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T.B. Hazera*,0.C. Casennesa™*, T.H. Ilanosa™*
*0zecera 7 HATHORA TSR MOPEKaA AKATENIE
**Ogecerui HaupoHa T A HOTHTe I eCRI yIBEpCHTET

CUHTES CUCTEMbI TEXHUHECKOW AUATHOCTUKU
NPOLECCA NEPEMELLEHUA FTETEPOMEHHBIX
MATEPUANOB

Tpezomens cacreua Teximmeckoll AWATHOCTHN, OCROBAMHAA A ATRANITIECKOHt
MaPROBCRO MOTETH TPOTECCO MEPEMCLIERA KOMIORENTOS TeTePOTeITIEk NATEPALTOD
T mx xpaem, GGpAGOTe, MepelCEIEAMY, TPIRCOPTADORKE, SATOTHERH ot
e Gopa, 0 HOSBOTIT0 TS HETPOEORCTSEHIE HOTEpH TEHOTONISECIID:
S ——

Beeenne. HanG0Tee OTEETCTECHNEN STATIOM TEXHOTOTHTECKOTO POTECca
HSTOTORTeHHA H3 el H KOMIOSHITHORHEX MATEPHATIOR ABTACTCE SATOTHERHE.
boprooGpasyromeit oCHACTEE: OMATYGKH, THTeHHOR hopyer H 1.1 Ha sToMsTane.
AKTATSEAIOTC OCHOBHME DOKA3ATETH KASECTEA TOTOBOTO H3ZETHE,
‘OmpeenseTCs, GyZeT TH OHO TOXEEN, 3AKTATHEAIOTCE €10 CEORCTEA, BREHH
‘1. TI0STOMY DEOTOTTIeCkHe XaPAKTEPHCTHER HCXOTHORH CMECH CYIIECTEEHHO
BTHTOT KA MEPETHCTERHEE OKAZATETH.

B O e EDEMS, PECIIOTHA TeTePOT HELIX MATEPHATOR, KAK IPABATO, He MOKET
GHITh OMHCAHA EM 3AKOHAMH THIDABTHKH, HH MOTETAME, NDHMEHAEMEDME B
MeXaHHKe TPYHTOB AT CHITYHX MATEPHATOE, HOCKOTSKY, 329ACTYI0, TAKHE
HCXOTHHE CMECH COTEPAAT DASHODOTESIE [0 PAsMEpaN, KOEQHIYPAmEAM,
ATDETATHEDM COCTOREHAM KOMIIOHERTEL, H3MEHTIOIIHe & IPOLECCE MepeMemeRmz
oCHOBHEIe (msmTeCKHe CEOHCTEA, HATDHMED, BAKOCTS.

1. Tocraroeka mpo6esst. OcroEHof IPOGTENOH IPH IPORKTHDOEARHH
TEXHOTOTHH MITOTOBTEHMA HTeTHH H3 TETEDOTEHEEIX MATEPHATOE C
CYMIECTEEHHO PasTHYANOWIEMACH KOMIOHEETAMH (GETOHE H KeTe300ETOREL,
CHETErpaE ® TN) FBTACTCA OTCYICTEHE ATEKBATHSIX CTPYKTYDHEX
"HMETAIHORHEIX MOTene, Ha BXOTe KOTOPSIX — XADAKTEDHCTHKH IPOLECCOE,
IICp M € IHE 2RI TaKFX M2 T PHAIOR, JATIOTRERA HMH COOTEST CTEYIOIHX (Op, 3
TakKe NPOMECCOR HX XHMETECKOTO THGO QH3EMECKOTO JATEEPICEARHE, 4 B2
BSIXOTe — CTDYKTYPOSABHCHME CEORCTEA GYAYIIEX M3IETHA' MIOTHOCTS,
HOPHCTOCTS, BOJAYXO- H BIATOHETPORKTAEMOCTS, HIOTPONHOCTS, IPOSHOCTS,
YAAPHAE BAIKOCTS, CHOCOGHOCTS K EHOPOTONTOMEHH0 H AD.
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CIPYKTYpHSIE MOZETH ESAHMOMPOEFKIIMAX KOMIOHEHTOS I€TEDOTHEEX
MATEPHATOR NPEICTABTAOT COGOH, FANe BCETO, TPEXMEDHSIE OGBEM,
3ATOTHERHEI MApATTETeMHTIE aMS PASTHTHEIX PASMEPOE, MOTETHDYIOMIME
TEEpBIE KOMTOHEHTS! CMeCH, H CEOGOTHED MPOCTPAECTEOM MEATY STHME
‘mapanmenemmmenany, Mozemmpyommy mopst [1, 2] Heaocrarxox Taxoro
MDEACTABTERHA BTRETCH, BO-NEPESI, HECOOTBTCTEHE GOPMEI DEATHHE
'KOMIIOHEHTOB IAPATTENEMATIETa, EO-STOPELX, X B3AHMERA HETIOTEHAHOCTS, IT0.
HCKTIOTaET MOTETHDOEAKHE DEOTOTHE, & TAKKE OTCYTCTEHE Y9€Ta HIMEHEHHR
BHENIEHX BO3TCHCTERH HA SMEMEHTS! H HX QHITECKIX CEOHCTS B Mpomecce
mepeMemesmz.

