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OBLIASA XAPAKTEPUCTUKA PABOTbI

AKTYyaJIbHOCTH TeMbl HcciieqoBanus. [lonmumepHbie MaTepuaibl B BUAE BOJOKOH,
HUTEW, ITUICHOK, a TaKXe H3JCNUsS Ha HMX OCHOBE, IMPOU3BOJUMBIC Ha MPEANPHUATHUIX
TEKCTWJIBHOM M JIETKOM MPOMBIIUICHHOCTH, HAaXOAST IIMPOKOE MPUMEHEHHUE BO MHOTHUX
OTpacisIX HAPOJHOTO XO35CTBA. PBHIHOUHBIM HPUHLMI BOCTPEOOBAHHOCTH BOJIOKOH H
BOJIOKHUCTBIX MaTepuaioB Oazupyercs Ha (D133 0117 JIOTUCTUYECKOMN
MOCJICIOBATENIBHOCTH: M3JCIIHUE ONpPEAeNeHHOTO (YHKIMOHAIBHOTO Ha3HA4YCHUS —
TEKCTHJIBHBIN MaTepual (ero CTpyKTypa) — BOJOKHA (HEOOXOIUMBINA BOJIOKHUCTHIN COCTAB).

Cepbe3Hasi KOHKYPEHLIMSI Ha PpPBIHKE MATEpHAJOB TEKCTUJIBHOW M JIETKOU
MPOMBIIIJICHHOCTH  CTaBUT Tepe]] TEKCTWIbHBIM MaTepUATIOBEACHHUEM 3aJadyd IO
WCCIIEJIOBAaHUIO CBOMCTB HOBBIX M HWMEIOIIUXCS MaTepHalioB, MO pa3paboTKe METO0B
MIPOTHO3UPOBAHUS JIe(HOPMAIIMOHHBIX, BOCCTAHOBUTEIIbHBIX U PEJIaKCAIIMOHHBIX MPOIIECCOB,
M0 COBEPIICHCTBOBAHUIO CTPYKTYPhI YKa3aHHBIX MAaTEPUAJIOB U IO MPOEKTUPOBAHUIO HOBBIX
MTOJIMMEPHBIX MaTepuaios, o0aarmumx TpeOyeMbIMU (byHKIMOHAIBHO-
IKCIUTyaTallMOHHBIMU CBOMCTBaMHU.

Bonpmioit Bkiag B ¢GopMHpOBAaHHE COBPEMEHHBIX MPEICTABICHUN O (U3nYecKux
MEXaHU3MaX U 3aKOHOMEPHOCTSX MPOSIBJICHUS PEIaKCAIIMOHHBIX MPOIIECCOB B MOJIUMEPHBIX
marepuanax BHecau A.A. Ackaxackuii, ['M. BbapreneB, B.E.I'ynp, FO.B. 3enenes, B.A.
Kaprun. U.U. Tlepeneuko, B.P. Perens, I'.JI. Cnonumckuii, T.U. Coronosa, A.1. Ciyukep,
10.C. VYpxymues, P.JI. MakcumoB u jap. B pa3Butue ujaeid B 3TOM HalpaBICHUU
3HAUYMUTENIbHBIN BKJIaa BHeCH Takke M Bunbsmc, P. Jlanaen, I'. JIugepman, A. Tobonbckuid,
k. @eppu, ©. [Ixein u ap.

OO0mue TOPUHLMIBI MPOTHO3UPOBAHMS  CBOWMCTB  IMOJMMEPHBIX  MaTepUajoB
paspabaThIBaIMCh TAKUMHU TIpeacTaBuTeNIMU Hayku, kak B.A. Kaprun, C.H. XXypkos, A.A.
Tarep, I'.JI. Cnonumckuid, A.A. Ackaackuii, I'.H. Kykun, K.E. Ilepenenkun, C.I1. ITankos,
Al T'onpaman, B.T. Tomamesckuii, A.A. Unsromun, B.A. ITaasmos, FO.H. Pa6otHoB, A.M.
Cranesuu, B.I'. Tupanos, A.I'. MakapoB, A.B. JlemunoB u np. PaboThl 3TUX U Apyrux
UCCJIEI0BATENEeH BHECTU CEPhE3HBIN BKJIaJ B HAYKY O MOJIMMEPAX.

He Bce u3BecTHbIE Ha CETONHALIHUMN IEHb TEOPUU J1e(hOPMUPOBAHUS OPUEHTHPOBAHHBIX
NOJIUMEPOB TO3BOJISIIOT C JOCTATOYHOM TOYHOCTBIO U JIOCTOBEPHOCTBIO OIHCHIBATH
JMHAMHYECKOE HaIpsHKEHHO-Ae(OPMAIlMOHHOE TOBEJCHUE YKa3aHHBIX MaTepuasoB.
BonpIIMHCTBO CYILIECTBYIOIIMX METOJIOB KOJUYECTBEHHOIO OINHUCAHUS JUHAMUYECKHX
ne(OpMAIMOHHBIX  CBOWCTB  TMOJHMEPHBIX MaTEpHUaIOB  TEKCTHJIIBHOW U JIETKOU
MPOMBIIIJIEHHOCTH, OCHOBAHHbIE Ha KCIOJIb30BAaHUM MEXAHUYECKHX MOJENEeH WIn
SMIIUPUYECKUX COOTHOILIECHUM, HE MOTYT JaTh IOJIHOTO MPEICTABICHUS O MEXaHUUYECKHUX
CBOMCTBaxX MaT€pHUAJIOB B pEaJbHBIX YCIOBUAX SKCIUTyaTaINH.

B HacTtosimiee BpeMsi TEOPETHUECKOM OCHOBOM IIOCTPOCHHUS METOIOB pPacuyE€THOIO
MPOTHO3UPOBaHUS J1e(hOPMAIIMOHHBIX MPOIECCOB CUUTACTCS MX KUHETUYECKas IMPUPOA.
MeTroauku TPOTHO3UPOBAHUS HATPYKEHHBIX COCTOSIHUM TMOJMMEpPHBIX MaTepHasoB
TEKCTWJILHOM W JIETKOW TPOMBIIUICHHOCTH B OOJACTH AKCIUTyaTallMOHHBIX HArpy30K
OCHOBaHbl HAa YHCJEHHOM pEIICHUM HHTErPalbHbIX ONPEACNAIONINX YpPaBHEHHH THUMa
Bonpimana-Bonbreppa u moctaroyHo xopoino mnpopaboranbl B padotax A.I'. Makaposa,
A.B. JlemunoBa, A.M. Cranesnua u apyrux. OjHako, B HacTOsILEEe BpeMs Haspena
HEO0OXO0IMMOCTh pa3paboTku YHUBEpPCAIbHOU TEOPUHU MIPOTHO3UPOBAHUS
TEPMOBSI3KOYIIPYTUX CBOMCTB YKa3aHHbBIX MaTEPHUAIIOB.

Takum obOpa3zom, Tema AUCCEPTAIMOHHOW paldOThI MO pa3paboTKe HAYYHBIX OCHOB
MIPOTHO3UPOBAHUS TEPMOBSI3KOYIIPYTUX CBOMCTB MOJMMEPHBIX MAaTEPUAIOB TEKCTUIBHON U
JIETKOM MPOMBIIIIEHHOCTH SIBJIIETCS aKTyaJIbHOU U 00YyCIIOBJICHA:



4

— HEOOXOAMMOCTBIO MOBBIIIEHUSI KOHKYPEHTOCIIOCOOHOCTH MOJIMMEPHBIX MaTEpPHAIOB
TEKCTUJIBHOM W JIETKOM NPOMBIIIJIEHHOCTH, BO3MOYKHOM Ha OCHOBE ONTHUMH3aLUU HX
CTPYKTYpbI, HEMOCPEACTBEHHO BIUAOLMEH Ha (QYHKIMOHAIBHO-IKCILTyaTallUOHHBIE
CBOICTBA 3THX MaTEPHUAJIOB.

— OTCYTCTBUEM YHUBEPCAJIbHON TEOPUH MPOTHOZUPOBAHUS TEPMOBI3KOYIIPYTHUX
MpoLEeccOB  JII0OOOM  CTENeHH  CIOKHOCTH  MAaTEpHaioB  TEKCTHJIBHOM W JIErKou
MIPOMBIIIJICHHOCTH,

—OTCYTCTBUEM YHHUBEPCAJIbHBIX METOAMK MOJICTUPOBAHUS M TMPOTHO3UPOBAHUS
TEPMOBS3KOYTIPYTHUX CBOMCTB YKa3aHHBIX MaTEPHAIIOB.

Henr pabdorbl cocTOMT B pa3padOTKE YHUBEPCAIbHOW HAyyHOM Teopuu
MIPOTHO3UPOBAHUS TEPMOBSI3KOYIIPYTUX CBOWCTB MOJUMEPHBIX MATEPUAIOB TEKCTUIHLHOU U
JIErKOW MPOMBIIIIEHHOCTH.

JIJis TOCTUKEHUS TOCTaBICHHON LIEIN B paboTe pelaoTcsl CaeAyonue 3a1adm:

- pa3pa0oTKa HAay4YHBIX OCHOB M MaTeMaTHYECKHX MOJENed /s ONUCaHUsi U
MPOTrHO3UPOBAHUS TEPMOBS3KOYNPYTUX CBOWCTB MaTEpUaOB TEKCTHJILHOM U JIErKOu
MIPOMBIIIJICHHOCTH;

- olpejesieHue YCJIOBUM M TpaHUI] NPUMEHMMOCTH pa3pabaTblBaeMOil Teopuu u
MaTeMaTUYECKUX MO/JIEJIeH TEPMOBS3KOYIIPYTUX CBONCTB MaTepHalioB TEKCTHIILHOM U JIETKOU
MIPOMBIIIJICHHOCTH,

- pa3paboTka METOJIOB ONpENEJCHHs OCHOBHBIX MapaMeTpPOB-XapaKTEPUCTHK
MaTeMaTUYECKUX MOJENIeH C yU4eTOM 3KCIIEPUMEHTAIbHBIX JAHHbIX;

- pa3BUTHE TEOPUH M COBPEMEHHBIX METOJIOB MAaTEMaTUYECKOTO MOJEIUPOBAHUS U
IPOTHO3UPOBAHUSL TEPMOBSA3KOYIPYTUX CBOMCTB MaTepUajoB TEKCTUIHHOW U JIETKOU
IPOMBINIJIEHHOCTH;

- (huznueckoe 060cHOBaHKE 1e(POPMAIIMIOHHOTO TOBEICHHUS TOJTUMEPHBIX TEKCTUIBHBIX
MaTEpUaJIOB B PA3IUYHBIX PEKUMAX BS3KOYIPYTOCTH;

- pa3paboTKa MeTO/Ia ONTUMAIBHOT'O BBIOOpA MATEMATUYECKON MOJIEIH B 3aBUCUMOCTH
OT TIOCTABJICHHBIX 3aJa4 MO MPOTHO3UPOBAHUIO Je(OPMALMOHHBIX CBOMCTB MaTepUAJIOB
TEKCTHJILHOM U JIETKOM MPOMBIIUIEHHOCTH;

- HaxOXJEHHWE AaHAIUTUYECKUX PEIICHUH JUId  ONpelessiouuX YypaBHEHUMN
BA3KOYIIPYTOCTH, COOTBETCTBYIOIIUX PAITUYHBIM MOJIEIISIM;

- ompejelieHWe aHaJUTHUYECKMX 3aBUCUMOCTEH, CBS3BIBAIONIMX  MapaMeTphl-
XapaKTePUCTUKU PA3IUYHBIX MATEeMATHYECKHX MOJENIed TEPMOBS3KOYIPYTOCTH MEXKIY
co00IiA.

Pemenue mocTaBiIeHHBIX Meped TEKCTUIBHOW M JIETKOW MPOMBIIUICHHOCTHIO 3a/lay
cooTBeTcTBYET "CTpareruu pa3BUTHs JIETKOW MpoMbllIeHHOCTH Poccun Ha nepuop 1o 2015
roga", paspaboranHoii mo mopydenusm I[Ipesugenta PO (Ne IIp-1369 or 03.07.08) u
[IpaBurtenbctBa PO (Ne BII-119-4244 ot 15.07.08), a Tak:ke peKOMEHA0BAaHHOM K TPOJIJICHUIO
Ha cpok 110 2020 roga HoBo# penakiuu "Crparerun" (ITocranosnenue IlpaBurenscrea PO
ot 07.08.15).

Hay4yHasi HOBM3HA NOJY4Y€HHBIX Pe3yJabTATOB 3aKII0YAETCS B CIEIYIOLIEM:

- Ha OCHOBE KBaHTOBOW MpUPOJBI Tpoiiecca JedOPMUPOBAHHS MOJIUMEPHBIX
MaTepHasioB BBEJICHO MOHITHE KBaHTa AeQOopMaIlu U IPEII0KEHa HeTTMHEHas Qu3ndeckas
MOJIE€Nb, MO3BOJISIIONIAS OOBSACHATH M IPOTHO3UPOBATH TEPMOBS3KOYIIPYIO€ IOBEJIECHUE
Pa3IMYHBIX MATEPUATIOB TEKCTUJILHOM U JIETKON MPOMBIIIIEHHOCTH;

- 000OCHOBaH MPUHIIUIT HACJIEICTBEHHON BS3KOYIIPYTOCTH M OOINas CTPYKTypa sjpa
MOJI3y4eCTH JUIsi MaTepuajgoB TEKCTUIBHOM W JIETKOM MPOMBIILICEHHOCTH HAa OCHOBE
pa3paboTaHHOI aBTOPOM KBAaHTOBOI TEOPUU MIEPEHOCA;

- HalJIeHbI AHAJIMTUYECKHE 3aKOHOMEPHOCTHU MEXTy napaMmeTpaMu
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TEPMOBSI3KOYIPYTOCTH i1 MaTEpPUaIOB TEKCTWIBHOM M JIETKOM MPOMBIIIJIEHHOCTH B
OMpENIETICHHBIX pexXuMax JedOpMUPOBAHUSA, BBITEKAIONIME W3 KBAaHTOBOM TEOpUH,
MO3BOJISFOIIME MTPOBEPATH TPUMEHUMOCTD MPEITI0KEHHBIX MOJEIEH;

- TIOJTyY€HBI AaHAJTUTUYECKUE PEUICHUS ONPEACIIAIOINX YPABHEHUN UISI ONTPEAETIEHHBIX
pexuUMOB J1eHOPMUPOBAHUS MaTEPHAIOB TEKCTHWJIHBHOM U JIETKOW MPOMBIILICHHOCTH,
COOTBETCTBYIOIIUX PA3TUYHBIM (PU3NUECKUM MOACIISM;

- YCTAHOBJIEHBl  B3aWMHBIE CBA3M  OCHOBHBIX  IapaMETPOB-XapPAKTEPUCTHUK
MpeyIaracMblX KBAHTOBBIX MOJIETIEH U MAPAMETPOB-XAPAKTEPUCTHUK, MOTYYEHHBIX JPYTUMHA
METO/IaMH  MAaTEMaTHYECKOTO MOJICTUPOBAHUS  BSI3KOYNPYTHX CBOWMCTB MaTEpHAIOB
TEKCTWJIBHOM M JIETKOM MPOMBIIIIEHHOCTH;

- IPEUI0KEHBI METO/IbI ONTPEAEIIECHNSI OCHOBHBIX MTAPAMETPOB-XapaKTEPUCTUK MOJEIEH
TEPMOBSI3KOYIPYTOCTH MOJTUMEPHBIX MaTepuagoB TEKCTHIILHOH Hu JIETKOU
MPOMBIIIEHHOCTH, MOJYYEHHbIE HA OCHOBE AKCIIEPUMEHTAIbHBIX JAHHBIX;

- Ha OCHOBE KBAaHTOBOM TEOPUM NEPEHOCA MPEIJIOKEHBI HOBBIC OMNPEACIISIOIINE
YpaBHEHUS U1 MPOTHO3UPOBAHUS TEPMOBA3ZKOYNPYTUX CBOWCTB MAaTEPUATIOB TEKCTHIBHOMN
Y JIETKOW MPOMBIIIJIEHHOCTH;

- pa3paboTaHBI HOBEIE MaTeMaTHYECKHE METOIbI MPOTHO3UPOBAHUS
TEPMOBSI3KOYIIPYTrOro MOBEICHUSI MAaTEPUATIOB TEKCTUJIBHOW M JIETKOW MPOMBIIIJIEHHOCTH:
METO]l 3aMEHBI OINEPAaTOPOB, METOJ| KBAHTOBBIX KOJICI, METOJ YCPEIHEHHUS, MO3BOJISIOIINE
MOJTy4aTh aHAIMTUYECKHUE PEIIeHHs C(HOPMYIUPOBAHHBIX BBIIIE 3a7a4.

