KOJUJIOMJTHBIH XKYPHAJL, 2024, mom 86, Ne 2, c. 266—275

YIIK 546.13:546.571:546.05:53.091

MEXAHOXUMMWYECKUI CUHTE3 HAHOKOMIIO3UTOB C 3AJJAHHBIM

COCTABOM I[OBABKOﬁ PACTBOPUTEJA ITPEKYPCOPOB
© 2024 1. D.X. YpakaeB*

Huemumym eeonoeuu u munepanozuu um. B. C. Cobonesa CO PAH,
np. Akademurka Konmrwea, 3, Hosocubupck, 630090 Poccus

*e-mail: urakaev@igm.nsc.ru

IMocTynuna B pemakumio 11.10.2023 1.
IMocne nopadotku 30.11.2023 .
IMpunsara k nyonukanuu 30.11.2023 r.

3agaya 1aHHOI pabOTHI COCTOUT B ITOMBITKE BHEAPEHUS B HAYYHYIO MPAKTUKY METoJa “MeXxaHOXUMUYe-
CKO1 MepeKprCcTaUIN3auu” B TBepIO(ha3HBIX CUCTEMAaX C MAJIBIMM JOOABKAMU XMIKOTO PACTBOPUTEIS.
B xauecTBe TakoBOro ucmob3oBajcs aumetmicyibdoxkcua (IMCO) — yHUBepCallbHbII OUITONISPHBLIA
alpOTOHHEIN pacTBopuTenb. Kak mpuMep, Ob1a n3ydeHa MeXaHWYecKast aKTUBAIUS peaKIIMOHHOTO
npouecca AgNO,; + NH,I + zNH,NO; (paz6asurens) + yS + xIMCO = Agl + yS* + (z + 1)NH,NO,; +
+ xIAMCO, tne z= 5, y = 1, x <1 — MmonbHbIe 10au1. BblJIO ycTaHOBJIEHO 0Opa3oBaHWe HAHOYACTUIL
cepsl (S*) u itfomnma cepebpa (Agl), a 1o cyTH, ciejgaH CMHTE3 HAHOKOMITO3UTOB S*/Agl ¢ KOHTpoIMpy-
€MBIM COZIepXXaHUEM KOMIIOHEHTOB. IIpuMenenue paszoasurens NH,NO, — HeneneBoro nponykra mMe-
XaHOCHHTe3a — 00ecIeurBaio CTabMIM3alrio pa3MepoB HaHovyacTull. [losyyeHrue HaHOYACTUIL B Cpee
JAMCO pocturaercsl He IPSIMO MeXaHWYECKOI aKTUBalIME, a B pe3yJibTaTe OOBIYHOM MepeKpUucTa-
JI3a1y (HeIPEPhIBHBIN MPOIIECC PACTBOPEHUSI-KPUCTAUIM3ALUY CePhl) WU PEaKIIMOHHOU IepeKpU-
CTaJuIM3alMU (HenpepbIBHBIHM npouecc pactBopeHust AgNO,;, NH,I 1 ux peakuus ¢ kpucraniiuzauuein
Agl). IlepBbIii BapuaHT peanusyeTcs npu nmoiaydeHun S*, a Bropoit — Agl. LlemeBbie mpomyKThl (S*,
Agl n S*/Agl) orMbIBanuch oT BoropacTBopuMbix KoMnoHeHToB (NH,NO;, IMCO) ¢ npumeHeHreM
yIBTpa3ByKoBoi 0aHu. [IpemrokeHHOe TeXHNISCKOE pellleHre OBUIO OCYIIIECTBICHO B IIAPOBBIX I1jIa-
HETapHBIX MEIBHUIIAX C PAa3INYHON (PYypPHUTYPO.

Karouesnie cro6a: Mmexannueckasi akTUBaLYsSI, AMMETUICYIb(MOOKCHU, TIepeKprCTaIM3alus, cepa, Honun ce-
pebpa, HAHOYACTHUIIbI, HAHOKOMIIO3UThI
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CnHCOK aHIIo- 1 PYCCKOA3BIYHBIX CNICIHAJIBHBIX TEP-
MHHOB

DMSO — dimethyl sulfoxide / numeTnicyab¢hoK-
cung — IMCO

MA — mechanical activation / MexaHU4YeCKasl aKTH-
Bauug — MA

nanosulfur — sulfur nanoparticles / HaHOYaCTHUILIBI
cephl — HaHOCEpa

XRD — X-ray diffraction / penTreHoda30Bbli1 aHa-
13 — PDA; D — crystallite sizes / pa3Mepbl KpUCTAJLI-
TOB; € — lattice microdistortions (microdeformations) /
MUKPOMCKAXEHUST pelIeTKn (MuKpomedopMainm);
Williamson-Hall plot — noctpoeHue Yuibsimco-
Ha-XoJ1a

SEM — scanning electron microscopy / CKaHUpYIO-
11as 3JIeKTpoHHast MuKpockonus — COM

EDAX - energy dispersive X-ray analysis / aHepro-
JnucriepcuoHHas criekrpockonus — BJIC

