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AnHaan3 TepMoAMHaAMIYIECKMX ITapaMeTPOB KPUCTaaAM3aLin
9BTEeKTMUYECKOIO COCTaBa B CucTreMe HZO - NaZSZOs-SHZO

Annsoranus. [Ipu paspabomke X0A000aKKYMYASMOPOS HA OCHO6E (PA306bIX Nepexo)os
(XA @II) 6 Hacmosiujee 6pems OCHOGHOIE YCUAUS HANPASAEHD! HA PACUENT PASAUUHBIX
KOHCHPYKYUOHHVIX YCMPOTICME U MAKUX NAPAMEMPOs, KAK 00bem, nAOULAdL N06epXHOCHIU
XA, xoappuyuenm menronepedaur (UAU mMepMuUtecKoe CONPOMUGAeHUE) HA 2paHule
xorodoakkymyaupyroueeo  mamepuara  (XAM) ¢ mamepuarom  axxymyasmopa,
memnepamypa u epems 3apadxu u paspsaoxu, anepzemudvecxuti KI1/J. Bmecme ¢ mem, caabo
oceeuLaemcs PusUHeckas U XUMU1eckas npooAeMbl y4emanpoL,eccos camux Gasosux nepexodos
u ux eauAHue Ha apdexmustyto pabomy XA. B darnoil pabome no axcnepumeHmarbHo
NOAYUEHHDIM TMEPMOZPAMMAM NPoseder AHAAUS KUHEMUHeCKUX U mepMOoOUHAMULECKUX
napamempos NAAGAeHUS U KPUCMAaAU3ALuy agmexmuieckozo cocmasa 6 cucmeme H,O —
Na,5,0,5H,0 (TCH-5), xomopovtii M0oXHO ucnorvsosamv xax XAM, pabomaroujuii npu
T=262+1 K (-11%£1°C). Buvisgreno, 4mo 6 3a6UCUMOCIL OM GEAUNUMHDI NpOzpesa KUOKOil
Pasvl OMHOCUMEALHO MeMNepamypbl NAAGACHUS U OAAbHEIULez0 0XAAKIeHUS UMeIom
Mecmo 06a 6uda Kpucmarrusavyuu. Ilepevlil 610 — amo K6a3SUPAGHOGECHAS KPUCTIAAUSALL UL

(KPK), womopas npoucxodum npu memmnepamype T S, cosnadarouieii c memnepamypoi
T, = T, Bmopoii 6ud sersemcs HepagHosecHo-63pbisHotl Kkpucmarrusayueic (HPBK),

Komopas HavuHaemcs 1ocae docmusxeHus Onpe()EJ\EHHbZX npeDKpucmaf\f\usaquOHHbzx

N _ H _
nepeoxraxdenuit AT =T, —T . Boiau paccuumans akmushocmu a, 20 ) aZCH 3,
Koapunuernmot akmusrocmeii ) . Zoq Ye o u aHepeul aKmueal U VV;EHZO W
assmexmuxe xax npu memnepamype T, m.e. npu pasrosecroii kpucmarrusayuu (KPK), max
u 6 o6Aacmu nepeoxraxdenus npu memnepamype T, . HA HAYANO HEPAGHOGECHO-63PDIGHOIL
xkpucmarrusayuy (HPBK).

KatoueBbie c10Ba: X0A000aKKYMYAUPYIOUUTL MAMEPUAN, MEPMULECKUTL AHANUS, PACTIEOP,
26MeEKMUKA, NAGBACHUE, KPUCTAMUSALUS, 6004.

DOL: https://doi.org/10.32523/2616-6771-2023-144-3-10-23

Beaenue. TpaHcriopTupoBKa CKOPOHOPTSAIIMXCA IPOAYKTOB ITUTaHNs, a TaKXKe XpaHeHNe
U TPaHCHOPTUPOBKA MEAMIIMHCKMX IIpellapaToB Ha AaHHBII MOMEHT SBASIOTCS OAHOM U3
OCHOBHBIX 3a4ad JAOIMCTUKU TOpoAcKoro xossiictsa [1,2]. DddexkrusHOe peleHne AaHHON
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AHAAUS MEPMOOUHAMUMECKUX NAPAMENPOS KPUCIAAUSAL UL d6meKkmuteckozo cocmasa 6 cucmeme H,O —Na,S,0,-5H,0

1poOaeMbl 3aKAIOUaeTcs B MCIOAb30BAaHMM aKKyMyASTOPOB X0404a, KOTOpbIe Ha3bIBaIOTCS
DBTEKTUYECKMMM IAUTaMU AU 3epOTOPaMIA.

Tpancnioprroe cpeactso (TC) 4451 mepeBo3Ky 3aMOPOKEHHBIX ITPOAYKTOB AV MeAUIIMHCKIX
IpernaparoB 40/AXHO OBITh OCHAIEHO M30TePMMUYeCKON OyAKONM M IPUCHOCOOACHUAMU AAs
X0A04UABHOTO arperara, KOTOPbIN II0AKAIOYAeTC s K 3epOTOpaM. DBTEKTUYECKIEe IIAUTHI, B CBOIO
ouepeab, YCTaHABAMBAIOTCA BHYTPU M30TePMUYECKON OyAKM Ha €€ IIOTOAKe, YTO II03BOASeT
IIOAJAepP>KIBaTh IIOCTOSIHHYIO TeMIlepaTypy BO BceM oOObeMe M30TepMMUYecKOro OTceKa.
DBTeKTUYeCcKNe IAUTLI UMeIOT P/ IPerMYyIIecTs:

- DBTEKTUYECKIE IIAUTHI He MEIOT ITIOABVKHBIX YacTell, [I0ODTOMY MX HageXKHOCTh HAaMHOIO
Do4bllle, YeM y CUCTeM BeHTUAMPYeMOTo 00AyBa;

- IIPY BBIKAIOYEHHOM /JBHUTaTele IPy30BMKa AU OTKPBITBIX ABEPSIX U30TePMUUIECKOil Oy AKI
X010/ 3aIloAHseT Bech 00beM pepUKepaTOpPHOIO OTCeKa M IMOAJAep KMBaeT ITOCTOSHHYIO
OTpULIATEABHYIO TEMIIEPaTypy;

- ecan Baara OyJeT HaMep3aTh Ha IOBEPXHOCTU DBTEKTUYECKMX IAUT, DTO He yXyAllaeT
9(PPeKTUBHOCTD OXAaKACHMS, B OTANYME OT IIPOAYBHOM CICTEMBI, AAsI KOTOPOM AQHHBIN aCIIeKT
SABASIETCS KPUTUIECKUM;

- yUnThHIBas D04ee 4AUTeABHBIN CPOK CAY>KOBI I MUHMMAaAbHbIE PacXoAbl Ha 00CAYy>KMBaHIe,
CpeAHss CTOMMOCTD ®BTE@KTUYECKOI CHCTeMBbl Oy eT HIUKe CMCTeMBl BeHTUANPYEeMOTo 00AyBa;

- 3apsgKa ®BTEKTUYECKMX IIAUT B HOYHOE BpeMs II03BOAsSET CHU3UTh Pacxoasl Ha
DAEKTPODHEPINIO;

- B 9BTEKTUYECKON CUCTeMe MOAHOCTBIO OTCYTCTBYIOT IIyM, BUOpaIMM U 3arps3HSIONINe
BRIOPOCHI B OKPY>KaIOIIyIO Cpeay, YTO OCOO@HHO BaXKHO A5 pa3Bo3a HPOAYKINH B IIeHTPaAbHOI
4acTy rOpOAOB.

[TpnpaspaboTKex01040aKKyMyAATOPOBHa OCHOBe (pa3opbix1tepexol0s (XA PIT)sHacTosIIe R
BpeMsI OCHOBHBI€ YCUAM: HallpaBAE€Hbl Ha pacyeT pa3ANYHBIX KOHCTPYKIMOHHBIX YCTPOVICTB U
TaKIX [TapaMeTpOB, KaK 00beM, I110111alb HoBepXHOCTH XA, Ko9(pPUIMeHT Teraonepesadnt (MAN
TepMUYecKoe CONPOTMBAEHME) Ha IpaHMIle XOA040aKKyMyAupyiomniero Matepmuada (XAM) c
MaTepuala0oM aKKyMyAATOpa, TeMIlepaTypa i BpeMs 3apAAKU U paspaAky, sHepretndeckuii KITA.
BMmecte ¢ TeM, caabo ocsertaercst puamyeckas M XuMmudeckas Ipod1eMbl yuyeTa IIpOIeccoB cCaMmX
¢$asoBIX Mepexo 0B 1 nX BansgHMe Ha dPpPeKkTrBHYI0 padoty XA [3,4]. a1 aKKyMyAMpPOBaHNS
X0104a, HEOOXOAMMOTO IIPU TPAHCIIOPTUPOBKE CKOPOIIOPTAIIMXCS IIPOAYKTOB U MeAUITMHCKIX
IpernaparoB, XOPOIIMM BLIOOPOM SABASIOTCS KPUCTAaAAOTUAPATHI COAell HaTpus ¢ A00aBKaMu,
NPeAOTBPAIAIOIINMU  UAU CHVDKAOIIMMU  PeAKPUCTaAAU3aIOHHbIe  TIePeOXAaK ACHI.
Oanako Ha ¢poHe HeJ0CTaTKOB MHAMBUAYaABHBIX KPUCTAAAOTUAPATOB VX DBTEKTUYECKIe CMeCH
BBITOAHO OTAMYAIOTCSA BBICOKOM YCTOMYMBOCTBIO K AAUTEABHOMY TEPMOLMKAMPOBAHUIO WU
HUBKMMM 3HAYeHMSIMU IlepeoxaakaeHuil. B ganHoir pabore Ha npuMepe sKcIepUMeHTaAbHO
II0AYYEeHHBIX TEPMOIPaMM IIPOBeAeH aHAAM3 KUHETUYECKIX Y TEPMOAMHAMUYECKIX [IapaMeTpOB
MAaBAEHNA Y KPUCTAaAAU3alMN DBTEKTUIECKOTo cocTtasa B cucreme H,O — Na,5,0,-5H,0 (TCH-
5), KOTOPBHIIT MOKHO UCII0Ab30BaTh Kak XAM, paboraommuit npu 1=262+1 K (-11+1°C).

MeTtoabl ccaeAO0BaHMsL. YIIpaBAeHle IIpolleccaM HarpeBa-0XAakKAeHus, a TakKe 3aIich
KPUBBLIX B MeTOJe HMKANYECKOTro Tepmudeckoro anaansa (LITA) u metoge auddepeniimaabHoro
TepMmuyeckoro anaamsa (ATA) npousBoamaoch IIpM TIOMOIIU  pPeryAsaTopa-U3MepuTeas
THERMOMETR UNIT-325 ¢ XA-tepmonapamu u BeixogoM Ha ITK. Bece obpasiier maccamu 1o
11, nomenjaan B CTeKASIHHBIE TPOOMPKM C IPUTEPTEIMU KphIIleuKaMit. PacTBOp 9BTeKTIUECKOTOo
cocTaBa rOTOBUAU IyTeM cMelnuBaHus 47,8 sec. % mnenTarunapara tuocyabdara HaTpus u 52,2

BeC. % BOABL. B MOABHBIX KOHIIEHTpAusax X 0=0,927 1 X 1 =0,072 MO0ADb COOTBETCTBEHHO.
AAs TIpUTOTOBAEHMSI PacTBOpa MCIIOAb30Bajdach ABa’KAbl IleperHaHHas AUCTUAAMPOBaHHAS
Boga n Na,5,0,-5H,0 mapku YAA. OOpasipl Harpesaan M OXAaXAaAu C ITOMOIIBIO IeYn-
COIIpOTMBAEHM:A B AMalla3oHe Temiiepatyp oT 248 a0 298 K. C »roii 11e4bi0 1Ieub IoMelaan B
Moposuapnayio kamepy BEKO FSE 1010, paGoraiomyio nipu 243 K. Ilorpemnocts namepeHnus
TeMmIlepaTypsl cocrasasiaa 1 rpagyc. CkopocTu Harpesa 1 OXAa>KAeHMs ObLAY TPUOAU3UTEABHO
oanHakoBeIMI M Bapsuposaan ot 0,1 ago 0,2 K/c. Vayueno Tpu oOpasiia, Ha KaXkKAOM U3

BECTHWK EHY umenu A.H. I'ymunesa. Cepust Xumusl. I'eozpagus. Ikorozus Ne 3(144)/2023
BULLETIN of L.N. Gumilyov ENU. Chemistry. Geography. Ecology Series "



O.B. Coboav, C.A. @porosa, A.M. Mopxyxun

KOTOPBIX ITpOBeAeHO Doaee AecsiTKa I0CAeA0BaTeAbHBIX TePMOIIMKAOB HarpeBa M OXAaKAeHIsI.
JOCTOBEpHOCTh IIOAYYEHHBIX pPe3yAbTaTOB U HaAe>KHOCTb OCHOBBIBAAMCh Ha COBIaAeHNUU
penepHbIX TOYeK CO CIIPaBOYHBIMM JaHHBIMI I MHOTOKPaTHOM IIOBTOPEHMI COOTBETCTBYIOIIMX
9K30- U BHAOTepMUIecKNX 9PPeKTOB IPU HEIIPEPIBHOM TEPMOLIMKAVPOBAHNIL.

ITepexoa or KPK x HPBK npm oxaakgeHum 3aByucea OT BeAMYUHBI IpejBapUTEAbLHOIO
neperpesa pacriaasa AT " a0 HEKOTOPOTo KpUTHdeckoro 3Hadenus 1 =293+1 K.

B meroge LITA mcrounmkom wmuHdopMaum sBAsSeTCA TpyIHIla IapaMeTpoB, KOTOpPBIe
XapaKTepU3yIOT IIPOLIeCCHl IIAaBACHUS M KUHETUKY KpUCTaAAM3aluM IlepeoxXAa’kAeHHBIX
pacTBOpOB, T.e. (pa3oBble MpeBpallleHNs, COIPOBOXKAAIOIIMeCcs DK30- M DHAOTePMUYECKUMMU
s¢pPpexkramn. Takumu napameTpamu ABASIOTCH:

T, — remmniepaTypa InaaBaeHus oOpasiia;

T, — TemriepaTypa paBHOBECHOI KpUCTaaAu3anuy oOpasia;

T * - BeanunHa neperpepa X1AKONM ¢a3bl OTHOCUTEABHO TeMIIepaTyphl IaaBaeHus T ;

T . — TpaHuIla MeTacTabuAbHOCTH;

m

AT;s =T, —Tiin — crenens OpeaKpUCTaAAN3allMIOHHOTO HepeoXAa KAeHIs;

AH, ; — ®HTaAbIINS T14aBACHIL;

AH — ®HTaapnms1 KpUCTaAAU3AINY;

U U T — CKOPOCTb U BpeMsl I1.AaBAeHNs1, AM00 KpUCTaAAU3allu;

T,— MHKYOalIMOHHBII TIepUOJ 3apOXKAEHIUs TBep Aol (asbl;

T, 1 U, — BpeMs U CKOPOCTh KOATy AU 3apOAblIiei TBepAoi dasbl;

T, — BpeMsl 3aTBepAeBaHusI I10CAe KOaryAsiiun 3apOAbIIIel;

1] — CTeNeHb KPUCTaAAMIHOCTH;

D, sy Uopy ~ CKOPOCTH Harpesa 1 OXAaXKACHIUA U AP.

IIpuseaeM HeKoTOpble Teraoduamyeckue CBOJCTBA BOABI U THoOCyAbdaTa HaTpUs
IIITUBOAHOTO [5].

Tabauna 1. 3naueHns MOASPHOI MacChl [, TeMIIepaTyphl IlAaBAeHus 1|, IOBePXHOCTHOTO

HaTsDKeHUs O, ., DHTaAbuu raasaenus AH, , naotnocrent tBepaont ¢paser Mg, Kuakoi passl

Pr , pasHocTu naotHocrelr A0 |, yaeAbHBIX TEI1A0€MKOCTEN TBEPAOII Cps m xuaxoit C,, a3

K T K O, AH, A Cro Crrs
r/ mAx/v2 | Ax/moan | Pg P O | Ax/ Ax/
MOAb KT /1\;13 Kr/Mm° Kt/ kr-K kr-K
H,0 18 273 | 32 6025 900 1000 | 100 4190 2100
Na,5,0,-5H,0 | 248 321 | =70 49848 1730 1670 | 60 1460 2400-
3050

PesyabTaThel 1 00CcyKaeHue. Pe3yabTaThl SKCIIepUMeHTaAbHBIX 1ICCAeA0BAHNI IIPOLIECCOB
IAaBA€HUs M KPUCTaAAM3allMM DBTEKTUKM CBUAETEABCTBYIOT O TOM, 4TO, KaK M Y YMCTBIX
xomronentos (H,0 u Na,5,0,.5H,0) B 3aBUCUMOCTU OT BeAMYMHBI IIPOTrpeBa KUAKOM (pasbl
OTHOCHUTEABHO TeMIlepaTyphl I1AaBAeHIUs T [ ¥ AaAbHeNIero oxAaKAeHNs, MMeIOT MecTO ABa
BrAa Kpucraaansanumn [6,7]. Ilepssiil Bug — 3T0 KBasupasHOBecHas kpucrasansanus (KPK),
KOTOPast TPOUCXOAUT TIpu TemIuieparype T, MpakTinIecK COBIaAAIOIIerN C TeMIIepaTypot T L
Ipuaem, T, xT; =T, ~263+1K . Bpems mnaasaenmst cocrasaser Tg <3 MuH, Bpems

KpycTaaau3anmu 7, X 7 MuH.
Broporii Bu — 5T0 HepaBHOBecHO-B3phIBHAs KpucTtaaausanus (HPBK), kotopas naunnaercs

npu 7. <7, =256 £ 1K, 1.e.1m10c1e 20CTUKEHNSI OTIPEAEACHHDBIX IPEAKPUCTAAAN3ALIVIOHHBIX
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AHAAUS MEPMOOUHAMUMECKUX NAPAMENPOs KPUCAAUSAL UL d6mekmuteckozo cocmasa 6 cucmeme H,O —Na,S,0,-5H,0

nepeoxaaxaenuit (AT, =T, =T ), AT, =7°, nupu nporpese obpasua ao. Ha puc. 1
IIpuUBe/JeHbl TePMOTrpaMMBl, XapakTepusyoiue oda uga Kpucraaansanyy KPK (I) m HPBK (II)
B KOOpAuHaTtax Temrieparypa T —spemMs T .

[Ipn wmayyenunm KuHeTUKM (Pa3oBBIX IIpeBpallleHNII pacTBOPOB OCOOBINI MHTepec
IIpeACTaBAIOT HepaBHOBeCHbIe IIporiecchl (puc. 1, tepmorpamma II) g4a4 ycrpanenms ycaosuit,
pei3biBaroniux HPBK, uro siBasteTcst HeskeaaTeabHBIM A4as1 XAM.

C yuetrom a3oBoro ImpeppallieHns Kpusas oxAaXAeHus: abcdef asaeT A0CTaTOYHYIO
napopManuio O KUHETMYeCKUX IIlapaMeTpax 3aTBepAeBaHI: CKOPOCTU  MacCCOBOII

Kpucrtaaausauum dm/dt, cTeneHu IepeoxaakAeHus ATL_S , UHKyOaIlIOHHOM Ilepuo/je

3apoApllieoOpasoBansl 7, BpeMeH! KOaryAsIum 3apoabiiieii T, , BpeMeH! N30TepMIIecKOil

aokpucraaausanyu T3, BpeMennsarsepaesanus L g, rae Tg =T, + 7, + 75 .Tlotepmorpammam

TOAYYUAY 3HAYEHVS: T, X 8 Mun, 7, ~1 cex, 7, & 3 muH. Ob11iee Bpems 3aTBepaeBaHust T §=
661 cex.

[Tpu oxaaxxaenuu Xuakoit ¢aspl U3 TOUKU 4 A0 TOUKU C 3a Bpems T, Ha TepMOrpamme
HUKaKMe »K3oTepMuyeckue d(p@PexTsl He PUKCUPYIOTCA. B pactsope mpm oxaaxAeHUu 40

TeMIIepaTyphl TL (OT TOUKM a4 AO TOUKM b), KOHEUHO, MOIYT IIPOUCXOAUTH TMAPATaIlVIOHHbIE
IIPOIIECCH 10 BOCCTAHOBAEHMIO CTEXMOMETPUYECKOTO COCTaBa A0 HACHIIIIEHHOTO COCTOSHIISL
DTOT mporecc NpojoAXKaeTcs U B MeTacTabMABHON 004acTy OT TOUKM b 40 TOUKM c. 3areMm

TeMIepaTypa co cKopocTbio ~50°/c 32 BpeMsi 7, OBICTPO MOAHMMAETCs OT TeMmeparypst 1. 40

TemIiepatyphi naasaenus 1 . BHICTpBIiT TOABEM TeMIIepaTyphl CBUAETEABCTBYET O HEKOTOPOM
aanabaTHOM IIpoLecce, IIPOMCXOASIIEM B IIepeoXAak 4eHHOM pacTBOpe, B pe3yabTaTe KOTOPOIo

riocaeaumit mporpesaercs ot 1y a0 1) .

T.K
208
293 77 a

L4 Ir
288 5

283 !/ \
278 / \ s

T T T
3000 \ 4000 5000 6000

Lo /

Pucynok 1 - DxcriepuMeHTaAbHBIe TEPMOTPaMMEI ®BTEKTUKM, XapakTepusylomue repexod or KPK
(I) x HPBK (II)
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IToaygennsie wmetogoM ATA sHTaabnuM IdaBAeHUs ¥ HePaBHOBECHO-B3PBIBHOI
Kpucraaausanyum oOpasia okasaanch pasubiMu AH o =193,7 K/AXK/KT, AHg =168,0 KA /KT
COOTBETCTBEHHO. BuaHo, uTto ®HTaabnuUsA Kpucraaamsanuu Ha 20% MeHbIIe, YeM DHTaABINS
[11aBA€HISI.

AH kJ/kg
15

\ \AH
UHNL H/\.\ML tys
| I
| AH I
| |

v v

Ln

PI/ICyHOK 2 - BKCHepI/IMeHTaALHbIe TepMOI'PaMMBbI DBTEKTIMYECKOTO COCTaBa, IT0Ay4Y€HHbIE METOA0M

ATA

[IpyunHa STOro pacxoXAeHus, CKOpee BCEero, 3aKAK4YaeTcs B CAeAyloleM: IlAaBAeHue
IIPOMCXOAUT OYeHb MeAJAEHHO, TaK, 4TO BBIIIOAHJAETCS YCAOBME KBaduaauabaTUIHOCTH,
IIpM KOTOPOM TerA0Boil 9(PQPeKT IIpoIoplMOHaleH I1A0IaAM COOTBeTCTBYIOIIEro ®HAO-
nuka Ha kpusont ATA. Kpucraaamsamus >xe peaan3oBblBadach B YCAOBMSAX 3HAUMTEAbLHOTO
IepeoxAakAeHus 110 cxeMe «B3PBIBHOTO» TUIIa Ha Ha4aAbHOM dTare. B 9Toi cutyanun ycaosue
KBa3naauabaTUIHOCTY He BBLIIIOAHSETCS, B CBA3M C 4YeM HapylIaeTcsl AMHEHOCTh MeXAy
KOAMYEeCTBOM TeILA0THI U I110I1aAbI0 9K30-29(P(PeKTa, 4UTO, BOSMOXKHO, U IPUBOAUT K IUCTEPe3ncy
9HAO- 1 9K309¢PexTos Ha KpuBbIX JATA. IIpn KBazupaBHOBECHON KPMUCTAaAAM3ALINI IT0A00HBIX
¢ PexToB He HabAIOAaeTCA.

B npo1recce xpucraaamsanuy 3BTeKTUKI B cUCTeMe H20 - Na252 03 . 5H20 Y4acTBYIOT
ABa KOMITOHEHTa: BOJa U IeHTarugpaT Tmocyabdara HaTpus, IIOSTOMY IIpeACTaBAseT NUHTepec
pacyeT akKTMBHOCTel 00OMX KOMIIOHEHTOB Kak Ilpu Temieparype T, T.e. Ha MOMEHT HayaJa
pasHOBecHON Kpucrasansanuu (KPK), tak n B obaactu nepeoxaa’kAeHns IIpu TeMIleparype
T .
min

A a™® TCH -5 .

KTUBHOCTU BOABI (;” M neHTaruapara Tuocyabdara Hatpus d B OKIIAKOJ ®BTEKTUKE
Ha momeHT Havyasa KPK mpu ssrexTnyeckoi remneparype T, pacCuMThIBaAu IO ypaBHEHNIO
peaepa [8].

AH™ 1 1

H,0 — o
a, eXp [ R (TLHZO TE )] (1)
TCH -5 1 1
TCH -5
L E

H,0 TCH -5
rae AHLSZ u AHLS — DHTAAbINN I1AaBAC€HISI AbJda U IIeHTarngpara TI/IOCYAI)(I)aTa
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H,0 TCH -5
HaTpwus, T, L u TL —TeMIlepaTyphl 11aBA€HNs AbAa M TUOCY Ab({aTa HaTpys IATUBOAHOTO.

K H,0 TCH-5
09pPUIMEHTbl aKTUBHOCTU BOABI ),° U TleHTaruapara Y, B TeX >Ke YCAOBISIX
HaXOAMAM U3 OTHOIIIEHNI aKTMBHOCTEN K MOABHBIM KOHIIEHTPalMAM KOMIIOHEHTOB B DBTEKTIKE

(XEIZO,X£CH_5 ):

H,0 H,0 H,0 . . TCH-5 TCH-5 TCH-5
7/ E Cl / X 7/ aE / X E . (3)

Aa/le_Ie B pa60Te OLI€HMBAAVICh DHEPIMM aKTUBaLlUMl B DBTEKTMKE KaK CO CTOPOHBLI BOAbI

H,0 TCH -5
W ., tax u co croponst Tnocyandara Hatpus Wy :[9]

AH™ (1 -
WEHZO — L — , 4
(I-XE”)Z @
AHT (1= L5y Ry
LS TCH -5
WTCH—S — L .
E (1 _ X;"CH—S)Z (5)

AHaau3 ITepeuyncAeHHBIX BHIIIIe TapaMeTpOB B ITepeoXAak4eHHON MeTacTab1AbHOI 004acTh
Ha MOMEHT Haya/a «B3PBIBHOI» KPUCTaAAU3aLUy IIpeAcTaBAseT 0coOblit nutepec. Obo3HauMM
H,0 TCH -5
sueprvu aktusanuu D~ , O, COOTBETCTBEHHO.
B sanHOM caydae pabGoraer «aorapudmuxa Hlpesepa» [8] n ypasnenms (1), (2), (4), (5)
MO>KHO 3aIycaTh B BUJE:

ﬁ F{H o
aHzO — eXp[ LS2 ( 1 _ 1 )]
‘ R ‘TF T ©)
min min
TCH -5 1 1
TCH-5 __ _
aE - eXp[ R (TTCH,S T E )] 9 (7)
E
H,0 mm E H,0
AH " (1- ) +RT. InX "
H,0 mm
W, =
) (1- X%y : ®)
E
TCH -5 E TCH -5
AH, (1 TTCH e )+ RT, InX,
a)TCH—S _ min
E - ~ .
(1 _X;'CH 5)2 (9)
I T 20 TCH -5
ae i _oe5 KM Tm,n — 977 K~ TeMIIepaTyphl 11aBACHNS AbAA I Trocyardara HaTpus
IISITMBOAHOTIO TP <<B3prBHOI71» Kpucraaan3anmi.
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TCH -5

. H,0
B Tabauie 2 IIpVBEAEHbl 3HAYEHMST aKTUBHOCTEN ¥, A . , Kozac])qmumeHTOB
H,0 TCH -5 . H,0 TCH-5 H,0 TCH-5
aktusHOCTM )V ,.' , Vg U DHEPIMUil aKTUBAIN 174 R /4 fi W, ,

KOMIIOHEHTOB CIICTEMEI.

Tabanma 2. 3HayeHNsI aKTUBHOCTEN 0(:20, Ol;CH_S , KOOPPUIIMEeHTOB aKTMBHOCTI 7/520,
TCH -5 . H,0 TCH -5 H,0 TCH -5
Ve VI SHEpIMI aKTuBaL WE 4 VVE a)E » W KOMIIOHEHTOB CHCTEMBI
Bua o Jy s 0o TCH -5
Kpucraa- H,0 TCH-5 H,0 TCH -5 WE 2 “ sz ©r
avsanyn | O, a, Ve VE KAx/ KAx/ Kk Ax/ kAx/
MOAb MOABb MOADb MOAb
0,951 0,187
KPK 0,885 0,013 0.950) | (0.189) 23,172 4,194
0,916 1,26
HPBK 0,853 0,091 (0,911) (1.34) - - 40,443 -0,706
H,O TCH -5
we= Wy
3HaueHMs] DHePIUmu . g rr s OblAM  MCIIOAB30BAHBI A4 IPOBEPKU
. _
K0P PUINEeHTOB aKTUBHOCTe Ve u Ve o metoauke [10] (cm. Tabawnria 1 BeigeaeHO
KypPCUBOM):
H,0 H,0N\2 H,0
70 = exp[-(1- X"V - W' | RT.] » (10)
TCH-5 TCH-5\2 TCH-5
yi = expl-(1- X)W /RT,] - an

Kpucrasaamsamms: sBTeKTUKM MMeeT OCOOBIN XapakTep M B HacTosdlllee BpeMs SBASIeTCS
aKkTyaAbHOU HaydHOI 3agadent [11-14]. AeiictBureabHO, Temmeparypa Hadada U KOHIIA
3aTBepAeBaHIIsI TAKOIO pacTBOpa COBIIajaeT, DBTeKTIKa 3aTBepAeBaeT IIpy HU3IIIel TeMIlepaType,
U B Hell MpaKTU4YecKy IIpu OAHOI TeMIlepaType BbIAeAdI0Tcs 00a BiiAa KpUCTaAA0B.

Cucrema BOAOPOAHBIX CBsI3ell B CTPYKTYpe MOHOKAMHHBEIX Kpucraaaos TCH-5 pasoura Ha
JeThIpe Kaacca: 4Be cuabnble (H,O — kucaopog moaekyast Na,S,0,), ase H,O - H,O u tpu H,0O - S
[15]. Oaun 13 aTOMOB BOAOPOJa IIPY HTOM He y4acTByeT B BOAOpOoaHOM cBsa3u. Ha puc. 3 mokasana
crpyktypa Kpucraaaoruapara Na,5,0,5H,0, cBuaeTeabCTByIOIIas O AOCTAaTOYHO CAOKHOM
neperAeTeHnn pa3ANdHbIX CBsA3eil Mexay atomamu Na+, nonamu S,0,* 1 MOA€KyAaMy BOABI —
OT KOBaA€HTHBIX ¥ MOHHBIX 40 BOAOPOAHBIX U BaH-Aep-BaaabCOBBIX.

Kpucraaaer Na,5,0,5H,0 00pasyiloT MOHOKAMHHYIO PEIIETKYy C KOOPAVHAIVIOHHBIM
qrcaoM Z = § u mapaMmerpamu peméTrku a = 5,94, b = 21,57, ¢ = 7,53 A. Haanune anusorponmu
CBs3€ll CBUAETEABCTBYeT O TOM, UTO IpM IIAaBA€HNM CHadala pas3pylIaioTcs caabble CBA3M
C coxpaHeHMeM OAVIKHero IopsJAKa MeXAy OTAeABbHBIMU MOAeKyJAamiu, AnOO IIPOMCXOAUT
gactiuHasa Aernapatanust TCH-5 3a cuer caabocsssanubix Moaekya H20O ¢ obOpasosanmem
ruApara C MeHBIINM KOoAndecTBoM Boasl Na,5 0,-nH, O, rae n<b.

B neGoap1iom nuTepsase remnepatyp (bire TL) B pacTBope cOCyIIIecTByIOT MOAEKY A pHbIE
¢pakiuy pasangHOro COCTaBa, B TOM YMCAe ¥ KPUCTaaA010400HbIe KaacTepsl. [Ipu oxaaxkaenun
pacTBopa caabble CBA3M MOTYT OBICTPO BOCCTaHaBAMBATHCs, a MoaeKyabl Na,S,0,-nH,O 3a cuer
nepernApararnium 40AHbI BoccTaHaBAnBaTh crexnomerpuio TCH-5.
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SODIUM
SULPHUR
OXYGEN
OXYGEN (Water)

0e @0

a) 6)

Pucynok 3 — Crpykrypa Na,S,0,:5H,O: a) kpucrasanmyeckas: pemeTka;
6) mpoeknusa BA0Ab ocu b

B kpucrasamueckoit crpykrype apaa (puc. 4) [16] xaxkaast MOaeKyada BOAbI OKpPy>KeHa
YeTHIPbM s OAVDKAMIIIMMU K Hell MOAeKyAaMU, KOTOpble HaXOASATCS Ha OAMHAKOBBIX PaCCTOSHUSX
OT Hee, paBHBIX 2,76 A 1 pa3MelleHHbIX B BepIIHaX IIPaBIMAbHOIO TeTpasjpa.

Pucynok 4 — Ctpykrtypa abaa

B xpucraaaax abaa 3ageiicTBoBaHBI BCe YeThIpe BOAOPOAHBIE CBA3M Ha Ka’KAYIO MOAEKYyAY,
T.e. BC€ MOAEKYABl OKa3bIBAIOTCSA JKeCTKO COeAVIHEHHBIMI MeXAy COOOJ CHCTeMOIl CBs3eil B
B4 PeryAspHON IpOCTpaHCTBeHHON perteTk. CTPYKTypHBIM OTAMYMEM >KMAKOW BOABI OT
KPUCTaAANYECKOIO AbAA SBASITCs IPOCTPAHCTBEHHO-BpeMeHHasl XaoTu4ecKas He3aBepIIIeHHOCTD
CUCTeMBI CBsi3ell. B KaXkaplli MOMEHT BpeMeHM B Hell IPUCYTCTBYIOT MOAEKYyABbl, OXBaueHHbIe
BceMM BO3MOXKHBIMU (0T 0 20 4) KOAMYecTBaMU BOAOPOAHBIX CBA3eIL.

CoraacHo KaacTepHO-KOaryAsIIMOHHOM MOAeAM KPUCTaAAU3auu [6], Ipy He3HaYMUTeAbHbBIX
Ieperpesax KplUCTaAAM3alusl SDBTEKTMKM MAeT KaK OBl Ha COOCTBEHHBIX 3aTpaBKax, U
3aTBepJeBaHIe HOCUT PaBHOBECHBIN XapaKTep.
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IIpu Kpucrasamsauuy cHadada BBIACASETCA KPUCTAAAUK OAHOTO KOMIIOHEHTa, a KOrga
PAAOM B JKMAKOCTY OCTaeTCsl MHOTO MOAEKYA APYTOro KOMIIOHeHTa, 00pa3yeTcs ero Kpucraaa u
T. 4. Cae40BaTeAbHO, €CTh KOMIIOHEHT, BeAyLIui Kpucraaansanuio. OH co34aeT OCHOBY (CKeaerT),
a BTOPOJ KOMIIOHEHT, KPUCTaAAM3YIOIIUIICA 3a HUM, OCTaeTCs B MEeXKOCHBIX ITPOCTpaHCTBaX
DTOTO CKeaeTa. Beaynm KOMIIOHEHTOM B BTOM crcTeMe, cKkopee Beero, ssasercsa Na,5,0,:-5H,0,
T.K. IMeeT D04ee BLICOKYIO TeMIlepaTypy ILAaBAeHMNs.

Paccmorpum Teneps kpucraaansanuio Tuna HPBK. 3a spems 7, Bo Bcem 00béMe obOpasiia
V' (maccoit m) maeTr mpouecc HaKOIAeHMUs KPUCTaAA0Iog00HBIX oOpasoBaHmii. B peaarnom
MeTacTaDMABHOM COCTOSIHUM paclipedeleHne STux dactul, (oOpa3oBaHMIl) HEOAHOPOAHO.
B namboaee «OaarompusaTHOI» 0O0aacTu oOpasia o0béMom V. (Maccout 17 ) KOHIIEHTParus
KAaCTepOB-3apOABIIIIEIl AOCTUTAeT KPUTUIECKOTO 3HaYeHust p =V [V =m_/m - bausocrs
9JacTUI] CIIOCOOCTBYeT UX OBICTPOMY OOBeAMHeHNIO, T.e. KOaryAsAIuM 3a BpeMs ¢ oOpa3oBaHyeM
NIePBUYHON TBEPAON Macchl 11 . /laabllle 3aTBepAeBaHMe 3a BpeMs T, IIPOMCXOAUT Kak Obl Ha
COOCTBEHHBIX 3aTpaBKaX, C(POPMUPOBABIINXCSA 3a BpeMs T, U T, M HOCUT U30T€PMUYECKUI
Xapakrep mpu temreparype maasaenus T,. MaccoBas Kpucraaausauust TPOUCXOAUT IIyTeM
NpUCOeAMHEHN K Ha4aabHOMY OCTOBy OOBEéMOM V  (maccoit m ) ocCTaBmmxcsi B oOpasie
MOA€Kya, KAaCTepOB, BTOPUYHBIX 3apOABIIIENT, HOBBIX KOAryAsSLUMOHHbBIX O4aros u T.4. Ha 9Tom
DTare 3a Bpems T, 3aTBepAeBaeT OCTaBINasACs 9acTh m =m - m_(uwau 1-1,) obpasua.

CaegoBaTeabHO, IO Mepe IIOBBIINIEHMS TeMIlepaTyphl B SKMAKOI ase IpOUCXOAUT
«ApobaeHne» MOAEKYASPHBIX T'PYHIIMPOBOK C OAHOBPE@MEHHBIM OOpa3OoBaHUEM KOMILAEKCOB
Na,5,0,.nH,0, Na,5,0,, nonos Na*, 52032"umoaexya H,O. ECTeCTBeHHO, YTO 4451 BOCCTAaHOBAEHIS
CBsA3eI XOTs OBl 40 Pa3MepoB 3apoAbllleli TpeOyeTcs MHKyOallMOHHBIN IIepuod, a cucreMa
IepexoAuT B MeTacTabMAbHOe Ilepeoxada’kAeHHOe COCTosHMe. «B3pbiBHas» Kpucrasamsamus
IIPOMCXOAMT 3a CYeT KOAry AN 3apOABIIIeNt Ipu ux coavkennu [17-24].

AKTMBHOCTb MOKHO paccMaTpuBaTh KaK BeAMUYMHY, KOTOpas XapaKTepusyeT CTelleHb
TCH -5
E

TCH-5. Oanaxko npu HPBK akrmsHOCTL BOABI HeMHOIO Iagaer, a axrtmusHocTb TCH-5

yBeAudmnBaeTcs. DTo 0ObIACHAETCs, CKOpee BCero, TeM, 4YTO BOAa IIpeACTaBAsIeTCs B BUAE MOACAN,
B KOTOpoM 70% MOAeKyA 3aHMMAIOT AbJooOpasyiomye ydactku. OHM nMeroT riapodpoOHbIN
Xapakrep, T.K. CBA3aHBI BOAOPOAHBIMU CBA3AMU. I'MagpoduapHbie (T.e. aKTUBHBIE) MOAEKYABI
BOABI, KOTOPBIe COCTaBAAIOT TpuMepHO 30% Bcex M0AeKya, 0041a4aioT O0ABIION KMHEeTUIeCKOMN
DHepruen 1, I0400HO YacTullaM ras3a, HaXoAATCsl B OeCIOpsJA0YHOM XaOTUUeCKOM ABVIKEHMMU.
[Toa aelicTBMeM 9STUX MOAEKYyA KaAacTepwl (AbA0OOpasHble accolMaThl, TUApPaThl U T.4.)
paspymalorcs. CTerneHns pa3pylIeHns 3aBUCUT OT KMHETUIECKOM DHepTui CBOOOAHBIX MOAEKYA
BOABI U UX KoandecTsa [25], a Tak kak HPBK Bo3HukaeT npu 3Ha4YnTeABHEBIX IIEperpeBax, TO Kak
pa3 1 yBeAMYMBAeTCs DPHEPIUs U KOAMYECTBO CBOOOAHBIX MOAEKYA BOABL.

