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CHUHTE3 U KPUCTAJVIMYECKAA CTPYKTYPA HOBOI'O KOMIUIEKCA
HUTPATA HUKEJAI) 1 STOKCUKAPBOHMWI-FAMEIIEHHOI'O
(y-IIMITEPNJIOHO)A3A-14-KPAYH-4-OD®OUPA
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BriepBbie B BUie MOHOKPHUCTALIOB MOJyY€HO HOBOE KOOPAMHAIIMOHHOE COeMUHEHUE — MPOU3BONHOE a3a-
14-xkpayH-4-3dupa, comepKallero STOKCUMKapOOHWILHYIO CyObennHUILY, ¢ HuTpaToM Hukelsi(I11) cocrasa
[Ni3(NO3)4L4]2(NO3). IIpucyTcTBue aTOMOB HUKENSI B KOMILIEKCE MOATBEPXKIEHO METONOM PEHTIEHO-
diyopeciieHTHOTO aHalM3a, CTPYKTYpa KOMITIEKca M3ydeHa METOIOM MPELUM3HOHHOTO PEeHTIeHOCTPYK-
TYPHOTO aHaJIM3a Ha JabopaTOPHOM PEHTITEHOBCKOM MCTOouHHMKe. [ToKkazaHo, 4YTo MoJieKyJsla KOMILIeKca
UMeET CJIOXKHYIO TeOMETPUIO M COCTOUT U3 YeThIpEX MOMapHO CUMMETPUYHBIX MOJIEKYJT JIMTaHIa, KOOPIH-
HUPOBAHHBIX TpeMsI aToMaMU HUKess1. CTabuanu3aiivsi MoJIeKYJIbl KOMIUIEKCa 00eCcieYnBaeTCsl HATMYUEM
MMPOYHBIX BHYTPHUMOJIEKYJIIPHBIX BOTOPOMIHBIX CBsA3€il, B KOTOPBIX YUaCTBYeT KpayH-3(UPHBI (hparMeHT.
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BBEAJEHUWE

KommnekcHbie coenHeHrsI Ha OCHOBE a3aKpayH-
3(UPOB MPEICTABIISTIOT CO0O0I BaxKHBIE OOBEKTHI HC-
CJIEJOBAHUS COBPEMEHHON KOOPAUHALIMOHHOM U Cy-
MIPpaMOJIEKYJISIPHOM XUMMUHM OJIarogapsi CBOMCTBY cCe-
JIEKTUBHO KOOPIAMHHMPOBATh KAaTUOHBI METaJLJIOB.
Takue coenuHEeHUsI UCMOIb3YIOTCS B CBETOUYBCTBU-
TEJIbHBIX CHUCTeMaX B KadeCTBE MOJIEKYJISIDHBIX U
MOHHBIX ITepeKIovaTeieil (MOJeKYISIPHBIX MaIllH),
B TOM 4YMCJIe JJIs1 MOHUTOPUHTA OKPYXKalollei cpeabl
[1, 2], mpu co3maHMM KOHTPACTHBLIX PEareHTOB IJIS
MAarHUTHO-PE30HAaHCHOI ToMorpaduu [3, 4], mg
CUHTE3a MOJIEKYJISIDHBIX YCTPOICTB, B MEIULIMHE U
skonorun. [TorpeOGHOCTh B MOTOOHBIX COCIMHEHMSIX
BO3pacTaeT, B CBSI3U C 3TUM CUHTE3 MOHOKPUCTAJLIOB
HOBBIX KOMILJIEKCHBIX COEIMHEHUI Ha OCHOBE OCH-
30a3aKpayH-3(pUPOB C ITOCIeI0BaTEIbHBIM BBEACHN -
€M pa3IUYHbIX (PYHKIMOHAJBHBIX TPYIIT U WX Je-
TaJlbHbIE  PEHTIeHOCTPYKTYpHBIE  MCCJEeIOBaHUS
MPEACTABIISIIOT HE TOJBKO 3HAYMTENIbHBIM (yHOa-
MEHTAaJIbHbI, HO 1 MPAKTUIYECKUIA MHTEpEC.

