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I1pencraBieH 0630p paboOT, BbIMOJHEHHBIX B UHCTUTYTE KpucTajorpaduu um. A.B. llly6HuKoBa, o
CO3/IaHUIO ONTHYECKUX (UIbTPOB YD-11ana3oHa Ha OCHOBE KOMILIEKCHBIX COSIMHEHUI HUKEIST U KO-
6aspra. PaccMaTpuBaeTcst CTpYKTypHAasT 00YCIOBICHHOCTh ONITUYECKUX CBOMCTB KPUCTAIIJIOB U UX TEP-
MHUYECKOU ycToitunBocTr. OMUCHIBAIOTCS (PyHIAMEHTaIbHBIE 0COOCHHOCTH CMEIIaHHBIX KPUCTAIIIIOB,
BBIpAIIMBACMBIX M3 pacTBOpa, U pa3BUTHIC TTOAXOABI K CO3MaHUIO ONTUYECKUX (DUIBTPOB Ha OCHOBE
CTPYKTYPHO COBEpIIEHHbIX cMelaHHbIX KpuctanioB K,(Co,Ni)(SO,), - 6H,0. JlemoHcTpupyeTcs BO3-
MOXHOCTB CO3IaHMS ONTUIECKUX DIIBTPOB YMP-A-1Hrara3oHa IyTeM YaCTUIHOTO 3aMEICHMS JINTaH -
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MonodortonHast Texnonorust (MPT) — cpaBHU-
TEJIbHO HOBOE HAITpaBJieHNEe B IPUOOPOCTPOCHUH, CYTh
KOTOPOTO COCTOUT B MOCTPOCHUU ONMTUKO-3JIEKTPOH-
HBIX CUCTEM C BBICOKUM TIPOCTPAHCTBEHHBIM M Bpe-
MEHHBIM pa3pellieHueM U YYBCTBUTEIbHOCTbIO Ha DU-
3UYECKU TPEIETbHO BOSMOXKXHOM YPOBHE — OTIEIBHBIX
¢dotoHoB. MDPT OTKpHIBaET HOBbIE HAIIPABJIIEHUS B TE€X-
HUKE U TEXHOJIOTUSIX, CBSI3aHHBIE C BO3MOXKHOCTSIMU Jie-
TaJIbHOU MUCTAHIIMOHHOMN MTUATHOCTUKU SHEPTOCUCTEM,
MPOMBIIILJIEHHBIX 00BEKTOB, TPUPOIHBIX U CETHCKOXO-
3s1MCTBEeHHBIX yroauii. Ha 6aze M®T pa3paboTaHbl -
CTEMbI aBTOMAaTUUYECKOM MOCAAKN CaMOJIETOB U MPEA0T-
BpallleHUSI MX CTOJIKHOBeHUI [1, 2], cucTeMbl 0OHapy-
SKEHMSI JIECHBIX MOXAPOB U UX MPULIEIBHOTO TYIIEHUS
¢ Bo3nyxa [3—5]. MDT-cucrema IUCTAHIIMOHHOTO MO-
HUTOPUHTA JMHUM 2JIeKTporiepenayn obecreunBaeT He
TOJIBKO TMCTAHIIMOHHYIO PETUCTPALIMIO TOKA YTEUKH, HO
U TIO3BOJISIET TTPOBOIUTD ACTATbLHYIO KOJIMYECTBEHHYIO
IUaTHOCTUKY obopynoBaHus [6, 7]. KirfoueBbIM 31e-
MEHTOM TaKMX IPUOOPOB sIBsIeTCs 3(PDEKTUBHBII 30H-
HBII (PUIBTP, TPO3pavYHbIA TOJIBKO B paboydeit 001acTu.

B 3aBUCMMOCTH OT TIPUIOXKEHUN IJIST TTOCTPOE-
HUSI MOHO(OTOHHBIX CUCTEM MCITOJIb3YIOTCSI pPa3HbIe
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CIIeKTpaJIbHbIC TUAMTa30HbI, YTO TPeOyeT MIPUMEHEHMS
ONTUYECKUX 30HHBIX (DMIIBTPOB C Pa3sTMIHBIMU XapaK-
TEPUCTUKAMM.

Haubonee 6iaronpusiTHble BO3MOXHOCTHU JJISI T10-
MCKa TaKUX MaTEepUaIoB MPEAOCTABIISIIOT COSNMHEHNS
MEPEXOIHBIX DJIIEMEHTOB, 00JIaaIolIe TT0JI0CYaThIMU
criekTpamMu Inponyckanus. OCHOBHbBIC 3aKOHOMEP-
HOCTHU X OIITUYECKUX CIIEKTPOB CBSI3aHbI CO B3au-
MOAEMCTBUEM CBETa C HE3AMOJHEHHOM 3JIEKTPOHHOM
000JI09KO d"-MOHOB. DHEPreTUUECKUI CIIEKTP TaKO-
ro MOHA B IIEPBOM IIPUOIVKEHUU IIPEACTABIIIET CO00it
pe3y/IbTaT ITapKOBCKOTIO pacilieIIeH!s] ypOBHEl MOoHa
BO BHYTPUKPUCTAJIMYECKOM DJIEKTPUUECKOM IIOJIE,
CUMMETPUSI KOTOPOTO COOTBETCTBYET CUMMETPHUH JIO-
KaJIbHOTO OKpYyXeHUs1 noHa [8]. B onTuueckux crnek-
Tpax COeAMHEHMI, cofiepKallluX NOHBI C HE3aIOJTHEH -
HOM d"-000JI0UKOI, HAOIIOOAIOTCS IIMPOKME U Y3KHE
nosiockl monoleHust B Y®-, BuanMoit u OJuKHel
NK-o6macTsax cnekrpa. Teopust KpucTalan4eckoro
MOJISI U TEOPUS 110151 TUTAaHIOB TTO3BOJISIIOT OOBSICHUTD
OINTUYECKHUE CIIEKTPhI OOJBIIMHCTBA MIOHHBIX KPUCTAJI-
JIOB, colepxKallluX NOHBI ¢ d"-KoHurypauueii. [Tapa-
METPbl KPUCTAJIMYECKOTO TIOJIsl, a CJIefoBaTEIbHO,
U CIIEKTpajibHbIE XapaKTePUCTUKMN KPUCTAJIOB 3aBU-
CST OT KOOPAMHALIMU d"-MOHOB (MTOCKOJbKY U3MEHE-
HME MX KOOPAMHAIIMOHHOIO OKPYXEHUsI MPUBOIUT
K U3MEHEHMIO PaCHOJIOXEHUSI TEPMOB U PACCTOSTHUS
MeXIy HUMH), a TaKKe OT XapakTepa U CUJIbl CBSI3U
d"-NOHOB C pa3AIUYHBIMU TUINIAMU JIUTAaHAOB. TakuM
0o0pa3oM, MOXHO HAIPsSIMYIO YIIPaBJISITh CIEKTpaib-
HBIMM CBOICTBAMM MaTE€pMaJIOB, B COCTaB KOTOPBIX
BXOJISIT MOHBI IEPEXOAHBIX METAJJIOB, C TTIOMOIIbIO:

— U3MEHEHUS CTENEHU 3aMoJHEHUS d-060J04KU
noHa (Hanpumep, 3amensad NiZ™ na Co”");

— U3MEHEHUs] CUMMETPUHN OJIMKANIIIETO KOOPAV-
HAIMOHHOTO OKPYXeHUS d"-1noHa (HaIpuMep, ¢ OKTa-
SIPUUYECKON Ha TETPAIAPUIECKYIO);

— TIOJTHOTO WJIM YaCTUYHOTO MU3MEHEHUS THUIIA JIU-
raHaoB (Hampumep, 3ameHa Mojekya1 H,O Ha MoHbI
Cl);

— COeIMHEHUS B OIHOM KpHCTaJIe MOHOB pasJiny-
HBIX ITIEPEXOIHBIX METAJUIOB.

[TpomyKTUBHOCTD 3THX ITOIXOI0B AEMOHCTPUPYETCS
B IaHHOW cTaThe, KOTOpas MpeNCcTaBsieT coboit 0630p
paboT 10 TTIOMCKY W CO3TaHUIO ONTHYECKUX (DYIIETPOB
Y®-nmunana3oHa, BEIMOJTHEHHBIX B MHCTUTYTE KpHU-
crayutorpaguu um. A.B. IllyoHukoBa.

1. KPUCTAJUIBI 1J1A OTITUYECKHX
OUJIBTPOB YO-C-JUAIIA30OHA

Y®O-C-guamna3oH yHUKajlaeH 6iarogapst UCKIO-
YUTETLHO HU3KOMY YPOBHIO (POHOBBIX ITOMEX BCJIE/I-
CTBUE MPAKTUUYECKH TTOJTHOTO MOMABIIEHUS COJIHEY-
HOI pagudallMyi B 3TOI 00OJIACTHU CIIEKTPa 030HOBBIM
cioeM 3emin. TeXHOIOTUST pErUCTpaLluU U3TYUECHUS
¢ mmmHaMu BojH 250—280 HM mojiyumia Ha3BaHUE
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“conneyHo-cnenoit” (CCT), a npubopsl Ha ee OCHO-
B€ HCIIOJb3YIOTCS TIaBHBIM 00pa3oM 11 OOHapyxKe-
HUST UICTOYHUKOB 3JIEKTPUUECKOTO0 KOPOHHOTO pa3psiaa
¥ niaamMeHu. B mpenenbHOM 10 U3NIYECKUM BO3MOXK-
HOCTSIM BapuaHTe, KOrJa IIyMONoaaBieHue mpuoIn-
kaetcd K yposHio 1078 Br/cm? npu nponyckaHuu
B paboudeM auamnaszoHe Ha yposHe oT 20 1o 70%, cTa-
HOBHTCSI BOBMOXHOM perucTpanust eIMHUIHBIX (Po-
TOHOB, a TaKXXe M3MEpPEeHHE X MPOCTPAHCTBEHHBIX
1 BpEMEHHBIX XapaKTepuCTHK [6, 9]. [IprHIMIIMATBHO
HEOOXOIUMBIM 3JIEMEHTOM TaKMX ITPUOOPOB SIBJISIETCS
(M eKTUBHBIN 30HHBIN (QUIBTP, IIPO3payHbIil B 00J1a-
ctu 250—280 HM 1 HEIpO3pavyHbIil B APYTUX AMAMIa30-
HaX, KOTOPBI 00ecTieYnBacT BEHICOKOE COOTHOIIICHUE
CHUTHAJI/IIYM 1, COOTBETCTBEHHO, YHUKAJIbHYIO UyB-
CTBUTEILHOCTD alliapaTyphl.