OHeprus akTUBALMM — DTO M3OBITOYHOE KOAMYECTBO BDHepruM (IO CpaBHEHMIO CO
CpeJHell BeAMYMHOIL), KOTOPBIM A0AXHa 004ajaTh YacTUIla B MOMEHT CTOAKHOBEHIs, YTOOBI
OBITH CITOCOOHON K KaKOMY-AMOO B3amMOAeicTBiio. MoaeKyarl, KOTopele 004a4aioT TaKUM
KOAMYEeCTBOM DHEPINM, Ha3bIBAIOTCA aKTUBHBIMU. [loBhImieHme TemmepaTypbl IIPUBOAUT K
yBeAMYEHUIO YlicAa aKTUBHBIX MOAeKkya B cucteMe. Jas Boapl npu KPK sneprus aktusanym
comsMepuMa C DHepruell aKTMBauu IIpoliecca pa3pbiBa BOJOPOAHBIX cBsiaseil ~4,0 Kkaa/MOAab
(=17 xAx/moas). IIpu HPBK 3HaueHne sHeprum akTupaliuy yBeAUMINAOCh B -=2 pasza. Ckopee
BCETo, 9TO OOBACHAETCS TeM, UTO B paCTBOPe ITOBBICIAO0CH KOAMYECTBO MOAEKY.A1 CBOOOAHOI BOABI,
T.K. 400aBUAMCh MOAEKYABl KPUCTaAAN3aIMIOHHON BOABI IMapaTa Tnocyardara. Hampuwmep, B
paboTe IIpy M3ydeHNy KMHEeTUKM 9KCTpakuu BoAsl Tpudytuadocdarom (TbP) 6p110 moaygeno
3HaueHMe sHeprumu axkrmsanuu And@ysuum Boarr =9,2+0,6 kkaa/moap (=37 k/x/moas) [26].
Mo>xHO peAn0A0XUTh, 9TO AUPPys3us MOAeKyA BOABI CBsA3aHa C O4HOBPEMEHHBIM pa3phIBOM
HECKOABKMX BOAOPOAHBIX CBA3€M, T.. C BPpeMEHHBIM HapyIlleHleM CTPYKTYphl PacTBOpa, 4TO U
MOXKeT CAY>XKUTh OObsACHEHMEeM BBICOKOTO 3HaueHNs DHePIuM aKTUBALMM, IIPUYEM, YeM BhIIIe
DHepPTUs aKTUBaIlMY, TeM MeJJeHHee IIpOoTeKaeT IIPOoIlecc, a YyeM MeHbIle — TeM ObICTpee.

H,0
CBSI3aHHOCTM YacTuIl. AKTUMBHOCTb BOABI a, > B ®BTEKTMKe 00AbIlle, 4eM aKTUBHOCTD (X
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IIpn HPBK Na,5,0,-5H,0 umeer oTpuiiatreabHOe 3Hauy€HUEe BDHEPIUU aKTUBALUU. DTO
O3HauaeT, YTO AAsl YCIIEIIHOTO IIPOTeKaHM: IIpolecca SHeprus AOAXHA He IOABOAMTLCS
K pearMpylolmuM dYacTuilaM, a OTBOAUTHCA OT HuX. [losiBaeHme oTpuIlaTeAbHBIX 3HaYEHMI
SHePIUM aKTMBaLMM MOKeT pacCMaTPMBATbhCs KaK KMHETIeCKNUI KpUTePUIl y4acTIsl MOAeKy 1
MO/EKYASPHBIX KOMILAEKCOB B XuMmyeckoM Iiporecce. B caygae TCH-5 npu 3HaumTeAbHBIX
IepeoxAakAeHILIX yKe 00pa3oBaanCh KOMIIAEKCH NaZSZOS-élHZO U AAS 3aBepIlIeHs Iporecca
HeoOXoAuMa O4Ha MOAeKyAa BOABI, KOTopasi I 3a0epeT M30bITOUHYIO DHEePIUIO KOMILAeKca:

p-Na,S,0,-4H,O (mem.) + H,O -a-Na,5,0,-5H,0.

Takum obpasom, ruapatanms Na25203-5H20 mocaesHeil MOAEKYAOI BOABI SIBASETCS
HK30TepMIUIECKIM ITPOLIECCOM.

KosgduimeHnt akTupHOCTI - HTO BeAMdNMHa, OTpa’kalolllas BCce MMeIOINecs B AaHHONI
CUCTeMe SIBAEHIS, BBI3BIBAIOINNE WM3MEHEeHUS MOABVIKHOCTYM MOHOB. OH 3aBUCUT He TOABKO
OT KOHIIeHTpallMi JAaHHOTO BelllecTBa, HO U OT KOHIIeHTpalluy IIOCTOPOHHMX MOHOB,
IIPUCYTCTBYIOIINX B AaHHOM pacTsope [27]. Y Boabl KOO PUIIMEHT aKTUBHOCTY He3HAUNTEeABHO
ymenpiaercss npu HPBK. A 'y Na,§5,0,-6H,0 on yBeamdusaercst B -=7 pa3. Bosamoxxno, uro
yBeANdeHNe 3HaueHns KodPPpuimeHTa aKTUBHOCTI U CBSA3aHO C IIPUICOeAVIHEHEM IT0CAe HeN
MOA€KYABI BOABI, YTOOBI IOAYYMACS CTexuoMeTpudeckuii cocras Na,S,0,-6H,0.

BoiBoabl. Ilpu wmsydeHun ternao(pumamyeckmx CBOMCTB IUKANYECKNM TePMUIECKUM
anaanszoMm (LITA) u cosmemennsiM MetogoM LITA n ATA Ha npumepe 9BTEKTUKU B cUCTeMe
H,O — Na,5,0,-5H,0 6b1am oOHapy>KeHbl «KpUTUYECKMe» TPaHUIIBI Tleperpesa KUAKON daspl
Tx+ OTHOCUTEABHO TeMIlepaTyphl I1AaBA€HNs, pa3rpaHMYMBaIONINe 10CAeAYIONIe IIPOIIeCcCh
KPUCTAaAAU3alUN OT «B3PBIBHOI» (IIOCA€ OLIYTUMBIX IIepeOXAa’KAeHNI) K KBa3paBHOBECHOI
C He3HAYMUTeAbHBIM IepeoxaAaxkaeHneM, 4To BaxkHO Aas OIT XAM. Taxke Oblam ompeseaeHb
3HAUeHMs DHTAAbIINM IIAaBAEHUS WU Kpucradau3anuu. V1 XOTs BDHTaABINSA DBTEKTUKU
BCETJa MEHBITle DHTAABINUIN Ka’kKA0ro M3 KOMIIOHEHTOB, OHa BCerda 3HauuTeAbHa, a BMeCTe C
HI3KOIl IIepeoXAa’k4aeMOCTBIO ¥ BBICOKOM CTaOMABHOCTBIO, ®BTEKTMYECKIII COCTaB sBASeTCs
ONITMMAaAbHBIM BBIOOpOM A4as cozaanms PIT XAM.
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H,0 - Na,S,0,-5H,0 xyiieciHge 9BTeKTMKaabIK KYPaMHBIH KPVCTaA4aHybIHbIH
TepMOAMHAMIKAaAbIK IIapaMeTpAepiH Taaaay

Angarna. ®asaanik aybicyaapra (PA TA) HerizgeareH TOHA3BITKBIII aKKyMYAsATOpPAapbIH
93ipaeyae Kasipri yakbITTa Herisri KyIll apTypai KYPBLABIMABIK, KYPbIAFbIAapP MEH TOHa3bITKbIIIT
aKKyMYyASITOPABIH Ko1eMi, OeTiHiH ayaHEL, )KbIAy Oepy KoadPUITMeHTi (HeMece XKbIAY Kedeprici),
caakpiHAATKBII Matepuaaabiy (CAM) Oatapest mMarepmaabiMeH MHTepdeiici, TeMIleparypa
JKOHe 3apsATay KoHe paspsaTay yaKbIThl, DHePIUs TUIMALAITI CUSKTH TapaMeTpAepAi ecenreyre
OarpiTTaaraH. CoHbIMeH KaTap (pazaablK aybICy IIpoliecTepiHiH ©3iH JKoHe 0AapAblH XMMUIABIK
areHTTepAiH TMiIMAI XXYMBIC icTeyiHe acepiH ecenke aayAblH (PU3MKaABIK-XUMIAABIK Maceaeaepi
Halllap KaMTblaraH. bBya SkymbicTa ToXipmOeaik Typae aablHFaH TepMorpamMMasdapAbl
nanaaaana oteipsir, H,O — Na,S,0,-5H,0 (TCH-5) xyiiecinaeri 9BTeKTUKaABIK KypamMAbl 0aaKy
JKoHe KpHCTadjaHy/blH KMHETMKAAbIK >KeHe TepMOJMHaMMKAaAbIK IapaMeTpAepiH TaalaAblk,
onbl T=- 11°C ke3inge >xymeIic icrenitin CAM petiHge manigasanyra 6oaaasl. CyiisIK ¢azaHbIH
0aaKy TeMIlepaTypachiHa KaTBICTBI KbI3Y MOIIIepiHe XKoHe 04aH 9pi caaKblHAATyFa OailAaHBICTHI
KPUCTaAAaHYABIH €Ki Typi XypeTiHi aHbikTaaapl. bipinmi typi — T =T, TemmiepaTypacbiMen
coliKec KeAeTiH TeMIiepaTypaja 60aaTeiH KBas3y Ternie-TeHAiK Kpucraasany (KTTK). Exinmmi Typi -
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Oeariai O6ip KpucraajaHy aaAbIHAAFBI acKbIH CaAKbIHAATyAapra >KeTKeHHeH KeiliH OacTalaThlH
Terle-TeHAiKci3 >xapsularpin Kpucraagany (TTOKK). Dsrektukaga OeaceHaiaik, OeaceHaiaik
koo duIMeHTTepi XoHe aKTUBTeHy dHeprusdapsl T, TemIlepaTypacbhlHAa, SFHU Telle-TeHAiK
kpucraagany (TTK) xesinge >xoHe ae caaKplHAATy aliMarblHAArbl Temrepartypada T . = Terte-
TeHAiKci3 Xapplarbi kpucraadany (TTXKK) bacraaranaa aa ecenreaai.

TyJiiH ce3aep: caaKbIHAATKBIII MaTepuial, TEPMILIABIK Tad4ay, epiTiHAl, DBTeKTUKa, 0aaKy,
KpHUCTaajaHy, cy.

O. Sobol}, S. Frolova', A. Morzhukhin?
'Donbas National Academy of Civil Engineering and Architecture, Makeevka, Russia
?Dubna University, Dubna, Russia

Analysis of thermodynamic parameters of crystallization of eutectic composition in the
H,O - Na,5,0,-5H,0 system

Abstract. In the development of cold accumulators based on phase transitions (CA PT), the
main efforts are currently aimed at calculating various structural devices and parameters such as
volume, surface area of the CA, heat transfer coefficient (or thermal resistance) at the boundary
of the cold storage material (CSM) with the battery material, charging and discharge temperature
and time, energy efficiency. At the same time, the physical and chemical problems of accounting
for the processes of phase transitions themselves and their impact on the effective operation
of CA are poorly covered. In this work, the analysis of kinetic and thermodynamic parameters
of melting and crystallization of eutectic composition in the H,O- Na,S,0,-5H,0 system (TSN-
5) was carried out using experimentally obtained thermograms. Depending on the amount of
heating of the liquid phase with respect to the melting temperature and further cooling, there

are two types of crystallization. The first kind is quasi-equilibrium crystallization (QEC), which
occurs at a temperature coinciding with that of T, = T,. The second species is non-equilibrium-

explosive crystallization (NEC), which begins after certain pre-crystallization AT, =T, =1,
hypothermia have been achieved. Activities d?zo, aéCH 5, activity coefficients ]/520 }/ECH_S ,

and activation energy WEHZO , VVETC}F5 were calculated in eutectics, both at T, i.e., eﬁuilibrium
crystallization (QEC), and in the supercooling region at Tmin at the onset of non-equilibrium-

explosive crystallization (NEC).
Keywords: cold storage material, thermal analysis, solution, eutectics, melting, crystallization,
water.
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Wastewater treatment systems based on plant-microbial fuel cells

Abstract. The article presents data on the current state of using combined engineered wetlands
and microbial fuel cells and on the factors that provide wastewater treatment and power
generation. Wastewater treatment is one of the energy-intensive industries, with most of this
energy being used to supply oxygen from the atmosphere to biological reactors to oxidize effluent
organic matter. Both classical and new water purification methods, including biological post-
treatment, are used to increase the degree of purification and reduce energy losses. The simplest
and most effective way is soil cleaning using the technology of irrigation and filtration fields,
as well as wetlands.

Data are presented on plant-microbial fuel cells that perform wastewater treatment and are a
way to generate electricity through microbiological oxidation of organic substances with oxygen.
Fuel cells based on «Constructed Wetlands» sedimentary type, which received widespread use
in recent years. Even though «Wetlands» have been widely used for wastewater treatment since
the 70s of the last century, the modern use of Constructed Wetlands is an imitation of a swamp
with aquatic plants, soil, and associated microorganisms due to the possibility of generating
electricity in such systems.

Presented results of experimental plant-microbial fuel cells from plants (PMFCs) of various
natures. As a result of the conducted studies of experimental systems with PMFCs, stainless
steel, and graphite electrodes were selected, developing the highest potential, the optimal distance
between the electrodes in the plant was determined, which was 10 cm and was established,
that of plants more effective were plants of pistia, then rice and eihornia, which have a well-
developed root system, the smallest indicators of the current generation were in the reed.
Keywords: wetlands, plant-microbial fuel cells, purification, wastewater, electricity
generation, microorganisms, electrode.
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Introduction

The sharp increase in the demand for water and energy, while simultaneously increasing
their scarcity, increases the likelihood of a humanitarian crisis. In the next decade, the shortage
of available fresh water and the growth in energy consumption are expected to be 40% and 36%,
respectively, which will require sustainable solutions to these problems. Existing wastewater
treatment methods suffer from an imbalance in the work-to-energy ratio in providing treatment
standards [1]. It is now generally accepted that wastewater is a renewable energy source, holding
in the chemical bonds of organic matter several times more energy than is required for their
purification [2].
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Thus, the concepts of converting waste to energy and developing less energy-intensive
wastewater management technologies have evolved and been widely researched worldwide.
Developing economical and energy-neutral technologies is currently the most demanded
approach [3].

Reservoirs that have received excess organic matter (for example, from sewers or runoff from
cattle farms) become a “dead zone”: water blooms in them and fish and fauna die. To prevent
this, it is necessary to purify water from organic contaminants. On average, developed countries
annually spend up to 3% of all energy generated on such events. Conventional wastewater
treatment processes consume large amounts of energy, and energy demand in these systems
is expected to increase by as much as 20% over the next 15 years. The leading technologies
for treating urban, agricultural, and industrial wastewater operate based on energy-intensive
aerobic biological processes developed more than a century ago. Aeration accounts for 70% of
the energy used in wastewater treatment [4].

The municipal wastewater treatment sector is one of the most energy-intensive industries,
with most of this energy being used to supply oxygen from the atmosphere to biological reactors
to oxidize the organic matter of the effluent. Wastewater treatment accounts for about 3% of the
U.S. electrical load, which is approximately 110 terawatt-hours per year, or the equivalent of 9.6
million electricity consumers annually [5]. At the same time, water aeration makes up 45-75% of
the cost of electricity consumption by water treatment facilities, and the purification itself and
waste disposal can be up to 60% of the total operating cost. Their biological tertiary treatment
is used to increase the degree of purification and reduce energy losses. The simplest and most
effective way is soil cleaning using the technology of irrigation and filtration fields, as well as
«wetlands».

Biological treatment methods also include plant-microbial fuel cells (PMFC), which allow
minimizing energy losses by turning wastewater treatment from an energy-intensive process
into a method of generating electricity. Currently, the application of spread to environmentally
friendly engineering systems [6], to generate bioelectricity from rice fields [7], wetlands [8], green
roofs [9] and floating ponds [10]. In addition, there is potential for PMFC to be incorporated into
agricultural land without any impact on food production [11]. Indoor plants, green roofs, and
rooftop gardens can also be used in PMFC to generate bioelectricity, maintain air quality, and
provide ecosystem services [12].

Among plant-microbial fuel cells, fuel cells based on “Constructed Wetlands” of sedimentary
type, which have been widely used for wastewater treatment since the 70 years of the last century,
have become widely used.

Constructed Wetlands (CW) imitate a swamp with aquatic plants, soil, and associated
microorganisms, with a controlled environment for wastewater treatment in an aesthetic,
sustainable, and economical way [13]. The ability of natural wetlands to treat wastewater was
discovered as early as the 1950s [14]. The first constructed wetlands for municipal wastewater
treatment were established in 1974 in Germany [5] thanks to the work of K. Seidel from the Max
Planck Institute, which showed the possibility of using reeds for wastewater treatment. After
that, C.W.’s popularity grew in Europe and North America. CW has traditionally been used for
wastewater treatment. However, since the late 1980s, it has become more widely used to treat
various types of industrial, domestic, and agricultural wastewater [15].

In wetland treatment systems, aquatic plants are the primary tool for removing heavy
metals and bioremediation [16]. The first CW- MFC was constructed by A.K. Yadav [17]. Since
then, several more systems have been developed and tested, such as the vertical flow system
[18], horizontal subsurface flow system [19], and surface flow system with floating macrophytes
[20]. They have been used in the treatment of various types of wastewaters, and some of the
declared maximum power density of CW- MFC was 80 mW/m? [20], 35 mW/m? [18], 43 mW/m?
[20] and 184.75 + 7.50 mW/m? respectively [21].

One of the design options for the CW is shown in Figure 1. This shows the design with a
horizontal wastewater supply.
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CW designs are diverse, and attempts are being made to create combined CW, which
includes plant-microbial fuel cells based on CW- MFC

Figure 1. Diagram of a CW device.

Technology CW- PMEFC allows you to generate energy continuously without causing
competition for power and can work anywhere. Mild operating conditions make CW - PMFC
more attractive than traditional alternative energy sources.

A typical microbial fuel cell consists of anode and cathode chambers. In the anode
compartment, microorganisms oxidize organics, generating electrons and protons. Electrons
flow through the electrical circuit doing work, and protons are transferred through the separator
to the cathode chamber. Electrons and protons are consumed in the cathode compartment and
combined with oxygen to form water.

2CH,O,+60,—12CO,+24H" + 24e "~ - (anode compartment)
60, + 24H'+24e-— 12 H,O - (cathode compartment)

Chemical reactions occurring in a fuel cell are generally simple and have the following form:
C,H,O,+60,— 6CO,+ 6H,0+24e -

Microorganisms that consume a substrate such as sugar under aerobic conditions produce
carbon dioxide and water. Thus, the chemistry of the reaction is like the combustion process,
where the released energy is converted directly into electrical energy.

The standard redox potential of the glucose/CO, pair is - 0.41 V. At the cathode side, the
standard redox potential of the O,/H,O pair is + 0.82 V. Thus, the maximum potential difference
that can be obtained between the anode and cathode in PMFC is equal to 1.23 V.

The advantages of fuel cells over other types of devices that produce energy are:

- higher efficiency;

- no moving parts and as a result, no sound pollution;

- no emissions of environmentally polluting gases such as SO, NO, CO, etc.

In contrast to the advantages, a significant disadvantage of microbial fuel cells is the low
current strength, which leads to the need to connect numerous MFC into batteries, the need to
use current amplifiers and converters, which ultimately increases the cost of the MFC themselves
and the cost of the generated current. One of the solutions to this problem can be a combination
of MEFC with plants, i.e., plant-microbial fuel cells) or rhizome-microbial fuel cells within
sedimentary systems [22].

According to [23] the current strength of such PMFC can reach values of 3.2 W/m? plant
growth area. Dutch start-up Plant-e uses PMFC to generate electricity from rice fields. They
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promise to increase the capacity of their 100 m? of fuel cells to 2,800 kilowatt-hours per year
[24]. MFC systems can be applied to generate electricity at the water/sediment interface in
environments such as bay areas, wetlands, and rice fields. Using these systems, power generation
in rice fields has been demonstrated up to ~80 mW/m?[25].

The ability of PMFC based on CW to produce electricity with the simultaneous processing of
wastewater from livestock farms is shown. The removal efficiency was 93+1.7% chemical oxygen
demand (COD); 85+5.2% for total nitrogen; 90+5.4% ammonium; 98+5.3% for total phosphorus
and 99+2.9% for exchangeable phosphorus, respectively [26]. According to Zhao (2013), MFC
integrated with wetlands is the most economical way to achieve both wastewater treatment and
power generation goals [27].

Plants play a large role in PMFC, they provide filtration effects, nutrient absorption, and
oxygen release from the roots, increasing the surface area for microorganism growth [28].

Many plant species have been researched for bioelectricity production and wastewater
treatment in PMFC: this includes different types of rice [29], seaside marsh plants cordgrass
and arundo cane (Spartina anglica and Arundo donax), freshwater plants evasive reed (Arundinella
anomola), barnyard grass (Echinochloa glabrescens), Pennisetum setaceum, sucrose (Cyprus
involucratus), ryegrass (Lolium perenne) [30-34], wetland plants - water hyacinth (Echinorriea
crassipes), water morning glory (Ipomoea aquatic), broadleaf cattail (Typha latifolia), marsh calamus
(Acorus calamus), small duckweed (Lemna minuta) and Indian canna (Canna indica) [21, 35-39].

Spartina anglica has been recognized as an ideal plant for large-scale implementation in
wetland bioelectric production in the future. It provides maximum current generation and a
high degree of wastewater treatment from contaminants [40]. Among floating plants, the
water hyacinth (E. crassipes) is preferred, which is well known for its great ability to remove
biochemical oxygen demand (BOD), chemical oxygen demand (COD), nitrogen, phosphorus,
organic carbon, suspended solids, phenols, pesticides, heavy metals, etc. from wastewater, also
provides satisfactory current generation [41, 42].

In the CW- MFC system, the potential at the cathode is 299 mV, at the anode -341 mV. In the
presence of a plant, the current generation increases up to 142% [35]. Studies have shown that the
presence or absence of a plant in the field between the MFC- CW poles reduce internal resistance.
Thus, the internal resistance in the presence and absence of plant root systems was 217.7 Ohm
and 272.9 Ohm, respectively [43].

Due to the root secretions of different plants, a different microbial community is maintained
in PMFC [44, 45]. Electrogenic microorganisms play an important role in the generation of electric
current. Beneficial species of bacteria that produce electricity in PMFC have been identified and
include Geobacter spp., Ruminococcaceae spp., Desulfobulbus spp., Desulfovibrio, Bacillus, Geothrix,
Pseudomonas, Shewanella, Acidobacteria [46, 47].

Among the representatives of Bacillus, the main electrogenerating bacteria is Bacillus subtilis
[48]. These bacteria are classified as electrogenic, anodophilic, and exoelectrogenic based on their
ability to transfer electrons to electrodes without exogenous mediators [49]. Electrogenic bacteria
(EGB) can be both gram-negative and gram-positive, they have been identified as electron donors
in PMFC [50]. These microbes are grouped according to their location (on the anode or cathode)
or their role in electron transport. In addition, EGB and anaerobic bacteria in sediments and
surface waters oxidize available organic matter and directly transfer electrons to the anode [51].

Extracellular transfer of electrons by microorganisms to the anode is carried out in three
ways:

y1) mediated electron transfer, for example, Shewanella and Pseudomonas release mediators
(flavins) that can transfer electrons from bacteria to the anode surface [52];

2) direct electron transfer by biofilm-forming bacteria, for example, Shewanella and Geobacter
species transfer electrons through cytochromes or pili [53];

3) electron transfer through nanowires, for example, Geobacter and Shewanella use conductive
processes to transfer electrons to the anode [54].

Recent studies aim to enhance electricity production by PMFC and wastewater treatment
from various types of pollutants. Bulgarian researchers have shown the ability of PMFC to
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purify wastewater from oil products. The best results were achieved with a bottom feed of
water, a 3:1 mixture of sludge and peat, the use of stainless-steel electrodes, and no separator
between the aerobic and anaerobic zones. The plant was cordgrass. The oil supply was 100
mg/l crude oil (total oil content 1 mg/l, COD 4690 mg/l), the system was inoculated with highly
active oil-oxidizing bacteria (Pseudomonas veronii, Azoarcus communis, Pseudomonas chlororaphis,
Pseudomonas putida, Pseudomonas libanensis), the hydraulic retention time was 14 days. With this
design and mode of operation, a maximum specific power of 10.40 mW/m? was achieved and the
degree of purification of water and oil products was more than 99% in CW with an integrated
PMEC [55].

Treatment of gray wastewater with the following composition: turbidity 15.4 NTU; COD,_ -
477.8 mg O/1, COD, - 380.4 mg O/1, suspended solids - 95.9 mg/], nitrates - 7.1 mg/l and phosphates
- 19.9 mg/l in the CW-MFC system with the common reed plant showed its effectiveness in 152
days for the purification of COD 91.7%, for phosphates 56.3%. The nitrate removal efficiency was
above 86.5% with a current density of 33.52 achieved mW/m? [56].

Spanish researchers showed that CW-MFC was more effective with open circuits than with
closed circuits in wastewater treatment. In the first case, cleaning was more efficient by 18%, 15%,
31% and 25% in terms of COD, HDTYV, phosphates and ammonium, respectively. The optimal
external resistance turned out to be 220 Ohm from the investigated resistance range from 50 to
1000 Ohm [57].

On the other hand, experiments, conducted by Indian scientists, in open-circuit and closed-
circuit modes have shown that in a closed circuit the current generated is 12-20% more than in
open-circuit operation and 27-49% better in removing COD [58]. The maximum power density of
320.8 mW/m? and current density of 422.2 mA/m? were achieved with a granular graphite anode
and a Pt-coated carbon cloth cathode. The plant in the system was represented by the Indian shot

When adding 1/2 of the modified Hoagland’s solution to the anolyte solution and potassium
ferricyanide as an interelectronic transfer mediator the maximum power of 100 W/m? was
achieved at the cathode in PMFC with the plant S. anglica [59]. Adding graphene oxide to anolyte
PMFC gave a maximum power of 17 - 49 mW/m?, which was higher than the control (7.7-20 mW/
m?) [60].

The addition of compost to the PMFC substrate with rice increased the maximum power
density to 23 mW/m? [61]. Inoculation of CW-MFC with Ipomoea water plant (I. aquatica) with
anaerobic sludge and phosphate buffer provided a maximum specific power of 12.42 mW/m?,
which was 142% higher than that of the control CW-MFC (5.13 mW/m?) [61]. Based on results
using different levels of dissolved oxygen among CW-MEFC, the Chinese authors concluded that
a distance of 20 cm between the anode and cathode provides an optimal COD elimination of
94.90% at a power density of 0.15 W/m? 339.80 W internal resistance and Coulomb efficiency of
0.31%. In addition, COD at 200mg O/L provided greater power generation (open circuit voltage
741mV, power density 0.20 W/m?, internal resistance 339.80W and current 0.49mA) and cleaning
capacity (removal 90, 45% COD) than at higher COD values. By adding 50 mM phosphate buffer
solution to synthetic wastewater, relatively high conductivity and buffering capacity were
achieved, resulting in improved power generation [62].

Enrichment of PMFC with raigras (Lolium perenne) electrogenic bacteria from another
laboratory MFC allowed to remove 99% of Cr (VI) and obtain a current in the range of 30-70
mA/m? using half Hoagland’s solution and sodium acetate [63].

The use of an aero cathode in the system under discussion made it possible to obtain a
current amplification from 0.07 V to 0.52 V and a current density of 0.005 mV/m? and 4.21 mV/m?,
respectively, in 75 days of CW-MFC operation [64]. The use of a system of capacitors to collect
electricity has increased the performance of the CW-MFC system by almost 20% [65].

Thus, the selection of plants and their cultivation conditions, plant substrate, nutrient
solutions, electrogenic microflora, electrode design and material make it possible to regulate the
production and degradation processes of wastewater organic substances in promising CW-MFC
systems.
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Experimental part

Representatives of aquatic phytophthores in water bodies and wetlands were selected as
plants for plant and microbial fuel cells. Sediment type PMFC system for plants was used (Tab.1).

Table 1. Plants grown in laboratory and their characteristics in the experimental PMFC installation:
a) Pistia, b) Eichhornia, c) Reeds, d) Seeded Rice

a) Pistia (lat. Pistia stratiotes) is a monotypic genus of the Aroid family (Araceae), including the only
perennial herbaceous floating plant species. Small, evergreen, free-floating herbs with spreading
roots. The roots are numerous, pinnate, and floating, and the stem is shortened. The leaves form
a rosette, floating on the surface of the water, have intercellular spaces filled with air, gray-green,
sessile, obtusely wedge-shaped, with the greatest width at the end and somewhat narrowed towards
the base, with a rounded anterior margin, 15-25 cm long, 8-10 cm wide.

b) Eichhornia thick-legged (lat. Eichhornia crassipes) - water hyacinth, aquatic plant; species of the
genus Eichornia of the family Pontederiaceae. An annual floating aquatic plant shoots up to 2 m in
length (Figure 3). Leaves are collected in the socket. At the base of the leaf is a swelling, inside which
is a porous tissue, thanks to which the plant is kept afloat. The roots are long (up to 0.5 m), and
completely submerged in water. The flower is shaped like a hyacinth, it can be pink, blue or purple.
¢) Reed (lat. Scirpus) is a genus of perennial and annual coastal aquatic plants of the sedge family
(Figure 4). Reeds grown in the laboratory. It grows up to 4 meters and, in rare cases up to 6. Tall
perennial plant. The stem is cylindrical or trihedral, up to 3.5 m high. The flowers are bisexual, in
spikelets collected in an umbellate, paniculate or capitate inflorescence. Grows in swampy areas.

d) Seeded Rice (lat. Oryza sativa) is a genus of annuals and perennial herbaceous plants in cereal
families. Rice stalks reach up to one and a half meters in height, its leaves are quite broad, dark green
and rough along the edge. One-year rice is grown as an agricultural crop in the tropics, subtropics,
and warm temperate zones. Rice is one of the oldest food crops.

The PMFC system of sedimentary type for plants was used. The scheme is shown in Figure 2.
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Figure 2. Scheme of the design of a sedimentary fuel cell: 1 - plants, 2 - plastic cylinder, 3 - cathode,
4 - gravel, 5 - substrate, 6 - anode, 7 - substrate output, 8 - substrate input

Membrane-free design. The electrodes included in the system close the electrical circuit.
The following served as electrodes: an aluminum mesh 23.2 mm x 13.4 mm x 2.4 mm PVA (TU
U00236010.001-97), carbon (graphite) electrodes with a diameter of 8.0 mm (GOST 10720-75),
a graphite electrode, and a stainless steel sheet 2.0 mm, the anode is also made of the same
materials.

The distance between the electrodes was 5, 10, 20 cm. Two electrodes were connected to
a portable digital multimeter of the UT33C+ type (included in the State Register of Measuring
Instruments of the Republic of Kazakhstan) using copper wires or through a 1000 Ohm resistance.
System performance is determined by measuring open circuit voltage and short circuit current.

The plant system was installed on the Technopark NURIS Nazarbayev University premises,
where the temperature fluctuated between 20-25°C and humidity was not controlled. Illumination
with light from linear phytolamp of a full spectrum of 60 cm with a power of 12 W.

The imitation of the following composition (g/l) with pure substances was used as
wastewater: CH,COONa - 256.41 mg/l; NH,CI - 76.43 mg/l; NaNO, - 30.36; KH, PO, - 14.24 mg/];
CaCl, - 14.7 mg/l; MgCl, - 20.3 mg/l and solution of microelements containing Fe, B, Zn, Cu, Mn,
Mo in optimal quantities for the universal cultivation of almost any plants by hydroponics - 10
ml/l [21]. Synthetic wastewater was applied to the surface of each CW-MFC.

All systems were operated under laboratory conditions at room temperature of 20°C. Daily
water loss due to evapotranspiration and sampling in the CW-MFC ranged from 1 to 5%. The
evaporated water was replenished daily with fresh synthetic wastewater. As a filler, gravel from
dense rocks with a fraction of 20-40 mm was used according to GOST 8267-93.

COD measurement was carried out according to GOST 31859-2012 “Water. Method for
determining the chemical oxygen demand» on the device Expert 003 (Spectrophotometer with a
thermoreactor). The apparatus was calibrated with solutions of a standard sample of chemical
oxygen demand GSO 7552-99. The device has the function of built-in construction of a calibration
curve and automatic determination of the COD value.

The current voltage characteristics were measured using a Fluke 8808 A multimeter. Standard
sample of chemical oxygen demand GSO 7552-99). The Devard method calculates ammonium
and nitrate nitrogen according to GOST 30181.4-94. Determination of phosphates according to
GOST 18309-2014 “Water. Methods for the determination of phosphorus-containing substances”.

Statistical results were processed using the software package «Statistica 6.0» with standard
deviation #1 for voltage (in mV) and Microsoft Excel 97. Measurements were made in three
parallel.
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As part of the creation of model PMFCs in CW, a series of experiments were carried out
to generate electricity using various installations containing the following plant species: pistia
(Pistia stratiote), eichhornia (Eichhornia crassipes), reed (Scirpus), seed (Oryza sativa).

For the production of plants, planting material has been purchased and in laboratory
conditions a hydroponic plant for 150 litres of water, with a constant flow of water and
illumination with full spectrum LED phytolamps has been created (Figure 3).

Figure 3. Hydroponic installation for growing aquatic plants

Cultivated crops were established in experimental PMTE. Experimental PMFC was based
on a PVC pipe (polyvinyl chloride) with a diameter of 150.0 mm and a thickness of 2.0 mm
(GOST 32413-2013), and the installation height is 37 cm. The working volume of PMFC was 6
liters (Figure 4).

Figure 4. Experimental PMFC

When cultivating plants on experimental setups, the roots and the oxidized substrate are
under aerobic conditions, aerated with air or pure oxygen in the PMFC cathode chamber. In turn,
the lower compartment of the PMFC contains an anode, where anaerobic conditions are created
(Figure 4).

The proposed PMFC does not have a proton-selective membrane in its design. At the anode,
microorganisms assimilate organic substances from water, while free protons diffuse to the
cathode, where they were oxidized by oxygen to water. A solution of synthetic wastewater was
used as a substrate [21]. The wastewater solution was supplied from the bottom valve at a rate of
6 1/day, so the volume is updated in 24 hours.
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The initial analysis of the chemical composition of synthetic wastewater showed: COD 210.4
+60.9 mg O/, NH," - (N) =19.7 £ 1.6 mg/l and NO,- (N) =4.78 + 1.5 mg/l, while 70% to 82% TN
is NH,*- N.

Indicators of voltage, current strength and potential difference were determined daily using
a multimeter. Positive indicators of electrogenic activity were obtained during cultivation for 50-
100 hours, the maximum indicators were achieved on days 10-15 (Figure 5).
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Figure 5. Dynamics of electrogenic activity of PMFC with various plants
As part of the study, high electrogenic activity was shown by installations with a graphite
electrode, where the maximum voltage indicator was reached at the level of 512 mV, with a

cultivation duration of 74 days using Pistia stratiote with a current strength of 1.61 mA (Table 2).

Table 2. Indicators of electrogenic activity of experimental models of PMFC

Plants Model PMEFC Number of days Max mV Max mA
Pistia graphite rod, 10 cm 74 512+1 1.61
Eichhornia graphite rod, 10 cm 74 198+1 0.14
Rice graphite rod, 10 cm 74 168+1 0.15+1
Reed graphite rod, 10 cm 74 111+1 0.8

The electrical parameters of PMFC were studied depending on the design and material of
the electrodes. The design parameters of the studied PMFC included various distances between
the electrodes (100-200 mm), various plants (Pistia, Eichhornia, Scirpus, Oryza sativa), various
shapes and sizes of electrodes (classic graphite electrode, graphite rod electrode 8 mm), as well
as an aluminium mesh.

On average, between different electrode designs, no significant differences were observed
between the specific power and strength of the studied PMFC experimental setups (Table 3).
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Table 3. Indicators of electrogenic activity of experimental PMFC

Current
No. Plants PMFC design Number | Voltage, strength,
p/p of days mV A
1 Rice Sample 1, stainless steel metal, 10 cm. 74 405+1 0.15
2 Rice Sample 2, stainless steel metal, 20 cm. 74 220+1 0.15
3 Rice Sample 3, alum. grid, 10 cm. 83 443+1 1.38
4 Rice Sample 4, alum. mesh, 20 cm. 83 222+1 1.10
5 Rice Sample 5, graphite rod, 10 cm. 61 468+1 1.11
6 Rice Sample 6, graphite rod, 20 cm. 61 222+1 1.17
7 Rice Sample 7, graphite rod, 5 cm. 15 228+1 1.56
8 Pistia Sample 8§, stainless steel metal, 20 cm. 74 431+1 1.00
9 Pistia Sample 9, alum. grid, 10 cm. 83 478+1 1.11
10 Pistia Sample 10, alum. mesh, 20 cm. 83 408.4+1 1.05
11 Pistia Sample 11, graphite rod, 10 cm. 61 447+1 1.27
12 Pistia Sample 12, graphite rod, 20 cm. 61 88+1 0.58
13 Pistia Sample 13, graphite rod, 20 cm. 15 180+1 1.58
14 Reed Sample 14, stainless steel metal, 10 cm. 74 311+1 0.88
15 Reed Sample 15, stainless steel metal, 20 cm. 74 180+1 0.58
16 Reed Sample 16, alum. grid, 10 cm. 83 444+1 0.53
17 Reed Sample 17, alum. mesh, 20 cm. 83 428+1 0.71
18 Reed Sample 18, graphite rod, 10 cm. 61 401+1 0.25
19 Reed Sample 19, graphite rod, 20 cm. 61 103+1 0.21
20 Eichhornia | Sample 20, stainless steel metal, 10 cm. 74 358+1 1.41
21 Eichhornia | Sample 21, stainless steel metal, 20 cm. 74 3011 1.15
22 Eichhornia | Sample 22, aluminium grid, 10 cm. 83 468+1 0.75
23 Eichhornia | Sample 23, aluminium mesh, 20 cm. 83 388+1 0.38
24 Eichhornia | Sample 24, graphite rod, 10 cm. 61 408+1 0.97
25 Eichhornia | Sample 25, graphite rod, 20 cm. 61 255+1 0.57
26 Eichhornia | Sample 26, graphite rod, 5 cm. 15 270+1 0.44

However, it is important to note that PMFC. containing stainless steel electrodes achieved
the highest voltage values of 607 mV. At the same time, graphite installations started up most
quickly and produced current, in turn, aluminium mesh electrodes also showed a high potential
with a maximum of 468 mV.

Of the presented in Table 3 indicators of electrogenic activity, the optimal distance between
the electrodes in the setup was determined, which was 10 cm. The highest potential was developed
by electrodes made of stainless steel and graphite. Of the plants, pistia plants show the greatest
efficiency, then seed and eichhornia, the lowest indicators of the current generation were in reed.
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Table 4. Power indicators of experimental PMFC

o Measurements through

pen loop measurements .

