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NCHOJb30BAHUE TEKCTHUJIbHBIX TEXHOJIOT Wi 1 KOMILJIEKCHBIX
HUTEU IS CO3JAHUA KOHEYHbBIX ITPOJAYKTOB HOBOI'O IIOKOJIEHUA*

THE USE OF TEXTILE TECHNOLOGIES AND COMPLEX THREADS TO CREATE A
NEW GENERATION OF END PRODUCTS*
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B padote paccMaTpuBaOTCs BONPOCHI UCMOJIb30BAHUS KOMILUIEKCHBIX HUTEH B KayecTBe apMHUPYIOIINX
KOMIIOHEHTOB KOMIIO3MTOB 3a CYéT 00/1bLIOr0 KOJUYEeCTBA NePEeMEeHHbIX, CBA3AHHBIX MEKIAY 000l CJOKHBIMH
(PYHKIMOHAIBHBIMH 3aBHCUMOCTSIMH, BO3MOKHOCTH CO3TAHHSI KOHEYHBIX MATEPHAJIOB ¢ HOBBIMH CTPYKTYpPaMHu
H  3amaHHbIMH cBoiicTBamu. Iloka3zaHo, 4T0 HamnboJiee MePCHEeKTHUBHBIMH HANPABJIECHHSIMU HCHOJIH30BAHHSA
KOMIO3UIHOHHBIX MATEPHAJIOB APMHPOBAHHBIX KOMIUIEKCHBIMM HUTSIMH SIBJISIOTCS MPOIECCHl TOHKOI
buabTpanuu paznuyuHbiX cpea. IlpuMeHeHHe KOPOTKHMX TEKCTWIBHBIX TEXHOJOIHWH ¢ MCHOJIb30BaHUEM
KOMILJIEKCHbIX HUTEH 3a/IaHHOi CTPYKTYpPbI MO03BOJIsIeT ()OPMHUPOBATH KOHEUYHbIE «BbIXOJHbIE» MNPOIYKThI,
NpuMeHeHHe KOTOPBHIX OTKPbLIBAET HOBbIe HANPABJIEHHUS] PA3BUTHUSI TEXHOJIOTHIi, B TOM 4YHCJe U TEXHOJOruii
IKOJIOTHYeCKOii 0€30IIaCHOCTH YeJI0BeKa

KiloueBble cJioBa: KOMIUIEKCHbIe HUTH, TEKCTWIbHbIE MaTepuajbl, CBOHCTBA, MNOPUCTOCTD,
NPOHULAEMOCTh, PUIbLTPALUS

The paper deals with the use of complex filaments as reinforcing components of composites due to a
large number of variables related to complex functional dependencies, the possibility of creating final materials
with new structures and desired properties. It is shown that the most promising areas of use of composite
materials reinforced with complex filaments are the processes of fine filtration of various media. The use of short
textile technologies with the use of complex threads of a given structure allows to form the final "output
products, the use of which breaks new directions of technology development, including technologies of
environmental safety

Keywords: complex filaments, textile materials, properties, porosity, permeability, filtration

Co3manne HOBBIX BHUOB KOHEUHBIX MAaTEPHAIOB CIEIMAILHOTO Ha3HAYCHHS, B TOM YHCIIC U
KOMITIO3UIIMOHHBIX MATE€PUATIOB C TEKCTWIbHBIM apMHUPYIOIIUM KOMIIOHEHTOM Ha OCHOBE
KOMIUIEKCHBIX HUTE€H OTKPHIBAECT HOBBIC ITYyTH PACIIUPEHUS ACCOPTUMEHTA CO3/IaBAEMBIX MU3JCIHN C
Harepes 3aJaHHbIMM CBOWcCTBaMHU. VIMEHHO CBOWCTBa KOMIUIEKCHBIX HUTEH MOTYT IO3BOJIUTH
MOJTYYUTh 3aJaHHble (DYHKIIMOHAIBbHBIE XapaKTEPUCTUKH (Pa3HYyl0 MPOYHOCTh IO Pa3pBIBHOU
Harpy3ke, paslW4Hyl0 IJIOTHOCTh MO O0BEMY MaTepuala, pa3ludHyl JJIEKTPONPOBOJAUMOCTD,
MMOPHUCTOCTh ¥ TIPOHUIIAEMOCTD U T.J.) KOMITO3UTOB M UX TTPOU3BOJIHBIX.

CHUHTeTHYECKHE W MCKYCCTBEHHBIE KOMILUIEKCHBIE HUTH MOTYT ()OPMHUPOBATHCS KpydEeHHUEM
HECKOJIbKUX DJIEMEHTAPHBIX HHUTEW PAa3JIMYHOTO BOJOKHUCTOTO COCTaBa  TEKCTYPUPOBAHHEM
AJIEMEHTAPHBIX MOHOHHUTEH, TPOIIEHUEM, CO3/IaHHEeM OMKOMIIOHEHTHBIX, (acoHHBIX WU
CJI0)KEHHEM MOHO IUICHOYHBIX HUTEH.

W3BectHo [1;2], YTO MeXaHHWYECKHE CBOWCTBA CHHTETHMUYECKMX U HCKYCCTBEHHBIX
KOMIUICGKCHBIX HHUTEH, BBIpaOATHIBAEMBIX W3 DJIEMEHTAPHBIX BOJOKOH pa3IMYHON JIMHEWHOMN
IJIOTHOCTH, B 3HAUYUTENILHON CTENEHM 3aBHUCAT OT IMOKa3aTenst YKpyTku. [loaToMy paBHOBECHOCTH



KOMIUICKCHBIX HHUTEH, a TakKe COXpPaHEHUE HUX IIEIOCTHOW CTPYKTYphl MOXET JOCTUTaThCs
TepMO(pUKCcallMeN UM TOUEYHBIM IPOKJIEHBAHUEM JIEMEHTAPHBIX BOJIOKOH B HUTSX.

[Tpu co3gaHMM KOHEYHOI'O TEKCTHJIBHOTO MPOAYKTa CHELUATIbHOTO Ha3HAUEHUs, HAallpUMED,
KOMIIO3ULIMOHHBIX MaTepUaJIOB U apMHUPOBAHHBIX IUIACTUKOB U3 JAHHBIX HUTEH, KOIJa HUTU HE
MOJIeXkKAT pa3MaThIBaHMIO, a (hopMa U3ETUSAM IPUAAETCS C TIOMOIIBIO IOJMMEPHOTO CBS3YIOILETO,
BKJIIOYAsl ammperypel (C 3aJaHHBIMM TEIIO(GU3NYECKMMU CBOICTBaMHM), MX KayeCTBEHHbIE
IIOKA3aTeIN OIPEIEISIFOTCS HE TOJIBKO MPUPOAOH U COOTHOUIEHHMEM OCHOBHBIX KOMIIOHEHTOB [3],
HO TaK)Xe TeXHoJoruen apmupoBanus ((popMupyemble TKa4ecTBOM, BS3aHHEM WIM HAMOTKOMH), a
UMEHHO  CTPYKTYpPOHl M KOJMYECTBOM BO3IYIIHBIX (Ta30BBIX) BKIIOYEHUH, KOTOPBIE MOTYT
3aHUMAaTh 3HAYUTEIbHYIO JI0JIF0 B KOHEUHBIX U3JENUAX.

OTHU BKJIIOYEHHUSI 00ECMEUUBAIOT, HAPsAYy C OTpUIlATeNIbHBIMU (0Opa3oBaHUE TPEIIWH, MOp,
pPaKoBMH). IPUOOpPETEHUE U CHELU(PHUUHBIX IOJOXKHUTEIbHBIX KAaYeCTBEHHBIX XapaKTEPUCTHUK, a
HUMEHHO:

- 3aJJaHHYIO (HA Y4acTKaxX UCIOJIb30BAHUS KOMIIO3UTA) IPOYHOCTb;

- TURJIEKTPUYECKHUE U TeIUI0(U3UUECKHUE CBOICTBA;

- IEPEMEHHYIO TJIOTHOCTh U MPOHUIIAEMOCTD JJIs1 )KUJKUX U ra3000pa3HbIX ¢a3 [4].

Takue apmupyronyie KOMIOHEHTHI M3 KOMIUIEKCHBIX BOJIOKOH M HHTEH Ha3bIBAIOT
«BOJIOKHUTAMU»  KOMITO3ULMOHHBIX ~ MarepuanoB. I, HecMoTps Ha IIUPOKUH  CHEKTp
crienn()UIECKUX CBOMCTB, U BO3MOXKHBIX O0JIACTEH MX MPUMEHEHHS, Pa3BUTHIO UX MPOU3BOACTBA Y
Hac B CTpaHe YAeseTcs Majlo BHUMaHMsA. DTO, B IEPBYIO odepelb, 0OYCIOBIEHO CIIOKHOCThIO
CTPOCHHUSI KOMIUIEKCHBIX HHTEH, OCOOCHHOCTSMH COCTaBOB M TEXHOJIOTHSIMH TIepepabOTKU
«BOJIOKHUTOBY». A HCCIeI0BaHUE JAAHHBIX MAaTE€PUalIOB IPUBOAUT K TOMY, YTO PaclpOCTpaHEHHbIE
OOIIENIPUHATBIE METOAMKH HE «paboTaroT» W TpeOyercss pelieHne CrenupUIHbIX, ITOPOI0
MHOTI'OCTaIMHHBIX CIOXHBIX AHWINTHYECKUX 3agad. TeM He MeHee, KIACCHUECKUH MeTox
MUKPOCTPYKTYPHOI'O aHajin3a U OECKOHTAKTHAasl AJIEKTPOHHAasi MUKPOCKONMS (HEpa3pyIIaroIuii
KOHTPOJIb) , HIMPOKO MCIOJB3yeMble€ B MPOMBIIIJIEHHOCTH MPH MPOU3BOJCTBE apMHUPOBAHHBIX
IJIACTUKOB, BIIOJIHE IPUMEHUMBI U U1 U3YYEHUS CBOMCTB «BOJIOKHHUTOBY.

Bonb1ioit uaTEpEC U1t MPOU3BOACTBA MJIACTUKOB APMHPOBAHHBIX KOMIUIEKCHBIMU HUTSIMHU
C 3aJaHHBIMH TIapaMeTpaMH TIOPHCTOCTH H TIPOHHMIAEMOCTH W WX W3MEHEHHSIMHU TIpH
TEeMIIepaTypHOM BO3/EHCTBHM, UMEIOT METOAMKHU HE TPeOYIOIIHe CIENUualbHOr0 00O0pyJI0BaHus,
KOTOpBIE MO3BOJISIIOT ONEPATUBHO U C JIOCTATOYHOM CTENEHbIO MOJTYYUTh JAHHBIE O COOTHOIICHUU
HaTOJHUTEIS, CBS3YIOLIETr0 U MOPUCTOCTH MaTepHara.

[I10THOCTP W TMOPUCTOCTH KOMIIO3UTOB C(OPMHUPOBAHHBIX, HANpUMEp, HAMOTKOU
KOMIUIEKCHBIX HUTEH M CBA3YIOIIMMH TE€PMOPEAKTUBHBIMU CMOJAMM, OO0JIQJAIOLUIMMH BBICOKOU
IJIACTUYHOCTBIO, MOXKHO OIPEIENSITh METOJAOM TMAPOCTATUYECKOr0 B3BelnBaHus. /st uero cyxoi
oOpasell Marepuana CHadaja B3BEIIMBAIOT HA BO3JyXe, a 3aTeM B JKUAKOCTH,  XOpPOILIO
cMauurBarolei oopasern (6e3 00pa3oBaHUs BO3AYIIHBIX IMy3bIpeil HE €ro MOBEPXHOCTH, HAIPUMED B
KEpPOCHHE).

O0beM OTKPBITHIX MOP B 00pa3iiax KOMIOHEHTOB:

V. = Gz — Gl
0

1009, 1)
1

rae G — Bec o0pasia Ha BO3IyXe;

G1 — Bec 0Opasia B KUAKOCTH JIO HACBIIICHUS;

G, — Bec 00pasiia B )KUAKOCTH TOCIIE HACBIIICHHUS.

[Tporiecc HachIleHUsT 00pa3IOB CMayMBAaeMOW JKUIKOCTBIO MOXKHO  TNPOBOJAWTH B
BAKYYMHOH YITAKOBKE.

V3MeHeHrne TeMIepaTypHbIX PEXHMOB TaKHMX MaTCPHAIOB MPHUBOJAMT K HM3MEHEHHIO HX
CTPYKTYPBI ¥ CBOMCTB, B YaCTHOCTH MTOPUCTOCTH U Ta30MpoHUIIaeMoctu. J{ist onpeaeneHust oobema
[op B apMUPYIOIIEM KOMIIOHEHTE TaKUX MaTePUAJIOB, 0 U MOCJIC M3MECHEHHUS TEMIIEPAaTypHOTO
BO3JICHCTBUSL TPH HM3BECTHOM COJCPKAHUU CBS3YIOIIETO, MOYKET HCIIOJIb30BaThCsI METO.
BBDKUTAHUS CBSI3YIOIIETO B KEPAMHUYCCKUX THIJISIX.



YMeHue oueHuBaTh M YNPaBIATh IOPUCTOCTBIO, a TAaKXE  Ia30NpPOHHMIIAEMOCTHIO
TEKCTWJIBHBIX MaTepUasoB, B TOM YMCJI€ U KOMIIO3ULMOHHBIX MaTepualloB (popMupyembIX Ha Oaze
KOMIUIEKCHBIX HHUTEH, OTKpPHIBAET BO3MOXKHOCTH CO3JaHHUSl HOBBIX «YIIPABISIEMBIX» CTPYKTYp
(GWIBTPOBAIBHBIX MEPETOPOJOK, KOTOPHIE C YCIIEXOM MOTYT MPUMEHATHCS Ul OYUCTKH KHUJKUX U
ra3oo0pa3Hbix cpen. Hampumep, nmpu OYMCTKE MOIMYTHOTO HE(PTSAHOTO raza OT CEPOBOJIOPOJA, UYTO
BEChbMa aKTyaJlbHO AJIs Bcell Hereno0bIBaroliei oTpacinu Bo BcéM mupe. [Ipuuem, ucnonabszoBanue
KOMIUIEKCHBIX HUTEH B apMHMpPOBAHUM CTPYKTYP C 3aJ@aHHOM MOPHUCTOCTHIO M MPOHHUIIAEMOCTHIO
[5,6], mo3Bonsier obOecneuuBaTh TPeOyeMyr0 MPOU3BOJUTEIBHOCTh IPOLECCOB (UIbTpALUH, a
IIPUMEHEHUE KOMIUIEKCHBIX HUTEH pa3jIM4HOM NPUPOJbl CEJNEKTUBHOCTh B3aUMOJCHCTBUS C
GUIBTPYEMBIMH CpEJlaMu.

Takum o0pazom, KOMIUIEKCHBIE HUTH, IPUMEHSIEMbIE B KauyeCTBE apMHUPYIOLIUX
KOMIIOHEHTOB KOMIIO3ULIMOHHBIX MaTepuajoB, Onarojgaps CBOMM CIELU(UYHBIM CBONCTBaM, U
CBOMCTBAM CBA3YIOIIMX 3JEMEHTOB, IIO3BOJIIOT CO3JaBaTb HOBbIE KOHEYHbIE  (BBIXOIHBIE
IIPOAYKTBI) MaTepUalbl C YHUKAJIbHBIMU 3a/JaHHBIMHU CBOMCTBAMHU.

BriBogsr:

1. Hcnonp30BaHNE KOMIUIEKCHBIX HUTEW B KadyeCTBE APMHUPYIOIIMX KOMIIOHEHTOB
KOMITO3UTOB OOYCIIOBIMBAET, 32 CYET OOJBIIOrO KOJIMYECTBA MEPEMEHHBIX, CBSI3aHHBIX MEXKIY
cO00i CIIOXKHBIMU (YHKITMOHATHHBIMUA 3aBUCUMOCTSIMH, BO3MOXKHOCTH CO3JIaHUS  KOHEUYHBIX
MaTepuajioB C HOBBIMU CTPYKTYpaMU U 33JJaHHBIMHM CBOMCTBaMHU.

2. Haubonee mnepcrneKTUBHBIMU HAMPABICHUSIMH HCIIOIB30BAHUS KOMIIO3UIIMOHHBIX
MaTepuaioB apMHUPOBAHHBIX KOMIUICKCHBIMH HUTSMHU SBJISIOTCS IMPOILECCHl TOHKOW (DUIBTPALIMH
pa3IMYHBIX CPEL.

3. [IprMeHeHne KOPOTKUX TEKCTUIIBHBIX TEXHOJIOTUH C UCIOJIb30BAHUEM KOMIUIEKCHBIX
HUTEW 3aJaHHOM CTPYKTYpbl TO3BOJSIET (OPMUPOBATh KOHEUHBIE «BBIXOIHBIC» MPOIYKTHI,
IIPUMEHEHNUE KOTOPBIX OTKPBIBAET HOBBIC HANPABJICHUS PAa3BUTHUS TEXHOJIOTMH, B TOM YHCIIE U
TEXHOJIOTHI SKOJIOTHYECKOM 0€30acCHOCTH YEI0BEKA.

JIUTEPATYPA

1. benunua M.H. Cunretnueckue n uckyccrseHHubole HUTH. M. «Jlerkas unnycrpus» 1976. 174 c.
2. benunun M.H., Imutpues C.A. BnusiHue pa3ianuHbIX (PaKTOPOB Ha CTPYKTYPY CHHTETHYECKHX
KOMIUIEKCHBIX HUTeH. TekctunbHas npomsinuieHHOCTh? Ne 10 .1969. ¢.71-74.
3. Paiitiiunrep C.A. «Ycnexu xumun». 1951 1.20. 213 c.
4. llnenckuii O.®, Xosauckas H.H., JlaBpentreB B.B. «Ilnactuueckue macce» 1966, Ne 5. 52 c.
5. Hukonaes C.J1., 3aiiueB B.II., ITanun N.H. «O ToHKOCTH O4YMCTKHM (QUIbTpaTa U MPOU3BOJCTBE
TpyOuaThIX TEKCTUJIbHBIX (UIBTPOB». M3BecTHst BbicMX y4yeOHBIX 3aBelneHuil. TexHosorus
TeKCTHIIbHOU TpoMbIieHHOCTH. 2005 Ne 5, ¢.94-96
6. [Nanun U.H., Jlammenkoa B.C., Mopozos C.U., Hukonaes C./., PazymeeB K. D., CHexkoB
C.B., CymapykoBa P.H., Ilumbamox E.Il. Texcrunbaple ¢GuiabTpsl Ha 0aze CHENHATbHBIX
MOTaJIbHBIX MakoBOK — M.: MI'TVY um. A.H. Koceiruna, 2009. — 134 c.
7. llannn W.H., Hukonaer C.[., 3aiitieB B.II. O MoTaipHBIX TaKOBKax CIEIIMAIbHOTO Ha3HAYCHUSI,
UCTOJIb3YEMBIX /IS PELICHUs] SKOJIOTHUYecKUX 3a1a4//TekcTunbHas mpoMbIIuieHHOCTh, 2006. — Ne
6.,¢.29-31

8. Ilammn WN.H., Huxomaes C.JI., Sckun A.Il. OcHOBHbIE HampaBJ€HMs] pa3BUTUA
000pyIOBaHUS )i TIEpEMAThIBAHUSI XUMUYECKUX HHUTEH//TeKkcTumpHas MpOMBITIIUNIEHHOCTh, 2006. —
Ne7, ¢.30-32

9. Hukonaes C.J., Ilanun N.H., Mopozos C.U., Ilumbamok E.Il. HoBble pa3paboTku
TekcTuibIMKOB//U3BecTust By3oB. TexHomorust TeKCTWIbHOM mpombliiuieHHOcTH, 2009. — Ne2.,
c.107-109

*yuacmuuk Bcepoccuticko2o KOHKYPCa MON0OENCHBIX UCCIe008AMENbCKUX NPOEKMO8
«JIETTIPOMHAYKA»



VK 677.026.424:625.877(043.3)

®U3NYECKHA U METOOJOTMYECKHHA MOIXO0IbI K AHAJIMTUYECKOMY
HUCCIEJOBAHUIO HETKAHBIX MATEPUAJIOB*

PHYSICAL AND METHODOLOGICAL APPROACHES TO THE ANALYTICAL STUDY
OF NONWOVEN MATERIALS*

IO.M. Tpemanun
Yu.M. Treschalin

Hay4Ho-uccnenoBaTenbcKkuii TEXHOJIOTHYECKHH 1IeHTp, (MockBa)
R&D Scientific Center, (Moscow)

B craTbe naercst 000CHOBaHUe NMPeACTABJICHUS HETKAHOI0 MaTepuasa KaK CIVIOLIHOW cpelbl, MMeloLlei
BOJIOKHHCTOE CTpPOCHHE M MOPHCTYI0 CcTpyKTypy. C mnosunuu METOAO0JOTHYECKOH paccMOTpeHa
1eJ1ec000Pa3HOCTh NPHMEHEHHs] THIOJIOTHYECKOro aHAJIH3a, NMPEeINo/araliiero McCIoJb30BaHHe Pa3THYHBIX
JIOTHKO-MAaTEeMATHYEeCKUX METON0B H MoJejeil.HaXoAsmerocas B MOpax M J0JI0 TeIUIOBOH JHEpPruu,
nepeaapaeMoil M3iay4deHueMm. basupysich Ha IMIHMPHYECKHX JAHHBIX, THIIOJOTHSA ONHUPACTCHd HA NOHMMaHHE
00BbEKTa HCCIeI0BAHUSA KAK CHCTEMBI.

IIpuMeHMTeNIbHO K AHAJIMTHYECKOMY H3YYeHHUI0 BOJOKHHCTBIX MATEPHATIOB IMpPeMJIOKeH Pl
onpeeaeHuM.

B cBA3M ¢ TeM, 4YTO BeJMYHHBI, XapaKTepH3ylollMe HeTKaHble MaTepHAJbl, SBJIAIOTCSH
B3aMMOCBSI3AHHBIMM M B3aHMO3aBHCUMBIMHM, 3((eKTHBHO HCHOJb30BATh TEOPHI0 MOJ00Us, NpeICcTABJIAA
COBOKYITHOCTh Pa3JINYHBIX NTOKa3aTeJiell B BH/le KpPUTepHeB M KPUTEPUATbHBIX YPABHEHMIA.

KitoueBble c¢j10Ba: HeTKaHbIii MaTepuasl, BOJOKHO, NOPUCTOCTb, CIVIOLIHAS cpelaa, 3JeMeHTAPHBIH
00beM, TUIIOJIOTHS, TEOPHUS N0J00Ms1, KPUTEPHUIA.

The article explains the rationale for the submission of non-woven material as a continuous medium
having a fibrous structure and porous structure. From the position of methodological expediency of application
of the typological analysis assuming use of various logical and mathematical methods and models is considered.
located in the pores and the proportion of thermal energy transmitted by radiation. Based on empirical data, the
typology is based on the understanding of the object of study as a system.

A number of definitions are proposed for analytical study of fibrous materials.

Due to the fact that the values characterizing nonwoven materials are interrelated and interdependent,
it is effective to use the similarity theory, representing a set of different indicators in the form of criteria and
criteria equations.

Keywords: nonwoven fabric, fiber, porosity, continuous medium, elementary volume, typology,
similarity theory, criterion.

[TocTosiHHO BO3pacTaroasi KOHKYpPEeHIIMsl Ha OT€YeCTBEHHOM PBIHKE BBIIBUTaeT Bce Ooee
BBICOKHE TpeOOBaHUS K KAaueCTBY H3/ENIUN, YTO B CBOIO OYEpE/b, 3aCTaBIIIET Pa3pabOTUYUKOB U
NpOM3BOAUTENEl  HAa  CTAQAMM  TNPOEKTUPOBAHUS  HAyYHOOOOCHOBAaHHO  MOAXOJUTH K
MIPOTHO3UPOBAHUIO XapaKTEPUCTHUK U OLEHKE CBOMCTB TEKCTWIbHBIX MarepuanoB. [Ipu sTom
ONIPEACIAIOIMMY TapaMeTpaMH  SIBISIOTCA HX LEJIEBOE€ HAa3HAUYEHUE U OKCILTyaTallMOHHbIE
MOKa3aTeNH.

MHoroo0pa3ue CyIEeCTBYIOIIMX TEOPETUUYECKUX METOJIOB OMpPEJeNeHHs] XapaKTepPUCTUK
BOJIOKHHUCTBIX MAaTepHaloB, JOCTaTOYHO TOAPOOHOE OMMCaHWe KOTOphIX mgaercs B [1, 2],
OOBSICHACTCSI OONBIIMMU CIOXKHOCTSIMU CHCTEMHO HOJXOAUTh K aHAIM3Yy BCEBO3MOXHBIX THIIOB
CTPYKTYpPBbI, KOTOPbIE 3aBUCIT OT CIIOCOOOB M3TOTOBJIEHUS (TKaHb, TPUKOTAX, HETKAHBIM MaTepuail,
TieTeHsle u3zenus). HemanoBaxkHoe 3HaueHHe UMeEIOT (opma, pa3Mepsl, (PU3NKO-MEXaHHYECKHe
CBOMCTBA M B3aMMOJEHMCTBHE (CLEIJIEHHE) CTPYKTYPHBIX 3JIEMEHTOB(BOJIOKHA, HUTH), a TaKKe
IUIOTHOCTh UX PACIIOJIOKEHHSI B TPOU3BOJIEHO B3SITOM MaKpooOBbEME.

MareMaTHuecKkoe M TE€OMETPUUYECKOE MOJCIMPOBAHME HETKAHBIXIIOJIOTEH HPEICTaBIsET
U3BECTHBIE TPYAHOCTH, YTO CBSI3aHO B OCHOBHOM C H3BUTOCTBIO BOJIOKOH U HEYNOPSAOYEHHBIM
pacrnoJyiokeHueM ux B matepuaie (puc. 1).



«Kanpanan», popmupoBaHue xoicra
¢unbeproe (cnanOoHN), a3POTUHAMUYECKOE,
UTJIONIPOOMBHOM, TEPMOCTAOUIN3UPOBAHHBIH

KananapupoBanmemM, 469,7 r/m°.
ITonmunponunenossie MoHOHUTH — 100 %. OAO
«OpTOH».

‘3 T WL WL

«Xomnogaitdoep Bormromerpux», 600 /M2,
[Homusgupusie MoHoHUTH — 100 %. OO0
«Tepmornom»

«I'eorexc M 600», hopmupoBaHue Xoncra
¢bunbepHOe (CIaHOOHT), a3POJMHAMUYIECKOE,
UTJIONIPOOUBHOM, 632 /M. [TonunponuneHoBbie
MoHOHUTH — 100 %. OO0 «Cubyp-
I'eoTexcTunby.

Puc. 1. CtpykTypa HETKaHBIX MOJOTEH PA3JIMYHBIX TPOU3BOIUTEICH.

«I"eoxom [I», urnonpoOuBHOE,
KaJIJaHAPUPOBAHHOE C OJTHOM CTOPOHBI, 393 /M2,
[HItanenpHOE BOJIOKHO: oA dupHbIe - 20 %);
nosinnponuieHoBsle - 80 %. OO0 «Komuteke».

[TosToMy pansi aHammM3a TIPOLECCOB TEIUIO W 3BYKONMPOBOTHOCTH, (WIBTPAINH,
CaMOIIPOU3BOJILHOTO BIUTBHIBAHUSA, YIPYTOIIACTHYECKUX JedopMaluii, IMUPOKO MPUMEHSIOTCS
WICaTH3UPOBAHHBIEMO/ICTH, TOCPEICTBOM KOTOPBIX OCYIIECTBIISIETCS B3aWMOCBSI3b  MEXIY
(U3MYECKUMU OCOOEHHOCTSMU PACCMATPUBAEMBIX SIBICHUH W TEOMETPHUYECKHMMH pa3MepamMu u
($hopMOii CTPYKTYPHBIX SJIEMEHTOB.

B oOmem cnywae, mpeacraBieHue TBepAOH (a3bl TEKCTHIBHBIX MaTepHAOB B BUIE
MHOTOTPAaHHHUKOB, CPEPUYECKAX WM MWIMHIAPUYSCKAX TeT 3HAYUTEIBHO COKpamaer o0JacTh
MPUMEHEHUS TAKUX MOJIENIeH U MMEET Psiji HeJJOCTATKOB, K KOTOPBIM CJIEyeT OTHECTH:

- OJIMHAKOBBIN pa3Mep CTPYKTYPHBIX 3JIEMEHTOB;
- TMOCTOSIHCTBO CTETCHHM 3alOJIHEHUS TOPOBOTO MPOCTPAHCTBA MPHU 33JJaHHOM PACIOJIOKEHUU
BOJIOKOH HE3aBUCHMO OT HX pa3zMepa.

Kpome Toro, momoOHbIe MOAENU HE SBISIOTCS JOCTATOYHO S(H(HEKTHUBHBIMU B CBSI3H C
HAIMYHEM TPYOBIX OIMYIIEHHHA, KOTOPHIC 3aKIIOYAIOTCS B BO3MOXHOCTH JHOO H3HAYAIBHO
3aJJaHHOTO KOHTAaKTa, JIMOO TIOJHOTO €ro OTCYTCTBHS MEXIY BOJOKHAMHU (HUTAMH). Takum
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o0pa3oM, TEOpETHYECKHE METOJbl, OCHOBAHHbIE HAa MHKPOYPOBHEBOM MOJICIMPOBAHUM, HE
MIpUEMJIEMBI TIPU UCCIIEOBAHUN (PU3UKO-MEXAHUUYECKHUX, THIPOJUHAMUYECKHUX U TEIIO(PU3NYECKUX
IIPOLIECCOB, TPOUCXOIAIINX B BOJIOKHUCTBIX CTPYKTYpaXx.

B cBsi3u ¢ 3THM, B 4aCTHOCTH, HETKaHbIE€ MaTepUalbl MPEACTABISAETCS 1EIeco00pa3HbIM
paccMaTpuBaTh KakK CIUIOIIHBIE CPE/bl, UMEIOIINE BOJOKHUCTOE CTPOCHUE U TIOPUCTYIO CTPYKTYPY.
[Ipuyem, noJx MOPUCTOCTHIO CIIEAYET MOHUMATh HE COBOKYITHOCTh OTAEJIBHBIX MYCTOT, 3aMKHYTBIX
WIN COEAMHCHHBIX MEXIy cOo0O0H, a MakpooOBeM BemiecTBa (Hampumep, BO3/IyXa), B KOTOPOM
HaxoQuTcsl OoJiblliee WM MEHbIIEe KOJIMYECTBO BOJOKOH (MOHOHHUTEH), pAacIoyIOKEHHBIX
peryisipHO WM XaoTudeckd. HeoOX0oIuMO OTMETHTh, YTO OTAEIBHBIX SBHO BBIPAKEHHBIX MOP U
KanWUSIpOB, B OOLICHPUHATOM MMOHMMAaHUM 3TOrO TEPMUHA, B HETKAaHBIX MaTepualax He
HaOmoaercs (puc. 1).

[IpuMeHeHre TUnoTe3sl CIUIOMIHOCTUA CBA3aHO C IMOHATUEM MaTePUATIBHOIO KOHTUHYYMA,
YTO JaeT BO3MOJXKHOCTb CUMTaTh HENPEPHIBHBIM DACIPEAEICHUE B MaTepuaie OCHOBHBIX
¢busznueckux BeNUYMH (TUIOTHOCTh, KO3(DPHUIMEHT TEMIONPOBOJAHOCTH, MOPUCTOCTh U T.1.),
npeHeOperass B3aMMOJICWCTBUEM OTICIBHBIMHA  BOJIOKHaMH. [loCcKONbKYy criomHas —cpena
(MaTepuallbHBIII KOHTHHYYM) €CTh HEKOTOpass BHpTyajbHas CyOCTaHIUS, HEMpPepbIBHO
3aMOJIHSIONIAs. YacTh MPOCTPAHCTBA, ONMCAHUE €€ COCTOSHHUS CBSI3aHO C 3aJlaHMEM BEJIMYUH B
KOKIOW TOYKe KaKoW-IuOo paccMaTpuBaeMoro mpocTpanctBa. llpu 3ToM mpeamonaraercsi, 4To
IIPOCTPAHCTBO, B KOTOPOM PpPacCMaTpUBAIOTCS MPOLECCHI, MPOUCXOJAILINE B CIUIOLIHBIX Cpeaax,
SIBJISIETCS] €BKJIUJIOBBIM.

Kpome Toro, momoOHBIA IMOAXOJ TO3BOJSET KCIOJIB30BaTh amlapaT HEMPepPhIBHBIX
byakuii, auddepeHnnanbHOoe U HHTETpalbHOE HUCYHUCICHHE, YTO OCOOCHHO aKTyaldbHO s
W3yYeHHs]  HAIpPsDKEHHO-Ie()OPMUPOBAHHOTO  COCTOSHUSI  HETKAHBIX  TOJIOTEH, HMMEOIINX
HEOPUEHTUPOBAHHOE PACIOI0KEHHE CTPYKTYPHBIX 3JIEMEHTOB.

[TonsiTvie CIUIONIHON CpeAbl HEPA3phIBHO CBSA3aHO C OJHOPOJHOCTBIO CBOMCTB Ha BCEM €€
MIPOTSHKEHUHU. OKCIEPUMEHTAJIbHBIE HCCIENIOBAaHUSA IOKA3ald, YTO Pa3JIMYHbIE IO CBIPHEBOMY
COCTaBy M CIIOCOOY IMPOU3BOJICTBA HETKAHBIE MOJIOTHA HMMEIOT NMPAKTUYECKH paBHbIE 3HAUEHUS
KO3 pHIMEeHTa HW30TPONHOCTH MO MPOYHOCTH M JePOpMaluu, YTO MO3BOJISET KOHCTATHPOBATH
HaJIMuMe U30TPOMHBIX CBOMCTB y UCCIIEYEMbIX MaTEpPHAIIOB.

B mpouecce skcmyaTanMyM TEKCTHIIBHBIX HU3AEIUM HET HEOOXOAMMOCTH 3HaTh, Kak
M3MEHSIIOTCSl XapaKTepUCTUKU KaX/I0T0 BOJIOKHA WM MOHOHMTHU. [loaTomy mpenmosnaraercs, 4yTo
BCE JJIEMEHTHl MJEHTHYHBI IO CBOMM XapaKTEPUCTUKAM, PAaBHOMEPHO DPACHPEIEIIEHBl IO BCEMY
o0bEMY M CBOMCTBa BBIIEJICHHBIX B HEH MaKpooOBEMOB OJMHAKOBBL. TakuMm oOpa3om, mHpu
MCCIIEIOBAaHUH BOJIOKHHCTOTO MaTepHalla JI0CTaTOYHO U3YyYUTh €ro 3JIEMEHTapHbI 00beM — yacTb
Cpelbl, HUYTOXKHO MaJlyl0 M0 CPaBHEHHIO C pa3MepaMu MaTepuana U BMECTe C TEM JO0CTaTOYHO
3HAYUTENIBHYIO 110 CPAaBHEHMIO C XapaKTEPHBIM (IIONEPEYHBIM) pa3MEPOM €IMHUYHOIO BOJIOKHA U
COJIEP’KaIlYI0 HACTOJIbKO OOJBIIOE YHCIO BOJOKOH, YTO MOXHO TPUMEHSTh CTAaTHUCTUYECKOE
OCpEHEHHE. JTO MOJIOKEHUE ONPENEIAET 1Ba OCHOBHBIX MOJXO0AA K U3YUEHUIO CIUIOLIHBIX CPEX:
CTaTUCTUYECKUHN U (PEHOMEHOIOTUYECKHH.

CratucTuyeckuii TMOAXOJ OCHOBBIBAETCS Ha METOJAX CTaTUCTHUYECKOM MEXAHHKH,
BEPOATHOCTHBIX METOJaX, MPUMEHEHHUIO CPEIHUX XapaKTEPUCTUK MO MaKpOOOBEMY CTPYKTYPHBIX
AJIEMEHTOB, BBEJECHUIO JIOMIOJHUTEIBHBIX TMIIOTE3 O CBOWCTBAX M PACIOJOKEHUH MHKPOYACTHIL C
LEbI0 YIPOUIEHUS] MOJENH, YTO, MPUMEHUTENIbHO K HETKAaHbIM MaTepuajam, 3aTPyIHUTEIbHO B
CBSI3U C HEJOCTATKOM MH(OPMAIMH O PACIIOIOKEHUH U B3aUMOJICHCTBUU BOJIOKOH.

