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COJEPKAHUE
OUSHKOXHUMUA HAHOCTPYKTYP H HAHOMATEPHAJIOB
@D@OTOHHBIE HAHOCTPYKTYPbI H HAHOMATEPHAJIbI
N Aemopot Ha3Banmue goksana Crp.
| e Mapun s | oy A e oo |
posna, acnupanm UDOXI PAH P . poLA p
MEPTEPMUHN OMYXO0JIeH
Oco0eHHOCTH MAaTPUYHOTO CUHTE3a MOJIMAHUIINHA B
Hcaxoea Anexkcanopa Anexcano- | cMeCH MaTPHI] pa3IMYHOrO TUIA U UCCIIEI0BAHUE
2 o 9
posHa, acnupaum UDPXI PAH CBOMCTB 00Pa3yIOMIMXCS HHTEPIOIUMEPHBIX KOM-
IIJIEKCOB
Canonemosa Huna Anexcanopog- | INEKTPOXUMHUYECKUIN nU3aitH (OTOHHO-
3 10
Ha, MI'Y, @ax. Hayk o Mamepuanax | KpUCTAIULIMYECKUX MATEPHAIIOB
4 JImumpuee Apmém Braoumupo- DIIEKTPOIIOMUHECHEHTHBIE CTPYKTYPbI HA OCHOBE Op- 1
euy, acnupaum UDPX3 PAH TaHUYECKUX HU3KOMOJIEKYJISIPHBIX JIIOMUHO(pOPOB
benos Anexcanop Cepeeesuu, BiustHue apXuTeKTypbl CBETOAKKYMYJIHPYIOIIUX CUC-
5 | acnupanm MI'Y, n1a6.monexyn. cnek- | TEM Ha CKOPOCTh U KBAHTOBBIM BBIXOJ] IEPEHOCA 12
mpockonuu, Kag. uz-xumuu JDHEPIUU
HAHOPA3MEPHBIE CTPYKTYPbI U MATEPHAJIbI
N Aemopoi Ha3Banmue gokiana Crp.
g | eemmurona 4. B, PXTY | oo w omomow x| 14
Menoeneesa, UOXD PAH p p HHAITH H
pa3MepoB
banaxonos Cepeeii Bacunveguu, I'maporepmanbHblli CHHTE3 HAHOBUCKEPOB HA OCHOBE
7 | MI'Y, ®@akynemem Hayx o Mame- | V,0s u uccienoBanue ux GU3HKO-XUMUISCKUX 15
puanax CBOICTB
] T'opoeesa Koprnenus Cepeeegna, Cunte3 onHOIOMEHHbIX yacThll StFe 019 u3 cTexna 16
MI'Y,Dak. Hayk o Mamepuanax coctaBa 14SrO-6Fe,05-12B,0;
Wiremes s Wosedssmm, MopenupoBaHu€e yrieBOAOPOIHBIX HaHOCTPYKTYP Ha
9 ocHoBe kKyOaHa C8HS8 B pamkax HEOPTOTrOHAJILHOM 17
acnupanm MUPH MOJEJIH CUJIBHOU CBSI3H
Kaneun Anexcanop Braoumupo- .
MaruuTosnekTpuieckuii 3 (HeKT B CIOUCTHIX KOMIIO-
10 | suy, acnupanm Boponedsicckoeo 18

T'oc. Tex. Ynusepcumema

3UTax PbZI'O.53TiO.47O3 n Mn0.4Zn0,6FezO4
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YIJTTEPO/IHBIE HAHOCTPYKTYPbI H HAHOMATEPHAJIBI
N Aemopul HasBaHue nokjana Crp.
Bmenes B Raesie, o MoaubuiupoBaHie yriepoaHbIX MATEPHAIOB HAHOPa3-
11 MEPHBIMH YaCTHIIAMH METAJJIOB M IPUMEHEHHUE ITUX 20
HDXD PAH
KOMIIJIGKCOB Ha MPAKTHKE
12 TI'opwkosa Onvea Brnaoumuposua, | ViccnenoBanue (ppakTaibHBIX XapaKTEPUCTUK yTIIe- 71
acnupanm UDPXO PAH POJIHBIX HAHOTPYOOK
Hcmazunos Punam Pamunosus, OU3NKOXUMUYECKHE MMPOLECCHI B Ta30pa3psaHON
13 | acnupanm MI'Y xag. ¢puzuxu no- p pasp 22
IJ1a3Me MPU OCAXKICHUN HAHOYTJIEPOJHBIX TJIEHOK
JIUMEPOB U KPUCMAILILO8
Tropruna Anacmacus Bacunves- ..
Tomonornyeckre 0COOEHHOCTH rPaUTHBIX TIIEHOK
14 | na, acnupaunm MI'Y kag. uzuxu . 23
HaHOMETPOBOU TOJIITUHBI
NOUMEDPOS U KPUCTNANTO08
LR L G R, (e HoBplii1 MeTOa nTOTyUYeHUs aIMa3HbIX MUKPOKPUCTAI
15 | nupanm MI'Y, xag.pusuxu nonu- Y POKP 24
JIOB MAUPaMUTATBHONU (HOPMBI
MepOo8 U KPUCMANL08
TeMIIaTHbIN CUHTE3 YIJIEPOJHBIX HAHOMATEPUAIIOB C
16 Hozocsn Anexcandp Cepzeesu, IIPUMEHEHHUEM MOPUCTOIO0 MOHOJIMTHOTO a3pOresist 25
acnupaum UDPXI PAH
OKCUTHAPOKCHIA ATTFOMUHUS
bepseno Anexcanop Bukmoposuuy
17 | acnupanm, Kemeposckuii pun. uncm- | iccnenoBanue copOLIMOHHO-KMHETUUECKUX CBOUCTB 26
ma Xxumuu meepoo2o meia u MexaHo- | yriiepoJaHBIX MOJICKYJISIPHBIX CUT
xumuu, CO PAH
METO/AbI H3YYEHHA HAHOCTPYKTYPUPOBAHHbBIX CHCTEM
N Aemopul HasBaHue fokjana Crp.
I'punv Jlunus Braoumuposna MecenoBatie ¢ AMEHEHII 1O CIle
. JIeZIOBAHUE CTPYKTYPHBIX U3MEHEHUH 1O CIIeK-
18 | Mocx. I'oc. Axademus Tonxoi Tpam BHyTpeHHeFIO)}’]Tpe}I/{I:/ISI B HaHOMaTepuajiax 28
Xum. Texnonoeuu - UPXI PAH
AHani3 cMauMBaHMs KAK METOJI H3yUYEHHs TETePOreHHO-
Hawunun Andpeii Cepeeesu, ac- CTH, TONOrpaduv MOBEPXHOCTH U B3aUMOJICHCTBHS T1O-
19 BEPXHOCTH C TECTOBBIMH JKUAKOCTSIMH; ITOJTyYEHHE T10- 29
nupanm UDPXI PAH .
KPBITHU TJIA SJICKTPOTECXHUYCCKUX PE3UH U U3YUCHUEC UX
ruIpoOOHBIX CBOHCTB
Cmapuxos Braoucnas Anamonve- | JlunamMuueckue UCTIBITAaHUS B 00JACTH CBEPXMAJIbIX
20 . 30
8UY, ACNUPAHM HDXD PAH | nedopmannii
21 WA I i e ATomHO-cunoBas uHTepdepeHImoHHast MUKpockonus | 31
posuu, UDXD PAH phepent P
” Tiopun Jlenuc Huxonaesuu, MeTo/IpI HHTEJUICKTYabHOTO TIOMCKA i 00paboTKK 1

acnupaum HUPXI PAH

I/IHq)OpMaI_[I/II/I B COBPCMCHHBLIX HAHOTCXHOJIOTHUAX

5 Kongpepenyusa Monoowz Yuenwvix, 11-12 noaopa 2008 o.
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CO/EP/KAHHE
OQUSHKOXHMHUA CYIIPAMOJIEKYJ/IAPHBIX CUCTEM
CHHTE3 H CBOHCTBA CYIIPAMOJIEKY/IAPHBIX
CUCTEM HA OCHOBE IIOP®OHUPHHOB

Aemopul Ha3Banue noxkiaana Crp.
T Hadeeou Moo, | s IIeA e st v |
acnupaum HUDXI PAH pay i H

¢dTanonraHuHATOB NEPEXOIHBIX METAIIOB
Bunoepaoosa Examepuna Bukmo- | Cunres 5,15-nu-dpenmn-10,20-au-6pom- 36
posHa, PXTY - UOXD PAH nopupuHaTa IMHKA
Awyx FOnus I[lemposHua,

CynpamMonexyiaspHbie OucrnophUupruHOBBIE KIETKH 37
acnupaum HUPXI PAH
Kupuuenxo Enena Huxonaeena,

CynpamoseKyisipHble KOMIEKChI TOPPUPUHOB 38
acnupaum HUDXD PAH
aves 1Opui Arexcandposus, | iy by e o, | 39
HDXD PAH ek S B

HbIE CBOMCTBA

CAMOOPI'AHHU3BAIIHA CYIIPAMOJIEKYJ/IAPHBIX
CTPYKTYP H HAHOMATEPHAJIOB

Aemopoi Ha3Banmue gokana Crp.
ITy6ac Anacmacus Jleonudoena CamocOopka HaHOpPa3MEPHBIX TUIAHAPHBIX U TT100Y-

JSIPHBIX CTPYKTYP HA OCHOBE SMOKCUAHOTO OJIUTOME- 41
acnupaum HUDXI PAH pa M LMKJIeHa
Edumosa Hpuna I eopeuesna, CamMoopranu3zanusi HAaHOCTPYKTYpPUPOBAHHBIX TOHKHX
acnupanm xKagh. uz-xumuu, IJIEHOK Ha ocHOBe aunentuoB L-ALA-L-VAL U L-

. 42
Xumuyeckuii uncmumym um. A.M. | VAL-L-ALA unnyunpyemas napoodpasHsiMu opra-
Eymﬂepoga KI'Y, Kazanw HHUYECKUMH COCITUHCHUIMHA

Hanouactuupl naniaaus, CTabUIn3UpOBaHHbIE COMO-
Cemusanosa Anercandpa Buadu- aumMepoM N-BUHUIMMEIa30J1a U N-BUHIIKAIPOIaK-
muposua, acnuparwm, HUDXI P A P 43

PAH

Tama, Kak 3(pQeKTUBHBIN pEeIUKIN3yEeMblil KaTaan3a-
TOP apOMaTHYECKOT0 [IMAaHUPOBAHUS

5 Kongpepenyusa Monoowz Yuenwvix, 11-12 noaopa 2008 o.
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CHHTE3 H CBOHCTBA ITIOJTHMEPHBIX
CTPYKTYP H HAHOMATEPHAJ/IOB
N Aemopul Ha3Banue noxkiaana Crp.
beunun Uzopwv Jleonuoosuy ,
HoBrle cononmMepHbie TPOIyKThl HA OCHOBE ITUKJIIU-
ooxkmopanum Kazanckoeo 2ocy-
9 YECKMX KapOOHATOB M M30LIMAHATOCOAEPIKAIIHNX CO- 45
0apcmeeHH020 MexXHOI02U4eCcK020 P—
yuugepcumema (KI'TY)
Konecnuxosa (Comnuxosa) Enena | CpaBHUTENbHAS OLIEHKA MOJIEKYJISIPHOM MACChI IJIH-
10 @eooposna, acnuparum « MATH» - | TUAATIOBBIX YPUPOB OJIUTOOKCUITPOTHICHTPHOIOB 46
PI'TY um. K.3. [{uonxosckoeo, METOJAaMH IIPOTOHHOTO MarHUTHOI'O PE30HAHCa U
UDXD PAH relib-IMpOHUKaroIIe xpoMarorpaduu
11 bopucesuu Auna Anexcanoposna, | CopOuus u nuddy3us BoAbl B MOJIUAKPUIOBON KH- 47
HDXD PAH cloTe
Toadscuse FOms 1O JedbopMalinOHHO-IPOYHOCTHBIE U aIT€3UOHHbBIE
1o | {radkux FOnus IOpvesta, CBOMNCTBA 43
acnupaum HUDXI PAH
COMOJIMMEPOB ATUJIEHA C BUHUJIALIETATOM
Byovunin Huxuma IOpveeus, CpaBHI/ITeanLIeU uccnenoBanus nuddysun u daszo-
13 HOXD PAH BbIX PABHOBECUI B CUCTEMAaX 3MOKCUIHBIE OJIUTOME- 49
acnupanm PBI-TEpPMOILIACTHI
Ionosxos Kum Anexcandposus, I/Iccnez[o%aHHe nectpykuuu [I1BX u ga3zoBbix mpe-
14 BpAILICHUH, TPOUCXOASAIIMX B PE3YyJIbTATE ATOTO MPO- 50

acnupaum HDPXI PAH

mecca
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OT/JAE/IEHHE
OQUIHKOXUMHA HAHOCTPYKTYP
H HAHOMATEPHAJIOB

CEKIIHA
®OTOHHBIE HAHOCTPYKTYPbI H HAHOMATEPHAJIBI

5 Kongpepenyua Monoowiz Yuenwix, 11-12 noaops 2008 2.
HHCTUTYT ®U3HYECKOH XUMHH H JJIEKTPOXHMHHU um. A.H. ODPYMKHUHA PAH
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HAHOCTPYKTYPbBI A/[PO/Ag-Ob0/IOYKA KAK IIOTEHIIHA/IbHBIE _
TEPMOCEHCHBU/TU3ATOPBI JlVTA JIASEPHOHU THIIEPTEPMHUH OlIYXOJIEH

M.A. Ouaunnenko, M.E. Kapuesa, B.B. Boicouknii, O.B. /lemenTbeBa
Jlaboparopust MOBEPXHOCTHBIX SIBIICHUH B MOJTMMEPHBIX CUCTEMAaX
NuctuTyT dnszudeckoit XuMuu 1 nektpoxumuu uM. A.H. @pymkuna PAH,
Jlenunckuit npocnekt 1.31, r. Mocksa 119991, Poccus
e-mail: dema_ol@mail.ru

B nocnennue ronapl 0osblIOE BHUMAaHUE HMCCIIEAOBATENEH MPUBJIEKAIOT KOMIIO3UTHBIE YACTHUIBl C JH-
AIEKTPUUYECKUM SAPOM U 0007104KON U3 Au uian Ag, ciocoOHbIE BBICTYNaTh B Ka4€CTBE TEPMOCEHCUOMIN3ATO-
POB B JIOKQJIbHOM J1a3epHON THIEPTEPMUH OIMyXoyeld. DTa ClIOCOOHOCTh 0OYCIIOBIIEHA TE€M, YTO MaKCHUMYyM IIO-
BEPXHOCTHOI'O I1a3MOHHOTO pe3oHaHca (III1P) Takux cTpyKTyp MOXHO HacTpauBaTh Ha 3aJaHHYIO JJIUHY BOJI-
HbI (HampuMep, CMEeIaTh €ro B JUIMHHOBOJIHOBYIO 00JIaCTh) ITyTEM M3MEHEHUs (YBEJIMYEHHUs1) OTHOLIEHUS Jna-
MeTpa Aapa K ToimuHe 0001049Ku. COrinacHo TEOPETUYECKUM OLIEHKAM, [0 CBOUM ONTHYECKUM XapaKTepHCTHU-
KaM KOMITO3UTHBIE YacTHIIBI ¢ Ag 000JI0UKOH CYIIECTBEHHO MPEBOCXOAT aHAIOTUUHBIE CTPYKTYPBI ¢ 000J104-
KaMH U3 Au, OJHAKO MOJIyYUTh UX HA MIPAKTHKE JOCTATOYHO CIIOXKHO.

B03MOXHOCTh CHHTE3a CIUIOIIHOM cepeOpsiHON 000JI0YKM Ha YacTULIAX-sipax U3 MOJIUCTUPOIBHOIO Jia-
Tekca MyTeM JOpalMBaHus aJcOpPOMPOBAHHBIX Ha AApaX HAHOYACTHI Ag B PacTBOpE, COJEPIKAIIEM HOHBI Ag'
1 aCKOpOMHOBYIO KHCJIOTY, ObUIa MPOJEMOHCTPUPOBaHa HaMu paHee. [IpencraBieHHast paboTa siBIsSE€TCS MPoO-
JOJDKEHUEM 3TUX SKCIIEPHUMEHTOB M TIOCBSIIEHA pPa3pabOTKe CHoCOOOB MOTYYEHHST KOMIIO3HTHBIX YaCTHUI
a1po/Ag-000704Ka, MOTEHIUAIBFHO MPUTOAHBIX ISl THATHOCTUKU M Tepanuu omyxoieid. (IIpu sTom Obutn wc-
M10JIb30BaHbl YaCTULIBI-A/pa PA3JIUYHBIX IPUPOJIEI U POPMBI).

OcCHOBHBIE pe3ybTaThl PAOOTHI COCTOAT B CIEAYIOIIEM.

CuHTE31pOBaHbI KOMIIO3UTHBIE HAHOCTPYKTYPHI co ceprueckumu aapamu u3 SiO; (Mo sapaMu aHu-
3oTpornHOoi opMbl 3 FeOOH) u cepeOpsiHON 000109K0#. BBITOMHEH aHANM3 CHEKTPOB TOTJIONICHHS TaKUX
CTPYKTYp, U yCTaHOBJIEHO, uTO MakcuMyM [II1P mns vux nHaxoaurcs B quanazone 600-900 HM, T.e. UMEET Me-
CTO €ro CUJIbHBbIA OATOXPOMHBIN CABUI OTHOCUTENIBHO IOJIOXKEHUS, XapaKTEPHOTO JJIi PE30HAHCAa OOBIYHBIX
chepruyecKkux HAHOYACTHUII cepedpa.

BeInonHeHb! S5KCEpUMEHTHI 10 MOAM(DUKALIMN KOMIIO3UTHBIX YacTUI sApo/Ag-0005104Ka MOJIEKYJIaMH
THOJMPOBAHHOTO MONUATWICHITIMKOIIS ([1DO]7) My moMTMBUHUIIMPPOIUIOHA M UCCIIEIOBaHA UX YCTOWYHBOCTD B
pacTtBope cuibHOro 35ekTpoauTa (NaCl).

[ToxazaHo, YTO KOHBIOTHPOBAHME YaCTHUIl SAp0o/Ag-00070YKka ¢ MOJEKyldamMu THoJdupoBaHHoro [IOI°
o0ecreynBaeT UX MPOJIOHTMPOBAHHYIO LIUPKYJIALHUIO B KPOBSHOM PYCIe U, KaK CIEICTBUE, MOBBIIIAET 3P dek-
TUBHOCTh UX TEPMOCCHCUOMIN3UPYIOIIETO ACUCTBUS B JIOKAJILHON TUIIEPTEPMUU OITyXOJICH.

B Hacrosiee BpeMst IpoOBOISATCS HCCIEIOBAHUS (N ViVo TIOy9eHHBIX HAHOCTPYKTYP «AIp0/000I09Ka B

JIOKAJIbHOM JIa3€pHON TUIIEPTEPMUU.
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OCOBEHHOCTH MATPHYHOI'O CHHTE3A IIO/IHAHU/THHA B CMECH MATPHI]
PA3JIHYHOI' O THIIA U HCCUIIE/JOBAHHUE CBOUCTB OBPA3YROIIIUXCA
HHTEPIHIO/IMMEPHBIX KOMII/TIEKCOB

A.A. UcakoBa, O.JI. 'pudkoBa, A.A. Hekpacos, B.®.UBanoB, A.B.BanHuKoB.

Huemumym Dusuyeckoii Xumuu u Inexkmpoxumuu um. A.H. @Ppymxuna PAH,
Jlenunckuii npocnexkm 0.31, 2. Mockea 119991, Poccus

Jlabopamopusa DnekmponHbIX U POMOHHBIX RPOUECCOB 8 NOTUMEPHBIX HAHOMAMEPUANAX.

[Monmuanunun (ITAHu), oTHOCSIIMIACSA K KJIaCCy MPOBOSIIMX MOJMMEPOB, SBISETCS YHUKAIHHBIM 00BEKTOM
JUISL UCCIIEZIOBAaHUM M TIEPCIIEKTUBHBIM B IUIaHE MPAKTUYECKOTro MpUMeHeHus. B mocnieanee Bpems pa3paboTano
MHOYECTBO CIIOCOOOB MOJU(HKAIMNA STOTO MOJIUMEPa € HENbI0 YIYUIIeHHS er0 (PU3UKO-XUMUIECKUX CBOWCTB.
OpHuM U3 HUX SIBISIETCA MAaTpUYHAas MOJMMEpHU3alus, IPUBOAIIAs K 00pa30BaHUIO MHTEPIIOIMMEPHBIX KOM-
wiekcoB [TAHu. Hamu pazpabotan cnoco0 MaTpuuHO MOTUMEPU3AIMHA B MPUCYTCTBUH MOIUCYIB(OKUCIOT,
HMMEIOIUX Pa3IndYHOE XUMUYECKOE CTPOCHUE U Pa3HYyIO CTENEHb KECTKOCTH IOJIMMEPHOTO ocToBa. balio ycra-
HOBJIEHO, YTO TMOKOLENHAs MOJIUKUCIOTa MPUBOAUT K 3HAYUTEILHOMY YCKOPEHHIO MpoIiecca MOJUMEpHU3aiu
110 CPABHEHUIO C HU3KOMOJIEKYJISIPHOM U KECTKON MOJIMMEPHON KHCIOTOM.

HccnenoBanbl 37€KTPOXUMHYECKHE, CIEKTPAIbHBIE M CIEKTPOAIEKTPOXMMHUYECKUE CBOMCTBA 0Opa30BaH-
ueix UIIK. [Tokaszano, uto cBoiictBa [IAHU 3aBUCST IIaBHBIM 00pa3oM OT XUMUYECKOW CTPYKTYpPhI UCIIOIB30-
BAaHHOH MOJMKUCIOTHL. Y cTaHOBIIEHO, yTO [TAHM nony4yeHHbIN B CMeCH MOJIMKUCIOT U B IPUCYTCTBUM JKECTKO-
LEMHOM MOJMKUCIOTHI IEMOHCTPUPYIOT CHIIBHOE MOTJIOUICHHE B 00JIaCTH JEI0KaIN30BaHHBIX HOCUTENEH 3apsi-
na. Hamu BoepBble MOKa3aHO, YTO B CMECH TMOKOW M JKECTKON MOJMKHUCIOT CKOPOCTh CHHTE3a MOJHAHUINHA
YCKOPSIETCSL B HECKOJIBKO Pa3 IO CPABHEHMIO CO CKOPOCTBIO CHHTE3a Ha *ecTkoW matpuue. IIpu sTom cnek-
TpaJbHBIMM METOJaMHU OBLJIO YCTAHOBJIEHO, YTO P NOJUMEPU3AMKM aHWIMHA B CMECU KHCIOT JOMUHUPYET
YKECTKOIICTIHAs MOJIMKKUCIIOTA, T.€. OHA BHICTyNaeT B KadecTBe OJjokaTtopa IS mpolecca MOoJIMMepU3alui aHu-
JMHA Ha TMOKOIENMHOW MonukKucioTe. PazpaboTaHHble METOBI MOJMMEPU3AINUA MOTYT OBITH MPUMEHEHBI IS
II0JIy4€HHUs IOJIMMEPOB C 3aJaHHBIMU CBOMCTBAMH.

[Tomy4yeHHBIE KOMIUIEKCHI MOTYT OBITh 3()()eKTUBHO MCIIONB30BaHBI JIJISI CO3AaHUSI BHICOKOTYBCTBUTEIHHBIX
U CEJICKTUBHBIX YCTPOUCTB (CEHCOPHI XUMUUYECKHX M OMOJOTUYECKHX OOBEKTOB, COPOCHTHI), aHTUKOPPO3HUOH-
HBIX, IPOBOJSLINX, JIEKTPOXPOMHBIX MOKPBITHI, a TAKXKE B KAUECTBE MHKEKTUPYIOIIUX U U3TYUYalOIIUX CIIOEB

B SJICKTPOJTFOMUHCCHCHTHBIX yCTpOﬁCTBaX.

