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MepcneKTUBbI Pa3BMTUA CTPOUTENIBHOTO MaTepManoBeAeHUA

E.B.Kopones, CMT6TACY, CaHkT-leTepbypr

B paboTe onucaHbl NO3ULMOHMPOBAHWUE M NEPCMEKTUBHI
pa3BUTUA CTPOUTENbHOrO MatepuanoBefeHus. okasaHo, 4To
€ro passutue 6a3MpyeTc;| Ha HOBbIX 3HAHUAX beH)J,aMEHTaﬂbeIX
N CMEXHbIX NPUKNAAHbIX HAYK. I'Ipm 3TOM BbICOKas BApUaTUBHOCTb
CBOMCTB KOMMOHEHTOB 3HAYUTENbHO OrpaHWYyMBaeT BO3MOX-
HOCTb €CTECTBEHHOTO NpUMeHEeHUA hYHAAMEHTAIbHbIX 3HAHMIA
0 MexaHW3Max MUX B3aMMOAENCTBUS ANs ONMUCAHWUA NPOLLECccoB
CTPYKTYpOOGpa3oBaHus MaTepuarna.

BmecTte ¢ atum noJiydeHne HOBbIX 3HaHUN B CTpOUTENIbHOM
MaTepuanoBefeHUM OCHOBAHO Ha YCTAHOBNIEHUM 0COBEHHOCTEN
MeXaHW3MOB CTPYKTYPoOOpa30BaHNs MaTEPUANOB C YYETOM U3-
MEHYMBOCTU XapaKTEPUCTUK UX KOMMOHEHTOB.

PacwwupeHbl cUCTEMHbIE NPeACTaBAEHUS O CTPOUTENbHbIX Ma-
Tepuanax. Takue KOMNO3nTbl ABNAIOTCA COXKHbBIMU TEXHUYECKUMN
cucremamu, CI'IOCO6HbIMl/I K CaMOOpraHn3auun B HEPaBHOBECHbIX
ycnoBusAx. Takoe NOHMMaHWE CTPOUTENbHBIX MaTepuanos Npej-
nojaraet Hanuyue cuHepreTnyeckoro addekra. MpepnoxeH
MeTo[, ONpefeneHns cuHepretTnyeckoro addekra oT BAUAHUS
ynpaensowmx GakTopoB Ha NapameTpbl CTPYKTYpbl U CBOWCTBA
MaTepuana — MeTof «NocCief0BaTeNbHbIX CMeLeHU U Bapbupo-
BaHWA». ITOT METOL, AOMNOHAET METOS MaTEMaTUYECKOrO NiaHu-
POBaHUA IKCNEpUMEHTA W NPUTOLEH ANs ONpeaeneHns obnacreil
(hakTOpHOrO NPOCTpaHCTBa PaKTOPOB ANA NPOBEAEHUS NOAPOOHbIX
MCCNEeL0BaHUIN M YCTAaHOBIEHWS NAPaMEeTPOB CTPYKTYPbI U 0COBEH-
HOCTel CTPYKTYpooOpa3oBaHUs MaTepuana, NpUBOAALLMUX K BO3-
HUKHOBEHUIO CHepreTuyeckoro acdekTa (Hayana hopMupoBaHus
CTPOMTENLHOTO MaTepuana Kak TEXHUYECKOW CUCTEMbI).

Kntoyessie cnosa: CTpoutenbHoe matepunanoseneHune, CTpo-
UTeNbHbIE MaTepuansl, CUCTEMHBbI aHanus, CMHepFETquCKMﬂ
3Cb¢)eKT, HOBOE TexXHOoJiornyecKoe pelleHue, HoBble 3HaHUA,
aJiropUTM CUHTE3a MaTepunanos.
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This paper is devoted to two similar objectives: to properly
position the role of materials science and to outline probable
directions of its future development. The latter is based on recent
progress in fundamental and related applied sciences. At the
same time, the proper usage of fundamental and applied sciences
results’ is quite limited due to highly variable properties of the
components. This significantly limits the application of already
obtained knowledge related to the mechanisms of interaction
between the components during the structure formation processes.

Contemporaneously, the acquisition of new knowledge in
construction materials science is based on the discovering the
features of the structure formation mechanisms of materials,
while considering the variability the previously being mentioned
difference in characteristics.

In this article the author had expanded the systemic
concepts in the construction materials science. As the typical
complex technical systems, composite materials are able to self-
organize even in non-equilibrium conditions. This assessment
suggests the existence of synergistic effect. The method which
can be used for the evaluation of the mentioned synergistic
effect between control factors and structure’s parameters,
namely "successive displacements and variations" method — was
offered. The method complements the well-known experimental
design methods and is suitable for determination the areas
of the factor space in which the detailed studies should be
performed to determine the dependences between features
of structure and process of the material’s structure formation.
These dependencies, in turn, can show up the emergence of a
synergistic effect - the building material is starting to be form
as a technical system.

Keywords: building materials science, building materials,
systems analysis, synergistic effect, novel technological
solution, new knowledge, algorithms for materials synthesis.

CTpouTenbHoe MaTepuanoBefeHUe, TECHO CBA3aHHOe
C MaTepuanoBefeHUeM B LenoM?, ycuauamMu pspa uccnegosa-
TeNeil NPOAOIKAET aKTUBHO pa3BuBaTbcs. Ero hopmuposaHue
COMPSKEHO C 3aKOHOMEPHbLIM Pa3BUTUEM (YHAAMEHTANbHLIX U
CMEXKHbIX MPUKNAAHLIX HayK. OTHECEHWE CTPOUTENbHOMO MaTe-
puanoBefeHns K 0611acTM NpUKNAgHbIX HayK npefonpepenset
€ro HasHauyeHue Kak Hay4yHOoN AUCLMNAMHBI, HANMPABNEHHO Ha
pa3paboTKy HOBBIX TEXHONOTUYECKUX PELIEHNIA AU TEXHONOTHIA,
OCHOBAHHBIX Ha HOBbIX 3HAHUAX, NONIYYEHHbIX (DYHAAMEHTANbHbI-
MU HayKaMmu2, ITo, 6e3yCc/I0BHO, HE 03HAYAET, YTO HOBbIE 3HAHMUA
He MOryT ObiTb MOMyYeHbl B XOfE NPOBEAEHUS UCCIER0BaHMIA
npu pa3paboTke HOBOTO TEXHONOTUYECKOTO pelleHus. Bugutes,
4TO WUCMONb30BAHME KOMMOHEHTOB C WWPOKMMU AMana3oHaMmu
BapbUPOBAHUSA KaK reoMeTpUYECKUX XapaKTEPUCTUK, TaK U
XMMUYECKOT0, MUHEePaNor1yeckoro u/munm GasoBoro CocTaBos,

! Cm. nacnopt Hay4Hoil cneynanbHocT 05.16.05 MatepuanosepeHue (uc-
TouHuK: https://vak.minobrnauki.gov.ru/searching#tab=_tab:materials~).

2 PepepanbHblil 3aKoH oT 23.08.1996 r. N2 127-03 «0 Hayke v rocyaapcTBeH-
HOI HayYHO-TEXHUYECKOI nonuTuKe» (pep. ot 25.05.2020).
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ABNAETCA OLHOBPEMEHHO «CNaboii» CTOPOHON U LOCTOMHCTBOM
CTpOUTesNbHOTO MaTepuanoBegerus. CnabocTb 3aktoyaeTcs
B TOM, YTO 3aTPYAHUTENBHO OCYLLECTBUTb NPOCTOI NEPEHOC HOBbIX
3HaHWIA, NOJYYeHHbIX DYHAAMEHTANbHBIMU HayKaML, Ha Habto-
LaeMble NPOLEecchl, ABNEHUS UAKU 3aKOHOMEPHOCTU CTPOUTEb-
HOro MaTepuanoBeAEeHMs, @ [LOCTOMHCTBO COCTOUT B NOJYYEHMUN
HOBbIX 3HAaHMIl O OMONHUTENBHBIX XapaKTePHbIX 0COOEHHOCTAX
B M€XaHW3Max B3aUMOAEICTBUA TaKUX COKHbBIX KOMMOHEHTOB
" B BO3HUKHOBEHUM IMEPAKEHTHOCTU® y MaTepuana.

BaxkHbIM ABAseTCA cTeneHb feTanu3auuu B paspaboTke
MeXaHW3MOB CTPYKTYypoobpa3oBaHus. OUeBUAHO, YTO NpU Ha-
JIMYNU BBICOKOW BapMaTUBHOCTM B CBOMCTBAX KOMMOHEHTOB,
npegonpegensioweinl BO3MOXHOCTb peann3aLmnm HeCKoNbKNX
MexaHW3MOB UX B3aUMOAECTBUSA, U3ObITOYHAS LeTann3aLus He
npefocTaBUT AONONHUTENbHOW MHbOPMALUK ANs pa3paboTKu
cnocoba ynpasneHus CTPYKTypooOpa3oBaHWeM MaTepuana.
370T cnocob sBASETCA OCHOBOW AN Pa3paboTKM HOBOW Tex-
HOMOTUW WU TEXHONOTUYECKOTO pelleHus, HanpaBieHHbIX Ha
noflyyeHUe CTPOUTENbHbIX MAaTEPUANOoB C IKCMYaTaLMOHHbIMM
CBOWCTBaMM, NPEBbIALMMY aHANOT (TEXHUYECKMII YPOBEHD).
Mpu 3TOM BCNeCcTBME NPAKTUKO-OPUEHTUPOBAHHOTO XapaKTepa
CTPOMTEJILHOTO MaTepuanoBefeHUs HeobXxoAnMo obecneyunTsb
3KOHOMMYeCKyto 3 deKTUBHOCTL MaTepuana.

