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OO0masi xapakTepucTuKa padoThl

AKTyaJIbHOCTH padoTbl. B Hacrosimiee BpeMs CHUHTE3 U HU3YUYEHUE
KOMIUIEKCHBIX ~ COEAMHEHWA HA OCHOBE  OTHACIBbHBIX  IIEITOYHO3EMEIbHBIX,
PEOKO3EMETBHBIX U MEPEXOJIHBIX METAJUIOB C PA3JIMYHBIMU JIMTAHAAMU, B TOM YUCJIE
amusamMu  kuciaotr (O6umyper, dopmamua) U QGopMHaTAMU HMEIOT HHTEHCHUBHBIM
XapakTep, MOCKOJIbKY UX OMOJOTHYECKOE JIEUCTBUE B KMBBIX OpPraHU3MaX BbI3bIBACT
omnpeAeneHHbId HayuyHbli uHTepec. C Apyroil CTOpoHBI Tpu 0OOpa30BaHHUU
KOMIUIEKCHBIX COCIMHEHUM C COOTBETCTBYIOLIEM CTPYKTYpOW U 3aJaHHBIMU
CBOWMCTBAMU HE00X0aMMO onpeiesicHne PaBHOBECHBIX KOHIICHTpAaIni
B3aMMOJICUCTBYIONIMX YACTHI] HAa TPAaHUIIAX pasjaeiia a3 ¢ IeNbI0 MPOTHO3UPOBAHUS
XUMH3Ma MPOTEKAHUS MPOILIECCOB B TE€TEPOTEHHBIX BOJHO-COJIEBBIX cuctemax. [lpu
9TOM HEMAaJOBAXHO YCTAHOBJCHHE ONTHUMAIBHBIX O0OJIACTeH KPUCTALIU3AINH
OTIEIBHBIX TBEpAbIX (a3 M H3ydyeHHE UX CBOWCTB U cTpoeHud. [lomydeHHbIe
3HAUYEHUS PABHOBECHBIX KOHIEHTPAIM KOMIIOHEHTOB B TBEPJIbIX U JKUIKHX (hazax
MOJIE3HBI MPU TMOJTYYEHUHU KOHEUHBIX MPOAYKTOB B BHJI€ OMOJOTMYECKH AKTHUBHBIX
BEILIECTB, KOTOPHIE MOTYT OBITh NMPUMEHEHBI B KA4E€CTBE 3aMEHUTEINS IPHUPOIHOTO
OeJika JiJ1sl CebCKOX035MCTBEHHBIX )KUBOTHBIX.

NMeHnHO Takoil moaxo ] onpenensieT akTyalbHOCTh JUCCEPTAlMOHHON paboThI,
MOCBSIIEHHON HcchneqoBaHuI0 (ha30BbIX PABHOBECHM B TPOWHBIX BOJHO-COJIEBBIX
CUCTeMaxX C Yy4YacTHEM aMHUJOB KHUCJIOT M (POPMHATOB JBYX- U TPEXBAICHTHBIX
meTtasuioB pu 25 °C.

Heablo auccepranMu SBISIETCS UccieAoBaHUE (DA30BbIX paBHOBECUU B
TPONHBIX BOAHO-COJIEBBIX CUCTEMAX C yYaCTUEM aMUJIOB KUCIOT U ((OPMHUATOB JIBYX- U
TPEeXBAJICHTHBIX MeTa/UIoB rpH 25 °C M CHHTE3 Ha UX OCHOBE GHOJOTHYECKH AKTHBHBIX
COCJIMHEHUM; OmpeAeieHue 00JIacTel KpPUCTAIM3AIlMd HOBBIX  COCIUHEHUI;
M3Yy4YEHUE CBOMCTB, CTPOCHUS U U3BbICKAaHUE 00JIacCTel NX TPUMEHEHUS.

[locTaBieHHass 1EeNb JOCTUTHYTA PELICHHEM i (13%{011170'¢ Hay4YHO-
MPAKTUYECKUX 3224 MCCJIeIOBAHNS
-nu3yueHue (ha3oBBIX PABHOBECHM B TPOWHBIX BOJHO-COJIEBBIX CHCTEMax M3 aMHJIOB
kucior (Oomyper, popmamua) ¢ GopMuaTaMH IIEIOYHO3EMEIBHBIX, MEPEXOTHBIX U
PEIKO3EMETBHBIX 21eMEeHTOB IpH 25°C U ONpeeeHIe PaBHOBECHBIX KOHIICHTPAIIUIA
KOMIIOHEHTOB;

-YCTaHOBJICHUE ONTHUMAJIbHONW OO0JACTU KPUCTALIM3AIMU HOBBIX TBEPABIX (a3,
W3y4YEHWE HX CBOMCTB M CTPOEHUS C HCIOJb30BaHWEM xumudeckoro, MK —
CIIEKTPOCKOMUYECKOT0, PEHTreHO(a30BOT0 M TEPMOTIPABUMETPUUYECKOTO METO0B
aHaJm3a;

-UCCJIeIOBaHUE  OCTPOM  TOKCHYHOCTH U (DU3UOJOTUYECKOM  aKTUBHOCTHU
CHUHTE3UPOBAHHBIX HOBBIX KOMIUIEKCHBIX COCMHEHUH.

CBsi3b TeMBbI € IUIAHOM HAy4YHO-HCCJeA0BaTelIbCKUX pador. Pabota
BBITIOJIHEHA B cOoOTBeTcTBUHU C maHamMu HUP JlaGoparopun HeopraHn4eckoi XuMuu
NXuXT HAH KP no npoektry «Co3nanne HOBBIX MaT€pHaOB IyTeM pa3pabOTKu
WHHOBAIIMOHHBIX TEXHOJOTUH KOMILJIEKCHOW TIEepepadOTKH MHUHEPAIbHOTO M



opranuyeckoro coipbsg Keipreickoit PecnyOnuku» (HOMep TrocynapcTBEHHOU

peructpaiuu 0007080; 0006132).

Hayuynasi HoBu3Ha. BriepBbie, METOJIOM U30TEPMHUUECKON pACTBOPUMOCTH MPHU
25°C, m3ydeHBl BOCEMb TPEXKOMIIOHCHTHBIX CHCTEM, COACPIKAIINX AMHIBI KHCIOT
(buyper, dbopmamua), GopMUATBHl ABYX- U TPEXBAJCHTHBIX METAUIOB, B KOTOPBIX
YCTAaHOBJICHO 00pa30BaHUE CEMU HOBBIX KOMIUIEKCHBIX coeluHeHui. OnpeeneHbl
PAaBHOBECHbIE KOHIIEHTpPAIlMd KOMIIOHEHTOB B JKHUJKHX U TBEpPIbIX (a3ax.
XVUMHUYECKUM METOJIOM M METOJaMHu (PU3UKO- XHUMUYECKOTO aHaju3a MOTBEpKIcHA
WHIUBUIYyAIBHOCTh ~ HOBBIX ~ KOMIUIEKCHBIX  COEIMHEHUH. VYcTaHoBIEHBI
KOHLIEHTPAlMOHHBIE MPEJEbl BBIIEICHUS M TUI PACTBOPHUMOCTH KOMIUIEKCOB, a
TaK)K€ TEPMUYECKass yCTOMYMBOCTH MOJYYEHHBIX COEAMHEHMIl; BBISIBIEH XapakTep
KOOpJIMHALIMM  JIMTaHJa C  METAUIOM-  KOMIUIEKCOOOpa30BaTENEeM,  THUIIbI
KPUCTAJUIMYECKUX PEIIETOK; OMPEAEIICHbI MapaMeTphl 3JIEMEHTAPHOU STYEHKH HOBBIX
KOMIUJIEKCHBIX COEUHEHUHN; MCCIeoBaHa OMOJIOTMYecKass aKTUBHOCTh COCIUHEHUS
Mn(HCOO),2NH(CONH,),'H,O u moka3aHa BO3MOYHOCTh €0 HCIIOJIb30BaHHUS B
MPAKTUYECKUX YCIOBUSX.

OCHOBHBIC 110JI0KEHHSI, BBIHOCHUMbIE HA 3ALLUTY.

- CUHTE3 CEMH HOBBIX KOMIUIEKCHBIX COEAMHEHUN HAa OCHOBE aMHUJOB KHUCIJIOT
(buypet, popmamun) ¢ dhopMHaTaMH JABYX- U TPEXBAJICHTHBIX METAJJIOB B BOJHOM
cpene npu 25 °c;

- PAaBHOBECHBIE KOHIIEHTPALIMY KOMIIOHEHTOB B TBEP/BIX U KHUJKHUX (pa3zax;

- SKCIIEPUMEHTAIbHbIE TAHHBIE TEPMOIPABUMETPUYECKOTO, IEHCUTOMETPHUUECKOTO U
peHTreno(dasoBoro aHanusoB, a Takxke MK- crekTpbl MCXOAHBIX M MOJTYYEHHBIX
HOBBIX COCJIMHCHUM;

- pe3yJbTaThl UCIIBITAHUI HOBBIX KOMIUIEKCHBIX COETMHEHUI.

IIpakTHyeckasi 3HAYUMOCTH PpPadOThLI. Pe3ynbTaThl H3y4YeHHS OCTpPOU
TOKCUYHOCTH U  OMOJOTMYECKOM AaKTUBHOCTH IIOKa3ajih, 4YTO COEAUHEHHE
Mn(HCOO), - 2NH(CONH,), - H,O oTHOCHTCS K mpenapaTaM yMEPEHHO TOKCUYHBIM
(JIdso — 1130 MI/Kr) ¥ OHO MOXET HCIOJIb30BATHCSA KaK KOMIIOHEHT BUTaMHUHHO-
MUHEpAIbHOM JO0ABKH IS CTUMYJSIIUA POCTA U Pa3BUTHS  MOJIOJHSKA
CEJIbCKOXO3SIICTBEHHBIX KUBOTHBIX.

JInuHblii BKJIAJA coMCKaTedasl. ABTOp MpOAHATU3UPOBA M 00paboTan
OOLIMPHBIM MaTepuan MO0 XUMHUHU KOMIUIEKCHBIX COEIMHEHHUH IIe0YHO3EMENbHBIX,
MEPEXOAHBIX UM PEIKO3EMENbHBIX JJIIEMEHTOB C aMuJiaMd KHUCIOT (Ouyper,
bopmamun). Meronom M30TEPMUYECKON PacTBOPUMOCTH ITPOBEJICHO
CUCTEMAaTUYECKOE H3yYyeHHE KOMIUIEKCOOOpa3oBaHus (OpMUATOB  JBYX- H
TPEXBAJICHTHBIX METAJUIOB C aMHAaMH KHUCJIOT (Omyper M (QopMaMua) U BIEpBbIE
OMpeJeieHbl COCTaBbl, CTPOECHHE, (UBHKO-XMMHUYECKHE CBOMCTBAa MOJYYEHHBIX
COECIMHEHUM.

Anpobaums. Pe3ynpTathl Hccien0BaHus JOKIAAbIBAINCH HA MEKTYHAPOIHBIX
Hay4yHO-TIpakTUdeckux  KoHpepenmusx  «Hacupaun  McanoB  —  BUIHBIM
rocygapcTBeHHbId aestens Keipreickoir PecrnyOmukuy (r. bumkek, 2013 r.)
«CoBpeMeHHOE pa3BUTHE XUMUYECKUX M OHOJOTMYECKHX HayK U IeJarorudyeckoe
oOpazoBanue» (r. bumkek, 2014 r.), Ha PecryOnukaHckoi HAydHO — MPAKTUYECKON
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koH(pepentuu «Xumusi. Xumudeckass TexHonorus. [IpodmeMbr u mepcueKkTuBe (T.
bumikek, 2013 r.).