Nyb6aukauun: @uzuxkoxumus nosepxnHocmu u 3auwjuma mamepuanos T.45 N5 2009

5 Kongpepenyusa Monoowz Yuenwvix, 11-12 noaopa 2008 o.
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SJIEKTPOXHMHYECKHH JJU3AHH ®OTOHHO-KPHCTA/INIHYECKHX
MATEPHAJ/IOB

H.A. CanoJjeroBa , K.C. Hamoabcknid

@axynsreT Hayk o Marepuanax MI'Y um. M.B.JIomonocoBa

B nacrosimee Bpemst uccnenoBanusi GoToHHBIX KpucTawioB (PK) nmpuHamiexar K 4uciay MOJIOABIX U OypHO
Pa3BUBAIOIIMXCS HANPaBJICHUN (U3UKU KOHICHCHPOBAHHBIX CpPEl, ONTHUKU M MarepuaioBeneHus. OoToHHBIE
KPUCTAJIJIBl — 3TO MAaTE€pUAJIbI, CTPYKTypa KOTOPBIX XapaKTEPU3yETCsl CTPOTrO MEPUOJIUIECKUM U3MEHEHHEM KO-
a¢dunrenTa npeaoMiIeHUs B MacTabax, COMOCTABUMBIX C JITTMHON BOJIHBI CBeTa. Takue CTPYKTYphl 00J1aqatoT
OTNITHYECKOW 3ampeIIeHHON 30HOM, BO3HUKHOBEHHE KOTOPOW SIBIIACTCS CIEACTBHEM OpPATTOBCKOTO OTPaKCHUS
AJIEKTPOMAarHUTHBIX BOJIH HA NEPUOAMYECKOM BO3MYILEHUU NPOoUiIsl AUAIEKTpUIecKol nponunaeMoctu. Of-
HUM U3 CIIOCOOOB CO3/1aHUS NEPUOTUUECKON MOIYIISIMU TUIEKTPUIECKON MTPOHUIIAEMOCTH SIBIISICTCA TOJTyde-
nue @K Ha ocHOBe MOHOIMCIEPCHBIX MUKpocdep, KOTOpbIe MPH OMPEEICHHBIX YCIOBHUIX 00pa3yloT IUIOT-
Helimryto mapoByto ynakoBky (IIIIY). B mocnennee BpeMs MOIydYdiIu pacpOCTpaHEHUE MHBEPTHUPOBAHHBIC
¢doronnsie kpucramisl (MDK), koTopsie momy4aroT 3anoigHeHneM mycToT cuHTeTndecknx K TpedyembiM Be-
IIECTBOM C MOCJEIYIOIIUM yAaJCHUEM MaTpPUIbl. DTU CTPYKTYPhI HMO3BOJISIOT MOIXYYUTh OOJBIINNA KOHTPACT
JTUDIIEKTPUYECKUX MPOHHUIAEMOCTEH, YTO HEOOXOIUMO IS MONyYeHHUsl TOJTHOW 3ampelieHHo 30Hbl. CHHTE3
NOK ¢ koMOMHUPOBAHHBIMH ONTHYECKUMU U, HAIPUMEP, MATHUTHBIMU, JIIOMUHECLEHTHBIMHU, 3JIEKTPOXPOM-
HBIMH, CETHETORJIEKTPUUECKUMHU U JIp. CBOMCTBAMHU MOXKET NMPUBECTH K CO3/AHUI0 MAaTEpUasIOB, HE UMEIOIIMX B
HACTOSsIIIee BpeMsl aHaJIOrOB, BBUY BO3MOXKHOCTH KaK IPSMOM, TaK W/WIM OOPAaTHOM CBS3U MEXy ONTHYECKU-
MU CBOMCTBaMH (DOTOHHBIX KPUCTAIJIOB U (DYHKIIMOHAIBHBIMHU CBOWCTBAMU BHEAPEHHOTO BEILIECTBA.

B pamkax nanHoi paGoThl Oblla ONTHMU3UPOBAHA METOJIMKA MOIY4YeHUs (DOTOHHBIX KPUCTAJUIOB U MHBEP-
TUPOBAHHBIX CTPYKTYp Ha WX ocHOBe. Ha mepBoM stame paboTsl Oblia pazpaboTaHa HOBask METOJHMKA ITOJTyde-
Hust OK nHa ocHoBe momuctuponbHbix Mukpochep (IIM) na nmpoomsmer nomioxke (ITO), npeacraBnsromas
co00i1 BepTHKaIbHOE OCaXACHHE MUKpocdep C MpHIIoKeHHeM MoTeHnuana. beuio mokasano, uro mieHku OK,
nosrydeHHble MetoaoM ocaxaeHus [1C mukpocdep Ha He3apsHKEHHbIE WM MPOTUBOIMOIOKHO 3apsyKEHHBIE T10
oTHomIeHHI0 K Mukpochepam nomioxku ITO, obmagaror mpeumymectBeHHo ['TIK cTpykrypoii. OcaxneHue
MUKpocep Ha MOUIOKKY C IMPOTHBOMNOJIOKHBIM 3apsioM MPHUBOAUT K 00pa3oBaHUIO JAE()EKTHOU CTPYKTYpPbI
MoJTy4aeMbIX 00pa3IoB.

[Toryuennbie mnenkn OK Ha MpOBOASIIMX MOUI0KKAX ObLTN UCHOJIH30BaHbl B KAUECTBE MATPHIL JIJIsl CHHTE-
3a UDK myrem snexrpoxpuctaummzanun metawioB (Ni, Co, Pd) B mycrorax @K U3 moimcTHPOIBHBIX MUKPO-
cdep ¢ moCIeayIOMUM PacTBOPEHHUEM MaTpHIlbl B Todyosie. Cienyer OTMETHTh, YTO MCIIOJIb30BAaHHbIN MOIX0]
MO3BOJISIET AOOUTHCSI Hanbosee MmoaHoro 3anoiaHeHus mycToT @K TpeOyemMbIM BEIIECTBOM, YTO HE JTOCTHKUMO
MIPU HCTIONBb30BAHUM CTAHJAPTHBIX METOJIOB MPOMUTKU. XPOHOAMIIEPOMETPUUECKHE KPUBbBIE, MOJTy4aeMble B
nporecce 3anoiaenus myctor @K coxeprkar mHGOpMAIMIO KaK O CTPYKTYpe MCXOJHOW MaTpHIlBI, TaKk U O ca-
MOM IIpoliecce 3anoiHeHus. Takke Oblia MoKa3aHa BO3MOXKHOCTb MPELU3UOHHOTO KOHTPOJIS TOJIIUHBI TOTY-

4aeMoro npu anexkrpoocaxaeHnu MOK.

5 Kongpepenyusa Monoowz Yuenwvix, 11-12 noaopa 2008 o.
HHCTHTYT ®H3HYECKOH XHMHH H JIEKTPOXUMHH um. A.H. OPYMKHHA PAH
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SJIEKTPOJIKOMHUHECIHIEHTHBIE CTPYKTYPbI HA OCHOBE OPI'AHUYECKHX

HU3KOMOJIEKY/IAPHBIX TIOMHHO®OPOB
A, Imutpues
JlaGopaTopust «DIeKTpOHHBIE B OTOHHBIE TPOIECCHI B TIOJMMEPHBIX HAHOMAaTepHaIax»

Wuctuty dpusnueckoit xumuu u snekrpoxumun PAH nm. A.H.®pymkuHa

OpraHuyeckue 3JIeKTPOTIOMUHECIIEHTHBIE CTPYKTYPbI SBJISIOTCS KIIOYEBBIMH KOMIOHEHTaMU B pa3paboTke
U CO3[JaHUU CIIEAYIOIIETO TOKOJIEHUS! YCTPOUCTB OTOOpaxKeHus: MHPpOpMaluu (AUCIUIEEB), a TAKKE MPUHIIUITHU-
aJIbHO HOBBIX TBEPJOTEIbHBIX HMCTOYHMKOB OcBelleHMs. Ycrexu B pa3BuTuu OLED-texHonoruil Hampsmyo
CBSI3aHbl HE TOJBKO C YPOBHEM (YHAAMEHTAJIbHBIX MCCIEIOBAHUN B 00JacTH MaTepHAOBEICHMS, HO U C CO-
BEPILICHCTBOBAaHMEM TEXHOJOrMYecKuX MeTo10B (popmupoBanuss OLED-ctpykTyp. HecMoTpst Ha JOCTUTHYThIE
yCIIEXH B CHHTE3€ HOBBIX BBICOKOA((PEKTHBHBIX JIIOMUHO(OPOB, NMEKTPOHHO-ABIPOYHBIX MPOBOAALINX MaTe-
pHaNoB, a TaKKe MOHUMAHUU MPHUPOJBI MPOIECCOB HA MEXKCIOWHBIX I'paHulax MHorocioiHelx OLED, cTpyk-
TYpBI U CBOMCTB CaMUX CJI0€B, OCTAETCA pAl PYHIAMEHTAIBHBIX U TEXHOJIOTHYECKUX MPOOIIEM, JKIYIIUX CBOETO
pemenust. Oco6oe BHUMaHKUE HANpaBJIEHO Ha MOUCK HOBBIX MaTEpUAIOB U pa3pabOTKy TEXHOJIOIMUYECKUX MOJ-
XOZIOB K TIOJYYEHHUIO HAHOPa3MEpPHBIX pabovnx cioeB U popmMupoBaHuio Ha ux ocHobe OLED-cTpykTyp, 06na-
JAroX TpeOyeMbIMU CBOMCTBAMH.

B xoxe paGoTbl momydeH psji BEICOKOI()()EKTUBHBIX CBETOM3IYHYAIOUIMX OPraHUYECKUX METaJIJIOKOM-
IUIEKCOB € 3JIEKTPOHHOM MPOBOAMMOCTBIO. MeToI0OM BaKkyyMHOHM CyOiMMaiuu IpoBejeHa ITyOoKas O4yuCTKa
CHUHTE3UPOBAaHHBIX cOoeAUHEHMN. [Ipn Mcnonb30BaHMM METOIUMKHM TEPMHUYECKOTO BAKYYMHOI'O HCHApEHHs IpPU
J@BIEHUM OCTATOYHBIX Ta30B 1¥10™ MM pT. cT. pa3spaboTaHa TEXHOTOTHs (POPMHPOBAHHS 0COGO TOHKHX HH-
YKEKIIMOHHBIX, TPAHCTIOPTHBIX U CBETOM3IYUAIOIINX CI0€B ToMuHOM oT 2 1o 100 HM. JIaGopaTopHast TeXHOIO-
ISl OJTY4YEHUs] MHOTOCIIOMHBIX CBETOJAMOAHBIX CTPYKTYP alalTUPOBAaHA K 3aMKHYTON TEXHOJIOTUYECKON JIMHUU
Ha Oaze MHororeneBoro MoxayisHoro kommiekca MBRAUN. OnHOBpeMEHHO HCIOJIB30BAaH M3MEPHUTEIbHBIN
KOMIDICKC, oOecreunBaronuii cOop 1 00pabOTKy JTaHHBIX 00 OCHOBHBIX ONTOXJIEKTPOHHBIX CBOMCTBAX OpraHU-
YECKHX CBETOAMOMIOB, B COCTAB KOTOPBIX BKIIIOYEHBI KaK IMOJIMMEPHBIE, TaK U HU3KOMOJIEKYJISIpHbIE (DyHKIHO-
HaybHbIe ciiou. [lomyueHsl crieKTphl (POTO- U AIIEKTPOTIOMUHECIICHLINH, a TAaKXKe BOJIbTAMIIEPHbIE U SPKOCTHBIE
xapaktepuctuku OLED-ctpykTyp. M3MepeHbl BeIMYMHBI KBAHTOBOM 3((EKTUBHOCTH CBETOIUOIHBIX CTPYK-
Typ. Ha ocHOBaHMM NpPOBEAECHHBIX UCCIIEI0BAHUI MOIYUYEHbl THOPUAHBIE MHOTOCIOMHBIE CTPYKTYpPHI C SIpPKO-

CTBIO U3NyueHusl, npespimaromeid 3000 KIL/M2 .

5 Kongpepenyusa Monoowz Yuenwvix, 11-12 noaopa 2008 o.
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BJIHAHUE APXUTEKTYPbI CBETOAKKYMYJ/IHPYROIIIUX CHCTEM

HA CKOPOCTb H KBAHTOBBIH BbIXO/ IIEPEHOCA DHEPTHH
A.C. beaos , B.B. Epemun

Xumuueckuii pakynomem MI'Y umenu M.B. Jlomonocosa, xagheopa gpuzuueckoti xumuu
119991, Mockea, I'CII - 1, Jlenunckue 2opvl, 0. 1, cmp. 3

e-mail: asbelov@list.ru

ITpoueccel nepeHoca U aKKyMyJUPOBaHUS COJTHEUHOM SHEPTUM B )KUBBIX OPraHU3Max MPOTEKAIOT B BBICOKO-
OpPraHU30BaHHBIX CTPYKTypax — (poTOCHCTEMAX, ABISIOIIUXCS CYNpa-MOJIEKYJIIPHBIMH KOMIUIEKCAMH OPIaHUYECKHUX
MOJIEKYJ — XpOMO(OpPOB (MUTMEHTOB) ¢ 6eTKOM. BBICOKHIT KBaHTOBBIHM BBIXO/ ITHX MPOLIECCOB JENAeT (POTOCUCTEMBI
NEePCHEKTUBHBIMH /ISl CO3/1aHUSI UX MCKYCCTBEHHBIX aHAJIOTOB, NPEIHA3HAYCHHBIX JUIS MPeoOpa3oBaHUs CBETOBOI
SHEPrUH B SHEPTUI0 XUMUYECKHUX CBA3EH.

B nanHoli paboTe 11 onucaHus JUHAMUKU IIEPEHOCA SHEPTUU OT 3JIEKTPOHHO-BO30YX/IEHHOIO MUTMEHTA B
dorocucTemMe K peaKIIMOHHOMY LIEHTpY Obula pa3paboTaHa U MCIIOJIb30BaHAa KBAHTOBOAWHAMHUYECKAsh MOJIENb, KOTO-
pasi Ha OCHOBE JIaHHBIX O MPOCTPAHCTBEHHOM CTPOCHUHU (POTOCHUCTEM U C MCIIOJIb30BAaHHEM KBAHTOBOI TEOPUH JIHC-
cunanuu (teopun Pendunna) mo3BoiseT paccyUTaTh JUHAMHUKY MHUTPALMM SHEPTrUu BO30YKIEHHS B (POTOCUCTEME.
Pemenue ypaBHenuit Penduina no3posseT onpeaeanuTb 3aCeI€HHOCTH OTAEIbHBIX TUTMEHTOB BHYTPH (DOTOCUCTEMBI
U KBaHTOBBIM BBIXOJ MIEPEHOCA SHEPTUU B €€ PEaKLMOHHBIN LIeHTp. B Haieil pabore BrepBble B SIBHOM BHUJIE YUTECHBI
(HU3UKO - XUMHUECKUE CBOMCTBA OEIKOBOrO OKPYKEHHS, YTO TO3BOJIMIIO MOJTHOCTBIO OTKA3aThCs OT MCIIOJIB30BAHMUS
B pacyeTax (P€HOMEHOJOTHYECKUX apaMeTPOB.

JlaHHas MozieNb MCIIOJIb30BaHa JJIs pacyeTa TUHAMUKH IIepeHOoca SHEPTUU B IBYX MPUPOJHBIX U BOCBMU MO-
JeNbHBIX (hoTocHcTeMaxX. DTO MO3BOJIMIIO ONPENENIUTh KII0UYEBbIE (DaKTOPBI, ONPEIEIAIONINE CKOPOCTh U 3((HeKTHB-
HOCTh TmepeHoca sHepruu. OIUH U3 OCHOBHBIX PE3yJBTAaTOB PabOTHI 3aKJIIOYAETCS B CIEAYIOIIEM: IOKa3aHO, YTO
3P PEKTUBHOCTh HAYAIBHBIX CTaJAUN (POTOCHHTE3A OINPEENIETCS HE CTOIBKO B3aUMHBIM MTPOCTPAHCTBEHHBIM PaCIIO-
J0XKEHUEM XpoMo(opoB B (poToCUCTEME, CKOIBKO UX B3aUMHOW OpHEHTALMEH.

Pa6ota BeImonHeHa npu gpunancoBoil noxnepxke PODU (rpant Ne 06-03-32921).

yoaukanun: @Duzuxkoxumusa noeepxuocmu u 3auiuma mamepuanoe T.45 N5 2009
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OTAE/IEHHE
OQUIHKOXUMHA HAHOCTPYKTYP
H HAHOMATEPHAJIOB

CEKIHA
HAHOPA3ZMEPHBIE CTPYKTYPbI H MATEPHAJTBI

5 Kongpepenyua Monoowiz Yuenwix, 11-12 noaops 2008 2.
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P®OPMHUPOBAHUE HAHOYACTHIL] CEPEBPA B BO/THbIX PACTBOPAX
KAPBOKCHUMEIH/IIE/ITIOJIO3bI U 3BOJIIOIIUA UX PASMEPOB

A.B. I'yceabnukoBa , O.5. Ypronuua, B.B. Boicouxkuii

Jlabopamopus puzuxoxumuu KoaLOUOHBIX CUCHEM
HDXD PAH
119071, Mockea, B-71, Jlenunckuii npocnexm, 0. 31, kopn. 4
e-mail: roldugin@phyche.ac.ru

HanowacTuier cepebpa mpuBiIeKaloT K ce0e MOBBINIEHHOE BHUMAHUE YUYCHBIX Onarofapsi UX HEOOBIYHBIM
AJIEKTPOHHBIM, U3NICCKUM, XUMUYCCKIM M ONTHYECKUM CBOMCTBAM. BOIIbIIOI MHTEpeC MpeIcTaBIsIeT CHHTE3
HaHOYaCTHIl B CPCAC PA3JIMIHBIX IMOJIUMCPOB, KOTOPBIC, C OI[HOﬁ CTOPOHBI, ABJIAOTCA CTaGHHI/IBaTOpaMI/I HaHO-
YacTHIl, a C APYToi — MPUIAIOT UM HOBbIE ()YHKIIMOHAJIBHBIE 0COOCHHOCTH, KOTOPHIE MOTYT OBITh MCIIOJIb30Ba-

HBI B Pa3JIMYHBIX IPUIIOKCHHUAX.

B nanHoli paboTe nMpoBeAeHO MCCIEIOBAHNE BIUSHUS YCIOBHM CUHTE3a Ha 3aKOHOMEPHOCTH (hOpMUPOBa-
HUSI HaHOYACTHUI[ cepeOpa B BOJHOM pacTBope kKapOokcumermiuestonaossl (KMI), pacnpeaenenue no pazme-

paM, 5BOJJIIOLUIO 3TOr0 PaCIpCACICHUS, 4 TAKIKC Ha C_,—HOTCHIII/IEU'I HAaHOYaCTHI U €TI0 U3BMCHCHHEC BO BPCMCHHU.

Jlucniepcuu HaHOYACTHII cepeOdpa ObLITM CHHTE3UPOBaHBI B BOJHBIX pacTBopax KMII MeTomoM XuMHUYIECKOro
BOCCTAaHOBJIEHUSI M MCCJIEIOBaHbl METOJaMM JTMHAMHUYECKOro paccesHust cBeta u Y d-cnekrpockonuu. B pe-
3yJbTaTC MPOBCACHHBLIX HaMHU I/ICCJIGI[OBaHI/Iﬁ YCTAHOBJICHO, YTO HCIIOJIb30BAHUC KMH MO3BOJIACT IMOJIYy4aThb
cTaOWUJIbHBIE CUCTEMbl HAHOYACTHUI] cepedpa C JOCTaTOYHO y3KUM CHEKTPOM pacIpesiesieHHs] YacTHIl 0 pa3Mme-
pam, a usmeHenue pH pactBopa JaeT BO3MOXHOCTh BapbUPOBATh pa3Mepbl HAHOYACTHUILL B JOCTATOUHO IIMPOKHUX
npenenax. [lpu 20°C yBenudyeHue pH NpuBOIUT K MPaKTUYECKH JTUHEHHOMY YMEHBIICHHIO pa3Mepa HaHOua-
ctull. 3HaueHue (—moTeHnuana B o0pasiax ¢ pa3HbIM 3HaueHHeM pH co BpeMeHeM CTpeMHTCs K OJTHOW BEIHYH-
HE JIUIS BCEX MCCIIeOBAaHHBIX 00pa3ioB. [Ipu mccnenoBanum crapeHus pacTBopa HaHOYACTHI[ cepebpa, cop-
MHUpOBaHHBIX B pacTBope KMLI, 6p110 00Hapy»KeHO, U4TO Ui OOJIBIIOTO YKCIa CHHTE3UPOBAHHBIX HAHOCUCTEM
ABOJIIOLMS PACpEeEICHUs] YacTUIl TI0 pa3MepaM HJET MO 3aKOHAM, OTIIMYHBIM OT OOIIENPHHSTHIX ISl KOJUIO-
NAHBIX CUCTEM. VYBenudenue TCMIICPATYPbl CHHTC3a HAHOYACTHUILl IPUBOAUT, KaK IIPaBUJIO, K HC3HAYUTCIbHOMY
YBEJIMYEHHUIO Pa3MEPOB YaCTHUIl. Y CTAHOBJIEHO, YTO M3MEHEHUE COOTHOIIECHHS KOMIIOHEHTOB B MCCIEAYEMOM
Jrarna3oHe KOHUEHTpalui BIUSET Ha pa3Mep HAHOYACTHULl HE3HAYUTENbHO, HO CKa3bIBAETCs HA UX DBOJIOLUU BO

BPCMCHH.

Hyonuxkanuu: Qusukoxumusn nosepxnocmu u 3awuma namepuanos T.45 N6 2009
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THJIPOTEPMAJIbHbIH CHHTE3 HAHOBHCKEPOB HA OCHOBE V,05 H
HCCIEJOBAHHUE HX ®H3HKO-XHMHUYECKHX CBOHCTB

C.B. banaxonos, b.P. YUyparynos
@axynemem Hayk o Mamepuanax, Mockoseckuti I'ocyoapcmeennviii Ynusepcumem um. M.B. Jlomonocosa
e-mail: Balakhonov@inorg.chem.msu.ru

CoBpeMeHHOE Pa3BUTHE MOJIEKYJIIPHON HAHOAJIEKTPOHUKH MPOSIBIISICT TEHACHIIMIO K YMEHBIICHUIO rabapu-
TOB IIU(PPOBBIX MUKPOYCTPONUCTB, OCHOBHBIM IPEMATCTBUEM YEMY SIBJISETCS CIOKHOCTh YMEHBIIEHUS pa3MEPOB
UCTOYHHUKOB MUTaHUA, 0€3 MOTEPU MPHU ITOM UX IEKTPOXUMHUECKUX CBOMCTB. [II€HOUHBIE 3JIEKTPOIBI HOBOTO
MOKOJIEHHsI Ha OCHOBE V705 CIIOCOOHBI 3aMOJIHATh «MEPTBbIE» MPOCTPAHCTBA YCTPOWCTB 3a CYET CBOMX KOM-
MAKTHBIX Pa3MepoB, pelasi TEM CaMbIM JaHHYIO IPoOJIeMy.

Lenb HacTosmiel paboThl - pa3pabOTKa METOJMKU CUHTE3a BUCKEPOB Ha OCHOBE OKCHJOB BaHaJWs T'MIIPO-

tepmanbHBIM (I'T) 1 rugporepmanbHO-MUKpoBOIHOBEIM (I'T-MB) MeTomamu, a Takke ucciieoBaHue UX U3H-
KO-XMUMHUYECKUX CBOMCTB JJISi BHISBJICHHS] BO3MOKHOCTH MPUMEHEHHUS B KA4eCTBE DJEKTPOJHOTO MaTepuaia B
JUTHIA-UOHHBIX aKKyMYJISTOpaXx.

