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OUSUKATIBIK XUMUA
PUSUYHECKAA XUMUA

VIK 541.183

A.H.ropsaruna, K.A.Octposnoii, H0.C.bri3oBa

Cegepo-Kazaxcmanckuii 2ocyoapcmeennuiii ynusepcumem um. M.Kosvibaesa, [lemponaenosck
(E-mail: yuliya_sidorenko90@mail.ru)

Biausinue MoJieKyJIIPHO-MAcCOBOI0 COCTABA
OPraHMYeCKUX AMHUHONPOU3BOJIHBIX HA PA3BUTHE A/ICOPOLMOHHBIX NMPOLECCOB
B IMCIIEPCHBIX CHCTEMAaX HA OCHOBe yalT-CIMPUTA

HccnenoBansl 00beMHO-TIOBEPXHOCTHBIE CBOMCTBA pacTBOPOB aMHHOIPOU3BOJHBEIX B yaHT-CIHpuTe. YcTa-
HOBIIEHO 0OPA30BAHUE ACCOUMUPOBAHHBIX CTPYKTYP Mosiexyl amautioB (Ciw = 0,1-107° mMonbs/m’). Omnpe-
JIeTIeHB! PAaBHOBECHBIE XapaKTEPUCTHKH aJcOpOIMM Ha MOBEPXHOCTH NMHUIMEHTa (JMOKCHJ TUTAaHA) B 3aBHUCH-
MOCTH OT Pa3HOBHIHOCTH aMHHOCOJEPKAIMX aAIUTHBOB U KOHLEHTPAIMOHHBEIX (hakTopoB. Jloka3aHo, 4TO
BCEM HCCIIEAyeMbIM PAa3HOBUAHOCTAM aMUHOB B CHCTEMaX «pPacTBOPUTENb — aMUHONPOH3BOTHOE» H
«pacTBOPHUTENh — aMUHONPOU3BOAHOE — MUIMEHT» MPUCYIIH MOBEPXHOCTHO-aKTHBHBIE CBOICTBAa Ha MEX-
(ha3HBIX TPaHUIIAX C BO3JYXOM M TBEpAOH MOBEPXHOCTHIO, YCHINBAIOIIMECS 110 MEPE YBEIUYECHHS UX MOJIe-
KYJIIPHO-MacCOBOI'O COCTaBa.

Knrouegovie cnosa: 06LGMHO-HOBerHOCTHHe CBOﬁCTBa, accouuaTbl MOJICKYII, ancop6uml, JAUOKCHU] TUTaHa,
Me)K(i)aSHa}I rpanvna, aMuHOIIPOU3BOAHBIC, MOIIeKyHSIpHO-MaCCOBLIﬁ COCTaB.

IToBepxHOCTHO-akTHUBHEIC BemecTBa (IIAB) UrparoT ClI0KHYIO 1 MHOTOOOPa3HYIO POJIb B IPOIIECCE T10-
Jy4eHUsl JTaKoKpacouHbix MaTepuaioB (JIKM). DTo cMaunBaHue U TUCTIEPTHPOBAHUE MUTMEHTHBIX arjioMe-
partoB, cTabunn3anus TOHKOAUCIIEPCHBIX COCTOSHUI B TEUEHUE [UIUTELHOIO BPEMEHH, PEryITUpOBaHUE PEo-
JIOTHYECKHUX XapakTepuctuk cycnensuid [1-3]. Crpemnenue [TAB akkymysinupoBaThcs Ha MexGa3HbIX Ipa-
HUIAX sBIsieTCA uX (PyHIaMEeHTaIbHBIM CBOMCTBOM. B nmpuHIHMIE, YeM CHilbHEe 3Ta CIOCOOHOCTh, TEM BBIIIE
spdpextuBHOCTh [TAB. Crenens xonuentpupoBanus IIAB Ha mOBepXHOCTH 3aBUCHT OT CTPOCHUS UX MOJIE-
KyJ U OT IPUPOIBI KOHTaKTUpYIomuX (a3. I[loaromy He cymecTByeT yHUBEpcabHOTO 3 dextuBHOTO [1AB,
pUToaHOTO TSt 00X cucteM [4]. Kpome Toro, JIKM, Oymydn MHOTOKOMITOHCHTHBIMHA CUCTEMaMH, UMe-
10T pa3JIMYHbIC THIbI MEK(a3HBIX MOBEPXHOCTEH. B 3TOM cBA3M Hamu HMcciaeqoBaHbl OMHAPHBIE U TPOWHBIE
CHUCTEMBI C LIETbI0 H3YUeHHS TOBEPXHOCTHON aKTUBHOCTH Ha TPAHUIIE C BO3TyXOM M TBEPJON MOBEPXHOCTHIO
TpeX PasHOBUIHOCTEH aMUHOIIPONU3BOJHBIX.

SKCl’lepuMeHmaﬂbHa}Z uacmo

OO0BexTamMu HccIeJ0BaHus SABISUTUCH TPU Pa3HOBUIHOCTH aMHHONIPOU3BOIHBIX (AIl):

1) cMech TIEPBUYHBIX U BTOPUIHBIX aMHHOB Kiacca AC (MonekyisapHas macca — 283 a.e.M.; aMHHHOE
gucio (Mmr HCl/r) — 30), cuarezupoBannas nabopatopueit @XMU CKI'Y [5];

2) TEXHUYECKHH MPOAYKT KOHACHCAIMU PACTUTENBHBIX Macel ¢ JUaMHUHAMHU TOJ TOPrOBOW MapKoi
«ducneprarop Tenas JI» (Monekynspuas macca — 2121 a.e.M.; amunanoe yucio (mr HCl/r) — 32), mpous-
BOIUTENL — ABTOKOHMHBeCT, Poccus;

3) TexHUYEeCKUH TPOAYKT, CMECh BBICOKOMOJEKYJSIpHBIX aMuHOB [IOIIA (MonexymsipHas macca —
2450 a.e.M.; amunaHOe yncio (Mr HCl/r) — 31), npousBoautens — OAO «YpanXumllnact», Poccus.

CrpyKTypbl a30TCOAEPKAILUX alJUTUBOB [IOKAa3aHbl HA PUCYHKeE 1.

B kauectBe pactBoputens ucnonb3oBanu yat-cnuput (TOCT 3134—78) — cmech KuAKUX anudartu-
YECKHX U apOMATHUYECKHUX YTIIICBOIOPO/IOB, OIYUYCHHYIO MPsAMOii rieperonkoit Hedtu (rutotHocts 0,790 r/em’
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BrnnsiHMe monekynsapHo-mMaccoBOro coctasa ...

(mpu 20 °C), maccoBast 1051 apOMaTHUECKUX YTIEBOJIOPOJOB He Oonee 16 %, comepkaHne MEXaHUYECKHX
puMeceii ¥ BOJIbI OTCYTCTBYeT), mpousBoautenb — TOO «Doun-2y», Kazaxcran.

B kadectBe murmenTa npuMmeHsuics quokcua tutana Mapku P-02 (ITOCT 9804—84) pytunbHO# HopMbI
(MaccoBasi 1oisl TMOKCHAA THUTaHa PYTHIBHON hopmbl — 95 %), mpousBoautens — YAO «Kpvimckuii TH-
TaH», YKpauHa.

R'-NH, u R~NH-R", (-CH,—CH(NH,)),, (-C,H,~NH-C,H,~NH-),,
rae R'— oyt R" — 2-3tmn-2- n=45+50 n=25+30
rexkceHun (B oTHomeHuu 1:3)
AC Tena3 I2ITA

Pucynok 1. Xumuueckue cTpyKTypsl a30TCOAEpKAIUX aATUTHBOB

HUccnenoBanu moBepXHOCTHO-aKTUBHBINA 3P QEKT TpeX aMHUHONPOU3BOAHBIX B 00JaCTH KOHLEHTPALUIL:
Can = 08 Mob/M mpu 7'=293 K.

W3mepenne MOBEPXHOCTHOTO HATSHKEHHA JKHAKOHM (ha3bl Ha TpaHHIE C BO3IYXOM OCYLIECTBIISUIM HA
npubope PeOunnepa mo mMeroxy HanOONBLIETO NABICHUS My3bIpbKa. J{MHAMHYECKYIO BS3KOCTH MPUTOTOB-
JICHHBIX PAacCTBOPOB M3MEPSUIN C MIOMOIIBI0 KanuiisipHoro Buckosumetpa BIDK-1 (d = 0,56 mm) B TepmocTa-
THPYEMOM pexume [6].

KonnyecTBo ancopOUpOBaHHBIX aMUHOIPOU3BOAHBIX HA TBEPAOI MOBEPXHOCTU IUOKCHUIA TUTAHA OII-
PEeNsy Mo Pa3HOCTH MX PABHOBECHBIX KOHIEHTPALUI B PaCTBOPE A0 U MOCIE aCcOpPOLIUH:

_ (CO — Ci)
o mev
rae I' — xomuuectBo ancopbupoBanHoro All, mons/r; Cy — paBHOBecHas koHueHTpauus All B pactBope,
Monb/M’; C; — paBHOBecHas KoHuenTpamus AIl B pacTBOpe mocie ajicopOLHH HAa JMOKCHJE THTAHA,

MOJIB/M; M — HaBECKa [IUTMEHTa, T; ¥/ — 00beM pactBopa All, M.

s mpUroTOBIEHUS CYCIICH3UI MCIIOIB30BaIM PAacTBOP (PUKCHPOBAHHOM KOHLEHTPALMH aMHUHOIIPOU3-
BOZIHOTO B yaitt-crpure (V= 0,00025 M’), B KOTOPBIii J03MPOBAIH HOCTOSHHYIO HABECKY IMHTMEHTA MacCO
0,5 r. Bce onbIThl IpOBOAWIN B YCIOBUSAX TEPMOCTATUPOBAHUS U NIPU ITOCTOSIHHOM II€PEMEILMBAaHUU B TeUe-
Hue 60 MUH, YTO, IO JaHHBIM INPEIBAaPUTEIbHBIX KMHETHUECKUX HCCIENO0BAHUH, OKa3aJ0Ch JOCTATOYHBIM
IUIsL TOCTHKEHHSI paBHOBECHBIX cocTosiHUMA. [1o 3aBepiieHnu onepaunii cycneH3un ObICTPO pa3Aeisiiy LeH-
TpU(PYTUPOBAHHEM.

Kontpois 3a cogeprkaHeM aMUHOIPOU3BOAHBIX B XKUIKOH (pase OCYIECTBIISIIM 110 U3MEHEHUIO KO3d-
¢unmenta nponyckanus (7, % npu A =440 M), ucxons u3 KanuOpoBouHoU 3aBUCUMOCTH T = f(Cay) s
Kaxxoro o0pasua npy 3aJaHHON TeMIlepaType.

Pesynomamot u ux obcyscoenue

Cucmema «pacmeopumeib — amuﬁonpouseodﬁoe»

PesynpraTtel peomoTMYECKHX HCCIEAOBAaHWN pPacTBOPOB aMHHONPOHM3BOAHBIX B  yaWT-CIIUPHUTE
MPEJICTaBJICHEI HA PUCYHKE 2.

AHanu3 U3MEHEHMsI OTHOCHUTEJIBHOM BA3KOCTH pacTBOPOB HU3KOMOJeKysspHoro AC mokasan (puc. 2a),
9TO TIpH MOCTOsIHHON Temmepatype (7= 293 K) mo Mepe yBenndueHUsT KOHIICHTPAITMH HAOIIOMAeTCS TPSIMO
MPOTMOPITMOHATBHOE YBEIHUEHUE BSI3KOCTH, XapaKTEPHOE ISl HBIOTOHOBCKHX JKHIKOCTEH. DTH pe3ysIbTaThl
COTJIACYIOTCS C TMIPOTUBOTIONIOXHON TUHAMHUKON M3MEHEHUS MOBEPXHOCTHOTO HATsKeHUS (puc. 26), KoTopas
KOHTPOJIMPYETCS KOHIICHTpaIlneld HICTUHHO pacTBopeHHOTO [TAB, T.€. Haxomsmerocst B MOJICKYJIAPHOH hop-
Me; TIOBBIIIEHHUE T)or; B PACTBOPAX AMHHOIIPOU3BOIHBIX COMTPOBOXKIATIOCH YMEHBIIIEHUEM G.

AOCONIOTHO MHOW XapakTep 00BEMHO-ITOBEPXHOCTHBIX CBOHCTB JIEMOHCTPHUPYIOT IBE JIPYTHE Pa3HO-
BHUJTHOCTH aMHHONPOM3BOJIHBIX. Ha m30TepMax MOBEPXHOCTHOTO HATSIKEHHS PACTBOPOB BBICOKOMOJICKY-
nsapubIX Temas u [IDI1A (puc. 26, kpuBble 2 1 3) MOKHO BBIICITUTE JBA XapaKTCPHBIX YIacTKa:

| — nuHeliHOE yMeHbIICHHE G B 00acTH Manbix KoHienTpamuii (C < 0,1-107° Mons/M’);

2 — o =const (15-107 JIx/M>) 3a npeieaMu YKa3aHHOTO KOHIIEHTPAIMOHHOTO IOPOTa, YTO yKA3bIBACT
Ha TIEPECTPOMKY CHCTEMBI OT MOJIEKYJIIpHOTO pactBopa IIAB k cucteme, B koTopoi moiekyisl IIAB Bce B
00JIbIIel CTETIEeHN OKa3bIBAIOTCS B CAMOACCOIIMUPOBAHHOM COCTOSIHUH, T.€. B JOPME MHUIIEIL.

Cepusa «Xumunsy». Ne 3(75)/2014 5



A.H.OwopsrvHa, K.A.OcTpoBHoi, KO.C.BbizoBa
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Cnap'10°, Monb/M Criap-10°, Mosn/M®

1 — AC; 2 —Tenas3; 3 — [I9I1A

PucyHok 2. BiusiHue KOHIICHTpAlMH aMAHOIIPOU3BOIHBIX Ha OTHOCUTEIBHYIO BA3KOCTh PACTBOPOB ()
Y TIOBEpXHOCTHOE HaTshkeHue Ha rpanwute JK/T" (6) mpu 7= 293 K

O0pazoBaHue acCOIMUPOBAHHBIX CTPYKTYP TOATBEPIKAACT CYIIECTBEHHOE OTKIIOHEHHE OT MPSIMOM 3a-
BUCHMOCTH Moz = f(C) TipH KoHueHnTpauuu cBbime 0,1-107° Momp/M’, T.e. mociae JOCTHKEHHs KPHTHIECKOH
KOHIIEHTpAIK MUIeIniooOpa3oBanus (puc. 2a, kpuskie 2 U 3). CpaBHEHHE MOBEPXHOCTHOW aKTUBHOCTH Ha

. do
TPaHUIE «PacTBOP—BO3AYyX» MOKA3bIBAET, UTO 3HAYCHUS g = —llmd— BBICOKOMOJIEKYJISIPHBIX aMHHOIIPO-
c—0 C

W3BOJHBIX MPAaKTUYECKH onuHaKoBbl (g = 53,1 [x'M/Monb) U mpeBbimaioT B 50 pa3 3TOT mokaszarenb A
HHU3KOMoJeKysipHoro AC.

Cucmema «pacmeopumeilb — amuﬂonpoweodHoe — nuzmenmy

[Ipu mosiBNeHUH B CHCTEME HOBOW, SHEPTETHUYCCKU OoJiee MPEIIOUTUTEILHON Mexk(a3HON MOBEPXHO-
CTH (IUOKCH]l TUTAaHA) TPOCIICKHUBACTCS OTYCTIIMBO BBIPAKCHHAS B3aMMOCBSI3b MEXKAY MOJICKYIISIPHO-
MacCOBBIM COCTaBOM aMHUHOTIPOM3BOIHBIX U 3HAYCHUAMH aacopoumu (puc. 3).

AnnpoxkcuMupoBaHHele B ob6mactu ['eHpum wu3oTepmbl agcopOoumm umeoT Bua: [ = 1,57 Cac;
I5= 3,89 Crggas; 3= 13,25 Crpia.

W3 comocraBieHus afcopOIMOHHOM €MKOCTH MHUIMEHTa, ompeneinseMoil cootHomeHueM dl/dChag,
MOXHO 3aKJIIOYNTH, YTO ATOT IMOKa3aTeNb yBeauauBaetcs B pamy [IDI1A > Tenas >AC.

JlsT IEHTMIOPOBCKOM 3aBHCHMOCTH, OIHCHIBAIOIICH MOHOCIIOHHOE 3amoyiHeHue mnoBepxHoctu Ti0O,
AMUHOITPOU3BOAHBIMH, XapaKTEPHO OTKJIOHEHUE OT MPSMOJIUHEHHOCTH (pHC. 4).

[Ipupomy STHX OTKJIIOHEHHWH MOXHO OOBSICHUTH HAJIIMYMEM Ha MOBEPXHOCTH SHEPTETHUECKUX LEHTPOB,
PE3KO OTIIMYAIOIIUXCS MO0 CBOCH aICOPOITMOHHOM aKTUBHOCTHU. [I0OBEpXHOCTHAS HEOTHOPOHOCTh XapaKTep-
Ha JIJIsl IATMEHTOB, TIOCKOJIBKY OHHU, KaK MPaBIJIO, HE SBIISIOTCS YHCTHIMA XHMHUYSCKUMU COCIUHCHUSIMHU H
coepkaT HEKOTOPOE KOJIMYECTBO IPUMECEH ¢ OTpeIeIICHHON MUKPO- U MaKpOCTPYKTYpoit [7].

IIpu stom mepBas crynens (I, puc. 3) oTBedaer 3amoiaHEHHUIO 0OJiee aKTUBHBIX IICHTPOB, a BTOpas
(11, puc. 3) — 3armoHEHUIO CIEAYIONUX 0 AKTUBHOCTHU IICHTPOB.

O06 »TOM CBHUACTENLCTBYIOT IONy4YeHHBIC KOHCTAaHTHI JlenrMiopa (K), XapaKTepH3YIOIINE SHEPTHIO
B3aUMOJICUCTBHS ancopOaTa ¢ amcopOeHTom; 3HaueHne K Ha I ctymenu Oompmre B 3,3+5,8 pa3, yem Ha Il
CTyneHu (cM. Tabd.).
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7107, Mo/t
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0 0,2 0,4 0,6 0,8

Criap 10°, Mose/M®

1 — AC; 2 —Tena3; 3 —II9IIA; T=293 K

PucyHOK 3. 3aBHCHMOCTH BETMIWHBI aICOPOITMHU OT KOHIIeHTparuu [1AB

CIr-10°, v’

1,6 —

1,2

0,8 —

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

Criap' 10°, Mosb/M®

1 — AC; 2 —Tenas; 3 —II9IIA; T=293 K

Pucynok 4. 3aBucumocts BenmunHbl C/I” 0T koHIeHTpanuu [IAB
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A.H.OwopsrvHa, K.A.OcTpoBHoi, KO.C.BbizoBa

Tabnuma 1
IMapameTpsl paBHOBecHO#i aacopounu npu 7= 283 K

I crynens
HaumenoBanwne I1AB A, MOJIB/T K- 106, M’/MOJTb Cons 0,051 OE,T;EZI:/’;;I Hojélliznj(’),?_ I 0,6, MO/
AC 0,000398 0,009409 0,356566 0,525689
Tena3 0,000544 0,037297 0,717183 0,835302
JRICINV:N 0,002487 0,016280 0,505381 0,671432
II ctynens
Haunmenoranue [TAB A, MOJIB/T K-10°, M*/monb | Crap =0,2-10°, mons/M® | Criap =0,8-10°, Monb/m
AC 0,000865 0,001812 0,265951 0,591707
Tenas 0,000738 0,008386 0,626486 0,870283
I3I1A 0,004390 0,003355 0,401520 0,728526

OreHka mpenenbHOR agcopOiuu (4,) U CTEICHH 3alOJHEHUs MMOBEPXHOCTU IMUrMeHta (O) mokasaia,
YTO JI0J1s MCHEE aKTUBHBIX YHEPreTUYCCKUX IIEHTPOB NpeBanupyer. Tak, mokazarenu 4., Ha BTOPOU CTYIICHU
(B cpaBHEHHUH € NEpBOi) MPUMEPHO B 2 pasa BBILIE, a CONOCTaBUMBIC 3HaueHus O (AO ne Gomnee 0,1) mms
KaXI0r0 aMHHOIIPOM3BOJHOTO JOCTUTAIOTCS MIPH 3HAYUTENbHO Oonbmx KoHHeHTpauusx [1AB. Ilomyden-
HBIE pe3yIbTaThl MTOATBEPKIAIOTCS TUTEPATyPHBIMHU JaHHBIMU [8], COTIIACHO KOTOPBIM 1JIst pyTHibHOTO Ti0,
Mapku P-02 momuduimpoBaHre MOBEPXHOCTH HA CTaJWHM €ro H3TOTOBJICHHS, TTOMUMO COCIWHEHWH Zn,
BKITIOUaeT Takxke coerauneHus Al u Si. Jlaxke npu odmieM cojepikanuu okcuaoB Zn, Al, Si okono 5 % stu
a7ICOPOIIMOHHEIE TICHTPHI IMEIOT 3HAYUTEIIBHO OOJIBIIYIO CHITY, YeM MOBEPXHOCTh XUMUIECKH YiCTOrO Ti0,.

Takum 00pa3oM, TOBEPXHOCTHO-aKTUBHEIC CBOMCTBA Ha MEK(DA3HBIX TPAHUIIAX C BO3yXOM M TBEPIOH
MOBEPXHOCTHIO MPUCYIIM BCEM TPEM Pa3HOBHIHOCTSIM aMUHOB M CYIIECTBEHHO YCHJIMBAIOTCS MO Mepe yBe-
JTUYEHUS UX MOJIEKYISIPHO-MacCOBOTO COCTaBa.

B cootBercTBum ¢ kinaccudukanueit Peounnepa [9] ux MOXHO OTHECTH K IMOBEPXHOCTHO-aKTUBHBIM
BEIIeCTBAaM CMadyHMBAIOLICTO U JUcTeprupyoomero aeiictsus. Ilociennee ype3BbYaifHO BakKHO LTS JIIOOOM
JIAKOKPACOYHOM KOMITO3UIINH, B COCTAB KOTOPOIl BXOJUT PACTBOPUTEIb YaUT-CITUPUT.
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A.H.{ropsiruna, K.A.OctposHnoii, }FO.C.bbe130Ba

JAucnepcTik Kyiiesepaeri aacopoumsJIbIK YPAICTEPAiH epinyiHe
YaliT-CHHPHUT Heri3iHaeri OpraHuKajIbIK AMUHTYBIHIbLIAPbIHBIH
MOJIEKYJIAJIBIK-MACCAJIBIK KYPaMbIHBIH dcepi

Makaniaza aMUHTYBIHABUIAPIBIH yalT-CIUPUTTEr] epITIHAIICPIHIH KolMeMIiK OeTTIK KacueTrTepi 3epTTesmi.
AJITUTHB MOJIGKYJIANApbIHBIH acCOLUpIeHred Kypamaapbiubie (Ciey=0,1-107° moms/m®) Tysinyi sxome
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OUrMEHT (TUTaH AMOKCHi) OeTiHmeri ajcOpOLMSHBIH aMUHII alAWTUBTEPIiH TYpi MEH KOHIEHTPALHSIIBIK
(daxropriapra OailnaHbBICTBl TeMe-TEHIIK CHOAaTTaMaiapbl aHbIKTaAgbl. «EpITIHII — aMUHTYBIHIBD) IKOHE
«epITIHAI — aMHUHTYBIHIBI — MUTMEHT» Kylenepinge OapiiblK 3epTTEIreH aMHUHAIK TYpJepre ayaMeH jXoHe
KaTThl OerreH (ha3aapajblK IIeKanapia oJap/blH MOJIEKYJIAIbIK-MACCAIIBIK KYPAMBIHBIH YIKCIO OapbIChIH/A
KYIIeHeTiH OeTTiK-0eJICeHALTIK KaCHeTTep TOH OOIAaTHIHEI JAJICIIACH .

A.N.Dyuryagina, K.A.Ostrovnoy, Yu.S.Byzova

Influence of molecular-mass structure of organic amine derivatives
on development of the adsorptive processes in disperse systems
on the basis of white spirit

Volume and superficial properties of solutions of amine derivatives in white spirit are investigated. Formation
of the associated structures of molecules additives is established (Ccey=0,1-10° mole/m®). Equilibrium
characteristics of adsorption on a pigment surface (the titan dioxide) depending on a version the amine con-
taining additives and concentration factors are defined. It is proved that in «solvent — amine derivative» and
«solvent — amine derivative — pigment» systems surface-active properties on interphase borders with air are
inherent in all studied kinds of amines.
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(E-mail: yuliya_sidorenko90@mail.ru)

HccaenoBanne BJANSHUS OPraHUY€CKOr0 AMUHOINIPOU3BOIHOTO
HA CeJUMEHTANMOHHYI0 YCTOHYMBOCTD TUCIIEPCHIl TUOKCHIA TUTAHA
B HEMOJISIPHOM pPacTBOpHUTEe

Wzydeno Bmmstane amuHOnpon3BoaHoro (AC) Ha ceAMMEHTAIlMOHHYIO YCTOWYMBOCTh YacTHUIl MUTMEHTHPO-
BaHHOTO AMOKCHJIA TUTaHA B YaWT-CIIUPUTE. Y CTAHOBIICHO, YTO IIPU yBEJIWYEHUH KoHUeHTpauun AC BIUIOTH
10 0,005 MOMB/IM® TIPOLIECCH CEANMEHTALIMH YMEHbIIAIOTCSA He MeHee 4eM B 3 pasa. OmpeeseHo, uTo B TeX
e KOHIIEHTPAIHOHHBIX mpenenax (Cac<0,0035 MONB/IM®) HPOMCXOTUT YBETUUCHHE YACTBHOIO KONHUECTRA
gactunl TiO, ot 1048 mo 1552-1619 wu, 3a cuer paspylLIeHHS arperaToB, COOTBETCTBYIOLIEE yMEHBILICHHE
CpelHecTaTUCTHIeCKoro AuaMeTpa Ha 24 %. JlokazaHo, uto AC B HENOJSIPHOH cpesie pacTBOPHUTEINS MPOSIB-
JSIeT CBOMCTBA MOBEPXHOCTHO-aKTHUBHOT'O BEIIECTBA CMAYHMBAIOLIETO, [IE3arPETHPYIOIEr0 U CTa0HIH3HpPYIO-
ero AeUCTBUH 10 OTHOMICHUIO K MUTMEHTUpOBaHHOMY Ti0,.

Knrouegvie crosa: TMOBEPXHOCTHO-AKTUBHOC BEIICCTBO, AC, CCAUMCHTAallMOHHAas yCTOﬁ‘{HBOCTL, JUOKCHU] TH-
TaHa, CTa6I/UII/I3I/Ipy}OI]_[ee IIeﬁCTBHe, YACIBbHOC KOJIMYECTBO YaCTHUII, CpeZ[HeCTaTI/ICTI/I‘IeCKI/Iﬁ JAUaMETDP.

[Ipu pazpaboTke HAOTHEHHBIX JTAKOKPACOYHBIX MAaTEpHaIoB HEOOXOAUMO 00ECIEeUnTh arperaTHBHYIO
U CEAMMEHTALMOHHYIO YCTOHYMBOCTbB, YTO NpPEOTBpamiaeT oOpa3oBaHHE IUIOTHOTO HMUIMEHTHOT'O OCajKa
IIpY XPaHEHUH 3Malld WM Kpacku. B cBA3M ¢ 3TUM OrpOMHBIN NpPaKTUYECKUH MHTEpEC MPEACTaBIAIOT AU-
(GWIbHBIE COEIMHEHUS, UTPAIOIIUE POJIb MOBEPXHOCTHO-aKTUBHBIX BemecTB (I[IAB) crabumusupyromero
neiicteus. [Ipu aTom ¢ dextuBHOCTE cBOKCTB [TAB onpenensercs CTpyKTypoii U IJIMHOH yTIeBOIOPOJHOTO
pazukana, a TakKe MPUPOION 1 Colep KaHNeM MOJAPHBIX rpyrt [1-2].

B nacrosielt pabore npuBeaeHbl U 00CYXKIEHBI SKCIIEPUMEHTAIIbHBIE UCCIEOBAHMS BIMSHHUSA OpraHu-
YeCKOr0 aMHUHOIIPOU3BOJHOTO Ha CEMMEHTAI[IOHHYI0 YCTOWYMBOCTh TUCHIEPCUI TNOKCHIa TUTAHA.

Obvexkmul ucciedo6arnus

OOBEKTOM HCCIIEOBAaHUA SBISUIOCH OPTraHWYECKOE aMHHOIPOM3BOJIHOE — CMECh MEPBUYHBIX M BTO-
pudHbBIX aMmuHOB Kitacca AC (MonekynspHas Macca — 283 a.e.m.; amuaHOe yncio (mr HCl/r) — 30), cunre-
supoBaHHas 1abopaTopueit ®XMU CKI'Y [3].

Crpyxkrypa amuaoconepkamero agmutusa (AC): R—NH, u R—NH-R", rne R' — Oytmt; R" — 2-31Hn-
2-rekceHu (B oTHOwmweHHH 1:3).

B kagectBe pactBoputens ucnonb3oBanu yat-cnuput (TOCT 3134—-78) — cmech KuIKUX anudartu-
YECKUX M apOMATHYECKHUX YIIIEBOAOPOIOB, MOAYUYEHHYIO IPAMOi eperonkoii Hedru (rurotHocts 0,790 r/cm’
(mpu 20 °C), maccoBasi 1051 apOMaTHYECKUX YTIIEBOJOPOJOB He Oonee 16 %, comepkaHne MEXaHUYECKHX
pUMecel ¥ BOAbl OTCYTCTBYET), pousBoautesb — TOO «®onn-2», Kazaxcran.

B kadectBe murmenTa npuMeHsuics quokcua tutana Mapku P-02 (ITOCT 9804—84) pytunbHO# HopMbI
(MaccoBast 1o OUOKCHIa TUTaHa PYTHIIBHON popmbr — 95 %), mpomsBogutens — YAO «Kpemmckuit tu-
TaH», YKpauHa.

Memoouxa nposedenus skchepumenma

BrnsiHue KOHIIEHTpALMKM aMHHOCOJEPIKAIIEr0 aIIMTHBA Ha CEAMMEHTAI[MOHHYIO YCTOWYHBOCTH CYC-
MEH3UH TUOKCHUJIA TUTAHA B YaUT-CIIUPUTE ONMPEACIISUIA MUIIETOYHBIM MeTo10oM. CyIIHOCTh TAHHOTO METO/Ia
3aKII0vajack B OTOOpE CTPOro ONpeAeiIeHHOro 0o0beMa OCENArONICi CYCIIeH3UH Yepe3 pa3iuduHbIe MpoMe-
JKYTKH BPEMEHH Ha BBICOTE /1 M HAXOXKICHUH MacChl TBEP 10 a3HBIX YaCTHUI] B OTOOpaHHO Tpooe.

B omsitax Bapsuposamn conepxkanme AC (Cac = 0+0,014 Mons/aM’ Ha Maccy mArMeHTa), BpeMs 0T60-
pa cycnensuu (t = 1028800 c). Maccy nuokcuaa THTaHa B CYCIIEH3MSX 3aJaBajii MOCTOSHHOM — 3,86 T.
WccnenoBanwmst mpoBOAMIIH TIpU KOMHATHOH Temmeparype 20 °C.

s 6oree mMOTHOrO CMaYMBaHUS MOPOIIKA TUOKCHIA TUTAHA W CTaOWMIM3AIK BCEX PAaBHOBECHBIX Xa-
PaKTEpUCTUK CYCIIEH3UIO epemennBain 30 MUH.

[IpoOupky ¢ cycnieH3uel 3aKperisuid B HEMOABU)KHBIM IITATUB U, Y€PE3 YCTAHOBJICHHBIC TIPOMEKYTKH
BpeMeHH, OTOMpaau 1,5 MII CyclieH3uH, OmycKas MUIETKY Ha riyouny 2/3 npoOupku. IIpoOy momemianu
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B (hapopoBYyIO HAIIKY, TOBEICHHYIO J0 IMOCTOSHHOW MacChl, M BEIITAPUBAIIN JIO TIOITHOTO MCITAPSHHUS JICTKO-
nerydero pactBopuress. OCTaTKH HelleTy4el OpraHNuecKOl YacTH CYCIICH3UU CKUTATH B My(eTbHON Mmeqn
pu 600 °C. Jlayiee HaXOIMIM MacCy MTUTMEHTa ¢ TOYHOCTRIO 70 0,001 T.

Ha ocHOBaHMM MONMYYCHHBIX JaHHBIX OBUIH IMOCTPOCHBI TUITUYHBIC KHHETHYECKUE 3aBUCHUMOCTH CEJIH-
MeHTaruu (puc. 1). Ha 3aBucHMOCTH ceIMMEHTAIIMOHHOTO OCAXK/ICHHS YaCTHII TUTMEHTA H3Y9aeMbIX CUCTEM
MOJKHO BBIJICJIUTh JIBa YUaCTKa: TMEPBBII YIaCTOK — IOCIIEIOBATENbHOE OcaxaeHue yacTul] murMenTta Ti0,;
BTOPOI — BBIXOJI KPUBBIX Ha HACBIIIICHHE K MOMEHTY 3aBEPIICHHS MPOIECCa OCAKICHHUSL.

