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MATEMATHUKA U UTHOOPMATHUKA

MPHTH 89.57.35
YK 551.501: 629.195.1

NCCIEJOBAHUE COAEPKAHUA YIVIEKUCJIOI'O I'A3A
B ATMOC®EPEKA3AXCTAHA
IO JAHHBIM CITYTHHUKOBOI'O 30HANPOBAHUA

AxmemkanoB A.X., Kapaganos T.K.
Hayuonanvrulili yenmp Kocmuyeckux uccie008anull u mexHonio2uil
Anmamol, Pecnybnuxa Kazaxcman

e-mail: model_lab@mail.ru

Hccreoosansl pacnpedenenus yeneKucio2o 2a3a 6 ammocgepe no OaHHbIM KOCMUYECKO20 30HOUPOBAHUS
Ha meppumopuu Kazaxcmana. Buinonnen ananusz memooos onpeodenenus CoOepiHCcanuss yeneKucaiozo 2asa 8
ammocghepe No CHYMHUKOBOU UHDOpMAYUU U COBPEMEHHBIX CHEKMPOCKONUYECKUX OAHKO8 OaHHbIX.
Ilocmpoena cxema pacuema meppuUMOPUATLHO2O PACHpeOeletus NIOMHOCMU YeleKUCI020 2a3d 8
ammocgepe ¢ yuemom NO2NOWEHUS MENnN08020 UIyyeHus. AHamu3 MHOONEmHe20  Ce30HH020
pacnpedenenus codepacanus CO2 6 ammocghepe Kazaxcmana c sausapa 2010 2o0a no dexabps 2016 200a
NOKA3an, 4mo Hauboibuiee codepicanue YeleKuciozo 2asa Habmodaemcst éecHoti u nemom. Ilomyuenvl
pe3yIbmamsl CIMAMUCMUYecK020 AHAAU3A USMEHEHUNl KOHYESHMPayuu YeieKucio2o 2a3a no meppumopuu
Kaszaxcmana 3a nepuoo 2010-2017 2o0vi. Muoeonemuee pacnpedenenue ¢ ausaps 2010 200a no ¢ghespanv
2017 2o0a nokasvieaem  Henpepvignvii pocm cooepocanusi CO; 6 ammocpepe Kasaxcmana. Tpeno
cooepoicanus yeneKucioz2o eaza 6 ammocgepe noxazan yeeauyenue ¢ 390 ppm oo 404 ppm. B cpednem no
meppumopuu Kazaxcmana ¢ 2010 200a no 2017 200 KoHyeHmpayus yereKucio2o 2a3a yeeauuiacs Ha 3,6%.

Kntroueswle cnosa: ammocghepa, koHyenmpayus, yeaeKUcavlii 2az, OUCMAHYUOHHOe 30HOUPOBaHue 3emiu,
U3IyyYeHue, NapHUKossle 2a3vl, CHEKMPOCKONUS, NOJIOCHI NO2TOUWEHUSL.

Ammocghepadazvl KOMIPKLIUKDLLL 2a3bIHblY Mmapanybl Ka3axkcmauHvly aymagelHOa 2apblimblk 30HOMAY
Oepexmepi OoubiHuia 3epmmenzer. CRymHUKMIK AKNApammbul HCaHe KA3IPel CNeKMPOCKONUSLIbIK OepeKmep
OanKmepin naudalana omulpvln AmMmocpepacasvl KOMIPKbIUKbLL 2A3bIHbIY KYPAMbIH AHLIKMAY 20iCmepin
manoay aucypeizindi. Koy paouayusicvinvly ciyipinyin eckepe omulpbin ammocgepadazvl KOMIPKbIUKbLLI
2A3bIHbIH MbI2bI30BIZLIH AYMAKMLIK, 001y0i ecenme)y yutin cxema scacandvl. 2010 xcbliovly Kaymap avblHaH
2016 oacoLnoviy  ocermoxcanvina Oeiin Kazaxcmannvlty ammocgepacwvinoazoer COr-Hiy y3aK mep3imoi
MaycbiMObIK, OONIHYIH MAI0Ay KOMIDKbIUKLLL 2A3bIHbIH el KON Moaulepi Kokmemei-scazoa baiixanradvl. 2010-
2017 oacvinoap apanvizeinoasel Kazaxcman aymagvlnod KOMIPKbIUKLLL 2A3bIHbIY KOHYEHMPAYULCHIHbIY
032epyin Cmamucmukaibly manoay Hamudceaepi amvinovl. 2010 sxcolndviy kaymap ativinan 6acman 2017
JHCLLIOBIH aKnanbina Oedinei y3ax mep3imoi oeny Kazaxcmannoly ammocghepacvinoazer CO2 MAzMyHbIHbIH
y30ixci3 ocyin xopcemedi. Ammocpepaoaze Komipmezi duoxcudiniy ypoici 390 ppm-oan 404 ppm Oetiin
ocmi. Kazaxcman aymageinoa 2010 owcvinoan 2017 oicvinea Oeiiin opma — ecenned KOMIPKbIUKHLI
xonyenmpayusicel 3,6 % -2a apmmeol.

Tipex ce30ep: ammocgepa, KoHyeHMpayuscol, Komipmeei OUOKCUO, dHcepOi KAUbIKMbIKMAH 30HOMAY,
cayneieHy, NapHUKmiK 2a3oap, CheKmpoCKonus, CiHipy HconaKmapol.
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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 cBs3M C aKTHBHBIM HCIOJB30BAHMEM YEJIOBEUYECTBOM HCKOIAEMbBIX SHEPIOHOCUTENEH B
Ka4yecTBE TOILIMBA, NMPOUCXOAUT OBICTPOE YBETMYEHHE KOHIIEHTPAIMH 3TOr0 raza B aTtMmocdepe.
HaunOonpmmii BKIag B T700aMbHOE MOTEIJICHHE BHOCHUT yriieKuciblid ra3 CO2, 10 COBpeMEHHBIM
otieHkaMm ero jojst cocrapisier 60—70% [1]. OTmunTenbHOM 0COOEHHOCTHIO MAPHUKOBBIX CBOWCTB
JIBYOKHCH YIJIEpOJa [0 CPAaBHEHUIO C APYTUMU razaMu sIBISIETCS €€ JOJITOBPEMEHHOE BO3JICHCTBUE
Ha KJIMMaT, KOTOpOE IOCJIe IMPEKpPallEeHUs BBI3BABIICH €€ 3MHCCUU OCTACTCS B 3HAYUTEIbHOU
CTETIEHU IOCTOSHHBIM Ha MPOTSHKEHUM 10 Thicsun JieT. OmpeneneHo coaepkKaHHe B CTOJOe
aTMoc(epsl YIIEKUCIIOro Ta3a W3 M3MEPEHHBIX CIEKTPOB IpPU MCHOJIB30BAaHUU B MPSMOM 3aaaue
pa3HbIX COBPEMEHHBIX CIIEKTPOCKONMYECKHMX OaHKOB AaHHBIX [2]. HecMoTpst Ha OTHOCHUTENBHO
HEOOJIBIIIYIO KOHIIEHTpaIuio B Bo3ayxe, CO2 sBISETCS BaKHONW KOMIIOHEHTON 3€MHOM aTtMocdephl,
ITOCKOJIbKY OH IOIJIOIAET U NepensiiydaeT nHdpaKpacHOE U3Ty4yeHUE Ha Pa3IMYHbIX JJIUHAX BOJIH,
BKJIIOYasl JUIMHY BOJIHBI 4,26 MKM (BHOpAlMOHHBIN pPEXHM — aCHMMETPUYHOE paCTSHKCHUE
Mosiekynbl) U 14,99 MM (u3rububie kosieOanust). JlaHHBIA MPOIECC MCKIIOYAET WM CHUIKAET
U3Iy4YeHre 3eMJId B KOCMOC Ha 3TUX JUIMHAX BOJIH, YTO MPUBOJUT K MapHUKOBOMY 3 deKTy.

B HacTofee BpeMs MHTEHCHUBHO pa3BUBaIOTCA MeTonbl [I33, OCHOBaHHBIE HAa IPUMEHEHUU
MH(PAKPACHBIX CIIEKTPOMETPOB-PATUOMETPOB BBICOKOTO pa3pelieHHs. DTO CBSI3aHO € TeM (haKTOM,
4T0 B Tpomocdepe M HUXKHEH cTpatocepe, T.e. B Haubojee IEATEIBHOM M Ba)XKHOM CJO€
atMoceppl, TOJYUIUPUHBI CIEKTPAIbHBIX JIMHUM AaTMOCQEPHBIX Ta30B IMPONOPLHOHAIBHbI
JABIEHUIO U TOITOMY MEHSIOTCA OT JECATBIX A0 COTHIX A0jell oOpaTHOro caHTHUMeTpa (cMl).
[ToaTomy npu 30HAMPOBaHUM ATOTO ciiost atMocheprl MmeTogamu UK-criektpockonuu, paspenieHue

JIOIKHO OBITH TOTO e mopsaka, T.e. ~ 0,02—-0,5 cmt

, a paboumii auamazoH MpuOopa IOJKEH
coctapiath ~ 500-3000 cm! (061acTh TemaoBOro M3NMydeHHs aTMOC(EpHI, IJe PACIONOKEHBI
Kosie0aTenbHO-BpaIlaTeNIbHbIe MOJOCHl OCHOBHBIX aTMOC(EpHBIX Ta30B). DTO 00yClaBIMBAET
KOJINYECTBO M3MEPHUTEIbHBIX KaHAJIOB MpHUOOpa, T.e. TOUEK B IKCIEPUMEHTAIBHBIX CHEKTPax, J0
~104-105. Takum o00Opa3oM, BBICOKOE CHEKTpaJbHOE pa3pelleHHe TO3BOJSIET MOIydaTh
uHpopmanuto 00 arMmocdepe, 3amHMPpPOBAHHYI0 B TaKHUX CIEKTPax, B MEHbBIICH CTEMeHu
MCKXEHHBIX HM3-32 KOHEYHOTO pasperieHus: nmpubdopa. [Ipu 3ToM O0JbIIOe KOJIWYECTBO KaHAJIOB
MO3BOJISIET APPEKTUBHO YMEHBIIUTHh CTATUCTHYECKUE MOTPEITHOCTH M3MepeHui. OIHAKO B CHITY
M3BECTHOM MaTeMaTH4eCKOW ‘HEKOPPEKTHOCTH 3aJad oOpaOdOTKH AMCTAHLMOHHBIX M3MEpPEHHi, B
JAHHOM Clly4yae CIEKTPOB YXOJALIEH paauainuu, Mpu oOpaboTKe AOJKHBI MPUMEHSTHCS BECbMa

BBICOKOTOYHBIC MCTOABI pvaéTa TAaKUX CIICKTPOB.
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I'moGanbHelii aTMOCchepHBI peaHanu3 crnyTHUKOBBIX AaHHBIX (MERRA) ocymectBisercs
HACA (GMAO) Ha ypoBHE T700adbHOIO YIOPABJIEHUS, MOJEIUPOBAHUS U ACCUMUIISILIUU
cnyTHUKOBBIX naHHbIX. llene MERRA-2 3akmrodaercs B TOM, 4YTOOBI OOECHEYUTH
CHCTEMaTU3HPOBAHHBIH, OJJTHOPOIAHBIN YUeT II100aIbHOM aTMOC(hEpbl H BKIIOYUTH JTOTIOJIHUTEIbHBIC
aCIEeKThl KIIMMaTHYECKOW CUCTEMBI, BKIIIOYAsl ra30Bble KOMIIOHEHTHI U YJIy4IlIEHHOE MPEeACTaBIEeHUE
MIOBEPXHOCTU 3eMJii. DTa cucTeMa SIBJISAETCS OJHOW M3 HEepPBbIX CUCTEM peaHalu3a CIIyTHMKOBBIX
JAHHBIX JJI aCCUMWIALMU KOCMUYECKUX HAOJIIOJCHUN Ia30B U a3p030JIeH, a TaKXKe MPeICTaBICHUs
UX B3aUMOJAEUCTBUS C JpYrMMHU (U3MYECKMMHU IIpoleccaMu B KiIMMarudeckoil cucreme. Ha
KpPaTKOCPOYHBIX €KEJHEBHBIX JaHHBIX 10 TeppuTopun KazaxcraHa Ha psiie y4acTKOB HET JaHHBIX.
B cnyyae HEOONBIINX yYACTKOB B JIBa-TPU MUKCEISI MOXKHO HUCIOJIB30BATH METO/IbI HHTEPIOJISIUH.
Ho Bo mHoOrux ciydasx 310 Oonbimme tepputopuu. [loaTomy HE0OXOAMMO BOCCTAaHABIMBAThH
JaHHBIE Ha 3TUX YYaCTKaX PACYETHBIMU METOJAMH.

OO1w1ast mocTaHOBKA 3a/1a4 JUCTAHIIMOHHOTO 30HIMPOBAHMS METEOPOJIOIHYECKUX IapaMeTpOB C
NC3 B puana3zoHe OT yJIbTpa(HOIETOBOIO 10 MHPPAKPACHOTO H3IYYEHHUS C HCIIOJIb30BAaHHEM
TEOPUH CONPSKEHHBIX YPAaBHEHMH M ypaBHEHHMH LIeHHOCTH MH(popMmauuu chopmynuposasa B [3].
PaznuuHbplM 3a7auaM BOCCTAHOBJIEHUSI TEMIEPAaTYpHOTO IOJI HPHU B3aUMOJEHCTBUM 3E€MHOMU
MOBEpXHOCTU M aTMmocdepsl co cnyTHUMKoB B MK nuana3zoHe crnekTpa MOCBSILIEHO AOCTATOYHO
MHOTO pabor [4,5].

B Hacrosimieit paboTe mocTtaHoBiIE€HA 3ajadya MOCTPOEHUS CXEMBbl pacyeTa IUIOTHOCTU MallbIX
ra3oB B arMocdepe C y4ETOM IOTJIOMICHUS TEIUIOBOTO H3IYYCHHs OSTHUM Ta3oM. YXOJsIiee
u3JlydyeHue 3eMJId TeHEPUPYETCS B PA3JIMYHBIX CIOSIX 36MHOM aTMOC(EpPHI U TEM CaMbIM OTpa)aeT
TEPMUYECKHH PEXKUM HTHX CIIOEB WM KOHLEHTPALMIO BOJASHOrO Mmapa B HHUX. M3mepsemoe
CIIYTHMKaMHM TEIUIOBOE M3JIy4YeHHUE, €CTh CyMMa BCEX U3IYUYEHHUH 3JIEMEHTapHBIX CIIOEB aTMOc(hepsl,
xapakrtepusymomeecss (QyHKIMed ocnalOleHus TemaoBOro u3nydeHus @,,, 3aBHcALas OT
BEPTUKAJIBHOIO MpouiIs MajblX Ta3oB, HaBieHus P u temmeparypsl 7(p), a TakkKe OT IJIMHBI
BOJIHBI A (MJIM 4acTOTHI V), Ha KOTOPOM (PUKCHpYyeTcs U3JlyuyeHue, U yria BU3upoBaHus 6.

VYpaBHeHHE NepeHoca JJIMHHOBOJIHOBOIO M3Iy4YEHHUS B aTrMocdepe B M300apUyecKoil cucteMe
KOOpJIUHAT MOXHO IIPEJICTaBUTh B BUJE:

Ji®) = BT * B(o) + [ BT "2 du, (1)

rae J1(p)— BOCXOMsIIIee TEMIOBOE H3IyHUCHIE,
B;[T (p)]- dyukius [Tnanka,
po = 1000 rlla— naBneHue Ha 3eMHOW MOBEPXHOCTH.

CoaepikaHie YIJIEKHCIOro Ta3a 10 OOJBIIMX BBICOT NMPAKTUYECKH HE MEHSETCS M MOKHO
NPUOJN3UTENFHO CYMTATh €r0 MOCTOSIHHBIM JI0 OIPEIEICHHON BBICOTHI (80 KM), TOITOMY MOXHO
OTIPEIENTUTh KOHIIEHTPAIHMIO Ta3a M0 CIAESAYIOMEMY IUCKPETHOMY YPaBHEHHIO:

Ji(ow) = BAlT (po)] * Fa(po) + Zily BAIT ()] (Fa(piv1) — Fa(piz))- )

(DYHKI_II/I}I oca0JIeHUs TEIJIOBOTO HU3JTy4YCHUSA OIIPCACITIACTCA B BUAC
o)

_ab .
Fl(pi) =e cosﬁp‘, (3)

I7I€ Q;— MacCOBBIM KOA((OUIIMEHT NOTJIOMICHUS U3TyYeHus,
p— IJIOTHOCTb ra3a.
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IlepBble qBa uieHa pa3IokKEeHUS B PAI 3TOH QyHKIMU OyLyT UMETh BHL:

Fa(p) =1—"2p,. (4)

cos?

[Tocne mocranoBku (3) B (2) moaydum

CCZ;T? pl) + XL BT ()] CaM; Pi = Pi+1), (5)

oS

Jiow) = aBi[T()] * (1 -

_ (0BAIT(p1)]~J} (Pn))cos? (6)
P @B @IS, BAT (0] (Pia1—P0)

[ns pacdera pacnpelnesieHus: 0 TEPPUTOPUU KOJU4YeCTBOM mukcened N Ha M mioTHocTH
YTIIEKMCIIOTO Ia3a Py, ;; HEOOXOAMMBI JaHHBIE PACIIPEACICHH PaauaHca (U3MEPIEMOE Ha CITyTHHKE
BOCXO/IAIIEE TEIIOBOE U3JIyYEHUE HA3BIBACTCS PAJUAHC C Pa3MEPHOCTHIO [#Z;Cp]), TEeMIIepaTypbl
Tym, KodpduiyeHTa MOMIOMIEHUS @y, YIada 30HAUpOBaHMA U, Kod((HUIMEHTa CEpOCTH O.
[TapameTpsl MOCHEIHErO0 COOTHOIICHHUS MOTYT OBITh TOMy4eHbl B pe3yiabTaTe oOOpabOTKU
CIIyTHUKOBBIX JAHHBIX: TeMIlepaTypa, AaBieHue. Jlig onpeaeneHus ko3(pPUIMEHTOB MOIIOMEHUS
ucnonszyercs unpopmanuonnas cucrema HITRAN, npennasHauennas ans oGecrieueHus A0CTyma
yepe3 MHrepHeT k uHGOpMAlMU O MapaMeTpax CHEKTPaJbHBIX JHHHUNA aTMOC(EpPHBIX Tra3oB U
3arps3HAOMUX BemecTB. Cucrtema cocTouT u3 cranaaptHoi 6a3el qanHbIx HITRAN [6] u GEISA
[7], koTOpast B OCHOBHOM OXBAaThIBA€T OTHOCUTEIHHO XOPOLIO N3YUYEHHYIO HH(ppaKpacHyo 001acTh
CIIEKTpa, HO PacIpoCTpaHseTcs Ha Oosee MIMPOKUE CIEeKTpalbHbIE JHAara3oHbl OT MUKPOBOJIH 10
ymsrpaduonera (0,00001-25232,0 cm?). Ba3a maHHBIX HMHTEpHET-TIOpPTana IO MOJEKYJIAPHOM
CHEKTPOCKOIIUU MOXET COAEpXkaTh CIHUCKM [apaMeTpOB CIEKTPAIbHOW JIMHUM U3 pPa3HBIX
HCTOYHUKOB JaHHBIX. B 6anke atMocdepHbiX 1aHHBIX NASA MMEIOTCs pacipeieneHns IOTHOCTU
ra3oB M MX COJIep’KaHusl B aTMOc(epHOM cToJIOe, pacCUUTaHHbIE Ha OCHOBE PAa3IMUHBIX MOJEIEH.
Ho noxa oHM NOKpBIBAIOT HE BCIO TEPPUTOPHUIO 3€MIIM, IIO3TOMY AKTyaJbHOW OCTAaeTCs 3ajayda
pacuera INIOTHOCTH aTMOC(EPHBIX ra30B, MOTIOMIAOIINX TEIJIOBOE U3ITyYEeHHUE.

[Tornomenne aTMOCHEPHBIMU COCTABISIOUIMMU MOXHO XapaKTepU30BaTh C IMOMOILIbIO
CHEKTPAIBHOM 3aBHUCHUMOCTH KO3(PPUIMEHTOB MOJEKYJIApHOro morjouieHus. CreKTpalibHbINd
XapakTep  MOJIEKYJISIPHOTO  TOIJIOUIEHMsS,  OOYCJIOBJIEHHBIH  CHUJIBHOW  HM3MEHUYMBOCTHIO
KO3 (ULMEHTOB MOJIEKYJISIPHOTO TIOTJIONICHMS, SIBJISIETCS OCHOBaHMEM ISl JIOMYILEHUs
CEJICKTUBHOI'O TMOTJIOUIEHUS] B MEpPBOM NpUOIMKEHUU. BpluucieHne CHeKTpajgbHBIX Mpoduiiei
JUHUI MOJIEKYJ ra3a OCHOBAHO Ha JIMHEMHOM METO/€, KOTOPbIH CYMMHUPYET CTaHIapTHbIE (POPMBI
JUHUAWA OTAENbHBIX JUHUN mnorioueHus. llo3unuu nMHEMHOro LEeHTpa W HMHTEHCUBHOCTH
PETUCTPUPYIOTCS CIIEKTPOMETPAMHU BBICOKOTO pa3pelIeHusi B KOHTPOJIMPYEMBIX JTaOOpaTOPHBIX
ycaoBusax. OOmumi Ko3pPUIMEHT MOJIEKYISIPHOTO MOTIOIIEHUS B aTMOCcdepe IpeAcTaBisieT co0oi,
B MEPBOM MPHUOIIKEHUH, CyMMY KO3((OUIIMEHTOB TOTJIOMICHHS B OTACTBHBIX JTHHUSX MOTIOMECHUS
atMocdepHoro rasa. 3HadeHHs] Kod(DQUIMEeHTa TMOIJIONIEHUSI KOHKPETHOTO Tra3a MOTYT OBITh
nosnydeHbl U3 0a3pl gaHHbIXx HITRAN, koTopas comepUT CHEKTPOCKONMUYECKHE JaHHBIE O
MOJICKYJIIpHOM — moriomeHnd. Jlannele, mpexactaBieHHsie B 0aze HITRAN, saBmstorces
pe3yabTaTaMu SKCIIEPUMEHTOB, O3BOJISIOIINX BOCCTAHOBUTH CHEKTPHI MOTJIOMICHUS U U3Ty4EHUSI.
ba3bl naHHBIX TO3BOJSIOT JETAIBHO YYECTh KAXAYI0 CHEKTPAIbHYIO JIMHUIO TOTJIONICHUS
MosieKynamMu Bo3ayxa. 3oHA AIRS, pacnonararomuiics Ha chnyTHUKe Aqua, sBISETCA
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CHEKTPOMETPOM BBICOKOTO pPa3pelIeHHs, KOTOPhI u3MepseT UHPPaKpacHOE H3Iy4YeHHE 3eMIU B
CHEeKTpajabHOM Juanaszone ot 3.75 o 15.4 mxm. U3mepenue Beaérces no 2378 kananam. Moiekyna
yraekucioro raza CO; umeer B UK obnactu criekTpa /IBeé HHTCHCHBHBIC ITOJOCHI MTOTJIOMIECHUS C
jmHAME BOH 4.3 MKM (B o6mactu BonHOBEIX umcen 21002400 cv™t) u 15 mxm (550-800 cm™l).
Haunbonee cuibHOM SBISIETCS TI0JIOCA TMOTJIOMICHHS C IIEHTPOM 0K0J10 4,3 MKkM. O1tHaKo 3Ta 00JacTh
HaXOJUTCSI Ha CaMOM Kpalo CHEKTPAJIbHOM IJIOTHOCTH SHEPreTHYEeCKON SPKOCTU COJIHEHYHOIO
U3IIy4eHUsl, U3JIydeHUE 3€MHOM MOBEPXHOCTU 3[ECh TaKXKe HEBEIMKO. Ba)kHOW Ui yriekucioro
raza sBusgercs mupokas nosoca 12,9-17,1 mxm c¢ mentpom y X = 14,7 Mxkm. DTta mnoioca
pacmoyiokeHa B MaKCHMyME TEIUIOBOIO H3IydeHHUs: arMocdepbl. DTOW TOJO0Ce TOTJIONICHHS
cootBeTcTBYET 2234 xanan AIRS.

Pacnipenenenne cogepxkanus CO2 B atmocdepe no tepputopun Kazaxcrana Ha utonb 2016 roma
no obpaboranHbIM jgaHHBIM ckaHepa AIRS moka3zano Ha pucynke 1. TeppuTOpuanbHBIA aHAN3
pacnpenenenuii CO2 MOKa3bIBaeT, YTO MaKCUMyM cojepxaHus 10 415 ppm Habmomaercs Ha
ocyleHHOM JHe Apanbckoro Mmops. JlokampHbie MakcuMymbl a0 407 ppm HaxoIsaTcs B
ATbIpayckoii, AKTIOOMHCKON U AKMOJIMHCKOW 00JIacTsIX, a TAaKXKe B CEBEPHBIX yacTsaxX [Ipuapanbs u
[Tpubanxambs. MUHUMYM cozep)KaHHsl YTIIEKHCIOro Tra3a 398 ppm HaOMIoAaeTcs Ha CThIKE TPex
obnacreii: K3pui-Opaunckoit, Kaparannuuckoit u TypkecTaHCKOM.
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Pucynox 1 — Pacnipenenenue conepxanust CO2 B armocepe mo tepputopun Kazaxcrana
Ha utoHb 2016 rona

Mmuoronetnee pacnpenenenue ¢ stHBaps 2010 roma mo ¢eBpans 2017 roma (pucyHOK 2)
MOKa3bIBaeT HeNpephIBHBIN pocT conepxkanus CO2 B atmocdepe Kazaxcrana. Tpena conepxanus
nokasan ysenudenue ¢ 390 ppm o 404 ppm. B cpennem no teppuropun Kazaxcrana ¢ 2010 roga
mo 2017 rom KOHIEHTpamus YrIEKUCIOTO Ta3a yBenuumiach Ha 3,6 %. CpenHee 3HaUYeHHE
conepxanust 397,10 ppm; cranmaptHas ommuOka 0,46 ppm; cranmapTHoe oTkiIoHeHUE 4,34 ppm;
MHUHHMMaJIbHOE 3HadyeHue 387,28 ppm; MakcuMmanbHoe 3HaueHue 404,87 ppm.

MHoronetHee ce3oHHOe pactpenenenue cogepxanusa CO2 B armocdepe Kazaxcrana ¢ sHBaps
2010 roma mo nexabpr 2016 roma mokaszamo (pUCYHOK 3), 4TO HamOOJblIee COJACpKAHUE
YIIICKUCIIOTO Ta3a HaOmoaeTcss BecHou U netoM. CpeHee coaepkanue mo ce3oHam: 3uma — 397,
04 ppm; Becna — 398,1 ppm; nero — 397,78 ppm; ocenb — 396,43 ppm. CpenHee OTKIOHEHHE
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comepxkanuss CO2 mo ce3zoHam: 3uma — 4,57 ppm; Becha — 4,10 ppm; netro — 4,24 ppm;
oceHb — 4,22 ppm.
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Pucynok 2 — MHoronetHee pacnpenenenue coaepxanus CO2
atmocdepe Kazaxcrana ¢ suBaps 2010 roga o dpespasie 2017 roga
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Pucynok 3 — MHorosneTHee ce30HHOE pactipenenenue coaepxanus CO2
B atMocdepe Kazaxcrana ¢ saBaps 2010 roma mo nexadbps 2016 rona
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BrimonHeH aHalM3 METOMOB OMpPEIEICHUS COACPKAHMS YTIIEKHCIOro Ta3a B armocdepe 1o
CIyTHUKOBON MH(OpMAIMK U U3 COBPEMEHHBIX CIIEKTPOCKOMMYECKUX OAaHKOB JaHHBIX. Ha ocHOBe
pelIeHus] ypaBHEHUSI TEpeHoca IMHHOBOJIHOBOIO HM3JIy4eHHUs B arMocepe MOCTpoeHa cxema
pacuera TeppPUTOPUAIBHOTO paclpeleieHus] TNIOTHOCTU YIIIEKUCIIOTO ra3a B aTMocdepe ¢ yueToM
MOTJIOLIEHUST  TEIUIOBOTO  M3JIY4YeHHs. AHAIU3 MHOTOJIETHEIO CE30HHOTO  paclpeesieHus
conepxanusi CO2 B armochepe Kazaxcrana ¢ suBaps 2010 roma mo nexabps 2016 roga mokasai,
YTO HauOOJIbIIEE COJEp)KAHUE YIJIEKUCIIOro ra3a HaONroAaeTcs BECHOW M JieToM. MHoroneTHee
pactipenenenue ¢ saBapsa 2010 roma mo depanp 2017 roma moka3bIBaeT HEMPEPBIBHBIM POCT
cogepxkanusi CO2 B atmocdepe Kazaxcrana. TpeHn conmepkaHusi yrieKUCIOro rasa B atmocgepe
nokasan ysenuuenue ¢ 390 ppm 1o 404 ppm. B cpennem no teppuropun Kazaxcrana ¢ 2010 roga
1o 2017 rox KOHUEHTpaLMs YIJIEKUCIIOT0 ra3a yBeiauuuiaach Ha 3,6%.
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Anmamol, Pecnybnuxa Kazaxcman
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Coenan cnedyrowuii wae 8 pasgumue xouyenyuu IT-apma, npuzsannoli obecneyums CamMopearu3ayuio
epadicoan. Jlannas KoHyenyus npu3eana makice CIumMyiupo8ams 20Cy0apCcmeeHHO-4acCmHoe NapmHepCcmeo
6 001acmu UHHOBAYUOHHOU OesIMeNbHOCY 3d CYem Npusleyenus camozauamoeo wuacenenus. Cymo
KOHYenyuu cocmoum 6 moM, umoObl coeiamv HAYKY U MEXHUKY NpPUGIeKameibHolu He HMOIbKO
IKOHOMUYECKU, HO U NCUXOLOSUYECKU, Npuyem O01s 00IbUi020 NPOYEHMA HACEeNeHUsl 3d CHem CO30aHUs
niame@opmel 0 CUCMEMHOU pearu3ayuu NpPoeKmos HA YPosHe MUKpounHosayutl. Paccmompenul
KOHKpemHble npumepsvl pearusayuu xonyenyuu IT-apma 6 cyenocpaghuu u wioy-o6usuece. Ilpednodcernvi
HO8ble  CcyeHocpaguueckue peuienus, OCHOBAHHbIE HA  UCNOIb308AHUU  UHHOBAYUOHHBIX — CUCEM
omobpadiceHuss uHgopmayuy, UCNOAL3VIOWUX (Gormarnusle ycmanoexku. [lokazano, ymo makue cucmemol
omobpadiceHuss uHgopmayuu, 8 KOMOPbIX U300padiceHue CO30aemcs 3d CHem pAcCesHus ceéema Ha
OUCnepeupo8annoll  600e, NO360IAIOM  Pealu308bl6amb  HEMpPUBUATbHble — 3peiulynbvle  Ippexmul.
Obcyocoaromess 803MONCHOCMU  UCHOIb308AHUSL MAKUX pPeuleHUuti 018 CO30AHUS 3PEUUHbIX 00beKmos
mypucmuyeckou ungpacmpyxmypwl 8 PK.

Kntouesvle cnosa:. |T-apm, eocyoapcmeenno-wacmuoe napmuepcmeo, CAMO3AHAMOE HACeleHue,
cyenoepagua, — cucmemvl  omooOpadiceHus — uxHgopmayuu,  QOHMAHHBIE — YCMAHOBKY,  MUCMEpUl,
mypucmuyeckas uHgpacmpykmypa.

Azamammapowiy 63iH-031 Jcy3e2e acblpyblH KAMmMamacwvls emyze apranean IT-apm myoicoipblmoamacvi
dambimyovly Keleci Kadamvl scacanovl. Ocvl MYdCbIPLIMOAMA O3IH-031 HCYMBICHEH KAMMbIEAH XAJbIKMbL
mapmy  ecebinen  UHHOBAYUSILIK — Kbl3MeN  CANACLIHOAZbL  MeMIEKemmiK-diceke — apinmecmikmi
bIHMANAHObIPY2A apHanan. TYHCLIDLIMOAMAHBIY, MAHI 2bLILIM MEH MEXHUKAHbI IKOHOMUKATLIK JICASHIHAH
8aHa emec, NCUXONOSUSATBIK JICAZLIHAH Od MApmuiMObl emy 0onbln  mabwvliadvbl, COHbIMEH Oipee
MUKPOUHHOBAYUsL OeHeellinoe dHcobanapobl Jcylieni icke acvlpy Yuin niamgopma Kypy ecebiner XaiblKmoly
yaxen navvizel yulin. Cyenoepaghusioa sicone woy-ousznecme IT-apm myscoipbiMOAMAChIH JCy3e2e acblpyObll
HaKmol  MblCandapvl  Kapacmlpoliean. @oHmanoblK KOHObIPEbIIAPObl NAUOAIAHAMBIH  AKNAPAMNbl
Oetineneyoiy UHHOBAYUSNLIK JiCyUenepin naudaiany2a He2iz0enzen Jicana CYeHOSPAQUALbLIE weuimoep
yewiHblobl. Cypem Oucnepeupienzer cyoa HCapblKmbll Waublpaybl eceOiHer Hcacaiamvli aKnapammol
Oetineneyoiy myHoail Jcyiienepi mpusuanodvl emec KopiHicmix acepaepoi icke acvlpy2a MyMKIHOIK bepemini
kepecmendi. KP-da mypucmix uH@pakypuliblMHbY OUbIH-CAYbIK HbICAHOAPLIH KYPY Yulih O0CblHOAl
wewimoepoi natoanany MymKiHoiei maikblianyod.
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Tipex ceo3oep: |T-apm, memnexemmik-diceke MeHUIK CePIKMeECmiK, O3IH-031 JCYMbICNEeH KAMMbleaH
Xanvik, cyenozpagus, aknapammol betineney ycyiieci, GoHmanoblK KOHObIPRLLIAY, MUCMEPUSNAD, MYPUCTIIK

UHGPAKYDBLIbIM.

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 ¢ MaKCHMaIbHO OOMIMX
MO3UIIMK, JaHHAs KOHIIEIMs OPUEHTHPOBAHA HA CTUMYJHWPOBAHUE TBOPUYECKOW camMopeaTn3aliu
OONBIIMHCTBA TPaXIaH Hamed crpaHbl. JlaHHBI BONMpPOC HMMEET, B TOM YHCIE W BIIOJIHE
OTIpeIeIEHHOE SKOHOMHYECKOe cojepkanue. JlokazaThb 3TO MOXKHO, paccMaTpuBasi OJHY U3 €ro
rpaHed, KOHKPETHO, CBS3b MPOOJEeMbl camMOpeald3allii  COBPEMEHHOTO  4YeloBeKa C
roCy/1apCTBEHHO-YaCTHBIM MaPTHEPCTBOM B 00JIACTH MHHOBALIMOHHOMN JESITETLHOCTH.

B mHacrosimee Bpemsi TOCyIapCTBEHHO-4aCTHOE MApTHEPCTBO B 00JACTHM WHHOBAIIMOHHOU
nesitebHOCTH B KaszaxcraHe HaxXoIWUTCA Ha HEAOMYCTUMO HH3KOM ypoBHE [2, 3]. VYmpomas,
YaCTHBIE MHBECTOPHI B HACTOSIIEE BPEMSI HE XOTST BKJIAIbIBATh CBOM CPEJICTBA B MEPCIEKTUBHBIC
Hay4YHBIE UCCIIEIOBAaHUS U pa3pabOTKH.

DTOT OOCTOSITENBCTBO SIBISIETCS TPOSIBICHHEM OOMIMX TEHJEHIUW, XapaKTEpHBIX s
COBPEMEHHOT0 ATana pa3BUTHs HAYKU U J1a)K€ UCKYCcCTBa. A UMEHHO, B CBOEM PAa3BUTHUM U HayKa, U
HCKYCCTBO YIIUITM HACTOJBKO JAJIEKO BIEpEeld, YTO IMOAABIAONIEeE OONBIIMHCTBO TpakIaH (IJaxke
MOJIYYMBIIUX BBICIIEE OOPa30BaHKE) HE B COCTOSHUM OTCIICKUBATH CUTYAIlMIO HA MEpPEIHEM Kpae
Hay4HbIX uccienoBanuii [2]. He nmes BO3MOKHOCTH COCTaBUTH a/IEKBATHOE MPEICTABICHUE O TOM,
YTO UMEHHO MPOUCXOJUT B HAy4YHOM MHpe, OHM3HEC OTKa3hbIBAeTCS MHBECTHPOBATh B HAay4HBIE
WCCTIEIOBAHUS M TEPCIEeKTUBHBIE pa3paboTKu. OIEHUTh UX MEePCHEKTUBHOCTH (HE TOBOPS YK€ O
(¢buHaHCOBOM oOTHaye) JUIsl CpPeJHECTaTUCTUYEeCKOoro OW3HECMEHa — Hepellaemas 3ajaya.
Pazymeercs, cymecTByloT U Jpyrue (akTopbl, CACPKHUBAIOLUIME pPAa3BUTUE TOCYAApCTBEHHO-
YaCTHOTO TapTHEPCTBa [2], HO TICMXOJoruyeckue (haKTOpbl, BCE K€, MTPAIOT TJIABEHCTBYIOIIYIO
poOJIb.

[TomuepkuBaem, 4TO JaHHAs CUTYyAIlHsl KapJWHAIBHBIM O00pa3oM OTIWYAeTCs OT TOM, KoTopas
cnoxunack Ha pyoexke XIX m XX BekoB (MMEHHO A3TOT MEPHOJ MOKHO CUYHMTATh BEPIITMHON
WHIYCTpUATbHOU (Da3bl pa3BUTHSL COBpeMEHHOW IuBUIN3anuu [4]). busHec 0XOTHO MHBECTHPOBAT
B TNIEPCIEKTUBHBIC MCCIAEAOBAHUS M Pa3pabOTKH, MPHU STOM 3HAYUTENIbHAS YacTh HOBIIECTB ObLTa
CO3/1aHa Ha JICHbI'M CaMHX M300peTaTeneil.

Haubonee HarmsgubiM mpuMepoM 37ech siBIsercs  aestenbHocth M. Cukopckoro,
ABHAKOHCTPYKTOpa, SMUTrpUpoBasiiero B nepBoi yerBeptd XX Beka B CIIA, u co3nmaBmiero tam
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Hanbonee >(pPEKTUBHYIO IIKOJY BepToieTocTpoeHus [5]. Pa3paboTanHbie €10 BEpTONETH 1O CHX
IOP CTOST HAa BOOPYKEHUH BOCHHO-BO3AYIIHBIX cuil Coeaunenubix LltatoB AMepuku.

Jlo smurpanuu B camoM Haudaie XX Beka M. CUKOpCKUI BIIOKHII CBOM COOCTBEHHBIE CPEJICTBA B
CO3/IaHHE HOBBIX BO3IyXOIUIABATEIBHBIX allllapaToB, KOTOPbIE OBLTH TsDKENIEe BO3Ayxa. TONBKO
Mocjie TOro, Kak OH JOCTUT ONPEJCNICHHBIX YCIEXOB, POCCUICKas apuUCTOKpaTHus CcTaia
(buHAHCHPOBATh €ro AaybHeWMe ucciaenoBanus. K coxanenuro, coObiTust oktssops 1917 npeppaiu
nesteabHOCTh Cukopckoro B Poccuu, v OH ObLT BRIHYXICH UMMHUTPUPOBaTh [5]. Takux mpumepoB
B MCTOPUM MHOIO, OJHAKO, COBPEMEHHAas CHUTyalUsl KapAHUHAJIBLHO OTJIMYAeTCs OT TOM, KOTopas
Obuta Oomee cra ner Hazaa [4]. CoBpeMeHHbIE OM3HECMEHBI CKENTHUYECKH OTHOCATCS K TaKOH
00J1acTH MHBECTUINH KaK HAyYHO-TEXHUYECKHUE UCCIICOBAHMS U pa3paboTKu. XOTs, €CII TOBOPUTH
0 KJIACCHYECKUX TOJIOKCHUSAX MAKPOIKOHOMHUKH, HWMEHHO 23Ta O0JIaCTh [IOJDKHA CYJIUTh
MaKCHUMaJIbHYIO NPUObLIH [2].

