I'OCT P UCO 1011299

TOCYOIAPCTBEHHBIN CTAHJIAPT POCCUMCKOM ®EAEPAINU

MATEPUAIJIBI JEMITOUPYIOHNIUE

I'padmyeckoe npencrasienne KOMILIEKCHBIX
MOAyJeill yIpyrocru

Hspanve opuimansHoe

B3 11—99/460

TOCCTAHIAPT POCCUA
Mockra


https://meganorm.ru/Index2/1/4294849/4294849080.htm

roCT P UCO 1011299

IIpenucnoBue

1 PASPABOTAH U BHECEH TexHu4ecKkuM KOMHUTETOM T10 cTanpaptu3aumu TK 183 «BuGpauus
U yaap»

2 TIPUHAT U BBEIEH B IEVCTBUE IocraHosneHneM INoccranpapra Poccuu ot 22 nekabpa
1999 r. Ne 658-cT

3 Hacrosilumit craHmapt mnpeicrasisieT coboit ayreHTHUHbIH Teker UCO 10112—91 «Marepuansl
nemnbupyowue. I'paguyeckoe MpeACTABIEHUE KOMIUIEKCHBIX MOAYJIEH YIIPYTOCTH»

4 BBEJEH BIIEPBBIE

© HUIIK HspatenscrBo crangapros, 2000

Hacrosiuumii ctaHzapT He MOXET GbITh MONHOCTBHIO WIM YaCTHYHO BOCHPOU3BENEH, TUPAXKHUPOBAH U
pacrpocTpaHeH B KayecTBe odUIMaIBHOro W3gaHus 6e3 paspeineHus I'occranmapra Pocoyun

I



rOoCT P UCO 10112—99

ConepxaHue
1 OOMACTD HPUMEHEHHS . . ¢ v v vttt e et et it e e et e e e e e e e e e e et et e e 1
2 OnpefeneHUss M O003HAUCHMS. . - . . o v vt e et e et et e e e e e e e e e e et e e 1
3 KOHTPOJMD HAHHDBIX « & ¢« o v et e e e et e e e e e e e e e e e e e e e e e e e e e e e e 1
4 DYHKIMS TEMITEPATYPHOTO CMEIUEHHT . « .+ - v v v v ettt et it e ettt e e e e et ee e 2
5 TIPEACTABIEHME HAHHBIX - -+ o o v v v vt et e e ot e et e e e e e e e e e e e e et e e s 3
Tlpunoxenne A COOTHOLUEHUS! [UTT KOMIUIEKCHOI'O MOAYJIST VIIPYTOCTH . « .+« v v v v v v veeveee e e e a s 7
Tpunoxenue B Bubmuorpadusi. . . . . .. . ... e 8

HI



T'OCT P 1CO 1011299

BBenenue

HeMndupopaHne — oAHO K3 CPEICTB ociabieHUs BUOpalMM B KOHCTPYKUHMH. JeMripupoBaHHe
IpPEeACTABIsAeT coboii paccestHMe BUOPALIMOHHOI 3HEPrMM W NpPEBpALIeHHE ee B TEIUIOBYIO SHEPTHIO B
Tipoliecce pacnpocrpaHeHust Konebanmit. Eciau TexHwdecku 3Haummoe aeMnipUpoOBaHHE MMEET MECTO
BHYTPH MaTepuajia KOHCTPYKIMM, TaKOil MaTepuan HasbiBaloT BUGponemmndupyoumM. PaccesHue B
BuGpoxeMIipupyIoleM Matepuane 00yCIOBIEHO MEXMOJIEKYJIAPHBIM B3aUMOLEHCTBUEM WIM B3aVMOHEH -
CTBHEM Y3JI0B KPHUCTALUIMYECKOM PEIIETKH M MOXET OBITh 0XapaKTePU30BAHO IETIEH THCTEPEe3UCa Mexa-
HHYecKoro HampspkeHust (nmedopmanmu) B Matepuaie. JIpyrue Bo3MOXHbIE NPHYUHBI AeMIIPUPOBAHUA,
TaKWe KaK IUIacTHYeckue nedopMaliv, OTHOCUTENIbHBIE MPOCKAIB3BIBAHUS WJIM BO3AYUIHBIE 3a30DHl B
COENMHEHUAX, aKYCTUUECKOE UydeHHE KoyeOaTebHON IHEPIUH, pACCesIHUE SHEPTUHU BCIECTBUE TOKOB
®yko, HACTOAILIUM CTAHAAPTOM HE OXBayeHBI.