Jns pemeHust OOJBIIMHCTBA 33/a4 MEXAHHKHU CIUIOUIHBIX CpEJl MPUMEHSIIOTCS CTPOTHe
MaTeMaTHYeCKue MpPHUEMbl HHTETPHUPOBAHUS OCHOBHBIX JU(B(EepeHIMaNbHBIX YpaBHEHUN NpU
YCTaHOBJICHHOM CHCTEME IPaHUYHBIX M HaYadbHBIX ycioBwii [3, 4]. OnHako, 60jbIIas CIOKHOCTh U
HEJ0CTaTOYHAsi U3yYEHHOCTh MHOTHMX SIBJEHMH BBIHY)KIAIOT HE JOBOJBCTBOBATHCS IPUMEHEHHEM
TOJIBKO METOJIOB TEOPETUYECKOW MEXaHWKHM W MaTeMaTh4ecko (GU3MKH, HO M IHIMPOKO
II0JIb30BATbCA ~ BCEBO3MOXKHBIMM ~ OMIMPUYECKUMH  INPpUEMAMM W TaKk  Ha3blBa€MbIMU
«TMOYDIMIUPUYECKUMU» 3aBUCUMOCTSMH, B TIOCTPOCHHUU KOTOPBHIX OOJBIIYI0 pPOJb HIParOT
pe3yabTaThl 3KCIepuMEHTOB. [lo3ToMy A M3ydeHHs BOJOKHHCTBIX MaTepHalioB Haubojee
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11eJ1ec000pa3HO UCTIONb30BaTh (PEHOMEHOIIOTHYECKHI TOX0/ (OT rpeyeckoro ciioBa phainomenon -
ABJICHUE), Oa3upyrOIIMiicss Ha OOIIMX, IOJYYEHHBIX U3 OIbITa 3aKOHOMEPHOCTSAX U THUIIOTE3aX,
KOTOpBIE€ IPUHUMAIOTCSI 3@ UCTUHHBIE U UCIIOJIb3YOTCS JIJIS:

- TOCTPOEHHUS CUCTEM XapaKTePUCTHUUECKUX (YHKIUI, aJeKBAaTHO OMNMCHIBAIOIIUX IPOLECCHI,
IIPOUCXOJSIINE B CIUIOUIHBIX CPEAX;

- BBISIBJICHHS IIapaMETPOB COCTOSIHUS M YPAaBHEHUH, yCTaHABIMBAIOUIUMX B3aUMOCBSI3H, OCHOBAHHbIE
Ha JKCHEPHUMEHTAIbHBIX JaHHBIX M HCIIOJIb3YIOIIUXCS JUISI MAaT€MaTU4eCKOrOo MOJEJIMPOBAHMUS
UCCIIElyEMBIX CPEN;

- OIIpE/IETICHUS HA4YaJbHbIX U IPAHUYHBIX YCIOBUM, P KOTOPBIX HCKOMBIE XapAKTEPUCTUKUA MOTYT
OBbITh HaliIeHbl MAaTEMAaTHUYECKUMH METOJJAMH.

OcCHOBBIBasACh Ha BBILIICU3IOKEHHBIX PACCY)KJIEHUSAX U JIOBOJAX, B COOTBETCTBUU C
(EeHOMEHOJIOIMYECKUM MOAXOJ0M K H3YYEHHIO BOJIOKHUCTBIX MAaTEpUaoB, MOXHO IpPEII0KHUThH
Ps IOHATUH U ONIPEIEIICHUM:

Herkanblii MaTepHaJ - CIUIOIIHAS CPElla, UMEIOIAs BOJIOKHUCTOE CTPOCHHUE U IIOPUCTYIO
CTPYKTYDY.

DJIeMeHTApHbI 00beM HETKAHOI0 MaTepHaa — YacTh CIUIOIIHOM Cpelbl, HUYTOXKHO
Majasi 110 CPaBHEHHUIO C pa3MepaMu MaTepuana, HO JOCTaTOYHO 3HAYMUTENIbHAsl 110 CPABHEHUIO C
XapaKTepHbIM (TIONEpPEYHBbIM) pa3MepoOM €AMHUYHOIO BOJIOKHA (MOHOHMTH) WU COAEprKalas
HACTOJIBKO OOJIBIIOE YHUCIO BOJOKOH (MOHOHHUTEH), YTO MOKHO MPHUMEHSTh CTaTHCTUYECKOE
OCpEIHEHHE.

HerkaHoe mo/10THO — HOpUCTasl CIJIOLIHAS Cpela, CTPYKTYPHBIMH 3JEMEHTaMU KOTOPOM
SBJISIIOTCSI CKPEIUIEHHBIE MEKIY COO0M MEXaHWYECKUM, (PU3UKO-XUMHYECKUM, TEPMUUYECKUM WU
KOMOWHUPOBAHHBIM CITIOCOOaMU BOJIOKHA MJIM MOHOHHUTH.

BoJIOKHHCTBIH  TENJIOM30JSITOP -  BBICOKOIIOPUCTBI ~ HETKaHBIH  MaTepual,
IIpeIHa3HAYEHHBIA JUIsSl TEIIOM3O0JISLUU OJIEXKAbl, IPOMBILIUICHHbBIX, CTPOUTENIbHBIX U JKUIMILHO-
OBITOBBIX OOBEKTOB.

ITopucTrocTh — COBOKYNHOCTH HPOMEXYTKOB MEXAY CTPYKTYPHBIMU 3JI€MEHTaMU
CIUIOIIHOM CpeJlbl, 3alI0JHEHHBIX BELIECTBOM, B KOTOPOM HAXOAMTCSA MCCIENYEMBIH MaTepHal, U
orpezensieMasl COOTHOLLIEHUEM OOBbEMHBIX MJIOTHOCTEW MaTepuaja M COCTaBJISIONIMX €ro BOJIOKOH
(HUTER).

Enunuynasi mopa mpelcTaBisieT coO0H MHUKpPOOOBEM Cpenbl, JUOO OrpaHUYEHHBIN
(3aMKHyTast ~ mopa), JHMOO  COEOMHSIONMIICA  HECKOJIbKMMM  aHAJOTMYHBIMH,  OJIM3KO
pacroIoKeHHbIMU MUKPOOObEMaMHU.

Kanunaasip (ot nar. capillaris - BojocHO#) —1onast TpyOka MPOU3BOJILHOTO HOMEPEYHOI0
CEUEHUS C OYEHb Y3KMM BHYTPEHHHUM KaHAJIOM.

Pagnyc ycjI0BHOro Kanmu/uisipa — reOMETpUUYEcKas XapaKTepUCTHKa CIIOIIHOW Cpelbl,
3aBHCSILIAs OT MOPUCTOCTH U OMPEIEIAIOMUX JTUHEHHBIX pa3MEepPOB CTPYKTYPHBIX 3JIEMEHTOB (715
TEKCTUJIbHBIX MaTepHaJIOB — JUAMETP BOJOKHA MM MOHOHHUTH). IloHATHE yCIOBHOrO Kamwuispa
MO3BOJISIET TMPUMEHHUTHh CYIIECTBYIOUIME (OPMYIbI, CHpPaBEUIMBbIE [UIsI KaMWUISAPHBIX U
KallWJUIIPHO-TIOPUCTHIX TeJl, sl MPUOIMKEHHOTO pacyeTa BBICOTHI CAaMOIPOM3BOJIBHOIO MOIbeMa
AKHUJIKOCTU B IOPUCTBIX CpPe/Iax.

IToxa3artens (k03(ppuHEHT) rHAPABINYECKOH NPOHULIIAEMOCTH — [1apaMeTP CIUIOIIHON
Cpelbl, XapaKTepU3yIOIIUNA ee CIOCOOHOCTh MPOIYCKaTh >KUJIKOCTh MpHU Tepenane OaBiIeHHs U
3aBUCAIIMKA OT TOPHUCTOCTH (KAMMUIAPOB ISl KAaNMJUIIPHO-TIOPUCTBIX TEJI) U T'€OMETPHUECKUX
pa3MepoB CTPYKTYPHBIX JIEMEHTOB.

AP PexTHBHBI KOIPYUIHEHT TEILIONPOBOIHOCTH A,g — NapaMeTp, XapaKTepU3yIOIuii
MHTEHCUBHOCTD MPOXOXKACHUS TEIJIa B CIUIOIMIHBIX CpellaX, UMEIOINX KalWUIIPHO-IOPUCTOE WU
IIOPUCTOE CTPOEHUE, YUYUTHIBAIOLIMM MOJIEKYJISIPHBIN TEIJIONEPEHOC B CTPYKTYPHBIX 3JIEMEHTAX
(BOJIOKHAX, MOHOHMTSX), MOJICKYJSPHBI M KOHBEKTHUBHBIH TEIJIOOOMEH MEXIy 4YacTULAMH
BELIECTBA, HAXOAIIETOCS B IOPAX U J0JII0 TEMJIOBOM SHEPIUH, IEPEIABAEMON U3ITyUEHUEM.

C nosunuu METOAOJIOTUYECKOH, TMPEACTABISIETCS  LEIeCO00pa3HbIM  NPUMEHATh
TUIIOJIOTUYECKUH aHaIN3, IPEANOJIAraloui UCIOIb30BaHUE PA3INYHBIX JJOTUKO-MaTEMAaTUUECKUX
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METOAO0B U Mojenell. Takoi moaxoa OTKPhIBAET MyTh K IMOCTPOCHUIO a0CTPaKTHBIX THUIOJIOTHM, B
KOTOpPBIX THII TIOHMMAE€TCsl KaK CJIOXKHAs KOHCTPYKLMs, pPAa3MEIUEHHas B MHOTOMEPHOM
npoctpancTBe. HeoOXomumMo OTMETHTh, YTO THIIOJIOTHS, KaK METOJ HayyHOro MO3HAHWS,
UCIOJIb3YeTCsl B LEJAX CPAaBHUTEIBHOIO M3YYEHUS CYLIECTBEHHBIX MPU3HAKOB, CBs3eH, (QpyHKIUI,
OTHOIIICHHI ¥ YPOBHEH OpraHu3anuu o0beKToB [5-7].

bazupysch Ha SMIMPUYECKUX IAHHBIX, THIIOJIOTUS ONMpAeTCs Ha IOHMMaHUE OOBEKTa
HCCIIEIOBaHUS KaK CHUCTEMBI. JTO IO3BOJSET ONPENEIUTh MATEMaTHYECKHE 3aBUCUMOCTH M, Kak
CIIEICTBUE, 3aKOHOMEPHOCTH, IMPHUCYILIHE MHOT0OOpa3vi0 HETKAHBIX MaTepUajioB, YTO B CBOIO
ouepelb J1aeT BO3MOYKHOCTb IIPOIHO3MPOBATh XAapaKTEPUCTHKU MU CBOMCTBA pPaccMaTpUBAEMbIX
TEKCTUJIbHBIX U3ZCIIUN.

KonkperHoe mnpumeHneHne (EHOMEHOIOTMYECKOTO M THUIOJOTHYECKOTO MOIXOI0BMOXKHO
II0OKa3aTh HA IPUMEPE aHaJIM3a IIPoLecca CaMONPOU3BOIBHOIO BIMTHIBAHUE KUAKOCTH HETKaHBIMU
MaTepuaIamH.

OTcyTcTBHE KanmWUIAPOB, KaK TAaKOBBIX, B CTPOCHMM HETKAHOTO IIOJIOTHA, TpedyeT
MPUHLMIIUNAIBHO MHOTO, IO OTHOIIEHHMIO K CYILECTBYIOIIMM, IOJXOJa JJIs M3y4eHHs Ipoliecca
CaMONPOM3BOJIBHOIO BHUTHIBAHMS JKUAKOCTH BOJIOKHUCTBIMM MaTepuasiaMud. OcoOeHHOCTb
[IOCTABJIEHHOM 3a/lay C MO3MLUU MEXAHUKH CIUIOLIHBIX Cpel 3aKJIIYaeTcs B HCIIOJIb30BAHUU B
KayecTBE OINpENeSIIOero napamMerpa He JMHEHHOro pasMepa Kanwuiipa (paguyca), a
MaKpOOOBEMHON XapaKTEPUCTHKH, HANpUMeEp, IMOPUCTOCTH WIM IUIOTHOCTH, YTO OCOOEHHO
aKTyaJIbHO JUIsl HETKAHBIX IIOJOTEH, UMEIOIINX HEOPUEHTUPOBAHHOE PACIIONIOKEHUE BOJIOKOH WU
MOHOHUTEM.

OOLIEenpUHATO MOPUCTOCTBIO CpeAbl & Ha3blBaTh OTHOLIEHHWE OObeMa IYCTOT K 0oO0IeMy
o0vemy cpensl [8, 9]. Jlnsg BOJIOKHHUCTBIX MAaTEPUAIIOB M, B YAaCTHOCTH, HETKAHBIX IOJIOTECH,
MIOPUCTOCTh MOXKET OBITh BhIpa)k€Ha KaK OTHOIIEHUE IUIOTHOCTEH MaTepualla U COCTaBIISIOLIUX €ro

BOJIOKOH:

0<t=1-M4

PB
rae: & - MOpUCTOCTh MaTepHuaa,;

Py~ IULIOTHOCTh MaTepHuaa, KT/M;
Ps- TLIOTHOCTH BOJIOKOH (MOHOHUTEH), Kr/M3;

[ToMuMo mTOpHCTOCTH TIpH H3YYCHWH pacCMaTpUBAaEMOIO Ipolecca, He00X0IMMO
IPUHUMATh BO BHUMaHHUE CTPYKTYpPY U CTPOCHHE MMOPUCTOM Cpefbl, a TaKkke (pU3NUecKue CBOMCTBa
kunkocT. Takum 00pa3oM, TOTOHUTELHBIMU ITapaMeTPaMH, XapaKTePU3YIOIIMMHU CPeAy C TOUKH
3pEHMsI IBUXKEHUS JKUAKOCTH B IOPOBOM MPOCTPAHCTBE, OYAYT:

- IPOHUIIAEMOCTh- IIOKa3aTeNlb MHTEHCUBHOCTH T€YEHUS JKUKOCTH B TIOPUCTOM CpeJie;
- JIMHEHHBII pa3Mep CTPYKTYPHBIX JIEMEHTOB, B KaueCTBE KOTOPOTO MPUHUMAETCS JUAMETp WU
JUTMHA, B 3aBUCUMOCTH OT MIPHHSATONW MOJIEITN CPEJIbI.

C yderoMm yKa3aHHBIX MapamMeTpoOB (OPMHUPYIOTCS YCIOBHUS JUHAMUYECKOTO PaBHOBECHS
IpH pachpeieNieHHH CKOPOCTEH B KaKIOM CEYCHHHM BOJIOKHHCTOTO MaTepHajia MEXIy CHUIaMU
MHEpIUN U BHYTPEHHETr0 TPEHHUsS, a TaKKe BHEIIHEH Harpy3kod M paclpesielleHueM aBIeHUs
BHYTPH KHJIKOCTH.

I[Tporecchl caMONTPON3BOJILHOTO BIIUTBHIBAHUS MTOPUCTHIMH CpelaMH 00YCIOBIICHBI BIUSHUEM
CHJI MEXMOJIEKYJISIPHOTO B3aUMOJICHCTBUSI Ha PaBHOBECHE W JIBIKCHHE CBOOOIHOI MOBEPXHOCTH
KHJIKOCTH, TOBEPXHOCTH pasjiesla HECMEUIMBAIOIIUXCA JKUAKOCTEH W TpaHMIl >KUAKOCTeH ¢
TBEpIBIMU TelaMH. [IpH CONPUKOCHOBEHHWH >KUIKOCTH CO CTPYKTYPHBIMH DIIEMEHTAMHU CHIIBI
NPUTSOKEHUS, JEHCTBYIOIIME MEXKIy MOJEKyJaMH BOJIOKOH M JKHUIKOCTH, 3aCTaBIIIOT €€
MOJTHUMATHCSI TIO TOBEPXHOCTH BOJIOKHA, BCIIEACTBHE YErO IMPHUMBIKAIONIMKA K CTEHKE Y4acTOK
MOBEPXHOCTH JKUIKOCTH IIPHHUMAET BBIITYKIIYIO WM BOTHYTYIO hopmy [10-12].

WHTEeHCUBHOCTh CaMOIIPOM3BOJIBHOTO BIUTHIBAHMS KMJKOCTH HETKAaHbIM MaTepHaIoM
U3MeHsieTcs BO BpeMeHHU. llogbeM ocylecTBiseTcss A0 TeX IOp, MOKa CHIIy IMOBEPXHOCTHOTO
HaTSDKEHUSl HE YPAaBHOBECUT CHJIA JABICHMUS CTOJN0Aa MOAHATON kuAKOCTH. Ilpuyem, ckopocTsb
BIIUTHIBAaHUS TIEPBOHAYAIFHO PE3KO BO3PACTAaeT, a 3aTeM IIOCTENEHHO 3aMeUIIeTCs U dYepe3
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HEKOTOPBII MPOMEKYTOK BPEMEHH CTAHOBUTCS PaBHOU HYIIO, T.€. BBICOTA MOhEMA KUAKOCTH (WK
KOJIMYECTBO YICPKUBAEMOW MAaTEPUATIOM KHJIKOCTH) JOCTHTACT CBOETO MAaKCUMAaJIbHOTO 3HAYCHUS,
KOTOpPOE OCTAeTCsl MOCTOSITHHBIM BO BPEMEHHM NPH HEW3MEHHBIX IMMapaMeTpax Cpelbl, B KOTOPOU
HaxOJUTCS MaTepuai (Hanmpumep, atmocdepa).

[IpuHUMas BO BHUMaHUE, YTO KMHETUKA BIUTHIBAHUS OJMHAKOBA JIJISi HETKAHBIX ITOJIOTEH,
BBIpAOOTAHHBIX PA3IMYHBIMH CIIOCOOAMHM HM  COCTOSIIIMX W3 Pa3jM4YHBIX BHUJIOB BOJIOKOH
(MOHOHHWTEI), I aHAIUTUYECKOTO OMUCAHUS TMpOIecca MOAbEMa XUIAKOCTU, B COOTBETCTBHH C
(EHOMEHOJIOTHYECKHM IOIX00M, MOKET OBITh MCIIOJIb30BaHa (DYHKITHS BH/IA:

G(x) = f- a+x

a+x2 !

rae: X =  — MOpUCTOCTh MaTepuana;
G(X) = h(&) — BeIcoTa MOABEMA JKUIAKOCTH;
a, T — ko3 hunEeHTH TPONOPLHMOHATEHOCTH.
B 3aBHCHMOCTH OT COOTHOIICHHs YMCICHHBIX 3Ha4YeHWi o u f xapakrep pacrosioxeHus
kpuBoit G(X) Ha IUIOCKOCTH MOXKET OBITh Pa3INUHbIM (pHUC. 2).

G(x) 0,25 P G(x) 0,016

or AN 00128 1|

0,175 / \\ 00112 \

0,15 / 96-10°

0.125 - \ 8-10°

0.1 ,/ A\ 64-10° [\

0,075 | 48-100 1\

0,05 32-10° \

0,025 |/ \\ 16-10° \\‘\
0 0 ———
0 0102 0304 0506 07 08 09 1,0 0 0102 0304050607 08 09 1,0

X X

Puc. 2. Xapakrep pacronoxxenusi kpuboi GyHkimun G(X)B 3aBUCUMOCTH OT YHUCICHHBIX
3HayeHui o u f.

OO6ocHOBaHUEM 11€71ECO00PA3HOCTH BHIOOPA MPUBEICHHOTO YPaBHEHUS JIJIsl aHATTUTUYECKOTO
HCCIICIOBAHN IPOLIECCA BIUTHIBAHUS JKHIKOCTH BOJTOKHHCTBIM MATEPHATIOM, ABIIACTCH:
- HaJIMYWE €JIMHCTBEHHOro 7KcTpemyMma 0 < X < 1, MO3BOJSIONIETO BBISIBUTH MaKCHUMAaJIbHOE
sHaverne G(X );

-G(x)>0;

-Gx=0)=Gx=1)=0;

2

- HaJIM4YKE U HEPEPBIBHOCTh BTOPOM IPOM3BOJHOMN Ha uHTEepBane 0 <x <1. .

dx? .
3 HEOOXOMMOTO YCITOBHUS CYIIECTBOBAHMS SKCTpEMyMa (DYHKITUH OIPEIENACTCS TOUKA X

X, =—ata /1+§,

VYunteiBas (uznyeckre 0COOEHHOCTH IpOIlecca BIUTBHIBAHUS, PACCMATPUBAIOTCS TOJIBKO
T0JI0XKUTEIbHBIC 3HAYCHHS X . SHAUCHHE (YHKINK B TOUKE IKCTPEMyMa PaBHO:
Gx) =,
C nenbio onpeaeneHust ko3P PUIMEHTOB NPONOPIMOHATBHOCTH o U f caenano nomymieHue o
HaJIM4uK HekoTopod ¢yHkimu Y(X), HICIPHO OIMMCHIBAIOIICH IPOIECC BIUTHIBAHUS BSI3KON
’KUJKOCTH BOJOKHHCTBIM MaTepuanoMm. [Ipu 3ToM mpenmnonaraercs, yTo B TOYKE X' JOCTHIAETCS
MUHUMYM (pyHKITMOHANA:
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1

f[G(x) —YX)]Pdx=V+W

0
a+x a+x

* 1
te: V = [ 62— = B P W= [P — f—y - (1 - %dx

Nzobpakenrie G(X) m Y(X) B mumamazone 0 < x < 1 mpeacraBieHO Ha pHC. 3.
3amTpuxoBaHHAA IUIOLIAb MEXAYy TpaduKaMH COOTBETCTBYIOIIMX (YHKIUI COOTBETCTBYET

YCJIOBHIO |, Ol[G(x) — Y(x)]?dx — min.

0,05 i
0,045 / /‘
( 0,035 / \
Y(x) 0,03
G(X) 0,025 / / \

0.02 /A (X) \ \
0,015 / \
0,01 \
0,005 \‘
0 \
0 0,12 0240,36 0,48 [)),(6*0,72 084 0,961,0812
Puc. 3. I'paduk ¢pynkmit G(X) u Y (X)

IMocnenyromue, JJTOCTATOYHO CIIOKHBIE MareMaTHYECKHE BBIKIAIKH, CBS3aHHBIE C
WHTETpUpPOBaHUEM U Au(QepeHIUpOBaHUEM TPUBEACHHBIX BBHIIIE YpaBHEHHH, JOCTaTOYHO
MOAPOOHO U3JI0KEHHI B [2].

B pesynbraTe NpOBENEHHBIX BBIYHCICHUI YCTaHOBICHO, 4To GyHKIus G(X) wumeer
IKCTPEMyM B TOYKE X = 0,01719425 B KOTOPO¥: G(x") = 1,58810317; a = 0,00030617; f =
0,0565574 (puc. 4).

G0 15 [
1 V\
0,5
|

0 0,111 0,222 0,333 0,444 0,556 0,667 0,778 0,889 1
X
Puc. 4. I'padux dpynkiwm G(X)

TakuM 00pa3oM, NANbHCHNIMIA AHAIN3 KHHETHKH BIMTBHIBAHWS NPOBOAUTCS I X =
0,01719425 u G(X*) = 1,58810317, nomaras, 4TO 3Ha4YCHHE X COOTBETCTBYET MOPUCTOCTH
MaTepuaia & , BRIPaKCHHON B OTHOCHTEIBHBIX SIMHUIAX, a BeamunHa G(X ) paBHA MaKCHMAIbHOM
BBICOTE TMOJbEMA JKHIKOCTH h(é*), BBIpOKCHHOW B MeTpax. I[Ipm 3TOM BBICOTa mMOaBEMa B
3aBUCHMOCTH OT IOPUCTOCTH OIPENEISACTCS U3 YPABHCHHSI:

0,00030617 + -
h(§) = (0,0565574 - S 0,0565574)- 81

0,00030617 + &2 Ns
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B OCHOBYy aHaJIUTUYECKOTO HCCIIEOBAHMSI CaMOINPOU3BOJILHOTO BIMTHIBAHUS KUAKOCTU
BOJIOKHHCTBIM MAaTEpUajIOM B 3aBUCUMOCTH OT BPEMEHU TAKKe MOJIO0KEHBI(PEHOMEHOIOTUICCKUI 1
TUIIOJIOTUYECKU I TOXObI.

OCHOBBIBasICb ~Ha  AKCIIEPUMEHTANbHBIX  JAHHBIX, JUIA  aJICKBAaTHOTO  ONHUCAHUs
paccMaTpuBaeMoro mnpoiecca MoKeT ObITh UCIOIb30BaHa (PYHKIIMS BHIA:

F(x) = (x—D)-e*&D 4,

rZie: X =T — BpeMsl HAChIIICHUS MaTepHaa;
F(X) = h(t) — BeIcOTa IO IBEMA JKUIKOCTH B MOMEHT BPEMCHH T,
D, a, C — KOHCTaHThI, YYUTHIBAIOIIHNE CIOCOO MPOM3BOJCTBA M TOPUCTOCTh Marepuasa, BHI U
CTETIeHb IIaJIKOCTH BOJOKHUCTOT'O COCTAaBA.

XapakTep pacrojioxeHusi KpuBod F(X) Ha MJIOCKOCTH ONPEAeNsAeTCs COOTHOIICHHEM
YHCIICHHBIX 3HaYeHU KoHCTaHT D, a, C (pumc. 5).

FX) g0 " Fx) 300
— 7 < ettt d
320 ~ P 640 [
280 560
240 7 480 II
200 400
160 320
120 7 240
80 160
of °
002[1)4(1)&)010(!)1211)14(1)16(1)1&)020(1) O0 2 4 6 8 1012 1416 182
X X
Puc. 5. Xapakrep pacnonoxxenus kpuBoil pyHkuuu F(X) B 3aBUCMMOCTH OT YMCTIEHHBIX 3HAUSHUN
D,a C

Oyukmus F(X) sSBiasSercs yHUMOMAIBHOM, T.e. CYIIECTBYET EIMHCTBEHHBIH JKCTPEMYyM
X" > 0, mpu kotopom F(X) mocturaer MakcuMyma, KOTOPBIA OMpeessieTcss W3 HeoOXOIHUMOTro
YCIIOBUS CYIIECTBOBAHUS IKCTPEMyMa:
dF
— =& D _3.(x-D)-e @& D =9
dx .
W3 3T0r0 ypaBHEHHs TOYKA SKCTpeMyMa X * U 3HaueHHe (QYHKIMH B 3TOi Touke F(X ):
1 1+a-D
X*=—+D=—-—;
a a
F(x*)=—-e " +y.
a
B muanazone x ot 0 10 oo, F(X) nmeer cienyromnye 3HaYCHUS:
Fx=0)=0u F(x > o) =y. 1)
[Ipu mpoBejeHNM MaTEMAaTHYECKOTO aHaM3a IMPEAIoJIaracTcs, YTO B TOYKE X* JIOCTHTAeTCs
MUHUMYM (DyHKLHOHAA:
oo .
fo [F(x) — f(x)]?dx — min )
rne: f(X) — Hekoropas ¢GyHKIMs, BbIOpaHHas U3 (U3NYECKUX COOOpPaKCHHUU, HICATBLHO
OIMCHIBAIONIAS TPOIECC BIUTHIBAHUS BS3KOH OJKHUIAKOCTH BOJIOKHHUCTBIM MaTepUaOM |

YAOBJIETBOPSIONIAs CACAYIOIIUM YCIOBHSIM:
y

f(x) = {x*’
y, X’ <x<®

0<x<x*
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CoBmectHoe pacnionoxenue ¢pynkuuii F(X) u f(X) npencrasieno Ha puc. 6. 3amTpuxoBaHHasI
wiomazas Mexay rpabukamu Gyakiuii F(X) u f(X) coorBeTcTBYET NpeanonoxeHuo (2).

121

Fix)

12.08

11.96

F(x) 1.8 e

f(X) 11.72
116
11.48
11.26

11.24

11.12

1]-l:l c.o8 ’ oL 034 033 0.4 048 036 0644 072 0k
x* by
Puc. 6. I'papuueckoe uzodpakenue Gpynkimid F(X) u f(X)
dynkunoHan (2) MOXXHO 3aIcaTh B BUJE:
oo

f [F(x) —f(x)]’dx=A+B=V¥
. 0
rae: A = f; [F(x) — f(x)]?dx; B = fxof[F(X) — y]?dx
W3 (1) BeIpaxaercs cucrema:
{0=—D-ea'D+C
y=_C ’
KOTOpas JaeT BO3MOKHOCTb OIPEIeUTh YpaBHEHHE CBsA3M mapameTpos:y = D - e3P

C uenbr0 OLCHKH aJIeKBAaTHOCTH BBIOpaHHO# (QyHkuuu F(X) ncciaenyemomy dusnueckomy
mporeccy, B [2] mpoBeeH moApoOHbBI MaTeMaTHYSCKUH aHanu3 BIUsHUS koddduimentos D, a, C
Ha noBezienne GyHkuuu F(X), a Takke onpeaesicHre 3HAYCHU I X u F(X).

B pesymprare TeOpeTHMYECKMX HWCCIEAOBAaHMA KWUHETUKHA BIUTBIBAHUS  KHUIKOCTH
MaTepHaJoM OBbUIM YCTAHOBJIEHBI 3aBUCUMOCTH MEXJy OCHOBHBIMU XapaKTEpUCTHKaMHU Ipolecca:
BBICOTOM, BPEMEHEM ¥ CKOpPOCTHIO BEPTHUKAJIBHOTO TMOJBbEMa JKUAKOCTH OT MOPHUCTOCTH
BOJIOKHUCTOM Cpe/Ibl.

DKcrepruMeHTalTbHAs TPOBEPKA TOKa3aja HAIMYHE PAaBHOMEPHOCTH BIUTHIBAHUS JKUKOCTH
10 BCEMY 00BEMY MOPOBOTO MPOCTPAHCTBA MCIBITYEMBIX HETKaHbIX TMoyoTeH [2]. O4eBuaHO, 4TO
Xa0THUYECKOE PACTOJI0KECHHE MOHOHUTEH B CTPYKType MaTepuaia (M30TPOITHOCTH CTPYKTYPHI)
OTpakaeTcsl Ha JBMXKEHUH JKUAKOCTH I10 JUIMHE U IMIUPHHE 00Pa31oB.

ComocTaBiieHHE OMBITHBIX W PAaCYETHBIX 3HAYCHWH MaKCUMAJIbHOW BBICOTHI IOABEMA
KHUJKOCTM B HETKaHbIX MaTepuajaX pas3JIMYHBIX Mpou3BoAUTENeH (pUc. 7) yKa3blBaeT Ha
MPaBOMEPHOCTh ~ WCIIOJNIB30BAaHUSI TPEIVIOKEHHBIX — 3aBHCHMOCTEH Uil aHaimW3a mpoliecca
CaMOTPOM3BOJIBLHOIO BIUTHIBAHUS C IOCTaTOYHOCTbIO, /ISl BBIOJHEHHUSI TEXHUYECKUX PAcyeTOB.
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Conocragaenne IKCOEPHMEHTAJIBHEIX H PACYETHBIX ComocTagienHe IKCHEPHMEHTAJBHEIX H PACYETHBIX

< 3HAYEHHH BHICOTHI HOZEEMA *RHAKOCTH B 3ABHCHMOCTH 3HaYeHHH BLICOTHI HOIBEMA :KHAKOCTH B 3aBHCHMOCTH
g OT HOPHCTOCTH HeTKAHLIX MaTepHaaoB "'Teorexc” = OT DOPHCTOCTH HeTKaHBIX MaTepuanok "'Teoxonm 1"
E 0,14 £ oos
i 2 L
g o012 S 007 |
= g = -
§ 0,1 ! L2 I 006
T 008 ag g 00 Py
z ’ e g 004 5
£ 0,06 + Dxcriep 3 0,03 n 4 -JECTIIEp
2 0.04 mPacuer § 0,02 mPacuer
= 002 £ o0l
= 0 E 0
o
2 0,8 082 084 08 0,88 0,9 0,92 % 0,86 0,88 09 0,92 0,94 0,95
o
- MopucTocTh MaTepHaIa m IMopucTocTs MaTepHaaa

a 0

ConocTaBieHHe IKCIEPHMEHTANLHBIX H PACIETHBIX
3HAYeHHH BLICOTHI TOTbEMA *RHIKOCTH B 3aBHCHMOCTH
0T MOPHCTOCTH HeTKAHLIX MaTepaatos "Xostodaibep”

0,06
0,05 J

0,04

+ Jxcmep

0,03
'] B Pacuet
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]:[OPHCTD CTh MaTepHa1a

B
Puc. 7. ConocraBnenue 3KkCIEPUMEHTAIBHBIX U PACUETHBIX 3HAYEHUI BBICOTHI IOIbEMA KUAKOCTH
B 3aBHCHMOCTH OT IOPUCTOCTH HETKAHBIX MOJIOTEH: a.- «I'eorekcy; 0. - «['eokom JI»; B —
«Xomnogaitdep».

[IpoBeneHHBIE KOMIUIEKCHBIE HCCIICOBAHUS JAIOT BO3MOXKHOCTH CYAHTH O TOM, 4YTO
MOJIYYCHHBIC PE3YJIbTAThl HE MPOTUBOPEYAT (PU3UUECKOMY CMBICITY MPOTEKAIOLIEr0 Mpolecca, 1 B
OOJIBIIMHCTBE CBOEM, MMEET MECTO JIOCTaTOYHO OJIM3KOE COBMAJCHHE SKCIEPHUMEHTAIBHBIX M
pacyeTHBIX 3HAUCHHUI BBICOTHI TOIbEMA BOJIbI B 3aBUCMOCTH OT MOPUCTOCTH HETKAHBIX TIOJIOTEH.

Takoil BBIBOA TO3BOJISIET OCYHNICCTBUTH YWCICHHBIM aHajdW3 KHWHETUKU IIpolecca
BITUTHIBAHUS HETKAHBIMH TMOJOTHAMHU C Y4eTOM (PU3MYECKUX U TEOMETPUYCCKHX XapaKTEPUCTHUK
KUIKOCTH  (BOIBI) M BOJOKHHCTOTO  Marepwana. /Jlas  MaremaTHueckod  oOpaboTku
IKCIIEPUMEHTANBHBIX JTaHHBIX [2, 13] ucmonb3oBajics mporpammublidi komruieke Mathcad 15.0.
OreHKa TOYHOCTH aNIPOKCHMAIIMH TIPOU3BOINIIACH IO 3HAUYCHHSM:

- OTHOCHTENNBbHO# morpemHocTH, %: U = (f5 — f1)-100/f5,

S1
- ko3 durmenta koppemsiuun: K> = 1 — =

S1 = Z(f3 —fp)?

n G "
$2= ) (6)? = Znll)” (p“’)

rac: f3 - OKCIICPUMCHTAJIbHBIC JTAHHBIC,

fr — pe3ynbTaThl BBIYMCICHHH C WCIONB30BaHUEM (OPMYJ, TONYYCHHBIX B pe3yjbTaTe
anIpOKCUMALINH;
n=1.... N —HoMep, COOTBETCTBYIOLIUI 3HAUECHUSAM, IIOJyYEHHBIM B Pe3yJIbTaTE U3MEPEHUI;

p — o0111ee KOJMYECTBO HKCIEPUMEHTAIBHBIX JAHHBIX (00pa3I0B B COOTBETCTBYIOLIEH IPYIIIIE).

[Tony4yeHHble MaTeMaTHYECKHE 3aBUCHUMOCTH, I'paduyeckas MHTEpIpeTalus pe3ylbTaToB,
BEIMYMHA KOI()(DUIIMEHTOB KOPPENSIUH M OLIEHKA IOTPEIIHOCTH BBIYMCICHHBIX 3HAUCHHUH I10
OTHOILIECHHMIO K ONBITHBIM JJAHHBIM, IPUBECHBI B Ta0M. 1.
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Tabmumna 1.
Pe3ynbTaThl almpoKCUMAIIMU PACUCTHBIX BEJITHUHH.

= =X
3HaueHue S I E
S E 9
K03 (- 5 o o
MaremaTudeckas SRl
I'paduik 3aBUCHMOCTH ¢unmeHTaK E 5 g
3aBHCUMOCTh g 2 o
oppea- an] = &
I_II/II/IKkZ c g
min | max
3aBHCUMOCTh BPEMEHH BIIUTHIBAHUS KUIKOCTH T*(MUH) OT HOPUCTOCTHU & BOJIOKHUCTOTO MaTepuaa
npu 0<£<0,01719
# 032,206 =
- =
E "
() 5338,054
4.711 | @ 7 L Lo
= 8,7115053-10*-&¢"* | F ! 100 s @
. . 504 7 , S !
(0,3153768 - ¢ S 4o753¢ s | 3
-1 = 0,00126785 0,00808775 0,01718095
z MopucTocTs MaTepuana g
[ =
ai]

3aBHCHMOCTh BPEMEHH BIIUTHIBAHUS KUIKOCTH T* (MHH) OT TIOPUCTOCTH & BOJIOKHHCTOTO
marepuana npu 0,01719 <E<1

= 1048

l—-

=

z 526,11 \
(%) a8 \ S —
= 150,7487755 - £7035 g 170 Tl 1,00 S | K
. _ . €0,79 ' 1 —
(1-0,963805 - &%) 2 0,001 04672 09334 1

i [NopucTocTe MaTepHana €,

m

3aBUCHMOCTh BPEMEHU BIUTHIBAHHUAT*(MUH) OT MAKCUMAaJIbHOM BBICOTHI MOIbeMa KHUIKOCTH N(M)
IIPU 33JJAaHHOM MOPUCTOCTH MaTepHuaia &

5MI162 [T [ T 1 1
T+ -
(h) T 33544 ==
0,13 5 - | ~ ©
=19,9133151-h® e B R 100 s | 8
(6973494522 - %% | £ _ppggy (A | s | 3
-1 g 0 0107 0,747 16
§_ MakcHManbHaA BeICOTA
[=n]

NooBEMA HUIKOCTH h

3aBUCHMOCTB CPeHEN CKOPOCTH BIIUTBIBAHUS Vcp(M/C) OT MAKCHMAJIBHON BBICOTHI ITOIBEMA
XKHUIKOCTH h(M)

4,37958- -
10+ .
Vep(h) o 262775 LT

= 7,37439805 - 107> 3 104 = - o

2 o ()}
. 021 §-u4,3?"915€; — 1,00 =y N
. . 10,34 oz _ IV ; o
+((i,)90294655 h E%; 01067 8533 5

TES MakcMMansHas BLICOTA

oEE nogbeMa KUAKoCTH h
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W310KeHHBIC PE3yJIbTaThl HMCCIACIOBAHUN TIO3BOJIIIOT Pa3paboTaTh METOAMKY pacueTa
OCHOBHBIX XapaKTEPUCTHK MPOIECCa CaMOIPOU3BOIIBHOIO BIUTHIBAHHS JKUIKOCTH BOJOKHHUCTBHIMHU
MaTepuaiamu. VicxoHble AaHHbIC, (POPMYIIBI M MTOCICI0BATEIBHOCTD BHIUUCIICHUH MPE/ICTABICHBI B
Tabm. 2.

