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Jocniooiceno  popmysants KOMNO3UMHOI cucmemu HA OCHOBL PIBHUX KilbKocmell
2iopoghodbHoco, nopucmoeo norimemuncunroxcawy i 2iopoginonoco uanoxpemuezemy A-300.
Ilokaszano, wo npu hopmysanni KOMRO3UMHOI cUCMeMU NUMOMA NOBEPXHA Mamepiany iCmomHo
BHUINCYEMBCA, WO NOB8'A3AHO 3 MICHUM KOHMAKMOM MidC 2iopoghodonumu ma 2iopoginbHumu
yacmunxkamu. I[Ipu 0ooasanui 00 KOMNO3UMHOI cucmemi 600U, 8 NPoOYeci 20MO2eHI3ayii 8 ymosax
00308aHO20  MEXAHIYHO20  HABAHMADJICEHHS, NPOABIAEMbCSA — eekm — HaHOKoazynayii  —
Qopmyeanns — HAHOPOMIPDHUX — YACMUHOK  2I0pAmo8aHO020  KpemMHe3emy  6CepeouHi
NONIMEMUNICUNOKCano80i mampuyi, wo peecmpyromscs Ha TEM-mikpogpomoepadghiax. Ilpu
sumiproganti  eenuuunu miscgaznoi  enepeii IIMC i komnosumy IIMC/A-300 memoodom
Huzbkomemnepamyproi 1H AMP-cnekmpockonii, ecmanogneno, wo egexm Hanoxaoazyniayii
nposienAEmsbcs 68 3meHulenHi (6 nopiensanui 3 euxionum IIMC) enepeii 63aemo0ii 600u 3
noBepxXHEe0 KOMNO3UMY, OMPUMAHO20 6 YMO8AX MANUX MEXAHIYHUX HABAHMAMNCEHb, 1 11020
3POCMAanHs NPU GUKOPUCMAHHT BUCOKUX MEXAHIYHUX HABAHMANCEHD.

B npoyeci pobomu eusueno 36'13y6anHs 600U 8 2emepoeHHUX CUCeMax, Wo MIicmsamo
IIMC, nipocennuii nanoxpemuesem (A-300), 600y [ noepxHego-aKmMuHi pevosUHU —
oexamemoxcurn ([JIMT). Komnozumui cucmemu cmeoprosanucs npu 6UKOPUCMAHHI 00308AHUX
Mexauiunux Haeawmadxicenv. Ilokasano, wo npu 3anoeHenHi midxcuacmunkosux saszopie IIMC
cnocobom  2i0poywinbHeHHs, MidcasHa eHepeis 800U 8  MINCUACMUHKOBUX — 3A30Pax
eiopogpoonozo IIMC npu oOnakosiii 2iopamoganocmi 808iyi nepesepuLye MidDc@asHy enepeiio
600u 6 ciopoginbnomy kpemmuezemi A-300. Lle noe'szano 3 menwiumu JIHIUHUMU PO3MIpAMU
Mmincuacmunkosux 3aszopie 6 IIMC 6 nopisnanni 3 A-300. 'V xomnozummuoi cucmemi, A-
300/TIMC/IIMT/H,O cnocmepicarombcs HeaOumusHoOCmi 3pOCMAaHHs eHepeli 36'13y68anHs 600U,
AKI, UMOGIDHO, 00YMOGIEHI (QOPMYBAHHAM, Ni0 BNAUBOM MEXAHIYHO20 HABAHMANCEHHS 8
NPUCYMHOCIE 800U, MIKDO2eMePO2eHHUX OLIAHOK, WO CKIA0AOMbCA NePEBAd’CHO 3 2i0pohoOHOT
ma 2iopo@invroi komnonenm (mikpokoaeynayis). Takum yumom, 3a O0ONOMO2010 MEXAHIUHUX
HABAHMAICEHb MOJCHA Kepy8amu ao0COpOYIHUMU BIACTMUBOCMAMY KOMROSUMHUX CUCmeEM |
MaxKum Cnocooom cmeopeamu HO8i mamepianu, wWo MAarwmeb VHIKAIbHI a0copoOyini
611aCMUBOCMI.

KarouoBi cjaoBa: rinpodibHUN KpeMHE3eM, MOJIMETUICHIOKCAH, KOMITO3UTHI CHCTEMH,
HU3bKOTEMIlepaTtypHa SIMP-cniekTpockormisi, CHIBHO- 1 Ci1a003B’s3aHa BOJA, CHIJIBHO- 1
ciaboacorniifoBaHa BoJIa, MEXaHOAKTHBALIiS, TipaTallisi, MiKpOKOATyJISLis

Beryn
[Tiporennii cuHTE3 HAHOPO3MIPHUX OKCHAIB KPEMHII0O Ta IHIIUX  METaliB
BUKOPHUCTOBYETHCS Bxke 05n3bKk0 50 pokiB [1-3]. B ocHOBI cuHTE3Y JiexkaTh TpU XIMIYHI peakiii,
K1 OIHOYACHO 3/1MCHIOIOTHCS B MOJIYM 1 BOAHEBOTO MaJIbHUKA:
2H2 + 02 = 2H20

Iosepxnocmup. 2020. Bun. 12(27). C. 100-136 100



SlCl4 +0, = Si02 +2C12 5
SiCly +2H,0 = SiO, +4HCI.

CxeMa MipOreHOro CHHTE3y IpeAcTaBieHa Ha puc. 1. PeareHTH mNOTparusiioTh 110
najgpbHUKa, micas 4doro mpu Ttemmepatypi a0 1800°C yTBOPIOIOTBCA JOCUTh HECTaOlIbHI
mosekynu SiO,, sSKi B peakTopi B3a€MOJIIOTh MiX CO00I0 Ta 3 MapamH BoJH, (HOpMYIOUH Tak
3BaHl mpotodyacTuHkH Si0;, M0 CKIaxy SKUX MOXYTbh BXOIUTH BiJ JCKUIBKOX IECATKIB 0
COTEHb aTOMiB KpeMHito. [IpoToyacTuHKM 30epiraroTb BHCOKY PEaKILiiHYy 3JaTHICTh 3aBISKU
HAsBHOCTI Ha iX TOBEPXHI BEJIUKOI KUIBKOCTI TiIPOKCUJIBHUX TPYI, 3 OMOMOTOI0 SIKMX BOHU
(GopMyIOTh arperatu Mixk co0o0lo, Ta, yKpPyIHIOIOUUCH, YTBOPIOIOTh NEPBUHHI YaCTUHKHU, PO3MIp
sakux Moxe caratd 5-10 am. ToTiM, MOTPamIAIOTE B KOArYJISTOP, MPH 3HIKEHHI TeMIepaTypH
BiZIOyBa€TbCS YTBOPEHHs MDKYACTMHKOBUX 3B f3KiB — Tpouec arperyBaHHsi. OcraTouHe
(dopMyBaHHS CTPYKTYypH HAHOKPEMHE3eMY BiJOYBA€ThCS IIPH IHTEHCUBHOMY ITEpPEMIlTyBaHHHI Ta
3aBEpPILYETHCS YTBOPEHHSAM arjoMepatiB MiKpOHHOT'O po3Mipy.

= UMENOH ~ HAKDNWMyBaY

r——,

. SiCl4

peaKTop

02 KOATYNATOR -

Puc. 1.Cxema yCcTaHOBKH JIJIsl MPOBEACHHS MIPOTEHOTO CUHTE3Y JUCIIEPCHOTO KpEeMHE3eMY

Tumnosi TEM wmikpodoTorpadii arimoMepaTiB MmporeHOro KpeMHe3eMy HaBeJEHO Ha PHC.
2, Ha sSKUX M0Ope BHUIHO TEPBUHHI YaCTUHKH KpEMHE3eMy, sKi, 30Mpalouuch B arperarw,
(GOpMYIOTh IOPUCTY CITKY.

Puc. 2. TEM wmikpodororpadii HanHokpemHezemy A-300 npu pi3HIM po3aiIbHINA 3M1aTHOCTI

MoaimMeTnicuiiokcaHoBi aacopdeHTH — Tigpo- abo Kceporem METHIKPEMHIEBOT
KHCJIOTH, SIKI CHHTE3YI0Th 3 MeTHITpuxyiopcuiany [4-6]. Ha mepmiit cranii B peakuii 3 BOAOIO
YTBOPIOETHCSI HETIOPUCTHHA TOJIMETUICHIIOKCAH, SKHH IMOTIM PO3YUHSIOTH B PO3YUHI JIYTY
(NaOH a6o KOH) Ta oTpuMy0Th METHJICHIIIKOHAT HATPito (200 Kaiio).
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CH3SiC13 + H,O — (CH3SiO3/2)n + HClI
(CH3SiO3/2)n + Na(K)OH — CH3SI(OH)20N3(K)

[Ipu 1bOMy YTBOPIOETbCS METHIICHIIKOHAT HaTpito (a0 Kamito), SIKWW MICHsl 10JaBaHHS
HeoOxigHoi1 kinmpkocTi kucnotu (HCl ab6o H>SOs) mepeTBOproeThCs B Tellb METHI KPEMHIEBOT
kucnotd. Ilo wmipi mpoTikaHHS peakiii MOJIKOHJAEHCAIll YTBOPIOIOTHCS MeTacTabibHI
NEepecHueHHl PO3YMHU MONIMETHICHIOKCaHy. B moganeimomy B po3uuHi GOpMYyIOThCS IpiOHI
ro0ynu, $Ki CKIaJaloTh OCHOBY YTBOPEHHS IPOCTOPOBO BIOPSAKOBAHOI CTPYKTYPH
noJiiMepHOro remro. Lleil rens BiIMUBAIOTh BOJIOIO BiJl 3QJIMIIKIB KUCJIOTH Ta COJI, IMICIS YOTO
HOro MOKHa BHUKOPHUCTOBYBATH B SKOCTI EHTEPOCOPOEHTY SK B TreienoaioHoMy, Tak 1
BHCYLIEHOMY CTaHax [7].

[Ipu po3BeneHH1 BOAOIO Tel0 METUKPEMHIEBOT KUCIOTH MOXKYTh OYTH BUMIpSIHI pO3MIpH
gacTUHOK. Taki BHMiproBaHHs OyJiM BHKOHaHI Ha poramiiiHoMy Bicko3umeTpi Rheotest 2.1
(VEBMLW  Prufgerate-Werk Medingen Sitz Ftreital, Germany) 3 IMIIHIPHUYHOIO
BHUMIPIOBAJILHOIO CHCTEMOIO (pHC. 3) Ta mpeIcTaBiIeHi B poOoTi [8].
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Puc. 3.Po3noain 3a po3mipamMu 4acTHHOK B po30aBieHux BogHux cycnensisx [IMC mpu Crve
0,25 (a, 6) ta 0,0625 mac. %(B, ), MOKa3aHi IO BIJHOIIEHHIO 10 KIJBKOCTI YaCTUHOK (a,
B) Ta 00 €My 4acTUHOK (0, I)

B cycnensiax ¢ikcyerscst HeBenukuii po3mip yactuHok [IMC B niana3oHi ix aiameTpiB
20-40 aM. [lesika KiTbKICTh YaCTHHOK OUIBIIIOTO PO3MIpy MOKe OyTH BiJHECEHA J0 arperaris, sKi
HE 3pYHHYBAJIHCh IIiJl BIUIMBOM YJIBTPa3BYKOBOi 0OpoOKH. 3i 3MEHIICHHSM KOHIICHTpalii
CcycneHsii, KIJIbKICTh KPYHMHHX YaCTHHOK 3MEHIIyeThbcs. [IpoBemeHO KBaHTOBO-XIMiUHE
MojenoBaHHs nepBuHHUX yacTHHOK [IMC Ta ix arperatiB (puc. 4), ne OJIaKUTHHUM KOJIBOPOM
MOKa3aHl aTOMHU BYTIJICIIO, )KOBTHM — aTOMH KPEMHII0, YePBOHUM — KHCHIO, a OLTUM — BOJHIO.
[lepBUHHI YacTUHKU SBISAIOTH COOOI0 KOMIIAKTHI YTBOPEHHS, SIKI MPAKTUYHO HE MICTSATh
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me3onop. [lopucta cTpykrypa GopMyeThcs B pe3ysbTaTi arperyBaHHS JACKIJIbKOX NMEPBUHHUX
yacTuHOK. [Tpu 11boMy niameTp mop Moxe CKIIaaTH JIeKijbKa IeCATKIB HaHOMETpiB (puc. 4, 0).

Puc. 4.Monens neppurHoi yactuaku [IMC (a) Ta arperaty nepBUHHUX 9aCTHHOK (0)

BucokoaucmepcHuii  TIOKCHI KPEMHIIO IIMHPOKO 3aCTOCOBYETHCS SK e()EKTHBHHIMA
a7IcOpOeHT, 103BOJICHUI 10 BUKOPUCTAHHS B MEIUIMHI Ul JETOKCHKALl OpraHi3My JrojeH Ta
TBapuH [9-11], cTpyKTypOyTBOPIOIOUHI HAIOBHIOBAY B P (apMalleBTHYHHUX mpernapatis [12]
Ta XapyuoBOi JOOABKU JJI MOKPAIIEHHS TEXHOJOIIYHUX BJIACTUBOCTEH NESKUX MpOAyKTiB [13].
CTBOpEeHHSI HOBHX THNIB (PyHKIIOHATI30BaHUX MaTepiaiiB, 010MEIUYHOTO MPU3HAYCHHS MOXKHA
OUiKyBaTH NpU pO3poOLI KOMIIO3UTHHUX CHCTEM, J0 CKJIaay SKHMX OJHOYACHO BXOJAAThH
rizpodinpHi Ta rigpodoOHI BHCOKOIUCTIEPCHI MaTepialii, a TaKoX OpraHiduHi PEYOBHHHU Pi3HOI
XIMIYHOI TPUPOAM, sIKI HagalOTh iM Hameped 3adaHHi BiactuBocTi [14-17]. B ckmagHux
TeTePOreHNX CUCTEMax aJCOPOIiifHI Ta TEXHOJOTIYHI XapaKTEPUCTUKH KOMIIO3UTIB B 3HAYHIN
Mipi 3aJIeKaTh BiJl CAMOY3TO/IKEHUX MPOILIECiB, SKi BiIOYBAaIOThCS MpH iX GopMyBaHHi, TOOTO Bil
YTBOPEHHSI CYNPAMOJIEKYJIIPHUX CHCTEM 3 MIiHIMAIbHOIO BEIHMYMHOIO TEPMOJWHAMIYHUX
HOTeHIaiB. SIKIIO B piAMHAaX, 3aBASKH IHTCHCUBHUM MOJIEKYJISIDHUM pyXaM, TEPMOJMHAMIYHA
piBHOBara BCTAHOBIIIOETHCS CAMOYHMHHO (MIIENISIPHI KOJIOigH), TO B CyMIlIax HAHOPO3MipHHUX
TBEPAUX TiA 3 PI3HUMU TiAPoGOOHO-TIAPODITPHUMHE BIACTUBOCTSAMHU Ui JIOCSITHEHHS
TEPMOJIMHAMIYHOI pIBHOBArd MOXYTh 3HaJJOOMTHCH 30BHIIIHI BIUTUBH, 30KpeMa MepeMilryBaHHS
3 MEXaHIYHUM HaBaHTaxeHHsAM. Lllnsxom BukopHcTaHHS TripodoOHUX J0OABOK Ta J030BaHOTO
MEXaHIYHOTO BIUIMBY Ha OaraTOKOMIIOHEHTHY CHCTEMY B MPHUCYTHOCTI BOJAU, MOXYTh OyTH
po3po0IieHl HOBI LUIAXHM YNPaBIIHHSA BIACTHBOCTSIMM KOMITIO3UTHHUX CHCTEM Ta IpOLIECaMH
KJIACTEPOYTBOPEHHS BOAM 200 BOJHHMX PO3YMHIB Ha 1X MOBEPXHI.