Mexannyeckue CBOMCTBA GOJBIIMHCTBA AeMIIPUPYIOIMX MATEPUAIOB 3aBHUCST OT YaCTOTHI, TEMIIE-
parypel, a rpy Goabinx aeopMalmsaX U OT amIumaTynsl gedopMalnu. ITockonbKy HacTosUmMi cTaHaapT
pacnpocTpaHACTCA TOJBKO Ha JTAHENHbIE cly4yau, 3aBUCHUMOCTDb OT aMIUIMTYAbI nedJopmaupm B HEM HE
paccMaTpuBaeTcs.

OCHOBHOM 3a1a4€il HACTOSIIEro CTAHAAPTA SBJISIETCS YIYYINECHUE B3AUMOIIOHUMAHMA MEXAY CIieLd -
ATUCTAMM PA3NIMYHBIX OTpacieif TEXHWKH, B KOTOPBIX MCHOJNB3YIOT NMOHATHE BUOpoaeMIipupymouiero
MaTepuaa.
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FTOCYAAPCTBEHHBIN CTAHIOAPT POCCUHNUCKOHNU ®EAEPALUHU

MATEPUAJIBI JEMIT®UPYIOIINE
I'paduyeckoe npencraBieHHe KOMILIEKCHBIX MOAYJEi ynpyrocTa

Damping materials.
Graphical presentation of the complex modulus

Jlata Beeaenua 2000—07—01

1 ObnacTb npuMeHeHHs

Hacrostuuit cranaapT ycraHapiausaeT GopMy NpeacTaBIeHHs: B rpadHUyecKkoM BHIE KOMILIEKCHOIO
MOZYJIS1 YIPYIOCTH BSI3KOYIIpyroro Bubponemnduypylouero Matepuana, o61aiaiolero CBoMCTBAMY OIHO-
POAHOCTH (Ha MAaKPOCKOMUYECKOM YPOBHE), TMHEWHOCTH U TEPMOPEOIOTMYECKOM TIPOCTOTHI (CM. [IPHIO-
xKeHue A). TaKMMHM KOMIUIEKCHBIMM MOAYJISIMH YTIPYTOCTH MOTYT ObITb, HATIPUMEP, MOAYJIb CIBUTA, MOIYJIb
IOura, Moaynb o6beMHON yNpyrocTd WM noctossHHas Jlame. I'paduueckoe npeacrasiexne 3tux Gusu-
YeCKUX BEIIMYUH SIBJIATCS OOLUENPUHSTHIM M B GOJIBLUMHCTBE CyYaeB MO3BOISET MOJIYYHTh JOCTATOYHYIO
uHdopMaLuIo o cBoiicTBax BUOponeMITBUPYIOIIMX MATEPUATIOB.

B npuioxeHUH A ONpeHeNeHbl MPeNIOoYTUTE/IbHBIE MapaMeTpPhl W CHMBOJIbI, UCIIONb3yEMBIE JUIA
TIPEACTaBICHUS] KOMIUIEKCHOTO MOMYJISI YIIPYTOCTH.

