUNIOCKUX CTEKOJ.

B pesynbrare BogHas cpena, 3anofHA0MAs YKa3aHHYIO MOJIOCTh, 00pa3yeT Mpu3My, MoKa3aTellb
MpPEeIOMJIEHUsI BEIIeCTBA KOTOPOM paBeH IOKa3aTenao mpeaomiieHuss Boasl (okomo 1,33).
COOTBETCTBEHHO, YTOJI MTOJIHOIO BHYTPEHHETO OTpa)keHUs O, ompenenseMblil U3 yClIoBHAN COSO =
1, n — oTHOIIEHHE TOKa3aTelsisd MPEeTOMJIEHUSI BOJbI K IOKA3aTe0 MPEJOMIICHUS! OKPYKaIOIIEro
BO3/IyXa, COCTaBisieT mnpuMepHo 49°. DT0 o03Hawaer, 4YTro mpu3Ma, o0Opa3oBaHHas BOJIOM,
3aMoNHSIONIeH paccMaTpUBAEMYIO IIOJIOCTh, HM3MEHSET HalpaBlieHHue Jydeil, (GopMupyembIix
cBeTonnosioM, Ha 90°.
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CrnemoBaTenpHO, Jy4, HM3HAYAIBLHO pPACIPOCTPAHSIONIMICA B TUIOCKOCTH JKpaHa, CTaHET
pacipoCTpaHATbCA MEPHEHAUKYISIPHO JTOH IIOCKOCTU. Tem cambplM Uil HaOJ0aTesNs
pacripesielieHue CBeYeHHE OyleT BOCIPHUHUMATHCS TaK, Kak eciad Obl OCh JHarpaMMbl
HANpPaBICHHOCTH CBETOAMOIOB Obla OBl MEPIEHAMKYIApHA IUIOCKOCTH JKpaHa (Kak 3TO MMEET
MECTO B SKpaHe-IPOTOTHIIE).

Bonma B mosocte Harneraercs mpu momomu Hacoca (10) uepes TpyOy (8) k KoTOpou
noacoenuHensl  otBoAbl (9). Hacoc (10) co3maer CKOpOCTh MPOKAYKK JOCTATOYHYIO IS
MOJAJEp>KaHuUs 3allOJIHEHUSI BCEX IMOJI0CTel, cPOPMUPOBAHHBIX MEPEAHUM U 3aTHUM CTEKISTHHBIMU
MOKPBITUSIMU. Bojia crekaer mo 3agHell CTeHKe dKpaHa 4epe3 OTBEpCTHs, C(HOPMHUPOBAHHBIE MPHU
MOMOIIM KPETEeKHBIX 31eMeHTOB (6) B koutektop (11). Takum oOpa3oM, AUCTUICHHBIA 3KpaH
napajuieNIbHO ABJsETCA (POHTAHHOW YCTAaHOBKOM, MPUYEM JOCTUTAeTCs OObIIas IUIONMa (b KOHTAKTa
BOJBI C OKpY’Kaloled BO3AYIIHOM Cpenoi, 4Tro, B TOM YHCIE, O0ECIEeYMBAET MOBBIIICHHYIO
KOM(OPTHOCTH TOPOICKON Cpe/ibl, BOIM3U IaHHOTO SKpaHa.

[TomuepkuBaem, 4TO B TaHHOW KOHCTPYKIIMU OOJIbIIAS YaCTh 3JIEMEHTOB SIBIISETCS MPO3PaYHON.
OnHa BBINONHSETCA W3 CTEKJIa, a IMOJIOCTh MEXAY CTEKIaMH 3arojHsIeTCs BOJOHM, KOTopas,
COOCTBEHHO, U SBIIACTCS MaTEpHUaJIOM TMPHU3MBI, OOECIEUMBAIOIIEH MMOBOPOT ONTHUYECKOW OCH
IyarpamMmbl HampaBJIE€HHOCTH cBeToAuona Ha 90°. B pesynbTaTe mpH BKIIIOUEHHBIX CBETOIHOAX
9KpaH paboTaeT Kak cHUCTeMa BOCIIPOU3BEACHUS N300paKE€HUil, a B BBIKJIIFOUEHHOM COCTOSIHUM OHA
OCTaeTCsl MPO3pAayHOM, B YACTHOCTH, /I COJHEUHOro cBeTta. Kak MUHMMYM Takue yCTaHOBKH
BIIOJIHE MOTYT HMCIIOJIb30BaThCS BMECTO OKOH, PAaCIOJIOKCHHBIX B BEPXHUX SPYycCax 3aCTEKIICHHUS,
o0ecTIeYnBaOIIUX MOCTYIICHHE COJHEYHOTO CBETa B MOMEUICHHWE. B HOYHOE Bpemsi OHH MOTYT
ObITh MEPEKIIOYCHBl Ha PEKUM BOCIPOHM3BEICHHS H300paKeHUH, MPU 3TOM U B JHEBHOE, U B
HOYHOE BpEMsS OHU MOTYT OKCIUTyaTUPOBAaThCs Kak (DOHTAaHHBIE YCTAHOBKH, OTBEYAIOIINE
COBpEMEHHBIM KOHIEMIMsIM HUHTepbepa. Korma Boga CpaBHUTENBHO MEJIGHHO CTEKaeT II0
BHYTPEHHUM CTE€HaM TOMEIIEHUS 00OpPYJOBaHHBIMU (JOHTAHHBIMH YCTAaHOBKAMU C TE€M, YTOOBI C
OJIHOM CTOpPOHBI 00€cNeYnTh KOHAMIIMOHUPOBAHUE BO3]yXa, a C JAPYroil CTOPOHBI CIYXUTh
CPEICTBOM IOTJIOLIEHUS TEX IPUMECEH, KOTOPbIE COAEPKATCS B BO3/1yXE.

[Ipemyaraemas KOHCTPYKIHS (pakTUUECKH 00Ia1aeT NByMs pabourMu moBepxHocTaMu. OaHa u3
HUX CIIYXKUT JJI1 BOCTIPOU3BEICHUS H300paXE€HUH, a BTOpast 111 KOHIUITMOHUPOBAHUS TTOMEIIICHUA.
COOTBETCTBEHHO, KaK IMOKAa3aHO Ha PUCYHKAX 8 U 9, TaHHYI0 KOHCTPYKIUIO MOXHO HCIIOJIb30BAThH
KaK CTEHKY Npu O(OpMIIEHHWH JIeTHUX Kade WM JpYrux OOIIECTBEHHBIX 3JaHUN, MPUUYEM
PacmoOKEHHBIX B MECTaX, B TOM YHUCIE, 00ECIIeUYUBAIONINX CO3AaHUE OOBEKTOB TYPUCTHUECKON
UHPPACTPYKTYPHI.

B nmanHOM ciydae mo BHyTpeHHEW CcTeHKe cTekaeT Boja. Iloceturenu kade mpakTUUYECKH HE
BUJAT TOTO M300pakeHUs, KOTOPOE CO3JaeTcsl Ha HAapyKHOM CTEHKEe, HO TeM HE MeHee JaHHas
MMOBEPXHOCTh TOJIHOCTHIO BBHITIONHSIET CBOIO (GyHKIMiO. [Ipu 3TOM BHYTpEHHSISI MOBEPXHOCTH
MTOMEMIEHUST OKa3bIBACTCS B JIOCTATOYHOW CTEMEHU KOHIUIIMOHUPOBAHHOM.

Takum o0pa3zoMm, mnpeanaraeMass KOHCTPYKIMS JUCIUIEHHOTO SKpaHa, IpeaycMaTpUBarolas
pa3bueHne n300pakeHHus Ha OTIENIbHbIE MUKCEIH, CBEUEHUE KOTOPBIX 3a/1a€TCSl CBETOJAMOAAMH, a
TeHEpUPYEMBIi UMHU BOJHOBOW ()POHT ONTHUYECKOTO HU3IydeHUs mpeoldpasyercs MpH MOMOIIU
MPO3PAaYHBIX OMTHUYECKUX AIEMEHTOB — MPU3M, HAMOJHEHHBIX BOJOH, MOJABOJUMON MpPU MOMOIIU
(OHTaHHOH YCTaHOBKH, TOCTATOYHO MPOCTA U JICIIEBa MPU peaTu3allnu.

[Ipu 3TOM TUIOIIA/E MPO3PAUHBIX 3JIEMEHTOB (B MPOEKIMH Ha IJIOCKOCTh KPaHa) CYIIECTBEHHO
MIPEBOCXOJUT IUIOMIA b HENpPO3pauyHbIX, MO3TOMY MpH HAOIIOAEHUH C OOJBIIOTO0 PACCTOSHUSA
KOHCTPYKITHS BOCTIPUHUMAETCS KaK a)KypHasl, IIO3BOJISIONIAS YBUACTh OOBEKTHI, PACIIOIO0KEHHBIE 32
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HKpPaHOM. OTO CYHIECTBEHHO O00JIeryaeT BO3MOKHOCTH COIPSDKEHHUS JKpaHa C CYLIECTBYIOIIEH
TOPOJICKOM (apXUTEKTYPHOU) CpeIoi.

[Ipemiaraemplii  TUCTICHHBIN 3KpaH TO3BOJISET OOECIEYUTh MOBBIIIEHHE KOM(POPTHOCTH
TOPOACKON Cpefbl, B OCOOCHHOCTH, B KAapKOe BpEeMs Tofa, OCTAaBasACh MPH 3TOM CPABHHUTEIHHO
IIPOCTBIM U ACLIEBBIM B pEAIU3aLUH.

e e e e e e
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Pucynok 8 — Miumroctparust K UCTIOIB30BAHUIO SKpaHa MPEeyIaraeMoro THIIA IS CO3/1aHus 00bEeKTa
TYpUCTHYECKON UH(PPACTPYKTYPHI

Z

Pucynok 9 — Mimroctpanust K HCIIOIB30BAHUIO DKpaHa MpeIjiaraeMoro THUIa
st oopMIICHUST IPEANPUATHS OOIIIECTBEHHOTO TTUTAHUS
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JIOTIOJTHUTENBHBIM TIPEUMYILIECTBOM JAaHHOTO AUCIUIEMHOIO JKpaHa SBISETCS BO3MOKHOCTH
o0ecrieyeHrs: UPKYIALUN BOJBI B 3aMKHYTOM KOHType. B 3TOT KOHTYyp MOTyT OBITH BCTPOCHBI
TaKkXe JONOJHHUTEIbHbIE OYHCTHBIC Y3JbI, OJlarogapsi KOTOPBIM SKpaH CTAHOBHTCS CPEICTBOM
OYHCTKH TOpOJCKOro Bo3ayxa. OumcTka oOecmeynBaeTcss 3a CyYeT IOIJIOUICHHUS TNpUMECEH,
COJIEpIKaIMXCsl B BO3JyX€, BOJOW, CTEKAIOIIEH 110 3aJlHEH CTEHKE DKPAaHa B PEKHUME KaleJIbHOTO
OpOLLIEHUS.
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Over the past few decades, the development of modern information and communication technologies has
significantly changed many areas of human activity. However, the sphere of education, being a highly inert
structure, has not yet undergone significant changes. This article discusses the impact of modern information
and communication technologies on the further development of the higher education system. It is assumed
that in the near future, the largest universities in the world will be transformed into a new structure, which
was proposed to be called the SuperUni. It will be the main form of higher education. It shows its advantages
over existing universities, as well as the economic rationale for the benefits of such SuperUni. In addition to
other advantages, the development of new SuperUni will make it possible to reach a much larger number of
the population with quality higher education than is currently covered. It is noted that with the advent of
SuperUnis, small local universities will not disappear, but they will undergo some transformations.

Key words: Higher Education, information technology, Super-University, economic efficiency, network
structures, higher education enrolment, the transition from quantity to quality.

Conevi OipHeute OHIHCBLIIOBIKMAP OOUbL 3aMAHAYU AKNAPAMMBIK-KOMMYHUKAYUANBIK MEXHOI0SUANAPObl
oamulmy adam Kbl3MemiHiy Kenmez2eH 0OablmmapulH aumapiavikmai eseepmmi. [lecenmern, 0Oinim bepy
canacvl eme uHepmmi KYpulivlM 0012aHObIKMAH, eneyii e3zepicmepee Ywwlpazan oK. bynr maxaiada
3amanayu aKnapammulk-KOMMYHUKAYUANBIK MEXHONO02UANAPObIY Hcoapbl OiiM bepy icyliecin 00au api
damvimyaa bIKNaibl MaiKulianaowl. borawaxma anemoeei ey ipi ynueepcumemmep Cynep Yuueepcumem
den amanamvll JHCaAHA KYpolibiMea aunanaovl den Oomdcanyoa. On dcozapuvl OiniMHIY Hezi3el HblCaHbl
oonaovt. Kana Cynep Yuusepcumemmepoiy apmuiKuWbLILIKMApuIH, coHoati-ax ocvinoai  Cynep
Yuusepcumem apmulKUbLILIKMAPbIH IKOHOMUKATBIK Heziz30emeciH KepcemineeH. backa
apmuiKwblivikmapmer  kamap, oicaja  Cynep  Yuusepcumemmepiniy — O0amyvl  Kasipei  yaxbimma
KAMMOBLIZAHHAH 20pPI CAnAbl Hco2apul Oiimi 6ap Xanblkmoly 210eKatioa Kon CaHblHA dcemyee MYMKIHOIK
bepedi. JKozapvl 0Ky opbiHOAPbIHbIY KeyiMeH WARbIH JCePIiNiKmI YHUBepCUmemmep HCo2anvin Kemneuoi,
Oipax onap xeilbip e32epicmepaee Yublpaiiosi.

Tipex co30ep: dicozapvl Oinim, axnapammulx mexnonoeusinap, Cynep-Yuusepcumem, 9KOHOMUKATBIK
MUIMOINIK, JHCENINIK KYPBIILIMOAp, HCO2apbl OINIMMEH KAMMY, CAHHAH CANA&a KOULY .

3a nocneonue neckonbko decamunemuii pazgumue CO8PEMeHHbIX UHPOKOMMYHUKAYUOHHBIX MEXHON0UL
SHAYUMENLHO USMEHUN0 MHO2ue cghepbl uenogeueckoll desmenvHocmu. O0Haxo cgepa obpasosanus, 6yOyuu
BbICOKO UHEPMHOU CMPYKMYpOU, ewe He npemepnend 3HAYUMENbHbIX usMeHeHuu. B oamnoll cmamove
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PACCMampugaemcs 6IUSHUE COBPEMEHHBIX UHPOKOMMYHUKAYUOHHBIX MEXHON02UN Ha OaabHelulee pa3gumue
cucmemvl gvlcuieco oopazosanus. Ilpeononazaemcs, umo 6 ckopom 6yoywem KpynHetiuiue YHUGepCumenmbol
MUpa npeobpazyiomcs 6 HO8Yio CmMpyKmypy, Komopyio 0vlio npednodiceno nazéamov Cynep-Yuueepcumem.
On cmanem oCHOBHOU ¢hopmoli npedocmasieHus 8vicuie2o obpaszoganus. Ilokasanel e2o npeumyujecmsa
nepeo cywecmeyowumu yuusepcumemamu. Ilpusedeno skoHomuueckoe oO0CHOBaHUE 8bI2OOHOCHU MAKUX
Cynep-Ynusepcumemos.  Ilomumo npouux npeumywecms, passumue nogvix Cynep-Ynusepcumemos
NO3680IUM 0X8AMUMb KAYECMBEHHbIM BbICUIUM 00pa308anueM 20pa30o Ooblulee KOAUUECTN8O HACeNeHUs,
Hedcenu 0xeaueno 8 Oanuvil momenm. Ommeueno, umo ¢ nosgrenuem Cynep-Yuueepcumemos nebonvuiue
JIOKQ/IbHbLE YHUBEPCUMENbL He UCHEe3HYM, HO OHU Npemepnsam HeKOmopbie MpaHc@hopmayuu.

Kntouesvle cnoea: svicuiee obOpazosanue, ungopmayuonusvie mexnonozuu, Cynep-Yuueepcumem,
IKOHOMUYECKAsL IDPeKmusHoCmy, cemegvle CMPYKMYpbl, OX6AM GbICUWUM 00pA308aHUEM, Nepexod u3
KOIU4ecmsa 68 Kauecmso.

Introduction. Over the last thirty years modern information communication technology (ICT) has
revolutionised lifestyle and the workplace across sectors and across countries. This change is also
affecting the Higher Education (HE) sector [1], which traditionally has high inertia.

Examples of use of modern ICT in the HE sector across the world are now abundant and include
the use of online automatically-marked quizzes and assignments, audio and video recordings of
lectures, innovative assessments, etc. [2] The use of modern ICT may reduce the time of the
instructor per student without deteriorating the learning experience. This means that a lower level of
human resource is needed to provide a good learning experience for more students. In turn, the
existence of this ICT enables HE actors to reach wider audiences, audiences further away,
circumventing some of the national regulations, and benefiting from economies of scale. However,
these resources demand significant initial investments in infrastructure, which are not possible for
all Universities. Together with other globalisation trends and the reduced costs of
telecommunications (and prospects of them being reduced even further) this is sufficient to inform
the debate about the future of ICT in the HE sector.

The depth and the impact of this change remains to be seen and analysed. The following
questions are posed:

— Will modern ICT profoundly revolutionise HE, changing the relationship between instructors
and students, transforming the Universities from secluded campuses to a virtual learning
environment, accessible and global?

—  Or, will these technologies transform the way the information is conveyed, changing the media,
the vehicle of the knowledge, but not affecting the substance of the learning environment, as we
currently know it?

The oldest of the traditional Universities, such as Bologna, Sorbonne, and Oxford are currently
facing this dilemma: should they employ their resources in using the ICT to benefit the restricted
number of students on campus, providing a personalised approach, pastoral care, and significant
staff time per student; or should they embrace the new possibilities and widen their audience,
providing courses all over the world, but thus losing the possibility of providing the same quality of
human teacher-student relationship? It seems that this question has already been answered by the
well-renowned MIT [3], as this institution decided to provide access to its courses online, offering
not only the access to knowledge, but also the ability to obtain certificates and diplomas. The choice
is not binary, as Universities will adopt these solutions to different degrees. It is also important to
remember that existing traditional Universities are not the only actors on this market: various online
resources are competing with them. These actors range from linguistic or other specialist courses
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(on and off line) to the worldwide known and respected resources (e.g. Coursera or Khan Academy)
with a wide range of subjects.

For simplicity, in this paper we will refer to traditional Universities as those which have adopted
modern ICTs as different means to convey knowledge, without changing the education process
substantially. We will refer to Universities which have adopted modern ICTs in a profoundly
transformative way to deliver a substantive part of the teaching outside of their campuses as
“SuperUnis”.

The aim of this study is to examine whether the trend to the development of SuperUnis exists
and whether it is sustainable. In the subsequent sections we will present three types of arguments in
favour of SuperUnis. This does not suggest that the other Universities will disappear: rather, we aim
to contribute to the debate on the future of the HE sector presenting one particular trend.

SuperUni?This section is devoted to the presentation of our arguments in favour of the SuperUni
trend. We will firstly discuss the potential economic-based causes of this trend, as well as their
mitigating factors. Secondly, we will briefly show that these arguments do not contradict the current
theories of economics of education. Finally, we will examine other factors contributing to the trend.

a. Economies of scale.In this subsection we will put forward the key economic argument in
favour of the emergence of SuperUnis: modern ICTs allow economies of scale, which lead to
market concentration. Two issues arise when this argument is made: (i) can modern ICTs lead to
economies of scale in HE sector in practice and (ii) how to take into account the specificities of the
HE sector? We will first show that modern ICTs can, and are likely to, lead to economies of scale
and then we will explain why the economies lead to SuperUnis.

The modern ICTs allow economies of scale in the HE sector. One of the key specificities of the
education sector, as part of the service industry in general, is the necessity of dense and intense
interactions between education providers and consumers. Traditionally, these interactions
encompassed three key aspects: transmission of knowledge through explanations; testing the
understanding of the knowledge; and feedback to improve the acquired skills and competences in
the future. Previously, these interactions would necessarily be performed face-to-face. Modern ICTs
allow these interactions to happen in different time and space. In other words, where previously the
transmission of knowledge required the transmitter (lecturer) to be in live presence of the receivers
(students), this simultaneity in time and in space is no longer required. The same is valid for the
testing of knowledge, which can be performed online and/or off campus [4]. Even more
importantly, modern ICTs allow for a good quality interaction between lecturers and students. The
question remains as to whether these ICTs will be used by the existing HE actors in such a way.
Since the use of modern ICTs is likely to allow economies of scale and thus generate significant
profits, the pressure will be put on staff to adopt new methods. It is well known in
microeconomics/industrial economics that economies of scale lead to concentration of market
power.

It is also important to note that the change in the interactions between lecturers and students due
to new ICTs is accompanied by the change in pedagogical approaches. The paradigm in
pedagogical literature is shifting from being teacher-centred to a student-centred one. This is
reinforced by the change in approach to learning: from acquisition of the previously existing
knowledge through a transmitter (lecturer) students are called upon to become co-creators of
knowledge and to construct their learning in a partnership with the lecturers [6]. These approaches
validate the use of modern ICTs in HE in several ways. Firstly, the knowledge research and
acquisition part of the learning process can be done independently, at a convenient time and
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individually appropriate pace. This is facilitated by materials available online in different media
(written text, audio and video recordings, etc.) Secondly, interactive exercises (interactive online
quizzes, virtual labs and simulations for practical skills [5]) will allow students to test their
understanding and skills and to improve them without any significant intervention from the course
providers. Finally, students will be able to interact with each other and with their tutors/lecturers via
online tools (discussion boards, forums, online written, audio, and video tutorials) to construct their
skills and competences. These methods demand a significant investment in their set-up: the fixed
costs of a course will be a main part of the course provider budget. This is precisely the argument in
favour of significant economies of scale: once a course is set up it is relatively cheaper to maintain
it, the marginal costs become significantly smaller than those for a traditional course, with a lecturer
present for the whole time during the instruction. These significant fixed costs will be amortised not
only in time, but also due to widening participation. The added cost of translation, adaptation to
some national requirements, or even slightly different audiences, will be relatively smaller in
comparison to the running of a full time live course. It is also very probable that only very big
Universities will be able to invest a sufficient amount of resources in a diversified range of courses.
These Universities are likely to become the main course providers and capture the largest share of
the market.

This doesn’t mean that there will be no need for a personal interaction, campuses and smaller
institutions. However, this is likely to signify that the personal interactions may be done in a very
flexible way, ranging from students coming to campus to see their tutor in small or individual
groups to students going to see their local tutor (not a full-time member of staff, but with a licence
and training from the University). This flexibility will allow differentiation between students, both
in terms of price they are able to pay, but also in terms of ability they have. The best students may
have free access to top tutors/researchers on campus, the other ones would need to pay additionally
for this access. Everyone else has equal access to online education: an equal opportunities dream,
with caveats.

Overall, if we accept the previous argument, then we need to accept the possibility of a
significant increase in market concentration. In other words, this would increase the presence or the
market share of the top Universities, well-endowed in ICT resources, using algorithms to allow for
individual learning approach, with courses led by top-teachers/researchers. Less known Universities
will not disappear, as the physical proximity to the course provider and the campus experience will
still be appreciated by some students/customers. However, these Universities will face increased
competition between themselves rather driving the profit margins down. The relative size and the
distribution of profits may be subject to national regulations, but shouldn’t affect significantly the
global trend. If the use of modern ICTs in HE will generate economies of scale, then an increase in
the sector’s concentration and thus the emergence of actors with large market shares is almost
inevitable. The SuperUnis will be born when the modern ICTs will meet managerial pressure for
profit and new pedagogical approaches.

In addition, one of the possible direct consequences of the market concentration in HE sector is
the increased inequality in staff salaries across the sector. This is likely to mean that staff in top
Universities will benefit from the increased market share and profits. The increase in salaries may
be linked to share in profits, but also from the increasingly competitive job market.

Similar trends were previously observed in entertainment industries: where before the only
opportunity to listen to an opera singer was to go to the local opera house, now the Metropolitan
Opera from NY is available in over 70 countries in live transmission thanks to modern ICT. This
has led to the increase in wage inequalities: this is known as Rosen’s “superstar” phenomenon [7]
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and can be observed prominently also in association football players [8]. This phenomenon doesn’t
lead to the disappearance of the local teams: but it rather increases the profit margins of the top-
ranked ones, increasing the inequality [9].

The previous argument concerning the modern ICTs generating economies of scale may seem to
ignore the specificities of the HE sector. We will now attempt to show that the current thinking in
the economics of education does not contradict our arguments.

b. Anything else?It is important to underline that two main theoretical perspectives in economics
of education do not contradict the analysis above.

The first approach perceives education as investment in human capital [10]. This increase in
human capital will lead to higher private returns (increased salaries) and higher public returns
(innovations leading to economic growth). The debate on quantity vs quality of education is
ongoing [11]. The debate on which returns, private or public, are higher for the HE is vigorous and
has important implications for the public financing, as education can be seen either as public or
private good. However, these debates have no bearing on the previous conclusion: education is
desirable and the lower are the costs the more economic agents will be likely to acquire it.

The second perspective was introduced by the famous “signalling theory” of Spence [12].This
approach states that education is not desirable because it increases the capital or the qualities of the
individual, but because it acts as a symbol of their capabilities. This approach is particularly popular
among students, who are keen to acquire a diploma for the labour market, rather than expecting any
practical training from the HE environment. This second perspective also does not challenge or
contradict our previous conclusions: the education with the use of modern ICTallows the
acquisition of certificate and diplomas, making them even more flexible and thus more tailored to
the individual showing a specific skill set. This perspective, however, should be taken into account
specifically as it underlines the importance of the reputation of the online course. Here, we may
observe two opposing forces: the power of the reputation the institution provides vs the power of
the familiar “offline” diploma in a less reputable institution. This underlines the existence of
counterarguments to the previous scenario, where a handful of top-ranked Universities operate on
the planet-wide scale delivering courses online and each becoming, effectively, a large scale
institution, with international staff and franchises, a sort of “SuperUni”.

c. Other benefits. We have discussed in section (a) the key driver of the SuperUni trend: the
economies of scale allowed by modern ICTs; in section (b) we have attempted to show that this
trend doesn’t contradict the specificities of the HE sector from the perspective of economics of
education. We can now briefly look beyond these economic arguments to show that the use of
modern ICTs has the potential to transform the HE sectorprofoundly instead of having only a
superficial impact.

The arguments developed in previous sections show that it is profitable for Universities to
become SuperUnis, if possible; and that this will not (or not necessarily) detract from the quality of
education, continuing making the education in the SuperUnis as attractive as it was before. These
arguments can be enlarged: not only will economies of scale generated by the ICTs allow a cheaper
education per student, they will also bring relatively new and bigger markets within reach. These
new markets are broadly of three types: (i) international market; (ii) wider outreach and
participation; and (iii) continuing professional development market. We can examine these markets;
while none of them is completely new and all three markets are in existence, we can show that they
will be enlarged if the modern ICTs transform the HE sector in a systemic way.
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Currently the international education market has several barriers for students to reach their target
University. These barriers include the direct costs (fees) and adjacent costs (costs of living); the
potential language barrier and the administrative (visas, regulation, etc.) The modern ICTs will not
remove, but lower these barriers. A HE based on modern means of ICTs will require less physical
presence in a particular country, reducing not only the costs of living, but also the administrative
hurdles. The language barrier, at first, may appear as strong as ever. However, excluding potentially
some linguistic-specific courses, it will be much easier to set and translate a course, rather than to
devise two different courses teaching the same. Local tutors will be able to suggest further
adjustments as and when necessary. The networking opportunities and the scope for the
proliferation of innovative ideas are increased manifold for both staff and students.

The transformative in-depth implementation of the modern ICTs into the teaching and learning
process would allowwidening participation. Currently the costs of education are associated not only
with the direct and adjacent costs, but also opportunity costs (salary not gained during the education
years). These are known and can be calculated. There are, however, other costs, more difficult to
estimate. These costs to the society at large emerge because not all those who have the potential to
benefit from further education make the rational decision to acquire it. This may happen due to the
size of the initial costs (e.g. if the education is not free and/or if there are no students loans
available), to the traditions or existence of marginalised groups (e.g. females excluded from further
education), or because the individuals are not informed of the benefits of education due to
asymmetric information.

The use of modern ICTs in education and thus a more generalised, flexible, and a la carte higher
education would not resolve these issues, but would significantly lower the barriers. This type of
HE would also benefit students with learning difficulties, disabilities, and various care
responsibilities. This more flexible and student-centred HE may also be less stressful, preventing
the need for significant pastoral care and medical attention.

Similarly to the arguments for the two markets above, the market for continuous professional
development and lifelong education can be expanded to more potential students, adjusting to various
languages, career demands, and lifestyles.

Conclusion. The aim of this study was to systematise the broad economic arguments supporting
the trend of creation of modern ICT-based global Universities as key education provides. We have
demonstrated that the change in information technologies and information accessibility has the
potential to transform the global informational environment. This global informational environment
will be channelled to students at an automatically personalised level. We called the actors capable
of providing such education services “SuperUnis”. We have also demonstrated that the
centralisation in the HE market is a strong force, driven by objective economic factors. While we
have made strong arguments in favour of the SuperUni trend, we have not investigated the forces of
decentralisation, which would lead to creation of the local student community-centred Universities.
The combination of both forces, centralisation with SuperUnis and decentralisations with local
Unis, will profoundly change the HE market, as both types of institutions will need to re-invent
themselves and progress from the existing split between the traditional teaching Universities vs the
traditional research-led Universities. The change in transformation of ICT led to the transformation
of the availability of information and the informational environment. This is likely to lead to a
systemic change in the ethos of the HE sector.
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B oannoii pabome onucvieaemcs cywmnocms uoeii cygusma, u ux 61UsAHUE HA MUP UCIAMA, MAKdiCe
egpokynemypul. I[lokazana ponb 00HO20 U3 MYCYIbMAHCKO20 MUCIMUYUSMA Y MIOPKCKUX HAPOO08 Xooxcu
Axmeoa Accasu, kax cyguiickoeo nosma. Ommeueno, umo udeu cyg@usma nocmeneHno 3a80e6bl8aU
onpeoenieHHoe NPUHAHUE KAK 8 HAYYHOU cpede, MaK U 8 No33ull, Hee3upas Ha MPAOUYUOHHYIO OPUEHMAYUIO
Ha eepoyeHmpucmckue 6321A0bl. IIpumepom smomy sensemcs OeamenvHocms Xaspam Huaiiam Xana 6
Canxm-Ilemepbypee 6 nauanre XX eexa. Obcyscoaromes napaiieny mexcoy yuyeHuem cygues u uoesamu
CUMBONUCTOS, C OOHOU CMOPOHDBI, U COBPEMEHHBIMU NOOX00AMU K pa3pabomke OnepayuoHaibHOU OCHOBbL
cucmem UCKYCCMBEHHO20 unmeinniekma — ¢ opyzou. Iloxaszano, umo 01 adek8amHol mpaKmoeKu NOHAMUsL
UCKYCCMBEHHbII UHMeLIeKm 00Nbuioe 3HAYeHUue umeem yuem HOAGIeHUs HOB020 Kauecmed, KOmopoe
603HUKAEM 8 NI0OOM OCMBICIEHHOM MeKCme, pacCMampueaemMom Kaxk «cioxchas cucmemay. Paspabomxu
meoputi, 0ONYCKAoWux (POpManru3ayuro 3mo2o Kaiecmsd, mpeodyiom eeHepayull 6ecoMd HempUsUdIbHbIX
uoetl, MeoOpuecKull Nocvll Oiisk KOMOPbIX BNOIHE MOJCem 0a3upo8amvcs HA KOHYENYUsX, 80CXO0AUUX K
VUeHuio cygues u mecno NPUMbIKAIOWUX K HUM 8327151006 cumeonucmos « Cepedpanozo eexay.