Tabnuma 2.
MeTtouka pacyeTa XapaKTEPHUCTHK MPOIIecca CaMOIIPOU3BOJILHOTO BITUTHIBAHUS JKHUIKOCTH
BOJIOKHUCTBIM MaTCPHATIOM.

Ne Onwucanue 3tana Pacuernbie popmyiibl
rara
[ HcxonHble nanHbie
XapaKkTepUCTUKU BOJOKHUCTOTO
11 MaTepuana:
' - TWaMeTp BOJIOKHA (MOHOHHUTH), M; d
- TIOPUCTOCTb. 1
1.2 [TapameTpbl KUIKOCTH:
- KpacBOM yrojl CMa4MBaHuUs, TPA/I; 0 (cos® = 1)
- KHHEeMaThyeckuii  kodpduimeHT
BSI3KOCTH KUAKOCTH, [1a-c; N
- KHHEeMaTmyeckuii  kodpduimeHT
BSI3KOCTH BOJIBI, I1a-c s = 8,94 107
- IOBEPXHOCTHOE HATSKECHUE KUIKOCTH,
H/m. Y
I Beruucnsrorcs
h 0,00030617 + ¢
(§) = (0,0565574 0,00030617 + &2
- BBICOTA BIHUTHIBAHUS B 3aBUCUMOCTHU g,
II.L1 | oT mopucTocTH MarepHana U BSI3KOCTH —0,0565574) -
. XK
KHUJKOCTH, M: ~ 5 g,
V2
(&) = 8,7115053 - 10* - g1
-(0,3153768 - %% — 1)
[l2 |- BPEMI JOCTHOKCHMA MaKCHUMAaJTbHOM mpu 0 < £<0,01719
BBICOTHI MTOAbEMA )KUJIKOCTH, C: () = 150,7487755 - £-035 . (1 —
0,963805 - £%79) mpu 0,01719<E< 1
M Ez
n3 |- MoKazareib INPOHUIAEMOCTH | | = T [h(¥)]?
CTPYKTYpBI MaTepHaa; 8-1-0-cosB-4-(1—%) '3
- CpemHsii  CKOpPOCTh  BIUTBIBAHUS vo. (h) = 7,37439805 - 10-5 - h021
1.4 | xuokoctn B 3aBUCUMOCTH oT P _ (’O 90294655 - h3* + 1)
MOPUCTOCTH MaTepuaia, M: ’
|5 |~ ~Pamiyc  YCIOBHOTO  Kamuispa 16 -k-(1-%) é
' BOJIOKHUCTOT'O MaTepuaa, M: Ly = g2

HN3n0XeHHBIIT KOMIUIEKCHBIHN moaAxXoa K HM3YUCHHIO HCECTKAHbIX MATCPHATIOB IIO03BOJISICT
MPOTHO3UPOBATh MX MApaMETPhl U CBOMCTBA MOCPEIACTBOM MAaTEMaTHUECKOTO MOJCIHUPOBAHUS C
YYETOM pa3HOO0Opa3usi BOJOKHHUCTOTO COCTaBa, CIIOCO0a M3TOTOBIICHUS U YCIOBUH MEPCIIEKTUBHON
OKCILTyaTaluu. I/I, HCCMOTpsA Ha TO, YTO TCOPCTHYCCKUC HUCCIICAOBAHUA MTPOBOIAATCA C
OTIpPENICIICHHBIMU  TIPUOIIDKEHUSIME, JajibHEHINee pa3BUTHE AHATUTHUYECKHUX METOAOB pacdera
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XapPaKTCPUCTHUK BOJIOKHUCTBIX MATCPpUAJIOB IIO3BOJIUT COKpPATUTHL 3aTpaTbl Ha MPOBCACHUC
AIUTEIIBHBIX, TPYAOEMKHX U JOPOTOCTOAMINX SKCIICPUMCHTOB.

JINTEPATYPA
1. Tpemanuan M.IO., Tpemanun FO.M., Kucenes M.B., MyxamemkanoB I'.K., Tpemanuna A.B.
[IpoekTupoBanue, MPOU3BOJICTBO U METO/IbI OLIEHKU KauecTBa HETKaHBIX MaTepuasioB. M3nanue 3-e,
nepepad. u qom.M.: MoCKOBCKHi rocyapcTBeHHbIN yHUBepcuteT nmenu M.B. Jlomonocosa, 2017,
288 c.
2. Tpemanun FO.M. AHanu3 CTpyKTypbl M CBOMCTB HETKaHbIX MarepuanoB. M.: M3natenbcTBo
«bOC», 2016, 192 c.
3. CenoB JI.LU. Mexanuka crutomHoi cpensl. T. 1 M.: Hayka, 1970 1., 492 c.
4 Jlonngackuit JI.I'. Mexanuka »)xuakocty ¥ rasza. M.: 1960, 676 c.
5. DnektpoHHbIi pecypc. — Pexxum pocrtymna: vocabulary.ruyTepmunsntipologija.html
6. DnekTpoHHbIN pecypc. — Pexxum nocryna: https://ru.wikipedia.org/wiki/
7. DnexktpoHHbIi pecypc. — Pexxum nocrtyna: http://ponjatija.ru/node/12893
8. Kykun I'.H. TekctunbHoe MaTepuanoBeqeHUE (MCXOIHbIE TEKCTHILHBIE MaTepHalbl): Y4eOHUK
mssy3oB / I'H. Kykun, A.H. ConoBeeB. 2 — e uznanue nepepad. u gom. / I.H.Kykun, A.H.
ConoBbeB. — M.: JlernpoMObITH31aT, 1985. — 216 C.
9. Kuxapes A.Il. CpoiicTBa BOJOKHHMCTBIX MAaTE€pHAJIOB IpPU JCHCTBUM TEXHOJIOTMYECKUX U
SKCIUTYTAI[MOHHBIX (hakTOpoB. YuebHOoe mocoOue mo aucuuivinHe «MarepuanoBeieHue B
MPOU3BOJICTBE M3AENUil Jierkod mnpombinuieHHOCTH» /  A.JLXKuxapes, O.B.®ykuna, B.C.
benropoackuii, H.I'.becconosa. — M, MWL MI'YIT. — 2006. — 204 c.
10. Jlagmay JIJ., Jludpmun E.M. Teopermueckas ¢usuka: Yuebnoe mocobue. B 10 T. T. VI.
I'unponunamuka. — 4-e usn., crep. — M.: Hayka. ['n. pen. ¢us.-mat. aut. 1988. — 736 c.
11. JIeikoB A.B. SIBneHue nepeHoca B KanWIIPHO-NIOPUCTHIX Tenax. - M.: ['octexusnar, 1954.
296 c.
12. Munn-Towmcon JI.M. Teoperndeckas ruapoauHamuka. M.: Mup, 1964. — 660 c.
13. Tpemanun FO.M. Komno3uinonHble MaTepranbl HA OCHOBE HETKAHBIX MOJIOTEH: MOHOTpadust /

HO.M. TpemanuH. - M.: MockoBckuii rocyaapcTBeHHbIH yHUBepcuteT uMeHu M.B. JlomoHOCOBa,
2015.- 220 c.

*yuacmuuk Bcepoccutickoeo KOHKYPCa MOI0OENCHBIX UCCIe008AMENbCKUX NPOEKMO8
«JIETTIPOMHAYKA»

20


http://www.booksshare.net/index.php?id1=4&category=chem&author=loycyanskiy-lg&book=1960
http://yandex.ru/clck/jsredir?bu=uniq1516362455802387156&from=yandex.ru%3Bsearch%2F%3Bweb%3B%3B&text=&etext=1671.RgrLjBHzT5PDRqgfNHEuFjSRpyudCtbEGUqXRYMZtr-jhOkvHZ5KIZIqRdkzM5Yw.8097c9cc0294076a474c949503bd3a9832c28512&uuid=&state=PEtFfuTeVD4jaxywoSUvtJXex15Wcbo_DpgvDE8uhd8fgorekNtXD-qUQx6nN_YJ&&cst=AiuY0DBWFJ5fN_r-AEszk5h-_VPJh9fpnDd7gqFH4Mv5JS6hNC5wwX91GWnFnfi5N0_dGubOWhdC5k2Ru1ghM_caYoIWyw_j4aO2-4GRUX9IhrxxfrrmYpCb8r2O_RHbClhmVa1p-Q2PvRw144MRxDy6P2rN-v9YlJZxQxDW4ZM4IQ6HNZW8ljEb-8PNilKPIShjKTXIO6YnOlaJhW1uf7oq1VpAyqLdk1Q34cNsyz9izWB-YxJtuQP3qhKel-akeY4pgKZtV80y7G4jevvGcSrnD2UGbDs-iuxf75MOsv0_tgJ9cJs1Fpjvi4k76mhLQ3WDBxwhW0vkUcr6EUqiklFOzvZh4Eogte_AyoJuGld26G1T5Yxxo-PiTqjtKXrPGZxxtoew4JqWiAZVowvqE7k4EzcTG33NUB4_gXBeu_uSUfYDXpMe30N0FFPNv-hoJ9S1H9-IwTQfg4KXebPMd2Dwqci5dG5KkAiIt6XASh8gnlObyDtc2yvSOYJytezyuJ9iORApNJl2FkSvNgMWVJKVfAw7If1oOPgL2nhINH3lS-6FX8T9a-OHCyVA_PR_Q7i-mQBbO1rhHI3fHpHNnKucbGWn0meenDKoCBd01wA32kaP9_VC-1Kt19GYU4GaiAt0yf7saFtJccAb-m6_OOT74wr4qDegg-O6IpXU3-AccDsd74uqkxP5Jw0RfAGwwy2DaJxSCqM,&data=UlNrNmk5WktYejY4cHFySjRXSWhXTTVjaS1OSWFJMUtDdklUaWZydktmOWhRX3NBU291YmR3U3Q0RUFPOWdzRGxPeHVucXdraFhoTHFrSnVDMzB0ODRXdUg3ODRIRjU0&sign=fc6cb94fc15e094364824e4090b148e8&keyno=0&b64e=2&ref=orjY4mGPRjk5boDnW0uvlrrd71vZw9kpVBUyA8nmgREoQ92EEGnLiGXblIISvQfaTbXSCFhCkYHbzKp_u98Nf_9YewwzLH9q_2w_wkEcCHfJ5ag13SZuhkInkqdlryxb&l10n=ru&cts=1516365385901&mc=5.708858995919612
https://vocabulary.ru/termin
https://vocabulary.ru/termin/tipologija.html
https://ru.wikipedia.org/wiki/
http://www.4tivo.com/education/5867-miln-tomson-l.m.-teoreticheskaja.html
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KPAUTEPUU Y KPUTEPUAJIbHBIE YPABHEHUSA JIJIS1 AHAJIM3A CBOMCTB M
IMPOI'HO3UPOBAHUA XAPAKTEPUCTUK HETKAHBIX MATEPUAJIOB*

CRITERIONS AND CRITERIA EQUATIONS FOR ANALYSIS OF PROPERTIES AND
PREDICT CHARACTERISTICS OF NONWOVENS MATERIALS*

IO.M. Tpemanun
Yu.M. Treschalin

Hay4Ho-uccnenoBatenbcKuid TEXHOIOTUUECKHH eHTp, (MockBa)
R&D Scientific Center, (Moscow)

B crartbe paccMaTpuBaeTcsi BO3MOKHOCTb  MCIHOJIb30BAHHSA KPHUTEPHATBHBIX
3aBHCHMMOCTeHl /ISl aHAa/JM3a CBOWCTB HETKAHbIX M0JI0TeH. B pe3yiabTrare mnoJiyyeHbl
KPUTEPUH, NO3BOJIAIOIIME IPOTHO3UPOBATH XaPAKTEPUCTUKHU MCCJIeAyeMbIX MATEPUAJIOB.

KiioueBbie ciioBa: TMNOPHCTOCTb, HETKAHO€ TOJOTHO, IUIOTHOCTH, TOJIIIHHA,
KPUTepHii, KpuTepUaJIbHble YPABHEHHS.

The article discusses the possibility of using criterion dependences for analysis of
properties of nonwovens. The resulting criteria enable us to predict characteristics of the
investigated materials.

Keywords: porosity, non-woven fabric, density, thickness, criterion, criteria equations.

BeisiBnenne Hanbosee 3HaYMMBIX MAapaMeTPOB M CHCTEMOOOPA3YIOUIMX CBs3eH, a Takke
UCTIONB3ysl TPEICTAaBICHHE MaTepuala Kak CIUIOIIHOW Cpelbl, CIIOCOOCTBYeT pa3padoTke
KpUTEPHEB 1101001 ¥ TOCTPOSHUIO KPUTEPUAIIBHBIX 3aBUCUMOCTEH.

Teopust monoOUsT — Kak OJUH M3 METOJOB OOOOIICHUS B HAyKe WM CIIOCOO 000OIICHHBIX
nepeMeHHbIX [1], MUPOKO MCHONB3YIOTCS JUIs BCECTOPOHHETO HM3Yy4YEHMs DPa3UYHBIX cpell, T.K.
CHCTEMHBIE MCCIIEZIOBAHUS MIPEIIOAraloT MPOBEACHNE SKCIIEPUMEHTA, YTO CBS3aHO C M3MEPEHHEM
U 00pabOTKOW CTATUCTMYECKHX JaHHBIX, a TAKXe IMOBBIIIEHHEM TOYHOCTH M JOCTOBEPHOCTHU
OLIEHOK BBIYHCIISIEMBIX TIAPAMETPOB BOJIOKHUCTHIX MaTEPUAIIOB.

YucneHHas OIeHKa MOJOOHBIX IMPOLECCOB WM SBJICHHM YCTaHABIUBACTCS MOCPEICTBOM
KPUTEPHEB TOAO0OMS, IMPEICTABISMIONIMX CcO00W Oe3pa3MepHble (YHKIHOHAIBI OT IapamMeTpoB
obobekta. Ilpuuem, kpuTepuu mNOAO0MS OAMHAKOBBI Y MOJOOHBIX sBieHui. Torga pe3ynbTaThbl
WCCIIE/IOBAaHMSI KOHKPETHOTO MaTepHaiga MOTYT OBITh PaclpOCTpaHEHBI Ha W3JCIHS, WMEIOIINe
aHAJIOTHYHBIE OCOOEHHOCTH TEXHOJOTHH IPOU3BOJICTBA, BOJIOKHUCTBIM COCTaB, CTPYKTYpY H
cBoiicTBa. OObenuHeHUE (QUINYECKUX MapaMeTpoB B Oe3pa3MepHble KpUTEPHUM, SIBISETCS
crienn(puIeckoil 0COOEHHOCTBIO pacCMaTPUBAEMOI'0 METO/1a HCCIIEIOBAHMUS CIUIOIIHBIX CPEl.

A.A. T'yxMmaH [2] pa3znuuaeT B TEOPUH N0JI00MS YEThIpE KaTeropuu 0e3pa3MepHbIX BETUUHH:
KOHCTAaHTBHl 10/A00Ms, TMapaMeTpudyecKue KpUTEpUu TMoa00us, Oe3pa3MepHble KOMIUIEKCHBIE
MEpEMEHHBIE W KPUTEPUH TOoA00wst. DU3NYECKUN CMBICIT KPUTEPHEB TTOA0OHS OTpakaeTcsl B BUJIE
MaTeMaTH4eCKO (OpMyIIbl U MPEAIIECTBYIOMNX €l BEIYMCICHUSX.

B TeopeTnueckux WCCIENOBAaHHAX M pacdeTax CIOXKHBIX MPOIECCOB COOOpPaKEHUS O
¢usnyeckoM mOAO0MHM WrparoT OoJbllyi0 posib. Ha mnepBoMm 3Tame H3ydyeHMs 3aJadd 3TH
COOOpaKEeHHSI TIOMOTAIOT JIy4llle pa3o0paTbCcs B CYIIECTBE SBJICHWH W BBIOpaTh OCHOBHBIC
0e3pa3MepHbIe apryMEHThI, OT KOTOPBIX 3aBUCUT M3yuyaemoe siBjieHue. Jlanee Hambosiee mMpoCThIM
00pa3oM 000CHOBHIBAETCS BUI HEM3BECTHOM (PYHKIIHOHAIBLHOM 3aBUCUMOCTH [3].

CMmbIcn pa3pabOTKH KPUTEPUEB 3aKIIOYACTCS B TOM, YTO BEIMYUHBI, XapaKTEpU3YIOIIUE
paccMaTtpuBaeMble OOBEKTHI U MPOILECCHI, SIBISIOTCS B3aMMOCBA3aHHBIMU U B3aHMO3aBHCHMBIMH,
BCJIEJICTBHE YEr0 MOXKHO BOCIOJIb30BaTbCS MATEMAaTUYECKUM  alllapaToM, IPeICTaBIIss
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COBOKYITHOCTb Pa3JIMUHBIX MOKa3aTeneil B Buae ypaBHeHuil. Kpome Toro, aHanus npeoOpa3oBaHUs
pa3MepHOCTEH TO3BOJISIET CAETaTh BBIBOA O TOM, YTO BCSKOE COOTHOIICHHE MEXIY Pa3MEpHBIMH
BEJIMYMHAMU MOXHO COPMYJIMPOBATH B BUJE O€3pa3MepHOro OKa3aTeds.

N3ydeHnne cTpoeHHS W CBOWCTB Pa3lMYHBIX BHJIOB HETKAHBIX MOJOTEH JAa€T BO3MOXKHOCTD
MMpCaANOJI0XHUTD, qTo MMPOTCKAHUC (1)I/I3I/IKO-MGX3,HI/I‘-IGCKI/IX, TGHHO(i)I/ISI/I‘-IeCKI/IX u
THPOJIMHAMHYECKHX TPOLECCOB B UX CTPYKTYpPE MMEET MPHUHIMITNAIBLHO OJMHAKOBEIA XapakTep. B
CBSI3U C 3TUM LIEJIECOO0Pa3HO OLECHUTH YHUCICHHBIC 3HAYEHUSI OCHOBHBIX XapaKTEPUCTHK IOJIOTEH,
pa3paboTaB CHCTEMY KPHTEPUEB, OTPAXKAIOLINX Pa3HOOOpa3ue X CTPYKTYPHI U CBOMCTB.

B oOmem cnydae, BOJIOKHUCTBIM MaTepuall MOXKHO paccMaTpuBaTh C JIBYX MO3HIMM:
TEXHOJIOTNYECKOW M CTPYKTYpPHOI, KOTOpBIE 00YCIIOBIICHBI CIIOCOOOM IIPOU3BOACTBA.

TexcTunpHOE U3€NHe, B OOJIBIIMHCTBE CIIy4aeB, XapaKTEPU3yeTCs TOBEPXHOCTHOM
IIOTHOCTHIO [1; ¥ BUIOM BOJIOKHUCTOTO COCTAaBa. Y UUTHIBAS, YTO BCE BOJIOKHA (MOHOHHTH)
Pa3NIUYHBI IO CBOEH NMpHpo/ie, HanboJiee 3HAaYMMBIM TTOKa3aTeIeM pa3HO00pasus CTPYKTYPHBIX
3JIEMEHTOB CJIE1YeT CUUTATh UX IJIOTHOCTH Py. OHAKO MEepEeUnCIICHHbIE I0KA3aTeNIN HE OJHOCTHIO
OTpa)kaloT MPECTABIECHHE O MaTepualle, Kak ¢ MO3UINY LIEJIEBOr0 UCIIOJIb30BAHUS, TaK U C TOUKH
3pEHUS CTPOCHUS U CBOMCTB. [109TOMY /1715 TOJTHOTHI OIIEHKU TOTOBOT'O ITPOIYKTA CIETyeT
YUUTBIBATh U TOJIIUHY 8, YTO IIO3BOJJIACT BBIYUCIIUTDH 06’b€MHy10 IIJIOTHOCTb U TOPHUCTOCTH
Marepuaa, a TakKe UMETh OIOCPEIOBAaHHOE IPE/ICTABICHUE O MPOHULIAEMOCTH, TEIUIO U
3BYKOU3OJALIUOHHBIX CBOMCTBAX M T.O.

CrpykTypa MaTepuaa, B OCHOBHOM OIPEEISIETCS: XapaKTepHbIM pa3MepOM BOJIOKOH
(MOHOHHUTEI), KOTOPBI MOXKET OBITh BEIPOKEH Yepe3 JuaMeTp O, U MX B3aMMHBIM PaCIOIOKECHUCM,
YTO JIaeT MIPEJCTABICHUE O CBOMCTBAX (AHU30TPOIUS UM U30TPOMHOCTD). OTHOCUTENBHO TEUSHHUS
KHJIKOCTH B TIOPOBOM IIPOCTPAHCTBE, CTPYKTYPY MaTepualia OIpeaeIstoT ero MOPUCTOCTb & U,
3aBHCAILUH OT TaMeTpa BOJIOKHA U MIPOHUIIAEMOCTU MaTepuaa, paJuyc yCIOBHOTO KalMIIAPA Fyg,
KOTOPLIC JAaOT BO3MOXHOCTH YHCJICHHO OLCHUTH OCHOBHBLIC IMApaMCTPLI IPOUCCCOB
CaMONPOM3BOJILHOI'O BIUTHIBaHUS WK (puiibTpanuu. Kpome Toro, B3auMHOE pacroyioskeHue
CTPYKTYPHBIX JJIEMEHTOB U UX pa3Mephl OKa3bIBAIOT CYIIECTBEHHOE BIUSHUE Ha IPOHUIIAEMOCTD
BOJIOKHUCTOM Cpe/ibl, YTO 0COOEHHO BaXKHO MPHU M3YUYEHUH TEIIIOMacCOOOMEHHBIX U
THAPOAVMHAMHWYCCKUX ITPOLCCCOB.

VYuuTeiBas BbIlIE PUBEIEHHBIE TOBO/IbI, B KauecTBe Hanbosee MHHOpMaTUBHBIX
XapPaKTCPUCTHK TCKCTHUIIBHOTO, U, B YAaCTHOCTH, HCTKAHOI'O MaT€pHajia, BKIIIOYAIOIIUX OCHOBHBIC
TEXHOJIOTUYECKHE, CTPYKTYPHBIE U (PU3HUYECKHE MOKa3aTeIH, IPeJIaraloTcs Cleayolme
0e3pa3MepHbIe KPUTEPHHU:

_ rexmonormueckuit: K, = 1ot — In _ 1-9);
T pp:8:1073 Pp8 '
o &d,
- CTpyKTypHbId: K. = =
3
k
- npoHunaeMoctu: K, = rd

re: I1; — OBEPXHOCTHAS IIOTHOCT, I/M;

Ps, d — TUIOTHOCTH (KF/M3) 1 AuaMeTp (M) BOJIOKHA (MOHOHHUTH) COOTBETCTBEHHO;
9, & — TonmmuHa (MM) U IOPUCTOCTh MaTepHaja COOTBETCTBEHHO;

h — BrICOTa CAaMOTIPOU3BOJILHOTO MOIbEMA KUIKOCTH, M;

K — ToKa3aTenb POHMIAEMOCTH CTPYKTYPHI MaTepHala, M2,

Jiss  XapakTepUCTHKH TEYEHHUS JKUAKOCTH, KaK TMPaBHIO, HCIONB3YeTCS KpUTEpUi
PeitHonbcaRe, KOTOpBI HpUMEHHTENBHO K MpoleccaMm (QHUIBTPAUNM U CaMOIPOU3BOJIEHOTO
Vep(h)Tag
—
rae: Vep(h) - cpenssis ckopocTh BIUTHIBAHUS KUAKOCTH, M/C;

ly$ - PAZRyC YCIOBHOIO KallMJLIAPA BOJOKHUCTOTO MaTepraa, M;
V — KHHEMaTH4YEeCKUH KOA((PHUITMEHT BA3ZKOCTH, M2/c.

UucneHHpld  aHaiuM3, NOPOBEIAEHHBIM  HAa  OCHOBE  HMMEIOLIUMXCS  PE3YJIbTATOB
IKCIIEPUMEHTAIBHBIX M TEOPETHYECKHX HCCICMOBaHUM HETKaHbIX mojoTeH [4, 5] ¢
UCIIOJIb30BAaHUEM TporpaMmMHoOro komruiekca Mathcad 15, mo3BoiHMA BBISBUTH CHCTEMHYIO
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BIIUTBIBAHUA MOXXHO IMPEACTABHUTH Kak:Re =



B3auMocBs3b Mexay Re, K;, K., K, B Buae kpurepuanbHbix ypaBHeHMi. B Tabn. 1 mpuBeneHs
[IOJlydYeHHbIE MaTeMaTHYeCKHEe 3aBUCHUMOCTH, TIpaduky, Ko3((UIHMEHTbl KOppesiiUud U
OTHOCHTEJIbHAS IIOTPELIHOCTh PACYETa COOTBETCTBYIOIINX 3HAYECHUIA.

Tabmuma 1.
Pe3yJIBTaTLI PACUCTOB IO OMPCACIICHUIO B3AUMOCBA3U MCKAY KPUTCPUAMMU.
= X
s 25
3HaueHue = 8 H
KO- = 8 3
Maremarnueckas = 5 E
Fpa(bI/IK 3aBUCUMOCTHN (bHHI/IeHTaK =0 E
3aBUCUMOCTDH L 5 Q0
oppensi- M = B
@)
I_II/II/IKkZ ©
min ‘ max
ch'r3¢, Ed
3aBI/ICI/IMOCTb KpUTCpus Re = T OT CTPYKTYPHOI'O KPDUTCPUA KC = I'_ BOJIOKHHUCTOI'O MaTcpuajia
EL)
Re
= [196,5504927 .
C(K)~U11S —2,018145 | ¢ 100 S | =
-13 2,5 7 wn
10713 - (K,) A ! O =
+3,6390757 - 1073]
— 60 2.868<10° 5676<10° 8.434x10° 1.120x10* 141=14*
" 10 17 Crpysrypasiii spurepuii Ko
Vep'T k
3aBI/ICI/IMOCTB KpUTCpus: Re = %3(1) OT KPUTCPHUA IIPOHUITACMOCTHU Kl‘[ = ﬁ BOJIOKHUCTOI'O
Marcpurajia
3.0356062!
Re 2.73198005|
87,8404033 3 loune
=\l 3 151747508 ~
(KH " 10_7)2’4 E 13848 0 999 g §
+3,5678135-1073 - (K s ’ ™ <
! 1
. _7 _ D3DZD?Dli
1 0 ) 0’ 1 3 185 64] - 63612535500 76 12 145 184
. 10—17 4 Kpurepui npomumaenoctu Kn+ 1077
_ 1 _&d
3aBI/ICI/IMOCTB TEXHOJIOTHYCCKOTO KPUTCPUA KT = _6 OT CTPYKTYPHOI'O KPUTCPHA KC = —
Ps’ T3¢
BOJIOKHHMCTOT'O MaTcpualia
0191
017
S 0153
K % 013
T 05 £ 0.119)
= 1;5368819 * KC ! £ 0101 % o
£ 0.083 [Te)
+ 3,5294938 2 ooes 0,996 '0\3" N
— 1,5 & 0047 e}
10 9. Kc 0029, !
- 7,2155446 " 10_3 Dm‘so 2868107 5.676c10° 8484107 1129x10° Latctp®
Crpyrypet *prrepii Ko
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[Mponomxenne Tabuuib! 1

k -d
3aBUCUMOCTD KpUTepus npoHunaemoctu K, = g OT CTPYKTYPHOTO KPUTEPHs K. = f—
. »

BOJIOKHHUCTOI'O MaTCpuajia

217
.. 12979
£ 15238
K £ 1659
n 01 g 14.808
= (15,3716709 - K.” o | <
g 11361 o
— 7,0963161 1,00 N
. 105 . K -3,5 g 7914 C\IJ N
c St
- ) " - 4wus[) 2868107 5.676x10° 8434107 L129w10* Lanag?
18,2588699) - 1077
CrpysTypmsti spiepui Ko
Pe3y.HI)TaTI)I I/ICCJICIIOBaHI/II?'I Jar0T BO3MOXXHOCTB CACJIaTh BBIBOJAbBI O TOM, UTO:
o I o &d
- NPCHIOKCHHBIC KPHUTCPHH: TCXHOJOTHYCCKUU KT = ﬁ, CTPYKTYpPHbBIN KC = r_,
B’ 0]
k o ch(h)'r3¢
IMPpOHUIIACMOCTHU Kl‘[ = ﬁ, u PeI/IHOJ'IBI[(:a Re = f BCCCTOPOHHEC XapPaKTCPU3YIOT HCTKAHBIC

[IOJIOTHA (32 HCKJIIOYEHUEM KIIEEHBIX) C IO3MLMHU B3aMMOCBS3U CTPYKTYPHBIX, (DU3MUYECKHX U
TEXHOJIOTUYECKUX II0Ka3aTeneil. B yacTHOCTH, YCIIOBHBIA MOAYNb YNPYTrOCTH M, KaK CIEICTBHE,
pa3pbIBHAst Harpy3Ka, MOTYT ObITh BBIYMCIIEHBI C UCIOJIb30BAHUEM TEXHOJIOIMUYECKOTO KPUTEPHSI 10
opmymnam: Epm = Ep - [1 = (1 — K;)20106537)u
Rym = 0,005 -8 Eg - [1 — (1 — K;)*010653¢7)];

- yhCIeHHBIN aHanu3 B3aumocs3u kputepueB Re(K.), Re(Ky), Ki(K.) u Ky(K.) mo3Bommn
YCTQHOBUTh HAJIWYME MAaTEeMaTUYeCKHX 3aBUCUMOCTEHl B BHJE CIEAYIOLIMX KpPUTEPHAIbHBIX
YPaBHECHHM:

Re = [196,5504927 - (K.)~1115 —2,018145 - 10713 - (K.)*° + 3,6390757 - 1073] - 10™17;

Re = [% +3,5678135- 1073+ (K, - 1077) — 0,1318564] - 10~7;

K, =1,5368819 - K. % 4+ 3,5294938-1072 - K.»® — 7,2155446 - 10 3;
K, = (15,3716709 - K.”* — 7,0963161 - 105 - K.">* — 18,2588699) - 10~7;

[TpencraBieHne HETKAHOTO MaTepuaia Kak CIUIONIHOW Cpeibl B COBOKYITHOCTH C TEOpUeH
Mo00UsI TIO3BOJISIET MPUMEHSTh Pa3paOOTaHHbIE KPUTEPUH ISl TPOTHOZUPOBAHMS XapPAKTEPUCTUK
MOJIOTCH Ha CTAJINU UX U3TOTOBJICHHSI.

Hanpumep, ucnonsizysi (peHOMEHOIOTHYECKUN MOAX0a B [4] MPOBOIUTCS aHAIUTUYECKOE
UCCIIEJOBaHHE U3MEHEHH (P(PEKTUBHOrO KOY(Q(PHIMEHTA TEIUIONPOBOJHOCTH A,OT MOPHUCTOCTH
Ematepuana. B coorBercTBUM ¢ (PU3MUECKOLH CYIIHOCTBIO Ipoliecca TEIIooOMEHa B MOPUCTBIX
CPEBX 3aBUCHMOCTD A,¢() MOXKHO MPEACTaBUTH B BUJIE:

hop(®) = M-\ +7Z 1)
rae: Ayg(§) — a3ddextuBHOrO KO3 dHIMEHTa TertonpoBoaHocT, BT / (M-K);
& — IOPUCTOCTh HETKAHOTO MOJIOTHA;
M, Z — nocrostHHBIE KOOPDUITUEHTHL;
N — mokazaTens HeTMHEWHOCTH (DYHKIIHH.

IIpenenbHbIe 3HAUCHUS A,p(E) ONpPeNenstoTCs U3 TPAHUYHBIX YCIIOBUIA:
Map(8) = M it & = 0ng(8) = Auow Tipt £ =1,

rae: Ap — KO3h(HUIMEHT TETUIONPOBOIHOCTH TOJMMEpPa, W3 KOTOPOTO H3TOTOBJICHO BOJOKHO
(MonoHuTH), BT / (M-K);
Asos = 0,02442 — xonppuLMEHT TEIUIONPOBOJHOCTH BO3ayXa nipu Temmeparype 0 + 10 OC, naBnenmn
1,01‘105 ITa u otHOCHUTENBHOM BiakHOCTH 60 + 65 %, BT / (M-K);

C y4eTrom NMPUHATHIX TPAHWYHBIX YCJIOBHH, MOCTOSHHBIC KO3 (GUIIMEHTH B ypaBHeHHH (1)
OyayT paBHbL:Z + M = Ay, ipu & = 1;Z = Agnpu & = 0.
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Aoy (B) =M R

TOFIlaIKaq)(E) = (Agos — Ap) - EN + XBHHHEN = Msos—Ap Orcrona:N = In(§)

Jiss BBIYMCIIEHUS] TOKaszaresiss HeduHeWHOCTH N HCIOJb30BAMCH JKCIIEPHUMEHTAIBHBIC
TaHHBIE U TEXHUYECKHE XapaKTEPUCTHKH HETKAHBIX MaTE€pPHUajIOB, BBITYCKAEMbIX HA MPEIIPUATHIX:
000 «Tepmomom», OO0 «Becy mup», OO0 «Ilunema», OO0 «Cubyp-I'eorekctmiby, OO0
«Bepotekcy, n3110KeHHBIX B [6-9].

AHaM3 pe3yNbTaTOB pacyera I03BOJIMJI YCTAaHOBHTh HAJIMYUE SIBHO BBIPAKCHHBIX
3aBUCMMOCTEHA,, (§),N(§)  m  A,4(p). Ilpuuem, ecimm  >pdextuBHbE  KOdDDULIHEHT
TEMIONPOBOJHOCTH C YBEJIMYEHHEM MOPHCTOCTH CHHIKACTCA, TO BEIMUMHBI A.q(p) 1 N(§)
CYIIECTBEHHO BO3PACTAIOT.

C menpio ompezeNeHHs MaTEMaTHYECKMX BBIPAKEHHH A,y (), N(§) u A,4(p), mposenena
anmpoOKCUMAIUs PAacUYeTHBIX 3HAUCHHMH MPH MOMOIIM MporpaMMHOro komrekca Mathcad 15. B
KauecTBE TPAHUYHBIX yCJIOBUH HPUHATHI CIEAYIOINE BEMMUUHBI Ayg, (§),N(E) 1 As4 (p):

- JUIs IOIMA()UPHBIX BOJIOKOH:

Loy (8) = 0,149 u N(§) = 0,62824 mpu & = 0; 1,4(8) = 0,02442 u N(§) = 8,02725 npu &= 1.

- JUTSL IOJTUTIPOTIAICHOBBIX BOJIOKOH:

L9 () = 0,169 u N(§) = 0,830812 mpu & = 0; A,4(8) = 0,02442 u N(§) = 10,013817 npu & =
1.

- HE3aBUCHMO OT BHJIa BOJIOKOH: A4 (p) = 0 mpu p = 0.

B pesymbraTte moONyueHBl  YPaBHEHUS,O0TPAXKAMOIIUE 3aBUCHMOCTBh  A(PPEKTHBHOTO
KO3 pUIHMEHTa TEIJIONPOBOJIHOCTH OT BHAA BOJOKOH, MOPUCTOCTH M OOBEMHOW IUIOTHOCTH
HETKaHbIX IMOJIOTeH. [lpuveM, s MaTrepwajioB, H3TOTOBJIICHHBIX W3 TMOIHAI(OUPHOTO CHIPHS,
BBIYMCIICHHE  Aog  TIPOM3BOAMTCA 1O  dopmynam: A, (8) = —0,120295 - £2° — 2,66946 -

1073895 + 0,149 "
Aap(p) = 0,014033 - p®3° —8,287732-107* - p®7°, a npy MCIONB30BAHKMH TONAIIPONIAICHOBBIX
BOJIOKOH: Aoy () = —0,139048 - £1° — 3,600934-1073- & + 0,167 u

Aap(p) = —0,010495 - p>%5 + 0,014425 - p.

MOoOHO, TaKKe OTMETUTh HaJTHuue (PYHKIIMOHAIBHOW B3aMMOCBSI3U MOKa3aTess crerneHn N
B ypaBHEHHH A4 (§) = M - N + Z u mopucTocTH, KOTOpas /I HETKAHBIX TIONOTEH, BHIPA6OTAHHEIX
w3 mommdGupHEIX  BonmokoH, wmmeer  BumL:  N(§) = 7,268794 - &%85 + 0,601726 wu
HOJUIIPONKIEHOBBIX BojtokoH: N(§) = 11,159271 - €2 + 0,420431.

OtHocuTenbHAasE ~ TOTPEHIHOCTh  PAcUeTHBIX  3HAYEHHWH MO  OTHOUICHHIO K
AKCIIEPUMEHTAJILHBIM JJAHHBIM HE MpeBbIaeT 6%.

[Tonydennbie  (opMyabl  MO3BOJSAIOT  MEPEUTH K  ONPEICNICHHIO  HMCCIETyeMBIX
XapaKTePUCTHK, UCTIOIB3Ys pa3pabOTaHHBIC KPUTEPHH MOI00USI.