Teopernyeckass 3HAYUMOCTH PadOTBI COCTOUT B Pa3BUTHH TEOPETUUYECKUX OCHOB
MPOTHO3UPOBAHUSL TEPMOBSI3KOYNPYTUX CBOMCTB MATEpPUAIOB TEKCTUJIBHOM U JIETKOMN
MPOMBIIIEHHOCTH, TJI€ B YaCTHOCTH:

- TIPEJIOKEHBI OMPEEIAIONINEe YpaBHEHUsS, ONUCHIBarONIUE JedhopMaImoOHHO-
penaKkCcallMOHHbIE CBOMCTBA MOJMMEPHBIX TEKCTHIIBHBIX MAaTEPUAIOB B IIIUPOKOM JIUAMA30HE
HaArpy3ok u aedopmariuii;

- pa3paboTaHbl METOJIBI OMpE/EICHUS OCHOBHBIX MapaMeTpOB (DU3NUECKUX MOACIICH
TEPMOBSI3KOYIIPYTOCTH MaTE€PUAIOB TEKCTWJIHBHON M JIETKOW MPOMBIIIJIEHHOCTH HAa OCHOBE
SKCIIEPUMEHTAIbHBIX JaHHBIX;

- MpeUIOKEHBI KPUTEPUHU BBHIOOpAa MaTEMaTHUYECKHX MOJCIICH TEePMOBSI3KOYIPYTHX
CBOMCTB MaTEpHaIOB TEKCTUIBHOU U JIETKOW TPOMBIILICHHOCTH

- MOKa3aHo, YTO JIOJITOBPEMEHHAs MOJI3yYeCTh MPOTEKAET C MOCTOSIHHONW CKOPOCTHIO,
AKCIOHEHIIMAIBHO 3aBUCSIIEH OT YPOBHS MEXAaHUYECKOTO HAIPSIKCHUS,

- IS TPENJIOKEHHBIX MaTEeMAaTHYECKUMX MOJEJIEeH TEepPMOBSI3KOYIPYTUX CBOMCTB
MaTepuajioB TEKCTWJIBHOW U JIETKOW MPOMBIIIJIEHHOCTH M OMNPEACIICHHBIX PEXUMOB
nehopMUPOBaHUS HalICHBI aHATUTHICCKHUE PEIICHUSI OMPEIEISIONINX YPaBHEHUH;

- ¢u3myeckn  OOOCHOBaHBI  CYIIECTBYIOIIME  METOABI  MPOTHO3HPOBAHMS
nehopMaImoOHHO-pEIaKCAIIMOHHBIX  MPOIIECCOB  MAaTEpUaiOB TEKCTHUJIBHOM W JICTKOM
MPOMBIIIIEHHOCTH U MOKA3aHbl TPAHUILIBI UX TPUMEHUMOCTH;

- YCTaHOBJICHA B3aUMOCBA3b MEXYy HAAMOJICKYISIPHOW CTPYKTYpPOM IOJIUMEPHBIX
TEKCTUJIBHBIX MAaT€PUAIIOB U MOJICIISIMUA UX TEPMOBSI3KOYNPYTOCTH;

- BBISIBJICHBI OCOOCHHOCTH TEPMOBS3KOYNPYTOCTH MAaTEPUATIOB TEKCTUILHON M JICTKOM
MPOMBIIIIEHHOCTH, TO3BOJISIFOIIME ONPEAECIUTh TPAHUIBI NIPUMEHUMOCTA TOW WM HHOMU
MaTeEMaTUUECKON MOJIENH.

IIpakTHYeckasi 3HAYUMOCTH PadOThI COCTOUT B:

- IPAKTUYECKUX PEKOMEHIAIMSAX 10 COBEPILIEHCTBOBAHUIO METOAUK IIPOTHO3UPOBAHUS
neOopMaIMOHHOTO0 TOBEACHHUSI MATEPHAJIOB TEKCTUIBLHOW W JIETKOW MPOMBIIUICHHOCTH B
Pa3IMYHBIX PEKUMAX IKCILUTyaTALUH;

- MPEUIOKEHUSAX I0 COBEPLIEHCTBOBAHHMIO HM3BECTHBIX METOJIOB MOJCIHMPOBAHUS W
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MIPOTrHO3UPOBAHUSA TEPMOBS3KOYNPYTUX CBOWCTB MAaTEpUAIOB TEKCTHJIBHOM U JIEIKOM
MIPOMBIIIJIEHHOCTH.

Kpome Toro, mpakTudeckas 3HAaUUMOCTh IMOJIYYEHHBIX PE3YJIbTAaTOB MOATBEPKIAETCS
aKTaMU BHEAPEHUsl pe3ysbTaTOB JAUCCEPTALIMOHHOW padOThl M KOHKPETHOM peanu3auuent
pa3pabOTaHHBIX  METOJOB  IPOTHO3UPOBAHMS  TEPMOBA3KOYNPYTrOCTH  MaTepUajoB
TEKCTWJIBHOW U JIETKON MTPOMBIIIJIEHHOCTH.

Metonosiornss M MeToAbl HcciaegoBaHMsl. [Ipu TOpoBeNEHUM TEOPETHUECKHUX
UcCleIoBaHUM B paboTe MCMOIb30BAJICS MaTEMaTHYECKUI ammapar CUCTEMHOIO aHalld3a
AKCIIEPUMEHTAIIbHBIX JaHHBIX Ha OCHOBE COBPEMEHHBIX MPEJACTaBICHUM CTATUCTHYECKOU
GU3MKM U MaTEpUAJIOBEACHUS MOJMMEPHBIX MaTepuaioB TEKCTUIBHOM W  JIETKOH
MPOMBIIIIJIEHHOCTH, METOJIbl MaTEMAaTHYECKOTO0 MOJICTUPOBAHUS C PUMEHEHUEM OCHOBHBIX
MOJIOXKEHU MeXaHUKH Je(OpMUPYEMOrOo TBEPAOTO Tela, TEOPUHU YNPYTOCTH, TEOPUU
BSI3KOYNPYTOCTH, METOJIOB U (pepeHnanbHOr0 U UHTETPATBHOTO HWCYUCICHUS, METO]IbI
(yHKIMOHAIBHOTO aHAJIM3a, ONEPaTOPHOTO UCUUCIICHHS U MPUOIMKEHHBIX BHIYUCIICHUH.

Ilos105keHnsi, BBIHOCHMbIE Ha 3alUTY:

1. HoBas HenuHeilHass KBaHTOBas MOJEJb, OMNMCHIBAIOIIAS TEPMOBSIZKOYIPYroe
MOBEJICHHUE MOJTUMEPHBIX TEKCTUIBHBIX MaTepHAJIOB.

2. Meroapl omnpeneneHHss OCHOBHBIX  IapaMeTpOB  KBAHTOBBIX  MoJjieneit
TEPMOBSI3KOYIPYTOCTH Ha OCHOBE AKCIIEPUMEHTAIbHBIX JTaHHBIX.

3. Meton pasneneHus ocTaTOYHOro (HeoOpaTUMOro) KOMIOHEHTa jAeopMmanuu Ha
YCIIOBHO-00paTUMYI0 U UCTUHHO HEOOpaTUMYIO YaCTH.

4. Ompenensmoomuye ypaBHEHHs JUIsl pa3iMYHbIX HEJIMHEHHBIX KBAaHTOBBIX Mojesel
TEPMOBS3KOYNPYTrOCTH MaTepUalIOB TEKCTUIILHON U JIETKOW MPOMBIIIEHHOCTH.

5. AHanuTHuYecKue 3aKOHOMEPHOCTH, SIBJIAIOLIMECS CIIEICTBUEM pELICHUN YpaBHEHUH
KBAHTOBOW TEOPUU TEPMOBSI3KOYIIPYTOCTH ITOJMMEPHBIX MaTEPUAIOB TEKCTUIBHOM U JIETKOU
HPOMBIIIJIEHHOCTH.

CooTBeTcTBHE AUCCEPTANMH MACHOPTY HAYYHOHl crmenuaiabHOCTH. Jlucceprauus
COOTBETCTBYET obOnacTu uccienoBanus: 1 - CTpoeHue, CBOWCTBA M IOKa3aTeNId KauecTBa
HATypaJbHBIX U XMMUYECKHX BOJIOKOH, HUTEH M IMOJIYNPOIYKTOB IpSIEHUs, TKayecTBa U
oTaenKH, 3 - CTpoeHue, CBOMCTBA U TOKa3aTeNu KauecTBa ChIPbs, MOJYNPOIYKTOB ¥ TOTOBBIX
IBEMHBIX wu3lenuid, 8 - MeToapl NPOEKTUPOBAHUS U MPOTHO3UPOBAHUS CBOMICTB HU
HoKa3areseil KauecTBa MaTepraioB U U3JIeIUNA TEKCTUIIBHOM U JIETKON MPOMBIIIJICHHOCTH, 9
- Meronpl onTUMH3ALMU TapaMETPOB CTPYKTYpPbl M CBOWCTB MaTepUAIIOB M H3JEIUN
TEKCTUJIBHOM M JIETKOM MPOMBINUIEHHOCTH - Macnopra HayyHoil cnenuaibHocTu 05.19.01 -
MarepuaioBeieHue IPOU3BOJICTB TEKCTHIILHON U JIETKOW MPOMBIIUIEHHOCTH.

CreneHb 10CTOBEPHOCTH Pe3yJIbTATOB 00€CIIeYNBACTCS KOPPEKTHOCTHIO IIOCTAHOBKU
Hay4yHOH 3a/1auM U €€ JEKOMIIO3UIIMH, & TAKXKE CTPOrOCThbIO JNOIMYIIEHUN U OrpaHUYEHHH,
NPUHATBIX TPU IOMCKE pEUIeHUH 3ahad uccieqoBaHUs. J[OCTOBEpPHOCTb pE3yJIbTaTOB
MOJITBEPKAAETCS BCECTOPOHHUM aHAJIM30M IPEIIIECTBYIOINUX HAYYHBIX Pa0OT M0 TEMaTHKe
UCCIICZIOBAHUs, TpPUBJICUECHHEM O0a30BbIX HAyYHBIX JUCHHUIUIMH U anpoOMpOBaHHOTO
MaTeMaTUYeCKOro amnrapara IO OLEHUBAaHHIO aJeKBATHOCTH pa3pabOTaHHBIX Mojenen
TEPMOBSI3KOYIIPYTOCTH ~ MaTepUajgoB  TEKCTUJIBHOM W JIETKOM  NPOMBIIUIEHHOCTH,
HEIIPOTUBOPEUYNBOCTHIO U COBIAJCHUEM YACTHBIX PE3YJIbTATOB AUCCEPTALMH C PE3YJIbTATAMU
paboT Jpyrux aBTOPOB, COTIACOBAHHOCTHIO TEOPETUYECKHUX TMOJOKEHUU AUCCEPTALUU C
pe3yJbTaTaMu IKCHEPUMEHTOB, MOJOXKHUTEIBHBIM 3(PQPEKTOM OT BHEAPEHHS PE3yJIbTaTOB
paboTHI.

Anpodanus pe3yiabTraToB. OCHOBHBIE PE3YJIbTAThl UCCIEN0BAHUMN, IPEJICTABICHHBIE B
42 nokiagax, TMPOIUIM MOJIOKUTENBHYIO —ampobanuio Ha 32  MEeXIyHapOIHBIX,
BCEPOCCUMCKUX, OOIIErOPOACKUX, MEXKBY30BCKMX M JAPYTHX HAay4HbIX CHUMIIO3UyMaXx,



KOH(EepeHIusIX, CeMUHapax, B uacTHocTu Ha: |V Bcecoro3Hol HayyHO-TEXHHYECKOU
KOoH(pepeHIIMN «XUMHYECKHE BOJIOKHA: aCCOPTUMEHT, KauecTBo, nepepadorkay (Kamunuh,
1989), Bcecorw3Hoil Hay4YHO-TeXHWYECKOW KoH(epeHmnn «[IpobremMbl MpovYHOCTH
MaTepuangoB U coopyxeHui Ha Tpancrnopte» (Jlenunrpan, 1990), Bcecoroznoit nHaydHO-
TexHuueckoi koHpepeHuun «IIpobnemsl nmpouHocTH KOHCTpykumit» (Jlenmnrpaa, 1990),
Bcecoro3HoM HaydyHO-TEXHUYECKOM ceMHHape «MeXaHuKa W TEXHOJOTHS MOJUMEPHBIX U
KOMITO3UITMOHHBIX MaTepualioB W KoHcTpykuui» (Cankt-IlerepOypr, 1992), 25-oit
EBpodusnueckoil kKoHpEpeHUMH O MaKpOMOJeKyJsapHOU ¢u3uke «OpHeHTaluOHHbIE
apineHus B mnoaumepax» (Cankr-IletepOypr, 1992), MexaynaponHoil KoH(pEpeHINH
«IIpobnembl MexaHuUKH TBepAbIX U Aepopmupyembix Ten (Cankrt -IlerepOypr, 1993),
MexnyHapoJHOM HayyHOM KoHrpecce «®yHAaMeHTaJbHble MPOOJIEMbl €CTECTBO3HAHUS
(Cankr -IlerepOypr, 1998), XVI MexnyHapoaHoit KoHpepeHIHHn «MaTeMaTHuecKoe
MoOJIeTTUpOBaHue B MexaHuke nedopmupyembix Tem» (Cankr -IletepOypr, 1998), 27-oii u 28-
oil JletHen MexayHapoaHoi HayuHou IlIkone-cemuHape «AHamW3 U CMHTE3 HEJIMHEWHBIX
MEXaHUUYECKHX KoJieOaTeNbHbIX CHUCTEM. AKTyallbHble MpoOiemMbl MexaHuku» (CaHKT -
[TerepOypr, 1999, 2000), MexayHapoaHOW KOH(PEPEHLUUHU IO XUMHUYECKHM BOJIOKHAM
«XumBonokHa - Tsepb- 2000» (Tseps, 2000), MexayHapoJIHOM HaydYHOM KOHTpecce
«DyHIaMeHTallbHBIE MPOOJIeMbl ecTeCTBO3HaHUS U TexHHKW» (Caukt -IletepOypr, 2000,
2004, 2006), MexBy30BCKOH HaydHO-TIpakTHueckol KoH(pepeHiun «I[Ipodrembr wu
nepcrnekTuBbl pa3BuTusi cdepsl cepBucay (Cankt -IlerepOypr, 2001), Bcepoccuiickoii
KoH(pepeHIH «bbITOBbIE MATMHBI K IPUOOPHI: MOATOTOBKA KaIpOB, IPOU3BOJICTBO, CEPBUCH
(Cankr -ITetepOypr, 2002), 2-oit Bcepoccuiickoit koHMepeHInn «MaliuHbl, arperatbl U
npubopsl: beiToBOE 00CTyX)MBaHME M KOMMYyHanbHoe Xxo3aiictBo» (Cankt -IlerepOypr,
2005), 1l-oit Bcepoccuiickoii HaydHO-TEXHHYECKOW KOH(pepeHun «CTpouTeIbHas
TEIJIOTEXHHUKA: AKTyallbHble BOMpochl HopmupoBaHus» (Cankt -IlerepOypr, 2008), Il
Bceepoccuiickoli HaydyHO-TeXxHMUYECKOM KoH(epeHuuu «CTpouTenpHas TeIulopu3uka Hu
9HEprod(pGeKTUBHOE MPOEKTUPOBAHUE OIPAKIAIOIINUX KOHCTPYKUuH 3aaHui» (CaHKT -

