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MNpepgncnoBne

1 PABPABOTAH depepasbHbiM roCyAapCTBEHHbIM OHOKETHbIM 06pa3oBaTesibHbIM  YUYpexaeHnem
BbiCLlero npodeccnoHanbHOro ob6pasoBaHus «MOCKOBCKMI TOCYfapCTBEHHbI TEeXHUYECKUn yHMBepcuTeT
umeHn H.3. BaymaHa» (®PrbOY BMNO «MITY um. H.3. baymaHa») un ®efepasibHbiM rocyapCTBEHHbIM
G 0XETHBIM yupexaeHnem «POCCUIACKMA MHCTUTYT cTaHgapTu3auum» (PrbY «MHCTUTYT cTaHgapTusawnm»)
npu yyactum O6beAnHEHNS opuandeckux nuy «Cow3 npovssogntenein komMnosntos» (CO3KOMNO3NUT)

2 BHECEH TexHunyeckum komMuteTom no ctaHgaptusauumm TK 700 «MaTtemaTtuyeckoe mofennpoBaHue
N BbICOKONPOWN3BOAUTEIbHbIE BbIYNCAUTENbHbIE TEXHOMOMNN»

3 YTBEPXJ/EH W BBEJEH B JEWCTBUE MMpukasom ®efepanbHOro areHTcTBa Mo TEXHUYECKOMY
perynupoBaHuio M meTposiornm oT 17 Hoa6pa 2023 . Ne 1426-cT

4 BBEJEH BIMEPBbIE

MpaBuna NpUMeEHeHNs HACTOSALLEro cTaHgapTa yCTaHoB/IeHbl B cTaTbhe 26 defepasibHOro 3akoHa
0T 29 uioHA 2015 r. Ne 162-®3 «O cTaHgapTu3aumm B Poccuiickon depgepauun». MIHpopmauyms 06 ns-
MEHEeHMAX K HacToAWeMy cTaHaapTy NybankyeTca B eXerogHom (Mo COCTOSHUI Ha 1saHBapsa Tekywero
roga) MHOpMaLUMOHHOM yKasaTene «HauuoHasibHble cTaH4apThl», a ouumanbHbli TEeKCT WU3MEHEeHWUN
M MonpaBoK — B eXeMeCAYHOM WMH(OPMALMOHHOM yKasaTene «HauuoHanbHble CTaHgapThi». B cnyyae
nepecMoTpa (3aMeHbl) UM OTMEHbl HACTOSLLEro cTaHjapTa CooTBeTCTBYLee yBeJoMIeHne byaeT
ony6/siMKoBaHO B GnvXailiem BbINyCKe eXemMecA4YHOro MHGOpPMauUOoHHOro ykasaTens «HauuoHasbHble
cTaHgapThi». CooTBeTCTBYWLWAas UHpopMauns, yBeLoMeHne U TEeKCTbl pasMeLLaloTCca Takke B UH-
hopmaLmnoHHON cucTeme o6Lero Nofb3oBaHuss — Ha odmumanbHOM caliTe defepasbHOro areHTCcTBa no
TEexHUYeCcKOMY perynnmpoBaHuio U MeTposiornm B ceTu MHTepHeT (Www.rst.gov.ru)

© OdgopmneHne. dPreyY «MHCTUTYT cTaHgapTmM3auyum», 2024

HacTosiwuii ctaHAapT He MOXeT 6biTb MOJIHOCTbLI0 MM YaCTMYHO BOCMPOU3BEAEH, TUPAXMPOBAH U pac-
npocTpaHeH B KauyecTBe OPMLMANBbHOIO M3faHusa 6e3 paspelweHns defepanbHOro areHTcTBa No TEXHUYECKO-
My pPerysimpoBaHuio 1 MeTpoJsiorim
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BBepgeHne

Tekywunin ypoBeHb pasBUTUSA HayKW W BbIYUCANTENIbHON TEXHWKM MO3BOSET co3fjaBaTb MaTemaTuye-
CKne n KomnbloTepHble 30-mMogeny KOMMNO3ULMOHHbIX MaTepnanos, a Takke paspabaTbiBaTb NMpoOrpamMHbie
komnnekcbl knacca CAE, ¢ noMowblo KOTOPbIX OCYLLECTBASAETCSH MNPOrHO3MpOBaHMWE pasfiIMyHbiX CBOWCTB
KOMMNO3UTOB, a 3aTemM MNpPoBOAATCA AeTanbHble CAE pacuyeTbl KOMMO3UTHbIX KOHCTPYKLWA C MCNOSIb30BaHUEM
30-mogeneii NONMMEPHbIX KOMMO3ULMOHHbBIX MaTteprasos.

Pa3paboTka nporpaMmHbIXx KomniekcoB knacca CAE gnsa peweHns 3agady NporHO3MpoBaHUsA CBOWCTB
NOIMMEPHBIX KOMNO3NLMOHHBIX MarepuasnoB Ha OCHOBE yucrieHHoro 30-mopenupoBaHus TpebyeT co3faHus
Habopa BepudMKaLMOHHbIX 3a4ady, KOTopble MO3BONMAM 6bl MPOBOAWUTHL BepuduKaLuilo co3gaBaembiX Npo-
rpPaMMHbIX KOMMJ/IEKCOB M TeEM cambiM o6ecrneynBaTb BbICOKYH TOYHOCTb NOJSyYaeMblX pe3ynbTatoB Npu wc-
Nosb30BaHMM NPOrPaMMHbIX KOMMN/IEKCOB B NPakTUYECKOl AeATeNbHOCTH.

Llenblo HacTosiwero crtaHfgapta ABnsetcs (hopmynumpoBka TpeboBaHUil K NPOBEAEHUID Bepudukaymm
nporpaMmHoro obecneuvenus knacca CAE, npegHasHauyeHHOro ANS YWC/IEHHOTO0 MOAENMPOBaHMA SIMHEWHO-
yNpyrnx cBOMCTB NOSIMMEPHbIX KOMNO3ULNOHHbIX MaTepuanos.

BkntoyeHHble B faHHbli TOCT BepudukayMoHHble 3aayn OCHOBaHbl Ha TeOpuM acMMNTOTMYECKOro OcC-
peaHeHna (homogenization method) neproanyecknx CTpPykKTyp, KoTopasi B HacTosllee BpeMs XOpoLWOo mare-
Matnyeckm ob6oCHOBaHa B psAfe KNacCUYeCKUX TPYLOB OTEUYECTBEHHbLIX W 3apybeXHbIX OCHOBOMOJIOXHUKOB
aToro metoga (cm. [1]—[6]). AHanuTnyeckme pelweHna BepudnkauMoHHbIX 3aja4, npeacTaB/ieHHble B HACTO-
daulemMm ctaHgapTe, nosyyeHsl B [3].

B HacToswem cTaHgapTe nNpUMEHSeTCA  TEepMUHOMOMMA U Knaccudukauum, BBELEHHble B
FOCT P 57700.42.
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HAUWOHANBbBHBLW CTAHAOAPT POCCUMCKOMN SGEAQLEPALUNMN

YNCNEHHOE MOAENVNPOBAHWME NOMTMMEPHbBIX KOMMNO3NUMNOHHBLIX MATEPNANOB

Bepudunkaynsa nporpaMmHOro obecneveHus

Numerical Modeling for Polymer Composite Materials. Software verification

Jata BBegeHns — 2026—01—01

1 O6nactb NpPUMeEHEHUsI

HacTosawmii ctaHgapT ycTaHaBnvMBaeT obwume TpeboBaHUA K Bepumkaumm nporpammHoro obecneve-
HWS, MpegHa3Ha4YeHHOro ANA YNCNEHHOT0 MOAENMPOBaHUA CBOWCTB NOSIMMEPHbLIX KOMMNO3ULMOHHbIX MaTepua-
nos (MO MCKM), Ha ocHOBe MeToAa KOHeuHbIX asieMeHToB (MKDJ).

Mog Bepudukaumen MO MCKM noHumaeTcss NOATBEPXAEHME TOro, 4To MporpammHoe obecnevyeHue
(MO) KOMNbIOTEPHOTO MOAENNPOBAHUA (PYHKLMOHUPYET B COOTBETCTBUM C MaTeMaTM4YeCKON MOAenbh, yka-
3aHHON B AOKyMeHTauum Ha O, nyTem conocTaBfeHWs NoJydyaemblXx C NoMouwbl Bepuduuupyemoro MO
pe3ynbTaToOB CTOYHbIM (aHA/IMTUYECKUM) pPEeLUEeHNEM WU/UAN YACNEHHBIM peLeHNeM, NOSYYEHHbIM C MOMOLLbIO
Apyroro paHee BepuduuuposaHHoro MO.

TepMUuHbl 1 onpeaesieHns, OTHOCALWMECS K KOMNO3ULMOHHLIM MaTepuanam (KM) n nx ceolicTBam, COOT-
BETCTBYIOT TepMuHaMm, npusegeHHbiMm B FTOCT P 57700.42.

HacToawmini ctTaHAapT 4O/MKEH NPUMEHATLCA COBMECTHO C BbllleyKa3aHHbIM CTaHAapTOM.

[aHHbI cTaHAapT NPUMEHUM AN YUC/IEHHOTO MOAENUPOBaHUSA 3 PEKTUBHBLIX XapaKTepucTUK Nosu-
MEPHbIX KOMMNO3NLUMOHHbLIX MaTepuanos (MKM) metogom MK3, ¢ ncnonb3oBaHMEM TONIbKO Mogenei NMHemnHo-
ynpyrux n Ten1on3nyeckmx CBONCTB KOMNO3NTOB.

MonvmepHble KOMMO3ULMOHHbIE MaTepuanbl NpeAcTaBnalT coboit KM Ha OCHOBE MOMIMMEpPHOR mMatpu-
upl (cm. FOCT P 57700.42, TOCT 32794, FOCT 33742).

2 HopmaTuBHbIE CCbI/IKM

B HacTosALWeM cTaHgapTe MCMNOJIb30BaHbl HOPMAaTUBHbIE CCbINIKM Ha cnejylowmne ctaHgapTbl:

FOCT 32794 KoMno3uTbl NONMIMMEpPHbIE. TEPMUHBLI 1 onpepesieHns

FOCT 33742 Komno3uTtbl nonumMmepHole. Knaccngukaymsa

FOCT P 57700.10 YncneHHoe mogenupoBaHue cmnsmyeckmx npoueccos. OnpepesieHne HanpsXeHHo-
AedopMUpPOBaHHOIO COCTOAHUA. Bepudunkauma n Banugaumnsa YncneHHbIX Mogeneidl CNOXHbIX 3/1EMEHTOB KOH-
CTPYKUMIA B ynpyroi obnactu

FOCT P 57700.14 Bepudukaumsa noayvyaeMblXx CETOYHbIMU METO4aMM YMCAEHHbIX peleHnii 3agady me-
XaHVKWN CNIOLWHON cpeapl

FOCT P 57700.42 YncneHHoe MoAeNvMpoBaHue KOMMO3ULMOHHbIX MaTepuanoB. O6uwue nonoxeHus

MpumeyaHune — lMpy NOMb30BaHUN HACTOSILLUMM CTaHAAPTOM LEeNecoobpasHo NPOBEPUTL AeCTBME CCbI/oY-
HbIX CTaHAAPTOB B MH(POPMALMOHHONM cucTEME OOLLEro nosb3oBaHWs — Ha oduumanibHOM calite defepasibHOro areHT-
CTBa M0 TEXHUYECKOMY PEry/sIMpoBaHuMi0 1 METPOIOrUM B CETU VIHTEPHET WM MO eXerogHoMy UHGopPMaLMoHHOMY yKasa-
Tento «HauuoHanbHble CTaHAAPTbI», KOTOPbI ONy6/MKoBaH MO COCTOSIHWUIO Ha 1 siHBaps TEKYLLEro roga, v no Bbimyckam
eXeMeCcsHHOro MHopMaLMOHHOIO ykasaTensi «HaunoHaslbHble CTaHAAPTb» 3a TeKYLUMIA rof. Ecin 3amMeHeH CCbI/TOUHbINA
CTaHAapT, Ha KOTOpbIi faHa HeAaTMpOBaHHAs CCblIka, TO PEKOMEHAYETCS MCMO/b30BaTb AE/CTBYIOLLYO BEPCUIO 3TOTO
CTaHfapTa C y4eTOM BCEX BHECEHHbLIX B [jaHHYH BEPCUIO M3MEHEHWIA. ECNM 3aMeHEeH CCbINIOYHBbI CTaHAapT, Ha KOTOpLINA
[aHa JaTupoBaHHas CCblNka, TO PEKOMEHAYETCA UCNOMNb30BaTb BEPCUIO 3TOTO CTaHAapTa C yKa3aHHbIM BbILLE FOA0M YT-
BepxaeHus (NpuHATUS). Ecim nocne yTBEPXAEHUA HACTOALWEro cTaHA4apTa B CCbIIOYHbIA CTaH4ApPT, Ha KOTOpbI gaHa

M3pgaHne odmumnanbHoe
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[laTUpoBaHHas CCbIfka, BHECEHO M3MEeHeHMWe, 3aTparuBaioLLee MNosiokeHe, Ha KOTOpPoe [laHa CCbika, TO 3TO MOJIOXKeHne
pekomeHayeTcs NPUMEHATb 6e3 yyeTa JaHHOrO0 M3MeHEHWsI. ECNM CCbINOYHbIA CTaHaapT OTMeHeH 6Ge3 3ameHbl, TO MoJo-
XEHVe, B KOTOPOM fiaHa CCblfika Ha HEro, PEeKOMEHAYETCS NPUMEHSTb B YaCTW, He 3aTparmBaioLLeli 3Ty CCbIKy.

3 TepMuHBbI U onpeaeneHns

3.1 TepMUHbI, NPUMeHsIeEMble A1 YAC/IEHHOINo MOAE/IMPOBaHNS 1 OTHOCSLLMECS
K KOMMNO3ULWOHHbIM MaTepuanam

3.11

KOMMO3UT (KOMMNO3UTHbIA MaTepuasi, KOMNO3ULMOHHbIN MaTepuan): CNAOWHONW NPOAYKT, COCTOSA-
Wnin n3 AByx unm 6osiee mMatepuanos, OT/IMYHbLIX APYT OT gpyra no popme n/mnu pasoBoMy COCTOSAHUID
n/vnn XMMMUYecKoMy cocTaBy W/MAN CBOWCTBaM, CKPEMMEHHbIX, Kak MpaBuio, )M3n4eckoii CBA3bH N MMe-
IOWKNX TpaHnuy pasgena Mexay obasatefibHbIM MaTepuanoMm (MaTpuuein) u ee HanoHUTENAMU, BKIYas
apMupylLwmue HanosIHUTENN.

MpumeyaHune — Martpuua ¥ HanoMHWUTENb KOMMNO3WTa 06Pas3yloT efuHYyt CTPYKTYpY W AelCTBYHT CO-
BMECTHO, obecneymBas Hawlyylmm o6pa3om HeoOXOAMMble CBOMCTBA KOHEUYHOrO U3AENNs No ero yHKUMOHAIbHOMY
Ha3HauYeHwH0.