[Myoaukanmu. Martepuansl auccepTanuyd onmyOJuKoBaHbl B 13 HaydHBIX
CTaTsX; MOJYYEH aKT UCTIBITAHUSI HOBOTO KOMIUJIEKCHOTO COCTMHEHMSI.

CTpykrypa m o0bem auccepranum. J(uccepranmonHas pabora oobemom 119
CTpPAHMI] COCTOMT W3 BBEICHUS, JIUTEPATYpHOM M SKCIEPUMEHTAILHON YacTew,
BBIBOJIOB, TPWIOKEHUS U BkimodaeT 46 pucynkoB, 27 Tabmuu. Crucok
UCIIOJBL30BAaHHON JIUTEPATyphl COACPKUT 163 OTEUECTBEHHBIX U 3apyOEKHBIX
HUCTOYHUKA.

Metoasbl uccaenoBanuii. V3ydyeHue pacTBOPUMOCTH B CHCTEMAx MPOBOIWIIN
M30TEPMHUUECKUM MeETOoJIoM Tipu 25°C B BOJAHOM TEPMOCTATE C BJIECKTPUUECCKUM
nomorpeBom wmapku HAAKE DL30, B CTeKISHHBIX COCyAax, CHa0XCHHBIX
CIEUAIBHOW MeEIIAJIKOW ¢ MacisHbIMH 3aTBopamu. Konebanue TtemmepaTypbl HE
npebimano + 0,2 °C. PaBHoBecHe B GHYPETOBBIX CHCTEMAaX yCTAHABIMBATOCH B
TeyeHue 7 - 8 4acos, a B ciydae popmamugubix — 10-12 yacoB nmpu HENPEPHIBHOM,
SHEPIUYHOM MEPEMEMIMBAHNU cMecel. TouHocTh TepMocTaTupoBanus + 0,5°C.

B  kadecTBe HMCXOOHBIX BemecTB  Hcmoab3oBanel  Zn(HCOO),2H,0,
B&(HCOO)ngQO, Mn(HCOO)22HzO, CU(HCOO)ZZHzo, Yb(HCOO)ngzo,
Ca(HCOQO),, cuHTe3upoBaHHBIC B J1a0OPATOPHBIX YCIOBHSX U3 OKCHIOB U
KapOOHATOB COOTBETCTBYIOIIUX COCAMHEHHN METaNIOB U MYPaBbUHOW KHCIIOTHI
MapKH «X4» U «OCU», OMypeTra MapKu «4», MEPEKPUCTATUIM30BAHHOTO K3 BOJHOTO
pactBopa, a Takxke (opMamuaa Mapku «4dja». CHHTE3MpOBAHHBIC BELIECTBA OBLIU
MPOBEPEHBI XUMUYECKUM METOJ0OM Ha COJIepKaHUE KaTUOHOB U (hopMHUAT- HOHA.

TBepapie (a3zpl B cuUcTeMax ONpPEACNsUIdA 0  METOAY  «OCTAaTKOB)»
CkpeitHemakepca. [lo KHMHETHMYECKMM KpUBBIM CYAWIH OO0 YCTaHOBJICHHUH
paBHOBecuda. i ompeneneHus COAEpX aHUs a30Ta B KUAKUX M TBEpPAbIX (azax
npuMeHsuics Mmerod Kbeenpaansi.

B uccnemyeMbix KUIKUX W TBEPABIX (hazax aHATU3UPOBAIOCH COJIEPIKAHHE
zZn*, Mn*, Ba*, Cu*, Yb3+, Ca®" - uoHOB. KonueHTpaiius MOHOB MeETaJlJIOB
OTIpeIeIsIACh METOIOM KOMILIEKCOHOMETPHUECKoro THTpoBanus. Monsr Zn°*, Ba®*
ompenesuii B cpene ammuayHoro Oydepa mpu  pH=10 ¢ mnpumeHeHuem
YPHOXPOMOBOTO YEPHOTO B KadecTBe MHAMKaTopa, Cu** - B mpucyrerBun 1M NH,CI
u pasbaBnennoro pactBopa NH,OH mnpu pH=10, B kauecTBe uHAUKATOpa
MCIIONB30BaICs Mypekcr, Ca” - ¢ HHANKATOPOM MYPEKCHIOM, B CHJIBHOLIETOYHOM
cpene (pH=12) B npuCyTCTBUU MarHusi, HUOHBI Yb*-B Cpene ypoTpOIMHA C YH4aCTUEM
MHIMKATOPA KCUICHOIOBOTO opamkeBoro, Mn?*- B MpHCYTCTBHH TMAPOKCHIAMIHA
COJISTHOKHCIIOTO, ¢ Jo0aBieHMEeM aMmuayHoro Oydepa. B kadecTBe HHIMKATOpa
MCIIOJIB30BAIM APUOXPOM UepHBIA. OTHOCHUTENbHAS OLIMOKA ONPEACIICHHUs] COCTaBUIIA
+ 0,5%.

HK-cnekTpsl morjiomenus coeaqunennii B odaactu 4000 — 400 emt caumanu
Ha cnekrpodoromerpe FT-IR Model-400, Nicolet (USA), B o0pa3max,
tabnetupoBanubix ¢ KBr.

JlepuBaTorpaMMbl  HOBBIX coenuHeHMM cHumManun Ha STA 449 F3-
nepuBatorpade cucrembl [laymuk—Ilaynmuk—Opneir (['epmanusi) B BO3MYITHOM


http://каталог-нп.рф/pribor/35711

atmocdepe B umHTepBane Temmepatyp 20-1000 °C co ckopocteio HarpeBa 10
rpaja/muH. Macca HaBecku — 100 mr. B kadecte Hamomuutens ciayxui Al,Oz.

Pentrenoda3oBbiii aHaJIU3 MOPOIIKOB CUHTE3UPOBAHHBIX BEIIECTB BBHIMOJIHEH
Ha nopoikoBoM Audpakromerpe JIPOH-3 (Poccus), Ha kK00aJIbTOBOM H3Ty4YE€HUU
npu HanpsbkeHnd 30 kB u anonHoM ToKe 30 A. CKOpOCTh CKAaHMPOBAHUS COCTABIISLIIA
1 rpag/MuH.

OcHoOBHOe coaepxanue padoThl

PaboTta cocTouT U3 BBEeAEHHUs, JIBYX TIJIaB, BHIBOJOB M CITMCKA HCIIOIb3yEeMOM
JUTEPATYPBHL.

Bo  6sedenuu  u3n0kEHa  aKTyalbHOCTh  IOCTaBJIIEHHOM  3aJayd,
chOopMyIMPOBAHEI 11eJb, MPAKTUYECKAsi 3HAYUMOCTD U CTPYKTYpa paObOTHI.

B nepsoii enase mpuBeneH nUTEpaTypHBIA 0030p MO CTPYKType U (PHU3UKO-
XUMHUYECKUM CBOMCTBAM aMHUOB KHCIOT (Omypert, ¢popmamuya), GOpMUATOB IBYX- U
TPEXBAJICHTHBIX MeTaioB. [IpoaHanmu3upoBaHbl U OOCYXKIEHBI HMEIOIIHUECS B
JUTEpaType CBEIEHUS O PEaKIMOHHOW CHOCOOHOCTH Ouypera u ¢opMamuia,
npuposna CBsi3e B oOpa3yeMblX HMMH  KOMIUIEKCHBIX  COEIMHEHUSX C
HEOPTraHWYECKUMH COJIIMHM Pa3IUYHbIX MeTauioB. M3 o030pa nmuTepaTyphl BUIHO,
YTO aMUAbl KHUCIOT JEHCTBUTEIBHO TMPOSIBISIOT OOJBIIYIO CKIOHHOCTH K
00pa30BaHMIO KOOPANHAIIMOHHBIX COEIMHEHUN Pa3INYHON CTEXUOMETPHUHU.

HecMoTpst Ha  JeTanbHOE€  WM3Y4YEHUE  JIMTEPATypHBIX  JAHHBIX 110
B3aUMOJICUCTBUIO Ouypera U (opmMaMuia ¢ HEOPraHUYECKUMU COJISIMU, MO UX
KpPUCTAJUINYECKUM CTpyKTypaM, HMK- cnekrpam W TEepMHUYECKMM CBOMCTBAaM, B
JUTEPATYpE OTCYTCTBYIOT CBEIAEHUS O B3aWMOJECHCTBUU aMHUIOB KHUCIOT (OHyper,
dbopmamu) ¢ dopmMuaTaMu JABYX- M TPEXBAJICHTHBIX METAUIOB, HET JAHHBIX IO
3aKOHOMEPHOCTH 00pa30BaHUsl HOBBIX (a3 B CUCTEMAax, HE ONPEIECICHBbI YCIOBUSA
KpUCTaJIITM3aluu a3 u3 pacTBOPOB.

Bo emopoti 2nase mnpuBeneHAa METOAHMKA OSKCIEPUMEHTA W PEe3yibTaThl
MCCJICIOBAaHUSI HW30TEPMHUYECKON pPACTBOPUMOCTH W Xapakrepa TBepAblx (a3 B
TPOMHBIX BOJIHO-COJIEBBIX CHCTEMax, Cojepx aimx ouyper, hopmamua u GopMuaTsl
BYX- M TPEXBaJIeHTHbIX MeTamioB mpu 25°C, a Takke SKCIICPUMEHTAIbHBIC JaHHbBIC
M0 ONpeneNeHnt0 (HU3NKO-XUMHUECKUX XapaKTEPUCTUK MOTYYEHHBIX KOMIIJIEKCHBIX
coequHeHun. VMHIMBUIyaqbHOCTh HOBBIX KOMILUIEKCHBIX COCAWHEHUMN OIpENeseHa
meronamu  UK-cnekTpockonuu, = NUKHOMETPUYECKOTO,  TEPMUYECKOTO  H
PEHTreHO(Pa30BOro aHAIHU30B.

Pe3yabTaThl HCC/Ie10BAHUSA

WccnemoBanie TeTEPOreHHBIX PABHOBECHH B TPOMHBIX BOIHBIX CHCTEMAX:
Me(HCOO); - L- H,0, rme Me — Zn(I1), Mn(11), Ba(ll), Ca(ll), Cu(ll), Yb(lIl); rme L
-NH(CONH,),, HCONH,, mpoBemeHO METOAOM H30TEPMHUECKON PacTBOPHUMOCTH
pu 25 °C.

Nzyyeno 5 cucrtem, cocrosmmx u3 Ouypera, (popMUATOB METAILUIOB U BOJBI.
N3otepma pactBopumoctu 6uyperoBsix cucteMm Me(HCOO), - NH(CONH,;),- H,O
(tme Me — Zn*, Mn®, Ba”, Yb*) xapaxrepusyercs Tpems BeTBSIMH
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KPUCTAJTM3AIMN: KpallHUE BETBH COOTBETCTBYIOT KPHCTA/UTM3AIMM HCXOIHBIX
KOMIOHEHTOB.  CpemHssi  BETBb  OTBEYACT  KPHUCTAJUIM3AINU HOBOTO
THIPATHPOBAHHOTO COCTMHEHUSI.