[lepcniekTUBHUM TiApOGOOHUM BHUCOKOJMCIIEPCHUM MaTepiajioM, [TO3BOJEHUM JUIs
BUKOPUCTAaHHS B sIKOCTi eHrepocopbenty [18-19] e momimermicunokcan. Kceporeni IIMC
SBJISIIOTH COOOK0 MAKPOIOPHUCTI aACOPOEHTH, SKI MOXYTb CEJIEKTHBHO 3B 3yBaTH OLIKOBI
MOJICKYJI 3 PIi3HOI0 MOJIeKyJisipHOt0o Macoro [7,20]. Tlpu koHCTpyroBaHHI TiapodoOHO-
rizpodinbHUX cucTeM MeauyHoro mnpusHaueHHs, [IMC wmoxe OyTM BHMKOPHUCTaHO SIK
MOJUQIKYIOUN areHT, sIKUH ITiIBUIIY€E CIIOPITHEHICTh OBEPXHi A0 TipohoOHUX TOKCHHIB Ta
OJTHOYACHO CIIyTY€ CTPYKTypOYTBOPIOIOUMM areHTOM, SKUH BIUIMBa€ Ha MOpP(OJIOTiio
MDKYaCTHHKOBOT'O MPOCTOPY.

[lepexin y BomHe cepenoBuiile rigpohoOHUX aacopOeHTIB MOXKe 3Ai1CHIOBATUCH IIUIIXOM
iX TomepeaHbOTO 3MOYYBAHHS OPTaHIYHUMH PO3YMHHUKAMHU (B IOAAIBIIOMY BHUAAISIOTH
nuisixoM aekanTtarlii) [21] abo riapoymiiabHEHHS T1ApohOOHOTO MOPOIIKY CIJIBHO 3 BOJIOIO,
KUTBKICTh SIKO1 MOBMHHA OyTH TOCTaTHHOIO JJIsI 3aIIOBHEHUSI MIXKUYaCTUHKOBUX 3a30poB [14-17].
Boxe mepmri ekcriepuMEHTH TO CITIBCTABJICHHIO BIUIMBY HA TPaHWYHI IIapW BOAM IIPOTEHOTO
KpEMHE3eMy Ta HOro METWJIbOBAHOTO aHajora (MeTWIKpeMmHe3emy) [21] mnokazanu, 1o
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rigpodobizarisi MOBEpXHI MOXKE MPUBOIUTH 10 3POCTAHHS BEIWYMHU MiK(a3zHOT eHeprii BOAM.
Lli pe3ynpTaTé MiATBEPXKAYIOTHCS AaHUMHU poOOTH [14], B sKiii ommcaHo MPOCTHH CrOCiO
nepeBeieHHs T1ApodoOHUX MOPOIIKIB Y BOIHE CEPEIOBHUIIE MIJIAXOM iX MEPETHPAHHS 3 BOJIOIO.
[Toka3zaHo, 1110 y BOJIOTHX MOPOIIKaX riApodoOHOro Ta riipodiIbHOro KpeMHE3eMIB, SKi MICTSTh
PIBHY 3a Macor KUIbKICTb BOJU (PIKCYIOTBCS ONM3BKI 3a BEIWYMHOIO 3HAYCHHS Mik(a3zHOl
€HEeprii BOJU.

Pesynbratu TepMOrpaBiMETpUYHUX JOCTIIKEHh BUBYCHHUX 3pa3KiB KOMEPIIHHOTO TEII0
MeTWIKpeMHieBoi kucnotu («EHTepocrens», Kpeomadapm) naBemeni Ha puc. 5. BiH
MPEACTABISIE COOOK0 TBEPAMM reienoaiOHUi MPOAYKT, SIKUH JIETKO PO3KOIIOETHCS il BILTUBOM
HEBEJIMKMX MEXaHIYHUX HaBAaHTaXXEHb. Y BIAMOBITHOCTI 3 JaHUMHU PHC. 5, a, HA KPUBIHA BTpaTH
macu (TT-xpuBa) mpakTudHO BCsi BoAa BHmapoByeTbess mpu 7 < 200 °C. Minimym na ATD
KpuBiii Binmosigae temmeparypi 7 =105 °C, skuil BiIHOCHTBCS 10 €HAOTEPMIYHOTO MPOIECY
BUTIAPOBYBaHHS ajacopOoBaHoi Bomu. HeBenmkuii exzorepmiunuii makcumyMm Ha J{TA-kpuBiid
npu 7 =500 °C BignoBifae TepMOIECTPYKIlii MOBEPXHEBUX METHIBHUX TPYIl. 3araibHa BTpaTa
Macu, 00yMOBJICHa BUTIapOBYBaHHAM BOJH, cKiianae 94 %, mo Bianosinae kouneHTpaiii [IMC B
rigporem Crpe = 6 mac. %.

Tepmorpamu BuCymieHOTO TpW KiMHaTHIA Temmnepatypi remo IIMC HaBeneHo Ha
puc. 5,6. Ha TI'-kpuBiii ¢ikcyroTbes nBi oOnacti 3MeHmeHHs macu — npu 7 <400 °C ta
T <600 °C. Ilepmmii nmporec MOKHa BIIHECTH Ha paXyHOK BHUIIAPOBYBAHHS 3aJIMIIKOBOI BOJH,
KUTBKICTh KO HE mepeBuinye 5 mac. %, a Opyruil — AECTPYKIii OpraHiYHOrO MOKPUBY, SKUN
MOJE CYIPOBOKYBaTUCh KapOoHizamieo (7 < 500 °C) ta oxucnennsam Byrierro (7 < 650 °C).
VY Bunazaky rigpoyminsbHeHoro [IMC, kinpkicTh BUMapyBaHOi Boau ckiangae Oins 50 mac.% Bin
MacH Ccyxoro 3pasky (puc. 1.5 B).

EnTepocrenb 0
0,4 OTA 0 0.61
\
02 / 10
\\ // 20 0.4 OTA
004~/ A i 3 . @
" \—// © 2 § 10§
§ oo N1 7/ w3 o g
= 02T\ // 2 & o2 2
g I\ 50 © @ 5
@ 94411 2 - 5]
SOREEY o § :
= T R
-0.6 111 0,01 A 3
1 0 R ’ 20
08 AR 8 \/,ﬁ?
\\/ \ TE 90 0
1.0 100 "™ 100 200 300 400 500 600 700 800 900 1000
100 200 300 400 500 600 700 800 900 1000 Temnepatypa, °C
TemnepaTypa, °C
a o
/N 0
0.4 N
10
\ / ATC 20 Puc. 5. Tepmorpamu BUXIZHOTO T1pOreIto
g O:O'W//v——\/_f 5 METHJIKPEMHIEBOT KUCJIOTH (a), BUCYIIICHOTO
z 30 3 npu  KiMHaTHIH ~ Temmeparypi  (0) Ta
=04 \/ 0 5 rigpoyuinsaenoro IIMC (s)
g
®

a
o

\
\\ ?‘\

\/ 70

100 200 300 400 500 600 700 800 900 1000
Temnepartypa, °C

-0,84

B

104



Ha puc. 6 Ta 7, BignoBigHo, HaBeaeHo TEM ta CEM enexktponHi MikpodoTtorpadii remmro
METHJIKPEMHI€BOI KUCIIOTH (BUCYILICHOTO B IPOIECi BaKyyMyBaHHS IpU MPOOOMIATOTOBI) (a),
cyxoro IIMC (6). flk BumHo 3 HaBenenux pucyHkiB, [IMC mpencraBise co0O0I0 JIAHIIOXKKH
3 €IHaHUX TJI00YI, MPOCTIp MK SKUMHU (POopMye TOPHUCTY CTPYKTYpy. BumiproBaHHS THTOMOI
noBepxHi cyxoro [IMC 3a HU3BKOTEMIIEpAaTypPHHMH 130T€pMaMu aJIcopOIIii a30Ty MOKa3ye, 10
BOHa jjocsirae 450 M/r.

a 0
Puc. 6. TEM enextpoHi MikpodoTorpadii remo METHIKPEMHI€BOI KHUCIOTH (BHUCYIIEHOTO B
nporieci BakyyMyBaHHs) (a) Ta BucymieHoro Ha noBiTpi [IMC 6e3 rigpoymtiibHeHHS (0)

Puc. 7.CEM enextpoHi Mikpodororpadii remo METHIKPEMHI€BOI KHCIOTH (BHUCYLIEHOTO B
nporieci BakyyMmyBaHHs) (a) Ta Bucymenoro Ha nositpi [IMC 6e3 rizpoymtinsaeHHs (0)

3usTi IIpH pisHKX Temmeparypax crektpu ' H SIMP rigparosanoro 3pasky IIMC B pizHux
cepelioBUINaxX HaBeJeHI Ha puc. 8. B nmoBiTpsiHOMY cepenoBuili Boaa, agcopbosana [IMC (micns
NPOIEIYpPH TiAPOYUIUIEHEHHS), TPOSBISETHCS B CIEKTPAaX Y BHUIIIALI OJUHOYHOTO CHUTHAIY,
XIMIYHUI 3CyB SKOro, B 3aJ€KHOCTI BiJl TeMmepaTypH, ckiagae 4-6,5 mu. (puc. 8 a). 3i
3HIKCHHSIM TEMIIEpaTypd 3MCHIICHHS I1HTEHCHUBHOCTI CHUTHalTy OOYMOBIIEHO YaCTKOBHM
BUMEP3aHHAM MiX(a3HOi BOJH, a 3CyB HOro B 00J1acTh OUIBIIMX 3HaYEHb — 3pOCTAHHIM BHECKY
BiJl BHOPSIKOBAaHUX BOJHUX CTPYKTYD, B KHX KO’KHA MOJIEKYJIa IpUHMae ydacTh B (hOpMyBaHHI
YOTUPHOX BOJHEBUX 3B S3KiB. bulblla IupHHA CUTHalMy aacopOOBaHOi BOIU MOXe OyTH
OB si3aHA 3 TPHCYTHICTIO JEKUTBKOX Ii CHTHAiB, IO NEPEKPHBAIOTHCSA, Ta MAIOTh pi3HI
3HA4YeHHs XIMIYHOIO 3CyBY ab0 MaJlOI0 PYXJIMBICTIO MOJIEKYJ] BOAM [22], sIKi 3HAaXOAAThCS B
MDKYaCTHHKOBHUX 3a30pax MOJIIMETHIICHIIOKCAHOBHUX JIAHITIOTB.
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3amiHa MOBITPsI CEpeOBHINEM cllabomnomsipHoro opraniydoro pozunnHuka CDCls, (puc.
8 0, B) MPUBOJAUTH IO IEBHOTO 3BYXKEHHS CHUTHaNy aacopOOBaHOI BOJM, 3MiHY XapakTepy
TEMIIEpaTypHOi 3aJeKHOCTI 1HTEHCHUBHOCTI BiJ TeMIepaTypd Ta TIOSBY TPU HHU3BKUX
Temmeparypax (puc. 8§ B) J0JaTKOBUX CUTHAIIB, OB SI3aHUX 31 3MIHOIO CTYTICHS acOIiHOBaHOCTI
Mik(pa3Hoi Bogu. B cmekTpax cnocrepiraeTbesi curian 1 npu oy = 4,5-5,0 m.4., curHan 2 npu
op=3,0Mu. Ta curan 3 npu Jy = 1,0 m.u. BpaxoByroun, mo Boja, ska He Oepe yuacTi B
dbopMyBaHHI BOJAHEBUX 3B s3KIB Ma€ XiMi4HHM 3CyB oy = 1,0 Mm.u. [23], a Bojga, sika BXOAUTH JI0
CKJIaly KPUCTAJIIB F€KCAarOHAIBHOTO b0y — Oy = 7,0 M.4. [24], MOXHa BBaXaTH, 1[0 CUTHAIH |-
3 BIAHOCSATHCS 70 CHIBHO-, CEPEIHbO- Ta cliaboacoiiiioBaHoi ¢gopM Bomau. JloJaTKOBHI CUTHAI
npu oy =7,2M.4. 00OyMOBJIEHUN MPUCYTHICTIO HEMPOAECUTEPOBAHOI CKIAIOBOI Xjopodopmy.
TakuM guHOM, piake TimpodoOHEe cepenoBHINe 3MaTHE CTAOLII3yBaTH Ha MiK(a3HIA TpaHUI
[IMC Boani KiacTepu 3 HEBEJIHUKOIO acOIliflOBaHICTIO, XOya 3arajbHa KiJbKICTh TaKol
HEYTMOPSIIKOBAHOT BOJIM BiTHOCHO HEBEJIHKA.

HonaBanus no xjopodopmy 15wmac. % cunpHoi kucnotu (CF;COOD) (puc. 8 1)
NPUBOJIUTH /10 30UIBIICHHS MIMPHHNA CUTHAIY, HOTO 3MIIIEHHIO B CTa0Ki MarHiTHI MOJs, a pH
T=280 K —o po3aiieHHsl CUTHAIY Ha JIBa, 3 SKUX CIIa00IHTEHCUBHUN CUTHAJ BIAHOCUTHCS IO
KJIACTEPIB BOAM 3 YaCTKOBO 3PYWHOBAHOIO CITKOKO BOJHEBUX 3B s3KiB (dy = 3,0 M.4.), Ki ciabo
PO3UYMHSIOTH KUCHOTY [25].
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Puc. 8.3usTi mpu pisHEX Temmeparypax crekrpu 'H SIMP Boam, aacop6oBaHOi Ha ITOBEpXHi
nopucroro [IMC micnga mporexypud HOro TripOyHIUIBHEHHS 3 PIBHOIO 3a Macolo
KUTbKICTIO Boau Ha moBitpi (a), B cepemoBumii CDCl; (6, B) Ta B cepemoBHIII
8,5CDCl3+1,5TP®OK

Bniaus HOﬁaBOK HOJIiMeTI/IJICI/IJIOKcaHy Ha 3B\H3YBaHHH BOIH Fi)IpO(l)iJILHI/IM KPpEMHE3EMOM
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CmiBcTaBieHHsI XapaKTepUCTUK BOAM, 3B s3aHoi moBepxHero I[IMC 3 Bopgorw, ska
JOKaJi30BaHa B MIDKYACTUHKOBHX 3a30paX KOMIIO3MTHOI CHUCTEMH, C(OPMOBAHOI IIISXOM
nomaBaHHsl BogHOTO 6 % remo [IMC no cyxoro HaHokpemHezemy A-300 mpoBeneHO B poOOTi
[26]. BumiproBaHHsl mapaMeTpiB 3B A3yBaHHS BOJAM B KOMIIO3MTI NMPOBOAMIHM 32 JOTOMOTOIO
METOJly HU3bKOTEMIEPaTypHOL 'H SAMP-cniekTpockorii, SKHA J03BOJSE 32 BEIMYHUHOIO
XIMIYHOTO 3CyBY BOJIM BU3HAYATH CEPE/IHE YMCIIO BOJHEBUX 3B 5I3KiB, B IKUX Oepe yuyacTb KOXKHA
MOJIEKYJIa BOJH, a 3a JIEMPECIEI0 TEMIIEpaTypy 3aMep3aHHs — PO3MOILT 3a pajiilycaMu KJIacTepiB
Ta 3MiHy BUIbHOI eHeprii ['i60ca ancopboBanoi Bou [27-30].

