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I'PAOUNYECKHUE PEGEPATHI
OBLIAS, HEOPTAHUYECKAS U PUSUYECKASA XUMUSA

KepamMuka Ha ocHOBe 3BTeKTHKH cucTeMbl BaO-B,0;-SiO; n AL,O; ans
NPUMEHEHNs B TEXHOJIOTUHA HU3KOTEMIIEPATYPHOI CO-00KUTaeMoOil KepaMUKH
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Xum. oic. Apmenuu, 2022, m.75, Ne3-4, ¢.230-240

HUcnoab3oBaHue KaTa/Jau3aTopoOB HA OCHOBE OKCHU/I0B M€E€/IU, HUKEJIA U XpoMa
JIIs 0eCcTIaAMEHHOI0 CKUTAaHUSA alleTOHA.

P. P. I'puropsia
C. JI. ApcentseB
JI. A. TaBagsn |

Cxema TeCTHpPOBaHHUS KaTalM3aTOpOB. | — CTaKaH M3 TEIUIOCTOHKOIrO
CTekna, 2 — TallleTKa TecTupyeMoro obpasma, 3 — KepamMuuecKas
MOZICTaBKa, 4 — aleToH, 5 — TepMornapa.

Xum. orc. Apmenuu, 2022, m.75, Ne3-4, ¢.241-247
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OCo0eHHOCTH CTEKJIOBAHNS U CBOICTBA CTEKJIOKPHCTANIHYECKUX
MartepuaiioB B cucreme MgO/MgF2-B203-SiO2.
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Xum. oic. Apmenuu, 2022, m. 75, Ne3-4, ¢.248-257

Koppe.nﬂuml MaTepuagaoB apMAHCKUX, HPAHCKHUX U aCCHpI/IﬁCKI/IX pyKOHI/ICCﬁ
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a- White Lead MM-7840-013b XVII C (Armenian)
b- Whie Lead MM-0115-021b XVIIL C (Syriac)
& White Lead MM-0007-007 XviI € (Iranian)

Xum. orc. Apmenuu, 2022, m.75, Ne3-4, ¢.258-271
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KonedaTeabHbIe M aCHMTOTHYECKHE PEKUMbI KPHOXMMHYECKHUX PeaKIui
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Xum. oic. Apmenuu, 2022, m. 75, Ne3-4, ¢.272-282

CuHTEe3 M Mcc/ieIoBaHUue CBOiiCTB KOMIIO3MTOB TUTAHATA GAPHA CO CTEKJIOM
cucrembl BaO-TiO2-B203
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Xum. orc. Apmenuu, 2022, m.75, Ne3-4, ¢.283-293

OPI'’AHMYECKAS 1 BUOOPTAHUYECKAS XUMUA

CunTte3 npeBpamenns 5,5-Iumernii-3-nponui-2-Tuokco-2,3,5,6-
Terparuapodenso[h]xunazonun-4(1H)-ona u aHTHOAKTEPHAIBLHbIE CBOHCTBA
MOJy4€eHbIX COeTUHEeHMIi.
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Xum. orc. Apmenuu, 2022, m.75, Ne3-4, ¢.294-303
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CuHTE3 M HEKOTOPbIe OHOJIOTHYECKHEe CBOMCTBA COeNHEHMIA, COAePKAIUX B
MoOJIEKYJIe IBa 0CTaTKa 5-(4-rugpoKcuéeH3uiinIeH)-4- HMHIa30/10HA
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Xum. oic. Apmenuu, 2022, m.75, Ne3-4, ¢.304-314

CuHTe3 HOBBIX MPOU3BOAHBIX (l)yHK[II/IOHaJ'ILHO 3aMEIICHHBIX
HHKJ’[OﬁyTaHKapﬁOHOBIﬂX KHCJI0T KAK NOTCHI N AJbHBIX HeﬁpOMO}IyJ’IHTOpOB.
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{{15%35*45%-1,3-dichloro-2,2-dimethyl-
4-(trichloromethylcyclobutyl)
(piperidin-1-yljmethanone

Xum. orc. Apmenuu, 2022, m.75, Ne3-4, ¢.315-320

XUMHUA ITIOJITUMEPOB

Cunre3 kceporeseii Ha ocHoBe npexypcopoB TIOC u AIITIC B kauecTBe
COpOEHTOB OMOJIOTHYECKH AKTUBHBIX COEIMHEHUIA.
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BausiHue ruaApopuIM3UPYIONIHX J00ABOK HA 1ecCOPOLMI0 TUKI0(eHaKa U
(pypazosmroHa n3 KOMIO3UTOB HA CHJIINKOHOBOW OCHOBeE.
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KEPAMHWKA HA OCHOBE 3BTEKTHUKHW CUCTEMBI BaO-B,0;-SiO; u Al,O;
JIJIsI TIPUMEHEHUSA B TEXHOJIOT'A HU3KOTEMIIEPATYPHOM
COOBXXHI'AEMOM KEPAMUKH

A. K. KOCTAHSH*, A. T. MAHYKSIH, K. A. CAPT'CSIH, I'. C. KAPAXAHJSIH,
K. H. 5JIMJISIH, T.B.T'PUT'OPSIH, M. A. IIOT'OCAH

Wucruryt obmei n Heopranudeckoil xumun uM. M.I'. Mansensaa HAH PecriyOnuku Apmenus,
Apwmenus, Epesan, 0051, yn. ApryrsHa, 2 nep., 10
E-mail:aram_kostanyan@yahoo.com

IToctynuno 01.12.2022

B cTtatbe npuBoaaTCs AaHHbIe MO NOMyYeHUo U UCCIIe[0BaHMI0 CBOWCTB KOMMO3MLIMOHHOIO MaTe-
pvana ans TexXHonornm HU3KoTemnepaTypHON coBMecTHO obxuraemon kepamukn (LTCC). Kepamuka
nonyyeHa Ha OCHOBE CTeKra 3BTEKTUYECKOro cocTaBa nceenobuHapHon cuctemsl BaB,0O, — BaSiO;z u
HanonHutenst Al,Os. YcTaHOBNEHO, YTO B AMana3oHe koHueHTpauuin Al,Os oT 40 go 70 macc. % npu
cnekaHum nomumo Al,O3 B KOMMNO3uTax CMHTE3UpyeTCcs BToOpUYHas asa rekcauenb3vaHa (BaAl;Si,Osg).
YBenuueHne cooTHoweHust cTekno/Al,O; B KOMMO3WTax MNpUBOAWUT K POCTYy TemrnepaTypHOro
KoadrumneHTa NMMHENHOro paclUMpeHnst U BENMYMHBI NINEKTPUYECKON NOCTOssHHON. KoMNo3uumnoHHas
KepaMmKa C MCXOAHbIM COOTHOLIEeHneM cTekno/Al,Os paBHbIM 60/40 u cneveHHas npu 920 °C umeet
BENMUYMHY €& pasBHyo 9,13 n tg & <10* naMepeHHoro npu vyactotre 1MIy. MpoyYHOCTb Ha U3rMG Takomn
Kepamuku coctaBnsiet 72,5 Mlla, npoyHOoCTb Ha cxatume - 165,6 Mlla, TKIIP = 66,5 “107-K* un
KOMMO3WUT XMMMWYECKU COBMECTMM C cepebpom. Bce 3TO ykasbiBaeT Ha TO, YTO OH SIBMsieTCs nepc-
NEKTUBHBLIM MaTepuanom Ans NPUMEHEHUSI B NOANOXKKAX AN HU3KOTEMMEPaTypHON COBMECTHO 0BXu-
raemon kepamukm (LTCC).

Bubn. ccbinok 16, puc. 6.

Knroueesvie cnosa: coobxuraemas KE€paMHnKa, JU3JICKTPUICCKUC CBOfICTBﬂ,
60pOCI/IJ'II/IKaTHOC CTCKIJIO, I'CKCAllCJIb3UaH, MUKPOCTPYKTYpaA.

Pa3BuTHE KOMIIIEKCHBIX BBbICOKOYACTOTHBIX MHWHHUATIOPHBIX CXEM IJIA
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9JIEKTPOHUKH CBSI3aHO C TOJYYCHHEM MOUIOKEK IO TEXHOJIOTMH HU3KOTEM-
neparypHoii coBmecTHO oOkuraemoii kepamuku (Low Temperature Co-fired
Ceramic, LTCC). Takue uHTerpanbHble CXeMbl, 0OBIYHO B (JOPME TPEXMEPHBIX
MOHT@XHBIX IJIaT, COCTOAT M3 MHOXKECTBA TOHKUX CJIIOEB KEPAMUKH C HU3KOU
JMAJICKTPUYECKON MPOHHUIIAEMOCThIO (00BIMHO & ~ 4+12) M TPOBOIHUKOB,
KOTOpbI€ HAHOCATCS HA IMOMIOXKKHM M3 IacT, COAEP)KaIlMX BBICOKOAJIEKTPO-
MIPOBOSAIIME METaIbl, B YaCTHOCTH cepeOpo, IOITOMY HX COBMECTHOE CIe-
KaHWe MPOBOJAT IIpH Temreparypax He 6omee 950 °C. Kepamuuecknii mare-
pHuaI TIaThl JOJDKEH 00JIaaTh MajJbIMUA JUAJIEKTPUYECKUMHU TIOTEPSIMH, UMETh
BBICOKYIO TETUIONPOBOTHOCTh, XOPOIIINE MEXaHWYECKHE CBONCTBA M HE BCTY-
[1aTh BO B3aMMOJAEHCTBHE C MATEPUAJIOM IIPOBOJHUKOB IPYU CIeKaHuH [1].

Ha mpaktuke uCmons3yroT 1Ba MOAXOnAA Ul TONYYEHHUS KepaMUYECKHX
MaTepualioB Uil TakuxX miar. [lepBeiif OAX0J - CTEKIOKepaMUYECKH, KOTO-
pBIi TIpennonaraeT MoYTH MOJHOE PAcCTEKIOBAHHE MPEABAPUTEIHHO CBApPEH-
HOT'O CTEKJIa B Mpoliecce crekanus. Bo BTopom, Hanbosee pacripocTpaHEHHOM
crocobe, KepaMHUYECKUil MaTephas IMOJIydaroT CHEKaHHEeM HCXOIHOTO Mmare-
prana, COCTOSIIETO U3 CTEKIA ¢ HU3KOM TEMIIEPAaTypou pa3MAIdeHUs M KpPHUC-
TAJUTMYECKOr0 KepaMHU4YeCKOro HamojHuTens (damie Bcero mopoiika o-Al,O3)
[2,3]. Crekno, mo cyTH, MHIIb CMayMBaeT YacTUIBI KEPAMHUYECKOrO MOPOIIKA
BO BpeMs CIIEKaHUsl, 00ecrieunBasi TNIOTHYIO CTPYKTypy. OObéMHAsT DO MaT-
PUYHOTO CTEKJIa B OCHOBHOM ONpEAEIsIeT MapaMeTphbl CIIEKaHUs, BIUSET Ha
BEIMYUHY JUAJICKTPUUYECKON MPOHHUIIAEMOCTH KOMITO3UIUH, & KPUCTaJUINYec-
KAW HAMOJHWUTENb YITy4IlaeT AWIEKTPUYECKHE TOKa3aTeld, MUHUMHU3HUPYET
neopManio u3meNus M IOBBINACT MEXAaHHMYECKYI0 IMPOYHOCTh KOHEYHOM
KepamMuku. Takum oO0pa3oM, CBOMCTBA KOHEYHOTO KOMIIO3UTAa CTEKJIO ILTIOC
KepaMuKa KOHTPOJIMPYETCS OTHOLICHUEM CTEKJIa M HATIOJHUTENS, a TAKKE UH-
JUBHIYAJIbHBIMU CBOMCTBaMH KOMITIOHEHTOB MCXOOHOW cMecH. IIpomecc cme-
KaHUS TaKOW KOMITO3UIIMH OIMCHIBACTCS TPEMs dTalaMy - MOSBICHHUE >KUIKON
(a3pl, YaCTUYHOE PACTBOPEHHUE B JKUAKOH (haze HAIMOIHHUTENS, W Janee TBep-
nodasnoe crnekanue [4,5,6,7] B HEKoTOpBIX Ciiydasx, poib CTCKJIA 3aKJIrO-
YaeTcsi HE TOJNBKO B TOM, YTOOBI CIYXXHTh CBSI3YIOIIMM KOMIIOHEHTOM JUIS
KEepaMUYeCKUX YaCTHIl, HO TAKXe JJIS B3aMMOJCHCTBHS C KepaMHUYECKUM Ha-
MOJTHUTEJIEM NpU CIIeKaHWH, obecriednBas 0Opa3oBaHWE HOBBIX KPUCTAJUIN-
geckux (a3 ¢ BBICOKUM (aKkTopoM 100poTHOCTH. [8].

CrnenoBaTenbHO, pa3paboTKa HOBBIX MaTEpPHalOB ¢ HAOOPOM TpeOyeMBIX
JMSJICKTPUYECKUX M JIPYTHX CBOWMCTB SIBIISICTCS CAMBIM CIIOKHBIM aCIIEKTOM
JTAHHOW TEXHOJIOTHU.

BonbmIMHCTBO HMCCIIEIOBAaHHBIX COCTABOB CTEKOJI, MCHOIB3YEeMBIX IS T10-
Jy4eHUs] HU3KOTEMIEPaTYPHBIX COO0KHUTaeMbIX MaTEpHAIIOB, OTHOCSTCS K JIeT-
KOIUTaBKUM OOpaTHBIM, OOPOCHUIMKATHBIM, aTFOMOOOPOCUIMKATHBIM CUCTEMaM,
Kotopeie MoauduuupoBansl okcugamu MgO, CaO, BaO, ZnO, PbO. Crekna
3THX CHCTEM MMEIOT HU3KUE 3HAUCHHUS TUDJICKTPUYCCKON MPOHHUIIAEMOCTH (&)

231



U IUAJIEKTPUYECKHUX MOTeph (tg O), HEe copepkaTr Ne(ULIUTHBIX KOMIIOHEHTOB U
HUMEIOT OTHOCHUTEIBHO HU3KYIO ce0ecTOMMOCTh. [1,8,9]

B nacrosmell paboTe mpUBOAATCS JAaHHBIE 10 MOJIYYEHHUIO M HCCIIEI0BaA-
HUIO CBOMCTB KoMIo3umoHHoro marepuana it LTCC Texnonoruu Ha ocHOBE
CTEKJIa 9BTEKTHYECKOr0 COCTaBa IceBao0nHapHoi cucrtembl BaB,0, — BaSiO;
n Hanonuautes Al,Os.

3KCHepI/IMeHTaJ'ILHaﬂ qacTb

B ncesnobunaproii cucreme BaB,O, — BaSiO; umeercst sBTeKTHKA COC-
taBa 54,4/45,6 (monb %) c¢ temmneparypoil mmasnenus 940 °C [10,11]. dust
CHMHTE3a CTEKJIa 3BTEKTHMYECKOI'0 COCTaBa MCHONb3yIOT peaktuBbl BaCOs,
H3BO; u SiO, mapku u.n.a. Bapky crexiia mpoBOIAT B 3JIEKTPUYECKON Meun
conpotuiieHus npu Temmeparype 1200 °C B MIaTHHOBOM THIJIE C BBIIEPIKKOM
npu 3Toi Temneparype 20 muHyT. PacniaB cTekna OTIMBAIOT B IIpEIBapU-
TEJBHO HArpeThie MeTaInuecKrue (POPMbI U OT)KUTAIOT B MY(PEIbHOU TeYu IpH
temneparypax Ha 10 -15 rpagycoB HMKE NMIATOMETPUUYECKUX TEMIIEpATyp
Havana aedopMmanuu CTeKiIa Ui olpeneneHus ero coiicts. CTekio mocie
OTJIMBKH TOJIBEPTAIOT MOKPOMY MOMOJTY B KEpaMHUYECKOW IMIAPOBON MEIIbHUIIC
¢ xkopyHjoBeiMu mapamu (BMU-100) B cpene 3TWIIOBOro cnupTa mpu COOT-
vomennu T: XK = 1: 4 B teuenne § wac. CpenHuil pasmep 4acTHI[ U3MEIlb-
YEeHHOr'0 CTeKJa cocTaBiser 3.5 MKM. Jlamee B Mymblly cTeKia JOOABISIOT
pacuetHOe KonmuyecTBO mopoimika o-Al,O3 mapku A-16SG (Almatis. 'epmanmst)
[12] co cpennum pazmepom uactuil 0.4 MKM M TIEpEMEIIUBAIOT B TCUeHHE 6
vac. [lyneny ¢punsTpyror Ha BopoHKe Broxnepa m ocamox cymrar npu 120 °C.
Jns momydeHuss o0pas3oB KEpaMHUKH METOAOM IIOJyCYXOro IPECCOBaHMS
TOTOBSIT TPECC-TIOPOIIOK ¢ Jo0aBieHHeM cBs3ytomiero (5 % BOIHBIN pacTBOp
MOJIMBUHUIIOBOTO CIIMPTA) B KONMWYECTBE 8 Mmacc. % 1 HeOOIbIIOro KOITUYeCTBa
muoyTundTanata B KadecTBe ractudukaropa. [lyrem oaHOOCHOTO mpecco-
Banus npu aasienuu 30 MIla nmomyyaroT AUCKK M IITAOWKK AJIST ONIPEIeTHUS
NEKTPOPU3NUECKUX, MEXAHWYECKUX M JPYTUX XapaKTePUCTUK KEPaMHUKH.
OOxur 00pa3oB MPOBOIAT B My(heIbHON IMeYr B BO3MYIIHOW aTMocdepe 1o
pexxumy: HarpeB a0 temmeparypsl 500 °C ¢ Bbimepxkoid 60 mun. Ui BBIFO-
paHMs OpraHMYeCcKUX J00aBOK M Jajiee HarpeBaroT 10 TEMIEPaTyphl CIIEKaHUs
C BBIICPIKKOU 60 MmuH.

Pentrenogazorlii ananu3 odpas3noB npoBoaaT Ha npudbope URD-6 ¢ uc-
TOYHUKOM pEHTreHoBcKoro wusnydeHuss CuKo, a 371eKTpOHHO-MHUKPOCKOIHU-
YeCKHe CHUMKH OOpa3llOB KEPAMHUKHU IONYyYarOT Ha CKAaHHPYIOLIEM 3JIEKTPOH-
HoMm mukpockone (SEM) VEGA TS 5130MM npu ycKopsroIIeM Hanps>KeHUH
20 kB.

TemnepatypHblii koadunuent iuneitnoro pacmupenus (TKJIP) crexna u
00pa31oB KEpaMUYECKUX KOMIIO3UTOB U3MEPSIOT Ha quatomerpe JJKBS5S-A no
CTaHJIAPTHOM METO/AMKE, a UCTUHHYIO IUIOTHOCTh - MUKHOMETPUYECKUM METO-
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aom B toiyoie (ITOCT 2211-2020). Onpenenenue AUIIEKTPUYECKUX Mapa-
METPOB - JIMAJICKTPUYECKOH MOCTOSHHOM (€) M TaHreHca yria AUdICKTpUYec-
kux notepb (tg 6) mpoBomsT Ha m3Mmepurene ummurtanca E7 — 20 mpu xom-
HATHOM TemIeparype ¢ UCIOIb30BaHuEM 00pa31oB B Bue AUCKOB ¢ O = 30 ymm
C TOJNIIMHOM He Ooee 2 MM, C HAHECEHHBIM CJIOEM CepeOpsHOM MacThl C Aajb-
HedmmM BxkuraneM no ['OCT 22372-77. Kaxymryrocsi IUIOTHOCTH OIpe-
JETSI0T METOJIOM THPOCTaTHUECKOro B3BEIIMBaHMSA (MeToJ Apxumena) IO
I'OCT 2409 — 2014. Ompenenenrie MPOYHOCTH HA CKATHE U M3TUO MPOBOIAT
cornacHo 'OCT 24409-80 na pa3peiBHO# MamHe ZD — 10/90.

O0cy:xaeHue pe3yabTaTOB

CBapeHHOEe CTEKJIO IBTEKTHYECKOT0 COCTaBa MMEJIO CIEAYIOINe mapameT-
pel: Temmeparypa creknoBaHus (tg) — 510 °C, Temmeparypa Hauama nedop-
Manun (ty,) - 555 °C, nukHOMeTpuyeckas miotHocts — 4,11 o/cm®, TKIIP —
110.0-10”-K™ B unteppane 20-300°C.

Hpouecc CIICKaHUA KCPaMUKU HU3y4daJIM IPU MACCOBBIX COOTHOHICHHUAX
crexino/Al,O3 paBubix 25:75, 40:60, 50:50, 60:40 u 70:30. IIpenBapurenbHbIe
HCCIIEIOBAaHNS CIIEKaeMOCTH 0Opa3IoB MPOBEACHHBIEC MPH Temmeparypax 820
°C, 860 °C m 920 °C mnoka3zamu, 4TO HaWOOJbIIEE YIUIOTHEHHE OOpa3IIbI
nocturany npu 920 °C v BpeMEHHU BBIIEPXKKH | 4ac, MOATOMY JalibHEHIIne
WCCIIEIOBaHNS MIPOBOAMIIMCH B OCHOBHOM IpH 3TUX ycioBusax. Ha puc.l npu-
BEJICHBI PEHTICH IU(paKIHOHHbIE CIIEKTphI crieueHHbIX mpu 920 °C 00pa3ioB
KEpaMUKU TIPU BBIIICYKa3aHHBIX COOTHOILICHHUSAX KOMIIOHEHTOB, KOTOpBIE IO-
Ka3bIBaIOT HAJMYUE B CHHTE3WPOBAHHBIX KOMIIO3UTAX JABYX KPUCTAUTMYECKHX
¢daz — ¢dazy kopyHma, HMIACHTU(DHUIIMPOBAHHYIO IO TOPOIIKOBOMY audpak-
nuonHomy ¢haiiny ICDD PDF 82-1467 u ¢a3y rekcaroHaapHOro IIelIb3HaHa
(BaO-Al,03-2Si0;), naeHTHGUITMPOBAHHYIO 10 MOPOIIKOBOMY TU(PAKIIHOH-
Homy ¢hatiny ICDD PDF 26-0137.

W3 mony4eHHbIX JaHHBIX CIEAYyeT, YTO MPH CIIEKaHUU MPOHCXOAUT B3au-
MOJICHCTBUE Pa3MATYCHHOTO CTEKIa C HAIOJHUTENEM ¢ OOpa3oBaHHEM alio-
MoOCHJIMKaTaTa Oapusi — Ielib3uaHa reKCaroHalbHOM MOIU(UKAINY, B JIUTEPA-
Type UMEHyeMoH rekcanenb3nanoM. CieoBaTeNbHo, ClIeKaHHe B IAaHHOM CITy-
Yyae MpPOTEKaeT M0 MEXaHU3My YaCTHYHO PEAKLIHOHHOIO >KUAKO(DA3HOro cre-
KaHHs, a UMEHHO, pactBopenueM o-Al,O3; B pasmsrueHHOM cTekie ¢ 00pa3o-
BaHUEM HOBOM (ha3bl, C NaNbHEHIINM BBIACICHUEM 3TOH (a3bl U3 HACKIIIIEHHOTO
pacruiasa [13, 14].
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0 - Ba0+Al,0,+2Si0,
+ - Al0,

w M

HuTeHcuBHOCTH

Puc.1 Penrtren nudpakioHHble CHEKTPBI CHEYEHHBIX 00pa30B KEPAMHUKH C MAaCCOBBIM COOTHOLICHHEM
crekio/a-Al;O3, pasaeim 25/75 (1), 40/60 (2), 55/50 (3), 60/40 (4) u 70/30 (5).

VYBenndyeHne B HCXOAHOM COCTaBE COJIEP)KaHUS CTEKJIa NMPUBOAUT K 3aKO-
HOMEPHOMY YMEHBIIICHUIO BETHUUMHBI TU(GpaknnoHHbIX HKOoB Al,O3, omaHako
MHTCHCUBHOCTH OCHOBHBIX ITMKOB TI'€KCalleb3MaHa yBEIWYHBAIOTCS HE3HAYM-
TEJIbHO. DTO TOBOPHUT O TOM, YTO KPOME YKa3aHHBIX KPUCTAJUIMYECKUX (a3,
MPHUCYTCTBYIOMIAs CTeKIo(haza mpeuMymecCTBEHHO 0aprueBOOOPATHOTO COCTaBa,
HACBHIIIAETCSl OKCHIOM AIFOMUHUS U JajbHelIee 00pa3oBaHue TeKcalelib3naHa
TOPMO3UTCSI BBUY MAJIOTO COJEp KaHUSI CHIIMKATHOU cocTaBisomeii. KocBen-
HO 3TO MOATBEPXKJAET TAK)Ke M3MEHEHHE MUKHOMETPHUUECKON MJIOTHOCTH KOM-
MIO3UTOB NPH M3MEHEHHH COOTHOIIeHUs KOMIOHEeHTOB (Puc.2). MunnmansHas
MUKHOMETPUYECKas TUNIOTHOCTh JOCTUTAETCSI TIPH COOTHOIICHWH KOMITOHEHTOB
paBHBIM 0k0110 50/50, 9TO CBUAETENBCTBYET O HACHIIIEHUH CTEKIO(a3bl reKkca-
LeJIb3UaHOM, T.K. TeKcallelIb3uaH UMEET HAUMEHBIIYIO IJIOTHOCTh U3 BCEX KOM-
nonenToB cmecn (3.21-3.28 o/em® mo cpasmenmio ¢ 4.11 o/em® y crekma
3BTEKTHYECKOTO cocTaBa u 3.95 2/cm’ y a - AlLO3).

JlanpHelilee yBENIMYEHUE COAEP)KaHUS CTEKJIA B COCTaBE KOMITIO3ULIUU
YBEJIMUYUBAET IUIOTHOCTh, CBSI3AaHHOE C BBHICOKOW IUIOTHOCTBIO CTEKIJIA IBTEKTH-
YEeCKOro COCTaBa. V3MeHEHHe OTHOCHTENBbHOW IIOTHOCTH, PAaCUUTaHHAS Kak
OTHOIICHHE KaXYIIEHCs IUIOTHOCTM K UCTHHHOW (B JIAHHOM cCllydae K IHK-
HOMETPHYECKOHN) ITOKa3bIBaeT, YTO MaKchuMaiabHOro 3HadeHus (99.1%) ona
JOCTUTAeT i o0pasna ¢ cootHomeHueMm crekino/Al,Oz paBabiM 60/40, manee
HAauMHAeT pe3Ko mnagarh. JlaHHOe OOCTOSATENBCTBO OOBSICHACTCS MOIHBIM
pactBoperneM Al,O3 B cTekIie C N3MEHEHHEM COCTaBa KOMITO3HMIIMHU, TaK KaK B
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Puc. 2. 3aBUCHMOCTh MUKHOMETPUYECKOH MIOTHOCTH (d), M OTHOCHTENBHOMN MIOTHOCTH (V)
KOMITIO3UTOB OT COOTHOIIEHHS cTekI0/AlO3

3TOM Ciy4ae KOMIIO3WIHMS YK€ COCTOMT M3 CTEKIa OapHii-aroMoO0pOCHIn-
KaTHOT'O COCTaBa M KPUCTAJUINYECKON (a3l rekcarenb3nana. OOpa3oBaHue Ha-
CBIIIIEHHOTO pacIliaBa CTEKJIA, CIIOCOOCTBYET IMOJIHOMY IMPOTEKAHUIO B3aWMO-
JEWCTBUSL KOMIIOHEHTOB CTEKJIa U BBIJICIIEHUIO TOJIBKO KPUCTAJUIOB I€JIb3HaHa
IIpU OXJIaXJIEHUH cucTeMbl. CIenoBaTeslbHO, MPU OTCYTCTBHUH BTOPOHM KpHUC-
TaJUTMYECKON (ha3bl Ha PEHTreH TU(PAKIMOHHOM CIEKTpe KepaMHUKHU HCXOJ-
Horo coctaBa 70/30 (puc.l, criekTp 5) MposBISAIOTCS TONBKO AU(PPaKIIMOHHBIE
MIUKU TeKcarenb3uana. [lo-Buaumomy, yBeanueHrHeM o0beMa CTEKI000pa3HoiM
(a3el ¥ MpenenbHO BO3MOXKHBIM BBIICTIEHUEM KPUCTAJUINYECKOH (ha3bl MOKHO
OOBSICHUTD TIPOSIBJICHHE TIPH CIIEKaHWW KOPOOJICHUS W 00pa3oBaHUE 3aKPBITHIX
Mop B THX 00pasiax.

B pa6ote [15] npu cunte3e kepamuku nmo LTCC TeXHOIOrHH HCIIOIB30-
BaHUE OOraToro KpeMHe3eMoM OOpOCHIIMKATHOT'O CTEKJIAa U OKCHJ1a aTFOMHUHUS,
TaKke OBLJIO YCTaHOBJIEHO OOpa30BaHWE IeKcalleNb3haHa, OJHAKO B KayecTBE
BTOPHYHBIX (a3 0TMeYanoch 0Opa3oBaHue Takxke U CHiIuKaToB Oapus (BaSi,Os,
Ba,Siz0g). OTcyTCcTBHE B COCTaBE KOMIIO3UTA B UCCIICOBAHHOW HAMH CHUCTEME
CHJIUKATOB Oapws, MO-BUAMMOMY, MOXXHO OOBSICHUTH TE€M, YTO U3 BCEX BTO-
puuHBIX (a3 oOpasoBaHue (a3bl rekcaneab3nana BISIETCS TEPMOANHAMHYECKH
Han0osee BBITOAHBIM BBUAY OTHOCHUTEILHO HU3KOTO coaepkanus SiO; B cTek-
Jie 3BTeKTHYecKoro cocraBa. Otmernm, 4to pactBopenue Al,Oz B crexiie mpu-
BOJIUT TaK)X€ K YBEJIMYCHUIO BSI3KOCTH CTEKIO(a3bl U, CIEJ0BATEIBLHO, TOPMO-
XKeHUI0 MU (Y3MOHHBIX MPOIECCOB C YMEHBIIEHUEM CKOPOCTH 00pa30BaHUs U
KpPHUCTAJTM3AIMH TeKcalelib3uaHa.
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Puc.3. DnekTpOHHO-MUKPOCKONMYECKHE CHUMKH KepaMHKH coctaBa cTekio / o-Al,Os:
a) 40/60, 6) 50/50 u c) 60/40

DJEeKTPOHHO-MUKPOCKOIIMYECKHE HccaeqoBaHus (puc.3) moKasamd, 4To
MHKPOCTPYKTYpa MOBEPXHOCTH H3JI0Ma KOMIO3uTOB crekio - Al,Os, crievyen-
HeIX Tipu 920 °C B Teuenue 60 mur. WMEIOT OXHOPOAHYIO, TUIOTHYIO MHK-
POCTPYKTYPY ¢ MUKporopamu (muamerp mop 1.2+2.6 mrm).

KauecTBeHHBINT MHKpOaHaIN3, BBHITOJHEHHBIA B JBYX ydacTKax oOpasia
50/50 (puc 4), oTnuyaronmecs Mo CTPYKType MOBEPXHOCTH, MOKAa3hIBAET, YTO B
nepBoM ydactke (cniektp 1) comeprkanue SiO, Oonbllle TITMHO3EMa, YTO yKa-
3bpIBaCT Ha Hammuue (a3pl rekcarenb3nana, a Ha APYroMm (CHekTp 2) - pe3Ko
yBenuunBaeTcs KoHeHTpanus Al,Oz CBHIETEIBCTBYIOMIAS O MIPEBATMPOBAHUT
cTexiogasbl, 000TaeHHON TITMHO3EMOM.

Crnektp 1 Cnektp 2

Puc. 4. Pe3ynpTaThl KAYECTBEHHOIO JJIEMEHTHOTO MUKPOAHAIK3a IBYX y4acTKOB 00pasia
kepamuku crexino/ a-AlyOz mpu MaccoBom cooTrorernu 50/50.

W3BectHO, uT0 paszpabarbiBaembie marepuansl ausi LTCC texHonoruu He
JIOJDKHBI BCTYIIATh B XUMHUYECKYIO PEAKIHIO C MAaTepUaIOM MPOBOTHHUKOB [1].

I[J'IH BBIICHCHUSI COBMCCTUMOCTH MaTcpuajia CHHTe3I/IpOBaHHOI>'I KCpaMHKU C
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cepebpom ObuT cuHTE3WpoBaH oOpaszer; kepamuku cocraBa 50/50 crekio/a-
Al,O3 ¢ nobasnenuem 10 macc. % nopoika cepedpa ¢ pasmepamu dactui] 20-
50 mxm. Ha puc.5 npexncraBieHsl 37€KTPOHHO-MUKPOCKOIUYECKUE CHHUMKHU
MIOBEPXHOCTH M3JIOMa KEPaMHUKM, U3 KOTOPBIX BHUJHO, YTO YacTHUIbI cepedpa
XOpOILIO COYETAIOTCS C MAaTEpHAIOM KEPaMUKHU U Ha TIOBEPXHOCTAX paszzena (a3
He Ha0JI0JaeTCsl IPU3HAKOB B3aUMOJICHCTBUS.

W3mepenne IUAIEKTPUYECKOM IOCTOSHHOM M TaHIeHCa yrila AUDJIEKTPH-
YECKHUX MOTEepbh OOpa3L0B KEPAMMUYECKHX KOMIIO3UIUN MpPH KOMHATHOW TeM-
neparype u yacrtore 1 MI' nokasaiio, 4To qU3JIEKTpUYECcKas MOCTOSHHAs yBe-
JUYMBACTCS C yBeIMUeHUEM cooTHomeHus ctekino/Al,Oz (puc 6), mpuaem mis
BCeX 00pasioB BennumHa tgd Menbine 10, YMeHbIICHNHe BEIMUHHBI IHATICK-
TPUUYECKON IMOCTOSHHOM KOMIO3HMIMM MO CPABHEHHUIO C UCXOAHBIM CTEKIOM U
a-Al,O; oObsicHsieTcst oOpazoBanueM (a3bl TeKcale/lb3uana, Ui KOTOPOM
BeJIMYMHA €, 10 JIUTEPATypHbIM JaHHbIM [16], paBHa 6.5-7. Cnemyer Takxke
YUUTBIBATh, YTO HAIWYHE HEOOJBIION MOPHCTOCTH B KOMIIO3MTE TAKXKE CHHU-
KaeT 3HaYeHHE JTUAJIEKTPHUEcKor mocTosHHON. OOpaTHOe sBIIeHUE, & NMEHHO
yBEITUYEHHUE £, HAOIIOJAETCS MTPH YBEITHMUEHUH OJNH CTEKJISHHON (a3bl B KOM-

IIO3HUTC.

SEMMAG 212x DET. BSE Detector SEMMAG: 501 kx DET. BSE Detector
HY. 2008V DATE 10111722 200 ym Vega OTescan HY. 200w DATE: 1011122 Vegs OTescan
VAC: Hivac Device TSS5130MM PR Amenia VAC: Hivac Device: TS5130MM PR, Amensa

Puc.5.21eKkTp OHHO-MHKPOCKOIUYIECKHE CHUMKH KePaMUKA
cocraBa crekio/o-Al,03 (50/50) ¢ mobaBieHneM mopomika cepedpa

AmnaynornyHas kKapTuHa HaOmromaercs i 3HadeHnit TKJIP obpasmos (puc.
6) KOTOpbIe MOHOTOHHO YBEIIMYMBAIOTCS C YBEIMUCHHUEM COJCPIKaHHsS CTEKIIA B
KOMIIO3UTE, YTO BIOJHE 3aKOHOMepHO, T.K. TKJIP ucxomHoro crekna Hau-
GONBIIMIT M3 KOMIOHEHTOB Kepamuueckoi kommosumun (110.0-107-K* B
untepaie 20-300 °C). OaHOBPEMEHHO MOKHO 3aMETHTh, YTO [0 ONpPEIEIeH-
Horo cootHomenus: crexiio / Al,Os (~ 50/50) yBenuueHue He3HAYMTENBHOE,
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BBUy 00pa30BaHMsI KPUCTAJUINYECKOH (pa3bl 1eIb3nuaHa, UMEIoIIel HauMeHb-
muit Ko3pUIMEHT PacIIMPEHUsI B COCTaBe KOMITO3UIMU paBHbIi (21-22) -10°
"-K* B unteppaine 20-100 °C) [16].

8,pp. MITa €y
- H'_ - 80 | 17
fr: 85 ’ (o [ 16
0 80 | - 15
?._'l ] - B0 - 14
= 75 - w2 L 13

) - 50 ¢
70 / I L 12
1 L a0 [ 11

-/_// [ w0 :

60 - 1 B
n 20 | &8

5564 W

2575 40060 SuS0 60040 7030
CTEKJI0/AL; O3

Puc.6. U3menenus auanektprudeckoi moctossHuol € (1), TKJIP (2) 1 npoyHocTH Ha U3THO 8. (3)
KOMITO3ULIMM OT cooTHOIEHUs crekno/ Al,O3

N3mepenne nmpouHocTH Ha u3rubd oOpas3ioB (puc. 6) mokaszano, 4YTo Mpod-
HOCTh BO3PAcTaeT C YBEIWYCHHEM O CTEKISTHHOW (a3bl 10 COOTHOIICHUS
60/40. Jlanpuelimee yBenmudeHue cooTHomeHus a0 70/30, kak yxke yKa3bIBa-
JI0Ch, TIPUBOIUT K aedopmanuu oOpasloB B TpoIecce CIeKaHus U o0pa3o-
BAaHUIO 3HAYUTEIHLHOIO KOJIMYECTBA 3aKPBITHIX ITOP, TIOATOMY U3MEPEHUS TTPOY-
HOCTH JUISI TaKUX OOpasioB HE MPOBOMMIACH. M3 BcexX HMCCIeAOBaHHBIX 00-
pa3oB, MaKCUMAIIbHON MPOYHOCThIO Ha M3THO 00JalaeT KepamMuuecKas KOM-
MO3HIMS C MCXOAHBIM COOTHOIICHHEM KoMmmoHeHToB 60/40, koropas coc-
taBisger 72.5 Mlla (npounocts Ha ckatue — 165.6 Mlla). Jns 3tux sxe
oOpasmoB BennmunHa & = 9.13, tg <10, a TKJIP = 66.5-107-K™.

Takum 00pa3oM, MPOBEICHHBIC UCCIICIOBAHMSI TIOKA3bIBAIOT, YTO KOMITO3H -
[IMOHHBIN KepaMHYCCKUH MaTepHajl, CHHTC3UPOBAHHBI HA OCHOBE 3BTCKTHKHU
nceBnoouHapHoi cucremsl BaB,0O, — BaSiOz u mopomika a-Al,O; mapku A-
16SG npu mMaccoBoM cootHorrenuu ctekia u a-Al,O3 paBaoM 60/40 siBrisieTcs
MEePCIICKTUBHBIM MaTepUAIOM JUIS TIOJYYCHHUS TOJUIOKEK, HCIIONB3YEeMBbIX B
AJICKTPOHUKE, IO TEXHOJIOTMH HU3KOTEMIIEPAaTypHOW COBMECTHO OOXKHUTaeMOi
KEepaMHKH.

BaaromapuocT: aBTOpHI OJarogapsAT H.0. 3aB. JIAOOPATOPHH MaTepHa-
noegeHuss UOU HAH PA bapansua I'.P. 3a okazanHyl0 moMoIib npu uccie-
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JIOBaHUsI MOP(OJIOTUH MOBEPXHOCTU 00pPa3LOB METOAOM CKAHUPYIOLIEH 3JIeKT-
POHHOM MUKPOCKOIIHH.

Ba0-B,05SiO, ZBUGHGM N EYSEUSPYUSE ZhURNY, bY, AlO; -nd USUSULT
YrUUPYU. SUOMQGIULUSPRULUShL ZUUUSEN, APTUTL
SGhLNINSGPUh VUL

U.. 4. 4NUSBL3UY, U ¢ UL LNRE3UT, b. U. ULMrUSUY, % U. YU MhBL3UY,
4. . EHI3UY, S. 4, $M'hENMr3GT, U. U. ANNUSUL

an;t[tu&nuf phpfud B indpuibp guépgbpdwmnpifwhugfls Swdunkny Fpédnng
(LTCC) hbpwdpljugp vmwgdwi b 4‘wu1{[ﬂL/(}‘{l1Lililb[1/1 bpuphpgug; llL‘[uulfﬁl{Lul{luil
ynffbpp mnwgdby B BaB,O, - BaSiO; Lbno phiiup Awdwlhwpgp Efinklnpl
puqugpacffpuol wopulne AlO, ulyncfife Spdwh Jpuw: Zwuuuuuu[w& E, np
/‘\1203—[1 40-hg 70 % (llluill}l[lu&lu!ﬁil) dfigwljuypnid Ppddwh phiffuigpnod, /‘\1203—[15
pughy, Yndwynghinnod, npybe Ephpnpguwlwi $uwg, opbffbgyncd £ 56pumgbygfui
(BaAlgsigog): Vaygraly i/A1,0 5 Awpwpbpndffpul dESwgnidp Swhgbghng £ géugfil
phpupdwldwh gnpdwhgh b qpbiElpnphly Swumwmndife wth: 60/40 wiyuilyfi/ Al,O3
puqugpncffpudp hndwyngfnwgpte Ghpwdpluh ([J[ﬂh.[mé 920 OC) nchfi & Awnfwiump
9,13 L tg 6< 10" switfufi & IUZ.g S fulpfincffywd wlp: Ugugfrof [hpundfyugf
&hfwt wilpnfyncip hugdoof £ 72,5 UM (wbgddw wdpngndg” 165,6 UNw), ful;
qOugpls plgupdwldul gapdwlpgp Swfwuwp b 66,5 10K "h L hnidwyngpump pp-
dhurgbn Swdunbgbf b wpdw e Skwe Ugy wnfpugibpp fljugnof By npofpuy lnd-
wngpinp qwplkip b hppunk; guépybpdwump8uwiugfpls Swdwn by [fpddwi [ hpudh-
fwilpts mwlygpptbph winwgdwi Swdwp:

CERAMICS BASED ON EUTECTIC OF BaO-B,0; -SiO, SYSTEM AND AL,0;
FOR USING IN THE LOW TEMPERATURE CO-FIRED CERAMICS
TECHNOLOGY

A. K. Kostanyan*, A. G. Manukyan, K. A. Sargsyan, G. S. Karakhanyan,
K. N. Edilyan, T. V. Grigoryan and M. A. Poghosyan

M.G. Manvelyan Institute of General and Inorganic Chemistry NAS RA
Bld. 10, 2 Lane, Argutyan Str., Yerevan, 0051, Armenia
E-mail: aram_kostanyan@yahoo.com

The data on the preparation and study of the properties of a composite material for the
technology of low-temperature co-fired ceramics (LTCC) are presented in this article.
Ceramics based on glass of eutectic composition of pseudobinary system BaB,0, — BaSiOs
and Al,Os filler is obtained. It is found that in the Al,O5; concentration range from 40 to 70
wt.% during sintering in addition to Al,O; the secondary phase of hexacelzian (BaAl,Si,Os)
is synthesized in composites. The glass /Al,O; ratio increasing in composites leads to the
increase of the coefficient of thermal expansion (CTE) and the value of the dielectric
constant. The composite ceramics with an initial glass /Al,O; ratio 60/40 and sintered at
920 °C has &, value equaled to 9.13 and tg & <10 measured at a frequency of 1 MHz. The
bending strength of such ceramics is 72.5 MPa (compressive strength is 165.6 MPa) and
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CTE = 66.5 -10-7-K ™. The composite is chemically compatible with silver, which indicates

that

240

it can be successfully used in low-temperature co-fired ceramic (LTCC) substrates.
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YcTaHoBneHa BO3MOXHOCTb MCMOMb30BaHUs KaTanM3aTopoB Ha OCHOBE OKCWUAOB MEAW, HUKENs v
XpoMa Ans 6ecnnameHHOro CxuraHus aueToHa. Kartanusartopbl Ha ocHoBe meau M okcuga megw(ll)
nposiBUnNKU HauGoree BbICOKYID aKTUBHOCTb WM CTabubHOCTb. COrnacHo MMUKPOCKOMWYECKUMM MCCreno-
BaHWSM B TEYEHWM peakuum Ha WX MOBEPXHOCTM 06pasyloTcs MUKPOpasMepHble YNnopsiAoYeHHble
CTPYKTYpbI.

Bubn. cebinok 13, puc. 4, Tabn. 1.

Knrouegvle cnosa: decriiamentnoe TOp€HUEC, KaTaJIu3, OKCUJIbl MECTAJIJIOB.

BBenenue

B nacrosmee BpeMs sl ONydeHHUs] TEIUia Ha MPOM3BOJCTBE U B OBITY
MIPUMEHSIFOT TOPEIIKH C OTKPBITHIM TutaMeHeM ((dakenbHble Topenkun). [1omo6-
HBIE YCTPOMCTBA MO3BOJSIOT JOCTHYh BBICOKMX DHEPTETHUYECKHX MOIIHOCTEM,
HO UMEIOT CYIIIECTBeHHbIC HeocTaTKu. Cropanue yriieBoAoOpOIHOIO TOIUINBA B
IUIAMEHU YaCTO COIPOBOXKAAETCS HEIOJHBIM CTOPAHUEM, YACTUYHBIM OKHC-
JICHUEM TOKCHYHBIX BHIOPOCOB, a TMPHU BBICOKHX TEMIIEpaTypax oOpa3oBaHUEM
TaK Ha3bIBAEMBIX 'TEPMHUYECKUX' OKCHJIOB a30Ta, OTPABJISIFOIIUX BO3MYIIHBIN
Oacceiin [1]. Kpome BbIienepeyrcacHHOro, GakeabHble TOPEIKH Ha Ta30BBIX
CMECSX M CKIKEHHBIX ra3ax XapakTepU3YIOTCS BBICOKOW MOKapOOIMAaCHOCTHIO
H3-3a BO3MOXKHOCTH yTEYEK Ias3a.