[FOCT P 32794—2014, cTtatbs 2.1.103]

MpumeyaHusa

1 MoA KOMNO3ULMOHHLIM MaTepuasiom (KOMMNO3UTOM) B HACTOSILLEM CTaHAapTe MOHUMAaETCs HEeOLHOPOHbIN maTe-
pvas, COCTOALMIA 13 BO/MBLLUOTO YMCa COeAMHEHHbIX MeXAy CO60l pas3nnyHbIX MaTepuanos (fasee — KOMMOHEHTOB),
C YETKUMW rpaHnLamMu (NOBEPXHOCTAMM) pasgena Mexay HUMKU 1 06nafalolmii HOBbIMM CBOWCTBAMMU MO CPABHEHUIO CO
CBOWCTBAMM €ro KOMNOHEHTOB.

2 Ycnosue cyulectsoBaHusi 60/1bLIOMO YKCNA KOMMNOHEHTOB SIB/ISIETCA CYLLECTBEHHbIM: Hanpumep, marepuas, o6-
pa3oBaHHbIN COeMHEHNEM [ABYX WM TPEX Pas/IMyHbIX MAaTepuasioB, HE pacCMaTpMBAaeTCA B HACTOSIWEM CTaHjapTe B
KayecTBe KOMMO3MLMOHHOIO MaTtepuana.

3.1.2

KOMMOHEHTbI [ha3bl] KOMMNO3MLUUOHHOIO Matepuana: Matepuansl, o6pasylolme CTPYKTypy KOMMO-
3ULMOHHOIO MaTtepuana, gas Kaxoro u3 KOTOPbIX MOXHO BblAe/MTb [OCTATOYHO YETKO BbIpaXKEHHYK OT-
[eNbHY0 reoMeTpuyeckyio 061acTb.

MpumevaHne — Cwm. [1], [3, [4], [7].
[FOCT P 57700.42—2023, nyHkKT 3.1.1.2]

3.1.3

MaTpuua KOMMNO3ULUMOHHOIO mMaTepuana: OAWH M3 KOMMNOHEHTOB KOMMO3UTa, COeAuHsoWwuii B eaun-
Hoe Lefioe BCe OCTasibHble KOMMOHEHTbl KOMMo3uTa.

MpumeyaHunsa

1 MaTpuua KOMNO3WLMOHHOTO MaTepuana obecrneyvBaeT ero LenbHOCTb, OTBEYaeT 3a nepefavy v pacnpege-
NIeHVe HanpshKEHUn B apMUPYIOLEM HanosiHUTesie 1 BO MHOrOM OnpegensieT CBoiicTBa (XapakTepucTuKu) CTOMKOCTU
KOMMO31Ta, B TOM YMC/le TEM/IOCTONKOCTb, BNAroCTOMKOCTb, OTHECTOMKOCTb U XUMUYECKYHD CTONKOCTb.

2 B COOTBETCTBMM C MEXAYHAPOAHO-MPUHATON Knaccudmkaumein maTpyubl KOMNO3ULMOHHOTO MaTepuana obpa-
3yHOTCS U3 NOSIMMEPOB, 3/1aCTOMEPOB, META/IINYECKUX, KEPAMUYECKUX, YINEPOAHbIX MaTepuasioB.

3 MopuctocTb MaTpuupl (BECb 06LEM NMOP) KOMMO3MLIMOHHOIO MaTepuasia paccMaTpuBaeTcs AN ueneid YmcneH-
HOr0 MOAENNPOBaHNSA KaK OTAE/IbHbIA KOMMOHEHT KOMMNO3ULMOHHOIO MaTtepurana.

[FOCT P 57700.42—2023, nyHkKT 3.1.1.4]
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3.1.4

Hano/HUTeNb KOMMO3ULWOHHOIO MaTepuana: Hanos/IHUTeNb KOMMO3WLWOHHOTO Matepuana:
NMo60i M3 KOMMNOHEHTOB KOMMO3UTA, 3@ UCK/IIOYEHNEM €ro MaTpuubl (MaTpul).

MpumeyaHunsa

1 Cwm. [7], [8].

2 HanonHuTesnb KOMMO3ULMOHHOIO Martepuasia npefHasHaydeH Ans npugaHus KOMMnosvTy TpebyeMbiX CBONCTB
VN A8 CHWKEHMSI CTOMMOCTY KOHEYHOTO M3Aenust U3 KOMMO3ULMOHHOTO MaTepuana.

3 ApPMUPYIOLWMIA HaNONMHUTENb KOMMO3WLMOHHOIO MaTepuasia — HanonHUTelb KOMMNO3MLUMOHHOTO MaTepuana,
npeAHasHauYeHHbIl AN yayyleHns ero ansmko-MmexaHn4ecknx CBOMCTB (XapakTepucTyk).

4 K apMypytoLyM HanosHATENAM KOMMO3ULMOHHOTO MaTeprasia OTHOCSATCS: HemnpepbiBHbIE BOJIOKHA, LUTanesb-
Hble WM pe3aHble BOMOKHA, HUTW, POBUHIU, NIEHTbI, TKAHW, MaTbl, pa3NinyHble HETKaHbIe MaTepuasibl, HUTEBUAHbIE MOHO-
KpucTannbl, Nosble 1 CNOLWHbIE MUKpocdepbl U Ap. (ApMUPYIOLWMIA HANOMHWUTE b HE ABMISETCA CUHOHMMOM TepMuHa
«HanoSHUTESbY),

[FTOCT P 57700.42—2023, nyHkKT 3.1.1.5]

3.1.5

OAHOMEpPHbIA HanonHuTenb (ID-HanonHuTenb): HenpepbiBHbIA HaNoNHWTENb, ANA KOTOPOro cylie-
CTBYeT TO/IbKO OfHa napa CBf3aHHbIX rpaHeit B Al.

MpumeyaHunsa
1 Cm. pucyHOK A.2.
2 K 0AHOMEpPHbIM HaMno/IHUTENAM OTHOCATCA MOHOBOJIOKHA, HUTW, POBUHIW, XTYTbl, IEHTbI, KOPAHbIE TKaHW.

[FOCT P 57700.42—2023, nyHKT 3.1.2.3]

3.1.6

siyeika NepuoanYHOCTM KOMMNO3MLMOHHOTO mMaTtepuana; AM: MpeacTaBuTesibHbIi 06bEM KOM-
nosuTa, o6najaloLLero cBOiCTBOM NepuognuYHOCT TEOMETPUUYECKON CTPYKTYPSI.

MpumeuvaHusa
1Cwm. [1].
2 CaolicTBa AYeiky NepuognyHOCTY NpUBELAEHb! B NPUIOXKEHUN A.

[FTOCT P 57700.42—2023, nyHkKT 3.1.1.8]

3.1.7

KOHLleHTpaunsa KOMMNOHeHTa KOMMNO3ULMOHHOIo matepuana: OTHocuTenbHaa ob6beMHass [0NA KOM-
NMOHEeHTa KOMMO3NUMOHHOro Matepunana B AN nam N30, BblunCAsiEMAan Kak OTHOWeHNe o6bemMa KOMMNOHEeHTa
B AN nnn N30 k 06bemy Bcein AN wnm Bcero M30.

MpumeyaHunsa

1 OTHoCcUTeNbHasA 06beMHas foNns KoMmnoHeHTa KM BbluMCNSeTCA Kak OTHOoWweHue o6beMa KomrnoHeHTa B Al K
o6bemy Bceli Al (aHanornuHo ans mogenun Ma0).

2 KoHueHTpauusi HanonHutens B KM — oTHocuTeNbHast 06beMHast 4018 HanonHuTens B KM.

[ApanTtupoBaHo u3 FOCT P 57700.42—2023, nyHKT 3.1.1.9]

3.1.8

KOMMNO3UNLMOHHbIV MaTepuan ¢ ABYXMEPHOWN CTPYKTypoii; 2D KM: KOMNO3uLMOHHbIA MaTepuan, Al
KOTOPOro COAEPXUT TONbKO ABYXMEPHbIE apMUpyoLWe HanoOAHUTENN C OLHUMWU 1 TEMU Xe napamu CBA3aH-
HbIX rpaHeil.

MpumevyaHne — lMpumepamn 2D KM aBnawoTcs:

- cnouctble (MHOTOC/IOMHbIE) KOMMO3MLUMOHHBbIE MaTepuanbl (CKM) — KM, AN KOTOpbIX COCTOUT U3 HECKOSbKMX
pas3nuyHbIX CMoeB, MaTpuLa Takke ABNSAETCA OOHUM WIN HECKOSTbKMMU CIOAMMU;

- C/IOVUCTO-BOJIOKHUCTbIE (NOCKOCTHO-apMUPOBaHHbIE) KOMMNO3MUMOHHbIE MaTepuasibl (CBKM) — CKM, cnoun Ko-
TOPOro COAEPXaT HUTK (BOJIOKHA), OPUEHTUPOBAaHHbIE NOA Pa3/IMYHLIMU Yr/iaMn K OQHON U3 BbiAeNeHHbIX OCe, NpuHag-
nexateii 6a3oBoi nnockoctu (cm. [5], [12], [14]);

- TKaHEBble KOMMO3ULMOHHblE MaTepuasibl (TKM) — KM, HanoiHUTENem KOTOPbIX ABSKOTCA TKaHW NOMOTHAHOTO,
Cap)XXeBoro, CaTMHOBOIO W APYroro njieTeHuns;
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- MynbTWakcuasibHble KOMNo3uTbl — KM, HanosHUTENSIMU KOTOPbLIX SIBAISKOTCA HUTW, OPUEHTUPOBAHHbIE B He-
CKOJIbKMX HarnpaB/ieHUsIX OAHOW MI0CKOCTW, NepenieTeHHbIX AOMNO/HUTEbHLIMUA HUTSIMM;

- COTOBblE MaTepuasibl — KOMMO3WTbl, 06najawLlme ¢ NeEPUOANYECKON CTPYKTYPOi B ABYX HanpaB/eHWsX, no-
[O06HOIN CTPYKTYpe MYeUHbIX COT.

[FOCT P 57700.42—2023, nyHKT 3.1.2.9]

3.2 TepMuHbI, oTHOCcAWMECS K 3(P(PeKTUBHbIM XapakTepucTMkam KOMMNO3UToB

3.2.1

ahheKTNBHbIE CBOWCTBA [XapaKkTepucTUKn] KOMNO3NLMOHHOTO MaTepuana: CBoOCTBA CN/IOWHOrO
oAHOpOAHOro MaTtepuana (cpefbl), 3KBUBASIEHTHOTO paccMaTpvBaeMoMy KOMMO3ULUOHHOMY Matepuany c
OCpPeAHEHHbIMY XapakTepucTuKkamMmu UCXOAHbIX KOMMOHEHTOB, 6e3 yyeTa ero MUKPOCTPYKTYpbI.

MpumeyaHunsa

1Cwm. [1], [38]—[5]

2 3dheKTnBHbIE CBOWCTBA KOMMO3WTOB O6bIYHO MOMyYalOT C MOMOLLbBI CreumasibHbIX NpoLedyp ocpefHeHus
CBOWNCTB MCXOAHbLIX KOMNOHEHTOB KM no Al nnm M30, um akcnepumeHTas bHO.

[FTOCT P 57700.42—2023, nyHKT 3.1.5.1]

3.2.2 adbhpekTnBHbIN TeH30p Moaysein ynpyroctu KM: TeH3op moaynei ynpyroctu OAHOPOAHOrO
mMaTtepuana, 3KBUBasIeHTHOTO B HEKOTOPOM CMbIC/Ne UCXOAHOMY KM.

MpumeyaHune — Kak npaswno, adahekTnBHbIA TeH30p Mopyneli ynpyroctn KM cBsi3biBaeT TEH30pbl Hanpske-
HUiA 1 gedopmaumm, ocpegHeHHble no AN KM.

3.2.3 TexHU4Yecknme ynpyrme KOHCTaHTbl: KOHCTaHTbl MOAENW NUHEWHO-YNpPYyroi cpepbl, KOTOpble
06bIYHO OMpeaensArnTCca HENOCPEACTBEHHO M3 3KcnepumeHToB (418 KM OHM BbIYMCASAKTCS): MOAYNAN YNpyro-
cTn, KoathdnymeHTol MyaccoHa, Moaynu casura, Moaysb 06BEMHOIO CxXaTus u ap.

3.2.4 3a(p(peKTMBHbIN TeH30p TennonpoBoAHOCTM KM: TeH30p TensionpoBOAHOCTW OAHOPOAHOrO
Matepuasna, 3KBUBaJIEHTHOTO B HEKOTOPOM CMbIc/ie ncxogHomy KM.

3.2.5 athheKTUBHbI TEH30p Ten/1I0BOro pacwupeHmns KM: TeH30p TensioBOro pacwmpeHuss ogHo-
poAHOro matepuara, 3KBMBA/IEHTHOrO B HEKOTOPOM CMbIC/le UCXogHOMY KM.

4 CokpalleHus

B HacTosiLieM cTaHgapTe NPUMEHEHbI CeAYOLNE COKpaLLEeHUS:

OAKM — pucnepcHO-apMMUpOBaHHbI KOMMNO3UUWOHHBIA MaTepuan;

K3 — KOHEUYHbIN 3/1eMEHT;

K3M — KOHEeYHO-3/1eMeHTHasa Mojesb;

TKM — TKaHeBblli KOMNO3ULMOHHbI MaTepuan;

1DKM — ojHOHanpaB/eHHO-apMUPOBaHHbIA KOMMO3WLNOHHBIM MaTepuan.

5 OCHOBHbIe HOpMaTMBHbIE NOJIOXEHWA

5.1 O6uine NoSIOXKEHUS

5.1.1 Uenbio Bepudgukayum NO MCKM sBnsietca noaTBEpXAeHWE COOTBETCTBUSA pe3y/ibTaTOB YMCEH-
HbIX peLleHunii, noayyaemMbix C MOMOLWb0 Bepuduypyemoro MO, BbIGpaHHOW MaremaTuyeckoin mogenu.

5.1.2 3apavyamun Bepudukauum MO gNA YNCNEHHOTO MOAesIMPOBaHUA MOJIMMEPHbIX KOMMO3ULUOHHbBIX
MaTepunanoB ABNAOTCA:

- NOATBEPXAEHNE AOCTOBEPHOCTU pe3y/bTaToB YUCAEHHOT0 MOAeNupoBaHnsa ynpyrux cBoincts KM, no-
nydyaeMbix ¢ nomMolbo sBepuduunpyemoro Mo;

- noATBepXAeHue [0CTOBEPHOCTW pPe3yNbTaToB YWUC/EHHOrO0 MOAeNnpoBaHuWsa Tennou3nyecknx
ceoicTtB KM, nonyyaembix ¢ noMouibio Bepuguuupyemoro Mo.