YkaxeM Haubonee 3Ha4MMbIe, O MHEHWIO aBTOPA, Hanpasne-
HUS B Pa3BUTUM CTPOUTESILHOTO MaTepUanoBefeHNs.

® Teopus npoTeKaHWs W hpakTanbHasa reoMeTpus B TeOpUM
KOMNO3MLMOHHBIX CTPOUTENbHBIX MaTepuanos. 3TW ABe GyH-
LaMeHTaNbHble KOHLENUUN ABAAIOTCA BECbMA MOJE3HbIMU s
OMWUCaHWA BAUSHUA COLEPXKAHMA [UCTEPCHON a3kl HA CTPYK-
TYPHO-YYBCTBUTENbHbIE CBOICTBA KOMNO3UTOB [1-6]. Co3aaHHas
Ha 3TUX TEOPUAX HAay4yHas KOHUeNuus no3BOSUIA YCTAHOBUTH
ONTUMaNbHbIE [Mana3oHbl COLEPXaHUsA fUcnepcHOW dasbl B
3aBUCUMOCTU OT TEOMETPUYECKUX XapPAKTEPUCTUK €€ yacTul,
OCYILECTBUTb aHaNN3 Pa3fnyHbIX (ha30BbIX NEPEXOAOB HA BCEX
3Tanax CTpyKTypoobpa3oBaHMa MaTepuana.

® [eoHMKa (reoMMMETHKA) — HOBOE HamnpaB/ieHne, COCPeso-
TOYEHHOE Ha «MCCNef0BaHUM 0OBEKTOB HEOPTaHUYECKOTO MUpa
C LIeNblo CO3AaHMWsA HOBbIX TEXHONOTMI NPOU3BOACTBA MAaTePUANOB
M ONTUMU3ALMIO CUCTEMBI KHENOBEK — MaTEpUan — cpesa obuta-
HUAY, NO3BONAIOLEE NPEOJONETb IPAHAMO3HBIN Pa3pblB MEXAY
noKasaTesiM1 CBOCTB NPUPOSHBIX U TEXHOTEHHBIX MaTepUanos
[7]. 370 cywecTBEHHO paclUMPSAET MPUHLMM TEXHONOTMYECKOTO
cooTBeTcTBUA, npegnoxeHHblin 0.1, Myegnosbim-lTeTpocaHOM
[8]. MpennoxeH Hay4HbI NOAXOA K MPOEKTUPOBAHUIO MaTepua-
JI0B C 33[laHHbIMU NapamMeTpamMm CTPYKTYPbI M IKCMYaTaLMOHHbIX
CBOIICTB, OCHOBAHHbI/ HA NpUHLMNax kubepHeTuku. Chopmynu-
POBaH 3aKOH «CPOACTBA CTPYKTYPY», B CYLHOCTH, aHANOTUYHbIA
3MNUPUYECKOMY NPaBUAY XUMUU: «NOLOOHOE pacTBOpSETCS B
noJo6HOMY, @ UMEHHO: «NPOEKTUPOBAHUE CIIOUCTHIX KOMMNO3UTOB

3 IMEpPAKEHTHOCTb — NOABNEHWE Y CUCTEMbI CBOMCTB, HE MPUCYLLUX CBOIA-
CTBaM €€ KOMMOHEHTOB; HECBOAMMOCTb CBOMCTB CUCTEMBI K CyMME CBOWCTB €&
komnoHeHToB (https://ru.wikipedia.org/wiki/3mepaxeHTHoCTb).
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1 PEMOHTHbIX CUCTEM HA HAHO- , MUKPO- U MAaKPOYpPOBHe aHano-
TMYHbIX 6a30BOI MaTpULEY.

® CMCTeMHbI aHaNU3 B CTPOMTENIbHOM MaTepuanoBefeHUu
[9-17]. CrpouTenbHoe maTepuanoBefieHne Bcerna 6asmpyetcs
Ha 3HaHUAX, NONyYeHHbIX B (YHAAMEHTANbHbIX W NPUKNALHBIX
Haykax. O4HaKo OAHOr0 TONbKO MOHUMAHUA CIOXKHOCTU CTPOU-
Te/bHbIX MaTepPUANOB KaK TEXHUYECKUX CUCTEM HEAO0CTATOYHO 1A
MOCTPOEH WA YETKMUX aNFOPUTMOB WX aHaNN3a n cuHTe3a (MpoeKTH-
pOBaHWMA). 3a MHOTOJIETHIOKO MPAKTUKY Pa3BUTUA CUCTEMHONO aHa-
1133, KaK MeXANCLMNIMHAPHOTO MeToia N03HaHuMsA, pa3paboTaHo
MHOXECTBO NPUEMOB aHanM3a U CMHTe3a pa3HO0OPa3HbIX CUCTEM
(BOEHHBIX, TEXHUYECKUX, COLMANbHO-IKOHOMUYECKUX U T.4.).
Kaxpomy TakoMy Npuémy BCNEACTBUE CNOXHOCTU U Hanu4us
WHAMBUAYANbHBIX 0COOEHHOCTE CBOWCTBEHHA YHUKANBHOCTb.
[Ons cTpouTenbHbIX MaTEPMANoB AOKA3aHO HaNMYMe CUCTEMHBIX
NPU3HAKOB, OTHOCALLMX UX K CJIOXKHbBIM TEXHUYECKUM CUCTEMAM,
a TaKXKe pa3paboTaHbl aTOPUTMbl UX aHaNM3a U CUHTE3a.

® YnpasneHue hU3NKO-XUMUYECKUMM NPOLLECCaMU HA FpaHu-
Le pasgena a3 v TexHoreHHbl MeTacomaros. OgHum u3 cnep-
CTBUI CUCTEMHOrO PacCMOTPEHUA CTPOMTENIbHbIX KOMNO3UTOB
ABNAETCA BblfjeNeHne Kno4eBoi hyHKLUM Mexda3sHbIX B3au-
mMofaeiCcTBUN. NHTEHCUBHOCTbL 3TUX B3aUMOAENCTBUIA NPUBOLUT
K hOPMUPOBAHMIO NNEHOYHOI (ha3bl» MATPUYHOTO MaTeEpUana co
CBOIICTBAMM, OTINYAIOLMMUCS OT CBOMCTB MATPULLbI B OOGBEMHOM
COCTOAHUU [6]. IHTEHCMBHOCTL B3auMoLeNCTBUS Ha MeXda3HO
NOBEPXHOCTW OLEHWUBAIOT BEIMYMHON KPAeBOro yrna cMayu-
BaHWA; NPW MCNONb30BAHUU CTAHLAPTHbIX XKULKOCTEH MOXHO
NPOM3BECTU OLEHKY M KnaccuduKaumio MUHEPANbHOTO Chbipbs
no KpuUTeputo aHeproémkoctn [18-26]. PeweHune npuknagHom
3a[ja4uM No onpefeneHnto KpaeBoro yrna CMaymBaHus B yCI0BU-
AX MPOTEKAHMA Pa3NUYHBIX KOHKYPUPYIOLLMX MPOLECCOB MOKa
ellé He 3aBeplleHo. OAHAKO e€ pelueHNne UMeeT BeCbMa LEHHOe
3HAYeHWe Npu NPOBEAEHUM NpoLeayp BbIOOPAa KOMMNOHEHTOB,
OL€HKe MHTEHCMBHOCTM MPOLLECCOB HA rpaHuLe pasgena das,
YCTaHOBNEHWUMN KOPPENALMOHHbIX 3aBUCUMOCTEN MeXy YKa3aH-
HbIMW MOBEPXHOCTHbIMU ABAEHUAMU U CBOMCTBAMU MaTepuana,
a TaKxe Ans fanbHeillwero aHaam3a CTpyKTypoobpa3oBaHus Ha
HayaNbHOM 3Tane W BbIABAEHUA YNPaBAALWNX HaKTOPOB Ans
(hOpMMPOBAHNA CTPYKTYPbI U CBOICTB MaTepuana.

CBA3aHHbIM C aKTUBHOCTbIO TBEPAOM NOBEPXHOCTU ABNAETCA
TEXHOTEHHbII MeTacomaro3, yKa3biBalolWmnii Ha npoTeKkaHue
HeoOpaTUMbIX NPOLLECCOB U3MEHEHUS NAapaMeTpoB CTPYKTYpbI
“ CBOWCTB MaTepuana npu ero B3aMMofeiCTBUM C OKpyXatoLuen
cpepoii. Pa3zBuTue 3TOro HanpaBieHMe NO3BONUT YTOYHUTL U B
AanbHeilweM ynpasasTe Npoueccamu CTPYKTypooGpa3oBaHus
maTtepuana B 3KCryyaTaLMOHHbIA nepuog, (L0AroBEYHOCTbIO).