2 Onpenenenusi 4 0603HaAYEHNS

B HacTosIeM cTaHAApTe UCTIONB3YIOT cllelylonie 0bo3HaYeHS:

Ng — KOo3Q@ULUEHT NoTeph;

G — KOMTUJIEKCHBIA MOIYNb YIPYrOCTH;

Gy — abcoToTHOE 3HaYeHUE KOMILIEKCHOTO MOAYJISl YIIPYTOCTH;

Gy — NeCTBUTENbHAS YaCTh KOMIUIEKCHOTO MOIYJS YIIPYIOCTH;

G, — MHHMMast 4acTb KOMIUIEKCHOI'O MOJYJIsI YIIPYTOCTH;

a{T) — byHKUMST TeMIIepaTypHOro CMeILeH s;

T — temriepatypa;

t — BpeMs;

f— uukiMyeckasl 4acTora,

® — YIJIOBas 4acToTa,

fz — MIPUBEAEHHOE BpeMsi;

g — TIpUBENEHHas LMKINYECKAS JACTOTa;

© g — MIPUBENEHHAs YIJIOBask Y4CTOTA.

IMosicHeHue TepMUHOB U 00O3HAYEHMH, HCIIONb3yeMbIX B HACTOSALIEM CTaHaapTe, JaHO B
NPUIOXEHUU A.

3 KoHTpoJib JaHHBIX

B HacrosiieM craHmapte IpeArionaraeTcsi, 4TO BCe SKCHEpUMEHTaIbHbIE HaHHbIE, CBS3aHHBIE C
KOMIUJIEKCHBIM MOJAYJIeM YIIPYTOCTM, IMTOJYYeHBI B COOTBETCTBMU C XOPOLIO 3apeKOMEHIOBABIIMMU cehs
MeToxamu (cM., Hanpumep, [1]). TeM He MeHee, LieecO00pa3HO OCYLIECTBIATH KOHTPOJIb JOCTOBEPHOCTH
JanHbiX. JUtsa 3Toro caenyer, 1o KpaiHel Mepe, MocTpouTh rpaduk 3aBUCUMOCTH Ig ng oT Ig Gy, (cM. B
KauyecTBe IpuMepa pucyHoK 1). Eciu gaHHBIE COOTBETCTBYIOT TEPMODPEOJIOTHYECKH ITPOCTOMY MaTepuany,
NI0NIy4eHbI B OHOM MacluTabe ¥ B HUX He HabulonaeTcsd 3HAYUTEIIBHOTO pa3bpoca, Torka 3TH JaHHbIe Ha
rpacuKe 3aBUCUMOCTH AOJIKHBI JIEXATh HA HEKOTOPOil TUTABHOM KPMBOIA.

N3znanne odpuunamsnoe
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AGCOMKTHOE 3HaYeHUe KoMrnekcHOro MoAyAsa ynpyroctu Gy, Mila

Pucyrox 1 — IIpoBepka xa4ecTBa JaHHbIX

Kaxmast Touka Ha 3TOH KPUBOI COOTBETCTBYET OJHOMY 3HAYEHMIO MPUBENEHHOW 4YacToThl [cM.
dopmyiry (A.6)]. OnHako caMm rpaduk He MpeAHasHavyeH s ONpeNeNeHusa NaHHo BeanyuHbl. Kosddu-
LMEHT [10Tepb B MaTephaie U abCOMOTHOE 3HAYEHHE KOMIUIEKCHOIO MOMYJIS YIIPYTOCTH CBSI3aHbI MeXIY
cofoit mapamMeTpu4YecKol 3aBUCUMOCTBIO Yepe3 NMpUBENeHHYIO YacTOTy, KOoTopas (TaK Xe, KaK M 4acToTa,
U TeMmIiepaTypa) He NMpHUCYTCTBYeT Ha rpaduke B gasHoM Buae. HU B Kakoil yacTy pa3bpoc B HAHHBIX Ha
rpaduke He MOXeT ObITh OTHECEH Ha cueT (PYHKUMU TeMIIEPaTYPHOro CMELLCHMS.