[TosryuenHbIe 00pa3ibl BUCKEPOB MCCICAOBAIUCH PA3IMYHBIMEU (DU3UKO-XHMHUSCKUMUA METOJAMH JTHArHO-
ctukn. Metonamu ckanupyrtomieit (COM) u npocBeunBarorieit (II19M) 31mekTpoHHON MUKPOCKOIIUH YCTaHOBJIS-
HO, YTO BUCKEPHI MPEACTABISIIN cO00M BoMOKHA ¢ TonuuHou ~ 50-100 HM u anuHOM 3-4 MM (acleKTHOE OTHO-
menue gocruraio 40000/1).

Cornacao ganasiMm PCMA, POOC u TI'A ycranoBieH coctaB BuckepoB M;V,0s°nH,0 (M=Mg2+, Ba2+,
Zn*", H).

Ha ocHoBaHMM pe3uUCTUBHBIX U3MepeHui u MeTonaa Y D-BUAMMON CIEKTPOCKONHMH YCTaHOBJIEHO, YTO 3TU
KPHUCTAILIBI SIBIISFOTCS TPUMECHBIMU TTOTYTPOBOIHHKAMHU.

MeToaMu TaTbBaHOCTATUYECKOTO ITUKIMPOBAHUS M BOJIETAMIICPOMETPHH HCCIICTOBAHBI JIEKTPOXUMHUYC-
ckue cBoiicTBa Ba-3amernieHHbIX BUCKepoB [1]. OCHOBHBIM MPEUMYIIECTBOM JAHHOTO OOBEKTa MOKHO HA3BaTh

CTaOUIBHOCTD BBICOKOM BEIMUMHBI pa3psaHoi emkoctd (~140 MAY/T).

Jlureparypa:
1. T.JI. KynoBa, A.M. Ckynaun, C.B. banaxonos, JI.A. Cemenenko, E.A. [lomepanneBa, A.I'. Bepecos,
E.A. I'ynunun, B.P. Yyparynos, F0./1. TpetbsikoB // 3awuma memannos 2008 44 (1) 1-4.
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CHUHTE3 O/THO/JOMEHHBIX YACTHIL] SrFe;;0;9
U3 CTEKJIA COCTABA 14SrO-6Fe;0;3-12B,0;

K.C. Lopaeera.’, JI.A. Tpycos *, C.E. Kymnuup * ILE. Kazun °, ¥0,]1. Tperbsikos *°

* MOCKOBCKHI TOCYIapCTBEHHBIN yHUBEpCUTET, DaKyIbTeT HAyK 0 Marepuaiax, Bopoobesbl ropsl, MI'Y, 1-73,
Mocksa, Poccnst,119991
*MockoBckuit rOCYJIapCTBEHHBIN YHUBEPCUTET, XUMUYECKU (aKynbTeT, BopoOseBsl ropsl, MI'Y, 1-3,

Mocksa, Poccus,119991

I'ekcadepput crponmms SrFe ;019 sBIsSETCS MarHUTOTBEPIABIM MAaTEPHUAIOM, HIMPOKO HCIOIB3yEMBIM B
MIPOMBIIIICHHOCTH JUIsl CO3[JaHUsl MTOCTOSIHHBIX MarHuToB. OHOMIOMEHHBIE YacTULBl rekcadeppura o0nagaroT
BBICOKMM 3HaUYE€HUEM KOIPLUTHUBHON CHIIBI, IO3TOMY CHHTE3 CyOMUKpOHHBIX yacTull SrFe;;0j9 mpeacraBuseT
ocoOb1if uaTepec. [loMmuMo 3TOro TekcadeppuT CTPOHLUS XapaKTEPU3yeTCsl BBICOKOM TEPMUYECKON U XUMHYe-
CKOI CTaOMIIBHOCTBIO M OTHOCUTEIBHO HU3KOW CTOUMOCTBIO.

VY 100HBIM METOOM CHHTE3a OJHOJOMEHHBIX YaCTHIl reKcadeppHUTOB ABIAETCS KPUCTAIIN3ALMS OKCUIHBIX
CTEKOJ. DTOT cI0coO MO3BOJISIET MyTEM BapbUPOBAaHUS COCTaBAa MCXOJHOIO CTEKJIa U YCIOBHH ero TepMoodpa-
OOTKH MOJIy4aTh KPUCTAJUIUTHI TekcadeppuToB TpeOyeMbIX pazMepoB, (POPMEI.

Hacrosiass paboTa mocBsieHa MCCIEA0BAHUIO KpUCTalIu3auun ctekia coctaBa 14SrO-6Fe;03-12B,0:s.
Ienbto paboThl ABISETCA CHHTE3 BBICOKOJUCIIEPCHBIX YAacTUI] TeKcadeppuTa CTPOHIMS CTEKJIOKEPaMHUECKUM
METOJIOM, a TaKXK€ YCTaHOBJICHUE BJIMSHHUS YCIOBHH TepMOOOpPaOOTKM Ha MHUKPOCTPYKTYpY Marepuaia M ero
MAarHUTHBIE CBOMCTBA.

[TyTéM 3aKanku OKCHIHOTO paciuiaBa ObLIO MONy4YeHO CTekino coctaBa 14SrO-6Fe;03-12B,0;. O6pasiml
CTEKJIOKEpaMUKHU CUHTE3UPOBAIM MyTEM OTKUTa cTekia rnpu temreparypax 600 — 900°C B TeueHue 2 4acoB C
nocjenyromel 3akaikoi Ha Bo3ayxe. YacTulel rekcaeppura ObUIN BbIJICJIEHBI ITyTEM PACTBOPEHHS] HEMAarHUT-
HOW MaTpHIlbl 00pa3LOB CTEKJIOKEPaMHUKH B 4% COJITHOM KUCIIOTE.

bout onpenenén (a3oBelii cocTaB, MUKPOCTPYKTYPa U MarHUTHBIE CBOWCTBA CHHTE3MPOBAHHBIX 0Opa3IlOB,
OTOXOKEHHBIX TIPU PA3IUYHBIX TeMIieparypax. I'ekcadeppuT mpHCyTCTBOBAI B 00pa3iax, OTOXOKEHHBIX IMPH
temriepatypax 700 - 900°C. Yactuipl rekcadeppura NpeacTaBiIsiin cO00M rekcaroHaJbHbIC TUIACTHHKU. OT-
HOILICHHUE JMaMeTpa K TOJIIHMHE YMEHbIIAIOCh NMPH MOBBILICHUN TeMIepaTypbl TepmooopadoTku. Kospuurus-

Hasl CWJIa yBEJIMYMBAJIACh [IPU YBEIMUYEHUHU TEMIIEPATYphl OT’KUTa U JocTurana 3HadeHust 6500 O.
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MOJE/THPOBAHHUE YIJIEBOJOPOIHBIX HAHOCTPYKTYP HA OCHOBE

KYBAHA CsHy B PAMKAX HEOPTOI'OHAJIBH 1)/4 MOIE/IH CHJIBHOH CBA3H
M.M. MacjoB

Mocxkosckuii unarcenepro-pusuueckuti uncmumym (I'ocyoapcmeennsiil yHugepcumem,)
Kawupckoe wocce 0.31, 2 Mocksa 115409, Poccus
e-mail: Mike.Maslov@gmail.com

CunbHo nedopmupoBaHHbIe yrieBogopoaHbie Moiekyisl (highly strained hydrocarbons) mpencrasinstor
coboif kak (pyHIaMEHTAIBHBINA, TaKk W mpakTudeckuii mHTepec. C MoMeHTa cBoero cuHre3a kyoan CsHg (cwm.
puc. 1) HHTEHCHBHO HCCIIEI0BAJICS TEOPETHUECKU M HKCIEPUMEHTAIbHO KaK INEPCHEKTUBHOE SHEPrOeMKOE Be-
niectBo. CuuTaercs, 4To KyOaH U MPOMU3BOJHBIC OT HETO KJIACTEPhl MOTYT HAMTH NpUMEHEHHE B (hapMalleBTHKE,

IJId CO3aaHu KUAKOKPUCTATIIINICCKUX COCHHHCHHﬁ, B Ka4C€CTBC OCHOBbI JJI4 HaKoIMuTeIeH JaHHBIX U T. AO.

1P 15

Puc. 1. Monexyna ky6ana CsHg Puc. 2. ®parmeHT CTpyKTyphl cynepKyOaHa

Llenbro naHHOM paboOTH! OBLIO KOMIBbIOTEPHOE MoJenupoBanue kyoana CgHg, metmiiky6ana CoHjo, a Taroke
OJTHOMEPHBIX, IByXMEPHBIX U TPEXMEPHBIX CTPYKTYp, 00Opa30BaHHBIX M3 MPOU3BOJHBIX OT KyOaHa KJIacTepoB Ha
OCHOBE CHEIUATBHO pa3paOOTaHHOTO JJIA 3TOM 1M HEOPTOTOHAJILHOTO MOTEHI[MaNa CHIbHOU cBsizu [1]. [le-
TaJbHO M3YUYCHBI KaHAJBI U MPOAYKTHI pacnana kybana CgHg [2] u metunkyb6ana CoH o [3], a ux nuHamuka npu
T = (1050 — 2100) K. OnpeneneHsl SHEPrUM aKTUBALMM U YacTOTHbIE (PAKTOpPbI B opmyse AppeHHuyca, 4yTo
MIO3BOJIMJIO HAWTH TEMIIEPATYPHYIO 3aBUCUMOCTb BPEMEHM KU3HU. BBINOIHEHB! KBAaHTOBO-XMMHUYECKHUE pacye-
Thl OJAHOMEpPHBIX, IBYXMEPHBIX U TPEXMEPHBIX CTPYKTyp Ha ocHoBe KybanHa CgHg. [IpomemonctpupoBana
MPUHLIUINAIBHAS BO3MOXKHOCTh CHUHTE3a TAKMX CUCTEM. PaccunTaHbl SHEPTUU CBSA3U U JUIMHBI CBSI3€il B Makpo-
CKOMUYECKHX CTpyKTypax. Iloka3aHo, 4ro cymepkyOaH (CM. pHc. 2) HE SBISETCS CBEPXIUIOTHBIM MaTepUasoM,

KaK CUMTAIOCh paHee, U 00JaaeT MIIOTHOCTHIO MEHBIIE, YeM y anmasa [4].
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MATHHTOJIEKTPHYECKHHU Y@ DEKT B CIOUCTBIX KOMITO3UTAX
PbZrs5;Tip47,03 u Mng ZnysFe,0y

C.A.I'puanes , I0.E. Kaqunun , A.B. Kaarun , E.C. I'puropbes

Boponexcknii rocy1apCTBEHHBIN TEXHUYECKUI YHUBEPCUTET

CroucTbie KOMIO3UTHI MOTYyYadd U3 MPEABAPUTENILHO MOJISIPU30BAHHOTO B ONTUMAJIBHBIX YCIOBHUSX MPO-
MBIIIUIEHHOTO MTbe30KepaMuieckoro Marepuana PZT u mapranen-mimakoBoro ¢eppura MZF. 13 o6pasnos PZT
u MZF anma3Hoil MHIOH BbIPE3aMCh IJIOCKOMNApasiebHbIE TUIACTUHBI. Vcronb3yeMble B MarHUTOAJIEKTpUYE-
ckux (MD) skcniepumentax oopasiel PZT u MZF umenu tonmmnst 0.3; 0.6 mm u 0.3; 0.6; 0.9; 1.2 MM cooTBeT-
cTBeHHO. OTHOWEHNE 1nuHbI K mupuHe uid PZT coctaBisno 8 mm : 6 MM, ainsg MZF — 6 mm : 6 MM. [TnacTunsl
MbE30KEPAMUKHU U (eppUTa MOOYEPEAHO CKIEUBAINCH IMOKCUIHBIM KOMIIAYHJIOM, COOJIOasi HalpaBlieHUE
nonsipuzanuu PZT. DnekTpoasl HAHOCUIIUCh METOJIOM BXKUTaHUs cepeOpsiHoM macThl. CTPYKTypa HCCIIeTyeMO-

T'O KOMIIO3UTa IPUBCICHA HA pUC. 1.

MIbE302JIEKTPUK [onspuzanus P
3NEKTPOL TTT

: 1 HE
2/|; % N V\—-

epput — AIEKTPO.

Puc. 1. Cxemaruyeckoe n300paxeHne AByXCIOHHONU CTPYKTYPBI.

B xone paboTs! o m3ydennto M3 sddexra ObUIO BBISBICHO, YTO HA YaCTOTE AIIEKTPOMEXAHUIECKOTO Pe30-
HaHCAa UMEET MECTO POCT momnepeyHoro MD kodpuIeHTa Mo HANpsHKEHUIO (0l31) ¢ YBEIIMYSHHUEM TOJIIHMHBI
MarHUTOCTPUKIIMOHHOTO ciiosi. OOHapy KeHHasl 3aKOHOMEPHOCTh MPEINOIOKUTEIHHO 00BIACHAETCS YBEIHMUEHU-
eM cuibl BozaeicTBus deppura MZF Ha mbezokepamuky PZT B marHutHOM mosie. BennuuHa o3; ©MeeT Mak-
cuManpHoe 3HadeHue 45.8 mMB/(cm D), korma tommmua cnost MZF coctaBnser 1.2 mm. M3roroBnenue Tpéx-
cioitHoi cTpykTypbl MZF-PZT-MZF sBnsiercst 3¢ )eKTUBHBIM METOJOM I CYIECTBEHHOTO YBEJIUYECHHS O3],
KoTopoe aocturaetr 79.6 mB/(cm-3). Caenannas mo moaenu 3pPeKTUBHBIX MapaMeTPOB OlIEHKA BEIUYUHBI MD
CBSA3U Ul IBYXCIOMHOU CTPYKTYpbl PZT-MZF na€t yaoBIeTBOPUTEIBLHOE COOTBETCTBUE PACUETHOM U DKCIIE-

pI/IMeHTaJIBHOﬁ BCJINYHH.

Pabota BrimonHeHa nipu puHAHCOBOM Toanepkke rpanta PODU (rpant Ne 07-02-00228) u CRDF (mpoekt
Ne PG 05-010-1).

Hy6maukauun: @uzuxkoxumus nosepxnocmu u 3aujuma mamepuanoe T.45 N5 2009
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OT/JAE/IEHHE
OQUIHKOXUMHUA HAHOCTPYKTYP
H HAHOMATEPHAJIOB

CEKIIHA
VITIEPOJIHBIE HAHOCTPYKTYPbI H HAHOMATEPHAJIBI

5 Kongpepenyua Monoowiz Yuenwix, 11-12 noaops 2008 2.
HHCTUTYT ®U3HYECKOH XUMHH H JJIEKTPOXHMHHU um. A.H. ODPYMKHUHA PAH



«OU3HKOXHUMHUA HAHO- H CYTIPAMOJIEKYJ/IAPHBIX CUCTEM- 2008» 20

MOJUHDOUHIIHPOBAHUE YIJIEPO/HBIX MATEPUA/IOB HAHOPASMEPHBIMH
YACTHUAMH METAJVIOB U IIPUMEHEHHUE 3TUHX KOMIIV/IEKCOB HA
IIPAKTHKE

E.K. bapanoBa
MIIAH PAH, H®X3 PAH

IIpoBeneHHBIE HayuHbIE MCCIEIOBAHUSA NAIOT BO3MOXKHOCTh MOJy4yaTh HOBBIE, NEHCTBUTENIHHO MHHOBALIH-
OHHBIE BEILECTBA M MaTepuabl, o0ONagaromue OMOUUAHBIMH, KaTATUTUYECKUMH, MAarHUTHBIMUA H 3JIEKTpHUYe-
CKMMHU CBOMCTBAMHU. DTO OTKPBIBAET HIMPOKUE MEPCHEKTUBBI I IPAKTUUECKOTO UCIIOJIb30BAHMSI JOCTUKEHUM
HaHOTEXHOJIOTHH B pa3IMuHbIX oTpaciax. Hanpumep, HaHOYAaCTHUIIBI MEIM MOTYT OBbITh HCIIOJIb30BAHBI KaK MpH-
CaJIKi K TEXHUYECKUM MacjaM, HAHOYAaCTUI[bl IUHKA MOTYT CYLIECTBEHHO MOBBICUTh AaHTUKOPPO3UOHHBIE CBOII-
CTBa MOKPBITUHA, OJHOBPEMEHHO CHU3MB MX CTOMMOCTb U YJYUYIIUB 3KCIUIyaTallMOHHBIE CBOICTBA, HAHOYACTH-
bl KOOanbTa MOTYT OBITh MCIIOJIb30BaHbl IIPU CO3JaHUM OBICTPOBBICHIXAIOUINX MOKPHITUI (CHKKAaTHUBOB) B Jia-
KOKPAaCOYHOM NMPOMBIIIUIEHHOCTH, @ HAHOYACTHUIIbl KOOAJIbTA U IPYT'MX MArHUTHBIX METAJUIOB (HAaIlpUMep, XkKelle-
3a) MOT'YT HaliTH LIMPOKOE IPUMEHEHHUE Be3/1e, IJie BOCTPEOOBaHbI X MAarHUTHbIE CBOMCTBA.

Oco0blil UHTEpEC MPEACTABIAIOT HanboIee U3yUCHHBIC Ha CerOAHAIIHUN IeHh OMOIMIHBIE CBOMCTBA HAHO-
yacTull cepedpa U MOAU(PHUIIMPOBAHHBIX UMH MAaTEpUAIOB — BO BCEX CllydasX OOHApyKEHO HAIWYUE BBICOKOM
AHTUMHUKPOOHOW aKTUBHOCTH NMPOTUB LIIUPOKOT0 CIEKTPA BUJIOB MUKPOOPTaHU3MOB.

B nHacrosiiiee BpeMs BHEIPSIOTCS HOBbIE TEXHOJIOTUU MOJUGUIIMPOBAHUS YIIIEPOIHBIX MaTEpHAIOB METal-
JUYECKUMH HAaHOYACTHIIAMU — KOJUIOUJHBIMH arperaTaMu MeTajioB AuameTpoMm 2-10 HM, 001agaromyuMu oco-
OBIMHM KaTaJIUTUYECKUMH, OAaKTEPUIIMIHBIMUA 1 MAarHUTHBIMU CBOMCTBaMH, OTJIMYHBIMU KaK OT CBOWCTB M30JIH-
POBaHHBIX aTOMOB, TaK U OT MaCCUBHOT'0 METaslIa.

Yucteiil yriaeposa o0pa3yeT MaKCUMalIbHOE KOJIMYECTBO AJUIOTPOIHBIX MOAM(UKALUI ¢ 04eHb pa3HOOOpa3-
HBIMU (PU3UYECKUMHU CBOMCTBaMU. YUHCTBIA yriepoa MOXeT ObIThb 3TaJOHOM MHPO3PAYHOCTH U aOCOIHOTHO-
YEPHBIM TEJIOM; JUa- U NapaMarHETUKOM; JMUAJIEKTPUKOM M METAJUIOM; MOJIyIPOBOAHUKOM M IOJIYMETAIOM;
CBEPXTBEP/bIM U CBEPXMATKUM MATE€PHAJIOM; TEIIOU30JIATOPOM U OJIHUM U3 JIyUIIUX MPOBOJHUKOB Teruia. Bee
3TO, caMo 1o cebe, yXkKe BbI3bIBACT U3YMJIEHHE, HE TOBOPS YK€ O BCEM MHOT0OOpa3uu OPraHNYecKod XUMUU. A
€CJIU elle YCHIIUTh 3TH CBOMCTBAa HAHOYACTHIIAMU METAJIJIOB. ..

Xumusi HaHOTPYOOK, HapsiAy ¢ MpobJIeMaMy CHHTE3a, OYMCTKU U PACKPBHITUS HAHOTPYOOK M3ydaeT TakxkKe
MpoIecCchl X MOAM(UIIMPOBAaHUs (3aMOJTHEHHE BHYTPEHHEW IMOJIOCTH PA3JIMYHBIMH peareHTaMHd W BHEIPEHUE
aTOMOB U MOJIEKYJ B IIPOCTPAHCTBO MEXAY OTAEIbHBIMHM TPyOKaMH, NPUBUBKA (YHKIMOHAIBHBIX I'PYMI), aj-
copOLMIO ra30B, UCHOJIb30BAHUE HAHOTPYOOK B KauecTBEe MaTpHULl Uil (pOpMUPOBAHUS APYTHMX HAaHOOOBEKTOB
(HaHOTIPOBOJIOK) M3 JAPYI'HX BEIIECTB M BIUSHHUS XUMHUECKOTO MOIU(MUIIMPOBAHUS HA JIEKTPOHHbIC, MAarHUT-

HbIE 1 MEXAaHUYECKHUE CBOMCTBA.
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HCCIIE/IOBAHHE ®PAKTA/IBHBIX XAPAKTEPUCTHK
YITIEPOJHBIX HAHOTPYBOK

0O.B. I'opuukoBa, A.E. Yaasix, B.K. I'epacumos, B.B. MaTBeen
Hncmumym ¢uzuuecxou xumuu u snexkmpoxumuu um. A.H. @pymxuna,
119991, Mockea, Jlenunckuti np., 31 - go-art@mail.ru

@OpakTanbHBIA aHAIHU3 pacIpele]ICHUS Pa3IUYHbIX YTISPOAHBIX HAMIOIHUTENEH U BOBHUKHOBEHUS arperatoB
B IIpOIIecCe CMEUICHUS B TIOJIMMEPHBIX KOMIIO3UTaX pa3paboTaH A0CTaTouyHO noapodHo [1, 2, 3].

Hapsimy ¢ 9TuM B HacTosIee BpeMs MOSBUIICS HOBBIM, OYC€Hb MEPCIICKTHBHBIN, KIacC YTICPOIHBIX HAITOJI-
HUTEJEH — yraepoaHbie HAaHOTPYOKkH. [IpuHIIMIIMATEHOE 3HAYEHUE I PEIIeHHs MPoOIeMbl X 3G (HEKTUBHOTO
WCIOJIb30BaHUs UMeeT nH(popMalnsa 00 UX CTPYKTYpHO-MOp(doIornueckoit opranuzaiuu. Pemenue »Toi 3am1au
MO/IPa3yMeBAET KOPPEKTHOE KOJIUYECTBEHHOE onucaHue (ha30BOM CTPYKTYphl B MAKCHUMaJIbHO BO3MOXHO IITH-
POKOM HHTEpBajie pa3MEpPOB M CBSI3b T€OMETPUUYECKHUX XAPAKTEPUCTHK C METOJAMH TOIYYEHHUS MOJIMMEPHBIX
KOMITO3UTOB. B CBSI3U ¢ 3TUM BO3HMKJIa HEOOXOAUMOCTH Pa3pabOTKH METOIUKU (PPaKTaJIbHOTO aHallM3a HAHOT-
pyOOK U HX arperaros.

Jlyist petieHus MOCTaBJICHHOM 3a/1auu 00pa3iibl, YIIIEPOIHOTO HOCHTENS, HA KOTOPOM ObLIM CHHTE3HPOBAHBI
HaHOTPYOKH, MCCIIEOBAIM METOJOM IPOCBEUMBAOIIEH 3eKTpoHHOW MuKpockormu (EM-301, Philips) ¢ uc-
M0JIb30BAHUEM OJHOCTYTEHYATHIX YTOJbHO-IJIATUHOBBIX peruiuk. KpoMe 3Toro ObuiM HCCleA0BaHbl arperatbl
YTIEPOAHBIX HATIOIHUTENEH TOU e MPUPOIBL.