B [5—9] ObL1u cMHTE3UPOBaHBI U U3YYEHBI KOOP-
JWHAIMOHHKIC COeAMHEHS OMCITMANH-3aMeILIEHHO -
ro asa-l4-kpayH-4-supa L* (23,25-6uc(2-nupu-
mun)-8,11,14-tpuokca-24,27-nua3aneHTaluKiIo-
[19.5.1.12226,0%7.015-20]-okTako3a-2,4,6,15(20),16,18-
rekcaeH-28-oH) ¢ katnoHamu Co**, Cu®*, Hg?", Zn*"
n Ni*". TTokasaHo, 4TO L* INpoOSBISAET IOCTATOYHO
BBICOKYIO KOOPAWHAILIMOHHYIO aKTUBHOCTh OJ1aroaa-
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P CUMMETPUYHON CTPYKTYpe MOJIEKYJIBI, a TaKxkKe
coliepKallleMycsl B COCTaBe JIMTaHAa AUMTUPUINI-
3aMelleHHOMY 3,7-nmua3abu3ukiio|3.3.1]HoHaHOHOBO-
My (DparMeHTy, MPeACTaBIISTIONIEMY TOCTaTOYHO KeCT-
KU1 MOJIEKYJISIpHBII Kapkac. B otiuuue ot L* 3TOK-
cuKapOOHWICOAepXKAaIIMiA a3akpayH-3¢up L (23-0kco-
8,11,14-tprokca-25-azarerpauukiof 19.3.1.0>7.0 X nen-
Takoca-4,6,15(20),16,18-rekcaeH-22-Kap60HOBOIA
KHCJIOTHI) SIBJISIETCSI HECUMMETPUYHBIM, He 00JIamaeT
MOCTAaTOYHOM TIPOCTPAHCTBEHHOM IIpeIOpraHm30-
BaHHOCTBIO IJI OKPY:XEeHUS M “3axBaTa” KaTHMOHAa
MeTajlyla, a TaKXKe COACPXKUT MEHbIIee KOJUYECTBO
IEHTPOB KoopAuWHalMu. TeM He MeHee HallMdue B
MoJieKysie [ HECKONBKUX aTOMOB C HeEITOAeTIeHHOM
BJICKTPOHHOM Mapoii, TaHHbIE O KOMILJIEKCO00pa3o-
BaHUHU L B pacTBOpax, a TakXKe TEOPETUIECKIE pacue-
THI TIO3BOJIMJIN TIPEAIIOTIOXKHUTh TOCTATOYHYIO KOM-
TJIEKCOO0Opa30oBaTe/IbHYI0 aKTUBHOCTD 3TOro a3za-14-
akpayH-4-acdupa.

Ilenbio HacTosIIIel paOOTHI CTalM CUHTE3 U U3Y-
YeHHWE CTPYKTYPHl HOBOTO KOOPIMHAIIMOHHOTO CO-
ennHeHus Hukens(I) Ha ocHoBe HECUMMETPUYHO-
r'0 3TOKCUKapOOHMI-3aMeIleHHOTO a3a- 14KkpayH-4-
adupa [Ni;(NO3),L,4]2(NO;).

OKCITEPUMEHTAJIbHAA YACTb
Cunmes aueanda L. VicxonHbliit nurann L (3tuno-
BbIi 3¢dup 23-okco-8,11,14-Tprokca-25-a3areTpa-
mki10[19.3.1.027.05- X nenrakoca-,4,6,15(20),16,18-
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Taomuna 1. Kpucrainorpadguueckue
NIaHHbIE DKCIIEpUMEHTa U Pe3ybTaTbl YTOUHEHUSI CTPYK-

Typot [Niy(NO3),L|2(NO5)

XapaKTCpUCTUKU,

Xumudeckast popmyiia

C96H108N10Ni3042

CuHroHws, mp. 1p., Z
a,b,c,A

o, B, v, rpan

VA

D, r/cm?

w, MM~
Usnyuenue A, A
T,K

Pasmep o6pasua, Mm
HudpakTomeTp

Tun ckaHupoBaHUsI
O min—Omax. TP
Ipenenwr h, k, |

TpuknunHas, Pi,1

12.823(1), 15.561(1), 16.137(1)
112.41(1), 112.95(1), 96.26(1)

2612.8(4)

1.43

0.629

MoK, 0.71073

100

0.1 x 0.06 x 0.025
XtaLAB Synegry DW
0

1.49—-45.93

—22<h<25,-29<k<31,
—32<17<32

Yucio oTpaxkeHuii: 25322/2950/1336

U3MepEeHHBIX/He3aBU -

cumbix/I > 36(1)