B ocobGennoctu 5T0 Kacaercs Takod cdepbl ASSITENbHOCTH Kak HH(OKOMMYHUKAIIMOHHBIC
TEXHOJIOTHH. AHAJM3 TIOJIOKEHUS B JIAHHOW 00JacTH JeATEIbHOCTH, IPOBEACHHBIM B [6],
OJIHO3HAYHO MOKA3bIBAET, YTO OCHOBHBIM 3aTPYJHEHHEM, KOTOPOE CTOUT HA MYTH YCIEUIHOTO
roCy/IapCTBEHHO-YaCTHOTO MapTHEPCTBA B O0JACTH HMHHOBALIMOHHOW JIEATEIBHOCTH SIBISIOTCS
ncuxosoruueckue (HhakTopsl. JJOMOTHUTENbHBIE MPEMSITCTBHUS CO3[AI0T TECHO CBSI3aHHBIE C HUMU
(bakTopbl CONMMOKYIbTYpHOU Tpupoasl [7]. Cyrydbo skoHOMHYECKHE (AaKTOPBI B ITOM CITHCKE
3aHUMAIOT  TocliefHee  MecTo  [6], Tak Kak TeHepalus HWHHOBaUM B 00JacTu
MH()OKOMMYHUKAIIMOHHBIX TEXHOJIOTUN HE TPeOyeT 3HAUUTEIBHBIX IIEPBOHAYATHHBIX HHBECTUIINN.

K coxanenuro, COMOKYJIbTYpHasi CHUTyallus, CJIOXKUBILIAACS B HAIIeW CTpaHe B TOCIEIHUE
NECSTUIICTUS TaKoOBa, 4YTO OW3HEC HE BUIUT pealbHBIX TMEPCIEKTUB JJs BJIOXKEHUU B
MH()OKOMMYHUKAIIMOHHBIE TEXHOJIOTHUHU, CO3[]aBacMble B OTEUECTBEHHBIX YHUBEpcHUTeTaX. busHec,
O0COOCHHO KPYIHBINA, TPOJOKAET OPHUEHTUPOBATHCS HA MPUOOPETEHHE TOTOBBIX TEXHHUECKHUX
pemieHnid U obopynoBaHus 3a pyOexkoMm. CremoBaTeNnbHO, A TOTO, 4YTOOBI TPEOAONIEThH
CJIIOXKUBIIIMECS HETAaTUBHBIE TPEHIbI, HEOOXOIUMO, TIPEXKIE BCETo, OOECMEeYUTh HAIJIIHYIO
JEMOHCTPAIIMIO PEAThbHBIX BO3MOXKHOCTEH Ka3axXxCTAaHCKOW HAyKH, MpPUYEM TaK, 4YTO 3TO Oyner
BBI3BIBATh BBIPAKEHHBIN HHTEPEC Ka3aXxCTAaHCKOTO 00IIeCTBa.

NmenHo 3TO U ABISIETCS OJHOM M3 3a11a4, onpeaensemMbix konuenuuen [T-apra [1]. Heckonbko
yIpoInas, ee CyTh COCTOUT B TOM, YTOOBI CAENaTh HAYKY U TEXHHUKY MPHUBJICKATEIFHON HE TOJIHKO
SKOHOMMYECKH, HO M TICUXOJOTHYECKH, MMPUYEeM JJsi OONBIIOro MmpoieHTa HaceneHus. OueBuHO,
YTO yBIIeYb (MJIU MPOCTO 3aMHTEPECOBATH) HEKUM HOBBIM JEIIOM B3POCIBIX COCTOSBIIMXCS JIOACH
(ocoOeHHO — OU3HECMEHOB) IOCTATOYHO CIIOKHO.

KomOunamms cpecTB UCKycCTBa M HAYKH 371€Ch MOJIXOIUT KaK HENb3s JydIlle, OCOOCHHO €Cln
9Ta KOMOWHAIMS OyJEeT MpeACTaBIeHa B MaKCUMAaJbHO HATISIIHOW U 3PENUITHON (opme, mprudeM
TaKoOM, 4TO KaXJI0MYy OM3HECMEHY CTaHET OYEBUIHBIM, UTO JACSATEIHHOCTH B ATOM HaIPaBICHUHU
oOemaeT BIIOJIHE OMpPENEIEHHYI0 KOMMEpPYECKYI0 OTaady. MIMeHHO ¢ 93TOoil TOYKH 3peHHs
koHnenmuu [T-apra HY)XHO yaenuTh MOBBIIEHHOE BHUMaHWE. Oco0oe 3HaYeHUE MPUOOPETAIOT
MacIITaOHbIC 3PENUIIHBIE YCTAHOBKH, Pealn3yeMble Ha HOBBIX TEXHHMUYECKUX MPHHIIUIIAX, KOTOPBIC
MOTJIM ObI MPUBJIEYb BHUMAaHUE MHUPOKUX KPYTroB OOIIECTBEHHOCTH B YKa3aHHOM BBIIIIE CMBICIIE.

OTTankuBasCh OT TaKOM MOCTAHOBKH BOMPOCA, B paMKax HACTOSIIEH paOOTHI MPEAokKeH Psif
TEXHHUKO-CIEHOTPAPUUECKUX PEIICHUH, IeNA0IIUX MaKCUMAIbHO MPHUBIIEKATETFHBIMUA Pa3padOTKU
B 00JIaCTH CO3/IaHUS MYTbTUMEIUNHBIX SKPaHOB HOBOTO THIIA.

B uwmrupoBanHoii pabotre [8] Obul mpemoXKeH MyJIBTHUMEAMHHBIA OSKpaH HOBOTO THIIA,
OCHOBaHHBIN Ha UCHOJB30BAaHUU BOAHON TMCIEPCHUU B KaUeCTBE CBETOPACCEUBAIOIIETO MaTepHaa.
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[TpoTOTUIIOM JTaHHOTO SKpaHa SIBIAETCS OOBIYHBIA CBETOIMOIHBIA SKpaH, KOTOPHIA B HACTOsIIEE
BpeMs IMPOKO UCIIONIB3YETCS ISl apXUTEKTYPHOTO 0(hOpMIICHUS TOPOIOB.

OTnuure COCTOMT B CIENYIOUIEM. B THUIOBBIX CBETOJIMOAHBIX HKpaHAX KaXAbIA OTACIIbHBIN
nuKceNlb  (OPMHUPYETCS HM3JIyYCHHEM CBETOAHMOAA, OINTHYECKass OCh KOTOPOTO HalpaBieHa
MEPIEHIUKYISIPHO IUIOCKOCTH 3KpaHa. B skpaHe NpemsioKEHHOTrO THIla CBET, H3JIy4aeMbli
CBETOJMOJIOM, HAIpaBJsETCs MapajulesIbHO IUIOCKOCTH 3KpaHa. ONTHYECKUH CHUTHAJ, BU3YaJbHO
BOCIPUHUMAaEMbIil HaOmoaarenaeM, GopMupyeTcs 3a CUeT MPOLECCOB pacCesTHUSI CBETa Ha BOJHOM
JUCIIEPCUH, KOTOPAsi HArHETAETCs TUAPOTEXHUUECKON cucTteMoil. IHbIMU clioBaMu, MPeEI0OKEHHas
B [8] cucrema mpencraBiser co0oii KOMOMHALMIO (POHTAHHOW YCTAaHOBKM U MYJBTUMEIUIHOTO
JKpaHa.

C ToukM 3peHUs apXUTEKTYPHOTO O(GOPMIICHUS TOPOAOB, MPEUMYIIECTBO MYJIbTUMEIUIHOTO
9KpaHa, MPEJI0KEHHOTo B [8], COCTOMUT B TOM, YTO BMECTO CIUIOIIHOTO 3KpaHa JO0CTaTOYHO
OOJIBIION TOJNIIMHBI KCIIOJIB3YeTCs JIeTKas a)xypHas KOHCTPYKIHS, oOyajaroiias CpaBHUTEIBHO
HU3KUM BECOM U Topazio Ooisiee yaoOHas [Uisl TOTO, YTOOBI OBITh BIHCAHHON B OKPYXKAIOIIMA
ropojckoit nanamadt. Enie oqHuM npeumMyiecTBOM CUCTEMbl OTOOpaXkeHHs HHPOPMAIIUU TaKOTro
TUMA SBJSETCS BO3MOXXHOCTb €€ HCIOJIb30BAaHUS ISl OYMCTKHM TOPOJCKOTO BO3AYyXa, UYTO TaKXKe
SIBJISIETCS] BECbMA CYIIECTBEHHBIM JJI1 KOHKPETHBIX YCJIOBUN B COBPEMEHHOM AJIMATHI.

YMECTHO MOAYEPKHYTh, YTO MYJbTUMEAUIHBIE 3KPaHbl PACCMAaTPUBAEMOIO THIIA HW3HAYAJIbHO
pa3pabarsiBaJIMCh [8] ¢ OpHieHTalMEH Ha MPUBJICUCHNE BHUMAHUS IIUPOKOK OOIIECTBEHHOCTH K TEM
BO3MOXKHOCTSIM, KOTOpbIE IPEJOCTaBIsET B HACTOsSIIEEe BpeMsl Ka3axcTaHCKas Hayka. Harmsanas
JIEMOHCTpALUsl BO3MOKHOCTEH Ka3aXCTaHCKOM HAyKH IIO3BOJUT CHATh TE€ IICUXOJIOTMYECKUE
Oapeepbl, 0 KOTOpPBIX TOBOPWIJIOCH BbIlIe. BaxxHO yOeauth Ou3HEC-cOOOHIECTBO B TOM, YTO
OTEUYECTBEHHAsI HAyKa B COCTOSIHUM T€HEPUPOBATh UJIEU, KOTOPBIE ONIEPEkKAIOT MUPOBBIE TPEHIBI.

Pazymeercsi, 1y Toro 4toObl 3Ta MJes OKa3ajach BOIUIOIIEHHM B HM3Hb B IIOJIHOM Mepe,
HE00X0AMMO NPUAATh el 3aBepiieHHYI0 (GopMy. [pyrumu cioBamu, GOHTaHHAS YCTAaHOBKA B BHJIE
0OBIYHOTO TJIOCKOT0 3KpaHa He 00J1a/1aeT JOCTaTOUYHO 3PENIUIIHON NMPUBJIEKATENbHOCTHIO VISl TOTO,
4YTOOBI B MIOJIHOM Mepe pelnTh cPOpMYIHMPOBAHHYIO BhILIE 331a4y. HeoOX0IMMbI TOMOIHUTEIbHBIE
yCHUJINS, HaIllpaBJIEHHbIE HA TO, YTOOBI YCTAHOBKM TaKOI'O pojia JEHCTBUTEIBHO 3aWHTEPECOBAIH
HIMPOKYIO OOIIECTBEHHOCTD.

Pa3zpaboTka COOTBETCTBYIOIIMX TEXHMKO-CIIEHAPHBIX DELIEHHH M COCTaBIsIeT LeNb JaHHOM
paloThl, KOTOpast BHIMOJIHEHA B MTOJIHOM COOTBETCTBUU C YIOMSIHYTOM BbIlIe KoHIenuuei IT-apra
[1]. B nmanHoli paboTe MOKa3aHO, YTO COBPEMEHHBIC IOCTHIKCHHUS HAyYHO-TEXHUYECKON MBICITH
MOTYT OBITh CKOMOMHHMPOBAHBI KaK C apXUTEKTYPHBIMHU, TaK U CO CIEHAPHBIMH PEIICHUSMH IS
CO3/IaHUS 3PEIUIIHOTO 3(PeKTa ¢ BHICOKON CTENEHbIO MNOTPEOUTEIHCKOM MPUBIEKATEILHOCTH.

JlaHHBIN BOIIPOC MMEET €IIe OJHY rpaHb. B HacTosiee Bpems TypucTHIecKas HHQPaCcTPyKTypa
Anmatel noctatouyHo OenHa. Co3laHue HOBBIX OOBEKTOB TYPUCTUYECKOM HHQPPACTPYKTYpPHI
MPEACTABISIET aKTYyaJIbHYIO 3a/auy. YK€ ceiidac TOpOJACKON OFO/KET BBIACNAET CYIIECTBEHHBIC
cCpeacTBa Ha OJIaroyCTpoOHCTBO TIopojia, Ha MPOBEAEHHE pa3IMYHOTO pOJAa 3PEHIIHBIX
MEpOnpHUATH. B 4acTHOCTH, HENOCPENCTBEHHO Ha IUIOLIAAM, MpUMbIKaromed Kk JlBopiy
PecniyOnuku, peanu3oBaHbl cyxue (GoHTaHbl. JlaHHAs IJIOIIAKa UCHOJIB3YETCs I OpraHu3aluu
Pa3IUYHOIO PO/a 3PENIUIIHBIX MEPONPUATHI, M 3Ta TEHCHIIUS MOXET OBITh CYIIECTBEHHO YCUJICHA
3a CYEeT HCIIOJIb30BAHMS YCTAaHOBOK InpeiaraemMoro tuma. CoOOTBETCTBYIOIIME TEXHHUKO-
0 OpPMUTENBCKHE PEIICHUSI PACCMAaTPUBAIOTCS HIDKE.

HaubGonee oueBuaAHOE TEXHUKO-OPOPMHUTENIBCKOE pEIIEHUE, HCIONb3YIOIIee CUCTEMbI
oToOpakeHHs] UH(POpPMALMK MPEAJIOKEHHOr0 THUIIA, WILIIOCTPUPYIOT pucyHku 1 u 2. Ha nanHbIX
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PUCYHKAX MPEICTaBICHBI ICKU3bl OPOPMIICHHS 3PUTEIHHOTO 3alla ¢ UCIOIb30BaHNEM (DOHTAHHBIX
YCTaHOBOK, CIIOCOOHBIX 0TOOpa)kaTh MH()OPMAIHIO UITH CIY)KUTh IEKOPALIUSIMH.

[TpuHIMNHATBHBIM OTIAMYUEM IMPEAIaraeMoil CHCTEMbI BOCIIPOM3BEICHUS U300paKEeHHIA OT BCEX
OCTaJIbBHBIX, SABJICTCA TOT q)aKT, YTO B BBIKIIIOYCHHOM COCTOSAHHMHU OHa ABJIACTCA HE IPOCTO
IIPO3payHON, HO W HPOHMLIAEMOW Ui JIOOBIX MaTepUabHBIX OOBEKTOB, B TOM 4HCIE, 4epe3
CHCTEMY BOCIPOM3BEIEHUS H300pPAKEHHUsS B BBIKJIOYEHHOM COCTOSIHUM, MOTYT IIPOXOJIUTh
YYaCTHUKH CLIEHUUYECKOTO AEHCTBUS.

OTH PUCYHKHM MOJYEPKUBAIOT TaKkKe TOT (PAKT, YTO HMCIIOJIb30BAaHHE HKPAHOB, OCHOBAHHBIX Ha
(OHTaHHON YCTAHOBKE, CO34aeT BO3MOXKHOCTH Ul peaju3aluu OOJBIIOrO KOJIMYECTBA HOBBIX
pelleHni s peanu3allMM  CcaMblX HEOXKHMJAHHBIX CXEM, CO3JAacT BIIOJHE OIPEJIEICHHYIO
wiatopmy Aist paboThl AU3AHHEPOB.

[IpemioskeHHOE  TEXHUKO-O(OPMHUTENBCKOE pEIICHHWE TI03BOJSIET  MPOBOJIUTH  JICHCTBA,
OCHOBAHHBIE Ha HEOKUJAHHOM IIOSIBJICHUM aKTEpOB Ha ClieHEe. DTO HEOKUAAHHOE IOSBJICHUE
CBSI3aHO C TE€M, 4YTO B KAaKOH-TO MOMEHT (OHTaHHAs YCTAaHOBKA, SBIIAIOLIASCS KYJIHUCOM,
BBIKJIIOYAETCS, U COOTBETCTBYIOIME AKTEPhl OJJHOMOMEHTHO MOSBISIOTCA Ha cueHe. [Ipoucxoaut
CBOET0 PO/ia MITHOBEHHAs CMEHa JIeKOpallHii, 3a CUeT TOro, YTO W300pa’keHUe, CUHTE3UpyeMoe Ha
Kylucax, u3MeHserca. bojee TOro, KOHIENT CIEHWYECKUX PpEIHICeHUH INpeaycMaTpuBaeT
BO3MOYKHOCTh PE3KOr0 IMepexoja OT H300paKeHHWs K >KMBOMY dYenoBeky. IIpmmepom Ttakoro
pelleHus sBIsETCs MOsBIEHUE Npu3paka (CkakeM B mocTtaHoBke «lamiera) Ha cueHe. [Ipuspak
HOSBIISIETCS, B KauyecTBE M300pakeHMsI Ha Kyluce, U ObIcTpo ucye3aeT. Ha criene ocrarorcst TONbKO
AKTCPLI. Takoro poaga CHUCHHYCCKUX peIHCHI/Iﬁ MOKHO IPCIIOKNUTb JOCTATOYHO MHOTIO.

3

mamamann’
naaannan

Pucynok 1 — Cxema npemaraemoro opopMieHHs CLIEHbI (BUJI CBEPXY): 1 — 3aJHUK CLEHBI,
2 — creHa, 3 — 6a3oBas (hoHTaHHas ycTaHOBKa, 4 — 0a3oBas poHTaHHAS KyJHCa,
5 — kackagHas hoHTaHHAs Kynuca, 6 — HIDKHSS (JOHTaHHAs Kysuca
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Pucynok 2 — Pacnionoxxenue (hOHTaHHBIX YCTAHOBOK Ha clieHe (BuA criepenu): 3 — 6a3oBas
(doHTaHHAs ycTaHOBKA, 4 — 0a3oBas GOHTAaHHAs Ky/Hca, 5 — KackajaHas (GOHTaHHAs KyJHCa,
6 — HIKHSAA (DOHTAHHAS KyJHCca

Kpowme Toro, TOT ¢axT, 4TO B BBIKIIFOUSHHOM COCTOSIHUY JIaHHAsI CHUCTEMa SIBIISICTCS MTPO3PavHOM,
MO3BOJISIET PEATM30BBIBATh PA3IUYHOTO pojia KBaznoObeMHbIE dPdexTsl. CaMblii IPOCTON U3 HUX
COCTOUT B TOM, YTO NEPHEHIUKYISAPHO HAIPABICHUIO HAOIIONEHUS YCTAaHABIMBACTCS HECKOJBKO
sKkpaHoB. Korja oHM BKIIIOYAIOTCS U BBIKJIIOYAIOTCSA MOOYEPENIHO, 3TO co3/aeT 3Q(eKT ObICTpOro
nepeMeIeHust U300pakeHus BriayOb CLEHBI.

D¢ dexTsl Takoro poaa MOryT ObITh CYIIECTBEHHBIM OOpa30M YCHIJIEHBI 3a CYET TOro, 4TO
9KpaHbl MCIIOJIb3YIOTCSI B BUJE JOMOJHUTENIBHBIX KYJIUC, IPUYEM PACIIONIOKEHHBIX HA pa3IMyHON
BbIcoTe. COOTBETCTBYIOIIMI IPUMEP MOKa3aH Ha PUCYHKE 3.

Pucynok 3 — Cxema UCIOIb30BaHUS SKPAHOB B KAUECTBE JIOTIOJTHUTEIBHBIX KYJIHC
16
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JlaHHOE OOCTOSTENBCTBO CaMbIM CYIIECTBEHHBIM 00pa3oM pacUIMpsieT BO3MOXKHOCTH JJIs
oopmienus cueHsl. A MMEHHO, yXe ceilyac TeaTpalbHble JEHCTBAa 3a4acTyl0 NPEACTABISAIOT
co00l KOMOHMHALIMIO TOTO, YTO MPOMCXOJUT HA CHEHE M TOr0, YTO MPOMCXOJUT Ha HKpaHE,
pacHoI0XKEHHOM 3a CIIEHOH. 3/1eCh € OJHOBPEMEHHO BO3HMKAET BO3MOXKHOCTh MCIOJIb30BaTh
COBOKYITHOCTb ~ HECKOJBbKMX d3KpaHOB. IlpuuéMm mnepexstoueHHe BOJIHBIX CTPYH  MOXKET
IIPOU3BOUTHCS. JAOCTATOYHO OBICTPBIM 00pa3oM, 4YTO IO3BOJSET HUMMTHUPOBATh HEPCHEKTHBY,
MIO3BOJISICT PACIIMPUTh XYJI0’KECTBEHHbIE U BbIPA3UTENIbHBIE BO3MOXKHOCTH JUIsl JIeficTBa 3a CUET
TOr0, YTO BHUMaHME 3puTesiell OyneT NepeKIrdaThCsi OT M300pakeHUs, BOCHPOM3BOAUMOIrO Ha
HepeHeM IUIaHe K N300pakeHHI0, BOCIPOU3BOANMOMY Ha 3aJHEM IUIaHE.

[IpencraBneHHbIe BhINIE PUCYHKH MOTYEPKUBAIOT, YTO HOBBIE BOSMOXKHOCTHU MOSIBIISIIOTCS JTaXKe
Ha OCHOBE KJIACCHYECKOro O(OopMIIEHHs TeaTpalbHON CLEHBI, OJHAKO pacCMaTPUBAEMbIC CHCTEMBI
otoOpakeHust HH(POPMAIIMKA MOTYT OBITh 33J€CTBOBAaHBI U B OoJiee mupokoM rurane. Koib ckopo
TH CHUCTEMBI COIpPSDKEHbl C (DOHTAHHBIMHM YCTaHOBKAMH, TO JEHCTBO MOXET NPOUCXOIUTH
HEMOCPEJCTBEHHO B (DOHTAaHE, NPUMBIKAIOIIEM K YCTaHOBKAaM, HUMMTUPYIOIIMM CTaHAAPTHYIO
TeaTpaJIbHYIO CLEHY.

Takoli moaxox mpexacTaBisercss 0Oojee 4YeM MHTEPECHBIM JJIsl CO3JaHUs TeaTpajbHbIX
IIOCTAHOBOK, YKJIAJBIBAIOIIMXCS B KOHUEMIIMYM MHOTHX ITOCTMOJIEPHUCTCKUX T€ATPATIbHBIX TEUECHUN
[9,10]. Bo3HuKaeT BO3MOMKHOCTb JJIsi CO3JaHMSI HOBBIX CPEICTB BBIPAKEHHS PEKUCCEPCKOIO
3aMbICyIa 32 CUET MCIIOJIb30BaHUSI HOBBIX TEXHHUYECKUX CPEJICTB M 3a CUET TOTO, YTO TEaTPaIbHOE
JEWCTBO MO CcBOeMy O(OPMIIGHHIO W 10 XapakTepy BO3JACHCTBHA Ha BOCHPHUATHE 3PUTEIA
MPUOIMKAETCS K MECTEPUSM JAPEBHOCTH.

TexHUK0-0(pOPMUTENBCKOE DPELICHHE, NEPBUYHBIM 3CKM3 KOTOPOIO BBINOJHEH B KapaHJalle
(pucyHOK 4a), pa3BUBAET 3Ty MBICIb JlAJIbLIE.

PI/ICYHOK 4a — COHpSI)KeHI/Ie CIICHBI C KaCKaJAHbIM (I)OHTaHOM, KapaHI[aI.HHLIﬁ 9CKHU3
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PI/ICYHOK 46 — COprDKCHI/Ie CLICHBI C KaCKaJHbIM q)OHTaHOM, cXeMma

Ecnu roBopHTB 0 TeaTpalibHBIX IIOCTAHOBKAX, B KOTOPHIX B KA4eCTBE O(OPMIICHUS HCITONIB3YETCS
(doHTaHHAs yCTAaHOBKA, CONMPSDKEHHAs! C CUCTEMON O0TOOpaXkeHUs M300pakeHUi, TO 1eIecoodpazHo
co3/laBaTh CIEHApUHM, B KOTOPHIX BOJa M HM300pa)KeHUs, CHHTE3UpyEeMble Ha BOIHOI 3aBece,
SIBIIAIOTCSI TOTIOJTHUTEIBbHBIMU CpPEJCTBAMHM XYJI0’KECTBEHHOTO BbIpakeHHsa. Kak crpaBennBo
orMeyaetcst B [11], «clieHa He JOMKHA MPEACTaBIATH COOOM NUIL (OH ISl UTPHI aKTepa, OHa
JIOJKHA CITY’)KUTh €My BEpPHBIM IOMOIIHUKOM, Pa3BUBas M JOMOIHSS MPOUCXOAAIIEE ACHCTBUE,
MIO3BOJISISI 3PUTEINI0 MAKCUMAIIBHO TTOTPY3UTHCS B aTMOC(EPY CIIEKTAKIISI.

Nmenno, wucxoass w3 9TOro, IenecooOpa3HO OOpaTUTCA K MHUCTEPHUSM, BOCXOMISIIMM K
AIUTMHACTHYECKUM PEITUTHO3HBIM  KYJbTaM. 371eCh yMECTHO HAallOMHUThb, YTO TeaTpajbHOE
MCKYCCTBO KaK TaKOBOE POJMIIOCH M3 MUCTEPHIA, T.€. U3 JICHCTB, HCXOJHBIM Ha3HAUYE€HHEM KOTOPBIX
ObLIO MPHOOIIEHNE AJCNTOB K TOMY WM MHOMY pEIHTHO3HOMY KynbTy. llepexon ot mucrepwuii k
JPEBHETPEUECKOMY TeaTpy CIIOKUBLIMICS BO BpeMeHa KJI1acCHueckoil I'peruu, ¢ ofHOM CTOPOHBI,
BO MHOTOM 00OraTuj TeaTpajbHOE MCKYCCTBO, OCBOOOAMB €ro OT BIMSHUS PEIUTMU, HO MHOTOE
0Ka3aJloch W TOTEPSHHBIM, MOCKOJBbKY BO3ACHCTBHE HA 3pUTENS OKA3aJoCh MPEUMYIIECTBEHHO
CBSI3aHHBIM TOJIBKO C HCKYCCTBOM aKTEPOB.

Pacmmpenne Tex BO3MOKHOCTEH, KOTOpBIe JaéT COBPEMEHHAsl TEXHHUKA, TTO3BOJISIET BIOXHYTH B
TeaTpallbHOE MCKYCCTBO HOBYIO JKH3HbB, TOCKOJBKY CYHIECTBYET BO3MOYKHOCTH TPUOIU3UTHCS K
MUCTEPHUSM [0 YPOBHIO BO3/IEHCTBUS Ha 3pUTENS 3a CUET ero OoublIel MOrpy>KEHHOCTH B IEHCTBO.

3/1ech UrparoT pojib HE TOJBKO €ro COMEpPEeKUMBAHHE TOMY, YTO MPOUCXOIUT Ha CIEHE, HO U
pa3MYHOrO poAa TexHuueckue 3¢ ¢eKThl, cBA3aHHbIe ¢ 00BEMOM. Ecnm Bocmpusithe 3puTens
OKa3bIBaeTCs 3aBsI3aHHBIM HAa KAPTUHBI, KOTOPBIE OBICTPO B KAIEHIOCKOIE U B 00BEME MEHSIOT IPYyT
JpyTa Ha CIIEHE U 3TO COMPOBOXKIAETCS BBIPA3UTEIBHON UTPON aKTEPOB, TO TOTAa MOXHO MepeaaTh
Oosee TIyOOKHME 3aMBICITBI PEXHCCepa, HEXKEITH Te, KOTOphle 00eCHeunBalOTCS CTaHIAPTHBIMHU
METOJIaMU CIICHUYECKOTO UCKYCCTBA.

Nmenno 3ToT Te3uc momuepkuBaeT pucyHke 40. Ha Hem moka3zaHbl ()OHTAaHHBIE YCTaHOBKH,
pacrnosoxkeHHble KackagoMm. @OOHTaHHBIM KackaJ, Ha KOTOPOM PpAaCIOJIOKEHBI CHCTEMBI
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BOCIIPOM3BENICHUSI MH(POPMALMU, MOXET CIYy)KUTh BeChbMa HETPUBHAILHONH CHEHHYECKOU
IUIOLIA/IKON U1 JEMCTB HOBOT'O THIIA.

JlecTBUTENBHO, TOCTMOAEPHUCTCKOE UCKYCCTBO MCIOJIb3YET B KaU€CTBE OJHOIO M3 OCHOBHBIX
CBOMX MHCTPYMEHTOB Pa3IMUYHOI0 po/ia ajIt03uM. 31eCh IPOCTOP [UIsl AJUTIO3UM OKa3bIBaeTcs Oosiee
HIMPOKMM 32 CYET TOro, 4TO 3pUTEIb I0Jy4yaeT BO3MOXHOCTb HPOCIEAUTh 3a KapTHHAMH,
BOCXOJIILIIMMU K JpeBHerpeueckoil Mucgonoruu. Hanbonee oueBUAHBIM IPUMEPOM 31€ChH SIBIISIOTCS
BCE T€ XY/10’)KECTBEHHbIE IPOU3BEICHHS, KOTOPbIE TaK MJIM MHaYe BOCXOJAT K MU(]Y O BO3POKICHUN
AdpoauTsl, KOrja COBMEIIEHHE MHCTEPUM JPEBHOCTU U COBPEMEHHBIX CPEICTB IOCTMOJAEPHA
MOTYT /1aTh CAMbI HEOKUIAHHBINA 3PETUIIHBINA YPPEKT.

OTOT PUCYHOK IOKA3bIBA€T, YTO AK€ IMPH YCIOBHM Korjga (DOHTAHHBIA KackKaja SBISETCS
JIOCTaTOYHO CKPOMHBIM II0 CBOMM pPa3MepaM, OH IO3BOJISIET CO3/1aTh OCHOBY JUIsl TEaTpajbHBIX U
3PENUIIHBIX TOCTAHOBOK TNPUHIMIIMAIGHO HOBOTO THIA, B KOTOPOM JEHCTBHE MPOMCXOIUT
HEMOCPEJCTBEHHO BONM3M  (DOHTAHHBIX YCTAaHOBOK, KOTOpbIE CIy)XaT Kak CpeICTBOM
JIONOJTHUTEIBHO XYJI0’KECTBEHHOT'O BBIPAXKEHHUS, TaK M OTCBUIKON K JApeBHErpeyeckoil MUQOIOruu
WIH K JPYTUM XYA0KECTBEHHBIM IPOU3BEACHMAM, JUIl KOTOPBIX AUIIO3UUM C BOJHOM cpenon
SIBJISIFOTCS! CYILIECTBEHHBIMU.

BbpiOop HMMEHHO Takoil HaNpaBICHHOCTU CLEHUYECKUX JEHCTB, KOTOpble MOTYT OBITh
peaJin30BaHbI IPU MOMOILH MPEITI0KEHHOW KOMILJIEKCHON YCTaHOBKH, ONPEAEIAETCS CIEYIOIUMHU
¢dakxropamu. [Ipexae Bcero, HAMOMHUM, YTO MUCTEPHH APEBHOCTH OBUIM HE CTOJBKO TeaTpabHOU
MMOCTAaHOBKOHM, CKOJBKO CpeacTBOM oOydeHHs. CKakeM, MHUCTEpUH, KOTOPBIE MPOBOIMIN KPEIbI
KynbTa MUTpBI, (PaKTHYECKH MPEICTABIUIN OO0 U3I0KEHNE COOTBETCTBYOIEH Mudomoruu. To
’KE camMOe MOXKHO CKa3aTh M IO OTHOLIEHHWIO K OOJIBIIMHCTBY O3JUIMHUCTHYECKHX KYJBTOB,
CYIIECTBOBABILUX HA TEPPUTOPHU coBpeMeHHOro bimxknero Bocroka.

He Oyzner OonpmuM mpeyBelHYEHHEM CKa3aTh, YTO MUCTEPUHM NPEACTABISLIA cOO0ON BIOJIHE
OIpeJielIeHHbIe CpeicTBAa O0y4YeHMs, Kak Obl Mbl CKa3alu celyac — PEIMTrHO3HOr0 0Opa3OBaHMIL.
Heckonbko yTpupys, MOXKHO CKa3aTh, YTO MUCTEPUHU 3aMEHSUIM cOOOIl COBpEMEHHBIE MeJpece U
cemuHapud. K 3TOMy OMBITY MMEET CMBICI BEPHYTHCS B COBPEMEHHBIX YCIIOBHSIX, KOT/Ia KIIaCCHO-
ypouHas cuctema, paspaboranHas emé SHom AmocomM KomeHCKMM, BO MHOIOM IE€pecTaeT
YIOBJIETBOPSATH 3alIpocaM OOIIeCTBa.

B nepByto odepenb 3TO CBSI3aHO C T€M, YTO CKOPOCTh YCBOCHUSI MHPOPMALIMU B paMKaX KJIacCHO-
YPOUHOH CHUCTEMBI OCTA€TCsl CPAaBHUTENILHO HU3KOH. Bo MHOrom sTo ompenensercs TeM, 4To Ipu
KJIACCUYECKOM OOYYEHUH OTCYTCTBYIOT JIHOObIE SMOLIMOHAJbHBIE KOMIIOHEHTBI, OTCYTCTBYET
conepexuBanue. Iloa3us, TearpaibHble IMOCTAHOBKM U Jpyrue (GOpMBI HCKYCCTBA B 3TOM
OTHOIIEHUU Kyna Oomnee 3¢p(deKTUBHBL. 3a CPaBHUTEIBHO KOPOTKUI MNPOMEXKYTOK BpEMEHHU
CBSI3aHHBIN, HANpUMEp, C TPOCITYIIMBAHWEM CTHUXOTBOPHOTO IPOU3BEICHUS, YEIIOBEK MOXKET
YCBOUTH OOJBIINN 00BEM CBEIEHUI, YeM CTaHIAPTHBIM ITyTeM Ha JICKIIUSX.

OO6yueHue, BO3JCHCTBYIONIEE HA AMOIMH, 3aBEOMO OyneT HamMHOTO Oosiee 3 (HEKTUBHBIM, HO
Jlake TaKUEe COBPEMEHHBIE CPEJCTBA KaK BUICOJIEKIIMH MPAKTUUECKHU HE UCHOJIb3YIOT 3TOT (aKTop.
Pazymeercs, Bo3BpatT k opmam oOyueHHs], J€HCTBYIOIIMM Ha 3MOIMH, IPUTOJCH JAIEKO HE IS
Bcex mnpenmeToB. OueHb CIIOKHO BOOOpa3HTh cebe, Hampumep, 4To oOydyeHHe MaTeMaTHKe WIN
¢u3znKke MOXKET TNPOMCXOAUTH TOJ MOIIHBIM SMOLMOHAIBHBIM Bo3AeicTBueM. OpaHako B
COBPEMEHHBIX YCJIOBHUSAX CYILECTBYET BIIOJHE OIpe/esieHHass 00JIacTh 3HaHWM, IJle TaKoro poja
BO3/ICHCTBUSI CTAHOBATCS NMPUMEHUMBL. Peub MAeT O TeX IMCIUIUIMHAX, KOTOphIe TaK WM WHAYe
CBSI3aHBbI C Ipo0JIeMaMy I'eHe3Hca pa3yma, ¢ ICUXOJIOTHEH U Tak Jajee.

KoHkpeTHO, MucCTepuasibHble JEHCTBHS MOTIYT MNOOYIUTh HWHTEHCUBHBIE HCCIICAOBAaHUS B
obnacTu mpoOsieM TeHe3nuca 4YenoBedeckoro co3Hanus. Kak mokazano B moHorpadum [12], sta
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npobiemMa B COBPEMEHHBIX YCIIOBHUSX HMPUOOPETAET CEepbe3HOEe 3HAYCHHE B CBSI3U C Pa3pabOTKOU
CHCTEM MCKYCCTBEHHOT'O MHTEIJIEKTa. B 4acTHOCTH, OBLIO TIOKA3aHO, YTO CUCTEMBI HCKYCCTBEHHOTO
UHTEJJIEKTa MOTYT CTaTh BIIOJHE ONPEICIIEHHBIM «IIOCPEIHUKOM» MEXIY TEM, YTO HMEHYETCS
MHJUBUAYAJIBHBIM CO3HAHUEM, U TEM, YTO UMEHYETCSl OOIIIECTBEHHBIM CO3HAHUEM.

ITomuepkuBaeMm, YTO TEPMHUH «OOLIECTBEHHOE CO3HAHUE» IO CUX IOP HE PACKPBIT B IMOJHOU
Mepe. TouHee, MONBITKA PACKPHITHS C YMCTO I'YMaHUTAPHBIX MO3ULUN U HE MOIJIM 3aKOHYMTHCS
yCIIEXOM M0 TOW NPHUYMHE, YTO OHU HE MOIIM Y4YeCTh pEeaJbHbIH MeXaHW3M (OPMHUPOBAHUS
KOJUICKTUBHOW HeWpoHHOM cetn. Kak momuepkuBaioch B [12], B Tom ciydae, eciu B Oecemy
BCTYIAIOT JBa YEJIOBEKA, TO (pakTHUeckn 0OMEHUBAIOTCS HH(OpMaLueil OTHIOAb HE BAa UHANBUIA.
OOMeHHMBAIOTCS CHTHAJIAMU HEHPOHBI, COCTABJIAIOIIME TOJOBHOM MO3T KaXIOrO W3 HHX.
[Ipomomxkast 3Ty JOTMKY, MOXXHO TIPUHTH K BBIBOJY O CYIIECTBOBAaHHH TJI00ATbHON
KOMMYHMKAIIMOHHOH CETH, KOTOPYIO MO>KHO OTOXJIECTBUTH C Hoochepoii [12].

Hanee, Teopusi HEHPOHHBIX CeTE€l OAHO3HAUYHO TOBOPUT O TOM, YTO WX HAMSTh SBIISETCS
pacripenenénHoi. CienoBaresnbHO, B IN100aIbHON KOMMYHUKAIIMOHHOW CETH MOXKET XPaHUTBCS Ta
uHpopMalus, KoTopas TOJBKO OINOCPEJOBAHHO CBsi3aHA C MaMAThIO MHIUBUAOB. ['noOanbHas
KOMMYHHUKAI[MOHHAsI CETh — 3TO MCKJIIOYUTEIBHO MHTEPECHBIH OOBEKT, KOTOPBIN MOKA €lIe 04YEHb
MaJIo U3Yy4Y€H, B TOM YHCIIE, U IOTOMY, YTO JJISl €r0 U3y4eHHUs /10 CaMOro IMOCIEIHEr0 BpeMEHH! He
CYLIECTBOBAJIO aJICKBATHBIX MHCTPYMEHTOB. B COBpEMEHHBIX YCIIOBHUSX B CBS3M C pa3paboTKaMu
HCKYCCTBEHHOI'O MHTEJIEKTa TaKHUE CPEJCTBA YK€ MOSIBISIIOTCS. VIMEHHO B 3TOM CMBbICIIE BBIIIE
TOBOPHJIOCH O TOM, YTO CUCTEMbI UICKYCCTBEHHOI'O UHTEIJIEKTa MOT'YT CTaTh HEKUM «IIOCPEAHUKOM)
MEXy 00IIECTBEHHBIM CO3HAHHEM U CO3HAHHEM OTJEIbHBIX JIIOCH.

