VK 666: 519.8

HAITPABJIEHHASI OPTAHM3AIIUA MHUKPOCTPYKTYPBI KAK
CIIOCOb CHUXKEHUSA MATEPUAJIOEMKOCTHU BETOHOB

CITPAMOBAHA OPIrAHIBANIA MIKPOCTPYKTYPH 5K CIIOCIb
SHUXKEHHSA MATEPIAJIOMICTKOCTI BETOHIB

DIRECTING ORGANIZATION MICROSTRUCTURE AS A WAY OF
CONCRETE DEMATERIALIZATION

Kopobko O.A., k.T.H., 1o1., CyxanoB B.T'., k.T.H., 1o1., BeipoBoii B.H., A.T.H.,
npod. (Omecckast ToCcyIapCTBEHHAs aKaJIeMUsl CTPOUTEIbCTBA M apXUTEKTYPHI, T.
Opecca), ITapxomenko P.B., k.T.H., gon. (JIbBOBCKMil TrocymapCTBEHHBII
yHUBepcuTeT Oe3omacHoi xu3HenearensHocT MUC Vkpawssl, r. JIEBOB)

Kopob6ko O.A., k.T.H., non., Cyxanos B.I'., k.T.H., 1om., BeipoBoii B.H., A.T.H.,
npod. (Omecrka nepkaBHa akajeMis OymiBHUITBA Ta apxitektypw, M. Opeca),
Mapxomenko P.B., k.T.H., nou. (JIGBiBCHKUIf Nep>KaBHUN YHiBEPCHUTET Ge3meKu
xurtenisutbHocTi MHC Ykpainu, M. JIbBIiB)

Korobko O. A., candidate of technical sciences, associate professor, Sukhanov
V. G., candidate of technical sciences, associate professor, Vyrovoy V.N.,
doctor of technical sciences, professor (Odessa State Academy of Civil
Engineering and Architecture, Odessa), Parkhomenko R. V., candidate of
technical sciences, associate professor (Lviv State University of safe living
Emergencies of Ukraine, Lviv)

B cTaTbe mpeicTaBieH aHA/IM3 MEXaHM3MOB OPraHHM3alMUd H oOIpeleieHbI
ynpasiisionie (pakTopsl HaNpaBJIEHHOI0 H3MEHEHHS MUKPOCTPYKTYPhI KaK
CJIOXKHO caMOOPTraHH3YIOIIelicsl CHCTeMBI.

Y crarti mpencTaBiieHO aHali3 MexaHi3MiB opraHizamii Ta BH3HauYeHO
Kepywdi ¢akTopu cnpsiMoBaHOi 3MiHH MIKPOCTPYKTYpH SK CKJIagHOT
CHCTEMH KA CaMOOPraHi3y€eTbes.

In the article are presented an analysis of the mechanisms governing the
organization and identify factors directional change in microstructure as a
complex self-organizing system
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Microstructure, system, concrete, astringent, interaction.

BBenennue.