[TerepOypr, 2009), MexnyHapoaHoi Hay4YHO-TIPaKTUYECKOM KoH(pepeHIu
«/HHOBalIMOHHBIE TpoIlecchl B cdepe cepBuca: NmpoOiieMbl U mnepcnekTuBb» (CaHKT -
[TerepOypr, 2009, 2010), Il MexayHapoaHOW HAyYHO-TIPAKTHYECKOW KOH(MEPEHIIUH

«TenmeHnmu w WHHOBAIMU coBpeMeHHOW Hayku» (Kpacuomap, 2012), MexayHapoaHOU
Hay4YHO-TIpaKTU4YecKoil koH(pepeHumn «EcTecTBeHHBIE ¥ MaTeMaTUYECKHE HAyKHU:
AKTyanbHBIE BOINPOCHI W TeHAeHIWH pa3Butus» (HoBocubupck, 2013, 2014), 25-ou
MEXIyHApOTHOW Hay4dyHOU KoH(pepeHIN «MaTeMaTH4ecKoe MOJICIHMPOBAHUE B MEXAHUKE
nepopMUPYEMBIX Cpell U KOHCTPYKIUH. MeToipl TpaHWYHBIX M KOHEUHBIX 3JIEMEHTOBY
(Cankt -IletepOypr, 2013), 31-oif MeXIyHApOAHON HAYYHO-NIPAKTHUECKON KOH(PEPEHIIUU
«CoBpeMeHHass MeIUIIMHA: akTyalbHble Bompock» (HoBocubupck, 2014), 2-oii
Bcepoccuiickoii HayuHO-TIpakTHUecKor KoH(pepeHuu «CoBpeMeHHbIE IPOOIEMbI CO3TaHUS
W JKCIUTyaTalliy BOOPY>KEHHsI, BOGHHOH W crienuainbHoi TexHukw» (Cankrt -IletepOypr,
2014), Bcepoccuiickoit HaydyHO-MeTOAMYeCKOW KOH(epeHIrr «COBPEMEHHBIC TPOOIEMBI
Mexanuku u e€ mnpenonaBanue B By3e» (Cankrt-IlerepOypr, 2014, 2015), XXVI
MexayHapogHOW KoH(epeHInn «MaTeMaTH4eckoe U KOMIIBIOTEPHOE MOJCIMPOBAHKE B
MexaHuke JaegopMupyeMbix cpen W KoHCTpykiwmiy  (Cankrt-IletepOypr, 2015),
Bceapmeiickoii Hay4dHO-TIpakTHYecKOl KoH(pepeHuun «/HHOBalMOHHAs IESITEIHLHOCTH B
Boopyxéunpix  Cummax  Poccwiickoit  ®enpepanum»  (Camkr  -IlerepOypr, 2016),
Mexnaynapoanon kondepeniuu «Vibroengineering-2016 / Special Topic: Dynamics of
Strong Nonlinear Systems» (MockBa, 2016), OObeAMHEHHOM TOpPOJCKOM CEMHUHApe
«MexaHuka, MaTEepUATOBEACHUE M TEXHOJIOTHS TOJUMEPHBIX U KOMIIO3UIIMOHHBIX
matepuanoB» HTO um. akan. A.H. KpeutoBa (Cankr-IlerepOypr, 1991-2007), coBMECTHBIX
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HAy4YHBbIX CEMHUHapax Kadeap CONPOTHUBIICHHUS MaTEepHaIOB, MATEpUATIOBEIEHUS U (PU3UKU
Cankr-IleTepOyprckoro rocy1JapcTBEHHOIO YHUBEPCUTETA MPOMBIIIIEHHBIX TEXHOJOTUH U
nM3aiHa.

JInunblii BkJag aBTropa. OCHOBHBIE HMCCIIEOBaHMUS BBIIOJHEHBI JUCCEPTAHTOM B
nepuoxa 2004-2017 rr. B paboTax, COCTaBISIFOIINX OCHOBY HACTOSIIEH TUCCEPTAINH, aBTOPY
MPUHAIICKUT BeIyllas pojb B IMOCTAHOBKE M PEIICHUM 3aJad WCCIEIO0BaHUsS, aHAJIU3e U
TPAKTOBKE JKCIIEPUMEHTAIIbHBIX HCCIEIOBaHMM, O0O0OIIEHUH pPEe3yabTaTOB, pa3paboOTKe
METOJIMK HCCIEIOBaHUs, (POPMYJIUPOBKE BBIBOJOB, B IMPEAJIOKEHUAX IO MPAKTUYECKOMY
MCIOJI30BAHMIO MOJIYYEHHBIX PE3yJIbTAaTOB U MaTEpHUaNoB. Pe3ynbTaThl, MpeCTaBlICHHbBIE B
JiCCepTallii, OTPaKalOT CaMOCTOATEIbHbIE UCCIEIOBaHMS aBTOpa. ABTOpPY NpUHAIJIEKAT
OCHOBHBIE Ui padoT, OMyOIMKOBAaHHBIX B COABTOPCTBE, UCIIOIb30BAHHBIX IIPU HATMCAHUU
HacTosIIIeN quccepraunu. Bkiiag aBTopa sSIBISIETCS peIalolUM Ha BCEX CTausAX paObOThI.

My6aukanuun. [lo Teme auccepTanoHHON paboOTHl OMyOIMKOBAHO 124 Hay4HBIX
TpyJa, U3 HUX 2 MoHOrpaduu, 34 cTaThy B pELICH3UPYEMBIX HAYUHBIX U31aHUX U3 "[lepeuns
BAK MunucrepctBa oOpazoBanus 1 Hayku PO". Cpeau ykazaHHbIX myOnukauuid: 13 crareit
B JKypHaJIax, IUTUPYEMbIX B MEXKIYHApOJHBIX 0a3aX HAy4yHOTO LIUTUPOBAHUS ''SCOPUS" U
"Web of Science", 3 marenta Ha wu300peTeHHs, 6 CBUAETEIHLCTB O TOCYIAPCTBEHHOM
peructpanuu nporpamm st BM.

CtpykTypa u 0o0beM auccepraumu. Pabota cocTouT W3 BBEJCHUS, BOCBMH TIJIaB,
3aKJIIOUEHHUS, CIHCKAa HCIOJIb30BaHHOM muTepaTypbl (327 HaumeHoBaHuii). OCHOBHOE
coJiepKaHue U3I0xkeHo Ha 299 cTpaHMIaX MAIIMHOMMCHOTO TEKCTa, BKIOYas 51 prUCyHOK H
4 TaOIALIBL.

OCHOBHOE COIEPXAHME PABOTHBI

Bo BBegeHum o00oCHOBaHa aKTyaJlbHOCTh TEMbl HCCJEIOBaHHUA, CTENEHb
pa3paboTaHHOCTU TEMBI UCCIEIOBAHUS, IIEJIb U 33/1a4d AUCCEPTAIMOHHOTO UCCIEIOBAHUS,
€ro Hay4yHas HOBU3HA, METOAOJIOTHs U METO/Ibl UCCIEAOBAHUS, TOJ0KEHHS], BBIHOCUMBIE Ha
3alINUTY, TEOPETUYECKass M MPAKTUYECKAs] 3HAYMMOCTh TUCCEPTALMOHHOTO HCCIEIOBAHUSA,
CTENeHb JIOCTOBEPHOCTH U anpoOaIus pe3ybTaToB UCCIIeJOBaHUS.

IlepBasi rmaBa nocBsiIeHa aHATU3Y COCTOSHUS TPOOJIEMBI M ONKUCAHUIO MPEATIOCHLUTOK
pa3paboOTKU TEOPETUYECKUX OCHOB U MPAKTUYECKUX METOJOB MPOTHO3UPOBAHUS
TEPMOBSI3KOYIIPYTUX CBOMCTB MOJUMEPHBIX MaTEpPUANOB TEKCTHWJIBHOM U  JIETKOM
MPOMBILIJIEHHOCTH. M310KeHBbl KakK KIACCHUUECKUH IMOAXOJ B TEOPUM BS3KOYNPYTIOCTH,
OCHOBAaHHBIN Ha MHTETpaIbHbIX ypaBHeHUAX bonbsimana-Bonbteppa (Ilepco b., @eppu [Ix.
U 1p.), Tak U JanpHeiinee pasButue dtoil Teopun (B.A. Ilansmos, FO.H. PaGotnos, C.
Heramu, A.M. Cranesuu, A.I'. Maxkapos, A.B. JlemunoB u np.). IlpuBogurcs o0030p
M3BECTHBIX METOJIOB MOJICIMPOBAHUS U TPOTHO3UPOBAHMS JedOPMAIMOHHBIX CBOWCTB
MOJIMMEPHBIX TEKCTUJIBHBIX MaTepuajoB, a TaKXKe aHAIU3UPYIOTCS COBPEMEHHBIE
MpPEACTaBIEHUS O HAJMOJIEKYJIIPHON CTPYKTYpe MOJIUMEPOB U €€ CBA3U C MEXAaHMYECKUMHU
CBOMCTBaMU

Bropasi rnaBa mocBsiieHa OOBSICHEHHMIO CIIOKHBIX TEPMOBS3KOYNPYTUX CBONCTB
MOJMMEPHBIX MATEPUATIOB TEKCTWJIBHOM W JIETKOM IPOMBIIUIEHHOCTH. Tak Kak
HaJIMOJICKYJISIpHAsE CTPYKTypa paccMaTpUBAa€MbIX MaTepUajoB BEChbMa CIOXHas U
MHOTOOOpa3Ha, TO B HArpy>XEHHOM COCTOSSHUHM TPYIIbI MaKpOMOJIEKYT (KJIacTephl)
HaxoJATCsl B Pa3jIMYHBbIX KBA3UPABHOBECHBIX COCTOSIHUSIX, Pa3lCJICHHBbIX HEKOTOPBIMU
SHEpPreTUYecKUMH OapbepaMu, a mpouecc AehOpPMUPOBAHUS HOCUT CKAYKOOOpa3HBIM
xapaktep. JlaHHOE€ yTBEepXJCHHE TIOATBEPXKICHO OKCIEPUMEHTAIbHO B  (U3UKO-
TexHuyeckoM uncturyte umeH A.® Modde PAH.



CnoxHyl0 M MHOrooOpa3Hyl HaJIMOJIEKYJISAPHYIO CTPYKTYpPYy OPHUEHTHPOBAHHBIX
MaTepHaoB TEKCTWJIBHON W JIETKOM NPOMBIIUIEHHOCTH C MO3ULIUU MEXaHUKU OyneM
paccMaTpuBaTh KaK MHOXECTBO PA3JIMYHBIX TPYII MaKpOMOJIEKYJ, KOTOpble OyneMm
Ha3bIBaTh KJIacTepaMu, WM aKTUBHBIMU KOHGOopMaIimoHHbIMU 3eMeHTamu (AKD). Kaxapiii
KJIaCTep MOKET HaXOIUThCA B PA3IUYHBIX YCTOMYUBBIX HSHEPreTHUUECKUX COCTOSIHUSX,
pa3lieJICHHBIX OJHEPreTUYeCKUM OapbepoM. MOXHO cyuTaTh, YTO JIOOOM KjacTep
COOTBETCTBYIOLIETO TUIIA UMEET HE MEHEE JABYX YCTOHYMBBIX COCTOSSHUM. DHepreTudyeckas
muarpamma AKD nipeacrasiena Ha Pucynke 1.

AE O06oO0mieHHyl0  (QU3NYECKYI0  MOJIEhb
OpPUEHTUPOBAHHOTO HOJIMMEPHOTO
MaTepuaia MOKHO pacCMaTpuBaTh Kak
Habop AKD co CIEAYIOIUMHU
xapakrepuctukamu: Hp, Up, 0, My,
My, T1e N — HOMep Kiactepa, H, —
BBICOTA SHEPTEeTHYECKOTO Oapnbepa,
OTCUMTHIBaEMasi OT YPOBHA MHUHHUMyMa

> PHEPTUM B COCTOSHHHM C HaUMEHBIIEH

X DHEpruei, U, - BEJIMYHMHA

PucyHnok 1 - DHeprernueckas nuarpamma
AKD HHEPreTHYECKOT0 3a30pa, Op — BEIMYMHA

KBaHTa JeopManuu, My, U My, — yucia

3arMoOJTHEHUsI COCTOSTHUMN, TMPUXOAIIMEcS Ha eAUHUIYY JUTMHBI oOpasma. J{ns ymoOcTBa Bce
SHEpreTUYecKue BeIuuuHsbl, T. €. Hy, U, u T. 1., Kak IpUHATO B MOJEKYJSIPHOIN (puU3MKe,

6yz[eM HU3MCPATH B CAMHHUILAX TCMIICPATYPHI. Ecau manHBIA THI KJIIACTCPOB HAXOOUTCA B
COCTOSAHHUU TCPMOANHAMHUYCCKOI'O PABHOBCCHUA, TO COIIACHO CTATUCTUKC bonbpumana uncna

3aTIOJIHEHHS YHEPIETUYECKUX COCTOSHUNA M 1 M) paBHbL:
p__ Mon . mP —_ Mon
n— * ]! 2n — *
1+exp[—Un] 1+ exp[Un]

rae Mg, =My, +My, =CONSt — MOJIHOE YUCIIO KJIACTEPOB JaHHOIO THIIA.

, (1)

B ypaBHenusx (1) m ganmee mo TEKCTY BEPXHHM HWHICKCOM * OyIayT 00O3HAdaThCs
.. (v *
BEJINYMHBI, OTHECEHHBIE K abCONMOTHOM Temmeparype, T. €. U, =U/T .

Bce sHepreTuueckue Gapbepbl pa3IMyHOTO THITA KJIACTEPOB MOKHO YCJIOBHO Pa3/IeiUTh
Ha Tpu rpymmsbl. [lepBas rpynma AKD oTHOCHTCS K HHU3KOIHEPreTHUECKHM Oapbepam, s
KOTOpBIX BBICOTHI OapbepoB H,<T. WX cocrosHHe Bcerga MOXKHO CYHTATh
TEPMOJIMHAMUYECKH PABHOBECHBIM.