I'paduk 3aBucHMOCTH Ko3ddUIEeHTa TOTEPh OT KOMILIEKCHOTO MOIYJISL YIIPYTOCTH, MOCTPOEHHbBIN
B JoraprdMHYeCKOM Macuitabe, IIOMOTaeT BbIIBUTH LIEHHYIO HHGOpPMaLMIO 0 pa3bpoce B 3KCIEPUMEH-
TAIBHbIX JAHHBIX. DTOT pPa3bpoc MOXET ObITh OXapakTepH30BaH ILHUPUHOM MOJIOCHI, B KOTOPO JeXart
IaHHBIE, & TaKXKe BbBIOpOCAMH OTHE/NIbHBIX TOYEK OTHOCHTENIbHO CpelHel JMHUK nojocki. Hackonbpko
JAHHBIA pa3bpoc AOMYCTHM, 3aBHCUT OT KOHKpEeTHBIX rnpwioxeHuil. ITo maHHOMy rpaduKy, oxHako,
HMYETO HEJNb3S Y3HATH O TOYHOCTH M3MEPEHUNA TEMIIEPATYphl U YACTOTHI, @ TAKXE O HUIMYUU KaKUX-JTH00
CHCTEMAaTUYeCKHX OLIUOOK.

4 DyHKUMSA TeMOepaTypHOro cMemeHUs

IlaHHblC O KOMIUIEKCHOM MOAYJIC YNPYTOCTH, €CJIH OHH INOJYYCHBI BO BCEM 3KCIIEPHMEHTAJILHOM

AMAara3soHe TEMIEPATYp ¥ YaCTOT, ONPeAeNAIoT PYyHKLMIO TeMIlepaTypHoOro cMelleHus o T) (1pu yciiosuy,
41O 3Ta DYHKIMS eqUHCTBECHHAS).

PexoMmeHnyetcst, YToGbl UL BCEro 3KCIEPHMEHTAILHOTO QUANIA30HA TEMITEpaTyp ObUIM MOCTPOEHBI

rpapUKy Tpex BeJIMYMH, CBA3aHHbIX ¢ HYHKILHMEH TEMIIEPATYPHOTO CMEILEHHS, KOTOPbIE HauboJIee IUPOKO
MCTIONB3YIOTCS B MPAKTHMYECKUX NPHIOXKEHUSX (CM. B KAYECTBe IPUMEPA PUCYHOK 2):

- caMoil GYHKIMM TeMIiepaTypHoro cMewteHust o (7);
- ee yrosoro KoadbduuuenTa d(ig op)/dT,

- TIOJIHOM 3HEpPruM axkTusaumu AH, [2].

[MocnenHio0 BeYMHY ONpenensior o GpopMyJie

AH, = 2,303RT?d(lg ap/dT, 0
rae R — yHuBepcanpHast ra3oBas IOCTOSSHHAA:

R = 8,314 k- K~!-monp—!. )
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Pucynok 2 — ®yHKuMs TeMNEpaTypHOTO CMELEHHUS

5 TlpencraBiienne JaHHBIX

5.1 I'pacduk npuBeaeRHOM YACTOTDHI

JlaHHble IUIsT KOMIUIEKCHOTO MOJYJIS YIIPYTOCTH MPENCTaBIeHbl Ha pucyHKe 3. Brosib BepTHKaibHON
OCH OTJIOXXEHBI B TorapudmMuyeckom maciurabe aeiicteurenbHas G v MHUMas G,9acTU MOAYAA YIIPYTroCTH,
MIla, n Ge3pasMepHBIii KO3G(PUUHEHT NOTEPD T;. BROJIL ropU30HTAMBHO! OCH B JIorapuPMUIEcKOM
Mmacurrabe oTJIOXEeHa NMPUBEACHHAS HUKINYECKasi JacToTa fg, 'l

TIpuBENEHHYIO YacTOTY fp, AJIs i-it SKCTIEPUMEHTAIBHOM TOUKU ONPENEAIOT 1o GopMye

Jri = fi o (1), 3)

