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© OdpopmneHue. ®IBY «UMHcTUTYT cTaHgapTuzayumny», 2024

HacToawwmin ctaHgapT He MOXeT ObITb MOMHOCTLIO UMK YACTUYHO BOCMPOU3BEOEH, TUPaXXMNPOBAH U pac-
NMPpOCTpaHeH B Ka4vecTBe OC*)MLI,MBJ'II:HOFO n3naHua bes pa3pelieHunsa <De,qepaanoro dreHTCcTBa no TeXxHNn4ecko-
MYy perynmpoBaHvMi 1 METPOJIOTUA
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BeegeHue

TekylWniA ypOBEHb pPa3BUTUS HayKW U BLIYUCIUTENBHOW TEXHWKW MO3BOMSET CO3[aBaTb MartemaTtuye-
CKWe N KoMnbloTepHble 3D-mogenu KOMMNO3MUMOHHBLIX MaTepuanos, a Takke paspabaTkiBaTb NporpaMMHble
komnnekcel knacca CAE, ¢ NMOMOLLbI KOTOPbIX OCYLLECTBMSIETCS MNPOrHO3UpOBaHWe Pasfv4YHbIX CBOWCTB
KOMMO3UTOB, @ 3aTem nposoasaTcs AetanbHble CAE pacyeTbl KOMMO3UTHBLIX KOHCTPYKLWMA C MCNOMb30BaHUEM
3D-moaenen NoNMMepHbIX KOMMNO3ULMOHHBIX MaTeprarnos.

PaspaboTka nporpamMmMHbix KoMmnnekcoe knacca CAE onsa pelweHusa 3agady NporHO3MpoOBaHUA CBOWCTB
NMONUMEPHBLIX KOMMO3ULWOHHLIX MaTepruanoB Ha ocHOBe uucneHHoro 3D-mogenupoBanus TpebyeT co3gaHus
Habopa BepuUKaALMOHHLIX 33434, KOTOpble MO3BONMMNKM Obl NPOBOAWUTE BepudMKaLUIO CO34aBaeMblX Mpo-
rPaMMHbBIX KOMMIEKCOB M TEM CaMbiM 0BecnevyMBaTh BbICOKYK TOYHOCTb MOMyYaeMbiX pe3ynbsTaToB npu uc-
Nosib30BaHUK MPOrPaMMHbIX KOMMIIEKCOB B NPaKTUYECKOW AeATEeNbHOCTH.

Llenbio HacTosero crtangapra ABnseTca hopMynupoBka TpeboBaHUI K NpOBedeHW0 Bepuukauumn
nporpammMHoro obecnedyeHus knacca CAE, npegHa3Ha4yeHHOro Ans YMCNeHHOro MOOAENMPOBaHUSA NMHENHO-
YMNpYrux CBOMCTB NONUMEPHbLIX KOMMO3ULMOHHbLIX MaTepuarnos.

BkntoyeHHble B gaHHbiin TOCT BepudUKaLMOHHBIE 33434 OCHOBAHbLI HA TEOPUWM aCUMMNTOTUYECKOro OC-
pegHeHusa (homogenization method) nepuogunyecknx CTpykTyp, KOTOpasa B HacTosiLee BPeMsi XOpoLo MaTe-
MaTudeckn obocHOBaHa B psge KIacCHYecKUX TPYLOB OTEHEeCTBEHHbIX W 3apyDeHbIX OCHOBOMOOXHWKOB
atoro metoga (cm. [1]—[6]). AHanuTuyeckue pelweHUs BepUPUKaLMOHHbIX 3a4a4, NpeacTaBneHHble B HacTo-
AllemM cTaHdapTte, nonyyeHsl B [3].

B HacTtosiwem cTaHgapte nNpUMEHSIETCA TEPMUHOMNONMS WM Knaccudukauuu, BBeOeHHble B
FOCT P 57700.42.
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

YANCNEHHOE MOOENWPOBAHUWE NONUMEPHbLIX KOMNO3UWUUWOHHBLIX MATEPUANOB

Bepudukaumsa nporpaMmmHoro o6ecneveHus

Numerical Modeling for Polymer Composite Materials. Software verification

Oarta eBegeHna — 2026—01—01

1 O6bnacTe NnpUMeHeHnA

HacToawumi ctaHgapT ycTaHaBnueaeT obuwine TpeboBaHusa K BepuduKalum nporpaMmmHoro obecnede-
HUWS, NpegHa3Ha4YeHHoro Ans YACNeHHOro MOAeNMpoBaHMA CBOMCTE NOMMMEPHBIX KOMMO3ULMOHHBIX MaTepua-
noe (MO MCKM), Ha ocHoBe MeToAa KOHEeYHbIX anemeHToB (MK3).

Mon sepudukaumen NO MCKM noHumaeTcs noaTBep:aeHWe Toro, 4YTo nporpammHoe obecnedeHue
(MO) KoMNbLITEPHOrO MOAENUPOBAHUA (PYHKUMOHUPYET B COOTBETCTBMM C MareMaTUM4eCKOW MOAEnNbH, yKa-
3aHHON B gokyMeHTauum Ha MO, nyTeM conocTaBneHus nonyYaemMbix ¢ NoMolbio Bepuduumpyemoro MO
pe3ynbTaToB C TOYHBLIM (AHANUTUYECKUM) PELLEHUEM W/UINW YACTIEHHBIM PEeLLUeHWEeM, MOMyYeHHbIM C MOMOLLbIO
apyroro paHee BepuduumnpoBaHHoro MO.

TepMuHbI 1 onpefeneHus, OTHOCALLMECH K KOMMO3MLMOHHbIM MaTepuanam (KM) u ux cesoncteam, cooT-
BETCTBYHOT TEPMUHAM, npuBeaeHHbIM B TOCT P 57700.42.

HacTtoswmin ctaHOapT 4OMKeH NPUMEHATBECA COBMECTHO C BbllleyKa3aHHbIM CTaHa4apToM.

HaHHbIN cTaHgapT NpPUMMEHUM ANS YMCNEeHHOro MogenupoBaHus 3hgeKTUBHBIX XapakTepUCTUK Nonu-
MePHBIX KOMMNO3ULKMOHHLIX MaTepuanos (MKM) metogom MK3, ¢ ucnonb3oBaHMeM TONBKO MoAenei NMHenHo-
yApyrux u Tennoguanyeckmx CBONCTB KOMMNO3UTOB.

[MonuMepHble KOMMNO3ULUMOHHbIE MaTepuansbl npegcTaensaT cobon KM Ha ocHoBe NonMMepHO maTpu-
ubl (cm. TOCT P 57700.42, TOCT 32794, TOCT 33742).

2 HopmaTuBHbI€ CCbINKK

B HacToAweM cTaHOapTe UCNOoMb30BaHbl HOPMAaTUBHbLIE CChINIKK HA cnefylolme cTaHgapThl:

FOCT 32794 KoMno3anTbl NoNUMepHsble. TeEpMUHbI U onpedeneHuns

FOCT 33742 KoMmnoauTel nonumMmepHsle. Knaccudukaumns

rOCT P 57700.10 YucneHHoe MogenupoBaHue duandeckux npoueccor. OnpegeneHve HanpsKeHHo-
LeopMUpoBaHHOIo COCToAHNA. Bepudukauna n Banugaums YACAEHHbIX MOLEMNeN CITOMHbIX 3fIeMEHTOB KOH-
CTpyKUWiA B ynpyron obrnactu

FOCT P 57700.14 Bepudumkaumsi nony4aemMblX CETOYHbIMKA METOLAMW YNCMEHHbIX PELLEHUIA 3a4ay Me-
XaHWKN CANoLHoW cpeabl

FOCT P 57700.42 YncneHHoe MOOENMpOBaHWE KOMMO3ULMOHHLIX MaTepuanoe. ObLne nonoxeHus

MpumedyaHue — Mpu NONb30BaHUM HACTOSALLMM CTAHAAPTOM Lienecoobpas3Ho NpoBepuTh AEWCTBUE CChINoY-
HbIX CTAHAAPTOB B MH(OPMAaLWMOHHOW cucTeMe OBLLEro nonb3oBaHWs — Ha ohuLMansHOM canTe PenepansbHOro areHT-
CTBa MO TEXHUYECKOMY PErynupoBaHWio U METPOMOrUK B ceTn MHTEpPHET UMK No eXeroqHoMy UHHOPMAaLIMOHHOMY yKasa-
Tento «HauyuoHansHbIe cTaHaapThi», KOTOPbIM ONyBnUMKOBaH No COCTOAHUIO HA 1 AHBAPA TEKYLLEro roga, v Mo BbiMyckam
EXEMECAYHOTO MH(OPMAaLMOHHOTO yKkasaTens «HaunoHanbHble CTaHOapTbl» 3a TEKYLUMIA rog. Ecnv 3aMeHeH CCbINoYHbINA
CTaHOapT, Ha KOTOPbIA AaHa HeaaTUPOBaHHas CCbiMKa, TO PEKOMEHIYETCHA UCMONb30BaTh AEWCTBYIOLLYIO BEPCUMIO 3TOTO
CTaHOapTa C YY4eTOM BCEeX BHECEHHBIX B JaHHYK BEPCUID M3MEHEHWI. ECnn 3aMeHeH CCbiNoYHbIA CTaHOapT, Ha KOTOPbIN
[aHa [aTWpoBaHHas CCbInka, TO PEKOMEHOYETCH UCMOMb30BaTh BEPCUIO 3TOM0 CTAHAAPTA C YKA3aHHbIM BbILLE rOO40M yT-
BepKaeHus (NpuHATUA). Ecnu nocne yTBEpXOEHWA HACTOALLEro cTaHAapTa B CChIMOYHbIA CTAHAAPT, HA KOTOPLIA AaHa

MapaHune ochbuumnansHoe
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AdaTthpoBaHHadA CCbiNikKa, BHECEHO M3MeHEHWe, 3aTparBaroLLee nonoxXeHme, Ha KOTopoe JaHa CCbINKa, TO 3TO NonoXeHune
pekoMeHOyeTCcA NPpUMEHATb bes y4vyeTa 0aHHOro N3MeHeHnA. Ecnu ccbinoyHbIn CTaHOapT OTMeHeH 6e3 3ameHbl, To nono-
XeHune, B KOTOPOM OaHa CChiNnKa Ha Hero, pekoMmeHayeTca NpuMeHATbL B 4acTu, He 3anaFMBaPOLLI,EIZ 3TY CCbINKY.

3 TepMuHbI U onpepeneHus

31 TepMVIHI:I, npuMmeHdAemMblie And YUCNeHHOro MmogenupoBaHuAa U OTHoCAWKeCA
K KOMNO3NMUMOHHBIM MaTepunanam

3.11

KOMMOO3MUT (KOMI'I03MTHbIﬁ mMartepwuan, KOMMO3ULMOHHLIA MaTepMan): CnnowHow NpoAaykKT, COCTOA-
Wnn n3 OBYX Unun bonee MaTepuranoB, OTNMYHbLIX APYr OT gpyra no cbopnne n/unn CbaSOBOMy COCTOAHUKD
n/unu XMMWNHEeCKOMY COCTaBy n/mnu CBOWCTBAM, CKpPErnJieHHbIX, Kak npasnno, (hn3nyeckor CBA3LID N UMe-
HWKUX TpaHnUy pasgena mexay obsazaTensHbIM Martepuanom (ManMLIEﬁ) 1 ee HanonH1nTenamu, Brkn4as
dpMUPYHOLLME HAanoNMHUTENN.

MpumedaHue — MaTpvua WM HanoONMHUTENb KOMMO3WTa 06pasydT eQuHYHD CTPYKTYPY W OEMCTBYHT Co-
BMECTHO, oBecneynsan Hauny4wmm obpa3om HeoBXoauMbIe CBOWMCTBA KOHEYHOTO M3AENUs Mo ero yHKUMOHANBHOMY
Ha3HauYeHMIo.

[FOCT P 32794—2014, ctatea 2.1.103]

Mpumevarnunn

1 Mo KOMNO3WUMOHHBIM MaTepuanom (KOMNO3MTOM) B HACTOAWEM CTaHAAPTE NOHUMAETCH HEOAHOPOAHLIW MaTe-
pwan, CoCTOALWMA M3 BOMbLIOIO YMCHa CoeaMHEeHHbIX Mexay cobol pasnuyHbIX MaTepyanos (ganee — KOMMOHEHTOB),
C YETKMMW rpaHMLaMu (NOBEPXHOCTAMW) pasgena Mexady HAMW 1 0bnagatolmii HOBbIMW CBOMCTBaMMW MO CPaBHEHWIO CO
CBOWNCTBaMMW €ro KOMNOHEHTOB.

2 Ycnoeuve cyuwecTBoBaHWA BOMbLIOrO YMCNa KOMNOHEHTOB ABMSETCA CYLWECTBEHHbLIM: Hanpumep, matepuan, ob-
pa3oBaHHbIV CoedvHEHUEeM ABYX WK TPeX Pasfnu4YHbiX Matepuanos, He paccMaTpvBaeTcs B HACTOAWEM cTaHjapTe B
Ka4yecTBe KOMMO3ULMOHHOTO MaTtepuana.

3.1.2

KOMMOHeHThI [(ha3bl] KOMNO3UUMOHHOIO MaTepuana: MaTtepuansl, o6pa3sylolime CTPYKTYPY KOMMO-
3MLMOHHOTO MaTtepuana, Ana Ka)4oro M3 KOTOpbIX MOXHO BbIAENATb OOCTATOYHO YETKO BbIPaXKEHHYH OT-
LernbHy reoMeTpulyeckyo obnactb.

Mpumeyvanune — Cwm. [1], [3, [4], [7]-
[FOCT P 57700.42—2023, nyHkT 3.1.1.2]

313

MaTpuya KOMNO3UMUMOHHOINo matepuana: O,D,J/IH M3 KOMMOHEHTOR KOMMO3UTa, COEOUHAKLWWA B eun-
HOe uenoe BCe oCTalnbHble KOMMNOHEHTBI KOMNO3UTA.

MpumeyvaHus

1 Matpuua koMno3vMUMOoHHOro Matepuana obecneymBaeT ero LenbHOCTb, OTBEYaET 3a nepedadvy W pacnpege-
neHWe HanpsXeHWin B apMUpYIOLLLIEM HanonHUTENe W BO MHOTOM ONpenensieT CBOWCTBA (XapaKTepUCTHMKKN) CTOMKOCTU
KOMMO3WTa, B TOM YMACHE TEMNOCTONKOCTb, BNAroCTOMKOCTE, OTHECTONKOCTE M XMMUYECKYIO CTORKOCTb.