No. Experience resistance, 989 Ohm Power,

p/p variant Voltage, Current Voltage, Current Wit

mV strength, mA mV strength, mA

1 Sample 1 405 0.15 180 0.18 324
2 Sample 2 220 0.15 87 0.08 6.96
3 Sample 3 443 1.38 258 0.2 51.6
4 Sample 4 222 1.1 98 0.09 8.82
5 Sample 5 468 1.11 314 0.35 109.9
6 Sample 6 222 1.17 100 0.1 10
7 Sample 7 228 1.56 147 0.14 20.58
8 Sample 8 431 1 305 0.3 91.5
9 Sample 9 478 1.11 323 0.35 113.05
10 Sample 10 408.4 1.05 178 0.18 32.04
11 Sample 11 447 1.27 205 0.2 41
12 Sample 12 88 0.58 14 0.01 0.14
13 Sample 13 180 1.58 120 0.12 14.4
14 Sample 14 311 0.88 179 0.18 32.22
15 Sample 15 180 0.58 77 0.08 6.16
16 Sample 16 444 0.53 286 0.29 82.94
17 Sample 17 428 0.71 270 0.27 72.9
18 Sample 18 401 0.25 174 0.17 29.58
19 Sample 19 103 0.21 68 0.06 4.08
20 Sample 20 358 1.41 220 0.22 48.4
21 Sample 21 301 1.15 208 0.21 43.68
22 Sample 22 468 0.75 300 0.3 90
23 Sample 23 388 0.38 217 0.21 45.57
24 Sample 24 408 0.97 304 0.3 91.2
25 Sample 25 255 0.57 186 0.18 33.48
26 Sample 26 270 0.44 113 0.11 12.43

According to Table 4, sample No. 9 has the highest power, which consists of stainless steel
electrodes located at a distance of 10 cm using pistia (Pistia stratiote) as a plant element.

Samples No. 5 seed (Oryza sativa), graphite rod 10 cm), and No. 8 pistia (Pistia stratiote),
stainless steel, 20 cm) also showed high power.

The effectiveness of PMFC in the process of purification of polluted water with organo-
mineral pollutants was carried out on experimental sedimentary-type PMFC installations with
these planted plants and with the addition of the drug «KazBioRem-EM» at a dose of 109 CFU/
cm?’. Synthetic wastewater was used as dirty water. The results of the experiment were presented
in Table 5.
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Table 5. Results of measurements of current-voltage characteristics and chemical composition of

solutions
No Experience | Voltage, s(t:;i;’:g COD, NO?, NH,", PO, NO,,
’ Variant mV uA 7| mgO/dm?® | mg/dm® | mg/dm® | mg/dm® | mg/dm?®
1 Initial 8.0 0 210.4 4.78 19.7 3.69 1.51
2 | Sample 1 4051 0.15 18.1 0.87 0.85 0.98 0.17
3 | Sample?2 220+1 0.15 22.4 0.79 1.26 1.67 0.32
4 | Sample 3 443+1 1.38 15.0 0.98 1.01 1.50 0.21
5 | Sample 4 222+1 1.10 19.0 0.59 0.82 1.55 0.47
6 | Sample 5 468+1 1.11 12.5 0.88 1.94 0.89 0.28
7 | Sample 6 222+1 1.17 18.6 0.95 1.33 0.53 0.40
8 | Sample 7 228+1 1.56 17.9 0.42 0.99 0.24 0.26
9 | Sample 8 431+1 1.00 17.2 0.84 1.28 0.12 0.22
10 | Sample 9 478+1 1.11 19.3 0.55 1.08 0.25 0.31
11 | Sample 10 408.4+1 1.05 20.4 0.57 1.36 0.58 0.48
12 | Sample 11 447+1 1.27 25.6 0.86 2.01 0.75 0.12
13 | Sample 12 88+1 0.58 439 1.02 5.22 0.36 0.35
14 | Sample 13 180+1 1.58 39.5 0.73 2.36 0.51 0.14
15 | Sample 14 311+1 0.88 27.3 0.48 1.56 0.89 0.24
16 | Sample 15 180+1 0.58 48.1 0.72 1.88 0.82 0.29
17 | Sample 16 444+1 0.53 12.7 0.85 3.05 1.08 0.52
18 | Sample 17 428+1 0.71 11.0 0.28 1.56 1.68 0.39
19 | Sample 18 401+1 0.25 13.8 0.86 1.22 1.05 0.70
20 | Sample 19 1031 0.21 32.0 0.49 1.63 1.56 0.62
21 | Sample 20 358+1 1.41 19.2 0.96 1.58 0.78 0.28
22 | Sample 21 301+1 1.15 23.2 0.78 1.99 0.36 0.14
23 | Sample 22 468+1 0.75 15.4 0.52 1.24 1.52 0.19
24 | Sample 23 388+1 0.38 28.0 0.63 2.08 0.48 0.74
25 | Sample 24 408+1 0.97 15.2 0.48 1.89 0.75 0.85
26 | Sample 25 255+1 0.57 29.4 0.85 1.75 0.58 0.28
27 | Sample 26 270+1 0.44 29.7 0.76 2.33 0.74 0.26

As can be seen from Table 5, almost all experiments show a significant decrease of 5 times
or more in nitrate, nitrite and ion phosphate. Residual ion concentrations (5-0.1 mg/l) appear to
be due to the inability of plants to absorb them due to the low ion force of the solution. It should
be noted that ammonium, nitrite, and nitrate ions were interconnected because Nitrosomonas,
Nitrosococcus and Nitrosospira oxidize ammonium to nitrite ions. Nitrite oxidation to nitrate
is produced by nitrate bacteria of the soil genus Nitrobacter and aqueous genera Nitrospira,
Nitrococcus, Nitrospina. Nitrate ions and phosphate ions were absorbed by plants.

The organic compound content in water is characterized by the COD parameter. It should
be taken into account that organic compounds in water were breeding ground for micro-
organisms, due to their activity organic matter is reduced in water, and at the same time bacteria
are organic compounds that are fixed when determining COD In the original solution, the COD
was 210 mg/l after testing, dropping to 29-10 mg/I (almost 7-10 times). The decrease of carbon
in water is due to its removal in the form of carbon dioxide, formed by the «breathing» of
microorganismes.
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Thus, as a result of water purification by PMFC systems, plants such as rice, pistia, and
eihornia showed good results, due to the well-developed root system of these plants. It should
be noted that these plants in nature live in symbiosis with microorganisms living on the surface
of the roots

Conclusion

A review of the current literature suggests that the concepts of waste-to-energy conversion
and the development of less energy-intensive wastewater management technologies have
been developed and extensively researched worldwide. The development of economical and
energy-neutral technologies is currently the most demanded approach. One such technology
is the use of systems Constructed Wetlands, which generate electricity from certain plants and
microorganisms along with wastewater treatment. The selection of plants and their cultivation
conditions, plant substrate, nutrient solutions, electrogenic microflora, electrode design and
material make it possible to regulate wastewater organic matter’s production and degradation
processes in advanced CW-MFC systems.

The conducted research on plant-microbial fuel cell systems resulted in the selection
of electrodes made of stainless steel and graphite, which exhibited the highest potential, the
determination of the optimal distance between the electrodes in the setup (10 cm), and it was
established that among the investigated plants the Pistia (Pistia stratiote) proved to be the most
efficient in generating electricity.
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OciMaiK-MUKPOOTHIK OTBIH D1€MEeHTTEepiHe Heri3JeareH arbIHABI CyAapAbl Ta3apTy
XKyleaepi

Anpatna. Makaaaga Oipikripiaren >kacaHabl Cyabpl-OaTIIaKThl >KepaAep >KoHe MMKPOOTHIK OTBIH
91eMeHTTepiH MaligadaHy MaceAeCiHiH aFpIMAAFBI JKaFAalibl KoHe aFbIHABI CyAapAbl Ta3apTy MeH DAeKTP
DHEPIUACHIH OHAIPYAi KaMTaMachl3 eTeTiH ¢akTopaap Typaabl AepeKTep KeATipiareH. AFBIHABI CyAapAbl
TazapTy KOl DHePIUsAHbI Ka’KeT eTeTiH calalapAblH Oipi 004bII Tabblaagbl, Oy DHePIUAHBIH KOl Oeairi
arblHABI CyAapJarbl OPTaHMKAABIK 3aTTapAbl TOTBHIKTBIPYFa KakeT OTTeKTi OMOAOIMAABIK peaKkropAapra
atMocdepagaHn Oepy yuIiH maigasaneiaagsl. Cyasl TazapTyAblH KAacCHKaABIK JKoHe 3aMaHayM a4icrepi
KapacThIpblAaabl, OHBIH illiHAE Ta3apTy AspeXKeciH apTTHIPY >KoHe DHepIV IIBIFBIHBIH a3alTy YILUiH
KO/JaHBIAaThIH, OMOAOTMAABIK KaiTa TasapTy. EH KapamaibeiM >koHe THiMAL 94ic — cy3y >KoHe erictepai
cyapy TeXHOAOIMACHIH, COHJaii-aK CyAbl-OaTIIaKThl aAKalTapAbl (BeTAaHATapAbl) KOAAaHY apKbLABI
TOIIBIPAKTHI Ta3alay.

IHerinai tunreri «Constructed Wetlands» Herizinge >KkacaaraH ©CIMAIKTI-MUKPOOTBIK OTBIH
9AeMeHTTepi Typaabl AepeKTep COHFBI XKbl1J4aphl KeHiHeH KoaJaHblayda. «BeTaanarap» eTKeH FachIpAbIH
70-xplagapbiHaH OacTam arblHALI CyAapAbl TazapTy YIIiH KeHiHeH IlalijadaHblAFaHBIHA KapaMacTaH,
Kasipri yakhpITTa Cy eciMaikTepi, TOIbIpaK >KoHe 0JapMeH 0allaaHBICTBI MUKPOOPTaHU3MAepi Oap cyabl-
GaTmaxThl XKepai mMmuTanuaiay 6o tadbbiaaTeiH «Constructed Wetlands» sxyiteaepin oaapabig 9aexTp
SHEPIVICHIH OHAIPY MYMKIHAITIMEH epeKIIeAeHeAl.

YchIHBIAFAH 3epTTey HoTVDKeAepi 9KCIepUMEHTTIK ©CiMAIK-MUKPOOTHIK, OTBIH DAeMeTTepiH
KypacTeIpysda TaOMFaThl o9pTypAai eciMgikrepai maiigasaHyfa HeTizgeareH. 3epTTeyaep HOTUKecCiHJe
merinai tTunti ©OMOD KypacThIpyja eH >KOraphl ITOTeHITMaAAbl KOpceTeTiH TOT OacHaiiThiH OoaaTTaH
>KoHe rpapUTTEH >KacaaraH 9AeKTPOATap TaHAaAAbl, KOHABIPFBIAAFEl AEKTPOATAp apachlHAAFbI OHTAILABI
KambIKTHIK 10 cM ©0AaTBIHBI aHBIKTAaAABl JKOHE ©CiMAiKTep apachlHAA TaMBIP >KyJieci KaKChl AaMBIFaH
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Ye. Zhatkanbayev, K. Kurtibay, Zh. Zhatkanbayeva, A. Kayubaliyeva, A. Ussenova, A. Kappassuly, Sh. Turarbek,
D. Sembaeva, E. Moldagulova

MUCTUS, KYPIII >KoHe DMXHOPUs OCIMAIKTepiHiH THMiMAipeK eKeHAIri HaKTblaaHAbl. EH TeMeHTIi TOKTEHI
reHepanuslay KepceTKilTepi KaMbIcTa 00AAbI.

Tyiin cesaep: oCiMAiK-MUKPOOTHIK OTBLIH DA€MEeHTi, CyAbl-OaTIakThl >KepAep, Ta3apTy, aFbIHADI
cyAap, A€KTp DHEPTUACHIH OHAIPY, MUKpOar3aaap, 9AeKTpog,.
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A.A.Ycenosa, A. Karmnacyasr', I11. Typap6ex?, 4.2K. CembaeBa’, D.b. Moagaryaosa'
'TOO «Hayumo-npoussodcmeerHotii ueHmp IKOA0ZUUECKOl U NPOMOIUAEHHON OUOMEXHOAOZUL»,
Acmana, Kasaxcman
?HAO «Espasuiickuil Hayuonarvnbviil ynusepcumem umenu A.H. [ymuresa», Acmana, Kasaxcman

CucreMsbl OUMCTKIM CTOYHBIX BOA Ha OCHOBe paCTI/ITeAI)HO-MI/IKp06HbIX TOIIAMBHBIX
21€eMEeHTOB

AnHOTanmsI. B cTaThe npuBeAeHBI JaHHbIE ITO COBPEMEHHOMY COCTOSTHUIO BOIIPOCA VICITOAb30BAHNUS
KOMOMHUPOBAHHBIX KOHCTPYMPOBAHHBIX OOAOTHBIX YIOAMII M MMUKPOOHBIX TOILAMBHBIX DA€MEHTOB M O
daxropax, obecrieunBarOIINX OYNCTKY CTOUHBIX BOJ M TeHeparuio Toka. OurcTKa CTOUHBIX BOJ SIBASETCS
OAHUM M3 DHEPrOeMKUX IIPOM3BOACTB, M OOABIIAs YacTh DTONM DHEPIUM MCIIOAB3YETCA AAS IIOAAUM
K1cA0poAa u3 arMocdepsl B O110A0TMIecKie PeaKTOPBL 4451 OKICAEHSI OPraHNYeCKIIX BEIleCTB B CTOYHBIX
BOJAX.

PaccMOTpeHBI KaK KAacCUUecKie, TaK U HOBbIe MEeTOABI OUVCTKI BOABL, B TOM 4ucAe OMO0A0rMIecKast
AOOUNICTKA, KOTOpas UCIOAB3YeTCs AASl MOBBIIIEHNUS CTEIIeHN OYNMCTKU U CHVDKEHUS IIOT€Ph DHEPIUIL.
Hamnboaee mipocteiM 1 9PPEKTUBHBIM CITOCOOOM CAYKMUT ITOYBEHHAsT OYUCTKA IO TEXHOAOTUMU IOJAEN
oporrtennst n GuABTpAINI, a TAKKe BeTAaHABL. lIpeacTaBAeHBl AaHHBIE O PACTUTEABHO-MUKPOOHBIX
TOILAMBHBIX D/A€MeHTaX, KOTOPhIE COBEpPINAIOT OYMCTKY CTOYHBIX BOJ U IIPEACTaBASIOT cOOOM CI1ocod
[IOAYYEeHUsI DAEKTPODHEPIMUM 3a CYeT MUKPOOMOAOTMYECKOIO OKMCAEHMsI OPTaHMYECKNX BeIecTB
KICAOPOAOM.

OxapakTrepu3oBaHbl TOILAMBHEIE D1eMeHTHl Ha ocHOBe «Constructed Wetlands» ocagounoro Tuma,
KOTOPBbIe ITOAYUNAN I POKOe ITPUMeHeHIIe B ITocAeHee BpeMsl. HecMoTpst Ha TO, uTo «BeTaaHAbI» IIMPOKO
JICIIOAB3YIOTCS AAS OYMCTKI CTOYHBIX BOZ C 70-X TOA0B IIPOIIA0TO CTOAETHS, COBpEMEHHOE UCII0Ab30BaHIe
Constructed Wetlands (CW) — sTo nmuranus 6010Ta ¢ BOAHBIMU PacTeHUMU, IIOYBOI U CBSI3aHHBIMU C
HIUMJ MUKpPOOpraHusMamu, 00ycA0BA€HO BO3MOXKHOCTBIO reHepalu 91eKTPOYHEPTUN B TaKIX CHICTEMAX.

IIpeacraBaeHBI — pe3yAbTaThl  JMCCAEJOBaHUS  DKCIIEPUMEHTAABHBIX  PAaCTUTEABHO-MUKPOOHBIX
TOIAVMBHBIX DA€MEHTOB U3 pacTeHUII pa3AMIHON IPUPOAL. B pesyabrare mpoBeAeHHBIX MCCAeAOBAHIIIA
DKCIIEpUMEHTaABHBIX cucreM ¢ PMTD Oblam 1mogo0paHBl DA€KTPOABL M3 Hep KaBeIoLell CTadu I
rpadura, pasBuBamolye HayuOoJAee BBICOKMII IIOTEHINMAA, OIpejeleHO OITHMAaAbHOE pacCTOsHIE
MeXAy 9AeKTPOAaMM B YCTaHOBKe, KOTOpoe cocTaBiao 10 ¢M U yCTaHOBJEHO, YTO M3 pacTeHuit 6oaee
9(PeKTUBHBIMU ABASIOTCSI pacTeHUs IINCTUA, 3aTeM PUC U DUXOPHMSA, KOTOpble 001aalOT XOPOIIO
Pa3BUTOI KOPHEBOI CUCTEMOJI, HaMeHBIIEe TI0Ka3aTeAN TeHepaluy TOKa OblAY Y KaMBbIIIla

Kaiouesble caoBa: pacTUTeAbHO-MUKPOOHBINI TOILAMBHBIN 9A€MEHT, OOAOTHBIE YIOAbs, OYMCTKA,
CTOYHBIE BOADI, TeHEepaLIVS DAEKTPODHEPIUN, MUKPOOPTAaHU3MBL, DAEKTPOA.
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MCCZIEAOB&HI/IG XMMYIeCKOro coCraBa «Aequei[» 30A4bI 1 ee
BAVIsSIHVIE Ha ITIPOYTHOCTD IIEMEHTHOIO KaMH I

Annotanus. Cmamos nocéaujeHa npooreMam, CéA3aHHbIM €O CHUXEHUEM He2amueHozo
6030eticmeusl  30A0uwAaKosvix omxodos TIL Kasaxcmana na oxpyxaiwouiyio cpeoy.
Boipabamoieaemas 6 00AULUX KOAUHECTNEAX ACYUAS 30AQ KAK NPOOYKM C2OPAHUS MONAUGA
HA AHEP2OCAHUUSLX OMPULATEALHO 6AUSEN HA HEULH1010 cpedy, 3azps3Hasl 6030YX, NOUEbI,
cmouvle 6006l U M.1.

B cmamve mnpusedenvl pesyrbmamvl XUMUHUECKO20 COCHIAGA 30AOULAAKOGLIX 0MX000G.
Paccmompenvt 60smoxHvie nymu UcnoAv3osanus 30Avl. Taxxke usydern Pasosoiii cocmas
UeMenmmozo Kamms ¢ J00asAeHuemM AemyUeil 30Abl ¢ NOMOULLIO COBPEMEHHBIX Memodos
AHAAUSA: PeHm2eHoPaso6ulil u permzenoparyopecuermmuiil. bviao 6vbis6AeH0, UMO K 0CHOGHDIM
Mmaxpoaremenmam 30av1 omuocsmes Si, Al, Fe, O, Ca, Ti, Mg, S, K, Na.

TMomumo usyuenus pasmepos u Popm muxpocdep 6 pabome cmasurUcy 3a0aii onpedereHus
611006 MEPMOAKINUGHVIX (A3, COCIAGASLIOULUX 1eMEeHIHO020 KAMHS npu mepmoodpadomie;
usyuerue cmpyKmypHolLX usmerenuii npu mepmoodpadomice. Permeenodasosuiilt anarus no
UCCAC06AHUI0 30ADHVIX MUKpocPep noxaszar caedyroujue Pasvr: myaruma Al Si O, ., keapua
Si0, u amopgroii cmexAopasot.

ITpumenenue 30Av1 Kak UCMOUHUKA OKCUOO06 ANMOMUHUS U KPEMHUSL HE THOALKO NMO360AUM
CHUSUMD UCTIOAD306AHUE HEE0300HOBASEMIX Pecypcos, HO U NOAYUUMD MAMEPUANDL C
YAYHULEHHVIMU MeNAOPUSUUECKUMU XAPAKMepUcmuKkamu (npouHocib, mepmocmoikocs
U MenAonposooHocy). Buibop onmumarvioz0 KOAUHECMSA 30Abl YHOCA 63AMEH 4ACHIU
yemerma cnocodcmeyen 00pas06atuIo KkeAameAvHOll CIPYKMYpbl UeMeHmMH020 KAMHA.
Karouaesblie caoBa: Aemyuas 30Aa, 30A001M6aA, 0MX000 HPOUSE00CIEA, IACMEHIMHBLE AHAAUS,
penmzeHoPpasoeuitl Mermoo, uemeHm.

13
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BBeaenue

AxrtyaapHOCTh. C KaXAbIM TOJ4OM yBeAMYMBaeTcs OO0AbIIOe KOAMYECTBO BBHIOPOCOB
3040I111aKOBBIX OTXOA0B (AeTyyas 304a), oOpasylomuxcsa Ha TOLl. B HacTosmee spems
MUPOBOe exxerogHoe rnmpon3soActso 31O (30401111aK0BBIX OTXOA0B) COCTaBAsIeT IpuMepHO 750
MIAAVOHOB TOHH, M OXKIAAeTCs, YTO B OAVDKaiiieM OyAylleM 9TO KOAMYECTBO OTXOAOB OyaeT
pactu. JaHHbBIN PaKT SABASETCA OAHONM M3 CePbe3HBIX HKOAOTMYEeCKUX IPOoOJeM, CBI3aHHBIX C
yTPO30J1 340POBBIO HaceAeHUs ¥ DKOAOTMYecKOl Oe3orlacHOCTU (HaHeceHUe yiepOa IT04Be,
pacrenusaM, atmocdepe). /eTydas 3041a MOXKET Aake ITOIACTb B IIOYBY U 3aTPsISHUTH TPYHTOBBIE
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Vcceaedosariue xumueckozo cocmaga «Aemyuea» 30AbL U ee 6AUSHUE HA NPOUHOCD UeMeHMH020 KAMHSL

BOABI TsKeAbIMU MeTaaaamu [1-2]. VI3 30401111aKOBBIX OTXOAOB 13 YT, BeipabaThibaeMbix TOL,
B Kasaxcrane repepabarsiBaeTcs 0K0a10 8 % 30451 (MeHee 1,9 MAH TOHH).

Pecniybamka Kasaxcran saHuMaeT 8-e MecTo B Mupe IO pa3BejaHHBIM 3allacaM yTas,
coaep>xnt 3,4 % MUPOBEIX 3aI1acOB B HeApaX U BXOAUT B A€CSATKY KPYITHENIINX IIPOU3BOANTE A
yTIAs51 Ha MIPOBOM PBIHKe. VIc1101p30BaHIe MHOTOTOHHA>KHOJ 304BI 13 MECTOPOXKAEHMIA SBASAETCs
HEOTAOXHOM 1podaemoit. OJHUM M3 CIOCODOB peIIeHMs ABASIeTCA ee NpUMeHeHHue IIpu
nponssoAcTse OeToHa. IToBbIIIIeHNe DKOAOTMYECKOI De30I1acHOCTH IIpealloAaraeT CHIUKeHMe
pacxoga OPUPOAHOTO CHIPLsA IIPU IIPOM3BOACTBe OeTOHa I COKpallleHMe IIPOMBIII/IEeHHBIX
OTXOJ0B.

Lleap10 4aHHOTO MCCA€AOBAHIA SIBASIETCS M3YIeHle XMMIIeCKOIO COCTaBa AeTydell 3015l U3
30400TBaA0B TEIAOBLIX DAEKTPOCTAaHIINIA, a TaKXKe BAMSHILS B KauyecTse 400aBKM Ha CTPYKTYpy
¥ CBOJICTBA IIEMEHTHOI'O KaMH:I.

Matepunaabl 1 METOABL

AAas M3ydeHNs IIOTeHUMAABHOTO MCIOAB30BaHIS 301BI, OTOOpPaHHON 13 30400TBAAOB I
3040yAOBUTeA€l, DAeMEHTHBIN COCTaB OIpeleAsAN C IOMOIIIBIO PeHTIeHOMAyOpeclleHTHOTO
peHTreHOgAyOopeciieHTHOro crekrpoMerpa Epsilon 1 (Malvern Panalytical, Maaseps,
BeanxoOpuranus). B kauecTBe MCTOYHMKA PEHTTEHOBCKOTO WM3AY4YeHUs B CIeKTpoMeTpe
ICII0/b30Bajach peHTTeHOBCKas TpyOKa ¢ Habopom mepsnaHbIX GpuasTpos (U =50 xB, I” = 0,5
MA; MaKcMaAbHast MOITHOCTE 5 BA; MaTepuaa aHoga — cepebpo).

Xummaeckniti 1 (asoBBII  COCTaB  MCIOAb3YeMBIX MaTepualoB OCYIIeCTBASACA C
IIpUMeHeHeM COBpeMeHHBIXMeTOA0BaHaA3a: peHTTeHO(a30BbIN 1 PeHTTeHO(AyOPeCIIeHTHEII.
PenTrenogasoBbIii aHaAM3 OCYIIIeCTBASAACS C IOMOIIBIO PEHTTEHOBCKOTO A paKTOMeTpa 00111ero
Ha3HauyeH!s, KOTOPBIN IpeAHa3HauYeH AAsl M3MepPeHUs] MHTEeHCUMBHOCTU U YIA0B AuQpakIium
PEHTIeHOBCKOTO M3Ay4deHNs1, AMPparnpoBaHHOIO Ha KPMUCTaAANIeCKOM OObeKTe, 4451 pPelleHNsI
3a4a4 peHTreHoAMPPaKIMOHHOTO U PEHTTeHOCTPYKTYPHOIO aHaA13a MaTepualos.

briaa ncmoar3osana aeryuas 304a u3 30oaootsada [lerponaBaosckoro TOLI.

PesyabTaThl M 00CYXAeHMsI

A5 T101€3HOTO MCIIOAb30BAHNUS 30ABI-YHOCA I 304BHOTO OCTaTKa B KaueCTBe ChIPbs, AAs
De30I1acHOTO XpaHeHUs I UCII0Ab30BaHUA 3040I141aK0BBIX 0Tx040B (3IIO) nHeobxoamumo
pacrioaaraTts nHQpopMalueir o0 uX CBOVICTBAaX U XapaKTepucTukax [3].

3oaomaakosbie 0Txoabl (3I1IO) sHepreTHyecKoil IIPOMBIIIAEHHOCTY OTHOCITCSA K YMCAY
MHOTOTOHHa>KHBIX IIpOMBIIIAeHHBIX 0Tx040B. Cocras 31O ompegeasiercsi MMHepaAbHBIM
COCTaBOM yTAel, KOTOPBIN 3aBUCUT OT MECTOPOXKAEHI, TA1yOMHBI 3a1eraHins 111acTOB, MeTOA0B
A00BI4U U1 OOOTAILIeHIS.

Xummueckne cpoiictsa 31O cmapHO BapbUpPYIOTCA B 3aBUCMMOCTM OT THUIA YIA,
TeMIlepaTyphl TOPEeHNs, TeXHOAOIMI CXKNUTaHUs, COOTHOIIEHNUs BO3AYX / TOIIAUBO U pa3Mepa
gactui] yras. K ocHoBHEIM MakposaemeHTaM 304bl oTtHOcATcsa Si, Al, Fe, O, Ca, Ti, Mg, S, K,
Na, xotoprre coctaBasioT 40 98-99 % 3040I11aKOBEIX OTXOA0B. Takke B 304e COAep>KaTCs
MUKposaeMeHThl B KoHIleHTpanuu 0,1 % u mMenee. YacTh MUKpPODAEMEHTOB, TaKux, Kak Sr,
Ba, Sc, Y, La, Ti, Zr u ap. npu cropanum yras KOHLIEHTpUpyeTcs B maake. Ilpu Temmneparypax
spitre 1000°C HeKOTOpbIe DAeMeHTHI yAeTy4dMBaIOTCsl U3 30HBI BBICOKMX TeMIlepaTyp U oceJaloT B
naexTpoduapTpax, nukaonax (mpu 110-120 °C) [4].

XuMmJecknii coctap 304bI IpuBedeH B TaOaume 1. XuMMuecKmii cocTaB MCXOAHBIX
MaTepuaaoB onpegeasacs 1o [5].
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Tab6auma 1 — XuMudeckuit coctas AeTydeil 30451 U3 30100TBada IleTpomnasaosckoro TOL]

DaeMmeHT % Oo0paser; Nel OOpaser; Ne2
Al 10,377 10,763
Si 18,798 17,240
P 0,868 0,720
S 0,019 0,063
Cl 0,099 0,014
K 0,491 0,188
Ca 3,400 4,560
Ti 1,003 0,255
\Y% 0,029 0,008
Cr 0,039 0,001

Mn 1,107 1,250
Fe 62,617 40,633
Cu 0,043 0,032
/n 0,021 0,007
Ga 0,011 0,012
As 0,010 0,004
Rb 0,004 0,006

Sr 0,140 0,143

Y 0,022 0,003

Zr 0,104 0,014

Nb 0,003

Sn 0,036 0,016

Te 0,024 0,011

Ba 0,265 0,045

Eu 0,433 0,015

Yb 0,036 0,002

Kax B1AHO 13 pe3yabTaToB aHaAM3a, OOpasIibl AeTydeil 30AbI codepsKaT MaKpOdAeMeHTH
Al Si, S, K, Ca, Fe u mukposaemenrsr P, Cl, Ti, V, Cr, Mn, Cu, Zn, Ga, As, Rb, Sr. OcobennoCcTBIO
AeTyuell 3045l ABASIeTCs IIOBBIIIIEHHOe coAep KaHue.

Pe3yabTaThl, TOAY4YEHHBIE C IOMOIIIBIO DHEPTOANCIIEPCUOHHOTO PEHTTEHO(PAYOPEeCIIeHTHOTO
aHaAmM3a C PaAMOM3OTOIIHBIM BO3Oy>XAeHMeM K-amHnii, moaTsepamAn, 4To AaHHBIN MeTOZ
ajeKkBaTeH A5 aHaAM3a TBepAbIX 00pa3LoB B IIMPOKOM Alalla3oHe KOHIleHTpanuii. B aanHOI
paboTe ycTaHOBAEHO, YTO B MCCAeAYeMBIX 304aX Sr IIPUCYTCTBYeT OTHOCUTEABHO BBICOKAs
KOHIIeHTpaIyl, B TO BpeMs KaK KOHIleHTpanusl La upe3BbraaiHO HI3Kasl.

Cpeanne 3HaueHMs1 KOHIIEHTpalMil B MCXOAHBIX mpoOax Ba (6apmii), Sr (ctponruii), Zr
(nupxoHmIt) 66110 OOHApPY>KEHO COCTAaBASIOT MeHee 1%. Kak mpaBmao, Takme »1eMeHTH U
VX COeAVHEHMSI MOTYT OBITh TOKCUMYHBIMM. VI3BeCTHO, 4TO OCOOEHHO AeTydas 301a pa3MepoM
MeHee 1 MKM Tak>Ke OKa3bIBaeT BpeAHOe BO3AeIICTBIIEe Ha 340pOBbe YeaoBeKa. [IpeacraBaennsie
pe3yabpTaThl MOTYT OBITh IIOAE3HBIMU AAs DKOAOTMYECKUX, XUMUIECKNX, TeOXMMUYIEeCKUX,
IIPOMBIIIAEHHBIX U APYIVX MCCAeA0BaHUIL.
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ITokasaTean xayecTsa MaTeprasa (AeTydell 3045bl) B 3HAUUTEABHOM CTeIIeHN OITpeAeAsIIOTCs
X D1eMeHTHBIM coctaBoM. MakposaemenTs! (Al Si, K, Ca, Fe) BAns10oT Ha KauecTBO KOHEUHOIT
npoaykiuy, a MukposaemenTsi (Ti, V, Cr, Mn, Ni, Cu, Zn, As, Br, Rb, Ba, Pb, P39) onpeaeasior
HKOAO0TMYecKle aclleKThl YTUAN3ALMN 30101111aKOB.

OcHOBHOII cocTaB AeTydell 301bI KaueCTBeHHO 0AM30K K IIPUPOAHBIM MaTepuadaM, TaKuM,
Kak I10uYBa, rauHa, caaHipl. Okucasl (okucaeHHoie coeauuennst) Si, Al, Fe u Ca cocraBasior
noutu 90% cocrapa aeTyueit 30451 Jpyrue saeMenTsl, Takue, Kak Mg, K,Na, Ti u S scrpeuarorcs
B KadyecTBe BTOPOCTEIIeHHBIX KOMIIOHEHTOB J COCTaBASIIOT HeOOABIION HPOLIEHT CyMMapHOIO
o0beMHOro cocrasa. Kak rmpasnao, Bce octaabHble 91eMeHTHl BCTpedaloTcs B AMalla3oHe JacTeil
Ha MHIAAVOH U B COBOKYIIHOCTM PeAKO IpeBHIAT 1% or obmero cocrasa. /lerydas 3o04a
CBsI3aHa C Pa3ANMYHBIMU ITOA€3HBIMIY COCTaBASIONMMMY, TakuMy, Kak Ca, Mg, Mn, Fe, Cu, Zn, B,
S u P, a Tak:ke cO 3HAUNTEABHBIMI KOAMYECTBAMI TOKCUYHBIX D1€MeHTOB, Takux, Kak Cr, Pb, Hg,
Ni, V, As u Ba. KonnienTpanus MUKpO31eMeHTOB B 304€ Ype3BbldaifHO M3MeHUMBa I 3aBUCUT OT
COCTaBa MCXOAHOTO yTASI, YCAOBUS HPU CKUTAHUU YTAS, IOAHOTHI CTOpaHus 1 IIpodee [6-7].

CymIHOCTh PeHTTeHOBCKOTO MeToJa aHaAm3a 3aKAIouaeTcsl B M3y4yeHUM AuQpakijiOHHONM
KapTUHBI, IIOAy4aeMOM IIPU OTPaKeHMU PEeHTIeHOBCKUX Aydell aTOMHBIMM IIAOCKOCTAMIU B
CTPYKType KpucTaAa0B. Tak Kak MHT@HCUBHOCTb AU PaKIIMOHHOTO OTpa’keHMs OIlpeje eHHOI
daspl ABAAETCA MPAMOI MPOMOPIINOHAABHONM B 3aBMICUMOCTY OT OOBeMHON 404U KOHKPETHO
a3l B nccaegyeMom MHoOrodpasHOM MaTepuade, MOXKHO CAeAaTh BBIBOJ O KOAMYECTBEHHOM
3HAYeHMM JICKOMOI (paspl B KoMrosute. PeHtreHo-An¢PpakiOHHbIN aHAaAN3 3aKAI0YaeTcs B
IIpOBeAeHN KOANYeCTBEeHHOTO COIIOCTaBAEHIS DTaAOHHBIX AMHMI M3BECTHOV MHTEHCHBHOCTH,
ITOAYYEHHBIX B OIIpeJeAeHHBIX YCAOBIUSIX, C AVHETHON MHTEHCUBHOCTBIO A4S JICCAeAyeMBIX a3,
IOAY4YEeHHBIX B IIOA00HBIX YCAOBMIX.

PesyabpTaTsl xuMndeckoro $pasoBOro COCTaBa AeTydell 304l OBLA OIlpejeleH C IIOMOIIBIO
penTreHo-gpayopecrientHol cnekrpomerpun (XRF) (pucynox 1).

Counts

WWWWWWW
,-|||.||..,,-,-I.JI I.llh. |'|I1"|' 1‘."-.-'.--,3- ; Il1-...- et b
50 0 e-:- % 100

2Theta (Coupled Tonheta.fThe'ta) WL=1.54060 |

Pucynok 1 - Pentrenosckas audpakums oOpasiia

Kak Bnano na pucynke 1, CaQ, SiO,, A1203 u Fe,O, cocTapasior 604bIIyIO 9acTh A€Ty4den
304pl. [1o mepe yBeanuenns CaO cogepxanne SiO,, AL,O, u Fe,O, ymenpmaercs. OaHako, Koraa
yseanuusaercs CaO, cogepxanue meaodeit, Bkaiodas Na,O n K,0O, a takxe SO, ypeandmsaercs.
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M3 pucynka 1 MOXHO cJeaaTbh BBIBO4, YTO B IIpollecce CXKUTaHUs YIAs Bce
OpraHOMIMHepaAbHble KOMIIOHEHTBl pas3pyLIaloTCsl M Ha IIepBOM CTaauM OOpasyIoTc:
KICAOPOACcOoJep Kallle CoeJMHEeHNs - Jallje Bcero okcuabl. OKCuAbl BCTYIIAIOT B XMMMIYECKOe
B3alIMO/JEIICTBIe APYT C APYTOM U MaTepnaaoM KoTaa. bozee BaskHble TepMudecKkyie N3MeHeHU s
IIPOMCXOASAT C HEOPTaHMYEeCKMMM COeAMHEeHNMIMI KaK OCHOBHBIX 301000Pa3yIONINX 91eMeHTOB,
TaK I MUKpODAe€MeHTOB [6-7].

Ha ocnHoanum anaamsa ¢as OblaM ompeieleHBl BKAaAbl KaKA0¥ ¢aspl Ha IIPOYHOCTD
neMeHTa. Pe3yabpTaTel aHaAM3a IIpeACTaBAeHbl Ha PUCYHKe 2.

3Ca0*Al203

3Ca0*Si02
60%

m3Ca0*Si02 mW4CaO*Al203*Fe203 m3CaO*Al203

Pucynoxk 2 - ®a3oBbIii COCTaB IIEMEHTHOTO KaMHsI C 400aBAeHMeM AeTydell 30451

Kak rmokasaHo Ha pucyHke 2, ¢pa30BbIil COCTaB [IEMEHTHOTO KaMH:I C 400aBAeHNeM AeTydeil
304b1 pasHoOOpaseH. VlccaeaoBaHus CTPYKTyphl peHTTeHO(pa3OBBIM MeTOAOM IIOKa3aawu,
4TO B OOpasiax IpUCYTCTBYIOT caeAyiomue aspl: Tpexkaaplmesbiit cuaukar 3CaO*SiO,,
aByxkaapiuesbiii cuankar 2Ca0*Si0O,, yersipexkaabuuessiit aaiomogepput 4CaO*Al O,*Fe,O,,
TpeXKaAbLIMEeBbIl aAlOMMHAT 3CaO*Ale3. DTO AaeT BO3MOSKHOCTb MCIIOAB30BAHMS AAHHBIX
MaTepuaaoB B KayecTse BTOPUYHOTO ChIPhs B3aMeH CUAMKATHOM U KaAbLIMeBOil COCTaBAsIOIIei
B IIPOM3BOACTBE IIeMeHTa, CAMKAaTHOTO KMpIinda, 6eToHa 1 KOMITO3UIIMOHHBIX MaTep1aaoB.

B TabGauue 2 mpeacrasaeHbl gaHHbBIe CTPYKTYPHBIX ITapaMeTpOB, YCTAHOBAEHHBIX B XOJe
aHa/AM3a OCHOBHBIX a3.

Tabaniia 2 — CTpyKTypHBIe MapaMeTphl OCHOBHEIX a3

No | Haumenosanme ¢assr Tur cTpyKTyphI ITapameTpsI KpyCTaAAMIECKON
pernreTky, A
1 3Ca0O*SiO, Rhombo.H.axes a=4.97436, c=17.09880, V=366.41 A
4Ca0O*ALO,*Fe,O, Orthorhombic a=12.591 10,0b=15.70192, c=7.70441,
V=1523.20 A*
3 3Ca0O*ALO, Hexagonal a=4.92518, ¢=5.39059, V=113.24 A®

BecbMa sHaunMTeABHO U3MEHSETCs B YIASX COAep KaHMe KeAe3a, OCHOBHBIMU COe AMHeHNSIMU
KOTOPOTO SBASAIOTCS CUAEPUT U HUPUT, KOTOpPhle MHOTJa OOpasylOT AOBOABHO KpPYITHBIE
xoHkperun. Ha pucynke 3 npusegena MukpodoTorpadus 4acTul AeTydeil 3045l
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Pucynok 3 - Mukpodororpadust aeTydeit 30451

Ha pucynke 3 BMAHO, YTO YaCTMIIBI AeTydell 304BI IIPEACTABAAIOT CODOI cdepsl u
arperaTtsl KOMIIaKTHOM (POPMBI, pazMep JacTuI] KOTopbix Koaedaetcs ot 10 20 100 mukpon. 13
IIpUBEAEHHBIX JaHHBIX MOXKHO CAeAaTh BBIBOJ, UTO AaHHBIN 0Opasel] O4eHb MeAKOAVICIIEPCHBIIA.