B po6oTi BHUKOpPHUCTOBYBaIM Teib METHJIKPEMHIEBOT KHUCIOTH Ta BHUCOKOIMUCIIEPCHHI
kpemHezeM Mapku A-300, skuil rigpoymiasHIoBanu 10 HacumHoi ryctunu Cyq = 300 mr/em’ y
BiJITOBITHOCTI 3 METOJIMKOIO, OMIMCAHOI0 B poboTax [16,31,32]. [yt mpuroTyBaHHS KOMIIO3UTHOT
cucreMu A-300/[IMC 6panu yuiineHeHui kpemHe3zeM A-300 ta 6 % renb METUIKPEMHIEBOT
KUCJIOTH y cHiBBigHOMIEHHI 1/1 Tak, mo B KiHIeBOMYy Kommo3uti mictuiock 1000 mr/r Bomm.
Komno3uTHy cucteMy rotyBajii IUISIXOM 3MIilIyBaHHS KOMIIOHEHTIB JIBOMa HUIsXaMu: croci0 1
— B YMOBax CJIaOKOr0O MEXaHIYHOI'O HABAaHTA)XCHHS, KOJM Tejlb Ta IOPOLIOK KpEeMHE3eMy
nepetupany 0e3 3ycuib 1 CHila BIUIMBY IECTHMKA Ha JHO cTynku He nepesuinyBaB 0,1 kr. Yac
nepeminryBaHHs ckiagaB 10 XB, MICJA YOO HACUITHA TYCTHHA KOMITO3UTY (Y BOJIOTOMY CTaHi)
cranoBmia 0,66 F/CM3; croci®d 2 — B yMOBax BHCOKOTO MEXaHIYHOTO HAaBAaHTa)XCHHA, 1€ CHJIa
BIUIMBY MECTHKA Ha JHO CTyNKH nepeBumryBaia 1 kr. [Ipu mpomy micist 10 XB mepeTupaHHs
HACHITHA I'yCTHHA KOMIIO3UTY 36imbiryBanach 10 0,8 r/cM’.

Ha puc. 9-11 HaBemeHO 3HATI MpU PI3HUX TEMIIEpaTypax CHEKTPU 'H SIMP Bomm y
BuxigHoMy 6 % remni [IMC (puc. 9), B komno3utHii cucremi 9/1 A-300/[IMC, npuroTtoBieHiii 3
BUKOpUCTaHHAM Manoro (puc. 10) Ta Bucokoro (puc. 11) MexaHIYHOTO HaBaHTAKEHHS.
BuwmiproBaHHs NpOBOIWINCH Ha TMOBITPI Ta B CEPEOBHII CIA0OMONSIPHOTO OPraHIYHOTO
pPO3YMHHUKA — JEHTEPOXIOPOPOpMY.

Boga B reni [IMC cnoctepiraetbest y BUIIISIII IIMPOKOTO CUTHAY, IHTEHCHUBHICTH SKOTO
31 3HIDKEHHSM TEMITEpaTypu 3MEHIIY€ETHCS Yepe3 YacTKOBE 3aMep3aHHs Mik(a3Hoi Boau (puc. 9
a). B cnekTpax cnocrepiratoTbcs BUKPUBIEHHS (OPMU CUTHAINY, SKi MOXKYTbh OyTH TOB 53aHi 3
NPUCYTHICTIO JIEKIJIbKOX OJHM3BKO PO3TANIOBAHMX CHTHAIIB a00 HASBHICTIO HEOIHOPITHOTO
YIIUPEHHS, 0OyMOBJIEHOIO HEpIBHOMIPHMM 3amoBHeHHsAM SIMP-amnymu renem IIMC [22].
Curnan BoaM B cIeKTpax peecTtpyerbes npu 7> 245 K, mo CBITYUTH MPO CUIBHUN BILIUB
noBepxHi rigpopooHux yactuHok IIMC Ha TeMmnepartypy 3aMep3aHHs BOJIH.

10 8 6 4 2 0 7 6 5 4 3 2 1
5, M.Y. 5, M.Y.

a
Puc.9. 3usTi npn pisHux Temneparypax cuektpi 'H SIMP Boau B 6 % remi IIMC (a) Ta B remi
I[IMC, B mpucyTHOCTI Jeirepoxiopodopmy (6)

3aBasiku Bucokomy BMicTy Boau B refni [IMC, moxxHa Oyin0 6 o4iKyBaTH, 110 CEPEeIOBUIIIEC
xjopodopMy Oyze cinabo BIUIMBATH HA XapaKTEPUCTUKH BOAH 3B SI3aHOI 3 MOBEPXHEIO0 YaCTUHOK
[IMC. Ane, sk BUIHO TpHU CIIBCTABIEHHI CIEKTPIB HaBeIEeHUX Ha puc. 9 a Ta puc. 9 6, B
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cepenouii CDCl; BHUrsg CHEKTPIB CyTTEBO 3MIHIOETHCS: 3MEHINYETHCS MIUPUHA CUTHATY
BOJIM, a O0NacTb 3aMep3aHHs BOJM 3MIIIYE€ThCS B CTOPOHY OUIBII BHCOKUX TeMIepaTyp.
IMOBIpHO, TOraHO pO3YMHSAETHCA Yy BOAI XJopodopm 1 Moxke npoHukatd B renb [IMC
TUQYHAYIOUM 10 TOBEpPXHI TipooOHMX YACTHHOK Ta 4YacTKOBO BHUTICHATH BOIy 3 iX
MDKYaCTHHKOBOTO MPOCTOPY.

g xomno3utHoi cucreMu A-300/[IMC, npurotoBiieHOI B yMOBax MajMX Ta BEIMKHUX
MEXaHIYHUX HABaHTA)KEHb B TMOBITpsHOMY cepenosumn (puc. 10 a,6 Tta puc. 11 a) Boma
CIIOCTEPIraeThCsl B CHEKTPAX Y BUIVIAI OJAMHOYHOTO CUTHATY, XIMIYHHUH 3CYB SIKOTO 3MIHIOETHCS
3 TEeMIEpaTyporo B aiana3oHi oy = 4,5-7,0 m.u. B cepenosumti CDCI; (puc. 10 B, T, puc. 11 06, B)
KpIM OCHOBHOTO CUTHAIIy 3 XIMIYHHUM 3CYBOM Oy = 5,0 M.4. B CIIEKTpax pEECTPYETbCA CUTHAT B
OUIBII CIIA0OKHUX MAarHiTHUX IOJAX oy = 5,5-7,5 m.u. Boma, sika BiamoBifgae 3a L€ CUTHAN, €
CUJIBHO3B S3aHOIO0 3 MOBEPXHEIO Ta MOBHICTIO 3amep3ae Tinbku npu T < 225 K.

3, M.4. 8, M. Y.

Puc. 10. 3usti npu pisHEx Temmeparypax 'H SIMP criekTpy BOIM B KOMIIO3UTHIi cucTeMi A-
300/TIMC, npu cnabkoMy MEXaHIYHOMY HaBaHTaXXEHHI B MOBITPSHOMY CEpEIOBHII
(a, 6) Ta B mpucytHocti CDCl; (B, T)

Ha puc. 11 T HaBemeHO 3HATI MpH PI3HUX TeMIepaTypax 'H SIMP CIIEKTPU BOJU B
komno3uTHii cucremi A-300/[IMC, sika migaaBanacs BUCOKOMY MEXaHIYHOMY HAaBaHTa)KEHHIO B
cepenoBumi CDCl; 3 nmomaBamasaM 15 mac. % neitreporpudropouroBoi kuciaotu (TDPOK).
Ockinpku xiMigHHH 3cyB poToHiB B yuCTiii TOOK nocsrae oy = 11,0 m.u. [22], To curnan Boau
3MINIYETHCSI B 00JIACTh BEJIMKHUX 3HAYCHD XIMIYHOTO 3CYBY. 3aMep3aHHs pPO3YMHY KHCJIOTa-BOJA
BinOyBanocst mpu OiNbIl HU3BKIM TemmepaTypi, OCKUIBKM TeMIIepaTypa 3aMep3aHHs 3HIKEHA
COJIbBATAIIHHUMU B3a€EMOTISIMH.
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Puc. 11. 3usti npu pisanx temmeparypax 'H SIMP criektpy BOAM B KOMIMO3HTHIi crcTemi A-
300/TIMC, npu BHCOKOMY MEXaHIYHOMY HAaBaHTa)KEHHIO B MOBITPSHOMY CepelOBHILI
(a), B mpucytHOCTICDCl; (6, 6) Ta 3 nogaBannsm TOOK (2)

TemnepaTypHi 3aJIe:KHOCTI KOHIIGHTpAIIl He3aMep3arouoi BOAM, a TAKOXK pO3paxoBaHi Ha
iX OCHOBI 3aJI€KHOCTI 3MiHM BUIbHOI eHeprii ['100ca Bijg KOHIIEHTpaIlli He3aMep3arvoi BOAW B
reni [IMC Ta xommosutHiit cucremi A-300/IIMC naBeneHo Ha puc 12. Tepmoaunamivni
napamMeTpH IapiB 3B sA3aHOI BOJM — KOHIIEHTpAIlli CHIBHO- Ta CJa003B s3aHOI BOJIM (C,,WS Ta
CMWW, BIJIMOBITHO), MaKCHUMaJlbHE 3HWKCHHsI BUIBHOI €Heprii B Imapi CuiIbHO3B s3aHOi (SBW)
BOJIU (AGS) Ta BenuuuHa MbKda3Hoi eHeprii (ys) mis remo [IMC Ta KoMIIO3uTHOI cuctemMu A-
300/TIMC, mnaBeneni B Tabmumi 1. Cnabo3s'sizanoro (WBW) BBaxkanu Ty 4YacTUHY
He3amep3arodoi Bo1H, sika 3amepsae npu 1> 265 K (AG < -0,5 x/[x/Monb). Y BIAMOBIAHOCTI 10
nanHux tadnuii 1 B 6 % reni [IMC kibKicTh CHIIBHO3B s13aHO1 Boau ckimanae 700 mr/r (cyxoro
I[IMC), a npu 3mimyBanHi remo 3 pigkuM CDCls, i1 KiTbKICTh 3MEHIIYETHCS B CIM pasiB — 110
100 mr/r. BpaxoByroun, 1o 3aranbauii BMicT Boau B refi [IMC ckmanae 15,6 1/, To BUBHAUUTH
BMICT CJIa003B 513aHOT BOJU JOCTAaTHHO CKJIQJHO, OCKIIBKH B MIXKYAaCTHUHKOBUX IOPOXKHHHAX
MOXE€ MICTUTHCH PiJIKa BOJa, KA MPAKTHYHO HE B3a€EMOJIIE 3 TOBEPXHEIO. SIKIO MPHUITYCTHUTH,
0 70 CJIa0KO03B I3aHOI BIAHOCUTHCA Ta dacTuHA Boau, I sikoi AG < -0,1 x/[»x/mMonb, TO 3
MaHUX pHC. 9 a MOXHA po3paxyBaTH Kimbkicth WAW sk C,,," =7 r/r s remo ta 5 r/r s
TeJTFO 3MIIIIAHOTO 3 XJI0PO(hOPMOM.
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Tadauus 1. XapakrepucTuku mapiB HezaMmepsarodoi Boau B 6 % rem [IMC ta kommo3uti A-
300/TIMC, B pi3HUX CEpeOBHUIIIAX

3pasok Cepenosumie | C,,°, mr/r | Cu", Mr/r | AGS, xJl/mons | s, JIk/T
IMC H,O 700 -0,6 113,0
CDCl3 100 -2,0 32,5
A-300/TIMC [ToBiTps 125 875 -3,0 13,3
Mane HaBaHTa)XEHHS CDCl; 65 935 -3,0 9,0
A-300/TIMC [ToBiTps 200 800 -3,0 16,7
Bemuke HaBanTaxxeaus | CDCli 60 940 -3,0 7,9
CDCl;3 + TOOK 300 700 -3,0 24,9

JInst  KOMIIO3UTHOI  CHUCTEMH, TMPUTOTOBAHOI B YMOBax MaJoro MEXaHIYHOTO
HaBaHTaXCHHS BeJIMYHHA CMWS cknamae 125 mr/r. ITlicng 1HTEHCHMBHOTO MEXaHIYHOTO BIUIMBY
KinpKicTs C,y° 36imbITyeThCs 10 200 MI/T, MO MOXe OYTH TOB'SI3aHO 3i 3MiHOK MPOCTOPOBHX
XapaKTepUCTHK MbKyacTHHKOBoro rmpocropy. CepemoBume CDCl; 3MeHIIye KiTbKiCTh
CHJILHO3B 3aHOI BOOM [0 BEIUYUHU CMWS =65 Mr/r, pu mHOMYy KimbKicTh SBW cTtae maino
YYTIUBOIO 10 MEXaHIYHOT'O HABAHTAKECHHS.
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Puc. 12. TemmepaTypHi 3alie)KHOCTI KOHIIEHTpamii He3amep3arouoi Boau (a, 0) a Takox
po3paxoBaHi Ha iX OCHOBI 3aJ€KHOCTI 3MiHM BiIbHOI eHeprii [100ca Bix
KOHIIEHTpaIlii He3amep3arodoi Bogu (B, T) B remi [IMC (a, B) Ta KOMIO3HUTHIM
cuctemi A-300/TIMC (6, 1)

Haii0impIm 3pydyHuM mapaMeTpoMm, 1o J03BOJISIE TTOPIBHATHA SHEPTIIO 3B SI3YBaHHS BOJIU B
pI3HUX TeTepOreHHuX CHCTEeMaxX, € BeluuMHa Mikda3Hoi eHeprii (j5). Ha miarpami s
NOPIBHSAHHS TAaKOX HABEJACHO 3HAYCHHS )5 YIIUIBHEHOTO KpeMHe3emy [31], siki oTpuMaHO B
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yMOBax OJU3BKWX BEIMYMH KOHIEHTpalii amcopOoBanoi Boau (Crzo= 1,125 1/r). B ymoBax
BUCOKOI TiJpaTOBAaHOCTI MOXKHa BBa)XKaTH, IO MPAKTHYHO BECh 00 €M MIKYaCTHHKOBOTO
MIPOCTOPY 3alOBHEHHMM ajcopOoBaHO0 Bojoro. Tomi posmomin Ha puc. 13 a-B BimoOpakae
PO3MOALN 32 pajilycaMH MIXKUYaCTHHKOBUX 3a30DiB 3aIIOBHEHUX BOJIOIO.

VY BIAMOBIZHOCTI 10 miarpaMd Ha puc. 13 T jomaBaHHS [0 TiAPOYHILIILHEHOTO
kpemuesemy 10 wmac.% I[IMC mnpuBomuTh 10 30UIbIIEHHS MiX(a3HOi eHeprii (HMOBITpsiHE
cepenosuine) Bix 7,8 no 13,3 JLK/T (He3HauHe MexaHIYHEe HaBaHTaXeHHs) Ta 1o 16,7 Ix/r nmpu
BEJIMKOMY MEXaHIYHOMY HaBaHTaXEHHi. BIIMOBIIHO, HEBENMKAa KIJIBKICTH TBEPIOTO
rigpooOHOTO areHTy Ta J1030BaHE MEXaHIYHE HABAHTAKCHHS JO3BOJBIIOTH 301IbITYBATH
CyMapHy €HEprilo 3B s3yBaHHA BOAM B JABa pa3u. [lopiBHIOIOYM pPO3MOALT 3a paiiycaMu
3aIMIOBHEHUX BOJIOI0 MIKYACTHHKOBHUX 3a30piB (puc. 13 0, B) MOXKHA 3pOOHTH BHUCHOBOK, IO B
pe3ylnbTaTi MEXaHIYHOTO HaBaHTAXEHHS 3pOCTa€ BHECOK BiJ 3alOBHEHUX  BOJOIO
MDKYaCTHHKOBUX 3a30piB 3 R =2-8 HM (cepenHiil paaiyc 3amOBHEHHX BOJOI0 TOPOXHHH
3MEHUIY€ETHCS).
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Puc. 13. Po3nonin 3a pagiycamu KiacTepiB (3alIOBHEHUX BOJIOI0 MIXXYaCTHUHKOBUX 3a30DiB) (a-B)
Ta JiarpaMa 3MiHH BenuduHU MikdaszHoi eHeprii mia remo [IMC Ta KOMITO3UTHOI
cucremu A-300/TIMC B pi3HHX cepenoBHIIax (T)

Jlis BUBYEHHMX CHCTEM, B TOMY YHCII BUXIHOTO KpeMHe3eMy, piake TinpodoOHe
CepeoBHIIE CYTTEBO 3MEHIITY€E EHEPTito 3B’ I3yBaHHs BoaU. [Ipu mboMy cepeHiii pajiyc BOIHUX
CTPYKTYp 301IbIIY€ThCS. AHANOTIUHI 3aKOHOMIPHOCTI CIIOCTEPIraroThCs Ui OiBIIOCTI THUMIB
TBEPAHUX TUI 3 po3BUHEHOK mMoBepxHero [30]. Bonn o0ymoBieHI BUTICHEHHSIM XJI0podopmMom
BOJIM 3 IX BY3bKHMX MIDKYACTMHKOBHX 3a30piB. Y BHIAJKy IOJOBaHHS N0 Xjiopodopmy 15 mac.%
CF;COOD cmoctepiraeTbcsi 3HA4HE 3pOCTaHHS BelwduHM )5 (Bim 7,9 mo 24,9 Jx/r), sika
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B1JI0OpaKye 3MiHY €Heprii 3B s3yBaHHS BOJU 3a PaxXyHOK ()OPMYBaHHS COJIbBATHUX KOMILUICKCIB
3 MOJICKYJIAMU KUCJIOTH.