M3oTepMa pacTBOPUMOCTH CHCTEMBI OumypeT - QopMHaT KaiblHs - BOJA
XapaKTepU3yeTCs MOJIAMHU KpUCTaTU3aluk OuypeTa u Gopmuata Kanpius (puc.l.).
PactBopuMocTs popmmara kambius coctaBiser 14,1 macc.%, modTu HE U3MEHSETCS
noa BiMsSHUEM Ouypera. PacTBopuMoOCTh Omypera moHmxaercs ¢ 5,25 mo 2,23
macc.%, 9YTO yKa3blBaeT 00 OTCYTCTBHHM B3aWMOJCHCTBHSI MEXIy OHYypeTOM W
dbopMHuaToM KaibIwsl. DBTOHUYECKAs] TOUYKA COOTBETCTBYET CIEIYIOIIEMY COCTaBY
pactBopa: ouyper - 3,99 macc. % u 13,03 macc. % ¢popmuara KabIus.

B cucreme Zn(HCOO), - NH(CONH,), - H,0 kpucramimsyeTcsi KOHTpyIHTHO
pactBopumoe coeauaenne  Zn(HCOO),"NH(CONH;),'H,O  (puc.2.). [lanHoe
COCIMHCHUE KPHUCTALTU3YETCSI B KOHIICHTPAIIMOHHBIX HWHTEpBajax 10 (GopMHuary
muHKa 5,79- 7,47 macc.% u no oOuypery 5,31 — 16,77 macc.%. PactBopumoCTb
Omypera moa nedcTBHEM QopMuaTa IMHKA TIOBBIIIACTCS IMOYTH B 4 pasa, 4To
KOCBEHHO CBHJICTEILCTBYET 00 00pa30BaHUM HOBOTO XUMHUYECKOTO COCTNHEHHS.

Hzorepma  pactBopumoctr  cuctembl  Mn(HCOO),—~NH(CONH,),—H,0
XapakTepu3yeTrcs Tpemsi BeTBIMH Kpucraummszanuud (puc.3.). IlepBas BeTBb
COOTBETCTBYET KpHCTAJUTU3alMK OmypeTa. BTopas BeTBb OTBEYaeT KpHUCTALIM3AINN
HOBOro rujapaTupoBanHoro coemuHenus cocrtaBa Mn(HCOO),:2NH(CONH,),-H,0.
JlaHHOE COCIMHEHWE KPHUCTALIM3YeTCS B KOHIICHTPAIIMOHHBIX HWHTEpBAJaX IO
¢opmuary wmapranua 5,00-5,44 wmacc.% u mo Oumypery 3,63 - 9,32 macc.%.
Y CTaHOBIIGHHOE COCIUHEHHE B BOJIE PACTBOPSETCS KOHTPYIHTHO, TaK KaK JIUHHS,
COCAMHSIONIAS TIOJIFOCHI COCIMHEHHS W BOJBI, TIEPECCKACT JIMHUIO HACHIIICHUS
KOMILIEKca. TpeThsi BETBb COOTBETCTBYET KpPHUCTAIUIM3AIMW AWTHApaTta (popmmuarta
MapraHIa, pacTBOPUMOCTs Kkotoporo mpu 25°C cocramser 7,93 macc.%. CocraB
HOBOTO COCAMHEHHs, HaigeHHsli mo amarpamme: Mn(HCOO), - 39,27%;
NH(CONH,), - 55,85%; H,O - 4,88% xopomo corjacyercs C JaHHBIMH
xumuueckoro ananmsa: Mn(HCOO), - 39,29%; NH(CONH,), - 55,82%; H,O -
4,87%.

NH(CONH2)2

NH(CONH,),

100

Zn(HCOO),-NH(CONH,),-H,0

/

-mace.%
N

/

———

Zn(HCOO),

e Ca(HCOO): 0 20 30 4 O 6 0 % 0

10 20 30 40 -“;(C)C"D 60 0 80 90 100 -MaCC,% Zn(HCOO):'ZH:O
Puc.1. lnarpamma pacTBOPUMOCTU CUCTEMBbI Puc.2. lnarpamma pacTBOPUMOCTU CUCTEMBI
Ca(HCOO),— NH(CONH>); — H,Ompu 25°C. Zn(HCOO),— NH(CONH,), — H,Ompu 25°C.



Huarpamma pactBopumoct cucteMbl Ba(HCOO), - NH(CONHy), - H,O
COCTOMT M3 Tpex BeTBel Kpucramumzanuu (puc.4.). IlepBas BETBb COOTBETCTBYET
BBIJICJICHUIO B TBEPYIO a3y UCXOIHOro nuruapara ¢popmuara 6apus. Bropas BeTBb
M30TEPMbl PACTBOPUMOCTH OTBEYAET 3a KPHUCTALIM3ALMIO HOBOIO KOMILJIEKCHOTO
coequaenuss Ba(HCOO), - NH(CONH;), - 5H,O ¢ MOJBHBIM COOTHOIIICHHUEM,
paBHbIM 1:1:5. OGnacTh KpucCTaUIM3aIMU HOBOTO COEIMHEHMS: 10 OuypeTy oT 9,84
1o 30,61 macc %, o popmuaty 6apus ot 8,86 1o 16 macc %. HoBoe komiuiekcHOE
COCIMHECHHE B BOJIE PACTBOPSAETCS MHKOHTPYIHTHO. B mpucyrcTBum dhopmuara 6apus
pPacTBOPUMOCTh OMypeTa yBeau4yuBaeTcs: mpuMepHo B 3 paza (¢ 3,1 macc.% no 9,32
Macc.%), 4TO yKa3bIBAE€T Ha KOMIUIEKCOOOPAa30BaHUE B CUCTEME.

BH{CONH; NH(CONH:):
. i Ly b ( )

M HOOON; INHICOMH ) HO

e
* £

-mace.%
1

Ba(HCOO)»NH(CONH2)2'5SH:0

HO . . Bl HOOH) 3 Ba(HCOO):
" ” " “a lﬂzf.-iﬁ“ HMI-EM}‘.ZH-‘:F 10 20 ‘\!l I) "'(l 60 70 80 90 100
T -mace.% Ba(HC00):2H:0
Puc.3. I[I/Ial"paMMa paCcTBOPUMOCTH CHCTCMBbI Puc.4. [[I/Ial"paMMa PACTBOPHUMOCTH CUCTCMbI

Mn(HCOO), — NH(CONH,), — H,0 mpu 25°C. Ba(HCOO), - NH(CONH,), - H,0 mpu 25°C.

Hccnenosansl 3 cucteMsl, cocTose U3 popmamMuaa, GopMHaTOB METAIIIIOB U
Boabl. M30TepmMa pacTBOPUMOCTH (POPMAMHIHBIX CHCTEM XapaKTEepHU3yeTcs ABYMs
BETBAMH KPUCTAUTU3AIMK, OTBEYAIONIMX IOCIEA0BATEIHbHOMY BBIACICHUIO U3
HACBIIIEHHBIX BOJHBIX PAaCTBOPOB CHUCTEMBI MCXOJHOTO KOMIIOHEHTa - (hOpPMHUATOB
METAJJIOB W HOBOTO KOMIUIEKCHOTO coeanHeHus. OO0macTe KpUCTaIM3alnud
dbopMaMua OTCYTCTBYET, TaK Kak ¢opMaMuj TpH KOMHATHON Temmeparype -
KHUJIKOCTb.

N3otepma pactBopumocTr cuctembl ZN(HCOO), - HCONH, - H,O coctouTt u3
JBYX BETBEH KpHUCTAUIM3AllMM, OTBEYAIOUIMX IOCIEA0BATEIbHOMY BBIJCICHUIO U3
HACBILEHHBIX BOJAHBIX PACTBOPOB CHCTEMbl HOBOW TBepAoW (a3bl cocTaBa
Zn(HCOO),HCONH,'H,O0 wu nauruapara ¢opmuara 1uHka (puc.5.). Bersu
M30TEPMbl PACTBOPUMOCTH XapaKTEPU3YIOTCS HaJuMuueM 3KcTpeMyMoB. OO0nactb
KPUCTAJJIM3aMU KOHTPYIHTHO PACTBOPUMOTO HOBOTO KOMILJIEKCHOTO COEIMHEHUs
pacrnoJio)keHa B KOHIEHTPALMOHHBIX TNpenenax no ¢opmuary uuHka 5,42-11,7
macc.%, mo Qopmamuny 4,43-5,19 wmacc.%. Ilpu mnocreneHHoOM A00aBJICHUU
dbopmamuia Habmonaerca HEOOJBIIOE YMEHBIIEHHWE PpacTBOPUMOCTH (opMuara
[IMHKA, T.€. opMaMu BbIcamuBaeT popMuar nuHka. [Ipu KOMHATHON TeMmeparype
KaK JKHUJIKOE BEIIeCTBO opMaMuI HE UMEET BETBH KPUCTAITU3AINH.



HCONH:

Zn(HCOO)- HCONH: - H:0

T T T T . T 7 - : Zn(HCOO)2
10 20 30 40 50 60 70 80 90 100
-macce.% Zn(HCOO): - 2H.0

Puc.5. Tnarpamma pactBopumocts cucrembl ZN(HCOO), — HCONH; — H,0 npu 25 oC.

Huarpamma pactBopumoctr cuctembl MN(HCOQO), — HCONH; — H,0 cocrout
U3 JIBYX BETBEW KPHCTA/UIM3AIMM HOBOTO KOHIPYIHTHO PACTBOPHMOIO COCIMHCHUS
Mn(HCOO),-HCONH,, kpuctau3ymomerocss MeKIy  KOHICHTPAIMOHHBIMH
npeaenamu 1o Qgopmuary Mapranmna 8,12-9,40 macc.% wunodopmamumy 2,64-6,81
Mmacc.% u ucxoanoro komrnoneHra Mn(HCOO), - 2H,0 (pwuc.6.). Ilpu nanpHelem
YBEJIMYCHUU KOHIICHTpAIMu (hOpMaMHJIa U3 PaBHOBECHBIX HACBHIMICHHBIX PAaCTBOPOB
CUCTEMBl  MPOUCXOIUT KPUCTAJUIM3AIMSA  JWruapara (QGopmmara Maprasia.
PactBopuMocTh amruapata (opmmuara MapraHila B TIPUCYTCTBHH (opMaMHaa
MOBBINIACTCS HE3HAUMTEIBHO, B TIEPEXOJHOW TOYke pgocturaer 8,76 wacc.%.
Pe3ynpratel XuMu4ecKkoro amamusa coexumHenus: macc%: Mn(HCOO), - 25,2;
HCONH;- 74,8,
N3oTepma PacTBOPUMOCTH CHCTEMBI Cu(HCOO),~HCONH,—H,0
XapaKkTepu3yeTcs JBYMsS BETBAMH  KPHCTAUIM3AIMH, IIEPECCKAIONUMHUCS B
MEPEXOAHBIX TOUKaX (puc.7.).

HCONH:
100 - HCONH:

90~ 90-

R0~
80—

70+

60—
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Mn(HCOO)*HCONH:

2Cu(HCOO):- HCONH: * 4H:0

Mn(HCOO), Lo

0 20 3 4 S0 6 0 S % 0 ,g,’f_y,;,— — "\ CuCo0),
-mace.% MH(HCOO)2'2H20 10 20 30 40 _“,,i‘t-,% 60 7“(‘u(||x(u'()0)2(-’2"23m
Puc.6. JlmarpaMma pacTBOPUMOCTH CHCTEMBI Puc.7. Jlnarpamma pacCTBOPUMOCTH CUCTEMBI
Mn(HCOO), — HCONH, — H,0 mpu 25°C. Cu(HCOO), - HCONH,; - H,0 mpu 25°C.