Jletyuast 304a cogepXuUT Anokcug kpemuns (5i0), okeng kaapnus (CaO), okcng aAloMUHU S
(AlO) 1 okcng xeaesa (FeO). KoMnoHeHTH BapbUpPYIOTCs B 3aBUCUMOCTU OT TUIIa CXKUTAaeMOTIO
yras. Kak 11okasaHo Ha pucyHke 3, AeTy4dasi 301a 00pasyeTcsi B pe3yAbTaTe ObICTPOTO OXAaXKACHMS
pacriaaBaenHoit 304bl. CaegoBaTeAbHO, OOABIIMHCTBO YaCTUI[ A€Tydeil 30ABI HaXOAATCS B
aMoppHOM cocTosTHUM. YacTUIBl AeTydell 30AbI OOBIYHO MMeIOT cepuueckyio popMy c
AnaMeTpoM oT MeHee 1 MKM 40 150 MKM, B TO BpeMs KaK 4acCTUIIBI IleMeHTa MMeIOT pasMep
MeHee 45 MkM. Takas cdpepnyeckas ¢popMa 1 pazMep JacCTULL IOBBIIIAIOT TeKy4eCcTh OeTOHHOII
CMecH ¥ CHIUKAIOT BOAOIIOTPeOHOCTb.

3akar0o4yeHe

MccaegoBanus 1okasaau, 9To MuHepaabHas 4actb 304 1DC Ha 90-92% cocrout us
cTeKA0BUAHON (Ppaspl. OCHOBHBIM KOMIIOHEHTOM 9TOiI (pas3hl SIBASETCSI KpeMHe3eM, KOTOPHIN B
3HAYNTeABHOV cTerieHN popmupyeTr PpusndecKue 1 XMMmnIecKkme cboicrsa 3046l OH yyacTByeT
B IIpolieccax IMApaTallIOHHOTO TBePAEHIL BXKYIIEro, a TakKe B ITpoIjeccax CMHTe3a, 00pasyst
pasANYHbIe TUAPOCUANKATEL.

Bonpocs yrmamsanum 3oansl TOL Bo Bcex permonax KasaxcraHa akryaabHBI, ecan
IIPUHATH BO BHUMaHMe cAeayloiye PpakToOpbl: 0AM30CTh 304100TBaA0B K TOPOACKOI 3aCTPOIIKe;
orpaHMYeHHbIe I1A0IaAN AAs pacIIMpeHNs 30100TBaAOB; yIepO, HAaHOCKMBIN OKpY>KalOIIeil
cpede. Kak BIMAHO 13 ®A€MEHTHOTO aHaAM3a COCTaBa 304blI, BCe OOpasIlbl 304bI COAeprKaal
KaAblLlyeBble U CMAMKAaTHBIE KOMIIOHEHTBI I MOTAM OBITh MCIIOAb30BAHBI B ITPOMBIIILI€HHOCTH
CTPOUTEABHBIX MaTepHal0B.
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Investigation of the chemical composition of «fly» ash and its effect on the strength of
cement stone

Abstract. The article is devoted to the problems associated with reducing the negative impact of ash
and slag waste from the CHP of Kazakhstan on the environment. The fly ash produced in large quantities,
as a product of fuel combustion at power plants, negatively affects the external environment, polluting air,
soil, sewage, etc.

The article presents the results of the chemical composition of ash and slag waste. Possible ways of
using ash are considered. The phase composition of cement stone with the addition of fly ash was also
studied using modern methods of analysis: X-ray phase and X-ray fluorescence. It was found that the main
macroelements of ash include Si, Al, Fe, O, Ca, Ti, Mg, S, K, Na.

In addition to studying the sizes and shapes of microspheres, the work set the tasks of determining
the types of thermoactive phases that make up cement stone during heat treatment; studying structural
changes during heat treatment. X-ray phase analysis of ash microspheres showed the following phases:
Al Si, O, , mullite, SiO, quartz and amorphous glass phase.

The use of ash as a source of aluminum and silicon oxides will not only reduce the use of non-
renewable resources, but also obtain materials with improved thermophysical characteristics (strength,
heat resistance and thermal conductivity). Choosing the optimal amount of fly ash instead of a part of
cement contributes to the formation of the desired structure of cement stone.

Keywords: fly ash, ash dump, production waste, elemental analysis, X-ray phase method, cement.
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«¥HTaK» KYa4iH XMMUAABIK KYpaMbIH )KoHe OHBIH IleMeHT OepikTiriHne acepiH sepTrey

Angarna. Makaaa Kasakcranusig JKDO Kya-KoK KaaABIKTapbIHBIH KOpPIIIaFraH OpTaFa Tepic acepiH
ToMeHJeTyre OaifAaHBICTHI MaceJelepre apHaAraH. DHepPreTUKaAblK CTaHIMSAAapAarbl OTHIHHBIH JKaHY
OHIMI peTiHge Kenl MeAllepJe OHAIPideTiH Kya CBIPTKBI OpTara Tepic oacep eTeal, ayaHbl, TOIIBIPAKTHI,
arbIHABI CyAapAbl >KoHe T.0. AacTailgbl.

Makasaga KyA-KOX KaAABIKTapBIHBIH XMMUAABIK KYPaMBIHBIH HoTioKeaepi keatipiaren. Kyaai
KO/4aHy4bIH MYMKIH JK0A4apbl KapacTteipeiarad. CoHAali-aK, Kasipri 3aMaHFbI Taa4ay 94icTepiH KoadaHa
OTBIPHBITI, Ky KOCBLAFaH IIeMeHT TachIHBIH (pa3aAbIK KYpaMbl 3epTTeAli: peHTTeHAIK 5KoHe (pAyOpecIIeHTTi.
Kyaain nerisri makponyrpuentrepine Si, Al, Fe, O, Ca, Ti, Mg, S, K, Na sa1emenTTepi KipeTiHi aHbBIKTaAAbL.

MmxpocdepasapasH eammemMaepi MeH popMaaapbiH 3epTTeyMeH KaTap, )KYMBICTa TEPMUAABIK OHAEY
Ke3iH/e IJeMeHT KOCIIackIH KYpalThIH TepMOaKTuBTi (pasalapAblH TYpAepiH aHbIKTay; TEPMIUAALIK OHALY
Ke3iHaeri KypBIABIMABIK @3repicrepAi seprrey MiHAeTTepi Koublaabl. Kya mukpocdepasapsia seprreyre
apHaJraH peHTTeHAiK (paszaablK Taajay Keaeci ¢pasasapant kopcerti: Al Si,O,, myaanTi, SiO, KBapIIs! >KoHe
aMOPQTEI IIBIHBI (pa3ackL

Kyaai aaiomMmmHNii >xoHe KpeMHMII OKCHUATepiHIH Ke3i peTiHge maiijadaHy KaAIlblHa Ke/AMENTiH
pecypcrapAbl MaiidalaHyAbl a3aliTBIII KaHa KOJVIMall, COHBIMEH KaTap >KaKCapTbLAFaH JKbIAY-(U3UKAABIK
cuIarTaMajapAaH TypaThlH MaTepmaadapAbl (OepiKTiK, BICTBIKKA TO3IMAIAiK >KoHe JKBIAy OTKI3TiITiK)
aay¥a MYMKiHgiKk Oepeai. IlemenTTiy Oip OeairiHiH OpHbBIHa KYA4iH OHTallAbl MOAIIEpPiH TaHAAy LIeMeHT
KOCIIaChIHBIH KaXKeTTi Ky PBLABIMBIH KaABIIITaCTHIPYFa bIKIIAA eTeai.

Tyiia ce3gep: Ky4, KyA YitfiHaici, eHAipic KaaABIKTapbl, 9A€MeHTTIiK Talaay, peHTreH-(asaablK, 94ic,
LIeMEHT.
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E.A. IToxunureanna, H.B. IlleGeToBcKas”

QOI'BOY BO «Jotbacckas HAYUOHANLHAS AKAJEMUSL CHIPOUIEALCIIEA U APXUMEKNYPbl»,
Maxeeska, Poccus
(asmop 0as koppecnondentyuu: Ink0013@gmail.com)

Oco0eHHOCTH KpMCTaAAN3anuy DBTeKTIYIeCcKOro criaasa 20.5
Bec.% HadTaanHa-79.5 Bec.% o-TepdeHnaa

AnnoTanus. Tepderurvrvle cMect 6 KPUCHAAUYECKOM COCTOSHUN NPUMEHAT0MCS KAK
CUUHMUAAANOPBL, AIOMUHOPOPDL, Pomopesucmopbl, cercuburuzamopot u op. Vix cmpyxmypa
U C60UCMEA 60 MHOZOM 3ABUCAIN 0N YCAOGUT Kpucmarrudavuuu. Memodom yuiAuveckozo
MePMULECK020 AHAAUSA U3YHUeHbl 0CO0eHHOCHIU KPUCTMAAUSAUUY IE6MEKNUUECK020 CAAGA
yeae6000podos  o-mepperura (79.5 eec.%) u napmaruna (20.5 6ec.%). B pesyromame
NpPo6e0eHHbIX IKCHEPUMEHINOE HA IEMEKMUYECKOM CnAase ObIA0  YCMAHOBAEHO, U0
20pU30HMANLHIE NAAMO, PUKCUpYeMble NPU HAZPEGAHUU, COOMEEMCMEYION memnepanype
naasaenus (304 K) asmexmuueckozo cnaasa. Yemarosaero, umo cAabo npozpemuvie pacniasul
Kpucmaiarugyiomes  usomepmuvecku npu  memnepamype T=298 K, aAexaujeii Huxe
memnepamypvl naasrenus semexmuxu T,=304 K. Ha xpuevix oxiaxoenus pacniagos,
patiee npozpemuvlx 6viule «Kpumuueckoil» memnepamypvl T =314 K, ne nabdrtodaromcs
aKksomepmuueckue aPdexmol, Komopvle C6UEMeAbCE06art 0bl 00 UX KPUCMAAUSAUUU.
C  yeeauueruem epemeHy U0MEPMUUECKOU  6b10epKKU  MemacmaduAbioz0 pacnAasa
Aubo epemenu npebvisanus pacniasa (0e3 6vldepKKi) 6 NepeoxAaxeHHoM CcoCHOHUU
Y6eAUMUBAENICS OAUHA NAANMO NAAGAEHUS 6 NOCACOYIOULeM UUKAe, UINO CE6UJemeAbCHIgyem
00 yeeAuveruu cmeneru Kpucmarruurocmu obpasya. Ilpedroxera memoduka onpederers
cmeneny KPUCAAUMHOCTU 1) 10 NPOJOAKUMEADHOCHIU |, U30MEPMUHECKOLL GLI0ePKKU
1epeoxXAaXet020 pacnAasa u OAUMEAbHOCHU T, nAasAerus. 1o amoti memoduxe sviuicAebl
KOHCMAHMA CKOPOCM U 6AA0601 KPUCMAAUSAUUY Z U napamemp Aspamu 1.

Kalouesble caoBa: mepmuieckuii aHaAus, o-mep@Perur, HaPmaru, mepPeHuroHas cMecy,
naAaeAeriue, mnepezpes, mnepeoxiaxoerue, USOMePMuUUecKas 6bl0epKKa, KPUCMAarAusauus,
cmenerb KpUCMAAAULHOCIU.

DOI: https://doi.org/10.32523/2616-6771-2023-144-3-51-62

Bsegenne. TepdennabHple cMecn B KPUCTaAANIECKOM COCTOSHUM HAXOAAT IIpUMeHeHNe
B KauecTse CIUHTUAASATOPOB, AIOMMHO(OPOB, (POTOPE3NUCTOPOB, CEHCUOUAM3ATOPOB U Ap.
[1]. Vix cTpykTypa M CBOICTBAa BO MHOTOM 3aBUCAT OT YCAOBMI KpucTasamsanuu. Kpome
TOTO, ®TU YIA€BOAOPOABI MOIYT BLICTYIATh B KayeCTBe MOAEABHBIX IIPU M3YYEHUU KMHETUKMI
KpUCTaAAU3alUI U3 paclllaBa, IIOCKOABKY OHM IPaKTUYeCKM He IT0ABEepP>KeHbl OKMCACHUIO U
AGCTPYKIIMIU BOAM3U TeMmIlepaTypsl naasaeHnst. OcoOblil MHTepec MpeACcTaBASIOT IO400HbIe
nCcCAeA0BaHM Ha Tep(PEeHMABHBIX CMeCSIX BDBTeKTMYeCKOrO THIIa, B JacCTHOCTH, B CHCTeMe
o-TepdpeHna-HadpTaauH.

Panee MeTogamMy TepMMYeCKOTO aHAaAM3a HAMU OBLAU MICCA@AOBaHBI IIPOIECCHI T1AaBACHS
U KPUCTaAAU3ALUM Pa3AMYHBIX YIAeBOAOPOAOB U ux cMmecelt [2-5]. Brlao oOHapyskeHO, uTO
B 3aBMCHMOCTU OT TePMMYECKON IPeAbICTOPUM paclilaBa IIPOUCXOAUT PEe3KUI Iepexos
oT KsasupasHOBecHON Kpucrasamsanuu (KPK) 6es mnepeoxaakaeHns: K HepaBHOBECHO-
B3pbiBHOI (HPBK) co snaunTeannbsiMu nepeoxaaxaenusamu. Kpome Toro, B OMHapHBIX CMecsxX
9BTEKTUYECKOTI'O THI1a OBLA0 YCTaHOBAEHO, UTO 110 Mepe MPUOAVIKeHIs COCTaBa K 9BTEKTUIeCKOMY
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IIpeAKPUCTaAAM3allOHHbIe [IepeoXAakAeHNsl 3aKOHOMEePHBIM 00pa3oM yMeHbBINAIOTCS AAs
OJHMX CUCTEM U yBeAMYMBAIOTCA AAs Apyrux. /JanHasi paboTa NOCBAIeHa OCOOEHHOCTSIM
Kpucraaansanym cmecu HagraanHa (H) n o-repdenmnaa (o-T) ssTexTnueckoro cocrasa 20.5
Bec.% H-79.5 Bec.% o-T (EC).

MeToauKa 3SKCIIEpUMMEHTOB. DKCIEPUMEHTHl IIPOBOAMAM METOAaMM LMKANYECKOTO
TepMmudeckoro a"aamsa — HTA n ATA myrem mocaei0BaTeAbHOIO TePMOLMKAMPOBAHU [6].
CniaaBsl roTOBMAM IyTeM cMellleHns HadpraanHa Mapku YA n o-repdpennaa (Merck KGaA).
Macce! 0TAeAbHBIX KOMIIOHEHTOB B3BelllBaAll Ha aHaauTudecknx Becax Waga torsyjna-wt (typ
prltT5) cTounocTrIO 40 2 MT. Macca Kask 40TO cIlaaBa O4MHaKOBOI'O COCTaBa BO BCeX DKCIIepUMeHTaxX
cocraBasaa 0.15 r. Obpasnpl momMeniaan B repMeTHIecK 3aKphIThle CTeKASHHbIe IIPOOMPKIU.
Tepmonukanposanme NnMpoBOAMAM B CIEUMAAbHO M3TOTOBAEHHBIX II€YaX COIPOTUBAEHMS CO
CKOpOCTsIMM HarpeBaHus u oxaaxjeHms B npegeaax 0.08 -0.12 K/c. Temmnepatypy mamepsan
¢ momomipio XA Tepmomnapsl gnamerpom 0.2 MM, criait KOTOpoit ObLA TIOMelIlleH B oOpasel u
He KacaAcs CTeHOK NPOOMPOK. 3anmch KPUBLIX HarpeBaHMs U OXAaXKACHUsS BeAl C IOMOIIIbIO
AByXKaHaabHOTO TepMmomameputeas Unit 325 uyepes mnutepdeiic Ha IIK. Cucremarmyeckas
IIOTPeIIHOCTh M3MepeHns: TemnepaTypbl cocrabasaa 0.1 K. OOpasusl TepMOIMKAMPOBAaAU
B HEIIPephIBHOM peXXIMe Ha OJHOM M TOM >Ke oOpasie. 3aTeM IIOBTOPSIAM OIBITHI B TOM Ke
pexuMme Ha Apyrux obpasmax Toro ke cocrasa. Ha xakaom oOpasije 3ammceiBaay He MeHee
10 TepMoOIIMKAOB HarpeBaHus U oXAaxAeHus. JocToBepHOCTh D(PPEKTOB MoATBepKAalach Ha
OCHOBaHUM X BOCIPOUBBOAMMOCTU IIPU AOCTATOYHO OOABIIOM KOAMYECTBE TePMOIIMKAOB.
PertepHpiMM TOYKaMM SABASAUCH TeMIIEPATypPhl I1AaBAEHMUs YMCTHIX KOMIIOHEHTOB, KOTOpbIe
COIIOCTaBASANICh CO CIIPABOYHBIMIU AAHHBIMU. B 3aBMCHMOCTI OT KOHKPETHBIX 3ajay I'PaHMIILI
HarpeBaHIs U OXAaXXAEHI: BapbUpoBaan B mpeaeaax 50 rpagycoB BbIIIIe 1 HVKE DBTEKTUIECKO
TeMIepaTyphbl.

Pe3yabTaThl 9KcnepuMeHTOB. [Ipusesem pe3yabTaThl MccAeAOBaHNs ITPOLECCOB (Pa3oBbIX
IpeBpaleHnii, moaydeHHelx Merogom LITA B koopaunarax temnepatypa — spems. Ha nepsom
9Tane usydaau pausHue neperpesa AT xuaxoit paspl OTHOCUTEABHO TeMIIepaTyphl ILAaBAeHIs
T,=31°C (304 K) sBrextnyeckoro crnaasa EC Ha xapakrep KpucTaaAusanuyu Mpu OXAaxKAeHUA.
Aas sToro TepMmorpadupoBanme 1nposoguan B npegeaax = 20 K ppiie u Huske TeMIiiepaTyphl
raasaeHus. Hyokaioro rpaany 21°C (294 K) noaaep>kusaan HeM3MeHHOI, a BEPXHIOIO I'PAHMITY
IIOBBIIIAAN Ha 2-3 rpagyca OTHOCUTEABHO IPeAbIAYIIEero [KAa.

Ha puc. 1 nokasana cxemaTmyeckasi KapTuMHa M3MeHeHMs BJJAa KPUBLIX HarpeBaHUsA U
OXAaXKAeHUs OT IMKAA K IMKAY. YCTaHOBAEHO, 4TO I10CAe OTHOCUTEABHO CAadBIX IPOIrpeBOB
pacriaasa 20 ~10 K seime T, 1 oxaaxxaeHnn Ha TepMorpamme HabAI0AAeTCs TOPU3OHTAAbHOE
naaro (cd) xpucraaansanyuu npu 1.=298-299 K, T.e. npn pasuune AT, =T, - T, = 5-6 K. Do
CBIAETEAbCTBYeT O TOM, 4TO KpucTasamsanus npu Tg HOCUT M30TePMUIECKUIT PaBHOBECHBII
XapakTep, HeCMOTpPsl Ha HepaBHOBECHOe IlepeoXJa’kJAeHHOe COCTOsiHue KUAKoN ¢aspl. Ecan
COBMECTUTh AVHUU HarpeBaHMsl U OXAaXAeHmus (Tepmorpamma 1 Ha puc. 1), 3anmcaHHbIe
COOTBETCTBEHHO B IIPsIMOM (CILAOIIHAS AVHNS) 1 OOpaTHOM (IIyHKTMPHAs AVHNS) HallpaBASHMIX,
IIOAYy4YMM TeMIIepaTypPHBIN IICTepe3NC ITepBoro poa [7] B Buae ¢urypst abe’d’a.
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Puc. 1. CxemaTnueckue TepMOTpaMMEL, XapaKTepU3YIOIIe BANIHIE IPOrPeBoB XXKIUAKOI (pa3bl Ha
Ty kpucraaansanyu 9srekTnku 20.5 % H-79.5 % o-T

[ToaoOHbI1 rUcTepe3nc paHee OblA OOHapy>keH U Ha unctom o-tepdennae c AT, =8 K [8].
Ha nadraanne moao6usiit rucrepesuc He Hadaogaercs (AT, =0 K) [9].

[Ipu yBeanuennu temIiiepaTypsl Iporpesa paciilaba 40 OIIpeAeAeHHOIO «KPUTUIeCKOTO»
snavenust (AT ~10-11 K) u ero oxaaxxaenun auHus cd Ha TepMOTpaMMe pasBopadmBajach 13
TOPM30HTAaAbHOTO IT0AOXKEeHNs K HallpaBAeHIIO AMHUN OXAaXKAeHus de (Tepmorpamma 2, puc.1).
ITpu neperpese pacriaapa soime AT * 1 0XaaXKAeHUM Ha KpUBBIX He PUKCHPYIOTCS 9K309(PHeKThbI
HI B KAaKOM BIJe, a AVHMIS «I14aTO» ¢d CAUBAeTCS C AMHUEN OXAaXKAeHus (TepMorpaMmma 3, puc.
1). D10 O3HauaeT, YTO B 4AaHHOM CAy4ae 3a BpeMs OXAa’KAeHUs KPUCTaAAu3alus He AOAKHA
nponucxoauth. OO HTOM CBUAETEALCTBYeT TakXke cAedylomias TepMorpamma 4 Ha puc. 1, Ha
BOCXOASIIEN 4acTy KOTOpoil (IIpM HarpeBaHMM) He (PUKCUpPyeTcs I4aTo naasaeHms. [laarto
MOABASETCA AWIIL B CAydae M30TePMUYECKON BBIACPXKKM IIepeOXAakAeHHOM >KUAKOCTU B
TeueHNe OIlpeJeAeHHOIO IPOMeXXyTKa BpeMeHM OT TOUYKM e A0 TOYKM f (TepMorpamma 5, puc.
1). Takum 0Opa3oM, MOKHO ODO3HAUMUTh OllpededeHHOe Iepeoxaaxgenne AT oTHOCUTeALHO
T,, mpu KOTOPOM KpUCTaAAM3aIMs MOXKET IPOMCXOAUTH B pe3yabTaTe WU30TePMUYECKO
BbIAEP KK MeTacTabuAbHOI (pasbl, B TO BpeMsl Kak ITpu nepeoxaaxkaenuu AT, Kpucraaansanus
IIPOMCXOAUT Oe3 Io400HO0N TepMMUYecKol 00paboTKu pacnaasa (Tepmorpamma 1, puc. 1).

Hacaeayiomem sranensydaanBansHIUE TPOAOAKUTEABHOCTI  U30TEPMIIECKOVI BRI AC PIKKI
nepeoxaaxaeHHoro pacnaasa EC mpu pasHbpix TeMrepaTypax Ha Bpems T, KpUCTaAAU3alun.
Aas 9TOTO pacliaaB IporpeBaAy BbIIIe YCTaHOBAEHHON paHee «KpUTUYeCKOi» TeMIlepaTyphl
Ha 10 rpagycos, 3aTeM OXAakKJaAu HVKe TeMIlepaTyphl 1AaBA€HUS U BRIA@PKMBAAM B TedeHNe
orpe/eAeHHBIX IIPOMEXKYTKOB BpeMeHn f, ipyu PpUKCMPOBaHHBIX Tepeoxaaxkaenmusax AT =6, 10,
13, 20, 24, 47 K. B xauecTse mpmumepa Ha pUC. 2 TIPUBEAEHBI CXeMaTUYECKNe TePpMOTIPaMMBEL,
OTpa’kaloIye BAUSHIE TPOAOAXKUTEABHOCTH ¢, BRIACPXKKI pacIiaaBa SBTEKTUYECKOTO COCTaBa
npu AT=6 K Ha 4AUTeABHOCTD T, MAaBAeHUsA. BuaHO, 4TO ¢ yBeAUueHreM BpeMeHM BhIAePKKI
paciiaaBa B IIepeOXAakKA€HHOM 004acTy MODTAIHO YBeAMYMBAETCA UM BpeMs IlAaBAeHMNS.
[Ipuaem mocae BeIgep>KKM B TedeHne 40 MUHYT BpeMs I11aBAeHus A4 o0pasijos maccoi 0.15 1
CTAHOBUTCST MakcuMaabHbiM T, =140 ¢ (puc. 2, TepMorpamma 5) 1 paBHBIM BpeMeH! T11aBAeHVsT
Ha Tepmorpamme 0 (puc. 2).

AHaA0THYHYIO 3aKOHOMEPHOCTh Habaiogaam u ¢ nomompio Meroda ATA. Ha Tom ke
pucynke npuseaensl Aas cpapHenus LITA- u ATA-rpammel. Buano, 9to naomaau S, mmukos
ATA, cootsercTByomme ternaoram (, MaaBAeHNs, MUMEIOT TaKyl0 >Xe I10CAe40BaTeAbHOCTh
yBeAuMdeHus, Kak u Aaunsl [, maato na LITA-rpamMmmax B 3aBUCHMMOCTH OT ITPOAOAKUTEABHOCTH
U30TepMIUYECKUX BBIAEPIKEK Iepeoxaa’kAeHHbIX pacriaaBos. Caeayer orMeTruts, uto Ha ATA,
kak 1 Ha LITA-rpammax, sk3orepmmyeckue 5QpQPeKTsl KpUCTaAAN3anun He (PUKCIPOBaANCE.
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Puc. 2. Cxematnueckne LHHTA- u ATA-TepMorpaMmsl, OTpakalomiye BAUSIHIE
MPOAOAXKUTEAPHOCTI M30TepMUUYECKIX BhIAE€P KeK paciidaBa sBTeKTudeckoro cocrasa 20.5 % H-79.5
% o-T Ha AANTEeAbHOCTD I1AaBAEHU OT IIMKAA K ITUKAY

Bansanue mnepeoxaaxaenus (0e3 M30TepMMUYECKMX BbIAEPIKeK) Ha AAUTEABHOCTD
MOCAeAYIOIIer0 IMAaBAEHUS AEMOHCTPUPYIOT CXeMaTHYecKue TepMOrpaMMbl Ha puc. 3,
noaydyennsie metogoM LITA. Buana Ta >xe 3aKOHOMEpPHOCTD, YTO U B CAy4ae C MU30TePMUYECKUMU
BBIePoKKaMI: 4YeM Ooabllle IlepeoxAaXkaeHue, TeM JOoAbllle IHpeOblBaHUe paclidaBa B
MeTacTtabuapHOM cocTossHuM. COOTBETCTBEHHO, IPYM HarpeBaHMM pacTeT BpeMs I1AaBAeHMs.
DTO TOBOPUT O TOM, 4TO IIOKa paclidaB HaXOAUTCA B II€PEOXAaKACHHOM COCTOSHUM, B HeM
MIPOUCXOAUT MeAAeHHas KPUCTAaAAU3AIIVA.

T K

T | Te=140s 05 505 1105 1205

303 1

293 ‘

Ti3

288 -

283 1
Tid

278

t, min
Puc. 3. TepmorpaMMBl, OTpasKaloljie BAUSHIE TTlepeoxaaxkAeHns paciaasa EC Ha
MPOAOAKUTEABHOCTD AaAbHeNIIero MAaBAeHNs Ipu IocaeyionieM HarpesaHun. CTpeakamu
IIOKa3aHbl BpeMeHa ¢, m3oTepmumdeckux soigepxex nmpu AT =6 K (tepmonnka 1), 10 K (2), 13 K (3),
20K (4), 24 K (5)
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PesyabTaThl Hallg€HHBIX IapaMeTpOB I1AaBAeHMst M Kpucrtasamsanuu EC, moayueHHBIX
Metogamu LTA n ATA B padanmyHbpIX YCAOBMAX TepMOOOpaOOTKM B Ilepeoxaa’kgeHHOM
COCTOSIHUM, TTPUBeAeHbl B Ta04. 1. B Heli mokasansl TemIiepaTyphl BigepKek T, iepeoxaak AeHusI
AT, BpeMeHa M30TePMUYECKIX BBIAEPIKEK t, pacriaaBa, AAUTEABHOCTY IAABAE€HWS T,, TETLAOTHI
naapaeHus Q, CTeleHM KPUCTAAAMYHOCTY 1] U 1), MHKyOaIlMOHHbIe MIePUOARI t, IIPU PasHBIX
repeoxaa>kAeHusx, oOIee BpeMs HaXOXKAEHU: paclilaBa B IIepeoXAa’kA4eHHOM COCTOSIHUM C
y4eToM MHKyOaI[MOHHOTO niepuoja t +t,.

Ha ocHoBaHmm gaHHBIX, NPUBEAEHHBIX B TabA. 1, cTpomanchk rpadpuky 3aBMCHMOCTEN
CTelleHM KPUCTaAAUYIHOCTU 1]=T,/T,  OT BpeMeHU BblAep>KeK f, IIpU pasHbIX (PUKCUPOBAHHBIX
repeoxaaxkAeHnsx (puc. 4). Otu rpadpuku nMeroT S-o6pasHsIil BuA. BuaHo, 4To ¢ ypeandenuem
repeoxAakAeHns pacteT ObICTPOTa IIOAHOTO 3aTBepAeBaHIsI.

B pesyabraTe IpOBeAeHHBIX SKCIEPUMMEHTOB Ha 3»BTeKTnyeckom craase EC Obran
yCTaHOBAEHHI CAeAyIOIIe 3aKOHOMEePHOCTI:

- TOPM3OHTaABHEIE I11aTO, PUKCHpPyeMBble IIpM HarpeBaHNM, COOTBETCTBYIOT TeMIlepaType
naasaenus (304 K) oBTekTaeckoro crilasa;

- 1200 mporpeThie pacrAaBbl KPUCTaAAU3yIOTCI M30TepMUIecKu pu temmepatype T,=298
K, aexxamieit Huke temreparypsl rnaasaenns T,=304 K;

- Ha KPUBBIX OXAaXKAEHIS PacllAaBoB, paHee IIPOTPeThIX BhIIIe «KPUTUYECKOI» TeMIIepaTyphl
T =314 K, e Haba104a10TCsl DK30TepMuyeckre 3QpQeKTrl, KOTOphle CBUAETeAbCTBOBaAM ObI 00 MX
KpUCTaAAU3aLINI;

- II0CA€ M30TePMUYECKMX BBIAEPIKEK IIePeOXAa’KACHHBIX PacIlaaBOB M JaAbHeNINeM UX
HarpeBaHuyn GUKCUPYIOTCS 114aTO MaaBaenus pu temrnepartype T,=304 K, cBuaereapcTByiomnue
0 TOM, YTO B IIPOIIecce BHIACPKKN (pPUC. 2) paciiaas KPUCTaAAU3YeTCs;

- C yBeAMYEHMeM BpeMeHU M3O0TepMUYeCcKON BBIACPXKKM MeTacTabMALHOTO paclilaBa
Anbo BpeMeHM IpeObIBaHUs paciidasa (0e3 BBIACPKKM) B IIePeoXAa’KA€HHOM COCTOSHUM
yBeANUMBACTCSI AAVHA I1AaTO I1AaBA€HUs B IIOCAeAYIOIIEeM IIMKAe, YTO CBUAETeAbCTByeT 00
yBeAMYEeHUM CTeIleHM KPUCTaAAMIHOCT 0Dpasla.

Tabamnria 1. DxcniepuMeHTaAbHbBIe U pacdeTHbIe IapaMeTpPBI I11aBAeHNs U KPUCTaAAU3aliun
»BTeKTIYeckoro craasa 20.5 sec.% H-79.5 Bec.% o-T

No | T, | AT Q. , , ,
4 4 14
o/ I% % t,c | T,cC o 1 ] n Z t,c| t+t n Z
0 15 | 1.21 | 0.11 | 0.09 | - - 15 - -
600 | 39 | #9 | 028 | 030 | 2.36 | 26610 615 | 208 | +O10
1 (298| 6 |1200| 88 | 8.06 | 0.63 | 0.60 15 | 1215
1800 | 120 | 11.68 | 0.86 | 0.87 | ] 1815 | )
2400 | 140 | 13.43 | 1.00 | 1.00 2415
3000 | 140 | 13.43 | 1.00 | 1.00 3015
0 20 | 1.61 | 0.14 | 0.12 | - - 175 - -
600 | 60 | 537 | 043 | 040 | 180 5.6(2'10’ s | 225 1.8;10’
2 129 | 10 1500 | 120 | 10.74 | 0.86 | 0.80 | - - 175 M375 | - -
1800 | 140 | 13.43 | 1.00 | 1.00 1975
2400 | 140 | 1343 | 1.00 | 1.00 2575
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0 | 50 | 430 | 036 | 032 | - - 200 | - | -
6.85 120 | 32010 143 | 5010
3 oot | 13 | eoor | 7 050 | 051 70 oo | 800 i
1200 | 110 | 10.07 | 0.79 | 0.75 | - - 1400 | - | -
1800 | 140 | 13.43 | 1.00 | 1.00 2000
0 | 85 | 779 | 0.61 | 058 | - - 325 | - | -
4 |284] 20 | 600% | 135 | 1292 | 096 | 0.94 | 02| 078 | 35| gp5 | 123] 7610
1200 | 140 | 1343 | 1.00 | 1.00 | - - 1525 | - | -
0 | 100 | 980 | 071 | 073 | - - 375 | - | -
5 | 280 | 24 375 10
600* | 140 | > | 100 | 1.00 | 015 | 115 g75 | 148 | 1410
6 | 257 | 47 | 0 | 140 | 1343 | 1.00 | 1.00 | - ~ e | 65 | - | -

Dk3oTepMmumdecknit 9PpQPeKT Kpucraaanusalnyl paclilaBa B HallleM cAydae He PUKCUPYeTCs
aIrapaTypoil 13-3a Ype3BbIYaliHO MaAbIX CKOPOCTell 00pa3oBaHMUs 3apOABIIIEN U UX pOCTa B
IlepeoxJ1a’kAeHHOM pacIll1aBe, B pe3yAbTaTe 4ero CKOPOCTb BBIAEAEHIS TelAOTH (pa3oBOTO
repexoa Ha HECKO/ABKO IIOPSIAKOB MeHbIle CKOPOCTH TEeIL100TBOJa B OKPYXKaIOILIYIO Cpeay.
CKOpOCTB >Ke I11aBAeHNs 3HAYUTEAbHO BBIIIIe CKOPOCTY KPUCTaAAN3AIIUY, [IODTOMY IIOABOAVIMOE
TeI1A0 A€erKO IIOTAO0IIaeTcss 00pas3ioM 1 (PUKCUPYETCs TePMOIIapoOIA.

n
1,0

0.8 1

0.6 1

0,4

0.2 1

fo. C
0.0 : : : : : —

T T T T T T
0 500 1000 1500 2000 2500 3000

Puc. 4. I'padpukm 3aBUCUMOCTeI 1) OT TeMIlepaTyp Bhldepkek t, pacriaasa EC ripu ¢puKcmpoBaHHBIX
nepeoxaaxaeHusx 6 (kpusas 1), 10 (2), 13 (3), 20 (4), 24 (5) n 47 K

ITokaxkeMm, 4TO 1O AAUTEABHOCTU I1AaBAEHIU MOXKHO CYAUTH O CTeIleHU KPUCTaAAMIHOCTI
Bertectsa Kak MeTogoM LITA, tak u MmeTrogoMm ATA (puc. 2). Koandecrso Te1ia0Tsl, 3aTpaunBaeMoe
Ha raasaenue ,, paBHO TerAoTe Kpucraaansanum Q.

Q,= Qs AH'm, 1)
rae m —Macca, AH —sHTaabnms $pasoBoro nepexoaa.
m __
Bripasus Beamumupr Q, m Q. 4yepes MaccoBble CKOPOCTM IlAaBaeHus U; =M /T wu

m
Kpucraaausauyu Ug =M [t u IOACTaBUB UX B paBeHCTBO (1), moaydum

V'T=Ugt, ()
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rae T ut— COOTBETCTBEHHO BpeMeHa I1AaBA€HNS I KPUCTaAAN3aLll L.

. m
Crenenp KpucTaaAM4HOCTH i-T0 0Opasua 7], = M, /m rae m;, =0, l‘l. — Macca 4aCTUIHO

max’

m
3aKpMCTaAAM30BaHHOTO paciidasa 3a spems t, a M. =Ug [ . — Macca MaKCMMaaAbHO

m _
3aKpMCTaAAM30BaHHOTO BellecTsa 3a Bpems [ . . Cauras, uro Ug = CONSE , moay4nm

n, =o't /'t . =t/ .. (3)

§ “max
3amnmuiem BpIpakeHne (2) 4451 yaCcTUMYHO U MaKCMaAbHO 3aKpUCTaAAM30BaHHbIX pacIlAaBoB:

Utm T, = Usm tin UZ"T max — Ugltmax . Pazaeans nocaeanne paseHCTBa APYT Ha APyTa, ITOAYYUM OPU
V' =const
bt =T T - (4)

Toraa crenens kpucraaamanoctu 1] us ¢opmyast (3) ¢ ydeToMm BeIpakeHHUs (4) MOXKHO
3amucarh B BuAe

771' = Ti /Tmax' (5)
CrereHb KpPUCTAaAANIHOCTU MOXKHO pacCYUTATh U IO OTHOIIEHUIO AAVH NIAAaTO I1AaBAE€HNSI

metoaoM LITA: / ; = AA1 YaCTUYIHO U / max — 4451 MAKCUMAaAbHO 3aKPUCTaAAN30BAHHBIX 00pasIoB.

771' = li /lmax' (6)
JAavHa 114aTO IAaBAeHUs IIPOIOpIIMOHaAbHa KoAndecTsy TernnaoTsl [10], saTpayenHoit Ha
I1aB/AeHNe o0pas1ia, a BeIpakeHne (6) DKBIBAaA€HTHO COOTHOIIIEHUIO

771‘, = Qz /Qmax 4 (7)

rae Qi u Qmax — KoJAmnm4yecTrBa TeIlAo0T, HEO6XO,ZI,I/IMI)Ie AAsl TIOAHOTO IIAaBA€HVsI YaCTUMYHO

(1 ) u MakcuMaapHo (MAX ) 3aKPUCTAAAUIOBAHHBIX OGPA3IIOB.

!
Crenens KpucraaamdHoctu 7);, onpegeasemas 1o gopmyae (7) merogom ATA (puc. 2),
paccuMTHIBAETCA M3 CpaBHEHMS I1A011ajell 110/, KpUBBIMY, PUKCUPYIOIIMMN SHAOTepMUIEecKye

apdexrsr maasaenus (7, =S,/ S_ ).

ITo popmyaam (6) 1 (7), ocHOBBIBasICh Ha pe3yabTaTax (Tad4. 1), moayuennsix Metogamu LITA
n ATA cooTBeTCTBEHHO, pacCUMThIBAAUCDH CTeIIeH) KpHUcTaaandHoct 1] u 1. VI3 9Toit Tabamiist
BIIAHO, 4TO 3HAUEHM:I 1] U 1]' AOCTaTOYHO OAMBKM APYT K APYTY, @ X HeOOABIIIOe OTANYIEe CBsA3aHO
¢ ocobenHoctsamu namepennit Merogamu LITA n ATA.

ITo aaHHBIM, IpUBeAeHHBIM B TaOautie 1, u ¢ moMombio ypasHenuit Appamu—Koamoroposa

[11] n = 1- CXp(— z n) ulh= 1- GXp(—Z’Z‘n’) HaXOAMAMCH 3HAYeHNSI «BaAOBBIX» CKOPOCTell
Kpucraaausauuu Z, Z', a Takxe rnapamerprl Aspamn n, n’. IlapameTpsl Z u n OTHOCHMAUCH K
caydasM M30TEPMUYECKUX BBIAEP>KeK IepeoXJa’kAeHHBIX pacliaaBoB 3a Bpems t (Oe3 ydera
MHKYOaI[MOHHOTO TIlepuoja), a Z', n' 3a ppems t +t, (C ydeToM MHKyOaI[MOHHOTO TIeproAa).