MssecTHS! 3 THTEHHOTO IPOH3EOICTEA MOTEMH, B KOTOPIX yIHTHEAETCA
‘MepeXeImesme MaCC HCXOTHEIX MATEPHATO 1107 T€fCTEHeM BHENIHIX CHIT, B0 H EX.
BOIMOXHOCTH BECEMa OTDAHEFEHH, TK OHH He YIHTHIEAOT CYIIECTESHEEE
DasHOPOTHOCTH PasMEpOE JMEMERTOS HCXOTHEIX MaTepratos [3, 4]. C apyroit
‘CTODOHEI, MOTETH, IHMEHAEMSIe B MEXAHFKE IPYHTOE, TAKKE, K CORATERHIO, He.
JIRTSIBAIOT H3MeHexHe CBOACTE, MPOHCKOTANELX CO CEA3YIONIHMH MATEPHATAME
HCXOTHEIX CMecefi TpH mx saTBepaesarmH [5, 6]

PassEAOMeEecE B MOCTeNHee EDEMA TDEICTABTERHE O CTPYKTYPHED
TMDEEDAIEHAX, OCHOBAHHOE HA MATEMATHYECKOM AMIADATE MAPKOBCKEX
MpOTECcO, TPEGYET «OGYIERHA» MOTETH A DEATHHEX COGHITHAX, TAK KAK
DeATEHEIe IHAYEHHA BEDOATHOTHOCTEH MADKOBCKHX MEDEXOTOB IOTAES!
KOPpETHDOEATS C QAKTHIECKHME COBHTHAMH, MPOHCXOAIIMME IDH TETeHHH
rereporesmsrx cpex [7. 8]

3. Demtwo macrosmeli paoTEl FBIFETCA COITAMME ATEKBATHOR
HEAMEIECKOR MOTETH 3ANOTHERHA NPOCTPAHCTEA (BOPM H MOCTEAYIOWIETO
YITOTHEHRE MOX AeHCTEHEM PasHOOGPAIEEIX CHI (TPABHTAIMH, SHOpAIE,
'HEHTDOGEAHE H T.1.), HCHOTs3yiomeli B IPOMECCe PeNeHz PasHOOGPAIHEX.
32327 TEOPHIO MapKOBCKI NPOTIECCOB.

4. OcHOBHOI MaTepRa. PeaTOrH HCXOTHEN KOMIIOSHITHOHEIX MATEPHATOE,

"HCIIOS 3y €MEIX IPH H3TOTORTERHH H3TeTH B CTPOHTETECTSE, MAIIHHOCTDOE:
H TA. OCTOXEEEICE TeM, 9O TAKHE MATEDHATH 3ATACTYH0 COTEDEAT
~KOMIIOHEHTEL HAXOANHECA B TPEX ATPETATHEIX COCTORHHAX (TBePIOE, HITKOE,
ras006pa3EOe), THIEM KK CAMH COCTOSHER, TAK H COOTBETCTEYIOMHE STHM
COCTORHIEM CBOMICTEA MEHOTHX KOMIOHEHTOS H3MERAIOTCA BO EDEMEHH