2 B COOTBETCTBUM C MEXAYHAPOAHO-MPUHATON KnaccuduKaumeli MaTpulbl KOMNO3WLMOHHOTO MaTeprana obpa-
3YIOTCH 13 NONIMMEPOB, 3M1aCTOMEPOB, METaNNMHYECKUX, KeEpaMUYEeCKUX, YINepoaHbIX MaTepranos.

3 MNopucTocTe MaTpuUpl (BeCb 06beM Nop) KOMMO3MLMOHHOIO MaTepuana paccmaTpyBaeTcs AN Uenein Yncrnex-
HOro MOAENUPOBAHUS Kak OTAEMNbHBIA KOMMOHEHT KOMMO3ULWMOHHOTO MaTepuana.

[FOCT P 57700.42—2023, nyHkT 3.1.1.4]
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3.1.4

HanonHuTenb KOMMNO3WMUMOHHOIo Martepuvana: HanolHWTenb KOMNO3MUMOHHOIO mMatepuvana:
INo6oi N3 KOMNOHEHTOB KOMMNO3WTa, 3a UCKINK4YeHnem ero Mmatpuubl (ManMLI,).

MpumevaHuq

1 Cm. [7], [8].

2 HanonHuTenb KOMMO3WLMOHHOIO MaTepuana npegHasHadYeH ans npuaaHusa KoMnoauTy Tpebyembix CBOMCTB
W/Unu ONs CHWKEHWSA CTOMMOCTM KOHEYHOTO M3OEenus M3 KOMMO2MLMOHHOIO Matepuarna.

3 ApMMPYHOLLMKA HanoMHUTENb KOMMO3WLIMOHHOIO MaTepuana — HamnofHUTENb KOMMO3WLWMOHHOIo mMaTtepuana,
npefHazHa4YeHHbIA 4N yNy4leHns ero UanKo-MeXxaHUYECKUX CBOWNCTB (XapaKTepucTuk).

4 K apMu1pyoLL1M HanornHUTENAM KOMMO3ULMOHHOTO Matepuana OTHOCATCA: HenpepbIBHBIE BOMOKHA, LUTaMNenbs-
HbIE UMW pe3aHble BOMOKHA, HUTW, POBUHIW, NMEHTLI, TKAHW, MaTbl, pa3nvYHbIE HETKaHbIE MaTepuarnsl, HUTEBUAHBLIE MOHO-
KPUCTannbl, MNOMNble U CRMOLWHbIe MUKpocdepsbl 1 Ap. (apMUPYIOLWMA HAanoMHUTENb He ABNAETCA CUMHOHMMOM TepMMHAa
«HaMomnHUTEnb» ).

[TOCT P 57700.42—2023, nyHkT 3.1.1.5]

3.1.5

OOHOMEpPHbIM HanonHuTenb (1D-HanonHWTenb): HenpepbiBHBIA HANOMHWTENb, A4S KOTOPOro cylle-
CTBYET TOMbKO OHa napa cBA3aHHbIX rpaHen B All.

MpumevdaHusa
1 CM. pucyHok A.2.
2 K ogHOMEpHbIM HANONHUTENSIM OTHOCATCS MOHOBOIOKHA, HUTWU, POBUHIH, JKTYThI, NEHTLI, KOPAHLIE TKaHW.

[FOCT P 57700.42—2023, nyHkT 3.1.2.3]

3.1.6

AYenKa nepumoguyHoOCTU KOMNO3IMUMOHHOIO MaTepuana, Al rlpe,El,CTaBHTEJ'IbeIl;I ob6bem Kom-
nosnTa, oﬁna,qaromero CBOWCTBOM nepnognyHOCTA FEOMETDI/I'—IECKOH CTPYKTYpPBbI.

MpumevyaHwus
1 Cm. [1].
2 CBOWCTBA AYEMKU MEPUOAVNHHOCTU NpUBEOEHbl B MPUIOKEHUN A.

[FTOCT P 57700.42—2023, nyHkT 3.1.1.8]

5 i I

KOHLIEHTpaLus KOMMOHEHTa KOMNO3ULUMOHHOro MaTepuana: OTHocuTenbHasa obbeMHas Jons KoM-
NOHEeHTa KOMNO3uUKWoHHOro MaTtepuana B Al unu N30, BbluMcnsieMasl Kak OTHOLEHWE 06 bemMa KOMMOHEHTa
B AN unwm N30 k 0b6vemy Bcen Al nnu scero MN30.

MpumevaHusa

1 OTHocuTenbHasa obbeMHas gons KomnoHeHTa KM BblMMCASAETCH Kak OTHOLWEHWe o6bema koMnoHeHTa B Al K
obvemy Bcel Al (aHanorn4Ho ansa mogenu MN30).

2 KoHueHTtpauua HanonHutena B KM — oTHocuTenbHaa obbemHan gona HanonHutensa B KM.

[AgantupoeaHo u3 OCT P 57700.42—2023, nyHkT 3.1.1.9]

3.1.8

KOMMO3ULIMOHHLIW MaTepuan ¢ ABYyXMepHoW cTpykTypoi; 2D KM: komnosuuunoHHbiin matepuan, Al
KOTOPOro COAEPXUT TOIMLKO ABYXMEpPHLIE apMUPYHOLLMe HAaNOMHUTENW C OAHUMW U TEMU Xe napamMu CBA3aH-
HbIX rpaHen.

MpumevaHue — lMpumepamu 2D KM aenatoTcs:

- CNOWUCTbIE (MHOTOCMOWHbIE) KOMMO3ULUMoHHbIe MaTepuansl (CKM) — KM, Al KoTopbiX COCTOUT U3 HECKOMbKMUX
pasnu4YHbIX CIIOEB, MATPULIA TaKKe ABNSETCA OAHUM WM HECKONBKUMW CNOAMMU;

- CMOMCTO-BONIOKHUCTBIE (MITOCKOCTHO-apMUPOBaHHLIE) KOMMNO3NUWOHHLIE MaTepuansl (CBKM) — CKM, cnowm ko-
TOpPOro COAEpKaT HUTK (BOMOKHA), OPUEHTHMPOBAHHLIE NOL, Pa3NMYHLIMU YIamMu K OOHOW U3 BbIAENEHHBLIX OCel, npuHa-
nexaulen 6asosol nnockocTtu (cm. [5], [12], [14]);

- TKaHeBble KOMMOo3uLuoHHble MaTepuarnsl (TKM) — KM, HanonHuTenem KoTopbix SBNSTCA TKaHW MNONOTHAHOIO,
CapXeBOoro, CAaTMHOBOIO M APYroro nNieTeHus;
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- MynbTHaKcuarnbHble KoMno3uTel — KM, HanomHUTEensMKU KOTOPbLIX ABMAKTCA HWUTU, OPMEHTUPOBAHHLIE B He-
CKOMBKUX HAMPaBNEHWUAX OAHOW NIIOCKOCTW, NEPENMETEHHBIX AOMONMHUTENLHBIMU HUTSMMU,

- COTOBblE MaTepuansl — KOMMNO3uTel, obrnagawlme ¢ nepuoguyeckoil CTPYKTYpPO B ABYX HanpaeneHusx, no-
[OOBHOW CTPYKTYPE MYEeNiMHbIX COT.

[FTOCT P 57700.42—2023, nyHkT 3.1.2.9]

3.2 TepMuHBI, oOTHOCALWMECA K 3(h(heKTUBHbIM XapakTepMCTUKaM KOMNO3WUTOB

3.2.1

acpheKTUBHLIe CBOMCTBA [XapakTepUCTUKU] KOMNO3ULIMOHHOTO MaTepuana: CBOWCTBA CMMOLWHOO
04HOPOZHOrO mMaTtepwvana (cpefbl), 9KBUBANEHTHOro paccMaTpMBaeMoMy KOMMO3ULMOHHOMY MaTepuany c
OCpefHEeHHbLIMW XapakTepUCTUKaMN MCXOQHLIX KOMMOHEHTOB, 6e3 y4yeTa ero MMKPOCTPYKTYPbI.

MpumeuvaHun

1 Cwm. [1], [3]—5]

2 3hchekTUBHLIE CBOICTBA KOMMO3MTOB ODBIMHO MOMy4atT C MOMOLLLH CheuuanbHbIX Npoueayp OcpeaHeHus
CBOWMCTB MCXOAHbIX KomnoHeHToB KM no Al unm N30, unn akcnepuMeHTansHo.

[TOCT P 57700.42—2023, nyHkT 3.1.5.1]

3.2.2 achdpeKTMBHbIA TeH30p moaynen ynpyroctm KM: TeHsop modyneil ynpyrocT O4HOPOAHOMO
MaTepuana, 3KBMBalleHTHOTO B HEKOTOPOM CMbIcre ncxogHomy KM.

MpumevyaHune — Kaknpaeuno, achcekTUBHBIA TeH30p Moayneit ynpyroctv KM cBA3biBaeT TEH30pLI Hanpsixe-
HWA 1 gedhopmaumnm, ocpegHeHHble no Al KM.

3.2.3 TexHu4Yeckne ynpyrue KOHCTaHTbl: KOHCTaHTbl MOAEnW NUHENHO-YNpyron cpefbl, KOTopble
06bIYHO ONpefenstTCs HENOCPEACTBEHHO M3 3KcnepuMeHToB (Anst KM OHKM BblYMCNAOTCA): MO4YNM YNpyro-
cTu, koabdpuumeHThl [NyaccoHa, Mmogynv caoBura, Moayrnb 06beMHOro cxaTus u ap.

3.2.4 acpheKkTUBHLIA TeH3op TennonposoaHocTu KM: TeH3op TennonpoBOAHOCTU OLHOPOAHOIO
MaTepuarna, 3KBMBaleHTHOro B HEKOTOPOM CMbIcTe ncxogHomMy KM.

3.2.5 adphpeKTUBHBLIA TeH30p TennoBoro pacwupeHna KM: TeH3op TennoBoro paclupeHusl ogHo-
poOHOro MaTepuana, 3KkBMBaneHTHOro B HEKOTOPOM CMbicne ncxogHomy KM.

4 CokpauweHus

B HacToAwem CTaHOapTe npuMeHeHbl cnegyruwune CokpaweHnsa:

OAKM — gucnepcHo-apMUpOBaHHbLIA KOMAO3WMLMOHHBIA MaTepuan;

K3 —  KOHEYHbIA 3MTEMEHT;

KoM — KOHEeYHO-3NeMeHTHaa Mogenb;

TKM — TKaHeBbIA KOMMO3ULUWOHHbBIW MaTepuan;

1D KM — opgHoHanpaBneHHO-apMUPOBaHHbLIM KOMMO3WULMOHHbLIA MaTepuyarn.

5 OcHoOBHbIe HOPMaTUBHbIE NONOXEHWNA

5.1 O6wmMe nonoxeHuUs

5.1.1 Uensto Bepudpmkaumm MO MCKM siBnsieTcs noaTBep#4eHWe COOTBETCTBMA Pe3ynbsTaToB YNCeH-
HbIX peLleHui, Nonyvyaemblx ¢ NoMoLLbio Bepuduumpyemoro MO, BeiDpaHHO MaTeMaTu4eckoin Mogenu.

5.1.2 3apgavyamu Bepudukauymm MO gns 4YMCNeHHOro MOAENMPOBAHUSA MONMUMEPHbLIX KOMMO3ULMOHHBLIX
MaTepuanoe SBNAKTCA:

- NnogTBeEpPXAeHne AOCTOBEPHOCTW Pe3ynbTaToB YMCNEHHOro MoAenupoBaHus ynpyrux ceoncts KM, no-
Ny4yaeMblxX ¢ NOMOLLbI0 Bepuduumpyemoro Mo;

- NOATBepXOeHWe [OCTOBEPHOCTM pe3yNnbraToB YUCMEHHOro MOAEeNUpoBaHWUs Tennoguandeckux
ceoncTB KM, nonyyaembix ¢ nomoLbio Bepudmumpyemoro MO.

5.1.3 Hactoawwmn NOCT Heobxogumo npumeHsaTe BMecTe ¢ TOCT P 57700.42. Bce TepMuHbI U onpege-
NeHus1, NpUMeHseMble B HACTOSALLEM CTaHgapTe, OTHOCAWMecs Kak K knaccudukaumm KM 1 nx ceoicTBam, Tak
1 Kk mogensam ceoncte KM, cchopmynupoeansl B TOCT P 57700.42.

4
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5.1.4 lNpu nposegeHnn sepudmkaummn NMNO ANsa YUCNEHHONO MOAENUPOBAHUA NMONMMMEPHbIX KOMMO3M-
LMOHHbIX MaTepuanos Heobxoanmo BbiNonHATL Tpebosanna TOCT P 57700.10 n TOCT P 57700.14.

5.2 NepeyeHb BepupMKaUMOHHBLIX 3agav

5.2.1 NMepeveHb 3anay anAa sepudukauun MO ona moaenupoBaHusa ynpyrux ceoncts MKM

5.2.1.1 3apgavya aonA pacdeta KOMMOHEHT 3(PEKTUBHOrO TeH3opa Mogyneh ynpyroctv M TEXHUYECKNX
ynpyrux koHctaHT CKM.

5.2.1.2 3apava gnsa pacyeta 3 peKTUBHOTO TeH30pa MOAYNeN YNpyrocTh U TEXHUYECKUX YNPYIMX KOH-
cTaHT CBKM.

5.2.1.3 3agava ansa pacdeta KOMMOHEHT 3(PPEKTUBHOTO TeH30pa MOLYMNeh ynpyroctv U TEXHUYECKNX
ynpyrux koHcTaHT JAKM.

5.2.1.4 3apavya aonA pacdeta KOMMOHEHT 3(MEKTUBHOrO TeH3opa MOLYyMNen ynpyroctv M TEXHUYECKNX
ynpyrux koHctaHt 1D KM.

5.2.1.5 3agavya onA pacdeta KOMMOHEHT 3(PEKTUBHOTO TeH30pa MOLYMNen ynpyroctu M TEXHUYECKNX
ynpyrux KkoHctaHt TKM.

5.2.2 MepeyeHb 2agay anAa sepucdukauumn MO ans mogenupoBaHUA TennoUan4ecknx CBOUCTB
MKM

5.2.2.1 3apgava ans pacyeta KOMNOHEHT addeKkTUBHOro TeH3opa TennonposoaHocT CKM.

5.2.2.2 3apaya ans pacyeta KOMNOHEHT adheKTUBHOro TeHaopa TennonposogHocT CBKM.