/A5 KOHKPeTHBIX PacyeToB yKa3aHHBIX ITapaMeTpOB ObLAM OTOOpaHBI Pe3yAbTaThl OIILITOB
C OAMHAKOBBIM MHTEPBAAOM IIPOAOAKUTEABHOCTV M30TePMUYECKMX BhldepkeK (mo 600
C) Ipu pa3HBIX (PUKCUPOBAHHBIX IePeoXAaXAeHMSAX. DTU 3HaueHMs B Taba. 1 oDo3HaueHHI
«3Bezgoukamm» (*). CaeagyeT oTMeTUTD, 9TO MapaMeTpel 1, n’, Z, Z' A0CTaTOYHO OAM3KU K UX
3HAUYEHMAM AAS1 BBICOKOMOAEKYASAPHBIX coearHenn [12].
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Ha ocnosanum ypasnenus Appenuyca 7] =1, €Xp| ——+= | [13] u 110 gaHHBIM TabAMIILI

1 ©pra0 OBLAO HalIAeHO 3HaYeHMe DHepPruM akTuBaunuy Kpucraaamsanym W=49idx/morv.
Dra dHeprusl IpUMepHO B 3 pasa HpeBbIIIaeT 3HaYeHMe DHTaAbNUM NAaBAeHMs craasa EC
AH=17.55 «/x/Mm0Ab.

TpakToBka pesyabTaToB. IIpn mnccaeposanum HadraamHa u o-tepdeHmnsa paHee ObLA
YCTaHOBAEH OIpeAeAeHHbI MHTepBaa Temmeparyp AT Bbllle TemIlepaTypsl IAaBAEHU,
XapakTepHBIil TeM, 4TO IIpU OXAa’KAeHuM cAabo IpOrpeToro paciidaba U3 DTOTO MHTepBada
nHabai0aaaace kpucraaansauys tuna KPK, a mocae neperpesos soime AT " 1 oxaaxaenun —
kpucraaansanms tuna HPBK. Ilpu stom nepexog or KPK x HPBK (1 HaobopoT) mpoxoana
ckaukooOpasHo. Caeayer moguepknyts, uto npu HPBK temmneparypa pesko mogHmmaaach
Ha BeanmunHy AT a0 TeMIlepaTyphl IldaBAeHMsI co ckopocramu ~ 30-40 K/c. Takoe sBaeHue
TPaKTOBaAOCh Ha OCHOBAHMM T.H. KAaCTepPHO-KOAryAsLMOHHOI MoAeAn Kpucradansaunun [3],
COr1acHO KOTOPOI1 B C1a00 IIPOTrpeTo XKMUAKOCTY COXPaHIOTCA KPUCTaAA0II0400HbIe KAacTephl
U IpU ee OXAaXKAEHUM KPUCTaAAM3anus IIPOUCXOAMAa KaK Obl Ha COOCTBEHHBIX 3aTpaBKax.
ITocae meperpesa pacrnaaBa Bbime AT KpucTaaaornoaoOHbBIE KAacTepbl pas3pylIaloTcs,
a Ipu IOCAeAyIoIleM OXAaXAeHUM MoJeKylaM HeoOXOAMM MHKYOallMIOHHBIL IIepuod,
AAsi oOpa3oBaHMsI KAacTepOB U 3apogpliieil. JOCTUTHYB B HepPeoXAa’kAeHHOM COCTOSHNI
OIlpeJe/eHHOI KOHIIeHTpallMyM STUX YacTMUI, OHM KOaryAUPYIOT MeXAy coDoif. 3a cueT
U3ANIITHEeN Me>XX(a3HOI ITOBePXHOCTHOM DHEPIUM Bech paclllaB IPOTrpeBaeTcsl Ha BeAUYUHY
AT TTpu maapix oObemMax BellecTBa Ha 9TOM KpUCTaAAM3alus U 3aKaHumpaeTcsa. Jas Ooaee
MacCUBHBIX 00pa3IioB HacTyHaeT TPeTuil dTall — CTaAusl M30TePMUYECKOTO J0o3aTBepaeBaHus
OCTaBIIIeNICs YaCTU pacIilasa.

[To-BuaMoMy, NOAOOHBIN MeXaHU3M IMeeT MeCTO U IIpU KpUCTaAAU3aljuy CI1AaBOB.
Criaaspl HapraamHa u o-TepdeHmaa OOpPa3ylOT MexaHMJecKue CcMecu POMOMYecKMX U
MOHOKAVHHBIX KPMCTAAA0B, a B CI1AaBe DBTeKTUYECKOTO COCTaBa BhII1alaloT MeAKNe KPUCTaAAVKA
TOTO U APYTOro KOMIIOHEHTOB (Tab. 2).

Tabanma 2. Kpucraaaoxummaeckue mapaMeTpsl HapraanHa, o-TepQeHnia 1 95BTeKTIUIECKOro
criaasa [14-17].

Kpucraaan- AH, ] W,
Bemecrso | MoAean qocKas Tapavetper | .. AT, | oo
. MOAEKy A pewrerok, A | Y Kowe K ) K/l
perreTka on I
a=8.23;
Hadraaun MoHOKAMH- b=6.00;
C,H, mast (M) c=8.66; 353 18.80 10 0.9 -
B=122°55'
O- PomOn- a=18.64
CTeIIz[q)iH ;M Jeckas b=06.04 329 17.19 32 13.5 -
e (P) c=11.80
20.5 Bec.%
H-79.5
Bec.% o-T - M+P - 304 | 1755 | - ; 49.0
(PBTEKTMKA)

ITpn nccaeaoBanmy KpUCTaAAM3AIUN CMeCel yITA1eBo40poA0s [2, 18-19] Obr10 ycTaHOBAEHO,
4TO II0 Mepe NPUOAVKEeHMs COCTaBa K 9DBTEKTMYECKOMY CO CTOPOHBI OOOMX KOMIIOHEHTOB
IepeoxAakAeHsl 3aKOHOMEePHO YMEeHbIIIaAlCh, a A4l DBTeKTMYEeCKOTO CIl1aBa OHUM A0XOAMUAN
A0 MUHUMYyMa. B Hamem cayuae (¢ »BrekTmueckum craasom 20.5 sec.% H- 79.5 sec.% o-T),
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HaoOOpOT, MMeeT MeCTO pe3Koe yBeAndeHoe IlepeoxAa’kKAeHMUs C OTCYTCTBMEM B3PBIBHOIN
Kpucraaansanun. IlogoOHoe sBAeHNMe, IO-BIAUMOMY, CBJA3aHO C yBeANYEeHIEM BSA3KOCTHU
JKIAKOTO cI14aBa. B 9Tom caydae 404KHa yMeHbIIaThCs HOABUYKHOCTD XaOTUUECKM pPa3OpOCcaHHBIX
MOAeKyA HadraanHa ¥ oO-TepdeHnla. YMEHBIIAeTCsl TaKKe BepOsITHOCTh OObeAVHEeHNs
OAHOTUITHBIX MOAEKYA AAs UX BCTpauBaHUA B KpUCTaaAd. DTa BepPOSATHOCTh AOAKHA UMeTh, B
IIepBYIO Oo4Yepeab, BpeMEeHHOIl XapaKTep: 4eM AOAblIlle paclldaB HaXOAUTCA B MeTacTaONAbHOM
COCTOSIHIM, TeM 00Abllle BO3MOXKHOCTh CTOAKHOBEHIUSI COOCTBEHHBIX MOAEKYA APYT C APYIOM.
OO0 obOocHOBaHHOCTM MOAOOHOIO Te3lcCa CBUAETEeAbCTBYIOT AaHHLIe IIO BS3KOCTU PacIl1aBoOB
HadTaauHa 1 o-TepdeHnia BOAU3N TeMIlepaTyp MAaBAEHNS U YBeANYEeHUIO BA3KOCTU P UX
CMEIMBaHNUY, COTAaCHO YPABHEHNIO 3aBUCUMOCTHU V OT KOHIIEHTPAIUM ¢ KOMIIOHEHTOB V=V %,
rae a, v, — const. [IpyuMensis To ypaBHeHIe 445 CMecell KaK CO CTOPOHBI O-TepdeHnaa, Tak U co
CTOpPOHBI Ha(pTaAMHa, TIOAYYNM IIYHKTUPHBIE KPUBbIe, N300pakeHHbIle Ha puc. 5. BuaHo, uro
npu NpuOAMKeHUM K DBTeKTUKe BA3KOCTb crdaBa EC A0AKHa yBeAMYMBATLCA. YBeAUYeHMe
BA3KOCTU >KMAKMX CIIAaBOB MOXKeT OBITh CBA3aHO C accoljyauyeil pasHOPOAHBIX MOAEKYA B
KpyIIHble HeKpUCTalA0II0AOOHbIe KAacTephl, CO3JaloIIue CTepuyeckue IoMexy, MeIlalomye
IepeMeIeHNIO0 «CBOOOAHBIX» MOAEKYA U X BCTPaMBaHNIO B YIIOPsIAOYeHHbIe CTPYKTYPEL.

V cll3 oIK
L 40

| L 30
|

2
I
|
| L 20

4 I
I
|
'E
|

o-T H

Puc. 5. 3aBucumocts Aorapmc]>Ma BA3KOCTN (HyHKTI/IprIe /H/IHI/II/I) 1 IIepeoxaa’kAeHns1 (CHAOU.IHa;I
KpI/IBafl) CI12aBOB OT KOHIIEHTpan M B CIICTEME O-Tep(l)eHI/IA-Ha(I)TaAI/IH

M3 puc. 5 BuaHa onpegeaeHHast CBsI3b MeXAY BA3KOCTBIO M CTEIIEHBIO IepeoxAa’kKAeHNs.
Taxk, Bs3kocTs )kngKkoro o-repdpennaa (~13.5 cI13) B0aAn3n TeMmiepatypsl 111aBAeHUs IPUMEPHO B
15 pas sritte Baskocty HadraanHa (0.9 cI13) [15]. CooTseTcTBEHHO 1 ITepeoXAa K A€HILs BhIIe ~32
Ky o-reppennaa n ~10 Ky napraanna. Anasornanasi KapTuHa, Io-BUAMMOMY, HabAI04aeTcs 1
AAs1 DBTEKTUYECKOTO CILAaBa.
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E.A. IloxunTteawuria, H.B. [lle6GeTOoBCKast
«Jonbacc yAmmulk KypulAvic Xate cayrem akademuscor» Dedepardvik memaekemmix 01005Kemmix xozapol
oxy oprvl, Maxeesxa, Peceil

DBTeKTUKaabIK KOPBITHAHBIH KpHUCTaaaaHy epekineaikrepi 20,5 macc.% HadpTaanHa-79,5
Macc.% o-Tep¢eHna

Anpgarna. Kpucraaa «xyiningeri TepdeHma Kocmadapel cumuHTHAAsATOpAap,  docdopaap,
doropesucropaap, cencubnanzaropaap xoHe T.0. peTiHje maiigasanbiaaabl. OAapabiH KYPBLABIMBI MeH
KacneTTepi KeDiHece KpucTaljaHy >KafgalidapbiHa OaiiaaHbpICThl. LIMKAAIK TepMUAABIK Taajay dJiciH
KOAJaHa OTBHIPBII, KOMipCyTeKTepAiH 9BTEeKTUKAAbIK KOPBITHACHIHBIH KpUCTalddaHy epeKileaikrepi
o-Tepdpenna (Mac. 79,5%) xene HadraamH (Mmac. 20,5%) sepTreasi. DBTEKTMKAABK KOPBITIACBIHAA
Ky priziaren Toxxipubesep HOTUXKeCiHAe KbI3AbIPY Ke3iHAe TipKeATeH KoAAeHeH YCTipTTepAiH 9BTeKTUKAABIK,
KOpHBITIIaHbIH 0Oaaky TemmeparypacbiHa (304 K) coliikec KeaeTiHi aHBIKTaAABl. OACI3 KbI3ABIPBLAFaH
OaakpIMasap DBTEKTUKaHbIH OaaKy TeMmreparypacbiHan ToMeH T,=298 K remnieparypasa M30TepMUsABIK
KpuUCTalAaHaTeHE anbiKTaaab: T\ =304 K. BypsI «KpuTHKaabIK» TeMIlepaTypadaH JKOFaphl KbI3ABIPhLAFaH
OaakpIMasapAbIH caakbiHAaTy Kucbikrapeinga T =314 K., sk3orepMuaabIK acepaep Oalikaamaiiabl, Oya
0AapAblH KpUCTaaJaHybIH KepceTeai. MerarypakTbl OaAKbIMaHBIH U30TEPMMUSABIK YCTaAy YaKbITHIHBIH
JKOFrapblAaybIMeH HeMmece OaAKbIMaHbBIH ©Te CaAKbIHAAThIAFAH Kylide KaAybIHbIH (YCTayChI3) YaKbITHIHBIH
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Ocoberrocmu kpucmarrusayuu asmekmueckozo cnaasa 20.5 sec.% napmaruna-79.5 sec.% o-mepderura

apTybIMeH Kedeci IMKAJeri ©aAKy IIAaTOCBIHBIH Y3BIHABIFBI apTaAbl. bya KpucTaaawlk JgopeskeciHiy
JKOFapblaayblH KepceTeai. OTe caakbiHAAThIATaH OaAKbIMaHBIH M30TePMUSABIK 9Cep eTy Y3aKTBIFBI MeH
6aaKyabIH TL y3aKTBIFBIHAH 1) KPMCTaAABLABIK A9PeXKeCiH aHBIKTay d4ici yChIHBLAALL By a 9aicTi maiigaaanslin
Ke4eMAi KpuCTaajaHy KbLA4aMABIFBIHBIH TYPaKTHICH Z JKoHe ABpaMu IlapaMeTpi n ecenreaai.

Tyitis cesaep: TepMUAABIK Taajay, o-Tepdenna, HapraauH, TepdeHna Kocracsl, 0aaKy, KbI3BIII
KeTy, TOMeH CaAKbIHAATY, M30TePMUAALIK dcep eTy, KpUcTaadaHy, KpUCTaAABIK AdpesKeci.

O.A. Pokyntelytsia, N.V. Shchebetovskaya
Donbass National Academy of Civil Engineering and Architecture, Makeevka, Russia

Features of crystallization of the eutectic composition 20.5 wt.% naphthalene-79.5 wt.%
o-terphenyl

Abstract. Terphenyl mixtures in the crystalline state are used as scintillators, phosphors, photoresistors,
sensitizers, etc. Their structure and properties largely depend on crystallization conditions. The features
of crystallization of the eutectic composition of hydrocarbons o-terphenyl (79.5 wt.%) and naphthalene
(20.5 wt.%) were studied by the method of cyclic thermal analysis. As a result of experiments carried
out on the eutectic alloy, it was found that the horizontal plateaus recorded during heating correspond
to the melting temperature (304 K) of the eutectic alloy. It has been established that weakly heated melts
crystallize isothermally at a temperature T,=298 K, which lies below the melting temperature of the eutectic
T,=304 K. about their crystallization. With an increase in the time of isothermal holding of a metastable
melt, or the time the melt stays (without holding) in a overcooled state, the length of the melting plateau in
the subsequent cycle increases, which indicates an increase in the degree of crystallinity of the sample. A
method is proposed for determining the degree of crystallinity n from the duration ¢ of isothermal holding
of the overcooled melt and the duration 7, of melting. By this method, the bulk crystallization rate constant
Z and the Avrami parameter n were calculated.

Key words: thermal analysis, o-terphenyl, naphthalene, terphenyl mixture, melting, overheating,
overcooling, isothermal exposure, crystallization, degree of crystallinity.
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Geographical bases of the formation of toponyms of Saryarka

Abstract. The article discusses physical and geographical conditions (relief, climate,
hydrography, soils), flora and fauna of Saryarka, and geographical basis of the features of their
display in local toponyms. Saryarka is one of the largest physical-geographical and natural-
historical regions in Kazakhstan. Saryarka borders on Western Siberia in the north, reaches
Lake Balkhash in the south, the Kalbinsky Ridge and Tarbagatai in the east, and the Torgai
Plateau in the west.

The territory of Saryarka is characterized by the complexity of the relief in Central Kazakhstan.
The features of the relief are influenced by its geological structure and relief-forming factors.
Due to the geographical location of the territory, there is a sharply continental climate, a
shortage of water resources and their uneven distribution, arid landscapes. These natural
features are reflected in the toponyms of the territory. During the work on the classification
of geographical names and the grouping of types of toponyms, the dominant names associated
with the physical and geographical conditions of the region were determined.

Keywords: Saryarka, toponyms, relief, climate, hydronyms, vegetation.

DOI: https://doi.org/10.32523/2616-6771-2023-144-3-63-76

Introduction. The science of toponymy, which studies the reflection of historical and
geographical phenomena in space, has become one of the most important directions in geography
in the last decade. The history and settlement, the traditional economy of the Saks, Huns,
Turks (Oguz, Kipchak, Nogai) and other tribes that have inhabited the territory of Saryarka
since ancient times have contributed to the formation of toponyms indicating social changes,
historical-geographical and physical-geographical features of the region. The proof of this can be
the manuscripts of Herodotus, written monuments of the ancient Turks, records of Arab travelers,
where there are such toponyms as Ulytau, Kishitau (Bertagi, Kertagi), Arganats, Bulants, Bileuti,
Sarlyk, Sorkudyk, Milykudyk, Taldysay, Balkhash (Koksheteniz), Yesil (Asus), Sarysu (Sokuk),
Torgai, Bayanaula, etc. Numerous ethnic groups that inhabited the spaces between the ancient
Bertagi (Ulytau) to the modern name Belgi tas (the name associated with the stone), gave names
to geographical objects in these spaces [1].

The ancient history of the studied territory has been preserved in geographical names, i.e.
toponyms. The impact on the natural environment of intensive economic activity during the
development of human society can be clearly traced through toponyms.
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The famous scientist G.Y. Rylyuk wrote about the connection of toponymy with
geography as follows: «Toponyms refer to geographical objects, often contain their clear
characteristics, reflecting the natural features of the area, therefore they are of interest to
geography. Hence, toponymy is a geographical science»[2].

E.M. Murzaev, B.A. Budagov, H.L. Khanmogamedov, Kazakh scientists
K.D.Kaimuldinova, K.T.Saparov, S.Omarbekova, A.E.Ayapbekova, A.U.Makanova,
Z.A Myrzalieva, K.T.Mambetaliev, O.Zh.Sagymbai, A.Ye.Yeginbayeva, A.G.Abdullina and
others wrote about the connections of toponyms with the environment in their works.

In their scientific works, they considered the issues of the connection of toponyms with
physical and geographical locations. E.M. Murzaev in the work Essays of Toponymy notes
that «with the help of toponymy, it is possible to determine the physical and geographical
features of the territory, the location and formation of some settlements» [3].

Research methods and research materials. Saryarka, Arka is a plateau region covering
the entire central part of Kazakhstan. Saryarka is a folk name. Since ancient times, the local
population has called this area of the steppe «Saryarka», «Arka». The name Saryarka means «a
large, vast hill with burnt-out, and yellowed vegetation, a flat plateau, a ridge of numerous hills.» It is
located between the North Kazakh Plain in the north, Betpakdala and Lake Balkhash in the
south. In the west it rests on the Torgai plateau. In the east, the border reaches the foothills of
Tarbagatai, capturing the northeastern outskirts of Lake Balkhash, then along the Zaisan basin
reaches the Kalba ridge [4, p. 231]. Saryarka is located between 54°-46° s.w. and 66°-80° v.d., in
accordance with the above, in plan it has the shape of an irregular trapezoid, more elongated in
the eastern part. The length from west to east is 1200 km. The width in the west is 900 km, in the
east 400 km. The area is about 1 million km?. Administratively, it completely covers the territories
of Karaganda, Ulutau, Akmola regions, a significant part of the Abai region, partly Pavlodar,
Kostanay, North Kazakhstan, Zhamby]l regions [5].

Results and discussion. Relief features. Saryarka consists of separate low mountains, hills
and ridges scattered over a high denudation plain. The relief gradually decreases to the outskirts,
passing into the territory of the surrounding lowlands. It descends steeply along the northern
rocky coast of Lake Balkhash. According to the features of the relief, Saryarka is divided into
western and eastern parts. The western part is more flat, low-mountainous and poorly dissected
(the average absolute height is 300-350 m). In this part, high plains and extensive depressions,
hollows dominate, residual mountain ranges (isolated mountains) and hills are not widespread.
The central part is occupied by the Teniz-Kurgaldzhin basin. Together with the adjacent plains,
the western part of Saryarka is divided into northern and southern halves. The northern regions
cover the low-mountain, shallow Kokshetau upland (Kokshe mountain, 947 m). The relief of the
southern part mainly has the character of a high hilly plain. In the western part, a large mountain
range — Ulytau (1134 m) stretches between high plains and hills from north to south. The relief of
its southeastern part, stretching from west to east in the eastern part of the Sarysu River valley,
is more elevated (the average absolute height is 500-1000 m) and dissected. The north, northeast
of Saryarka consists of numerous mountain elevations and isolated mountain ranges that make
up the central part of the watershed of river valleys flowing in a southerly direction. The largest
are: Kyzylarai (the highest peaks are located (1565 m), Karkaraly (1377 m), Kent (1361 m), in the
extreme east the Shyngystau massif rises in isolation (Kosoba mountain, 1305 m). Along with
this, the list of mountain ranges also includes the mountains of Bayanaul (1026 m), Koyandy (922
m), Zheltau (909 m), Ereimentau (892 m), Niyaz (830 m), which are spread out in different places,
etc. These mountain nodes are surrounded on all sides by high plains. There are hills and hills
on them, forming a small-mound. In the north, the high plains are part of the basins of the Sileti,
Olenti, Shiderti and Ashysu rivers, in the south the Okhrat and the Balkhash region, in the west
Ulytau and the adjacent areas of the Teniz depression [6].
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Figure 1 — Physical map of Saryarka

Small hills and individual mountain ranges, manes and raised flat relief became the basis for
the formation of various orographic terms. On the territory of Kazakhstan, a specific feature can
be traced in the names of orographic objects. For example, in Saryarka, characterized by a shallow
relief, high mountains are distinguished by comparative terms biik - high (Abiik, Kyzylbiik), Uly
— great (Ulytau), soran - peak (Axsoran, Kyzylsoran, Soran), karkara. The names located in the
steppe zone of the Arch are associated with the shapes and colors of Karatau, Konyrtau, Sarytau,
Ulytau, Aktau, Akdin, Akbet, Kyzyltau, associated with the lithological basis of Kokshetau, Borlytau,
Altintau and other toponyms. The low-mountain belt is characterized by the dominance of isolated
mountains with a height of 1000-2000 meters, dome-shaped, ridge, ridged, hillside relief. Features
of the relief depend on the geological structure and history of development, relief-forming factors
[7] (Figure 1).

If we talk about the lands of Saryarka, the naked flat steppe, hills, low mountains of Ulytau,
Karkaraly, Kyzylarai, the nature of Kokshetau, Ereimentau, Bayanaul, Kyzyltau, Shyngystau
and others, glorified in songs, appears before our eyes [8]. The highest mountains are Saryarka
Kyzylarai, the highest point is Aksoran (1565 m). Further to the north are the Karkaraly mountains
(1403 m), Kent (1460 m), then Bayanaul (1026 m), Kyzyltau (1055 m), in the east of the Shyngystau
mountains (1304 m). This mountain system is mainly composed of granites. Pine forests grow on
the northern slopes, the southern slopes are bare and steep. Placer gritty rocks are widespread at
the foot of the mountains.

The formation of the relief of the Kokshetau Territory, along with prolonged weathering
processes, was significantly influenced by the deposition of the Cretaceous and Neogene periods.
There is a large trough, the Teniz-Kurgaldzhin depression, which divides the western part of the
Saryarka into two parts. The Kokshetau mountains (about 947 m) are located in the northwest
of it. They are composed of Paleozoic limestones, quartzites and porphyrites. Dissected by
watercourses. The mountains are of an intermediate nature; in the modern period, as a result of
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tectonic movements, they are at the stage of leveling. Absolute heights in the range of 300-400 m,
heights of more than 500 m are observed in the area of the Kokshetau Upland. The highest points
of the Kokshetau Upland are Kokshe peak (947 m), Zhalgyztau (730 m), Zhylandy (665 m), Dombyrali
(471 m), Imantau (661 m), Sandyktau (626 m), Zerendi (587 m), Muzbel (501 m). There are picturesque
lakes in the intermontane depressions. Pine forests grow on the shores of lakes and mountain
slopes [9]. “The word “Kok” corresponds to the meaning “very high” or even “heavenly”, writes
E. Koishybaev. According to T. Zhanuzak, the meaning of the name Kokshe (an adjective) is
associated with «the bluish appearance of the area or with the blue, visible from afar» [10].

In the southeast of the Kokshetau mountains, the Ereimentau mountains are located. The
highest point is Akdin (901 m). Since its time, the name has undergone distortion, the name of
the hill Akdin (Akdym) was formed on the basis of the ancient Turkic term “din”. In the north-
east of Saryarka there is the Siletinskaya plain, in the north-west there is a plain along the Esil
River, the Atbasar plain, and the Teniz-Kurgaldzhin depression. To the west of Saryarka up to
the Esil River, the Turgai plateau enters its eastern part. The right bank of the Esil River joins the
Atbasar, the left bank with the Teniz plain, in the central part of the plain there are lakes Teniz
and Kurgaldzhin (Figure 1).

Ulytau is a remnant of a large anticlinorium, composed mainly of granites and stretching in
the meridional direction. The mountain slopes are composed of crystalline schists, sandstones,
mixed rocks (conglomerate). The region is a convex plain composed of various clay rocks, the
peripheral territories of which were formed in the Lower Cenozoic. The mostimportant watershed
of the Saryarka latitudinal direction starts from Ulytau. It separates the river valleys of the Aral
and Balkhash from the river basins of Lake Teniz and the Ertis River. The watershed in the east
runs along a mountain ridge, then abuts against the Tarbagatai mountains [11]. Names in the
Ulytau region - Ulytau, Kishitau (Bertagy, Kertagy) Arganaty, Bulanty, Bileuti, Sarlyk, Edigenin maily
zhurt, Kengir, etc. carry our thoughts into the abyss of ancient times. The highest point of Ulytau
is the Ulytau hill (1133 m), you can also name the Edige mountains (1064 m), Zhaksy Arganaty
(757 m), which witnessed historical events [12]. As if protecting the mountains of the Shyngystau
(Naimantau) ridge from loneliness, located on the «most honorable place» of Saryarka (1304 m),
Mother Nature spreads in the north-west of the mountains Hanshyngys (1152 m), Kosbastau
(1077 m), and in the south- in the east, the highest point of the Akshatau mountains is Kosoba
peak (1304 m). The mountains Saryshoky (1076 m), Bugyly (1061 m), Zhumak (1149 m), Konyr-
Sandyktas (1102 m) are located between these mountain ranges (Figure 2).

The Akshatau ridge, dissected by river valleys, gradually descending to the southwest of
Saryarka, borders the Bolshoy Kuykentai (836 m), Karaungir (865 m) mountains in the north,
Kotanemil (1089 m) in the southwest, and the Zhorga Mountains (1084 m) in the west. The plain-
landscape relief attracts the eye with its uniqueness. As a result of the influence of external and
internal forces, amazing rock formations, combed stones, caves «Konyr Aulie, Ungirtas» appeared.
In the north-west of the Kaskabulak ridge in the direction of the peaks of Sholtan, Shyngys, the
Yeraly plain stretches. The second edge of the plain of Yeraly rests on the hills of Malaya and
Bolshaya Akshoky. To the east of the Kaskabulak ridge are the Baigabyl, Araltobe, Borli ridges,
and the Arkat Mountains are visible in the southeast. In the east, dissected by the Shet River, in the
west by the Shagan River, the slopes and foothills of Shyngystau are crossed by such small rivers
as Kos, Buzau, Kundyzdy, Mukyr, Takyr, Karauyl, Bokenshi, Koldenen, Karazhartas, etc., drying
up in vast meadows [13]. The eastern and southern parts of the Abraly mountains (1299 m) are
framed by a chain of mountains Shyngystau, Kalmak Emel, Ogiztau, Zhorga, Temirshi, Karkaraly,
the north covers the mountains of Bayanaula (Kyzyltau), Myrzyk, Zhalgyztau, Dogalan, Degelen,
as well as various high hills, hills, plains. Located in the east of the Zhaks mountains, the Abrals
are more elevated than the Zhaman Abrals, which, due to their natural features, are distinguished
by adjectives (the word «Zhaman» is in the context of «small») [14].

The main ridges of the Bayanaula mountains consist of three parts Akbettau, Zhaksaula,
Zhamanaula. The mountain region consists of ridges rising by a ridge, separated by river valleys
of mountain blocks, separate hills. The highest points of the mountains: Mount Akbet (1026 m),
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Mount Ogelen (969 m), Shibet (728 m), Zhasybai (804 m), Sarytau (747 m), belong to the district
of Zhaksaula. Sh. Ualikhanov considers the etymology of the toponym Bayanauyl as - «Bayan»
- bai, «Ola» (a distorted name, a more accurate historical name - Bayanaula; Mong. Bayan-ola)
is a beautiful, fertile mountainous country. Zhamanaula, on the contrary, corresponds to the
meaning of a bare hill mountain. The highest point of Kyzyltau, located in the south-east of the
Bayanaul mountains, is Aulie Peak (1055 m) [15].

Kokshetau mountains Zerenda mountains in Kokshe Erementau mountains
region

F

Bayanaul mountains, near Lake Mount Naizatas Mount Saken in Toraigyr
Zhasybay

Kempirtas Bayanaulu k Cave of Brown Aulie in
Bayanaul

% » ‘
Konyr Aulie cave in Chingistau Karkaraly mountains Mount Aksoran
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Mount Kyzylaray Ulytau

mountains Akshatau mountain

Figure 2 — Small hills and isolated mountain massifs in Saryarka

Geological structure and minerals. The long and heterogeneous history of the development of
each part of Saryarka led to the formation of a complex geological structure. The folded structures
in the west and north of Saryarka are composed of Caledonian, and the central and eastern parts
of Hercynian folding. Folding took place accompanied by deep faults of the Earth’s crust, shear-
thrust tectonic movements, significant elevation of intrusives and powerful metamorphism. In
this regard, rich and valuable ore deposits are common here.

The western folding includes the blocks of Kokshetau, the Teniz trough, the Ulytau anticlinorium,
the Sarysu-Teniz uplift, the Zhezkazgan mulda. Two structural layers are distinguished here.
The lower layer is formed by volcanic formations and strongly metamorphosed, compressed
deposits of the Early Paleozoic with intrusions of granites, gneisses, glassy rocks of the anticline
core. The upper layer is dominated by large-block and carbonate tiers of the Middle and Upper
Paleozoic. They are little pressed, the degree of metamorphism is weakly manifested. They are
characterized by rupture-block tectonics.

In the eastern part, the profile of Paleozoic deposits has a completely different picture. There
is no division into structural layers and the profile consists entirely of geosynclinal deposits
interrupted by numerous intrusions of granitoids. Paleozoic effusive-sedimentary rocks consist
of folds of the north-western direction. Among the largest structures of the Hercynian folding
are the Shyngys, Balkhash and Tekturma anticlinories, forming complex tectonic nodes at the
intersections, as well as the North Balkhash synclinorium [16].

The Mesozoic deposits of Saryarka are concentrated in tectonic mulds and grabens that
overlap the area of the Paleozoic basement. They consist of loose, clastic, in most industrial-coal
deposits (Karaganda, Maykubensky basins, etc.), clay formations of the Mesozoic weathering
crust are widespread in the plains. Cenozoic Paleogene-Neogene sandy-clay deposits are
common in large depressions (Teniz) and valleys of the ancient water systems of Saryarka. Almost
ubiquitous quaternary sediments have a low-power layer and consist of sandy-clay alluvium of
modern river valleys, large-block slope formations and eluvium of various origins.

Ores of chromite nickel, titanium, magnetite, cobalt ores are concentrated in the Caledonian
magma, and ores of copper, lead, gold, silver, iron, manganese, and tin are concentrated in the
Hercynian intrusions. At the end of the Paleozoic, Saryarka completely moved to the continental
stage of development, having been subjected to prolonged denudation. At the end of the Mesozoic,
the region turned into a peneplain with the spread of residual uplands. In the Cenozoic, as a result
of repeated tectonic movements, denudation plains were replaced by accumulative ones. The
main low-mountain and hilly watersheds Balkhash-Ertis (1000-1559 m), Sarysu-Teniz (1134 m)
and Yesil-Ertis (600-1358 m) underwent uplift. Saryarka is mainly composed of Precambrian and
Paleozoic metamorphic shales, quartzite, sandstone and limestone. Granite, diorite, intrusions
and effusions of gabbro are widespread among them. Deposits of ferrous and non-ferrous metals
are associated with granite intrusions. In the sandy-clay formations of the Carboniferous period,
layers of high-quality coal were formed. Rich reserves of brown coal are concentrated in the
Jurassic sediments lying on Paleozoic rocks (Ekibastuz brown coal basin). Various denudation
forms of relief are associated with the nature of rocks and the peculiarities of their occurrence.
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Rock granites, hump-shaped, spherical and chest-shaped forms are common. The extended
layers of sandstones and limestones are characterized by ridges and manes, for quartzites — hills.
Suffusion depressions and deflationary basins are often found in accumulative rocks [6].

The complexity of the geological structure of the territory of Saryarka, the spread of rocks
of various origin (igneous, metamorphic and sedimentary) affected the species composition and
mineral reserves. To date, about 150 deposits of coal and drilling coal have been discovered in
the carboniferous and Jurassic deposits in the region. More precisely, the Karaganda, Ekibastuz,
Maykubenskoye and Teniz-Kurgaldzhinskoye deposits [17]. There are many copper deposits
concentrated, mostly they are complex, which contain reserves of gold, molybdenum, silver,
zing, lead, nickel, etc. components. Copper and nickel deposits Bozshakol, Samar, Sokyrkai, Konyrat,
Kenkudyk-Kaskyrkazgan, Karatas, Bozshoky, Sayak, Tastau, Moldybai, Zhalbas, Berikkara, Umit, Eshki-
Olmes, Tesiktas, Uspen, Altyntobe, etc. It can be said that some deposits, the so-called «chud»,
«places of copper», where stone and bronze tools are found, are widespread in Saryarka. The
gold-bearing areas of Maykayyn and Northern Balkhash, the gold-producing region of Stepnyak
are distinguished. You can name Alpys, Souvenir, Zhosaly, Shoptikol, Abyz, Meyzek, Akbastau,
Kosmuryn, gold-silver-containing Taskar, Muzbel, Sayak, Dominnye, Ayli, Nauryzbai, Sulu shoki,
Eshkiolmes, etc., lead-zinc deposits (Karagaily, Akzhol, Uzynzhol, Atabai-Dogaly, Ushtobe, Kayrakty,
Berikkara, Akshagyl, Uytas, Kyzylespe, Mynshunkyr, Tumiot, Abyz, Akbastau, Kosmuryn), deposits
of rare metals: Verkhne Kayrakty, Koktin koli, Baynazar, Soran, Tastau, Ontustik Zhauyr, Koytas,
Aksorly, Kyzylarai, Shygys Konyrat, etc. We also found such names that were based on the names
of minerals and geological structure, for example, on the basis of iron and manganese deposits,
the names Sarybulak, Akbuyrat, Kotyrtas, Batyrtas, Kenkazgan, Keregetas, Myrzyk, Aigyrzhal, Shoytas,
Katpar, etc. In general, a group of specific names characterizing the features of the territorial
distribution of geological rocks and minerals was studied [18].

Climate. Due to the inland location, the climate of Saryarka largely depends on radiation
factors. The climate is sharply continental, humidity is insufficient, increasing aridity is
characteristic in the south at all. The northern part is occupied by forest-steppes and arid steppe
with islands of forest, the southern part corresponds to semi-deserts of the temperate zone. The
border of the desert zone runs along the latitude of the Northern Balkhash region. The average
annual temperature in January is 14-18°C. The absolute minimum is 46-52 °C. The average
annual temperature in July is 19-24°C, the absolute maximum is above 40°C. The average annual
amplitude of air temperature exceeds 35 °C. The thickness of the soil layer in the north reaches
90-140 cm, in the south 50-60 cm. Snow cover in the north is 20-25 c¢m, in the south 15 cm.
Frosty weather is observed even before snowfall. Sometimes, due to the impact of a cyclone from
the southwest, during a thaw, the air temperature rises to +5-70, then there is a sharp cooling
and, as a result, ice. The surface layer of air heats up strongly, the air temperature rises rapidly.
The average annual precipitation in the north reaches 300 mm, in the south 150 mm. The low-
mountain band holds part of the wet winds and therefore the average annual precipitation in
the mountains of Kokshetau and Karkaraly, according to long-term calculations, exceeds 400
mm, in Ulytau 350 mm. Most of the precipitation in the north and in the center falls during the
warm period, and in the south, usually in December. Evaporation degree everywhere is 2-4 times
higher than the amount of precipitation. In summer, there is a frequent recurring drought. In the
north, the winds of the south-west direction prevail, in the south of the north-east. The average
annual wind speed is 4-6 m/sec. Days with strong winds (more than 15 m/sec) in Kokshetau 60
m/sec, on Balkhash 20 m/sec are not often observed [19].

Toponyms expressing the degree of climate and weather favorability: Akkar, Karlykol,
Dauyldy, Zheltau, Zheldiadyr, Zhelbuzyl, Zhylysay, Zhylytobe, Mezgilsor, Muzbel, Muzdybulak,
Salkyntau, Taigakkol, Shantobe are based on physical and geographical information formed as a
result of the identification of nomads features of natural phenomena.

Internal waters. The hydrographic network of Saryarka is mainly seasonal in nature, the main
source of food is snow (more than 80% of the annual runoff is meltwater). Unlike the northern
rivers, the water availability of the southern rivers is low, the area of the Northern Balkhash
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region belongs to the local runoff. The largest river is Yesil. Its waters are used for water supply
of industrial enterprises and settlements. Starting from the watershed elevation, 70-90% of the
annual runoff passes on the rivers flowing from north to south (Nura, Sarysu, Sileti, Shiderti,
Tokyrauyn, Ayakoz, etc.) during the spring flood (2-3 weeks). The rest of the time, their waters
become much shallower or they break up into old trees. In winter, rivers freeze, small ones freeze
to the bottom. Only in the Yesil River there is a constant water flow. For the purpose of water
supply of settlements and industrial enterprises of Central Kazakhstan and irrigation of lands,
the Ertis-Karaganda canal named after K.I. Satpayev was carried out. Numerous depressions in
the relief of Saryarka became the basis for the formation of seasonal and permanent lakes. There
are many lakes in Saryarka, the water in many lakes is salty. They all have common features:
isolation, shallow water, rapid variability of the level and amount of water throughout the year.
The largest lake is Lake Teniz in the Kurgaldzhin depression, the water of which has a bitter-
sour taste. Freshwater, tectonic lakes (Burabai, Shortandy, Bolshoe Chebachye, Maloe Chebachye) are
common in the Kokshetau upland. There are also deflationary and suffusion lakes [4].

The names of the rivers Yesil, Nura, Sarysu, Sileti, Shiderti, Tokyrauyn, Ayagoz, Kulanotpes,
Terisakkan, Karakengir, Sherubai-Nura, Shagalaly, Kalkutan, Kusak, Tundik, Itchysu, lakes, Karagenuka,
Karaysor Meshkeisor, Shoshkakol, Kozhakol, Sholak, Burabay, Shortandy, Bolshoye Chebachye, Maloye
Chebachye, microhydronyms (names of springs, wells) of water sources of the economy also
found special reflection in local toponymes.

Soil and vegetation cover. The soil and vegetation cover of Saryarka consists of the main zones:
arid forb-feather grass steppes of the temperate zone on ordinary chernozems; arid herb-feather-
grass steppes on southern chernozems; arid feather-grass-fescue steppes on dark chestnut soils
and xerophytic-forb fescue-feather grass steppes on chestnut soils; cereal-wormwood semi-
deserts on brown and light brown soils; wormwood-saline deserts on light brown saline soils.