DNEKTPOHHO-MHUKPOCKOTTMUECKOE UCCIIEIOBAHUE CTPYKTYPhl U3y4aeMbIX CHCTEM BBISBHIIO HECKOJIBKO YPOB-
HEH CTPYKTYypHOU opraHm3anud. beumm 00paboTaHbl THUITUIHBIE MUKPOPOTOTpadUu UCXOMHBIX arperaToB dyac-
THUI TEXHUYECKOTO yIiiepojia ¢ 00pa30BaBIIMMUCS HAHOTPYOKaMu. Arperatsl MpeAcTaBisioT co00il ycToiunBoe
o0Opa3oBaHHe, COCTOsAIIECEe U3 UHIMBUIYAIbHBIX YacTUI TeXHUYeckoro yriaepoaa. Cpeanuii pazmep uvactui 0,3
MKM. {7151 monmydenuss nHGOpMaIUU 0 MeXaHu3Me 00pa30BaHUs arperatoB U KOJIMYECTBEHHON OIEHKHU IUIOTHO-
CTH OBUIM pacCUMTaHBl 3HAUCHUS (PPaKTATBHON pa3MEpHOCTH MO pa3paboTaHHOMY paHee anroputmy. lloiry-
YeHHbIE 3HAYEHUS] CBUACTEIHCTBYIOT O MU(Y3UOHHO-KOHTPOIUPYEMOM «KJIACTEP-4aCTUYHOM)» MEXaHH3ME 00-
pazoBaHusl PpakTanbHOr0 00bekTa. Takue 3HaueHUs (PAKTAIBHON Pa3MEPHOCTH SIBJSIFOTCS TUIMWYHBIMU IS
arperatoB HaAHOYACTHI[ TeXHHYECKOro yrieponaa [2].00 3TOM CBUAETENbCTBYIOT IMOJYYCHHBIC paHee JaHHBIC
111 OOBEKTOB C YTIICPOTHBIMU HATTOTHUTEIISIMH.

Eme ogHUM ypoBHEM CTPYKTYPHOH OpraHM3aldU SBISIOTCSA KIyOKH HAaHOTPYOOK, BOSHUKIIHME B IPOLIECCE
cuHTe3a. /[ XapaKkTepUCTUKH HHIMBUIYaJbHBIX HAHOTPYOOK Oblga pa3paboTaHa METOAUKA ONpPEEICHUS
(bpakTanbHON pa3MepHOCTU. 3HauYeHHs (PpaKkTaIbHOW Pa3MEPHOCTH XapaKTEPHBI ISl MPAKTUYECKH TUTOCKUX
00BEKTOB
B xozne manHO# paboThl OBUTH MPOBENEHBI UCCIEIOBAHUS CTPYKTYPHO-MOP(OIOTHIECKHX XapaKTEPHCTHUK, pe-
3yJIBTAThI JIEKTPOHHO-MOP(HOJIOTHIECKUX MCCIICIOBaHNN ObLTH 00paboTaHbl B paMKax Teopun (ppakTanos [4].
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OH3HKOXUMHYECKHE ITPOIIECCHI B TA30PA3PAHOMH ITVIA3ME ITPH

OCA’KJIEHHHU HAHOYIJIEPO/JHBIX IVIEHOK

P.P. Ucmarmios, A.Il. Boakos, I1.B. llIBen, A.H. O6pa3uos
Quzuueckuil ghaxynomem MI'Y um. Jlomonocosa, xagheopa guzuxu nonumepos u KpUcmaiios

B Hacrosmee BpemMst HAaHOYIUIEPOAHbIE TUICHOYHBIE MaTepUallbl IIPEACTABIIAIOT 3HAYUTEIIbHBIA HAy4YHbIN
Y TEXHUYECKUI MHTEPEC B CBSI3U C UX YHUKAJIbHBIMU (PU3NUECKUMH U XMMHUYECKHMMHU cBoiicTBamu. Hamu meto-
oM ra30()a3HOTO XMMHYECKOTO OCKICHUS U3 METaH-BOJIOPOJIHOMN Ta30BOM CMeCH, aKTUBUPOBAHHOMN Pa3psioM
MOCTOSTHHOTO TOKa, ObUTH TIoJTy4eHbl yriepoansie TwieHku (Y1), pasnuuaromuecs cocTaBoM (OT YUCTOTO ajiMa-
3a 0 TpaduTa) U CTPYKTYPHBIMH XapaKTEPUCTHKAMHU (OT MHUKPO- IO HAHOKPHCTAUIMYECKOTO ajiMasza, OT
aMop(hHOI cakul 10 BHICOKOYHOPSAAOYCHHBIX HAHOPa3MEPHBIX KPUCTAJUIUTOB rpadputa UM yTriaepoAHbIX HAHOT-
py6ok). Kak mokaszanum MHOTOYHCIICHHBIE SKCIIEPUMEHTHI, Ja)Ke HE3HAUUTEIbHAs BapUaIlUs MapameTpoB IPO-
1ecca MPUBOJIUT K CYIIECTBEHHBIM OTIWYHUSAM B cBoMcTBax YII. DTo mpuBeno kK HEOOXOAUMOCTH KOHTPOJIA in
Situ IPOLIECCOB, MPOTEKAIOLINX B ra3oBoi (aze u Ha moBepxHOCTH. OMHUM U3 Hanbojee MPoCcThIX U 3pdeKTrB-
HBIX METOJIOB TAKOT'O KOHTPOJIS SBJISETCS METOJ ONTHYECKOW dYMUCCUOHHOM criekTpockormuu. OcoObIit HHTEpec
OpeACTaBIACT IMOJTYUYCHHUC KOJIMYECTBEHHOU XapPaKTCPUCTHKU COCTaBa IIA3MbI — OHNPCACICHUC KOHICHTpALlUN
aTOMOB U PaJUKaJIOB, YYaCTBYIOUIMX B IJIa3MOXMUMHUYECKUX peakuusx npu ocaxaeHun YII. B pamkax nmanHoit
pa6OTI>I HaI/I60JII>I_Hee BHUMAHHC YACIIAIOCH UCCICIOBAHUIO MPOCTPAHCTBCHHOI'O pacCrpeaciicHusd MHTCHCHBHO-
CTH W3ITyY€HUs, COOTBETCTBYIOUIETO YIIEpOAHbIM nuMepaM C,, SIBISIIOIIMECS OJHUM U3 OCHOBHBIX 3JIEMEHTOB,
yuacTBytoumx npu popmupoBanuu YII. CpaBHUTENbHBIN aHAIN3 TAPaMETPOB IJIa3Mbl HAPALY C pe3yJbTaTaMu
KPC cnekrpockonuu 1 POM 1o3BosMI ONpeaenuTh mapaMeTphl Impoliecca, KOTopble 00eCTeunBaOT CTaOMIIb-

HOCTb ocaxkieHus YII ¢ 3a1aHHBIMU XapaKTEPUCTUKAMM.

o
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Puc.1. XapaKTCpHLII\/'I BUJ ONTUYCCKOIO SMUCCHOHHOTO CIICKTPA IJIa3MBbI.

Hyonukanuu: Qusukoxumusn nosepxrnocmu u 3awuma namepuanos T.45 N6 2009
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TOIIOJIOTHYECKHE OCOBEHHOCTH I'PADHTHBIX ILUTEHOK
HAHOMETPOBOMH TOJILIIUHBI

A.B. Twopuuna, E.A. XecranoBa, A.H. O6pa3uos
Quzuueckuii gpaxynomem MI'Y um. Jlomonocosa, kagheopa uzuxu nonumepos u KpUcmaiios

B nocnennee BpeMst 3HaUUTEIBLHO BO3POC MHTEPEC K MOTYUEHHUIO U UCCIIEIOBAHUIO aTOMAPHO TOHKHUX CIIOEB
rpadura, IpeaCTABISIONIMX COOOM TBYMEPHBIN BBICOKOYITOPSIOUYEHHBIH KPUCTAILT. DTOT HHTEPEC CBS3AH C TEM,
YTO MOHOATOMHBIE CIIOM TpadwuTa, Ha3piBaeMble Takxke rpadeH (graphene), WM MIEHKH, COCTOSIINE U3 HE-
CKOJIbKHX (70 5-6) rpadeHOBBIX CIIOEB 001a/1al0T PSAOM HEOOBIYHBIX CBOMCTB. OTHUM U3 YHUKAIBHBIX CBOMCTB
rpadeHna siBisieTcss 0aNIMCTUYECKUI TPAHCIIOPT AIEKTPOHOB BIOJb CJIOS ATOMOB, IPUBOISIINNA K BOZMOXHOCTH
HaAOJIIOJICHUS [IEJIOTO pPsiia KBAHTOBO-MeXaHW4IeCKUX 3P dekToB. OqHAKO, C MPAKTUICCKONW TOYKH 3pEHUS, UC-
MOJIb30BAHKE ATOTO U JAPYTHX YHUKAJBHBIX CBOMCTB rpadeHa 3aTpyJAHEHO OTCYTCTBHEM METOJIOB €ro IHojyuye-
HUS, 00€CTIeYnBAIONINX HEOOXOAUMBIN YPOBEHb MOBTOPSIEMOCTH XapaKTEPUCTUK, JOCTATOYHO OONBIINX pa3Mme-
pOB U T.I. TpeOoBaHMUI. MBI MpeACTaBIIsIEM PE3yIbTaThl UCCICIOBAHNM, HAMPABICHHBIX Ha Pa3paboOTKy MeToa
MOJTy9eHUS TPa(QUTHBIX TUICHOK HAHOMETPOBOH TOJIIIIUHEI, & TAKKE PE3yJIBTATHI HCCIICIOBAHUS TOMOJIOTHUECKUX
0COOEHHOCTEH MOTYYCHHBIX TPA(QUTHBIX TUICHOK.

Jlnia mony4eHus rpadUTHBIX MJICHOK MCIIOJB30BANICS METO]I TUIa3MOXUMHUYECKOro ocaxkaeHus. [lo qaHHbIM
KOMOWHAIIMOHHOTO pacCesHUs CBeTa, aTOMHO-CHIIOBOH, 3JIEKTPOHHOMN M ONTHYECKOM MUKPOCKOIUH TNIEHKH 00-
JAAl0T CPAaBHUTENBHO TIAKON MOBEPXHOCTHIO M ToiuHOM oT 100 mo 1 aromubIx cioéB. Ha moBepxHocTH
IJICHOK HaOJI0aeTcsl psiji TOMOJIOTHYECKUX OCOOCHHOCTEH, /Ui 00bACHEHUSI KOTOPBIX HAMH MPEASIOKEHbI CO-
OTBETCBYIOIIIME MOJENM U MexaHu3Mbl. JIuHelHbie BoICTYIBI (Puc. 1a), pa3aensione aroMapHO IIagKkue yda-
CTKH, SIBIISIETCSI PE3YJIbTATOM PA3IU4us B KOAPHUIIMEHTAX TEIUIOBOTO paclIMpeHus rpadura u MaTepuana moj-
noxku (Hukens). KpoMe 3Toro HaOI0qat0TCsl IEPUOINYECKUE CTPYKTYPhl HAHOMETPOBOTO MaciiTada, 1o ma-
pameTpaM KOTOPBIX OKa3aJoCh BO3MOKHBIM OLEHMBATh TONIIMHY MJIEHKUA AAHHOTO y4yacTKa. MBI Takke oOHa-
PYXKUJIM CIIOHTAHHOE pacilerieHne TpaduTHBIX MIECHOK, COMPOBOXKAAroieecs o0pa3oBaHUEM y4acTKOB, TOJ-

IIHA KOTOPBIX MOKET COCTaBIATh OJIUH WM HECKOJBKO CJIOEB TpadeHa (Puc. 10).

Puc. 1. ACM wu3o0pa-xeHHe TOHKOH I‘pa(bI/ITHOI/I wi€HkH (a); Mukpodororpadust my3sipeit ¢
TOHKHMH TIPO3PAaYHBIMH U HE- IPO3PAYHBIMH CIeHKAMU(0):

Hy6maukauun: @uzuxkoxumus nosepxnocmu u 3aujuma mamepuanoe T.45 N5 2009
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HOBBIH METO/ ITOJTYYEHHUA ATTIMA3HBIX MHKPOKPHCTA/I/IOB

HHPAMHZIA.]IBHOFUI DOPMBI
M.A. Joarauos , IL.I'. Konsu1oB *, A.H. O0pa3uos

Qusuueckuil ghakyromem, Mockosckuil 2ocyoapcmeennulii ynugepcumem, Poccus

*Demonckuil HaHomexHono2uweckuti yewmp, Tapmy, Scmonus

JUig psiga mpakTH4ECKUX NPUMEHEHUH [IEHHOCTh MPEACTAaBIISIIOT ajIMa3Hble KPUCTAJUINThI, UMEIOINE MHUpa-
MUATIBHYIO (OpPMY C paJlyCOM 3aKpyIJICHHs BEPIIMHBI B HAHOMETPOBOM JHarna3oHe. Takue KpUCTauInThl MO-
I'YT IPUMEHATHCS B YACTHOCTH B HAHOMHJICHTALIMH, TOUYEUYHOM abpa3uBHON 00pabOTKe MaTepHaIoB, CKAHUPOBa-
HUH MTOBEPXHOCTH TBEPJBIX MATEPUAIOB U OMOJIOTUYECKHX OOBEKTOB C OOJIBIINUM pa3pelieHueM METOIaMU
aTOMHO-cuioBoi Mukpockonuu (ACM). OgHako CyIIecTBYIOIUE METOAbI TIOTYUEHUS alIMa3HbIX KpUCTaJLIU-
TOB TaKOM (hOPMBI HE MO3BOJIAIOT MOJTYYUTh 3HAUUTEIBHOIO UX KOJIMYECTBA C BBICOKMM KayeCTBOM.

Mertopa, onucaHHbIi B 1aHHON padoTe, MO3BOJISET MOJIydaTh NOJOOHBIE KPUCTAIIUTHI BEICOKOTO KaueCTBa B
MaccoBOM o0beMe. TeXHOJOrnuecKuil mpouecc BKIOYaeT B ce0s ABa Tamna. [lepBelii U3 HUX - TJIA3MOXHUMUYE-
CKO€ OCaX/IEHHE YIJIEPOIHOTO MaTepuaa 13 IIa3Mbl, IOJy4YeHHON aKTUBALlME ra30Boil cMeCH METaH-BOJIOPO/L
B pa3psijie MOCTOSIHHOTO ToKa. [lomyuaemblil Ha 3TOM 3Tare MaTepuall COAEPKUT ABE (PPAKIMH, PA3THYAIOLINXCS
CTETIEHBIO yNopsAJ0UeHHOCTU. HUu3KoynopsaoueHHas HaHoalIMasHas (hpakiys yAaiaseTcs Ha BTOPOM 3Tale TexX-
HOJIOTHYECKOTO TMPOILIECcca MOCPEACTBOM OKUCIIEHUS Ha BO3ayxe. BricokoynopsioueHHas ppakius mpeacTaBis-
€T co00il COBOKYITHOCTh aJIMa3HBIX MOHOKPHCTAJUIOB MHUKPOHHBIX pa3MepoB. Kpucrammutsl umerot Gopmy mpa-
BWJIBHOM YETHIPEXYTOJIbHON MUPaAMHUIbl, UMEIOLIME BBICOTY OT 5 10 30 MKM, JJIMHY CTOPOHBI OCHOBaHHMs OT 1 110
10 MKM ¥ paauyc 3aKpyTJieHUsl BeplIuHbI B AuanazoHe 1-10 um (puc.l). Bo3mMokHOCTh MaHUMYJISIUN HAJ OT-
JEJIbHBIMU KPUCTAJIIMTAMH MPOJIEMOHCTPUPOBAaHA Ha puc.2 Ha npuMepe 30HAa 111 ACM, Mony4eHHOro myTem
MPUKJIEUBAHUS K KPEMHUEBOMY KaHTHJIEBEPY aJIMa3HOTO KPUCTAJIUTA, IMOJyYEHHOTO METOJOM, ONMCAaHHBIM B

pabore.

Puc.1 MonokpucTamn aiMaza nTupaMuaaIbHON (hOPMBI, TTOJTYYEHHBIM METOIOM, OITMCAHHBIM B paboTe

Puc.2 3oun ans ACM, co3naHHbI Ha 6a3e alIMa3HOTO KPUCTAIIIUTA

Iyonukanun: Qusuxoxumusn nosepxuocmu u 3auwuma wamepuanos 1.45 N5 2009
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TEMITIATHBIH CHHTE3 YIJIEPOJHbIX HAHOMATEPHAJIOB C
IIPUMEHEHHUEM IIOPUCTOI'O MOHOJIUTHOI' O ASPOI'EJIA
OKCUTH/IPOKCH/IA AJIIOMHHUA

A.C.Ilorocsin, H.B.CepeopsikoBa, O.K.KpacuibHukoBa
Hncmumym ¢uzuuecxou xumuu u snexkmpoxumuu um A.H.@pymxuna PAH
119991, Mockea, Jlenunckuii np. /.31

e-mail: vartapet@phyche.ac.ru

B Hacrosiee Bpemsi 60JbII0€ BHUMAHUE YIENAETCS CUHTE3Y YIVIEPOJIHBIX HAaHOMAaTEpHaJIOB, MEPCIEKTUB-
HBIX JIJISl UCIIOJIb30BAHUS B TOIUIMBHBIX DJIEMEHTaX M CHUCTEMax COXpaHeHus Bojoponaa. OnHuM u3 Hambosee
MEePCTIIEKTUBHBIX METO/0B TMOJYUYEHHUS YIJIEPOJHBIX HAHOMATEPUAIOB SIBISETCS TEMIUIATHBIM MU MaTPUYHBII
cuHTe3. B 3TOM ciydae opMupoBaHue CTpYKTypbl HOBOTO MaTe€pHajl MPOUCXOIUT B MaTpUIE MyTEM perlIHKa-
mun. [locne nmuponmsa agcopOMpOBAaHHOTO HA MOBEPXHOCTH MATPHIIBI MPEKypcopa yriepoia, MaTpula yaans-
ercd. [Ipu 5TOM MOTydeHHBIN yIIEpOIHbIA MaTeprall UMEET CTPYKTYPY, KOTOpas sIBISETCS PEIUIUKOM, T.€. 3ep-
KaJIbHBIM OTPaKEHUEM MCXOJIHOM MaTPHIIBl — TEMILIATA.

B nacrosmeii paboTe B KauecTBe TeMIlIaTa UCIOJIb30BaIM, TOTYYSHHBIH OKHCICHUEM aJIFOMUHHEBOH ILa-
CTUHKU BOJSHBIM IIapOM, BBICOKOIIOPUCTBHIM MOHOJMTHBIM THAPOKCUJ AITIOMHUHMS, NPEICTABISIIOIINNA COOOM
MOHOJIUTHBIN a3porelib, 00pa30BaHHBIN CIIOKHBIM TEpeIuieTeHuEM (GUOPUILI, TUAaMETPOM 5 HM, U MUMEIOIIUN
YAENbHYIO I0maab nosepxHoctu no bOT ot 300 Ml

[opucras cTpykTypa MojsyuyeHHbIX MaTepuajoB OblIa OlleHEeHa U3 U30TepM ajcopOiuu napos azora (77 K)
u Boabl (293 K). CpolicTBa MOBEPXHOCTH MOJIYUYCHHBIX aJCOPOEHTOB OBLIM MCCIEIOBaHBI METOJaMM KoJjieba-
TENbHOM creKTpockonuu. CrieKTpasibHbIE UCCIIEI0BAHUSl CTPYKTYPhl U CBOMCTB MOBEPXHOCTH IMOJIyYEHHBIX YT-
JEPOHBIX MaTepHaNOB MOKA3aJIM, YTO 3T HaHOMAaTepuaibl IPEICTABISIOT COOON OJHOCIONHBIE U ABYXCIIOM-
HbIE YTJIepOJIHbIE HAHOTPYOKH, CTPYKTYpa KOTOPBIX paziUvaeTcs B 3aBUCHMOCTH KakK OT MPHUPOIBI, TaK U OT
crioco0a HaHECEHUsS! MCIOJIB30BAHHOTO MpeKypcopa yriepoaa. IlomydeHHble UMIIPETHUPOBAHUEM CaXapo3bl B
KadecTBe MPEKypcopa JBYCIOWHBIE HAHOTPYOKH MMEIOT cpeanuil quamerp okoso 0.4—0.6 HM, yAelbHYIO TO-

BepxHOCTh 110 BT oxono 400 M T

U MIPOSIBJISIFOT MOJIYIIPOBOJIHUKOBBIE CBOMcTBA. ViMnperaupoBanuem ¢yp-
(GypHIIOBOTrO CIIUPTA MOIYyYEHBI OJJHOCIONHbIE YIiIepoHble TPYOKH AuaMeTpoM 1.8 HM ¢ yAeabHOH MOBEpXHO-

2 -1 .
cThio 10 580 M” I, 00NaAaroIe KaK MMOJyPOBOAHUKOBBIMHU, TaK U METAJNTMYECKUMHU CBOWCTBAMH.
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HCCIEJJOBAHUE COPBIITHOHHO-KHHETHYECKHX CBOHCTB
YITTEPOJAHBIX MOJIEKY/IAPHBIX CUT

A.B. bepseno, B.I1. bepseno
Keml'V, K@ UXTTM, CO PAH

VYrnepoausie monekyisipasle cuta (YMC) ucnonb3yrores ans Boeiaenenus razoB (Oz, N, U3 Bo3ayxa; BOJo-
pona, CO u3 cunres-raza). Jns ycroitunsoro nomyuenuss YMC ¢ TpeOyeMbIMu CBOICTBaMU HEOOXOIMMO 3HA-
HUE 3aKOHOMEPHOCTEN (POPMHUPOBAHUS MX TEKCTYpPHI, a TAKXKe CBS3U €€ XapaKTepUCTUK C COPOLIMOHHBIMH, KHU-
HETHUYECKUMH CBOMCTBaMHU.

D¢ heKkTUBHOCTD pa3/eeHus Ta30B B YIIIEPOAHBIX MOJIEKYJISIPHBIX CHTAX OMPEAEISeTCS IIMPHUHOM IIEIeBhIX
1op, pa3MepoM MOJIEKYJI apeHOB, OOKOBbIE IMOBEPXHOCTH KOTOPBIX SBISIOTCS CTEHKAMHU TOP B 3JEMEHTapHBIX
HaHOTEKCTYpHbIX pparmenTax (QHTD).

beimn n3ydyensl YMC U3 U30TpONMHOTO KAMEHHOYTOJIBHOTO TEKa, MOJYyYeHHBIE IIPU Pa3HbIX TeMIepaTypax
akTuBanuu. J1s1 BBIICHEHMSI POJU 3JIECKTPOHOOOMEHHBIX CBOMCTB MOJEKYJ] apeHOB — cTeHOK mop YMC Bo
B3aMMOJICHCTBHM C MOJIEKyJaMH copOaToB B JaHHON paboTe paccMOTpenu HX CBs3b C COPOIMOHHO-
KMHETHYECKUMU XapakTepucTukamu. CopOrronHble cBoiicTBa YMC aHann3upoBaiy MO JaHHBIM T'a30BOM Xpo-
MaTorpaum BoJI0poJia, MOHOOKCHAA yriepoaa, reaus. OlleHnBany 3HaueHHsl YICIbHBIX yJIEpKUBAEMbIX 00bE-
MOB Ta30B U k03 durueHToB cenektuBHocTH (Kp) pazaenenus H, u CO. Kp orneHuBaM U3 OTHOIIICHUS yI€ITh-
HBIX ynepxkuBaeMbix 006éM0B CO/H,. 3menenne ynepxuBaeMbix 00bEMoB ra30B, Kp razos (H, /CO) nanps-
MYIO 3aBUCHUT OT MEXIIJIOCKOCTHOTO PAaCCTOSTHUS, pa3MEpPOB M 3JIEKTPOHHO-OOMEHHBIX CBOMCTB MOJIEKYJI B aCCO-
nunatax apeHoB - JHT® yranepoanoit matpuiel Y MC. IlonydeHHbIe TaHHBIE COMOCTABIISIIN ¢ MEKIUIOCKOCTHBIM
paccTOsIHUEM, ONPEEIISIIOIINUM IUPUHY TOP, U ANEKTPOHHO-OOMEHHBIMHU CBOMCTBAMM, OINPEAEISIOUIMMH YHEP-
ruto B3aumogeiicteus DHT® YMC ¢ copOupoBaHHBIMU MOJIEKYJIaMH, KOTOPBIE OIIEHUBAIH C IMOMOIIIbIO KBaH-
TOBO-XUMHUYECKOT0 MOJIETUPOBAHUS.

B pesynbrare paboTsl ObLIN ClI€NIaHBbl CIEAYIOLINE BEIBOBI:

1.U3menenne ko3dduimenTa ceneKTHBHOCTH Ta30B COOTBETCTBYET M3MEHEHHIO YICPKHBAEMBIX 00BEMOB
Hz u CO, He.