B paGote [1] cTponTenbHBIE KOHCTPYKIMH PAacCMaTPUBAIOTCS KaK CIIOXHBIE
CaMOOPTaHU3YIOIMECS OTKPBITHIE CHCTEMBI, HEIOCTHOCTh M (yHKIHOHAIBHOE
Ha3HaYCHUEC KOTOPBIX ONpPEHCISIOT B3aUMOACHCTBHE M B3aWMOBIHSHHE
OIIPEICTICHHOM COBOKYITHOCTH NOACUCTEM. B BHie MOACHCTEMBI MOXKHO BBIICIHTH
0eToH, KOTOpBIM IO CBOEH CYTH SBIACTCS MOIHCTPYKTYpHBIM C pPa3lIUYHBIMU
MEXaHU3MaMH CTPYKTYpooOpa3oBaHMS Ha KaXIOM YpPOBHE CTPYKTYPHBIX
HeogHopoaHocTelt [2]. Takum obpasoM, cam OeTOH, Kak MOACHCTeMa Oolee
CIIOKHOM CHCTEMBI, caM SBISETCS JOCTaTOYHO CIIOXKHOOPTaHW30BAaHHBIM,
MONACTPYKTYPHBIM, TT0 MHeHHIO Tipodeccopa B.M. Comomarosa [3]. B kadectBe
CaMOCTOSATEIBHOM TOACTPYKTYPBI (TmoxcucTeMsI) MOHO BBIJIETTUTH
MUKPOCTPYKTYpY, TNPEICTAaBICHHYI0 HEOOHOPOOHOCTBIO THIA  «JaCTHIBI
IUCTIepcHOM (a3el — OWCIepcHOHHAs cpefa». B cmiy TOro, 4T0 OCHOBHEIE
MPOLIECCH]  BEIIECTBEHHOTO W CTPYKTYPHOTO IIpeoOpa3oBaHHA IIPOMCXOIAT B
MHKPOCTPYKTYpe, TO €€ CleLyeT CUATaTh MCTOYHUKOM U 6azucoM (popMHUpOBaHUA
CTPYKTYpbl BCEM CHCTEMBL. ODTO CBA3aHO C TeM, 4TO ()M3HKO-XUMHUYECKHE U
(u3mKo-MexaHMdeCKre TPOLIECChl THApAaTali ¥ CTPYKTYpooOpa3oBaHHS Ha
YPOBHE  BSKYIIETO  CONMPOBOXINAIOTCA  OOBEMHBIMH  M3MEHEHWSIMH |
TepMod(hdeKTaMH, KOTOpble TMEepemaloTcs W  BOCHPUHUMAIOTCS  JpyTUMH
nojgcucTeMaMu (YPOBHAMH CTPYKTYPHBIX HEOTHOPOJHOCTE), UTO WHHIIUHMPYET
MPOLECCHl WX CTPYKTYpHOTO odopMieHHs. MOXHO TPENINONOKHUTb, YTO
HanpaBleHHOE W3MEHEHHE HayallbHOI OpraHW3alliid MHKPOCTPYKTYpPHI 3a CYET
W3MEHEHUs KadeCTBEHHOTO M KOJIWYECTBEHHOTO COCTABOB YACTHUI] BSHKYIIETO
TO3BOJIAT 00ecTednTs TpeOyeMble mapaMeTphl Kak ee COOCTBEHHBIX TOACTPYKTYD,
TaK ¥ CTPYKTYpHBIX COCTaBIISIONIMX APYTHX YpoBHeil. B cBs3u ¢ 5TuM, Oblia
oIpeJericHa 3aJa9a UCCIeOBaHNN — MPOaHATM3HPOBAaTh MEXaHU3MBI OpPTraHU3aIHA
MUKPOCTPYKTYPHBI AJS ydeTa BIUSHUS MPUPOABI YaCTHI] BKYINETO W OIPENEIUTh
ynpaBiaomye (akTopsl HaNpaBISHHOTO W3MEHEHHS MMKPOCTPYKTYPHI Kak
BBICOKOKOHLICHTPUPOBAaHHON ITOJIMMUHEPAIIBHON CUCTEMBI.

Br100p Moae/ 1 MUKPOCTPYKTYPBI.

MHUKpOCTpYKTypa, IpeACTaBICHHas HEOJHOPOAHOCTBIO THNA «JUCHEPCHAs
tda3a - JOHCTIEpCHOHHAs Cpela» MOXET pacCMaTpHBAThCS KaK CHCTEMa,
OpraHM30BaHHAs @O NpHHIMIY ayTomo33a. CormacHo [4] moj TepMHHOM
ayTONO33UC IIOHMMAaeTCs IIPOLECC CaMOCO3MIAHMA, caMoCTpoeHus. Takoe
Mpe/ICTAaBIICHUE MpeJIoaraeT, 9To OpraHW3aIyd CTPYKTYPHBIX COCTABIIIIOIINX
MHUKPOCTPYKTYPhI OyZET OCYIIECTBIATHCS IIyTEM pa3BUTHA HENUMHEHHBIX ceTei
B3aUMOOTHOIIEHUI HA HEKOTOPOM MHOXKECTBE 3JI€MEHTOB. I10J CeThIO B TaHHOM
Cllyqae TIOHAMaeTcs OCOOBIf CHoco0 CTPyKTypooOpa3oBaHHS, MpHU KOTOPOM
KOMIIOHEHTHI CETH IOCTOSHHO MOPOXKAAIOT U MpeoOpasyroT Ipyr ApYyTa, peanu3ys
IpA O3TOM CeThb IPOLECCOB, KOTOphle MX MpomsBogiaT. Kpome 3toroO,
OTJIMYUTENILHOX OCOOEHHOCTBIO ayTOIO33HOH CETH SABIAETCS CO3JaHHE TPaHUIIBI
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STOA CeTH Kak aKTUBHOIO KOMIIOHEHTa, YYacTBYIOIIErO0 B €€ pealln3alliy,
o0o3Havatomero chepy oneparyii CETH U ONPEAEIIAIONIEro ee Kak eUHOe IeTI0e.