Three natural zones pass along the territory of Saryarka in the latitudinal direction. These
are: steppe, semi-desert and desert zones. In the northern part and on the chernozems of the
southern territory (the vicinity of Kokshetau, Atbasar, along the Esil River), various herbs of
wormwood-feather grass steppes grow. These lands are used as cultivated areas. Vegetation
rarely grows on gravelly soils of hills. In the valleys between the hills, birch and aspen grow,
and there are bushes. Birch and pine grow on the northern slopes of low-mountain massifs.
Kokshetau, Niyaz, Ereimentau and other low mountains folded by granite are covered with
a belt of birch-pine forests. On the plains and hummocks of the Saryarka, starting from the
Teniz-Kurgaldzhin depression and further east to the valley of the Tundik river, sour-carbonate
red earth soils have formed. They are covered with fescue-feather grass steppes. The Teniz and
Sarysu plains, together with the southern part of the steppe zone, Ulytau, Karkaraly, the foot of
Shyngystau belong to the semi-desert zone. The climate of this zone is arid, on dark brown, red-
brown soils, wormwood, fescue-feather grass vegetation, feather grass-hairy are widespread.
Hay meadows, poplar, birch, pine, juniper, willow grow along the rivers. The desert area is
favorable for grazing land. Birch and pine groves grow on the low-mountain slopes of Bayanaul,
Karkaraly. In the west, east of the Sarysu valley to the Ayagoz river valley, there is a real gravelly
semi-desert. Grass-wormwood vegetation dominates on the red-brown soils of the plains. On
the northern slopes of the hills, feather-grass-fescue steppes have formed, in the south there
are rare wormwood steppes, and in the gorges there are bushes. In mountain gorges, birch,
wild rose, bird cherry, hawthorn, meadowsweet grow. Pine and juniper (juniper) are found on
the tops of the mountains. The desert zone covers the southern part of Ulytau and the vicinity
of Zhezkazgan, the North Balkhash coast. Here, on brown gray-brown soils of deserts, desert
plants grow - meadowsweet, karagannik, feather grass, fescue, white feather grass, biyurgun,
light brown wormwood, gray wormwood, white quinoa, bayalych [20].

Place names associated with the vegetation cover help to restore the former and modern
names of plant species and the appearance of landscapes of the historical past. The features
of the zonal distribution of vegetation cover form the seasonal nature of their use. Toponymic
studies in relation to changes in the landscape are reflected in the problems of studying the
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areas of distribution of phytoonyms. This is due to the fact that the vegetation cover as an active
component can be a specific orienting object in paleoclimatic and paleogeographic studies. The
first studies (on the basis of maps, tables) of the reflection of the vegetation cover in toponymes,
the relationship with natural conditions, the territory of distribution were carried out in the
studies of D. Kaimuldinova, A.S. Omarbekova, A.U. Makanova, K.T. Saparov [21].

Animal world. The fauna of Saryarka is distinguished by a rich species composition of animals
that live in the steppes and low-mountain regions, as well as in permanent and temporary water
bodies - rivers and lakes. The fauna was formed in connection with the peculiarities of the
steppe, semi-desert and desert zones. In the forest-steppe regions, various types of rodents are
widespread, from predators lynx, fox, wolf; white hare and gray hare; from ungulates roe deer,
elk. Among the birds of hunting and commercial importance are often hazel grouse, partridge,
chicken species, hawks and golden eagles from birds of prey.

In the steppe belt of Saryarka, rodents are found: hamsters, ground squirrels, marmots,
jerboas, chipmunks, steppe whistlers; from predators wolves, foxes, steppe foxes, ferrets. Among
the birds are several species of larks (steppe, crested, white-winged, black), from large birds -
crane, heron, bittern; among the waterfowl are ducks, gray geese, several species of swans. Pikes,
ides, bream and many other types of fish are found in rivers and lakes. There are many birds on
the lakes. A specially protected bird is the pink flamingo, the number of which has recently been
decreasing. In the south of Saryarka, sand mice and jerboas, a semi-desert wolf and a semi-desert
ermine are widespread, especially a lot of reptiles - the gray gecko, steppe agama, fast lizard
and other species of semi-desert and desert representatives of the animal world. In the pine
and birch-pine groves of low-mountain areas, there are forest species of animals: elk, roe deer
and many species of birds. In the mountains Ereimentau, Karkaraly, Kyzylarai, Ulytau, argali
survived [22].

In the restoration of the landscapes of the past and the formation of modern landscapes, the
names of animals found in the names of rivers, lakes, tracts, orographic objects on the geographical
maps of Kazakhstan play an important role. Kulanotpes, Kulanshat, Shoshkaly, Shortandy, Maitaban,
Shabakty, Kargaly, Sonaly and other similar names of rivers and lakes, names of animals and birds
in the names of orographic objects, such as Ayuly, Bugyly, Kiikti, Sarykulzha, Arkarly, Kulantobe,
Borioynak, Tulkili, Kundyzdy, Koyandy, Zhylandy, Burkitti and others complement the characteristics
of geographic objects. The influence of climatic conditions and vegetation cover on the territorial
distribution of fauna is traced. In the process of collecting material, toponyms were determined,
formed with the participation of the names ayu, kulan, bugy, maral, boken, kiik, kulzha, shoshka,
kundyz, arhar. The toponyms formed using the names of these animals provide information
about their distribution in this area earlier and great opportunities for paleoecological research
by providing information about the geoecological conditions of their habitat. The variety of
natural conditions of the study area has influenced their development since ancient times, and
the degree of development has formed a very complex system of geographical names [23].

As a result of the analysis of toponyms based on physical and geographical conditions
(oronyms, hydronyms, oikonyms, phytonyms, zoonyms, ethnonyms and genonyms, comonyms,
necronyms, etc.), a regularity of their concentration in the conditions of certain landscapes was
revealed (Figure 3). As can be seen from the figure, more than half of the geographical names
of the territory were nominated by landscape features.
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Figure 3 — Toponymic system of Saryarka
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Figure 4 — Space of the toponymic system of regions on the territory of Saryarka

In the course of our research, systems of more than 9000 toponyms were identified, formed
in connection with physical and geographical features, based on the State catalog of geographical
names of the Republic of Kazakhstan (Akmola, Karaganda, Ulytau, Pavlodar, Kostanay, Zhamby],
Abay, North Kazakhstan region, 2004-2010) [24], and are depicted in the form of diagrams
(Figure 4). In the future, it is planned to continue work on geographical, etymological studies in
the system of landscape toponyms.

Conclusion. During the analysis of the system of toponyms of Saryarka, it was found that
almost half of the names are named depending on the physical and geographical features
of the region, among the names of the territory there are toponyms characterizing climatic,
hydrographic, geological features, soil cover, flora and fauna. Toponyms can be called the
language of the landscape, that is, its oral representation. Thus, through toponyms, you
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can get information about the landscape, its history, dynamics and features. Geographical
names and terms make it possible to identify and explore the components of the natural
landscape and are used in the restoration of geographical conditions of the past. Therefore,
the definition of geographical factors in the nominations of toponyms is important.

Currently, geographical names, theirmeaning, origin, and history are of greatinterest. The
proof of this is the published toponymic dictionaries and works of fundamental and applied
research. Also, elective disciplines on toponymy are being introduced into geographical
specialties at universities. Recently, the relevance of the study of toponyms by territory and
region has been increasing. However, such studies have a historical and linguistic direction.
Studies of the toponymy of Saryarka in the geographical aspect are insufficient. It can also
be noted that today there are few real studies in the areas of hydronymy, oronymy.
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— Aamatsr: Apyana Ltd XKIIC, 2006. - 808 6.

A.E. Erma6aesal, E. Atacoit?, E. Kevikua!
'1.H. I'ymunres amvindazvt Eypasus yammulx ynusepcumemi, Acmana, Kasaxcman
2Yayoaz ynusepcumemi, bypca, Typrus

Capplapka TOIOHMMAEpPi KaabIITaCybIHBIH reorpadpusablk Herizgepi

Anpaarna. Makazasa CapbelapKaHblH (U3MKaAbIK-TeOrpadUsiAbIK >KarAalibel (kep Oedepi, KAuMar,
rugporpadusl, TOHbIpak), (paopacsl MeH ¢QayHachl >K9He OJapAbIH >Kepriaikri >Kep arayaapblHAa
OeliHeAeHy epekIlleAikTepiHiH reorpadusablk Herizjepi Kapactoipblaagnl. Capplapka — KaszakcraHHbIH
ipi ¢pusmKaABIK-TeorpapUAABIK KoHe TaOUFU-Tapuxu ariMakTaphiHBIH Oipi. Coarycriringe batsic Cibip
SKa3bIFBIMEH VIITACHIII, OHTYCTirinze baakamn keaiHe aeiiiH, mipirbichiHAa Kaaba >xone TapOararaii
>KOTaJdapbIMeH IIIeKTecin, OaTeicbiHAa TopFail KOAaThIHA AeiiH CO3bLAFaH.

Caprrapka aymarsl Opraanik Kaszakcrangarbr sxep Oegepiniy Kypaeaidirimen cumatraaaasl. XKep
OesepiniH epekieaikTepiHe OHBIH T€OAOIVAABIK KYPBLABIMEI MeH >Xep OesepiH Kypaymisl ¢paKTopAapsl
acep ereai. AyMaKTbhIH reorpadusAblK OpHaJlacyblHa OaiflaHBICTBI KYPT KOHTMHEHTaAbABl KAUMAT,
Cy pecypCTapbIHBIH >KeTiCIeylIidiri >KoHe odapAblH Oipkeaki Tapaamaysl, apmATi aaHamadr Typaepi
Oaiikaaaapl. bya Tabury epexiieaikrep ayMaKThIH TOIOHMMAepiHAe KepiHic tankaH. [leorpadusaanix
arayaapAbl 3KiKTey >XoHe TONOHUMAECPAIH TypAepiH TONTaCTBIPy >KYMBICTapbl Ke3iHAe aliMaKThIH
Jusukaavk-reorpaduAAbIK XKarjaiidapbiHa OaliaaHBICTBI OachIM aTayaAap aHbIKTaAAbl.

Tyiiiu cesgep: Capblapka, TOIIOHUMAED, XXep Oedepi, KAUMAT, IMAPOHUMAEP, OCiMAIKTep.

A.E. Ermu0aesal, E. Aracoir?, E. K. Kenkus!
'Egpasuiickuii HayuoHaAbHoli yHusepcumem umeru /1.H. ['ymuaeea,
Acmana, Kazaxcman
2Yuusepcumem Yayoaz, bypca, Typuus

l'eorpadguaeckme ocHOBBI GpOpMMUPOBaHMs TOMOHNMMOB CapblapKu

Annoranus. B cratpe paccMmarpusaioTcst pusnko-reorpaduueckue ycaosusa (peaved, KAmMMmar,
ruaporpadgus, moussl), ¢paopa u ¢ayHa Capwlapkum u TeorpaduuecKne OCHOBH OCOOEHHOCTell
OTOOpa>keHMsI MX B MeCTHBIX ToroHuMax. Capblapka - OAMH M3 KPYIHBIX (PU3MKO-TeorpadpuuecKux 1
npupogHo-ucropudeckux peruHos Kasaxcrana. Capolapka rpannuut Ha cepepe ¢ 3anagnoit Cubupsio,
Ha IoTe gocturaeT odepa baaxar, na Bocroxe Kaabunckoro xpedra u TapOararasi, Ha saniage Topraiickoro
1aTo.

Teppuropusa Capplapky XapaKTepusyeTcsl CAOXKHOCTBIO peabedpa B llenrpaaprHom Kasaxcrane.
Ha ocobennoctu peaneda BAUAIOT €TO re0AOTMYECKOe CTpoeHMe M peabedpoobpasyrome (PpaKTOPHI.
Ms-3a reorpadpuueckoro pacroaokeHus Tepputopuym HabAl04aeTcsl pe3KOKOHTMHEHTaAbHBI KAMMAT,
HexsaTKa BOJAHBIX PecypcoB M WX HepaBHOMEpPHOe pacIlIpejeleHIe, 3acyllAubble AaHAMaTH. OTu
IIpUPOAHbIE OCOOEHHOCTU OTpa>keHbl B TOIIOHMMax Tepputopun. Bo speMs paboTsl 110 kaaccudukanmum
reorpapryecKnX Ha3BaHWUI M TPYNIMPOBKM BUAOB TOIIOHMMOB OBIAM OIpejeAeHBl JOMUHMPYIOIIe
Ha3BaHUsI, CBsI3aHHbIe C PU3MKO-TeorpadpuuecKuMI yCAOBUAMHU PeTMOHA.

Karouesnle caosa: Caprlapka, TOITIOHNMEI, peabed, KAMMaT, TMAPOHUMBI, PaCTUTEABHOCT.
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Analysis of the assessment of the salinity degree of irrigated
lands in Karmakshy District of Kyzylorda region

Abstract. The article examined a comprehensive analysis of the modern reclamation state of
irrigated lands of Karmakshy District of Kyzylorda region, located in the lower reaches of the
Syrdarya River, studied the causes and degree of salinization of soil cover. The territory of
Kyzylorda region is located in the Turan lowland. Over the past half century, large changes
have taken place in the entire natural complex due to the decrease in the flow of the Syrdarya
River in the Aral Sea region. As a result of the drying up of the Aral Sea, a desert with an area
of 21.4 thousand km2 was formed in its Kazakh Part. The work was carried out to compile a soil
map of Kyzylorda region. When creating a map, we used GIS technologies. By compiling a soil
map, we conducted a survey of the soil of Karmakshinsky district. In addition, the soil cover of
irrigated lands of Karmakshy District in Kyzylorda region is grouped by types of salinization,
the features of their development and distribution are described, and ways to improve the soil-
salt regime of irrigated lands are considered.

Key words: irrigated lands, analysis, soil, mapping, salinization, GIS, soil-salt regime.
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Introduction. The development of environmental processes in an unfavorable direction
for wildlife did not bypass the Aral Region. The territory of Kyzylorda region is located in the
Turan lowland. Over the past half century, large changes have taken place in the entire natural
complex due to the decrease in the flow of the Syrdarya River in the Aral Sea region. As a result
of the drying up of the Aral Sea, a desert with an area of 21.4 thousand km2 was formed in its
Kazakh Part. In the lower reaches of the Syrdarya river, adjacent to the Aral Sea, 2582 large
and small lakes remain 155. In the agricultural part of the river delta, the incoming items of the
groundwater balance were reduced, which led to an increase in their mineralization from 1 to 10
g/l and a 3-fold increase in land area with groundwater mineralization to 10-25 G/L.

In this regard, in order to further develop irrigated agriculture in this region, the problem
arose of a detailed study of the history and modern halogenesis of the soils of the Kyzylorda
region. In this case, there is a need to study the qualitative and quantitative characteristics of the
salinity of the soils of this region and map their areas.

Karmakshinsky District of Kyzylorda region is an administrative-territorial division located
in the central part of Kyzylorda region. Founded in 1928. The land area is 31.0 thousand km? The
district center is the village of Zhosaly [4].The territory of the district is completely occupied by the
Turan lowland. From the far north are the hilly Sandy basins of the Aral Karakum Yizishkekum
and Kolkudykkum, in the center-the Aktogay and Zhosaly steppes of the Alakay, in the south-
the hilly sands of the Kyzylkum. The highest point of the district is in the North (Mount Targul,
160 m). Construction materials were explored from the bowels of the Earth. The Syrdarya river
flows through the middle part of the district. From it are the Karmakshy and Shieli canals. In the
South pass the ancient channels of the Syr Darya — Zhanadarya, Inkar Darya, etc.[1].
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The climate is very continental, winters are quite cold, summers are hot and dry, and
legend has it. The average annual air temperature in January is 9-13°C, in July — 27-29°C. The
average annual precipitation is 100-150 mm. The soil in the North is gray, Sandy-Gray, barren
and barren, in the central part-Sandy-gray, pale gray, in the Syr Darya Valley and floodplain-
Meadow and Meadow-swampy soils. They grow gray Wormwood, yerkeshop, bayalysh,
buygun, tasbuyyrgun, kokpek, Shi, Kara saksaul, sarsazan, reeds, reeds, karatal, Zhide, zhingy],
shengel, etc. From animals live wolves, foxes, badgers, sand rabbits, from birds-geese, ducks,
pheasants, Bluebirds, etc. The Syrdarya River is rich in fish.

The climate of karmakshy district is sharply continental. The flat area of the district is open
for cold air masses from the North, dry dry winds from the South. The remoteness of the area
from the World Ocean also plays an important role. The average annual temperature is 8°, the
average January temperature is 26.1°. In winter, when arctic air masses invade, the temperature
drops to -34°. The highest temperature reaches in June (+42°). In summer, there is dryness of
the air and cloudlessness. The average annual rainfall is 118 mm, with the greatest amount (61
mm) falling in March, April and may. In winter, precipitation decreases to 57 mm and falls in
November, December and January. Annual rainfall is insufficient for the development of crops,
so irrigated agriculture is developed in the area.

The soil and vegetation cover of karmakshinsky district is a typical semi-desert zone.

The soil of Karakhov and Zhuankum sands near the island is characterized by a low content
of nutrients: nitrogen, phosphorus, potassium and humus (less than 1%). In some places, saline-
salt and thakyr-like soils are found. For farming, they are less suitable and are used as spring-
summer pastures.

The soil cover of the district is divided into groups: moist soils of the agricultural belt and
complex soils.

Agricultural land is represented by the following types of soils (%): Sands — 45.6; Brown
— 24.4; desert — like thakyr-11.1; swampy and Meadow - swampy-11.0; gray — brown-2.9;
floodplain-Meadow 3.6.

In terms of mechanical composition, sandy loam (46.6%) and medium loam (33.1%), sandy
loam (18.1%), heavy and medium loam (1.8%), heavy loam (0.2%), light loam (0.1%) predominate
among them.

The main backgrounds of the area are sands and brown soils, then Desert thakyr-like,
swampy and Meadow-swampy, floodplain-Meadow, gray-brown, salt marshes are reduced.

In the delta areas, Meadow intrasonal soils (Meadow-swampy, floodplain-meadow) with
different complexities were formed, which are 8.4% of the territory where most of the irrigated
arable land and hayfields are located.

Under the pasture is the widest set of soil groups, from sands to salt marshes and salt
marshes.

All soils of the studied territory have some common features: low reserves and content of
humus, weak anti-erosion and deflation resistance, a sharp impact on salinization and salinization
processes, low supply of nitrogen and phosphorus compounds available to plants, sufficient
reserves of potassium, predominance of an alkaline reaction and high carbonate content.

The surface water resources of the karmakshinsky district are represented by the lower
reaches of the Syrdarya River, which has the character of a flat river, strongly meandered,
divided into branches and channels. The river bed passes in its accumulative sediments and
rises in relation to it and the surrounding surface. The nutrition of the Mixed River is snow
and Glacier, rain and soil. Flat lake-full of elders. The average annual water loss is 444 m3/sec,
the maximum annual loss during the flood period is 1070 m3/sec, and the minimum is 1.68 m3/
sec. The river water reaches 560.6 million tons per season. the volume of M3 is used for regular
irrigation, including 362 million for rice production. M3[2].

Research methods: expert decryption, standard statistical methods of correlation analysis
of remote recordable parameters (NDVI, LST, etc.) and Terrestrial information. Methods for
clustering and classifying satellite data.
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Analysis of the assessment of the salinity degree of irrigated lands in Karmakshy District of Kyzylorda region

Scope of application and implementation of results: salinization of irrigated fields and
degradation of agricultural land in the south of Kazakhstan.

Current results: 2002-2022 historical data of the period (based on the materials of
hydrogeological and reclamation expeditions of the Ministry of Agriculture of the Republic of
Kazakhstan, relevant regions and other sources).

At the main sites, a kind of surface study of the salinization of irrigated fields of the
project territories was carried out, which included the selection of soil samples, analysis of the
composition of salts and, as part of Route Studies, an expert, rank description of the state of
agricultural land by FAO salinization classes.

The available open archive data were analyzed, it was obtained that various cartographic
materials have been stored in the system of the state institution «Department of land relations»
at the regional level since the Times of the former USSR (since 1972). Archives are stored in non-
digitized and paper form.

Mapping the salinity of irrigated fields faces significant technical challenges. A review
of the scientific literature showed the presence of only individual works related to this task.
Salinization of irrigated fields has significant variability throughout the season. The cards of
spring and autumn salting are practically of interest. To solve the task of mapping the salinity of
irrigated fields in the south of Kazakhstan, the following satellite products were used:

NDVI vegetation index. The format of individual scenes is Sentinel — 2, with a resolution
of 10m. monitoring data for the period from 2003 to the present (source-fews NET), decade
update, resolution up to 250m, on scales: absolute values of NDVI; deviation from the average;
assessment of the depth of deviation, on the scale of historically recorded variations (perennial
minimum-maximum) at this time here.

Salinity indices (the selection of indices continues). The format for individual scenes of
Sentinel-2 and (or) Landsat -8 Is resolution (10-30 m) during the spring period (March-April).

Sentinel-2, Landsat-8 images with resolution (10-30 m) optical channels. The format of
individual scenes for assessing the spectral characteristics of the bottom surface, detecting
flooding and waterlogging of irrigated fields throughout the year, restoring rice crop rotation
and assessing the autumn-winter washing of fields, monitoring the area of water mirrors of the
main reservoirs of the region (assessment of the current fullness of reservoirs and operating
modes for diagnosing the wateriness of the season).

Surface temperature (Land Surface Temperature). In the format of monitoring the period
from 2003 to the present (source — FEWS NET), ten-day update, 5 km resolution; on the scale:
absolute values; deviation from the average; quantitative assessment of the amount of cooling
due to irrigation of the field (Irrigation Cooling Effect).

Height of snow cover (Snow Depth). In the format of monitoring the period from 2001 to the
present (source — FEWS NET), ten-day Update, 1 km resolution.

The practical significance of the described phenomenon is associated with the demand for a
long-term forecast of the water of the rivers of Central Asia. The forecast of the volume of river
flow affects the planning of acreage under various crops. «Long memory in the mountain snowy
perennial mode on the Tien Shan justifies the use of a simple inertial» forecast. At the same time,
it is assumed that the snowfall next year will be close to the level of the current year.

In the process of conducting research activities of this stage of the project, documentation
was developed on geoparal, a web Geoinformation service of operational monitoring, which
includes recommendations and software solutions on architecture for the development of a
Geoinformation system for quantitative assessment of soil salinity[3].

The work was carried out with the support of the grant BR10965172 of the Ministry of
education and science of the Republic of Kazakhstan, implemented at the Institute of information
and computing technologies of the Ministry of education and science of the Republic of
Kazakhstan under the agreement No. 362 of September 07, 2022.
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Research methods and discussion of the results obtained. In other equal conditions, the
predominance of the salinity factor mainly depends on the type and intensity of soil use and
taking into account the complexity of the soil-reclamation and environmental conditions of the
kazaly-Aral irrigation Massif, as well as in accordance with the objectives of scientific research
and to determine the degree of salinity of the soil, a field study was conducted.

In order to solve the tasks set, the calculation sites for sampling Salt soils of the Karmakshy
district with an area of 95.25 km2 were selected, in particular, the territory of the Abay settlement,
5 km from the Karmakshy station, the basykara settlement, 10 km from the Kazaly station
and the Orkandeu settlement, located 30 km away. The following soil sampling points were
distinguished: 1-3 sampling points — 1, 3.5 km and 6 km southeast of the settlement of orkandeu,
4 points 5 km south of the Abay settlement irrigated lands, 5-7 points 2-6 km southeast of the
Abay settlement, 8 points 1 km north-east of the basykara settlement, 9 points 1.5 km south of the
Aiteke bi settlement and 10 points 1.5 km northeast of the Altai settlement were selected.
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Fig.3. Soil map of Kyzylorda region

Assessment of saline soils according to the methodology of V. A. kovdu and V. V. Egorov
according to 3 main criteria: chemistry, degree of salinity and depth of the Salt horizon. The
chemistry of saline soils was determined by the content of anions and cations. Especially the
anions, the magnitude of their relationship in the water pumps of the soil were taken into
account[4].

In Kyzylorda region in 2022, 24,099. 2 thousand hectares were used (including the territory
of Kyzylorda region — 22,601. 9 thousand hectares, leased land of Ulytau District of Karaganda
region — 2,210. 8 thousand hectares), including;:

- agricultural land - 2,788. 2 thousand hectares (2022 - 2,701. 6 thousand hectares, increase
86.6);

- land of settlements (cities and rural settlements) -838.3 thousand hectares 2022 — 838.3
thousand hectares);

- industrial, communications, defense and other non — agricultural land — 254.6 thousand
hectares (2022-256 thousand hectares, decreased by 1.4 thousand hectares);

- lands of specially protected natural areas — 161.2 thousand hectares (2021 — 161.2 thousand
hectares);

- lands of the Forest Fund — 6 510.3 thousand hectares (2021 — 6 510.3 thousand hectares);

- lands of the Water Fund - 2 288.1 thousand hectares (2022 — 2 287.2 thousand hectares), an
increase of 0.9

-lands of the fund-11 258.5 thousand hectares (2022 - 11,289. 8 thousand hectares), decreased
by 31.3 thousand hectares in 2022, the largest share of the land fund of the Kyzylorda region is
occupied by the lands in the fund and the lands of the Forest Fund (figure 4 ).
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m lands of the reserve

Fig.4. Distribution of the Land Fund of Kyzylorda region by Category, %

In 2022, the area of reclaimed land in the Kyzylorda region amounted to 0.711 thousand
hectares.the largest share of agricultural land is pastures — 1,997.6 thousand hectares or 89%, the
smallest share or 0.6% is perennial plantings.

1 06 8
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m Arable land
m Deposits
B Pastures
B Haymaking
m Perennial plantings

Fig.5. Distribution of the Land Fund of Kyzylorda region by Category, %
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Analysis of the assessment of the salinity degree of irrigated lands in Karmakshy District of Kyzylorda region

Unlike water and atmospheric air, which are only migration environments, soil is the most
objective and stable indicator of man-made pollution. It clearly reflects the emission of pollutants
and their actual distribution sources of soil pollution

- emissions of harmful substances into the atmospheric air from permanent

and mobile sources of pollution

- landfills of industrial and household waste;

- unauthorized landfills of industrial and household waste;

- chemical plant protection products and mineral fertilizers[5]. The growth of oil

and gas production, the high aggressiveness of the extracted raw materials affect the
processes of intensive pollution of the atmosphere, surface and groundwater, and through
them the soil and vegetation cover, where heavy metals, petroleum products, polychlorinated
diphenyls and dioxins accumulate. In 2022, RSE «Kazhydromet» monitored soil contamination
with heavy metals in the spring and autumn periods in the cities of Zhosaly, Toretam and the
villages of Akai, Akzhar (table 1).

Table 1 - soil pollution by heavy metals in Kyzylorda region, mg / kg

Sampling | chrome lead zinc cadmium copper
points
spring period

Zhosaly c. 0,43-0,6 12,6-25,5 5,7-18,6 0,1-0,2 0,6-1,03
Toretam c. 0,46-3,4 15,9-26,1 5,7-6,1 0,13-0,17 0,65-2,33
Akai v. 0,19 34 1,5 0,08 0,25
Akzhar v. 0,16 2,1 1,6 0,04 0,32

autumn period
Zhosaly c. 0,07-0,18 7,1-16,4 2,3-7,8 11-0,22 0,3-3,8
Toretam c. 0,04-0,13 10,7-16,3 5,9-10,9 0,08-0,19 0,46-1,2
Akai v. 0,02 2,4 2,5 0,005 0,11
Akzhar v. 0,03 3,3 2,6 0,04 0,8

In addition, a number of studies were carried out on the territory of the region on soil
salinization (chlorides, sulfates), soil pollution with persistent organic pollutants (PPE) and
pesticides.

According to natural and climatic conditions, almost the entire territory of the Kyzylorda
region belongs to an extremely unfavorable arid zone. The region is characterized by increased
solar radiation, low precipitation, strong winds and dust storms that move tons of sand for
several kilometers.

The main environmental problems associated with land pollution (oil spills) by oil producing
companies, as well as soil degradation and salinization.

Studies on the chemical composition of salt soils of the karmakshinsky district are conducted
on calcium, magnesium, sodium, potassium and chlorine anions, sulfate anions, bicarbonates
(tab. 2).
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Table 2 — Studies on the chemical composition of salt soils of the karmakshinsky district

Cations Anions Dry|T h e|Type

= g resi- | degree | of soil

% w0 g |5 | Cat+ | Mg+ | Na+tK | HCO3 | C1 SO4 dueat | o flsalini-

“— o oo} P .

°=l e & 105 C | salinity | zation

C g ';L E of soils

A&lA A

1 0.5 | % |0.096 |0.036 | 0.384 | 0.018 | 0.518 | 0.46 1.129 | medium | Sulfate-
10| % |0.092 |0.031 |0359 |0.012 | 044 |0.499 saline chloride

2 05| % |0.055 |0.157 |0.671 |0.054 |0.072 |1.897 |3.206 |highly | Sulfate
1.0 [ % [0.063 |0.165 |0.738 | 0.036 |0.1 1.957 saline

3 05| % 0109 |0.029 |0.064 |0.012 |0.142 | 0.317 | 0.642 |slightly | Sulfate-
1.0 | % | 0.07 0.029 | 0.191 | 0.018 | 0.163 | 0.422 saline chloride

4 05| % |0.15 0.08 0.102 | 0.016 |0.334 | 0.374 | 1.053 | medium | Chloride-
10| % | 0.142 | 0.076 | 0240 |0.074 | 0.326 | 0.643 saline sulfate

5 05| % |0.062 |0.158 |0.671 |0.053 |0.08 |2497 |4.107 |slightly | Sulfate
10| % |0.073 |0.165 |0.738 |0.012 |0.14 | 2557 saline

6 05| % |0.12 0.05 0.584 | 0.006 |0.951 |0.422 | 0938 |slightly | Chloride
1.0 | % | 0.06 0.032 | 0.324 | 0.024 | 0.341 | 0.49 saline

7 05| % |0.026 |0.058 |0.246 | 0.030 | 0.029 | 0.68 1.062 | slightly | Sulfate
10| % |0.032 |0.064 |0252 |0.036 |0.035 |0.128 saline

8 05| % |0.036 |0.104 | 0451 |0.024 |0.049 |1.267 |2.057 |medium | Sulfate
10| % |0.042 |0.110 | 0.492 | 0.096 | 0.067 | 1.334 saline

9 05| % |0.096 |0.164 |0.511 |0.102 |0.059 |1.327 | 2253 |medium | Sulfate
1.0 | % | 0102 |0.170 | 0.517 |0.018 | 0.065 | 1.333 saline

10 05| % |0.048 |0.054 |0.221 |0.012 |0.023 |0.63 |0962 |[slightly |Sulfate-
1.0 | % | 0.051 |0.057 |0.247 |0.018 |0.033 | 0.69 saline soda

The results of the study showed that all soils of the studied territory have a certain degree of
salinity. According to chemism, soils in the form of sulfate-chloride, sulfate-soda and chloride of
salinity predominate. A large area of karmakshy district (64.3%) is occupied by saline Medium-
Salt soils. Further, in descending order, weak (22.6%) and heavily salted (13.1%) soil. A small
area of the studied area is occupied by saline and deep saline soils. Most of the areas are salted
from the surface of the Earth, which is currently the result of irreversible secondary salinization
of this soil[6].
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W slightly saline
H medium saline

| highly saline

Figure 6 — distribution of soils of varying degrees of salinity at accounting sites of Karmakshinsky
District of Kyzylorda region(slightly saline-22.6%; medium saline -64.3%; highly saline — 13.1%)

Conclusions:

1. Drawing up a soil map of Kyzylorda region;

2. Conducting research by drawing up a map, it is possible to solve the following problems.

3. The studied areas of irrigated saline soils of Karmakshinsky District of Kyzylorda region
showed the intensification of secondary salinization processes due to an increase in the level of
mineralized groundwater;

4. Sulfate-chloride, sulfate, chloride and chloride-sulfate salinization of soils occurs in
irrigated areas;

5. Anionic salinization of the soil is represented by chloride ions, bicarbonates and sulfate
anions;

6. In order to maintain the design level of soil fertility in these conditions, it is necessary to
use more intensive technologies for its support, including biological reclamation on the basis of
proper crop rotation and the use of crops adapted to these natural conditions.
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A.A. TypcoinOaesa
OA-Dapabu amuvirdazel Kasax yammulx yrusepcumemi, Aamamut, Kasaxcman
Koisprao0paa 00apicel KapMakiibl ay AaHBIHAAFBI CyapMaAbl XXepaepail copTaHAaHy
Adpexecin OaraaayAanl Taajay

Aggarna. Maxaaaga Kespiaopaa obasicer Kapmakiner ayaansasiy, Celpgapns ©3eHiHIH TeMeHTi
arbIChIHAA OpHAJAacKaH CyapMaabl JKepAepiHiH KasipTi 3aMaHFbl MeAMOPALVIIABIK JKali-KyJliHe KelleHAl
TaAAay XYPTisiaill, TOIbIPaK >KaMbLAFBICBIHBIH Ty34aHy ceDelTepi MeH Agapeskeci sepaeaendi. Kpisbraopaa
00apIchIHBIH aymarel Typan oitnarsiiga opHadackad. COHFBI XKapThl Facklpga Oykia Taburu KereHge
Apaa Tenisi aitmarpinga ChIpAapust ©3eHi aFbIHBIHBIH a3alOblHa OaliAaHBICTHI YAKeH earepicrep 004ALL
Apaa TeHi3iHIH Kypraybl HOTIDKeCiHAe OHBIH Ka3aKCTaHABIK Oeairinge aygansl 21,4 MBbIH KM? 114
maiiga 60aap1. OcelFaH OailAaHBICTBI, OCHI ©HipJe CyapMaAabl eTiHIIiAIKTI 04aH 9pi 4aMBITY MaKcaTbIHAA
Kr13p110paa 00ABICHIHBIH TOIIBIPaKTapBIHBIH TAPVXbI MEH Ka3ipri 3aMaHFbl COPTaHAaHYbIH eTsKeli-TerxKeiai
3eprTTey Maceaeci TybiHAaAbL. Koisbiaopaa obabicsl Kapmakiisl aygaHbiHbH Oy A sKarjaiida TOIBIPAaKThIH
TY34aHYBIHBIH CaIlaAblK JKoHe CaHABIK CUIIaTTaMalapbiH 3epTTey KaxkeT Kplapla0paa 00ABICHIHBIH TOIIBIPAK,
KapTachIH >Kacay >KyMbIcTapsl XXy prisiaai. Kapransl sxacay kesinge 'AJK-TexHoaorusaaap naigaaaHbplaAbl.
TomsIpak KapTachH >Xacay MeH KapTorpadusaay kesiHje KapmMaknisl ay4aHBIHBIH TOIIBIpaFbIHa TeKCEPY
Kyprisiagi. byaan 6acka, Keispraopaa o6asicsr Kapmakins! ayAaHbIHBIH CyapMadbl JKepAepiHiH TOIbIpak
JKaMBIAFBICHL COpPTaHAaHy TypAepi OObIHIIA TONTACTHIPBLAALI MIiHAETTI TypAe, OAapAblH AaMy >KoHe
Tapaay epekIleAikTepi cumaTraaapl, COHAA-aK CyapMaAabl >KepAepAiH TOIBIPaK-TY3AbIK PeXUMiH
JKaKcapTy XK0A4aphl KapaaAbl.

Tyriin ce3aep: cyapmaanl Xepaep, Taajay, TONBIpaK, KapTara Tycipy, Tysaany, I'AJK, ronsrpak-Ty3
pexxmmi.

A.A. TypceinOaesa
Kasaxcxuti nayuonarvrviil ynusepcumem umenu arv-Papabu, Aamamot, Kasaxcman

AHaan3 OIleHKM CTeIleHN 3aC0AeHMs OpoliaeMbIx 3eMeab KapMakmmmHCcKOro
paitoHa KuI3pLaop auHCcKOM 004acTi

AnnoTanms. B craTbe IposejeH KOMILAeKCHBI aHaAU3 COBPeMEeHHOI'0 MeAMOPaTUBHOTO COCTOSHIS
oporaeMbIx semeab KapmaximuHckoro pariona KeI3ba0pAnHCKOM 00.4acTy, paclioA0KeHHBIX B HYDKHEM
TeueHun peku Cplpaapby, M3ydeHbl IPUYMHBL U CTEIIeHb 3aCOAeHNs IIOYBEHHOTO IHOKpoBa. Teppuropus
Krspraopannckoi ob6aactu paciiodoskeHa Ha TypaHCKON HUM3MeHHOCTH. 3a IIOCAeAHMe IIoABeKa BO
BCeM IIPUPOAHOM KOMILAEKCe IIPOM3OIIAN OOABIINEe M3MEHEHMsS B CBA3M C yMeHBIIeHUEeM CTOKa PeKM
Cripgapbs B perrone Apaabckoro Mopsl. B pesyapraTe ocymenus Apaabckoro Mops B ero Kazaxcranckoii
gacTy 06pazoBalachk IMyCTHIH I110I1aAb0 21,4 ThIC. KM% B CBSI3M € DTUM, B I1€AAX AaABHEIIIIET0 pa3BUTUS
OpOIlIaeMOro 3eMAejeansl B DTOM perMoHe, BO3HMKAA IIpoDaeMa AeTaAbHOTO M3YYeHUs VCTOPUM U
coBpeMeHHOro 3acoaeHus 11o4ys KusplaopanHckoil ob6aactu. B 9ToM caydae Bo3HMKaeT HEOOXOAMMOCTD
U3YYNUTDH KaueCTBeHHbIe I KOAMYeCTBeHHbIe XapaKTepUCTUKN 3aCOAeHNUs IT0YB.

briaa mposegena paOoTa IIO COCTaBAEHMIO ITOYBeHHON KapTol KulsbLaopamHckoit obaactu. ITpu
co3zaHUM KapThl ucroas3osaanuce [TIC-texnoaorum. Ilpu cocraBAeHNM ITOYBEHHON KapThl IIPOBEAEHO
obcaesosanne nous KapmaxkimHckoro paitoHa. Kpome TOro, IouBeHHBIN IIOKPOB OpPOIIIAEMBIX 3eMeAb
Kapmaxmmnnckoro paitoHa KbI3plaopauHcKoit 064acTu CrpyInmMpoBaH 10 THUIIaM 3aCOAeHUs, OIMCaHBI
O0CODEHHOCTM MX PasBUTHUA U PacCIpOCTpaHeHNs, a Tak’Ke PacCMOTPEeHBI IIyTU YAYYIIeHMs ITOYBEHHO-
CO/I€BOTO PeKMMa OPOIIIaeMBIX 3eMeAb.

Kalouesble caoBa: opollaeMble 3eMAM, aHaAU3, 1I09Ba, Kaprorpaduposanne, zacoaenne, 1VIC,
IIOYBEHHO-CO/1€BOM PEXKIIM.
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The main features of ski tourism development in the territory of
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Abstract. Ski tourism is a common form of tourism worldwide, generally associated with
rural areas and activities in the snow. However, it is also offered as a tourist product in urban
destinations in indoor and outdoor areas associated with sports. The conducted research
considered the main features of ski tourism development on the territory of the Republic of
Belarus, a country with a flat terrain character. The landscape-climatic and socio-economic
conditions in eight ski tourism centers of the country are analyzed, and their specialization in
the presentation of tourist products and the development of basic and specialized infrastructure
are discussed. It is noted that the development of ski centers is associated with the popularization
of active recreation, and amateur skiing. In the research, it has been determined that it is much
more appropriate to examine ski tourism separately in mountainous and flat areas without
making comparisons in terms of both landscape and orographic conditions. When the research
findings are evaluated in general, it shows that the ski tourism in the Belarus destination is
unevenly distributed, and the highest density is in the influence area of the capital Minsk.
Keywords: ski tourism, the Republic of Belarus, winter recreation.
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Introduction

Tourist destinations are one of the central factors of the tourism sector. With their rich
content and complex structure, tourist destinations are studied holistically as they are of interest
to various disciplines such as geography, ecology, economics, marketing, spatial planning,
management, etc. The attractiveness of destinations paves the way for different types of tourism,
which are becoming places of experience. One of them is ski tourism.