TEM - transmission electron microscopy/ mpocse-
YMUBaloIIas 3JeKTpoHHas1 MUKpocKonusi— IIDM

BBEAEHUNE

HaHHas paboTa aKIIeHTUPYETCS TOJILKO Ha TOJy-
YeHUHW HAHOYACTUII 1 HAHOKOMITO3UTOB OOBIYHOM 1/
WA peaKIIMOHHOM TepeKpUCTAIN3aIIieil MCXOMHBIX
MPEKypPCOPOB IIPU X MeXaHWIeCcKoit aktuBanuu (MA)
B ITUTAHETApPHOM MeJbHUIIE ¢ T0OaBIeHNEM MaJIBIX KO-
JINYECTB XKUAKOTO YHUBEPCAITBLHOTO OUTIOISIPHOTO
alIpOTOHHOTO PACTBOPUTENS — TUMETHICYTh(oKcHaa
(IMCO) [1]. Tema HacTOs11IEr0 COOOIIEHNUS HE CBSI-
3aHa C LIUPOKO U3BECTHOM «IMepeKpUCTAIIU3aLUEIi»
B IIpolIecce MeXaHUUYECKOM aKTUBAIIMU TBEPIO(a3ZHbIX
cucrteM [2—14].

Teme QHEPIECTUYCCKU MaJIo3aTpaTHbIX MEXaHOXU -
MMNYECKHNX HpCBpaIHCHHﬁ, KOTOPBIC pC€AJTN3YIOTCA ITPpU
O6pa3OBaHI/II/I Wiau 1o00aBIeHUN HEKOTOPOIo KOJIN4e-
CTBA JKMAKOCTH, IMMOCBAIICHDBI OTACIbHBIC HY6J'II/IK21LII/II/I.
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MEXAHOXUMUWYECKHWKM CUHTE3 HAHOKOMIIO3UTOB

Peakiusam Mexxmy TBepIbIMA KUCJIOTAMHU M OCHOBAHM -
sIMU ¢ 00pa3oBaHueM Boabl — MoHorpadus [15]. Ilpu-
POIHBIM MEXaHOXMMUYECKHM TIpolleccaM — 0030p
[16]. J1y1st BTOpBIX BBEAECH JaXe CIelabHbINA TEPMUH:
Liquid Assisted Grinding (LAG) [17—22]. O6braHO
KUIKOCTh 00eCIIeyBaeT caMy BO3MOXHOCTD TTpeBpa-
IIeHUs, MO0 BIMAET Ha er0 CKOPOCTh, TMOO Ha CO-
cTaB TIpoaykToB. [opa3mo TpymaHee HalTH TIpUMEPHI,
Korga n1o6aBjaeHUe XUAKOCTU TPUMEHSJIOCH Obl 15
KOHTPOJIMPOBAHUSI pa3MepoOB YaCTUIL ITPU MEXaHOXU-
MUYECKOM MPUTOTOBJIEHUM HAHOKOMITO3UTOB [2, 7, 8,
23-30].

Haub6onee 6J1M3KMMHU MO CyIIHOCTHU K TIpeisia-
raeMoMy MeTOoay “MeXaHOXMMHUYecKasi MepeKpu-
cTajaausanus’” SBISIIOTCS PacTBOPHBIE METOMAbI T10-
JIydeHUsI HaHOYaCcTUIl cepbl (HaHocepa) [31—34],
a Takxe cuHTe3 HaHoKoMmmo3uTtoB S/AgX (X = Cl,
Br, I) ¢ npumenenuem JIMCO [1, 35—37]. Kak npa-
BUJIO, HEAOCTATOK MHOTUX LIUTUPYEMBIX METOMOB
COCTOUT B TPYAHOCTU CUHTE3a HAHOKOMITIO3UTOB
C KOHTPOJUPYEMBIM COAEPXKaHUEM KOMITOHEHTOB.
[ToaTOMY HUXE, HAa NIpUMepe U3YyUYEHUS] CUCTEMBbI
S-AgNO,;-NH,I-NH,NO,, npennaraercsi npume-
Hath AMCO kak cpeny Uisl IepeKpUCTaJUIM3allumn
HUCXOIHBIX TPEKYPCOPOB — KOMMEPUECKMX PEAKTUBOB
cepnl, S (00OBIYHOE PACTBOPEHME C KpUCTaJIM3alluei
HaHocepsl, S*), AgNO; u NH,I (peakunoHnHoe pac-
TBOpEHUE ¢ KpucTtayuim3auuein HaHouactun Agl) [14].
HNHueptHBIe BogopacTBopumMble pazdasutenn (NH,I,
NH/NO,;) obecrieunBaioT cTabMIN3aLNI0 Pa3MEPOB
HaHoyacTull [2, 5, 8, 25, 38, 39]: uMeeTcs B BUILy Me-
ton Mak Kopmuka (McCormick P.G.), onucaHHbIi
B 0030pax [8, 38]. BeiOpanHsie ke 111 MA miaHeTap-
HBbIe MEJTBHUIIBI MOTYT CIYXKUThH B KaueCTBE Hanboee
3 (PEeKTUBHBIX MEXaHOXUMUWUYECKUX PEaKTOPOB IS
obecreueHUS Mpoliecca pacTBOPEHUS IPEKypPCOPOB
B OTHOCHUTEJIBbHO MajbIX koandectBax JIMCO [5, 29,
38—40]. B meaoM 0xXuaanoch JOCTHXKEHE OCHOBHOM
eV JaHHOM ITyOJIMKAIlUY — IIPUTOTOBJICHUE TIee-
BOTO MPOAYyKTa: HAHOKoMITo3uTa S*/Agl ¢ KOHTpoIu-
PYEMbBIMU U PETYJIUPYEMbIMU pa3MepaMu U coaepxka-
HHEeM HaHOCEpHI.