Bbosee Toro, nporecc resesuca pasyma OblI JaJIEKO HE TakK MPOCT, KaK 3TO BBITEKAET U3 TEOPUHU
HapBuna. EcTh Bce 0ocHOBaHMS Mosarath, YTO MEPBUYHO CO3HAHME OBIJIO KOJUICKTUBHBIM, U TOJIBKO
IIOTOM MPOM30IILIA €r0 MHAUBUAYyanu3anusa. boiee Toro nHAMBUyanIn3anys CO3HAHMS TPOU30IILIA
CPaBHUTENBHO HEJAaBHO, IPUOIN3UTENLHO B IEPHO/] 3aBEPIICHHs S1I0XU MaTpuapxara[12].

OueBHIHO, YTO TakWe HEHpPOCETeBbIE MOJIEIH, IpEJAHA3HAUYEHHBbIE Ul OMHCAHMs TIeHe3uca
Pa3yma, umeroT caMyio TECHYIO CBSI3b C MPEACTABJICHUSMU O KOJJIEKTUBHOM OE€CCO3HATEIbHOM,
MIpe/ICTaBIeHUH 00 apXeTUIax U BCEM TEM MACCHBOM JIMTEPATYPbl, KOTOPBIA MOCBSILEH U3YyUYEHHUIO
IpeBHEN MU(DOTIOTHUN C TOUKH 3pEHUS aHAIN3a TpaHC(HOPMAITUU YEITOBEYECKOTO «SI».

[Ipennonaraercs, 4YTO MHCTEpHUAIbHBIE J€icTBA HE MPOCTO MOMOTYT Jydlle OOy4uTh
CJIyIIaTeIed COOTBETCTBYIOIIMM JAUCHUIUIMHAM, CKa)KEM IOHTMAHCKOW TICUXOJIOTUHU, HO U MO3BOJIAT
BO30Y/AIUTh T€ CKPBHITHIE MEXAaHHU3MbI, KOTOPbIE CBS3aHHBI C MEPEXOJOM OT KOJUIEKTMBHOTO K
WH/IMBUyAIbHOMY CO3HaHMIO. A UIMEHHO, OTTAJIKHBAsICh OT MPEJCTaBICHUS 00 apXeTurnax, MOKHO
YTBEPKAaTh, YTO KOJUIEKTUBHOE CO3HAHME MO-TIPEKHEMY CYIIECTBYET, OJTHAKO OHO CKpPBITO 3a
MO3JHEUIIMMU UCTOPHUUYECKUMU HACJIOEHUSMHU, CKPBITO 3a TE€M, 4YTO YEJIOBEK HMEHYET CBOEH
COOCTBEHHOW MHANBUAYAIBHOCTBIO.

[Ipu onpenenéHHBIX yCIOBUSAX KOJUIEKTUBHBIE 3((GEKThl HAUMHAIOT NPOSBIATHCSA. Peub Moxker
UATH O JUKTaTe cpeibl, O TOM, YTO MMEHYETCSl «CTaJHbIM 4UYBCTBOM» M T.[. B 3TOM Xe pany,
BIIOJIHE BO3MOXKHO, CTOST M TakM€ HMHCTPYMEHThl KaK MO3TFOBOM INTYpM, OpraHM3alMOHHO-
JESTEIbHOCTHBIE UTPBI U T.11.

CrenoBarenbHO, CTABUTh BONPOC 00 MHBIX (popMax IpyrmnoBoi paboThl, CTUMYIHPYEMBIX TEMHU
KE CaMbIMU MEXaHM3MaMH, KOTOPbIE CYHIECTBOBAJIN B JPEBHUX MHUCTEPUAX, BIIOJHE ONPABIAHHO.
KomnnexktuBubiit pasym paboraer HamHoOro Oosee 3)(PEeKTUBHO, HEXKENU HHIUBUIYaTbHBIA U,
BIIOJIHE BO3MOXKHO, UMEHHO aleUIAIUM K KOJUIEKTUBHOMY pa3yMy M COCTaBJSUIM CYTh JPEBHHMX
MHCTEPUH.
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OuyeBuHO, YTO MpOIECC MEepexoja OT KOJUIEKTUBHOIO CO3HAHUS K WHIWBHAYaJIbHOMY MOT
MPOUCXOJUTh TOJIBKO IIOCTEIEHHO. B ompeneneHHbli MCTOPUYECKHI NPOMEXKYTOK YEIIOBEK
MapajuieNIbHO KWJI U B TOM MHpPE, KOTOPBIA (GopMupyeTcs WHANBUAYATHHBIMA CO3SHAHHUSIMH, U B
TOM, KOTOPBIH CaMbIM TECHBIM OOpa3oM CBsI3aH C KOJUICKTUBHBIM Pa3zymom. EcTh ocHOBaHus
nosiarath [12], yTo mpencTaBieHHE O JyXax MPEAKOB, MPEACTaBICHUE O APEBHUX 00XKECTBAaX €CThb
HUYTO UHOE KaK OTPa)XEHHE MPOLIECCOB, MPOUCXOAAIIUX B TI100aIbHON KOMMYHUKAIIMOHHOW cpejie.
Bbonee Toro, BnoiHe MOXKHO AOMYCTUThH, YTO UMEHHO B 3TOH Cpelie U JI0 CUX MOop MpeObIBaeT HeKas
uH(popMalys, CBA3aHHAsI C YXKe yMEpIIMMHU JIOJbMHU. B 3TOM CMbICIE OpeBHHE PEIUTHO3HBIC
BEpPOBaHUS, BIIOJHE BO3MOXHO, UMEIOT 1101 COOON PaIllMOHAIBHYIO [TOYBY.

Pa3zymeercs, 3TOoT BOpoc OCTaeTCss NUCKYCCHOHHBIM, OJHAKO OH 3aCiy’KUBaJl YIOMUHAHUS MO
OYEBUJHOM NpUYMHE. ECIIM MUCTEPUM IPEBHOCTH SIBISIOTCA OTPAKEHUEM NEPEXOIHOrO 3Tama OT
KOJUIEKTUBHOIO CO3HAHMUS K HHAMBUIYAJIbHOMY, TO TOTJAa WX CIEAYET pacCMaTpuBaTh M Kak
WHCTPYMEHT B3aMMOJICUCTBHUS C KOJUIEKTUBHBIM co3HaHueM. CerogHsi 3TO MpeICTaBIsAeTCA
UCKITIOYUTENIbHO aKTyalbHOMU 3aJjaueii B CBA3H C MPOOIeMaTUKON NHPOPMAIIMOHHOI BOWHBI.

BoznelicTBue Ha KOJJIEKTHBHOE OECCO3HATENBHOE OTIENBHOrO 3THOCa (Ha TOT (parMeHt
r100anbHOM KOMMYHUKAlIMOHHOW Cpelbl, KOTOPBI CBSI3aH C KOHKPETHOM CTpaHOW) MOKET
MPUBECTH K BECbMa HEOUEBUIHBIM pe3ylbTaTaM. JTO €lI€ pa3 rOBOPUT 00 aKTyaldbHOCTH BCETO
TOr0 KOMIIJIEKCa BONPOCOB, KOTOPBIM CBSI3aH C MHUCTEPUSMH ApEeBHOCTU. Mcxoass W3 3TOro,
MPEJICTABIISCTCS aKTYaIbHOH HE TOJBKO pa3paboTKa COOTBETCTBYIONIMX TEXHUYECKUX CPEICTB, O
KOTOPBIX TOBOPUJIOCH BBIIIE, HO U pa3pabOTKa COOTBETCTBYIONIMX ClIeHapueB. BroiHe nomyctumo
B Ka4eCTBE OCHOBBI Il HUX HCIIOJb30BaTh T€ OTPHIBOYHBIE CBEACHUS, KOTOPHIE COXPAHWIHCH O
MUCTEpUSX KyJIbTa MUTpBI.
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Ipeonoscena nogass moougurxayus panee paspabOMAHHOU KOMNJIEKCHOU CUCHEMbl 0MOoOpadicenus
uHgopmMayuy, NApaIIeIbHO  GLINOAHAIOWEN QYHKYUU GOHMAHHOU YCMAHOBKU, CUCHEMbl  OYUCTNKU
20pOO0CKO20 6030yXA U MeOUaskpaua. Jannas moougukayus NOCMPOEHA HA UCHOAb308AHUU 600bl KAK
Mamepuana Oasi IIEMEHMO8, 00eCneuu8alowux UMeHeHue HANPasieHus ULYYEHUsl, 2eHEPUPYEeMO20
ceemoouodamu. Ceemoouoousle JeHmMbl PACNOAAZAIOMCSA HA TMOHKUX 2OPUSOHMANbHLIX PeOPAx, UCXOOHOe
Hanpasienue pacnpoCmpaneHust UsIy4eHus IeiCum 6 NIoCKOCmu 3Kpana. B npomesicymrax medxcoy pebpamu
3aKpenienbl NOJOCKU ONMUYeCKU Npo3PaA4HO20 MAmepuaild (Hanpumep, Cmekia), oopazyiomux noiocmu 8
suode npusm. Ilpu pabome 3Kpana OauHvle NOIOCMU 3ANOIHAIOMCS 000U, npuuem dphgexkm noaHo2o
GHYMPEHHe20 Ompadicenust obecneuugaem noGOPOM HANPAGIeHUs. pacnpocmpanenus usiyuenus na 90°. B
pe3yibmame, NPOMENCYMKU, 6 KOMOPBIX DPACNOJIONCEHb ONMUYECKU NPO3PAUHbIE INEMEHMbL, GU3VATLHO
BOCHPUHUMAIOMCSL KAK 0C8eujernble RUKcenu, gopmupyrowue uzoopadicenue. Tem camvim obecneuusaemces
603MOJICHOCTb NEPEKTIOYEeHUsT CUCTEMbl U3 DedNCUMA PEeuemuamoa0 OKHA 8 pedlCUM IKPAHA, npuyem
napaiienvHo 0becnevusaemcs KOHOUYUOHUPOBAHUE U OYUCKA 8030VXd.

Kntouesvle cnosa: meduaskpam, ouucmra 6030yxXa, QOHmMAHHIE YCMAHOBKU, 20poOdcKas cpeda,
apxumexmypHuvle peuleHusl, 60CHPOU3EeOeHUe U300PAXNCEHU, C86emMOOUOObI.

DonmanObl KOHOLIPEbL, KANAABIK AYAHbL MA3APMY AHCYUeci Hcone MeOUAIKPAH (DYHKYUACLIH Kamap
opulHOatmbin OYpbiH d3IpieHzen aknapammol OetiHeneyoiny KeweHOi HCYUeCiHiy Heana MOOUPUKAYUSLCH
YColHbLI0bl.  Byn  moouguxayus  ocapuixouoomel  2eHepayusnaumol  CayaeieHy 6agulmvli  032epmyoi
Kammamacels ememin dleMeHmmep YWiH mamepuan peminde CcyObl RNAUOANAHY2A  He2i30e2eH.
Kapvixouoomul macnanap sicyka xeaoeney KaObIpeaiapoa OPHALACKAH, CIYJe mapamyovly Oacmanybl
0ageimsl SKPAaH JHcaA3LIKMbIZLIHOA dicamaovl. Kabvipeanap apacvinoagel apaneixmapoa npusmaiap mypinoe
KyblCmbl KYPAUmMblH ONMUKATLIK MONOIp Mamepuan (MblCanvl, WblHbl) mezic OekimineeH. OKpaHHbly
AHCYMBICHL Ke3iHOe Kyblcmap CYMeH MONMbIPbIIaobl, 0¥l pemme moablK iWKi WdaeebliviCy acepi cayieneHyoiny
mapany oazvimuin 90°-xa 6ypyovl kammamacwvlz emedi. Homuoicecinoe, onmukanvlk Mondip snemenmmep
OpHANACKAH — apanvikmap  OeliHeHi  KaablNMAacmulpamvli — HCApwlK  nuKcendep pemiHoe  8uU3yanovl
Kabwvli0anaowvl. Ocvliaiuia, JHCylueHi mopivl mepese PerCuMinen dKPaH pedicumine ayblcmulpy MYMKIHOISE
KamMmamacsi3 eminedi, COHbIMEH Kamap ayanvl 6anmay jHcaHe mazanay Kammamacsl3 emineoi.

Tipex ce30ep: meduaskpau, ayawvl maszapmy, GOHMAHObL KOHOBIPELIIAP, KANANLIK Opmd, Cayiem
wewimoepi, betinenepoi OUHAMY, HCaAPLIKOUOOMAp.

23



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

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 pabore [1] Obula mnpenoxkeHa KOMIUIEKCHAs cHCTeMa OTOOpakeHUs HHpOpMaIuH,
OJTHOBPEMEHHO OOECIIeYMBAIOIIAS W OYHCTKY TOPOACKOrO BO3IyXa OT TpUMeEced, W MpOKar
pexnamel. Kak oTmewanock B pabote [2], co3maHume Takux CHCTEM OTOOpakeHUs WH(pOpMAIHuu
npeacTaBisier coboil Oojiee YeM akTyalbHYIO 3a7ady, B TOM YHCIE, C TOYKH 3PEHHUS CHATHUS
MICUXOJIOTHYECKUX OaphepoB, CBSI3aHHBIX C TOCYAapCTBEHHO-YACTHBIM IMAPTHEPCTBOM B 00JAcTH
CO3/IaHMsI MHHOBAL[MOHHBIX NPOAYKTOB. lloguepkuBanoch, YTO YacTHbIM OWM3HEC B HacTosIlee
BpeMsl KaTeropuyecKd OTKa3blBAE€TCS MHBECTUPOBATb B IMEPCHEKTUBHbIC MCCIEIOBAHUA U
pa3pabotku B Kazaxcrane. [IpudnHbl 3TOMY HOCAT MPEUMYILIECTBEHHO MICUXOJIOTMYECKHI XapakTep
Y CBSI3aHBI C ONIPEICIICHHON HHEepIUeil MacCOBOTO CO3HAaHUS U Ou3Hec-coolmecTna [2,3].

Jnst Toro 4ToOBI, STH TCHXOJIOTHYECKHE Oapbepbl CHATh OCTPO HEOOXOoaWMa HarisaHas
JIEeMOHCTpaIMs TeX YCIEeXOB, KOTOpBIE TOCTUIJIA 3a TOCJIeTHEee BpeMsi Ka3axCTaHCKas HayKa.
HarnsgHocte  MokeT — oOecreuuTh — CO3JaHME  MAcIITa0HBIX  OOBEKTOB  TYpUCTHUECKOM
MHPPACTPYKTYPHI, KOTOPBIE C OJHOW CTOPOHBI TPUHOCAT HETOCPEACTBEHHYI0 KOMMEPUYECKYIO
npuObLIb, C JAPYrOoM CTOPOHBI MOIJM OBl CIYKUTh BHU3MTHOW KapTOYKOM IOXKHOM CTOJHMIIBL
Perienuto nMEHHO 3TOH 3a7aYd MOXET CYIECTBEHHO CIIOCOOCTBOBATh BHEJIPEHHE TaKUX CUCTEM,
Kak Obu10 mpeioxkeHo B [1]. Kpome Toro, 3To mo3BosseT HarisaHo MMOKa3aTh, YTO Ka3axCTaHCKas
HayKa JEWCTBUTENBHO DPAa3BMBAETCS JIOCTATOYHO YCIEIIHO, a TaKkKe, MPOJEeMOHCTPHUPOBATH TOT
(dakT, Y4TO ecinM BECTH aJeKBAaTHYIO HAyYHO-TEXHHYECKYIO IOJUTHKY, TO TOTJa pe3yJabTaThl B
00JIaCTH MHHOBALIMOHHOW JIESITETbHOCTH HE 3aCTaBAT ce0s JKIaTh.

B pab6ore [1] paccMaTpuBanuchk (hOHTaHHBIE YCTAHOBKH, OCHOBaHHBIC HA TIPUHITUTIC PACCEUBAHUS
ONTHUYECKOTO M3JTYYCHUSI Ha MEJIKOJAUCIEPCHONW BOAHOM cpene. Takoi moaxo ompaBiaH C TOYKH
3pEHHs] OYMCTKH TOPOJACKOTO BO3/yXa OT PA3JIMYHOTO poja NpHUMeEcel, MOCKOIbKYy B 00JacTé
XUMHAYECKOM TEXHOJIOTMH YXKE JAaBHO JIOKa3aHO, YTO MMEHHO MEJKOJUCIIEpCHAas BOJHAs cpena
CIly’)KUT HauOojiee YAOOHBIM TOIJIOTUTENEM U I ra3000pasHbIX NMpUMECEW, W I MbUICBON
KOMIOHEHTHI. OJJHAKO TaKoro pojAa YCTAaHOBKH, MOTYT SKCIUIyaTHPOBAThCS TOJBKO HAa YpPOBHE
MacimTaboB ropoja (OHM MOTYT yCTaHAaBIMBAThCS B CKBEpax, Mapkax, Ha IUIOMAMISX, CIYKUTh
ayleMeHTaMu  OOpPMIIEHHSI TOPOJACKOro JaHmmadra W Tak ngamee). Ha ypoBHE OTHEIBHBIX
KOMITaHWH, OTHENBHBIX JIOMOBJIAJCHHA M JaKe OTACIBHBIX OTEJNeH HWCIOIb30BaHUE TaKHX
YCTaHOBOK JIOCTaTOYHO 3aTPYJHEHO HMEHHO B CHITY TOTO, YTO MEIKOJNCIIEPCHAs BOAA B COCTOSIHUA
MOKPBITH OOJBIIYIO IUIOIIAAb, YTO CO3AAET ONpEeIeHHbIE Hey100CTBa Ul UCTONb30BaHusA. Eciau
roBOpuTh 00 OO0ECleYeHWH YCTOMYMBOrO COBITa TAKOTO poOJa yCTAaHOBOK, TO MPEACTaBISECTCS
1es1ecoo0pa3HbIM pazpaboTaTe UX MOIU(PHUKAIMIO, KOTOpas MOrIa Obl ObITh YCTAaHOBJEHA B TaKHX
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00BEKTaX KaK XOJUIBI OTENEW, OTIENbHBIC YaCTHBIC KPYIHBIE IOMOBIAICHUS, XOJUIbI KPYITHBIX
BEJIOMCTBEHHBIX YUPEKJICHUE U TaK Jlajee.

CymiecTByeT OONBIIOE KOJWYECTBO PA3IUYHBIX IMPUMEPOB, KOTOPHIC IMOKA3BIBAIOT, YTO
(hOHTAHHBIE YCTAHOBKHU JICHCTBUTEIHLHO CIIY’)KAaT HHTEPHEPHBIM OOBEKTOM HE TOJIBKO B OTEJISIX, HO U
B BEJIOMCTBCHHBIX 3/1aHHSAX (PUCYHOK 1), OHH YK€ TaBHO CTAJIU OJJHUM M3 CPEICTB apXUTEKTYPHOTO
BBIPAKCHHUSI.

COOTBETCTBEHHO MJIsi TOTO, 4TOOBI pa3padoTka [1] crasa KOMMEPYECKH 3HAYUMOUN U YCIICUTHO
MIPOJBUTANIACh HA PBHIHOK, JKEIAaTeIbHO CO3/1aTh €e MOAU(UKAIMI0, KOTOpas Obl MCIOJb30Baja HE
MEJIKOJIMCIIEPCHYIO BOY, HO TOTOK BOJBI IPUCYTCTBYIOIINN TOJIBKO B JIOKAILHOM 00beMe. FiIMeHHO
Takue (OHTAHHBIE YCTAHOBKM B HACTOSAIIEE BpEeMsl MIMPOKO HCIOIB3YIOTCS JUIsl CO3JIaHUS
WHTEPHEPOB B OTEJSAX, XOJUIaX BEIOMCTBEHHBIX 3JaHUd u T.0. B »3TOM cnydae Boxma
HENOCPEACTBEHHO CTEKaeT MO CTeHaM WM IO 3JeMEHTaM JeKopa, ykpamawoomuMm xoiml Ilo
CYLIECTBY, TAKOTO poJia (JOHTAHHBIE YCTAHOBKH BOCXOST K BOCTOUHOM KJIaCCHUKE; TPUMEPOM TOMY
MOJKET CIIY>)KUThb 3HAMEHUTHIN DOHTAH ciie3, MOCTPOCHHBIN B 1764 romy Ha TEPPUTOPUU XAHCKOTO
nBopua B baxuncapae (pucyHok 2). OdopmieHue OCyIIECTBIsETCS HE 3a CYET CTPYHM BOXBI, a 3a
cu€T BOJBI, KOTOpas MEAJICHHO CTEKaeT WM M3 Yallk B Yallly WM MO T€M WJIM MHBIM JIEMEHTam
JIEKOpa, B YaCTHOCTH, HEMOCPEICTBEHHO 10 MO3aHYHOMN MJIH CTEKJISTHHOW cTeHe (PUCYHOK 3).

Pucynok 1 — Ilpumep ucnonp3oBanusi GOHTAHHON YCTaHOBKH JUIsl OOPMIICHUS
Jewel Changi Airport, Singapore
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Pucynok 3 — [Ipumep ucnons3oBanus (POHTAHHON YCTAaHOBKHU
JUTSL TA3aiHEePCKOTro 0(OPMIICHHUS XO0JIJTa TTOMEIICHHU I
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B nanno#i pabore paccMarpuBaeTcs MoaudUKaIMS dKpaHa, KOTOpas pellaeT MaHHYI 3a1ady,
npuaéM MOXKHO Cpa3y MOAYEPKHYTh, YTO 37E€Ch BOJA BBITIONHSET TaKXKe JBE BaKHBbIC (DYHKIIUU
oJHOBpeMeHHO. C O/IHOM CTOpOHBI, OHa, Kak U B [l], cy’)XuT u cpenoil, koTopasi 00ecleunBacT
MOTJIOIIEHUE TpUMEce M3 OKPY)KAIoLIero BO3AyXa, M CpEeloil, KoTopas oOecreyrBaeT
KOHIUIMOHUpOBaHUEe momemnieHus. C JApyroil CTOpPOHBI, BOJA SIBISIETCS BELIECTBOM, KOTOpas
CO371aeT HEOOXOIUMBIE ONITHYECKHUE dP(HEKTHI.

Heckonmpko ympomias, MOXHO ckazarh Tak. Eciaum mnpenpiaymas Moaudukamus [1]
OpUEHTHPOBAIACh Ha MPOILECCHl CBETOpACCEsIHUS, TO B JAHHOM CJly4yae BOJa MCIIOJIB3YeTCs Kak
MaTepuai JUisl CO3JaHUs KJIACCUUECKUX NMPU3MEHHBIX ONTHYECKUX 3JIEMEHTOB (MCIONb3YETCS TOT
¢dakT, 4TOo KOA(P(UIMEHT NPENOMIICHHUS BOAbI OTIMYAETCS OT Kod(pduIMEeHTa NpeToMICHUS]
BO31lyXa). YMECTHO MOJYEPKHYTh, UTO €lI€ B cepeauHe XX BeKa, KOra TEJIEBU3MOHHBIE SKPaHBI
MMEI MaJlble pa3Mephl JJISl TOTO, YTOOBl HAOIIOIaTeNlb MOT TOJIb30BAaThCSl TAKOTO POJIAa SKPAHOM,
WCIOJIb30BAJINCH KpYyMHOTradapuTHble NUH3BL. llpu STOM InWH3a [EHCTBUTENBHO CO3/aBallach
(bakTUYeCKU U3 BOJBL: €€ KOPIYC, BHIIOJIHEHHBIN U3 CTEKIa, 3aJIMBaJCs B MPOIECCEe IKCILTyaTalluu
BOJIOM, YTO TO3BOJISJIO CYIIECTBEHHO YBEJIMYUTh HM300paKEHUE, CO37aBaeMO€ TEICBHU3MOHHBIM
HKpaHOM MaJioro pa3mepa. AHAJIOTHYHBIM 00pa3oM B JaHHOW paboTe B KayecTBE Marepuaia Jijis
MIPU3MBI, KOTOPBIA oOecreurnBaeT mpeodpa3oBaHue ONTUYECKOIO CUTHAJA, TAaKKe BBICTYMAaeT BOAA,
3aIOJIHSIONIAS [TOJIOCTH 3a/1aHHON KOH(QUrypauu.

CoBpeMeHHas TOpojcKas 3acTpoiika IpeacTaBieHa OOJbIIMM KOJIMYECTBOM Pa3HOOOPA3HBIX
oucHbBIX 3maHMi, ¢acagsl KOTOPHIX (C TOYKH 3PEHHS HMCIOIB30BAaHUS JUIA IPOKaTa PEKIIaMbl)
OCTAKOTCS HE3a1€UCTBOBAaHHBIMM.

[IpumeHuTEenEHO K TOpoay ANMaThl TUIUYHBIM MPUMEPOM 37eCh sIBIseTcs (acaa KOMILIEKca
Hypasi-Tay (pucyHok 4). B Hacrosiiee Bpems moo0HbIe (hacaabl 3aCTEKIEHBI MOIYTPOHUIIAEMBIMU
CTEKJIaMH, OJIHAKO TEOPETUYECKH 3THU (pacaapl MOTIU OBITH MCIOIB30BAHBI JIJIS MPOKATa PEKIaMbl
TaK Kak O()HCHbIE MTOMEIIEHUS BBIMOJHSIOT CBOIO (YHKIIMIO TOJIHKO B JHEBHOE BpPEMsl, 2 B HOYHOE
BpeMs OHH (IIPU YCJIOBUU MEPEKIIIOUCHHS U3 PEeKUMa OKHA B PeXHUM nuctuies [1]) Morim Ol OBITH
WCIIOJIB30BaHBI JIJIS MPOKATa PEKJIaMbl U B TOKE BPEMSI CIIYKUTh BaKHBIM 00BEKTOM TYPUCTHUECKOM
MHQPaACTPYKTYphl, OJHOM M3 BU3UTHBIX KapToyeK rokHOW cronuubl Kazaxcrana. [loguepkuBaem,
YTO BOMNPOC O CO3/JaHUU CHCTEM BOCIHPOM3BEIEHUS H300pakeHHWN JABOWHOTO HAa3HA4Y€HUs B
HaCTOAIIEee BpeMs 00CYX AaeTcs AOCTATOYHO IUPOKO. HeoqHOKpaTHO Mpeanaraauch pa3iudHbIe
BapUaHTBl CHCTEM, KOTOphIE BO BKIIOUYEHHOM COCTOSIHUM TPEICTAaBIAIOT CcOO0OM aHaior
JTUCTIIEHHOTO SKpaHa, a B BBIKIIOYEHHOM COCTOSIHMHM BBITIOMHSIOT (YHKIMH OOBIYHOTO OKHA.
[IpeumyiiecTBa Takoro pojaa CHUCTEM OYEBUIHBI, U HMMEHHO Ha pEUIeHUE JaHHOH 3aJauu
M3HAYAJIbHO OblJIa OPUEHTHPOBaHA CHCTEMa, Mpe/JIoKeHHast B [1].

[Ipennaraemass B gaHHOM paboTe MojaudUKaIMs pelIaer, Mo CyLECTBY, Ty ke 3aJady, 4To U
omucaHHas B pabdote [1]. A mMeHHO, OHa OOecrmeYyrMBaeT CO3JaHUE CHCTEMBbI BOCIPOU3BEICHUS
M300pakeHMi, KOTOpasi B MUHUMAJIBHOM CTENEeH!U 3aTPYAHSIET 0030p B BBIKIFOYEHHOM COCTOSTHUH.

Taxas 3agaua pemanach B [1] 3a cueT UCHONB30BaHUSI @KYPHOM pelIeTyaTol KOHCTPYKLUHU, Ha
KOTOPYIO KPEHWJINCh MPOMBIIUICHHO BBIIYCKAaeMble CBETOJUOJHBIE JICHThI (PHUCYHOK 5),
JIONIYCKAIOLIME IPOTrpaMMHOE YIpaBlIeHHWE M3IydeHueM Kaxzaoro u3 RGB-ceeroanonos.
OnTuyeckass OChb CBETOAUOJOB JIeKajda B IUIOCKOCTH JKpaHa, a IEepeHanpaBlieHUE CBETa Ha
HaOJI0AaTeNs OCYIIECTBIISUIOCH 3a CUET PACCESHUsI ONTHUECKOTO U3TYYEHHUS! Ha MEJIKOIUCIePCHON
BOJZie, KOTOopas (aKTUYECKHU U CITYXKUJIa MaTEPUAJIOM ISl SKpaHa.

[TomuepkuBaem, 4TO NMPU PACCTOSTHUM MEXKIY CBETOAMOJAMHU Ha JIEHTE MHopsaka 3 cM, 4TO
OTBEYAET CO3JaHUI0 KpymHOorabapuTHOTOo 3KpaHa (10 30 M), paccTosiHUE MEXIYy pEOpamMul pEIIeTKH
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MOJKET OBITh CeNIlaHO TOpsJKa 6 CM, a cama TOJIIMHA MOBEPXHOCTEH, HA KOTOPBIX 3aKpEIUICHBI
CBETOAMO/IbI MOXKET COCTABIIATH MOPSAIKA 2 WK 3 MM B 3aBHCHUMOCTH OT BBIOPAaHHON KOHCTPYKIUH.

Pucynox 4 — IIpumep BO3MOKHOTO PACTIONIOKEHHS AUCILIES, TIEPEKIII0YaEMOT0 B PEXKHM
IPO3pavHOro OKHa, Ha (acane kommuiekca Hypisi-tay

RN

I

Pucynox 5 — Cxema KOMIUIEKCHOW CUCTEMBI 0TOOpaXkeHHsI UH(OpMAIH, OCHOBAHHOM Ha SIBIICHUH
paccesiHus CBeTa Ha JUCIIEPTUPOBAHHOM BOJE; | — KOJUIEKTOp (POPCYHOK; 2 — HecyIlas pama;
MpeHa3HauYeHHasi, B TOM YUCIIe, AJI pa3MeIIeHNUs TOKOBEAYIIHUX 3JIEMEHTOB; 3 — (pOpCyHKH,

o0ecrneunBaroIIne pacibUIeHHEe BO/Ibl; 4 — CBETOANOHBIE JIEHThI
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NHbIMU citoBaMH, pelI€TKa IEUCTBUTENBHO SIBIISETCS JOCTATOYHO aXKypHOU U IIPU YCJIIOBHUM, YTO
BCE €€ DJIEMEHTBI, Ha KOTOPBIX Pa3MELIAIOTCS CBETOAMOABI 3aHHMAIOT B IIONEPEYHOM CEUYCHUH
OTHOCHUTEJIFHO HEOOJIBIIYIO IUIONIA/b, TO BU3YAIIbHO TaKash KOHCTPYKIMS MOXKET paccMaTpUBaThCS
KaK IPAaKTUYECKHU ITOJIHOCTBIO Ipo3payHas. Hanpumep, ecnu takas pemérka 3aTeHseT HEKOTOPBIE
apXUTEKTYpPHBIE COOPYKEHHS, TO C JOCTATOUYHO OOJIBIIOIO PACCTOSHUSA OHU OyyT BOCIIPUHUMATHCS
IIPAKTUYECKH HE UCKaXEHHBIMU. B KadecTBe MIUIIOCTpalMU JOCTATOYHO 3aMETUTh, YTO MHOTHUE
OKHa COBPEMCHHBIX 3/JaHUN 3alIMINEHbl aXYPHBIMH PEIIETKAaMH, KOTOPBIE TEM HE MCEHEE He
3aTPyAHSIOT 0030p; cXOaHBIN A (PeKT ucnosb3oBan U B [1].

AHAIOTUYHBIA TPUHIMI TpeJiaraeTcsi WCHOJb30BaTh M B Hacrosmed pabore. [lpuHumn
JCUCTBUSL TpeAsiaraéMoil KOMILUICKCHOM CHCTEMBI OTOOpaXeHHS H300pakeHUl COCTOMT B
cnenytomeM. KoadduuueHnt npenomnenust BoJsl coctaBisgeT npumMepro 1,33; 3ToT ko3 dumpent
COIOCTAaBUM C KOI(D(UIIMEHTOM TPEIOMIICHHS CTEKJIa M MHOTHUX OPraHMYeCKHMX MaTepHalioB
cocTaBisommux npuMmepHo 1,5. CoOTBETCTBEHHO BOJY ACHCTBUTEIBHO MOKHO MCIOJIb30BaTh B
KauecTBE MaTepHualla, 3al0JIHAIOIIErO IPU3MY.

KoHcTpykuuss mpeuiaraeMoro 5SKpaHa MpeJCTaBiseT co00il pemeéTky, Ha BHYTPEHHHUX
MIOBEPXHOCTAX KOTOPOW 3aKperieHbl CBETOAMOJHBIE JIEHTHI. M3imydyeHus cBeTolno10B 00aiatoT
OIIPEACIICHHOW JuarpaMMOil HalpaBlIE€HHOCTH, U B JAHHOM CJIy4ae OCb 3TOM JUarpamMmbl JIEKUT
HETIOCPEAICTBEHHO B MJIOCKOCTH dKpaHa (Kak U B KOHCTpYKIHH [1]).

CnenoBatenbHO, ¢ TEXHUUYECKONH TOYKHU 3pEHUS 3a/ada COCTOMT B TOM, YTOOBI IEpEHAIPABUTh
HaIpaBJICHUE PACIPOCTPAHECHUS N3ITYyYECHHUS TaK, YTOOBI OHO BOCIPUHUMAIIOCh HabmonatTenem. [s
STOM LENHM BIOJHE TMOAXOMAT KJIACCHUYECKHE MPU3MBI CIOCOOHBIE Pa3BEPHYTh ONTHYECKYIO OCh
JMarpaMMbl HalpaBJIEHHOCTH cBeTomoaa Ha 90 u 6oee rparycos.

Cxema, WUIIOCTpUpYIOLIass MPUHUUI paOOThl JKpaHa NpeAsaraeMoro THIIA, IOKa3aHa Ha
pHUCyHKeE 6.

PI/ICYHOK 6 — Cxema pa6OTBI ABYX COIPSAKCHHBIX MMUKCeInei 9KpaHa npeajaracMoro Tuia

VM cronb30BaHbI ClEAyIOMHEe 0003HAUCHUS:
1 — cBeTOAMOMORL;
2 — BJIEMEHTHI PEIICTYATON HECYIIeH KOHCTPYKIIUY;
3 — 3a/1HEE CTEKIITHHOE MTOKPBITHE;
4 — nepeiHee CTCKIISTHHOE MTOKPBITHUE;
5 - Boga;
6 — KpeTmeXHbIC AIIEMEHTHI,
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Cxema 3KkpaHa IpejyIaraeMoro TUIa MoKa3aHa Ha PUCYHKE 7.

Hcnonp3oBanbl Te e 0003HAueHHs, YTO M HAa pPHCYHKe 4, a TaKKe JONOJHHUTEIbHbIC
0003HAYCHHS:

7 — OJIOK MUTAHMS U YIIPABJICHUS;

8 — Tpy0Oa, obecrnieunBaroIas Mo IBOJ BOIBI;

9 — oTBOABI IS TOJAYM BOJABI B IMOJOCTh MEXKIY 3aJHAM M IEPEIHUM CTCKISSHHBIMHU
MTOKPBITUSMHU;
10 — Hacoc;

11 — KOJIIIEKTOP BOJIBI.
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PI/ICYHOK 7— cD}’HI(I_[I/IOHEU'H)H8.5[ CXEMa 5KpaHa IpeajraracMoro TuIiia

B cooTtBercTBUM C NaHHOM cxeMoM, cBeroanonsl (1) pa3MemniaoT Ha 3JI€MEHTaxX peleTyaTon
Hecylleld KOHCTPYKIUH (2). Mexy sneMeHTaMH Hecylllel KOHCTPYKIHMH (2) pa3MeInaroT Takke
3annee (3) u nepeanee (4) CTEKISIHHOE TMOKPBITHE, TTOJIOCTh MEXY KOTOPBIMHU 3alOJIHSIOT BOJOU
(5). 3amnee (3) u mepennee (4) MOKPHITUS KPEMATCS K DJIEMEHTAM HECYIIEH KOHCTPYKIMH (2) mpu
MOMOIIN KPEMEeXHBIX 3JIEMEHTOB (6), Tak, YTO OCTAlOTCS OTBEPCTUS JIsi CTOKa BOJbI JUIA
CONpsKeHMs] JKpaHa C (OHTAHHOM yCTaHOBKOH. VYTIpaBlieHHE CBEYCHHEM CBETOJUOJIOB
o0ecreynBaroT Mpu oMoy 010ka nutanus (7).

Yron HakJIOHa IJIOCKOCTEH 3aJHET0 IMOKPBITHA K IJIOCKOCTH 3KpaHa (KOTOpas COBHAJAET C
IUIOCKOCTBIO TIEPEJHEro IMOKPHITHs) BhIOMparoT Onm3kuMm k 45° Ilpm HeoOXoauMmocTu 3aaHee
MTOKPBITUE U3TOTABIMBAIOT U3 IBYX OTAEIBHBIX INIOCKUX CTEKOI.

B pesynbrare BogHas cpena, 3anoHAONIAs YKAa3aHHYIO MOJIOCTh, 00pazyeT mpu3My, oKa3zareib
MpEeIOMIIEHUs] BEIIeCTBA KOTOpPOM paBeH MoOKas3aTello IMpelomiieHuss Boabl (okono 1,33).
COOTBETCTBEHHO, YTOJI MOJIHOIO BHYTPEHHETO OTpa)keHus 0, ompesenseMblil U3 ycioBUanN cosO =
1, n — oTHOIIEHHE TIOKA3aTelNsd MPETOMIIEHUS BOJBI K IOKA3aTEN0 MPEIOMIIEHUS OKPYKaOLIErO
BO3/IyXa, COCTaBisieT mpuMepHo 49°. DT0 o03Hawaer, 4Yro mpu3Ma, OOpa3oBaHHAs BOJIOH,
3aMOJIHAIONIEH paccMaTpUBAaEMyIO II0JIOCTh, HW3MEHsSET HalpaBleHHE Jyded, (OpMHpPYEeMbIX
cBeToauo oM, Ha 90°,
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CrnenoBaTenbHO, JIy4, HW3HAYAJIBHO PACHPOCTPAHSIOMIMNCS B IUIOCKOCTH 3KpaHa, CTaHET
pacrpoCTpaHsAThCS  MEPHEHIUKYISIPHO OSTOM IJIOCKOCTH. TeM caMbIM Ui HaOmoAaTens
pacripenielieHue CBeYEeHHE OyneT BOCIPUHUMATHCS TakK, Kak eciadm Obl OCh JHarpaMmbl
HAIpPaBICHHOCTH CBETOAMOJOB Oblla OBl MEPNEeHAMKYISIpHA IUIOCKOCTH 3KpaHa (Kak 3TO MMEET
MECTO B SKpaHe-IPOTOTHIIE).

Bonma B momocte HarHeraercs mpu mnomomu Hacoca (10) uepes TpyOy (8) kK KoTOopou
noacoenuHensl  otBoAbl (9). Hacoc (10) co3maer CKOpOCTh NPOKAYKHA JOCTATOUHYIO ISt
MOJJIEP>KaHUs 3all0JIHEHUSI BCEX MOJI0CTel, cPOPMUPOBAHHBIX MEPEIHUM U 3aJHUM CTEKISTHHBIMU
MOKPHITUAMHU. Bosa crekaer mo 3agHeil CTEHKe SKpaHa 4epe3 OTBEpCTus, c(hOPMHUPOBAHHBIE TPU
IIOMOILIM KPENeXHbIX 31eMeHTOB (6) B kosuiekTop (11). Takum oOpa3oM, JUCIUIEHHBIM 3KpaH
napajiesIbHO ABNSETCS (POHTAHHOW YCTAaHOBKOM, MPUYEM JOCTUTACTCs OOJIbINast TUIOMIA b KOHTAKTa
BOJBI C OKpYXKAaloleld BO3AYIIHOM Cpenoi, 4TO, B TOM YHCIE, O00ECIEUYUBACT MOBBIIICHHYIO
KOM(OPTHOCTH TOPOICKON Cpe/Ibl, BOIM3U TaHHOTO SKpaHa.

