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Ocazxaenue 30510712 (I1I) 13 COIAHOKUCIIBIX PACTBOPOB
HA yIJIepoAHbIe HAHOTPYOKH

B TrHAPOTEPMAJIBHBIX YCJI0BHAX

P.B. Bopucos*®, O.B. Beioycos*’, A.M. Ku:kaen*
‘Uncmumym xumuu u xumuvecxoti mexronrocuu CO PAH
QU] «Kpacnoapcku nayunvid yenmp CO PAH»
Poccus, 660036, Kpacnospck, Axademeopoook, 50/24
*Cubupcruii gpedepanvhbill yHUGepcUumem

Poccus, 660041, Kpacnospck, np. Ceéo600nbit, 79

B pabome paccmompenvt gonpocwi goccmanosienus zonoma (1) uz consinokucavix pacmeopos Ha
VenepoOHOM Mamepuaie Hd OCHOBE HAHOMPYDOOK NPU NOGLIUEHHBLX MEeMNepPamypax 6 A6MOKIAGHbIX
yeaogusix. Buisgneno, umo xoauvecmeennoe goccmanosienue zoaroma (I11) us consinoxuciozo
pacmeopa npu e2o KOHmaxkme ¢ y21epooHblM Mamepuaiom npoucxooum npu memnepamype 170 °C
6 meuenue 240 mun. Cranupyroueil 21eKmpoHHOU MUKPOCKONUEH UCCAe008AHbL MOPPON02ULecKUe

ocobernnocmu 06pa3yiou;uxc,q uacmuy.

Kniouesvie cnosa: eu()pomepMaﬂbele yciaosus, 3010mo, HaHompy6Ku, OJIEKMPOHHASA MUKPOCKONUAL.

Beenenue

[Ipomuecchl ocaxAeHUS 30/10Ta HAa PA3IUYHBIX YIIIEPOAHBIX MaTepHajiaX IPEICTaBIAIOT HHTEPEC,
C OJTHOM CTOPOHBI, B 00JIaCTH CO3JaHUS HOBBIX (PyHKIIMOHAJIBHBIX KOMIIO3UTHBIX MarepualioB [1-3], a ¢
JPYTOil — B TEXHOJIOTHsIX U3BJIeUeHUs U adhuHaka 30510Ta [4-6], a TaK)Ke TIOHUMAHHUS TCOXMMHUYCCKHX
IIPOLIECCOB MUTPALIMH M OCAXKICHHUS 30710Ta Ha YIJIMCTHIX BEIIECTBAX B THPOTEPMAIBHBIX yCIOBUSX [7].
JlocTaTo4HO aKTyaJbHO CO3/IaHHe HOBBIX MaTEPHaJIOB, COCTOSIIUX U3 YITIEPOIHBIX HAHOTPYOOK C HaHe-
CEHHBIMH HAaHOYACTHIIAMH OJIarOpoJHOr0 MeTalIa. JJaHHbIe MaTepHrabl HAXOAST HIMPOKOE TPUMEHEHHUE
B KaTaJI13e, HAHOAJIEKTPOHUKE, OMOCEHCOPaxX BBUY YHUKAIBHBIX CBOMCTB, 00YCIIOBIICHHBIX COYETAHUEM
YIIIEPOIHON MATPHUIIBI U OJIarOpoHOro Metasuia. B paborax [1, 2] paccMOTpEeHBI METOIBI CHHTE3a TAKHX
(YHKIHOHAJIBHBIX MaTEPHAJIOB B OTKPBITHIX ccTeMax. Harprumep, MOKHO HCIIONB30BaTh BOCCTAHOBIIE-
HUE BOIHBIX pacTBopoB 3o01oTa (II1) muTpaTom HaTpus ¢ MOMOIIBIO yiasTpa3Byka. B padorax [8-11] m3-
JIOKEHBI THIPOTEPMAJIbHBIE TIOJX0/1bI (POPMHUPOBAHUS METALITMUECKHUX YACTHUI] OJIarOpPOIHBIX METAIIJIOB,
KOTOpBIE MOT'YT OBITH HCIIOJIb30BaHbI B KAUECTBE KaTaIN3aTOPOB, HAIIPUMED, THAPHPOBAHMSL.