Ilepasi BETBb  COOTBETCTBYET  KPUCTAUIM3AIMA  HOBOI'O  COCIAMHEHUS
2Cu(HCOQO),HCONH,4H,0. Bropas BeTBb OTBEYAaeT KPUCTALIM3ALUU W3



HACBIIIEHHBIX PACTBOPOB AUTHApPATa hopMHATa MEAH, PACTBOPUMOCTH KOTOPOTO TIPH
naHHOM  temmepatype  cocrtaBmier 17,30  macc%. HoBoe  coennHenue
KPUCTAIIIM3YETCS] B KOHIIEHTPAIMOHHBIX UHTEepBaiax 1o gopmuary meau 9,58-18,59
Macc.% u mo popmamuay 6,3-3,65 macc.%. YCTaHOBIGHHOE COCJAMHEHHE B BOJIC
PacTBOPSIETCS] KOHIPYIHTHO, TaK KaK JIMHUS, COCAMHSIONIAs MOJIOCHI COCIMHEHUS U
BOJIbI, IEPECEKAET JIMHUIO HACKIIICHUS KOMILIEKCA.

DU3UKO-XUMUYECKHE XAPAKTEPUCTUKHA CHHTE3MPOBAHHBIX CO€eIMHEHN I

C nenpio MOATBEPXKACHUS UHANBUIYAIBHOCTH U Moj00pa uHIu(GepeHTHOrO
pacTBOpUTENs JUIsl  YCTAHOBJICHMS OTHOCUTENIBHOW IIJIOTHOCTH — IMOJYYEHHBIX
KPUCTAJIJIOB ObLIa OMpeJiesieHa UX PAaCTBOPUMOCTh B OPTaHMUECKUX PACTBOPHUTEIISAX.
B pesynapTare OBLIO OIpEAEieHO, YTO HOBBIE COCIWHEHHS MajlopacTBOPUMBI B
CIIUPTE, XOPOIIIO PACTBOPHMBI B BOJIC, HE paCTBOPUMBI B OCH30JI€ U TeKCaHe.

OmpenenieHUe  OTHOCHTENIBHOM  IUIOTHOCTH  TOJIYYEHHBIX  KPHCTAJJIOB
MPOBOAWIN MUKHOMETPUUECKHM METOJIOM IO O0BEMY BBITECHAEMOM >KHUJIKOCTH
[JT.Ma3op, 1986]. B xkauectBe wuHAN(PPEPEHTHON KHUIKOCTH OBUI HCIIOJIB30BaH
OCH30JT MapKH «X9» (nd20:1,5015; d20:0,8792) BBICOKOM CTEIEHU YHCTOTEL
OrnpeneneHue OTHOCUTENBHON TUIOTHOCTH TMOJIYYEHHBIX KPUCTAJJIOB TOKA3aio, 4To
KPUCTAJUIBI BCEX HOBBIX KOMILJIEKCHBIX COCIMHEHUHN MO CPABHEHUIO C HCXOJHBIMU
KOMIIOHEHTAaMHU, UMEIOT JAPYTUe CTPYKTYPhI, UM UCXOJHBIC KOMIIOHEHTHI. Mcxons u3
3HAYEHUN OTHOCUTEIHHOM MJIOTHOCTU ObUIM PaCCUMTAaHbI YACIbHBIE U MOJICKYJISIPHBIC
00BbEMbI HOBBIX COeTUHCHMH (Ta01.1).

JIns ycTaHOBIIGHMS WHIWBUAYAJIbHOCTH CHHTE3UPOBAHHBIX COCIMHEHUN OBLI
MpoBeJIeH peHTreHo(da3zoBblii aHanmu3. MHAWUIMpPOBAHHWE PEHTTEHOIPaMM HOBBIX
OMypeToBBIX W (POPMAMHUIHBIX COCIWHEHHH M COMOCTaBJIEHHE MHTCHCUBHOCTEH C
HMCXOJHBIMM KOMIIOHEHTAMU TOKa3bIBAET, YTO PEHTTCHOTPAMMBbI HOBBIX COCIMHEHUM
HU 10 HWHTCHCUBHOCTH, HM [0 3HAYEHUSIM MEXKIUIOCKOCTHBIX PACCTOSIHUNA HE
COBIIAJIAIOT C HAOOPOM JIMHUM MCXOAHBIX COJIEM U aMUJIOB. DTO CBUJIETEIBCTBYET 00
WHJIUBUAYAJIbBHOCTH  TIOJIYYEHHBIX  coeAuHeHuW. Paccuurtanbl  mapameTpsl
AJIEMEHTAPHON SYEMKU M MEXKIUIOCKOCTHBIC PACCTOSIHUSI, WHTEHCUBHOCTH THUKOB
nudpakTorpaMMm, 4YUCIO  (OPMYJBHBIX €IUHMUI] B JJIEMEHTApHOU  suelike,
MPOCTPAHCTBEHHAs TPYIINa M 3HAUYCHHE PEHTIeHOBCKOM muioTHOocTU. [lo xapaktepy
OTPAXKECHUS BCE HOBBIE KOMIUJICKCHBIE COCIMHEHHUS OTHOCATCS K POMOMUYECKOM
CUHTOHUH, 4YTO JOKa3bIBAET MX H3O0CTPYKTYPHOCTh. Pe3ynbraThl audpakTorpamm
MIPUBEICHBI B Ta0JI.2.

UK- cnekrpockonuyeckue uccienopanus. C LIEJIBIO OIIpEelIEIICHUS
KOOpAWHAIIUK JUTaHAa ¢ METaJNIOM-KOMIUIEKCOOOpa3oBaTeaeM, a TaKKe XapakTepa
B3aUMOJCHUCTBUS AaMHUJOB KHCJIOT C IIEJTOYHO3EMEIbHBIMH, TEPEXOAHBIMU U
peIKO3eMEeIbHBIMA ~ dJIeMEHTaMu  Obuto  mpoBeneHo  MK—cmekTpockonmyeckoe
uccienoBanue. CpaBHenne MK-CieKTpoCKONMUYECKUX JTAHHBIX HOBBIX KOMILIEKCHBIX
COCIMHEHU CO CIIEKTPaMU JIMTAHJI0B MOKa3aJl0, YTO KOOPAUHALIMS aMUJI0OB KUCTIOT C

METaJUIOM-KOMITJIEKCO 00pa30BaTeIeM BBI3BIBACT U3MEHEHUS B Py KOJIeOATEIbHBIX
yactoT: C=0, CN, NH.
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B MK-criekTpe He KOOPAMHHPOBAHHOTO OHypera B obmactn 1740 u 1710 cm™
NPOSBJISIIOTCSL JIBE MHTEHCHUBHBIE TOJIOCHI MOTJIOLIEHUS, OTHECEHHBIE BaJICHTHBIM
KOJIEOaHUSIM V, 5(C=0O) rpynisl.

HK-cnexktp xkomiiekcHoro coeaunenus Mn(HCOO),-2NH(CONH;),-H,0
MOKAa3bIBAET, YTO OTMEYAECTCS M3MEHEHUE B CIIEKTpaX MOIJIONICHUS: BaJCHTHbBIC
KOMeGaHHs Vs 2(C=0) B obnactu 1740 u 1710 cM™ cMeIeHb B HU3KOYACTOTHYIO
oOmnacter Ha 58-50 CM'l, a TakKe HaONIOJAeTCs CMEIICHHE B BBICOKOYACTOTHYIO
0671aCTh TTOJIOCH MOTTIOMIEeHHs BaeHTHOTro KomeOanus v(C-N) B o6mact 1411 em™
Ha 34-30 cv™ (puc.8).

Takue U3MEHEHHUS B CIIEKTPE COECAMHEHUN BBI3BAHBI KOOPAWHALMEN JIUTaH/IA C
MOHOM MeTajula dYepe3 aTOM KHUCIOopoJa KapOOHWJIBHOW TPyHMbl, MOAOOHBIN
XapakTep COOTBETCTBYET OueHTaTHON KoopauHanuy ouypeta [M.R. Udupa, 1975].

"
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Puc.8. UK-cnektp coequnenus Mn(HCOO),-2NH(CONH,),-H,0.

B cnektpax HOBBIX KoMILIeKCHBIX coeauHennii Ba(HCOO),-NH(CONH,),:
5H,0, Yb(HCOO)3;-NH(CONH,),-H,0 (puc.9) B OTJINYHC oT
HEKOODIMHUPOBAHHOTO Guypera B obmacti 1750-1650 cM™ BMecTo AByX MOJOC,
OTHECEHHBIX K BAJICHTHBIM AaCCHMETPHUYHBIM UM CHUMMETPUYHBIM KOJCOAHUSIM
Vas s(C=0) BciencTBue MX paciierieHus, 0OHAPYKUBAIOTCA YEThIPE WHTECHCUBHBIE
1oJIockl norjomieHus. B kommiekcaoMm coeaunennun Ba(HCOO), - NH(CONH,), -

5H,0 stH mosock! noromeHus nposBisoTes npu 1761, 1722, 1701 u 1695 em? a

8 kommiekce Yb(HCOO)s-NH(CONH,),'H,0 mpu 1765, 1698, 1683 u 1672 cm™.

Takoe paciieryieHue TMojJockl «amua |», Kak oTmedeHO B pabote
[W.I".JIuTBsk,1979], MoxeT ObITh OOYCJIOBJICHO HAIMYUEM Pa3HO(YHKIIMOHAJIBHBIX
KapOOHUJIBHBIX aTOMOB KHCJIOPOJIA.

B kommiekcHbix  coemuHeHusix ~ Ba(HCOO), NH(CONH,),'5H,0 wu
Yb(HCOO)3:NH(CONHS,),-H,O Tpu moiock! morjiomieHus, OTHECEHHBIE K Va5(C=0),
C/IBHHYTHI B HU3KOYACTOTHYIO 061acts (1722, 1701, 1695 u 1698, 1683, 1672 cm™),
a uetrBeptast Vs(C=0) -B BbICOKOYAcCTOTHYIO oOmacte (1761, 1765 cm™).
Pacmienimenne  BaJIeHTHOTO  KOE€OaHUSA Vu(C=0) m  caBur v,(C=0) B
HU3KOYACTOTHYIO 00JacTh, a V{(C=0) B BBICOKOYACTOTHYIO 00JIACTh OOBSICHSIOTCA
T€M, YTO KOOpJWHAIUS JIUTaHJa C WOHOM MeETajlyla IMPOUCXOIUT UYepe3 aToM
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KHCIIOpOJla OJHOM KapOOHWJIBHOW TIpynmbl, T.6. OWypeT BBICTYMaeT Kak
MOHOJICHTATHBIN JIUTAH]I.

B UK-cnekTpe koMmieKCHbIX coenuHeHuit B ooactu 3400-3200 e * umerorcs
mpokue AuQQy3HbIC MOTOCH TOTJIONMICHUS, OTBEYAIOIINE BAICHTHBIM KOJICOAHUAM
v(NH) + v(OH), xoTopsle CBHUIETEIBLCTBYIOT O IMPUCYTCTBUH KOOPJIUHUPOBAHHBIX
MOJIEKYJI BOJIbI. B criekTpe 1uc- Tpanc — u3oMepa HECKOOPIMHUPOBAHHOTO OMypeTa
nojiockl morjomieaus aAByx mepBuuHbIXx V(NHy)um oanoro Bropuunoro v(NH)
HaGmogaroTes mpu 3465, 3400, 3220 u 3020 cM™, a TpaHC — TpaHC H30MeEpa IpH
3402, 3250 cm™.
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Puc.9. UK-cniextp coenunenus Yb(HCOO); NH(CONH,), H,0.