Knioueswie cnosa: cygusm, mnaoocumeonrucmol, UCKYCCMBEHHbIU UHMELIEKM, HelPOHHble cemu, MeKCm,
CIOJICHbIE CUCMEMbl, ONePAYUOHATLHASL OCHOBA.

Byn oricymvicma cygusm udesiapviHvly MoHI dHcoHe 01apOblY UCIAM dNeMiHe, COHOAU-aK e8POKYIbIMypaad
acepi cunammanaovi. Myceiiman mucmuyusminiy 0ipi Kooca Axmem SHccayu mypki xanelkmapvlHOaevl
cyuii akvinwbl peminoeei poni xopcemineen. Cygh@usm udesnapuvl 2vinvimu opmada oa, nod3usoa od,
eypoyenmpucmix Keskapacmapaa 0acmypii 0az0apianyvliHa Kapamacmau, Oipme-6ipme Oencini 0ip
Oapedxcede mouvinoaneanvin aman emmi. XX eacvipoviy d6acvinoa Canxkm-Ilemepoypeme Xaspam Hnaiism
XauHblY Kblzmemi Oy2an muican Ooavin mabwiiadsi. bip ocazvinan, cyguiiiep inimi men cumeonucmep
UOESNaPbIHbIY — APACLIHOARbL  NAPALNENbOep, eKiHWI  JICARBIHAH — JCACAHObL  UHMENNeK  JCYUEeCiHiY
OnepayuoHandbl He2i3in a3ipaeyee Ka3ipel 3amMangbl maciioep maikblianaosl. Kacanovl unmeniexm Y2blMblH
adexsammul MyciHOipy yuiin "Kypoeni scyiie' peminde Kapacmulpovliamvii Ke3 KejleeH MAbIHALbl MaMIHOe
natioa 6oNamblH HCAHA CAnambly NAuoa OONYbIH ecKepy Manbl30bl. BYn cananvly opmManuzayusicblHa Heol
bepemin meopusanapovly a3ipremenepi ome OeupusuUandbl emec udesnapovl ceHepayuaIayovl maian emeoi,
0N1ap YUl Wbl2ApMAUbLIbIK HOCLLIOAp cy@uiinep inimine gicane "Kymic 2acwip’ cumeonucmepiniy onapea
MbIEbI3 HCAHACAMBIH KO3KAPACMAPBIHA He2l30e2eH MYAHCHIPLIMOAMANAP2a He2i30enyi MYMKIH.

Tipex co30ep: cyghuzm, Kiwii cumeonucmep, JHcacanovl UHMeENIeKm, HeUpoOHObIK diceninep, Momin, Kypoeni
Jcytienep, ONepayusIblK Heais.
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This paper describes the essence of Sufism ideas and their influence on the world of Islam, as well as
euroculture. The role of one of the Muslim mysticism among the Turkic peoples of Khoja Ahmed Yassavy as
a Sufi poet is shown. It is noted that the ideas of suffism gradually gained some recognition both in the
scientific community and in poetry, despite the traditional orientation to Eurocentric views. An example of
this is the activity of Hazrat Inayat Khan in St. Petersburg in the early twentieth century. The Parallels
between the Sufi teachings and the ideas of symbolists on the one hand, and modern approaches to the
development of the operational basis of artificial intelligence systems on the other are discussed. It is shown
that for an adequate interpretation of the concept of artificial intelligence, it is important to take into
account the emergence of a new quality that occurs in any meaningful text, considered as a "complex
system". The development of theories that allow for the formalization of this quality requires the generation
of very non-trivial ideas, the creative message for which may well be based on concepts that go back to the
teachings of the Sufis and the closely adjacent views of the symbolists of the "Silver age".

Keywords: Sufism, young symbolists, artificial intelligence, neural networks, text, complex systems,
operational basis.

Kak mupoko n3BecTHO, TIOpKU-KOueBHUKM KazaxcraHa NpUHSIM MCIaM BO MHOTOM Onarofaps
nponoBesaM nepsuieii-cypues. Maen cydusma npenmonaraioT BO3MOXKHOCTb 3aCTyIIHUYECTBA
CBATHIX (KMBBIX M MEPTBBIX), MOJy4eHHs] OT HHUX Onaromatu («Oapaka»). DTO MOBIUSIO Ha
XapakTep PEIUIMO3HOIO CO3HAHUA U KYJIBTOBYIO IPAKTHKY TIOPKOB CPEIHEBEKOBOM LleHTpasbHON
A3uu, B 4YaCTHOCTH, Ha TPAJUIIMM <«3Hapara» — MaJoOMHUYEeCTBA K Moruiam cBateix [1]. Kax
oTMedaeTcs B [2], DJTOMy BecbMa  CHOCOOCTBOBal  JUOEpaJbHBIA  TOJIK  HCIIaMa,
pacrpoctpanuBiuerocs B LlenTpanbHoit A3uun (xaHapusM), KOTOPbIH ObLT JOCTATOUHO TEPIUM U K
HapOJHBIM 00bIYasIM, U K Cy(U3My.

Bnusinue cydue Ha Mup uciama Obuio orpoMHbiM. Kak ormewaercs B [4], He Oymer
npeyBenuueHneM ckaszarb, 4yto XIII Bexk BO BCeM HCIIaMCKOM MHUpPE MNPOWIEN I0J 3HAMEHEM
cyusma. DTOT BEK COCTaBJSIET IIEJIyI0 BEXy B MCTOpUM Ccypu3Ma, HA MNPOTSHKEHUH KOTOPOH
CIIO)KMJIaCh €ro BechbMa pa3BETBIEHHAs OpraHM3allMOHHAs CTPYKTypa. B wacTHOCTH, TOTOa
o0pa3oBaJIuCh MHOTOYMCIICHHBbIE Cy(uiickue OpaTcTBa — TapuKaThl, B TOM 4Hcie, HauOoiee
W3BECTHBIE U BIUATEIbHBIE U3 HUX, — IBEHAALATh T.H. «MaTepUHCKUX» OparcTB [11].

Cyduu ObUIO NMPUHATO HA3BIBATh «0OJAJATENIIMU Me4a M Mepa» — «caxul-yib-ceiid Be-ib-
kanem». Cyduiickuii meiix Koxa (Xomku) Axmer fccayu (Koxa (Xomxu) Axmen 6un U6parum
Myxammen Oun Udtuxap Axmer Sccaym (Scesn), xuBmuit B XII B. B FOxxHom Kaszaxcrane B
smoxy Kapaxanuackoro rocymapcrBa (ropon Sccwl, coBpemeHHbI . TypkectaHn) sBisercs
IIPU3HAHHBIM yXOBHBIM JIMJIEPOM BCEX TIOPKCKMX HAapoJOB. Ero KynbT, Kak moguepkuBaercs B [2],
chopmupoBaics B macmtade Bceil LlenTpansHoit A3um eme B 3moxy CpenHeBekoBbs. [loyuenus
3TOro Mo3Ta-cy(usi, M0 MHEHUIO MHOTHX MCTOPUKOB [3], COCTaBUIM OCHOBY HApOJHON pEIUTUU
Kazaxcrana, 4To OTUYETIMBO MPOCIIEKUBAETCS U 10 HACTOSIIETO BPEMEHH B Ka3aXCKOM TpaJMIINU.

Koxa Axmer Slccayu, Oyaydu NpuU3HAHHBIM JTyXOBHBIM JIUJIEPOM, OKa3aj BECbMa 3HAUUTEIbHOE
BIMSIHME Ha (OPMHMPOBAHUE KYJIBTYphl NPAKTHUECKH BCEX TIOPKCKUX HApoJoB. BimsHue ero
yUEHUsl TPOCIEKHUBAETCS Ha OrpPOMHOM TeppuTopuu. B wactHocTH, B [4] oOTMeuaercs, 4TO
OCHOBHBIMHM TPOBOJHHMKaMU HciaaMa B KpbIMy SBUIUCH HMPEICTABUTENN Pa3IUYHBIX CY(PHHCKHX
(lepBHUIIIECKHX) TPYII, HAXJIBIHYBIIUX B KpbIM B cepenune, 1 0oco6eHHO BO BTOpoii nmonoBuHe XIII
BEKa, MPUYEM CPEIU HUX 3aMETHOE MECTO 3aHUMaJIM MPEJCTaBUTENN CPEAHEAa3HMaTCKOW IIKOJIbI
Axmera Sfccaym (Axmena EceBu B TpaHciautepanuu). B [4] Takke noauepkuBaercs, 4TO
MOCJIeIOBATEIM ATOM IIKOJIbI, JiereHAapHble Tazum-cBsAiThie Capel Cantyk baba, bapak ba0a,
Kemanp Ata, nposiBuiim 0co0yro akTUBHOCTh B Kpbimy.
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Koxa Axmer Slccayu siBisieTcss OCHOBOIIOJIO)KHUKOM MYCYJIbMaHCKOTO MUCTHIIM3MA Y TIOPKCKHUX
HaponoB. YueHue «SlceBus» cocTaBwio (yHAAMEHT W TJIABHBIA JYXOBHBIH HCTOYHHUK Ooee
MO3JHUX TIOPKCKMX MHCTHYECKUX OparcTB TakuX, kak «Hakmbanmusy, «KyOpaBus», «bekramm»
[5, 6]. Heckomnpko 3aberast Briepe, OTMETHM, YTO JUIS IeJIel TaHHOW paboThl Hanboliee BayKHA €ro
poiib Kak Cy(UIiCKOro Mo3Ta, 3a4MHATENS «0COOO0ro jKaHpa TIOPKCKOW PETUTrHO3HOM M033HH,
mupoko pacnpoctpanusiierocs B Cpeanend Azun B XV—XIX BB. — xukmaray [7].

Kuura Xomxa Axmena fccaBu «/lmBaH — um XUKMET» CUHMTACTCA OOIIUM HACICIUEM
TIOPKOSI3BIYHBIX HAPOJIOB, XMKMETHI MEpeNaBalich M3 INIYOWHBI BEKOB B pPa3IMYHON Qopme,
IIPEUMYIIECTBEHHO B Pa3JIMYHBIX PYKOIUCHBIX BEpCUsAX. B TeueHHe HECKONbKUX CTOJETHH OHa
CITY’KHJIa CAMBIM MOMYJIIPHBIM y4eOHBIM TOCOOMEM BO BCEX MYCYJIbMAHCKHX IIKOJIaX perroHa [8].

Jlo cux mop Bce TIOPKM MOTYT UYUTaTh TEKCT «XHMKMETOB» 0€3 IepeBoja B OpUTMHAJE.
«XHUKMETBI» CTAIH UICOTIOTUICCKON OCHOBOM /ISl CTUIOYCHUS CO3JaHHON UM OOIIHMHBI. OTPBIBKYU U3
«XHKMETOBY» pacneBaIiuCh BO BpeMs fccaBuiickoro 3ukpa (cyduiickux pagenwuii). [lossus cydues
ObUla TecHEeHIIMM 00pa3oM CBsf3aHa C HMX MHUCTHYECKMM YYEHHEM, U HMEHHO I03TOMY OHa
MIPOHM3aHa BeChbMa CIOXKHOW cuMmBoNuKod. Kak oTmeuaercs B [9], cuMBoinyeckass 0Opa3HOCTh
SBIIACTCS JOMUHUPYIOUIEH B KyJlbType cydusMa, MpHUUEeM MHCTHYECKOE MHPOBOCIPHUSITHE B
HaubOoJjiee MOJMHOM Mepe MPOSBISETCS UMEHHO B MO33UU, MPEJICTABICHHOE Yepe3 CUMBOJIMYECKUE
o0pa3sl 1 MeTadopsl. B cypuiickoil 3CTETHKE «CHMBOJ HE yKpaIlaeT TEKCT, a YKa3bIBaeT HAa KaKue-
TO UHBIC 3HAYCHUS B cymHOCTI» [10].

CnoHBIN S3bIK MUHOCKAa3aHUH, UCTIONb3YEMbIi Cy(pUsIMU, TECHEHIIIUM 00pa30M MEPEKIUKAETCS C
XYJ0KECTBEHHbIMU IIPUEMAaMU, UCIIOIb3YEMbIMU MPEJACTABUTENAMU O0OJiee paHHUX, B TOM YUCIE U
AHTUYHBIX MUCTUYECKHUX yueHUH. [lapainenn MOXHO MPOBECTU U MEXAY MUCTEPUSIMHU aHTUYHOCTU
U TyXOBHBIMU MPaKTUKaMU Cy(pueB, KOTOPHIE YACTO MPEACTABISIN COOO0M CIOXKHOE PEIMTHO3HOE
CHUMBOJIMKO-3CTETHUECKOE JEHCTBO C MHCTUYECKOH MeTa(OpHYHOCTHIO, B KOTOPOM JajeKo He
MOCJIEIHIOI0 POJIb UTpajy HameBHas AeKjIaMalus CTUXOB, MY3blka M TaHEll, HalleJIeHHbIE Ha
ACTETUYECKOE U FIKCTaTUUYECKOE B3aUMOCHCTBHE YEIIOBEKA C MUPOM.

basoBble cyduiickue Bo33peHusl, ry00KO HHTETPUPOBAHHBIE B MYCYJIBMAHCKYIO KYJIbTYpPY BCETO
MHUpa, COXPAaHWJIUCh Ha MPOTsDKEHUU croneTuid. [lokasarenbHOM B JAHHOM OTHOLIEHHUM SIBIISIETCS
JUYHOCTh W JEITeNbHOCTh Xaszpar Muaiist Xana — wnmuiickoro cydus [13, 14], dunocoda u
Mmy3bikaHTa (5 urons 1882 r. —5 ¢despansa 1927 r.), npuBHecuiero uaeu cypusma, B TOM 4YuCIIe, B
cBerckoe obmiectBo IlerepOypra B Hauane XX Beka.

CoxpaHWIUCh CBUAETENLCTBA TECHOrO 3HAaKOMCTBa Xa3paT MHaiiar XaHa ¢ BBIJAIOIIUMCS
TEOPETUKOM PYCCKOro cumBosim3ma B.M. VBaHOBBIM, B MOITHYECKOM cajoHe KoToporo Muaisar
XaH no3zHakoMuics ¢ koMno3utopoM A.H. CkpsOuHBIM, HaXOIUBIIEMCS B TO BpPEMsI B 3€HHUTE
My3bIKaJIbHOM ciaBbl. He McKiIoueHO, YTO MMEHHO MO BIMSHHEM CY(UICKOro MHCTHULM3MA B
[TerepOypre mawasia XX Beka BO3HUKJIA HJAES CHHTE3a HCKYCCTB, XapaKTepHAas I PYCCKOTO
aBaHTap/a, BbUIMBILIASCS, B YACTHOCTH, B AKCIEPUMEHTHI ¢ 1BeTOM U 3BykoM A.H. Ckpsbuna u
B.B. Kaganuckoro.

Pazymeercs, nntepec k cunTe3y «Bocroka u 3amana» B pocCUIICKOM OOIIECTBE CYIIECTBOBAI U B
Oonee panHue mnepuonsl. OnHaKO HWMEHHO B Hadajme XX BeKa HETPUBHAJIBHOE IPOYTEHUE
cyuiickux uel BlepBble OKa3bIBAET BIMSIHUE HA TEOPETUYECKUE TOCTPOEHUS (B MEPBYIO OYEPEb,
3]1€Ch PEUb, PA3yMEETCs, UIET O CUMBOJIHUCTAX).

[TomuepkHem, uro cumBoaUCTBl CepeOpsiHOrO0 BeKka CTaBWIM Tepes co0oil  MMEHHO
LMBUJIM3ALMOHHBIE CBEpX3aJaur (HACKOJIbKO aJIeKBaTeH ObLI MCIOJIb3YEMBI UMU HHCTPYMEHTApUI
— otaenbHBINA Borpoc). Tak, A.H. Ckpsbun paccmatpuBan coOcTBeHHOE TBOpuecTBO [15] He Kak
LIeJIb U pE3YJIbTAT, @ KaK CPEJICTBO JOCTHKEHUS HEKOW BBICIICH 11eu, coequHenns Muposoro Jlyxa
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C KOCHOM Marepueil B HEKOEM KOCMHYECKOM akTe. BepmuHOM €ro TBOpYecTBa, IO 3aMBICILY
KOMIIO3UTOpa, 0JKHA Obl1a ctaTh MuUcTepHs.

Ilo BocnomuuanusiM JI. CabaHeeBa, BCE TBOPYECTBO KOMIIO3UTOPA 3BOJIIOLMOHMPOBAIIO B
HalpaBJeHUN co3peBaHus uaeu Mucrepun. «Korma muped Mucrepun npencrana Ieper €ro
IYXOBHBIM B30pOM, TBOPYECTBO €r0 MCIBITANIO CTPAIIHBIA IOJBEM, KAaKOH-TO HEOOBIYaWHBIN
NpWIMB HHEpPruu u o0pazoB» [16]. Kak momuepkuBaercs B [17], mmeHHo B Mucrtepun
A. H. CkpsiOun npenmnosnaran oTpasuTb MIHOBEHHOE INE€PEKHBAHUE BCETO MCTOPUYECKOI'O OIBbITA
4eJI0BEYECTBA; UMEHHO 3Ta MBIC/Ib — 00 OJJHOMOMEHTHOM IE€PEKUBAHUM NPOILIOro U OyAyIIero —
MPOHU3BIBACT KakK JIEHTMOTHUB (hrsocodcekue 3amucu kommnoszuropa Hagana 1900-x rogos [18]:

— «®DopMbI BpEMEHH TAaKOBBI, YTO s JUI KaXJIOTO AAHHOTO MOMEHTa CO31al0 OECKOHEYHOE
MPOIUIOE ¥ OECKOHEUHOE OymyIiee».

— «['my0Ookast BeUHOCTh U OECKOHEUHOE MPOCTPAHCTBO €CTh MOCTPOCHHS BOKPYT boKeCTBEHHOTO
9KCTa3a, €CTh €ro U3JIyYEHUE — MOMEHT, U3JIy4alOlUil BEYHOCTb

B 3THX Te3ucax TpyaHO HE YCMOTpPETh Hapajiesid ¢ ujaesMu cypusma (paBHO Kak U ¢ HAEAMHU
MHOTMX Apyrux (uiaocodckux mkona BocToka), KOTOpble cTaBWIM JMYHOE MEPEKHUBAHUE BHILIE
panMoHaIbHOrO (TOYHEee, aHanuTudeckoro) noctwxenus Cymero. HamomMHuM, 4TO MHCTHKO-
MEIAUTATUBHOE IOHMMaHuWe EAMHOro M CyIHOCTM MMPOBOIO €IMHCTBA IIPOHU3BIBAET BCE
TBOPYECTBO CYy(PHEB, YTO OTUETIMBO JeMOHCTpUpYyeT no33ust Huzamu u HaBoun, Pymu u ®@upnoycu.

Jliig neneit TaHHOM paboThI ATO OOCTOATENBCTBO MPEJCTABIIAETCS JOCTATOYHO BAXKHBIM, TaK KaK
MMEHHO Mapajulesid MEXIy yUYeHUEM Ccy(UeB U UAEIMU PYCCKUX CUMBOJUCTOB CepeOpsHOro Beka
MO3BOJISIOT CPOPMYIMPOBATH MPUHIIUIIEL, HA KOTOPBIX MOXKET OBITh MOCTPOCHA OIEpallMOHaTbHAS
CHUCTEMa MCKYCCTBEHHOI'O MHTEJUIEKTa. B M3BECTHOM CMBbICIE, Takas IIOCTAaHOBKA BOIPOCa BO
MHOI'OM CaMa KOppeIupyeT ¢ BO33pEHUsMHU Ccy(pueB, B KOTOPBIX Haes EnuHOro tpakrtyercs Kak
BbiciIast ¢opma opranuzanuu Cymiero, oObeANHSIONIET0 BCE IUIaHBI OBITUS 4Yepe3 JIBHKEHUE K
rapMoHMH. BaykHO Tak:ke OTMETUTB, UTO TAKOT'O POJa MJIEN IIOCTENIEHHO 3aBOEBBIBAIOT IPU3HAHUE U
B HAy4yHOH cpene, TPaAUUMOHHO OpPHUEHTUPOBAHHOW HA EBPOLEHTPUCTCKUE B3MIAAbL. Tak, B
oouneiitnom noknane Pumckoro Kiy6a [19] o3Bywen Tesuc o Hosom Ilpocsemenuu [19];
MOTYEPKUBAIOLINH, YTO MEPEX0]] «OT PACCMOTPEHHS PEalbHOCTH KaK IEJIOT0 K €€ pa3JesIeHHI0 Ha
MHOKECTBO MEJIKMX (DparMeHTOB», HEKOTJa IOJOKEHHBIM B OCHOBY (¢uiocopun Hayku Hooro
BpemeHu, yxe He oTBe4aeT TEKyIIUM MOTPeOHOCTIM IuBHIn3au. HacyimHoil Heo6X0IMMOCThIO
ABIISICTCA CTAHOBJIEHHE HOBOW (MIOCOGUU HAyKd M YCTOWYMBOH MEXAMCLUUIUIMHAPHON
KOOIepaluy KaK pyHAaMeHTa JUlsd AajJbHEeHIIero pa3BUTHI MUPOBON HAYKH.

Haubonee cunbHO BausiHUE Cy(U3Ma IPOCIEKUBAETCS, OAHAKO, UMEHHO B 11033uK CepeOpsiHoro
BEKa, KOHKPETHO B PyCCKOM cHUMBoOJIM3Me. OrpaHuunuMcs TOJIbKO Haubosee SpKUMH MpUMepaMu, a
Oosee mMoApoOHbIE CBEACHHMS MOXKHO HaWTH B 0030pHOI pabore [20]. B mutupyemoii pabdote
MoYepKUBaeTcs, uto Juist Aesteneit CepeOpeHHOro Beka ObLI XapakTepeH HHTepec K BocToky B
nenoM. Tak, K.JI. banbMOHT OblT BechbMa aKkTHUBHBIM ITYTEIIECTBEHHUKOM MO cTpaHaMm BocToka,
KOTOpBIM CIEeNHaIbHO TOTOBWIJICS K MOE3JKaM, YWTal KHUTH O OyJau3Me, O MyTELECTBUSX B
ctpanbl Maaniickoro u TMX0ro okeaHoB U NMEPEBONI HA PYCCKUN SI3bIK TPOU3BEACHUS BOCTOYHOMN
JIUTEPATYPHI.

CrpemiieHne K OCO3HAaHUIO HCTOpPHYECKOro Mmecra Poccum M ee poium B TpaJULMOHHOM
pOTHBOMNOCTaBIeHUN BocToka u 3amaga crano oJHON M3 mpu4MH oOpaiieHus k Teme Boctoka B
TBOpUYECTBE MO3TOB M mucareneil CepeOpsHOro Beka, Kak 3TO CIpPaBeUIMBO OoTMeuaeTcs B [21].
Bnusinue uneit cypusma (IycTh U CyIIECTBEHHO TPaHC(HOPMHUPOBABIINXCS) 3€Ch CTOUT HA OJJHOM
W3 MEPBBIX MECT. DTUMHU uaeaMu nponun3ana nbeca H.C. I'ymuneBa «/luts Amiaxay, riae riiaBHbIM
MIEPCOHAXKEM SIBIISIETCS] IEPCUACKUHN TTOAT Xadus.
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H.C. T'ymMuneB HacTOWYMBO HMHTEPECOBAJICA TBOPUECTBOM MCIAMCKHUX I103TOB-MUCTHKOB, B
gactHoCcTH, ['admza, Caanu u Hacupu Xocposa. Tak, pycckuit nepeBon «Ilecan» Hacupu Xocposa
IIOCITY’KUJI UCTOYHUKOM il ctuxoTrBopeHus ['ymuneBa «lIbsHblil nepsumn» [20], rae oTyeTiIBO
MIPOCIICKUBACTCS Cy(pHIiCKasi CHMBOJIUKA.

[TonHBIH anmOKaTUICUYSCKUX MOTHBOB, B3BUHUCHHBIM U OyitHBIN KapHaBas CepeOpsHOro BeKa —
Tak xapaktepuszyer 310 Bpemsa C. Boako [22]; emy Btoputr A.C. Axwuezep [23]: »moxa
CepeOpsiHOTO BeKa SIBJISIETCS alloreeM KOHCTPYKTUBHOM HaIpsHKEHHOCTH B KyibType Poccum.

OmrymenussMu  COBIBIIMXCS MpPauHbIX MPOPOYECTB MPOHU3AHO CTHUXOTBOpeHue 3. [ummuyc
«IletepOypr», narupyemoe 1919 rogom:

B MUHYTHI BEIIUX OAMHOYECTB
S mpoxkuisin 6eper TBoi, Hepa.
U BOT, cOBLIMCH MOMX IPOPOYECTB
HeoctoposHble croBa.

Brnpouem, Henb3sd HE NOTYEPKHYTh, YTO NMPEAOLIYIIIEHHE MACIITA0OHBIX MOTPSICEHUH, BOSHUKILIEE
B NpEeArpo3oBoil atMocdepe Hauama XX BeKa, B U3BECTHOM CMBICIE, HOCUIO KOHCTPYKTHBHBIN
xapakrep. Kak ormeuaercs B [17], B paccMaTpuBaeMblii MCTOPUYCCKHIA MEPUOJT yMaMH JiesiTeseh
UCKYCCTBa BJajena Ues pacIIupeHus ero rpaHull, a B ¢uiocoduu MIaJOCHMBOIUCTOB OHA
npruoOpesia OCHOBOIOJAraonMid cMbIcit. Jta uaes [17] BbUIMIACH B MEUTY O CHHTETHYECKOM,
COOOpHOM, TEypruueckoM JCHCTBHM, BOIUIOIIEHHOM B CHMBOJIMYECKOM TeaTpe Mucrtepuit
(HarmoOMHUM, YTO UMEHHO K 3TOMYy cTpemuics, B yacTHOCTH, A.H. CkpsOun). [lonobnas mbicib o
CUMBOJINYECKOW MucTepun Morja «BO3HUKHYTH JIMIIb B IPEArPO30BOi aTMocdepe Hauada BeKa, B
AIOXY ANOKAIUIICUYECKUX IMPOPOUYECTB M OKHUJIAHUS HEKOETO0 HCTOPUYECKOro Karapcuca» [24].
Otcroia 1 HEOOBIYAHO BBICOKHE TPEeOOBAHUS, KOTOPBIC JEATENN MCKYCCTBA MPEIBSIBISIN K ceOe
camu; 1o 3. I'unmmyc 3TO — MOYTH PETUTHO3HOE CIY>KEHHE KPacoTe M UCTHHE («CTUXH — 3TO
MOJIUTBBI»).

B paGore [25] aToT Bompoc TpakTyeTcss ¢ MO3ULIMHA ydeHHs o Hoocdepe. EcTb ocHoBaHuUs
roJjlaraThb, 4YT0 CaMO BO3HHMKHOBEHHUE TaKUX TEUEHHH Kak Cy(U3M M PYCCKHI CHMBOJIU3M SIBISETCS
CIIEZICTBUEM CJIOKHBIX MPOIIECCOB, IMPOTEKAIOIIMX B TIJI00ANbHOM KOMMYHHKALIMOHHOM cpene,
KOTOPYIO C HEKOTOPBIMHM OIOBOPKaMH MOHO OTOXJIECTBUThH C HOOC(EPOil.

NmeHHO ¢ 3TOM TOYKM 3pEHHs] MCKYCCTBO Hadasia XX BeKa NPEACTABIAECT 3HAYUTEIIbHBIN
UHTEpeC A pa3pabOTKH CHUCTEM MCKYCCTBEHHOro MHTeieKTa. KOHKpeTHo, ydeHue cydueB u
TECHO NPHUMBIKAIOIINE K HEMY TEOPETUYECKHE TOCTPOEHHUSI PYCCKUX CUMBOJMCTOB MOTYT ChI'PaTh
BaXHYIO POJIb B pa3paboTKe ero ornepanuoHaabHONH 0cHOBBI. Heckonbko 3a0eras Briepe., OTMETUM,
YTO 3TOT BONPOC CaMbIM TECHBIM O0pa3oM CBs3aH C HETPUBUAIBHBIM KayeCTBOM, KOTOPBIH
MIOPOKJIAET TEKCT KaK CUCTEMa, OTBEUAroLIasi KATETOPUU CIOXKHOTO.

Haubonee octpoii mpoGiiemMoit 11 JambHEHIIero pa3BUTHs CUCTEM UCKYCCTBEHHOTO MHTEIIEKTa
ABIISIETCA, KaK U3BECTHO, BOIPOC O TOM, YTO, COOCTBEHHO, MPEACTABISIET COOON «HHTEIIEKT» Kak
TakoBOH [26]. OH Hepa3phIBHO CBSA3aH C BOIIPOCOM O TOM, HACKOJIBbKO HCKYCCTBEHHBIE YCTPOHCTBA
MOTYT BBINOJIHATh T€ (PYHKLUMH, KOTOpBIE IO CYLIECTBYIOIIUM IPEICTABICHUSIM OJHO3HAYHO
CBSI3aHBI C «denoBeueckum» [27], [28]. UMeHHO 1O 3TO¥ mpUYWHE CTOJIb MPUCTATLHOE BHUMAHHE
yaenseTcss M3y4YeHHI0 BONpOca O TOM, MOXET JHM HWCKYCCTBEHHBIH MHTEIUIEKT 00Ja1aTh
CIOCOOHOCTBIO K TBOpUECKOH jaesrenbHocTH [29], [30], Ha 3TOM OCHOBE MOCTPOCH M 3HAMEHHTHII
TecT TrropuHra.
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ABTOpBI 3HAYUTEITBHOTO YHCIa PadOT MBITAIOTCS PEHIUTH 3TOT BOIPOC SMIIMPUYECKH, TO €CTh,
OKCIIEPUMEHTUPYS C  KOMIBIOTEPHBIMH  MOJEISIMU  HEHpOHHBIX  cerell.  CylecTByIOT
MHOT'OYHCJIEHHBIE TONBITKH «HAYYMTh» HEWPOHHBIE CETH CO3[aBaTh KapTHUHBI, IUCaTb CTUXU U
tomy nomgob6Hoe. Tak, B pabore [31] mpuBOISTCS IOCTaTOYHO WHTEPECHBIE PE3YNIbTAThl IO
00y4YEeHHIO UCKYCCTBEHHBIX HEUPOHHBIX CETEH pHUCOBATh KapTHHBI, B paboTe [32] — ciarath CTUXH,
a B pabote [33] — nmucath Hay4YHbBIC KypHAJIbHBIC CTAThH.