JluHamuKa OCaXKJICHUS YaCcTHUI] TUTMEHTA XapaKTepU3yeTCs CKOPOCTHIO CEAMMEHTAINN, KOTOPYIO HaXo-
i Tpadudeckn. J{7st 3TOro K epBOMY IPSMOIHHEHHOMY y4acTKy MPOBOJIMIN KacaTeIbHYIO H PACCUHTHI-
BaJIM TaHT'€HC yriia HakiaoHa. CKOpocTh (T/¢) ONpenesii 0 YpaBHeHHIO: V = tg o.

m, T

0,12
0,1
0,08 -

0,06 -

L 4

0,04 1

0,02

0 2000 4000 6000 8000

Bpewms, ¢

Pucynok 1. TunuyHas 3aBUCUMOCTb MacChl MUTMEHTA OT BpeMeHu ero ocaxaeHus, Cyag= 0 %

JucnepcHblil cOCTaB MUTMEHTUPOBAHHOTO JUOKCUIA TUTaHA B CYCHECH3HUAX ONPEACIsTH KOMIBIOTEPHO-
ONTUYECKUM METOJIOM TI0 CPETHECTATUCTHUECKOMY AUAMETPY d ¥ YAEIBHOMY KOJIUYECTBY YacTHi N [4].

Jlns m3MepeHns: KpaeBbIX YIJIOB CMauyMBaHUS HCIIOJIB30BAIN METO/] aiTe3MPOBAHHOTO IMy3bIPbKa BO3LY-
xa. MeTtoanka sKcriepuMeHTa Oblia pa3paboTaHa Tak, YTOOBI MONTYYHTh W300pa’KCHHE Ta30BOTO ITy3bIpbKa
(puc. 2), mOABEACHHOTO MO/ HWKHIOIO MMOBEPXHOCTh KPUCTa/UIA (IMOKCHA TUTaHA), OTPYKEHHOro (Ha He-
3HAYNUTENIFHYIO TTYOHHY) B HCCIIeyeMBbIi pacTBop [5].

Cac=0,0035 moms/mm’; T=293 K

Pucynok 2. KpaeBoii yrox Ha rpanuiie «pactBop AC — BO3IyX — THOKCHI TUTAHA»

I'eomerpuyeckue mapameTphl My3bIpbka — BBICOTY /1 ¥ TUAMETP OCHOBaHUS d (PMKCHPOBAIM Ha IMpPO-
SIUPYEMOM N300pakeHUH. 3HAUEHUS cos 0' pacCUuTHIBAIN TT0 hopMyITe

2 g2
cose'z—(d/z)2 h2 .
d/2)y +h
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A.H.OwopsrvHa, K.A.OcTtpoBHOW 1 ap.

Kpaesoii yron 6 mMexmy TBepAol MOBEPXHOCTBIO M KAacaTEIbHOW K TOYKE COMPUKOCHOBEHUS TpeX (a3
HaXOJIWJIN, UCTIONB3YS BHIPAXKCHUE
0=180°-9".
Peszynomamut u ux obcyscoenue
B amuHOCONepKaNMX CYCIICH3USAX ITUOKCHIA TUTaHA B yaWT-cUpUTE (PHC. 3) NMPH YBEIUYCHHH KOH-
uenrparmn AC Bitots 10 0,005 MOJIB/IM’ MPOLECCHl CEANMEHTALHH YMEHBIIAIOTCS He MEHEE YeM B 3 pasa

(B cpaBHeHuu ¢ 6a30BbIM BapuaHTtoM 0e3 AC). [lpu manpHeiimem noBeieHnd KoHIeHTpauud AC CKOpOCTb

OCaAXACHUA 4aCTHUIL IIMTMCHTA OCTaBaJlaCb HEU3MCHHOH U CTa6I/IJ'II/I3I/Ip0BaJ'IaCB Ha MUHUMAJIbHOM YPOBHC —
0,0003 r/c.

V,r/c

0,0012

0,0009

0,0006

0,0003 * . . . .
0 0,002 0,004 0,006 0,008 0,01 0,012 0,014

Cac, MonL/ﬂM3
PucyHok 3. 3aBUCHUMOCTb CKOPOCTH CEAMMEHTALIMU YacTULl MTUTMEHTa OT KoHIeHTpauuu AC B yailT-ciupure

YcTaHOBIICHHBIE 3aKOHOMEPHOCTH CEJIMMEHTAIUH COTIIACYIOTCS C XapaKTepOM U3MEHEHHUsI JUCIIEPCHO-
ro cocTaBa TBepAOW (a3bl U OJHOBPEMEHHO HAXOIAT OOBSCHEHHS C MO3UIIUU JIe3arPETUPYIOIIETO U CTa0u-
nusupytoiiero 3¢ dexros BBoaumoro AC (puc. 4).

p R
Nar 6dw MEX

0 T T T T T |
0000 0002 0004 0006 0008 0010 0012

0 T T T T T 1
0,000 0002 0,004 0,006 0,08 0010 0012
3 N
Cac, Mom/m- (e, voml

a o

PucyHok 4. Biustaue conepykanust aMIHOTIPOM3BOIHOTO Ha yelbHOe KoaudecTBo yacTull Ti0, (a)
U cpemHecTaTucTHIecKuil nuametp gactui Ti0, (6)

B Tex e KoHIeHTpauoHHbIX npeaenax (Cac < 0,0035 MoIb/IM’) PUKCHPOBAIM YBEIMUYCHHE YICTBHO-
ro konmmdecTBa yactuil 110, ot 1048 mo 1552—-1619 u, 3a cueT pa3pyIieHUs arperaroB, COOTBETCTBYIOIICE
YMEHBIICHUE CpeJHeCcTaTUCTHYeCKoro nuamerpa Ha 24 % (ot 5,13 1o 3,28 Mxm).

Takum 006pa3oM, IMEHHO YMEHBIIIEHHE Pa3MEPOB YaCTHI] MMTMEHTA M BBI3BIBAIO CHUKEHHE CKOPOCTH
WX OCaKIEHHSI, TPOUCXO/SIIEe MO/ AeHCTBUEM MEHBIIEH CHIIBI TSHKECTH.

PackmmnuBaromiee neficteue AC (3dgdext Pebunnepa) npoucxoaur B pe3ysbTaTe ajicoOpOIMOHHOTO M0~
HWKCHUS ITPOYHOCTH arperatoB npu nokasarensax /[, < 0,00009 Mots/am’ (puc. 5).
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VccnegoBaHue BRMSHUSA OPraHUYeckoro ...

3
I'yx, MOTB/
0,0003 20 MO

0,0002 A

0,0001 ~

0 T T T T 1
0 0,002 0,004 0,006 0,008 0,01

3
Cac, MOJIb/ M
PucyHOK 5. 3aBHCHMOCTB yACNIBbHOM ancopOruu oT conepxanus AC B pacTBope

Janbreliniee konnentpupoBanue [TAB cnocobcTBoBasio (hopMHUPOBaHWIO Ha HOBOOOPAa30BAaHHKIX ITO-
BEPXHOCTSAX YAaCTHI] Bce 0oJiee TIOTHBIX alCOPOITMOHHO-COBBATHRIX 000yI04eK (pHc. 6), KOTOpBIe obectie-
YMBAIOT CTAOMJIM3ANNIO CUCTEeMBI. [locneHee moATBepKaacT TUOMUIN3aIUsl TOBEPXHOCTH JHOKCH]IA TUTA-
Ha (YMEHbLICHUE 3HAUYEHHH KpaeBBIX YIJIOB cMaunBaHuA 0), MakcumyM Kotopoi (AB) cocrtaBmser 10-12°
B obnactu konneHtpanuii AC ot 0,0035 mo 0,012 MOJIB/ M’ (B cpaBHEeHHHU ¢ 0a30BBIM BapuaHTOM — 0e3
[TAB).

0°
70

60 -

40 T T T T T 1
0 0,002 0,004 0,006 0,008 0,01 0,012

Cc, MOTB/ IM3

PI/IcyHOK 6. Bimmsanue COACPIKaHUA aMHUHOIIPONU3BOJAHOI'O B CYCIICH3UHU
Ha BCJIMYMHY KpPAacBOro yrijia CMa4yvuBaHWs NOBCPXHOCTU JUOKCHUIA TUTAHA

Takum 00pa3oM, pe3yabTaThl KOMIUIEKCA (DU3UKO-XUMUYECKUX HCCIICIOBAHUN aMUHOIIPOU3BOIHOTO B
CUCTEME «yaHT-CIIUPUT — AUOKCHUJ TUTaHa» JOKa3bIBAIOT, YTO CHHTE3UPOBaHHKIH HaMu AC B HEMOJSPHON
cpele pacTBOPHUTEIS MPOSBIACT cBoiicTBa [IAB cMaunBaroriero, ae3arperupyromero u CTabmIn3HpYIOIIeTro
JEHCTBUI IO OTHOIICHUIO K MTUTMEHTHPOBaHHOMY T10,.

Crmcok arepaTypsl

1 Toncmas C.H., llabanosa C.A. IlpuMeHeHNe TOBEPXHOCTHO-aKTHBHBIX BEIIECTB B JIAKOKPACOYHOI MPOMBIIIIEHHOCTH. —
M.: Xumus, 1979. — 176 c.

2 Fonambaes K.H., /lopseuna A.H., Ocmpogroii K.A. MonuduimpoBaHue KOMIIO3UTOB TOBEPXHOCTHO-aKTUBHBIMH BEIIIECT-
Bamu. — [lerpomnasnosck, 2005. — 184 c.

Cepusa «Xumunsy». Ne 3(75)/2014 13



A.H.OwopsrvHa, K.A.OcTtpoBHOW 1 ap.
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A.H.Miopsiruna, K.A.Octposnoii, }0.C.bsizoBa, A.A.Konnpatos

Ioasipchi3 epiTiHaizeri TATAH TMOKCUAIHIH JUCTIEPCUSIHBIH CeUMEHTANUSIIBIK
TYPAKTBUIBIFBIHA OPraHMKAJIBIK AMHUHTYbIHABIHBIH JCEPiH 3epTTEy

Makanana aMUHTYBIHIBIHEIH (AC) yalT-CHMpPHTTEri NUIMEHTTENreH TUTAaH JHOKCUAIHIH OeJImeKTepiHiH
CEMMMCHTANMSUIBIK TYPaKThUIBIFBIHA ocepi 3epTrenmi. AC xonneHtparmmsiceiH 0,005 MOJ‘IL/IIM3 neiin
KOOCHTKeHHIH ©3iHIe CeAMMEHTAIs YpAicTepiHiH 3 ecemeH KeM eMec apTybl HakTbutaHasl. Coi
KOHLEHTpausbik apanbikrapaa (Cac< 0,0035 moms/mm’) TiO, GenmmekTepiHiH MEHUNKTI MemepiHin
1048-nen 1552—1619-ra neifin arperarTapabiy Oy3bUTYbl €CeOiHEH OpTallla CTaTUCTUKAIBIK MaMeTpai 24 %
azaroblHA CoMKeC apTaThiHbl aHbIKTanabl. [lomsipeei3 epitingi oprackinga AC nurmentrenren TiO,-re
KaTBICTBHI CYJIAH/BIPFBILITHIK OPEKETTEP JKACAUThIH OCTTIK OeJCeHMi 3aTTapiblH KaCHETTePiH KepCeTeTiHi
JOIEIICH L.

A.N.Dyuryagina, K.A.Ostrovnoy, Yu.S.Byzova, A.A.Kondratov

Research of organic amine derivative’s influence on sedimentation stability
of dispersions of the titan dioxide in unpolar solvent

Amine derivative’s (AC) influence on sedimentation stability of particles of the pigmented titan dioxide in
white spirit is studied. It is established that at increase in concentration the AC up to 0,005 mole/dm® process-
es of sedimentation decrease not less than by 3 times. It is defined that in the same concentration limits
(Cac<0,0035 mole/dm?) the increase in specific quantity of particles of TiO, from 1048 to 1552-1619 and,
due to destruction of the units, the corresponding reduction of average diameter by 24 %. It is proved that the
AC in the unpolar environment of solvent shows properties of surface-active substance of moistening, dis-
aggregating and stabilizing actions in relation to pigmented TiO,.
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CranmoHapbIK 3JIeKTPOJIM3i ’KOFapbl KepHeyJli UMIIYJIbCTHIK pa3psiilieH
KOCapJacThipa sKYPri3y apKbLiIbl AMMOHMI NePPEHATHIHBIH CYJIbI ePTiHIICiHEH
MeTaJIbIK PeHHUI/Ii 2JIeKTPOTYHOaFa Tycipy

Makanaza MaTeMaTHKaIbIK KOCIapiay SAiCi apKblUIbl METANABIK PEHUHAIH 3IEKTPONUTTIK TyHOara TycyiHe
op Typai ¢akTopiapApiH ocepiepi Typaibl MaNiMeTTep 3epTTenai. 3epTTey OapbIChIHAA IPOLECTiH
MaTeMaTHKAIIBIK YIITiCi albIHABL DIEKTPOIH3/I KYPri3y/IiH OHTANIIBI MapaMeTpIiepi aHBIKTANIbL.

Kinm co30ep: METanIbIK PEHNUA, IEKTPOIN3, MaTEMATHKAJIBIK JKOCTIapiiay, SJIEKTPOIUTTIK TYHOA.

Mertanaplk peHUN I adyIbIH 9MiCTepiHiH OipiHE OHBIH CYJIBI €PTIHAUICPIHEH JICKTPOJIM3 apKBLUIbI ATy
ofliciH KaTKbI3yFa Ooianbl. bynm ypric kemTereH aBTOpiapMeH 3epTTelil, Kazipri Ke3ae FhUIbIMAA enoyip
TEOPUSIBIK ’KOHE MPAKTUKAIIBIK KBI3BIFYIIBUIBIK TYFbI3yaa [1—4].

[IpakTHKANBIK KBI3BIFYIIBUIBIK, Oip JKaFbIHAH, PEHUHAI EPTIHIUIEPACH Taza METAI TypiHae Oeim
Tyl KaMTaMachl3 €Tyre Heri3aesnce, eKiHIIl KaFblHaH — PeHUNAl apHayJbl MaKcaTTapla KOJJaHbUIATBIH
rajJbBaHHUKAJIBIK KaOBbIH pETiHJEe KONJaHy MYMKIHIIUTIKTEpPiH aHBIKTayFa HeETi3leNreH. ANl TeOpHUSUIBIK
TYPFBIIAH KapacThIpaThIH O0JICAK, AJIEKTPOTYHOAFa Tycipy Ke3iHIe peHUN aHWOHAApIaH OOJiHII IIBIFaIb,
aJl MEeTaJlapJblH AaHUOHAAPIaH TOTHIKChI3aHy MEXaHU3Mi 911 TOJIBIK 3€PTTEIMETEH.

Penuiizii 3MeKTpoTYHOAFa TYCIpy/ie MBIHA KYpaMIaFsl S1eKTpoauTTi BanHara (pH 0,9—1,0) r/am’ kamuit
neppeHatel — 50; amMmMmoHuii neppeHatsl — 50; KyKipT KblmikbUibl — 100; amMmmonuii cyiaspatel — 60
OachIMIBLIBIK Oepinemi [5].

DJEeKTPOIN3 OChl METAIBIH Ta3a YHTAFbIH alyAblH OipaeH Oip Tocimi OonyblHa KapamacTaH, IeppeHar
WOHBIH MeTajFa JAEWiH 3JEKTPOXUMUSUIIBIK TOTBHIKCBI3JAHIBIPY OipKaTap KUBIHABIKTapFa OallnaHBICTBI KeH
KOJIJAHbIC TallIlajbl.

Ochl KHMBIHIBIKTapbIH OipiHe OyJl MeTajjarbl CYTETiHIH aCKbIH KEPHEYJIUIriHIH 6Te TOMEHIITiH
JKaTKpI3yra Oomazpl. byn kepae peHUAAIH TOK OOHBIHIIA MIBIFBIMIBUIBIFEI €H apbl keTkeHae 30 %
acnaiinel [6]. ConHpmaii-ak OYJ1 mporiecc OasyJIBIFBIMEH, TYHOAQHBI JICKTPOATAH OO aly KUBIHIBIFEIMEH
JKOHE DJICKTPOIUTTECH OOJIIT ayIbIH TOJBIK €MECTITIMEH cumaTTanansl. MiHe, COHABIKTaH TOK OOMBIHIIA
IIBIFBIMIBUTBIFBIH APTTHIPY MaKCaThIHAA JJIEKTPOJIN3 MPOLECiH KAapKBIHAATY ©T€ MaHbI3Abl MacesenepliH
6ipi 60 IBITT TAOBLIAIE.

OchiFan GalmaHbICTBI 013 DJEKTPOATAP apachIHAAFhl KEHICTIKTE VITKBIH pa3ps TYPIHIET >KOFaphbl
KEpHEeYJIiK UMITYJIbCTBIK SCepAl KOAIMI1 ANEKTPOJIMTTIK TYHOAra TYCIpyMeH KOcapiacThipa JKYPrisy apKbLibl
epITIHAIZCH MIEKTPOXUMISIIBIK KOJIMEH PEHUH amyAblH MPUHIUIITI XaHa oficiH YCeHABIK [7]. Kocapnanran
IEKTPOXUMMSIIBIK 9CEpIiH HOTMXKECIHAE MPOLECTIH JKYPY >KbUIAaMIbIFBl MEH TOJBIKTBIFBI IIYFBUI aPTHIIL,
TYHOAQHBIH camachl apTambl XKOHE DJIEKTPOJATAaH TYHOAHBIH OejiHyi XeHuimehmi. MyHa TOK OOWBIHIIA
LIBIFBIMIBUIBIK CTALIMOHAPIIBIK AJIEKTPOJIM3IIK MPOLUECTi KapKbIHIATY JKOHE CYTeriHi Oesyre KeTeTiH TOK
IIBIFBIHBIH a3alTyFa OalIaHBICTRl AUTAPIIBIKTAN apTaIbl.

KazakcTanma MeTamaplK pEeHHNII OHAIpYyre JKETePIKTEH IMuKi3aT KOpel Oap, Oipak THIMIII
TEXHOJIOTHSIIAPABIH  JKOKTHIFBIHAH HETI31HEH pEeHWH KBIIKBUIBI TY3JapblH (AMMOHHH TIeppeHaThl)
weiFapymen ekreneai («XKeskasranpeamer» PMK). Mine, ocbl cebenTeH MeTalIblK PEHUIAL aimyra
OarbITTAIFaH 3ePTTEYJIEP 30p IKOHOMUKAJIBIK OAChIMIBUIBIKTAPFa HE.

3epTTey KYMBICTapBIH JKYPri3y YIIiH 013 jKOFapbl KEPHEYJi UMITYJILCTBIK Pa3psAATHL, TYPAKThl TOKICH
JKYPTI3UIETIH KOIIMI1 3JeKTpoin30eH KocapiacTblpa KYpri3yre MYMKIHAIK OepeTiH apHayibl KOHIBIPFBI
kacan gareraaansik (1-cyp. Kapa).

IleppeHaT-nOHIBI KAaTOATBHIK TOTBIKCHI3AHABIPY YLIIH TOXKIPUOETIK >KYMbICTapIbl MaTeMaTHKAJIBIK
JKocTapay sficTeMeciMeH Kypri3mik [8, 9].

Mertannplk peHUHAIH TOK OONBIHINA INBIFBIMABUIBIFBIHA aMMOHUI IE€PPEHATHIHBIH KOHLEHTPALUSACHI,
UIEKTPONIN3IIH KYPY Y3aKTBIFbI, dKOFapbl BOJBTTHl KEPHEYIH MeJIIIEepi, KATOATHIK ThIFbI3ABIK XKOHE KYKIPT
KBIIIKBUTBIHBIH KOHIEHTPAUUACHIHBIH acepi 3eprreni (1-kecte).
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1-cypet. KOHIBIPFBIHBIH CHIPTKBI OcitHecl

l-xecTe
3epTTeneTiH (paKTOPIAP KIHE 0JAPIABIH AeHTeiepi
Henreiinep
®daxTopuap 1 > 3 2 5
X| — TOKTBIH KaTOATHIK THIFBI3IBIFHI, KA/M 12 14 16 18 20
X, — aMMOHMIi IepPEHATHIHBIH KOHIEHTPALMSCHI, I/IM° 10 20 30 40 50
X; — TIpOIIEeCTiH XYPY Y3aKTHIFbl, MHH 15 30 45 60 75
X, — snexrpornurreri H,SO4 KOHIIEHTpaIHACHL, /o’ 20 40 60 80 100
X5 — paspsn 6epymineri kepaey, kKB 4 6 8 10 12

Toxipubenep *Korapbl KEpHEYJi Pa3psaThl, CTAMOHAPJBIK AJICKTPOIU30CH KOCApiacThIpa KYPTisi-
JETIHIIKTEeH, ©3iMi3 JaiblHaaraH Oenriiai Oip KOHCTPYKIMSUIBIK EpeKIIeNiKTepi 0ap apHaylbl YSIIBIKTA
KYPTi3ini.

Pa3psareik  ONMOKTarel DICKTPOATHIK MaTepHaigap peTiHAe IUIaTHHA, BOJb(ppaM >KOHE TaHTal
TaHJAJIBIHBIN ANbIHABL. TeMeHri Ti30eKTi aHOA — ITaTHHA JKOHE JKOFaphl BOJBTTHI aHOJ — BOJb()paMHaH
xacannel. KaTon ekeyiHe Jie opTak »KOHE OJ TaHTaJJIaH JKacallblll, HEPrHsl KO3iHIH Tepic IMOJOChIHA
JKaJIFAH]IBI.

KonpaHburFaH »SIEKTPONUT aMMOHHMH TEpPPEHATHIHBIH KYKIPTKBIIIKBUIABI CPTiHAICIHE aMMOHHI
Cynb(aTbliH KOCY apKbUIbI JaWbIHAATIBL. DIEKTP MOIIIEPiH MbIC KYJOHOMETPIHIH KOMETIMEH aHBIKTAJIBIK.
DNEeKTpoNu3 asKTajlfaHHAaH KeHiH KaTONTHIK TYHOAHBI XKYBIN, KENTIpreHHeH KeHiH HIeHTU(HUKAIMIAL,
METANJBIK PEHUHIH TOK OOMBIHIIA IBIFBIMABLIBIFEIH aHBIKTAIBIK. JKocmapiay mMaTpuiachiHa coiikec Oec
¢akTopra ap akropabIH Oec AeHrerine 25 Taxipude xyprizinai (2-kecre).

2-xecTe
Taskipudenepain skocnaphl KIHe HITHKeIepi
Toxipube| X, X, X;, X, X,

NI; AM® | moms/mM® car MOJIB/ M’ kB Yoo Yy Y-t Yo Yo Yopr
1 2 3 4 5 6 7 8 9 10 11

1 12000 10 15 20 4 16,73 16,93 0,2 16,83 —0,1
2 12000 30 45 60 8 27,05 32,49 —5,44 29,77 -2,72
3 12000 20 30 40 6 23,0 24,55 -1,55 23,77 0,77
4 12000 50 75 100 12 49,81 50,84 -1,03 50,32 -0,51
5 12000 40 60 80 10 45,37 41,30 4,07 43,33 2,04
6 16000 10 45 40 12 31,43 31,93 0,50 31,68 —0,25
7 16000 30 30 100 10 47,63 46,16 1,47 46,89 0,74
8 16000 20 75 80 4 32,17 28,13 4,04 30,15 2,02
9 16000 50 60 20 8 35,15 33,03 2,12 34,09 1,06
10 16000 40 15 60 6 34,18 33,86 0,32 34,02 0,16
11 14000 10 30 80 8 29,17 29,75 0,58 29,46 0,29
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CTauvoHapnblK aNeKTponuaai xofapsi ...

2-KeCTeHiH XKalrachl

1 2 3 4 5 6 7 8 9 10 11
12 14000 30 75 20 6 30,13 25,48 4,65 27,80 2,32
13 14000 20 60 60 2 41,75 38,27 3,48 40,01 1,74
14 14000 50 15 40 10 38,12 38,44 —0,32 38,28 0,16
15 14000 40 45 100 4 30,16 32,27 2,11 31,21 1,05
16 20000 10 75 60 10 39,85 33,99 5,86 32,92 2,93
17 20000 30 60 40 4 33,0 27,62 5,38 30,31 2,69
18 20000 20 15 100 8 43,12 41,16 1,96 42,14 1,06
19 20000 50 45 80 6 40,50 41,02 0,52 40,76 —0,26
20 20000 40 30 20 12 41,40 40,99 0,41 41,19 0,21
21 18000 10 60 100 6 30,08 31,12 -1,04 30,6 —0,52
22 18000 30 15 80 2 37,25 48,87 -11,62 43,06 -5,81
23 18000 20 45 20 10 38,38 31,65 6,73 35,01 3,27
24 18000 50 30 60 4 36,26 32,43 3,83 34,34 1,91
25 18000 40 75 40 8 39,29 36,13 3,16 37,71 1,58

Bipaeit neHreitni ¢akropiapra KaThICThl AKCICPUMEHTTIK MAIIMETTEPAl CYPBINTAy apKbLIbI JKEKE
HYKTEJIK TOyeIAUTIKTep i anablK. Toyenainik rpaguri 2-cypeTTe KopceTiareH.

BTy % BT%

S0 50

30~

BTk.%

30— '//‘3

10— a_

0 0,25 05 0,75 1 1.28 0 0,2 03 0,61 0,81 1,02
o 8 e

a — KaTOATHIK TOK THIFBI3bIFBIHA, KA/MZ; 2 — NH;ReO, xoHIIeHTpanuschIHa, MOJIB/ M ; O — TIPOLIECTIH,
Y3aKTHIFBIHA, caF; 8 — H,;SO,4 KOHIIEHTpaIsIChIHA, MOJIB/ M ; & — JKOFaphl BOJIBTTHI KEPHEYAIH Memepi, kKB

2-cypert. Tok GOMBIHINA MIBIFBIMIBIIBIKKA 3€PTTEIETIH (PaKTOPIAPABIH JKEKEe HYKTEIIK TOYSIIUTIKTepi

Onapapl CHUIATTAWTBIH TEHACYJIEP, KOPPEALMIBIK KOIDPHUIHMEHTTEpl *KoHE Kod(DPHUIIMEHTTEpaIH
MaHBI3BUIBIFBI 3-KeCTe e KOPCEeTUITeH.

ANbIHFaH TeHAeyJepAiH 0apabapibIFblH CHI3BIKTHIK €MEC, KONTIK KOppesuusIIbK Koddduuuentrepi-
HiH MoHI (R) KoHE MaHBI3JBIIBIFEI (fz) OOMBIHIIIA AHBIKTAIIBIK.

Byn HyKTenmik ToyenAimiKTepAiH illiHAe MaHBI3CBI3 OONFaHBI MPOLECTIH Y3aKThIFBL. On TaxipuOemik
HYKTEJIEepAiH OpHAJIacybl >KOFapbiFa Kapail ©CeTiH ChI3BIKTHIK TeHACYMEH cunatTanansl (26 cyp.). An myHnaai
CBI3BIKTHIK TOYCNIUIIKTIH (PU3UKAIBIK MOHI JKOK, cebebi MpomecTiH JXYPY VaKbITBIH CO3FaH CaiblH
WOHAAPILIH (TIEppPCHAT-WOHHBIH) KOHIICHTPAIIMACH TOMEHACHI. MeTanablK peHUUIIH TOK OOMBIHIIA
LIBIFBIMIBUTBIFGL 2 a3a10 KepeK. MiHe, COHABIKTaH Oyl (GyHKUIMSHBIH MAaHBI3ChI3IBIFBI TOJBIFBIMEH HET1311.
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3-kecTe

Keke ToyeaalmiKTiH, KOppeasuusIbIK KO3 PUIUEeHTTEepAiH TeHaeyaepi

. O YHKIUSHBIH

OyHKIUSAHBIH TEHAEY1 R IR MAHBI3LTBIFBI
Y1=14,683 X, 0,970 33,5 Mangp13 161
Y,=17,723/ X, 0,957 22,89 ManpI3 151
Y;=29,71 + 7,93X; 0,533 1,96 <2 MaHpI3ChI3
Y,=26,57+0,147X, 0,778 3,41 ManpI3 1561
Ys=20,3 +1,88X; 0,964 27,37 MaHpI3 /161

TOK THIFBI3ABIFBIHBIH METAIIABIK PECHUMIIH KaTOATHIK HIBIFBIMbIHA Ipa(HKaNbIK TOYCIILTIr 2-CypeT-
Te (@) KOpCETUIreH. AJBIHFaH DJKCIEPUMEHTTIK HYKTEJepAl anreOpaiblK MarblHaja TYCIHAIPY YILUiH
MalbICKAH HYKTECI KOOpIWHATaHBIH OachlHAH OacTanaThlH KyOTHIK Napa0ONaHbIH TEHJACYl TaHIaJIbII
ANBIHIBL. AJIBIHFAH TOYEIAUIIKTE <OKOFaphIFa Kapai ecy» TCHISHIUACH Oaiikamaapl. MyHIal TOyeITUTIKTI
Oblnaiiima Tyciamipyre 6omaabl. TOKTBIH THIFBI3ALIFRIH 16 KA/M° neitin KOTEPTeHIE PEHUHIIH TOK OONBIHIIIA
LIBIFBIMBI apTajbl, all TOK THIFBI3ABIFBIH OJJaH apbl KOTepy eUIKaHIail OH HoTwke OepMeni, mamachl, Oy
CYTETiHIH 06JIiHy peaKIMsICHIHBIH KXbUIIaMIBIFBIHBIH apTyblHa OaiaHeICTRI O0sica kepek. CoHmah-ak Oyl
Nenojsipu3atop (IeppeHaT-MOHHBIH) KaTOMAINEH JKaHacybl Ke3iHgeri AuGQY3usIblK IIEKTCYMEH Jie
OaiiaHpICTBI OOTYbl MYMKIH.

Penuiifig KaTOATHIK TOK OOWMBIHINA IIBIFBIMIBUIBIFEIHA MIEPPEHAT aMMOHUM/IIH KOHIICHTPAIUSCHIHBIH
ocepiH aiHamManbl TapaboyiaHBIH TeHIEYyiMeH n =15 xkepceriMumepiMeH 2-cypeTTe (9) CHITATTAIBIK.
OKCIEPUMEHTTIK HYKTEICPAiH OBITHIPAHKBUIBIFBIH HAKTBIIA CUITATTAY YIIIH CHI3BIKTHI KOCBHIMIIIA aJITHIHIIIBI
HYKTE apKbUIBI KOOPAMHATHIHBIH OackiHaH Oactam >xypri3mik. IleppeHar-MoH >xOK OONFaH Ke3[e TOK
OOUBIHIIIA MIBIFEIMABUIBIK HOJITE TCH OOJFaHABIKTaH, Oy 3aHabl Hopce. CypeTTeH Kepil OThIpFaHBIMBI3IAH,
koHnenTpauust 0,18 Mob/iM®  GOFaH Ke3me TOYCNAUTIKTIH (GKOFApbIFa Kapail ecy» TCHICHIUSCHI
Oalikanaasl. KoHIIEHTpausHbL 01aH 9pi ecipy TOK OOMBIHIIA MIBIFBIMIBIIBIKKA SIIKAHAAN acep OepMeni.

ToyennmimikTiH MyHIall CHOAThl TIEPPEHAT-MOHHBIH KOHIICHTPAIUSCHIHBIH ©CYyiHe OallIaHBICTHI
CPTIHIIHIH TYTKBIPJIBIFBIHBIH apThill, €PKIH 3aps] TacylIblH TOMEHJICYIMEH OaiIaHbICTBI 0oJica Kepek.
CoHpaif-axk aMMOHUI/IIH JKOHE KaJMHIiH MeppeHaTHIHBIH CyJla Hallap EpUTIHAITIH A€ aTall aiTyra 0oiabl.
Aran aiftap 6oncax, kanuii neppeHatsHbiH 18 °C epirimTiri — 9,52 /v, an 28 °C — 17,6 r/nM’ exeH.

Penniifig TOK OOWBIHIIA IIBIFBIMABUIBIFBIHBIH KYKIPT KBIIIKBUIBIHBIH KOHIIEHTPAIHUACHIHA JKEKe
TOYSJAUIITIH €H a3 KBajparTrap omici OOWBIHINA SKCIEPUMEHTTIK HYKTEIEpIi OHIEY apKbUIBI aJbIHFaH
TY3YliH TCHJICY1 apKbLIbI CUIATTAIBIK (2-CypeT (8)).

KpIIKBIABIH KOHIIEHTPALMSCHIH apTThIPy PEHUIIH TOK OOWBIHINA MIBIFBIMIBUIBIFBIH ChI3BIKTHIK 6CYTE
okenmeni. bi3miH OWBIMBI3IIA, MYHIAHl TOYeNAUTKTI OblIaiimra TyciHAipyre Oomampl. DJIEKTPOIUTTIH
KBILIKBULABIFBIHBIH 6CyiHe OaiiflaHbICTBI 3apsil TachIMajlaylIbUIAPIBIH YJleci apTaabl, ain Oyl e3 Ke3eriHue
ANIEKTPOTKI3MIITIK MEeH TOK OOMBIHIIA IIBIFBIMABUIBIKTBIH ©cCyiHe alblll Keleldi. KyKipT KbIIIKbLIIbI
epiTiHAiCiHIH MAKCHMAIIBIK SMEKTP OTKI3rimTiri KornenTpamus 250300 r/aM° GoFan Kes/e Gaifkanabl.