5.1.3 HactosAwwmin TOCT Heobxoanmo npumeHaTb BMecTe ¢ FOCT P 57700.42. Bce TepMuHbI 1 onpege-
NeHunsa, NpUMeHAeMble B HACTOsLWeM cTaHfapTe, OTHOcAWMeCa Kak K knaccudukaumm KM n nx ceoiicteam, Tak
n kK mogensm ceoictB KM, cchopmynuposaHbl B FTOCT P 57700.42.

4
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51.4 Mpun nposepeHnn Bepudukaymm MO ANA YNC/IEHHOTO MOAENUPOBaAHUA NOJIMMEPHBLIX KOMMO3U-
LMOHHbIX MaTepuasioB HeE06X0AMMO BbINOMHATL TpeboBaHusa MOCT P 57700.10 n TOCT P 57700.14.

5.2 TlepeyveHb BepudMKaLMOHHbIX 3a4a4

5.2.1 MepeyeHb 3aga4 Ansa sepudukaunmn MO ana mogenmpoBaHusa ynpyrux cBoncts MKM

5.2.1.1 3apava gnsa pacyeta KOMMOHEHT 3aW(EKTUBHOrO TeH3opa Mofy/ei ynpyroctm n TeXHUYECKUX
ynpyrnx koHctaHt CKM.

5.2.1.2 3apaya ana pacyeta sappekTMBHOIO TeH3opa MoAy/ei yNnpyrocTu n TEXHUYECKUX YNPYTUX KOH-
ctaHT CBKM.

5.2.1.3 3agava gnsa pacyeTta KOMMNOHEHT 3h(heKTMBHOrO TeH3opa MoAy/ei ynpyroctu n TeXHUYECKUX
ynpyrux KoHctaHt JAKM.

5.2.1.4 3apava gnsA pacyeta KOMMOHEHT 3ah(PEeKTUBHOrO TeH3opa MoZy/eil ynpyroctm n TeXHUYECKUX
ynpyrnx KoHctaHt 1D KM.

5.2.1.5 3apgava gnsa pacyeTta KOMMNOHEHT 3a(PEKTUBHOrO TeH3opa Mofyfnei ynpyroctm n TeXHUYECKUX
YAPYrnx KOHCTaHT TKM.

5.2.2 TlepeyeHb 3agay gnda sepudukaumm MO ans moaenMpoBaHnsa Ten10oM3NYeCKNX CBOWNCTB
MKM

5.2.2.1 3apava Ansa pacyeta KOMMNOHEHT apPeKTUBHOrO TeH3opa TennonpoBogHocTn CKM.

5.2.2.2 3apava 4nsa pacyeta KOMMNOHEHT apheKTUBHOIo TeH3opa TennonposogHocTu CBKM.

5.2.2.3 3apgaya AnA pacyeta KOMMNOHEHT 3 (PeKTUBHOIO TEH30pa TENNOMNPOBOAHOCTN TKAHEBOIO KOMMO-
3nynoHHoro martepuana TKM.

5.2.2.4 3apava aonsa pacyeta KOMNOHEHT apPeKTUBHOro TeH3opa TenaoBoro pacwunpeHuna CKM.

5.2.2.5 3apava gnsa pacyeta KOMNOHEHT a(hPeKTUBHOrO TeH3opa TennoBoro pacwunpeHns CBKM.

5.2.2.6 3apgavya 45 pacyeta KOMMNOHEHT ahPeKTUBHOIO TEH30pa TEMMOBOro pacwmpeHus TKM.

5.3 Anropntm Bepudunkaynm NO ansa yncneHHoro moaenuposaHus MNKM

5.3.1 Bepudmkaumna MO npoBoanTCSA AN OUEHKM afeKBaTHOCTU peanusaunm 3anoxeHHbix B MO maTe-
MaTU4YecKnx Mogenein ans pacuyera ynpyrux u renaogusnyeckmx cBoncts KM, a Takke ANA OLEHKM TOYHOCTHU
KOHEYHO-3/1IeEMEHTHbIX a/ifopUTMOB, peasin3oBaHHbIX B TecTupyemom [10.

5.3.2 Bepudpnkaums MO ocyuiecTBnaeTca nyreMm nocnefoBartenbHOro peweHns Habopa pekoMeHAo0BaH-
HbIX TECTOBbIX 3a4a4 M CONOCTaB/IEHUS MoJlydalLWwmnxca pesynbtatoB (Habopa ahPeKTUBHbLIX XapakTepucTuk
KM) ¢ aHannTmyeckumm gaHHbIMU MO0 C 3TA/IOHHLIMU 3HAYEHUSAMUW, NOA KOTOPbIMY NMOHUMAKTCA pe3ynbTaTbl
peweHna 3aga4y c NOMOLbI0 paHee BepuduunposaHHoro Mo.

5.3.3 Bepudukauusa ocyw,ecTB/iieTcsa Ha OCHOBe pelleHUs TeCTOBbIX 3ajay C BXOAHbIMWU AaHHbIMU (pe-
KOMEHL0BaHHbIMU 3HAYEHUSAMU XapaKTePUCTUK KOMMOHEHTOB KM).

[ns TecToBbIX 3a4a4, pelweHne KOTOpbIX NPeACcTaBNeHO B BUAE aHanUTUYeckux opmyn, fOMKHO 6biTb
npon3BeAeHO BblYMC/IEHME U MOJIYYEHbl YMC/IEHHble pe3y/bTaThl, KOTOpble fasiee npeacTaBfieHbl K CpaBHU-
TeNIbHOMY aHann3y c pesysibTaTaMy KOHEYHO-3/IEMEHTHbIX pacyeToB C NOMOLb Bepuduumnpyemoro Mo.

5.3.4 OueHKka OTHOCUTENbLHOTO OTK/IOHEHUS MOJIYYEeHHbIX pe3ynbTaToB U pe3ynbLTaToB, NpUBedEeHHbIX B
TecTOBbIX 3ajavax, NPOBOANTCSA ANSA KaXA0ro 3HavyeHus aheKTUBHON XapakTepUCTUKN.

5.3.5 PekomeHgyembie npumMepHblie pasmepbl KOM (konnyecTBo K3 u konuyecTtBo y3nos B KOM) ans
npoBefeHNs pacyeToB MpefcTaBneHbl B Kaxaolk TecToBoi 3ajadve. Pasmep KOM MoxeT MeHATbCHA B 3aBU-
CUMOCTU OT MareMaTUyecKoro aaroputma peleHnsa 3agadu, NPUMeEHAeMoro MoAesiMpoBaHus 3 PeKTUBHbIX
xapaktepuctunk KM.

O6A3aTenibHbIM TpeboBaHneM ABNAETCS NpuMeHeHne nmeHHo MKD ansa pacyeta adp(pekTUBHbIX Xapak-
Tepuctuk KM.
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MpunoxeHve A
(ob6s13aTeNIbHOE)

PekomeHayeMble TeCTOBble 3adaun ans sBepudgukaunm rno

A.l 3agaun gna sBepudpmkaumm MO ans MogeNnMpoOBaHus yrnpyrux cBoicTs MKM
A.1.1 3apaya s pacyeTa 3(hhekTUBHbIX MOAYEN YNPYrOCTU U TEXHUYECKUX YMPYTMX KOHCTaHT CKM
A.1.1.1 OnncaHve 1 NocTaHoOBKa 3a4a4n

Paccmatpusaetca CKM, AN KOTOPOro COCTOUT K3 YeTbIPEX Pa3/IMYHbIX KOMMNOHEHTOB (CNoeB) (CM. pUcyHokK A.1).

Kaxxablii cnoil sBnseTcs IMHENHO-yNpyrumMm U30TPOMHbIM MaTeprasioM, TEXHUYECKUE YNPYrUe KOHCTaHTbl KOTOPbIX
npueBeneHsl B Tabnmue A.1.

Tabnuuya Al — 3HavyeHUA TEXHUYECKUX YNPYrMX KOHCTAHT KOMIMOHEHTOB KOMMO3UTA, PEKOMEHAYEMble /1 PeLleHnst
3a4a4y no sepudpukauum Mo

Homep cnosa B Al Mogynb ynpyroctn E, Mla KoadhdhmumeHT MNyaccoHa vV
1 3 0,38
2 250 0,20
3 10 0,35
4 70 0,30

AN umeeT chopmy kyba ¢ AnvHol pebpa, paBHoi 1 (6e3pa3mepHble koopavHaThl). Be3pasmepHas To/WMHA Kaxao-
ro cnos pasHa 0,25.

OpToHOpMUPOBaHHas cuctema koopauHat Qe-, /= 1, 2, 3, OpMeHTMpOBaHa CcneayowyMm 06pa3oM: BEKTOpbl e .
KON/IMHeapHbl 6a30BOIi M/IOCKOCTM C/I0EB, & BEKTOP €3 OPTOrOHasIeH K 3TOM NIOCKOCTW.

3agaya 3aknoyaeTcs B TOM, YTOObI BbIYMC/INTL:

- KOMNOHEHTbI 3(hPEKTNBHOrO TEH30pa MoAynen ynpyroctu (cm. [1]) komnosuta CEW,

- appeKTUBHbIE TEXHUYECKMNE YNpYyrme KOHCTaHTbl komno3suTa (cMm. [7]):

E/ — Tpn mopyns ynpyroctu B HanpasneHusix Oe,,

Gij— Tpun mopyns casura B niockocTsx Oe,ey, / dy,

\fj — Tpu KoachchuumeHTa MyaccoHa, / Py,

ucnonb3ys Ans atoro Bepudmumpyemoe MO, OCHOBaAHHOE Ha peLleHuy JaHHOWM 3agaun ¢ nomoLblo MK3.

[ns pelweHns 3agaun cnegyet UCNONb30BaTb NMOCTAHOBKY TPEXMEPHONM KBa3UCTATUYECKONM 3adaun NIMHeNnHol Teo-
pvn ynpyroctu (cm. [9—12]) ¢ rpaHMYHbIMK YCIOBUSIMW, KOTOPbLIE 3aBUCAT OT NPUMEHSAEMOI MOAENN BbIYMUC/IEHNST KOMMO-
HEeHTbI 3hPeKTUBHOIO TEH30pa MOAYEN yNpyrocT! U YAC/IEHHOrO MeToja peasinsaummn aToro Metoga.

[nsa pelweHnsa 3agayun JomkeH BbITb ncnonb3oBaH MKS.

Mpumep mMaTemaTU4eckoil MOAENW W MOCTAHOBKM MaTeMaTU4eckol 3afayn 418 BblUUCNEHNUS KOMMOHEHT addhek-
TUBHOIO TeH30pa Mogaysei ynpyroct KM Ha OCHOBE TeopuM acMMMITOTUYECKOro ocpefHeHust npmeegeH B [13] u [14].

[na CBKM npvMep KOHEYHO-3/IEMEHTHOI TeTpasgpasibHON ceTknm pasmepom 206254 3/1eMEHTOB MOKa3aH Ha
pucyHke A.2.
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PucyHok A.1 — AN CKM, cocToswasn us YeTbipex KOMMOHEHTOB (C/10€eB)

PucyHok A.2 — K3M pna Al CKM

A.1.1.2 Pe3ynbTarthl
PesynbTaTbl pelleHns fJaHHOW 3afayum, NosyyeHHble ¢ nomMoLbio Bepuduumpyemoro MO, cpaBHUBAOT CO Cneayto-

MM BapnaHTaMy pacyeToB:
a) pe3ynbrataMmn aHaJIMTU4ECKOro peweHna 3agadun, nosiydeHHbIMn C NMNOoMOLLBbH0 TEOPUM aCUMITTOTUYECKOIoO ocpea-

HeHus ana CKM [cm. [1], chopmyna (1.12)]

— G “1.4-1
Cilkj =< Gij > + < Clipfi5irsa3 X C 1s3p3 > "< CpzqzCazm > * < CijmzCmzsZCszH > (A1)

rae Ciyg KOMMOHEHTbI TEeH30pa MOAy/ieli yNpyrocTu KOMMOHEHT KOMMO3UTa, NpefcTaB/eHHbIe B BUE Pa3pbIBHON
chyHKLMM KOOPAVHAT;
<C|jk| > ocpeaHeHne no S‘:"_I,
Prds3 o6paTHas MaTpuLa,
a(hheKTUBHbIE TEXHWYECKME YPYrMe KOHCTaHThl KOMMO3WUTA B 3TOM C/lyyae BbIUMCMAKT C MOMOLLbI0 06paTHOro

TeHsopa ym =Cy” (cwm. [5]) (TeH3opa ynpyrux nogatneBocTeid) u cnegytowmx gopmyn (cm. [4, 5]):
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(A2)

Gh= ﬁT:lT ; (A.3)

vij = ~Einijij m (A4)

CyMMupoBaHue 1o / nj oTcyTCTBYeT.
3ameuaHue: nHaekcaumo Koadpdpu, MyaccoHa vy BBOASAT Takum 06pa3oM, 4To6bl YA0BNETBOPSIUCL COOT-
HowleHnst B3anmmHocTu (cm. [4], [5]).

V«
= (A.5)

mi-<

1. (A6)

CyMmumpoBaHue 1o / nj oTCyTTCBYET.
0) pesyfnbTaTtamu NpeaesbHbIX BapuaHTOB PacyeToB, B KOTOPbIX XapakTepUCTMKN BCEX C/I0EB BbIOMPAOTCA OAMHAKO-
BbIMM (Hanpumep, MoryT 6bITb BblGpaHbl XapakTepUcTuku cnost 1 unm 2 u3 Tabnuupl A.1), B 3TOM crydyae:
1) achdpekTUBHbIE MOAYNM ynpyrocTy komnosuta Q\WcoBnagatoT ¢ moaynsiMu ynpyroctn CyWBbIGpaHHOro crlost
KomnosuTa (Hanpumep, 1w 2)

c ijki= c ijK. (A-T)

2) athpekTUBHbIE TEXHUYECKME YNPYrMe KOHCTaHTbl KOMNO3WTa COBNaAAatoT C TEXHUYECKUMM YNPYTMMU KOHCTaH-
Tamu BblIGpaHHOrO cnos

E = E; (A.8)

G -G ~2(1+v)’ W (A.9)

(Bce 3HaueHus E- Gy, WA0MKHBI BbITb NMOYYEHbl YACTIEHHO, C MOMOLLIbIO KOHEYHO-3/IEMEHTHOIO pPeLLeHns 3agaun);
B) pesy/nbTaramm YMC/IEHHOTO PeLleHnst AaHHOoNM 3a4aun ¢ nomoLlbio gpyroro MO, paHee npollesllero sepudunka-
LMI0 Ha JaHHBIX 3ajadax.
Mpymep cpaBHEHUS] pacyeToB MO BapuaHTy 3 NpyBeAeH B Tabsuue A.2.