1.1. ITpocTeie U ClIOKHBbIE CYIbhaThl HUKEJIS
U KobajbTa

1.1.1. Pocm kpucmannos a-NiSO, - 6H,0
u Me' ,Me"'(S0,), - 6H,0

B HacTosiiiee BpeMsi B KaueCTBE ONTUYECKUX (DUTb-
TpoB B npubopax CCT ycrieiHo NpuMeHsIIOTCS Kpu-
CTaJIJIbl TeKCaruapaToB cyjJb(daToB KoOaabTa U HUKE-
as1: a-NiSO, - 6H,0 (a-NSH), K,Ni(SO,), - 6H,0
(KNSH), (NH,),Ni(SO,), 6H,0 (ANSH),
Rb,Ni(S0O,), - 6H,0 (RNSH), Cs,Ni(SO,), - 6H,0
(CNSH), (NH,),Co(S0,), 6H,0 (ACSH)
u K,Co(S0,), - 6H,0 (KCSH), koTopble mpo3payHbl
B 00s1acti 200—300 HM U UMEIOT TTOJIOCHI MOMIOLIEH ST
B Y®-, BunumoM u oimmkHeM MK -auamna3oHax.

BripalmBaHue 3TUX KpUCTA/UIOB onucaHo B [ 10—18].
OCHOBHBIM TUITOM Je(eKTOB B 3TUX KpUcTaiax (Kak
1 BO BCEX KpUCTAJIJIaX, BEIpAILIMBAEMbIX U3 PACTBOPOB)
OBbUIM BKJIFOUEHUSI MATOYHOT'O PacTBOPa, KOTOPKIE CITy-
JKaT HEHTPaMU PacCesTHUS U3YIeHUs U CHIDKAIOT IPO-
3pavyHOCTb KpUCTAJIOB. [TOBBIIIEHNE CTPYKTYPHOTO
COBEpIICHCTBA (a CTAJIo OBITh, U ONITUYECKOTO KaueCcTBa
KPHUCTAJUIOB) JOCTUTAETCS ITyTEM ONTUMU3AILUA TEXHO-
JIOTUYECKUX ITApaMeTPOB: BIOOPA ONTUMAJIBHOTO METO-
J1a BBIpAlIBaHMSI, IOA00PA BEJIMIMHBI MIEPEChIILICHUS],
TEeMIIEpaTypHBIX YCIOBUIA, criocoba U CKOPOCTH Tiepe-
MEIIMBaHUs PacTBOpa, KUCIOTHOCTU CPEIbl, CTEIIEHU
OUMCTKU UCXOIHbBIX PEAKTUBOB, CIIOCO0A MPEeAKPUCTAII -
JIM3aLIMOHHOM MOArOTOBKY pacTBopa. B pesynsraTe Ta-
KMX UCCIeIOBaHUI ObLIM pa3padboTaHbl CITOCOOLI:

— YCKOpeHHOro pocta KpuctauioB a-NSH maccoit
1o 2200 r (mombop pH pacTBopa 1 pexxrMa CHUKEHUS
temmepatypsi) [10, 11];

— BbIpaluMBaHus MoHoKpucTaalioB ANSH
n KNSH co cpenHum pazmepom 60 x 70 x 45 mm>
1 Maccoit 10 360 r (moagbop cocTaBOB KPUCTAITA3ALIM -
OHHBIX PACTBOPOB, TeMIIEPATYPHBIX U TUAPOAUHAMMU-
YECKUX PeXUMOB pocTa) [12];

— BBIpAallUBAaHUS KPYIIHBIX MOHOKpPUCTAJI-
moB RNSH, CNSH, ACSH u KCSH xopomiero
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Puc. 1. Boipaiuennbie MoHokpuctaibl o.-NiSO, - 6H,0 u Me',Me"(SO,), - 6H,0.

ONTUYECKOTO KaueCcTBa, KOTOPHIE OBLIU IMOJYYEHBI
BITepBbIe (BBIOOP ONTUMAILHOTO METOIA POCTa, MOJI-
60p pH pacTBOpoOB, TeMmnepaTypHbIX U TUAPOIMHAMMU-
YeCcKuX yciaoBuii pocta) [13—20];

— yckopeHHoro pocta kpuctauioB KCSH u CNSH
[14, 18].

Bce mosiyueHHble KpucTaiiabl (puc. 1) umenun
BBICOKOE€ CTPYKTYpPHOE€ COBEPIIEHCTBO U IMpO3pay-

HOCTh B Y®-nnara3oHe, OJIM3KYIO K TEOPETUUECKOM
(mo 0.87).

1.1.2. Ocobennocmu cmpykmypbl KpUcmanios
cynvghamoe HuKeas u Koobarbma

TerparoHanbHblil Kpuctayn o.-NSH nmeer napa-
METpBI 3JIEMEHTAPHOM fUeliku: a = b = 6.783, ¢ =
= 18.288 A, V'=841.4(3) A%, Z=4, d = 2.075 r/cm?
(p. tp. P4,2,2) [21-24]. Ero cTpyKTypy 00pasyror
CJIOU, COCTOSIIIIME U3 ¢J1ab0 MCKa’KeHHBIX OKTadApOB
[Ni(H,0)¢]*" u terpasapos [SO,]*~, neprieHauKyIisip-
Hele ocu ¢. Kaxmerit oktasap [Ni(H,0)]*" coenuten
MOCPEICTBOM CETH BOJOPOAHBIX CBSI3EM C YETHIPbMSI
CyTb(MaTHBIMU TPYIIIaMU, JIEKAIIUMHU C HUM B OTHOM
mockoctu (001), siBasttoleiics MI0CKOCThIO CIaiiHO-
ctu, u nByMst [SO,]?~, pacronoKeHHBIMU B BEPXHEM
u HuKHeM cioe. CBga3saM Ni-okTasapa ¢ cyab(aTHBI-
MU I'pynramMu, jJexamumu B miaockoctu (001), coot-
BETCTBYIOT YE€ThIpe HAMKpaTYalIux paccTosiHus Ni—S
[24]. Takxum oGpa3om, JaHHasI CTPYKTypa oOpa3oBaHa
cinosimu, cocrosiimumu u3 [Ni(H,0)(]**- u [SO,]* -
TPYIIN, CBSI3aHHBIX MeEXIy cO00I He TOJBKO BHYTPHU
KaxXXIOTO CJI0sI, HO ¥ MEXY CIOSIMU; TIPUIEM BOITOPOI -
HBIE CBSI3W MEXIY CIOSIMU He MeHee CUIbHBI, YeM BO-
TOPOIHBIE CBSI3H, NECTBYIONINE BHYTPU OMHOTO CIIOSI
[21, 25].

Kpucramnst coneit Tyrrona Me',Me''(SO,), - 6H,0
(Me' — K, NH,, Rb, Cs; Me'" — Ni, Co) oTHOCSTCSI
K MOHOKJIWHHOW cuHroHuu (mp. rp. P2,/c, Z = 2)

1 00pas3yloT U3O0TUITHBIN psaa. X cTpykTypa mpen-
cTaBJIsIET cOOOM KapKac M3 KOMIUIEKCHBIX OKTa3IpU-
yeckux KatroHoB [ Me!'(H,0)]**, coennHeHHBIX ¢ Te-
tpasapamMu SO,>~ BOIOPOIHBIMU CBSI3SIMU: Kaxast
MOJIEKYJia BOJIbI 00pa3yeT BOIOPOMHBIE CBSI3U C IBYMS
aToOMaMU KUCIIOPOAA U3 JBYX PA3IUYHBIX CYJIb(aTHBIX
rpyni. BHyTpu Kapkaca HaXoasTCsl MOHBI 11IeJIOYHOTO
Metayuia B riomaape [ Me'*Og] HenpaBuibHOM (op-
MBI, KaXIblii KaTUOH Me'" OKpyKeH I1eCThIO aTOMa-
MU KHCJIOPOIa U3 CyJIb(paTHBIX TPYMIT U ABYMS — U3
MOJIEKYJ BOAbl. PazMmephl moausapa yBeIudnuBarTCs
C yBeJIMUYEHUEM MOHHOIO pajuyca KaTUOHa, UYTO MpU-
BOIUT K YBEIIMYEHUIO 00beMa 3JIEMEHTAPHOM SUeiiku
kpuctaainoB RNSH u CNSH mno cpaBHenuio ¢ KNSH
Ha 4.2 1 10.4% [19, 20, 26]. K 0cOBEHHOCTSIM CTPYKTY-
PBI KPUCTAJIJIOB, COMEPXKAIINX B CBOEM COCTaBe BMECTO
LIEJIOUHOTO MeTajlyla MIOH aMMOHMSI, OTHOCUTCSI Ha-
JINYME TOMOJTHUTEIbHBIX BOTOPOAHBIX CBA3CH MEXIY
voHamu NH,*- u SO,>~-rpymm [27—30].

B Tabin. 1 mpencTtaBieHbl TapamMeTphl J1eMeHTap-
HOM SYeKU KPUCTAJJIOB.

1.1.3. Tepmuueckas cmabuavnocms Kpucmannog a-NSH
u Me' ,Me"(S0,),- 6H,0

B kpucTamutornapaTax MexXay HeHTPaTbHBIM HOHOM
¥ IUraHgaMu (MoJIeKyJlaMUu BOJBI) AEUCTBYIOT CUJIbI
MOH-IUITOJILHOIO B3aUMOIEHCTBUS, KOTOpbIe Mpe-
CTaBJISIOT CO0OI JOCTATOUHO Cc1ab0e 3JEKTPOCTATU-
yecKoe B3auMOJIEMCTBUE, TTORTOMY KPUCTAJLJIOTUApa-
TBI CKJIOHHBI K TTOTepe MOJICKYJ BOABI IIPU HarpeBa-
Huu. [Ipouecc neruaparauuu CBsA3aH ¢ NO3TAIHbIMU
(ha3oBBIMM MTpEBpAIIEHUSIMU, BEI3BAHHBIMHU ITOTEPSIMU
OTIpENeIeHHOTO KOJTMIECTBA MOJIEKYJT BOIbI, I COTIPO-
BOXIAeTCS JIOKAIbHBIM M3MEHEHUEM KPUCTAJIJINYE-
CKOIi CTPYKTYpBHI, B TIEPBYIO 0UYepeab — Ha IMMOBEPXHO-
CTU KpUCTaJIJIa, YTO TIPUBOIUT K YACTUIHON MJIU TTOJI-
HOI1 TToTepe UM MTPO3PAYHOCTH.