C npyro# CTOPOHBI, IPOLIECCHI COPOLIMU U BOCCTAHOBJICHUSI Ha YTIIEPOIHBIX MaTepHalax Impume-
HSFOTCS JUIsl N3BJICUEHNUSI HOHOB 30J10Ta U3 PACTBOPOB, HAIIPUMED, B IIPOIIECCE IIMAHNPOBAHUS 30JI0TO-
COJIEPIKAILETO CHIPBS M0 TEXHOJIOTUHU «YTOJb B MyJbIey [4, 5], 10M3BICUCHUS [IEHHBIX KOMIIOHEHTOB
13 pacTBOPOB C KpalfHe HU3KUM COJIepKaHHeM OJ1aropogHbIX MeTaiioB. B padote [3] paccMoTpeHbl
MPOLIECCHI CHHTE3a IOCTATOYHO KPYMHBIX YaCTHUII 30J0Ta pa3MepoM 10 120 HM Ha yTIepogHOi MaTpu-
ne. JlanHble 00pas3Ibl MOKa3ai BEICOKYIO aKTHBHOCTD JUISL YJIaBIMBAHUS PTYTH.

B nocnennee BpeMs B Ka4eCcTBE HOCUTEINCH METAIITMUECKUX YaCTHUI] aKTHBHO HCHONB3YIOTCA yIJIe-

POAHBIC HaHOpr6KI/I 1 MaTepHralibl Ha UX OCHOBC, KOTOPBIC MTPOABJIAOT YHUKAJIbHBIC (bHBI/I‘IeCKl/Ie, XHU-
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MUYECKHE, DTIEKTPOHHBIE U MeXxaHnuyeckue cBoiicTa [11]. B pabore [11] u3ydeHbl mporiecchl copouu Ha
yIIepoaHbIX HaHOTPyOKax 3omota (I11) Ha oHe APYTUX HOHOB MEPEXOTHBIX METAJIIIOB U3 KACIBIX CPEI
IIpU KOMHATHBIX TeMIeparypax. B ciayuae nmpeaBapuTeIsHOTO OKHCICHU S HAHOTPYOOK a30THON KUCTIO-
Toii aBTOpamu [12] oOHapykeHa BEICOKasi CKOPOCTh H CEJICKTUBHOCTH copounu noHoB 3o1mota (111).
Ienp HacTosiield paboThl — U3YUYUTh OCOOCHHOCTH 00pa30BaHUs METAUIMYSCKHUX (a3 30J0Ta
W3 COJISTHOKHUCIIBIX PACTBOPOB 30JI0TOXJIOPHUCTOBOIOPOJHON KUCIOTH HAa YIIIEPOIHOM MaTepHalie Ha

OCHOBC HaHOpr6OK IIpU MOBBIIIECHHBIX TEMIIEpATypax B aBTOKJIABHBIX YCIIOBUAX.

3KCHepl/IMeHTaJIbHaH JacThb

B nanHoli pa®oTe HMCIOIB30BAJIN: 30J0TOXJIOPHCTOBOJOPOAHYIO KHCIOTY KPHUCTAJJIOTHApAT
(MaccoBast gons 3omn0ta 47,47 %) npousBoactea OAO «KpaciBeTMeET»; CONSIHYIO KUCIOTY — «OC.H.»,
aproH ra3zoo0pa3HbIii — COpPT BBICIINK. Pabodre pacTBOpHI TOTOBMIM pa30aBI€HHEM pacCUUTAHHBIX
AJMKBOT PEareHTOB JICHOHU3UPOBAHHOW BOJIOW, MOJIYUYSHHOW Ha cUcTeMe o4rCcTKH Boabl Direct Q3
(Millipore).

B kauectBe HocuTenst Opalii KOMMEPUYECKHH YIIIepOJHbIH MaTeprall Ha OCHOBE HaHOTPYOOK,
MIPECTABISAIONINH CO00I HUTEBHIHBIE 00pa3oBaHMs IpaduTa JINHON Oojee 2 MKM C Hapy KHBIMHU
nuametrpamu ot 20 10 40 HM B BUJIE CBIITYUYEro MopoliKa 4epHoro msera [13].

DKCIEePUMEHTBI TPOBOJMIIN B KBAPLIEBBIX aBTOKJIaBaX 00beMOM 45 ¢M® 110 METOAMKE, OIIMCAHHON
B paborax [14, 15].