Beipakass mopucrocTh depe3 TexHosormdecknid kpurepuid & = (1 —K,), momyueHHBIC
pacueTHbie QopMynbl s ompenenaeHus d@exkTuBHOr0 Kod UIMEHTA TETUIONPOBOIHOCTH
3aMUIIYTCS:

- JUTS TIOJIOTEH, U3TOTOBJICHHBIX U3 TOIHA(UPHBIX BOJOKOH:

Aogp(Kp) = —0,120295 - (1 — K;)*° — 2,66946 - 1072 - (1 — K,)*° + 0,149
N(K,) =7,268794 - (1 —K,)?®> +0,601726
Asp(Ky) =0,014033 - (K, - ps) 3% —8,287732-107* - (K, - py)%7"
- JUTSI TIOJIOTEH, U3TOTOBIEHHBIX M3 MOJUIPOIIICHOBBIX BOJIOKOH:
hap(Ky) = —0,139048 - (1 — K, )% — 3,600934-1073- (1 —K,)3 + 0,167
N(K,) =11,159271- (1 — K,;)? + 0,420431
Lop(Kr) = —0,010495 - (K, - p) 0% + 0,014425 - (K, - p;)

M,;-1073 n
Takum o0Opa3oMm, MpUMeHEHHe pa3paboTaHHBIX KpuTepueB K, = " 1-15-10-3 = '_18 =(1-79),
B B
-d k o
K. = f— u K, = — MNO03BONACT C JOCTATOYHOH JUisi MNPAKTHYECKUX PACUCTOB TOUHOCTHIO
E10) '
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MMPOTrHO3UPOBATH  TCIIOU3OJIINUOHHBIC CBOMCTBA HETKaHBIX MaTepraJiOB Ha CTaAuu HUX
HU3TrOTOBJICHU .
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PA3PABOTKA KOMIBIOTEPHON TEOMETPUYECKOM MOJIEJIH CTPYKTYPBI
HEJBbHOTKAHBIX 3D INIPE®OPM U151 KOMITIO3ULIMOHHBIX U3AEJINU*

DEVELOPMENT OF COMPUTER GEOMETRICAL MODEL OF STRUCTURE OF
INTEGRAL 3D PREFORMS FOR COMPOSITE PRODUCTS*

A.M. Kucenes
A.M. Kiselev

OOO HIIO «IIporpammupyemsie Kommosuts», Poccus, (r. Kocrpoma)
LLC NPO "Programmable Composites”, Russia, Kostroma
E-mail: laibach@mail.ru

CraTbs mNoOCBSIlIeHa pa3pa0oTke CHUCTeMbl INPOCKTHPOBAHUS  TIeOMeTPUYECKOl  CTPYKTYpBI
neJbHOTKaHbIX 3D mpedopM cia0kHON NpocTpaHCTBeHHOWH KoHpurypamuu. Pa3paborana mareMaTH4yecKas
MOae/Ib OIpeacJeHust TpaeKTopm‘i HEHTPOB HUTEN npe(bole,I, H3roTaBJnMBaeMoi mo TexHojgorum 3D
TKa4decTrBa. Pa3paﬁoTaH0 nporpamMmmMHoe odecreyenune NMPOEKTUPOBAHUA HEJbHOTKAHBIX 3D npe(I)opM
NpPoON3BOJAbHON ca0xkHOil KoHurypauun «IIPE®@OPMAy». IlpuBeaeHbl NpuMepbl IOCTPOEHHUS CJOKHBIX
cTpykryp 3D TKaHeii.

KawueBbie cioBa: 3D TkadecrBo, mpedopma, KOMIO3UIMOHHBIE MAaTepHAJIbI, MPOrPaMMHPOBAHNE,
NPOEKTHPOBAHUE.

The article is devoted to the development of a system for designing the geometric structure of seamless
3D preforms of a complex spatial configuration. A mathematical model is developed for determining the
trajectories of the centers of the preform’s yarns manufactured using 3D weaving technology. The software for
designing seamless 3D preforms of arbitrary complex configuration "PREFORM' was developed. Examples are
given of constructing complex structures of 3D tissues.

Keywords: 3D weaving, preform, composite materials, programming, design.

CeronHsi NpOM3BOACTBO KOMIIO3ULIMOHHBIX MAaTEPUAJIOB SABISAETCS OJHUM U3 PUOPUTETHBIX
HaIpaBJICHUN DPA3BUTHS TEXHUKU U TeXHOJIOTWHA. OZHMM M3 CaMbIX MEPCIEKTHUBHBIX CIOCOOOB
MOJTyYeHHsT KOMITO3UIIMOHHBIX M31enuii sBisiercst Texuonorust RTM (Resin Transfer Moulding) —
METO]T MHXKEKIIMH CBA3YIOLIErO B 3aKPBITYI0 popMy WM ee pasHOBUIHOCTH — LRTM — umxekuu
CBA3YIOLLETO IIPHU MOMOIIM Bakyyma. IIpenMyInecTBOM HaHHBIX TEXHOJIOTHU SIBISETCS NOJyYEHUE
rOTOBOM KOMITO3UTHOM JI€Taly 3a OJIHY oOlepaiuio 0e3 ee mochenayroome oopadotku. s
peanu3any JJaHHOM TEXHOJOIMH CYLIECTBYET MpoOiieMa MOJy4YeHHs TEKCTHIJIbHOW NMpegopMbl C
(dhopmoii oueHb OJM3KOM K peasibHOW reoMeTpuu nu3aenus. Hanbomnee nepcnekTUBHOM TEXHOJIOTHEN
nonyueHus: npedopmbl sBisercs TexHonorus 3D TkadecTBa, MO3BOJSIONIAS MONTYYaTh BBICOKHE
3HaYeHUs OOBEMHOM IUIOTHOCTH MpedOpMbl MO CPAaBHEHUIO C JAPYTUMU TEXHOJIOTUSAMHU U HE
JIONYCKaThb pAacCIOEHUE KOMIIO3UTA TP CIBUIOBBIX, 3HAKONEPEMEHHBIX U JUHAMUYECKHX
Harpyskax.

TexHoorust MPOU3BOJACTBA MpedOopMBbl HAUMHACTCS C ATala ee MpoeKTupoBanud. [Ipu sTom
caMOi TPYAOEMKOM 3ajadeld sBIseTCS BbIOOp BHJA MNEperjieTeHHs BHYTpU Hpedopmbl wiu ee
CTPYKTYpBI 1Js1 oOecleyeHus MPOYHOCTH OyIylIero KOMITO3UIIMOHHOTO W3JeNusl NMpu JeHcTBUU
BHEUTHUX CHUJIOBBIX (pakTOpoB. COBEPIIEHHO OYEBUAHO, UTO MOCTPOEHNE CUCTEMBI MPOSKTUPOBAHUS
3D mnpedopM HEOOXOIUMO BBHINOJHATH HA YPOBHE OJMHOYHOM HHUTH M C NpPUMEHEHHEM
COBPEMEHHBIX KOMIIBIOTEPHBIX TEXHOJOrui. AHamu3 cucrteM npoektupoBanus 3D TkaHbIx
cTpykryp [1-5] moxazanm Hamuume 3apyO0eXHOTO MPOrPaMMHOTO OOeCHeueHHsl pPa3IuYHbIX
npousBoauteneii — WeaveStudio (EAT), ScotCAD Textiles Ltd. (ScotWeave Design Software),
WiseTex : (Germany), Arahne (Crnosenus), TexGen v. 0.75 (U Nottingham), ESI GROUP
(®pannus), Digimat MF & FE (eXstream), TechText CAD u Weave Engineer (TexEng Software
Ltd) u oTcyTcTBHE CrIEIIMATM3UPOBAHHOTO MPOrPAMMHOIO 00CCIICUCHHS B TAaHHOM HalpaBJICHUH B
PO.
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OpHako wuMeromyecss 3apyOeXHble CHCTEMBbl MPOEKTHPOBAaHUS CTPYKTypsl 3D Tkanei
OPHEHTUPOBAHBI Ha IOCTPOEHHUE €€ CTPYKTYP TOJIBKO B IIPOCTeHIIeM 00beMe Mapasuienenunesna s
«IIPEICTaBUTEILCKOTO 00beMay (nopsaka 1-3 cM®) ¢ BO3MOXKHOCTBIO 00pazoBaHMsI TKaHU C OJHOMH
CTPYKTYpoil pannopra. CUCTeM aBTOMAaTU3MPOBAHHOIO MPOEKTUPOBAHMS LEIbHOTKAHbBIX IpedopM
CIIO)KHOW OOBEMHOH KOH(HUIypallMd Ha CETOAHALIHMNA JI€Hb M3 OTKPBITBIX HCTOYHUKOB
nHpopmanun HeT. OCHOBBI NOJXOA0B K pa3padOTKe CUCTEM IMPOEKTHUPOBAHUS U IPOTHO3MPOBAHUS
(U3NKO-MEXaHNYECKUX CBOWCTB KOMIIO3MLIMOHHBIX MaTepHajoB Ha ocHOBe 3D TeKcTHMIBHBIX
npedopM n3noxkeHsl B [6]. B crarbe mpuBOAUTCS pe3ynbTaT PELICHUs JAaHHOM 3aJjauyd — CO3/laHue
OTEYECTBEHHOTO IPOrPaMMHOI0 OO0ECledYeHUsT MPOCKTHPOBAaHUS MLEIbHOTKaHbIX 3D mpedopm
CJIO’KHOM IPOCTPaHCTBEHHON KOH(UTYypaLuu.

Ha cerogHsmHuii JeHb CyIIECTBYET OIPOMHOE KOJIMYECTBO pabOT M MaTeMaTU4YEeCKHX
Mojesiel B 00JIaCTM OJHOCIOMHOM TKaHW, YTO II03BOJIAET TOBOPUTH O TOM, YTO TEOpuUs
OJIHOCJIOMHON TKaHU JIOCTATOYHO IIMPOKO M3YyY€HA U MEPUOJUYECKH COBEPLIEHCTBYETCS MHOTUMU
aBTopamu. OpnHako enuHOM Teopunm crpoeHus 3D TkaHell moka He cyuecTByeT. Takke He
CYIIECTBYET B HACTOSIIEE BPeMs MOJICIICH U MTPOrPaMMHOTO 00ECIIeYeHNsI, TIO3BOJISIFOIIETO CTPOUTH
reOMETPHUECKYIO MOJEIb CTPYKTYpbI LIeIbHOTKaHOH 3D npeopMbl CIIOKHONW MPOCTPAaHCTBEHHOU
KoHpuryparmu. OJHUM W3 OCHOBHBIX OSTAallOB CO3JaHHUS CUCTEMBI MPOCKTHPOBAHUS CIIOKHOU
00BEMHOM CTPYKTYpBl IpedOopMBI sIBIIETCS CO3[aHuE ee reoMeTrpuyeckoi 3D Mozaenn Ha OCHOBE
texHosoruu 3D TkayecTBa.

['eomeTpryeckass MoJenb TKaHW IPEACTaBICHA KaK CIIOXKHAs CHCTEMa IIEpEeIUIeTeHUN
OCHOBHBIX HHMTEW, HAXOJALIUXCS B OJHOM IIOCKOCTH B IIpEleNax OJHOTO MOMEPEHYHOI'0 CEYCHUS
TKaHW, MEHSIOUIMX CBOE PACIOJIOXKEHHE OT CEYCHMsI K CEYCHMIO M CBA3AHHBIX IPYT C IPYroM
YTOYHBIMH HUTSAMH. Takum oOpa3om, 3ajgada 3-X MEpPHOTO MOICITHUPOBAHHUS T'€OMETPHYECKOM
CTpykTypbl 3D TkaHu mpeBpamacercs B KBa3sU-TPEXMEPHYIO, TO €CTb MojenupoBaHue B 2D,
MEHSIOIIEECs CTYNEHYaTo MO0 3-ei KOOpJIMHATE Ha TOJILIMHY JHaMeTpa OCHOBHOM HUTH. 32 OCHOBY
IIOCTPOCHUS TPACKTOPUN OCHOBHBIX HUTEN B cedueHnu 3D Tkanum B3sta wmognens [lupca [7] mns
AIIUNTHYECKON (POPMBI TONEPEYHOTO CEUEHUSI YTOUHBIX HUTEH.

B kadecTBe nOomynieHUs B MOJEIU MPHUHATA THIIOTE3a CIUIOIIHOCTH OCHOBHBIX M YTOUHBIX
HUTEH, MOCKOJIbKY pealbHble pacdeThl Ha YpOBHE MHUKPO(UIAMEHTOB HUTEH MOKAa HEBO3MOKHHBI.
Pazpaborana maremaTuyeckast MOJieIb F€OMETPUUECKOTO MOJIOKEHUS TPAGKTOPUN OCHOBHBIX HUTEH
B MOINIEPEYHOM CEUYEHUHU TKaHH, KOTOpasi B COYETaHUU C YPABHEHUSIMHU TPAEKTOPHUM YTOUHBIX HUTEN
Jal0T BO3MOKHOCTh CTPOUTH 3D reoMeTprudeckyto MoJienb CTPYKTYphI Tpe(opMbl Ha YPOBHE HUTH.

Ha pucynke 1 npuBeneH gpparMeHT MaTeMaTHYeCKON MOJIENH AJisl ONpENeIeHHs] KOOPAMHAT
TPAaeKTOpUH LIEHTPOB OCHOBHOM HUTH B nornepeyHoM cedeHuu 3D Tkanu.

s 3 2
G y. =y, +k Ennj a; —(x,—x,) ;
a
=y, —k b (x, —x )0, — x,) ;
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A — Toura cHODA HUTH; B — Toura HaberaHms HUTH

Puc. 1 Maremaruueckas MOJiesIb T€OMETPUYECKOTO MOJI0KEHUS OCHOBHOM HUTH B
nonepeuyHoM ceueHuu 3D TkaHu
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Jis MopenupoBaHus CTPYKTYpBI MpedOpMBbl, a IO CyTH CaMOro TKAI[KOTO MeperuieTeHus,
BBE/ICHO MOJIU(HUINPOBAHHOE Ha3BaHWE BOKCEJS, M3BECTHOTO M3 TEPMHUHOJOIMH TOMOrpaduu, —
IICEBJI0-BOKCEJIb,. B aHHOI paboTe, mceBm0-BOKCENb, 3TO OOBEMHBIN UIEMEHT TBEPIOTEIbHOM
MOJIETIH 33JJaHHOH JI€TaJIH, COIEPIKAIIMIA B CBOEM 00BbEME O/IMH 3JIEMEHT NEePEIUIeTeHNs OCHOBHON U
YTOYHOW HUTEH, KaK IIOKa3aHo Ha puc. 2.

Puc. 2. I'paduueckoe nzo0pakeHrne AUCKPETHOTO 00beMa MCEBI0-BOKCEN
Y €r0 CMBICIIOBOT'O 3HAYCHUS

Pa3mepsl niceB10-BOKCENS HANPSAMYIO 3aBUCAT OT Pa3MEpPOB MONEPEYHOIO0 CEYEHUSI YTOUHOU
U OCHOBHOW HHUTEH. 3amonHeHue BbIOPAHHOTO MOINEPEYHOI'0 CEYEHUS OCHOBHBIMHU M YTOYHBIMU
HUTSAMHU POUCXOTUT IO CIAEAYIOIIHUM ITPABUIIAM:

1. Hcxonnass reoMeTpuyeckas MOJENb 3aJaHHOW JeTald IPEICTaBIIIETCS B IICEBIO-
BOKCEJILHOM (hopMaTe ¢ pa30MBKOM MO CEUCHUSIM C TOIIUHON paBHOW AMAMETPy YTOYHOW HUTH.

2. BeiOpanHOe ceueHHe AeTany 3aloJHSEeTCs NMPOEKTUPOBLIMKOM C YYETOM parmopTa
TKaHU, BbIOMpaeMoro w3 0a3bl MAaHHBIX TNEPEIUICTeHUH, JJIS aBTOMATH3aIllMHM PEHICHUS 3a/aud
IIPOEKTUPOBAHMS.

3. B kaxaoM cedyeHMHM BO3MOXKHO 3a/IaHME€ MHOYKECTBA PaA3JIMYHBIX PalIoOpTOB IIPH
COOJIIOJICHUH YCIOBUM HETIPEPHIBHOCTH HUTENH OCHOBBI.

4. Jns yckopeHust paboThl MPOEKTUPOBIIMKA HCHOJB3YIOT pa3iMuHble MHCTPYMEHTHI
KOIIMPOBAHUsA JIEMEHTOB TKALIKUX CTPYKTYp — Ha YpPOBHE pAIllOpTa B CEYCHUH, CAMOIO CEUEHMUS
WJIA COBOKYITHOCTH CE€YEHHUI.

S. IIpuMeHeHne HHCTPYMEHTOB KOIIMPOBAHUS UM PYYHOI'O 3allOJHEHUs BCEX CEUCHUU
UCXOJHOU neTanu oOpa3yeT TBEPAOTEIbHYIO MOJIENb MPePOopMbl, TOTOBOM Ul AalbHEHIINX €€
pacueroB ¢ CAD nnmu CAE cucremax.

OcHoBHasi KOHIIENIIUU MpoeKTUpoBaHus 3D TkaHbIX MpedopM U IIEMEHTOB €€ CTPYKTYpPbI
IIpe/ICTaBjIeHa Ha pUC. 3.
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Puc. 3 Peanusanus KoHIeNuu npoeKTupoBanust 3D TKaHBIX npedopm

[TporpamMHoOe oOecriedeHrne cucTeMbl mpoekTrpoBanus «lIpedopmay HamucaHo Ha S3BIKE
C++ nns onepaunoHHOW cuctembl — cemeiictBa Windows. Ilpu pa3paboTke ObLIO CO31aHO
T€OMETPUYECKOE AP0 KOHCTPYKTHBHOM Onounor reometpun (CSG). Snpo comepkutr Habop
KJIACCOB OMUCAHMS MPUMUTUBHBIX T€OMETPUUECKUX OOBEKTOB: TOUKA, BEKTOP, MOJIUTOH, TUIOCKOCTb.
Taxxke paszpaboTaHbl BcroMoOraTelbHbIE (YHKIMH AaHATUTUYECKOH TE€OMETPUH, BEKTOPHOW U
TUHEHON anreOpbl, HaOOp omepaiuii HaJl MPUMHTHUBHBIMU T€OMETpUUYECKUMHU oOBekTamMu u 3D
TeJaMM: BpalleHHe, CMEIlleHNe, MaclITa0upPOBaHUE, CO3/IaHNE C ITOMOIIBIO BBITSTUBAHUSA KOHTYpA.
Snpo BBHIMONHSET omepanuu Haj OWHAPHBIMH JEPEBbAMU, a TaKXKe OIMepaluul CIUSHUS,
KOIIMPOBAHUS, pa3/ieleHUs JepeBbeB, 00X0/ €PEBHEB JIEBOCTOPOHHUHN U B IIKMPHUHY. 3D-Monenu
XpaHATCSd B BHJE IOJIMIOHOB, KOTOPBIE INPEACTAaBIAIOT COOOW HHAEKCHI CCHUIOK Ha BEPILUHBI,
BOKCEJIbHasi MOJIETb XPAaHUTCA B BHJIE pacTpoBOil MaTpuibl. B Moayne pazpaboTaH MUHHUMAaIbHO
HEOOXOAUMBIA (PYHKLMOHAI AJISi TOCTPOEHUSI KOHTYPHBIX 3JIEMEHTOB, a TakXke (yHKIIHUU, KOTOpbIE
MO3BOJISIIOT €O37aTh KOHTYPBI MPOCTOM (OPMBI: TPEYroJIbHUK, MPSIMOYTOJIBHUK, HMIECTUTPAHHUK,
JJUIUIIC, OKPYKHOCTb, IpPOU3BOJBHBIA. Il0 3amaHHOMY BHIY KOHTypa CO3/aeTcsi BBITSHYTas
MOBEPXHOCTh HA YKa3aHHYI0 [UIMHY WJIH 1O ONpelesneHHol Tpaekrtopuu. llpu noctpoenun
CIIO’KHBIX MoJieniell mpuMeHsoTes OyneBsl onepauuii Haa 3D Tenamu: BblYMTaHHE, 00BEIUHEHHUE,
UCKJTIOUYCHHE.

Hns oroOpaxenus 3D wmozenu mnpumensercss rpadpudeckuil unHrepdeiic OpenGL ¢
BO3MOXXHOCTBIO ~ BpalIeHHs, NpUOMIKEHUs, yIaJleHWss U  [epeMelIeHUs  IOJy4eHHOTO
reOMEeTPHUECKOro MpUMHUTHBA. Mojienb BhIrpyKaeTcs/3arpyxaercsa B ooMeHHoM ¢opmare STL B
reOMETPUYECKOE SIJIPO.

CylecTBEHHBIM ~ MPEUMYIIECTBOM  pa3pa0OTaHHOW  CHCTEMBl  SBISAETCS  HaJH4YUe
rpadUyecKkoro peaakTopa CTPYKTYphl TKaHH B CEUEHHUSAX. OTO NPUHLHUIHUAIBHOE OTJIMYHE OT
CYLIECTBYIOIIUX CHCTEM INPOEKTUPOBAHUS, IO3BOJSIONIEE MPOESKTHUPOBUIMKY BHU3YyaIU3UPOBATH
HarjsiTHO Bech TMpoliecc (opMHpOBaHUS BHYTPEHHEH CTPYKTYphl TKAaHM, a HE IOJIb30BaThCS
YCIOBHBIMHM CHCTEMaMH KOAMPOBAaHUS MM MX IEpeBoAoM B rpapuueckuid Bua. Ilpum stom
pa3paboTaHO MHOTO aBTOPCKHMX 3BPUCTHYECKHX aJITOPUTMOB. J[pyruM MpeuMyIliecTBOM CHCTEMBI
aBnsieTca pa3paborka coOctBeHHOro 3D Viewer, BCTpOEHHOTo B cHcTeMy. Takum o0pazom,
pemmaercsi mpobiieMa mpencTaBiieHus paspadareiBaeMoro I1O0 B Buae HE3aBUCUMOW CHCTEMBI
MPOEKTUPOBAHUS M BO3MOXXHOCTH MPOSKTHPOBIIUKY B JIIOOOH MOMEHT OCYIIECTBISATh BU3YaJIbHBIN
KOHTPOJIb CIIPOEKTHPOBAHHON CTPYKTYpHI B pexkume ON-line. Ha puc. 4 mpeacrasiacH (parMeHT
3aMojIHeHUs OAHOTro U3 ceueHuid 3D cTpykrypbl mpedopmbl B pa3paOOTaHHOM MPOTrPAMMHOM
o0ecreveHu .
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Puc. 4. IlpencraBieHue TpacKTOPUN HUTEH, B IBYX CCUCHUSAX B CEUCHUAX MpedopMBbl,
HaXOJSIIUXCS B IPOTHBO(Da3e

bnaromapss yHUBepcalbHBIM BO3MOXHOCTSM 11O, BO3MOXXHO MOJEIMPOBAHHUE JIFOOBIX
TEKCTUIBHBIX CTPYKTYp 3D TKaHed Takux Kak: MHOT'OCJIOIHAsI, CJIIOUCTO-KapKacHasd,
OopTOroHasbHas, obosoueunas u nap. [IpuMenHeHwe pa3paOOTaHHON CHCTEMBI MPOCKTHPOBAHUS
MO3BOJISIET J1aXKe MOJIEIMPOBATh OTJIENbHbIE 1e(EeKThl CTPYKTYphl 3D TKaHM Ha ypOBHE OJMHOYHBIX
HUTEH U TaKUM 00pa3oM pa3padoTaTh CUCTEMY pa30paKOBKU TOTOBBIX H3ICITHIA.

3aberas Bmepexn, paspabortanHas cucrema «[IPEOOPMA» mno3Bosiser pemars U
pEeBEpCUBHBIE 3aJ]aul TPOEKTHUPOBAHUS — CTPOUTH T€OMETpUUYECKyto Moaenb 3D mpedopmel 1o ee
TOMOTpaguuecKoMy H300paKE€HHIO, YTO TIO3BOJISET pellaTh 33Jayd OLEHKH ee KayecTBa
n3rotoBiaeHus. OCYyHIECTBIATh NPOEKTUPOBAHUE CIIOKHOM CTPYKTYpbl IpepopMbl BO3MOKHO HE
TOJIBKO C IPUMEHEHHE IpapuecKoro peaakTopa CuCTeMbl. BO3MOXHO MOJIeIMpPOBaHUE CTPYKTYPHI
TKAllKUX TEpeIuIeTeHu U MO TPAAUIMOHHO 33JaBacMbIM CXemaM IeperuieteHus Hured B 3D
TKaHbIX CTPYKTYpax.

[Ipumepsl MonenupoBaHus pa3UyHBIX CTPYKTYp 3D TkaHell MO TpaJWLMOHHO 3aJlaHHOM
CTPYKTYPHOU CX€Me IEePEIUICTCHUS HUTEN IPUBEICHBI HA PUC. 5.
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Puc. 5 [Ipumepsl MogenupoBanus pa3inuHbIX CTPyKTyp 3D Tkanein

JlemoHCTpanus Bo3MOKHOCTEH paspaboranHoro [1O st mOTy4eHUs MPOCTPAaHCTBEHHBIX
00BEMHBIX TIpedopM, MOTydyaeMbIX 1Mo TexHoioruu 3D TkadecTBa mpuBeneHa Ha puc. 6. Ha Hem
MIPUBE/ICH BHEITHUI BUJI 33/IaHHOM JIETAIH CJIOKHOW MPOCTPAHCTBCHHON KOHPUTYypanuu B opmare
MOBEPXHOCTHOTO mpezactaBinenuss 3D mozenu *.stl, koropas sBisieTcss BXOAHBIM (hailiioM s
nocnexayroueit 00padotku B cucreme «[IPEOOPMA».

Jns moctpoeHus mnpedopMbel B 3aJaHHOM 00beMe BBIOpaHbl HUTH OCHOBBI M YyTKa C
auamMeTpoM monepedHoro cedeHus | MM. CedeHMe HUTEH ONUCHIBAJIOCH AIUTUICOM C
COOTHOILIEHHEM JuaroHanet 1:4. Buja TKalkoro nepernsieTeHus — noJIoTHAHoe. ['abapuTHbI pazmep
3ajaHHOM netanu 420 MM.

Puc 6. IIpumep nmoctpoenus neapHoTKaHou 3D mpedopMbl CII0OKHOM MPOCTPAHCTBEHHOM
KOH(HUTypaluy 1o 3aJJaHHOMY YepTexXy JAeTallu

[TpeumymiecTBO pa3pabOTaHHOM CUCTEMbl MPOSKTHPOBAHUA IETBHOTKaHBIX 3D mpedopm
CIOXHOM mpocTpaHcTBeHHOHN KoHpurypanuu « [ IPEOOPMA»:
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1. BosmoxHOCTh nosryuenust 3D mMonenu npedopMsbl AJis I€Tallid IPOU3BOIBHOM (POPMBEI.

2. Hannuwue rpagudeckoro penaktopa 3D crpykryp online ynpoiaer paboTy MoJjb30BaTems
M JaeT BO3MOXHOCTh TOJY4EHHUS JIOOBIX CTPYKTYyp meperiereHuil. Bo3moxxHo coznanue
COOCTBEHHOM 0a3bl MOJIb30BATEIIBCKUX MIEPEIIIIETEHUM.

3. BO3MOXHOCTb MOJEIUPOBaHMs JIOObIX CTPYKTYp 3D TkaHel: MHOrociolHasi, CIOUCTO-
KapKacHas, OpTOroHajibHasi, o0osioueuHas u Ap. O1HOCI0MHAs TKaHb — YaCTHBIN Cllydail.

4. Bo3MOXXHOCTb MOIY4EHUS pa3IMYHbIX BUJOB MEPEIUIETEHH 10 00BbeMy IpedOpMBI.

5. IIpoexktupoBaHue CTPYKTYphl IpedOpMbl B COOTBETCTBUU C TEXHOJIOTUEH M3rOTOBJICHUS
(Bo3mokHOCTh (popmupoBanuss CAM moaysst onHOBpeMeHHO ¢ mpoektupoBanueM CAD mozpenu
TKaHU).

6. ABTOMaTH3anMs NOCTPOCHUS CTPYKTYpPHI MPeGOpMBbI C MIPUMEHEHHEM HMIMPOKOTro Habopa
WHCTPYMEHTOB KOIIMPOBAHUS.

7. HezaBucumocts 110 oT cToponnux paspaborunkoB. Hanmuune Bcrpoernnoro 3D Viewer.

BriBoa:

Pa3zpaboTana HOBasi oTeyecTBEHHAs CCTEMa MPOEKTUPOBAHMA IebHOTKAaHBIX 3D mpedopm
CJIO’KHOW IPOCTPaHCTBEHHON KOH(UTYpaLuu.
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- ¢puabTpyomme U cOpOHOHHbIE HETKAHBIE M0JIOTHA;

- OuoJiorMYeCKH AaKTHBHbIe HeTKaHble MaTepHaiabl, o0ecnedynBamomue KOMGOpPTHBIE YCJI0BHSA
JKU3HeeATeJIbHOCTH YeI0BeKa;

- HeTKaHble MaTepPUAJIbl, HANIOJHEHHbIe HAHOPA3MePHBIMH KOMIIOHEHTAMM.

KialoueBble ciaoBa: HHHOBAaUMOHHBIE HeTKaHble MaTepHaJibl, HCCJIed0BaHHMe, pa3padoTka,
$uabTpyOImMe, COPoUpYOIINeE, 3AIUTHbIE, HAHOPA3MepPHbIe YACTHIbI, MOAM(UIHPOBAHHBIE BOJIOKHA.

Abstract: The article presents the main scientific developments of the Institute in recent years:

- filtering and sorption nonwoven fabrics;

- biologically active nonwoven materials, providing comfortable conditions for human life;

- nonwoven materials filled with nanoscale components.

Keywords: Innovative nonwovens, research, development, filtering, sorbing, protective, nano-sized
particles, modified fibers.

B 1963 r. pemiennem I'ockoMuTeTa 10 HAyKE U TEXHUKE OpraHn30BaH Bcecoro3Hblil Hay4HO-
UCCIIEIOBATENbCKUM HHCTUTYT HETKaHBIX TEKCTUIIBHBIX MaTepuanoB (BHUNHTM).

IIatppecar mnate ner cBoed wucropun HMM  HeTkaHbIX MaTepuanoB 3aHUMAETCS
HCCTIEIOBAHUSIMU B OOJIACTH CO3/IaHMSI HETKAHBIX MaTEPHAJIOB HA OCHOBE TEKCTHJIBHBIX BOJIOKOH U
HUTEMN.

OtpacneBasi IPUHAICKHOCTh HHCTUTYTAa K TEKCTHJIBHOW MPOMBIIIJIEHHOCTH B MPOIIIOM
HaJIOKUJIA CBOM OTIEYATOK HAa HAYYHYIO CIICLMAIU3ALUIO HAILIEH JEATEIbHOCTH B HACTOSAILEM.

Hayunbie HanpaBieHus qeSATeIbHOCTH HHCTUTYTA B TIOCIEIHUE TOIBI 00ECIEeYNBAIOTCS KaK
3a CUeT HOBOTO HAy4YHOTO 3aJiela, TaK W PAIMOHATIBHOTO WCIOJIB30BAaHUS HapabOTaHHOTO
NECATUIICTUSIMA ~ HAyYHOTO TIOTEHIIMANa, IIOCTOSHHOTO COBEPIICHCTBOBAHUSA MPUMEHSIEMBIX
TEXHOJIOTUI U BHEAPEHUEM HAyYHBIX Pa3pabOTOK HA HAYYHO-MIPOU3BOACTBEHHON 0a3e MHCTUTYTA U
Ha MTPOMBIIIUICHHBIX TPEINPUATHIX CTPAHBI.

[TooToMy HayuyHBI TOWCK HampaBlieH HA HW3Y4YCHHE MOTPEOHOCTEH MOTEHIMATBHBIX
noTpeOuTenel W yAydlIeHWe KadYeCTBEHHBIX XapaKTEPUCTHK BBITYCKAEMOW MPOIYKIIUA U
paciiMpeHne ee acCOpTUMEHTa MPH ONTHUMAalLHOM COOTHOIIEHHUH IIeHa/KauecTBo. JlocTuraercs 3To
KaK 3a CYET COBEPIIECHCTBOBAHMS M3BECTHBIX TEXHOJIOTHYECKUX MPHEMOB, TaK M 3a CUET CO3/IaHUS
HOBBIX TEXHOJIOTMYECKUX OIepaluidl W OTAEIKM HETKaHbIX MaTE€pHalOB HOBBIX CTPYKTYp H
TEXHUYECKUX CPEJICTB IJIs MX peanu3aii. B COOTBETCTBUU C 3THUM ONPENETSIOTCS U OCHOBHEIE,
HauOoJee 3HaYUMble MPUOPUTETHBIC HAMPABICHUS UCCIIEOBAHHM, YTO BO MHOTOM CIIOCOOCTBYET
PELIEHUIO CIOKHEUIIEH 3a/1a4i CETOAHAIIHETrO JHS - UMIIOPTO3aMEILEHHUIO.

BenyumuMm HaydyHBIM HampaBlieHHEM B JIESITEIBHOCTH MHCTUTYTA MO-NPEKHEMY SIBIIAETCS
cO3/1aHK€ BBHICOKOA((DEKTUBHBIX QUIBTPYIOIINUX U COPOLIMOHHBIX HETKAHBIX MaTepUAOB, B T.4. JJIS
3aIIUThl OT TEXHOTE€HHBIX BO3JICHCTBUMN.

OuIbTpyIolMe HETKaHble MaTepualibl pa3palaThIBAIOTCS M MOJpaldaThIBAIOTCS IS
WCIIOJIb30BaHUSI B PA3IMUYHBIX OTPACISAX MPOMBIIIJIEHHOCTH, YEPHOM M IBETHOM METAJLTypruH,
MeTauI000padaTheIBalOIel, AepeBOOOPa0ATHIBAIONICH MPOMBINIJICHHOCTH, Ha MPEANPUATHIX TI0
MIPOM3BOJICTBY MHHEpalIbHBIX ynoOpeHuil. Matepuanbl mpenHa3HaueHbl IS OYMCTKH BO3AYyXa,
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KHUAKUX cycrneH3ud u pactBopoB, ['CM, CTOYHBIX BOA, [UIsl YJABIMBAHUS a’pO30JIEH KHUCIOT,
mienoued u T.4. Psg pa3pabGoTaHHBIX (QUIBTPOBAJIBHBIX IMOJIOTEH MpelHa3HayeH Juis padoT B
AKCTPEMAJIbHBIX YCJIOBHUSIX COBMECTHOI'O BO3/ICMCTBUS arpeCCUBHBIX CPEJl U BHICOKUX TEMIIEpaTyp.

[Ipy wucnonb30BaHMM TEOPETUUYECKMX OCHOB IpoleccoB  ¢GuibTpauuu Ha 0Oase
TPAJUIIMOHHBIX BOJIOKOH U HUTEH CO3JA0TCS KOHKYPEHTOCTIOCOOHBIE (DMIBTPYIOIINE MATEPUAIIBI C
YUCTOTON (puibTparuu A0 5-10MKM B TEPMOCTOMKOCTBIO JI0 240°C.

Ha ceromusmnuii 1eHp B MHCTUTYTE HAa ONBITHO-IKCIEPUMEHTAIBHON 0a3e BBITyCKaeTcs
oonee 50 mo3unuii GUIBTPYIOIUX MaTEPUAIOB, U HAXOIATCA B pa3paborke eme 8. Ha 5 BumoB
MaTepHuajoB MOJJACPKUBACTCS MMATEHTHAs 3aluTa.

Jlis  9KOJOrMYecKoW 3alIuThl OKpYXKarolled cpenbl pa3padaTbiBalOTCAd COPOIMOHHBIE
MaTepuaibl, TpeJHa3HAYCHHbIE I cOopa W yHaleHUs 3arps3HeHuid He(TernpoayKTaMu C
MOBEPXHOCTHU MOYBHI U BOJBI, AJISl OYUCTKU OBITOBBIX, IPOMBIILJICHHBIX, CTOUYHBIX U JINBHEBBIX BOJI.

Jocturayrast COpOIIMOHHAS €MKOCTh JaHHBIX MaTePHAIIOB CErOIHs cocTaBisieT 10-25 Kr/kr.

Yuciio UMKIOB pereHepanuu AJjis MOBTOPHOIO MCIOJIb30BaHUs HE MeHee 10, JOCTUTHYTO
YMCHBIIICHHE KOHIEHTPAIMW TPH JTOOYUCTKE CTOYHBIX BOJ OT He(TEmpoayKToB — B § pas;
B3BELLIEHHBIX YaCTHUIl — B 2 pasa.

CopOLroHHBIC MaTePUANTBI M H3/ICTTUS U3 HUX 3aIUIICHBI TPEMS TAaTCHTaMU Ha H300pEeTeHUS
Y CBUJIETEIHLCTBOM Ha TOBApHbIN 3HAK.

B pamkax BBITIONHEHHUS TOCYAApCTBEHHOTO 3akKaza 1Mo [ ocynapCTBEHHOMY KOHTPAKTy C
@denepallbHBIM areHTCTBOM [0 HayKe M MHHOBALMAM pa3paboTaH HOBBIM MaTepuaai—HOCHUTENb
omoMacchel, OOJIamaromIuii  BBICOKOM  IIOTJIOTHUTENIBHOM  CIIOCOOHOCTBI0O B OTHOIIECHHUH
He(pTENPOAYKTOB W  yCTOMYMBOCTBIO K  MHOTOKPAaTHOM  MEXaHHYECKOW  pereHepaluu.
ComocTaBneHre CBOMCTB HETKAHOTO OMOHOCHTENS C pa3pabOTKaMH, ONPENeNSIONUMH MHPOBOM
yYpOBEHb, CBUJETEILCTBYIOT O TOM, 4YTO OHMOCOpOEHT, pa3paboTaHHBI Hamu, oOjamaer Ooiee
MPOYHOM ajre3verd OMOMAcChl K HETKAHOMY HOCHUTENIO, YTO TO3BOJISIET PACIIMPUTH 00J1acTh
MPUMEHEHUS TAaKUX MaTepPUAIOB, OCOOCHHO JIJISl YCIOBUN OYMCTKU CTOYHBIX BOJI B IUHAMHUYECKOM
pexume.