Karanutuueckoe cropanve, KOTOpoe 0ObIYHO MPOUCXOAUT NpU Oosiee HU3-
KHX TEMIIEpaTypax u 00ECIeunBaeT MOJHOE CrOpaHUe JaKe Ta30BbIX CMECEH C
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HU3KUM COJIEp)KaHUEM TOIUIMBA, HE MMEET MEePEUUCICHHBIX BBIIIE SKOJIOTH-
YEeCKUX HEA0CTaTKoB [2-5].

VYuuTbiBas BBIIIECU3JI0KEHHOE, CTAHOBUTCS SICHO, YTO pa3paboTkKa WU Co-
BEPILIEHCTBOBAHNUE OECIIJIAMEHHBIX TOPENIOK Ha YKHUJIKOM TOIUIMBE SIBJISETCS aK-
TyaJbHOU TPOOJIEMOM, TaK KaK OHM HMMEIOT Al MPEUMYIIECTB Mepel Tpaau-
LHMOHHBIMM TUJIAMEHHBIMU YCTpOMCTBaMH. B Takux ycTpoilcTBax MOXHO Op-
TaHU30BaTh JKOJOIMYECKH YHCTOE M OECIIaMEHHOE CKUTaHWE TOILIMBA TMPH
Oosiee HU3KUX TEMIIEpaTypax TOPEHHsI, YTO MO3BOJISIET CHU3UTH BHIOPOC B aT-
Moc(hepy sIOBUTHIX ra30B, OKCHUIOB @30Ta 1 MOHOOKCH/JIA YIJIepo/a.

[IpumensieMble B HACTOSIIIEE BPEMS KaTaau3aTOPhI MPOIECCOB TIYOOKOTO
OKHMCIICHHSI OPraHHYECKAX COCITUHEHU OCHOBAaHBI Ha MCmoib3oBanuu Pt, Pd u
Rh [6-8]. Takme karaim3aTopbl MMEIOT BBICOKYIO IIEHY W BEeChbMa YyBCTBH-
TEJBbHBI K KAa4e€CTBY TOIUIMBA, MOCKOJIBKY IJIATHHOUIBI OBICTPO OTPABISIOTCS
CepoCoIepKAIMUMU COSAMHEHUSIMH, COAEPIKANUMUCS B MPHPOTHOM YTIJIEBO-
JIOPO/THOM CBIPbE.

s mHTeHCH(UKAUN XUMHYECKUX, (PU3NKO-XUMHUYECKUX W TEXHOJIOTH-
YEeCKHX MPOIECCOB MPUMEHSIOT pa3HooOpa3Hble cpeacTBa. OTHUM U3 cIOCO00B
BO3/ICHCTBHSI HA XUMUYECKHE PEAKIH SBIISCTCS MCIIOIB30BaHUE YIIBTPa3BYKa.
BONBIIMHCTBO XMMHUYECKUX PEAKIMA B yAbTPAa3BYKOBBIX TOJSX MPOTEKAIOT B
BOJIHBIX pacTBOpax MpH HAIWYWK KaBUTAIMU. V3BeCTHO, YTO TOJ NEHCTBHEM
KAaBUTALIUM HAIIPABJIIEHUE U CKOPOCTh XMMHMUYECKUX PEAKLMH, MPOTEKAOIUX B
pacTBope, MOT'YT CYIIECTBEHHO u3MeHAThCs [9-11].

Ienpio HacTOAIIETO0 MCCIENOBaHUSA OBUIO YCTAHOBJICHHWE BO3MOXKHOCTH
HCIOJIb30BaHMS KaTalU3aTOPOB HAa OCHOBE OKCHJOB METAJUIOB, B YaCTHOCTHU
OKCHJIOB MEJIH, HUKEJS U XpOoMa JUIsl OECINIAaMEHHOTO CKUTaHMs al[eTOHA.

SKCHepI/IMeHTaHLHaﬂ 4acThb

HccrenoBanus MpOBOIUIIKCH B JIBA dTAIA.

1. TlpuroroBieHHE KaTaIN3aTOPOB.

2. TectupoBaHHe KaTaaU3aTOPOB Ha BO3MOXKHOCTH MPOTEKAHHS CaMo-
MOJIICPIKUBAIONICHCS PEaKIUU KaTATUTHYECKOTO OECIUIaMEHHOTO TOPEHUS
aleToHa.

Bce M3roToBiIeHHBIE KAaTalM3aTOPhI MPEACTABISUTH COOOM MPEecCOBaHHBIC
tabnetku pasmepamu 27X10x4 mm. TlpeccoBaHre COOTBETCTBYIOIIUX MOPOII-
KOB B Ipecc-(popMe OCyIIeCTBISUIOCH PH JaBieHud 80 KUIOHBIOTOH.

bbutn u3roroBieHsl TabaeTku U3 okcuaa meau (copper (I1) oxide <50 nm,
Sigma-Aldrich), okcuna nukenst (99 %, TOCT 30333-2007) u okcuaa xpoma
(99 %, TOCT 2912-79).

JIsisl TIPUTOTOBJICHUSI HAHECEHHBIX OKCHIHBIX KaTaJM3aTOPOB HCIOIB30-
BAJIKCh BOJHBIE PACTBOPBI HUTPATOB cooTBeTcTBYRONMX Metamuios (Copper(ll)
nitrate pentahydrate, 98 %, Sigma-Aldrich; Chromium(lll) nitrate nonahydrate,

242



99 %, Sigma-Aldrich; uuxens(ll) asorHokucibli 6-somubii, 99 %, T'OCT
4055-78) ¢ koHeHTpauuei 25 % akTUBHON (a3bl OT Macchl HocuTels. PactBop
COJIM 3aJIUBAJICS HA ONpEAENEHHOE KOJIMYECTBO HOCUTEINS M BBIJCP)KUBAICS B
TeyeHue 12 ygacos. 3areM, npu temreparype 100 °C; mpou3BoAMIOCH BhIIApU-
BaHME CYCIEH3MH JI0 ITOJIHOI'O BBICYIIMBAaHUS 00pa3La.

B kadectBe Hocureneit ucnonb3oBanu y-Al,03 (99.9 %, TOCT P50151-91,
y.1.a.) u SiO; (99.8 % I'OCT 9428-73, u.n.a.).

Bricymennsiii mopomok nomeniaics B mydenpHyto neus npu 1 = 500 C
I'Jie MpOTeKaJla peakiysl pacnajia HUTPaToB ¢ 00pa30BaHUEM OKCHJIOB.

VnbrpasBykoBas (Y3B) o0paGoTka BOAHBIX CYCIIEH3HWH MPOBOAMIACH B
CTEKJISIHHBIX cocyAax B TeueHue 60 mun. VICTOUHUKOM ylbTpa3ByKOBOI'O U3ITY-
YeHHsI C 4YacTOTOW Vv = 22 x/y CIy>kuj ynbTpa3ByKoBou nucnepratop Y3JH-
2T. JlanpHelinue onepanyud aHAJIOTMYHBI TEM, YTO MPOBOAMIIUCH MPH IMONY-
YEHNU HAHECEHHBIX KaTalIn3aToOpOB.

TecTupoBanue KaTann3aTopoB MPOBOAMIOCH B XMMHYECKOM CTaKaHe M3
TerutocToiikoro crekna (1) Beicotoit 9 cm m aumamerpom 5 cu. B crakan 3a-
muBanu 50 ma aneroHa (99.6 %). DKCiepuMEHTHI POBOAMINCH TIPH CTAOMITh-
HOU Temneparype anerona 25 °C. Cxema TeCTHpOBaHUS IIOKa3aHa Ha puc. 1.

Puc. 1. Cxema TecTHpOBaHUS KaTalM3aTOPOB. | — CTAKaH U3 TEINIOCTOMKOTO CTEKJa, 2 — TabJleTKa
TECTUPyeMOro obpasia, 3 — KepaMHUuecKas MOJICTaBKa, 4 — aleToH, 5 — TepMonapa

Tabnerka TecTupyemoro obpasma (2) HarpeBaisach TOpPEIKOH 10 MOKpac-
HEeHHUs U OBICTPO OIyCKallaCh Ha YCTaHOBICHHYIO B cTakaH (1) kepamudeckyro
noactaBky (3). PaccrosHue oT BepxXHEil IIIOCKOCTH MOJCTABKA 10 YPOBHSA
MOBEPXHOCTH alleTOHA (4) B HaYaJlbHBIE MOMEHT BPEMEHU COCTaBISUIO 2 CM.
UYepe3 HekoTopoe Bpems (~5 MHUHYT) mporecc OeCraMeHHOrO OKHCIICHHS
alleTOHA Ha TMOBEPXHOCTH KaTalM3aTropa MEepeXOIus B CTAMOHAPHBIA PEIKUM.
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Temmneparypa moBepxHOCTH 00pa3IOB, B pEKUME CTAllMOHAPHOTO OecriiamMeH-
HOT'0 TOpeHHUsI, H3Mepsiiack Tepmornapoi (5).

CHuUMKH 00pa3lioB MOTYyYaJIUCh Ha CKAHUPYIOIIEM 3JIEKTPOHHOM MHKpPOC-
kore (SEM) Prisma E (Thermo Fisher Scientific).

Pe3ynbTaThl U UX 00Cy:KIEHHE

B Ttabnuue Nel mpuBeneHbl M3MEpeHHbIE 3HAUCHMs TEMIIEpaTyp MOBEpX-
HOCTH KaTaJHu3aTOPOB U BPEMsi TOPEHHSI.

Kax BHIHO U3 TaONHUIIBI, HAWITYYIIMMA KaTalM3aTOpaMu JIs poriecca Oec-
IUIAMEHHOIO OKHCcIeHus aneroHa ssiusitores Cu, CuO, 25%CuO/SiO,,
25%CuO/Al,03. Haubonbiue Temieparypbl JOCTHTAIOTCS Ha METAIUTHYECKOM
ME/I ¥ MOHOJIMTHOM OKCH/IC MEIH.

Taoa.1
TeMmmnepaTypbl HIOBEPXHOCTH H BpeMs padoThl KATAIU3aTOPOB
Temneparypa Bpems
Karammsarop MIOBEPXHOCTH TECTUPOBAHMS, [Tpumeuanue
T1 c MHUH
TOPUT Ha MPOTsKe-
“ 680 180 HHH BCCI'o TCCTA
CuO 660 180 FOPUT Ha MPOTSDKE-
HHH BCETO TECTA
NiO 560 180 HOCTETIEHHO
paspyiaercs
Cry0s 390 5 racHer
25%Cu0/SiO, 435 180 TOPHT Ha HPOTKE-
HHH BCETO TECTA
25%CuO/Al, O 410 180 TOPUT Ha MPOTSKE-
HHH BCETO TECTA
25%Ni0/SiO, 260 10 paspyuaercs u
racHer
25%NiO/Al,03 410 15 paspymaercsi u
racHer
25%Ni0/SiO, (Y3B) 380 10 paspylaercs u
racHer
25%Ni0/Al,0; (Y3B) 345 10 paspymiaercs u
racHerT
25%Cu0/SiO, (V3B) 0 0 HE TOPHUT

Paspymenue karanmuzatopoB Ha ocHOBe NIO BO3MOXKHO CBSI3aHO C TeM,
YTO, B XOJIe HarpeBa Katajm3aropa, nmpu temieparype 250-252 °C npoucxoaut
¢azoBeiii mepexoa a-NiO B B-NiO ¢ cymecTBEHHBIM U3MEHEHHUEM IIJIOTHOCTH
(ot 6.67 10 7.45 2/cr®) [12, 13].

Ha puc. 2-4 npeacraBieHbl JIEKTPOHHOMUKPOCKOITUYECKHE CHUMKHU KaTa-
nr3aTopoB u3 unctoi Menu, okcuna menu(ll) u okcnna menu(ll), Hanecénnoro
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Ha erMHeBéM, CACIIaHHBIC OO0 W II0CJIC pPCaKLIun OecIIaMEeHHOr o ropeHus
aliCToHa

Puc. 2. SEM cHumKH kaTanu3aTtopa U3 YMCTON MeIH, CAeiaHHbIe 10 (a) u mocie (0) peakiuuu
GecrIaMeHHOr0 rOPEHHMS aLleTOHa.

20.00KV 49 11.1 pam 5000 X 5.00 ps 829 pm

Puc. 3. SEM cuumku katanuszaropa u3 okcuaa meau( 1), caenanusie 1o (a) u mocne (6) peakunu
GecIIaMEeHHOr0 TOPEHNSI ALlETOHA.

Puc. 4. SEM cunmku katanuszaropa u3 okcuaa meau (1), HaHecEHHOTO HA OKCHJI KpEMHUS, CACTaHHbIC 10
(a) u mocne (6) peakiu OECIITAMEHHOTO TOPEHHSI AI[CTOHA.
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Kak BHIIHO U3 CHUMKOB, MPOILIECC TOPEHHS COMPOBOXKIACTCS U3MEHEHUEM
MOBEPXHOCTH KaTaJM3aTOpPOB. B 4acTHOCTH, IiiajKas MOBEPXHOCTh MEIHOTO
KaTajau3aropa (puc. 2a) MOKPHIBAETCS yIacTKaMU MEJKOUCIEPCHOrO MOPOIIKa
(puc. 26), mpeamnonoxutenbuo okcuaa meau (I1). TloBepxHOCTh OKCHIa Mean
(puc. 3a), mpencrapistomas codoil OeCOPSAIOYHYI0 CTPYKTYpPY, MOCIE peak-
[IUYU TIpeBpaIaeTcs B 0oJiee ynops0ueHHYIO CTPYKTYPY, MOKPHIBAIOIIYIO BECh
obpazen (puc. 36). CyuiecTBeHHbIE U3MEHEHUS TPOUCXOAAT TAKKE C MOBEPX-
HOCTBIO KaTajm3aropa Ha ocHoBe okcumaa memu (1), Hanec€HHOro Ha Kpem-
HE3EM.

3akJro4enue
Takum 00pa3oM, HCHBITAaHME KaTaIM3aTOPOB Ha OCHOBE OKCUIOB MEIH,
HUKEJI U XpoMa Ha pa3pabOoTaHHOW KOHCTPYKILHUH JIAOOPATOPHOTO peakTopa
0eCIUIaMeHHOTO TOPEHHsS aleTOHAa I0KAa3aJo, YTO BBICOKYIO aKTUBHOCTh M
CTaOMJIBHOCTD JICMCTBUS MPOSIBIISIOT KaTaIN3aTOphl HA ocHOBE Mean. CoryiacHo
QJICKTPOHHOMUKPOCKOIMUYCCKUM HCCICIOBAHHUAM B TCUYCHUHM PCAKIMMW Ha I10-
BEPXHOCTH KaTaJM3aTOPOB OOpa3yloTCs MHUKPOpa3MEpHBIE YIIOPSI0YECHHBIE

CTPYKTYPBL.

Q1u2h, LhUGLP L LPAUDP 0LURTUEMD PTG YL U WUSULRQUSNM LGP
09:SU.HNrTNRUL USESNUP BLLRNG USIULL ZUUTN

k. (k. $MPENM3LT, U. . UL UBLSEY, L U. AUMBEUL
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fudphihip:

USE OF CATALYSTS BASED ON COPPER, NICKEL, AND CHROMIUM
OXIDES FOR FLAMELESS COMBUSTION OF ACETONE

R. RGRIGORYAN, S. D. ARSENTEV, L. A. TAVADYAN

A.B. Nalbandyan Institute of Chemical Physics NAS RA
5/2 SEvak str., Yerevan, 0014 Armenia
E-mail: arsentievb3@mail.ru

The possibility of using catalysts based on copper, nickel and chromium oxides for
flameless combustion of acetone has been established. The temperature values on the
catalysts surface were measured and their stability during the combustion was determined.
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Catalysts based on copper and copper(1l) oxide showed the highest activity and stability.
According to the electron microscopic studies, microsized ordered structures were formed
on their surfaces during the reaction.
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[Moctynuno 28.11.2022

MOBbILIEHHBI MHTEPEC K CTeKJIOKpUCTaLIaM MarHMeBOOOPOCMIIMKATHOTO COCTaBa, Bbl3BaHHbIN
NnosiBNIEHNEeM HOBbIX obnactei WX MPUMEHEHUs, CBA3aHHbIX C WX 3KCnnyaTtauumend npu  BbICOKUX
Temneparypax 1 AaBreHusix, 06ycrnoBmn BaHOCTb UCCIIE[0BaHUIA, CHDKAIOLWMX TeMnepaTypbl Bapku u
TepMmuyeckon o6paboTku CTeKkon, MOBbIWAKWMX TEPMOCTONKOCTE U MEXaHW4ecKMe XapakTepucTUKu
CTekIoKkpucTannnyeckux matepuanos. 3yyeHbl obnactb 1 0COGeHHOCTH CTeknoobpasoBaHusi, U YacTb
aunarpammMbl COCTOSHUSI nceBaoTponHon cuctembl 0.9MgO/0.1MgF,-B,03-SiO,, xapakTep KpucTanmnu-
3auumn cTekon oT cocTaBa M TemnepaTypbl No paspesdy Mg(Oos Fo2)B20s — MgSiOs npu 4acTuyHom
3aMeHe kucnopoga Ha drop. MiccnegoBaHbl 3aKOHOMEPHOCTU UBMEHEHUST (U3NKO-XUMUYECKUX CBOMCTB
CTEKON W CTEKINOKPUCTaNMYecKux MaTepuarnoB, MOMYyYEHHbIX HanpaBrieHHOW KpucTannusauuei
cTekorn. BbisiBneHo, 4to obnacte 06pasoBaHuUsi CTEKON rpaHMYuUT ¢ 06nacTbio NUKBaLUN B CUCTEME, Fae
B paBHOBecuu npu Temnepartype 1200 °C naxopsiTcs ABa pacnnasa, cogepxalyme pasHble KonniecTsa
MarHMMbopaTHOM M MarHUMACUNMKaTHOW COCTaBnsOWMX. BbiSIBNeHO, 4TO npu HWU3KOTEeMnepaTypHOii
Kpuctannusaumm ctekon, cogepxawmx o 30 mMon.% SiO,, OCHOBHOW KpucCTannuyeckon da3soi
saBnsietca Mg.B,0s, CTpyKTypa KOTOpOW CTPOUTCA Ha ocHoBe nonuuoHoB u3 BOs; n BO4 rpynn, a npu
BbICOKOW TemnepaTtype BblAENsoTCss O4HOBPEMEHHO GopaTt u metacunukat MarHus MgSiOs. O6Hapy-
)KEHO, YTO BBeAeHMe hTopa paclumpsieT obnactb 06pas3oBaHnsi CTEKON Kak B 4BOMHOM, Tak U B TPOMHOM
cucTteme. NokasaHo, YTO NpU OAHOCTaAMNHONW TepMoobpaboTke CTekNa MOXHO CUHTE3NPOBaTbL CTEKIO-
KpUcTannmyeckne marepuasnbsl C OTHOCUTENbHO HU3KMMU 3HAYEHUSIMU TEPMUYECKOro paclumpenus (55-
60)107K™ 1 BbIcOKOW MUKpoTBEpAOCTbIO (HV- 650-700 ka/Mm®).

Bu6n. cebinok 20, puc. 3.
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Knroueswvie cnosa: crexnooOpa3oBaHue, JTUKBAIMs, KPUCTALIIM3ALMs, CTEK-
JIOKpHUCTAJII, TepMUYECKUH M (Da30BBI aHAIN3, TEPMHUUECKOE pACIIMPEHHE,
MHUKPOTBEPAOCTbD.

Bricokast 0JHOPOTHOCTE MHUKPOCTPYKTYpPBI, MPOYHOCTH M H3HOCOCTOM-
KOCTb, XUMUYECKasi U TEPMUYECKasi CTOMKOCTh, BO3MOXKHOCTh TMOJTYyYEHHS T10-
BEPXHOCTH M3JICIUNA BBICOKOT'O KAYeCTBA BBIABUHYIU CTCKIOKPHUCTATUINYECKUE
MaTepuanbl KaKk HamOojee MEepCHEKTUBHBIE MaTepUANbl IJIs pa3BHBAIOIICICS
TeXHUKH. OCHOBHBIM BOIPOCOM B TEOPHH W TEXHOJOTHH TOJYYEHHUS CTEKIIO-
KPHUCTAJIJIOB C OIPE/ICJICHHBIMU CBOWCTBAMH OCTAETCs M3ydeHHE TPOIeccoB (a-
30BOT0 pa3JesIeHNs UCXOAHBIX CTEKON M pa3paboTka Hambosiee ONTUMAIBHOTO
peXHMMa HapaBJIEHHOW KPUCTAITM3AIMHU C TIOTyYeHHUEeM MaTepuaiia HeoOXoam-
MO CTPYKTYpbl U ONpENEJICHHBIMH CBOWCTBAMHU. BO3MOXHOCTH MOJTy4YEHUS
CTEKJIOKPHCTAJUIOB Ha OCHOBE CTEKOJI OOPOCHIIMKATHBIX, OOpOATFOMOCHIINKAT-
HBIX, OKCU(TOPUIHBIX CUCTEM CBS3BIBAETCS C MX MUKPOJIMKBAIMOHHOW CTPYK-
TYpOM, CIIOCOOCTBYIOIIEH MOYUSHUIO MEIIKO3EPHHUCTHIX, B PAJIE CITy4aeB, Mpo-
3pavyHBIX CTEKIOKPUCTAIUIOB, YPETYJINPOBAHUIO MEXAaHWUYECKUX W Terutodu-
3MYECKHX MMapaMeTpoB MaTepuana [1,2].

Haubonee nmepcrieKTHBHBI CUCTEMBI IS CHHTE3a CTEKIIOPUCTAIUIOB (CHUTAI-
JIOB) Ha OCHOBE CTEKOJ amroMocuiankaTHeIX cucreM Me,O(MeO)-Al,03-B,03-
SiO; (Me — mienoYHOM WK 1IeIOYHO3eMENIbHBIA KaTHOH). B cTexiioobpasyro-
IIYIO0 CHCTEMY MOYKHO BBECTH JIPYTM€ KOMITOHEHTHI JJIs1 MOAU(UKAIIUN cOoCTaBa
CTEKOJI U yrpaBJieHHs! (a30BbIX IPEBPALICHNH, TTIOIYYEeHUS MaTeprana Heo0Xo-
IMMON CTPYKTYpPBl M CBOMCTB. B 3aBHCMMOCTH OT BBIIEISIOMINXCS KPHUCTANI-
JTYecKuX (a3, BBICOKUMH TEIUIOPU3UUYECKUMH XapaKTePUCTUKAMHU OTJINYAIOT-
st OpCTEepUTOBBIE U HPHCTATUTOBBIE CUTAILIBI, OTHAKO MarHUHCOAEpIKaIInue CH-
JIMKaTHBIE CUCTEMBI MMEIOT BBICOKHE TeMmIepaTypbl jJukBuayca (T mumaBienus
KPHUCTAJLJIOB: Mg28i04-19000C, MgSiO, -1560 °C)u CHHTE3HMPOBATh CTEKJIA Ha
UX OCHOBE BEChMa CIIOXKHO, HCIIONBb3YsI AK€ BBICOKHE CKOPOCTH OXJIAXKICHHS
pacruiaBa.

YacTuuHast 3aMeHa B OKCHIHBIX CTEKJIaX KUCIOpoJa Ha (GTop, OTIHdaromie-
rocsi HU3KOH MOJNSIPU3YEeMOCTbhIO, TIO3BOJIIET CHU3UTH TEMIIEpaTypy JIMKBUIyCA
CHCTEMBI U BSI3KOCTh PAcCIUIaBa, a MPHCYTCTBHE BTOPOTO CTEKIO00pA30BaTEs
B,O3 crmocoOCTByeT YBENIWYEHUIO CKIOHHOCTH CHCTEMBI K METacTaOMIIBHOM
JMKBAIMH, OOOTalIeHUI0 OAHOH M3 (pa3 OKCHOM MarHus M HarpaBJICHHON
KPHCTaJUTU3AlKEe CHHTE3UPOBATh TEPMOCTONKHE CTEKIOKPUCTAILTHI [3,4].

[Ipu cuHTe3e CTEKOJ MPOMCXOTUT OOMEH aHMOHAMHU MEXKIy OKCHUIAMU H
¢dTopugaMu, B pe3yibTaTe KOTOPOro YacTHYHO (PTOp BCTpamBaeTcs B MEPBYIO
KOOpJMHAIIMOHHYIO cdepy Oopa, oOpa3ys KoMIuleKcHble aHUOHBI [BOs,F]
,Mg?*, a npyras yacTh HOHOB ()TOpA JNIOKANM3YETCS BOIM3M KATHOHA MArHUS B
nozunusix Mg(O,F)4.6, Oonee moABMIKHEI M CIIOCOOCTBYIOT Iporieccy ($pa3oBoro
pazznenenusi (MeractaOmibHOW NUKBaiuu). Mues cesas3piBanus ¢ropa ¢ Gopar-

249



HOM U aJIIOMUHATHOM COCTAaBJISIFOILEH CTEKJIA MOTYYHJIO HAYalIbHOE Pa3BUTHE B
paborax [4-6]. [Ipu uccienoBanuu cepun OOPCOAEPIKAIIUX CTEKOT HA OCHOBE
OKCHU(TOPHUIHBIX CUCTEM II0OKA3aHO, YTO (GTOP COEAUHSACTCS NPEUMYILECTBEHHO
c aToMaMu Oopa U yJepXHUBaerTcsi B CTpykrype crexia. Ilpu cuntese crekio-
KPHUCTAJIJIOB C ONpe/EICHHBIM 3HAYEHUEM TEIJIOBOTO PACIINPEHNUs, CBI3aHHBIM
¢ TKJIP BeigenuBIIMXCS KPUCTAJUIOB, HEOOXOUMO MOJAOUPATh UCXOAHBIN cOC-
TaB CTEKJIa C TAKUM pacueToM, YTOObI OCTAaTOYHAs CTEKJI000pa3Has (a3a Takxke
nmena 0wl Omuskue 3HaueHue TKJIP ¢ kpucramiom. B atom cimydyae naOmro-
JIal0TCsl HanboJiee HU3KUE 3HAYEHUSI OCTATOUYHBIX HAINPSDKEHUH, BOZHUKAIOIINX
Beaencteue pasHuipl TKJIP cocylecTByromux KpUCTAJUIMYECKUX U CTEKIIO-
BUJHBIX (a3.

B pabore n3yueHsr 061acTh U OCOOEHHOCTH CTEKJIIOOOpa30BaHUA, U 4aCTh
JMarpaMMbl COCTOSIHUSL TICeBAOTpoitHOM cuctemsr 0.9MgO/0.1MgF,-B;03-
SiO,, xapakTep KpUCTAITH3aLUK CTEKOI OT COCTaBa M TEMIIEPaTyphl IO paspe-
3y Mg (OggFo2).B203 - MgSIiO; npu vacTuuHO#l 3aMeHe Kuciopoaa Ha ¢Top.
HccnenoBanbl 3aKOHOMEPHOCTH U3MEHEHUS (PU3NKO-XUMHUYECKUX CBOWCTB CTe-
KOl M CTEKIOKPUCTAJUIMYECKHX MAaTepUasoB, IOJYYEHHBIX HAIPAaBICHHOM
KPHUCTAJUIM3AllAEN CTEKOII.

MeToabI HCC/IeI0BaAHMS.

CuHTe3 CTEeKON MPOBOIWICS B KOPYHIIOBBIX THIVISIX TPH TeMIIepaTrypax
1250-1400 °C ¢ mpomomxutensHOCTbIO 30-40 Mum. (CKOPOCTH OXITAXKICHHS
pacriaBa ~10 K-¢™'). B kauecTBe MCXOIHBIX MATEPHANIOB TIPH CHHTE3€ CTEKON
WCIONB30BaHbl XuMmmuuecku umcthie Si0,, MgO, B,O; m MgF,. C uensio
YMEHBIICHUS JIETy4eCTH (PTopa, MPH CHHTE3€ CTEKOJI, MPUMEHSIICS MpeaBapH-
TEIIbHO  CIIEYCHHBIH  OKCH(TOPHI  MarHMs  3BTEKTUYECOrO  COCTaBa
0,9Mg0/0,1MgF;, mMerolero Temmeparypy mmasienns Ha ~35 °C Hike
¢ropuma maraus. CTeKII000pa30oBaHNEe ONPELISIIOCh METOIOM 3aKanku 15-20
2 pacIulaBa Ha MeTaJUIM4YecKol TumTe. Kpucrammsanuio cTekon, TeMnepaTypy
JUKBUIyCa CHCTEMbI M XapakTepHble Temmeparypbl crekia ((g, tr ) usydamu
TepMorpaBUMeTprudYecKkuM aHanm3oMm Ha Q - 1500 nepuartorpade, M3mepenune
TemneparypHoro kodddunuenra muueitHoro pacmupenus (TKJIP) crexon n
CTEKJIOKPUCTAUTMYECKUX MAaTepUalIOB IPOBOAMIOCH HA KBapLEBOM JUIJIATO-
merpe JIKB-4 mpu ckopoctn Harpesa -5 K mun?, Aot 3-107 K. Penrre-
Ho(da3oBbIi aHaym3 mpoBomwn Ha muppakromerpe URD 63 ¢ ucmonb3osa-
HueM CUg,—HU3Ty4eHHUs] 1 HUKEJIEBOro (hUiIbTpa.

IKcnepruMeHTATbHAS YaCTh
N3ydeHHas cucTemMa OTIMYaeTCsl OTHOCHTEIBHO Y3KOW 00J1acThio 00pa3o-
BaHUS TOMOT'€HHBIX CTEKOJ, PACMOI0KEHHOW Ha MOJSIX NEPBUYHON KPUCTAIIIH -
3anuu coequHennii Mg,B,0s 1 M@SiO3; 1 mpuMBbIKaroIIeH K CTOPOHE MCEBI0-
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ounaphoii cucrembr 0.9MgO/0.1MgF,-B,030.9Mg0/0.1MgF,-B,05 (puc.1). B
okcuHOU TpoiiHo# cucteme MQO -B,03-SiO; BbIsiBIieHO 0Opa3oBaHUE MSTH
OMHAPHBIX COCIMHEHUH, KOTOPbIC NPEICTABICHbI OPTOCUINKATOM M METACHIIN -
katamu wmaraus (Mg,SiO;, M@SiO3) u OGoparamu MQs;B,0s, MQ:B,0s5 u
MgB4O;. MeTacuInkaT MIaBUTCS HHKOHTPY HTHO npu 1577 °C, o6pasys pac-
wiaB (MgO 37,5 %, SiO, 62,5%) u kpuctamisl Mg,SiO4, 4TO conpoBOKIACTCS
PE3KUM TIOBBILICHHEM TEMIIEPATyphl JIMKBUIYCA, 3aTPYAHSIOLICH MOTydYeHHE
pacmiaBa. B cucreme He BBISBICHO 00pa3oBaHHE TPOHHOIO COCIMHEHUS, YTO
OOBSICHSIETCSI HECOBMECTHMOCTBIO TPUTOHAIBHBIX OOpPATHBIX M TETPadpHyIec-
KUX CHJIMKaTHBIX rpymi [7,8].

2pT.MgO/MgF2

/\
AN\
Y\ /\
VAV

AVESTAVAN -\
AR TR R LI\
= 80°

MgB4Oy, ..
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8 280
B:0s 20 40 60 SiO,
mon %

Puc.1. O6nactu crekioo0pa3oBaHusi, CTaOMUIEHON JTMKBALUK U YaCTh AHATPAMMBI COCTOSHHSI
CUCTEMBI Mg(OQgFo,z) - BzOg- Si02

B uccinegoBaHHOH cHUcTeME BBIABIEHA 00JACTh CTAOMIILHOH JIMKBAIlUH
nByx paciuiaBoB (Bbime ~1200 °C), rie B paBHOBECHH C KPHCTOOAIMTOM Ha-
XOMATCS JBa paciuiaBa ¢ pasHbiM comepxanuem MgO, B,0; u SiO,. BaxHoit
OCOOEHHOCTh CHCTEMBI SIBISETCS HaIMYKME CTAOMIBLHOM M MeTacTaOHILHOM
HECMEIIMBAEMOCTH B TiceBIoaBoWHBIX cuctemax 0,9MgO/0,1 MgF,-B,03 u
0,9Mg0/0,1 MgF; - SiO,.

OOnacTe IMKBAaMU B TPOMHOH CHCTEME BBIXOAAT HA JIBE CTOPOHBI KOH-
LEHTPALMOHHOT0 TPEYroJbHUKA OTHOCUTEIHHO IIUPOKON MOIOCOH. ABTOpaMu
pa6ot [9] ormedeHo, 4TO 00JACTh JIMKBAIMU B OKCHIHON cucteMe MgO-B,0s-
SiO, 3akaHunBaeTcs, He gocturas croponbl B;03-SiO;. BeisBieHo Takke, 4TO
CKJIOHHOCTh PAacCIUIaBOB K (pa30BOMY paselIeHHIO B CHUCTEMax C MIEJIOYHO3e-
MEJIHBIMH METAJUIAMHU YBEIIMYMBACTCSI MIPU YBEIWYCHUH CHIIBI TOJII MOAU(U-
upytomero karuona [10-11]. ComocraBieHue o0nacTeil HECMENIMBAEMOCTH U,
0co0eHHO, 00JacTH 00pa30BaHMs TOMOTCHHBIX CTEKOJI U UX PACIIUpPEHHE MpU
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BBEJICHUHU (PTOpA, YKA3bIBAET, HACKOJIBKO 3HAUUTENIbHA B OOpCOIepKaluX CUC-
TEMax CIIOCOOHOCTh 00pa3yroIuXcs OKCHU()PTOPUAHBIX CTPYKTYpPHBIX T'PYII
YBEJIMYHThH CKIIOHHOCTh paciuiaBa K cTekiaoo0pasoBanuio [12].

W3 xpusbix auddepennmansHo tepmuyeckoro (JTA) ananusza crexon
BUJHO, YTO CHHTE3UPOBAHHbIE CTEK/IAa OTIMYAIOTCS BBICOKMMHU 3HAYEHUSIMHU
TEMIIEpaTyphl CTEKJIOBAHMS, M3MEHsAOmMMUC B mHTepBane 850-910 °C, a
Havano pasmsardenns — 1025-1040 °C (Puc.2a). Xapakrep KpHCTalIH3aIUH
CTEKOJI, Cy/is 10 MHTEHCUBHOCTH TEPMHUYECKUX I(P(PEKTOB M UX KOJIMYECTBA,
MIPAKTUYECKU HJICHTUYEH.

VHTeHcuBHAs CcTagusl Ipolecca KPUCTAIM3AlMKU CTEKOJ IPOUCXOIUT
seime 1040 °C, xoTopas NposBIISETCS BBHIPAKEHHBIM HH3KOTEMIIEPATYPHBIM
sk30TepMudeckuM 3ddexkrom Ha KpuBbix JTA. 3HaunTENBHBIN SK30TEpMUYEC-
kit 2dexT ¥ MaKkcHMaiTbHas KpucTammsanus crekna npu 1200-1250 °C mo
nanHbiM POA, coorBeTcTBYeT BhiIenenuto Mg,B,0s (puc.20).

CormacHo auarpamMMe COCTOSIHUSI MCCIIEIOBAHHOW CHCTEMBI, Jajiee IMyTb
KPHCTAJUIM3AllNA MOKET IIPOJIOJDKATHCS IT0 NMPAMOM, ITOKa3aHHOM CTPEIKOM Ha
muarpamme (puc.l). BTopoil BeICOKOTEMITEpaTypHBIH HK30T€PMUYECKUN -
dexr ma ITA npossustercs npu 1330-1360 °C 1 cOOTBETCTBYIOT BBIIENECHHIO
Mmeracuirkara Maraus MgSiOs;. TemneparypHbIi HHTEpBall MKy TEPBHYHON
¥ OCHOBHOM KpucTammmueckumu dasamm coctasiser ~60-140 °C, uro yka-
3bIBA€T B MOJIB3Y ABYXCTYNEHYATOH TepMOOOPAOOTKU CTEKON AJIsl MONYyYSHUS
CTEKJIOKPHUCTAJIJIa MEJIKOKPUCTAITHYECKON CTPYKTypoii [13-15].

CrenoBatenbHO, pyu yBenuueHuu cootHorrenus (MgO/MgF,/(B,03+Si0,)
MaKCHUMajbHasi MHTEHCUBHOCTb KPUCTAI-TH3alMM CTEKOJI CMELIAeTCs B HH3-
KOTeMIIepaTypHYIO 00J1acTh.

Inteasity(c.u)
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Puc.2 a. Tepmorpammsl crekon, mo paspesy Mg(Oo o Fo2)-50 mon %, comepxammx: 10, 20, 30 mon. %
MgSiOg3; 6 — PeHTreHorpaMMbl POAYKTOB TEPMOOOPAOOTKH CTEKIIA,
coneprkarero 20 aon. % MgSiOs ipu 850, 1000, 1050 °C.
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Paznuuue cTpyKTypbl CTEKJIOKPUCTAIUINYECKOTO MaTepualla U UCXOIHOI0
CTEKJIa BBIABIISICTCSA B XapaKTepe U3MEHEHUsS UX CBOMCTB B pe3yjbTaTe KpHcC-
TaJUTM3ALlMOHHON TepMOooOpaboTKH cTekoi. B psane ciyuaeB npu oOpazoBaHUU
CTEKJIOKpHUCTaIa OJIM30CTh CTPYKTYPBI CTEKJIA U BBIIEIUBIIMXCS KPUCTAIJIOB
IpeonpeaesseT IIaBHOe U3MEHEHHE CBONCTB CTEKIOKPUCTAJUINYECKUX MaTe-
puanoB. CoBMecTHOE BBEAECHUE OKcUAa U (TOpHAa MarHus NPaKTHYECKH
MIO3BOJIIET IOJYy4YaTh OTHOCUTENIBHO JIETKOIUIaBKUE CTEKJIa C YIpaBlsieMbIM
coziep>kaHreM (propa M Ha UX OCHOBE CTEK-TOKPHCTAINIMUECKHE MaTepHallbl ¢
MIOBBIIIEHHBIMM MEXaHWYECKU-MH XapakTepucTukaMmu. Ilpu cuHTe3e cutamion
¢ Hu3kuM 3HaueHueM TKJIP HeoOXoammo He TOIBKO BBIAENATH M3 CTEKIa
KPHUCTAJJIbl C HU3KMUMHU 3HAUYEHUSIMH PACIIMPEHHUsS, HO U TOAOUPATh UCXOIHBIN
COCTaB CTEKJIa C TaKUM pPacdyeToM, 4TOOBI OCTaTO4YHasl CTeKkJooOpasHas (asza
TAK)Ke MMella CpaBHUTENbHO HU3Koe 3HaueHune TKJIP [16,17]. B atom ciyuae
HaOmoMar0Tcsl HanOoMbIui d(PPEeKT U HU3KUE 3HAYCHHS] OCTATOYHBIX HAmps-
JKeHUH, BO3HUKarommx BcneacTBue pasHuipl TKJIP cocymectByrommx kpuc-
TAJUTMYECKHUX U CTEKJIOBUIHBIX (a3 B CHTAILIE.

wl0,'C H,, kil A*107
[ A.w,_q, e 1 - Crexao
70 2-900C
W1 3.880C 1 3

=Y

-
@ 700

507 650

07 F 600

MgSiO,, woa %

Puc.3.a. saBucumoct TKJIP (1) m Hv (2) curannos ot cocTasa.

Tepmoobpadotka mpu 900 °C, 24, 6. OTHOCHTEIBFHOE YAJMHEHHs CTeKIa, copepxaiero 20 Moi.%
MgSiO3 u CTeKIOKPHUCTAUTHY ECKUX MaTEPHAIIOB, MOJyYeHHBIX TepMOOOPaOOTKON CTEeKIa
mpu 850 °Cu 900 °C, BpeMs BBIIEPIKKH 2 U.

Uccnenoanusa TKJIP u MUKPOTBEPIOCTH OT COCTAaBa CUTAJUIOB, IMOTYYEH-
HBIX TIPH BBICOKOHM Temmeparype Ttepmoodpadotrku (900 °C) cTexon mokazaiw,
4TO C yBeIWYCHUEM conepkaHus B crekiie SiO, U M3MEHEHUs] COOTHOIICHHUS
OOpaTHON M CHJIMKATHOW COCTaBISIOIIMX CIIOCOOCTBYET 0Opa30BaHUIO TOHKO-
KPUCTAJUTMYECKON CTPYKTYpPBhI, XapaKTEpHOU JIJIsl CUTAIJIOB. Y BEJINYEHHE COOT-
HotreHus B crexinokpucrawie MgSiOs)/M@;B,0s crioco6eTByeT, o-BHIAMMOMY,
OoJsiee MJIOTHOW YIMAKOBKE IUIACTUHYATBIX M MTOJIbYAThIX KPUCTAILIOB, o0ecme-
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YMBAIOIIEH MOBBILICHNE 3HAUYCHNUS MHUKPOTBEPAOCTH M IOHMKEHHS TEIJIOBOTO
pacumpenus crekinokpucTtaios [14,18].

B nenom, TeruioBoe pacmmpeHne CTEKIOKpUCTallIa, COAePIKaIlero He Me-
Hee JIBYX MPOCTPAaHCTBEHHO-YBsI3aHHBIX (a3, 3aBucut oT TKJIP cocraBnstomux
(a3, UX OTHOCUTEIBHOIO OOBEMHOIO COAEpXKaHus U Kod(duineHTa BCecTo-
ponnero cxkatusi. CrnenoBarenbHo, ymenbinenue o (TKJIP) curanna, (puc.3a)
00yCJIOBJIEHO YMEHBIICHHEM MOJISIPHOTO 00beMa OCTAaTOYHOM CTEKI000pa3HOiM
MAaTpHIIbl ¥ YBETMYCHUEM KOJIMYECTBA MPOUHBIX cBsi3elt Si-O-Mg B cTpykrype.
Ha pwuc.36. npuBeneHsl KpUBBIE OTHOCHUTEIBHOIO YUIMHEHHsS CTEKJIa, COnep-
xamtero 20 mon. % MQ@SIO; U CTEKIOKPUCTAIUIOB, MOJYYCHHBIX TEPMOOO-
paborkoii crexna mpu 850° u 900 °C. OtcyrcTBHE HAa KpHBOi pacuIMpeHus
CTEKJIa TIOSBJICHUS IUIOMIAJKH TIPH HAarpeBaHUM HIDKE TEMIIEPaTyphl CTEKIIO-
BaHMs yKa3bIBaeT HA OTCYTCTBHE DPEIAaKCAIMOHHBIX MPOLECCOB W MHKPOIHK-
Banuu B crekire [9,19].

[TosiBiIeHME N3IOMOB Ha KPUBBIX OTHOCHUTEIBHOTO Y/UTMHEHUS CTEKIIOKPHC-
TAJUIOB OOBSICHAETCS KaK C HM3MEHEHHEM MHKPOCTPYKTYPHI BEIIECTBa, T.C.
(GOpMBI U pa3MEpOB KPUCTAIIOB, MX B3aUMHOI'O PACIOIIOKECHUS, TaK WU IOJH-
MOp(HBIM MpeBpalieHneM NpH Temmeparype okono 600 °C kmmHosHCTaTHTA
MgSiOj3 B srcTaTut. [1pu MoaM(BUKAIIMOHHOM MEPEX0/i¢ OCHOBHBIC KPUCTAILIO-
rpaduyecKue HampaBlICHUs OCTAIOTCS HEM3MEHHBIMH, a W3MEHSIOTCS TOJIBKO
cs3u Mg — O, npuBOIAMINX K YBETHUYEHUIO TEPMUYECKOTO PACIIUPEHUS CTEK-
nokpuctawio [20]. [ToBeiieHre MEKPOTBEPIOCTH CTEKIOKPHCTAIUIOB C YBE-
nuueHreM coaepykanus MgSiOz B MCXOHOM CTEKJIE CBSI3aHO C YBEJIMYCHHUEM
KOHIIEHTPAIlMH B MPOAYKTAaX KPHCTAIM3AIMA METACHIMKATa MarHus, Kpuc-
TaJUTBl KOTOPOT'0 COBMECTHO C OOpaTHOM COCTaBIIAIOMIEH co37aloT B o0beMe
OCTaTOYHOI'0 CTEKJIa MPOCTPAHCTBEHHBIH KapKac, CIIOCOOCTBYIOUINI yBennye-
HHIO 3HaYeHHs] MUKpoTBepaocTh 10 700 xe/vm?. VicceoBaHus BIUSHHS KOH-
neHtpauuun MgF,; Ha MHUKPOTBEpIOCTh CHUTAJUIOB IIOKAa3alid, YTO BBEACHUEM
¢TOpHUIa BOSMOXKHO PETYIHPOBATH COOTHOIICHUS BBIICTUBIINXCS KPUCTAIIIU-
decknx (a3 M BETHUHHBI MUKPOTBEPAOCTH Ha 50 kec/mm® u Gonee. B obmactn
coxepxanus 20-30 mox. % MgSiO3 3HaueHus cBOUCTB o M HV pakTHyecku He
MEHSIFOTCS, YTO OOBSACHSETCS 00pa3oBaHHWEM EIMHOTO OOPOCHIIMKATHOTO Kap-
Kaca cTekia u BxoxaeHueM terpadapoB B(O,F)s; B mpocTpaHCTBEHHYIO CETKY
crekna. CrienoBaTenbHO, U YBEIMYMBAIOIIUN 00BEMa KPUCTAJUIMYHOCTU U
YBEJMUYEHHS] MUKPOTBEPAOCTH MAaTEpUANIOB IMPH HHU3KOTEMIIEPATypHOU KpHC-
TAJUTM3AalMN CYLIECTBEHHOE 3HAYCHHWE HMeEeT JIMTEIbHOCTh Ipolecca Tep-
MOOOpPa0OTKH.

3akioueHue.