PaccuoTpme mpocToit mpmep. TIyCTs ABYXMEPHAR MOTETS MIHOBEHEOTO
COCTOREHI TeTepOTERHOR CMECH HMeeT BHI, MpEXCTABTeRHEHHa prC. 1. Ha 3TOM
DHCYEHKe OTAETSHAR TIECTHERA CMECH COOTBETCTEYET OTHOMY KBAIPATY CETRH
(pHC. 1, @), oTHE KDY MHEE aMeMeET (RATPHME, KYCOK IPAEHE) — IOCTORHEOMY
CooBmeCTEY TAKEX KTeTOK (pHC. 1, 6 — 0), 2 KHIKOCTH H Fassl, JATOTHAIMHE.
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Cuoomes cucmenss mexmusecroi

waznocruy npoyecca nepevewerus

MOPH MeXIy TeCKOM W IpaBHeM, NDEACTABTEOT COGOH OCTaBmeeck
TPOCTPAHCTEO, YCTOBHO PasAeTerHOe Ha KTETKH TOTO e Pasiepa.

Ha

Pc. 1. Cxewa JHCKpETISAuEE MPOCTPACTEA, SATOTHEHNOTO MOZeTDME $parm
[rrE—————

"HIsMeHeEHeM COCTORHILR CHCTeMSI CHTAETCA HaMexHexHe (IePeMEIeRH) XOTs
551 0THOTO e aMeMerTa. MoTle IIepeMeIe iz BEITATAT CTe Ty O 0GPason:
2MEMEHT ¢ HeROTOPSIH CEORCTERME B 3212HHOM KIETK HCIEIACT, EMEHT C
‘TaKmMH e (A5 TECPAOTO HIH Fa3000pa3HOT0) HITH HIMeHeHHEMH (174 AHIKOT0)
CEOHCTEAME MOFETACICE B OTHOR H3 IETHPEX COCETHEX OPTOTORATSHO
PACTOTOACHHS KICTOR.

ECTECTEEHHO, €CTH AMQMEHT JaHMMACT IO Golee OTHOH KIETKH, TO
AsimxesHe (NOCTYTRTe s Hoe, EPAIIATe TsHoe) TAIX KIETOK J0/TAHO IPORCKOTHIS
‘COBMECTHO: K2 OZHY BeTIFIHEY H & OZHOM HANPARTCHHE.

TI0EODOT OHOKTIETOTHOTO AMEMEHTa B MORET He IPEAYCMOTPER, 3 HOEOPOT
COOGMIECTE AMMEHTOR IPHEOAHT K €10 PACTPOCTPAHEHHIO Ka Te KIETSH, IAe
TIepeXpEITHE HCXOHO# CeTKH npessmmact 50 % ee mromazs (puc. 1. &, 8).

JTEiKe EHe KaKI0TO JTEMEHTa MOKET IDOHCXOTHTS MDH HATHYHH CTEXYIOMRX
oBcToRTemBCTE:

{€IIEHE CHTE JOCTATOTHEL T TepeMemeRms;
— CBOGOIHO HTH TETKO OCBOGOXIAEMO NPOCTPAHCTSO B HANPABICHHH

RefiCTEYIOmIeH CHTHL KY1a MOKET MepeMeCTHTECA MOTETHPYeMELE dparerT:
‘ECTH 217 TepeMemerHz GPATMERTA MECTO T4 €T0 HOBOH NOHINHH JOTAEO

GHTH OCBOGOAIEHO OT TEMEHTOE APYTHX KOMIOHEHTOE, TO HEOGXOTEMO

39

Hazesa I'B. Casenseea O.C. larosa TH.

ESIOTHHTS DACST, XEATAeT TH BHMHeH HEDIHH, JATPATHEAEMOR EA
MepeMemexe, ITOGH YKA3AHEOE OCEOGOATEHHE IPOH3OMITO.

B COOTECTCTEHH C MDEACTABTERMAME, NPHEEIEHEENE Ha PHC. |, KaXIEH
‘KBATPATHEI ATEMEHT CETH MOXET HAXOTHTECA B CTETYIOMEN COCTORHHR

~ sanomses rason («IycTo»):

— 3aNONHEH TBEPAEDL TenoM (NECTHEKA, PArMeHT rpasHa);

— 3AMOMHeH AMIKOCTEO (CBAZIOMEE — CMOT2, NEMEHTHSE PACTEOP — 40
aaTBepaesan).