OKCITEPUMEHTAJIBHAA YACTb

Mamepuano. umetuncynspokcun, (CH,;),SO,
C comepXaHMeM OCHOBHOIO BellecTBa >99.5% Gbut
npuodpeteH B BioChemica, AppliChem GmbH, dap-
mitant, I'epmanus. HutpaTel cepebpa m aMmMOHMS
(AgNO;, NH,/NO,), iiomun ammonus (NH,I) u cepa
(S) 6buIM TIpHoOpeTeHHl B Sigma-Aldrich, I'epmanust.
711 OTMBIBKY BOIOPACTBOPUMBIX KOMIIOHEHTOB HC-
MTOJTb30BAJIH YIIBTPA3BYKOBYIO OaHIO C BOIOM, OUMIICH-
Hoii cucremoit Smart2Pure, Thermo Scientific, CILIA.

Mexanoxumuueckaa nepekpucmaniuzayus. MA
MpOM3BOAMIN B OapabaHax IIapoOBBIX ILJIAHETap-
HeIX MenbpHUll IlynmeBepuserte (Fritsch, 'epmanus)
¢ ¢bypHUTYpOIT MetolIuX Tel U3 Kapouaa Boibdpama
Ne2 2024
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(ITyneBepuserte 6, 1-6apabanHas ¢ oo0beMoM 250 M)
u pypHUTYpOii U3 HepxkaBetolei ctanu (ITyabBepu-
3erTe 5, 4-0apadbanHas ¢ oobemamu 1 1). MA ocymecT-
BJISJIACh B aTMOC(EPHBIX YCIOBMSIX C MCTIOIb30BaHUEM
mapoB nuaMeTpoM 10 MM TIpu OTHOIIIEHMU Beca 1a-
poBoii 3arpy3ku (600 r) K HaBeCKe CMeCH IMOPOIIKO-
Boit mmxThI (10 1), paBHOI 60. OMIO3UTHBIE YaCTOTHI
BpAaLLEHNs BoawiIa U 6apabaHOB cocTaBisin 350 MuH !
npu BpemeH MA 30 muH. [IpurorosieHue HaHOCEPHI
(S*) u HaHOKOMMO3UTOB yS*/Agl MeTonoM “MexaHOXM-
MUYECKOM TepeKpUCTAIN3ALNN” TTPOBOAMIIN TIO CJie-
JYIOIIMM XMMUYECKUM CXeMaM, Tie S — UCXomHasi cepa;
S* — nepexkpucrauin3zoBanHas u3 JIMCO HaHocepa;
z=5,y=1ux << 1— MOJbHBIC TOJIU:

NH,I (paz6asurens, 9 1)+ S(1 1)+
+ IMCO (1-5 M) =
= NH,I + S* + AMCO (1-5 wmi),

(1

AgNO3 + NH4I +ZNH4NO3 +yS+
+ xIAMCO = Agl +yS*+ (z +1) x
«NH,NO;+ xIIMCO.

(2)

Hast peakuuu (1) mpumensiach [lynbsBepuserTe 6,
a st (2) kak [MyneBepuserte 6, Tak u [1ynbBepuserte
5. ConmepxaHue yS* B S*/AgX OBLIO B3SITO paBHBIM
~ 50 Bec.%. [IpenmytiiecTBa BHIOpAHHBIX TSI N3YICHUS
peakiuii: pacTBOpUMOCTh pekypcopoB B IMCO; ot-
CYTCTBHUE BOIbI (HAIPUMEDP, HET KPUCTAJIOTUAPATOB)
KaK B MCXOIHBIX TIpeKypcopax, Tak U B IMPOIYKTax,
3a UCKJIIOYEHUEM WX HE3HAYUTEJbHOTO YBIaKHEHMS
u3-3a rurpockonuyHocTu JIMCO [41—43]; nerkocTb,
MMPOCTOTA 1 BBICOKASI CKOPOCTh MpoTeKaHusi. O0pa3ubl
S* u S*/AgX nocne Y3M-0TMbIBKM BOZOPACTBOPHU-
MBIX KOMIIOHEHTOB MA Bo#oii, HeHTpUdYrupoBaHUs
U CylIKU B TeueHUue cyTok npu 70°C uccienoBaauch
psimoM (PUBUKO-XUMUIECKUX METOIOB.