Hccnenoannem cuctembl 0.9MgO/0.1MgF,-B,03-SiO;, BhisiBIeHO 00pa3o-
BaHHE OTPAaHMYCHHOW O00JIACTH CTEKJIOOPA30BaHMS, PACIIOIOKCHHONW Ha IMOJIAX
MEPBUYHON KpHcTamu3anun coeaunennit Mg,B,0s u MgSiO3; u mpumbikaio-
me K rpaHuie o0JacTH JIMKBAIMM B TPOMHON cucteme. OOHApYKEHO, YTO
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BBenenue 3Brektuku 0,9MgO/ 0,1MgF, pacmupsier 06;1acTh 00pa3oBaHUs OK-
CUIHBIX CTEKOJ KakK B JIBOMHOH, Tak U B TpoWHOH cucreme. [lokazaHo, 4To
3HaYeHUs oir U HV cUTaIoOB 3aBUCAT Kak OT COOTHOILICHHS o0bema KpucTa-
muueckux (az Mg,B,0s / M@SiOz, Tak U OT CTPYKTYPHBIX OCOOEHHOCTEH
OCTaTOYHOU CTEKI000pa3HOM MaTpuibl. BbisiBieHO, uTO BBeneHHEM (Topuaa
BO3MOKHO PEr'yJIMPOBATh COOTHOIIECHUS BBICTMBIINXCS KpUCTAUINYecKuX (a3
Y JJTUTENIEHOCTD MPOIECca HU3KOTEMIIEpaTypHOM TepMO0OpaboTKH.

UAUYhUSULL UNULELULUSUNREINRULEME BY, UAULYERSNNMEIUSPY LENhEEMD
2USUNRE3NhuUBME MgO/MQF -B,05SiO, ZUUTHULMHNRT

. 4. UNhUUNRUULSUL, S. 4. SLHGNCSUL,
4, 1, @NLOSUL, U, £, TUSULSUL

lqui:bqﬁnuiﬁ prpnufypljunugpl puqugpn ot wywhbpgnopbgibph iljun-
dwdp wlng Shwmwppppnifynip hwowd £ qpuwhyg hhpuwndih bGnp mpnpnbibph
wnwguwgduwlh Sk’ pupdp ghpduwumpSwibpfi b Sh)dwlh wuwydwhibpnod gpubyg
Zlu/fluqnp&lfuufp‘ wuydwhunfnpfuwd wwpwlne bpdwh b gbpduypl dpwlydwl ghp-
dwumpwhp bfwgbghng, wauwhbpinoipbqughl ynfbpf gbpdwluyniinffyndp L
dhfuwiflpwljwl  plindffugpbpp pupdpuging Abnmwgnmadffyndiibpp Jwplonpn-
yridp: ﬂLunLlﬁlwuﬁpL[bl i wwywlhbgnypugdwl wppngfp b wnwbh 8w Swnlne-
[]!nLiJilbp[l, ﬁilzu.[bu il 0.9 MQO/O‘Z MgFg-B;gOySiOg [[[711() bn.ul[[fl 4wal[wl1L}fl
JpSwhp gpwgpudf Sp Swop, woypudine ppopbpugdwt phagfpt fufefued po-
qupnifyndipg Lo ghpdwunpSwifig Mg(Oo‘gFo‘g)B;gO‘? - MgSiO; hinpiudpp bp-
l[w!il\[gm.[\ PPywonf dwouinulp shnpumppiidwdp  $innpni: ”Lunuﬁlwuﬁpl{bl Eu
nupgapfwd pnepbqugnofnyd vnwgdwd wupuhfbbpf b wwywhbpgnopbqugpl ign-
fhph $hgplpwphdpwlywl Swmnlpndffindihbpf dpndinfuncffyndiibpfh o opfiimsufine-
[yncilibpp: MNupgifby £y np woupwhbgnypuwgdwlh inppnyfPp vwiAdwinelfy £ Swidw-
hwpgp (hpfugpugf mppng i, apmky 1200 °C ghpdwmmp&wbing mwppbp pu-
bwhniffywdp dwgbbghnddp popuinfp b dwgbbghnodp ufypljumug e poqugppsibp
wppnidmlng Eplpne Swpngfibpp Sunfuampmlppnngdoes Sky Ei: Mwpgdbyp B onp
dpiyh 30 lfnl.% SiO, wwpnihwlng wywlhpbibph guépybpdwumnfifwif pynopbqug-
dwl dwdwinly Apdbwlwh pynpbqugpln $uigp Mg.B,0; £ npf Gwnnogdwépp
huwgdfuws £ BO; & BO, fdpbpf wnppnbibpfy, hulp pupdp shpdwumpuwihnf
Shwdwdwimly whynnnynd by dwgbbgfnolf pnpunn b Shmwafyfljum MgSiOg:
”]Lu[ulllbl Ey, np $punpp whpdncdncdh phyyugingd b wwpuhbgnypugdwl mfipngffp
fiswbu Eplpwlf, wyhbu by Enwhp Swdwlupgbpnof: gnLJg Ewmpdwé, np ghpdwgpl
phpupdwldwl gnpdwlgf Swdbduwnwpwp gudp (55—60) 107K 1 pupdp dhljpn-
fwpépncfful (HV-650—700 l[q/d'd'z) wpdbphbpny wwywhbpinipbqugpl byndfdlbpp
hwpng B wptuffhgdby dpuwuwmfp@winugpln gbpduwgfii dowlpdwdp:
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FEATURES OF THE GLASS VITRIFICATION AND PROPERTIES OF GLASS-
CRYSTALLINE MATERIALS IN THE MgO/MgF, -B,0; -SiO, SYSTEM

Ye. V. KUMKUMAJYAN, T. V. GRIGORYAN, V.
P. TOROYAN AND N. B. KNYAZYAN

M.G. Manvelyan Institute of General and Inorganic Chemistry NAS RA
Bld. 10, 2 Lane, Argutyan Str., Yerevan, 0051, Armenia
E-mail: knigo51@mail.ru

The increased interest in glass-ceramic of magnesium boron-silicate composition,
caused by the emergence of new areas of their application associated with their operation at
high temperatures and pressures, determined the importance of studies that reduce the
temperatures of melting and heat treatment of glasses, and increase the thermal stability and
mechanical characteristics of glass-ceramic materials. The area and features of glass
formation, and part of the state diagram of the 0.9MgO/ 0.1MgF, - B,0; -SiO, pseudo-
ternary system, the nature of glass crystallization as a function of composition and
temperature along the Mg(Ogg Fo2) B,Os— MgSiO; section with partial replacement of
oxygen by fluorine were studied. Regularities of changes in the physicochemical properties
of glasses and glass-ceramic materials obtained by directional crystallization of glasses are
studied. It was revealed that the area of glass formation borders with the area of liquation in
the system, where two melts containing different amounts of magnesium borate and
magnesium silicate components are in equilibrium at a temperature of 1200 °C. It was
found that during low-temperature crystallization of glasses containing up to 30 mol.%
Si0,, the main crystalline phase is Mg,B,O0s , the structure of which is built on the basis of
polyions from BO; and BO, groups, and at high temperature magnesium borate and
metasilicate MgSiO; precipitate simultaneously. It has been found that adding the fluorine
expands the region of glass formation in both binary and ternary systems It has been shown
that glass-ceramic materials with relatively low thermal expansion values (55-60).107. K™
and high microhardness (Hv-650-700 kg/mm?) can be synthesized with single-stage heat
treatment of glass.
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Continuing research in the field of dyes, inks and papers used in medieval manuscripts, the
department of restoration of the Scientific Research Institute after M. Mashtots (Matenadaran)
tries to decode various materials typical of the manuscript culture of neighboring countries and
find the edges of the interaction of cultures. For this purpose, the Matenadaran's restoration
department started researching comparative structures of Iranian, Syriac and Armenian
manuscripts in the XVII-XX centuries. This study reveals the interplay of cultures in neighboring
countries, which also enriches historical knowledge in the field of paints, inks and calligraphy.
Studies performed with the help of modern equipment have revealed numerous similarities in the
structures of these materials; unique materials specific to individual cultures have also been
found.

Fig.12, Tab 6., Ref. 4.

Key words: dyes, ink, paper, structure, parchment.

Problem setting and timeliness.

In recent years, as a result, of the re-equipment of the Matenadaran's resto-
rationdepartment, it has become possible to begin deciphering the structure of
the materials used inmedieval Armenian manuscripts.The main goals of the
works are:

- Conduct a new comprehensive survey, equipped with modern methods of
dataprocessing,
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- Proper interpretation of conclusions, using a database that allows not only
to search fordata related to the material, but also can technically relate to
descriptions of Armenianmanuscripts around the world.

In the Matenadaran's restoration department, the researches of the paints,
inks, paper, parchment and covers of the medieval manuscripts of about 180
medieval manuscripts written in the Artsakh writing centers and preserved in
the Matenadaran manuscript have been successfully completed[1].

These researches have given rise to new ideas, which are based on
comparisons between the ink of other manuscripts of regional peoples near
Armenia and among other writing materials (Fig. 1) [2].

Fig. 1 Armenian, Persian, Assyrian Empires about 600 B.C.

At the initial stage of the research, paper manuscripts written in the XVII -
XX centuries were selected from the Matenadaran collection, which represent
the Armenian (Tab. 1), Iranian (Tab. 2) and Syriac (Tab. 3), manuscript art.

Fig. 1 Armenian, Persian, Assyrian Empires about 600 B.C.
At the initial stage of the research, paper manuscripts written in the XVII -

XX centuries were selected from the Matenadaran collection, which represent
the Armenian (Tab. 1), Iranian (Tab. 2) and Syriac (Tab. 3), manuscript art.
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Armenian Manuscripts

Table 1

Property number of
the manuscript
(Mashtots M ; v £
Matenadaran MM a:;rs::pt crEZtrign Location
Collection of
Armenian
Manuscripts)
Papchan village
3542 Gospel 1659 (Verin Zagam )
7840 Gospel 1693 Khanatsakh Village
. Datei
8505 Collection 1699 Monastery, (Syunik)
3971 Mashtots 1766 Gandzasar(Artsakh )
Ordination
Hovsep
Artsakhetsi, a
2990 book on 1835 St. Jacob
theoretical
philosophy
10107 Collection 1868 Khankand (Shushi )

Table 2
Iranian Manuscripts
Property number of the
manuscript . . .
(MM Arabic manuscript Manuscript name Year of creation Location
collection)
Picture from the
7 collection after Luiza XVIIC Iran, Isfahan
Aslanyan
548 Nizami (Khamsa) 1677 Probably Iran
Nizami, Makhzan al-
1744 Asrar, Hafr Peykar, 1825-26 Probably Iran
Eskandar Name
503 Muhammed Taghi 1842 Probably Iran
Tupshi, bazm ara
535 Firdousi, Shahnameh 1830 Probably Iran
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Syriac Manuscripts

Table 3

Property number of
the manuscript . Year of .
(MM foreign Manuscript name creation Location
language collection)
9 Turgame, ostsyrisch 1705 Unknown
Monastisches
203 Gebetbuch, 1956 unknown
westsyrisch
179 Calendar XIXC Unknown
180 Missal XIXC Unknown
Methodology

The study of dyes, inks, paper and patchment was performed in different
light absorption ranges, as well as with the help of spectral analysis. IR-spectro-
scopy techniques are very suitable for investigating historical materials, espe-
cially for studying the composition of inks, dyes, paper, etc. FT-IR spectros-
cope provides nondestructive research.

Regarding the practical part. The pages of the manuscripts that are being
studied are placed on the XYstage of the spectroscope, with a careful touch of
the detector, the infrared light passes through a crystal of a certain material
(germanium) and interact with the sample, which is pressed onto the crystal. Be
advised, that good contact between sample and crystal is very important!

From this a spectrum is obtained, that shows all substance specific charac-
teristics.

Studies were performed with:

1. Digital Microscope Dino LightAD 411377 3T-12 V (R4) with
resolution 1.3 megapixels

2. FT-IR Bruker’s “LUMOS” Spectrometer equipped with Germanium
cell detector in spectral range at 4000 - 600cm™ at 4cm™ resolution. Com-
pounds have been recognized by comparison with spectra of pure minerals
and/or databases [3].

3. lodine Method (Herzberg Reactive) for Determination of Fibrous
Composition, consisting of dyeing paper fibers on an object glass with a
solution of chlorine-zinc-iodine and inspection with constant lighting of the
dyeing of the fibers[4].

4. Optical Microscope, Biolam, MBI 3 with 20X magnification in
constant lighting

Results
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1. Study of inks

The following comparative features and matches with the inks used in the
manuscripts of the three different cultures.

For example, in the case of black ink, there are three types of inks in
Armenian manuscripts. Syriac lacks pure carbon ink, and Iranian manuscripts
make the most of the carbon ink version, except for the mixture of green
walnuts and charcoal ink found in Shahnameh (Tab. 4).

Tab. 4
The inks of the manuscripts under study
Ink Armenian Syriac Iranian
Pigment
Carbon
Walnut-Carbon mix. . few Pages of
Black Iron-Carbon mix. V\:?:)r:ﬁggzs:r:ngx' Manuscript No.548
Carbon ' are used Walnut-
Carbon mix.
Red Armenian Cochineal Cochineal Cochineal
Green Verona Green Earth - i
Blue Lazurite i )
Ultramarine Blue
Yellow Gold - i

In the IR spectra below, the absorptions of the inks are clearly visible,
revealing the differences and coincidences of the raw materials used.

Black ink in all cases of walnut ink, the absorption corresponds to the
range 1318-1324 cm™ (Fig. 2).

In the case of Iron gall ink, which is found in Armenian-Syriac ma-
nuscripts, the result of the spectrum study is as follows. Considering only the
spectra for inked areas, the chemical [S (O=) ;] exhibit transmittance band at the
region between a, b (1456, 1461 — 1329, 1322) cm™ (Fig. 3).

Examination of carbon ink in Armenian and Iranian manuscripts in IR light
shows that carbon ink is completely absorbed (Fig. 4).
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Fig. 4 Carbon ink under ordinary light (A, C) and IR light (B, D),
MM-2990-009 XIX C (A, B) (Armenian),
MM-503-026a XIX C (C, D) (Iranian).



Red ink in all the manuscripts examined, the red ink was identified as
Cochineal (Fig. 5).

Since the Armenian Cochineal is one of the most common red paints in
Armenian manuscripts, therefore, we have thoroughly studied it, the
coincidence of the Syriac-Iranian Cochineal absorption with the Ararat can be a
basis for assuming the purchase of a Cochineal used in neighboring countries
from Armenia in the middle Ages.

This hypothesis still needs to be refined, which should be based on in-depth
studies with a combination of modern equipment.

°
i}
1420
13
\—mm
W
— 874
3
\

)
&
1

-

§
B
g
&

T T T
2200 2000 1800

—hSZHﬂré‘. g

— 14183
—1370.72

o1
] 7 ;
5 i S / \ J

0134 en’

Absorbance
e

T T T
2200 2000 1800

wbwg
g
8

—_— 74
— 131461
— 131922

SN

2200 2000 1800 1600 1400 1200 1000 800 600
Wasenumber cm1

a- Syriac Cochineal MM-0115-021b XVIIC
b-Armenian Cochineal MM-3542-016b XVIIC
c- Iranian Cochineal MM-0548-313b Xviic

Fig. 5 IR-Spectrum Cochineal (Syriac, Armenian, Iranian)

The result of the spectrum study is as follows: {3,5,6,8-tetrahydroxy-1-
methyl-9,10-dioxo-7- [3,4,5-trihydroxy-6- (hydroxymethyl) oxan-2-yl] anthrax-
cene-2-carboxylic acid}. ab,c (874,875,876) cm™' deformated vibration of
(CH) groups. a, b, c, (1014, 1028, 1028) cm™! stretching vibration of (C-O)
groups. a,b,c, (1322, 1370, 1319 — 1420, 1418, 1417) cm™' deformated vib-
ration of (CH,—CHs) groups. a,b,c, (1627, 1621, 1626) cm™" absorption double
bonds of anthracene.

Green ink was found only in Armenian manuscripts as Verona Green Earth

(Fig. 6).
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a-Verona Green Earth MM-0007-007a XxvII C (Iranian)

b-Verona Green Earth MM-8508-115a XVIII C (Armenian)

Fig. 6 IR-Spectrum Verona Green Earth {K [(Al, Felll), (Fell, Mg)] (AlSis, Siy) O1o (OH),}

Blue ink found in the form of lazurite ink only in Armenian manuscripts
absorption 968 cm™ and Ultramarine Blue also in Armenian manuscripts
absorption 1028.56 cm™. Yellow ink, in the form of gold was found only in the

Armenian manuscript.
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2. Study of pigments

Fig. 7 A (Armenian MM-7840-027b), B (Iranian MM-0548-222a), C (Syriac MM-0009-028a)
illustrated manuscripts

Table 5

Pigment component of Manuscripts

Color Armenian | S_yrlac | Iranian
Pigment
Armenian Cochineal .
Red Cochineal Cochineal
\erona Green Verona Green
Green Verdigris Earth Verdigris
Earth
Emerald Green
Ultramarine Blue Ultramarine Blue
Blue Lazurite Ultramarine Blue Azurite
Prussian Blue Prussian Blue
Yellow Gold - Gold
. . Pigment White
. . . Pigment White
White Pigment White Crushed egg crust Crushed egg crust
Gypsum

The table above shows many similarities between the materials used in the
manuscripts of neighboring countries, from which pigments of the same name
were obtained in the Middle Ages.

The red color as in the inks was in all cases identified as Cochineal (Fig. 5).

Green color in Armenian and Iranian miniatures, which coincides with
Verona Green Earth pigment. The result of the spectrum study is as follows: a,
b (3538/ 3403, 3531/ 3398) cm™' (Hydroxyl stretching). a, b(1648,1648) cm™
(Hydroxy! bending). a, b (1110/ 1049/ 1029, 111/ 1057/ 1032) cm™ (Si-O
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stretching). a, b (781/ 748/ 671, 777/ 754/ 670) cm™! (R-O-H) bending (Fig. 6).

Verdigris is found in Syriac and Iranian manuscripts.The result of the
spectrum study is as follows: the bands at a, b (1559/ 1415, 1567/ 1400) cm™!
are due to the presence of the (COO-) group and correspond to the asymmetric
stretching and symmetric stretching vibrations of the (C-O) bond in the acetate
group. Bending modes of the (C—H) bond are observed at a ,b ( 1014, 1010)
cm™! (Fig. 8).

a-Verdigris MM-0009-023b XX C (Syriac)

b-Verdigris MM-0535-746 XixC (Iranian)

Fig. 8 IR-Spectrum Verdigris (copper acetate).[Cu (CH;COO) ,+Cu(OH),+H,0]

Emerald Green is also present in Iranian manuscripts as a green pigment.
The result of the spectrum study is as follows: the presence of the ester
absorption group (C-O) and the absorption group (CH;) at wavelength 688 cm’
! the presence of a metal carboxyl absorption group (COO) at wavelength 1556
cm™, a strong absorption group (As-O) at wavelength of 633 cm™,and the group
(OH) at the wavelength 1450 cm™ (Fig. 9).

The color blue was identified in all manuscripts as Ultramarine Blue in the
range

1012-1028 cm™,

Prussian blue pigment is present in Armenian and Syriac manuscripts in the
range of 2085 cm™.

Lazurite was found in Armenian manuscripts in the range of 968 cm™.

Azurite is in Iranian manuscripts. The result of the spectrum study is as
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follows: 3420 cm™ stretching vibration of hydroxyl unit, 1488-1406 cm™
Carbonate antisymmetric stretching vibration, 1026-949 cm™ (CH,)
Deformation mode, 833-815 cm™ Bending mode for carbonate (Fig. 10).

Fig.10 IR-Spectrum Azurite

Fig. 9 IR- Spectrum Emerald green
[2CuCO3'Cu(OH).]

[Cu(CH3COO0) 2.3Cu (AsO2)2]

The yellow color in the form of gold was found in Armenian and Iranian

manuscripts.
The color white as Pigment White (White lead) is found in all manuscripts.

The result of the spectrum study is as follows: Shows a strong band near a,
b, ¢ (1398, 1397, 1391)cm™! due to the antisymmetric stretch of the carbonate
group, plus bands near a, b, c (680 /1044, 678/1027, 679/1043)cm™" which are

due to the carbonate group and a hydroxyl (O-H) stretching band near a, b,
(3528, 3526, 3535)cm™! (Fig. 11).

a- White Lead MM-7840-013b XVII C (Armenian)
b- White Lead MM-0115-021b XVIII C (Syriac)
- White Lead MM-0007-007 XvII C (Iranian)

Fig. 11 IR-Spectrum White Lead [2PbCO;5-Pb(OH),]
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Crushed egg crust is found in Syriac and Iranian manuscripts, and in
Iranian Gypsum is also found.

3. Study of Papers
The study of the paper was carried out with the help of Herzberg reactive
and as a result it turned out that in all cases the Writing material was Cotton-
flax mix, in Persian there is also pure Flax (Fig. 12), Armenian manuscripts
were also written on parchment (Tab. 6).

Fig. 12 Microscope Picture from manuscript paper
MM-535-746 XIX C

Table 6

Sheet Components of Manuscripts

Type of Sheet
Armenian Cotton-Flax mix.
Parchment
Syriac Cotton-Flax mix.
Iranian Cotton-Flax mix.
Flax

Conclusion
The researches lead to the fact that medieval Armenia, being in a
geographical position, being at cultural crossroads, had economic relations with
the neighboring countries and therefore the mutual influences of the three
neighboring cultures studied took place. This is reflected in the inks, paints, and
writing raw materials mainly used in Armenian, Syriac, and Iranian manu-
scripts, but there are some exceptions.
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Work is underway to distinguish the properties of dyes in more detailed
studies.
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Cwpnidunlbyny qpunwiEmwgnmwlwt wofuunubphbpp Spotupupui dkmw-
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gnyPpt plinpny wwppbp ynddbpf fbpdwingd b qunbbine dywlnyfubph thnfuug-
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Lbph spnfuwqupd wagbgncffindip, piyp bwl Swpomwghnood Eogunmdw ot gfi-
wmbppibpp ubplbph, Fwinuph b gpyndffywl wpdbomp wuyupbgnod:
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prcdibpny, pugwSwpnby bi pugdw i Swdpilincdibp Godwd Dyncffbpp huinncg-
wdphbpncd, wwlpuwh Swpnbwpbpdby B hwh jhphindng ynffbp, npnhp phinpny b
wnwhdfl dpwlpng[fulppi:

KOPPEJIALUSA MATEPUAJIOB APMSIHCKUX, MPAHCKUX U
ACCUPUUCKHUX PYKOIIUCEU

A. K. XOPO35H, I'. A. DJINA3AH

Hay4Ho-uccnenoBaTenbCKuii ”HCTUTYT
IpeBHUX pykonuceir um. M. Mamrrona «MarteHanapan»
Apwmenus, Epesan 0009, np. Mecpona Marurona 53
E-mail:_khorozianarmen@gmail.com

IIponomkast ucciaenoBaHus B OOJACTH KpacWTENeH, YepHWI M OyMaru, HCIONb30-
BaHHBIX B CPEIHEBEKOBBIX PYKOINHMCSX, B OTAENIE PECTaBpallMi MHCTUTYTa OPEBHHUX pY-
xorrcedt M. M.Mamrrora (MarteHanapaH) cenaHa TONBITKA HACHTUPUKAIINA Pa3THIHBIX
MAaTepHaJIOB, XapaKTEPHBIX ISl PYKONMMCHOM KYyJBTYphl COCEAHMX C APMEHHMEW CTpaH U
HaWTU TpaHU B3aUMOJICHCTBUS KYJIBTYP.
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C 3Tol IEeNBI0 B PECTaBPAIlIOHHOM OTAelie MaTeHanapaHa MpoBeIeH CPAaBHUTEITBHBIH
aHAJIU3 CTPYKTYP MaTepHajoB MPAHCKUX, aCCHPUHCKUX W apMsIHCKHUX pykormced XVII —
XX BB. YKa3aHHOE UCCIIEJOBAaHUE PACKPBIBAET KYJIbTYPHOE BIIMSHUE COCEIHUX CTpaH, 000-
raimasi 3TUM 3HaHWS B O0JIACTH CPEIHEBEKOBBIX KpPacOK,YepHmI U Oymaru. VcciaemoBaHus,
MIPOBEICHHBIC C MOMOIIBI COBPEMEHHOI'0 O0OPYIOBaHUS, BBISBHIM MHOXKECTBO COBIIA-
JICHUW B CTPYKTYpax YIOMSHYTBHIX MaTCPHAIIOB, a TaK)Ke OOHAPYKUIIU HEITOBTOPSIOIIHECS
3JIEMEHTEHI, XapaKTepHBIC IS OTICIBHBIX KYJIBTYP.
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KOJIEBATEJIBHBIE 1 ACUMIITOTUYECKHUE PEXHNMbI
KPUOXUMHYECKHNX PEAKIIAM

51.0. IHABJIOBCKHMN

Il'omenbckuit rocynapcTBeHHbIH TexHudeckuit yHuBepcuteT MM. [1.0. Cyxoro,
Benopyccus, 246746, r. 'omens, npoctt. OkTa0ps, 48
E-mail: ya.shablowsky@yandex.ru
IToctynuno 16.05.2022

MpoBeaéHHbIN TepMOAMHAMUYECKUI aHanu3 nokasarn, 4YTO MpU CBEPXHU3KUX TemnepaTypax
XUMUYECKas 3KCEprusi 9K30TEPMMUYECKON PeaKLIVOHHOM CMECU MOXeT CaMOKOMMEeHCUPOBaTbCs, B pe-
3ynbTate 4ero npoTekaHvwe peakuum npuobpeTaeT acMMNTOTMYECKUA NGO koneGaTesnbHblii (aBTO-
BOMHOBOI) XapakTep. [pu XeMoMeXaHWU4YeCKo CaMOKOMMEeHcauun (YepefoBaHue HaKoMMeHus U pe-
nakcaummn peakLMOHHOTO HanpsikeHWs) B 00bEMe peareHTa BO3HUKAIOT NPOCTPAHCTBEHHbIE aBTOBOSIHbI.
Mpy HaZNoOpPOroBoi TEPMOXUMUYECKON CaMOKOMMEHCALUMUN (KPUTUYECKU I CaMopasorpes peakLMOHHOM
30Hbl) B PEaKLMOHHOM CMECU BO3HWKAOT TEMMepaTypHbie aBTOBOMHbI. [1pM NMOANOPOroBOi TEpMOXM-
MWYECKON CaMOKOMMEHCaLUMM KPUOXMMUYECKasl peakuust MpoTeKkaeT B acUMMTOTUYECKOM PEXMME:
CKOPOCTb peakumy CTabunuamMpyeTcs Ha HEeHONEBOM YPOBHE, He W3MEHSIOLEMCS Mpu AanbHenwemM
OXNaxaeHNH.

BBenenue

Kpunoxumudeckue mporeccsl mo3BOJISIOT NOTY4aTh BEIIECTBA ¢ 0COOBIMU U
naxe "anoMmanbHbIMH" cBoicTBamu [1, 2]. [Ipeamer Hamero uccnenoBaHusi —
TEPMOAMHAMUYECKHE 3aKOHOMEPHOCTH KPUOXUMUYECKUX PEAKIIUM.

Jlo HacTrosiIero BpeMeH! TEPMOAMHAMUYECKUN aHaIM3 KPUOXUMHUYECKHUX
peaxkuii He MPOBOAUJICS, MOCKOJIBKY YCTOSJIOCh MHEHUE, YTO TaKUE PEAKLIMH —
KMHETUYECKH KOHTPOJIHUpYEMble. Mexay TeM, MHOTHe KPUOXMMHUYECKUE peak-
uu HeoOpatumsl [3]. Boree Toro, skcreprMeHTaNbHbIC UCCIECIOBAHUS TTOKa-
3a]IU: TeMIIepaTypHas 3aBUCUMOCTb CKOPOCTH KPUOXUMUYECKHX pEakLuid He-
MOHOTOHHA [3, 4], a caMH peakIMd MOT'YT MPOTEKaTh OEe3aKTHBALMOHHO [5].
DT0, BO-NIEPBbIX, AKTYAJIU3UPYET TMIOTE3Y [6] O CyIIEeCTBOBAaHHMM HEHOJIEBOIO
HU3KOTEMIEPaTypHOro MpeJiena CKOPOCTH PEAKIMH, a BO-BTOPBIX, O3HAYaeT
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BO3MOXHOCTb IIepexo/la KpUOXUMMUECKHX peakiuil B KojeOaTeabHbIN (aBTO-
BOJIHOBOM) pexxuM [7]. PaccMOTpuM 3aTpOHYTBIE TPOOIIEMBI.

Kpunoxnumudeckasi TepMOAMHAMHUKA
CunTast, 4TO U3BMEHEHUE COCTOSIHHSI BEUIECTBA C MOJIIPHOM SHTponuei S u
MOJIIPHBIM 00BEMOM V ompeensieTcsi BAppbUpOBaHUEM TeMmieparypsl 1 U 1aB-
JICHUSI p, COMOCTaBUM MHOYKECTBY BO3MOXKHBIX COCTOSTHHH 3TOrO BEIIECTBA
MHOXKECTBA TOYEK TEPMOJUHAMHUYCCKAX TMOBEPXHOCTEH MOJSIPHON JHTAIBITHH
H(S,p), momspuoii suepruu [emsmronbia ¢(T,V), MOISIpHON BHYTpEHHEH
sueprun U(S, V) u monsiproii sueprun ['u66ca G(T, p). Bepust paBeHcTBa:

\%szaT, )
B:YVOC, (2)
rac
_ 1(avj B 1(av)
a=L| 2], p=-L{ 2|,
velar ), velap )

Cp — n300apHas TEIIOEMKOCTh, V° — MOJSIpHBI 00BEM NpH CTaHIApT-
HBIX ycs10BUAX. OOpaTUM BHUMaHHME HA BETMYHHBI

ve=| | =¥ w=| | =[N
> \op)g (as)) Vilap ), Les )

Tockomsky S =—(04/0T),, p=—(0¢/0V ),, semmunma yg ompenemser
tpaekTopuro Ha moBepxHoctu ¢(T,V), oOpasyromias KOTOpOH B TOYKAX ITOM
TPACKTOPUHM HMMEET B 3THUX TOYKAX 3aJAHHBIA IIOCTOSHHBIM HAKIOH K OcH I’
(TpeboBanme S = const) u x ocu V (TpeboBaHue P = CONSt). AHAIIOTUYHO, B CHITY
pasencts V = (OH/op)s, T =(6H/s )p BEJIMYMHA Yy ONpEHENseT TPACKTO-
puto Ha moBepxHoctu H(S,p), oOpasyromias KOTOpol B TOYKAaX STOH Tpaek-
TOPUM HMMEET B STHX TOYKAaX 3aJaHHBIA MOCTOSHHBIA HAKJIOH K OCH p (Tpe-
6oBanue V =const) u x ocu S (TpeboBanue T = const). CkazaHHOE O3HAYACT, YTO
mpu T >0

Y5 = CONst, Yy = const . 3)

IIpu T— 0 B cuiy paBeHCTBA T=(6U/8S), UMEET MECTO BHIPOKICHHE

3aBHCUMOCTH MOJISIPHOW BHYTPEHHEH SHEpruy BEIIECTBA OT €r0 YHTPOIUH.

[Mockonbky dynkus U(S,V) oqHO3HAYHA U HETIPEPBIBHA, YIIOMSHYTOE BBIPOXK-
JICHUE YKa3bIBaeT Ha HEM3MEHSAEMOCTh MOJISIPHOI SHTporuu ipu T — 0:
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g—i — 0, g—_?_ -0
Tlr—o Pir—o0
B npuHATHIX 31€Ch 0003HAYEHUAX UMEEM:
Cp
af,_,—0, = 0 4)
T—0

HpI/ILIéM IIOCJICIHEEC MOXKXHO HCpCHI/IcaTB B BUJIC
C Lr 0. 4
ol o (4")

Bosspamasice ¢ yuérom (3) u (4) k pasenctBam (1), (2), 3axitrouaem:
sagucumoctd o C, /T ) u B(o) cyTh mpsMBIE TPOMOPIUOHATLHOCTH, UCXOJIS-
[IMe W3 Hayal KOOpJHWHAT, MPHYEM 3THM HadyajaM COOTBETCTBYET Mpeaes
T — 0. To xe Bepro s sapucumoctn B(C,/T).

DTOT BBIBOJ MOATBEPIMICS MPpU 00pabOTKe IKCIEPHUMEHTAIBHBIX TaHHBIX:
Ha PUCYHKe | KOOpJMHATaMH TOYEK CITYKHIIM 3aMMCTBOBaHHBIE U3 paboT [8] —
[14] 3HaveHus o u Cp / T, B3sTBHIC TIPU OXHOM W TOHM e TEMIEpaType, a Ha
pHCYHKE 2 BBINOJIHEHO aHAIOTMYHOE COMOCTABJICHHE 3HAYCHHI O U 3, 3aUMCT-
BOBaHHBIX U3 pador [9] — [16].

Ix

moms - K°

C}’
T

Puc. 1. — B3auMocBs3b IpuBEAEHHOM N300apHOH TEIIOEMKOCTH U K03 hdunuenta
00BEMHOT0 TEMJIOBOTO PACIIUPEHHUsI KPUOKPUCTAIUIOB MIPOCTBIX BELIECTB
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B. 1010 !

1 i

(=)

o, 104 K-

Puc. 2. — B3zaumocssi3b ko3 urireHTa 005EMHOTO TEINIOBOTO PACIIMPEHUS
1 00BEMHOI CKUMAEMOCTH KPUOKPHCTAIUIOB IPOCTHIX BEIIECTB

[Tonnas (rayccoBa) kpuBu3Ha noBepxHoctu G(T, p) BeIparkaeTcsi paBEeHCT-
BOM

1 SLRVE
Ke=—5—5 7 % | 5
° T sV L BV ©)

[IpaBas yacth 3TOrOo paBeHcTBa npu I > 0 MONOXKHUTEIbHA, TO3TOMY BHE
a0CONIOTHOrO HOISL compuKacaromuecs mapadonousl noBepxHoctu G(T,p)
ABIISIIOTCS dIuMnTHYeckuMU. [lomyocn X U x 3JUIMIICOB M300apHUECKUX cede-
HUI 5TUX apaboJIonI0B onpeaesatorcs sennunnamMu C » /T u [3. 3aBUCUMOCTb
B(C » /T ) ecTh mpsiMasi IPOIOPLUOHATIBHOCTh [CM. BBIILIE], CIEA0BATEIBbHO, 3TH
AJUTAIICHI TEOMETPUYECKU TIOMO00HBI, MPUYEM JIMHEWHas 3aBHCHUMOCTH X(x)
HUCXOAWT M3 Hayajga KOOpAMHAT, cooTBeTcTByromero mpexeny 17 — 0. Cka-
3aHHOE O3Ha4yaeT, YTO MPH CBEPXHU3KHX TEMIIEpaTypax ¢ TOYHOCTbIO 10 Oec-
KOHEYHO MaJIbIX TPETHEro Mopsiika
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gF _F

daT T’
rie F = CP/T mbo B. Orcroma BBITEKAET, YTO HPU CBEPXHU3KHX TeMIIe-
parypax

C
P _ ATY
T ATY, (6)
_ 3 ATY+2
G=G (Y+1)(Y+2)' 0
rac
Gy =G|, _,=Up+ PV, >0, (8)

Uo=U}_y Vo=V}_,, A>0, Y>1.

ABTOBOJIHOBOE NMPOTEKAHUE KPUOXUMHUYIECCKHUX peammﬁ
U3 (7), (8) cnenyer, uro npu T > T MonsipHast sHeprusi ' mdb6ca orpuia-
TENIbHA, 3 B TOYKE KPHOHHBEPCHH

1
T, = GO(Y+114)(Y+ 2) v )
oOpamiaercs B HOMb, mocie dero npu 0 <T <7, mo mepe nampHEHIIETO
MIOHIDKEHUST TeMIIepaTyphl HENPEPhIBHO BO3PACTAeT B OONACTH TOIOKUTEIh-
HBIX 3Ha4YCHUI. B uHTEpBase Temreparyp, coaepKameM TOYKH KPHOWHBEPCHH
KOMITOHEHTOB PEAKI[HOHHON CMECH, HMeeM

AG -0, (10)

31ech U ganee A, 0003Ha4aeT M3MEHEHHE COOTBETCTBYIOIIEH BEIMYHMHBI B pe-
synbrate peakuuu. M3 (10) BeiTekaeT, 4To TEMI0BOH 3 HEKT KPHOXUMHUUECKON
peakuuu croco0eH co3/1aTh aBTOKATAINTHYECKYIO TIETII0 00paTHOM cBs3H (Cp.
[7, 17]). A umMeHHO, MPH SK30TEPMHUYCCKON pPEaKIUU BBUAY MAJIOCTH TEIl-
JIOEMKOCTH W TEIUIONPOBOAHOCTH KPUOXHUMHUYECKOW PEAKIIMOHHON 30HBI HEU3-
OexxeH e€ JOKalbHBIA meperpeB. Ecimu mpu 3ToM OyneT NOCTUTHYTa TeMIle-
parypa T, ajs KOTOpOi

(AG) =0, (11)
=T
TO PEAKLUHMOHHBIM MPOLECC OCTAHOBHUTCS, a 3aTeM BO300HOBUTCS IOCIE BOC-
CTaHOBJICHHS TEMIIEPATYPHI B PEAKIIHOHHON CMECH.

TemnepaTypHble aBTOBOJIHBI, (POPMAIBHO aHATOIMYHBIE BHIIICONHCAHHBIM,
Habmoaana A.O. ToHosH ¢ coaBt. [18] mpu n3ydenun GpoHTaNBHOI MONMHME-
puzanmu akpuwiamuaa. [Ipu xpuornomumepHu3ali aBTOBOJIHBI PEAKIUU MOTYT
OBITb HE TOJILKO TEMIEpPaTYpPHBIMU, HO M TNPOCTPAHCTBEHHBIMH, a HWMEHHO,
XEMOMEXaHUYECKUMHU.
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B camom nene, kpuomoiauMepu3anys, Kak U BCAKas paaualliOHHO-UHITY-
[IMPOBaHHAsl PEaKIHs, COMPOBOKIAETCS BOSHUKHOBEHHEM IUIOTHOCTHBIX I'pa-
JMEHTOB, T.K. paJHallMOHHas aKTUBALMs OOYCIIOBIHMBAET 3apoxkaeHUE aedek-
TOB (aKTHUBHBIX LIEHTPOB) B 00BbEME MCXOJHOI MOHOMEpHOM TBEpIOH ¢a3sl [1,
19]. IlponykT TBEpmOGa3HOM TpaHCHOPMAIIMK peareHTa HaclelyeT BCe Hapy-
IICHUsI PETYISPHOCTH CTPOSHHMS JAHHOTO 00paslia ITOro peareHTa Ha Me30- U
MaKpOYpOBHE CTPYKTYPHOM opraHuzanuu (3(pQexT TOmoXuMU4ecKorn mamMsTH).
B cBor ouepenp, HacaeNOBaHUE MHOMKECTBEHHBIX HAPYLICHWM CTPYKTYpHOU
PEryIsIpHOCTH OOYCIIOBIMBAeT OTPHLATENbHBIE OTKIOHEHHUS OT IpaBHia
Kennu-Ky6amesckoro, T.e.

AS <0. (12)

IMomumepuzanus 3x3otepmuuna (A.H < 0), HO aOcomtoTHBIE BETMYUHBI
r b
A/H npu kproxumuyecknx Iporeccax 3aBeJOMO Maibl, T.K. IIPH CBEpX-
HU3KHUX TEMIepaTypax
Y+2
H=Gy+ 4l

iz (13)

U3 (12) u (13) ciexyer, 4To mpu KpUTHYeCKOM Tepenane A,S Ha ¢poHTe

KPUOTIOJIMMEPU3ALHHN €€ PEKUM MOXKET NOTEPATH YCTOMYUBOCTB!
AG=AH-TAS -0 (14)

[cp. (10)]. Ckauok MOJIIPHOI SHTPOITHH ArS COTIPSKEH C COOTBETCTBYIOIIUM
CKauKOM MOJIIPHOTO 00BEMa, T.e. C BOZHMKHOBEHHEM PEAKIIMOHHOTO Hampsi-
XKeHus. B naeanbHOM KpHcTalie TOMOXUMHYECKAs PEaKIUsi TOPMO3HUTCS JTaxKe
IIpU HE3HAYUTEIBHBIX PEAKIMOHHBIX HANpsKeHHAX. B crexioobpazHoM Mo-
HOMepe Omaromapsi OTCYTCTBHIO B €ro CTPYKType TPEXMEPHOW TpaHCIIs-
[MOHHOM WHBAapHAaHTHOCTH BO3MOXKHA OOBEMHAs pellakcalus peakuOHHOTO
HaNpsDKEHUs, 10CIe KOTOPO OCTAaHOBJIEHHOE 3THUM HANpSHKEHUEM IBIIKEHHE
(dpoHTa MoNIMMEepHU3aIi BO30OHOBHTCS (XEMOMEXaHUYECKHE aBTOBOJTHBI).

HuzkoremnepaTypHblii Ipeaes CKOPOCTH Peakiuun

B.W. T'onbaanckuii BeICKa3ai MpearnonokeHue [6], 4ro ckopocTs Jr000#
peaKkIuu UMeeT HEHOJICBOM HU3KOTeMIIepaTypHbId mpenen. UToObl mpoBepUTh
3Ty TUIOTE3Y, IPUMEHUM 3KCEPreTUUECKUI aHaIu3.

Byaem ucxoauth U3 TOro, 4TO IKCEPrusi €CTh YAaCTh COBOKYIIHOM 3HEpPrun
CUCTEMbI, JOCTYNHas Ui IpeoOpa3oBaHUsl B JAPYrue BHUJbI dHEPrUHU, COOT-
BETCTBEHHO, XHMHYECKash HSKCEPrusi €CTh OJHepreTudyeckas 0oO0eCreYyeHHOCTb
MPOTEKaHUsI XMMHUYECKOW peakMy B CMECU C 33JaHHBIM COOTHOLLIEHUEM KOM-
MOHCHTOB B 3aJIaHHBIX TepMoAMHamMu4eckux ycnoBusx [20]. OOmen3BecTHO,
YTO €CJAM MpPOTEKarollas peaxius (ArG < 0) ABIIIETCS. IHAOTEPMUYECKON
(ArH > 0), TO JUIsl OCYLIECTBJIEHUS ATOM peakuuu TpeOyeTcs MOABECTU
SHEPTUI0

AQ=AH+(-AG) =TA,S. (15)
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Ecnu ke peakuusi — 3K30TepMUUecKast (ArH < O), TO TIpH €€ MPOTEKaHUU
BBICBOOOX/IAETCSl DHEPTHsI

AQ=-AH+AG =-TA,S. (16)

IIpu A,S <0 Temnora AQ oraaérest BO BHEHIO cpeny, a mpu A.S >0
— TIOIJVIOIIAEeTCS M3 BHELIHEW Cpeabl; 3TO OOeCneyuBaeT MHOIJIepkKAaHUEe H30-
TEPMHUYECKOI'0 COCTOSIHMS PEaKI[MOHHOM CHCTEeMBbl B TEIJIOBOM KOHTAKTE C
BHelIHel cpenoit npu temmneparype 7. U3 (15) u (16) cnenyer, uto Mepoit
SHEpPreTU4ecKod 00eCIeYeHHOCTH XUMMYECKOH PEAKIMU CIY)XUT BEIMYUHA
XUMHYECKOU dKCEpPrun
Een =—TAS. (17)
IIpu E;, <0 ykasaHHas BenMYHHA ONpEeNsieT KOIUYECTBO TEILIOTHI, KO-
TOPOE JIOJKHO MOCTYNHUTh B CUCTEMY M3 OKPY’KAIOIIEH Cpezbl Uil IPOTeKaHUs
JAQHHOW PeakKUuH MPU JAHHOM Temmeparype; eciu ke Zq,>0, To Benmumna
Ecnh PaBHA KOJIMYECTBY TEILUIOTHI, KOTOPOE MPH MPOTEKAHUN JAHHON PEaKIUH
cucTeMa OTHacT Okpykaromied cpexne. Ilpu stom paBenctBo (17) ymosier-
BOpsieT 000oMM (yHJaMEHTAIbHBIM TPEOOBAHUSAM 3KCEPreTUYECKOrO aHaIN3a:
BO-TIEPBBIX,

Eeh -0,
7—0
a BO-BTOPBIX, pacyéT XUMHUECKOU 3Kcepruu mo Gopmyse (17) coueraer sHep-
TeTHYECKUH OaaHc PeaKIMOHHOW CMECH ¢ OalaHCOM e€ SHTPOITHH.
Hac uHTepecyeT MCKIIIOUNTENBHBIN CITy4al, KOrJa B PEAKIIMOHHOW CUCTE-
Me peanmsyercsi cootHomenue (10) mub6o (14). B atom ciydae Hapsay c (17)

OyzeM UMETh paBEHCTBO
Eon ®-AH, (18)

T.€. B JK30TEPMHUYECKOM PEAKLMOHHOW CMECH HACTYNHUT CaMOKOMIIEHCALUs
XUMHYECKOU 3Kceprur. [Ipn xeMoMeXaHN4eCKOH CaMOKOMITEHCAIH (depeo-
BaHUE HAKOIUICHUS M PEaKcalliil PEaKIMOHHOrO HampspKeHUs) B 00béMe pea-
IEHTa BO3HUKAIOT IPOCTPAHCTBEHHBIE ABTOBOJIHBI 3K30TEPMHUUECKON PEAKIIMH.
IIpy HaamoOporoBoM TEPMOXMMHUYECKON CAMOKOMIIEHCAIlMH, T.€. MPHU CaMo-
pa3orpeBe PEaKIMOHHOW 30HBI C JOCTHKEHHEM B 3TOM 30HE aBTOBOJHOBON
temreparypHoit Touku 1 [cM. (11)], B peakiimOHHOW CMECH BO3HHKAIOT TEM-
neparypHble aBTOBOJIHBL. [Ipy moamoporoBod TEPMOXUMHYECKONH CaMOKOM-
MEHCAllMM, KOrJa AaBTOBOJIHOBAs TeMIIEpaTypHas TOYKa HE JOCTHraercs, ¢
MEPEX0JIOM PEAKIMOHHOW cMmecH B cocTosHue (18) B Hell ycraHaBiuBaercs
ACHUMIITOTHYECKHH PEKUM: CKOPOCTh PEaKIMH CTaOMIN3UPYETCs HA HEHOJIEBOM
YPOBHE, HE U3MEHSIOLIEMCS TP NaTbHEUIIEM OXJIaXKICHUH.
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TepMoanHAMHYECKUH KOHTPO/Ib KPHOXHUMHYECKHX PeaKIui

Ilo onpenenenuto, TepMOAMHAMHUECKUI KOHTPOJIb PEAKIIUU O3HAYAET, YTO
B PEAKIMOHHON cMecH 00ecreunBaeTcsi JOCTHKEHHE XMMUYECKOTrO paBHOBE-
cHsl, B pe3yJibTaTe 4ero oopa3yercs TepMOIUHAMHYECKH YCTOMYUBBIN 1EIeBOM
nponykT. Ilpu KpuoxuMMHYecKHX peaklMsX TaKoi KOHTPOJIb MOXHO obecrie-
YUTh, UCTIOJB3YSI KPUOTCHHBIE 3JIEMEHTHI, pab0oTa KOTOPhIX OCHOBAHA Ha JIEKT-
POKaJIOpPUYECKOM MJIM MarHUTOKaIopuueckoM 3¢ dexre. X KoarmuecTBeHHbIMU
XapEeKTEPUCTUKAMH CIyXaT COOTBETCTBEHHO 3JIEKTPOKAIOpUYECKUN Ko3hdu-
uneHT &, =(0T/0E), n marHuToKanopudeckuii kospuuuent & =(aT/oh);,
rae E — HanpspKEHHOCTH DIICKTPUYECKOro mouisi, h — HampsHkEHHOCTh MAarHMT-
Horo nond. Co3maBaemble 3TUMH MOJSIMHM IPUPALICHUS MOJSIPHON SHTPOIHHU
BBIPKAIOTCs paBeHCTBamu [21]

2 2
8,5 =VLEZ, By =, (19)
e
L — 82 —1
8ne?