Hagecky yraepoanoro marepuaia 0,300 r momemany Bo (hTOPOIIACTOBYIO YalIeuKy, pa3MeIieH-
HYI0 Ha BHYTPCHHEH MOBEPXHOCTH KPBIIIKKA aBTOKJIaBa. B KBapieBblii aBTOKIaB 3amuBann 30 cm®
pactBopa HAuCl, Tpebyemoii koHeHTpaunuu. B kamepe yaansiau BO3IyX, NPOMYyCKas aproH depes
pactBop B TeueHne 60 MHH, TeépMETH3UPOBAIN PEakTOp. ABTOKJIAB MOMENIAIH B TEPMOCTAT, MPO-
rpeTsiit 10 padoueit Temmepatypsl (110 mwim 170 °C). ITocne nporpesa 10 HEOOXOIUMOH TeMIepa-
TYpbI BKJIIOYAJIM TIEPEMEIIMBAaHUE, TEM CaMbIM oOecrevnBasi CMelleHrue TBep/oil (as3bl U pacTBOpa
TOJIBKO TIpH TpeOyemoii Temmeparype. [locie TepMocTaTHpOBaHKs B T€UEHUE 3aJaHHOTO BPEMEHH
(15—480 muH) aBTOKIAB OXJaXAaTH. ATUKBOTY pacTBOpa OTOMPAHU JJIs ONpeAesieHus] KOHIIEHTpa-
MW 30JI0Ta Ha aTOMHO-afcopOimonHoM criekTpomeTpe A Analyst-400 (Perkin Elmer, CIIIA). Ocanox
MHOTOKPATHO NMPOMBIBAJINA JCHOHU3UPOBAHHON BOION IO OTPULIATENBHOM peakMy Ha XJIOPUI-UOH U
cywmnnu npu remneparype 100 °C.

Peructpanus uzorepm aacopOiiu a30ta Obliia BHIIOIHEHA C TOMOLIbI0 aHaiu3aropa ASAP-2420
(Micromeritics, USA) npu 77 K. Pacuer TeKCTypHBIX XapaKTEpPUCTHK OCYIIECTBIISUIA C MOMOIIBIO
metonoB BJH u BET. HccienoBanusi MOpQOIOrHYecKuX 0COOCHHOCTEH 0Cak ICHHBIX YaCTHUI] TPOBO-
JIUJTA METOJIOM CKaHUPYIOIICH 3NIeKTPOHHON MUKpockornuu Ha mpubdopax TM3000 (Hitachi, SImonus)
¢ cuctemoii mukpoananusa Quantax 70 (Bruker, ['epmanus) u S5500 (Hitachi, SInonwust). Pentrenos-
ckue AU(PaKTOrpaMMBbl PETUCTPUPOBAIIM B AHana3oHe yrioB 20 ot 5 10 90° ¢ marom 0,02° Ha Ha-
cronbHOM audpaxTomerpe Proto AiXRD (Proto Manufacturing, Kanazna) ¢ ucrionszoBanuem Cu Ka

H3J1yUCHH A C HAKOIIJICHUEM B TOYKE 3c.

Pe3yabTaThl M HX 00Cy:K/IeHHE

VYrinepogHslit MaTepHrall Ha OCHOBE HAHOTPYOOK 001ajaeT Cley OIUMHU TEKCTY PHBIMHU XapaKTe-

pUCTHUKAMU: yJIelIbHAs TOBEPXHOCTH 152 M?/T, 00bem mop 0,27 cM/r, cpennuii auameTp mop 7 uM. ['uj-
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poTepmanbHas oOpaboTka Marepuana npu Temmnepatype 180 °C B IM conssHON KUCTIOTE HE MPUBOIUT
K CYIIECTBEHHOMY N3MEHEHHIO TEKCTYPHBIX XapaKTePUCTUK. METOIOM CKaHUPYIOIIEH IEKTPOHHOH
MHUKPOCKOIIUH BBICOKOTO PA3pPELICHUs] ¢ MUKPOPEHTTEHOCTIEKTPAIbHBIM aHAJIN30M Ha YTJIEPOIHBIX
HaHOTPYOKax MPUMECHBIX BKJIIIOUCHNUH HE 0OHAPYKEHO.