TZe f; — 4acToTa, COOTBETCTBYIOIIAs i-i SKCIIEpMMEHTAIBHON TOYKE;
T; — TemnepaTypa, COOTBETCTBYIOLL@AA i-ii SKCIIEPUMEHTAIbHOR TOYKE.
5.1.1 TemmnepatypHble TUHUU [XoyHCca
TlpaBas mkana B jorapudmMruuyeckoM Macirabe Ha pACYHKE 3 COOTBETCTBYET IMKJIMYECKOH YacroTe
f, Tu. HepaBHOMEpHO pacrofOXeHHbIE AWArOHAIbHbIE MPSMbIE JMHHUMU IMOCTOSIHHOW TEMIIEpaTyphl,
cooTBeTcTBYIolUMe dopmyiie (A.S) Uisi nepeMeHHbIX B JorapudMUYecKoM MacluTabe

lgfr=1gf+1gap(T), 4

COBMECTHO € FOPH3OHTAJIBHOM OCHIO MPUBEAEHHON YaCTOTH H BEPTUKAIBHON OCHIO YACTOTHI, COCTABISIIOT
HOMOTpaMMY «TeMIlepaTypa — 4acToTa -— MpuBefeHHas yactoTta» [3].
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PricyHok 3 — I'padMK KOMILIEKCHOTO MOJIYNst YIIPYTOCTH JUISE IPUBEICHHON YaCTOThI

Buibupawot sHauenua temmepatypel 7, K, oTcrosiiume Apyr oT Apyra Ha HEKOTOpOe NPHHATOE
3”aveHue. PaccTosiHUA MeXOy NpPSMBIMH JMHUSIMHU TIOCTOSHHOM TEMIIEpaTyphl 3aBHCAT OT (YHKIIMH
TEMOEPATypHOro cMellleH!s:. Yncio MUaroHaabHbIX JTMHHUI JODKHO GBITh TAKMM, YTOOBI ITOKPBHIBATh BEChH
JIAana3oH 3KCNePUMEHTATbHBIX TEMIIEPATYP — 3TO MO3BOJISIET U30EXaTh HENMpPeNyCMOTPEHHOM (M YpeBaToil
Cepbe3HbIMM OIMOKAMM) SKCTPATIONSIIIMM.

B mpeznenax auanazoHa 4acTOT 3KCIEPHMMEHTA [JWArOHANBHBIE M30TEPMBI MOKA3aHB!I CIUIOLIHBIMHK
JIMHUSIMM, @ BHE 3TOr0 [MaNa3oHa — MYHKTUPHBIMH. DTO oNpefesaeT IHana3’oH U3MeHeHUs [IPUBEIECHHON
YacTOTBI, KOTOPHIA M3MEHSIETCS OT JIMHUM HU3IIEH TeMIiepaTypbl ¥ MakCHMMAaJbHOM YacTOTHI B IIpaBoi
YACTH LUKAJIBI IO JIMHUM BbICIIEW TeMIepaTypbl ¥ MUHUMAIBLHOM YaCTOTHL.

Ipumep

Hcnonp3ys naHHbIE, peACTaBICHHbIE HAa PUCYHKe 3, BBelleM 3HavyeHue yactoTsl 200 Iy Ha npaBoi
BePTUKAIBHON 1IKaJe W OT ToYKHU, cooTBercrByloied 200 I'u, mpoBeneM TOPU3OHTATBHYIO JUHUIO [0
TEPECEYeHUsT ¢ NUArOHAIBHOM IpsaMol, coorBercTBylowed 295 K. Touka nepeceyeHUs oIpenesiser
3HayeHue npuBeaeHHo yacToThl 600 'l Beprukais Ha 3Toii MPUBENECHHOM YAaCTOTE MEPECEKAET KPUBBIC
JAaHHBIX B TOYKaX, COOTBETCTBYIOLUMX 3HaueHusM 115 MIla mnst meicrBurenbHoi wacrtu, 53 MIla wm
MHUMO} YacTH M 3HaueHUI0 KO3 duilMeHTa MOTEPD, ONpeAeIeMOMY IO JIEBOW BepTHKANLHOMN ILKAale,
0,53.