Ta6nunuya A.2 — Pe3ynbratbl CpaBHEHNS 3D(EKTUBHBIX TEXHUYECKUX YNPYrMX KOHCTAaHT CKM, nosyyeHHbIX pas/ivu-
HbIMY criocobamu (Npumep pacyeTa)

SdphekTUBHAsA TeXHUUECKas 3”?1%”;&422”%:2:% nofﬂ?ﬂ:;“:&;ﬁ;ﬁ:?gﬁﬂgm OTHocmeange OTK/IOHEHNe,
ynpyras koHctaHta CKM BePUDULMPOBAHHOTO MO no %

Ev IMa 83,463 83,463 4,86e-06
E2 Ma 83,463 83,463 4,71 e-06
E3, Ma 14,811 14,811 1,53e-07

y12 0,22848 0,22848 3,12e-06

v 0,35296 0,35296 8,02e-07

val 0,06264 0,06264 3,1e-06
G12 ITla 3,2343 3,2343 8,88e-08
G13 Ma 3,2343 3,2343 2,67e-07
G23, Ma 33,970 33,970 3,29e-06
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A.1.2 3apava ona pacyeTa adheKTMBHOro TeEH30pa MOAY/ e YNPYrocTn U TEXHUYECKMX YNPYTUX KOHCTaHT
CBKM

A.1.2.1 OnucaHune 1 nNocTaHoBKa 3agjauun

PaccvmatpuBaetcs CBKM, AN KOTOPOro COCTOUT U3 YeTbIpeX Pas/iMyHbIX KOMMNOHEHTOB (CNoeB) (CM. pUCYHOK A.1).

Kaxxablii cnoit CBKM npepactasnseT coboit 1D KM ¢ adhheKTBHbIMM XapaKkTepuUcTUkaMi 1 UMEET yrosl apMmpoBa-
HUA (cm. pucyHok A.3), 3HaYeHNs KOTOPOro ykasaHbl B Tabnuue A.3.

Tabnuya A3 — Yibl apmmpoBaHus c/ioeB B cocTaBe CBKM, pekoMmeHayemble 4718 BepUUKaLMOHHBLIX pacyeToB

Homep cnosi B CBKM, s Yron apmvpoBaHus crosi, g™\ 0
1 0
2 45
3 -45
4 90

1D KM B kaxxgoM Croe SBNSETCH OO4HUM U TEM Xe OAHOPOAHbIM JIMHENHO-YNPYrMM TPaHCBEPCA/IbHO-U30TPOMHBLIM
MaTepuasioM, OT/IMYAETCA TOMbKO Yr/IOM apMUpPOBaHusA, TEXHUYECKMe yrpyrMe KoHCTaHTbl 1D KM npusefeHbl B Tabnuue
Ad4.

Ta6nunya A4 — 3Ha4yeHnss TEXHNYECKNX ynpyrux koHcTaHT 1D KM B coctaBe CBKM, pekomMeHayemble A1 peLleHns
3a4a4d no sBepudomkauun MO (MHAekcauust B CO6CTBEHHON cucTeme koopamHat O B™)

TexHuYeckme ynpyrme KOHCTaHTbl 1D KM

KOHCTaHTa 3Ha4veHne
En Ma 36,505
E2, Ma 7,980
E3 Ma 7,980
*12 0,284
vo3 0,404
vi3 0,284
G13 IMTla 3,063
G23, IMa 2,840
Giz2, Ma 3,063

EpvHan onsa Bcex cnoeB CBKM opToHopMupoBaHHas cuctema koopauHat Og- /=1,2,3 opueHTMpoBaHa cnefy-
IowyM 0bpasoM: BekTopbl el e2 konnmHeapHbl 6a30BON NMSIOCKOCTU C/I0EB, a BEKTOP €3 OPTOrOHas1eH K 3TOM M/IOCKOCTM.

Co6ecTBeHHas cucTeMa KoopauHaT kaxaoro cnosi Oell opueHTUpoBaHa criegyrolwyM o6pasom: BeKTop B3 =B

[ONsi BCeX C/I0eB COBNafaeT, BEKTOpbl HanpaBs/ieHbl nog yrnamu dfs) k Bektopy el(B10 e =$ii”), rae s — Homep
cnosa B Ar.

Al nveeT chopmy Kyba ¢ A/IMHON pebpa, paBHO 1 (6e3pasmepHble KoopavHaTbl). ToMWmMHaA Kakgoro cnosi pasHa 0,25.

3apava 3ak1o4aeTcs B TOM, YTO6bI BbIYUC/IUTB! _

- KOMMNOHEHTbI 3hPEKTNBHOIO TEH30pa MOAy/el ynpyrocTu Komnosuta CBKM,;

- a(hheKTUBHBIE TEXHUYECKUE YNPYre KOHCTaHTbl Komno3uTta CBKM:

E¢— Tpn moayns ynpyroctv B HanpasneHusx Oey
— Tpu mMoayns cagura B nnockoctax Oeey, / 4,
\f— Tpn koachbchmymeHTa MyaccoHa, / 4,

ncnonb3ys Ansi atoro sepudpmumpyemoe MO, 0CHOBaHHOE Ha peLLueHMn AaHHON 3agaqum ¢ nomolbo MK3.

[na pelwexuns 3agaun crefyeT UCNob30BaTbh MOCTAHOBKY TPEXMEPHOW KBa3UCTaTMYECKOW 3afayun JIMHERHOW Teo-
pun ynpyroctu (cm. [9]—[12]) ¢ rpaHUYHbIMK YC/TOBUSIMU, KOTOPbIE 3aBUCAT OT NPUMEHSAEMOI MOAENN BbIYMUC/IEHUS KOMMO-
HEHT 3dh(hEeKTUBHOIO TEH30pa MOAyNel ynpyroctn 1 YACAIEHHOrO MeToda peannsaunum 3Toro MetToga.

[ns pelweHuns 3agaun Jo/mKeH 6bITb Mcnonb3oBaH MKD.
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MpvMep mMaTemMaTM4yeckoii MOAENN W MOCTAHOBKM MaTemaTUyeckol 3ajayn AN BbIYWUCEHUS KOMMOHEHT adhdhek-
TMBHOrO TeH30pa mMogyneit ynpyroct KM Ha OCHOBe TEOpMM acCUMMNTOTUYECKOrO OCpeaHeHns npveeaeH B [13] u [14].
Mpumep KOM pasmepom 206 254 snemeHTa € TeTpasfasibHbIM KOHEYHbIM 3/1IEMEHTOM MoKa3aH Ha pucyHke A.2.

PucyHok A.3 — ¥Yrnbl nosopota 1D KM ansa kaxgoro cnos 8 CBKM

A.1.2.2 Pesynbtarsl
PesynbTaTbl pelleHus JaHHON 3ajayn ¢ noMoLbio Bepudmumpyemoro MO cpaBHMBAOT CO CNEAYOLMMM BapuaH-
Tamy pacyeToB:
a) pesy/bTatamm aHa/IMTUHECKOTO PEeLLEeHNs 3aaa4un, NoyyeHHbIMY C MOMOLLbI0 TEOPUM aCUMNTOTUYECKOTO OCPes-
HeHua gns CKM [cm. [1], coopmyna (1.12)].
1) achdpekTnBHBLIE MOAYM ynpyroctn CBKM

Qjkl =< Cfitf > + < > ®3p3 > 1< pzZqlrqzZkf > k MT3AT1r3713A (A.10)
roe C | — KOMMOHEHTbI TEH30pa MOAY/EN ynpyrocTy S-ro C/osi, BblMUCAsieMble MO chopmyne
cfkl “ (A11)
rne <C$> — ocpegHeHune no A,
Cii333 — obpaTHas martpuua,
tftmpg — KOMMNOHeHTbI TeH30pa Mopyneit ynpyrocT 1DKM B cOGCTBEHHOI cucTeMe koopamHat Cels),
Qjp — wmaTpuua noBopoTa CUCTEMbI KOOPAMHAT COoS.
i(s) =Q/% fi (A.12)
COby bBWp™ 0
-BA1p” COBP* O (A.13)
0 0 1

2) achheKTBHbIE TEXHUYECKUE YNPYriMe KOHCTaHTbl CBKM, KOTOpble BbIMMCASIHOT C MOMOLLIbIO 06paTHOro TeH30pa
Myk! = CJjid (TeH3opa ynpyrux nogarnueocteii) n cpopmyn (A.2)—(A.6);
6) pesynbTaTamy YNC/IEHHOTO PEeLLEeHNs AaHHOW 3a4aun ¢ nomollblo Apyroro MO, paHee npollefLlero Bepudmka-

LUMIO Ha JaHHbIX 3afadax.
MpvMep cpaBHeHUs pacyeToB no mMetoAy 1 npuBefeH B Tabnuue A5.

10
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Tabnuya A.5— Pesynbtarel cpaBHeHUs 3pPEKTUBHbLIX TEXHUYECKUX YNPYrMxX KOHCTaHT CBKM, nonyyeHHbIX pasnuy-
HbIMW cnocobamu (Npumep pacyeTa)

AhheKTUBHASA TEXHMYECKaS 3“21%%%11%%:3::% no?wléﬁsgmzégv?ogﬁ:a?;(gngro OTHOCWTE/TEHOE OTK/IOHEHVE,
ynpyras koHctaHta CBKM BeprcULIIPOBAHHOTO MO o %
Eb Ma 16,6984 16,6984 1,12e-08
E2, IMa 16,6984 16,6984 8,57e-09
E3, IMa 8,6238 8,6238 3,15e-08
~3 0,310 0,310 1,6e-07
\al 0,160 0,160 6,93e-08
21 0,262 0,262 7,27e-08
G12 Ma 5,657 5,657 3,71e-08
G13 IMa 2,948 2,948 2,69e-09
G23, Ma 2,948 2,948 6,26e-09

A.1.3 3agaya gnsa pacyeta KOMMNOHEHT 3pPEKTMBHOIO TeH30pa Moaynei ynpyroctn JAKM

A.1.3.1 OnucaHue 1 nocTaHoBKa 3ajayun

PaccmatpuBaeTcst JAKM, AN KOTOPOro cocTouT 13 ABYX Pa3/IMYHbIX KOMNOHEHTOB: HaMOIHUTENS LIAPOBOM hopMbl
n matpuupl (CM. pucyHok A.4).

Kaxxablli KOMNOHEHT SABASETCA YNPYrMM M30TPOMHLIM MaTepuasioM, TEXHUYECKME YNPYTrne KOHCTaHTbl KOTOPbIX Npu-
BefleHbl B Tabnuue A.6.

Tab6nnuya A.6 — 3Ha4yeHUss TEXHUYECKUX YMPYrMX KOHCTAHT KOMMNOHeHTOB OAKM, pekomeHAyemble AN peLleHus
3aa4 no sepudmkauum Mo

KomnoHeHT KM Mogaynb ynpyroctn E, Ma KoadhdhmumeHT lMyaccoHa v
Martpuua 3,0 0,33
HanonHutens 70,0 0,25

Al nveeT cdopmy Kyba € AnmHol pebpa, paBHol 1 (6e3pa3mepHble koopauHaTbl). KOHUEHTpauus HanosHuTens
pasHa 0,6.

OpToHOpMUpOBaHHas cuctema koopauHat Oe,, /=1,2,3, opueHTMpoBaHa no pedpam Arl.

3afava 3ak14aeTcs B TOM, YTOObI BbIYUC/IUTD!

- KOMMOHEHTbI 3O(hEeKTUBHOIO TEH30pa Moayneli ynpyroctn komnosuta CXl,

- a(hheKTMBHBIE TEXHUYECKUNE YNPYTUe KOHCTaHTbl KOMMo3uTa:

E¢(— Tpu mofyns ynpyroctu B HanpasieHusx Oe, ,
Gjj — Tpu mogynsa casura B nnockocTsix Oe;ey, / @y,
[ — Tpn koachdpmumeHTa MyaccoHa, / Py,

ncnonb3ysa ansa atoro Bepudmumpyemoe MO, ocHoBaHHOe Ha MK3.

[ns peweHus 3agayun cnegyeT MCNOb30BaTb MOCTAHOBKY TPEXMEPHOI KBa3UCTaTUYECKON 3agaqn IMHERHON Teo-
pvmn ynpyroctu (cm. [9]—[12]) ¢ rpaHMYHbIMI YCNOBUSIMW, KOTOPbLIE 3aBUCAT OT MPUMEHSEMOI MOAENN BbIYUC/IEHNS KOM-
NOHEHT 3DPEKTUBHOIO TEH30pa MOAY/Eel YNPYrocT 1 YUC/IEHHOW peasim3aumy 3Toro Metoaa.

[na pelweHna 3agaym JomkeH 6bITb ncnonb3osaH MKD.

Mpumep mMaTemaTWyeckoi MOAENM W NMOCTAHOBKM MaTeMaTUyeckol 3afayn A8 BblYUCNEHWS KOMMOHEHT adichek-
TUBHOrO TeH30pa mogynen ynpyroct KM Ha ocHOBe MeTofa acMMNTOTUYECKOro ocpefHeHust npveegeH B [13] u [14].

MpvmMep K3M Ha OcHOBe TeTpasgpasibHOr0 KOHEYHOro 3nieMeHTa pasmepom 150 979 3/1eMeHTOB, MOCTPOEHHOM

ona 18 Arn JAKM, nokasaH Ha pucyHke A.5. MonHasa AN ctpoutcs oTpakeHnem 1/8 AN 0THOCMTENBLHO TPEX MI0CKOCTEN
Oe”3, Oe2e3u Oe-,e2.



FOCT P 57700.43—2023

PucyHok A.4 — 1/8 AN JAKM, cocTosiwasn u3 gByx KOMMOHEHTOB (HAMOMHWUTENS Y MATPULbI)

PrcyHok A.5 — KBM ana 1/8 A AAKM

A. 1.3.2 Pesynbtarsl
Pe3ynbTarbl pelleHns faHHON 3afayn ¢ NoMOoLbio Bepuduumpyemoro MO cpasHMBAOT CO CNeAyLWMMA BapuaH-
TaMmn pacyeTos:
a) pesynbTatamy rnpefenbHbIX BapuaHTOB pacyeToB, B KOTOPbIX XapakTepuCTUKN MaTpuLbl U HaMOMHUTENSA BblOU-
patoT 0AVMHAKOBbLIMW, B 3TOM C/ly4yae:
1) achcpekTrBHBIE MOAY/IM YNPYrocTy Komnosuta CyWcosnagatoT ¢ MOAy/IAMA yNpyrocTu KOMMOHEHTOB KOM-
nosuta (chopmyna (A.7)),
2) athheKTMBHbIE TEXHUYECKUE YNPYTe KOHCTaHTbl KOMMO3WUTa COBMafatoT C TEXHUYECKUMU YNPYTUMU KOHCTaH-
TamMu BblI6paHHOro KoMnoHeHTa [chopmynbl (A.8) n (A.9)];
6) pe3ynbTataMy YNCNEHHOTO PELLUEHNA JaHHOW 3ajaym ¢ noMoLlbio apyroro MO, paHee npollejllero Bepuduka-
LMI0 Ha JaHHBIX 3ajadax.
Mpumep cpaBHEHWs pacyeToB Mo MeToady 2 npuBeneH B Tabnuue A.7.