KPUCTAJIJIOT PA®U A Ne 2
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Taomuna 1. [TapaMeTpsl 2JIeMEeHTApHOM STYEHKM HEKOTOPBIX coseil TyTToHa

TTapamMeTpbl 21eMEeHTapHOI STYEHKHU
Kpucramn R, A[24, 31]
a, A b, A ¢, A B, rpanm

KNSH [32] 1.38 6.1368(5) 12.1904(8) 9.0049(4) 105.047(5)
ANSH [27] 1.48 6.244(2) 12.469(4) 9.195(3) 106.98(3)
RNSH [26] 1.52 6.2219(9) 12.4053(17) 9.1368(12) 106.082(12)
CNSH [25] 1.67 6.3576(8) 12.7660(17) 9.2550(10) 106.97(1)
ACSH [33] 1.48 6.2424(5) 12.5231(5) 9.2565(9) 107.029(7)
KCSH [34] 1.38 6.155(1) 12.211(2) 9.057(1) 104.82(1)

Ta0muna 2. TemnepaTypsl Hauasa gerunparanui o.- NSH u coseit TyTToHa B 3aBUCMMOCTH OT YCJIOBUI 9KCIIEPUMEHTA

Kpucrann KNSH RNSH CNSH ANSH KCoSH a-NSH
[Momkpucrammaeckue oopasisl, CKOpocTh Harpesa — 5.0 K/MuH
T °C w62 | 46 |+ |+ | 459 | 454
MoHOKpUCTaJUIMIecKe 00pa3Ibl, CKOpocTh Harpesa — 5.0 K/Mm
T °C +100 | 4109 | 4107 | w97 | 486 | 479
MoHokpucTtaaanueckrue odpasibl, cKkopocTb HarpeBa — 0.12 K/mMun
T € +48 | +66 | w2 | a8 | w7 | 44

Ha npotekaHue peakiuii pa3ioKeHUs BIUSIOT Clie-
JyIOLIEe OCHOBHBIE (PaKTOPBI: CKOPOCTh U3MEHEHUS
TeMIIepaTyphl, JaBJICHNE HaJll ITOBEPXHOCTHIO 0Opa3iia
M cocTaB aTMochepbl (0COOEHHO MPUCYTCTBUE B HElt
napoB BOIbI), Macca obOpaslia U yaejbHas MIolalb
€ro MOBEPXHOCTU, CTPYKTYPHOE COBEPIIEHCTBO 00pa3-
1a 1 MopoJIOrusl ero MoBepxHocTu. IlepBoHaYaIbHO
OITyOJIMKOBAaHHbBIE JAHHBIE O TEPMUYECKOI YCTOMYNBO-
ctu kpuctamioB a-NSH [39—41], ANSH [42], KNSH
[43] ObUIM BecbMa MMPOTUBOPEUYMBBI: TTOCKOJIBKY YCJIO-
BUSI IPOBEICHUS] TEPMOTPABUMETPUUECKUX IKCIIEPU-
MEHTOB Pa3HUWINCH, Pe3yJIbTaThl U3MEPEHUIT Bapbu-
poBanuchk B nipenenax AT = 30—40°C. Pe3ynbrat Briep-
BbIE TIPOBEACHHOIO aBTOpaMU 0030pa KOMILIEKCHOTO
TEPMOTPAaBUMETPUUECKOTO UCCIIEIOBAaHNS KPUCTAUIOB
a-NSH u kpucrtamioB coyieii TyTToHa mokasall, 4YTo
B 3aBUCHMOCTH OT CKOPOCTH HarpeBa M COCTOSTHUS 00-
pa3loB adCOMIOTHBIE 3HAYEHUS TeMIepaTyphbl Hayaja
JETUIPATALIMU MEHSIIOTCS, OMHAKO COOTHOIIEHUS] MEX-
Iy HUMM ocTtaiorcst moctostHHbIMU: o.-NSH 1 KCSH
3aMETHO YCTYIAal0T KPUCTaJlJIaM HUKENEBBIX coeit TyT-
TOHA B TEPMUUYECKOM YCTOMYMBOCTH, TIPU TOM BHYTPU
HUKEJIEBOTO PsIa IBOMHBIX COJIEN BBISIBJIEHO HEMOHO-
TOHHOE U3MEHEHHEe TeMIIepaTyphl Havajia Jeruapara-
UM OT paauyca IIeJ0YHOro KatruoHa (taou. 2) [13].
CTpyKTypHBIE UCCIIeIOBAHMSI IIOKA3aJIh, YTO C POCTOM
panuyca 1eJ0YHOTO KaTMoHa HabJto1aeTcsi HEMOHO-
TOHHOE U3MEHEeHUE paccTosTHUS OT Ni 10 aTOMOB KH1C-
Jlopoaa HanboJiee yaaJleHHbIX MOJIEKYJT BOIbI, IEPBLIMU
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MOKUIAIOINX CTPYKTYPY IPU HAarpeBaHUM, MPUYEM
XapakTep 3TOr0 U3MEHEHMST COOTBETCTBYET XapaKTepy
W3MEHEHUs] TEPMOCTAOMIBHOCTY KPUCTAJIJIOB HUKEJIE-
Boro psiga coneit TyrTona [19, 20, 26].

1.1.4. Onmuueckue ceoiicmea Kpucmannog
a-NiSO, - 6H,0 u Me' ,Me"(S0,), - 6H,0

o-NSH — ontuuecku oMHOOCHBI OTpULIATEIbHBIM
KpHUCTaJlI, a KpUCTAJUTBI cosieit TyTToHa — oNTUYecKu
nByocHble. [TosocyaThlii CieKTp MOMIOLIEHUST HUKe-
JIEBBIX CYIb(aTOB OINpeaessieTcs IPUCYTCTBUEM B UX
crpykrypax okrasmpa [Ni(H,0)4]** [8, 23, 44—46]. Uon
Ni?* B OKTasIpUYECKOM OKPYXKEHUU MOJIEKYJ BOIbI
o01agaer 3JeKTPOHHON KoHpuUrypauueii ¢°. B atom
KOMILIEKCE €CTh [0 OJHOMY HECITapeHHOMY 3JIEKTPO-
HY Ha JBYX G-OpOUTaJISIX. DJIEKTPOHHOU KOHbUrypa-
LUK d® B OKTa3APUYECKOM T10JI€ TIPUHAIJIEXKAT YEThI-
pe TpuIIeTa, TIepexonbl MeXITy KOTOPBIMU Jal0T TPU
IIMPOKHUE TIOJIOCH B criekTpe nomtomenust (4,3 T,
(5, €),34,°T, (8, €°),°4,—°T, (13, €*)) ¢ Mmakcumyma-
MU Tipu A ~ 1150, A = 650 u A ~ 390 HM COOTBETCTBEH-
Ho. Takxe B CrieKTpe MomIoeHUs HabJionaeTcs y3Kas
JIMHUSI, COOTBETCTBYIOIIAs TIEPEXOMY MEXKIY TepMaMU
¢ KoHburypauueii £ed~": 34,(15, e?)—'E (18, €?) (mak-
cuMyM IIpu A = 710 HM) [8]. DTU 1OJIOCH MTOMIOIIEHUST
OIPEIEISIIOT MOJOXEHUE ABYX OCHOBHBIX T10OJIOC MPO-
MycKaHUs ¢ MAKCUMyMaMU TIpU A ~ 550 HM (Buaumast
o6mactp) u A ~ 250 aM (YP-C-muana3oH) (Tabi. 3).
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MAHOMEHOBA n np.

Taomuna 3. [TonoxkeHrss MAaKCUMYMOB TI0JIOC TTOIIOIIEHMST KpUCTA/UIOB B Auara3oHe 250—1000 um

IMonoxeHust MaKCHUMYMOB I10JIOC IMOIJIOIIEHM S, OTBEYAIOIIME ITEPpEXOJaM, HM

Kpucrann
3A2g - 3Tlg(P)

3A2g - 3Tlg(F) 3)142g — IE:g(l))

ANSH [47]
KNSH [47]
RNSH [47]
o-NSH[45]

385
385
385
386

ACSH [8]
KCSH [8]

520
520

T8, e 4,) T\ (15°T), &)

644
643
642
649

706
707
708
708

100 +

60l

T, %

40{;é

200

Puc. 2. CriekTpajibHble XapaKTePUCTUKKN KPUCTAILIIOB
o-NSH 1 HuKeneBbIX 1 KOOATBTOBBIX coneit TyTToHa.

CriekTp MOMmIOIIeHUsI KPUCTAIIOB KOOATbTOBBIX
cojieit TyrToHa ompenensieTcss HalMUYMEeM B TaHHOM
cTpykrype kKatuoHa Co?' ¢ 351eKTpoHHOI1 KOHUry-
pauueii d’ B OKTadIpryecKOM I0Jie MOJIEKYJ BOMIbI.
B unTepBane nauH BosH 250—1000 HM KpucCTaJUIbI
ACSH u KCSH uMeoT m1poKyIo I10JIOCY ITOIJIOLIEe-
HUSI ¢ MAKCUMYMOM TIpU A = 550 HM, COOTBETCTBYIO-
tyto iepexony *7T'(25, e2A,) — *T,(t; 3T}, €°) (1abm. 3).
Kpome Ttoro, B 6nmxuHeit MK-o6mactu y ACSH
u KCSH umeetcs rmosioca momiomnieHust ¢ MAaKCUMyMOM
1230 1M, cBsi3aHHas1 ¢ iepexonom *7,(#3, €%) — 4T, [8].

Ha puc. 2 moka3zaH oOmMii BUA CIIEKTPOB MPOITY-
ckanus kpucrawioB a-NSH u Me!,Me''(SO,),-6H,0
B uHTepBaje 250—1000 um [13].

1.2. CMemaHHble KPUCTAJLIBI HA OCHOBE CY/IbthaToB
HUKeNS M KoOajbTa

ynqu_IeHI/IC XapaKTEPUCTUK OIITUYECCKUX (I)I/U'[B—
TPOB MOXET OBbITh JOCTUTHYTO 3a CYET YBCIMYCHUA

MNpOITyCKaHUs B paboueit u/Uiiv yBeJIMYCHUS TTOLJIO-
LLIeHUsT B Hepabouux obaacTsx crnekrpa. Hanuuue na-
PA3UTHBIX MOJIOC MPOITYCKAHKS B BUIUMOM JHUAaTa30He
OYEBUIHBIM 00pa3oM cHUKaAeT 3(P(HEKTUBHOCTD (PUJTb-
Tpauuu. OgHAKO MOXHO 3aMETUTh, UYTO MAaKCUMYM
MPOIYCKAHUS HUKEJIEBBIX COJIeii B BUIMMOM JIMAIIa30-
He (A =~ 550 HM) coBIagaeT ¢ MAKCUMYMOM TOTIJIOIIE-
Hus B kpuctauiax KCSH u ACSH, a makcumywm 1ipo-
nyckanuss KCSH u ACSH (A = 720 HM) npakTudecku
COBITaIaeT C MAKCUMYMOM TIOIJIOIIEHUSI HUKEJIeBbIX
kpuctammioB (A = 710 HM), Torna Kak B YO-C-n1narna3o-
He U Te U Ipyrue Mpo3padHbl. B cMelaHHbIX KpUCTal-
Jlax (TBepAbIX pacTBOpax) Ha ocHoBe coseil TyTToHa
LIECTUBOAHBIE KOMIUIEKCHI MOHOB HUKEJISI U KOOAJIbTa
OyayT B3aMMHO TIOAABJISITh TTApa3UTHBIE MOJIOCHI TTPO-
MyCKaHUsl, TP 3TOM TaKOI KPUCTAJII OCTaHETCsI MPO-
3payHbIM B YD-auanazoHe.