Conpaii-ak 2-cyperte (2) KOFapbl BOJBTTHI KEpHEYAiH TOK OOWBIHINA IIBIFBIMBIHA dCep eTYAIH
CBI3BIKTBIK TOyeJANiri kepceTinreH. ['pagukTe 3KCIIEpUMEHTTIK HYKTENEpAiH OpHAlIacybIHIA aHBIK TYpIe
TOYSIAUTIKTIH «KOFapbIlFa Kapai ecy» TCHICHITUACH OalKalFaHABIKTaH, OJIapIbl alreOpaiblK CHIATTayaa
TY3y CBI3BIK TEHIEYIH KOJJAHIBIK. OKCIICPUMEHTTIK HYKTEIEp AapKbUIBI JKYPTI3UITE€H TY3Y CBI3BIKTHI
OpAVHATa OCIMEH KHBUIBICKAHIIA CO3AbIK. MyHIail ayeITKy NeppeHaT epiTIHOICIHIH CTalMOHapIIbIK
JNIEKTPOJIM3IH KOFAPFBl BOJBTTHl WMITYJBCTHI Pa3pAANCH KOCApIACThIpa IKYPTi3T€HIIKTEH, TOJBIFHIMEH
3aHABI JIEN caHayFa Oojaapl. DJIEKTPOJIM3 KE3IHIE KOFApPFBl BOJBTTHI pas3psn OOJIMaraH Ke3Je KaJIBIITHI
XKaraaliaa peHniAiH TOK OOMBbIHIIA IIBIFBIMABUIBIFEL 15-20 % acmaiinel, an Oy Ty3ydiH opauHara ociMeH
20 % neHreitinge KUbUTBICYBIMEH TOJBIFEIMEH COHKEC KeJeIi.

ATBIHFaH TOYCNAUTIKTEpre KYPTi3UIreH Tanjayjiap KOPCETKCHIHIEH, JKOFApFBhl BOJBTTHI HWMITYJIHCTHI
PaspsAATHl KOCApiIacThipa JKYPri3TeH/Ie TOK OOWBIHINA IIBIFBIMABUIBIK apTajbl. MYHBI UMITYJIBCTHI pa3psii
KYpPreH Kes[e, KaTof, DIEKTPOATap apachblHa TY3UITeH TOJKbIHAAPABIH KapKbIHABI COKKBICHIHA YIIBIPAHIbI
JKOHE OWJI DJIEKTPOATHIH OCTIiHEH PEHHMM YHTAFBIHBIH TOMEH Kapal KYWBLIBIT KATOIATHIH OETIHIH TYpPaKTHI
TYpJ€ >KaHApBIT OTHIPYBIHA ANl KeMyl HOTIKECIHIE HOer TYCiHAipyre Oojambl Aenm oinmaiMbl3. beTki
KabaTblHa METAIJbIK PEHUI KabaTel TyHOaFa TYCKEH KaTo[, CyTeri OOHBIHIIA acKbIH KEPHEYJIri eTe ToMEH
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PEHUI SIIEKTPOABI CUSKTHI, dKYMBIC ICTEUTIHIITI OenTiimi. AN 3IEKTPOATHIH O€TKI KaOATHIHBIH TYPAKTHI TYPAC
YKaHAPBITT OTHIPYHI TOK OOMBIHIIA MIBIFBIMIBUTBEIKTEIH apTyBIHA MYMKIHIIIK Oepeti.

Tarsr ga 6ip aTam eTeTIH KaFaai, >KOFApFBI BOJILTTHI PA3pSATHIH JICKTPOIUTKE €PEKIIe dcepi, JKaphIK
JKOHE MAarHUTTIK COYJICTICHY HOTHXKECIHJC Pa3ps] KaHAIbIHJA KhICKA YaKBITTHIK TEMIICPATypajblK Ila3ma
TY3UTIIT KBICKIM TPAJAMCHTI ©3Tepil, )KYHESHIH TOTHIFY-TOTHIKCHI3AaHABIPY TOTCHIHAIEI o3repei [10].

MaHpI36I 0ap jkeke QYHKIMSUTAPIABIH KaTHICYBIMEH KYPTi3iITeH IKCIIEPUMEHTTIK MOJIIMETTEP HETi3iHIIe
METAJJIBIK PEHUHTIH TOK OOWBIHIIA IIBIFBIM/IBUIBIFBIHBIH KON (PaKTOPIIEI KOPBITHUIFAH TCHJICYIH aJIJIbIK,

Y,=5,751x10° 3(X, - 3[X, (26,57 + 0,147X;) (20,3 + 1,88X5). (1)

AJBIHFAaH MaTeMaTUKANbIK YJATiHIH 0apaOapibIFbl CHI3BIKTHIK eMec KONTiK KoppemsuusabiH R = 0,810
MOHIMEH JKOHE OHBIH MaHBI3ABLIBIFBIMEH £ = 10,58 pacramagpl.
TennmeyniH KaTelirid MpiHa GopMysia OOMBIHIIA €CETTEIIK:

(YY)

G=\+—F——, 2
N—-k-1 @

Oy kepae N — TeKcepiieTiH HYKTENEPHiH CaHbl, k — opekeT eryim ¢akropiap canbsl. Katemik adc.
+4,35 % Kypansl.

KopplTa kenreHme, MaTeMaTHKAaJbIK KOCHAPJay OIICIMEH CTAI[MOHAPIBIK 3JICKTPOJIU3II KOFaphI
BOJNIBTTHI WMITYJBCTHIK pa3psAANeH KocapiacTblpa JXYPri3y apKbpUIbl aMMOHHUH TEeppEeHATHIHBIH CYJIIbI
EPITIHAICIHEH YJIEKTPOTOTHIKCHI3AAHABIPY KOIBIMEH METAIBIK PEHUNII aTy >KOJAaphl 3€PTTEIII, TPOIECTI
OHTAWJBl JKaFfalijapfa KYprizy HIapTTapeiH TaOy VIIH KOJJAHBUIFAH PEHUNAIH TOK OoibIHIIA
LIBIFBIMIBUTBIFBIHBIH, KON (akTOPIIbI TeHAEY] albIHAbL. [IpoecTi Kypri3yaiH OHTAMIBI THIMII XKaFAalbl: TOK
TBIFBI3NBIFEI — 16 KA/MZ, aMMOHHUH TIeppeHATHIHBIH KOHIeHTparusicet — 0,18 Monb/z[M3, KYKIpT
KBIITKBUTBIHBIH KOHIICHTpaIuschl — 1,02 MO/ IM° , JKOFaphl BOJILTTHI KepHEY 12 KB exeHmiri aHbIKTa b

Byn xarmaiinapia peHHAAIH TOK OOMBIHIIA ecenTelreH WIBIFBIMBI 53,6 % Kypansl. MaTeMaTHKaJIbIK
VATIHIH IYPBICTHIFBIH TEKCEPY YIIIH OHTAWIBI TOPTINTE OaKplUIay TKIpUOENIEepiH KYPTi3miK JKOHE, Oy
Toxipubenep KepceTKeHAeH, peHUIH IIH TOK OoWbIHIIA MIBIFRIMABLIBIFE 49,81 % Kypamn TeHaeyaiH (1) xarteci
MIETIHJET] €CeNTIK MOHIMEH COMKEC KEJICTIHIITH KOPCETTi.

Opneduerrep Tizimi

1 Cysoposa O.A. O6 31neKTpOOCaXICHUH PEHHUS U3 BOAHBIX pacTBOpoB // Penuit. — 1961. — C. 81-99.

2 Kopoeun H.B., Ponoicuna M.H. DneKTpoocaxJeHIe PEHUS 3 CEPHOKHCIIOTO HJIEKTPOJINTA, COAEPHKAIIETO Cynb(haT aMMOHHS
// KDPX. — 1961.— T. 35, Ne 3. — C. 660-667.

3 Canunckas 3.M., Hukumuna A.A. DNEKTPOIUTHYECKOE BBIICIICHUE PEHHS BHICOKOI uncToThI // Pennit. — 1964. — C. 90-95.

4 Cysoposa O.A., Unnorumosa M.B. O Beienenun penust snekrponusom // U3s. AH KazCCP. Cep. Metamtyprust. — 1951.
— C. 81-103.

5 Teo3z0esa U.U., Kypun A.F. Dnekrpoxumuueckue coiictBa penus // Tp. Jlenunrp. monurex. uH-ta. — 1957. — Ne 88. —
C. 212-224.

6 Cnepanckas E.®. Dnexrpoxumus penus. — 1990. — 142 c.

7 TIIpemmatent PK Ne 55052. Crioco6 31€KTpONNTHYECKOTO IMOJTYyYSHHUs MOpOIIKa MeTammnieckoro penus / Mowmmes K.C.,
Mansiues B.I1., Byxapuusin B.O., @urypunene U.B., Hcabaes C.M., Kapumona JI.M., Ky3ru6exosa X.M. — Ony61. 16.06.2008.
— Brom. Ne 6.

8 Manviues B.I1. Maremarudeckoe IJJaHUPOBAHUE METAJLIYpPIrHYECKOr0 U XMMUYECKOro skcnepuMmenTa. — Kaparanna, 1977.
—37c.

9 Manviwes B.I1. BeposTHOCTHO-IETepPMUHUPOBAaHHOE IUIAHUPOBaHUE dKcniepuMenTa. — Kaparanna, 1981. — 117 c.
10 Manrwwesckuii I1.11. OCHOBBI pa3psAHO-UMITYIbCHOM TexHOnorun. — 1983. — 268 c.

Cepusa «Xumunsy». Ne 3(75)/2014 19



K.C.bl6biwes, B.Ll.Copcembaes

K.C.M6umes, b.II.Capcembaen

DJIEKTPOOCAKIEHHE METAJUTNYECKOT0 PEHNSI N3 BOTHBIX PACTBOPOB
neppeHaTa aMMOHHUS B Pe)KHMe COBMEIEHNUs CTAIIHOHAPHOTO JJIeKTPOJIH3a
€ BBICOKOBOJIbTHBIM MMILYJIbCHBIM Pa3psiioMm

B crathe mo MeToAMKE MaTEMAaTHUECKOTO IIAHWPOBAHMS MCCIECAOBAHO BIMSHHME PA3IMYHBIX (AKTOPOB Ha
JNEKTPOIUTUUECKOE OCAKACHHE MeTalinueckoro peHus. [lomyueHa maremarudeckass MOAENb IpoIiecca.
OrmnpezieneHbl ONTHMAaIbHBIE TAPAMETPhI MPOBEACHHUS IEKTPONU3a.

K.S.Ibishev, B.Sh.Sarsembaev

Electro-deposition of metal rhenium from water solutions
production of ammonium perrhenate in the mode of combining
stationary electrolysis with a high-voltage pulse discharge

The influence of different factors on the electrolytic precipitation of metallic Rhenium was investigated by
the method of the mathematical planning. The mathematical model of the process was received. Optimum pa-
rameters of carrying out of electrolysis were determined.
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Thermodynamic study of ferrites LaMH3Fe5012 (MII — Mg, Ca, Sr)

New ferrites LaM™;Fes0,, (M" — Mg, Ca, Sr) were obtained by high-temperature synthesis on ceramic tech-
nology. By powder X-ray diffraction established that compounds crystallize in the tetragonal singonia, the pa-
rameters of its crystal lattices are determined. The heat capacity of ferrites has been defined by dynamic calo-
rimetric method at 298.15-673 K and detected the presence of phase transitions of type II. The equations de-
scribing the dependence in the range 298.15-673 K are derived taking into account the phase transitions.

Key words: heat capacity, temperature dependence of the heat capacity, phase transitions, ferrites, perovskite.

Introduction

Oxides of variable valence metals with the perovskite structure are a class of materials that exhibit a
number of interesting and important effects for practical applications: metal-insulator transitions, magnetic
ordering of different nature (ferromagnetism and antiferromagnetism), superconductivity. Therefore, they are
of interest among scientists around the world, carrying out the theoretical researches aimed to understanding
the nature of these physical effects, and applied studies in the field of technology of perovskite oxides. It is
possible to create variety of devices based on them due to the electronic properties of oxides. This direction
of study has been called oxide electronics [1].

The aim of this work is calorimetric study of ferrites’ heat capacity LaM";FesO, (M" — Mg, Ca, Sr) in
the range of temperature 298.15-673 K. New ferrites synthesized by solid-phase reaction at high temperature
at presence of oxides La,0;, Fe,O3;, magnesium carbonate, calcium and strontium.

There were established by the method of radiography that ferrites crystallize in the dimetric system with
the next lattice parameters: LaMg'sFesOp; a=11,105A; c¢=17,1 A; 1°=2109,3 A%, 263,66 A’; 8;
Proentgen= 4,3 /e’ Picn = 4,45 £ 0,09 g/em’, LaCa';Fes0p,; a=11,005A4; c¢=1691A; 2047,89 A’;
255,99 A% 8 Procnigen= 4,74 g/em’;  ppicn= 4,82 £ 0,04 g/em’, LaSr';FesOp; a=11,14; ¢=1698 A;
2076,57 A%; 259,57 A%; 8; procnigen= 5,58 g/em’; ppien= 5,61 £ 0,07 g/em’,

Experimental part

Isobaric heat capacity of ferrites was investigated in the temperature range 298.15-673 K on ITS-400
calorimeter. Duration of the measurements over the all temperature range with the processing of the experi-
mental data was not more than 2.5 hours. Maximum permissible error of the instrument on passport data was
+10.0 %. Calibration of the device was carried out by determining the thermal conductivity of Kr heat meter
[2, 3]. Several experiments carried out with a copper pattern and an empty ampoule for this purpose. Lag
time to achieve the desired temperature was recorded using microvoltampermeter F136 and digital stopwatch
with a step of 25 K. The heat capacities of samples were also measured at 25 K. At each temperature five
parallel experiments were carried out, the results were averaged due to method [4], then were calculated ran-
dom components of error (A) for Cysp) (specific) and C°, (mol) of the specific heats values.

By method of powder radiography there were established that compounds crystallize in the dimetric
system, the parameters of their crystal lattices are determined. By method of dynamic calorimeter at 298.15—
673 K the heat capacity of ferrites has been defined, wherein the presence of phase transitions of type II re-
vealed. The equations describing the dependence at 298.15-673 K temperature were derived taking into ac-
count the phase transitions. There are results of the calorimetric studies in Table 1 below.
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Table 1
The experimental values of the heat capacity of compounds LaM";Fe;0,, (M" — Mg, Ca, Sr)

T,K C,t5 C°, £ A 7,K C,t5 | C°, £ A
LaMg3Fe5012
298 0,73+0,01 495,69+4,88 498 0,60+0,03 411,09+21,60
323 0,94+0,06 645,37+£38,26 523 0,58+0,04 396,44+25,64
348 0,87+0,05 594,43+36,85 548 0,51+0,03 350,16+17,72
373 0,7940,05 539,65+34,37 573 0,42+0,02 288,60+14,71
398 0,69+0,14 471,78+96,09 598 0,35+0,02 242,05+14,09
423 0,61+0,04 419,21+24,19 623 0,34+0,03 234,12+17,80
448 0,54+0,03 368,02+21,88 648 0,35+0,02 240,96+14,51
473 0,5540,03 376,73+20,75 673 0,40+0,03 271,60+17,38
LacagFe5012
298 0,39+0,30 285,62+218,95 498 0,56+0,06 407,69+45,08
323 0,87+0,05 636,52+34,21 523 0,60+0,04 439,24+30,84
348 0,82+0,13 596,31+94,01 548 0,70+0,05 510,10438,83
373 0,73+0,30 534,79+220,48 573 0,53+0,05 387,46+34,97
398 0,66+0,03 479,87+21,46 598 0,37+0,03 270,55+21,97
423 0,57+0,03 416,94+25,18 623 0,2840,05 207,94+35,37
448 0,53+0,65 385,18+473,80 648 0,24+0,30 178,86+220,92
473 0,49+0,04 359,00+30,53 673 0,22+0,02 158,54+12,55
LaSr3Fe5012
298 0,70+0,00 610,86+3,04 498 0,51+0,02 444,51+17,17
323 0,88+0,05 769,09+47,92 523 0,47+0,02 409,61+18,10
348 0,83+0,05 724,18+45,57 548 0,42+0,12 370,43+£103,96
373 0,70+0,04 613,67+31,84 573 0,38+0,02 330,44+13,55
398 0,61+0,03 535,80+22,22 598 0,35+0,02 304,52+13,18
423 0,55+0,04 480,56+33,48 623 0,35+0,02 304,89+17,56
448 0,49+0,03 426,17+25,00 648 0,37£0,16 322,95+143,05
473 0,43+0,03 375,97+24,30 673 0,40+0,18 350,93+159,62

Results and discussion

The equation of temperatures dependence of the heat capacity is derived (Table 2). The dependence
heat capacity on temperature is depicted taking into account the experimental data on C,°(T) (Fig. 1-3).

Table 2
Equations of the temperature dependence of the specific heats of ferrites LaM";Fes0,, (M" — Mg, Ca, Sr)

Compounds Coefﬁ;ients of the equation CZ;OD =a+bT+cT?, i/(lrg?sl-K) AT K
—1500,24 6,45 64,0877 298,15-323,0
1059,98 -1,70 140,6381 323,0-448.,0
LaMg;FesO, -4617,36 7,34 3407,81 448,0-498,0
7062,98 —-8,89 -5517,27 498,0-573,0
—6783,18 7,49 9136,514 573,0-673,0
-3262,26 12,70 -212,122 298,15-323,0
LaCasFesO., 718,25 -1,00 250,4178 323,0-473,0
—933,34 2,46 291,1446 473,0-548,0
—7580,43 7,67 11675,89 548,0-673.0
17089,38 —33,06 —5886,57 298,15-348
LaStiFe:Oy, 46,12 0,13 876,2147 348,0-473
20615,07 —26,82 —16894,6 473,0-523,0
—4252.29 5,01 5590,562 523,0-673,0
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Figure 3. Dependence of the heat capacity LaSr;FesOy, on temperature

Data from Table 1 shows that the error of measurement of the heat capacity fit within permissible accu-
racy of the calorimeter. It is found out that a number of ferrites has a sharp jumps in the dependence curve of
the heat capacity C,°~f(T). This fact occurs probably due to the presence of phase transitions type-II. These
transitions may be caused by cationic redistributions, changes of the coefficients of thermal expansion, the
advent of the Curie and Neel [5], etc.

It is known that in compounds containing paramagnetic transition metal ions, often occur heat capacity
anomaly connected with the Schottky effect.

Since the possibilities of calorimeter IT-400 do not allow to calculate the standard entropy of the stud-
ied ferrites directly from the experimental data on C,°(7), it was estimated using the method of ion entropy
increments [6]. Also coefficients of the temperature dependence of the heat capacity are determined (Ta-
ble 2):

H(T) — H'(298.15) = j;w Cldr ; (1)
STy = $°(298.17) + L’;g_ls%ﬂ : Q)

H(T)-H"(298.15)

T 3)

(1) = S(T) -
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In continuation of our studies there were calculated temperature dependence of thermodynamic func-
tions (S°(7), H°(T) — H°(298,15)) using the ratios 1, 2, 3 and the experimental data of C,°~f(T) was applied.
S°(T), H°(T) — H°(298,15) and @™ (T) ferrites (Table 3).

Table 3
Thermodynamic functions LaM";FesO;, (M" — Mg, Ca, Sr). (C' (1), S(T), @*(T), H'(T) - H’(298,15)

LK | (D) | S(1) | (T | H'(T) - H°(298,15)
LaMg3Fe5012
298 495,7+4,9 3653 + 11 3653 + 11 -
323 645,4+38 3 410,9 + 41 367,0 £ 37 141724 + 891
348 594,4436,9 456,7+ 46 371,8 £37 29533,0 + 1858
373 539,7+34,4 495,20+ 50 378, + 38 43411,2+ 2731
398 471,8+96,1 527,6 £ 53 3872 % 39 55886,0 £ 3515
423 419,2424,2 5548+ 55 396,3 % 40 67017,8 £ 4215
448 368,0621,9 5774+ 58 405,8 + 41 76853,3 + 4834
473 376,7+20,7 5975+ 60 4154+ 42 86103,4 - 5416
498 411,1221,6 617,7+ 62 425,1 + 43 95903,2 + 6032
523 396,4425,6 637,6 + 64 4348+ 43 106060,9 + 6671
548 350,2417,7 6552 + 66 4444+ 44 1154942 + 7265
573 288,6+14,7 669,6 + 67 454,0 + 45 123570,8 = 7773
598 242,1%14,1 681,0 £ 68 463,2 46 130216,6 + 8191
623 234,1+17,80 690,8 + 69 472,20+ 47 136190,7 + 8566
648 240,9+14.5 700,1 % 70 480,8 + 48 142112,4 + 8939
673 271,6£17.4 709,8 £ 71 489,1 + 49 148508.9 + 9341
LaCa3Fe5012
298,15 285,62+21,9 411,9+ 12 4118+ 12 =
323 636,52+34,2 448,7 + 45 413,1 £ 41 11517,8 + 724
348 596,31£94,0 494,0 = 49 417,342 26688.4 + 1679
373 534,79+22.5 532,3 £ 53 4238 +42 40489,9 + 2547
398 479,87421,5 564,9 + 56 431,6 + 43 53062,8 + 3338
423 416,94+25,.2 592,9 % 59 4404 + 44 64514,7 + 4058
448 385,18+47,8 616,8+ 62 4495+ 45 74928,9 + 4713
473 359,00£30,5 637,3 + 64 458,9 = 46 84371,4 + 5307
498 407,69+45,1 657,0 £ 66 4684 + 47 93950,9 + 5910
523 439,24+30,8 678,2 % 68 477,9 + 48 104770,7 6590
548 510,10£38.8 700,8 % 70 487,6 =49 116871,2 + 7351
573 387,46£34.9 720,3 + 72 497,3 % 50 1277794 + 8037
598 270,55+21,9 733,9+ 73 506,9 %51 135708,0 + 8536
623 207,94+35.4 743,5 £ 74 516,2 %52 141592,7 + 8906
648 178,86+22,9 750,8 + 75 5252+ 53 146224,9 = 9198
673 158,54+12,6 756,9 + 76 533,7+53 150278,2 + 9453
LaSr3Fe5O 2
298,15 285,6+21,95 4448+ 13 4448 + 44 -
323 636,5434,21 501,5 % 50 446,9 + 45 17632,9 + 1109
348 596,3+24,01 558,3 56 452,9 + 45 36662,8 + 2306
373 534,8422.48 605,1 + 61 461,6 + 46 53514,1 + 3366
398 479,9+21,46 643,1 64 471,9 + 47 68163,7 + 4287
423 416,9+25,18 6744+ 67 482,9 + 48 80987,5 + 5094
448 385,2447,80 700,4 % 70 4944 + 49 92277,6 + 5804
473 359,0430,53 722,11+ 72 505,9 %51 102264,0 + 6432
498 407,7+40,08 743,17+ 74 517,2+52 112757.9 + 7092
523 439,2+30,84 765,0 + 76 528,6 + 53 123628,9 + 7776
548 510,1+38.83 782,7+ 78 539,8 % 54 133102,5 + 8372
573 387,5434,97 797,6 + 80 550,7+ 55 1414493 + 8897
598 270,6221,97 810,8 = 81 561,3 % 56 149203,2 + 9385
623 207,9+35,37 823,3 £ 82 571,657 156812, + 9863
648 178,9422,92 835,6 + 84 581,5+ 58 164655,1 + 10357
673 158,5+12,55 848,3 £ 85 591,2 % 59 173054,5 + 10885
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erage error of the heat capacity and entropy calculation accuracy (3 %).

Conclusion

298.15-673 K for the first time.

count the temperatures of phase transitions type II.

Errors of the temperature dependence of the thermodynamic functions were calculated based on an av-

1. Isobaric heat capacity of iron LaM";FesO;, (Mll — Mg, Ca, Sr) was measured at temperature
2. It is revealed a sharp jumps in the heat capacity connected with the presence of phase transitions of
type II.

3. Equations of the temperature dependence of the heat capacity have been calculated taking into ac-

4. The functions S°(7), H°(T) — H°(298,15) and @ (T) were calculated in the certain temperature inter-

val.
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E.C.Mycradun, P.3.Kacenos, A.M.Ilynos, C.A.bnsnos, A.A.MypaTtbexoBa

LaMII3Fe5012 (MII — Mg, Ca, Sr) kypamabl peppuTTEPAiH
TEPMOIMHAMHUKAJBIK, 3epTTeyaepi

Makanana KepaMUKaJIbIK TEXHOJIOTHS d/1ici OOMBIHIIA )KOFaphl TEMIIepaTypasblK CHHTe30eH xaHa Geppurrep
ansiaran LaM™;FesO,, (M" — Mg, Ca, Sr). KOChUTBICTAP/IBIH TETPArOHAIIb CHHTOHHS GOMBIHIIA KPHCTATI-
JAHATBIHBl YHTAKThl pPEHTreHorpadus opici apKbUIbl JONICNICHIl, OJapAblH KPHCTAUl TOPJaphIHBIH
napamerpiepi  aHbIKTaigel.  Deppurrepmin  KbUTychIdBIMABUIBIKTApel  298,15-673 K Temmepatypa
apalbIFbIHAA JUHAMHUKAIBIK KaJOPHUMETPHUs OMICIMEH 3€pTTeNIl jkoHe Oyl Karmaiiia 2-m peTTik (a3ayiblk
aybICy OpPBIH aJaThIHEI Kepcerinmi. dasanslk aybIcymapisl eckepe oThIpbin, 298,15-673 K Ttemneparypa
apaJIBIFBIH/IA TOYEIIUIIKTI CHITATTalTHIH TEHACYIIEP KOPBITHUIBII IBIFapBUIIBL

E.C.Mycradun, P.3.Kacenos, A.M.Ilynos, C.A.bnsnos, A.A.MypaTtbexoBa

TepMoanHaMHUUYecKUe UCCIEA0BAHUSA (PePPUTOB
cocraBa LaMH3Fe5012 (MII — Mg, Ca, Sr)

B crarbe BBICOKOTEMIIEPATYpHBIM CHHTE30M IO KEPaMUYECKOH TEXHOJOTHM IOTy4eHbl HOBbIE (EeppHUTHI
LaM"FesO;, (M" — Mg, Ca, Sr). MeTozoM MOpOILIKOBOI PEHTreHOrpahiH YCTAHOBICHO, YTO COSIHHEHHS
KPUCTAJNIU3YIOTCA B TETPAaroHaIbHOW CHHIOHMH, OMPEJEIeHBl MapaMeTpbl UX KPHCTATIIMYECKHX PEHIETOK.
Meronom quHAMHYECKOH KalopuMmeTpun B nHTepBaie 298,15-673 K onpeneneHs! TEII0OEMKOCTH (EeppHUTOB,
TIpU ATOM BBISBIICHO Hasm4ue (a3oBbix nepexonos I poxa. C yueToMm (a3oBEIX epexo 0B BHIBECHBI ypaB-
HEHUSl, ONUCHIBAIONINE 3aBUCUMOCTD, B MHTEpBase 298,15-673 K.

Cepust «Xumusi». Ne 3(75)/2014

25



UDC 546.06

Sh.K.Amerkhanova', V.D.Alexandrov?, A.Yu.Sobolev’

'E.A.Buketov Karaganda State University;
’Donbas National Academy of Civil Engineering and Architecture, Makeyevka, Ukraine
(E-mail: amerkhanova_sh@mail.ru)

Construction of phase diagram in systems Na,CO;°10H,0 — CH;COONa-3H,0

The phase diagram in the system of crystalline hydrates Na,CO;'10H,0 — CH;COONa'3H,O0 is constructed
with methods of thermal analysis, this diagram is of the eutectic type. Eutectic composition is 66 wt.%
Na,CO5'10H,0 + 34 wt.% CH;COONa'3H,0. Eutectic temperature is of —11+0.7 °C. The enthalpy of melt-
ing and crystallization of mixtures relatively to liquidus and solidus lines were measured, which were used for
specify the type of phase diagrams. As the eutectic composition is approached, the reduction of supercooling
was established. The mixture of eutectic composition was proposed for using as a heat storage material.

Key words: crystalline hydrates, sodium acetate trihydrate, sodium carbonate ten hydrate, thermal analysis,
melting, crystallization, phase diagram, liquidus, solidus, eutectic supercooling, enthalpy of phase transition,
Tamman triangle, heat storage material.

Crystalline hydrates of sodium acetate trihydrate (AH-3) and sodium carbonate ten hydrates (KH-10)
are widely used as a heat storage material (HSM) based on the phase transitions [1-7]. In this case we can
predict the compositions, the most satisfying the requirements for HSM. Information about this diagram is
not available in the literature. So basic aim of this paper is construction of phase diagrammes of crystalline
hydrates KH-10 — AH-3, also investigation of super cooling processes and enthalpy of phase transition of
mixtures as basic parameters.

Experimental part

Mixtures containing 0 (I), 10 (1), 20 (III), 30 (IV), 34 (V), 40 (VI), 50 (VII), 60 (VIIL), 70 (IX), 80 (X),
90 (XD), 95 (XII), 97 (XIII), 100 (XIV) wt. % AH-3 were investigated. These mixtures were prepared from
components of KH-10 and AH-3 (model is «pure»). Additional investigations for compositions different
from the eutectic at 0.5 % were carried out in the vicinity of the eutectic composition. Samples were pre-
pared according to procedure [6—7]. All samples having the same weight of 0.1 g, were placed in a test tube
with ground-glass lid. Heating and cooling of the samples were performed by a resistance furnace in a tem-
perature range from —25 °C to +80 °C. For this the furnace was placed in a freezer operating at a temperature
of =30 °C. Heating and cooling rates were chosen approximately the same and ranged from 0.1-0.2 K/sec.

Liquidus and solidus temperatures of mixtures were mainly determined by the cyclic thermal analysis
(CTA) in coordinates «temperature—time», also endo- and exothermic effects were determined by differential
thermal analysis (DTA). All mixtures in the system «KH-10 — AH-3» were investigated under conditions in
which the individual crystalline hydrates were enough super cooling. These conditions were achieved after
heating mixtures of 10+12 degrees above the corresponding liquidus temperatures. Recording of DTA and
CTA curves, also heating-cooling processes was made using meter-regulator TRM-202 from «OVEN» firm
and PC. Samples of each composition were prepared not less than 3 times, the number of thermal cycles of
each composition consists of at least 10.

The statistical processing was carried out, and the average values of liquidus (71), solidus (7s) and min-
imum temperatures (7.™") in cooling at the beginning of crystallization, crystallization enthalpy relatively
liquidus (AH1) and solidus (AHs) temperatures were found on the basis of these experiments.

Results and discussion

In a first step the samples were heated and cooled in order to determine the liquidus (71) and the solidus
(Ts) temperatures. Results of mean values of 71 and Ts are shown in Table 1.
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Table 1

Composition of samples and their corresponding average liquidus temperature (7y),
the solidus temperature (7s), the minimum temperature (7,,,), cooling A7, and ATy relative
to temperature 71, and T in system of crystalline hydrates «Na,CO;°10H,0 — CH;COONa*3H,0»

Sample Ne Amount of AH-3 | <> [ <I™> | <AT > | <Te> | <Iy™> | <ATs> | AH. | AHs
*| in KH-10, wt.% °C k/kg | kikg
1 0.0 32.5 19 13.5 286 0
11 10.0 20.6 9 11.6 -11.2 -14.0 2.8 247 38
111 20.0 11.2 1 10.2 -11.0 -13.8 2.8 225 59
1\ 30.0 -2.5 -9 6.5 -10.8 -14.2 34 152 131
V(E) 34.0 -11.5 —14 2.5 -11.0 -14.0 3.0 124 124
VI 40.0 7.1 -3 10.1 -10.0 -14.0 4.0 130 151
VII 50.0 19.5 8 115 —105 | —14.1 3.6 156 124
VIII 60.0 31.0 18 13.0 -11.0 -14.2 3.2 184 95
X 70.0 38.0 22 16.0 —11.5 -14.0 2.5 200 78
X 80.0 47.0 28 19.0 -11.3 -14.0 2.7 218 59
X1 90.0 54.0 31 23.0 -11.7 -13.8 2.1 245 31
XII 95.0 57.5 22.3 35.2 -10.5 -13.5 3.0 247 28
XIII 97.0 57.8 18 39.8 -11.0 -13.5 2.5 263 12
X1V 100 58.0 -20 78.0 274 0

The liquidus and solidus lines for the system Na,CO;'10H,O — CH3;COONa*3H,0 were constructed on
evidence derived from Table 1. Obtained phase diagram is was eutectic type diagram (Fig. 1).

0,0 0.2 04 0.6 0.8 1,0
v T T T T T T T T
60 4 < 60

50 50

40 40
30 30

20

t, ‘C 20
10 4 10
04 0
-10 4 -10
-20 ’ T : T ' T : T ¥ -20
0,0 02 04 0,6 0.8 10
KH-10 x AH-3

A=58°C; B=-75,C=104; D=-223 for x > xg
Figure 1. Phase diagram of crystalline hydrates «Na,CO;3 ' 10H,0 — CH;COONa'3H,0»

Eutectic composition consists of ~ 66 wt.% KH-10 + 34 wt.% AH-3. Line corresponding to the temper-
atures Ty, is practically a straight line, corresponding to an average value —11.0 = 0.7 °C.

Obtained liquidus lines were fairly well described by the equation:

T.=A+ Bx + Cx*+ Dx’, )
where 4 =32.5°C; B=-160; C=532; D=-1294.7 for x < xg.

The enthalpy of melting AH; s and crystallization AHg; were measured by DTA. As has already been in-
timated that the measured values of melting enthalpy of pure crystalline hydrates KH-10 (286 kJ/kg) and
AH-3 (274 kJ/kg) were close to the literature data: it is 286.6 kJ/kg for KH-10 [8, 9], and 280.0 kJ/kg for
AH-3 [6].

Bifurcate of exothermic effects of crystallization of mixtures relative to the lines of the liquidus 71 and
solidus 75 was established. DTA-curves of compositions with 10 wt.% (II) and 70 wt.% (IX) were given as
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examples (Fig. 2). Each curve has two peaks of exo-effects, and the main proportion of the thermal effect in
the crystallization occurs in the region near the liquidus temperature.

Investigations have shown that the sum of the enthalpies AH} and AHs approximately equal to the total
enthalpy of crystallization, i.e. AH} + AHs = AHg;, which in turn is equal to the melting enthalpy AHg, i.e.
AH;g = AH. SL-

AH; AH]!