12
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Tabnuya A.7 — Pe3ynbtarbl cpaBHEHUS 3PPEKTUBHBIX TEXHUYECKUX YNPYTNX KOHCTAHT JAKM, nonyyeHHbIX pasnny-
HbIMW cnocobamu (Npumep pacyeTa)

AhheKTUBHASA TEXHMYECKaS 3“2;%3%11%%‘;3::% noﬂ%ﬁ;“ggg;@ﬁ:i;@g;gm OTHocmean(ge OTK/IOHEHVIE,
ynpyrasi korcTarta [IAKM BepudmumpoBaHHoro MO no %

Eb Ma 10,884 10,884 2,17e-07
E2, IMa 10,886 10,886 2,49e-07
£3,Ma 10,886 10,886 3,08e-07

*12 0,2926 0,2926 4,91 e-07

V23 0,2925 0,2925 5,5e-07

\al 0,2925 0,2925 1,69e-08
G12 Ma 5,4216 5,4216 2,07e-07
G13 IMa 5,4215 5,4215 1,85e-08
G23, Ma 5,4213 5,4213 1,53e-07

A.1.4 3agaya gnsa pacyeta KOMMNOHEHT 3hPEKTMBHOIO TeH30pa mMoayiei ynpyroctn 1D KM

A.14.1 OnucaHne 1 nocTaHoBKa 3agayun

PaccmatpuBaeTtcss 1D KM, AN KOTOPOro COCTOMT M3 ABYX KOMMOHEHTOB: MaTpulbl U BOMOKHA LUIMHAPUYECKON
chopmbl (CM. pUCyHOK A.6).

Kaablli KOMMOHEHT SBNAETCA NIMHEeNHO-YNPYTMM U30TPOMNHbLIM MaTepuanioM, TEXHUYECKUE YNpyrne KOHCTaHTbl KO-
TOpbIX NpvBeAeHbI B Tabnvue A.8.

Ta6nunya A.8 — 3Ha4YeHUss TEXHNYECKNX YNPYTMX KOHCTAHT KOMNOHEHTOB 1D KM, pekomeHayemble A1 peLleHns 3a-
nady no sepudmkauum Mo

Homep BapviaHTa pacyeTa KomnoHeHT 1D KM Moayrnb casura G Ma KoadhdompmeHT MyaccoHa vV
MaTpuua G1=1,08 v1=0,39
! HanonHuteno G2 (BapbupyeTcs) v2=0,2
Martpuua G1=1,128 =0,33
2 HanosnHutenb G2=28,0 v2=0,25

Al nveeT gpopmy Kyba ¢ A/IMHON pebpa, paBHO 1 (6e3pa3mepHble KoopavHaThl). AuameTp UWIMHAPUYECKMX BO-
NOKOH paBseH 0,74252.

O6beMHasn KOHUEeHTpauust BOIOKOH bl BapbupyeTtcst ot 0,4 fo 0,78 (ans BapuaHta 1) n 4l = 0,5 (gns BapmaHTa 2),
npy 3TOM AnameTp LWAINHOPUYECKUX BOSTOKOH paseH 0,74252.

OpToHOpMMpoOBaHHast cuctema koopauHat Oe,, /=1,2,3 opueHTMpoBaHa no pebpam Ar. HanpasneHne Oe3
OPVEHTUPOBAHO MO OCY LWIMHAPUYECKNX BOJTOKOH.

3afava 3ak/1o4aeTcs B TOM, YTOObl BbIYUC/UTD!

- KOMNOHeHTbI 3PheKTMBHOIO TeH30pa Moy eld ynpyroctu komnosuta C#,

- 3(pheKTMBHbIE TEXHUYECKUE YNPYTe KOHCTaHTbl KOMMo3uTa:

£,»— Tpy MOAYNA ynpyroctn B HanpasneHmsax Oe, ,
Gjj— Tpn mogyns casura B nnockoctax Oe,-ey, / @y,
[ — Tpn koachdpmumeHTa MyaccoHa, / Py,

ncnonb3ys ana atoro Bepudmumpyemoe MO, OCHOBAaHHOE Ha KOHEYHO-3/IEMEHTHOM MeTofe peLUeHns JaHHOW 3a-
naun.

Ans pelweHns 3agayun cnegyeT UCNONb30BaTb NMOCTAHOBKY TPEXMEPHOW KBa3UCTaTUYECKOl 3ajaun SIMHenHol Teo-
pun ynpyrocTu (cm. [9]—[12]) ¢ rpaHNYHBIMK YCNOBUSIMU, KOTOPbIE 3aBUCAT OT NPUMEHSEMOl MOAENN BbIYNCIEHNST KOM-
NOHEHT 3DPEKTNBHOIO TeH30pa MoAy/el yNpyrocTy U YAC/IEHHONM peanv3auum 3Toro MeToaa.

[ns pewenns 3agaun fo/mKeH 6bITb Mcnosib3oBaH MK3.

Mpumep mMaTemaTnyeckon MOAENV W NOCTAHOBKM MaTeMaTU4eckol 3afayn A1 BblMWUCNEHWS KOMMOHEHT adichek-
TUBHOIO TeH3opa mogyrei ynpyroct KM Ha OCHOBE Teopuu acMMnTOTUYECKOro ocpefHeHus npveedeH B [13] u [14].

Mpumep KOM pa3mepom 17 513 351eMeHTOB, NOCTPOEHHON A1 1/4 AN, nokasaH Ha pucyHke A.7. MonHas Al cTpo-
uTcsa oTpakenmem 1/4 AN oTHocuTenbHO niockocTein Oe.,e3 n Oe2e3.

13
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PucyHok 6 — AN /4 1D KM

PucyHok 7 — KOM gnst /4 AN 1D KM

A. 1.4.2 Pe3synbTartsl

Pe3ynbTathbl pelleHns 4aHHOM 3a4aun ¢ NOMOLLb0 Bepudmumpyemoro MO cpaBHMBAKOT CO CReaylolwyvMM BapuaH-
Tamn pacyeTos:

a) pesynbTataMmn aHaJIMTUYECKOrO peLleHns 3agadyn, nosyvyeHHbIMY C NOMOLLBI0 TEOPUN acCUMNTOTUYECKOro ocpes-
HeHus 1 MeToda PYHKUWIA KOMMIEKCHOrO MEPEMEHHOr0 A5 BOSIOKHUCTLIX KOMMo3uToB (Tabnuua A.9) (cm. [1], Tabauubl
2.2 1 3.2); cpaBHUBalOTCA 3agpheKkTMBHbIE Moaym yrnpyroctn 1D KM CyW

14
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Ta6nunya A.9— 3HaueHus achhekTUBHBLIX Mogyseli ynpyroctu 1D KM, nony4yeHHble ¢ NOMOLLbH TOYHOTO aHaInTuye-
ckoro pelleHus (cm. [1], Tabnuupl 2.2 n 3.2)

a1

04

0,55

0,7

0,75

0,78

MpumevaHne

K

6
20
120

400

20
120
400

20
120
400

20
120
400

6
20
120

400

Clu 1(yC)) Cugs/C,
1,42 111
1,77 1,36
1,96 1,48
1,99 1,50
1,67 1,12
2,42 1,50
2,93 1,68
3,03 1,70
1,99 1,14
3,68 1,75
5,71 1,93
6,24 1,87
2,12 1,16
4,44 2,02
8,79 2,37
10,51 2,10
2,20 1,17
5,07 2,32
14,84 4,05
29,95 3,87

— BTabnmue y= 2(1-\/'_) K- 90
1—2v Gj

1337
1,03
1,26
1,39
141

1,04
1,46
1,72
1,77

1,07
1,84
2,62
2,80

1,07
2,08
3,65
4,17

1,08
2,30
5,83
8,70

A3333M1)

1,75

4,26
21,62
70,10

2,03
551
2940
96,06

2,31
6,79
37,32
122,20

241
7,24
40,14
131,17

2,46
7,53
42,23
137,50

CI313Gl

1,804
2,145
2,313
2,339

2,325
3,077
3,506
3,577

3,173
5,213
6,929
7,273

3,619
7,004
11,164
12,226

3,977
9,427
23,67
31,022

6) pesynbTataMmu NpefesbHbIX BapuaHTOB PacyeToB, B KOTOPbIX XapakKTepUCTUKU BCEX KOMMOHEHTOB (MaTpuubl W
BOJIOKHA) BbIOMPAIOT OAMHAKOBLIMW, HANpUMep MoryT ObITb BbIGpaHbl COBNaAAOLLMMUN C XapakTePUCTUKAMN HaNoMHUTENs
(wnn maTpuupl) 13 Tabnmupel A.8, B 3TOM ciydae nmeloT mecto dhopmysbl (A.7)—(A.9);

B) pe3ynbTaTaMy YMC/IEHHOrO PELIeHNs AaHHON 3agayun ¢ noMousko gpyroro MO, paHee npolueawero Bepudmka-
LMIO Ha JaHHbIX 3aJadax.

MpvmMep cpaBHeHUs pacyeToB No metody 3 npusedeH B Tabnuue A. 10, XapakTepUCTVKA KOMMOHEHTOB NpU 3TOM
COOTBETCTBYHT BapuaHTy 2 13 Tabsuubl A.8.

Ta6nuuya A 10 — PesynbTtarbl cpaBHEHUS 3(PEKTUBHBIX TEXHUYECKUX YNPYTUX KOHCTaHT 1D KM, nonyyeHHbIX pas-
NINYHBIMK cniocobamn (MpuMep pacyeTa)

Howmep BapuaHTa
pacueTa

© O N o g A~ W N R

XapakrepucTtuka
mMarepuasia

£3,Ma
E2 Ma
Ma
V3
val

*21
G13, Ma

G12, [Mla
G23, [Ma

3HauyeHve, nostydyeHHoe
C NOMOLLBIO paHee
BepudLVPOBaHHOIoO

rno

36,505

7,980

7,980
0,2845
0,4044
0,2845
3,0632

2,840
3,0632

3HauyeHve, rnoslyyyeHHoe
C MNOMOLLbIO
Bepudmpmpyemoro MO

36,505
7,980
7,980

0,2845

0,4044

0,2845

3,0632
2,840

3,0632

OTHoCcUTENIbHOE
OTK/I0HEeHWe, %

4,7e-08

341e-07
4,89e-07
1,32e-07
1,31e-06

3e-08

1,06e-06
1,48e-07
7,01e-07
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A.1.5 3agaya gnsa pacyeTa KOMMNOHEHT 3hheKTUBHOIO TeH30pa Moayneli ynpyroctn TKM

A.15.1 OnucaHve 1 NocTaHoBKa 3aJauu

PaccmaTtpuaetca TKM, AN KOTOPOro COCTOMT M3 NSATU Pa3/INYHbIX KOMMNOHEHTOB: YETbIPEX HUTEN 1 MaTpuubl
(cm. prcyHok A.8). dopma HUTel 6M3Ka K CHYycOuaanbHOW, ABe HUTW OpPUEHTMPOBaHbI B HanpasneHun Oe” a aBe apy-
rme — B HanpaeneHun Oe2. Cuctema HuTeli obpasyeT B3aMMHOE nepensieTeHne 6e3 kacaHus.

Kaxxabli koMnoHeHT TKM sBnsieTcs NMHEeRHO-yNpyrum M30TPOMHbIM MaTepuasiom, TEXHUYECKNE YNPYTrne KOHCTaHTbI
KOTOpbIX NpuBeaeHbl B Tabnuue A.11.

Tabnuuya All — 3HayeHUss TEXHUYECKUX YNPYTUX KOHCTAHT KOMIMOHEHTOB KOMMO3MTa, PEKOMEHyeMble A1 peLleHnst
3a4a4y no sepudpukauum Mo

KomroHeHT TKM Mogynb ynpyroctv £, Tla KoadhdomumeHT lMyaccoHa v
Martpuua 3,0 0,33
Hutn 70,0 0,25

AN vmeeT dhopMy NPAMOYroNbLHOro napannenenvnesa, AvHbl AByX pebep KOTOporo pasHbl 1, a AnMHa TpeTbero
pebpa paBHa 0,1 (6e3pa3mepHble BeMunHbl). CyMMapHas 06beMHasi KOHUeHTpaums Hutein B AN pasHa 0,6.
OpToHOpMUPOBaHHast cuctema koopamHat Oey /=1,2,3, opueHTupoBaHa no pebpam Arl.
3agaya 3aknoyaeTcs B TOM, YTOObI BbIYMCINTL:
- KOMMOHEHTbI aPIEKTUBHOrO TEH30pa MoZynein ynpyroctu komnosuta CHOW
- 9h(heKTUBHbIE TEXHNYECKME YNPYrMe KOHCTaHTbl KOMMo3uTa:
Ej — Tpn mopyns ynpyroctu B HanpasneHusix Oe(,
Gij— Tpn Mopgyns casura B niockocTax Oe.ey, / @y,
\fj— Tpn koadpchpumeHTa MyaccoHa, / Py,
ncnonb3ys ans atoro sepudpmympyemoe MO, OCHOBaHHOE Ha peLLeHn JaHHOM 3agayun ¢ nomoLbo MKD.
Ons pelenns 3agayun cnegyet UCNONb30BaTb NMOCTAHOBKY TPEXMEPHONM KBa3UCTATUYECKOl 3ajayuv Teopun JIMHeR-
Hoi ynpyrocTtu (cM. [9]—[12] ¢ rpaHWyYHbIMK YCIOBMSIMW, KOTOPbIE 3aBUCAT OT MPUMEHSAEMOA MOAENN BbIUNC/IEHNS KOMMO-
HEeHT 3dhheKTMBHOIO TEH30pa MoAyNel ynpyroctM U YACNEHHOW peasin3aumm 3T0ro MeToga.
[nsa pelweHnsa 3agayum JOmKeH BbITb ncnonb3oBaH MKS.
Mpumep maTemaTu4yeckoin MOAENW W MOCTAHOBKM MaTeMaTU4eckol 3afayn A8 BblUUCNEHUA KOMMOHEHT addhek-
TUBHOIO TeH30pa Mogaysei ynpyroct KM Ha OCHOBE TeopuM acMMMITOTUYECKOTro ocpefHeHust npmeBegeH B [13] u [14].
Mpumep KSM pa3mepom 375 707 31eMEHTOB, Ha OCHOBE TeTpasApasibHOr0 KOHEYHOro 3/1eMeHTa, NOCTPOEHHOW
ana /4 Aar TKM ¢ NoNoTHAHBLIM NIETEHWEM HUTER, MnokasaH Ha pucyHke A.9. MonHasa AN ctpouTcs oTpaxeHnem 1/4 AN
OoTHOCWTEsIbHO niockocTelt Oe-di3 n Oe2e3.