5.2.2.3 3agada onga pacyeta KOMANOHEHT 3thdEeKTUBHOMO TeH30pa TENMNONPOBOAHOCTU TKAHEBOIO KOMIO-
3uumoHHoro matepuana TKM.

5.2.2.4 3apaya ons pacyeTa KOMNOHEHT 3(pPEKTUBHONO TeH30pa Tennosoro pacwupeHus CKM.

5.2.2.5 3agadya ang pacyeta KOMMoHeHT addeKTUBHOro TeH3opa Tennoeoro pacimpeHns CBKM.

5.2.2.6 3apgava ans pacyeta KOMNOHEHT 3 EeKTUBHOro TeH3opa Tennosoro pacimpeHnsa TKM.

5.3 AnropuTtm Bepudmkaumum MO gna yucneHHoro mogenuposanmsa MKM

5.3.1 Bepudumkauua MO npoeoguTca ANS OLEHKW afeKkBaTHOCTU peanuiauum 3anoxeHHsix B MO marte-
MaTu4YecKkux Mofdeneun Ansa pacderta ynpyrux v tennodgpusndeckux ceomcte KM, a Takke Ana oLeHKU TOYHOCTH
KOHEYHO-3MEMEHTHbIX anropuTMORB, peanuaoBaHHbIX B TecTupyemom MO.

5.3.2 Bepudmkauwms MO ocyllecTBNSETCA NYTEM NOCMNEA0BaTENBHOIO pelleHns Habopa pekoMeHa0BaH-
HbIX TECTOBLIX 3a4a4 ¥ COMOCTaBNEHUA NOMNy4YakLLMxXca pe3ynsratoB (Habopa adpdeKTUBHbIX XapakTEPUCTHK
KM) c aHannTuyeckuMm gaHHbIMK MO0 C 3TanOHHbIMKU 3HA4YEHWSMW, NO4 KOTOPbIMW NMOHUMAKTCA pe3ynbTaThbl
pelleHns 3agay ¢ NoMoLLblo paHee BepudurumposaHHoro MO.

5.3.3 Bepudhukauus ocyLlecTBnseTcs Ha OCHOBE peLLeHNs TECTOBbLIX 3a4ay ¢ BXOOHLIMW OaHHbIMUK (pe-
KOMEHOO0BaHHEIMU 3HAYEHUSMU XapakTePUCTUK KOMMOHEHTOB KM).

[na TecToBbIX 3a4a4, peLleHre KOTOpbIX NPeACcTaBNeHo B BUAE aHanMTUYeCcKnX popmyrn, AOMKHO BbIThb
npou3BeaeHO BblYMCIIEHNE WU MOMy4YeHbl YUCMEHHbIE pe3ynbTaThl, KOTOpble Aanee npeacraBneHbl K CpaBHU-
TENMbHOMY aHanuay ¢ peaynbrataMi KOHEYHO-3MEMEHTHbBIX PACHETOB C NOMOLLbIO Bepuduuympyemoro M0.

5.3.4 OueHka OTHOCUTENBLHOIO OTKMOHEHWS MOMyYeHHbIX Pe3ynsTaToB M pes3ynsTaToB, NPUBEOEHHbIX B
TecTOBbIX 3afa4ax, MPoOBOOMTCS ANS KaX4oro 3HadeHus 3oekTUBHON XapakTepuUCcTUKM.

5.3.5 PekomeryemMble npumMepHble pazmepbl KM (konunuyecteo K3 u konudectso yanos B KOM) gns
NpOBEAEHMsT pacHeToB NMpeacTaBneHbl B KaXaon TectoBol 3agadve. Pazmep KOM moxeT MEHATLCA B 3aBK-
CMMOCTW OT MaTeMaTU4YeCKOro anropuTmMa pelleHus 3agadyum, NpUMeEHAeMoro MogenmpoBaHma adeKTUBHbIX
xapaktepucTtuk KM.

ObazatenbHbiM TpeboBaHMEM ABNAETCA NPUMeHeHne UMeHHO MK3 ansa pacuyeTta ahpeKTUBHbBIX Xapak-
TepucTuk KM.
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MpunoxeHune A
(o6azaTtensHoe)

PekoMeHAOyeMble TecTOBbLIe 3agaun Ang sepudukauum Mo

A.1 3apgaum ana sepudmukauum MO ana mogenupoBaHusa ynpyrux ceorcts MNKM

A.1.1 3apga4a gnsa pacyeTa 3chPeKTUBHbLIX MOAYNEen YNpPYrocTu U TeXHUYECKUX Ynpyrux koHcTtaHt CKM
A.1.1.1 OnncaHne 1 NOCTaHOBKA 3a4a4u

Paccmatpusaetca CKM, Al koToporo coCToUT U3 YeTklipex pasnyyHbIX KOMMIOHEHTOB (cnoes) (cM. pucyHok A.1).

Kaxablid croi ABnAeTcs NUHEWHO-YNPYrMM M30TPOMHLIM MaTepuarnom, TEXHUYECKUE YNPYrMe KOHCTaHTbl KOTOPbIX
npueeneHsl B Tabnuue A.1.

Tabnuua A.1— 3Ha4yeHWA TEXHNYECKUX YMPYrMX KOHCTAHT KOMNOHEHTOB KOMMO31Ta, PeKOMeHAyeMble AN pelleHns
3agay no sepudmkaumm MO

Homep cnos 8 Al Moayne ynpyroctu E, [Tla KoadbdpmumeHnt lNMyaccoHa v
1 3 0,38
2 250 0,20
3 10 0,35
4 70 0,30

AN nveet hopmy kyba ¢ anuHon pebpa, paeHon 1 (beapasmepHble KoopavHaThl). bespasMepHan TonNWKWHa KaXKao-
ro crios pasHa 0,25.

OpToHOpMUpOBaHHasA cucTema koopawHar Oe, /= 1, 2, 3, OpMEHTUpOBaHa crneaylolnM 06pasomM: BEKTOpLI e,4,e,
KonnuHeapHsl 6a30B0M NMOCKOCTH CMOEB, 8 BEKTOP €4 OPTOroHamNeH K 3TO MIOCKOCTM.

3agava zaknoyaeTca B TOM, YTODbl BbIMUCINTD:

- KOMMNOHEHTLI 3hpeKTUBHOIO TeH30pa Moaynen ynpyroctu (cm. [1]) komnosuTa Eﬁkf'

- 3 EKTUMBHEIE TEXHUYECKUE YNPYrMe KOHCTaHTbl koMmno3uta (cMm. [7]):

E;, — Tpu Momyns ynpyrocTi B Hanpaenexnusx Oe;,

G,-J,»— TP MOLYNA CABWra B NfIOCKOCTAX Oejef-, i#],

vij— Tpn koadhdmumenTa NyaccoHa, | # J,

ucnone3ysa ana atoro Bepuduyupyemoe N0, ocHoBaHHOE HA peLleHMy JaHHOW 3adadqn ¢ nomousio MKS.

[ns peweHuns 3agayn crneqyeT UCMONb30BaTk NOCTAHOBKY TPEXMEPHOW KBa3MCTaTMYECKON 3a4ayn NMHENHON Teo-
pun ynpyroctu (cM. [9—12]) ¢ rpaHUYHBIMK YCITOBUSIMU, KOTOPLIE 3aBUCAT OT NPUMEHAEMO MOAENN BbIYUCNEHUS KOMMO-
HeHTbl adhdeKTMBHOrO TeH30pa MOAYrei YNpyrocT M YUCAIEHHONO METOAA peanv3aumny aToro MeToaa.

[ns peweHns 3agaqn gomkeH ObiTe Ucnone3oeaH MK3.

Mpymep MaTemaTUyeckoW MOAENV M NOCTaHOBKWM MaTeMaTUYeckoi 3afaqn AN Bbl4MCNEHUS KOMMOHEHT adydek-
TUBHOro TeH3opa mogynen ynpyroctn KM Ha ocHoBe TeopuUM acMMNTOTUYECKOrO ocpeaHeHus npueedeH B [13] n [14].

Ons CBKM npumMep KoOHEYHO-3MeMeHTHOW TeTpasgpanbHoW ceTku padmepom 206254 anemeHTOB nokasaH Ha
pucyHke A.2.
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PucyHok A.1 — Al CKM, cocToswas u3 YeTbipex KOMNOHEHTOB (CNnoes)

PucyHok A.2 — KGM gna AN CKM

A.1.1.2 Peaynerarthl

PesynetaTthl pelleHnss AaHHOW 3afa4yn, NonyyeHHble ¢ NOMOLLLK Bepuduumpyemoro MO, cpaBHUBAKOT CO criedyto-
LMW BapuaHTaMy pac4eToB:

a) pesynsTatamy aHanuTUYeCKOro peLleHa 3a4a4K, NonyYeHHBIMU C MOMOLLBI0 TEOPUMW aCMMMATOTUYECKOrO ocpea-
HeHuws gna CKM [cwm. [1], dhopmyna (1.12)]

= i 4 A 1
Ciir =< Cjy >+ < CjmaCzsa ><Cgaps > < CpaqaCqan > — < CjmaCmasaCsanr > (A1)

rae Cjjq — KOMMOHEHTbI TEH30pa MOAYNEN YNPYrocTU KOMMOHEHT KOMMO3MTa, MPEACTABNEHHbIE B BUAE PA3PbIBHON
YHKUMM KOOpAUHAT;

<Cjy> — ocpeaHeHue no A

—1
'm3s3

Gcbd)BKTIf‘IBHbIe TEXHWYECKME ynpyrme KOHCTaHTbl KOMMNO3UTa B 3TOM Crnyyae BbIMUCIAKT C NOMOLWbIO OGpaTHOI’O

obpaTtHas maTtpuua,

TeH3opa ﬁﬁ” = _,J_,J; (cm. [B]) (TeH3opa ynpyrux nogatnuBocTer) U criegyroLlwmx dopmyn (cm. [4, 5]):
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=
Y My )

= 1
Gy == A3
ATy (A.3)
vy =~Eilly . (A.4)

CymMupoBaHue Mo i 1 j OTCYTCTBYET.
3amevaHume: uHaekcaumo koadbduuymenTor lNMyaccoHa vjj BBOAAT Taknm obpasom, 4Tobbl YOOBNETBOPANUCE COOT-
HOLLEHMA B3aumMHocTu (cm. [4], [5]).

v i v ji

- A5

E (A5)
i (A.6)

CymMMuUpoBaHue Mo i U j OTCYTTCBYET.
6) pesynsTatamu NpegenbHbIX BapUaHTOB pacyeToB, B KOTOPbIX XapaKTepUCTHKK BCEX COeB BbibupatTes ognHako-
BbIMUK (Hanpumep, MoryT ObITh BeiGpaHbl xapakTepucTuki cnosa 1 unu 2 n3 tabnuubl A.1), B aToM criyvae:
1) achbexTMBHBIE MOAYNW YNPYTrOCTM KOMMO3UTa CW COBMagaT ¢ MOAYNAMW YNpyrocTu C:;fk.' BbIBpaHHOro cnos
KomnosuTa (Hanpumep, 1 unu 2)

Ciii = Cia. (A7)

2) SC.beE.‘KTVIBHbie TeXHWYeCKne ynpyrme KOHCTaHTbl KOMNO3MTa COBNaAadT C TEXHUYECKMMU YNPYTUMW KOHCTaH-
Tamu BbiﬁpaHHOFD cnonA

E =E; (A.8)
= E _
Gy =C=2asvy 1= (A.9)

(Bce aHaveHus E, 5”-, Ej-j OOMKHBI BbITE MNOMYYEHbI YACTIEHHO, C MOMOLLIBIO KOHEYHO-3MEMEHTHOTO PeLLeHs 3aaaqm);
B) pe3ynsTaTaMu YUCINEeHHOro peLleHnss 4aHHOM 3agayun ¢ nomollbo gpyroro MO, paHee npolueallero Bepuduka-
LUMIO HAa OaHHbIX 3agaqax.

[Mpumep cpaBHeHWs pac4eToB No BapuaHTy 3 npuBedeH B Tabnuue A.2.

Tabnuua A.2 — Pesynbtatbl cpaBHeHUA apeKTUBHBIX TEXHUYECKUX ynpyrux koHcTaHT CKM, nonyyeHHbIX pasnuy-
HbiMK cnocoBamu (npumep pacyeTa)

3dhdhekTBHAnA TeXHWYecKasn SHalaHue, NofyYeHHOS SHEUSHIE; ONYHBHHOS:C OTHOCWTENBHOE OTKNOHEHKE,
ynpyras koHctaHta CKM Bep;;zﬂ?aﬁg:iagﬁgreoeﬂ o nOMOLIEL EG[F]V(I;bVILWIDyeMDFD %

E1, Ma 83,463 83,463 4,86e-06
EE, Ma 83,463 83,463 4,71e-06
E3, Ma 14,811 14,811 1,53e-07

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

;23 0,35296 0,35296 8,02e-07

;3| 0,06264 0,06264 3,1e-06
@12, Ma 3,2343 3,2343 8,88e-08
613, Ma 3,2343 3,2343 2,67e-07
623, Ma 33,970 33,970 3,29e-06
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A.1.2 3apaya ona pacyeTta achpheKTUBHOro TeH3opa Moaynen yrnpyroctm U TeXHUYeCKUX YNPYruxX KOHCTaHT
CBKM

A.1.2.1 OnucaHne 1 NocTaHoOBKa 3agayu

Paccmatpueaetcss CBKM, Al koToporo cOCTOUT U3 YeTklpex pasfuyHbiX KOMMOHEHTOB (CNoeB) (CM. pUcyHOK A.1).

Kaxgbinn cnon CBKM npeactaenset cobort 1D KM ¢ achhekTMBHBIMKW XapaKTepucTUKamn 1 MMeeT yron apMmpoBa-
Hma ¢'S) (cM. pucyHoK A.3), 3HaYEHMA KOTOPOTO yKasaHbl B Tabnuue A.3.