'MapKOECKas MOJES IPOIECCa HIMEHSHHS COCTORHHA STeHKH IPEACTABIACT
CoGoif Tpad, B OCHOEAHHH KOTODOTO — OJHO H3 HCXORHBIX COCTORHHIL
‘HesamonReHas sueliKa (pHC. 2, @), ek, 3ANIOTHHH NeCTHHEKOM (pHC. 2, 6), B
FIeiiKa, JATOTKCERA% BPArMEHTOM TpasHT (PHC. 2, ).

Pl £l

9 2

Pac. 2. Cxesa MapKOBCKIX NepEXOIOR B COCTORHI AHEHict MOZETH:
[l — arycrora» (sanammera sosayxox);
samoTHer gpanienTo rpasax;

A —

ThoGoe HiMeHeEHE CTDYKTYPH OCYIIECTBTAETCE B DE3yTSTATE MepEXOa,
"MPOHCXOTAIETO C Toff HTH HHOH CTEMEREH0 BPOATHOCTH, & SHATEHHH KOTOPOR
GAIITED) ePeTHCTERNELE BSIIe BReMEHe B031eACTERA H CEOHCTEA MATEDHATOR,
CMecH. C HOMOIIERO MAPKOBCKOH MOTETH Ha KAKIOM IIAre MOTETHDOBAHER
‘OTETETOTCH BCE BOIMOKHELE COCTORHMA TOCTE KAKTOH OTEPAITHH, BEPORTHOCTH
MEPEXOTA K STHM COCTOREHAM H CTATHCTHTECKHe XaDAKTEDHCTHKH EDEMEHE,
HEOGXOTHMEIE 117 JABEPIIEHNR TEPEXOTA.

40
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BAIKOCTS TEEPIOTO COCTORHHA NDHEMMACTCA DABEOH GECKOHETHOCTH,
'BA3KOCTS T2300GDA3HONO — EYT0, 8 BASKOCTS KHIKOTO COCTORHHA ONPEETAETCE
& KT HTeDAIIHH MOXETHDOBAHH B 3ABHCHMOCTH OT DEATSHEIX XHMHTECKIX.
NpONCCCOB  TBCPACHHA  CBAIIOMHX  (00PasOBIEHC  HEPACTBOPHNMEIX
IHADOCHTHEATOR HeMEHTa, HOTHEOHIEHCAIH CMOT H T.1.).

B pesyETATE HCIOTE0BAHAA TIDETOKEHHOR MOAETH YAATOCh IOTYHTE
COOTHOIIERHS, CBASHEAOMIHE PEQTOTHIECKHE XADAKTEPACTHKI HCXOTEEX CMeCet,
MADAMETDE MEXAHHIMA HX TECDIEHHE, MADAMETDH BHEMIHHX BO3TeHCTERH C
TeXHOTTOTHYECKH BAHEH XaPAKTEPHCT Texeanormeckoro mponecca. Tax.
HATDEMEp, ATF CTAEKOCTPOHTENSHOTO NDEIMDHATHE, HCHOTSSYIOWIETO
TeTepOTeHEE MATePHAT CHETETPAH LT H3TOTOBTEEH CTARHH METATTOPEAYIIEX.
CTAEKOE, MOTYeHE JAHEEE O CTORKOCTH HCXOXEOH CMECH K PACCITOSHHIO
2aTBep€EaRNIO, 3 TAKKE ONTHMATSHEIE AMILTHTY 5! H JACTOTE! BHOPAIHOHOTO
BO3TeHCTEA Ha HCXOTHYIO CMeCh TDH SATIOTHEHH €50 GOPMEL

Busoast. Tlpeanoxena IHEAMIFIECKAR MAPKOECKAR MOZETS MPONECCOB
TMEpEMEMERNE KOMIOHEHTOR TETEPOTEHEE MATEPHATOS NDH HX XDAHCHHE,
TPEHCTIOPTHPOEKe, SATIOTHEHHR MMH THTEHEEIX HOPM, ITO TIO3EOTHTO CEHHTS,
"HENpOHIEONCTEEHEEE NOTEPH CMECH H €€ KOMIOHEHTOS, A TAKKE MOBEICHTS
KATECTEO BBy CRaEMOH IPOAYKIHE.
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Onecsxa namionasua sopeska axazesia