Ski tourism is one of the most popular and profitable types of tourism, the development of
which requires specific conditions in terms of natural resources, the creation of ski infrastructures,
and the production of suitable equipment. In the tourism market, there is an increase in the
number of ski destinations that are becoming points of attraction through investments in
ski slopes, mechanical facilities, and accommodation developed in relation to climatic and
geographical conditions.

Ski tourism is created by a large number of tourist flows, the target audience, and special
marketing techniques to promote tourist products. Currently, there is globalization in the
development of this segment of the tourism sector. According to the 14th Edition of the 2019
International Report on Snow & Mountain Tourism, in the 2017-2018 winter season, there
were 2084 ski resorts worldwide, including snowmaking and equipped resorts in 67 countries
around the world (Vanat, 2020). This «pre-Covid» period can be considered favorable for the
development of the ski tourism industry. The researcher Laurent Vanat has ranked the main
ski resorts in the world according to their most objective evaluation indicator — the number of
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average annual visits. The most visited ski resort in the world with more than 2.5 million tourists
is La Plagne (France). More than 2.0 million visits are in the resorts of SkiWelt Wilder Kaiser-
Brixental (Austria), Les Arcs (France), Saalbach hinterglemm leogang fieberbrun (Austria), Ischgl
and Samnaun Silvretta Arena (Austria, Switzerland), Whistler Blackcomb (Canada), Madonna
di Campinglio (Italy), Gardena / Alpe di siusi (Italy), Val Thorens/ Orelle (France) (Vanat, 2020).

The geography of the largest ski resorts shows that the landscape-orographic factor has the
greatest importance for their development. Of the largest ski resorts in the world (51 ski resorts),
80% are located in the Alpine region of Europe, 14% in the ski resorts of America, and only 6% in
the non-Alpine ski resorts of Western Europe (Vanat, 2020).

From the methodological point of view, it seems to us important to consider ski tourism in
mountainous and apartment areas as two different classes of objects, which are not comparable
in terms of landscape and orographic conditions and, consequently, in terms of the capacity of
ski centers, but the centers of each class can be very attractive for domestic and international
tourism. In this research, the historical development and basic characteristics of ski tourism in
the Republic of Belarus were discussed, and an attempt was made to show the current situation
by presenting the current potential and supply data related to winter tourism. In this context,
the landscape-climatic and socio-economic conditions of the country’s eight ski tourism centers
were analyzed, and their competencies in providing tourist products and developing basic and
specialized infrastructure were discussed.

1. Relevant Literature

Ski tourism is one of the types of tourism in which interest is increasing worldwide. It
includes activities in the snow and various tourist services, usually in rural and mountainous
areas. In addition, it can be offered to the tourism market as a stand-alone tourism product by
adding sports activities that are carried out both indoors and outdoors in urban destinations
(Mursalov, 2009). They are usually practiced on snow or ice and require freezing temperatures,
such as skiing, skating, and sledding.

Ski destinations are very sensitive to the continuous development of destination plans,
branding, and the level of competitiveness. It is a prerequisite for success to manage ski resorts
with good planning that takes into account both the landscape and climate that make the
destination attractive and the socio-economic conditions (Cihangir Camur et al., 2021). In the
context of ski tourism, investments are made in cable cars, chairlifts, and snowmaking equipment
in the destinations, which enable tourism development on the one hand and access to inaccessible
mountain slopes on the other. It is well known that modern ski resorts allocate a high level
of capital (e.g., 2.79 billion euros in Tyrol, Austria) for investments in technical infrastructure
(Bausch & Gartner, 2020). Within the tourism industry, skiing is a vulnerable market segment
with a high level of competitiveness that is exposed to numerous threats, particularly global
warming, which could hinder long-term growth (Vanat, 2020).

A review of the tourism literature reveals that there are studies that focus on the image
of ski destinations (Hallmann et al., 2015), factors that influence the choice of ski destinations
(Klenosky et al., 1993; Sun et al., 2022), motivations of ski tourists (Matzler and Siller, 2003;
Dickson and Faulks, 2007, Mladenovi¢ and Jovanovié, 2019; Bichler and Pikkemaat, 2021),
perceptions of ski tourists (Haugom and Malasevska, 2019), satisfaction of skiers (Miragaia and
Martins, 2015; Manap Davras, 2021), and loyalty and repeat visits of ski tourists (Alexandris et
al., 2006; Faullant et al., 2008, He and Luo, 2020). In addition, the problem of the potential of
natural resources in terms of their use by skiers is discussed in detail in the scientific literature in
the work of A.I. Zyryanov (2021), A.I. Zyryanov and D. I. Shilov (2020), Chun-Hung (Hugo) Tang
and Soo Cheong (Shawn) Jang (2011), M. Falk and E. Hagsten (2016). In ski tourism centers, care
is also taken to minimize the negative impact of recreation and tourism on natural complexes
through the implementation of an environmental certification system (Weib and Bentlage, 2006).

The development of ski tourism is based on the cluster model considered in the works
of H. Konu et al. (2011), E. G. Kropinova and A. V. Mitrofanov (2011), P. V. Panchenko (2011),
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E.V. Seredina (2016). According to A. H. Shidov et al. (2019), the main criteria for evaluating a
ski resort as a cluster project should include its specialization in the tourism industry and the
production of a tourism product, the geographic location of the cluster, the demand/expenditure
ratio, and the capacity of the cluster. The effectiveness of the cluster approach in the organization
of ski tourism is determined by the natural geographical location of ski centers, their main
specialization in tourism services compared to other types of tourism, the need to create
infrastructure, including ski slopes, snowboard parks, lifts, equipment rental, the hotel sector.

For the development of ski tourism, various factors should be considered that are important
for the destination preferences of ski tourists. Unbehaun et al. (2008) lists these factors from
the most important to the least important as follows: “snow secure destination”, “winter
experience”, “size of skiing area”, “waiting time at lifts”, “high quality of accommodation”,
“price of accommodation”, “the opportunity to ski down to the bottom of the valley”, “artificial
snow”, “restaurants”, “outdoor activities”, “apres-ski”, and “shopping facilities”. Miragaia
and Martins (2015) list the top five factors which tourists look for when choosing a ski resort:
“Accommodation”, “restaurants and social life”, “holiday facilities/services”, “quantitative and
qualitative characteristics of the slopes”, and “distance/access/price”.

Haugom and Malasevska (2019) examined how skiers perceive different ski resorts and their
weather-related characteristics using data from 400 skiers at a Norwegian inland destination. The
researchers found that “daily weather at the time of skiing” and “the price of a lift ticket” were
the most important attributes for skiers, followed by “chairlift wait time” and the “percentage
of open slopes”. Unbehaun et al. (2008), who examined the effects of climate change on skiers’
preferences and their tourism activities, concluded that climate change is an issue on winter
sports tourists’ agendas, that destinations with sufficient/natural snow are strongly preferred,
and that loyalty to destinations with low snowfall is declining.

Bausch and Gartner (2020) emphasize that the focus in the Alps is on skiing and the
associated winter sports market, and that other important market segments of winter tourism
are overlooked. Bausch at al. (2019) note that some tourists (e.g., those who prefer pure winter
nature - natural attractions not modified for winter sport - sightseeing itineraries, mountain
tours, or a sense of peace and solitude) give up after a trip to the Alps because too little attention
is paid to them. In other words, tourists’” intention and behavior to revisit the destination will be
negatively affected if their expectations are not met.

Bichler and Pikkemaat (2021) sought to uncover the motivational factors that influence
skiers” visitation to urban destinations with winter sports infrastructure. In their study, they
found that there were five push (“exciting”, “knowledge”, “relaxation”, “achievement”, and
“family”) and six pull factors (“basic assets”, “urban assets”, “natural scenery”, “social events”,
“economic aspects”, and “winter sports activities”). In addition, they typologically categorized
ski tourists in urban destinations as «moderate skiers,» «urban recreational skiers,» and «focused
skiers,» and pointed out the market potential of combining urban tourism and winter sports.

The study conducted by Tikunova and Krapivina (2014) on the attractiveness of ski resorts
in Europe, based on the calculation of the attractiveness index according to the method of
evaluation classification (Tikunov, 1985), has shown that the most attractive ski resorts in terms
of the main indicators (“duration of the season”, “total length of ski slopes”, “capacity of lifts”)
are cross-border ski resorts oriented towards international tourism. This theory is confirmed
by the leading position of the countries of the Alpine region — France, Austria, Switzerland,
Italy - in the ski tourism sector (Tikunova and Krapivina, 2014). Taking into account additional
indicators reflecting the specialization of ski resorts, the variety of services, and the price offer
(cost of a subscription, availability of snowboard parks, freeride zones, artificial lighting of ski
slopes, and artificial snow on ski slopes), the authors have arrived at a different grouping of ski
resorts, which seems questionable. The result of the research is that the countries with several
conditions for ski tourists are as follow: the most attractive conditions, Austria, Serbia, Andorra;
highly attractive conditions, Switzerland, Italy, Finland, Bosnia and Herzegovina, Germany;
attractive ones, France, and Czech Republic; insufficiently attractive ones, Poland, Norway,
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Sweden, Romania, Croatia, and Russian Federation; few attractive ones, Montenegro, Greece,
Slovenia, Slovakia, Bulgaria, Ukraine, Spain, Belarus, Liechtenstein, and Latvia (Tikunova and
Krapivina, 2014).

Countries with flat terrain in Europe are Denmark, Lithuania, Latvia, the Netherlands, the
Republic of Belarus, and Estonia. The natural conditions of these countries allow the development
of ski tourism in the conditions of low absolute and relative heights of undulating land, temperate
continental climate with constant snow cover, transitional climate from temperate continental
climate to marine climate with unstable snow cover, and marine climate without snow cover in
winter. As a result, the ski centers of these countries have a length of equipped slopes of varying
complexity of no more than a few kilometers. In countries with no or unstable snow cover,
artificial conditions for skiing in the mountains have been created — nylon coating of slopes in
Denmark, indoor complexes in the Netherlands, Lithuania. Their advantage is the possibility
to use these slopes all year round. A distinctive feature of the ski centers in the lowlands is the
extensive development of winter recreation, the creation of slopes for cross-country skiing and
ice rinks. As indicated on the websites of these ski resorts, their capacity is designed for several
thousand visitors. For example, Snow Arena-Drusininkaj is designed for 1000 visitors, and the
centers Otepa, Silichi and Logoisk — for several thousand people. On weekends and during
competitions and mass events, up to 10 thousand visitors can come. The largest ski centers in the
flat countries of Europe are listed in Table 1.

Table 1. Large ski centers of the flat countries of European region

The highest
Country point of the | The largest ski centers Special infrastructure
country (m)
Silkeborg, Nylon slope, all year-round artificial
DanParcs Renbjerg, | slopes
Denmark 170.86 Gjern glegene DanParcs
Sehgjlandet Center
Hedelands Ski Centre | All year-round artificial slopes, ice ring
The 32200 SnowWorld Landgraaf | 2 indoor ski slopes, 1040 m, snowpark
Netherlands ] Snowworld Zoetermeer | 2 indoor ski slopes, 420 m, snowpark
Snow Arena- | 2 indoor ski slopes, 600 m,
Drusininkaj 1 open ski slope 640 m.
Lithuania 293.84 Liepkalnis - Vilnus 10 open slopes, 2600 m, snowboarding
Mortos Kalns 1 open ski slope 500 m, snowboarding,
cross-country ski trails
Ozolkans 5 open slopes, 2500 m
Riektsu Kalns 16 open slopes, 4900 m,
Latvia 311.94 snowboarding, cross-country ski trails
Milnzkalns 11 open slopes, 1600 m
snowpark
Logoisk 5 open slopes, 5000 m
The Republic 345.00 snowboarding, cross-country ski trail
of Belarus ' Silichi 10 open slopes, 4090 m
snowpark, cross-country ski trail
Kuutsemde 7 open slopes, 200-500 m each,
snowboarding
Estonia 318.00 Kivioli 4 open slopes, 2000 m '
springboard, snowboarding
Otepaa Snowboarding, cross-country ski trails,
ice ring
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Resource: tripmydream.com, 2023; ski-atlas.ru, 2023; logoisk.by, 2021; silichy.by, 2023; http://
skistop.ru/resorts/indoor/netherlands/snow_world_netherlands; https://touristam.com/
gornolyzhnye-kurorty-estonii.html

Despite the flat terrain of the Republic of Belarus, a number of ski centers have emerged that
cater to both domestic and international tourism. The scientific rationale for the development
of ski centers as a new direction of nature management is considered in a number of works by
Belarusian scientists (Pirozhnik, 2009; Zaitsev and Petrusevich, 2011). However, the problem
of the creation and development of ski centers in Belarus has not received much attention in
the scientific literature. In this regard, the aim of the work to conduct a comparative analysis
of the development of ski centers in Belarus seems relevant and practically significant for the
development of the tourism sector.

2. Materials and Methods of Research

In this qualitative study, data were collected through document research. An attempt was
made to identify the main features of the development of ski tourism in the Republic of Belarus
based on the available documents and records. The documentary survey method uses all kinds
of scientific studies, reports, and websites as documents (Karasar, 2008). In this study, about
eighty documents consisting of websites, articles, and tourism reports were used using the
documentary survey method. In addition, the methodological basis of the study is comparative
geographical and cartographic methods. The subject of the study is the ski parks and ski resorts
of the Republic of Belarus, the location of which is shown in Figure 1.

The peculiarities of ski tourism development on the territory of Belarus are determined
by the flat terrain with elevations, a temperate continental climate with a stable snow cover in
winter. Winter sports are very popular in the country, so the various types of ski tourism and
recreation are aimed at meeting the demand of domestic mass tourism. At the same time, the
visa-free regimes for many countries, the developed hotel sector in major cities, and favorable
transport infrastructure create conditions for the development of international ski tourism in
Belarus.
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Figure 1. Ski centers of Belarus

1-ski center «Silichi», 2-ski sport and recreation complex «Logoisk», 3-Olympic training
center for winter sports «Raubichi», 4-educational and entertainment ski center Solnechnaya
Dolina (Sunny Valley), 5-ski complex «Westa», 6-active corporate recreation park «Yakutskie
mountains», 7-ski center «Ruba», 8-sport and recreation ski complex «Mozyr».
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In order to analyze the ski centers of the country, the following criteria were selected for
their evaluation:

- prerequisites for the development of a ski center, which were evaluated by indicators of the
favorability of the landscape-climatic and socio-economic characteristics of the site;

- the specialization of the center in the tourism industry and the production of tourist
products;

- the development of infrastructure and a wide range of services.

The evaluation of the favorable landscape and climatic conditions includes the absolute
height and vertical separation of the natural relief in the area of the ski center; the height of
the artificial relief and the created height differences on the ski slopes; the average daily air
temperature in winter; the height of the snow cover; the amount of precipitation in the cold
season; days with snowstorms. The favorability of socio-economic conditions is evaluated by the
indicator of the accessibility radius of the ski center for large cities that generate tourist demand.

Specialization in the production of a tourist product is determined by the characteristics of
the main specialized services of the ski center, analyzed by the indicators of the length and types
of ski slopes, as well as additional specialized winter recreation services, including snow parks,
ice rinks, springboards, tobogganing, and biathlon tracks, etc.

The capacity of each center is determined by the indicators of the development of basic
recreational infrastructure, including hotels, restaurants, and a variety of services, which also
includes the total number of lifts, ski equipment rental points, the availability of lighting on the
slopes, the seasonality of the ski center. Infrastructure for additional services is considered the
presence of wellness centers, bathing complexes, and other infrastructure for recreation outside
the ski season. Reference books, thematic maps of the national atlas of Belarus, cartographic
and reference sources on the official websites of the state institution «Republican center for
hydrometeorology, control of radioactive contamination and environmental monitoring» (rad.
org.by, 2023), as well as ski centers and resorts (logoisk.by, 2021; silichy.by, 2023; rau.by, 2023;
westa.by, 2023; sdolina.by, 2023; yago.by, 2023; www.ski.ru, 2023), have been used during
conducting the research.

3. Results and Discussion

The pronounced geographical unevenness in the placement of ski tourism facilities on the
territory of the Republic of Belarus is due to a combination of landscape-orographic and socio-
economic factors. All ski resorts are located in the hills. The concentration of ski centers is in
the central part of the Minsk Highlands, where Silichi, Logoisk, Raubichi, Solnechnaya Dolina,
Yakutskie Mountains, and Westa are located. Hilly-Moraine erosional and Kame-Moraine
landscapes with large-hill relief are widespread in this area, with the exception of the «Sunny
Valley», which is located within the boundaries of small-hilly relief. The absolute marks are from
250 to 345 m, the vertical dismemberment of the natural relief in the area of the centers «Logoisk»,
«Raubichi», «Silichi», «Solnechnaya Dolina» is 30-20 m / km2, and in the area of the centers
«Yakutsk mountains», “Westa” decreases to 20-15 m/km2 (National Atlas of the Republic of
Belarus, 2002). Taking into account the artificially created relief, the largest differences in altitude
indicated on the official websites of the centers are 100 m in Silichi Center, 80 m in Logoisk Center,
60 m in the Yakut Mountains, and 60 m in Solnechnaya Dolina and «Westa» - about 40 m.

The Mozyr ski center is located in the southeast of the country and is characterized by
the fact that in terms of physical and geographical conditions, it is located within the borders
of Belarusian Polesia, a region characterized by flat marshy lowlands. However, the center
itself was created within the boundaries of the Mozyr Plateau with a medium-hilly relief of a
hilly, morainic and erosive landscape. Despite the low absolute values of - 220 m, the vertical
dismemberment here reaches 20 m / km2, the height difference on the tracks is 35 m.

In the north-eastern part of the Republic of Belarus, within the borders of the Surazh Plain,
there is the ski center «Ruba». The landscape and orographic conditions for the development of
ski tourism are given here by the considerable local roughness on the high bank of the western
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Dvina valley, the vertical dismemberment is about 10 m/km?, the height difference on the slopes
is 40 m (National Atlas of the Republic of Belarus; http://hotel- pripyat.by).

The climatic conditions throughout the country, characterized by a temperate continental
climate with mild and humid winters, are quite favorable for the development of winter recreation.
The meteorological elements were analyzed on the basis of the weather stations located near the
ski tourism centers in Vitebsk, Minsk, and Mozyr (Table 2). The snow cover forms in November
and the stable snow cover lasts for at least one month in December. The duration of the season
for all ski centers covers the period December-March, in some years the season can be extended
to the first decade of April. Climatic resources for ski tourism on the territory of the Republic of
Belarus in winter show territorial differences. The height of snow cover depends on the amount
of solid precipitation and air temperature during the period of snow accumulation. The average
snow depth in the Vitebsk region is 18.9 cm, in the Minsk Upland region - 13.3 cm, and in Mozyr
it drops to 11.3 cm. From north to south the amount of winter precipitation decreases, and winter
air temperatures in February change from -0.6 °C in Vitebsk and -0.2°C in Minsk to +0.7°C in
Mozyr. The unfavorable meteorological conditions for the activity of ski centers include the days
with snowstorms, the number of which naturally decreases from north to south.

Table 2. Climatic indicators in the areas where the ski centers of Belarus are located

Weather stations (°C)
Indicators
Vitebsk Minsk Mozyr
Average air temperature °C 6.0 51 46
January 0.6 0.2 +0.7
February
Precipitation for November-February,
mm 58.0 40.9 38.3
medium 73.5 47.5 64.7
maximum
Snow cover height for November-
February, cm 18.9 13.3 11.1
medium 32.0 26.0 22.0
maximum
The number of days with snowstorms | >25 20 <15
(according to the State Institution «Republican enter for hydrometeorology, control of radioactive

contamination and environmental monitoring»)

Depending on the local landscape and climatic conditions, the activity of ski centers is
most favorable in the central part of Belarus on the territory of the Minsk Highlands, where
the main ski centers are located. In the areas of Ruba and Mozyr objects the natural conditions
are less favorable for the formation of large ski centers. Taking into account the orientation of
the country’s ski centers towards domestic tourism, the main socio-economic indicator that
determines the advantageousness of their territorial location is the distance to major cities. The
optimal distance from the city is no more than 30 minutes, taking into account the type of road
and speed limits. From this point of view, ski centers are divided into those located within the
city limits - «Solnechnaya Dolina» (within the city of Minsk), «Mozyr» (within the city of Mozyr).
These centers fully rely on the city infrastructure, but their capacity is limited by the size of the
place.
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Large ski centers are located mainly within 30-40 minutes from Minsk along the highways
of national and international importance. They are the centers «Raubichi» (travel time 34
minutes, distance from Minsk 26 km), «Silichi» (respectively 36 minutes and 38 km), «Logoisk»
(respectively 41 minutes and 39 km) located to the north of Minsk, in the southern direction from
Minsk there is a center «Westa» (respectively 37 minutes and 39 km). The location of the Yakutskie
mountains center is less favorable (respectively 54 minutes and 48 km). The location of the ski
center «Ruba» is also favorable (20 minutes and 17.4 km to Vitebsk). A winter sports cluster has
formed north of Minsk, based on two of the country’s leading ski centers - Silichi and Logoisk,
where national skiing competitions are held, and the Raubichi biathlon center, which is known
as a center for Olympic training in winter sports and hosts international competitions in biathlon
and freestyle. As can be seen from the data in Table 3, the most comfortable conditions for active
mass ski tourism have been created in the centers «Silichi» and «Logoisk». The slopes here are
the longest (4000-5000 m) and are characterized by the presence of slopes of difficulty «green»,
«blue» and «red» according to the international classification, snow parks, and springboards of
increased complexity, whose characteristics meet international standards.

Table 3. Special services of the ski centers of Belarus

Ski tracks
Ski center Total Additional
- . length . services of
official website Num- Level of tracks Additional . L
of . winter activities
ber complexity tracks
tracks
(m)
extreme park skating rin
«Silichi» for beginners, (snowpark, & g,
o 10 4090 . . snow tubing,
https://silichy.by easy, medium springboards, sledein
half-pipe) 818
«Logoisk» for beginners, . roller ski track,
https://logoisk.by > 5000 easy, medium snowboarding snow tubing
«Raubichi» i i i springboards, }zzts};}ggl;;i:ks’
http://rau.b freestyle zones ossmcontty
ski trail, ice ring
. . extreme park attraction of
<<Solnechnay§ dolina» 5 350 for beginners, (snowpark, sledge-rail track,
http://sdolina.by easy
- - snowboard park) | snow tubing
. cross-country
hit ;\'Nf 35:; b 3 749 i?:; beginners, ski trail, snow
- - Y tubing
. . . cross-country
«Yak}:lt:slge n;ozr;)tams» 1 480 casy snowboarding ski trail, snow
- - tubing
«Ruba»
https://probelarus.by/
catalog/recreational/ 4 900 for beginners, | snowboarding snow tubing
gornolyzhnye-kurorty/ easy
gornolyzhnyy-centr-
ruba.html
«Mozyr» . . sledge track
https://www.ski.ru/az/ | 2 420 ic;rs beginners, | snowboarding toboggan, ice
resort/395 Y ring

(compiled by the authors according to the data of the official websites of the ski centers)
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The centers Silichi, Logoisk, Raubichi, which are national ski and biathlon centers, are
characterized by a good supply of specialized and basic infrastructure and a range of additional
services. In terms of development and quality of services offered, these centers meet international
standards and are oriented not only to domestic but also to international tourism (Figure 2).
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Figure 2. Specialization of ski centers in Belarus
1-8 the numbers of ski centers corresponding Figure 1

The sport and training concept is an important part of most ski centers. The centers «Ruba»,
«Mozyr» and «Solnechnaya Dolina» offer training groups for ski mountaineering, freestyle, and
snowboarding. The ski centers «Solnechnaya Dolina», «Ruba», «Mozyr» are focused on active
recreation of the local population due to their location in the cities or in their immediate vicinity.
At the same time, the center «Solnechnaya Dolina» is intended for the mass recreation of Minsk
residents and has a unique simulator for training of the national snowboard team.

The recreational orientation is typical for the Yakutskie mountains and the centers of Westa,
where the ski slopes can be considered as an additional offer for active recreation (Table 4).

Table 4. Infrastructure of the ski centers in Belarus

Ski center Specialized infrastructure Basic infrastructure Additional
lifts, | inventory track . . services
. - catering living
units rental lighting
Silichi» 4 + N restaurant, | hotel, guest bath complex,
cafes houses health complex
. t t, | hotel, t
«Logoisk» 2 + + res ;‘;ian Ohf)uggses bath complex, gym
i , | hotel,
«Raubichi» 2 + + restaurant ofel, guest | 1o th complex, gym
cafes houses
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restaurant m, snowboard
«Solnechnaya 1 + + ! - Bym, St
. cafes trainer
Dolina»
restaurant hotel SPA center
«Westa» 2 + + ’ M
cafes, bar sanatorium
. corporate
«Yakutskie p .
. 1 + + cafe - entertainment
mountains»
events
«Ruba» 2 + + - - -
«MOZ ™»
Y 1 + + cafe - -

(compiled by the authors according to the data of the official websites of the ski centers)

As shown in Table 4, the basic infrastructure in the country’s ski centers shows considerable
differences. Standard living conditions in hotels and guesthouses are typical for the centers
«Logoisk», «Silichi», «Raubichi». Hotel rooms are equipped with a bathroom, shower, TV, air
conditioning, refrigerator, and free Wi-Fi access. The hotels have restaurants, cafes, and saunas.
The guest houses are also equipped with bathrooms, refrigerators, TVs, showers, and Wi-Fij,
which meets international requirements for centers of this level. The Raubichi complex has the
largest number of rooms - 3 hotels with 283 beds and 15 guest houses with 10 beds each (Table 5).

Table 5. Means of accommodation and catering in the ski centers of Belarus

Hotels, guest houses Restaurants, cafes, bars
Ski center
number, units capacit, number, units capacity,
beds person
e Hotel - 1 90
«Silichi» Guest houses - 12 )8 Restaurants- 3, cafes - 2 300
«Logoisk» Hotel - 1 50 Restaurant- 1, outdoor terrace 350
Guest houses - 1 48 -1 200
Raubichi Hotels - 3 283 R 5 cafes- 3 300
«Raubichi» Guest houses - 15 150 estaurants- 2, cafes -
«Westa» Hotel - 1 188 Restaurants, cafes, bars, 850
Sanatorium- 1 375 verandas
«Yakutskie - - cafe, open terrace, gazebos 80
mountains» » OP '8 500
«Solnechnaya ] ] cafe, open terrace, gazebos 120
Dolina» 135
«Mozyr» Hotel «Pripyat» of the 246 Restaurants, cafe, bars 350
town
«Ruba»
(compiled by the authors according to the data of the official websites of the ski centers)
BECTHWK EHY umenu A.H. I'ymunesa. Cepust Xumusl. I'eozpagus. Ikorozus Ne 3(144)/2023 W

BULLETIN of L.N. Gumilyov ENU. Chemistry. Geography. Ecology Series



N.V. Hahina, E.I. Galai, A.E. Yarotau

There are most differences in post-skiing services, reflecting each center’s individual
approach to attracting tourists. In Silichi there is a wellness center with health-promoting phyto-
procedures, breathing exercises, urethral gymnastics, Nordic walking, halotherapy and amber
therapy, and a steam bath with peeling. Sports activities include cycling, cable car, trolley track,
tennis, volleyball, basketball, and mini soccer.

In the centers «Logoisk» and «Raubichi» such services are less varied, are less advertised
on the market, and are mainly associated with the possibility of visiting saunas or bathing
complexes. On the territory of the Raubichi sports complex, there is a medical and rehabilitative
center.

Solnechnaya Dolina does not have its own accommodation facilities, as the center is oriented
to the accommodation infrastructure of the city of Minsk. Catering is provided by a café in alpine
chalet style with wooden and wrought iron elements in the interior. Guests have at their disposal
3 floors, a fireplace hall (with a capacity of 45 people) and a hunting hall (75 people). In the
center of Mozyr, which is also located within the city, tourists are accommodated in the city
hotel Pripyat, which has 194 rooms with 246 beds (http://hotel-pripyat.by). Ruba center does not
provide accommodation and catering during the winter season but is aimed at local lovers of
skiing vacations in Vitebsk. In the center of the Yakutian Mountains there is only one cafe with 80
seats, which operates all year round, while the main services are focused on corporate recreation
in the summer season upon prior request. Thus, skiing here is not a specialized direction.

The center «Westa» is characterized by a unique location and positions itself as a
multifunctional complex for a variety of recreational activities. The ski slopes are a small part
of the promoted sports orientation and active recreation. In addition, Westa offers the rental of
bicycles, roller skates, boats, and catamarans, there are gymnasiums and sports halls, tennis
courts, volleyball and soccer fields, a barbecue area, and the aqua zone of the center consists
of three swimming pools. The wellness center, located in Westa, offers more than 100 wellness
treatments, including spa treatments, massages, saunas, stone therapy, and body wraps.
Accommodation facilities include a 188-bed hotel and a 375-bed sanatorium, and the entire
complex receives more than 5.000 guests per year.

The geographical location of ski centers in the Republic of Belarus is inconsistent. Most of
them are located within the sphere of influence of the city of Minsk, only the ski resort «Ruba»
is located near the city of Vitebsk. The conducted analysis has shown that Silichi, Logoisk, and
Solnechnaya Dolina are developing steadily among the ski centers. It is promising to create
ski centers in each regional city of the Republic of Belarus. Taking into account the modern
technologies of artificial covering, ski centers can be opened in the cities of Gomel and Brest.
The cities of Grodno and Mogilev have favorable scenic-orographic and climatic conditions for
opening ski centers with open slopes. The population in the regional centers, which is 340-500
thousand people each, creates favorable conditions for the formation of a sustainable tourist
demand for skiing vacations.

4. Conclusion

The analysis of literary sources has shown that it is useful to study ski tourism in
mountainous and flat areas as two different classes of objects, which are not comparable in terms
of landscape and orographic conditions. Ski resorts with developed infrastructure are located
in the mountains, especially in the Alpine region. The Alpine mountains and the surrounding
regions with their unique “ecosystem”, “climate”, “topography”, “landscape”, and “seasonal
cycle” determine the ski tourism potential and the activities to be realized. Among the most
important factors influencing the success of mountain destinations in developing their capacity
for ski tourism are the amount of snow, the suitability of the terrain for sports activities, and
architecturally attractive infrastructure (Undzhieva, 2020). Of the 1945 ski resorts worldwide,
39% are located in Central Europe (Switzerland, northern Italy, southeastern France, Austria,
and southern Germany), where the Alps are located. On the European continent, there are only
two countries with more than 200 ski resorts and more than 4 ski lifts: France and Italy. Although
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there are many ski resorts in Germany, most of them are small ski resorts (Vanat, 2022). Overall,
it can be said that the developed destinations in the Alps and its sub-regions are characterized
by a high level of equipment.

The peculiarity of the ski centers in the lowland countries lies in the overall development of
winter recreation. Some of the prominent features of Denmark, Lithuania, Latvia, the Netherlands
and Estonia, the countries among the lowland states within Europe, for ski tourism and the
recreational activities they offer are as follows:

Denmark, one of the flattest countries in the world, which includes Greenland, the largest
island in the world, has a total of 5 ski resorts. These are Hedeland, Kolding, Bornholm, and
Nuuk and Angmassalik in Greenland. These ski resorts have limited (few) covered ski facilities,
T-bar lifts, chair lifts and limited vertical downhill skiing. In addition, in Greenland, where
snow is plentiful, skiers have the option of heliskiing, i.e., being dropped into the mountains by
helicopter and skiing 2000 meters vertically down to sea level (Vanat, 2022).

The highest point in Lithuania is only 294 meters above sea level. Snowfall usually occurs
between September and February. The country has 11 ski resorts with 5 or more lifts. The
Liepkalnis ski resort in the capital city of Vilnius has a total of 10 slopes 2.6 km long, 10 lifts and
an artificial snowmaking system. It is planned to build a symbolic building complex in this area
to make it a center for recreational activities. For several years, Lithuanians have been practicing
cross-country and night skiing in hilly areas several hundred meters high, about 80 kilometers
from the capital, with 4 or fewer lifts and several lifts (Vanat, 2022).

The highest point in Latvia, another Baltic republic, is 311 meters above sea level. An average
of 800,000 skiers ski or snowboard at 12 resorts with 5 or more lifts. The ski resorts include
Riekstukalns (8 slopes), Milzkalns (8 lifts), Zviedru Cepure (summer toboggan run), Ventspils-
Lemberga Huts amusement park (3 lifts, Snowmaking and adventure park in summer), as well as
Sigulda and its surroundings (6 ski resorts, entertainment centers), Zagarkalns and Ozonlkalns
near Cesis (chairlift, snowmaking, snowpark, beginner and children’s area, ski schools and
cafes). In these areas it is possible to practice alpine skiing, cross-country skiing and/or night
skiing (Vanat, 2022).

The Netherlands is one of the countries with many ski halls, but no skiresorts, only ski domes.
It is known that the country has a ski culture and about 1 million people travel internationally to
participate in ski tourism (Vanat, 2022). Estonia offers a wide range of opportunities for winter
sports enthusiasts due to its climatic conditions. With 9 ski resorts with 5 or more lifts, cross-
country skiing and snowshoeing are much more popular than alpine skiing. Downhill skiing,
snowboarding and night skiing are available at the resorts. Otepaa, where the World Cup stage
in Cross-Country skiing events is held, is called the «winter capital» of Estonia. To sum up, the
Baltic republics and Belarus have many similarities in terms of geography and natural features,
as well as winter tourism and skiing.

The Republic of Belarus differs from other European lowland countries in landscape and
climatic characteristics (the maximum absolute altitude is 345 m, the average air temperature in
January varies from -4.60 °C in Mozyr to -6.00 °C in Vitebsk, the average snow depth varies from
11.3 cm in Mozyr to 18.9 cm in the Vitebsk region), which favors the development of ski tourism in
the country. The analysis of the conditions for the development of this type of tourism has shown
that they are unevenly distributed over the territory of Belarus, with the highest concentration
in the zone of influence of the capital Minsk. The city has a professionally organized transport
network that ensures accessibility. Minsk is a thriving tourist destination with a growing number
of international airlines, newly established routes, and direct flights from all over Europe.

Of national importance is the ski resort «Silichi-Logoisk», which is characterized by the
largest number of slopes (10 and 5) and their length (4090 and 5000 m), including three levels
of difficulty. Tourists are accommodated in hotels and guest houses (the total capacity for two
centers is 261 beds), and they are provided with a varied menu in four restaurants and two
cafes (for 650 people). The wellness center is used to attract tourists to Silichi. In terms of the
development and quality of services offered, the Raubichi center stands out, with a developed
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basic infrastructure (three hotels with 283 beds and 15 guest houses with 10 beds each) and the
presence of a medical rehabilitation center.

The conducted comparative analysis has shown that the development of ski centers in
Belarus combines sports orientation with the popularization of amateur skiing, snowboarding,
and tubing. Ski and snowboard slopes develop most actively in ski centers. The ski centers also
organize cross-country ski trails, ice skating rinks, and toboggan runs. All centers have training
slopes, and the development of infrastructure corresponds to the capacity of the centers. The
conducted analysis has shown that Silichi and Logoisk are experiencing a steady development
among ski centers. The development of ski tourism in the center «Yakutskie Mountains» is
problematic due to the lack of winter accommodation, and in the center «Westa» ski tourism is
considered only one of the many types of outdoor activities, while the ski slopes are not open
every season. The development of Ruba and Mozyr ski centers into commercially successful
projects requires investment in their infrastructure and the obligatory opening of a café for
visitors. The positive experience of developing ski centers in flat areas can be useful for other
countries with similar landscapes and climate conditions.
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H.B. I'aruna, EJI. T'aaaii, A.E. SIpoTos
beaopyccknii rocy gapcTrBeHHBIN yHUBepcuTeT, Munck, beaapyco
OcHoBHBIE 0COOEHHOCTH Pa3BUTHS TOPHOABDKHOIO TypU3Ma Ha TeppPUTOPUI
Pecriy6ankm beaapych

AGcTpaKT. /ABDKHEI TYPU3M IpeAcTaBAseT coOOI IMMPOKO pacIpoCTpaHeHHYIO popMy TypusMa,
CBA3AHHYIO C aKTUBHBIMU 3aHATUAMU Ha CHETY, U II0Ab3YeTCsl IOy ASPHOCTBHIO BO BceM Mupe. DTa Gpopma
Typu3Ma OOBIYHO acCOLMMUPYETCs C CeAbCKOM MeCTHOCTBIO, O4HAKO TakKe IIpeAlaraeTcs U B TOPOACKMUX
paiioHax, B IIOMEIIeHUAX M Ha OTKPBITOM BO3AyXe, CBsA3aHHBIX CO CIIOPTOM. B ganHOM nccaegosanmy Ob1an
M3y4eHbl OCHOBHBIE OCOOEHHOCTU Pa3BUTUs TOPHOABIKHOIO Typusma B Pecrrybanke beaapycs, kotopas
XapaKTepU3yeTcsl paBHMHHBIM peabedoM. bplam mpoaHaausupoBaHbl AaHAIIAa(pTHO-KAMMAaTUUeCKUe U
COLMaAbHO-PKOHOMIUYECKIe YCAOBUS B BOCbMU TOPHOABDKHBIX LIEHTPaX CTpaHbl, a TakXe paccMOTpeHa
UX CIlenMaAnu3anys B IpejoCTaBACHUN TYPUCTUIECKUX ITPOAYKTOB U PasBUTUM MHPPaCTPyKTyphl. berao
OTMEYeHO, YTO Pa3BUTUE TOPHOABIKHBIX IIEHTPOB CBsA3aHO C POCTOM IIOIYAsSPHOCTU aKTUBHOTO OTAbIXa U
A100UTEABCKOTO KaTaHM: Ha AbIKax. B pesyabTaTe nccaejoBanus ObLA0 YCTaHOBAEHO, YTO TOPHOABIKHEIN
TYypU3M caelyeT paccMaTpuBaTh OTAEABHO B TOPHBIX UM PaBHMHHBLIX palioHaX, He IIPOBOASl CpaBHEHMII
MeXKAy HUMMU I10 AaHAIIa(pTHRIM U OporpaduieckuM ycA0BUsAM. B ntore nccaeqopanms CTaHOBUTCS SICHO,
4YTO FOPHOABLKHEIN TypusM B beaapycu pacripegesen HepaBHOMEPHO, C HauOOAbIIell KOHIIeHTparuei B
30HEe BAUSAHUA CTOAUIBI MIUHCKa.

Karouesble ca0Ba: ropHOABLKHEL TypusM, Peciybanka beaapycs, 3uMHMIT OTABIX.