Tabnuua A3 — Yl apMupoBaHus cnoee B coctaBe CBKM, pekomeHgyemble Ansi BepurKaLMOHHBIX pacyeToB

Homep cnos 8 CBKM, s Yron apMupoBaHus cnos, ¢s), °
1 0
2 45
3 -45
4 90

1D KM B Kaxgom crioe fABnseTca OOQHUM 1 TEM e OOHOPOOHbIM J'IMHEI;IHD-yFIpyFVIM TpaHcBepCanbHO-M30TPONHbLIM
Marepuanom, oTnUHaeTCA TONMbKO YIMOM apMUpOBaHKA, TEXHUYECKWME YyNpyrMe KOHCTaHThbI 1D KM npueeneHbl B Tabnuue
A4

Tabnuya A4 — 3HauyeHuns TexHudeckux ynpyrux koHctanT 1D KM B coctaBe CBKM, pekoMmeHaoyeMble ons pelueHns
3apad no eepudumkaumum MO (MHaekcauma B cobCTBEHHOWM CUCTEME KoopauHaT Osgs))

TexHu4eckune ynpyrue KoHcTaHTel 1D KM

KOHCTaHTa 3Ha4vyeHue
E, Ma 36,505
E,, Ma 7,980
E,, Ma 7,980

Vi) 0,284

Vay 0,404

ey 0,284
G4y, Ma 3,063
G,y Ma 2,840
Gyp, Ma 3,063

Eaunas ans scex cnoes CBKM opToHopMupoBaHHas cuctema koopauHat Oe, /= 1, 2, 3 opveHTMpoBaHa crneay-
tOLLMM 0Dpa30oM: BEKTOPLI €4, €, KONIMHeapHb! Ha30BO NNOCKOCTW CIOEB, a BEKTOP €5 OPTOrOHamNeH K 3TOW NIOCKOCTH.

CoBcTReHHan cicTema koopamHat kaxaoro cros 0t} opuentuposana crneayiolwmm obpasom: Bektop @3 = ef)
i 3 3

A
[NA BCEX CINOEB COBMNaAaeT, BeKTOpkI Oﬁs) HanpasneHsl noa yrnamu ¢'s) k sektopy 91(910023) =¢(s)), roe s — Homep

crios B Al

Al umeet dopmy kyba ¢ AnvHon pebpa, pasHou 1 (6e3pazMepHble KoopAWHaTh!). TonwuHa Kaxaoro cnos paeHa 0,25.

3agadva 3aknyaeTcs B TOM, YToObl BBIMMCIUTE!

- KOMMOHEeHThI 3pheKTMBHOIO TEH30PA MOdYMen ynpyrocTu E,;,-kf komnosuta CBKM;

- apheKTUBHEIE TEXHUYECKWE YNPYrMe KOHCTaHTel komnosuta CBKM:

E, — Tpu MOZyns ynpyroctu B Hanpasnenusix Oe,,
Gf-f- — TPW MOAYns caBura B MiocKOCTSX Oe,ej,», i # ],
vj— Tpu koaddpuumenTa [Nyaccona, i # |,

ucnonb3ys ana atoro Bepuduyupyemoe MO, ocHoBaHHOE Ha peLleHun AaHHoN 3agaqm ¢ nomoubio MK3.

[nsa pelleHns 3agaqn cnegyeT UCNOMb30BaTh NOCTAHOBKY TPEXMEPHOR KBa3MCTaTMYECKOW 3aA4aqM NUHENHOW Teo-
pun ynpyroct (cm. [9]—[12]) ¢ rpaHnYHBIMK YCNOBWUAMM, KOTOPbIE 3aBUCAT OT NPUMEHAEMOW MOAENW BbIYUCTIEHUS KOMIMO-
HeHT 3dheKTUBHOMD TeH30pa MoZYNen yNpyrocTu 1 YUCIIEHHOrO MeToAa peanv3almm aToro MeToda.

[na peweHns 3agavm gormkeH 6biTe Mcnons3oBaH MK3.
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Mpymep MaTemaTU4ecKoW MOAENW M NOCTAHOBKWM MaTeMaTWUYeckoi 3afayn AN Bbl4MCNEHUS KOMMOHEHT addek-
TUBHOroO TeH3opa mogynen ynpyroctn KM Ha ocHoBe TEopyM acMMNTOTUYECKOrO ocpeaHeHus npueeneH B [13] n [14].
Mpumep KSM paamepom 206 254 snemeHTa ¢ TeTpasgarnbHbIM KOHEYHBIM 3MeMEHTOM MNoKa3saH Ha pyucyHke A.2.

PucyHok A.3 — ¥Yrnel nosopota 1D KM ans kaxaoro cnos B CBKM

A.1.2.2 PesynbetaTthl
PeaynktaTthl pelueHus gaHHoW 3agaydn ¢ noMolubio Bepudbmuyupyemoro MO cpaBHUMBAKT CO cneayrwmMMy BapuaH-
Tamu pacyeToB:
a) pesynsratamMmy aHanuTUYECKOro PELLEHWA 3a4a41, NONYYEHHBIMW C NOMOLLBIO TEOPUN aCUMMNTOTUYECKOrO OCpen-
HeHusa ana CKM [cm. [1], dbopmyna (1.12)].
1) atbpekTnBHLIE MOAYNK ynpyrocT CBKM

Cius =< Cjd >+ < CiplaClakis >< Cf3ps >™'< ClaaCizhs > — < CloaCinbraCiihs > (A.10)

roe CJ'(]:} — KOMMOHEHTbI TEH30pa MO,ElyJ'IEI;‘I YyNpyroctu s§-ro cnosd, BbiMUCnAemMble no cbopmyne

Clie: = Crmpq Q7 Q5110 (A1)
rge < c,.}f:,’ > — ocpegHeHune no All,
Cl;l!."SS — obpaTtHas matpuua,
Cg.npq — KOMMOHEHTHI TeH3opa moaynen ynpyroctn 1DKM B cobecTeeHHoOl cucteme KoopguHat Oe‘(,-s),
Q,gf ke mMaTtpuvua NoBopaTa CUCTEMbl KOOPAWHAT Cros.
ol =Qf*le, ; (A12)

cosd!®)  sing!® o

Qi) =| —sin¢') cos¢l® of; (A.13)
0 0 1

2) atpheKkTUBHbIE TEXHUYECKWUe ynpyrie KoHcTaHTbl CBKM, koTopble BLIMUCHAIOT € MOMOLLBK 0BpaTHOro TeH3opa
n’,-j” = C_;;:,- (TeHsopa ynpyrux nogatnueocTten) n chopmyn (A.2)—(A.6);
6) pesynsrataMu YMCNEHHOIO pelleHns daHHOoW 3ag4aqv ¢ nomolsio apyroro MO, paHee npowealwero Bepudmka-

LMIO Ha AaHHbBIX 3agadax.
[Mpumep cpaBHeHus pacdeToB no metoay 1 npusegeH B Tabnuue AS.
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Tabnuua A5 — Peaynerarhl cpaBHeHUSA 3(PEKTUBHBIX TEXHMYECKMX YNPYrx KOHCTaHT CBKM, nony4eHHbIX paznuy-
HeIMK cnocobamu (NpyMep pacyeTa)

SdhhekTmBHan TexHUYeckas SHadeHue, nony4erHoe SHajeHue, nony4eHHoe OTHOCUTENBHOE OTKMNOHEHWE,
ynpyras koHcTanTa CBKM Bepic%?,m?;;\ﬁﬁ;;eno fRMatEe Bepn"(')‘b”””pye“"om %
E, Ma 16,6984 16,6984 1,12e-08
Ez, Ma 16,6984 16,6984 8,67e-09
ES, Ma 8,6238 8,6238 3,15e-08
;23 0,310 0,310 1,6e-07
;31 0,160 0,160 6,93e-08
;21 0,262 0,262 7,27e-08
512, Ma 5,657 5,657 3,71e-08
513, Ma 2,948 2,948 2,69e-09
623, Ma 2,948 2,948 6,26e-09

A.1.3 3apaya onAa pacyeTta KOMMNOHeHT 3 heKTUBHOro TeHzopa moaynen ynpyroctu JAKM
A.1.3.1 OnucaHne 1 NocTaHOBKa 3adayu

Paccmatpusaetcs JAKM, Al koToporo cocTouT M3 ABYX pasnuyHbIX KOMNOHEHTOB: HAMONMHUTENA LWAapoBon hopMel
1 maTpuvubl (cMm. pucyHok A.4).

KaxObli KOMMOHEHT ABMAETCA YNPYTMM U30TPOMHBLIM MaTepuanom, TEXHUYECKUe YNpyrie KOHCTaHTbl KOTOPbIX Npu-
BeaeHbl B Tabnunue A.6.

Tabnuya A6 — 3HavyeHUs TEXHUYECKUX YMNPYrux KOHCTaAHT komnoHeHToB OAKM, pekomeHayemble ONA peLueHws
3agady no Bepudumkaumm MO

KomnowneHT KM Mopynb ynpyroctu E, [Mla KoadbdhuumeHT MNyaccoHa v

MaTtpuua 3.0 0,33

HanonuuTens 70,0 0,25

AN umeet hopmy kyba ¢ anuHon pebpa, paBHon 1 (Be3pasmepHble KoopauHathl). KOHUEHTpauus HanonHuTens
paBHa 0,6.

OpToHopMupoBaHHas cucTema KoopauHar Oe;, (=1, 2, 3, opmeHTupoBaHa no pebpam Arl.

3agada 3aknyaeTcs B TOM, YTOObI BEIMUCIUTL!

- KOMNOHEHTLI 3thhEKTUBHOMO TEH30pa MOLYNER ynpyrocTi KOMNo3uTa E”.k!,

- 9 heKTUBHEIE TEXHUYECKWUE YNPYTME KOHCTAHTElI KOMMO3UTa:

E; — TpW MoZyns ynpyrocTtu B HanpasneHuax Oe;,
GU — TPW MOAYNS CABWUra B NMioCKOCTAX Oe,-ej-, i #],
vij— TpK koathduumeHTa MNyaccoHa, | # J,

ucnonb3ys ansa atoro Bepuduyupyemoe NO, ocHoBanHoe Ha MKS.

[na pelleHna 3agayn cnegyeT UCNOMB30BaTE NOCTAHOBKY TPEXMEPHOW KBa3MCTaTUYECKOW 3aaaqM NUHENHOW Teo-
pun ynpyrocTu (cm. [9]—[12]) ¢ rpaHnu4HbIMK YCIOBUAMM, KOTOPbIE 3aBUCAT OT NPUMEHAEMON MOAENW BbIMMCIEHMUA KOM-
NOHEHT 3OHEKTUBHOMO TEH30pa MOAYNEN YyNPYrocTW U YNCMEHHOW peannsaummn 3Toro MeToaa.

Ona peweHns 3agavm gormkeH ObiTe Mcnone3oeaH MK3.

Mpymep MaTemMaTUYECKO MOAENW W NMOCTaHOBKW MaTeMaTU4Yeckol 3adaqu ANA BblYMCIIEHWS KOMMOHEHT addiek-
TUBHOro TeH3opa mogynen ynpyroct KM Ha ocHoBe MeToga acuMnTOTMYECKOro ocpeaHeHua npveedeH B [13] n [14].

Mpumep KBM Ha ocHoBe TeTpasgpansHOro KOHEeYHOro anemeHTa pasmepom 150 979 anemeHTOB, NOCTPOEHHON

ana 1/8 Al OAKM, nokasaH Ha pucyHke A.5. MNonnasa AN ctpoutca otpaxeHuem 1/8 Al oTHOCMTENBHO TPeX NMOCKOCTEN
Oe,e;, Oeje; 1 Oeye,.
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Pucyrok A.5 — K3M gna 1/8 AN OAKM

A.1.3.2 Pesynetarthl
Pesynetathl pelleHus JaHHOW 3a4a4quv ¢ nomoLlbio Bepuduumpyemoro MO cpaBHUBAKT CO cnegyrowuMy Bapnan-
Tamu pacyeTos:
a) pesynbTatamu NpeaenbHbIX BapMaHToB PacyHeToB, B KOTOPbIX XapaKTePUCTUKM MaTpuubl M HanomnHuTensa Bblbu-
parT 0AWHaKOBbIMKW, B 3TOM Criy4ae:
1) athheKkTMBHLIE MOAYMNK YNPYrOCTH KOMMNO3nTa E,-j-k
nosuta (dopmyna (A.7)),
2) achbeKTUBHLIE TEXHUYECKUE YNPYIME KOHCTaHTLlI KOMMO3WTa COBNaaatoT C TEXHUYECKUMMW YMPYTMMWU KOHCTaH-
Tamu BeibpaHHoro komnoHeHTa [chopmynel (A.8) n (A.9)];
6) pe3ynsraTaMun YMCNIEHHOIO pelleHns AaHHOW 3agaqv ¢ nomolbio apyroro 0O, paHee npowealero Bepudmka-
LMI0 Ha AaHHbIX 3aga4ax.
[Mpumep cpaBHeHWsi pacyeToB No MeTody 2 npusedeH B Tabnuue A.7.

, COBNafarT C MOOYNAMWU YNpyrocTu Cljkf KOMMOHEHTOB KOM-
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Tabnuua A7 — Peaynetatbl cpaBHeHUA a(pPEKTUBHLIX TEXHUYECKMX yNpYyrux KoHCTaHT JAKM, nony4eHHbIX pasnuy-
HeIMK cnocobamu (NpuMep pacyeTa)

SdhhekTmBHan TexHUYeckas SHadeHue, nony4erHoe SHajeHue, nony4eHHoe OTHOCUTENBHOE OTKMNOHEHWE,
ynpyras koHcTanTa JAKM aep?ac%?am?;;ﬁ;;en 5 fRMatEe Bepn"(')‘b”””pye“"om %

E, Ma 10,884 10,884 2,17e-07
Ez, Ma 10,886 10,886 2,49e-07
ES, Ma 10,886 10,886 3,08e-07

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

;23 0,2925 0,2925 5,5e-07

;31 0,2925 0,2925 1,69e-08
512, Ma 5,4216 5,4216 2,07e-07
513, Ma 5,4215 5,4215 1,85e-08
623, Ma 5,4213 5,4213 1,53e-07

A.1.4 3apaya onAa pacyeTta KOMMNOHeHT 3 heKTUBHOroO TeH3opa moaynen ynpyroctu 1D KM

A.1.4.1 OnucaHne 1 NoCcTaHOBKa 3adayu

Paccmatpusaetcs 1D KM, Al koToporo cocToMT M3 OBYX KOMMOHEHTOB: MaTpuvubl M BONMOKHA LUUNWHOPWUYECKON
dopmel (CM. pucyHok A.6).

KaObll KOMMOHEHT ABMAETCA NTMHENHO-YNPYTM M30TPOMHBLIM MaTePMarnom, TEXHUYECKUE YNPYrMe KOHCTaHThI KO-
TOpbIX NpUMBeaeHbl B Tabnuue A.8.