TeMmmepaTypHi 3aJ€KHOCTI XIMIYHOTO 3CYBY MPOTOHIB MiK(]a3zHOT BOAM IS BCIX
BUBUCHUX CHUCTEM HaBe[eHI Ha puc. 14. 3aranpHO0 TEHICHIIIEID € 3POCTAaHHS BEIUYUHU
XIMIYHOTO 3CyBYy 31 3HIDKCHHSIM TEMIIEpaTypH, SKAW OOYMOBJICHHH  3pOCTaHHSIM
BIIOPSIKOBAHOCTI CITKM BOJHEBHUX 3B 5I3KiB, 0 (POpMYIOTh Kiactepu MixkdazHoi Boau. [Ipu 7 =
280 K BenmmunHu xiMiuHuX 3¢yBiB Boau B el [IMC ta kommosurtax 1/9 [IMC/A-300 6:m3bKi 10
3HA4YeHHA Oy A pigkoi Boau. B 3anexxHocTi Bix Mop¢osorii Mi>KYaCTUHKOBOTO HPOCTOPY B
3a30pax MOXYThb (OpMyBaTHCSA KJIaCTepH 3 PIZHOIO BIIOPSAKOBAHICTIO MOJIEKYJ BOJM, SKI
XapaKTepU3YIOThCS PI3HOI0 YCEPEAHEHOIO0 BETUYMHOIO XIMIYHOTO 3CcyBY. ToAl BUKPUBICHHS Ha
3aneKHOCTAX Op(7T) MOXKHA IHTEPIPHUTYBATH SIK 3MiHY iMOBIpHOCTI (hOpMYyBaHHSI KJIAcTEpiB 3
PI3HOIO BIOPSAKOBAHICTIO MOJIEKYJ BOAM. B neskux BuUmaakax Ha 3aleXHOCTSIX ox(T) MPUCYTHI
TUISHKA 3MEHIICHHS XIMIYHOTO 3CYBY 31 3HW)KEHHSM Temrieparypu. OCKIIBKM OJHOYAaCHO
3MIACHIOETHCS TpolieC 3amep3aHHs Mik(a3HOI BOAM, CIiJ MPUITYCTHTH, 0 B MPHUCYTHOCTI
rizpodoonoi nosepxui [IMC nepexin yaCTUHU BOAW B TBEPAMN CTaH MOXE TOPYIIyBAaTH YMOBH
YTBOPEHHS BIIOPSAIKOBAHOI CITKM BOJHEBHX 3B si3KiB. B kommosutHiil cuctemi [IMC/A-300
CepeIoBHUIIIE PIIKOTO XJIOpo(opMy MigBHUILY€E IMOBIpHICTH ()OpMYBaHHS TOBEPXHI KJIACTEpiB
BOJIM 3 MAaJIOIO BIOPSAKOBAHICTIO CITKH BOJHEBUX 3B SI3KiB.

MosxHa 3pOOWTH BHCHOBOK, IO MPH JOJABaHHI JO TiAPATOBAHOTO TigpodiILHOTO
BHCOKOJIUCIIEPCHOTO KPEMHE3eMY HEBENUKO1 KIIBKOCTI TiApodoOHOT0 MOIIMETHUICHIOKCAHY,
EHEPrisl 3B sI3yBaHS BOJAM ITiIBHIYETHCS TUM CHJIBHIIIE, YAM BHUIIC MEXaHIYHE HaBAaHTAKCHHS,
K€ 3aCTOCOBYETHCS TPU CTBOPEHI KOMIIO3UTHOI cucTeMHu. IMOBipHO, 1Ie 00YMOBJIEHO
(GopMyBaHHSIM Yy BOJHOMY CEPEIOBHII, SKE 3alOBHIOE MIKYACTHHKOBI 3a30pH, MPOCTOPY
po3aiieHuX TiaApodiTpHUX Ta TiIpooOHHMX arperaTiB, /Ui SKUX MiHIMajibHa BiJlbHA €HEPris
CHCTEMHU 3HIKY€ETHCS 31 3pOCTaHHSIM MEXaHIYHOTO HABAHTAKCHHSI.
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Puc. 14. TemmneparypHi 3a1eKHOCTI XIMIYHOTO 3CYBY MpOTOHIB Boau B 6 % reni [IMC (a) ta
koMmmo3uTHil cucremi [IMC/A-300, npuroroBnenoi npu manux (0) Ta BUCOKUX (B)
MEXaHIYHUX HaBaHTAKECHHIX
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CepenoBuiie clIa0OMOMSIPHOTO OPraHIYHOTO PO3YMHHUKA — XJIOPOPOpPMY, 3HUKYE
eHepriro B3aemMofii Boau sk B 6 % reni [IMC, Tak i B komno3utHux cucremax A-300/IIMC. Ile
OB 513aHO 3 YAaCTKOBUM BHTICHEHHSM BOJAM 13 3alIOBHCHUX BOJOI MDKYACTHHKOBHX 3a30piB B
rizpodoOHiit Ta rigpodiIbHI KOMIIOHEHTaX KOMIIO3UTHOI cucTeMH. [Ipu 1IboMy 3MEHIITY€EThCS
BEJIMYMHA XIMIYHOTO 3CyBY MDK(]a3zHOT BOAM, IO CBIAYHTH MPO PO3YIOPSIAKOBAHICTH CITKH
BOJ/IHEBHX 3B sI3KiB MDXK()a3HOT BOJIH.

linparanis Ta BJacTuBocTi KOMNO3uTHOI cuctemu Ta cymimi [IMC ta A-300

Mikpogortorpadii TEM (a, 6) ta CEM (B, 1) xommozutHux cucrtem 1IIMC/1A-300
HaBeJsieH1 Ha puc. 15. [l NpuroTyBaHHs KOMIO3UTHOI CUCTEMU Opaliy piBHI 32 MacolO KiJIbKOCTI
CYXHMX IHTPEHI€HTIB, SIKi PETEIBHO PO3TUPAIUCH. 3BOJIOKYBAHHS 3pa3Ky IMPOBOIWIH IUIIXOM
nonaBanHs 10 kommno3uty I[IMC/A-300 piBHOI 3a Macorw KIIBKICTIO JUCTHIBOBAHOI BOJM.
3pa30K MepeMilryBajl HUITXOM PO3THPAHHS 3 HEBEJIMKUM MEXaHIYHUM HaBaHTAKEHHSIM, NPU
IIbOMY HaCHMIIHa TyCTMHa KOMHO3uTy ckiagana Cgz= 500 mr/cm’, IIpu nopanpmoMy
nepeMilryBaHHi, BAKOPUCTOBYIOUN CHJIBHUN THCK NECTUKY Ha KOMITO3UTHHUN MaTrepiaj HACHITHA
ryctuHa 30inburyBanacek 10 Cy = 600 Mr/cM’.

Ha TEM wikpodotorpadisx mgo0pe po3pi3HSAIOTHCS MOJIMETHICHIOKCAHOBA Ta
KPEMHE3eMHA KOMIIOHEHTH KOMIIO3UTHOI CUCTEMU. YaCTMHKM KpeMHe3eMy MOMITHO OLIbIi, HIK
noiiMepHi yactuaku [IMC. binpime MexaHiyHe HaBaHTAXXEHb MPUBOAUTH 110 (HOpMyBaHHS
3HAYHO KOMITAKTHIIIUX KOMITIO3UTHUX cUCTEM (puc. 15 6).

Puc. 15. Mikpodororpadii 3paskiB komnozutnoi cuctemu [IMC/A-300 (1/1) TEM (a, 0) ta
CEM (B, r), mpUroToBJIeHO B yMOBaxX Manux (a, B) Ta BUCOKUX (0, I) MeXaHIUHUX
HaBaHTa)KCHb

. . 1 .

3HATI Opu pi3HUX Temreparypax cnektpu H SIMP Boaum B MIKYaCTMHKOBHX 3a30pax

komnozuty 1IIMC/1A-300 HaBeneHni Ha puc. 16, 17 npns 3paskiB, HPUTOTOBICHHUX 3
BUKOPHCTAHHSAM MaJIMX Ta BUCOKMX MEXaHIYHUX HaBaHTa)KEHb, BiIIOBITHO.
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Jst kommiozutHoi cuctemu [IMC/A-300 y moBiTpssHOMY cepenoBuiii (puc. 16 a, 6 Ta
puc. 17 a, 6) BUrIAA CHEKTpiB aacopOOBaHOI BOAM Bi3yalbHO Maslo Binpi3HseTbes. Jlns
koMro3uty B cepenoBuili CDCl; BUTIISIT CHIEKTPIB 3aJICKUTH BiJ] MEXaHIYHOTO HABaHTA)KCHHS,
SKOMY TMiJAaBaJId KOMIIO3UT B TPOIECI BHUTOTOBICHHS. Y BHIAIKYy MAJOr0 MEXaHIYHOTO
HaBaHTAXEHHS (puc. 16 B, T) B CHEKTpax CIIOCTEPIralOThCA CHUTHAIW cinabo- Ta
cunpHOoacouioBanoi Boau (WAW Tta SAW, BianoBiaHo), npudoMy curHan WAW HabaraTto
nepeBunrye curian SAW y BcboMy aiama3oHi 3MiHM Temmeparypu. Ilicist Toro, sik 3pa3ok
MiJ/1aBalli 3HAYHOMY MEXaHIYHOMY HaBaHTaXEeHHIO (puc. 17 B, T), KUIBKICTh cl1a00acoIiiioBaHoO1
BOJM B 3pa3Ky 3HAYHO 3MEHIIMJIIOCH, a B crekTpax B cepenosuili CDCl; crocrepiraBcsi oauH
CUTHAal 3 XIMIYHHUM 3CYBOM Op=4 M.4., SKUA CBIJYUTH TPO YACTKOBE pyHHYBaHHS
BITOPSITKOBAHOT CITKH BOJHEBUX 3B s3KiB 200 HAsSBHICTH MIBUIKOTO OOMIHY MIiX KIacTepaMu
CHWJIBHO- Ta crnaboacoriiioBaHoi Boau. BinmoBigHo, ctaH Mixk(a3HOI BOJM, IOB A3aHOI 3
MIOBEPXHEIO0 KOMITIO3UTHOI CUCTEMH, SIKa MICTHTH TipodoOHi Ta TinpodinbHI YaCTHHKHA 3HAYHO
3aNeXUTh BiJl MOPQOJIOTii MIKYACTHHKOBOTO MPOCTOPY Ta MOXKE 3MIHIOBATHUCH B PE3yJbTaTi
MEXaHIYHUX HAaBAaHTAXKEHb, 10 3aCTOCOBYBAIIH JI0 3Pa3Ky.
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Puc. 16. 3nsti npu pizaux temmeparypax 'H SIMP crektpy BOju, ancopboBaHOi Ha TOBEpXHi
nopucroro kommno3zuty [IMC/A-300 micns #oro riipoyIiJbHEHHSI B yMOBaX CIIA0KUX
MEXaHIYHUX HaBaHTaXXEHb Ha MOBITPi (a, 0), B cepenoruiii CDCIl; (B, 1)
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Puc. 17. 3usti npu pisaux Temneparypax 'H SIMP crektpy BoIH, afcopboBaHOi Ha MOBEPXHI
nopucroro kommnoszury 1IIMC/1A-300 micnmst #oro TigpOyIIUIBPHEHHS B YMOBax

BHCOKMX MEXaHIYHUX HaBaHTa)KeHb Ha MoBITpi (a, 6) Ta B cepenoBuiti CDCI; (B, 1)

Ha puc. 18 a HaBeseHO TemmepaTypHi 3aJIe)KHOCTI KOHLIEHTpALlil He3aMep3atouoi BOAU Y
BUBYCHUX CHCTEeMax, B ToMmy umcii i Buxigaomy IIMC, a Ha puc. 18 6 — po3paxoBaHi Ha iX
OCHOBI B 3aJIe)KHOCTI 3MiHHM BibHOI eHeprii ['i60ca Bii KOHIIEHTpalii He3aMep3aryoi BOJU.
XapaKTepUCTHKH MApiB 38 A3aHOI BOIM — KOHIIGHTPALIisl CHIBHO- Ta c1aGo3B s3anoi Boan (Cyy,”
Ta CL,WW,Bi,I[HOBiI[HO), MaKcHUMalbHE 3HI)KEHHS BUTbHOI eHeprii ['100ca B mapi CHIIBHO3B A3aHO1
Bon (AG®) Ta Bemmumam MikdasHOI eHeprii, (ys), pO3PaxoBaHi y BiAMOBIAHOCTI 3 METOIMKOIO,
omucaHolo B podotax [27-30], cymoBani B Tabmuii 2. [Ipu npomy cnabo3B 13aHOI0 BBaXAlU Ty
JacTUHY MDK(a3HOi BOIM, JUIsI SKOi BeJIMYMHA 3HIKCHHA BibHOI eHeprii [100ca
AG < -0,5 x/Ix/monb (puc. 18 6). Ockinbku Mik(a3zHa €Hepris BU3HAUYAE CyMapHy B3a€MOJIIIO
BOJIM 3 NTOBEPXHEIO aJICOPOCHTIB, B YMOBaxX OJIHAKOBOI I'IpaTOBAHOCTI CUCTEM, TO Il HAOYHOT'O
CHIBCTABJICHHS BIUIUBY CKJIaJy, MIPOOOMIATOTOBKH Ta BUKOPUCTAHOTO CepeloBHILAa Ha puc. 18 B,
I' MPeACTaBICHI PO3MOJAUIH 3a pajiycaMu KiacTepiB ajcopOOBaHOI BOJM Ta JiarpaMa 3MiHU
BeIMUMHU MiK(pa3Hoi eHeprii. Ha miarpaMi Tako Mmoka3aHO 3HAYEHHS Ys AN KpeMHe3eMy A-
300 [5].