€ — IMDJICKTPHUECKasl TPOHUIIAEMOCTb, J, — MATHUTHAsI BOCTIPUUMYHUBOCTD; TIPH
3TOM 8|T_)0—) 1, X|T—>0_) 0. TlpumenuB opmaibHBIE TEPMOANHAMHYICCKHE

paBeHCTBa
£ =_[§) T. £ z_[@j T
== \EHsC,’ m\oh s G,

u3 (19) momyqaem:

_ _2VLE
__Vyh
Em = c (21)

p

N3 (20) cnenyet: ecnu HAMPsHKEHHOCTH AIEKTPUICCKOTO TTOJIST U3MEHSETCS
co BpemeneM t o 3akony E(t), To k Mmomenty t =1 Temmeparypa muanexTpuka
W3MEHHUTCS Ha BEJIMUMHY

AT,(E) = 2VL j EQ) dE dt, 22)

r7Ie 32 HayaJlo OTCYETa BPEMEHU NPUHHMACTCS MOMEHT Hayajla W3MEHEHHS
HanpsHKEHHOCTH AJIEKTPUYECKOro Mofis. AHamorudHo, u3 (21) cuemyer: ecnu
HaNpsHKEHHOCTh MarHUTHOTO TOJIST MU3MEHSETCsl CO BpeMeHeM 1o 3akoHy h(t),
TOo K MoMeHTy t=1 Temmeparypa HedeppOMarHUTHOrO BEIIECTBA H3MEHUTCS
Ha BEJTUYUHY
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t
_ V%X [y dn
AT, (f) = . ! h(t) e dt. (23)

r7e 3a HadaJllo OTcYéra BPEeMEHM NPHHUMAETCs MOMEHT Hadajaa M3MEHEHUS
HaNpspKEHHOCTH MarHUTHOTO TIOJIS.

DJEeKTPOKATOpUYeCcKas aKTUBAIMS IO3BOJSIET OCYIIECTBIATH BECbMa BbI-
COKOMHTEHCHBHOE NpeoOpa3oBaHME PHEPrHH, OJHAKO TaKas aKTHBALUS HH3-
Kon3OMparenpHa, T.K. BapHATHBHOCTH JUDJICKTPHYECKUX CBOWCTB BEIIECTB
CPaBHHTENBHO y3Ka. ['a30BBIM cpeljaM COOTBETCTBYET TPHBHAIBHBIA BapHaHT
e~1, L—>0, a xoneHcupoBaHHble (a3bl C 3JIEKTPOKATIOPHUECKONH TOUKH
3pEHUs] MOXKHO YCIIOBHO Pa3/IeNIUTh Ha J[BE TPYIIIBI, pa3rpaHHYMBAEMbIE CIe-
JYIOIIUM 00pa3oMm:

0<L<0,0397 npu 1l<eg<25; (24)

0,0397< L <0,0398 mpu 25< ¢ < co. (25)

Cayudaii (24) oxBaThIBae€T HENOISIPHBIE KPUCTAJUIBI, C1a00 MONSAPHBIE KU
Koctu u amopdubie BemiecTBa. Ciydaro (25) COOTBETCTBYIOT MOIUMOpPGHBIC
MOJISIPHBIE KPUCTAIUTBI ¥ CHIIBHO TIOJISIPHBIC KHUKOCTH. MarHuToKaopraecKast
aKTHBALIMSA 110 CPAaBHEHHIO HJIEKTPOKAJIOPHUYECKONH HAMHOTO Oosiee CelneKTHBHA!
y pasHbIX BEIIECTB MAarHUTHHIE BOCIPUUMYHBOCTH MOTYT pa3jindaThCs B
10%+10° pas. IIpu 5ToM 0c0G0 BaKHOE MPAKTHYECKOE 3HAYCHHE HMEET TO
00CTOATENBCTBO, YTO HpUpalleHus Temieparypsl AT, u AT, Hpornopiuo-
HAJIBHBI CKOPOCTH W3MEHEHHs HAINpPsDKEHHOCTH BHEIIHEro MoJsi: oOpalieHue
HaMpaBJICHUSI ATOTO M3MEHEHHsS IO03BOJISIET MHBEPTHPOBATH 3HAKU BEIMYHH
AT, n AT,,.

3axkiouenne

IIpu cBepxXHU3KHMX TemIeparypax MoJspHas sHeprus [ ub6ca wHIMBH-
JyallbHBIX BEIECTB BbIpaxkaeTcs paBeHcTBamHu (7), (8) M MMeeT TOUKY KPHO-
nuBepcuu (9). B unTepBane temmeparyp, coiepikamieM TOYKH KPUOWHBEPCUHU
KOMIIOHEHTOB JK30TEPMHUYECKON PEAKIIMOHHON CMeCH, €€ XHMHYecKas 3Kcep-
sl caMoKoMIteHcupyeTcs [cooTHomeHue (18)], B pe3ynbraTe 4ero nporekanue
peakuu MpuoOpeTaeT aCHUMIITOTHYCCKAN IJIMOO KoieOaTeabHbI (aBTOBOI-
HOBOI) xapakTtep. [Ipu xemomMexaHU4YecKOl caMOKOMIIEHCAIuu (Yepe/loBaHne
HAKOIUICHHUSI M pellaKCallid PEeaKIHMOHHOIO HampspKeHus) B 00bEME peareHTa
BO3HHMKAIOT MPOCTPAHCTBEHHBIE aBTOBOJHBI HK30TEPMHUECKON peakuuu. [Ipu
HA/MOPOTOBOM TEPMOXUMHYECKOW CaMOKOMIICHCAIINH, T.€. IIPU CaMOpa3orpene
PEAKIMOHHOK 30HBI C JNOCTHKEHMEM B JTOH 30HE aBTOBOIHOBOH Temmepa-
TypHO#t Toukn T [cM. (11)], B peakIIMOHHOW CMECH BO3HHKAIOT TeMIIEpaTyp-
HbIE aBTOBOJHBL. [Ipy MOAMOPOroBOi TEPMOXMMUYECKOH CaMOKOMIICHCAIUH,
KOrJla aBTOBOJHOBAs TEMIIEpaTypHas TOYKA HE JIOCTHUTAeTCs, C MEPeXoaoM
peakiMoHHON cMmecu B cocTossHue (18) B Hell ycTaHaBIMBAaeTCs aCHMIITO-
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TUYECKUI pPeXXUM: CKOPOCTh PEaKIMK CTaOUIM3UPYETCsl HA HEHOJIEBOM YPOBHE,
HE U3MEHSIOUIEMCS TP JaJIbHEHIIeM OXJIaX1eHUH.

TepmoarHaMHUECKUI KOHTPOJIb KPUOXMMUYECKUX peakIHil MOKHO obec-
[I€YNTh, HMCIOJb3ys KPHOI€HHBIE 3JIEMEHTHI, paboTa KOTOPHIX OCHOBaHA Ha
JIEKTPOKAJIOPUYECKOM WM MarHutokaiopuyeckoM s¢¢ekre. Kamopuueckue
npupaiiesus temneparypsl AT, u AT, HOpONOPLUOHAIBHBI CKOPOCTH H3MeE-
HEHUS HANPsHKEHHOCTH BHEIIHero noist [ypaBaenus (22), (23)], a oOparueHue
HaMpaBJIeHUs] ATOT0 M3MEHEHHs I03BOJISIET MHBEPTHPOBATH 3HAKU BEIMYHH
AT, m AT,

YrPALPUPOLGL FEUHShULULG P SBSBUNIULGL bY,
LURUNSNShY (F5dhULEME

8. 0. GU.PLNYUYP

Uppuunnwiipp inffipifsd £ hpfropfidfilu nbuwlgfuuhbpf Fhpdngfiingdplului
opfliwyunfincffyniiibph pugwiwgmdwip: Ywnnwpdi s Fhpdngfindfiljulymt ofkp-
(rednffynihp gngg b by, np Sugpwdbn guép shpduwumpSuwbibpnod Egn@hpf
nbwlhghnl  fuwnbnpnp phdfulwl Ebbpgpwl hwpng £ plbyp flplufinfuduw-
mnigyng:

Cblfﬁg pupdp ghpdwppdfwlpwl fhphufinfufunnigdwl ghuypnof (rllnullgfmil
gmunne hpfonflpo i ﬁflgiuuuﬂugulgﬂuf) nbkwlghnt fuwnbncpgnod wnwgwiingd ki
ghpdwump8whuyfls wifuinwfiphbp:

Guftupbiduygfiis gbpifuwppdfunlywi fhphufinfufunnng dwd qghypnod hpfonpfidfo-
fwi nbwlhgpwh phffwincd b wupduypnnnply nbdpidny. nbwlhghugp wpugnoffyndip
frwygninwbindd £ ony gpapulpels dwlpwpnulpnod, npp sposhnfudnod S6mwgu vwnbgdh
e

OSCILLATORY AND ASYMPTOTIC REGIMES OF CRYOCHEMICAL
REACTIONS

YA. 0. SHABLOVSKY

Gomel State Technical University,
Byelorussia, 246746, Gomel, October av., 48
E-mail: ya.shablowsky@yandex.ru

The thermodynamical analysis has shown that at ultralow temperatures the chemical
exergy of an exothermic reaction mixture can recover to result in the reaction becoming
asymptotic or oscillatory. If the recovery is chemomechanical (alternating accumulation
and relaxation of the reaction strain) spatial autowaves arise. If the recovery is
thermochemical, then there are two possibilities. Supercritical self-heating in the reaction
zone causes temperature autowaves. Subcritical self-heating in the reaction zone makes the
reaction run asymptotically: its velocity stabilizes on a non-zero level and does not change
with further cooling.
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M3y4eHbl NNOTHOCTL, BOAOMNOMMOLLEHVe, TeMnepaTypHbli KO3MMULNEHT NMHERHOIO pacLUMpeHnst
(TKINP) n anekTpnyeckme cBoNCTBa TUTaHaTa 6apus 1 ero KomMno3uToB co cTeknom Ti-1. MNoka3aHo, YTo
npyv MCMonb3oBaHUMM HuTpata bapua ¥ okcuga TuTaHa TemnepaTtypa CuHTe3a TuTaHata Oapus
ymeHbliaetcst ¢ 1300 oC go 800 oC. PacxoxpeHue TKITP TutaHata 6apua u ctekna Ti-1 ot TKIP
KOMMO3WTOB CBMAETENbCTBYET 06 1X B3aumoaencTaunmn. [Inanekrpuyeckas npoHMLL@eMoCcTb KOMNO3NTOB
npu Temnepatype Kiopu no cpaBHeHMIO C TUTaHaToM 6apus yMeHbLUaeTCs, Npu 3TOM MpPOMCXOANT
cMelleHne Temnepatypbl Kiopy B obnacTb BbICOKMX Temnepatyp. Y KOMMO3WTOB CO CTEKIOM
HabntofaeTcs CUMbHbIA MO3UCTOPHBI 3 EKT, HTO MOXET pacLLMpUTL 061acTe UX MPUMEHEHMS.

Bu6n. cebinok 8, puc. 10.

Knrouesvie cnosa: Tntanat Gapusi, CTEKI0, KOMIO3UT, TeMneparypa Kropu,
MIO3UCTOP

B cepenuHe COPOKOBBIX T'OZOB JIBAALATOr'O CTOJETHSI COBETCKHUMHU (DHU3U-
kamu b.M. Bynom u M.JI. T'onbamanoM [1] ObUTH OTKPBITHI CErHETORJICKTPH-
YecKhe CBOMCTBAa THTaHaTa Oapus. B Hacrosmiee BpeMsi TUTaHAT Oapus
SIBJIAETCS OJHMM U3 CaMblX BaXXHBIX CETHETORIEKTPUKOB, KOTOPBIA HCHONb-
3yeTcs B paAMOTEXHUKE U MUKPOAJIEKTPOHHUKE.

TpaguLMOHHBIM METOJOM IOJIyYE€HUs TUTaHATa Oapus SIBIAETCS TBEPIO
¢da3Hblii cMHTE3 W3 KapOoHaTa Oapusi M JAMOKCHIA THTaHA MPU TeMIEpaType
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1300-1450 °C. DOta TexHONOrusi HE OTBEYAET COBPEMEHHBIM TpeOoBaHMsIM. B
CBSI3U C MUHUATIOpU3AIMEH 3JEKTPOHHBIX 3JIEMEHTOB BO3HUKAET HHTEpEC K
HAHOCTPYKTYpHOM KepaMHuKe pa3Mepamu KpuctamioB nopsaka 100-150 wuwm.
Jliis moiy4eHus: HaHOKepaMUKU HEOOXOMMbl HAHOAUCIEPCHBIE MOPOIIKU TH-
taHata Oapusi ¢ pazmepoM uactuil 10-20 wm. DTO mMOBBIIAET HHTEpEC K
HU3KOTEMIIEpaTYPHbIM METO/aM IOJY4EHHUsS! MOPOLIKOB, K KOTOPBIM MOXHO
OTHECTH XMMHUYECKHE METO/Ibl, OCHOBAaHHbIE Ha COOCAXKAECHUH U3 PACTBOPHUMBIX
HUCXOJHBIX KOMMOHEHTOB [2]. K 3TuM MeTogaM MOXHO OTHECTH TaKHUE Kak:
OKcallaTHbIN [3-5], MEpOKCUIHBIN, MEPOKCAIATHBIM, TMAPOTEPMANIbHBIN, LUT-
paTHBIN, AIKOKCUIHBIN, 30Jb-Telb U Ap. llepedyncienHble METOABI TO3BOJISIOT
CHU3UTH TEMIIEpaTypy CHHTe3a THTaHata 6apus 1o 600-700 °C.

JlanHas paboTa MOCBAIIEHA CUHTE3y TUTaHaTa Oapus TPaJULMOHHBIM Me-
TOJIOM C HEKOTOPBIMH KOPPEKTHBAMH U CO3JIaHHIO KOMIIO3MTOB CO CTEKJIOM
cucrembl BaO-TiO,-B,03, congepxkariero B,03 — 30 mon. % u BaO+TiO, = 70
mon. % c coornomennem BaO/TiO; = 1/1 (ycnoBHoe ob6o3nauenue Ti-1). Io
HallleMy MHEHUIO, HCIIOJIb30BAHUE CTEKIOKEPAMUYECKOT0 KOMIIO3UTA ITO3BOJIHUT
Hanbojee MPOCTBIM CIIOCOOOM TONYYHUTh TOHKHE IIJICHOYHBIE CTPYKTYPBI,
COXpaHss TpU 3TOM HEOObIYHBIE CBOMcTBa THUTaHara Oapusi. Kpome Toro,
MIPUCYTCTBHE CTEKJIAa B COCTAaBE KOMIIO3UTA C MOJEKYISIPHBIM COOTHOIICHHEM
BaO/TiO, = 1/1 moxer craTh AOMOJHUTEIGHBIM HCTOYHHKOM OOpa3OoBaHUS
KPHUCTAJJIOB TUTaHATA OapHst U3 CTEKII0(A3bI IPH CHHTE3€ KOMITO3UTOB.

B pabore [6] pa3paboraHbl OCHOBBI TOJYYCHHS BBICOKOIUCIIEPCHBIX
MOPOIIKOB C HCIOJb30BAaHUEM XMMHUYECKUX PEAKIUIl B MHOMOKOMIIOHEHTHBIX
COJIEBBIX pacriaBax. B ocHOBe cuHTe3a THTaHaTa Oapus B 3TOil pabore sBiA-
JIaCh peaKiys HUTpata Oapusi ¢ THAPOKCHIOM TUTaHa mpu Temrmeparype 600
°C, Bpems cuHTe3a — 1y,

Hamu Obin mpoBeneH CHHTE3 TUTaHaTa OapHsi ¢ YaCTHYHBIM HCIOJIB30Ba-
HUEM METOJIa, OITMCAHHOTO B paboTe [6]. B kauecTBe HCXOMHBIX KOMITOHECHTOB
ucnonb3oBaHbl HUTpAT Oapus (Tt = 595 oC) u okcua THTaHa. ITO MTO3BOJIAIIO
cHU3UTH Temneparypy cuaTe3a ¢ 1300 oC mo 800 oC.

Js cunTe3a ucnoib3oBanbl nopomkn Ba(NO3)2 mapku «U» m TiO,
Mapku «XY», xoropele ObUIH TiepeMerianbl B (apdopoBoii crymke. OOxur
CMeCH TpOoM3BOAMJICS B KopyHIoBoM Turie npu Temmeparype 800 oC B
teueHue 1 yaca. [loimydeHHBIN CIeK MOABEPIIIM PEHTIeHO(Aa30BOMY aHAIHM3Y Ha
madpakromerpe IPOH-1,5 mpu xomuHatHOH Temmeparype. Vcnonb3oBanoch
menHoe u3nyuenue (A = 1,542A), ordunstpoBanHoe uepes Ni — (uibTp.
CkopocTh cueTunka coctapisiia 2 Olmun.

HITpux-peHTreHorpaMmma noIy4eHHOro o0pasiia npejacTaBieHa Ha puc. 1.
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Puc.1. Iltpux-peHTreHorpamMma THTaHaTa Gapus MoxydeHHast 00)KUTOM
cmecu BaNO3+TiO; npu 800 °C B Teuenue luaca.

Penrtrenodazoseiii aHanu3 mo3Bonmi uaeHTH(uimposars BaTiOs;, koro-
pBIi SBIISIETCS OCHOBHBIM KOMITOHEHTOM B TPOIYKTaX CHHTE3a. BHUIHBI Takxke
HEHHTECHCUBHBIC PEIUIMKH, CBsi3aHHBIE ¢ npucyrctBueM 110, (pyrmn), BaO u
Ba, TiO,4, KOoTOpBIC HE BIMSIN Ha OCHOBHBIC CBOMCTBA TUTaHATA OApHsL.

Crexio, ycinoBHO oOo3HadyeHHoe Ti-1, Bapwin u3 kommnoneHToB BaCOj;,
TiO, u H3BO3 mapok «U» u «XY» npu remneparype 1350 °C B aekTpruecKoit
ey ¢ KapOWIOKPEeMHUEBBIMH HarpeBaTesIMH B KOPYHIOBOM THTIJE, C Bpe-
MeHeM BbIepKKH 30-40 mun. TlomydeHHBIN paciuiaB CTEKJIa TPaHyITHpPOBAIH
OTJINBKOH B XOJIOIHYIO BOAY. Jlanee TrpaHyIsT CTeKIa CYIIMIN U U3MeIbUall B
¢dapdoposoii crynke. TOHKOCT M3MENbUYEHUSI KOHTPOJIMPOBATH MyTEM MpPO-
cenBanus 102 mopormika gepes cuto ¢ orBepctreM 60 mru. OcTaTok Ha CUTE HE
nomwkeH npesbimarh 10%, To ects le.

[TnoTHOCTE 00pA3LIOB ONMpeneNsan METOIOM T'HAPOCTATUYECKOTO B3BEIIN-
BaHUS B JUCTWJIJIMPOBAHHOW BOJE, BOJOIOIJIOIIEHUE — ITyT€M OIpe/eIeHUs
MPOIIEHTa MOTJIOUICHHOW BOJBI IOCTE KHUISUYEHHUS CyXHX OOpaslloB B JHUC-
TIJIJTMPOBAHHON BOJE B TEUCHHE OJHOTO 4aca, TeMIIEPATypHBIH KOIPPHUIIMEHT
nuueriHoro pacmmpenust (TKJIP) usmepsuics Ha BEpPTUKAIBHOM KBapIEBOM
nunaromerpe JIKB-5A no crangapTHON METOMUKE.

JepuBarorpaduyeckue HCCleTOBaHUS NPOBOAWINCH Ha JiepuBaTorpade
Mapku Q-1500. HaBecka oOpa3moB coctaBmia 700-1000 me, ckopocTs HarpeBa
-10-15 °C/mun no temneparyp 850 - 1000 °C.

TeMnepaTypHYyIO 3aBUCHIMOCTD 3JIEKTPOCOIIPOTHBIICHHUS B TBEPIOM COCTOSI -
HUM M3y4alli TPU MOMOIIY M3MEPHTEllsi BRICOKOro corpotuBieHus - Agilent,
4339A. OOpasibl B BHJIC IUIOCKONAPAIUICTBHBIX AUCKOB TONIMMUHON 1-2 mm u
muamerpoM 16-20 mm, cripeccoBaHHBIX Tof naBieHuem 150 amm., TepMooO-
pabotanHbix mpu Temneparype 800 °C B Tedyenue 1 vaca, MOKPHIBAIUCH cepe-
OpSIHBIMH AJIEKTPOIaMHU ¢ 00EHX CTOPOH METOJIOM BaKyyMHOI'O HAIlbLJICHUS Ha
ycranoBke BVYII-2K. Pacyer snekrpocornpoTuBieHust HpoBoawics 1o ¢op-
MyJIe:
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pv = Ry S/b,

Izie py - yAenbHOe o0beMHoe conporuBienue B Om cm; Ry- o0beMHOe corpo-
THBIeHHE B OM; S - OBEPXHOCTh SIEKTPONOB B cM’; b - TONIIMHA 00pPa3LOB B
cm.

JIMJIeKTPUYECKYI0 POHUIIAEMOCTh OJHOBPEMEHHO C AMAJICKTPHUECKUMH
HOTEepsIMUA 00pa3LOB M3MEPSIM B aBTOMATHUECKOM DPEXHUME 3aIHCH TeMIlepa-
TypHOHM 3aBHUCHMMOCTH Ha mperusuoHHoOM LCR wmetrpe momenu 1920 ¢upmbr
Quad Tech, CIIIA oxHOBpPEMEHHO Ha 4aCTOTaX 107, 103, 10%, 10° u 10°I'y.

Ha puc. 2 npencraBieHsl U3MEHEHHS TUIOTHOCTH M BOJIOTIOTJIOIIEHHS TUTA-
Hara Gapust u kommosuta ¢ 10 macc. % crexna Ti-1. Kak BUIHO U3 pHCYHKA,
ILIOTHOCTh TUTAHATA 0apMs, CHHTE3MPOBAHHOTO HAMH, COCTaBIseT 5,22 o/cm’.
D10 GIM3KO K 3HAYEHHIO, TIPUBEICHHOMY B pabote [7], koTopoe cocrasisiet 5,3
2/cym®. Ecim ydecTh BEMUHHY BOJIONOIONIEHH)S, TO IIOTHOCTh B GE3MOPUCTOM
COCTOSIHUM JIOJDKHA ObIJIa COCTaBISITH TMOpsaka 5,74 2/em’, uro Ha 0,34 2/em®
HIDKE YeM TUIOTHOCTh MOHOKPHCTAIUTMYECKOr0 TUTaHaTa Oapusl.

O

d, ricm?m -3
'H]L”‘ %
\-\\- g

-.... E

. 10 &
1"""*-111} 9'3

BaTiO 3 BaTi0O3 - 90 mace. %0 +
+Ct. Ti-1 - 10 »tace. %0

Puc. 2. TI0THOCTH ¥ BOIOMOTIIONICHIE TUTAHATA OapHsl U KOMITO3UTA
BaTiOs— 90 macc. %+10 macc. %Ti-1.

[TnotHOCTH 00pa3uoB ¢ 10 macc.% crekna Ti-1 (puc. 2) cocraBuna 4,45
2/cm®. YMeHbIIEHHE IUIOTHOCTH CBS3aHO KAK C MEHBIIMM HapLHalbHBIM
BKJIaJIOM cTekaa Ti-1, y KOTOporo ImioTHOCTh HAMHOTO HHXKE, YeM y TUTaHaTa
Gapusi (3.56 o/cm®), TaK U, BEpPOATHO, C B3aHMOACHCTBHEM TUTAHATA GApHUs CO
crekiioM. C Ipyroil CTOpOHBI, Y 3THX OOpa3lOB OYEHb HU3KOE BOAOIMOT-
nomerue nopsiaka 0,1-0,2%, yTo MokeT ObITH Pe3yJIbTAaTOM JIUOO 3arOTHCHHS
MOp CTEKJIOM, JIU0O 3aKyMOPUBAHHS CTEKIIOM OBEPXHOCTHOT'O CJIOSI OTKPBITBIX
nop.
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Ha puc. 3. npusenena kpuBast JITA crekia ykazaHHoro Beiiie cocraa Ti-
1. Kak BUIHO, CTEKJIO BEPOSATHO MMEET JIMKBALMOHHBIA XapakTep, O 4eM CBH-
JIETEIBCTBYIOT [BE JHIOTEpMUYecKHe Temmeparypsl mpu 575 °C u 595 °C,
KOTOpBIE COOTBETCTBYIOT TEMIIEpaTypaM CTEKJIOBaHHS JIETKOIUIaBKOH M TY-
romtaBkoi ¢a3. Janee temmeparypbr 645 °C u 715 °C, BeposTHO, MOXHO
OTHECTH K HavaJlaM I[e(bOpMaHI/II/I O9THUX COCTABJIAIOIIHNX.

JIBa sx3otepmudeckunx 3ddexra mpu temmneparypax 775 °C u 800 °C,
BEpOSITHO, COOTBETCTBYIOT, COIJIACHO JaHHBIM pPa0OTHI [7], BBIAECIEHUIO
KpUCTAJUIOB TUTaHaTa Oapus u Oopara Oapus. TemmepaTypa 3HIOTEPMU-
yeckoro 3pgexra mpu 870 °C cBsizaHa ¢ TeMIEpaTypoi JIUKBUIYCAa CMECH U
o0pa3oBaHUEM pacIuIaBa.

870

Puc. 3. Kpupas ITA crexna Ti-1

JIiist BBISIBIICHUSI COCTaBa OCHOBHBIX (a3, BBIMAJAIOIINX MPU KPHCTAILIH-
3anuu ctekna Ti-1 npu temneparype 775 °C, TOpOIIOK CTEKIa, MPOCETHHBIN
uepe3 cuto ¢ orBepcTusmu 40 mxm, BBIICPKAIM MPU 3TOM TEMIEparype u
no/Beprin peHtreHodazoBomy ananu3sy. IlITpux-peHTreHOrpaMma 3TOro 00-
pasiia mpencraBiieHa Ha puc. 4.

L%
100
80 : 1 ~ 1-PBBaTiO3
60 + l 2- BaTig0Og
40t ot t- 0 s T 3-BﬂTiB206
20 {11 ,” 3 l '
D1

20 30 40 50 60
20"

Puc. 4. lItpux-peHTreHorpaMma IpoayKTOB KpUCTAIUM3aIiy crekia Ti-1.
Kak BuaHo, oqHo# u3 (a3 Hapsaay ¢ coeaunenusmu BaTiyOg u BaTiB,0g

spisiercs (BaTiO;. O0 3TOM CBHICTENBCTBYIOT M JaHHBIC, NMPHBEICHHBIC B
pa6ore [7].
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Ha puc. 5. mpezcraBineHbl KPUBbIE OTHOCHTEIILHOTO YUTMHEHHST 00pa3IloB
ot temmepatypsl BaTiOz-a), crekia Ti-1-6) u kommosuta BaTiO3+Ti-1-8) ¢
conepkanueM 10 mace. % crexna Ti-1.

|
.

a)

=
—
=

|
100 200 300 400 00 600 700 100 200 300 400 500 €00 TOO 100 200 300 400 =00 600 TOO
t,°C t,°C t,°C

S H ok Wkt o[

Puc. 5. KpuBBie OTHOCHTEIBPHOTO yATMHEHHS 00pa3uoB oT Temiepatypsl BaTiOs- a),
crekna Ti-1 — 6) u komnosuta BaTiO3z+Ti-1 — B) ¢ conepkannem 10 macc.% crexna Ti-1

Ha xpuBO#i OTHOCHTEIBHOTO TEPMUYECKOIO PACHIMPCHUS TUTaHATa Oapus
(puc. 5a) mabmromaercss HEOOIBIIONH TOPU3OHTAIBHBIA YJaCTOK, CepearuHa KO-
Toporo coorBercTByeT Temrieparype Kropu -120 °C (da3oBslii mepexon cer-
HETOIEKTPUK — napadiekTpuk). Bemmunna TKIIP B nHTEpBase Temmneparyp ot
20 °C 10 300 °C cocrapmsier 84,6107 2pao™.

Kpugast otHocuTepbHOrO yamnHenus crekna Ti-1 (puc.50) B oOmact TeM-
nepaTyp CTEKJIOBaHHMS WMeEeT S-00pa3HbIM BHJ, YTO XapaKTEPHO JJS JINKBU-
PYIOIIMX CTEKOJI ¢ Temiepatypamu crekioBanus tg; = 530, tg, = 575 °C u
Havana jaedopmarnuu npu temmneparype 600 °C. JIMKBaIlMOHHBIN XapakTep
JTAHHOTO CTekIa ObuT 3adukcupoBan Takxke Ha kpuBoi JITA. TKJIP crexna Ti-
1 B unrepsane ot 20 °C mo 300 °C u cocramser 85107 2pao™. Hekoropoe
HECOOTBETCTBHE TEMIIEpaTyp CTEKJIOBAHUS M Havaia aedopManuy Ha KPUBOH
JATA ¥ OTHOCHUTENBHOIO y/UIMHEHHsI 00pa3IoB OT TeMIepaTypbl OOBICHAETCS
NPUHLIUIHATBHBIMUA OTIIMYMSIMUA METOJIOB UX ONPEICIICHHUS.

Ha puc.5B mpezacraBieHa KpHuBash OTHOCHUTEIBHOIO TEPMUYECKOTO pac-
mmmpenns BaTiO; ¢ 10 mace.% crekna Ti-1. U3 pucyHka BUIHO, YTO HA JWiIa-
TOMETPHUYECKON KPUBOK HAOIIOMaeTCsl ¢1ab0 BBIPAKEHHBIA S-00pa3HbIi H3THO
B unTepBase temmeparyp 100-180 °C, uTo XxapakTepHO [UIS PACHIMPCHUS YHC-
TOro TUTaHata Oapus (cM. puc. 50), cBsI3aHHBIA C (Da30BBIM MEPEXOJIOM Cer-
HETODJICKTPUK — Mapad’IeKTPUK, TEMIIepaTypa KOTOPOro HAXOAUTCS B 00iacTu
120 °C. U3 kpuBO# TaKkxe BUIAHO, YTO HE MPOSBIIETCS dPPEKT CBSI3aHHBINA C
JMKBAIMEN CTEKIA.

TKJIP kommosura tutanat Oapust +10 macc.% crexno Ti-1 B uHTEepBaie
20-300 °C cocraBuser 92'10'72pa0'1. Pasuunia TKJIP xoMmo3nTa ¥ MCXOTHBIX
KOMITOHEHTOB MOXKHO OOBSICHUTH MPOUCXOASALINM B3aHMMOJICHCTBHEM CTEKJIa C
TUTaHATOM Oapusi, BCIEACTBUE YEro Mcye3aeT M JIMKBAIIMOHHBIA XapakTep
KpHUBOH.
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[To nanubM pabotsl [8] mpu Temmneparype Kropu ausnekrpuydeckas mpo-
HULIaeMOCTh HaHopa3zmepHoro (80 #w) Tutanara Gapust umeet 3HaueHu ~ 4800
eauHuL pu yactore 25 [y.
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Puc. 6. TemneparypHast 3aBUCUMOCTb AUIEKTPHUECKON MPOHULAEMOCTH CHHTE3UPOBAHHOT'O HAMU
2
TuTaHarta 6apus npu yacrore 1077 y.

T

TemmeparypHas 3aBUCHIMOCTD TUAJIEKTPUIECKON TIPOHUIIAEMOCTH CHHTE3H-
POBAaHHOTO HaMH THTaHaTa Oapus, TpUBEICHHas Ha pucC. 6, yKa3plBaeT Ha
BEITMYHHY TTOpsika ~5620 eMHUIL TTPH 4acTOTe 10% I Y. DTO BIIOITHE OXKHIAEMO,
MTOCKOJIBKY OTIMYAIOTCS YCJIOBHSI OINPEACTCHHS M0 YacTOoTe W (U3HUECKOMY
COCTOSIHUIO WCCIJICIOBAHHBIX 00pa3loB. B mpuHIMIE B pa3HbIX paboTax mpu-
BOJIATCS Pa3HbIC BETMUNHBI JUAJICKTPHUECKON MPOHUITAEMOCTH THTaHATa Oapust
(ot 4000 mo 14000 emuHWIT), TTOMYYSHHBIX PAa3HBIMH CIOCOOAMH W HAXOIs-
IIMXCS B Pa3HBIX CTPYKTYPHBIX COCTOSHUSIX W M3MEPCHHBIX B Pa3HBIX 4acTOT-
HBIX nuana3oHax. [loaToMy cpaBHEHHE ITHX MAaHHBIX HE MOXET OBITh 00BEK-
THBHEIM.

£
TiO3- .0
BaTiO 3 - 90 »macc. % + 140, Be 10'3 50 macc. % +
€ + Ct. Ti-1 - 10 »ace. % { + Cr. Ti-1-50 mace. %
a g 120
4000 w-10%Tu, o-10°Ty l
] s 2389 °C
3000 o8]
2000 60
40 |
1000j v -
0 +—r——r—7—T— 0
0 100 200 300 0 100 200 300
t.9%C t, °C
a) 6)

Puc. 7. 3aBHCHMOCTH AUDJIEKTPHYECKOM TIPOHUIIAEMOCTH OT TeMreparypsl it BaTiOs+ c1.Ti-1.
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Ha puc. 7 npeacrasieHa 3aBUCUMOCTb TUAJIEKTPUYECKON POHUIIAEMOCTH
kommo3uta ¢ comepkanueM BaTiOsz - 90 mace.% + cr. Ti-1 — 10 macc. % npu
gacrotax 10% u 10° Iy (a) u xommo3uTa ¢ conepxannem BaTiOs - 50 mace.% +
ct. Ti-1 — 50 macc. % (6) ot TemnepaTypsl ipu yactore 102 Iy,

Kak BunHo, Temmneparypa Kiopu komnosurta turanar 6apust ¢ 10 macc.%
crexna Ti-1, u3mepennas npu yacrore 10° I, cMemaeTcs B CTOPOHY BBHICOKHX
temnepatyp (140 °C), a aumdneKkTpuYeckas MPOHUIIAEMOCTb CHHXKACTCH,
npuHMMas 3Hadenne 3350 exunnn. M3mepenus npu yacrore 10° Iy npusout
K HE3HAYUTEIbHOMY CMEIIeHuI0 Temneparypbl Kiopu B 001acTh BBICOKHX
TEMIIEPaTyp, a JUAJIEKTPUUECKasl MPOHUIIAEMOCTh CHUKAETCs 10 YpoBHA 2550
€IMHMUII, YTO BIIOJIHE €CTECTBEHHO.

C TOBBIIICHHEM KOHIIEHTPAIMK CTekiaa Ti-1 B KOMIIO3UTE C TUTAHATOM
Gapus 10 50 macc.% (puc. 66) mpu gacrore 10° I'y Temmeparypa Kropu
Bo3pacraet (1o ~ 240 °C), a nudneKTpHYecKas MPOHUIIAEMOCTh YMEHBIIASTCS
(cocraBister 83 emunuIbl). Takas 3aBUCUMOCTh TUAJIEKTPUYECKONW MPOHHUIIAE-
MOCTH KOMIIO3UTOB OT TEMIIEPATYypPhl, TAK)KE€ CBUIAETEILCTBOBATh O YACTUYHOM
B3aUMOJICHCTBIH TUTaHaTa Oapus co cTekioM Ti-1. [ToBeimenue remmepaTypsl
Kiopn MOXHO OIIEHHTb, KaK TONOXKHUTEIbHBIN 3(ddekr, uTo mO3BOIIET
MIPUMEHSATH UX B IPpUOOpax ¢ MIMPOKUM AUANA30HOM pabodnx TeMIeparyp.

Ha puc. 8. mpuBeneHa 3aBHCHMOCTb YAEIBHOTO 3JEKTPHUECKOT'O COMPO-
THBJICHUS, CUHTE3UPOBAaHHOI'O0 HaMU TUTaHaTa Oapusi oT Temmeparypbl. Kak
BUJIHO, IIpU KOMHATHOIl TeMIieparype YAENbHOE CONPOTUBICHUE MPUHUMAET
HauOosbiee 3HaueHue. [Ipu moBbImeHHH TeMmmepatypbl 10 60 °C compo-
TUBJICHHE pe3ko mnamaer. B obmactu Temmeparypsl Kiopu (T, = 120 °C)
HaOJ0JaeTcss HeOOJIbIIOE MOBBIILIEHUE U JlaJlee CIENYeT CIaj] COMPOTUBIICHUS.
DT0 U3MEHEHHE CBSA3aHO C IIEPEXOA0M MaTepHalla U3 CErHETOIEKTPUUECKOTO B
apa3IeKTPUIECKOe COCTOSHUE.

10% P, Om - cm
][ BaTiO3
1
107- E‘.
A
N,
S
10° -
0 50 100 150 200 250
t, °C

Puc. 8. 3aBHCHMOCTb YIEILHOTO JIEKTPHIECKOro conpoTuBienus BaTiOz
HAIIIero CHHTE3a OT TEeMIIepaTypHl.
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Ha puc. 9 npencrasieHa 3aBUCUMOCTb YIEIbHOIO JIEKTPUUECKOTIO COMpPO-
tuBseHus: kommo3utoB BaTiOzc 10 u 50 macc.% crexna Ti-1 oT Temmeparypsi.
Ha puc. 9a nabmogaercs sipko BBIpaXEHHBIN MUK YAETBHOTO CONPOTHBICHUS
6mu3 Temmepatypbl Kiopu, a Ha puc. 90 yka3aHHBI IUK CTaHOBUTCS Oojee
MHTEHCHBHBIM M CMEIAeTCsl B CTOPOHY BBICOKHMX TemIepaTyp. Takoe rose-
JIeHNE M3MEHEHHs YNIENBHOrO COINPOTUBIICHHS OT TEMIIEpaTypbl HOCHT Ha3-
BaHKE MO3UCTOPHOTO 3P PEeKTa, YTO XOPOIIO U3BECTEH U MIMPOKO MPUMEHSETCS
B TEXHHUKE JUISl CO3/IaHMSI PA3IMYHBIX TaTYHKOB.

BaTiO3 - 50 macc. %0 +
+ C1. Ti-1 - 50 mtacc. %o

P, Om . cm
BaTiO 3 - 90 macc. %0 +
+ Cr Ti-1 - 10 mace. 94 10 1003
P, Om-cm 20 1002
10-10"!
10-10"! 1.0 10t
10-10"" .
01-10"" L=t py, 010018 e e
0 100 200 300 0 100 200 300
t. °C i. °C
a) 6)

Puc. 9. 3aBucHMOCTb YAEIBHOTO JIEKTPUIECKOTO CONPOTUBIICHUSI KOMIIO3UTOB
BaTiO; + ct. Ti-1 ot Temmeparypsi

Ha puc. 10 mpencraBieHbl 3aBUCHMOCTH TaHTEHCA yIIa AUAJIEKTPUYECKUX
MOTeph TUTaHATa OApHs ¥ KOMITO3UTOB THTaHaTa Oapus + cT. Ti-1 mpu pasHbIX
94acToTax OT TEeMIEpPaTyphI.

BuaHo, 94TO TaHTEHC yriia TUAJIEKTPUUECKUX MOTeph TUTaHaTa Oapus (puc.
10 a) uMeeT He3HAYMTEIbHBIN MUK mpu Temmeparype 120 °C. [lanee, ¢ yBe-
JMYEHHEM YacTOThI YKa3aHHBIA MUK CTaHOBHUTCS TUPQYy3HBIM. C MOBBIICHUEM
9acTOTHI JOMEHBI HE YCIIEBAIOT COPHEHTUPOBATHCS, TOATOMY dPQEKT ncuesaer.
Beime 120 °C, B mapasieKTpHuecKoil 00JacTH, AUAJIEKTPHUYESCKas MPOHHIIAe-
MOCTh MEHSIETCSI IKCIIOHEHIIUAIBHO KaK y OOBIYHBIX JHAJIEKTPHKOB.

Ha puc.106 ul0B mpuBeACHb 3aBUCMMOCTH W3MEHEHHWsS TaHTEHCa yriia
JIMAJIEKTPUYECKUX TIOTeph KOMIO3UTOB TUTaHata Oapust — 90 macc.% + cr. Ti-
1- 10 macc. % w tutanata Gapust — 50 macc.% + cr. Ti-1 — 50 macc.% npu
pa3HBIX YacTOTaxX OT TeMIlepaTypbl. MakCHMyMbI Ha KPUBBIX 3THX KOMITO3UTOB
OoJyilee MHTEHCUBHBI U C TIOBBIIIEHUEM YacTOTHl HAOIIOAeTCs MX YMEHbILICHHE
Y CMENIeHUE B 00J1aCTh BBICOKHX TEMIIEPaTyp.
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Puc. 10. 3aBHCHMMOCTb OT TeMIEpaTyphl TAHI'€HCA YIJIa AUIEKTPUUECKUX OTEPh TUTAHATA Oapus U

KOMITO3UTOB THTaHaTa Gapus co cTekyoM Ti-1 mpu pasHbIX yacTorax.

Ha KPUBBIX TaHI'CHCA YyTIJlda JUIJICKTPUYCCKUX MMOTCPb KOMIIO3UTA TUTAHATA

Oapust — 50 macc.% + cr. Ti-1 — 50 macc.% nuku npeacTaBiIeHbl B BUJIE I1JI0-
[IaJI0K ¥ HE CMEIIA0TCSl OTHOCHTENFHO JPYT OT APYyra B 3aBHCUMOCTH OT TEM-
neparypsl.

Taxum 06pa30M, MOXXHO OTMETUTH CIICAYIOUICE:

e 3amMeHa B HUCXOAHBIX KOMIIOHCHTAaX TPaJUIIUOHHOIO CHMHTC3a TUTaHAaTa

Oapusi yriaeKucioro 0apusi Ha HUTpAT Oapus MO3BOJIET CHU3HUTH TEM-
neparypy cuatesa ¢ 1300 o 800 °C.

CuHTe3upOBaHHBIM HaMH THTaHAT Oapus M CTEKio TI-1 MMEIOT mpak-
THYECKH ofrHaKoBbIe 3HaueHnss TKJIP mopsiaka 85 1072pao.™. Yeenu-
gyenne TKJIP y komno3ura tutanara 6apusi, cogepsxaero 10 mace. %
crexna Ti-1 10 921072pao.™, namu oGBACHSETCS B3aHMOICHCTBHEM
HCXOJTHBIX KOMITOHEHTOB.

Co3naHne KOMIIO3UTOB THTaHarTa Oapus co CTEKIOM Ti-1 M3 cHCTeMBI
BaO-TiO,-B,03 no3Bosnser pacimimputh TeMIEepaTypHyr 00JacTh Mpo-
SIBJICHHSI CETHETOAIEKTPUUYECKUX CBOWCTB, BOZHUKAET CHJIBHBIN IO3HUC-
TOPHBIN AP (HEKT, 9TO PaCIIUPUT 00IACTh UX TIPUMEHCHHS.