3omoTo (IIT) B pacTBOpax MOXKET JIETKO BOCCTAHABIMBATHCS JI0 METAJNIMYECKOTO COCTOSTHUS IO/
Bo3eiicTBHEeM oOydeHus (ynpTpaduoinet) [16, 17], pa3TuIHBIX XUMAYECKUX BOCCTAHOBUTEICH, IIPH
KOHTAaKTe C MUHepalaMu (Harpumep, cyibbuanbivu [18]) u yrinepoausimu marepuaiamu [12, 16, 19].
OO0pa3oBaHne METAJNIMYECKUX YACTHUI] 30JI0Ta HAa YTIIEPOAHBIX MaTepUasax MOXET ObITh CBSI3aHO C
nporeccamu copOruu U BocctanoBieHus 3onoTa (I111) u3 comsHokuUCHbIX pacTBOpoB [12, 19]. Bo3-
MOJKHBIE MeXaHu3MBbI copbrnu 3oi0Ta (II1) zetanbeHO paccMoTpeHs! B paboTte [16].

B Tabu. 1 npuBeieHbl YCIOBUS U Pe3yJIbTaThl SKCIEPUMEHTOB. YCTaHOBIICHO, YTO MPH KOHTAaK-
T€ YTJIEPOIHBIX HAHOTPYOOK C COISTHOKUCIIBIMHM PACTBOPAMHU 30JI0TOXJIOPUCTOBOAOPOJIHON KHUCIOTHI
B 3aKPBITON CHUCTEME B T'HAPOTEPMANIBHBIX YCIOBUSIX MPOUCXOJUT CHM)KEHHE KOHIICHTPALMH 30J0-
ta (III) B pacTBope. Ha puc. | moka3aHbsl KWHETHYECKHE 3aBUCHMOCTH W3MEHEHUs KOHLEHTPAIIUU
sosota (I11) B pactBope (Cypy’ ex 197Mr/) mipu 170 1 110 °C. Vike nociie 240 MUH KOHTaKTa MPU TEM-
nepatype 110 °C koHIeHTpamus 30J10Ta B pacTBope coctaBmia 108 Mr/i, T.e. yMeHbIIanach Mo4YTH B 2
pasa. JlaHHBIH ITporiecc MOXKeT ObITh 00YCIIOBIICH IIPOLIECCAMH COPOLIMH U MTOCIIES Y FOI[UM BOCCTAaHOB-
JICHNEeM 30JI0Ta Ha YTJIEPOTHOM HOCHTEIIE.

JIeHCTBUTENBHO, TTO pe3ybTaTaM 3JIEKTPOHHO-MUKPOCKOMMYECKOTO aHalu3a (puc. 2) Ha yrie-
POAHBIX HAHOTPYOKax 0OHapy>KeHbI MeTaNIn4ecKne yacTHIbl 305101a (0).

Ha puc. 24 nokazanbsl MHOTOYHCIEHHBIE YacTHIIBI 30710Ta (0), MOKpBIBAONINE YTIAEPOIHBIE BO-
JIOKHA, KOTOpbIe 00pazoBaiuch nocie 60 MuH koHTakTa (00p. Ne 10, Tad:m. 1) mpu Temnepatype 110 °C.
YMenbleHne koHmenTpanuu 3om1ota (I11) B aTtom ciyuyae coctaBuio 26 %. YacTHIIB 3070Ta HMEIOT

pasmepsl Meree 100 HM 1 OKpyTITyI0 GopMy. YBeIHueHHE BpeMeHH KOHTaKTa 10 240 MUH IPUBOIUT
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Puc. 1. U3menenue xoHuentpauuu 3oxo0ta(lll) B pactBope mpu pa3anuyHON NPOAOIKUTEIBHOCTH KOHTAKTa C
YIJICPOIHBIM MaTepuajoM npu temmneparypax 110 u 170 °C

Fig. 1. Changes in the concentration of gold (III) in solution at different durations of contact with carbon material
at temperatures of 110 and 170 °C
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Puc. 2. COM-u3o6pakerus yacTuir 305101a (0), 00pa3youuxcs Ha yriIepoIHOM MaTepHalIe Ha OCHOBE HAHOTPYOOK
npu temneparype 110 °C B Teuenue: A — 60 mun; B, C, D — 240 mun

Fig. 2. SEM images of gold particles (0) formed on carbon based nanotube material at a temperature of 110 °C for:
A — 60 minutes; B, C, D — 240 minutes

K 00pa3oBaHMIO YacTHIl 30J0Ta pazmepom oT 0,2 o 1,5 mxM. Hapsiny ¢ yacTuiiaMu HenpaBuiIbHOU
(opMbI OOHAPYKEHBI CHMMETPUIHBIE KPUCTAJIBI 300Ta: TUIOCKHE TPEYTOIbHUKH, IIECTHYTOJIbHHU-
KM, jgojeka’apel. B padore [20] oTMedeHO, 4TO 30JI0TO CKJIOHHO K 00pa30BaHMI0 HAHOKPHUCTAJIIOB
MIPaBHIIBHOM (hOPMBI, HAIPHUMED TUIOCKUX TPEYTOIBLHUKOB C PeOpOM OKOJIO 1 MKM.