Opnako, paccmarpuBasi 3TOT BONpPoC C (GUIOCOPCKUX MO3HULMMA, MOXHO JOCTaTOYHO JIETKO
YBUJETb, YTO, €CJIM TOBOPUTH O TBOPUYECTBE C TOUYKU 3PEHUS OMEPALMOHAIBHOCTH, TO BHUMaHUE
CIIEYeT CKOHICHTPHPOBATH HAa BIOJHE OMNPEACICHHOM CIIOCOOHOCTH YEIOBEYECKOIO pa3yMa,
KOTOPYIO KPaTKO MOXXHO OIPENEeNUTh 4Yepe3 «CIOCOOHOCTh BBIPa3UTh HeuTo». B mpocreitmem
cllyyae pedb HJET O CIIOCOOHOCTH ONKCATh CIIOBAMU €CTECTBEHHOTO S3bIKA PAa3IMYHOTO poja
COOBITHS U SIBJICHUSI OKPYKAIOIIEr0 MHPA.

Pazymeercs, pasyMm kak TakoBOW HE MOKET OBITh CBEJECH K 3TOW CIOCOOHOCTH, HO UMEHHO €e
ClIeIyeT BBIACIUTH, TOBOPS 00 ONEepalMOHAILHOM OCHOBE MCKYCCTBEHHOTO WHTEIIEKTa B TOM €€
aCTeKTe, KOTOPbI COOTHOCUTCSI C TBOpYECTBOM. JleCTBUTENHHO, IEPBUYHBIN M MPOCTEUIIUN aKT
TBOPUYECTBA, C KOTOPHIM CTAJIKUBAJICS €Ba JIM HE KaXIblif, — OMUCATh CIOBAaMH Jake Hamboee
3aypsiIIHOE SIBIICHUE WM COOBITHE, CKaXKeM, J1aXKe Ha YPOBHE IIKOJIHLHOTO COUMHEHUS, HHAUe TOBOPS,
BBIPA3UTh AK€ HE MBICIb, HO TO, YTO MOXKET B Hee 0(OopMHUTHCA. JlOKa3bIBaTh, YTO YIIOMSHYTOE
BBIIIIE€ CJIOBECHOE OINKCAHUE AEUCTBUTEIBHO €CTh aKT TBOPUYECTBA, HET HYK/Ibl: 3HAUUTEIbHAS YACTh
HaIlIMX COBPEMEHHUKOB HE CIIOCOOHA aJIeKBAaTHO CPOPMYIUPOBATH COOCTBEHHYIO MBICIIb, UTO €IE
pa3 MOKa3bIBAET, YTO paccMaTpuBaeMasi ClloCOOHOCTb OTHIOb HE SBJIETCS TPUBUAJIBHOM.

Jlanee, IMEHHO CITIOCOOHOCTH «BBIPA3UTh HEUTO» 00ECIIEUYMBAET CBSI3b MEKY BOCIPUHUMAEMbBIM
HEMOCPEJACTBEHHO U JIOTHYECKUM MblIiieHrneM. OueBUIHO, YTO TO, YTO UMEHYETCS «IOTHKO» eCTh
HeKasl IMpeJesibHas s3bIKOBass (opMa, CO3JaHHas CIEMUAIbHO JUIsl TOro, 4TOoObl MPUBECTH
paccyxIeHHs K BUIY, TOMYCKAIOIIEMy UCIOIb30BaHNEe (JOPMATM3OBAHHBIX aJITOPUTMOB.

CnenoBatenbHO, €ClIM TOBOPUTH 00 HCKYCCTBEHHOM HHTEJUIEKTE B acCHeKTe MPUONIMKEHUS K
YeJI0BEYECKOMY MBIIIJICHUIO, TO MPHUJIETCS, MPEXIE BCEro, peuarb MUMEHHO 3Ty NpolieMy —
peoOpa3oBaHWe BOCIPUHUMAEMOTO HEMOCPEACTBEHHO (ISl HCKYCCTBEHHBIX CHCTEM —
¢dotorpaduii, JaHHBIX, CHUMAEMBbIX C Pa3JIMYHBIX PETHCTPATOPOB U T.J.) B A3BIKOBYIO (hopMy. A 3TO
— HMEHHO aKT TBOpYECTBa, TaK Kak Takoe IpeoOpa3oBaHUE IMpearojiaraeT He IMPOCTO
MCMOJIb30BaHUE TOTO UM HHOTO aITrOPUTMa 00paOOTKU JAHHBIX B KJIACCHYECKOM TOHUMAaHHUM 3TOT0
TEPMHHA, HO BO3MOKHOCTb BBIHECEHUS CYKICHUM MHTEIUIEKTYaJIbHOTO XapakTepa (Kak MUHUMYM O
TOM, YTO SIBJII€TCSI CYIIECTBEHHOW 4YacThblO CO3/1aBaeMOM KapTHHbI HaOJIr0/aeMOro, a 4To — HET).
CrouT NMoAYepKHYTh, YTO 3aJa4d MOJ0OHOI0 poja pelraeT HedyeTKas JIOTHKa, KOTopas MO3BOJISET,
UCIOJNIb3YSl MaTeMaTUYeCKUi ammapar, OlepupoBaTh B MPOIECCE PELICHUS MOTPaHUYHBIMU HITU
MIPOMEXYTOUHBIMH COCTOSIHUSIMHU, a TAK)KE CTENIEHbIO TPUHAJIEKHOCTH 00BEKTA K TOMY WJIH UHOMY
KJIacCy, 4TO MPUOIIKAET MPOIECC aHaIN3a K YeI0BeUeCKOoMY MbIUIeHHIO [34]. OmHako HCXOIHBIN
HabOp TOCTYIUPYEMBIX HEYETKHX TMpaBuil, TpeOyembx s (QYHKIMOHHPOBAHUS CHCTEM,
OCHOBAHHBIX Ha HEYETKOH JoTHkKe, (hopMyTupyeTcs SKCIEepPTOM-UEIIOBEKOM M MOXKET OKa3aTbCs
HEMOJHBIM WJIM TPOTUBOpPEYMBHIM. Takke BHJI M TapameTpsl (QYHKUMH MPHUHAIIEKHOCTH,
OIMCHIBAIOLINX BXOJHBIE M BBIXOJIHBIE TEPEMEHHBIE CUCTEMBI, BEIOMPAIOTCS CYyOBEKTUBHO U MOTYT
OKa3aThCsl HE BIIOJIHE OTPAXKAIOIIMMH PEAIBbHYIO0 NEHCTBUTENBHOCTb. OCHOBHBIM K€ HEAOCTATKOM
HEYETKOW JIOTUKH SIBISETCS OTCYTCTBHE E€IMHOIO0 METOAa MOJEIMPOBAHUS CHUCTEM, T.e. MJs
Ka)KJ0r0 cay4asi IPUXOJIUTCS 3aHOBO MPOEKTHPOBATh HEUETKYIO OANPOrpaMMy, OIPEIessisl mar 3a
[1aroM BCe MapaMeTphl U CTPOS CBOIO TAOIHILY peleHHUH.

46



N3BECTUS HAYUYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2019, Ne 3 (66)

ITpeoOpaszoBanue 10060r0 00pasza B CIOBECHYIO ()OPMY €CTh BaXKHEHIINI aKT MHTEIUIEKTYaIbHOU
NESATENbHOCTH €lle M TOTOMY, YTO B JIaHHOM CiIy4ae HEU30eKHO Kakasi-TO HWH(pOpMaIms
oTOpachIBaeTCs, TOYHEE, IMEET MECTO BbIJIEIIEHUE IEHHOW HHPOpPMALIUH.

MoeT 1moKa3aThCsi CTPaHHBIM, HO CIICJIaHHBIN BBIIIE BHIBOJI BO3BpAIACT U K YUEHUIO cy(dues, u
K ne6atam CepeOpsiHOro Beka O MPHUPOE MOITHUECKOTO CI0BA, paCCMaTPUBAEMbIM, B YACTHOCTH, B
[35].

CHUMBOJIHMCTHI MOHUMAJIM TBOPYECTBO OYEHB OJIM3KO K TOMY, KaK 3TO Jienaiu (U JenaroT) cypuu;
C MX TOYKU 3pPEHHS 3TO — HEKO€ IIYOOKO JIMYHOE, MHTYUTHUBHOE CO3EpIIaHHE TalHHBIX CMBICIOB,
pe3yJIbTaT MOCTUKEHUSI KOTOPBIX, HEBO3MOXKHO IE€pelaTh paloHanbHO. OTCI0/1a — CTOJIb LIEHUMOE
CHUMBOJIUCTAMH HCKYCCTBO HaM€Ka, HEJOCKa3aHHOCTH, «YTAa€HHOCTU CMBICIA», KOIZAa CHMBOJ
CTAaHOBUTCS €/1BA JIM HE €IMHCTBEHHBIM CPEJICTBOM II€PEaTh TAWHbBIE CMBICIIBI, KOTOPBIE MO3T WIN
WHOW TBOPEL BUAUT BHYTPEHHUM 3peHueM. 11033usl ecTh «TailHONMUCh HEU3PEUCHHOr0», KAk
0003HaUYMII ee BUIHBIA TeopeTHk cumMBoim3ma B.WM. VBaHoB (mapamnenu ¢ ydeHHEeM U IMO33UEH
cy(hueB O4eBHIHBI).

NMenHo emy NpUHAANEKHUT OJHO M3 Hambojee 4YacTo IHUTHPYyeMbIX 3cce [36], B KOTOpOM
M3JIararTcsl TEOPETUYECKUE UAEH CUMBOJUCTOB. [I[pUMEHUTENBHO K LEIsIM JTaHHOTO MCCIIEIOBAaHUS
BAXKHO IMOAYEPKHYTh, YTO Y€ B MEPBBIX CTpokax 3Toro 3cce B.M. MIBaHOB roBOpUT O TOU ke
npobieme, KOTopas ceifuac BCTaeT nepes pa3padoTIMKaMH HCKYCCTBEHHOTO MHTEIJICKTa U KOTOpast
BBIIIE ObIJIa 0XapaKTEPH30BaHa KaK CIIOCOOHOCTh «BBIPA3UTh HEUTON:

Mpbicnp U3peueHHas ecThb JI0Kb. DTUM IapaJoKCOM-TIpu3HaHueM TroTueB, HEHapOKOM, o0iIHyas
CUMBOJIMYECKYIO TMPUPOJY CBOEH JHMPUKU, OOHa)KaeT M CaMblii KOpEHb HOBOI'O CHUMBOJIU3MA:
00JIe3HEHHO MEPEKUTOE COBPEMEHHOIO AYIIONH MPOTUBOpEUYHE — MOTPEOHOCTH U HEBO3MOXKHOCTHU
«BBICKA3aTh CeOs».

®. Koppano-Kazanckas oco60 moguepkuBaeT, 4to scce «3aBeThl CUMBOIM3May [36] HaunHaeTcs
c uurtatel u3 @.M. TroTueBa, B3aTON Oe3 kaBbluek, T.. B.M. VIBaHOB TeM caMbIM NPUHUMAET
Boicka3piBanue @.M. TroTueBa kak cBoe [35]. OHa oTMedaeT Takke, 4YTO TIEpBas YacTh
LHUTUPYEMOIO 3cCCe, IO CYTH, SIBISIETCd KOMMEHTAapUeM, pa3BepHyToW mapadpa3oil LuTaThl
®.1. TroTtueBa, B KoTOpoil moatuueckomy adopuzmy @M. TiotueBa mpumaercs jorumyeckas,
dbunocodckas popma.

C Touku 3peHHs Bompoca 00 ONEpalMOHATIBHBIX OCHOBAaX MCKYCCTBEHHOI'O WHTEIUIEKTA,
apopusm TroTueBa W KOMMEHTApHUM TEOPETHMKOB CHMBOJIM3MAa K HEMY B HacTosIlee BpeMms
npuoOpeTaoT HeoXkuaaHHoe 3BydaHue. OrmnepannoHanbHOM ocHoBoii MM — eciau roBoputh
JNEUCTBUTENPHO 00 MHTEJIEKTE — [0 MNPUHLIUIHAIBHBIM COOOpaKEHHsIM HE MOXKET ObITh
MOHATUMHBIN anmapar (B m000i ero ¢opme). MHTEemnekT (Bo BCIKOM ciyyae, B BBICHIMX €ro
MIPOSIBJIEHUSX, CBSA3aHHBIX C TBOPYECTBOM) OINEpPUPYET HE TOJIBKO U HE CTOJIBKO MOHSTHUSAMH,
CIIOBAaMU W TEPMHMHAMH, HO YE€M-TO HMHBIM, YTO CTOUT 3a HUMHU U YTO OCTPO IOYYBCTBOBAIHU
CUMBOJIUCTBHI.

371ech YMECTHO €IIIe pa3 MpoIuTUpoBaTh [35].:

- MIBaHOB 3aK/II0OYaeT BTOPYIO YaCTh 3CCE PA3MBIIUIEHUEM O MOITHUECKOM sA3bIke. OObIIeHHBIN
A3BIK, B KOTOPOM CJIOBA SIBJISIIOTCSI MOHATUSAMH, OTpakaeT (DEHOMEHAIbHBIM MHUp, U HET JPYroro
A3bIKa, KOTOPBIM Obl OTpaxkam HOoyMeHadbHbIH Mup. Ho Ha mMup cymHocteil Oyner Hamekarb
cuMBOJ: «CIJIOBO-CUMBOJI JI€JIa€TCS Marv4ecKMM BHYIIECHHEM, NPHOOINAIONIMM CIyIIaTens K
MUCTEPUSM [TOI3UN.

Teopetuku cuMBONIM3Ma — MOAYEPKHEM 3TO €IIE€ pa3 — OCTPO MOUYYBCTBOBAJIM HE TOJBKO
OTPaHUYEHHOCTh BO3MOYKHOCTEN OOBIJEHHOIO SI3bIKa U OOBIJEHHOIO MOHMMAHUS TEKCTOB, HO U
MTOHSJIN, YTO 33 MOITUYECKUM TEKCTOM CTOUT HEYTO MHOE, YTO OHU — 33 HEUMEHUEM BO3MOXKHOCTH
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BBIPA3UTh CBOE MOHUMAHWE MHAYE — TPAKTOBAIM KaK CUMBOJI (B 3TOM, TOJYEPKUBAEM €IIE pa3 OHU
OBLTH OYEHBb OJIM3KH K cypusam): «cTopudeckoli 3aaueii HOBEHIIeH CUMBOJIIMYECKON MITKOJIBI OBLIO
pPacKpbITh NPHUPOAY CJIOBAa KaK CHMBOJA W MPUPOAY I033MM KaK CUMBOJIMKM MCTHHHBIX
peanbHOCTEM» [35]. AHamornunyro Mmbicib Bbickazan Takke u B.C. ConoBbeB, roBops o
cuMBoOJIMYHOCTU nodTHueckoro merona ®d.U. TrotueBa: «YacTHble SBIEHHUS CYyTh 3HAKU OOIIEH
CyIHOCTH. [103T ymMeeT unTaTh 3T 3HAKK U TIOHUMATh UX CMBICI» [37].

[Tapamnenu ¢ ydyenwem cydueB NMpOCMaTPHUBAIOTCS BIIOJIHE OTYeTNIMBO. Tak, B [38] roBoputcs
cienymoiee. JIto60Bb k 00Ty B Cy(hUiiCKOM YYEHHH CBS3aHA C YTOHUEHHOW CUMBOJIMKOM, COTJIACHO
KOTOPOM peabHbIi MUP €CTh JIUIIb OTOJIECK MOTycTOpoHHEro mupa. Cypun mmpoko mpumMeHsIu
CUMBOJIUKY JUIi MAacCKHPOBKH CBOMX «TaWHCTB», OTIMYAIOMIMX CY(QU3M OT OPTOAOKCATBHOTO
ucnama. IloaTtomy Hepeako ObLIIO OYEHBb TPYJHO HOHSTH, BOCIEBAIOT OHU 3EMHYIO JIIOOOBb WIIH K€
CHMBOJIMYECKYIO JTI000Bh K Oory. CumBonuKa Cy(pueB MCXOJUT W3 TOTO, YTO MCTHHA HE MOXKET
ObITh JTOCTUTHYTa JIMIIb [MO3HAHUEM «BHEIIHOCTH» (3axup) Bemei. Kaxknas «BHEUIHOCTH»
COJIEPKUT BHYTPEHHHUM CMBICH U CYITHOCTb, KOTOPbIE MOT'YT ITO3HATh JIUIIb OCBSLICHHBIE.

[IpumepoM B JaHHOM OTHOIICHUU SIBISIETCS BBICKA3bIBAHUE W3BECTHOTO Cy(duiickoro mieixa
AOGyn Xacana Xapakanu: «JlepBuIll TOT, y KOro HET mombicia B cepate. OH TOBOPUT U CIIBIIIUT, U
CllyXa y HEro HeT; OH BUJAMT, U 3PEHHUS y HErO HET; OH €CT, U BKyCa y HEro HEeT; y Hero HeT HU
JBKEHUHN, HU TIOKOSI, HH TI€Yajii, HU PaOCTH.

CUMBOIU3M — 5TO YHUKAJIBHBIN (PEHOMEH KYIBTYpHI B II€JIOM, OKa3aBIIUI CYyIIECTBEHHOE (ITyCTh
M KOCBEHHOE) BO3JCHCTBHE, B TOM uHcie, Ha pasButue ¢uinocopun [39]. Iloctpoenus
CUMBOJIUCTOB, TaKUM 00pa3oM, 3aciy’KHBAaIOT CaMOro MPUCTAJIbHOTO BHUMAaHMSI — KaK MCTOYHUK
UJel, KOTOpble B HACTOSIIEE BPEeMs MOTYT OBbITh HMCIOJNB30BAaHBI, B TOM 4HUCIE, Ui pa3paboTKu
CUCTEM HMCKYCCTBEHHOTo MHTeliekTa. (Pasymeercs, 3To BoBce HE O3HAYaeT, YTO M3JIOKEHUE ITUX
uJel cuenyeT moHuMaTh OYKBaIbHO.)

Jlanee, HEOOXOOUMO OTMETHUTh, YTO TE3MC O TOM, YTO Hapsay C HENOCPEICTBEHHO
BOCIPUHUMAEMbIM CMBICIIOM TEKCTa €CTh HEYTO, YTO CTOUT 3a TE€KCTOM, 4aCTO O3BYYMBAJICA — B
pa3HBIX BapHalMAX — Ha NPOTsHKeHMH Bcero XX Beka. Tak, YMOepro DKo pasznuyan KHUTH-
CIpPaBOYHMKM W KHUTU-misg-ureHusd. M.K MawmappamBunm, roBops o mnpeamere ¢uiiocoduu,
OTM€Yall, YTO HEOOXOJUMO «IIOYYBCTBOBATH T€ YKUBBIE BEIM, KOTOPBIE CTOSIT 3a TEKCTOM U H3-3a
KOTOPBIX, COOCTBEHHO, OH U BO3HUKAET. JTH BEUIM OOBIYHO YMHUPAIOT B TEKCTE, MJIOXO Yepe3 Hero
IIPOIJIAIBIBAIOT, HO, TEM HE MEHEE, OHU €CThY.

Teopus unHpopmanum yxe JHOCTUINIA TOTO YPOBHSA, KOIrJa O TaKOro poja CYHIHOCTSX,
«IIPOTJISIIBIBAIOLINX YEPE3 TEKCT», YK€ MOKHO TOBOPUTH KOPPEKTHO.

OTTONKHEMCS OT OJHOrO0 W3 0a30BBIX IMOJOXKEHUM TEOPUU CHUCTEM, KOTOPOE B HECKOJIBKO
YIPOIIEHHON (OpMY 3BYUYHUT TaK: «CHCTEMa €CTh HEUTO, KaYECTBEHHO OTIMYAIOIIEECs OT MPOCTON
COBOKYITHOCTH COCTAaBIISIFOIIUX 3JIEMEHTOBY», KOTOPOE, B TOM YHCIE, MOAPa3yMEBAET, UTO CUCTEMY
JIeNIal0T CUCTEMOM CBSI3M MEXKAY €€ 3JIEMEHTAMHU.

Texct, B 0ocobeHHOCTH (puocoCKuii MM MO3TUYECKUM, TaKKe MOYKHO paccMaTpHUBaTh Kak
CUCTEMY B YKa3aHHOM BBIILLIE CMBICIIE, TOHUMAHHUE YETr0 CIOKUIIOCh YXKE JOCTaTOYHO AAaBHO; B [39]
TOBOPUTCS CIENYIOLIEE.

Tekcr, — nucan M.M. baxtun Ha pyOexe 50—60 rogoB XX Beka, — NmepBUYHAs JTAHHOCTb
(peanbHOCTh) U UCXOJHAs TOYKA BCAKOW I'YMaHUTApHOM NUCUMIUIMHEL JlaTHHCKOE clioBo textum, K
KOTOPOMY BOCXOJST HUTAIBSHCKOE testo, aHIVIMICKOE W HeMeIKoe text, (paHiy3ckoe texte w,
HaKOHEI], PYCCKOE TEKCT, B OyKBaJbHOM CMBICJIE O3HAYaeT TKaHb, CBSI3b. TakUM 00Opa3oM, yXe B
CaMOM CJIOBE TEKCT 3a(UKCHpPOBaHA CEMAHTHKA COOMpPAHMS M YINOPSIIOYMBAHMS HEKUX E€IMHMIIL,
PaBHO KaK M MBICIIb O BOIUIOIIEHHOCTH CO3JJaHHOTO TAKUM CIIOCOOOM TBOpeHHUsI. B 3TOM KOHTeKcTe
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MO’KHO YNOMSIHYTbH TaKkke TouKy 3peHus FO.M. JIotmana, kK KOTOpO BOCXOAUT TPAKTOBKA ITOHATHS
TEKCTa KaK «rpaguuecku 3apMKCUPOBAHHOTO XYJ0KECTBEHHOTO IEJIOT0» (MM YacTH IIeJI0T0).

OTTankuBaschb OT COOOpaKEHHWH TaKOro pPoOJa, MOXKHO YTBEp)KIaTh, YTO €CIIU CBSI3U MEXKIY
3JIEMEHTaMU TEKCTa, TPAKTYEMOI'0 KaK CUCTEMA, IOCTATOYHO Pa3BETBIIEHBI, TO €CTh, FOBOPS SI3bIKOM
TEOPUHU CJI0KHOT0, OHA IEpeluIa Yepe3 ONpPENEICHHbI KPUTUUYECKUM MOPOr, TO B HEH BO3HUKACT
HOBOE Ka4eCcTBO. JTO U €CTh TO, YTO, roBops cioBamu M.K MamapramBuim «poriisiiplBacT yepes
TEKCT».

OueBUIHON WIUTIOCTpaLMed K BOSHUKHOBEHUIO HOBOI'O KayeCTBa B CIOKHOM CHCTEME SIBISIETCA
YeJI0BEYECKOE CO3HAHUE, KOTOPOE CYLIECTBYET TOJIBKO IOTOMY, YTO HEWPOHBI TOJIOBHOTO MO3ra
0OMEHMBAIOTCSI MEXKAY COOOH CUTHAJIaMH.

CxonnabIM 00pazoM 1 00MeH nH(popMalren MeXy JIOAbMU TaKXkKe MOPOXKIaeT HOBOE KayecTBO,
MHYIO CYIIHOCTh HMH(OPMAIMOHHOW HPUPOJIBI, KOTOPYIO B TyMaHUTApHOW JIUTEpaType YacTo
Ha3bIBaIOT OOIIECTBEHHBIM CO3HAHUEM.

Ha 3TOM OCHOBaHMM MOXHO YTBEpXkJaTh, YTO YEJIOBEYECKHH pazyM, Oyaydu MOPOXICHHEM
BIIOJIHE OIPECIEHHON HEMPOHHON ceTH, Jie-(paKTo ONepUpyeT HE TOIBKO U HE CTOJIBKO «CIOBAMM»
KaK «aTOMaMu» TEKCTa, HO TEM HETPUBUAIBHBIM Kadye€CTBOM, KOTOPOE OHHM IOPOXKAAIOT TOTAA,
KOIrJJa TEKCT caM CTaHOBMUTCS MLEJOCTHOCThIO. C oONpeneneHHOW MJoiel YCIOBHOCTH JIHOOOH
€CTECTBEHHBIN SI3BIK CaM MOXXET OBITh yIoJI00JIEH HeUpOHHOUW ceTu. Bo BCsSKOM cityuae, TaHHOE
YTBEpP)KICHHE UMEET CMBICI Kak MeTadopa, IoJU9epKHBAIOIIAs, YTO JH000E MOHATHE — JII000€ CI0BO
€CTECTBEHHOI'O SI3bIKa COJIEP’KATEJIbHO JIMIIbL MOCTOJBKY, IIOCKOJIBKY OHO MOKET «00pa3oBbIBaTh
CBSI3U» ¢ IpyruMu noHsaTusMu. Camo 1o cede 1r000€ CII0BO €CTh TOIBKO JIUIIb KOMOMHAINS 3BYKOB
WJIU CUMBOJIOB.

CrnenoBarenbHO, 33/1a4a 10 ONepalMoOHAIN3AMU paboThl ¢ TEKCTAMU — B TOM KJIIOUY€ B KOTOPOM
3TO JeJaeT 4YeJOBEYECKHH MHTEIUIEKT — MpeAcTaBiseT coO0od 3ajauy mo (GopMaau3ald TOTO
KayecTBa, KOTOPOE IMOPOKIAAET OCMBICIEHHBIM TEKCT, HO KOTOPOE HE MOXKET OBbIThb CBEJEHO K
MPOCTOMY HabOPY CJIOB.

NMeHHO B 3TOM OTHONIEHWHM M Hacieque cypueB, U HIEH CUMBOJIUCTOB (paBHO Kak U
MO3JHEHIINX MBICIUTENENH) TMPEACTAaBIAIOT JaJeKO HE TOJbKO HCTOPUYECKUI HHTEpeEC.
dopmannzanusi HOBOT0, IOPOXKAAEMOT0 TEKCTaMHU, MPEACTABIAET COOON NCKITIOYUTENBHO CIOKHYIO
3a/1a4y, U JaJeKO He OYEBHIHO, YTO IyTh, MPEUIOKEHHBII B [26], SBIsSETCS ONTHMAIBHBIM (PABHO
KaK U HEMOCPE/ICTBEHHOE MCIOJIb30BaHUE allnapaTa HeueTKoi joruku). Ckopee, Ha JAHHOM JTare
UCCJIEIOBAaHUM Ba)XEH XapakTep IOCTAaHOBKM 3aJaud. bonee Toro, pemeHne NaHHOW 3akadu
3aBeZIOMO TpeOyeT I'eHepaluu BeChbMa HETPUBUANBHBIX WIEH, NPEANOCHUIKH ISl KOTOPBIX BeCbMa
CIIO)KHO HalTU B TEKYIIEH JuTepaTrype 1o HEHPOHHBIM ceTsM (TeM OoJiee, €clii y4ecTb, YTO OHU
JI0OCTaTOYHO YaCTO TPAKTYIOTCS KaK JIOTHYECKU HENPO3payuHbIe).

Takum oOpa3zom, oOpaiieHHe K OCHOBAaM IMapajljielidi MEeXAY YyYeHUeM CypueB U UACSIMU
CHUMBOJIMCTOB, KAK MUHUMYM, ITO3BOJIIET PACIIUPUTDH KPYT TIOUCKA, HE 3aMbIKasICh HA U3YYEHUH yXKe
CYUIECTBYIOIIMX aJTOPUTMOB U MOJAX0A0B. TouHee, oOpalieHre K HUM CO3/1aeT MPEANOChUIKH IS
MHOTO IOHMMAaHMs PALMOHAIBHOCTH (€CIM HE HMHOIO XapaKTepa MBILUIEHHS), KOTOpOeE, IIO-
BUIMMOMY, TOTpeOyeTcsl AN TOro, 4ToObl OMEPUPOBATh CO CMBICIAMH, CTOSLIMMH 32 TEKCTOM.
Peub, 0e3ycioBHO, HE HIET O MPSAMBIX 3aMMCTBOBAHHUSAX, OJHAKO MEPEXOJ K TaKOMY THILY
MBIIJIEHHSI, KOTOPBIN B MOJIHOM MEpEe OTBEYAET TE3UCY O KOHBEPIEHLIMU €CTECTBEHHOHAYYHOIO U
TYMaHUTapHOTO 3HAHUS, BPAJ JIM BO3MOXKEH 0€3 3HAKOMCTBA C COOTBETCTBYIOIIMMH ILIacCTaMU
KynbTypbl. OZHON JUIIb 3TOM MPUYUHBI TOCTATOYHO IS TOTO, YTOOBI MIPOJOJIKUTH UCCIEA0OBAHNUS,
MPOBOJSAIINE Mapajuleld MEXIy TEeMH CHOocOO0aMM TIOCTHIKEHUS pPEaJTbHOCTH, KOTOpbIE
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HCIIOJIB30BaJIM CHMBOJIBI UM HMHOCKAa3aHWs, C BO3MOXXHBIMH IIyTSIMH pPa3BUTUS COBPEMEHHBIX
MH(OPMALMOHHBIX TEXHOJIOTHUH.
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XUMHUA 1 XUMHYECKAA TEXHOJIOI'YA

MPHTH 31.17.29; 68.05.29; 68.29.03; 68.35.29
YK 631.459; 631.6.02; 633.2.031/.033 635.21

PRODUCTION OF NEW HUMIC ORGANO-MINERAL FERTILIZER
BASED ON HUMATES AND VERMICOMPOST

Arynov K.T.}, Fashutdinov M.F.*, Aueshov A.P.%, Perminova I.V.3, Nurkeyeva A.B.!
Y«AspanTau LTD»LLP, Almaty, Republic of Kazakhstan
2M. Auezov South Kazakhstan State University, Shymkent, Republic of Kazakhstan
$Lomonosov Moscow State University, Moskow, Russian Federation
e-mail: tau_aspan@mail.ru, centersapa@mail.ru, iperm@org.chem.msu.ru

Liquid organo-mineral fertilizers from combined feedstock (brown coal and biohumus (vermicompost))
have been produced. The new product is obtained by mixing a concentrated alkali extract of brown coal and
extract of vermicompost. Samples of the new product have been studied using IR spectroscopy and screening
electron microscope with systems of energy-disperse microanalysis. Visible absorption bands 1446 1389cm™
are explained by plane deformation vibrations of O-H group interacting with C-H wagging vibrations in
initial and secondary alcohol groups, and absorption bands can be seen in the so-called “polysaccharide”
area (1170-950 cm™), which is also typical to humic substances.The new product is obtained by mixing a
concentrated alkali extract of brown coal and extract of vermicompost. This production technique allows
combining advantageous properties of two different types of feedstock to produce a promising liquid organo-
mineral fertilizer.The possibility of production of liquid fertilizer with a high content of nutrient and
bioactive substances (10-12 %) (dry residue) has been demonstrated. A high content of dry residue allows
reducing transport costs of ballast substance (water) and minimizing agricultural production costs.