RULPNRUD ShSULUSh b4, BaO-TiO2-B203 ZUUULUN TP BATGUNR
25S WU uNUANQhSUErh UbLREIL B4, ZUSUNRESNRLLGMh
NRUNRUBUBORPNRUL

U. U. aN11U8LY, U. U. UBr4U8LY, 2. U. BLERULLEUL
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The article describes density, water absorption, thermal coefficient of linear expansion
(TCLE), and electrical properties of barium titanate and its composites with Ti-1 glass. It is
shown that when barium nitrate and titanium oxide are used, the synthesis temperature of
barium titanate decreases from 1300 °C to 800 °C. The difference between the TCLE of
barium titanate and Ti-1 glass from the TCLE composite indicates their interaction. The
permittivity of composites at the Curie temperature decreases compared to barium titanate,
and the Curie temperature shifts to higher temperatures. Composites with glass have a
strong posistor effect, which can expand the field of their application.
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CHUHTE3, IIPEBPAIIEHUSI 5,5- TUMETHWJI-3-ITPOIINJI-2-THOKCO-2,3,5,6-
TETPATUJAPOBEH30[h]XUHA3OJHWH-4(1H)-OHA "
AHTUBAKTEPUAJIBHBIE CBOMCTBA MOJYYEHHBIX COEJJMHEHUI

A. 1. MAPKOCSIH, A. C. BATJIACAPSIH, A. C. AMBA3SIH,
C. A.TABPUEJISIH, M. 10. IAHI'SIH, A. I APAKEJISIH

HayuHo-TexXHONMOrn4eckuii IeHTp opranudeckoi u gpapmanesrnyeckoid xumun HAH PA.
Apwmenus, 0014, r. EpeBan, nip. AsarytsH 26.
E-mail: ashot@markosyan.am

Tocrymuno 19.09.2022

Ha 6ase atun 1-amuHo-3,3-gumetun-3,4-aurnapoHadTanuH-2-kapbokeunata (amMmuHoacup)
paspaboTaH meTog cuHTesa 5,5-gumeTun-3-nponun-2-Tuokco-2,3,5,6-teTparngpobeH3o[h]xmHa3onmH-
4(1H)-oHa (TMOKCOBEH30XMHA30MMH), KOTOPbIA B LUENOYHOW CpeAe ankunupoBaH ramnoreHugamu
pas3fnMYHOro CTPOEHUS, YTO MPUBENO K MOMy4yeHuo 2-ankuntuo-5,5-gumertun-3-nponun-5,6-guruagpo-
6eH30[h]xmHasonuH-4(3H)-oHam. KoHaeHcaum-en TMOKCOBEH30XMHa30MHa ¢ rmapasuH rmapatom u 2-
3TaHOMaMUHOM CUHTE3MPOBaHbl  2-rmapasnHun-5,5-gumeTtun-3-nponun-5,6-gurnapo-6eH3olh]xmHaso-
nuH-4(3H)-oH 1 2-[(2-rna-pokeuatun)amuHol-5,5-aumeTnn-3-nponun-5,6-gurnagpobeHsolh]xmHasonmH-
4(3H)-0H, cooT-BeTCTBEHHO. M3yyeHbl aHTuGakTepuarnbHble CBOWCTBA CUHTE3MPOBAHHBIX COEANHEHWN.
B pesynbTate uccnegoBaHWi YCTAHOBIEHO, YTO W3YYEHHble coefvHeHus obnapatoT cnabon unum

ymepeHHon aHTMﬁaKTepMaﬂbHOVI AKTUBHOCTbIO.

Bu6n. ccbinok 30, Tabn. 1, cxema 1.

Kniwouesvie cnosa: ammnoddup, 6enzo[h]xunazonuH, aakuIMpoBaHue, KOH-
JICHCAIMs, aHTUOAaKTepHaIbHasl aKTHBHOCTD

Hmeroruecs B mutepaType cooduieHus o 6eH30[N]X1MHa30IuHOBBIX COeIn-
HEHHUAX ITOKa3bIBAIOT, YTO OHU 00JIaJaroT LEHHLIMU OMOJIOTHYECKMMU CBOMCT-
Bamu [1-18]. B wacTHOCTH, MpoOW3BOAHBIC YKAa3aHHOTO KJllacca COSIWHEHUMN
MPOSIBIISIIOT TPOTUBOOITYXOJICBBIE, aHTHOAKTEPUAIbHBIC, TPOTHBOIPUOKOBBIC,
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MIPOTUBOBUPYCHBIE, IICUXOTPOITHBIE CBOMCTBA. CBeieHUs O 3-3aMeIEHHBIX ,5-
auMmeTHI-6eH30[ ] xnHa30aMHAX OrpaHUYMBAIOTCS HAIIUMU PabOTaMH, Pe3yJib-
TaThl KOTOPBIX YKAa3bIBAIOT HA MEPCIECKTHBHOCTh UCCIICIOBAHUN B 3TOW 00JIaCTH
[19-29]. B mpexcraBieHHOi paboTe HPUBOIATCS TaHHBIE O CHHTE3€, HEKO-
TOPBIX IPEBPAIIEHUSAX MU AHTUOAKTEPUAIBHOW AaKTUBHOCTH 5,5-TUMeTHII-3-
npomnui-2-Tuokco-2,3,5,6-rerparuapodensol h]xu-unazonun-4(1H)-ona.

1-Amuno-3,3-aumeTnin-3,4-aurupoHadranun-2-kapOoKkcuiar (amuHO-
a¢up) [19] B cpene HU3KOKUTIAIUX COIUPTOB (METAHON, STAHOM, U30MPOITaHOI)
BBE/ICH BO B3aMMOJICHCTBHE C IPONIIN30THONNAHATOM. BBISBIEHO, 4TO JIyd-
[IME BBIXOJbI TIOJYYAIOTCS MPHU TPOBEJICHUU PEAKIUU MPU TEeMIepaTrype Ku-
nenust pacrBoputeins. [Ipu npoBenenun peakiuu B TeueHue 18-20 vacoB 00-
pa3oBaBIIasCs THOMOYEBHUHA 2 B YCIIOBHSX PEAKIMH YaCTHYHO IUKJIU3YETCS B
5,5-mumerui-3-nponui-2-truokco-2,3,5,6-rerparuapodensol | xuxazonuu-
4(1H)-oH (3) (B cooTHOmmeHuM 1:1).

JIis TIOBBIIIICHHSI BBIXOJA COSAWHEHHUsI 3 TONYYCHHYI0 CMECh 00padOTHhI-
BalOT PacTBOPOM EIKOTr0 Kalld, YTO TPHBOAUT K TIONYYEHUIO THOKCOOEH30-
xuHa3onuHa 3 ¢ BbIXoAoM 40 %. M3ydeHO anmkwimMpoBaHWE THOKCOOEH30-
XMHA30IMHa 3 B TPUCYTCTBHH €IKOTO Kald C TAIOTCHUJAMH pA3JINIHOrO
CTPOCHUS B Cpejie aOCONOTHOTO ATAaHONA, YTO MPHBOIUT K OOpa3OBaHHIO 2-
ATKUITHO-5,5-tuMe - 3-niponui-5,6- muruapodenso h|xuna-3omun-4(3H)-
oHoB 4-13 ¢ Brixonamu 48-83 %. Konnencarueil THOKCOOCH30XHHA30IMHA 3 C
M30BITKOM 2-aMHHO3TaHOJIA MONy4YeH 2-(2-TUAPOKCUITUIIAMHUHO)-5,5-TMMeTHII-
3-niponui-5,6-uruapodensol h]xunazonuu-4 (3H)-ou (14).

Cxema Nel

s, —

H—NH O N S O N _S.
NH ‘ h ‘ R
) —

COOEt

2

o}
3
‘ C3H,NCS J

H

(K

O NH, ‘ o
‘ COOEt 5 L

1 14

4. R=Me: 5. R= Et: 6. R=Pr: 7. R=i-Pr: 8. R= Allyl: 9. R= Bu: 10. R= Bz: 11. R= 4-CH,C¢H4CH,: 12. R=
4-C|C6H4CH2: 13.R= CHzCOOCsz.

AHTI/I6aKT6pI/IaJ'ILHYIO AKTUBHOCTb CHUHTC3UPOBAHHBIX CO@I[I/IHCHI/Iﬁ nu3y-

YarT MeToAoM “muddy3uu B arape” mpu MUKpOOHOW Harpyske 20 MIIH MUK-
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pobHbIX Ten Ha 1 mu cpensl. B kauecTBe TeCT-O0BEKTOB HCIONB3YIOT I'pam-
noJyiokuTeNbHble ctadminokokku (St. aureus 209p, Bac.subtilisATCC-6633) u
rpamotpunarensubie nanouku (Sh. Flexneri 6858, E. coli 0-55) [30]. dannbie
00 aHTHOaKTepUAILHOW AKTMBHOCTH CHHTE3UPOBAHHBIX COCIUHCHUN TMpUBE-
IIEHEI B TaOJIHIIE:

Taoauna 1

I[al-ll-lble aHTl/IﬁaKTepl/IaﬂbHOﬁ AKTUBHOCTU CHHTEC3UPOBAHHBIX COC}II/IHeHl/Iﬁ

Ne St. aureus Bac. subtilis Sh. Flexneri E. coli
COCJIHH. 209 p ATCC-6633 6858 0-55
3 12 17 0 12
4 0 15 10 10
5 0 0 0 0
6 15 10 10 13
7 0 0 13 13
8 10 13 13 13
9 0 0 13 14
10 0 14 14 14
11 14 15 14 15
12 12 16 15 15
13 14 13 15 15
14 12 15 13 17
Dypazonuaou 25 24 24 24

JKcnepuMeHTATbHASL 4acTh

HK-criektpsl coeamHeHWH OT CHATHI Ha crekrpodoromerpe «FT-IR
NEXUS» B BazenuHoBOM Maciie, criekTpbl SIMP 'H (300 MHz, AMCO-d6/CCl,
1/3) u *C (75 MHz, IMCO-d6/CCl, 1/3) 3aperucTpupoBanbl Ha mpruGOpe
«Varian Mercury-300», Bayrpennue cranmaptel - TMC wmm 'MJIC. TCX
npoBeneHa Ha mactuakax Silufol UV-254, nposiBuTens - napsl Hoja.

5,5-InmeTnia-3-nponui-2-Tuokco-2,3,5,6-rerparuapodenso|h]xunaso-
quH-4(1H)-on (3). Cmech 24.53 2 (100 mmonw) stn 1-amuHO-3,3-TUMETHII-
3,4-nuruaponadranun-2-kapookcuiara [19], 150 mz stanona u 10.1 2 (100
MMOb) TPONUIN30THOIIMaHATa OCTABIISIIOT MTPU KOMHATHOM TemiiepaType Ha 10
4, 3aTeM KUIATAT ¢ OOpaTHBIM XONOMWIbHUKOM B TeyeHue 20 u, K peax-
LIUOHHOM cMecH 100aBisitoT pactBop 11.2 2 (200 mmonv) ruapokcua Kaaus B
70 ma Bomel M KUIATAT ewmié 4 y. OxuaxmaroT 1 noakucistoT 10 % cossHoit
kucioroi no pH=3.0-3.5. O6pa3zoBaBmuiicss ocamok OTGHILTPOBBIBAIOT, TPO-
MBIBAIOT BOJIOH U MepeKkprcTain30BbiBatoT. Boixon 12.0 2 (40 %), T. m. 188-
190 °C (EtOH), Ry 0.63 (3tmmanerat-6emson, 1:10). MK-ciextp, v, cm™: 1571
(C =C Ar), 1622 (C = C), 1679 (C = 0), 3200 (NH). Cnexmp AMP *H: 1.00
(3H, 1, J="7.4, CH;3 Pr); 1.27 (6H, c, Mey); 1.68-1.82 (2H, m, CH, Pr); 2.72 (2H,
¢, 6-CHy); 4.25-4.32 (2H, m, NCHy); 7.16-7.21 (1H, m, Ar); 7.24-7.39 (2H, wm,
Ar); 7.39-7.45 (2H, m, Ar); 7.91-7.98 (1H, m, Ar); 11.81 (1H, mc, NH).
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Cnexmp SAMP C: 10.9 (CHs Pr); 19.1 (CH, Pr); 25.0 (Mey); 32.6 (CMey);
44.4 (6-CH,); 47.0 (NCH_); 116.7, 124.6 (CH); 125.1, 126.1 (CH); 127.7 (CH);
130.4 (CH); 136.5; 142.5; 158.8; 175.3 (C = S). Haiineno, %: C 68.16; H 6.59;
N 9.46; S 10.77. C17H20N20S. Beruucneno, %: C 67.97; H 6.71; N 9.32; S
10.67.
2-AnkuaTuo-5,5-numernia-3-nponuia-5,6-1uruapodenso[h] xuHazonmuu-
4(3H)-onb1 4-13 (obmast metomuka). B peakiuonHyo KoaOy ¢ 0oOpaTHBIM
XONOUIBHUKOM ToMmeniatoT cmech 2.10 2 (7 mmonv) 2-trokcobenso[h]xu-
nasonuua 3, 0.45 2 (8 mmonw) ruapoxcuma kamms, 30 mz abc. sTaHONA H
KunATAT 10 ymun, 3aTeM 100aBISIFOT 8 MMOIb ATKUITAIOTCHU A U TPOIODKAIOT
kunsgeHue eme 12 u. PeakIMOHHYIO CMech OXJaKOaloT, A00aBisoT 20 ma
Bozibl. Ocamok OT(HUIBTPOBBIBAIOT, MPOMBIBAIOT BOJOH, MEPEKPHUCTAT-IN30BbI-
BAaIOT M CyIIAT Ha BO3/yXe.
5,5-InmMeTHI-2-MeTHIATHO-3-NIPONUJI-5,6-1urnapodenso|h]|xunazonmu-
4(3H)-on (4). Beixoxg 1.80 2 (86 %), 1. mn. 121-123 °C (EtOH), R; 0.58
(stunanerar-6enson, 1:10). UK-crextp, v, en™: 1604, 1617 (C=C Ar), 1652
(C=0). Cnexmp AMP *H: 1.02 (3H, 1, J= 7.4, CH3 Pr); 1.33 (6H, c, Mey);
1.69-1.84 (2H, M, CHy, Pr); 2.68 (3H, ¢, SCH3); 2.74 (2H, c, 6-CH,); 3.89-3.95
(2H, M, NCHy); 7.11-7.16 (1H, m, Ar); 7.21-7.32 (2H, m, Ar); 8.03-8.08 (1H, m,
Ar). Cnexmp IMP *C: 10.9 (CH; Pr); 14.2 (SCHs); 20.5 (CH; Pr); 25.5 (Mey);
32.9 (CMey); 44.2 (6-CHy); 45.1 (NCH,); 120.3, 124.7 (CH); 125.9 (CH);
127.2 (CH); 129.4 (CH); 131.7; 136.2; 150.6; 158.3; 159.9. Haiineno, %: C
68.93; H 7.18; N 8.75; S 10.06. C13H2,N,0S. Berancneno, %: C 68.75; H 7.05;
N 8.91; S 10.20.
5,5-IumeTni-3-nponui-2-3TuaTuo-5,6-nuruapoodenso[ | xuHa3o/mH-
4(3H)-on (5). Beixox 1.96 2 (85 %), T. mn. 95-97 °C (EtOH), Rf 0.56 (atu-
nanerar-6enson, 1:10). UK-crektp, v, ev™: 1604 (C = C Ar), 1648 (C = 0).
Cnexmp AMP 'H: 1.02 (3H, 1, J = 7.4, CH3 Pr); 1.33 (6H, ¢, Mey); 1.49 (3H, T,
J=17.3, CH; Et); 1.69-1.82 (2H, m, CH, Pr); 2.75 (2H, ¢, 6-CH,); 3.30 (2H, k,
J=7.3, SCH,); 3.86-3.94 (2H, M, NCH); 7.11-7.16 (1H, m, Ar); 7.21-7.32 (2H,
M, Ar); 7.98-8.03 (1H, m, Ar). Cnexmp AMP **C: 10.8 (CHs Pr); 13.7 (CHs Et);
20.5 (CH; Pr); 25.5 (Mey); 25.6 (SCHy); 32.9 (CMey); 44.2 (6-CHy); 45.0
(NCHy); 120.3, 124.4 (CH); 125.9 (CH); 127.2 (CH); 129.4 (CH); 131.8; 136.3;
150.6; 157.9; 159.9. Haiineno, %: C 69.59; H 7.52; N 8.38; S 9.90.
C19H24N>OS. Brruncieno, %: C 69.47; H 7.36; N 8.53; S 9.76.
5,5-IuMeTHII-2-N30NPONMMITHO-3-PONH.I-5,6-1uruapooenso[h]xuHaso-
quH-4(3H)-on (7). Beixon 1.74 2 (73 %), t. . 103-105 °C (EtOH), R; 0.58
(stunanerar-6enson, 1:10). UK-cextp, v, emn™: 1602 (C=C Ar), 1661 (C=0).
Cnexkmp SAIMP H:1.02 (3H, T, J = 7.4, CH3 Pr); 1.33 (6H, ¢, Mey); 1.52 (6H,
a, J = 6.8, 2CHg3 i-Pr); 1.67-1.81 (2H, m, CH; Pr); 2.75 (2H, ¢, 6-CHy); 3.84-
3.91 (2H, m, NCHy); 4.14 (1H, cn, J = 6.8, CH i-Pr); 7.11-7.16 (1H, M, Ar);
7.21-7.32 (2H, m, Ar); 7.95-8.00 (1H, M, Ar). Cnexmp SAMP **C: 10.8 (CH;
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Pr); 20.4 (CH; Pr); 22.2 (2CHg; i-Pr); 25.5 (Mey); 32.9 (CMe;,); 36.9 (SCH);
44.2 (6-CHy); 45.0 (NCH,); 120.3, 124.4 (CH); 125.9 (CH); 127.3 (CH); 129.4
(CH); 131.8; 136.3; 150.7; 157.9; 159.9. Haiineno, %: C 70.30; H 7.55; N 8.37;
S 9.47. CxH2N20S. Beruucineno, %: C 70.14; H 7.65; N 8.18; S 9.36.
2-AmmaTuo-5,5-muMerii-3-nponui-5,6-muruapodenso[h | xunazosmn-
4(3H)-on (8). Brixox 2.0 2 (84 %), 1. mn. 86-87 °C (EtOH), Rf 0.58 (stmna-
uerar-6enson, 1:10). MK-cmektp, v, cu™: 1605 (C=C Ar), 1649 (C=0).
Cnexmp SIMP *H: 1.02 (3H, 1, J = 7.4, CH3 Pr); 1.33 (6H, ¢, Me,); 1.69-1.83
(2H, m, CH; Pr); 2.75 (2H, ¢, 6-CH,); 3.88-3.95 (2H, m, NCH); 3.98 (2H, 1.z,
J = 6.9, SCH,); 5.18 (1H, mr.ax, J = 10.0;1.3, =CH, ); 5.37 (1H, arm, J =
17.0;1.3;1.3, =CHy); 6.02 (1H, arx, J = 17.0;10.0;6.9, =CH); 7.11-7.16 (1H, M,
Ar); 7.22-7.33 (2H, m, Ar); 7.99-8.05 (1H, m, Ar). Cnexmp AMP C: 10.9
(CHs Pr); 20.5 (CH; Pr); 25.5 (Mey); 32.9 (CMey); 33.9 (SCHy); 44.2 (6-CH,);
45.2 (NCHy); 118.1 (=CH,); 120.5, 124.6 (CH); 125.9 (CH); 127.3 (CH); 129.5
(CH); 131.7, 132.2 (=CH); 136.3; 150.6; 157.4; 159.9. Haiineno, %: C 70.73; H
7.28; N 8.11; S 9.56. CxH24N,0S. Beruncneno, %: C 70.55; H 7.10; N 8.23; S
9.42.
2-Byruaruno-5,5-mumernii-3-npomui-5,6-muruapodensolh | xuna3omn-
4(3H)-on (9). Beixox 1.32 2 (53 %), T. . 48-49 °C (EtOH), R¢ 0.62 (3Tmina-
nerar-6enson, 1:10). MK-criektp, v, cn™: 1604 (C=C), 1663 (C=0). Cnexmp
AMP "H: 1.00 (3H, T, J = 7.4, CH3 Pr); 1.02 (3H, 1, J = 7.3, CH3 Bu); 1.33
(6H, c, Mey); 1.47-1.60 (2H, m, CH; Bu); 1.68-1.87 (4H, M, 2CH>); 2.74 (2H, c,
6-CH,); 3.29 (2H, 1, J = 7.1, SCH); 3.85-3.97 (2H, m, NCH>); 7.10-7.16 (1H,
M, Ar); 7.20-7.33 (2H, M, Ar); 7.95-8.01 (1H, m, Ar). Cnexmp SIMP C: 10.9
(CHs Pr); 13.2 (CH3 Bu); 20.5 (CH2 Pr); 21.4 (CH2 Bu); 25.5 (Mey); 30.4 (CH,
Bu); 30.9 (SCH,); 32.9 (CMey,); 44.2 (6-CH,); 45.1 (NCHy); 120.3, 124.4 (CH),
125.9 (CH); 127.3 (CH); 129.4 (CH); 131.8; 136.3; 150.6; 158.0; 159.9.
Haiineno, %: C 70.93; H 7.85; N 7.99; S 8.89. C,1H2sN,0S. Beruncneno, %: C
70.75; H 7.92; N 7.86; S 8.99.
2-bBen3naTuo-5,5-mumMeTnii-3-nponui-5,6-1uruapodenso|h| xuna3zoun-
4(3H)-on (10). Boixon 1.80 2 (66 %), T. . 84-86 °C (EtOH), R; 0.57 (3tnna-
uerar-6enson, 1:10). MK-cmektp, v, cw™: 1600 (C=C Ar), 1668 (C=0).
Cnexkmp SAIMP H: 1.00 (3H, T, J = 7.4, CH3 Pr); 1.34 (6H, ¢, Me,); 1.68-1.83
(2H, m, CH; Pr); 2.76 (2H, c, 6-CH,); 3.87-3.95 (2H, m, NCH,); 4.58 (2H, c,
SCHy); 7.12-7.17 (1H, m, Ar); 7.21-7.34 (5H, m, Ar); 7.39-7.45 (2H, m, Ar);
8.04-8.09 (1H, m, Ar). Cnexmp AMP *C: 10.8 (CH; Pr); 20.5 (CH, Pr); 25.5
(Mey); 32.9 (CMey); 35.7 (SCH,); 44.2 (6-CHy); 45.2 (NCH); 120.6, 124.7
(CH); 126.0 (CH); 126.9 (CH); 127.3 (CH); 128.0 (2CH); 128.6 (2CH); 129.5
(CH); 131.7; 135.6; 136.3; 150.6; 157.7; 159.8. Haiineno, %: C 73.65; H 6.89;
N 7.35; S 8.39. Cy4H»sN>OS. Brruncneno, %: C 73.81; H6.71; N 7.17; S 8.21.
5,5-Iumernia-2-[(4-meTunéen3nn)tio]-3-nponu-5,6-muruapodenso[h]
xuHa3zoanH-4(3H)on (11). Beixon 2.40 2 (85 %), 1. . 112-114 °C (EtOH), R¢
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0.55 (stmmanerar-6enson, 1:10). UK-cmextp, v, cx™: 1604 (C=C Ar), 1668
(C=0). Cnexmp AMP '*H: 1.00 (3H, T, J = 7.4, CH3 Pr); 1.33 (6H, ¢, Mey);
1.68-1.82 (2H, m, CH; Pr); 2.33 (3H, ¢, CHs- Ar); 2.75 (2H, ¢, 6-CH); 3.87-
3.94 (2H, m, NCHy); 4.52 (2H, ¢, SCHy); 7.07-7.16 (3H, m, Ar); 7.21-7.33 (4H,
M, Ar); 8.05-8.09 (1H, m, Ar). Cnexmp AMP **C: 10.8 (CH; Pr); 20.50 (CHs-
20.53 (CH; Pr); 25.5 (5-Mey); 32.9 (CMey); 35.5 (SCHy); 44.2 (6-CHy); 45.1
(NCHy); 120.5, 124.7 (CH); 125.9 (CH); 127.3 (CH); 128.5 (2CH); 128.7
(2CH); 129.5 (CH); 131.7; 132.3; 136.22; 136.27; 150.6; 157.8; 159.8.
Haiineno, %: C 74.05; H 6.86; N 7.08; S 7.76. C25H2sN,0S. Beruncneno, %: C
74.22; H 6.98; N 6.92; S 7.93.
5,5-Iumerni-3-nponui-2-[(4-xm0poen3usi)Tuo|-5,6-1uruapoden-3o[h]

xuHa3zoauH-4(3H)-on (12). Beixox 2.10 2 (71 %), 1. mn. 115-117 °C (EtOH),
Rf 0.57 (3tumanerat-6enson, 1:10). UK-cnextp, v, cv™: 1602 (C=C Ar), 1672
(C=0). Cnexkmp AMP *H: 1.00 (3H, T, J = 7.4, CH3 Pr); 1.33 (6H, ¢, Mey);
1.67-1.82 (2H, m, CH; Pr); 2.75 (2H, ¢, 6-CH,); 3.86-3.94 (2H, m, NCHy,); 4.56
(2H, ¢, SCHy); 7.12-7.17 (1H, m, Ar); 7.22-7.33 (2H, m, Ar); 7.26-7.31 (2H, M,
p-CeH,4Cl); 7.40-7.45 (2H, m, p-CgH4Cl); 8.00-8.05 (1H, m, Ar). Cnekmp AMP
13C: 10.8 (CH3 Pr); 20.5 (CH; Pr); 25.5 (Me,); 32.9 (CMe,); 34.6 (SCH,); 44.1
(6-CH,); 45.2 (NCH,) 120.7, 124.6 (CH); 126.0 (CH); 127.3 (CH); 128.1
(2CH); 129.6 (CH); 130.1 (2CH); 131.6; 132.5; 134.8; 136.3; 150.6; 157.4;
159.8. Haiineno, %: C 67.90; H 5.76; Cl 8.49; N 6.44; S 7.65. C,4H25CIN,OS.
Berancieno, %: C 67.83; H 5.93; Cl 8.34; N 6.59; S 7.54.

Omua  2-[(5,5-aumernia-4-okco-3-nponui-3,4,5,6-rerparuapoden-3o[h]
xuHa30uH-2-uia)tuolanerar (13). Beixox 1.30 2 (48 %), 1. 1. 84-86 °C
(EtOH), Ry 0.57 (stumanerar-6enson, 1:10). MK-crextp, v, em™ 1602 (C=C
Ar), 1664 (C=0),1741 (C=0 cn.5dup). Cnexmp AMP *H: 1.05 (3H, 1, J = 7.4,
CHs; Pr); 1.27 (3H, 1, J = 7.1, CH3 Et); 1.32 (6H, c, Mey); 1.73-1.87 (2H, M,
CH; Pr); 2.74 (2H, c, 6-CHy); 3.90-3.99 (2H, m, NCH,); 4.03 (2H, ¢, SCHy);
415 (2H, x, J = 7.1, OCHy); 7.10-7.15 (1H, m, Ar); 7.21-7.32 (2H, M, Ar);
7.97-8.02 (1H, m, Ar). Cnexmp AMP *C: 10.9 (CH; Pr); 13.6 (CH; Et); 20.5
(CH; Pr); 25.5 (Mey); 32.9 (CMey); 33.4 (SCHy); 44.1 (6-CH,); 45.4 (NCHy);
60.7 (OCHy); 120.6, 124.8 (CH); 125.8 (CH); 127.2 (CH); 129.5 (CH); 131.5;
136.2; 150.7; 157.0; 159.7; 167.1 (C=0). Haiizeno, %: C 65.08; H 6.57; N
7.42; S 8.45. Cy1H,6N-03S. Breruucneno, %: C 65.26; H 6.78; N 7.25; S 8.30.

2-(2-I'mapoKCHI THIIAMHHO)-5,5- THM e THJI-3-NIPONUI-5,6- TuruApoden-
3o[h]xunazomuu-4(3H)-on (14). Cmecs 3.0 2 (10 mmons) 2-THOKCOOEH-
30[h]xunazonuua u 20 Mz aMHHOITAHOJIA KUIATAT B TeueHue 20 v 1 J00aBISIOT
100 mz Boxmpl. BpimaBmme KpucTamwibl OTGUIBTPOBBIBAIOT M HEpPEKpUCTAI-
n30BBIBAIOT U3 60 % sranona. Beixox 2.19 2 (67 %), .mn. 174-177 °C, R;0.45
(xnopodopm-meranon, 6:1). UK-criextp, v, en™: 1606 (C=C Ar), 1629 (C=N),
3200-3440 (OH, NH). Cnexmp AMP *H: 0.99 (3H, T, J = 7.4, CHs Pr); 1.28
(6H, c, Mey); 1.58-1.71 (2H, m, CH; Pr); 2.68 (2H, ¢, 6-CHy); 3.56 (2H, T, J=
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5.4;,5.4, OCHy); 3.67 (2H, tn, J = 5.4; 5.2, 2-NCHy); 3.79-3.87 (2H, ™, 3-
NCH,); 4.48 (1H, 1, J= 5.4, OH); 6.63 (1H, uLt, J= 5.2, 2-NH); 7.04-7.11 (1H,
M, Ar); 7.17-7.25 (2H, M, Ar); 7.97-8.04 (1H, M, Ar). Cnexmp AMP **C: 10.9
(CH; Pr); 20.0 (CH; Pr); 26.1 (Mey); 32.7 (CMey); 38.9 (2-NCH,); 41.0 (6-
CHy); 44.0 (2-NCHy); 44.9 (3-NCH,); 60.0 (OCH,); 113.6, 124.7 (CH); 125.6
(CH); 126.9 (CH); 128.7 (CH); 132.9; 136.5; 151.6; 151.8; 160.8. HaiineHo, %:
C 69.58; H 7.88; N 12.99. C19H25N30,. Beruucneno, %: C 69.70; H 7.70; N
12.83.

HccnenoBanue BBINOTHEHO NpH (uHaAHCOBOM moanepxkke Komurera mo
Hayke PA B pamkax HayuHoro npoekra Ne 21T-1D061

5,5-FhUGRbL-3- MM NMPL-2-F-h0LUN-2,3,5,6-SESMUL P NRELAN[A]
khUUINIU-4(1 H)-NUb UbUREIL, PN UNRILENE BY, USUSYUD
UbUSNRE3NRLUGMP ZUHULUGLMEU8PY ZUSUNRE3NRLLENE

U.. h. UGMuNU3GY, U. U. RLATUUGLM 8L, U. U. U340.930,
U. Z. $U.LMPELBUY, U. 8. MLLI18UY, 2. 2. UNULELE8UL

F-Uidhtn-3, 3Ty, by P -2 huspp opufusnfs - (usiipimnbuBl)
Apdwh ofpw Syl £ 5,5-npidbEfify-3-yypnufy-2-Phopun-2,3,5,6-nbinpuspypnphki-
gnlW]fupagugfii-4(TH -ntiy - (Blropunp bhqnfufousguyfis) upiPlafs bopuush: L
ohtu Spdiugpte dhgwduwypnid wihppugdby £ wnwppbp hunngduwépbph 4wpngh-
piikpnd, flpp plphy b Zughfyffon-5,5-gfolbfy-3-wpnufy-5,6-qp S fypnpbige[h]
[11[1i1qul[1i1-4(3H)-nilflb[1[1: Phopunpbignfufiinugnipiifi Gnigkiunofnd 2-EfFwiingw-
Ay Shan afffbafby & 2 (2AfgpopuptFlyudbin -5, 5 fulbpy-Supnghy-5, 6
Gﬁr;pnpbil-qn[h][uﬁflqulﬁfl-4(3H)—nil: MNewnedivwuppofly B upbffbgfms  dfugne-
Pynciibph Awlhwdwhpbwgpls Swmlnoffindiibpp: Ubhuwpuwinelput  Sknmwgnun.-
Pyniiibph wpgynidipnod wupgdby £, np dpwgnoffindibbpl ndi 5L Frggfyg swfiundnp
Awlwdwhpbuygfil wilpmfifnffynd:

SYNTHESIS, TRANSFORMATIONS OF 5,5-DIMETHY L-3-PROPY L-2-THIOXO-
2,3,5,6-TETRAHYDROBENZO[hJQUINAZOLINE-4(1H)-ONE AND
ANTIBACTERIAL PROPERTIES OF THE OBTAINED COMPOUNDS

A. 1. MARKOSYAN, A. S. BAGHDASARYAN, A. S. AYVAZYAN,
S. H. GABRIELYAN, M. YU. DANGHYAN AND H. H. ARAKELYAN

The Scientific Technological Center of Organic and Pharmaceutical Chemistry
NAS RA
26, Azatutyan Str., Yerevan, 0014, Armenia
E-mail: ashot@markosyan.am

1-Amino-3,3-dimethyl-3,4-dihydro-naphthalene-2-carboxylate (aminoether) in the
medium of low-boiling alcohols (methanol, ethanol, isopropanol) was reacted with propyl
isothiocyanate. It was found that the best yields were obtained when the reaction was
carried out at the boiling point of the solvent. When the reaction is carried out for 18-20
hours, the formed ethyl 3,3-dimethyl-1-(3-propylthioureido)-3,4-dihydronaphthalene-2-

300


mailto:ashot@markosyan.am

carboxylate under the reaction conditions is partially cyclized to 5,5-dimethyl-3-propyl-2-
thioxo-2,3,5,6-tetrahydrobenzo[h]quinazoline-4(1H)-one (thioxobenzoquinazoline) in a 1:1
ratio. To increase the yield of thioxobenzoquinazoline, the resulting mixture was treated
with a solution of caustic potash, which led to the production of thioxoquinazoline with a
yield of 40%. The alkylation of thioxobenzoquinazoline in the presence of caustic potash
with halides of various structures in absolute ethanol led to 2-alkylthio-5,5-dimethyl-3-
propyl-5,6-dihydro-benzo[h]quinazoline-4(3H)-ones with yields of 48-83%. As a result of
condensation of thioxobenzoquinazoline with 2-aminoethanol in excess of the amine, 2-(2-
hydroxyethylamino)-5,5-dimethyl-3-propyl-5,6-  dihydroben-zo[h]quinazoline-4(3H)-one
was synthesized. The antibacterial activity of the compounds was studied by “diffusion in
agar” at a microbial load of 20 million microbial bodies per 1 ml of medium. Gram-positive
staphylococci (St. Aureus 209p, Bac.subtilis) and gram-negative rods (Sh. Flexneri 6858,
E. coli 0-55) were used as test objects. As a result of the research, it was found that the
studied compounds had weak or moderate antibacterial activity.
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5-(4-TUAPOKCUBEH3WINAEH)-4-UMHUJA30JI0OHA
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Peakunen 2-cpeHun-4-(4-6eH3ounokcmapunuaeH)-5(4H)-okca3onoHoB € COOTBETCTBYHOLLMMM
AvamMvHamu 6binv nonydveHsl Gucamuabl, coaepxaline B Monekyne asa dparmeHta N,O-gubeHsonn-
a,B-gernaporuposmHa. U3 nocnegHux O-6eH3ownbHylo 3awuTHyto rpynny yaansnu  N1,N1-gu-
MetunnponaH-1,3-aguamuHomM. Limknusaums nomyveHHbix GucammgoB B COOTBETCTByKOLME OBucumm-
AasonoHbl 6bina npoBegeHa B gumetundopmamuae 1,1,1,3,3,3-rekcametungucunasaHom. UsyueHsl
aHTUpaavKanbHble N aHTUXONUHACTEpa3sHble CBONCTBA CUHTE3NPOBaHHBIX COEANHEHWIA.

Bu6n. cebinok 14, Tabn. 2.

Knioueswvie cnosa: OGucamuibl, OUCUMUIA30I0HEI, 0,[-IeTHIPOAMHHOKHC-
JIOTHI, aHTUPAIUKATIbHAS aKTUBHOCTh, aHTUX OJIMHACTEPA3HAsI aKTUBHOCTb.

[TpousBoaHble 4-MMHIA30JIOHOB TIPEICTABIIAIOT MHTEPEC B KAYeCTBE CHH-
TOHOB JUII CHHTE3a PAa3JIMYHBIX TETEPOIUKIMYCCKUX COCOMHEeHHM [1-4], Tak n
KaK (pU3MOJOrMYEeCKH aKTHBHBIC BEIECTBA, MPOSBIIAIOIINE pa3IUYHbIE OHO-
joruveckue cporictBa [5-10]. Panee Hamu OBLJIO TIOKa3aHO, YTO HEKOTOPHIC
aHajoru xpomodopa 3ereHoro (iayopecueHTHOro Oenka -5-(4-rumpokcuOeH-
3WIHJCH )-4-uMU 1300086l 1-3 001a1al0T BBIPQKCHHBIMU aHTHUXOJIHHICTEPA3-
HBIMHU ¥ aHTUPAIMKAILHBIMU cBOiicTBamu [11].

304


mailto:ani.makichyan@rau.am
https://doi.org/10.54503/0515-9628-2022.75.3-304

HO

R
1-3 Ph

1 R=H; 2 R=0OMe; 3 R=OEt

C 1enpi0 BBIACHEHUS BIHMSHUS Ha OHOJIOTMYECKYIO AKTHBHOCTH YBEIH-
deHus 100U S-(4-ruapoKcuOeH3WIINICH )-4-UMHIa30JI0HOBOTO OCTaTKa B MOJIe-
KyJe, IPEANPHUHAT CHHTEe3 OMCHMUIA30I0HOB. [ cMHTEe3a MOCIeTHuX B3au-
MmojeicTBrueM 4-(4-6eH30mT0eH3mITH IeH)-5-0Kca3010HOB 4-6 ¢ TeTpamMeTHIIeH-
7 WM TrekcaMeTWIeHAuaMMHamMu 8 B Xjopodopme Mpu KOMHATHOW TeM-
nepatype ¢ BbeIxomamMu 63-78 % momyueHbl OMcaMUABI, COAEpIKaIlMe B MO-
nekyne nBa octarka N,O-mubenzomn-o,B-nerunporuposuna 9-13. U3 mocnen-
HUX OeH30mIbHYI0 O-3alUTHYIO TPYIIy YIS METOAOM, OIMMCAHHBIM B
[12], mpuMeHss YeTBIPpEXKpaTHBIH H30BITOK 3-(IUMETHIIaMUHO)-1-Tiponmia-
muHa (JIMAIIA) B numermndopmamuie npu KOMHATHOW Temmeparype. [lpu
3TOM momy4eHsl Oucamuabl N-6enzomi-o,fB-neruaporuposnna 14-18 — Beixo-
namu 84-95 %. Huximsanus mocneaaux Obuta ocymecTsiena 1,1,1,3,3,3-rek-
camernucuiazadom (I'MJIC), cormacao meroxy [13]. Kunsuenune cmecu
oucamuoB 14-18 u cemukparnoro nzoeitka [MJIC B IM®A B Teuenue 1.5-3
Y JTaeT YAOBJIETBOPHUTEIbHBIC BBHIXOBI (37-57 %) 1eneBbIXx OMCHMUIA307I0HOB
19-23.

0 0 H H 0 0
Fh—< N—(CHz)n—N »—Ph
+ HaN(CH,)nNH; CHCI3 HN \ / NH

7.8

Bz

[MAMA | DMF

0 0 0 0
H H

Ph —(CH,)n—N >—Ph
rMAC HN { ) NH
DMF

R

14-18
HO OH

A

[o] 0

"o AN W\QOH
R N "“(CHz)n’NYN R
P

Ph h

19-23

4,9,14,19 R= H, n=4; 5,10,15,20 R=OCH,, n=4;
11,16,21 R = H, n=6; 12,17,22 R=0CH3, n=6; 6,13,18,23 R=0C,Hs, n=6
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W3yueHsl aHTHpaJUKaIbHbIE U aHTUXOJIUHACTEpa3Hble CBOWCTBA BCEX CHUH-
TE3UPOBAHHBIX coequHeHui (Tadn. 1 m 2). Ilpu paccmMoTpeHuu aHTHpa-AU-
KaJbHBIX CBOMCTB OncamunoB ¢ O-OeH30miIbHOIN 3amuTHOM rpynmon 9-13
(uarubupoBanne 16-36 %), m3ydeHue MOKaszaao, 4YTO OHM IO AKTHBHOCTH
yCTYyINaroT OMcaMuaaM, couepxaium (pparments! o,p-aeruaporuposusa 14-18
(uarubupoBanue 61-82 %), 4TO MOXHO OOBSICHUTH HaIWYMEeM (EHOIbHON
THJIPOKCUIIBHON Tpymnnbl. bucumunazononsl 19-23 nmo aHTHUpagMkaabHOM ak-
TUBHOCTH, B OCHOBHOM, YCTYHAalOT TOH >X€ aKTHBHOCTH COOTBETCTBYIOIIHUX
o6ucamunoB 14-18. OgHako B 3TOM psily MMEETCs COEIUHEHHE — OMCHMU-
Ja30JI0H 22, KOTOPBIA N0 aKTUBHOCTH TPEBOCXOMUT Kak Owcamun 17, Tak u
KOHTPOJIbHOE BEIIECTBO — TAJIOBYIO KHUCJIOTY, a TAKXKe HE YCTyIaeT BUTAMUHY
C. OTMeTnMm, 9TO IO aHTUPAIUKATILHBIM CBOMCTBAM OnMcuMmma3onoHsl 19-21 u
23, TaKe yCTYyMamT nMuaa3ononam 1-3.

Taoauna 1

I[al-ll-ll)le AHTHPAAUKAJBbHDBIX CBOMCTB HMHUIa3010HOB 1-23

Hnzudbuposanue, %

Ne JoIr Ne Aolr

1 78,5* 16 70.3

2 77,7* 17 61.4

3 72,2* 18 63.7

9 27.5 19 10.9

10 36.7 20 55.0

11 17.1 21 21.5; 30.1**
12 16.8 22 83.9; 85.2***
13 22.2 23 51.1

14 62.6 Buramuu C 85.7

15 82.2 T"amnoBas xucmora 76.7

* JlanHble B3ATHI 13 paboTsl [11].
**Coornomenne DI u ucmeiryemoro BemecTsa 1:2
***Coorromenue JJPIII" u nucneiryemoro Bemectsa 1:0.5

JlanHbie TaOIUIBI 2 MOKA3BIBAIOT, YTO OMCHMMHAA30JI0Hbl 19-23 ABIsroTCS
CJIa0BIMU MHTHOUTOpPAMH KaK 10 OTHOIICHHIO K alleTHIIXOJIMHACTEpase, Tak U K
OYTHPHIIXOJMHACTEpa3e, 3HAUNTEIIBHO YCTYIas COOTBECTBYIOIIUM 2,5-113aMe-
LIEHHBIM-4-uMuaa3ononam 1-3.

BeposiTHO, pu niepexojie 0T MOHOMMHUIa30JI0HOB 1-3 K OMCHMUIa30JI0HaM
19-23 u3-3a yBenuueHHUS pa3MEPOB MOJICKYIIBI YCIOKHSCTCS B3aUMOJICHCTBHE
JIUTaHI-epPMEHTA.

306



Takum o0Opa3om, pa3paboTaH METOJ CHHTE3a BEIIECTB, COACPKALIMX B
MOJIEKYJIC JIBa OCTAaTKa 5-(4-ruapoKCHOCH3IITH ICH )-4-UMHUIa30JI0HA, COETMHEH-
HBIX MEXAY CO0O# MO MOJO0XKEHUIO 3 TeTEepOIMKIa U3 YeThIpeX W IIECTH Me-
THUJICHOBLIX 3BCHLCB.

yCTaHOBJIeHO, 4TO IO QAHTUPAJAUKAJIBHBIM MW aAXTUXOJHUHICTEPA3ZHBIM
CBOMCTBaM OMCHMU/Ia30JI0HBI, B OCHOBHOM, YCTYIAIOT CBOMM MOHO-aHAaJIOTaM.

Taoauna 2

JlaHHbIe aHTHXOJHHACTEPA3HbIX CBOICTB MMH/1230,10H0B 1-3 1 19-23

" Hnzuobuposanue, %

AX3 byX3
90* 100*

91.4* 94.8*
79.6* 69.4*

19 18.5 31.6

20 18.0 6.0

21 0 5.3

22 52.3

23 27.3

* JlaHHBIE B3SITHI M3 padoThI [11].

3KCHepI/IMeHTaHBHaﬂ yacTb

Temmeparypsl miaBiaeHus: u3MepeHsl Ha npuodope Boetus (I'epmanus). MK
CIIEKTPHl CHSATHI B Ba3eMHOBOM Maciie Ha crnektpomerpe Specord M-80.
Crextpsl SIMP 'H u *C pactBopoB CcoemumeHuii CHATHI Ha CIEKTPOMETpE
Mercury-300 (300 MTy) 8 IMCO-d6/CCl, B cootHomenuu 1/3. DieMeHTHBIH
aHanu3 BbimoiaHeH Ha aHanm3atope EuroEA3000 CHNS-O. Omnpenenenue
YUCTOTHI TIOJYYSHHBIX COSIMHEHWH ocymecTBieHo merogoM TCX (Ha tutac-
tuHkax AlugramXtraSILG/UV) B cucreme pacTBopuTeneit CeHe
/ MeOH 5 : 2, nposiBiienue - YO sry4n.

Henacpimennbie 5(4H)—okca30/10Hb1 4-6 CHHTE3UPYIOT IO METO.IY,
onrcaHHoMy B [14].