[To-mpexHeMy Ba)KHBIM HAyYHBIM HAIlpaBJICHUEM B pabOTe MHCTHUTYTA SIBIsIETCS pa3paboTka
U OCBOCHHME HOBBIX TEPEBSI30YHBIX M XUPYPTMUECKUX MATEPHAJIOB W H3JCIMA  CAaHUTAPHO-
TUTUEHUYECKOTO HA3HA4YeHWs, B T.4. JJIS 4Ype3BbUalHBIX curyaruii. MHCTUTYTOM pa3paboTan
LEJTBI ACCOPTUMEHTHBIN PsII HETKAHBIX MOJOTEH U U3ACIIUM MEIUIIMHCKOTO HAa3HAYEHMUSI, OTIBITHO-
MIPOMBIIIIJICHHBIE TAPTUU KOTOPBIX BBIMYCKAIOTCS HA DKCIEPUMEHTANbHON 0a3e mHcTUTyTa. K HUM
OTHOCATCS: TEPMOCKPEIUICHHBIE HETKaHbIE TIOJIOTHA [JIsi TOJIOBHBIX YyOOpOB, Macok, Oaxmuu,
TUTPOCKOMUYHBIE TOJIOTHA JUIsI TAMIIOHOB; XOJICTOIPOIUMBHBIE BJIATOMOIIOLIAONINE MOJOTHA JJIs
CHEIMATIbHON OJICK/IbI; aTpaBMaTUYHBIE MaTepHaNIbl, HETKAHbIE MaTepUaibl JIs H3TOTOBJICHUS
nedeOHBIX OJIess, MPUMEHSEMBIX MPH peadMIuTaluu nanueHToB. Ha BbImyckaeMblii aCCOPTUMEHT
MPOAYKIIMK pa3pabOTaHbl TEXHUYECKUE PEKUMBI, HAYIHO-TEXHUYECKAs IOKYMEHTAIIUS; TIOTyUYEHBI
3 mareHra.

B macrosimee BpeMsi CIeMAMCThl MHCTUTYTa PabOTarOT HAaJl CO3AaHHEM OHOJIOTHYECKH
AKTUBHBIX MaTepUaloB, B T.4. ¢ aHTUMHUKPOOHBIMU CBOWcCTBamH. VcciemoBaHUsS MPOBOISATCS B
HalpaBJI€HUW CO3JaHUSl TMOJU(YHKIIMOHAIBHBIX HETKAaHBIX MaTepUaOB I JieueOHO-
MpoQUTAKTUYECKUX TIEPEBSI30YHBIX H3AENUH, 00eCIeUHBAIOIINX MHUHHUMAIBLHYIO TpaBMaTH3AIUIO
paHeBOW MOBEPXHOCTH TPU HAJIOKEHUH W CHSATHHU, 00JIaTAFONINX aHTUMHKPOOHBIMU CBOWCTBAMH U
BBICOKOW COPOIIMOHHOM eMKOCThI0. K cokaneHunio, HHCTUTYTY TPYIHO KOHKYPHPOBATH C OTPOMHBIM
KOJIMYECTBOM COBPEMEHHBIX JICIICBBIX MEAMIIMHCKUX MaTepHalioB, BBO3MMBIX H3-3a pyOexa. B
ATOW CBSI3M OCOOBIE HAAEKIbl MBI CBS3BIBAEM C JajbHEHIIEH peanu3arueil rocynapCTBEHHOM
MPOTrpaMMBbl HMIIOPTO3aMEIIEHUS B 37JPABOOXPAHCHIH.

He menee BaXHbIM Hay4HBIM HaIpaBIEHUEM SIBIISIETCSl CO3JJaHME HETKAHBIX MaTEpHUasOB,
o0ecreunBaOIIUX KOMQPOPTHBIE YCIOBUS KU3HEICATENbHOCTH 4YelloBeKa, B T.4. Oe30MacHbIe
ycloBuss Tpyaa. B paMkax gaHHOW mpoOiieMbl  paspaboTaHa Ienasi Cepusi  HOBBIX
BBICOKOA()(DEKTUBHBIX BUIOB HETKAHBIX MaTE€pUANIOB Ui CPEACTB MPOPECCHOHAIBHON 3alUThI
nepcoHaia, padoTaOIIEro B AKCTPEMANbHBIX ycIoBusIX. Hanbonpmmii MHTEpeC MpeacTaBIsioT:
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® TEMIO3alIUTHBIC HETKAHbIE MaTepHAIIbl, UCIIOIb3yEeMbIE IIPH U3TOTOBICHUU OOEBOW O/1€KIbI
MokKapHbBIX U 17151 paboTHUKOB Kpaitnero Cepepa;

® KHCJIOTO3AIUTHBIE HETKaHblE MaTepHallbl, WCIIOJIb3yEMbI€ IpPU IOLIUBE OJAEKABI MJIs
3aLUThl OT BO3ACHCTBUS MUHEPAIBHBIX KUCIOT U CUIbHOJAEHCTBYIOIIUX SIIOBUTHIX BELIECTB

(mapoB xjopa, aMmmuaka, pochopcoaepkalux COeAMHEHUH, THAPA3ZUHONPOU3BOAHBIX U JP.)

JUI. M3TOTOBJIEHHS PECHUPATOPOB, 3alUINAIOLIMX OPraHbl JbIXaHWsS OT BO3JAEHCTBUSA

¢dbTopucToro Bogopoa u 1ip.;

e BJAroNOIJONIAIONINE HETKaHbIe MaTepHalibl, MpeIHa3HAuYCHHBIC JUIS HATEIBHOTO Oembs,

CIIOPTUBHBIX MaeK, KOCTIOMOB U Jp.;

e MHOTO(YHKIIMOHAJIbHBIE HETKAHbIE MaTEepPHAIIbI Isl 00YBU U O0OYBHOW MPOMBIIIJICHHOCTH.

K BaxHOMy HaydHOMY HamlpaBJIEHUIO OTHOCHUTCS TaKXKe pa3padoTKa TEXHOJIOTHMH HETKaHbIX
MaTepHalioB Il HM3TOTOBJICHHUS BBICOKOA((MEKTUBHBIX CPEACTB MPOPECCHOHATIHHON 3alluThl C
UCIIOJIb30BAHUEM HOBBIX BHUJOB BOJIOKHHUCTOTO CBIpbSi (HOBBIX HOHOOOMEHHBIX BOJIOKOH,
TEPMOCTOMKHUX BOJIOKOH, BBICOKOMO/YJIbHBIX BOJIOKOH U UX OTXOOB).

K uncny tpeOyromux AanbHEHIIMX HCCIEAOBAHUNW M peaju3alid B MPOMBIIUICHHBIX
MacmTabaXx OTHOCHTCS  TEXHOJIOTHS, W3HAYAJlbHO OpPUEHTHPOBAaHHAs Ha  MepepadoTKy
KOPOTKOBOJIOKHUCTBIX TEKCTUJIBHBIX OTXOJOB C JJWHOM BOJIOKOH OT 2 10 15MM, KoTopas
pazpaboTrana Ha 06aze HOBOI CHCTEMBI XOJICTO(OPMHUPOBAHUSI.

Herkanble Marepuanbl, W3rOTOBJICHHBbIE II0 HOBOW TEXHOJIOTMM, COAEpKaT B CBOEH
cTpykType oT 80 10 95% KOpOoTKUX BOJOKOH. MaTepuaibl BCIEICTBUE CTOXaCTUYECKOTO XapaKTepa
pacmojoKeHUsT BOJIOKOH M BHJA HMX CKpeIuleHus oO0Jalal0T YHHUKAIbHBIMH CBOWCTBAMHU IIO
YOPYTOCTH U YCTOMYMBOCTH K MHOTOKpaTHOMY cxkaTui. CTeneHb YHIpyroro BOCCTAHOBIJICHHUS
cocrapisieT 73-89% npu o6beMHOM T10THOCTH 32-70 Kr/MC 1 TOJIMHE 10 SOMM.

Pa3paboranHas  HeoOXxoaumass ~ KOHCTPYKTOpPCKass M HOPMATHBHO-TEXHUYECKas
JOKYMEHTAIs JUIl TPOMBIIUIEHHOTO OCBOCHMS JAHHOW TEXHOJOIMM CETrOJHS He BOcTpeOOoBaHA
OTE€YECTBEHHBIMU MAIIMHOCTPOUTEISIMHU.

B mocnenHue rogsl B Hay4HBIX IUIAaHAX MHCTUTYTA IOSBUIIACh TEMAaTHKa, CBSI3aHHAs C
HAaHOTEXHOJIOTUSIMHU.

Ha Ham B3risij1, K NEepCHEKTUBHBIM HAINPABIECHUSIM MOKHO OTHECTH pabOThl MHCTUTYTA IO
CO3/IaHMI0  HETKaHbIX  MaTepHajioB,  HAMOJHEHHBIX  HAHOPAa3MEPHBIMU  CTPYKTYPHBIMHU
KOMMOHeHTaMu. Ha ceroHsImHui 1eHb BBINOJHEHBI ABE pabOThl, OTIIMYAIOIIUECS APYT OT Jpyra
[0 TEXHOJIOTMYECKOMY NPUHIUINY BBEIACHMS U 3aKpeIIEHUS HaHOPa3MEpPHBIX (PYHKIMOHAJIBHBIX
YacTHULl B CTPYKTypax MaTepHalloB.

WHCTUTYT B pamMKax TOCYAapCTBEHHOrO 3aKa3a MpPOBOAMJ  HCCIEIOBaHUS IO
HaHOMOJIU(HUIMPOBAHUIO HETKAHBIX MaTepHajoB HAHOPAa3MEpPHBIMH YaCTHIIAMH METAJIOB U MX
KOMIUIEKCHBIMU COETMHEHUSIMHU.

Hanonnenue cCTpyKTyphl HETKaHOTO MaTepualia HaHOpPa3MEPHBIMH (YHKIIMOHAJTbHBIMU
YacTULIaMU OCYIIECTBIIIETCS MOCPEACTBOM HaHOMOJIU(UKALMKA BOJOKOH HEMOCPEACTBEHHO B
npoliecce UX MOJArOTOBKHU K MepepaboTKe B HETKaHbIE MaTepUabl.

Pa3pabotan TEeXHOJIOTHYECKUN CMOCOO HAHOMOAM(PHUIIMPOBAHUS BOJIOKOH C  IIEJBIO
NpUJaHUS MM aHTHOAKTEepHUalIbHBIX CBOMCTB, KOTOPBIH OCHOBaH Ha COBMELICHMH IIPOIECCOB
HaHOMOJU(HUIIMPOBAHUS U 00pabOTKM BOJIOKOH aHTHCTATUYECKUMHU MpernaparaMu Mepeji YeCaHueM,
KOTOPBIH 3allMILEeH naTeHToM PD.

Jlns tocTuKeHusl MHUPOKOTO CHEKTPpa aHTUMUKPOOHOM aKTUBHOCTH HETKAaHBIX MaTepHUajoB
HCCIIEIOBaHbl pa3IMYHble KOMIIO3MLMU W HaijieH Mpemapar C HaHOYacTHIIaMu cepebpa, Ha
KOTOPBIM TOJJaHA W 3aperucTpUpOBaHa 3asBKa Ha MEXAYHapoaHbIM mnaTteHT. K coxaneHuro,
UHCTUTYTY HE YJAJIOCh IPOJOJDKUTH HCCIENOBaHWS B OTOM HamlpaBlIeHUH. MexXIy TeM,
JalbHEWIINe HCCIeAOBaHHWA MOTYT TIPUBECTHM K CO3JaHHUI0O HE TOJBKO MaTepualoB ¢
aHTHOAKTepUAbHBIMU CBOMCTBAMM, HO W MaT€pHaJiOB C IMOBBIIIEHHOW CTOWKOCTBIO K
yIbTpaduoIeTOBOMY OOJyUYEHHUIO, BO3MOKHOCTBIO CBS3BIBAHUS OMACHBIX TOKCHYHBIX BEILECTB,
YCTOMYMBOCTBIO K JKECTKUM U3ITyYEHUSIM.
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Bropoe HampaBneHume B 00IAacCTM HAHOTEXHOJIIOTMH TpeOyeT CO3MaHHUS HOBOTO
TEXHOJIOTUYECKOI0 O00OpYy/IOBaHUS, IMOCKOJIbKY creunduka (HopMHpOBaHHS HOBOM CTPYKTYpPHI
HETKAaHOTO Marepuaia COpOLMOHHO-(DUIBTPOBATHHOTO Ha3HA4YCHHUs, 3aI10JIHCHHOU
HEBOJIOKHUCTHIMM KOMIIOHEHTaMHU IIOBJEKJIa 3a CcoOOM co3laHue LeJoro psjia HOBBIX
TEXHOJIOTMYECKUX Ollepaliii, HEUCIIOJIb3YEMbIX B TEKCTHIIE.

B nanHOil pabore BHEpBbIE pEANHU3YIOTCA TEXHOJOTUYECKUE OCHOBBI (OPMUPOBAHUS
CTPYKTYpbl HOBOI'O BHJA TEKCTUJIBHOI'O HOCHUTENISI AKTUBHBIX YAaCTHUL, B T.4. HAHOPa3MEPHBIX,
pa3paboTaHHble Ha 0a3e HOBOI, CO3AAHHON B HMHCTUTYTE TEXHOJOTHUHU XOJCTO(POPMHUPOBAHUS U
COOTBETCTBYIOLEro oOopynoBaHus. llpu >TOM BBeaeHME YacTUI] B CTPYKTYpy MaTepuaia
OCYILIECTBIISIETCS B Mpoliecce ero (OpMUPOBAHHUS.

Croco0 BBeJCHHS YACTHIl, BBICTPAMBAHHUS W (PHUKCAIIUM CTPYKTYPHOH KOMITO3UIIUU C
pPaBHOMEpPHBIM M CTAOWJIBHBIM XapakTEpOM paclpeiesieHUus] KOMIIOHEHTOB IO BCEMY OO0BEMY
dopmupyeMoro marepuaina SBISETCS HOy-Xay Hamero uHCTUTyTa. Iloka pabGora mo maHHOMY
HAIPAaBIICHUIO 110 OObEKTUBHBIM U CYIIECTBEHHBIM MPUYNHAM PUOCTAHOBJICHA.

Crnenyet TakXke OTMETUTh, YTO UHCTUTYT coBMeCTHO ¢ ®I'BY MHCTUTYT XUMHM pacTBOPOB
uM. [.A.KpectoBa PAH ydacTBoBan B McCCIEIOBaHUAX HOBBIX MOAU(PHUIIMPOBAHHBIX BOJIOKOH B
pamkax ODIII «HanuwoHanbHas TexHONOrMUYeckas Oaszay. lIpemmonaraercs, YTo MPOJIOKEHUE,
pasBUTHE U peanu3anus JaHHBIX paboT OyneT OCYUIECTBIATBCA B paMKaX IPOEKTOB
TEXHOJIOTHYECKHUX  IIargopm «Menummaa  Oynymero» W «TekcTWwIbHAsS ©  JIerKas
MIPOMBILIIEHHOCTb)

B 3akmiouenue HEOOXOAMMO OTMETUTH, YTO JUISI BBINOJHEHHS pPabOT, HMEIOIINX
COLIMAJIbHYI0 HAMpaBICHHOCTh (MEIUIIMHA, SKOJOTHUS, CaHUTapHus) HEOOXOIUMBI KOHCOIHIAUS
YCWIINH CIICIHATUCTOB B OOJIACTH Pa3IMYHBIX HAYYHBIX JUCIHIUIMH U CEphe3HbIC (DMHAHCOBBIC
CpEICTBa, B IEPBYIO OYepeIb OIOIKETHBIE.
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PBIHOK YIJIEPOJIHBIX BOJTOKOH K HAYAJIY 2018 TOJTA

THE MARKET FOR CARBON FIBERS BY THE BEGINNING OF 2018

A.A. JIsicenko, O.B. Acramkuna, H.B. Pycoga, 1.0. Lpi0yx
A.A. Lysenko, O.V. Astashkina, N.V. Rusova, 1.0. Tcybuk

Cankr-IlerepOyprckuii rocy1apcTBEHHBIH YHUBEPCUTET MPOMBILIUIEHHBIX TEXHOJIOTHH 1 AU3aliHa
Saint Petersburg State University of Industrial Technologies and Design
E-mail:thvikm@yandex.ru

B paGore mpuBoAMTCS aHAJM3 Pa3BUTHS NPOU3BOJACTBA YIJEPOAHBIX BOJOKHHCTBIX MATEPHAJIOB,
NPUBOJSTCA CBeJeHHs M0 00beMaM CIpoca, MOUIHOCTSIM MPOU3BOACTBA U B HEKOTOPBIX CJIydasix Mo o0beMaMm
BbIIIYCKA YIJIEPOJIHbIX BOJIOKOH. MaTepuajbl XapaKTepu3ylOT KaK NPOU3BO/JACTBO YIJIePOAHbIX BOJIOKOH B MHpe,
Tak u B Poccun

KutoueBble cjioBa: yriiepoaHbie BOJIOKHA, IOTPeOUTEJIbCKHIA CIIPOC, MOLIHOCTH NMPOU3BOACTBA.

The paper analyzes the development of the production of carbon fiber materials, provides information
on the volume of demand, production capacity and, in some cases, the volume of production of carbon fibers.
The materials characterize both the production of carbon fibers in the world and in Russia.

Keywords: carbon fiber, consumer demand, production capacity.

B 2005 u 2007 rr. O6putH OMyOJWKOBaHBI 0030pbI, HaMOOJEE MOJHO XapaKTEPU3YIOIIUE

COCTOSIHUE TIPOM3BOJICTBA U MOTPEOICHUS yriiepoJHbIX BoJIOKOH (YB) k 2005 r. u Ha mepcneKTuBy
o 2010 r. [1, c. 33; 2, c. 4]. B atux paborax yka3bIBajIoCh, YTO MHUPOBOE MPOU3BOACTBO YB k
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2005 r. momxHo Obw10 HOCTHYB 31-36 ThIC. TOHH, a TOTpedHUTENbCKHH priHOK YB k 2010 r. momken
ObLI cocTaBuTh 45-50 ThHIC. TOHH B r'OJI.

Kpome Toro B crarbe [2, c. 7] mpuBeAeHa TOBOJBHO peakas uHpopmanus o0 HUCTOpUHU
pa3BUTHUSL MPOM3BOJCTBAa akTUBHpOBaHHBIX YB (AVYB), o Bemmycke AYB B mupe (600-2000 ToHH B
ron) u ctpanax CHI" (opuentupoBouno 50-100 ToHH B rox).

K coxanennto, Ham Hem3BecTHbI Oojee mo3anue (2007-2011 rr) Poccuiickue cratbu u
0030pbl, TIOJHOBECHO XapaKTEPHU3YIOUIME OTpacib YIIEPOJHBIX BOJOKOH M BOJIOKHHCTBHIX
MaTEepUajIoB, B YaCTHOCTU JIJIsl apMUPOBAHUS KOMIIO3UTOB. YaCTUUHBIM HCKIIOYCHHEM SIBJISIETCS
noknan Poccuiickoit xomnmanmun UMATEX Group (xommo3uTHblil nuBu3noH [ ockopriopanuu
«Pocarom») 2017 roma, B KOTOPOM MPOTHO3UPYETCS POCT MUPOBOTO phiHKa ¥YB k 2025 roay g0 161
ThIC. TOHH. B Poccun mpornosupyercst poct norpedurensekoro peiaka YB B 10 pas, 1.e. ¢ 0,3 10 3
TBIC. TOHH/TOJ [3, C. 2], OHAKO B 3TOM JIOKJIaJIc HET aHaju3a peIiHKa Y B B miemnom.

3HaYUTENHHO MEHEEe ONTUMUCTHYHBI JaHHbIE 110 oTpedienuto YB, npuBeaeHHbIe B paboTe
[4, cTp. 21]. B 2010 r. notpednenue cocrapmio 207,5 ToHH, a B 2013 1. 10/KHO OBLIO AOCTHYB 785
TOHH.

[TpousBoactBo YB B Poccuu onennBaercs oueHb CKpoMHO — He Ooniee 1400 TOHH B roj 1o
cocrostHuto Ha 2015-2017 rr. Ognako B 2019 roay mianupyeTcs 3alyck 3aBojia 110 MPOU3BOACTBY
nonuakpuIoHUTpuIbHBIX ([TAH) BOJOKOH MOIIHOCTBIO 5 ThIC. TOHH/TOA, 4YTO, TEOPETHYECKH,
MOXET MMO3BOJIUTH MOBBICUTH BhIMYcK YB 10 2000-2500 TonH. OnieHku 1o pocty crpoca Ha YB k
2022 r. — ue 6onee 120 Toic. ToHH B rof; 2016 r. — 64 ThIc. TOHH; 2017 r. — 72 ThIC. TOHH. BBIMyCK
VB B Mmupe B 2016 r. coctaBun 106,1 ThIC. TOHH.

B pab6orax [5, c. 2;6, c.4] npuBoauTcs oreHka norpedsenus (crnpoca): 2015/2016 rr — 58-64
ThIC. TOHH; 2017 1. — 72 ThIC. TOHH; 2022 T. — He 6osee 120 ThIC. TOHH [6, c. 4]; 2025 r. — 148 ThIC.
TOHH [5, c. 2].

JlaHHble pa3IMyYHBIX UCTOUYHUKOB 3HAUUTEIbHO oTiInyatoTcs. Kuralickue uccnenosarenu [7,
c. 3] ouenmnu riobanbHelil cipoc Ha YB B 2016 1. B 83 Thic. TOHH. B TOXe Bpemsi 1O JaHHBIM
noknana [5, ¢. 4] Bemmyck YB B mupe B 2015 1. coctaBmi 64 Teic. TOHH, a B 2025 1. o)kuaercs B
oobseme 161 ThIC. TOHH.

B Toxe Bpems B KurTae mimaHupyercs YCKOpPEHHOE pa3BUTHE OTpaciId MPOU3BOJCTBA
YIIEPOIHBIX BOJOKOH.

K coxanenuro, mpuxoauTcsi KOHCTATUPOBATh, YTO MEPCIIEKTUBBI Pa3BUTHS TPOU3BOJACTBA
VB 1 BOJIOKHUCTBIX MaTepUaIoB Ha MX OCHOBE B Poccuu BHITTISAUT JOBOJIBHO MPOOIEMAaTHYHO.

B ywacTtHOCTH 3TO CBsI3aHO C OTCYTCTBHEM ChIpheBOM 0a3bl kak /st YB u3 [TAH, tak u mist
VB u3 ruiparueuitoio3sl.

B noxnane Taxke OyAayT OCBEIICHBI BOMPOCHI MOMCKAa HOBBIX 3(PHEKTUBHBIX MPEKYPCOPOB
JUIsl TpoU3BOACTBa ¥YB M mpennosnokeHust mo NepcrekTUBaM pa3BUTUA oTpacid YB, kak B mupe,
Tak u B Poccum.
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B crarbe paccMoTpeHbl OCHOBHble NpUHUMILI ¢GopmupoBanus uHudposbix ¢adpuk. IlokaszaHbl
cneunduyeckne 0co0eHHOCTH TMepexoAa K UHM(PPOBOMY NPOEKTHPOBAHMIO B COBPEMEHHOM LIBEHOM
npousBoacrTse. IlpencraBieHbl 0cHOBHbIe HanpaBJjeHus coBepuieHcTBOBaHUusi CAIIP mBeiiHbIX M3aeauil 1Js
MOBbIIIEHHS AIeKBATHOCTH MPeCTABIeHUS BUPTYAJIbHBIX IBOHHHKOB OJ1€KIbI.

KiroueBnle ciioBa: nudgpoBas ¢padpuka; BUPTyaJabHOE NPOEKTHPOBAHUE; CHCTEMbI NMOJAEPKKH
JKU3HEHHOI'0 IUKJIA U3eTus.

The article considers the basic principles of the formation of Digital Factories. The specific features of
the transition to digital design in modern garment production are shown. The main directions of improving CAD
software for sewing products, to increase the adequacy of presentation of clothing virtual twins, are presented.

Keywords: Digital Factory; Virtual Design, PLM systems.

OpnHOM M3 OCHOBHBIX TEHIICHIIUN COBPEMEHHOTO MPOM3BOJCTBA SIBISIETCS HEOOXOIUMOCTH
COKpall€HUus BPEMCHHU BbIXOJa HOBBIX I/IBJIG.]'H/Iﬁ Ha PBIHOK IIpHU OJHOBPEMEHHOM YAOBJICTBOPCHUU
crenu(pUIecKnuX MOTPEOHOCTEN 3aKa3yMKoB (OT MOJENH MAacCOBOTO MPOU3BOJICTBA KOMITAHUU
MepexosiaT K pa3paboTke U cOopke Ha 3aka3). [Ipu 3TOM KOMIaHWU HE MOTYT IMO3BOJIUTH CeOe
MOBBIIIATH CTOMMOCTH TPOIIECCOB MPOEKTUPOBAHUS HOBBIX M3Aenuil. OJHOBpPEMEHHO C J3TUM B
MIPOIIECC CO3JaHMS MPOTYKITUH BOBJICKAIOTCS CETOHS MHOTOYHCICHHBIC BHEITHUE YIaCTHUKH — OT
MOCTABIIMKOB KOMIUICKTYIOIIUX, KOTOPBIC JOJKHBI UMCTh BO3BMOKHOCTL OIICPATUBHO pCarupoBaThb
Ha U3MEHEHHs B TPEOOBAHMAX K KOHEYHOMY MPOAYKTY, JAO CAMHX 3aKa34YMKOB, KOTOPBIC XOTAT
NOJYyYUTh JOCTYH K TporeccaM (GOpMHpOBaHHA OTUX TpeOoBaHuil. MHOTrHe KpyIHbIE
MIPOM3BOUTENN BBIHOCAT 32 CKOOKM COOCTBEHHOTO IMPOM3BOJCTBEHHOIO IMpoIllecca pa3pabOTKy H
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BBIMTYCK KOMIUICKTYIOIIUX, a TOI4ac U COOCTBEHHO COOPKY TOTOBOTO M3JETHS, OCTABIISS 32 COOOM
0a30BbIe ornepaly BhIpabOTKHU KOHIEHINN U POEKTHpOBaHus mpoaykiuu. [lepenaya yactu cBoux
(GYHKIIUI Ha ayTCOPCHHT HE OTMEHSET HEOOXOIUMOCTH KOHTPOJIUPOBATh W HHTETPUPOBATH BCE
npouecchl. Jias Toro, 4To0bI BUpTYyalid3alus MPOU3BOJICTBA MPOUCXOAUIA HE B yIIEpO KOHEUHOMY
pe3yabTaTy U ¢ MaKCMMaJIbHOM SKOHOMUYECKOU OTJadyei, KOMIAHUSIM HEOOXOIUMBbI TEXHOJOTHUH,
OOBEIMHSIONINE U aBTOMATU3HUPYIOIINE BCE Pa3pO3HEHHBIE ATallbl KU3HEHHOTO IMKJIA W3JENUs,
CO3/IAI0IIME HWHTETPUPOBAHHYIO CpeAy KOJUIGKTMBHOW pabOThl, TAe KaXJbld yYaCTHHK
MIPOU3BOJICTBEHHON IEMOYKU UMEET B pealbHOM BPEMEHHU JOCTYI K HYKHOU eMy MH(OpMAaIUH T10
U3JIEIIIO.

[ LII/I(l)pOBaSI (ba6p1/11<a npeamnojarac€t Co3gaHue M OTIAAKY TCXHOJIOTMYCCKUX U HpOHSBOL[CTBeHHOﬁ
OCIOo4YCK, HayYuHasg OT CTaauil HCCIEIOBaHUA U IJIaHUpPOBAaHUA, KOTAa 3aKJIaJbIBarOTCA 06a3oBbIe TPUHIOUITBL

KOHKYPEHTOCTIOCOOHOTO TMpPOJYKTa, M 3aKAHUMBAas CO3JaHMEM OMNBITHOTO MPOTOTHNA H3enus: ‘ OMH(POBKa”
’KU3HEHHOTO IMKJIA IPOIYKTa U MPHUBEIECHHE €0 B COOTBETCTBHUE C MAaTpUIIEH 1eneil (TpedoBaHus /
OTpaHUYEHUS: TEXHOJIIOTUYECKUE, TEXHUUECKHE, YJKOHOMUYECKHUE U T.JI.) Ha ero pa3paboTKy;

° dbopMupoBaHHe 0a3bl MOCTABIINKOB U TPEOOBAHMIA K HUM;

° MPOBEJICHUE CEPUU MEPBUYHBIX PACUETOB C LIEJIBbIO OMpPEIEICHUs OOIINX MPUHIUIIOB
IIPOEKTUPOBAHMSI M CO3JAaHUS ONTUMAIbHONM KOHCTPYKLHUH HAa OCHOBE COBPEMEHHOW KOHIIEMLINU
(Simulation & Optimization)-Driven Design & Additive Manufacturing;

° KoHCTpykTOpckue pabotrel (CAD); KOMIBIOTEpHBIH / CYHEpKOMIBIOTEPHBIN
umxuaupuar  (CAE, HPC), Bce Buasl ontumuzanuii (CAQO; MHOrokpuTepualibHas,
MHOTronapaMeTpuyecKkas, MHOTOIMCLIUIIIIMHAPHAS, TOINOJIOTHYECKasl, Tororpaduueckas,
ONTUMHU3ALNS Pa3MepoB U (OPMBI, HAKOHEI, poOaCTHAs ONTUMHU3ALINSA);

. BbIOOpD TEXHOJIOTMM NPOU3BOJCTBA W MOATOTOBKAa K H3TOTOBJICHHUIO IPOTOTHIIA
(Computer-Aided Manufacturing, CAM; Computer-Aided Additive Manufacturing, CAAM);

° W3TOTOBJICHHE MPOTOTUNA (AJATUTHBHOE TPOU3BOACTBO, MHOTO(QYHKIHMOHAIbHEIE
oOpabaThIBaroIie IICHTPhI Ha 6a3e ctankoB ¢ UITY u ap.). [1]

Coznanne nu@poBbIX (aObpuUK B HMHIYCTPUM MOJbl HANpPaBIEHO HAa JOCTUXKEHUE Tpex
OCHOBHBIX ILIE€JICH:

1) kapauHallbHOE W3MEHEHUE B IPOU3BOJUTEIIBHOCTH, KadyecTBe U 3(PeKTUBHOCTU
IIPOU3BOJICTBEHHOIO IIpOLEcCa OACKIBI, PAJUKAIBHOE COKpAllEHUE BPEMEHH M CTOMMOCTHU
MIPOEKTUPOBAHMS U pa3pabOTKU MpOAyKTa MmyTeM mpsiMoro 3D mpoekTupoBaHUS U BUPTYaJbHOTO
MOJICJIMPOBAaHUS TKaHU W HIBEMHOTO M3/€1Ms, OLIEHKHM MOCaIKU M KoMdopTa Ha JTUHAMHUYECKUX
BUPTYaJbHBIX MAHEKEHaX, COOTBETCTBYIOUIUX pealbHBbIM IOTPEOUTENCKUM MOP(OTHUIIAM,
IIPOrHO3UPOBAHUS CTOMMOCTH U TEXHOJIOTMYHOCTH;

2) paauKanbHBI PEMHXUHUPUHT M aBTOMATH3alUs MPUHATHS PEUICHUH Ul KIFOUEBBIX
3aa4  M3TOTOBJICHUS M3JEJIMA: 3HAUYUTENBHOIO COKpAalleHMsl 3aTpaT TpyJa B IIBEHHOM
MIPOM3BOJICTBE MPY 3HAYUTEILHOM YBEIMUEHUHU KaueCTBa;

3) uHTErpanus Bcex OTAENbHBIX MPOLIECCOB U TEXHOJIOTHH B BEICOKO3((PEKTUBHBIE U THOKHE
MIPOM3BOJICTBA, OOECMEUYNBAIOUINE pPaJUuKaIbHOE ABI)KEHHE B CTOPOHY OBICTpOIl peakuuu Ha
3arpockl MOTpeOuTeNneil U pa3BepThIBAHUS T'eorpapUuecKy pachpeAeIeHHbIX MPOU3BOICTBEHHBIX
ceTeil.

JlocTikeHne yKa3aHHBIX Lelell HEBO3MOXKHO 0e3 o0ecreueHHs CKBO3HOIO Ipolecca
MIPOM3BOJICTBA C MPUMEHEHUEM DJIEKTPOHHOTO JOKYMEHTOO0OpOTa C BO3MOXKHOCTHIO BHOCHUTH
U3MEHEHHs U JMCTaHLUMOHHO KOHTPOJIMPOBATh IpOLECCHl Mpou3BoAcTBA. IIpym 3TOM 3aka3zumku
CMOTYT MOJy4aTh HHGOPMAIMIO O KOHEYHOM BHJIe OyAyIIEero U3/eNns U yJaJeHHO COIIacOBBIBAThH
€ro KOJINYECTBEHHBIE U KaUECTBEHHBIE XapaKTEPUCTHUKH.

3TO MO3BOJSIET CMECTUTh LEHTP TSHKECTU Ha ATAll MPOEKTUPOBAHUS, KOTOPOE BBITOJIHAETCS
B IM(POBOM BHUJE Ha OCHOBE COBPEMEHHBIX CPEJICTB KOMIIBIOTEPHOI'O MOJICIUPOBAHUS, BKIIIOYAs
BeCch Ha0Op HEOOXOMUMBIX HCHbITaHUM. Takoe pelieHHe MUMeeT ps] MPEUMYIIECTB, B TOM YHCIIE
3HAYUTEIBHO YCKOPSET M YACLICBIIAET yCTPaHEHHE OMIMOOK, MMO3BOJISIET ONEPAaTUBHO PEarupoBaTh
Ha U3MEHEHUS PhIHKA, a TAK)KEe BOWTH B OKHO BO3MOXKHOCTEH paHbllie KOHKYPEHTOB. [2]

OnHOI U3 MPUYMH HU3KOW MOOMIIBHOCTH MTPOU3BOJICTBA, U B CBOIO OYepe/ib, HEOCTaTOYHOMN
KOHKYPEHTOCIIOCOOHOCTH ~ OTEUECTBEHHBIX IMPOM3BOAMTENCH  OAEKIObl  SBISETCS  BBICOKAs
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TPYAOEMKOCTh MPOEKTHBIX paboT. TpaguIMOHHBIN MOAXOA K IMOJYYSHHIO JieKall ¢ momolbio 2d
CAIIP ne obecrieunBaeT mMoJiyueHUs TpeOyeMoro pesyiabTaTa MPU MEPBUYHBIX pacyeTax, 4To
BBI3BIBACT HEOOXOJMMOCTh M3TOTOBJICHUS MPOOHBIX OOPA3IOB C MOCIEAYIONIEH KOPPEKTUPOBKON
JIeKaJl, BBIIOJIHAEMOW UTEPALIMOHHO OT 3 10 5 pa3 B 3aBUCUMOCTH OT CJIOKHOCTH MOJIEIIN.

PasButue aBTOMarM3anMM KOHCTPYKTOPCKHMX padOT HampaBlIieHO Ha NPHUMEHEHHE
tpexmepHbix CAIIP, pematoniux 3aauu NporHo3upOBaHus, CO3/1aHUs U Pa3BEPThIBAaHUS 00BEMHON
(dopMBI OZEKIBI B BHPTYAIbHOM IMpOCTpaHCcTBE. lIpoBeneHHBI aHaNM3 CHUCTEM TPEXMEPHOTO
MIPOEKTUPOBAHMSI OACKIbI [TOKA3al, YTo O0oNbIIMHCTBO U3 HUX (Lectra, @pannus; Optitex, V3panib;
Assyst, I'epmanus; Gerber, CILIA; Marvelous Designer, Kopes u T.1.) HaleneHo Ha oOecrieueHue
BO3MOXXHOCTH YBUIETh Oyaymiyro GopMmy wusnenuss mnpud TOMOIIM Ipoliecca, Ha3bIBAEMOT0
«BUPTYaJbHOM IPUMEPKOW», TO €CTh CHUMYJISILMM CHIMBKM JETAed U «HAAEBaHUA» HX Ha
BUPTYy&JIbHBIA MaHEKeH. Takoll mOAX0J HMEET CXOJICTBO € CYHIECTBYIOUIMM IPOLIECCOM
KOHCTPYKTOPCKO-TEXHOJIOTUYECKOH TMOATOTOBKM MPOM3BOJCTBA: JOCTIDKEHHE >KelIaeMOd (OpMbI
U3JIeNusl TyTEeM TMOCIe[0BaTeIbHBIX UTEpalluii JBYMEPHBIX JieKad, pa3paboTaHHbIX Tpado-
QaHATUTUYECKUMU criocobamu. OJIHaKO TMPOIEeCC MPOBOAUTCA ©O€3 ydacTusi 3aKa3uuka, C
BUPTY&JIbHBIM AHAJIOIOM MaTepHualia, IyTeM AaBTOMATHUYECKOM CIIMBKHM IOJYYEHHBIX JIEKall U
dopMooOpa3oBaHus M3ACIMs IOJ JCHCTBUEM BHEMIHMX W BHyTpeHHHX cun [3]. B ciyuae
HEYJIOBJIETBOPEHHOCTH MOJYyYHBIIEHCS 00beMHOM (QopmMol u3Aenus MPOSKTUPOBIIMK BbIOHMpaeT
HeoOXoauMBIe NeHCcTBHS 1O Moaudukanuu jexkan. HecMoTps Ha TO, 9TO HM3MEHEHHS] MOYKHO
BHOCUTh Kak B 2D, tak m B 3D, KOJIMYECTBO HUTEpalUil 3aBUCUT OT SKCIEPTHBIX HABBIKOB
MOJIb30BATENsl M 3a4acTyio TpedyeT mpodeccruoHambHOro obpasoBanus. C JApyroil CTOpPOHBI,
Onarogaps npsMomy (pU3NYECKOMY MOJIETUPOBAHUIO C YUETOM CBOICTB MaTepuaioB, IPUMEHEHHIO
TEKCTYp U aHUMAIMH, KOHCTPYKTOP M 3aKa34MK MOTYT OLIEHUTh BHEUIHUM B OYyyIEro U3aenus u
€ro MmocajKy, B TOM 4YMclie U B AUHaMHKe. J[aHHBIA MOAXOJ BO MHOTOM peliaeT 0003HAYEHHYIO
BBIIIIE 33/1a4y YCTPAaHEHHS OIIMOOK HETIOCPEACTBEHHO Ha JTare MPOSKTUPOBAHUS.