Keywords: humic organo-mineral fertilizer, humic acids, brown coal, vermicompost, peat, IR
spectroscopy, scanning electron microscope.

Konoip xemip men buoeymycman (6epmMuxomMnocm) mypamvin WUKI3amMman CYUblK 2yMUuHoOi Opeano-
MUHEPaniovl  MulHAUmMKbimap — anviovl. Konyenmpaeneen —cinmini  KoWulp  KOMID  Cbl@bIHOBICHIH
BEPMUKOMNOCT CHIZLIHOBICLIMEH apalacmulpy apKblibl Jcaya npenapam anvinowl. JKana npenapam HUK-
CREeKMPOCKONUSL  JICOHE  DHEP2OOUCNEPCUSIbIE ~ MUKDOAHATU3  JCYUECIMEH  JHCADObIKMANEan — pacmpiivl
2MeKMPOHOBIK MUKPOCKON 20icmepi apkoinsl 3epmmendi. 1446 ocone 1389 cm™ 6Gaiikanean cymoLry
arconakmapnl, 6acmankvl xcone Kaumanama cnupmmix monmapoagvl C-H oicendemxiue mepoenicmepimer
apexemmecemin O-H mobviHblH drcazblkmbik Oepopmayusivly mepoericmepine 6atlaHbICmbl, i HCYMbLLY
orconaKkmapul «noaucaxapudy den amaiamoin atimasma oa kesoeceodi (1170-950 ™) eymunodi sammapea
0a man. Konodanvliean macin Kaxcemmi CYUublK OpeaHOMUHEPANObl MbIHAUMKbIUMbL OHOIpY Oapblculioa
anblHRaH WUKIZ3ammapovly o Kacuemmepin 0Oipikmipydi xammamacwvls emedi. Kypamvinoa Kopexmik
sammap men buonocusnvlx bencenoi sammapoviy momwepi 10-12 % acamovin cyuvix muiyaumysviu any
mymxinoiei (Kypeax Kanowvlk) kepcemineen. Kammul 3ammapobviy acogapol KyHbl cyObll OAIIACHbL 3AMbIHbIH
KOMIK WbIBbIHOAPLIH  A3almyed JiCoHe daybll UapyaublibleblH0agbl OHOIPIC WbIRIHOAPLIH  a3aiimyed
MYMKIHOIK Oepedi.

Tipex ce30ep. 2ymunHopeaHoO-MuHepaiobl MuIHAUMKbLIU, SYMUH  KblUKbLIOAPbLL, KOHbID  KOMIp,
sepmuxomnocm, wistmmesex, UK cnekmpockonuscol, 31eKmpoHObl MUKPOCKON.
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Honyuenwvt dcuokue cymunogvie 0peaHOMUHEPATbHbIE YOOOPEeHUS U3 KOMOUHUPOBAHHO20 CbIpbs. OYPO2O
yens u 6uozymyca (sepmuxomnocma). Hoevlii npenapam nonyuen cmewiuganuem KOHYEHMPUPOBAHHOLO
WeNouHo20 IKCmpaxma 0Oypozo yens ¢ IKCmpakmom eepmuxomnocma. Obpasyvl HO8020 npenapama
uzyuenvl memooamu HK-cnexmpockonuu u pacmposviti 21eKMPOHHBIL MUKPOCKONUU C CUCTHEMAMU
IHEP2OOUCNEPCUOHHO20 ~ MUKPOAHAUZA U  NOKA3AHO — COOepiicanue  OOAbUUHCINEA — NUMAMETbHbIX
Makposiemenmos. Habniodaemvie nonoce noznowenusn 1446 u 1389 cm™, obycrosnennvie niockocmmwimu
Odepopmayuonnvimu xorebanuamu epynnot O-H, 83aumooeticmayioweti ¢ eeeprvimu xoredoanusmu C-H g
NEPEUUHLIX U GMOPUUHBIX CRUPMOBBIX SPYNNAX, a4 MAKIHCE 0OHAPYICUBAIOMCS NONOCHL NO2TOWEHUSL 8 THAK
nazvieaemoli «nonucaxapuonoiiy obnacmu (1170-950 cm™) xapaxmepnoii maxyce Kax Ons 2yMuHOBbIX
sewecms. Cnocod nomyuenus H08020 npenapama obecneuusaem 0ObEOUHUNMD NOJLONCUMETbHbIE CGOUCMEA
08YX PA3HBIX 8UO08 CbIPbsL OJist NPOUIBOOCHEA NEPCREKMUBHO20 HCUOKO20 OP2AHO-MUHEPATbHO20 YOOOpeHUs.
Tloxazano 603MOJNCHOCMb NOAYYEHUs. HCUOKO20 YOOOPEHUsI C BbICOKUM COOEPICAHUEM NUMAMETbHbIX U
buonocuvecku akmuenvix eewecms oonee 10-12% (cyxou ocmamox). Bvicokoe 3HaueHUe cyxo20 oCmMamia
N036015eMb COKpAWMb MPAHCHOPMHbIE PACX00bl OALIACIIHO20 8eUWeCmEd 800bl U YMEHbUUAND UZ0EPIUCKUL
npoU3B00CMEA 8 CelbCKOM XO3SCmee.

Knwouesvie cnosa: zymunogoe opeano-munepanvioe y0oOpeHue, 2yMUHOB8ble KUCIOMbl, OVpbulil Y2oib,
sepmuxomnocm, mop@, UK-cnexmpockonus, pacmpogsulil 21eKmpOoHHbIL MUKDOCKON.

Presently the economic efficiency of humic fertilizers for agriculture requires no substantiation
[1-3]. A great number of new humic organo-mineral fertilizers (OMF) designated for agricultural
purposes are registered yearly. Advantages of OMF produced from coals are high concentration,
while fertilizers produced from peat or biohumus (vermicompost) have other advantages such as
content of bioactive additives: enzymes, amino acids, vitamins, organic acids, phytohormones, etc.
The purpose of this work was the production of liguid OMF from a combined feedstock thus
preserving all advantages. Two independent liqguid OMF were produced from brown coal and
biohumus for this purpose and then mixed to ensure higher concentrations of humic acids and
bioactive additives of biohumus.

Two solutions are prepared for production of the organo-mineral fertilizer: A — concentrated
sodium coalhumate solution and B — biohumus (vermicompost) extract.

Production of A solution: the laboratory reactor c/w mixer is loaded with 15 liters of potable
water and 5 kg of brown coal powder milled (hydromodulus 1:3) in the laboratory mill to produce
particle size of less than 0.2 mm and warm the water while mixing to 70 °C. Then add 300 g of
NaOH, 100 g of urea (carbamide) and 50 g of Trilon B and warm to 90 °C. Extraction is made
during 2 hours while mixing at 80-90 °C. The solution is then filtered using a cloth filter and
produce a concentrate with the content of dry substances of not less than 25 % in 15-16 liters of the
first component of liquid fertilizer. Then the product is left overnight to cool down and get
stabilized.

Production of B solution (biohumus extract): the laboratory reactor c/w mixer is loaded with 15
liters of potable water and 5 kg of biohumus and warm to 35-38°C and mix during 2 hours; and
leave during 10-12 hours for fermentation purpose at 20-30°C. Rough filtration upon completion of
fermentation and produce 14-15 liters of the second component of the liquid fertilizer.

The first and second components are mixed (A+B) in 1:1 ratio by volume to ensure that the
content of dry substances is not less than 10 % in the end product. Thus produced mix is left for 3
days to complete biochemical processes, and then packed for sale to consumers. The product
contains 12-15% of dry substances, 3-5% of ash, and not less than 2.5% of humic acids.
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The produced samples were studied using a screening electron microscope JSM-6490LV with
systems of energy disperse microanalysis INCAEnergy and structural analysis HKL-Basic, and IR
spectroscopy using IR Fourier spectrometer ShimadzulRPrestige-21 with frustrated total internal
reflection (FTIR) Miracle by PikeTechnologies. The samples were preliminarily dried. The dry
residue data are summarized in Table 1.

Table 1 — Dry residues of liquid samples of components and end product of OMF

Ne Liquid fertilizer and its components Dry residue, %
1 Sodium coalhumate 35.1
2 Biohumus extract 1.1
3 Organomineral fertilizer 8.65

Description of research processes:

The sample of brown coal was chemically analyzed and IR spectrum was taken. The results are
summarized under 1D code (code).

Liquid suspension of sodium coalhumate was filtered; then the deposit and filtrate were analyzed
separately. The filtrate was dried before analyzing at 100-105°C, 2A-F code, deposit — 2A-O code.

The initial sodium coalhumate was dried separately at 100-105 °C, the results are given under
2A-ini. code.

Other samples, extract of biohumus (3) and organomineral fertilizers (4) were studied using the
scheme given above (1).

The results of chemical analysis of content of main nutrients in the new liquid OMF and its
components are summarized in Table 2. The results of chemical analysis (elemental analysis) of the
initial brown coal powder and after its separation using screening electron microscope JSM-
6490LV with systems of energy disperse microanalysis INCAEnergy and structural analysis HKL-
Basic are summarized in Table 3. SEM data show the content of a number of useful macroelements,
however, taking into consideration the fact that the data are produced for a local point only, we
cannot apply these data to the entire sample as a colloid system.

Table 2 —Results of analysis of content of the main nutrient substances in the new liquid OMF and
its components

Ne  [Samples Nitrogen, mg/l Phosphorus, mg/l | Potassium, mg/I
1  |Brown coal#4 0.616 0.040 -

2  [Sodium coalhumate #1 A 5.628 850 500

3 |Biohumus extract #2B 1.960 300 1500

4 |Organomineral fertilizer #3C 2.156 1000 400
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Table 3 —Results of chemical analysis (elemental analysis) of initial brown coal powder and upon
completion of separation processes using screening electron microscope JSM-6490LV with systems
of energy disperse microanalysis INCAEnergy and structural analysis HKL-Basic

Code Weight, %

1D | 2A-ini. | 2A-0 | 2A-F | 3V-ini. | 3V-O | 3V-F | 4S-ini. | 4S-0 | 4S-F
C 53.30 | 49.52 | 485 | 493 | 3295 | 40.76 | 27.05 47.82 | 52.10 | 28.60
3322 | 3523 | 356 | 36.2 | 38.83 | 42.46 | 3567 | 3566 | 33.83 | 42.13
Mg 0.06 2.44 2.79 | 5.96 1.81 0.43 4.15 3.72 131 17.79
Al 2.86 0.05 0.04 | 159 1.05 1.14 0.66 0.08 0.12 0.08
Si 9.76 2.75 290 | 5.37 1.08 1.59 0.39 2.25 2.99 1.47
S 0.14 9.20 9.29 | 0.04 4.62 5.79 0.22 8.92 8.70 3.82
Cl 0.06 0.15 0.16 | 0.22 1.07 1.18 2.50 0.25 0.10 0.34
K 0.12 0.03 0.05 | 0.29 1.46 0.34 6.02 0.15 0.30 0.97
Ca 0.13 0.09 0.12 | 0.10 1.90 1.48 22.29 0.47 0.16 1.27
Ti 0.29 0.12 0.14 | 0.50 | 10.83 | 3.73 - 0.34 0.29 1.63
Fe 0.06 0.29 0.30 | 0.16 3.53 0.06 - 0.22 0.09 1.57

1D — initial brown coal powder

2A-ini. — initial sodium coalhumate (100-105°C)
2A-0 — deposit of sodium coalhumate

2A-F —filtrate of sodium coalhumate

3V-ini. —initial extract of biohumus (100-105°C)
3V-0 — deposit of extract of biohumus

3V-F —filtrate of e

xtract of biohumus

4S-ini. — initial organo mineral fertilizer (100-105°C)
4S-0 —deposit of organo mineral fertilizer

4S-F — filtrate of organo mineral fertilizer

Figures 1-6 show IR spectra of all produced samples and components of liquids fertilizer.
Visible absorption bands are 1446 and 1389 cm™ stipulated by plane bending vibrations of O-H
group interacting with wagging vibrations of C-H in primary and secondary alcohol groups;
absorption bands can also be seen within the so-called “polysaccharide” area (1170950 cm™).

The obtained data in terms of the unit of dry residue demonstrate the possible more active
display of nutrient and stimulating properties of the combined liquid humic OMF.

56



N3BECTUS HAYUYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2019, Ne 3 (66)

2Aickhod —
2Aosadok _—

105

%T«H./%

/

97,5 . v WY

g
>
)

90 v\
82,5% J \ A Wil
UL
675 \

4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 60C
IR-Prestige 21 (FTIR Miracle) 1/cm

Figure 1 — Overlap of IR spectra of sodium coalhumate samples
(2A — ini., deposit and filtrate)
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Figure 3 — Overlap of IR spectra of organo mineral fertilizer samples
(4S —ini., deposit and filtrate)
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AHAJIM3 AMUHO- U )KUPHBIX KUCJIOT PACTEHUA
ARTEMISIA TRANSILIENSIS

ONIMBEK A.E.!, KYIANBEPTEH A.A., IIOCEFAEBA ML.A.}, @3H 10.°, )KEHUC K.2
'Kasaxcxuii nayuonansmoli ynusepcumem umenu anv-dapabu
ZHayuHO-uCCﬂedoeameﬂbCKuL? yeump nexapcmeennwvix pacmenuti KasHY um. Ano-Dapabu
Anmamei, Pecnyonuka Kazaxcman
3Hhtcmumym I'pugpgpuma no uccnedosanuro rekapcme, bpucoen, Ascmpanus
e-mail: janarjenis@mail.ru

B cmamuve gnepsvie npugedenvi pesynvmamul UCCIO008AHUS AMUHO- U HCUPHBIX KUCIOM 6 HAO3EMHBIX
yacmsax pacmenus Artemisia Transiliensis (A. transiliensis). Ceipve 6bi10 cobpano 6 ¢aszy ysemenus 6
Anmamunckoii obnacmu 6 2018 200y. HUccnedosanus nposodunucs memooom KX (2azo-srcuoxocmuasn
xpomamoepadghust). Boiiu onpedenenvt 8 dicupnvlx kuciom, 22 amunoxuciomol. B Haozemuvix uacmsx A.
transiliensis no koauuecmeennomy cooepacanuio u3 AMUHOKUCIOM OOMUHUPYIOM. QNIAHUH, 2TYMAMUHOBAS U
acnapazuno8as KUciomul. M3 #CUpHvIX KUCIOM OOMUHUPYIOM.: JTUHONLE8AS, OAEUHOBAS, NATbMUMUHOBAS U
cmeapuHnogas Kuciomol. B pezyibmame npogedennvix ucciedosanutl 6vl10 onpedeneHo, 4mo Hao3emHvle
yacmu A. transiliensis A61AIOMCS  UCMOUYHUKAMU ~MHOSUX — HE3AMEHUMbIX COCOUHEHUU U MO2ym
UCNOML306AMBCST 8 MEOUYUHCKOU Npakmuke, a maxdce 05 GbINOJIHEHUSl eNCeOHeGHOU Yen08edecKoll
nompeOHOCMU 8 AMUHO- U HCUPHBIX KUCTOM.

Knrouesvie cnosa:. nonvins 3aunutickas, Artemisia transiliensis, I7KX, ananus, amMuHOKUCIOMbL, HCUPHDbLE
KUCTIOMbL, OUOIOSUYECKAsl AKMUBHOCHb, ANAHUH, 2YIMAMUHOBAS. KUCIOMA, TUHOLE8Asl KUCIOMA.

Maxanaoda anzaw pem Artemisia transiliensis ocimoiciniy dicep beminoeei bonikmepinoesi amMum HcaHe
Mail KblUKbLIOApblH 3epmme)y Hamuoicenepi keamipineen. Lluxizam 2018 ocvinvl Animamel 06abicbiHOa
eyaoeny keseninde scunanzan. 3epmmey I'CX adicimen sicypeizindi. Homuocecinoe 8 matl KuluKblibl Jcane
22 amun KbluKbLIbl anblkmanovl. A. transiliensis oicep ycmi 6onikmepioe amur KblUKbLIOAPbIHAH CAHObIK
Kypamel OOUblHWA OACHIM: QIAHUH, 2TYMAMUH HCIHE ACNApa2uH KelKblioapul. Mail KeluKblI0apbIiHAH:
JIUHOJIEH, OJleUH, NATbMUMUN JICIHE CIMeapuHr KblKbLI0apul bacvim. JKypeizineen 3epmmeynep Hamudicecinoe
A. transiliensis ocimOiciniy dcepycmi 6oaiKmepi Konme2eH AIMACMbIPLLIMANMbIH KOCbLILICMAPOblY KO30epi
OobIN MAOLLIAMBIHLL HCIHE MEOUYUHATBIK MAdACcipubede, COHOAU - aK AMUH JHCoHe MAll KblUKbLIOADbIHbIY
KYHOeRiKmi adam Kaxcemminicin KanazammaHnowipy Yiuin Ratioaiaubliybl MYMKIH eKeHOiel aHbIKMAanobi.

Tipex co30ep. Ine ocycamvl, Artemisia transiliensis, I'CX, manoay, amun KbluKbLIOAPHI, MAILbL
KbIUKBLLOAD, OUON0SUANBIK OelCeHOLNIK, AIaHUH, 2TYMAMUH KbIUKbLIbL, TUHOJI KbIUKBLIbL.

This article presents the results of research of amino acids and fatty acids in the aerial parts of the plant
Artemisia transiliensis for the first time. Raw materials were collected in the flowering phase in the Almaty
region in 2018. The research was carried out by GLC.8 Fatty acids and 22 amino acids were identified. In
the aerial parts of A. transiliensis for the quantitative content of amino acids dominate: alanine, glutamic
and aspartic acid. From fatty acids dominate: linoleic, oleic, palmitic and stearic acids. As a result of the
research it was determined that the above-ground parts A. transiliensis are sources of many essential
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compounds and can be used in medical practice, as well as for performing daily human requirements in
amino acids and fatty acids.

Keywords: Zailiyskiy wormwood, Artemisia transiliensis, GC analysis of amino acids, fatty acids,
biological activity,alanine, glutamic acid, linoleic acid.

Beeoenue:ViccnenoBanus nociieJHUX JI€T MOKa3alu, YTO AMHHO- U KUPHbBIE KUCIOTHI MPOSIBIISIIOT
BBICOKYIO aKTHBHOCTh IPOTHUB TakuxX 3a0ojieBaHUN Kak JAualdeT, OCTEONopo3, CepleUHbIe
3a0o0yieBaHUs, HapylmIeHUs OOMEHa BEIECTB, OSPEKTWIbHAs AUCPYHKIHS, a TaKkKe HMEIOT
oMoakuBaomui 3)QeKT, MoKET OBITH MCIONB30BAH MPHU Kajnobax Ha MeHomay3y u T.1. [1, 2].
CeroiHs pacTeT MHTEpEC K HAyuyHbIM M IMPAKTHUECKUM acrmektam cembu Artemisia (Acrtpan) B
Ka3zaxcrane.

[TosbIHM pacnpoCTpaHEHBI M0 BCEMY CEBEPHOMY MOJYIIAPHUI0, B YMEpeHHOM Mosice EBpasuu, B
Cesepnoii u lOxnoit Adpuke, CeBepnoit Amepuke. Ha tepputropuu Poccum u compenenbHbIX
CTpaH oTMedeHO okoino 180 BHUIOB, BCTpEYAIOMIMXCS TMOYTH TMoBceMecTHo. Haubomnee
pacnpocTpaHeHbl MOJBIHU BCTemsXx M mycThiHsAXx Kazaxcrana, Cpenneit Asum, B 3akaBKasbe, Ha
KOro-Bocroke eBpomeiickoii Poccun u VYikpamne. OueHb BaXHYI poOib B (HOPMHUPOBAHHH
COBPEMEHHOTO PACTUTEIHHOTO TOKPOBA TOJBIHH WUIPAIOT B CTEIHBIX MITYCTBIHHBIX paloHaxX
Kazaxcrana, B TOPHBIX CTEISIX U BBICOKOTOPHBIX MYCTHIHAX CpemHeir A3uu. 37eCh MpeACcTaBICHBI
OTPOMHBIC TIOYTH YHCTBIC 3apPOCIH, Yallle BCErO COCTOSIINE U3 IMOJYKYCTAPHUYKOBBIX BHJIOB
noapoaa Seriphidium. Ha rore u Boctoke eBporeiickoit Poccuu, B CeBeprom Kasaxcrane mupoko
PacpoCTpaHEeHbI KIIOJIBIHHBIC CTEMM», B KOTOPBIX TOMUHHUPYIOIIYIO posib urparot Artemisia paucifl
ora, A. lerchiana, A. austriaca u mcammoduiabpabie Buasl moapoaa Dracunculus [3]. IMoasiab
COJICP>KUT OOJNBIIOE KOJUYECTBO AKTUBHBIX BEIIECTB, a TaKkKe acKOpPOMHOBYIO KHUCIOTY U
npoButaMuH A. Pactenue Takxke Ooraro (rmaBoHOMIaMH, (PEHOTBHBIMU KHCIOTaMH, d(QUPHBIMU
MacJIaMH, >KHPHBIMH KHCJIOTaMH, aMUHOKHCIOTAaMH, KapOTHHOM, CAllOHWHAMH W JyOWIHHBIMU
BemiecTBaMu. [lONBIHE CTUMYIHpPYET pPEeQICKTOPHYIO (YHKIUIO IOMKEITYJOYHOW IKENe3bl H
KEITYHOTO Iy3bIps, VIIydIIaeT TMHINEBAPCHUE, YCHIWUBACT OTICIICHHE IKEIYH, OKa3bIBaeT
MIPOTHUBOBOCIIAJIUTEIIEHOE U KapIUOCTUMYIIMPYIOIee JIEHCTBUE, OJIATOTBOPHO BIIMSET HA JICUCHUE
peBMaTU3Ma M OpPOHXHAIBLHOW AaCTMBI, JICYUT DK3EMBI U OXOTH, TacTPUT, S3BEHHYIO OOJIE3Hb
KeNyIKa U JBEHAAIATUTIEPCTHON KUIIIKH.

AMUHOKHUCIIOTBI BXOJST B OJJMH U3 BAKHEHIIINUX KIACCOB MPHUPOIHBIX COSAUHEHUN U COJIepKaTCs
abCONIOTHO BO BCEX JKMBBIX OpraHM3Max Ha IUIaHEeTe, SBJSASCH CTPYKTYPHBIMH JJIEMEHTaMU
nentua0B u nonunentuaoB [4]. ConepikaHre aMHHOKHCIOT B PACTEHHUSIX MEHSIETCS B 3aBHCHMOCTH
OT BO3pacTa pacTEHUH, BHEIIHUX yCJIOBHIA: TEMIIEPaTypPhl, JJIMHBI JTHS, YBIIOKHEHUS U T.J., a TAKXKE
or muTaHus. [Ipy TOM W3MEHsSEeTCS HE TOJBKO KOHIIEHTpPAIWs, HO W KA4YeCTBEHHBIH COCTaB
aMUHOKHUCIIOT. KoJIM4ecTBO CBOOOJHBIX aMHHOKHCIOT C BO3PAacTOM pPACTCHHH TOHMXKaeTcs. B
BETeTaTUBHBIX OPTaHaX PACTEHUI CBOOOJIHBIX AMHHOKHCIIOT OOJIBIIE, YeM B PEIPOYKTHBHBIX (JIJIst
O0enkoB HaOmonaeTcss oOpaTHas 3aBUCHUMOCTB). YBEIWYEHHE OOINEro KOJMYeCTBa CBOOOIHBIX
AMUHOKHCIIOT HaOJIOIaeTCsl MPU TMOHMKEHHOM NUTAHUM PAcTeHUW Kaiuem, (hochopom, cepoi,
KalpIllieM U MarHueMm. Takoe ke JeicTBHe MPOUCXOAMT MPHU HEAOCTAaTKE PsAAa MHUKPOIIEMEHTOB:
[IMHKA, MEJIM, MapraHIia, kene3a. JTO CBSI3aHO C OCJIa0JICHHeM CHHTe3a OENIKOB U3 aMHHOKHCIIOT B
3TUX YCJOBHSIX. YBEIWYCHHE COJICP)KAHUS aMHHOKHCIOT HAOIOMACTCs TakKe MPH YITydIICHHH
a3oTHOTO muTaHus [5]. Takum 00pa3omM, M3ydeHHE aMUHOKHCIOTHOTO COCTaBa COJITHOKOJOCHHUKA
MIPUKACTTHICKOTO, TIPEJICTABIISCT OOJBIIION HHTEPEC.

62



N3BECTUS HAYUYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2019, Ne 3 (66)

XupHble KHCIOTBI SIBISIIOTCS OCHOBHBIMHU  CTPYKTYPHBIMHM  JJIEMEHTaMH JIMIMIOB U
MPEJCTABISAIOT CO00H KapOOHOBBIE KHCIOTHI C JUIMHHOM IIETIbIO aTOMOB YIJIEPOa, COCTOSINUE U3
OO0JIBILIIOTO YHCIIa HEMOJSPHBIX CBSI3€H, KOTOPBICIPUAAIOT BCEH MOJIEKYIe HEMOJSPHBINA XapakTep. B
3aBUCHUMOCTH OT CTPOEHHUS JKUPHBIX KHUCJIOT HMX YCJIOBHO JEISAT Ha IATh OCHOBHBIX TPYII:
HACBILEHHBIE — UMEIOT B MOJIEKYJIE OT 4 10 24 aTOMOB yIiepoAa C IPsIMON LIENIbIO; HEHACBIILIEHHBIE
— cOoZIep>KaT B MOJIEKYJIe OZIHY, /1B, TP U Ooiee BOWHBIX CBSI3€H; ¢ pa3BETBICHHOM 1IETbIO; OKCH —
U LUKIMYeckue KucnoTbl. Hamuume ummHHOrO ruapodoOHOro «xsocta» U TUApo(UIBHON
«TOJIOBBI» IPUJAET XKUPHBIM KHCIOTaM M JIMnuaaM cneunduyeckue cpoiictBa. Hampumep, aunuast
00pa3yloT SMYJIbCUU U SBIAIOTCS WACATBHBIMH KOMIIOHEHTaMH, KOTOpPBIE CTAOMIU3UPYIOT
MeMOpaHbl PaCTUTEIBHON KIETKH. Kpome TOoro, sKUpHBIE KUCIOTHI SABISIOTCS MPEAIIECTBEHHUKAMHU
IIpOCTarjaHAMHOB — TOPMOHOB MECTHOTO JeHCTBUS [6].

WHTepec K MONBIHAM OOBSICHAETCS TEM, YTO BO MHOTHX BHJIAX 3TOr0 PAaCTeHHUs, KOTOpbIe ObUIN
HCCIIEI0BaHbl HalJIeHbl CEKCBUTEPIICHOBBIE JTAKTOHBI, IPEACTABIISIONINE COO0H (hapMaKoJIOrH4ecKU
aKTUBHBIE BellecTBa. B pe3ynpTaTe BCECTOPOHHEIO M3Yy4EHHUS HEKOTOpBIE Npenaparbl U3 MOJIbIHU
IIPEJIOKEHBI I IPUMEHEHNS] B MEJULIMHCKON ITPAKTHKE.

Bce Buabl nosbiHM 001a1a10T JICUEOHBIMM CBOMCTBaMM, HO 4Yalle APYrHX Ul NPUTOTOBJICHUS
JIEKapCTBEHHBIX CPEICTB M HCIOJb30BaHUSA B KOCMETOJIOTMHM MCIOJb3YIOT IIOJIBIHB T'OPBKYIO,
OOBIKHOBEHHYIO, JIeYeOHYI0 M LUTBapHY. HekoTopbie pasHoBHIHOCTH Artemisia mpuMeHsIOT B
BeTepuHapuu: K npumepy, npenaparsl "Cantonun" u "Cankaden" 3¢ pekTHuBHBI IpU BBHIBEICHUH
[1apa3uToB.

bnaronmaps HeHaCBIIIEHHBIM YTJIEBOJOPOJAaM TpaBa oOsafaeT OaKTEPUIIUAHBIMH CBOWCTBAMH.
D¢upHOE MacIIO MOJIBIHK HOPMATIU3YET paboTy LIEHTpaJlbHON HEpBHOW cUCTEMBI [7].

OObeKTaMH HCCICIOBAHMUS SBISIIOTCS HaJ3eMHbIe 4acTh mosbiHE A. transiliensis coopanHbie B
utosie 2018 roga B AnmatuHckoi ob6nactu (Kazaxcran).

Oxcnepumenmanvhas 4acms.

Onpenenenne KOMIOHEHTHOTO0 W KOJIMYECTBEHHOI'0 COCTaBA AMHUHO- M KHPHBIX KHCJI0T.B
JTaHHOM paboTe OBLIN OMpeIeNieHbl KOMITOHEHTHBIN M KOJUYECTBEHHBIN COCTaBbl HAJ3€MHON YacTH
Ha IPeIMET aMUHO- U XKUPHBIX KucaoT MeTooMm [OKX [8].

JUia omnpezneneHue KOJWYECTBEHHOIO COAEPXKaHUS aMHHOKHMCIOT IPUMEHSJINCH CIEAYIOLUE
YCIIOBUS: TEMIIEpaTypa IUIaMeHHO-MOHM3anuoHHoro aerekropa 300 °C; temneparypa ucapuTes
250 °C; navanmpHas Temmneparypa koiqoHkM 110 °C; xoneuHas TemmepaTrypa kojoHku 250 °C;
CKOpOCTh MporpaMMupoBanus Temneparypbl kojgoHku ot 110 °C o 185 °C (6 °C/mun) u ot 185 °C
1o 250 °C (32 °C/mun).

[Ipn moctmxenun temmepaTypbl KOoJoHKH 250 °C oHa JOKHA COXPAHATCS TaKOM O IOJIHOTO
BBIXO/Ia BCEX aMHUHOKHCIIOT.

Jns pazaeneHuss aMUHOKHUCIIOT UCIOJIB3YIOT KOJIOHKY M3 HEpXkaBerolen ctaiu, pazmepom 400
Ha 3 MM, 3aMOJTHEHHYIO MOJSIPHOM CMECKI0, cocTosmel 3 kapbosakca 20M (0,31%), cunapa 5 CP
(0,28%) u nexcana (0,06%) Ha xpomacopoe WA-W-120-140 mem. OOcyeT XpomaTorpammbl
MIPOBOJIAT 110 BHELTHEMY cTaHaapty pupmsr Altex.

CBs3aHHBIE U CBOOOJHbBIE AMUHOKHCIIOTHI ONPEIEISUIA MyTeM THIpoin3a 1 I aHaIu3upyeMoro
Bemectea B 5 ma 6H HCI pu 105 °C B Teyenue 24 yacoB, B aMmynax, 3alasHHBIX IO CTpyel
aprosa. Ilomy4yeHHBIH TUAPONM3AT, TPUKABI BHIIAPUBAIOT JI0OCYXa HAa POTOPHOM HCIapHUTeNe MpU
temmeparype 40-50 °C u maBinennn 1 armocdepa. OOpa30BaBIIANCS OCAIOK, PACTBOPSIOT B 5 MII
C7HgO6S. Tlocne nentpudyruposanus (1500 06/muH) B TeueHue S5 muH. Hajgocaqounyro )KHIKOCTh
MPOMYCKAIOT 4Yepe3 KOJOHKY ¢ MOHHO-oOMeHHO# cmonoi Jlaykc 50, H-8, 200400 mem, co
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ckopocthio 1 karuis B cek. [locne aToro cmony nmpomsiBatoT 1-2 mit aenonusupoBannoi H,O u 2
mi 0,5 H CH3CO,H; 3atem cmomy 0TMBIBAIOT 10 HeUTpaibHOM pH.

