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N3YYEHUE BO3MOKHOCTHU NCHOJb30OBAHUA
HAHOCEPEBPA B KAYUECTBE
HOI'VIOTUTEJA ®OPMAJIBAETI'NIA

JIpeBeCHOCTPYKEUHBIE TUIUTHI SBISIFOTCS MATEPHAIIOM, KOTOPBIA M3TOTaB-
JMBACTCS METOJIOM TOPSIYETO MPECCOBAHMS MPEABAPUTEIIFHO BBICYIIIEHHBIX JPe-
BECHBIX CTPYkKEK (OMUJIOK) U CHHTETUYECKUX CBSI3YIOLIUX C 00pa3oBaHUEM Jpe-
BECHO-TIOJIMMEPHOTO KOMITO3UTa, 00JIaJaolero 0coooi MpOYHOCTHIO U JI0JITO-
BEYHOCTHIO. B KauecTBe CBS3YIOIIMX Yallle BCETrO MCIOJIb3YIOT CUHTETHYECKHE
cMOJIbI ((popMasbJETUIHbIE), KOTOPBIE COCTABISAIOT OKoJio 6—18 % oT obmieit
MacChl IPEBECHBIX YacTHUIl. J[peBECHOCTPYKEUHbIE TUTMTHI JIMIICHBI TaKUX TPU-
POJHBIX HEAOCTATKOB OOBIYHOMN JIPEBECHHBI, KaK BHYTPEHHHE MTyCTOTHI, CYUKH U
MOPOKH, TO3TOMY MOJIB3YIOTCS OOJIBIIMM CIPOCOM Ha phIHKE [1].

K ux Hemocratkam MOXHO OTHECTH BBICOKOE coziep:kaHue (GopMaabaeruia,
BBIJICJICHUE KOTOPOTO MPOUCXOAUT HE TOJIBKO U3 CMOJIbI, HO TAKXKE U3 CTPYIKKH.
OaHUM W3 BapuaHTOB pPEIICHUS MPOOJEMbl CHUKEHHUS Kiacca sMHuccUU (op-
Majberuja sBisieTcss o0paboTka CTPYy KU M 00aBKa B CBs3yIOIllee HaHOpa3-
MEpHBIX MaTEepHaIOB, 00JaAAIOIINX BHICOKON MTOBEPXHOCTHOM aKTUBHOCTHIO [2].

[lenbro uccienoBanuil ObUIO OMPEETUTh OCHOBHBIE MMOKA3aTEIHN Y CIIpPeC-
COBaHHBIX JPEBECHOCTPYKEUHBIX IUIUT: cojepxaHue GopMmalbiaeruaa, mnpeael
MIPOYHOCTH HA U3TUO, BIAXKHOCTH, BOJOMOIJIONIEHNE, pa30yXxaHUe U TIIOTHOCTb.
CrnpeccoBanu yeTblpe oOpaslia JpeBECHOCTPYKEUHbIX IUIUT Ha OCHOBE KapOa-
MUA0(DOPMATTBIETUIHBIX CMOJ C T00AaBIEHUEM KOJUIOMAHOTO pacTBOpa HaHOCE-
pebpa B CBS3YIOIIEE U CTPY)KKY B PA3IUYHBIX BapHWaHTaX U COOTHOIICHHSX, a
Takxe 0e3 ero 1o0aBKH.

AHanm3upys MPOBEACHHBIC UCIBITAHMS, MOXKHO CJENaTh CJICIYIONIUE BBI-
BOJIBI IO KQXXJAOMY ITOKa3aTelio.

VY Bcex MIUT 3a UCKIIFOUEHUEM 3-# MIUTHI TJIOTHOCTh COOTBETCTBYET HOP-
me (puc. 1). IlpeBbilieHa HOpMa TIOTHOCTH y 3-i TudThl Ha 3,9 %, a npezen
MPOYHOCTH HAa CTaTU4YecKuil u3rub — B 2,3 paza (puc. 2). JlobaBka HaHOCEpeOpa
CKa3alach MO3UTUBHO: TUIOTHOCTh M IPOYHOCTH TUTUT 2-i U 3-i 1O CPaBHEHUIO C
KOHTPOJIEM MOBBICUIUCH HA 19,5 1 26,7% COOTBETCTBEHHO.