B HavampHBIE MOMEHT CTPYKTYypooOpa3oBaHMS MHKPOCTPYKTypa IIpH
OTIpEJIeTICHHBIX JOMYHMICHUSIX W TPEeNNoNIoKeHus X [5, 6] mpemcrtaBisieT coboif
MHOTO(a3HyI0 TE€TEepOTeHHYIO CHCTeMY C JMO(WIFHON TpaHWIe# pasgena ¢as,
COCTOSIIYI0 W3 TpybomWCIiepCHBIX  JHO(GOOHBIX  YacTUI, TPOM3BOIBHO
pacrpefeneHHbIX B OUCIIEPCHOHHON Cpefie Ha PacCTOSHUAX ONFDKHEN W JaibHeH
KOAryJsilli¥, 4TO IpeArnoiaraeT WX  B3auMoAeWcTBHE. MexyacTHYHOE
B3aUMOJeNCTBUE BeIeT K 00pa30BaHUIO MEePEIIeTeHHON MayTHHBI MHOTOCITOWHBIX
CIJIOBBIX JIMHUHA C BBIJCIIEHUEM DE3YNbTUPYIOIIUX CHII, KOTOPBIE pPEaNU3yIOT
CTpeMJICHHE HEpaBHOBECHOI CHUCTEMBI K CHIDKCHHUIO M30BITOUHON IMOBEPXHOCTHOM
SHEPruM IyTeM pPaCHpeleNeHus OTAEIbHBIX YaCTHLl II0 CTPYKTYpHBIM arperaram
(xmactepam). MexknacTepHble  B3aUMOACWCTBUS  BBIBOOST  OpPraHU3AIUIO
MHUKPOCTPYKTYphl Ha HOBbIE€ MacIITa0HbIE YPOBHH C COXPAaHEHHEM CETEBOTO
pexnMa, 910 oOycnoBimBaeT (opmmpoBaHme Ooinee CIOXHBIX (opM cereit
B3aMMOCBSI3€H, BKIIIOYAIOMNX METTKUE CETH.

CrocoOHOCTE K 00pa30oBaHMIO HOBBIX CTPYKTYP € OSMEpIKEHTHBIMHA
CBOHCTBAMH TO3BOJIIET OTHECTH MUKPOCTPYKTYPY 6eToHa K
CaMOOPraHU3YIOIUMCS CUCTEMaM U MPEACTABUTH €€ KaK CIOXKHYI0 COBOKYITHOCTh
pa3sHOMacmTaOHBIX KIACTEPHBIX CTPYKTYP, CBSI3aHHBIX HE XECTKOW Hepapxueil
MOTYMHEHUST HIWKHUX YPOBHEH BEPXHHM, WM HA00OPOT, a CEThIO OTHOLICHHIA
B3aUMOBJIHSHMA. B 3TOM ciydae ¢yHKIMEH KaXIOrO0 CTPYKTYpHOTO SJI€MEHTa
CHCTEMBI OyIeT SBIAThCSA ydacTHe B OpTaHHM3alMd WM TpaHcHOpMaImH ApYTHX
3JIEMEHTOB CTPYKTYpPHI, KOTOpHIE, B CBOIO Odepenb, OyIyT BIUATh HAa M3MEHEHHE
€ro IapaMeTpoB M JeATeNbHOCTh B OOmIed CeTH IpOIECCOB OpraHW3aIuU
MUKpPOCTPYKTYPHI.

Pa3BuTHe MHKpPOCTPYKTYpHl KaK CII0)KHOW CaMOOpPTaHU3YIOIIEHCS CHUCTEMBI
TpencTaBisieT co00i TOCTymaTeNbHBIE aKThl B3aWMOJAEHCTBUM, BBHI3BIBAIOIINX
HETIpephIBHbIE M3MEHEHUS CTPYKTYPHI CHCTEMBI U (OPMHPYET CETh YHUKAIbHBIX
myTeil opraHmsaiM €€ CTpYKTypHBIX cocTaBsomux. Ha Bcex 3ramax
BO3HUKHOBEHHS W Pa3BHUTHSA 3TOM CETH MHKPOCTPYKTypa IpEACTaBISeT COOOif
pe3ysbTaT NOpeAbIAyIIUX CTPYKTYPHBIX W3MEHEHUH, KOTOpbIE ONPEHENsoT
MOCNeNyIOIIIe COCTOSHUS CHCTEeMBL. TakmMm 00pa3oM, MHKPOCTPYKTYpy OeToHa
MOXXHO PacCMaTpUBaTh KaK JUHAMUYHYIO CUCTEMY.

OOGYCIIOBIIEHHOCTh ~ Pa3BHTHSA ayTOMO33HBIX CHCTEM HX COOCTBEHHOMU
CTPYKTYpO#i IO3BOJNAET UM CaMOCTOATEIbHO OpPraHW3OBBIBaTh Ce0s, WCIOIB3Ys
peCypChI CBOETO OKPYXKEHUS, ¢ KOTOPBIM OHH HAXOJSTCS B OTHOIICHUSX B3aUMHOM
MPUYUHHOCTH U B3aUMOJEHCTBYIOT Yepe3 IOCTOSHHBIH OOMEH BeIIeCTBOM,
sHeprueil u umHopmarmeil. ITo MO3BONAET NMPEACTABUTH MUKPOCTPYKTYPY Kak
OTKPBITYIO CHCTEMY.