OpaHaKo 10 CHX ITOp He OBIJIO TIPUMEPOB MpaKTUYe-
CKOTO MCIOJIb30BaHMSI CMEIIAHHBIX KPUCTAJUIOB U3-3a
UX KpaliHe HU3KOro KauectBa. Hanbosee oueBuaHbIC
Mpo0aeMbl CBSI3aHbI C UX CUJIbBHON KOMIIO3UIIMOH-
HOI HEOTHOPOIHOCTBIO U, KaK CIIE[CTBUE, BBLICOKUMU
BHYTPEHHUMM HAIPSKEHUSIMU, TPEIIMHAMU U OOJb-
LM KOJIMYECTBOM BKIIIOUeHUil. M3ydeHue mpolec-
COB, IPOUCXOISIINX ITPU POCTE CMEIIAHHBIX KPUCTAJI-
JIOB U3 BOIHBIX PACTBOPOB, UMeeT (hyHAAMEHTAIbHYIO
BaXKHOCTD IIJIsI PeIlIeHNs ITpaKTUIeCKUX 3a1ad.

1.2. 1. Mopgonoeuueckue 3¢hghexmut npu #cuodxopaszuoil
anumakcuu

BrepBbie HEOOBIYHBIC SIBIIEHUST (PACTBOPEHME IO -
JIOXXKH, POCT HOBOI1 (pa3bl C OMTHOBPEMEHHBIM PacTBO-
peHreM ITOAJIOXKM) IIPU U30TEPMUUECKOM KOHTAKTE
B3aMMHO HEPaBHOBECHBIX (IO COCTaBy) MHOTOKOM-
MOHEHTHOM XX1AKO (pa3bl ¥ KpHUCTajjia HaOIogaanuch
1O.B. BoaxoBUTIHOBBIM ITPU XKUIKO(MA3HOI reTepo-
SMUTAKCUU TBEPABIX pacTBOpoB coenuHenuii AMBY
[48—50].

BoXoBUTSIHOB paccMOTpe TepMOIMHAMUKY B3au-
MoaeiicTBUsS (Pa3 B TPEXKOMIIOHEHTHOM CHUCTEME.
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PasHocTh TEPMOAMHAMUYECKNX IMOTEHIIMATIOB IBYX
KOHTaKTUPYIOIIMX (a3 Mpou3BOJIBLHOTO COCTaBa (Tak
Ha3bIBa€MbIii OOMEHHBII MTOTEHLMAT) OMPEAEISIeTCS
KakK

AG(Ty,xg,x) = XRTy In—— + (1 - x) X
X0

1—x M
x RTyln——— - B(x - xo)z,
1- XO
rae X, — KOHLEHTpalus OIHOTO U3 KOMIIOHEHTOB
B KpHUCTaJle, HaXOAsSIIeMCsl B pABHOBECUU C JaHHOM
KHUIKOI (ha30ii, a x — ero KOHIEHTpalysl B KpUCTaJlIe,
COCTaB KOTOPOTO HE COOTBETCTBYET PABHOBECHBIM YC-
JoBusiM. [Tpu 11060M OTKIOHEHUM COCTaBa KpUCTal-
JIa OT PaBHOBECHOI'O 3HAUCHMST U3MEHEHUE CBOOOIHOIM
DHEPIUM CTAHOBUTCS OOJbIIE HYJSI, YTO MPUBOIUT
K pacTBoOpeHMIo KpucTauia (puc. 3).

IToutn omHOBpeMeHHO ¢ uccienoBanusiMu boxo-
BUTSHOBA aHaJIOrM4YHbIe 3 (EKTH HAOIIOIAIUCH TPYII-
noii A.D. I'nukuna B Cankt-IleTepOyprckom yHUBEp-
CUTETE TIPU POCTE CMEIIAHHBIX KPUCTAILJIOB U3 BOIHBIX
pactBopoB [51—56]. Ha ocHOBaHMM MHOTOYKCIIEHHBIX
HaOJIoIeHUI 3a MpolieccaMy B BOAHBIX CUCTEMAX C CO-
asmu (Co,Ni)(NH,),(SO,), - 6H,0, (Cr,A)K(SO,), -
- 12H,0, (Mg,Ni)SO, - 7H,0, (Fe,Ni)SO, - 7H,0,
K,(50,,CrO,) 6p11a moka3aHa cBg3b Mexay (popmupo-
BaHUEeM MOP(HOJIOTMHY ITOBEPXHOCTU M COOTHOILIIEHUEM
pacTBOPUMOCTEN KOMIIOHEHTOB cucTeMbl. Habmona-
eMBbI€ TIPOLECCHl ObUIM MHTEPIPETUPOBAHbI KaK 3aMe-
IIEHNEe YacTu o0beMa KpucTauia KpUCTaINIeCKOM
(hazoii MHOroO cocTaBa; COOTBETCTBEHHO 3TOT MPOLIECC
ObLI Ha3BaH peaklueil ”30MOPMHOTro 3aMelIeHUs.

HecMoTpst Ha pa3znuuue MpoLEeccoB pocTa, MOp-
donorust TekcTyp, cOpMUPOBAHHBIX B pacIliaBe
U pacTBoOpe, OblJIa OYEHb ITOX0Xa: B OOHUX CIIy4asixX
ylIaBaja0oCh JOOUTHCS (DOPMUPOBAHUS HETIPEPHIBHOTO
SIUTAKCUAJIBHOTO CJIOS, B IPYTMX — 00pa30BBIBAJIach
CUCTEMa OCTPOBKOB, KOTOPBIE YAaCTO pacIiojarajuch
B LICHTpE SIMOK TPaBJICHUSI.

OnHako pa3yMHBIIT MeXaHU3M TaKMX ITOBEPXHOCT-
HBIX MPOLECCOB He OBbLT MPEIJioKeH HU B OOHOM U3
YIIOMSHYTBIX pa0oT, IT03TOMY KpUTEepUU (popMUpoOBa-
HUS TO WJIM MHOIT MOP(QOJIOTUM ITOBEPXHOCTU TaKXKe
He ObUIN SICHBIL.

(a) (6)
Oran 2. O6pa3oBaHue U pa3pacTaHue
OCTPOBKOB HOBOI (ha3bl

PacTBop komnoHeHTa B
OcCTpOBKH HOBOIT (pa3bl

Oran 1. PacTBOpeHNe MOMIOXKKH

PacrBop xommnonenra B
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2.5

—_ [\
(V)] S

AG,,, KKai/MoJb
o

0.5

Puc. 3. 3smeHeHue cBobonHoit aHepruu AG,,, pac-
CUMTAHHOU Mo ypaBHeHUIO (1), MpU OTKIOHEHUU CO-
craBa TBepoii (ha3pl X OT PAaBHOBECHOTO 3HAYEHMS X,
[t TBepnoro pactsopa InGa, As (7, = 800°C, B =
= 3.45 Kxan/monb [49]).

1.2.2. Mopgonoeuueckuii sgpchexm peakuuu
U30MOPHHO20 3ameujeHUs

ACM-uccnenoBaHus ITOKa3ajand, YTO paCTBOPEHNE
MOJIOXKH SBJISIETCSI HAYJIbHOW CTanueil B3auMOIEH -
CTBUS KpUCTaJUIa C “Y4y:KuMM” pacTBOpPOM, KoTopas
MPOAOJIKAETC, TTOKA MepeChileHre B MPUITOBEPX-
HOCTHOM CJIO€ PAacTBOpa He CTAHET JOCTATOYHBIM IIJIst
KpucTajaau3anuy HoBo# (a3wl [57]. CocTaB oCTpOB-
KOB HOBO (pa3bl OJIM30K K pAaBHOBECUIO C PACTBOPOM
B IIPUITOBEPXHOCTHOM CJIO€ M OTIMYAETCS OT COCTaBa
MCXOQHOI0 KpUCTajljia, IMTOCKOJIBKY COCTaB pacTBO-
pa B IPUIMIOBEPXHOCTHOM CJIO€ MEHSIETCSI B TIpolecce
pacTBOpPEHMSI KpUCTAJLJIa U3-3a Pa3HbIX COOTHOLIEHUI
M30MOP(PHBIX KOMIIOHEHTOB B KPUCTAJUIE M pacTBOPE.
OnHaKo MeXIy OCTPOBKAMM PAaCTBOPEHUE UCXOIHOTO
KpUCTaJLjia IpOoaoKaeTCs.

Bech mporecc MOXHO pa3feinTh Ha TPU CTaauU
(puc. 4): mepBUYHOE pacTBOPEHME MOMIOKKN 1 00pa-
30BaHKE MTOTPAHUYHOTO CJIO0SI MEPEChIIEHHOIO pac-

(B)
Oran 3. PacTBOpenue u poct
MEXIY OCTPOBKaMH

PacTBop KoMnoHeHTa B

PactBopenue

Puc. 4. Dtanbl popMupoBaHUS SMUTAKCUATBHBIX CTPYKTYP: @ — HavyaJbHOE PacTBOPEHME TOMIOXKN, 6 — ocaxkIeHue
OCTPOBKOB, B — NAJIbHEHIINIT pOCT OCTPOBKOB B IPOIIECCE PACTBOPEHMSI TIOUTOXKY [57].

KPUCTAJIJIOTPA®UA ToM69 Ne2 2024
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TBOPA, OCAXJAEHUE U OBICTPbINA POCT OCTPOBKOB, 1ajb-
HEeWIIMIA MEIJIEHHBIM POCT OCTPOBKOB B COYETAHUU
C pacTBOpPEHMEM ITOAIOXKN Mexxay HuMu. [lonpooHO
MOJIeJIb Ipoliecca paccMOTpeHa B [57].