® HaHomopnbuuMpoBaHMe CTPOUTENbHBIX MAaTEPMANOB Ha
MUHEPaNbHBIX BAXYLWMX BellecTBax. CyllecTBeHHble 0606LeHUs
pe3ynbTaToB, NONYYEHHBIX Pa3IMYHbIMKU KOANEKTUBAMU UCCHe-
poBatefneil, aaHbl B cepun nybnukauumii E.M. YepHbiwosa u 0.B.
ApTamoHoBoit [27-33]. Onupasich Ha 3TH cucTeMHble 0600LLEeHNS,
YCTaHaB/IMBAIOLLME B3aNMOCBA3b MEX Y AOCTUMKEHUAMU CTPOUTENb-
HOro MaTepuanoBefeHus, NoAYYeHHbIMY paHee, TpeKamu peanusa-
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LMW NPUHLMNOB HAHOTEXHOOMUM, HOBbIMUY 3KCMEPUMEHTANIbHBIMU
[aHHbIMW W NepCneKkTMBaMU Pa3BUTUS, BO3MOXHO MPOLONKUTbL
COBEpLIEHCTBOBAHME HAYYHbIX OCHOB CMHTE3a MEPBUYHBIX HAHO-
MaTepuanoB 1 ynpaBieHus CTPYKTYpooOpa3oBaHUEM KOMMO3UTOB
Ha MUHEpaNbHbIX BAXKYLMX BeLLecTBax NOCPeCcTBOM BbiGopa XU-
MWYECKOro COCTaBa U KOHLEHTpaLum NepBrUYHbLIX HAHOMATEPUANOoB.
® beToHbl HOBOTO NOKoNeHUsA. beToH — 0CHOBHO CTpoUTENb-
HbIl MaTepuas, BapbMpOBaHMe peLenTypbl KOTOPOro N03BoaseT
obecneynTb NoyYeHne CTPOUTENbHBIX KOHCTPYKLWIA U U3aennii
C Pa3/INYHbIMU IKCMIyaTaLMOHHBIMW CBOICTBAMM U 0bNacTamMu
npumeHeHus. B 3ToM HanpaBneHUU CTPOUTENLHOrO MaTepu-
anoBefeHus UccnefoBaHus NPoBOAAT GONbLOE KONNYECTBO
nccnepoBartenen, BXOAALWMX B KONEKTUBbI Pa3IMYHbIX HayYHbIX
Wwkon. B otaenbHylo rpynny BblAenNM pa3paboTku, HanpaeeHHble
Ha noslydeHue 6ETOHOB HOBOTO NOKONEHUS C HU3KUM YOENbHbIM
pacxofoM NOPTAAHALEMEHTA HA eAMHMLY NPoYHoCTH [34-40].
Takue 6eTOHbI 06/1aAalT NPOYHOCTbIO Npu oxatum 120...150
MMa npu ynensHoM pacxofe noptnaHglemenTa 2,5...5,0 kr/MMa.
Takve pe3ynbraTthl UMEOT 04eBUHbIN TEXHUKO-3KOHOMUYECKUI
3t dheKT 1 4OCTUrAIOTCA NOCPEACTBOM NMPUMEHEHUS MHOTOKOMMNO-
HEHTHBIX ONTUMANbHO NOA0BPAHHBIX COCTABOB, HOPMUPYIOLIUX
NIOTHOE KCTPYKTYPHO-TOMONOrMYECKOE CTPOEHNUE» MaTepuana.
[Jpyrumu BaXHbIMU HanpaBNeHUAMU ABAAIOTCA: NTPUMEHEHNE
6uoTexHoNOrMU B NoBblWeHUN 3HHEKTUBHOCTU CTPOUTENBHBIX
MaTepuanoB U nNpu pa3paboTKe CaMOBOCCTAHABIMBAIOLWMXCS
matepuanos [41-49], pa3paboTka 4 COBEpLIEHCTBOBAHME METO-
[OB OnpefeNeHns JONTOBEYHOCTU CTPOUTENbHBIX MATepUanoB
[50-69], coBeplieHCTBOBaHME U pa3paboTka HOBbIX hU3MUYECKUX
METO/0B MOBbIWEHUA UHTEHCUBHOCTU Mexa3HbiX B3auMo-
pencteuit [70-75], npuMeHeHne MeTOA0B MaTeMaTU4yecKoro
MOJENUPOBAaHUA ANA MOAYYEHUA HOBbIX 3HAHWUIN O CTPYKTYPOO-
6pa3oBaHNUM CTPOUTENbHbIX MaTepuanos [76-85] u ap.

CucTeMHbI aHaNM3 U MaTeMaTuKa

Kak yxe oTMeyanoch, CTpOMTENbHbIE MaTepuabl ABASIOTCS
CNIOXHBIMU TEXHUYECKUMU CUCTEMAMM, MOABIEHNE IMEPIKEHTHO-
CTW Yy KOTOPbIX CBA3aHO C MeXda3HbiM B3aumopeicTemnem. Yacto
ANs pa3paboTKM HOBOMO TEXHOMOMMYECKOrO PELIeHUs U aHanu3a
CTPYKTYp0OOOpa30BaHus HEO6XOAMMO NPUBAEKATb 3HAHWS U UHCTPY-
MEHTapUit APYrMX HayuHbIX AucumUnanH. MHoroobpasume ycnosuii
3KCMNyaTaLum U BapuaTUBHOCTb CBOWCTB KOMMOHEHTOB U1 YC/IOBHiA
nosiyyeHus (CUHTE3a) Matepuana npeaonpeaensior Kak yHUKanb-
HOCTb NpeJ/iaraeMoro TEXHONIOTUYECKOTO PELLEHNS, Tak U YKa3blBAIOT
Ha HalM4YMe TUMOBOTO ANrOPUTMA ero UCCNeA0BaHMs 1 pa3paboTKu.
TaKoi anropuTM MMeET CliefyIoLLYI0 NOCNEL0BATENLHOCTb e CTBHIA:

— aHanM3 TexHMYecKoro 3afaHus. Yacro TexHuyeckoe 3aga-
HUe copepuT nHbopmauuio 06 obnactu npumeHeHus (YCIoBUAX
3KCMyaraymm), a TakKe rpaHUYHble 3HadeHns 6a30BbIX CBOWCTB,
KOTOpble NpefonpeAenstoT aHanoru Ans pa3padaTeiBaeMoro Ma-
Tepuana u 6asy Aas OLEHKU TEXHUKO-3KOHOMUYECKOTo 3 dekTa
npeasiaraeMoro TexHONOrMYecKoro pelleHus;

— BbIGOP KOMMNOHEHTOB MaTepuana. 3Ta npouedypa Hanpas-
JIeHa Ha COKpaLieHMe KONMYEeCTBa BapUaHTOB PEeLIeHUs Mo Tex-