Xapakmepucmuka obpasyoe. ®a3oBblii cocTaB, pa3-
MeEpHI 6JI0KOB KOT€PEHTHOTO paccessHUs (pa3Mepsl
KPUCTANIUTOB, D) MU MUKPOUCKAXEHUSI PEILISTKU
(Mukponedopmalluu, €) pacCCUMTHIBAIN 1O pe3yiabra-
TaM peHTreHoda3oBoro aHanu3a (PMA) Ha qudpakTo-
Metpe Rigaku MiniFlex 600 ¢ mpuMeHeHUEM METHOTO
usnydeHus (A = 0.15405 um). 7151 YMCIEHHBIX OLIEHOK
1 pacimdpoBKU AUDPAKTOrpaMM MCIIOIb30BaIM Oazy
naHHbix ICCD-PDF2 Bepcuu 2016.

CnekTpbl KOMOMHAILIMOHHOTO paccesiHus 00-
pa3lloB pPeruCcTPUPOBAIM Ha CIeKTpoMeTpe Solver
Spectrum (NT MDT Instruments, Poccus) ¢ mpume-
HeHueM audpakunoHHoi pemerku 1800/500, obe-
CIeYMBalOLIEl CIeKTpanbHOe paspeinenue 1 cm~l
st KP-criekTpockonuu Bo30yXIeHUe KojiebaTeab-
HBIX MOJI OCYIIECTBIISTIOCH TeINii-HEOHOBBIM JIa3epOM
¢ IUTMHOM BOJHBI 633 HM, a IIOJIy4YeHHBIE CITEKTPHI 00-
pabatbiBavch ¢ MOMOILBIO TTporpaMmmbl Origin Lab.



Puc. 1. Mukpodororpacduu [1DM OTMBITBIX YacTHUIL
cepbl U3 00pa3lioB 3KCIEPUMEHTOB IO MEXaHOXUMMU-
YeCcKOU NMepeKpUcTalIn3aluu cepbl C 100aBIeHUEM
1 M7 (a) u 5 m (6) AMCO.

—— S u3 IMCO
| PDF kapra Ne 00-008-0247

I/IHTCHCI/IBHOCTB, IIp. €.

10 20 30 40 50 60
2 ©, rpan

Puc. 2. lannbsie PPA obpasiia cepbl, ITOJIy4EHHOTO IIPO-
MBIBKOIA U cylikoit mpoaykta MA no cxeme (1) ¢ no6aBs-
nenuem 2 mu IMCO.

Mopdosoruio, pazmMep 1 3JeMEHTHBIN COCTaB Ha-
HOYACTHII M3yJYaIu Ha CKAaHUPYIOIIEM 3JIeKTPOHHOM
mukpockone (COM) Quanta 200i 3D (FEI, Hunep-
JIaHIBI), 00OPYAOBAHHOM 3HEPTOMMCITIEPCUOHHOMN
peHTreHoBcKoii cniekTpockonueit (BJ1C). s aHa-
nu3a cMech 1 T ob6pasua u 40 M1 Bonbl oOpabdaTbiBain
B YJIBTPa3ByKoBOI BaHHe B TeueHue 30 muH. O6paselr
MOJIyYeHHOH CYCIIeH3UM HAHOCHJIM Ha KPEMHHUEBYIO
MOUTOXKKY 1151 u3MepeHuit COM.

Mukpodororpaduu HaHOCEPHI MTOJTYYaIu Ha MPo-
CBEUMBAIOIIIEM BJIEKTpPOHHOM MuKpockomne (I[TOM)

YPAKAEB

JEOL JEM-1400 (AAmoHus1) mpu yCKOpSIOIIeM Ha-
npskeHun 80 kB. Bee mpouenypsl, HE0OXOAUMBIE IS
MPUTOTOBJIEHUS] B3BECU KOJIJIOMAHON cepbl, MPOBO-
JVJIW HETIOCPEACTBEHHO Tepea HayajoM MUKPOCKO-
nuyeckux usmepeHuit. [lonyyeHHy0 pacTBOp-CyCreH-
3110 HAHOCUJIM MMUMETKON Ha MOKPBITYIO KOJJIOAUEM
MEIHYIO CeTKY Jis u3MepeHuit IIOM u B TeueHue no-
CTaTOYHO MAJIOr'0 BpeMEHM MoJiydaau MUKpodoTorpa-
¢uu HaHOCEPHI.

PE3VIJIBTATBI U OBCYXIEHUE

B pab6ote, no cytu, usyvarorcst 3 npoiiecca ooblu-
HOM M peaklIMOHHON MEXaHOXUMUYECKOMN MepeKpu-
crajumdauuu B JIMCO: 1) npurotoBieHue HaHOCEPbI
(S*) u3 ucxomgHoii cepsl (S); 2) MPUTOTOBJIEHUE HAHO-
KOMITO3UTOB Ha OCHOBE HAHOCEPHI U Moauaa cepedpa
(S*/Agl); 3) BnusiHue yciaoBuii MA Ha IpUTrOTOBJIEHUE
HaHOcephl S* 1 HaHOKOMITO3UTOB S*/Agl.