Tabauusa 2 — XapakTepucTUku mapiB Boau B TigparoBanux [IMC Ta KOMIO3UTHHX CHCTEMax
1TIMC/1A-300, o mictsars 1000 Mr/t Boan

Cucrema C,/CepenoBuiie, Mr/cm’ AG®, kJI5/MOTIb C,.5, mr/r C,.", mr/r | s, Jox/r
500/TIoBiTpst -2,5 280 720 22,4
TIMC 500/CDCl; -2,5 10 990 1,3
500/CDCl3+TdOK -2,5 475 525 25,9
500/TIoBiTpst -3,0 115 885 11,6
TIMC/A-300 500/CDCl; -3,0 95+25 795495 12,6
1/1 600/TIoBiTpst -3,3 225 775 23,9
600/CDCl; -3,0 30 970 53
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3 manux Tabnuil 2 ta puc. 18 r BummBae, mo s rigparoBadoro [IMC y moBiTpsHOMY
CepeoBUIIll KUIbKICTh CHJIBHO3B 513aHOI BOAM Ta BEIMYMHA MDXK(pa3HOI eHeprii 3Ha4HO OiIbIIi,
HiXK B cepenouini CDCl;. To6to xmopodopm 31aTHHN BUTICHATH 3HAYHY YaCTUHY BOAM 3 TIOP
[IMC. Ananoriuna 3aKOHOMIpHICTh criocTepiraerbest st 3pasky [IMC/A-300, micis 3Ha4HOTO
MEXaHIYHOTO HABAHTA)XCHHS, B SIKOMY BOJIa 3HAXOJWUTHCS TIEPEBAKHO B CHIILHOACOIIHOBAHOMY
crani (puc 18 B, 1). s 3pasky [IMC/A-300 6e3 HaBaHTa)KEHHSI CIOCTEPIraeThCsl 3BOPOTHS
CUTYyaIlisl — CepeoBHUIle XJI0pohopMy 301TBIITY€E SHEPTIIO 3B sA3yBaHHS Boau (Tabmu. 2 ta puc. 18
r). Bennmumna wix¢asznoi eneprii Boau B mopax riapodobnoro IIMC BusiBHIach BTpuUYi
O1TBIIIO0, HIXK JUTSI TipodinbHOTO KpemHezemy A-300.
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Puc. 18. TemneparypHi 3aJe)XKHOCTI KOHIICHTpAIIil He3aMep3arvoi BoaX (a), po3paxoBaHi Ha iX
OCHOBI 3aJIe)KHOCT1 3MiHHM BUIbHOI eHeprii ['100ca BiJ KOHIIEHTpallii He3aMmep3aruoi
BoaM (0), pO3MOILT 32 pajiycaMu KIacTepiB aacopOOBaHOl BoaM (B) Ta Jaiarpama 3MiHA
Mixk ¢azHoi eHeprii (1) ans komnozutry [IMC/A-300, iioro ckiagoBux, cepeioBUIIa Ta
MEXaHIYHUX HaBaHTAKEHb

[MopiBHIOIOYM 3HaYeHHS MiK(a3sHuX eHeprii (puc. 1.18 T) 3 po3noainamu 3a paaiycamu

KJacTepiB azgcopboBanoi Boau (puc. 1.18 B) Mo)kHA 3pOOUTH BUCHOBOK, IO JUIS T1APATOBAHOTO
[IMC B moBITpSHOMY CEepeIOBHINI 3HAYHA YAaCTWHA BOAM 3HAXOAWUTHCS y BUTIISAI KIAcTepiB 3
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R =2—-12 am. 3MeHbIIeHHS B cepenoBullll xiopodopmy MixdaszHoi eneprii Big 22,4 no 1,3
JIx/r obymoBnieHo crabimizamiero knactepiB 3 R > 11 am. [lonaBanus no cepemosuiia CDCl;
CHJIBHOI KHCJIOTH NPUBOJUTH 10 MOSIBU B NoBepxHeBOoMy miapi yacTuHok IIMC rizpatoBanux
MOJIEKYJl KHCJIOTH, IIO BEAE O 3HIKEHHS TeMIepaTypH 3aMep3aHHs MiK(pa3HOI BOAM Ta
3pocTaHHsl MDK(]a3zHOT eHeprii 3a paXyHOK eHeprii coibBartarii Boau. [Ipu nmboMy Ha po3moaii
3a paliycaMu KjiacTepiB afcopOOBaHOI BOJIU CIIOCTEPIraloThCs JBa MAaKCUMyMHU Ipu R = 2.5 ta
10,5 am (puc. 18 B).

ITpu nmepexoni Bix rigpatoBanoro IIMC no komnosuty IIMC/A-300, npuroroBieHomy
MIPU HU3BKUX MEXAHIYHUX HaBaHTAXXCHHSIX MikK(a3Ha eHepris 3MEHITYEThCs BABIUl — Bia 22,4 10
11,6 Ix/r (puc. 18 r, Tabn. 2). Lle oOymMOBIEHO 3pOCTAaHHSM BHECKY BiJ] KJIACTEpiB BOAU 3
R>20um (puc. 18 B). Ilicns Toro, sk 10 3pa3Ky 3aCTOCOBYBAJM BHCOKI MeEXaHIYHi
HaBaHTAXXCHHs, BEIMYMHA Ys 3HOBY 30uIbIMIacs 10 23,9 Jx/r. Ane KpuBi po3NOALTY KJIacTepiB
BOJIW 3a pazaiycamu 3MmiHwmcs cimabo (puc. 18 B). Toxi 3poctanHs Mik(a3HOI eHeprii ciinx
BITHECTM Ha paxyHOK IEpexoy BOAM 3 ciaboacoliiioBaHOrO0 B CHUJIbHOACOLIHOBaHUI CTaH
(puc. 16, 17).

CyKynHICTh OTPUMaHUX €KCHEPUMEHTAJIbHUX PE3yJIbTaTiB MOXKHA MOSICHUTH THM, IO B
YMOBaxX BHCOKOI TiJJpaTOBaHOCTI TIOBEPXHI MixK(azHa €HEprisi BOAM B MIKYACTUHKOBHX 3a30pax
BUCOKOJMCIIEPCHUX aJCOPOCHTIB BU3HAYAETHCS MOP(OIOTi€r0 MIKYACTHHKOBOTO MPOCTOpPY Ta
BIUIMBOM TIIOBEpXHI Ha (HOpMyBaHHS BIIOPSAJKOBAHOI CITKM BOJHEBHUX 3B f3KIB BOJU B
aacopOuiiinomy mapi. Ockinbku TBepauii [IMC wmae Oinblry MOBEpXHIO B TMOPIBHSHHI 3
HaHokpeMmHe3eMoM A-300, Boja, sika 3aloBHIOE MIXYacTUHKOBI 3a30pu [IMC 3HaXomuThCs y
BUTJIAJII KJIACTEPIB BIAHOCHO MEHILIOTO pajiycy, nopiBHsaHO 3 A-300. [Ipu nipomy riapodinbHicTh
(rizpooOHicTh) MaTepiany HE € BH3HAYAIBHOIO JUIS MOBEPXHEBOI €Heprii KiacTepiB BOAU. 3
1HIIO1 CTOPOHH, SIKIIO cHIbHO TiapaToBani mopomku [IMC ta A-300 mOMICTUTH B CEpeqOBUILE
cmabomnonsipaoro CDCls, To ocTanHil JIerko TudyHIy€e B MKYACTHHKOBI 3a30pH Ti1pohoOHOTO
[IMC, BUTICHAIOYM BOY B ITOPHU OUIBIIOrO pajiyCy Ta 3HAYHO Ba)kye — B MXKUYACTUHKOBI 3a30pU
rigpodineaOro A-300, MO MPOSBISETHCS B CHIIBHIM 3AJICKHOCTI BEJIMYUHH s BiJl CEPEIOBHUINA
st [IMC Ta cima6xkii st A-300.

Jia xomno3utHoi cuctemu 11IMC/1A-300, oTpuMaHoi B yMOBaX HU3bKOTO MEXaHIYHOTO
HaBaHTAXEHHS, CEPeNIOBUIIE XJIOPOGOPMY MNPHUBOAUTH A0 3POCTAHHS BEIMYMHHM MiX(azHOi
eHeprii Boau, 0 00YMOBJICHO TIEPEX0/I0OM BOJIH X CHIILHOACOI[IHOBAHOTO B CJIA00ACOIIHOBaHNI
ctad. Ilpu npomy CDCIl3, npoHukaro4yu B MDKYACTMHKOBI 3a30pH, 3MEHIIY€E CepelHiil po3mip
3alOBHEHUX BOJOI0 oOOyacTeil. MoXHAa TNpHUIyCTHTH, IO O€3 HaBaHTaKEHHS B MpOIleci
NepeTHpaHHs, 3pa30K 3HAXOJUTbCA B TEPMOJMHAMIYHO HecCTiikomy craHi. HaBaHTaxeHHs
3MiHIOE€ MOP(OJIOTiI0 MI>KYaCTHHKOBOTO MPOCTOPY Ta B3aEMHE PO3TAlIyBaHHS TiapooOHMX Ta
TiApopIIbHUX MAUISHOK, SIKI BIUIMBAIOTh Ha acoIliiioBaHICTh BOAH. IMOBiIpHO, MiJ BIUIMBOM
MEXaHIYHOTO HaBaHTaXCHHs TiApoQOoOHI Ta TiAPO(DITbHI YACTUHKH BCEPEIHHI KOMIIO3UTY
bopMyIOTh arperat, MOBEPXHEBI BIACTUBOCTI SIKUX OJIKYl JO BIACTHBOCTEH 1HAMBIAYyaTbHHUX
MaTepiaiB.

BinnosigHo, rigpodobuuit mopuctuit [IMC abo iioro cymini 3 miporeHuM riapopiIbHIM
KPEMHE3EMOM JIETKO MOXe OyTH TepeBelieHa B BOIHE CEPEOBHINE NUITXOM MEPEeTHPAHHS 3
pPIBHOIO YK OUIBIIOI 32 MAacor KibKIiCTIO BOAU. EHepris 3B s3yBaHHS BOJIU 3 TMOBEPXHEIO
BU3HAYAETHCS HE 11 TigpoGOOHMMH BIACTHBOCTSAMH, a paJiycaMH KIACTEPiB BOIH, IO
3HaXOAThCA B MIKYaCTUHKOBHX 3a30pax. B 3aiekHocTi Bi crocoOy MiArOTOBKH KOMIIO3UTHOT
cuctemu 1I[IMC/1A-300, Boma B MDKYACTHMHKOBHX 3a30paX MOXKE 3HAXOIUTUCh B
c1abo03B 13aHOMY a00 CHIIBHO3B fi3aHOMY cTaHax. Pimke rigpodoOHe cepemoBulle MOXe TO-
pi3HOMY BIUTMBATH Ha po3Mip KJacTepiB ancopOoBaHoi Boau. [Ipy BapiroBaHHI CITiBBiIHOIICHHS
KOHIIEHTpaLlli KOMIIOHEHTIB BOHAa MO’K€ HMPUBOAUTH SK O 3POCTAaHHS, TaK 1 JO 3MEHIICHHS
paaiyciB KjacTepiB (3MEHIIEHHIO YM 3POCTAHHIO BEJIMYMHH MiXK(a3zHOi eHeprii) agcopOoBaHOL
BOJIU.
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OnmHuM 3 OCHOBHUX MPHHIUIIB (OpMYyBaHHS CTaOLILHUX TeTepodasHUuX PIAMH € iX
OparHeHHs 10 MiHiMyMy BuTbHOI eHeprii [36-39]. A came, piguHM, IO HE 3MIIIYIOTHCA
(HampuKIaa, BOJAa Ta MAacjo) ICHYIOTh Yy BHIJISAI TPOCTOPOBO pa3fiIEeHWX ImapiB, a ix
3MIIIYyBaHHS MpH 00poOli YJIBTPa3ByKOM € TEPMOAUHAMIYHO HE BUTIJHO, OCKUIBKH
CYIPOBOUKYETbCS HE 3MEHIICHHSM, a 3pOCTaHHSAM BiIbHOI eHeprii. [loBepxHEBO aKTHBHI
peuoBuHu (ITAP), siki MarOThb BHCOKY CIOPIJHEHICTh OO0 O0OX PiAMH JI03BOJSIOTH CTBOPUTH
CTaOUTBbHY KOJIOITHY CHCTEMYy, B SKii (a3u, IO HE 3MINIyIOThCS, PO3AUICHI TOHKUM
MonekysipauM mapom [TAP. 3pocranHs BUTbHOI eHeprii, 00yMOBIIEHEe JUCTIEPTyBaHHSAM OJIHi€]
3 piguH (PpopMyBaHHS MIMEISIPHOI CTPYKTYPH), KOMIICHCYEThCS il 3MEHIICHHSIM 3a pPaxyHOK
Monekysipaux B3aemofiil [TAP 3 rimpodoOHOI0 Ta TiApOodIIbHOI CKIaJI0OBUMHU TE€TEPOTeHOT
cucremu [40].

Ha BimMiHy Big piavH, TBEpAl YAaCTUHKU 3 PI3HUMHU TiAPOPOOHO-TiAPOPITBHUMH
BJIACTUBOCTSAMHU (B CyXOMY CTaHi) MICJII MEXaHIYHOTO TEpEeMillyBaHHS MOXYTh (hopMyBaTu
MPAKTUYHO OJHOPOAHY CYMIIl, B SIKii OOMBa THUIM YAaCTUHOK BXOJATH JO CKJIAQy 3arajibHHUX
arperaTiB Ta B3a€EMOMIIOTh B HHX 3a paxyHOK cui Ban-nep-Baameca. Ilpu mpomy pi3HUIS B
eHeprisx B3aemomii TiApodoOHMX, TiIPOPUILHUX Ta 3MIIMIAHUX YAaCTHHOK HeBenauka. [Ipore
MOYKJIMBICTh CYMICHOTO CITIBICHYBAaHHSI PI3HOPITHHX YAaCTHHOK B 00 €Mi MOXE IMOpPYIIyBaTHUCh
npu nonaBanHi piakoi ¢aszu (ITAP, Boau abo rizpodobHoi pianan) [38,39]. CamoBiIbHUM po3ain
KOMIIOHEHTIB B CyMilllax MOPOMIKiB a00 B S3KUX PiAMH (MIKPOKOAryJsisi), BUKIHKAaHE
OpOYHIBCKUM PyXOM Bi0yBaTHCA HE MOKe a00 3M1MCHIOETHCS AyXKe MOBUIBHO, TUM HE MEHII
e MpoLec MOXE CYyTTE€BO NMPHUCKOPIOBATHCH ITiJ] BIUIMBOM MEXAaHIYHOTO HABAaHTAXKCHHS, SKE
MPUKIAJAETHCS A0 KOMIIO3UTHOI CHCTEeMH B TIpolieci ii mepeMilryBaHHS, OCOOIHUBO B
npucytHocTi [TAP. OCcCkinabku Koaryisiiisi 3MEHIIye BUIbHY €HEprilo 0araTOKOMITOHEHTHOI
CUCTEMH, BOHA TOBHHHA MPUBOAUTH J0 MiABUIICHHS €HEPTii 3B° I3yBaHHS PIAKMX KOMIIOHEHTIB 3
MIOBEPXHEIO IUCTIEPCHUX YaCTHHOK.