O6muii meron cunureza N,N'-0uc(0-0eH30MIAMUHOKOPUYHOWI)-TI0JIH -
MetuiaenauamuaoB 9-13. K pactBopy 5.4 mmons COOTBETCTBY-IOLIETO HEHA-
CBIIIICHHOTO OKca3zojioHa 4-6 B 60 sz xmopohopma nodasistor 2.7 mmons 1,4-
OyruneHanamuHa uin 1,6-rekcaMeTuiieHMaMiuHa U CMECh TepeMelTnBaloT 24
y TIpu KOMHaTHOW Temneparype. OOpa3oBaBIIMICS 0CaJOK OT(UIBTPOBBIBAIOT
W cymaT Ha Bo3xyxe. [lepekpucTaiii30BbIBaIOT U3 CIHUPTA.
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4,4'-(1Z2,1'Z2)-3,3'-(6yTan-1,4-nunaduc(azanguui))ouc(2-6enzamuio-3-
okconpon-1-en-3,1-numn)ouc(4,1-penunien)moéensoar (9). Boixon 64.6 %,
1.1, 149-151°C, Ry 0.84. UK crektp, v, cv™: 1654 (CO-amunn.), 1740 (CO-
3¢upH.), 3259 (NH). Crexrp SIMP 'H (IMCO-d6/CCLy), 5, m. 1. (J, T'w): 1.61
(4H, m, 2x CHy), 3.29 (4H, x, J=4.15, 2x CH,N), 7.12-7.19 (4H, m, CsHy), 7.21
(2H, ¢, 2x CH=C),7.39-7.69 (16H, M, CsH5), 8.02 (2H, T, J=7.39, 2x NH), 8.08-
8.17 (8H, M, CeéHs, CsHs), 9.79 (2H, ¢, 2x NH). Cnextp SIMP *C (JIMCO-
d6/CCL,), 6, m. 1.: 26.3, 38.8, 121.2, 127.1, 127.6, 127.8, 128.1, 128.8, 129.5,
130.1, 130.4, 130.8, 132.1, 133.1, 133.6, 150.0, 163.6, 164.7, 165.4. HaiixeHo,
%: C 72.13; H 5.62; N 6.28. C5oH42N4Og. Beruucneno, %: C 72.63; H 5.12; N
6.78.
4,4'-(12,1'Z)-3,3'-(0yTan-1,4-qunaduc(azanauui))onc(2-6enzamuao-3-
okconpon-1-ed-3,1-qunn)ouc(2-Mmeroxkcu-4,1-pennsen)moen3zoar (10).
Beixox 63.8 %, .. 133-135 °C, R 0.77. UK cmektp, v, ent: 1650 (CO-
amun.), 1744 (CO->3¢upH.), 3251 (NH). Crexrp SIMP ‘H (JIMCO-d6/CCL,),
o, m. . (J, T'm): 1.63 (4H, m, 2x CHy), 3.29 (4H, x , J=6.42, 2x CH;N), 3.57
(6H, ¢, 2x CH30), 7.03-7.10 (2H, M, CeH3), 7.12-7.19 (2H, M, CgH3), 7.25 (2H,
¢, 2x CH=C), 7.34-7.57 (12H, m, C¢Hs), 7.64 (2H, 1, J=8.24, 2x NH), 7.97-8.14
(10H, m, CeHs, CgHs), 9.84 (2H, c, 2x NH). Crmextp SIMP C (JIMCO-
d6/CCL,), 6, m. 1.: 26.4, 54.9, 112.8, 122.1, 122.2, 127.6, 127.7, 127.9, 128.1,
128.8, 129.5, 130.2, 130.9, 132.9, 133.1, 133.5, 139.3, 150.4, 163.2, 164.6,
165.4. Hatineno, %: C 70.92; H 5.73; N 5.82. Cs5oHsN4O19. Beruncieno, %: C
70.42; H 5.23; N 6.32.
4,4'-(1Z2,1'Z2)-3,3'-(rekcan-1,6-muuyiouc(azananui))ouc(2-6enzamu0-3-
oxconpon-1-en-3,1-quun)ounc(4,1-gpennsien)moéenszoar (11). Beixox 77.5 %,
1.1, 277-229 °C, Ry 0.81. UK crextp, v, cu’™': 1644 (CO-amuzn.), 1740 (CO-
s¢upH.), 3321 (NH). Crrexrp SIMP 'H (IMCO-d6/CCLy), 8, m. . (J, I'm):1.34-
1.44 (4H, M, 2x CHy), 1.56 (4H, M, 2x CHy), 3.23 (4H, k, J=6.31, 2x NCH)),
7.13-7.19 (4H, m, C¢Hy), 7.21 (2H, ¢, 2x CH=C), 7.40-7.70 (16H, ™M, CgHs),
7.96 (2H, T, J=5.9, 2xNH), 8.00-8.13 (8H, M, CgHs, CeHs), 9.81 (2H, ¢, NH).
Crextp SIMP BC (JIMCO-d6/CCLy), &, m. x.: 25.8, 28.9, 38.8,121.2, 127.6,
127.8, 128.2, 128.8, 129.5, 130.1, 130.4, 130.8, 132.1, 133.1, 133.6, 150.1,
163.7, 164.7, 165.4. Haiigeno, %: C 73.52; H 5.92; N 6.05. Cs;HssN4Os.
Brruucieno, %: C 73.05; H 5.42; N 6.55.
4,4'-(1Z2,1'Z2)-3,3'-(rekcan-1,6-quuiaouc(azananui))ounc(2-6eHzamuao-3-
okconpon-1-ed-3,1-qrunn)ouc(2-meroxcu-4,1- ¢pennsen)audenzoar  (12).
Boeixox 74.6 %, t.mn. 178-180 °C, Ry 0.85. UK cnekrp, v, em't: 1641(CO-
amuan.), 1746 (CO->3¢upH.), 3327(NH). Crekrp SIMP ‘H (IMCO-d6/CCL,),
o, m. 1. (J, T'm): 1.41 (4H, M, 2x CH>), 1.56 (4H, M, 2x CH>), 3.24 (4H, k, J=6.0,
2x CH;N), 3.57 (6H, ¢, 2x OCH3), 7.03-7.18 (4H, m, CgH3), 7.22 (2H, ¢, 2x
CH=C), 7.35-7.69 (12H, m, C¢Hs),7.92 (2H, T, J=6.01), 8.03-8.18 (10H, M,
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CeHs, CeHs), 9.83 (2H, ¢, 2x NH). Haiineno, %: C 70.38; H 5.02; N 6.62.
Cs4Hs50N4O10. Beruucneno, %: C 70.88; H 5.51; N 6.12.
4,4'-(1Z,1'2)-3,3"-(rexcan-1,6-munnduc(asangumn ) )ouc(2-0eH3aMum0-3-

okcompor-1-en-3,1-mumn)ouc(2-3rokcu-4,1-pernnen)mudensoar  (13). Brixon
78.7 %, T.n. 237-239 °C, R; 0.78. UK cnekrp, v, ent: 1642 (CO-amupn.),
1740 (CO-3dpupn.), 3332 (NH). Crexrp SIMP *H (IMCO-d6/CCLy), 5, m. a. (J,
I'm): 1.09 (6H, 1, J=7.1, 2x CH3), 1.40 (4H, m, 2x CHy), 1.56 (4H, m, 2x CH,),
3.24 (4H, k, J=6.26, 2x NCHy), 3.77 (4H, k, J=7.09, 2x OCHy), 7.03-7.17 (4H,
M, CgH3), 7.23 (2H, ¢, 2x CH=C), 7.38-7.68 (14H, m, CsH3, CsHs), 7.93 (2H, T,
J=5.58, 2x NH), 8.03-8.15 (8H, m, CsHs, C¢Hs), 9.83 (2H, ¢, NH). Coekrp
AMP BC (IMCO-d6/CCL,), &, m. n.:14.0, 25.8, 28.9, 63.4, 113.7, 122.1,
122.3, 127.5, 127.8, 127.9, 128.0, 128.9, 129.4, 129.5, 130.1, 130.8, 132.9,
133.4, 139.7, 149.7, 163.3, 164.5, 165.4, 165.5. Haiineno, %: C 71.82; H 5.27,
N 6.44. Cs6Hs4N4O19. Borumcneno, %: C 71.32; H 5.77; N 5.94.

Oommii meron moaydenusi N,N'-0mc(0-0eH30MIAMMHOKOPHYHOM)-
rekcamerujenauamuuoB 14-18. K pactBopy 4.5 mmonb COOTBETCTBYIOMIETO
oucamuma 9-13 B 5 mz mumermidopmamuaa pobasisitor 0.23 maz (0.18 e,
1.8 mmonw) 3-(auMeTrIaMHHO)-1-TIpONMIIaMUHA U CMECh MIEPEMEIINBAIOT 24 u
pu KOMHATHOHM Temmeparype. [locie 4ero Kk peakiimOHHOW CMECH TOOABJISIFOT
50 mz pa3baBiIeHHOTO BOJHOTO pacTBopa cojsiHoW KucioTel (pH=4). Obpa3zo-
BaBIIMICSA 0CAJ0K OT(OUIBTPOBBIBAIOT, MPOMBIBAIOT BOJIOW M CyIIaT Ha BO3-
nyxe. [lepekpucTain3aIuio MpoBOIAT U3 CITUPTA.

N,N'-(1Z,1'2)-3,3'-(6yran-1,4-munouc(azanmumn))ouc(1-(4-ruapoxcude-
Hu1)-3-okconpon-1-en-3,2-mumn)moenzavma (14). Beixon 91.1%, T.m1. 176-178
°C, Rt 0.77. UK cmektp, v, en’t: 1646 (CO-amuan.), 3249 (NH, OH). Crektp
SMP *H (IMCO-d6/CCLy), &, m. 1. (J, T): 1.55 (4H, M, 2x CHy), 3.22 (4H, ,
J=6.07, 2x NCH,), 7.14 (2H, c, 2x C=CH), 7.33-7.54 (12H, M, CgHa, CsHs),
6.65-6.72 (4H, m, CsHy), 7.78 (2H, T, J=5.29, 2x NH), 7.99-8.01 (2H, m, CgHy,),
9.59 (2H, ¢, NH), 8.03 (2H, ¢, 20H). Crrextp SIMP *C (JIMCO-d6/CCLy), 3,
M. 1.: 26.4, 38.8, 115.1, 124.9, 126.8, 127.6, 127.7, 129.3, 130.8, 133.7, 157.9,
165.1, 165.3. Haiineno, %: C 70.39; H 6.04; N 8.56. C35H34N4O¢. Beruncieno,
%: C 69.89; H 5.54; N 9.06.

N,N*-(1Z,1'2)-3,3'-(0yran-1,4-nunaéuc(azangumi))ouc(1-(4-ruapoxk-
cu-3-MeTokcupenna)-3-okconpon-1-ed-3,2-qnuun)auéenzamua (15). Boixon
84.2 %, 1. mn. 240-242 °C, Ry 0.72. UK cnektp, v, emt: 1658 (CO-amuan.),
3243 (NH), 3417 (OH). Cnextp SIMP H (JMCO-d6/CCL,), 8, M. a. (J, Tn):
1.55 (4H, m, 2x CH,), 3.24 (4H, k, J=6.07, 2x CH,N), 3.52 (6H, c, 2x OCH3),
6.66-6.73 (2H, M, CgH3), 6.89-6.97 (2H, m, C¢H3), 7.13-7.18 (2H, M, CgHs3),
7.20 (2H, ¢, 2x CH=C), 7.36-7.54 (6H, m, CgHs), 7.81 (2H, T, J=5.53, 2x NH),
8.00-8.11 (4H, m, C¢Hs), 8.84 (2H, mr.c, 2x OH), 9.65 (2H, ¢, 2x NH). Cnektp
SAMP C (IMCO-d6/CCL,), 8, M. a.: 26.5, 38.8, 54.8. 112.4, 115.0, 123.7,
125.3, 126.8, 127.7, 129.8, 130.9, 133.7, 146.9, 147.4, 164.9, 165.3. Haiineno,
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%: C 67.74; H 5.14; N 8.75. C3sH3sN4Os. Beruucneno, %: C 67.24; H 5.64; N
8.25.

N,N'-(1Z,1'Z2)-3,3'-(rexcan-1,6-mumnouc(azan i) )ouc(1-(4-ruapoxcude-
HWJT)-3-okconpon-1eH-3,2-mum)mdensavma (16). Bexon 93.4 %, T.u1. 142-145
°C, Rt 0.75. UK crektp, v, cm™': 1641 (CO-amuan.), 3233 (NH, OH). Crektp
SMP *H (JIMCO-d6/CCLy), 8, m. 1. (J, T): 1.34 (4H, m, 2xCH,), 1.50 (4H, M,
2xCHy), 3.18 (4H, k, J=6.44, 2x CH,N), 6.63-6.74 (4H, m, CgH,4), 7.12 (2H, c,
2x CH=C), 7.31-7.53 (10H, m, Cg¢Hs), 7.70 (2H, 1, J=5.75, 2x NH), 7.96-8.08
(4H, m, CeHy), 9.42 (2H, ¢, 2x OH), 9.60 (2H, ¢, 2x NH). Cnekrp SIMP C
(IMCO-d6/CCLy), 6, m. m.: 25.8, 28.9, 115.1, 124.9, 126.9, 127.7, 129.2,
130.8, 133.7, 157.9, 165.0, 165.4, 165.5. Haiineno, %: C 70.07; H 6.42; N 8.16.
C3gH3sN4Og. Boruncneno, %: C 70.57; H 5.92; N 8.66.

N,N'-(1Z,1'Z)-3,3'-(rexcan-1,6-muuiaouc(azanmumni))ouc(l-(4-rugpoxcn-3-
MeToKcuenun)-3-okconpon-1-ed-3,2-munia)modenzamua (17). Bexon 87.7 %,
t.aur. 134-136 °C, R;0.75. UK cnektp, v, ent: 1648 (CO-amujn.), 3240 (NH,
OH). Crextp SIMP *H (IMCO-d6/CCLy), &, m. x. (J, I'm): 1.36 (4H, ¢, CHy),
1.52 (4H, 1, J=6.13, CH,), 3.20 (4H, k, J=6.36, 2x CH;N), 3.49 (6H, c, 2x
OCHj3), 6.66-6.72 (2H, M, CgH3), 6.89-6.97 (2H, m, CgHs), 7.17 (2H, ¢, 2x
CH=C), 7.13-7.20 (2H, ™, Cg¢Hg3), 7.37-7.54 (6H, m, C¢Hs ), 7.70 (2H, T,
J=5.85, 2x NH), 7.97-8.12 (4H, m, CgHs), 8.82 (2H, ¢, 2x OH), 9.63 (2H, c, 2x
NH). Haiineno, %: C 67.47;H 6.49; N 7.43. C4Hs2N4Og. Berancneno, %: C
67.97; H 5.99; N 7.93.

N,N'-(1Z,1'2)-3,3"-(rexcan-1,6-qunaouc(azanguun))ouc(l-(3-3Tokcu-4-
ruapokcudenn)-3-okconpon-1-en-3,2-quuia)audenzamun  (18). Brixon
95%, T. u1. 122 -124 °C, R;0.79. UK cnexrp, v, emt: 1647 (CO-amuan.), 3233
(NH, OH). Criextp SIMP 'H (JIMCO-d6/CCL,), 8, m. a. (J, T'm): 1.18 (6H, T,
J=7.0, 2x CHj3), 1.35 (4H, m, 2x CH,), 1.51 (4H, m, 2x CHj), 3.19 (4H, x,
J=6.43, 2x CH,N), 3.70 (4H, k, J=7.0, 2x OCH), 6.68-6.95 (4H, m, CsHs),
7.12-7.16 (2H, m, CgH3), 7.17 (2H, ¢, 2x CH=C), 7.38-7.56 (6H, M, C¢Hs), 7.72
(2H, T, J=5.8, 2x NH), 8.02-8.13 (4H, m, C¢Hs), 8.74 (2H, ¢, 2x NH), 9.61 (2H,
ur.c, 2x OH). Crextp SIMP *C (JIMCO-d6/CCL,), 8, m. a.: 14.3, 25.8, 28.9,
63.2, 113.4, 114.9, 123.8, 125.2, 126.6, 127.5, 127.7, 129.8, 130.8, 133.6,
146.0, 147.6, 164.8, 165.2. Haiineno, %: C 68.15; H 6.81; N 7.12. C4aHaN4Os.
Brruucieno, %: C 68.65; H 6.31; N 7.62.

O06muii metox cunte3a N,N'-0uc(0-0eH30MIAMUHOKOPUYHONI)-TeKCA-
MetuiaenauamunoB 19-23. K pactBopy 1.5 mmons oucamuna 14-18 B 5 ma qu-
Metuiapopmamuaa aodasisror 2.2 ma (1.69 2, 10.5 mmons) rexcameTwiaan-
CHJIa3aHa U KHITATAT C UCMOJIb30BaHUEM O0OpaTHOro xomoawibHuka 1.5-3 u. K
peakunoHHoM cMecH 100aBisaoT 20 Mz pa30aBIEHHOTO BOJHOIO pacTBOPA COJ-
stHOM kucioThl (pH~4), oOpa3oBaBIIniics 0CagoK OT(GHILTPOBLIBAIOT, TPOMBI-
BaIOT BOJION 10 HeWTpanbHOU pH U cymatr Ha Bo3ayxe. Ilepekpucrannuzanuo
npoBoAAT U3 50% pacTBopa YKCYCHOW KHCIOTHI.
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(2)-3,3'«(oyran-1,4-munn)ouc(5-((2)-4-unpoxcuden3uinien)-2-penmni-3,5-
maruapo-4H- umunazon-4-on) (19). Beixox 39 %, t.ur. 249-251 °C, Ry 0.88.
UK crektp, v, cv’’: 1683 (CO-mukr.); 3215 (NH, OH). Cnekrp SIMP 'H
(IMCO-d6/CCLy), 6, M. a.(J, T'n): 1.36 (4H, M, 2x CHy), 3.67 (4H, T, J=6.27,
2x CH;N), 6.76-6.86 (4H, m, CsH,), 6.99 (2H, ¢, 2x CH=C), 7.39-7.56(8H, m,
Ce¢Hs), 7.64-7.73 (2H, M, C¢Hs), 8.03-8.12 (4H, M, CeHy), 9.79 (2H, ¢, 2x OH).
Cnextp IMP C (IMCO-d6/CCLy), 8, m. 1.: 25.4, 115.2, 125.2, 127.7, 128.2,
128.3, 129.6, 130.3, 134.2, 135.6, 159.6, 159.9, 170.1. Haiineno, %: C 74.71; H
5.69; N 9.12. C36H30N4O4. Beruncneno, %: C 74.21; H 5.19; N 9.62.

(2)-3,3"-(6yran-1,4-mumn)ouc(5-((Z)-4-ruapokcu-3-MeTOKCHOCH3UTH/IeH)-2-
(ennn-3,5-muruapo-4H-umunazon-4-oman) (20). Beixox 57.3 %, t.mi. 236-239
°C, Ry 0.79. UK cnektp, v, cm™': 1688 (CO-mmkn.); 3283 (NH, OH). Crextp
SMP *H (IMCO-d6/CCLy), 8, m. 1. (J, T'y): 1.39 (4H, m, 2x CHy), 3.69 (4H, T,
J=4.12, 2x CH;N), 3.87 (6H, c, 2x OCHj3), 6.79-6.85 (4H, M, CgH3), 7.00 (2H,
¢, 2x CH=C), 7.42-7.60 (8H, m, C¢Hs), 7.67-7.75 (2H, M, CgHs), 8.02-8.06 (2H,
M, CeHs), 9.29 (2H, ¢, 2x OH). Cnextp SIMP *C (JIMCO-d6/CCLy), 3, m. x.:
25.4,55.1,115.3, 115.4, 125.6, 127.2, 127.6, 128.2, 128.4, 129.6, 130.3, 135.6,
147.3, 149.7, 159.5, 169.9. Haiineno, %: C 71.51; H 4.83; N 8.22. C3gH34N,4Os.
Brrancaeno, %: C 71.01; H 5.33; N 8.72.

(2)-3,3'-(rexcan-1,6-munn)ounc(5-((Z)-4-unpoxcnden3uamaeH )—2-penna-3,5-
muruapo-4H-umunason—4-on) (21). Beixon 42.2 %, 1.t 298-301°C, Ry 0.78.
UK crektp, v, e’ 1684 (CO-mukr.); 3312 (NH, OH). Crekrp SIMP 'H
(AMCO-d6/CCL,), 6, m. a. (J, T'm): 1.15 (4H, m, 2x CH;), 1.44 (4H, m, 2x
CH,), 3.66 (4H, T, J=7.51, 2x CH;N), 6.76-6.84 (4H, m, CsH,), 7.01 (2H, c, 2x
CH=C), 7.47-7.89 (10H, m, CgHs), 8.03-8.12 (4H, m, C¢H4), 9.75 (2H, c, 2x
OH). Criextp SIMP *C (JIMCO-d6/CCLy), 8, M. m.: 25.3, 28.2, 40.5, 115.4,
125.1, 127.7, 128.1, 128.2, 129.7, 130.2, 134.1, 135.7, 159.9, 170.1. Haiineno,
%: C 75.24; H 5.11; N 9.67. C3sH3sN4O,4. Beruucneno, %: C 74.74; H 5.61; N
9.17.

(2)-3,3'-(rexcan-1,6-muum)onc(5-((2)-4-ruapoxcu—3-MeToKCHOeH3UTHIeH)-2-
(enui-3,5-muruapo-4H-ummnazon-4-on) (22). Beixoa 42 %, t.mi. 135-138 °C, R¢
0.82. UK criektp, v, cm’™: 1749 (CO-tmkn.); 3254 (NH, OH). Crextp SIMP ‘H
(AMCO-d6/CCLy), 8, M. n. (J, I'm): 1.38 (4H, M, 2x CHy), 1.52 (4H, m, 2x
CH,), 3.19 (4H, T, J=6.11, 2x CH,N), 3.52 (6H, c, 2x OCHj3), 6.65-6.99 (4H, M,
CeHs), 7.17 (2H, ¢, 2x CH=C), 7.35-8.14 (10H, m, CgHs), 8.82-8.94 (2H, M,
CsHa), 9.64 (2H, ¢, 2x OH). Cniextp SIMP °C (IMCO-d6/CCLy), 5, M. 1.:20.5,
25.8, 28.9, 54.8, 112.4, 114.9, 123.7, 125.3, 126.8, 127.6, 127.7, 129.8, 130.9,
133.6, 146.9, 147.4, 164.9, 165.3, 171.2. Haiineno, %: C 72.13; H 5.21; N 8.85.
C4oH38N4Og. Beruucieno, %: C 71.63; H 5.71; N 8.35.

(2)-3,3'-(rexcan-1,6-mumm)onc(5-((2)-3-3roken—4-ruipoKcudeH3NITHIeH)-2—
¢ennn-3,5-muruapo-4H-vmnazon-4-on) (23). Beixox 37.1 %, T.m. 217-219 °C,
Rf 0.85. UK cnextp, v, cy™: 1695 (CO-umkn.); 3315 (NH, OH). Crexrp SIMP
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'H (IMCO-d6/CCLy), 8, m. 1. (J, T): 1.16 (4H, m, 2x CHy), 1.44 (10H, M, 2x
CH,, 2x CHs), 3.68 (4H, T, J=6.11, 2x CH;,N), 4.10 (4H, x, J=6.74, 2x CH,0),
6.75-6.86 (2H, m, CsH3), 7.00 (2H, ¢, 2x CH=C), 7.41-7.63 (8H, m, CgHs),
7.69-7.87 (4H, m, CsHs, CgHs), 7.97-8.08 (2H, M, CgH3), 9.14 (2H, c, 2x OH).
Cnextp IMP *C (IMCO-d6/CCLy), 8, m. a.: 14.4, 25.3, 28.2, 63.5, 115.3,
116.6, 125.6, 127.1, 127.7, 128.2, 128.3, 129.8, 130.3, 135.7, 146.3, 149.8,
159.7, 170.0. Haiineno, %: C 72.69; H 5.56; N 8.52. C42H42N4O¢. Boruncieno,
%: C 72.19; H 6.06; N 8.02.

AHTI/Ipa}II/IKaJ'lebIe U AaHTUXOJHUHICTEPA3HbIC cBoOMicTBA COEJII/lHeHI/Iﬁ 9-
23 ompeneNsoT Mo METOIaM, OMUCaHHBIM B [11].

UNLBUNRNRY 6PYNR 5-(4-2hHNRUPRG LRI L) -4-hUPHUINLNTUP
Uulsnre aurNRuBEN, UbUSNESNhULEMh UhLRBIL By,
NrNS Y5LUULALLUNUL ZUSUNRESNRLLED

U.S. TUuh2380u

2Bl (phgnpyopupupfyf ki )-5(4H fopuugnuiikply  spofuusgybyne
ywdp Ld-nbinpudbffybi- L 1,6-5bpuwdbffybugfundpbibpph 46 upbfibgdk) ki
fptty dnpllppyncd bplne N,O- ghpbignfy ~ OB~ ghkipqpaffipnghif dbwgnpg
wpnidlng  phowdfgibp: Ybpehihkphy NI,NI-r;/'lJbﬁ/'lquanqwfl-1,3—1;ﬁwlfﬁilm[
Abnwgdhy £ O-pblignfy wwopmnwpuing funufpp: Umng[wér}ﬁwJﬁlﬂlbpﬁ ghlynidp
Awdwwunnwufuwl phofidpqugniniibpfe ppuwlwiwgdby £ qfidbffy$npdwdfipnof
1,1,1,3,3, 3 Abpum b ffpynfufymguif  dhongn: Neunofiwuppfl; B ofifhgyms
dfwgniflndibbpfi Awhwnwgplpougpl L ASwlhwponpbbofhpugupln Swnln-
[ynculibpp:

SYNTHESIS AND SOME BIOLOGICAL PROPERTIES OF COMPOUNDS
CONTAINING TWO 5-(4-HYDROXYBENZYLIDENE)-4-IMIDAZOLONE
RESIDUES IN THE MOLECULE

A.T. MAKICHYAN

The Scientific Technological Center of Organic and
Pharmaceutical Chemistry NAS RA
26, Azatutyan Str.,Yerevan, 0014, Armenia
E-mail: ani.makichyan@rau.am

The reaction of 2-phenyl-4-(4-benzoyloxyarylidene)-5(4H)-oxazolones with the
corresponding 1,4-tetramethylene- and 1,6-hexamethylenediamines gave bisamides
containing two fragments of N,O-dibenzoyl-a,B-dehydrotyrosine in the molecule. The O-
benzoyl protecting group was removed from the latter with N N'-dimethylpropane-1,3-
diamine. Cyclization of the obtained bis-amides to the corresponding bisimidazolones was
carried out in dimethylformamide with 1,1,1,3,3,3-hexamethyldisilazane. Antiradical and
anticholinesterase properties of the synthesized compounds were studied.
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Based on functionally substituted cyclobutanecarboxylic acid constructed by the method of Atom
Transfer Radical Cyclization (ATRC) of polyhalogenhexenoic acid in the presence of the copper(l)
amine complexes, two new derivatives were synthesized. Their structural features - gem-dimethyl,
trichnloromethyl and carboxyl groups attached directly to small strained carbocycles make them
potentially active as agonists for neural sodium channels, as well as GABA and NMDA receptors.

Ref. 5., schem. 2.

Keywords: cyclobutane derivatives, building blocks, ATRA, a-halogen
alkenoic acids, piperidine

Cyclobutanecarboxylic acids and their derivatives are present as structural
units in various biologically active molecules [1, 2]. The derivatives of these
molecules themselves are potential candidates for binding to specific receptors
in the brain, as well as for modulating the activity of the GABA or NMDA
receptors, which is extremely important for the search for new drugs for the
treatment of specific neurological diseases [3]. The response activated by
NMDA agonists is unique in that it exhibits a voltage-dependent ion-channels
block and, as is well known, this response exhibits another remarkable property
- it is dramatically potentiated by glycine. So, the cyclic homologue of glycine,
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I-aminocyclobutane-1-carboxylate (ACBC), has been reported to exhibit
activity at this glycine site. It was shown to act concurrently as a glycine site
partial agonist and as a glutamate site antagonist, thus protecting against neural
cell death and exhibiting antipsychotic-like effects in animal models.

The development of new catalytic enantio- and diastereoselective methods
for the synthesis of cyclobutane would be a valuable tool for the synthetic
chemists and drug designers for elaboration of novel routes for constructing
cyclobutane-based physiologically active structures. From this point of view,
elaboration of new technologies for the synthesis of cyclobutanecarboxylic
acids with different structure modifications is a very important task. In our
laboratory the generic method for construction of substituted cyclobutane-
carboxylic acids was developed based on transition metal-catalyzed intramo-
lecular cyclization reaction of a-halogen-containing alkenoic acids via Atom
Transfer Radical Cyclization (ATRC) [4] (Scheme 1).

Cl
— CoCl Cu”, HN(R'),
cl q ———> cl

1 cl d

Scheme 1. Stereo controlled pathway for cyclobutane construction

It was determined that the stereoisomeric composition of the cyclobutane
derivatives depended on the nature of the functional groups in the initial o-
dichloroalkenoic acids and was featured to involve in the coordination sphere
of transition metals ion [4].

Thus, elaboration of future synthetic technique on the basis of the
synthesized cyclobutanecarboxylic acids (2 or 3) with skeletal feature can lead
to a number of cyclic compounds with potentially high biological activity. In
this paper, synthetic procedure and physicochemical, spectral characteristics of
two new derivatives (with relative configuration corresponding to 3 and 4) are
presented (Scheme 2).

The presence of a weak base (pyridine or piperidine) in the reaction
system, even in excess amount, is not enough for parallel or consequent
dehydrochlorination of substrate, conditioned by high acidity of of the
neighboring H- atom at CCl; group [5].
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Scheme 2. Derivatization of cyclobutanecarboxylic acid chloride

The structure of synthesized new derivatives of cyclobutane series 3 and 4
was established from the data of NMR spectra and via comparison of
appropriate spectral characteristic of analogue cyclobutane scaffoldings [4].
These data obviously showed that the derivitization of cyclobutane carboxylic
acid chloride 3 proceeded without any epimerization of 3 chiral centers in the
cyclobutane ring. This is also evidenced by the vicinal coupling constants
value: J (H, H) ~10 Hz of hydrogen atoms bonded at cyclobutane ring in the
trans-location of two new derivatives. This was also confirmed by NOEDIF
experiments: in *H NMR spectra low field signal corresponded to methyl group
located in the trans-position with respect to the trichloromethyl substituent. The
relative configuration of trichloromethyl and carboxy group was determined by
the absolute value of the vicinal *Jyans(**C, *H) coupling constant.

It should be noted that as opposed to the earlier obtained analogue of
cyclobutane structures [4], in mass-spectrum of 3 ester (1-Phenylprop-2-yn-1-
yl) we can observe molecular-ion picks of minor intensity (2%). We thought
that with the increase of molecular mass of investigated carbocycles, the
relative stability of the observed substances to ionizing impact will increase
too.

Experimental
Reaction monitoring, chromatographic analysis of the starting and
synthesized compounds were carried out on a gas chromatograph - Agilent
Technologies GC-7809B, capillary column - DB-WAX-30 m-320 um x 0.25
um, FID detector, detector temperature 300°C, injector temperature 250 °C,
flow rate gas (N2) 6 ml/min, column temperature 40 °C hold for 2 min, 7 °C/min
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235 °C hold for 5 min. The mixture of reactants was separated by column and
preparative chromatographic methods. Column chromatography was performed
in a glass column, 200-700 mm high, 25 mm in diameter, filled with silica gel
L40/100, eluent was diethyl ether/hexane in a ratio of 1:20. The components of
the mixture were separated by a selective method of light absorption of
ultraviolet rays (UV-254) TLC analyses were carried out using Silufol UV-254
plates. Visualization was carried out in the presence of iodine vapor and a
solution of potassium permanganate. Melting points were measured on a
Fisher-Johns device.

The NMR spectra were registered on a spectrometer Varian Mercury-300
at operating frequencies 300.077 MHz (*H), 75.46 MHz (*3C), chemical shifts
were reported with respect to TMS. The signal assignment in the *H and **C
NMR spectra was performed with the use of methods NOEDIF, HMQC, and by
registering *C NMR spectra without decoupling from protons. Mass spectra
were obtained on an instrument MKh-1320, energy of ionizing electrons 70 eV.

1-Phenylprop-2-yn-1-yl(1S*,3S*,4S*)-1,3-dichloro-2,2-dimethyl-4(trichloro-
methyl)cyclobutane-1-carboxylate  (3). To the solution of cyclobutane-1-
carboxylic acid chloride 2 (3.33 g, 10 mmol) in anhydrous benzene (10 ml), the
mixture of 1-phenyl-propargyl-alcohol (1.32 g, 10 mmol) and pyridine (0.79 g,
10 mmol) dissolved in anhydrous benzene (10 ml), was added dropwise at room
temperature with vigorous stirring.

The mixture was stirred for 5h at 25 °C. The reaction was monitored by GC
and TLC. The mixture was filtered; the filtrate was diluted with diethyl ether
(20 ml), washed with water (2-5 ml) and dried over MgSO,. The solvents were
removed and 3.82 g of raw product was obtained. After purification on a
column (1.8 x 50 c¢m, silica gel 40 g, eluent-hexane: ether =10:1), 2.95 g (69 %)
of 3 ester was isolated in the form of colorless crystals, mp=115-117 °C. 'H
NMR spectrum, &, ppm (J, Hz): 1.00 (3H, s, cis-H;CC-CCOO-); 1.30 (3H, s,
trans-H;CC—CCOO-); 2,74 (1H, d, J=2.40, =CH); 4.39 (1H, d, J=9.86, CHCI);
4.52 (1H, d, J=9.86, CHCCIs); 6.53 (1H, d, J=2.40, OCH); 7.38-7.61 (5H, m,
CsHs)."*C (75.5 MHz, CDCls) 8, ppm: 166.0; 135.5; 129.7; 128.9; 128.2; 95.3;
78.9; 76.8; 70.4; 68.1; 62.4; 59.7; 47.4; 23.0; 20.7. Mass-spectra, m/z (1e,%):
430 [M] ™ (1), 430 [M]" (2), 428 [M]" (2), 426 [M]" (2), 395 [M-CI]* (2), 393
[M-CI]* (2), 391 [M-CI]* (1), 131 (3), 116 (8), 115 (100), 114 (25), 90 (4).

((1S*,35*,45*)-1,3-dichloro-2,2-dimethyl-4-(trichloromethyl)cyclobutyl)(pipe-
ridin=1-yl)methanone (4). To the solution of cyclobutane-1-carboxylic acid
chloride 2 (3.33 g, 10 mmol) in absolute hexane, 1.68 g (20 mmol) of pyridine
was added dropwise over 10 minutes. The temperature rose to approximately
35 °C. Then the mixture was stirred for 3 h at 35-40 °C. The progress of the
reaction was monitored by GC and TLC methods, then 5ml of water was
poured to the mixture. The organic layer was separated and the aqueous layer
was extracted with diethyl ether (3-10 ml). The ether extract was washed with
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water, added to the organic layer and dried over anhydrous MgSO,. Solvents
were removed, colorless crystals were obtained, which were recrystallized
(hexane/ether=10:1). Piperidylcarboxamide 4 was obtained 2.78 g (73%),
mp.=154-156 °C. 'H NMR spectrum, 8, ppm (J, Hz): 1.24 (3H, s, cis-H;CC—
CCNoigeriay)); 1.42 (3H, s, trans-HzCC—CCNyiperiay);1.5-1.8 (6H, m, -CHy-CH,-
CH,-); 3.15-3.84 (4H, m, -CH,-N-CHy-); 4.54 (1H, d, J=11, -CHCI,); 4.82 (1H,
d, J=11, CHCCL). **C NMR spectrum, 3, ppm: (CDCls): 165.0, 77.6, 77.2,
76.7, 72.6, 62.4, 62.4, 59.9, 47.3, 46.9, 44.9, 25.9, 25.7, 24.4, 23.2, 21.1,; 28.2;
95.3; 78.9;76.8; 70.5; 68.1;62.4; 59.7; 47.4; 23.0; 20.7.
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pyupoBanHoii MeronomM ATRC (Pamukampnas Hukmmzamus ¢ I[leperocom Atoma) momm-
raJlOTeHreKCEHOBOM KHCIIOTHI B MPHCYTCTBMM aMUHHBIX KomIuiekcoB Mmemu(l) cunTe-
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Co-polycondensation products (xerogels) of 3-aminopropyltriethoxysilane (APTES) and 3-
aminopropyl-tris(2-hydroxypropoxy)silane (APT-PGL) with tetraethoxysilane (TEOS) were obtained by
sol-gel method in aqueous medium, in which APTES and APT-PGL play dual role both as co-monomers
and catalysts for hydrolysis and co-condensation reactions. APT-PGL was synthesized by interaction of
APTES and propylene glycol at their molar ratio of 1 to 3. The properties of the resulting xerogels were
compared with TEOS xerogels synthesized by the known Stéber method using water ammonia as a
catalyst. X-ray diffraction phase analysis has shown presence in the synthesized xerogels amorphous
halos characterizing different degrees of short-range order in the samples. The SEM data also showed
a difference in the morphology of the resulting xerogels. Sodium diclofenac was deposited on xerogels
from ethanol solution. The cumulative percentage of the drug desorption from the composite xerogels

depends on their morphology.

Ref. 16, tabl. 1, fig. 6.

Key words: xerogels, tetraethoxysilane, 3-aminopropyltriethoxysilane,
catalysts, co-condensation.
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1.Introduction

In the last two decades researches on synthesis and biomedical application
of silicon-based particles (nano-, mesoparticles, mesoporous silica nanopar-
ticles) were greatly increased, that can be explained by their fundamental
characteristics such as size, high surface area, low density, adsorption capacity,
capacity for encapsulation, biocompatibility and low toxicity.

In particular, their use for drug delivery allows overcoming the
shortcomings of already known drug delivery systems, since the particles can
be used as carriers of various drugs (anti-inflammatory, antitumor, antibiotics)
in oral and transdermal application. In addition, they are able to prolong drug
therapeutic action, increase the solubility of poorly soluble hydrophobic
compounds, amorphize crystalline drugs and, thus, regulating their release
profile [1-5].

A classical sol-gel method for obtaining spherical and monodisperse silica
particles widely uses the Stober method [6], in which silica xerogels are
obtained from tetraethoxysilane (TEOS) or its homologue series by alkaline
hydrolysis in alcohol-water medium and water ammonia as a catalyst. This
method was the basis for obtaining particles of various sizes and shapes, in
particular, synthesis of silica-based ordered mesoporous particles MCMA41 [7]
was developed based on TEOS in the presence of a surfactant (cetyltri-
methylammonium bromide) in an alkaline medium. These mesoporous mate-
rials form a unique, homogeneous pore morphology with hexagonal and cubic
pores, and are one-dimensional pore system. The use of another surfactant
(poly(alkylene oxide) triblock copolymer) led to the synthesis of silica
nanoparticles with hexagonal pores SPA15 [8].

Since the discovery of these particles, the methods for obtaining particles
have been intensively studied and developed, allowing varying the size,
porosity, shape of particles and pores, modifying them with various functional
groups, and the fields of their application have been specified and expanded.
An amine derivative of TEOS - 3-aminopropyltriethoxysilane (APTES) is
widely used for modifying silica particles of Stober types, series MCM41 and
SPA15 [9-12].

In one of the first studies on the morphology and properties of particles
obtained from TEOS and APTES [13], the synthesis was carried out under the
conditions of the Stober reaction. Two options for introducing APTES into
particles were taken into consideration: a) joint hydrolysis and further
condensation of TEOS and APTES mixture, b) first, complete TEOS
hydrolysis, then APTES was added to the reaction mixture for coating colloidal
silica particles. The issues of polymer yield and APTES percentage
incorporation into particles were studied. Organo-silica spheres synthesized
with APTES and TEOS equal amounts were found to contain as much as 37%
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of the total APTES amount. APTES was used both as a catalyst and a co-
monomer in the reaction with vinyl, allyl derivatives of TEOS in an aqueous
medium in presence of a surfactant [14]. At the content of 72 mol% APTES in
the reaction mixture, only 10 mol% was determined in the particles. The most
detailed self-catalyzed synthesis of TEOS and APTES was studied in [15],
where the reaction is carried out in a water-alcohol mixture at a wide
TEOS/APTES molar ratio (0.1, 1, and 2). The authors explain the low yield of
particles (maximum up to 24.5% at a ratio of 1/1, reaction time: 24 hours by the
fact that very small particles are not separated during centrifugation and a larger
fraction of the Si-containing species remained in the particle suspensions.

Despite a significant number of papers concerning modification of silica
particles with APTES, the use of APTES as both the catalyst and co-monomer
has not been widely studied. There is still no single platform which can predict
the dependence of the final composition on the initial recipe of TEOS-APTES
ratios, since so many factors affect the process.

We have synthesized and studied silica xerogels based on TEOS-APTES
and TEOS-APT-PGL precursors at the same molar ratio in hydrolysis and co-
condensation reactions (APT-T-H and APT-PGL-T-H, respectively), where
both reactions are catalyzed by APTES or APT-PGL amine groups. We also
synthesized and studied the TEOS-based silica xerogel according to Stober
method (TEOS-H), and the APTES hydrolysate in the form of a powder
(ARTES-H).

2.Results and discussions
APT-PGL (3-aminopropyl-tris(2-hydroxypropoxy)silane) was synthesized

from APTES by replacing the ethoxy groups (-OCH,CHj3) with 2-
hydroxypropoxy groups (-OCH,CH(OH)CHjs).

HoN CHs HoN li)f
// CH3
‘\35(0 — o . O N
(@) +
J O‘\ 3HO/\hCH3 ‘H o 3C2H50H
HC CHs OH o I wcm

With complete replacement of ethoxy groups in APTES by 2-hydro-
Xypropoxy groups, the main changes in the FTIR spectrum occurs concerning
the absorption bands of ethoxy groups (Fig.1).
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Fig. 1. FTIR spectra of APTES, PGL and APT-PGL

FTIR spectrum of APTES coincide with known one [16] and exhibits the
characteristic bands (v, & cm™): 3375 vas and 3295 vs (N-H), 2974, 2927 vas
CH (CHj3) and CH (CHy); 2885 vs CH (CHs), 1593 v vibration (NH>), 1410 &
(Si-CHy), 1390 6 (CHgs), 1366 and 1296 6 (CH,), 958 (CHj; rocking) and 793
vas (Si-O,).

In APT-PGL spectrum (Fig.1) a wide band 3000-3700 cm™ appears in the v
(OH) region, and all absorption bands characterizing the ethoxy group (1390,
1167, 959, and 793) all together disappear. The 991 cm™ band of PGL, which is
attributed to C-O in -CH,OH, is missing, since this group changes into -CH,-
O-Si- group.

'H and *C NMR spectra also confirm the structure of the synthesized
APT-PGL.

'H NMR spectrum, 8, ppm ( Hz): 0.59-0.79 m (2H, CH,); 1.19 (d1 9H, J
6.5, 3CHg); 1.61-1.8 (m 2H, CHy); 2.7-2.9 (m 2H, CH,); 3.48 (3H, dd, J=11.6
and 6.8 CHy); 3.58 (3H, dd, J = 11.6 and 4.1 CH,); 3.92 (3H, dkd, J = 6.8, 6.5
and 4.1 (CH); **C NMR spectrum, &, ppm: 7.4 (SiCH,), 13.9 (CH,), 15.1
(CH3), 20.5 (NCH,), 63.7 (OCHy), 65.0 (CH).

Fig. 2 shows the reaction scheme of hydrolysis, condensation and co-con-
densation of TEOS and APTES precursors:

The FTIR spectra of APT-T-H and APT-PGL-T-H silica xerogels are
almost identical have broad bands of OH groups at 3200-3600 cm™ region, two
peaks of NH in the region 1551 and 1638 cm™, the latter one attributes to
adsorbed water, and all vibration bands at 900-1200 cm™ refer to the complete
hydrolysis of these co-monomers (920 and 1113 cm™).
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Hydrolysis:

NH2 SI(OR)3/S](OC2H5)4 + HOH —=» — 1—OH + ROH 1

R=-C,Hs, -CH,CH(OH)CH;

Condensation:
_41'—01‘1 + HO—%i I —ﬁJr—O—Si— + HOH 2
—%i—OH + RO—%J’— - —%i—O—Si ___ + ROH 3
HN
Final polycondensation product:
rOEN ] B ] B ~ | c|) -
| L o 0O——Si—O0—
O | ‘ 4
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1o |i—0__ 7707%70# ‘ ‘
L o _n o
‘ L 11 1
n=0-1

Fig. 2. Reaction scheme of hydrolysis and condensation of TEOS and APTES precursors.

Fig. 3 shows X-ray diffraction patterns of the synthesized silica xerogels
and the composite xerogels with deposited DCF. For comparison in all figures
the X-ray diffraction pattern of the DCF crystal structure are presented.
ARTES-H is presented as a double-hump compound with amorphous halos
peaking at 20=8.0° and 26=22.3°. The amorphous halo of this shape may be
due to the presence of two short-range order regions in the sample, due to the
location of -Si-O-Si- structures, as well as the close location of amine and
hydroxyl groups.

The 20 =22.3° region of the -Si-O-Si- structures closely coincides with the
sample (TEOS-H), the diffraction pattern of which is an amorphous structure
with a wide halo, with a maximum at 26 =23.2°.

On the diffraction patterns of samples APT-T-H and APT- PGL- T-H the
amorphous halos of APTES -H are broadened however in the latter sample to a
lesser extent, since traces of the second maximum from ARTES -H (26=8.0°)
are more distinct here.

In all samples the presence of DCF did not change the appearance of the
diffractograms, i.e. DCF is incorporated into the structures.
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Fig. 3. XRD patterns of APTES-H, TEOS-H, APT-T-H and APT-PGL-T-H:
a) - DCF, b) samples; c) samples +DCF

It is known that in truly amorphous materials no peaks are present in the
diffraction patterns. Amorphous halo can be observed if some degree of local
orders or defined repeating motif is present within the structure. The absence of
DCF reflections on the diffraction patterns of the samples may be due to the
fact that either its amount is insufficient to obtain a visible crystal reflection on
the diffraction patterns, or at a concentration of the drug in these composites
(about 3%) the adsorbed drug undergoes amorphizing.

Fig 4. SEM images of the APT-T-H sample
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In the sample APT-T-H (Fig. 4) is present a set of large 15-50u particles,
and a larger number of 1-5p particles, which are connected into conglomerates.
There is a small fraction of particles with 20-500 nm sizes.

In APT-PGL-T-H SEM image (Fig. 5) also is present a set of large 5-50u
particles, and a greater number of small particles from 50 nm size and above,
which are combined into associate conglomerates.

Fig 5. SEM images of the APT-PGL-T-H sample

SEM elemental analysis data showed little differences in silica xerogels
composition (Table).

Table Elemental analysis data obtained by SEM

Element Atomic % Weight %
APT-T-H APT-PGL-T-H APT-T-H APT-PGL-T-H
C 20.8 24.5 14.0 16.7
N 6.1 7.3 4.8/4.9* 5.8/5.9*
0 49.8 45.3 44.6 41.1
Si 23.4 229 36.7 36.4

* Determined by Dumas-Pregle microanalysis method

The calculation of the yield of the copolymer, assuming complete
hydrolysis of both comonomers and their condensation, showed that the yield is
66-67%, and the content of aminopropyl units can be calculated by elemental
microanalysis of nitrogen content in the samples of co-polymers. In sample

327



with 5.9 wt.% N, aminopropy! units in the copolymer make up 56.57 wt % or
42.15 mol %, that is n~0.42, 1-n~0.58.