Jlj1 31r0MpOBaHusl aMUHOKHUCIIOT C KOJIOHKH 4epe3 Hee nponyckatoT 3 ma 6 H pactBopa NH,OH
CO CKOPOCTBIO 2 Kamid B CEK. OI0aT COOMpPAIOT B KPYIJIOAOHHYIO KOJOYy BMeECTE C
muctuiunpoBaHHod H;O, KOTOpyIO HCIONB3YIOT Ui OTMBIBaHUS KOJOHKHM 10 HelTpaiabHOU pH.
3areM coJepKuMoe KoJObl JocyXa BBIIapUBAIOT HA POTOPHOM HCHapuTeNe MoJ JaBieHueM | aTm.
u temriepatype 40 —50 °C. ITocne qoGaBneHus B 3Ty K00y, 1 karum cBexxenpuroToBiieHHoro 1,5 %
pactBopa SnCly, 1 kammm 2,2-gumerokcunpomnana, HaceimeHsoro HCl u 1-2 M C3H;OH, ece
HarpeBatoT 70 110 °C, BblaepxkuBas 3Ty Temneparypy, B TedeHue 20 MHUH. 3aTeM COJIEpPKUMOE
BHOBB BBINTAPHUBAIOT U3 KOJIOBI Ha pOTOpHOM Hcnaputene. Ha cnenyromem stamne B Koia0y BBOAAT 1
MJI CBeXeNpHUrotoBieHHoro arenupyroimero peareura (1 min (CH3CO),0-EtsN-Me,CO, 1:2:5) u
HarpeBatoT nipu temneparype 60 °C B teuenue 1,52 muH. 3aTeM oOpasel] CHOBAa BBIIIAPUBAIOT HA
POTOPHOM HCIapHTeNe AocyXa U A00aBif0T B kon0y 2 mi EtOAC u 1 mi1 HachIIIEHHOTO pacTBOpa
NaCl. Copepxkumoe KoJOBbI TIIATEIbHO MEPEMEIINBAIOT M 1O MEpEe TOro, Kak OTYETIMBO
oOpa3yercs 2 cnost )kugkocteit — 6epyt Bepxuuii (EtOAC) s razoxpomaTorpaduueckoro aHanumsa,
KOTOPBIN MPOBOIIIIN Ha ra30-XUIKOCTHOM Xpomatorpade «Kapnodp6a-4200» (Utanus-CILIA).

Onpenenenue :kUpHbIX KUcJA0T MeronoM I7KX [7]: 1 oOvem oOpasma skcrparupyor 20
KpaTHBIM 00BbEMOM cMecH XJopodopma U MeTaHousa (2:1) B TedeHrne 5 MUHYT. 3aTeM COJEPKIMOE
GUIBTPYIOT Yepe3 OyMakHBIH (QHIBTP 10 MOIYYEHHUS YHUCTOTO SKCTPAKTA, KOTOPHIN BHIITApUBAIOT B
KPYTJIOZIOHHOM KOJI0€ Ha pOoTOpHOM Hcnapurene npu temneparype 6anu 30-40 °C mocyxa. [locne
3TOro 100aBisA0T B KOOy 10 Mur MetaHoNa 1 2-3 Karuid XJIOPUCTOTO alleTHiia U METHIIMPYIOT TIpU
temneparype 60—70°C B ciennanbHOl cucteme B TedeHue 30 MUHYT. 3aT€M METaHOJI BHIIAPUBAIOT
Ha POTOPHOM HCHapuTese, a o0paszel] IKCTParupyroT U3 KOJIOOUKH 5 MII FreéKCaHa U BIPHICKUBAIOT B
ra3oBblif Xxpomatorpad. OKcnepuMeHT mnpoBoauTcs Ha mnpubope «KapnoDp6a-4200» (CIIA-
Wranus). YcnoBus xpomarorpadupoBaHus: Temreparypa unxkekrtopa 188 °C, Temm. neTekTopa
230 °C; Ttemmeparypa meun 188 ©°C, Bpems aHaym3a | dac; COACpKUMOE KOJOHKH:
oA TUWIICHTMKONIbaunuHat (20%) Ha neonute —545.

Pezynomamer u ux obcyscoenue. Pe3ynbraTel ONpenesIeHUs] KOIUYECTBEHHOIO COJAEPIKaHUS
aMMHOKUCIIOT MTPECTaBIeHBI B Tabnuue 1.

W3 naHHbIX, IpUBEIEHHBIX B TAOMUIlE 1, MOKHO CIe/IaTh BBIBOJL O TOM, YTO B HaJJ3€MHBIX YaCTAX
A. transiliensis mo KOIMYECTBEHHOMY COACPKAHUIO W3 AMUHOKHCIOT JOMHHUDPYIOT: aJaHHH,
IJyTaMUHOBAasi M aclapariHoBasi KUCIOThI. ['JoTaMaT— OCHOBHOM OMO’HEpreTuueckuil cyocrpar
UId  Oponanu(UKaly HOPMAalbHBIX KIJIETOK, HEHpOTPaHCMUTHI, AKTHUBHO Y4YacTBYIOILHME B
OMOCUHTETHYECKUX, OMOIHEPTeTUYECKUX, METAOOIUTUYECKUX U OHKOT€HHBIX CUTHAJIBHBIX MYTAX
[9]. AcnapuHOBasi KUCJIOTA MOBBIIIAET UMMYHUTET, METa0OIU3M, HEUTPATU3yeT aMMHUaK, y4aCTBYET
B TOSIBJIEHUU DPUOOHYKJIEHMHOBBIX KHCIOT, BOCCTaHaBIMBAET pabOTOCIOCOOHOCTH IOCIE MpHeMa
XMMHUYECKUX BEUIECTB, HApPKOTHKOB. lccienoBaHusi, NpPOBEACHHbIE YYEHBIMH, JIOKa3alu
3G EeKTUBHOCTh TpUeMa TpenapaToB AacHaparMHOBOW KHCIOTHI JUIS TIOBBIIICHUS YPOBHS
TECTOCTEPOHA. ACIapuHOBAas KUCJIOTAa IPUHUMAETCS KaK CMEChH JUISl YIYUIIEHHs CUJIbl CHOPTCMEHOB
60aMOWIIIMHTa, TOBBIIIEHUS IMOUI0 B KPOBU U TecTocTepoHa [10]. AnaHUH UrpaeT BaXKHYIO POJIb B
mporeccax MeTabon3Ma, PerylupyeT ypoBeHb caxapa B KpOBH. JTa aMHHOKHCIIOTA 3allMIIAeT OT
Pa3BUTHA paKa MOJHKEITY0YHOM KeJe3bl U MPeACTaTeNbHON Kelle3bl, UTO SIBJISIETCS BaKHOM YacThIO
CIIOPTHBHOTO MUTAHMS, TIOBBIIIACT CHITY TeJla U MO3BOJISIET CO3/1aBaTh MBIIICYHYIO Maccy [11].
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Ta6Jmua 1 — KonnyecTBeHHOE COACPIKAHUC MHAUBUAYAJIbHBIX aMUHOKHCJIOT B HAA3CMHBIX YaCTIAX

A. transiliensis

AMUAHOKHUCHOTHI, % A. transiliensis AMUAHOKHUCHOTHI, % A. transiliensis
Ala 0,00952 Asp 0,01412
Gly 0,00512 Cys 0,00068
Leu 0,00475 Oxy 0,00002
lle 0,00438 Phe 0,00362
Val 0,00378 Tyr 0,00412
Glu 0,02710 His 0,00304
Thr 0,00365 Orn 0,00002
Pro 0,00856 Arg 0,00515
Met 0,00140 Lys 0,00360
Ser 0,00412 Try 0,00117

Pe3ynbTathl o onpeaeneHuio coiepKanns KUPHBIX KUCIOT IIPUBEIEHBI B Ta0uuLe 2.

Tabnuma 2 — CoaepkaHue UHIMBUIYaTbHBIX )KUPHBIX KHCIIOT B HAI3eMHBIX dacTsx A. transiliensis

Kucaoter

MupuctunoBas
kuciora Cigo

Ilenrtanenunosas
kuciora Cisg

[TaaxeMuTHHOBASA
kuciaora C 10

[TaneMuTONENHOBAS
kuciaora Cig1

Conepxanue, %

0,6

1,3

59

0,4

Kucnotsl

CreapuHoBas
kuciora Cigo

OnenHoBas
kuciora Cigq

JlunoneBas
kuciora Cigo

JIunonenoBas
kuciora Cig:z

Conepxanue, %

4.4

18,7

68,3

0,4

W3 pe3ynbTaToB, NPUBEJACHHBIX B TAOJHUIIE 2, BUHO, YTO B HA/JI3eMHBIX YacTsax A. transiliensis mo

KOJIMYCCTBCHHOMY COACPKAHHUIO U3 JKUPHBIX KHCIOT AJOMHUHHUPYIOT: JIMHOJICBAA, OJICMHOBAd,

MaJJIbMUTUHOBAA U CTCAPUHOBASA KUCIIOTHI. CneﬂyeT TaKXX€ OTMETHUTH, UTO B HAA3EMHBIX HaCTAX A.

transiliensis comepkaTcs Bce He3aMEHHMbBbIE AMHHOKHCIOTHI, a Takke He3ameHumas Owmera-6

JIUHOJIEBAs! KMCIIOTA, KOJIMYECTBO, KOTOpOoi cocTarisieT 6omee 50%. JInHONeBast KMCIIOTa OKa3hIBACT

BJIIMAHHUEC HAa CHMXKXCHHEC KaHOCPOICHE3a, aTCPOCKIICPO3a, BOCIHAJICHUA, OXUPCHUA KU CaXapHOIO

nuabera, a TakKe Ha PacTUTEIbHBIC H KOCTHOOOpa3HbIie cBoicTBA[12]. OnenHOBAs KUCIOTa MOXKET

NpeIATCTBOBATH PA3BUTUIO 38.60HCB8.HHI>'I, BJIMAIOIIUX HA MO3I' U HAATIOYCUYHUKH, a TAKKC YIydlIacT

HaMATb U CHUIKACT KPOBAHOC HOABJICHUC, HO JOKAa3bIBACT, YTO BCIICCTBO MOKCET BbI3BATH pPaK,

0CcO00EHHO pak MOJIOUHOM kene3bi[ 13].

Bvigoowvr. Takum ob6pazom, merogom [KX u3yueHbl aMMHO- M >KUPHOKHCIOTHBIA COCTaBBI B

Hag3eMHBIX dacTsx A, transiliensis coopanaeix B 2018 rogy B AJIMaTHHCKOH OOJACTH.
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OmnpeneneHo, 4To Ham3eMHble uacTd A. transiliensis sBASIOTCS HMCTOYHMKAMH MHOTHX
HE3aMCHHUMBIX COCJMHCHUH, TaKuWX, KaKk aMHUHO- M JKUPHbIC KHCIOThL. Hamgsemubie dactu A.
transiliensis Moryr HCIoJIb30BaThCsl B KAa4eCTBE HCTOYHHMKA PAa3IMYHBIX  COCIMHCHHIA,
MPUMEHSCMbBIX B MEIUIIMHCKON MPAKTHKE, a TAKXKE /IS BHIMOJIHECHUS €KEIHEBHOM 4eI0BEYCCKOM
MOTPEOHOCTH B AMHHO- M )KUPHBIX KHCJIOT.

Paboma ewinonnena 6 pamxax npoexma AP05133199 «Xumuueckue u ¢hapmaxonoeuueckue
UCTe008AHUSL  COCMABA  NPUPOOHBIX OUONIOCUYECKU AKMUBHLIX Beujecms U3 MeOUYUHCKUX
pamumenvHulx pecypcos Kazaxcmanay
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B cmamve npedcmasnensvl pe3yiomamovl XUMUKO-MEXHOLO2ULECKUX UCCIe008AHULL HO NOUCK) MEXHON02Ul
CENEeKMUBHO20 U3BNeYEHUsT NPUPOOHLIX O0AU20- U Noaunenmuoos. llpusedenvl Oanubie 0 nepcnexmueax
UCTIONIb308AHUSL PACEHUN 8 KAYeCTNEe NPOMBIULICHHO20 CbiPbsl OEIKO8bIX umonpenapamos, UCnoib3yemblx
6 Kawecmee dPheKmueHblx 0OWEYKPENIAIOWUX, UMMYHOCHMUMYTUPYIOWUX, NPOMUBOBUPYCHBIX CPeOCms, d
maxdce KOMHOHEHMO8 CHOPMUEHO20 U Ouemuiecko2o numanus. OQO0CHOB8AH 6blOOP MHO20JEMHE20
KA3AXCMAHCK020 PACMEHUSL — 20PYa HCUBOPOOAWE20 8 Kauecmee UCMOYHUKA NOMEHYUATIbHO OUON0SUYECKU
AKMUGHBIX 0U20- U noaunenmudos. Ilpedcmasnenvt OanHbIe GUMOXUMUYECKO20 AHANU3A YENEBbIX U
CONYMCmMEYIouUX munoe OUoI02UYecKy aKkmusHuix eeujecms 6 Haozemrou wacmu Polygonum viviparum L.
Ilpedcmasnenst sKCnepumMenmanbrsle OaHHble 0 GAUAHUU MUNA U NOJAPHOCIU IKCMPALeHMA, COOMHOULEHUS]
cvlpve: IKCMpPAazeHm, memMnepamypul, 6pemMeHU, KPAMHOCMU U PedcumMda IKCMPaKyuu, cmpyKmypol u
KOHYeHmpayuy ocaoumers, Ha NOJHOMY U CEeKMUBHOCTb U3BeYeHUsI KOMNOHEHMO08 DENK080U NPUpoobl U3
pacmumenvro2o cuipvs. Ilpusedenvt pesyrbmamvl 6blOOPA ONMUMATBHLIX MEMO008 OKOHUAMENbHOU
OUUCKU, aHAAU3A U Ccmanoapmusayuu yeieeoco npooykma. Ilpuseden cpasHumenvuvlii  anaiu3
aghpexmusHocmu  pazpabomaHHo20 U KIACCUYECKO20 MemOo008 GblOeNeHUs OaU20- U HOAUNEHMUOO0S.
IKcnepumeHmanvHo 00KA3aHO, MO 6 pe3yabmame ONMUMUZAYUU XUMUKO-TMEXHOLOSUHEeCK020 Npoyecca
Y0anoch YEenuyumy 6bix00 NPUPOOHBIX ONU20- U noaunenmuoog 0o 11.45 %, a maxoice nogvicums cmenens
uzgneuenus 0OeIKo8 u3 pacmumenvro2o cvipvia 6 1.21 — 1.45 pasa 6 cpasHenuu ¢ obOwenpuHAmMbIMU
MemoouKamu.

Knrouesvie cnosa: PolygonumL., noaunenmuovl, pumoxumuueckuil anaius, OUOIOSUYECKU AKMUGHDLE
seujecmea, IKCMpPaxKyus, MmexHoa02us, CmaHoapmu3ayus.

Maxanada mabusu onueo- JicoHe NOAUNENMUOMeEPOi celeKmuemi 001in aiyobly MEeXHOI0SUACHIH
i30ecmipy OOUbIHUA XUMUSILIK-MEXHON02UANbIK 3epmmeyiiepliy, Hamudicenepi Kopcemineen. Ocimoix
WUKI3ambl UMMYHUMemMmi Kyueumemin, UMMYHOCIUMYTAYUAIAYWbL, SUPYCKA KAPCbl O0PINiK 3ammap,
COHOAQU-aK, CNOPMMUBIK JICOHE OUeMANblK KOPeKmeHy KOMHOHEHmmepi, aKyblzobl (Gumonpenapammapobiy
OHEPKICINMIK WUKizamel peminoe NAUOAIAHy NePCReKMUBANapbl mypanvl Oepekmep Keamipiicen.
Tomenoeei maxanada xon KHCbLIObIK KA3AKCMAHOBIK OCIMOIKMI — OUONO2USIbIK OEICeHOl 0aUc0- HCIHE
noaunenmuomepoiyy — Hezizei Ko3i peminde manoayovl Heeizoelidi. Polygonum viviparum L. ocep ycmi
bonicinoe Kez0ecemin OUONOUANLIK OeNCeHOl 3ammapobly MAKCAmmyl JCIHe ilecne Mmyprepiuiy
umoxumusnbly  manoayvl Hcypeizinoi. dxcmpazcenmmiy mypi MeH ROJAPIAbIEbIHbIY 2CePl, WUKI3am
IKCMpazeHm KamvlHACHl, MeMNepamypa, YaKblm, dKCMPAKYUsL HCULNIZl HCIHe pedHCUMi, MYHObIPEbIUMbIH
KYPbLIbIMbL  MeH KOHYEHMPAYUAChl, COHbIMEH Kamap OCiMOIK WUKI3AMbIHAH — AKYbI30blK — mabusu
KOMNOHeHmmepOiy MovlK OONVHYI Jicone Ipikmenyi mypanvl madicipubenik oOepexmep YCbIHbLIZAH.
Maxcammur 6HIMOT COHbI MA3ANAY, MANOAY IHCIHE CMAHOAPMMAYOblY OHMAUIbL dJ0ICMEPIHiY Homudicenepi
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xkeamipineen. Onueo- dcoHe NOAUNEnmMuoOmepoi 6enin anyoa a3ipJeHeeH JiCoHe KIACCUKANLIK 20icmep
MUIMOINICIHIY CATLICMBIPMAILL MANOAYbL KeAMIpiieeH. XumusiivlK-mexHoa02UsLIbIK, YOepicmi OBmMauianobipy
HomuoiceCinOe maduzu onuco- JHcoHe noaunenmuomepoiy wviebimoln 11.45% — ea Oeilin, ocimoix
WUKI3amMbIHAH aKybl30bl 06N any OeHeelin Hcannsl KabvlioaH2an adicmemenepmen canvicmoipeanoa 1.21 —
1.45 eceze apmmuipy2a Ko dHcemKizizeeHi IKCnepuUMeHmanobl 0ae10eH2eH.

Tipex ce30ep: Polygonum L., noaunenmuomep, @QuUmMOXUMUAILIK MA0dy, OUONO2USLIBIK OelceHOl
3ammap, IKCMpPAKYus, MexHoI02Us, CMAHOAPMMAy.

In article, results of chemical and technology researches on search for technology of selective extraction
of natural oligo- and polypeptides are presented. Data on prospects of using plants as industrial raw
materials of protein phytopreparations used as effective general strengthening, immunostimulating, antiviral
remedies, as well as components of sports and dietary nutrition are given. The selection of a Polygonum
viviparum L. perennial Kazakhstan plant as a source potentially biologically active oligo- and polypeptides
is explained. Data of phytochemical analysis of target and accompanying types of biologically active
substances in above-ground part of Polygonum viviparum L. are gived. Experimental data on effect of type
and polarity of extractant, ratio of raw material: extractant, temperature, time, multiplicity and mode of
extraction, structure and concentration of precipitator, on completeness and selectivity of extraction of
components of protein nature from natural raw materials are presented. Results of selection of optimal
methods of final purification, analysis and standardization of the target products are given. Comparative
analysis of efficiency of developed and classical methods of oligo- and polypeptides isolation is presented. It
has been experimentally proved that as a result of the optimization of the chemical-technological process it
has been possible to increase the yield of natural oligo- and polypeptides to 11.45%, as well as to increase
the degree of extraction of proteins from plant raw materials by 1.21 - 1.45 times in comparison with
conventional methods.

Keywords: Polygonum L., polypeptides, phytochemical analysis, biologically active substances,
extraction, technology, standardization.

OnHOW W3 aKTyalbHBIX 33J]au Ka3aXCTAaHCKOW (hapMIIPOMBIIICHHOCTH, SBJISICTCS PACIIUPECHUE
ACCOPTUMEHTA OTEYECTBEHHBIX (PUTOMPENAPATOB MIMPOKOTO CIIEKTPa PU3UOIOTHYECKOTO AEHCTBHS,
XapaKTePU3YIOIIUXCS BBICOKON M30UPATENIbHOCTHI0 U HU3KOW TOKCHYHOCTHIO. K umciy Hambonee
MEPCIEKTUBHBIX OMOJOTMYECKH AaKTUBHBIX TPHUPOJHBIX META0OJIUTOB, OTHOCATCS OJHIO- H
nojunentuabl. K 4uciy uX mpeuMyIiecTB OTHOCSTCSA: OOIIMpHAs pacTUTENbHas ChIpbeBas 0asa,
MOCKOJIBKY BEIIECTBA OEIKOBOW MPHUPOJBI, SABSSICH CTPOUTEIBHBIM MaTePHaIOM PACTHTEIBHBIX
KJICTOK, MPHUCYTCTBYIOT B JIIOOBIX PAaCTCHHSX, B TOM 4YHCie, mpouspacraiommx B Kaszaxcrane; a
TaK)Ke IMHPOKUN CHEKTP HMX OHOJIOrMYecKoro aeicTBus. ONHUro- W TMOJUMEHTHIBI MPOSBISIOT
M30MPaATEILHOE MMPOTUBOOIYXOJICBOE U MTPOTHBOBOCIIATIMTEIbHOE JACHCTBUE, aKTHUBHBI TpoTrB BUY
W BHpYca IpUIIa, 00JaJal0T BRIPAKCHHON TOPMOHAILHON, HEHPOMUHUIA3HON U aHAIBICTUYCCKON
AKTUBHOCTHIO, AHTHOAKTEPUAIbHBIM M (YHTHIMIHBIM JEHCTBUEM, SIBISIOTCS 3(P(GEKTHBHBIMU
umMmyHoMoayJisitopamu [1-12], a Takke KOMIIOHEHTaMH CIOPTUBHOTO W JIUETHYECKOTO MUTAHUS
[13,14].

Iesb MccaenoBaHUs: BBISBUTh BO3MOXXHOCTH CEJICKTUBHOTO M3BJICUCHUS CYMMbI PACTHTEIBHBIX
OJIUTO- WM TIOJMITENTH/IOB, BHE 3aBUCHMOCTH OT COCTaBa COMYTCTBYIOIIMX TIPYII OHOJOTHYECKU
AKTHBHBIX BEIECTB.

Ob6bexkToM UCCIIEI0BAHUS ObLI Ka3aXCTaHCKHI BH/]I ropen YKABOPOISIIHAN
(Polygonum viviparum L.), umeromuii TpOMBIIUICHHBIC 3allachl Ha TEPPUTOpUU PecryOnuku
Kazaxcran.

HCHOJ’IL3y€MOC pacTCHUC OBLIO BBICYHICHO B €CTCCTBCHHBIX YCJIOBUAX, U3MCIIBUCHO 10 pasMeEpa
gactur, 3-5 MM, I IOCICAYIOMETO KAaUYCCTBCHHOIO M KOJUYCCTBEHHOI'O q)HTOXPIMPIquKOFO
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aHallu3a Ha OCHOBHBIE CTPYKTYpPHBIE THUIBl PACTUTENbHBIX MeETa0oauTOB. DuTOaHAIHU3
PaCTHTENBHOTO CHIPhS MPOBOAWIN MO MeTtofaMm locymapctBeHHoO# ¢apmakornen Kazaxcrana u
oOmenpuHATHIM MeToauKaMm [ 13, 14], moaydeHHbIe pe3yabTaThl MpeCcTaBIeHbIl B Tabmue 1.

Tabmuma 1 — Pe3ynbpTaThl (UTOXMMHUYECKOTO HCCIICIOBaHHUS OCHOBHBIX Tpynn BAB B ropie
KUBOPOASIIEM, %o

Crpykrypssiii Tunt BAB Conepxanue B HaA3EMHOU Coneprxanue B
yactd, % KOpHSIX, %0
ANKaIou I 0,75 0,43
Kymapunbt 2,24 1,66
['uaponmsyembie 1yOUIbHBIC BEIIECTBA 5,88 7,09
d1aBoOHOUIBI 5,77 4,46
Benku 12,15 5,68
[Tonucaxapubt 10,09 14,72
AHTpaxUHOHBI 3,79 5,91
KcanToHb! 0,42 0,73
DEHOJIOKHUCIIOTHI 0,92 0,65
D¢dupHbie Macia 0,25 0,04

HNannuble Tabnmuubl 1 yka3pIBalOT BBICOKOE cojep)kaHHe IeneBod rpynnbl BAB B oObekTe
UCCJIEIOBaHNSI M HA MEPCHEKTUBHOCTh M3YUYEHMS] TEXHOJOTMHU CEJIEKTUBHOTO W3BJIEUYEHUS CYMMBI
OJIUTO- Y MOJIUTIENTUAOB U3 HAJ3EMHOM YacTH ropiia )KUBOPOSILETO.

JUia  onTMMH3alMM XMMHYECKHUX IPOLIECCOB, IMOBBIIIEHUS IIOJHOTBI M  CEIEKTUBHOCTU
M3BJICUEHUS OJIUTO- U TOJUIIENTHIOB U3 PACTUTENBHOTO ChIPhsl ObLIO U3YyYEHO: BIUSHUE MPUPOJIBI
9KCTpareHTa, COOTHOIICHUS ChIpb€ — IKCTPAreHT, TUMAa W KOHLEHTPALUU OCATUTENs, a TaKkKe
TEMIIEPATypPbl U BPEMEHU IKCTPAKIIUH.

Jia ompeneneHus ONTHUMAJIbHOIO 3KCTpareHTa NEeNTHAHOM (pakuuu ObLIM BBIOpaHBI: BOJA,
pactBop Hatpus xjiopuma 0.5M, pactBop HaTpusi ruapokcuaa 0.1M, docdarHbiii ¥ aneraTHbIN
Oydepsl. M3MenpueHHOE BO3IYIIHO-CYXO€ PACTUTENBHOE CBIPbE 3AIMBATIOCh TPEXKPATHBIM I10
00bEMy KOJIMYECTBOM YKAa3aHHBIX OSKCTPAreHTOB M HArpeBajoCch B TEUYEHUHM [BYX YacoB IpHU
TEMIIEpaTypax KWUIIEHHUsS pacTBOpUTENel. Pe3ynpTaThl KOJMYECTBEHHOI'O aHAIM3a COJEPIKaHUA
NEeNTUIHON (PpaKLUU B OOLIMX SKCTPAKTaxX MpeACTaBICHbl Ha pUCYHKE 1.

W3 nmnpeacraBneHHBIX JaHHBIX CIEAYET, YTO ONTHMAaJbHBIM JKCTPAreHTOM  SBIISETCS
JUCTUJUIMPOBaHHAsl BOAAa. DTO O3HAYaeT, YTO B PACTUTEIILHOM ChIpbe, B OOJBIIEM KOJIHYECTBE
MPUCYTCTBYIOT BOJOpPACTBOPUMBbIE O€lIKM — aJlbOyMHHBI. 3HAYUTENbHOE OTJIIMYHE B BBIXOJE
0enkoBoil (pakiMy B HM3y4aeMbIX IKCTPAKTaX OT €€ KOJIMYECTBEHHOI'O COJIEp)KaHUs B OOBEKTE
UCCIIEIOBaHMs, IMO-BUAUMOMY, CBSI3aHO C JUIMTEIbHOCTHIO HArpeBaHUs JKCTPAaKTa, a TaKXKe C
BBICOKOM TE€pPMOJIA0MIIBHOCTBIO TPHPOIHBIX TMOJMIENTHIOB, TPHUBOAAMEH K HeoOpatumon
neHatypauun Oenka. {7 BBIABICHHMS ONTHMAIbHOTO COOTHOLIEHHS ChIphE : JKCTPAreHT, ObLI
u3ydeH auanas3ol ot 1:3 mo 1:10 (v/v). UccnenoBanue mpoBOUIOCH IPH ABYXYaCOBOM HarpeBaHHH
IpU TeMIIepaType KUMeHUs BOAbI (PUCYHOK 2).
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PI/ICYHOK 2— PCSy.]'ILT&TLI Hucciaea0BaHud ONITUMAJIIBHOTO COOTHOMICHUA ChIPBE:9KCTPATrCHT

I/ICXOJISI W3 TOJYUYCHHBIX JAaHHBIX ONTHUMAJbHBIM COOTHOHMICHUCM CBIPHC : OKCTPArcHT CICAYCT
npu3Hath 1:7, manpHellIee yBeTMUEHUE KOJIUYECTBA PACTBOPHUTENS HE 3HAYMTEIHHO CKA3bIBACTCS
Ha MOBBIIICHUN BBIXOA [IEJIEBOTO MPOIYKTA.

[Ipu ompeneneHWH ONTUMAIBLHOW TEMIIEPATyphl OSKCTPAKIMKA OBUT BBHIOpAaH JWATIa30H
temmepatyp: 5, 20, 40, 60, 80 °C. HarpeBanme OCYIIECTBISJIM B TEUEHHWHU ABYX YaCOB TPHU
TEeMIIEpaType KUTIEHUSI SKCTPareHTa U COOTHOIICHUH ChIPhE : dKCTpareHT 1:7. Pe3ynpTaThl aHanmza
MIpe/ICTaBJICHBI HA PUCYHKE 3.

[TonydeHHbIe NaHHBIE CBHJETENBCTBYIOT 00 ONTHMAIBLHOCTH MPOBENCHUS AKCTPAKIUN TPU
KOMHATHOM TeMIepaType, HIKE U BBIIIE KOTOPOH, HAOMI0AaIach YaCTUYHAS JeHATYpalus OEIKOB.

OnTuManbHOE BpEMsI DKCTPAKIIMHU OMNpEAesuid B WHTepBasie 4—48 4YacoB, mMpu TeMIiepaType

20 °C, B cooTHOIICHUHU ChIpbe:dKcTpareHt 1:7 (V/V) (pucyHoK 4).
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Pucynoxk 4 — Pe3ynbTarhl ucciie1oBaHUsI BIUSHUS BPEMEHU IKCTPAKITUN
Ha BBIXOJI MIENTUAHON Qpakiuuu

OntuManbHOM OKazanack 48 wacoBas Marepanus ¢ BBIXOAOM meneBoil rpymmsl BAB 7,79 %.
OmnpeneneHre ONTUMAIBFHOW KPaTHOCTH M ONTHMAIBHOTO PEXHMMa SKCTPAKIIUH OCYIISCTBISLTH B
MPEPHIBHOM WJIM HEMIPEPHIBHOM PEXKUME. AHAIIN3 COJIEPIKAHHS OJIUTO- M MOJIUTIETITHIOB ITPOBOIMIN
(bapMaKkoneiHbIM METOIOM (PUCYHOK 5):

8,1

8
79
7,8
7,7 .
7,6

1xN/3 1xN/4 1xN/6 1xN/8

Conepxanue, %

Pexum 1 KpaTHOCTB IKCTPAKIUU

Pucynok 5 — Pe3ynbpTarsl aHasiu3a BIUSHUSA PEKUMA U KPATHOCTH SKCTPAKIIUU
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Ha MOJIHOTY SKCTPAKIMU NenTuaHoi paxiuu, %

Takum o0O0Opa3oM, ONTHUMAIbHBIM BAPUAHTOM CEJIEKTUBHOM OSKCTPAKLUUU TOJIMIIEITHIHON
bpakuun sBisercs 48-4acoBoe HaCTaMBaHWE M3MEIBLYECHHOTO PacTUTENBHOTO Chipbs mpu 20 °C c
JO3UPOBAaHHBIM JJOOABJICHHEM B SKCTPAKTOP PACTBOPUTEIIS.