AHS

AHZ

a b
Figure 2. DT A-curves of melting and crystallization for compositions (I) — a and (IX) — b

Such bifurcating of thermal effects AH s on AH; and AHs may mean that the crystallization mixtures
take place in two stages: the first stage is relative to liquidus line when crystals of KH-10 begin to form in
the hypoeutectic region, and AH-3 crystals in the hypereutectic region.

Then this process is terminated due to depletion of solutions in molecules Na,CO; and CH;COONa.
And the residues of these molecules in their own water of crystallization form fine mixed crystals of both
hydrates in the form of eutectic when approaching the eutectic temperature.

Average values AH; and AHg show in table. Data of AHg were used for refinement of eutectic composi-
tion according to Tamman triangle method [8] (Fig. 3).

180
160 -
/
140 4:
1204 /

100 /

L 804 /’F
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% 60 /

Figure 3. Dependence of the enthalpy AHg of components’ concentration in the KH-10 — AH-3

The correlation of eutectic composition with data shown in the diagram (Fig. 1) in the range of 2-3 % is
seen from figure 3. Stability of the thermal effects values AH; s and AHs; to prolonged thermal cycling on a
sample of eutectic composition and pure crystalline hydrates KH-10 and AH-3 was checked.

The results showed some decrease in value of AHg; after 10 cycles initially, and then almost constant
value with further thermal cycling up to 100 thermal cycles. The decrease value of AHg; is ~17 % for KN-10
and ~5 % for AN-3, and ~ 3 % for the eutectic composition. The decrease of enthalpy of crystallization may
be due to partial dehydration of aqueous solutions with repeated thermal cycling. It is observed, in this case,
that the eutectic composition compares favorably to some crystalline hydrates.
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At the third stage the precrystallization hypothermia AT} of samples relatively liquidus temperature (for
mixtures) and the melting temperature of pure crystalline hydrates was studied. For this, the minimum tem-
peratures in hypothermia field 7., in which the spontaneous crystallization was began, was recorded by
CTA method. The average values <7;""> are shown in Table. It also gives the hypothermia relatively to
liquidus line AT, = T — 71" and solidus line ATy = Ts— Ts"". Dependence of the average hypothermia
<AT> from concentration of x in the mixture is shown in Figure 4.

80

0,0 02 Eoa 06 0.8 1,0

Figure 4. Dependence of average hypothermia of mixture from concentration of AN-3

The figure shows, that as the mixture composition to approach the eutectic (point £), hypothermia regu-
larly reduce: in hypoeutectic field from ~13 °C (for pure decahydrate of sodium carbonate), and hypereutec-
tic field from ~78 °C (for pure trihydrate of sodium acetate) until ~3+4 °C in eutectic. In addition to all the
mixtures the hypothermia ATg with respect to solidus temperature 75 were recorded. Average values of
<ATs> ranged 3.5+ 0.5 °C and didn’t depend on prior overheating of the liquid phase AT". Figure 5 pro-
vides a comparative graphs of dependence of hydrothermia from pre-overheating of liquid phase to three
compositions: (I), (V) and (XV).

80 (XV)
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160t
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Figure 5. Dependence of hidrotermia from overheating for three compositions KH-10 (1),
the eutectic composition (V), AN-3 (XV)

As seen in Figure 4, the eutectic composition has the lowest hydrothermia which doesn’t depend on
overheating, which makes it more attractive for use as HAM, acting at low temperatures.

Result discussion

The crystal structure of the test substances (Fig. 6) is considered for the interpretation of the results.
Both crystalline hydrates have monoclinic type of crystalline lattices [10—11]. According to classical ideas,
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mixtures of similar substances should lead to the formation of a continuous series of solid solutions. Howev-
er, in this case two similar crystalline hydrates form mixtures of eutectic type.

Figure 6. Crystal lattices Na,COj;°10H,0 (@) and CH;COONa-3H,O (b)

Consider the lattice parameters of the crystalline hydrates KH-10 and AN-3 are given in Table 2.

From data shown in Table 2, the difference between the lattice parameters of the KH-10 and AN-3 is
not so great. For example, the volume of cells unit difference is only 4.6 %. Same syngony of crystals with
similar ratios of parameters of lattices at best could lead to the formation of limited solubility of the compo-
nents.

Table 2
Crystal lattice parameters of decahydrate sodium carbonate and trihydrate sodium acetate [10-11]
Lattice type Coordination number a, A b, A ¢, A B, ° V, A’
KH-10 Monoclinic 4 12,83 9,03 13,44 123 1305,31
AH-3 Monoclinic 4 12,34 10,45 10,41 111,65 1247,8
Parameters differences 4,0 % 13,6 % 29,1 % 10,2 % 4,6 %

The possible reason of formation eutectic mixtures in the system of crystalline hydrates Na,CO3*10H,0
and CH3COONa'3H,0O can be a significant difference between the structure of molecules, the content of
crystallization water in corresponding hydrates, molecular configuration Na,CO;10H,O and
CH;COONa‘3H,0 and quantities of hydrogen bonds. You can see this if you look at the projections of the
lattices of these materials (Fig. 7).

onT

™ B(10)

D L ey /
oty G012

[ RN N
.

Figure 7. Projections of the crystal lattices on the x—y plane of decahydrate sodium carbonate (@)
and trihydrate sodium acetate (b). The dotted lines show the hydrogen bonds [10-11]
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By incongruent melting of KH-10 and AN-3, there are saturated salt solution Na,CO; and CH;COONa
in their own crystallization water, i.e. their dehydration is by scheme CH;COONa'3H,0O — CH;COONa +
+ 3H,0 and Na,COj;'10H,0 — Na,CO; + 10H,0. Upon cooling these solutions occurs a reverse process —
the water molecules attaching to the respective ions. For solutions in hypoeutectic region dominated Na,COs
molecules, so KN-10 crystals begin to form at the liquidus temperature, and in hypereutectic region AN-3
crystals form, because of the predominance of CH;COONa molecules. At the same molecules of H,O in re-
spective crystals form the complex of hydrogen bonds (see dashed lines in Fig. 7). For example, acetate ions
form clusters (in the x—y plane, four ion into cluster), and methyl groups are oriented inside the cluster, but
carboxyl groups are to outward.

With regard to crystallization water in turn to molecular weights of hydrates M and components: anhy-
drous salts of M, and water M,. Their comparison shows (Table 3) that the water amount in the CN-10 is
more than water amount of the AN-3 is approximately in 2.6 times. The relative water content in the AN-3 is
~39 %, and RH 10 is ~63 %. The good correlation is observed when comparing these dates with the percent-
age of AN-3 and KH-10 in the eutectic (~34 wt.% AN-3 + 66 wt.% KH-10).

Table 3
Molecular weights of components of crystalline hydrates, g/mol
Crystalline hydrates M of hydrate | M, of dry salt| M, of water M,/M M,/M M,/M,
Na,CO; 10H,0 286 106 180 0,37 0,63 1,70
CH;COONa3H,0 136 82 54 0,61 0,39 0,66
Eutectic of 66 wt.%
KH-10 + 34 wi.% AN-3 236 98,84 137,16 0,42 0,58 1,40

Having a large amount of total crystallization water in mixtures of KH-10 and AN-3 in the range to
~80 %, which facilitates mobility of molecules of Na,CO;, CH;COONa and H,O, their association and for-
mation of crystal hydrates, which helps to reduce hypothermia. For example, in the eutectic water content is
58 % in a mixture with crystalline hydrates, and subcooling reaches a minimum value (~3+4 K). At high
concentrations (> 80 %) of AN-3 in the system, the mobility of molecules (especially CH;COONa) in solu-
tion with a low water content creates steric interferences with respect to crystallization and sharply increases
supercooling of these solutions, including clean trihydrate sodium acetate.

Conclusion

The phase diagram of two crystalline hydrates: carbonate and sodium acetate is constructed by methods
of thermal analysis. The thermal effects of melting and crystallization, and pre-crystallization supercooling
of mixtures in the system were investigated. Based on the analysis of the obtained results it is proposed to
use a mixture of eutectic composition (66 wt.% of Sodium carbonate + 34 wt % of sodium acetate) as a heat
accumulating material.
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[1.K.©Omepxanosa, B.JI. Anekcanapos, A.FO.Cobones
Na,CO;3°10H,0 — CH3;COONa-*3H,0 :kyiieciHiH Kyl AMarpaMMaJjiapbiH TYPFbI3Y

Makanana TepMusUIBIK capantama oxiciMeH Na,CO; 10H,O — CH3;COONa'3H,O kpucrammioruaparrap
JKYHeciHiH Ky AumarpamMManapbl TYPFBI3BUIABL, OJap ABTETHKAIBIK TUMNTI OOJIbl. DBTEKTHKAa KYpaMbl:
66 macc.% Na,CO;'10H,0 + 34 macc.% CH;COONa'3H,0. OBtextukansik temneparypa —11+0,7 °C. Kyit
IUarpaMMajapblHbIH TUIIH alKbIHAAyFa KOJIJAHBUIFAH COJIMAYC TEH JMKBUAYC CBI3BIKTapbIHA KATBICTHI
KOCTIaJIapJblH KPHCTAIAaHybl MEH OalKy SHTalbIUUIAPhl aHBIKTAIIbl. DBTEKTHKAJIBIK KYpPaMFa >KaKbIHAAY
[aMachblHa Kapall CYBITBUIYIBIH TOMCHACYI OalKaimbl. DBTCKTUKANBIK KYpaM JKbUTYaKKyMYJISIHSIIBIK
MaTepHal PeTiHIe KOJIJaHbLUTyFa YCHIHBLIIBL.

I1.K.Amepxanosa, B.JI. Anekcanapos, A.}O.Co6ones
IocTpoenune nuarpammsl coctosinus cucrembl Na,CO;°10H,0 — CH;COONa-3H,0

B crathe MeTOZaMH TEPMHYECKOTO aHAIN3a IMOCTPOCHA JUarpaMMa COCTOSIHHS B CHCTEME KpPUCTAJIIO-
ruzaparoB Na,CO;5 10H,O — CH;COONa'3H,0, koTopast oka3ajnach AuarpaMMoi sBTekTuueckoro tuma. Co-
cTaB 3BTEKTUKHU: 66 Macc.% Na,CO; 10H,0 + 34 macc.% CH;COONa'3H,0. DBTekTuueckas Temreparypa —
11£0,7 °C. M3MepeHs! 3HTANbINU [UIABICHUS M KPUCTAIUIM3ALUN CMECe OTHOCUTENBHO JIMHUM JIMKBUIyCa U
coluayca, KOTOpble ObLIM HCIOJIB30BAaHBI Ul YTOYHEHHs THUIIA JUArpaMMbl COCTOSIHHS. Y CTaHOBJICHO
YMEHBIIICHHE MEPEOXIIAKICHAN 10 Mepe MPHUOIDKEHHS K 9BTCKTUYCCKOMY COCTaBy. DBTEKTHYECKHI COCTaB
TIPEUIOKEH ISl KCIIOJIB30BaHUS B KAYECTBE TEIUIOAKKYMYJIUPYIOIIETO MaTepHaia.
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Quantum-chemical investigation of the fast intermolecular
proton exchange reactions mechanism in paramagnetic systems

For a theoretical interpretation of the fast intermolecular proton exchange (IPE) reaction mechanism by ab in-
itio methods of modern quantum chemistry potential energy surface in the oxymethyl — ammonia acid-base
free-radical system was investigated. This system an experimental EPR spectroscopic kinetic data for such
reactions in the real liquid phase systems was simulated. The role of short lived intermediates as molecular
and ionic complex four-center hydrogen bond due to manage the flow of IPE-fast reactions in the acid-base
paramagnetic compounds have been established.

Key words: semiquinone radicals, oxymetyl radical, EPR-spectroscopy, intermediate, hydrogen bridge,
protolytic reaction, proton exchange reaction, proton transfer proton exchange, quantum chemical calcula-
tions, ab initio, potential energy surface.

The using of stable semiquinone radicals (XH) as spin probes for EPR-spectroscopic determination of
rates constants of the fast intermolecular proton exchange (IPE) reactions allowed to study the protolytic ac-
tivity of different organic acids and bases (YH) in solutions [1]. The systematic experimental investigations
of kinetic of such acid-base reactions showed that they have the common mechanism described with next
scheme:

)<H_y <= XH + YH (1)

XH + YH' == {H .
s
B

Here: asterisk denotes the acids proton with another orientation of spin; B, B, and C, C. are the short-lived
intermediates of IPE-reactions.

For example, as spin probes (XH) were used next stable semiquinone radicals: 3,6-di-tert.butyl-2-
oxyphenoxyl (1), 4,6-di-tert.butyl-3-clorine-2-oxyphe-noxyl (II) and 4-triphenylmethyl-6-tert.butyl-3-clorine-
2-oxyphenoxyl (III).

For theoretical calculations of mechanism of the fast IPE reaction illustrated by scheme (1) was used
quantum chemical ab-initio method with UHF 3-21G orbital bases, contained in licensed program packet
Gaussian-2009 (Pittsburgh, USA) [2-5]. For modeling of the fast IPE reactions between paramagnetic
OH-acids I-1III and NH-acids as primary and secondary amines, were taken simple smallish molecular sys-
tem oxymethyl — ammonia. It should be noted that at the first time oxymetyl-radical was studied as OH-acid
with dynamic EPR spectroscopy by H.Fischer in 1964 [6].

The quantum-chemical counts show that small molecule of paramagnetic OH-acid form with base mole-
cule of ammonia two types of complexes with hydrogen bond CHB): linear and cyclic, presented on Table 1.

The computation estimates that value of thermodynamic stability of linear CHB more on
AE =10,3905 kcal/mol than total energy of cyclic complex with two hydrogen bridges. This effect may be
explain by influence of the high values of ionization potentials: IP =7.0663 eV for oxymethyl and
IP = 8.0530 eV for ammonia [5].

For calculation of the potential energy surface (PES) of modeling protolytic system CH,OH — NH; was
used the specific bimolecular structure with three dummy atoms: 3X, 4X and 8X (see Fig. 1). Such approach
allow to move two acid protons inside the cyclic CHB from initial to final reaction states with the value of
rated step A =0.01 A.
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Table 1
Electronic structures and the values of total energies for different CHB forming
between oxymethyl and ammonia, obtained by ab-initio UHF 3- 21G method
CHB Electronic structure -E, a.u.
Linear complex 169.6672
Cyclic complex 169.6506

Figure 1. The structure of modeling IPE reaction system used for computation of PES

On the figure 2 presented the PES calculated by ab-initio method with using UHF 3-21G orbital bases
and modeling illustrated by figure 1.

E;, a.u.
1693 —

16935
-169.4
-189.45 4
-169.5 -
-169.55
-169.6

16885 -

«169.7 =
08

R(OH), A "o —7
os

Figure 2. The three-dimensional potential energy surface for modeling protolytic reaction
between oxymethyl and ammonia, obtained by ab-initio method with UHF 3-21G orbital bases
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The potential energy surface on figure 2 illustrate electron-structural properties of the reversible two-
channel fast IPE reaction going on ways: B == C~ == B"and B == C == B". It should be noted that the
rates of the initial step of IPE reaction (1) A == B controlled by diffusion in investigated liquid system.

The analyses of three-dimensional PES topology for the fast IPE reaction between modeling acid —base
small molecules shows on formation of 2 short-lived intermediates C and C" that denote in scheme (1) and on
existence of 4 saddle points corresponding to 2 channel for reactions: B <= C" == B'and B == C == B".
The values of total energies for this 4 intermediates presented on Table 2.

Table 2
Electronic structures and the values of total energies for intermediates of reaction
between oxymethyl and ammonia, obtained by ab-initio UHF 3- 21G method
Intermediates Electronic structure —FE, a.u.
B 169.6506
c 169.5611
B' 169.6506
C 169.4625

The computed PES on figure 1 shows that the reaction channel B == C’" == B’ is the preferred for
protolytic acid—base interaction between oxymethyl and ammonia. Thermodynamic stability of intermediate
C" on the value AE = 70.8587 kcal/mol more than value of total energy for intermediate C.

The potential energy surface presented on Figure 2 give yet four saddle point of corresponding transi-
tion states which contained on Table 3. It is evidently that initial intermediate of reaction B has the value of
total energy on AE = 56.1559 kcal/mol lower then ionic CHB C". It should be noted that initial B and final
B" intermediates of the fast modeling IPE reaction have equal electronic structure and the values of total en-
ergy. The values of activation energy for direct B—C" transition received £, = 76.6735 kcal/mol and for re-
verse reaction C'—B E_; = 20.5163 kcal/mol. Analogous values for second channel of IPE reaction B==C
are equal: £,=99.2680 kcal/mol and E_; = 18.7480 kcal/mol.
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Table 3
Electronic structures and the values of total energies for transition states of reaction
between oxymethyl and ammonia, calculated by ab-initio UHF 3-21G method
Transition Electronic structure -FE, a.u.
states
3 :
.
1 = = 169.5284
2 169.5506
3 169.4924
4 169.4935
Table 4
Distribution of atomic charges in ionic intermediates of modeling IPE reaction
between oxymethyl and ammonia
Intermediates Distribution of atomic charges

Intermediate C.

Intermediate C
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It is necessary to say if the four-centered CHB B and B are molecular intermediates of IPE reaction the
another analogous CHB C and C" must be the ionic intermediates. The character of the atomic charges dis-
tribution presented on Table 4 confirms our assumption. For example: the value of common positive charge
for ammonium cation in ionic CHB C" resulted as ¢ = +0.847 and this value for protonated oxymethyl in
ionic complex C is equal g =+0.710.

Figure 3 illustrates the experimental EPR spectra of the real short-lived particles C* and C registered in
toluene mixtures of spin probe I with different acids and bases at low temperatures [6].

WWM

075 H; MT 0,5 H, mT

a b

Figure 3. EPR spectra of ionic pair C" and C obtained in toluene solutions
of stable radical I and tetrahydronicotine at 294 K (a) and hydrochloric acid at 185 K (b)

EPR spectra 3a present triplet of triplet and concern to contact ionic pair of anion-radical 3,6-di-
tert.buthylortosemiquinone with cation of protonated molecule of tetrahydronicotine. The big triplet
(ay = 0.335 mT) formed by hyperfine interaction of unpaidred electron with 2 magnetic equivalent ring pro-
tons of anion-radical 3,6-di-tert.bu-thylortosemiquinone and small triplet (ay = 0.030 mT) formed by split-
ting on nucleus of nitrogens atom of ammonium cation in contact ionic pair. The EPR spectra 35 concern to
ionic pair of the protonated by hydrochloric acid semiquinone radical 1.
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I[MapaMarauTTi Kyiiejiep/ie *KblJIIaM MOJIEKY.12apaAJIbIK IPOTOHABIK
aybICy peaKklusi MEXaHU3MiH KBAHTTHIXUMHSJIBIK 3epPTTEy

Makanaga Kasipri 3aMaHFbl KBaHTTBIXUMHSUIBIK OMITMPUKAJIBIK €MEC OIICTEPMEH MOJICKYJIaapajblK
HPOTOHBIK AYBICY/IbIH XKbUIJAM PEaKLHsAChl MEXaHU3MIiHIH TEOPUSIIbIK MHTENPETALNsIIAY YIIIH OKCHMETHII-
aMMHaK KyHeciH/ie TOTeHINA/Ibl SHEPTUsHBIH OeTi 3epTrenai. by sxyiie HaKThI cyiibikda3zanbl xKyieaepaeri
OCBIHIAK peakuusIapabiH Taxipubesik ITP-crekTpOoCKONHsIIBIK KHHETHKAIBIK MOTIMETTep/iH YArici 60IbI
Tabbl1aapl. CyTeKTiK OaiiyiaHbIC apKbIIbl TY31INeH MOJICKYJIAbIK )KOHE HOH/BIK TOPTLEHTPII KeLIeHIEP/IiH a3
OMip CypeTiH HHTEepPMEANATTap/IbIH POJIIACP] aHBIKTAIIIbL.

A.C.Macanumos, C.H.Hukonbckuii, E.A.Pansuenko, M. A.ITycTonaiikuna, A.A. Typ

KBaHTOBOXMMHYECKOe H3yUeHHe MeXaHU3MAa peaKnu ObICTPOro
MEKMOJIEKYJISIPHOTO MPOTOHHOT0 00MEeHA B MaPaMATHUTHBIX CHCTEMAaX

B craTbe 11 TEOpETHYECKON MHTEPIPETAIIMN MEXaHU3Ma ObICTPOI PEaKIMi MEXMOJIEKYIIPHOTO TPOTOHHO-
ro oomena (IPE) HesmMnupuueckumMu METOAaMH COBPEMEHHOM KBAaHTOBOW XMMHH HCCIIEOBaHA MOBEPXHOCTh
MOTEHIIMAIBHOX 3HEPTUH B CBOOOIHO-PAJUKATBHON KHCIOTHO-OCHOBHOH CHCTEME OKCHMETHI — aMMHMAK,
Mozenupyoei skcrnepumentansabie OIIP-criekTpockonmyeckne KMHETHYECKUE JaHHBIE JUIS TaKOBBIX pe-
aKIMil B peanbHBIX XHUIKO(DA3HBIX CHCTEMAaX. Y CTAaHOBIICHBI POJM KOPOTKOXHBYIINX WHTEPMEIHATOB MOJIe-
KYJSIDHBIX M MOHHBIX YETBIPEXLIEHTPOBBIX KOMILICKCOB 3a CUET BOJOPOIHON CBSI3U B YNPABICHUU NIPOTEKaA-
HueM ObicTpoii IPE-peakuun B mapaMarHUTHOI KUCIOTHO-OCHOBHON CMECH.
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Stereocontrolled synthesis of trans-eudesmanolides from (+)-hanphilline

Directed synthesis methods of practically significant eudesmanolides on the basis of germacranolide
E,E-hanphilline were presented in this article. Synthesis of obtained trans-eudesmanolides was carried out
with stereocontrolled 5,10-cyclization of E,E-germacranolide (+)-hanphilline. The considered mechanism of
5,10-carbocyclization of the E,E-germacranolide (+)-hanphilline consistent with the results of quantum-
chemical calculations of the total energies of all cationic intermediates formed during the reaction. It was
shown that electrophilic reagents led to different eudesmanolide sesquiterpenoids. The one-step synthetic
method of functionalized at C-1 and C-3 trans-eudesmanolides was developed.

Key words: sesquiterpene lactones, eudesmanolides, germacranolides, stereocontrolled synthesis, hanphilline,
cyclization, electrophilic reagents, quantum-chemical calculations.

Sesquiterpene y-lactones, in particular trans-eudesmanolides and E,E-germacranolides, are widespread
in flowering plants of the family Asteraceae (Acteraceae). They are valuable natural compounds for studying
various reactions and synthesis of new biologically active derivatives [1-3].

Stereocontrolled synthesis methods of eudesmanolides on the basis of germacranolide E,E-hanphilline
were presented in this work. Hanphilline is a characteristic component of the Noble Yarrow (Achillea
nobilis L.), which is widespread in Central Kazakhstan [4].

Interaction of hanphilline (1) with N-bromosuccinimide in aqueous acetone at temperature 25-30 °C led
to formation of trans-condensed 5(a),10()-eudesmanolides (2) and (3) with 30 and 40 % yields. Synthesized
eudesmanolides are chiral diastereomers. Specific rotation of (2) is [a]p'*+ 50° (¢ 0,02; CHCl;) and specific
rotation of (3) is [a]p'™ + 46° (c 0,01; CHCl3). Apparently, reaction started with regiospesific electrophilic
bromation of the most electron-donor and space available double bond at C,—C;, in molecule of
hanphilline (1). And then intramolecular 5,10-carbocyclization (Markovnikov's rule) with the assistance of
second skeletal A**-double bond (in the capacity of nucleophile) was initiated. In the end, an intermediate
1-bromeudesman cation (A) was formed:
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(@)

Further stabilization occurred through ejection of protons from the C-15 (Hofmann’s rule) and cleavage
of HBr from the C;-C,. It gave eudesman allyl alcohol (2). Nucleophilic attack of hydroxyl ion (or water)
with simultaneous B-dehydrobromation formed diol (3). Moreover, the cyclization was realized through low-
energy conformation of hanphilline (4) — chair—chair (Fig.1) with configuration ;D'*and "’Ds leading to the
formation of trans-condensed eudesmanolides. 'H-NMR spectrum data of obtained compounds are shown in
Table 1.

@ ©

Figure 1. The conformation of hanphilline — chair—chair

Table 1

Chemical shifts (6, ppm), spin-spin interaction constants (in Hz)
of hanphilline and its derivatives (2) and (3)

Compounds

Protons D) 2 3)
Me-4 1,68 broad singlet - 1,26 singlet
Me-10 1,43 singlet 0,9 singlet 0,94 singlet
H-1 5,24 broad doublet (3) 5,28 doublet (11) 5,29 doublet (11)
H-2 - 5,40 quartet (11;9) 5,41 quartet (11;9)
H-3 4,90 broad doublet of doublets (10;5) 4,40 broad doublet (9) 4,45 doublet (9)
H-5 4,86 broad doublet (8,5) 2,24 broad doublet (11) 2,18 doublet (11)
H-6 4,12 quartet (10;8,5) 3,98 triplet (11) 4,21 triplet (11)
H-13a 5,52 doublet (3,5) 5,40 doublet (3) 5,35 doublet (3)
H-13b 6,26 doublet (3,5) 6,06 doublet (3) 6,14 doublet (3)
H-15a — 5,25 doublet (1) —
H-15b — 5,90 doublet (1) —

'H NMR spectra of all obtained compounds were registered on a spectrometer Bruker Avance-400 (operating fre-
quency 400,13 MHz), solvent CDCls, internal reference TMS.

Treatment of hanphilline (1) with formic acid at room temperature led to stereocontrolled products of
5,10-carbocyclization — optically active keto,hydroxy-5(a),10(B)-trans-eudesmanolides (5) and (6) with 68
and 20 % yields (Fig. 2). Reaction occurred more rapidly than with N-bromosuccinimide. Apparently, acid-
catalyzed 5,10-carbocyclization occurred by the same mechanism as with NBS through regiospesific proto-
nation of the most electron-donor and space available A"'°-double bond of hanphilline (1) with configuration
D' and "Ds. Following nucleophilic attack of A*’-double bond (Markovnikov's rule) led to only trans-
condensed eudesmanolides (5) and (6). "H-NMR spectrum data of obtained compounds are shown in Ta-
ble 2.
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Figure 2. The obtaining of eudesmanolides (5) and (6)

Table 2

Chemical shifts (6, ppm), spin-spin interaction constants (in Hz)
of hanphilline and its derivatives (5) and (6)

Compounds

Protons D) ) ©)
Me-4 1,68 broad singlet 1,22 doublet (7,5) —
Me-10 1,43 singlet 0,63 singlet 0,63 singlet
H-1 5,24 broad doublet (3) — —
H-3 4,90 broad doublet of doublets (10;5) — 4,0 broad doublet of doublets (10;6)
H-5 4,86 broad doublet (8,5) — —
H-6 4,12 quartet (10;8,5) 4,04 broad triplet (10,5) 3,98 broad triplet (11)
H-13a 5,52 doublet (3,5) 5,43 doublet (3) 5,43 doublet (3)
H-13b 6,26 doublet (3,5) 6,10 doublet (3) 6,10 doublet (3)
H-15a — — 4,95 broad singlet
H-15b — — 5,24 broad singlet

'H NMR spectra of all obtained compounds were registered on a spectrometer Bruker Avance-400 (operating fre-
quency 400,13 MHz), solvent CDCls, internal reference TMS.

Treatment of hanphilline (1) with perbenzoic acid in chloroform at room temperature led to trans-
condensed B-hydroxyleudesmanolides: 4-epiartekalin (7) andridentin B (8) with 42—45 and 51-53 % yields
(Fig. 3). These eudesmanolides were isolated from plant sources. 'H-NMR spectrum data of obtained com-
pounds are shown in Table 3.

OH

(7

OH

HO
(8)

Figure 3. 4-epiartekalin (7) and andridentin B (8)

Quantum-chemical (semiempirical methods AM1, PM3, MINDO-3 by MOPAC-7) calculations of the
total energies of all cationic intermediates formed during the reaction were carried out in order to confirma-
tion the proposed mechanism of electrophilic 5,10-carbocyclization of hanphilline [5].
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Table 3

Chemical shifts (6, ppm), spin-spin interaction constants (in Hz)
of hanphilline and its derivatives (7) and (8)

Compounds

Protons 0 @ ®)
Me-4 1,68 broad singlet 1,26 doublet (7,5) —
Me-10 1,43 singlet 1,14 singlet 1,05 singlet
H-1 5,24 broad doublet (3) 3,71 broad triplet (8,5) 3,79 broad ((1{) f t;llzt)of doublets
H-2a - 2,65 broad doublet (8,5) 2,32 multiplet
H-2b — 2,74 broad triplet (7,5) 2,68 multiplet
H3 4,90 broad doublet of doublets B 4,40 broad doublet of doublets

(10;5) (11;5)

H-4 — 2,10 multiplet —
H-5 4,86 broad doublet (8,5) 2,10 multiplet 2,23 broad doublet
H-6 4,12 quartet (10;8,5) 4,04 triplet (10,5) 4,23 triplet (11)
H-13a 5,52 doublet (3,5) 5,43 doublet (3) 5,35 doublet (3)
H-13b 6,26 doublet (3,5) 6,09 doublet (3) 6,14 doublet (3)
H-15a — — 5,26 doublet (1)
H-15b — — 5,92 doublet (1)

"H NMR spectra of all obtained compounds were registered on a spectrometer Bruker Avance-400 (operating fre-
quency 400.13 MHz), solvent CDCl;, internal reference TMS.

The acid-catalyzed cyclization of hanphilline was investigated (Fig. 4). According to generally accepted
ideas, acid-addition to unsymmetrical alkene (for example to A"'’-double bond of hanphilline) could form
two carbocation: secondary (A) and tertiary (B). Calculations showed an energy preference for carbocation
(A) (E = —68566 kcal/mol) than (B) (£, = —68555 kcal/mol) — the difference in energy was 11 kcal/mol.
Subsequent cyclization of carbocation (B) by nucleophilic attack of A**-bond could lead to two bicyclic cati-
ons (C) and (D). Calculations (particularly by PM3 method) showed a greater energy stability for the carbo-
cation (C) (E, = —68584 kcal/mol) than (D) (E, = —68570 kcal/mol). The energy difference was
14 kcal/mol. Carbocation (C) was identical to the intended tertiary cation (A) (see scheme of cyclization with
formic acid). In this case, stabilization of this cation by deprotonation could form eudesmanolides (5)
and (6). In this way, quantum-chemical calculations confirmed the proposed mechanism of trans-
eudesmanolides formation.
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Figure 4. Basic carbocations of acid cyclization of hanphilline

Practically significant eudesmanolides were synthesized with hanphilline electrophilic carbocyclization
reactions. It was found that double bond at C4;-Cs did not react in the electrophilic addition reaction. Obvi-
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ously, this was in consequence of steric difficulty or electronic factors (otherwise, we would have other types
of skeletal sesquiterpenoids). It was shown that the variation of electrophilic reagents led to synthesis of dif-
ferent functionalized at C-1 and C-3 trans-eudesmanolides and well-known natural trans-eudesman
sesquiterpenoids. It allowed for us to develop the one-step method for the synthesis of practically significant
heteroatomic trans-eudesmanolides.
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(H)-XaHQUIIMHHIH TPAHC-3BAeCMAaHOJIUATEPIHIH cTepe0daAKbIIAHFAH CHHTe3]

Maxkanaga xandwummH E,E-repmakpanonuarepaid ToxipuOesik MaHbI3Ibl TPaHC-KOHJICHCALMSIIAHFaH
9BJECMAHOJIUATEPIHIH GarbITTAIFAaH CHHTE31 KapacThIPbUIAbL. AJIBIHFAH TPAHC-3BACCMAHOIUATEPIIH CUHTE3]
(+)-xanpmmmn E,E-repmakpaHonuaTin crepeobaksutanral 5,10-kapOonukinnenyimMer xyprizingi. On 5,10-
KapOOLMKIZCHY MeXaHM3MJEepi  KBaHTTBIXUMHUSUIBIK ~ €CENTeyJep HOTIKENEepIMeH  COoiKec — Keli.
OnekTpoduibai peareHTTep Al KOJJaHbIN, 9p TYPIi 3BICCMaH/Abl CECKBUTECPICHOMATAPBI CHHTE3/CH alyFa
GonateiHbl Kepeeriimi. Tpanc-aaecmanonuarepain C-1 sxone C-3 OGoifpiHIIA OipcaThiibl CHHTE3JCN Ay
9J1iCi YCHIHBUI/IBL

H.Mepxarynsi, C.b.Abeyona, [1.Boiitnuek, A.T.Omapoga, JI.T.banmaram6eToBa

CTepeoKOHTPOJINpYeMblii CHHTE3 TPAHC-IBIeCMAHOJIUA0B U3 (+)-XaHpu/uiuHa

B craTtbe paccMOTpeHBI MOAXOBI K HANPABICHHOMY CHHTE3Y NMPAKTHYECKH 3HAUUMBIX 3BAECMAHONHUIOB U3
repmakpanonuga E,E-xangummna. CHHTE3 NMOTyYSHHBIX TPAHC-IBICCMAHOIHMAOB OBLI OCYIIECTBIEH CTe-
peoxoHTponupyemoit 5,10-nnkmm3anueit E,E-repmakpanonmuna (+)-xandmmaa. PaccMoTpeHHbIe MeXxaHH3-
MBI 5,10-kapOonuKM3anuy XaH(QUUINHA COTTIACYIOTCS ¢ pe3yJIbTaTaMi KBAaHTOBOXUMHYECKHX PacueToB Be-
JIMYMH MOJNHBIX SHEPTHH BceX 00pa3ylomuXcsl B XOJe PeakIiH KaTHOHHBIX MHTepMeauaros. [lokazaHno, 4to
3NEKTPOGHIBbHBIE PEAreHThl MOTYT CHHTE3HPOBAaTh PAa3INYHBIE 3BAECMAHOBbBIE CECKBUTEpIIeHOU I Paszpabo-
TaH OHOCTaIUMHBINA METOJ CHHTEe3a QYHKIIMOHAIM3UPOBaHHbIX pH C-1 u C-3 TpaHC-3BIEeCMaHOIHUIOB.
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Synthesis of guaian sesquiterpene y-lactones from hanphilline

Synthetic methods of guaianolides on the basis of germacranolide E,E-hanphilline were presented in this arti-
cle. Hanphilline is a characteristic component of the Noble Yarrow (Achillea nobilis L.), which is widespread
in Central Kazakhstan. Synthesis of obtained guaianolides were carried out with stereocontrolled
1,5-cyclization of E,E-germacranolide (+)-hanphilline. The one-step stereospecific syntheses of guaianolides
on the basis of available germacradienolide E,E-hanphilline were developed and carried out. The mechanism
of 1,5-carbocyclization was considered. Scheme of biogenetic interdependence of guaianolides in Achillea
nobilis L. was offered. It allowed a deeper understanding of a very complex process of biosynthesis of
sesquiterpene lactones in the plant body.