B canyuae xkommutekcHbiXx coenuHeHuin  Mn(HCOO),-2NH(CONH,),-H,0,
Ba(HCOO),'NH(CONH,),-5H,0, Yb(HCOO)3;:NH(CONH,),-H,O umerotcs yeThipe
[OJIOCHI TIOTJIOIIEHUSI M 3TH TOJIOCHI MOTJIOUIEHHS] COXPAHSIOT MPUMEPHO TO K€
MOJIO’KEHUE WJIM HE3HAYUTENIbHO CMEILEHbl. DTO OOBSICHSAETCS TEM, YTO aTOMBI a30Ta
aMUHOTPYII MOJIEKYJIBI OMypeTa HE CBSA3aHBI HEMTOCPEACTBEHHO C aTOMOM METallia,
B NPOTHBHOM cllydae oOTMedanioch Obl moHmkeHue bactor V(NH) B cmekrpax
KOMIUIEKCOB. B KOMITJIEKCHBIX COEIMHEHUSX OWypeT BBICTymaeT B (opme Iuc-
TpaHC U30Mepa.

B xommiekce ZNn(HCOO),-2NH(CONH,),-H,0 B ob6nactu norsomienust v(NH)
TPYIIIBI HPOSBISIOTCS JBE HHTEHCHBHBIE momockl mpu 3390, 3248 cm™. Dro
HNOJATBEPKIAET, YTO B KOMIUIEKCHOM COEIUHEHHM OWypeT BbICTymaeT B (opme
TpaHC- TPAHC U30Mepa.

[TouTn BO BCceX KOMIUIEKCHBIX COEAMHEHUSAX IMOJIOCHI MOTJIOLIEHUS B 00JacTH
1600 u 1353 cm™, oTHecenHbIe K AedopMarmoHHbM KoxebannsaM 3(NH,), cMereHs
B BBICOKOYACTOTHYIO 001acTh Ha 37-31 cM™, 310 06BsicHseTCs yKpemteHnem C-N
CBSI3H U Pa3pbIBOM BHYTPH U MEXKMOJIEKYJIIPHON BOJOPOIHOM CBSI3U.

WK-criektpsl popmamuaa u popmamuanbix komruiekcoB Mn (I1), Zn (11), Cu
(I1). B chmekTpe HEKOOPIWHUPOBAHHOTO (opMaMuia B OOJIACTH BAJCHTHBIX
konebanuit  V(NH)  wumerorcs  nBe  ayOsieTHbIe  TOJIOCHI  MOTJIONICHMS,
COOTBETCTBYIOIIME  BAJEHTHHIM  CHMMETPHUYHBIM W  aHTUCUMMETPUYHBIM
konebanmsM V(NH) mpu 3400; 3325 cM™, 3TH TOMOCHI B CHEKTpPe KOMILIEKCA
Zn(HCOO),-HCONHj,-H,0 nposBistoTcs IpUMEPHO B TOM ke 00JacTh
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¢ HeOompmuMu BapuarusiMu (puc.10). DTo cBUIETENBCTBYET O TOM, YTO aTOM a30Ta
rpynnel NH, He cBs3aH HEMOpPEACTBEHHO C aTOMOM METalljla, B MPOTUBHOM Cllydae
oTMeyasioch Obl monmkenne 4actoT V(NH), B criekTpax KOMILJICKCOB.

bbbttt b bt b iy i f o adiadels

:

3000 2500 2000 1500 1000 500
BonHosoe uucrno (cm-1)

Puc.10. UK-cniektp coenuuenus Zn(HCOO),-HCONH,-H,O.

B xommiaekcaom coequnenuu 2Cu(HCOO),-HCONH,-4H,0O o6aacts 3200-
3600 cm™ okasanace HeUH(POPMATUBHOM, TaK KaK MOJIOCHI MOTJIONIEHUS] BAJICHTHOTO
KOJICOaHUS v(NH), MIEPEKPHITHI M0JIOCAaMHU BaJICHTHBIX KoJieOaHuM
KOOPJIMHUPOBAHHOU BOJIBI, ITOATOMY YCTAaHOBUTH MX CMEIICHNE HEBO3MOIKHO.

Bo Bcex KOMIUIEKCHBIX COEIUHEHHUAX HaOMI01aeTCsd MOHMKEHHE YacTOThI
BaTeHTHBIX Konebanuii v(C=0) rpymmsl B o6macte 1700 cm™ Ha 20-53 cm™. Tak ke
OTMEYAETCs CMEIICHUE B BHICOKOYACTOTHYIO 00J1acTh BasieHTHOTO Koyiebanus V(CN)
B obmactu 1400 cm™’ Ha 69-38 cm’. Takue H3MEHEHHS CBHICTEIBCTBYIOT O
KOOPJIMHAIIUU JINTaH/a C METAJJIOM Yepe3 aTOM KHUCI0poja KapOOHMIBHON TPYIIIIHI.
VYrpounenue cBsizu C-N moarBepkaaeTcsi CMENIEHHEM B BBICOKOYACTOTHYIO
o6mnacts nepopmanronnoro konebanust S(NH,) B o6macti 1600 cv 'Ha 19-44 cm™.

B xommiekcaom coeaunenun 2Cu(HCOO),-HCONH,-4H,0O B obmact 600
CM_ll COOTBEeTCTBYIOIIEH  nedpopmarnmonHomy kojebanuro O(OCN) amuna,
HAOIIOACTCSL CMEIICHHE B BHICOKOYACTOTHYI0 o0macts (648 cm™) (puc.11). Dru
JaHHBIC YKa3bIBAIOT Ha OOpa30BaHUE KOOPAMHAIIMOHHOW CBs3M (GopMamuaa ¢
MeTauioM. Takue u3MeHeHus onucansl y aBTopoB padot [b.1. UmanakyHos, 1986;
E.A. Koncranturosa, 1991].

40

35

3175,87
-1070,38

30

25

Mponyckaxue

20

“%%

-1657,04

= 1625,57

(4]
=1553,86

15

145185

10

- Lz'oeﬁéﬁem

—2901,31
-~ 2740,81
> %2501,07
1395,45
{64830
2605,09

- 1352,52
788,59

3500 3000 2500 2000 1500 1000
_ BonHosoe uucnio (cm-1)

_PI/IC.li: HK-cnektp coenunenus 2Cu(HCOO), - HCONH; -4H,0.
15




B UK-cnektpax Bcex (opMaMUIHBIX KOMILIEKCOB MPOSIBISIIOTCS XapaKTepHBIE
IOJIOCH! TMOTJIOLICHHST (OpMHATHBIX rpymm. B oGmactu 3000-2800 cM™ mosocsl
HOJIONIEHUsT O0YCTIOBJICHBI BAJCHTHBIMH KOJICOAHUAMU Vsas(CH) rpymmer. B
CIIEKTpax KOMIUICKCOB B obmacti 1588 cm™, 1367 cm™, oGHApyKEHBI 4acCTOTHI
MOTJIONIEHUs,  OOYCIIOBJICHHBbIE  BAJCHTHHIMU  KOJIEOAHUAMH  OHJIEHTaTHO—
MOCTHKOBBIX (opmuar — noros v(COO), a mpu 1400 cM™ u cpenHue HHTEHCHBHBIE
nosiocsl nipu 797, 779 cM™ OTHOCSITCS K nedopMalMoOHHBIM KojieOaHusaM (hopMuar
noHoB 0(COO"). IlosiBeHne MOIOCH MOTIOMIECHUS (POPMUATHBIX TPYII OOBICHIETCS
TeM, 9TO (hopMHUaT- HOHBI HAXOAUTCS BO BHYTPEHHEH KOOPIMHAIIMOHHOM cdepe.

JepuBarorpadbudeckue uccieaoBanus. MzyueHue TepMUIeCcKOil yCTOMUNBOCTH
KOMIUIEKCHBIX COCIMHEHUMN MOKAa3bIBAECT, YTO TEPMUUYECKOE MOBEICHUE MOJTYYEHHBIX
KOMILIEKCHBIX COCIMHCHHA WMeeT Oo0Jiee CIIOXKHBIA XapakTep, YeM HCXOIHBIX
KOMIIOHEHTOB. Bce moilyueHHbIE KOMIUIEKCHBIE COEIMHEHHS  pasilaratorcs
NpelBapUTEIbHbIM IUIABJICHUEM, IUIABICHHE KOMIUJIEKCOB COIPOBOXKIACTCS HUX
YaCTUYHBIM PA3JI0KEHUEM, IPUUEM PA3JIOKEHNE HAUYMHAETCSI C OPraHUYECKON 4acTu
KOMILJIEKCA.

buyperoBble  KOMIUIEKCHBIE COCIMHEHUS HAUMHAIOT IUIABUTHCS  IIPU
temmeparypax 110-115 °C, mpu 126-180 °C TepstoT KOODAMHAIMOHHYIO BOIY.
JlanbHeiiee moBbllieHUe TeMmiiepaTypel g0 340-450 °C Bemer k Pa3JI0KEHUIO
MOJICKYJIBI JIMTaHAa ¢ 00pa3oBaHHeM aMmMmenuaa, ammuaka u CO,. Beime 450 °C B

KOMITJICKCHBIX COCOAUHCHUAX 663B0£[HBI€ COJI1 pasjiararoTcs a0 OKCHUI0B
COOTBCTCTBYIOIINX MCTAJIJIOB.
B kayecTtBe  XapakTepHOro  INpUMeEpa  NPUBOJUTCS  TEpPMOrpaMma
Mn(HCOO),-2NH(CONH,),-H,0 (prc.12).
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Puc.12. lepuarorpamma coeaunaenust Mn(HCOO),-2NH(CONH,),-H,0.

Ha nepuBaTorpaMme KOMIUIEKCHOTO COEIMHEHHUSI HMMEIOTCS HECKOJBKO
Tepmmueckux >doextos mpu 110, 126, 220, 403, 427-552 °C. Ilpu temmeparype
110°C KOMIUIEKCHOE COEIMHEHHE IMOABEPraeTcsi IUIaBIeHM0. DHzod(Gdext mpu
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temmeparype 126 °C COOTBETCTBYeT yNAlCHHIO OXHOH MOJEKYIbI BOJbI, YOBLIB
macchl coctapisier 9,42%. [ocnenyroniue sunorepmudeckue 3gpdextst mpu 220, 403
C xapaxTepu3yloT pasIMUHBIC JTAlbl Paciaia MOJEKYIb OPraHHYCCKON JHTraHua,
yOBLIb Macchl cocTaBisieT 52,19 %. B untepBane 427-552 °C ormedaercst mmpokuit
AK303(PPEKT, COOTBECTBYIONIMI TOJHOMY pa3JIOKEHHUIOABYX MOJEKYJ1 Ouypera ¢
oOpa3oBaHMEM MeJlaMHUHA, aMMHUaKa M YTJIEKUCIIOro rasa. 3/1ech e, OJIHOBPEMEHHO,
IPOUCXOJIUT PA3JIO’KEHHE OO0E3BOKEHHOTO B IMpoIlecce HarpeBaHusi Qpopmuara
MapraHia, KOHEYHBIM TMPOIYKTOM pasznoxeHus spisercs MnO, yObuib Maccel 1o
KpUBOIl TepMorpaBUMETpuu coctapisieT 57,83 % (BeluucCieHHas yObUIb MaccChl -
56,02 %). Ocratok coctaBisieT 19,67 %, KOTOPBI COOTBETCTBYET OKCHAY MapraHiia.

dopMaMuIHBIE KOMIUIEKCHBIE COEIWHEHUs mpu Temrepatypax 105-110 °Cc
HAYMHAIOT TUTaBUTCSA. B ruapatupoBaHHBIX  (QOPMAMHIHBIX  COCAMHEHHSX
OTIIEIICHHE MOJIEKY/IbI BOJBI TPOMCXOAUT mpH Temmeparypax 120-156 °C u omm
HaunMHAIOT IuraBuTcs. Ilpu Temmeparype 170-210 °C mpomcxomur maBieHue
muranga u Boie 300 °C nonnoe pasyiokeHue aurasaa. PasznoxeHnrne 00€3BOKEHHOM
COJIM MPOUCXOAUT BbIIIe 320 °C.