Tlepexpucmanauzauus cepot uz IMCO. T1o cxeme (1)
Ha MenbHULE [lynbBepruseTTe 6 GBUT MPOBENEH MPO-
IIecc MeXaHOXMMHUYECKOM TTepeKPUCTAITN3AIINH CEPBI
B IMCO c yyactuem nHeprtHoro pasdasurenss NH,I
JUIST TIOATBEPKACHUS TIepeXoa Cepbl B HAHOPa3MepHOe
cocrogHue. [IDM-mukpodororpaduu 4yacTull cepbl
MOKa3aHbBI HA puc. 1: pa3Mepbl HAHOCEPHI HAXOISTCS
B muama3oHe 20—160 uM (cpenuuii pasmep =100 HM)
" cirabo 3aBucAT ot koamdectsa JIMCO.

OTU U3MEPEHUST XOPOILIO KOPPEIUPYIOT C Pe3yib-
TatoM P®A (puc. 2) 1 JaHHBIMU TTPOrPaMMHOTrO 06e-
crreueHnsT PDA 110 mocTtpoeHUSIM TpachUKOB YUITbSIM-
coHa—Xoita [44—46] Mo u3ydeHHOMY 0Opasily Ha-
Hocepsl: a3a opropoMbuyeckas, o.—Sg, PDF kapta
01-083-2283; D= 68 um; € = 0.20%. B 0630pe [47] o
KP-crexTpockonnu cephl MPeacTaBIeHO, YTO MOIBI
KoJiebaHuit o—Sg ipu 153 u 220 cM~! cooTBeTCTBYIOT
ACUMMETPUYHBIM M CUMMETPUYHBIM MU3TUOaM CBSI3U
S—S. IMux pu 473 cM~! cBA3aH ¢ PACTSIKEHUEM CBSI3U
S—S B xonbue Sg. llupokas monoca mpu =~ 440 cm™!
MPUCYTCTBYET BO BCEX TBEPIBIX AJJIOTPOIIAX CEPhI U OT-
BeYaeT KaK MOJaM pacTSLKeHUS CBsI3ell S—S, Tak 1 Ha-
yajly Tipoliecca MmojuMepusaluu cepbl. HeGonblioit
UK npu 248 cm~! xapakTepusyeT BHYTPUMOJIEKYJISAP-
Hble KoiebaHus Sg. BHelHue KonebaHus o—Sg B HU3-
KOYaCTOTHOM 4aCTh OTHOCATCS K 88 cm~!. D11 nanHbIe
MpaKTUIeCKN MIACHTUYHBI pe3ynsrataM KP-crekrpo-
CKOITMY HaIllero oopasiia HaHOCEPhl, TPUBEACHHBIM
Ha puc. 3.

Ha puc. 4 no nanueiM COM-DJIC Ha BkJaake (a)
U 0Opasiia cephl B YBEIMUYCHHOM MacIlTabe 3aMeTHa
HEOIHOPOAHOCTh IO pa3mepaM M (opMe YacTHII.
BunHo 1 HamMIe TOHKOTO CJIOST HAJIETOB TIOBEPX KPYTI-
HbIX yactull,. Kak un oxupanocs, D C ananus (puc. 4)
¥ BKJIaakKa (0) ITOKa3bIBalOT TOJIBKO HAJIMYKE CEPhI, UTO
comtacyetcs ¢ pesyiasratramu [1DM, POA u KP.

Ilpueomosnenue Hanokomnozumos S*/Agl no peax-
yuu (2) na meavuuye Ilyrveepuzemme 6. AHAIIOTUIHO

KOJIJIOUIHBIM )KYPHAL  Ttom 86 Ne2 2024
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Puc. 3. Pesynsrar KP-cniekTpockonuu o6pasua cepshl,
TOJIy4eHHOTO TTPOMBIBKO# M CyIIKOi mponykta MA o
cxeMe (1) ¢ no6apnenuem 2 ma JIMCO.

(a)
Agl/S* [lanHbie u3mepenus: S-Agl ——
I dona: S-Agl —
10000 ,,,,///~i;;/ Ramme don: S
S
= 8000/
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4.5+
S
3.6 (a)
. 10.00&
‘E 2.74 | Matrixc | Correctionz | ZAFx |
Q
M
1.8 1
0.9+
0.0- ; T r T . : r
2.00 4.00 600 8.00 10.00 12.00 14.00 16.00
DHeprus, k3B
Puc. 4. Janusie COM-D/1C obpasia cepbl, OTyIeH-
HOTO MPOMBIBKOM U CYIIKOM MpoayKTa MA 1no peakiuu
(1) ¢ no6asnenuem 3 mut IMCO. Bo BcTaBKax qaHbI MU-
kpodoTorpacduss COM obnactu aHanu3a () ¥ TabauIa
3JIEMEHTHOTIO cocTaBa (0).
(©)
JaHHble uzMepeHus:: S-Agl ——
HaHHble doHa: S-Agl —
: S-Agl —
% 8000 . [laHHbIE pacyerta: 2
=
=
5
£ 6000
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2000 |
0! ; . :
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Puc. 5. Iludpaxkrorpammel o6pasioB S*/Agl ¢ no6askoii 5 mi (a) u 1 ma (6) IMCO.