Jlnst BTOpoit rpynmnsl 6apbepoB (paboune sHeprerudeckue Oapbepsl) H, ~T, TO ecTh

3TO T€ Oapbephl, KOTOPBIC K OTBEYAIOT 32 BA3KOYIPYTHE CBONCTBA TEKCTUIILHBIX MaTEpUaIOB.
Orcroma cregyer HEKOTOpash YCIOBHOCTh TaK Has3blBAEMOTO MOAYJIS YNPYroCTH
(Bs3koynpyroctu). JIeHCTBUTENbHO, €CIM BBECTU IMOHSATHE BPEMEHHM peJakcaluy Jis
kaxgoro tuna AKD — T,, m ckopocTh nedopMmaluM, XapakTEepHYIO Ul KaXKIoro

KOHKPETHOTo mporuecca AehpopMUpoBaHus — €, To Oe3pasMepHas BenwunmHa &, =ET,

ONMMCHIBAaET BKJIOYeHHE Tex WM MHbIX AKD B nmanHblil mpouecc. IIpm odeHp HU3KHX
ckopoctsx aepopmuposanust (€, <«K1) GompumacTBO AKD yCmeBaroT oTpenakcupoBath, 1

Tekymmit mMoxynp E =GS — E,, — Tak HaseiBaeMomy Moyt Bs3koympyroctd. C

BO3paCTaHUEM CKOPOCTH Je()OPMHpPOBAHUS HAYAIBHBIH MOIYyJb OYIET CTPEMUTHCA K
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ynpyromy monymo Eg (crarmueckumii ynmpyrui MOmynib), M IPH JOCTATOYHO BBICOKHX

CKOopocTsxX AedhopMUPOBaHUS (IMHAMHYECKUE TPOLIECCHI), KOTaa én >1, 11 IOAABIAIOIIETO

GonpumacTBa AKD HavanbHBIH MOIYJIb OYyIET CTPEMUTHCS K aKycTHueckoMy E, = pC2 (c—

CKOPOCTh IIPOJOJIBHBIX aKyCTHUECKHX KOJeOaHUM).
Tpetss rpynma — BBICOKOIHEpreTHYeckue Oapbepbl ¢ BbicoTamu H,>T , nepexon

gepe3 KOTOPhIE MPH JTAaHHBIX YCIOBHUSX MaJOBEpOSTEH. BhICOKOAHEpreTHUecKre Oaphephl
BO3HHUKAIOT TPH TPOU3BOJICTBE MATEPUAIOB TEKCTHJIHLHON M JIETKOH MPOMBIIIJICHHOCTH.
Bonpmme rpymmmbl MakpOMOJIEKYJT BBITSTHBAIOTCS W «3aMOPAKUBAIOTCA» B HEKOTOPOM
ycroiunBoM monoxennn — 2 (Pucynok 1). Ilostomy mnpu TepMuyeckoir 00pabOTKe
TEKCTUJIBHBIC MaTEPHAIIbI JJAIOT CYMIECTBEHHYIO YCAJKy, pacueT KOTOPOW MOXHO CBS3aTh C
YHCIIOM TIEPEX00B U3 COCTOSIHUSA — 2 B 00JIee YHEPreTUIECKH BHITOAHOE COCTOSIHUE — 1, T. €.
ycalka — 3TO CTPEeMJICHHE MOJIEKYJI TEKCTHJIBHOTO MaTepualia MpUHATH 0ojiee BBITOJHOE
SHEPTEeTHUECKOE COCTOSIHUE (HampuUMep, MaKPOMOJIEKYIbI «J00AT» OOJbIIEe HAXOAUTHCS B
kiyoke). Takum 00pa3om, MOJUMEpPHBIE TEKCTUIIbHBIE MaTepHaNIbl HEJIb3s PAacCMaTpPUBAThH
KaK CUCTEMY, HAXOJAIIYIOCS B TEPMOJMHAMUYCCKOM pPaBHOBeCHH. J[aHHOE yTBEpKICHHE
TMO3BOJIACT MPEACTABUTE HEYHPYTYIO YacTh AehOpMALiK B BHAC (&€, =€y + €, ) CYMMBI

HEYIPYro-oOpaTUMoi, T. €. TIOCI€ COOTBETCTBYIOIIEH TEpMHUECKOM 00pabOTKU
BO3BpAIllaeTCs B KCXOJHOE COCTOSHHWE, M CYIIECTBEHHO HEOOpaTHMOM, BBI3BAaHHOMN
pa3pblBaMH MOJICKYJISIPHBIX IeNed W JIpYyrdMH HeoOpaTUMBIMHU TporieccamMu. B mgaHHOM
paboTe paccmaTpuBaeTCsl TOJIBKO MepBasi KOMIIOHEHTa HEYNpPyTroi nedopMaliiu, MOCKOIbKY
IPOrHO3UpYEMBbIE€ peasibHble JAe(POpMaAIMOHHbBIE TIPOLECCHl HE MPearoiaraloT HeoOpaTumoe
paspyiieHue o0pasIoB.

Jljis onrcaHusi TEPMOBSI3KOYIIPYTHX MPOLIECCOB MCITIONIB3YETCs MPENOI0KEHUE O TOM,
YTO TMOJHYI0 JAedopMaluio HM3ydaeMbIX OOpa3lloB MOXKHO NPEACTaBUTh B BHUJE CyMMBbI

:X:i U KOH(OPMAIlMOHHON 4YacTH &, , BBI3BAHHOM
a
nepexoilaMu 4epe3 dSHepreTuueckue 6apbephl.
B HenarpyxxenHoMm coctossHuu AKD Haxomarcs nubo B cocTtosHuM — 1, aub0 B
cocTosiHuU — 2. Jljig pabouux 3HEpreTHueckux 0aphbepoB UMCIIO MEPEXO00B U3 COCTOSHUS 1
B 2 paBHO umciy nepexonoB u3 2 B 1. Ilpm mepexone AKD wu3 cocrosuus 1 B 2

BBICBOOOXMAaeTCss  (poXmaercsi) KBaHT jJedopMmamuud O W TIOTJIOMIAETCS  IPH

MCTHHHO YIPYIOil 4acTH &€,

IIPOTHUBOIIOJIOKHOM IICPCXOC. CocrosiHue ¢ 3HepFI/ICI\/’I E= Hn MOJXHO pacCMaTpHuBATh KakK

HEKOTOpOE IMPOMEXKYTOUHOE METACTa0WIbHOE KOPOTKOXKHUBYIIEE COCTOSHHE, aHAJIOrOM
KOTOPOTO B XUMUU SBJISETCA aKTUBUPOBAHHBIN KOMIUIEKC WJIM KOMMAYHI-SpO B SACPHOM
¢busuke.

Buemnsiss cuna okaspiBaeT akTuBHpyromee JaeidictBue Ha AKD, mnoHmxkas
MOTEHIMAJIbHBIN Oaphep Ha BEJIMYUHY YIPYTrod SJHEPTHH B HAMIPABJICHHUH MPSIMOTO Iepexo/ia,
Hao0OpPOT MOBKIIMIAET BEIMYMHY Oapbepa (Tak Kak paboTa coBepIIaeTCs NMPOTUB BHEIIHUX
CUJI) B IPOTUBONOJIOKHOM HarpaBiieHuu (Touku 1’ u 2" Ha Pucynke 1). [Tockonbky ynpyras
SHEPTrusl eCTh KBAAPATUYHON (opMa OT BEIMUYMHBI MEXaHHMYECKOTO HAMpPsDKEHUS G, TO |
BBICOTBI JHEPTreTUYECKUX OaphepoB OyIyT SBIATHCS KBAJAPATUYHBIMU (PYHKIUSMHU OT
BEJIMYMHBI MEXaHUYECKOI'O HAMPSIKEHHs, T. €. MPUBEACHHBIE BBICOTHI IHEPTETHUECKUX
0apbepoB paBHBI:



T T
a , (@)

I€ Y — CTPYKTYPHO-UYBCTBUTEIBHBIN KOI(PPUIIUEHT, BXOIAIIUNA B YIPYTyI0 SHEPTHUIO
KJlacTepa.

CocraBuB ypaBHEHUs1 OallaHCca 4YuCla MEPEXO0/I0B U3 cocTosiHUA 1’ B cocrosiHue 2' u
HAaoO0OpOT C€ y4YeToM OOJBIIMAHOBCKOTO (haKTOpa, MOXKHO TMOJYyYUTh CJCAYIOIIEe
oTpeeNstollee YpaBHEHHE sl 6aphepoB BTOPOH TPy (pabounx GapbepoB):

. * 2 * 2 * 2
Tpnén T &n |:eXp(YnX )"’ A, eXp(_VnX ):| = QnSh(VnX ) 3
3aeck T, = Top exp[ H ; J — XapaKTEepHOE BPEMs pelaKCalnu,

Ay =exp| Uy |
sznSn _ 2mOnSn'Ah _

" _1+exp[—U;J 1+ A,

Bemmuunst A, u (], B ypaBHeHHH (3) HPEACTaBISAIOT COOOH XapaKTEPUCTUKU

Martepualia, 3aBUCAIIUC OT TEMIICPATYPbI U UMCIOIITUC SICHBIN (1)I/ISI/III€CKI/II‘/JI CMBICJI.

Ecin BBECTHM HOBBIA HEIWHEHHBIA PEOJOTHMYECKAM SIEMEHT co

CBOMCTBaMH, ONHWCHIBAEMbIMH ypaBHeHHeM (3), To B mpocreiimieM ciaydae (oauH
SHEPreTHYECKHI Oapbep) peoorndecKast MoJIes b TEKCTHIILHOTO MaTepraa Oy 1eT UMeTh BUJT
(Pucynok 2):
B 11e710M fnaske mpocTast MOJIEb BCETO JIHIIID C ABYMSI
YCTOWYMBBIMH ~ COCTOSHMSMH ~ Ka4eCTBEHHO W Jaxe
KOJMYECTBCHHO B OIMpEACTICHHBIX TI'PaHUIAX OOBICHIET
X0I HaOMIOJaeMbIX KPHBBIX BO BCEX  TECTOBBIX
UCIIBITAHUSX.
N Haunem ¢ aHanW3a KPHBBIX IIOJI3y4ECTH TIPH

NOCTOSIHHOM Temneparype. Ilociie Toro, kak mpou3onuio
YOPYro€ pacTsSKEHUE U BBIPOBHSIOCH MEXAHMYECKOE
HaNpsDKeHUEe 1Mo Bcemy oOpasily (0OBIYHO 3TOT TpPOIecC
3aHMMAaET BpeMs MMOPSKA OJTHOM UM HECKOJIBKUX CEKYH]I),
Pucynok 2 - [Tpocras HauMHAOT paborate AKD, T.e. cucrema Oyner
DPEONOTHYECKas MOJENb ACUMIITOTUYECKH CTPEMHUTBCA K HOBOMY COCTOSIHUIO
paBHOBeCUsT C JPYIrMMH PaBHOBECHBIMH  YHUCIAMU

MOJIMMEPHOU TEKCTUIBHOU , ,
HUTH 3alOHEHUsT M W M), BBI3BaHHBIX BBIHYKICHHBIMHU
nepexoaaMu U3 COCTOSIHUS 1 B cocTosHUE 2.
[ToaToMy Mozenu ¢ JOBYMsS YCTOMYMBBIMHU COCTOSIHMSIMH JIOJKHBI JTOCTATOYHO XOPOILIO
OMKCHIBaTh MOJ3YYECTh MOJUMEPHBIX TEKCTUJIBHBIX MaTE€pHalOB HAa HAYallbHOW CTaJuu
Ipouecca 1 XyKe JI0JITOBPEMEHHYIO MTOI3YYECTb.

AHaNOTUYHO TPaKTyeTCsd M peJakcalus MEXaHWYeCKOTro HampsbKeHus. BHemrHss
Harpy3ka akTUBU3UPYET MEepPeXo/ibl B 00Jiee BHITAHYTOE COCTOSIHUE 2, YTO MPUBOJUT K POCTY
KOH(MOPMAIIMOHHOW 10H fAedopMaIny, a, CIe0BaTeIbHO, YIIPYTroii ero yactu. KauecTBeHHO
meton AKD mo3BosseT 00BICHUTH OOJMBITMHCTBO HAOIIOIaEMbIX Ha MTPAKTUKE SBJICHUM.

B Tperbeii riaBe pa3zpaboTaH HOBBIH MaTeMaTHYECKHWW ammapaT, OCHOBAHHBIA Ha
HEKOMMYTATUBHOM YMHOX€HUHU, [IOCKOJbKY H3ydaeMble IOJUMEpPHbIE MaTepHuaibl
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TEKCTUJIBHOM M JIETKOW MPOMBIIIIEHHOCTH MPEACTABIAIOT COOOW YPE3BBIUANHO CII0KHYIO
(U3HYECKYI0 CHCTEMY, HaXOJIIYIOCs B OOILIEM Cly4yae B HEPAaBHOBECHOM COCTOSIHHMH, a
3HAYUT MOJAXO0J] K €€ M3yYEHUIO TpeOyeT HOBBIX (PM3UYECKHUX METOJOB U CIEHU(PUUECKOTrO
MaTeMaTUYECKOro arnmapara.

PaccMoTpum MHOXkecTBO (yHKUMN C, . ABYX JAEUCTBUTENBHBIX NEPEMEHHBIX { U T,
ONpENeJIEHHBIX M KYCOYHO-HENPephIBHLIX it 7= 0 W aHaIuTHYEeCKHX 110 TEepEeMEHHOM
t e (—ooj+0). Tycrs af(t, 7),b(t,7), c(t,z) eC,,. Onpenenum mpoussencHue GyHKIHi
CJIEYIOIIUM 00pa3oM:

Def %

c(t,7) =a(t,7) ®b(t,7) = Ia(t, 7)) b(t+7,7—17)dz, (4)

O6o3HaunM uepes R@ — xoubo ¢yHkimit C, . ¢ €CTECTBEHHBIM OIPE/CICHHBIM

T
CIIOKCHHEM M YMHOKEHHEM B cMbIcie (4).
PaccMOTpUM HEKOTOPYIO YIIOPAIOUEHHYIO OCTIEN0BATENLHOCTD QDYHKIMHA a,b, ... € R

. B 0onbIIMHCTBE 3a/1a4 TaKylO IOCIENI0BATEIbHOCTh Oy/1eM Ha3blBAaTh MPOLECCOM, a CaMH
byHKUMU, Hanpumep, a(t,7)MOKHO HHTEPIPETUPOBATh KaK (YHKIMIO pacrpeaeicHus

HEKOTOPOTO COOBITHS A, HAauyaBIIETOCS B MOMEHT BpeMEHH t W pachpeneseHHOTO TI0
JUTUTEIBHOCTH CcOOBITUST 7> 0. Takum 00pa3omM, yKa3aHHYIO BBIIIE IMOCJIEA0BATEIBHOCTD
(dbyHKIM Oy/eM Ha3bIBaTh MPOIECCOM, COCTOSIIMM M3 IMOCIEAOBATEIHHOTO BBITIOJHEHUS
cobeiTuit A,B,C..., u 3aUChIBaTh B MYJIBTUIUIMKAaTUBHOM Buae AcBoC.... B ganpHeitmem

OJICMCHTLI KOJIbIla R® 6yz[eM Ha3bIBATb (bYHKHI/IHMI/I COOTBCTCTBYIOIIUX COOBITHH. YUNUTBIBAS

TOT (baKT, 4qTO IpOHCCChI, MPOUCXOIAIINC B TCKCTHUIIbHBIX MATCpHallaX, €CTb HCKOTOPBIC
YHOPAAOYCHHBIC ICIIU TCX UJIN MHBIX CO6I>ITPIFI, HGO6XOZ[I/IMOCTI> HCIIOJIB30BaHUs KOJIblIla R®

OYEeBU[THA.
Bonee ynoOHO ucnonb30BaTh HE CaMo KOJIbLO R, a KOnbLo Ry . M3oMopdusm mexmy

KOJIbIIaMH R@ 51 R® YCTaHaBJINBACTCA C IIOMOIIbBIO npeo6pa303aH1/I;I Jlamtaca.
A(t,s) = [a(t.,7) exp(-zs) dz
0

rne A(t,s) — ananuTuueckas GyHKIMS 1O 0OEMM IIepEMEHHBIM (JieHCTBUTENBHON t u
KOMIUJICKCHOH S ).