B kauectBe  XapakTepHOro  NpUMepa  MPUBOJUTCA  TepMorpamma
Zn(HCOO),'HCONH;'H,0 (puc.13). Ha JiepUBaTOrpaMMe
Zn(HCOO),"HCONH;,'H,O mpucyrcTByroT Heckoiabko TepModhdextoB. [lepBbiii
SHIOTepMIdecKuii 3¢ dexT mpu Temmeparype 110 °C, mposBistommiicst 6e3 motepu
MaccChl, COOTBETCTBYET IUIABJICHUIO KOMIUIEKca. Bropoi sHnoTrepmudeckuil 3@ et
156 °C COOTBETCTBYeT VIAICHHIO KPHCTATM30BAHHOM BOABL, YOBUIb MAacChl
cocraBisieT 18,59 % oT nepBoHayanbHOro Konmuyectsa. Crenyronuil 3H103¢ PeKT B
uHTepBane Temmeparyp 270-325 °C  COOTBETCTBYeT IOTHOMY —PA3/IOKCHHIO
dbopMamua 50 amvmmaka u okcuga yriepoma (II), a Takke IUIaBICHHIO W
pazioxeHuto (GopMuara IUHKAa ¢ 00pa30BaHHMEM B KAaueCTBE KOHEYHOTO MPOIYKTa
OKCHJIa IIMHKA, YOBUIb MAacChl TIPH 3TOM cocTaBiisieT 52,86 %, 4TO MOATBEPKIACTCS
TEOPETHUECKH paccuuTaHHOM yobuTbto Macchl 51,30% . Octarok cocraisier 38,69%.
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Puc.13. lepuarorpamma coeaunenussZn(HCOO),-HCONH,-H,0.
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Takum oOpa3om, pe3yiabTaThl TEPMHUUYECKOTO aHAIM3a HOBBIX KOMILUIEKCHBIX
COCIMHEHUM  TMOKAa3bIBalOT, YTO BCE KOMIUICKCHBIE COCAMHEHHUS  UMEIOT
VMHANBUAYAIbHYIO TEMIEPATypy MIaBICHUS U TEPMOIPEBPALICHHIA.

Ha  ocHoBamumm  HK-cnekTpoCKONMYECKOTO,  TEPMOTIPABUMETPUUYECKOTO
METOJIOB aHalln3a, a TaKXe COMNIACHO PEHTICHOCTPYKTYPHBIM paciudpoBKaMm
KOMIUIEKCHBIX COEIMHEHUH, MOXHO YTBEpXKJIaTh 00 00pa30BaHWU KOMILIEKCHBIX
COCITUHEHUN  JOHOPHO-aKIENTOPHOTO THUMA, O0Opa3yloumxcsa B pe3yjbTare
KOOpAWHAIIMKA JIMTaHAa C METaJUIOM KOMIUIEKCOOOpa3oBaTreleM depe3 aToM
KHCJIOPO/ia KapOOHMILHOM IPYIITIBI U TIPEIONIOKUTE CIICAYIOIIee CTPOCHHE:

B kommiekcaom coemuneHurn Mn(HCOQ),:2NH(CONH,),'H,O Monekyisl
OMypeTa MPOSBIAIOT MO OTHOIICHHIO K Mn OmumentatHocTh (puc.14). Ilo maHHBIM
NK-CIIeKTpOCKONIMYECKUX ~ HMCCIACAOBaHUH B~ KOMIUIEKCHOM  COCAMHCHHUU
Mn(HCOO),-:2NH(CONH,),-H,O  Mmojekyasl Jnurasa HMMEIOT I[HC-  TPaHC
KOH(QUTYpAIMIO W MPH COCTUHEHUH TEPEXOIIT B TPAHC-TPAHC IOJIOKCHHE, TaKHe
u3MeHeHus OblIH oT™MedeHbl B padote [T.H.Cymapykosa, 1982]:
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Puc.14. Ilpeanonaraemas crpykrypa komriekca MN(HCOO),-:2NH(CONH,),-H,0.

B kommiekcHom coeaunennn Ba(HCOO),-NH(CONH,),-5H,0 1o nmanHbBIM
NK-cnekTpoCKONMMYECKUX UCCIAEAOBAHUM, MOJIEKYJIbl OuypeTa KOOPIUHUPYIOTCS
MOHOJICHTaTHO, COOTBETCTBEHHO OMYpPET UMEET IMC- TpaHC KoH(purypanuto (puc.15).
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Puc. 15. Tlpeamonaraemas crpykrypa komiuiekca Ba(HCOO),-NH(CONH,),-5H,0.
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B KOMIUIEKCHOM CO€TMHEHNH MOJIEKYJIBI BOJIBI BXOMIST BO BHYTPEHHIOIO cdepy,
Tak KaKk B TepMOTpamMMe OTIICTIJICHHE MOJICKYJIbI BOABI MPOUCXOAMUT MPH BBICOKON
Temmeparype (200-235 °C).

Kommutekcsl  (popMaMUAHBIX COCTUHEHHH WMEIOT TIUIOCKHE KBaJpaTHBIC
CTPYKTYpBI, KOOPJMHAITMOHHOE YHCIIO KOMILIEKCOOOpa3oBarelsi KOTOPHIX PaBHO 4.
M3ydeHne TepMUUYECKONW YCTOMYHUBOCTH B KOMILICKCHOM coeaudennu Zn(HCOO), -
HCONH, - H,O mokasbiBaer, 4to mpu TemmeparypHoM uuTepsaie 150-160 °C omo
TepseT KPUCTALIN30BaHHYI0 BoAy. OTIIEIUIEHWE MOJICKYJbl BOABI TPH BBICOKHX
TeMIlepaTypax OOBSICHIET, YTO MOJIEKYJa BOJBI HAXOIWUTCS BO BHYTPECHHEU cdepe
KOMIUIEKCa, MIPEANOJIOKHUTEIIbHAS CTPYKTYpa KOTOPOro umMeeT Bu (puc.16):
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Puc.16. IIpeanonaraemas crpykrypa komiuiekcaZn(HCOO), - HCONH; - H,0.

B kommiekcaom coeaubnenun  Mn(HCOQO),"HCONH, xoopanHaioHHOE
YHUCIO ICHTpasibHOro atoma paBHo 4 (puc.17). B HK-cnektpe komruiekca
OTMEYaeTCs pacileIUICHHE BaJIeHTHOro KosieOanus ¢opmuar- woHa v(COO) B
o6macti 1500 CM™, 9TH ITOIOCHI TIOTTIOMEHH S TIPOSIBIAIOTCS TpH 1555 1 1539 M’
Kak ykazano B pabore [M.A. [Ilopaii-Kommn, 1980], 310 mo3BosieT
IPEINONIOKNUTh, YTO JBa HWOHa (opMHuaTta KOOPAUHHUPYIOTCS TO-pa3HOMY:
MOHOJCHTATHO W OMICHTATHO.
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Puc. 17. Tlpeamonaraemas crpykrypa komiuiekca MNn(HCOO), - HCONH,.

C wmenp0 pealu3aly TOJYYEHHBIX PE3YJbTaTOB Ha NPAKTUKE ObUIM
npoBeneHbl  ucnbitTanus — komiwiekca  Mn(HCOO),:2NH(CONH,),'H,O  Ha
OMOJIOTMYECKYIO0 aKTUBHOCTb.
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J[ns onpenenenus noka3arenei OCTPOM TOKCUYHOCTH UCCIIENYEMOTO BEIECTBA
Mn(HCOO),:2NH(CONH,),'H,O B KkauecTBe TeCT-00BEKTa  HCIIOJIB30BAIU
KJIMHUYECKHU 3I0POBBIX OebIXx Mblmien: 21 caMky u 21 camiia ¢ *uBoi maccoit 18 -
20 1, moaydeHHBIX W3 BHBapus KBIPTBI3CKOrO HAy4YHO - MCCIEAOBATEIHLCKOTO
WHCTUTYTa BETEPUHAPHUH U MPOIISIIITNX KAPAaHTUH B TeUeHHUE 14 CYTOK.

[TapameTpbl OCTpPOM TOKCHYHOCTH THjapara aubuypera popMuara maprasia
JUTsL OCJIBIX MBIIIEH XapaKTepU30BAIKCH CIACAYIOIIMMU MMOKa3aTeIIMU: MaKCHMaJIbHAs
neperocumas fo3a (JIp)- 800 mr/kr; cpeaneneranbras mo3a (J1s) — 1130 (926,2 +
1378,6) mr/kr; abcomoTHO cMmepTrenbHast m103a (JI/1100) — 1600 MI/KT >KHMBOW MacChI.
DTO TOATBEPXKIACT, YTO MO KIACCHU(UKAIIMU OMACHOCTH XHMHOTEPANEBTUUECKHUX
npenaparoB 1o creneHu BoszaeiicTBus Ha opranu3m (I'OCT 12.1.007 - 76) HOBOE
CHUHTE3MPOBAHHOE BEIIECTBO- THApAT AUOWypeT (opmMuaTa mMapraHiia, OTHOCUTCS K
Il xmaccy ymepeHHOW OMACHOCTU [l JKUBOTHBIX, YTO SIBJISIETCS BBICOKHM
mokazarejgeM O€30lmacHOCTH BemiecTB. JlaHHBIE HCCIEAOBaHUNA IO  OCTPOM
TOKCUYHOCTH TIPEJICTaBJICHBI B TA0J.3.

Ta6nuna 3 - [Mapametpsr octpoii Tokcnaroct MN(HCOO),-:2NH(CONH3),-H,0 as
OeJbIX MBIIICH PU MEPOPATLHOM BBEICHUN

No Jlo3a KommaectBo | Pesynbratsr [TapaMeTpsl OCTPOI TOKCHYHOCTH
MI/KT MBIIIIEN F— F—

1 600 6 0 6

2 800 6 1 S JI1p = 800 mr/kr

i 1288 g é g 16 = 850 mr/kr

5 1400 6 5 1 JIIs0 = 1130 (926,2 + 1378,6) Mr/kr

6 1600 6 6 0 JI1ga = 1530 Mr/kr

7 KonTpos 6 0 6 JI 100 = 1600 mr/kr

C muenpio wucciaeaoBaHMS (PU3UOIOTHYCCKON AaKTUBHOCTH W BIIMSHHUS Ha
OpraHu3M YKUBOTHBIX HOBOTO KOMITJIEKCHOTO COCTMHCHHUS
Mn(HCOO),:2NH(CONH,),H,0, ombrtel mpoBoawin Ha 30 TojoBax MOJIOJHSIKA
OeJbIX KpbIC 000€ro moJia ¢ xKUBoi maccoit 32 — 34 r.