Tabnuya A.8 — 3HayeHWUs TEXHUYECKUX YNPYrux KoHCcTaHT komnoHeHToB 1D KM, pekomenayemble ons pelieHvs 3a-
gay no sepudcpukaumum No

Homep BapunaHTta pacyeta KomnoHeHT 1D KM Moayne casura G, IMla KoadbchmumeHt MyaccoHa v
MaTpuua G,=1.08 vy =0,39
1 HanonHuTenb G, (BapbupyeTca) vy =0,2
MaTtpuua G,=1.128 v;=0,33
? HanonHuTens G, =280 vy = 0,25

Al umeet copmy kyba ¢ anuHon pebpa, pasHon 1 (bespasmepHbie koopauHaTel). AunameTp UMNMHAPWUHECKUX BO-
NoKoH paBeH 0,74252.

Ob6bemHasn KoHUEeHTpauUmMs BONoKoH @4 Bapbupyetca ot 0,4 go 0,78 (ana sapuanTa 1) u @4 = 0,5 (ona sapuaxTa 2),
npv 3ToM AMaMeTp LUNUHAPUYECcKnX BonokoH paseH 0,74252.

OptoHopmMupoBaHHan cuctema koopauHat Oe, i = 1, 2, 3 opueHTuposaHa no pebpam AlN. Hanpaenexune Oe,
OPWEHTUPOBAHO MO OCW LUMUHAPUYECKNX BOMOKOH.

3agada 3akno4yaeTcs B TOM, Y4TOObI BEIMUCIUTE!

- KOMNOHeHTLI 3dhhEeKTUBHOMO TEH30pa MoAdynel ynpyrocT KoMMnosuTa E,jk,,

- apheKTUBHBIE TEXHUYECKUE YNPYTME KOHCTAaHTEl KOMMO3UTa:

E, — Tpv Moayna ynpyrocTu B HanpaeneHusax Oe;,
G,} — TpW MOOYNA cABUra B MMOCKOCTSAX Oe,-ef-, i#j,
vjj— TPU KoaddpuumeHTa lNyaccona, | # j,

Mcnonb3ys Ang atoro Bepuduuupyemoe MO, ocHoBaHHOE Ha KOHEYHO-3MEMEHTHOM METOAE pelueHns OaHHOW 3a-
aaun.

[nsa pelweHna 3agayn cnegyeT UCNOMB30BaTE MOCTAHOBKY TPEXMEPHOR KBa3MCTaTUYECKOW 3a4a4v NUHENHOW Teo-
pun ynpyrocTu (cm. [9]—[12]) ¢ rpaHu4HbIMK YCIOBUAMMW, KOTOPbLIE 3aBUCAT OT NPYMEHAEMOW MOAENM BbIMMCNEHUA KOM-
NOHEHT 3hPEKTUBHOMO TEH30pa MOAYNEN YNPYrocTW U YUCMEHHOW peanusaummn 3Toro MeToaa.

[Ons pelweHna 3agadn gormkeH ObiTe Menons3oeaH MK3.

MpyMep MaTemaTUYeCKOW MOAENW W NOCTaHOBKW MaTeMaTU4Yeckol 3agdaqu ANA BblYMCIIEHNS KOMMOHeHT addek-
TUBHOrO TeH3opa mogynen ynpyrocti KM Ha ocHoBe Teopum acMMNTOTMYECKOro ocpeaHeHns npuesedeH B [13] u [14].

Mpumep KOM pasmepom 17 513 anemeHToB, nocTpoeHHon Ana 1/4 AlN, nokazaH Ha pucyHke A.7. MNonHaa Al cTpo-
nTca oTpaxeHnem 1/4 Al otHocuTenbHo nnockocten Oe e, 1 Oee,.
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Pucyrok 6 — Al 1/4 1D KM

PucyHok 7 — KM gna 1/4 AN 1D KM

A.1.4.2 Pesynetathl

Pesynetathel pelierus faHHoW 3adadquv ¢ nomoLbio Bepuduumpyemoro MO cpaBHUBaKOT CO ClegylowuMy BapuaH-
Tamu pacyeToB:

a) pesyneTaTamMmuy aHanuMTUYECKOro PELUEHWA 3aAa4M, NONYYEHHBIMM C NOMOLLEI0 TEOPUM ACUMMNTOTUYECKOrO OCpea-
HEHWA 1 MeTofa (OYHKLMIA KOMMMEKCHOrO NEPEMEHHOr0 A5 BONMOKHUCTLIX KoMno3nTos (Tabnuua A.9) (cm. [1], Tabnuupl
2.2 n 3.2); cpaeHuBaloTca adekTvBHbIE Moaynu ynpyroct 1D KM Eﬁk,.;
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Tabnuua A9 — 3HadeHunsa achdeKTUBHbIX Moayner ynpyroct 1D KM, nonyyYeHHble C NOMOLLLIO TOYHOIMO aHanuTuye-
ckoro peweHus (cm. [1], Tabnvyel 2.2 1 3.2)

®1 K Cyan/(yGy) Ci122/ G, C133/G, Cs333/(7Gy) Cy313/G)
6 1,42 1,11 1,03 1.75 1,804
04 20 1. 77 1,36 1,26 4,26 2,145
! 120 1,96 1,48 1,39 21,62 2,313
400 1,99 1,50 1,41 70,10 2,339
6 1,67 1,12 1,04 2,03 2,325
055 20 2,42 1,50 1,46 5,51 3077
’ 120 2,93 1,68 1.72 2940 3,506
400 3,03 1.70 : iy /74 96,06 3.677
6 1,99 1,14 1,07 2,31 3,173
07 20 3,68 1,75 1,84 6,79 5,213
! 120 5,71 1,93 2,62 37,32 6,929
400 6,24 1,87 2,80 122,20 7,273
6 2,12 1,16 1.07 2,41 3,619
075 20 4.44 2,02 2,08 7.24 7,004
’ 120 8,79 2,37 3,65 40,14 11,164
400 10,51 2,10 417 131,17 12,226
6 2,20 TAT 1,08 2,46 3,977
078 20 5,07 2,32 2,30 7,53 9,427
g 120 14,84 4,05 5,83 42,23 23,67
400 29,95 3,87 8,70 137,50 31,022
M-v) G,
MpumevyaHune — BTabnuue y =—————=, x =—=.
p v 7= 5, G

6) pesyneTatamm npedenbHbIX BApPUMAHTOB PacyeToB, B KOTOPbIX XapakTePUCTUKN BCEX KOMMOHEHTOB (MaTpuubl v
BOMOKHA) BbIOMpaOT 0AWHAKOBbLIMW, HanNpUMep MOryT ObiTb BeIOpaHbl COBNafalownMK C XapakTepPUCTUKaMMU HanomHUTens
(vnn matpuubl) u3 Tabnuusl A.8, B aToM cniyyae umetoT mecto dopmynel (A.7)—(A.9);

B) pesynbTaTamn YWMCNEHHOro pelleHns faHHoi 3agadm ¢ nomoleio gpyroro MO, paHee npowedlero Bepudunka-
LMI0 Ha OaHHbIX 3a4adax.

[Mpvmep cpaBHeHMs pac4eToB No meTody 3 npusedeH B Tabnuue A.10, xapakTepUCTUKM KOMMOHEHTOB MpW 3TOM
COOTBETCTBYIOT BapMaHTy 2 13 Tabnuupl A.8.

Tabnuya A.10 — Pe3ynbtatbl cpaBHEHUS 3(PPEKTUBHBLIX TEXHUYECKUX YNPYrux KOHcTaHT 1D KM, nonyyeHHbIx pas-
N4HBIMK cnocobamu (npumep pacyeTa)

Homep BapuaHTa XapakTtepucTuka SHS;anfhzomn;;izgoe BHaqe:;Ehlﬂ'Z;eHHoe OTHocuTenbHOE
pacyeTa MaTtepuana SePbeWHItIﬂgOBﬂHHOFO BepudHLMpyemoro Mo OTKNoHeHue, %
1 E3, Ma 36,505 36,505 4,7e-08
2 Ez, Ma 7,980 7,980 3,41e-07
3 E1, Ma 7,980 7,980 4,89e-07
4 1_223 0,2845 0,2845 1,32e-07
5 ;31 0,4044 0,4044 1,31e-06
6 V21 0,2845 0,2845 3e-08
7 513, Ma 3,0632 3,0632 1,06e-06
8 512, Ma 2,840 2,840 1,48e-07
9 523, Ma 3,0632 3,0632 7,01e-07
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A.1.5 3apnaya gnAa pacyeTta KOMNOHeHT 3¢ dheKTUBHOro TeH3opa moaynen ynpyroctu TKM

A.1.5.1 OnuncaHune 1 NOCTAaHOBKA 3a4a4u

PaccmaTtpueaetca TKM, Al koToporo cOCTOUT U3 NATU pasnNUYHbIX KOMNOHEHTOB: YeTbIpex HUTEN U MaTpuLbl
(cMm. pucyHok A.8). dopma HUTel Bruska K CUHYCOMAAanbHO’, ABE HUTKU OPUEHTUPOBaHLI B HanpasneHun Oe,, a ABe ApY-
rve — B HanpaeneHun Oe,. Cuctema HATen 0BpasyeT B3anMHOe nepenneteHne 6es kacaHus.

Kaxkgbin komnoHeHT TKM aBnaeTcsa NMHEeRHO-yNpyriiM M30TPOMHBIM MarepuanoM, TEXHUYECKUE YNPYTrMe KOHCTaHTbl
KOTOpbIX NpUBedeHbl B Tabnuue A.11.

Tabnuua A.11 — 3HayeHus TEXHUYECKUX YNPYTMX KOHCTAaHT KOMNOHEHTOB KOMMO3WTa, pekoMeHayeMble AN pelleHns
3agay no sepudmkaumm MO

KomnoneHT TKM Moayne ynpyroctu E, [Tla KoadbdpmumeHnT lNMyaccoHa v
MaTtpuua 3,0 0,33
Hutn 70,0 0,25

AN nmeeT hopmy nNpsMoyroneHoro napannenenuneaa, AnuHel AByx pebep koToporo paeHel 1, a ANvHa TpeTbero
pebpa paBHa 0,1 (be3pasmepHble BernuinHbl). CyMMapHasn obbeMHas KoHueHTpauusa Hutel B Al pasHa 0,6.
OpToHopmupoBaHHas cuctema koopauHat Oe,, i = 1, 2, 3, opreHTupoBaHa no pebpam All.
3apgava 3aknoyaeTca B TOM, YTOBbl BEIMUCIUTL:
- KOMMOHEHTBI 3h(PEKTUBHOTO TEH30pa MOAYNEN YyNPYrocTh KOMNo3uTa Ef-jk,,
- athdeKTUBHbIE TEXHUYECKUE YNPYre KOHCTaHThl KOMMNo3WTa:
E; — Tpn Mogyna ynpyroctu B HanpaeneHuax Oe;,
GJ)-~ TpW MOOYNA CABUra B NNOCKOCTAX Oe,-ej, i#],
vj— Tpu KoadppuumeHTa lNyaccoHa, i # j,
MCnonb3ysa ana atoro Bepudunymnpyemoe MO, ocHoBaHHOE Ha pelleHMy OaHHOW 3agayqn ¢ noMowbio MKS.
[ns pewexuns 3agayn cnegyeTt MCNonNb3oBaTb NOCTEHOBKY TPEXMEPHOW KBAa3nMCTaTM4EeCKON 3agaqv Teopun niHen-
HoW ynpyrocTu (cM. [9]—[12] ¢ rpaHUYHBIMKM YCIOBUSAMMK, KOTOPbIE 3aBUCAT OT MPUMEHAEMOR MOAENW BblHUCNEHWS KOMMO-
HeHT 3h(PeKTUBHOIO TeH30pa MoAyNeln yNpyrocT! U YUCNIEHHOW peanuaauum aToro meToaa.
[ns pelweHns 3agaym omKeH ObiTh Mcnonb3oeaH MKD.
Mpumep mMaTemaTMyeckol MOAENW M NOCTAHOBKM MaTeMaTUYeCKon 3a4adn ANA BbIYUCNEHUS KOMMNOHEHT addek-
TUBHOroO TeH3opa mogynen ynpyroctn KM Ha ocHoBe TeopuM acMMNTOTUYECKOrO ocpeaHeHus npueedeH B [13] n [14].
Mpumep K3M pasmepom 375 707 anemMeHTOB, Ha OCHOBE TETpPasgpanbHOr0 KOHEYHOTro arnemeHTa, NOCTPOEeHHOM
ansa 1/4 AN TKM ¢ nonoTHAHBIM NNeTeHWeM HUTeRn, nokasaH Ha pucyHke A.9. MNonHasa Al ctpouTca otpaxennem 1/4 Al
OTHOCWTENBHO MnockocTel Oe,e; u Oe,e;.

PucyHok A.8 — 1/4 AN TKM ¢ nonoTHAHOW CTPYKTYpPOW NneTeHus
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PucyHok A.9 — KOM ansa 1/4 AN TKM ¢ NonoTHAHOW CTPYKTYPOW NNeTeHns

A.1.5.2 Pesynerarthl

PeaynkTaThl pelleHus AaHHOW 3a4aqu ¢ NoMoLLbio Bepuduumnpyemoro MO cpaBHUBAKOT CO CredyoLIMMY BapyUaH-

TaMW paCyeToB!

a) pesynerataMm npegenbHbiX BapUaHTOB PaCHETOB, B KOTOPbIX XapakTepUCTMK MaTtpuubl 1 HUTEN BbI6MpaPOT oan-

HaKOBbIMW, B 3TOM Chny4ae:

1) acbdpekTUBHLIE MOAYMX YNPYTOCTH KOMMO3UTa C,-jk, coBnagarT ¢ Moaynamm ynpyrocti C, KOMNOHEHTOB KOM-

noauta [popmyna (A.7)];

ifki

2) achheKkTUBHBIE TEXHUYECKUE YNPYTrMe KOHCTaHTbl KOMMNO3WMTa COBNaAaloT ¢ TEXHUYECKUMU YNPYTMMIK KOHCTaH-

Tamu BblBpaHHoro komnoHeHnTa KM [chopmynel (A.8) u (A.9)];

6) pesynsrataMum YUCNEHHOrO KOHEYHO-3NEMEHTHOIO PeLLeHns 4aHHOoW 3aga4m ¢ nomoLbsio gpyroro N0, paHee npo-
wealero BepudurKkaunio Ha gaHHblx 3agaqax.
MpuMep cpaBHeHWs1 pac4eToB No MeToay 2 npusedeH B Tabnvue A.12.