PucyHok A.8 — 1/4 AN TKM ¢ NofoTHSAHO CTPYKTYpPOid NNeTeHns
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PucyHok A.9 — KOM gnsa 1/4 AN TKM ¢ NOAOTHAHOM CTPYKTYPOI NieTeHus

A.1.5.2 PesynbTarthl

PesynbTaTbl peLUeHUst faHHol 3aaaun ¢ NoMoLblo BepudulppyemMoro MO cpaBHUBAIOT CO CrefyoWMMU BapuaH-

TaMn pacyeToB:

a) pesynbTataMy NpeaesbHbIX BApUaHTOB PacyeToB, B KOTOPbIX XapakTEPUCTVKN MaTpuLbl 1 HUTEl BbIGUpaKOT oau-

HakoBbIMW, B 3TOM CJ/ly4yae:

1) achchekTnBHBbIE MOAY/IM YNPYrocTn komnosuta CicosnagaloT ¢ Moaynsamu yrnpyroctm CMWKOMMNOHEHTOB KOM-

noswTa [chopmyna (A.7)];

2) achheKTUBHbIE TEXHWUYECKME YNPYrMe KOHCTaHTbl KOMMO3WTa COBMAaAatoT C TEXHUYECKMM YNPYTMMU KOHCTaH-

Tamu Bbl6paHHOro komnoHeHTa KM [chopmynbl (A.8) u (A.9)];

6) pe3ysibTaTamMyi YAC/TIEHHOTO KOHEYHO-3/IEMEHTHOIO PEeLLEHNS AaHHOW 3aJa4n ¢ NOMOLLbo Apyroro MO, paHee npo-
WwezLero sepudnkaLmio Ha faHHbIX 3ajadax.
Mpumep cpaBHEHWs pacyeToB MO MeToAy 2 nNpuBefdeH B Tabnuue A. 12,

Ta6nuuya A.12 — PesynbTarbl CpaBHEHNS IHHEKTUBHBIX TEXHUUYECKUX YMPYTX KOHCTAHT TKAHEBOTO KOMMO3uTa, nosy-

YEeHHbIX pas/IMyHbIMN crnocobamm

OdhheKTBHasA TeEXHUYecKas
ynpyras KoHctaHTa TKM

Ev Ma

E2, Ma

E3, Ma
2L
"3l

V23
G12, Ma

G13, Ma

G23, [Ma

(Npumep pacueta)
3HaueHue,nonyyeHHoe
C NMOMOLLBIO paHee
BepudmLmpoBaHHoro MO
25,941
25,944
9,164
0,1627
0,1163
0,3293
7,574
2,712

2,712

3HayeHve, nostly4eHHoe C
MOMOLLBIO BepudhnLMpyemoro
rno

25,941
25,944
9,164
0,1627
0,1163
0,3293
7,574
2,712
2,712

OTHOCUTENIBHOE OTK/IOHEHWE,

%

1,54e-07
3,86e-09
9,52e-08
2,71e-06
6,62e-07
5,2e-07
7,51e-08
8,84e-07
1,68e-08

A.2 3apaun ans sepudpmkaumn MO onia MogennpoBaHMsa Tenounsnyecknx cBoicTe MKM

A.2.1 3agaya Ans pacyeTa KOMMNOHEHT ahdpeKTMBHOIO TeH30pa TensionposogHocTn CKM
A.2.1.1 OnncaHune 1 NocTaHOBKa 3a4a4u

PaccmarpuBaetcss CKM, AN KOTOPOro COCTOUT M3 YeTbIpeX pas/iMyHbIX KOMMNOHEHTOB (CNOEB) (PUCYHOK A.1).

Ka)K,CI,bIVI cnoin siBnsietcs N30TPONHbIM MaTepunasiom, KOC-)(*)(*JVILI,VIGHTI:I TennonpoBogHOCTN KOTOPLIX npuBeAeHbl B

Tabnuue A.13.
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Tabnuya A.13 — 3HayeHuss KO3hpULMEHTOB TenaonpoBoaHOCTK cnoeB KM, pekoMeHAyemble ANs pelleHns 3ajad
no sepugukaummn MO

Homep crosi B Al KoadhdomumeHT TernonpoBogHocTy 4, BT/(M ¢ K)
1 0,3
2 15
3 0,3
4 10

AN nmeeT dopMy Kyba c AnvHol pebpa paBHOW 1 (6e3pasmMepHble KoopauHaTthl). TOMWMHA KaKAoro Cnosi paBHa
0,25.

OpToHOpMUpPOBaHHas cuctema koopauHat Ce-, / = 1, 2, 3 opveHTUpoOBaHa CneaylolmM 06pa3om: BeKTopbl elt e2
KOMIIMHeapHbl 6a30BOM NIOCKOCTH, a BEKTOP €3 OPTOrOHa/IEH K 3TOM MIOCKOCTW.

3afava 3aknyaeTca B TOM, YTOObI BbIMMCINTL KOMMOHEHTbI 3EKTUBHOro TeH30pa TernnonpoBOAHOCTH KOMMO3U-
Ta ljj B HanpaBneHusix Oe.,, ucnonb3ys Ansa storo sepudmumpyemoe MO, OCHOBaHHOE Ha KOHEYHO-3/IEMEHTHOM MeToge
peLleHnst AaHHOW 3agaun.

[na pelweHusa 3afaun criefyeT UCNob30BaTb NOCTAHOBKY TPEXMEPHOW CTaLMOHapHON 3agayuv SIMHERHOW Teopum
TennonpoBogHocTh (cM. [9]—[12]) ¢ rpaHMYHBIMK YCNOBMSAMU, KOTOpbIE 3aBMCAT OT MPUMEHSIEMOI MOAENN BbIYUCIEHUS
KOMMOHEHT 3pheKTMBHOIO TEH30pa MOy e YyNPyrocT U YMC/IEHHON peannsaunm 3Toro MeToga.

[na pelwleHns 3agaun HeobxoamMmMo mcnosb3oBaTb MK3.

Mpymep maTtemMaTnyeckoin Mogenn 1 NOCTAaHOBKM MaTeMaTW4ecKol 3a4aun O/1si BbIMUC/IEHWS KOMMOHEHT adhdoek-
TMBHOIO TEH30pa TennonpoBogHOCTN KM Ha OCHOBE Teopun acCMMMATOTUYECKOrO OCpefHeEHMs nprBeaeH B [15].

Mpumep KSM pa3smepom 206 254 anemeHTa nokasaH Ha pucyHke A.2. KSM nocTpoeHa Ha ocHOBe TeTpasfasibHbIX KO.

A.2.1.2 Pe3ynbtartsl

PesynbTaTbl pelleHust 4aHHON 3a4ayn ¢ NoMoLLbo Bepuduumpyemoro MO cpaBHMBAKT CO CeayloLyMU BapuaH-
Tamy pacyeToB:

a) pesynbTatamy aHa/IMTUYECKOro peLleHus 3a4ayn, NoslyvyeHHbIMU C NOMOLLBI0 TEOPUM acUMMTOTUYECKOrO ocpes-
HeHua ana CKM cm. [[1], doopmyna (3.11)]

Ajj =<Ajj>+< X Ay3N33 x Jbs > N—< %HAys A" >, (A.14)

rie  — KOMMOHEHTbI TEH30pa MOAy/ei ynpyrocTy KOMMOHEHTOB KOMMO3WTa, NpeAcTaB/ieHHble B BUAE PaspbIBHOM
ChyHKUMW KOOPAUHAT;
<Xj> — ocpegHeHue no Al
6) pesynbratamyi npefesibHbIX BapuaHTOB PacyeToB, B KOTOPbIX XapakTePUCTUKN BCEX CMOEB BbIOMPAOTCA OfUHA-
KOBbIMY (Hanpumep, MOryT ObiTb BbIOpaHbl xapakTepucTkvi cnost 1 wnm 2 n3 Tabnuubl A.1), B 3TOM c/lyyae KOMMOHEHTbI
90heKTMBHOIO TeH30pa TEeNI0NPOBOAHOCTM KOMMNO3uTa 1l coBnagatT ¢ KOMNOHEHTamy TeH30pa TensIonpoBOAHOCTU Sy
BblbpaHHoro cnos (Hanpumep, 1 wm 2, 3, 4)

It Xj=Xdij, (A.15)

rae Sy — efuHMYHas Matpuvua, a Bce 3HauyeHus ljj [o/mkHbl 6biTb MOYYEHbI YMCNIEHHO C MOMOLLLIO KOHEYHO-3/1e-
MEHTHOro peLleHns 3aga4u;
B) pe3y/nbTaTaMy Y/C/IEHHOrO PELLeHUst AaHHON 3agayun ¢ nomoubto apyroro MO, paHee npolleawero Bepudnka-
UMIO Ha JaHHbIX 3afadax.
Mpumep cpaBHEHUs1 pacyeToB MO MeToAy 2 npvBedeH B Tabnuvue A. 14.

Tabnunuya A. 14— Pe3ynbtatbl CpaBHEHMS KOMMNOHEHT 3¢h(PEKTUBHOIO TEH30pa TenaonpoBogHocTM CKM, nonyyYeHHbIX
pasnnyHbIMK cnocobamy (Mpumep pacyeTta)

3HauyeHwue, nosyyeHHoe

KomnoHeHTa adhpekTBHOro
C MOMOLLbI0 paHee

3HayeHue, nosyyeHHoe ¢
OTHOCUTENbHOE OTK/OHEHUE,

TeH3opa TennonpoBoAHOCTH . NoMOLLbI0 BEPUHULMPYEMOro
BepuduumposaHHoro Mo, I jb, . %
TKMI/p BT/(M K) no, 1 jp, B1/(m K)
11 3,025 3,025 1,51e-08
"9 3,025 3,025 1,51e-08
0,53812 0,53812 1,17e-06

*33
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A.2.2 3agaya ana pacyeta KOMNOHEHT ahdpeKTUBHOIO TeH30pa TensionposogHocTn CBKM

A.2.2.1 OnuncaHne 1 NOCTaHOBKa 3a4a4u

PaccmatpuBaetcss CBKM, AN KOTOPOro COCTOUT U3 YETbIPEX Pa3/IMYHbIX KOMMNOHEHTOB (CNoeB) (CM. pucyHOK A.1).

Kaxablii cnoii CBKM npegactasnsiet coboii 1D KM (cM. pucyHok A.3), ¢ adpeKTUBHBIMM XapakTepucTukamm. Kax-
[bli cnoli uveeT yron apmmpoBaHus d{Y 3HayYeHns KOTOporo ykasaHbl B Tabnuue A.3.

1D KM B KaxKAoM Croe SAB/IAETCA OAHUM M TeM Xe TpaHCBepPCaslbHO-M30TPOMHbIM MaTepuasioM, OT/INYaeTCA TO/IbKO
YrIOM apMmpoBaHust, koadchuuymeHTbl TennonposogHocT 1D KM npuBegeHbl B Tabnuue A. 15.

Tabnunya A. 15— 3HauyeHnss KOMNOHEHT TeH3opa TensonposogHocT 1D KM B coctaBe CBKM, pekomeHgyemble onsi
peleHus 3agay no sepudpmkaumm MO (MHOekcauusi B cCO6CTBEHHON cucteme koopguHat O BM)

KOMMOHeHTbI TeH30pa TennonposogHocTn 1D KM

KOHCTaHTa 3HayeHue, BT/(m K)
A 18
*22 0,5
43 0,5

EpvHan gns Bcex cnoes CBKM opToHOopMupoBaHHas cuctema koopauHat Oe; /=1,2,3 opueHTMpoBaHa cnegy-
IowyM 0bpasomM: BekTopbl el e2 konnmHeapHbl 6a30BOI NMSIOCKOCTU C/OEB, a BEKTOP €3 OpTOrOHas1eH K 3TOM M/IOCKOCTM.

CobcTBEHHAs cucTemMa KoopaumHaT Kaxaoro cnos OB/ OpveEHTUpOBaHa CrefylwuvM 06pasoMm: BEKTOp
®3 =®3"\gN BCEX C/I0EB COBMajaeT ¢ €3, BeKTOp B!N HanpaeneH nog yrnom d” K BEKTOPY €., rAe S — HOMep c/losi B

Ar (cm. pucyHok A.3).

AN nmeeT chopmy kyba ¢ AnvHON pebpa, paBHO 1 (6e3pasMepHble KoopAvHaTbl). TO/LMHA KaXXA0ro C1os paBHa
0,25.

3ajaya 3aK/1i04aeTcsl B TOM, YTOObI BbIYVCINTE KOMMOHEHTbI 3DNEKTMBHOIO TEH30pa TENI0NPOBOAHOCTM KOMMO3M-

Ta Jjj B HanpasneHusx Cg-, MCNOMb3ys AN 3Toro Bepudmumpyemoe MO, ocHoBaHHoe Ha MKQ.

[nsa peleHns 3agaun credyeT MCNob30BaTb NOCTAHOBKY TPEXMEPHON CTaUMOHAPHON 3adayv SIMHEHOW Teopum
TennonpoogHocTh (cM. [9]—[12]) ¢ rpaHNYHbIMK YCNOBUSIMU, KOTOPbIE 3aBUCAT OT NPUMEHSEMON MOAENN BblUMC/IeHNS
KOMMOHEHT 3dhheKTMBHOIo TEH30pa MOZAY/EN YNPYrocT! U YMC/IEHHON peanunsaumm 3T0ro Metoga.

[ns pewenns 3agaum fo/mKeH 6bITb Ncnonib3oBaH MKD.

Mpumep mMaTemaTW4eckon MOAENM W NOCTAHOBKM MaTeMaTU4eckol 3afayn A1 BblMUCNEHWUS KOMMOHEHT adichek-
TUBHOrO TeH3opa TennonposogHocTn KM Ha OCHOBe Teopun acvMMNTOTUYECKOTO OCpedHeHns npusedeH B [15].

Mpumep KOM pasmepom 206 254 3nemMeHTOB nokasaH Ha pucyHke A.2.

A.2.2.2 Pe3ynbTtartbl

PesynbTaTbl pelleHns JaHHON 3afaym ¢ NoMoLbio Bepuduumpyemoro MO cpaBHMBAIOT CO CNEAYIOLMMY BapyaH-
TamMu pacyeTos:

a) pesynbTataMy aHa/IMTUYECKOro peLleHns 3a4a4umn A1 KOMMNOHEHTbI 3DdeKTUBHOIo TeH30pa TEM/I0NPOBOAHOCTH
CBKM, nosy4YeHHbIMW C MOMOLLbI0 TEOPUU acMMNTOTUYeCKoro ocpeaHeHns ansa CKM [cm. [1], copmyna (3.11)].

(<) a(s)afs)
41> “93 >/<-!1_>— U7 (A 16)
oot 47 48 AR i
roe ' — KOMMOHEHTLI TeH30pa TENMONPOBOAHOCTU S-f0 CMOSA, BbluMCNsieMble No hopmyre
4s)="& ot (A17)
roe <A&> — ocpegHeHue no AM;
Nlo __  KOMMOHEHTbI TEH30pa TensionpoBogHocTM 1DKM B co6CcTBEHHOI cucteme koopamHat O e, —

mMaTpuLa NoBopOoTa CMCTEMbI KOoopAMHaT cfosl, onpegensiemMole chopmynamn (A.12), (A.13);
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0) pe3ynbTaTtaMi YMCEHHONO PEeLLEHUs] AaHHON 3adaun ¢ nomollbio apyroro MO, paHee npolwleawero Bepudmka-
LMI0 Ha JaHHbIX 3ajadax.
Mpumep cpaBHEHWS pacyeToB Mo MeTody 2 npueBedeH B Tabnuue A. 16.