Ompenenum  mpomsBenenne  ¢yukuuii  A(t,S)®B(t,s) =C(t,s); A B,CeR,,
OIUCHIBAIOIIUX MYJIbTHIIMKATUBHYIO MOJIYIPYIITY KOJIbIA Ry CIEXYIOMIMM 00pa3oM:

cy =y EL 220D IBLIhigep@ ©

Kounbno, ananornynoe R@ , MOKHO TIOCTPOUTH Jyis JIt000# mapbl NeHCTBUTEIBHBIX

MepEMEHHBIX, OTIPEICJICHHBIX Ha BCeil uncioBoi ocu. [Tycts a (X, Iy ), b (X, Iy >, C (X, Iy )E R

— MHOXECTBO (DYHKIIMH, aHATMTHYECKUX 10 TIEPEMEHHOM X W KyCOYHO-HEHPEPHIBHBIX I10
HIEPEMEHHOM I, C €CTECTBEHHBIM CIOKEHHEM M YMHOKEHHEM B cMbIcie (6):
Def *%?
c(x,ry)=a(xr)sb(xr,) = J'a(x,H)b(x+9, r, —0)dé. (6)
b
B HekoTOphIX citydasix BbIpaxkeHnue (6) MOMXKHO WHTEPIPETHPOBATh KakK JBa
II0CIIEA0BATCIIbHBIX CO6BITI/15[, O6’BCI[I/IHCHHBIX B OJHO M 3aKIIIOYAKOIHNXCA B IICPEXOC
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Kakoro-mbo 00BeKTa C KOOPIUHATOW XB TOYKY C KOOPAWHATOH X+ I, (r, UTpaer poJib

ciyuyaiiHoM mepeMeHHOM). [Ipu 3ToM mepBoe coObITHE — ATO MEpeMENIeHUEe U3 TOYKU X Ha
paccrosiHue @, a BTOpOe — IMEpPEeMEeIIeHHEe U3 TOYKH C KOOPIMHATON X+ @Ha paccTOsSHHUE
r, —6. [Ipu BepOsATHOCTHOW TpakTOBKe, BeIpakeHHe (6) mpencraBisier coOOW M3BECTHOE

ypaBHeHHe (CmonyxoBckoro-KonmoropoBa-Uenmena. CBoiicTBa KoJiblla R TOJHOCTBIO
SKBHMBAJICHTHBI CBOICTBAM KOJIbLIA R .

Kpome Toro, u3ydaemble B TEKCTHILHOM MaTepHaJOBEICHUM BEIUYUHBI (0, € U Jp.)
SBJIAIOTCS MHTETPATBHBIME XapaKTEPUCTHKAMHU B TETEPOreHHOM cpee. [103ToMy BO3HHKAET
crienuuyeckast mpoodeMa KOPPEKTHOTO YCPETHEH ST MUKPOCKOITMUYECKUX BEIMYUH. B ritase
IPEUIOKEH HOBBIM METO YCPEIHEHHS BEJIMYMH, OCHOBAHHBIA Ha CBOMCTBAX HOPMAaJBbHOTO
pacnpenenenus ["aycca.

IMycte X(t) — HM3y4aeMmblil MEXaHMYECKMH IpPOIECC B HCCIEIyeMbIX OOBEKTaX,

MPeICTaBISAIOMUNA cOO0M, B MPOCTENIIEM Ciy4yae, OTPaHUUYEHHYIO0 KYCOYHO-HENPEPHIBHYIO
¢byuknuto. B Oonee o00meM ciydae MOXKHO BOCIOJB30BaThCS TEOpHEH 00O0OIIEHHBIX
¢byHKIMiA. B paMkax HaCTOSIIETro MCCISIOBAHMS ONPEISIIUM CTIIXKCHHBIN 3aKOH JABYKECHUS
CJIETYIOIINM 00pa3oM:

(X(1) = X(tz) = ﬁTX(G))exp _% 4 =

—00

2 (7)
:Lexp v *X (t)=U(t)*X(t),

2
Je2rt 27
TJle CHMBOJI * TPEJACTABISET COO0M OOBIYHYIO CBEPTKY (PYHKIIUH.
Hzomopdu3aM MexIay OOBIYHBIM YMHOXEHHEM W YMHOXXCHHEM B BHUJIE CBEPTKH
yCTaHABJIMBAETCS C TIOMOIIBIO ITpeoOpa3zoBanus Jlamaca.
PaccMoTpuM 01HO U3 CBOKMCTB mpeobpazoBanust (7)

U (S)'[xl (t) X2 (t) X3 (t)] = Xl (t)o Xz (t)o Xs (t) (8)
Bripaxxenne (8) mo3BosisseT BBECTH HOBOE KOMMYTAaTHBHOE KOJIBIIO, KOTOPOE Jajee
Oynetr ob6o3HaueHo, kak R o- OcHOBaHMEM ISl 3aMEHBI KJIACCMYECKOTO YMHOXEHUS Ha

yMHOXeHHE B cMbiciie (8) sBmsieTcs TO OOCTOSITEIBCTBO, YTO B OOJBIIMHCTBE
MaKpPOCKOIMYECKHUX 3aKOHOB (DU3UKU BCTPEUAIOTCS YXKE YCPEAHEHHBIE BETMUNHBI.

YerBepras riasa rnocpsileHa TEOPETUUECKUM OCHOBAM KBaHTOBOW TEOPHH MEPEHOCA.
Onucanue mo0bIX Ae(OpMaIIMOHHBIX MTPOLIECCOB TPeOYyeT COCTaBIICHUs OallaHCa UMITYJIbCca
(mepBbIit 3aKOH AMHAMUKH Ditniepa). PaccMoTpeHue mpoieccoB TepMOBSI3KOYIIPYTOCTH TaKKe
TpebyeT cocTaBieHus OanaHca dHeprud. [lodToMy TEpMOBA3KOYNPYTrOCTh CJIEAYET
paccMaTpuBaTh Kak pEakLUHI0 MaTrepuala Ha MEePEeHOC TAKUX aJAUTUBHBIX BEJIIMYMH, Kak
MEXaHUYECKHI UMIYJIbC (MEXaHUYECKOE HAIPSKEHUE) U TEII0BOM sHeprun. B matepuanax,
CBOMCTBA KOTOPBIX MOTYT SIBHO 3aBUCETh OT BPEMEHHM, KOPPEKTHOE ONMCAHUE IEpEeHOca
aJJTTUBHBIX (PU3UYCCKUX BEJIUIHH IMOTPEOOBAIO CO3aHusl 0000IIEHHOM KBAHTOBOM TCOPUHU
MepeHoca, KpaTko M3JI0KEHHON B TaHHOU padoTe.

N3ygyaembie monMMepHbIe TEKCTHIIBHBIE MaTepUaibl MPEICTABISIOT COOON CIIOXKHBIC
CHUCTEMBI OTJCIBHBIX KJIACTEPOB, CKAYKOOOPa3HO MEHSIONIUX CBOE COCTOsHUE. Takum
o0pa3oM, TMOJMMEpPHBIM TEKCTHJIbHBI MaTepual — CHCTEMa CO MHOTHMH CKPBITBIMU
CTENIeHSIMU CBOOONBI. B KauecTBe CKPBITHIX MEPEMEHHBIX MOXHO PAacCMaTpUBATh YHCIIA

k k
3aIo0JIHEHus, T. €. My = (|, — YUCIIO KIACTEPOB JAHHOTO THNA N , HAXOAALUXCSA B COCTOSHUU

K, na equauiy nmuabl. Toraa KOHGOPMAIMOHHYO YacTh JAe(GOpMaIii MOXKHO MPEICTABUTH
B BH/JIE JIMHENHOMN Cyneprno3uuuu 0000IIEHHBIX KOOPAUHAT, 3 UMEHHO:
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N
Exongp = Z qun ' (9)

n=1

3necs N —umcno ckpsIThIX cTeneHeil cBoboapr; C,, — BKIam KaXI0ro BHIa KIacTepoB

B KOH()OPMAIIMOHHYIO YacTh 1ehopMariiH.

Tak Kak 4YMCIO CKpPBITBIX MEPEMEHHBIX HEM3BECTHO, KAK M BKJIAJ Ka)XJ0ro THIMA
KJIACTEPOB B KOH(OPMALIMOHHYIO YacTh JAe@opMmanuy, TO 3ajJadya HpPOrHO3HPOBAHUS
MpeACTaBIsAeT co0OM YacTHBIM ciydaid mpoOiaeMbl MACHTH(PHUKALUU «UYEPHOTO SIIHKA» B
Teopuu ynpasiieHus. OHa He pellieHa JJO HaCTOAILEro BpeMeHU. DTO 03HAYAET, YTO HUKTO HE
MOXXET HA3HAYUTh KOHKPETHbIE OJKCHEPUMEHTBI, KOTOpbIE HYXHO NPOBECTH, HX
MOCJIEIOBATENIbHOCTh M YUCIIO, YTOOBI MOJHOCTHIO MACHTHU(PHUIIMPOBATh «UEPHBIN SMIUK». B
TEOpUU YIIpaBJICHUS UCIOJIb3yeTCs NPUOIMKEHHbIN MeToa. B cooTBeTCTBUU C uaeei 3Toro
METO/1a BBITIOJHAETCS HECKOJIBKO 111ar0B.

1. BBoautTcs HEKOTOpOe HJeaNbHOE OIpEeNeNsiollee ypaBHEHHUE, HalpuMep,
ypaBHeHUe (3), OCHOBAaHHOE Ha OMPEICICHHBIX (PU3MUECKUX COOOPAKECHUSIX.

2. Ucnonb3ys 3TU ONpeNeNsioNie ypaBHEHUS, MPOBOAMUTCS aHAJIU3 «IIPOCTHIX»
TEPMOMEXaHMYEeCKUX  mporeccoB. Ilpu 3ToM  ycTaHaBiAMBaeTcss  CBA3b  MEXKAY
XapaKTepUCTUKAMU 3TUX MPOILIECCOB U MapaMeTpaMu ONpeAeIIonero ypaBHeHUs.

3. TlpoBoauTcs peanbHBIM SKCHEPUMEHT (CHATHE [UArpaMM paCTSHKEHUS MpHU
pa3IMYHBIX TeMIeparypax, OKCIEpUMEHThl Ha TMoi3yyecTb M T. A.). llpu 3TOM
YCTaHABJIMBAETCS HKCHEPUMEHTAIBHO CBSI3b MEXKAY TEMH XK€ XapaKTePUCTUKAMHU, KOTOPbIe
UCIOJIb30BAJIUCH IIPU TEOPETUUECKOM aHAIU3E.

4. ConocTaBiisist MeXy COOOH pe3ynbTaThl TEOPETUUECKOTO M IKCIEPUMEHTAIBHOTO
aHaJM30B, ONPEIENSAIOTCS IapaMeTpbl OIpenessioluX ypaBHeHuil. Ecim ux ypamock
OINIpeNieINTh, TO OHHU MOACTABISIOTCS B TMIIOTETUYECKHE YpaBHEHUs, KOTOpbIe ObUIN
copMyIMpoBaHbl Ha IIEPBOM Ilare. B pe3ynbrare noigyyaroTcs Onpenessonue ypaBHeHHs
JUIL JAHHOTO KOHKPETHOI'O MaTepuaa.

Orta cxema 1 OyJIeT peajin30BaHa BO Bcel padore.

B nATOli riaBe paccMoTpeHa METOJMKAa NPOTHO3UPOBAHUS HEKOTOPHIX TECTOBBIX
peXUMOB 1e(OpMHUPOBAHUS Ha OCHOBE IpOCTeiiiel ABYXypoBHEBOM Mojenu. B ocHose
MPOTHO3UPOBAHUS JISKUT aHAIIN3 ONPEEIISIONIETo ypaBHEeHuUs (3).

[Iponiecc moa3yyecTy NOJUMEPHBIX TEKCTUIIBHBIX MATEPHAJIOB SBJISETCS MPOCTEHUIINM
TECTOBBIM HCIBITAHUEM. AHAJIN3 ONPEEISIOIEro ypaBHeHuUs (3) NPUBOAUT K CIIEIYIOIEMY
BBIPXXECHHUIO JUIl BPEMEHH 3aIa3IbIBaHUA To

Tp
To = 7 - (20)

Ecmu wuccnenoBare monyueHHyro 3aBucuMmocTh (10) Bpemenu 3ama3abIBaHUs
JIOKaJIbHOW TON3Y4eCTH T, OT BEJIMYMHBI HAPSHKCHUS [, TO OKa3bIBAETCS, YTO JUI MAJIbIX

HaHpH)KeHI/Iﬁ C POCTOM MCXAHHMYCCKOI'O HAIIPAXKCHHUA BPCMA pCIIaKCallMM CHa4dalla paCTéT,
34TCM JOCTUTACT CBOCTO MAaKCUMYyMa, PaBHOTO

e 2, (11)

Y TI0CJIE ATOI0 HAYMHAET YOBIBATb.
JIaHHBI pe3yJIbTaT BBITEKACT W3 MpeIaracMou ABYXYPOBHEBOW MOJICIH H
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0OBSACHSIETCS C MOMOIIBIO 3TON MOJENH. Tak Kak ¢ pOCTOM MEXaHUYECKOTO HAMpPSKEHUSI, TO
€CTh AaKTUBU3MPYIOLIEH pOJM HArpy3Kd, HauWHAeT pacTH 4uciao nepexogoB AKD wu3
cocTostHUSL 1 B cocTOsiHME 2, 4YTO, B CBOIO OUepelib, COKpallaeT BpeMs penakcanuu. O1Hako,

* * 2
U -
qHCII0 OOPATHBIX [EPEXOI0B, OMPEIeIIEMOe CIaraeMbIM, IPOMOPIHUOHAILHEIM € ' F |
HAaYMHAET YMEHBIIATHCS, MOCKOJIBKY HAarpy3Ka MOBBIIIAET BHICOTY SHEPTETHUECKOTO Oapbepa

B 00paTHOM HallpaBlieHHH. Tak Kak 4acToTa MEePeXoI0B v = % cornacHo BeipaxkeHuro (10)
(e}

paBHA CyMM€ 4acCTOT BCEX IEPEXOO0B, TO PE3YNbTUPYIOIIAS YAaCTOTA IO XOAY HarpyKEHUs
CHayaJla HAYMHAET YMEHBIIATHCS, a TOJIBKO ITOTOM, KOT1a HAUMHAIOT JOMUHUPOBATH IPSIMBIE
nepexojabl U3 cocTosgHus 1 B cocTosiHMe 2 — pacTtu. OOmMIA X0 3aBUCUMOCTH BPEMEHU
3amas/bplBaHus T M300pakeH Ha Pucynke 3.

OrmeTum Tenepb

To HEKOTOpbIE 0COOEHHOCTHU
POrHO3UPOBAHUS

BS3KOYNIPYTOro MOBECHHUS

!
i MAaTEPUAIOB TEKCTWJIBHOW U
i JIETKOW  MPOMBIIIJIEHHOCTH €
i MIOMOIIIBIO oiHOOapbepHOH
i Monenu. Hecmorpss Ha TO, 4TO
| OCHOBHAsl 4aCTh MOJ3Yy4eCTH (110
1 90% OoT yCIIOBHO paBHOBECHOI)

0 Hmax u=c/Eo XOpOIIO OITMCBHIBACTCSI

ypaBHeHueMm  (3), OJTHAKO

Pucynoxk 3 - O611ast 3aBUCUMOCTb BpEMEHU JOIrOBPEMEHHAsT  IOJI3y4ecThb

3ama3JbIBaHUsl OT BEJIMUYMHBI MEXaHUYECKOTO ypaBHEHHEM (3) He
HallpsKCHUSA OIIMCHIBACTCA.