HUYecKoMmy 3aaaHuio. lpu eé peannsaLnmu MOXET NPUBIEKaTLCA
MH(OPMaLMA KaK MO NMEIOWMMCA TEXHONOTUYECKUM peLleHnam
UM 060CHOBAHHbBIM 06ACTAM NPUMEHEHUSA KOMMIOHEHTOB (B TOM
yucne peKoOMeHJaLMM NPON3BOANTENEN NO NPUMEHEHNIO HOBBIX
COefMHEHNi), TaK U 0ObEKTUBHO 0OOCHOBAHHbLIE TMMOTE3LI MO
COBMECTHOMY NPUMEHEHUIO HECKOJIbKUX COEAUHEHNI UK CUHTE-
3MPOBAHHbIX HOBbIX BELLECTB. YKa3aHHbI NYHKT anroputma umeet
BECbMa BaXKHOe 3HaYeHMe He TONbKO [ COKPALLEeHWs BPEMEHHBIX
W MaTepuanbHbIX 3aTpaT npy pa3paboTKe HOBOTO TEXHONOTMYECKO-
ro pelleHns, HO U NO3BONAET apryMeHTUPOBAHO AOMNONHATb UK
pa3BMBaTb Hay4YHble OCHOBbI CTPOUTENLHOTO MaTepuanoBeseHus;
— [eKOMNOo3ULMs CUCTEMbI KpUTEpUEB KayecTBa. Ha ocHoBe
VCOBWIA 3KCMlyaTaLMn 1 no 6a3oBbIM CBOICTBAM NMPOBOAMUTCH
BblleNleH1e NMOHOrO NepeyHs CBOWCTB MaTepuana, no KOTOpbIM
MOXHO B 0JIHOM 0ObEME NPOM3BECTY OLIEHKY KayecTBa paspaba-
TbIBaEMOro MaTepuana. 3Tv CBOMCTBA KNaccuuLMpyoTcs Ha iBe
PYNMbl: UHTEHCUBHbIE U 3KCTEHCUBHbIE CBOICTBA. MIHTEHCMBHbIE
(CTPYKTYpHO-YYBCTBUTENbHbIE) CBOWMCTBA — 3TO CBOICTBA, BENMYM-
Ha KOTOPbIX 3aBUCUT KaK OT CBOWCTB 1 COAiePIKaHUSA KOMMOHEHTOB,
TaK 1 OT Mexda3Horo B3anmonencTeums. K takum ceoiictsam oT-
HOCATCA MPOYHOCTb, MOAYNb YNPYroCTH, NPOHULAEMOCTb U T.1. IKC-
TEHCUBHbIE CBOCTBA — 3TO CBOICTBA, BENYMHA KOTOPbIX 3aBUCUT
TOJIbKO OT CBOWCTB W COAEPXaHUA KOMNOHEHTOB. Mexda3sHble
B3aWMOZENCTBUA OKA3bIBAKOT HE3HAYUTENbHOE BNUsiHWe (B Npefe-
N1ax oWnBKM u3mepeHus). K Takum CBOMCTBAM MOXHO OTHECTU
CPefHIOK NNOTHOCTb, TEMNOEMKOCTb, TENIONPOBOAHOCTb U T.14.;
— onpefeneHune ynpasnsiowmx hakropos. K ynpasasiowmm
thakTOpaM OTHOCATCA peLenTypHble U TexHONornyeckne GakTopel
TEXHOJIOTMU, KOTOPble OKa3bIBAKT BNIUSAHWE HA BCE MHTEHCUBHbIE
csoncTea. Onpepenexune ynpaenaiowmx GakTopos Npov3BOAUTCA
nocpeAcTBOM AEKOMMO3ULMM KAXKA0TO CTPYKTYPHO-YyBCTBUTE b-
HOro CBOICTBA NO (ha3aM, ABNEHUAM W MpoLeccam C BbiieNeHnem
Hanbonee YacTo NoBTOpPsIOWMXCA (a3, SBAEHNI U NPOLLECCOB;
— 3KCMepUMEeHTaNbHO-CTaTUCTMYeCKMe mogenu. Ha 3Tom
jTane anropuTMa NPoBOLATCSH IKCMEPUMEHTaNbHbIe UCCNefo-
BaHUA L1 YCTAHOBNEHUSA BAUAHUA ynpaBnsiowmx hakTopos Ha
CBOICTBA, ONpeAensaioLe KayecTso Matepuana. [ina nonyyeHus
06U MX NpeacTaBNeHN i 0 B3aUMOCBA3N (HaKTOPOB U CBOMCTB
Lies1ecoobpa3Ho MCMONb30BaTb METOLbI MAaTEMATUYECKOTO MNaHM-
poBaHusA 3KcnepumeHTa. [lnanasoHbl BapbUpoBaHuA peLenTyp-
HbIX (haKTOPOB OPUEHTUPOBOYHO MOXHO OLLEHUTb MO BEUYUHAM
IKCTEHCUBHbIX CBOMCTB, YKa3aHHbIM B TEXHUYECKOM 3aiaHNK.
[inA MHTEHCMBHBIX CBOWCTB NOCAe YCTAaHOBAEGHMA 3KCNepu-
MEeHTaNbHO-CTaTUCTUYECKUX MofeNell B 06nacTsx ha3oBbix nepe-
XOA0B UM ONTUMYMa B (PaKTOPHOM NPOCTPaHCTBE (PAKTOPOB Lie-
necoobpasHo NPOBECTU AONONHUTENbHbIE UCcCnefoBaHus. Lenbio
3TUX UCCNef0BaHUN LOMKHO ObITb YCTAHOBNEHWE B3aUMOCBSA3M
«peLenTypHbIii hakTop/TexHonornyeckuit haktop — napameTp
CTPYKTYpbl — CBOWCTBOX. [1pW 3TOM BUA NONy4aeMblx MaTemMaTu-
YecKUX 3aBUCUMOCTEN LOMKEH UMeTb husnyeckoe u/unm bu-
3UKO-XMMUYeCcKoe 060CHOBaHMe. AHaNN3 TaKUX 3aBUCUMOCTEIA,
BHOCMMBIiA PU3NYECKM 06OCHOBAHHbIE YTOUHEHUS, YCTAHOBNEHNE
OT/MYMIA OT paHee NPeANoXKEHHbIX 3aBUCUMOCTEN, 000CHOBaHKE
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OTANYMNIA B 3HAYEHMAX IMNUPUYECKUX KOIPDULNEHTOB ANA
nccnepayemon peuenTypbl MOXeT SABAATHCA HOBbIMU 3HAHUAMU
M COCTaBNATb HAy4YHYIO HOBWU3HY MPOBOAMMBIX MCCNELOBAHMNI
1 pa3paboTok;

— MHOTOKpUTEpUanbHas onTumMmu3saLns. NonyyeHHsle akcne-
PUMEHTaNbHO-CTAaTUCTUYECKME MOAENMN BAUAHNUS YPaBAAIOLLMX
peLenTypHO-TEXHONOrMYecknx (HakTopoB Ha KayecTBO Mmare-
puana ucrnonb3yloTCa AA NPOBEAEHUA MHOTOKPUTEpPUanbHOM
ONTUMW3ALMK, HA3HAYeHUe KOTOPOW COCTOUT B YCTAHOBAEHUM
AMana3oHoB BapbipoBaHMA ynpasnaiomx GakTopos Ans nony-
YyeHMs mMaTepuana co CBOCTBAMU, COOTBETCTBYIOLMMU UK Npe-
BOCXOAALMMU Tpe6OBAHMS, YKAa3aHHbIE B TEXHUYECKOM 3ajaHUM
unu aHanora. Lenesoi cyHKuUWeR TaKo ONTUMU3ALUN MOXKET
ObITb 0606 LUEHHBII KPUTEPHIT KAUECTBa, Y4UTbIBAIOLMUIA BCE CBOM-
CTBa MaTepuana, npefcraBieHHble Kak B TEXHUYECKOM 3aAaHuK,
TaK W BbljeNeHHble NPU AeKOMNO3MLUU CUCTEMbI KpUTEpUEB
KauectBa. YacTo ncnonb3yT affAMTUBHO-MYbTUMIMKATUBHbIE
(hyHKLNY, B KOTOPbIX BIUSHWE HA KAYeCTBO MaTepuana oTaeNb-
HbIX TPYMM CBOMCTB YYUTLIBAETCS B BULE aAAUTUBHOM YHKLUM
C COOTBETCTBYWLWMUMU KOIPDULMEHTAMU BECOMOCTH, @ BAUAHUE
OT[ENbHOr0 CBOMNCTBA B KAXAOI U3 3TUX rPYNN CBOMCTB — B BUAE
MYNBTUMNMKATUBHON hyHKLUMK. Kaxaoe CBONCTBO NpeficTaBNeHo
B BMJE YACTHOrO KpUTEpMUs, pacyéT KOTOPOro NpoOU3BOAUTCS
OTHOCUTENIbHO KOHTPOJIbHOrO 3HAYeHMs 3TOro CBOWCTBA, yKa-
3aHHOTO B TEXHUYECKOM 33AaHUN UK Y aHanora.

06s3aTenbHbIM ycioBueM (OrpaHuyeHueM) sBAseTCA He
TONIbKO JOCTUXKEHME KayeCcTBa MaTepuana, noay4yaemoro no pas-
paboTaHHOMY HOBOMY Hay4HO 060CHOBAHHOMY TEXHOJIOTUYECKO-
My PELIEHI0, HO U JOCTUXEeHME 3KOHOMUYECKOTo 3ddeKTa, To
€CTb OCYLLECTBAEHNE TEXHUKO-3KOHOMUYECKOTO 060CHOBAHUS.
310 MOXeT GbITb NPOBEAEHO MOCPEACTBOM pacyéta koaddu-
LMEHTa TEXHUKO-3IKOHOMUYECKON 3h(PEKTUBHOCTU, KOTOPLIN
LOMONHUTENBHO MOXEeT YYMTbIBaTb BO3MOXHOCTb peann3auum
npefaraeMoro TEXHONOMMYECKOro pelerus [86];

— 3KCnepuMeHTaNbHas NpoBepKa ¥ KOPPEKTUPOBKA HOBOTO
TEXHOMOTMYECKOTO pelleHns. ITOT 3Tan ABAseTCs 06A3aTeNbHbIM
AN NPOBEPKMU a;eKBATHOCTM YCTAHOBEHHbIX 41aNa30HOB Bapbh-
pOBaHMA ynpaBsoLLmMX GaKTOPOB U COOTBETCTBUSA TPEGOBAHUAM
TeXHMYecKoro 3afaHus. OueBnAHO, 4TO NPU HAMYNK OTKIIOHEHU
HeobXxo[MMO NpoBefeHUe KOPPEKTUPYIOWMUX AeNCTBUIA.

[JanbHelwas cuctematnsauma M pa3BuTue CTPOUTENBHOTO
maTepuanoBefieHUs Kak HayYHO ! AUCLUMINHBI BO3MOXHO TOJIbKO
npu hopmann3aunm TeXHMYeCKUX 3afa4 U COBEPLIEHCTBOBAHNK
MeTO[0B UX peleHus. Takoi Noaxon 06ecneynT 06beKTUBHOCTL
M KOMMIEKCHOCTb OLEHKM NpefiaraemMblx TEXHONOTUYECKUX pe-
WeHWit, X naeHTuGUKaLuio n knaccudukaumuo, npeofoneHmne
3BPUCTUKM JOCTYMHOCTM?, KOTOpas YacTo BCTPeYaeTcs B COBpe-
MEHHbIX UCCNef0BAHUAX, @ TaKKe CMocoOCTBOBATL Pa3BUTHIO
TEOpUM CTPOUTENbHBIX KOMNO3KTOB [11].