Jlpyroe HampaBjeHHE IMpPeIycMaTpUBaeT Mepexo] OT TPEXMEPHON MOBEPXHOCTH (UTYPHI K
TPEXMEPHON MOJENN OAEK/bl U aBTOMAaTU3UPOBAHHOE MOIYUYEHHE JIEKaJl HHKEHEPHBIMH METOJaMU
MIOCTPOEHHUs pa3BepTOK. [[aHHBIN moaxon peanu3oBaH B oTeduecTBeHHBIX cucremax CTAIIPUM,
ACCOJIb 3D parametric, BustCad [4]. /IoCTOMHCTBO Takoro MOJX0/a 3aKIHYacTCs B TOM, YTO
IIPOEKTUPOBaHUE Oa3upyeTcss HENOCPEJICTBEHHO Ha >KEJaeMOM BHEIIHEM BHUJAE W3JEIHs, €ro
oO0beMHON QopMe © Tocaake Ha (QUTYpe 3aKa3uhkKa. OJTO TIO3BOJIIET BCEM YYaCTHUKAM
IIPOM3BOJICTBEHHOTO IpoIlecca cpa3y MUMETh €IMHOE INpEACTaBIEeHUE O OyAyIleM H3AeiIHH, TeM
caMbIM H30€XaThb TMOBTOPSIIOMIMXCS JTAaloOB JBYMEPHOTO M TPEXMEPHOTO IPOEKTUPOBAHUSA,
3HAYUTENbHO CHU3UTh TPeOOBaHUS K MPOQECCHOHAIbHBIM HaBbIKaM KOHCTpyKTOpa. HecmoTps Ha
BBICOKYIO TOYHOCTh Pa3BEPTOK, JaHHBIE CHUCTEMBbI TPeOYIOT JalbHEHIIEro COBEPIICHCTBOBAHUS
IIPOLIECCOB B YaCTH y4€Ta CBOMCTB MAaTEpPHAJIOB.

[TpakTnuecku HM oxHa w3 cymiectByromux ceronHs CAIIP onexnpl He rapaHTHpYeT
BO3MO>KHOCTbB ITOJIYYEHHUS 3ayMaHHOI0 U3/JEJINs TAKUM, KaKMM €ro 3aaymai au3aiiHep. KoHeuHsbli
pe3yJIbTaT BO MHOTOM 3aBUCHUT OT OIbITa U MHTYULIUH KOHCTPYKTOpA U TEXHOJIOTa.

Jis  ycTpaHeHHMsl OINUCAHHBIX BBIIIE HEAOCTATKOB MPEACTABISACTCS 1EJIecO00pa3HbIM
peain30BaTh aBTOMATHU3MPOBAHHBIA HUTEPALMOHHBIA TpPOIECC MOJyUYeHHUs pa3BEpTOK (Jiekan)
U3JeNusl C y4eToM (PU3UYECKUX CBOMCTB MAaTepHajoB, C BO3MOXKHOCTBIO KOPPEKIMH Kak
JIBYMEPHBIX JIeKaJl TaK U TpexMepHoil popmbl. CTaausIMK 3TOTO Mpoliecca SBISIOTCA:

- CO3/1aHU€ BUPTYAJIbHOTO MAaHEKEHA TUTIOBOM WM WHAMBUIYAIbHOM (pUTypBHI,

- CO3J]aHKe TpeXMepHOU (OPMbI U3/AENUsl HEMOCPEICTBEHHO Ha MaHEKEHE,

- aBTOMAaTHYeCKas pa3BepTKa JeTajllell M3AEIUsS U IOJIyYEHUE IUIOCKUX JIEKal C Y4ETOM
(OPMOBOUYHBIX CBOMCTB MaTepHaoB,

- mpsiMasi (u3MYecKas CUMYJSIMS MOCAIKU C IOJHBIM y4YETOM CBOMNCTB MaTepUalIOB U
BO3JICHCTBUS Ha MATKHE TKAaHU MaHEKeHa, oToOpakeHue KapT aedopManui,

- BBISIBJICHHE HECOOTBETCTBUH C kKenaeMoi (opMoii H3AeHs 1 aBTOMaTHYeCcKast KOPPEKIHS
JIeKall.

[TpenmymiecTBaMu MOAOOHOTO MOAX0A SBIISIOTCS:
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- BO3MOXHOCTb OBICTPO MPOEKTHUPOBATH U3/EIHE CPa3y B «KOHEYHOM BHJIE», OOOHTHCH O€3
3Tarna MoCTPOeHUs 6a30BOM U MOJEIbHONW KOHCTPYKLIUH 110 OAHOM U3 MIPUHATHIX METOJUK,

- BBICOKAs CTENECHb aBTOMATH3aLMHU Ipollecca MOJIY4YeHHUs JeKall, He TpeOyromas BbICOKOM
KBaJM(HUKALIMKA KOHCTPYKTOpA,

- OoJsiee TOUHAs BU3YyalIM3aLUs MOCAAKU W3JEIMS HAa KOHEYHOI'O IOJIb30BATENsl C Y4ETOM
CBOMCTB KOHKPETHBIX MaTepHaJIOB,

- OTCYTCTBHE NIOTPEIIHOCTEH, CBSI3aHHBIX C 0COOEHHOCTSIMH y4eTa CBOMCTB MAaTE€pUAIOB IPU
pa3BepThIBAHUM,

- BO3MOXHOCTb aBTOMATHYECKOTO IEPECTPOCHMs JIeKaJdl INpU H3MEHEHUU MaTepuajioB
u3zenus,

- aBTOMAaTH4YeCKas TIpajanus U3JeNus U JieKan Ha Jro0bie QUrypsl (Kak THIIOBBIC, TaK H
WH/IMBUyaJIbHBIE).

Takum 00pa3oM MOSIBISETCS BO3MOXKHOCTH TONyYEHHS M3JEIUi Oosiee CIOKHOU (OpMBI,
yAy4IIEHUs] KauecTBa M3/eNUil, MOBBIMIEHUS YPOBHS WHIMBUAYaAJIW3allUU W3JENUH, peaau3anuu
TBOPYECKHUX HeH 0e3 HEOOXOIUMOCTH MOACTPANBATh yXKE CYIIECTBYIOIINE METOIUKU MOTYYCHHUS
TOTO WM MHOTO THUIIA U3AEIHSL.

[Tosryyaemble TpeXMEPHbBIE MOJAEIN OJEXK/Ibl C aIEKBAaTHBIM OTOOPa)KEHUEM MX BU3YaJIbHBIX
U (PU3BMKO-MEXaHUYECKHX CBOMCTB MOTYT MPHUMEHATHCS B «BUPTYAJIbHBIX HPUMEPOUHBIX).
Wuterpanust ¢ Web-cepBucamMn MHTEPHET-Mara3uHOB OJICXKIIbI, BUPTYaJbHBIX aTEIIbe MO3BOJIHT
OpeNIpUsTHSIM TIepeiTH Ha TUCTAHIMOHHBI mOpueM 3aka3oB © koHuenuuto self-design
(moTpebutenb caM MPOEKTUPYET MOJEIb HAa HHTEPHET-NOpTAle MPOU3BOAMUTENS C IOMOLIBIO
pasMenieHHbIX Ha HeM Web-cepBHCOB) ¢ mociedyromen nepenadeil ux B Haubosee BBHITOJHBIH
Y4acCTOK pacIpeieICeHHOrO IPOU3BO/ICTBA.

PaccMoTpuM ~ OCHOBHBIE  NpOOJIEMBI,  CIEP)KUBAIOIIME  IIOBCEMECTHOE  BHEIPEHHUE
tpexmepHbix CAIIP oxexapl u TpeOyronue penieHus i 00€CIieueHrus] BO3MOXKHOCTH CO3/IaHMS
1 poBbIX (GaOpUK B HHAYCTPUH MOJIBI.

1) Wudopmanus o mnoepxHoctu ¢urypel. Bee tpexmepubie CAIIP onexnapl nmeror
BO3MOKHOCTh BBIOOpa WJIM TpaHCPOpMaluu LHU(POBBIX MaHEKEHOB JIIOOOrO pa3Mepa U POCTa,
JIOMTYCKAIOT BO3MOXKHOCTh MHTETPALIMU C BBICOKOCKOPOCTHBIMU OLIM(POBBIBAIOIIMMHU YCTPOUCTBAMU
yenoBeueckux ¢uryp (OoaumckaHepamu), OJHAaKO 0a3a THIOBBIX MAaHEKEHOB, HMEIOIIAsACA B
nepeuucineHHbix CAIIP, sBiseTcss HENOCTaTOYHOM U HECOOTBETCTBYIOLIEH POCCUHCKUM
cranfaptaMm. LludpoBele MaHEKeHbI, HCHOJIb3yEMbl€ B  BBIIICNIEPEUUCICHHBIX CHUCTEMAX,
HECOBEpUIEHHbl, HE MMEIOT IUIACTUKM peajbHBIX (QUryp, TpPyIHbl B MOJCTPOHKE IO
WHAMBUJyaJIbHbIE TapaMeTpbl. 3HAUUTENbHOE KOJMYECTBO THIOBBIX (UIYp B pa3MepHBIX
AHTPOMOJOTUYECKUX CTaHAapTax (MyXCkux — 172, sxeHckux — 137) 3aTpyAHSIIOT KauyeCTBEHHOE
BBINOJIHEHHUE MPOLIECCOB CO3/1aHUs 00BEMHOM (POPMBI OAEKABI M €€ aJalTalluy Ha IpyTue pa3Mepsl
u pocTta (TpeXMEpHON Tpajaluu) TPH HUCIOJB30BAaHWU HMeronmxcsi B coBpemeHHbIX CAIIP
Marematudeckux wmoxened [5]. MmxkeHepHoe 3ajaHue THUIOBBIX (GHUIYp 3aTPyJHEHO Kak
HEJOCTAaTOYHBIM HA0OpOM pa3MEpHBIX TPU3HAKOB, YyKa3aHHBIX B CTaHgapTax, TaKk U
MCMOJIb30BAHUEM IPEUMYIIECTBEHHO OOXBATHBIX M JYTOBBIX IapaMeTPOB, HE XapaKTEPH3YIOLINX
(bopMy OTAENTBHBIX YYaCTKOB Tea.

Pa3zpaboTka METOOB MOCTPOEHUS BUPTYaJIbHOIO MaHEKeHa, 00eCIIeUNBAIOIINX COXPAaHEHUE
€CTECTBEHHON aHTPONMOMOP(GHOCTH U y4eT aHTPOTIOMETPUUYECKON WH(MOpPMAIUH, COoAepIKaIICICs B
HOPMATHUBHOM TOKYMEHTALUU WK MOJy4aeMoi mociie oun(poBbIBaHUS UHAUBHUYaTbHON GUTYpPHI,
u ux npuMmeHeHue B oredecTBeHHbIX CAIIP mo3BoiMT MOBBICUTH aleKBaTHOCTh TPEXMEPHOIO
MIPOEKTUPOBAHHUS O/I€XK/IbI 1 KOHKYPEHTOCIIOCOOHOCTh MPOrpaMMHBIX NMPOAYKTOB. Kpome Toro, s
MIPOEKTUPOBAHMSI KOPCETHBIX M YTATUBAIOLIUX W3JENUA HEOOXOIMMO MOJEIUPOBAHHE MOBEIEHUS
MSTKHX TKaHeW yenoBeka (MX AepopManuu NMpH ckaTuu U ciasure). KoHEYHOH 1eIblo J1aHHOTO
mporecca SBISETCA MOJydyeHHe LU(QPOBBIX JBOWHUKOB (UIYp, IO3BOJSIOIIMX ITOJTHOCTBIO
UCKJIIOYUTH HEOOXOAMMOCTb TPAIUIIMOHHOMN MTPUMEPKH.

2) Ilporno3upoBanue GopMbl ofexabl. KauecTBo nmporno3upoBanust GOpMbI OTpeeseTcs,
MPEX/Ie BCET0, HATMYUEM U CIOCOOOM MPHUBSI3KU MOBEPXHOCTU OJICK/IbI U KOHCTPYKTUBHBIX JIMHHIH,
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pacIoyIOKEHHBIX Ha HEH, K KIIOYEBBIM TOYKaM MaHeKkeHa. OgHako camo MOHATHE «(hopMay
IPUMEHUTEBHO K OJIE’K/E, PACIIONOKEHHON Ha YeJI0BEeYEeCKOH (Urype u Oonuparolieics Ha Hee, He
MOXET OBITh TOJHOCTHIO (hopManm3oBaHo. Bo3moxHoctu coBpemeHHbIX CAIIP ofexX bl TaKOBBI,
YTO ONEPaTOp MOXKET 3aJaTh MPAKTHUECKU J00yI0 (opMy OAEKIbl, B TOM YUCIIE HEPEATbHYIO U
HECOOTBETCTBYIOILlYKO ~ CBOMCTBaAM  TEKCTWJIBHBIX  MaTepuaioB  (HaAOpUMEp,  BBINYKJbIE
HalpaB/SIOIME Ha OTBECHBIX CKIaAkax 10Oku u T.4.). Ilpm npumeHeHun @usnueckoro
MozenupoBanus npousoautenn CAIIP BeIHYXII€HBl MCKAaThb KOMIPOMHUCC MEXAY BPEMEHEM U
PECYPCOEMKOCTBIO CUMYJISLIMM, @ C JPYTOM CTOPOHBI TOYHOCTBIO MOJCIMPOBAHHSA MaTepuaia H
OnMM30cThI0 K Tocaake Oynymero  um3genus. IIoJBMXKHOCTB CTPYKTYpPBHI, HallM4ue CIIO0KHOTO
NEPEIUIETCHMSI, aHU30TPOIIHOCTD, APAUPYEMOCTh U OTCYTCTBHE CTaTUYECKOIO IOJIOXKEHHS JEJIaeT
MOJIETIMPOBAHUE TEKCTWJIBHBIX MAaTEpHUajoB BO MHOro pa3 0ojiee CIIOKHBIM 4YEM CUMYJISALUSA,
TPaJULMOHHO IPUMEHsIEMasi B MAIIMHOCTPOEHHUH, apXUTEKType U APYruxX 001acTAX.

OtnenbHyI0 TpoOJIeMy MPEACTABISET y4eT CBOMCTB AYyOJMPOBAHHBIX YYacTKOB JeTasiei,
yIpyro-aehopMaioHHbIe CBOMCTBA KOTOPBIX MOT'YT OTJIMYAThCSA OT COCEAHUX (HEAYOIMpPOBaHHBIX
y4acTKOB) B JiecaTku pa3 [6]. [Ipu 3Tom hopma ofekabl Ha KECTKUX (IyOJTUPOBAHHBIX) YUacTKaxX
MOJKET 3HAUUTEJIBHO OTJIMYAThCA OT (OPMBI MOBEPXHOCTU (DUTYpPBI, U ONPEIEIATHCS B IMEPBYIO
ouepe/lb KOHCTPYKTUBHBIMU OCOOEHHOCTSIMU M3ENUs, B TO BpPeMs KaK Ha MSTKUX — B OoJbLIeH
CTENEHHU IIACTUYHOCTHIO ((hOPMOBOYHOI CIIOCOOHOCTBIO U JApanupyeMoOCTh0) Marepuana. s
o0ecrieYeHrsT CUMYJIIIMKA TTOCAIKU IUIOTHO OOJIETAIOUINX W3JeNUil (CIOPTHBHBIE, KOPCETHBIE,
KOPPUTUpPYIOIIME M MpoY.) HEOOXOJUM YYeT DPACTSHKMMOCTH MaTepHalloB, a TaKKe H3MEHEHMs
dopmbl  durypsl (mepepacnpeneiCHUsT MATKUX TKaHEH Teia) IMoja JACUCTBHEM OHeXIbl [7].
BcenenctBue 3Toro nmpakTHYeCKHM HEBO3MOXKHO afantupoBaTh TpaaunuonHsile CAD/CAE cucremsl
JUISL MOJIETIUPOBAHUS OJIEKBI.

3) Yuer cBoiictB MarepuanoB. CBoilcTBa MaTepualloB NPHU IOCTPOCHUU PA3BEPTKH B
cymiectByromux CAIIP yuuTsiBatoTCS HEAOCTaTOYHO. TpaJMLMOHHBIN MPOLIECC yuyeTa MOBEACHUS
TEKCTHJIBHBIX MaTe€pHajoB B OJEKIE B MpOIecce MOCTPOCHUs pa3BEPTKH OMHUpAETCs Ha OOJIbLION
SMIUPUYECKUIN OMBIT U SKCIIEPTHBIE 3HAHMSI, KOTOPbIE IJI0X0 (POPMAU3YIOTCS, YTO 3aTPYAHSIET UX
npuMeHeHne B TpexmepHbix CAIIP. TIpumepamu MOTyT CIy)XKUTh COOJIIOJICHUE HAIIPABICHHUSI HUTH
OCHOBBI TIpPH pa3BEpPTHIBAHUH, BBIIPSAMIICHHE cpe3a AETaad [0 NpsMol JuHMU (Kpail OopTa),
3aJlaHue MAaKCHUMaJIbHO-BO3MOXXHON BEJIMYMHBI ITOCAIKU WJIM COXPAHEHHUE JUIMH ABYX CPE30B U T.II.,
4TO 00ECeurnBaeT BO3MOKHOCTb M3TOTOBJICHMS W3JIEIHs, BOCHPOU3BEICHUS U COXPAHEHUS €ro
¢dopmbl ipu SKcIuTyaTtaui. Ha gaHHbI MOMEHT TpeOoBaHUs K (U3NKO-MEXaHMYECKUM CBOHCTBAM
TEKCTUJILHOTO MaTepuasa, 00ecreyrBaouMM U3rOTOBICHHE U3/eNns 33JaHHOI0 BHEIIHEro BHJA,
oTtoOpakaroTcs B BUje KapT Aedopmariuii, BOSHUKAIOIUX MPH TpaHC(HOPMAIIUH AETAIN OAEXKIbI U3
TPEXMEPHOU B IBYMEPHYIO.

CymectByronine CAIIP nns «BUpTyanbHON NPUMEPKH» Ul ydeTa CBOMCTB MaTEpHUaJIOB
IpesaraloT WHCTPYMEHTHI JUIsl SMIIMPUYECKOTo MOA0O0pa MmapaMeTpoB MaTeMaTHYECKOH MOJeNH
TKaHHM, YTO CYHIECTBEHHO CHMKAeT aJE€KBAaTHOCTb CHUMYJSALMM Nocaaku wn3nenus. [loBelmeHue
aJICKBaTHOCTU MOJIENeH OJEXKIbI, 3a7aBaeMbiX B TpexmepHbix CAIIP, BO3MOXXHO MpUMEHEHHEM B
MaTeMaTHYECKUX MOJENAX JaHHBIX O CIIOCOOHOCTH TEKCTWIBHBIX MaTepHalioB K 0Opa3oBaHHUIO
00BeMHON (HOPMBI.

Takum oOpazoMm, Hacrosllee BpeMsi HE CYIIECTBYET MPaKTHUECKH HPUMEHUMOM
YHUBEPCAJIbHOW  MOJENH  (PU3MKO-MEXAHWYECKHMX  CBOMCTB  TEKCTHJIBHBIX  MaTepHalioB,
MO3BOJISAIONIEH TMOJyyaTh IU(PPOBBIE JBOWHUKU 3aJaHHBIX MAaTEepPHaJOB, HCIIOJIb3yeMble Kak Ha
JTafne IMOCTPOEHHUS pPa3BepTKH, TaK M Ha JTale CUMYISIIMM mnocaaku wusgenus. Heobxommmo
CO3JIaHHE YHHBEPCAJIbHOTO U(POBOTO MPEACTABICHUS MaTepHaa, a TakkKe HHKEHEPHBIX METOTUK
MOJIYYEHHUSI €r0 KOJMYECTBEHHBIX XapaKTEPUCTUK. IDTO JACT BO3MOKHOCTH (POPMHUpPOBAHUS Oa3bl
JAaHHBIX CBOMCTB MaTE€pUAJIOB, KOTOpas MOXKET MOMOJIHITHCS HECKOJIBKUMHU YYaCTHUKaMH, B TOM
4KCJIE CAMUMHU ITPOU3BOAUTEISIMA MaTEPUAIIOB.

4) CeHcopHas COCTaBJSIOIIasi B TPEXMEPHOM MPOCKTUPOBAHUU. J{OMOTHHUTEILHON
npoOJeMoil TpU BHUPTYyaJIbHOW TIPUMEPKE ONEKIbI  SBJISCTCS HMCUYE3HOBEHHUE CEHCOPHOM
COCTABIISIIOLICH, KOTOpas OIpeneNseT oulyleHue komdopra uiu IuckoMdopra, U 3aBUCUT HE
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TOJIBKO OT KOHCTPYKIIUH OJICXK/IbI, HO U OT MHAMBHUIYaIbHBIX 0COOeHHOCTEH nmoTpedburens. CteneHb
YIOBJIETBOPEHHOCTU TMOTpeOUTeNell OJeKI0M 3aBUCUT OT MHOXXECTBA XOPOIIO M3BECTHBIX
(akTOpOoB, 0OYCIIOBIEHHBIX B3aUMOJICHCTBHEM (PUTYPHI U OAEKABI, YACTh U3 KOTOPHIX HE MOXKET
OBITh BOCIIPOM3BE/IEHA B YCIOBHIX BUPTYAJIbHOTO MIPOEKTUPOBAHUS (HApUMED, TaBICHUE OJICHK/IbI
B 30HAaX MaKCHUMaJIbHOTO KOHTakTa). B psine 3apyoexnsix CAIIP, B yacTHOCTH AsSyst, CylecTByeT
BO3MO>XHOCTh MPOTHO3UPOBAHUS JABJICHUS OJICXK/IbI Ha TTOBEPXHOCTh TeJa, /Ul Yero pazpaboTaHbl
[[BETOBBIC IIKAJbl, TPAJUPOBAHHbBIC MO 30HaM 3HadyeHUi. OJHAKO 3TH MIKAJbl SBISIOTCS IpyObIM
NpUOIIHKEHUEM, OCHOBAaHHBIM Ha €AMHMYHBIX IOKA3aTeNsIX M HE COIVIACOBAaHBI C CEHCOPHBIMU
OLIYIICHUSMH. OKCIIEPUMEHTAJIbHAs TPOBEpKa I[OKa3aja YCIOBHOCTh Takoil WH(popManuy,
KOTOPYIO HEJb3sl CYMTATh JOCTOBEPHOH B OOJNbIIMHCTBE citydacB [8]. Pa3paboTka MHHOBAIIMOHHBIX
METOOB OLIEHKH KOM(OPTHOCTH OACKABI M MX aJalTalus Ul BUPTYAIbHOTO MOJAEIHPOBAHMUS, B
TOM 4YHCJIE€ AMHAMHUYECKOTO, SBJSETCS 3a7auei, KOTopas MO3BOJISIET MAaKCHUMAaJIbHO MPUOIHU3HUTH
BUPTyaJIbHBIE MPOLECCHl K PEATbHBIM M BUAWTCS HEOOXOAMMOW MJsi CO3/aHUS TMOJHOILEHHBIX
U(POBBIX TBOMHHUKOB. JTa COCTABJISIONIAs SBISETCA CHEHU(PUUIECKONH TOIBKO ISl TPEXMEPHOIO
MIPOEKTHUPOBAHHUS OJICK/IbI M HE YUUTHIBACTCS B IPYTHX OTPACIISIX MPOMBIIIICHHOCTH.

Takum oOpazom, g obecriedeHHs mepexofa OTEUECTBEHHBIX MPEANPUATHNH HHAYCTPUHU
MO/JIBI TPEXMEPHOMY POSKTHPOBAHUIO OJICK bl BAXKHBIMHU 33][a4aMH SIBIISTIOTCS:

1) co3nanue 6a3bl TPEXMEPHBIX BUPTYATbHBIX MAaHEKEHOB THUIIOBOTO TEOCIOKEHUS;

2) co3maHue METOAMK KaCTOMHM3MPOBAHHOTO IMPOM3BOJCTBA HA MHAWBUAyaJIbHBIE (DUTYPHI
MIPH TUCTAHIIMOHHOM IMPHEME 3aKa3a;

3) COBEpIICHCTBOBAaHME METOJOB YydYeTa CBONCTB MaTE€pPHaJOB NpPU pa3BEPTHIBAHUU H
CUMYJISIIIUH TIOCAJAKU U3IEITHUS;

4) pa3zpaOoTKa METOJUKHU CO3/1aHUs 0a3bl MAaTEPHAJIOB U aJITOPUTMOB UX y4€Ta CBOUCTB;

5) co3gaHre MHCTPYMEHTOB OLICHKH B3aUMOJCHUCTBUSA B CHCTEME «IIOBEPXHOCTh (PUTYpBI —
MOBEPXHOCTD MU3JIENUS» C IETbI0 TPOTHO3UPOBAHUS CTATHYECKOTO U TUHAMUYECKOTO COOTBETCTBUS
(xomdopTa) oaekAbl B IPOIECCE HOCKU (BUPTYaAIbHbBIE UCTIBITAHHS U3/IETHIN).
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GREEN TECHNOLOGY, GREEN CHEMTSTRY, GREEN NANOTECHNOLOGY,
GREEN TEXTILE - BASE OF SUSTANABLE DEVELOPVENT

I'.E. Kpruuesckuit
G.E. Krichevskii

000 «Tekcrunbiporpeccy, (Mocksa)
LLC «Textileprogress», (Moscow)
E-mail: gek20003@gmail.com

PaccmoTpensl omnpenejieHuss M NPUHIUIBL «3€JIEHBIX» TEXHOJOTUH, «3eJIeHOi» XUMHM, «3eJeHOI»
HAHOTEXHOJIOTHH, «3eJIEHOr0» TeKCTW/si. Bce 3THM TeXHOJOrMHM CTABAT mepel co00W 3agayy MHUHUMAJBLHO
HArPY:KaTbh NPHUPOAY 3a CYeT CHUKEHHS] OTXOJ0B, MCHOJIb30BAHHS TOKCHYHOIO ChIPbSI U MOJYNPOAYKTOB,
HCKJIIOYEHUs] TOKCMYHBIX KOHEYHBIX MPOAYKTOB; «3eJIeHbIe» TeXHOJIOTHH J0JAKHbI ObITh ChIpbe, JHEPIrHI0, BOAY
coeperaonue. Bce 3TM 1LeJM JA0CTUralOTCsl € HCHOJL30BAHMEM KOHBEPreHTHBLIX HAHO-, 0u0-, uHoO-,
KOTHMUTHBHBIX TexHoJ1oruii. KoHeunasi mesb Bcex «3ejieHbIX» TEeXHOJIOTHI o0ecrieyeHre yCTOMYHUBOrO0 pa3BUTHUS
uMBUJAM3aIMM B 21-oM Beke Ha 0Jiaro Hacrosimero u Oyayumiero mokoJjenuid. CoBpeMeHHasi XMMHYecKasi
TEXHOJIOTHSI TEeKCTHJISl OYeHb JajieKa OT TPe0OBaHUII M NPUHLUMIIOB «3eJIeHbIX» TexHoJsoruii. Paccmorpensl
OCHOBHBbIE MPOOJEMbI MPOM3BOACTBA TEKCTHJISI ¢ TOYKH 3PeHHS] BO3MOKHOCTH NPHOIIKEHHS K «3€JeHOID)
TEXHOJIOTHH.

KawueBple cioBa: «3ejleHbIe» TEXHOJIOTHH, XHMHS, HAHOTEXHOJIOIHSI, TEeKCTH/Ib, KOHBEPIreHTHBIE
TEXHOJIOTHH.

The definitions and principles of "'green’ technologies, ""green' chemistry, "*green nanotechnology and
""green” textile have been considered in this work. All these technologies aim to minimize the impact on the
environment by reducing waste: eliminating toxic end-products while using toxic raw materials and
intermediates; “green" technologies should be energy-, water- material- saving. All these goals are achieved by
using convergent nano-, bio-, info-, cognitive technologies. The ultimate goal of all "'green’ technologies is to
ensure the sustainable development of civilization in the 21st century for the benefit of the present and future
generations. The modern chemical textiles technology is a way far from the requirements and principles of
""green'' technology. In this article are considered the main problems of textile production from the point of view
of the possibility of approaching the ""green’ technology.

Key words: ""green’" technologies, chemistry, nanotechnology, textile, convergent technologies.

PaccMoTpeHsl IPUHIMIBI U ONpeAeneHus «3eneHbix» TexHomoruit (3T), «3enenoity xumun
(3X), «3enensix» Hanorexunosnoruit (3HT), «3enenoro» texctumns (3Tk).

Bce onu cBsi3aHbl OHOM 001IEH 11eNbl0, CBECTH K MUHUMYMY HETaTUBHOE BO3ACHCTBUE Ha
MPHUPOJTY U YeJIOBEKa U 00ECTIEUYNTh TEM CaMbIM YCTOMYMBOE Pa3BUTHE NWBUIIM3ANNHU B 21-0M BeEke.
OTO JOCTUTAeTCs 3a CYET MCHOJIb30BaHMUA BO BCEX «3EJIEHBIX» TEXHOJOTHAX, B TOM YHCIE U B
MIEPEYHCICHHBIX IMOCIEIHUX JOCTHKCHUH KOHBEPTCHTHBIX (B3aMMOCBS3SIX) HAYK M TEXHOJOTHH:
HaHO-, O0WO-, MH(O-, KorHUTUBHBIX TexHonoruii (HBUK) [1], a Takke HaydHO-MPAKTUYECKOTO
HarpaBJieHUs1 «bHOHUKay.

[lenpio BCEX 3THUX «3€NEHBIX» TEXHOJOTUH O0ECHeUnTh YCTOHUMBOE Pa3BUTHE, CHUKEHUE
PHCKOB M yTpo3 OT mpoucxosiiei 4-oii Hayano-texnomornueckoi pepostonun (HTP), nHanpaButh
HTP na 6naro Hactosiero u Oyaymiero nokojeHuid. OCHOBHBIE poOIeMbl Ipon3BoicTBa 3Tk:

- BBICOKOE MOTpeOIeHNE SHEPTUH, BOJIbI, XUMUKATOB U KPACUTENEH;
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- TOKCHYHOCTb TEKCTWJIbHO-BCHOMOraTenbHbIX BemectB (TBB) u cBsizanHas ¢ 3TuM
TOKCHUYHOCTb TEKCTUJIBHBIX MAaTE€pPUAJIOB;

- MPOU3BOJICTBO CHHTETUYECKUX KpacCUTENeH, CMHTeTHYeCKuX BOJIOKOH M TBB TtpeOyer
pacxo/a HeBO30OHOBIISIEMBIX HICTOYHUKOB ChIPbsI (HE(TH U raza), U3 KOTOPOro OHU MPOU3BOISATCS;

- NPAKTUYECKU BCE XMMHUUYECKHE TEXHOJIOTMU ITPOM3BOJICTBA TEKCTWJIA IPOUCXOIAT IIPH
3HAYUTENIILHOM cOpoce B CTOYHBIE BOJIbI He3aUKCHUpOoBaHHBIX Kpacuteneit (1o 40-60 %) u TBB (B
psane cayyaes 10 100 %).

Ecnu skonorus XMMHUYECKOM TEXHOJOTUU TEKCTUJIS 3aHUMAETCS ONPEICICHUEM MPUYUH U
HMCTOYHMKOB 3arpsA3HCHUN OKPYKAIOIIEH Cpelbl M OYMUCTKOW OT 3arpsA3HEHHUM, TO «3EIICHBIE»
TEXHOJIOTUM TEKCTWJISI HallelIieHbl Ha TO, YTOOBI CO3/1aTh TAaKHE TEXHOJIOTMH, KOTOpble OBl HE
BBI3BIBAIM OBl 3aTPS3HEHHI U BCEX JAPYIHX BUJIOB HArPY3KH HA IPUPOTY.

OCHOBHBIE TYTH U MIPUHLMIIBI Por3BoACTBA 3TK:

- YaCcTUYHas 3aMEHA CHHTETMYECKUX BOJIOKOH, Kpacurtened u TBB Ha mpuponnsie nuinm
MOJIy4aeMble U3 BO30OHOBIIIEMOTO ChIPbS;

- Iepexo Ha 0€3BOHbIC WIIM MAJIOBOJHBIE M SHEProcOeperaronme TeXHOIOTUH;

- 3aMEHa TPAIUIMOHHBIX XUMHUYECKHX TEXHOJIOTHI Ha ()epMEHTATUBHbBIE OMOTEXHOJIOTUH;

- HCIIOJIb30BAHNE HU3KOTEMIIEPATyPHBIX U MAJIOMOAYJIbHBIX TEXHOJIOTH;

- 3aM€Ha TOKCUYHBIX Kpacurene 1 TBB Ha HeTOKCHUYHBIE;

- HCII0JIb30BAHNE N'€HHON MHKEHEPHUH U1l IPOU3BOJICTBA TPAHCTEHHBIX BOJIOKOH;

- IOBTOPHOE UCIIOJIb30BAHUE KPACUIIBHBIX U IIPOMBIBHBIX BaHH, TEILIA;

- COBEpPUICHCTBOBAHNE YTWIM3ALUU U3/I€IUN U3 TEKCTUIIA,

- [OJIHOMAcCIITa0HOE  HWCIHOJb30BaHHWE  MEXKIYHAPOJHOM  cHcTeMbl  0e30MacHOCTH
TEKCTUJIbHBIX MaTepUaAIOB «DKOTEKC;

- IIMPOKOE HCHoab30BaHue <«3eneHbix» HBUK-TexHomornii Ha mnpou3BOACTBE HOBOTO
«YMHOTI'0» TIOKOJICHHSI TEKCTHUIIS.
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ITy6nmkanus nmocesiuieHa MOJMMEPHBLIM MaTepHajiaM (BOJIOKHO00pa3yloluM, rejieodpasyomum, B TOM
YyHcJe M HA OCHOBE IMOJIHCAXAPUAOB), MCHOJb3yeMbIM /ISl MIPOU3BOICTBA MEAMIMHCKUX M3]eJHil, B TOM 4Yucie
JJISl HANPABJEHHOH /JOCTABKHM JIEKAPCTBEHHBIX BeIECTB, OTME4YEeHbl HMX MNPEHMYIIeCTBA M AaKTYyaJbHOCTh
NpUMeHeHUs] B COBPeMeHHOIi MeaMuuHe. BHUMaHMe cocpeA0TOYEeHO HA NMPUHIHUNAX MOJYYEeHHMsS NMOJTUMEPHBIX
MATEPHATOB ¢ KOHTPOJHPYEMbIM BBICBOOOKIEHUEM JIEKAPCTBEHHBIX BellecTB, BUAAX MOJHMMEPOB, KOTOpbIe
HCMOJb3YIOTCSl NPH CO3JAHMM TAKHX CHCTeM [O0CTAaBKH M BbICBOOOKIEHHs, a TaKKe MOIX0JaX K
COBEpPIIEHCTBOBAHMIO TEeXHOJIOTHH HX moJjydeHusi. Iloka3aHo, Kak OCHOBHbIe CHOCOOBI MOAU(MUKALUU
OMONOJIMMEPHBIX CHCTEM M HM3MeHeHHsl TeXHOJOTMM HX MOJYy4YeHHs] MOryT BJIUATH HA CKOPOCTh M CTeleHb
BBICBOOOK/IEHHSI JIeKAPCTBEHHBIX BEIeCTB M3 HHUX.

KnaioueBble ci10Ba: KOHTpPOJIMpyeMOe BBICBOOOXKIeHHE JIEKADCTBEHHBIX BeLIEeCTB; MeCTHAsd M
HANpPaBJIEHHAs1 AO0CTABKA; OHOMOJMMEPDbI; MeIWIMHCKHE W3/AeJMs; AJbIMHAT HATPHs; IMATYPOHAT HATPHS;
CYKIIMHAT XMTO3aHA; NMOJUCAXapHIbl, TEKCTHIbHbIE MATEPHAIBI.

The publication describes polymeric materials (fiber-forming, gel-forming and the polysaccharide-
based) which are used to produce medical products, in particular for the directed drug delivery; and their
advantages and relevance for modern medicine. An attention is focused on the principles of obtaining polymeric
materials that allow to control release of drugs; the types of biopolymers that are used to create such delivery
and release systems, as well as approaches to improving the technology for their production. It is shown how the
main methods of modification of biopolymer systems and changes in the technology of their production can
affect the proportions of drugs release from them.

Key words: controlled release of medicinal substances; local and directed delivery; biopolymers;
medical products; sodium alginate; sodium hyaluronate; chitosan succinate; polysaccharides; textile materials.