Takum 00pa3oM, MHUKpPOCTPYKTypa O€TOHa TIpeACTaBIsieT CO0O0# CIIOXKHYIO
JUHAMWYHYIO OTKPBITYIO ayTONOd3HYyI0 cucteMy. OpraHusamys CTpyKTypBI
MHUKpPOYPOBHS ~peanm3yeTcsi Kak CceThb (U3HKO-MEXaHWIECKHX MpPOLECCOB
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00pa3oBaHUs B3aMMOCBSI3aHHBIX arperaToB U3 YaCTHUI] BSKYIIETO KaK YHUKATBHBIX
COIpPYXECTB C HEMOBTOPHMBIM Ha0OpOM 3JIeMeHTOB. BrIieneHrne TpoIeccoB
KI1acTepooOpa3oBaHus KaK MpeoOIafaronix B 00Imel ceTH MPOIecCcoB U SBIICHAN,
TPOTEKAIOIIUX B MEKPOCTPYKTYpPE, OOYCIIOBIEHO TEM, YTO MIMEHHO MEXTACTHIHBIE
W MEXKIACTePHbIE B3aWMOJAEHCTBUS 3aaf0OT IyTH €€ NallbHEeWIIero pa3BUTHS,
ompenenss KWHETHKY OOMEHHBIX peakIuii Mexmy IucriepcHoit ¢azoit wu
IcTiepcOHHOM cpernoit. [losToMy BakHOI 3amadeil i oOecniedeHUs 3alaHHOM
OpraHM3allil MUKPOCTPYKTYpPBI TPEACTABISAETCS W3ydeHHWE BIUSHUS TPUPOIBI
JIUCTIEPCHBIX YaCTHI] Ha HadaJIbHbIE TPOLIECCHI KIIaCTePOOOpa30OBaHMs.

HN30upaTebHOCTL MEKYACTHYHBIX B3aUMOJefiCTBHII NpPH HAYAIbHOIM
OpPraHu3allii MUKPOCTPYKTYPhbI.

H3BectHO [7, 8], 9TO HEMEHTHOE BSDKYINEE COCTOUT W3 YaCTHIl Pa3IHMIHBIX
MOHO- W TIOJIMMHHEPAIBHBIX COCTABOB. OTO OOYCIIOBIMBAET CIOXKHYIO MAyTHHY
B3aMMOCBS3€Ml Kak MeEXIy OTHETbHBIMM YacTUIAMH, BCTYMAIOIIUMH BO
B3aMMOAEUCTBHE, TaK W MEXAy CTPyKTypaMW, KOTOpBIE OHH O0pa3yIoT.
[IpencraBneHnie OpraHu3alill MHKPOCTPYKTYpHI Kak ayTONO33HOH CceTH
B3aUMOJEUCTBUN NPEIIOIaracT, 4ro Cpeaa, OKPYXKaromas KaKIbIA KOMIIOHEHT
CHUCTEMBI, OyIeT WG WHAIIAMPOBATh, HO HE OMPENeNsATh UX Peakiuy Ha eiicTRIe
BHemHUX cui. CBOOOAa BEIOOpa WHIMBUIYATBHBIX OTKIMKOB Ha BO3MYINAOIIHE
BO3JEHCTBUA 3aJI0)KEHa B CaMOIl ayTOMO33HOM CETH W OUKTYETCA MapaMeTpaMu
KOMMOHEHTOB. TakuM 006pa3oM, MOXKHO TPENNONOXKHUTh, UTO TIOBEICHUE YaCTHII
UCTIEpCHOM (ha3sl MUKPOCTPYKTYPHI B HAdYallbHEIM TEpUOJ] €e OpraHu3alliy Mo
OTHOIIEHWIO JPYT K JPYTy HOJDKHO OBITh W30WpaTeNbHBIM, OCHOBAHHBEIM Ha
CHOCOOHOCTH paclo3HaBaTh «POACTBEHHBIN» COCTaB W pPearupoBaTh Ha HETO
oTpeieTIeHHBIM 00pa3oM.

Paznmgnaas mpupoma WacTHWIl BSDKYINETO OOYCIIOBIMIBAET WX OTIMYHE IO
BEJIMYMHE MOBEPXHOCTHOTO HATSHKEHUS G (WU MOBEPXHOCTHON akTUBHOCTH [9]:
A,=06/dc._s0), THE C — KOHIIEHTPAIWs BENIECTBa). JTa XapaKTePHUCTHKa, HapsIy C
npounMu (aKTOpaMH, OTpENeNsieT NMOBeJeHNE JacTHI] B CHCTEME W CTETleHb WX
BIUSHYA 10 OTHOIIECHUIO IpYT K APYTY M AWCIIEpCHOHHON cpexe. [ToBepxHOCTHAS
aKTUBHOCTh sIBIAETCS (YHKIMEH SHEPreTHIeCKOTO COCTOSHHS TTOBEPXHOCTH
IUCTIEPCHBIX YaCTHI[ W 3aBUCHT OT TPHUPOIBI, CTPYKTYPH W Ne(eKTHOCTH WX
TIOBEPXHOCTHOT'O CIIOS1.