HoBble 3HaHUA 1 cuHepreTuyeckui spdekr

Heo6xofMMO OTMETUTD, YTO AXKe NPU UCMONb30BAHMK op-
MasM30BaHHOIO NOAXOAA 3afja4a pa3BUTUS OYAET CTaNKMUBaTbCA
C €CTECTBEHHbIMMU TPYLHOCTAMU, CBA3AHHbLIMMU C BAPUATUBHOCTLIO
KaX[0oro TeXHONOrM4YecKoro pelweHus. lMpuyem yacro pesynsra-
TOM NpUMeHeHUs pa3paboTaHHOrO TEXHONOTMYECKOTO peLleHus
ABNAETCA CO3[aHWe TaKUX YCNOBUIA CTPYKTYpoobpa3oBaHus,
NpU KOTOPbIX NapaMeTpbl CTPYKTYpbl OYAYT OTIMYATbCA He3Ha-
YUTENbHO A5 MAaTepMasoB C NPUMEPHO aHANOTUYHBIM YPOBHEM
kayecTBa. OTctoaa cnefyeT, 4To LOCTUKEHWE 33laHHOTO YPOBHS
KayecTBa (3HAYeHM IKCMyaTaLlMOHHbIX CBOIICTB) MOXET ObITh
obecneyeHo pasMyHbIM HABOPOM W AMana3oHaMu BapbUpOBa-
HUsA ynpasnsiowmux haktopos. [pu onpefenéHHbIX BapuaLmuax
ynpaBasoWmx haKTopoB MOXET HAbMOLATLCA HEMPONopLH-
OHaNbHOE HEeNWHelHoe BAWAHME ynpaBaAlLWnX GaKTOpPOB Ha
CTPYKTYPHO-YYBCTBUTENbHbIE CBOIICTBA MaTepuana. Takue co-
YeTaHUs NPeSCTaBASIOT ONPeAenEéHHbIN MHTepeC Ans Nofpo6HOro
M3y4YeHUs CTPYKTYpooOpa3oBaHWA U NapaMeTpoB CTPYKTYpb
maTepuana, pe3ynbTaToM KOTOPOro MOXeT ObiTb HOBOE 3HaHME®.
YKasaHHOe cliefiyeT U3 cieayloumx coobpaxeHuii. Bolgenenue
60/1bLIOr0 NepeyHs ynpasnsiowyux hakTopos (K HUM MOTYT OTHO-
CUTbCA peLenTypa, CBOCTBA KOMNOHEHTOB, NApaMeTpbl PeXMMa
M3roTOBNEHUA U T.[.) NpefonpesenseT noayyeHue CIOXHOMN cu-
CTeMbl, B KOTOPOIl NPOTEKAET MHOXECTBO KOHKYPUPYIOLMX NPO-
ueccos. Kaxpaplii U3 3TUX NPoLLECCOB MOXKET ObITb C JOCTATOYHOI
TOYHOCTbIO ONMUCAH U3BECTHLIMU (DyHAAMEHTAbHBIMU 3aKOHAMM.
04HaKo MX BbIXO[HbIE NapaMeTpbl GYAYT CyLLeCTBEHHO OTANYATHCA
OT 3HAYEHWIA, NPefCcKa3aHHbIX TEOPETUYECKM, BCE[CTBUE BINA-
HUA Apyrux npoueccos. Bsaumopenctane npoLeccos npuBoauT
K GopMMpPOBaHUIO ONpeaenéHHbIX NapaMeTpoB CTPYKTYPbI MaTe-
puana. lMpu 3ToM BAMAHKE Kax[O0ro U3 hakTopos Ha npoueccs
CTPYKTYpOOOpa3oBaHUs ABASAETCA UHAUBULYANbHBIM. TaKUM Xe
WHOMBWAYANbHBIM ABAAETCA BAUSHWE PA3NIMYHbIX COYETaHU
thaKTOpOB, U3 KOTOpPbIX (DaKTUYECKNIT UHTEPEC NpefCcTaBasioT
TONIbKO COYETaHUsA C HENPONOPLMOHANbHbLIM BKNAfIOM, YKa3blBa-
fOLMM Ha UX B3aWMHOe ycuneHue i ocnabneHue.

TakuM 06pa3oM, Ans CTPOMTENBHOTO MaTepUaNOBeAEHUS, KPO-
Me UCCNIe[0BaHUA HOBbIX ABNIEHUI, HOBbIX TPOLLECCOB CTPYKTYPO-
006pa3oBaHus, Hay4HbIA U NPAKTUYECKUI MHTEPEC NPeACTaBASAIOT
ynpasnsiowe GakTopbl U UX COYETAHUA, KOTOPbIE OKA3blBaOT
HenponopLuoHanbHOe HeNuHelHoe BAWAHWUE HA NPOLecchl
CTpYKTYpooGpa3oBaHus, hopMupyioL e napameTpbl CTPYKTYPSI
¥ cBoiicTBa MaTepuana. HayuHo 060cHoBaHHOE 06bACHEHME BO3-
HUKHOBEHMA TaKOTO HEMHENHOTO BANAHMA (PaKTOPOB C NO3NLMIA
W3MeHeHWs NapaMeTpoB NpoLecca CTPYKTypooGpa3oBaHus 1 na-
paMeTpoB CTPYKTYpbl MaTepuana sBAfEeTCs Hay4HON HOBU3HOW®.

YcTaHoBNEHME TaKOro HENMHENHOTo BAMAHUA QaKTOpPOB
MOXXET ObITb NPOBEAEHO NMOCPELCTBOM NpefCcTaBAeHUs CTPO-
WTENbHOrO MaTepuana He TONbKO KaK CIOXHON TeXHWUYEeCKOil

4 IBPUCTMKA [OCTYMHOCTM — ITO UHTYMTUBHBIIA NMPOLECC, B KOTOPOM YeN0BEK OLieHNBAET COBbITUE Kak Gonee YacToe unu 6osee BEPOATHOE NO CTENEHMN NETKOCTH,
C KOTOPOIl aCCOLMMPOBAHHbBIE COBBITUA NPUXOAAT HA yM, 6osiee BEPOSITHBIM UM YACTO MPOUCXOAALLMUM KAXKETCS TO, YTO JIerye BCoMuHaeTcs (McTouHuk: https://

ru.wikipedia.org/wiki/3BpucTuka_goctynHoctu).

> Takoe 3HaHWe MOXET TaKXkKe ABAATLCA HAy4YHON HOBU3HOI ANCCEPTALMOHHOI paboTl.
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CUCTEMOM, HO U KaK CUHEPreTUYeCcKON CUCTEMOMN, i KOTOPOW
XapaKTepHbl ciegyolve coirctea [87]:

1) HenuHeRHOCTL NoBefeHUs;

2) HafMYme anbTePHATUBHbIX NyTeil pa3BuTUsA (Hannyne Touek
budypkrauum);

3) 3BONOLMA MOBELEHWUA U aNbTEPHATUBbLI ONpefenstoTcs
BHeLIHeN cpenoit;

4) 3BONIOLWY NOJBEPIKEHbI INEMEHTLI U CBA3N MEXAY 3ne-
MEHTaMMU.

OueHKy HENMHENHOCTW BAUSHUSA ynpaBasiowmx GakTopos
npegnaraeTcs NpoOBOLUTL MO BENUYUHE CUHEPreTuYeckoro 3c-
(heKTa, BO3HMKAIOLETrO TOIbKO B OTKPbITLIX CUCTEMAX, CMOCOOHbIX
K CaMOOpraHu13aLun B HEPAaBHOBECHbIX YCIOBUAX, B NPOSBIEHUM
KOTOPOTO NPUHUMAKOT Y4aCTUE HECKOJIbKO 3/IEMEHTOB CTPYKTYPbI
(nopcucTem), B3aumopeincTBne KOTOpbIX MPUBOAUT K CaMo-
opraHu3aLuu (3IMEpAXEHTHOE CBOICTBO), NPOABAAIOLENCS B
CKaykooOpasHoM (HeNWHeHHOM) U3MEHEHUU XapaKTEPUCTUK
(cBoiicTB) cucTeMbI.

KonnuyectBeHHyo oueHKy cuHepretuyeckoro 3ddekra
npeafiaraeTcs NpoM3BOLUTL B COOTBETCTBMU C METO/IOM «MOC/IE-
[0BATeNbHbIX CMeLEeHni 1 BapbupoBaHua». CylHocTb MeTofa
3aK/1104aeTCs B NOCNe[0BaTe/IbHOM BapbUPOBaHMUM BbleNIEHHBIX
ynpasnsoLWwmx GakTopoB U yCTaHOBAEHUSA BAUSHUSA 3TOMO U3Me-
HeHUA Ha cBOMCTBA MaTepuana. [paduyeckun cylHOCTb MeTofa
npeAcTaBneHa Ha pucyHke 1. B guana3oHax u3meHeHus ynpasis-
oLMx HAKTOPOB MPOBOAMTCA NOCE0BATENIbHOE U3MEHEHWE UX
BEJIMYMH: CMeleHne 0T ToUukM 1 Kk Touke K, B KaXaoii M3 KOTopbIx
NPOBOAUTCA BapbMPOBaHUeE Kaxaoro dakropa.

HenuHeltHoe BAMsHWe BbIGPaHHbIX M ynpaBasioLmx GakTopos

Ha Ka)[0€e CBOICTBO Ha K-OM Lware MOXHO NpefCcTaBuUTh B BULE:

(+) (€3] i) (%)
ny n; M _ gl 1
X xfw XX fole =L (1)

roe fi - ynpasﬁgmmmakdaamop, n - I'IOKa3aTEJJ1Ib cTeneHu; Ij -
paccMaTpMBaEMOe CBOICTBO; 3HAKAMMU «+» U «—» 0603HAYEHbI
VBEJINYEHNE UMW YMEHbLIEHWE BEUUYMHBI i-r0 YNpaBNsioLLero
(haKTopa, COOTBETCTBEHHO.