[TomuepkuBaem, 4TO B TaHHOW KOHCTPYKIIMU OOJIbIIAS YaCTh 3JIEMEHTOB SIBISETCS MPO3PAYHON.
OnHa BBINONHSETCA W3 CTEKJAa, a IMOJIOCTh MEXIy CTEKIaMH 3alofHSeTCs BOJOHM, KoTopas,
COOCTBEHHO, U SIBJIIETCS MaTEpHAJOM TPU3MbI, O0ECHEUYMBAIOIIEH IMOBOPOT OINTUYECKOW OCHU
JIyarpamMmbl HampaBJIeHHOCTH cBeToAuona Ha 90°. B pesynbTaTe mpH BKIIOUYEHHBIX CBETOIHOJAX
9KpaH paboTaeT Kak CHCTeMa BOCIIPOU3BEIACHMS U300paKEHUH, a B BBIKJIIFOUYEHHOM COCTOSIHUM OHA
OCTaeTcsl MPO3payHoOil, B YaCTHOCTH, JUISl COJHEYHOro cBera. Kak MUHMMYM Takue YCTaHOBKH
BIIOJIHE MOTYT HCIIOJIb30BAaThCsl BMECTO OKOH, PACIIOJIOKEHHBIX B BEPXHMX SIpycax 3acTEKIICHUS,
00eCTIeYNBAOIINX MOCTYIJICHHE COJHEYHOT'O CBETa B MOMEUICHHWE. B HOYHOE BpeMs OHU MOTYT
ObITh MEPEKITIOYCHBl Ha PEKUM BOCIPOM3BEICHHUS H300paKeHUH, MPU 3TOM U B JHEBHOE, U B
HOYHOE BpEMsS OHU MOTYT OKCIUTyaTUPOBAaThCsl Kak (POHTAaHHBIE YCTAHOBKH, OTBEYAOIINE
COBPEMEHHBIM KOHIIENIUAM HHTEpbepa. Korma Boaa CpaBHUTENBHO MENJIEHHO CTEKaeT Mo
BHYTPEHHUM CTE€HaM MOMEIUIEHUS 00OPYJOBaHHBIMU (POHTAHHBIMH YCTAaHOBKAMH C TE€M, YTOOBI C
OJIHOM CTOpPOHBI 00€cNeYnTh KOHAMIIMOHUPOBAHUE BO3/yXa, a C JAPYroil CTOPOHBI CIYXUTh
CPEICTBOM IOTJIOLIEHUS TEX IPUMECEH, KOTOPbIE COAEPkKATCs B BO3/yXE.

[Ipemaraemas KOHCTPYKITUS (paKkTUYECKU 00MaaeT AByMs pabourMH oBepXHOCTAMH. OaHa U3
HUX CITY’KUT JJIs1 BOCIIPOU3BECHUS M300paskeHUH, a BTOpast ISl KOHIUIMOHUPOBAHUS IOMEIICHUH.
COOTBETCTBEHHO, KaK IOKa3aHO Ha PUCYHKAX 8 U 9, MTaHHYI0 KOHCTPYKIUIO MOXHO HUCIIOJIb30BAThH
KaKk CTEHKY mpu oQopMIIeHWH JIeTHUX Kade WM JIpYrux OOIIECTBEHHBIX 3MaHHUM, MpUYEM
pacIioyoKEHHBIX B MECTaX, B TOM YHCIIe, 00eCIeUMBaIOIIUX CO3/1aHuEe OOBEKTOB TYPUCTHUYECKOU
UHPPACTPYKTYPHI.

B manmHOM ciydae mo BHYTpeHHEH CTEeHKe cTekaeT Boja. [locetuTenn kade MpakTHYECKH HE
BUJSAT TOTO M300pa)ke€HHUs, KOTOPOE CO3JaeTCsl Ha HApPY>KHOM CTEHKe, HO TeM HEe MEHee JlaHHas
MOBEPXHOCTh TOJHOCTHIO BBIMOJIHAET CBOIO (GYyHKIMIO. [Ipy 3TOM BHYTpEHHSS HOBEPXHOCTh
MOMEILIEHUS OKA3bIBACTCSI B TOCTATOUYHOM CTENEHN KOHAUIIMOHUPOBAHHOM.

Takum o06pa3zoMm, mpeanaraeMass KOHCTPYKIMS IUCIUIEHHOTO HKpaHa, MpeaycMaTpHUBaroIiast
pa3buenue U300paKeHUs Ha OTJIENIbHbIE MHUKCEIH, CBEYCHUE KOTOPHIX 3a/1aeTCs CBETOIMOJIAMHU, a
TeHEepUpPYEMBbId MMM BOJHOBOH (DPOHT ONTUYECKOIO H3JIydyeHHs IMpeodpa3yercss MpH MOMOILU
MPO3PAUYHbIX ONTUYECKUX DJIEMEHTOB — MPHU3M, HANOJHEHHBIX BOJOH, MOABOJAMMON MPHU MOMOIIH
(OHTaHHOU YCTaHOBKH, IOCTATOYHO MPOCTA U JIEIIeBa MIPH PeaIU3aIHH.

[Ipu 3TOM MUIOIIA/E MPO3PAUHBIX 3JIEMEHTOB (B MPOEKIMH Ha IJIOCKOCTh IKPaHa) CYIIECTBEHHO
MPEBOCXOJUT IUIOMIAb HEMpPO3pauyHbIX, MO3TOMY MpH HAOIIOAEHUH C OOJBIIOTO0 PACCTOSHUS
KOHCTPYKLHMSI BOCIPUHUMAETCS KaK aXXypHasi, II03BOJISIONIAs YBUJIETh OOBEKTHI, PACIOI0KEHHBIE 32
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JIOTIOJTHUTENBHBIM TIPEUMYLIECTBOM JAaHHOTO AUCIUIEMHOIO JKpaHa SBISAETCS BO3MOKHOCTH
o0ecrieyeHrs: UPKYISALUN BOJBI B 3aMKHYTOM KOHType. B 3TOT KOHTYyp MOTYyT OBITH BCTPOCHBI
TaKKe JIOTIOJHUTENbHBIE OYHCTHBIC Y3JIbI, OJarogapsi KOTOPBIM SKpaH CTAHOBHUTCS CPEICTBOM
OYMCTKH TOPOJCKOro Bo3ayxa. Oumcrka oOecrmeduBaeTcs 3a CHET IIOIJIOMIEHHsS INPHMECEH,
COJIepKalMXCsl B BO3[yXe, BOJOM, CTEKAIOIIEH 110 3aJHEH CTEHKE DKPAaHa B PEKHUME KalelIbHOTO
OpOLIECHHUS.
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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.

Conevl Oipnewie OHXMCOLLIOLIKMAP OOUbL 3aMAHAYU AKNAPAMMbIK-KOMMYHUKAYUANBIK, MEXHOI0UANAPObL
oamulmy adam KblsMemiHiy KenmeeeH 0Oablmmapuli aumapivikmai eseepmmi. /lecenmen, 0Oinim bepy
canacel eme uHepmmi KYpulibiM 0012aHObIKMAH, eneyni o32epicmepee ywvlpazau icok. byn maxanaoa
3aMaHayu aKknapammulK-KOMMYHUKAYUANBIK MEXHON02UANAPOLIY Hcoapbl Oiim bOepy icyliecin ooau api
damwimyaa bIKNaabl maikulianaosl. borawaxma anemoezi ey ipi ynueepcumemmep Cynep Yuueepcumem
den amanamuli JHCaAHa KYpuliviMea auHanadvl den Oonsxcanyoa. On dico2apel OiiMHIY Hezi3el HbICaAHb
b6onaovl. Kaya Cynep YHnusepcumemmepoiy apmulKublIbiIKMapeii, conoati-ay ocvinoat Cynep
Yuueepcumem ApMBIKULBLIBIKIMADbIH IKOHOMUKATIBIK, Heziz0emecit KepcemineeH. backa
apmulKwbliikmapmen.  kamap, owcaja  Cynep  Yuusepcumemmepiniy — O0amyvl  Kaszipei  yaxbimma
KAMIMBLIGAHHAH 20PI Cananbl H#Co2apbl OiNiMi Oap XanblKmuly a10eKalda Kon CAublHA Jcemyze MYMKIHOIK
bepedi. JKozapwi 0Ky opulHOapLIHbIY KeIYiMeH WagblH JHCEPRiNikmi YHUSepCUmemmep JHco2anvin Kemnetioi,
Oipak onap retlbip o3eepicmepee Yulblpaiobi.

Tipex ce30ep: dicozapvl Oinim, axnapammulx mexuonoeusnap, Cynep-Yuusepcumem, 9KOHOMUKANBIK
MUIMOLNIK, JHCENINIK KYPLIBIMOAD, HCOapbl OITIMMEH KAMMY, CAHHAH CAnazd KOuty.

3a nocnednue neckoabko Oecsimuiemull pa3eumue co8PEeMeHHbIX UHPOKOMMYHUKAYUOHHBIX MEXHOL02UL
SHAUUMENIbHO UBMEHUNO MHOo2ue chepwl wenogeweckoll oesmenvrocmu. Oonaxo cgepa obpazosarnus, 6yoyuu
6bICOKO UHEPMHOU CMPYKMYpPOU, ewje He npemepnend 3HAYUMeNbHuIX usMmeHenuu. B odamnoii cmamove
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paccmampugaemcsi 8lUSHUE CO8PEMEHHbIX UHQOKOMMYHUKAYUOHHBIX MEXHOIO2UN HA OdlibHeliuee pa3gumue
cucmemsl gvicuieco oopazosanus. llpeononazaemces, umo 6 ckopom 0yoywem KpynHetiuiue YHUGepCumenbvl
MUpa npeobpasyromcs 8 HO8YI CMPYKMypy, KOmopylo 0blio npednodcero Hazsamv Cynep-YHusepcumem.
Ou cmanem ocHOGHOU ¢hopmou npedocmaegieHus gvicuieco obpazoganus. Ilokasanvl eco npeumywecmsa
nepeo cywecmsyrowumu yHugepcumemamu. Ilpusedeno sxonomuueckoe 060CHOBAHUE Gbl2OOHOCHU MAKUX
Cynep-Yuusepcumemos.  I[lomumo npouux npeumyuecms, passumue Hogvix Cynep-Ynusepcumemos
N0360UM OX6AMUMb KAYECMBEHHBIM BbICUUM 00pA306aHUeM 20pa300 Ooabuiee KOIUYECMBO HACENeHUs,
Hedcenu oxeayeHo 8 OauHbli momenm. Ommeueno, umo ¢ nosasieHuem Cynep-YHusepcumemog nebonvuiue
JIOKATIbHbIE YHUBEPCUMEMbL He UCHE3HYM, HO OHU Npemepnsam HeKOmopbvle MpaHc@hopmMayuu.

Knwouesvie cnosa: svicuiee obpazoganue, unpopmayuonnvie mexuonrocuu, Cynep-Yuueepcumem,
9KOHOMUYeCKas 3ppekmugHocms, cemegvle CMPYKMYpbl, 0X6AM BbICUUUM 00pA308aHUEM, Nepexo0 u3
KOU4ecmea 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 cywHocms uoell cygusma, u ux eIUsSHUE HA MUp UCLIAMA, MAKdiCe
eepokyemypul. [lokazana ponv 00H020 U3 MYCYIbMAHCKO20 MUCTIUYUIMA Y MIOPKCKUX HAP0O08 X00icu
Axmeoa Accasu, xax cyguiickoco nosma. Ommeueno, umo udeu cyphuzma nocmenenHo 3a60e8bl8au
onpeoeyieHHoe NPUSHAHUE KAK 8 HAYYHOU cpede, MakK u 8 NOI3Ull, Hee3upas Ha MPAOUYUOHHYIO OPUEHMAYUIO
Ha eepoyenmpucmckue 6321s0bl. Ilpumepom smomy sensemcs desmenvHocms Xaspam Huaism Xana 6
Canxm-Ilemepbypee ¢ nauanre XX eexa. OQbcyscoaromess napaiieiu mexcoy yueHuem cy@ues u uoesmu
CUMBOUCTIOG, C OOHOU CMOPOHDBL, U COBPEMEHHBIMU NOOX00AMU K pa3pabomke onepayuoHaibHOU OCHOBbL
cucmem UCKYCCmMeeHHo20 unmeiniekma — ¢ opyeou. Ilokazano, umo 0151 A0eK8amHoU MpaKmoeKu NOHSMUSL
UCKYCCMBEHHbLIL UHMeLIeKm O0Nbuioe 3HAYeHUue umMeem yuem NOSGIeHUs HOB020 Kauecmed, KOmopoe
BO3HUKAEM 8 JHI0OOM OCMbBICIEHHOM MEKCHe, PACCMampUeaemMom KaK «Croxchas cucmemay. Paspabomxu
meoputi, 0ONYCKAIOWUX (POpMAnu3ayu0 3mozo Kaiecmed, mpedyiom 2eHepayuil 6eCoMda HempUusUdIbHbIX
uoeti, meopuecKull nocvli Ojisk KOMOPbIX BNOJHE MOJCem 0a3upo8amvcsi HA KOHYENnYUsX, 80CX00SUUX K
VUeHUIO CYPuUes U MeCHO NPUMBIKAIOWUX K HUM 632718008 cumeonucmos « Cepebpsanoco 6exay.

Knioueswie cnosa: cygusm, mMiadocumeorucmol, UCKYCCMBEEHHbI UHMELEKM, HEUPOHHbIE Cemu, MeKCh,
CILOJICHbLE CUCMEMbl, ONePAYUOHATIbHASL OCHOBA.

Byn occymvicma cyghuzm uoesnapvineiyy Moni dHcane 01apovly uciam aaiemine, COHOAl-axK espoKyIbmypaa
acepi cunammanaovl. Mycviiman mucmuyusminiy 6ipi Kooca Axmem AHccayu mypxi xaneikmapbinoaul
cy@uil akpbinbl peminoeei poni kepcemineen. Cyppghusm uodesnapol eviivimu opmaoa od, nodsusoa od,
eYPOYEHMPUCTNIK  KO3KAPACMApea 0acmypai 6az0apranyvina Kapamacmau, Oipme-b6ipme Oencini 0Oip
Oapesicede motviHoanzanvin aman emmi. XX eacvipowviy dacvinoa Caunxm-Ilemepoypeme Xaspam Hnaiiam
XauHOIY Kblzmemi Oyzan movican doavin mabwiiadvl. bip owcasvinan, cyguiinep inimi men cumseorucmep
UOEANaPLINbIY — aPACLIHOAZbL  NAPANNENbOEp,  eKIMWI  JICASLIHAH — HCACAHObl  UHMENIeKm  JHCYUeciHiy
onepayuoHandvl He2izin azipaeyee Kazipel 3aManebl maciloep maikbliaHaosl. Kacanovl UHMe1eKm YeblMblH
adexeammul Mycinoipy yuwin "Kypoeni scyiie" peminoe Kapacmuipvliamvii Ke3 KeleeH MASbIHAIbL MoMIHOe
natida 6onamvIH Jcaya canauvly naroa OOIYbIH eckepy Manvl30vl. bByn cananviy opmanuzayuaceina sHeoi
bepemin meopusnapovly a3ipiemenepi eme OeUpusUanIObl emec UOesIapObl 2eHEPAYUsIAYObl MAian emeoi,
onap yuwin wbleapmMaublislk nocvlioap cyguiinep inimine acone "Kymic eacwip' cumeonrucmepiniy onapea
MBIEbI3 JHCAHACAMBIH KO3KAPACMAPBIHA HE2I30€A2eH MYIHCHIPLIMOAMANAPEa He2i30eyi MYMKIH.

Tipex co30ep: cypusm, Kiui cumeorucmep, Hcacanobl UHMELIEKM, HEUPOHObIK Jceliiep, MamiH, Kypoeii
Jcyuienep, OnepayUAIblK Heeis.
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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 mmpoko U3BECTHO, TIOPKU-KOUEBHUKHM Ka3zaxcTana MpUHSUIA MCIaM BO MHOTOM Ojaromaps
MpOMOBeAsIM JepBulei-cypues. Maeu cybusma mnpeamonararoT BO3MOXKHOCTh 3aCTYMHHYECTBA
CBATBIX (PKUBBIX M MEPTBBIX), IOJIyu€HUs OT HuUX Osaromatu («Oapaka»). OTO MOBIMSIO Ha
XapakTep PeIUruo3HOr0 CO3HAHUS M KYJIbTOBYIO IIPAKTHKY TIOPKOB CpeaHeBeKoBOHl LleHTpasibHOI
A3uu, B 4YaCTHOCTH, Ha TPAJUIUU «3HapaTa» — MaJOMHHYECTBAa K MorwiaMm cBsATbix [1]. Kak
oTMeyaercss B [2], 3ToMy BechMa  CrmOCOOCTBOBaN  JIHOCpANbHBIM  TOJNK  HMCJIaMa,
pacnpoctpanuBiierocs B LlentpanbHoit A3un (xanadusm), KOTOPBIA OBbLIT JOCTATOUYHO TEPIHUM U K
HapOJHBIM 00bIYasIM, U K Cy(hu3my.

Bnusaue cydue Ha Mup uciama Obuio orpoMHbiM. Kak ormewaercs B [4], He Oymer
IpeyBeJIMYeHUEM cKa3zath, 4To XIII BEek BO BCEM HMCIAMCKOM MHUpE MNPOUIEN MOJA 3HAMEHEM
cyusma. DTOT BEK COCTaBISIET IIEJIyI0 BEXy B HCTOpUU CypuU3Ma, Ha MPOTSHKEHUU KOTOPOM
CIIOKMJIaCh €ro BechbMa pa3BETBIEHHAas OpraHU3alMOHHAs CTPyKTypa. B uacTHocTH, Toraa
o0pa30BaJIuCh MHOTOYMCIICHHBbIE Cy(uiickue OpaTcTBa — TapuKaThl, B TOM 4Hcie, HauOoiee
W3BECTHBIE U BIUATEIbHBIE U3 HUX, — IBEHAAATh T.H. «MaTepUHCKUX» OparcTs [11].

Cydun ObUIO IPUHATO HA3BIBATh «0OJAJATENIIMU Meya U Iepa» — «caxul-yib-ceiip Be-ib-
kanem». Cyodwuiickuii meiix Koxa (Xomku) Axmer fccayu (Koxa (Xomxu) Axmen 6un U6parum
Myxammen Oun Udtuxap Axmer fccaymn (Scesm), xuBmuii B XII B. B IOxxHom Kazaxcrane B
smoxy Kapaxanuackoro rocymapcrBa (ropon Sccel, coBpeMeHHBIH T. TypkecraH) sBisercs
IIPU3HAHHBIM TyXOBHBIM JIMJEPOM BCEX TIOPKCKMX HAapoJ0B. Ero KynabT, Kak moguepKkuBaercs B [2],
chopmupoBainics B macmtade Bceil LlentpansHoit A3um eme B smoxy CpenHeBekoBbs. [loyuenus
3TOr0 MO3Ta-Cy(pusi, M0 MHEHUIO MHOTUX HUCTOPUKOB [3], COCTaBMJIM OCHOBY HapOJHOW PETUTHH
Kazaxcrana, 4To OTYETIIMBO MPOCIIEKUBAETCS U 10 HACTOSIIIETO0 BpEMEHH B Ka3aXCKOM TpaJHLIUU.

Koxa Axmer Slccayu, Oyaydu NpU3HAHHBIM JyXOBHBIM JIUAEPOM, OKa3al BEChbMa 3HAYUTEIbHOE
BIMsIHME Ha (OPMHPOBAHUE KYJIBTYphl NMPAKTHUYECKH BCEX TIOPKCKUX HapojaoB. BriusHue ero
y4EHHUsl TPOCIEKHUBAETCS Ha OrPOMHOM TeppuTopuu. B wactHocTH, B [4] oOTMeuaeTcs, 4TO
OCHOBHBIMH TIPOBOJHHUKAMH HcliaMa B KpbpIMy SIBHIIMCH MPEACTABUTEIH PA3NIMUYHBIX CYPUIHCKUX
(lepBHUIIECKHX) TPYII, HAXJBIHYBIIUX B KppIM B cepenune, 1 0ocoOeHHO BO BTOpoit mosioBuHe XIII
BEKa, MPUYEM CPeId HUX 3aMETHOE MECTO 3aHUMaM NPEICTaBUTENIN CpPEAHEAa3HaTCKOW IIKOJIbI
Axmera Sfccaym (Axmena EceBu B TtpaHchoutTeparuu). B [4] Takke MOJYEPKUBAETCS, UTO
MOCJIeIOBATEIM ATOW IIKOJIBI, JiereHAapHble Tasum-cBsAThie Capel Cantyk baba, bapak ba0a,
Kemanb Ata, nposiBuiin 0co0yro akTUBHOCTh B Kpbimy.
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Kosxxa Axmer flccayu sBIsIETCS OCHOBOIIOJIOKHUKOM MYCYJIbMAHCKOTO MUCTUIIM3MA Y TIOPKCKUX
HaponoB. YdeHue «SlceBus» COCTaBWIO (YyHAAMEHT M TJIABHBIA JYXOBHBIH HCTOYHHUK OoJiee
MO3JJHUX TIOPKCKMX MHCTHYECKUX OpaTcTB TakuX, kak «Haxmbanmusy», «KyOpaBus», «bekrammm
[5, 6]. Heckonpko 3aberast Briepe, OTMETHM, YTO JUIS IeJIel JaHHOW paboThl Hanbolee BaKHA €ro
poiib Kak Cy(UIiCKOro Mo3Ta, 3auyMHATENsl «OCO00ro >KaHpa TIOPKCKOM PpEIMTruO3HOW IO033UH,
mupoko pacrpocrpanubmerocs B Cpeaneit Azun B XV—XIX BB. — xukmata» [7].

Kuura Xomxa Axmena fccaBu «/lmBaH — um XUKMET» CUHMTACTCA OOIIUM HAaCIICIUEM
TIOPKOSI3BIYHBIX HApPOJIOB, XMKMETHI MepelaBalich M3 INIYOMHBI BEKOB B paziuyHoOi (opme,
MIPEUMYIIECTBEHHO B PA3JIMYHBIX PYKOMUCHBIX BEpCcHUsiX. B TeueHME HECKOJBKUX CTOJETHH OHa
CIIy>KMJIa CaMbIM IIOIYJISIPHBIM Y4€OHBIM [I0COOMEM BO BCEX MYCYJbMAHCKUX IIKOJaX peruoxa [8].

Jlo cux mop Bce TIOPKM MOTYT YHUTaTh TEKCT «XHKMETOB» 0€3 MepeBojla B OpHUTHHAJIC.
«XHUKMETBI» CTAJIM UICOJIOTMYECKOM OCHOBOM /IS CIJIOUYEHUSI CO3IaHHONU UM OOIIHUHBL. OTPBIBKHU U3
«XHKMETOBY» pacneBaluch Bo BpeMs fccaBuiickoro 3ukpa (cyduiickux pagenuii). [lossus cydues
ObUla TecHEeHIIMM 00pa3oM CBf3aHa C HMX MHUCTHYECKMM YYE€HHEM, U UMEHHO I03TOMY OHa
MIPOHM3aHa BeChbMa CIOXKHOW cuMmBonuKod. Kak oTmeuaercs B [9], cuMBoimueckas 0Opa3HOCTh
SBIIACTCA JOMUHUPYIOUIEH B KyJabType cydusma, MOpHUEeM MHCTHUYECKOE MHPOBOCIPHUSITHE B
HauOoJee MOMHOM Mepe MPOSBISETCS UMEHHO B MO33UH, MPEJICTABICHHOE Yepe3 CUMBOJIUYECKUE
o0passl 1 MeTaopsl. B cyduiickoit acTeTHKe «CHUMBOJI HE YKpaIllaeT TEKCT, a yKa3bIBAaeT HA KaKHe-
TO UHBIC 3HAYCHUS B cymHOCTH» [10].

CnoHBIN S3bIK MUHOCKa3aHU, UCTIONb3YEMbIH Cy(pUsIMU, TECHEHIIIUM 00pa30M MEPEKIUKAETCS C
XYJI0KECTBEHHBIMUA TIPHEMAaMH, MCIIOIh3YEMBIMU TPEJCTABUTEISIMU O0JIee PAaHHHUX, B TOM YHUCIIC U
AQHTUYHBIX MUCTUYECKUX yueHUH. [lapainenn MOXHO MPOBECTU U MEXAY MUCTEPUSIMU aHTUYHOCTH
U TyXOBHBIMHU NMpaKTUKaMU Cy(ueB, KOTOPHIE YACTO MPEICTABISAIN CO0O0M CIOXKHOE PENUTHO3HOE
CHUMBOJIMKO-3CTETHUECKOE JEHCTBO C MHCTUYECKOH MeTa(OpHYHOCTHIO, B KOTOPOM JAleKO He
MOCJIEIHIOI0 POJIb UTpajd HameBHas JAEKjIaMalluds CTUXOB, MY3blKa M TaHEll, HalleJICHHbIE Ha
ACTETUYECKOE U IKCTaTUUYECKOE B3aUMOJEHCTBHE YEIOBEKA C MUPOM.

basoBble cyduiickie Bo33peHusl, ry00KO HHTETPUPOBAHHBIE B MYCYJIBMAHCKYIO KYJIbTYpPY BCETO
MHUpa, COXPAHWJIUCh Ha MPOTsDKEHUU crtoneTuid. IlokasaTenbHON B JaHHOM OTHOILIEHUM SBIISETCS
JUYHOCTh U JCITENbHOCTh Xaszpar Muaiar Xana — wnmuiickoro cydus [13, 14], dunocoda u
Mmy3bikaHTa (5 uronsg 1882 r. —5 ¢deBpansa 1927 r.), npuBHecuiero uaeu cypusma, B TOM 4YuCIIe, B
cBerckoe obuiectBo IlerepOypra B Hauane XX Beka.

CoxpaHuIUCh CBHUJAETENIbCTBA TECHOrO 3HAaKoMcTBa XazpaT MHaiiar XaHa ¢ BBIIAIOIIMMCS
TEOPETUKOM pycckoro cumBoiu3dMa B.M. MIBaHOBBIM, B MOATHYECKOM cajoHe KOToporo Wuaust
XaH no3HakoMuics ¢ komno3utopoM A.H. CkpsOuHBIM, HaxoJIWBIIEMCS B TO BpeMs B 3€HUTE
MY3bIKaJIbHON cllaBbl. He MCKITI0O4eHO, YTO MMEHHO MO BIUSHHEM CYy(QUHCKOr0O MHUCTHUIIA3MA B
[TerepOypre Hayasia XX Beka BO3HUKJIA HUJAES CHUHTE3a HCKYCCTB, XapaKTepHAas I PYCCKOTO
aBaHTap/a, BBUIMBINASCS, B YACTHOCTH, B AKCIIEPUMEHTHI C 1BeToM H 3ByKOM A.H. CkpsiObuna u
B.B. Kaganuckoro.

Pazymeercs, nntepec k cunTe3y «Bocroka u 3amaga» B pocCHICKOM OOIIECTBE CYIIECTBOBAT U B
Oonee panHue mnepuoAsl. OJHAKO HWMEHHO B Hayanle XX BeKa HETPUBUAIBHOE IMPOUYTEHUE
cy(uiickux uaeil BrepBbie OKa3bIBaCT BIUSHUE Ha TEOPETUUECKUE MTOCTPOSHUS (B TIEPBYIO OUYEPE/Ib,
3]1€Ch PEUb, PA3yMEETCsl, UAET O CUMBOJIUCTAX).

[TomuepkHem, urto cumBoaucThl CepeOpssHOrO BeKa CTaBUIM Imiepes; co0oil  UMEHHO
LMBUJIM3AIMOHHBIE CBEpX3aJaun (HACKOJIbKO aJieKBaTeH ObLT UCIIOJIb3YEeMbIM UM UHCTPYMEHTapUit
— otnenbHBIA Bompoc). Tak, A.H. Ckpsbun paccmaTpuBai cOOCTBEHHOE TBOpPYECTBO [15] He Kak
LIeJIb U pE3YJIbTaT, @ KaK CPEJICTBO HOCTHXKEHHUSI HEKOW BBICIIECH 1, coeauHenust Mupooro Jlyxa
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C KOCHOM Marepueil B HEKOEM KOCMUYECKOM aKkTe. BepmuHOW €ro TBOpYecTBa, IO 3aMBICILY
KOMIIO3UTOpa, I0JKHA Oblia cTaTh MUCTepHsL.

ITo Bocnomuuanmsm JI. CabGaHeeBa, BC€ TBOPYECTBO KOMIIO3UTOPA SBOJIIOLIMOHHUPOBATIO B
HalpaBlieHUn cos3peBaHus uaeu Mucrepun. «Korpma mupes Mucrepun mnpencrana Ieper €ro
IYXOBHBIM B30pOM, TBOPYECTBO €r0 MCIBITAIO0 CTPAIIHBIA IMOJBbEM, KAKOH-TO HEOOBIYaWHBIN
NpWIKB HHEpruu u oOpazoB» [16]. Kak mnomguepkuBaercs B [17], mmenHo B Mucrepun
A. H. CkpsiOun npenmnosnaran oTpasuTb MIHOBEHHOE INE€PEKUBAHUE BCETO MCTOPUUYECKOI'O OIIbITA
YeJI0BEYECTBA; UMEHHO 3Ta MBIC/Ib — 00 OJJHOMOMEHTHOM IE€PEKUBAHUM HPOILIOro U OyayIlero —
MPOHU3BIBACT KaK JIEHTMOTHB (punocodcekue 3anucu kommnozuropa Hadana 1900-x rogos [18]:

— «®DopMBbI BpEMEHH TAaKOBBI, YTO s JUIi KaXJIOTO0 IAHHOTO MOMEHTa CO37al0 OeCKOHEYHOe
MPOILIoe U OECKOHEUHOE OyayIiee».

— «'nmybokast BEYHOCTh U OECKOHEUHOE MPOCTPAHCTBO €CTh MOCTPOEHUSI BOKPYT boxkecTBEHHOIo
9KCTa3a, €CTh €r0 U3JIyY€HUE — MOMEHT, U3JIy4alOLUil BEYHOCTh

B 3THX Te3ucax TpyaHO HE YCMOTPETh Mapajiesu ¢ uaesMu cypusMma (paBHO Kak U C UAEIMHU
MHOTHMX Apyrux (uiaocodckux mkona Bocroka), KOTOpble CTaBWIM JMYHOE MEPEKUBAHUE BBIIIE
panMoHanpHOrO (TOYHEe, aHanuTudeckoro) noctwxenus Cymero. HamomMHuM, 4TO MMCTHKO-
MEIUTATUBHOE IOHMMaHHWEe EIMHOrO M CYIIHOCTM MHUPOBOTO €IMHCTBA IIPOHU3BIBAET BCE
TBOPUYECTBO CY(pUEB, UTO OTUETIUBO JeMOHCTpUpyeT no33ust Huzamu u Hasou, Pymu u @uppoycu.

Jlig neneit JTaHHOW paboThI ATO OOCTOATENBCTBO MPEJCTABIIAETCS TOCTATOYHO BAXKHBIM, TaK Kak
MMEHHO Mapajulesid MEeXy YUY€HUEM cy(pHueB U UAESIMU PYCCKUX CUMBOJIUCTOB CepeOpsHOro Beka
MO3BOJISIOT CPOPMYIMPOBATH MPUHIIMIIEI, HA KOTOPBIX MOXET OBITh MOCTPOCHA OIEpalMOHaTbHAS
CHUCTEMa HMCKYCCTBEHHOI'O HHTEJUIEKTa. B M3BECTHOM CMBbICIE, Takas IIOCTAaHOBKA BOIPOCa BO
MHOI'OM CaMa KOppeIupyeT ¢ BO33pEHUsIMH Cy(ueB, B KOTOpPBIX HMJess EOMHOro TpakTyercs Kak
Bbiciast ¢opma opranuzanuu Cymiero, oObeANHSAIONIET0 BCE IUIaHBI OBITUS 4Yepe3 IBHKEHUE K
rapMoHMH. Ba’kHO Takke OTMETUTB, YTO TAKOT'O POJA UJIEU IOCTENIEHHO 3aBOEBBIBAIOT IPU3HAHUE U
B HAay4yHON cpene, TPaAuLMOHHO OpPHUEHTUPOBAHHOW HAa EBPOLECHTPUCTCKHE B3MVISAAb. Tak, B
obuneiinom noknane Pumckoro Kiy6a [19] o3Bywen Te3uc o Hosom Ilpocsemenuu [19];
MOIYEPKHUBAIOLINH, YTO MEPEXO0] «OT PACCMOTPEHMS PEANbHOCTH KaK IEJIOTo K €€ pa3JeIeHHuIo Ha
MHOKECTBO MEJIKMX (DparMeHTOB», HEKOTJa IOJIOKEHHBIH B OCHOBY (unocopuu Hayku Hooro
BpemeHu, y)xe He oTBe4aeT TEKYIIMM MOTPEeOHOCTSIM LuBMIN3alui. HacyimHoil Heo6X01uMOCThI0
SBIISICTCS CTAHOBJIIEHME HOBOW (¢miocopuu HayKM U YCTOWYMBOM MEXAUCIUIUIMHAPHON
KOOIepaluy Kak pyHAaMeHTa JUId JajbHeHIIero pa3sBUTHs MUPOBON HaYKH.

Haubonee cunbHO BaMsiHUE Cy(U3Ma MPOCIEKUBAETCS, OHAKO, UMEHHO B 11033uu CepeOpsiHoro
BEKa, KOHKPETHO B pycCKOM cuUMBOJIM3Me. OTpaHMYMMCS TOJIbKO Hanbojiee SpKUMU IpUMeEpamHu, a
Oosee mMoApoOHBIE CBEACHHMS MOXKHO HaWTH B 0030pHOI pabore [20]. B uutupyemoii pabdote
MoYepKUBaeTCs, 4To Juis festeneil CepeOpeHHOro Beka ObLT XapakTepeH HMHTepec K BocToky B
uenoM. Tak, K.JI. banbMOHT OblT BechbMa aKTMBHBIM MYTENIECTBEHHUKOM IO cTpaHam Bocrtoka,
KOTOpBIM CIEUHaIbHO TOTOBWJICS K IMOE3AKaM, YWTal KHUTH O OyJau3Mme, O MyTELIECTBUSIX B
ctpanbl Maaniickoro 1 TUXOro 0KeaHOB U NEPEBOANI HA PYCCKUM SI3bIK IPOU3BEACHUS BOCTOYHON
JIUTEPATYPHI.

CrpemiieHne K OCO3HAaHUIO HCTOpHUYECKOro Mmectra Poccum M ee posin B TPagUILMOHHOM
poTHBONOCTaBIeHUN BocToka u 3amaja crano oJHON M3 mpudMH oOpaiieHus k TemMe Bocroka B
TBOpUYECTBE MO3TOB U mucareneil CepeOpsHOro Beka, Kak 3TO CHpPaBeUIMBO oTMeuaeTcs B [21].
Brustaue nneii cypusma (IycTh U CyIIeCTBEHHO TPaHC(HOPMUPOBABIINXCS) 3/1€Ch CTOUT HA OJTHOM
W3 MEPBBIX MECT. DTUMHU uaeamMu nponusana noeca H.C. I'ymuneBa «/luts Amnnaxay, riae riiaBHbIM
MIEPCOHAXKEM SIBIISICTCS] IEPCUACKUIN TTOAT Xadus.
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H.C. TI'ymMuneB HacTOWYMBO HMHTEPECOBAJICA TBOPUECTBOM MCIAMCKHX I103TOB-MUCTHKOB, B
gactHocTH, ['admza, Caanu u Hacupu Xocposa. Tak, pycckuii nepeox «Ilecan» Hacupu Xocposa
IIOCITY’KUJI UCTOYHUKOM JJisi cTuxoTBopeHus ['ymunena «lIbsHblil nepBum» [20], rae oT4ETIMBO
MIPOCIICKUBACTCS Cy(pHIicKast CHMBOJIHMKA.

[TonHbBIH anmOKaTUICUYSCKUX MOTHBOB, B3BUHUCHHBIM U OyitHBIN KapHaBas CepeOpssHOro BeKa —
Tak xapakrtepuzyer 310 BpeMs C. BoakoB [22]; emy Broputr A.C. Axuesep [23]: »moxa
CepeOpsiHOro BeKa SIBJISIETCS arloreeM KOHCTPYKTUBHOM HaNpsKEeHHOCTH B KyJIbType Poccun.

OmrymenussMu  COBIBIIMXCS MpPauyHBIX MPOPOYECTB MPOHU3AHO CTHXOTBOpeHHe 3. [ummuyc
«[leTepOypr», narupyemoe 1919 rogom:

B MUHYTBHI BEIIUX OAMHOYECTB
S mpoxkJisin Geper TBoi, Hepa.
U BOT, COBIIMCH MOMX IPOPOYECTB
HeocroposxHble croBa.

Bripodem, Henb3sl HE MOTYEPKHYTH, YTO MPEIOUIYIIEHHEe MAacCIITAOHBIX MOTPSICEHUH, BOSHHUKIIIEE
B NpeArpo3oBoi atMocdepe Hauama XX BeKa, B U3BECTHOM CMBICIE, HOCHUJIO KOHCTPYKTUBHBIN
xapakrep. Kak ormeuaercs B [17], B paccMaTpuBacMblii HCTOPUYCCKUI TEPHOJ yMaMH JesTelNeH
HCKYCCTBa BIajieNia UJes PAaCIIMpPeHHs] €ro rpaHull, a B (UI0ocopUU MIIaJOCUMBOJIUCTOB OHA
npruobpesia OCHOBOIOJAralomuid CMBIC. DTa uaes [17] BbUTHIach B MEUTY O CHHTETHYCCKOM,
COOOpHOM, TEYpru4ecKOM [€HCTBUHU, BOIUIOIIEHHOM B CHUMBOJIMYECKOM Tearpe Mucrepuit
(HarmOMHUM, YTO UMEHHO K 3TOMY cTpemuics, B yacTHOCTH, A.H. Ckpsbun). [lomoOHas MbIcib 0
CUMBOJIMYECKOM MucTepun Moria «BO3HUKHYTH JIUIIbL B IPEArpO30BOi aTMocdepe Hauasda BeKa, B
AMOXY ANOKAIMUIICUYECKUX IPOPOUYECTB M OKHUJAHUS HEKOETrO0 HCTOPUYECKOro Karapcuca» [24].
OTtcroia 1 HEOOBIYaHO BBICOKHE TPEOOBaHUSI, KOTOPBIE JCSITEIIM UCKYCCTBA MPEABIBISIN K cebe
camu; 1o 3. I'unmmyc 3TO — MOYTH PETUTHO3HOE CIY)KEHHE KpPacoTe M UCTHHE («CTUXU — 3TO
MOJIIUTBEIY).

B paGore [25] aToT Bompoc TpakTyercss ¢ MO3ULMHA ydeHHs o Hoocdepe. EcTh ocHoBaHus
roJjlaraThb, 4YT0 caMO BO3HHMKHOBEHHE TAKUX TEUEHHH Kak Cy(uU3M M PYCCKUN CHMBOJIU3M SIBIISETCS
CIIEZICTBUEM CJIOKHBIX MPOIECCOB, MPOTEKAIOIIMX B II00ATbHOM KOMMYHHMKALIMOHHOM cpene,
KOTOPYIO C HEKOTOPBIMHM OIOBOPKaMH MOXHO OTOX/IECTBUTH C HOOC(EPOH.