TTockonbKy cocTaBbl MOMJIOXKKHN U KPUCTAJLIU30-
BAHHOTO CJIOSI Pa3JIM4YHbl, B ypaBHEHUE MaTepUaIbHO-
ro OajiaHca BBOAUTCSI KOO(MMUIIMEHT m, KOTOPBIX yuu-
ThIBAET U3MEHEeHUEe 00beMa U PACTBOPUMOCTU KPU-
CTaJUTMYECKOit (Da3bl B 3aBUCUMOCTH OT U3MEHEHUS ee
cocrtaBa. Torna ypaBHeHUE MaTepUalbHOTO OajaHca
nMeeT BUITL

oSdh = -hdS,

(2)
S = SO h=h{] N

rae S — yaeiabHasl TUIolaab MTOBEPXHOCTU, CBOOOIHAS
OT OCTPOBKOB B OIpeIeIeHHbIII MOMEHT BpeMeH!U, /1 —
cpenHss IyOMHa KaHaJI0B, 00pa30BaBIIMXCS 10 3TOTO
MOMEHTa, S, U A, — HadaJbHas TUIOLIAAb CBOOOIHOM
MMOBEPXHOCTH U HavaJlbHAsI CPeHsIsI IITyOMHA KaHAJIOB.

Pemenue 3agaun (2) B IPEAIIOJOXKEHUH, YTO © =
= const BO BpeMs Tipoliecca, 1aeT

s=sb)"

Ecnu paccmaTtpuBaTh npoiecc B TeueHUe 0eCKo-
HEYHOT0 BpEMEHHU, TO B €T0 XOfe INTyOMHA KaHAJIOB U3-
MEHUTCS OT Ay 10 o°. Torna 4To0bl OCTPOBKU COCAUHU -
JICh M 00pa30Bajii HETIPEePBIBHBINM CJI0i, HEOOXOTMMO
pacTBOPUTh 0OBEM MOIJIOXKKHU V, paBHBIN

3)

%npnm>l,

VzTSdthohﬂmTZ—gz (4)

hy hy
oo mpu o < 1.

To ecTb Ipu ® > 1 3MUTAKCUATBHBIN CION pacTeT
ObICTpEe, UeM pacTBOPSIETCS MOMI0XKKA, U ST (POPpMU-
pOBaHUsI HEMIPEPBIBHOIO CJIOSI TpeOyeTcsl pacTBOpe-
HHE HEKOTOPOro KOHEUHOro oobeMa nomioxku. Ecimn
o < 1, To OyneT pacTBOpeH OECKOHEUHO O0JIbIION 00b-
€M TTOMJIOXKKHU, U (OPMUPOBAHUE HETTPEPHIBHOTO 3T -
TaKCHaJIbHOIO CJI0S1 HEBO3MOXHO. TakuM obpa3om,
napaMeTp ® MOXHO PacCMaTPUBATh KaK KPUTEPUL
TUIa MOP(OJOrnIeCKOi TEKCTYPhl, (DOPMUPYIOIIEHCS
B X0IIe peaklu n3omopdHoro 3amelieHus. [Tapamerp
® XapakTepusyeT U3MeHeHUe 0O0beMa KpUCTAJIJINYe-
cKoi (pa3bl, a 3HAYUT, 00OBEMHBIN 3P DEKT peakLnuun
B IIpoliecce M30MOP(HOTo 3aMeIIEeHMUSI:

_Ah

rne AV, — 00beM BBIpAllIEHHOTO 3MUTAKCHAIBHOTO
ciost, AV, — 00beM paCTBOPEHHOM MOITIOXKKH.

MAHOMEHOBA n np.

ITonpoOHbBIl BBIBOI BbIpaXkeHUs JJ1s1 @ MPUBENECH
B [57] npu pacCMOTPEHUU MPOLECCOB PACTBOPEHUSI
KPUCTAJIJIOB M POCTa HOBOM KpUCTAJLIMUECKON (ha3bl
B TUIIOTETUYECKOW OMHApPHOI cucTemMe U30MOP(MHBIX
coenuHeHuit A u B Ha nuarpamme IllpaitHemakepca.
B ciiyyae B3anmoneicTBus YMCThIX KOMIIOHEHTOB CU-
cremsul (¢ =1, /= 0):

(6)

TIe V, U Vz — 00BbEMHBIE KOHLIEHTPAIIMN KOMITOHEH -
ToBA U B.

o=-dvg/dv,,

1.2.3. Mexanusm peaakcayuu ynpyeux HAnpsjiceHull npu
BbIPAUUBAHUU KPUCIMANN08 U3 HUZKOMEMNEPAMYPHbIX
pacmeopos

XOoTs MeXaHU3M peakluu U30MOP(MHOIro 3ame-
HmieHUs ObLI MOAPOOHO M3Yy4YeH 3KCIIEPUMEHTAIbHO
U O0BSICHEH TEOPETUYECKU, BCE PABHO OCTAETCs Be-
POSITHOCTB TOTO, YTO OCTPOBKOBBII POCT HOBOM (ha3bl
CBsI3aH (Mo KpaiiHeil Mepe, YaCTUYHO) C HAaKOTUIEHUEM
SHEPTUH YIIPYTOi e opMaIi B OCTPOBKAX OOJIBIIIO-
ro pazMmepa M3-3a HECOOTBETCTBUSI MapaMeTPOB pe-
LLIEeTKM.

ITpu pocTe KpucTaaJloB U3 paciljlaBa B 00JacTu
TeMIepaTyp BOJIM3U TOYKU IUIABJIEHUS TUCIOKALIUU
OTJIMYAIOTCS BBICOKOI MOIBUXHOCTBIO U Ojiarogapsi
HaJIW4YUIO 3HAKOMEPEMEHHOTO IT0JIs1 AedopMalunii
MOTYyT 3¢ (HEeKTUBHO peslaKCUpOoBaTh YIIPYTUe HaMpsi-
KeHud B KpucTaiax. OmHako Ipy HU3KUX TeMIlepa-
Typax reHepalus 1 IBMXEeHUE TUCIOKALIMIA TTonaBie-
HBI. Hanpumep, ipu KkoMHaTHOM TeMmieparype B Ge
KPUTHYECKOE HATIpSIKeHNE TeHepalluu JUCIOKALIW
Ha 2 MopsiIKa, a MOABMXKHOCTb TUCIOKAUi — Ha 6
MHOPSIKOB MEHbIIIE, YeM IIPU TeMIepaType IiaBie-
Husg [58]. [TosToMy IpM HU3KUX TeMIlepaTypax Ja-
CTUYHAs pelakcalus HallpsKeHUI HECOOTBETCTBUS
BO3MOXHa 3a CUET (pparMeHTallMu 3MUTAKCUATIbHOTO
closl.

TakuMm o6pa3zoM, BOIPOC O MEXaHU3Max peaKca-
UM YIIPYTUX HAIPSDKEHUI TIpY HU3KOTEMIIEpaTypPHOM
pPOCTE KPUCTAJIJIOB HEITPOCT U TPEOYET CIIeNaTbHOTO
N3y4EeHUSI.

BniepBrie aTa nmpobysema ObuIa u3ydyeHa B [59] Ha
cepuun oukpuctamios KCSH/KNSH. Ilpu pacco-
rnacoBaHuM peietok ~0.3% KoMIIo3uLMs OCTalach
LIEJIHOM W He colepKajia TPEIWH, XOTd AUCITOKALIUHA
HECOOTBETCTBUSI HE 00Pa30BBIBAJIUCH MO YKA3AHHBIM
npuurnHaM. OgHaKo OBIIIO 0OOHAPYKEHO, YTO Ha rere-
porpaHuiie 06pa3oBaIMCh MHOTOYMCICHHBIE BKITIOUE-
HU$ pacTBoOpa ¢ TUIOTHOCTBIO ~5 - 103 cM~2.

M3BecTHO, 4YTO BKIIOYEHUS MOTYT 3(D(PEKTUBHO
CHUXXATh YIpyrue HampsikeHus. Teopus moaumo-
MEHHBIX CTPYKTYp [60] mpeackasbIBaeT, UTO BKIIOUYE-
HUS Opyroii dasbl, OTIMYAIONIecs 0 MOMYJIIO YIIpY-
TOCTH OT OCHOBHOM MAaTpPHIIBI, MOTYT 3(P(HEKTUBHO
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penakcupoBaTh HATIPSDKEHUS gaXke 0e3 MUCIOKAIIMiA.
Moy ynpyrocTy KpUCTaljIoB IPUMepHO Ha 2 To-
psiiiKa BbIle MOIYJISI YIIPYTOCTH BOJbI, TO3TOMY BKJIIO-
YeHUsl pacTBOpa JOJKHbI CHUMATh HATPSIKEHUST HECO-
OTBETCTBUSI.

B aTOM cityyae TIOTHOCTD BKJIIOUEHUI JOJIKHA 3a-
BUMCETh OT BeJTMIMHBI HECOOTBETCTBUS ITapaMeTPOB pe-
metku. B [61] ortucaHsl in situ-3KCriepUMEHTHI 10 Ha-
pamuBanuto iieHok KCSH/KNSH u ACSH/ANSH.
B nepBom ciiyyae cTyneHu ObUIU CUJIBHO U3OTHYTHI,
U IPU UX CMbIKAHUM BO3HUKAIU BKIOUeHUs. Bo BTO-
poM ciydae (HecooTBeTcTBUe pemeTok ~ 0.1%) cTy-
TMEHU OCTaBAJIMCH MPSIMBIMM, M BKITIOYEHUST HE 0Opa-
30BBIBAJINCH.