Mocne HOPMUPOBKM K Ha4yaNbHbIM 3HAYEHUAM j-T0 CBOMCTBA
Ha k-oM ware u3amMeHeHus ynpasasoWux hakTopos dopmyna
(1) npumert Bupg:

(%) (%)
(fx.k )“' X(fz.k. )nz
F1ok XY

[lnsi CBOMCTB, BEANYMHA KOTOPBIX AOMKHA ObITb MUHUMU3NPO-
BaHa (Hanpumep, NOpPUCTOCTb, MACCOMOIOLEHME, U3HOC, UCTUPa-
eMocTb U T.4.), bopmyny (2) Heo6Xxo[MMO NpeacTaBuThL B BUE:

(+) (+) .
X(JM)“s X‘”X(fmk)m“ _0E (2

ET Y™ fm.ok Tjok

e\ (L \E (L) M X
o ) e i) - o
N3meHeHue i-ro hakTopa MOXHO NpeCcTaBUTh B BULE:
fiH) = fio + A
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rae Af, - npupawenue daktopa.

¢ PaclunpeHue TeopeTUYeCKUX NpefCTaBNeHNi O MPOTeKaloLWMX NpoLeccax
WA ABNEHUAX ABNAETA TEOPETUYECKOI 3HAUMMOCTbIO UCCEPTALMOHHON PaboTl.

Mpu nocnegoBartenbHOM BapbUpoBaHUM (HAKTOPOB Ha k-oMm
lware noiyynM CUCTEMY ypaBHEHMIA:
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Mo dopmynam (4) u (5) MOXHO BBIYMCAUTb 3HAYEHUA NO-
Kasarenei creneHu:
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rae of, = Af, 1 f, | — oTHoCuTeNbHOE NpUpalyerue i-ro pakTopa.
lMpousseaeHne nokasaresein CTeneHn sABNAETCA UHAMKATO-

POM, XapaKTepu3yIoLMM BKIAL KaXAoro hakTopa B BEMYUHY J-T0

cBoicTBa Ha k-om ware. Bo3mMoxHbI ciegyiolue Tpu BapuaHTa:

Jogry 19 ®

WHTepsan n3meHenus f.

Puc. 1. [paguyeckas uHmepnpemayus Memooa nocnecosamesbHsIX
cMeuyeHull u sapbuposarus: 1, 2, 3...k — moyku cmewjeHus (wae);
Af®. — usmeHeHue (8apbuposaHue) ynpasafiowezo akmopa;
I®, — 3HadeHue j-e0 CBOUCMBA; 3HAKU «+» U «—» YKA3LIBAIOM HA
yBenuYeHue Uu yMeHbLUeHUe BeUYUHBI 1-20 YNPasaaowe2o ¢akx-
mopa, coomsemcmaenHo; |, — 3Haverue j-20 csolicmaa 8 k-om waze
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T

- npu ,\}.[;) =™ xnf® x n{? x .. x 0 =

n'™ > 0— BKNap no-
JIOXUTENbHbIN. ITO YKA3bIBAET HA BO3MO):r(_I:IOCTb NPOAOSIKEHUA
noucKa cMHepreTuyeckoro addekra;

—npu S)-('ﬁ}= — BKnaf He ngeHTuduumupyetcs. B BbIGpaHHbIX
ynpasnsoWwmx GakTopax uMetoTcs (aKTopbl, He OKa3biBatoLmne
BAUSHWE HA CTPYKTYPHO-YYBCTBUTENbHbIE CBOICTBA MaTepuana
(no KpaiHeit mepe, B pacCCMOTPEHHOM AMana3oHe WX Bapbupo-
BaHUA);

— npu S}Fﬁ) <0 - BKnapg OTpMLLaTEHbeIVI, 4YTO YKa3biBa€T Ha
HenpaBWUbHbIN BbIOOP YNPaBASAIOWMUX HAKTOPOB UAU HEBEPHbIA
BbIOOP 4MANA30HOB UX BapbUpOBaHMSA. VicknioueHnem saBnseTcs
cnyyai LOCTUXKEHMUA IKCTPEMANbHOrO 3Ha4YeHUa CBOWMCTBA. [pu
3TOM OTpULATENbHOE 3HAYEHUE UMeeT TONbKO OfHO U3 Npou3-
BElEHWIA: S;;, MK sﬁ, . Mocne gocTmKeHUs 3KCTPEMANbHOTO
3HaYeHMUs1 CBOMCTBA gf'f)< 0 1 panbHemWmnin pacyeéT MOXHO He
npoBOAUTD.

Mpn sff= 0 HeobX0MMO NPOAOKUTL BAPbUPOBAHUE BENU-
4MHbI PaAKTOPOB (BOMONAHUTENbHbIE OAUH UAK ABa Wwara). Ecnu
LOMOJIHATENbHOE BaPbUPOBAHUE BENUYUHBI (DAKTOPOB He NPUBO-
AMT K U3MEHEHMIO s/ ), TO HEOBXOAMMO NePecMOTpETh NepeyeHs
BbIGPAHHbIX (haKTOPOB U UCKMIOYUTL PAKTOPBI, He OKa3bliBaloLWne
BAMUSHWE HA CTPYKTypooOpa3oBaHue matepuana. Mpu sj-{i) <0
Heo6Xx0AUMO UCKIIOUYNTL PaKTOPbl, OKa3biBatloLWMe aHTAarOHMU-
CTUYECKOE BIUSHWUE HA CTPYKTYPHO-YYBCTBUTENbHbIE CBOCTBA.

Ons ycnosua sf'f) > 0 Ha k-om ware paccunTbiBaeTCs OTHO-
CUTENbHOE U3IMEHEHME: (+)

50;‘.:( = % (7)
s

Mocne npoBeAeHNs pacyéTa no BCeM Waram CMeLeHns ocy-
WeCTBAAETCA CONOCTABIEHUE 3HAYEHMUI SQ].,k u onpepenseTcs
war k£ = k', npu KoTopom

SQ, .= max. (8)

Mpwu ycnosum

SQ,->1 (9)
TaKoe CKayKooOpa3Hoe M3MEHEHUe MOXKHO OXapaKTepu3oBaTh
KaK CUHepreTuyecKknin adexT.
Mpu ware k = k, BO3HMKAIOT ycnoBMA (Ha pucyHke 1 coort-
BETCTBYET TOUKe «K»)
Sk, >0
" (10)
52, <0
VKa3blBalolWMe Ha JOCTUKEHNE MAKCUMANbHOTO 3HAYeHN: j-To
cBoiicTea. [lpn 3TOM OTHOCHUTENbHOE 3HAYEHWE BCErfa PaBHO:
SQ,, <0. (11)

N3 npeacTtaBneHHoro cnepyet nNpefnosioXeHue o TOM, 4T
3HaveHuna K 1 K mMoryT otnnuarbea. 310 MMeeT ecTecTBeHHOe
thusnyeckoe obbAcHeHMe. BO3HUKHOBEHME CUCTEMBI, COMPOBO-
Xpawleecs GopMUPOBAHNEM B3aUMHO-YCUIUBAKOLMX CTPYK-
TYPHbIX CBA3EH, NPUBOJUT K HENUHENHOMY (CKayKo0OpasHoMY)
M3MeHeHUo e€ CBOMCTB. Takoe B3aWMHOE yCUNEHUEe CTPYK-
TYPHbIX CBA3el QUKCUPYeTCA KaK CuHepreTuyecknin spdekrt
(npu k = k7). lanbHeilwee noBbiweHne NNOTHOCTY U KayecTBa
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(Hanpumep, NPOYHOCTM) CTPYKTYPHbBIX CBA3EN NPUBOANT K NOBbI-
LWeHWIO CBOMCTB cucTeMbl. MakcUManbHble 3HaYeHUsA NIOTHOCTY
M KayecTBa CTPYKTYPHBIX CBA3eN ONPEefensioT IKCTPEMasbHble
CBOJiCTBa MaTepuana, kotopble focturaiotca npuk’ =k . Cuxe-
HUE CBOWCTB CUCTEMbI BO3HUKAET KaK MPU CHUKEHWUM NIOTHOCTH
CTPYKTYPHbIX CBA3EI UM UX KAYECTBA, TaK U NPU OBHOBPEMEHHOM
M3MEHEHWUUN ITUX BENUYNH.

Ba)KHO OTMeTUTb, YTO CHHepreTuyeckunit 3hdeKT MOXET OKa-
3bIBaTh KaK MONIOXKMUTENbHOE, TaK U OTPULATENbHOE BAMUAHUE Ha
CTPYKTYpoOoOpa3oBaHue MaTepuana: nojoxuTesbHbIM ABASETCS
BNMAHMe, Habniogaemoe npn K™ < k , a oTpuuatensHoe (aHTaro-
HUCTUYecKoe) BansHue bynet HabnopaTbea npu K > K .