TTonMuHEPAIBHOCTh YaCTHL JUCTIEPCHOM CUCTEMBI OTPAXAETCS Ha 3HAYEHUIX
CHI MEXYaCTHUYHBIX B3amMmopeWcTBuii F,, kak uepe3 HEOZHOPOOHOCTH ©
Mex(}a3HBIX TpaHWI[ pas3fieia, TaK W BCIEICTBHE pPa3UUYUs BEUYUHBI A
B3aUMOJEUCTBYIOIIMX YacTHL., B TakuX YCIOBUSAX CHIIBI MEXKYAaCTHIHBIX
B3aNMOJEUCTBYI OyIyT OMpPeNeNaThCs TPaIUeHTOM TMOBEPXHOCTHOTO HATSKEHUS
MeXIy TBEPIOU U XHUIKOW (hazaMu U MeXIy TBEpALIMU TeaMu. [Ipu 3TOM MOXKHO
MPEATNIOIOXKUTb, YTO gacTUOpl OHHOTO BHAa (OonbImeil IMOBEPXHOCTHOU
aKTHBHOCTH) BBICTYTISIT B Ka9eCTBE «CTPYKTypooOpasyrommux» meHTpoB [10] mms
YacTHUIl APYroro Buaa (MEHbIIEH IOBEPXHOCTHON aKTUBHOCTH).
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OTiiane TUCTIEPCHBIX YaCTHIl 10 WX TMPHUPOJE OOYCIOBIMBAET BEPOSTHOCTH
peamm3anyy aKKOMOJALMOHHOIO MexaHu3ma [11] opraHuM3amuu KIIaCTEPHBIX
CTPYKTYp. OTOT MeXaHW3M OCHOBaH Ha W30MPaTeNFHOCTH MEXIaCTHIHBIX
B3aUMOIEUCTBUI 1O NPUHIMIYY  [OJIOKUTENBHOM M OTpULATEIBHOMI
KoMIDTIMeHTapHOCTH [12]. B 3TOM ciydae mposBISieTCS CHOCOOHOCTH YacTHIY
«pacro3HaBaTh» MPHUPOXY IpyT Opyra, 9TO BBIPAKAETCI B WX CTPEMIICHUHU
OpUEHTHPOBaThCA HAa YaCTHIBI CBOETO BHAA, HE3aBUCHMO OT HMX DPa3MEpPOB M
paccTosHUS Mexay HUMHU. [Ipu CONVDKEHWH YacTUIBl OYyAyT OpPHEHTHPOBATHCS
TakuM 00pa3oM, YTOOBI BOWTH B KOHTaKT YJ4aCTKaMH MOBEPXHOCTH HWACHTHYHOTO
cocraBa. B pesynbrare cliegyeT OXHUIATh 00pa30BaHMSA TOJHOCTHIO OTHOPOIHBIX
M0 MUHEPAIOTHIECKOMY COCTaBY CTPYKTYPHBIX arperatoB WM CTPYKTYp, B
KOTOPBIX MPOCIEKUBAETCA ONMPEAETEHHOE YepeIOBaHWE COBOKYIMHOCTEW YacTHIL
OJIMHAKOBOI HMpHpOAEL. DTO MOATBEP)KIAETCS MMPOBEACHHBIMU HCCIIEIOBAHUAMY Ha
MOJIETTEHBIX CHCTEMAX.

Jns aHamm3a ObI1 BeImENeH ()parMeHT MOJENBHON CHUCTEMBI. B kadecTBe
IVCTIEPCHOHHON Cpelbl WCIIONB30BAIM STOKCUIHYIO CMONY 0e3 OTBepAWTelNs, Ha
TMOBEPXHOCTH KOTOpOH B TIPOM3BOJNBLHOM TIOPSOKE pacloliarajdl YacTHIIbI
pasnmuaHOTO BHAa. [lo COCTaBy HWaCTHIBI TOAOWPANM TakWM 0Opa3oM, dYTOOBI
obecneunTh UX GUIEHOCTH M ()OOHOCTH MO OTHOIIEHHUIO K IHCTIEPCHOHHOM cpene.
[IpuHATEIE pPACCTOSHUSA MEXIY YaCTHUIAMHU TIO3BOJISIIM TIPOSBUTHCS CHIIAM
MEXYaCTHIHBIX B3aUMOAEHUCTBUI, KOTOpHIE OONbINe MM PaBHBI CUJIE UX TSKECTH.
Opranmsamys  CTPYKTYphl ~ MOJENBHOM  CHUCTEMBI  TPOMCXOAWIA  IyTeM
nepepacnpeaencHus YacTUI] 110 YIOPSAIOYEHHBIM CTPYKTYPHBIM arperaram.

CocTaBbl B3aUMOJICHCTBYIOMUX YacTUI] WHUIMUPYIOT aKKOMOMAIIMOHHBIN
MeXaHM3M KIIacTepooOpa3oBaHMs, a COOTHOIIEHWE WX PA3MEPOB W PaCCTOSHHSA
MeXIy HUMH — MEXaHU3MBI, pealn3yeMble B COOTBETCTBUU C yCIOBUAMU: F =27
(dy-do/dy+d») 1 F=m;-mo/r” [6, 13].