MexaHn3M 3axBaTa TAKUX BKJIIOYEHUIA HEITOCPE-
CTBEHHO CBSI3aH C HAJIMYMEM B KPUCTaJLJIE HEOTHOPOI -
HOTO I10JIsl YIPYTUX HANPSDKeHUI. YIIpyrue Hampsbke-
HUS YBEJTMYMBAIOT BHYTPEHHIO SHEPTUIO0 KPUCTAIA,
a 3HAYUT, YMEHbINAIOT 3(P(PEeKTUBHOE MePeChIeHNE
B CUCTEME KPUCTA/UI—PACTBOP W CIBUTAIOT MPOLECC
B CTOPOHY PAaCTBOPEHHSI:

lvls,(p = MOKP +U,,
Ale = Hppa — He, = Aug - U,

rae U, — ynenbHast sHeprus nedopmanuu, W, ., Ho,,
M U, — XMMUYECKHE MOTEHLMANIbl PACTBOPA, HeHa-
MPSIKEHHOTO 1 HAIPSI)KEHHOTO KPUCTAIOB COOTBET-
ctBeHHO. Eciu nedopmaliys TOBEpXHOCTH U3-3a BHY-
TPeHHUX HaNpsLKeHWH HEOTHOPOIHA, TO B 00JIaCTH
6oJtee CHIIBHOM neopMally CTYIIEHb 3aMeUIsIeTC,
BCJIEACTBUE YETO MPOUCXOIUT €€ U3r10, 1 MOBbIIIACT-
cs1 BEpOSITHOCTh 3aXBaTa BKJIIOUEHUIt (puc. 5)

Takum oOpa3om, 3axBaT BKIIOYECHUI, UHULIMUPO-
BaHHBIN YIIPYTUMM HaMpPSDKEHUSIMUA, BO3HUKAIOIIM -
MM B TIpoliecce pocTa KprcTajia, B KOHEYHOM UTOTe
MPUBOIUT K peJlakcallny HapsSDKeHWH 32 CYeT 3TUX
BKJTIOUECHMI. DTO WJLUTIOCTPUPYET IKCIIEPUMEHT IT10
BBIpAIIMBAHWIO KpUCTaIa TUApOdTamaTa pyouams
RbAP Ha kpuctanie rugpodranara kanusi KAP. Heco-
oTBeTCTBUE peleToK B cuctemMe RbAP/KAP B 20—40
pas 6onbire, yeM B cucteme ACSH/ANSH. TTostomy
OIIHOTO CJIOST BKJTIOUEHMIT HEIOCTaTOYHO IJIST yCTpa-
HEeHUs HampsDKeHW Ha reTeporpanutie. B pesyneraTe
dopmupyetcs 1enas 00acTh BKIIFOYSHUI TOJIIMHOMN
HECKOJIbKO MIJITUMETpOB (puc. 6). [ocie aToro Kpu-
ctayi1 RbAP poc npaktudecku 6e3 1eeKToB.

OTOT MpUMep, B YaCTHOCTU, MTOKA3bIBAET, YTO 00-
pa3zoBaHUe BKIIOUEHUI MOXKET IPOUCXOAUTH HE TOJIb-
KO Ha reTeporpaHulie, HO ¥ OBITh BLI3BAHO HAJIMYUEM
JIIOOBIX BHYTPEHHUX HANPSKEHUI B KpUCTaJlIe, IIpe-
BBHIIIAIOIINX ONpeae/ieHHOe KPpUTUIECKOEe 3HAYCHHUE.
DT1OT paKT UMeeT BaxkHoe (pyHIaMeHTaJIbHOE 3Ha-
YeHMe U OKa3blBaeT MPUHIUIMAIBHOE BIUSHUE Ha
pa3paboTKy METOI0B BhIpalllMBaHUS U3 pacTBOPOB
CTPYKTYPHO COBEPIIECHHBIX CMEIIaHHBIX MOHOKPH-
CTaJJIOB.

(7
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Puc. 5. Cxema, nmocTpupyoniast U3rud CTyreHu npu
JNIBUXKEHUU B MOJIE HEOTHOPOIHOM yripyroit nedopma-
LU,

Puc. 6. bukpucrar RbAP/KAP.

1.2.4. Cmewmannsie kpucmanivl
K,(Co,Ni)(SO,), - 6H,0 (KCNSH)

Takum ob6pa3oM, B IIpoliecce pocTa B CMEIIaHHBIX
KpHUCTa/lJIax MOTYT BO3HUKATh XapaKTepHbIe 1e(eKThI,
MPENSITCTBYIOLIME UX UCTTOJIb30BAHUIO B KAUECTBE OIl-
TMYECKMX BJIEMEHTOB. B mepByio ouepenb 3To 00pa3o-
BaHUeE TPELIUH U BKJIIOUECHUIA.

BBumy packpblToro MexaHu3Mma reHepaiuu BKITIO-
YeHUI MpU HAJIMYUU B KPUCTaJlJIe BHYTPEHHUX Ha-
MNPsKEHWH [JIST TIOIydYeHUsI CMEIIaHHbIX KPUCTAJIJIOB
K,(Co,Ni)(SO,), - 6H,0 (KCNSH) B kauecTBe pa-
Ooueit OblIa MpUHSATA TUIIOTE3a O TOM, UYTO OCHOBHOM
MPUYMHOI 00pa3oBaHUs BKIIOUCHUIA U TPEIIVH SIBJISI-
eTCS X CUJIbHASI KOMITO3ULIMOHHAS HEOTHOPOIHOCTb,
0o0ycoBeHHas (PyHIAMEHTaJIbHBIMU TPUIMHAMMU.

CornacHo nipaBuiy ¢a3 [ndoca TpeXKOMIOHEHT-
Hag (Boja U IBe Coyiv) AByxda3Has cucTeMa IIpu I10-
CTOSIHHOM JaBJICHUU MMEET JABE CTeNeHU CBOOOIbI —
TeMrepaTypa U KOHILIEHTpalus. DTo o3HavYaeT, 4TO
npu J000ii 3a7aHHON TeMIlepaType CYLIeCTBYeT He-
MPEepbIBHBIN PsIl HACHIILIEHHBIX PACTBOPOB pa3iny-
HOT'0 COCTaBa U, COOTBETCTBEHHO, KPUCTAJJIOB, UM
paBHOBecHBIX. [TocKoIbKY B 0011eM ciiydyae Koaddu-
LIMEHTHI pacIpeaeeHUsT COJIEBbIX KOMITOHEHTOB pas3-
JIMYHbI, paCTBOP B MpoOILIEcce pocTa KpucTasia oyner
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Hampasnenue pocra

5 MM
| E— |

Puc. 7. PeHTreHoBckasi Tonmorpamma KpucTajijia
KCNSH, BbIpallleHHOTO 13 pacTBopa C COOTHOILIEHUEM
[KCSH]:[KNSH] = 1:1 MeTomomM TeMIlepaTypHOTro Ie-
peranaa ¢ MOAMUTKOM.

oboramarbcsl OMHUM KOMITOHEHTOM M OOCTHSITHCS
npyruMm. 1o aToit ke mpuurHe, a TakKe BBUIY pa3fiu-
yust K03 GUIMeHToB AUd Y3 KOMIMOHEHTOB COCTaB
pacTBopa Ha (ppoHTe KpUCTALIM3ALUU U B 00beMe He
OymeT oguHaKOBBIM. Eciiu TonmmHa morpaHUYHOIO
I1(GY3MOHHOTO Ci10s1 OYAeT MEHSTLCS, TO OYIET Me-
HSIThCS M COCTaB pacTBoOpa BOJU3U I'PaHU KpUCTaLIa,
a 3HAYMT, ¥ COCTaB KpUCTAJIa.

ITocKoJIbKY TIPUYMHBI HEOZHOPOIHOCTH COCTaBa
CMEIIaHHBIX KPUCTAJIJIOB BeCbMa Pa3HOOOpa3HEbI, IIpU
co3ganuu cMmemaHHbIX KpuctaioB KCNSH B kaue-
CTBE OCHOBHOII ObLIa MOCTaBJIeHa 3a1a4a IMOIaBJIEHUS
BCEX BUJIOB MX KOMITO3MLIMOHHOI HEOTHOPOTHOCTH.

HccnenoBanue 3aBUCMMOCTH COCTaBa KPHUCTAJLIOB
OT CcOCTaBa pacTBOpa I0Ka3ajo, YTo B MpoIecce po-
cTa pacTBOp oboraiaercsi KoOaabTOM M3-3a Pa3HbIX
ko3 dunmueHToB BxoxaeHuss Ni u Co B KpucTa,
MpUYeM 3TU KOI(DOULUMEHTHI pa3auyHbI IS ABYX OC-
HOBHBIX CEKTOPOB pocTa [62—64]. HepaBHOMepHOCTh
pacrpeieneHus 3J1EMEHTOB 110 CeKTopaM pocTa [64]
OPUBOIUT K SIPKO BbIPAXXEHHOIM CEKTOPUAIbHOM He-
OIHOPOJHOCTH, a U3MEHEHHE cocTaBa pacTBopa —
K 30HapHOI1. B [62, 65] Toka3aHo, 4TO MCITOJb30Ba-
HHUe TWIUHIPUYIECKUX (popMooOpazoBaTeneil st BbI-
palmuvBaHUs KPUCTALIOB Oyarogapsi pocTy KprcTajia
3a CUET TOJIbKO OJHOIO CEKTOpa IMO3BOJISIET N30eXaTh
CEKTOPHAIbHOIT HEOMHOPOTHOCTH M, KaK CJIEICTBUE,
n30exXaTh BOSHUKHOBEHMS TPEIIMH Ha CEKTOPHUATh-
HBIX TpaHUIIAX.

3oHapHass HEOOHOPOMTHOCTb CMEIIaHHBIX KPUCTaJI-
JIOB MOXET OBITh KOMIIEHCUPOBAHAa TOAIMUTKON pac-
TBOpa, pacCYUTAaHHOI TaKuUM 0Opa3oM, YTOOBI IO~
JepXKMBaTh COCTaB pacTBOpaA IOCTOSSHHBIM. Teope-
TUYECKUIA pacueT Mo UTePALIMOHHON cXxeMe TToKa3all,
YTO KOHLEeHTpauus Kodansra B Kpuctamie KCNSH
BO3pacTaeT BAOJb OCU €ro pocTa U MOXET JOCTU-
rath 8 Mac. %. OQHAKO 30HapHasi HEOAHOPOIHOCTh

MAHOMEHOBA u np.

B MHOTOKOMITOHEHTHBIX KPUCTaJlJIaX CBSI3aHa HE TOJIb-
KO C M3MEHEHHMEM COCTaBa XXMIKOI (a3wl B Ipoliecce
pocTa M3-3a pa3HUIbl B KO3(dduMeHTax pacrnpee-
JICHUsI U3OMOP(MHBIX KOMIIOHEHTOB (CTallMOHAPHBIN
PEXKM), HO U BCAENCTBME HECTALIMHAPHOCTH MpOoI1iec-
COB MaccooOMeHa B HaYaJTbHOM TIEPEXOTHOM peXkKnuMe
npu (OpPMUPOBAHUU TTOTPAHUYHOTO IU(PGY3MOHHOTO
cnos. IToaToMy nmoanuTka ObUIa paccyMTaHa ISk ABYX
PEXXMMOB: CTallMOHAPHOTO U HECTAlIMOHAPHOTO, YUU-
THIBAIOLIETO U3MEHEHME COCTaBa pacTBOpPa BCASACTBUE
(hopmupoBaHUs MorpaHUYHOTO TUGDGY3MOHHOTO CIIOST
Ha HavaJTbHOM 3Talle pocTa Kpuctamia [65]. Kpucran-
el KCNSH, mosydeHHBIE METOIOM TEMIIEPAaTypPHOTO
nepenana, Mpy KOTOPOM TeMIiepaTypa pocTa U Tepe-
CBIIIIEHHE MOCTOSTHHbBI, C TPOTPaMMUPYEMOi1 TTONITUT-
KO pacTBOpa XapaKTepU3yoTCs MOCTOSIHHOM KOHIICH-
Tpauueil Kodanbra BIOJIb OCH pocTa (puc. 7).