AHanoruyHble pacyeTbl NPOU3BOAATCA ANA BCEX CBOWCTB
maTtepuana, onpefensiowmx ero KayecTso. 4actb CBOMCTB, AN
KOTOpbIX 6yAeT YyCTaHOBNEHO OTCYTCTBUE BAUAHUSA BblLENEHHbIX
ynpasasowmx hakTopoB BO BCEM AWANA30HE UX U3MEHEHUs,
MOTYT ObITb OTHECEHBI K 3KCTEHCMBHBIM CBOMCTBAM, a pyras
4aCTb — K MHTEHCUBHBIM MU CTPYKTYPHO-YYBCTBUTENbHbIM
CBOWCTBAM, TO €CTb K CBOWCTBAM, 3HaUNTENbHO 3aBUCALUMM OT
napameTpoB CTPYKTYpbl Matepuana. [Ins Kaxp[oro CTpyKTypHO-
4YBCTBMUTE/ILHOTO CBOWCTBA yCTaHABAUBAIOTCA 3HaueHus k; =k,
" kj = ko,j' MpoBoauTCA KNaccuduKkaums u ycTaHaBAUBAETCA A0ONA
CBOJCTB, ANA KOTOPbIX 3HaueHua K™ u K cosnapatot. 13 3akoHa
cteopa W.A. PeibbeBa [88] cnepyert, 4To [ons CBOMCTB, [s KO-
TOpbIX 3HaYeHns K COBNaaatoT, JOMKHa ObiTh paBHa eanHuLe.
Mpepnaraembiil anropuT™M No3BoanUT choOpMUpPOBaTL AOMONHN-
TeNbHyI0 633y faHHbIX AN HOBbIX CTPOUTENbHBIX KOMNO3UTOB NO
NOATBEPKAEHMIO YKa3aHHOTO 3aKOHA UM ero KOPPEKTUPOBKE C
YYETOM HOBbIX TEXHONOTUYECKUX PELIEHWI.

Mocne 3aBepleHns npoueaypsbl onpeaeneHns 3HayeHuil
yNpaBaswoLWmx GakTopos, Npu KOTOPbIX HABGOAANTCA CUHEp-
reTuyeckuit 3c@eKT U IKCTpemManbHble 3HAYEHUA CBOMCTB,
NPOBOAATCA UCCNE[0BAHUSA NPOLECCOB CTPYKTYPOOOPa3oBaHuA
“ NapamMeTpOB CTPYKTYpbl MaTepuana.

MpencTaBneHHbI NOLXO LONONHAET METOA MaTEMATUYECKOTO
NNaHUPOBAHUSA 3KCMEPUMEHTA, KOTOPbIA PaLMOHANbEHO UCMONb-
30BaTb ANS BbIABNEHWUA MEPCNEKTUBHbIX 06nacTell GpakTopHOro
NPOCTPaHCTBa (hakTOpOB A/ NPOBELEHUS NOAPOGHBIX UcCneno-
BaHMWii 1 YCTAaHOBNEHUA CUHEPreTUYecKoro 3cdekTa, napameTpos
CTPYKTYpbl M 0COBEHHOCTEN CTPYKTYpOOOpa3oBaHUs Matepuana.

PaccMoTpuM npumep onpefeneHus CUHepreTuyeckoro -
(heKTa 1 ONTUMaNbHOM peLenTypbl HA MOAENbHOW cucTeme.

lpumep.

Onpegenutb peuenTypy KOMMAEKCHOW MogMdbULKpYIOLLel
L006aBKM, yCTAaHOBUTb peLienTypy, Npu KOTOPOi HabnaaeTcs cu-
HepreTuyeckuii 3hdekT, a TakKe ONTUMANbHBINA COCTaB [OOABKY.
KomnnekcHas pobaBka cofepxut (6e3 duU3nKo-X1MUYECKOro
060CHOBaHUsA BbIGOpA) ClefyioLMe KOMMOHEHTbI: MUKPOKPEM-
He3&M, NNacTUUKaTop U NepBUYHBIA HAHOPA3MEPHbIN MaTepuan
(yrnepoaHble HaHOTpy6KK). [lnana3oHbl U3MEHEHUA COfEepPXKaHNUA
yKa3aHHbIX KOMMNOHEHTOB KOMMIEKCHOW fA06aBkM (0T Macchl
MUHEPANbHOTO BSXYLLEro) ciepylowmne:
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- MuKpoKkpemHe3sém (dakrop ) - 5...15%;

- nnactudmkarop (dakrop f,) - 04...0,9%;

- yrnepopHsble HaHoTpy6ku (daktop f,) - (1...6)-10% %.

OTHocuTenbHOe npupalleHne hakTOpoB Ha BCeX 3Tanax
cMmelleHns (war) coctasnset 10%.

MonyyeHHble 3KCNepUMeHTaNbHble aHHble NPeACTaBEHb
Ha pUCyHKax 2 1 3.

Pacuét cuHepretnyeckoro achdeKTa M ONTUMANBHON peLien-
Typbl KOMMNJIEKCHOW J06aBKM NPOBOAAT Cedylowum o6pa3om.
Ans kaxporo wara cmeuerns dopmupyioT 2N, + 1 coctasos
(3mecb N, - konnyectso daktopos; N, = 3) 1 onpefenawT 3Ha-
YeHMe COOTBETCTBYIOWEro CBOWCTBA (MPOYHOCTU UAK 06 LWeil
nopucroctu). 3atem no opmyne (6) paccunTbiBalOT 3HAYEHNS
nokasartefen CTeneHu N, 1 N0 HAM UX NPONU3BEAEHMS sﬁ).
[lanee no dopmyne (7) npon3BoasT pacyet SQj,k' MpepcraBneH-
Hblil aNTOpUTM NpUBEAEH B Tabnuue 1.

Mocne npoBefeHMA pacyéToB AN BCEX LIATOB CMELeHUs
NPOBOAMUTCA ONpPeAeneHne MaKCMManbHbIX 3HaYEHW I 1 3HAYEHMiA
cootseTcTBylownx waros kK* u k [ycnosus (9) u (10), coort-
BeTcTBeHHO]. Mo 3HayeHnsm k* n k onpenensetcs peuenTypa
0006aBKM, NPU KOTOPOI BO3HUKAET CUHEPreTUYecKnii achexT u
3KCTpeMasnbHoe 3HayeHne COOTBETCTBYHIOLLErO CBOCTBA.

[lns LaHHbIX Ha PUCYHKaX 2 1 3 3HAYeHWUs NpeAcTaBieHbl B
Tabauuax 2 u 3.
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Puc. 2. N3meHeHue npoyHOCMU yeMeHMHO20 KAMHS 8 3a8UCUMO-
cMu om 8apbUPOBAHUS (AKMOpPO8
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Puc. 3. W3meHeHue obujeli nopucmocmu yeMeHmHo20 KamMHs 8
3asucumMmocmu om s8apbuposaHua dJaKmopos

[Mopucrocrs LIK - —_ =

N3 aHanu3a Tabnauy 2 1 3 cnepyert, YTO CUHEpPreTUYeCKMil
ekt Habnoaaetca npu k* = 3 (NonoxuTeNbHOE BAUAHMUE;
onpefesieHne aHTaroHMCTUYECKOTO BAUAHWUA He MPOBOLAMUIIOCH),
a 3KCTpeManbHble 3Ha4eHua ceoiicTs — npu K = 5. CooTeetcTay-
olne rpadukmu n3meHenne SQ, NpeacTaBieHbl Ha PUCYHKaX 2
n 3. CocTaBbl [OGABKM ANs yKa3aHHbIX YCNOBUIA NPeACTaBEeHb
B Tabnuue 4.

/3 npefcTaBNeHHbIX AaHHbIX BUAHO, YTO /15 PACCMOTPEHHbIX
CBOJCTB 3Ha4YeHune K ABNAETCA eMHCTBEHHbIM, YTO YKa3blBaeT Ha
COOTBETCTBUE BbIOPAHHOI KOMMIEKCHOW A06aBKM 3aKOHY CTBOpPA.

[lanee ans npefcTaBieHHbIX COCTaBOB HEOOXOAMMO NPOBECTH
aHanM3 npouecca CTPYKTypooOpa3oBaHus U yCTaHOBNEHMUS Napa-
METPOB CTPYKTYPbI, 06eCNeyYnBatoLLUX NPOSABAEHNE BbIAENEHHbIX
3t deKTOoB.

3aknioyeHue

/3 npepcraBneHHoro aHanusa cnegyer:

1) cTpouTenbHoe marepuanoBefeHne, pa3BUTUE KOTOPOrO
6a3npyeTcs Ha HOBbIX 3HAHUAX (YHAAMEHTANbHbIX U CMEXHBbIX
NPUKNAAHbLIX HAayK, HanNpaBieHO Ha pa3paboTKy HOBbIX TEXHO-
JIOTMYECKUX pelleHnit, obecnednBalox noBbILEHUE IKCAY-
aTalMOHHbIX CBOCTB MAK paclumpeHue obnacTeil NpUMeHeHuUs
CTpOUTENbHLIX MaTepuanos. [lonyyeHne HOBbIX 3HAHWUW B 3TON
Hay4YHOW AMUCLMNANHE OCHOBAHO Ha YCTAHOBNEHUN 0COOEHHOCTEN
MeXaHW3MOB CTPYKTYPOOOpa30BaHMUS MAaTEPUANOB C YYETOM U3-
MEHYMBOCTU XapPaKTEPUCTUK UX KOMNOHEHTOB';

2) paclupeHbl CUCTEMHbIE NPEACTaBAEHUA O CTPOUTENbHbIX
matepuanax. Takue KOMNO3WUTbl ABAAIOTCA CNOXHbIMU TEXHUYE-

7 3TO MOXET COCTaBNATb Hay4HYI0 HOBM3HY M TEOPETUYECKYIO 3HAYMMOCTb
(B 3aBUCMMOCTM OT YPOBHA KOPPEKTUPOBKM UMEIOLNXCA TEOPETUYECKUX NPEef-
CTaB/IEHUI) AUCCEPTALMOHHOI paboTel.