5.1.2 T'paduk «epeBepHyToe U»

Te xe naHHble U1 KOMIUIEKCHOTO MOIY/IA YIpyroctd G TIpeACTaBlieHbl HA PUCYHKE 4, rhe JeBas
BEPTHKa/bHAs JlorapuMHYecKasi 1Kala COOTBETCTBYET Ge3pasMepHoMy K09(h HIMEHTY MOTepD N, & 1o
TOPU3OHTAIBHOM JIOrapudMUIECKOH OCH OTJIOXKEHA REHCTBUTENbHASA YACTh KOMIUIEKCHOTO MOAYJIS YIIpy-
roctu Gy, MIla.

PucyHox npencrasnser co6oil HoMorpaMMy, OCHOBaHHYIO Ha dopmyie (3) [4].
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Pucynok 4 — I'paduk «nepesepHytoe U» [Uisi KOMIUIEKCHOTO MOAYJIS YIIPYTOCTH
IIpumep

Beestem Ha npasoii mkane sHayeHue 200 I'n 1 ot Touky, cooterctBylomeii 200 I'y, nposexeM
FOPU3OHTAJIBLHYIO JIMHMIO O TEPECeYeHHMs] ¢ KpUBOM, coorBeTcTBYIoLeit 295 K; oT Toukn mepecedyeHust
OpociiefiyeM BHU3 M [IPOYMTAEM Ha rOpM3OHTAIbHOM ock 120 MIla, mocie 4ero npomo/kKuM BEPTUKAIb
BBEpPX MO TEpeceYeHMsi ¢ KpuBoi JaHHbIX. [IpoBest ropH3oHTatb OT TOYKM TepecedeHMst HO JIEBOi
BEPTUKAJIBHOM HIKaJIbI, MOMYYUM 3HaYeHHe KoddduuuenTta moteps 0,53.

5.2 Ana)MTHYEeCKOe NpeAcTaBJIeHHEe AaHHbIX

B psne 3amav onpeneneHHbie ynobersa o6ecneuuBaCT aMITPOKCHMAUMS [OMYYeHHBIX TAHHBIX ANst
(bYHKIMM TEMITEPATYPHOTO CMEILEHMS M KOMILIEKCHOTO MOIYJISL YIPYTOCTH HEKOTOPbIMU aHATUTHYECKUMH

kpyBbiMy. TlosToMy, roMuMo rpaduyeckoro, peKOMEHIYETCsl TAaKKe aHATUTHYECKOe MpeNcTaBIeHHe
JMaHHbBIX (HanpuMep B Buxe Tabmui 1 u 2).

Ta6nuua 1 — [IpuMep aHANUTHYECKOTO NPEACTABICHUS (QYHKUMH TEMIIEPATYPHOTO CMeLICHHSA
lg oy = a(1/T—1/Tp) + 230320/ T, —b) 1g(T/ T)—(b/ Ty—a/ T—S,)(T—T) —
—dlg ap/dT = a(l/T—1/T)? + K(1/T-1/TH) + S,

T;= A(l) = 290; 5, = A(4) = 0,069
T, = A(2) = 230; S,; = A(5) = 0,2
Ty = A(3) = 360; S,; = A(6) = 0,04
Cy=(1/T—1/T)?

Cy= /T —1/T,

Co= Sy—Syz
Dy=(1/Ty—1/T)?

Dy=1/Ty—1/T,




roCT P UCO 10112—99

Oxonuanue mabauubi 1

De= Sy —S4z
Dg = DyC, —CyD,
a = (DyCc —CyDe)/ Dy
b= (C,Dc—D,Cr)/Dg

Tabaunua 2 — IlpuMep ananuTHYecKOro MpeACTARIEHHS KOMIUIEKCHOTO MOAYNs YIIDYTOCTH

G = [Gifw/ 1022 frolfx + Gifalfrd Pr 1/ U1/ 10-% fr)*sPr + (ifp/fro) P Pe ]