Tabnuuya A.12 — PeayneraTtsl cpaBHEHUA 3(PEKTUBHBLIX TEXHUYECKMX YNPYTMX KOHCTaHT TKAHEBOro KOMMO3uMTa, nomny-
YEeHHbIX paznu4HbIMKU cnocobamu (Mpumep pacyeTa)

ShhekTmBHan TexHMYeckas SHaueHue, nony4eHroe SHaqerKe, nony4eHHoe OTHOCHUTENBHOE OTKINOHEHWE,
ynpyras kokcTaHTa TKM Bepigi"&i‘;‘;;gi;;en - HGMOLLSIG Bepn%cbwunpyemoro %
E, Ma 25,941 25,941 1,54e-07
Ez, Ma 25,944 25,944 3,86e-09
Es, Ma 9,164 9,164 9,52e-08
;21 0,1627 0,1627 2,71e-06
;31 0,1163 0,1163 6,62e-07
;23 0,3293 0,3293 5,2e-07
512, Ma 7,574 7,574 7,51e-08
Gys. IMa 2,712 2,712 8,84e-07
Gog, [Ma 2,712 2,712 1,68e-08

A.2 3apaun ans Bepudukauunm NO ana mogenupoBaHuAa Tennodguandyeckux ceomcTe NMKM
A.2.1 3apaya gna pacyeTa KOMNOHeHT adpheKTUBHOrO TeH3opa TennonposogHoct CKM
A.2.1.1 OnncaHne 1 NocTaHoBKa 3aaa4vm
Paccmatpusaetcs CKM, Al KoToporo CoCTOMT 13 YeTbIPeX pasnmyHbiX KOMNOHEHTOR (crnoeB) (pucyHok A.1).
KaxOblld cnoi SBNAETCA W30TPOMHBIM MaTepuanom, KoaddUUWeHTEl TENMONPOBOAHOCTH KOTOPLIX NPUBEOEHE! B

Tabnuue A.13.
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Tadtnuua A.13 — 3Ha4yeHus KoapULMEHTOB TennonpoBogHocTK crioes KM, pekomeHayemble OnNA pelleHnsa 3agad
no sepudpmkaymm MO

Homep cnoa e Al KoadbdpmumeHT TennonposogHoctu 2, Bt/(m - K)
1 0,3
2 15
3 0,3
4 10

Al nmeeT cdopmy kyba ¢ anuHon pebpa pasHoi 1 (Be3zpaszMepHble KoopaMHaThl). ToOMNWMHA KaXaoro cros paeHa
0,25.

OpToHopMUpoBaHHas cuctema koopauHar Oe;, i = 1, 2, 3 opueHTMpoBaHa cneayowum obpasom: BEKTOPLI €4, e,
KonnuHeapHsl 6a30B0M NMNOCKOCTH, 8 BEKTOP @, OPTOrOHANeH K 3TOW NMOCKOCTH.

3agaya 3akn4aeTcsa B TOM, YTODbI BEIMMCITMTE KOMMNOHEHThI 3 deKTBHOIO TeH30pa TENIONPOBOAHOCT KOMMO3K-
Ta }_,,-j B HaNpaBreHmsx Oe,, vcnoneaya ansa atoro sepudrumpyemoe MO, ocHOBAHHOE Ha KOHEYHO-3MEMEHTHOM METOAE
peLleHnsa JaHHOW 3adauu.

[nsa peweHna 3agayn cnegyeT UCMNOMNb30BaTh NOCTAHOBKY TPEXMEPHOW CTaLMOHapHOW 3a4ayn NUHERHON Teopun
TennonpoBogHocT (cMm. [9]—[12]) ¢ rpaHUYHBIMIW YCIIOBUAMW, KOTOPLIE 3aBUCAT OT NPUMMEHAeMOM MOLENW BblYMCIIEHWS
KOMMOHEHT 3thheKTMBHOMO TEH30Pa MOAYMEN YNPYrocTy U YUCMEHHOW peannaauun aToro MetToaa.

[Ons peweHwa 3agaqn Heobxoaumo ncnons3oBate MK3.

[Mpumep maTeMaTMYeCcKOW MOLENWU U NOCTAHOBKWM MaTeMaTUYecKoW 3aJadu AN BbIMUCNEHUA KOMMOHEHT addhek-
TUBHOrO TeH30pa TennonpoeogHocTu KM Ha ocHoBe TeOpUKM acMMNTOTUYECKOTO OCPEaHEeHWsA npuBeaeH B [15].

Mpumep KOGM pasmepom 206 254 anemeHTa nokasaH Ha pucyHke A.2. KM nocTpoeHa Ha ocHoBe TeTpasfdarnbHbix K3.

A.2.1.2 Pesynetathl

PesyneTtaThl pelueHnsa gaHHoW 3agadn ¢ NoMoLke Bepudurumnpyemoro MO cpaBHMBAKT CO CriegyrowmMMy BapuaH-
Tamu pacyeToB:

a) peaynsrataMmy aHanuTUYECKOro peLleHnst 3a4a4uu, NnonyyYeHHbIMY C MOMOLLBI0 TEOPWUW aCMMMITOTUYECKOro ocpes-
HeHusa ana CKM cm. [[1], dopmyna (3.11)]

R =< Ay >+ < K >< Ayadigg =< A > = < Dyshyahigd >, (A14)
roe I,-j — KOMMOHEHTBbI TEH30pa MOAYMNeN YNpYrocT KOMMOHEHTOB KOMMO3UTa, NPeacTaBlieHHbIE B BUAE Pa3pbiBHON
hyHKUMWU KOOpOUHAT;

<i;> — ocpearenve no A,

i

0) pesynsTaTaMu NpedenbHbIX BApUaHTOB PacyeToB, B KOTOPLIX XapakTEPUCTUKK BCEX CMOEB BbIOMPAKTCA oguHa-
KOBbIMKW (HanpumMep, MoryT BbiTe BbIOpaHbl XapakTepucTuKK cnos 1 unu 2 ua tabnuubl A.1), B 3TOM Criy4yae KOMMOHEHTbI
acbpekTUBHOrO TEH30pa TEMMOMNPOBOAHOCTU KOMMO3WTa A,.j. COBMafaloT C KOMMNOHEHTaMK TEH30pa TEMNMNONPOBOAHOCTA A

i
BelGpaHHoro cnog (Hanpumep, 1 unn 2, 3, 4)

/;--:A--:Ar)y,

=4 (A.15)

rae d; — eavHWYHas MaTpuua, a BCe 3HaueHus I”- OOMKHbI BbITb NOMYYeHbl YUCNEHHO C NOMOLLBK KOHEYHO-3Me-
MEHTHOTO PEeLLeHNs 3adaqu;
B) pedynbratamy YMCIEHHOro peLeHna JaHHoW 3aga4m ¢ nomollbio apyroro O, paHee npowealwero Bepudmnka-
LMIO Ha AaHHbIX 3agadax.
[Mpumep cpaBHeHWs pac4eToB No MeTody 2 npueedeH B Tabnuue A.14.

Tabnuua A.14 — Peaynstatel CpaBHEHWSA KOMMNOHEHT adpcheKTUBHOrO TeHaopa TennonposogHocT CKM, nonyyeHHbIX
pas3nu4yHeIMK cnocobamun (Npumep pacyeta)

KomnoHeHTa acbheKTUBHOoro 3“3:';::{?’ Eo@ny;ﬁ;:ﬁe 3HadeHne, nonyyeHHoe ¢ o
TEH30pa TENMONPOBOAHOCTH & RLIEHLP o NOMOLLI0 BEPUAULIMPYEMOTO THOC”Te”bH?/e OTKNOHEHKE,
T sepudmumposanHoro Mo, 4., o o
TKM )u,.p Br/(m K) ip no, iy B1/(m K)
211 3,025 3,025 1,51e-08
122 3,025 3,025 1,51e-08
133 0,53812 0,53812 1,17e-06
18
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A.2.2 3apaya onAa pacyeTta KOMMNOHeHT achheKTUBHOroO TeH3opa TennonposoaHoctu CBKM

A.2.2.1 OnucaHne 1 NocTaHoBKa 3agadyum

Paccmatpuaetca CBKM, Al koToporo cocTOUT U3 YeThIpeX pa3nUyHbIX KOMMOHEHTOB (cnoeB) (cMm. pucyHok A.1).

Kaxabin cnoi CBKM npegctaenset cobon 1D KM (cM. pucyHok A.3), ¢ achpekTUBHLIMU XapaKkTepucTukamu. Kax-
OBl CHOI UMEET yron apMupoBaHust ¢/, s3HaueHMst KoToporo ykasaHsl B Tabnuue A.3.

1D KM B KaxKgoM crioe ABAAETCA OGHUM U TEM Ke TpPaHCBEPCanbHO-M30TPOMHBIM Matepuanom, oTNNYaeTcs TONbKo
YIroM apMupoBaHus, KoadduuneHTsl TennonposogHocT 1D KM npueefeHsl B Tabnuue A.15.

Tabnuuya A.15 — 3HadyeHna KOMNOHEHT TeH3opa TennonpoeogHoct 1D KM B coctaBe CBKM, pekomeHayemble ans
pelweHns 3agay no sepudmkaumm MO (MHOekcauns B COBCTBEHHOW CUCTEME KOOpAMHAT Oogs))

KomnoHeHTbl TeH30pa TennonposogHocT 10 KM
KOHCTaHTa 3HavyeHue, B1/(m K)
A 1.8
'132 0,5
'1593 0,5

Eannana ana scex cnoes CBKM opToHopmupoBaHHaa cuctema koopauHat Oe;, i = 1, 2, 3 opneHTUpoBaHa cnegy-
oM 06pa3oM: BEKTOPLI €4, €, KonnuHeapHs! Ba30BOoI NNOCKOCTY CMNOEB, a BEKTOP €4 OPTOrOHAMNeH K aToii NNocKoCTM.

CobcTBeHHaA cucTeMa KOOPAMHAT Kax4oro cros Oegs) OpUeHTUpOBaHa cnegyowum obpa3omMm: BekTop
93 =e§s’ ANA BCEX CoeB COoBNagaeT G e;, BeKTop eg"’ HanpasneH nog yrnom $(s) k BekTopy €4, rie S — HOMep Crosi B

Al (cm. pucyHok A.3).

AN umeet dopmy kKyda ¢ AnuHow pebpa, paBHoi 1 (be3pasmepHble KoopaWMHaThl). TOMWMHA Kaxaoro criosi paBHa
0,25.

3agava 3aknoyaeTca B TOM, YTOBbEI BEIYUCIIUTE KOMMOHEHTEI 3hdEKTUBHOIO TEH30pa TENNONPOBOAHOCTU KOMMO3M-

Ta IH- B HanpaeneHuax Oe;, 1cnonbaya Ana atoro sepuduumpyemoe MO, ocHoBaHHoe Ha MKO.

[nsa peweHus 3agayn cnedyeT UCNOMb30BaTk NMOCTAHOBKY TPEXMEPHOWN CTaluMoHapHOW 3a4ayn NUHENHON TeopuK
TennonpoBogHocTh (cm. [9]—[12]) ¢ rpaHU4HBIMK YCMOBUAMMW, KOTOPLIE 3@BUCAT OT NPUMEHSEMON MOAENU BbIMUCTIEHNS
KOMMOHEHT 3chEKTUBHOIO TEH30pa MOAYNEN YNPYroCTW U YUCMEHHOW peanus3aumu 3Toro MetToda.

[ns peweHna 3agayn gomkeH ObiTe Mcnonsb3oeaH MK3.

Mpymep MaTemMaTUYECKOW MOAENW W MOCTAaHOBKW MaTeMaTU4ecKol 3adaqyu ANA BblYMCIIEHNS KOMMOHEHT addek-
TUBHOrO TeH3opa TennonposoaHocT KM Ha ocHoBe TEOpWW acUMNTOTUYECKOTO OcpeaHeHus npusedeH B [15].

Mpumep KM pasmepom 206 254 anemMeHTOB NokasaH Ha pucyHke A.2.

A.2.2.2 PesynkTarthl

PesynbraThl pewweHns gaHHow 3agaqum ¢ nomoLlbto Bepudurumpyemoro O cpaBHMBAKOT CO CnegylwmnMm BapuaH-
TaMu pac4eToB:

a) pesynbratamy aHanUTUYECKOro peLleHMs 3ada4qv Ans KOMNOHeHTbl 3oeKTMBHOIO TeH30pa TENNONPOBOAHOCTH
CBKM, nonyyeHHbIMKU C NOMOLLLI0 TEOPUKM ackMNTOTUYecKoro ocpefHeHus ans CKM [cm. [1], dopmyna (3.11)].

(s} (8) 1(s)
'Ti-=<l;f.-8)>+<£><i>l< 1 %3 j3

if =<
FCR AR

>, (A.16)

roe ﬂ’}s) — KOMMOHEHTbI TEH30Pa TENNONPOBOAHOCTK S-ro CrnoA, BbiMUCNAEMbIE MO CbOpMy.ﬂE

(A7)
rme <z?](_s)> — ocpeaHeHue no All;
A-r?n __ KOMMoHeHTbl TeH3opa TennonposogHoctv 1DKM B cobecTBEHHOW cucTeMe KoopauHaT Oel®?, Qs —
MaTpuLa noBopoTa cUcTeMbl KOOPAUHAT cros, onpefensemMele opmynamu (A.12), (A.13);
19
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6) peaynsTaTamy YUCNEHHOMD pelleHs AaHHOW 3adayvu ¢ nomollbk apyroro MO, paHee npoluegllero Bepuduka-

LUWIO Ha JaHHbIX 3ada4ax.

[Mpumep cpaBHeHWs pac4eToB No MeTody 2 npuseaeH B Tabnuue A.16.

Tabnuua A.16 — PeaynbraTbl cpaBHEHWUA KOMMOHEHT apdeKTUBHOro TeH3opa TennonpoeogHoctu CBKM, nony4veH-
HBIX pasnuyHbiMK cnocobamu (NpuMep pacyeTa)

KomnoHeHTa achheKkTusHoro SH{?T%T:::’ :omny;E::oe 3HaveHue, nony4eHHoe ¢ o
TeH30pa TeNnoNpoBOAHOCTH i RLIEHD - NOMOLLI0 BEPUANLIMPYEMOTO THOC”TeanE/e STRIIOHaHNE,
3 BepudmumposanHoro MO, 4., = o
TKM ).,-p Br/(m K) ip no, Aigy Bt/(m K)
211 1,1103 1,1103 3,47e-08
122 1,1104 1,1104 2e-09
- 0,5 0,5 2,66e-13

A.2.3 3apa4ya onAa pacyeTa KOMMNoHeHT 3¢ eKTUBHOro TeH3opa TennonpoogHocT TKM

A.2.3.1 OnncaHne 1 NOCTaHOBKAa 3adaqun

Paccmatpueaetca TKM, Al koToporo coCTOMT M3 NATU pas3nnYHbIX KOMMNOHEHTOB: YETbIPEX HUTEN U MaTpULbl
(cm. pucyHok A.8). dopma HUTEen Brinaka K CUHYCOMAAnsHOW, ABE HATKU OpMEeHTMPOBaHe! B HanpaeneHun Oe,,a ABe Apyrue —
B Hanpasnexun Oe,. Cuctema HuTeit obpasyeT B3aumHoe nepenneTeHve Ges kacaHus.