JI71s1 5TOTO TOMOMBITHBIX KPBIC MO MPUHIIUAITY aHAJIOTOB pa3Ouiiu Ha 3 TPYIIIIBI
o 10 ronos. IlepByto rpynmy >KUBOTHBIX KOPMIJIA MU3MEITHLYEHHON 3€PHOCMECHIO C
no0aBlieHUEM TUIpaTa JUOMypeT opMuara MapraHiia U3 pacuera 8 Mr BelIeCTBa Ha
KHJIOTpaMM CyXOoro kopma. Bropas rpymnma moiydana 3epHOCMECh C J100aBKOM
MUPUAOKCMHA B TaKOW ke Jo3e. TpeThbsl rpynma — KOHTPOJb IMOJydaia TOJIBKO
3€pPHOCMECh.

HaOmronenue 3a moaoIBITHBIMUA KUBOTHBEIMUA Benu B Teuenue 30 queit. Ha 31
JICHb TIPOBEIM B3BEIIMBAHHUE KPBICAT M 3a00p KPOBU [JII TEMAaTOJIOTHYCCKUX
HUCCIIEeI0BaHMUM.

Pe3ynabTaThl ONMBITOB MOKA3bIBAIOT, YTO 3a OMBITHBIN MEPHUO/] TIPUBEC JKHBOTHBIX
B IepBoi rpymnmne cocraBuin 65,6 + 4,1 r, Bo Bropoii rpynne 61,1 + 3.2 r, B TpeTbei
rpynme 59,2 £4.3 T,

Kak BuUgHO W3 A3THUX [aHHBIX, M00aBJIeHHE TUApara IUOUypeT GdopmMHuaT
Maprasiia B MMUIIy TOBBIMIAI0 TPUPOCT KpbicaT Ha 10,81% Oosnbiiie, 4eM B KOHTPOIIE,
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a mUpUIoKCUH - Bcero Ha 3,20%. Pa3znuumne cratuctuuecku goctosepHo (P > 0,05).
Takke OTMEUYEHO 3aMETHOE YIYYIICHHE T'eMaTOJIOTMUECKHX IIOoKa3aTejeld KpOBH Y
KPBICAT 1101 BJIMSHHEM H3y4aeMOro BelecTBa (Taoi.4).

Pe3ynapTaThl MONYYCHHBIX JTAHHBIX MTOKA3alld, 4TO THApPAT AHOUypeT dhopmuaTa
MapraHila CTUMYJIHPYET POCT M Pa3BUTHE MOJIOJIHSIKA OCIbIX KPBIC, YBEIUYHBACT MX
IIPUBEC M YIy4IIacT reMaTOJI0OTHICCKIE TTOKa3aTeIH KPOBH.

Tabnuma 4- Biusaue runparaguonyperadgopmuara Mapraiia Ha reMaToJIOTHIeCKHEIIOKa3aTelu y
OEJIbIX KPBIC

KOMITOHEHTBI KpOBH I'eMaToOTMYECKHE TIOKA3ATEIN P
KonTposb OnbIT
DPUTPOIUTHI, MITH 8,81+0,41 8,95+ 0,56 < 0,05
JIeKOLUTEI, THIC 10,21+ 0,91 10,33+1,41 <0,05
I'emormobun, r /% 17,50 +£ 1,96 17,74+ 2,0 < 0,05
OO0uuii 0ennok, Mr/% 5,55 +0,26 5,74+ 0,34 < 0,05

B pesynbpTaTe mcciaeaoBaHUS MOXXHO clielaTh BBIBOJA, YTO THIpAT AUOHYpET
(dbopMHuaT Mapraia MOeT ObITh MCIOJIb30BaH I CTUMYJSILIUU POCTAa U PAa3BUTHUSA
CEJIbCKOXO3SIICTBEHHBIX KUBOTHBIX.

BbIBO/IbI

1. TlomyyeHO CceMb HOBBIX KOMIUIEKCHBIX  COCOUHEHHH HAa  OCHOBE
CHUCTEeMAaTUYECKOTO M3y4YeHHsI (Da30BBIX PABHOBECHUN B BOCHMHU BOJIHO-COJIEBBIX
CUCTEMAaX, COCTOAIIMX U3 aMHJIOB KUCIOT (OnypeTta, hopmamuaa), GopMHATOB
JIBYX- ¥ TPEXBaTCHTHBIX MeTa/uioB mpu 25 °C.

2. aanBUAyalbHOCTh CUHTE3UPOBAHHBIX COEIMHEHUN YCTaHOBJICHA METOJaMH
nepuBatorpaduu,  JICHCUTOMETPUU,  PEHTreHO(a3oBOro  aHaamsza W
MHPPAKPACHOMN CIIEKTPOCKOIIUH.

3. YcraHoBneHo, uto hopMamMua 1 OMypeT B KOMIUIEKCaxX ¢ opMUaTaMu JIBYX- U
TPEXBAJEHTHBIX METAJUIOB KOOPAMHHUPYIOTCS 4epe3 aTOM  KHCJIopoJa
KapOOHWJIBHOM TpYIIbl, OMYypeT B KOMIUJIEKCAX BBICTYNAET B KayeCcTBE
OMJIEHTATHOT'O U MOHOJICHTATHOTO JIUTAH/1a.

4. BbluMCIIEHBI ~ MEXIUIOCKOCTHBIE  PACCTOSIHHS, WHTEHCHUBHOCTH  IHUKOB
IU(ppaKTOrpaMM, TMapamMeTphl JJIEMEHTAPHBIX sUeeK, YhCiIO0 (POpPMYIBHBIX
€IMHUIL B DJIEMEHTAPHOM sSUeiiKe, MPOCTPAHCTBEHHAS TPYIINa U PEHTI€HOBCKas
MJIOTHOCTh. Y CTaHOBJIGHO, YTO HOBBIE€ KOMIUICKCHBIE COCAMHEHHUS HMEIOT
WHANBUAYAIBHYIO PEIIETKY W XapaKTePU3YIOTCS COOCTBEHHBIM HabOpom
MEXIUTOCKOCTHBIX PACCTOSHUM, OTIIMYAIOIINXCS OT UCXOAHBIX KOMIIOHEHTOB.

5. YcraHoBneHa XapakTepHbBIE TeMIlepaTypHbIe HHTEPBaJbl, (ha30BbIe MEPEXOIbI,
BH/I0- U 3K30TepMuYeckue 3PPeKThl KOMIUIEKCHBIX COEIUHEHUH, OoNpeaeaeHa
TEPMHUYECKass YCTOMYMBOCTh CHHTE3UPOBAHHBIX  KOMIUIEKCOB. HoBble
KOMIUJIEKCHBIE COeIMHEeHHS Ouypeta u popmamua obmagaroT 6oJiee BHICOKOM
TEPMHUYECKON YCTOWYUBOCTHIO, YEM HCXOIHbIE KOMIIOHEHTHI.
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6. YcranosiaeHo, uto coequnenue Mn(HCOO),- 2NH(CONH,), - H,O otHocuTcs
K KJIaccy YMEPEHHO TOKCHYHBIX BEIIECTB M MOXET HCIOJb30BaThCA Kak
KOMIIOHEHT BHTAaMHUHHO-MUHEPAJbHOM J00aBKH MJIs CTUMY/ISIUH pOCTa H
Pa3BUTHS MOJIOJHSKA CEIbCKOXO03IHCTBEHHBIX YKUBOTHBIX.

OcHoOBHOe coJiep:KaHue JUCCEPTANMOHHON Pad0ThI 0TPAKEHO B CJIeTYIOIIHX
ny0JUKAIUAX:

1. IllaiikneBa, H.T. ®a3oBble paBHOBECHS B TPOMHBIX BOJHO - COJIEBBIX CUCTEMAX C
y4acTHEM aMUJIOB KUCJIOT, KapOOKCHIATOB AByXBajeHTHbIX MeTayuioB [Tekct]/ H.T.
[MTaiixkueBa, C.O. KagpipkymnoBa, XK.T. AxmatoBa // Bectmmk KHY wum. K.
banacarena. —bumikek, 2010. —Cep.3.- B.1.—C.65-70.
2. IllaiikmeBa, H.T. PaBHOBECHBIC COCTaBBl W KOHIICHTPAIIUA KOMIIOHCHTOB B
cucteme: amitodanamua-popMuaTr  IMHKA-BOJA U WX DHEPreTUYECKue
xapaktepuctuku npu T=298 K, P= 0,1 Mna [Tekcr]/[I.A.CambaeBa, H.T. I1lalikueBa,
3.K. Maiimexos // U3Bectuss BY30B. —bumikek, 2010. -Ne5.-C.65- 69.
3. MlaiikneBa, H.T. DHepreTnueckue XapakTEPUCTHUKU CHUCTEMBI: ayutopaHamui -
dbopmuar Gapus - BoJla U pPaBHOBECHBIE COCTaBbl KOMITIOHEHTOB IIpu T=298K, P=0,1
Mna [Tekcr] / H.T. llaiikuesa, JI. A.CambaeBa, 3.K. Maiimexos // Bectauk KPCVY. —
bumkek, 2011. T.11, Nell.- C.137- 140.
4. llaiikueBa, H.T. ®a3ossie paBHoBecus B cucteme Ba(HCOO), - (NH,CO),NH -
H,O mpu 25° C [Texcr])/K.T. Axmarosa, H.T.Illaiikuesa // M3sectuss HAH KP.—
Bbumikexk, 2013.-Ne2. - C. 29-31.
S5.1HlajikueBa, H.T. WccnenoBanue (Ha3oBbIX paBHOBECHN B TPOMHON BOJHO—
comeBoii cucreme  Mn(HCOO),~NH(CONH,),~H,O mnpu 25°C [Texcr] /H.T.
[aiikueBa, X.T. Axmaroa, C.O. KaneipkynoBa// U3Bectus BVY3oB. —buiikex,
2013. -Nel. -C. 69-72.
6. lllaiikueBa, H.T. B3aumoseiicteue hopMuara muHKa ¢ OMypeToM B BOJHOM cpejie
npu 25°C [Texer]/ K.T. Axmarosa, H.T. Illaiikuesa // Hayka 1 HOBbIE TEXHOIOTHN.—
bumkek, 2013.-Ne3. —C. 91-93.
7. IHaiikueBa, H.T. CuHTe3 HOBBIX OMOJIOTMYECKHM AaKTUBHBIX COCAMHEHHMHM Ha
OCHOBE KapOOKCHJIATOB  TEPEXOJHBIX  METAUIOB M aMuaoB KucioT [Tekct]/
XK.T.Axmaroa, H.T. IllaiikueBa, C.O. KanpipkynoBa //Bectnuk KI'VCTA. —
bumikek, 2013. -Ne3 (41). -C.149-152.
8. IlaiikueBa, H.T. VccnemoBanue (a30BBIX paBHOBECHIl B TPOWHOH CHCTEME
«popmuatr meau — popmamug - Boja» npu 25 rpaaycax uenwsius [Texcr]/ H.T.
[arikueBa // Bectnuk KasHY. Cepus xumuueckas. —Anmatsl, -2014. -Ne 2 (74). -
C.87-92.
9. lllaiikmena, H.T. B3aumogaeiictue B cucreme Mn(HCOQO),~HCONH,—H,0 nipu
25°C [Teker]/ H.T.Iaiikuesa // Vi3ectus BY308. —bumikek, 2014.-Ne5. —C.93-95.
10. M aiikueBa, H.T. M3yuenune komiuiekcoobpazoBanus B cucreme Yb(HCOO); —
NH(CONH,), — H,O npu 25°C [Texcr]/ H.T. IllaiikueBa // Hayka u HOBBIC
texHosorun. —bumkek, 2014. - Ne4.-C.162-164.
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11. Iaiikuesa, H.T. 25 °C na Zn(HCOO), — HCONH, — H,O cucremachiHaarsl
dazaneik TeH canMakTyyiyk [Tekcr]/ H.T. IllaiikueBa, XK. T. AxmatoBa // Hayka u
HOBBIC TeXHOJIOTHH. —bumkek, 2015. - Ne2. -C.96-98.