[Tonmumepsl, B TOM YKCII€ BOJIOKHUCTBIE MaTepUalIbl, HAIITM OYEHb IIHPOKOE MPUMEHEHHUE B
MeauIuHe. DTO mepeBsi3ka (OMHT, Mapis), KOoTopas H3-3a OOJAacTH  MCIOJIB30BaHHs Tpedyer
OCOOCHHOCTH B OTJIENKE C TOYKU 3PEHMS] MPUMEHSEMBIX XMUMHKATOB; COCYAbI, MOJYy4aeMble I10
TEXHOJIOTUH IIJIETEHUS U3 CUHTETUYECKUX BOJIOKOH C HAHECEHUEM CIIELUATIbHBIX ITOKPBITUI; CETKH
Ha OCHOBE CUHTETHUYECKHUX OMOCOBMECTHMBIX MOJIMMEPOB, KOTOPHIE UCIIOJIb3YIOTCS ISl KPEIUICHUS
OpraHoB (TPUKOTa)XHOE IPOU3BOACTBO); IIOBHBIE HUTH C PA3JIMYHBIMU  ITOJUMEPHBIMU
MOKPBITUSIMU, B TOM YHUCJIE€ U JIEKAPCTBEHHO HAIOJHEHHBIMU, U T.JI. Pa3paboTka mepedyrciieHHbIX
MEIULIMHCKUX MaTepuaoB MoTpeOoBaja HaBBIKOB M 3HAHUH CHENMATMCTOB PA3IMUYHBIX HAYYHBIX
oOnactell (XMMHKOB-TEXHOJIOTOB, OMOTEXHOJIOTOB, (apMalleBTOB, MEIUKOB), UX YCWIMS OBLIU
00bETMHEHbl M BCE HCCIICOBAHMS MPOBOAMINCH HAa CTHIKE HAYYHBIX JUCLUMIUIMH. B Hacrosimee
BpeMsl 00JacTb NPUMEHEHUs MOJIMMEPOB B MEIUIIMHE TOJBKO pacHIMpsercs, a 00beM HayuHBIX
HCCIIEI0OBaHMI — BO3pacTaer.

B Poccun, xak 1 BO BceM Mupe, HAONIOJAIOTCS TEHIEHIMH K POCTY YHCIA CEPhE3HBIX
3a00JeBaHM, HaMpUMeEp, TAKUX KaK CEpACYHOCOCYIUCTHIE, YHTOKPUHHBIE (CaxapHbIi Anader), HO
HAcTOSIIUM  «OMYOM»  COBPEMEHHOCTH [0 IIpaBy MOXHO Ha3BaTh oOHKonorutoo. Ha
(bapMareBTUYECKII PHIHOK C Ka)KJbIM I'OJIOM BBIBOJSTCS HOBBIE IpenapaThl, COBEPILIEHCTBYIOTCS
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CUHTE3 U TPOW3BOJACTBO JIEKapCTBEHHBIX BemecTB (JIB), HampaBieHHbIX Ha O60prlOy C
MEPEYUCIICHHBIMI 3a0oJeBaHusiMU. OAHAKO YXKe K CepeldHE IMPOLUIOr0o BeKa K MEIUKaM,
dapmaiieBTaM, XHUMHKaM TIPUIUIO OCO3HAHWE TOTO, YTO MPAKTHYECKH BCE TPAIAULMOHHBIC
JIEKapCcTBa, INPUMEHSEMBbIE COTHH JeT, U OCOOEHHO CHHTE3HpyeMble, 00Ja/laloT HE TOJIbKO
nedeOHBIMA, HO U TOOOYHBIMU HEXKENATCIIbHBIMU CBOMCTBaMH. BBoAWMBle B OpraHusm
TPaJAULIMOHHBIMU CIOCOOAMH JIEKapCTBA PACIpPEACNSAIOTCS B HEM OTHOCHUTEIBHO DPAaBHOMEPHO,
MIPOHMKAs B pa3JInuHble OpranHbl U TKaHu [1-3], Ho nuib 1% BBeAEHHOM 03Bl OMAIAET B KICTKU-
muiieHu [4], To ectb B TO MecTo, rae JIB 10mkHO Oka3biBaTh CBOM 3(¢deKT, U JOCTUraeT UX B
KOHIICHTPALlMM, 3HAYUTEIbHO MEHBIICH 10 CPaBHEHHIO C HEOOXOIAMMOI TeparneBTUYECKO,
ocTaJbHOE e KOJIM4eCcTBO BBeAeHHOro JIB Hepeako oka3bIBaeT BpeiHOE MOOOYHOE JAeCTBHE.

Bonee nepcrneKTUBHBIM MOAXO0M K PEIICHHUIO ATOH MPOOJIEMBI SABISETCS CO3aHHE CHCTEM
HaMpaBJIECHHOIO TpaHcIopTa JIEKapCTB [5—T7]. Peanuzanus LIeJICHANPABIECHHOTO
KoHIleHTpupoBanus JIB n/umm Ouonornyecku aktuBHOTO BemectBa (BAB) mpenmyiiecTBeHHO B
30H€ NATOJIOTMYECKOr0 OYara MO3BOJISIET PE3KO CHU3UTHh HEXeNaTelIbHbIe PEaKlMU OpraHu3Ma Ha
MEAMKAaMEHTO3HOE BO3/ICHCTBUE, YMEHBILINUTh TEPANIEBTUYECKYIO TI03UPOBKY JIEKapCTBA U KPAaTHOCTh
ero BBeaeHus (puc.l).

KoiHueHTpauMn BAB

Bpema

Puc.1 Cxema, onuceiBatoniasi KOHTpoJupyemoe BbicBoOoxieHue bAB niu JIB (2) u ogHOKpaTHOE
BBezieHne bAB win JIB (1), a — HeaddexTuBHas 1032, 0- TOKCHUHAS 1032, B — KeJlaeMOe BpeMs
nevictust JIB [8]

Orta wuges cMoria OBITh PEaJTM30BaHHOM B TOM YHWCIE  Onarojapsi HCIIOJb30BaHUIO
MOJIMMEPOB,  KOTOpbIE 00JIaAal0T XOpouled OHOCOBMECTHUMOCTBIO C TKAaHAMHU YEJIOBEYECKOIO
opraHu3zMa.

B nanHoll myOnukanuu Mbl HOJpOOHEE OCTAaHOBHUMCS Ha Pa3HOOOPA3HBIX TEXHOJOTHSX
MOJTUGUKAIIMH JOCTABKH ¥ BBICBOOOXIEHUS JICKApPCTB C MOMOIIBIO TOJMMEPHBIX HOcuTenei. B
TaKUX CHUCTEMax JIOCTaBKM JiekapcTBO win BAB Haxomutcs B MmaTpuie nonumepa (pacTBOpEHO,
JUCTIEPTUPOBAHO) WIIM 3aAIUIICHO MOJUMEPHOW O0O0JIOUKOHM, U TYT OCOOYI0 POJb WUTPAET BHIOOD
nonumepa-nocurens JIB. B mocnenHue rojsl MpOUCXOAMT BO3POXKACHUE HHTEpeca KO BCEMY
MPUPOJHOMY, ITO KacaeTcs W OWOMONMMEPOB, KOTOPHIM TIPEANIOYTEHHE OTJAeTCsl BCE Yalle.
[Tpupoanble moaMMepsl OMOCOBMECTUMBI, OMOAETPaAUPYIOT B opranuzMe. OHHM UCIONB3YIOTCS B
TE€X Clydasx, Korja OHOMONMMEp BBINOJIHSAET (YHKIUIO BPEMEHHOM MaTpuipl (Iemo) Juis
JIeKapCTBa, U TYT OCHOBHBIM ITPEUMYIIIECTBOM OMOMNOIMMEPOB MEpe]] CHHTETHUECKUMH, TOMUMO MX
CIIOCOOHOCTH K OHMOpA3JIOKEHUIO, SBISETCS OTCYTCTBHE TOKcMYHOCTH. CiemyeTr 0co00
MOYEPKHYTh, UYTO MoJuMep-HocuTens JIB BO MHOroM ompenenser €ro KOHTPOJIHPYEMOe
BBICBOOOXK/IEHHE W3 MAaTpuIbl. V3MeHsst Takue (aKTOphl KaKk  BHJ IOJUMEPHOW MAaTpPHIIBL,
KOJIMYECTBO HCIIOJIb3YEMbIX OHOMOJMMEPOB (OJMH MJIM HECKOJIbKO), MX KOMIIOHEHTHOE
COOTHOIIIEHHE, TOCTPOCHHUE TEXHOJIOTHUECKOTO MPoIiecca, 8 UMEHHO MOAM(HKAIINIO OTPEICICHHBIX
TEXHOJIOTUYECKUX YCJIOBHH TOJIY4EHHUs OMOMOIMMEPHOW CHCTEMBbI, MO)KHO 00ECHEeUuTh Ty WU
UHYIO CTENEeHb U CKOPOCTh BBICBOOOXIECHHS aKTHMBHOI'O BEILIECTBA, TEM CaMbIM MOJYUHSSA €ro
TEpareBTUUECKUM TPEOOBAHUSM.
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Kontpomupyemoe  BoicBOOOkneHue JIB w3  OuomonmMmepHOW  MaTpUIlBl  MOXKET
peaI30BBIBATHCS PA3IMYHBIMU CIIOCOOAMHU, KOTOpBIE OYIyT OoJiee 1eTalbHO OMKUCaHBI Jlajee.

TpancnepManbHble cucTeMbl AocTaBku JiekapcTBeHHbIX BemiecTB (TC) — cucrembr nms
Hapy>KHOTO NPHUMEHEHUs, MpeJHa3HaueHbl Ui JocTaBku JIB B cHCTEMHBIH KPOBOTOK METOAOM
naccuBHOM MU Gy3un Yepe3 HEeMOBPEKICHHYIO KoKy [9]. Takue CUCTEeMBI ¢ KOHTPOIUPYEMbBIM
BbICBOOOXKIeHHEM JIB Moryr ObITh OTHeceHBl Kak K JIEKapCTBEHHbIM QopmaMm, Tak U K
MEAUIMHCKUM m3enusM. M B Tom u B apyrom ciydae TCJ] mpenctaBistoT co00il MHOTOCIIONHBIH
MaTepuas, BKIIOYAIOUIMI MOMJOXKKY (Hampumep, TEKCTWIbHYIO WJIM Ha OCHOBE IOJMMEpPHOM
IUIEHKH), Ha KOTOPOM HAaxOJIUTCS AKTUBHBIA CIIOHM, IPEACTaBISAIOUIMN cO000M, Kak HpaBHIIO,
MTOJIMMEPHYIO KOMITO3UIIMIO ¢ nMMoOunn3oBaHHeiM B Hel JIB. JloctouncrBom TCJl siBisiercs To,
YTO TaKUe MaTepuajgbl MOXKHO MaKCHUMAaJbHO NPUOIM3UTH K oyary IMopaxeHus (Hampumep, K
OIyXOJIM B ClIy4ae paka KOKM HJIM MOJIOYHOH JKeJie3bl) U TEM CaMbIM MOBBICUTH (P (HEKTUBHOCTH
MHKOPIIOPUPOBAHHOIO B AaKTUBHOM cioe JIB mpu cBeAcHMHM K MHUHUMYyMY €ro TOKCHYECKOIO
BO3JICUCTBUSl Ha 3J0pPOBbIE TKAHM W OpraHbl IO CPAaBHEHMIO, HANpPUMEpP, C HHBEKLHOHHBIM
criocoboM npuMeHeHus Toro xe JIB.

Cpenu oteuectBenHblx TJIC pocraBku JIB, mpuMeHsieMbIX B OHKOJIOTMYECKOM MPAKTHKE,
CTOMT OTMETHTHh MemunuHckue wusnenus «Komerekc-5-gpryp», «Komerekc-M» [10], ycmemrHo
MIPUMEHSAEMbIE NPU JEYCHUH paka MOJIOYHOW Keyle3bl. JTO TEKCTUJIbHBIE MaTepuaibl, KOTOpPbIE
MMEIOT JBOMHOW JENO-CJIIOM M3 TEKCTUIBHOM OCHOBBI M IIOJNMCAaxapuja aJblMHATA HATpUA, B
KOTOPOM  MHKOPIIOPHUPOBAHBI UTOCTaTUK  S-propypauun WIM  paguoceHCOOUIN3aTOp
MeTpoHuAa3ol. CTOUT MOAYEPKHYTh, YTO MCIOJIb30BAaHUE B KA4YECTBE IOJIMMEpa-HOCUTEIS
albruHaTa HATpUs OMNpPaBAAHHO C TOYKU 3PEHUS BBICOKOH OHMONOTHYECKOW aKTUBHOCTH 3TOTO
omomnommmepa [11].

B kauectBe 0a3z0Boil ans co3gaHus matepuanoB Mapku «Komerekc» Oblla mHpHUMEHEHa
TEXHOJIOTUSI TeKCTHJILHON MeYaTH Yepe3 ceTdyarble IMAOJIOHBI: B 3aryCTKy Ha OCHOBE IPUPOJIHOTO
II0JINMEpa — aJbI'MHATA HATPUs BBOJIWIIM, 110 AHAJIOTHH C KPACUTEISIMU, JIEKAPCTBEHHBIE ITPEMapaThl
(BoIOpacTBOpUMBIE M HE PACTBOpPHMBIE B BOJE). Takoe TEXHOJOTMYECKOE COBIAJACHME €lle pa3
MOTYEPKUBACT HEOOXOAMMOCTh COBMECTHOW palOThl CIEMUATMCTOB Pa3HbIX 00JacTed U B TOM
YHCJIe XUMHUKOB-TEXHOJIOTOB, «OT/AEJIOYHUKOBY, 0€3 4ero ceroHs Hellb3s J0OUThCS ycIexa.

[TonydeHHyI0 THUIPOTeNEeBYI0 KOMIIO3MILMIO HAHOCWIM Yepe3 ceTdyaThlii maljoH Ha
TEKCTUJIbHBIA MaTepHuall, KOTOPbI BbIOMpaJiCS TaK K€ C y4eTOM TOW METUIIMHCKOMN olnactu, rae
neueOHbI MaTepuan OyeT NpUMEHATbCs (OHKOJIOTHUS, XUpYyprusi, komOyctuosorus). B pezynbrare
ObUIM TOJYy4YeHbl JeueOHble KOMIIO3ULMOHHBIE AENOo-MaTepuaibl, KOTOPhIE 3a CUeT 0Opa3oBaHUs
MHOTOCJIOMHON CTPYKTYphl (ero), B KOTOpoi pacnpeneneHo JIB (moBepXHOCTh MOJUMEpHON
IUICHKH, CaM TOJMMEpPHBIM CJIOH, OKa3bIBaIOLIUN pereHepupyromuii 3¢p¢QeKkT 3a cueT CBOWCTB
aJlbl’MHaTa HaTpus M HaOyXaloUMi NpHU KOHTAaKTe C >KUIKOCTBbIO, OOBEMHBIH TEKCTUIIBHBIN
MaTepuai), U TEXHOJOIMH UX TOJy4YeHHUs, SIBJIAIOIIECHCS YHUBEPCAIbHOW 3a CUET NMPUMEHEHHS B
KayecTBE TEKCTHJIbHOM OCHOBBI OOJIBIIIONO aCCOPTHMMEHTA TEKCTUJIBHBIX MaTepuaioB U
MPAKTUYECKH HE OrpaHMYEHHOTo BBHIOOpA JIEKAPCTB, MOXHO MOJy4YaThb OYEHb LIMPOKUMN
ACCOPTUMEHT JIe4eOHBIX MaTepUaoB MPOJOHTHPOBAHHOTO NEHCTBUS IS Pa3IMUYHBIX obiactei
Meaunuabl [10].

OpnHako naHHBIN crioco0 MecTHOro nojaseneHus JIB k mopakeHHO#H o6iacTu opraHu3mMa He
SIBJISIETCSl YHUBEPCAIBHBIM HECMOTPSI HA OTHOCHUTEIBHO MPOCTYIO TEXHOJIOTHIO MOJYYEHHS TaHHBIX
MaTepHaoB.

Kak yxe Obuto ormedueno, TJC wuMeOT oOrpaHMue€HHOE NPUMEHEHHWE B MEIUIMHE,
nocKoNIbKy nud¢y3us JIB u3 noauMepHOil MaTpuIbl MpENoiaraeTcss yepe3 Koxy, UMEIOLIYIo Yy
Pa3INYHBIX JIFOJEU U B PA3IIMYHBIX MECTaX Pa3IN4HYI0 IPOHHUIIAEMOCTb, YTO 3aTPYAHSAET KOHTPOJIb
Hajg koHieHTpanueidt JIB [9]. B cmyuae, korma HeoOxoamma MecTHas aoctaBka JIB B momoctu
OpraHusma, IJie €ro BBICBOOOXJECHHE TOJHKO B HE3HAUUTEJIHHOW CTENEHHM OKaKeT BIIMSHHE Ha
3I0pOBBIC OpraHbl M TKaHH, IeJIecOO0pa3sHel NMPUMEHSTh HEMOCPEICTBEHHO TIelM Pa3InYHbIX
MOJIMMEPOB, B KOTOPBIE MOTYT OBITh BKJIIOUEHBI JIB.
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IIpn MeCTHOM HaIpaBICHHOM JOCTABKE B CIIy4ae I'MHEKOJOTMYECKHUX, IPOKTOJIOTHYECKUX,
YPOJIOTMUECKUX, CTOMATOJIOTUYECKUX 3a00JIeBaHHM, MpeaycMaTpUBAIOIMIUX TPAHCIOPT JIEKApPCTB
Yyepe3 CIM3UCTYIO, UCTIONB3YIOTCS TaKkKe JApPYrue MOoJMMEpHbIe (POPMBI IS TOCTABKU JIEKAPCTB —
AACTUYHBIE AMCKU M3 CTPYKTYPUPOBAHHBIX IOJMMEPOB, THUAPOTEIH, B KAuyeCTBE BBIMTYCKHOU
(dopMBI yrakoBaHHBIC B OnucTepbl, TyObl W mpenHanonHeHHble mmpuibl [10]. Takue nedeOHbIC
dbopMbI ruaporeseit OyIyT pacCMOTPEHbI HAMH Jlajiee.

Bce ruaporenu MoKHO pa3/ieauTh Ha /iBa TUIIA B COOTBETCTBUM C METOAAMM MX IOJIYYEHUS:
MpeABapUTEIIbHO CHOPMHUPOBAaHHBIC THApOrenn M QopMupyemsbie in situ rugporenu (T.e.
HETOCPEJICTBEHHO B MeECTe NpUMeHeHus). B wactHocTH, (opmupyeMmble in situ NPHBIEKAIOT
BHUMaHHE KaK MCKYCCTBEHHAsi MUKPOCpPEJa M3-3a MPOCTOTHl MHKAMCYIALHNHU KIETOK, CUTHAIbHBIX
MOJIEKYJI MJTH JIEKapCTBEHHBIX CyOCTaHIIUH B mporecce opMupoBanus rugporess [12].

OU3NKO-XUMUYECKUE CBOMCTBA THIPOTreNield JIETKO MOXKHO HM3MEHSTh B 3aBUCUMOCTU OT
HA3HAYEHMs JIEKAPCTBEHHOI'O Ipernapara WM MeAMIMHCKOro mu3nenus. CylecTBYeT HECKOJBKO
Pa3IMYHBIX MyTeH «yIpaBJICHUs» CBOMCTBAMU THIporeneit, Hanboiee paclpoCcTpaHeHHBIE:

- W3MEHEHME CcTeneHu HaOyXaHus B pe3yJbTaTe HM3MEHEHHUS YCIOBHHM, B KOTOPBIX
peanuzyeTcs 1elcTBUE MOJTUMEPHBIX THAPOreneBbx cucteM (pH u coctaB cpespl, TemmepaTypa);

-U3MEHEHHE  COCTaBa  IOJIMMEPHOW  KOMIO3MIMM  (BapbHUpOBAaHHME  KOHLIEHTPALUU
MTOJIMMEPOB),

- U3MEHEHUE CTENEHH CUIMBKU U CIIO0CO00B (POPMUPOBAHHUS [TOJIMMEPHON CETKH.

- MoauQUIpoBaHUE (IPUBUBKA) PA3INYHBIX OMOIOTUYECKU aKTUBHBIX MOJIEKYIL.

PaccmoTpuMm HekoTOpBbIe citydan 6oJiee moIpoOHO.

Crenenp HaOyxaHUs MOJTMMEPHOM CHCTEMBbI MOXKHO M3MEHUTH, MOJICHCTBOBAB Ha BHEIIIHUE
YCJIOBHS, B 3TOM cllydae Moiaumep B hopme rusipores OO0 yMEHbIIACT CTEeHh HaOyxaHus, JTM00
4acTUYHO paspymiaercs. JlekapcTBeHHOE BEIIECTBO, MHKOPIIOPHUPOBAHHOE B TIOJTUMEPHYIO MAaTPHILY
TG PYHAUPYET B OKPYKAIOIIYIO CPEy CYYETOM TOTHOTHI M CKOPOCTH HaOyXaHHs MOJIMMeEpa.

TemnepaTtypa - OIMH H3 Te€X MapaMeTpPOB,  KOTOPBIM YYBCTBUTEIEH K HAJIMYHUIO
MaTOJIOTUYECKOTO TpOoIecca B OpraHM3ME YeloBeKa, MO3TOMY HCIIOJIb30BaTh JAaHHBIN (hakTop B
KayecTBE PeryssTopa BeIcBOOOXAeHUs JIB U3 nmonmuMepHoil MaTpuibl neiaecoodpazHo. Mexanusm
BBICBOOOKJICHUSI 3aKJIOYAeTCsl B KOJUIAIICMPOBAHWU TUJIPOTeNs IMPH HW3MEHEHHHM TeMIepaTyphl
OKpy>Karollel cpebl, BCIEICTBHE YEro U3 HEro BHICBOOOXKIaeTcs MHKoprnopupoBanHoe JIB. Ilpu
3TOM HCIIOJIb3YyEMBIE UIsl CO3/IaHUs MATPUIIBl TOJUMEPHI JEISATCS Ha JIBE TPYMIbL: MOJIUMEPHI C
BepxHel kputuueckoil Toukoi pacrsopenust (BKTP) u nonumeps! ¢ HUXKHEH KPUTUYECKOH TOUKON
pactBopenus (HKTP).

[Tonumeps! mepBoil TpymIibl 00pa3ylOT mepmMononoicumenvhsvie TUAPOTENN, KOTOPbIE MPU
YMEHBIIEHUN TEMIIepaTypbl HM)KE€ BEPXHEH KpPUTHYECKOW TOYKM YMEHBIIAIOTCS B OOBEME.
IIpumepamu nomumepoB ¢ BKTP sBnsioTcs MONMKANpOJAKTOHBI WIM HMX COMOJIUMEPHI C
TJIMKOJICBOM KUCIIOTOM, JIJISl TPOJIOHTHPOBAHMS BBHICBOOOXKAeHUs JIB m3 ux rumporeneit mpoBOasT
COMOJMUMEpPHU3AIMI0 €  NOJMMATWIEHruKoneM. Ilomumepsl  BTOpod  rpymnmbl  00pa3yroT
mepmoompuyamenbHvle THUAPOTEIN,CTENIEHh HaO0yXaHHs KOTOpPBIX pPE3KO BO3pacTaeT Mpu
TEMIIEPATYPE HUKE HWKHEH KPUTUYECKOW TOUKU PACTBOPEHUS, IIPU YBEIIMUEHUH XKE TEMIIEPATYpPHI
BBIIIIE€ 3TOM OTMETKHU THJIPOTelib PE3KO yMeHbIaeTcs B oobeMe. Takumu nomumepamu sapisitores N-
3aMellleHHbIe MOJIMAaKpUIIaMi/Ia, B 4aCTHOCTH, nou-N-u3onponunakpunamun [13].

Onucannbie (azoBble MPEBPALICHUS, COMPOBOXKJIAIOIIUECS IMEPEXOJOM MaKPOMOJIEKYJIbI
MoJIUMepa M3 COCTOSHUS HAOyXIero Kiyoka B COCTOSHUE KOMITAKTHOW TTIOOYJIbI, OOBICHSIOTCS B
MIEPBOM CiTydae 00pa30BaHHEM BOJIOPOAHBIX CBSI3€H MEXKy MOJIMMEPOM U MOJIEKYJIaMU BOJbI, UTO U
CIOCOOCTBYET HaOyXaHMIO TOJIMMEpPA, @ BO BTOPOM ciiydae — THAPO(YOOHBIMU B3aUMOACHCTBUSIMH,
YTO IPUBOJIUT K CHKATHUIO MaKpoMoJieKylbl noiaumepa [14]. HyxHO OTMETUTh, UTO yBelIMUYEHUE B
MOJIUMEpE JT0JU TUAPOPUILHOIO MOHOMEpA ITyTeM COMOJIMMepH3aliu mo3Boset nossicuth HKTP.
a yBeJIMueHue 1071 TuaApodhoOHOTr0 MOHOMEpa, HA000pOT, MpUBOAUT K moHmwkeHno HKTC.

B kauectBe mpumepa [15] ommcaHa cuctema ¢ KOHTPOJHPYEMBIM BBICBOOOXKICHHEM
xkaporoHwmxkatomero JIB w3 moaumepHOM  MaTpuilbl Ha  OCHOBE  CIIMTOrO  moju-N-
n3onponwiakpuiaamuaa, kKoropsii umeer HKTP 32°C. ITokazaHo, 4To npu TemMnepaType HUKE 3TOU
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OTMETKH THJAPOrelb Hal0yXxaeT, a NpU MOBBIIICHUH — CXXHMMAETCS, TEM CaMbIM BBICBOOOXIast
KapomoHWXKarollee JiekapcTBo. OTMEUEHO, UYTO Takas CUCTeMa JOCTaBKM MOXET paboTaTh BILIOTh
J10 ITOJIHOTro ucuepnanus JIB.

B 3aBUCHMOCTH OT HalIMuus B CTPYKTYpE MOJIUMEPa KUCIbIX U OCHOBHBIX TPYII OH MOXET
pearupoBath Ha usMeHeHue pH cpenpl. Ecinu moiaumep B CBOEM COCTaBE HMMEET CJIA0OKHCIIbIE
TpyNIbl, TO €ro CTeneHb Ha0yxaHusl yBenuuutcs npu nossimenuu pH. [lonumepst ke, KOTopbie B
CBOGH CTPYKType HMEIOT Cla0olIeNIouHble TPYIIbl, B OONbIIed CTeneHW HaOyXarT MpH
noHmwxkenuu pH cpenpl [15]. pH-uyBcTBUTENBHBIE MOJIMMEPHI OYE€Hb YacCTO HMCIOJIB3YIOTCA s
CO3JIaHMsI KUIIEYHO-PACTBOPUMBIX 000JIOYEK TaOJIETOK, Karcyl, 4YTO IMO3BOJSET CHEeNaTh
BBICBOOOXK/IEHHE KOHTPOJUPYEMBbIM M HaIlpaBieHHbIM. KuilledHo-pacTBOpUMbBIE MOJIMMEpPHBIE
000J10YKH TabJIETOK MO3BOJISAIOT M30eXaTh BHICBOOOXKAeHU JIB (Hampumep, aleTHICATUIIMIOBON
KHCIIOTBI, HECTEPOUIHBIX NMPOTHBOBOCHAIUTENbHbBIE IPENapaToB, OJIOKATOPOB MPOTOHHOW MOMIIBI,
MUIIEBAPUTENIBHBIX (EPMEHTOB, aHTUOMOTHUKOB) B JKEIYJIKE M TEM CaMbIM INPEIOTBPATHTH €ro
arpeccCHUBHOE BO3JICHCTBUE HA CIM3HUCTYIO XKelyIKa, OHU HEPACTBOPUMBI MPU HU3KUX 3HaueHusix pH
(B KenynKe), HO OBICTPO PACTBOPSIIOTCS MPH MONAIaHUH B CPENly C ONITUMAIIbHBIM 3Ha4eHneM pH (B
TOHKOM Kwurike). lMcmnonb3yemble B JaHHOM ciy4yae NoOJauMeEpbl pH-uyBCTBUTENBHBI, HMEIOT
pacTBopuMoOCTh B nuamnazoHe pH >5 (mpou3BojHbIe LIEJUIIOJIO3bI, METAKPUIOBOM KHUCIOTHI U Ap.)
[13,15].

Kak ObIIO OTMEYEHO paHee, CHUCTEMBl C KOHTPOJIHPYEMBIM BBICBOOOXICHHUEM MOKHO
MOAU(UIIMPOBATh TaKXKe H3MEHEHHEM COCTaBa MOJUMEPHON KoMmo3uiuu. OT COOTHOIICHHUS
[IOJINMEPOB B TUJIPOreJie 3aBUCIT €r0 PEOJOrMUYECKHE XapaKTEPUCTUKU, a TaKKe aJCOPOLIMOHHO-
BBIIETTUTENIbHBIE, €CIIM Mbl TOBOPHM, HAmpUMep, O JIEKAapCTBEHHO HAMOJHEHHBIX IJICHKAX,
MaTpUKCcax U T.1.

Hanpumep, U3BECTHO COBMECTHOE TNPUMEHEHHUE albIMHATA HATPUA U CYKIIMHATa XUTO3aHa
NP TIOJTYYECHUU THAPOTEIEBBIX MATPHUIl ¢ MHKOPIOPHUPOBAHHBIMU JIEKAPCTBEHHBIMHU BEIIECTBAMHU
(JTMI0KauH, NUOKCUJIMH W Jp.) AN pasiuyHbIX chep MeIUuIUHBI (CTOMATOJIOTUs, TMHEKOJIOTHS,
OTOPHUHOJIAPUHTOJIOTHS ), B YACTHOCTH, B MaTtepuanax «Komnereas®y». CyKkIMHaT XuTO3aHa B JTaHHOM
cllyyae MpernoYTUTENIbHEe, YeM XUTO3aH U3-3a €ro JIydlleidl pacTBOPUMOCTH B BOAHOM cpene. [lpu
BapbUPOBAHWU COOTHOIIEHUS AbIMHATa HATPHsl M CYKIWHATa XUTO3aHA MEHSIETCS BS3KOCTh
KOMIIO3ULIMY JJIsl TIPUTOTOBJICHUSI MaTpUll, KHHETUKA WX HaOyXaHus, U, KaK ClIeACTBUE, CKOPOCTh
BBICBOOOK/IEHUS JIEKAPCTBEHHBIX BEIIECTB U3 THAPOTENIeBOM MaTpHIlsl (puc. 2) [2,10].
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Puc. 2. BnusiHue cooTHOmeHMs TonuMepoB anbruHara Hatpust (Alg) m cykumHara
xuto3aHa (CX) B KOMIIO3UIMU HA €€ BA3KOCTh [2]

CoBMECTHOE HCIIOJIB30BAHME IOJIMCAaXapuAOB alblMHATA HATPUS M COJEH XUTO3aHA
paccMaTpuBaeTcsi MHOTMMM ydeHbIMHM. OmnuceiBaercs [16] BapuaHT IOJIydeHUsST Ha OCHOBE
aJlbl’MHaTa HaTpUsA M XUTO3aHa MHTEPIOJUMEPHOIO KOMILJIEKCA SKBHMOJBHOIO COCTaBa B (opme
wieHkd.  KommiuekcooOpa3zoBaHWe  NPOMCXOOUT MO  MEXaHU3My  3JIEKTPOCTATHYECKOTO
B3aMMOJCHCTBUS MEXy NMPOTHBOIIOJIOKHO 3apsSHKCHHBIMU TPYIIIAMU JaHHBIX MOJIMAJIEKTPOIUTOB,
MOHHBIE CBS3M O0Opa3yloTcs MeXAy KapOOKCHIBHBIMH TpYyNIaMd  HHPAHO3HBIX IUKIOB L-
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T'YJIYPOHOBOUW KHCIIOTHI COCEIHUX IMOJMMEPHBIX IEMed W aMUHOTPYIIaMH XUTO3aHa, KPOME TOTO
MPUCYTCTBYET OOJbIIOE KOJIMYECTBO BOAOPOAHBIX cBsizel. I[lpum u30bITKE anmpruHata HaTpus
KOMIUICKC (opMHUpyeTcsi B BUIE HEOJHOPOIHOTO Tels C IUIOXO pa3JIelICHHBIM BHYTPCHHHM
MPOCTPAHCTBOM, IMpH U30BITKE XHTO3aHA TIOBEPXHOCTh THJPOTEIEBOM IUIEHKH TOMOTIEHHA,
Mopdomnorust mopuctas. Takum o0pa3om , BapbHpys COOTHOIIEHHE TOJIUAICKTPOIUTOB B
KOMIUIEKCE, ~ MOXXHO  HU3MEHATh  CTPYKTypy  0Opasylomuxcs  KOMIUIEKCOB M HX
Moponoruro[16,17,18]. DTOT mpUHIMNI TaKKe KUCIIOJIB30BAH HAMU TIPH CO3JaHUM THUIPOTEIEBBIX
MaTEepUajIoB sl YPOIOTHYECKON MPAKTHKHY.

Otu marepuainsl (ToproBas Mapka — «Komerenp®») mpeAcTaBiIsiioT coO00M TUApOrenyd Ha
OCHOBE JIBYX I[IOJINCAXapuJOB - alblMHaTa M THUaJypoHaTa HaTpHsl, NpeAHa3HAUYCHHbIE s
BBEJICHUST B MO4YEBOH My3bIpb. OHHM BBINYCKAIOTCA B (OpMe MpEAHANONHEHHBIX MINPULIEB U
YCHEIIHO HMCHOJIB3YIOTCS MpPH JICYCHUH IIUCTUTOB Pa3IMYHOM 3THONOrHU. B 3Ty KOMIO3UIUIO
BBoauTCs JIB(aHTHCenTHK, aHanbreTuk u T.1.)[ 10]. JleueOHbIi 3 (dekT Takux ruaporesieil OCHOBaH
Ha TOM, YTO THAJypOHAT HATPHUS SBJISIETCS OCHOBHBIM KOMIIOHEHTOM 3allUTHOTO CJIOS MOYEBOTO
My3bIpsi, KOTOPBIA, HCTOHYASCh MPU BOCHATUTEIBHBIX IMIPOIECCAX, TEPSET CBOM 3alIUTHBIC
GbyHKIUM, TepeBojis 3a00JeBaHUE B XPOHUYECKYIO cTaauio . Kpome Toro ruamypoHaT HMEeT
HU3KYIO aJre3ui0 K IOBEPXHOCTHM OpraHa, 4TO CHWXKACT 3allUTHYIO M JIEYeOHYIO (PYyHKIHUU
«Konerens», He TTO3BOJISET MPOJIOHTUPOBATH JIeHCTBUE JiekapcTBa. [lokazaHo, 4TO ompeaeneHHoe
COOTHOIIICHUE MO KOHILIEHTpAIMsM ajbIMHATa W TUAJypoHAaTa HATPUs IIO3BOJISET  YBEIUYUTH
aIre3UI0 U MPOJJIUTH BpeMsl HaXOXKJeHus: Komrno3unuu ¢ JIB B MoYeBOM Iy3bIpe MO CPAaBHEHUIO C
MOHOKOMITO3UITMEH  TWajmypoHata HaTpus (4ro  oOyciaBiauBaeTcs  (U3HOIOTHYCCKUMU
OCOOCHHOCTSIMH U BBICOKOM CTENEHBI0 PACTBOPUMOCTH JTOr0 OHOMOIMMEpA), 3allUTUTh
BHYTPEHHIOIO NTOBEpXHOCTH opranal10,16,19].

B sTux cnyyasx ruaporeib HCHOJIb3yeTcs B KauecTBe MaTpullbl (nemno) st JIB, u Bpauam
yIaeTcs C IOMOIIBI0 PA3TMYHBIX TPUEMOB (IIMNPHUIl, KaTeTep, KJIM3Ma) MaKCUMalIbHO OJIM3KO
NpUOIM3UTE €r0 K ouary MOpaKeHUs, HampuMep, OMyXOJeBbIM TKaHsAM. [enp HaOyxaeT mox
NeicTBUEM OMOJIOTHYECKON KHUAKOCTH, a BhICBOOOXAEeHHOE JIB, mMeromiee cpoaCcTBO K OOBEKTY
BO3JICHCTBUS, HauMHaeT pabortaTh. I[lomoOHYIO cHUTyalliI0O MOXXHO CpaBHUTh C IE€4YaThiO
TKaHEH,KOoT/1a KpacuTelb HAHOCHTCS C TOMOIIBIO TMOJIMMEpa-3aryCTUTENs, HO B TEKCTHJIBHOW
TEXHOJIOTUH TeJIb-3ar'yCTKa 3aTeM yJaiseTcs ¢ TKaH! MPU MMPOMBIBKE, a B paCCMaTPUBAEMOM CIIydae
OH, Ouonerpaaupys, BBIIOJHIET JOMNOJIHUTEIbHYIO JiedeOHy0 (YHKLUIO (pereHepanus,
KPOBOOCTAHABIUBAOIINN YD (HEKT U T.11.).

PacnipocTpaneHHBIM cTOCOOOM MOAUQPUITUPOBAHUST CBOWCTB TOJMMEPHBIX CHCTEM JTOCTABKH
JIB sBIiIsleTCs ClIMBKA TUAPOTeEIed MOJIUMEPOB.

Ou3nyecKkue METOAbl CIMUBKH BKJIIOYAIOT ~ HOHHYIO CIIMBKY, HaIllpUMEp, CIIUBKY
ruaporeneil ambrMHATa HATPHA C TOMOIIBIO cONeil JByXBaleHTHHIX MeramioB (Ca’’ Ba?"), o
KOTOpOH janee OyaeT pacckazaHo Oosiee MmoapoOHO, YyBCTBUTEIBHYIO K CTUMYJISIIIUA CaMOCOOPKH
(Hampumep, TePMOUYBCTBUTENbHYIO WM PH-UyBCTBUTENBHYIO) U B3aUMOJICHCTBHUE THUTIA «XO3STHH—
rocte». @usnyeckas CIHIMBKa yJo0Ha TeMm, 4YTO TreneoOpa3oBaHue (oOpa3zoBaHUE ceTYATON
CTPYKTYpBI) OOBIYHO MPOUCXOIUT B MSITKHUX YCIOBHSIX M BOJHOM pacTBOpe 03 XUMHUYECKUX
CIIMBAIOIIMX AareHTOB WJIM KaTajau3aTopoB, KOTOpbIE MOTYT o00JafgaTh TOKCHYHOCTHIO.
HenocraTkamu sBisieTCs BBICOKAs BSI3KOCTh OOpa3yrOIIMXCS Teliel, YTO BBI3BIBAET MPOOJIEMBI C
JTOCTIKEHHEM paBHOMEPHOTO pacmpeseneHus B Hux JIB [2].