2.YBenuueHue temmepatypsl noayuenus Y MC conpoBOXk1aeTcsi MOHOTOHHBIM POCTOM IIMPHUHBI M HEKOTO-
PBIM YMEHBIIEHUEM BBICOTHI 3JIEMEHTAPHBIX TEKCTYPHBIX (DPAarMEHTOB, COCTABIISIONUX UX MATPHILy, a TaKKe
YBEJIMYEHUEM CEJIEKTUBHOCTH pa3/eIeHUs ra30B.

3.bricTpoe yBenuuenue cenekTuBHOCTH pasnenenus Hr u CO B8 YMCS800 B cpaBuennu ¢ YMC700 o0bsic-
HSITCSI U3MEHEHUEM 3JIEKTPOHOJIOHOPHOM M 3JIEKTPOHOAKLENTOPHON CHOCOOHOCTH MOJIEKYJl apeHOB, COCTaB-
JSIONIMX CTEHKH MOp B acconmarax apeHoB - DHT® yrnepoanoi marpumsl YMC, 3a cHET 31EKTPOHOOOMEHHO-

ro B3aUMOJIEHCTBUS MOJIEKYJ BOJIOPO/Ia U MOHOOKCH 1A yTiiepoia ¢ m-3iaekTpoHamu DT O.

Hyoaukauun: @uzuxkoxumus nosepxnHocmu u 3auguma mamepuanos 1.45 N4 2009
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OTJAE/IEHHE
OQUIHKOXUMHA HAHOCTPYKTYP
H HAHOMATEPHAJIOB

CEKIHA
METO/IbI H3YYEHHUA
HAHOCTPYKTYPHPOBAHHBIX CHCTEM
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HCCIEJOBAHHUE CTPYKTYPHBIX H3IMEHEHHWH I10 CIIEKTPAM
BHYTPEHHEI'O TPEHHUA B HAHOMATEPHAJIAX

JI.B. I'punb , A.H. Kabanckas, B.A. JlomoBckoi
Poccuiickas Axkaoemus Hayx
Hnemumym @usuueckou xumuu u IneKmpoxumuu
um. A.H. ©pymkuna
Mockosckas I'ocyoapcmeennasn Akademus Touxoti Xumuueckou Texnonoeuu um. M.B. Jlomonocosa

AHanmM3 TeMIiepaTypHbBIX 3aBUCUMOCTEHN UCCUTIATUBHBIX MOTEPh B PA3IUYHBIX CTPYKTYPHBIX CHCTEMax I0-
3BOJISICT CJIEIaTh CJICTYIONINE BEIBOIBI:

1 — ecnu cucteMa COCTOMT U3 OAHOM CTPYKTYpHOW MOACHUCTEMBI, TO Ha CHEKTpe (g0 — f (T ),Z[J'I}I 9TOH cuc-

TEeMBI OyIeT HaOJII0aThCsl BO3pACcTAIONMUi (TIPH MOBBIIIICHUU TEMIIEpaTyphl) (POH BHYTPEHHETO TPEHUS;

2 — naHHBIN (HOH BHYTPEHHETO TPEHUS aHATUTUYECKU MOXKET OBITh onucaH AuddepeHnaIbHbIM YPaBHEHU-
eM Mojeau MakcBea;

3 — pusuKo-MexaHUYECKHEe U (U3HKO-XUMHUYSCKAE XAPAKTEPUCTUKH (BS3KOCTh, YNPYrOCTh, SHTAIBIUSI U
T.J1.) CUCTEMBI MTOJIHOCTBIO OIMPENESAIOTCS 3TUMHU )K€ XapaKTepUCTUKaMH €JUHCTBEHHON CTPYKTYpPHOM MoJICUC-
TEMBI,

4 — BI3KOCTD n 1 ynpyrocTtb G CHUCTCMBI, paCCManHBaeMOﬁ B TaHHOM CJIy4ac € MO3ulur CIIOIIHOIO TEJIa,

COBIIAQJAIOT COOTBETCTBEHHO C JMCCHUIIATHBHBIM I' M CWJIOBBIM K mapamerpamu arperaTHod CTpYKTYpPHOM IOJ-
CUCTEMBI,

5 — ecJM CUCTEMa COCTOMT U3 HECKOJIBKMX CTPYKTYPHO-KMHETHYECKUX MOJCHUCTEM, TO KaKJ1asi U3 HUX KBa-
3MHE3aBUCUMO pearupyeT Ha BHELIHEE CHJIOBOE BO3ACHUCTBHUE, YTO MPOSIBISETCS B BHJE HaOOpa JIOKAJIbHBIX
JIMICCUTIATUBHBIX MPOIIECCOB HA CIIEKTPax MOTeph, HAOIIOJAIOIINXCS IPU PA3HBIX TEMIIEpaTypax.

HccnenoBanme GU3NKO-MEXaHNYECKUX U (DU3UKO-XUMHUYECKUX XapPAKTEPUCTUK PA3THYHBIX IO XUMHUECKOM
IIPUPOJIE U CTPYKTYpEe MAaTEpUaANIOB (WM CUCTEM) IO peaKlMH ATUX CUCTEM Ha BHEILIHEE CHUJIOBOE IOJIEBOE Me-
XaHWYECKOe BO3/IEHUCTBHE OCHOBAaHbI HA aHAIM3€ MapaMeTpPOB MEPEeXOIHbIX (YHKUUH. B 3TUX HccraenoBaHUAX
OJIHOM U3 OCHOBHBIX LIEJIEH SABJISIETCS OIPENEICHUE COOTBETCTBUS MEKYy BHYTPEHHUM CTPYKTYPHBIM CTPOEHU-

€M CHUCTEMBI U €€ peaKkilfeil Ha BHEITHEE BO3/ICHCTBYE.
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AHAJIH3 CMAYUBAHHUA KAK METO/] H3YYEHUA 'TETEPOI'EHHOCTH,
TOIIOI' PA®HH ITOBEPXHOCTH H B3AHMOJEHUHCTBHA IIOBEPXHOCTH C
TECTOBBIMH KHIKOCTAMM; I10IYYEHHUE ITOKPBITHH JUIA
SJEKTPOTEXHHYECKHX PE3HH H H3YYEHHE UX THJPO®OFHbIX CBOHCTB

A.C. ITammHuH
Jlabopamopusi nNOBepXHOCMHbBIX CUT

Hncmumym @uzuueckou Xumuu u Inekmpoxumuu um. A.H. @pymxuna Poccuiickoti Axademuu Hayx

Metoznom nudpoBoit 06pabOTKM BUICON300pakeHUH CUASIIEH Kaljau Ha MccIelyeMOoil TOBEpXHOCTH U3Y-
YeHbl AMHAMUKHU U3MEHEHHS yIJI0B CMAauyMBaHUS JUCTUIUIMPOBAHHOM BOJOW M BOJHBIMHM pacTBOpaMH 3JIEKTPO-
TEXHUYECKUX CUJIMKOHOBBIX PE3UH - UUCTBIX U MOKPBITHIX THAPO(HOOU3YIOIIUM COCTABOM.

HccnenoBanue CUIMKOHOBBIX PE3MH MO3BOJIMIO OOHAPYKUTh MHOIOITANHBIA MPOLECC YCTAaHOBICHUS KBa-
3UpaBHOBECHON (opMbl Karuid. BriepBble 0OHapyXeHO, YTO AMHAMHUKA KPAaeBOIO YIJIa ONpENesseTcsl JBYyMs
IpoLeccaMy, UAYIUMU NapaJlJIeNIbHO: U3MEHEHUEM PEKMMa CMAauyUBaHUS OT F€TEPOr€HHOI0 K TOMOT€HHOMY U
B3aMMO/JICHICTBUEM TECTOBOM XKHUAKOCTU C MaTepUaJIOM IOJUIOKKHU. BriepBble 0oTMeUeH nepexos peXMMOB cMa-
YMBaHUA NP KpaeBbiX yriax meHee 120 rpagycoB. Takxke yCTaHOBIEHO, YTO PACTEKAHUIO KaIlJld, BEI3BAHHOMY
BTOPBIM IPOLIECCOM, MPUCYIL OapbepHBINA XapakTep.

IIpu 5TOM NOKa3aHO, YTO KPACBOM yroOJ SBIIAECTCS XaPAKTEPUCTUKOM, YPE3BbIYAWHO YyBCTBUTEIBHOM K IIPO-
[IeCCy BHEIPEHHUSI MOJIEKYJ BOABI B CHJIMKOHOBYIO MAaTpHILy. Y CTAaHOBJICHO, YTO THAPO(POOHOE MOKPHITHE TIpe-
MATCTBYET 3TOMY IPOLECCY, 3HAUYUTEIBHO CHUXAsi THTEHCUBHOCTb THAPOPUIN3ALIH OT0XKKH.

HccnenoBaHo moBeieHnEe KpaeBOro yria Ha HEOOpaOOTaHHBIX PE3MHAX M PE3UHAX C MOKPHITHEM B aTMO-
cdepubIx ycnoBusx. Ilpu 3ToMm, ¢ 0HONM CTOPOHBI, MOKa3aHO, YTO TUAPO(HOOHOCTE HEOOPAOOTAHHBIX PE3HH B
YCIIOBUSIX 3KCILTyaTallud He O00YyCJIOBJIEHA BBIIEICHUEM W3 MaTepHalla U30JIITOPAa HA €ro MOBEPXHOCTh THIPO-
(OOHBIX MOJIEKYJT MOHOMEPOB. MBI YCTAHOBWIIN, YTO €€ MPUUYMUHOMN SIBJIAETCS yBEJIMYEHUE LIEPOXOBATOCTH I10-
BEPXHOCTH, BBI3BAHHOE OCAXJIECHUEM 3arpsizHeHui. BeiencTBue storo takas rupooOHOCTh HOCUT MeTacTa-
OounbHbIN Xapaktep. C Apyroil CTOPOHBL, B X0/1€ KIMMATUYECKUX HMCIIBITAHUHN MPOAEMOHCTPHUPOBAHA yCTOMYH-
BOCTb MOKPBITUH K Jerpajalii KpaeBoro yria.

Hakosnen, momy4ensl ruapooOHbIe TOKPBITHS, YCTOWYUBBIE BO3JICUCTBUIO K BO3JCHCTBUIO BOJBI U CITH-

TOB.
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JTHHAMHWYECKHUE HCIIBITAHHA B OBJIACTH CBEPXMAJIBIX JEDOPMAI[HH

H.b. Ypses, 10.C. CBucrynosn, B.A. Crapukos

Huemumym ¢usuueckoii xumuu u snexmpoxumuu um. A.H. @pymxuna PAH
119991, 2. Mockea, I'CII-1, Jlenunckuii npocnekm, 0. 31, xopn. 4

B pabote ¢ momomnrsto nperuznonHoro peomerpa Haake RS1 uccnenoBanock BiusHIEe M3MEHEHHUS YaCTOTHI
Y aMIUIUTYAbI KOJIeOaHW Ha PEOJIOrMYecKUe CBOMCTBA HAHOAMCIIEPCHBIX CUCTEM C PA3TUYHBIM COJCpPKAHUEM
JTUCTIEPCHOM (pa3bl HA OCHOBE BBICOKOIUCIIEPCHOTO a’pocuiia. OCIMILISIUS CO3AaBalIach 3a CUET MOMEPEMEHHO-
ro BpalleHUsI BHYTPEHHETO IWIMHAPA U3MEPUTEIHHON CHCTEMBI MO U MPOTHB YAaCOBOM CTPENKE C 3aJIaHHON
YaCTOTON W aMIUIUTYIOH.

Jlnsa cuctem ¢ koHueHTpanuen nucnepcHoit dassl menbiie KKC xapakTepHO HE3HAUUTENHHOE BIHSHHUE U3-
MEHEHHMS 4acTOThl (pu Hem3MeHHo# ammuutyze). [Ipu nepexone yepez KKC Habmogaercs cymecTBeHHOE U3-
MEHEHHE BA3KOCTH MPU U3MEHEHUHU YacTOThI (Ha 2 mopsiaka ajs cycnensuit 3, 4% mac. ruapodoOHOro aspocu-
Jla B Ba3eJIMHOBOM Maclie).

[Ipu >TOM cregyer OTMETHTb, UTO POCT KOMIUJIEKCHOTO MOJIYJIS C YBEIUYEHHUEM YacTOThl OCHUILISIIUU TIPO-
HCXOJIUT MEHEEe MHTEHCUBHO JJIsi CyCHEeH3Hi ¢ cozaepkanueM 3, 4% mac. a’pocuia Mo CpaBHEHUIO C CYCIICH-
susimu 1 u 2% mac. aspocuia.

JlanpHeilmee yBenudeHne KoHeHTpauu aucrepcHoit ¢aser (mocne KKC) He oka3bIBaeT CyIieCTBEHHOTO
BJIMSTHHS Ha XapaKTep 3aBUCUMOCTH PEOJIOTUYECKUX CBOWCTB CTPYKTYPHUPOBAHHBIX HAHOAUCIIEPCHBIX CHCTEM OT
Y9aCTOTHI.

JI71st ucciieoBaHHBIX CTPYKTYPHUPOBAHHBIX HAHOAUCIIEPCHBIX CUCTEM B O0JACTH JIMHEHHOM BA3KOYNPYTOCTH
MIPH 3aJIaHHOM YacTOTE XapaKTEpHO yCTAHOBJICHHE AMHAMHUYECKOTO PAaBHOBECHS MEXIY pa3pyllIeHHeM U oOpa-
30BaHHEM KOHTAKTOB C COOTBETCTBYIOIIUMH 3HAUEHUSMHU BSA3KOCTU M KOMIUJIEKCHOTO MOJYJISI, KOTOpbIE HE3Ha-
YUTENFHO MEHSIOTCS N0 T.. [Ipu mepexoje uepes T, HabmogaeTcsl TaBUHOOOpa3HOE pa3pyIIeHHe CTPYKTYPHI C

PE3KUM pocTOM JehopMaIiK U BBIXOAOM 3a TPAHUIIBl 001aCTH TMHEHHOMN BS3KOYIIPOCTH.

Paboma evinonnena npu ¢punancosoti noodepaicke PODU (epanm Ne 06-03-32232).
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ATOMHO-CH/IOBAAI HHTEPOEPEHIITHOHHAA MUKPOCKOIIHA

E.A. MeHbIIUKOB 1’2, O.1. Blzmorpaszal, WU.B. SImunckmii’
IHHcmumym Quzuueckou Xumuu u Inekmpoxumuu um. A.H. @pymxuna PAH,
2 o
Quzuueckui haxyromem MI'Y um. Jlomonocosa

e-mail: emenshikov@gmail.com

CoBMmelieHre MPUHLIUIOB MHTEP()EPEHIIMOHHON M aTOMHO-CUIIOBOM
MHUKPOCKOIIMHA B OJHOM MpPHUOOpE TMO3BOJISIET CKOMIICHCUPOBATh HEIOC-
TaTKW KaXKJOTO U3 METOJIOB, @ BO3MOXHOCTb ITPOBEJICHUSI COBMEIIEHHBIX
UCCJIEOBAHUM HAa MHUKPO- U HAHO-YPOBHSX MPENOCTABISIET LIMPOKHUE
BO3MO>KHOCTH IIPH MCCIIEA0BAHNN MaTEPUAJIOB.

OnxHUM U3 TPUMEPOB PUMEHEHHUS TPUOOPA SIBIISIOTCS HCCIICIOBAHUS
MOBEPXHOCTHBIX MpPOLECCOB Npu JedopMalusix HU3ruda MOIUMEPHBIX
wieHok. MccienoBanusi Takoro pojia MOTYT ObITh MOJIE3HBI TIPU pas3pa-
00TKE M CO3/1aHUU KaHTHJIEBEPHBIX OMOCEHCOPOB, a TaKXke MPHU UCCIIEa0-
BaHWU MEXAHMKH MOJIMMEPOB U MPOLECCOB, IPOUCXOASIINX B MOIUMEP-
HBIX IUIEHKAaX NpU U3rude, TaKuX KaKk M3MEHEHHUE IEPOXOBATOCTH WU
npouecchkl KpeizoBanus. [Ipu coBMEIIEHHBIX HCCIENOBaHUIX HMHTEepde-
PEHIIMOHHAs MUKPOCKOIHSI TIO3BOJISIET U3MEPUTh BEIMUUHY JleopMaluu
o0pa3ma, a aTOMHO-CHJIOBasi MHKPOCKOIIUSI - HCCIEI0BaTh IPOLECCHI,
IPOUCXOJSIINE HA €T0 ITOBEPXHOCTH.

Ha 6a3e aromHO-cmiioBoro Mukpockomna ®eMTockaH co3qaH MpOTO-

Puc.1 AToMHO-CHIIOBOH
uHTEpEPEHIIMOHHBII MUKPOCKOTT

THUII aTOMHO-CHJIOBOI'O I/IHTep(l)epeI_II/IOHHOI‘O MHKPOCKOIIa (pI/IC 1) Ilomans! 3as8BKH Ha INOJIYYCHHC TIATCHTA Ha

u3o0peTeHue.

OCHOBHBIMH 00JIaCTAMU IIPUMCHCHHA an60pa SABJIAKOTCA:

Buonorus (uccnenoBanue KJIETOK, OaKTEpHii)
Mertpoiorus

XapaKTepUCTUKHU pa3pabOTaHHOTO MPOTOTHIIA IIPUBEACHBI B TaOIHIIE

MarepuanoseneHue (Mcciae10BaHue MPO3PAYHbIX INIEHOK U HAHOOOBEKTOB )
HccnenoBanue MOBEpXHOCTHBIX MPOLIECCOB (KOMITIIEKCOOOPa30BaHUE, N3MEHEHHE IIEPOXOBATOCTH)
Kpucramnorpadus(uccnenoBanue HOBEpXHOCTH KPUCTAIUIOB U MTPOIIECCOB POCTA)

ACM M
Paspemaroniast cmocoOHOCTb 11O TOPU3OHTATH, HM 1-10 1500/ 750*
Paspermmaromiast ciocoOHOCT IO BEPTUKAIH, HM 0.1 160
Pa3mep kaapa, Mkm2 4x4 1600x1200 / 800x600*
MaxkcumanbHOe pa3penieHne n300pakeHHid, ke’ 512x512 2048x1536
CKOpOCTh NOJTy4EHHS KaIpOB, -1 0.01 15

*. IIpH UCTIOJIb30BAHUN HOHOHHHTGHBHOﬁ JINH3bI
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METOIBI HHTEJVIEKTYABHOI O IIOHCKA U OBPABOTKH HHO®OPMALTUH
B COBPEMEHHBIX HAHOTEXHO/IOTUAX C CAMOOPT'AHU3YIOIIIUMU
TEMATHYECKUMHU KAPTAMUA KOXOHEHA

A.H. Tropun, B.A.KoTenes
HUnemumym @usuueckou Xumuu u Inexkmpoxumuu um. A.H. Ppymkuna PAH,

B nocnenHue roapl HaMETHIIACh YCTOHYMBAsI TEHICHIMS UCHOIb30BAHUS HAYYHBIX Pa3pabdOTOK B 00JIaCTIX
JMHTBUCTUKH, UCKYCCTBEHHOTO MHTEJIEKTa U HEHPOKOMIIBIOTUHTA JIJISl peain3allii MOMCKOBBIX cUcTeM. Takas
CUTYyaIMs IPUBOAUT K CO3JJaHHIO MMOMCKOBBIX CHCTEM HOBOT'O MOKOJICHHUSI HA HOBOH ammapaTtHol maTdopme.

B nacrosmieit pabore npeacraBieHa MOUCKOBAsl CHCTEMa C YJIYYIICHHBIM OTOOpa)K€HHEM CMBICIOBOTO CO-
JIep>KaHUs JIOKYMEHTOB Ha OCHOBE CaMOOPraHU3YIOIUXCsl TeMaTndeckux kapT Koxonena (puc.l).

KitoueBbIM apXUTEKTYPHBIM OTJIMYMEM SIBJISICTCSI HAJIMYKME CETEeBBIX poOOTOB. CereBble POOOTHI - 3TO MPO-
rpaMMBbl, KOTOpbIE, UCXOJs W3 HEKOTOPOTO HAYaJIbHOTO MHOMKECTBA CCHUIOK, PEKYpCHBHO CKaHUpYIOT Web-
CTpPaHULIbI, U3BJIEKAsI U3 HUX HOBBIE CCHUIKH.

CoOpanHbie poOOTaMU JOKYMEHTBI CKJIIbIBAIOTCS B XPAHUJIHILE. XPAaHWIUIIE COACPKUT OOJIBIIOE KOTUYe-
CTBO 00beKTOB aHHBIX (Web-cTpanuil). OCHOBHBIE KauecTBa XPaHUIIUIIE ATO MaCIITaOHPyeMOCTh, d(h(PeKTHB-
Hasl TIOJJIEPKKa JBYX PEKHMOB JOCTYMA: CIyYailHOTO - JUIsl TOTO, YTOOBI OBICTPO HAUTH KOHKPETHYIO CTPAHHILY
o ee UACHTU(PUKATOPY, U TOTOKOBOTO - ISl TOTO, YTOOBI BBIHYTh 3HAUUTEIHHYIO YaCTh BCEH KOJUIEKITHH.

Jiist moBbIteHus 3¢ (HEKTUBHOCTH TOMCKA UCTIONB3YIOTCS MHACKCHBIE CTPYKTYPHL. 32 CO3JIaHHE 3TUX CTPYK-
Typ OTBEUYAET MOJYJIb UHACKCUPOBAHUS.

[lonydyeHre 1 BBINOJIHEHHE 3alIPOCOB MOJIb30BATENEH - 3TO 3a/1aya MOy "MOMCKOBas MamuHa". B ocHOB-
HOM, TIOMCK OCYIIECTBIISIETCSA N0 UHAEKCHBIM CTPYKTypaM, HO MOXKET - U HampsAMYIO MO JOKyMEHTaM B XpaHU-
JIUILE.

B mouckoBoii cucteme mo pe3yabTaTy MOUCKa MOIy4aeTcss MHOKECTBO IOKyMEHTOB (puc.l).

7 <<:| Mouckosas <:<::| 3anpoc nonb-
HTepHeT mallumHa 3oBaTens

MNaTabLia nARATLI (‘rll/ll‘nl( NOKVMEH-

Konnekuus
OOKYMEHTOB

=

Xpaunmiie KnacTtepusauyusa o6pasuos ¢ no-

Mowbio SOM KoxoHeHa

gy L

BbixoaHble
[aHHble

Mogynb nHgexcu-
poBaHus

Humepnperarop

Puc.1 IlonckoBas cucremMa ¢ YIy4II€HHbIM 0T06pa)KCHI/IeM CMBICJIOBOI'O COACPIKAHUA JOKYMCHTOB

Jns yaydiieHus oToOpaskeHUs CMBICIIOBOTO COAEPKaHUSI JOKYMEHTOB 3((EKTUBHBIM SBISETCS UCIOIB30-
BaHHE HEHPOCETEBbIX MHTEIIEKTYyaJIbHBIX HH(POPMAIIMOHHBIX TEXHOJIOTHI, B YaCTHOCTH CaMOOPIaHU3YIOIIUXCS
TemaTHdeckux kapT KoxoHeHa.

HeiipoceTeBas mMomens OTHOCUTCA K anreOpandeckoil monaenu moucka. CyTh TakuxX MOJENEH CBOJIUTCS K
IpPEeACTaBICHUIO JOKYMEHTOB U 3aIIpOCOB B BHJE BEKTOpoB. KaxoMy Tepmy t; B 1okyMmeHTe d; 1 3ampoce q co-
MOCTABIISIETCS. HEKOTOPBIN HEOTPULATENIbHBIN BeC Wij (W; U1 3ampoca). Takum o0pa3oM, KaxIblil JOKyMEHT U
3ampoc MOXKET OBITh MPEICTABIICH B BUJIE k - MEpHOTO BEKTOpA:
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_ def
d; =W Wy jsees Wy ),
rze k- o01iee KoJIMYecTBO pa3INuHBIX TEPMOB BO BCEX JJOKYMEHTAX.