G,=B(l)=5,0
G, = B(2) = 320

fro = B3) = 410
Br= B(4) = 0,66
Be = B(5) = 0,01

Bg = B(6) = 0,005

ap= B(7) = 0,52

oy = B(8) = 0,58
ag = BO) =3

Ecnu s onpenesfieHHsi 3HaYeHUWI [TapaMeTpoB 3aBHCHMOCTEN WJIW IPM MHTEPTPETalMy IaHHBIX
UCTIONBIYIOT rpaduyeckue m3oOpaxeHus (HapUMep JIMHeapH30BAHHON 3aBHCUMOCTUH MEXIY HeiicTBU-
TEJBHON M MHMMOM YACTSIMU MOIYJS YIIPYTOCTH IUISl OTIPEIeIEHUs yTJia TlepecedeHns] KPUBOH JNaHHBIX C
OCBIO JIEHCTBUTENBLHOM YaCcTU MOJIYJSI), OHM TAKXe JAOIKHBI ObITh BKITIOYEHBI B TIPEACTaBIeHWE JaHHBIX.

HpPI HCITOJIb30BAHUHU AaHATUTUYECCKOTrO MPEACTABJICHUSA NTAHHBIX CICAYET u3berathb HEHYXHOH 9KCTpa-
MOJISIUNIN.




roCT P UCO 1011299

ITPUIOXEHMUE A
(cnpaBoyHoOE)

CoOTHOMmICHHA AN KOMILIEKCHOTO MOJYJis YNIPYTOCTH

OcHOBHOEe ypaBHEHME ISt AehOpPMUPYEMOTO JIMHEHHOIO, HU30TEPMHUYECKOTO, H3OTPONHOTO, OJHOPOIHOTIO,
TEPMOPEOJIOTHUECKH MPOCTOTro [cM. dopmyity (A.7)] B3Koynpyroro Marepuana B OIeparopHoil ¢opMe umeeT BuA [5]:

Ppp) o) = Q) v(), (A1)
rae 1(f) — CABHIroBOE HalIPSDKEHME;
¥(f) — cosuroBas JedopMaris;
P(pr) n Q(pg) — NONHHOMBL OT pp.
Omnepartop pg ONPENeNsIOT KaK
PR = d/dtg. (A2)
JuddepeHLIIAT IPHBENEHHOIO BPEMEHHU df g ONIPEAENSIOT KakK
dig = dtfar(T), (A.3)

rie ¢ — Bpems, C;
ap(7T) — GespasmepHast GYHKLMSI TEMIIEPATYPHOTO cMeuleHus [2], saBucsamas ot TeMneparypnl 7, K.
Ocyuectsus npeobpazopanre Oypoe wis oGenx yacreit popmynbl (A.1), MOXHO ONpeNeNUTh KOMIUICKCHBIH
MOAy/b caBura G Ui U3MEHSIOIMXCSA N0 CHHYCOMAANBHOMY 3aKOHY HanpsikeHUd W Jedopmaiuy B BUIE

Gljop=1(op/v (jop=0Uoep/P(jop, (A4)

rae 3HaK * ozHayaeT npeobpasopaHue dypbe HekoTOpoi GYHKUNH BpeMEHH, HanpuMep t* (j ® g) — npeobpa3oBaHue
Oyprbe 101 1 (f).
IpuBeneHHasa yrinosas yacToTa

(0R=(1)(17'(T)=27[fR= 21Iff1T(T) (AS)

npeacTaBisier coboil NpoN3BelIEHHE YINIOBOM YacTOThl @, paj/c, N Oe3pasMepHOil PyHKIIMM TeMIlepaTypHOTO CMeLe-
Hust a.(T); fr v f ABNSIOTCS NPUBEACHHOM LMKINYCCKOH 4acTOTOM M IIMKIMYECKO# 4acToToi, ', COOTBETCTBEHHO.
KoMrniekcHBIM MOAYNB CIBMTA 3aBUCHUT KaK OT YacCTOThI, TAK U OT TeMIIEpaTyphl:

G=G (o, T). (A.6)
B ToM M TOJIBKO B TOM CJy4dac, KOTrja 3Td 3aBUCHMOCTb HMEET BUA
G=GGop=Gloar(T) (A7)

MaTepHall HaskIBAKOT TepMopeosIoTHyecku rpocThiM. Popmynsl (A.1) — (A.7) cripaBeUTMBEI TONBKO IIPH BHITIOTHEHUH
TIPEATIONOXEHUS O JUHEIHOCTH MOMENHU.