VYBennueHne TeMneparypsl 3KkcnepuMeHToB A0 170 °C nmpuBOINUT K YMEHBIIEHUIO KOHIIEHTpA-
uun 3oi0ta (III) B pactBope co 197 mo 15 mr/m 3a 120 mun (tabn. 1, o6p. Ne 4), a mocne 240 muH
KOHLIEHTpAIUsI CTAHOBUTCSI HUKE mpeziena ooHapysxkenus (<0,1 mr/m). B TBepnoii dase, noiayueHHoi
rocie KoHTakTa npu Temrneparype 170 °C, oOHapyXUTh CHMMETpPUYHbIE YacTHIbI, Kak rpu 110 °C,
HE YIaloch AaKe B PE3yJbTaTe MHOTOUYUCIEHHBIX 3JIEKTPOHHO-MUKPOCKOMYECKUX HCCIETOBaHUMN
obpasnos Ne 4, 5, 6 (Tabm. 1).

[Tpu npoaOIKUTENBHOCTH dKciepuMeHTa 60 MUH Ha YIJIEpOJHBIX HAHOTPYOKax OOHapy KEHbI
YaCcTHLBI pa3MEpoOM /10 | MKM, COCTOSIIINE U3 MHOTOYHMCICHHBIX «OIUIABICHHBIX» YacTHIl cepuue-
ckoii popmbl pazmepom 110 0,2 MM (puc. 34, B). YBenuueHUE MPOIOIKUTEIBHOCTH 3KCIIEPUMEHTOB
MIPUBOJUT K POCTY METAJNIMYECKUX YACTHUI] 30JI0TA, OJTHAKO UX MOP(OIOrnIecKre 0COOEHHOCTH He
Mmenstores (puc. 3C, D).

JlecsaTukpaTHOE yBEeTHYCHHE HCXOMHOW KoHmeHTpanuu 3oi1ota (III) B pactBopax (1970 mr/m)
IPUBOAUT K HEKOTOPOMY YMEHBIIEHUIO CTEIICHH €r0 BOCCTAHOBJIEHUA. Tak, TpH KOHTAKTE B TEUEHUE
240 muH npu 170 °C ocrarounas konuentpamus 3onora (I11) B pactBope cocrasuia 400 mr/i, nomns
3os10Ta (0) Ha yriIepoaHBIX HAHOTPYOKax — 6osee 13 %.

Pentrenoda3oBblil aHAIN3 CHHTE3NPOBAHHBIX MaTepuasoB (puc. 4) mokas3ayl HaJau4ne HabopoB
IIUKOB, COOTBETCTBYIOIUX 30JI0TY (0). 3HAUMMBIX YIIUPEHHUI MHUKOB 30J0Ta HE HAOJIIOAAETCS, YTO

TOBOPUT 00 OTCYTCTBUHU AUCHCPCHBIX YACTHUL U COIJIACYCTCA C JJICKTPOHHO-MUKPOCKONIUYCCKUMHU
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Ta6numa 1. [TapaMeTpbl aBTOKJIABHBIX KCIICPUMEHTOB

Table 1. Parameters of autoclave experiments

YMeHblIeHnEe Au’ Ha
Ne ont C(Au*), mr/i T, °C Bpewmsi, Mun C(Au*) B yruepoxne, %
pacTBope, % Macc.
1 15 24 0,5
2 30 48 0,9
3 60 76 1,5
4 197 170 120 92 1,8
5 240 100 1,9
6 480 100 1,9
7 1970 170 240 80 13,4
8* 197 170 240 64 1,2
9 30 9 0,2
10 60 26 0,5
11 197 110 120 41 0,8
12 240 45 0,9
13 480 57 1,1
14 1970 110 240 32 6,0

* — ONBIT IPOBEJICH B aTMOC(epe BO3ayXa.