VYyer cratuctuueckoro pazdopoca AKD (HEOTHOPOAHOCTH) MO3BOJSET PACHIMPUTH
JMarna3oH MPOrHO3UPOBAHUS, HO JUIsl Oojiee MIMPOKOTO BPEMEHHOTO MHTEpBasa Tpedyercs
BBEJICHUE €IIe IOTIOJTHUTEIBHBIX SHEPTETUYECKUX 0aphepoB.

Tem He MeHee, BBICOTa B3HepreTmuyeckoro Oapeepa H xoTh u ompemensercs
XUMHYECKHM CTPOEHUEM IMOJHMepa M €ro KOH(QOPMAIMOHHBIMU COCTOSIHMSIMH, HO HU3-3a
BO3JICHCTBUS MHOTOUYUCIICHHBIX CIy4alHbIX (HaKTOpOB (BIMSHUE COCEACH, JIOKATbHBIX
(bIyKTyanui u T. 11.) He SIBJISIETCS CTPOTO ONPeAeTICHHON BETMUYNHON. MOXKHO MPEON0KUTD,
YTO COTJIACHO 3aKOHYy OoibIIMX yucen (Teopema YeOwllieBa) BBICOTA IHEPTETHUECKOTO
Oapbepa B OAHOOAPHEPHOW MOJCIH SBISACTCS CIyYaHOW BEIMYMHOM, ITOJYHHSIOMICHCS
HOpPMaJbHOMY Paclpee/ICHHIO C MaTeMaTHIeCKUM oxkuaanueM Hgy u cpenHexBanpaTnuHbIM

OTKJIOHEHHEM O . B rmaBe 3 mpeanoxkeHa METOIUKA yCPEAHEHHs C IIOMOIIBIO OIepaTopa
2
SD§
HOpPMaJIbHOT'O pacnpeaencHus € .
VYyer pa3zbpoca Mo BBICOTE YHEPreTHUYECKOro Oapbepa MPUBOIUT K BBIPAKCHHIO JIJIS
OIMCAaHMUSA MOJI3YYECTH B BUJC

2
GSB T

e=¢gp|l-exp| - : (12)

2
1+25p%F ¢
rae T= % — O6e3pa3mMepHOe BpeMms.

o

Bripaxenne (12) mocTaTOYHO XOpOIIO OMMCHIBAET BCIO KPHUBYIO IMOJI3YYECTH B
HIMPOKOM BPEMEHHOM JUANIa30HE.
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IlockonpKy [UIi IPOTHO3MPOBAHMS NOBEACHUS  IOJMMEPHBIX TEKCTWIBHBIX
MaTepHaioB IMIMPOKO HCIONb3YETCsI METOJ HOPMHPOBAHHOIO apKTaHTeHca Jorapudpma
npuBeaeHHoro Bpemenn (HAJT), u 3TUM METOOM UCCIIEIOBAHO OOJIBIIIOE YHCIIO MATEPUATIOB
TEKCTUJIBHOM M JIETKOM IPOMBIIUIEHHOCTH, TO LEJIECO00pa3HO CBA3aTh YHCIOBBIE
xapaktepuctuku HAJl ¢ OCHOBHBIMH BEIWYMHAMU, OMPEACISIONIUMUA OJHOOAPHLEPHYIO
MOJEIIb.

BrIpaxkenue [uisi moJaTIMBOCTH IPU NOCTOSIHHOW Harpyske cornacHo HAJI mmeer
BHJIL:

Dy = Dy +(D,, —Dy) %+1arctgbilnL . (13)

T T

(¢ on

B gactHOCTH,

T
p
T =F =3 ~—>7 = Ton- (14)
{eyx +Ae‘”}

Taxum oOpazoM, Bpems 3ama3fblBaHMs Tg B OapbepHOM TEOPUM U BpeMs

3amasJpIBaHus Tsp, B HAJI coBnaaaror.

b
OTKyia CleyeT, 4To CUII0-BpEMEHHas aHaiorus, T. €. In— = fGlG , paBHa
()

t * 2 2
fGlG:InT—1+In eV X AT (15)
P

3neck t; — 6azoBoe BpeMs, 0ObIYHO paBHOE 1 MHHYTE.

I[anee HUCCIICAYCTCA W IPOTHO3UPYCTCA HNPOLHCCC MCXAHHYCCKOI'O HAIIPAKCHUA. I[J'IS[
Ha4aJIbHOI'O0 Yy4YaCTKa I(pPIBOfI peillakCanu MCXAHUYCCKOI'O HAIIPAXKCHUA H3 6apbepH017I
TCOpHUHN CICAYCT 3aBUCHUMOCTb U3MCHCHHA IMOAATINBOCTH 34 (bHKCHpOBaHHLIﬁ IIPOMECIKYTOK
BPCMCHHU OT MCXaHUYICCKOI'O HAIIPSAKCHUA

AD = KeAt, (16)

K = QoY I:)o.
T

rae
p
JlaHHasi 3aBUCHMOCTH JOCTATOYHO XOPOIIO MOATBEPIKIACTCS DKCIIEPUMEHTATbHBIMH
nanabeiMU (PucyHok 4, PucyHok 5).
Takke B 3TO#l I7laBe PacCMOTPEH MPOIECC aKTUBHOTO PACTSDKEHHS C HEKOTOPOM
MOCTOSIHHON CKOPOCThIO € =CONSt, TO ecTh HCCIemOBaHA aUarpaMma pPacTsDKCHHS.

IToka3zano, 4To It 6e3pa3MepHOro TeKymiero Moayis E B 3aBucuMocTH oT 6e3pa3MepHOro
HaIpsDKEHUs L UMEEM CIIETYIOIIYIO 3aBUCUMOCTD!

~

E(u)

1 1
- - . —
LR 2007 (1+ Apue 7

- 2
(1+ Ae~%Y “Zj

17)




114 Tekc

JlaBcan

AD,Ta"

0,015+

0,010+

0,005

0,000

3%

PucyHok 4 - 3aBUCHMOCTb U3MEHEHUS
MOAATIIMBOCTH OT JedhopMaIiuu 3a
MPOMEKYTOK BpemeHu At = 9"
KOMIUIEKCHOUM HUTH JiaBcaH 114 Tekc

17

AD, Ia™ Hutpon 33.3 Tekc

0,025 ~
0,020 ~
0,015~
0,010 1

0,005 ~

0,000 T T T T T
00 05 10 15 20 25

30 & %

PucyHok 5 - 3aBUCHMOCTb U3MEHEHNUS
MOJATIUBOCTH OT JehopMaIuu 3a
IPOMEXYTOK BpeMeHu At = 9"
KOMIUIEKCHOW HUTHU HUTPOH 33,3 Tekc

E OO6muii Bun 3aBucumoctu (17) uzoOpaxen
Ha Pucynke 6.

JIeWCTBUTENBHO, [UIA IIMPOKOM TPYIIIbI
MOJIMMEPHBIX TEKCTUJIbHBIX MaTepHUaoB
Ey 1 ! TEeKYIIUA MOAYJb UMEET BUJI, M300paKEHHBIN Ha
puc. 6, 4YTO MOATBEPXKIAETCS, B YAaCTHOCTH,
' JyarpaMMaMiy  pacTsDKEHHUST M 3aBUCHUMOCTBIO
TEKYILLIEr0 MOJYJid OT YJJIMHEHUA JUIsl HUTEH
kanpoH, CBM, nutpon u II9T no uzmepenusm,
nposeaeHHbIM [{oOkammo E.C.

0 Ho [
PucyHnok 6 - O6mmii Bu
3aBUCHMOCTH 0€3pa3MEepHOro
TEKYIIEero MOy OT Oe3pa3MepHOTO
HaTPSKEHUS
AHanu3 auarpamMMm pacTsDKCHHsI TMO3BOJISIET MPEUIOKUTH METOAMKY OIpPeACIICHHS
YUCJIOBBIX XapaKTEPUCTHK OMpeesioniero ypasHenus (3), u3noxeHnnyio B riase 8. Jlanee
PacCMOTPEHBI ITPOIIECCHI TEPMOBSI3KOYIPYTOCTH, B YACTHOCTH, TTOJTYUCHBI SIBHBIC BHIPAKCHHS
JUTSI KpUBOM M30METPHUUYECKOT0 HarpeBa
bespasmepHoe HanpspkeHHe L UMEET CIeAYIONIUil BUJI:

2 2
\0] \0] \0]
T-2 T-2 2o T -2
u=—( 2J+ ( 2] LO-T)| v O{ 2) (18)
Aoy~ qu*z Y 2Ty do
O6muii Bua kpuBoil uzomerpuueckoro HarpeBa (KWH), coorBercrByromuit

onHoOaprepHOU Moaenu, n3o0paxkeH Ha Pucynke 7.

CrnenoBarenbHO, HAUMHAIOT TIpeodagaTh 0OpaTHBIC MEPEX0Ibl, U 00PA3eI] MBITACTCS
COKpaTuThes (ycazka), ¥ €CIIU OH KECTKO 3aKPEIUIeH, TO B HEM BO3HUKAIOT MEXaHUYECKUE
HanpspkeHus. C pU3NYECKON TOUKM 3peHHs JaHHBIA Mporecc OyJeT MPOUCXOIUTh O TeX
TOp, TTOKA YHEPTETHUECKUE YPOBHU HE BHIPOBHSIOTCS.
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m ®m3nueckoe o0bpsicnenne KHWH
cIeayolee.
Ecmu cocrostnue 1 — ycioBHO

CBEPHYTO€ — MMEET YHEPTHUIO BBHIIIE, YEM
COCTOSIHHE 2 — YCIIOBHO pa3BepHYTOE, TO B

YCIIOBUH TEPMOIMHAMUYECKOTO
PaBHOBECHS c HOBBIIIEHUEM

. TEMIIEPATYPhl, COINIACHO  CTATHUCTHUKE

0 Ty T  BompnMaHa, HAYMHAIOT 00JIBIIE

3aCeIISITHCS COCTOSHHS ¢ 00jiee BHICOKOM

Pucynoxk 7 - KpuBas n3oMeTpruiecKkoro 9
DHEPrueH, T. €. COCTOsIHUE 1.

Harpesa Mo 0JJHO0APHEPHON MOICITH

B mecroii risaBe paccMOTpEH BONPOC O CBSI3M MOJENEH C PasIuYHbIMU
KOH(QOpPMAIIMOHHBIMU ~ JJIEMEHTAaMU C TPUHIIMIIOM HacleICTBeHHOCTH boibimana,
SIBJISTIOIIUMCSI  OCHOBHBIM ~TPHUHITUIIOM, JISKAIlMM B OCHOBE BCEX CYIIECTBYIOIIHUX
COBPEMEHHBIX METOJIOB MPOTHO3WPOBAHHUS TOBEACHUS MAaTEPUAIOB TEKCTUIHLHOM M JIETKOU
MpOMBIIJIEHHOCTH. B 00meM ciyyae mpu Hanuyuu Habopa KJIacTepoB TMOJYyYUM
ofpeensollee ypaBHeHHE B popMe:

=%+ 3 [la,shlr, X2)- ool X2+ A exp - 7 %3]

(n) o

S —————

) Th

(19)

Cuutas CHEKTp BpPEMEH pelakcalii KBa3WHENPEPHIBHBIM, BMECTO CYMMHPOBAHUS
HEOOXOJMMO TMPOM3BECTH MHTErpUpOBaHUE. B KauecTBe MepeMeHHOW HHTErpUPOBAHUS
1esnecoo0pa3Ho PacCMOTPETh BBICOTY JHepreTuueckoro Oaprepa H. B stom ciywae
COCTOSIHUE CUCTEMBI OYyJIET ONMUCHIBATHCA HA0OPOM (PYHKITHI:

- mg(H)3(H)=¢(H), rae @(H) - TpelenbHas MIOTHOCTH JedopMallui, KOTOPYIO
MO>KHO TMOJYYUTh IIPU MOJTHOM Je(POPMUPOBAHUH BCEX KIIACTEPOB JAHHOTO THIIA;

- U(H)— XapakTepuCcTHKa Marepuaia, onpeIelsiomas SHePreTHICCKHi 3a30p MEKIy

YCTOMYMBBIMHU COCTOSIHUSIMHU JJ1s TaHHOTO Tuma AKD;
- Vg ( H ) — 9acToTa Mojaxoja K 6aprepy (MpeadKCIOHESHIIMATbHBIA MHOXHUTEh);

- So(H) — TEXHOJIOTUYECKUI (baKTop, OHpe,Z[eH}ICMLIﬁ CTCIICHBIO BBITAXKKH NCXOAHOI'O

obpasra.
Torna onpenensioliee ypaBHeHHE B 001eM citydae OyIeT BBITIAICTh TaK:

< exp .:[(exp ;/(H ;( )}rA(H)eXp{ ‘(M )%EJ)DVO(H)exp[_Q}dT « (0)

0
x v, (H )exp{—?} dHdO,
IJIe BBEIEHBI CIEAYIOIHE 0003HAUCHMS:

y* ( H ) — CTPYKTYpPHO-4yBCTBHUTEINbHAS (DYHKIIUS;

_2&(H)A(H)
A(H)=exp|u* (H)] alH) ==, A(H)
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2

E,

B(H,o)=exp {7* (H )6_2} +A(H)exp {_ 7 )6_2} .

Ecau BBecTn AAPO 3arma3ablBaHusI B BUAC!

E;

w(.0)- fatan ()7L et o0))

2
0

><exp{—iB(H,a(r))v0 (H)exp[—?}d r} Ve (H)exp[—%}d H,

TO ypaBHeHue (19) BbIpakaeT co00i MpUHITUT

G(t) t

e(t)=—=+[R(tO)d®.
EO 0

Takum 00pa3om, peIOKEHHAST MO/IENb

(21)

bosbiMana B HEIMHENHOM CITydae:
(22)

KOHKPETHU3HUPYET ONPEIEISAIONIEE YPAaBHEHUE

Bonsumana-BonbTeppa (21) u BeipakaeT co0oit mpuHIun boasliMana B HEMMHEHHOM BUJIE.
Jlnst paciupeHusi TpaHUIl MPOTHO3WPOBAHUS PACCMOTpEeHa IByXOapbepHas MOJCIb,

npenacrasieHHas Ha Pucynke 8.

fiy

0 X
Pucynok 8 - DHepreruueckas quarpamma
nByx6apeepHoit Mogenu AKD

3nece, Hy u H, - BBICOTHI DHEPrEeTHYECKUX
OaprepoB. U; U U, - DHEPIrETUYECKUE 3a30DEI
MEXK]ly YCTOMYUBBIMU COCTOSSHUSIMU. 3aMETHUM,
uyro 3HadeHus U; um U, MOryr ObITb H
OTpULIATENIbHBI, T.€. YCIOBHO «CBEPHYTOE»
COCTOSIHUE MOXET OBITh PHEPreTUUYECKH MEHee

BBITOJIHBIM, YeM O0Jiee «pa3BEPHYTOLSY.
ITyctp My, My U My - JIMHENHAas IIOTHOCTH

AKD, Haxoaqmuxcs B COCTOSIHUAX «1», «2», u
«3»-COOTBETCTBEHHO.