12. W3yueHnne ocTpoil TOKCHYHOCTH W (DPU3HOIOTHUECKONH aKTUBHOCTH COCIUHEHUS
Mn(HCOO)-2NH(CONHy), - H,O [Tekcr]/ H.T. IllaiikueBa, XK. T. AxmaroBa, M.A.
Ap3sibaeB u Jp. // IIpoOGaeMbl coBpeMeHHOM Hayku U 00pa3zoBaHus. — Mocksa, 2016.
-No11(53). —C.23-25.

13. IaiikueBa, H.T. ®usnuko-xumuueckoe ucciaegaoBanue (pa3oBbIX paBHOBECHN B
cucreme Ba(HCOO), - (NH,CO),NH - H,0 mpu 25° C [Texcr])/ H.T. Illaiikuesa //
Hayxka, Texanka u oOpazoBanue. — Mocksa, 2016. -Ne7(25). —C.31-34.

PE3IOME

HaiikueBa Hyp3ar TypranOexkoBaHbIH «25 °C amma KHcI0TaIapbl (OMyper,
popmamua) HIKkM KaHa Y4 BAJCHTTYY MeTALIAApAbIH (opMUATTAPBIHBIH
KATBIIIYYCYHAA YYTYK CYYy Ty3 CHCTeMACBIHAArbI (a3ajibIK TeH CAMAKTYYJIYKTY
H3WI100 KaHA AJapAbIH Heru3vHIe OMOJIOTHSVIBIK AKTHUBAYY OMpPHKMeJepau
cunTe3100» aereH temaaarsl 02.00.01 — opraHukaJbIK 3MeC XMMHUS AAUCTHIH
000H4Ya XMMHMS MJIMMAEPH KaHIMAAThl OKYMYWITYYJYK /Japa’acbIHA
KOPCOTYJITOH AMCCePTAlUsICbIHA Oepuiaun

Hecuszu co30op: Ouypet, popMamMuj, KOMIUIEKC Maija KbUlyydy, JIUTaH],
IPUTHUTUK METONY, CHHTE3, CIEKTp, KacueTTepu, ¢GopMuarTap, OHOIOTHSIIBIK
aKTUBAYYJIYK.

H3unoeoe oovexmucu: ouyper, opmamua, xe3(ll), muuk(ll), mapranen(ll),
uttepouii(l1l) Ty3mapbiHbIH KOMIUIEKCTUK OMPUKMEIIEPH.

Hwmun makcamvi: Amvun xuciotanapel (Ouyper, ¢dopmamua) MEHEH
HIEJIOUTYY JKE€p METAJUIAAPhI, 6TMO KaHa CEUpEeK Kep ANEMEHTTEPUHUH TYy3AapbIHbIH
KOMIUIEKC Taija KbUTYYyCYH H3WJI160, *aHbl OMPUKMENEPAUH KOHLEHTPALUSIIbIK
YeKTEpUH, CHUHTE3[I0OHYH IIapTTapblH, (U3NKa—XUMISUIBIK KAaCHUETTEpUH JKaHa
OMOJIOTUSIIBIK AaKTUBAYYJIYTYH aHBIKTOO.

H3unoee memody: XUMUSAIBIK, PEHTTeHO(A3AIBIK, TEPMOTPABUMETPUSIIBIK,
NK- crieKTpOCKONUSIIBIK aHAIU3ED.

Annapammap: Ilaynuk-Ilaynuk-Opaeit cucremacwhiHIarsl aepuBaTorpad,
STA 449 F3; cnekrpodporomerp FT-IR  Model-400, Nicolet; JPOH-3
TuhpPaKTOMETPH.

Byn oswrekte amua kuciaotanapbl (Omyper, dopmamua) wmenen xes(ll),
muHK(11), mapranen(ll), urrepouit(lll) mMeramnnapbiHbiH GopMHUATTApEI MEHEH CYY
YOHUPOCYHI® AaApPAKETTEHYYCY 25°C na DPUTUYTHK METONY MEHEH W3WIICHIN.
M3uneeHyH HATBIMKACBIHIA KETH >KaHbl KOMIUIEKCTTHUK OWpUKMENEepAUH Maija
Ooonyycy aubikTanabl. [laliga OGoiroH OupuKMenep KpUCTaUl TYPYHIe OesyHyn
QIBIHBIIT ~ XUMHSUIBIK,  TepMorpaBuMeTpauk,  MK-cmekTpocomusnbik — kaHa
peHTreHo(daszanblk  aHANM3AEPAUMH HETU3WHIAE ajaplblH WHIWBUAYAIAYYIyTY,
TY3YJIyIly, KypaMbl j>kKaHa OWpHUKMENepAeTH XUMHSUIBIK OalIaHBIITHIH TaOUSATHI
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aHBIKTANAbl, OMIOHAOW d3Ji€¢ Kypd TOKCHKaJIAyyJdyry KaHa OHOJOTHSIIBIK
AKTUBAYYJIYTY U3UIACHIN.
Konoonyy aiimeer: xumus, mandapOachl, alblu-4apOachl.

PE3IOME

nucceprannu IlajikueBoir Hyps3ar TypranOexkoBHbl Ha Temy: «@Pa3oBble
PaBHOBeCHs B TPOMHBIX BOJHO-COJIEBBLIX CHCTEMAaX € YYaCTHEM aMHUA0B KHUCJIOT
¥ (GOPMHATOB JBYX - H TPeXBAJEHTHBIX MeTa/LI0B npH 25 °C M cHHTe3 Ha MX
OCHOBE OMOJIOTHYECKH AKTHMBHBIX COCIUMHECHHID» HA COMCKAHHME YYEHOH CTENeHHU
KAaHAUAATA XUMUYeCKHX HAyK no cnenuajabHocTu 02.00.01 — Heopranmueckas
XHMUS.

Knrouegvie cnosa: Ouypetr, dopMamMuj, KOMIUIEKCOOOpa3oBaTelb, JHUTaH],
METOJl PACTBOPUMOCTH, CHUHTE3, CIHEKTp, CBOMCTBa, (QopMHUaThl, OHOIOrHMYEcKas
AKTUBHOCTb.

Oobvekm uccnedosanus: Ouyper, ¢Gopmamujl, KOMIUICKCHBIE COECAUHEHUS
coneit menu(ll), muaka(ll), mapranna(ll), urrepous(l11).

Ilenvy padomer: VI3yueHue B3aUMOACHCTBHUS aMUIOB KHUCIOT (Ouyper,
dbopmMamMu) C COMSIMH IIEJIOYHO3EMENBbHBIX, MNEPEXOAHBIX U PEAKO3EMENIbHBIX
AJIEMEHTOB, ONpE/EICHUE KOHIIEHTPALMOHHBIX MPEAESIOB CYLIECTBOBAHUSA, YCIOBUN
CHUHTE3a, U3y4YeHHE (PU3UKO-XUMUYECKUX CBOMCTB M OMOJOTMYECKOW aKTUBHOCTU
CUHTE3UPOBAHHBIX KOMIUIEKCHBIX COCIUHEHUN.

Memoowt Uccne008anus: XUMHYECKUH, peHTreHo(a3oBbIif,
TepMorpaBuMeTpuyeckuid ananus u UK-cnexkrpockonus.

Hccneoosamenwvckoe obopyoosanue: nepuparorpad cucremsr [laynuk-
[Maynuk-Opaeit, STA 449 F3; cnexkrpodoromerp FT-IR Model- 400, Nicolet;
mudpakrometrp JPOH-3.

B paboTe ucciemoBaHo B3auMoJIEHCTBHE aMUIOB KUCIIOT (Ouypet, hopmamun)
¢ ¢popmuaramu meau (1), uunaka(ll), mapranua(ll), urrepous(lll) B BogHou cpexe
METOJ0M pacTBopuMocTH nipu 25 “C.

B pesynbrare wHccienoBaHWA YCTAaHOBJIEHO OOpa30BaHME CEMU HOBBIX
KOMILJIEKCHBIX coequHeHuN. CoeMHEHUs BBIIEIEHbl B KPUCTAIUIMYECKOM BUJE, Ha
OCHOBE XUMHYECKOTo, TepMorpaBumeTpuueckoro, HK-cnexkrpockonuueckoro u
pPEHTreHo(pa30BOr0 aHaIU30B JIOKAa3aHbl HMX HWHAMBUAYAJIBLHOCTH U OIPEICIICHBI
COCTaB, CTPOEHUE W THUIIBI XUMHUYECKUX CBS3€H B HHUX, a TaKXKe H3YYECHBI OCTpas
TOKCUYHOCTh ¥ OMOJIOTUYECKU aKTUBHBIE CBOICTBA.

Oobnacms npumenenusn: XuMusi, )KUBOTHOBOJICTBOU CEIIbCKOE XOP3SIHUCTBO.
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RESUME

of the dissertation of Shaykieva Nurzat Turganbekovna on the theme «Phase
equilibria in ternary aqueous salt systems with acid amides and formatesof two -
and trivalent metals at 25 °C and synthesis on their bases of biologically active
compounds» presented for candidate of chemical science degree on specialty
02.00.01 — inorganic chemistry

Key words: biuret, formamide, central ion, ligand, solubility method, synthesis,
spectrum, properties, formates, biological activity.

Object of research: biuret, formamide, complex compounds of copper(ll), zinc
(11), manganese(ll), ytterbium(lIl).
Purpose of research: The study of chemical interaction of amides (biuret,
formamide) with alkaline earth elements, transition metals and rare earth elements
salts, determination of concentration limits of existence, synthesis conditions, the
study of the physical - chemical properties and biological activity of the synthesized
complexes.

Method of investigations: chemical, X — ray, thermal gravimetry analysis and
IR — spectroscopy.

Research equipment: derivatograph of Paulik — Paulik — Erdey system, STA
449 F3; Spectrophotometers FT-IR Model-400, Nicolet; DRON — 3 difractometer.

In the work interaction of amides (biuret, formamide) with formates of copper
(11), zinc (I1), manganese (1), ytterbium (I11) in agueous medium was studied by
solubility method at 25°C.

On research results the formation of 7 complex compounds was established.
The compounds were isolated in the solid state. Individuality of them was proved on
the basis of chemical, thermal gravimetrical, IR- spectroscopy and X-ray analysis;
composition, structure and chemical bonds type in them were determined, as well as
acute toxicity and biological activity properties were investigated.
Field of using: chemistry, animal breeding and agriculture.
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