Tab6nunya A .16 — Pe3ynbTatbl CPpaBHEHUsI KOMNOHEHT 3(phEKTUBHOrO TeH30pa TensionpoBogHocTn CBKM, nonyyeH-
HbIX pa3/iMyHbIMK cnocobamn (NMpMMep pacyeTa)

3HayeHwue, nosyyeHHoe

KomnoHeHTa adhheKkTUBHOTO
C MOMOLLbI0 paHee

3HayeHwue, nosiyyeHHoe ¢
OTHOCUTENbHOE OTK/IOHEHUE,

TeH30pa Tens0nNpoBOAHOCTH . NOMOLLbI0 BepUthULMpYyeEMOro P
TKMI/p BepMd)MmeBiligﬂHTé))ro Mo, Jjb, Mo, 1 jp, B/ K) %
Iy 1,1103 1,1103 3,47e-08
0 1,1104 1,1104 2e-09
*33 0,5 0,5 2,66e-13

A.2.3 3agaya ans pacyeTta KOMMNOHEHT 3ddheKTUBHOIO TeH30pa TensionposogHocTn TKM

A.2.3.1 OnucaHue 1 NocTaHOBKa 3aja4u

PaccmatpuBaetcsi TKM, AN KOTOPOro COCTOWUT M3 NSATW Pa3/INYHbIX KOMMOHEHTOB: YETbIPEX HUTE W MaTpuULlbl
(cm. pucyHok A.8). dopma HUTe 6/13ka K CMHYCOMAasIbHOM, ABE HUTU OPUEHTMPOBaHbI B HanpasneHun Oela age apyrme —
B HanpassieHun Oe2. Cuctema HUTE obpasyeT B3aMMHOE nepensieTeHne 6e3 KkacaHus.

Kaxaplii KOMMOHEHT SABMAETCA U30TPOMHLIM MATEPUaUIOM, KOHCTaHTbI TEMNIONPOBOAHOCTM KOTOPbLIX NPUBEAEHbI B
Tabnuue A.17.

Tabnunya A .17 — 3HayeHusa KO3(hpMLUMEHTOB TENIONPOBOAHOCTM KOMMOHEHTOB KM, pekoMeHAyemble ANns pelleHust
3agay no Bepudpmkaumm MO

KomnoHeHT KM KoadhchuuymeHT TennonposogHoctn A BT/(m K)
Matpuua 0,3
Hutu 13

AMN umeeT dhopmy kyba ¢ AnnHON pebpa, pasHoi 1 (6e3pasmepHble KoopauHaTtbl). CymmapHas 06beMHas KOHLEH-
Tpauus Hutel B AN pasHa 0,6.

OpToHOpMUpOBaHHas cuctema koopauHat Oey /=1,2,3 opueHTupoBaHa rno pebpam Arl.

3ajava 3aK/14aeTcs B TOM, YTOObI BbIMUCINTL KOMMOHEHTbI 3D(EKTMBHOIO TEH30pa TENI0NPOBOAHOCTM KOMMO3M-
Ta Xj B HanpasneHusx Oef ncnonb3ys ansa atoro Bepudunumpyemoe MO, ocHoBaHHOe Ha MK3.

[ns pelwlexns 3agauun crnedyeT MCMoMb30BaTb NOCTAHOBKY TPEXMEPHON CTauvoHapHO 3adaun JIMHEHON Teopun
TennonpoBogHocTh (cM. [91—[12]) ¢ rpaHNYHbIMK YCNOBWSIMU, KOTOPbIE 3aBUCAT OT NMPUMEHSAEMON MOAENN BblYMCIEHNS
KOMMOHEHTbI 3(DEKTUBHOrO TEH30pa MoAyNel ynpyrocTu 1 YACNEHHOW peanv3aummn 3Toro MeToga.

[nsa pelweHnsa 3agaum JomkeH ObiTb ncnonb3osaH MKS.

Mpumep matematnyeckoli Moen 1 NOCTaHOBKM MaTeMaTuyeckoi 3ajayuv A5 BblUMC/IEHUS KOMMOHEHT adhdpek-
TMBHOrO TeH30pa TennonposogHocT KM Ha OCHOBE Teopun acMMNTOTUYECKOro OCPedHEHNs npuseeH B [15].

Mpumep K3M pasmepom 375 707 3nieMeHTOB rnoka3aH Ha pucyHke A.9.

A.2.3.2 Pesynbtarsl

PesynbTaTbl pelleHus JaHHON 3aJaym ¢ NoMoLbio Bepuduumpyemoro MO cpaBHMBAKOT CO CNEAYOLMMM BapuaH-
Tamn pacyeToB:

a) pesynbTataMy NpefesbHbIX BapyaHTOB pacyeToB, B KOTOPbIX XapakTepUCTUKN BCEX C/I0EB BbIOGMPAIOTCA OAWHa-
KOBbIMM (Hanpumep, MOryT GbITb BblbpaHbl XapakTepucTukm cnost 1 wam 2 3 Tabnuubl A.1), B 3TOM c/lyyae KOMMOHEHTbI
3hheKTUBHOrO TeH3opa TENI0NPOBOAHOCTY KOMMNo3uTa | L,coBnagaloT C KOMMNOHEeHTamMu TeH3opa TensonpoBoAHOCTA Sy
BblbpaHHoro cnos (Hanpumep, 1w 2, 3, 4) [em. chopmyny (A. 15)];

6) pe3ynbTataMu YNCNIEHHOTO KOHEYHO-3/IEMEHTHOIO PeLLEHNS AaHHOW 3aaa4m ¢ NoMoLLbio apyroro MO, paHee npo-
Lefillero Bepuukaumio Ha faHHbIX 3ajavax.

MpvMep cpaBHEHUS pacyeToB No MeToAy 2 nNpuBefeH B Tabnvue A. 18.
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Tabnuya A. 18— Pe3synbraTbl CpaBHEHUA KOMMNOHEHT 3ap(PeKTMBHOIO TeH3opa TenaonposogHocTu Hp TKM, nonydyex-
HbIX pa3/IM4HbIMK crnocobammn (NpuUmep pacyeTa)

3HaueHue,nosyyeHHoe

KomnoHeHTa achdhekTMBHOro
C NOMOLLbI0 paHee

TEeH30pa Tena1onpoBoaHOCTHN

3HaueHune, nosiyyeHHoe ¢

MOMOLLbI0 BEPUDULMPYEMOTO OTHOCUTENIbHOE OTK/IOHEHME,

; %

TRV Bepmdal/lLl.MpBoT?g\:Tgro Mo, %o, Mo, Jjp, Bri(m K) 0
1y 0,7463 0,7463 3,86e-08
12 0,7464 0,7464 2,85e-08
33 0,535 0,535 4,34e-08

A.2.4 3agaya gnsa pacveta KOMNOHEHT 30heKTMBHOIO TEH30pa TEN/I0BOro paclimpenmnss CKM

A.2.4.1 OnucaHue 1 nocTaHoBKa 3agayun

PaccmatpuBaeTtcss CKM, siuelika NepuogMyHOCT KOTOPOrO COCTOUT M3 YETbIPEX Pas/INYHbIX KOMMOHEHTOB (C/10EB)
(cm. pucyHok A.1).

Kaxabli cnoi siBnsieTcs M30TPONHbIM MaTepuasioM, TEXHUYECKUE YNpyrme KOHCTaHTbl U KO3qhrLMEHTbI TENI0BOTO
paclumpeHns KOTopbIx npuBefeHbl B Tabnuue A. 19.

Tab6nunuya A.19 — 3HaYeHNs TEXHUYECKMX YNPYTMX KOHCTaHT 1 KO3hhMLMEHTOB TENIOBOMO pPaclUMpeHmnst KOMNOHEHTOB
KOMMNo3uTa, pekoMeHAyeMble AN pelleHnst 3a4a4 no Bepudpukauum Mo

KoadhdommeHT TensioBoro

Homep cros B AN Mogaynb ynpyroctu E, Ma KoadhdomumeHT lMyaccoHa v pacLmpeHms, a, 1CT6K-1
1 3 0,38 60
2 250 0,2 2
3 10 0,35 40
4 70 0,25 4

Al nmeet goopmMy kyba ¢ ANMHON pedpa, paBHON 1 (6e3pasmepHble KOopAMHaTbl). ToMWMHA KaXKOoro Criosi paBHa
0,25.

OpToHOpMYpOBaHHas cuctema koopamHat Oey /=1,2,3 opueHTMpoBaHa Criefyllmum obpa3oM: BEKTOpbI €., €2

KOM/IMHeapHbl 6a30BOI M/IOCKOCTU, @ BEKTOP €3— OPTOroHasIeH K 3TOW NIOCKOCTU.
3ajava 3aKk/1r4aeTcsl B TOM, YTOGb! BbIMUC/IUTL KOMMOHEHTbI 3ODEKTUBHOMO TEH30pa TEMMOBOIO PaCLUMPEHUA KOM-

nosuTa djj B HanpasneHusx Oe,, UCNONb3ya Ans 3Toro Bepudmumpyemoe MO, 0OCHOBaHHOE Ha peLUeHWN JaHHONM 3adayun ¢
nomowbio MK3.

Ans pelweHns 3agaun cnegyeT UCMONb30BaTb NMOCTAHOBKY TPEXMEPHOW KBa3UCTaTUYECKOl 3ajauv NMHeRHol Teo-
pun Tepmoynpyroctu (cm. [91—[12]) ¢ rpaHNYHbIMK YCIOBUAMM, KOTOPbIE 3aBUCAT OT NPUMEHSEMOI MOAE/N BblUMNC/IEHUS
KOMMOHEHT 3p(heKTMBHOIO TEH30pa TEM/I0BOTO PACLUMPEHNS 1 YUC/IEHHON peanv3aummn aToro MeToaa.

[ns peweHns 3agaun fo/mKeH 6bITb KCnofb3oBaH MKD.

Mpumep matemaTnyeckoi Mogeny M NOCTaHOBKM MaTeMaTWM4ecKon 3agayuv ANnsi BblYMCMEHUS KOMNOHEHT adhdhek-
TUBHOIO TeH30pa Ten0B0ro paclumpeHns KM Ha OCHOBe Teopun acMMMTOTUYECKOTO OCPefHEHNs npuseseH B [16].

Mpumep KOM pa3smepom 206 254 anemMeHTa Ha OCHOBe TeTpasgasibHOro KO nokasaH Ha pucyHke A.2.

A.2.4.2 PesynbTartsl

Pe3ynbTaTbl pelleHns JaHHON 3afayum ¢ NoMoLbio Bepudmumpyemoro MO cpaBHMBAOT CO CNEAYIOLMMY BapuaH-
Tamu pacyeTos:

a) pesy/nbTataMn aHaJIMTUYECKOrO PeLLeHns 3a4aun, NoslyYeHHbIMU C MOMOLLIbIO TEOPUM aCUMMTOTUYECKOTO OCpes-
HeHusa ans CKM [em. [1], dhopmyna (3.11)]

< =ALKIPa’> (A.18)

fildJ=<Plj> + < ClnzCmzrz X CApZ > 1< CpZqzZ0qgZ ClimzGmzrzorz >, (A.19)

Pij ~ Cijklatd: (A.20)

CIW=< CH{ > + < djmZCnZsZ >< CsZf (A.21)
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roe @y —  KOMMOHEHTbI 3WPEKTUBHOMO TEH30PA TEM/IOBOrO0 PACLUMPEHNS KOMMO3NTA;

alf — KOMMOHeHTbI TeH30pa TeMJ0BOro PaclUMPEHKsI CNOEB KOMMO3UTA, NpeAcTaB/eHHble B BUAE paspbiB-
HOW DyHKUMKM KoopAauHaT B pamkax AlT;

Cijlk — KOMMOHeHTbI TeH30pa Mofyseli ynpyrocTu CI0eB KOMMO3UTA, TaKkKe NPEACTaB/IeHHblE B BUAE pas-
PbIBHOW (oyHKLMK koopAuHaT B pamkax Ar;

= =<4 — KOMMNOHEHTbI 3Q(PeKTVBHOIO TeH3opa ynpyrnx noAat/IMBOCTEN KOMMNO3NTa,;
14jld = 4jKi
— obpaTtHas mMaTpuuga,;
4n3s3
<Pij> — ocpepaHeHne no A,

6) pesynbTatamu npefesibHbiX BApMaHTOB pacyeToB, B KOTOPbIX XapakTepucTUKN BCEX CMOEB BblOMpaTCa OAnHa-
KOBbIMW (Hanpumep, MOryT ObITb BbiOPaHbl XapakTepUCTUKM cost 1 vwm 2 u3 Tabnauubl A.1), B 3TOM C/ly4ae KOMMOHEHTHI
3hheKTUBHOro TEH30pa TEMOBOrO paclUMPEHMS] KOMMO3UTa  COBMaJatoT C KOMMOHEHTaMM TeH30pa TEM0BOro pacluu-
peHns «f/BblbpaHHOro cros (Hanpumep, 1unm 2, 3, 4)

ajj =ay=agj, (A.22)

roe Sy— eAuHMYHas MaTpuLa, a Bce 3HAUeHUsl ay Ao/MKHbI 6bITb MOMYYEHbl YUC/IEHHO C MOMOLLBIO KOHEUHO-3/1e-
MEHTHOTO peLleHus 3a4aum;

B) pesynibTaTaMn YMC/IEHHOTO PelleHns AaHHON 3aaaun ¢ nomoLlbto gpyroro MO, paHee npolleallero Bepudmka-

LMI0 Ha JaHHbIX 3aga4ax.
Mpymep cpaBHEHUS pacyeToB Mo cnocoby 2 npueeneH B Tabnuvue A.20.

Ta6nunya A.20 — Pe3synbratbl CpaBHEHUS KOMMOHEHT 3D(hEKTMBHOIO TEH30pa TensoBoro pacwumpeHuss CKM, nosny-
YeHHbIX pa3IMyYHbIMK cnocobamu (NpumMep pacyeTa)

3HaueHue, NnosyyeHHoe
C MOMOLLBIO paHee
BEpUMLMPOBaHHOTO MO, «;,

KomroHeHTa adhdpekTBHOro
TeH30pa TersioBoro
pacLumpeHms «®

3HaueHVe, MoJsTy4YeHHOe C
MOMOLLBHO BEpUMLIMPYEMOrO
no,«”™, to-6/cl

OTHOCUTEIbHOE OTK/IOHEHME,
%

lo6/cl 1
iy, 4,46898 4,46898 5,27e-06
«22 4,46898 4,46898 6,36e-06
«33 52,697 52,697 7,11e-07

A.2.5 3agaya ana pacyeta KOMNOHEHT 3ddheKTUBHOIO TEH30pa Tens10Boro paclumpeHus CBKM

A.2.5.1 OnucaHune 1 NocTaHoOBKa 3a4a4u

PaccmatpuBaetcs CBKM, AN KOTOPOro COCTOUT M3 YETbIPEX Pa3/IMUYHbIX KOMMNOHEHTOB (CN0EB) (CM. pucyHkn Al n A.3).