Rint 0.146

MeTton yTouHeHUst MHK o F2

Yucsio yTouHsIeMbIX 313

rnapamMeTpoB

DKCTUHKUMS, k Tun 1, 0.40

R,/WR, 0.0556/0.0919

S 1.13

AP min/ APima> /A3 —0.41/0.48

ITporpaMMBbl CrysAlisPro [12], Jana2006 [14],
Diamond [15]

rekcaeH-22-KapOOHOBOI KHCJIOThI) CHUHTE3UPOBAH
TPEXKOMIIOHEHTHOM KOHIEHCAIUe AuaiabIeTuaa C
alleTOYKCYCHBIM 3(UpoM B MPUCYTCTBUM alleTaTa
aMMOHUSI (MOH aMMOHUSI oOecIieurMBaeT TeMILIaT-
HYI0 KOOPIMHAILIMIO MOJIEKYJIbI TUaNIbASTuaa) o Me-
Tonuke, ormucaHHou B [10].

Cunmes komnaexca [Niy(NO3),L,J2(NO;). Tops-
yue pactBopbl 0.05 r (0.13 mmonb) L u 0.038 1
(0.13 mMosb) Ni(NOs5), B 4 MJ1 alileTOHA KaXX bl CIU-
BaJI TIPU TepeMeITMBaHNN, OCTYXKAJIM 1O KOMHAT-
HOI TeMmepaTypbl U OCTaBJISUIM Ha CYyTKU MPU KOM-
HaTHOI TeMIiepaType, a 3ateM Ipu temmeparype 8§8°C
Ha 3 cyT. BeimmaBime Kpuctamibl OTGUILTPOBLIBAIN,
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MMPOMBIBAIM MUHUMAJIbHBIM KOJIMYECTBOM PaCTBO-
pUTEJISI U 3aTEM BBICYILIMBAJIU IIPY TOHUKEHHOM JaB-
JIEHUM JI0 TIOCTOSIHHOM Macchl. Macca IoJlydeHHOTO
METKOKPUCTALTYECKOTO TTopoInKa coctapmia 0.012 r
(BIxon 17%). C TTOMOIIBIO ONTUYECKOTO MUKPOCKO-
na Nikon SMZ1270 ynajgoch BBIOEIUTH OTIEIbLHEIC
MOHOKPUCTAJUINYECKE OOpa3lbl BBICOKOIO Kaue-
CTBa, HEOOXOAUMBIE IJISI CTPYKTYPHOI TMAarHOCTUKM.

Penmeenoghyopecuenmnuotii anaaus. ViccienoBaHusi
MOHOKPUCTAJJIOB HUKEJIEBOrO KOMILJIEKCa METOIOM
PEHTreHO(IyOPECLEHTHOIO aHajn3a IIPOBEIEHBI
nmabopatopHoM criekTpoMeTrpe Orbis Micro-XRF
Analyzer. JIns Bo30yXIeHUSI BbIXOJa BTOPUUYHOTO
M3JIy9CHUSI aTOMOB HUMKEJISI B COCTaBe 00pa3IioB UC-
MMOJIb30BAJIM MOHOXpOMaTHYECKOE U3JTydeHue (YCKO-
psitonee HanpstkeHre 30 kB, ok 300 MA). s 3armicu
CIIEKTPOB (QJIyOPECLIEHTHOIO M3Iy4YeHMs IPUMEHSIINA
KPEMHMEBBIM SHEProJMCIEPCUOHHBIN  JIETEKTOP.
Hccnenyemelit o6pa3zel ObLT 3aKpeIICH Ha TTOIBMIXK-
HYIO TJIaTOpMy U 3arpykeH B BaKyyMHYIO KaMepy
(0.5 Topp). O6paboTKa MOJYYEHHBIX CIIEKTPOB IIPO-
BeleHa C IOMOIIBIO JIMIIEH3MOHHOTO ITaKeTa IpO-
rpamM EDAX Orbis Vision [11].