cxeme (1), ObLIM TMOJIydeHbl HAHOKOMITO3UTHI S*/Agl
(puc. 5) mo cxeme (2) ¢ UCMOJIb30BAHUEM TTOPOIIKOB
npekypcopos AgNO; (=1.7 r), NH,I (1.5 r), pa3ba-
sutensg NH,NO; (=4.5 1) u kKoMMepueckoit cepsl (=2.3
r), a Takxe ¢ gobaBkamu JIMCO (1-+5 mur). Ha puc. 5a
3eJIeHbIC OTPE3KM yKa3bIBaloT Ha TuHUU Agl, KoTOo-
pble OTHOCSITCSI K CTaAOMJILHOI rekcaroHajabHOI (hase
B—Agl u MeTactabuibHOM KyOoudeckoit daze y—Agl.
W13 cpaBHeHus puc. 5a ¢ puc. 50 BUTHO, YTO OOBEMBI
Ne2 2024
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no6asiaeHHoro JIMCO BIuSOT Ha COOTHOIIIEHNE WUH-
TeHcuBHOCTEMN pedekcoB Agl. JIuHum xe cepbl, 000-
3HAYEeHHBIE XEJIThIMU YKa3aTeJlsIMU Ha puc. 5a, oT-
HOCSITCSI K HanboJjiee CTabMILHOM OPTOPOMOMYECKOI
daze cepsl (0—S;), Kak ¥ Ha puc. 56. Ucnonb3oBa-
Hue gaHHbIXx PDA nmng mocTtpoeHuit YuiabsiMcoHa—
Xoimna [44—46] mo3BoJisIeT HaliTH 3HAYCHUS pa3Me-
POB KPUCTAJIIUTOB D I MUKPOMCKAKECHUN PEIIETOK €
JUJIS 1IeJIEBbIX TTPOAYKTOB, MOJYYEHHBIX IO cxeme (2).
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Puc. 6. Jannsie KP-criekTpockonuu it HAHOKOMITO3UTOB S*/Agl, TpUTOTOBIEHHBIX MEXaHOXMMUIECKOU TTepeKprCTall-

nu3anueit ¢ nodaBkamMu 5 mit (a) u 1 mu (6) AMCO.
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Puc. 7. Mukpodotorpaduss COM obpasua S*/Agl, no-
JiyaeHHoro no6askoit 1 mi JIMCO.

Cpennue 3HauyeHus <D> = 23 HM oTBedaloT o0pa3o-
BaHMIO HAHOPa3MEePHEIX OJIOKOB KOTEPEHTHOT'O pacce-
SHUS YaCTUII cephl U Moguaa cepebpa, a <e> = 0.22%
YKa3bIBalOT Ha HAJIM4IWe Y HUX Ae(EeKTHOM CTPYKTYPHI
BCJIEACTBME MEXaHMUECKOTIO BO3IeiiCTBUSI HA KpUCTal-
JIUTHI.

CooTHollleHue KOMIOHEHTOB, (a30BbIi U 3Je-
MEHTHBIM COCTaB HAHOKOMITO3UTOB S*/Agl ObLn
Tak>Ke MOATBepXKaAeHbI JaHHbIMU KP-criekTpockonum,
MMOKA3aHHBIMK Ha puUC. 6. BUOHO, YTO CylLIEeCTBEHHO

pa3HUIIEI B CIIeKTpax 00pa3IoB puc. 6a 1 puc. 66 Her,
HO, Kak U B ciiydae PDA, nMmeroTcst i3MeHeHUS B T10-
JoxeHusix u popmax cnektpoB KP B 3aBucMocTH OT
no6aBok JIMCO. CormacHo [48], o6pa3mbl mpencTaB-
JIEHBI JIMHUSAMU MOAMIA cepedpa: mukK npu 83 cm™!
(pesynbraT cynepnosuuuu nuka Agl npu = 75 cm™!
M TIMKa cepbl py 88 ¢cM™') M MUK ¢ HEGOIBIINM TLIE-
yoM okoio 105 cm~!. OcranbHble BOJIHOBBIE uncia 153,
219, 246, 437 u 473 cm™! g o6oux ob6pasios S*/Agl
COOTBETCTBYIOT ITMKaM CEpPhl B MOOU(UKALINH 0.—Sg Ha
puc. 3 [47].