CoxpamieHre KOJUYecTBa JaHHBIX MyTEM KaTEerOpuU3allii WM TPYNIIUPOBKA X CXOTHBIX JIEMEHTOB Ha3bl-
BaeTCs KJacTepHu3alfeld JaHHBIX. AITOPUTM (YHKIIMOHUPOBaHUs camoopranusyoonmxcs kapt (Self Organizing
Maps - SOM) npencrasisieT co00i OJUH W3 BapHAHTOB KJIACTEPU3AIMH MHOTOMEPHBIX BEKTOPOB - aJTOPUTM
MPOEIIMPOBAHUS C COXPAHEHUEM TOTIOJIOTHYECKOTO 10100usI.

B cooTtBercTBHM ¢ mpaBmiioM 00yueHusi KoxoHeHa ceTh aKTMBU3MPYET HEHPOH-TTOOenuTens i*, rae oOHOB-
NAIOTCA  BCE j-€¢ HEHpOHBI BHYTPU ompeneneHHoi obmactu cocenctBa N.(d): jeN.(d), rne

N.(d)=1{j,d, <d} - MHOKeCTBO HEHPOHOB C MHECKCAMH j JIC)KANIUX BHYTPU 0071acTH ¢ paguycoM d oT Heil-

poHa-iooeuTens i*.
JJIs TOTOJIOTUYECKOTO YIOPSI0YMBAHNS HEHPOHOB BBIXOJHOTO CJIOSI B ceTH KOoXOHEHa BBOISATCS TpPU3HAK

paccTosHus MeXTy HelipoHamu ¥ =|i*—;| u QyHKUHMS cocelCTBa A(r)= ﬂ,(|i *— j|) ,Te I * - unnexc Heifpona-

noOeAUTENA: j - UHAEKC TEKYIIETro HeHpoHa.
[IpaBuo copeBHOBATEIBHOTO O0y4YeHHS, MpeyioxkeHHoe KOXOHEHOM, YUHTBIBAeT PAacCTOSIHUE COCeleil OT
HelipoHa-nobeuTens:

AWk =nA(r)(x—w,)
Brusinue GyHKIMM COCEICTBA A(r) HA 3aKOH OOY4YCHHs MPUBOAUT K TOMY, YTO OIIMKAMHIINE 110 yCTaHOBIICH-

HOMY UHJEKCY K HEHPOHY-ITOOETUTEN0 COCeIN «IOATIATUBAIOT» CBOU KOA(PGUIIUEHTHI, POPMHUPYS TOIMOJIOTHIO
JIOKAJILHBIX 30H MOA00US OJM3KHUX JaHHBIX.

B mpencraBneHHOl cucTeMe OTOOpa)K€HHE TOMOJIOTHYECKON CTPYKTYphl OpraHU3yeTcs B BUJE MPOCTPAHCT-
BEHHOU CTPYKTYPBI — PEIIETKH C Y3JIaMH — HEHPOHAMH, KOOPJIMHATHI KOTOPBIX 33a0T TUIl IPOCTPAHCTBEHHON
TOTOJIOTHUH — TOTMOJIOTHYECKYI0 (QYHKIHIO. JIJig 3TOr0 KakaoMy HEMpPOHY BHYTPH CJIOS Ha3HAuUaeTCsl Ompene-
NEHHAs TPOCTPAHCTBEHHAS! KOOPJUHATA, COOTBETCTBYIOIIAS TOMOJIOTHYECKOM MO3UIuH (puc. 2).

Puc. 2 [IpoctpancTBenHas cTpykrypa cetu Koxonena

HTepaHHOHHBIﬁ AJIroOpuT™M 06yquH51 cetu Koxonena MOCJICOOBATCIIbHO MOBTOPSACT JIBa OCHOBHBIX 3Tala:
BBISIBJICHHE HEHpPOHA-100OEIUTENS, «yJIaBIMBAIOIIET0» LIEHTP CBOETO KilacTtepa, Haubosee OJIM3KOro Mo TOIMoJIo-
MU BXOJHOMY 00pasy; «IOATATMBAaHHE» BECOB HEMpPOHA-MOOETUTENS, KaK COOTBETCTBYIOLIETO Y3JIa TOMOJIOTH-
YEeCKOM CeTH, K CBOEMY KJIacTepy IIyTeM BBIYMCIIEHUS B3BELIEHHOW CyMMBbI KOOPAMHAT CBOETO y3Ja U LIEHTpPa
o0ydJaromiero kKiacca.

B npencraBnenHol B JaHHON paboTe CHCTEME C MOMOIIBI0 CaMOOpraHU3ymMuxcs kapT KoxoHeHa MOXXHO
BBIIBUTH U UCCIICAOBATb 3aBUCUMOCTHU MCKAY PaA3JIMYHBIMHU XaPAKTCPUCTHUKAMH BXOIHBIX O6p330B 1 BBIACIIUTH
CErMEHThI, OOBEAMHUB UX IO CXOXKHUM Ipu3HakaM. KOHKpeTHble JOKYMEHTBI NPH 3TOM CBSI3bIBAKOTCH CO
CBOMMH 00JIACTSIMM KAapPThl, MPHUYEM K KaKIA0i 00J1aCTHM MOKET OTHOCUTHCSI MHOKECTBO OJIM3KHMX I10
CMBICJIOBOMY COJI€P:KAHMIO JOKYMEHTOB - TeMaTHyeckuil kiaacc. [lomyueHHble KapThl TEMaTHUECKUX Kilac-
COB MOT'YT UCIIOJIb30BATBHCA IJIA aHAJIN3a 3aKOHOMepHOCTCI>'I B 60HLH_II/IX Ha60an JAaHHBIX U JOKYMCHTOB, ITOJIYy-
YEHHBIX TTOMCKOBOM MAIlIMHON B pe3yibTaTe 3ampoca MOJIb30BaTelNs MOUCKOBOM cucteMe. Takxke BakKHO, UTO
MIPH 3TOM MOTYT ObITh OOHAPY>KEHBI HEOKUJAHHBIE CKOTUICHUS! OMU3KUX JOKYMEHTOB U COJIEPKAIINXCS B HUX
JAaHHBIX, MMOCJICAYIOUIasd HHTCPHPECTAIHUA KOTOPLIX IMMOJIB30BATCIICM MOKET IPUBCCTU K IMMOJYUCHUIO HOBOI'O 3HA-
HUs 00 UCClIeyeMOol crcTeMe, UccleyeMoil mpobieme.

5 Kongpepenyusa Monoowz Yuenwvix, 11-12 noaopa 2008 o.
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OT/JAE/IEHHE
QUIHKOXHMHA CYIIPAMOJIEKY/ITAPHbBIX
CUCTEM

CEKIIHA
CHHTE3 U CBOHCTBA CYIIPAMOJIEKY/IAPHBIX
CHCTEM HA OCHOBE TOP®HPHHOB
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CUHHTE3 U HCCIIE/JOBAHUE ME3OMOP®HU3MA HOBBIX
OKTA-(BEH30-15-KPAYH-5)-3AMEIIIEHHBIX ®TA/IOLTUAHHHA
H OTAJIOHUHAHUHATOB IIEPEXO/THBIX METAJI/IOB

H.M. Jlorauena, B.E. bayaun, O.b. Axonona, A.FO. [luBaja3ze

Jlabopamopus HOBbIX PUUKO-XUMUYECKUX NpoDIem
Hnemumym Dusuyeckoii Xumuu u Inexmpoxumuu um A.H. @pymxuna PAH,
Jlenunckuii np-m, 0. 31, kopn. 4, 2. Mockea, 119991, Poccus
e-mail: nad _log@mail.ru
B mocnennee BpemMss HHTEHCUBHO Pa3BUBAIOTCS MCCIEAOBAHUS M0 MOJEKYJISIPHOMY AW3aiiHy (Tanonnanu-
HOB U UX KOMIUIEKCOB C METaJUIaMH, CIIOCOOHBIMU (hOPMHUPOBATH KOJIOHYATHIE M HeMaTHueckue me3o¢asbl. MH-
Tepec K TaKUM BEIIECTBaM CBS3aH B IMIEPBYIO OYEPE/Ib C HX HEOOBIYHBIMU (PH3UKO-XUMUYECKHUMHU CBOMCTBAMH U
NEPCIICKTHBON MPUMEHEHHSI B KAUeCTBE HAHOOOBEKTOB, MATEPUAIIOB LIS ONTO- U MUKPOIJICKTPOHUKH, B HEITHU-

HeiHoi onTuke u Ap. Hamu Obun cCMHTE3MpOBaHBI HE U3BECTHBIE paHee OKTa-(0eH30-15-kpayH-5)-3aMeleHHbIH

¢dranounanuH (1) 1 METATUIOKOMITIIEKCH 2 — 6 (cxeMa 1). Cxema 1

N Cd(CH3COO)2 i :<( : CN m(CH,;c00),
d —>
’ DBU CI1]1ABJ1EHVIE c:"’:‘;‘:’:ﬁ"“
o-A 180 °C
124
o 0~>

A

x

M = Ni(ll) (2), Co(ll) (3),
K,O \) C:.E(I?)((4)), Z?l((ll))((S))

Coenunenus 1 — 6 Boiges XxpoMmarorpadguieckd Ha HelTpaabHOM Al,O3 ¢ HCMIOIB30BaHHEM B KaYECTBE
AMI0eHTa cMecH xJopodopm — MeTaHod. CTpOeHUE CHHTE3UPOBAHHBIX COCIMHEHUIN MOATBEPKICHO METOAaMU
OCII, MALDI-TOF macc-cnekrpomerpun, AMP 1H-CH€KTp0CKOHI/II/I s 1, 2, 5, 6 u DIIP-cnekTpockonuu st
3ud.

Mezomopdusm coenuuenuii 1 — 6 ObUT CIpOrHO3UpPOBaH, a 3aTeM u3ydeH ¢ nomombsio JICK u Tepmornosns-
pU3aLMOHHON MUKPOCKOMHHU. B pesynbrare 3TUX HcciaenoBaHuil ObUI0 0OHAPYIKEHO, YTO y Oe3MeTanbHOro ¢ra-
noruanuHa (1) UMeroTcs Ba YHAHTHOTPOMHBIX Me30MOp¢HBIX (a30BbIX nepexona. [Ipu nepBom (a3oBom me-
pexone HaOMIONaeTCst SAYEHCTO-ToJIocYaTas TEKCTypa, BO BpeMsi BTOPOro (pa3oBOro mepexoja IMOSBISIOTCS
NajbpIe00pa3HbIe TOMEHBI, XapaKTEePHBIC 711 KOJIOHYATON Me30(ha3bl. Y (rajonraHMHATOB HUKENS (2) U ITMHKA
(5) 6b11 3apuxcupoBaH oauH (Pa30BBIN MEPEXO, MPEANOIOKUTENHLHO, B HEMaTHUeCKyto ¢a3y. Kommiekcs Ko-
6anbTa (3) 1 Meau (4) 061Ia1AIOT JTATEHTHBIM (CKPBITBIM) ME30MOP(PHU3MOM, IMOCKOIBKY Ui HUX TEMIIEpPaTyphbl
(dazoBoro mepexona B Me30da3y Jiexkar BBIINIC TEMIEpPaTypbl ero aectpykmun. Komruiekc kaamus (6) mMe3o-
MOpPGhHBIMU CBOMCTBAMHU HE 00J1a1aeT.

yoaukauun: @uzuxkoxumus nosepxnHocmu u 3auguma mamepuanos 1.45 N4 2009
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CUHTE3 5,15-/TH-OEHUII-10,20-/TH-BPOM-IIOPOUPHHATA ITHHKA
E.B. Bunorpaaona, 0.10. Enakuena, O.I'. 'opoynoBa*, A.10. lluBanze

Jlabopamopus nogvix guzuxo-xumuyeckux npoonem UOX3 PAH
Hnemumym Dusuyeckout Xumuu u Inexkmpoxumuu um. A.H. @Ppymxuna PAH,
Jlenunckuii npocnexm 0.31, e. Mockea 119991, Poccus

*e-mail: yulia@igic.ras.ru

Cunretndeckrie NOPpGUPHUHBI U UX METAJUIOKOMIUIEKCHl HAIIUTA MPUMEHEHUE B PA3TUYHBIX 00IaCTAX, TAKUX
KaK 3JIEKTPOIIOMUHECLICHIINS, KOHTPOJIUPYEMBI NIOJUMEPHBII CUHTE3, HEJMHENHAs ONITHKA, CEHCOPHKA, ONTO-
ANEKTPOHUKA, POTOMHAMUYECKAS TEPaIns paKa, TOMOTCHHBIN KaTaim3 u T.J. [1].

Kommo3utsl Ha ocHOBE TOP(GUPHUHOB MPUMEHSIIOT JJIs1 TOJTYUYEHHUS] KPACHOTO U3YUYEHHS CBETOUCITYCKAIOLIIX
muos10B. OcoOblif HHTEpEC B TAaHHOM KOHTEKCTE BBI3BIBAIOT BBICOKOYIMOPSIIOUEHHbBIE TOJTUMEPHbBIE aHCAaMOIU Ha
OCHOBE TpaHC-3aMEIIEHHBIX MOP(GUPHHOB. Y TOOHBIMU MPEKYpPCOpaMU JJIsl CO3/IAaHHUs TAKMX CHUCTEM SIBIISIFOTCS
accumetpudnble 5,15-mu-apuin-10,20-qu-0poM-3aMenieHHble  TOpQUPUHBI, 00JAarONIMe IBYMsI IIEHTPAMH
¢dbynkuuonanu3anuu. HecMoTps Ha 6oJbII0€ KOJIMYECTBO padoT, CBA3aHHBIX C CHHTE30M U U3YyYEHHEM CBOMCTB
nop(GUPUHOB Pa3IMYHOTO CTPOCHHUS, 5,15-1u-apui-3aMeleHHble TOpGUPUHBI U3YUYEHbI CPABHUTEIBHO Mallo.

B nannoii pabote Obu1 ocyIiecTBieH cuHTe3 5,15-audennn-noppupuna ¢ nocaeayromenn GyHKIHOHATHN3A-
e Me3o-mosioskeHuit Opomom (cxema 1). Takxke ObIIT MOTy4YeH KOMIUIEKC IIMHKA C CHHTE3UPOBAHHBIM MOp(hU-
PUHOM JUTSI TIOCIIEAYIONIMX HMCCIIEOBAHUHN BIMSHUS METaJIa-KOMIUIEKCOOOpa3oBaTelsi Ha CBOWCTBA BBICOKO-
YHOPSAAOYEHHBIX MOJUMEPHBIX AJIEKTPOIIOMUHECHEHTHBIX MaTE€pPHalioB, MIPEKYPCOPOM Il KOTOPBIX SIBISETCS

CUHTC3UPOBAHHOC COCANHCHUC.

1. PhCH
/ 1. TFA A = Qo
soH0 A o 2 Ph
> 3 NaOH \ / 3.DDQ P
N HN

N 4.NH;

70%
1.NBS, py
o . 2.(CH3),CO

CHCl;

Zn(OAc),
Ph Ph 47“(2 )2 Ph

CHCly

Br Br
95% 85%

Cxema 1. Cunres 5,15-qudennn-10,20-qubpom-nopduprnara nuHKa.
CrtpoeHre BcexX TONYYEHHBIX COCIWHEHHH OBLJIO MOJITBEPKACHO PAAOM (U3NKO-XUMHUYECKHUX METOJOB -
ACIL, 'H AMP-cnekrpockonueir, MALDI-TOF macc-criekTpomeTpuen.
[1] The Porphyrin Handbook. (Eds. K. M. Kadish, K. M. Smith, R. Guilard), Academic Press: San Diego,
2000;Vols. 1-10; 2003, Vols. 11-20.
Myoaukanun: Quzuxoxumusa noeepxuocmu u 3auiuma mamepuanoe T.45 N5 2009
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CYIIPAMOJIEKY/IAPHBIE BUCIIOPOHPHHOBBIE KIIETKH

10. I1. Amyk, B. C. Tropun

Jlabopamopus Hoswix huzuxo-xumunecxkux npoosem UOXD PAH
Hnemumym @usuuecxori Xumuu u Snekmpoxumuu um. A. H. @pymxuna PAH
119991, Mocksa, Jlenunckuii npocn., 31.

e-mail: Jullietta85@yandex.ru

KoopaunatmionHsie CTPYKTYpPBI, COACpIKaIIue METALIONOP()UPUHBI, MPEICTABISIOT CO00M 0COOYI0 TpyIITy
CTPYKTYPHO-OPTaHU30BAaHHBIX CHCTEM, MOJICKYJISIpPHbIE KOMIIOHEHTHI KOTOPBIX OOJIaJaf0T YHUKAJIbHON Celek-
TUBHOCTBIO, @ YCJIOBUS UX 00pa30BaHUs M CTAOMIBHOCTD 3aBUCAT OT MPUPObI METAJJIa U CBOMCTB UCXOAHOTO
MeTalIonopQuprHa, JIexKallero B OCHOBE CyNpaMoJIeKyJIbl.

Lenpro maHHOW pabOTHI SBISAETCS CO3TAHHUE CYNPAMOJIEKYJIIPHON KIIETKH, COCTOAIICH U3 IBYX MeTayutonophu-
PHHOBBIX ()parMeHTOB, COSTMHEHHBIX TIOCPEICTBOM aKCHAIBHOM KOOPIUHAIIMH OMJCHTaTHOTO JIMTAH A, a TAKKe T1e-
pUQEpUITHBIX IIEHTPOB CBSI3BIBAHUS C KATHOHAMH MeETaJa.

[lepBoHauanbHO OBUTHM OCYIIECTBJICHBI TIOMBITKA CHHTE3a IEJIEBOM CTPYKTYpPhI HA OCHOBE TeTpakuc-me3o-(3-
rujipokcudennt)noppupuHaronunka. [Ipy B3aumMoaelcTBIM JaHHOTO METAIUIONOPQUPHHA C KATHOHAMM JIAHTAaHA U
4,4’-OunupuIuHOM OBIJIO 3aMKCUPOBAHO OOpaTUMOe 00pa3oBaHHE CYNPAMOJICKYJISPHBIX IUMEPOB Pa3IUIHOTO
CTpOCHHUSI.

C nenbio nomy4yeHus 0ojee yCTOWUYMBBIX TUMEPHBIX aCCOLMATOB, NATbHEHITNN BBIOOP CTPYKTYPHBIX KOMIIOHECH-
TOB ()OPMHUPYEMOI CHCTEMBI OBbLI CAETaH B MOJIb3Yy METAJUIONOP(UPHHOB coAepkKaluX 0oJjiee CHIIbHBIC JTUTaHIHbIC
LIEHTPHI Ha epudepuu MaKpOLMKIa U 00JI1a/Ial0IIUX XOPOIIeH paCTBOPUMOCTBIO B HETIOJISIPHOM cpefe.

B xone paGotsl momyyeH psia GYHKIIMOHATBHBIX IPOU3BOIHBIX TeTpadeHUInoppupruHa: TeTpakuc-mezo-(3-
ruApokcud e )okTadTIIoppupuHaTounHK (1), mMpon3BoaHBIE TETpaKuC-Me30-(3-amuHODeHMIT)TOpPuprHa

(ITa,b), rerpakuc-(a-6pom-m-tonyon)noppuprnaTounak(I1I).

0 ) (11
CtpoeHue paHee He OIMCAaHHbIX MOJYYEHHBIX COeIMHEHUH ObII0 n3ydyeHo Merogamu [IMP-ciekTpockonuy,
9CII, MALDI-TOF-macc-cnekTpoMeTpun.
Ha ocHoBe nmosyueHHbIX MeTauIonopGUpUHOB ObLT pa3paboTaH AU3aiH U MyTH CUHTE3a KOOPIUHALMOHHO-

CBA3aHHBIX TUMECPOB B COOTBECTCTBHHU C IOCTaBJICHHOM 3a/:[aqey“1.

Hyonuxkanuu: Dusukoxumusn nosepxrnocmu u 3awuma namepuanos T.45 N6 2009
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CYIIPAMOJIEKY/IAPHBIE KOMIIEKCHI IIOP®HPHHOB
E. H. Kupnuyenko, B. C. Tiopun

Huemumym Dusuyeckoii Xumuu u Inexkmpoxumuu um. A. H. @pymxuna PAH
119991, Mocksa, Jlenunckuu npocn., 31.

E-mail: kirichenko _elena@mail.ru

CynpaMoeKyJsipHble CTPYKTYPbl HA OCHOBE METaNIONOP(GUPHHOB SBISFOTCSI MHTEPECHBIMU U TIEPCIIEKTHUB-
HBIMU OOBEKTAaMHU [IJISi CO3JIaHMsI CYyNPaMOJIEKYJISIPHBIX YCTPOMCTB M HAHOCTPYKTYPHUPOBAHHBIX MaTEpHUAJIOB.
DTO CBsI3aHO C HEOOBIYHBIM CTPOEHHUEM MOPPUPHUHOBBIX CUCTEM, U KaK CIIEJCTBUE, UX YHUKAJIHLHBIMHU JJICKTPOH-
HO-ONTHYECKUMHU, (PU3NKO-XUMUYECKUMU U IPYTUMH CBOWCTBAMHU.

Lenpio nanHON pabOTHI ABISETCS CO3/aHUE CaMOOPTAaHU3YIOIIMXCS MOJICKYJISIPHBIX aHcaMOyield Ha OCHOBE
METAJTIOKOMILIIEKCOB TOPGUPHHOB. Les1eBoii CTPYKTYpOil SIBIISIETCS METAIIONOP(PUPHUHOBBINA JUMED, COCTABHBIC
€IMHUIIBI KOTOPOTO YJEPKUBAIOTCS TMOCPEACTBOM KOOPAMHAIMK (YHKIHMOHATBHBIX TPYHI MOPGUPHUHOBBIX

CTPYKTYp C KaTHOHaMU MeTaijia, 00pa3ys, TaKUM 00pa3oM, CYIIpaMoJIeKyJIIpHYIO KIETKY.

Bbrina paccMoTpeHa CIIOCOOHOCTH K rpoiieccam camMocOopKu TeTpakuc-me30-(3-
1uaHo(GeHU ) TOpPUPUHATOIIMHKA. BBUT CHHTE3UpOBaH TUMEPHBINH KOMILICKC NaHHOTO MOp(QUPUHATOIIMHKA, B
KOTOPOM IHAHOTPYMITHl KOOPAMHUPOBAIUCH XjtopuaoM mamnaaus (II), o6pa3ys yeTsipe BHEITHUX KOOPIUHAIIN-
OHHBIX IIEHTpa MEXIy ABYMs MPOPUPUHOBBIMU CTPYKTypamu. Takum oOpaszam, 0Opa3oBbIBajIach MOJIEKYJISAP-
Hasl KJIETKa, UMEIOIIasi BHYTPEHHIOI TMOJOCTh, CIIOCOOHYI0 K OOpa30BaHHIO OOpPATHMBIX KOOPAWHAIIMOHHBIX
CBsI3EH C 9K300UIEHTATHBIMU JIUTaHIaMU. B KauecTBe TaKuX JIMTaHIOB ObUIM MICCIIEAOBaHbI 4,4’ -OUMTUPHUINH H
DABCO. O6pa3oBanue TuMEpPHOTO KOMIUIEKCA U KOOPAWHAIMS BHYTPH CYIIPaMOJICKYJIIPHOW KJIETKHU JIMTaH/a

ObLTH TTOATBEPKAEHBI TaHHBIMU Y D- 1 SIMP-criekTpoB.