Penmeenocmpykmyphotii anaiu3. PeHTTeHOCTPYK-
TYpHBIE MCCeAOBaHUS MPOBEACHBI Ha JabopaTop-
HoMm nudpakromerpe XtaLAB Synergy-DW (MoK,
A =0.71073 A) npu temneparype 100 K. Iyst mpose-
IeHUs peHTreHoAMGpPaKIIMOHHOTO 3SKCIEPUMEHTA
ObLIM OTOOpaHbl MOHOKPHUCTAJUIbI, JUHEiiHbIE pa3-
Mepbl KoTopbix He mpeBbimann 0.07 mm. O6pa3ubl
MTOABEPTaIvCh IEPBUIHOMY PEHTTEHOCTPYKTYPHOMY
HCCIeA0BaHUIO, B pe3yJibTaTe KOTOPOTo ObLT BEIOpaH
KPUCTAT C HAWIYYIIUMHA TPpOoDUIIMu audpakim-
OHHBIX ITMKOB M CXOIMMOCThIO MHTEHCUBHOCTEM 3K-
BUBAJICHTHBIX [0 CUMMETPUU AU(GPAKLIMOHHBIX OT-
paxenuii. [1o pesyabraraM mpenBapUTETbHBIX 3KC-
IIEPUMEHTOB COCTABJIEHO 3alaHWe IS MPOBEICHUS
MOJIHOTO JUMPaKIIMOHHOIO 3KcIepuMmeHTa. Obpa-
060TKa 3KCITepUMEHTATbHBIX TaHHBIX, TTOVCK U MHTE-
IrpUpPOBaHME MMMKOB, BBEIEHNE TTOIMPABOK Ha ITOTIIO-
meHue, ¢daktop JlopeHa v moysipusalius usayde-
HUs TIPOBEIEHBI C ITOMOIIBIO ITaKeTa IIpOorpaMM
CrysAlisPro [12]. Monenb KpUCTaINYECKON CTPYK-
TYpHbI OllpeiesieHa U yTOUHEeHAa C TPUMEHEHUEM METO-
na charge flipping (rmepedpocku 3apsima) [13] ¢ momo-
IIbI0 IIporpaMMHOro komiuiekca Jana2006 [14].
HaHHBIe B3KCIepMMeHTa, KpucTtajuiorpaduyeckue
XapaKTEePUCTUKU U Pe3yIbTaThl YTOYHEHUS] CTPYKTY-
pHI TIpeacTaBiieHb B Ta0. 1. MHdopManms o6 nccie-
JIOBaHHOM CTPYKTYype AeTOHUPOBaHa B 0aHK TaHHBIX:
CCDC (CSD) Ne 2210265.

PE3VJIBTATBI 1 X OBCYXIEHHWE

Ha mrepBoMm 3Tamne nccieqoBaHWil CHHTE3UPOBaH-
HBIX KPUCTALIOB HUKEJIEBOTO KOMILJIEKCa OBIIIN TTPO-
aHaJIM3UPOBAHbl PEHTreHOMIYOPECIIEHTHbIE CIEeK-
Tpbl 00pa3LoB B JiorapudMudeckoii mkajue (puc. 1).
Haunb6onee nHTEeHCUBHBIE TTMKU B AUala30He 3Haye-
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Puc. 1. Cnextp peHTreHOo(hIyopeCeHTHOTO aHaau3a HUKEJIeBOro KoMIuieKca B jiorapudmuyeckoii mkaine. Ha BcraBke —

MukpodoTorpadus odbpasia.

HUI 3Hepruu 7—9 k3B cooTBEeTCTBYIOT hJIyOpeCLIeH-
UM aTOMOB HUKes (K-cepust), 4TO CBUIETEIBCTBY-
€T O MPUCYTCTBUM aTOMOB HUKEJIS B COCTaBe MOHO-
KPUCTAJIJIOB.

M3 nuTepaTypHBIX JaHHBIX U3BECTHO, YTO MeTaJl-
JIbI MOTYT 3aHMMaTh KpayH-3(UpPHBIC ITOJIOCTU, 00-
pa3ys OTHOCHUTEIILHO KOMITAaKTHBIE KOMILJIECKCHI.
B TakoM ciiyyae aToMbl HUKEJISI B HACTOSIIEr paboTe
JIOJDKHBI ObUIM OBl MMETh TETPasIpUYecKOoe WU
IJIOCKOE KBagpaTHOE KOOPAMHAIIMOHHOE OKpYXKe-
Hue, cBoiictBeHHOe Ni?* [16, 17]. OnHaKo, COIIacHO
JIaHHBIM O CTPOEHUU KOMILUIEKCOB C KOOajJbTOM U
LIMHKOM [5—7], ms1 ynep>KaHUs KaTUOHA d-MeTaja
BHYTPU KpayH-3(DUPHOI II0JIOCTH HEOOXOOMM Kpa-
yH-3(up ¢ OOJBIINM KOJIUYESCTBOM 3BEHBLEB, a Clle-
JIOBaTeIbHO, U C OOJIBIIUM 00beMOM mojiocTu. Kpo-
M€ TOro, KOMIUIEKCOOOpa30BaHMIO B KpayH-3(pup-
HOM IIOJIOCTU TIPEISITCTBYET BHYTPUMOJICKYJISIpHas
“BuioykoBast” BomopogHas cBsi3b [18]. CornacHo
JTaHHBIM PEHTIT€HOCTPYKTYPHOI'O aHaJIM3a, IIOJIyYeH-
HBIM B HacTosleil paboTe, B Mpolecce KOMIIEKCO-
o6paszoBaHus aToMbl Ni2t 1eiiCTBUTENBHO HE BOLLLIU
B KpayH-3(UPHYIO MMOJOCTb, YTO CUJIBHO YCIOXHUIIO
reoMeTpPUIO MOJIEKYIbl KOMILIEKCA.