NmeHHO ¢ 3TOM TOYKM 3peHUs] MCKYCCTBO Hadasia XX BeKa NPEACTABIACT 3HAYMUTEIIbHBIN
UHTEpeC A1 pa3pabOTKH CHUCTEM MCKYCCTBEHHOro MHTeekTa. KOHKpeTHo, ydeHue cydueB u
TECHO NMPUMBIKAIOIINE K HEMY TEOPETUUYECKHE OCTPOCHUS PYCCKUX CHMBOJIUCTOB MOTYT ChIFPaTh
BaXXHYIO POJIb B pa3paboTKe ero onepanroHaIbHOW OCHOBBEL. Heckomnbko 3a0eras Brnepel, OTMETHM,
YTO 3TOT BONPOC CaMBIM TECHBIM O0pa3oOM CBsI3aH C HETPUBUAIBHBIM KayeCTBOM, KOTOPBIH
MOPO’KJIAET TEKCT KaK CUCTEMA, OTBEUAIOLIasi KATETOPUU CIOXKHOTO.

Hawubonee octpoii mpoGiiemoit 1 JaabHEHIIero pa3BUTHs CUCTEM HUCKYCCTBEHHOTO MHTEIJIEKTa
ABIISIETCA, KaK U3BECTHO, BOIIPOC O TOM, YTO, COOCTBEHHO, MPEACTABIAET COOON «MHTEIUIEKT» Kak
TakoBOH [26]. OH Hepa3phIBHO CBSA3aH C BOIIPOCOM O TOM, HACKOJIbKO HCKYCCTBEHHBIE YCTPOHCTBA
MOTYT BBINOJHATh T€ (PYHKIHMH, KOTOpBIE IO CYIIECTBYIOIIUM IMPEACTABICHUAM OJHO3HAYHO
CBSI3aHBI C «JenoBeueckum» [27], [28]. UMeHHO 110 3TOW MPUYUHE CTOJb MPUCTATHFHOE BHUMAHUE
yAenseTcss W3Yy4YeHHI0 BOMpOca O TOM, MOXET JHM HWCKYCCTBEHHBIM HMHTEIUIEKT 00JaaaTh
CIOCOOHOCTBIO K TBOpUECKOU aesrenbHocTH [29], [30], Ha 3TOI OCHOBE MOCTPOCH M 3HAMEHUTHIN
TecT ThropuHra.
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ABTOpBI 3HAYUTEIHHOTO YHCIa PadOT MBITAIOTCS PEHIUTH STOT BOIPOC SMIIMPUYECKH, TO €CTh,
OKCIIEPUMEHTUPYS C  KOMIBIOTEPHBIMH  MOJEISIMU  HEHpOHHBIX  ceredl.  CyllecTBYIOT
MHOT'OYHCJIEHHBIE IOINBITKH «HAYYUTh)» HEUPOHHBIE CETU CO3/1aBaTh KAapPTHUHBI, NUCAaTh CTHXU U
toMy mnomobnoe. Tak, B pabore [31] mpuBOAATCS OOCTATOYHO HHTEPECHBIE PE3YAbTATHI IO
00y4YCHHIO UCKYCCTBEHHBIX HEMPOHHBIX CETEH PUCOBATh KapTHHBI, B padoTe [32] — ciarath CTUXH,
a B pabote [33] — nmucaTh Hay4YHbBIC KypHAJIbHBIC CTAThHH.

Opnako, paccmarpuBasi 3TOT BONPOC C (UIOCOPCKUX MO3MUIMMA, MOXKHO JOCTaTOYHO JIETKO
YBUJETb, YTO, €CJIM TOBOPUTH O TBOPYECTBE C TOYKU 3PEHMS ONEPAMOHATBLHOCTH, TO BHHUMAaHHE
ClIeyeT CKOHLEHTPUpPOBAaTb Ha BIIOJHE OINPEACICHHOW CIIOCOOHOCTH YEJIOBEYECKOTO pazyMa,
KOTOPYIO KPaTKO MOXXHO OIPENEIUTh Yepe3 «CIOCOOHOCTh BBIpa3uTh HEYTO». B mpocreiimem
cllyyae pedb MJET O CIIOCOOHOCTH ONHMCATh CIOBAaMHM €CTECTBEHHOTO f3bIKAa PA3JIMYHOTO poJa
COOBITHS U SIBJICHUSI OKPYKAIOIIEr0 MHpA.

Pazymeercs, pasyMm kak TakoBOW He MOXKET OBITh CBEAECH K TOW CIOCOOHOCTH, HO UMEHHO €€
ClIleIyeT BBIACIUTH, TOBOPS 00 OMEepalMOHAIBLHOM OCHOBE MCKYCCTBEHHOTO MHTEIJIEKTA B TOM €€
aCTeKTe, KOTOPbI COOTHOCUTCSI C TBOpYECTBOM. JleliCcTBUTEIHHO, IEPBUYUHBIN M MPOCTEUIINI aKT
TBOPUYECTBA, C KOTOPHIM CTAJIKUBAJICS €Ba JIM HE KaXIbI, — OMUCaTh CIOBaMH Jake Hambojee
3aypsIIHOE SIBIICHUE WM COOBITHE, CKaXKeM, JIaXKe Ha YPOBHE IIKOJIHLHOTO COYMHEHUs, HHAUe TOBOPA,
BBIPA3UTh AK€ HE MBICIb, HO TO, YTO MOXKET B Hee opopMUThCs. J[0Ka3pIBaTh, UTO yIOMSHYTOE
BBIIIIE CJIOBECHOE ONKCAHUE AEHCTBUTEIBHO €CTh aKT TBOPUYECTBA, HET HYK/Ibl: 3HAUUTEIbHAS YaCTh
HAIllUX COBPEMEHHUKOB HE CIOCOOHA aJIeKBATHO c(hopMyTupoBaTh COOCTBEHHYIO MBICIb, YTO €I
pa3 MOKa3bIBAET, YTO paccMaTpuBaeMasi ClloCOOHOCTb OTHIO/Ib HE ABJISETCS TPUBUAIBLHOM.

Jlanee, IMEHHO CITIOCOOHOCTH «BBIPA3UTh HEUTO» 00ECIIEUYMBAET CBSI3b MEKY BOCIPHHHUMAEMbBIM
HENOCPEACTBEHHO U JIOTMYECKUM MbIIeHueM. OUeBUIHO, YTO TO, YTO UMEHYETCS JIOTMKOM» €CTh
HeKasi IpenesibHas s3bIKOBass (GopMa, CO3JaHHas CHEUaTbHO JUIsi TOro, 4ToObl MPUBECTH
paccyXIeHHs K BUIY, TOIYCKaIOIEeMy UCIO0Ib30BaHNE (POPMATU30BAHHBIX aJITOPUTMOB.

CnenoBatenbHO, €CM TOBOPUTh 00 MCKYCCTBEHHOM MHTEJUIEKTE B aCMEKTe NPUOIMKEHUs K
YeJI0BEYECKOMY MBIIIJICHUIO, TO MPHUIETCS, MPEXIE BCEro, pelarb UMEHHO 3Ty MpolieMy —
peoOpa3oBaHWe BOCIPUHUMAEMOTO HEMOCPEACTBEHHO (ISl HCKYCCTBEHHBIX CHCTEM —
¢dotorpaduii, JaHHBIX, CHUMAEMbIX C PAa3JIMYHBIX PETHCTPATOPOB U T.J.) B A3BIKOBYIO (hopMy. A 3TO
— HMEHHO aKT TBOpYECTBa, TaK Kak TakKoe IpeoOpa3oBaHUE IMpeNnojaraeT He MPOoCTO
UCIOJIb30BAHUE TOTO MM HHOTO aIrOpUTMa 00pabOTKH AAHHBIX B KJIIACCHUECKOM MOHUMaHHUH 3TOT0
TE€PMHHA, HO BO3MOXKHOCTb BBIHECEHUS CY)KJICHHH MHTENIEKTYaIbHOTO XapakTrepa (Kak MUHUMYM O
TOM, YTO SBJISIETCS CYIIECTBEHHON YacThIO CO3[aBa€MOM KapTHHBI HAOIIOJIA€MOro, a YTO — HET).
CTouT nog4epKHyTh, YTO 33aJa4d MOJOOHOIO pojia penraeT HeyeTKas JIOTHKa, KOTopas MO3BOJISIET,
UCIIOJIb3YSl MaTeMaTU4YeCKU ammapaT, ONepupoBaTh B IMPOLECCE PEIICHUsS MOTPaHUYHBIMHU WIIH
MIPOMEXYTOUHBIMH COCTOSIHUSIMU, a TAK)KE CTENEHBIO TPUHA/IEKHOCTH 00BEKTa K TOMY HJIK HHOMY
KJIacCy, YTO MPUOIMKAET MPOIECC aHaIu3a K YeI0oBeueCKoMy MbIIUIeHHIO [34]. OmHako HCXOIHBIN
HabOp TOCTYIUPYEMBIX HEYETKHX TMpaBuwi, TpeOyembIx i (DYHKIHOHUPOBAHUS CHUCTEM,
OCHOBAHHBIX Ha HEYETKOH Joruke, (popMymupyercs 3KCIEpPTOM-UEIIOBEKOM M MOXKET OKa3aTbCs
HEMOJHBIM WJIM TPOTUBOPEUYMBHIM. Takke BHI U MapamMeTpbl (DYHKIHUNA TPUHAUICKHOCTH,
OIMCHIBAIOLINX BXOJHBIE M BBIXOTHBIE MEPEMEHHBIE CUCTEMBbI, BEIOMPAIOTCS CYyOBEKTUBHO U MOTYT
OKa3aThCsl HE BIIOJIHE OTPAXKAIOIIMMH PEAIbHYIO NEHCTBUTENBHOCTb. OCHOBHBIM K€ HEAOCTATKOM
HEYETKOW JIOTUKH SIBJISETCS OTCYTCTBHE E€IMHOIO0 METOAa MOJIEIMPOBAHUS CHUCTEM, T.e. s
Ka)KJI0T0 cay4asi IPUXOJIUTCS 3aHOBO MMPOEKTUPOBATh HEUETKYIO MOAMPOrpaMMy, OIpeIesss miar 3a
11aroM BCe MapaMeTphl U CTPOS CBOIO TaOIHILy peIeHUH.
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[IpeoOpaszoBanue m0060r0 00pasa B CIOBECHYIO (OPMY €CTh BaKHEHUIITNI aKT HHTEIUIEKTYaIbHON
JESITENbHOCTH €Ile M TOTOMY, YTO B JaHHOM CiIy4ae HEU30eKHO Kakasi-To HH(pOpMaIys
0TOpackIBaeTCs, TOYHEE, IMEET MECTO BbIJIEIICHUE [IEHHOW HHPOPMALIUH.

MoeT 1moKa3aThCsi CTPAaHHBIM, HO CIICJIaHHBII BBIIIE BHIBOJ BO3BPALIAET U K YUEHUIO Cy(dues, U
K ne6atam CepeOpsiHOro Beka O MPHUPOJE MOITHUYECKOTO CI0Ba, paCCMaTPUBAEMbIM, B YACTHOCTH, B
[35].

CHUMBOJIHMCTHI MOHUMAJIM TBOPYECTBO OYEHB OJIM3KO K TOMY, KaK 3TO Jienaiu (U JenaroT) cypuu;
C MX TOYKU 3pEHHS 3TO — HEKO€ IIyOOKO JINYHOE, MHTYUTHUBHOE CO3EplIaHHE TallHBIX CMBICIIOB,
pe3yJIbTaT MOCTUKEHUSI KOTOPBIX, HEBO3MOXKHO IE€pelaTh paloHanbHO. OTCI0/1a — CTOJIb LIEHUMOE
CUMBOJIUCTAMH HCKYCCTBO HaM€Ka, HEJOCKa3aHHOCTH, «YTa€HHOCTHU CMBICIIa», KOrJa CHUMBOJI
CTAaHOBUTCS €/1Ba JIM HE €IMHCTBEHHBIM CPEJICTBOM II€PENaTh TAWHBIE CMBICIIbI, KOTOPBIE MOAT WU
WHOW TBOpEU BUAUT BHYTPEHHUM 3peHueM. [1033usi ecTh «TallHONMMCh HEU3PEUCHHOT0», KaK
0003HaUYMII ee BUIHBIA TeopeTHK cuMBoim3Mma B.W. VBaHoB (mapamnenu ¢ ydeHHEM U MO33UEH
cy(hueB o4eBHIHBI).

NMenHo emy NpuHAANEKHUT OJHO M3 Hambojee 4YacTo IUTHPYeMbIX 3cce [36], B KOTOpOM
M3JIararTcsl TEOPETUYECKUE UAEH CUMBOJUCTOB. [I[pUMEHHUTENBHO K LEIsM TaHHOTO MCCIIEIOBAHUS
BAXKHO IMOAYEPKHYTh, YTO Y€ B MEPBBIX CTpokax 3Toro 3cce B.M. MIBaHOB roBOpUT O TOH ke
npobieme, KoTopas ceifuac BCTaeT nepes pa3padoTYMKaMH HCKYCCTBEHHOTO MHTEIUIEKTa U KOTOpast
BBIIIE ObIJIa 0XapaKTEPH30BaHa KaK CIIOCOOHOCTh «BBIPA3UTh HEUTOM:

Mpicnp U3peueHHas ecThb JI0Kb. DTUM NapaJoKCOM-TIpu3HaHueM TroTueB, HEHAPOKOM, 00IMYast
CUMBOJIMYECKYIO TNPUPOJY CBOEH JHMPUKU, OOHa)KaeT M CaMblii KOpEHb HOBOI'O CHUMBOJIU3MA:
00JIe3HEHHO MEPEKUTOE COBPEMEHHOIO AYIION MPOTUBOpEUYHE — MOTPEOHOCTH U HEBO3MOXKHOCTHU
«BBICKa3aTh ceOsI».

®. Koppano-Kazanckas 0co60 moguepKuBaet, 4To cce «3aBeTbl CUMBOIM3May [36] HaunHaeTcs
¢ nutatel u3 @.M. TroTueBa, B3sTON Oe3 kaBbluek, T.c. B.M. VIBaHOB TeM caMbIM NPUHUMAET
Bbicka3piBanue @.M. TroTueBa kak cBoe [35]. OHa oTMedaeT Takke, 4YTO TIEpBasi 4YacTh
LUTUPYEMOTO 3CCE, IO CYTH, SBISETCS KOMMEHTapueM, pa3BepHyTOoW mnapadpas3oil HIMTaThI
®.1. TroTtueBa, B KoTOopoil moatuueckomy adopuzmy @M. TiotueBa mpupaercs jorumyeckas,
¢dbunocodckas Gopma.

C Touku 3peHHs Bompoca 00 OINEpalMOHATIBHBIX OCHOBAaX MCKYCCTBEHHOI'O WHTEIUIEKTA,
apopusm TroTueBa M KOMMEHTApHUHM TEOPETUKOB CHMBOJM3Ma K HEMY B HAacTofllee BpeMs
npuoOpeTaoT HeoXkujaHHoe 3BydaHue. OnepannoHaabHOM ocHoBo UMM — eciau roBoputh
JIeUCTBUTENIFHO 00 MHTEJIEKTe — [0 MNPUHLIUIHAIBHBIM COOOpaKEHHsIM HE MOXET ObITh
MOHATUMHBIN anmapar (B mo0oit ero ¢opme). MHTennekT (Bo BCAKOM ciiyyae, B BBICHIMX €r0
MIPOSIBJICHUSX, CBSA3AHHBIX C TBOPYECTBOM) ONEpPUPYET HE TOJIBKO M HE CTOJIBKO MOHSTHUSMH,
CIIOBaMU W TE€PMHMHAMH, HO YEM-TO HMHBIM, YTO CTOUT 33 HUMHU U YTO OCTPO IOYYBCTBOBAJIHU
CHUMBOJIUCTBHI.

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

- MIBaHOB 3aKiII0OYaeT BTOPYIO YaCTh 3CCE Pa3MBIIIJICHUEM O MO3TUYECKOM si3bIke. OObIIeHHBIN
A3BIK, B KOTOPOM CJIOBA SBIISIOTCS MOHATUSAMH, OTpakaeT (peHOMEHAIbHBIM MUp, U HET JPYroro
A3bIKa, KOTOPBIM Obl OTpaxkalm HOoyMeHadbHbIH MHp. Ho Ha mMup cymHocteil OyneTr Hamekarb
cuMBOJI: «CIIOBO-CUMBOJI JIENIa€TC Maru4ecKMM BHYLICHMEM, NPUOOINAONIMM CIyIIaTens K
MUCTEPUSIM [TOI3UN.

TeopeTnkn cuMBOJIM3Ma — NOJYEPKHEM ATO €HIE€ pa3 — OCTPO IOYYBCTBOBAIM HE TOJBKO
OTPaHUYEHHOCTh BO3MOYKHOCTEH OOBIIEHHOTO SI3bIKa W OOBIJCHHOI'O MOHUMAaHHUS TEKCTOB, HO U
MTOHSJIN, YTO 33 MO3TUYECKUM TEKCTOM CTOHUT HEYTO MHOE, YTO OHH — 33 HEUMEHUEM BO3MOXKHOCTH
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BBIPa3UTh CBOE MOHUMAHWE MHAYE — TPAKTOBAIM KaK CUMBOJI (B 3TOM, IOJIYEPKUBAEM €III€ pa3 OHU
OBLTH OYEHBb OJIM3KHU K cypusim): «cTopudeckoii 3a1aueii HOBEHIIelH CUMBOIMYECKON MITKOJIBI OBLIO
PacKpbITh TPHUPOJY CJIOBa Kak CHMBOJIA M TPUPOAY IMOI3UM KAaK CUMBOJIMKH HMCTHHHBIX
peanbHOCTEM» [35]. AHamornunyro Mmbicib Bbickazan Takke u B.C. ConoBbeB, roBops o
cUMBOJIMYHOCTH modThyeckoro Merona ®d.U. TrotueBa: «YacTHble SBICHHUS CyTh 3HAaKH OOLIEH
CyIHOCTH. [103T ymMeeT unTaTh 3TU 3HAKU U TIOHUMATh UX CMBICI» [37].

[Tapannenu ¢ ydeHwem cydueB MPOCMATPUBAIOTCS BIIOJHE OTYETIMBO. Tak, B [38] roBopuTCS
cienymoiiee. JIto60Bb k 00Ty B Cy(huiickOM YYeHHH CBSI3aHA C YTOHUEHHOW CUMBOJIMKOM, COTJIACHO
KOTOPOH pealbHbIi MUpP €CTh JIUIIb OTOJNECK MOTycTOpoHHEro Mupa. Cypun mmpoko npuMeHsI
CHUMBOJIUKY JUIi MAaCKHPOBKH CBOMX «TaWHCTBY», OTIMYAIOUIMX CYy()U3M OT OpPTOJOKCAIHHOTO
ucnama. IloaTtoMy Hepeako ObLIIO OYEHB TPYAHO IOHATH, BOCIIEBAIOT OHU 3€MHYIO JIIOOOBb WJIU K€
CUMBOJINYECKYIO JII000Bh K Oory. CuMBonMKa cy(ueB HCXOTUT U3 TOrO, YTO MCTHHA HE MOXET
ObITh JTOCTUTHYTa JIMIIb [O3HAHUEM «BHEIIHOCTH» (3axup) Bemei. Kaxknas «BHEUTHOCTH»
COJIEPKUT BHYTPEHHHI CMBICT U CYLITHOCTb, KOTOPBIE MOT'YT [TO3HATh JINLIb OCBSLIEHHBIE.

[IpumepoM B JaHHOM OTHOIICHUU SIBJISIETCS BBICKA3bIBAHUE H3BECTHOTO Cy(duiickoro mieiixa
AbGyn Xacana Xapakanu: «JlepBull ToT, y KOro HeT mombicia B cepane. OH TOBOPUT U CIIBIIIUT, U
CllyXa y HEro HeT; OH BUJMT, U 3PEHHUs y HErO HET; OH €CT, U BKyCa y HEro HeT; y Hero HeT HU
JBKEHUM, HU TIOKOS, HU TI€YaJi, HU PAIOCTH».

CUMBOIU3M — 3TO YHUKAJIBHBIN ()EHOMEH KYJIBTYPHI B II€JI0M, OKa3aBIIHNH CyIIECTBEHHOE (ITyCTh
U KOCBEHHOE) BO3JEHCTBHME, B TOM uucie, Ha paszsurue Quiocopun [39]. Ilocrpoenus
CHUMBOJIUCTOB, TaKUM 00pa3oM, 3aciIyKHMBalOT CaMOro MPHUCTAJILHOTO BHUMAHUS — KaK MCTOYHUK
UJei, KOTOpble B HACTOSIIEE BPEMsI MOTYT OBITh HCIOJNB30BaHBI, B TOM 4YHCIE, sl pa3paboTKu
CUCTEM HCKYCCTBEHHOTO MHTeJuIeKkTa. (Pa3zymeercs, 3T0 BOBCE HE O3HAYAET, UTO M3JI0KEHHUE ITHX
UJel cneayeT moHuMaTh OYKBaIbHO. )

Jlanee, HEOOXOOUMO OTMETUTh, YTO TE3MC O TOM, 4YTO HapsAy C HEMNOCPEICTBEHHO
BOCIPUHHUMAEMbIM CMBICIIOM TEKCTa €CTh HEYTO, YTO CTOUT 3a TEKCTOM, YacTO O3BYYHBAJICS — B
pa3HBIX BapHalMAX — Ha TPOTsHKeHMH Bcero XX Beka. Tak, YMOepro DKo pasznuyan KHUTHU-
CIpPaBOYHMKM W KHUTU-mig-ureHus. M.K MamappamBunm, roBops o mnpeamere @uiiocoduu,
OTM€Yall, YTO HEOOXOJUMO «IIOYYBCTBOBATH T€ YKUBBIE BEIlM, KOTOPBIE CTOSIT 32 TEKCTOM M H3-3a
KOTOPBIX, COOCTBEHHO, OH U BO3HUKAET. ITU BEUIM OOBIYHO YMHUPAIOT B TEKCTE, MJIOXO Yepe3 HEro
MPOTJISAABIBAIOT, HO, TEM HE MEHEE, OHU €CTh.

Teopuss mHopmanuu yxe TOCTUINIAa TOTO YPOBHS, KOTrJa O TaKOro poja CYIIHOCTSX,
«TIPOTJIAIBIBAIOIINX YEPEe3 TEKCT», YKE MOKHO TOBOPUTH KOPPEKTHO.

OTTONKHEMCS OT OJHOrO M3 0a30BBIX IMOJOXKEHHH TEOPUU CHCTEM, KOTOpPOE B HECKOJIBKO
YIPOIIEHHON (OpMY 3BYUYHUT TaK: «CHCTEMa €CTh HEUTO, KaYECTBEHHO OTIMYAIOIIEECs OT MPOCTON
COBOKYITHOCTH COCTAaBIISIIOILIMX 3JIEMEHTOBY», KOTOPOE, B TOM YHCIIE, OJPa3yMeBaeT, YTO CUCTEMY
JIENIal0T CUCTEMOM CBS3H MEXKAY €€ dJIEMEHTAMH.

Texct, B ocobeHHOCTH (pumocockuil MM MOITUYECKUH, TakKe MOXHO paccMaTpUBaTh Kak
CUCTEMY B YKA3aHHOM BBIIII€ CMBICII€, TOHUMAaHUE YETO CI0XKHUIOCH YK€ JIOCTaTOYHO JIaBHO; B [39]
TOBOPUTCS CIEAYIOLIEE.

Tekcr, — nucan M.M. baxtun Ha pyOexe 50—60 rogoB XX Beka, — NmepBUYHAs TAHHOCTb
(peanbHOCTh) U UCXOJHAS TOYKA BCAKOW I'YMaHUTAPHON OUCUUILIUHBL. JIaTHHCKOE cloBO textum, K
KOTOPOMY BOCXOJST HWTAIBSHCKOE testo, aHIVIMICKOE W HeMeIKkoe text, (paHiy3ckoe texte w,
HaKOHEI, PYCCKOe TEKCT, B OyKBaJbHOM CMBICJIE€ O3HA4aeT TKaHb, CBS3b. TakUM 0Opa3oM, yxke B
CaMOM CJIOBE TEKCT 3a(UKCHPOBAHA CEMAaHTHKAa COOMpPAHUSA M YIOPSIOUMBAHUA HEKUX EIHUHUIL,
PaBHO KaK M MBICTb O BOIUIOIIEHHOCTH CO3/IaHHOTO TaKUM CIIOCOOOM TBOpeHHs. B 3TOM KOHTEKCTe
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MO>KHO YNOMSIHYTbH Takke TouKy 3peHus FO.M. JlotmaHa, K KOTOpOH BOCXOJUT TPAKTOBKA MOHSATUS
TEKCTa KaK «rpaguuecku 3aUKCUPOBAHHOTO XYA0KECTBEHHOTO IEJI0T0» (MJIM YaCTH LIEJI0T0).

OTTankuBasCh OT COOOpaKEHHWH TaKOro poja, MOKHO YTBEp)KIaTh, YTO €CIIU CBSI3U MEXKIY
3JIEMEHTaMU TEKCTa, TPAKTYEMOI'0 KaK CUCTEMA, IOCTATOYHO Pa3BETBIIEHBI, TO €CTh, FOBOPS SI3bIKOM
TEOPUHU CJIOKHOI0, OHA IEpeluIa Yyepe3 ONpPENEICHHbIA KPUTUYECKUM 1OPOr, TO B HEH BO3HUKAET
HOBOE Ka4yeCTBO. JTO U €CTh TO, YTO, roBops cioBamu M.K MamMapramsunm «arporiisiplBacT 4epes
TEKCT».

OueBUIHON WIUTIOCTpaLed K BOSHUKHOBEHUIO HOBOI'O KayeCTBa B CIOKHOM CHCTEME SIBIISIETCSA
YeJI0BEYECKOE CO3HAHUE, KOTOPOE CYLIECTBYET TOJBKO IIOTOMY, YTO HEHWPOHBI T'OJIOBHOTO MO3Ta
00OMEHUBAIOTCS MEXKy COOOM CUTHATIAMHU.

CxoaHbIM 00pazoM 1 00MeH HH(pOpMAIed MEXTy JII0JbMH TaK)Ke OPOXKIaeT HOBOE Ka4yecTBO,
UHYI0 CYHIHOCTh HH(OPMALIMOHHOW MPUPOABI, KOTOPYIO B T'YMaHUTApHOM JIMTEpaType dYacTo
Ha3bIBaIOT OOIIECTBEHHBIM CO3HAHUEM.

Ha 3TOM OCHOBaHMM MOXHO YTBEpXkJaTh, YTO YEJOBEYECKHH pazyM, OyAydu MOPOXKICHHEM
BITIOJIHE OIIpEJeJIEHHON HEMPOHHOM ceTH, Jie-(paKkTo onepupyeT He TOJIBKO U HE CTOJIBKO «CJIOBaMM»
KAaK «aTOMaMu» TEKCTa, HO TEM HETPUBHAJIBHBIM KAa4eCTBOM, KOTOPOE OHHM IOPOXKAAIOT TOIAA,
KOIrJla TEKCT caM CTaHOBMTCS IeJOCTHOCThIO. C ONpenereHHOM Joiel YCIOBHOCTH JIIOOOM
€CTECTBEHHBIN SI3BIK CaM MOXXET OBITh YyIoaoOJeH HepoHHOH cetn. Bo BcskoMm ciydae, maHHOE
YTBEp)KJIECHHE UMEET CMBICI Kak MeTadopa, OJIepKUBAIOINAs, YTO JH000E MOHATHE — JIF000€ CI0BO
€CTECTBEHHOI'O SI3bIKa COJIEP’KATENIbHO JIUIIBL OCTOJBKY, IIOCKOJIBKY OHO MOET «00pa30BbIBaTh
CBSI3M» C IpyruMH noHATUsAMU. Camo 110 cede J11000€ CII0BO €CTh TOJIBKO JIMIIb KOMOMHAIMS 3BYKOB
WU CUMBOJIOB.

CrenoBarenbHO, 33/1a4a MO ONepalMoOHAIN3aMKU paboThl C TEKCTAMU — B TOM KJII0Y€ B KOTOPOM
3TO JeNaeT 4YeJOBEYECKHH WHTEIUIEKT — MpejacTaBiseT coOoi 3agauy mo QopMaius3aluy TOro
KayecTBa, KOTOPOE IMOPOKIAAET OCMBICIEHHBIM TEKCT, HO KOTOPOE€ HE MOXKET OBbIThb CBEICHO K
MPOCTOMY HabOPy CJIOB.

MMeHHO B 3TOM OTHONIEHMHM M HacieAaue cydueB, M HIAEH CHUMBOJUCTOB (paBHO Kak U
MO3JHEUIINX MBICIUTENEH) TMPEACTABIAIOT JAaJeKO HE TOJIbKO HCTOPUYECKUN HHTEpEC.
dopmannzanusi HOBOT0, MOPOKAAEMOT0 TEKCTaMH, MPEACTABIAET COOON UCKITIOYUTENBHO CI0KHYIO
3aj1a4y, U JaJeKO He OYCBHIIHO, YTO IyTh, MPEUIOKEHHBINH B [26], SBIsSETCS ONTHMAIBHBIM (PABHO
KaK M HENOCPEACTBEHHOE HCIIOJI30BAHUE almapaTa HeueTKou jorukn). Ckopee, Ha JaHHOM 3Tare
HCCIIEIOBAaHUM BaKCH XapaKTep IIOCTAaHOBKM 3aJadyd. bosee Toro, pemieHne NaHHOW 3anauu
3aBeZIOMO TpeOyeT reHepaluy BeChbMa HETPUBUANBHBIX UJEH, MPEANOCHUIKH Ul KOTOPBIX BeChbMa
CIIO)KHO HaWTH B TEKYIIEH JuTeparype 1o HEHPOHHBIM CeTAM (TeM Oojiee, eclii y4ecTb, YTO OHU
JIOCTaTOYHO YaCTO TPAKTYIOTCS KaK JIOTUYECKU HEMPO3payuHbIe).

Takum oOpa3zom, oOpalieHHe K OCHOBaM IMapajljielidi MEeXAY YyYeHUeM CypueB U UACSIMU
CHUMBOJIMCTOB, KAK MUHUMYM, ITO3BOJIIET PACIIUPUTDH KPYT TIOUCKA, HE 3aMbIKasICh HA U3YUYEHUU yXKe
CYLIECTBYIOIIMX aJlTOPUTMOB U MOJIX0J0B. TouHee, oOpalieHne K HUM CO3JaeT MPEANOChUIKU JIs
MHOTO TOHMMAaHHUS PAlMOHAJIBHOCTH (€CIIM HE MHOTO XapakTepa MBIIUIEHHs), KOTOpoe, Io-
BUJMMOMY, TOTpeOyeTcsl A TOro, 4ToObl OMEPHUPOBATH CO CMBICIAMH, CTOSLIMMH 32 TEKCTOM.
Peub, Ge3ycioBHO, HE HIET O MPSAMBIX 3aMMCTBOBAHHUAX, OJHAKO MEPEXOJ K TaKOMy THUILY
MBIIIJIEHHSI, KOTOPBIN B MOJIHOM MEpe OTBEYAET TE€3UCY O KOHBEPIEHIIMH €CTECTBEHHOHAYYHOTO U
TYMaHUTapHOTO 3HAHUS, BPSAJ JIM BO3MOXKEH 0€3 3HAKOMCTBA C COOTBETCTBYIOIIMMH ILIacCTaMU
KyJIbTypbl. OIHOH JIMIIb 3TOW NPUYUHBI JOCTATOYHO JJIs1 TOr0, YTOOBI MPOJOKUTh UCCIIEI0BAHUS,
IPOBOJAIIME TMapajljIleNd MeXAy TeMH CHoco0aMu IOCTHKEHHMS PEalbHOCTH, KOTOpBIE
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HCIIOJIB30BAJIM CHMBOJIBI U HMHOCKA3aHMs, C BO3MOXKHBIMU IIyTSIMHM pPa3BUTHS COBPEMEHHBIX
MH(POPMAIIMOHHBIX TEXHOJIOTHH.
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PRODUCTION OF NEW HUMIC ORGANO-MINERAL FERTILIZER
BASED ON HUMATES AND VERMICOMPOST

Arynov K.T.%, Fashutdinov M.F.1, Aueshov A.P.?, Perminova I.V.3, Nurkeyeva A.B.?
Y«dspanTau LTD»LLP, Almaty, Republic of Kazakhstan
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3Lomonosov 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.

Konvip xemip men 6uocymycman (6epMuKomMnocm) mypamvli WUKi3amman cCyuvlk SYMUHOi OpeaHo-
MuHepandvl  mulyaUmMKblumap  anvliHovl. Kowyewmpaeneen — cinmini  KOHblp  KOMID  Cbl2bIHOBICHIH
BEPMUKOMNOCI CHIZLIHOBICLIMEH apanacmuvlpy apKblibl Jcaya npenapam anbinowl. Kawa npenapam UK-
CNEeKMPOCKONUSL  JCoHe  IHEP2OOUCNEPCUANBIK ~ MUKPOAHANU3  HCYUeCiMeH  HcabObIKMAanean pacmpibl
21eKMPOHObIK MUKpPOCKON adicmepi apKvlivl 3epmmendi. 1446 ocone 1389 cv™ baiikanean ocymoiny
JlconaKmapnl, bacmanksl dcone xKaumanama cnupmmix monmapoaevl C-H ocendemkiu mepbenicmepimen
apexemmecemin O-H mooOvinwiy dcasvikmulx 0eghopmayusanvly mepbenicmepine OAUAAHLICbL, ATl HCYTNBLLY
Jlconakmapul «nonucaxapudy den amanamoin avmakma oa kesoeceoi (1170950 cm™) eymunoi sammapea
0a man. Konoanvinzan macin xasxcemmi CYUbIK OPeAHOMUHEPALOb MbIHAUMKbLIUMbL OHOIDY 0apblchiHOa
AnbIHEAH WUKIZammapovly oy Kacuemmepin Oipikmipydi Kammamacwlz emedi. Kypamwvinoa Kopexmix
sammap men ouonocusinvlk Oeicenoi zammapoviy momumepi 10-12 % acamvin cyiivix muiyatimgbiue any
mymxinoiei (Kypeax Kanowvlx) kepcemineen. Kammul 3ammapobviy scogapul KyHbl cyObl OAIIACHIbL 3aMbIHbIY
KONIK WbIRLIHOAPLIH  A3atimy2a JCoHe ayblil UaApyaublIbleblHOagbl OHOIPIC WbIRLIHOAPLIH  a3alimyea
MYMKIHOIK Depedi.

Tipex ce30ep: 2ymMuHOpeaHO-MUHEpanObl MbIHAUMKBIUL, 2YMUH  KbIUWKBIIOAPLL, KOHbID  KOMIp,
sepmuxomnocm, wwimmesex, UK cnexmpockonuscsl, 21eKmponobl MUKPOCKON.
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THonyuenwvl ocuoxue 2yMUHO8ble OP2AHOMUHEPATIbHBIE YOOOPEHUsL U3 KOMOUHUPOBAHHO2O CbIPbi: OYP020
yena u obuozymyca (6epmuxomnocma). Hoevii npenapam nonyuen cmewuganuem KOHYEHMPUPOBAHHOLO
WenoyHo2o sKcmpakma 0ypozo yeus ¢ IKcmpakmom eepmuxomnocma. Obpaszyvl HO8020 npenapama
uzyuenvl memooamu HK-cnexmpockonuu u pacmposviti 21eKMPOHHLIL MUKPOCKONUU C  CUCTHEMAMU
IHEP2OOUCNEPCUOHHO20 ~ MUKPOAHAIU3A U NOKA3AHO — COOepicaHue  OONbUWUHCTNEA — NUMAMETbHbIX
makpoanemenmos. Habnrodaemvie nonocol noenowenus 1446 u 1389 emt 00yciosiieHHble NI0CKOCTHbIMU
degpopmayuonnvimu xonebanuamu epynnvt O-H, @3aumoodeiicmayiowei ¢ eeepuvimu xorebanuamu C-H 6
NEPBUYHBIX U BMOPUUHBIX CNUPMOBLIX SPYNNAX, d MAKIHCEe OOHAPYHCUBAIOMCI NOLOCHL NO2NOWEHUS 8 MAK
Haszvieaemoll «nonucaxapuonoily obnacmu (1170-950 cm™) xapaxmeprnoii maxce Kax O1s 2yMUHOBbIX
sewecms. Cnocod nomyuenus Hogoz2o npenapama obecneuusaem 00bEOUHUMD NOLONCUMETbHbIE CEOUCMEA
08YX PA3HBIX 8UO08 CbIPbA OJIsi NPOUIBOOCHBA NEPCNEKMUBHO20 HCUOKO20 OP2AHO-MUHEPATbHO20 YOOOpeHUs.
THokazano 603MONCHOCb NOAYYEHUS HCUOKO2O YOOOPEHUSL C BbICOKUM COOEPHCAHUEM NUMAMETbHLIX U
buonozuyecku akmuenvlx eewecms bonee 10-12% (cyxou ocmamox). Bvicokoe 3HayeHUue cyx020 OCMAamxa
N036051eMb COKpAWms MPAHCNOPMHbBLE PACX00bL OALIACMHO20 8eUWeCmBa 800bl U YMEHbUAMb U30EPHCKU
npoU3B00CMBA 8 CeNbCKOM XO3SCHmEe.

Kntouegvle cnosa: cymunosoe opeaHo-MUHepaibHoe yOoOpeHue, ZYyMUHOBble KUCIOmMbL, Oypblil Yo,
sepmuxomnocm, mop@, UK-cnexmpockonus, pacmpogulii 21eKmpOoHHbLIL MUKPOCKON.

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.

53



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

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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Schemel —Processes technique and results of chemical analysis
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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 | 050 | 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 (1170-950 cm2).

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.
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Figure 1 — Overlap of IR spectra of sodium coalhumate samples
(2A —ini., deposit and filtrate)
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Figure 2 — Overlap of IR spectra of extracts of humus samples
(3V —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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Figure 4 — Overlap of IR spectra of samples (2A, 3V and 4S —ini.)
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Figure 5 — Overlap of IR spectra of samples (2A, 3V and 4S — filtrate)
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Figure 6 — Overlap of IR spectra of samples (2A, 3V and 4S — deposit)
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AHAJIN3 AMUHO- 1 ’)KUPHbBIX KHUCJIOT PACTEHUA
ARTEMISIA TRANSILIENSIS

OJMBEK A.E.!, KYTAWBEPTEH A.A., JIIOCEFAEBA M.A.L, ®5H 10.%, "/KEHHC K.?

Y Kazaxckuii nayuonanvuoiii ynusepcumem umenu anv-Papabu
2Hayuno-uccrnedosamensckuti yenmp nekapcmeenuvix pacmenuti KazHY um. Ano-Dapabu
Anmamuwi, Pecnyonuxa Kazaxcman
SUncmumym Ipugpgpuma no uccredosanuro nexapcms, Bpucten, Aecmpanus
e-mail: janarjenis@mail.ru

B cmamve enepsvie npugedenvl pe3yibmamul UCCICO08AHUSL AMUHO- U HCUPHBIX KUCIOM 6 HAO3EMHBIX
yacmsx pacmenus Artemisia Transiliensis (A. transiliensis). Cwipve Ovi10 cobpano 6 ¢aszy yeemenus 6
Anmamunckoi obnacmu 6 2018 200y. Hccnedosanusi nposoounuce memooom IKX (2azo-orcudoxocmuas
xpomamoepaghus). bviiu onpedenenvi 8 dcupHvix Kuciom, 22 amuHoxuciomol. B uaodzemmuvix uacmsax A.
transiliensis no koauuecmeennomy cooepacanuro u3 aMUHOKUCIOM OOMUHUPYIOM. ANIAHUH, 2TYMAMUHOBAS U
acnapazunoeas. Kuciomol. M3 Cuphvlx KUciom OOMUHUPVION. JTUHONe8As], OJeUHO8As, NATbMUMUHOBAS U
cmeapunoeas Kuciomol. B pezyiemame npogedennvix ucciedosanutl 610 ONPedeneHo, 4mo HA03eMHble
yacmu A. transiliensis A61AIOMCA  UCMOYHUKAMU ~ MHOSUX — HE3AMEHUMbIX COCOUHEHUN U MO2ym
UCNOML306AMBCS 6 MEOUYUHCKOU NpAKmuKe, d MAaKice Ol GbINOJHEHUS eHCEOHEGHOU HeN08euecKoll
NOMpPeOHOCMU 8 AMUHO- U ICUPHBIX KUCTOM.