Key words: sesquiterpene lactones, guaianolides, germacranolides, stereocontrolled synthesis, hanphilline,
carbocyclization, biogenetic interdependence, quantum-chemical calculations.

Sesquiterpene y-lactones, in particular guaianolides and germacranolides, are widespread in flowering
plants of the family Asteraceae (Acteraceae). They are valuable natural compounds for studying various re-
actions and synthesis of new biologically active derivatives [1].

Synthesis methods of guaianolides on the basis of germacranolide E,E-hanphilline were presented in
this work. Hanphilline is a characteristic component of the Noble Yarrow (Achillea nobilis L.), which is
widespread in Central Kazakhstan [2].

Reaction of electrophilic cyclization of hanphilline (1) occurred through A"'’-double bond. Investiga-
tion of cyclization by activation of second A**-double bond arouse interest for us (because other skeletal
types of sesquiterpenoids could be formed) [3, 4]. It was necessary to induce allyl cation (in the molecule,
namely the carbon C;-C,;-Cs) by cleavage of the hydroxyl group at Cs.

In connection with it, reactions of hanphilline with dehydrating reagents were investigated. Selective
and widespread in chemistry of natural compounds p-toluenesulfonyl chloride (TsCl) and methyl
sulfochloride (MsCl) were used in the capacity of dehydrating reagents.

Treatment of hanphilline (1) with tosyl chloride in pyridine at 80 °C gave chiral cis-condensed
5(at),10(a)-guaianolides — (2) and (3) with 55 and 30 % yields (Fig. 1). "H-NMR spectrum data of obtained
compounds are shown in Table 1.

@
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Figure 1. The obtaining of guaianolides (2) and (3)
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Table 1

Chemical shifts (6, ppm), spin-spin interaction constants (in Hz)
of hanphilline and its derivatives (2) and (3)

Compounds

Protons 0 2 3)
Me-4 1,68 broad singlet 1,61 broad singlet 1,60 broad singlet
Me-10 1,43 singlet - 1,81 singlet
H-1 5,24 broad doublet (3) — —
H-3 4,90 broad doublet of doublets (10;5) 4,87 broad doublet (3) 4,87 broad doublet (3)
H-5 4,86 broad doublet (8,5) 2,15 multiplet 2,15 multiplet
H-6 4,12 quartet (10;8,5) 3,97 triplet (10, 5) 4,10 triplet (10, 4)
H-13a 5,52 doublet (3,5) 5,44 doublet (3) 5,44 doublet (3)
H-13b 6,26 doublet (3,5) 6,15 doublet (3) 6,15 doublet (3)
H-14a - 4,78 broad singlet -
H-14b - 4,78 broad singlet -

'H NMR spectra of all obtained compounds were registered on a spectrometer Bruker Avance-400 (operating fre-
quency 400,13 MHz), solvent CDCl;, internal reference TMS.

As we can see from the scheme, cleavage of intermediate sulfoester Cs-OH group initiated stereo-
controlled electrophilic rearrangement (a resonantly stabilized allyl cation could be formed). It led to
1,5-cyclization by Markovnikov's rule and formation of the most stable guaian carbocation (A). Further sta-
bilization of carbocation (A) through regioselective deprotonation (Hofmann’s rule) led to final guaianolides
(2) and (3). A similar result was obtained by treatment (1) with mesyl chloride in pyridine under reflux,
which also led to the stereocontrolled formation of isomeric cis-guaianolides (2) and (3) with 54 and 31 %
yields.

Quantum-chemical calculations (Table 2) of the total energies of all cationic intermediates formed dur-
ing by cleavage of hydroxyl group did not reveal an energy preferableness of one of the two resonant struc-
ture of allyl cation (A, B). It was found that they had the same total energy (£, = —61057 kcal/mol) [5].

Table 2
Quantum-chemical calculations of the total energies of all cationic intermediates
E.., kcal/mol
Compound 1 A B C D
PM3 —68400,984 —61056,932 —61056,965 —61062,342 —61081,231

Further cyclization of the most preferable (from the viewpoint of structure) allyl cation (B) could lead
to bicyclic cation (C) and (D). The guaian cation (D) (identical to carbocation (A)) was the most energetical-
ly stable than (C). The difference in energy was 19 kcal/mol. Therefore the further cyclization by
deprotonation led to guaianolides (2) and (3). Thus, quantum-chemical calculations of the total energies of
all cationic intermediates confirmed the proposed mechanism of cis-guaianolides formation.
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Thus, it was found that the cleavage of the C;-OH group of hanphilline activated A**-double bond and
initiated intramolecular 1,5-carbocyclization which led to only cis-condensed guaian structures. The cycliza-
tion was stereospesific and completely controlled by conformation of chiral hanphilline.

Namely the stereocontrolled synthesis of cis-guaianolides (2) and (3) allowed us to develop a scheme of
biogenetic interdependence of guaian sesquiterpene y-lactones in Noble Yarrow (Achillea nobilis L.),

(Fig. 2).

©®

Figure 2. Scheme of biogenetic interdependence of guaianolides in Achillea nobilis L.

As we can see, reaction of 1,5-carbocyclization of hanphilline (key stage) led through bicyclic cation
(A) to guaianolides (2) and (3). In further successive regio- and stereoselective reaction of epoxidation,
isomerization and hydrolysis led to guaianolides: estafiatin (4), anolide (5), anobin (6), canin (7) and
khrizartemin A (8). The epoxidation reaction was an important step for the introduction of the oxygen atom
in the molecular structure. Proposed way of biogenetic interdependence confirmed fact that guaianolides (4),
(5), (6), (7) and (8) were isolated from the aboveground part of Yarrow Noble. Furthermore, it became ap-
parent that hanphilline was a biogenetic predecessor of these guaianolides in the plant organism. Because, it
was isolated from the Noble Yarrow by water extraction method, too [2].
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Thus, the one-step stereospesific syntheses of cis-guaianolides were carried out and developed. We
chose germacradienolide hanphilline, easily available sesquiterpene, as the starting material. The key stage
was the dehydration reaction. In addition the scheme of biogenetic interdependence of guaianolides in
Achillea nobilis L. was developed. It allowed a deeper understanding of a very complex process of biosyn-
thesis of sesquiterpene lactones in the plant body.
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H.Mepxarynsi, C.b.O6eyoBa, A.T.Omaposa, JI.T.banmaramberoBa

XaH(U/UIMHHEH TBasiH/IbI CECKBUTEPIEH/Ii Y-TAKTOHAAPAbI CHHTE3/1el a1y

Makarnana CecKBUTepIeH[l Y-1akToH E,E-xaHQWUIMHHEH TIBasHONMIATEPAI CHHTE3JCH aiy oicTepi
KapacTeIpblIabl. byt kocsutbic OpTanbik Kazakcranna KeHiHEH TapalFaH achul MbIHKanbipaktaH (Achillea
nobilis L.) GeniHin ambslHABL. AJBIHFAH I'BasHOMUATEPIH cuHTe3i (+)-xandwumaHIE E,E-repmakpanommmi-
HiH crepeobakpuianFad 1,5-uukiaeHyiMeH Kypri3ingi. XaHQWUIMHHEH LUC-TBassHOIUATEPAIH OipcaThLIbl
crepeocnenUKaIbIK CUHTE3ACH ally SAICTepi YCHIHBUIBIM, JKYPri3ingi. 1,5-kapOoLuKIIeHyJiH MeXaHu3Mi
3eprrenin, Achillea nobilis L. eciMairinae rBassHOIMATEPAIH OHOr€HETHKAIBIK ©3apa OailllaHbICHIHBIH ChI30a-
Cbl YCBHIHBUIJIBL.

H.Mepxarynsl, C.b.A6eyoBa, A.T.Omaposa, JI.T.baamaramberoBa

CuHTEe3 rBasiHOBBIX CECKBUTECPIECHOBLIX Y-JIAKTOHOB U3 XaH(l)l/lJ'lJ'lI/IHa

B crarbe nmpezacTaBiIeHbl METO/BI CHHTE3a TBAsSHOIMIOB U3 CECKBUTEPIEHOBOTO Y-1akToHa E,E-xandummna.
XaH(WUINH SBISETCS XapaKTepHBIM KOMIIOHEHTOM LIMPOKO pacrpocTpaHeHHoro B LlenTpansnom Kaszaxcra-
HE PAaCTHUTEIBHOTO CHIPbsl THICSYCIUCTHUKA OnaroponHoro (Achillea nobilis L.). CuHTe3 NMOIydeHHBIX T'Bas-
HOJMIOB OBUT OCYIIECTBICH CTepeoKOoHTposnupyeMor 1,5-muxnusanueii E,E-repmakpanonuma (+)-xaH-
¢unmHa. beutn pa3spaGoTaHbl M OCYIIECTBICHBI OAHOCTa[MiiHBIE CTepeocHelM(pUYHbIE CHHTE3bI LHC-
I'BasSHOJM/IOB, MCXOJAS M3 JOCTYIHOTO TepMakpajueHoauaa XaHQuwiuiMHa. PaccMOTpeH MexaHu3M
1,5-xapOonuknu3anuy U OpPeAsoXKEeHAa cXeMa OMOTEHETHYECKOW B3aMMOCBS3M TBAsSHONMUAOB B Achillea
nobilis L., xoTopast 03BOJISIET TIIy0Ke IMOHATH BEChbMa CIIOKHBIE IIPOIECCHl OMOCHHTE3a CECKBUTEPIICHOBBIX
JIAKTOHOB B PAaCTUTENHFHOM OpTaHU3Me.
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Onenka BO3MOXKHOCTH yYruiau3anuu 30J101IJIAKOBBIX 0TX0/10B

OCHOBHBIMHU TEXHOT€HHBIMHU O0TX0gaMi TOC SABIAIOTCS 30JI0IIIAKOBBIE MaTePHAIIbl U Pa3iInuyuHble rassl. OHH
SBJIAIOTCS UCTOUHHMKOM 3arpsi3HEHUSI OKpY)KaloLel cpesibl 1 TeM CaMbIM OKa3bIBAIOT MaryoHoe JeicTBHE Ha
OnM3exalnue HaceleHHbIE MyHKTH. B cTaThe ompeneneHbl GU3HKO-XUMHIECKHE CBOMCTBA 30JIO0MITaKOBBIX
OTX0JOB yrisi MailikyOeHCKOro MecTopoxaeHus. Ha ocHoBanmm pe3ynbTatoB auddepeHnuaisHo-
TEPMUUYECKOI0 aHaIN3a PACCUUTAHBl TEPMOAUHAMUYECKUE XapAaKTCPUCTUKU CBA3BIBAHUA 30JIbl C LIEMEHTOM.
VYCTaHOBIEHO, YTO pEaKIUOHHAS CIIOCOOHOCTH 30JIBI ONPENENSIETCS HAIMYHEM THIPOKCOKOMILIEKCOB
IIET0YHO-3eMETbHBIX METAUIOB M KpEeMHUS. JIaHHBIH (aKT CIy>KUT OCHOBAHHEM K IPHMEHEHHIO 30JI0IIUIAKOB
B Ka4eCTBE CTPOUTEIBHBIX MaTEPHAIIOB.

Kniouesvie cnosa: 30JI0IJIaKH, CTPOUTEJIbHBIE MAaTEPHUAJIbI, HEMEHT, TCPMOAUHAMUYECKUE XapAKTCPUCTUKHU.

Bseoenue

B nacrosmee BpeMsi IIMPOKO Pa3BUTO MPOU3BOACTBO CTPOUTENHHBIX MAaTEPUAIOB U3 MIEPEPa0OTaHHOTO
MPUPOJTHOTO CHIPhs, HEOOXOAUMBIX TPHU BO3BEJCHUH PAa3IMYHBIX CTPOUTEIBHBIX KOHCTPYKIMA W 3IaHUM.
[MoTpeOHOCTH B UCIOMB30BAaHUH OTXOJIOB IMEPEPa0OTKU MPUPOTHOTO CHIPhS BO3HUKIIA B CBSA3U C HEXBATKOU
MIPUPOJTHOTO CHIPHsI, BEIPAOOTKOM OOJBITMHCTBA MECTOPOKICHHI, a TaKkKe OOJIBIINMH 3aTpaTaMHU Ha pacxo-
JIbI TOTUTUBA M JPYTHUX BCIIOMOTATENFHBIX MaTEPHAJIOB.

C npyroii CTOpOHBI, 3arPS3HEHUE OKPYKAIOIICH Cpe/ibl MPUHUMAET YTPOKAIOIIUN XapaKTep, TOCKOIBKY
30JI00TBAJIBI TIPUBOJAT K 3arPSA3HEHUIO BOJHBIX M MOYBEHHBIX PECYPCOB, B YaCTHOCTH, H3MEHSIOT XUMHKO-
MHHEpaTHHBIA U XUMUYECKAN COCTaB 00BEKTOB. Takke HaTU4He B BO3MyXE OOIBIIMX KOHICHTPAIIUN ITBLTH
MPUBOJIUT K YXYIICHUIO 37J0POBbsI HACEJEHUS, CHIDKEHUIO MPOTYKTHBHOCTH CEIbCKOXO3SIMCTBEHHBIX MTOCE-
BOB. OCOOCHHO 3TO CKa3bIBACTCs B PErHOHAX C MOBBIICHHON MOJBUKHOCTHIO BO3IyIITHBIX Macc.

Hanmuane 307100TBaIOB OTPUIIATENFHO CKA3bIBAETCS HA THAPOXUMHUYECKOM PEXXHME CTOKA BOJIBI, U3Me-
HSICT penbed) MECTHOCTH, 3arpsS3HEHSICT MOBEPXHOCTHBIC M TOJ[3EMHBIC BOJBI TKEIBIMU MeTayamu. Or-
POMHBII Bpe/l OKPYXKAIOIIEH cpejie MPUYUHSASTCS MPH aBAPUUHBIX CUTYalUsIX Ha 00BEKTaX XPaHEHUS OTXO-
noB TOC. B cBs3u ¢ 3TUM 3aMeHa HEKOTOPHIX KOMIIOHEHTOB CTPOUTENBHBIX MAaTEPHAJIOB Ha 3071l M HUIAKU
ONaronpHATHO CKa3bIBACTCS HA DKOJIOTUYECKOW 00CTAHOBKE PETHOHA, & B JIONITOCPOTHOM PEKUME CIIOCOOCT-
BYET JTMKBUIAINU 30JI00TBAJIOB.

CornacHo JUTepaTypHBIM MCTOYHUKAM, OOJBIIOE YHCIO pa0dOT HAIPaBJIEHO HAa MOWCK ONTUMAJIBHBIX
PEKMMOB MCIIONB30BaHMS (YTHIM3AINH) MPH pa3pabOTKe TEXHOIOTUH MPOM3BOACTBA CTPOUTENBHBIX MaTe-
pHYaJIOB, B YaCTHOCTH, CHJIMKATHOTO Kupruya. [Ipu 3TOM OCHOBHOM aKIICHT CJ/IeJIaH Ha MCIOJIb30BAaHUH OTXO-
noB TOC (MHOTO30JBHBIX CMECel) C TOCICAYIONIMM JIOKUTAaHUEM HECTOPEBIIETO YIS M TIOMOJIOM. YCTa-
HOBJICHO, YTO HCITOJIb30BaHME 30J1 U IUIAKOB ¢ HU3KUM pH BOAHOM BBITSKKH JTHOO COMEPKAIINX KACIOTHBIE
OKCHIIBI OT CKMTAHUSI KAMEHHOTO YT paccMoTpeHo B 70-x rogax XX B. [1].

BonbIIMHCTBO 30JI0NMUTAKOBEIX OTXOA0B 00pa3yeTcsl MPH CKUTAHWU TBEPAOTrO TOIUMBa B medyax TOC
mpu Temmeparype 1200-1700 °C. B To ke BpeMs BBIXOJ 30JIONLIAKOBEIX OTXOJIOB HAXOJWTCS B MPSMOJIH-
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HEIHOM 3aBHCUMOCTH OT BHJa TOIUIMBA. Tak, B OypBIX YIIsX 30JI0IUIAKOBBIE OTXOABI cOCTaBIIOT 10—15 %,
B KaMeHHBIX — 3—40, mpu cxuranuu roprouux ciaanmeB — 50—80, mazyra — okojo 0,15-0,20 %. Haubosee
pacipoCcTpaHeHHBIM CIOCOO0OM yJIaBIMBAHUA 30JIbI SBISIETCS MPUMEHEHHE BOJBI B THAPOIMKIOHAX M TPaHC-
MMOPTUPOBKA B BHJIE MYJbIBI HA 30J100TBajbI. [1laku moaBeprarT rpaHyIsSIuu BOJOW, yAAISIOT B OTBAJIbI
KaK CyXHM, TaK ¥ MOKPBIM criocobom. CrefioBaTenbHO, MPOIYKT IMOMOJIa MPEACTaBisieT co00il MaTepuan ¢
kpynHOCTBIO gactull 0,1-0,005 mm (30ma) m 20-30 MM (mmmak) [2, 3]. [ToaToMy BechbMa Ba)KHBIM BOIIPOCOM
SBIISIETCS. XUMUYECKOE CPOJCTBO HAMIOIHHUTENS M OCHOBBI, IPUYEM MOKA3aTeNd XUMUIECKON aKTUBHOCTH 30-
JIBI OTIPEIEISIOTCS KOTUYECTBOM OKCHIOB KPEMHHS, IIETOYHBIX METAJIJIOB.

Lenar paboTel — OIpe/ie/ieHHe PEaKIIMOHHON CITIOCOOHOCTH 30JI0ILIAKOBBIX OTXOA0B yriid MaiikyOeH-
CKOTO MECTOPOKICHHS IT0 OTHOIICHHIO K IIEMEHTHON OCHOBE.

SKCl’lepuMeHmaﬂbHa}Z uacmo

OrnpeaeneHne HACKIITHON ITIOTHOCTH IIPOBOIIIIOCH TT0 MeTouke, cooTBeTcTByIomer 'OCTy 19440-94
[4]. Onpenenenne BOAOIOTIIONMICHUS OCYIIECTBISIOCH MO MeTomauke, onucanHod B [S] (OCT 7025-91).
AToMHO-20cOpOLMOHHBIN aHaIM3 00pa3LoB MPOBOAMIICA coTiacHo MeToauke [6] Ha mpubdope AA 140 dup-
Mbl Varian (ABctpanus). ITA — na npubope Q-Derevatograph, MOM, 1985 r. Macca ucxoanoro oopas-
ma— 500wmr (TTA), temneparypusiii umuTepBan — 0-1000°C, ckopoctp HarpeBa — 10 °C/muH,
v =2 MM/MHH.

Obcyacoenue pe3yrbmamos

OmpeneiieH XUMUYECKUH COCTaB 30JbI YT MaWKyOSHCKOTO MECTOPOXKICHHSI aTOMHO-a0COpOITH-
OHHBIM MeToa0M, %0: Si0, — 75,3; ALLO; — 18,7; Fe,0; — 3,3; CaO — 2,5. 1o pe3ynbTaTaM aHaju3a 30J1a
SIBIISICTCS] KUCJIOW, COCTOUT U3 TOHKOU C(heprUIecKoil TUCTIEPCHOM MBUTH U CITOCOOHBIX K PEaKIUsiIM JUOKCHIA
KpPEMHHS W OKCHAa aJiOMUHHUSA. Takas 30/1a MOXET MNPUMEHAThCS JJIs IPOM3BOJACTBA 3BYKO- U
TEIUIOU30JIALIMOHHBIX ~MaTepHUajoB C BBICOKOH YCTOMYMBOCTBIO K HArpEeBaHHUIO, I IOJYYCHHS
MyIIIOJIAHOBOIO  IIEMEHTa, 0O0JaNalomero yCTOMYMBOCTBIO K KOPPO3HWH, CyJIb(aTHBIM BoIaM U
MOPO30CTOMKOCTBIO [7].

Tabnuma 1
dDu3znyeckne CBOMCTBA 30J1b1 YTt Maliky0eHCKOr0 MeCTOPOKIeHUS

KpynHocth Macca 30msl, OpakIUOHHBIN Hacsinnas Bogonornomenue,| Y nenbHeIH Bec,
4acTHUI], MM | OCTaBLIEWCS B CUTE, T cocras, % IIIOTHOCTS, T/CM’ % r/em’
0,25 133 92 0,5 40 2,81
3 117 80 0,1 58 2,36
5 112 77 0,07 60 2,09
7 108 75 0,06 61 2
10 72 72 0,04 63 1,82

M3 tabmumpl 1 BHUAHO, 9TO HAWOONBIIUH BBIXOX 30JI0BOM (pakimu HaOMomgaeTcsl MpH YacTHIaX
0,25 mM. ['maBHBIM (U3HYECKMM CBOMCTBOM SBJISICTCS YAaCTUYHBIM COCTaB. Menkasi (pakuus yiydiiaeT
cBoiicTBa jneryunx yried. OHH 00JIaAar0T BBICOKHMMH ITYIIIOJIAHOBBIMUA CBOMCTBAMU W XapaKTEPUCTUKA
MaTeprajIoB Ha MX OCHOBE NMEET OTJINYHBIE Pe3yIIbTaThI.

3oma Takoro (ppaKIMOHHOTO COCTaBa JOOABISAETCS B IIEMEHT B KaUeCTBE TOOABKH, ITOCKOJIBKY 00J1aaeT
cepUUECKUM COCTaBOM, MYLIOJAHOBBIMH CBOWCTBAMH M COJECPKHT MEHBIEE KOIWYECTBO ILEIOYH.
Hcnonp3oBanue 30161 MEIKOH (pakiliy B MPOW3BOACTBE OeTOHA HE TpeOyeT OONBIIOT0 KOJMYECTBA BOIBI,
JaeT BO3MOXKHOCTh TIONYYEHHS CaMOTBEpIEIoniero OeToHa. Bpicokas yenpHash TMOBEPXHOCTH 30JIBI
CHOCOOCTBYET TOMY, YTO MaTE€pHalbl HAa €€ OCHOBE OyIyT MPOYHBIMHU U CTOMKHMH.

Boponornomenue 6eToHa BIUSET Ha TBEPAOCTh BHEIIHUX CIIOEB. AC(anbTOOETOHBI € 301101 001a1al0T
BBHICOKMMH TIOKa3aTeNsIMH  BOJOIOTJIONICHHUS, CMaduWBaHUS © HaOyxaHusa. OTH TOKa3aTend y
actanbprodeToHoB ¢ [TAB BbIlIe, YeM y OUTYMHBIX MHUHEPAJIbHBIX MaTEPHAJIOB.
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Tabnuma 2

Pe3ysbTaThl pacyera YJHepruf AKTHBALMH NpoLecca
TepPMHUYeCKO JecTPYKIMHM cMecH neMeHT-30.1a (10 %)

Cragus E, In4
1 7420,74 -0,729
2 275922 0,384
3 1541,55 -1,55
4 204462 9,363

Kak BumHO W3 TaOMUIEI 2, TMPOIECC TEPMHUUYECKON MECTPYKIIMU COCTUHEHUN KaJbITUs, ATFOMHHUS,
KPEMHHUSI U Keje3a MPOTEKaeT B HeCKoNbko cTaauil. Ha mepBoii ctanuu B uHTepBajie temmneparyp ot 140 go
200 °C mpoucxoauT BbIACICHUE KPUCTAILUTU3AIMOHHON U XMMUYECKH CBSI3aHHON BOJBI, C HU3KOU dHEpruei
akTHBaIy, gocrturas Makcumyma mpu 260 °C. 3atem B maTepBasie Temmneparyp ot 300 mo 490 °C mmeroT
MECTO IMPOIECCHl Pa3IOKEHMUS CIIOKHBIX THAPOKCUIOB C 00pa30BaHUEM OKCHIIOB KaJIbIUS, aTFOMUHUS, Ke-
ne3a. B untepBane remneparyp ot 490 no 700 °C 3akaHYMBalOTCS MpOLEcChl GOPMUPOBAHUS CIOKHBIX OK-
CHUIHBIX COCTMHECHUM, 00YCIOBIICHHBIE AU dy3nel MPoayKTOB peaknun. [lanee B MHTEpBae TEMIIEpaTyp OT
700 mo 950 °C mpoTtekaeT mporecc KPUCTA/UTH3AIUN OKCHIOB.

AS*, JToxx/mons K
-20

25 - Ng -

-30

-50 T T T T T T T 1
400 450 500 550 600 650 700 750 800

PucyHok 1. VI3MeHeHHE SHTPOITNH aKTUBAIIUH TIPOTIecca TEPMUUECKON TeCTPYKIHU
[IEMEHTHOTO KaMHS B HHTepBasie Temnepatyp 413-763 K

AS#, x/mons K

200
150 A
100

50

-100 T T T T T T T ! T,K
750 800 850 900 950 1000 1050 1100 1150

PucyHoK 2. VI3MeHeHHe SHTPOITUH aKTUBAIIUH TPOIIecca TEPMUUECKON TeCTPYKITHU
CMECH IIEMEHTa C 30JI0i B mHTepBasie Temmneparyp 793—-1103 K

Kax BuaHO U3 prucyHKa 1, SHTPOMUS aKTUBAINH YBEIUNUNBACTCA [IPH MOBBIIIEHIH TEMIIEPATyPHI, BCIIE -
CTBUE TEPErpynIupOBOK, BKIIOYAIOIIUX MPOLECCH OTPhIBA MOJIEKYJ BOBI, CIEAOBATEIBHO, MEPEXOIHOE
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COCTOSIHHE SIBJIICTCS MCHEE€ KOMITAKTHBIM 10 CPaBHEHUIO C UCXOJHBIMU BelecTBamu. [1oBbIeHHE TeMmepa-
Typhl ¢ 763 K 10 793 K cnocoOCTByeT YIUIOTHEHHIO LIEMEHTHON CMECH, YTO COMPOBOXKIAACTCSA CHIDKEHHEM
SHTPONUM aKkTHBanuu. [lanmbHelliee MOBBIICHHE TEMIIEPATyphl MPUBOJUT K PE3KOMY YBEIHYCHHUIO DHTPO-
MUY aKTHBAIKU (CM. PUC. 2), YTO TO3BOJSLCT CYJUTh O MPEOOIaJaHUN peaKui JEeCTPYKIK (OCHOBHOM I1e-
prox 793—1103 K) c10oKHBIX OKCHIHBIX COCTUHECHHUM, TIPHYEM MTEPEX0THOE COCTOSHUE UMEET 00JIee PHIXITYIO

CTPYKTYpPY.

AH?, xJ[>x/Mob

250 -
200 -
150 -
100 -

50 -

-50 T T T T T T T !
750 800 850 900 950 1000 1050 1100 1150

T, K

PucyHok 3. VI3MeHeHNe SHTANBIMHA aKTUBAIMU TIPOIEcca TEPMUIECKON JECTPYKITUH
[IEMEHTHOTO KaMHS B HHTepBasie Temnepatyp 413-763 K

W3MeHeHns1 SHTANbIIMN aKTHBAI[MH OTPAXKAIOT CTENCHb MPOYHOCTH CBS3EH M0 CPAaBHEHUIO C UCXOJHBI-
MU COCJMHEHHSIMH, TIEPEXO0Jl B OTPUIATEIBHYIO 00JIACTh TOBOPUT 00 YIPOYHEHUH CBS3CH, a B OJOKHUTENb-
HYI0, Ha000poT, 00 ocnabnennu (puc. 3). Habmomaemoe yBenuaeHue 3HI0TEPMHUYHOCTH B 00JIACTH BBICOKUX
TEMITEpaTyp CBUACTEIBCTBYET O TOM, YTO MOJICKYJIbI B IEPEXOJHOM COCTOSIHUHM HAXOISTCS Ha 3HAYUTECIBHOM
pacCTOSIHUM JPYT OT Jpyra, IO3TOMY 0O0pa3oBaHUE MPOIYKTOB PEAKIIMU HJIET C BBICOKOW CKOPOCThIO. AHa-
JIOTUYHBIE TPOLIECCHI IPOTEKAIOT B HHTEpBajie TeMmeparyp 793—1103 K.

AG*, x]JTx/MoIb

50 -
45 -
40
35 -
30 -
25 -
20 -
15 -
10 -
5 |

0 T T T T 1
300 500 700 900 1100 1300

T,K

Pucynok 4. 3menenue sHeprun ['nud0ca mporeccoB B3anMOACHCTBIS OKCUIHBIX COCTUHCHUN
B coctaBe cMmecH niemeHT—30ua (10 %)

B moareepkneHue naHHOTO (DaKTa TOBOPSAT BHICOKHE TOJIOKUTEIBHBIC 3HaUCHUS dHepruu [ mboca ak-
tuBanuu (puc. 4). 3BecTHO, 4YTO MMEHHO dHeprusi [ mO0ca akTUBAIIUH CITYKUT XapaKTEPUCTHUKOHN MPOTEeKa-
HUS PEaKIMH, OTHOCHTEIBHO KOTOPOH HEOOXOJUMO OINPENeNATh CKOPOCTh PEaKIIUK, & HE DHEPIUs aKTHBa-
WY, T.€. MIEPEXOJHOE COCTOSHUE SIBJISCTCS HECTAOWIBHBIM U BBEICOKOPEAIMOHHOCTIOCOOHBIM [3]. 3osomnmia-
koBble oTxoabl (3LI0) yris MaiikyOeHCKOTO MECTOPOXKICHHS MOXHO HCIOJB30BaTh B MPOU3BOJICTBE pa3-
JTIHBIX OETOHOB, CTPOUTEIBLHBIX PACTBOPOB, UTO HAXOAUT IMOATBEPKICHUE B TUTEepaType |8, 9].

Cepusa «Xumunsy». Ne 3(75)/2014 51



P.M.Wnsanos, A.A.Kannaknaposa

Baxnouenue

Takum oOpazom, B paboTe OMpeeneHbl XUMHUECKHH COCTaB M (PU3UKO-XMMUYECKHE CBOWMCTBA 30JIbI
Maiikyoenckoro mecropoxxaeHus. CoryacHo naHHbM 110 ITA o0pasnoB 1ieMeHTa ¢ J00aBKOW 30JIbl, IPO-
mecc (hopMUPOBaHUS IIEMEHTHOTO KaMHS MPOTEKaeT 0oJiee MHTCHCHBHO, BO3PACTAIOT SHTPONHMMHEIA U JH-
TANBIUIHHBIA BKII/IBI B OOIYIO0 SHEPTHIO CUCTEMBI, YTO CITOCOOCTBYET YBEIMYCHUIO IPOYHOCTH IEMEHTHOTO
KaMHSl, a CIIeIOBATEbHO, DKCILTYaTaAllMOHHBIX XapaKTePUCTHUK.
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KyJI-KOKBICTBI KAJJIBIKTAPbIH K00 MYMKIHAIKTEPiH Oarajay

Kby 27€KTp CTaHCaTapbIHBIH HETI3ri TEXHOTCHIl KaJJbIKTap/bl KYJI-KOKbIC MaTepUalgapbl MEH TYTIiHZI
razgap Oombin TaObutazel. Oiap KopliaraH OpTaHbl Jjactay Ke3lepi OOJNBIIN ecenTeneli KOHE XajblK
JICHCAYJIBIFBI MEH JKaKblH OpHANACKaH OCIMIIK IeH jkKaHyap AyHHeci YIIiH KayinTilik Tyasipaasl. Makanazaa
MaiikeOeH KEH OpBIH KOMipi KaJIbIKTapbIHbIH (QU3HKAIBIK-XUMHSIBIK KacueTTepi aHblKTaimsl. dudde-
PEHLMAIABI-TEPMUSIIBIK TaJAay HOTWIKEJepi Heri3iHAe KyJJIiH LeMEHTIEH OaillaHbICyAblH TepMOIUHAMU-
KaJIBIK cUmaTramachl Kentipinai. Kynain peakiusuiblk Kabineri cinTimi-xep MeTangapabiH THIPOKEIIeHI MeH
KPEMHHIIH OONybIMEH cHOATTAbl. O3 KeseriHae Oysl KYJ-KOKbIC KYpBUIBIC MaTepHalliapbl pPeTiHIe
KOJIIaHBLTYBIHA HEeTi3 OOJIBL.