Moiekyia KOMIUJIEKCa COCTOUT U3 YeThIpeX IMo-
MapHO CUMMETPUYHBIX JTUTAHIOB L MOJEKYIHI, CO-
eNMHEHHBIX Yepe3 KOOPIMHAIIMOHHBIE CBS3U TpeX
no3uiuit atomoB HuUKeJs (1) (puc. 2). JIurana B naH-
HOM CJTy4Jae BBICTYITaeT B POJIM OMICHTATHOTO B OTJIH -
YHe OT MI3YYeHHBIX paHee KpayH-32(UPHBIX KOMIUIEK-
coB ¢ Ni?", comepxallux O-NMUPUAMH3AMELIEHHbIIA
OucnUAMHOBBIN 3amMecTuTeNb [9]. Ilapsl turanaoB L
OIMHAKOBHI IO COCTaBY, HO MCKaXKeHBI IPYT OTHOCH-
TEJBHO IpYra, YTO CBSI3aHO C POPMUPOBAHUEM KOOP-

JUHALIMOHHBIX TTOJIU3APOB aTOMOB HUKeJIs (puc. 3a).
®dparmenrtsl Komiekca A, Cu B, D cBs3aHbI oliepa-
LIUSIMU CUMMETPUU U UMEIOT UASHTUYHYIO KOH(OP-
MaIuIio IIMIepUI0HOBOro (pparMeHTa (kKpecio). Tpu
no3uumu aToMoB Ni?" pacIoloXeHsl B psif, B LIEHTPE
MOJIEKYJIbI, BOKPYT KOTOPBIX HAXOISITCS YeThIpe MO~
MapHO CUMMETPUYHBIE MOIeKyabl L (puc. 30). Llen-
TpaJIbHBIN aToM HUKess (rmo3uuust Nil) KoopauHu-
pOBaH TpeMsI ITapaMM aTOMOB KMCJIOPOJa Ha paccTo-
saausix ot 2.012, 2.050 2.076 A wu o6pasyer
KOOPIVMHAIMOHHBIM IOIU3ApP — TeTparoHaJabHYIO
ounupamuny (puc. 2, tTadja. 2). Kaxnas u3 dyeTbipex
MOJICKYJI JJATaHIa JaHHOIO TeTpaMepa 3aldeicTBOBa-
Ha B KoopauHanuu atoMa Nil dyepe3 aTOMbl KUCJTO-
poma IMUIEePUOOHOBHIX (PparMEHTOB, a APYrue IBa
aToma KucJIopoJia MpuHaiexkaT IByM 3TOKCUKapOo-
HWJIBHBIM OocTaTkKaM (puc. 3a). JIBe npyrue mo3uiuu
Hukesst (Ni2, Ni2') B KoMIIeKce CBsI3aHbl oTiepaTo-
POM CUMMETPHUHU U TAaKKe OKPY>KEHBI IIIECThIO aTOMa-
MU kucyopona (puc. 30). B okpyXeHMU KaxKIoro
Y4acCTBYIOT IO OTHOMY aTOMY KMCJIOPOJAa OT ITUIIePU -
JIOHOBBIX (D)parMeHTOB ABYX MOJIEKYa L, OOUH aTOM
KMCJIOPOAA OTHOCUTCS K 3 TOKCUKApOOJIHbHOMY OCTaT-
Ky, TpU APYTHMX aToMa KUCJIOPoJa — K IBYM BHYTPHU-
MOJIEKYJISIpHBIM aHMoHaM N Oj;. TakuM obpasom, Bce
IIECTh aTOMOB KMCJIOpOAa, OOpa3ylolIMX TeTparo-
HaJbHYIO OUNUpaMUIy, pacloJoXeHbl B HE3aBUCH-
MBIX IO3ULIMSIX U HAXOMSATCS HA Pa3JIMYHBIX pacCTOSI -
Husix oT 2.018 10 2.147 A (Ta6:. 2). Benencrue 3toro
momaapbl aToMoB Ni2t CylECTBEHHO WCKaXEHBbI,
TOPCUOHHBIE yIIbl cokpaiieHbl no0 O5(B)—Ni2—
04(C) 168.37°, 04(B)—Ni2—010 go 166.18°, O7—
Ni2—Ol11 mo 170.82°. KatuonHasi (popmMa KoopauHa-
IIMOHHOTO COEOIMHEHUSI CTAaOMIU3UPYETCS ABYMS