B cMemaHHBIX KpUCTa/IaxX MPOSBIISIETCS eIle OMUH
BU KOMITO3UIIMOHHON HEOMHOPOTHOCTH — MO3any-
Has MUKPOHETHOPOIHOCTh. BriepBrie ee ucciaenona-
qu B kpucramax (Pb,Ba)(NO;),, K(Br,Cl) u (K,Rb)
HC¢H,0, MeTonoM peHTT€HOBCKOI MUKPOTOMOTpa-
¢um [66]. BosHUKHOBEHNE TaKO HEOTHOPOTHOCTH
COCTaBa CBSI3aHO C peakieil 130Mop(hHOTO 3aMelle-
HUsg. B xome peakuuu Bcsl MMOBEPXHOCTh KpUCTaLIa
MpeBpallaeTcs B XaOTUUYHYIO MO3auKy obacTeit pas-
JIMYHOTO COCTaBa, B KOTOPBIX OAHOBPEMEHHO MPOKC-
XOJISIT pa3HOHAMPABJIEHHbIE MPOLIECCHI POCTA U PACTBO-
penusi. bynyuu 3aMypoBaHHBIMU B X0Ofie pOCTa B 00beM
KpHUCTaJIa, 3JIeMEHTHI 3TOM MO3aWKK TTPUBOIAT K Xa-
pakTepHOI MO3an4yHOI1 HeogHopoaHocTU. ITpu BeIpa-
IIMBAaHUU CMEIIAHHBIX MOHOKPYCTAJJIOB MPOSIBICHUS
OOMEHHBIX MPOLIECCOB OOYCIOBICHbI HECTALIMOHAPHOM
TUAPOAMHAMMKOM, IPUBOISIILEH K UBMEHEHUIO TOJILIU-
HbI MOTPaHUYHOTO NU(GY3UOHHOTO CJIOS, a 3HAUMT,
M COCTaBa pacTBOpa BOJIM3M MOBEPXHOCTH KPUCTAIIIA.

HccnenoBaHre MMKpOMO3aUYHOCTH B CMEIIIAHHBIX
kpuctaiiax (Co,Ni)K,(SO,), - 6H,0 (KCNSH) sHep-
TOAUCIIEPCUOHHBIM METOIOM ITOKa3ayio, YTO Xapak-
TEPHbII pa3Mep 3J1eMEHTOB MO3auKu cocTapiseT 70—
200 MM [67, 68] (puc. 8), a ee BeIMUMHA MOXET JOCTHU-
rathb ~2.5 Moi. %. Ha puc. 9 BunHa yeTkast 3aBUCUMOCTh
BEIMYMHBI MUKPOMO3aMYHO# HeonHOponHoCTH Ni [Axy|
OT MepeoxyiaxkaeHus: pactsopa AT, KoTopasi ToKa3bIBa-
€T, UTO ee MOoJaBJeHUsI MOXKHO oxxunaTh npu AT = 2°C.

WUccnegoBanusg pamguraibHON HEOOTHOPOIHOCTU
B kpuctamniax KCNSH moka3zanu, 4to ee BeanMunHa
MOXET MpeBbIarh 4 Moit. %. [1pu BeIpaliuBaHUU KPH-
CTaJIJIOB B LUMJIMHAPUYECKOM (hopMooOpa3oBaTesie Ha
TIEpBOM 3Talle pacTBOP IOIaBaJIN MO TPyOKe B LIEHTP
IrpaHu KpUCTaIa. DTO TIPUBOIUIIO K HEPABHOMEPHO-
MY paclipeneIieHUIO TTOTOKa BIOJIb TPaHM U, CJIeIOBa-
TeJIbHO, HEOTHOPOIHOMY COCTaBYy pacTBopa. Matema-
TUYECKOEe MOJCIUPOBAHUE TTOKA3aJI0, UTO CO3JaHUe
“3aKkpydyeHHOro” rmoroxka B ¢opmMoodOpa3oBarejie, KOr-
Jla pacTBOp MoaaeTcs Ha nepudepun Mo KacaTteabHOi
K BHYTpeHHeil cTeHke (hopMooOpa3oBatensi, obecre-
YuBaeT ropas3mno 6ojee OMHOPOMHOE pacrpenelieHue
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KOMITOHEHTOB B PacTBOpPE BIOJb pacTyIleil TpaHu,
YeM TIpU TTOTOKE, HAIIPaBJICHHOM TepPIIeHANKYISIPHO
B LIeHTp pactyuieil rpanu [69] (puc. 10). I[IpoBeneH-
HBIE pacyeThl OBUTH TTOATBEPXKICHBI 9KCTIEPUMEHTAIb-
HO: co3IaHKe 3aKpy4eHHOro II0ToKa B (popMoo0Opa3o-
BaTeJsie MpU CKOPOCTU TMojauyu pactBopa 55—135 cm/c
MO3BOJIWJIO MPAKTUYECKU YCTPAHUTh PaauaIbHyIO He-
onHopoaHocTb [70] (puc. 11).

B pesynbrate npruMeHeHUsT ONMCaHHOTO KOMILIEK-
ca mep ObLu TtojrydyeHbl Kpuctaiabl KCNSH npeBoc-
XOQHOTO OMNTHUYeCcKOro KkauecTBa (puc. 12a). Onruye-
CKUI (pMIIBTP, U3TOTOBIEHHBII M3 TAKOI'O KPUCTaJLia,
CTOJIb Xe TIpo3padyeH B YD-nnamna3oHe, KaK U 3TaJTOH-
HbIii GuabTp U3 kpuctaia o-NSH, ripu aTOM BUau-
MBI IMana3oH MPakKTUYECKU MOJHOCTBIO MOJABJIECH:
nponyckaHue B uHtepnaie 430—580 HM He IpeBbI-
waet 3 - 1074, a B unrepsane 780—900 oM — 9 - 1073
(puc. 120).

HccnenoBaHune TepMUYECKOM YCTOMIUBOCTHA CMe-
maHHbeIX kpuctauioB KCNSH [62, 64] mokasaio, 4To
OHM TIPEBOCXOMIST MIUPOKO UCITOTB3YeMBbIi KpUCTAILT
a-NSH u conoctaBUMBI ¢ XapaKTEpUCTUKON TBOM-
Horo cyinbpara KNSH (ta6. 4).

2. OIITUYECKHE ®UJIBTPHI
YO-A4-IUAITA30OHA

AKTyaTbHOCTh UCITONb30BaHUsST YD-A-nnamnaso-
Ha B TEXHOJIOTUSIX IUCTAHIIMOHHOTO 30HIUPOBAHUS
U MOHUTOPUHTA OIPENeIsieTC COBOKYIMHOCTbIO HE-
CKOJIbKUX (paKTOPOB U B MEPBYIO OUepelb CBsI3aHa CO
CIIEKTPAJIbHBIMU OCOOCHHOCTSIMU XxJIopoduiia. JIBe
€ro OCHOBHbIE€ Pa3HOBUIHOCTU — XJIOPOMUILI @ U XJI0-
podunn b — NMpUCylIM BCeM BBICIIUMM PAaCTEHUSIM,
a eIMHCTBEHHOE pa3jinuue MeXI1y HUMU B TOM, UTO
NepBbIA MMeeT METUJIbHYIO, a BTOPOil — OPMUIIb-
Hylo rpynny. IToaTomy ximopodumn b mpakTu4ecKu
MOJIHOCThIO Tpo3paueH B YP-A-nuana3oHe, a npo-
ImycKaHue xsopoduiia a coctabisgeT ~80% Ha miuHe
BoJstHBI 370 HM 1 ~90% Ha minHe BoJiHBI 350 HM [71].
Bbnaromaps stomy ucrojb3oBanue Y®-A- u BUTUMO-
ro JUara3oHOB MO3BOJISIET MPOBOAUTH KAUECTBEHHBbII
MOHUTOPUHT MPUPOIHBIX U CEIbCKOXO35IHCTBEHHbBIX
YroAuii IJIsl onpeaeeHust BUAOB MPOU3pacTaloinx
pacTeHU U KyJIbTYp, paclpocTpaHeHUsI UHGEKIIUA
pacTeHui u T.1.

HMcnonw3yemble ceifuac ajisl 3TUX Liejieid onTuye-
cKue QUIBTPHI, CO3MaHHBIC HA OCHOBE CTEKOJT C KPacH-
TEeJISIMU U3 OKCUIOB HUKels (~5%) u Kobanbra (~1%),
WMEIOT PSII HEMOCTAaTKOB: HEeBBICOKAs 3(P(PEeKTUBHOCTD
13-3a HeOOJIbIION MJIOTHOCTU MOIJIOIIAOIINX 1IeH-
TPOB, HEBBICOKOE MPOCTPAHCTBEHHOE pa3pelleHre
M13-3a HEOAHOPOJHOCTH MoKa3aTelsl MpeJIoMJIeH!s Ha
CYOMMJIIMMETPOBOM YPOBHE, OBICTpasi Jerpamalus
mox aeiictBrueM Y®O-u3nydeHus.

IToaToMy akTyalbHO CO3daHUE KpHUCTaInye-
CKUX ONTUYECKUX (QUIbTpoB YD-A-nuamaszona,
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Puc. 8. U3o6paxkenue kpucrayuia KCNSH, nmojyueH-
HOE TPY JIeTEKTUPOBAHUM XapaKTePUCTUIECKOTO PEHT-
TEHOBCKOTO M3TydyeHusT Ha ruromaan 30 X 30 MKM.
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Puc. 9. 3aBucuMOCTh MO3aWYHO HEOTHOPOITHOCTU
kpucrauioB KCNSH ot nepeoxnaxkmneHust pactBopa.

Ta0muma 4. Temmepatypa Hauaja JeTuapaTallliy CMeIIaH-
HbIX kKpuctamuioB KCNSH

[KCSH]:[KNSH] B pacTBOpe T,°C
KCSH 65
3.7:1 82
I:1 86
1:2 86
KNSH 88
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MAHOMEHOBA u np.