Jlnist oripeniesieHus] ONTUMAIbHOTO OCAJAUTEN U 00BEMHOTO0 COOTHOIICHUS SKCTPAKT:0CAAUTEINb,
ObUIN M3YYEHBI alleTOH, CIIUPT ATUIIOBBIA 96%, aMMOHMS Cyib(aT HACHIIIEHHBIA, B COOTHOUICHUU
ot 1:1 o 1:7 (v/V) (tabnuua 2).

Tabmuma 2 — PesynbraThl aHaiM3a BIWSHUS TPUPOJBI OCATUTENS HA TOTHOTY OCAKICHHS
nenTuaHoN gpakuuu, %

CooTHoOLIEHNE Ocanurens
KCTPAKT:0CAIITEIb AueroH CnupT 3TUIOBBIN AmMonus cynbdar
96% HACBIIICHHBIN
11 8,34 8,22 8,41
1:2 9,35 8,73 8,78
1:3 10,16 9,29 9,24
1:4 10,89 9,71 9,66
1:5 11,45 10,15 9,97
1:6 11,57 10,34 10,21
1:7 11,63 10,47 10,33

[TonydyeHHbIE NaHHBIE CBUJECTEIBCTBYIOT O TOM, YTO ONTHMAJIbHBIM OCaTUTENIEM JUISl OJIUTO- U
HOJUMIENTUAHON (PaKIUK TopIla KUBOPOIAIIETO SBISETCS MATUKPATHBINA H30bITOK (V/V) aleToHa,
YTO MO3BOJINJIO BBIAETUTH 94,2 % MOIUNENTHIOB OT UX COAEPIKAHUS B PACTUTEIILHOM ChIPbE.

Jnst oueHKH >(PQPEeKTUBHOCTH pPa3pabOTaHHOM METOJUKH, OBLJIO MPOBEIEHO €€ CPaBHEHHE C
KJTACCHYECKMMHU  JKCTPaKIMOHHBIMUA  mpouenypamu  [12,13]  ceneKTHBHOTO  BBIICICHHUS
PaCTUTEIbHBIX OJUMENTUIHBIX KOMIUIEKCOB (PUCYHOK 0).

CpaBHeHHE MOITYYEHHBIX PE3yJIbTaTOB MOKA3aJl0, YTO MPH HCMOIb30BAHUM ISl CEJIEKTUBHOTO
U3BJICYEHUS] pa3pa0OTaHHOM METOAMKH, YAANOCh MOBBICUTH BBIXOJ ILeneBod rpymnnsl BAB B
1.21-1.45 pa3 oT OOIMENPUHATHIX SKCTPAKIIMOHHBIX ITPOIICTYP.

[Ipn BbIOOpPE ONTHMAJIBLHOTO METOJA MpEenapaTUBHOW OYUCTKU OJMIO- U TOJMIENTUIHON
(GpakuMd TEXHOTC€HHOr0 TabayHOTO ChIPbs, C BO3MOXKHOCTHIO CTAaHAAPTH3AIMU TOJTYYEHHBIX
CYMMapHBIX MENTHIHBIX (UTOMpPENapaToB, ObLIO J0KA3aHO, YTO ONTHMAJIBHBIM METOOM SBIISETCS
skckmo3nonHas BOXX B ycrnoBusax oOpameHHO-pazoBoro mpomecca Ha Koionke Agilent
AdvanceBio SEC 13 (2.7 mxm), ¢ noasmwkHo# dazoit — 150-MM dochatasim 6ydepom (pH 7.0),
npu ckopoctu motoka 0.35 mi/mMuH 1 ucnionas3oBannu Y O-nerexkropa (220 HM).

Takum o0pa3zom, ObUTa 3HAUUTEIBHO YIIyYllIEHa METOJMKA CEJIEKTMBHOTO W3BJICUEHUS
KOMIUIEKCa MPUPOJIHBIX OJIUTO- U MOJMIENTH/IOB, MO3BOJSIONIAsS B ONTUMH3MPOBAHHOM BapHaHTE
u3Biekarb Oosiee 90 % BemiecTB O€IKOBOM MPUPOIBI OT UX COAEPKAHUS B PACTUTEIBHOM ChIPbE,
MIPUTOJIHAS ISl UCTIOJIb30BAaHUS Ha PEANPHUATUAX (papMalleBTUUeCKO MPOMBIIIUIEHHOCTH.
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Metoz u3BICYEHHS TOTUIIEIITHIOB

PI/ICYHOK 6 — PeSYJ'ILTaTLI CPAaBHUTCIIbHOI'O UCCJICIOBAHUA 3(1)(I)CKTI/IBHOCTI/I
PAa3JIMYHBIX METOA0B U3BJICUCHUA TPUPOAHBIX ITOJUIICIITUI0B

Paboma oOvina evinonnena 6 pamxax npoepammvl yeneozo Gurancuposanusi:BR05236419
«Cosz0anue DYHKYUOHATUBUPOBAHHBIX OPLAHUYECKUX Geujecme U MaAmepuailos ¢ WUPOKUM
CNEKMPOM BO3MONCHO2O BbICOKOIPHEKMUBHO20 NPAKMUYECKO20 NPUMEHEHUSLY.
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2School of Chemical Engineering, Kazakh-British Technical University,
Almaty, Republic of Kazakhstan
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Hydrogels based on natural polymers chitosan-starch-polyvinylpyrrolidone and chitosan-starch-
polyvinylpyrrolidone-agar were synthesized by radiation polymerization using electron accelerator. The
effect of copolymers composition and radiation dose on the yield and swelling ability of hydrogels was
studied. The optimal parameters for the synthesis of hydrogels were established: irradiation dose of 25 kGy
and a starch content of 5 wt.%. The water-holding ability and desorption of water from hydrogels was
investigated. Obtained results showed that hydrogel shell is able to keep moisture around the seeds 7 times
longer. The effect of the coating layer on seed germination was studied. It was found that the optimal
conditions for seed germination is to coat them with a 1 layer of polymer hydrogel.

Keywords: technology of pelleting, radiation synthesis, natural polymers, hydrogels, swelling, radiation
dose, germination energy.

Memooom paduayuonnoii norumepu3ayuy Ha 1eKMpPOHHOM YCKopumesne CUHMe3uposanvl 2Uu0po2eiu Ha
OCHOBE  NPUPOOHBIX — NOAUMEPOS  XUMO3AH-KPAXMAN-NOTUSUHUINUPPOIUOOH — U XUMO3AH-KPAXMAT-
NONUBUHUTNUPPOIUOOH-azap. H3yueHo enusiHue cocmaea COnoaumepos u 003bl OONVYeHUs HA 6bIX0O0 U
Habyxaowylo cnocooHocms 2uopozenei. Ycmanosnenvl OnmMumMaibible napamempuvl cunmesa 2uopoenel.
0oza obnyuenuss 25 klp u codepocanue kpaxmana 5 mac.%. Hccnedosana 61a20y0epicusaowyast
cnocobnocms U decopoyust 600bl U3 cudpozeiei. Ycmanosneno, umo 61a200aps 2uopozenegol 00onouxe,
611a2a CNOCOOHA YOepIHCUBAMbCS BOKPY2 CeMAH 6 7 pa3 donbute. H3yueno enusanue opaircupo8oyHo2o cios Ha
npopocm cemaH. YcmanoeneHo, ymo ONMuMAIbHLIMU YCAO8UAMU Ol NPOPACMAHUA CEeMSH S6IAemcs
NnoKpuimue uUx HOAUMepHbIM euopoceiem 8 1 cioil.

Knwouesvie cnosa: mexnonocusi Opajicupoauus, paouayuoOHHwvlli CUHmMe3, NpUpooHble NOAUMEPDL,
eudpoeenu, Habyxanue, 003a 0OyUeHUs, dHEP2Us RPOPACMAHUSL.

Xumo3an-kpaxman-noausuHUINUPPOIUOOH Jicane XUMO3AH-KPAXMAT-NOIUSUHUINUPPOIUOOH-A2AD
Heeizinoe2l mabusu noaumepiaepee He2iz0en2en uopo2enboep IAeKMPOHObIK yOoemKiume paouayusiivlk,
noaumepusayusi apxulivt cunmesoendi. Conoaumepnep KYpamol MeH cayaeieny 003acbiiblly cuopo2eiboepoiy
Kipicminiei men iciny Kabinemine acepi sepmmendi. 1 uopoeenvoep cunmesi yulin oHmaiiisLl napamempiep
aHvIKmanovl: cayneneny momuepi 25 xlp oicone kpaxman memuepi 5%. Cy emxizeiwmici dicone
eudpozenvoepoer cyovl CiHipy MymKiHOiei 3epmmendi. [uopozenv Kabwl2biMbIY APKACLIHOA bLIRAT
MYKbIMHBIY AUHANACHIHOA 7 ece Y3aK mYpa aiamulHObIbl AHbIKManobl. Kanmay KabamulHbly MYKblM OHYIHe
acepi 3epmmendi. TyKbiMHLIY OMYIHIY OHMAUILI wapmmapvl - oaaposl 1 Kabammazvl noaumepii
2uopozenbMeH Kanmay.
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Tipex ce30ep: myiiipuiixmey mexHOI02UACHL, PAOUAYUSTLIK CUHTNE3, Maduzy noaumepep, 2uopo2easboep,
iCiHy, cayneneHy 003achl, OHY IHEPSUACHI.

Introduction. At present, due to the irrational consumption of water resources and an increase in
synthetic waste, humanity is facing more and more acute environmental problems, the solution of
which would prevent food shortages in arid regions and contamination the planet.

The use of polymer hydrogels can help in solving these problems, due to a range of necessary
properties. In particular, in the agricultural industry, polymer hydrogels can be used as fillers in
seed pelleting, which make economy inwater supply and improve seed care [1]. The use of natural
polymers instead of synthetic one for these purposes will allow to avoid contamination of the soil,
since hydrogels based on biopolymers have such unique characteristics as biodegradation, growth
promoting effect, antimicrobial properties, etc. [2]. Biopolymers can be also widely used in
medicine [3], wastewater treatment [4], as biocatalysts, in electrochemical devices [5].

Among the biopolymers, cellulose and chitosan are the most preferred and common used. Other
biopolymers such as lignin, tannin, inulin, pectin, starch, alginate, agar, xanthan, guar gum,
polycaprolactone and polyhydroxyalkanoates are also applied for a wide range of environmental
solutions [6].

Chitosan is a biopolymer with a wide range of commercial and biomedical applications. Natural
polysaccharide mainly obtained from crustacean shellsby deacetylation of chitin. Currently, a huge
number of studies using chitosan. The reason for this level of interest is that chitosan is
biocompatible, biodegradable, non-toxic, mucoadhesive and has good compatibility with other
polymers in composites. For example, chitosan has been shown to inhibit viral infections in many
species [7].

Natural polymers usually decompose in biological systems as a result of hydrolysis followed by
oxidation; therefore, when developing biodegradable synthetic materials, the first feature that
should be taken into account are hydrolyzable bonds, such as amide, ester, urea, and urethane
groups [8].

In the work, the method of radiation polymerization was used for synthesis and characterization
of copolymeric hydrogel based on chitosan, starch, polyvinylpyrrolidone and agar. The possibility
of using the obtained hydrogels for pelleting seeds was investigated.

Materials. Chitosan, an acetylation degree more than 90%, manufactured by Biorigins (Great
Britain). Kollidon 90F (polyvinylpyrrolidone (PVP)), molecular weight 1 million, manufactured by
Sigma-Aldrich (USA). Food starch (potato). Agar-agar, manufactured by Aldrich Chemical Co
(USA). Sodium fluorescein manufactured by Sigma-Aldrich (USA). All chemicals were used
without further purification. Sugar beet seeds were provided by the Institute for Plant Protection and
Quarantine, Almaty. Sugar beet seeds produced by Ardan.

Methods. Synthesis of hydrogels: Hydrogels based on chitosan, PVP, starch, agar-agar were
synthesized by radiation polymerization. An electron accelerator ELV-4 at the Institute of Nuclear
Physics, Almaty was used as a source of radiation. To obtain hydrogels, the radiation dose was
varied in the range of 15-45 kGy.

Aqueous solutions of chitosan concentration of 1.25 wt.%, PVP - 7 wt.%, Starch - 3, 5, 10, 20 wt.%
and agar 1 wt.% were prepared as follows: chitosan was dissolved in a separate container in 300 ml
of a 0.1 M hydrochloric acid solution for 24 hours at room temperature with constant stirring. PVP

was dissolved separately at a temperature of 60-70 °C for 2 hours with constant stirring. Starch and
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agar were dissolved in distilled water at 70-80 °C and 60 °C, respectively, in separate containers
with constant stirring. Then, prepared chitosan solution was poured into a solution of PVP and
mixed for about 20-30 minutes at 70 °C. Then, starch and agar solutions were added to the resulting
mixture, with constant stirring, maintaining a temperature of 60-70 °C. The resulting mixture was
kept for 1 hour and poured onto substrates for further irradiation.

Hydrogels based on chitosan, PVP, and starch, were prepared in a similar way, in the absence of
agar.

Determination of swelling degree of hydrogels: The gravimetric method for measuring the
swellingdegree of hydrogels was used. The equilibrium swelling degree was determined in distilled
water at room temperature. The measurements were carried out until the gel reached a constant
mass value. Measurements for each hydrogel sample were carried out in 3 series of measurements.
The swelling degree was determined by the formula (1):

__ Ms-Md

wa @)

where Ms and Md — weight of swollen and dry hydrogel sample, g.

Determination of sol and gel fractions of hydrogels: synthesized polymer gels were pre-dried to
constant weight and then dropped to distilled water at room temperature. Water was changed 2-3
times a day to remove unreacted polymers from gel. After two days, the polymer gel was separated
from the water using a mesh cloth and dried in the open air to constant weight.The gel fraction
content (G%) was calculated by the formula (2):

Md )
GC% = * 100%
Msynt
here
Md — weight of washed and dried gel, g;
Msynt — weight of synthesized and dried gel, g.
Sol fraction (S%) was calculated by formula (3):
S% =100% - G%, (3)

here G% — gel fraction content, %.

Seed pelleting by polymer hydrogels: several different combinations of dragee shell were
prepared: polymer clay (with a ratio of 2: 1, 1: 1, 1: 2 wt.%), pure clay and pure polymer (1 and 2
layers). Solution of 0.05% PVP was used as an adhesive solution for seed pelleting.Before pelleting
the polymer hydrogels were crushed and fractionated on sieves, the fraction 0.4—0.5 microns was
used for shell formation. Before formation of polymer shell around the beet seed, the seed was
wetted in a PVP solution and placed in a powder of chitosan-PVP-starch-agar copolymer and clay.
For formation a second layer of shell, the procedure of shell formation was repeated. Then pelleted
granules were rolled into a spherical shape.

Clay-pelleted beet seeds produced by Ardanwere used as control samples.

Water retention study: assessment of the water-holding capacity of the gel is based on the study
of the rate of water desorption from the gel in Petri dishes on air. The study on Petri dishes allowed
us to determine the free diffusion of water from the polymer. The dry pelleted seed was weighted
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and placed in a container with water. After reaching the equilibrium swelling degree (about 1.5
hours) the pelleted seed was removed, weighed and left in the open air. Weight change of the
samples was recordedat certain intervals of time.

Containers with a size of 10x20 cm andholes for air made of acrylic glass with a walls thickness
of 3 mm were usedto study the water and nutrients sorption and desorption from seed shells. This
design allows to set the thickness of the ground layer between the plastic plates, and the
transparency of the plates allows you to monitor the process of seed germination.

A study of water adsorption and desorption by a polymer shell in the soil was carried out visually
using a camera. Experiment was conducted in acrylic box with size 10x20x3 cm, distance between
seeds was 2-3 cm and depth of 2-3 cm.Beet seeds were placed in dry soil and werewatered by 3 ml
of water per seed. The change of the size of moist seed shell was measured using a ruler and
camera.

To study the distribution of nutrients in the ground, the pelleted seed was placed in a 0.1%
sodium fluorescein solution, kept to constant weight, then placed in a container with moist soil to a
depth of 1 cm. All changes were recorded by ruler and camera.

The study of seed germination: germination of beet seeds was determined in laboratory
conditions using Petri dishes on filter paper laid in 2-3 layers according to GOST 12038-84. 30
samples of dragged seeds of each type were prepared: 1 layer of pelleting, 2 layers of pelleting,
pelleting with a clay-hydrogel layer (1:1, 2:1, 1:2 w.%), pelleted with clay, commercial seeds
pelleted with clay. During the experiment, watering was carried out on the 5™ and 10" day after
planting and amounted to 4-5 ml for each Petri dish. The process of seed germination was recorded
on the camera at certain intervals of time.

Results and discussion. Using radiation polymerization method thepolymer hydrogels of
chitosan-PVP-starch and chitosan-PVP-starch-agar were synthesized and characterized. The
radiation dose was ranged from 15-45 kGy, the starch concentration from 3-20 wt.%. For the
obtained crosslinked copolymers, a sol-gel analysis was carried out to establish the effect of the
radiation dose and starch concentration on the gel yield. Figures 1 and 2 show the results of analysis
of chitosan-PVP-starch and chitosan-PVP-starch-agar systems depending on the starch
concentration (Figure 1) and the radiation dose (Figure 2). It can be seen from the figures that the
yield of gel fractions for both systems increases with an increase in the radiation dose. It can be
related to the fact that an increase in the irradiation dose results in growth of crosslinking degree of
macromolecules. It has been established that the dependence of starch concentration is ambiguous,
thereby not giving the opportunity to draw conclusions about the effect of starch on the yield of sol-
gel fraction.

Chitosan-PVP-starch and chitosan-PVP-starch-agar were compared and it was found that the
presence of agar the yield of the gel fraction increases, probably due to the growth in the density of
crosslinked polymer network, in addition, obtained hydrogel has better mechanical properties.

The swelling degree of hydrogels was analyzedin the work. Figures 3 and 4 show the values of
equilibrium swelling of chitosan-starch-PVP-agar hydrogels depending on the irradiation dose and
concentration of starch. It can be seen from the figures that both, the concentration of starch and the
radiation dose affect the swelling degree of polymer. Moreover, with increasing the starch
concentration and radiation dose, the swelling degree decreases. This is probably due to an increase
in the density of crosslinking of the polymer network.
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(1) 3% (2) (1) 5% (2) (1) 10% (2) (1)20% (2)  Cstarch
Dose = 25 kGy

Figure 1 — The yield of the gel fraction of PVP-chitosan-starch-agar (1) and PVP-chitosan-starch (2)
systems depending on the starch concentration

D
(1) 15k Tp (1) 25k p (2) (1)35kTp(2) (1) 45k p (2)

Cstarch = 3 W.%

Figure 2 — The yield of the gel fraction of PVP-chitosan-starch-agar (1) and
PVP-chitosan-starch (2) systems depending on the irradiation dose

79



N3BECTUS HAYUYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2019, Ne 3 (66)

4,4 -

3,6
3,2
2,8
2,4

1,6
1,2
0,8
0,4

0 T T T r g

3 5 10 20 Cstarch %
Dose = 25 kGy

a,g/g

Figure 3 — Dependence of the swelling degree of chitosan-starch-PVP-agar hydrogel
on starch concentration

4,4

N

3,6

3,2

2,8
o0

= 2,4

\ .

1,6
1,2
0,8
0,4

0 T T T >
15 25 35 45 D, kGy

Cstarch = 3 W.%

Figure4 — Dependence of the swelling degree of chitosan-starch-PVP-agar hydrogel
on irradiation dose

The study of seeds germination depending on various parameters. Influence of seeds coating
layer on the germination and germination energy of sugar beet seeds was studied. Germination of
beet seeds was determined according to GOST 12038-84. Seeds were laid out in 15 pieces in
duplicate. The number of beet seeds sprouted on the 4™day characterizes their germination energy
and on the 10"day their germination (Figures 5 and 6).

From figure 5, we can conclude that the samples of seeds No. 2 pelleted with the compositions:
one layer of polymer, two layers of polymer, one clay-polymer 2:1 layer showed the highest activity
of seed germination on 4"day. The remaining samples showed low germination activity or did not
germinate at all.

From Figure 6 it was found that the seeds coated with the compositions: one layer of polymer,
two layers of polymer and clay-polymer ratio of 1:2 layer had the highest germination among all
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seed samples. It can be noted that the maximum percentage of germination is demonstrated by the
sample of seed No. 2 coated by one layer of polymer.

The experiments on Petri dishes allowed us visually to observe the progress of the seed
germination process, however, despite the convenience of observation, this method does not
modulate the real conditions of seed germination in the soil.

% 30

M m Seeds #1

N Seeds #2
25 -
20 4
15 A1
10 1
5
u -

2 layers 1 layer clay!pol21 clay!pol 1.2 clayfpoH A
layer layer

Figure 5 — Energy of germination of sugar beet seeds on the 4™ day
depending on the type of pelleting

%
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N Seeds #2
40
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Figure 6 — Germination of sugar beet seeds on 10"day depending on the type of pelleting
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The effectiveness of pelleting was evaluated by the biometric indicators of seed germination. Data
on the Table 1 shows the parameters of the biometric indicator of the germs. The indicators were
taken on 4™and 10™days of seeds planting.

Table 1 — Biometric indicator of the germs

The length of germs / Length of germs /
Number of experiment Germination energy Laboratory germination
4" day 10" day
1 2 3
Seeds #1 2.cm (6.67) 7-8 cm (26.67)
clay/polymer 1:1 2cm(6.67) 4cm(13.34)
1.5cm (20) 4cm(20)
Seeds #1 3cm(13.34) 7cm(13.34)
clay/polymer 1:2 - -
2cm(40) 8cm(80)
Seeds #1 2cm(6.67) 7cm(6.67)
clay/polymer2:1 - -
Seeds #1 - -
1 layer of polymer 3cm(6.67) 4-5cm(13.34)
3cm(10) 6cm(20)
Seeds #1 2cm(13.34) 4cm(26.67)
2 layers of polymer - -
4-5cm(60) 8cm(80)
Seeds #2 - -
clay/polymerl:1 - -
Seeds #2 3cm(13.34) 6-7cm(13.34)
clay/polymerl:2 - -
4-5cm(40) 8cm(60)
Seeds #2 2-3cm(33.34) 4-5cm(46.67)
clay/polymer2:1 2-3cm(20) 4cm(20)
Seeds #2 2-3cm(20) 7cm(53)
1 layer of polymer 2-3cm(46.67) 7-8cm(80)
4cm(10) 8cm(10)
Seeds #2 1cm(33.34) 5cm(53.34)
2 layers of polymer 1cm(13.34) 4-5cm(13.34)
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Study of water and nutrients desorption from the coating layer of seeds. The rate of water
desorption from a pre-swollen polymer gel coating was studied. The data on the desorption of an
aqueous solution of sodium fluorescein from a previously swollen double-layer of chitosan-PVP-
starch-agar-agar hydrogel seed coating are presented on figure 7. By changing the number of
coating layers, you can track the residual moisture of the polymer and the nutrient content in it.
Desorption was observed for 5 days, while after the fifth day there were no visual changes in the
size of the gel. The size of the hydrogel granule decreased by 16 times.

A) on the day of sowing; B) on the second day; C) on the third day;
D) on the fourth day; E) on the fifth day

Figure 7 — Desorption of an aqueous solution of sodium fluorescein from pre-swollen pelleted seeds

Conclusion. The hydrogels of various compositions based on chitosan, PVP, starch, agar were
synthesized by radiation crosslinking using electrons accelerator. The dependence of sol and gel
fractions yield of radiation-crosslinked copolymeric hydrogels on various parameters was
investigated. It was established that the presence of agar in the gel structure increases its yield with
an increase in the radiation dose from 15 to 45 kGy. The swelling ability of the synthesized gels
was studied. It was shown that with an increase in the radiation dose from 15 to 45 kGy and an
increase in the concentration of starch in the composition, the swelling degree of polymer gel
decreases. It has been established that the optimal parameters for producing hydrogels are an
irradiation dose of 25 kGy and a starch content of 5 wt.%.The water-holding ability and the process
of water desorption from a polymer coating in a pelleted seed were studied. It has been established
that the polymer shell around the seed is able to retain the water at the early stages of seed
germentation. While moisture is retained in the pelleted seed 7 times longer.The optimal conditions
for pelleting seeds were determined based on the results of their seedling. It was established that the
highest germination energy and germination was observed in samples of seeds No. 2, coated in one
layer. The proposed seed pelleting system is effective and technologically feasible.
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CHLORELLA VULGARIS BAJIJIBIP )KACYIIAJIAPBIH
Cr* MOHJIAPBIHBIH AJJCOPBEHTI PETIH/IE KOJIIAHY

TarTu6aeBa K.A., Taxioaesa C.M., MycadekoB K.b., Tactambex K.T.,
3asanan b.K., )Ky0anoBa A.A.
an-@apabu amvinoazvl Kasax ynmmeix ynueepcumemi, Aimamot, Kazaxcman Pecnyonuxacei
e-mail: tazhibayeva_s@mail.ru

Cr¥  wonoapemwiy  Chlorella  vulgaris 6andwip  ocacywanapeinsiy — 6Gemindezi  adcopoyuacel
HUK-cnexmpockonus, Jcapvly  wawvlpamy JcaHe peHmeeHopaoopecyenmmi  manoay —aodicmepimen
sepmmendi. Adcopbyus nomuxcenepi Jlenemiop scone Ppeiinonux modenvepi wenbepinde oyoendi. Cri*
UOHOAPBIHBIY  JHCACYUANAPObIY  Oeminoe2i Makcumanovl aocopoyusicvinbly MaHi 34,2 me/ e, an 1/n
konemanmacer 0,74 Kypatimeinel kepcemindi. Aocopoyua Cr** uondapwinwiy scacywa 6emindezi amun,
KapOOKCUL, 2UOPOKCUN JicaHe hocgham monmapviMen UOHAIMACY, INEKMPOCMAMUKAIBIK JHCIHE OOHODIbL-
axyenmopavl apexemmecynepine nezizoenzer. Chlorella vulgaris 6anowip orcacywanapoineiy Kypaminoa
K, Ca, Zn, Cl, S, P, Mn snemenmmepiniy 6acolmovlebl KOpceminoi. cr* UOHOAPBIHBIY AdCcopOYUsCHL OANOBID
bonuexmepiniy o1ueMOePIniy YaKeioine anvin Kendi. Byn ocaiim scacywanap 3apsovinbly Oetimapanmarybl
Homudicecinde 0napovly  63apd  INeKMpPOCMAmMUKAIblK  medicy Kywmepiniy d3aioblHa  OQulaHblCmbl
KOA2YIAYUSTIAHYbIMEH He2i30eI2eH.

Tipex co30ep: Chlorella vulgaris 6anowip sicacywanapul, aocopoyus, xpom (I1l) uonoapwl, UK, bonuex
onueMi, AHcacyuia Kypamol, a0copoyus Mexanusmi.

Memooamu HK-cnekmpockonuu, ceemopaccesnus U peHmeeHOPI00pecyenmuo20 aHamsa usyyena
aocopbyus uonos Cr** na nosepxnocmu xnemox eodopocneii Chlorella vulgaris. Pesytsmamvl adcopbyuu
obpabomanvl 6 pamxax modeneii Jlenemwpa u @peiinonuxa. Iloxkazano, umo 3nauenue MaAKCUMATLHOU
aocopbyuu UOHO8 cr* ua nosepxnocmu Kiemox cocmaeisem 34,2 me/e, a xoncmanma 1/n — 0,74.
Aodcopbyus obocnosana éaumodeiicmeuem uonos Cre* ¢ amunnvimi, KapOOKCUTLHBIMU, SUOPOKCUTLHBIMU U
Gdochamnvivu  epynnamu  NOGEPXHOCMU  KIEMOK 8000pOCTell N0  MeXauusmy UOHHO20 0OMeHa,
INEKMPOCMAUYECKO20 U OOHOPHO-AKYEeNmMopHo20 e3aumodeticmsutl. [lokazano domunuposarue 8 cocmage
kremox sodopociei Chlorella vulgaris K, Ca, Zn, Cl, S, P, Mn. Ycmanogneno, umo aocopoyust uoHo8 cr¥*
NpUBOOUM K YBeTUYEHUIO pasmepa Yacmuy 6000pociell. Imo C8:A3aH0 ¢ KOAZYIUPYrouum oeticmseuem UoHos
Memania 6 pesyibmame HeUmpamu3ayuy 3apsaoa KIemox U YMeHbUEHUeM CUL 31eKMpOCmamuiecKoeo
OMMAIKUBAHUSL.

Knioueevie cnosa: xnemru gooopocneii Chlorella vulgaris, adcopoyus, uomnwt xpoma (Ill), UK, pazmep
yacmuy, cocmas Kiemox, Mexanusm aocopoyuu.

Adsorption of Cr** ions on the surface of Chlorella vulgaris algae cells was studied by IR spectroscopy,
light scattering and X-Ray fluorescence analysis. The adsorption results were processed in the framework of
Langmuir and Freundlich models. It is shown that the maximum adsorption of Cr** ions on the surface of
cell is 34.2 mg / g, and the constant 1/n is 0.74. Adsorption is justified by the interaction of Cr*" ions with
amine, carboxyl, hydroxyl and phosphate groups on the surface of algae cells by the mechanism of ion
exchange, electrostatic and donor-acceptor interaction. Dominance of K, Ca, Zn, Cl, S, P, Mn in the

85



N3BECTUS HAYUYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2019, Ne 3 (66)

composition of Chlorella vulgaris algae cells is shown. It is shown that the adsorption of Cr®* ions leads to
an increase in the particle size of algae. This fact is associated with the coagulating action of metal ions as a
result of neutralization of the cell charge and a decrease of the electrostatic repulsion forces.

Keywords: Chlorella vulgaris algae cells, adsorption, chromium (111) ions, IR, particle size, composition
of cells, the mechanism of adsorption.