AWHAMIMHE E®OPMYBAHHSA LWWAPYBATUX
KOMMO3SUTHUX BANOK MPUHASABHOCTI MDKPASHUX
WAPIB

Pose'msama sa3awa mpo Aedopyysammr mapysaTX KoMmosHTEIX Gatox mia Aiero
rapuoniuroro mazanaxens. [l poss’ sy saxati S2CTOCORANO MPHRLIN MORTHEI.
neperimens. Jloctizaeno (rabmmsenc) EITHE MixgasEx Mpomapss ma XapaKTep
POSHOinY HANpYeHO-ACGOPNOBAHOTO CTAEY B OKOT TOBSpXOHS KOMTAKTY MATPHIE T2
apoumonems, smmaemo pan Mexamwmm egestis. Hasomasca pesyastamn
[rrmC—p———

Beryn. Lllapysati 6aTkH € BaXTHEHMH KOHCTPYKTHBHEMH eleMeHTaMH
cytacamx [na sGiTememms IX MINHOCTI EOHH GpMYWOThCH
BHCOKOMOIYTSHIMH eICNCHTAMH THIY IDOTis (apMroumowenT). Ilpw
sarotosrexs 260 » mpomec excmYaTAmii TaxiX MaTepiaris Ha MoBepXEAX
ADKOMIIOHERT | MaTPHII YTEOPIOOTECR Mibassi mapi (ML), Boms 5 smasaift
siipi BnTHBaIOTS Ha MimRICTs KoMmosATRO crcTeym. Y podoTi [1] seepTacTsca
YBaTa Ha POTS IOBEDXHi MiKKOMIOHEHTHO! B32€NOAI B KOMTIOMTHI NaTepiaTax
i nponomyeTsCa MeTOR A0CT TKCRRS I MimHOCTi Ha ocHOBI Teopii NPy AHOCTI.
BHEHKa€ BaXTHBE MHTAHHA: AKHM HHOM TAXOTHTH 70 AHATISY LK CHCTEN —
$OpMyTOBaTH TnepermiaTo pissAHA PYXY (PIBHOBATH) TH BHKOPHCTOBYEATH
imTerpansai crissiHOmernx (sapiariiis MpEITE)? OCKITEH POSTATY AR
MexaHiTHa CHCTeMa € ICTOTHO HeOJHOPIAHOM, TO MepmHEH Maxia Oyae
‘HAT3BHaHHO CKIATN; pYTH T SHaTHO CTIDOIIE aRai3 | Ha HOTO OCHORE
IIYKA€MO POSE A He B KIACHTHOMY, 3 B Y3aTaTbHEHOMY posyMimi. TyT 212

CTATHSHOTO | AWAMIHOTO RATI3y MeXAHITHOI CHCTEMH MDOTIOHYETSCH
BKODHCTOBYEATH (GYEIaMEETATSMIN IDHEIND AEXaHIKH CyHITHEOTO
cepeoBmma — MmN MoATHERX mepesimers (TTIMII)

Tocraroexa 3azasi. PoarI41yEana MexariTHa CHCTEMA CRTATAETECA 3 MOHO
mapiE, 4K Mi& COGOI0 IEEHHM THEOM 3 €IHYIOTHCA (HANDHKIAX, AHQY3ifHI
3BaprOBANIAM); KON MOOIAP BHTOTORTACTECA 32 PIZHIMH TEXHOTOTI THILH
‘CxeMay (HANHIKTAA, 32 B0 POSTIIARICHIN METAOM CHCTEMH TICBHI T0M
POSMImERIIX apAMyIoTIX KoMTIORERT). B NpOTeci BATOTORTEHEA 200 ekcmmyaTami
Ha NIOBEXHAX PO3AiTY KOMIOHEHT yTBOpIooThCa MILL, AKi MaloTh Ayke Mary
ToBmuEY, 2 X i2HK0- MeXaH THi XapaKTEPACTHKH Bl APISRAOTSCA BiX AHATOTITIX.
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