The difference in the morphology of xerogels obviously affects the release
of adsorbed DCF from powders (Fig 6).
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Fig 6. Cumulative release of DCF from composite xerogels

From the powder with adsorbed PGL the drug desorbs in a larger amount
in the first hours, which is a manifestation of the difference in morphology,
however, the difference between TEOS and TEOS-APTES based samples is
not so significant. The data obtained show prolong action of DCF release from
the compositions which can be proposed as drug for oral administration, since
xerogels as carriers of the drug are not toxic. We are now expanding the range
of biologically active substances and drugs for depositing them in the
synthesized silica xerogels and studying the Kinetics of their release.

Conclusions

The difference in the morphology of silica xerogels obtained using APTES
or APT-PGL precursors is probably due to the presence of ethanol or propylene
glycol in the reaction system, which are released as a result of the hydrolysis of
APTES and APT-PGL, respectively. Since ethanol can be easily removed from
the system throughout the process, however, PGL remains in the system and
can have an impact on the structure of the aqueous system in a certain way. In
turn, APTES and APT-PGL can also be structured in an aqueous solution, and
this structuring is stable, which is confirmed by the APTES diffraction pattern
of the hydrolyzate (powder). Amorphous halos in the diffraction pattern may be
due to the fact that when water is removed from the APTES hydrolyzate
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(xerogel), the structured regions don’t break down and remain in the dry
xerogel. This is quite consistent with the concept of the formation of five-six-
membered APTES cycles in an agueous solution and the preservation of such
cycles on different surfaces [15, 16].

The yield of xerogels is only up to 65% may be the result of the loss of fine
particles during the washing and centrifugation of APT-T-H and APT-PGL-T-
H powders, as well as that 24 hours are not sufficient for proceeding a
complete hydrolysis-condensation cycle.

A comparison of the kinetics of DCF release from xerogels shows a
significant effect of morphology on the cumulative release, which, of course, is
associated with the characteristics of the samples - porosity, pore size, location
of amine groups (on the particle surface or in pores), and, accordingly, the
mechanism of the drug binding to xerogel particles. This is the subject of
further research.

3. Experimental

3.1 Materials.

Tetraethoxysilane (TEQS,) 3-aminopropyltriethoxysilane (APTES), 1,2
propylene glycol (PGL), sodium diclofenac (DCF) were purchased from
Aldrich and used as received.

3.2. Equipment

FTIR spectra were recorded on FTIR Avatar Nicolet spectrometer. *H and
3C NMR spectra were recorded: on Varian Mercury-, ‘H 300.088,
3¢ 75.466 MHz, Temp=30.0, solvent D,0.

SEM images of the powders were obtained using Prisma E SEM
(ThermoFisher). X-ray diffraction patterns were recorded by a EMPYREAN,
Panalytical Company (45kV,40 mA) diffractometer using Cu-Ka radiation.

In vitro drug release was determined by UV spectrophotometry (Cary 100
UV-Vis Spectrophotometer) at wavelength Amax 275 nm. Three samples of 0.03-
0.04 g of each powder were placed in Eppendorf tubes and filled with 2 ml of
saline (0.9% NaCl) or phosphate buffer solution with pH-6.86
(Na+/K+/H,PQ,). After appropriate time intervals, the liquid was withdrawn
for DCF determination, and a fresh portion of the solutions was added into the
test tubes. The percentage of released DCF was calculated as an average of 3
measurements, relative to the amount of DCF in the sample.

3.3. Samples preparation

Synthesis of APT-PGL: 3-aminopropyl-tris(2-hydroxypropoxy)silane,
C12H29NOgSi, MM 311.4 .

409 (0.526 mol ) PGL is added to 38.8 g (0.176 mol ) APTES in a three
neck flask equipped with Liebig condenser, the mixture is heated under
constant stirring at 110-115 °C, and after 30 minutes the formed ethanol starts
distilled. After an hour and a half from the beginning of the process, small
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particles appear in the flask, and after cooling - the whole mass solidified.

APT-PGL is a slightly moist powder that in air and light transforms into
liguid. To understand whether this is a property of the product itself (its
physical state) or its hydrolysis occurs due to air moisture, the IR spectra of the
initial powder, the powder partially in liquid and completely liquid were taken
(after 30 and 60 minutes of staying in air, respectively).

Changes in spectra were revealed only in completely liquid form — an
appearance of the absorbance band at 1649 cm™ that can be attributed to
adsorbed water (usually in region 1635-1650 cm™) [20-22]. The powder is
stored in a dark tightly closed container in a cool place and is used as is.

Synthesis of APTES-H: To 9.5 g (0.043 mol) of APTES 7 ml (0.39 mol)
water is added in a beaker, stirred on a magnetic stirrer, and after 2-3 minutes
the pH of the solution measured is 10-11. After 1 hour of stirring, particles
appear, after 2 hours from the start of the process, the mixture is heated to 60 °C
for 30 minutes. A gel-like mass immediately forms, which broke down upon
stirring. After 5 hours, the pH dropped to 8. The entire mass containing gel-like
particles in the liquid is left in air to evaporate water, and then the wet mass is
dried in a vacuum oven (temperature of 40-45 °C, drying pressures 90-100 mm
Hg). The resulting product is a white powder, with melting point above 300 °C,
easily soluble in water. Product yield made up 4.46g.

Synthesis of TEOS-H: Samples with TEOS were obtained by aqueous
hydrolysis in the presence of a catalyst (water ammonia) without using alcohol
(Stober reaction).

28 ml (26.6 g, 0.13 mol) TEOS is mixed with 22.8 g (1.26) water about 5
minutes under magnetic stirring and then 7.2 ml of 10 % NH,OH solution is
added, the mixture is stirred for 3 hours, and then left for 24 hours at room
temperature. After 24 hours - the whole mass transformed into a soft gel,
which, when stirred, broke down into small pieces. The sample is dried at 100
OC until reaching constant weight. The resulting product is a white powder with
melting point above 300 °C. Yield of the powder- 9.0 g.

Synthesis of APT-T-H: 2.8 g (0.0135 mol) APTES is mixed with 10 ml
water within 1-2 minutes (pH of the mixture is 12), then 9.8 g TEOS (0.047
mol) and 10 ml water is added. The reaction mixture turned white and after 35
minutes the viscosity increases, small particles form, and after another 15
minutes the whole mass solidified (pH is 10). After leaving the mixture for 24
hours the wet powder is rinsed twice with water, and dried in a vacuum oven
(40-45 °C, 90-100 mm Hg). The resulting product is a white powder, with
melting point above 300 °C. Yield of the powder- 4.02 g.

Synthesis of APT-PGL-T-H: 4.2g (0.0135 mol) APT-PGL is mixed with
10 ml of water (pH of the mixture is 12), then 9.8 g of TEOS (0.047 mol) and
10 ml of water is added. The reaction mixture became cloudy, after 30 minutes
the viscosity increased (pH -12), and after 1.5 hours the whole mass
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transformed into a soft gel. After leaving the mixture for 24 hours the wet
powder is rinsed twice with water, and dried in a vacuum oven (40-45 °C, 90-
100 mm Hg). The resulting product is a white powder, with melting point above
300 °C. Yield of the powder- 4.04 g.

This work was supported by Enterprise Incubator Foundation (EIF,
https://www.eif.am) grant.
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CHUHTE3 KCEPOT'EJIEIl HA OCHOBE ITPEKYPCOPOB T30C U ATITIC B
KAYECTBE COPBEHTOB BUOJIOI'MYECKHA AKTUBHbBIX COEAUHEHUU
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CuHTE3UpOBaHBI MPOIYKTHI CO-TIONIMKOHIEHCANH (KCEpOoreNn) 3-aMUHOMPOIIMITPH-
srokcucrnana (APTES) u 3-amuHOmpomii-Tpuc-(2-THapoKcHnponokcu)cuiana (APT-
PGL) ¢ TEOS 3omb-rens MeTonoM B BogHou cpere, rne APTES u APT-PGL sBnsrorcs u
CO-MOHOMEPaMH, U KaTajJu3aTopaMH peakluii ruapoim3a u co-konnencauuu. APT-PGL
mony4anu B3ammopericteueM APTES u mpormieHrIimKomns Ipy UX MOIBHOM COOTHOIIICHHH
I x 3. HccrmenoBaHbl CBOMCTBA IONYYEHHBIX KCEpOTreliell B CPaBHEHHH C KCEPOTCISIMH
terpastokcucmwiana (TEOS), cuHTe3npoBaHHRIMH TI0 W3BecTHOMY Mmeromy llITé6epa c
WCTIONBF30BaHUEM aMMHAYHOW BOJBI B KadeCcTBE KaTanm3aTtopa. PeHTreHo(a3oBBIH aHAIN3
MOKa3ajJl HaJMYME B CHHTE3WPOBAHHBIX KCEPOTreIsiX aMOP(HBIX Tajo, XapaKTEePU3YIOIINX
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pa3HyIo CTeIeHb OJIKHETO Iopsiika B oopasnax. Janueie COM Taroke mokas3ajiy pa3iindue
B Mop¢osoruu 00pasuos.

Huknogpenak Hatpusi (DCF) ocaxknmamum Ha Kceporeiaw W3 3TaHOJIBHOTO pacTBOpA.

Kunernka necopOuuu M KyMYJISTHBHBIN MPOIEHT BBIXOJA IMperapaTa 3aBUCAT OT MOp-
(onorun kceporemneit.
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The silicone composites, both bulk samples and films, were synthesized from hydroxyl terminated
polydimethylsiloxane (PDMS-OH) and four-functional cross-linker tetraethoxysilane (TEOS) as carriers
of two different drugs Furazolidone and Diclofenac sodium. To provide hydrophilic domains in the
silicone elastomers, polyethylene glycol (PEG 200) and glycerol were used as hydrophylizing
components. The effect of drugs’chemical structures and type of hydrophilizing components on film-
forming (crosslinking-curing) duration, kinetics of drug release in vitro experiments and the composites
morphology were studied. The properties of the composite flms depend on both the drug’s chemical
structure and the type of hydrophilizing component. Both factors influence the distribution of the drugs in
the composition and its morphology, which are ultimately responsible for the kinetics of the drug release
and its amount.

Key words: silicone films, composite, Furazolidone, Diclofenac, PEG 200,
glycerol

Fig. 4, tabl. 2, ref. 12.

1.Introduction
From the 1970s to nowadays transdermal drug delivery systems (TDDS,
patches) are widely used in medicine. These systems are more comfortable for
patients as compared with oral drug delivery and hypodermic injections
allowing to avoid the irritation of the patient’s gastrointestinal tract
environment, providing prolonged drug penetration (for 1-7 days) through the
skin [1].
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It should be noted that not all drugs can be used in TDDS, it depends on the
permeability of the drug through the outermost layer of the epidermis (startum
corneum, SC) which is due to many factors, for example, the drug molecular
weight (>500 Da), its solubility in water and oil (octanol-water partition
coefficient, logPo/w), etc. [2].

From point of view of drugs distribution into the patches, the main types
of transdermal patches are single-layer drug-in-adhesive, reservoir and
matrix [3]. The structure of these patches is based on different polymers,
which play an important role in sustaining, controlling, and targeting drug
deliveries, providing mechanical strength to the formulations as well. In
addition, different blends of hydrophilic and hydrophobic polymers were
employed for achieving the controlled drug release behavior. Such polymers
are silicones, acrylate ester/vinyl pyrrolidone copolymers, hydroxypropyl
methyl cellulose (HPMC), HPMC/ Chitosan, HPMC/ PVP/ CP, lactic-co-
glycolic acid (PLGA) etc [4].

Silicones or polydimethylsiloxane (PDMS) have a number of features:
high oxygen permeability, biocompatibility, non-toxicity, and flexibility at
low temperatures [5]. Silicon films or coatings, doped with different active
substances, are extensively being applied as protective coatings on the
surface of biomedical implants [6-8], in drug delivery systems due to self-
adhering properties (adhesives). For this purpose, the crosslinked elastomers
(networks) have been used, which are synthesized from industrially pro-
duced linear polymers, in particular, polydimethylsiloxane with terminal
hydroxyl groups (PDMSOH), four-functional crosslinking agent — tetraetho-
xysilane (TEOS) and catalysts [9].

It is known that polysiloxanes are inherently hydrophobic; accordingly,
elastomeric networks are also hydrophobic. Therefore, in order to introduce
lipophilic or hydrophilic drugs into such networks, it is necessary to
hydrophilize them with low and high molecular glycols (glycerol,
polyethylene glycol, polyvinyl alcohol, polyethylene glycol, etc.).

Despite the big amount of research works performed, only a few drugs
are still used in TDDS (approximately 17 drug molecules). These include
Nitroglycerin (Nitro-Patch), Hormone (CombiPatch), Diclofenac (Flector
Patch, Voltarol Gel Patch), Nicotine containing patches, which are approved
by the US Food and Drug Administration (FDA). One of the features of the
use of patches is the duration of their effect on the skin. The exposure time
of known patches is 1-7 days, providing prolonged action of the drug.

The aim of our research work is as follows: a) to synthesize silicone
composites based on hydroxyl terminated polydimethylsiloxane (PDMS-
OH), as carriers of two different drugs Furazolidone and Diclofenac sodium
salt, which have different chemical structures, physiological effects, and
different logPo/w.; b) to study the effect of drugs' chemical structures and
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type of hydrophilizing component on film-forming (crosslinking-curing)
duration, Kinetics of drug release in vitro experiments and percentage of
swelling.

Furazolidon (Frz) antimicrobial drug, commonly used via oral administ-
ration, as a tablet, as a suspension, it also can be used as a spray, creams for
external use for infected wounds and burns, as well as an antimicrobial
agent for surgical sutures [10]. To our knowledge, furazolidon-containing
patches or films are unknown so far.

Diclofenac sodium salt (Dcf) NSAID possesses anti-inflammatory,
analgesic, and antipyretic properties through inhibition of COX isoenzymes
and blockade of prostaglandin synthesis [11]. Diclofenac-containing patches
are already available (for example, Voltarol 140 mg Medicated Plaster), but
they have a complex composition containing two different types of
polymers, butylated methacrylate copolymer and acrylate vinyl acetate
copolymers, as well as several additives imparting the drug-containing
layer, adhesive and membrane properties of the patch.

For the first time, we have synthesized and studied Furazolidone-
containing (Frz) films, which are expected to be used for the treatment of
external wounds. Also, patches with Diclofenac (Dcf) have been
synthesized, which have a simpler composition as compared with the
known ones.

2.Results and discussions

The elastomers films as crosslinked networks are synthesized from
PDMSOH and TEOS, aminopropyl terminated polydimethylsiloxane
(PDMSNH,) is used as catalyst. In Fig.1 the reaction of synthesis and the
formed network is schematically illustrated.
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Fig. 1: Silicone elastomer formation:
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A -reaction of synthesis (starting point); B - the formed network.
Recently we have found that crosslinking processes occur in different ways
depending on sample volume: bulk or film forms. That is why we compare the
kinetics of drugs release both from bulk and film samples.

Drugs chemical structures did not affect on cross-linking time of the
matrixes (Frz -0, Dcf-0) - the matrices with both drugs were cross-linked and
cured within 3-4 days. However, the percent of drugs release is slightly higher
for Dcf (after 168 hours from matrix desorbed 15% Dcf and 3% Frz (Fig. 2a).
At this, the percent of matrix swelling is higher in the case of Dcf, which may
be a reason for the 15% drug release. The sample with Frz practically does not
swell (Fig.2b).
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Fig. 2. a). Desorption kinetics of Frz and Dcf from matrixes (Frz-0, Dcf-0),
bulk forms (Frz 1-B, Dcf 1-B) and films (Frz 1-F, Dcf 1-F);
b). Percent of swelling Frz and Dcf containing matrices (Frz-0, Dcf-0),
bulk forms (Frz 1-B, Dcf 1-B) and films (Frz 1-F, Dcf 1-F).

For hydrophilization of the hydrophaobic silicone matrices polyethylengly-
col PEG 200 and glycerol were used in content of 11 and 23%, respectively.
Their effect on the drugs release was examined. In Fig. 2 the kinetic curves for
Dcf and Frz release from bulk samples and films containing PEG 200 are
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provided. The presence of PEG 200 increases drugs release from both the bulk
sample and the films, and this increase is more significant in case of film with
Dcf. The percentage of swelling also increases for all samples with PEG, but
almost to the same extent, regardless of the form of the samples and the drug.
Judging by these data, the increase in drug release due to the presence of PEG
is associated with the specific distribution of drugs in the composite, and not
with an increase in the degree of swelling.

Based on the obtained results we synthesized new samples (films) in which
the amount of PEG is 37%: film with Dcf was not cured, with Frz cured within
2 hours. The release of Frz from the sample after 168 hours is 57%.

DRUGS CUMULATIVE a) SWELLING OF b)
RELEASE THE SAMPLES
60 420
—&— Frz-0 —— Frz2-B
--8--Frz2.F —s—Dd-0
—=¢=-Ddf 2F —t— Ddf 2-B 260

300

—&—PFRZ1
==®==Frz 2-F
—— Frz 2-B
. D -0

240
ES

180

120

60

0 24 48 72 96 120 144 168 0

TIME, K 0 24 48 72 96 120 144 168

TIME, H

Fig.3. a).Desorption kinetics of Frz and Dcf from matrixes (Frz-0, Dcf-0),
bulk forms (Frz 2-B, Dcf 2-B) and films (Frz 2-F, Dcf 2-F).
b).Swelling of Frz and Dcf containing matrices (Frz-0, Dcf-0),
bulk forms (Frz 2-B, Dcf 2-B) and films (Frz 2-F, Dcf 2-F).

The presence of glycerol (23%) also provides an increase in the drugs
release from both the bulk sample and the films (Fig.3a), but contrary to PEG
200, the release of Frz is sharply increased from bulk samples, but coincides
with release Dcf from film, and the release of Frz from the film increases only
slightly. The percentage of swelling is also sharply increased for bulk samples
of Frz 2-B, Dcf 2-B (Fig.3b).

In Table 1 summarizes cross-linking time, percentage of drug release, and
percentage of swelling in 168 hours.
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Table 1

Cross-linking time, percentage of drug release and percentage
of swelling in 168 hours.

PEG Dcf Frz
Bulk Film Bulk Film
Cross-linking and 1 day 10 min 3 days 1 day
curing duration
Drug release, % 23 58 20 37
Swelling, % 45 55 45 60
Glycerol
Cross-linking and 4 days 4 days 2 days 1 day
curing duration
Drug release, % 28 50 50 17
Swelling, % 50 23 360 23

Thus, an introduction of PEG into the matrices provides an increase in both
drugs' release as compared to the matrices; for both drugs, the release from the
film is higher than from the bulk samples (but Dcf > Frz), with the same
swelling values.

An introduction of glycerol into the matrixes also provides in general an
increase in both drugs' release as compared to the matrices. However, contrary
to PEG, in this case for both drugs, their release from the film and the bulk
forms is different: Dcf release from the film is 2 times higher than from the
bulk sample, although the swelling of the film is 2 times less. Frz release from
the bulk sample is 3 times higher than from film, with very high swelling
values.

Our studies have shown that glycerol in the composites under study is in a
“free” state (TG-MS data, not published). As for PEG — it can participate in the
formation of a polymer network like PDMSOH due to the end hydroxyl grou ps
[12]. Therefore, these two hydrophilizing components can form composites
distinguished by their morphology.

In order to understand whether the difference in the amount of drugs
desorption and swelling is caused by the morphology of the synthesized films,
we have carried out SEM studies of the samples Frz 1-F and Dcf 1-F. Different
morphology may be caused by different distributions of drugs in the
components of the composites.

SEM images showed a different distribution of films morphology (Fig. 4).
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In case of the Dcf 1-F film inhomogeneities in the form of circles of 5-30
micron size and structured areas are observed. It is possible that the drug is
surrounded by PEG, while the Frz 1-F film Frz is more evenly distributed
throughout the composite, creating particles that have sizes 0.1-0.53 micron.
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3.Experimental

Chemicals. Hydroxy-terminated PDMS (HO-PDMS, 1800-2200cSt,~36000
g/mol, Gelest), aminopropyl-terminated PDMS (PDMSNH,, 10-15 cSt, 850-900
g/mol, (Gelest), tetraethoxysilane (TEOS,99,999% Aldrich), Polyethylene
glycol (PEG 200, Aldrich) and glycerol (Aldrich) as hydrophilizing agents,
Furazolidone (Aldrich), Diclofenac sodium salt (Aldrich) (table 2) were used as
received.

Table 2
The drugs structure
Drugname | Chemical structure MW | LogP
o/'w

Diclofenac o 318.13 | 4.49
sodium salt - o2

NH

Cl
Furazolidone 225.16 | -0.05

O,N

Samples preparation

The following abbreviations are used to designate samples in the text:

Matrices - cured bulk cylinders with 0.5-0.6 cm height and 2.5 cm in
diameter, containing Diclofenac or Furazolidone (Dcf -0, Frz -0).

Composites — a) bulk cylinders containing either PEG-200 (1) or glycerol
(2), and drugs (named as Frz1-B, Dcf 1-B, Frz 2-B, Dcf 2-B). b) The films F-
were synthesized with the same composition and sequence of composites, only
after stirring, the liquid mixture was poured onto the surface of the plastic Petri
dishes. The resulting films have diameter of 4.5cm and 0.3-0.5 mm thickness,
containing either PEG-200 (1) or glycerol (2), and drugs (named as Frz 1- F,
Dcf 1-F, Frz 2 -F, Dcf 2 —F).

Matrices. PDMSOH (1.89/0.05mmol) was mixed with a cross-linker
(TEOS 0.079/0.34 mmol) and catalyst (aminopropyl terminated PDMSNH,
0.07g/0.078 mmol) [5,9] mixed for 1-2 minutes, and drugs were added
(Dcf.0.069/0.188 mmol or Frz.0.069/0,267 mmol) to the mixture, stirred for 8-
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10 minutes, and the matrices were allowed to cure at room temperature.

Composites. Polyethylene glycol 200 (0.25g/6.5mmol) or glycerol (0.6g)
were mixed with (1.8 g/ 0.05 mmol) PDMSOH. After 1 min of stirring, an
emulsion-like substance was obtained, which was mixed then with cross-linker
(0.07g/0.34 mmol), catalyst (0.07g/0.078 mmol) and drug (Dcf.0.06 g/ 0.188
mmol) or (Frz.0.06 g/ 0.267 mmol) in the same subsequence as mentioned
above. After stirring for 8-10 minutes, the composites were allowed to cure at
room temperature (Table 1).

UV spectroscopy. The calibration curve of Furazolidone, Diclofenac
sodium salt plotted using a 0.9 % NaCl solution. The drugs were analyzed
spectrophotometrically (Cary 100 UV-Vis Spectrophotometer) and the curves
were found to be linear in the range of 5-1.25 mg/ 100 ml and the regression
coefficients were found to be 1.71 at 260 nm in case of Furazolidone,1.54 at
275 nm in case of Diclofenac.

In vitro drugs release was determined by UV spectrophotometry. Three
samples of 0.03-0.04 g of the bulk or films samples were placed in Eppendorf
tubes and filled with 2 ml of saline (0.9 % NaCl). After a specific time, the
liquid was taken away and the drugs desorption was determined. The fresh
portion of 0.9 % NaCl solution was added into the test tubes. The percentage of
released drugs was calculated as an average of 3 measurements, relative to the
amount of DCF in the sample. During the entire time of the drugs release tests,
the samples were kept in a thermostat at 37-38 °C.

Measurements of the amount of desorbed glycerol from composites under
study were performed according to GOST 7482-96 and are in the range of
2-4 %.

Swelling. The swelling of the samples was measured in following way -
three small pieces (0.7-0.1 g) of each composite were weighed, 5 ml 0.9 %
NaCl was added in each sample at a temperature of 37 °C. After 24 hours, the
samples were taken away, dried with paper, and weighed. Then the new portion
of the fresh solution was added. The swelling was determined by the equation

given below:
W-Wo

wo 100%

swelling ratio =

Where Wo and W are the weights of silicon elastomer before and after
swelling, respectively.

SEM images of the powders were obtained using Prisma E SEM
(ThermoFisher) (in the Institute of Chemical Physics after A.B. Nalbandyan
NAS RA):

Conclusions
The properties of composite films based on PDMSOH and TEOS depend
on both the drug's chemical structure and the type of hydrophilizing
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component. Both factors influence the distribution of drugs in the components
of the composites and form different morphologies, which are ultimately
responsible for the kinetics of the drug release and its amount.

Depending on the chemical structure of the drug, it is possible to choose
the hydrophilizing agent that will ensure a short cross-linking-curing duration
and controlled release of the drug desorption. But in order to achieve all this, it
IS necessary to carry out more extensive studies, collect statistical data, and to
find out which parameters of the drugs are responsible for producing the above-
mentioned results.

ZhHPNSPLUS LN, UNUINUELS UG P UM SNME3NRLL
UbLPuNuU3hu ZhURNY, UNUANQhSLEMrhS HSNRPUINLAHIUP BY,
ThulNdbulub UMSUQUSULL LULLHNRESUL /U

U.L UEU.ABU3LL

Zpopufy Suypuiyfle fudpm] wynyfypdbFpyupopuwiibph b punndilyghoig
gwpng wablin mbnpwbffopufiupywip 4fdwh dpuw upifdbgdb; i ofyflinigfie -
wngfnhbp (Lfb() hinnpikp L [quwi:[(]ilbp)‘ npku bplyne imwppkp ghgkpf’ $nopw-
gbrfy Lo aplynbbhlfy hppotep: Upgflnloghle Squnmmibphbpnd Sfogpnhy
qndbubbph wnwowgnodl wwywAndbine Swdwp npybu Sfgpn$fiugiing fndun-
Lblnbbp ogumwgnpdifly i qipgbppt L wypnwfybt qupling200: In vitro Epuwh-
phdbinbbpny nwunofiwefipdly b ogbgbpp ppdpuwlpwi hunngduwéph b Shgpndfp-
pugbng hndynibinbbph wapbgndfdyndip Puqubfubph wnwgwgdwh (lllu[uﬁuil )
dwidwinulfi Ik hndwyngfinibph dnp$npngpugf Jpo:

llnlfu[nqﬁmw!ﬁil Puquiffiubph Awmhncfindibbpp hufudws B L™ ghknp ph-
dhoulp®s fpnnegwdppy, b Spgpnpppuging wekiunf phngfpyg: G Eplne qop-
ontibpt by wynnod Bl hndyngpinbibph puqugppiibpnod ghagbph puofudl fpw L
Qbewfnpned b inwpphp dnp$nngfuwibp, npnip, b ofbpgn, wunnwopiwiinne B
ghqudfigngfr Prqupldwi hpbbnfpljugq b pubiwlyfe Swdwp:

BJIMAHUE T'MAPOPUIN3UPYIOIINX TOBABOK HA JTECOPBIIHUIO
JAAKJIO®EHAKA U ®YPA3OJMAOHA U3 KOMIIO3UTOB HA
CHUJINMKOHOBOU OCHOBE

M.JI. ATABEKSH

Hay4yHO-TeXHOMOru4ecKuii LEHTP OPraHNYecKoi U papMaleBTUUSCKUi XUMHUN
HAH Pecnybnuku Apmenus,
HuctuTyt ToHKOW opraHnyeckoil xumuu uM. A.JI.MumKOosHA
Apmenust, Epesan 0014, np. Azatyrsn, 26
E-mail:_atmari@yandex.ru

CHHTE3UpOBaHBI CHIMKOHOBEIE KOMITO3UTHI (B BHAE OOBEMHBIX O0Opa3lOB M IUICHOK)
HA OCHOBE MOJHMIMMETHJICHUIOKCAHA C KOHI[EBBIMH THPOKCHIBHBIMU TPYINAMH U TETpa-
STOKCHCHIIAHA, COIEpIKaIle JBa Pa3HBIX JieKapcTBa (PypazomumaoH Wwin AUKIO(pEHaK), a
TAKKE MOJUATWICHIIIMKOIb WM TJIMLIEPUH B Ka4deCTBE TUAPOPUIH3HPYIONMX KOMIIO-
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HenroB (I'K). Hccnenosano Bnmsxue nekapctBa u tuna 'K Ha Bpems oOpasoBaHms
CIIUTBIX 00pas3IoB, HX MOP(OJIOTHIO, U KWHETUKY BBIJIEJICHHUS JIEKApCTBa B KCIIEPUMEHTaX
in vitro. TTokazaHo, YTO CBOWCTBA KOMIIO3UTHBIX IUICHOK 3aBHUCAT KaK OT XUMHUYECKOH
CTPYKTYypbl JekapcTBa, Tak u or Tuma I'K. OGa ¢axropa BIUSIOT Ha paclpeleneHue
JIEKapcTBa B KOMIIOHEHTaX KOMIIO3UTa M (DOPMHPYIOT pa3IMuHyt0 MOpP(OJIOTHI0, KOTOpas
oIpeieNsieT KOMUYECTBO U KUHETHUKY BBIIEICHUS JEKApCTBA.
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U29U3bhv UHU1EURY
HAIIMOHAJIbBHAST AKAJIEMHUSI HAYK PECIIYBJIUMKH APMEHMUS
NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF ARMENIA

Zlu.(luuuuuilﬁ el Guiigbu
XUMHUYECKHU )KypHasl ApMEHUU 75, Ne 3-4, 2022 Chemical Journal of Armenia

Poccuiicko-ApMsiHckasi KOH(epeHIust

«XuMus B ApMEeHHN»

C 24 mo 28 oxtsa6ps c. . B EpeBane cocrosmace Poccuiicko-ApmsHCKas
KOoH(epeHIus 0 XUMHH, IpuypodeHHas K 15-metuto oOpazoBanus Haywno-
TexHoJornyeckoro neHTpa Opranndeckoi u papmanesruueckoit xumun HAH
PA. B koHbepeHIIMM NPUHSIM y4acTUE PsJ W3BECTHBIX Y4eHBIX MOCKBBI, a
TAKXE MOJIOJIbIE U HEKOTOPBIE U3 BEAYIIUX XUMHUKOB ApMeHuu. MHunmaropom
nmomoOHoro ¢dopMara BcTpeun ObUT akameMuK Poccuiickoll akajgemMun Hayk
AnanukoB B.Il., umeronuii TecHble HaydHbBIE CBSI3U C YYEHBIMH ApPMEHHHU.
Otpanno, uto B pabore KOH(EpeHIInH, KOTOpas W3HAYaJIbHO IIAHMPOBAIACH
KaK HAY4HbBI CEMHMHAp, MPUHSIN aKTUBHOE y4acTHE, KaK B KauecTBE JOKJIal-
YMKOB, TaK U CIIyIIATe]Ied MHOIHE MOJIOABIE YUEHBIE aKaJeMUUECKUX UHCTHUTY-
TOB, a TAKXKE CTYJCHTHI U aCIUPaHThl HeKOTOpbiX BY3-0B 1. Epenana.

TopxecTBeHHOE OTKPBITHE KOH(EPEHIIMH COCTOSIIOCH B 3aJie 3acelaHHi
[Mpesummyma HAH PA, npu ygacTum XUMUYECKOH OOIIECTBEHHOCTH, Ha KO-
topom BeicTynuin npe3ugeHT HAH PA akan. Carsa A.C. u akan. PAH Ana-
HUKOB B.II., oTMeTHBIINE Ba)KHOCTh YKPEIUICHHS HAay4YHBIX CBSI3€M YUEHBIX
Apmennu u Poccum, BKIItOUasi MpeACTaBICHUE COBMECTHBIX HAy4YHBIX IMPOEK-
TOB, B3aWMHBIE MOCELICHHS C LEIbI0 MPOBEIECHUS HAYYHBIX MCCIEAOBaHUH, a
TaKKe OpraHu3alrio MoA00HBIX (GOPYMOB U Apyrux meponpusatuil. Ha oTkpsl-
TUU OBUTH TIPEIICTABJICHBI IUICHApHBIC MoKIaabl wi.-kopp. PAH, npod. Tepen-
theBa A. O. (MOX PAH um. H.JI. 3enunHckoro) u wi.-kopp. HAH PA, mpod.
Hanarynsaa I'. I'. (HTI O®X HAH PA, PAY). B noknaae npod. TepeHTheB
A. O. «Oprannyeckre MepoKCUIbl: METOAbl MOJNYYEHUS U MPAKTHYECKOE MpPH-
MEHEHHEe» OBUIM TPEICTABICHBI PE3yJAbTAaThl HAYYHBIX HMCCIEIOBAHUM M HX
MPaKTUYECKOr0 NPUMEHEHUSI B CEIIbCKOM XO34HCTBE, MOCBSIICHHbBIE PA3JIny-
HBIM OpraHu4eckum nepokcugam. OcoOblii MHTEpeC BbI3BAIM pa3pabOTaHHbIE
aBTOPOM M €r0 KOMaHJOH HOBBIE KOJIOTMYHBIE METOABI CHHTE3a PA3JIMYHBIX
TUIIOB MEPOKCHUJIOB, C UCIOIb30BAaHUEM MEPOKCH]Ia BOAOPOJIa U KapOOHUIIBHBIX
coeJMHeHMH. Bbl1o moka3aHo, 4To NpUpoJa Kataau3aTopa UrPaeT PeIiaroiyto
POJIb B CEJIEKTUBHOCTHU MOJTYUYEHUS EPOKCH]IOB.
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B noxmane npod. Poccuiicko-Apmsackoro yauBepcutera [, JlanarynsHa
«HeTrpuBHalbHbI CHHTE3 OMOJIOTMYECKH AKTUBHBIX CHCTEM — TPUBHAIBHBIM
B3aMMO/ICHCTBHMEM HYKICO(PHIOB C a3MHAMHU» ObUIM TPEICTABJICHBI METOJbI
CHHTE3a Pa3IMYHBbIX a30T-COJEpKAIIUX OMOTCHHBIX W OMOAKTHBHBIX BEIECTB
HETPAIUIIMOHHBIMA METOAAMU HYKJICO(PHIBHBIX PEIUKIN3AINA TPON3BOIHBIX
NUPUMUAKHA, TpoTekaromue noj aeicrsueM O-, C- u N-Hykiieouaos, BKIO-
yasi peakuu C aMHHamH, TUApa3suHaMu, rujapasujgamu, 1, 2- u 1, 3-nunHyk-
neodunamu. bbun mpencTaBieHBl TaKKe CBEXKHE, IMOKAa HEOMYOJIIMKOBAHHBIC
pe3yapTaThl M30TOMHOTO OOMEHa aTOMOB BOIOpPOAAa B MOHO- M aHHEIWPO-
BAaHHBIX JHa3MHAX.

Oco0eHHOCTh TaHHOW KOH(EPEHIIMU COCTOsIa B BOBJICYCHHH B €€ opra-
HU3AIHI0 PA3IMYHBIX HAYYHBIX U Y4€OHBIX yupekaeHuil. B wactHocTH, BTOpOe
3aceanne KOH(EPEeHIINH, MTOCBIIIEHHOE (PU3NKO-XUMUYECKUM OCHOBAM HOBBIX
TEXHOJOrui, npoBogmiiock B MucTuTyTe Xxumuueckoir ¢usuku HAH PA, rae
ObUTO TIPENCTaBICHO 5 JOKJIAZOB KaK TOCTeH, TaKk M apMSIHCKHUX y4eHBIX. B
oompmom poknane npod. TperssikoBa E. B. (MOX PAH) «MonekynspHblit
JIM3aifH MarHETHKOB U DJIEMEHTOB CITMHTPOHUKW» OBLITM TIOKa3aHbI HOBBIE BO3M-
0KHOCTH, KOTOpPBIE OTKPHIBAET HCIIOIH30BAHHE CBOOOIHBIX PAIMKaJIOB B XH-
MUH, OMOJIOTHH, MEAWIIMHE, MaTepralioBeleHUuH. [{oKiaa mpoaeMOoHCTpUPOBa
KITFOYEBYIO POJIh CTAOMIIBHBIX OpPTraHMYECKUX PAJUKAJIOB B JM3aifHE MarHUTHO-
aKTHBHBIX CHCTEM pa3HOO00pa3HOro (YHKIMOHAJIHHOTO HA3HAYEHUS: TEPMH-
9YeCKd CTaOWJIbHBIX OW- W TPUPAIUKAIOB C TOMOJIOTHEH TpUMETHIIEHMETaHa,
CTaOMJIBHBIX CIIUH-MEYEHBIX Ipa)eHOBBIX HAHOPA3MEPHBIX CTPYKTYp, a TaKKe
METaJUI-HUTPOKCHIIBHBIX CHCTEM, CIIOCOOHBIX B HIMPOKOM JMAIa30HE TeMIIepa-
Typ IpeTepIieBaTh Kak (ha3oBble, TAK U MAarHUTHO-(A30BbIE TEPEXOIBI.

Hoxknax momnomoro ydenoro [lomerHckoro M.B. uz MOX PAH 6wt mo-
CBSILLEH MPAKTUKE PUMEHEHUS HOBBIX METOJIOB BBIYMCIUTEIBHON XUMUU AJIS
pelleHnsl aKTyaJdbHBIX 3a/Jad, CTOALIMX Iepel] XHMHUKaMH-TIpakTukamu. B
gactHocTH, KomOuHupoBanuss DFT, DLPNO-CCSD(T), DFTB u mamuHHOTO
O00y4YeHHsI B HCCIEIOBAHUU CTPYKTYphl M PEAKIUOHHOW CIIOCOOHOCTH Mare-
puanoB. KoMOuHHpOBaHHE KBaHTOBO-XMMHYECKOTO MOJEIMPOBAHHS Ha pas3-
HBIX YPOBHSX TEOpWH, OOPH-OIIEHTeHMEPOBCKONH MOJICKYJISPHON TUHAMHKH
(BOMD) u ycraHOBIIeHHE KOJTHYECTBEHHBIX KOPPEISIHA CTPYKTypa-CBOWCTBO
(QSPR) B MeTa)utoOpraHUYECKHX PEaKIUsIX ITO3BOJIMIO aBTOPY B TEKYIIHX
MPOEKTax MOCTPOUTh MOJENH, NAIOUIUE PACHIMPEHHOE MOHMMAHUE CTPOCHHS
XUMHYECKUX CUCTEM M UX PEaKLIMOHHOH CIIOCOOHOCTH.

B X® HAH PA Obum mpeacTaBieHBI TakXKe JOKJIAIbI COTPYIHHUKOB
uHcTUTyTa Xumudeckor ¢usukn HAH PA. B gactHocTH, nmoxman KupakocsH
A. B., B coaBropctBe ¢ Hazapersn X. T. Aimunsa C. B. xacaics ¢opmu-
poBanusi BbIcOKOOHTponuiHbIX crlaBoB FeNiAlCo u FeNiAlCoCr mnpu
BBICOKUX CKopocTax HarpeBa. [lokmany MuanakansHa P. A. Obul mocBsiieH
MPUMEHEHNI0O MUKPOBOJHOBOM pajJualiy B XUMHUHU TBEPJOro Teja, a TaKkKe B
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KaTanu3e. A KOJUIEKTHBHasl paboTa, BBINOJHEHHAs IO/ PYKOBOACTBOM MpOd.
Honyxansu C. K. 6bu1a nocssimena cuaresy MAX ¢a3 B rHIpUIHOM IUKIIE HA
ocaoBe Ti-Al-C u3 cMmeceit kapOOrHAPHIOB THTaHA U MOPOLIKOB ATFOMUHHSI.
OTmeTuM, YTO JAaHHBIH METOJ CHUHTE3a TYIOIUIABKUX CIUIABOB M HHTEpMeE-
TAJUIUJOB pa3paboran B «JlabopaTopuu BBICOKOTEMIIEPATYPHOI'O CHHTE3a U
TEXHOJIOTMH Heopranndyeckux coequnenniny UX® HAH PA B 2007 r.

Bo Bropoii neHp koHGepeHIMs npoBoauiack B Poccuiicko-ApMsHCKOM
yHUBepcuTere, B 3aie uM. akan. M. Opbenu, rie npu akTUBHOM YYacTHU
CTYAEHTOB U COTpyAHMKOB WHcTHTyTra OnMomenuiuubl u dapmamun PAY, a
TaK)Ke€ HEKOTOPBIX IPYTUX aKaJeMHYecKuX MHCTUTYTOB I. EpeBaHa, 6bu10 crie-
naHo 18 HOKIag0B Ha IBYX HayYHBIX CECCHUSX, TOCBSIIECHHBIX, COOTBETCTBEHHO,
COBPEMEHHBIM LH(POBBIM TEXHOJIOTUSAM B OMOJIOTMH, MEAMLIMHE U XUMHH, a
TaK)K€ XUMHHM T'eTePOLMKINYECKUX COCIUHEHUN M Au3aifHy JIeKapCTBEHHBIX
npenaparoB. Ceccuto otkpbul akajal. PAH Ananukos B.II., BeicTynuBIIHME C
IUIEHAPHBIM JIOKTaJI0M «VICKYCCTBEHHBI MHTEIUIEKT B XUMHUH U OHOJIOTHI.
W3BeCTHBIN ydeHBIN IIPEACTaBUII COBPEMEHHBIE TEHICHIIMU B PA3BUTHH IIPUJIO-
KEHUH aJrOpUTMOB HCKYCCTBEHHOTO HWHTEIUIEKTAa B PELICHUH XHUMHUYECKHUX
3a7a4 B 00JIACTH KaTajln3a, aHAIN3a SKCIEPUMEHTAIbHBIX JTAaHHBIX B XUMHH U
OMONIOTHH, a TAKXKE P IPYTUX aKTyaJbHBIX HAIIPABICHUH COBPEMEHHOW Hay-
kd. Jlokman BeI3Bas OOJBIION MHTEPEC CBEXKECTHIO MOAXO0Ja K HOBBIM TCHJIEH-
UM Pa3BUTHS HAYKU HA CTBIKE Pa3IMYHBIX 00JIaCTeH 3HAHUM.

Ha yrpenneii ceccun Obu1a MpencTaBiIeHa Cepusl TOKIAJI0B MOJIOABIX yde-
HBIX, aCIIUPAHTOB M CTyneHTOB PAY, BbINONHEHHAS MOA PYKOBOACTBOM IIpe-
nonmaBatenss PAY x.0.H. Yuanusaa JI. C. u mocsmerras QSAR u moucky
HOBBIX OMOAKTHUBHBIX coefuHeHuil In SilicCO Ha mpuMepe pa3IMYHBIX KI1acCOB
OPraHWYECKHX, MPEXKEC BCETO TeTEPOIHKINYECKHX COCHHEHHN, H3Y4eHHUIO IN
VItr0 OMOaKTHBHOCTH BELIECTB, CHHTE3UPOBAHHBIX B PAa3IMYHBIX WHCTUTYTaX
HAH PA, a taxke P®. DtoT 610K 0BT 0000IIEH pacHIMPEHHBIM JOKIAJI0M
camoro JI. YHaHsgHa. Bri3Baiin MHTEpEC TakKe KOPOTKHE JOKIAAbl ACUpaHTa
P. laTBopsiHa 0 BHeapenuu anekrponHoro (E-Health) 3apaBooxpanenus B Ap-
MeHuH, a Takke [lerpocsu K. P. uz ¢upmer Acino Pharma «/HHOBaImoHHBIC
TEXHOJIOTMH B (papMallvi — KakK IyTh TOBBIIICHUS PUBEPKEHHOCTH MAIEHTa
k aeuenuro» u Apakensina J[. C. (3AO "KonuepH-Ouepromain") «Pemrenust
BEAYIIMX IMPOU3BOAUTENCH METUIIMHCKOTO M JIAOOPAaTOPHOTO O0OpPYIOBAHHUS.
Bsrisin B Oyaymieey.

3aBepiuaromias ceccusi BTOPOro IHS, TOCBSIICHHAs XUMHH M OWOAaKTHB-
HOCTH TETEpOLMKIOB BKJIIOYaNa 9 JOKIAIO0B, SBISIONUXCS CHUMOHMO30M Op-
TaHUYECKOTO CHHTE3a U U3y4eHHsI OMOJIOrMYecKOi akKTUBHOCTH. VIHTEpeCHBIMU
ObL1u mokjaanbl, BeimonHenHsle B HTL O®X HAH PA, B wacTHocTH, 3aB. J1a0.
NTOX n.x.H. ApyTtoHsiHOM A.A. «/3pICKaHN€e XUMHOTEPAIEBTUUECKUX Ipera-
paToB Ha OCHOBE a30TCOAEPIKAIIMX TeTepoluKiIoB. Kiaccuueckue moaxoabl u
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HOBBIC TEHJCHIIMW», a TakkKe BBICTyIUIeHHs K.X.H. [Hamsan I III., x.x.H.
AcparsH A.I'. u l'asictsan M. B.

Tperuit nens xkoHdepenuuu Obul opranuzoBad B HTL[ Opranuueckoil u
¢dapmanestuyeckoit xumun HAH, rne Ha nByx ceccusix — «OpraHudeckuit
CHHTE3 M aKTyaJlbHbIe MPWIOKEHUs» U «CympamMoneKyaspHas XUMUsl U Melu-
LMHCKasl XUMHUA», ObUIO mpeactaBiieHo 16 moxmanoB. C mieHapHBIMU JIOKIA-
JlaMU BBICTYNMIIM 3aB. Kadenpoil opranmueckoil xumuu MI'Y um. M.B. Jlo-
MoHocoBa mpo¢. Henaiinenko B.I'. u 3aB. naboparopueit UOX PAH npo¢.Ba-
nanse C. 3.

Hoxnax npod. Henaiinenko ObUT MOCBSAIIEH MCHOIB30BaHHUIO (PTOpcomep-
KalMX aJKEHOB U alleTUJICHOB B CHHTE3€ PA3IMUYHBIX MeTEPOLMKIOB. AKTya-
JIBHOCTb TEMBI CBSA3aHA C TEM, UTO B HacTosee Bpems 25-30% nexkapCcTBEHHBIX
IpenapaToB coiep:kar (Top, B TO BpeMs Kak NpsiMoe BBeleHHe (Topa WiIn
(dTopconepKamux 3aMECTHTEICH HEe BCeraa CelneKTUBHO U dhdexkTuBHO. JloK-
nax ObLI, HECOMHEHHO, MOJE3€H MOJIOABIM YYEHBIM, KaK CIIOCOOOM MoJauu
Marepuaia, Tak U ero COJepKaHueM.