Puc. 3. COM-u3o6paxenus yactuii 307071a (0), 00pa3yoniunxcs Ha yriaepoIHOM MaTepHaliec Ha OCHOBE HAHOTPYOOK
npu temneparype 170 °C B teuenue: A, B — 60 mun; C, D — 240 Mmun

Fig. 3. SEM images of gold particles (0) formed on carbon based nanotube material at a temperature of 170 °C for:
A, B — 60 minutes; C, D — 240 minutes

nccnenoBanusiMu. Ha puc. 4 nmpuBenens! peHTreHorpaMmmel 0opas3noB Ne 5 u Ne 14 (ra6n. 1). [Iuk
B paiioHe 26° COOTBETCTBYET YITIEPOJHOMY MaTepHally U MOXKET ObITh MACHTH(OUIMPOBAH KaK I10-

JTUKPUCTAIUTHYCCKANA TPadUT, pa3MBITHIA MUK paiioHe 43-44°, mepeKphIBAIONIUICS ¢ TUKOM 30J0Ta
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Puc. 4. ludpakrorpammsel poayKkToB ocax aeHus 3oaota(lll) Ha yrieponHblit MaTeprai Ha OCHOBE HAHOTPYOOK:
obpaserr Ne 5 u o6paser; Ne 14 (tada. 1)

Fig. 4. XRD patterns of the products of gold (III) deposition on carbon material based on nanotubes: sample No.
5 and sample No. 14 (Table 1)

(200), cOOTBETCTBYET MONHKPHUCTAIITNICCKUM IIPUMECSIM B MaTepualie HaHOTpyOok [13]. I[Tuku 30110-
ta (0) Ha HaHOTPYOKax MpH coaepkanuu MeHee 2 % macc. Ha (POHE YIIICPOIHOI0 HOCUTEIS BBIPAKEHBI
KpaiiHe cnabo.

[Ipu mpoBeaeHNH IKCIIEPUMEHTOB 0€3 3aMEelIeHHs BO3yXa B aBTOKJIaBE WHEPTHBIM Ia30M Ha-
OII0AIOCh CHIDKEHHE CTeneHn BoccTaHoBNeHUs 3omota (II1) (Ne 8, tabm. 1). BeposTHO, B TaHHOM
cily4ae MOT'yT IPOMCXOJUTH ITPOLIECChI OKUCIIEHHS CBEXKE0OPa30BaHHBIX YACTHUI] 30JI0Ta KUCIOPOIOM
BO3/YyXa.

Takum 00pa3om, B pe3yibraTe KOHTaKTa cojsiHokucioro pacrBopa HAuCl, ¢ yrieponHsiM HO-
CHUTEJIEM ITPH MOBHIIICHHBIX TEMIIEpATypax B 3aKPBITHIX CHCTEMax MIPOUCXOINUT yMEHBIICHHE KOHIICH-
tpanuu 3o0j0ta (III). JlanHsI# mporece conpoBoxaaeTces GOPMUPOBAHUEM HA HAHOTPYOKax MeTal-
JIUYecKrX yacTul 3010Ta (0) pa3nudaHoi (OpMBI B pPa3MEPOB, UTO MOATBEPKACHO PEHTTEHO(A30BBIM
AQHAJTU30M U CKaHUPYIOIIEH 3JIEKTPOHHOM MUKPOCKONMHEH C PEHTI€HOCHEKTPAJIbHBIM MUKPOAHAIU-
30M. YCTaHOBJIEHO, 4TO 1pu Temreparype 110 °C nmpoucxonut GpopMHpOBaHNE KaK MHOTOYHCIEHHBIX
yacTHI] pa3mepamu menee 0,1 MKM, Tak ¥ MPEUMYIIECTBEHHO CHMMETPUYHBIX KPUCTAJIJIOB 30J0Ta
pasmepom oxouto 1 Mxm. Ilpu 170 °C mpornecc o6pazoBanus MeTaindeckux yacTui 3osota (0) mpo-

TCKACT 3HAYUTCIBHO 6I>ICTpee, CUMMETPUYHBIC YaCTUIBI B JTaHHOM CJ1y4ac HE 06Hapy>1<eH51.

BbaarogapuocTu

WHCTpyMEHTabHBIC HCCICIOBAHUS BHITIOTHEHEI C UCIIOIh30BaHUEM 00opynoBanus KpacHosp-
CKOTO PETHOHAIBHOIO IEHTPa KOJUIEKTUBHOTO Tonb3oBanus CO PAH.

Pabora BemoxHeHa 3a cueT cpenctB dDenepanbHOro OIOMKETAa HA peaM3alHio IPOEKTa
Ne V.46.1.2.
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