R.M.Shlyapov, A.A.Kaliakparova

Evaluation of disposal ash waste

The main technological waste TPP ash and slag are materials and various gases. They are a source of pollu-
tion and thus have a detrimental effect on the surrounding population. It was determined the physicochemical
properties of coal ash waste Maikuben deposits. Based on the results of differential thermal analysis calculat-
ed thermodynamic binding characteristics ash cement. Found that the reactivity of the ash is determined by
the presence of hydroxocomplexes of alkaline earth metals and silicon. This fact serves based to use ash as a
construction material.
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Preparation of slurry with colloid mill and influence
of its particle size on the direct coal liquefaction

The coal object was obtained from Jiangjunmiao in Xinjiang; the coal slurry was prepared with colloid mill
by wet milling. Influence of grinded time on particle size of coal slurry was investigated. Particle size distri-
bution was measured by Laster granulometer. The result showed that particle size distribution was 8000 ~
10800 nm (2000 ~ 1000), 2400 ~ 2900 (6000 ~ 5000), 800 ~ 1200 nm (18750 ~ 12500) and 500 ~ 1250 nm
(30000 ~ 12000) grinded at 1h, 2h, 3h, 4h, respectively. Results of the direct coal liquefaction carried out un-
der low pressure showed that oil yield would decline with decreasing of coal particle size. With the same lig-
uefaction condition, oil yields of 200 and 1340 samples were 75.24 % and 59.96 %, respectively. The oil
yield of sample 1340 treated by ultrasonic treatment rose significantly to 80.04 % and increased almost 20 %.

Key words: colloid mill, particle size, direct liquefaction, oil yield.

The content of water in the composition of dry coal slurry needs to be less than 4 %, but in case of at-
mospheric air, it is over than 5 %. The content of water with 50 % in the wet coal prevents slurry to dust off
from coal. In the case of wet coal slurry with the high oxidation degree, the diameter of coal decreases and
area increases. These provide the possibility of mixing, transporting and storing. In conclusion, the wet coal
slurry is widely used than dry coal slurry [1]. Usually there are two methods of direct liquefaction such as
heating and adding of hydrogen. During the heating of coal particles, the heating rate, dissolution velocity
and gassing phenomena are different [2, 3]. In addition, the different size of particles influence on adding of
hydrogen. That is why the area of contact between hydrogen and coal slurry are different in the presence of
catalyst [4]. In the end, it affects on oil separation degree. In this research the liquefaction of Jiangjunmiao
coal is carried out using milling and high intensive ultrasound processing. The use of ultrasound processing
provides better coal liquefaction [5]. Afterwards under the low pressure the influence of particle size on coal
liquefaction was investigated [6].

1. Experimental part

1.1 Types of coal. The Jiangjunmiao coal coal. Dry coal 200.

1.2 The conditions of coal liquefaction. As initial experiments showed, in the case of 1.5:1 the liquid of
coal does not flow, and in the case of 2.5:1 one flows. The frictional force between molecules in the granules
of coal decreases, grinding time prolongs, as a result, it needs more energy. The temperature of grinding ma-
chine increases, coal oxidizes, tetralin vapors. The optimal ratio is 2:1.

The control of grinding degree of colloid mill.

Figure 1. JIML-50 Colloid mill Figure 2. Adjustable pointer of colloid mill

1.3 The particle size of coal slurry. The 0.2 g coal slurry and 13 % ethanol were put in retort and closed
by glass and the particle size was measured [7].
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Figure 3. The connection between grinding time and liquid height
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m, — the liquefaction of solid after autoclave; m, — mass of ethanol; m_,,, — mass of solvent;
My om — Mass of dry coal; m — mass of tetralin.

2. Conclusion and discussion

2.1 The stable properties of liquid coal. The control indicator of colloid mill was 29, 27, 25, 20, 15, 10,
5 and 1. The grinding time depending on liquid height was 2h>1h>3h> 4h, because the coal slurry decreased
and agglomerated, as a result, the particle size increased. The height of division layer increased. During the
3h and 4h the size of agglomerated coal slurry increased and it was subjected to frictional force due to pro-
longation of grinding time. As the power of frictional force become more than agglomerate force, the size of
coal slurry decreases, the height of division layer between coal slurry and solvent decreases too, stability in-
creased. When time was about 1h, the height of division slurry decreased. When indicator showed 27 and 29,
the coal liquid stabilized. At that time the particles of coal slurry decreased and the coal liquid stabilized
[8, 9]. In the case of 30 two layers contacted with each other and experiment did not carry out. To provide
the best conditions of experiments it is necessary to keep indicator at 27 [10, 11].

2.2 The particle size distribution of coal liquid. In the Figure 4 the distribution of coal slurry is shown
after grinding time at 1h, 2h, 3h, 4h. It is represented that if the grinding time prolongs, the coal particle size
will become smaller. During the 1h, 2h, 3h, 4h the distribution area of particles were 8000 ~ 10800 nm
(2000 ~ 1000), 2400 ~ 2900 (6000 ~ 5000), 800 ~ 1200 nm (18750 ~ 12500) and 500 ~ 1250 nm
(30000 ~ 12000), respectively.

35

v a —v— 4}131 N -
—h— 3
30 e op
—a— lh
254
207 Time,h | Mesh | Average particle size, um
S 154 1 1340 10
=i
g 2 5000 2.6
=10 3 15000 1
. 4 20134 0.745
ol u
5 [ ! |
700 1000 2600 10000

Cepusi «Xumusi».

Particle size/nm

Figure 4. The connection between time and average size of coal slurry
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During 1h, 3h and 4h the coal liquid is stable depending on layer of one, but 3h and 4h needs more en-
ergy, that is why the grinding time prolongs. The increase of temperature is undesirable for coal and equip-
ment. That is why the experiment was carried out at 1h. In the end of experiment, the hydrogen was added
under low pressure.

2.3 The use of electric glass scanner during the work with colloid mill. The results of electric glass
scanner before and after colloid mill are shown in the Figure 5. In the Figure 5a the particle size of coal is
large and shining. When particle of coal decreases, their size will be different due to various contents of min-
erals (Fig. 5b). In the definite interval of time, the coal size decreases and the minerals restore their state. The
decreasing of coal size has influence on division of coal slurry and increase of surface area; all of these pro-
vide liquefaction of coal.

a — the electric glass scanner of coal b — the electric glass scanner of coal with grinded
before colloid mill at 1h (enlarged 200 times)

Figure 5. The electric glass scanner of coal slurry before and after colloid mill

2.4 Investigation of changes in temperature. Figure 6 represents the changes in temperature of coal be-
fore and after grinding. After grinding at 71.78c’ coal lost its mass, because water is removed from one. The
water of coal is more than one of grinded coal liquid which is dried by tetralin before measuring. At 167 °C
grinded coal liquid lost its mass for the second time due to removal of tetralin from coal. At 351-458 °C the
main grinding process took place and temperature interval is characterized as high point of mass loss. That is
why after coal liquefaction it is necessary to remove the tetralin before measuring of the oil yield.

100 0.00

167.35°C

Weight (%)
Deriv. Weight (%/°C)

50

50 150 250 350 450 550 650 750
Temperature (°C) Universal V4 5A TA Instruments

Figure 6. Comparison of TG-DTG curve on original coal and coal sample 1340 grinded at 1h

2.5 The discussion of FT-IR spectroscopy. The Figure 7 shows the FT- IR spectra of coal before and af-
ter grinding. It is established that the structure of two different coal is the same. After grinding, the strength
of absorption is changed. The strength of laser absorption at 3400 cm ', 2920 cm ™, 2310 cm ™, 1600 cm™!
and 600 cm ' for types of coal is the same. During grinding at 1h the laser absorption of benzene is more
than one of original coal. This has a negative influence on liquefaction of coal.
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Figure 7. FT-IR spectra of original coal and grinded 1h coal

2.6 The results of liquefaction of coal. The results of direct liquefaction of coals 200 and 1340 by add-
ing of hydrogen and using of colloid mill are shown in the Table.

Table
The results of liquefaction of coal
Production rate Oil ,% As +Ps, % Conv, %
Original coal (200) 75.24 9.71 92.96
During grinding atlh and without use of high intensive ultrasound 59.96 23.67 68.94
Grinding atlh and with use of high intensive ultrasound 80.04 7.58 95.15

It is shown from Table that the oil yield after grinding at 1h is 80.04 % which is more about 4.8 times
than original coal. The exchange degree is 95,15 % which is more about 2.19 % than original coal. Without
ultrasound processing oil yield is 59,96 % which is less about 12.2 % than original coal. Literature analysis
shows that after grinding the coal particle size decreases, area increase, as a result, these provide to add the
hydrogen. In addition, chemical properties of coal are changed and transformation of coal to oil is improved.
As experiments showed, the agglomeration phenomena takes place with decreasing of coal slurry size. The
high intensive ultrasound processing has a positive impact on liquidation of coal.

3. Conclusion

If the control indicator is at any points, the height of coal layers will be 2h > 1h > 3h > 4h due to the di-
vision layers. At 1h, 3h and 4h the coal slurry is in powder and the coal liquid is stable. During the 1h, the
height between layers is the least at indication of 27 and the highest at indication of 1. That is why at indica-
tion of 27 the coal slurry size is the smallest and coal liquid is the most stable.

Based on laser measurements of coal liquid, the particle size of coal slurry decreases when coal is
grinded. At 1h, 2h, 3h, 4h the division of coal sluryy is in interval at 8000 ~ 10800 nm (2000 ~ 1000),
2400 ~ 2900 (6000 ~ 5000), 800 ~ 1200 nm (18750 ~ 12500) and 500 ~ 1250 nm (30000 ~ 12000).

From graph of coal liquidation during grinding atlh: after colloid mill the coal size decreases, but dis-
tribution is different. It is shown from TG-DTG curve that after drying of coal slurry there is a tetralin in the
content of coal before liquefaction, that is why at the end of experiments it is necessary to remove the solvent
before measuring of oil yield. It is established from IR curve that there is an oxygen loss and increase of ben-
zene rings during the coal grinding, these provide transformation of coal to liquid.

From experiment of liquefation of original coal: The oil yield increased 4.8 times using high intensive
ultrasound processing. Without high intensive ultrasound processing the oil yield decreased on 15,2 %. That
is why, the use of high intensive ultrasound processing is important in liquefaction of coal.
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Jlxoy Uu [lon, Heto bun, JIu [{xu Ixyan, Ma @1 tOH,
M.U.baiikenoB, A.b.TateeBa, A.JK.Maraesa, XK.bynai

Kemip cycneH3usijiapbIH KOJLUIOUATHIK AMiPMeH apKbUIbI TaiibIHAAY
’KOHE CyCleH3us 0eJIeKTepi MoJlepiHiH KeMip/i Tikesieil CYHbLITY YpaiciHe dcepi

3epTTey HBICAaHBI CHHBIBSHIBIK KOMip OOJBIN TaObUIa[bI, KOMIp CYCIIEH3HsUIAphl KOJUIOMATHIK IHipMeEH
apKbUTBl AaiibIHAAAbl. YTITY YaKbITBIHBIH KOMIp CyCIeH3Hs OJILIeKTepiHiH MeJllepiHe acepi 3epTTesni.
I'panynomeTpusiblk capanTama Laster rpaHyIoMeTpi apKbUIbl )Kacalabl. AJBIHFAH HOTWOKenep OoibiHIIa, 1,
2, 3, 4 carar ke3inzeri Oemmiektep MeuimepiHiH Tapanysl kenecigei: 8000 ~ 10800 um (2000 ~ 1000);
2400 ~ 2900 (6000 ~ 5000); 800 ~ 1200 nm (18750 ~ 12500) xone 500 ~ 1250 ™ (30000 ~ 12000). Temenri
KbICBIMZIa KYPTi3UIreH KeMIpAiH CYHBUITY HOTIDKECiHAe OeNIIeKTepAiH Memepi KimipedreH caibiH
MYHaH/IBIH TIBIFBIMBI a3asTHIHABIFBL Oalikanmel. JKorapeina aranran maptrapaa 200 skone 1340 ynrinepi
MaiIbIH IBIFBIMBI OOWBIHIIA 75,24 xoHe 59,96 % kypanel. An 1340 ynriciH ynbTpaablObICIICH ©HJIIETCHIE
Mait meFeMel 80,04 % sxetti, sran 20 % apTThL.

Hxoy Yu [llon, Heto bun, JIn Jxu dxyan, Ma ®sH IOH,
M.N.baiikenos, A.b.TateeBa, A.JK.Maraesa, XK. .bynam

le/IFOTOBJIeHI/le YIOJbHBIX cycneH:mﬁ ¢ IOMOIIbIO KOJIJIOI/II[HOﬁ MeEJIBbHUIBI
H BJIUAAHHEC YaCTHUI CYCHeH3I/Iﬁ Ha NMPSAMOE CKUKCHUEC YIS

B xadecTBe 00BEKTa UCCIEIOBAHUS HCIIONB30BANICS CUHBIBSHCKUH YToib, YTONbHBIE CYCIEH3UH TOTOBUIIH C
TIOMOILbIO KOJUIOMIHOH MENBHMIBI MOKpOro momoia. lcciemnoBaHo BIMSHHME BPEMEHH H3MENbYEHHS Ha
pa3Mep JacTHIl YTOJIbHOU cycneH3un. I panynomeTpudeckuii anann3 nposoamics Laster rpanyinomerpom. Io
MIOTYYeHHBIM pe3ylbTaTaM, pacupesenceHue pamep dactun ciaexyromue: 8000 ~ 10800 mm (2000 ~ 1000),
2400 ~ 2900 (6000 ~ 5000), 800 ~ 1200 nm (18750 ~ 12500) u 500 ~ 1250 um (30000 ~ 12000) npwu 1, 2, 3,
4 9 COOTBETCTBEHHO. Pe3ylbTaThl IPsIMOTO CXKMKEHMS YIJIsl IPH HU3KOM JaBJICHHH ITOKA3aJIM, YTO BBIXOJ
He(TH CHW)KAETCS C YMEHBIIEHHEM pa3MepoB YacThLl. [Ipu Takux ke ycIoBUsIX BBIXOABI Maced 0Opa3uos 200
u 1340 cocTaBisioT cooTBeTCTBEHHO 75,24 % u 59,96 %. Ilpu yneTpasBykoBoit obpaboTke obpasma 1340
BbIX0A Macia coctasuia 10 80,04 %, T.e. yBenmumics nout Ha 20 %.
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HccaenoBanue HOBBIX YIJIaepoaHbIX MaTEpHuaioB,
HCIIOJBb3YEMbBIX B OYHUCTKE ra3oBO3AYyIIHbIX cMmecel

B crarbe ucciieoBansl MOPQOIIOTHS U CTPYKTYpa YIJIEPOJHEIX MaTePUaIoB, OTyYSHHBIX 3 PACTHTEIHHOTO
(KOKOCOBBIIT Opex, aOPUKOCOBEIE KOCTOUKH, APEBECHHA COCHBI M CaKcayia) U yriepoA-MUHEpanbHOTo (IIyH-
THT) CBHIPBSI KapOOHM3AIMEH U MOCIeAyIoNIel akTHBAIMel mapora3oBoii cMechio. OnpeeNieHbl COpOIMOHHBIE
M DKCIUTyaTaI[MOHHBIE XapaKTePUCTHKH ITOJIYIeHHBIX cOpOeHTOB. COpOSHTHI Ha OCHOBE KOKOCOBBIX KOCTOUEK
MMEIOT HanOOJBIIYI0 U3 U3YYEHHBIX MaTepUaoB COPOIMOHHYIO €eMKOCTh M0 Iukiorekcany. Ilokasano, uro
BpeMs 3alIUTHOTO JEHCTBHA MOTyYEHHBIX COPOSHTOB MO OTHOIIEHHIO K AMMHAKy YBEIUYHUBAETCS MOCIIE M-
MPETHUPOBAHHSA MX CONAMH HUKens. MMIperHupoBaHHbIE COPOEHTBI MOTYT HCIOIB30BATBHCS JUIS OYUCTKH
BO3/yXa OT aMMHaKa Ha MPOMBIIUIEHHBIX 00BEKTaX.

Knrouesvie cnosa: ITYHI'UTOBBIE MOPOJbI, KOKOCOBBIH opex, a6pI/IKOCOBI)Ie KOCTOYKH, IpEBECHHA Cakcayilia,
JApeBECUHA COCHBI, yACJbHas IJIOIaAb MOBEPXHOCTH, CKAHUPYIOIIAsl 3JICKTPOHHAsA MHUKPOCKOIIMs, ra30BO3-
AylniHast CMECb, aMMHUaAK, MUKJIOT'C€KCaH.

Beeoenue

OnHOM W3 BOXHBIX MPOOJIEM, CTOSIIMX MEPE] YSTOBEUSCTBOM, SBJISICTCS 00IIee 000CTPEHHE IKOJIOTH-
YECKOW CUTYAIUH, 3aKIII0YAIONIeecs B 3arpsSI3HCHUY TIOYBBI, BOJIHBIX PECYPCOB U aTMOC(HEPHOTO BO3IyXa.

K arpeccuBHBIM MacCOBBIM BEIOpOcaM B aTMoOc(hepy OTHOCSTCS YTIIEBOIOPOIBI, OCOOEHHO OCH30JI U €T0
MIPOU3BOIHBIE, COSUHEHUS a30Ta, cephl U yriepoja. Cepbe3Hblil yepo 3TH BBIOPOCH! IPUHOCSIT TEM, UTO
OHU OTPABJISIFOT BO3JYIIHBIA OacceiiH B TOpojax M Ha NPEANPUATHSIX: SJOBHUTHIC Ta3bl TYOST PacTUTEINb-
HOCTh, KpaifHe BpEIHO JICHCTBYIOT Ha 370POBBE JIFOJICH W )KUBOTHBIX, YCKOPSIOT KOPPO3MOHHBIE MPOIECCHI B
METaJUTMIECKUX COOPYKEHUAX B 00opymoBanuu [1].

OcHOBHas Macca 3arpsi3HSIONUX BEUIECTB MOCTYMACT OT MPEANPHUATHI YSPHOU U IBETHOU METAILTYp-
'MW, MHOTUX BUJIOB TPAHCIIOPTA, TETNIOYHEPTeTHKU, XHMUYECKOTO U HE()TEra30BOr0 KOMILIEKCOB.

OmanM 13 3GHEKTUBHBIX CITOCOO0B OOPHOBI C TPOMBIIIIICHHBIMH Ta30MBUICBBIME BRIOPOCAMHE SBIISCTCS
CyXO# aJICOpOIMOHHBIA CIMOCOO Ta300YUCTKU C WCIOJIH30BAHMEM BBICOKOIIOPUCTHIX MOIUGMHUITUPOBAHHBIX
yraeil. Monuukanuio yriiei, B 3aBUCUMOCTH OT MPUPOABI 3arPSA3HSIONIETO ra3a, MPOU3BOISAT C UCIOIB30-
BaHHEM MHUHEPATHHBIX KUCIIOT, COJIEH METAJIIOB, (GYJICPEHOB H JIp.

enpto HacTosIIEH pabOTHI OBUIO MOyYEHUE U UCCIICIOBAHUE MOAU(PUIIMPOBAHHBIX COPOSHTOB HA OC-
HOBE MUHEPAIBHOTO U PACTUTEIBHOTO CHIPhS JUISI OYMCTKH T'a30BO3YIIHBIX CMECEH OT TaKUX TOKCHYHBIX
COCJIMHEHUIA, KaK IIMKIJIOTEKCaH U aMMHAK.

Mamepuansl u Memoost

B nacrosmeit paboTe B KauecTBe yriepoA-MHUHEPAIBHOTO CHIPbsI UCIIOIB30BANIA ITYHTUTOBBIE OPOBI
Mectopokaenus: «bonpmesnk» Boctouno-Kazaxcranckoit o0iacTi, B KauecTBE pacTUTENBLHOTO CHIPbS —
KOKOCOBBIH OpeX, a0pUKOCOBBIE KOCTOUKH, APEBECHHY CaKcayJsla U COCHBI.

Honyuenue copbenma na ocnose MUHEpaIbHO20 Chipbs. KOHIEHTPUPOBAHHUE N0 YITIEPOAY U CTaOMIIH-
3alUI0 XUMHUYECKOTO COCTaBa IIyHIMTOBOHM Py.Ibl MPOBOIMIA METOAOM MeHHOH (noTanuu. ComepskaHue yr-
Jeposaa B moirydeHHOM KoHueHTpate 0pu1o 40 = 2 % [2]. U3 moiay4eHHOTO KOHIIEHTpaTa TOTOBHIIN LIMIHH/I-
pUdecKne TpaHylbl MyTEM OpUKETHPOBAaHUS depe3 (puiibepy AnaMeTpoM 2 MM U MOJABEPrajN MX TepMHUe-
CKoii 00paboTke B nHEpTHOH aTmMocdepe npu temneparype 800 °C, 3aTeM aKTHUBHUPOBAIN OCTPHIM BOJSHBIM
nmapom 1nipu Temneparype 800—850 °C, B pe3ynbrare 4ero ux yAelbHas MOBEPXHOCTh yBenmamiack ¢ 30 mo
250 M*/r. YBeIHueHHe YAeIbHON ITOBEPXHOCTH MPOMCXOMNT 3a CUET BHIropaHust aMmophHoro yriepoza [3].

Honyuenue copbenma Ha ocHo8e pacmumenbHO20 Cbipbs. PacTUTenbHOE CHIPbE NMPENBAPUTEIHLHO H3-
Menp4anu A0 ¢pakuuu 3+5 MM B poTopHOU HOXeBoi MenbHHLEe PM 120. KapOoHHM3auuio U akTHBAIUIO
OCTPBIM BOJSHBIM ITapOM MPOBOAMIIH IO TOH K€ METOAMKE, YTO M JJIsi COPOCHTOB HA OCHOBE MUHEPAIHLHOTO
CBIPBSL.
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Hmnpeenuposanue nomyyenHvix copbenmog conamu memannd. Jis yBenudeHHs aJCcOpOLMOHHBIX
CBOWCTB W 3aIIUTHOTO JICHCTBUS 10 aMMHUAKy OBLIO TMPOBEJCHO WMIIPETHUPOBAHUE COPOECHTOB XJIOPUIOM
HUKeNs1. MiMnperaupoBaHue MpOBOJMIA METOJIOM TPOMUTKH COPOCHTA, ¢ JATBHEUIINM ylapuBaHUEM pac-
TBOpa. B pesynbprare yero ObLIN MOMYYEHBI YIIIEPOA-METAINUECKIE CUCTEMBI [4].

Onpedenenue Qu3UKO-XUMUYECKUX XAPAKMEPUCTIUK NPUMEHSEMbIX cOpOenmog. Y ISNbHYIO TUIOINA/Ib
MOBEPXHOCTH W CYMMAapHBIN 00bEM MOp TIOTY4IECHHBIX COPOSHTOB OMpEeTsIn MeToJoM bpyHayapa-OMmera-
Tennepa (b3T) mo craHmapTHOH METOAWKE, MCXOAS W3 JAHHBIX MO W3MEPEHHIO HM30TEpM aacopOLHH-
necopbuuu azota mpu 77 K ¢ ucrnons3oBaHneM aHamU3aTopa IO 1 MOBEPXHOCTH U pazMepos mop NOVA
3200E (Quantachrome Instruments, CIIIA).

Omnpenenenne pH BOAHON BBITSKKH MPOBOAWIIHM NMPH 3-MHUHYTHOM KHIITYEHHH 5 T NpeABapUTEIHHO
TOHKOPA3MOJIOTOro copOeHTa B 50 cM’ JUCTHILIMPOBAHHON BOJBI C OOPATHBIM XOIOJMIBHHKOM, C MOCTIE-
JYIOIIUM OBICTPHIM (HIBTPOBAHUEM CYCIICH3UH Yepe3 OyMaXKHbIH QUIBTP U OXJIKICHUEM ee Tiepel H3Me-
penuneMm pH [5].

BrnaxxnocTs copOeHTa Onpeaemnsuii o pa3HUIe Macc UCXOAHOTO oOpasia (ero Macca ~1 T) U BBICYIIEH-
Horo nipu 110 °C B Teyenue 1 u B Grokce. 30JIbHOCTD yIJIeH HAXOAWIN TaKKe B3BELIMBAHHUEM HABECKU COP-
OenTa Maccoii 11, HarpeBas ero B Teuenune 2—2,5 1 npu 800 °C. Bo Bcex cimydasx IpOBOIWIHA TPH THapai-
JICTIbHBIX OMbITa [6].

[Ipu onpenenenun COPOLIMOHHON EMKOCTH IO HOAY MPOBOAMIM MPEIBAPUTENBHYIO MTOJTOTOBKY 00pas-
1a, coctosyio B 10-muHyTHOM Kumstaernn 20 T yriast B 200 em® 0,2 1. pactsopa HCI ¢ mocnenyromeii o1-
MBIBKOW TUCTHIUTHPOBAHHON BOJIOH M cymikoi B Tedenne 1 u mpu 110 °C. Jlnsa onpenenenus 1 T yris BCTps-
xuBaroT 15-30 mus co 100 cm’ 0,1 H. pacTBopa ioma B KI (25 r/am’), 3atem anuksoty (10 cM’) THTpYIOT
0,1 H. pacTBOPOM THOCYJIb(aTa HATPHs (MHIUKATOP Kpaxmai). AJCOPOLMOHHYIO aKTHBHOCTH 110 #oay (X) B
MPOIICHTaX BBIYHCIISIIOT IO opMylIie

(VZ—VI)-O,0127-100-100
10~my

e Vi u V, — o6bemsl 0,1 H. pacTBOpa THOCY/Ib(aTa HATPHS, HAYIIET0 Ha THTPOBaHHE 10 CM’ HCXOJHOTO
{i0IHOTO pacTBOpa M IOCIe A06aBICHNs COPOEHTA, CM'; my — Macca obpasua yris, r [7].

CrpoeHre TOBEPXHOCTH MOTYYEHHBIX COPOCHTOB M3y4Yalld METOJOM PacTpPOBOW BIIEKTPOHHOH MHUKpO-
ckonuM Ha ontuueckoM Mukpockore MEII u anekTponHoM mukpockone Quanta 3D 200i.

s ompeneneHus 3I€MEHTHOTO COCTaBa cOpOEHTa, HaxoAasuerocs B Kopooke mportusorasza I'TI-7xb-
Ontum (Poccust), ucrons30Bail peHTIeHO(ITyOPECIEHTHBIN aHaJH3.

Memoouxa uccredoganus copoOYUOHHO20 No2IoUWeHUss ammuara us 6030yxa. CopOIHsl aMMHaKa u3yda-
JIach Ha CHEeNHaIbHO CKOHCTPYHPOBAHHON YCTaHOBKE, MpejcTaBlieHHON Ha pucyHke 1. MccnenoBanue mpo-
BOJAMJIOCH NPU KOMHATHOW TeMIlepaType B TUHAMHUYECKUX marpoHax (4) muametpom 10 mm. B aumHammnde-
CKHUIl MAaTPOH TOAABAIH Ta30BO3YIIHYIO CMECh CO CKOpOcThIo 0,35 J1/MHH, Moy4aeMyro MyTeM MpOIycKa-
HUS BO3lyxa B KonbOy-0apootep (3), cogeprkanryro 50 miu 1 H. pactBopa NH,OH. CkopocTth mojaun Bo3myxa
B OapOoTep perynupoBaiy ¢ MOMOLIbI0 peoMeTpa (2). Ha Bbixone u3 peakTopa ra30BO3IyLIHAS CMEChH IMO-
crynana B npueMHuku (5) ¢ 50 mu 0,01 1. pacTBOpa cepHoil kucinoTel. CMEHY MPUEMHHUKOB MPOU3BOIIIN
yepes Kaxabple 5 MUH.

X =

b

1 — mukpokoMmIipeccop; 2 — peomeTp; 3 — GapboTep;
4 — MUHAMHUYECKHH MaTpoOH C COPOSHTOM; J — KOJIOa-TIPUEMHUK

PI/IcyHOK 1. Cxema YCTAaHOBKH TSI U3YUCHUA COp6III/II/I aMMHaKa us3 Fa30BO3L[yHIHOI7[ CMECHU
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WccnepoBaHve HOBbLIX YriepoaHbIX MaTepuarsos ...

MeTonoM 00paTHOrO TUTPOBAHMSI OMPENENSUIM KOJIMYECTBO aMMMAKa, 3aTPayeHHOro Ha HEHTpaln3a-
LIMIO0 CEpHON KHUCIIOTHI, colleprkaleiica B mpueMHuke. [lo pe3ynpTaraMm aHamm3a BHIYMCISUIA KOHIIEHTPAIIUIO
aMMHaKa B Ta30BO3AYIIHOM ITOTOKE Ha BBIXOJE M3 peakTopa. CTeneHb OYUCTKH YCTaHABIMBAIU, COMOCTaB-
JI51s1 TIOJTyYeHHBIE JaHHBIE C JAHHBIMHU XOJIOCTOTO ONbITa [8].

Memoouxa uccrnedoganusi COpoOYUOHHO20 NO2NOWeHUs YuKIo2eKcana u3 6030yxa. CopOLUIO MUKIIOTeK-
caHa U3 Ta30Boi (ha3bl OCYIIECTBISUIA TP KOMHATHOM TeMIeparype B IMHAMHYECKHX MTaTPOHAX TUAMETPOM
5 mM. B auHaMuuecKuii maTpoH MoAaBaiy Tra30BO3LYLIHYI0 CMECh CO CKOpOCThIO 1 1/MuH. CKOPOCTh OAAaYH
BO3/yXa PEryJIMpOBaJIU C MOMOILBIO My3bIPEKOBOTO pacxogoMepa. AHAIUT BBOJUICS B CUCTEMY C TOMOIIBIO
LIIPHUIIEBOTO HACOCA CO CKOPOCTBIO moxaun 90 mxi/4. KoHientpanust B cucteme coctasisuia 300 mr/m’. Ha
BBIXOJIE U3 PEaKTOpa ra3oBO3AYyIIHAS CMECh MOCTYyIana B MPUEMHHUK-BUANA, 000PYIOBAaHHBINA CIIeITUATEHBIM
BXOIHBIM U BBIXOJHBIM OTBEpCTUSIMH. ['a30Bo31ylIHAs cMeCh U3 MPUEMHHKA-BHAIbl BBOJWIACH B Ta30BBIN
Xpomatorpad ¢ Macc-CeKTpOMETpUIecKuM JierekTupoBanneM Agilent 7890A/5975C npu momoiu aBTo-
camriepa Combi-PAL (CTC Analytics AG, Iseiinapus) oobemom 1 Mk (puc. 2). [TapameTpsl XpoMaTo-
rpadUpoBaHus U AETEKTUPOBAHUS ONTUMHU3UPOBAIIH JJIs1 JOCTHKEHUS] MUHUMAJIbHOTO BPEMEHH aHaJIn3a IpH
HanOOJbIIEH CENeKTUBHOCTH M YYBCTBHTENBbHOCTH Metona. [lo pesynapratam onTHMU3aluy OBLIO PELICHO
XpoMaTorpapupoBaHue MPOBOJIUTH B H30TEPMHUECKOM pexkumMe Tipu Temriepatype 115 °C, a gerextrpona-
HUE — B peXHMe MOHHTOPHHTa BBHIOpaHHBIX HOHOB (SIM), perucTpupys MOH C MOJIEKYJISIpHOW Maccoil 84
Il CENIEKTUBHOTO JETEKTUPOBAaHUS LMKIorekcaHa. Temmeparypa untepdeiica MCJ cocrasmsia 280 °C,
TeMrieparypa ucrounuka noHoB — 230 °C, temneparypa kBaapymnons — 150 °C. Bpems ogHoro ananmsa
COCTaBWJIO 2,5 MUH, a BpeMs MEXKIy MOCIeI0BaTeIbHBIMU aHATU3aMU — 3 MHH.

N3meputens
CKOpOCTU
rasa

FasosbIii
Kom- xpomatorpad
npeccop

BO34YyXa

0L

LWinpuuesbiii
Hacoc

CopbeHt

PI/ICYHOK 2. Cxema YCTaHOBKH I U3YYCHUS COp6III/II/I UKJIOICKCaHa U3 I‘a30BO3,HyIIIHOI7[ CMCCH

WcnplTanust mpoBOANIN B CIEIYIOLIEH MOCIEA0BATEILHOCTH:

1) mpomyBKa CHCTEMBI BO3LyXOM, MPOBEPKA YHCTOTHI IOAABAEMOT0 BO3yXa;

2) yCcTaHOBJIEHHE OCTOSHHOM CKOPOCTH BO3yXa B CUCTEME;

3) BKJIIOYEHHE IITPHLEBOr0 HAacOCa, aKTUBALMS IIpoliecca MoJauy [UKIOTeKCaHa,;

4) Hayano HEMpEpPHIBHOIO OIpEIeNIeHNsl OTKIMKA LUKIOreKcana B rase (1 ananus B 3 MUHYTBI), IPO-
XOJIAIIEM Yepe3 BUally, ypaBHOBEIINBAHNE CUCTEMBI,

5) moakmOYeHHe peakTopa ¢ afCcOpOSHTOM B TOK BO3/yXa; 3aMep CKOPOCTH IMOAAYM BO3AyXa Ha BbI-
XO0JIe U3 PEeaKkTopa; MPOAOIDKEHUE PETHUCTPALUM XpOMAaTOrpaMM M OTKJIMKA IMKJIOTEKCaHa; I0-
CTpOEHHUE 3aBUCUMOCTH OTKJIMKA IUKJIOTEKCaHa OT BPEMEHH;

6) aHanMM3 MONYYEHHBIX TaHHBIX.