Ta6bnuua 1. Anroputm pacyéta cuHepreTuyeckoro 3 ekra
M ONTUMaNbHOW peuenTypbl AN K-ro wara cMeleHus

CeoiicTeo Mokasatens | [poussepeHue
L Lol I CTeneHu n:;) .-"}.[I:—r,] 5Qjx
1] for+foz+ fos Iy - - -
2 | fi[_J + foz + fos | ;;_J | ”l;_) |
3| fout f;;[_) + fos ;;[{_J "Ee_) SJ'[_)
4| foatfoat i | 15" | ng” 50,
5| fP4foathos | 1P | a® | j
6 foat JGHJ + foa fiﬂ ”5H S,l!:H
7| foatfoat P | 5P | af?

@

lpumeyarue. 3navenms ), paccunteisalotca no opmyne (3). Bennunny
OTHOCMTENbHOTO U3MEHEHMs KaX[oro hakTopa LenecoobpasHo NpuHATbL
BeNNYMHON NOCTOAHHOI Of, = const.

Ta6nuua 4. CoctaBbl KOMNJIEKCHOI A06aBKM (% OT Macchbl

nopTiaHALueMeHTa)
YCTaHOBNEHHLIA NPU3HAK
No HaumeroBaHwe KoMnoHeHTa CwHepreTUIgCKMii AxkcTpemansHoe
athdpert IHaYeHWe
1 MukpokpemHesem (dakrop f) 9,0 13,0
2 Mnactudukatop (daktop f) 0,6 0,8
j 3 _anepo,qule Ha_Ho_prGm [_cbaxwp f) _0,{]03 ] 0,005
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Tabnuua 2. OnpeaeneHue cuHepretTuyeckoro 3geKTa No AaHHbIM NPOYHOCTU LLEMEHTHOIO KaMHs

o | i MSMBHBHHeraI{TOpaf?. lNMpoyHocTs R, MMa ng? ng;? s,E,_) sr'} sa,
' | ek | 12 | B | B | R | '

chakTop fi 45 5,0 5,5 82,0 87,0 | 0,341 | 0,244

1 |caktopf| 0,36 04 0,44 80,0 85,0 90,0 | 0,575 | 0,600 | 0,011 | 0,009 | 0,820
cpaktop 3 | 0,0009 0,001 0,0011 84,5 855 | 0,056 | 0,062
chakTop fi 6,3 7,0 .8 88,0 820 | 0213 | 0,231

2 |daktopf,| 045 0.5 0,55 87,0 90,0 950 | 0,322 | 0,567 | 0,007 | 0,008 | 1,045
cpaktop 3 | 0,0018 0,002 0,0022 | 89,0 80,5 | 0,106 | 0,058
hakTop fi 8,1 8,0 99 93,0 100,0 | 0,202 | 0,538

3 |daktopf| 0,54 0,6 0,66 94,0 95,0 990 | 0,100 | 0,433 | 0,002 | 0,013 | 6,296
chaktop 5 | 0,0027 0,003 0,0033 | 940 855 | 0,100 | 0,055
chakTop fi 99 11,0 12,1 100,0 102,0 | 0,094 | 0,103

4 |cbaktopf| 0,63 0,7 0,77 990 | 1010 | 1015 | 0,190 | 0,052 | 0,009 | 0,103 | 0,253
cpakrop f3 | 0,0036 0,004 0,0044 | 96,0 1050 | 0,482 | 0,408
caktop fi | 11,7 13,0 14,3 105,0 105,0 | 0,179 | -0,198

5 |daktopf| 0,72 0,8 0,88 106,0 | 1070 | 106,0 | 0,089 | -0,099 | 0,003 | -0,024 | -8,516
cbaktop 5 | 0,0045 0,005 0,0055 | 105,0 950 | 0,179 | -1,248
caktop fi | 13,5 15,0 16,5 98,0 840 | -0,808 | -0,724

6 |cakropfy| 0,81 09 0,99 97,0 90,0 820 | 0,711 | -0977 |-0,352 | -0,424 | 1,205
cpaktop f3 | 0,0054 0,006 0,0066 | 96,0 850 | -0,613 | -0,600

Ta6nuua 3. OnpepeneHue cuHepreTUdeckoro 3eKTa no AaHHbIM 06LLEN MOPUCTOCTU LLEMEHTHOIO KAMHSA

iameHeHWe hakTopa f; MopwcTocTts P, % : e
War | ®akrop o ﬁ};b pfij(;] 7o p B | 1 nD | 2P | O | B | sg.

chakTop f; 45 50 55 27,0 240 | 0,730 | 0428

1 | caktopfz| 0,36 04 0,44 30,0 25,0 23,0 1,730 | 0,875 | 0471 | 0,079 | 0,169
chakTop f3 | 0,0009 0,001 0,0011 26,0 245 | 0,372 | 0,212
chakTop fi 6,3 7.0 TS 24,0 220 | 0404 | 0466

2 |daktopfa| 045 05 0,55 25,0 23,0 210 | 0,791 | 0,954 | 0,129 | 0,020 | 0,158
chaktop 3| 0,0018 0,002 0,0022 | 240 229 | 0404 | 0,046
chakTop fi 8,1 9.0 9.9 22,0 170 | 0442 | 2217

3 |daktopfa| 0,54 0,6 0,66 23,0 21,0 18,0 | 0,863 | 1617 | 1,168 | 3,765 | 3,224
daktop f; | 0,0027 0,003 0,0033 | 290 19,0 | 3,064 | 1,050
chakTop fi 99 11,0 121 21,0 170 | 0950 | 1,167

4 | daktopfa| 0,63 07 0,77 21,5 19,0 18,0 1,173 | 0,567 | 1,059 | 1,167 | 0,355
chaktop 2 | 0,0036 0,004 00044 | 210 180 | 0,930 | 0,567
chakTop f; i fiF 13,0 14,3 19,0 200 | 0513 | -1,105

5 |daktopf| 0,72 038 0,88 19,0 18,0 210 | 0513 | 1,617 | 0,135 | -1,014 | -7,505
chaktop f3 | 0,0045 0,005 0,0055 19,0 190 | 0513 | -0,567
chakTop fi 13.5 15,0 16,5 22,0 300 | -1,213 | -1,913

6 |caktopfa| 0,81 09 0,98 22,0 25,0 300 | -1,213 | -1,913 |-1,786|-7,000 | 3,919
cbaktop f3 | 0,0054 0,006 0,0066 | 220 300 | 1,213 | 1,913
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CKMUMM CUCTEMAMU, CNOCOBHBIMU K CAMOOPraHK13aLIMn B HEPaBHO-
BECHBIX YCII0BUAX. TaKOe MOHUMaHWE CTPOUTENbHbIX MATEPUANIOB
npeanonaraeT Haauyme cuHepreTuyeckoro addekta (Henm-
HeHOro CKa4yKooOpa3HOro M3MEHEHWs CBOWCTB) MpU BAUSHUN
ynpasasowmx hakTopoB CTPYKTYpooOpa3oBaHus. BeligBUHYTO
NpeLnoNoXeHue 0 CYLLeCTBOBAHUM OTIUYMIA NPU BO3HUKHOBEHWUY
CUHepreTnyeckoro aceKTa 1 IKCTPeManbHbIX 3HAYEHUI CBOMCTB;
3) NpeasnoXeH METOZ ONpeLeNeHNs CUHepreTuyeckoro 3 dekTa
OT BAWUSAHUS YNPaBsOWMX (HaKTOPOB HA MapaMeTpbl CTPYKTYPbI
W CBOWCTBA Matepuana — MeTOf, «NOCeLOBaTENbHbIX CMELLEHUN
W BapbMpOBaHUsA». ITOT METOZ 3aK/0YaeTcs B NOC/ief0BaTeNb-
HOM BapbWpOBAHWUM BbIJENEHHbIX YNpaBnsoWwmnx GakTopos
Y1 B YCTAHOBJEHW Y BJIUSHUSA NPOBEAEHHOTO U3MEHEHUS Ha CBOMCTBA
marepuana. 3ToT NOAXOL, LOMNONHAET METO, MaTeMaTUYeCcKoro nna-
HUPOBAHUs IKCNEPUMEHTA, KOTOPbIN PaLMOHaIbHO UCMONb30BaTh
LN151 BbISIBNIEHUA NEPCeKTUBHbIX 06iacTeil hakTOPHOro NPOCTpaH-
cTBa (haKTOpOB, NPUTOAHBIX 4715 NPOBELEHNA NOAPOOHBIX UCCneno-
BaHWM W YCTaHOBNEHMA CUMHepreTuyeckoro 3ddekTa, napameTpos
CTPYKTYpbI M 0COBEHHOCTEl CTPYKTYpO06pa3oBaHus Matepuana.
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