[IposBneHWE  BBIOENEHHBIX  MEXaHM3MOB B  JAWCHEPCHONH  CHCTEMe
OCYIIECTBISIETCS KaK CeTh (PH3MIECKUX MPOLECCOB MPOM3BOACTBA HOBBIX CTPYKTYP
B Mpefenax W3MEHSIOMUXCS BHEIIHWX TPAHUI], YTO SBIACTCA OTIUYUTEIHEHBIMU
MpU3HAKaMH ayTONOA3HOW cHCTeMBl. [IpudeM ceTH peanu3anmill KaXXIoro
MeXaHM3Ma TIEPEIUIETAIOTCS, 00pa3ysl CIOXHYI0 MayTHHY B3aWMOOTHOIIEHWH W
B3aUMOJIEUCTBUN MEX Y TACIIEPCHBIMU YaCTULAMMU.

Ha puc.] moka3aH aKKOMOIAIMOHHBIM MEXaHW3M OpTaHU3aIMH KJIACTEPHBIX
CTPYKTYp U3 YaCTHL] pa3IU4HON PUPOIEL.

B HEKOTOpBIX CITyyasX BIHUSHUE COCTaBa AUCIEPCHBIX YaCTHIl TaK BEJIUKO, UTO
npeo6liaiaeT Ha/l CHJIaMU B3aMMOJEUCTBYSA, OOYCIOBIEHHBIMA UX 3aBUCHMOCTEIO
OT COOTHOIICHWI pa3MepoB 3€peH, NPOU3BENEHUS HUX Macc M KBajapaTa
MEXYIaCTHIHBIX PacCTOSHUA. DTO BeeT K 00pa30BaHUIO arperaToB, COCTOSIINX U3
YacTHIl OJHOTO COCTaBa M HE BCTYMAIONMX B KOHTAKT CO CTPYKTypamu,
BKIIIOYAOIIVMHU YaCTULIBI HHOM IPUPOBL, pUC. 1, a.

B cmywadx, Kkorma cocTaB 3€peH HE [IOMHUHHpPYET HaA MAPYTUMH WX
mapaMeTpaMy, YacTHIBl DPa3IMdHOTO BHUAA OCYHIECTBISAIOT Kak TOMO- TaK U
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TeTepOTeHHbIE B3aMMOJEWCTBHA C OpTraHU3aluell OTHOPOMHBIX M CMEIIaHHBIX
KIIaCTEePHBIX CTPYKTYyp. B To e Bpemsi, OOBEIUHEHHE CaMHUX arperaToB
MPOUCXOAUT MO aKKOMOJAIMOHHOMY MEXaHH3My KiIacTepooOpa3oBaHUsi, UYTO
MIPOBOLUPYET MX IMPOCTPAHCTBEHHYIO OPUEHTAIMIO 110 OTHOLIEHWIO APYT K OPYTY.
OO6pasytomuecs: CTPYKTYpBl XapaKTepU3yIOTCsl YIOPSIOUEeHHBIM pacipeneleHneM
B HUX JaCTHII OJHOM MPUPOHI IPH 00Iel YHUKATbHOCTH WX codeTaHus, puc. 1, 6.

CocymecTBOBaHUE B IUCHEPCHOM cHCTeMe IOMUMHUHEPAIBHBIX 3€pPEH Takke
o0yCTIOBIIMBaET WX B3aMMHOE OPHEHTHPOBAHHE TIPH  MEXKIACTEPHBIX
B3aMMOIENUCTBUAX, YTO BHIPAKAETCSI B CTPEMJIEHMM YacTHUI] BCTYIIUTh B KOHTAKT
y4acTKaM¥ ITOBEPXHOCTU OJAMHAKOBOTO COCTABA.

Jinst 3KCIIepAMEHTAIBHOTO MOATBEPXIEHNUS MPOCTPAaHCTBEHHOW OpHEHAIUU
TOTAMUHEPATBHBIX 3epeH BOKYIIEro ObLITN IPHHATHL MOJENH AUCTIEPCHBIX YaCTHII,
B KadecTBe KOTOPBIX MCIONI30BAM BCIICHEHHBIE TpaHYNbl IONUCTHpoNa. Bo
B3aUMHO NEPIECHAUKYIIAPHBIX HAIpPaBICHUAX HECMBIBAEMOU Kpackoll HaHOCHIIUCH
TOJIOCHI, Pa3NeNsIoIye MOBEPXHOCTh TpaHyl Ha Jmo(oOHbIE W IHO(WIHHBIE
YYacTKH II0 OTHONIEHHIO K OJIOKCHUIHOM cMole, BBICTYHAIOIIE# B KauecTBe
JUCIIEPCUOHHON CPEIBL.