H.B. T'aruna, E.JI. T'aaari, A.E. SIporos
beaapycb MmemaekeTTik yHuBepcureti, Munck, beaapycp
beaapycn Pecrry6amkacel aymMarbIHAAFDBI Tay IIaHFBI TYPU3MiHiH 4aMybIHBIH HeTisri
epekxIeaikrepi

Angarna. [lanre Typusmi — KapAbl TYPU3MHIH KeH TaparaH >KoHe OyKia a1eMre TaHbIMaad Typi.
Typusmuin Oya Typi Tek ayblaABIK Kepaepae FaHa eMec, KadaablK KepaepAe, CIOPTKa apHaAfraH >KaObIK
JKoHe alllblK adaHjap ga oTkisize Oepeai. Ocol sepTrey Teric xep OegepiMeH curarrasaThiH beaapycn
PecniybamkachiHAaFp! Tay-IIaHFR TYPU3MiHiH Herisri gamy epekieaiktepin Kapactoipadbl. Eagin ceris
TYpAi IITaHFBI OPTAaABIFEIHBIH AaHAIA(PTTHK-KAMMATTHIK JKoHE 91€yMeTTiK-9KOHOMUKAABIK, >KaFaliaapsl
caparitTablll, O4dapAblH TYPUCTiK ©HIMMEeH KaMTaMachl3 eTe aAybl JKoHe MH(PaKypPhLABIMABL AaMBITyFa
MaMaHgaHybl 3epTreai. [llanFpl OopTaabIKTapLIHBIH AaMybl 9yeCKOM IaHFbl CIIOPTHIHBIH TaHLIMAaAABIFLI
apTybIHa OailAaHBICTBI OO IIBIKTHL Tay-IIaHFbI TYPU3MiH TayAbl KoHe JKa3blK aliMaKTap4a 3epTTereHAe
OCBHI aliMaKTapABlH AaHAMAQTTHK >KoHe OporpaMAABK >KaFjaliAaphlH CaABICTHIPMali, >KeKe-KeKe
KapacThIpy KepekTiri aHbIKTaaAbl. 3epTTey HoTexkmecinge beaapycbre Tay ImaHFsl TypusMmi Oipxeaxi
TapaMaraH, €H KOIl IIOFbIpPAaHFaH OPTaABIFbl XaAbIK TBIFBI3ABIFBI JKOFapbl MIHCK acTaHaCBIHBIH, ayMarbl
ekeHi Deareai 60AAFbL.

Tyiiin cesaep: manrsl TypusMi, beaapycs Pecrybankacel, KbICKE AeMaAbICTap.
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Geoinformation support, analysis, evaluation and forecasting of
the use of land resources of Kyzylorda region

Abstract. Currently, the agricultural activities of almost all developed, civilized countries in
the world are carried out on the basis of the design of a system of Agriculture adapted to the
landscape and are actively engaged in it. In order to comprehensively substantiate this branch
of Industrial Science and identify the possibilities and features of its formation in Kazakhstan,
it is necessary to carry out specific research work with a high degree of truth. Therefore, in
the proposed work, the best ways to use the modern Geoinformation system in order to select,
recognize and analyze the agro-landscapes of the Kyzylorda region and analyze them from the
point of view of Geographical Sciences were sought. Kyzylorda region is an administrative
region located in the southern part of the Republic of Kazakhstan. The region is distinguished
by its agriculture. Agriculture has developed in the region since ancient times. In addition,
every year farmers are intensively working in the direction of changing varieties, diversifying
crops.

We can solve the main problems of our country through preliminary design work using modern
technologies.

Key words: cartography, agriculture, research method, landscapes, agrolandscapes, GIS.
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Introduction. The terrain is widely studied and discussed on maps that have special
morphometric indicators. However, the method of collecting relief information and, based on it,
capturing morphometric maps in the traditional «<way» requires a lot of labor and effort to use
for large-scale areas.

With the development of modern science and technology, the widespread development of
geoinformation systems has made it much easier to obtain quantitative data on the studied area.
Therefore, an electronic image of the relief is displayed on the basis of geographic information
systems with digital samples of the relief. The main requirement in the process of obtaining this
information and using GIS Technologies is the adequacy and high quality of samples.

Currently, in the vast majority of frequently used GIS technologies, although many methods
and techniques have been created to create a digital pattern of relief, almost all of them have
some limitations and errors. In this regard, the main goal is considered to be the compilation
and use of methodologies that reduce the amount of errors. Since morphometry is a scientific
area of geomorphology, in order to identify and describe relief, it studies detailed numerical
data about it.

He determined the history of the formation and development of the relief through his
methods and methods of research, formed the main patterns and morphological foundations that
determine the formation of the terrain in the study of the relief in accordance with the research
direction of Science. The most important one, including the main method, is morphometric
analysis. After determining the quantitative indicators of the relief using special measurements,
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the set of their characteristics may differ. It also depends on the purpose of morphometric
research and the regional units used. The history of morphometric analysis, in principle, can
be divided into three stages. Each of them was widely discussed in the work of subsequent
researchers. According to G.I. Yurenkov and L.S. Shchukin, the initial stage includes work related
to the compilation of methods for determining Heights, lengths, areas, complex edematous areas
of the terrain. It is worth noting that all this data was achieved on the basis of the appearance
of various devices. For example, as a result of the initial stage, topographic characteristics of
morphometric analysis were compiled. The second stage of development of morphometry was
determined in the course of analyzing the obtained quantitative data on the relief.

Among the earliest works published at the beginning of the period, one can name the works
of A. Humboldt, who conducted an orometric study in the Andes at the end of the 18th century.
The features of morphometric studies of that time are the comparison of simple relief shapes
and geometric shapes. At the same time, the first morphometric maps and the first coefficient
indicators were compiled and determined. So, in 1826, Karl Ritter introduced the concept of
«compactness» (compactness) of continents, that is, the ratio of area to perimeter. These were
the first attempts to describe the relief. In addition, there were many researchers who suggested
different coefficients in the description of the relief.

Karl Koritzka [1], for example, proposed a new method for determining the average
height of a region in 1854. A. Penk defined gypsum curves for individual regions. Among those
who contributed the most to morphometric research by the middle of the 19th century was
A. Penk. Although there were many successes achieved in the second period, interest in this
direction subsided by the middle of the twentieth century. Although the third stage continued
in the development of morphometry, it received its full place only towards the end of the
twentieth century. It is characterized by an increase in morphometric research; interrelation of
morphometric analysis with cartography; mathematical models of relief formed based on the
morphometric analysis.

On the basis of these, a mathematical direction was born in geomorphology and a system-
structural approach to the study of relief was added to morphometry. The development of
cartographic and mathematical modeling led to the development and creation of morphometric
thoughts, as well as the emergence and development of new computing, processing and
information storage devices. During this period, much attention was paid to morphometric
research, and among the scientists, it is worth noting the proposals of K. Efremov and A. I
Spiridonov to «geometrize» simple relief. One of the most valuable offers after this was
A.S.Appears in the works of Devdariani. He proved that it is necessary not only to consider the
relief itself, but also to take into account its development.The main idea of the third stage is to
consider the relief as a zone of heights. From the point of view of theory, it is the coordinate of a
given area, the function of two variables.

Materials and methods. Considering a relief as an equation can help a lot in studying and
determining its properties. The same xiak at the stage of its development in this direction set the
following global goals:

1) description of the object;

2) explanation of its properties;

3) track changes;

4) monitoring the situation;

5) creation of an object, an object that has such properties. In this work, an attempt is made
to solve geoecological problems using morphometric relief indicators, describing it, and based
on the data obtained. In particular, by determining the slope of the relief, surface exposures,
using the data obtained, determining the extent of water erosion of the soil in the studied area,
analyzing it, rational use of land, non — destructive use, and increasing fertility were the main
issues. In the description of the relief, there are two classes of work that are divided into two
large groups: qualitative description of the relief and quantitative description|[2].
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The ArcGIS10.4 program was used to compile a slope map of the terrain, which is represented
primarily by Heights from a topographic map, obtaining various indicators, creating tables,
etc. In particular, as part of this program, the main components of ArcGIS 3D Analyst, which
is an additional module, are compiled maps of the terrain of the Kyzylorda region using 3D
visualization, relief creation and analysis. In addition, the regional and volumetric characteristics
of the relief, slope, surface exposures and the level of surface leaching were also determined [3].
The use of these maps in determining spatial bundles is very effective: using this model, it is very
helpful in determining how these processes relate to mountains, valleys, high institutions, and
other three-dimensional objects . The course of cartographic studies used to obtain information
on any information provided on the maps consisted of 4 stages :

Stage 1 - promotion of issues to be solved with the participation of data available on the
map;

Stage 2-the preparatory stage;

Stage 3-conducting the study;

Stage 4-examination, processing of the received data.

In comparison with the corresponding date of February 1, 2023, the number of horses in
all categories of farms increased by 13.4 and 134.7 thousand heads; poultry increased by 13.0%
and 126.4 thousand heads, respectively; camels — by 7.9%-A and 45.2 thousand heads; sheep-by
6.2% and 445.5 thousand heads; cattle — by 4.7% and 324.5 thousand heads; pigs-by 2.2% and 2.2
thousand heads. Goat heads-decreased by 0.1% and amounted to 155.6 thousand heads. As of
February 1, 2023, 67.7% of cattle were counted in public farms;30.2% — in peasant or farm farms
and individual entrepreneurs; 2.1% — in agricultural enterprises; sheep — 55.8%, 39.7% and 4.5%,
respectively; goats —87.0%, 12.9% and 0.1%; pigs — 87.9%, 12.1%; horses — 60.9%, 37.1% and 2.0%;
camels — 61.9%, 34.7% and 3.4%; poultry — 74.8%, 5.6% and 19.6% [4].

Results. In January 2023, all types of livestock and poultry were slaughtered or slaughtered
on the farm in live weight amounted to 2.9 thousand tons, which is 1.4% higher than in the
corresponding period last year, cow’s milk production increased by 1.7% and amounted to 5.4 [5]
thousand tons, chicken egg production-by 65.2% and amounted to 0.6 thousand pieces. Statistical
data of animal husbandry in the ArcGIS program are mapped as follows:

KAZAXCTAR |~ %

Maniad | |

Fig.1. Works in the ArcGIS program

Figure 1 linking the map to the coordinate system - collecting, analyzing and evaluating
information sources; - studying the phenomena of the mapped area included in the map content;
includes the processes of compiling the first vector layers (shape file) and starting editing work.
Shown in Figure 4.
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Fig.2. Editing vector layers

Figure 2 development of vector layers, editing process if the first version of the prepared
map does not meet the requirements of the customer, an additional version is developed. At the
stage of preparing the same card for printing, small printing works are introduced. All this work
on the compilation of the map map

Fig.3. Preparing the card for printing

Figure 3 Preparation of the card for printing refers to the stage of preparation for printing.
That is, it is the processing or reproduction of the finished card using a printing or other method.
This stage includes the preparation of the printable version and the sections for printing cards.
The result obtained during the implementation of these stages on the diploma topic is shown in
Figure 3. In cartographic production, maps are developed by various teams of specialists, which
is why this work requires scientific and technical guidance, which is called map editing. The
process that checks the work at all stages is called proofreading.

In 2023, agricultural formations received a gross income of 2316299 tenge from the sale of
crop production (the level of profitability was 11.5%), including wheat - 94074 thousand tenge
(33.0%), forage crops-352941 thousand tenge (27.2%), vegetables-54083 thousand tenge (26.4%),
potatoes-19836 thousand tenge (24.4%), barley-1444 from the sale of melons-205663 thousand
tenge (28.5%), oilseeds-36949 thousand tenge (13.4%) and rice-1527994 thousand tenge (8.9%).
Agricultural formations of all districts successfully sold crop production. In 2018, the largest
income was accounted for by agricultural formations of Zhanakorgan district (736752 thousand
tenge, 25.3%), Shieli district (376573 thousand tenge, 12.2%), Kyzylorda city (266656 thousand
tenge, 20.1%), Zhalagash district (272946 thousand tenge, profitability level 5.7%).Agricultural
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enterprises received income from the sale of crop production in the amount of 476046 thousand
Tenge (the level of profitability was 5.6%), peasant or farm farms-in the amount of 1840253

thousand tenge (15.8%).
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Kazakhstan has long been known all over the world as an agrarian country. The main task
of agricultural production is to fully provide the population of the Republic with types of food
that are adjusted to medical standards. For this purpose, 1.4 million tenge per year is allocated
in the Republic. More than a ton of meat, about 7.0 million tons of milk and dairy products, 4
billion tons. It is necessary to produce eggs, 2.4 million tons of vegetables, 640 thousand tons of
sugar and about 2.0 million tons of bread and bakery products [6]. However, at present, the main
types of food, including animal products, are not produced in sufficient quantities. Meat, dairy
products, vegetable oils, sugar up to 30-40% are imported from foreign countries. In order to
eliminate such gaps, the intensive development of animal husbandry in the field of Agriculture
is the responsibility of today.

To do this, first of all, it is necessary to fully provide animal husbandry with nutritious and
high — quality feed with the harmonious use of our rich resources-natural Meadows and arable
land. After a thorough analysis of the structure and tasks of the feed production industry, we will
find out that its main sources are natural Meadows and arable land. In addition, waste from field
fields (grain, industrial crops) is also used as animal feed.

The share of animal feed can also include products produced in the microbiology and
chemical industries (vitamins, yeast, enzymes and other biologically active substances). However,
95% of the total volume of feed used in livestock and poultry farms is made up of plant-based
feeds. Therefore, the development of feed production from natural Meadows and pastures and
forage Fields plays a key role in creating a solid supply of animal feed for animal husbandry in
the Republic. Natural pastures and Meadows occupy the vast expanses of the Republic.

The area of pastures is 182 million hectares, hayfields — 4.7 million hectares, or about 1
hectare of hayfields per 39 hectares. The main reason for this contradiction lies in the fact that
fertile Meadows are plowed and turned into fields to increase the volume of grain production.
In this regard, in most farms of the Republic, especially in grain-growing regions, there is a
shortage of winter feed. For this, in the 70-80s of the last century, Hay began to be prepared from
forced Natural Pastures. Such «mowed pastures» were included in the government’s plan, the
size of which reached 15-20 million hectares.

Of course, the yield of such» hayfields « was low, and the cost of hay increased, and the
efficiency of animal husbandry in most areas decreased. In those days, a large number of forage
crops began to be grown on the arable land. Its volume is up to 10 MLG hectares in the Republic, a
third of the volume of hay;, silage, succulent and fodder feeds were completely removed from the
tields. However, the production of natural pastures and fodder forage and arable land still does
not meet the current demand. Feed production is a large and complex branch of the agricultural
economy. Its intensive development and prosperity in accordance with the requirements of
today is due to the introduction into production of the humiliated scientific and technological
achievements in this area. The main ones include the following areas:

1. Effective and rational use of the main sources of animal feed, natural grasslands and
pastures and fodder fields, taking into account the bioclimatic capabilities of each region and the
peculiarities of economic formation;

2. Collection of high-quality, nutritious feeds, increasing the yield of natural Meadows
and pastures and forage fields with the introduction of achievements of Science and advanced
production practices in farms (farms, Joint-Stock complexes, etc.);

3. Implementation in farms of advanced technologies for the preparation of animal feed and
planning of daily, monthly and annual feed menus based on science for each type of animal, age
and obtained animal products;

4. Reducing the cost of feed through the improvement, efficient use of fodder land on farms
and the introduction of new equipment and machines for the production of feed [7]. Forage
production as a branch of Agriculture and science is engaged in the cultivation of forage crops
on arable land, cultivation and use of natural pastures and hayfields.

The goals set by this industry are the maximum intensification of animal feed production
in the Republic. The main source of cheap and highly nutritious food is natural forage lands.
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Such lands occupy 70% of the land area of the Republic, as mentioned above. However, the
volume of feed from these natural pastures and hayfields accounts for only about 40% of the
total volume of feed used in animal husbandry throughout the year. The main reason is the low
yield of natural fodder lands. Irregular use and untimely maintenance of natural pastures leads
to the degradation of Meadow soils, the disappearance of valuable plant species from the plant
community,the replacement of other infertile grass species, arugula, the invasion of Meadows by
bumps and shrubs, as a result of which the yield decreases.

To eliminate such shortcomings, it is important to properly use natural forage lands with
improvement. As shown by the achievements of Science and advanced farms, it turned out that
in all regions of the Republic, with the radical improvement of natural pastures and fly agarics
(sowing perennial grasses instead of destroying natural grasses), the yield can be increased up
to 3-5 times and higher. Methods of light improvement (removal of bumps, bushes, spraying
of fertilizers, sowing of grass seeds, etc.) increased the yield of meadowsweet by 1.5-3.0 times.
A progressive new method is widely introduced in the field of feed production in the summer
season, creating irrigated pastures in each farm. It has been known from many experiments that
on irrigated pastures , the milk yield of cows increases to 15-30%, and the meat content of cattle
in Bordak increases to 25-35%.

It was found that the effective use of Natural Pastures in Steppe, semi-desert and desert
zones can preserve valuable grass species and increase yields, as a result of which livestock
products (meat, wool) from each hectare can be doubled. In many studies, it has been proven that
the creation of grass-planted pastures in the southern and south-eastern regions of Kazakhstan
is very effective both economically and ecologically. The cultivation of arable fodder has been
carried out in the Republic for a long time. But his current position is not critical. The amount of
feed per hectare of arable land where forage crops are grown is lower than the yield obtained from
sown fields with grain crops. The main reason for this is the non-compliance with the technology
of cultivation of feed crops, and the study of the technology of cultivation of some crops is not
adapted to each region. In the future, the production of feed from arable land should be carried
out in the following main areas: improving the structure of feed fields in each region; increase
the yield of fodder crops; widespread introduction of intermediate, legendary and compacted
fields in farms; widespread use of green conveyors; preparation of feed from the field according
to new technologies; scientific establishment of feeding. For the intensive development of animal
husbandry in the Republic, in the future, the volume of sowing of fodder crops in the field will
be increased by at least 3 times and the yield per hectare to 2.0-2.5 tons of agricultural products.
The cultivation of forage crops in intermediate and compacted fields should also be significantly
introduced into production. It is established that by growing 2-3 crops per year from one arable
land, the yield per hectare can be increased to 20-50%.

For example, experiments have shown that high-yielding feed grain crops are effective if
they are sown with protein-rich legumes. In general, the science of animal feed production in
the former Union dates back to the end of the 18th century. The first Russian scientists were 1.
I. Levshin, I. T. Bolotov, A.V. Sovetov, I. A. Stebut, P. A. Kostychev, etc. He studied the fodder
land of different regions of Russia, studied ways to improve it, the quality of fodder plants, the
possibilities of their acclimatization, cultivation in the field. However, the widespread, planned
development of the feed production industry in 45 dates back to the beginning of the 20th century.

The famous Russian scientists V. R. Williams [8] and A.M. Dmitriev were in charge of these
works. During these years, special expeditions were organized to Kazakhstan from the Center
(Research Institute in Moscow, Leningrad) to study the state of natural pastures and meadows,
their location in each region, groups, main plant communities, plant species, products and Feed
values. Among the scientists who led such research and did a lot, one can single out academician
I. V. Larin, professors L. G. Ramensky [9], I. A. Tsatsenkin, S. P. Smelov. Among the scientists of
Kazakhstan of that time, one can name the works of D. A. Zykov, B. A. Bykov, K. K. Kurmanoyv,
I. V. Matveev, K. D. Postoyalkov, P. A. Salyukov. In the 60s of the last century, at the Kazakh
Scientific Research Institute of hayfields and pastures, which was opened again in the Republic,
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the problems of improving and efficient use of natural forage lands began to be studied in depth
and comprehensively in all regions. The current conditions of natural pastures and hayfields
located in each region of the Republic were identified, and ways to improve and effectively
use dilapidated land were proposed. Among the scientists who led the scientific work and did
a lot, one can name zh.a.Dzhambakin, S. N. Pryanishnikov, K. A. Asanov, E. Sh.Shakhanov,
G.T. Meyrmanov, K. A. Aubakirov, L. I. Alimaev, K. A. Baitkanov [10], E. L. Bekmukhamedoyv,
K.Sh.Smailov, U. H. Almishev. Among the scientists who scientifically investigated the problems
of animal feed production in agriculture, we can mention Yu.d.Zykov, N. I. Mozhaev, V. A. Benz,
a.m. Sveshnikov, G. M. Chasovitina, A. Akhmet.

It is known that relief is considered the determining factor in the development of various
natural processes occurring on earth. Basically, it emits radiation from the sun and determines
the features of the formation of all types of surface currents and surface processes on them. All
this contributes to the definition of landscape classification in both local and regional areas.
Digital data is essential to determine the extent to which relief in Geosystems takes place. The
most effective way to solve this problem is the morphometric method.

Most often, this method is widely used in geomorphology and is widely used in determining
the studied objects, their quantitative indicators using the basis of GIS technology. However, the
scope of the morphometric method is not limited to this, but the scope of its research is very
wide and is also used to solve other geoecological problems. At the same time, today, Fast and
optimal solutions are solved through the digital features of GIS technology. The Earth is the most
basic natural asset. He is the source of all life, the habitat. Now people get 88% of the nutrients
they need from arable land, 10% from forests and pastures, and 2% from sea and ocean waters.
Therefore, the protection and effective use of the Land Fund is the most basic and urgent issue
that never ceases to be relevant.

The development of industry, the construction of cities, roads, hydraulic structures destroy
the surface of the Earth and lead to a change in natural landscapes.

The changed lands are undervalued economically, polluting the environment with toxic
substances, reducing the sanitary and hygienic conditions of human life. Considering the
changes in the structural and qualitative state of the Land Fund, we can see that the direction
of their development, especially agricultural land, is negative. Such negative processes lead to
a reduction in the resource potential of the land, as a result of which agricultural production
decreases and pose a threat to the national security of the state. The most basic way to stop this
process quickly is to use the land efficiently. This is especially important in modern economic
conditions, that is, at a time when there is a shortage of industrial resources and a decrease in soil
productivity. The lack of an economic mechanism of economy and land use leads to a shortage
and degradation of land resources. In this regard, the economic basis for the effective use of land
resources by moving from a free form of land use to a paid one has been developed. The Land
Fund is the most important national asset of our people, so its value is calculated in monetary
terms as part of the national wealth. On the basis of determining the magnitude of all this, the
value of land is an economic assessment. Like all natural riches, the economic valuation of land
has three main different functions :

1. Calculation. Land is counted as a national wealth, as the production and material Fund of
Regions, enterprises, individual landowners and land users. Land is also taken into account as a
place of production, other structures, residential buildings, etc., as a place of economic activity.

2. For an economic incentive to effectively use the land fund, it must have a price and thereby
be included in market relations.

3. Qualitative properties of land units — productivity, location efficiency are different. There
are not enough fertile, efficient lands, so even those with low productivity and efficiency are
used, and good (efficient) users, regardless of the Labor spent, earn additional profit. Depending
on the efficiency, different land units are evaluated differently, creating more uniform conditions
for land users. As a result, the population is encouraged to use less efficient, but economically
necessary land. All services of economic assessment of the Land Fund are inextricably linked,
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serve to protect, effectively use the land as a whole. In general, the Land Fund in the region can
be divided into three natural and economic zones, depending on soil and climatic and other
economic conditions. The first Zone (South) includes two administrative districts (Zhanakorgan
and Shieli), the second (central) zone includes four administrative districts (Zhalagash,
Karmakshy, Syrdarya and Kyzylorda), and the third zone (north) includes two administrative
districts (Aral and Kazaly) . Due to the specialization of the region in rice farming, taking into
account the peculiarities of the soil and climate and other conditions, natural irrigated arable
land can be divided into three natural Spurs: Zhanakorgan-Shieli, Kyzylorda and Kazaly-Aral.
In recent years, small rice fields have begun to form in agricultural areas of the Aral region.

The main cultivated plant in these ranges, rice, is sown in the former engineering — ready
lands together with the cultivated plant corresponding to it. 9193.0 thousand hectares or 74.0%
of the total land fund of the region is irrigated pasture land. At the same time, the area of vacant
land increased by 129.8 thousand hectares.

This is mainly due to the deterioration of the financial situation of Agriculture, the lack of
mineral and organic fertilizers, the lack of seeds, as well as the dilapidated material and technical
base.

Due to the different natural and economic conditions on the territory of the region,
specialization in the placement of agricultural production, a different type of agricultural
development has developed near the island (a type of self-financing, specializing in various
specialties and self-financing). In the northern zone, in recent years, due to a lack of irrigation
water, the volume of fields growing rice and other cultivated plants has decreased.

However, the remoteness of the settlements from each other is conducive to the development
of animal husbandry. It is especially convenient for the development of sheep, camel and horse
breeding. In the southern zone, due to the favorable temperature conditions, it is convenient for
farming, especially for growing vegetable and garden, fruit, oil and technical crops and grapes.
Therefore, in recent years, the main cultivated plant has been cultivated here, along with rice,
cotton, etc. in the development of cultivation. Due to the favorable economic development in
the central zone, rice and other cultivated plants belonging to the rice family, grain, oilseed,
horticultural, fruit crops are planted here. Any land fund is distinguished by fertility. The soil
cover, formed on the basis of climate, flora, hydrology and hydrogeology characteristic of the
Kyzylorda region, has a special impact on the qualitative state of land resources. Based on this,
the soils on the territory of the region can be divided into two large groups:

- Atyrau moist soils with developed irrigated agriculture;

- in the semi-desert part there is a trace of irrigated agriculture from ancient times and dry
soils used for grazing livestock. Changes in soil fertility are also influenced by human activity. If
it acts scientifically, it increases soil fertility, and if it is treated irresponsibly, it reduces or destroys
soil fertility. The main agronomic, agrotechnical, agromeliorative, organizational measures to
improve soil fertility, land use efficiency are as follows:

1.protection of soil from erosion (fangs). There are three main types of erosion: wind, water
and technical. In uneven, barren areas, precipitation washes away the fertile soil layer. Open
areas without forests, especially those where productivity is deforested (plowed), are subject
to wind erosion, the fertile soil layer is blown away by the wind. Tillage of land with heavy
equipment, year-on-year sowing of one crop, the movement of equipment on off-road areas
increases soil erosion. In desert and semi-desert regions, excessive grazing of livestock without
compliance with the order of seasonal use, the movement of equipment leads to the destruction
of vegetation, especially valuable ones. Exposed soil is subject to wind, sun, water erosion. The
main way to protect against this threat is the cultivation, irrigation, regulatory use of Groves.

2. Protection of soil from salinization (salinization). Soil salinization occurred when the
amount of precipitation was less than the amount of evaporating moisture. Many years of
irrigation of crops cause salinization of the soil. The evaporation of rainwater from the surface
of the earth is saline. The use of advanced effective methods of irrigation of fields and pastures
protects the soil from salinization.
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3. Ways to protect the soil from sandblasting — planting trees (saxaul, Genghis), shrubs,
sowing perennial grasses.

4. Protecting the land from waterlogging, it will be necessary to carry out hydro-reclamation
works, improve irrigation systems.

5. For the preservation of nutrients in the soil, reclamation works, treatment of salt marshes
with lime, gypsum, plowing by special methods, fertilizing, re-grazing, etc. agronomic works
are carried out.

6. Protection of soil from poisoning — regulation of the amount of use of pesticides,
herbicides, fertilizers, protection from production, household waste, sanitary rehabilitation
measures.

7. Restoration (reclamation) of lands damaged as a result of construction, road construction,
subsoil exploration, mineral extraction, waste disposal will significantly improve the subsoil of
the Republic.

8. Measures to prevent the exclusion of arable fertile land from agricultural circulation
require legalization. In recent years, the distribution of fertile flat lands, forests, suitable for arable
land for various construction, summer cottages, roads, retail outlets, has become widespread. It
is also necessary to legalize it. These works are carried out based on achievements in the field
of special Sciences. At the same time, these are economic measures. After all, it is necessary to
determine the economic efficiency of measures, taking into account the financial, material costs
spent. For the implementation of measures for the protection, effective use of land, economic
calculations, assessments are carried out. Assessment of land fertility, determination of the costs of
restoration, protection, improvement, inclusion of land in market relations, etc.require economic
calculations, assessments. In short, land as a source of production reserves and a medium for
placing production applies to all areas of production. As the rate of development of production
increases, the amount of use of land wealth and Land Resources also increases. In this regard,
the decline in the quality of effective reserves of land resources negatively affects the increase
in the costs of society for production. The negative impact on production efficiency caused by
a decrease in the quality of land resources is also not eliminated by the results of scientific and
technical achievements. Therefore, the economical and efficient use of land resources is becoming
an urgent problem that must be solved. To solve it, it is necessary to organize new economic
conditions in accordance with the current economic mechanism of effective land use and choose
from such complex ways the most effective, most suitable, specific.

The normalized vegetation index NDVI (NDVI) is a standardized index that reflects the
existing and condition (relative biomass) of a plant. This index uses the contrast of two channel
characteristics from a multispectral raster data set — absorption of chlorophyll pigment in the red
channel and high reflectivity of plant raw materials in the infrared channel (NIR). NDVT is often
used worldwide for drought monitoring, agricultural production monitoring and forecasting,
assistance in predicting fire risk zones, and desert occurrence mapping. NDVI is suitable for
global plant monitoring as it helps compensate for changes in lighting conditions, surface slope,
exposure and other external factors.
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Fig.8. Soil map of Kyzylorda region [11]

NDVlIis often used worldwide for drought monitoring, agricultural production monitoring
and forecasting, assistance in predicting fire risk zones, and desert occurrence mapping. NDVI
is suitable for global plant monitoring as it helps compensate for changes in lighting conditions,
surface slope, exposure and other external factors. Different visibility in red and infrared (IR)
channels allows you to monitor the growth density and intensity of green plants using spectral
reflection of solar radiation. Green leaves usually show better visibility in the near range of
infrared waves than at visible wavelengths. If the leaves are flooded or dead, they will be yellow
and will be significantly less visible in the near infrared range. Clouds, water and snow provide
better visibility in the visible range than in the near infrared range, and the difference is zero
for rock and bare soil. NDVI processing creates a single-channel dataset that is mostly green.
Negative values mean clouds, water and snow, and values close to zero mean rocks and bare soil.
Default NDVI documented equation:

NDVI = ((IR-R) / (IR + R)) (1)

IR = values of pixels from the infrared channel R = values of pixels from the red channel
this index is formed mainly from clouds, water and snow, while values close to zero are formed
mainly from rock and bare soil. Very small values (0.1 and less) the NDVI function corresponds
to free areas of rock, sand or snow. Average values (from 0.2 to 0.3) indicate shrubs and meadows,
and large values (from 0.6 to 0.8) indicate medium and tropical forests. ArcGIS equation used to
generate output data:

NDVI = (IR - R)/(IR + R)) * 100 + 100 (2)

Discussion. This results in a range of 0-200 values and fits the 8-bit structure, allowing them
to be displayed using a color scale or color map. If you need specific pixel values (-1.0-1.0), select
the NDVI method using the channel arithmetic function (Band Arithmetic function) function.
When you use the Add function button in the image Analysis window to use NDVI: you can
open the image analysis Options dialog box, click the NDVI tab, and then select scientific output
data. Also on this tab there is an option to use the wavelength, which will try to determine
the correct channels if there is information about the wavelength (use Wavelength). If not, the
number of channels is used. Below are examples of combinations of Landsat 7,4,3 channels (left)
and NDVI channels that highlight the field of agricultural activity (right).
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Fig. 9. NDVI indicator

Conclusion. The agricultural system of Kazakhstan developed on the basis of the long-term
Agrarian Policy of the Soviet Union, which was formed in the 30s. It was subordinate to the goals
of industrialization and urbanization of the state and considered agriculture only as sources of
raw materials, labor, financial and other resources of the city. This intensive work was carried out
in extensive ways under the strict supervision of the administrative system, and the achievements
of scientific and technological development did not reach significant indicators in villages, farms.
Such a system was the same for all regions of the USSR. As a result, the volumes of arable and
pasture land were increased, fertilizing many lands and increasing the volume of irrigated land.
Agriculture was not properly implemented, and plant protection measures were not satisfactory.
This project» increasing arable land and providing the population with food in full « has many,
if not many, controversial aspects. So, this new agrolandscape direction should also be in our
state. To implement this system, a special order has now been placed by the state to compile a
system for adapting agriculture to landscapes. To implement this, first of all, systematize them
by analyzing the methodological foundations of compiling maps that determine the features and
characteristics of landscapes in Kazakhstan. By classifying the territory into landscapes, brief
descriptions of the terrain, climate, composition of the underlying rocks, vegetation, surface and
underground are made. After they are identified, itis necessary to analyze them, using the optimal
options for GIS technologies in accordance with the objects under study and the problems being
solved, and then embed them into the computer. GIS technologies underlie Geoinformatics. It
studies natural and socio-economic Geosystems at various hierarchical levels through computer
processing of specially created databases. The object of my research was the Kyzylorda region.
Kyzylorda region is one of the leading agricultural regions of the country. Changes occur in this
region every year. For example, agricultural land replacement, sowing of another farm crop
due to lack of water, breeding of another type of livestock in animal husbandry, hybridization
work, etc. We need to intensively study all these situations and organize mapping measures.
Monitoring of the terrain, as well as agriculture, will greatly contribute to the rapid development
of land.
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C.K. Kacoeivmraanes, P.JK. Keana6aesa, M.K. Cyaranos, H.X. XKynic6exosa
OA-Dapabu amoindazvl Kasax Yammuix yrnusepcumemi, Aamamut, Kasaxcman

KpI3b120paa 00ABICBIHBIH XXep pecypcTapbiH alijalaHyAbl TeOaKIlapaTThIK KaMTaMachl3
eTy, Taaaay, Oaraaay >kxoHe 00AXKaM Kacay

Angarna. Kasipri yaxpiTTa 94eMHIH JaMbIfaH, ©pPKeHMeTTi eaAJepiHiH OapAbIFbIHAA Aepaik
ayblAIlIapyalllbLABIK KbI3MeTi 2aHAIadTrapra OeifiMeATeH aybla IIapyalIblLABIFb K yTiecin (ASR) sxobaaay
Heri3iHAe >Ky3ere achIpblaaabl. OHEpPKOCIITIK FBRIABIMHBIH Oy calachlH >KaH-’KaKThI HeTidgey >KoHe OHBIH
Kaszakcranga Kkaapinracy MyMKiHAIKTepi MeH epeKIleAiKTepiH aHbIKTay YILiH >KOFapbl CeHIMAiAiKIIeH HaKThI
FBLABIMII-3€PTTEy JKYMBICTaphIH XYpPrisy KakeT. COHABIKTAH YCBIHBIABII OTBIPFaH XyMbIcTa KpIsbra0paa
OOABICBIHBIH aybIAIIapyalllbIABIK AaHAIadTTapel TaHAAABI, reorpadusaAbIK FRLABIMAAP TYPFBICHIHAH
3epTTeAill, capalTaablll, Kasipri 3aMaHFbl reorpadusAABIK aKIapaTTHIK >KylieHi OeifiMAi ITalidalaHyAbIH
OHTalABl KOAJapbIiH i34eyre OarbiTTaaabl. COHABIKTAH YCBIHBIABIII OTBIpFaH >KyMbicTa Kpisblaopga
OOABICBIHBIH aybIALIAPYaIIbIABIK, AaHAMA(TTaphl TaHAAABII, reorpadusAblK FBIABIMAApP TYPEBICBIHAH
3epTTeAill, capanTaabll, Kasipri 3aMaHFbl TeorpadpuAAbIK aKIapaTTHIK >KyiieHi OeitiMAil ImalijaaaHyAbIH
OHTaIlABl )KOAAapPbIH i3AeyTe OarbITTaa4bl. Kpisbpraopaa odasicer — Kasaxcran Peciry6.amkacbIHBIH OHTYCTIiK
beairinge opHasackaH akimImiaix aimak. O0AbIC ©3iHiH aybla IIapyallIbLABIFEIMEH epeKieseHei. OHipae
€TiH ITapyalIbLABIFE €pTe 3aMaHHaH daMbliraH. COHbIMEH KaTap, Ilapyadap >KblA CallbIH COPT ayBICTBIPHIII,
AaKblajapAbl 9pTapanTaHAbIPy OOMBIHIIIA KapKBIHABI XKYMBIC icTeiiai.

Kapra >xacay OapsiceiHga Kpisplaopaa oOABICBIHBIH 9KiMAiriHeH HeTi3Ti MaaiMeTTepai >KMHaAIMBI3,
KapTaHBl KYpacThIpy YIIiH gepekrepai ArcGIS GaraapaaMaceina eHrizemis. 3amMmaHayM TeXHOAOTMSAAPAbI
narigasaHa OTBIPHII, 6i3 aaABIH ada >ko00alay >KYMBICTaphl apKbIABI eAiMi3AiH HeTi3ri MaceaeaepiH mierre
a/ZaMpbI3.

Tyitin  cesaep: kaprorpadmsaaay, ayblAIIapyaIlblABIK, —3epTTey  ogici, aaHAmadTTap,
ayblAlIapyalblabK AaHarmadgrrapss, FAX.

C.K. Kaceimraanes, P.2K. Keanno6aesa, M.K. Cyaranos, H.X. XKymnycOekosa
Kasaxciuti HayuoHarvHbtil yHUSepcumem um. arv-Papadu, Aamamol, Kasaxcman

l'eonnpopmanmoHHoe obecIieueHNe, aHaamn3, OIleHKa ¥ IIPOrHO3VpOBaHIe
VICII0Ab30BaHNs 3eMeabHbBIX pecypcoB KbI3bla0pAMHCKOM 00aacTy

Annoramus. B wnacrosmee Bpemsi arpapHas  AeATeAbHOCTL IPaKTUYeCKM BCeX Pa3BUTEIX,
IMBMAM3OBAHHBIX CTpaH MIUpa OCYIIeCTBASeTCs Ha OCHOBE IPOEKTUPOBAHMS CUCTEMBI 3eMAeAeAls
(AHP), agantuposaHHON K AaHamadTaM. Jas TOro, 4TOOB BCECTOPOHHE OOOCHOBATh BTy 001acTh
IIPOM3BOACTBEHHO HayKM 1 OIIpeAeAUTh BO3MOXKHOCTI 11 ocoOeHHOCTHU ee popMuposanus B Kasaxcrane,
HeO0OXOAUMO BHIIIOAHUTL peaabHble MCCAe40BaTeAbCKue pabdOThl C BLICOKON CTEIeHBIO AOCTOBEPHOCTIH.
[TosTOMy B IIpeaaaraemoii paboTe ObLAY BhIOpaHb! arpoaanAmadTsl KeI3bLa0pAMHCKON 004aCTH, U3yYeHb
U TPOaHaAM3MPOBAHBI C TOUKY 3PeHNis reoTpadpUuecKiX HayK, HallpaBAeHbI Ha ITOVCK ONTIMAaAbHEBIX ITyTell
aJaITUBHOIO MCII0Ab30BaHIs COBPeMeHHO reoMH(pOpMaloHHOI cucteMbl. KblsbLaopAnHcKas 004acTs -
a/MUHUCTPaTUBHAs 30Ha, pacIioA0KeHHas B 10kKHOI yactu Peciybauku Kaszaxcran. Obaacts oranyaercs
CBOMM CeAbCKMM X03s1icTBoM. CeabcKoe X03ICTBO B 004acTy Pa3BUTO C AaBHUX BpeMeH. B xoze aanHOI1
CTaTBM MBI PaCCMOTPUM IIyTHU peITieHrs MpodaeM 1 KapTorpapUpOBaHIs CeAbCKOXO3AMCTBEHHBIX 3eMeAb
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Krspraopannckoir ob6aactu. Kpome TOro, eXxerogHo arpapmum MHTEHCUBHO paboOTalOT IO HallpaBAeHMIO
CMeHBI COPTOB, AMBEPCUPUKAIINN KYABTYP.

B xoge kaprorpadguposanus Ml coOOMpaeM OCHOBHBIE 4aHHbIe 113 akiMaTa KeI3bLa0pauHckoit o0aacTy,
BBOAUM JaHHBIE C cOCTaBAeHueM KapThl B iporpamme ArcGIS. Vcrnoab3yst coBpeMeHHbIe TeXHOAOTUH, MBI
MOXKeM PeIlNTh IAaBHble IIpoO.AeMBbl Hallleil CTPaHbl C IIOMOIIIBIO IIpeABapUTeAbHBIX IIPOeKTHBIX padoT.

Karouesble caoBa: kapTorpadpuposaHIie, ceaAbCKOe XO3AICTBO, METO/, MCCAeAOBaHNUs, AaHAIa(THI,
arpoaanamadtsr, I'VIC.
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