B nmoxmane mpod. Bamamze Obuin mpencTaBiIeHBI CYHNpaMOJIEKYISIpHBIC
IIOAXOAB! B JHM3aliHE IIPOTUBOBHPYCHBIX IpenapaToB. Ha ocHoBaHWM co3naH-
HOM B ero jaboparopuu hapmMakoGOpHOH MOIETH B3aUMOICHCTBUS U3BECTHBIX
MHTUOMTOPOB M aKTHBHOIO CalTa MpOTea3bl CMOJCIMPOBAHA T'PYIIA COEIU-
HEHH, KOTopas Oblja 3aTeM CHHTE3MPOBAHA M MCIBITAHA HAa aKTUBHOCTh. bbul
BBITTOJIHEH MOJICKYJISIPHBIA TOKMHT HPEII0KEHHBIX MOJIEKYI C LENbI0 TTOHCKa
CTPYKTYp, CITIOCOOHBIX 3(P(EKTUBHO BCTPAUBATHCS B AKTHBHBIA CAUT OCHOBHOM
IpoTeasbl ¢ MOMOIIbI0 HEKOBAJICHTHBIX B3aMMOJCIHCTBHI, a Takke 00pa3yro-
[IMX KOBAICHTHYIO CBSI3b C KATATUTHYECKUM aMHHOKHCIIOTHBIM OCTaTKOM.

W3 moxmagoB TPEThETO OHSA CIEAYET OTMETHUTH BBICTYIUIEHUE noneHTa EI'Y
A. C. l'ancrsina, 0 cuHTe3e OMITUKINYECKUX 1,2,4-TpHa3oiioB, a TAKKe BBITOJ-
HEHHYIO B TO# ke naboparopun EI'Y paboty, MOCBAIICHHYIO S-apHIMPOBAHUIO
1,2,4-tpna3omn-3-THOHOB B MPUCYTCTBUU METATUIMYCCKONU MEIH.

WuTepecHoe nccrneqoBaHme, MOCBAMICHHOE M30TOMHBIM P deKTaM B psIy
alleTUIIeHa, KOTOpbIE MPUBOIAT K HaubOonee yJoOHBIM CIIOCO0aM BKIIFOYCHHUS
nenTepusi B MOJeKyiy, 0buto npeacraBieHo Actxuk Hlaxarynu. C momorsio
criektpockonuu SAMP 'H u BC 6sum V3YYEHBl PA3JIUYHBIE H30TOMOMEPHI
YaCTHUYHO JCHTEPHUPOBAHHOIO AllETHIIEHA U OTMEYEH Y(PPEKT pacTBOPHUTENS Ha
KOHCTAHTBHI CIIMH-CIIMHOBOTO B3aUMOACUCTBHs. M3 paboT Apyrux MOJIOABIX
YUYCHBIX TPEThETrO IHS KOH(EPEHIIMHM MOXXHO OTMETUTh BBICTYyIUIeHHs Ilet-
pocsu A. B. (EI'Y), AxonsHa P. M. (HTL[ O®X HAH PA), Tomacsu A. C.
("Apmouorexunonorus" HAH PA).

Bcero na konbepenuuu Obut TipenctaBieH 41 mokman. OTpaaHO, YTO BO
BCEX YUPEKICHHSX, IIe MPOXOAWIN ceccuu KoH(pepeHuuu, (GopyMm BbI3BaI
OOJBIION HMHTEPEC, COMPOBOXKAAJICS JIENIOBBIMH BCTPEYaMH M OOCYXKJICHHEM
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NEePCHEeKTUB COTPYAHUYECTBA C PYKOBOJCTBOM HAy4yHbIX M 0Opa3oBaTEIbHBIX
YUPEKIACHUM, TPOXOAUII B IPAKTUYECKH 3alIOJHEHHBIX 3aJ1aX.

Kondepenuus, opraHu3oBaHHas IpU aKTUBHOM y4aCTHH MOJIOJIBIX YUEHBIX
Hayuno-texHonmornueckoro neHtpa OpraHuueckod U (papManeBTUUYECKOW XH-
mun HAH PA, Brirouana Ttaxke KyJIbTYpHYIO IIPOrpaMMy U CTajla 3HAKOBBIM
COOBITHEM B YKPEIIJICHUN HaYUHBIX CBA3EH YUEHBIX JBYX CTpaH.

I'. I'. lanarynsx

348



IIPABUJIA JUISI ABTOPOB

O0umme nosoxeHust

K nybnukauuu B «XUMHYECKOM XKypHajie ApMEHUM) NPHHUMAIOTCS MaTEpHalIbl, COCPIKAIIAe
pe3ysIbTaThl OPUTHHAJIBHBIX HCCIEI0BaHUH, OQOpMIICHHBIC B BHEC OO30pHBIX (TEMAaTHUYECKUX WU
ABTOPCKHX) M MOJHBIX CTaTEeH, KpaTKUX COOOIICHHUH U miceM B pefakuuio. CTaTbH A0JIKHBI CO/Iep-
JKaTh MaTepHaJIbl, MOCBSIIIEHHbIE CHHTE3Y HOBBIX BELIECTB, JIM00 pa3padoTke NPHHIMIINAIBLHO
HOBBIX METO/IOB CHHTE3a, HCCJIEIOBAHMS M HOBBIM XHMHMYECKHM CBOWCTBaM (NpeBpallieHHsIM)
U3BECTHBIX BELIECTB, 2 TAKKE H3YYEHHI0 HOBBIX (PU3MKO-XHMHYECKHX CBOWCTB M CTPYKTYPBI
CHHTEe3UPOBAHHBIX MaTepHaaoB/ BemecTB. JKypHan myOiuKkyeT paboThl Ha aHTTIHHCKOM, PYCCKOM
U apMSHCKOM SI3bIKax [0 BCEM HAIpaBJICHHSM XHMHYECKOW HAYKH, B TOM YHCJIE IO oOuiei, Heop-
raHHYECKONH M aHAIUTHYCCKOW XUMUH, (HH3MYECKOH XHUMHH M XMMHYCCKOH (HM3UKE, OpraHWYecKOil
XUMHH, METAIIOOPTaHMYEeCKON M KOOPIMHAIMOHHON XHUMHH, XUMHH MTOJIUMEPOB, XUMHH ITPUPOTHBIX
COCIMHEHHUH, OHOOPTaHUYECKOW XMMHHU U XMMHHU MatepuaioB. CTaTh, MpeyiaracMple K myOIHKaInm
B pasjeie OHOOPraHUYECKON XUMHUH, JOJDKHBI OBITh IMOCBSIICHBI MOMYYCHHIO HOBBIX TIOTCHIMATBHO
OMONIOTHYECKH aKTHBHBIX COCIMHEHHMIl, B TOM YKCIIC U BBIICJICHHBIX M3 MPHUPOAHBIX 00BEKTOB. IIpn
OIMCAHMU HOBBIX BEIIECTB, OONAMAMOIIMX 3HAYMTEIBHOW (B CpPaBHEHHH C MPUMEHSCMBIMU B
MEJHIMHE JICKapCTBaMH) OHOJOMMYECKOW AKTHBHOCTBIO, CTAaThsi MOXET COICPIKATh PE3YJIbTaThl
OMONIOTHYECKUX HCCICIOBAaHNH, BKJIFOYAONIMX CCBHUIKM HA HCIIONB30BAHHBIC METOIbI H3Y4CHHS
OMONIOTHYECKO aKTHBHOCTH, HH(POPMAIIMIO O THIIE HCIOIb30BAHHBIX GHOOOBEKTOB, aKTHBHOCTH M
TOKCHYHOCTH CHHTE3MPOBAHHBIX MPETAPaTOB B COTOCTABICHUH C COOTBETCTBYIOIIMMH [TOKA3aTEIISIMH
MPUMEHSEMBIX B MEJHIMHE JICKapCTB. B 3aKIFOYEHHH ClieyeT MPUBECTH KPAaTKHUil apryMeHTHpO-
BaHHBII BBIBOJ O CBSI3M MEXIY CTPYKTYpOH W OHONIOrMYECKOH AKTHBHOCTHIO HCCIIEIOBAHHBIX
coequueHnit. OnyOIMKOBaHHBIC MAaTEPHAJIbI, 4 TAKKE MAaTEPHAIbL, IPEICTABICHHBIC IS ITyOIHKAIN
B JIPYrUX KypHajax, K PacCCMOTPEHHIO HE NMPUHUMAIOTCS. ABTOpCKHE 0030pbl (0 25 crp.) mpen-
CTaBJSIIOT cO0OH 00OOIICHNE U aHATM3 Pe3YIbTATOB LKA UCCICIOBAHUI OJHOTO WIIH HECKOJIBKUX
aBTOPOB MO €JMHON TEMAaTHKe, a TeMaTHYECKHe 0030pbl — IOJKHBI OBITh TTOCBSIICHBI aHATH3Y paboT
0 OT/CNIBHBIM KJIacCaM COCAMHEHHWH WK peakiuii. [ToHbIe cTaThi NPUHUMAIOTCS 00beMoM 10 12
CTpaHHMIl, 00bEM KPATKOro cOOOIICHUs — He Ooiee 5 cTpaHUIl MAIIMHONUCHOrO TekcTra. Ilncbma B
penakuuio (00beMOM 110 3 CTp.) IOJDKHBI COAEPKaTh H3IOXKEHHbIE B KpaTKod QopMe HaydHble
pe3yNnbTaThl NPUHLIMIHAIBHO BAXHOTO XapakTepa, TpeOyrouue cpoyHol myOnukanmu. Pepakums
OCTaBJIsIeT 32 CO0OH NMPaBO COKpAILIaTh CTATHH HE3aBHCHMO OT UX oObeMa. [l myOiaMKaluu CTaTbu
aBTOpaM HEOOXOIUMO IPEJICTaBUTh B PEIAKIMIO CIEIYIOLIME MaTepHaibl U JOKYMEHTBHI*: 1)
HaIpaBJIeHUE OT OpraHu3anuu (B 1 9K3.); 2) MOANMCAHHBIH BCEMH aBTOPAMH TEKCT CTAaThbH, BKIIOYAst
AQHHOTALUIO, TAaONHUIIBI, PUCYHKU U TIOANMCH K HUM (Bce B 2-X 9K3.); 3) rpaduueckuii pedepar (B 2-x
9K3.); 4) aHHOTAllMM Ha JBYX SA3bIKAX, OTIMYHBIX OT A3bIKA CAMOH CTAaThU (HAIPHMEp, €CIIU CTaThs Ha
PYCCKOM, TO IOJDKHBI OBITH Talke AHHOTALMM HA AHIVIMHCKOM M apMSHCKOM, IPHYEM TEKCT
AQHHOTALMM HA AHIJIMICKOM SI3bIKE HE JIOIKEeH ObITh MeHbine 0,5 cTp); 5) IeKTPOHHYIO BEPCHIO
CTaThH, C aHHOTALMSAMH, JIUTEPATYPOi U rpaduueckuM pedeparom.

*B cnyuae HeB03MONMCHOCMU OOCMABKU MAMEPUANO8 HENOCPEOCMEEHHO 8 pedaKyuio, OHU
Mozym Obimb GbICIAHbL 8 dAEKMPOHHOM 6ude. Takowce 6 nekmponnou gopme asmopam Oyoym
npeodocmasiienvl peyeHsun, 3amMedans U peKkoMeHOayuu no UCHPagieHuIo CMambou.

Crarbs JO/DKHA OBITH HalMCaHa CKaTo, aKKypaTHO O(GOpMIIEHa M TIIATEIbHO OTpPENaKTH-
poBaHa. He nomyckaercst 1y0aupoBaHue OfHMX M TEX K€ JJAHHBIX B TAOIULAX, B CXEMaX M PUCYHKaX.
ABTOp HECeT INOJHYI0 OTBETCTBEHHOCTH 3a JOCTOBEPHOCTb SKCIEPUMEHTAIbHBIX JAHHBIX, IPUBO-
JIMMBIX B CTaThe.

Bce crarbu, HampaBisieMble B PEJAKLHIO, IOJABEPraloTCS PELEH3MPOBAHUIO M HAyYHOMY
penakrupoBanuto. CTaThs, HalpaBlIeHHAs aBTOpAM Ha JOpPabOTKy, JOKHA OBITH BO3BpalleHa B
HCHPABJIECHHOM BHJIE BMECTE C €€ IePBOHAYAIbHBIM BapHAaHTOM B MAaKCHMAaJIbHO KOPOTKUE cpoku. K
nepepabOTaHHON PYKOIMMCH HEOOXOIMMO IIPUIIOKUTE IIMCBMO OT aBTOPOB, COZIEpIKAlee OTBETHI Ha
BCE 3aMeYaHusl, KOMMEHTapHH U MOSCHSIONIee BCe BHECEHHbIE U3MeHeHus. CTaTbs, 3a1ep)kaHHas Ha
UCHpaBIeHUH Oosee OQHOro Mecsla WM TpeOyrolas MOBTOPHOH NepepaboTKH, paccMaTpHBACTCS
KaKk BHOBb IIOCTyNuMBLIAs. Penakius mochbulaeT aBTOpy Hepea HaObopoM JUlsi INPOBEPKH OTpe-
JAKTHPOBAHHBIH 3K3EMILISP CTAaThH U KOPPEKTYPY.

Crpykrypa nyosmmkauuii. [lyOnukanust 0o030poB, MONHBIX CTaTedl M KPaTKUX COOOIICHUI
HAa4YMHACTCA C 3arjiaBus CTaTbH, Jajee NPUBOIATCS WHHLMANBl M (DaMUIMH aBTOPOB, Ha3BaHUS
Hay4HbBIX YYPEK/ICHHUH, MOJNHBIC TOYTOBBIE aJpeca ¢ MHJEKCAMH IOYTOB IOYTOBBIX OTACJICHHH H
azpeca 3JIEKTPOHHON MOYTHI aBTOpa, OTBETCTBEHHOr'O 3a MEPenucKy. Beien 3a 3TuM paercst KpaTkas
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aHHOTanus (He Gonee 12 CTPOK) ¢ yKa3aHMEM KOHKPETHBIX Pe3ylbTaTroB pabOoTHI M BHITEKAIOIINX W3
HUX BBIBOJIOB, IIPHM ATOM ClleyeT u30eraTh MyONMpOBaHMS HAa3BaHHS CTAThH M TEKCTa aHHOTAIIHH.
Janee npuBoasTcs Kito4eBsle cinoa (5-7 cnos). OTMeTHM, 9TO B HA3BaHWH CTAThU CIEAyeT H30erarb
COKpaIIeHui 1 popMyII.

B mepBbIx ab3amax OCHOBHOTO TEKCTa KpaTKO OOCYXKIaeTcsi M3BECTHAS JIUTEpaTypHasi HHPOpP-
Marys 1o MccieryeMoMy Borpocy. [lanee oObsICHIETCsl CyITHOCTh PabOThI, YETKO YKa3bIBAIOTCS 1EIIh
M 3aJaddl MCCIEeNOBaHMS. 3aTeM clenyeT oOCyInThb M OOBSICHHTH BCEe MOJNydeHHBIE B paboTe
BakHeHIme pe3ynbraTtel. OCHOBHOW TEKCT CTaThH 3aBEPIIAETCS KPATKMMH BEIBOJIAMH O TIOJTyIE€HHBIX
pe3yabpTaTax NPOBEICHHOTO UCCIIEIOBAHNSI.

B 3axmioueHMM TIpHBOAWTCS OKCIIEpHMEHTANbHAs WIM MeToxudeckas dYacT. B Tekcre
0000IIAI0TCSL U Pa3bSICHSIOTCS TOJBKO T€ CHEKTPATbHBIE JAaHHBIE, KOTOPHIE MOITBEPKIAIOT CTPYK-
TYpy HOJIy9€HHBIX COeMHEHHH. PUCYHKH 1 TaGnuIIbl MOTYT OBITH BBEJICHBI B TEKCT.

TI'paghuueckuit peghepam npwiaraercs Ha oTaenbHON cTpanuie (120%55 mm) u npeacTaBiser
MH()OPMATHBHYIO WILTIOCTPALHMIO (KITIOUEBYIO CXEMY WM CTPYKTYpY COeIMHEHHs, rpaduk u T.I.),
OTpaXkaloIlyl0 CYTh CTaTbU B rpaduyeckoM BHIe. [IpuBeneHHas cxeMa B COYETaHWM C 3arjaBHEM
PYKOIIMCH JIOJDKHA TPHUBJICKaTh BHUMAaHWE 4YWTATeNsl M JaBaTh BH3yaJlbHOE IIPEICTaBICHHE O
cofiepKaHuU CTaTbu. [Ipumep epaguueckozo peghpepama:

CuHTe3 HOBBIX MPOM3BOAHBIX N3aTHHA, cofiep:KammXx 1,2,3-Tpua3onbpHoe KOJbIo
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A.C. T'anctsan i/
T.A. Eransn @\/%:o - @Egzo
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T.B. Kounksx

R=H.2-CL 3-Cl.4-Ci

Xum.ore. Apmenuu, 2022, m.75, Ne 1, c. 92

B «mucbMax B peAaKIMIo» aHHOTALMS HAa PYCCKOM sI3bIKE HE NPUBOAUTCS W pa3OMBKa Ha
paszensl He TpeOyeTcs. Benen 3a Ha3BaHMEM CTaTbU JAIOTCS KIIIOYEBBIC CIIOBA, Jajiee NPHBOXHUTCS
OCHOBHO#l TEKCT, C ONHCAHHEM OJKCICPUMEHTAIBHBIX IAaHHBIX, MOATBEP)KAAIOIIMX BBIBOABI U pe-
3ynbTaThl. B KOHIIE NPUBOAATCS MHUALMAIB! U (haMIIIHK aBTOPOB, Ha3BaHHUE HAYYHBIX YIPSKICHHH 1
UX ajpeca, apec MEKTPOHHOM MOYTHI 751 MEPENICKH, a Ha OTIENBHBIX CTPAHHILAX - PE3IOMe Ha ABYX
sI3bIKaxX U rpaduyeckuii pedepar.

I1py HECOOMIOACHUHN YKa3aHHBIX BBILIE [IPABUII CTAThsl HE IPUHHUMACTCS K IMyOIMKALIH.

Tpumep oghopmnenus 3aenagus cmamol, CRUCKA AGMOPOS, AOPECO8 YUPEHCOCHUI, AHHOMAYU.

B3AMMO/IEI CTBUE METHJINPOU3BO/IHBIX MOHO- U BULIUKJIMYECKHX
NUAPUMHUJIUHOB C APOMATUYECKUMMU AJILJAETUJIAMM
I'.T. JAHATYJISIH %, T A. IAHOCSIH?, T.3. TEOPTSIH 12, O0.C. ATTAPSIH ' u
M.P. APAKEJISIH 2

! Poccuiicko-Apmsnckuii (CnaBSHCKHIA) YHUBEPCUTET ApMEHUs,
0051, r. EpeBan, yn. OBcena Omuna ,123
ZHayLIHO-TeXHOHOFI/I‘ICCKI/Iﬁ LIEHTP OpPraHH4YecKoi U GapmMarieBTu4eckoil xumun HannoHanbHo#t
akanemuu Hayk PecriyOnuku Apmenus, 0014, r. Epesan, np. AzatyTsin 26
E-mail: gdanag@email.com

M3yyeHbl peakumm pasnuyHbIX 3aMELLEHHbIX METUNMMUPUMUANHOB U OULMKITUYECKUX
1,2,4- Tpnasono[1,5-ajnMpuMmanHoOB, cofepKallmMx MeTUNbHbIE TPYMMbl B NMUPUMUANHOBOM
Konblle, C 3aMelleHHbIMM BeH3anbaerngamm 1 reTepoLUKnMYecknMmn anbaernagamu nupa-
30MbHOrO U (hypaHoBOro psiga. B pesynbTaTe cuMHTe3MpoBaHa cepusi CTUPWUN- U BUHWUM-
NPOV3BOAHLIX MUPUMUAMHA, COoAepKallas CONpshKeHHble TT-CBA3W. B HeKoTopbIX NpuMepax,
B 4YacTHOCTM, MNPV B3aUMOOEUCTBUM 2-TMOPOKCU-4-METUN-6-peHunnupMMmuanHa ¢ napa-
OVMETUNaMUHO- U Napa-auMaTunamuHoGeH3anbaernaaMmn 6biny BbloeneHbl He CTUPUI-
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NPOU3BOAHbIE, @ NPOAYKTbI MPUCOEAUHEHUS] UCXOQHLIX peareHToB — 2-ruapokcu-4-[(2-(4-
(aunankmnammHo)-cbeHun)-2-rmapoKcnaTin)]-6-heHnNMUPUMUanHLI,  TO  €CTb  MPOAYKTbI
rnapaTaumm oXmaaembiX CTUPKI NPOU3BOAHbIX.

Bnbn. ccbinok 10, puc. 2, Tabn. 1.

Kniouegvte cnosa: tmpuMunuH, anbaerunpl, 1,2,4-tpuasono[l,5-a]IHpUMUINH, CTHPIII-
NIPON3BOIHBIE, TETEPONUKINIECKUE aTbIET UABL

Teker cTaThu mevaraercs depes 1.5 nHTEepBana (6e3 MOMapoOK W BCTABOK) Ha Oenoii Oymare
cTa"gapTHOro pasmepa (hopmar A4) ¢ mossMu 3 cm ¢ JIEBOM CTOPOHBI, 1.5 cm ¢ IpaBoii CTOPOHBI, 2.5
cm cBepxy, 2.5 cm cHHU3Y, pasmep mpudra — 12. Bce cTpaHHMIBI PYKOIHCH, BKJIIOYAsl CITUCOK
JIUTEpaTyphl, pe3loMe Ha JBYX s3BIKax M Tpaduueckuil pedepar, HyMepyroTcs. Y paBHEHHUS, CXEMBI,
TaONHIBI, PUCYHKH M CCBUIKM Ha JIUTEpaTypy HYMEpYIOTCS B TOPSIKE WX YIOMWHAHHS B TEKCTE.
CrnucoK IMTHPYEMOH JIUTepaTyphl TOJDKEH BKIIIOYAaTh CCHUIKM HA HanOojiee CYIIeCTBEHHbIE pabOoTHI
TIOCTIETHAX JIET TI0 TeME CTaThH, NPUYEM CTaThM CaMHX aBTOPOB (CAaMOIMTHPOBAHHS) HE JOKHEI
nipesbimarh 40 % oT Bcex cchlIOK. B aBTOpcKMX 0030pax caMOIMTHPOBAaHHUS MOTYT focTurats 60 %,
HO, KaK ¥ B TEMaTHYECKHX 0030pax, HUTHpyeMbIe CTaThbH JOJDKHBI BKIIIOYAaTh B OCHOBHOM Pa0OTEHI
nocneqaux 10—15 netr. B Tekcre craTh NOMKHBI OBITH YIIOMSHYTHI BCE CCBUIKH, NPUBEJCHHEIC B
crimcke Jnurepatypbl. CIHECOK JIUTEpaTyphl IledaTaeTcs Ha OTACNBHOW CTpaHHWIE C YKa3aHHEM
WHHIHAIOB U (haMIIINI BCEX aBTOPOB.

Cnucok JiuTepaTypbl 10JeH ObITh 0()OpMJIEH ClIedyIoIIHUM 00pa3om:

[Ipn nuTHpoBaHUM cTaTeil, OMyOIMKOBAHHBIX 6 HAYUHBIX JHCYPHANAX, BCIIE 32 TIEPEUUCIICHUEM
Bcex aBTopoB (PMO) crenyer npuUBOAWTH Ha3BaHWE CTAaThH, Aajee Ha3BaHHE XKypHANA, TON, TOM,
HOMep (eciM WMMeeTcs) W CTpaHHULbl (TepBas-nocnennss). [Ipn OUTHPOBAHWM PYCCKOS3BIYHOTO
JKypHaja, TepeBOAMMOr0 Ha aHTJHMHCKUI, HEoOXOAMMO TakKe NPHUBOAUTH CCHUIKY M Ha aHIJIO-
SI3BIYHYIO BEPCHIO.

Tpumepol ccolnok na cmamou:

Das K., Konar S., Jana A., Barik A.K.,, Roy S., Kar S.K. - Mononuclear, dinuclear and 1-D
polymeric complexes of Cd (Il) of a pyridylpyrazole ligand: Syntheses, crystal structures and
photoluminescence studies // J. Mol. Struct., 2013, v. 1036, p.p. 392-401.

Jaiixos JLH., Ycmuinox FO.A. - Cucrema KBaHTOBO-XxuMHYeckux mporpamm "Tlpuponma-04".
HoBble BO3MOXXKHOCTH HCCIEIOBAHHS MOJICKYIISPHBIX CHCTEM C HpPHUMEHEHHEM MapauIelIbHbIX
BeruncieHuit. // 3. AH, Cep. xum., 2005, 1. 54, 3, c.c. 804-810 [Russ. Chem. Bull., Int. Ed., 2005,
54, 820-826].

Knueu: byuauenxo A.JI., Baccepman A.M. CtabunbHble pagukansl. M., Xumus, 1973, 58 c.

Ipu oOCcy))IeHNH YaCTHBIX BOIPOCOB YKA3bIBAIOT KOHKPETHYIO CTPAHHMILy WM TJIaBy KHUTH.

A. @. Hoowcapckuii. TeopeTrnyeckue OCHOBBI XHUMHUM T€TepOLUKIOB, XuMus, Mocksa, 1985, c.
57-58.

Cmamuvu ¢ coopruKax:

Ona ., @apyk O., Ipakaw [orc. K.C. B KH: AKTUBaLlUsI U KaTAIUTUYECKUE PEAKLIUH ATKAHOB
/ mox pea. KM.Xwumna. M., Hayka, 1992, c. 39.

[pu uuTHpOBaHUY MEPEBOAHBIX U3IAHUI MOCIIE BBIXOAHBIX JAHHBIX PYCCKOS3BIYHOH BEpCHUH B
KBaJIpaTHBIX CKOOKax HEOOXOIMMO yKa3aTh BBIXOHbBIC JJAHHbIC OPUIMHAIBHOTrO H3aHus. Hanpumep:
Buyrpennee Bpamienne monekyi./ mox pea. B.JI. Opsumi-Tomaca. M., Mup, 1974, 374 c. [Internal
Rotation in Molecules, Ed. W. J. Orville-Thomas, Wiley, New York, 1974, 329 pp.].

Ilamenmpr: Ccbulasich Ha TAaTE€HT WM aBTOPCKOE CBUIETEIBCTBO HEOOXOOMMO YyKa3aTb
HMHHIHANE 1 HaMUInK n3o0perareneil win GupMy-rnaTeHTonepIKaTelisi, HOMEp [ATeHTA U JaTy.

O. E. Hacakun, E. T'. Hukonaes, A. c. CCCP 1168554; b. 1., Ne 27, 90 (1985). J. E. Dunbar, J.
W. Zemba, US Pat. 4764608, 05.01.1994; Chem. Abstr., 100, 14852 (1994).

Juccepmayuu: Kosanes b.I'. ABroped. nucc. n10KT.Xxum.Hayk. «Hazeanue», T'opo, HHCTHTYT,
rof, CcTp.

IIpozpammur: Sheldrick G. M., SHELXL93, Program for the Refinement of Crystal Structure,
Gottingen University, Gottingen (Germany), 1993.

FBanku oannwix: Cambridge Structural Database System, Version 5.17, 1999.

CchUIKH Ha HEOyOINKOBAaHHBIC PE3yNbTAThl M YACTHBIE COOOICHUS TAIOTCS HCKITFOUUTENBHO B
BHUJIE CHOCOK, a B CITUCKE JINTEPATYPhI He MPUBOIATCSA U HE HyMEPYIOTCS.
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3aryiaBue CTaTbu JODKHO MAaKCHMalbHO WH(OPMATHUBHO PACKpBIBaTh CyTh paboter (Bold,
3arnaBHble, 12). Ilocme 3aronmoBka cnemyror mHUNMans! U gammmu aBropoB (A.I'. IMamosH, Bold,
cTpouHble,12), Opranuzanuu (CTpOYHbIC, UTATHK, 12), SJIEKTPOHHAS TI0YTa JUIS IEPEIUCKH. KpaTKas
AQHHOTALMsI, B KOTOPOH COOOIIAeTCsl O IeIH MCCIEIO0BAHMS U IPHUBOIITCS OCHOBHBIE PE3YIbTAThl H
BBIBOZIBI PabOThl. AHHOTAIMSI HE JOJDKHA COICPIKATh HOMEPOB COCIMHEHHMIA, SKCIICPHMEHTAIbHbIC
JIAHHBIC U CChUIKU Ha JIUTEpAaTypy. B KOHIE MPUBOJUTCS YUCIIO JIUTEPATYPHBIX CCHLIOK, PHCYHKOB U
Tabmui. Jlanmee mNpuBOAATCS KIIIOYEBBIE cioBa (5-7), OTpakaiomiue OOLIMH THUI H3ydaeMBIX
COCAMHEHUH U XapaKTep peakLuil.

TToBTOpEeHHE OIHUX W TEX JKE JAHHBIX B TEKCTe, TAONWIAX W HAa PUCYHKAX HE JIOIMYCKAaeTCs.
Kaxnas Tabmuma W pUCYHOK MOIDKHBI OBITH O3arjlaBiI€HBl M COMPOBOXKIATHCS IOAINNCHIO, HE
IyOnmupyroleld OCHOBHOH TekcT. KonMuecTBO PHCYHKOB IOJDKHO OBITH CBEJCHO K MHHHMYMY.
IpuBe/ieHHE OTHUX U TEX KE CTPYKTYPHBIX (HOPMYIT HECKOIBKO pa3 He JOIMYCKaeTCs.

B Hauasie DKCepUMEHTAIBLHON YaCTH MPUBO/IATCS Ha3BaHHS MPHOOPOB, HA KOTOPBIX MOTYYCHBI
(M3UKO-XUMHUYECKHE XapaKTEPUCTHKH BEIIECTB, YKa3bIBAOTCS JIMOO MCTOYHHUKH HCIOJIB30BAHHBIX
HETPUBHAJIBHBIX PEArcHTOB (HampuMep "KOMMEpYeCKHe mpemnapathl, HazBaHue (upmsr"), 1160
JIAIOTCS CCBIJIKM Ha METOAMKM MX nonydeHus. Kaxnabli maparpag jkcrnepuMeHTAJIbHOH 4acTH,
ONUCHIBAIOIINI TMOJTy4eHHe KOHKPETHOT0 COeIWHEHHs, JOJLKEH COAepPKATh €ro MOoJIHOe
HanMeHoBaHue no HoMmeHkJatype MIOIIAK u ero mopsiakoBblii Homep. [[ng Bcex BIEpBbIe
CHHTE3UPOBAHHBIX COCIUHEHHH, OIMCHIBAEMBIX B JKCHEPUMEHMANbHOI uacmu, HEOOXOANMO
MPUBECTH JI0KA3aTENbCTBA MPUITUCHIBAEMOTO UM CTPOCHHS U JIaHHBIC, TIO3BOJISIONINE CYIUTh 00 HX
WH/MBHYAIbHOCTH W CTCICHH YKHCTOTHI. B YacTHOCTH, IOJDKHBI OBITH TIPE/ICTaBICHBI JaHHBIC
JJIEMEHTHOI'0 aHaju3a WM MAacC-CIEKTPBI BBICOKOI'O Da3pelleHHs U CIEKTPBI 'H amp (ipn
HEeoGXxomuMocTH criekTpbl °C SIMP). JIJist H3BECTHBIX BEIECTB, CHHTE3HPOBAHHBIX OMyOINKOBAHHBIM
paHee MeTOIOM, IOJDKHA OBITh TpHBEAEHa CChUIKA Ha JIMTEpaTypHbIe AaHHBIE. [T M3BECTHBIX
BEILECTB, MOMYYCHHBIX HOBBIMH HJIH MOAU(UIIMPOBAHHBIME METOIAMH, JOJKHBI OBITH MPE/ICTABIICHBI
X (DU3MYECKHE W CIEKTPOCKOMNYECKUE XapaKTePUCTHKH, HCIIONB30BAHHBIC JUIS MOATBEPIKICHHS
UICHTHYHOCTH CTPYKTYPBI, METOJ CHHTE3a W JIUTepaTypHble NaHHbC. IIpH ONMCAHHWH BKCIe-
PHMEHTOB, XapaKTEPUCTHK COCIMHEHHH, CIEKTPOCKOINMYECKUX M KPUCTAIUIOrpa)MYecKUX JaHHBIX
clielyeT pyKOBOJCTBOBAThCS yKa3aHUAMU, U3JIOKEHHBIMH HIDKE B HacTosmux [IpaBuiax.

Ecnu, mo MHEHMIO PElEH3eHTa WM PEIaKTopa, HOBbIE COSAMHEHHS HE ObUIM YIIOBJICTBO-
PHUTEIBHO OXapaKTepU30BaHbl, JMOO CTaThsi HE COIEPKUT HOBBIX METOJOB CHHTE3a U HOBBIX
XMMMYECKUX MPEBPAILECHHH, a TaKKe CHHTE3UPOBAHHBIC BEILECTBA HE SIBJIAIOTCS HOBBIMM, CTaThs HE
OyZeT NMpHHATA K [eYaTH.

Cratbsa 3akanuuBaercsi Cnuckom aumepamypul. CCbIIKA HA JIMTEPATYPHbIC UCTOYHUKH B
TEKCTE U HOMEPA CCHUIOK B CITHCKE JUTEPATYphl, IPUBOAATCS B KBAIPAaTHBIX CKOOKAX U HYMEPYIOTCS
CTPOro B MOpAAKE HMX yHNOMHUHAHUA. IloJ OJHMM HOMEPOM MOXeT ObITh YKa3aH TOJIBKO OIMH
HCTOYHUK. YCIIOBHBIC COKpAILIEHHS HAa3BaHUH PYCCKOS3BIYHBIX JKYPHAJIOB U CIIPABOYHHKOB IPHU-
BOJATCS B COOTBETCTBHUM C COKpPAILCHHAMHM, NPUHATHIMH B PedeparuBHOM sxypHane XuMUs; aHr-
JIOSI3BIYHBIX M JIPYTMX MHOCTPAHHBIX JKYPHAJIOB — B COOTBETCTBMH C COKPAIICHUSAMH, PEKOMEH-
nyembiMu Chemical Abstracts Wiy UCHIONB3yeMbIMU CAMUMHM 3THMH KypPHAJIAMH.

Bce ccbulkM 1aroTCs B OPUIMHAIBHOW TPAHCKPMIILMK; HEPOrNIU(UUECKHe TEKCTbI MOTYT
LUTUPOBATHCS KaK B pycckoil (cM. PedepaTuBHbIi sKypHan xuMun), Tak U B JatuHckoit (cm. Che-
mical Abstract) TpaHCKpHIIIKY, HO eMHO00pa3Ho. [IpeanodrurenpHee TaTHHCKAI.

Tonbko B TEKCTE MOXXHO HCIIOIb30BaTh pycCKHe aOOpeBHATyphbl Uil paclpoCTPAHEHHBIX
peareHToB, pactBoputenei M nurangoB: Hanpumep [MJC — rekcamerwnmucuinokcaH, [ MDA —
rekcamerwidocorpuamug, IMCO — nqumernncyibhokeun, MDA — numerundopmamun, TID —
terparuapodpypan, TMC — TeTpamMeTiICHiIaH, ¢ paciiupPOBKOI MPU MIEPBOM YITOMHUHAHUH.

PexoMeHayeTcsl MPUMEHATh B (hOpMyJax CleIyrollie ycioBHble o0o3Hauenus: ankmn — AlK,
apwi — Ar, rerepun — Ht, ranoren — Hlg, CH; — Me, C,Hs — Et, C3H; — Pr(i-Pr), C4Hy — Bu (coot-
BeTcTBeHHO s-Bu, i-Bu, t-Bu), CgHs — Ph, CH3CO — Ac, me3un — Ms, To3ui — TS.

Ipu coueranun uUPpPOBbIX IMUPPOB C OYKBEHHBIMU HHICKCAMH HCIIOJIBb3YIOTCS OYKBBI
natuHckoro andasura. CoeAWHEHHs POACTBEHHOHW CTPYKTYphl MmH(PYOTCs oOImeid uudpoi,
Hanpumep RX (2); anst 0003HAa4YeHHs MX MPOU3BOAHBIX, COACPKAIIMX PA3TUYHBIC 3aMECTHUTEINH,
HCTIOJIb3yeTcs Ta e mudpa ¢ OyKBEHHBIM HHIEKCOM, Hampumep, crupt X = OH (2a), anerar X =
OAc (2b), rozunar X = OTs (2¢). [Ipx ymOMHHAHUH TIOJTHOTO HA3BaHUS COCIUHEHHS PP AAeTCS B
ckobkax. Henb3st ynorpe6usite mmdpsl 06e3 00001aroIIero ciosa (HarpuMep, peakiys coeInHeHust
2C, HO He peakiust 2C).
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JKCIepUMeHTAIBLHAsE YacTh JOJDKHA OBITh HANMCaHa B HACTOSIIEM BpeMEHH (KHIATHAT,
CyIIAT, YAQISIOT U T. 11.). [l BriepBbIe ONMMCAHHBIX COEIMHEHUH NMPUBOANTCS MOJIHOE HAa3BaHHE IO
nomenkinatype MIOITAK. B DkcriepuMeHTaIbHOM YacTH NPH yKa3aHUH Macchl (pa3MepHocTh- |talic)
BBEJICHHBIX B PEAKIMIO PEareHTOB OHOBPEMEHHO MPUBOIUTCS HX MOJISIPHOE KOJIIMYECTBO, HAIIPUMeEp:
"..0108 2 (L0 mmom) 2-3TrHMINMPUIKMHA...". B uKncnax JecsSTHYHBIC pa3psiabl OTACIAIOTCS Toukoi (!).
B sMmmmpudeckux OpyrTo-popMmynax 3meMeHTH pacroiararorcs mo cucreme Chemical Abstracts: C,
H u nmanee cormacHo natuHckomy aigaButy. ©opMysasl MONEKYISIPHBIX COSIMHCHHH M OHHEBBIX
coneid narotcs yepe3 Touky (Hanpumep CgHioNo*2HCI). Ipu onmcanny UCmonb30BaHMUsI TOHKOCIOM-
HOH xpomarorpaduu Uil OYMCTKH MPOJYKTa PEaKLHH, JODKHBI OBITh yKa3aHbl Kak COpOEHT, Tak W
amoeHT. Du3ndyeckne KOHCTaHTHl W CIEKTPAJbHBIE XapaKTEpUCTHKH PEKOMEHIYeTCs CBOIUTH B
TabnuIpl. YIIOMUHAaeMble B 3arojloBKax Tpad TaONHIBl BEITMYMHB! JOJDKHBI CONPOBOXKIATHCS OT-
JeTICHHBIM 3aIlsiTOM yKa3aHWeM, B KaKMX eIMHHUIAX OHM BBIpaXeHHl (Hampumep: "Brrxom, %").
OH3NKO-XMMIYECKHE XapaKTePUCTHKH BEIIECTB HEOOXOANMO YKa3aTh B HIKEIPUBEICHHOM TTOPSIIKE.
Temmeparypa miaBjaeHUs ¥ KUNeHUs. J{Mama3oH TeMIepaTyphl IUIaBJIeHUS] BMECTE C PaCTBOPUTENEM,
HCTIONB3YEMBIM TIPH HEPEeKPHCTAIUIN3ANNH, CIeAyeT YKa3bIBaTh ISl KaXKJOrO0 KPUCTAJUTHYECKOTO
MPOAIYKTa, HanpuMep, "k&msie nbl, T. 1. 7879 °C (BtOH) (. rot. 79-80 °C (EtOH) [12])". AnanoruvHo st
JKUJIKUX MPOJIYKTOB — TeMIIepaTypa KUIeHusl, Hanpumep "OeciiBeTHoe Macio, T. kum. 127-128 °C (10
MM PT. CT.)".

UK n Y® cnekrpsl. B skcnepumenransHoi yacti 1t UK 1 Y® criekTpoB 1OJKHBI OBITH
yKa3aHbI TOJIbKO XapaKTEepHUCTHIECKHE YaCTOTHI TT0JI0C ¥ JUTHHBI BOJIH MaKCUMyMOB rtortonienus. MK
criekTp (TOHKHH cnoi), v, cm—1: 1650 (C=N), 3200-3440 (O-H). Y@ cnekrp (EtOH), Amax, HM (Ig €):
242 (4.55), 380 (4.22).

Cnexkrper AMP H u ®C. Jlomxusr GITh yKa3aHbl 4acToTa NpHOOpa, HCHOIb30BAHHBII
cranmapt u pactBoputenb. Ecmi ams SIMP 'H u *C ucnonssyercs we TMC, To creyer ykasaTh
XMUMHUYECKUH CABUT CTaHIapra B mmiKaie . J[i1s 0003HaYeHUs MMOJI0KEHHST aTOMOB BOJIOpOJIa CIEIyeT
HCTI0B30BaTh 00o3HaueHus Tuna H-3. TIpoToHBI B cocTaBe CIIOXKHBIX TPYII, K KOTOPBIM OTHOCHUTCS
CHTHaJ, ClieyeT MORYepKHyTh cHM3Y [3.17-3.55 (4H, m, N(CH,CHj3),)]; i1 monoxkeHus: 3amec-
TuTeaei obosnauenus 3-CHjz; i 0003HaYEHMS TIOJIOXKEHHST aTOMOB MCIob30BaTh: C-3, N-4 u T. 1.
Ecnu kakoii-mubo cUrHain B CIEKTPE ONMKCHIBACTCS Kak AyOJeT, TPUIUIET M T. II. (a He CHHIVIET WX
MYIBTHILIET), TO HEOOXOOuMO mpuBecTH coorBercTBytomee komuuectBo KCCB (Jsg). Curnans
JOJDKHBI OBbITh TPHMBEIEHBl Ul Ka)KIOrO HOBOrO coefuHeHus. Ecimu mpoBeneHbl MOApoOHbIE
HCCIIEIOBaHNs Ul YCTAHOBJIEHHs CTPOEHMS MM MpPOCTPAHCTBEHHBIX B3aUMOJECHCTBHI aTOMOB,
JIOJDKHBI OBITh YKa3aHbI UCIIOJIB30BaHHbIE 2D MeTobI.

IIpumeps! 3anucu:

Cnexmp SAMP *H (400 MTI'y, CDCly), 8, m. 1. (J, Iy): 0.97 3H, 1, J = 7.0, CH3); 3.91 (2H, K, J
= 7.0, COOCH,); 4.46 (2H, 1, J = 6.1, NCH,); 7.10-7.55 (9H, M, H-6,7,8 + NHCH,CsHs); 7.80 (1H,
¢, H Ar); 7.97 (1H, ¢, H-5"; 8.13 (1H, g, Js6 = 8.2, H-5); 11.13 (1H, ¢, NH). Cnexrp SIMP B¢ (100
MTy, CDCly), 3, m. 1.: 16.8 (CH3); 36.3 (CH,); 48.5 (C-5); 121.6 (C-3); 123.0 (C-9); 125.8 (C-3'5);
128.9 (C-6); 134.4 (C-5a); 143.4 (C-10a); 148.3 (C-8).

Macc-cnekmpul TIPUBOASATCS B BHUJE YKCIOBBIX 3HAUYCHHI M/Z U OTHOCHUTEJBHBIX 3HAUCHUI
HOHHOTO TOKAa B IOCTPOYHOW 3amucy WiM B Buie Tabnuupl. HeoOXomuMo ykas3bIBaTh HCIIONb-
30BaHHYIO Pa3HOBHJIHOCTb METOJA HOHM3AllMM, SHEPTHI0 HOHU3AIMU, MAacCOBBIE YMCIA Xapak-
TEPUCTUUECKUX HMOHOB, UX IEHE3UC M MHTEHCUBHOCTh IO OTHOIIEHHIO K OCHOBHOMY HOHY. Macc-
criextp (DY, 70 3B), m/z (I, %): 386 [M]" (36), 368 [M-H,0]" (100), 353 [M-Me]" (23). Macc-
cextp (XU, 200 3B), m/z (Iyy,, %): 387 [M+H]" (100), 369 [M+H- H,0]" (23).

Ilpumep 3anucu dannvix macc-cnekmpa vicokozo paspewenus: Haiineno, m/z: 282.1819
[M+Na]". C17H,sNNaO. Boruucieno, m/z: 282.1828.

Ilpumep 3anucu dannvix 31emenmnuozo ananuza: Haiineno, %: C 55.22; H 4.09; Br 20.42; Cl
9.04; N 7.18. C1gH16BrCIN,O. Beraucneno, %: C 55.19; H 4.12; Br 20.40; C1 9.05; N 7.15.

JlaHHBIE PEHTI€HOCTPYKTYPHOTO HCCIEJOBAHUS CIENyeT INPENOCTABISATh B BHIE PUCYHKA
MOJIEKYNBI ¢ MPOHYMepoBaHHbIMH aTomamu, Hampumep C(1), N(3) (mo BO3MOXHOCTH B MpEICTaB-
JICHMM aTOMOB 3JUIMICOMIAMM TEIUIOBBIX KoneOaHuit). IlonHble KpucTayulorpaguyeckue NaHHBIE,
TaONUIBl KOOPJMHAT aTOMOB, JUIMH CBS3€H M BAaJEHTHBIX YIVIOB, TEeMIeEpaTypHble (akTopbl Aero-
HUpYtoTcs B KeMOpumkckoM OaHKe CTPYKTYPHBIX JaHHBIX (B CTaThe YKa3bIBACTCS PErHCTPALMOHHBIH
HOMED JICTIOHEHTA) MJIM PUBOAATCS B (haiie conpoBOAUTENBHBIX MaTEPHAIIOB.

Jns odopmieHus Xumuueckux (OpPMYT M CXEM NPEBPAIlCHHH CIeIyeT HCIONb30BaTh
nporpammsl 1SIS Draw unn ChemDraw, ¢ount — Times New Roman.
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nh hwnynignibbtipn MgO/MgF,-B,05-Si0; hundwjupgnid .............
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Uwnplynywl U.b., Pwnnwuwpwt WU, Udwguwl U.U., Qupephbywl U.3.,
Twinywt  U.3., Unwebywl 3.3. 5,5-YFhibiphi-3-ypnuh-2-phopun-
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