5 Kongpepenyusa Monoowz Yuenwvix, 11-12 noaopa 2008 o.
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®J1YOPEH3AMELEHHBIE IOPOHPHHATBI Ni(1l), Pd(ID), P(Il) H Mg(Il):
CHHTE3, CTPOEHHUE H TIOMUHECIEHTHBIE CBOHCTBA

IO.A. Ili1aueB, A.1O. Yepusabes A.1O. IluBaase
JlaGopaTopust HOBBIX (u3uKO-xuMHyeckux npodiem UDOXD PAH
WNuctutyt @usndeckoir Xumuu u Onekrpoxumuun um. A.H. ®pymkuna PAH
Jlenunckuii np. .31, r. Mocksa 119991, Poccus
e-mail: platc@mail.ru

dnyopeH3aMeleHHble TOPQUPUHBI MPEACTABIAIOT HHTEPEC KaK COEAMHEHHs ¢ JOCTAaTOYHO BHICOKMM KBaH-
TOBBIM BBIXOZOM (uryopecueHImn (22%). @iryopeHOBBIE PparMEeHTHI B TAKUX COCTUHEHUSAX HE TPOSIBISIOT COO-
CTBEHHBIX JIFOMHUHECLIEHTHBIX CBOMCTB, a BBINOJIHAIOT (DYHKIUIO “@HTEHH”, TO €CTh MEpealoT SHEPTHIO MOTJIOo-
mieHHoro Y ®-n3nydyeHus noppuprUHOBOMY JTOMHUHO(MOPY, U3 KOTOPOTo peanusyercs (piryopecueHIrs B Kpac-
HOM 00JIaCTH CIIEKTpA.

U3JIyYCHUE B KPACHOU
00J1acTH CIIeKTpa

C uenbio aHanmu3a BIMSHHS MPUPOJABI METAJUIA, CBA3aHHOTO C TETPANUPPOJIBHBIM IHKIOM (yopeH3aMe-
HIEHHOTO MOop(UpPHHA, HA JTIOMHHECIICHTHBIE CBOWCTBA MOP(PUPUHOBOTO JTIOMUHO(OpPA, HAMU OBUIH TOTYYEHBI
HOBBIE (uIyopeH3aMelleHHbIe MOpPUpUHATHI d-2IeMEHTOB (HUKENb, Maauii, TUIaTiHa) U p-diieMeHToB (Mg).
CrtpoeHre HOBBIX COEIMHEHUI YCTaHOBJIEHO 10 AaHHBIM SIMP criekTpockonuu U 3J€KTPOHHOM CIIEKTPOCKOMHUU
norsouieHus. [IpoBeneH cpaBHUTENbHBIN aHATU3 CHEKTPOB (IyopecleHIUN MOpPUPUHATOB METAIIOB U HUC-
X0JHOTO (uryopeH3aMmenieHHoro nopgupuna. [loppuprHaTel nanmanus M MIATHHBI TPOSBISIFOT OTHOCHTEIHHO
cia0ble JTIOMUHECIICHTHBIE CBOMCTBA, MOPPUPUHAT HUKEIS HE MPOSIBISET JIOMUHECIIEHTHBIX CBOMCTB, YTO MO-
KET OOBSCHATHCS COBIAJECHHUEM HYHEPIeTUYECKUX MOJOKEHHH Tepexoa0B (IyopeclueHInd TOPPUPHHOBOTO
momuHodopa u d-d mepexomoB MoHa Ni*(mornomenne). TTophupHHAT MAarHWs MPOSBISET BBICOKYIO HHTEH-
CHUBHOCTH (PITyOpECHEHTHOTO CBEYEHHUs, KBAHTOBBIM BBIXOJ (hIyopecueHun coctapisier 69%. B cumy cinabbix
JIOMUHECIICHTHBIX CBOWCTB MOp(UPUHATOB Masulagusi, TUIATUHBI U HUKeNs (OTCYTCTBHE JIFOMUHECLEHTHBIX
CBOICTB) M BBICOKUX KOI(PPUIIMEHTOB MOTIOMIECHUS B BUAUMON U Y D-0071aCTH CHEKTpa NaHHBIE COSAMHCHHUS
MOTYT OBITH MEPCIEKTUBHBI B Ka4eCTBE aKTHBHBIX KOMIIOHEHTOB (DOTOBOJIBTAMUECKUX YCTPONCTB, B KOTOPBIX
(ryopecueHIHs SIBIISIETCS HeXelaTeIbHbIM TOOOYHBIM TporeccoM. [lopdupruHar Maraus MOKeT IpPEeACTaBIATh
MHTEpeC KaK aKTHUBHBIA KOMIIOHEHT JJIEKTPOJIFOMHHECLEHTHBIX YCTPOMCTB, OOECHEUMBAIOIINN CBEUCHUE B
KpacHO# 00JacTu CrieKTpa.

Hyonuxkanun: Qusukoxumusn nosepxnocmu u 3auiuma mamepuanoe T.45 N4 2009
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OT/JAE/IEHHE
OQUIHKOXHMHA CYIIPAMOJIEKY/IAPHBIX
CUCTEM

CEKIIHA
CAMOOPTAHHU3AIIHA CYITPAMOJIEKY/IAPHBIX
CTPYKTYP H HAHOMATEPHAJIOB

5 Kongpepenyua Monoowiz Yuenwix, 11-12 noaops 2008 2.
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CAMOCBOPKA HAHOPASMEPHBIX IIVIAHAPHBIX U I'/IOBY/IAPHBIX CTPYKTYP
HA OCHOBE 3IIOKCH/IHOI' O OJTHT OMEPA H ITUKJ/IEHA

AJL Jyoac, M.A. Kaaununa, B.B. Apcianos, B.B. Beicoukmii
Hncmumym @uzuueckoi Xumuu u Inekmpoxumuu um. A.H. @pymkuna PAH, Jlenunckuii npocnexm 0.31, .
Mockea 119991, Poccus

Jlabopamopus ¢usuueckou Xumuu cynpamonexyispHblX CUCHEM.

Co3naHue ¥ M3y4eHHE HaHOPA3MEPHBIX IIOOYISIPHBIX U KaIllCYJIMPOBAHHBIX HAHOPA3MEPHBIX MOJMMEPHBIX
CUCTEM, KOTOpPbIE MOTYT OBITh HMCIIOJIb30BAaHbl B KAUE€CTBE PEAKTOPOB JUIsl CHHTE3a U MMMOOWIN3AallMM HaHOYa-
CTHII, a TaKXke, A1 GOpMUPOBaHUS (PYHKIIMOHAIBHBIX aHcaMOJeil Ha TBEPABIX MOBEPXHOCTSIX, UMEET OOJIbIIOE
(yHIaMEeHTaJIbHOE U MPUKIATHOE 3HAUEHHE.

B nannoit paGote OblIM BHEpBble MOAPOOHO M3YUYEHBI CMEIIAHHBIE PACTBOPHI SMOKCHIHOTO OJIMIOMEpa U
MaKpOLMKJINYECKOr0 TeTpaaMuHa (LIMKJIEHA) ¥ MOKa3aHO, YTO B3aUMOJEHCTBUE KOMIIOHEHTOB IPU CMEUIEHUU
MPUBOANT K OOpa30BaHUIO HECTAOMIJIBHBIX HAHOPA3MEPHBIX AUCHEPCHBIX CTPYKTYp («mpendasen») B 00bEME
pactBopa. OOHapykeH 3PPEKT CIOHTAHHON IreHepaluy MEJIKOAUCIEPCHOM (a3bl U KalCyJIMpPOBAaHUS HaHOpa3-
MEPHBIX YacTHUI[ B INIOOYJSAPHBIX CTPYKTYpax Ha OCHOBE 3MOKCHJIHOTO OJMIOMEepa M LIMKICHA, HHULUUPYEMBbIH
pa30aBiIeHUEM CHCTEMbl OPTraHUYECKUMHU PACTBOPUTEISIMU. V3yUueHO BIMsSHUE pa3IMYHBIX CIOCOOOB aKTUBALIUU
peakuuu MNoJIuMMepu3alud B MoHocioe JIeHrMiopa (TepMuueckas M MexaHuueckas aktuBauus, Y®- u V3-
00JyueHue) Ha CTPYKTypy MOHOCJIOEB. BriepBbie MoayyeH JByMEPHBIN NOJUMEP HA OCHOBE 3MOKCHUHOTO OJIHU-
roMepa M LMKIEHA C BBICOKOW MPOYHOCTHIO, UMMOOWJIM30BAHHBIM Ha TMOBEPXHOCTH CKBO3HOHM IOAJIOXKKHU-
HocuTens metogoM JIenrmropa-bnomxerr.

Takum 00pa3oM, HCHOJIB30BAHUE CIIOHTAHHOW CaMOOPraHU3alMK TO3BOJMJIO MOJIYYUTh MHUKPOCHUCTEMBI C
3aJJaHHBIMM HAa HAHOYpPOBHE CTPYKTYpOoH M cBOMCTBaMu. B pesyinbTare HccinenoBaHUs BIHUSHUSA Pa3InYHBIX
(dakTopoB Ha mnporecc popmupoBanus [1JIb, Obuta pazpaborana MeToIMKa MOTYYEHUS MOHOCIOEB MUKPO- U

HAHOKAIICYJ Ha OCHOBE 3IIOKCUAHOT'O OJIMI'OMEpPA U HUKIICHA.
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CAMOOPI'AHU3ALIUA HAHOCTPYKTYPUPOBAHHBIX TOHKHX II'IEHOK HA
OCHOBE JTUIIEIITH/]IOB L-ALA-L-VAL H L-VAL-L-ALA UH/[YIITUPYEMAA
ITAPOOBPA3HBIMH OPIAHUYECKHUMH COE/JHHEHUAMHA

W.I. Epumosa *, M.A. 3uranmmun *, B.B. Fop6auyk *, JI.B. Coxatos °, C. A. 3uranmmna’
Byxapae A.A.
“ Xumuuecxuii uncmumym um. A.M. Bymneposa KI'V, Kazano.
b Viusepcumem I'éngpa, Kanaoa.
¢ @usuxo-mexnuueckutt uncmumym um. E. K. 3aeoiickozo, Kazano.
iefimova@ksu.ru

B mocnenHue HECKONBKO JIET B JUTEpaType 3HAYUTEILHO BO3POC HMHTEPEC K HUCCICIOBAHHIO (DHU3HUKO-
XMMHYECKHX CBOMCTB HOBBIX MAaT€PUAIOB HA OCHOBE TUMENTHIOB, UTO OOBACHSAETCS CIIOCOOHOCTBIO JUIICTITHU-
JIOB K CaMOOpraHU3aluu ¢ 00pa30BaHUEM YIOPSIOUEHHBIX HAHOMOPHUCTBIX CTPYKTYp CO CBOWCTBaMHU MOJ00-
HBIMU CBOMCTBAM II€OJIUTOB.

B HacTosimieit paboTte rccienoBaaich PelenTOPHBIE CBOMCTBA JUICNITHAOB L-aTaHwiI-L-BaauHa U L-Baauii-
L-alaHWHA, HaXOAIINXCSA B TOHKUX IJIEHKAX, [0 OTHOIIEHUIO K MapoOOpa3HbIM OPTaHUYECKUM COCTUHEHHSIM
(«rocTsiM») ¢ OMOIIBI0 MeTOAa KBapieBbiXx MUKpoBecoB (QCM). M3menenne Mopdoaoruu moBEPXHOCTH TOH-
KHX IJICHOK JUTCTITHIOB B PE3yJIbTaTe CBS3BIBAHUS MAPOB OPTaHUYCCKUX COCTUHEHHH M3y9alOCh C IIOMOIIBIO
aTOMHO-CHJIOBOM Mukpockonuu (ACM).

B0 0OHapyskeHO, YTO TUNENTH/IBI L-aTaHu-L-BaliH U L-Balui-L-aJaHUH B TOHKOM CJIO€ CIIOCOOHBI CBSI-
3p1BaTh THApOGUIbHBIE (ctupThl C1-Cy) u Trapododubie (amkanbl Ce-Cs u apensl Co-C7) «TocT» moa00HO 1o-
pucTOMy COpOeHTY (IIeoJIUTy). BBUIO yCTaHOBJICHO, YTO CBSI3BIBAHUE TMAPOB METAHOJIA M HATPOMETAHA WITCTI-
TUAOM L-anaHui-L-BaJMHOM MPOUCXOAUT 00paTtuMo, mipu 3ToM B ACM sKcriepuMeHTe He HaOII0IaI0ch u3Me-

HCHUA MOp(I)OJ'IOl"I/II/I MOBCPXHOCTH IVICHKU JUIICTITUAA.

() (b)
Puc. 1. 3D ACM wu3o0paxxeHrne TOHKOW IICHKH JHIENTHaa L-anaHmi-L-BanuH (a) 10 u (b) mociie cBs3bIBaHUS
IIapoB MUPHUIMHA U MOCIELYONIEH OCYIIKH IUIEHKH B TOKE TEIUIOTO BO3AYyXa.

Cas3pIBaHN€e MApOB MUPUIMHA U TOTYOJa TOHKOW TUICHKOM JUTENTHAA L-anaHui-L-BaluH NPUBOAUIIO K 00-
Pa30BaHUIO «KHAHOOCTPOBOBY» Ha TIOBEPXHOCTH TUIeHKH (puc.l). [Ipu aTOM mocie yaaneHus CBsI3aBIIETOCs «ToC-
Ts1» COpOLIMOHHAsA €MKOCTh OuolieonuTa mo gaHHsiM QCM-3kcniepruMenTa yMeHblnanack 0osee uem B 10 pas.
[To-BunuMoMy, TIpH CBS3BIBAHUY TIAPOB MUPUIUHA U TOIYOJa MPOUCXOTUT MOTUMOPQHBIA TEPeXo]] U3 CIHpa-
JICBUTHOW HAHOTPYOYaTOH yITaKOBKH JUICTITHIA B 3-CIIOUCTYIO CTPYKTYPY.

Paboma eévinoanena npu noooepscxke PODPU Ne 08-03-01107 u BRHE (REC007)

Hy6maukauun: @uzuxkoxumus nosepxnocmu u 3auguma mamepuanoe T.45 N5 2009
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HAHOYACTHLBI ITAJUVIAUA, CTABUJIU3UHPOBAHHBIE COIIOJIHMEPOM N-
BHHHJIUMHIA30IA H N-BUHH/IKAITPOJIAKTAMA, KAK 9®®EKTHBHbIH
PEITUK/TU3YEMBIH KATAJTU3ATOP APOMATHYECKOI' O IIMAHHPOBAHHA

A.B. Ce1uBanoBa , E.A. Tapacenko, B.C. Twpun, U.I1. Beaeukas
DX PAH, Mocksa, Poccus

e-mail: al_vs@list.ru

B nmocnennue roasl 60bpI10€ BHUMaHUE B OPraHMYECKOM CHHTE3€ YyJeseTcss HAHOYAaCTUIIaM MEPEXOIHBIX
METAJUIOB, UCTIOJIb3YEMBIM B KAUE€CTBE KAaTaIN3aTOPOB PA3IMYHBIX XUMUYECKUX PEAKIUH.

K npob6rnemam, KkoTOpbie 0COOEHHO BOJHYIOT MCCIEA0BATENEH, OTHOCUTCS BOIPOC COUETAHUS BBICOKOM aK-
TUBHOCTH TaKUX KaTaJIM3aTOPOB C BO3MOYKHOCTBIO MX JIETKOTO OTJAEJICHUS OT MPOJIYKTa PEaKIUU, a TAKKE BO3-
MO>KHOCTBIO UX pereHepaluu u perukinzanui. OQHUM U3 criocoO0B MOTyYeHHs KaTalu3aTOPOB Ha OCHOBE Ha-
HOYACTHI] METAJUIA, yIOBIETBOPSIONINX TAKUM TPEOOBAHUSIM, SBIISAETCS CTAOUIU3AIUS ATHX YaCTHUI] C TIOMOIIBIO
nonuMepoB. Hamu Oblia mpeaioskeHa U ucciieoBaHa MoJNMepHasi CUCTEMa — HOCUTEIh KaTaTUTHYECKUX HAHO-
yacTull, a wuMeHHo, noau(N-suHnunumuaazon) (PVI) u ero cratuctuueckuit comomumep ¢ N-
BuHIIKanpoiaakramoM (PVI-PVCL).

Hcnone3ys NUraHaHO-A0OHOPHYIO CIIOCOOHOCTh MMUAA30JIbHBIX 3BEHBEB, HAMHU OBbUTM MOJIYYEHBI KOM-
mwiekcsl PVI u PVI-PVCL ¢ nuxnopuaom namnaaus. Ilocnenyroiue ucciaeaoBaHusl MOKa3alld, YTO JIAHHbBIE
KOMILIEKCHI 3()(PEeKTUBHO KaTamu3upyloT peakuun Xeka, B xone kotopsix Pd (II) BoccranaBmmBaercs 1o Pd(0),
00pa3yoIiero yCToMunBble HAHOYACTHUIIBI MAJIaANs, cTabuin3upyembie noauMepom. [Ipu sToM momumepHas
CUCTEMa C HAHOYACTULAMU JIETKO OTIEISAETCS OT HU3KOMOJIEKYJISIPHBIX MPOAYKTOB PEAKUUU OCAXICHHEM U
MOKET OBITh MCIOJb30BaHA MHOTrOKpaTHO. KaramuTuueckue CBONCTBAa HAHOYACTHUIl MaJUIAAMs, UMMOOHUIU30-
BaHHBIX Ha N-BUHUIMMHIA30JbHBIX MOIMMEPaX, ObLIIM UCCIICIOBAHBI TAKXKE U B PEaKIMK [IHAHUPOBAHUSI apUJI-

raJJOr¢Hua0B:

— 1mol% [Pd],Na3PO4,DI\/!F 7\
Ré\\:/>*Br + Ky[Fe(CN)g ' . CN

120-140°C RC—
5-16 h
R=H, Me, OMe, NO,, 60-99%
COCH3,F,CF3,Cl, CHO [Pd]: PdCI2/PVI-PVCL 1:5

B teuenue naru MMOCJICA0OBATCIIbHBIX TUKJIOB aKTUBHOCTH KaTajinu3aTopa OCTaBallaChb HEU3MEHHOM.
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OT/JAE/IEHHE
OQUIHKOXUMUHUA CYIIPAMOJIEKY/IAPHBIX
CUHCTEM

CEKIIHA
CHHTE3 H CBOUHCTBA ITOJTUMEPHBIX
CTPYKTYP H HAHOMATEPHAJIOB
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HOBBIE COIIOJIHMEPHBIE ITPOJIYKTbI HA OCHOBE IJHK/THYECKHX
KAPEOHATOB H H30IIHAHATOCOJEPKAIIIHX COEJHHEHHAH

N.J1. benaun
Kaszanckuii 2cocyoapcmeennulil mexnonocuyeckutl yHugepcumen.

Metoab! (pU3MKO-XMMUHU, HAHO- U CYNPaMOJIEKYJISPHBIX CUCTEM Yyke Oojiee MOoJlyBeKa COXPAaHSAIOT JIUIH-
pyrolee MeCTO B 00JaCTH CHHTE3a HOBBIX MOJIMMEPHBIX MAaTEPUANIOB U SIBJIAIOTCSA HAAEKHBIM UHCTPYMEHTOM
KaK JUJIsl COBEPILIEHCTBOBAHUS yXKe CYIIECTBYIOIIMX CIOCOO0OB CHHTE3a, TaK M JUIsl pa3pabOTKU HOBBIX METOJOB
IIOJIy4EHUS IIOJIMMEPOB CII0KHOIO CTPOEHUs WIM cOoCcTaBa. B Hacrosmiee BpeMs, KOraa Kpyr JOCTYIIHBIX MOHO-
MEpOB B 3HAYUTEIHHON CTENEHU MCYEpHal CBOM BO3MOXKHOCTH, & MOTPEOHOCTh B MOJHMMEPAX C HOBBIM KOM-
IJIEKCOM CBOMCTB HEYKJIOHHO BO3pPAacTaeT, MPOrpecc B 00JaCTH HOBBIX MOJMMEPHBIX MaT€pHAIOB MOXKET ObITH
JOCTUTHYT IIyTEM Pa3BUTHS METOAOB MOJYYEHHs MMOJIUMEPHBIX LENEH, BKIFOYAOIIMX [TOCIEI0BATEIBHOCTH U3
MOHOMEPOB PA3TUYHON XUMHUUECKON MPUPO/IBI, B YACTHOCTH CTATUCTHYECKUE COMOIUMEPHI M TIOJIMMEpPHI 0J104-
HOM IPUPOBL.

Ha ocHOBaHMM COBPEMEHHBIX METOJIOB MCCIIEJOBAaHMs BIEPBBIC MTOKA3aHA NMPUHLMIIMAILHAS BO3MOKHOCTh
AQHUOHHOM COIMONMMEepHU3aluu HUKINYECKHX KapOOHATOB ¢ anu(aTUYEeCKUMU U apOMaTHYECKUMH MOHO— U JTUU-
30LIMAHATAMM B YCJIOBHUAX AHUOHHOTO WHUIMUPOBAHUSA. YCTaHOBJIEHO, YTO COIIOJIMMEpPHU3ALUSA IIPOTEKAET I10
nBoitHON N=C- cBsI3u H30LMaHaTa U ONEPEkKAECT TOMONOIMMEPU3ALIMIO U LIUKIIN3ALKIO NIocaeaHero. biaronaps
BBICOKOM aKTHBHOCTH, 00Opa3yIOLIMecs B YCIOBUSAX aHUOHHOTO HHUIIMMPOBAHUS AHMOHHBIE IEHTPBI N301IMaHAT-
HOTO XapakTepa COCOOHBI K PACKPBITUIO KapOOHATHOTO LIMKJIA ¥ BOBJICYEHHUIO €r0 B COMOJIMMEPU3ALIUIO C U30-
nuaHaTtoM. [lokazaHo, 4TO B pe3yJsibTaTe COMOIMMEPU3ALNN LIMKINYECKUX KapOOHATOB C MOHO- U JIMH30LMaHa-
TaMH 00pa3ylOTCsl CONOJIMMEPHI C MPEUMYIIECTBEHHBIM YepeI0BaHUEM aMUAHBIX U Y(QHUPHBIX 3BeHbeB. [Ipen-
JIO’)KEH MEXAaHM3M B3auMoAaelcTBUA. CHHTE3MPOBaHHBIE COMOJIMMEPHBIE MPOAYKTHl HA OCHOBE MOHOM3OLIMAHA-
TOB UMEIOT JIMHEHHOE CTPOeHHE U 00JIalal0T BHICOKOH CTENEHbI0 KPUCTAIIMYHOCTH € IOCTaTOYHO OOJIBIION 1
CJIOKHOM 3JIEMEHTAapHON SYeHKO HU3KOM CUHTOHUH. budyHKIIMOHAIbHBIE U30LIMaHAThl 00pa3yIOT pa3BETBIICH-
HBIC ¥ YACTUYHO CIIUTHIE aMOP(HBIE CTPYKTYPBHI.