PaccMoTpyuM Teleph yIacTOK BSI3KOYTIPYTOTO MatepHaila Mol BO3AEHCTBUEM CABUIOBOM AedopMaliuuy, U3MeHs-
Iouleiicsl 10 CHHYCOMAATLHOMY 3aKoHy [6]:

Y=v4 sinwt, (A.8)
KoTopas oTCTaer 1o ¢$ase oT CABUIOBOTo HANPSKEHHS HA YToll O !
T=14 Sin(0f+3g5). (A9)
B kommexcHoM BHIAC 3TH BEIMYHHBI MOTYT OHITB TIpeAcCTaBJICHB! KakK
Y‘=YA eju)t’ (A.10)
=1, e/@1+8g) (A.11)

Toraa KoMIeKCHbIH MOJIyJb COBUTa MOXET OBITDb MPEACTaBJICH TAKXE B BUIE

G= ™/y *= T4 est/'YA= GM€j86= GM Ccos SG (1 +j tan BG)= GR+jGI= (A 12)
=G'+jG"= Gr(l +mg), )
rae Gy — abcomoTHoe 3HaYEHHe KOMIUIEKCHOTO MOZAYJISl CHABUra;
Gr = G' — neHCTBUTENbHAS YAaCTh KOMIUIEKCHOTO MOJYNS CIBMIA,
G;= G" = Gg ng— MHUMas YacTb KOMIUIEKCHOTO MOAY/NS CABUIA;
Ng = tan 3 ; — KoadduureHT Horepb B MaTepuasie IIpH CABUIE.
CkazaHHOe CNIpaBe[UTMBO I  OXHO-, ABYX- M TPEXOCHBIX AedopMaldit ¥ HanpsxeHuit [2] U MoxeT GBITb

PacIIpOCTPaHEHO M Ha ApyTHe IiapaMeTphl, TaKKe Kak Moayib FOHra E, Moaynb o6beMHOM yrpyroctu K, MOCTOSHHYIO
Jlame A u gp.
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K TepMopeonornyeck NpOCTbIM MaTepyagaM OTHOCHAT Te Marepuansl, Ui KOTOPBIX KOMIUIEKCHLIH Moayib
YIIPYTOCTH MOXET OBbITh BBIPEKCH B BUAC KOMIUIEKCHOH GYHKUMM OIHON HE3aBUCHUMOM MEepeMEHHOM, a UMEHHO —
NpMBEAEHHON YaCTOThI, KOTOPasi OTpaxXaeT 3aBUCUMOCTb KOMIUIEKCHOTO MOMYJ/ISL YIIPYTOCTH KaK OT YaCTOThI, TaK M OT
TEMITepaTyphl.

IIpumevaHue — VHoraa NeiiCTBUTENBHYIO YacTb KOMIUIEKCHOTO MOAYJS YTIPYTOCTH M KO3 IHIMEHT NOTeph
B MaTepUajie pacCMaTPHBAIOT KaK He3aBUCHMble GYHKIHMM TIPHBEJCHHOM YacTOThl. XOTA 3TO U MOXET oBaerdurhb
TIOJTy4YeHWe YAOBICTBOPHTENBHBIX MPAKTHYECKMX PE3YNBTATOB, C KOHUENTYIbHOM TOYKH 3PEHHMA AAHHOE NpEaroNno-
XeHue ounboyHo.

OlueHKa KOMIUIEKCHOTO MOJYJsl yNpPYrocTH, NOJAyYeHHAs Ui 3aJaHHOW TeMIIEpaTyphl M 3allaHHOM yacToThl,
onpefielIeT aMIUINTYIHOE 1 Ga30BOe COOTHOLIEHHE MEXIY CHHYCOMAAIbHBIMU HaTIpsiXeHUeM U nedopMaLiiei.
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