CornacHo TOJOKEHUSAM CTaTUCTUUYECKOM TCPMOIUHAMHUKN BCPOATHOCTH IICPCXOO0B
W3 COCTOSTHUA «1» B «2», W3 COCTOSTHUSA «2» B«3» 1 HaO60pOT OIIPCACIIATOTCS MPUBCACHHBIMHA

BBICOTAMH SHCPICTHYCCKUX 6apLepOB.

W, =v,e " W,, =v,e M=
. . (23)
rac HpI/IBeI[eHHLIe BBICOTBI 6apbepOB HUMCIOT BU:
Hip = H 41X 2 —U;
H ;1 = Hf —vy1 X 2
(24)

* * 2 *
Hoz =Hjy +7v, X" -U,
H:i:z = H;—szz

3meck y; My, - NIPHUBEICHHBIE CTPYKTYPHO-YyBCTBUTENbHBIE KOI(Q(QHUIMEHTHI B

YIIPYTOM 3HEPIUHU KJIacTepa.

PaccmoTrpum ypaBHeHus O6anaHca IJisl TMHEHHBIX KIaCTEPOB, UMEEM:
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dm

d—t3 = MgW3, + MyWapg

dm, (25)
- MaW35 — My (Wopz +Woy )+ MW,

T.e. cKOpPOCTh U3MEHEHUS YHCIIa KIACTEPOB B TIOJTHOCTHIO CBEPHYTOM COCTOSIHHH «3
OTIPENIeISIETCS YUCIIOM TIEPEX0/I0B M3 COCTOSHHS «2» B COCTOSTHUE «3» M YXOJIOM B COCTOSTHHE
«2». AHAJIOTUYHO TPAKTyeTCsl K BTOPOE ypaBHEHHE B cucteMe (25). AHanmu3 ypaBHeHUs (25)
MOKa3bIBACT, YTO TPHU OIPEICICHHBIX HAarpy3Kax BO3MOXEH PEXHM C KoyebaTeabHOU
penakcanueil ¢ HU3KUMH 9acTOTaMH, YTO M OOBSICHSACT HKCIEPUMEHTATLHO HAOI01aeMBbIid
(dakT OMeHnii Py ONpeIeTICHHBIX Harpy3Kax. Pa3sBuTHe monsydecTn MOKET COMPOBOKAATHCS

3aTyXalolUMH KOJIEOaHUsIMU ¢ Oe3pa3MepPHON 4acTOTOH / M chz . Takum oOpasom, Ha (oHe

OTHOCHUTEJILHO MEIJICHHOW MOJI3y4YeCTH BO3HUKAIOT OoJiee ObICTPO 3aTyXaroINe OCIMIUISIIUN
nedopmaruu. JlelicTBuTENbHO, i psiga cuHTeTnyeckux HUTed (CBM, TeproH, naBcaH u
1p.) HUKE TeMIIEpaTyphl CTEKIOBaHUS HAOIIOMAI0TCSI CBOOOIHBIC 3aTyXarOIINe KOJICOaHUs B
dhopme 3aTyxaronux OUeHH.

B cenpbMoii rjaBe wmcciemyercs 3aBUCHMOCTh TEPMOMEXAHWYECKHX CBOWMCTB
MOJIMMEPHBIX TEKCTHIILHBIX MaTEPHAJIOB OT UX HAJIMOJIEKYJISIPHON CTPYKTYPHI.

Kak u3BecTHO, BS3KOYNpPYTHUe CBOWCTBA MOJUMEPHBIX MAaTEPHUAIOB OMPEACISIOTCS MX
HA/JIMOJICKYJIIPHOM CTPYKTYpO#, KOTOpasi OTJIMYaeTcs BecbMa OOJIBIIMM pa3HOOOpa3zuemM
dbopm u pasmepoB. Ilpu »5TOM HemaloBa)XKHOE 3HAYEHHE HMEIOT MOJEIU ITHX
HA/JIMOJIEKYJIIPHBIX CTPYKTYp, IOCKOJbKY HAa HMX OCHOBE MOTYT OBITh YCTaHOBJIEHBI
KOJIMYECTBEHHbIE 3aBUCUMOCTH MEXIY CTpPOEHHEM IIOJMMEpPOB M UX cBoMcTBamu. K
HACTOSIIEMY BPEMEHH MPEIIOKEHO HECKOJbKO JIECATKOB CXEM M MOJEJEH CTPOSHHS Kak
HEOPUEHTUPOBAHHBIX, TAK U OPUEHTHUPOBAHHBIX IOJIMUMEPOB, OJHAKO MHOTHE M3 HUX HE
BCEI/Ia COOTBETCTBYIOT CTPYKTYPHBIM JIaHHBIM. Takxke s OOBSICHEHHS MEXaHHU3MOB
nepOpMUPOBAHUS  MPUMEHSIOTCS  pa3iU4Hble MOJENU  BSI3KOYNPYTroro IMOBEJIEHUs
NOJMMEPHBIX MaTepuanoB. OaHaKo paboT, CBS3aHHBIX ¢ (PU3UKON MPOUCXOMAAIIUX BHYTPHU
MaTepuaia MpoIECcCOB MPU PAITUYHBIX pPeKUMax nedopMUpoBaHUs, BCE K€ HEIOCTATOYHO
uig  OoJiee TOJHOrO OMHCAHMS M TOCJEAYIOIIET0 MPOTHO3UPOBAHMS HAIPSKEHHO-
1e(OPMUPOBAHHOT'O COCTOSIHUS TTOJTMMEPHBIX TEKCTUIBLHBIX MAaTEPHUAJIOB.

[IporHo3upoBaHre TEPMOBSI3KOYIPYTOro TOBEACHUS TOJMMMEPHBIX TEKCTUIHHBIX
MaTepHaJiOB HE CHIILHO CBSI3aHO C BUJIOM MOJIENTH HAIMOJIEKYJISIPHON CTPYKTYPBI U3y4aeMOT0
Matepuana. B Monensx ¢ akTUBHBIMH KOH(GOPMAIIMOHHBIMH 3JI€MEHTAMH CYIIECTBEHHBIM
SBJISIETCSI TOJBKO YHKCJIO BO3MOXXHBIX COCTOSHMN (KOH(oOpMaIuii), KOTOpPOE MOXKET
npuauMath AKD. ITlosTomy dopMambHO MOAENs C HEMOCTOSHHBIM YHCIOM Mo Oyaem
n300paXkaTh Kak MOJeNb ckiamgdaTor cTpykrypsl (Pucynok 9). Kak u panee, m, Oyzaer
ob6o3Hauath uncio AKD Ha enuHMIy [UIMHBI, HaXOJSMIIHUXCS B N-OM KOH(pOPMAIIOHHOM
coctostHuU. J[anee OyJeT BHIBECHO KHHETUYECKOE YPAaBHEHHUE [Tl YUCEIT 3alIOJTHEHHST Mp.

bynem paccMaTpuBaTh IOJMMEPHBIM Marepuad B COCTOSIHUM JIMHAMHUYECKOTO
paBHOBecHs, T. €. B TaKOM COCTOSIHHMM, IPU KOTOPOM YHCJIO TIE€PEXOJOB IIETOYEK U3
CBEPHYTOT'O B PACHPSIMIEHHOE COCTOSIHHE U B 0OpAaTHOM HampaBJICHUH PaBHO.

Taxum 06pa3om, OyZieM cuuTaTh, YTO MAKPOMOJIEKYJIbI B aMOP(HBIX MTPOCIOMNKAX MOTYT
00pa30BbIBaTh pa3IMYHbIC KBA3UPABHOBECHBIE CKJIa14aThIe CTPYKTYPBI THIIA H300pakKeHHBIX
Ha Pucynke 9, umcna KOTOpPBIX Ha EAWMHUIYY JUIMHBI OyaeM o00o3Hayatb Mz, Ms...,
cootBercTByfomux (2k —1) cermentam Kyna. O603Ha4iM JIMHEHHYIO ILIOTHOCTH CBOOOJHBIX

pacIpsIMIEHHBIX CETMEHTOB Y€pe3 BEJIMYUHY .
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m3 ms

_ —

Pucynoxk 9 - CknmaguaTsie CTpYKTYpPBI

[TycTh B mpou3BOIbHBIA MOMEHT BpeMEHH { COOTBETCTBYIOIIUE YHCIIA KIACTEPOB PABHBI
Mp,Mg,..My ® A. B coOTBETCTBMM C 3aKOHAMH CTATHCTUYECKOW (H3MKH COCTABHM

KHHCTUYCCKNUEC YPAaBHCHUA I 9BOJTIOTUN I[aHHOﬁ CTPYKTYPBbI:

My _ iy + Arfig + BA

dt

d%:—cmk + A, + By 4

an (26)
Mo _ _aAm, + B

dt

371ech U Aanee 1Mo TeKCTY BBEAEM CIIeAYIOIMHNe 0003HAYCHUS:
My =My + Mg +... + My — JIUHEHHas IUIOTHOCTh KJIACTEPOB;

A:2V\~/12; B:2V\~/21; C=V\712+V\~/21=A+B;
1 *
1, =—€" — xapakrepHoe Bpemsi; T = . 0e3pa3MepHOe BpeMms;
A 2_y* c
0= B =2V ; X= E WUCTHUHHO ympyras aedopmariusi.
0

[Tomayro nedopmaruio OyaeM HPEACTaBIATh B BUIC CYMMbl UCTHHHO YIPYToM X W
koH(popManmoHHOH. [TockoabKy 0 — KBaHT Aedopmariu (He 00s3aTEIHFHO PAaBHBIA CETMEHTY
Kyna), Torna monHas aedopmarus OyIeT paBHa:

g:x+5[ﬁ—np]+8[mo—mg’] @7)

rae NP — HauanpHas MUHeHHAsA MIOTHOCTH CBOOOIHBIX CETMEHTOB.

JInisi TaHHOTO ypaBHEHWsI MCCIICIOBAH CIIEKTP BPEMEH pelakcanuu. [loka3aHo, 4To B
cirydae HeOOJBIINX HArpy30K OMpPeIesIoniee ypaBHEHUE [Tl TOJIMMEPHON HUTH CBOJIUTCS K
g depeHIIMaIbHOMY YPaBHEHUIO 2-T0 MOPSAKa

2
i v o=gy| 24 SKoM8(A-n) v [x— 43-n)-n)™m SKoy'ux.  (28)
(1 + n) (1 + n)

bonee moapobHO paccMOTpeHa MOJIEIb ¢ TPEMsI YCTOMUHMBBIMU COCTOSTHUSIMU.

Mogenb ABYX «CKJIaJ0K» BaKHA TEM, YTO, C OJHOW CTOPOHBI, OHA JIOMYCKACT TOYHBIC
pCIICHUS] TPU HAJTUYUKM TAKOTO K€ KOJIMYECTBA OSKCICPHUMEHTAIBHO OIPEICIIIeMbIX
mapamMeTpoB, KaKk W MpocTas oxHoOaphepHass MOJeTb, C JPYrod CTOPOHBI, OHAa MaéT
MPUHIUITHAIBHBIC OTJINYHS OT HeE.
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PaccMoTpuM cucreMy ypaBHeHHH (25), MOI0XKKB IS IPOCTOTHI
m1+m2+m3:K. (29)
M rtak ke, KaKk NpPUHATO B Momemu co ckimagkamu Hipp, =Hoz, Hpy =Hgy,

* * *
U; =U, =v , coxpansist npexxare 0603Ha4CHMS,

* * 2 * 2

no=¢e"; A=e" X, B=npe " *;
T,==¢€"; T=—o0.

p 1

% Tp

Torga cucteMy ypaBHeHUH (25) MOXHO TMepenucaTh B CIEAYIOIIEM BU/IE:
dm
d—3: Dm3 = m3 :—Am3 + Bmz,

: (30)
dm,
i Amg +Bm, —(A+B)m,

T

C Ha4YaJIbHBIMHU YCJIOBUSIMU mg )54 mg .

Kon(popmannonnyro 9acTe 1eGopMaluy €, MOKHO IPEJICTaBUTh B BHJIE:
£, :S[Z(mg—m3)+(mg—m2)] (31)
0 0
31ecs  cymma 2(m3 - m3)+(m2 - m2) — 4MCIO KBaHTOB JAedopmanuu,

POXKOAaroImMXCA 3a BpeMA T.

Ilocne psaaa aﬂre6pqueCKI/IX Hpeo6pa30BaHI/II71 JJIs1 MOACIIN HOHI/IMepHOﬁ HUTHU C TPEMA
YCTOI\/'ILH/IBBIMI/I COCTOAHUAMU ITOJYUYUM CJIICOYIOIICC )II/I(b(bepeHHI/IaHLHoe YpPaBHECHHUC 2-T0
ImopsiAKa

2 R
d—2(8 — X) + (ez + noe_z )|:3,5 — ﬁ}i(g — X) +
dr e’ —mnge ? |dt

2 2 2 2npZ _
+l:2(e Z+n0e Z+1’]0)+W:|(S—SO—X)_
Ko[(Zno +1)e22 +(2np +1)n(2)e_22 + (3115 +MNo + 2)]

- [l+no+n5][ez—noe_z] z+

+Kon0[(2n0 +1)+(2+n0)e—22](ezz )
2[1+n0 +n%] ’

(32)

2 . * c
; L=2y XX; X=—
Eo
Cremyer OTMETHTh, YTO B JJAHHON MOJIeIu KOH(OpPMAIMOHHAs YacTh JeopManum
ONPEACISIETCS HE TOJBKO YPOBHEM MEXAaHMUYECKOTO HANPSIKEHHS, HO MU CKOPOCTBIO €ro
U3MEHEHUS.
B BocbMoIl ri1aBe JaH aHAIN3 MOJIENIA C HECKOJBKUMH YCTOMYHMBBIMUA COCTOSTHUSIMM.
PaccMoTpeHo TOUHOE aHATUTHYECKOE PELICHHE 3a/1a4H B paMKaxX pacCMaTpUBAEMOUN MOJIETIH.

JlaHHOE peleHne NMEET BHUI:

*
rnpe Z=vy X
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_(I=mo)(mo—m) _

(1) =8Kg Mo |1 ¢ no __2n [1— e_z(lm)r} +
1+mp (1+n)
_(I-mp)(no—n) _(I+mo)(no+n)
4 T T
Mo e o 1—¢e no -
(no +m)(1+ng)

J‘ ~(L+m)t Il(f/{_t) e2(1+n)TIe(1+n)t Il(:/\é?—t)dt + (33)

(1+n

P ] (1—no1)1(0no n)_ j‘e_( 0+0]t I1(2\/_t)
(o + )L+ o) O 2t

e—2(1n)e J‘ (L)t NNV |1(2\/_t)

e

3nech |1 — MmopuduumpoBannas pyHkuusa beccenss MHUMOTo apryMmeHra.
ACHMIITOTUYECKOE BBIPAKEHUE JUIS TIOJI3YUECTH MOJTMMEPHON HUTH BBITJIAINT TaK:

(I-mp)(mo—m)

6= x+0K{-2M0 |1 ¢ "o 2n [1—e_2(1+”)ﬂ+
1+mg (1+ n) ”
(1-no)(no—m)c
nno e "o + Be_(l_\/ﬁ)zT [1_% + 0(r_% ﬂ :
(Mo +m)(1+mo)
rjae ko3¢ dunueHt B papen:
_ 11% 4 + Mo 1 . 1 (35)
(1+n)2-n)*> (no+n)(L+mo) 2\/5_[“0 +1?J (1+ \/ﬁ)z

Bripaskenue (34) coepKUT YeThIpe SKCIIOHEHTHI C pa3HBIMU BPEMEHAMHU pelaKCallnu.