OpmHaKko MOKHO YTBEPKATh, YTO OMPEIEISIONIYIO POJIb UTPAET HE CTOJIBKO
KOJIMYECTBO J00aBKM HaHocepeOpa, CKOIbKO crocod ero BBeneHus. Tak, pac-
XOJKJICHHE TI0 TUIOTHOCTH Y TUTAT 2-U B 3-1 ¢ IPUMEPHO OJMHAKOBBIM COZCpIKa-
HUEM HaHOocepeOpa, HO M3TOTOBIEHHBIX MO Pa3HBIM TEXHOJOTHSIM, COCTABHIIO
18 % (cm. puc. 1). MoXHO TPEANoONIOKUTh, YTO PEaKIMs MOJUMEpU3aIiU CBS-
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3yromero Imponnia IIOJHEC, YTO KOCBCHHO IIOATBCPIKAACTCA IIOKA3aTCIIAMU
IMPOYHOCTH 3TUX IIJINT.
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Conep:kaHne HaHocepedpa, I/M* ILITUTHI

Puc. 1. 3aBHCUMOCTB INIOTHOCTH IUIMT OT KOJUYECTBA HaHocepe6pa

Haunbonbliee 3HaueHre MPOYHOCTH HA CTAaTUUECKUU W3O MOJYy4YUIIOCh Y
IUTUTHI 3 ¢ MIPOMEKYTOUHBIM BBICYIIUBAHUEM CTPY>KKU HAPY>KHOTO CJIOSI MOCIIE
onpbickuBanus (25,41 F/M3), YTO BBIIIE 3HAYEHUW 11 KOHTPOJIBHBIX IUIMT Ha
28 % n Ha 11 % BbIle, YeM y TUIMT 0€3 AOCYIIKU CTPYKKH IPU IPUMEPHO OAU-
HAKOBOM coJiepkaHuM HaHocepeOpa (cMm. puc. 2). [locnennee o0CTOATEIHCTBO
MO>XHO OOBSICHUTH T€M, UYTO HHU3Kas BIAKHOCTh CTPYKKH CIIOCOOCTBYET JIyd-
[IeMy BJIArONEPEeHOCY U3 BHYTPEHHUX CIIOEB HApYXKy 0e3 moBpexaeHus hopmu-
PYIOLIEUCA TIPU FOpPsAYEM MPECCOBAHUU TTOJUMEPHON MaTpullpl. J[aHHas runore-
3a TIOATBEPXKAACTCS PEe3ybTaTaMU MPOYHOCTU NIl 1-H MIUTHI ¢ HAMOOJBIINM
U3 BCeX J100aBIeHUEM pacTBOpa HaHOocepeOpa O0e3 BBICYIIMBAHUS. DTH PE3yJib-
TaThl ABISIOTCS Hauxyammmu - 11,19 MIla, 4To HEMHOro BbIIIE HOPMBI JJIs
uT Mapku P2 (ne menee 11 MlIla o 'OCT 10632-2014) 1 HUuKe KOHTPOJIS.
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Cogep:raHHe HaHOCepedpa, I/M° ITHTEI
?

Puc. 2. 3aBucuMocTb npeacia mpoYHoCTU Ha M3rU0 OT KOJIMYECTBA HaHocepera
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Pe3ynpTaThl SKCIEPUMEHTOB IO OMpPECICHUI0 pa30yXaHUs U BOJOMOIIIO-
HICHUS MOATBEPIKAAI0T BBIABHUHYTOE IMPEIIOJIIOKEHUE O MO3UTUBHOM BIUSHUU
HaHOcepeOpa M MPOMEKYTOYHOT'O BHICYIIMBAHUS CTPYKKH Ha Tpoiecc GopMu-
pOBaHUs qpeBecHOCTpYkeuHoro nosummepa (puc. 3, 4). Tak, MUHUMaNIbHOE 3HA-
YeHHe U Mo pa30yXaHUI0 MOTYyYMIochk y WIHTH 3 (9,54 %), u 0 BOOMOIIIONIE-
HUIO (29,57 %), uTo Ha 64 % HUXKE, YeM y KOHTPOJIbHBIX IUIUT. MakcUMasbHbIe
3HAYEHUS ITUX IOKa3aTeslel MOTy4YUINCh Y KOHTPOJIBHOU TUIUTHI Oe3 robaBie-
Hus HaHocepeOpa. Paz0yxanue u BogonornouieHue 'OCT 10632-2014 we pe-
TJIAMEHTUPYIOTCA.
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Conep:kaHHe HaHOcepedpa, I/M> IJIHTHI