[TepeBenenns rizpododHoro [IMC y BoaHe cepenoBuIle 3A1HCHIOBAIN 3T1THO METOAUKH,
ONHKCAHOI BHWIIE, HUIIXOM po3THpaHHs mnopomky IIMC 3 piBHOIO 3a Macolw KUIBKICTIO
TUCTHIILOBAHOI BoAM A0 dopMyBaHHS omHOpimHoro kommosuty [IMC/Bona, HacumHa rycThHa
SIKOTO 'y BoxoroMy crasi cxinamana Cg= 500 mr/cm® Ta miporenuii kpemuesem Mapku A-300 3
HacunHow ryctuHoro Cy= 60 em/r.  Jlna IIPUTOTYBaHHS KOMIIO3UTHOI cucTteMu A-
300/TIMC/AMT cyxi iarpenieata Opanu B cmiBBigHomenni 30/68/2, a IMC/AMT - 30/2. [Ipu
[FOMY BiJI0YBaJIOCh TiApOYIIiITbHEHHS MaTepiany [16,31,32] Ta iforo HacumHa rycTUHa CKaaana
Cq=200-300 cMo/T. [Ipunyckanu, 1mo miJg BIJTMBOM MEXaHIYHOTO HABAaHTAXXEHHS B 3pa3Ky
MOYTh (hOPMYBaTUCh MIKPOTE€TEPOTeHHI JUISHKH, SIKI CKJIaJalOThCS MEePeBaXKHO 3 T11po(oOHIX
9 TiIpoQIBbHUX KOMIOHEHTiB. KinbKicTh BOOM Ui BCIX BHBUEHHX CHCTeM Oyia
onHakoBOOC o = 1000 MI/r  Ta  [OOCTaTHROIO  IjId  3allOBHEHHS  OCHOBHOI  YaCTHHU
MIXKYaCTHHKOBUX 3a30DiB.

3HATI OpHU PI3HUX TeMIepaTypax B mpolieci HarpiBaHHs 3pa3kiB Big 210 — 230 K o 280 K
'"H SIMP criekTpr BoIH y BHBYEGHHX CHCTEMax Ha MOBITpi, HaBeaeHO Ha puc. 19, a B cepemoBum
neittepoxiopodopmy— Ha puc. 20. B cmekTpax iHOUBIIyaTbHUX PEYOBHH Ta iX KOMIIO3UTIB B
yMoOBax 0JHaKoBOI rigparoBaHocTi (Cyzo = 1000 Mr/T) Ta 3armoBHEHHS BOJIOO 3HAYHOI YaCTHHU
MDKYaCTUHKOBOTO TMPOCTOPY B CIEKTpaxX CIOCTEPIraeTbCs OJAMH CUTHAN BOAM, XIMIYHHUNA 3CYB
SIKOTO 30UThITY€ThCs Bil Oy = 4-4,5 m.u. ipu T = 280 K 10 oy = 6,5-7 m.u. mpu 7= 210 — 230 K.
[Tpu 1bOMY IHTEHCUBHICTh CHTHATY 3MEHIIYETHCS 31 3HIDKEHHSIM TeMIIepaTypH uepe3 4acTKOBE
3aMep3aHHs MXK(a3HOi BOIH.

HesBakaroun Ha BHCOKY TiApaTOBaHICTh BUBUEHUX CHUCTEM, TipodoOHE cepenoBuIle
xJI0poopMy 3HAYHO BIUTMBAE HA BUTISA CIIEKTpiB Mixk¢azHoi Boau (puc. 20 a-r). B cnekrpax
3 SBIIAIOTHCS JIEKUIbKA CUTHAJIB HE3aMep3arouoi BOAM, SKI PI3HATHCSA 3HAUEHHSMHU XIMIYHOTO
3cyBy. Curnan 1 (dy= 1,0 Mm.4.) MOke OyTH BIJIHECEHWH IO KJIACTEPIiB BOIH, IO HE MpHIIMAE
y4dacTi B (h)opMyBaHHI BOJHEBUX 3B s13KiB [27-29] (cnaboacorifioBana Boaa), curnan 2 (o = 3,5 —
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4 M.4.) — 10 KJIacCTEPiB BOAM 3 YaCTKOBO 3PYWHOBAHOIO CITKOIO BOJHEBUX 3B SI3KiB, a CUTHAN 3
(0 =5M.4.) — 10 KIIACTEepiB CHIbHOACOIIHOBAHOI BOJHU, OMU3BKOI 3a CTPYKTYpOIO JO PiaKol
Bogu. KpiM TOro, B CIHEKTpax CIOCTEPIralOThCsl CHTHAIM HEMPOJCHTEPOBAHOI CKIIAJ0BOI
xnopodopmy (CHCI3), a B 3pa3kax, mo Mictath JJMT Takox mpucyTHI curHamu aniaTHIHUX
MIPOTOHIB BYTJICBOIHEBUX JIAHIIIOT1B.
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Puc. 19. 3usti npu pizaux Temneparypax 'H SIMP crieKTpy BOAHM B FifIpaTOBAHUX MOPOIIKAX
I[IMC (a), kpemre3emy A-300 (6) Ta KOMITO3UTHUX cucTeMmax Ha ix ocHoBl [IMC/IMT
(B) Ta A-300/IIMC/AMT (1)

JlekiibKa CUTHAMIB BOAM, IO 3 SIBJISIIOTHCS B CIIEKTpaxX CBiAYaTh MPO MOBUIBHY B HIKaJi
yacy SIMP mportoHoro (abo MOJIEKYJISIPHOTO) OOMIHY MK MOJICKYJIaMH BOJIH, SIKI BXOJATH 0
CKJIay PI3HHMX KiacTepiB Mik(a3HOi BOAH. B HioMy MOXHa KOHCTaTyBaTH, 1[0 CEPEAOBHUILE
c1a00MOISIPHOTO XJIOPOGOPMY XaOTpOIHE (PO3yHOPSIKOBAHE) BIUIMBAE HA BOJY, JIOKATi30BaHY
B MDKYAaCTHMHKOBUX 3a3opax [41,42]. B mopiBHSHHI i3 3pa3kaMu B IMOBITPSHOMY CEpEIOBHILI
(puc. 19) obGnacTb CUIBHUX 3MIH IHTEHCUBHOCTEH CUTHAIIB 3MillleHa B OiK BUCOKUX TeMIIepaTyp
(6mm3pko  7=273 K). BignoigHo, Wi BIUTUBOM XJIOPOQOPMY BiJOYBAETbCA YaCTKOBE
BUTICHCHHS BOJM 3 HAHOUIBII BY3bKUX MIXKYaCTHHKOBUX 3a30DiB.

SIkmo o cepenosuia xjaopopopmy noaatu 15 mac.% neitepoTpudTOpoTOBOI KUCIOTH
(T®OK), To 0OMiHI MpOIEeCH MPHUIIBUIAIIYIOTECS, @ B CIIEKTpaX HAa BChOMY JOCTYITHOMY IS
BUMIpIOBaHb IHTEpBaJli Temreparyp (PIKCYeTbCs OIMH CHUTHAJ 3MIIICHWH B 00JacTh BEITHKUX
3HaYeHb XIMIYHOTO 3CYBY (0y =7 —8,5 m.u.) (puc. 20 0). [HTEHCUBHICTh CUTHAIIy MPOTOHIB 3
TEMIIEPaTypoIO 3MIHIOETbCA C€1a00, 110 0OYMOBICHO YTPYAHEHSM MpOILECy BUMEP3aHHS BOAU 3
KOHIICHTPOBAHOTO PO3YHHY CHIIBHOT KHCIIOTH.
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Puc. 20. 3usti npn pizaux Temneparypax 'H SIMP CreKTpy BOAHM B TifipaTOBAHMX MOPOIIKAX
I[IMC, kpemuezemy A-300 Ta KOMIIO3UTHUX CHCTEMaxX Ha iX OCHOBI B CEpEOBHILI
neirepoxiopodopmy (a-r) ta cymimti 1/7 CDCl3/TOOK ()

3aIe’)KHOCTI KOHIICHTpAIlli He3aMep3aro4uoi BOJAW BiJl TEMIEpAaTypH Ta MOOYIOBaHI Ha iX
OCHOBI 3alIle)KHOCTI 3MiHM BUIbHOI eHeprii [100ca Bijg KoHIEHTpamii He3amep3aouoi BOAU
AG(Cy,) nokazano Ha puc. 21. ns cucremu I[IMC/IMT (puc. 21 6, r) Ha pUCYHKY HaBEICHO
sanexxHocTi C,(T) Ta AG(C,,,) 11 BCiX TPhOX CUTHAIIB, MiXK(a3HOT BOIH, SIKI CIIOCTEPITarOThCs
B criekTpax Ha puc. 20 B.
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Puc. 21. TemnepaTypHi 3a€KHOCTI 3MIHM KOHLIEHTpallli He3aMep3aro4yoi BOAUTA pO3paxoBaH1
Ha 1X OCHOBI 3aleXHOCTI 3MiHM BimbHOi eHeprii [100ca Big KoHIEHTpaii
He3aMep3aruoi BoIu Ha MmoBiTpi (a, B) Ta B cepenoBumiCDCl; (0, T)

Po3paxoBaHi mapaMeTpH mapis MixdasHoi Boau cymMoBaHo B Tabmuui 3. [Ipu rpomy AG®
— MakCHUMaJlbHE 3HIKEHHS BUIBHOI €Heprii B mapi CHJIHHO3B A3aHOI BOJH, CMWS Tta C,y
KOHIIEHTpAIlisl CUJIBHO- Ta C1a003B  13aHO1 BOJIU, BIJTOBIIHO, a ys — MibK(a3Ha eHepris.

Tab6auusa 3. XapakTepucTHKH mapiB BoAH, B rigparoBanux [IMC Ta KOMIO3UTHUX CUCTEMax Ha
Horo ocHoBI, 1110 MicTaTh 1000 Mr/r Bou

Cepenosuuie AG°, s W

Cucrema KT/ MOJTD Cuy’,Mmr/r | Cy,, MI/T s, Jx/T
[ToBiTpst -2,5 280 720 23,8
TIMC CDCl; -2,5 10 990 1,3
A-300 [ToBiTpst -2,2 80 920 11,2
CDCl; -3,0 35 965 6,2
[ToBiTpst -3,0 250 750 20,9
I[IMC/IMT -3,5(1)* 9(1) 966(3) 5.3

CDCls -2,2(2) 25(2)

IMIMC/A- [ToBiTpst -3.5 425 575 32,2
300/AMT CDCl; -2,5 70 930 10,6

e B myxkax BkazaHi 3Ha4eHHS, OJlep>KaHi I CUrHAIIB 1, 2 Ta 3.

Posnoninu 3a pamiycamu KiacTepiB BOIM, JIOKAJIi30BaHOI B MIKYaCTHHKOBHX 3a30pax
BHBUYEHUX CHUCTEM B MOBITPSIHOMY ceperoBuilli (a) Ta B cepenoBuiii CDCl; (6) HaBeneHo Ha puc.
22.
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Puc. 22. Po3noain 3a paaiycamu KiacTepiB azcopOOBaHOi BOJM Ha MOBITPi (a) Ta B CepeOBUILI
CDCl5.(0) mima IIMC 1 A-300 Ta KOMIIO3UTHHX CHCTEM Ha IX OCHOBI

VY BIANOBIAHOCTI 0 MPHUBEACHUX JaHUX, B MOBITPSHOMY CEpPEOBHII CyMapHa €Hepris
3B A3yBaHHS BOJM B TipaTOBaHOMY MOpOIIKY TigpododHoro IIMC Oinbime HiXK BABii
nepeBepIrye i eHeprito 3B A3yBaHHS B TiApoduUTbHOMY KpeMmHe3eMi (Tabi. 3). OCKUIbKH MUTOMa
nosepxust [IMC Moxe gocsrati 450 M%/T, To MOXKHO 3pOOHMTH BHCHOBOK, IO 3B SI3yBaHHS BOJU
BU3HAYAETHCS B TEPIIY Yepry He TipoPoOHMMH BIACTUBOCTSMH TOBEPXHI, a MOPQOJIOTIE0
BHYTPIIIHBOTO MIKYAaCTUHKOBOTO TpocTopy (puc. 22 a). MakcuMyM Ha KpHUBIH po3moainy 3a
paaiycaMu 3allOBHEHUX BOOKO TOp (MikdacTuHKOBUX 3a30piB) B [IMC cknamae R =4 M, 110
3HAYHO MeEHINe, HDK B KpemHe3emi (R =10HM). 3MEHIIEHHS CEPEeAHBOTO PaiyCy
MDKYaCTUHKOBHMX 3a30piB 1 NMPHUBOAWTH A0 OUIBIIKX 3HAUYeHb MixkdaszHoi eHeprii (tabm. 3).
Honasanus no [IMC HeBenukoi KimbKoCTi (2 Mac.%) moBepxHeBO akTuBHOI pedoBuHH (JIMT)
CIIpHUsi€ CYTTEBIM 3MiHI MOPGOIOTiT MIKYACTHHKOBOTO MPOCTOPY Ta HEBEIUKOMY 3MEHIICHHIO
mikdasznoi eneprii go 20,9 [Lx/r. Ha xpusiii posmoniny AC(R) 3 ABIsS€TbCA JAEKUIbKa
MaKCHMYMIiB, SIK B 00J1acTi MalluX, Tak 1 BEJMKUX 3HaueHb R. OJHAK, B KOMIIO3UTHIN CHCTEMI,
mo wmictuth [IAB, rigpodinsHy Ta rigpodoOHY KOMIOHEHTH, BEIWYHHA Y5 3pPOCTAE JO
32,2 JIx/r. Lle cBiqunTh mpo hopMyBaHHS i BILTABOM MEXaHIYHOTO HABAHTAKEHHS KOMITO3UTY
3 MiHIMaJIbHOIO BEIMYUHOIO BiIbHOI eHeprii. ImoBipHo, B mpucyTHocTi [IAP BinOyBaeThcs
yKpynHeHHs1 arperartiB yacTiHOK [IMC Ta A-300 i ¢opmMyBaHHSI MPOCTOPOBO BITOPSIKOBAHUX
obmnacTeil (MIKpOKOATyJISIIIis), 0 MICTATh MIXKYaCTUHKOBI 3a30pH, B SKMX 3HAUHA YAaCTHHA BOJU
€ CHJIBHO3B s13aHOI0 (Tabi. 3). [HIIa JacTiHa BOIM 3aMTOBHIOE IPOMIKKH MIX TiqpopOoOHIMHU Ta
ripodiIbHUMHU arperataMu, Ipu bOMY PO3IMOJLT 32 pajilycaMy 3allOBHEHUX BOJOI0 MOPOKHUH
Ma€ OJUH IUPOKUA MakcuMyM nipu R = 10 M (puc. 22 a).

Cepenosuiie ciabonossipHoro opraHiyHoro poszunHHuka CDCls 3MeHmIye eHeprito
B3a€MOJIIT BOAM 3 TOBepXHE (Tabin. 3), mpudomy sk s rigpodoOHOI, Tak 1 TiapodiIEHOT
KOMIIOHEHT KOMITO3UTHOI cuctemMu. HaiOinbil HaouHO 1el edeKT BUIHO NpPU CHiBCTABIICHHI
BeIMYMH MiK(}a3HOT eHeprii B MOBITPSHOMY Ta OpPraHIYHOMY cepenoBHIIax. MakcHUMaabHHUNA
epexT crmocrepiraetbess Uil rigparoBaHoro [IMC, ne BenuumHa Mik(a3HOi eHeprii
3menmyerbes Big 23,8 mo 1,3 [Lx/r. Jlnsg iHIHX CHUCTEM, B TOMY YHCIi 1 TiapogiIbHOTO
kpemHezeMy, B cepenoBuili CDCl; BennuuHa ys 3MeHUIyeTbcs B 2-3 paszu. CHiBCTaBIsIOYU
BEIMYMHNA MiK(]a3HUX eHepriid (tabm. 3) 1 po3monily 3a pajaiycaMu 3alOBHEHUX BOJIOIO
MDKXYaCTUHKOBUX 3a30piB (pHc. 22 0), MOKHA 3pOOUTH BUCHOBOK, II0 3MEHIIECHHS 3B S3yBaHHS
BOJIW TIPH BUKOPUCTAHHI OPTaHiYHOTO CEPEIOBHINA MPOSBISAETHCS B 3HAYHOMY 30UIBIICHHI
CepeHbOT0 pO3Mipy KiacTepiB He3aMep3arouoi Boau (puc. 22 6). binmpma vactuHa Boau
3alOBHIOE MDKYAaCTHHKOBI 3a30pH, paniyc skux R > 10HM, B TOil wac sK By3bKi HOpH
3aMOBHIOIOTHCS XJIOpOPOpMOM. IMOBIpHO, MOJIEKYIH XJIOPOPOPMY JIETKO MPOHUKAIOTh Y BOJIHE
CepefoBHIIIe, IO 3aNI0BHIOE MiXK9acTHHKOBI 3a30pu arperariB [IMC ta A-300 qudysayoun o
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MOBEPXHI TBEPAMX YACTHHOK. B pesynbTaTi BinOyBaeThcs 3MiHa MOPGOIIOTiT MI>KYACTHHKOBOTO
POCTOPY Ta MEePEpO3NOILIT BOJHOI Ta OpraHiuHoi das.