Kipicne. Kaszipri TaHga KopliaraH OpTaHBIH ayblp METaJJIapMEH JIACTaHybl — ©3€KTi
Macenenepin 0ipi 6ombim oTeip. ArbiH cynapra xpom (III) monmaper Tepi, 60sly eHAiIpicTepiHEH
KOHE XMMHSIIBIK OHAIpiC Ke3aepiHeH Tycemi. OHBIH KOHIEHTPAIMACH 2 MI/JI mIamaaaH apTKaH
KaFjaiga KopliaraH opTa YIIiH KaHueporeHai Oonbim  caHamaasl [1]. Cyael  Temen
KOHIIEHTPALMSAJAFbl ayblp METAUT MOHJAPBhIHAH Ta3apTyda SJCEKTPIIK TYHIBIPY, WMOH anMmacy,
MeMOpaHalblK 06y CHSKTBI JSCTYpJi TEXHOJOTHsUIApMEH Karap TaOuru copOeHTTepi
KOJIJAHYABIH THIMILTIIT KOpCEeTUAl JKOHE ayblp MeTaul HOHAAPBIH TOJBIFBIMEH 06y YIIiH
MHKpOar3aiap/bl MaiiiaiaHaThiH O0anama d/1ic YChIHBLIIBI [2-5].

MuxkpoOanabipiaap copOEHT peTiHAe KOJMAaHyFa bIHFaiisl OMoMacca 60ibin Tabbutaasl. JKackin
6angsipnapasiy Fe (1), Cu (II), Pb (II), Zn (II), Cr (VI) xxone Ni (II) nonnmapsin copOuusinay
KalineTi onapAblH OeTiHaeri (pyHKIHOHAN TomnTapblHa HerizaenreH [6, 7]. Xacyma Oerinae amuH,
THJIPOKCHII, KapOoKcu, THOI, (hocdaT xoHe OacKa TonTapablH O00JIybI 0JIapabl OMOCOPOCHT pETiH/Ie
KOJIJIaHFaH/Ia KOFapbl COPOLMSIIBIK JKOHE TaHJIaMMA3bUIBIK KaOileT KamTamachs eredi. Ocbiran
opaii xymbic Makcatel Chlorella vulgaris Gamslp kacymamapsr Gerimme Cr'* nommapsl
aJICOPOIUSCHIHBIH CPEKIIEITIKTEPIH aHBIKTAy OOJIIBI.

Mamepuanoap men 3epmmey adicmepi. 3eprrey ubicanbl peringe Chlorella vulgaris sxacein
Oanaplp >kacymanapsl Komjganeuiabsl. Omapael 298 K temmepaTypana cCyiabl opTaja apHaubl
(dhepMeHTaTOpIApIa TOMEHIETIIEH KypaMMeH ecipei (T/11): riroko3a — 5,0; allbITKbI ChIFBIHABICH —
1,0; menron — 1,0; tpunton — 1,0; FeSO, — 0,01 xome MgSO; — 0,05. OckeHHeH COH
LHEeHTpUdyraga KOPEKTIK opTajaH 06l ajbli, €Ki peT cyMeH masisl [8].

Cr(NO3)3-9H,0O Ty3bIHAH 1-102 M epITIHII JaWbIHAANBIN, 3ePTTEYTe KaKeT (0,1—1,0)-10'2
MOJIb/II KOHULEHTpAlMs apajblfblHAA EpITIHII CYMBUITBIIBIN o3ipseHAl. OcCbhl KOHIEHTpaunusjaa
epiTiHAlep Oanaplp >Kacyliagapbl CyCHEH3HMSICBIMEH apallacTbIPbUIBIN, 2 caraTTaH KeWiH onapniaH
OomiHAal. crt MOHBIHBIH KoHIeHTpauuschl Agilent 240FS (AKIL) aromabi-aacopOuusiIbiK
CHEeKTPO(OTOMETPIH/IE aHBIKTANAbI. AICOpOIMs MOH1 MbIHA (popMyJia OOMBIHILA €CETITENI1:
A=(C;-C,)V/m, mynnaarer C; xoHe Cy — cr’ MOHBIHBIH OacTamKbl jKOHE aJcopOuMsgaH KeWiHT1
KOHIICHTpALUsIIaPhI, MOJIB/JT; V— €pITIH/II KOJIeMi, JI, m — jKacyllla Maccachl.

banaeip xacymamapeiaeiH  MK-cmextpiiept  Avatar  370-Csl  (Thermo Nicolet, AKIII)
KypbUFbichiHga KBr tabmerkachinma Tycipimmi. 3eprreymep 400-4000 cm™ Tepberic kmimiri
apasbIFbIHA KYPIi3iii.

XKacy1a KOHIEHTpAIMChIH aHbIKTay YIIIH ajlabIMeH ['opsieB KamepachIH1a OJap/AblH MEHIIIKTI
KOJIEMJIET1 CaHbl aHBIKTAJIJIbI.

Kacyma xypambl emmey gomuiri 1-3 % «®okyc 2M» (Pecelt) pentrenmi (iroopecieHTTi
cnektpomeTpae Fe-coynmeni MUKpoaHAIM3aTOPAbI KOJIJTAHYMEH aHBIKTANABI. bapibeik Toxipubenep
298 + 0,2 K temneparypachlHia )KYpri3uiil.

XKacyma OeniekTepiHiH ©JIIeMIH aHbIKTay YILUIH CYCIEH3HSHBIH CEeIMMEHTAIUsFa TYPaKThl
KOFapFbl Oetiri Konganbuasl. OnmeM «Malvern Zetasizer Nano» (¥1b10puTaHusl) KYPbUIFBICHIHAA
aHBIKTAJbI. beriek emnmemMaepi aHbIKTay OJIap/AbIH COYJIeH] HIalIbIpaTyblHA HET13/1eTeH.

86



N3BECTUS HAYUYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2019, Ne 3 (66)

Homuoicenep oicone onapder  manday. Cr* wonmapsiasiy  Chlorella vulgaris  Gamusip
Kacymanapsel  OeTiHzeri amcopOuMschiHbiH —u3oTepMackl  (l-cyper) komimri  JICHTMIOPIBIH
azcopOIMs M30TepMachblHa YKCaraHbIMEH, OHJa OCTTiH aJCOPOCHTKE KaHBIKKAH IUIATOCHI aHBIK
Oaiikanmarael. Conm cebenti DpeWHIIUMXTIH ancopOuus TeHuaeyl MeH JIGHTrMIop TeopHsChI
HmIeHOepiHAe aJcopOIHsi KOHCTaHTalapbl ecentesiai. Makcumanabl aacopOrmst MoHI  (Amax)
34,2 mr/r Ten exenpiri anbikrangsl (1 kecre). Byman Cr** moHzapsl Ganblp KacyIIaChIMEH JKAKChI
opekerTeceTiHAirin Ooykayra Oonanpl. Kenreren keyekrti ajcopOeHTTep O€TiHIEri ayblp MeTasul
MOHAApbIHBIH ancopOrmscel 10-90 Mr/r mamaceina 6onazsl [6]. An dpelinanux tenaeyinneri K-
KOHCTAHTachl aJicOpOCHT OCTiHIH ayJaHbl MEH MAacCaChbIHBIH KAaThIHACHIH, SIFHA MEHIIIKTI
azicopOnMsHEL, an 1/n — ancopOnusUIaHaThIH 3aTThIH aJCOPOSHTKE BIHTHIKTBIFBIH KOPCETETIH IIaMa.
Onebuerrepre coiikec, oHblH MoHI 0,1 < 1/n < 1,0 apamsikra Gojca, aacopOeHT aacopOiusra
KoJI1aiel OoJbin caHanassl [9, 10].

A, mr/t
30 1

25 -
20 4
15 4

10 4

0 | | | | | | 1
0 5 10 15 20 25 30 35

C, mr/n

1 cyper — Cr** nonmapssir Chlorella vulgaris Gammpsip xacymanapsiHeH GeTiHer
azcopOrus nzorepmacel. T=298 K. C=13-10* YKacyIa/mi

1 Kecre — Cr** nonnapsisie Chlorella vulgaris Gamasip skacymanapsiHbie GeTiHaeri aacopoms
MOTIMETTEPIiH OHICY

JIGHrMIOp KOHCTaHTaJIaphl OpeitH X KOHCTaHTaIaphl
Ancopbert T.K b, n/Mr | Amax, MI/T R? 1/n K mr/r R?
Chlorella vulgaris 298 0,03 34,2 0,99 0,74 9,8 0,95
OanabIp JKacylanapsl
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Cr** monnapsmsiy Chlorella vulgaris xacyura GeriMen opekerTecy MEXaHH3Mi Typaibl MOiMeT
anmy yuiH HWK-cnekrpockonusuiblk 3eprreynep okyprisinmi (2 cyper). Chlorella vulgaris
xacymanapselabiH MK-cniektpiameri (1) >KomakTap[blH KOMNTIri XoHE OJapJblH MOPMEHIITIHIH
opTypi 6oysl OeTTeri GyHKIIMOHAT TONTAPABIH CaH alyaHIbIFBIHBIH aifFarel. MbIcalibl, 6acTanmKbl
Chlorella vulgaris sacymanapsiasiy VK crexrpingeri 3433,78 cm™ tepGenic skuinmiringeri
xoyakTel OH™ jkoHE eKIHIIIiK aMuH TonTapra, an 1647,10 cM? xoHe 1384,50 emt Tepoeic
xuimirigaeri xonakrapasl C=0, CN jkoHe OIpiHIIUTIK aMUH TOITapbhlHA JKATKbI3yFa OOJIaJIbI.
Conbimen karap 2428,59 emt skostakTtel C—H, am 1700-1800 emt TepOeITic KUUTITIHICT] KOJTAKTHI
COOH-ronrapra, 1128,98 cm™ tepbeic xuinirin s¢pupai C—O—C TonTapra kaTKbI3yFa GOIaIBL.
878,24 nen 836,06 cm™ repGemicrepingeri xomakrap =P—O- sxone —SO3 TonTaps! MeH 624,6 cv™
AJTKWJITaJIOTeH TYBIH/IbUIAPbIHA colikec Oombin keneni [11, 12].

Cr** MOHIAPBIHBIH a/ICOPOLHICHIHAN KEHiH OCBI TONTAap/BIH TepOeic KUITKTepiHiH o3repremi
Oaiikanran: OH™ »xoHe ekiHmIUTK amuH TonTaphl 3447,83 emt -re, an C=0, CN xoHe OipiHIIUTIK
amuH tonTtapbl 1384,19 cM™ Men 1654,44 CM'l-re, an C—O—C rtonraper 1112,69 cM-re xuinirige
BIFBICKAHBI OAMKAJIBII TYP.

an
au

112898

4000 3800 3200 1800 g4pp 2000 1BOD  gspo 1400 1200 10O 300 0 a0

2 cyper — Chlorella vulgaris 6amapip skacymanapsiasie Cr* HOHIAPBIHBIH a1COPOIHACHHA
neitin (1) sxone keitinri (2) UK-cnektprepi

Conbimen karap, 878,24 nen 836,06 em? TepOeic KULTIKTEpiHeT1 xKomakTapabH 825,60 oM -
I'e BIFBICYBI cr¥ MOHIapbIHBIH >kKacyia OeTinaeri gocdar noHnapbIMeH OalIaHbICYbIHBIH aliFarsbl,
am 617,27 emt TepOeic KUUTTiHAEeT1 XK0iMakThl NHa-TonTaphiMeH KOMIUIEKCTIK KOCBLIBICTAp
TY3YIHIH cajiapblHA KaTKbI3yFa O0abl.

Byx mamimertep Chlorella vulgaris Ganmsip xacymanapsissie Cr'* HOHIZApHIMEH HOH anMacy,
AJIEKTPOCTATUKAJIBIK OpPEKETTECYyJep >KOHE JOHOP-aKIENTOPNbIK OaillaHBIC apKbUIBI OpEKETTeCy
MYMKIHJIIT'1H KOpCeTe .

Chlorella vulgaris Gamabip skacyrmanapblHBIH XUMHSJIBIK KypaMbIH aHBIKTAy OHJa aca Kell
memmepae K, Ca, Zn, CI, S, P, Mn GonaTeIHIBIFBIH KopceTTi (3 cyper, 2 kecte). by anementrep
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xKacymianapra Kopek periHae KaxkeT. Omaii 6onca cr® MOHJIapPBIHBIH Oanablp OCTiH/IE OCBIHIIA
KOFapbl MeJIIIEpe aacOopOLUsIIaHybIH 3aHbI KYOBUTBIC ICTI ecenTeyre 0oabl.

2 Kecre — Chlorella vulgaris 6anapip sxacymanapbIHBIH XUMHSUIBIK KYpaMbl

Herisri K Ca | Fe Cl P Mn S Zn Cu | Co Cr
SﬂeMeHTTep

Memuepi, % 346 |45 |16 (248 |34 |31 |74 136 |24 |14 |24

SKaliKal K

800

600

MHTEHCHBHOCTL (MMn)

400

200 :
Crib1 MrEKb1 Fgkb1 Cokbi Kbl ZnkKbl

KEstE&ESom Cic M EscF &t 2By Cu B TS o Buis i zund Co:Sum

40 45 50 55 60 65 70 75 80 85 80 85 100 105 110 115 120 125 130 135 140
3Hepma (kaB)

05" 4070 15 20 <35 Y30 35

3 Cyper — Chlorella vulgaris 6anapip skacyianapblHbIH PEHTTEH(IOOPECICHTTIK CIIEKTPi

il e i i R
01-- 1 T T T T
g 15 T R S R
10 10
Size (r.nm) Size {r.nm)
a 0

4 cyper — Chlorella vulgaris Gammbip skacymanapeiHbIH Kkeke (a) koHe Cr’" HOHIapBIHBIH
azcopOuuschIHaH Keiinri (6) enmemaepi
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Mukpoar3anap >kacyllajJapblHbIH MaHbBI3bl CUMIATTaMaJIapbIHBIH Oipi — OesIieKkTep eieMi.
Cr** HoHapEIMEH OPEKETTECKEHHEH KeHiH XKacylanap Te3 MOKKeHiHe GaliIaHbICThl CyCIICH3UHBIH
KOFapFbl OOJITiHIH OJIIeMAepl aHBIKTAIAbL. 4 CypeTTe *eKe Oayblp CYCIEeH3UACHIHBIH OeJIeK
onmemi mamamen 250-350 umM, an Cr** HOHIapBIHBIH a/COPOLHSICHIHAN KCHiH ONap/bIH YIIKEHil,
700-800 M >xeTeTiHAIrT KepiHinm Typ. byn xait cr® MOH/IAPBIHBIH JKacyla OeJmeKTepiHeri
aicopOIMsIChl OJIApABIH OETTIK 3apsiibIH TOMEHAETIN, KOAryJSIUsIFa anapaTblHIBIFBIH KOPCETEIl.
OliTKeHI, KaNIbl XKaraaina MUKpoar3anap >KacyllalapblHbIH O€TiHAe Tepic 3apsAThl TONTapIbIH
caHbl 0achIM OOJIBIN KEJIEI].

Kopoimuinowl. Cousiven, Cr>* nonnapsiasiy Chlorella vulgaris Ganmsip skacymanapsr Geringeri
MakcUMaabl aacopoumscel 34,2 Mr/r Kypaiapl. AncopOuus MeXaHW3Mi pETiHAE MeTal
nonaapsinbiH —COOH, EPO43', -OH, :SZ', -NH; TonTapsiMeH HOHaIMacCy, AJIEKTPOCTATUKAIIBIK
JKSHE JOHOPIIBI-AKLEIITOPIIBIK OpeKeTTecyepi YehHbUIbl. Cr'F HOHIAPBIHBIH Kacyla OeTiHueri
a/IcCOPOLIMSCHL ONAPbIH OJIIIeMiHiH ecyiHe anapaasl. By xkaiit Cr'* HOHIAPBIHBIH TEPIiC 3apsATHI
Chlorella vulgaris 6anapip sxacyianapbiHa arperaisuiblK 9CepiMeH Heri3Iel/i.

Anevic. Kymovic KP Binim owcone foinoim Munucmpniei xapoicvinianovipean (2018-2021): Ne
BR05236419 «)Kozapvl s¢hchexmusmi key cnexmpii npakmukaivlk KOJIOAHbIC MYMKIHOICI Oap
@DYHKYUOHANOAHEAH OP2AHUKANBIK 3AMMAap MeH Mamepuanoapovl KYpy» 6agoapiama asacblHoa
HCYPeI3inoi.
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MHUKPOBOJIHOBAS 9KCTPAKIIUA BUOJOI'MYECKHA
AKTHUBHbBIX BEIIIECTB TABAKA

[lamuna B.B.", Kopyiabkun I[.IO.l, My3bIYKHHA P.Al, Kpacnos E.A.
YKasaxcruii nayuonanshoiii yHugepcumem umeHnu anb-Papadbu, Armamei, Pecnyonuka Kazaxcman
2Cu6upcxuﬁ 2ocyoapcmeennwlil meouyunckull yuusepcumem, Tomck, Poccutickas @edepayus
e-mail: Dmitriy.Korulkin@kaznu.kz

B cmamve npedcmasnenvl sxcnepumenmanvbHble OAHHbIE ORMUMUZAYUU IKCIMPAKYUOHHBIX NPOYEOyp
NPOMBIUIEHHO  3HAYUMBIX — KAACCO8 OUONOZUYECKU AaKMUBHLIX Geujecmsé madaka O0ObIKHOBEHHO20
(Nicotianiatabacum L.). Ceipvem 0ns uccredosanust 6viiu omxodst mabauno2o npouzsoocmsa TOO « Qunun
Moppuc Kazaxcmany. I[lpuseden ananuz numepamypHuiX OAHHLIX NO COCMABY OUOAKMUGHBIX GeUjecme
PpasnuyHbix 6udos mabaxa, npouspacmarowezo 8 Kaszaxcmane. Onucanvi pe3yivbmamvl Ka4eCm@eHHo20 U
KOJIUYECMBEHHO20 (DUMOXUMUYECKO20 AHAIUZA PACTIUMENbHO20 CbIpbsi HA COOEPICAHUe AMUHOKUCIOM,
ANKANOUO08, AHMPAXUHOHO8, DENK08, OVOUNLHBIX BEUjeCM8, HCUPHBIX KUCIOM, KYMAPUHOS, OP2AHUYECKUX
KUCIom, @DeHonroKuciom, noaupIaeanos, CanoHuHo8, @OIAGOHOUO08 U SpupHblx Macel. Buisgrenv
oomunupyiowue 6 kazaxcmanckom éude NicotianatabacumL. cmpyxkmypHoie munvt 6uonocuuecku akmusHvix
sewecms.  OnpedeneHbl  ONMUMATbHbIE NAPAMEMPbl  MUKPOBOIHOBOU  IKCMPAKYUU — NOAUDIABAHOS,
aAnKanoudos, KyMapuHos, 2UOPOIU3yembix OYOULbHBIX eUjecms U NOAUCAXAPUOO8 MEXHO2EHHO20 MADAUHO20
CoIpbsL (ONMUMATbHBIE IKCIMPALeHMbl, COOMHOULEHUE CbIPbe — DKCIMPASEHM, MOWHOCMb MUKPOBOIHOBO20
UBTIYYUeHUSL U 6peMsi MUKPOBOTHOBOU IKCMPAKYUU, MUN U KOHYESHMPAYUs ONMUMAIbHO20 0Caoumerns).
Ilpugeden cpagnumenvHoulii anHaiu3 3PEOEKMUBHOCIU  CETEKMUBHO20 U3BNeHeHUs Ol  KaAHW 0020 U3
domunupyiowux xiaccoe bAB, mpaouyuonHviMu Memooamu mepMudeckoll SKCMpakyuu u mayepayuu ¢
MUKDOBOTHOBOU dKcmpakyuei. [Jokazana cmabuibHOCHb CMPYKMyp U3GIeKAeMblX MUNno8 6eujecms 6
VCR08UAX pA3PAOOMAHHO20 MemOoOd.

Knwouesvie cnosa: Nicotianatabacum L., mukposonnosas osxcmpaxkyus, aikaiouosi, KyMAapuHl,
noaugraganvl, 0youUIbHYIE BeleCMBa, NOTUCAXAPUIDL, OUOIO2UYECKU AKMUBHbIE 8eleCTEd.

Maxanada «adimei memexiniy (Nicotiania tabacum L.) 6uonocusnvi OeiceHOi 3ammapviHbIY
OHEPKICINMIK ~ MAaHbI30bl  KIACMAPBIHGIY, — KCMPAKYUAILIK — NpoYedypaiapvlH  OHMALIAHObIPYObIY
maoicipubenix manimemmepi xenmipineen. 3epmmeyee apnanean wuxizam «Kazaxcman @uaun Moppuciy
KL C-niy memexi onOipiciniy kandvikmapul 6010vl. Kazaxcmanoa ecemin memexiniy apmypiai myprepiniy
OuoONOCUANBIK DelceHdi 3ammapulHbly KYPAMbIHA KAMbICHbl 20e0U Malimemmepol manoay diCypeizineeH.
OciMOIK WUKI3AMbIHbIY KYPAMBIHOARbI AMUHKLIUKLIOADYL, ANKATOUOMAD, AHMPAXUHOHOAD, aKybl30ap, UK
sammap, Mail  KbIUKbLIOApbl, KYMAPUHOED, OpP2AHUKANLIK — KbIUKbLIOApbl, (DEeHON  KblUKbLIOAPYL,
noaugrasanoap, canoHuHoep, (GIAGOHOUOMAD JHCIHE IPUDP MAUAAPLINBIY CAHOBIK JHCIHE CANAJIbIK,
umoxumusanbiy mandayiapel cunammanean. JJomunanmmol Kazaxcmanowvix Nicotiana tabacum L. mypiniy
ouonozusnblk  OenceHOi 3ammapbiubly — KYpbLIbIMObIK —munmepi  aubikmanzad. TexnoceHOi memexi
WUKI3aMbIHOA2bl NOAUDIABAHOCHOBIY, AIKALOUOMAPOLIH, KYMAPUHOEPOIH, 2UOPOIU30eH2eH UMK 3ammap
MeH RoAUCaxapuomepoiy MUKpOMOIKbIHObL  IKCMPAKYUSAIAPLIHGLIY —~ MUiMOi  napamempnepi  (muimoi
IKCMpazeHm, WUKI3am - IKCMPA2SeHM  KAMbIHACLL, MUKPOMOIKLIHObL — CIVIENEHY Kyambl —HCIHE
MUKPOMOIKBIHObL OKCMPAKYUSL YAKbIMbL, MUIMOi MYHObIPY MYpPi MeH KOHYeHmpayuscol) anvikmanean. bb3-
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OblY OOMUHAHMMbL KIACMAPBIHGIY IPKAUCHICHIHAH CYpblnman 601in any mMuiMOilieiH CanblCmblpmansl
manoay - MUKPOMOIKbIHObI JKCMPAKYUALLL Mayepayus MeH OJHCbLIY IKCMPAKYUACHIHBIY O0dCIYPIi
a0icmepimen bOepineen. Kacanean adicnen anvinzan 3ammap MUnNMepiniy KYpblibIMObIK MYPAKMbLIbIEbL
OajleNI0eH2eH.

Tipex ce30ep: Nicotiana tabacum L., mukpomonkvinowl sxcmpaxyus, aikaiouomap, KyMapuHoep,
noaugrasandap, uiix 3ammap, HoaUcaxapuomep, OUOLOUAILIK bencendi 3ammap.

In article, experimental data of optimization of extraction procedures of industrially significant classes of
biologically active substances of Nicotiana tabacum L. are presented. The raw material for research was
waste tobacco production of Philip Morris Kazakhstan LLP. The analysis of literary data on the composition
of bioactive substances of different types of tobacco growing in Kazakhstan is given. The results of
gualitative and quantitative phytochemical analysis of plant raw materials for the content of amino acids,
alkaloids, anthraquinones, proteins, tannins, fatty acids, coumarins, organic acids, phenolic acids,
polyflavans, saponins, flavonoids and essential oils are described. Dominant structural types of biologically
active substances in the kazakhstan’ species Nicotiana tabacum L. have been identified. Optimal parameters
of microwave extraction of polyflavans, alkaloids, coumarins, hydrolysable tannins and polysaccharides of
tobacco raw materials (optimal extractant, ratio of raw material - extractant, power of microwave radiation
and time of microwave extraction, type and concentration of optimal precipitator) were researched.
Comparative analysis of efficiency of selective extraction for each of dominant classes of biologically active
substances by traditional methods of thermal extraction and maceration with microwave extraction is
represented. Structure stability of extracted types of substances under the conditions of the developed method
has been proved.

Keywords: Nicotiana tabacum L., microwave extraction, alkaloids, coumarins, polyflavans, hydrolysable
tannins, polysaccharides, biologically active substances.

OpHolt M3 THaBHBIX NPOOIEM COBPEMEHHOCTH SBJSETCS MpoOieMa yTUIU3alUd OTXOJI0B
MPOMBIIIJICHHBIX TpeAnpusaTuii. TabauHple KOMIAHUH B CHIY MPOQUIS CBOEH AESITETbHOCTH HE
CIIOCOOHBI YTHUJIU3UPOBATh TEXHOTEHHBIE OTXOJbl CBOMX MPOU3BOJACTB, B PE3YJIbTAT€ YErO0 OHU
BBIBO3SITCS B OTBajibl. HUKOTHHCOAEpIKalue TabayHbie OTXOAbl MPHUBOAAT K HEoOpaTUMOi
Jierpajaluy I04YB B MECTaX OTBAJIOB, a B PE3YJIBTATE MIPOLIECCOB €CTECTBEHHON 3PO3HUH U MTPOLIECCOB
mudy3un, BEICOKOTOKCUYHBIE AJIKAJIOW Bl TIOTIAAI0T B TPYHTOBBIE BOJIBI, YBETUUYHBAS MPU ITOM
TUIOMIA/Ib HEMTPUTOIHBIX K OCBOCHHUIO 1Mo4YB 10 12-13 % B rog.

HecmoTpss Ha BBICOKOE COJEpKaHWE TOKCHMYHBIX KOMIIOHEHTOB B OTXO0JaX Ta0a4HOTO
MIPOU3BOJICTBA, 3TO CHIPbE COAECPKUT 3HAUUTEIBHOE KOJIMYECTBO MPAKTUUYECKU IEHHBIX BEIECTB,
TaKuX Kak. AyowibHbIe BemiecTBa (10 13 %), diaBonoumsr (mo 4,5 %), kcantons! (mo 1,5 %),
yrieBogibl (0 7 %), Tepnerounsl (mo 4 %), mommdenons: (mo 23,5 %), 6enku (mo 11 %) u nap.
CoracHO  nUTEpaTypHBIM  JAaHHBIM, OSTH COEAUHEHUS OO0JaJar0T SPKO  BBIPAKCHHOU
IIPOTUBOOITYXOJIEBOM, NPOTUBOBOCHAIUTEIBHOW, IPOTUBOBUPYCHOM, Te€NaTONPOTEKTOPHOW H
UMMYHOCTUMYJIUPYIOIEi akTUBHOCTBIO [1-8].

OCHOBHBIM METOZIOM U3BIICUCHHSI OMOIOTUYECKU aKTUBHBIX BEIIECTB U3 PACTUTEIHHOTO CHIPHS,
SIBJISIETCSl UX TE€pMHUYEcKasi 3KcTpakuus. Vcrnonb30BaHMEe MUKPOBOJHOBOTO M3IY4YEHUs HA CTAIUU
MOJIy4eHHUsl OOIIHUX SKCTPAKTOB, TO3BOJIIET HHTEHCU(DHUIIMPOBATH MPOIIECC U3BIEUYCHUS TPUPOTHBIX
BAB, 3HauuTEeNBbHO CHIKAs TPOJOJDKUTENBHOCTh JKCTPAKIIMH, OCYIIECTBISITh OBICTPBIA U
PaBHOMEPHBIN HArpeB AKCTPaKTa, B TOM YHUCJIE MPHU TEMIEpaTypax, 3HAYUTEIbHO MPEBBIIIAIOIINX
TeMIlepaTypbl KumeHus 3KcTpareHToB [9]. U3BectHo nmpumenenne CBY-mons mpu BhIIETCHUU
YTJIEBOJIOB, JIMMHUAOB, CAllOHUHOB, (DIIABOHOWIOB, OPTaHWUYECKUX KHCIOT, TMEHTAIMKINIECKUX
TeprieHoB U 3pupHbIX Macen. [Ipu sTom ncnonszoBanne CBY-skeTpakimu MO3BONTHIIO, B KaXKIOM
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ciryyae, JOOMTbCs CTPYKTYPHOM CTaOMIBHOCTH BBIJIENIIEMBIX COSIMHEHHI, 32 CUET MAJIOTO BPEMEHH
AKCTpaKUMOHHBIX Ipoueayp [10].

B cBsa3u ¢ uem, pa3paboTKa METOJOB CEJIEKTHBHOTO W3BJICUCHHUS PpA3IMYHBIX KIACCOB
npupoHbIX BAB 13 TEXHOT€HHOTO PAaCTUTEIBHOTO CHIPhSI MOXKET CTaTh OJAHUM W3 BAKHBIX JTAloOB
B pelleHuu MmpodiemMbl uMIopro3amenieHus B ¢apmrapomsbinuienHocty PK, a cHuxeHue
ce0ecTOMMOCTH, TMPOU3BOAUMON (QapMIIPEANPUATHUIMU TMPOAYKIUH, 32 CUET HCIOIb30BAHU
MECTHOT'0, TEXHOI'€HHOTO PACTUTENBHOTO ChIpbi OyIeT MMETh M 3HAUYUTEIbHBIH IKOHOMUYECKUIN
¢ dexr.

Lenp wuccnemoBaHus: pa3padOTaTh ONTHUMAIBHYIO TEXHOJIOTHUIO BBIIEICHUS OWOIOTHYECKU
aKTHUBHBIX ~ BEHIECTB  METOAOM  OKCTparupoBaHWsi ¢  NPUMEHEHHEM B KadecTBe
MHTEHCUUIMPYIOLIETO (PaKTOpa MX MU3BJICYCHUS M10JIE MUKPOBOJIHOBOTO U3TY4YEHHUSI.

OOBeKkT uccnenoBaHus: JUCTh Tabaka oObikHOBeHHOro (Nicotianatabacum L.) — TabGaunas
Kpomika (0TX0/1bl TA0A4HOTO IMPOU3BOJICTBA).