Knroueswie cnosa: nonvins 3aunutickas, Artemisia transiliensis, I7KX, ananus, amunoxuciomst, sxcuprole
KUCTIOMbL, OUONOSUYECKAs AKMUGHOCHb, ANAHUH, 2IYMAMUHOBAS. KUCTIOMA, TUHOLE8As. KUCTIOMA.

Maxanada anzaw pem Artemisia transiliensis ecimOiciniy scep beminoeei bonikmepiHOe2i AMUH JHCIHE
Mall KblUKuLIoapwin 3epmmey Homudcenepi xeamipineen. lluxizam 2018 orcoinet Anmamol obavicuinoa
eyndeny keseninoe scunanean. 3epmmey I'CX adicimen acypeizindi. Homuoicecinoe 8 mail KbluKvlLibl JHcoHe
22 amuH KblWKbLIbL aHblkmanovl. A. transiliensis oicep ycmi 6onikmepioe amub KblUKbLIOAPbIHAH CAHObBIK
KYpamvl OOUbIHWA 6ACHIM: ANAHUH, IYMAMUH JCIHE ACnapazul KeluKulioapvl. Mail KeluKbli0apblHAH.:
JIUHOJIEH, OJleUH, NATbMUMUH JHCIHE CMEeapuHr KblKblioapul baceim. JKypeisiieen 3epmmeyiep Homuxicecinoe
A. transiliensis ecimoiciniy dicepycmi 6enikmepi konme2eH AiMacmulPbLIMAMbIH KOCLLILICMAPOblY KO30epi
601b1n MAOBLLIAMBIHLL HCIHE MEOUYUHANBIK Madcipubede, COHOAU - aK AMUH JHCOHE MAU KblUKbLIOADLIHbIH
KYHOeNIKMI adam Kadscemminicin KaHazammaowlpy yYulin natoaiansbirybl MYMKIH eKenoiei anblKmanoul.

Tipex co30ep: Ine owcycanvi, Artemisia transiliensis, ['CX, manoay, amun KbllKbLIOAPGl, MAlULbL
KbIUKBLLOAD, OUONIOSUANBIK OeNCeHOLNIK, AIAHUH, 2TYMAMUH KbIUKbLIbL, TUHOJL 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 mociieJHUX JIET MOKa3alu, YTO AMHHO- U KUPHbBIE KUCIOTHI MPOSIBIISIIOT
BBICOKYIO AaKTHBHOCTh MPOTHUB Takux 3a0oiieBaHUN Kak JualdeT, OCTEeONmopo3, CeplAecyHbIe
3a0o0yieBaHUs, HapylIEHUS OOMEHAa BEIIECTB, J3PEKTUJIbHAs JUCPYHKIMSA, a TakkKe HMEIOT
oMoakuBamui 3)QeKT, MoKET OBITH HCIONB30BAH NP Kajnob0ax Ha MeHomay3y u T.1. [1, 2].
CeroiHs pacTeT MHTEpEC K HAaydyHbIM M IMPAKTHUECKUM acrektam cembu Artemisia (Acrtpan) B
Ka3zaxcrane.

[TonpiHM pacmpocTpaHEHBI IO BCEMY CEBEPHOMY IOIYIIApUIO, B YMEpPEHHOM mosice EBpa3uu, B
Cesepnoii u lOxnoit Adpuke, CeBepnoit Amepuke. Ha teppuropuu Poccum u compenenbHbIX
CTpaH oTMedeHO okono 180 BHUIOB, BCTpEYAIOMIMXCSA TMOYTH MoOBceMecTHo. Hawubornee
pacripocTpaHeHbl MOJBIHU BCTEMsAX M mycThiHsAX Kazaxcrana, Cpennedt Asum, B 3akaBKasbe, Ha
IOro-Bocroke eBpomeiickoii Poccun u VYikpanne. OueHb BaXHYI pOJb B (HOPMHUPOBAHHH
COBPEMEHHOTO PACTUTEIBHOTO IOKPOBA TMOJBIHM HWIPAIOT B CTEMHBIX HITYCTBIHHBIX paioHaX
Kazaxcrtana, B TOpHBIX CTEMsIX M BBICOKOTOPHBIX MyCThIHAX CpenHend A3uu. 31€Ch NPEICTABICHbI
OTPOMHBIC TOYTH YHUCTHIE 3apOCTH, Yallle BCEr0 COCTOSIIME M3 TMOJYKYCTAPHUYKOBBIX BHJIOB
noapoaa Seriphidium. Ha rore u Boctoke eBporeiickoit Poccun, B CeBeprom Kaszaxcrane mupoko
PacpoCTpaHEeHbI «IIOJIBIHHBIC CTEIHY, B KOTOPBIX TOMUHHUPYIOIIYIO posib urparot Artemisia paucifl
ora, A. lerchiana, A. austriaca u mcammoduiabHbie Buabl moapoga Dracunculus [3]. TTonbiab
COJICP’KUT OOINBIIOE KOMUYECTBO AKTHBHBIX BEIIECTB, a TaKke acKOpPOWHOBYIO KHUCIOTY U
npoButaMuH A. Pacrenue Takxke Ooraro (rmaBoHOMTamMH, (GEHONBHBIMU KHUCIOTaMH, d(PHUPHBIMH
MacjaaMu, >KHUPHBIMH KHUCIOTaMH, aMHHOKHCJIOTaMH, KApOTUHOM, CallOHWHAMU U JTYOWJIbHBIMU
BemectBamMu. [lonbiHE CTUMYNMHpPYET pedIEeKTOPHYIO (PYHKIUIO TOHKEITYJI0YHON Kele3bl U
JKETUHOTO IYy3bIps, YIIy4YIIaeT TMHINEBApPEHHE, YCUIUBAET OTACIICHHE JKEIIYH, OKa3bIBACT
MPOTHUBOBOCTIAJIUTENILHOE U KApIUOCTUMYJIUPYIOIIEee JIeHCTBHUE, OJaroTBOPHO BIIMSIET HA JICUCHUE
peBMaTu3Ma U OpOHXHMAIBHOW aCTMBbI, JIEYUT DK3€Mbl U OXKOTH, TaCTPUT, S3BEHHYIO OOJIE3Hb
KENyKa U JBEHAAIATUTIEPCTHON KUIIIKH.

AMUHOKHUCIIOTHI BXOJST B OJJMH U3 BAKHEHIIINX KIACCOB MPUPOIHBIX COEAUHEHUHN U COJIepKaTCs
abCONIOTHO BO BCEX JKMBBIX OpraHM3Max Ha IUIaHEeTe, SBJSASACh CTPYKTYPHBIMH JJI€MEHTaMU
nenTu0B u nonunentuoB [4]. CoaepkaHne aMHHOKUCIIOT B PACTCHHUSX MCHSIETCS B 3aBHCUMOCTH
OT BO3pacTa PacTeHHI, BHEITHUX YCIOBUMN: TEMIIEPATYPhl, JUTMHBI THS, YBIAKHEHUS U T.1., & TAKXKE
ot mutaHus. [Ipu ATOM HM3MEHSETCS HE TOJBKO KOHIIEHTpAIMs, HO W KAa4yeCTBEHHBIH COCTaB
aMUHOKHCIIOT. KonmmdyecTBO CBOOOIHBIX aMHUHOKHCIOT C BO3pPacTOM pPAcCTeHUH MOHWXKaeTcs. B
BETETATUBHBIX OpraHax PaCTCHHI CBOOOHBIX aMUHOKUCIIOT OOJIBIIE, YeM B PEMPOTYKTUBHBIX (151
OenkoB HaOmonaeTcss oOpaTHas 3aBUCHUMOCTB). YBEIWYEHHE OOIIEero KOJUYeCTBa CBOOOIHBIX
AMUHOKHCIIOT HaOJIOaeTcsl MpU TMOHMKEHHOM TUTAaHWHM pacTeHud Kamuem, (ochopom, cepoi,
KaJIblIUeM U MarHueM. Takoe ke JeHCTBHE MPOUCXOJUT MPU HEIOCTATKE psi/ia MUKPOIIEMEHTOB:
[IMHKA, MEJIM, MapTaHIia, Jkene3a. JTO CBA3aHO C OClIa0JIeHHeM CHHTe3a OENKOB U3 aMHHOKHCIIOT B
OTUX YCJIOBHSX. YBEIWYEHUE COJCP)KAHHUS AMHUHOKHCIOT HAOIIOJAeTCs TAKXKEe MPU YIYYIICHUH
azoTHOro mutaHus [5]. Takum 0Opa3omM, M3ydeHHE aMUHOKHCIOTHOTO COCTaBa COJITHOKOJOCHHKA
MPUKACTIMICKOTO, TIPEICTABIIACT OOJIBIION HHTEPEC.
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XKupHble KHCIIOTBI SIBISIOTCS OCHOBHBIMHU  CTPYKTYPHBIMHM  DJIEMEHTaMH JIMIMIOB U
MPEJCTABISAIOT COO0H KapOOHOBBIE KHCIOTHI C JUTMHHOM LIETIBI0 aTOMOB YIJIEPO/a, COCTOSIINE H3
OO0JIBIIIOTO YHCIIAa HEMOJSIPHBIX CBSI3€H, KOTOPBHICIPUAAIOT BCEH MOJIEKYIe HEMOJSPHBINA XapakTep. B
3aBUCHUMOCTH OT CTPOEHHS JKUPHBIX KHCJIOT HUX YCJIOBHO JAENAT HA ISATh OCHOBHBIX TIPYII:
HACBIIEHHBIE — UMEIOT B MOJIEKYJIE OT 4 10 24 aTOMOB yIJIepoAa ¢ NPsIMON LIENbIO; HEHACBIILEHHBIE
— COZIEpKaT B MOJIEKYJIE OZIHY, [IBE, TPU U Ooiee ABOMHBIX CBSI3€H; C pa3BETBIEHHON LIEIbIO; OKCU —
U LUKIMYeckue KucnoTbl. Hamuume mmHHOrO ruapodoOHOro «xsocta» U TUApO(GUIBHON
«TOJIOBBI» IPUJAET XKUPHBIM KHCIOTaM M JUIKUAaM creuugpudeckue coiicrsa. Hanpumep, nunuasl
00pa3ylOT SMYJIBCUU M SBIAIOTCA WACATHHBIMH KOMIIOHEHTaMH, KOTOpPbIE CTAOMIN3UPYIOT
MeMOpaHbl PacTUTEIbHOM KIETKH. Kpome Toro, sKUpHBIE KUCIOTHI SBIISIOTCS MPEIIIECTBEHHUKAMU
IIpOCTarjaHAMHOB — TOPMOHOB MECTHOTO JeHCTBU [6].

WHTepec K MOJIBIHAM OOBSCHIETCS TEM, UTO BO MHOTUX BHJaX 3TOTO PacTEHHs, KOTOpPbIE ObLIN
HCCIIeI0BaHbl HalJIeHbl CEKCBUTEPIIEHOBBIE JAKTOHBI, IPEACTABIISIOINE COO0H (hapMaKoJIOrH4ecKu
aKTUBHBIE BellecTBa. B pe3ynpTaTe BCECTOPOHHErO M3Yy4EHHMS HEKOTOpBIE Npenaparhbl U3 IOJIBIHU
IIPEIIOKEHBI Ul IPUMEHEHHS B MEJULIMHCKON ITPaKTUKE.

Bce Buabl nosiblHM 00J1a1a10T JIEUEOHBIMM CBOMCTBAMM, HO Yalle APYIMX Ul MPUTOTOBICHUS
JIEKapCTBEHHBIX CPEICTB M HCIOJb30BaHUSA B KOCMETOJIOIMHM MCIOJB3YIOT IIOJIBIHB T'OPBKYIO,
OOBIKHOBEHHYIO, JIe4eOHYI0 M LUTBapHYr. Hekoropbie pasHoBumHOCTH Artemisia mpuUMEHSIOT B
BeTepuHapuu: K npumepy, npenaparbl "Canrtonnn" u "Cankaden" >pQeKTHBHBI IPU BBHIBEICHUU
[1apa3uToB.

bnaronaps HeHaCBIIIEHHBIM YTJIEBOAOPOJAaM TpaBa oOiajgaeT OaKTEpPULUIAHBIMH CBOWCTBAMH.
D¢upHOE MacIIO MOJILIHM HOPMATIU3YET paboTy LIEHTpaJbHONW HEpBHOMU cucTeMsl [7].

OObeKTaMH HCCIEeIOBAHUS SBISIOTCS HaJ3eMHbIe 4acTh mosbiHE A. transiliensis coopanubie B
utone 2018 rona B Anmatunckoit obnactu (Kazaxcran).

OKcnepumenmanvras 4acms.

OnpeneneHne KOMIOHEHTHOIO0 W KOJIMYECTBEHHOI'0 COCTaBA AMHUHO- M KHPHBIX KHCJI0T.B
JTaHHOM paboTe OBUIM OmpeIeNieHbl KOMITOHEHTHBIN U KOJMYECTBEHHBIN COCTaBbl HA3€MHON YacTH
Ha IpeIMET aMUHO- U XKHUPHBIX KUcaoT MeTooM [KX [8].

JUia omnpezneneHue KOJWYECTBEHHOTO COAEPKAHUS aMHHOKHCIOT IPUMEHSJINChH CIEAYIOLUE
YCIIOBHSA: TeMIlepaTypa IIaMeHHO-MoHu3aoHHoro ferektopa 300 °C; Temneparypa ucnapuTens
250 °C; nHavanmpHas Temmeparypa kojgoHkM 110 °C; xoneuHas TemmepaTypa kojoHku 250 °C;
CKOpOCTh IporpaMMupoBanust Temnepatypbl kojgoHku ot 110 °C o 185 °C (6 °C/mun) u ot 185 °C
1o 250 °C (32 °C/mun).

[Ipn moctmxenun temmepaTypbl KOJIOHKM 250 °C oHa JOKHA COXPAHATCS TaKOM O MOJIHOTO
BBIXOJIa BCEX aMHUHOKHCIIOT.

Jns pazaeneHuss aMUHOKHUCIIOT MCIOJB3YIOT KOJIOHKY M3 HEprKaBerole cranu, pasmepom 400
Ha 3 MM, 3aM0JTHEHHYIO MOJSIPHOM CMEChI0, cocTosmel 3 kapbosakca 20M (0,31%), cunapa 5 CP
(0,28%) u nexcana (0,06%) Ha xpomacopbe WA-W-120-140 mem. OOcyeTr XpomaTorpammbl
MIPOBOJIAT 110 BHELTHEMY cTaHAapTy pupmbl Altex.

CBs3aHHbBIE U CBOOOJHbBIE AMUHOKHCIIOTHI ONPEIEISUIA MyTeM THIpoin3a 1 I' aHaIu3upyeMoro
Bemectea B 5 min 6H HCI mpu 105 °C B Teyenue 24 yacoB, B aMmyiax, 3amasHHbBIX IO CTpyel
aprosa. Ilomy4yeHHBIH THAPONMU3AT, TPUKABI BHITAPUBAIOT JIOCYXa HAa POTOPHOM HCHapHUTeNe Ipu
temmneparype 40-50 °C u maBnennn 1 armocdepa. OOpa3oBaBIIUICS OCaZ0K, paCTBOPSIOT B 5 MIT
C7H606S. Tlocne nentpudyruposanus (1500 06/mun) B Teuenue 5 muH. Hamocagounyro )KUIKOCTh
MPOMYCKAIOT 4Yepe3 KOJOHKY ¢ MOHHO-oOMeHHO# cmonoi Jlaykc 50, H-8, 200400 mem, co
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ckopocthio 1 karuts B cek. [locne aToro cmony npomsiBatoT 1-2 mi aenonusuposanHoi H20 u 2
mi 0,5 H CH3COzH; 3atem cMmoiry OTMBIBAIOT 10 HeHTpanbHOM pH.

Jlj1 31r0MpoBaHusl aMUHOKHUCIIOT C KOJIOHKH 4epe3 Hee nponyckatoT 3 ma 6 H pactBopa NH4OH
CO CKOPOCThIO 2 Kaliii B CEK. Ooar coOupalT B KPYIJIOJOHHYIO KOJIOY BMeECTE C
muctwiupoBanHo H20, KOTOpyro MCTONB3YIOT [UIsl OTMBIBAHUS KOJOHKHM 10 HelTpaiabHoU pH.
3areM coJiep>KuMoe KoJIObl JocyXa BBIIAPUBAIOT HA POTOPHOM HCHApUTese MOoJ AaBieHHueM 1 aTM.
u temriepatype 40 —50 °C. ITocne qoGaBneHus B 3Ty K00y, 1 kammm cBexenpuroToBieHHoro 1,5 %
pactBopa SnCly, 1 kammu 2,2-gumerokcunpomnana, HaceimeHsoro HCl u 1-2 M C3H7OH, ee
HarpeBatoT 70 110 °C, BblaepxuBas 3Ty Temneparypy, B TedeHue 20 MHUH. 3aTeM COAEpPKUMOE
BHOBB BBINTAPHUBAIOT U3 KOJIOBI Ha pOTOpHOM Hcnapurene. Ha cienyromem stamne B koa0y BBOAAT 1
MJI cBexenpuroroBienHoro anenupytomiero peareura (1 min (CH3CO)20-EtsN-Me,CO, 1:2:5) u
HarpeBatoT nipu temmneparype 60 °C B teuenue 1,5-2 muH. 3aTeM oOpasel] CHOBAa BBIIIAPUBAIOT HA
POTOPHOM HCIapHTeNe AocyXa U A00aBig0T B KonOy 2 mia EtOAC u 1 mi1 HachIIEHHOTO pacTBOpa
NaCl. Copepxumoe KOJObI TIIATEIBHO TMEPEMEIIMBAIOT M IO Mepe TOro, Kak OTYETIUBO
oOpa3yercs 2 cinost )kuakocTeit — 6epyt Bepxuuii (EtOAC) 1 razoxpomaTorpaduueckoro aHanumsa,
KOTOPBIH MPOBOMIIN Ha Ta30-XUIKOCTHOM Xpomatorpade «Kapnodp6a-4200» (Utanus-CIHIA).

Onpenenenue :kUpHBIX KUcJA0T MetonoM I7KX [7]: 1 oOvem oOpasma skcrparupyoTr 20
KpaTHBIM 00BEMOM cMecH XJopodopma U MeTaHona (2:1) B TedeHne 5 MUHYT. 3aTeM COJIEPIKUMOE
GUIBTPYIOT Yepe3 OyMakHbIH (HIBTP 10 MOIYYEHHUS YHCTOTO SKCTPAKTA, KOTOPBINA BHITAPUBAIOT B
KPYTJIOIOHHOM KOJI0€ Ha pOTOpHOM Hcnapuresne npu temneparype 6anu 30-40 °C mocyxa. [locne
3TOro 100aBisA0T B KOOy 10 Mt MeTaHona 1 2-3 Karuid XJIOPUCTOTO alleTHiia U METHIIMPYIOT TIPpH
temueparype 60—70°C B ciennanbHOl cucteme B TedeHue 30 MUHYT. 3aT€M METaHOJI BHIIAPUBAIOT
Ha POTOPHOM HCIHapHTese, a 00pa3el] SKCTparupyroT U3 KoJIOOUKH 5 MJI reKcaHa M BIPHICKMBAIOT B
ra3oBblif Xxpomartorpad. DKcnepuMeHT mnpoBoauTcs Ha mnpubdope «KapnoDp6a-4200» (CIIA-
Uranus). YcnoBus xpomarorpadupoBanusi: temneparypa unxekrtopa 188 °C, temm. nerekrtopa
230 °C; Ttemmeparypa meun 188 ©°C, Bpems aHaym3a | dac; COACPKUMOE KOJOHKH:
MOJIMATHIIEHIIMKOIbaaunuHaT (20%) Ha nieonaute —o45.

Pezynomamer u ux o6cyscoenue. Pe3ynbTaThl oONpeneNeHUs KOJUYECTBEHHOTO COAEpHKaHUS
aMMHOKUCIIOT MIPECTaBIeHBI B TabuIe 1.

W3 naHHBIX, IpUBEIEHHBIX B TaOIUIlEe 1, MOKHO CIeNIaTh BBIBOJL O TOM, YTO B HAJJ3EMHBIX YaCTAX
A. transiliensis mo KOIMYECTBEHHOMY COACPKAHUIO W3 AMHUHOKHCIOT JOMHHUDPYIOT: ajaHHH,
TJIyTaMUHOBAasi M acmaparkHoBas KUCIOTHI. ['JoTamMar— OCHOBHOM OMO’HepreTuueckuit cyocrpar
JUIs  Tponanu@UKany HOPMalbHBIX KIJIETOK, HEHPOTPaHCMUTHI, AaKTHUBHO Yy4YacTBYIOIIHME B
OMOCHUHTETHUYECKUX, OMOPHEPTeTUYECKUX, META0OIUTUUECKUX M OHKOI€HHBIX CHUTHAJIBHBIX MYTAX
[9]. AcnapuHOBasi KUCJIOTA MOBBIIIAET UMMYHUTET, METa00IN3M, HEUTPATU3yeT aMMHUaK, y4aCTBYeT
B TOSIBJICHUU PUOOHYKJIEMHOBBIX KHCIOT, BOCCTaHAaBIMBAET pabOTOCIOCOOHOCTH IOCIE IMpHeMa
XUMHUYECKUX BEIIECTB, HApKOTHKOB. lccienoBaHusi, NpPOBEACHHbIE YYEHBIMH, JIOKa3alu
3¢ EeKTUBHOCTh MpUeMa TNpenapaToB AaclMapardHOBOW KHUCIOTHI JJIsl TOBBIIEHUS YpPOBHS
TECTOCTEPOHA. ACITapuHOBAasI KUCJIOTA IPUHUMAETCS KaK CMEChH JUIsl YIYUIIEHUS CUIIbl CIOPTCMEHOB
60aMOWIIIHTa, TOBBIIIEHUS JINOUI0 B KPOBU U TecTocTepoHa [10]. AnaHUH UrpaeT BaXXHYIO POJIb B
nporeccax MeTabon3Ma, PerylupyeT ypoBeHb caxapa B KpOBH. JTa aMHHOKUCIIOTA 3alUIIAeT OT
pa3BUTHA paKa MOJHKEITYA0YHON KeJle3bl U MPEeCTaTeIbHOM JKeNe3bl, UTO SBJISETCS Ba)KHOM 4acThIO
CIIOPTUBHOTO IIUTAHUS, TIOBBIIIACT CHITY TeJIa M II03BOJISIET CO3aBaTh MBIILICYHYI0 Maccy [11].
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Ta6J'II/II_[a 1 — KonngecTBeHHOE COACPIKAHUE MHANBUAYAJIbHBIX aMHUHOKHCJIIOT B HAJI3EMHBIX YaCTIAX

A. transiliensis

AMUAHOKHUCHOTHI, % A. transiliensis AMHAHOKUCHOTHI, % 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 onpeneneHuio coiepkanns KUPHBIX KUCIOT IPUBEIEHBI B TabuLe 2.

Tabnuua 2 — CoaepkaHue UHIMBUIYaTbHBIX )KUPHBIX KHCIIOT B HAI3eMHBIX acTsx A. transiliensis

Kucaorter

MupuctuHoBas
kuciaora Ciao

ITenTanenunoBas
kuciora Cis:

[TaaxeMuTHHOBASA
kuciaora C 160

[TanieMuTOIENHOBAA
kuciora Cie1

Conepxanue, %

0,6

1,3

59

0,4

Kucnotsl

CreapuHoBas
kuciora Ciso

OJsenHOBAsA
kuciiora Cig1

JIunoneBas
kuciora Cig:2

JIunonenoBas
kuciora Cig:3

Conepxanne, %

4.4

18,7

68,3

0,4

W3 pe3ynbTaToB, NPUBEJACHHBIX B TAOJHIIE 2, BUTHO, YTO B HAJI3eMHBIX dacTsax A. transiliensis mo
KOJIMYECTBEHHOMY COJIEPKAHUIO M3 JKUPHBIX KHUCJIOT JIOMUHUPYIOT: JIMHOJIEBAs, OJICMHOBAs,

MaJIbMUTUHOBAA U CTCAPUHOBASA KUCIIOTHI. CneﬂyeT TaKXXE OTMETHUTDH, UYTO B HAA3EMHBIX HaCTAX A.

transiliensis comepkaTcs Bce He3aMEHHMbBIE AMHHOKHCIOTHI, a Takke He3ameHumas Owmera-6

JIUHOJIEBAs! KMCIIOTA, KOJIMYECTBO, KOTOpoi cocTanisieT 6omee 50%. JInHoneBast KMCIOTa OKa3bIBaeT

BJIIMAHHUEC HAa CHHKXCHHEC KaHICPOICHE3a, aTCPOCKIICEPO3d, BOCHAJICHHUA, OXHPCHUA KU CaXapHOIro

nuabera, a Takke Ha PacTUTEIbHBIE U KOCTHOOOpa3HbIe cBoiicTBa[12]. ONerHOBAs KHUCIOTa MOXKET

NpEeIATCTBOBATHL PA3BUTUIO 3a60J’IeBaHHfI, BJIMAIOIIUX Ha MO3I' U HAAINIOYCUYHNKH, a4 TAKIKC YIydlIacT
NaMATb U CHHUIKACT KPOBAHOC HOABJICHUC, HO OOKAa3bIBACT, YTO BCIICCTBO MOKCT BbI3BATH pPaK,

0CcO0EHHO pak MOJIOUHOM kene3bi[13].

Buigoowvr. Takum o6pazom, merogom [KX u3yueHbl aMMHO- M >KUPHOKHCIOTHBIA COCTaBHI B
Hag3eMHBIX dacTsx A. transiliensis coopanueix B 2018 rogy B AJIMaTHHCKOH OOJIACTH.
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OmnpeneneHo, 4To Ham3eMHbie uacTd A. transiliensis sBASOTCS MCTOYHMKAMH MHOTHX
HE3aMCHHMMBIX COCIAMHEHHUH, TaKuWX, KaKk aMUHO- M JKUPHbIC KHCIOThL. HamsemHbie dactu A.
transiliensis Moryr HCHIoJIb30BaThCsl B Ka4eCTBE HCTOYHHMKA Pa3IMYHBIX  COCIAMHCHHIA,
MPUMECHSICMbBIX B MEIUIIMHCKON MPAKTHKE, a TAKXKE JJIS BBIMOJHCHUS €KEIHCBHON YEIOBEUCCKOU
MOTPEOHOCTH B @MHHO- M KHPHBIX KHCIIOT.

Paboma ewvinonnena 6 pamxax npoexma AP05133199 «Xumuueckue u ¢hapmarxonoeuueckue
UCTe008aHUSL  COCMABA  NPUPOOHBIX OUONIOCUYECKU AKMUBHLIX Beujecms U3 MeOUYUHCKUX
pamumenvHulx pecypcos Kazaxcmanay
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B cmamwve npedcmasnenvt pe3yromamol XUMUKO-MEXHOL02UYECKUX UCCTEO0BAHULL NO NOUCKY MEXHOA02UU
CeNeKMUBHO20 U3GEeYeHUsT NPUPOOHBIX ONIU20- U NOAUNenmuoos. Ilpusedenvt OanHble O NEPCNEeKMUBax
UCNOML306AHUSL PACMEHULL 8 KAYECIBE NPOMBIULIEHHO20 CbIPbS DEIKOBIX (YUMONPEenapamos, UCNoab3yeMblx
6 Kauecmee IPPEeKMuGHbIX 00UEYKPEeNIIOWUX, UMMYHOCHUMYIUPYIOWUX, HPOMUBOBUPYCHBIX CPedCms, a
Maxdice KOMHOHEHMO8 CHOPMUBHO20 U Ouemuyeckoeo numanus. OOOCHO8aH 6bIOOP MHOOJIEMHe20
KA3aXCMAHCKO20 PACTHEHUs. — 20PYA HCUBOPOOAULe20 8 Kauecmee UCHOYHUKA NOMEHYUATbHO OUOL02UYeCKU
AKMUBHBIX 0NU20- U Noaunenmudos. Ilpedcmasnenvt Oanmble GUMOXUMUYECKO20 AHATU3A UYENEbIX U
CONYMCmMeYIowux munog OUOI0SUYecKy aKkmueHulx sewecms 6 naozemnou yacmu Polygonum viviparum L.
Tlpeocmasnenvl sKcnepuUMeHmanbHvle OanHble 0 GIUSHUU MUNA U NOJAPHOCMU IKCINPALEHMA, COOMHOULeHUS
cohipbe: IKCMpazenm, MemMnepamypwvl, SPeMeHu, KPAMHOCMU U DPedlCUMA IKCMPAKyuu, CHpPYKmypvl U
KOHYEeHmpayuu 0caoumes, Ha NOIHOMY U CELeKMUBHOCb U3GeUeHUsI KOMNOHEHMO8 DelK060l NPUpoobl U3
pacmumenvHo2o cuipvs. [lpueedenvl pezyibmamvl 8blOOPA ONMUMATLHBLIX MemO008 OKOHUAMENIbHOU
ouuCmKU, AHAIU3A U cmaHoapmusayuu yenesoeo npooykma. Ilpuseden cpasHumMeEnvbHbIL AHATU3
ahpexmusHocmu  pazpabomanuoeo U KiACCUYecKO20 Memo008 GblOeleHUsl Oaue0- U HOIUNENMUA08s.
DKcnepumeHmanbHo O00KA3AHO, YMO 8 pe3yabmame ONMUMUIAUUU XUMUKO-TNEXHOL02UeCK020 npoyecca
YOANOCh yeenuuums bix00 HPUPOOHLIX 0U20- U noaunenmuoos 0o 11.45 %, a makoce nogvlicums cmeneHsb
uzeneyenHus 0Oeikos u3 pacmumenvHozo cuipvs ¢ 1.21 — 1.45 pasa 8 cpasnenuu c oOwenpuHamMvIMU
MemoOuKamu.

Knioueswie cnosa: PolygonumL., noaunenmuovl, ¢pumoxumuueckuil anaius, OUOIOSUYECKU AKMUGHbLE
sewecmea, IKCMPAKYust, MEXHON02Us, CIAHOAPMUZAYUSL.

Maxanaoa mabusu oaueo- dcone NOAUNENMUOmMepoi cerekmuemi 0Oain anyovly MexXHON0SUSCHIH
i30ecmipy OOUbIHWA XUMUATLIK-MEXHONO2USILIK 3epmmeynepliy Hamudicenepi KepcemineeH. Ocimoix
WUKI3amsl UMMYHUmMemmi Kyueumemin, UMMYHOCMUMYIAYUALAYWb], SUPYCKA KApPCbl O0IPINIK 3ammap,
COHOAU-aK, CNOPMMbIK, JHCoHe OUEMATbIK KOPEeKmeHy KOMNOHeHmmepi, aKybl30bl (umonpenapammapobiy
OHEPKACINMIK WUKi3amvl peminde nNatdalany HnepcneKmuganapvl mypansl Oepekmep Keuimipiicen.
Tomenoezi makanaoa Ken HCbLIObIK KA3AKCMAHObIK OCIMOIKMI — OUONO2UIbIK OenceHOl 0Iu20- HCoHe
noaunenmuomepoiy  Hezizel ko3i peminde manoayovi Hezizoeudi. Polygonum viviparum L. ocep ycmi
bonicinde Kezdecemin OUONO2USIBLIK OeNceHOl  3ammapovbly  MAKCAMMmbl  JiCoHe  Llecne mypiepiniy
pumoxumusanLIK, Manoayvl KHCypeisindi. IKcmpazeHmmiy Mypi Men NOJAPIbIRLIHbIY ocepl, WUKI3am
IKCMPAa2enm KAMmbIHACHl, MeMRepamypd, YaKblm, SKCMPAKYus HCUINIei HCOHE DedCUMi, MYHObIPSbIULIbIY
KYPDbLIbIMbl  MeH KOHYEHMPAYUAChl, COHbIMEH KAamap OCiMOIK WUKI3AMbIHAH —aKYbI30blK —mabudu
KOMHOHeHmmepoiy Moavlk OONYHYI dicone IpiKmenyi mypanvl madxcipubenix Oepekmep VCbIHbLIZAH.
Maxcammol 6HiMOI conabl MA3aay, Maiday AHcaHe Cmanoapmmayovly OHMAUIbL 20iCMepiniy Hamudicenepi
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xenmipineen. Onueo- dicone noaunenmuomepoi 0onin aryoa a3ipjleHeeH JHCoHe KIACCUKATLIK 20icmep
MUIMOLTICIHIY CaTbICMBIPMATbL MAROAYbl KeAMipiieeH. XuMusiiblK-mexHOI0SUAIbIK YOepicmi OHMAUIAHObIPY
Homuoicecinoe mabuzu oauco- oJHcone noaunenmuomepoiy wviebimvin 11.45% — ea Oeiiin, ocimOik
WUKI3aMbIHAH aKybL30bl 6NN any OeHeelil JHeaansl KabulioaH2an adicmemenepmen canvicmoipeanoa 1.21 —
1.45 ecece apmmuipy2a KO HcemKizineeHi IKCNePUMEHMATIOb] 0INETIOCH2EH.

Tipex ce30ep: Polygonum L., nonunenmuomep, (QUmMOXUMUATILIK mMAnoday, OUOLO2UANbIK OelceHOi
3ammap, IKCMPAaKyus, MexHoI02uUs, 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.

OnHOM W3 aKTyalbHBIX 337a4 Ka3axCTaHCKOH (hapMIpOMBIIUIEHHOCTH, SBJSIETCS PACIIAPEHUE
ACCOPTHMEHTA OTEUECTBEHHBIX (DUTOMPENApPaToB HIMPOKOTO CHEKTPa (PU3HOJOTHUECKOTO ICHCTBHS,
XapaKTEPU3YIOMIMXCSI BBICOKOH H30MPATEIbHOCTHIO U HU3KOW TOKCHYHOCTHIO. K umciy Hanboiee
MEPCIIEKTUBHBIX OMOJOTMYECKH AaKTUBHBIX MPUPOIHBIX META0OIUTOB, OTHOCATCS OJIMIO- |
nojunenTuabl. K 4uciy X IMperMyIecTB OTHOCSATCS: OOLIMpHAs pacTHUTENbHas ChIpbeBas 0asa,
IIOCKOJIbKY BeIeCcTBa OEIKOBOM MPUPOJBI, SBISSCH CTPOMTEIBHBIM MaTEPHAIOM PAaCTHTENbHBIX
KJIETOK, MPHCYTCTBYIOT B JIFOOBIX PAacTEHHSX, B TOM YHCIE, Mpom3pacraromux B Kazaxcrane; a
TaKKe€ MIMPOKUH CIIEKTP WX OHOJOrHYecKoro aeicTBust. OJHMIo- M IOJUIENTHIBI MTPOSBIISIOT
M30MpaTebHOE MPOTHBOOITYXO0JIEBOE U IPOTHBOBOCTIAIUTEIBHOE ICHCTBHE, aKTUBHBI TpoTuB BUY
W BUpYyCa IpUIIa, 00J1a1al0T BEIPAKCHHOW TOPMOHAIBHOM, HEHPOMUHHUIA3HON U aHATbIeTHIECKON
AKTHBHOCTBIO, AHTHOAKTEPHAIbHBIM M (YHTHIMIHBIM JEHCTBHEM, SBISAIOTCS 3()(EeKTUBHBIMU
uMMyHOMOayIsTOpamu [1-12], a Takke KOMIIOHEHTaMH CIHOPTHBHOTO M JUETUYECKOTO IMHTAHHS
[13,14].

Llens uccienoBaHus: BBISBUTH BO3MOXKHOCTH CEJIEKTHBHOTO M3BJICYEHHsI CYMMBI PACTHTENbHBIX
OJIUTO- W TIOJUIENTHIOB, BHE 3aBUCHMOCTH OT COCTaBa COMYTCTBYIONIUX TIPYII OHOJOTHYECKU
AKTHBHBIX BEIIECTB.

OOBEKTOM  HCCIEMOBaHUS ~ OBbLI  KA3aXCTAHCKUM  BHJ ~ TOpell  YKUBOPOISIIUI
(Polygonum viviparum L.), umecromuii MpOMBIIIICHHBIE 3alachl Ha TEPPUTOPUHU PecryOnuku
Kazaxcran.

Hcnonb3yemoe pacteHne ObUIO BBICYIIEHO B €CTECTBEHHBIX YCIOBMSIX, H3MEJIBYEHO J0 pa3Mepa
gactull 3—5 MM, UIS TOCJEIYIOIIET0 KAauyeCTBEHHOTO M KOJUYECTBEHHOTO (UTOXUMHYECKOTO
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aHaJM3a Ha OCHOBHBIE CTPYKTYpPHbIE THIIBI PACTUTENBHBIX MeTabonuToB. PuTOAHAIH3
PacTUTENILHOIO ChIphsl IPOBOAWINM IO MeTogaMm [ocynapcrBenHoi (apmakonen Kazaxcrana u
o0mmenpuHATEIM MeToaukaM [ 13, 14], momydeHHbIe pe3ynbTaThl IPeACTaBICHbI B Tabmuie 1.

Tabnmuma 1 — Pe3ynbTaThl (PUTOXMMHYECKOTO HCCIEIOBaHUS OCHOBHBIX rpynn BAB B ropie
XKUBOpOIALEM, %o

Crpykrypssiii Tunn BAB Conepxanue B HaA3€MHOU Coneprxanue B
qactH, % KOpHSIX, %0
AJKaIou bl 0,75 0,43
Kymapunbt 2,24 1,66
['unponuzyemblie 1yOUTbHBIE BELIECTBA 5,88 7,09
daBoHOUIBI 5,77 4,46
Benxu 12,15 5,68
[Tonucaxapusi 10,09 14,72
AHTpaxuHOHBI 3,79 5,91
KcanToHb! 0,42 0,73
DEHOJIOKUCIIOTHI 0,92 0,65
DdupHbie Macia 0,25 0,04

HNannuble Tabnuubl 1 yka3pIBalOT BBICOKOE cojep:kaHMe LeneBod rpynnsl BAB B oObekTe
UCCIIEIOBaHNs M HA NEPCHEKTUBHOCTh M3YYEHMS! TEXHOJOTMHU CEJIEKTHBHOTO W3BIEYEHUS CYMMBI
OJIUTO- U MOJIATIENTUAOB U3 HAJ3€MHOM YaCTH ropua )KUBOPOISAILETO.

JUie  onTuMu3anMM XMMHYECKHX IPOLIECCOB, IMOBBILIEHUS IIOJHOTBI M CEIEKTUBHOCTU
W3BJICUEHUS OJIUTO- U MOJIUIENTHIOB U3 PACTUTEIBHOTO CHIPhS OBIJIO U3YyUYEHO: BIMSHUE MPUPOJIBI
9KCTpareHTa, COOTHOIIEHUS ChIpb€ — AIKCTPAre€HT, TUMAa W KOHLEHTPALUU OCAIUTENsl, a TaK¥Ke
TEMIIEpPaTypbl U BPEMEHHU IKCTPAKIIUH.