KPUCTAJIJIOTPA®USI Ne 1

TOM 68 2023
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Puc. 2. YnakoBka cTpyKTypHbIX ennHul KoMmIuiekca [Nis(NO3)4L4]2(NO3) (a), cTpoeHHE OTAETbHON MOJIEKYJIbI KOM-

mekca (0).

a"HvoHaMu N O, He y4acTBYIOILIIMMU B KOOPIAMHALIU
aTOMOB MeTaslia.

bonpmioit Bkiam B cTaOMIM3AILMIO TPOMO3IKOI
mosekyJibl koMmriiekea [Niz(NO;),L,]2(NO;) BHOCST
BHYTPUKOMIUIEKCHbIE BOJOpOAHbIE cBs3u. Haunbo-
Jiee MPOYHbIe U3 HUX JOMOJHUTEIBLHO YAEpPKUBAIOT
rpynnupoBku NO;, yyacTBylolME B KOOPAUHALIMU
atomos Hukesst: C10—H-05 (2.80 A), C5—H-06

KPUCTAJIJIOTPA®U A Ne 1

TOM 68 2023

(2.55A) n C23—H--07 (2.83 A) (puc. 26). BaxHo ot-
METUTD, YTO KpayH-3(pUPHBII (pparMeHT KOMITIEKCa
[Ni;(NO3),L,4]2(NO;) yyacTByeT B KOOpAUHALUU
JIMIIIb OIIOCPEIOBAHHO, YTO OOYCIOBICHO HeapoMa-
TUYHOCTBIO  a30TCOACPXKAILETO IMUIIEPUIOHOBOIO
¢dparMeHTa U TIPUCYTCTBUEM OoJiee ciaabbix Oudyp-

KaTHbIX BHYTPUKOMINIIICKCHBIX BOAOPOIHbIX CBsI3elt
NI1-H-O0l (3.06 A), NI-H-03 (3.24 A), comnpo-
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KBAPTAJIOB u np.

(©)

Puc. 3. Ctpoenue Mosnexynsl muranna L B coctaBe komriekca [ Nis(NO3)4L4]2(NO3) (a), koopauHauust atToMoB Ni B CTpyK-
Type Komruiekca (0).

KPUCTAJIUIOTPA®UA  Tom 68 Ne 1l 2023
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Taomuua 2. KoopauHaiusi aToOMOB HMKENSI B CTPYKType
xoMIurekca [Niz(NO3),4L,]2(NO3)

CBs13b Iuna, A
Nil—05(A) 2.012(1)
Nil—05(C) 2.012(1)
Nil—04(A) 2.050(1)
Nil—04(C) 2.050(1)
Nil—04(B) 2.076(1)
Nil—04(D) 2.076(1)
(Nil—0) 2.046
Ni2—O5(B) 2.018(1)
Ni2—04(B) 2.029(1)
Ni2—010 2.029(1)
Ni2—07 2.054(1)
Ni2—04(C) 2.064(1)
Ni2—O0l11 2.147(1)
(Ni2—0) 2.056

BOXIAIONIMXCS 3aMbIKAHUEM JABYX IIECTUUJICHHBIX
H-uuknos (puc. 3).

Pa6Gora BeITOTHEHA C NCTTOIL30BaHUEM 000pPYIO-
BaHust LIKIT ®HUWLI “Kpuctamiorpadust u GoToHU-
ka” PAH npu nommepxke MMUHUCTEpCTBAa HAyKU U
BbIclIeTo oOpa3oBaHusg P® B paMkax rocsagaHus
DOHUL “Kpucramiorpadus u ¢poronuka” PAH.
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