Heo6xonumyto cKopoCcTh MoJauu HUKIOreKkcaHa (Vy, MKJI/Y) pacCUUTBIBANIU 110 GopMmyIie
C,-R
v, = ,
p
riae C; — KeTaeMas KOHIIEHTPAIUS IHKJIOTeKCaHa B BO3MyXe, MI/M ; R — o0beMHas CKOpOCTh MOIaul BO3-

ayxa, M3/‘I; P — INIOTHOCTH NUKJIOI'CKCAaHaA, I/MIL.
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KonueHTpanuio MUKIOreKCaHa B BO3AyX€ OMpPEACIISIU M0 3apaHee MOIYyYEHHOW rpagyrpOBOYHOM 3aBU-
cumoctu S = f (m), TIae m — Macca KCUII0Jia, BBe/IeHHas B KOJIOHKY, PacCUUTHIBANACK 110 (hopmyIie
_Ccr

5

3neck C — KOHIIEHTpANUS ITUKIIOTEKCaHa B PacTBOpE, HI/MKIT; V' — 00beM BBOAUMOM MpoOkI, MKIT; S — fe-
JIEHHUE MOTOKA.

st noCTpOeHUs rpalyupOBOYHON 3aBUCMOCTH TOTOBUJIM PACTBOPHI UKIOT€KCaHa KOHIIEHTpaluen oT
1 mo 1000 HI/MKI ¥ BBOIWJIM B YCTPOWCTBO JUIS BBOJA I'a30BOr0 Xpomarorpada, OCHALICHHOE JIaiiHepOM
BHYTPEHHHUM JUaMeTpoM 4 MM IIpY MIPUBECHHBIX BBIIIE TTapaMeTpax.

C ucnonp30BaHUEM IOJTyYE€HHON 3aBUCHMOCTH OIPEeNsUTd MacCy IIMKJIOTeKCaHa, a €ro KOHIIEHTPALIUIO
B BO3/[yX€ PAaCCUUTHIBAIH 110 hopMyJie

m

m-S
C=——,
vV
IJIe m — Macca MUKIOreKcaHa, Onpe/e/icHHAs 10 TPaIyHPOBAHHOM 3aBUCMOCTH, HT; V' — 00beM BBOIUMOMN
MPOOBI, MKIT; S — HHICKC JCTICHUS TOTOKA.

[Mepen ucnbiTanueM copOEHTHI pereHeprpoBaIH B cylmibHOM Mikady mpu 200 °C B Teuenue 3 .
Peszynomamor u ux obcyscoenue

B nacTosimieii pabote ObUTH MOTy4eHBI COPOSHTHI Ha OCHOBE MUHEPAIBHOTO U PACTUTEIBHOTO CHIPhS, a
TaKXe COpOEHTHI, UMIIPETHUPOBAHHBIE COJIIMU aKTUBHBIX METAJIIOB:

— copbeHT Ha ocHOBe IryHruta — No 1;

— copOeHT Ha OCHOBE JIpEBECHHBI cakcayna — Ne 2;

— cOpOEHT Ha OCHOBE KOKOCOBOTO opexa — Ne 3;

— COpOEHT Ha OCHOBE aOPUKOCOBBIX KOCTOUEK — Ne 4;

— copOeHT Ha OCHOBE APEBECHHBI COCHBI — Ne 5.

Takoke U1 CpaBHEHUs C MOJTYYEHHBIMU 00pa3iiaMy ObLIM MPOBEICHB! AaHAJIOTUYHbBIE HCCIIEIOBAaHHS aK-
TUBUPOBAHHBIX yriei Ha ocHoBe Oepesbl (BAY) — Ne 6 u copOEeHTOB, UMIPErHUPOBAHHBIX COJISMH TIEepe-
XOJIHBIX METAJIIOB, KOTOPBIE HCIIOJIB3YIOTCS ITPU TPOU3BOACTBE (PUIIBTPYIOIIE-OTJIONIAIOIINX KOPOOOK pOo-
tuBora3oB I TI-7xb-Onrum (Poccust), — Ne 7.

Taonuma 1

DU3UKO-XUMHYECKHE XaPAKTEePHCTHKH COPOCHTOB

CopOeHt
Ne | No 2 Ne 3 Ne 4 Ne 5 Ne 6 No 7
[Tnomanp yaensHOW MMOBEPXHOCTH, S, M2/T 245,5 367,8 664,7 815,9 624,95 | 715,25 625,9

XapaxkTepucTuka

CyMMapHbIii 00BEM TIOD, em/r 0,44 0,56 0,71 0,77 0,58 0,72 0,71
30JBbHOCTD, % 27,56 4,93 5,56 5,77 4,35 3,85 6,52
Bnaxxnocts, % 3,05 4,07 7,15 7,09 2,54 7,93 6,55
pH BOJIHO¥ BBITSHKKH 8,4 8,5 7,2 7,1 7,4 6,7 9,5

AnCopOIMOHHAs aKTUBHOCTD 110 oAy, %o 20,26 32,64 73,58 63,66 26,82 59,38 56,85

W3 Ttabmauuer 1, roe npeactaBieHbl (PU3UKO-XUMHUYECKHE XaPAKTEPHUCTUKH COPOCHTOB, BHAHO, YTO
COpOLMOHHBIE W HKCIUTyaTallMOHHBIE XaPaKTEPUCTUKH MCCIEAYEMBIX COPOEHTOB COMOCTaBHMBI, a TI0 HEKO-
TOPBIM HOKA3aTeNsIM MIPEBOCXOAT TPAIUINOHHbBIE YIIIepOAHbIE COPOSHTHI Ha OCHOBE JIPEBECHHBI Oepesbl 1
COpOEHTOB, UMIIPETHUPOBAHHBIX COJISIMU NEPEXOAHBIX METAIOB, KOTOPbIE UCIOJb3YIOTCS IPU IPOU3BOACT-
Be (QUIBTpYIOLIe-TOraomanImx Kopoobok npotusorazoB ['TI-7kb-OntuM. CopOeHThI Ha 0CHOBE abpHUKOCO-
BBIX KOCTOYEK M KOKOCOBOTO opexa 00J1alatoT HauOoJblIel yIelbHOH MMOBEPXHOCTHIO U CYMMAapHBIM 00be-
MOM IIOp, YTO CBUAETENILCTBYET O HAJIMUUU MUKPOIIOP HA UX TOBEPXHOCTH.

s 00bsicHEHNSs! COPOLIMOHHBIX XapakTEPUCTUK COPOCHTOB OBUIM M3Y4EHBI MIOBEPXHOCTh M CTPYKTypa
00pa3LoB METOIOM CKAaHHPYIOUIEH 3JIEKTPOHHOU Mukpockonuu (SEM). Pe3ynbraTsl 351eKTpOHHO-MHUKPO-
CKOITMYECKOTO MCCIIE0BaHUS COPOEHTOB Ha OCHOBE KOKOCOBOT'O Opexa M aOpHKOCOBBIX KOCTOYEK MOKa3ally,
YTO UX CTPYKTYpa UMEET TPEIIMHBI B YIIIEPOJHON MaTpuIie ¢ OOJIBIINM KOJHMYECTBOM MUKPOIIOp Ha IOBEPX-
HOCTH Pa3MepOM MeHee 5 HM, YTO OOBSCHIET MX BBICOKHE MOKa3aHUs IUIOIIAAW YAEIbHOW MOBEPXHOCTH.
IIpu paccMOTpeHMH CHUMKOB CKaHMPYIOLIEH MHUKPOCKOIHMU COpOEHTa Ha OCHOBE cakcayya BHIHO, YTO IpHU
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MaJjoM yBEIHUYEHUH HAOI0aeTcs Hepa3pyllieHHass OCHOBA JPEBECHOM TKaHU ¢ OOJBITUM KOJTHYECTBOM Me-
3omop pazmepoM 20—50 aM. B yrnepomHoi Marpuiie copOeHTa Ha OCHOBE ITYHTHTa UMEIOTCS XJIONTLEBUIHBIE
BKJIFOUEHHS ¢ MaKkporopaMu auaMmeTpoM 6osiee 500 HM Ha moBepXxHOCTH (puc. 3).

x |24

B) COpPOEHT Ha OCHOBE KOKOCA ') COpPOCHT Ha OCHOBE
AOPUKOCOBBIX KOCTOYEK

Pucynox 3. MUKpOCHUMKH COPOEHTOB

C uenpio uccaeaoBaHusl COPOLIMOHHON CIIOCOOHOCTH TONIyYeHHbIE COPOESHTHI ObUTH MCIBITAHBI B IIPO-
eccax OYMCTKHU T'a30BO3YIIHON CMECH OT OPTaHWYECKHX M HEOPraHMYECKUX 3arpsA3HHUTEINCH, B YaCTHOCTH,
OT LIMKJIOTeKcaHa M aMMuaka. Ha pucyHke 4 nmpuBeeHbl BHIXOJHbIE KPUBBIE aICOPOLUH IIMKIOTeKCaHa Iy
COpOEHTOB.

2,00

1,80

1,60 1

Yepes cnoii copbexTa
1,40 P

1,20

1,00

C, mgfL

0,80 -
0,60
0,40
—+—CopfeHT Ha oCHOBE APEBECHOTC CaKcayna

——CopfeHT Ha OCHOBE HOKOCOBOFO Opexa

—+—CopfeHT Ha OCHOBE WYHMKMTE
0,00 T T T T T T T T T |
0:00:00 1:12:00 2:24:00 3:36:00 4:48:00 6:00:00 7:12:00 8:24:00 9:36:00 10:48:00 12:00:00

t, min

Pucynox 4. BeixoaHble KpuBBIE aJcCOPOLMH IIUKIIOTEKCaHa B Ta30BOi (a3e 3a ciioeM copOeHTa
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AncopOnroHHasE eMKOCTh COPOSHTa BBIYHMCIISIIACH U3 pacyueTa MOIYYCHHBIX MTUKOB C YY€TOM (pakTopa
YyBCTBUTENBHOCTH. Pe3ynbTaThl OTYYEHHOH a/ICOPOIIMOHHON €MKOCTH TPUBEICHEI B Ta0uIe 2.

Tabnuma 2
AncopOIIIOHHASI €eMKOCTh HCCIeIyeMbIX COPOCHTOB

I-]I\fl-i[ HazBanue copbenra Macca copbeHra, T AcopOIIMOHHAs €MKOCTh COpOeHTa, MI/T
1 |CopOeHT Ha OCHOBE IPEBECHHBI CaKcayla 2,20 52,31

2 |CopOeHT Ha OCHOBE KOKOCOBOTO Opexa 2,20 85,92

3 |CopbeHT Ha OCHOBE HIYHTHUTA 2,20 12,37

Kak BugHO 13 Tabmmipsl, Hauboee 3(pPEKTHBHLIM B MPOIecce COPOIIMN OPraHUIeCKOro 3arps3HUTEIIS
SIBIISIETCS] COPOCHT Ha OCHOBE KOKOCOBOTO OpeXa, COPOIIMOHHAS eMKOCTh cocTtaBuia 85,92 mr/T.

Taxke TOJTy4eHHBbIE COPOCHTHI OBLIM HCIBITAHBI JUIS OYMCTKH Ta30BO3IYIIHOW CMECH OT aMMHAaKa.
B tabaurie 3 mpuBeaeHBI pe3yabTaThl SKCIICPUMEHTA.

Taonuma 3
Bpems 3ammuTHOrO KelicTBHS COPOCHTOB 10 AMMHAKY

CopGent BpEiM}I 3aIIUTHOTO
neiictBus T, MUH
Ha ocHoBe mryaruTa 15
Ha ocHoBe cakcaymna 25
Ha ocHOBe KOKOCOBOTO Opexa 30
Ha ocHOBe aOpHUKOCOBBIX KOCTOYEK 35
Ha ocHOBe peBecHHBI COCHBI 25
BAY 25
13 xopobku npotuBorasza ' TI-7xkb-Ontum 135

W3 npuBeICHHBIX TaHHBIX CIEAYET, YTO OoJiee UTMTEIhHOE BPEeMs 3al[UTHOTO JCUCTBUS MOKa3aJl UM-
MPETHUPOBAHHBIN COPOCHT M3 KOPOOKHU MpOTHBOrasa. llpy ompeneneHuu 3IIEMEHTHOTO COCTaBa PEHTTEHO-
(IIyopecleHTHBIM METOIOM OBIJIO YCTAaHOBJIEHO, YTO B COCTaBe COpOCHTA MPEOOTaaloT aKTHBHBIC METall-
JIbl — HUKEIh U Menb (puc. 5).

ha 3NemeHT KoHu., % MHT., cps
1 Meak 30ET7 7935
2 Heneso 0591 235
3 Xnop 143 17
4 TuTaH 00030 IRE
5 Hpom 955 3ar2
; B MapraHe, 0.220 483
7 KansLpi 0257 34
8 Kanuid 342 14E
q Hutkenk 43497 11131
10 L HAAHIA 989 016

Pucynox 5. Pentrenorpamma copbeHTa 3 KOpoOKH ITPOTHBOTa3a

Buanmo, copOeHThI B KOPOOKaxX MPOTHBOTa3a ObUIM XMMHUYECKH aKTUBHPOBAHBI COJIIMH 3THUX METAall-
710B. BBIOOp HUKENS U MU OOBACHIETCS TEM, YTO UX COJIU CIIOCOOHBI B3aMMO/ICHCTBOBATh C aMMHAKOM ITPH
MPOIYCKaHUU €r0 B Ta3000pa3HOM COCTOSIHHW WJIM TIPH JOOABJICHUU K pacTBopaM. Tak, U3 coleil HUKeIs U
aMMHaka obpasyeTcs aMMmuaunblii kommmieke aukess [Ni(NH;)g]*" B Bige mouty 6emoro mopouika co cierka
(bMOJIETOBBIM OTTEHKOM, PACTBOPHUMOIO O3 pa3joXeHUs B BoJle. BOMHBIN pacTBOp aMMHUaka MpH B3aUMO-
nedictBuu ¢ monamu meau (I11) cHadanma ocakiaeT OCHOBHBIC COJIM MEPEMEHHOTO COCTaBa 3€JCHOTO IBETa,
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JICTKOPACTBOPHUMEBIC B I/I36I>ITK€ pcarcHra. HpI/I 3TOM O6pa3yeTC$I aMMHUAYHBIA KOMILIEKC ME€IU CHHEC-
duoneroBoro usera: Cu®" + 4NH,OH = [Cu(NH;),]*" + 4H,0.

B cBs3u ¢ 3TUM HaMu 171 yBEIUYEHUSA aﬂ00p6HI/IOHHHX CBOICTB U 3al[UTHOTO JACHCTBUS MO aMMHaKy
6BIJ'IO MMPOBCACHO UMIIPCTHUPOBAHUC C0p6eHTOB XJIOpUAOM HUKEIIA. I/IMHpeFHI/IPOBaHI/Ie MMpoBOAUIIN MCTO-
JIOM TIPOIMTKH COPOEHTA COJIbIO HUKES, ¢ JaJbHCHIINM yIIapuBaHUEM pacTBopa. B pesynbTare yero ObLIH
MOJTyYeHBI YTIIEPOI-METANTUNIECKIE CHUCTEMBI, C colepkaHueM coiu Hukens 5—10 % maccoBbIX, KOTOpBIE
TAKXKEC 6BIJ'II/I HCIBITAaHbI JJII OYUCTKU Ir'a30BO3AYIIHBIX cMeceill 0T aMMHaKa (Ta6J‘I. 4).

Taonuma 4

Bpems 3aIUTHOrO JeliCTBUSI HMIIPETHUPOBAHHBIX COPOCHTOB 0 AMMHAKY

Copbent BpfiM}I 3aIIUTHOTO
nevicteust T, MUH
VMnperaupoBaHHBIN HUKENIEeM COPOSHT Ha OCHOBE HIYHI'HTA 115
VMnperaupoBaHHBIH HUKEJIEM COPOEHT Ha OCHOBE cakcayJia 120
VmnperaupoBaHHBIN HUKeJIEeM cOPOSHT Ha OCHOBE KOKOCOBOTO Opexa 135
VMnperaupoBaHHBIH HUKEJIEeM COPOSHT Ha OCHOBE A0PHKOCOBBIX KOCTOUYEK 140
Cop6ent kopobku nporusorasa ['TI-7kb-Ontum 135

s ompeneneHus copepiKaHUS COJIM HUKENs B COpPOEHTE MOCie WUMIIPETHUPOBAaHUS OBbLI MPOBEICH
SHEPTOANCIICPCUOHHBIN AJIEMEHTHBIN aHAMH3 (puc. 6).

c\edax32\genesis\genmaps.spc 22-Jul-2013 12:03:25
LSacs: 8¢ DneMeHT Bec. % AT. %
4.6 —
CK 37.35 3792
37 - =
OK 11.72 19.23
2.8 - — 0 R ==
NiL 981 13.32
KCnt
1.8 CIK 8.00 20.73
1
el KK 13.12 08.80
Marrix Correction ZAF
00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75 4
Energy - keV

Pucynox 6. MccnenoBanue cocraBa copOEHTOB, UMITPETHUPOBAHHBIX coyisiMu Ni,
METOJIOM SHEProIUCIICpCHOHHOTO deMeHTHoro ananusza (EDAX)

W3 npuBeIeHHBIX 3KCIIEPUMEHTAIBHBIX JAaHHBIX CIICIYET, YTO BPEMsl 3alUTHOTO JCUCTBUS COPOCHTOB
110 aMMHAaKy YBEIMYHUBACTCS MIPH UMIIPETHUPOBAHUN MX COJIIMH MEPEXOMHBIX METAJIOB, M 0OJiee HATJISIHO
9TO MOYKHO YBHJIETh Ha MMpUMEpe COPOCHTA Ha OCHOBE IITYHTUTa — BPEMS 3AIMUTHOTO JCHCTBUS 10 aMMHAKY
YBEMYMIOCH B 7 pa3 — oT 15 muH 10 115 MuH. DTO 00yCIIOBIMBAETCS TEM, YTO XJIOIBEBH THBIC BKITFOUCHUS
COpOCHTa Ha OCHOBE IITYHTHTa UMEIOT OONBIIOE KOJIMYECTBO MAKpOIOp, 32 CYET YEr0 YBEIMYUBACTCS KOH-
IIEHTpAaIUs aKTUBHOTO METajlyIa Ha TIOBEpXHOCTH HocHuTesl. COOTBETCTBEHHO, MOKHO MPEATIONOKHUTh, UYTO B
MPOIIECCE OYMCTKU Ta30BO3TyIITHON CMECH OT aMMHAaKa UMITPETHUPOBAHHBIM COPOESHTOM HA OCHOBE IITYHTUTA
peo0iiagacT XUMUYECKast COpOIIHsI aMMHaKa aKTHBHBIM METAJUIOM ¢ 00pa30BaHHEM KOMIUIEKCA; Ha MOBEPX-
HOCTH MMIIPETHUPOBAHHBIX COPOCHTOB HAa OCHOBE PACTUTEIHHOTO CHIPHS MPOTEKaeT Kak (u3mdecKas aji-
copOITHs Ha YTIIepoIe, TaK U XUMHIECKask COPOITUS aKTHBHBIM METAJIOM.

Buvisoowi

1. ITony4eHsl cOpOEHTHI HA OCHOBE MHUHEPAILHOTO W PACTHUTENBHOTO CHIPhS, UIMIIPETHUPOBAHHBIE CO-
JIIMU HEKOTOPBIX METAJUIOB.

2. OmnpeneneHbl COPOLMOHHBIE W JKCIUTyaTal[MOHHBIC XapaKTEPUCTUKU MONyYeHHBIX copOeHToB. Uc-
CJIeIOBaHbI MOP(OJIOTHSI U CTPYKTYpa YTIACPOIHBIX MAaTEPHAIIOB.

3. UccnenoBanus ancopOIMOHHON €MKOCTH COPOSHTOB TI0 OTHOIICHHUIO K MIUKJIOTEKCAHY TTOKA3aJIH, YTO
Haunbolee 3PPEKTHBHLIM COPOCHTOM ITUKJIOTEKCaHa OKa3aJicsl COpOSHT Ha OCHOBE KOKOCOBOT'O Opexa.
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4. Tloka3zaHo, YTO WCCIEIOBAHHEIC YIIIEPOI-METAUINYSCKUE CUCTEMBI HA OCHOBE MUHEPAIBHOTO (IITyH-
THT) U PACTUTEIBHOTO CHIPhsI MPOSBUIIN BHICOKHE COPOIMOHHBIE XapaKTEPUCTUKH M MOTYT OBITh PEKOMEH-
JIOBaHBI JIJISI OYUCTKH MTPOMBIIIIICHHBIX 0OBEKTOB OT COSTUHEHUI aMMHaKa.

Paboma evinoanena npu ¢gpunarcosoii noodepoicke Mescoynapoonozo banka Pexoncmpykyuu u Pas-
sumust u MOH PK, npoexm Ne 184 (Coz0anue onvimHo-npoMuluiienHo20 NPoU3800CmMEa HAHOCMPYKMYPU-
POBAHHBIX Y21EPOOCOOEPIAHCAUUX MAMEPUATO8 OJIsL XUMUKO-MEXHOLOSUYECKUX NPOYECCOB).
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A.T.Ka6soB, H.A.Aronosa, C.B.Heunnypenko, C.A.Edpemon, M.K.Haypriz6aes

I'az-ayaubl Kocnajgapabl Ta3apTyaa KOJAAHBLIATHIH
’KaHAa KOMIPTEKTI MaTepuaapabl 3epTTey

Maxkanazna kapOOHH3aIHs JKOHE OJlaH KeHiHTi Oy-ra3/sl KocaMeH OelICeHipy apKbUIbI aTbIHFaH OCIMIIKTEKT]
(KOKOC >KaHFaFbl, OPIK AOHET1, KallbIH KoHE CEeKCeyi aralllbl) )KoHe KoMipTeK-MHHepasab! (IyHIUT) IIHKi3aT
HeTi3iH/e aJblHFaH KOMIPTEK MarepHaiIapiblH KYPBUIBICHI KOHE MOPQOJIOTHICH 3epTTeii. AJIbIHFaH
COPOCHTTEPIIH COPOLMSIBIK KOHE HKCILTYaTALMSUIBIK KaCHETTEeP] aHbIKTaIbl. 3epPTTEJIreH MaTepruaiapiblH
ilIiHeH KOKOC JKaHFaFbl HETi3iHAeri COpOEHT €H JKOFapbl LUKIOrEeKCaH OOMbIHIIA COPOLUSIBIK
ChIMBIMIBLIBIKTH KopceTTi. CopOeHTTepAiH aMMuak OOMbIHIIA KOPFAaHBIC YaKbIThl HHUKEIb TY3AapbIMEH
ciHJipreHHeH KeliH y3apaTbiHbl KepceTiigi. Ty30eH cinaipiireH copOeHTTepai eHepKacin HbICaHAapbIHIA
ayaHbl aMMHaKTaH Ta3apTyja KoJgaHyra 00Jabl.

A.T.Kabulov, N.A.Ayupova, S.V.Nechipurenko, S.A.Efremov, M.K.Nauryzbaev

Researching of new carbon materials used in cleaning of gas mixture

The morphology and structure of carbon materials based on vegetable (coconut shells, apricot pits, wood of pine
and Haloxylon) and carbon-mineral (shungite) raw materials obtained by carbonization and subsequent activa-
tion with gas-vapor mixture were studied. Sorption and operational characteristics of the obtained sorbents were
defined. Sorbent based on coconut shells have most of the studied materials sorption capacity by cyclohexane.
Shown that protective action time of the sorbents to ammonia increased after impregnating materials with nickel
salts. Impregnated sorbents can be used for air purification from ammonia in industrial facilities.
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Ky3bIpeTTilIKTI KaJbINTACTBIPYFAa OAFBITTAJIFAH ca0aKTapAbI
YHABIMIACTBIPY THIMJIIITI

Maxkanaga caOakThIH THIMIUITIHE COHKeC OJIIeMAEpAl €CKEepeTiH CabaKTBIH KYPBUIBIMBI MEH ©3iHIK
capanTay Oosiin TaObUIafbl. Ky3BIPETTUNIKTI KaNbIITACTHIpYFa OaFbITTanFaH cabakTapra KOMBUIATBHIH
TajanTap: aHbIKTAIMaraH >KaFlaiasl TYFbI3y, TaHJAy MYMKIHIITH OepeTiH OKBITYyIBIH (opMackl MeH
TEXHOJIOTHSICHIH ©3TepTy, OKy MaTepHabl IpOOJIeMalTbIK KarJaiMeH epeKIIeNeHe i, OKyIIbIFa dJIeyMeTTiK
TOXIpHOENIeH aJIBIHATBIH, ©MipJeri MaHbI3Abl JKarjall TYFbI3y, aHA IUIAKTUKAJbIK MaTepUalaapAabl
KOJIJIaHy, IIBIHIBIKKA KeJeTiHIeH CTaHAapTTaH THIC TallChIpMajiap MEH JKar[aililap TYFbI3y, OKY KbI3METi
3epTTEYIIUTIK KOHE MPAKTHUKAIBIK OaFbITThI CHIATTa 00Ny, OKYLIBUIAPIABIH ©3 OCTIMEH i3/1eHyiHe jKaFaaii
Kacay, OKYIIbl OiniM amy Kesinge OelceHAl YHBIMAACTBIPYIIBl Oonybl KaxeT. Ky3bIpeTTimiKTi
KQJIBINTACTBIpyFa OaFbITTanFaH cabaKTapAbl YHBIMAACTHIpYZa OKYIIBIHBIH ©3IHIIK JKYMBICHI, apHAHEI
npo0JieMaHbl aHBIKTall OTBIPEIN, ©3 OETIMEH i3/ieHyi KoHe JKacaraH >KYMBICEIHA ©31HIK Oaraiaybl MaHbI3/IBL.
Conpait-ak aymran OUTIMIH eMipJe KojjlaHa alyblHAa MYMKIHAIK jkacay KaxeT. On YIIH MyFamiM aypbIC
GarbiT-Oarmap Gepyi ab3ai.

Kinm co30ep: XUMHSHBI OKBITY, KY3BIPETTUIIKTIH TYpJiepi, cabakTap/bl YHBIMIACTEIPY.

KoFaM/IbIK JKaHFBIpDYFa cail OHIIPICTIK IKOHE ONEYMETTIK OMIpJeri e3repicrep aHa Camalbl
Ma3MYH/aFrbl OimiM Oepy TalanTapblH aliFa Taptyna. byn perre agaM3ar KaOUIeTiHIH OIay JaFIbIChiHA cail
WHAYCTPUSJIBI-3UATKEPIIIK  KapbIM-KaOineTi JKOFapbl JEHreiaeri OKyIIbUIap TaHBIM-OLIIriH OaphlHIIA
apTTBIpYy epekire MaHbI3 amyna. COHABIKTAH j>KaHa TEXHOJOTHSHBI NMPAKTUKara €Hrizy MEH JaMBITYIbIH
carasbl ceprifici 0isiM Oepy *KylHeciHe OH BIKIAll eTepi aHbIK.

Hoctypini 6imim O6epy Tocini MmyranmiMHiH OiniM Oepy ypaiciHaeri OachIMABUIBIFBIH alKbIHAAYMEH Oipre
ca0aKThIH HOTWIKENUIIriH yIuran, cabakra KaHgal omic-Taciiiep, SpeKeTTep KOJMAaHydarbl HieOepiiiirine
TiKenei KaThICThI OOJIFaHbI CO3CI3.

Ky3BIpeTTiniKTi KaJbIITacThpyFa OaFbITTalIFaH cabaKTapabl OapblHIIA TYPBIC YHBIMAACTHIPY BIKIAJIbI-
HBIH OKY OapBICBIHAAFbl HOTMOXKEIUIITT — KY3BIPETTUTIKTI KaJBINTACTBIPY MEH KeKe JaMyAaFbl OKYIIbLIap-
JIbIH JKaH-)KaKThl OcJICeHIUTIrIMEH aHbIKTaaaabl. COHIBIKTAH Ca0aKThIH MaKCaThl, KYPbUILIMBI MEH OachIM
OaraTTapbIHBIH ©3repyiHe 0OJKaM JKacayIblH MaHBI3bIH €CTE YCTaraH jKeH Jien OiuteMis. JleMek, MyFatiMHEH
Oinim Oepy1i peTiHaeri peniMeH KaTap, OKYIIBIHBI ©31HIIK KaH-KaKThl 131eHyre, OiTiMai TepeH MeHrepyre,
MaHpBI3bl aKMapaTThl OelceH/l TypAe eHJeyre OarbITTAUTHIH OUTIKTIMIKTI IIeOepIiKIeH YHBIMAACTHIPY
TaJan eTijei.

Kysblperrinikke OarbITTaiFaH OKy YpHiciHIe camaisl OiniM OepyAeri THIMALIIT OKYIIBIHBIH TEpeH i3xe-
HicTer1 OeNceHIiriMeH alKpIHIamaabl. MyFaiMHIH MiHIETI OKYIIIBIHBIH OCJICEH/I KYMBIC yKacayblHa BIKITAT
€Ty JKOHE OKYIIBl JXYMBICBIH YHBIMIACTBIPY, KaKeTTI Kypasl-KaOIBIKTAPMEH KaMTaMachl3 €Ty OOJIbII
tabbutapl. OKYIIBIHBIH 63 OeTiMEH KYMBIC Kacaybl, CaHaIbl Typ/e OWIAHybl MOTHUBALMSIIBIK KbI3METIHCI3
OutiMai MeHrepy MyMmkiH emec. COHIBIKTaH cabak Oyl opeKeTTepci3 TeK KaHa akmapaTThl Oepy ypIiciHe
aitHanaapl. MyFaniM OKYIIBIHBIH OLTIM allybIHAA KY3BIPETTLTIKTI KAIBINTACTHIPY/Ia TAKBIPHINTHIH ©3EKTLIIriH
’KOHE MaHbI3bIH HAKThI aHBIKTaFaH XarJaiia cabaKThIH MaKCaThl MEH YIBIMIACTBIPYHI KyHerni Typae 0omaibl.
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Mekrenrteri op MyFaliM KY3BIPETTUIIKTI KaJbIITACTBIpyFa OafbITTanFaH cabaKThl KypbUIBIMIAT,
KOUBUIATBIH TaJlalTap/ibl €CKepe OTBIPBIN, OTKI3Yi Kyhen yibiMaacTeipa Oimyl kepek. On ymiH cabakra
KOJITAHBUIATBIH KY3BIPETTIIK TYpJepiH 01y MaHbI3bl OPBIH anajbl. 12 ®bUIIBIK OLTIM OepyIiH MEMIIEKETTIK
O1iM cTaHZAPTHIHBIH KypacThIpymbuiapbl [1—3] anblHATBIH KOHE KYTIJCTIH HOTHIKENEp Heri3iHae Keneci
HET13r1 KY3bIPETTLIIKTI KapaCThIpaibl:

— KYH/IbI-0aFbITTAIFaH KY3bIPETIIIIK;

— MOJICHUETTUIIK KY3bIPETTLIIK;

— OKY-TaHBIMJIBIK KY3bIPETTIIIK;

— KOMMYHUKATHBTIK KY3bIPETTLIIK;

— aKMapaTThIK-TEXHOJIOTUSJIBIK KY3BIPETTLIIK;

— QNIEYMETTIK-eHOEK KY3BIPETTLIIT

— JKeKe O31HJIIK JIaMy KY3bIPETTLIIT1.

BenriienreH MakcaTKa COWKeC KYTUIETIH JKOHE allbIHATBIH HOTIDKEIEP KY3bIPETTUIIKTEPIHIH
TYCiHIKTEpiHE TOKTAJIBIN OTCEK:

1) KyHIBI-0aFBITTaFaH KY3BIPETTUIIK — OKYIIBIHBIH KOpIIAraH OpPTaHbl CaHAJBbl TypAe KaObUiiaysl,
©31H KOFamJIa JKOFaphl THKAILIK KYHJIBIIBIK PETiHE OpHBIH Taba OiTyi, a3aMaTThIK TeH eJIIUIIIK ce31MHIH
oomysl. EH Gacteicel — Tyran Otanbl — Ka3akcranra a3aMaTTBhIK OOPBIIIBIH ©TEH ajlaThlH, CasCH KYHEHi,
OOJIBII KaTKaH 9JICYMETTIK JKaFJaiipl TyCiHe OUETiH eI TyiFa O0JIysl IapT;

2) MOAICHUETTIIIK KY3bIPETTUIIK — KaJIIIbl MOICHUCTTIIIK JKOHE YITTHIK KYHIBUIBIK HETi3iHAe Koram/ia
STHOMOJICHHETTIK JIOCTYPJIEP/Ii KaJBINTACTBIpa OUETIH TaHBIMBI MEH TOXIpUOECiHIH OONYbBI, kKEeKe KOHE
oT0achl KYHIBUIBIKTAPBIHBIH MaHBI3bIH TEPEH YFBIHA OTBHIPHII, 9JEYMETTIK eMiple MOJACHUETTLIIK Heri3iH
KaJbINTacThipa Olryl. MojeHu Typrbila 00C YakbITTBl YHBIMIACThIpa Oily KaOuNeTi ©3iHiH XaJKbIHBIH
MOJICHUETI MEH OJIeM MOJCHHETIHIH KONKBIPIbUIBIFBIH TYCIHYTe >KoHe Oaranayra yipeTeni, pyxaHu
TYCIHICTIK TTeH IIBIAAM/IBLUTBIKKA JKOJI OaCTanIbl;

3) OKy-TaHBIMABIK KY3BIPETTITIK — OKYIIBUIAPABIH OKY-TaHBIMIBIK OHE 3€pTTEYLIUIK YpAICiH 3
OeTiMeH JKyprizyre OarbITTalFaH KemeHIi KY3BIPEeTTUTIKTI KapacThlpaipl. O3iHIH OiMiMIH >KHHAKTay
JKOJIBIH/IAFbl  KBI3METIH THIMJII >KOcmapiaybl, Tangaybl, pediekcus skacall amybl, (QYHKIMOHAIIBIK
cayaTTBUIBIFBl OJIEMHIH O3BIK FHUIBIMH TaOBICTAPBIH TaHYyFa, 13ACHYLIUIIK-3€pTTEYIIUIK >KaKTapblH aiia
Oinyre yiiperei;

4) KOMMYHHKATUBTIK KY3bIPETTLTIK — 3p TYPJIi 9JICYMETTIK TONTapIarkl alaMIapMeH KapbIM-KaThIHAC
acay YIIiH ©3iHiH aHa TLTl MEH e3re TUAEpIAi MEeHrepyre, eMipllik KaraasTTapAbl ey MaKcaTbIHIA 9p
TYplli KOMMYHHKAIAsS HBIIIAHJAPEIH KOJIaHa OuUTyre, MEMJIEKETTIK TiI — Ka3ak TUTiH, COHBIMEH Kartap
YITapaiblK Tij, TIET €] TUIIEPiH MeHrepyre Yiperei;

5) aKmapaTTHIK-TEXHOJOTUSUIBIK  KY3bIPETTUTIK OaFbIT-0aFraapabl AyphIC jkacail anmyra, €3 OeTiMeH
13[IeHIN, KepeKTI MoNIMEeTTepi ipiKTem, Tanjay jkacayFa, WHTEpIpeTalysuiayfa, aKnapaTThlK TEXHOJIOTHS
KOMeTiMeH KaXKeTTI MaTepualIap/ibl CaKTall, OJIap Il )Ky3ere ackipa Oinyre yipeTei;

6) oneyMeTTiK-eHOEK KY3BIPETTiNri — KOFaMIIbIK, OTOACBUIBIK, €HOEK, SKOHOMHKAIBIK JKOHE CasiCH
caJllachIHJIa a3aMaTTHIK-KOFaMJIBIK OiTiM MeH ToXipuOeHI KaMmTaMachl3 eTyre Kemekrecedi. HakTel
QJIEyMETTIK-KOFaMJIBIK JKaFrAal/Ibl TaJai any, e3iHiH NIeNIIMiH alThII, 9p TYPJi OMIipJIiK KaFIasTThl KOFaM
KY3bIpETiHe Kapaii ety Oiy MeH opeKeT )kacayra yuperei;

7) )Keke e31HIIK AaMy KY3BIPETLIIri — ©3iHiH KbI3bIFYIIBUIBIFEl, MYMKIHIIIT MeH KaOijeTiHe colkec
ozmicTepiH MeHrepe Oimy, AEHCAyNbIK CakKTay, PyXaHH >KOHE B3HMATKEPIIK TYpFblia ©3iH MIbIHAayFa
KoMeKTecemi. IImKi SKOJOTHSIBIK MOJICHHET TIeH O3iHIH JeHCAyNbIFbIHA, eMIpIiK Kayilci3airine colikec
TICUXOJIOTHSJIBIK CayaTThIIBIKTBI KAIBINITACTHIPY, ©31HIH 9p iCiHE JKayalKepIIJIiKIeH KapayFa oKeJeIi.