Jlia ompeneneHus ONTHUMAJIbHOTO 3KCTpareHTa NEeNTHAHOM (pakuuu ObLIM BBIOpAaHBI: BOJA,
pactBop HaTpus xjopuna 0.5M, pactBop Harpusi ruapokcuga 0.1M, ¢ocdaTHbif U aneTaTHBIN
Oydepsl. M3MenpueHHOE BO3AYIIHO-CYXO€ PACTUTENBbHOE CBIPhE 3AIMBATIOCH TPEXKPATHBIM I10
00bEeMy KOJIMYECTBOM YKa3aHHBIX SKCTPAareHTOB W HArpeBajioCh B TEUEHUHM JBYX 4YacoB IpHU
TEMIEpAaTypax KWIIEHUs pacTBOpUTeNed. Pe3ynpTaThl KOJIMYECTBEHHOIO aHAaJINW3a COJAEPKAHUS
NEeNTUIHON (paKLUU B OOLINX SKCTPAKTaX MpeACTaBICHbI HAa pUCYHKE 1.

W3 nmnpeacraBneHHBIX JaHHBIX CJIEIYeT, YTO ONTHUMAJbHBIM OSKCTPareHTOM  SIBJISETCS
JUCTWJUIMPOBaHHAsl BOJAa. DTO O3HAYAET, YTO B PACTUTEIBHOM ChIpbE, B OOJIbLIEM KOJIMYECTBE
MPUCYTCTBYIOT BOJOPACTBOPUMBbIE O€IKM — aJlbOyMHHBI. 3HAYUTEIbHOE OTJIIMYHE B BBIXOE
0enkoBOll (paklMy B M3Y4aeMbIX IKCTPAKTaX OT €€ KOJIMYECTBEHHOI'O COJEp>KaHUsl B OOBEKTe
UCCIIEIOBaHMs, IMO-BUAMMOMY, CBSI3aHO C JUIMTEIbHOCTHIO HArpeBaHUs HKCTPaKTa, a TaKXKe C
BBICOKOM TE€pPMOIAOMIIBHOCTBIO TPHPOJIHBIX TMOJMIIENTHIIOB, MNPHUBOJAIMEH K HeoOpaTuMoin
neHatypauun Oenka. {7 BBIABICHHMS ONTHMAIbHOTO COOTHOIIEHHS ChIphE : JKCTPAreHT, ObLI
u3ydeH auanaszol ot 1:3 mo 1:10 (v/v). UccnenoBanue npoBOHIIOCH IPH ABYXYaCOBOM HarpeBaHHH
IpU TeMIIepaType KAMCHUs BOABI (PUCYHOK 2).
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Pucynok 1 — Pe3ynprarhl aHanmu3a oOUIMX SKCTPAKTOB Ha COJIEPKAHHUE OJIUTO- U TIOJHUIICTITHIOB
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PI/ICYHOK 2— PGSYJ'IBTaTBI HCCIICOOBAaHUS ONITUMAIBHOTO COOTHOMICHUSA ChIPBEC:OKCTPArCHT

Hcxons U3 MoMyd4eHHBIX AAHHBIX ONTUMAaJIbHBIM COOTHOILIEHHEM CBhIPhE : SKCTPAreHT CleAdyeT
npu3HaTh 1:7, ganpHeiliee yBelMUE€HUE KOJIMYECTBA PACTBOPUTENS HE 3HAYUTENIBHO CKa3bIBAETCS
Ha TIOBBIIIEHUH BBIXO/A LIEJIEBOr0 MPOIYKTA.

[Ipn ompeneneHun ONTUMAJIBLHOW TEMIIEpPATypbl OHKCTPAKIUU ObLI BbIOpaH JAMAaNa3oH
temmeparyp: 5, 20, 40, 60, 80 °C. HarpeBanme OCYIIECTBISJIM B TEUEHHWHU JBYX YacCOB TPHU
TEeMIIepaType KUTIEHUSI SKCTPareHTa U COOTHOIICHUHU ChIPhe : AKCTpareHT 1:7. Pe3ynpTaThl aHanm3a
Mpe/ICTaBJICHBI HA PUCYHKE 3.

[TonydeHHbIe NaHHBIE CBHJETENBCTBYIOT 00 ONTHUMAIBLHOCTH TPOBEACHUS HKCTPAKIUU TPU
KOMHATHOM TeMIepaType, HIKE U BBIIIE KOTOPO, HAOII0gaIach YaCTUYHAS IEHATYpalus OEIKOB.

OnTuManbHOE BpeMsi AKCTPAKIMHU OMNpeAe/suid B MHTepBasie 4—48 4YacoB, Mpu TeMIiepaType
20 °C, B COOTHOIICHHUHU ChIpbe:dKCTpareHt 1:7 (V/V) (pucyHok 4).
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Pucynoxk 4 — Pe3ynbrarhl uccien0BaHus BIUSHUS BPEMEHU SKCTPAKIIUHI
Ha BBIXOJI IENTHIHON (Qpakium

OnTumalibHO#M OKka3zanack 48 yacoBasi Mareparus ¢ BbIXOA0M IieneBoit rpynmel BAB 7,79 %.
OnpefeneHre ONTHMAIBLHOW KPATHOCTH W ONTHMAJIBHOTO PEXHMA SKCTPAKIUU OCYIICCTBIISUTH B
MIPEPHIBHOM HJTH HETIPEPHIBHOM PeXUME. AHAIIN3 COACPKAHMSI OJTUTO- H ITOJMIICTITHIOB IIPOBOTHIH
(bapMakomeHbIM METOOM (PUCYHOK 5):

8,1

8
79
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7,7 l
7,6

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

Conepxanue, %

Pexum 1 KpaTHOCTb SKCTpaKIUU

Pucynok 5 — Pe3ynbpTarhl aHann3a BIUSHUS PEKUMA U KPATHOCTH SKCTPAKIIMHU
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Ha MOJIHOTY SKCTPAKIMU NeNTUAHON (ppakiuu, %

Takum oOpa3oM, ONTHUMANbHBIM BAPUAHTOM CEJIEKTUBHOM OSKCTPAKLUUU MOJUIEHTHIHON
dbpakuum sBiseTcs 48-4acoBoe HaCTaMBaHWE M3MEIBLUYECHHOTO PACTUTENBHOTO Chipbs mpu 20 °C c
J03UPOBAHHBIM JOOABJICHHEM B SKCTPAKTOP PACTBOPUTEIIS.

Jnist oripeniesieHus] ONTHMAaJIbHOTO OCAJAUTENS U 00BEMHOTO COOTHOIICHHUS! YKCTPAKT:0CAAUTENb,
ObUIM M3Y4YEHBI alleTOH, CIIUPT ATUIIOBBIA 96%, aMMOHUS Cynb(haT HACBHIIICHHBIH, B COOTHOIICHUN
ot 1:1 o 1:7 (vIV) (tabiuua 2).

Tabmuua 2 — Pe3ynbraThl aHajdM3a BAMSHHAS TPUPOABI OCATUTEIS HA IIOJHOTY OCaXICHHUS
MenTUAHON ppakimn, %

CooTHo1IeHHE Ocagureib
JKCTpaKT-ocaluTeth AueroH CnupT 3TUIOBBIN AmMoHus 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 CBUJECTENBCTBYIOT O TOM, YTO ONTHMAJIbHBIM OCAJAUTENEM JUISl OJUTO- U
HOJUTICNTUAHON (PaKIUK ropIa KUBOPOISILIETO SBISCTCS MATUKPATHBINA H30bITOK (V/V) aleToHa,
YTO MO3BOJIWJIO BBIAETUTH 94,2 Y% MOIUNENTHIOB OT UX COAEPIKAHUS B PACTUTEIIEHOM ChIPhE.

Jns oueHKH >(PQPEeKTUBHOCTH pa3pabOTaHHOM METOJUKH, OBbLIO MPOBEAEHO €€ CPaBHEHHE C
KJIACCHYECKMMH  JKCTPaKIMOHHbIMH  mpouenypamu  [12,13]  ceneKTHBHOTO  BBIACICHHUS
PaCTUTENBHBIX MOJUNENTUIHBIX KOMIUIEKCOB (PUCYHOK 0).

CpaBHeHHE MOITYYEHHBIX PE3YJIbTaTOB MOKA3aJI0, YTO MPH MCIOJIb30BAHUU JUIS CEIEKTUBHOTO
U3BJIEYEHUS] Pa3pa0OTaHHOM METOAMKH, YAAJNOCh IMOBBICHTH BBIXOJ LeneBod rpynnsl BAB B
1.21-1.45 pa3 oT OOIMIENPUHATHIX SKCTPAKIIHOHHBIX ITPOIICTYP.

[Ipn BbIOOpPE ONTHMAJIBLHOTO METOJA MpEenapaTUBHOM OYUCTKU OJMIO- W TOJMIIENTUIHON
(GpakuMd TEXHOTE€HHOTO TabayHOIO ChIPbs, C BO3MOKHOCTBIO CTAaHIAPTH3AIMU TOJTYYEHHBIX
CYMMapHBIX MENTHIHBIX (PUTOIMPEnaparoB, ObUIO JOKA3aHO, YTO ONTUMAIBLHBIM METOJOM SIBIISETCS
akckmo3nonHas BOXX B ycnoBusax oOpameHHO-pazoBoro mpomecca Ha Koionke Agilent
AdvanceBio SEC 13 (2.7 mxm), ¢ moaBmwxkHo# ¢azoit — 150-MM docdatasim 6ydepom (pH 7.0),
npu ckopoctu motoka 0.35 mu/mMuH u ucioas3oBannu Y d-nerexkropa (220 HM).

Takum o0Opa3zom, ObUTa 3HAUUTEIBHO YIIyYllleHa METOJMKA CEJIEKTMBHOTO W3BJICUEHUS
KOMIUIEKCa MPUPOJHBIX OJIUTO- U MOJHUIENTH/IOB, MO3BOJSIONIAS B ONTUMH3MPOBAHHOM BapHaHTE
u3Biekarb Oosnee 90 % BemiecTB OEIKOBOM MPUPOIBI OT UX COAEPKAHUSI B PACTUTEIHLHOM CHIPHE,
MIPUTOHAS ISl UCTIOJIb30BaHUs HA MPEANPHUATUAX (apMalieBTUYeCKON MPOMBIIIUIEHHOCTH.
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Pucynok 6 — Pe3ynbTaThl CpaBHUTEIHHOTO UCCIIEIOBAHUS 3P PEKTUBHOCTH
PAa3IMYHBIX METOJIOB U3BJICYCHUS IPUPOIHBIX ITOJIUIIEIITH/IOB

Paboma oOvina evinonnena 6 pamxax npoepammuvl yenesozo Gurancuposanusi:BR05236419
«Cosz0anue @DYHKYUOHATUBUPOBAHHBIX OPSAHUYECKUX Geujecme U Mamepuailos ¢ WUPOKUM
CNEKMPOM BO3MONCHO20 BbICOKOIPHEKMUBHO20 NPAKMUYECKO20 NPUMEHEHUSLY.

Jlureparypa:

1. Groner B. Peptides as drugs. — N.-Y.: Wiley, 2009. — 242 p.

2. Jensen K.J. Peptide and protein design for biopharmaceutical applications. — N.-Y.: Wiley, 2019. —
314 p.

3. Dutton C., Haxwell M., McArthur H. Peptide antibiotics. — N.-Y.: CRC Press, 2001. — 308 p.

4. Alagarsamy V. Pharmaceutical chemistry of natural products. — Amsterdam: Elsevier, 2012. — 792 p.

5. MaY., Wu.Y., Li L. Relationship between primary structure or spatial conformation and functional
activity of antioxidant peptides from Pinctada fucata // Food Chem. — 2018. — VVol.264. — P. 108-117.

6. Patino-Marquez 1.A., Patino-Gonzalez E., Hernandez-Villa L. Identification and evaluation of
Galleria mellonellapeptides with antileishmanial activity // Anal. Biochem. — 2018. — VV0l.546. — P. 35-42.

7. Liu Z., Zhu M., Chen X. Expression and antibacterial activity of hybrid antimicrobial peptide
cecropinA-thanatin in Pichia pastoris // Front. Lab. Med. — 2018. — Vol. 2. — P.23-29.

8. Ng S.M.S,, Yap J.M,, Lau Q.Y. Structure-activity relationship studies of ultra-short peptides with
potent activities against fluconazole-resistant Candida albicans // Eur. J. Med. Chem. — 2018. — Vol. 150. —
P. 479-480.

9. Zabrodskaya Y.A., Lebedev D.V. The amyloidogenicity of the influenza virus PB1-derived peptide
sheds light on its antiviral activity // Biophys. Chem. — 2018. — Vol. 234. — P. 16-23.

10. Wang Y., Curelli F., Xu W.S. Antiviral activity of dual-acting hydrocarbon-stapled peptides against
HIV-1 predominantly circulating in China // Biomed. Environ. Sci. — 2017. — Vol.30. — P. 398-406.

11. Vasquez-Villanueva R., Munoz-Moreno L., Carmena M.J. In vitro antitumor and hypotensive
activity of peptides from olive seeds // J. Func. Foods. — 2018. — Vol.42. — P. 177-184.

73


https://www.sciencedirect.com/science/article/pii/S0308814618307891
https://www.sciencedirect.com/science/article/pii/S0308814618307891
https://www.sciencedirect.com/science/article/pii/S000326971830068X
https://www.sciencedirect.com/science/article/pii/S000326971830068X
https://www.sciencedirect.com/science/article/pii/S2542364918300207
https://www.sciencedirect.com/science/article/pii/S2542364918300207
https://www.sciencedirect.com/science/article/pii/S0223523418302708
https://www.sciencedirect.com/science/article/pii/S0223523418302708
https://www.sciencedirect.com/science/article/pii/S0301462217304386
https://www.sciencedirect.com/science/article/pii/S0301462217304386
https://www.sciencedirect.com/science/article/pii/S0895398817300703
https://www.sciencedirect.com/science/article/pii/S0895398817300703
https://www.sciencedirect.com/science/article/pii/S175646461730796X
https://www.sciencedirect.com/science/article/pii/S175646461730796X

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

12. Wang X., Zhao Y., Yao Y. Anti-inflammatory activity of di-peptides derived from ovotransferrin by
simulated peptide-cut in TNF-a-induced Caco-2 cells // J. Func. Foods. — Vol.37. — P. 424-432.

13. Dewick P.M. Medicinal natural products. —N.-Y.: Wiley, 2009. — 540 p.

14. Brahmachari G. Chemistry and pharmacology of naturally occurring bioactive compounds.—N.-Y.:
CRC Press, 2013. — 582 p.

15. T'ocynmapcrBenHas ¢apmakones Pecnyonmkn Kazaxcran. T.1. — Anmarer: XKubek sxomsr, 2008.— C.
592-609.

16. My3spruknnaa P.A., Kopynekun [I.HO. bruonoruueckn akTUBHBIE BelecTBa pacTeHUWil. Brimenenue,
pasnenenue, ananus. — Anmarel: Atamypa, 2006. — 438 c.

Ilocmynuna 15 cenmsabps 2019 e.

74


https://www.sciencedirect.com/science/article/pii/S1756464617304528
https://www.sciencedirect.com/science/article/pii/S1756464617304528

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

MPHTH 31.25.19
YIIK54.057

SYNTHESIS AND CHARACTERIZATION OF HYDROGELS BASED ON
NATURAL POLYMERS FOR SEEDS PELLETING

Salyamov R.!, Kalibek M.%, Makhayeva D.%, Irmukhametova G.%, Negim E.?3
Al-Farabi Kazakh National University,
2School of Chemical Engineering, Kazakh-British Technical University,
Almaty, Republic of Kazakhstan
3National Research Centre, Polymer & Pigment Department, Giza, Egypt
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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 paduayuonnoli norumepusayuy Ha SAEKMPOHHOM YCKOpUMene CUHMe3upo8ansl 2Uuopo2eiu Ha
OCHOBC — NPUPOOHBIX — NOIUMEPOS  XUMO3AH-KPAXMAN-NOTUGUHUIRUPPOIUOOH — U XUMO3AH-KPAXMAT-
NOAUSUHUTNUPPOIUOOH-azap. H3yueHo enusHue COCMAasa CONOAUMEPO8 U 003bl 00LYUeHUs HA BGblX00 U
Habyxarwyrw cnocobHocms 2udpoeiell. Y cmanosnenvl onmumMaibble napamempsbl CUHme3a cuopozenei:
0oza obnywenus 25 klp u codepocanue xpaxmana 5 mac.%. Hccredosana enazoyoepacusaiouas
CcnocooHocmb u decopoyusi 600bl U3 cuopoeenel. Ycemanosieno, umo 6aazooaps 2uopozenesoi 00oouKe,
671a2a CNOCOOHA YOEPIHCUBAMBCS BOKPY2 CeMAH 6 7 paz 0oaviue. M3yueno enustue Opajrcupo8ouHo20 Clos HA
npopoCcm CceMsH. Ycmanoeneno, umo ORMUMATLHLIMU YCIOGUSMU OISl NPOPACMAHUS CEeMSH ABTISLemcsl
NOKpbimue ux noIuMepusvim 2uopozenem 8 1 ciou.

Knwuesvie cnosa: mexnonocus Opajcupoauus, paouayuoHHvlil CUHmMe3, NpupooHbvle NOAUMEDDL,
auopoeenu, Habyxauue, 003a 0OIYUEHUSA, IHeP2Us NPOPACMAHUAL.

Xumo3sau-Kpaxman-noausuHUINUPpOIUOOH JrcaHe XUMO3AH-KPAXMAN-NOIUBUHUINUPPOTUOOH-A2Aap
Hezi3ino0eci mabugu noaumepiepee HezizoenzeH 2uopozenvboep NeKMPOHObIK yOoemKiume paouayusivly
noaumepuzayus apxulivl cunmesoendi. Conoaumepnep Kypamvl MeH CaVaeleH) 003ACbIHbIY 2U0P02enbOepOiy
Kipicminiei men iciny Kabinemine acepi 3epmmenodi. I uopozenvoep cunmesi yuiin OHMAuibl napamempiep
aHbIKMAanovl: cayaeneny moauwepi 25 xlp owcone kpaxman meonwepi 5%. Cy emxiseiwmici oicone
2uopoeenboepoen cyovl CiHipy MymKinodiei sepmmenoi. ludpoeenv KaOvl2blHbIY aAPKACLIHOA  bLIEAT
MYKbIMHBIY QUHATACHIHOA 7 ece ¥3aK MYpa anamuiHoblesl anblKkmanovl. Kanmay xabamuvinvly myKbim OHyiHe
acepi 3epmmendi. TYKbIMHOIY OHYIHIH OHMAUALI wapmmapsl - 01apovl 1 Kabammaeel noaumepii
2uopozenbmMeH Kanmay.
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Tipek co3dep: mytiipuixmey MexHOI0SUACL, PAOUAYUATLIK CUHME3, Mabueu norumepiep, 2uopozeivboep,
iciny, cayneneny 003acwl, OHY JHEPLUSCHL.

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
=" (1)

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):

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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12 4

(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)15kTp (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
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Figure 3 — Dependence of the swelling degree of chitosan-starch-PVP-agar hydrogel
on starch concentration
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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

80



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

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 ® Seeds #1
H Seeds #2
25 1
20 4
15
10 1
5 -
0 4 r r r
2 layers 1 layer clayipol 21 clay/pol1:2  clayipol 1:1
layer layer layer

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

%
50 A
50 4
N Seeds #1
N Seeds #2
40
30 -
20 -
10 4
0 r =
2 layers 1 layer clay/pol 2:1 clayipol 1:2  clay/pol 1:1
layer layer layer

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.

10 mm

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 BAJIIBIP JKACYIIAJAPBIH
Cr3* MOHJIAPBIHBIH AJJCOPBEHTI PETIH/IE KOJIJAHY
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Cr**  uonoapwmmeiy  Chlorella vulgaris 6andwip  dcacywanapvinvly — Geminoeei  adcopoyuschl
HUK-cnexmpockonus, Jcapblk  waublpamy JcaHe peHmeeHopaoopecyenmmi  manoay aoicmepimen
sepmmenoi. Adcopbyus namucenepi Jlenemiop dcane ®peiinonux modenvoepi wenbepinde eydendi. Cre*
UOHOAPBIHBIY  JICACYMANAPObIY  Oeminoesl MAaKcumManiovl aocopoyusicvinbly Mmaui 34,2 me/ e, an 1/n
koncmanmacwr 0,74 Kypatimvinol kepcemindi. Aocopbyus Cr* uondapwinviy scacywa Gemindezi amun,
KApOOKCUL, 2UOPOKCUN dicane hocgham monmapvimer UOHAIMACY, INEKMPOCMAMUKATILIK JHCIHE OOHOPIb-
axkyenmopavlk apekemmecynepine neeizoencen. Chlorella vulgaris 6arovp orcacywanapoinviy Kypamwinoa
K, Ca, Zn, Cl, S, P, Mn sa1emenmmepiniy 6acbimovlabl Kopceminoi. crét UOHOAPBIHBIY adcopOyUsCyl OANObID
bonueKkmepiniy onuemoepiniy yaKeline anvin keadi. byn scaim scacywanap 3apsaovinbly beumapanmanyvl
Homudicecinde onapovly 03apa  dIeKMpOCMAMUKAIblK,  medicy KyumepiHiy a3aloblHa  OAulaHbLCmbL
KOA2YIAYUSTIAHYbIMEH He2i30e12eH.

Tipex co30ep: Chlorella vulgaris 6andvip scacywanapwi, aocopoyusa, xpom (Ill) uonoapel, UK, bonuex
onueMi, HCacyua Kypamol, a0copoyus Mexanusmi.

Memooamu HK-cnekmpockonuu, ceemopaccesHusi u peHmeeHOMI00pecyenmuo20 aHanu3a usyyeHa
aocopbyus uonos Cri* na nosepxnocmu xiemox eodopocneii Chlorella vulgaris. Pezyromamui adcopoyuu
obpabomanvl 6 pamxax mooenei Jlenemiopa u Dpeiinonuxa. Iloxazano, umo 3HaueHue MAKCUMATLHOU
aocopbyuu UOHO8 Cr¥* na nosepxuocmu Kiemox cocmaegigem 34,2 me/e, a xkoncmauma 1/n — 0,74.
Aocopbyus obocrnosana e3aumodeiicmsuen uonog Cr¥* ¢ amunnvimu, KapboKCUnbHLIMU, 2UOPOKCUNLHBIMU U
Gochamubivu  cpynnamu  NOGEPXHOCMU  KIEMOK  6000pOCiell NO  MEeXaHusMy UOHHO20 o0bMena,
NEKMPOCMAMULECKO20 U OOHOPHO-AKYENMOPHO20 3aumoldeticmeuti. Tlokazano oomunuposanue 6 cocmase
xemoxk eoodopocaei Chlorella vulgaris K, Ca, Zn, CI, S, P, Mn. Ycmanoeneno, umo adcopbyus uoHos cr¥t
npuUeoOUM K y8eluteHuio pamepa acmuy 6000pociell. Imo Cés13ano ¢ KOA2yaupyiowum 0eicmeuem uoHos
Memanna 8 pe3yibmame HeUmpamu3ayuu 3apsioa KIemoK U YMeHbUuleHueM CUl 9AeKMpPOCMAmMUYecKo2o
OMMANIKUBAHUSL.

Knrwouesvie cnosa: kiemxu 6ooopocneii Chlorella vulgaris, aocopoyus, uonwt xpoma (Ill), UK, pazmep
yacmuy, cOCmae Kiemox, MexaHusm 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
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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 (I11) ions, IR, particle size, composition
of cells, the mechanism of adsorption.

Kipicne. Kaszipri TaHga KopliaraH OpTaHBIH ayblp METAJJIapMEH JIACTaHybl — ©3€KTi
MacenenepiH Oipi 6ombim oTeip. ArbiH cynapra xpom (III) nonmapser Tepi, 0osly eHaipicTepiHEH
KOHE XMUMHSIIBIK OHAIpiC Ke3aepiHeH Tycemi. OHBIH KOHIEHTPAIMACH 2 MI/J mIamalaH apTKaH
KaFjadga KopliaraH opTa YIIiH KaHueporeHai Oonbim  caHamaasl [1]. Cyael  TemeH
KOHIICHTPALMAAAFbl ayblp METajul MOHJAphIHAH Ta3apTyda JJIEKTPIIK TYHABIPY, MOH anMacy,
MeMOpaHaiblK 06y CHSAKTBI JSCTYpJli TEXHOJOTHSUIADMEH Karap TaOuru copOeHTTepmi
KOJIJAaHY/ABIH THIMILTITT KOpCEeTiAI JKOHE ayblp MeTall HMOHAAPHIH TOJBIFBIMEH Oelly YIIiH
MUKpOaFr3aiap/bl MaiiiaiaHaThiH 0anama d/1ic YChIHBLIIBI [2-5].

MuxkpoOanabipiaap copOEHT peTiHAe KOJNAaHyFa bIHFaiabl Ouomacca 00JbIl TabbuTaabl. XKackun
6anasipnapasiy Fe (1), Cu (II), Pb (II), Zn (II), Cr (VI) xone Ni (II) monmapein copOuusiiay
KaOineTi onmapAblH OeTiHaeri pyHKIHOHAN TonTapbiHa HerizaenreH [6, 7]. Xacyma Oerinae amuH,
THJIPOKCHII, KapOOKcHII, THOIM, hocdaT sxoHe OacKa TONTapabIH O0IyBI 0JIapabl OMOCOPOCHT PETIH/IE
KOJIJIaHFaH/Ia KOFapbl COPOILMSIBIK JKOHE TaHIAMMA3IbUIBIK KadileT KamTamachis eredi. OcbiFan
opaii sxympic Mmakcatel Chlorella vulgaris Gammslp sxacymamapsl Oeringe Cr¥* mommapsi
a/ICOpOIMSACHIHBIH €PEKILIETIKTePiH aHbIKTay OOJIIbI.

Mamepuanoap men 3epmmey adicmepi. 3eprrey ubicanbl petinge Chlorella vulgaris sxacein
Oanaplp >kacymanapsl Komjganeuiabl. Omapael 298 K temmepaTypana cyiabl opTaja apHaubl
(dhepMeHTaTOpIIApIa TOMEH IETIEH KypaMMeH ecipei (1/11): riaroko3a — 5,0; albITKbI CHIFBIHIABICH —
1,0; menron — 1,0; tpunton — 1,0; FeSOs — 0,01 xome MgSOs — 0,05. OckeHHEeH COH
LEeHTpUdyraaa KOPEKTiK opTagaH 0ein ajbll, €Ki peT CyMeH mmasisl [8].

Cr(NO3)3-:9H20 Tyseman 1102 M epitingi maiisinganeim, seprreyre kaxer (0,1-1,0)-102
MOJIb/II KOHLEHTpAIMsl apalblFblHAA €pIiTiHAI CYMbUITBUIBIN o3ipieHal. Ochl KOHLEHTpalusia
epiTiHAlIep Oanablp >kacyliagapbl CYCHEH3HsACHIMEH apallaCThIPBUIBIN, 2 caraTTaH KeWiH oylapJaH
Gomiumi. Cr* HOHBIHBIH koHneHTpanusicel  Agilent 240FS (AKI) aTomuabi-ancopOusiibK
creKTpo(OTOMETPIH/IE aHBIKTAIABI. AJCOPOIMs MOHI MbIHA opMysia OOMBIHIIIA €CeTTEeN/Ii:
A=(C1-C2)'V/m, mynnarsr C1 xoHe Co — Cr® HOHBIHBIH 6ACTAIKBI KOHE azicopOIusIaH KeHiHTi
KOHIICHTPAUSIIaPhI, MOJIB/JT; V— €pITIH/II KOJIeMi, JI, m — jKacyIla Maccachl.

Banaep xacymanaperaeiH - MK-cmektpiepi  Avatar  370-Csl (Thermo Nicolet, AKIII)
KypbutFbichinia KBr Tabnerkachinga Tycipinmi. 3eprreymep 400-4000 cm™ Tepbemic skumifiri
apaybIFbIH/A KYPIi3iii.

XKacy1a KOHIEHTpAIHMCHIH aHbIKTay YIIIH alabIMeH ['opsieB kKamepachIH1a OJap/AblH MEHIIIKTI
KOJIEMJIET1 CaHbl aHBIKTAJIIbI.

Kacyma kypambl emmey npamairi 1-3 % «®okyc 2M» (Peceit) peHTreHmi (GroopecieHTTi
criekTpoMetpae Fe-coynen MHKpoaHanM3aToOpabsl KOJITAaHYMEH aHBIKTANIBL. bapibik Toxipubdenep
298 + 0,2 K temneparypachiHia )KYpri3uil.

Kacyma OenmiekTepiHiH OJIIIEMIH aHBIKTAY YIIIH CYCIICH3USHBIH CEIMMEHTAIUsAFA TYPAKTHI
KOFaprbl Oetiri Konganbuiasl. Onmem «Malvern Zetasizer Nanoy» (¥1p10puTaHus) KYpbUIFBICHIHAA
aHBIKTANbI. beJiek enmeMaepi aHbIKTay OJIapAbIH COYJIeHI MIalIbIpaTyblHa HET13 eI eH.
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Homuowcenep acone onapowl manday. Cr¥* wmonpmapemsirn  Chlorella  vulgaris  6ammeip
Kacymanapel  OeTiHzeri  aacopOUMsChiHBIH —u3oTepMackl  (l-cyper) komimri  JICHTMIOPIBIH
azicopOIMs M30TepMachblHa YKCaFaHbIMEH, OHJa OCTTiH aJCOPOCHTKE KaHBIKKAH IIATOCHI aHBIK
Oaiikanmmarael. Conm cebenti DpeWHIIUXTIH amcopOuus TeHaeyl MeH JIGHTMIop TeopHsChI
HIeHOepiHAe aacopOIsl KOHCTaHTAlIaphl ecentenai. MakcuMaiasl aacopOrust MoHI  (Amax)
34,2 mr/r TeH exenpiri anpikramsl (1 kecre). Bygan Cr¥* monnaps! 6aniplp skacymiachIMeH sKaKChl
opeKeTTeceTIHAIriH OomkayFra O0onanbl. KenTereHn keyekTi ajcopOeHTTep OeTiHIEri ayblp MeTasll
MOHAapbIHBIH ancopOuusicel 10-90 Mr/r mamaceina 6onazsl [6]. An @pelinanux tenaeyinneri K-
KOHCTAHTachl aJcOpOCHT OCTiHIH ayJaHbl MEH MacCachbIHBIH KaThIHACHIH, SIFHU MEHIIIKTI
azicopOIMsHEL, an 1/nN — agcopOIusIaHaThIH 3aTTHIH aJJCOPOCHTKE BIHTHIKTBIFBIH KOPCETETIH IIaMa.
Onebuerrepre coiikec, oHblH MoHI 0,1 < 1/n < 1,0 apansikra 6oJjica, aacopOCHT aacopOIusra
KOJ1aiel OoJbIn caHanasl [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¥* nonnapsmae Chlorella vulgaris 6anasip skacynranapsiabiy 6eTineri
aacopOuus uzorepmacel. T=298 K. C=13- 10* xKacya/mi

1 Kecte — Cr** nomnapeasir Chlorella vulgaris 6ammsip sxKacymanapsiHbIH OeTiHAET] ancopomums
MOTIMETTEpiH OHICY

AncopOeHt T, K JleHrMrOp KOHCTaHTanapbl @pelHIINX KOHCTaHTaIapbl
b, 1/Mr | Amax, MI/T R?2 1/n K mr/r R?
Chlorella vulgaris 298 0,03 34,2 0,99 0,74 9,8 0,95
OanpIp KKacymanapbl

Cr** nonnapemse Chlorella vulgaris xacyma 6eTiMeH opeKkeTTecy MEXaHH3Mi Typajbl MOTiMeT
anmy ymin MK-cmekrpockonusislk  3eprreyiep okyprisinmi (2 cyper). Chlorella vulgaris
xacymanapselibiH MK-cnektpingeri (1) KonakTapIblH KOMTIrl JXOHE ONapIblH MOPMEHAITiIHIH
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opTypti 0oyl 6eTTeri (GyHKIIMOHAT TONTApAbIH CaH ajlyaHAbIFbIHBIH aifFarbl. MbIcaibl, OacTamKel
Chlorella vulgaris xacymanapsinsig MK cnexrpinmeri 3433,78 cm? tepbenic skuminirinmeri
xonmakTel OH™ koHe ekiHmImik amme Tomrtapra, an 1647,10 cm? xone 1384,50 cm! Tepbenic
xuiniriggeri sxonakrapasl C=0, CN xoHe OipiHIIUNIK aMHH TONTapblHA JKATKbI3yFa OOJaJbl.
ConbimeH karap 2428,59 em™ xomaktel C—H, an 1700-1800 cm™ TepOeITic KUUTITTHIET] JKOIaKThI
COOH-tonrapra, 1128,98 cm™* Tepbemnic sxwminirin >dupni C—O—C TonTapra *KaTKbI3yFa OO0IapbI.
878,24 men 836,06 cm! TepGemicrepinzeri xomakrap =P—O- sxoHe —SO3 TonTapsl MeH 624,6 cM™
AJIKMJITaJIOreH TYBIHIBLIapbIHA calikec Ooubim Keemi [11, 12].

Cr** HoHJapbIHBIH aACOPOLMACHIHAH KeHiH OChI TONTAPABIH TepOelic KHUiMKTepiHiH o3repreHi
6aitkanran: OH™ sxoHe exinminik amuH Tontapsl 3447,83 cm? -re, an C=0, CN xoHe GipiHminik
amue TonTaps! 1384,19 cmt mMen 1654,44 cmi-re, am C—O—C tonrapsl 1112,69 cml-re xwuinirine
BIFBICKAHBI OAMKAJIBIT TYD.
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2 cyper — Chlorella vulgaris 6anasip sxacymranapsiase, Cr3* noHIapBIHEH a1cOpOIMICHHA
neitin (1) »xxone keitinri (2) UK-cnektpnepi

Conbimen karap, 878,24 nen 836,06 cm?t TepOeic KULTIKTEpiHeri xolakrapaby 825,60 cm -
re birbicybl Cr®* MOHAAPBIHBIH skacyma GeTinzeri Gocdar HOHAApbIMEH GaillaHbICYBIHBIH aifrarbl,
an 617,27 cm! Tepbenic sxwminiringeri sxonakTel NHz-TONTapbiMeH KOMIUIEKCTIK KOCBLIBICTAp
TY3YIHIH cajapblHa KaTKbI3yFa 00sabl.

By mamimertep Chlorella vulgaris 6anaeip xacymanapsiaei Cre* MOHZapsIMEH MOH alaMacy,
ANIEKTPOCTATUKAJIBIK OpPEKETTECYyJiep JKOHE JOHOP-aKIETITOPIBIK OaillaHBIC apKBUIBI OPEKETTECY
MYMKIHJIT1H KOpCeTe/Il.

Chlorella vulgaris Gamapip skacyriagapblHbIH XUMHSJIBIK KypaMbIH aHBIKTAy OHJA aca Kerl
memnmepae K, Ca, Zn, Cl, S, P, Mn GonaTeIHOBIFBIH KopceTTi (3 cypeT, 2 kecte). bys anemeHTTep
Kacylajapra Kopek peTinae Kaxer. Omait 6omca Cr** MOHmaphIHBIH OGamjablp OeTiHAE OCBHIHIIA
KOFapbl MeJIIIEp/e aacopOLUsIIaHybIH 3aHbI KYOBUTBIC JIETI ecenTeyre 0oabl.
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2 Kecre — Chlorella vulgaris 6anapip sxacymanapbIHBIH XUMHSUIBIK KYPaMbl

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

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

Skaltkal  KKaCakal Cr:Kat MK Cukal ZnkKal

800

600

WHTEHCUMBHOCTE (MMn)

400

200 P z
Crib1 MKb1 Fekbl Cokbt Kbl ZnKb1

TLKb1
S Kbl

KEscEnESom

05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140
3Hepma (kaB)

3 Cyper — Chlorella vulgaris 6anapip skacyianapblHbIH PEHTTEH(IIOOPECICHTTIK CIIEKTPI

[=] Fa
=] ©n

=
Murmber (%)

Mumber (%)

c Size {r.nm)
Size (r.nm) LN

a 0

4 cyper — Chlorella vulgaris 6anmbip sxkacymanapeiabg sxkeke (a) sxone Cr’* HOHIapBIHBIH
azcopOuuschIiHaH Keiinri (6) enmemaepi
Mukpoar3anap KacylIaJapblHbIH MaHbBI3/Ibl CHUNATTaMalapbIHBIH Oipi — OeJIIeKTep OIIIeMi.
Cr3* HoHnapeIMeH opeKeTTeCKEeHHEH KeifiH jKacymanap Te3 IeKKeHiHe 6ailTaHbICThl CyCIIeH3HAHBIH
YKOFapFbl OOJIITIHIH OJIIeMIepl aHbIKTaIAbl. 4 CypeTTe >KeKe OayJblp CYCIICH3USCHIHBIH OOJIIeK
emmemi mamamen 250-350 uwm, ax Cré* WOHJAPBIHBIH aJCOPOIUACHIHAH KeWIH OJIap/blH YJIKEHII,
700-800 HM xeTeTiHziri kepiHin Typ. by xaiit Cr’" HOHMAPBIHBIR *Kacylna OeJImeKTepiHeri
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a7icopOLMACHl ONApAbIH OETTIK 3aps/bIH TOMEHJETIN, KOAryJslUsfa anmapaTblHIBIFBIH KOpPCETe .
OiiTKeHl, JKaJmbl JKargaiia MUKpoar3aiap >KacyllaJapblHbIH OETiHJe Tepic 3apsaThl TONTapAbIH
caHbl 6achIM OOJIBII KeJIe .

Kopuimuinowt. ConniMen, Cr* nonnapsinasig Chlorella vulgaris 6anasip sxacymanaps! 6etinzgeri
MakcuMaiabl axcopoumsicel 34,2 Mr/r Kypanabel. AAcopOIus MEXaHW3Mi pETiHAEe MeTasll
nougapeiabiH —COOH, =PO4%, -OH", =S%, -NH> TONTAPHIMEH HOHAJIMACY, AJIEKTPOCTATUKAIBIK
KOHE JIOHOPIIBI-AKIIETITOPIBIK opeKeTTecynepi yehHbUIAb. Crit HOHJApBIHBIH Kacyma OeTiHjeri
aicOpOIHACH ONAp/IbIH OINIIEMiHiH ocyiHe amapaibl. by sxaiT Cr** HOHIApBIHBIH Tepic 3apsAaThl
Chlorella vulgaris Ganapip sxacyianapblHa arperanusuibiK dCepiMeH Heri3ae/i.