Kommbelorepubie  pacueTrsl 1m0  cooTHouieHWIo  (34), mpoBepeHHble IS
MOJIMATUIIEHTepedTanara, JOCTAaTOYHO TOYHO OMKCHIBAIOT MPOIIECC MOI3YyUYeCTH, HO B CHITY
rpoMo3akocTd  GOpMYyN BpSA  JIM  MOTYT OBITh PEKOMEHJOBAHBI JUIS IIUPOKOTO
WCII0JIb30BAHMUS.

[TosToMy paccMOoTpUM MOAEIHMPOBAHUE Ipoliecca MOJ3YyYEeCTH B MOJEIU C ABYMS
yCTOHUMBBIME cocTosiHUsIMU. J[st mporecca momsydectu (X =CONSt) ypaBHenume (32)
3HAUYUTENIbHO YIPOIIAETCs U MPUHUMAET BUJL:

Y 4 * 2 2. * 2 5.2
8+E(eyx +mee ¥ X |42l e X 4nde ™ X g le=

* 2
-2
6Kn0[(2n0+1)+(2+n0)e v X } .5 . . s
5 [ezy X —1}+2[e2y X"y mde X +noJx

C HaYAILHBIMH YCIOBHAMH 8(0) =0, 8(0) =0.
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VYpaBHeHue (36) Jierko pemaeTcs B KBapaTypax U ero peleHne UMeeT BUI:

gl ]
}\‘1

—=, r1e Ay, Ay — KOPHHU XapaKTEPUCTHICCKOTO YPaBHEHHMSI.
2

e(t)=g,91+

3nece K =

k2+%BOX+2(B§—nO)=O, (38)

*2 *,2
rac BO :ey X '|‘T'|0e_y X y

Ao = %[7 By +/17BZ +32n ] (39)

Takum oOpa3zom, B pexHUMeE IMON3YyYECTH MOABISIOTCSA ABa Oe3pa3MepHBIX BPEMEHHU

1
penakcaiuu: «OBICTpOE» BpeMsl 3ama3blBaHUS 1 =-— W «MEIJECHHOE» BpeMs

1
3ama3/ibIBaHus 1__ = —.
G2 7\1
2
Jlanee TOpUBOAATCS METOAMKHA PACYETHOTO NPOTHO3WPOBAHHUS M MIPHUMEDHI,
WJUTFOCTPUPYIOIIME 3TH PaCUEThI.
Kax Bumno u3 PucynkoB 10 - 15, TeopeTrnyeckuil mporHo3 M SKCIEPUMEHTAIIbHbIE

SHAUCHUA HAXOAATCA BO BIIOJIHEC YAOBJICTBOPHUTCIIbBHOM COTJIACHH.

T,C T aorc JlaBcan 114 Tekc Tp Hurpon  33.3 Teke

6 T=60°C
© *

T=a0°C [~ L5 % T2
3 ° ® * A *
o * A PY
« ° ° o *ia N b
2 . ° .
0 50 100 150 200 250 o, MIla 120 140 160 180 200 220 240, Mlla
Pucynoxk 10 - 3aBUCHMOCTH BpeMEHH Pucynox 11 - 3aBucuMOCTh BpeMEHU

3aras/ibIBaHus OT BEJIMYMHBI HATPY3KH JJIsl  3alla3/IbIBaHUs OT BEJIIMYMHBI HATPY3KHU IS
00pa3oB KOMIUICKCHON HUTH JlaBcaH 114  00pas3noB KOMILIEKCHOM HUTH HHUTPOH 33,3

Tekc Tekc
1.¢ Dermmon B P e e A A
(T 600 +
45 4 < Hutpon 33.3 Texc
500
40 °
400
3.54 300
L ]
3.0 o 200 S . . ..
100 b ®
25
° o T T T T T T
° o 2 4 6 8 10 12 g %
2.0 . , ‘ ; ‘
0 100 200 300 400 500 o , MIla PI/ICYHOK 13 - I[I/Ial"paMMa PacTsXKCHUA U
PI/IcyHOK 12 - 3aBUCHUMOCTEL BpPEMEHU 3aBUCUMOCTDL BPEMCHHU 3aIria3JibIBaHUsA OT
3ana3JbIBaHUsl OT BEJIMYMHBI HATPY3KHU IS BECJIWINHBI HAI'PY3KH I KOMIUICKCHOU

BOJIOKHA (DEHHIIOH HUTHU HUTPOH npu T=20°C
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2 4 1,€ 2 3 4 T,C
o, Mlla T T T T
JlaBcan S, Mg?_ Denunnon
800 -
500 + [
L]
600 - 400
L]
400 07 *
200 ®
o
200 —e—o_
.’—..:’:.:;s 100+ / o
./.
0 T T T T 0 T T T T
0 2 4 6 8 & % 0 5 10 15 20 g, %
Pucynok 14 - Jluarpamma pacTsiKeHUs U Pucynok 15 - JIluarpamma pacTsiKeHUs U
3aBUCHUMOCTh BPEMEHH 3alas3bIBaHUsI OT 3aBHCHUMOCTh BPEMEHH 3ama3IbIBaHus OT
BEJINYMHBI HATPY3KHU JJI1 KOMIUIEKCHOM BEJIMYUHEI HATPY3KH U1 KOMILIEKCHOM
HUTH JaBcad npu T=20°C HuTU permnon npu T=20°C

B KOHIIC TJaBbl JaHbI TPAKTHYCCKHEC PCKOMCHIAIWUKW JJIsI TIPOTrHO3UPOBAHUA
TCPMOBA3SKOYIIPYTUX CBOICTB MMOJIMMECPHBIX MAaTCpPHATIOB TEKCTUJIBHOM W JIETKOU

MIPOMBIILIJIEHHOCTH.
SAKIIIOYEHUE

1. Ha ocHoBe ckaukooOpa3HOW (KBaHTOBOM) MPHUPOABI Mpolecca 1ehopMUpOBaHUS
NOJIUMEPHBIX MATEpUAJIOB TEKCTWJIBHOW M JIETKOM IPOMBIILIEHHOCTH MPEaoKeHa
HeJIMHEeWHas (u3nueckasi MOJIesb, MO3BOJISIONIAsl OOBSICHATh U IPOrHO3UPOBATH MOBEJICHUE
yKa3aHHBIX MaTe€pHaJIOB B Pa3IMYHbIX SKCILTyaTAIllMOHHBIX PEXXUMaX Ae(POPMUPOBAHHUS.

2. TlocTtpoeHsl ONpenessaonMe YpaBHEHUS! TEPMOBSI3KOYIIPYTOCTH, OMMCHIBAIOLINE
nepopMallMOHHO-peNlaKCallHOHHbIE CBOWCTBA IMOJMMEPHBIX MaTEPHAOB TEKCTUIBHOW U
JIETKOM IPOMBIIUIEHHOCTH B IIMPOKOM JIMANAa30HE HArpy30K.

3. PazpaboTanbl opuruHalibHbIE (PU3NKO-MaTeMaTHUYECKHE aITOPUTMBI, TO3BOJISIONIIE
10JIy4aTh TOYHBIE aHAJUTUYECKUE peleHus ONpPEeETAIOMINX YpaBHEHU
TEPMOBSI3KOYIIPYTOCTH MaTE€pUaAIOB TEKCTUJIBHON U JIETKOW MPOMBIIUICHHOCTH.

4. BrwiaBieHsl crnenu@uueckre OCOOCHHOCTH MpejJiaraeMbIX OaphepHBIX MOJIENeH
TEPMOBSI3KOYIIPYTOCTH MaTE€pUAIOB TEKCTUIILHOM U JIETKOW MPOMBIIUIEHHOCTH.

5. [lokaszaHo, 4TO y4eT «ECTECTBEHHOW» IIMPHUHBI BBICOT YHEPTETUYECKUX OaphepoB
CYIIECTBEHHO YBEIMYMBAET BPEMEHA 3ama3[blBaHUs U pElaKCallud MEXaHUYEeCKOTO
HaIpsDKEHUsI, 4YTO XOPOLIO COTJIACYeTCs C SKCHEPUMEHTAJIbHBIMU JAaHHBIMU MJIs psna
MaTepuagoB TEKCTUIBHOMN U JIETKOM MPOMBINIIEHHOCTU.6. Ha OCHOBE TECTOBBIX UCIBITAHUM
MaTepUaIOB TEKCTHJILHOW M JIETKOH MPOMBIIUIEHHOCTH MPEIOKEHbl KPUTEPUH BbIOOpa
ONTUMAJIbHBIX MOJEJIEU I MPOTHO3MPOBAHUSA TEPMOBSA3KOYNPYIOCTH B 3aBUCUMOCTH OT
IIOCTaBJICHHBIX 3a71a4.

6. Ha ocHOBe TECTOBBIX HCIHBITAHUNW MaTEpPUAIOB TEKCTWIBHOM U JIETKOM
MPOMBIIUIEHHOCTH  TPEJIOKEHbl KPUTEPUU BbIOOpAa ONTHUMAIBHBIX MOZENEH Ui
IIPOTHO3UPOBAHMS TEPMOBA3KOYIPYTOCTH B 3aBUCUMOCTH OT IIOCTABJICHHBIX 3a1a4.

7. Iloxa3aHo, 4YTO, B paMKax MPEMIOKECHHON TEOPUU TEPMOBI3KOYIIPYTrOCTH
MIOJIMMEPHBIX MAaTEPUAJIOB TEKCTWJIBHOW M JIETKOM IPOMBIIUIEHHOCTH, JOJIOBPEMEHHAs
MIOJI3y4eCTh ITPOUCXOAUT C ITOCTOSTHHOM CKOPOCTBIO, DKCIIOHEHIMAIBHO 3aBUCALIEH OT
YPOBHSI MEXaHUYECKOI'0 HANPSIKCHUS.

8. nsa Bcex mpeiaraéMbplXx MOJAENEH TEPMOBS3KOYIPYIOCTH  IMOJIMMEPHBIX
MaTepuajgoB TEKCTWIBHOW W JIETKOW NMPOMBIIIJIEHHOCTH HAWJEHBl TOYHBIE AHAJIUTUYECKUE
peneHus, ABJISIIOIMECS TECTOBBIMHU JUISI KOMIIBIOTEPHBIX METOOB IIPOrHO3UPOBAHUS.
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9. @wusnyecku OOOCHOBAH psAJl CYUIECTBYIOIIMX METOJOB IPOTHO3UPOBAHUS
nedhopMamoOHHO-PEIaKCAIIMOHHBIX MPOIECCOB MOJUMEPHBIX MAaTepUaIoB TEKCTUILHOW U
JIETKOM MPOMBIIIUIEHHOCTH M TIOKA3aHbl TPAHUIIBI KX TPUMEHUMOCTH.

10. MccnenoBaH cIEKTp BPEMEH pEJIAKCALIMM MOJIMMEPHBIX MAaTEPUAIIOB TEKCTUIILHON
U JIETKOW TMPOMBIIUIEHHOCTH B MOJEIH C HECKOJbKHUMHU YCTONYMBBIMU COCTOSHUSIMHU.
[TomyyeHO aCHUMIITOTHYECKOE MPEACTABICHUE BPEMEHM pElakCallMkd OT  YpPOBHS
MEXaHUYECKOTO HAMPSIKECHHUS.

11. TlokazaHo, 4TO NPHUHIMIT HACIEICTBEHHOCTH bosblMaHa, MOCTYJIHMpPOBAHHBIN
BCEMHU OCHOBHBIMH METOJAMH MPOTHO3UPOBAHUS TMOBEIACHUS MAaTEPUAIOB TEKCTHJILHOW U
JIETKOM TPOMBINUICHHOCTH, OOOOIICHHBIH Ha HETWHEWHBIM Ciaydaid, cleayeT u3
MHOT00aphepHON MOJIENH ISl TOJIMMEPHBIX HUTEH U BOJOKOH.

12. TlocTpoeHO oOmpenensionee ypaBHEHUE, OIMMCHIBAIOIIEE TEPMOBI3KOYNPYroe
MOBEJICHUE TOJTMMEPHBIX MAaTEPUATIOB TEKCTUJILHOW M JIETKOW MPOMBIILIEHHOCTH B paMKax
NByXOapbepHON  MOJENH, paCIHIUpSIONee TPaHUIBI MPOTHO3UPOBAHUS  M3Yy4aeMBbIX
MaTepUaioB.

13. B pamkax MoJenu ¢ HECKOJIBKMUMH YCTOWYMBBIMU COCTOSIHUSIMU JIJIS MATEPHAJIOB
TEKCTWJIBHOW M JIETKOM MPOMBIIUICHHOCTH MOCTPOEHO ACUMITOTUYECKU TOYHOE PEIICHUE
3aBUCUMOCTU YPOBHS JedopMaiud OT BPEMEHH, UYTO TMO3BOJISIET ASKCIEPUMEHTAIBHO
MPOBEPUTH MPABOMEPHOCTH MPETIOKEHHON TEOPHUH.

14. TToka3aHo, 4TO B MOJIETH C HECKOJHKUMH YCTOWYHUBBIMU COCTOSIHUSIMH KpOME
«OBICTpOT0» BpPEMEHH pelaKcallid, COOTBETCTBYIOIIETO OJAHOOApbEepHOM  MOJENH,
NOSIBIISICTCSI M «MEIJIEHHOE» Bpemsl penakcauuu. [lomydeHHbId pe3ynbTaT I03BOJISET
paclIMpUTh IMAINa30H MPOTHO3UPOBAHUS ITPOLIECCOB MOJA3YYECTH MMOJIUMEPHBIX MaTEPUAJIOB
TEKCTWJIBHOM U JIETKOW MPOMBIILJIEHHOCTH.

15. YcranoBieHa cBsi3b MEXIY «ObICTPBIMY» U «MEJIJICHHBIM» BpEMEHAMU pellaKcalii,
YTO MO3BOJISIET IKCIIEPUMEHTAIIBHO MOATBEPAUTH TEOPETUUECKUE PE3YJIIbTATHI.

16. IIpeasioxeHO HECKOJIBKO METOAUK MPOrHO3UPOBAHUS BSI3KOYIPYTOTrO MOBEICHUS
MaTepUaIoB TEKCTHJIBHONW M JIETKOW MPOMBINIJIEHHOCTH HAa OCHOBE Pa3UYHBIX HAaOOPOB
JKCIIEPUMEHTAIBHBIX JaHHBIX.

Hay4uHo-TexHu4eckuit mporpecc 1 CBsi3aHHbIN ¢ HUM POCT TpeOoBaHUl K MaTepuanam
TEKCTWJIbHOM U JIETKOW MPOMBIIIEHHOCTH TO3BOJISIET CHENaTh BBIBOJ O HEOOXOIUMOCTH
JNANbHEHIIErO0 COBEPILICHCTBOBAHUS METOJOB M METOJUK HAay4YHOTO IPOTHO3UPOBAHUS
TEPMOBSI3KOYIIPYTOTO MOBEACHUS MAaTEPUAIOB TEKCTUIBHOW M JIETKOW MPOMBIIUIEHHOCTH
OCOOCHHO B JMHAMHUYECKOM pEXKHUME B YCJIOBHSIX OBICTPO MEHSIONIMXCS BHEIIHUX
BO3/€HcTBUI. BenencTre 3Toro BecbMa NEPCHEKTUBHBIM SIBISIETCS JaldbHENIIee pa3BUTHE
JTUHAMUYECKUX TEOPHUH, U3JI0KEHHBIX B rjaBe 4, U UCCIEAOBaHUM, HAXOISAIIUXCS Ha CTHIKE
pPa3HbIX HayK.
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