Kaxablii KOMNOHEHT ABMAETCA W30TPOMHbIM MaTepuanoM, KOHCTaHTbl TEMMOMNPOBOAHOCTM KOTOPLIX NPUBeOeHbl B
Tabnmue A.17.

Tabnuua A.17 — 3HavyeHna KoadPULMEHTOB TEMNONPOBOAHOCTK KomMNoHeHToB KM, pekomeHayeMble AN pelleHns
3agay no sepudmkaumm MO

KomnoHeHT KM KoadduumeHT TennonposogHocTu 4, BT/(m K)

0,3
1:3

Matpuua

Hutn

AN umeet hopmy Kyba ¢ anuHown pebpa, paeHon 1 (bezpasmepHsle KoopauHaThl). CyMmapHas oObeMHasa KOHLUEH-
Tpauma Huten B Al pasHa 0,6.

OpToHopMupoBaHHas cuctema koopauHat Oe, i =1, 2, 3 opmeHTuposaHa no pebpam Arl.

3apava 3akn4aeTcsa B TOM, YTODbI BEIMWCITUTE KOMMNOHEHThI 3 (EKTUBHOIO TEH30pa TENSIONPOBOAHOCTY KOMMO3U-
Ta I,-f- B HanpasneHusax Oe;, ucnonbays Ana atoro eepuduumpyemoe MO, ocHosanHoe Ha MK3.

[nsa peweHns 3agayn cnegyeT UCMONb30BaTh NOCTAHOBKY TPEXMEPHOW CTaLMOHapHOW 3a4ayn NUHeRHON Teopun
TennonpoeogHocTy (cM. [9]—[12]) ¢ rpaHUYHBIMK YCNOBUAMMW, KOTOPbIE 3aBUCAT OT NPUMEHSIEMOW MOOEenN Bbl4UMCNEHUS
KOMMOHEHTbI 3d0(heKTUBHOIO TEH30pa MOAYNEN YNPYTOCTU M YMCMNEHHOW peanuaauumn 3Toro Metoaa.

[ns peweHws 3agaqn gomkeH BbiTe Ucnone3osaH MK3.

[Mpumep MaTeMaTMYeckon MOAENU U NOCTAHOBKM MaTemMaTUYecKon 3adaqu AN BbIMUCNEHUA KOMMNOHEHT adhdhek-
TUBHOTIO TeH30pa TennonpoeogHocTM KM Ha ocHOBe TEOpUKM acMMNTOTUYECKOTO OCPEedHEeHWsA npuBeaeH B [15].

Mpumep K3M pazmepom 375 707 aneMeHTOB NMoKasaH Ha pucyHke A.9.

A.2.3.2 Pesynetarthl

PeaynktaTthl pelueHus gaHHol 3agaydn ¢ noMolubi Bepudmumnpyemoro MO cpaBHUMBAKT CO crefyrwmMMy BapuaH-
Tamu pacyeToB:

a) pesyneraramu NpegernbHbiX BAapuaHTOB PacyeToB, B KOTOPLIX XapaKTepUCTHMKX BCEX CNOEB BbIbUpatoTca ognHa-
KOBbIMW (HANpUMep, MoryT GbiTe BbIBpaHbl xapaktepucTukn cnos 1 unu 2 na tabnuuel A.1), B 3TOM Cryyae KOMMOHEHThI
abpeKTUBHOrO TEH30pa TEMMOMNPOBOAHOCTU KOMMO3WTa I,-j- COBMaAaloT G KOMMOHEHTaMU TEH30pa TeNNonpoBOAHOCTH A
Bbl®paHHoro cnos (Hanpumep, 1 unu 2, 3, 4) [ecm. dopmyny (A.15)];

6) peaynsTaTamu YUCNEHHOTO KOHEYHO-3MNEMEHTHOMO PELIEHUs AaHHOW 3a4a4u ¢ nomollbio apyroro N0, paHee npo-
Lealwero Bepudprkaulmio Ha JaHHbIX 3a4a4ax.

[prmMep cpaBHEHWs pacvyeToB NO MeToay 2 npueedeH B Tabnuue A.18.
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Tabnuua A.18 — Peaynsrarhl CpaBHEHUA KOMMOHEHT a(hdeKTUBHOIO TEH30pa TENSONPOBOAHOCTH Z,-p TKM, nony4eH-
HbIX pa3nuyHbIMU crnocobamu (Npumep pac4yeTa)

KomnoHeHTa achchekTneHOro
TEH30pa TENNONPOBOAHOCTH

3HaveHwve, nony4eHHoe
C NOMOLLLIO paHee

epudmymposaHHoro Mo, Z,-p,

3HayeHue, nony4eHHoe ¢
NOMOLLbI0 BEPUDULIMPYEMOTO

OTHoCWTENbHOE OTKMOHEHWE,
%

TKM 2, Bri(w K) M0, ;. Bri(m K)
A 0,7463 0,7463 3,86e-08
Ao 0,7464 0,7464 2,85e-08
T 0,535 0,535 4,34e-08

A.2.4 3apaya ona pacyeTta KoMnoHeHT 3cheKTUBHOMO TeH3opa Tennoeoro pacwupeHnsa CKM
A.2.4.1 OnucaHne 1 NocTaHOBKa 3adayum
Paccmatpueaetcs CKM, ayelika nepMogu4yHOCTM KOTOPOro COCTOUT U3 YeTbIpeEX pas3nnyHbiX KOMMNOHEHTOR (CNoeB)

(cm. pucyHok A.1).

KaxxgbliA cnoi sBnseTcs M30TPOMHbIM MaTepuanom, TEXHUYECKME YNPYrne KOHCTaHThl M K03t hULMEeHTL TENMOBOro
pacLUMpPeHns KOTOPLIX NpuBeaeHbl B Tabnuue A.19.

Tabnuya A.19 — 3Ha4eHUA TEXHUYECKNX YNPYIMX KOHCTAHT W KO3(P(PULNEHTOB TEMMOBOMO pacluupeHns KOMNOHEHTOB
KOMMo3nTa, pekoMeHayemble AnA pewenns 3agay no sepucukauum NO

Homep cnos g Al

Moayne ynpyrocTun E, IMa

KoadpcpuumenT lMyaccoHa v

KoadhdmuymeHT Tennoeoro
paclumnpenns, a, 1078 K1

1 3 0,38 60
2 250 0,2 2
3 10 0,35 40
4 70 0,25 4

AN umeet dopmy kyba ¢ anuHon pebpa, paBHol 1 (bespasmepHble KoopaMHaThl). TOMWMHA KaOoro crnosi paBHa

0,25.

OpTtoHopMupoBaHHas cuctema koopauHat Oe,, i = 1, 2, 3 opueHTUpoBaHa cnedyowmnm obpasom: BEKTOPbI &4, €,

KOnnuHeapHbl 6a3oBoi NNOCKoOCcTH, a BEKTOPD €5 — OpPTOroHaneH K 3TOW NNOCKOCTH.
3apava 3aknyaeTcd B TOM, YTOObI BEIMUCIIUTE KOMMOHEHTI B(DQDE‘KTMBHOFO TeH30pa TennoBOro pacwiMpeHna Kom-

nosuTa o, B HanpaeneHnax Oe,, ncnonbays Ana atoro eepudnuympyemoe MO, 0cHOBaHHOE Ha PELIEHUM 4aHHOW 3adaqun ©

nomMoLlso MK3.

[na pelweHua 3agadn cneayeT UCNOMNB30BATE NOCTAHOBKY TPEXMEPHOI KBA3MCTaATUYECKOW 3aaauM NMHERHO| Teo-
pun TepmoynpyrocTti (cm. [9—[12]) ¢ rpaHNYHBLIMK YCNOBUAMK, KOTOPLIE 3aBUCAT OT NPUMEHSEMON MOAENW BbIYMCNEHWS
KOMMOHEHT 3hEKTUBHOMO TEH30pa TEMMOBOMO PACLUMPEHWS U YACTIEHHON peanu3almnm 3Toro MeToaa.

[nqa pelweHns 3aga4m gomkeH 6biTe Ucnonb3oBaH MK3.

Mpymep MaTemMaTUYECKOW MOAENW W NOCTaHOBKW MaTeMaTUYecKol 3adaqu ANA BblYMCIEHNS KOMMOHEHT addek-
TUBHOIO TeH30pa Tennoeoro pacwupeHnss KM Ha ocHoBe TEopWUM aCMMMNTOTUYECKOTO OCPEAHEHUS NpuBeaeH B [16].
Mpumep K3M pasmepom 206 254 anemeHTa Ha ocHoBe TeTpasganeHoro KO nokasaH Ha pucyHke A.2.

A.2.4.2 Peaynetatbl

PeaynbTaThl pelleHua OaHHOW 3a4a4M ¢ MOMOLLBH Bepuduumpyemoro MO cpaBHUBAKT CO CNedylowuMy BapuaH-

TaMW pac4eToB:

a) pesynsTatamy aHanuTUYeCKOro peLleHns 3a4a4K, NonyYeHHbIMU C MOMOLLBI0 TEOPWMU acCMMMITOTUYECKOrO ocpea-
HeHua ans CKM [cwm. [1], bopmyna (3.11)]

N A R 1
By =< By >+ < CyaCpn3r3 >< Craps > < Cpagalfys > — <CymaCmarabrs >;

= » 4 -
Cyg =< Cpg > + < CppaCiasa >< Cyapa > <Cp3g3Cq3w > — < Cym3CmzsaCsai >

ey B
& = Cipt Bt 5

B =Ciia ;
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A€ @; — KOMMOHEHTSI achdeKkTUBHOrO TEH30pa TEMMOBOIO paclUMpeHUs KOMMNo3unTa;
@) — KOMIMOHEHTBI TEH30pa TEMMOBOro PacLUMpEHKst CII0EB KOMMO3NTa, NPeACTaBNeHHbIe B BUAE Pa3pbis-
HOW doyHKUMK KoopauHaT B pamMkax All;
ijk! — KOMMOHEHTBI TEH30Pa MOAYNEN YNPYroCcTU CIOEB KOMMO3WTa, TAKKE NpeacTaBlieHHbIE B BUOE pas-
PbIBHOW thyHKLUMWM KoopauHaT B paMkax All;
o, =G — KOMMOHEHTEI 3h(PEKTUBHOTO TEH30PA YNPYrux NogatiiMBOCTEN KOMMO3NTA;
i = il
c-1 — obpaTHasa matpuua;
'm3s3
B ocpeaHeHune no All;

6) pe3ynsTaTtamu NpefdenbHbIX BApWaHTOB pacyeToB, B KOTOPLIX XapakTepUCTUKN BCeX CMOeB BbIOMpaloTca oguHa-
KOBbIMUK (HanpumMep, MoryT 6biTe BelbpaHbl xapakTepncTuku cnosa 1 unu 2 n3 tabnuubl A.1), B 3TOM cnydae KOMMOHEHThI
3(h(heKTMBHOIO TEH30pa TEMMOBOMO PACLUMPEHWS KOMMO3NTA T;; COBMAaAAl0T C KOMMOHEHTaMM TeH30pa TENMOBOro paciuun-
PeHMs a; BblGpaHHoro cnosa (Hanpumep, 1 unn 2, 3, 4)

a;

; (A.22)

= @i = rxéif-,

roe a‘y — eWHWYHaa mMaTpuua, a BCe 3Ha4YeHns H,j [OMKHbI BbITh NOMyYeHbl YUCNEHHO C MOMOLLBID KOHEYHO-3ne-
MEHTHOrO pelleHns 3agaqu;

B) pesyrnbTaTaMy YMCIEHHOTO pelleHna AaHHOW 3agdayn ¢ nomolubio apyroro MO, paHee npowleallero Bepuduka-
LIMID HA JaHHbIX 3aga4ax.

[Nprmep cpaBHeHWs pacyeToR Mo cnocoby 2 npueeneH B Tabnuue A.20.

Tabnuua A.20 — PeaynbraTbl CpaBHEHUA KOMMOHEHT 3hdEeKTUBHOrO TeH3opa Tennosoro paclwupeHns CKM, nony-
YeHHbIX pasnuyHbiMK cnocobamu (MpuMep pacyeta)

3Ha4eHue, nonyyeHHoe

KomnoHeHTa adhthekTUBHOMo
TEH30pa TENNoBOro

C NOMOLLbLI paHee
sepudumumrposanHoro Mo, «,

3HadeHwne, nony4eHHoe ¢
NoMOLLEK BEPUDULIMPYEMOTrO

OTHOCUTENBLHOE OTKNOHEHWE,
%

pacLnpeHnst Ejj 10-6K-1 i no, E,.J., 1076K-1
ay 4,46898 4,46898 5,27e-06
oy 4,46898 4,46898 6,36e-06
a3 52,697 52,697 7.11e-07

A.2.5 3agaya gnA pacyeTa KOMMOHeHT 3t¢hdheKTUBHOrO TeH30pa TennoBoro pacwupeHna CBKM

A.2.5.1 OnucaHue 1 NocTaHOBKa 3aaa4un

Paccmatpueaetca CBKM, Al koToporo cocTouT 13 YeTbIpex paznuyHbiX KOMNOHEHTOB (Crnoes) (cMm. pucyHkn A1 u A.3).

Kaxpabiin cnoit CBKM npegctaenset cobon 1D KM ¢ adhdekTMBHEIMU XapakTepucTukamn. Kaxabli cnoi MMeeT yron
apMupoBaHus ¢(5), 3Ha4YeHWs1 KOTOPOTO yKa3aHbl B Tabnuue A.3.

1D KM B kaxgom crioe sBNAeTca OOHUM M TEM e NUHENHO-TEPMO-YNpYrvMM TPaHCBEpPCanbHO-U30TPOMNHLIM MaTe-
pvanom, oTNM4YaeTca TOMbLKO YrIoM apMUPOBaHWS, TexHUYeckue ynpyriue koHctanTel 1D KM npueegeHsl B Tabnuue A4, a
koahhruneHThl Tennosoro pacwmpenus 1D KM — B Tabnuue A.21.