TexHOreHHOE PacTUTENHLHOE ChIPhEe ObLIO OUMIIEHO OT MEXaHMYECKHX MPHUMECEH, BBICYIICHO B
€CTECTBEHHBIX YCIIOBUSX M M3MEIbYEHO 10 pa3MepoB wyactul 3-5 wmMm. W3menbueHHOE
pPaCTUTENBHOE CBIPhE HKCTPArUPOBATIU PACTBOPUTENSIMU PA3UYHON MOJSIPHOCTH: OEH30JI0M,
xj0poopMoM, 3PUPOM, ITUIAIETATOM, BOJON OYHUIIEHHOH, 3TaHOJIOM B TEUYEHHE 2 YacOB IMPHU
TeMIeparypax KWUIeHHS SKCTpareHTOB. OT(UIBTPOBaHHBIE ASKCTPAKTHI HCHOJIB30BATM IS HX
(GUTOXMMUYECKOTO HCCIeNOBaHUA. AHATU3 KOJIWYECTBEHHOTO COJCPKAHUS OCHOBHBIX TPYIII
MPUPOJHBIX OWOJIOTHYECKH AaKTUBHBIX COCJMHEHWH, TPOBOIMIM MeToAaMu | ocymapCcTBEHHOMN
dapmakonen Kazaxcrana u mo oOmenpuHsATeIM Metoaukam [11, 12], momydeHHBIE pe3yabTaThl
MIpUBEICHBI B Tabnuie 1:

Tabnuna 1 — Pe3ynpTaThl CpaBHUTENBHOIO (UTOXMMHYECKOIO MCCIEAOBAaHUS OCHOBHBIX TPYII
BAB B TeXHOr€HHOM TabayHOM CBIPbE U JIUCThSIX Tabaka, %o

I'pynnia GAB Copnepxanue B cbIpbe B %
TexHoreHHoe TabauHOE ChIPbE JIuctbs Tabaka

ANKaIOnUIb 5,32 5,09
DeHonbHBIE TTUKO3UIEI 4,26 4.42
TputepreHoBbIE TIIMKO3UIbI 0,74 0,86
JlyOunbHbIe BeliecTBa 4,77 5,13
Kymapunbt 1,05 0,98
[Tommcaxapusi 16,12 16,57
DeHonbHBIE KUCIOTHI 10,56 10,25
dDaBoHOUIBI 1,94 1,86
[MonmudnaBansr 4,73 511

Ananmus MOJIYYCHHBIX JAaHHBIX CBUIACTCIBCTBYET O TOM, YTO B HCKOHAWIIMOHHOM TabauHOM
CBIpbE, TIOJIBEPTHYBIIEMCSI YACTUYHON €CTECTBEHHOW (pepMEHTAllMy, IPUCYTCTBYET 3HAYUTEIIbHOE
KOJINYECTBO  MPOMBIIUICHHO-3HAYMMBIX  KiaccoB  BAB, mpuuem ecium  coaepxaHue
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TJIUKO3UIMPOBAaHHBIX (OPM PACTUTEIBHBIX META0OJIMTOB HEMHOIO CHHXKAETCSI B TEXHOTEHHOM
CBIPbE, TO KOJIMYECTBO arjMKOHOB MOKA3bIBACT HE3HAYUTEIBHBIH POCT, YTO OCOOCHHO 3aMETHO IS
aJIKaJIOU0B, KyMapuHOB, (heHOJOKHUCIIOT U (hraBoHOUI0B. KpoMe Toro, conepxanue Kaxaoro u3 9
UACHTU(UIIMPOBAHHBIX B cocTaBe Tabaka, kiaccoB BAB, sBisieTcst IOCTaTOYHBIM JUISL €rO
BO3MO>KHOT'O ITPOMBIIIJICHHOT'O U3BJICUECHHUS.

Jlig  onTUMU3alMU Tpoliecca AKCTPAKIUU BbIIBICHHbIX Tpynn BAB u3 TexHOreHHoro
PacCTUTEIBLHOTO CHIPhS, OblIa MPOBEACHA MUKPOBOJIHOBAS 3KCTPAKLMS MPU PA3IUYHON MOIIHOCTH
W3JIyYEHHS U BPEMEHU SKCTPaAKIMU. DKCTPAKIUs MpoBoawiack o meroay [9], mpu 100 Bt, 180 Br,
300 Brt, 450 BT, 600 Bt u 800 BT. B kauecTBe pacTBOpUTENs ISl MPOBEACHUS SKCTPAKIUU
MCIOJIb30BaJIach BOJIa OYHILEHHAS, C COOTHOIICHHUEM ChIphe: pacTBopuTens — 1:50.

Uit KOHTPOJSL CTENEHH W3BJICYCHUs OHMOJOTMYECKH AKTHUBHBIX BEIIECTB B JKCTPAKT, NPH
Pa3IMYHBIX MOIIHOCTSIX MHUKPOBOJHOBOI'O M3JIy4y€HUs, IIPOBOAMJICS KOJMYECTBEHHBIN aHanu3 Ha 5
TPyNN  pPAcTUTENBHBIX BEIIECTB: alKaJOWJbI, MONu(IaBaHbl, THUAPOIU3YEMble IyOUIbHbBIE
BelIeCTBa, KyMapHHbl U noiucaxapubl. [lonydeHHble pe3ynbTaThl MpeIcTaBIeHbl B TabmuIe 2.

Tabmuua 2 — Pe3ynbTaThl KOJMYECTBEHHOIO aHanM3a cojaepkaHuss bAB B 3aBucumocTd OT
MOILHOCTH ¥ BPEMEHH MUKPOBOJIHOBOM IKCTpaKLuu, B % OT COJAEpKaHUS B PACTCHUU

Momsocts | Bpewms, Conepxanue bAB, %
mny;:mm’ MHH Anxa- [Tomu- Kyma- JyOounbHble ITonn-
nouper | (raBanbl PHHBI BEILECTBA caxapa
100 0,5 0 14,55 0 16,31 30,03
100 1 0 17,81 0 23,18 32,84
100 2 0 19,26 0 23,23 41,63
100 3 0 26,41 0 26,69 50,63
100 4 0 38,63 0 48,81 57,28
100 5 0 46,14 0 32,64 75,60
180 0,5 51,04 28,25 10,72 26,23 36,82
180 1 54,86 37,51 12,12 39,27 58,59
180 2 38,83 46,37 12,75 38,91 59,06
180 3 40,06 51,02 10,82 43,51 62,62
180 4 52,42 55,63 20,13 53,88 68,14
180 5 67,57 59,81 27,04 36,51 75,22
300 0,5 24,07 35,07 7,98 23,45 42,71
300 1 39,91 41,29 11,28 30,03 47,54
300 2 93,94 48,62 13,17 37,52 61,46
300 3 95,35 55,92 15,97 39,81 61,42
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[Tponomxkenne TabaUIBI 2

300 4 88,03 61,27 42,42 40,10 63,89
300 5 74,24 63,14 34,52 22,84 69,32
450 0,5 23,23 38,68 3,93 19,41 47,77
450 1 28,46 45,03 6,63 27,12 49,01
450 2 31,82 52,11 24,06 29,88 59,11
450 3 47,14 58,62 31,07 29,53 71,67
450 4 50,56 65,84 37,28 32,48 76,89
450 5 94,14 70,91 22,70 52,41 79,25
600 0,5 19,44 41,21 17,34 42,21 55,83
600 1 48,63 48,34 23,63 47,38 76,01
600 2 55,43 55,63 29,21 46,29 80,96
600 3 92,27 60,17 30,66 53,61 87,11
600 4 92,26 66,24 32,61 60,35 87,44
600 5 58,89 74,62 18,18 72,02 90,75
800 0,5 23,04 45,02 13,74 19,24 61,33
800 1 32,74 51,64 51,16 23,92 73,99
800 2 34,57 59,82 53,57 28,87 67,18
800 3 93,97 66,73 56,68 29,43 65,49
800 4 91,75 71,52 62,56 33,31 72,46
800 5 72,84 77,13 28,18 39,22 97,87

N3 mnpencraBieHHBIX pPE3YJIBTATOB, MOXHO CHENIAaTh BBIBOJA, YTO 3aBUCUMOCTb CTEIIEHU
U3BJICUEHUS] Pa3IMYHBIX TPYNN OHOJOTMYECKH AaKTUBHBIX BEIIECTB B MHKPOBOJIHOBOM I0JI€
pa3nuyHa. MakcuManbHOE BbIIEICHUE ajKanouaoB u nonudmasadoB (97,8 u 77,13 % ot
coJiepKaHUsl B PACTCHUH, COOTBETCTBEHHO) HaOmromaercs mpu momHocTu minyderus 8§00 Bt u
BPEMEHH 3KCTpaKIUU 5 MUHYT. Tak ke cou3MepuMble CTETIEHU W3BJICUEHUS] HAOIIOJAl0TCA U MPH
MEHBIIIAX MOIIHOCTAX MUKPOBOJIHOBOT'O M31y4eHUs, IpU MOIIHOCTH 450 BT 1 BpeMeHn ynepxaHus
5 MuHyT. /{15 ankanouaoB, THAPOIN3YEMBIX TAHMHOB U MOJIMCAXAPUIO0B IIPHU JJINTEIBHOM BPEMEHH
KOHTaKTa OblJa OTMEueHa MX vacTu4Hasg JecTpykuus. [Ipu mommuoctu wmznmydenus 300 Bt u
BPEMEHM M3BJICYEHUs 3 MHHYTBI KOJWYECTBO BBIJEIEHHBIX ajaKajaougoB aocturaer 95.35 %. g
KyMapHHOB, ONTHUMAJIbHBIMH IapaMeTpaMH MHKPOBOJIHOBOM »KcTpakuuu sBisitorcd 800 Bt u
BpEMsS JKCTPAaKUMM 4 MHUHYTBI, IPM 3TOM JIOCTUTaeTCsl CTENEHb MX Hu3BieueHus 62 %; s
NyOMIIbHBIX BellecTB ruaponusyemoro tuna — 600 Bt B TeueHue 5 MUHYT.

Jlnisa BoIsiBNIEeHUS 3 (GEKTUBHOCTH U3BJIEUEHHUS yKa3aHHbIX rpynn BAB MeTonoM MuUKpoBOJIHOBOM
OKCTpPAKIMH, OBLJIO TMPOBEJACHO WX BBIICICHUE TakXKe Kiaccuueckumu wmeromamu [11,12] —
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TEPMUYECKOM OKCTpakuued U Mauepanuen. Pe3yinbrarel  HNpPOBEACHHOIO  HCCIEAOBAHUSA
MpeCTaBIIeHbI B TabIUIax 3 u 4.

Tabmuma 3 — Pe3ynbrarhl CpaBHUTEIBHOTO KOJMYECTBEHHOTO aHaim3a cojepkanus BAB B
AKCTpaKTaX, MOJYUYEHHBIX TEPMHUYECKON SKCTpakiued u Mauepanued, B % OT coaep)KaHUS B
pacTeHuu

Temneparypa | Bpewms, Conepxxanne BAB, %

SKCT%E?HHH’ 1 Anxa- ITonu- Kyma- JyOounbHbie ITonu-
nouper | braBaHel PUHBI BCHICCTBA caxapa

25 24 76,33 21,26 1,24 19,91 77,74
25 48 80,42 25,75 1,43 20,96 80,86
25 72 85,30 28,52 1,92 25,16 83,53
60 1 26,93 23,08 25,47 54,57 79,23
60 2 24,41 25,72 30,73 67,95 81,82
60 4 26,92 28,53 38,91 67,45 92,28
60 6 31,38 32,11 34,14 72,08 94,79
60 8 24,38 35,67 35,90 88,22 98,86
80 1 19,78 28,68 21,15 72,69 48,47
80 2 31,77 31,92 19,65 72,97 98,99
80 4 35,98 36,41 18,37 80,13 98,96
80 6 47,41 41,24 20,62 89,09 96,14
80 8 35,98 46,17 25,79 93,49 96,27
100 1 23,13 37,52 16,52 70,84 56,68
100 2 32,52 43,14 22,79 93,53 59,14
100 4 39,73 50,78 20,89 86,28 75,53
100 6 48,09 54,03 29,21 83,67 98,19
100 8 60,26 57,66 25,73 80,52 98,76

[Ipn cpaBHEHMM TIOMYYEHHBIX PE3YJbTATOB MAaKCHMAJIbHONW OKCTPAKIIMH IPOMBIIUICHHO
3HAUMMBIX Tpynn BAB pasnuyHbIMH METOJaMH, MOXHO CJeNaTh BBIBOJI O TOM, YTO METO]
MHUKPOBOJTHOBOM 3KCTPAKIIMU TPEAMOYTHUTEIICH MPU HW3BJICUEHUU AIKaJIOWUJIOB, TOJU(]IIaBaHOB H
KyMapuHOB. biu3kue pe3yiabTaTsl M0 BBIXOAY MPHUPOHBIX MOJKUCAXAPOB OBUIM JOCTUTHYTHI HAMU
npu MHUKpPOBONHOBOHM 3kcTpakmuu (800 Br, 5 muH) m 72 uvacoBoil mareparuu. Tepmudeckas
sKcTpakiusi Hanbonee >¢G(deKTHBHA, €CIM IEJeBBIMUA BEIIECTBAMH SBISIOTCS THUIPOIU3yEeMbIE
NyOUIIbHBIE BEIIECTBA.
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Tabnuua 4 — Pe3ynbTaThl CpaBHUTENIBHOTO aHamu3a 3(pPEKTUBHOCTH MUKPOBOIHOBOM IKCTPAKIIUH

BAB u MeTrogamu TepMHUUECKON SKCTpaKIUe 1 Malepanuei, B % ot cofep:kaHusi B paCTCHUU

Meron Copnepxanue bAB, % (onTumasbHbIE TApaMETPHI)
BKCEEEHHH AJika- [Tonu- Kyma- JlyOunbsHbIe [Tonu-
JIOUJIBI (hrraBaHBI PHUHBI BCILECTBA caxapa
MukpoBoJIHOB 95,35 74,62 62,56 72,02 97,87
as SKCTPaKIHA (300 Br, (600 Br, (800 Br, (600 Br, (800 Br,
3 MHH) 5 MUH) 4 MUH) 5 MUH) 5 MUH)
Tepmuueckas 60,26 (100 57,66 (100 38,91 93,53 85,30
OKCTPAKIIASA °C, 8 4) °C, 8 4) (60°C,44) | (100°C,24) | (80°C,2u)
Manepauust | 85,30 (25°C, | 28,52 (25 1,92 25,16 98,99
72 ) °C,724) | (25°C,724) | (25°C,724) | (25°C, 72 )

JlJis CeneKTUBHOTO BbIAeNeHUsT u3ydaemblx rpynn BAB Obuio u3ydeHo coueTaHue MeTona
MHUKPOBOJTHOBOM JKCTPAaKIMM U TOCIEAYyIOIIeH JIpoOHOM cenuMeHTauuu. Jjis W3BJICUEHUS
QJIIKAJIOHUJIOB, B KAYECTBE OCAIUTEIS M3YyYaJIU: KHACIOTY TaJUIOBYIO M KHUCIIOTY XJIOPOBOJIOPOIHYIO;
JUIS KyMapuHOB — Kaliusl KapOOHAT M Kalusl TUAPOKCUI; I MOJU(IABAaHOB M THAPOJIM3YEMBIX
TaHUHOB — MEIH Cylb(aT, aHTUIHUPUH U HATPO3OMETHIIYPETaH, JUIsl TOJUCAXapOB — ATHIOBBIA H
M30aMUIIOBLIH ciupThl. [lomydeHHbIe pe3ynbTaThl MpeAcTaBIeHbl B Tabmuax S u 6.

Tabnmuma 5 — BnusHue CTPYKTypbl M KOHIIGHTPAIlMM OCAaUTENss Ha TMOJHOTY W3BJICUCHUS
QJIKAJIOUJIOB U KYMapHUHOB U3 OOIIMX AKCTPAKTOB, % OT Macchl a0COIFOTHO CYXOTO ChIPhS

Ocagurens Brixoa oT Macchel chipbs / Ocagureins Brixom oT Macchl ChIpbsi / OT
aJIKAJIOUJIOB OT COJIEp>KaHUsI B KyMapHUHOB COJIEpXKaHUs B PaCTCHUU
pacTeHuu
Kucnora 4,63 /82,38 K,COs3, 2% 0,79/75,24
rayuioBas, 2%
Kucnora 4,98 /93,61 K,CO3, 5% 0,91/86,67
rautoBasi, 5%
Kucnora 5,19/97,56 K>CO3, 10% 0,97 /92,38
ramrosast, 10%
HCI, 2% 4,411/82,89 KOH, 2% 0,83 /79,05
HCI, 3% 4,73 /88,91 KOH, 3% 0,98 /93,33
HCI, 5% 5,02 /94,36 KOH, 5% 0,72 /68,57
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Tabnmuua 6 — BnusHue CTPYKTyphl M KOHIEHTpAlMM OCAIAMTENsl HAa TOJHOTY W3BICUYCHUS
noynpIaBaHOB, THIPOIM3YEMbIX TAHHHOB M TIOJMCAXapoB M3 OOIIMX IKCTPAKTOB, % OT Macchl
a0COIIIOTHO CYXOT'O ChIPbS

Ocanutens | BbIXxoJ 0T Macchl CHIpbsS Ocaurenb BbIxo 0T Macchl ChIpbs / OT
HOJIHCaxXapoB / OT coiep)KaHus B nou(IIaBaHOB U coziepKaHus B paCTEHHH
pacTeHun TaHUHOB
nosuQIaBaHbl TaHWUHbI
C,Hs0H, 15,25/ 94,60 Hurpozomermi- 451/95,35 447193,71
1:3 viv yperan, 2%
C,Hs0H, 15,77 /1 97,83 Hutpo3zomerwi- 4,62 /97,67 455/95,39
1:4 viv yperan, 5%
C,Hs0H, 15,92/ 98,76 Hurpo3zomerwui- 4,671/98,73 4,63/97,06
1:5 viv yperas, 10%
i-CsH110OH, 15,62/ 96,90 AnTunupus, 2% 4,43 /93,66 45219476
1:3 viv
i-CsH110H, 15,96 /99,01 Antunupus, 5% 456/96,41 4,68/98,11
1:4 viv
i-CsH110H, 16,08 /99,75 Antunupus, 10% 4,60/97,25 4,72 /98,95
1:5viv

W3 npexacraBneHHbIX B Tabaumax 5 v 6 JaHHBIX CIEIYET, YTO IPU COYETaHUU MHUKPOBOJIHOBOM
AKCTpPAKUUU U JPOOHOrO OCaXJACHUS, yHAeTCsl OCTHYb CTENEHU W3BJICUCHUS KAXKIOW U3 MATU
m3ydaembix rpynn BAB ot 93,33 no 99,75 %, uro nmorpeboBano Obl 3HAUYUTENBHBIX 3aTpaT MPHU
UCIOJIb30BAHNHU KJIACCUUECKUX METOOB.

Takum 00pa3zoM, 015 cenekmueHo20 u36leyeHusi pacmumenbHvlx AIKaI0u008 TEXHOTEHHOI'O
TabaYHOTO CHIPbsI MUKPOBOJHOBBIM METOJIOM MOXET OBbITh peKOMeH10BaHa 3kcTpakius npu 300Bt
B T€UCHHE 3 MUHYT C TOCICAYIOIMM UX OCaKACHHEM 5 % pacTBOpPOM ramioBoi KucioTe (1:1 v/V);
0JIsl CeleKmuUH020 U3enedueHus Kymapuros tTabaka ontuMmainbHoe codetanue — 800 Bt / 4 muH, ¢
nocieAyroel npeuunuranueil paBHbIM o0beMoM 3 % pacTBopa Kaius TUAPOKCUIA; Hpu
gblOeNIeHUU NOIUCAXAPUO08 TaADAUHOTO ChIPhs, ONTUMAIbHBIM BapHAHTOM MOXKET OBbITh 5 MHUHYTHast
MUKpOBOJIHOBast 3kcTpakuus npu 800 BT u ocaxkieHne 4eThIpexKpaTHBIM [0 00BEMY KOJIMYECTBOM
M30aMUJIOBOTO CIHPTA; HpU U3GLEYeHUU NOAUGIA6AHOE8 MOKHO PEKOMEHIOBATh SKCTPAKIHIO MPU
600 Br, 5 MuH, c nociaexyrouuMm ocaxiaeHuem unenesod rpynnsl BAB, 10 % pactBopom
HUTPO3OMETHIIYPETAHA; NpU U3GNEYEHUU 2SUOPONUZYEMBbIX OVOUNbHLIX 6euwjecm — S5 MHUHYTHas
MHUKpPOBOJIHOBas »KcTpakuus npu 600 BT, ¢ mocnexyromum n006aBIeHHEM K DKCTPAKTy PaBHOTO
obbvema 5 % aHTHNHpUHA.

3aKITIOUYMTEFHBIM ~ 3TAalloM  palOThl  OBLIO  WCCJIEAOBAaHWE CTAOMIBHOCTH — alKaJIOMJIOB,
noyndaaBaHOB, KyMapuHOB, THJIPOJIU3YEMbIX AYOWJIbHBIX BEIIECTB M IOJUCaXapoB B YCIOBHUSAX
MUKpPOBOJTHOBOM AKCTPAKIMM B ONTHUMAJBHBIX IS Kaxjaoro kimacca bAB ycrnoBusix. AHanus
npoBoawics cpaBHeHMeM BOXKX xpomarorpaguueckux JIaHHBIX OOLIMX BOJHBIX AKCTPAKTOB
Ta0aYHOTO CBIPbsI, TOJyYEHHBIX METOJAaMH Malepallid U MHKPOBOJIHOBOHM 3kcTpakiuu. s
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aJIKaJIOUIOB HcciefoBanue mpoBoamiock B cucreme — H®D: LiChrospher-100 RPig, T1d: 70 %
metaHon B 0.01M aneramuzae npu pH 8.04 (YD-nerexrop 225 HM); moauQIiaBaHbl aHATH3UPOBATH
npu — H® — HypersilSAS, TI®: npu rpaguenTHoM 3mroupoBanuu cmecsimu A: Bomat0.1 %
nepxiopHas kuciaora u b: metunoseiil cnupt ot 100% A no 100% b B Teuenune 20 MuHyT, 1pu
pacxozie TOABMXXHOW (a3el 2 MI/MHUH W Hcnoyib3oBaHuu Y@-gerektopa npu 280 HM.,
CpPaBHUTEIBHOE HCCJEIOBaHHE KyMapuHOB Obuto mpoBeneHo B cucreme — HD: ODSRPyg, T1D:
MeraHon — Boja (8:2), ¢ wucnoip3oBanueM Y®-nmerektopa mnpu 254 HM.; IIA  aHaIM3a
THIPOJIN3YEMBIX TAHWHOB ObliIa Hcojb3oBana cuctema — H®: LiChrospher-100 RPyg, I1d: 0.01M
dochopnas kucnora — 0.01M mguruapodocdar kamust — aneroHuTpun (41:41:18), YO —nerexrop
(254 um); s nomucaxapos — H®: BondapakCig, I1d: Boga — aneronutpui (3:7), YO — nerekrop
(192 um) [12].

AHanu3 TOJYYEHHBIX XPOMATOTpapUYEeCKHX JaHHBIX II0Ka3all, YTO KOJHUYECTBO, BpeMs
ynep:xkuBanusi mukoB Ha BDXXX xpomaTorpamMmax oOIIMX SKCTPAKTOB, a TaKXKe COJEp)KaHUE
Ka)KJIOTO U3 KOMIIOHCHTOB HE MEHSJIOCH IMPHU MEPEX0/e OT KIACCHYECKOr0 METOAa HacTauBaHUs, K
METOJly MUKPOBOJIHOBOM SKCTPAKIIUHU, BHE 3aBUCUMOCTH OT CTPYKTYpPHOTO THIa 11eneBbix bAB.

Takum o0pa3om, OblIa pazpaboTaHa METOMOJIOTHS CEJICKTUBHOTO M3BJICYCHUS U3 TEXHOTEHHOTO
Ta0auHOTO CBHIPbsSI MATH MPOMBILIUIEHHO 3HauuMbIX Tpynn BAB (ankamnouaoB, nonudiaBaHOB,
KYMapHHOB, THIPOJH3YyEeMbIX JyOWJIBHBIX BEHICCTB W IIOJUCAaXapoB), COYCTAHHEM METOJa
MUKPOBOJTHOBOW JKCTPAKIMK © JAPOOHOTO OCaXJICHUS, 3HAYUTEIHHO MPEBBIMAIONIAS I10
3¢ (HEeKTHBHOCTH, KIIACCHICCKUE METO/IBI TEPMUICCKOM IKCTPAKIIUU M MAIICPAIIHH.

Paboma oOvina ewvinonnena 6 pamxax npoepammel yeneeoeo urancuposanusn:BR05236419
«Co30anue QOYHKYUOHANUZUPOBAHHBIX OpP2AHUYECKUX 6eujecms U Mamepuanog ¢ WUPOKUM
CNEKMPOM BO3MONCHO2O BbICOKOIPHEKMUBHO20 NPAKMUYECKO20 NPUMEHEHUSLY.
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MPABUJIA O®OPMJIEHUSI CTATEM

1. Kypunan «M3BectusHTO «Kaxak» myOiauKyeT HamucaHHBIE HA PyCCKOM, Ka3aXCKOM, aHTIIMACKOM H
KOPEHCKOM sI3bIKaX OpHUI'MHAIbHBIE CTaThH, 0030pbl. JKypHanm naer uH(OpManuio, CBS3aHHYIO C
JeSITeNbHOCTBIO O0IIEeCTBA.

2. B OpWrMHaJbHBIX CTaThsIX MOTYT PAacCMaTPHBATHCS PE3YIbTaThl KaK TEOPETHYECKHX, TaK H
npukiaaasix HAP.

3. ABTOpBI, JKeNalomue oIry0InKoBaTh 0030pHYIO CTaThIO, JOJDKHBI IPEIBAPUTEIFHO COTIACOBATH €¢e
TEMaTuKy, MpeACTaBUB aHHOTauuio Ha 1-2 ctp. B 0030pax cienyer ocBemaTh TeMbl, NPEACTABISIONINE
JIOCTAaTOYHO OOIIHH HMHTEpec IO BBIOPAaHHOW TEMAaTHKE WM OTPaKAIOIMIME KaKOW-THOO Ba)KHBINM aCTICKT
IIPUMEHEHUS! B TPOMBILIUICHHOCTH, CEIbCKOM XO3siiicTBe, MeauuuHe uU T.0. [lomyckaercst o0oOmieHue
Pe3yJIbTaTOB MHOTOJIETHUX MCCIEA0BAaHUI HayUYHBIX KOJIJIEKTHBOB.

4. O0Owem crarbu He AomkeH npeBbimath 10 crpanun ¢opmara A4. CtaThs NODKHA HAYMHATHCS C
BBeZICHUS. B HeM J0JDKHBI OBITh NaHBI: CONEpKATEIbHAsI IOCTAHOBKA PACCMATPUBAEMOI'0 B CTaThe BOIPOCA,
KpaTKHe CBEACHUS 110 €r0 UCTOPUH, OTJIMYHUE MPeIaraéMon 3aJjaul OT YK€ N3BECTHBIX, WJIU IPEUMYIIECTBO
W3JIaraeéMoro MeTofla MO0 CPaBHEHHWIO C cCyIIecTBYIOIKMM. OCHOBHAs 4YacTh CTaTbU JOJDKHA COJEp)KaTh
(GOopMyNHPOBKY 3aayd M NpeAjiaraeMblii METOJ €€ pEeLICHMs, 3aKIYMTeNbHas YacTb — KpaTKoe
00CyXIeHHE MOTYYECHHBIX PE3YyIbTaTOB U, €CIM BO3MOXKHO, IPUMED, WILTIOCTPUPYIOLIHNHA UX 3((HEKTUBHOCTD
U CTIOCOOBI TPUMEHEHHUSI.

5. Bce craThy IPOXOAAT UMEHHOE PELIEH3UPOBAHUE HE MEHEE YeM JIByMs HE3aBUCHMBIMU YYEHBIMH I10
COOTBETCTBYIOIIEH TEMAaTHUKE, HE BXOISAIINMH B COCTaB PEIAKLIMOHHON KOJUICTHH.

6. TpebOoBaHusi K OTHKE NyONMKamMi: ABTOpBI HECYT OTBETCTBEHHOCTH 3a JIOCTOBEPHOCTH |
3HAYMMOCTh HAYYHBIX pE3YyJIbTAaTOB M AaKTyallbHOCTh HAayYHOTO cojepxaHusi pabor. Pykomucu cratei,
oITyOJNIMKOBaHHBIX paHee, WM NepeAaHHbIX B APYTUe U31aHHUsI HE IPUHUMAIOTCS.

7. ABTOpl MOTIYT MpPEICTaBUTh  OJEKTPOHHYIO  BEPCHUI0  CBOCH  CTaTbMl IO  ajpecy:
izv.ntokaxak@mail.ru.

TpedoBanus k opopmiIeHHI0 pyKonHCei

CraThH MPECTABISIOTCS B 3JIGKTPOHHOM BHJIE B TeKCTOBOM penaktope Word 97, dopmyiiel HabuparoTcst
¢ momoinbio pegakropa MSEquation 3.0 (2.0) mm ChemDraw.

Ipudt Times New Roman 12 pt. MexkcTpouHblii WHTepBan oauHapHbIi. Tomsa: Bepxuee — 2,0 cM,
HmwxHee — 2,0 cm, geBoe — 2,0 cm, ipaBoe — 2,0 cM. Ab3arr — kpacHas ctpoka — 0,5 cm

TekcT cTaThu TOHKEH HAYMHATHCS C YKA3aHHS:

c nesoti cmoponvl — uaaexcoB MPHTH u YK, nuoice npuBoasarcs:

Ha3BaHWE CTAThU (TPONKCHBIE OYKBBI, POpPMATUPOBAHHUE TIO IICHTPY),

—  (amMuuu ¥ HHUIWAIBI aBTOPOB (IIPOMICHEIE/CBETIBIE, (POPMATHPOBAHKE TIO TIEHTPY),
Ha3BaHME OPraHU3alUHU U €€ MECTOHAX0XKICHHUE,

e—mail aBTopoB

—  pe3toMe (KpaTKoe H3JI0KEHHE COACp)KaHMs CTaThH, AAIOLIEe NPEACTaBICHHE O TeME M CTPYKType
TEKCTa, & TAK)KE OCHOBHBIX pe3yiibTatax, /—10 mpenioxenmii),

—  KJIIOYEBBIE CIIOBA, 00ECIICUHBAOIIIE TIOJTHOE PACKPBITHE coziepkanusi cTathh (7—-10 cioB),

—  TEKCT CTaThH,

—  CIHMCOK JIUTEPaTypHl,

—  @.M.0O. aBTOpOB, Ha3BaHWE CTaThU, PE3IOME, KIIFOUEBHIE CIIOBA Ha TPEX S3BIKaX (HA Ka3aXxCKOM,
AHTJINACKOM U PYCCKOM).

PucyHku 1omKHBI OBITh IPECTABICHBI B OT/ICIBHOM (aiie.

Crarps mpencrasisiercss B doc mim docx ¢opmare, a taxke uneHtuuHas komus B pdf dopmare, nHa
AIIEKTPOHHBIN aJipec KypHaia, B OTAEIbHBIX (aiax JayOnupyIOTCsl pUCYHKH, TaONHIIbL, TpadUKH, CXEMBI, a
TaKXKe MPUBOJMATCS CBEJCHUS 00 aBTOpax (MMsl, OTYECTBO, Y4€Has CTEICHb, YYEHOE 3BaHHE, CIyKeOHBIN
azipec, MeCTO pabOThI, JOJKHOCTD U TeIe(OHBI IS CBSI3H).

CcpUIkM  Ha JIMTepaTypHble HMCTOYHMKM B  TEKCT€ TNPUBOAATCA B KBAJAPAaTHBIX  CKOOKax.
bubmuorpaduueckuit cnmcok odopmisiercss B coorBeTrcTBUM ¢ Tpeboanusimu ['OCT 7.1-2003
«bubnmorpagpuueckas 3amuch. bubnamorpaduyeckoe omnucanue: oOmme TpeOoBaHMS W MpaBHIA
COCTaBIICHUS».
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