Ha mnpencraBneHspix ¢ortorpadumsx (puc.2) TOKa3aH IO3TAIHBINA TpoIece
o0pa3oBaHMA  CTPYKTYPHBIX  arperatoB W3  TONUCTHPONBHBIX  TpaHyIl.
[lepememnieHne YacTUI[ CONPOBOXKIANOCH WX IIOBOPOTOM JpPYT OTHOCHUTENHHO
Ipyra, YTO TIOOTBEP)KAAETCS W3MEHEHHWEM YITIOB OpPUEHTHUPOBAHHMA MEXIY
OTIETHHO B3ATHIMH I'paHyJaMHU Yepe3 oNpeieleHHbIe POMEKYTKH BPEMEHH.

IIpocTpaHCTBEHHAss OpHEHTAIMA 3€PEH MOXKET TakKe OCYMECTBIATHCS
OTHOCHUTENIFHO MX AaKTHUBHBIX IIEHTPOB, UTO XapaKTEpPHO M B3aMMOJECHCTBYIOIIUX
gacTHIl OfHOM npuposl. ITox akTUBHBIMU IIEHTpaMK OHUMAIOT Pa3IMIHOTO poJa
JeeKTsl B CTPYKType IOBEPXHOCTHOTO CJIOS YaCTHI], CO3HAIOIMe BOKPYT cebs
30HBl TIOBBIMIEHHON ynenpHOW »Hepruu [11]. VYMeHbpIIeHWEe 3TOW »HEpPruu
BO3MOXKHO IIpH  OOBEOWHEHUWH [BYX WIM  HECKONBKHX  CTPYKTYpPHBIX
MHKpOAE(EKTOB B OJJHO 3aMKHYTO€ IIPOCTPAaHCTBO, 3aKPHITOE I BHEIIHEH cpejibl
[14]. TIpm »>TOoM o0OyclHaBIMBaeTCS B3aMMHOE OpPWUEHTHUPOBAaHWE YaCTHI],
BCTYIHBIINX BO B3aUMOJAENHCTBHE.

OG6pa3oBaBmrecs B pe3yabTaTe MEXIACTUIHBIX B3aNMOJEUCTBHIA KllacTepPHBIE
CTPYKTYpHI TPEICTAaBIAIOT COOONW CaMOCTOATENbHBIE CTPYKTYPHBIE SJIE€MEHTH,
CIIocoOHBIE B3aMMOJEHUCTBOBATh MEXAy cO00M ¢ opraHmsamueill eme Ooiee
CIIOXKHBIX CTPYKTYp THIIA «KIIAcTep B KIacTepe» U «KJIacTep B KIacTepe — KiIacTep
B Kiactepe» [15]. Kaxnprit U3 3THX arperatoB XapakTepu3yeTcs CBOMM HabopoM
YacTHI[ W OTIMYaeTCI OT JOpyTuxX pasMepamy, ¢opMoii u cTpoeHHeM,
oIpeieNsIeMbIX PEABICTOPHUEil UX OpraHU3aIUHL.
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»

15=0,75 MuH 14=1,25 Mun

7,=0 MmuH T,=3 MUH T3=12 MuH 74=30 MuH

Puc.1. AkkoMOAaIIMOHHEI MEXaHU3M OpPTraHU3aLUK KIaCTePHBIX CTPYKTYD
W3 YaCTHILl PA3IAIHON IPUPOIHI.

Puc.2. MonenmpoBaHue IpoCTPaHCTBEHHOT'O OPUEHTUPOBAHUS
YaCTHUII BSXKYILETO.
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VcioxHeHHE IPOLIECCOB OpraHW3alli¥ MUKPOCTPYKTYphl B  pe3yibTaTe
MeXOIOYHBIX B3aUMOIeHCTBHI IPUBOAUT K 00Pa30BaHMIO B CHCTEME BEPTHKAIBHO
U TOPU3OHTAJIBHO IIEPEIUICTEHHOW CEeTH pa3sHOMAacIITaOHBIX MEXKIACTEePHBIX
MOBEPXHOCTEN pasjiella, OPraHU30BAHHON IO NPUHIMILY «CETH BHYTPH CETEM».
MekknacTepHsle IOBEPXHOCTH pa3jielia IPH JOCTIHKEHUH pa3MEPOB, KPUTHIECCKIX
UL 00pasylomUX MX CTPYKTYp, NEPEXOAAT B PAaHT 3apOJBIIMIEBHIX TPEUIMH U CO
BpeMeHeM, Tojpactas B pesylibTare 0O0beMHBIX medopmamuii TBepIeromeit
CHCTEMBI, MPeoOpa3yloTCs B TEXHOJOTWYECKHE TPEHIMHBI, KOTOpble IIpU
3aMBIKaHUH UX OpPYT Ha Opyra TpaHCHOPMHUPYIOTCS BO BHYTPEHHHE TOBEPXHOCTH
pazgena. HoBble 31eMEHTBI MUKPOCTPYKTYpPHI ONPEACISAIOT €€ IeTepOreHHOCTH,
KOTOpasi IMeeT HacJIeICTBEHHBIH CI10XKHOOPTaHU30BaHHBIN CETEBOM XapakTep.