MoskHa mpuIycTUTH, MmO B Kommno3uTHIA cucteMi A-300/[IMC/IMT B moBiTpsHOMY
cepenoBui rizpododHa yactuHa moiekya [TAP koHTakTye nepeBaxHo 3 noBepxHero [IMC, B
TOHM Yac sK T110(UIbHI KIHIIEBI TPYNH YTBOPIOIOTH BOJHEBI 3B S3KH 3 CHJIAHOJIHHUMH TPYIIaMH
a0o0 TiAPOKCUIBHUMHU IpyHaMH BOJU Ha MOBEPXHI YACTHHOK KpeMHe3eMy, 3a0e3Neuyloyd THUM
caMUM MiHIMaJIbHI 3HaYCHHSI BUIbHOI eHeprii cuctemu. B rimpodoOHOMY cepenoBHIil YaCTHHKA
KOMITO3UTY JIeTKO (POPMYIOTh CTaOlIbHY CYyCIIEH3110, HE3BaXKal0UM Ha BHCOKY KOHIIEHTPALIO
MDKYaCTHHKOBOI Bou. [Ipu 1isomy, iMoBipHO, TiapodoOHi ainstHKkr Mojekyd [IAP KoHTakTyOTh
3 xjopodopmoM, a TifpodinbHi — 3 BOJOIO, SIKa BXOIUTH A0 CKJIaJy YaCTHUHOK KOMIO3UTHOI
CHCTEMH.

[lokazaHo, 1m0 TpH 3alOBHEHHI MiX4YacTUHKOBUX 3a3opiB  [IMC muiaxom
TiApoymiTbHEHHS, MibK(pa3Ha €Hepris BOAM B MIKYACTHHKOBHX 3a3opax rizpododrnoro IIMC
IpU OJTHAKOBIN TiAPAaTOBAHOCTI BIBIYiI MepeBUlllye MiK(}a3Hy €HEpriro BOAM B TiApodiibHOMY
kpemuezeMi A-300. Lle moB s3aHO 3 MEHIIMMU JIHIHHUMHU PO3MipaMH MIKYaCTHHKOBHX 3a30DiB
B [IMC nopiBusiro 3 A-300.

B komMmo3uTHi#l cucTemi, sika MiCTUTH TigpodoOHy Ta Tigpodineny kommoneHTn (IIMC
Ta A-300) B mpHCYTHOCTI MOBEPXHEBO aKTHBHOI PEYOBHUHU — JIEKAMETOKCUHY, CIIOCTEPITraeThCs
HEeTaTHBHE 3pOCTAaHHS CHEPTii 3B A3yBaHHS BOIH, K€, IMOBIPHO, 00YMOBJICHO (hOPMYBaHHSM ITiJT
BIUTMBOM MEXaHIYHOTO HABAaHTAXEHHS B MPUCYTHOCTI BOJU, MIKPOTE€TEPOTeHHUX AUISHOK
(MIKpOKOAryJIsIlisl), MO CKJIATAIOTECS MEePEeBaxHO 3 rigpodoOHOT Ta TiaApodiTbHOT KOMIIOHEHT.
TakuM 4YHMHOM, 3 J[ONOMOIOI0 MEXaHIYHWX HaBaHTAXEHb MOXHAa KEepyBaTH TiApPaTHUMU
BJIACTUBOCTSIMU KOMITO3UTHHUX CHUCTEM.

3miHa ajacopOuniifHMX mnapaMeTrpiB Ta MIKpoKoaryasuiss B mnpoueci ¢opmyBanHs
KOMIIO3UTHOI cucTeMu HaHOKpeMHe3eM-IIMC

Jisi TpUrOTYBaHHS KOMIIO3MTHOI CHCTEMH BHKOPHCTOBYBAJIHM TiApOYUIUIHEHUN
KPEMHE3EM 3 HACUITHOIO T'ycTuHOIO 300 Mr/cm’ Ta MOPHUCTHI TOJIMETHIICHIIOKCAH, OTPUMaHUN
OUIIXOM  BHUCYIIyYBaHHS  eHTepocopOeHTy  «EHTepocrens». KOMIOHEHTH  KOMIO3UTY
3MIIIYBAJIUCh Ta PO3TUPATHCH (TUCK MECTUKY Ha JIHO CTYIIKH HE TIEPEBUIIYBaB 2 kr/em?). Tlicst
CYXOr0 pO3THpaHHS MPOTIroM 5 XB (hopMyBajach oJHOpiAHA cyMill Tigpodinsaoro (A-300) Ta
rigpodobuoro (IIMC) marepiani, sika Oyjia BUKOpUCTaHa siK 3pa3ok 1. I[ToTim cyxy cymim
A Ha ABl dyacthHH Ta goxasaiad Ao Hux 100 mr/r a6o 200 Mr/r gUCTHILOBAHOI BOJH,
BIIMOBIIHO. 3pa3ku mepeTupanu 6e3 (i3uuHuX 3ycuiib (THCK TMECTHKY Ha JIHO CTYIKH HE
TepeBHIyBaB 2 KI/CM>) Ta OTPUMYBAdH 3paskiu 2 Ta 4, BiamoBimHo. IT0JOBHHY KOXHOTO
KOMITIO3UTY BIIOHMpaiy Ta BUKOPUCTOBYBAIM Ui MOJAJBIIMX BUMIPIOBaHb, a MOPOILIKH, IO
3aTUILMINACH MEPETUPATH MPUKIAJAI0UM 3HAUH] (Di3UYHI 3yCHIUIA (TUCK MECTUKY Ha JTHO CTYTNKH
nocsras 20 KF/CMZ), OTpUMYBaJId 3pa3ku 3 Ta S5, BIAMOBIAHO. SIK KOHTPOJBHI 3pa3Ku
BUKOPUCTOBYBQJIM CyXi MOPOIIKH YUIUIbHEHOro KpemHesemy Ta [IMC — 3pasku 6 Tta 7,
BIJIIIOBITHO.

Ha Bcix maTepiasiax mpoBOJMIM BUMIPIOBaHHSI HU3bKOTEMIIEPATypHHUX 130TepM aacopOrii
a3oTy, 3 BUKopucTaHHsAIM copntomaty ASAP 2460. Pe3synbpratn BUMiproBaHHS IS 3pa3kiB 1-8
HaBeJIeH1 Ha puc. 23.
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Puc. 23. [3orepmu ancopouii-necopbii azoty (77,4 K) nns IIMC, A-300 Taix cywmimieit (Homepa
KPUBHX BIJINOBIIal0TH HOMEPaM 3Pa3KiB)

Ha puc. 24 naBenena miarpama 3MiHH TUTOMOI IMOBEPXHI AOCTIHPKYBaHUX MaTepialliB, sSKa
noOy/0BaHa Ha OCHOBI OJIEpyKaHUX 130TEPM aacopOIii-aecoporrii.

Y BiamoBimHOCTI 3 gaHUMU puC. 24, (GopMyBaHHS KOMIIO3UTHHUX CHCTEM
CYTIPOBOJIKYETHCSI 3MEHIIEHHSM JIOCTYNHOI UIs aAcopOIii a3oTy nuromoi mnosepxHi. Lle
CBIIYUTH TMPO TiCHE 30IKEHHS TiApodoOHMX Ta TiAPOQIILHUX KOMIIOHEHTIB Ha BiJICTaHb,
MEHIIy 32 pO3Mip MOJEKyJl a30Ty. IMOBIpHO, OCHOBHHM MEXaHI3MOM MiKYaCTHHKOBHX
B3a€EMOJIIN B KOMIIO3HUTI € BaH-Jep-BaaibcoBl B3aemomii. [Ipu BiACYTHOCTI B3aeMOil MiX
gactuakamMu [IMC ta A-300 cmig o4ikyBaTH, 11O MUTOMAa MOBEPXHS CyMilnl Oyae CKIaaatu
Sper =365 MY/T. AJe HaBiTb B CyXOMy KOMIIO3UTi, OTPHMAHOMY 03 BHKOPHCTaHHS BHCOKHX
MEXaHIYHUX HABAHTAKEHb BOHA CKMagae Spgr= 186 M/r, TOOTO (OPMYBAHHS KOMIO3HTY
I[IMC/A-300 € enepreTmuHO BUTIAHMM mporiecoM. [Ipu momaBaHHI BOIM Ta MEXaHIYHHX
HABAaHTA)XCHb II€ B OUIBIIOMY CTYIEHI 3MEHIIYETHCS MUTOMA MOBEPXHS KOMIIO3UTHOI CHCTEMH,
IPUYOMY MiHIMAIBHI 3HAUCHHS Sppr= 134 M°/T DIKCYIOTBCS IS KOMIIO3UTY, OTPHMAHOTO B
YMOBaX BUCOKHMX MEXaHIYHUX HaBaHTaxeHb Ta rnpu gogasanHi 200 mr/r HO (3pazok 5).

r

1 Si0, + NMC 1/1

1 2 3 4 5 6
3pasku
Puc. 24. Jliarpama 3MiHA THTOMOI TIOBepXHi KoMITo3UTHOT cuctemu A-300/[IMC B 3anexHOCTI
BiJl BMICTY BOJM Ta MEXaHIYHOTO HABAHTAXCHHS

Yactunku [IMC Tta A-300 B mopomkax (GoOpMyrOTh MYyCTOTH, SIKi SIBJISIOTH COOOIO
BTOPUHHY TIOPUCTY CTPYKTYypy Marepianmy. Ha puc. 25 HaBeneHO po3moiau 3a 00 eMaMu Iop,
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po3paxoBaHi B HaOMMXEHHI 10 iX muwmHApu4IHOI Gopmu. BuaHo, 1m0 Ha KPUBHX PO3MOILITY
MaKCUMYMHU 30cepekeHi B oonacTsax R = 0,6-2 ta 20-30 Hm.
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Puc. 25. Mogaens umninapuyanx mop i [IMC, A-300 Tta ix cymimei (HoMepa KpHBHX BiJIIOBIIAIOTh HOMEpaM
3paskKiB).

Jlnst BUSIBIEHHST MOXIHUBOCTI ¢opmyBaHHsS B komnosuti [IMC/A-300 min BrmmmBoM
JI0JJaHOT BOJIM Ta MEXAaHIYHMX HABAHTAXXEHb I'€TEPOr€HOI CUCTEMH, SIKa CKIANAEThCs 3 OIM3bKO
po3TamoBaHuX TipodoOHUX Ta rigpodiapHUX obyacTel s 3pa3kiB 1-7 Oymu nposeneni CEM
ta TEM enekTpoHO-MiKpOCKOMiYHI AociimkeHHs (puc. 26-28). [Ipu gociimkeHHl JaHUX 3pa3KiB
BUJIHO, 10 B 3pa3Ky | (CyXHif KOMIIO3HT) Pi3HOPOIHI YaCTHHKH YTBOPIOIOTH KOMIIO3UT, B STKOMY
YACTUHKU KpeMHe3eMy B MOJIMETUJICHIOKCAHOBIM MaTpuii po3pi3HsoThcs (puc. 26 a). B
IpoIieci TMepeTUpaHHs 3pa3Ky BiAOyBa€ThCS JOCTATHBO OIHOPITHUHA PO3MOAIT YaCTHHOK.
[Monanpme mepetupanHs 3pa3ky 1 3 HeBenmkorw KuibkicTio (Crppo = 100 Mr/r) Bonu 30epirae
onHopimHui posmnoxin vyactuHOK A-300 B IIMC (puc. 26 6, 3pa3ok 2), TOOTO TigpaToBaHi
yacTUHKU KpemHezeMy A-300 3HaxoasTbes BeepeduHi rigpodoobnoi marpuui I[IMC. Poswmip
TakuX TigpodinbHUX TH00yn ckiamae 10-20 HM, MmO € ONM3BKUM J0 PO3MIpiB NEPBHHHUX
yacTMHOK HaHokpeMmHe3zeMy A-300 [4]. IligBuiieHHS MeXaHIYHOTO HaBaHTa)KEHHS Oe3 3MiHU
KUIBKOCTI BOOM B 3pa3Ky (puc. 26 B, 3pa3ok 3) HE MNPUBOAUTH [0 IOBHOI TOMOT€Hi3aril
KOMIO3UTHOI cuctemu. Ilpote, g 3paskiB, orpuManHux npu Cpzo = 200 Mr/r, rereporeHsi
HAHOCTPYKTYPH B KOMIIO3HTI HE PEECTPYIOThCs (3pa3ku 4,5, puc. 26 r, 1, BIIIOBIAHO), 5K 1 B
3paskax Buxiguux A-300 ta [IMC (3pasku 6,7, puc. 26 e, x, BignosiaHo). Ha puc. 28 nmokazano
HAHOTETEPOTEHHI CTPYKTYpH, IO BHHUKAIOTh Yy 3pa3Ky 2 TiJ BIUIMBOM MEXaHIYHOTO
HaBaHTAXXEHHs, 3HATI IIPU Pi3HOMY 301IbILIEHHI.
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Puc. 26. CEM wmikpogotorpadii 3paskis 1-7
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Nel No2
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Nes

Puc. 27. TEM wmikpodoTtorpadii 3pa3kis 1-7

Ne7

Cnig Bigmitutu, mo otpuManas CEM Tta TEM wmikpodortorpadiii mos’s3aHe 31
3HAYHUMM 30BHIIIHIMH BIUIMBAMH HA JOCIiKYBaHHi 3pa30K. [X OTPUMYIOTh B yMOBax BaKyyMy,
KOJIM BOJIA, 1110 MPUCYTHS B 3pa3Ky, Iepe]] BUMIPIOBaHHIM BUIIAPOBY€eThCs. IIpu boMy MoKinBe
YaCcTKOBE MEPECTPYKTYPOBYBAHHS 3pa3Ky 3a paxyHOK BUIAJICHHS 3 HbOTO BOJAM, sKa MpUHMaE
y4acTh B YTBOPEHHI TE€TEPOreHHUX CTPYKyTp. A came, 00JacTi HaHOKOAryJslii, 10
CIOCTEpIraloThesi B 3pa3kax 2 Ta 3, MOXKYThb OyTH IHIIOTO PO3Mipy, HDK 10 BaKyyMYyBaHHS
3pa3kiB. 3 1HIIOI CTOPOHH, MMOBHA iX BIACYTHICTH B 3pa3kax 4 Ta 5 HEe 00OB’SI3KOBO CBITYUTH MPO
BIZICYTHICTb €(peKTy HAaHOKOATYJISIT JUTsl UX 3pa3KiB y BOJIOTOMY CTaHI.
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Puc. 28. TEM mikpodoTtorpadii 3pasky 2, 3HATI Ipu pi3HOMY 30UIbLIEHH]