Y CTaHOBIIEHO, YTO COYETAHUE AMHUIHBIX U A(PUPHBIX COCTABISAIONIMX MPUBOAUT K OJHOBPEMEHHON peaun3a-
MU B MPOJYKTE BBICOKHUX DJIACTUYECKUX U MPOYHOCTHBIX CBOMCTB, YTO OTKPBIBAET BO3MOYKHOCTH IOJIy4YECHHUS
L[€JI0M raMMbl HOBBIX COMOJIMMEPOB C HIMPOKUM MPAKTUYECKUM MpUMEHEHUEM (KOHCTPYKIIMOHHbIE MaTepuabl,
HOKPBITHS, IJIEHKU U BOJIOKHA). BakHOW sIBIsieTCS yCTaHOBIEHHAs HaMHU BO3MOKHOCTH IOJyYEHHUSI TOTOBBIX
u37ienuil (B TOM YHMCIie TOJIMMEPHBIX TUIEHOK) METOJOM XHUMHUYecKoro ¢opmoBanusi. OOHapyKEHO, YTO U3MEHSA
YCIJIOBUSL CHHTE€3a U COOTHOIIEHHE MCXOJHBIX KOMIIOHEHTOB MOXXHO CYIIIECTBEHHO BapbHpOBaTh BCE CBOMCTBA
00pa3yIomMXCcsi CONOJUMEPHBIX NPOAYKTOB B 3aBUCHUMOCTH OT LI€JIM M Ha3HAueHUs (Ipo3payHble, CTOMKHE K

MEXaHUYECKUM, TeMIEpaTypPHbIM, XUMUYECKUM U aTMOC(EPHBIM BO3CHCTBUAM).

yoaukanun: @uzuxkoxumus nosepxnocmu u 3auyuma namepuanos T.45 N4 2009
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CPABHHTEJIbHAS OLIEHKA MOJIEKY/IAPHOH MACCHI I/THITH/IHIOBBIX
IPHPOB O/IHI OOKCHITPOITHIEHTPHO/IOB METOJAMH ITPOTOHHOI'O
MAI'HUTHOI'O PE3OHAHCA H I'EJIb-IIPOHUKAROIIIEH XPOMATOI' PAOHH

E.®. KoaecunkoBa*, E.C. JKaBoponok*, A.E. Haabix*, A.B. [lanoB**
* aCcTUTYT pr3mueckoil XuMuu u nnekTpoxumuu uM. A.H. ®pymkuna PAH
** Poccuiickuil XMUMHUKO-TeXHONOrnueckui Yausepcuret um. [[.11. Menzaeneesa

B nocnennue roapl B XUMUU peaKIIMOHHOCTIOCOOHBIX 3MOKCHUIHBIX CBS3YIOLIMX HAMETHJIaCh TEHACHLUS,
CBsI3aHHasl C UCIOJIb30BAHUEM Pa3BETBIICHHBIX MOJU(PYHKIMOHAIBHBIX OJUroMepoB. [IpuMeneHne Takux
IPOYKTOB, OIIPEJICIEHUE UX CBOICTB, BBIOOpP YCIIOBHUI (hOpMUpPOBaHMS TPOCTPAHCTBEHHBIX CETOK U OLIEHKA UX
COBMECTHUMOCTH C JINHEHHBIMH STIOKCUIHBIME osiuroMepamu (D0) HacTOATENbHO TpeOyeT KOPPEKTHOTO
OTIpeIeJIeHUs] MOJIEKYJISIPHBIX MAcC 3TUX KOMIIOHEHTOB. JlaHHas poOiieMa OCI0KHICTCS
oI YHKIMOHATIBHOCTBIO M Pa3IMYHOMN NPUPOJON KOHIEBBIX (QYHKIIMOHATIBHBIX TPYIIIT TAKUX OJUTOMEPOB.
Llenbio HacTosIEH pabOTHI SBJIAIOCH OMPEEIEHUE COOTHOLIEHUS 3MOKCUAHBIX U I'MJIPOKCUIIBHBIX
(YHKIMOHAJIBHBIX TPYIIII, a TAKXKE MOJIEKYJIIPHOI Macchl pa3BETBICHHBIX aM(AaTHUECKUX AMOKCUIAHBIX
OJINTOMEPOB Ha OCHOBAHUU JAHHBIX METOJA IIPOTOHHOI'O MATHUTHOI'O PE30HAHCA U CPABHEHUE PE3YJIBTATOB C

BCJIMYMHAMHU, IOJTYYCHHBIMHU MCTOAOM FGJ’IB-HpOHI/IKaIOHIeﬁ XpOMaTOFpa(l)I/II/I.

B kauecTBe 0OBEKTOB HCCIIEOBAHUS UCIOJIB30BATNCH MIUIUAUIOBBIE 3(QHUPBI OJIUTOOKCUIIPOITUICHTPHUOIOB
pasnu4yHoi MmonekysipHor Macchl (JIampokeua 503M, 603 u 703).

Crnextpsl 'H SIMP perucrpupoBaiy Ha criektpomerpe Bruker WP-200 ¢ paGoueii gacToToii Ha npoToHax 200
MI 1. O6pa3siipl pacTBOPSUIH B IEHTEPUPOBAHHOM Xj10podopMe U uccieaoBaiu npu temmeparype 303 K.

['enb-xpomarorpammbl cHUMaK Ha xpomarorpade Waters ¢ pepakToMeTpHYECKUM JIETEKTOPOM U JIByMs KO-
aonkamu PL-GEL 5u MIXC, 300x7,5 MM, OTKanuOpOBaHHBIMM IO MOJHCTHPOJIGHBIM CTaHAapTaM. B kauecTBe
AITIOEHTA MCHOIB30BAIN TETPAruApodypaH co cKopocThio mogaun 1 mi/muH. Pacuer cpemqneuncnosoit (M), cpen-
HemaccoBoit (My) u z-cpemHeit MonekyysipHOM Maccel (M), a Takke KOd(pQHUIMEHTa IOJMMOJIEKYIIPHOCTH
P=M,,/M,, npoBOAMIM C TOMOIILIO TPOrpamMmsl Z-lab.

ITomyueHs! crieKTphl 'H SIMP u Qg depeHImaIbHbe KPUBbIEe MOJIEKYIISIPHO-MAaccoBOro pacrnpenenenus. [1o
naHHbIM Metoxa 'H SIMP OTIPE/ICIIEHO MOJIBHOE COOTHOIIICHUE TUAPOKCUIBHBIX U IMOKCHIHBIX (PYHKIIHOHATb-
HBIX TPYII, METOJOM THUTPOBAaHMs OIPEAEIIEHa MAacCOBas KOHLEHTpAUUs SMOKCUIHBIX I'PYII. HA OCHOBAaHUU
MOJyYEHHBIX JaHHBIX MPEUIOKEH crocol pacuera CpeIHEYNCIOBOM MOJIEKYJIIPHONW MacChl Pa3BETBICHHBIX IO~
TU(QYHKIMOHAIBHBIX OJIMTOMEPOB. MOKAa3aHO, YTO PE3yJIbTaThl HAXOAATCS B XOPOIIEM KOJMYECTBEHHOM COTIJIa-

CHH C IaHHBIMU TeJIb-IIPOHHUKAOIIEH XpoMaTorpaguH.
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COPKIIHA H THDDY3HUA BOJbI B ITOJIHAKPHIOBOH KHC/IOTE

A. A. bopuceBny, A.E. Yaabix
NHcTuTyT QU3ndeckor XuMuu 1 dekTpoxumun uM.dpymkrnna PAH,
Jlaboparopus CTPyKTYpHO-MOPGHOIOTUIECKUX UCCIIeTOBAHUIN

B pabote mosmyueHsl U IpoaHAIM3UPOBAHBI JaHHBIE TIO0 copOunu U Auddy3uu napoB BOABI NOTHMAKPUIOBOM
kuciotoit (ITAK). Uccnenoanmu nopomku u ieHku [TAK paznuyaabsix Monekysipabix macc (MM) miis cpaBHe-
HUS TTONyYeHa MH(POpMaIus 0 COPOLIMOHHBIX CBOMCTBAX MPOCTPAHCTBEHHO CIIUTHIX 00pa3noB [TAK. O6pasibl
ITAK oxapaktepuzoBanbl Mmetogamu TT'A W JICK. [Tonyuyensr aedopMaiiOHHO-IIPOYHOCTHBIC TAPAMETPHI TIe-
HOK ITAK ¢ pa3inyHbIM coziep>KkaHueM BOJBI.

HccnenoBanusa npoBOAWIM B UHTEPBAJE TeMrnepaTyp ot 25 1o 45 °c Ha BakyyMHbIX Becax Mak-beHna ¢ uyB-
CTBHUTEJIBHOCTHIO criupaiu 1, 86 Mr/Mm B HHTEpBajie OTHOCUTENBHBIX HaBieHuil mapa (P/Ps) ot 0,2 mo 0,95. beI-
Ja MCTIOJIb30BaHa MHTErpajibHasi METOAMKA MPOBEIEHHs SKCIIEPUMEHTA. U3MEepEeHHsI COPOLIMOHHONW €MKOCTH I10-
POIIKOB IPOBOAMIIN IKCUKATOPHBIM METO/IOM.

[TonmyuyeHbl KHHETHYECKHE KPUBBIE COPOLIMU. MTOKA3aHO, YTO OHM OTHOCSTCSA K TUIY (DUKOBCKUX U ICEBJO-
HOpMaJbHBIX. PaccunTaHbl U MpoaHaIM3UPOBAaHbl KOHIIEHTPAIIMOHHBIE 3aBUCUMOCTH KO3 duuneHToB nuddy-
3UM, UX 3aBUCHUMOCTb OT TeMIIEpaTyphl. 3HAUe€HUs KOA(PQPUIMEHTOB TU(GPY3UH U3MEHSIIUCh B JHAara3oHe OT
~10™ 10 ~107em’/C.

X/m, MI/Mr
0,477

0.1 1

04 T l
0 0.2 06 php, 1

PUC. 1. U3otepMbl cOpOLUH NJIEHOK
INAK npu pa3ubpix Temmeparypax: 1 —
25;2-35;3-45'C.

ITocTpoeHs! n30TepMBbl COPOLIMU NPU PA3NIMYHBIX TemrepaTrypax (puc.l). YCTaHOBIIEHO, YTO OHU BOTHYTHI
oTHocuTenbHO ocu abeuucc. [Ipu P/Ps=0,75 nabmogaercs mepexon pacTBopa MoJiMMepa U3 CTEKJI000pa3HOro B
BBICOKO3JIacTHYECcKoe cocTtosiHue. [lokazano, uro copbumonnas emkocts IIAK ne 3aBucutr or MM nuneitHOTO
HOJIUMEPA U YBEJIIMYUBAETCS ¢ pocTOM TemnepaTypbl. COpOLIUOHHYIO0 €MKOCTh MOXKHO PEryJIMpOBaTh BBEICHU-
€M CIIMBOK M MU3MEHEHHEM TEePMHUYECKON IpeapicTopun 00pasuoB. M3oTepMbl copOunu mpoaHaIu3UpOBaHbL B

paMKax MOJIeJIel TBOMHON COpOIMU U THIPATHBIX YUCE.

Hyomaukauun: @uzukoxumus nosepxnocmu u 3auguma mamepuanoe T.45 N6 2009
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JE®OPMAITHOHHO-ITPOYHOCTHBIE H AITE3HOHHBIE CBOHCTBA
COITOJIAMEPOB THJIEHA C BUHHIAIIETATOM

FO. 10. TI'naakux , A.E. Yaabix

Jlaboparopust ctpykTypHO-MOpdosornueckux uccienoranuii UOXD PAH

Hacrosimast pabota mocBsiiieHa aHanu3y aare3MOHHBIX CBOMCTB COTIOTMMEPOB ITHIICHA C BHHUJIAIIETATOM.

[TokazaHo, 9YTO MPOYHOCTH AATEC3UOHHBIX COCIUHEHUN COIMOJIMMEPOB C PA3IMYHBIMHU CyOCTpaTtaMu (CTalib,
crekio, [I[9Td) u3meHsieTcs ¢ UBMEHEHHEM COCTaBa COIMOJIMMEpPA MO KPUBBIM C MAKCUMYMOM, TIOJIO)KEHHE KO-
TOPOT0 COOTBETCTBYET COAEpKaHUIO BUHMIIANeTaTa oT 25 1o 70%. Takoit xapakTep 3aBUCUMOCTH HE 3aBUCHUT
OT TEMIIEPATYPHO-BPEMEHHBIX YCIOBUH (POPMUPOBAHUS aAT€3UOHHBIX COSTMHEHU.

[IpeacraBieHbl JaHHBIE IO U3MEHEHUIO MOBEPXHOCTHOM SHEPTHH COMOJMMEPOB TAK)KE B 3aBUCUMOCTU OT
ux coctaBa. [lokazaHo, 4TO Mpu Mepexone OT MOJIMAITHICHA K MOJUBUHUIIAIETATY MOBEPXHOCTHAS DHEPTHUS
yMeHbIIaeTcsa ot 36 10 28 M,Z[}K/Mz, a IOTOM BO3pacTaer.

BrickazaHo npeanosokKeHue, 4To CyIIeCTBEHHbIM BKJIAJ B U3MEHEHUE aJre3MOHHBIX XapaKTEPUCTHK CO-
MIOJIUMEPOB TIPH UX PACCIIAMBAHUH BHOCST J1e()OPMAIIMOHHO-IIPOYHOCTHBIC XapaKTEPUCTHKH aI'e3UBA.

TpaauIMOHHBIMUA METOJIaMH OTIPENIeTICHBI KpUBbIC AehOpMAIMU-HANPSIKEHHUSI COMTOJIMMEPOB TIPH Pa3Iny-
HBIX CKOPOCTSAX Je(GOpPMHUPOBAHUS U Temmeparypax. Mi3MepeHusl MpoOBOAWIN Ha IUIEHKaX, TOJIIMHA KOTOPBIX
u3MeHsack ot 80 1o 100 mxM. IlneHku ObLTH TOMyYEHBI METOJIOM MPECCOBAHUS MPU TEMIEpaType BhIIIE UX
temriepatypsl miasienus. Merogom JICK ist Bcex mieHOK ObUIH OnpeieieHbl TEPMOXUMUYECKHE XapaKTepH-
CTUKH, TeMIEpaTypa CTEKJIOBAHUSI, TUIABJICHHS W CTEIICHH KPUCTAJUIMYHOCTH. BbUIH ompeseneHbl 0CTaTOYHbIC
nedopmaruu mociie CHATHSI Harpy3KH.

[To xpuBBIM AedopMaIus-HAMPSKEHHE PACCUUTAHBI MOAYJIH YIIPYTOCTH, MPEJeN TeKy4ecTH, AeGopMariu
U NPOYHOCTH TIpH paspylieHuu. [lomyyeHHble pe3yiabTaThl COMOCTABICHbI C JUTEPATypHBIMU JaHHBIMH. Pac-
cunTaHa pabora nedopmanuy ¥ TPOCIEKEHO BIUSHUE COCTAaBa COMOJUMEpa Ha BEIIMYMHY IUIACTUYECKOM Je-
dbopmaruu. [lokazano, 4To AedOPMAMOHHO-TIPOYHOCTHBIC XapAKTEPUCTHKHU ISl BCEX COCTABOB COTOJIMMEPOB
W3MEHSIOTCS C yBEJIUYEHHEM CKOpocTH aedopmupoBanus. HabmoaeHne 3a xapakTepoM pa3pylIeHUs aare3u-
OHHOTO COEJMHEHHMSI COTIOJMMEPOB MOKA3aJIMd, YTO B 30HE PACCIaMBAHMS MIPOUCXOTUT 3HAUUTENNbHAS JedopMa-
IUs aare3uBa, a GOpMHUPOBAHKE TPEIIUMHBI U €€ PACIPOCTPaHEHHE B 30HE Je(opmaliu 3aBUCUT OT COCTaBa Co-
nojuMepa U ckopoctu aepopmupoBanus. Ilo mpennokeHHONW paHee TEOPETHUECKON MOJENN OLIEHEH BKJIaj

nehopMallMOHHBIX XapaKTePUCTHK a/ire3uBa B paboTy pacciauBaHUs aire3MOHHOIO COETMHEHUSI.
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CPABHHUTE/IbHBIE HCCIE/IOBAHUA IH®DY3IHH H
DPA30BbIX PABHOBECHH B CUCTEMAX 31I10KCH/THBIE
O/IHT'OMEPBI - TEPMOIIIACTBI

H.IO. byapLiun 1, A.B. llanarun 1, A.E. YaabIix 1, A.E. ByxTteeB 1, C.A. Ocunuyk !
MLIO. SI610Kk0Ba %, A.A. TToTepsies >

IHHcmumym Gusuuecroni xumuu u s1ekmpoxumuu PAH, 119991, Mocksa, Jlenunckuii np., 31

2
MI'Y um. M.B. Jlomonocoea, Mockea, Jlenunckue 2opwi, 1

OpHMM U3 aKTHUBHO Pa3BUBAIOIIMXCS HAMIPABJICHU MMOJIMMEPHOTO MaTEPUATIOBEICHHUS SBIISETCS
Mo u(UKAIHsI PEaKTOIIIACTOB TEPMOIIJIACTAMH, HAIIPUMED, STMTOKCUAHBIX onuMepoB (D0) — nonucynbdoHamuy,
nonmy¢pupumunamu (I15N), nonukapoonarom, nonuctuponoM (I1C) u ap. [Ipu sTom BEIOOP OTBEpKIatOIIEiCS
CUCTEMBI Ha TeMITePaTyPHO-KOHIICHTPAIMOHHOM 110J1e (Pa30BOi AMarpaMMbl M 3HAHUE U3MCHCHHS
kod(ppurmenToB B3auMoau(pGy3un B 3TUX YCIOBUAX C POCTOM CTETICHH KOHBEPCUH TTO3BOJISIET TIOTyYaTh

(ha3oBy10 CTPYKTYpY, KaK C MUKpPO, TaK U C HAHO JUCIIEPCHOCTHIO.

B nacrosmeit pabote Ha npumepe cucrem 0 — I1C u D0 — [1OU npoBeaeHO KOMIIJIEKCHOE U3yYeHHE pac-
TBOPUMOCTH U B3auMOAM(D(y3ruu B MIMPOKOM aHara3oHe MOJEKYJSPHBIX MAacC KOMIIOHEHTOB, TEMIEpaTyp U
COCTaBOB PAaCTBOPOB.

HccnenoBanus NpoBOJMINCH METOAOM ONTHYECKON nHTepdepomeTpur. I1o momyueHHbIM HHTEphEporpam-
MaM OBLIM HOCTPOEHBI KOHIEHTPALMOHHbIE TPOUIN, ONpPeAeIeHbl COCTaBbl COCYILECTBYIOUINX (a3, mocTpoe-
HBI MarpaMmsl (hazoBoro coctosiuus. [lokazaHo, 4To cMelIeHne KOMIIOHEHTOB UCCIIEIOBAHHBIX CUCTEM IOAYH-
HseTcst T Py3nOHHBIM 3aKOHOMEPHOCTSIM. MeToiom MataHo-bonbiiMana paccauTanbl KO3 PUITMCHTH B3au-
Moaudysun. Paccunransl kaxyuuecst sHepruu aktuBanuu aud@ysun B cuctemax D0-I1C, D0-119U.

IToka3zaHo, 4TO mpoIecChl TPAHCIALMMOHHON M (dy3ur B CUCTEMAX peakToIIacT-TepMoIuIacT ¢ tudpdysu-
OHHBIX MO3UIUHI MOAYMHAIOTCS TPAAULMOHHBIM 3aKOHOMEPHOCTSIM, UCCIICIOBAaHHBIM paHee Ul CUCTEM IOJIH-
Mep — pacTBopuTelb. CyIIeCTBEHHBIX pa3Iu4uidi B mporiecce AU Gy3uu peakTOMIACTOB B THOKOIECITHBIC U KE-
CTKOILICTIHbIE TEPMOIUIACThI HE OOHapyxkeHo. Crneunduka — B YMCIEHHBIX 3HaYeHUSAX MU} Py3MOHHBIX U SHEpre-
TUYECKUX KOHCTAHT.

VY CTaHOBIIEHO, YTO HCCIEAYyEeMble CHUCTEMbl B IIHPOKUX TEMIIEpaTypHO-KOHIIEHTPALMOHHBIX JUana3oHax
MOJTHOCTBIO COBMECTUMBI. DTO MO3BOJISIET TEXHOJIOIaM CBOOOJHO BapbUPOBATH TEMIEPATYpy OTBEPKICHHUS U
KOHIICHTPAIIMIO0 KOMIIOHEHTOB CMECEH /ISl TIOJTYYEeHUsI OTBEP)KJICHHBIX CHUCTEM C 33aJJaHHOH (a30BOil CTPYKTY-

poH.
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HCCJIEJOBAHHE JECTPYKIIHH IIBX H ®A30BbIX ITIPEBPAIIIEHHH,
ITPOUCXOJALIINX B PE3Y/IBTATE 3TOI'O IIPOIIECCA

A.E. YUaabix , K.A. Ilos03koB , B.B. MaTBeeB , A./l. AnueB

N®XS PAH um. A.H. ®pymknHa

OO01mmen3BecTHO, 4TO OCHOBHOM mpobnemoii [IBX sBrsiercss ero BechMa Hu3Kas ctabmwibHOCTh. [lon meiict-
BUEM Teria, Y D-cBeTa, KUCIOpPO/a, H3IIyYeHUH U JIp. OH JIETKO JECTPYKTUPYET C 00pa3oBaHHEM IOCIIEI0Ba-
TEJILHOCTEN NBOMHBIX HeHachINeHHBIX C=C CcBs3€eil B OCTOBE IIEIIH.

Huskyto crabuinpHocTh IIBX CBA3BIBAIOT ¢ BO3MOXKHBIM IPUCYTCTBHEM B COCTaBE MAKpPOMOJIEKYJI JIAOUIIb-
HBIX IPYNIUPOBOK, aKTUBHPYIOIIMX pacnaj MOJUMeEpPa, OTIMYHBIX OT MOCIEA0BAaTENbHOCTEN U3 HOPMAJIbHBIX
BUHWIXJIOPUIHBIX 3BeHbEB. [lonmaBisromniee OONMBIIMHCTBO MCCIEIOBATENCH CUMUTAET, YTO TAKUMH TPYIITHPOB-
KaMu SIBIIAIOTCS: ) aTOMBI XJIOpa, CBSA3aHHBbIE C TpeTuuHbIMU aTomamu yriepona C-Cl (A;); 0) BUIIMHAIbHBIC
aToMbl xjopa B coctaBe Makpomornekyn ~CH,; CHCI-CHCI-CH,~ (Aj); B) KOHIIEBbIE HEHACHIIIEHHBIE TPYIIIBI
tuna ~CH=CH; w/unu ~CCI=CHy; r) B-xJiopaiiibHble TPYIIIbL; 1) KUCIOPOICOASPKAIUETIEPOKCUTPYTIIIBL.

Ienp HacTosmmel paboTel — aHanM3 (Pa30BbIX MPEBpAILEHH, COMTPOBOKIAOIUX TepMoaecTpykiuio [IBX.
[IpenBapurenbHblii pacdyeT nmapaMmerpos pacrsopumoctu IIBX u snacTtomepa, menu KOTOpPOro IOCTPOEHBI U3
IIOJINCHOBBIX 3BEHBEB, I10KA3aJl, YTO AECTPYKLHUS JOHKHA COMPOBOXKAATHCS MPOLIECCOM PACCIANBAHUSA CUCTEMBI
— cerperaiuei 3BeHbeB 31actomepa. s mokazaTenbcTBa 3TOro 3(pQeKkTa HaMu MPOBEAEHBI CTPYKTYPHO —
MOP(OJIOTrHYECKUE UCCIIEJOBAHUS.

HccnenoBanus nposoaunuck Ha rwieHkax [IBX, nomyuennsix u3 1%-x pactBopoB B TI'® u JIX9O. Ilomy-
YeHHBIC 00Pa3IBl OTXKUTATKCH P Temreparypax 180 — 250 °C B Teyenue 5-120 MuHYT.

Jlnis uccnenoBaHMs MOJMyYEHHBIX 00pa3loB ObUIM MCIOJIb30BaHbl CIEIYIONUE METOJIbl: IEKTPOHHAS MHK-
POCKOIMS, PEHTTEHO - CTPYKTYpHbIN Mukpoananusz, TI'M, JICK.

ITo naHHBIM PEHTI€HOBCKOI'O MUKpOAHalln3a OBbUIM MOCTPOEHBI KpUBBIE JeruapoxiuopupoBanus [1BX, koro-
phl€ OBLIM UCIIONIB30BaHbI AJISl pacueTa SHEPTrUU aKTUBALIMU Tpoliecca.

JlaHHbBIE 3JIEKTPOHHON MHKPOCKOIMU TOKa3ajlH, YTO B OTOXCKEHHBIX 00pa3lax IEeHCTBUTENIBHO MOSBHINCH
HOBBIE CJIA0OKOHTpAacTHbIE (pa30Bble 0Opa30BaHMs, KOTOPBIE C YYETOM OCMHPOBAHUS MOXXHO HIAEHTH(PHULHPO-
BaTh KaK I10CJIEI0OBATEIbLHOCTH JBOMHBIX CBS3EH.

Mertoa JICK mnokasan nosiBieHHe BTOPOM TeMIlepaTypbl CTEKIOBAHHS B UCCIEAYEMBIX 00paslax, YTo TakxKe
CBHUJIETEIILCTBYET 00 00pa30BaHMM JIAOWIBHBIX (a3.

Taxkum 006pa3om, MBI IPHUIILIKA K BBIBOAY, YTO B mporiecce Tepmoaectpykiuu [IBX obpasyercst 610k como-

mumep [IBX u anmactomepa, 4To JOJDKHO YUUTBHIBATHCS IIPU AHAIIM3E PACTBOPUMOCTH UHIpeaneHToB B [IBX.
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