MeXKIIacTepHbIe B3aUMOACHCTBUS OCYMIECTBIIOTCSA IO TEM K€ MEXaHU3MaM,
9TO M B3aUMOJEHUCTBUA MEXAy OTHENbHBIMU YacTHLIAMU AUCIIEpCHON (ha3bl,
BKJIIOYas aKKOMOJALIMOHHBII MEXaHI3M KJIacTepooOpa3oBaHus. DTO MPeAIoNaraeTt
aKTHBHOE BIMSHUC COCTaBa BHEIMTHWX IOBEPXHOCTEH KIACTEPHBIX CTPYKTyp Ha
o0pa3oBaHHe MEXKIACTEPHBIX IOBEPXHOCTEH pasjiena, OT MapaMeTpoB KOTOPBIX
3aBUCAT XapaKTepUCTUKK HadaJbHBIX TpeluH. Takum obpa3oM, i obecredeHus
3aJaHHON CETH TEXHONOTHIECKON MOBPEKICHHOCTH MUKPOCTPYKTYPEI, a B UTOTE B
TpeGyeMBIX CBOMCTB O€TOHA, CIeoyeT yUHTHIBATH CIOCOOHOCTh €€ CTPYKTYPHBIX
COCTAaBILTIONMX K W30MpaTeNbHbIM B3aUMOJAEHCTBUSAM B TEPHON HavaIbHOTO
CTPYKTYpOOOpa3OBaHUS TBEPEIOIIEil CHCTEMBI.

IIpupoma dacTHL, BsDKYIIEro 3afaeT IYyTH OPraHU3allMM CTPYKTYPHBIX
arperaTtoB TpeOyeMBIX COCTaBOB, YCIOBHS WX B3aUMOICUCTBHUS, COCTOSHHUE
KOHTAaKTHBIX 30H MEXIOy HHMH, YCIOBHS M KHHETHKY NpOTeKaHWA (QHU3HKO-
XMMHYECKUX IIPOLIECCOB TMApATAllM, BhIIEJIE€HHE INPOLYKTOB HOBOH (ha3bl U
YCIOBHA HX CTPYyKTypooOpa3oBaHHA. TeMm caMbIM OIpelesieTcs pa3BUTHUE
TEXHOJIOTMYECKUX TPEIIWH M BHYTPCHHUX MOBEPXHOCTEH pa3fena KaK aKTHBHBIX
3JIEMEHTOB CTPYKTYpPbI O€TOHA, OTBEYAIOIIUX 32 IPOSIBIICHUE €T0 CBOUCTB.

IIpoBeneHHBIN aHAMW3 OAaeT OCHOBAaHHWE 3aKIIOYUTh O TMEPCHCKTHBHOCTH
WCTIONTb30BAaHMUs HATIONHUTENEH, BUA W JUCIEPCHOCTh KOTOPBIX MOTYT BHICTYIaTh
YIPABISIOIIM (HaKTOPOM, HHUITMUPYIOIIUM CIIOHTaHHbIE ITPOLIECCH OpTaHU3aLiH
MHUKPOCTPYKTYpHl B TpeOyeMOM HampaBlIeHHH. OTO JMJODKHO NPHBECTH K
TOBBIIICHAIO (M3HKO-TEXHIYECKAX XapaKTEePUCTHK OeTOHa TPH CHIDKEHHH €ro
MaTepUAIOEMKOCTH B  pe3yibTaTeé pPALMOHAILHOIO pacxoja KIMHKEPHOU
COCTAaBILAOILEHA.

BrIBOABI.

Opraamzanysi MHKPOCTPYKTYpPHl Kak CIOKHOW caMOOpraHusyromencs
OTKPBITOl ayTOMO33HOW CHCTEMBI 33JacTCsi HadalbHBIMH YCIOBHSIMA H B
3HaYUTENbHOM Mepe TpHUPOAONl YacTHI[ BKYMEro. 3aBUCUMOCTb  CHII
MEXYaCTHIHBIX B3aMMOACHCTBHI OT COCTaBa M 3HEPreTUUECKOrO COCTOSHHA
MOBEPXHOCTH  AWCIEPCHBIX YAaCTHLl C Y4eTOM MX IOJOXWUTEIBHOW U
OTPHIIATENILHOR KOMILTUMEHTapHOCTH MpeaIoaaraeT BO3MOXXHOCTb
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HaMpaBJIEHHOTO obecreueHus TpeOyeMBIX COCTABOB KIACTEPHBIX CTPYKTYp IS
OpraHM3allii MHUKPOCTPYKTYpPHl C TapaMeTpaMH CeTH BHYTPEHHHX TIDaHHI]
pazIena, OTBEYAIOIINMH 3a IIOBHINICHHE CBOMCTB OCTOHA ¥ CHIDKEHHE €ro
MaTepHaJIOeMKOCTH.
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