Op Typui OarbITTaFbl KY3BIPETTUIIK TYPJIEPiH Tanaay OapbIChIHAA HAKTHI LIEMIiM KaOblinayra 0oiassl,
on [4]: OipiHmmigeH, 3epTTeymiiyiep OUTIMALIIK cHMaTTaMallapMEeH CaNIBICTBIPFaHIA KY3BIPETTIIKTIH ©3€KTi
KBIpJIaphl «HE» CHTIATTAMAChIH «KaJllaii» JereH YFhIMMEH HeTi3/IeH]Ii; eKiHIIiIeH, KONTereH 3epTTeyIiIep Iy
aiTybl OOMBIHILA, KY3BIPETTIIIKTIH MOTHBALMSUIBIK, CUIIATTAMACHIH alKbIHIAW b, YIIIHIIIAEH, 3epTTEeYLIiIep
OHBIH aHBIKTaMachl MeH OaranaybIHAAFbl KYpAeIi CUIIATTaFbl KYOBUIBICHIH aHBIKTAIl KOPCETE 1.

Ky3bIpeTTiNniKTi KanbInTacThIpyFa OaFbITTallFaH cabakTapra KOWBUIATHIH TalarTapFa TOKTAJBII OTCEK,
oJlap TOMEHJETiIeH:

1. IlpoOneManbik >Kargaidpl TYFBIY, TaHAayFa MYMKIHIIK OepeTiH OKBITyIblH (GopMackl MeEH
TEXHOJIOTHSICBIH ©3TepTYy.

2. OKy MaTepHaJIbIHBIH MPOOIEMAITBIK JKaFIailMeH epeKIIIeIeHYi.
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3. OKyuIbIFa 9JIEyMETTIK TOKipHOEIeH albIHATBIH, OMIpAETi MaHBI3IbI KaFJai TYFbI3y.

4. XKana &IUAAKTUKANBIK MaTepUalIaplibl KOJJaHy, IIBIHABIKKA KeJeTiHAeH CTaHIapTTaH ThIC
TarnceIpMasiap MeH XaFaainap TyFbI3y.

5. OKy KpI3MeTi 3epTTEYILILIIK XKOHE MPAKTHKAJIBIK OaFbITTaFbl cUMaTTa 0oy.

6. OKymbUTapIbIH ~ KaOUeTiH ecKepe OTBIPBIN, MPaKTUKYM, OKYy jKo0ajgapsl MeH ic-mapanap
YUBIMAACTBIPY.

7. OKymbuTIapasiH 63 OeTiMEH 13eHyiHe KaF1ai xacay.

8. Okymibl OiniM anmy ke3inae OeJceHAl YIbIMIACThIPYIIbI, KATHICYIIBI O0TybIHA K0T Oepy.

9. Kopiiaran aneyMmeTTik opTara OaiaHbICThI MEKTETITIH alllbIK YIITiIeri ®KYHECiH KaMTy.

10. Oky KbI3METiHJIE OKYIIbUIAP O31H/IIK Oaranaypl )Ky3ere acbpy.

Ochbl TananTapsl OpbIHAAFaH JKaFaaiina FaHa Ka3ipri 3aMaH TanaOblHa cail cabaKTapbIH YHBIMIACTHI-
pBUTYBI JKy3ere acanpl. JKana dopmarrtarel cabakrap MiKipTalac, pPONJiK OWBIH, allblK CYpaKTap, MHFa
malybUT peTiHe YHBIMIACTHIPBIIFAH d/IiC-TICUIIEPMEH epeKieneHe [5].

EH THiMIOi Ky3BIPETTINIKTI KaJbIITACTBIpyFa OaFbITTalfaH TalchlpMajiap KarAasTTBIK TarchlpManap
HeTi3iHae Kypbuiaapl. O TancelpManap apKbUIbl ajafaH OLTiMIepiH NMpakTHKala KoJAaHyFa HeMece eMipre
HE YIIiH KQKET eKeHiH TyciHyre 00Jabl.

Cabakra OKYIIBIHBIH KY3BIPETTUIITIH JaMBITY Ka3ipri 3amMaH TajnaOblHA cail JKaHa MeaaroTHKaIbIK
TEXHOJIOTHSIHBIH KOJJaHbUTybIHa oKeneni. Kazipri ke3me Ky3bIpeTTUNKTI KaJbINTacThIpYFa OaFbITTasiFaH
TEXHOJIOTHsIIAp oTe Kon [6—8], oiap: ChIH TYPFBICBIHAH Oiay, sko0aay, 3epTTEeyNILUIIK KYMbIC, TKipTanac
KYPrizy, YKbIMIBIK koHe xkeke oinay, AKT TexHomorusicel T.0. MyFraiiM OyJ1 TEXHOJOTHsIIApJaH Keloip
MbICaJIapbIH cabaKTa KoJIaHFaHHAH Irepi, TEXHOJOTHIHBI TOJBIFFIMEH MEHIepill, COJJaH KeHiH FaHa xykeni
Naii1ajaHFaHbl )KOH.

CabakTa OKYIIBIHBIH KY3BIPETTUIITIH KAJBINTACTBHIPYFa OarbITTalaraH oJlicCTepiHe KEHIHEH TOKTabII
eTyre 00Iab.

Axnapammolx Ky3vlpemminikmi Kaisinmacmolpy 20icmepi. AKMApaTTHIK KY3BIPETTUTIKTI KaJbIM-
TaCTBIPY diCi TAKBIPHIN OOMBIHINA aKIMAPATTHI JKHHAKTAI, OHBI ca0aKKa KOJJaHybl OOJIBIN Ta0bUIAIbI.

AXnaparThl i311ecTipy KOHE OHBI )KHHAKTAY:

— aKmapaTThl KOCBIMIIA opeOuertepieH, VHTepHeT Ke3iHeH, CypakTap apKbUIbl, CyXx0aT apKbUIbI,

Mypakal, KiTarmxaHajaapaaH T.0. aJlbIHYBbI;

— KOII aKnapar ilrHeH TarchlpMalap/s any;

— aKmapar )KeTKiTIKCi3 OOJFaH Karaaijia KaXeTTi MOJTIMET ay.

AKnapaTThl eHIeY:

— OepinreH akmapar iliHeH KaXXeTTi TalChIpMaliap/blH PETTUTIrH aly (JJOTUKAaJIbIK, XPOHOJIOTHSUIBIK);

— MOTiH OOMBIHIIIA )KOCTIAP KYPY;

— MOTiHTe OalJIaHBICTHI CypaKTap JaibIHaay;

— MOTiH OOWBIHIIA IHArpaMMa, CXeMa, KecTe, TpaduK xoHe 0acKka J1a KOPHEKUTIKTep KYPY;

—OKy MarepHaibl Hemece 0acka MOIIMETTep IlIiHEeH HWHTEpIpeTanus, Talay >KOHE aKnapaTThl

KOPBITBIH/IbIIaYFa OaFbITTAIFAH TallChIpMaap;

— MaTepuaNbl KOPBITHIHIBLIAY MAKCATHIH/IA XKYPri3iIeTiH MiKipTaNac, TATKbUIAY TalChipMasaphl.

Axmnapattsl Oepy:

— OastHIaMa, TaKpIphIN OOMBIHINA Xabapiiama JalbIHIAY;

— OKy MaTepuaibl 0oiibIHINA ru1akat, MSPowerPoint TaHBICTBIPBUIBIM JalbIHAAY;

— TaKBIPBIN OOMBIHINA OKY KYPaJIbIH JalbIHAAY;

— KaObIpFa raserti, cTeH ] xabapIaHJpIpy, NIaKbIpy OUIETTepiH, OacKa Ja ic-Iapanap JalbiHaay.

Kewenoi adicmep:

— pedepaTka KaXeTTi MATIMET JNaibIHIay JKOHE OHBI KOpFay, JKOcmap Kypy, KOPBITHIHJIBICHIH JKacay,

oubimorpadusceiH OE3CHIIPY;

— aKmaparThIK OKY >k00anapbl (3KeKe KoHE TONTHIK);

— UHTepHeT-QopyM, 2IeKTPOHIBI MOLITaIaH AJIBIHFAH aKIMapaTThIH TeJIEKOMMYHHUKAUSUTBIK jK00aaphl;

—9p TYpIi 3epTTey >KYMBICTAPhl YCHIHBUIATBIH OKY-3€PTTEYIIUTIK KYMBICTAp, OHBIH IilIiHAE aJbIHFaH

MONIMETTepIl ©HJAeY YIIIH 3epTXaHalblK Oakpuiay, odKcrepuMmenTrep. CoHpal-ak —allbIHFaH
MOJTIMETTEP/Ii JKYHENi TYpJie FhUIBIMHU TYPFhIJIA YCHIHY;
— OKyZIbIH XabapnamanapbiH bAK-11a 371eKTpoH/IbI, TepUIreH HYCKACHIH YCBIHY.
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Kommynuxamuemi xysvipemminikmi Kanvinmacmolpy 20icmepi. KOMMYHUKATHBTIK KY3BIPETTLTIK —
KOMMYHHKAIMSUTBIFBIMEH aHBIKTAJAThIH OUTIMHIH KypJeni KypbUlbIMbl. On TeMeHJeri OipHelle Ke3eHHEH
TYpabl.

BipiHIi ke3eH — KOMMYHUKAIHSIFA KaThICYFa KaXKETTLTIK )KOHE MaKCaThI )KYHeNi TypAe alKbIH/IaIaThIH
©31HJIIK KapbIM-Ka01JIETiHIH aHBIKTATYBI OOJIBIIT TAOBLIA B

Exinimi ke3eH — ©3iHiH MaKcaT IeH MyMKIHJIIKTEpiH €CKepETiH 9[iCTepiHiH KOMMYHHKAIHSICHI.

YuriHIm ke3eH — Coiiey ®aHpbl, MiHE3-KYJIKbI )KOHE KOMMYHUKAIMSIIBIK TEXHUKA JKaFIaiblHa ColKec

TaHJIAYbI.
TepTiHMI Ke3eH — O31H/[IK KOMMYHHUKAITHSL.
Becinmi xoMMyHUKaIms — ©3iHAIK Oaranay, OHBIH JIOpeXkeci, OTKeH KOMMYHHKAIUS OapbICHIHBIH

HoTIXKemNmri. bipak Oyl KOMMyHHKauusHbl Oip-OipiHeH Oejiek KapacThlpyFa OoJIMaiipl, OapibiFbiH Oip
Me3riyiie KapacTelpy Kepek. KeifiH aTamraH KOMMYHHKAIUSl Ke3€HJIEPiH OIpiKTIpim, TONBIK KY3BIPETTLIIK
KOMMYHHKAIUSCHIH anmyFa 6oajpl. COHIBIKTaH OapIiibIK 9J1iC-ToCilIep KeIeH i cuiaTTa OOoJIbI TaObLIa k.

Oneymemmik-eyoex KommyHuxayus aoicmepi. byn onicte TONTBHIK QoOpMamarbl >KYMBICTBI OPBIHIAY
Trimai. bipak Oy MakcaTKa YKBIMIBIK JKOHE KeKe (popMma >KyMbICTapbl COMKeC KeIMEHIi IereH ce3 eMmec.
Byn karnmaiima eH MaHBI3ABICBI — TIENArOTTBHIH KO3JeTeH MAaKcaThl OKYIIbUIAPBIH OpBIHAAIFaH
TarchIpManapbl MEH ©31H/IIK KYMBIC OPBIHAAyMEH KaTap, opinTecTepiMeH bIHTHIMAKTACTBIKTa KYMBIC JKacai
Oiryi OOJIBITT TaOBLTA B

Yorcvimowig-orcexe orcymvic koneminoeei adicmep [9]:

*aJJIbIH aja TalKbUIAHATHIH JKayanTapFa YXKbIMJIBIK CypakTap KOWbUIybl (Ky#enl KoijaHy
Karaaiipiaaa). Ky3pIpeTTiikTi KanbInTacTeIpyFa OarbITTaiMaraH cabak xkarmaeiaaa 3—5 muH anerte 5—10
CYpaKKa jkayar ajla ajaThlH PerpoJyKTHBTI CHUIIATTaFbl jKayam any («IHHT-TIOHT») TYPIHIETI YKBIMIBIK-
xKeke QopMana cypak KoroMmeH Oacrtanmanbl. OHBIH OpHBIHA OCHl  YakbIT apalbIFbIHAA CYPAKTHI
2-4-xe neiliH KhICKapThIN, MpoOJIeMabIK JKaFJasT TYABIPaThIH cypak Oepy aypeic Oomamsl. Cypak Koo
apKpUIBI 1-2 MUH CYpaKThl XKynTa (HeMece TOoITa) Taikbuiayra Oepemi. OChl yakbITTa KYI HEMece TOII
©3/epiHiH MICIIMIiH Oepei;

* OKYIIbUTApPFa MPOOJIEMANbIK KaFiaid TYIbIPAaThIH TarchpMaiap/bl OpBIHAATYFa OarbITTay. MBICABI,
«backateipreiny. Kem akmaparTsl KaKeT €TeTiH Oyl KeIeHIi TarchlpManap OipHeIIe >KYMBIC TONTapFa
Oeminei. TanceipManapibl TOJIBIK OPBIHIAY YIIIH TONTaFbl OKYIIbUIAP Oap KYIITEPiH Callbil, Oap aknapaTThl
(dparmenTTepai Oip ma3nFa KUHAKTay Kepek («0acKaThIprhImKay). Ochl xKarFaaiifa raHa OepisireH TarchpMa
opbeiHAananasl. [la3napiH Tarbl Oip HycKackl — 9p TOM ©3/AEPiHIH THIHAAIBIM (parMeHTTepiH AalbIHAAWIbI,
COUTIN, OAPIBIK THIHIAIBIMIIAFEI (PPArMEHTTEp KOCBUIBIIN, OIpIKTIPLII, TyTaC TYCIHIK Oepinyi Kepek.

Ky3bIpeTTiNniKTI KallbITacThIpyFa OarbITTanFaH cabakTap MIiHACTTI TYp/€ OKYIIbUIAPABIH TONTHIK,
KYNTBIK JKOHE JKEKEe JKYMBICTaphIMEH HOTWKeN Oosaabl. TONTBIK, JKYNTBHIK MKOHE JKEKE IKYMBIC
OapBICBIHAAFHI QJIiC-TociAepIiH OipHele TypepiHe TOKTaNbIN 6TKeH skoH. Onap:

*JKaHa MaTepUalibl OEKiTy VIIH TONTBHIK HEMECe JKYNTHIK, O3IHIIK >KYMBICTAD OPBIHIATY Kepek
(TancelpManap OKyIIbUIApABIH Oip-OipiMeH BIHTHIMAKTACTBHIKTA JKYMBIC Kacayra OarbITTalFaH TypJe
KYPBUTYBI KEPEK, MBICAIIBI, «0aCKaTBIPFBIID) TYPIHIE);

* TOI HEMeCe JKYIITHIK OPBIHIANATHIH 3epTXaHAIBIK, capaMaHIbIK JKYMbIcTap (onapasl cabak OachIH-
Jla — TONTHIK KYMBIC OPBIHIATYBIMEH, cabaK COHBIH/IA O31H/IIK Oaraay COTTepiMeH TOJBIKTHIPY KEpeK);

* TONTHIK MUHU-)00aap (cabaKkTa THIHIAIBIM KOPFaIaIbl);

* Ke3 KeNTreH THITI 3epTTey Hemece KoOalayAblH TONTHIK >KYMBICTapbl (cabaKTaH THIC yaKbITTa
OpBIHAATIATIBI);

* QJICYMETTIK-TICHXOJIOTHSIIBIK JKATTHIFyJIap TPEHHUHT1;

* POJIIIIK )KOHE KACINTIK OWBIHAAD;

* «TOTTA BIHTBIMAKTACTHIKTA KYMBIC JKacay TEXHOJIOTHSCHIHBIHY Ke3 KeJITeH HYCKACHI.

JKeke opbIHIANIAaTBIH TOMEHIETI )KYMBICTAP/IBIH 91C-TACIIACPiHE TOKTAJIBII OTCEK:

* KOMEKIIIJIEp MEH OPBIHIAayIIBUIAPABI KXKET €TETiH KeKe OPbIHAATATHIH )KOOAHBIH Ke3 KeJTeH THITI;

* QJIEyMETTIK pOoOJIEMaHbl NICITY/IiH KeKe MPaKTHKara OarbITTaIFaH )K00aChl.

OKy-manvimMOvlK JHcate KYHObI-MASLIHAILIK Kanpinmacmulpya baseimmanzan a0icmep. OKyIIbUIAPIBI
npoOJieMaHbl TEK OKy Tpoleci Ke3iHIe FaHa eMecC, KeH KOJIEMJETi QJIeyMETTIK KbI3METTe IIelle ayFa
yiipery. MyHza op Typii OarbITTarsl sko0anap MaHbI3/Ibl poJib aTKapaapl. Atan alTKaHaa:

* cabak OachIHJIa HeMece OKy MiHIETTEepiH HICNTy alIbIH/A YKbIM apKBUTBI MAKCATThI TY KBIPBIMIAY;

* YKbIM OOJBIN cabakThl KOPBITBIHABUIAY JXKoHE Oaranay (ca0ak asKTalfaH COH, OKYy MiHIETTEpiH
IISIIKEHHEH KeHiH).
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Oxyubiiapoviy npooLeManblK-0ablmmanzan niKipmanac myovipy a0icmepi:

* IPOONEMAJIBIK OKBITYJIBIH OapJbIK oic-ToCcuiiepi: MpoOJIeManblK Cypak, NpoOJeMallblK MIHIET,
MpoOJIeMAabIK XKaFaaid, IpoOJIeMalIbIK I9pic, IPOOIeMAaIIbIK SKCIIEPUMEHT;

* MPOOIEMATBIK-MOTYJIBIIK OKBITY — COJI Ke37leTi OOJIFaH JKarmaimaarbl OpEKETTI MOJIENbJIEY, OHBIH
IIIH/IEe KOCINTIK OWBIH apKbLIBL;

* OKYIIBUTAPJIBIH IIENIiMiHe KYMOH KenTipy, OacTarkel jKarmaiira KaliTa opay, ©3iHiH KaTelepiH
TY3€Tyre MyMKIH/IK ay 9[icTepi MeH Tociiaepi;

* 0ip Hemece OipHemie MiHAETTEpAl op Typii OanaManbl 9OICTEpPMEH IIENly: TaJlKbUIAYAbIH THIMII
YKarblH KAPaCThIPBIIT, ApTyMEHT apKbUIbI TAIKbLIAY;

* apTHIK MAJIMET OepiireH oKy MiHIeTTepi;

* )KETKUTIKCI3 OKy MiHAeTI OepiireH OojiFaH >KaFgaiga KOCHIMIINA aKMapaTThl i37eCTipy apKbUIbI
TOJIBIKTBIPY;

* Kelic omicTepl (KaFJasTTBIK CEMHUHAp, KAFNAATTBIK MIHISTTEpAi Ienry). byn onic MpaKkTHKAIBIK
MIETTiMI Tajan eTeTiH HaKThI KaFJasTThl TyciHaipeni. Tomka HeMece Keke OKYIIbIFa Kelic Oepiieni — o
MPOOIEMATBIK TAallChIpMara COUKeC ap TYpIi aKmapaTTapIaH TYPAThIH MaTepHUaNIap MaKeTIHCH TYPAIbI;

* 3epPTTEYNILIIIK )KOHE MPAKTUKAIIBIK-0aFbITTAIIFaH )K00anap/iaH TypaThlH Ke3 KeJreH ®Ko0a KbI3METi;

* eMipMeH OaiJIaHbICTHI 13CHY 11 XKOHE 3ePTTEeY/l TAJIal €TETiH MPAKTUKAIBIK )KYMBICTApP (TYPMBICTAFbL,
KOCINTIK, QJI€yMETTIK);

* cabak OaphIChIHAA FaHA XYPri3iJieTIH MUHU-K00a, SIFHU TalChIpMallap YaKbIThl IIEKTEyJNi OONaThIH
yo0anap.

Cabak coHpIHA pediekcus Kacall OTBIPBIN, MYFaliM cabak 0aphIChIHIA OKYIIBIHBIH OKY MaTepPHUANbIH
Kalaii MEHrepreHi »oHe ONlapJblH TCHXOJOTHSJIBIK J>KaFJaibl JKOHIHJE capajiayFa MYMKIHIIK anajibl
(mapray, KbI3BIFYIIBUIBIK JIOPEKEC ) )KOHE Kepi OaiaHbIC )KacaTa OTHIPHI, OlTiMIEpiH OaKbLIail anajbl.

Pedrexcus okymsUiapAbIH MiKipaepiH THIHAAYFA XKOHE 9p TYPJi OpEKETTEpiH alTyFa TallbIHyFa MYM-
KiHaik Oepemi. Peduekcusiiplk KabineTTi Kanmail mambiTyra 6omanei? OKyIIbUIapIaH JOCTYpIi cabakTa He
yiipeHninaep, He OUIMIHAEp JiereH cypakrap Korwora Oonanbl. bynm Myfamimai Je, OKYIIBIHBI Jia
KaHaFaTTaHbIPMAFIbI.

®opma OolipiHIIa peduiekcust BepOanbai (aybl3ila XoHE kazbamra), oOpa3abl (TYC, CypeT, CHMBOI)
Typae OOJIIbL.

1. PediekcuBTi TecT:

— MeH KaKeTTi Kell opi ®aHa MOIMETTEp I OUTIM.

— By maran emipae kepek 6onabl.

— CabaxTa MEHi OWMJIaH/IBIPATHIH KaFAail TybIHIAIbL.

— Ca0akra TybIHIAFaH CypaKTapblH OapbIFbIHA JKayar ajga aiIbIM.

— MeH cabakra KaKChl KYMBIC JKaca[bIM JKOHE MAKCaTKa JKETTIM.

ConpiHIa KiM Oec IUIIOC KOWFaHAAp KOJ KOTEPCiH, KeWiH TepT IUIIOC KOHFaHgap JKOHE YII ILIIOC
KOWFaHIap KOTEePCIH JereH cypak KoHbLiamubl. bysr Oaranmap MyrailiMHIH ©TKI3reH cabarbiHa KOWFaH Oarachl
OOJIBIN 1IbIFaIbI (OKYIIBLIAPABIH ©3/1epiHiH OiiMi Oyt cabakra OaranaHOaib).

2. Tyc petinae KepceTinreH peduekcus:

a) OKYIIBI 63iHiH cabaKTarbl )KaFIaliblHa OAJIAHBICTHI TYCTI KOPCETEi;

Q) ToNTapra TYPJNI-TYCTi JKamblpakiiajap calblHFaH KOHBEpPT TapaThiiafpl. OKymbuap Oy
JKarnbIpaKIIagapabl aK MapaKKka sKarnchIpabl.

3. Kanpail nexreiine TypraHbIMbI3/IbI AHBIKTAY:

— binemiH sxoHe OacKara TYCIHIIPEMIiH.

— Binemin.

— binerinime ceniMcizOiH.

— Binmeiimin.

4. BepOanpai popma — asiKTamMmaraH ceiieM oicTeMeci (aypI3ia xKoHe jkaz0ara):

— Byrin meH cabakra...

— MeH YIIiH KaXeTTi KoHE KbI3bIKThI OOJIFaHBbl. ..

— MeH MbIHA KaFaaiiia KHBIHIBIKTAPFa Ta OOJIbIM. ..

— MaraH MaHbI3/IBICHL...

— Menze eTe KaKChl IIBIKTHL...
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Ky3blpeTTinikTi kKanbinTacTelpyra 6arbiTTanfaH ...

— O3-e3iMe Koaap...

— JKaHa cabakKa KOMILUTUMEHT aiT...

5. Koaranran IUKTaHT:

«Mo» ce3i opHBIHA 1 KOSIMEI3.

«Koxk» cesi opHbiHa () KOSMBI3.

6. Oxymbutap, cabak COHBIHIIA 63 KaFIaiIapbIHbl Oaraianap:

«Op JKYITaH ©31HHIH JKarJalibIHA COMKEC CO3/1 TaHIall, aCThIH ChI3bIHIAP:

— KbI3BIKTBI — KOHLJICI3 (IIAOBITThI CE3eMiH — IIIapIlaFraH/IbIKThl CE3EMiH);

— KBI3BIKTBI — KBI3BIKCBI3;

— KOOAKMMbIH — KOOAKbIMaMMBIH (©3IMe CEHIMIIMIH — CEHIMCI30iH);

— IIapIIaFraH KOKIBIH — KYMBIC JKacayFa ThIPBICTHIM — THIPBICKAH JKOKIIBIH;

— ©31Me pu3aMbIH — ©31M€ pH3a eMeCITiH (HOTHKEI O0JIIbI — HOTHXKECI3 O0JIIbI);

— alyJIaHFaH YKOKIBIH — allyIaH/bIM (IIBLIbIM — IIBIIAMBIM TayChIIJIbI).

7. PecbnexcusabH «KmaccukanbIky Typi:

— Ci3niy cabax anaplHIa KaHAal MaKCaThIHBI3 OOJIIBI )KOHE OJ1 KAaHIIATIBIKTHI JaMBITHULIBI?

— KubIHABIKTap Il aTal OTiHi3: a) TaKbIPHIIITH OKYABI (Tapayabl); o) alllblK CYpaKTapFa skayan Ke3iHze.

— KubIHIBIKTap AR KaHAaM TYpae xeHe OunniHi3? He apKputh?

— TakpipeinTel oKy ke3inze Ci3 yimiH 6acTbl HOTHXE He?

— Ci3 He Hopcere YpeHiHi3?

— TakpIppInTH OKyZa HE COTTI OOJIABI KOHE Here?

— He opsiapanasl xoHe Here?

— OTiITeH TaKpIphI OOWBIHINA CE3IM MEH KOHUI-KYH JTMHAMUAKACHIH CHITATTaHbI3.

8. «KaHanpIk amry KyHIETIT».

Ciznin OyriHHeH Oacram JKyWeni TypHe >KYpri3il OTBIpaThIH JKaHAIBIK ally KYHIENITiHiH OeTiH
BDKJIAFATTBUIBIKIICH TONTHIPBIHBI3. TaKbIPBINTHI OTKEH JKOHE TaIlChIpMa OpBIHIAFaH Ke3/Ie ©31Hi3 YIIIiH allkaH
KaHAJIBIKTBl Oenriien OTHIPBIHBIS. JKocmapiiaHFaH OpeKEeTKE alllKaH KaHaJIbIKKa COWKeC Tajuay >KacaHbI3.
By skeTicTikke Kanaid >KeTTiHI3? AIKaH »KaHaJIbIKTapFa e3iHi3re Oara KoWbIHbI3: a) Ci3 yiuiH; 9) FhuibiM
yiunis; 6) backanap yiiH (ChIHBIITACTap, MyFaigimMaep T.0.).

9. Pednexcust «Tpakrar»:

Bomamak okymbuiapra TpakTar jkaszyna eiecteTiHi3. Tpakrarta CizfiH Herisri HoTHXenepiHi3 OeH
KETICTITIHI3 CUTIATTaHbBI3, «TOIIM alyIIbl» pPETiHJAEe akbUl OepiHi3, HOTH)KE MEH IKETICTIKKE IKETy
KOJIBIH/IAFbI QJIIC TICH TOCUIAEep/l aHbIKTayFa ThIpbICHIHBI3. Kannaii Tanceipma Ci3ai KMBIH Karnaiira JTymap
erti? Here? Men He Tycinmim, HeHi yhpenaim? Kartenikrepai Oonapipmay yuriH He icteyre 6onansi? OKy
Ke3iHJe KaHaii 0inmiM anaeiM? Bomarmak oKynipuiapra Kanaai oi-mikipiep oepeciz?

OKyIIBIHBIH, ~ KY3BIPETTUIITIH ~ KAIBINTACThIpyFa  OaFbITTalFaH  cabakTapibl — camajibl  TypJe
yiBIMAACTBIpYla MyFaliMHEH Konl eHOeK, TepeH OLTMAIIIK, KYLI-Kirep, *aH-KaKTbUIBIK, 13€HIMIa3IbIK,
JKaHa aKmapaT Ke3JIepiH MeWiHIIe THiMJI KOJJlaHa ajaThlH KaKbIp-Kadpar tamam etimeni [10, 11]. Ocwr
aTalFaH MaHbI3/Ibl CUMIATTAP MYFAIIM TYJIFACHIH/IA XKOHE € OKY YPJICIHJIE YTHIMIBI KOJIaHbIIFAH JKaFjaiia
KY3BIPETTUTIK KAJIBINTACTHIPYBIH Canaibl Ja epeli MakcaTblHa jxeryre Oonanpl. CoHJa FaHa ecKeleH
ypriakka camanbl OiTiM aimybslHa Iypeic OarbIT-Oarmap Oepisiin, OKYyIIBUIAPABIH eMipJe TaHJANTHIH KociOu
OaFbITBIHA KETYAE aIacThIPMANTHIH JKOJI aIllbLIAIIBI ST OlIeMis.
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¢ dexTUBHOCTH pa3padoTKu YPOKOB /151 GOPMHPOBAHUSI KOMIIETEHTHOCTH

B crarbe oTME4EHO, YTO OJMH M3 IMyTeH noBbIeHHs 3G (EKTUBHOCTH 00YUCHHUS XUMUH — LIEJICHANPaBIICH-
Hoe (OPMHUPOBAHUE Yy YUalIUXCA KIIOUEBOH KOMMETeHTHOCTH. OOydeHHe CTaHOBUTCS MO-HACTOSILIEMY
3HAYMMBIM U (OPMHUPYET MOTHUBALHIO, €CITH TIPeJIaraeMble y4alluMUCS 3aJaull COAEp KaT MO3HABATENIbHYIO
nHpopmario. VIMEHHO Takue yMeHHs, KaK CIIOCOOHOCTh NPHMEHSTH MOJydYeHHBIE 3HAHUS Ha IIPAKTHKE,
TIPOSIBIIATE CAMOCTOSITENIBHOCTD B ITOCTAHOBKE 3a/lad M MX pEIIeHUH, OpaTh Ha ce0s OTBETCTBEHHOCTH NPH
pelIeHnN BO3HHUKAIONIUX MPOOJIEM COCTABIISIIOT OCHOBY ITOHSTHS «KOMIIETEHTHOCTH». HecMoTpst Ha To, 4TO
Ha CETOJHAIIHUN IEHb yXX€ CIIOXKHIACh HEKOTOpas KJIAacCH(UKAIUs KOMIIETEHTHOCTEH, Kpyr KOMIIETEHT-
HOCTeH, KOTOpbIH He00X0ANMO (POPMUPOBATH y CETOAHSIIHUX IIKOJIBHUKOB, HE ONPEEIEH OKOHYATEIBHO.

G.T.Kokibasova, K.S.Zhumagulova, S.R.Shibaeva, M.S.Zhunisova

Efficiency of development of lessons for forming of competence of students

It is marked in the article, that one of ways of increase of efficiency of educating chemistry- purposefulness
forming at students key to the competence. Educating becomes truly meaningful and forms motivation, if the
tasks offered by students contain cognitive information. Just the same abilities, as ability to apply gain
knowledge in practice, to show independence in raising of tasks and their decision, to undertake responsibility
at the decision of nascent problems — make basis of concept «competence». In spite of the fact that to date
already there was some classification of competence, circle of competence, that must be formed for today's
schoolchildren, not certain finally.
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