Anevic. Kymovic KP bBinim owcone foinoim Munucmpniei xapacwvinianovipean (2018-2021): Ne
BR05236419 «)Kozapvl a¢hgpexmusmi key cnexmpii npakmukanwvlk KOJIOAHbIC MYMKIHOIel Oap
@DYHKYUOHANOAHRAH OP2AHUKANBIK 3AMMAp MeH Mamepuanoapovl Kypy» 6azoapiama asacblHoa
JACYP2i3iNoi.
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MHUKPOBOJIHOBAS 9KCTPAKIIUA BUOJIOI'MYECKHA
AKTHUBHbBIX BEIIIECTB TABAKA

Illamuna B.B.%, Kopyabkun JI.FO.:, Mysbiukuna P.A.L, Kpacuos E.A.?
Y Kazaxcxuii nayuonanvmuiil ynusepcumem umenu anv-Papabu, Anmamel, Pecnybnuxa Kazaxcman
2Cubupckuii 20cyoapcmeenublil meouyunckuil yuusepcumem, Tomck, Poccuiickas ®edepayus
e-mail: Dmitriy.Korulkin@kaznu.kz

B cmamve npeocmasnenvt skcnepumenmanvhvle OAHHblE ONMUMUZAYUU IKCMPAKYUOHHBIX NPOYEOyp
NPOMBIUIEHHO — 3HAYUMbBIX — KIACCO8 — OUONO2UHECKU AKMUBHbIX — 8eujecms mabaka O0ObIKHOBEHHO2O
(Nicotianiatabacum L.). Ceipvem 0ns uccnedosanus 6otiu omxoovl mabauno2o npouzsoocmsa TOO « Quaun
Moppuc Kazaxcmany. Ilpuseden amnanuz aumepamypHuiX OAHHBIX NO COCMABY OUOAKMUBHLIX 6eujecms
PAa3nuuHblX 8u008 mabaka, npouspacmaioweeo ¢ Kazaxcmane. Onucanvl pe3yibmamel KauecmeeHHO20 U
KOUYECMBEHHO20 (DUMOXUMUYECKO20 AHANU3A PACMUMENbHO20 CbIPbSl HA COOepIHCaHue amMUHOKUCIOM,
AnKanoudo08, AHMPAXUHOHOB, 0ENK08, OYOUTLHBIX 8EUECME, HCUPHBIX KUCTOM, KYMAPUHOS, OPeAHUYeCKUX
KUciom, (DeHoNoKuUcIom, noAUGIABAHO8, CANOHUHO8, (HAABOHOUO08 U IPUPHLIX Macer. Buiasnensi
oomunupylowue 6 kazaxcmanckom eude NicotianatabacumL. cmpykmypuvie munwvi 6uonocuyecku akmueHix
seujecme. OnpedenieHbl  ONMUMATbHbIE NAPAMEMPbl  MUKPOBOIHOBOU — SKCMPAKYUU  NOIUPIABAHOS,
ankanoudos, KyMapuHos, cUOPOIU3yemMblx OYOUTbHLIX 8euecmes U NOIUCAXAPUOO8 MEXHO2EHHO20 MabauHo20
cbipbs (OnmumanbHble SKCMPAceHmvl, COOMHOUIEHUE Cblpbe — IKCMPA2EHM, MOWHOCHb MUKPOBOTHOBO2O
UBTIYYEHUs U 8PeMs MUKPOBOIHOB0U IKCMPAKYUU, MUN U KOHYEHMpAayus ONMUMAIbHO20 0caoumers).
IIpuseden cpagnumenvuvli anamu3 dPHeKmusHOCmMU CeNeKMUBHO20 U3GNeUeHUsl Ol  Kaxcooeo U3
oomuHupyowux kiaccoe BAB, mpaouyuoHHviMu memooamu mepMuiecKol SKCMpaKyuu u mayepayuu c
MUKPOBONIHOBOU dKcmpakyuel. [lokazana cmabuibHOCmMb CMPYKMYp U3G1eKAeMblX MUnos eewecms 6
VCI08UAX pazpabomanio2o memooaq.

Knrouesvie cnoea: Nicotianatabacum L., muxpogonnosasi sxcmpaxyus, aikanouowi, KyMAapuHbl,
nonuguasansl, 0yOUNIbHbIE 8eWeCmBd, NOIUCAXAPUODL, OUOIOSUYECKU AKMUBHbLE GelecmBa.

Maxkanaoa xaoimei memexiniy (Nicotiania tabacum L.) 6Ouonocusivly Oencenoi 3ammapulibly
OHEPKICINMIK ~ MAaHbi30bl  KIACMAPLIHbIY — 9KCMPAKYUATILIK — NpOYeoypanapuli  OHMAauianobipyObly
maoicipubenix manimemmepi Kenmipineen. 3epmmeyee apuanzan wuxizam «Kazaxcman Dunun Moppuciy
JKUIC-niy memexi ondipiciniy Kanovikmapul 6010vl. Kazaxcmanoa ocemin memeKiniy apmypii myprepiniy
ouonocusnblK, 6enceHoi 3ammapvlHblly KYPAMbIHA KAmblCmbl 20e0U MaaiMemmepoi manoay iCypeiziieeH.
OcimOiK WUKI3aMbIHLIY KYPAMBIHOAELI AMUHKIUKBLIOAPSL, ANKATOUOMAD, AHMPAXUHOHOAD, AKybl30ap, UlIK
sammap, Mai  KbUUKbLIOAPLL,  KYMAPUHOED, Op2AHUKANGIK — KbIUKbLIOAPsl, HEeHON  KblUKbLIO0Apbl,
noaugnasanoap, canonuroep, @OIAGOHOUOMAD JCIHE IPUP MAUIAPLIHBIY CAHOBIK JHCOHE CANATbIK
GdumoxumusanbLlK manoaynapel cunammaneat. Jomunanmmel Kazaxcmanovlx Nicotiana tabacum L. mypiniy
ouonocusnvlK,  Oencendi  3ammapviHbly — KYPbLILIMOLIK —munmepi  anvlkmanzau. TexHozcenoi memexi
WUKI3aMBIHOA&bl NOUPDAABAHOCHOVIH, AIKANOUOMAPObIY, KYMAPUHOEPOiH, 2UOPOAU3OeH2eH UMK 3ammap
MeH  noaucaxapuomepoiyy MUKPOMOIKbIHObL  dKCMPAKYUALAPLIHGIY — MUimMoi  napamempiepi  (muimoi
SKCMpazenm, WUKizam - OSKCMpazeHm KamolHACbl, MUKPOMOIKbIHObL — CIVIENeHy  Kyambvl —JiCoHe
MUKPOMOIKBIHObL IKCMPAKYUSL YAKbIMbL, MUIMOI MYHObIPY Mypi MeH KOHYyenmpayusacel) anvikmanzan. bb3-
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OblY OOMUHAHMMbL KIACMAPBIHbIY IPKAUCLICLIHAH cYpbvlnman 6onin any MUiMOiNieiH CanblcmulpMaisl
manoay - MUKPOMOIKBIHObL IKCMPAKYUAILL MAYEPayus MeH OJICbLTY IKCMPAKYUACHIHLIY —O0dCMypi
adicmepimen bepineen. Xacanzan a0icnen anvlHeAH 3aMmMap MUNMEPIHIY KYPLLIbIMObIK MYPAKMbLIbIZbL
Oanenoeneen.

Tipex ce30ep: Nicotiana tabacum L., mukpomonkvinowl sxcmpaxyus, aikaiouomap, KyMapuHoep,
noaugrasandap, uiix sammap, noaucaxapuomep, 6UOLO2UALbIK OelceHdi 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
qualitative 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 SIBISIETCS MpoOiieMa YTUIM3alMUd OTXOJ0B
MPOMBIIIJICHHBIX TpeAnpusaTuii. TabauHple KOMIOAHUHM B CHIIY MPOQMIS CBOEH AESITETbHOCTU HE
CIIOCOOHBI YTUJIM3UPOBATH TEXHOTEHHBIE OTXOJbI CBOMX IPOM3BOJCTB, B PE3YJIbTaTe YETO OHU
BBIBO3SITCS B OTBaiIbl. HUKOTHHCOAEpIKalue TabayHble OTXOJAbl MPUBOIAT K HEOOpaTHMOM
Jierpajialiliy IOYB B MECTaxX OTBAJIOB, a B PE3YJIbTAaTE MPOIIECCOB ECTECTBEHHON IPO3UHU U MPOLIECCOB
nudy3un, BEICOKOTOKCUYHBIC AJIKAJIOW Bl TIOTIAal0T B TPYHTOBBIE BOJIBI, YBEIUYHBAS MPU I3TOM
TJIOMIA/Ib HEMTPUTOIHBIX K OCBOCHHUIO 104YB 10 12-13 % B rog.

HecmoTpss Ha BbICOKOE CONEp)KaHHE TOKCHYHBIX KOMIIOHEHTOB B OTXOJax TabayHOTO
MIPOU3BOJICTBA, 3TO CHIPbE COAECPKUT 3HAUMUTEIBHOE KOJIMYECTBO MPAKTUYECKH ILIEHHBIX BEIIECTB,
TaKUX Kak: ayOwibHble BemiectBa (o 13 %), dmaBoHouas! (mo 4,5 %), kcantonsl (10 1,5 %),
yrieBoel (1o 7 %), Tepnerounsl (mo 4 %), mommdenonsr (mo 23,5 %), 6enku (mo 11 %) u np.
CormacHO  JUTEpaTypHBIM  JaHHBIM, OTH COEAWHEHUsS O0JamaloT SPKO  BBIPAKCHHOU
MIPOTUBOOITYXOJIEBOM, IPOTUBOBOCHAIUTEIBHON, IPOTUBOBUPYCHOM, TIE€NATONPOTEKTOPHOU H
UMMYHOCTUMYJTUPYIOIEH akTUBHOCTBIO [ 1-8].

OCHOBHBIM METOJOM HU3BIICYCHHS] OMOJOTUYECKN aKTHBHBIX BEIIECTB M3 PACTUTEIHHOTO CHIPHS,
SIBJISIETCSL MX TE€pMHUYecKas 3KcTpakuus. Mcrnoap30BaHME MHKPOBOJHOBOTO M3IYUYEHHUsI HA CTaAUU
MOJIy4eHUsI OOIIUX YKCTPAKTOB, MO3BOJIIET HHTEHCU(UIIMPOBATH MPOIIECC U3BICUCHUS TTPUPOIHBIX
BAB, 3HauuTEeNbHO CHIKAs MPOJOJDKUTENBHOCTh JKCTPAKIIMH, OCYIIECTBISTh OBICTPHIA U
PaBHOMEPHBIN HarpeB HKCTPaKTa, B TOM YHUCJIE MPU TEMIepaTypax, 3HAYUTEIHHO MPEBBIMIAIOIINX
TeMmmnepaTypbl KumneHus skcTpareHToB [9]. M3BectHo npumeHenne CBY-monss npu BbIIEICHUN
YTJIEBOJOB, JIUIUJOB, CAallOHMHOB, (DJIABOHOUIOB, OPraHMYECKHUX KHUCJIOT, MEHTALUKINYECKUX
TeprieHoB U 3pupHbIX Macen. [Ipu sTom ncnonszoBanne CBY-skeTpakimy mo3BONIIIIO, B KaXKIOM
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cirydae, TOOUTbCS CTPYKTYPHOM CTaOUIBHOCTH BBIIEISAEMBIX COSAMHEHHH, 3a CUET MaJoro BpeMeHH!
AKCTpaKIMOHHBIX Ipoueayp [10].

B cBa3u ¢ uem, pa3paboTKa METOJOB CEJIEKTHBHOTO W3BIICUCHHUS PpA3IMYHBIX KIACCOB
npupoHbIX BAB 13 TEXHOT€HHOTO PaCTUTEIHHOTO CHIPhS MOKET CTaTh OJHUM M3 Ba)KHBIX JTarloB
B pemieHMH mpoOieMbl HMOopro3aMemieHus B (apmopomeinuieHHoctd PK, a  cHmkenue
ce0eCTOMMOCTH, TPOU3BOJUMON (apMIpeInpUATHAMH HPOXYKLIUH, 32 CYET HCIIOJIB30BAHUS
MECTHOTO, TEXHOTEHHOTO PACTUTEIBHOTO CHIPbsi OyAET MMETh W 3HAYUTEIbHBIH SKOHOMUYECKHUH
¢ dexr.

Lenp wuccnemoBaHus: pa3padoTaTh ONTHUMAIBHYIO TEXHOJOTHUIO BBIICICHUS OWOIIOTHYECKU
aKTHUBHBIX ~ BEHIECTB ~ METOAOM  OKCTparupoBaHusst ¢  NPUMEHEHHMEM B KadyecTBe
MHTEHCUUIHPYIOLIETO (paKTOpa MX U3BICUYCHUS M10JIE MUKPOBOJIHOBOTO U3TY4YEHHUSI.

OOBeKT ucchenoBaHus: JTHCThs Tabaka oObikHOBeHHOro (Nicotianatabacum L.) — TabGaunas
Kponika (0TX0/1bl TAOaYHOTO MTPOM3BOJICTBA).

TexHOreHHOE PAaCTHTENBHOE CHIPbE OBUIO OYHMIIEHO OT MEXaHHMUYECKHX IPHMECEH, BBICYIIEHO B
€CTECTBEHHBIX YCIIOBHSAX U H3MEJIBYEHO JO pa3MepoB dyactun 3—-5 M. V3menbueHHoOe
PaCTHTENBHOE CBIPbE HSKCTPArUpOBATHM PACTBOPHUTEISIMU PA3IMYHON IOJSPHOCTH: OEH30JI0M,
XJ10poOopMOM, FPHUPOM, STHIALETATOM, BOJOH OYMIIEHHOH, STAHOJIOM B TEYCHHE 2 YacOB IpPHU
TeMIepaTypax KWUNEHHsS SKCTpareHTOB. OT(UIBTPOBAHHBIE SKCTPAKTHI HCIOJIB30BAIN U HX
(GUTOXMMUYECKOTO HCCIeNOBaHHUA. AHATU3 KOJIWYECTBEHHOTO COJCPKAHHUS OCHOBHBIX TPYII
MPUPOJHBIX OWOJIOTHYECKH AKTUBHBIX COCIMHEHWH, MPOBOJMIM MeToAaMu [ ocymapCTBEHHOMH
¢dapmakonen Kazaxcrana u mo oOmenpuHsATeIM Metoaukam [11, 12], moxydeHHBIE pe3yabTaThl
npuBeieHb! B Tabnuue 1:

Tabmuua 1 — Pe3ynbTaThl CpaBHUTENBHOTO (UTOXMMHYECKOTO HCCIEI0BAaHMS OCHOBHBIX TPYIIN
BAB B TeXHOr€éHHOM TabauHOM ChIPbE U JIUCThIX Tabaka, %

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

AJKaIONU b 5,32 5,09
DeHonbHBIE TIUKO3UIEI 4,26 4.42
TputeprneHoBbIe TIUKO3UAbI 0,74 0,86
JlyOunbHbIE BeliecTBa 4,77 5,13
Kymapunbt 1,05 0,98
[Tonmmcaxapust 16,12 16,57
DeHonbHBIE KUCIOTHI 10,56 10,25
dnaBoHOUIBI 1,94 1,86
[TonmudnaBansl 4,73 511

AHanu3 MOJy4YEeHHBIX IAHHBIX CBHUJETEIbCTBYET O TOM, YTO B HEKOHIUIIMOHHOM TabayHOM
CBIpbE, TIOJIBEPTHYBIIEMCSI YACTUYHONW €CTECTBEHHOM (epMEHTAlluu, IPUCYTCTBYET 3HAUUTEIbHOE
KOJIMYECTBO  MPOMBINUIEHHO-3HAYMMBIX  KiaccoB  BAB, mpuuem ecnum  coaepxaHue
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TTIUKO3UIMPOBAaHHBIX (POPM PACTHUTEIBHBIX META0O0JUTOB HEMHOTO CHIDKACTCS B TEXHOTEHHOM
CBIPBE, TO KOJIMYECTBO arjMKOHOB IIOKAa3bIBA€T HE3HAUUTEIbHBIN POCT, YTO OCOOEHHO 3aMETHO IS
aJIKaJIOU 0B, KyMapHuHOB, (heHOJOKHCIOT U (1aBoHOMAOB. KpoMe Toro, coaepkanue Kaxaoro u3 9
UACHTU(UIMPOBAHHBIX B cocTaBe Tabaka, kimaccoB BAB, sBnsieTcs OOCTaTOYHBIM JUIsL €rO
BO3MO>XHOT'O TPOMBINIJICHHOT'O U3BJICUCHHUS.

Jlig  onTUMU3alMM Tpoliecca HKCTPAKIUU BbIABICHHbIX Tpynn BAB wu3 TexHoreHHoro
PacCTUTENBHOTO CHIPhS, ObLIa MPOBEACHA MUKPOBOJIHOBAS SKCTPAKLMS MPU PA3TUYHON MOIIHOCTH
W3JIyYCHHS U BPEMEHU SKCTPaKIMU. DKCTPaKIMs NpoBoauiack mo meroay [9], mpu 100 Br, 180 Br,
300 Bt, 450 BT, 600 Bt u 800 BT. B kauectBe pacTBOpUTENs s MPOBEACHUS SKCTPAKLUU
MCIOJIb30BaJIach BOJIa OYHILEHHAS, C COOTHOLICHNEM ChIphe: pacTBopuTeis — 1:50.

JUisi KOHTPOJSL CTENEHH W3BJICYCHUS OHMOJOIMYECKH AaKTUBHBIX BEIIECTB B OSKCTPAKT, MpPHU
Pa3IMYHBIX MOIIHOCTSIX MUKpPOBOJHOBOI'O M3JIy4y€HUs, IIPOBOAMIICS KOJIMYECTBEHHBIN aHaIu3 Ha 5
TpyNN  pPacTUTENbHBIX BEHIECTB: AalKaOWIbI, TONH(IIaBaHbl, TUAPOJIU3YEMbIE TyOUIbHBIC
BelIeCTBa, KyMapHHbI U nojucaxapuabl. [lonydeHHbIe pe3ynbTaThl IpeicTaBIeHbI B TabIuUIE 2.

Tabmuna 2 — Pe3ynbTaThl KONMUYECTBEHHOrO aHanu3a cojaep:kaHus BAB B 3aBucumoctu oT
MOIIHOCTH ¥ BpEMEHU MUKPOBOJIHOBOM 3KCTpaKLUK, B % OT COAEPKAaHUSA B PACTEHUU

Momnocts | Bpewms, Conepxxanue BAB, %
Hsnygimm, MHH Anxa- [Tomn- Kyma- JyounbHble ITonn-
moupsr | (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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[Tponomxenue TaOIUIIBI 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

W3 mnpencraBieHHBIX pPE3yJabTaTOB, MOXKHO CHAENaTh BBIBOJ, 4YTO 3aBUCHMOCTb CTENECHU
U3BJICUEHUS PA3IMYHBIX TPYNN OHOJOTMYECKHM AaKTHBHBIX BEIIECTB B MHKPOBOJIHOBOM I0JI€
pa3nuyHa. MakcuManbHOE BbIIEICHUE ankajlougoB M mnonudnasanoB (97,8 u 77,13 % ot
coJlepKaHUsl B PACTCHUH, COOTBETCTBEHHO) HabOmomaercs mpu MomHocTH u3nydeHuss 800 Bt u
BPEMEHH 3KCTpaKkIMU 5 MUHYT. Tak ke cou3MepHuMble CTETIEHU M3BJICUEHHs] HAOIIOAAIOTCS U MPU
MEHBIIIUX MOIIHOCTAX MUKPOBOJIHOBOTO M3y4eHus, Ipu MomHocTh 450 BT 1 BpeMenu yaep:xaHus
5 MuHyT. [{1s ankanounoB, THIAPOIU3YEMbIX TAHUHOB U MOJINCAXapUOB MPU UIUTEIHLHOM BpEMEHU
KOHTaKTa OblJa OTMEYeHa UX vacTuyHasg naecTpykuus. [Ipu mommuoctu msnydenus 300 Bt u
BPEMEHM U3BJICYEHUsI 3 MHHYTBI KOJUYECTBO BBIJEIEHHBIX alKalonaoB fgocturaer 95.35 %. g
KyYMapHHOB, ONTHUMAaJIbHBIMH IapaMeTpaMH MHKPOBOJIHOBOM skcTpakuuu sasisorces 800 Bt u
BpeMsl JKCTPaKIMM 4 MHUHYTBHI, NP 3TOM JIOCTUTaeTCsl CTENEHb UX H3BiIeueHus 62 %; i
NyOMIIBHBIX BELIECTB Tuaponu3yemoro tuna — 600 Bt B Tedenue 5 MuUHYT.

Jlnst BeIsiBIEHUS 9(DPEKTUBHOCTH U3BIICUCHUS YKa3aHHBIX Tpynn BAB MeTo10M MUKpPOBOJIHOBOM
AKCTpPaKIMK, OBLJIO TMPOBEACHO WX BBIICICHUE TakkKe Kiaccuueckumu Meromamu [11,12] —
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TEPMUYECKOM OKCTpakUUerd U  Mmalepauuei. Pe3ynbTaTel NPOBEIEHHOIO  MCCIIELOBaHUS
MpeJCTaBJIeHbI B TabMUIax 3 u 4.

Tabmuua 3 — Pe3ynbTarbl CpaBHUTENBHOTO KOJUYECTBEHHOTO aHayim3a cojepxkanus BAB B
9KCTpPAKTaX, MOJYYEHHBIX TEPMUYECKOM SKCTpakuuend M Mauepauueid, B % OT coAepKaHUsS B
pacteHuu

Temneparypa | Bpems, Conepxanue 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

[Ipu cpaBHEHMM TOJYYEHHBIX PE3YJbTaTOB MAaKCUMAJIbHON OKCTPAKIIMH MPOMBIIIICHHO
3HAUMMBIX Tpynn BAB pasnmuyHbIMH METOJaMH, MOXHO CJeNiaThb BBIBOJ O TOM, YTO METO]
MUKPOBOJTHOBOM JKCTPAKIIMU TPEAMOYTHUTEICH MPU HW3BJICUCHUU aAJKaJOWJIOB, MOJHU(IIaBaHOB H
KyMapuHOB. biu3kue pe3yiabTaThl O BBIXOAY MPUPOIHBIX MOJIMCAXAPOB OBUTH JTOCTHTHYTHI HAMHU
pu MUKPOBOJHOBOM »kcTpakuuu (800 Bt, 5 Muu) u 72 yacoBoil Mauepauuu. Tepmuyeckas
dKCTpakiuss Hambonee 3(p(EeKTHBHA, €CIH IEJICBBIMHU BEIIECTBAMH SBISIOTCS THIPOIU3YEMbIE
NyOUITbHBIC BEIIECTBA.
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Tabnuua 4 — Pe3ynbTaThl CpaBHUTEIBHOTO aHaAM3a 3PPEKTUBHOCTH MHKPOBOJIHOBOM 3KCTPAKIMU

BAB u MeTrogamu TepMHUECKON SKCTpaKIueH 1 Manepamueii, B % ot cofep:kaHusi B paCTCHUU

Meron Copnepxanue BAB, % (onTumanbHbIE TApAMETPHI)
3KCE§ EHHH AJika- [Tonu- Kyma- JyOunbsHbIe [Tonu-
JIOUJIBI (hrraBaHBI PHUHBI BCILECTBA caxapa
MukpoBoJIHOB 95,35 74,62 62,56 72,02 97,87
as SKCTPaKIHA (300 BT, (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
OKCTPaKLys °C, 8 1) °C, 8 1) (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 )

Jlis CceneKTUBHOTO BbIAeNeHUsT u3ydaemblx rpynn BAB Obuio u3ydeHo coueTaHue MeTona
MUKPOBOJHOBOM OKCTPAaKIMU U TOCIEAyIoIed JIpoOHON cenuMmeHTauuu. JlJis W3BJICUEHUS
QJIKAJIONUJIOB, B KaYECTBE OCAIUTEIN U3Yy4AI: KHUCIOTY IajuUIOBYI0 M KHUCJIOTY XJIOPOBOJIOPOJHYIO;
JUIST KyMapuHOB — KaJliusl KapOOHAT M Kalusl TUAPOKCUI; I MOJM(IABAaHOB M THAPOJIM3YEMBIX
TaHWUHOB — MU CyIb(aT, aHTUIUPUH U HUTPO3OMETIIIYPETAH, JJISI TOJIMCAXAPOB — STUIIOBBIN U
M30aMUIIOBBIN ciupThl. [lomydeHHbIE pe3ynbTaThl MPeACTaBIeHbl B TabUIax 5 u 6.

Tabnua 5 — BnusHue CTPYKTypbl M KOHIIGHTPAIMM OCATUTENs Ha TMOJHOTY W3BICUCHUS
QJIKaJIOUJIOB U KYMapHUHOB U3 OOIIMX SKCTPAKTOB, % OT MaccChl a0COIOTHO CYXOTO CBIPhS

Ocagurens Brixoa oT Macchel Chipbs / Ocagureins Brixom oT Macchl CchIpbsi / OT
aJIKAJIOUJIOB OT COJIEP>KaHUsI B KyMapHuHOB COJIEpXKaHUs B PaCTCHUU
pacTeHuun
Kucinora 4,63 /82,38 K2COs3, 2% 0,79/75,24
rajuioBas, 2%
Kucnora 4,98 /93,61 K2CO3, 5% 0,91/86,67
rautoBasi, 5%
Kucnora 5,19/97,56 K2CO3, 10% 0,97 /92,38
ramrosast, 10%
HCI, 2% 4,41/82,89 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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Tabnmua 6 — BnusHuE CTPYKTYyphl M KOHIIGHTpPAIIMM OCAIUTENss Ha IIOJHOTY W3BIICUCHHS
noyin(IaBaHOB, THIPOIU3YEMbIX TAHMHOB M MOJUCAXapoOB U3 OOIIMX SKCTPAKTOB, % OT MAacCChI
abCOIIOTHO CYXOT'O CBIPbA

Ocaaurens | BBIXO OT MacChl CHIPbsI Ocanurens BbIX0/1 OT Macchl ChIphs / OT
HOJTHCaxapoB / OT colep)KaHus B noudIaBaHoB U COJIEpPKAHMS B PACTCHUU
pacTeHun TaHUHOB
nosi(IaBaHbI TaHUHBI
C2Hs0H, 15,25/ 94,60 Hurpozomermi- 451/95,35 447193,71
1:3viv yperaH, 2%
C2Hs0H, 15,77 /1 97,83 Hutpozomerwui- 4,62 197,67 455/95,39
1:4 viv yperan, 5%
C2Hs0H, 15,92/ 98,76 Hutpozomerui- 4,67/98,73 4,63/97,06
1:5 viv yperas, 10%
i-CsH110H, 15,62 /96,90 AnTunupus, 2% 4,43 /93,66 45219476
1:3 viv
i-CsH110H, 15,96 /99,01 AunTtunupuH, 5% 4,56 /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 Ta0auax 5 v 6 JaHHBIX CJIEAYET, YTO MPH COYETAHUHM MUKPOBOJHOBOM
SKCTPAKIUU U JPOOHOrO OCaXJACHMsSI, yJIAeTCsl JOCTHYb CTENEHHM W3BJICUEHMS] KaKJIOW U3 MATH
m3ydaembix rpynin BAB ot 93,33 no 99,75 %, uro nmotpeboBano Obl 3HAUMUTETBHBIX 3aTpaT MPHU
UCIOJIb30BAHNHU KJIACCUUECKUX METOOB.

Takum 00pa3zoMm, 011 cenekmusHo2o usgieyeHus pacmumenbHblX AIKALI0UO008 TEXHOTCHHOTO
TabaYHOTO CHIPhSI MUKPOBOJHOBBIM METOJIOM MOXET OBbITh peKOMeH0BaHa 3kcTpakius npu 300Bt
B T€UCHHE 3 MHUHYT C TOCICAYIOINM UX OCaXIeHUEeM 5 % pacTBOpOM ramioBoi KucioTe (1:1 v/V);
OJIsl CeNeKmuBHo20 ussiedenuss Kymapunos tTabaka ontumaiabHoe coderanne — 800 Bt / 4 muH,
nocieAyroel npeuunuranueii paBHbIM o0beMoM 3 % pacTBOpa Kanus TUAPOKCUIA; Hpu
gblOeNIeHUU NOIUCAXAPUOO08 TADAUHOTO ChIPbs, ONTUMAJIbHBIM BapHAHTOM MOXKET ObITh 5 MUHYTHas
MUKpOBOJIHOBast 3KkcTpakuus npu 800 BT u ocaxieHre 4eTblpeXKpaTHBIM 110 00bEMY KOJMYECTBOM
M30aMUJIOBOTO CIHPTA; HpU U3GIEYeHUU NOAUGIA6AHOE8 MOKHO PEKOMEHIOBATh 3KCTPAKIHIO MPU
600 Br, 5 MuH, c nociaeayroumm ocaxiaeHuem ueneBord rpynnsl BAB, 10 % pactBopom
HUTPO3OMETHIIYPETAHA; MNpU U3GNEeYEHUU 2UOPOTUZYEMBIX OVOUNbHBIX 6eujecm8 — S5 MHUHYTHas
MHUKpPOBOJIHOBas dKcTpakuus npu 600 BT, ¢ mocneayromum g006aBIeHHEM K IKCTPAKTy PABHOTO
obbvema 5 % aHTHIHpUHA.

3aKITIOYMTEFHBIM ~ 3TAallOM  palOThl  OBLJIO  HWCCIEIOBAHHWE CTAOMIBHOCTH  aJKaJOWJIOB,
noyindaaBaHOB, KyMapuHOB, THJIPOJIU3YEMbIX IYOMIIBHBIX BEIIECTB M MOJMCAXapOB B YCIOBHSX
MHKPOBOJTHOBOM AKCTPAKIMK B ONTUMAJIBHBIX JIs1 Kaxaoro kiacca bAB ycnoBusx. AnHanus
npoBoamwiics cpaBHeHHMeM BOXKX xpomartorpaduyeckux MaHHBIX OOIIUX BOJHBIX ASKCTPAKTOB
Ta0aYHOTO CBIPbs, IMOJYYCHHBIX METOJaMHM Malepalud ¥ MHUKPOBOJIHOBOHM d3KcTpakiuu. [lis

99



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

aJIKaJIOUIOB McciefoBanue npoBoamiock B cucreme — H®D: LiChrospher-100 RP1g, T1d: 70 %
metanoin B 0.01M aneramune npu pH 8.04 (Y®-nerekrop 225 um); nonudaaBanbl aHATU3UPOBAIN
npu — H® — HypersilSAS, TI®: npu rpaguenTHoM 3mroupoBanuu cMmecsmu A: Boga+(0.1 %
nepxjopHas kucinora u b: metunossiil cnupt ot 100% A no 100% b B Teuenune 20 MuHyT, 1pu
pacxone TOABMXXHOM (a3el 2 MI/MHUH W Hcnoyib3oBaHuu Y@-gerektopa npu 280 HM.,
CpPaBHUTEIBHOE HCCIEAOBaHHE KyMapuHOB Obuto mpoBeneHo B cucreme — H®: ODSRPig, T1D:
MeraHon — Boja (8:2), ¢ wucnosp3oBanueM Y®-nmerektopa mnpu 254 HM.; A aHaiIM3a
THIPOJIM3YEMBIX TAHUHOB OblTa Hcnojb3oBana cuctema — H®: LiChrospher-100 RP1g, I1d: 0.01M
dochopnas kucnora — 0.01M auruapodocdar xamust — aneroHutpun (41:41:18), YO —nerexrop
(254 um); s nonucaxapos — H®: BondapakCig, I[1d: Bona — aneronutpui (3:7), YO — nerexrop
(192 am) [12].

AHanu3 TMOJIYYeHHBIX XPOMATOTpapUYECKHX JaHHBIX II0Ka3all, YTO KOJUYECTBO, BpEMS
ynep:xkuBanusi mukoB Ha BDXXX xpomatorpammax oOIIMX SKCTPAKTOB, a TaKXKe COJEp:KaHUE
KaKJIOT0 U3 KOMIIOHEHTOB HE MEHSJIOCh MPH MEepexo/ie OT KIACCHUYECKOro METOJia HacTauBaHUs, K
METO]ly MUKPOBOJIHOBOM SKCTPaKIMHU, BHE 3aBUCUMOCTHU OT CTPYKTYpPHOTO THIIa 1eneBbix BAB.

Takum o6paszom, ObuTa pa3paboTaHa METOAOJOTHUSI CEIEKTUBHOTIO M3BJICUYCHUS U3 TEXHOTEHHOTO
Ta0auyHOTO CBHIPbsSI MATH NPOMBIIUIEHHO 3HauuMbIX Tpynn BAB (ankanougo, nonudiaBaHOB,
KYMapHHOB, THIPOJHM3yEeMbIX JyOWJIBHBIX BEHICCTB M IIOJUCAXapoOB), COYCTAHHEM METOJa
MUKPOBOJTHOBOW OKCTPAKIMK H JAPOOHOTO OCAXJICHUS, 3HAYUTEIHHO IMPEBBIMAIONIAS I10
3¢ (HEKTHBHOCTH, KITACCUICCKUE METOBI TEPMUUIECKOM IKCTPAKIIUU U MaIlepaIiu.

Paboma o6vina ewvinonnena 6 pamxax npoepammsl yeneeoeo urancuposanus:BR05236419
«Co30aHue QOYHKYUOHATUIUPOBAHHBIX OP2AHUYECKUX 6BeujeCms U MaAmepuaiog ¢ UUPOKUM
CHEKMPOM BO3MONCHO20 8bICOKOIPPEKMUBHO20 NPAKMULECKO20 NPUMEHEHUS.
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MPABHJIA O®OPMJIEHUS CTATEA

1. XKypnan «M3BectusHTO «Kaxak» myOiauKyeT HamucaHHBIE Ha PyCCKOM, Ka3aXCKOM, aHTIIMACKOM H
KOPEHCKOM sI3bIKaX OpHUIMHAJbHbIE CTaThd, 0030pbl. JKypHanm naer wuH(OpManuioo, CBS3aHHYIO C
JeSITeNBHOCTBIO O0IIEeCTBa.

2. B OpWrMHaJbHBIX CTaTbhsIX MOTYT PAacCMAaTPHBATHCS PE3YIbTAaThl KaK TEOPETHYECKHX, TaK H
npukinaaasix HAP.

3. ABTOpBI, KeNalomue ormy0InKoBaTh 0030pHYIO CTAThIO, JTOJDKHBI IPEIBAPUTEIFHO COTIIACOBAThH €€
TEMaTuKy, MPeJICTaBUB aHHOTaUuIo Ha 1-2 cTp. B 0030pax cienyer ocBemaTh TEMBI, HpPEACTABISIONINE
JIOCTAaTOYHO OOIIHUH MHTEpec IO BBIOPAaHHOW TEMAaTHKE WM OTPaKAIOIMIME KaKOW-THOO Ba)KHBINM acCTICKT
IIPUMEHEHUS! B IPOMBILIUICHHOCTH, CEIbCKOM XO3sMcTBE, MenuuuHe u T.X. Jlomyckaercs o6oOuienue
pe3yJIbTaTOB MHOT'OJIETHUX MCCIEA0BAaHUI HayUYHBIX KOJIJIEKTHBOB.

4. O0Owem crarbu He AomkeH npeBbimath 10 crpanun ¢opmara A4. CtaThsl NODKHA HAYMHATHCS C
BBeZIeHUs. B HeM J0JDKHBI OBITh JaHBI: COAEpIKAaTeNIbHAsI IOCTAHOBKA PacCMaTPUBAaeMOI0 B CTaThe BOIPOCA,
KpaTKHE CBEACHUS 110 €r0 UCTOPUH, OTJIMYHUE MPeIaraeMon 3aJau OT YK€ U3BECTHBIX, WU MPEUMYIIECTBO
M3JIaraeéMoro MeTojla MO CpPaBHEHHUIO C CyIIecTBYIOIKMM. OCHOBHAs 4YacTh CTaTbU JOJDKHA COJEPIKaTh
(GopMynUpOBKY 3aauyd M MOpedjiaraeMblii METOJ €€ pEeLICHMs, 3aKIIOUYUTEeNIbHAas YacThb — KpaTKoe
00CyXIeHHE MOIYUYEHHBIX PE3yIbTaTOB U, €CJIH BO3MOXKHO, IPUMEP, WILTIOCTPUPYIOLINHA UX 3()(HEeKTUBHOCTD
1 crIocoObl MPUMEHEHUSI.

5. Bce craThyl MPOXOAAT UMEHHOE PELIEH3UPOBAHUE HE MEHEE YeM JIByMs HE3aBUCHMBIMU YYEHBIMH I10
COOTBETCTBYIOILIEH TEMAaTHUKE, HE BXOISAIINMH B COCTaB PelaKLIMOHHON KOJIJIETHH.

6. TpebOoBaHusi K OTHKE NyONMKamMi: ABTOpBI HECYT OTBETCTBEHHOCTH 3a JIOCTOBEPHOCTH |
3HAYMMOCTh HAYYHBIX PE3YyJIbTAaTOB M AaKTyallbHOCTh HAayYHOTO cojliepaHusi pador. Pykomucu cratei,
oIyONMKOBaHHBIX paHee, UK NepeAaHHbIX B APYTHE U3AaHU HE IPUHUMAIOTCA.

7. ABTOpl MOTIYT MpPEIACTaBUTh  DJEKTPOHHYIO  BEPCHUI0  CBOCH  CTaTbMl MO  ajpecy:
izv.ntokaxak@mail.ru.

TpebdoBanus k oopMIIEHUIO pyKoNHUcei

Crarby TIPEJCTABIISIOTCS B DIIEKTPOHHOM BHIE B TeKCTOBOM pemakrope Word 97, hopmyssr HabuparoTcst
¢ momornbio peaakropa MSEquation 3.0 (2.0) wam ChemDraw.

Ipudt Times New Roman 12 pt. MexcTpounslii WHTepBaa oauHapHbIi. Toms: Bepxuee — 2,0 oM,
HmwxHee — 2,0 cm, geBoe — 2,0 cm, ipaBoe — 2,0 cM. AG3arr — kpacHas ctpoka — 0,5 cm

TekcT cTaTh TOHKEH HAYMHATHCS C YKA3aHUS:

c nesoti cmoporvl — uaAexcoB MPHTH u YK, nuoice npuBoaarcs:

—  Ha3BaHHE CTaThH (IIPOIMCHBIE OYKBBI, (POPMATUPOBAHHUE T10 LIEHTPY),

—  (¢damMuII¥ 1 HHUIHAJIBI aBTOPOB (TIPOITUCHKIE/CBETIIbIE, popMaTHpOBaHKE IO LICHTPY ),

—  Ha3BaHME OpPraHHU3allid U €€ MECTOHAX0XK/ICHHE,

—  e—mail aBTopoB

—  pesroMe (KpaTKoe H3II0KEHHE COJCp)KaHHs CTaThH, Jaloliee MpeACTaBlIeHHe O TeMe M CTPYKType
TEKCTa, a TAK)Ke OCHOBHBIX pe3yibTaTtax, /—10 mpensoxKeHnmii),

—  KIIIOYEBBIE CJIOBA, 00ECIICUNBAOIIHE TIOJTHOE PACKPHITHE copepxkanus cTathh (7-10 cioB),

—  TEKCT CTaThH,

—  CIHCOK JIUTEPATypHl,

— @®.M.O. aBTOpOB, Ha3BaHUE CTATHH, PE3IOME, KIIOUEBBIC CJIOBA Ha TpeX s3bIKax (HA Ka3aXCKOM,
AHTJIMACKOM U PYCCKOM).

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

Crarps mpencrasisiercss B doc mwim docx ¢opmare, a taxke uneHrtuuHas komust B pdf dopmare, nHa
AJIEKTPOHHBIN aJipec *KypHaia, B OTACIbHBIX (hailiax IyOnupyroTcs pUCYHKH, TaONHUIbI, TPApUKH, CXEMBI, a
TaKXKe MPUBOMATCS CBEJCHUS 00 aBTOpax (MMsl, OTYECTBO, YY€Hasl CTEIeHb, YUEHOE 3BaHHE, CIYKeOHBIN
azipec, MecTo pabOThl, JOIKHOCTD U TeIe(OHBI IS CBSI3H).

CcpUIkM  Ha JIMTepaTypHble HMCTOYHMKM B  TEKCT€ TNPUBOAATCA B  KBAJAPAaTHBIX  CKOOKax.
Bubnuorpaduueckuit cnmcok odopmisiercsi B coorBeTrcTBUM ¢ Tpeboanmsimu ['OCT 7.1-2003
«bubnmorpaguueckas 3amuchk. bubamorpaduyeckoe omucanume: oOmme TpeOOBaHMS W MpaBHIA
COCTaBIICHUS».
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