Mopdonoruto, pasMep U cocTaB yactui S*/
Agl onpenensiiu Takxke metogoM COM-DJIC. COM
(puc. 7) mokaspIBaeT, YTo KoMno3ut S*/Agl cocraB-
JIEH U3 YacTUIl, XapaKTepU3YIOLIUXCS pa3HOOOpa3ueM
dopm 1 pazmepoB. bosiee neTabHBIM pacCMOTPEHUEM
MOXHO YCTaHOBUTb, YT0 S*/Agl cocTouT U3 ariome-
paToB 0oJiee MEJIKUX YacTULl, U, KpOME TOTro, Ha To-
BEPXHOCTHU KPYITHBIX YACTUILL OOHAPYKUBAIOTCS OTJIO-
JKeHUs HaHOCEepHl. DJIIeMEHTHBIN cocTaB obpasma S*/
Agl ob11 ycranoBineH BJ1C ananuzom (puc. 8). BunHo,
YTO HCCJeAyeMbIii ydacToK (a) oOpa3lia JaeT UHTEeH-
CUBHOCTb JUHUU (0) U aTOMHOE€ COAepKaHUE Cephl
(B), 61M3KMe K TaKOBBIM 1151 Ag 1 I, UTO B HEKOTO-
pOIJi cTeneHu MOATBEPKAAET 3asBJICHHOE COepXKaHUe
HaHocepbl B S*/Agl. OTMeTuM, 4TO 3JIEeMEHTHBIN CO-
CTaB U3MEPSIICSI B HUYTOXHO MajioM yyacTKe oOpasia
1 MOXET HE OTpaXkaThb €ro 3JIeMEHTHbI! COCTaB B 1ie-
oM. OTHAKO 3TOT Pe3yIbTaT MOXET CBUACTEIBCTBO-
BaThb O HEOTHOPOMHOCTHU pacIipeneeHNsT KOMITOHEH -
TOB B Komno3ute S*/Agl.

Ilpueomoenenue Hanokomnozumos S*/Agl no cxeme
(2) na meavruye Ilyrveepuzemme 5. Boie oocyxna-
JIUCh Pe3YJIbTaThl U3yYeHUSI HAHOKOMMO3UTOB S*/Agl,
CUHTE3UPOBAaHHBIX 1O cxeme (2) B omHoOapabaHHOI
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Puc. 8. lanusie COM-D]JIC nisa o6pasua S*/Agl, nonyyeHHoro no6askoit 5 ma IMCO: (a) mukpodororpacdus COM
C OTMEUEHHOI KpecTUKoM obacThio mpuMmeHeHust DJ1C; (6) pesynsrat DJ1C onpeneneHus 3JIEeMEHTHOTO cOCTaBa; (B) Ta-
OJIMLIAa COMEPXKAHMS DIIEMEHTOB.
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Puc. 9. Pesynsratel PMA 00pasiioB HAHOKOMIIO3UTOB 1(I)() 2(I)0 3(I)0 460 560 6(')0 700
S*/Agl, monydyeHHBIX HAa MeabHUIE [lynbBepuzerTte 5 P . q
¢ no6askamu 1, 2, 3 1 5 M1 IMCO. aMaHOBCKMM CIBUT, CM

Puc. 10. Jannbsie KP-criekTpockonuu 1ist HAHOKOMITO-
3uToB S*/Agl, mosrydeHHbIX Ha MebHMIlEe [TyabpBepu-
3erTe 5 ¢ mobdaskamu 1, 2, 3 u 5 ma AMCO.

MenbHHUILe [lymeBepuserte 6 ¢ TBepaociuiaBHbIMKA  (puc. 10) Takske HAHOKOMITO3UTOB S*/Agl, 3asgBIIeH-
METIOIMMU TelaMU U3 Kapbuma BoibgpaMa, BKIIO- HBIX JJI MOTHOTHI KAPTUHBI CUHTE30B 10 cxeme (2)
yag u 250—mu1 6apaban. Beliie naHsl oOpaboTaHHble B YeTbIpexOapabaHHOI MeabHUIE IlyabpBepuserTe 5
pesynbrathl POA (puc. 9) u KP-cnekrpockonmuu ¢ QypHUTYpOIl U3 HepxkaBelolleil cTaiu, BKIIIOYast
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¥ 4deTbipe 1-a1uTpoBBIX GapabaHa. PMA o6Gpa3noB
S*/Agl, nmpurotoBieHHbIX B cpeae AMCO (1-5 mi),
JIAET CyNEePHO3ULIMIO JUHUMA YUCTOM CEPBI B CTPYKTYpE
0—Sg ¥ TIPAaKTUYECKHU TOJIBKO KyOondeckoii dassl y—Agl.
BuaHo, uyTo maHHbIe puc. 9 cornacylorcs, JOMOJHSIOT
U TIOATBEPXKIAIOT JaHHBIE 110 MPUTOTOBIeHUI0 S*/Agl
Ha MenbHuLe [TynpBepusette 6 (puc. 2, 5), BKiIoJast
U TOUTU COBMaAalole cpealHue 3HAaUEHUS BETUYUH
<D>=20uMmu <e> = 0.2%.