Puc. 3. 3aBucumocTs pazOyxaHus OT KOJIU4YeCTBa HaHOCEepeOpa
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Conep:kaHHe HaHocepedpa, I/M> ILIATHI
Puc. 4. 3aBucumMocTb BOAOIOTIJIOLIEHUS OT KOJIMYECTBA HaHOCcepeOpa

Bce skcnepuMeHTalbHbIC TUIMTHI MOJYYHIIMCH Kilacca amuccuu E2, To ectb
CHU3UTH KJIACC AMUCCHUM HE yaainoch (puc. 5). B nenom, ¢ yBenuueHueMm coaep-
KaHus HaHocepeOpa smuccust dhopManbaeruaa cHimwkaerca. Tak, y 1-i TumThb
CHHIKEHHE COCTaBUJIO 26,5 % 1o cpaBHEHHIO ¢ KOHTpoJieM. Jloctatouno a3 dek-
TUBHOM SIBJISIETCS OTEpaIvs MPOMEKYTOUHOM JTOCYIIKH CTPYXKKH MOCJE OMPhIC-
KuBaHUs (TuMTa 3), TaK Kak Jake MPU MEHBIIEM COJIep )KaHuM HaHocepeOpa (B
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2,1 paza) B miute obecrieurBaeTcsl IPUMEPHO TaKOM K€ pe3ynbTaT, uTo U B 1-if
mwute (12,86 u 11,04 Mr/100 © COOTBETCTBEHHO).
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Conep:kaHHe HaHocepedpa, I/M3 IVTHTHI

Puc. 5. 3aBUCUMOCTBH coziepkaHusi CBOOOTHOTO hopMabaeruaa
OT KOJIMYecTBa HaHocepeOpa

B wenom, mo pe3yibraraM NPOBEACHHBIX UCCIEIOBAHUA MOXHO CIENaTh
BBIBOJI, YTO 00pa0bOTKa, B TOM YHUCJE U CTPYXKKH, HAHOCEPEOPOM C IIeJIbI0 CHU-
YKEHUsI TOKCUYHOCTU TUIMUT HE OKa3bIBA€T OTPHUIATEILHOIO BO3JIEUCTBUS Ha OC-
HOBHBIC TIOKa3aTEIN U SABJISETCA MEPCIEKTUBHBIM HAIPABICHUEM JAIbHEHIIINX
ucciaenoBanuid. [IprdeM ¢ MOBBIIEHUEM COJIEPAKAHUS ITOTO AKIENTOpPa B KOM-
no3ute sMuccusi hopmaibieruaa CHIUKAETCs 3HauUuTelbHEH. BBeneHue B Tex-
HOJIOTHIO MPOU3BOJCTBA TUIUT ONEpPalUK JOCYIIKU CTPYXKKH MOCIIE ONpPbICKUBa-
HUSI PAacTBOPOM MOJM(HKATOpa MPHU MOBBIIIECHHOM €r0 COAEp>KaHUM BO BHYT-
PEHHEM CJIo€ MPUBOAUT K Xoporiemy 3G GheKTy: SMUCCHS CBOOOIHOTO (popMaib-
neruaa cHuxkaercsa Ha 14,5 % mpu yMeHbIIEHUU COAEpKaHUsl HaHOcepeOpa 00-
Jee yeM B 2 pasa; pazdyxanue — Ha 24 %, BogomnorionieHue — Ha 64 %, a mnpe-
JIeJT IPOYHOCTH Ha CTaTUYEeCKU M3ru6 noseimaetcs Ha 27 %. Takum oOpazom,
MO>XHO TPEANOJOKUTh 00Jiee MOJHOE MPOTEKAHWE PEaKUUU MOJMMEpPU3ALHNU
MOAUGPUITUPOBAHHOTO CBA3YIOMIETO W MO3UTHUBHOE BIUSHHUE MPOMEKYTOYHOTO
BBICYIIIMBAHUS Ha Mporecc GOpMUPOBAHUS IPEBECHOCTPYKEUHOTO MOJIMMEPA.
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