Puc. 10. Kaptune! uzonunuit konuenrpauuu coau KCSH (r/1000 r H,0): a — npu LeHTpasibHOI 1ogaue pacTBopa co

ckopoctbio V,,, = 90 cM/c, 6 — npu nepudepuiiHoii mogaye co ckopocTbio V
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Puc. 11. PanuansHoe pacnpenencHue Co B 00beMe Kpr-
craioB KCNSH, BoIpallileHHbBIX B pa3IUYHbIX TUIPOIU -
HaMUYECKUX pexXrmMax.

npo3payHbIX Bo BceM uHTepBane 310—400 um. BBu-
Iy MAaKCUMaJIbHOM IJIOTHOCTU LIEHTPOB MOIJIOIIEHUS
MMEHHO MOHOKPUCTAJT 06ecreuyrBaeT HauboIbIIIyIO
3(ppeKTUBHOCTH PUIBTPALIMU B CPABHEHUH CO CTEKJIa-
MU U pacTBOpPaMHM.

B nmpolecce moucka KpUCTAINIMYSCKUX MaTepHa-
JIOB, IIPUTOIHBIX JJISI UCIIOJIb30BAHUS B KAUeCTBE OIT-
TMIecKux ¢puibsTpoB YP-A-nuanaszona (310—400 HMm),
B KPYT MCCJIEAYEeMbIX MaTepHUaJioB MOTAIN XJIOPUIbI
HUKes U KoOasbTa.

OaHUM 13 BO3MOXHBIX CITOCOOOB YIIpaBJICHUS
CIIEKTPaJbHBIMU XapaKTepPUCTUKAMU KPUCTAJJIOB

=55 cm/c.

Jet

coJieil MepexoaHbIX METAJJIOB SIBJASETCSI U3MEHEHUE
JINTAHAHOTO COCTaBa KOOPAMHAIIMOHHbBIX MTOJU3IPOB,
BHYTPU KOTOPBIX HAXOIUTCS aTOM TTEPEXOTHOTO MEeTall-
Jna. Mon xiopa (Cl7) oTHOCHUTCS K TpyIIe JUTraHI0B
cjaboro moJisl, a Bola — K JIMraHaaM CpPeaHeil CUJIbI.
[ToaTomy 3amMelieHue MoJsiekya Boabl noHamu Cl~
B KOOPIMHALIMOHHOM OKpyXeHuu noHos Ni’* u Co*"
OyzneT MpUBOIUTH K CIBUTY MPOMYCKAHUS B IJIMHHO-
BOJIHOBYIO 00J1acTh. Takue 0ocOOEHHOCTU KpucCTal-
JIMYECKOI CTPYKTYphl HaOJIIOJAI0TCSI B rekcaruapa-
Tax xjJopunos Hukens u kobanpra — NiCl, - 6H,0
u CoCl, - 6H,0.

DTH KPUCTAJTBI U30CTPYKTYPHBI M OTHOCSTCS K MO-
HOKJIMHHOM CUHTOHMU 1p. Tp. C2/m [72—77]. AToMBbI
TIePEXOMHBIX 3JIEMEHTOB B CTPYKTYpax 3TUX KPUCTAJI-
JIOB HaxOMSITCS B COCTaBEe HEUTpaTbHBIX KOMILIEKCOB
[Me(H,0),Cl,] (Me = Ni, Co). [1pu 3TOM MOHBI XJIOpa
B TUX KOMIUIEKCAaX HAXOMATCS B MpaHC-TIOTOKEHUSIX
OTHOCHUTEJIPHO IIEHTPAIBHOTO aToMa, (GOPMUPYS BBI-
TSHYTBIC OKTa3Iphl. JIBe JOMOTHUTEIbHBIE MOJIEKY -
JIbI BOZIbI COEMMHEHBI C HEUTPaTbHBIMU KOMILIEKCAMU
[Me(H,0),Cl,] cmabbiMy BOTOPOIHBIMU CBSI3SIMH.

Kpucramnst NiCl, - 6H,0, npuronHsie mis uccie-
MOBaHMSI CHEKTPaJbHBIX XapaKTePUCTUK, BIIEPBbIE
noJiydyeHsl B [78] (puc. 13) MeTonoM M30TepMUYECKOTO
ucrapeHus pactBoputesisi. OnHako u3-3a neeKTHO-
CTH OHM 00JIamaay HU3KOM MHTEHCUBHOCTBIO TIPOITY-
ckaHusa B YP-o6nactu. [lo3aHee momoaHUTEbHAS
OYMCTKA peakKTUBOB, ONTUMM3ALUSI TeMIIepaTypHO-
ro pexuma U r'uIpoAMHAMUKHU TTO3BOJUIN YIY4IIUTh
Ka4eCTBO KPHUCTAJIOB W TTOBBICUTD UX TTPO3PATHOCTD
(puc. 13B).

[TosyyeHue METOAOM CHUXEHHUS TeMIlepaTy-
pbl MoHOkpucTauioB CoCl, - 6H,0, npuroaHeix ast
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HCCJIeIOBAaHUS CIIEKTPAJIbHBIX XapaKTepUCTUK, BIIEp-
Bble onucaHo B [77] (puc. 14a). abutyc Kpucrania
CoCl, - 6H,0 npencrasien Ha puc. 140, criekTp mpo-
mycKaHus — Ha puc. 14B.

VY kpucramna CoCl, - 6H,0 HabmonaoTcs mosoca
nponyckaHnus B auanazoHe 230—400 HM 1 OKHO TIpo-
3pavyHOCTU B paiioHe A = 750 HM.

Taxkum 06pa3oM, B CPaBHEHUU C paHee U3yYEeHHbIMU
CITEKTpaMU TIPOITyCKAaHMST KPUCTAJIOB CYJIb(haTOB HH-
KeJis M KoOaJibTa 3aMeHa IBYX MOJICKYJT BOIbI HA MOHBI
xJlopa B OJIMKHEM KOOPIMHALIMOHHOM OKPYXEHUU
Ni**/Co?* B xpucramiax NiCl, - 6H,0/CoCl, - 6H,0
MPUBOIUT K CMEIIEHUIO TTOJOCHI TIPOITYCKAHUS B CTO-
POHY IJIMHHBIX BOJH. DTO CBUAETENBCTBYET O TOM, UTO
MoaudUKaIs JUTaHIHOTO OKPYXKEHUSI MOHOB Mepe-
XOIHBIX 2JIEMEHTOB SIBJIsSIETCS 3G (EKTUBHBIM MHCTPY-
MEHTOM YIpaBJIeHUs CIIeKTPaTbHBIMU XapaKTEePUCTH -
KaMU KPUCTAJIOB U MOXKET UCIOJIb30BAThCS ISl “TIOM -
CTPOMKMN” ONTUYECKUX (DUIIBTPOB 1101 TpeOOBaHUS
3aIaHHOT0 paboyero MHTepBaja UIMH BOJH.

3AKJIIIOYEHUE

OnTuyeckue QUIBTPLI CTAHOBITCS BaXKHbBIM KOM-
MOHEHTOM COBPEMEHHBIX OTITORJIEKTPOHHBIX CUCTEM,
MOCKOJIbKY BXOIST B COCTaB Pa3IMYHBIX YCTPOMCTB
TeXHUYECKOTO 3peHuss — YD-neTeKTopoB, MOHODO-
TOHHBIX JaTYUKOB, TUIIEPCIIEeKTPOMeTpoB. OnucaH-
HBI€ B JTaHHOM 0030p€ UCCIeA0BaHMs IPEACTABISIOT
co00i1 MacIITaOHyI0 pPabOTy MO MOUCKY HOBBIX MaTe-
pHaIoB IUIST oNITHYeCcKUX (punbTpoB YD-nuama3oHa,
B pe3yJIbTaTe Yero ObLIM BIEPBBIE BEIpAIIEHB HEKOTO-
pble HOBBIE KpUCTaJIbI coJieit TyTToHa, a Takke ObLIN
c(hopMyIUPOBaHbI U peain30BaHbl CIIOCOObI YIIpaB-
JIEHUSI CBOMICTBAMM ONTUYECKUX KPUCTAJIOB UCXO-
Isl U3 TpeOboBaHUIt, HEOOXOMMMBIX IJIsSI T€X MJIM MHBIX
npuMmeHeHuii. KoMrmieke Mep, pa3BUTBII MpU co3aa-
Huu cmemaHHbIX KpuctauioB KCNSH, ocHoBaH Ha
3HAYMMBIX pe3ylibTaTaX (yHIaMeHTaJIbHBIX HCCIIE-
TOBAaHMIA, MPOBOAMBIINXCS aBTOPaMU B pa3IudYHbIC
rofbl, U MOXET ObITb MCIOJb30BaH JJIsI TTOJIYYEHUS
CMEIIaHHBIX KPUCTAIJIOB APYTUX COCOMHEHUI, UTO
MOTEHIIMAJILHO MOXET IPUBECTU K CO3TaHUIO 1LIEJI0T0
HOBOTO Kjacca (OYHKIIMOHAJIbHBIX MaTepHUAIOB — CMe-
IIAHHBIX KPUCTAJIOB, BEIPAIIMBAEMbIX 13 PACTBOPOB.
Co3gaHue KpUCTAIIOB A ONTUYECKUX (PUIBTPOB
Y®-A-nuamna3zona nmyTeM MoaubuUKaUuyd JUTaHIHO-
ro okpyxenus noHos Ni*" u Co?" memoHcTpupyer
HOBBII 3((PEeKTUBHBIN MOAXOM B 1ieJeHaIlpaBIeHHOM
MOUCKE KPUCTAIIOB C HYXXKHBIMU CIEKTpaJlbHbIMU
XapakTepUCTUKAMU U TO3BOJISIET HAASIThCSI Ha €To
MNPUMEHUMOCTb IIPU CO3MAHUM ONTUYECKUX (PUIBTPOB
JUJISL IPYTUX CTIEKTPAJIbHBIX AUANA30HOB U Pa3JIUYHBIX
NPUMEHEHU.

Pabora BbinosHEHA B paMKaX BbIITOJHEHUS TOCy-
napctBeHHoro 3agaHust HUL “KypuatoBckuii uH-
CTUTYT” ¢ Ucnojb3oBaHUeM obopynoBaHus LleHTpa

MAHOMEHOBA n np.

KOJUIEKTUBHOTO Tob3oBanusgs ®HMUILI “Kpucranno-
rpadusa u ¢poronuka” PAH.
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Works performed at the A.V. Shubnikov Institute of Crystallography on the development of UV
range optical filters based on complex compounds of nickel and cobalt are reviewed. The structural
relationships of the crystal optical properties and their thermal stability are considered. Fundamental
features of mixed crystals grown from solution and advanced approaches to creating optical filters
based on structurally perfect mixed crystals K,(Co, Ni)(SO,), - 6H,0 are described. The possibility of
creating UV-A optical filters by partial substitution of the ligand environment of transition metal ions

is demonstrated.
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