Kaxgpiin cnoin CBKM npepctasnset coboit 1D KM ¢ achdpekTMBHBIMU XapakTepucTkamu. Kaxablii crioli nmeet yron
apMunpoBaHusa O, 3HaYeHMsA KOTOPOrO ykasaHbl B Tabnuue A.3.

1D KM B KaXgoM crioe SIBASIETCA OAHUM W TEM Xe NIMHERHO-TEPMO-YNPYrMM TpaHCBEPCasIbHO-M30TPOMHbLIM MaTe-
pviasiom, OT/IM4aeTCsa TOLKO YI/IOM apMUPOBaHUs, TEXHUYECKMe Ynpyrne KoHCTaHTbl 1D KM npuBefeHbl B Tabnuue A4, a
Ko3a(hhmLmeHThbl Tennosoro pacwmperns 1D KM — B Tabnuue A.21.

Tabnunua A21 — 3HayeHuss kO3PULMEHTOB TennoBoro paclumpennss 1D KM (B coBCTBEHHOI cucTeMe KoopauHaTt
Oed) B coctaBe CBKM, pekomeHayeMble Ansi peweHnsi 3agay no sepudpmkaymmn MO

KoadbchumeHTbl TenioBoro paclumpernst 1D KM

KoathprumeHT 3HadeHme, 10 6K 1
29 6,457
% 35,475
«33 35,475
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EpvHan ana Bcex croeB CBKM opToHopMupoBaHHas cuctema koopauHat Oey/=1,2,3 opueHTUpoBaHa crnemyto-
LM 06pa30M: BEKTOPbI €.,, €2 KonMHeapHbl 6a30BOIA NI0CKOCTU, a BEKTOP €3 0pTOroHasieH K aToi naockoctu. Co6CTBEH-
Has cucTeMa KoopAauHaT kakaoro cnoss OB® OpueHTUpoBaHa Crefyrolmm obpa3oM: BekTop B3 =B " /1 BCEX C/I0eB
COoBMafaeT, BEKTOPbI Hanpas/fieHbl Mog yrnamu K BEKTOPY roe s — Homep cros B AN,

AN nmeeT dopmy kyba ¢ AnvHol pebpa, paBHoi 1 (6e3pasMepHble kKoopavHaThl). To/LWMHA KaXKA0ro Clos paBHa
0,25.

3agava 3ak14vaeTcs B TOM, YTOObI BbIMUCINTL KOMNOHEHTbI 3DPEKTVBHOIO TEH30Pa TENIOBOTO PACLUMPEHNS KOM-
nosuta a}Bs HanpaBneHusix Oey UCNonb3ya AJ1a 3Toro Bepudpnumpyemoe MO, ocHoBaHHOEe Ha MK3.

[nsa pelweHnn 3agaun cnegyet UCMONb30BaTb NOCTAHOBKY TPEXMEPHOW KBa3UCTATUYECKONW 3a4auv NMHEeRHol Teo-
pvn Tepmoynpyroctu (cm. [9]—[12]) ¢ rpaHMYHbIMK YCIOBUSMW, KOTOPbLIE 3aBUCAT OT NPUMEHSIEMON MOAENN BbIYMCIEHUS
KOMMOHEHT 3DPEKTMBHOIO TEH30Pa TEM/I0BOTO PaCLUMPEHNST Y YNCIIEHHON peasin3aummn 3Toro MeToa.

[ns peweHns 3agaun fo/MKeH 6bITb Ucnonb3oBaH MKD.

Mpumep matemaTnyeckoli Mogenu M NOCTaHOBKM MaTeMaTU4ecKon 3agayn A1si BbIYMCMIEHUST KOMMOHEHT adhdhek-
TMBHOIO TeH30pa TenaoBoro pacwmpeHns KM Ha OCHOBE Teopun acMMNTOTUYECKOro OCpefHEHNs nNpuBeaeH B [16].

Mpumep KOM pa3smvepom 206 254 afniemeHTa rnokasaH Ha pucyHke A.2.

A.2.5.2 PesynbTartsl

Pe3ynbTarbl pelleHns faHHON 3afaym ¢ NoOMOLbo Bepuduumpyemoro MO cpaBHMBAIOT CO CNeAyOLMMY BapuaH-
Tamu pacyeTos:

a) pesynbTataMn aHa/IMTUYECKOrO peLleHns 3a4aun, NoslyYeHHbIMU C MOMOLLIbIO TEOPUM aCUMMTOTUYECKOTO ocpes-
HeHua ana CKM [cwm. [1], chopmyna (3.15)].

aij - Q jkiflki; (A.23)
*WSHe) Xe<8E >k<#$ '
nar=<gst>+ & WS C\] XC< >'k<# 4? D-< > . (A.24)
(A.25)
171
Ciki m  >+<CIMBCM33X Us3p3 > < Cp3g3Cgaw > - < CJjI3CM3r3Craw >! (A.26)
roe KOMMOHEHTbI TEH30pa MOoAyneli ynpyrocTy;
M) KOMMOHEHTbI TEH30pa TEM0BOr0 PacLUMPEHns S-ro C/10A B €AMHON cucTeme koopauHat OeyBbluncise-
Mble Mo chopmynam
(A.27)
(A.28)
roe Cogpa, —  KOMMOHEHThI TeH30pa MofAyneit ynpyrocTu;
aTr KOMMOHEHTbI TeH30pa Temns10Boro paclupeHnss 1DKM B cobCTBEHHOI cucteme koopauHat O B
Q« — MaTpuua noBopoTa CUCTEMbl KOOpPAMHAT C/losi, onpeaensiemas popmynamm (A.12), (A.13).
B dopmynax (A.23)—(A.26) Takke 0603HAYeHbI; — ocpepgHeHve no AN, CA 353 — obpaTtHasa matpuua,

Ty — KOMMOHEHTbI 3dPEKTNBHOIO TEH30pa TEMN/IOBOIO PaCLUMPEHUS KOMMNO3UTa, aM— KOMMOHEHTbI TEH30pa Ten/10B0ro
pacLuvpeHnsi CNIOEB KOMMO3WTa, MpeAcTaB/ieHHble B BUAE Pa3pbiBHOW OYHKLMKM koopamHaT B pamkax Arf, Cykl— komno-
HEHTbI TeH30pa MOoZAy/1eil ynpyrocT C/10eB KOMNO3UTa, NPeACTaB/EHHbIe B BUAE PaspbiBHOW (hyHKLMM KOOPAMHAT B pam-
kax Ar, TNym =CymM— KoMNOHeHTbl a(hheKTVBHOrO TeH30pa ynpyrnx nogatnveocteli komnosura, Cm3s3 — obparHas
matpuua, <G> — ocpepgHeHune no Ar;

6) pesynbTatamMu npegesibHbiX BApUaHTOB PacyeToB, B KOTOPbIX XapakTepUCTUKU BCEX C/I0EB BbIGMPAOTCA OAMHa-
KOBbIMW (Hanpumep, MoryT 6bITb BblGpaHbl XapakTepnucTukn cnos 1 unm 2 n3 tabnuupl A.1), B 3TOM c/lydae KOMMOHEHTbI
3hheKTMBHOIo TeH30pa TENI0BOIO PacLUMpPEHns KOMMNo3uTa ay CoBnajaroT C KOMMOHEHTaMU TEH30pa Ten/10Boro pacluu-
peHuns ay BblbpaHHOro cnos (Hanpumep, 1w 2, 3,4) [cm. hopmyny (A.22)];

B) pesy/ibTaTamMn YNC/IEHHOrO PeLleHns AaHHON 3adaun ¢ nomoLlbto apyroro MO, paHee npowealwero Bepudmnka-
LMI0 Ha JaHHbIX 3ajadax.

MpvMep cpaBHEHUs pacyeToB No MeTody 3 npusefeH B Tabnuue A.22.
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Tabnuuya A.22 — PesynbTaTbl CpaBHEHUA KOMMOHEHT 3(hPEKTUBHOIO TeH30pa TensnoBoro pacluvpeHus CKM, nony-
YEHHbIX pa3NMyHbIMU cnocobamu (Npumep pacyeta)

KOMMOHEHTa S(DCPEKTVBHOTO  3HAYEHME, MOJTYHEHHOE C MOMOLLBHO 3HaYeHMe, NosyYEHHOE C
TEH30pa TEeryIoBoro paHee BepUMLMPOBAHHOTO MOMOLLIHO BEPUCMLMPYEMOTO gﬁgn;ﬁﬂ:”ﬁ’f
paclmpeHns <y Mo,«”, 1(reK-1 Mo, a4, 10-6/C1 7
«11 15,7823 15,9577 11
«22 15,7823 15,9577 11
a3 31,7947 31,8579 0,19

A.2.6 3agaya ans pacyeta KOMMNOHEHT 3ddheKTUBHOIO TeH30pa Tens10BOro paclumpeHus TKM

A.2.6.1 OnncaHve 1 NocTaHoOBKa 3aaayn

PaccmatpuaeTtca TKM, AN KOTOPOro cocToUT U3 NATU Pas/INYHbIX KOMMNOHEHTOB: YeTbIPeX HUTEN U MaTpuubl (CM.
pycyHok A.8). dopma HuTel 6mM3Ka K CMHYCOMAa/bHON, BE HUTU OPMEHTMPOBaHLI B HanpasieHun Oela ABe apyrve — B
HanpasnieHun Oe2. CucTema HUTen obpasyeT B3avMHOe nepensieTeHne 6e3 KacaHus.

Kaxablii KOMNOHEHT ABNAETCA YNPYrMM M30TPOMHLIM MaTepuasiom, TeXHWYECKMe ynpyrne KOHCTaHTbl 1 koadhdu-
LIMEHTbI TEMOBOIO pacLUMpPeHmnst KOTOPbIX NpueefeHsl B Tabnnue A.23.

Ta6nuuya A.23 — 3HaueHUs TEXHUUYECKMX YNPYTUX KOHCTAHT M KO3h(prLIMEHTOB TEMN/IOBOTO PACLUMPEHNSI KOMIOHEHTOB
KOMMO3UTa, PEKOMeHAyeMble A1l pelleHnst 3aday4 no Bepudpmkaumm MO

KoadhpmuneHT Tennosoro

Howmep cnos B AM Mogaynb ynpyroctu E, MMa KoahpuumeHT MyaccoHa v pacumpenus, a, 10-6K*1
Martpuua 3 0,33 60
Hutn 70 0,25 4

AN nmeeT chopmy Kyba ¢ A/IMHOIN pebpa, paBHON 1 (6e3pasmepHble KoopauHaTbl). TONLWMHA Kakaoro cos pasHa 0,25.

OpToHOpMUpOBaHHasa cuctema koopauHat Ce-, /=1,2,3 opveHTMpOBaHa crefyolwmmM 06pa3oM: BekTopbl elt e2
KONIMHeapHbl 6a30BOW N/I0CKOCTMW, & BEKTOP €3 OPTOrOHasIEH K 3TOM NIOCKOCTW.

3ajaya 3aK1o4aeTcs B TOM, YTOObl BbIYMC/IUTE KOMMNOHEHT 3(DDEKTUBHOIO TEH30Pa TEMNI0BOMO PacCLUVPeHUst KOM-
nosuta ajj B HanpasneHusix Og-, NCMOMb3ys AN 3Toro Bepucuumpyemoe MO, ocHoBaHHOe Ha MK3.

[ns pelweHns 3agaun cnegyet UCNONb30BaTb NMOCTAHOBKY TPEXMEPHOI KBa3UCTATUYECKON 3adaun NIMHeNnHol Teo-
pum Tepmoynpyroctu (cm. [9]—[12]) c rpaHUYHBIMKU YCAOBUAMU, KOTOPbIE 3aBUCAT OT NPUMEHAEMOl MOAEN BblUNCIEHNA
KOMMOHEHT 3(P(PeKTMBHOIO TEH30pa TEM/I0BOIO PacLUMPEHUsT U YNCIIEHHON peanv3aumm 3Toro MeToga.

[nsa pelwenns 3agaum JomkeH ObiTb ncnonb3osBaH MKS.

Mprumep matematnyeckoli Mogen 1 NOCTaHOBKM MaTeMaTuyeckoi 3ajayv ANs BblUMC/IEHUS KOMMOHEHT adhdhek-
TMBHOIO TeH30pa TenaoBoro pacwmpeHns KM Ha ocHoBe Teopuy acMMNTOTUYECKOTO OCpPeHEHUS NpuBeAEH B [16].

Mprmep KOHEYHO-3M1EMEHTHOI TeTpas3apasibHON ceTku pasmepoM 206 254 anemeHTa nokasaH Ha pucyHke A.9.

A.2.6.2 PesynbTartsl

PesynbTaTthl pelleHns AaHHOl 3ada4uy ¢ NOMOoLbio Bepudmumpyemoro MO cpaBHMBAKOT CO CreayloLwyMy BapuaH-
TamMn pacyeToB:

a) pesynbTataMu npepesbHbIX BapyaHToB pacyeToB, B KOTOPbIX XapakTepUCTUKN BCEX C/I0EB BbIGMPAIOTCA OfAWHa-
KOBbIMW (Hanpvmep, MOryT 6bITb BblibpaHbl XapakTepucTukn cnost 1 nam 2 n3 tabnuupl A.23), B 3TOM C/lydae KOMMOHEHTHI
3pheKTUBHOrO TEH30pa TEMMIOBOr0 paclUMPeHnss KOMMo3uTa ay CoBnajatoT C KOMMNOHEeHTaMu TeH30pa TeNIoBOro pactuu-
peHus ajj BbibpaHHOro crosn (Hanpumep, 1w 2, 3,4) [cm. dhopmyny (A.22)];

6) pesynbTataMy YMCNEHHOTO PELUEHNA JAaHHON 3afaym ¢ NoMOoLLb Apyroro MO, paHee npoleglero sepuduka-
LMI0 Ha JaHHBIX 3ajadax.

Mpumep cpaBHEHUs1 pacyeToB MO MeToAy 2 npuBeaeH B Tabnuue A.24.

Ta6nunuya A.24 — PesynbTarbl CPpaBHEHMSI KOMMOHEHT 3¢h(DEKTMBHOrO TEH30pa TEMI0BOro pacwumpeHus TKM, nony-
YeHHbIX pa3MyHbIMK cnocobamu (Npumep pacyeTa)

KomroHeHTa 3githeKTMBHOro 3HaueHVie, NoslyYeHHOE C MOMOLLIbHO 3HaueHve, MosyyeHHoe ¢ on
TeH30pa Tern/ioBoro paHee BEPUMLIPOBAHHOTO MOMOLLIbH0 BEPUCIMLIMPYEMOTO OTrﬁgﬂ;‘:‘ﬂszf
pacLumpeHns «fy no, a4, 10-6K~1 Mo, «y, 10 -6k-1 "
«11 10,547 10,547 2,39e-08
«22 44,378 44,378 1,8e-08
a3’ 10,547 10,547 1,39e-07
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