ITpu o6Gcy:XneHnn TaHHBIX HAa pUC. 6 OTMEYaoCh,
yto B KP-cnekrpax S*/Agl uMeeT MecTo HaloXeHUE
nukos S npu 88 cm~! [47] u Agl npu =75 cm~! [48]
c 00pa3oBaHMEM CMELIAHHOTO NMuKa npu 83 cMm~\.
10T 3pdexr (puc. 10) eie 60see xapakTepeH s
HaAHOKOMITO3UTOB S*/Agl, mojiydeHHBIX Ha MEJIbHULIE
[TyneBepuserTe S. g uyuctoro Agl Beimensirorcs
TOJILKO ABa nuka 74 u 109 cm~! [48]. UeThbipe yeTKHX
nuka rpu 89, 158, 223 u 477 cm~! oTHOCATCA K cepe,
U TI0 CPaBHEHMIO C pHUC. 3, 6 OHM YyTh CABUHYTHI OT
auHuit 83, 152, 219 u 474 cm~!. Cyneprno3uius nuka
cepbl npu 89 cMm~! 1 nukos Agl npu 74 u 109 cm~!
MPUBOIUT K 0Opa30BaHNIO IUPOKUX MOJIOC C MAKCHU-
myMmamu okosio 80 cm~! 1 105 cM~! cooTBETCTBEHHO
(puc. 10).

B 11e;10M MOXHO KOHCTaTHPOBATh, YTO KOJTUIECTBO
nmooasnszeMoro JIIMCO n 3aMeHa MEXaHOXUMHUIECKOTO
peakTopa cj1abo BIUSIOT Ha TTOJTyIeHHBIC Pe3yIBTaThl
IIpU BIOOPE BHICOKOIHEPIeTUUECKUX YCTPOUCTB AJIst
MA — maHeTapHBIX APOBBIX MeJIbHUILL [49].

SAKJIIOYEHUE

CucreMaTUYeCKM MCCIIEIOBAaH METOH “MeXaHOXU-
MUYECKOM MepeKpUCTaIn3aln” B TBepIoda3HBIX
cucTeMax ¢ HEOOJbIINMU JO0OaBKaMU XUAKOM a3kl
JIUMETHICYTb(GOKCHIA — PACTBOPUTENS MPEKYpPCO-
poB. CyIIHOCTh 3TOTO MeToAa MPOJEeMOHCTPUPOBaHA
Ha MpUMepe MEeXaHUYEeCKOM aKTUBALlUU CUCTEMBI S—
AgNO,—NH,I-NH,NO, (pa36aBurenb) c Bappupye-
MbIMU go6aBkamMu JIMCQO, 4To NpuBOIUT K IPUTOTOB-
JICHUIO HAHOKOMMO3UTOB S*/Agl ¢ KOHTpOIUpyeMbIM
conepxxaHueM HaHocepbl S*. CoaepkaHue HaHOCEPbI
B HaHoKoMmmno3uTax S*/Agl ObL10 3apaHee BbIOpaHO
Ha ypoBHe okosio 50% 1o Macce, 1 o6pa3oBaHUe 3a-
JaHHoOTO cocTtaBa S*/Agl obecnieunBaeTcsi Kak 0ObIv-
HBIM, TaK U PEAKLIMOHHBIM IIPOLIECCOM PACTBOPEHUS -
KpUCTaIIU3aluu (TTepeKpUCTATITIU3ALNN ) UCXOTHBIX
HaBeCOK cepbl U npekypcopoB B IMCO. Meron mo-
3BOJISIET MOJIyYaTh IO OTAEILHOCTU KaK HaHOCEpY, TaK
1 HaHOKOMNo3uThl S*/Agl 1-pa3oBoii MeXxaHUYECKOM
akTuBauueil ucxogHoi cucremol S—AgNO,—NH,I—
NH,NO;—AMCO c npuMeHeHHEeM LIapOBbIX IIaHe-
TapHBIX MEJIBHULL C PA3IMYHON PYPHUTYPOI METIOLINX
TeJl U YCJOBUSIMU aKTUBaALlUU. MeToa TakxXe BKIIIO-
YaeT YIbBTPa3BYKOBYIO OTMBIBKY BOJOPACTBOPUMBIX
KOMITOHEHTOB TTPOAYKTOB MEXaHOCHHTE3a YIbBTpadYn-
CTO# BOIOI, UCTIOJIB30BaHUE LHEHTPUMPYTU U CYIIKY

YPAKAEB

BBIZCJIEHHBIX IIEJIEBBIX IMIPOMAYKTOB B TeUeHUE 24 9 IIpH
temmeparype 70°C.

OUHAHCHUPOBAHUE PAGBOTHI

Pabora BbINoIHEHA 110 TOCYAAPCTBEHHOMY 33aHUIO
NI'M CO PAH (Ne 122041400031-2).

COBJIOAEHMNE DTUYECKHUX CTAHIAPTOB

B naHHOI1 paboTe OTCYTCTBYIOT MCCJICIOBAaHUS YENIO-
BeKa UJIU KUBOTHBIX.

KOH®JIMKT MHTEPECOB

ABTOp 3a4BJIACT, YTO Y HCTO HET KOH(I)J'[I/IKTa MHTEPECOB.
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