Tabnuua A.21 — 3HadeHus koachdpuumeHToB Tennosoro pacwmpernus 1D KM (B coGcTBeHHOW cucTeMe KoopauHaT
Oogs)) B coctaBe CBKM, pekomeHayemble 4nd peleHns 3agad no sepudpukauum MO

KoadhcbmumeHTbl Tennoeoro paciwupernusa 10 KM
koadpbrLmeHT 3navenune, 1076K-1
af' 1 6,457
2 35,475
azz 5
9 35,475
CZ33 s
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Eaunas ona scex cnoees CBKM opToHopMupoBaHHas cuctema koopauHat Oe;, =1, 2, 3 opueHTMpOBaHa crieayto-
LM 0Bpasom: BEKTOPbI @4, @, KonnuHeapHsl 6230801 NMOCKOCTY, @ BEKTOP @, OPTOroHANeH K 3Tl nnocmcm CobeTeen-
Haf CUCTEMAa KOOPAMHAT KaXKOoro cnos Oa(s) OpMEHTMpOBaHa cneaylowmnm obpa3oM: BEKTOp 83 ‘°3 ONsl BCEX CroeBs
COBMafaeT, BEKTOPhI ess) HanpagneH.b! no,q yrnamu ¢(S) k BekTopy e,, rae s — Homep cros B Arl.

AN umeet dopmy kKyba ¢ anuHon pebpa, paBHoi 1 (bespazmepHble KoopaMHaTbl). TOMUMHA KaaQoro crosi paeHa
0,25.

3agada 3aknoyaeTcs B TOM, 4TOObI BLIMUCIINTL KOMNOHEHTBI 3thdeKTUBHOIO TEH30pa TEMMOBOMo pacluMpeHnst KoM-
nosuTa ﬁﬂ- B HanpaeneHuax Oe;, 1Ucnonbaya Ana atoro sepudulmpyemoe MO, ocHoBaHHoe Ha MK3.

[ns pelenna 3agayn cneayeT UCMNoMb30BaTk NOCTAHOBKY TPEXMEPHOR KBa3MCTATUYECKOW 3aaaqM NMUHENHOW Teo-
pun Tepmoynpyroctu (cMm. [9}—[12]) ¢ rpaHNYHBIMKM YCNOBUAMMK, KOTOPEIE 3aBUCAT OT NPUMEHSEMOW MOLENW BbIYMCNEHWA
KOMMOHEHT 3hEeKTUBHOMO TeH30pa TeMI0BOro pacluMpeHns U YACNIEHHON peanu3almnm aToro MeToaa.

[ns pelweHna 3agadn gormkeH ObiTe Mcnonb3oeaH MK3.

Mpymep MaTemaTUYeCKO MOAENW W NMOCTaHOBKW MaTeMaTU4YecKol 3adaqu ANA BblYMCIEHWS KOMMOHEHT addiek-
TUBHOrO TeH30pa Tennoeoro pacwupeHuss KM Ha ocHoBe TeopuM acMMNTOTUYECKOTO OCPEAHEHUS NpuBeaeH B [16].

Mpumep K3M pasmepom 206 254 anemeHTa nokasaH Ha pUcyHke A.2.

A.2.5.2 PesyneTarthl

Pesynerathl pelleHnna gaHHow 3agaqm ¢ nomoLbio Bepudurumpyemoro 1O cpaBHUBAKOT CO CnegyrLwmuMm BapuaH-
Tamu pac4eToB:

a) pesynsTatamy aHanuTU4eCcKoro pelleHns 3a4a4un, Nony4eHHbIMU G MOMOLLIbI0 TEOPUM aCUMMITOTUYECKOro ocpea-
HeHnusa ons CKM [cwm. [1], bopmyna (3.15)].

— =7
ay =CpiPu ; (A.23)
1 1 —1 1
By =< ﬁ(") >+< c};}sc}; n Cg}p' < C(s)' ﬂ(s) >—< C§3)3C("% > (A.24)
ﬁ(s) _c(s) (5) (A.25)
~ 5 5 5)-1 s —1 s)-1~(s s 5 1 s
& =<C§- ’>+<C,fm2 ct %m ><C( ) C( ) C( ) >— <C!(m.} ¢l :)m (3% > (A.26)
roe C}ﬁ —  KOMMOHEHTbLI TEH30pa MOAYNEN YynpyrocTu;
a,(ﬂ,s) —  KOMMOHEHTbI TEH30pa TEenIoBOro PacliMpeHns s-ro Crios B eanHon cucteme koopauHat Oe; BelMvcnse-
Mble Nno hopMynam
8} _ 0 S)ey(8)m(8}(s
Clid = Conpa @5 Q5 Q5AL (A.27)
{s) _ 0 olslols)
g’ = Q' Qp (A.28)
roe C,?mpq —  KOMMOHEHTbI TEH30pa MOAYMEN yNpyrocTu;
0
Zm T KOMMNOHEHTHI TeH30pa Tennosoro pacwupeHns 1DKM B coBCTBEHHOM cUCTEME KoopauHaT Oel(;s}
Q}rs) — MaTpuua NOBOpOTa CUCTEMBLI KOOPAMHAT Cros, onpefensemMas opmynamm (A.12), (A.13).

B dopmynax (A.23)—(A.26) Takke 0bo3Ha4eHbI: <C&:}> — ocpenHeHve no All, C;,1333 — obpaTHaa martpuua,
E,;,. — KOMMOHEHTEI 3(hheKTUBHOTO TEH30pa TENMOBOMO PacLUMPEHUA KOMMO3UTa, o), — KOMMOHEHTLI TeH30pa TENnnoBoro
pacLUMpeHUss CNOEB KOMMO3UTa, NPEACTaBNEHHbLIE B BUAE Pa3pbIBHOW (DyHKUMKM KoopauHaT B pamkax All, C,-jk,, — KOMIMO-
HEHTbI TEH30pa MOAYIEN YNPYroCTU CNOEB KOMMO3MTa, NPeACcTaBNEHHbIE B BUAE Pa3pbiBHON (YHKLIMK Koop,D,MHaT B pam-
kax A, I'I, ,,,J, KOMMOHEHTbI 3hheKTUBHOIO TEH30pa YNPYrMx NogaTnuBoCcTEe KOMMNo3uTa, Cm3s3 — obpaTtHas
maTtpuua, <BU> — ocpegHeHue no All;

0) pesynsratamu npefenbHbIX BApMaHTOB PAcYETOB, B KOTOPbLIX XapakTEPUCTUKM BCEX CMNOER BhbiOMpalTea ogmHa-
KOBBIMW (Hanpumep, MOryT BbITh BeIGpaHbl XapakTepucTuku cnog 1 unu 2 u3 tabnuuel A.1), B 3TOM crny4yae KOMMNOHEHTEI
3(hdreKTVBHOTO TEH30pa TENMoBOro PaCcLUMPEHMA KOMMNO3WUTa &; COBMNagaloT C KOMMNOHEHTaMU TeH30pa TennoBoro paclum-
PeHns a; BblbpaHHoro cnos (Hanpumep, 1 unu 2, 3,4) [cm. hopmyny (A.22)];

B) peaynsTaTtaMy YMCINEHHOro PeLleHns AaHHoW 3adadn ¢ nomMollbio apyroro MO, paHee npolweallero Bepudurka-
UMID Ha JaHHbIX 3a4a4ax.

[pumep cpaBHeHUs pacyeToB Mo Metoay 3 npuBedeH B Tabnuue A.22.
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Tadtnuua A.22 — Peaynbratbl CpaBHEHUA KOMMOHEHT 3hdEeKTVUBHOIO TeH30pa TensoBoro paclwmpeHms CKM, nony-
YEHHbLIX pa3nuyHeiMu crnocobamu (Mpumep pacyeTa)

KomnoHeHTa abheKTUBHOIro
TeH30pa TENNOBOro

3HadyeHune, nony4eHHoe ¢ NOMOLLBIO
paHee BepUPULMPOBAHHOIO

3HadeHwe, nony4eHHoe ¢
MOMOLLBIO BEpUULIMPYEMOTO

OTHocuTeneHoe
OTKNOHeHwe, %

paclnpeHns E,j I'IO,E,-J-, 1076K-1 no, Ef-f-, 1076K~1
Ty 15,7823 15,9577 1,1
oy 15,7823 15,9577 1,1
Tiag 31,7947 31,8579 0,19

A.2.6 3apnaya anA pac4yeTa KOMNOHeHT 3¢ eKTUBHOro TeH3opa TennoBoro pacwupeHna TKM

A.2.6.1 OnvcaHne W NOCTAaHOBKA 3a4a4u

Paccmatpusaetcs TKM, Al koToporo cocTouT M3 NATA pasnyUyHbiX KOMMOHEHTOB: YETbIPEX HUTEN U MaTpuLbl (CM.
pucyHok A.8). dopma HuTeld Brinaka K CUHYCOMOAanbHOM, 1B& HUTWU OPUEHTUPOBaHbI B HanpaeneHun Oe,,a ABe Apyrue — B
Hanpasnenun Oe,. Cuctema HUTed obpasyeT BaauMHoe nepenneTeHne Bes kacaHua.

Kaxablii KOMMOHEHT SBNAETCA YNPYrMM U30TPOMHBIM MaTepuanoM, TEXHUYECcKUe ynpyrne KOHCTaHTel U Koadpdpu-
LIMEHTEI TENMOBOrO pacLUMpeHns KOTOpLIX NpuBeaeHsl B Tabnuue A.23.

Tabnuua A.23 — 3HayeHNs TEXHUYECKUX YNPYTMX KOHCTAHT U KO3 hULUMEHTOB TEMNNOBOIO PACLUMPEHMA KOMMNOHEHTOB
KOMMNO3uUTa, pekoMeHayeMble Ans pelleHus 3agay no sepudukaum Mo

KoadhdurumeHT Tennosoro

Homep cnos s AN paciumpeHus, a, 107K

Mogyne ynpyroctu E, [Tla KoadhpuumeHt Myaccoxa v

Matpuua

3

0.33

60

Hutin

70

0.25

4

Al umeeT dhopmy Kyba ¢ anmHol pebpa, paeHoi 1 (be3paamepHble KoopauHaThl). TonwwrHa Kaxxaoro cnos pasHa 0,25.
OpToHopMupoBaHHas cucTema koopauHat Oe,, =1, 2, 3 opueHTUpoBaHa cneayolrm obpasom: BEKTOphI €4, €,
KonnuHeapHsl 6a30BOi NMOCKOCTH, @ BEKTOP @, OPTOrOHANEH K 3TOW NMOCKOCTH.
3afava 3akn4aeTcsa B TOM, YTOBbI BLIYUCIUTE KOMMOHEHT a¢hdekTUBHOMO TeH30pa TEMNMOBOrO paclUMpPeHMs KoM-

nosuTa EU B HanpaeneHuax Oe;, ncnonb3ays Angd atoro Bepucuumpyemoe MO, ocHoBaHHoe Ha MKS.

[na peweHna 3agaqv cnegyeT MCMNoNeL30BaTk NOCTAHOBKY TPEXMEPHOW KBa3MCTaTUHECKON 3agaqn NIMHEeNHON Teo-
pun Tepmoynpyroctu (cm. [91—[12]) ¢ rpaHU4HbBIMUK YCNOBUAMM, KOTOPbLIE 3aBUCAT OT NPUMEHAEMON MOAENW BblYUCINEHWS
KOMMOHEHT 3hheKTMBHOIO TEH30pa TEMMOBOMO PacLUMPEHUA U YUCTIEHHOW peanusauumn 3Toro MeToaa.

[ns peweHusa 3agaqm gomkeH bbiTe Ucnone3osaH MK3.

Mpumep MaTeMaTMYECcKON MOAENU U NOCTAHOBKM MaTtemMaTUYecKon 3aaadn AN BbMUCNEHUA KOMMNOHEHT adyhek-
TWBHOrO TEH30pa TeENNoBoro pacwuperHna KM Ha ocHOBE TEOpPMM acUMMTOTUYECKOTO OcpeiHeHus npueeneH B [16].

[Mpumep KOHEeYHO-aNeMeHTHOW TeTpasadpansHOn ceTk paamepom 206 254 anemeHTa NnokasaH Ha pucyHke A.9.

A.2.6.2 Pesynbrarthl

PesynkTaTtel pelleHus AaHHOM 3a4aqun ¢ noMollblo Bepudulupyemoro MO cpaBHUBAIOT CO CNefyoLMMI BapUaH-

TaMW pac4HeToB:

a) pesynsTataMv NpeaenbHbIX BAPUaHTOB PacyeToB, B KOTOPbLIX XapakTEPMCTUKN BCEX CNOEB BbiOMpalTca oguHa-
KOBEIMM (Hanpumep, MoryT BbiTb BoiDpaHkel xapakTepnucTuki cnoa 1 unv 2 na tabnuuel A.23), B 3TOM Cry4yae KOMNOHEHTEI
9h(PEKTMBHOIO TEH30Pa TEMNOBOMO PACLUMPEHUs KOMMO3WUTA 7; COBMAAAaT C KOMMOHEHTaMK TEeH30pa TennoBoro pacium-
peHus a; BbIOpaHHoro cros (Hanpumep, 1 nnn 2, 3,4) [cm. chopmyny (A.22)];

D) pesynsTaTamu YMCIEHHOTO PELUEHUs JaHHOW 3afayu ¢ noMolubko gpyroro MO, paHee npolleallero Bepuduka-

LUWIO Ha JaHHbIX 3adadax.

[Mpumep cpaBHeHWs pac4eToB No meTody 2 npuseAeH B Tabnuue A.24.

Tabnuua A.24 — PesynoraTbl CpaBHEHWS KOMNOHEHT adopeKkTMBHOIO TeH3opa TennoBoro pacwuvpenns TKM, nony-
YeHHbIX pasnuyHbiMK crnocobamu (MpUMep pacyeTa)

KomnoHeHTa aptheKkTUBHOMO 3HaveHune, Nony4YeHHoe ¢ NOMOLLbID 3Ha4yeHue, nony4yeHHoe ¢ o
TeH30pa TENnoBoro paHee BeprdHULUPOBAHHOTO NOMOLLbEO BEPUDULIMPYEMOTO HHREMTalEHoR
i — g e _ e OTKNOHeHue, %
paclmpeHuns %‘ no, rx,.j, 107°K no, rx,j, 107°K

oy 10,547 10,547 2,39e-08

oo 44,378 44,378 1,8e-08

i3a 10,547 10,547 1,39e-07
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