OTxe, B yMOBax BHCOKOi TiJpaTOBAHOCTI MOBEpXHI MDK(}a3Ha eHepris BoaAU B
MDKYaCTHHKOBHX 3a30paX BHUCOKOJIUCIEPCHUX aJCOPOCHTIB BHU3HAYAETHCS MOPQOIIOTIEI0
MDKYAaCTMHKOBOT'O IPOCTOPY, a caMme e(eKTOM HAHOKOaryJsslii Ta BIUIMBOM IIOBEpXHI Ha
(hopMyBaHHS BITOPSIKOBAHOI CITKM BOJHEBHUX 3B SI3KiB BOJU B ajcopOuiiHoMy mrapi. OCKiIbKH
tBepauil [IMC mae Ounblly MOBEpXHIO MOPIBHAHHO 3 HaHOKpemHe3eMoM A-300, Bona, sika
3aIOBHIOE MiYacTUHKOBI 3a30pu [IMC, 3HaXOMUTHCS Y BUTIISAI KJIACTEPIB BIIHOCHO MEHIIIOTO
panmiycy, HiX B A-300. Ilpm upomy riapodinpHICTh (TigpoQoOHICTE) MaTepiady HE €
BH3HAYAIOUOIO IS TOBEPXHI €Heprii kiactepiB Bomu. OpHAK, KOO CHIBHO TiIpaToOBaHI
nopouku [IMC ta A-300 nomictutu B cepenopuie caadononspHoro CDCIs, To ocTanHil erko
MIPOHUKAE B MIXYACTUHKOBI 3a30pu rigpododroro [IMC, BUTICHSIIOYH BOIY B MOPH OiTBIIOTO
paziycy Ta 3HauHO Ba)Ku€ — B MIDKYaCTUHKOBI 3a30pH TipodiibHoro A-300, 1110 NposBISETHCS B

CWJIBHIN 3aJIC)KHOCTI BEJTMYMHU Mixkda3Hoi eHeprii Bia cepemouiia st [IMC ta cnadkoi mist A-
300.
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BUCHOBKU

1. Ilpu nomaBaHHi 10 TiAPaTOBAHOTO TiAPOQLIBHOTO BUCOKOIMCIIEPCHOTO KpEMHE3EeMY
HEBEJIMKOI KUTBKOCTI T1ApodOOHOr0 IMOJTIMETHIICHIOKCAHY €HEpris 3B’s3yBaHHA BOJHU
MiBUIIYETHCS TUM CUJIBHIIIE, YMM BHILE MEXaHIYHI HABAHTAXKEHHS, 1110 BUKOPUCTOBYIOTHCS TIPH
CTBOPEHI KOMITO3UTHOI CHCTEeMHU. IMOBipHO, 11¢ 00yMOBIEHO (OPMYBaHHSIM Y BOIHOMY
CepeIOBUIIll, SIKE 3aMOBHIOE MIKYACTHHKOBI 3a30pH, MPOCTOPY PO3AUICHUX TiApOQUIBHUX Ta
rigpooOHuX arperaTiB, Ui SKUX MiHIMajdbHa BUIBHA EHEPTisl CUCTEMHU 3HWXKYEThCS 31
3pOCTaHHSM MEXaHIYHOTO HABaHTAKEHHSI.

2. CepenoBuiie ciaabOIMOSIPHOTO OPraHIYHOTO PO3YMHHHKA — XJIOPOhOpMY, 3HUKYE
eHeprio B3aeMoii Boau 5K B 6 % reni [IMC, Tak 1 B komno3utHux cucremax A-300/TIMC. Lle
OB 13aHO 3 YAaCTKOBMM BUTICHEHHSM BOIM 3 3aIlOBHEHMX BOJOI0 MIKYaCTHHKOBHUX 3a30piB B
riapodoOHiit Ta TiAPOPIIbHIA KOMIIOHEHTaX KOMIO3UTHOI cucteMu. [Ipu 1IbOMy 3MEHIITy€eThCs
BEJIMYMHA XIMIYHOTO 3CYBY MiXK(}a3HOi BOAM, IO CBIAYUTH MPO PO3YMOPSIKOBAHICTE ii CITKH
BOJIHEBHX 3B s3KiB. BinmosigHo, rigpodoOuuii nopuctuit [IMC abo ioro cymimn 3 miporeHum
riapodiTbHIM KpPEMHE3eMOM JIETKO MOXKe OyTH TepeBelieHa Y BOJHE CEpEIOBHINE IIISIXOM
MIEPETUPAHHS 3 PIBHOIO YU OUIBIIIOIO 32 MACOKO KIJTBKICTIO BOIH.

3. Enepris 3B si3yBaHHS BOJM 3 TOBEPXHEIO BHU3HAYAETHCS HE ii TipodoOHUMHU
BJIACTHBOCTSIMH, a pajilycaMu KJIacTepiB BOAM, IO 3HAXOIATHCSA B MIXYAaCTUHKOBUX 3a30pax. B
3QJICKHOCTI  BiJl CrmOco0y MiAroToBku kommo3utHOi cucremu [IMC/A-300, Boma B
MDKYaCTUHKOBUX 3a30paX MOXE 3HAXOJUTUCh B CJIa003B s3aHOMY ab0 CHIIBHO3B SI3aHOMY
cranax. Pimke rizpodoOHe cepenoBuie MOKe IMO-pi3HOMY BIUIMBATH Ha pPO3MIp KIIACTepiB
aacopboBanoi Boau. [Ipu BapiroBaHHI CIiBBIJHOLIECHHS KOHIIEHTPAIlliii KOMIIOHEHTIB BOHA MOXeE
NPUBOJUTH SK 1O 3pPOCTaHHA, TaK 1 J0 3MEHIIEHHS paJiyciB KiacTepiB (3MEHIICHHIO YU
3pOCTaHHIO BEIMUYMHU MiK(]a3zHO1 eHeprii) aacopOoBaHOT BOIH.

4. CyKyTmHICTh OTPIMaHUX €KCIIEPUMEHTAILHUX PEe3yJIbTAaTiB MOXKHA MOSICHUTH THM,
0 B yMOBaX BHCOKOI TipaTOBAaHOCTI MOBEPXHI Mixkda3zHa eHepris BOAM B MIKYACTHHKOBHX
3a30pax BHCOKOJHCIIEPCHUX AaJICOPOCHTIB BH3HAYAETHCS MOPQOJIOTIEI0 MIKYACTHHKOBOTO
IpocTopy, a came e(eKTOM HaHOKOoAaryJslii Ta BIUIMBOM TIOBEpXHI Ha (HOpMyBaHHS
BITOPSIZIKOBAHOI CITKM BOJHEBUX 3B SI3KiB BOJU B afcopOuitHoMy mapi. Ockinbku tBepauit [IMC
Mae OuIbIly TOBEPXHIO TOPIBHAHHO 3 HaHOkpemHe3semMoM A-300, Boja, sKa 3amoOBHIOE
Mixk4acTUHKOBI 3a30pu [IMC, 3HaXOAHUThCS Y BUTIISAII KJIACTEPIB BiIHOCHO MEHIIOTO PaiycCy,
Hik B A-300. IIpu upomy riapodinbHicTh (riapodoOHICTE) MaTepialy HE € BU3HAYAIOUYOK s
MIOBEPXHI €Heprii KracTepiB BOAM. 3 iHIIOro OOKY, SKIIO CHIIbHO riapaToBaHi nopomku [IMC ta
A-300 momictutu B cepenoBuile ciaabononsipaoro CDCl;, To ocTanHiil jJerko AUPYHIyE B
MIXXYaCTUHKOBI 3a30pH TigpodobHoro [IMC, BHTICHAOYM BOIY B MOpH OUIBIIOTO pajaiycy Ta
3HAYHO Baku€ — B MDKYACTUHKOBI 3a30pu rigpodiasHoro A-300, 1m0 mposBIsSETHCS B 3HAUHIN
3aJIeKHOCTI BETMUMHH )5 Bia cepenonuia st [IMC ta cmabkoi g A-300.

[TyOmikamis MICTUTh pe3yJdbTaTH JOCTIIKEHb, IMPOBEICHUX 3a TPAHTOBOI MIATPUMKHU 3a
KOHKYPCHUM IPOEKTOM LIIbOBOI IporpamMu HaykoBux nociimxenb HAH VYkpainu ([lorosip
Nel9).
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CBOWCTBA KOMIIO3UTHBIX CHCTEM HA OCHOBE
MOJMMETWICHUJIOKCAHA U KPEMHE3EMA B BOJHOW
CPEJIE

T.B. Kpynckas, B.M. I'yubko, U.C. IIponax, U.U. I'epamenko,
A.IL TI'ooBanb, H.IO. Knumenko, B.B. Typos, H.T. Kaprean

Huemumym xumuu nosepxnocmu um. A.A. Yyiixo, HAH Ykpaunuwi,
Kues 03164, yn. I'enepana Haymosa, 17, Kues, Yxpauna, e-mail: krupska @ukr.net

Uccnedosano ¢hopmuposanue KOMHOZUMHOU CUCMEMbl HA OCHOBE DPABHLIX KOJIUUECMS
2uodpodobHO20, NOPUCMO20 NOTUMEMULCULIOKCAHA U 2UuOpoPuibHo20 HanokpemHezema A-300. Ilokaszano,
Ymo npu GOpMUPOBAHUY KOMNOZUMHOU CUCHEMbl YOelbHAas NOBEPXHOCb MAMEPUANa CyujeCmeeHHo
CHUJICAEMCSl, YMO C643AHO C MECHbIM KOHMAKMOM MedNCOy 2uopohoOnbiMu U  2UOPODUILHLIMU
yacmuyamu. Ilpu 0obasnenuu K KOMRO3UMHOU cucmeme 800bl, 8 NPOYECce 20MOSEHUSAYUU 8 YCIOBUAX
003UPOBAHHO20 MEXAHUUECKOU HASPY3KU, NPOAGIAemcs Ihexm HAHOKOa2yaayuu — QopmMuposanue
HAHOPA3MEPHBIX YACMUY SUOPATNUPOBAHHO2O KPEeMHe3eMAa BHYMPU NOAUMEMULCULOKCAHOBOL MAMPUYbL,
peaucmpupyemvix Ha TOM-muxpodpomoepapusx. Ilpu usmepenuu eeruyunst mesxicpasnoni snepeuu IIMC
u xomnozuma IIMC/A-300 memodom nuskomemnepamypuou 1H AMP-cnexmpockonuu, ycmanogieno,
ymo agghexm HanoKaoazyIAYUU NPOAGIAEMCs 8 ymenvuieHuy (no cpasueruio ¢ ucxoouvim IHIMC) snepeuu
83AUMOOCICEUSL 800bl C HNOBEPXHOCMbIO KOMNO3UMA, NOJAYYEHHO2O 8 YCAOBUAX MANbIX MeXAHUYECKUX
HA2py30K U €20 pOCM NPU UCTIOIb308AHUU BbICOKUX MEXAHUYECKUX HAZPY30K.

B npoyecce pabomwl uzyueno cesazviganue 600vl 8 2emepocentvlx cucmemax, cooepacaugux IIMC,
nupozennviil Hanokpemuezem (A-300), 600y u no8epxXHOCMHO-AKMUBHbIE GeUeCmBd — OeKAMEMOKCUH
(IMT). Komnozummuvle cucmemvl c030A68aNUCh HPU UCHOAb308AHUU OO3UPOBAHHBIX MEXAHUYECKUX
Haepyzok. Tloxazano, umo npu 3anonuenuu mexciacmuynvix 3a30pos IIMC cnocobom eudpoyniomuenus,
MedcaszHas dHepeusi 800bl 8 MENCUACMUYHBIX 3a30pax 2uopogobroeo IIMC npu odunakosoul
2UOpamMoBaHOCmu 8080€ NPeBOCXOOUN MENCPHAZHYI0 dIHEPeUID 800bl 8 2udpouivHom KpemHuezeme A-300.
Omo cBA3aHO ¢ MEHbUUMU TUHEHBIMU pazMepamu Mexciacmuunsix 3a3opos 8 IIMC no cpasnenuto ¢ A-
300. B komnozummnoti cucmeme, A-300/[IMC/IIMT/H,0 nabarodaiomcs HeadOumusHoCmu pocma sHepeuul
CBA3bl6aAHUSL  800bl, KOMOpble, B6ePOSMHO, 00YCI08NeHbl  (POPMUPOBAHUEM, NOO  B030elCmBUEM
MEXanuueckou Haspy3Ku 8 NPUCymcmeuu 800bl, MUKDPOLEMEPOLEHHbIX YUACMKO8, COCMOSAUUX
NPEUMyWeCmeeHHo U3 2uopopodonoco u 2udpopuibHo20 KOMNOHEHmMO8 (Muxpoxoazyasyus). Taxum
00paA3OM, ¢ NOMOWDBIO MEXAHUYECKUX HASPY3OK MOJICHO YHPABIAMb a0COPOYUOHHLIMU CEOUCTNEAMU
KOMHO3UMHBIX CUCHEM U C030ad8aMb HOBble MAMepuaivl, uMewue YHUKAIbHble adcopOyuoHHbIE
ceoticmaa.

KaroueBble ciioBa: FHI[pO(bHJ'IBHI:Iﬁ KpEMHE3EM, IIOJIUMECTUIICUIIOKCAH, KOMIIO3UTHBIC CHUCTEMBI,

HU3KoTemneparypHas SIMP-crekrpockomusi, CWIBHO- H  C1a0OCBSi3aHHAs BOJA, CWIBHO- H
cnaboacoMUpoBaHHas BOJA, MEXaHOAKTHBALUS, THAPATALNS, MUKPOKOATY SIS
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PROPERTIES OF COMPOSITE SYSTEMS BASED ON
POLYMETHYLSILOXANE AND SILICA IN THE WATER
ENVIRONMENT

Krupska T.V., Gun'ko V.M., Protsak LS., Gerashchenko LI.,
Golovan A.P., Klymenko N.Yu., Turov V.V., Kartel M.T.

Institute of Surface Chemistry. O.0. Chuyka, National Academy of Sciences of Ukraine,
Kyiv 03164, 17 Generala Naumova Street, Kyiv, Ukraine, e-mail: krupska @ukr.net

The formation of a composite system based on equal amounts of hydrophobic, porous
polymethylsiloxane and hydrophilic nanosilicon A-300 was studied. It is shown that during the
formation of a composite system the specific surface of the material is significantly reduced,
which is due to the close contact between hydrophobic and hydrophilic particles. When water is
added to the composite system, in the process of homogenization under conditions of dosed
mechanical loading, the effect of nanocoagulation is manifested — the formation of nanosized
particles of hydrated silica inside the polymethylsiloxane matrix, recorded on TEM
microphotographs. When measuring the value of the interfacial energy of PMS and PMS/A-300
composite by low-temperature 1H NMR spectroscopy, it was found that the effect of
nanocoagulation is manifested in a decrease (compared to the original PMS) energy of water
interaction with the surface of the composite obtained under small mechanical conditions. its
growth when using high mechanical loads.

In the process, the binding of water in heterogeneous systems containing PMS, pyrogenic
nanosilica (A-300), water and surfactants — decamethoxine (DMT) was studied. Composite
systems were created using metered mechanical loads. It is shown that when filling the
interparticle gaps of PMS by the method of hydrosealing, the interphase energy of water in the
interparticle gaps of hydrophobic PMS with the same hydration is twice the interfacial energy of
water in hydrophilic silica A-300. This is due to the smaller linear dimensions of the interparticle
gaps in PMS compared to A-300. In the composite system, A-300/PMS/DMT/H,0 there are
non-additive growth of binding energy of water, which is probably due to the formation, under
the influence of mechanical stress in the presence of water, microheterogeneous areas consisting
mainly of hydrophobic and hydrophilic components (microcoagulation). Thus, with the help of
mechanical loads, you can control the adsorption properties of composite systems and create new
materials with unique adsorption properties.

Keywords: hydrophilic silica, polymethylsiloxane, composite systems, low-temperature NMR

spectroscopy, strongly and weakly bound water, strongly and weakly associated water,
mechanoactivation, hydration, microcoagulation
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