Ceromust u3BecTHbl paboThl [20], B KOTOPBIX paccMaTpUBAETCS BO3MOXKHOCTH CIITUBKH
THUApPOTENIed XWTO3aHa C TIOMOIIBIO TPHUPOIHOTO CIIMBAIOIIETO areHTa HKeHUNUHA (BecbMa
HK30THYECKOr0), YTO MO3BOJSET OTKAa3aTbCsi OT METOJIa MX CIIMBKU C IMOMOIIBIO TIIYyTapOBOTO
aJbJICTU/IA, TIOJIPA3yMEBAIOIIETO HATMYNE TOKCUYHBIX ITOOOYHBIX MPOTYKTOB.

Crioco0 CTpyKTypUpOBaHUsI allbIrMHATHOTO THAPOTeNs MOApoOHO onucaH B padorax [16-18]
W WCIONB3YeTCS TPH CO3JaHWUU THIPOTEIEBBIX MaTpull (Hampumep, B ¢GOpMe JHUCKOB) C
UMMOOUIM3UPOBaHHEIM JIB, KOTOphie TMOMEmaloTcss B TMOJOCTH OpraHu3Ma ¢  [eNbio
HAIMpPaBJIEHHOTO KOHTPOJIMPYEMOr0 BBICBOOOXKICHHSI M3 HUX JIeKapcTBa B ouar IMOpaKeHUs,
HaIpUMep, B OMyXOJTb.

52



B o0Opa3oBanuu momepeuHbIX MOHHBIX CBSI3€H allbIMHATa HATPUS C KaJbIMEM y4YacTBYIOT
TOJBKO KapOOKCHJIbHBIE TPYINNbl T'YIYpOHATHBIX OJOKOB mosumepa. Jlng mnoBbilieHus
TEXHOJIOTUYHOCTH IpOoLiecca MOIYYEHHs] TUAPOTEIEBbIX MATpUL] (HAlpUMEp, YBEIMUEHUSI BPEMEHU
OT MOMEHTa IPUTOTOBJICHMS T'MJPOres U 3alOJHEHHUS UM OJUCTEpHOW YNMAKOBKM /10 CLIMBKHU
[IOJINMEpa)  WCIOJB3YIOT  NPUEM  OTCpOYEHHOro  xemupoBanus  [2,16].  Ilomydenue
CTPYKTYPUPOBAHHOI'O MaTepualla ¢ MOBBIIIEHHON BSI3KOCTBIO peau3yeTcs CIEeIyIOLUMM 00pa3oM: B
ruaporejib Ha OCHOBC ajJibIrmHaTa HAaTpud BBOIAAT erIeKI/ICJIBIfI KaJIbI_II/If/'I, npeaABapUTCIILHO
CYCIEH3UPOBAHHBI B TIJIMLEPUHE C IEJIbI0 IPEIOTBPAILECHUS CEAUMEHTAUUd U JIy4lIero
pacripeniesnieHus: o 00beMy THUIAPOTEIEBOT0 MaTepHala, a Takke COpOMHOBYIO KucioTy. IIporecc
[epexoa HOHOB Kalbliis B PACTBOP IOCPEICTBOM B3auMOJEHCTBUSA ¢ copOMHOBOI kucinoroi (R-
COOH), onuckiBaeTcs cneayroliei cxemoi 2] :

1) R-COOH (tB.) <+ RCOO- + H+ (MeneHHo) (cramus
2) CaCO3 + 2H+ — Ca2+ + H20 + CO27 (MemienHo)  (craaus
3) Ca2+ + 2 Alg-COO- — (Alg-COO)2 Ca (OwICTpO) (cramust
R-COOH - cnabas, TtpynHopactBopumas kuciora (Kn=1,73-10-5, S=0,15r/100).

PaBnoBecue (1) cmemiaercss Mo Mepe B3aWMOACHCTBHS MPOTOHOB C YIJIEKHCIBIM KaJlbIHEM.
CxopocTs reneobpa3oBaHus OMPENESETC CKOPOCThIO B3aUMOCBsI3aHHBIX TIporieccoB (1) u (2).

OOpa3zoBaHue CeTKH Telsl W IJIOTHOCTh CIIMBKH B TUAPOTENE OMpEeAeNseTcss aKTUBHON
KOHLEHTpalMel NOHOB KaJbIHs, NEPELIEAIINX B paCTBOP, HE3aBUCUMO OT UCTOYHHKA 3TUX HOHOB.
JlaHHbIN croco0 3a cyeT BBEACHHUS COPOMHOBOM KHCIOTHI 3HAUUTENBHO YBEIUYUBACT BpEMs
CTPYKTYPUPOBAHUS allbTUHATA HATPUS NPH J00ABJICHUU CIIMBAIOMUX areHToB [2,16,17]. [Ipunuun
JEUCTBUS CTPYKTYPUPOBAHHBIX THUAPOTENei ¢ MHKOPHOpUpoBaHHBIM JIB ananmorndeHn onucaHHBIM
HaMu paHee: HaOyxaHue, OWOJIerpajanus IMOJMMepa W BBICBOOOXKIECHHE JICKapCTBa, HO BpeMs
BBICBOOOKICHUS M MPOJIOHTUPOBAHHOCTD JICHCTBUS U3JENIUS CYLIECTBEHHO BO3pPACTaeT.

Moudukamuss THApOreNeld Ha OCHOBE OHOCOBMECTHUMBIX IOJMMEPOB HAlUIa CBOE
IIPUMEHEHUE TAaKXE IIPU CO3JaHUU CHCTEM C KOHTPOJIMPYEMBIM BBIJCICHUEM WHCYJIHHA,
UCIOJIb3YEMBIX TIpH JIEYeHUH caxapHoro nuadera. CyTh TaKMX CHCTEM JOCTaBKM 3aKIIOYaeTcs B
WX YYBCTBUTEIHHOCTHU K MOBBIIICHUIO TIIFOKO3bI B KpOBH. [Ipu 3TOM 04eHb BakHO, YTOOBI MHCYJIHH
HAa4YMHAJ BBIACNATHCS TOJBKO MPU TOW KOHIIEHTpAlMM TIJIIOKO3bl B KPOBH, IpPU KOTOPOW 3TO
HE00XOIMMO TIO0 TEPaNeBTUYECKUM MoKazaHusaM, a uMeHHO 80-100 mr/100 mu xpoBu [13], motomy
KaK B JIUTEpaType UMEIOTCSl CBEACHMSI O TOM, YTO OCHOBHBIM HEJOCTATKOM HHCYIMHCOJEPKAIINX
CUCTEM SIBJISIETCSI UX YYBCTBUTEIBHOCTD JIa)K€ K MaJbIM KOHIICHIIEHTPALUSIM TTIOKO3BI B KPOBHU (OT
1 mr/mi). Omnucal croco0 Moy4eHHus U MEXaHU3M JEHCTBUS TNIFOKO34YBCTBUTEIBHOIO THIPOTENs
Ha OCHOBE COIOJMMEPOB akpriaMuia (AA) ¢ HEHACHIIIEHHBIM POU3BOIHBIM IT0K03b1 — N-(2-D-
rmoko3)akpuwiamMusiom (CAA), ciumteix 6enkom koHkaHaBaduHOM A KoH A, KOTOpBIM MMEET B
CBOEH CTpPYKType 4 TOUYKHM [UIsl CBsi3bIBaHUS yrieBofoB [13]. I'magporens cuHTE3MpOBaIn
cononumepuzanueit AA ¢ 'AA u nocieayonyM CMEIIMBaHUEM BOJHBIX PACTBOPOB MOIYYEHHBIX
cononumepoB ¢ Kon A. IIpuHIUN KOHTPOJIMPYEMOIo BBICBOOOKICHUS WHCYJIMHA 3aKIOYajCs B
TOM, YTO MPU TMOSBICHUM TIIOKO3bI B OKPYXAIOUIEH CHCTeMYy Cpelleé OHa BBITECHSJIAa MHCYJIUH U3
koMmiuiekca ¢ Kon A. Ilpu wu3ydyeHMH B3aMMOAEWCTBHUSA THUIPOTeNs C PACTBOPAMM TIIFOKO3BI
Pa3IMYHON KOHIIEHTpAluu ObLJIO OOHApYKEHO, YTO CYIIECTBYET MOPOroBasi KOHILEHTpAIUs, HUXKE
KOTOPOM HHMKAaKHWX BUIUMBIX W3MEHEHUH C THJApOresieM He INpoucxoauT. lIpu KoHueHTpauusx
TJIIOKO3BI BBIIIE TTOPOTOBBIX HAOI0aNICS OBICTPBIN MEePEXo ] TUAPOressi B paCTBOPUMOE COCTOSIHUE,
— kowmmieke [Kon A—I'AA] pacnagancs ¢ oOpa3oBanueM komiuiekca [KoHA—rmoko3a] u
BOJIOPaCTBOPUMBIX MakpomoJiekyn conoiumepa 'AA u AA (puc. 3) [13].
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Puc. 3. [IpuHIUT JeWCTBHS TIFOKO34YBCTBUTEIILHOTO rujpores [13]

Uem BbllIE coiepkaHue 3BeHbEB ['AA B comosiumepe, TEM BbILIE 3HAYEHUE IOPOrOBOI
KOHIeHTpauuu. Takum o00pa3oM, NPEACTaBISUIOCH BO3MOXHBIM IMOAOOpaTh CUCTEMY C
KOHTPOJIMPYEMBIM BBICBOOOXJIECHUEM HMHCYJIMHA IIyTEM HM3MEHEHHUS KOJIMYeCTBa 3BEHbEB ['AA,
UCXOJS U3 TOPOTOBOW KOHIIEHTPAIIUU TTFOKO3HI.

JleueOHBIA TeNb MOXET BBOJUTHCS MEXAaHWYECKH B BO3HHKAIONIYIO Y OOJBHOTO IOJIOCTD.
Takoli cnoco0 axapecHod pgoctaBku JIB HaspIBaeTcs <«JIOKalIbHOW JOocTaBKO». Hampumep,
MalUeHTaM C OIyXOJbI0O TOJIOBHOIO MO3Ta Iocjie ynaajieHus omyxonu odsemom 30-35 cm
THJIPOTENIEBBIN MaTepual ¢ JEeKapCTBOM — IIUTOCTATHKOM (IIpernapaThl MJIaTUHBI, TOKCUPYOULIMH U
T.A., 00J1a1al0II1e BBHICOKOW TOKCHYHOCTBIO) 3aKJIaJbIBaIl HEMOCPEICTBEHHO B OOpa3oBaBIlIeecs
noxe. B kadecTBe MONMMMEpPHON MaTpHLbl HMCIONB3YIOT (ochaTsl JeKCTpaHa, Onarogaps HX
KaTHOHHOOOMEHHBIM U  KOMIUIEKCOOOpa3ylollMM CBOWCTBaM, CIHOCOOHOCTM K  CO3JaHUIO
MEXMOJICKYJIIPHBIX ~ KOMITJIEKCOB, BIUSIONIMX Ha CKOPOCTh OHOJErpajallMd ¥ HPOJIOHTaluu
ned4eOHOro JeMcTBHs, a TakkKe C YyderoM  Oo0OBeMHOM CTpyKTypbl (ocdara nexcrpana.
Macconepenoc JIB nmpoucxoauT B TeueHue 2-7 CyTOK, a MoJHast Onoerpaiaus MaTpuibl — yepes
6 MecdleB, NMPU TOM TOKCUYHOCTh MpPH TaKOM BBEIEHUM IIperapara CYIIECTBEHHO HUXKE I10
CPaBHEHHIO C ITaPEHTEPAIbHBIM BBEICHHUEM.

Macconepenoc JIB, Hanpumep, nuroctaTika, U3 MaTpHUIlbl HA OCHOBE (ocdaTa AeKCTpaHa
IPOUCXOIUT B HECKOJIBKO CTaJuil: mepBas - ¢ HauOOJbIIEH CKOPOCTbIO BBICBOOOXKIAETCS
LUTOCTATUK, CBS3aHHBIM C MOJIMMEPOM XUMHYECKUMU WM 3JIEKTPOCTATUYECKUMHU (MOHHBIMHU)
CBSI3SMH, 3aTE€M CKOpPOCTh CHIDKaeTcsl M ompenensercs auddysueit mpemnapara, yaepKHUBaeMOro
BOJOPOJHBIMU CBA3SIMH, U THIPOJIM30M MATPHIIBL.

[TonoGHBIE  MOAXOJ HAamIed HOBOE NPUMEHEHHE IpPU CO3JaHUU HAHOCTPYKTYPHBIX
KOHTEWHEPOB JJII HAMPaBJIEHHOHN JOCTAaBKU MPOTHBOOMYXOJIEBBIX TpemaparoB [21]. B pabote [22]
paccMaTpuBaeTCcsl INOJyYEHHE HAHOUYACTHI] HAa OCHOBE CONOJIMMEpPAa MOJIOYHOM U IIMKOJEBOU
KHCJIOT, COJAEpKalluX IPOTHBOOIYXOJEBble Ipenaparsl, pasmepoM wmeHee 300 HM. HyxHo
OTMETHUTH, YTO TpuMeHeHue monumonodHor (PLA) u monurnukonueBoi (PGA) KUCTOTHI, a Takxke
COMoJIMMepa MOJIOYHOH 1 TInKosieBoi kucioT (PLGA) moctaTouHO epcreKTHBHO (puc.4), JaHHBIC
OMOMOIMMEPHI YCHEIIHO MPUMEHSIOTCS NPH CO3JaHUU  pa3IM4YHbIX HocuTenen JIB, MaTpukcoB s
TKaHEBOW WH)KEHEPHH, WX OMOCOBMECTUMOCTHh C TKaHSMU OpraHM3Ma YeloBeKa IOATBEpIKIeHa
MHOTHUMHM UCCIIe0BaHUsAMU [22].
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Puc.4. IIporHo3 00eMOB MPOMBIIIIIEHHOTO MOTyYeHHUs OHONOIMMEPOB

K nmanHBIM bacTHIlaM NpHBHBajach OEJIKOBasi BEKTOpPHAs MOJIEKYJa, B KaueCTBE KOTOPOM
Oobu1 B3AT anbda-peronporenn dyenoBeka (ADIl); ADII B maHHOM ciiydyae HCHONB30BajCS B
KayecTBE BEKTOpa — JUTaHAa OHOIOJMMEPHOW YacTHUIlbl, HAIOJHEHHONW MPOTHBOOITYXOJEBBIM
MpernapaToM, MPUBOISIIMM €ro K OIyXOJIEBOM KJIETKE, KOTOpas B 3HAYUTEIbHBIX KOJIWYECTBAX, 11O
CPaBHEHHIO C HOpPMaJIbHBIMH KJIETKaMu, 3KkcnpeccupyeT peuentopsl ADII [21]. JlaHHbINH KOHBIOTAT
(puc.5) - HaHOYACTHIIA C BEKTOPHON MOJIEKYJIOH - TTO3BOJIIET COKPATUTh BPEMS PEaKIMH KIETOK Ha
nekapcTBO 0e3 CHwKeHHS 3(PPEKTHBHOCTH M YMEHBIICHHS KOHIEHTPAIMH JIEKAPCTBEHHOTO
BemiecTBa[21,22].
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Puc.5. Cxema pacro3HaBaHHs KOHBIOTaTOM OIyXO0JICBOM KiieTkH [22]

OnucaHHbId CIIOCOO TMO3BOJIIET TMONYYaTh aJPECHBIE CUCTEMBl JOCTABKU PAa3IHMUHBIX
MPOTHBOOITYXOJIEBBIX ~TPEMApaToB IS JICYEHHs] OOJIBIIOrO KOJIMYECTBA 3JIOKAYEeCTBEHHBIX
HOBOOOPa30BaHU.

HyXHO OTMETHTBH, YTO JOIOJHUTEIBHBIM CTUMYJIOM, 3aCTaBJISIOIIMM COBEPIICHCTBOBATH
TEXHOJIOTHIO TIOJNIYUYEHHUSI PAa3INYHbIX MEIWIIMHCKUX MaTepHalioB Ha OCHOBE OHOIOIMMEPOB,
SIBJIICTCS TPOJJICHWE WX CPOKa TOJHOCTH M ONTHMH3AIUSA YCIOBHH XpaHEHWS, YIUTBIBAs, YTO
KOHKYPEHTHasi CIOCOOHOCTh OMONOJMMEPHBIX MaTepHuajoB, OCOOEHHO Ha OCHOBE MPHUPOJHBIX
MOJIMCaxapuaoB, Kpome dJ(PGEKTUBHOCTH WX HCIONB30BAHMS, CCHIDKEHUS TOKCHYHOCTH,
YKOHOMHYECKUX (haKTOPOB. HAMPSMYIO 3aBUCHUT OT JUTUTEIBHOCTH 3TOTO CPOKA.

B cnydyae ucnonb3oBaHus OHOMOIMMEPOB — MOJIMCAXapUIOB BOMPOC CTEPUIU3ALNU (B
OOJIBIITMHCTBE CITy4aeB Y-CTEPUIIM3AINN) MEIUIIMHCKUX M3IETHI CTOMT OYeHb OCTPO, T.K. 3a CUET
MPOTEKAOIIEr0 PaAMuoIN3a TPOUCXOAIT HM3MEHEHHMsI B THUIApOreneBoil marpuie. TexHomoram
MPUXOJUTCS  OJHOBPEMEHHO OOpOThCSI €  OOCEMEHEHHOCTBIO  KOMIIO3WIIUH, JOOHMBAasCh
CTEPHJILHOCTH, HO HE HapyIlaTh €€ CBOWCTBA, HAIIPUMEDP, PEOJIOTHUECKHUE, 33 CUET YCIOBHH (7103a,
BpeMs) Y-00pabOTKH. DTOT OCTPBIH BOMPOC CTOUT MEPE]T BCEMH MPOU3BOIUTEISIMHU.

B pabote [23] u3ydyeHa BO3MOXHOCTH OJHOBPEMEHHOTO BO3JIEHCTBHMU Ha 2 mporiecca:
MMOHWKEHUE MHKPOOHONH OOCEMEHEHHOCTH THIPOTEICBOM  KOMIMO3UIMKU 10  (PUHUITHOU
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CTepWIIM3AIMU, KOTOpasi CBSA3aHA C HCIOJIH30BAHUEM JIETKO OOCEMEHSEMOTO ChIPhs (HampHuMep,
NPUPOJHBIX  TOJMCAXapUI0B allbI’MHATA M THAJTypoHAaTa HATpUs), U CTaOMIIM3allUM BSI3KOCTH
KOMITO3UITUH TIOCIe cCTepuiin3anui. Kpome Toro, MoBbIIEHUE CTEPUTU3YIOMICH 1036l TAKKE MOKET
MOBBICHTh HAJICKHOCTh (PMHUIIHON cTepuim3anuu. Pesynpratamu 3ToW pabOTHI CTall HE TOJIBKO
HOBBIN MOJXO/] K TEXHOJOTHH TOJTYYCHHSI TOTOBOTO CTEPHIIBHOTO MPOJYKTA 332 CUET HAXOXKICHUS
ONTUMAIIBHBIX C TEXHOJOTMYECKOW M TOKCHKOJOTHYECKOW TOYKH 3PEHUS KOHCEPBUPYIOIIUX H
CTaOMIM3UPYIONIMX  J00aBOK, HO ©  pa3paboTka METOJUKHA YCKOPEHHOTO  CTapeHHS
MIPOTHO3UPYIOIIEH CPOK T'OJHOCTH KOMIIO3HMIIMH, YTO TIO3BOJHJIO 3HAYMTEIBHO YCKOPHUTH BpEMs
MIPOBEJICHUSI HAYYHBIX HCCICIOBAaHUH W  ONTUMH3UPOBATh IMPOHW3BOJICTBEHHBIC HCIBITAHUSA,
HEOOXOIMMBIE JIJIS BHIITYCKA KAYeCTBEHHOW M 0€30MacHON TPOTYKIIHH.

Kak moka3zaHo, CyIIecTBYeT MHOKECTBO TOJIXOJOB K CO3JaHUIO TOJUMEPHBIX CHUCTEM C
KOHTPOJIMPYEMbIM BBICBOOOXKIeHHEM JIB, TONBKO 4acTh KOTOPBIX OCBEIICHA B 3TOH myOiukanmu. B
HACTOSAIIEE BpPEMs OCHOBHAas CIIOKHOCTh 3aKJIO4YaeTcs B TOM, YTO pa3paboTaHHBIE U
anpoOUpoOBaHHKIE IN VItro CHCTEMBI ¢ KOHTPOIUPYEMO#t JocTaBkoii JIB 3auacTyo BBIHYXICHBI TaK
U OCTaTbCS B COCTOSIHMM pPa3pa0OTKH W3-32 OTPOMHBIX CIIO)KHOCTCH, B T.4. (DUHAHCOBBIX,
BO3HUKAIOIIUX TP WX BBIBOJIC HA PBIHOK. Te HEMHOTHE MaTepHalbl, KOTOPbIE BCE-TaKH MPOILIH
MpOLEAYpPhl TOCYTApCTBEHHON peructpammu (OyAb TO JIGKQpPCTBEHHBIC TIpermapaThl  HIN
MEIUIUHCKUE H3JICIHS), HY)KIAIOTCS B IOCTOSHHOM YCOBEPIICHCTBOBAHHH JUIS TOTO, YTOOBI HE
ycrynath B 3(()EeKTHBHOCTH 3apyOCKHBIM aHajoraMm. XOYeTCs HAJIEesAThCS, YTO CYHICCTBYIOIINE
CIIO)KHOCTH M TpErpajasl B JalibHEHIIEeM OynyT MeHbIe, ¥ paboThl OTEYECTBEHHBIX XHMHUKOB,
MOJIMMEPINUKOB, TEXHOJIOTOB, (JapMaKoIOroB HAWIYT CBOIO JOPOTY K HYXKIAIOIIMMCS B UX TPYHAC
OOJIBHBIM JIFOSIM.

Omoenvhvie uacmu pabomul 8ulnoaHelsl 6 pamkax epanma PODOU Ne 15-29-04847.
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MOJIYYEHUE THAPOT'EJIEM HA OCHOBE XUTO3AHA JUIS1 AIVTAKAITMOHHBIX
MATEPHUAJIOB HA BOJIOKHUCTOHU OCHOBE

THE OBTAINING OF HYDROGELS BASED ON CHITOSAN FOR MEDICAL
APPLICATION MATERIALS ON A FIBROUS SUBSTRATE

N.M. JlunaToBa
I.M. Lipatova

Wuctutyt xumuu pactBopoB uMmenu I'.A. Kpecrosa Poccuiickoii akagemun Hayk, (r. IBaHOBO)
Institute of Chemistry of solutions to them. G.A.Krestova, (Ivanovo)
E-mail: i_lipatova@bk.ru

PaCCMOTpeHLI CIoco0bI 6e3peareHTHOr0 nmoJyvueHus rnnporeneﬁ Ha OCHOB€ XHTO3aHA: UHULIUUPYEMOEC
CABUIOM JKE€JIUPOBAaHHUE XHUTO3aHA C HU3KO0Il CTeneHbIo AcalCTUIMPOBAHUA MU MEXAaHOAKTHBHPYEMOE
HHTEPIOJIUIICKTPOJIUTHOC KCJIUMPOBAHUE XHTO3AH-AJIbIHHATHBIX cmeceil. O0a cmocoda OCHOBaHBI Ha
HCIMOJb30BAHUHN MHTCHCHBHBIX MEXaHUYCCKHUX B03)Iei7[CTBHﬁ, peanqu3yeMbiX B POTOPHO-UMITYJILCHOM ammapare.
PaapaﬁaTblBaeMue moJiMcaxapu/iHbi€ THAPOreJn NMPEeIHAZHAYECHDI 1/ HCHOJb30BAHUA B Ka4Y€CTBE HOCHTeJIeH
JIEKAPCTBEHHOI0 Ipenmapara B aNIUVIMKAIMOHHBIX MEJUIMHCKHX MaTepuajiax Ha BOJIOKHHCTOI MOAJIOKKE.
Hoxa3aﬂo, 9TO0 CKOPOCTH Bl)lCBOﬁO?KZ[QHPIfl JIEKAPpCTBEHHOT'0 MNpenmapara 3aBHCUT OT COoCTaBa BOJIOKHHUCTOM
MOJJIOKKH U cnoco0a HaHeCeHUs Ha Hee ruaporeJis.

The methods of reagent-free preparation of hydrogels based on chitosan are considered: high shear
initiated gelling of chitosan with a low degree of deacetylation initiated and mechanoactivated
interpolyelectrolitic gelling of chitosan-alginate mixtures. Both methods are based on the use of intensive
mechanical actions implemented in the rotor-stator device. Developed polysaccharide hydrogels are intended for
use as carriers of the drug in medical application materials on a fibrous substrate. It is shown that the rate of
drug release depends on the composition of the fibrous substrate and the way it is coated with hydrogel.

B Hacrosimee Bpemsi XOpOILIO M3BECTEH M YCHEIIHO HCMOJIB3YEeTCS CIIOCO0 MpHUIaHUS
TEKCTUJIBHBIM HU3JACINAM MCIUIIMHCKOI'O Ha3HA4YCHUSA JOIIOJITHUTCIBHBIX JIe4eOHBIX CBOMCTB myTeEM
BBEJICHUS JIEKAPCTBEHHBIX IMIPEMaparoB B BOJOKHUCTBIA MaTepual, HCIOIb3YEeMbId s
IMPOHU3BOJACTBA ITUX PI3)16J'[I/II7L Taxknmu HU3ACIINAMA MOTYT OLITH IOBA3KH, alllUIMKAlluW, PaHCBBIC
NOKpBITUA. JlJI1 TpOJOHraluuy JEWCTBHUS JIEKAPCTBEHHBIX NPENaparoB M 3aKpeIUIEHHUs HX Ha
TEKCTUJIBbHOM Cy6CTpaT€ HCIOJIB3YIOT PACTBOPbI WM THAPOTCIW MPUPOAHBIX MOJIUCAXaApUAOB,
TaKMX Kak, HalpuMep, albTWHAT HATPUs WK 3(PUPHI EIITI0N03bI, KOTOPBIE CIYKAT MOJTUMEPHOM
MaTpullel s BBOAUMBIX mperapaToB [1]. B mocimemHee Bpemsi HEYKIOHHO BO3pAacTaeT MHTEPEC
uccienoBarenei, paboTarommx B 00JaCTH OMOIOTHH, MEIULIMHBI U TEKCTUIILHOW XUMUU, K TAKOMY
BOXHOMY TMPEACTABUTENI0 MPUPOJHBIX IOJHCAXAPUIOB, KAaK XHUTO3aH. YHHUKalIbHbIE (PU3UKO-
XUMHYECKHE CBOMCTBA XUTO3aHa, €T0 COBMECTUMOCTh C TKaHIMH YellOBeKa, OMOAerpaIupyeMocCTh,
Xopomrasi IJIEHKOOOpa3yrolass ©  COpOIMOHHAS CIOCOOHOCTH  IO3BOJISIIOT  CYUTATh  €T0
MEPCTIeKTUBHBIM  TMOJIMMEPHBIM  MPOJOHTATOPOM Uil  KOHTPOIUPYEMOTO  BBICBOOOKICHHUS
JIEKapCTBEHHBIX TpernapaToB [2]. bakTepunocramdeckne W TeMOCTATUYECKHE CBOWCTBA, a TaKKe
CIOCOOHOCTH K Treieo0pa3oBaHUI0 XMTO3aHA OOYCIOBIMBIMBAIOT MHTEPEC HCCIENOBATENel K €ro
HCIIOJIB30BAHHUIO I CO3JaHUA aTpaBMAaTUYHBIX PaHCBBIX HOKpI)ITI/If/'I.

Hns  opMmupoBaHUS TPEXMEPHOTO KapKaca THUApOreNed XHWTO3aHa HUCIOIB3YIOT
KOBAJICHTHYIO CIIMBKY, IMPOTCKAIIYHO 110 KOHACHCAIMOHHOMY MCXAaHU3MYy C Y4YaCTHUEM
aMUHOTPYMI, WX PAJIUALUOHHYIO CIIMBKY. OCHOBHBIM METOJOM IOJTYYEHUsI KOBAJIEHTHO-CIIUTBIX
rejieil XuTo3aHa SBJSETCS CIIMBAaHHME TIYTApOBBIM ajbAETUAOM [3], OJIHAKO MOOOYHBIE MPOLIECCHI
QBJIONILHOM  KOHJIGHCAIIMH, TPUBOJASIIME K O0Opa30BaHUIO MPOAYKTOB C HEIMPEICKa3yeMbIM
NeiCTBHEM, OTpPaHMYMBAIOT HCIOJB30BAHUE CHCTEM XHUTO3aH-alHu(paTUUECKUd AUANbIETU] B
OMOMETUITMHCKHX IensaX. JlJii MeIMIMHCKUX LeNed NpeACTaBisieT OCOObI MHTEpec pa3paboTka
HOBBIX CIIOCOOOB MOyYEHUS TUporesneii 0e3 UCIoIb30BaHUSI XUMHUYECKUX KPOCC-THHKEPOB.
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B Hacrosmieil paboTe paccCMOTpEHBI IPHUEMbI O€3peareHTHOTrO refeo0pa3oBaHms XUTO3aHa C
UCIIOJIb30BAHUEM HMHTEHCHUBHBIX MEXAHMYECKUX BO3JCHCTBUM, pealu3yeMblX B POTOPHO-
HMMITYJIbHOM amnmapare. Y CIOBUsS MEXaHWYECKOM aKTHBAIlMU: CKOpPOCTh BpaiieHus poropa 5000
06.'MI/IH'1, rpaju€HT CKOPOCTHU CIBHUTa 1,7-105 c'l, MIPOJIOJDKUTENIHOCTE 00paboTku 4-10c.

[Tpumepom ruaporeneid, He COAEPKANUX XUMHUECKUX PEAreHTOB, SBISIOTCS (HU3HUECKUC
THAPOTeNIH, B KOTOPBIX 00pa3oBaHUE MPOCTPAHCTBEHHOW TMOJUMEPHOM ceTKu OOYCIIOBICHO
ruipoGoOHBIMU B3aUMOICHCTBUAMU. J1J1s TomydeHus] (PU3HUECKOTO Telisi METOJ0M MEXaHHYEeCKOTO
WHUIUUPOBAHUS MBI  HCIIOJIb30BAJIM  NPOMBIIUICHHBI  XWUTO3aH C HU3KOM  CTENEHbIO
neanerunupoBanus (CHA=60%; MM=550kx/la), 1o CyIIeCcTBY MPEACTABIAIOMUNA COOOM
COMOJIUMEP, COCTOAIIUMN M3 THAPOPUIBHBIX  TJIIOKO3AMHHOBBIX W ruapododHbix  N-
aIleTOTJIFOKO3aMUHOBBIX 0JIOKOB.

HOH,C

-0

NH, | m

Puc. 1. Xuro3an

Hcnonb30BaHHBI B JaHHOM pa0oTe XUTO3aH MPHU PACTBOPEHUU B 2%-HOUW YKCYCHOMU
KHucioTe oOpa3yeT pacTBop ¢ BbICOKMM (0 17% macc.) copepkaHMEM IJUCKPETHOM TeneBon
¢pakuuu. Ilpy WHTGHCUBHOM  MEXaHHUYECKOM  BO3JCHCTBUM  «TCJIIMKH»  PACIIEIUIIOTCS,
BBICBOOOXK/ICHHBIE ~XUTHHOBBIE YYaCTKM MAaKpPOMOJIEKYJT O0Opa3ylT accouuarhl 3a CYeT
runpodoOHOro B3ammoneicTBusi [4]. Ponb MexaHMYeCKOW aKTHUBAIlMM B JIAaHHOM IIPOIEcce
3aKIJII0YAaeTCs B TOM, YTO 3a CYET HMHTEHCHBHOTO MAacCOOMEHa M OPHEHTHPYIOIIETrO IeHCTBHUS
BBICOKOTPAJUEHTHBIX C/IBUTOBBIX Ae(opmMariuii co3qaroTcs ycaoBHs Ul MPEebHOr0 CONMKEHUs
ruIpoOOHBIX YIaCTKOB M UX arperanuu. AccolmaThl XUTHHOBBIX ()ParMEeHTOB, MPHHAICKAIITIX
pasHBIM MAaKpOLEIIsIM, SBISIOTCS y3J1aMU OOpa3yloIIelcsl MPOCTPAHCTBEHHOM MOJUMEPHON CETKU
ressi. O0 00pa3oBaHUM TPEXMEPHON MPOCTPAHCTBEHHOM CETKH TeJisi MOXHO CYIUTh IO CTENCHHU
HOTEPH TEKYYEeCTH, XapaKTepH3yeMOW HWHICKCOM TedeHHs (M), 3Ha4YeHHUs KOTOPOro B JIAHHON
paboTe moNyJyaqud MareMaTHYecKoW OOpadOTKON KpPWBBIX TEUEHHsI pPacTBOpPOB XuTo3aHa. Kak
crenyer u3 Tabia.1, mocie MeXaHWYeCKOH aKTHBallMM CTENEeHb MOTepU TEKY4eCTH PpacTBOPOB
XHUTO3aHA YBEITMYMBACTCS C yBEITMUECHHUEM UX KOHIICHTPALINH.

Tabmumna 1
Wupnekcnbl Teuenus (M) KCXOAHBIX U MexaHW4Yecku 00pabotanubiX (5000 06./MuH., 10c)
pacTBOPOB XUTO3aHA.

O6paserr m
Cx3, macc.% 6e3 00paboTKH MexaHunueckasi 00paboTKa
1,0 0,655 0,726
2,0 0,558 0,388
2,5 0,513 0,256
3,0 0,448 0,078

[Tonyuennsie rTuapOreNHM TMOCIAE BBEACHUS B HUX JiekapcTBeHHoro mpemnapata (JIIT)
HAHOCUJIM Ha HETKaHBbIA TeKCTHIbHBIM Matepuan (HM) nByms cmocobamu: MeTOI0M
MMIIPETHUPOBAHUS (MPOMUTKA C OTKMUMOM MEXIYy PE3WHOBBIMH BajbllaMH), JHOO METOIOM
HITPEMHTOBaHUs (TTIOBEPXHOCTHOTO HAHECEHUS C TIOMOIIBIO Ia0JIOHHOW pamku U pakiu). [Tocme
annpeTupoBanus Martepuansl BeicymmBanu npu 40°C. B kauectBe TecroBoro JIII mcmonb3oBanu
muaokauH. [ImeHKka BBICYIIEHHOTO THAPOTENS MPH BBEICHUU B BOJHYIO CpeAy OBICTPO MOBTOPHO
HaOyxaer (cm.puc.l u 2)
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Puc.2 ®usnueckuil ruiporesb, MOTyYeHHbIH HaOyXaHUeM IUICHKH U3 MEXaHOAKTHUBUPOBAHHOTO
pactBopa xurto3aHa ¢ Hu3kol C/IA.

1 2 3
Puc.3 ®oro u cxemarndeckoe M300paKCHHE TPEXMEPHOH MOJIMMEPHOW CETKH HCXOIHOTO
(1), BeIcymieHHOTO (2) M MOBTOpHO HaOyxmiero (3) ¢Gu3MYECKOro reis XUTo3aHa Ha TEKCTHIIbHOMN

IIOATIOXKKE.

Tabmanma 2
Brnusinue coctaBa HM u crioco6a HaHeceHus: GU3MUYECKOTO TUAPOTENsS XUTO3aHa Ha CTENeHb
HaOyXaHMsI ¥ IPOJIOJKUTEIBHOCTD BhICBOOOK 1eHust JITT (Jinnokann).

Cocras HM Crioco6 HaHeceHus Bpewms Beixona 85% Crenenn
JIIL,u HaOyxaHus,%

Jlen — 50%, Yucrerit HM 0,8 -
Buckosza — 50% [Tponutka 18,2 1850
[InpeHTOBaHKE 12,2 5150

Jlen — 50%, Yucteiii HM 0,6 -
[Momumpornmnen — 50% ITpornTka 11,5 2650
[[InpenunroBanmne 8,5 4980

W3 panHbIX TaOMUIBI 2 cleAyeT, YTO IJs OAHMX M TeX K€ Map XMTO3aH-BOJOKHUCTHIN
MaTepuai BpeMsi BbicBoOoxieHus JIIT Gonblie B ciaydyae annpeTUpOBaHUs METOAOM HMPOMUTKU. ITO
CBA3aHO C apMupyrommm naerctsueM HM, KOTOpBIMI MOXHO paccMaTpuBaTh KakK HAIlOJHMTEIb,
UMEIOIINI TPOTHBOIOIOKHBIN 3apsi/i MOBEPXHOCTH MO OTHOILIEHHIO K xuTo3aHy ({=26-38MB.). B
Cllydya€ IOBEPXHOCTHOTO HAHECEHWs Tujaporeist HaOirogaercss Oouiblias CTENEHb IOBTOPHOIO
HaOyXaHHUS.

B nocnemnue roapl HamMeTWsICS OOJBINONM HMHTEpeC K THUOPUAHBIM THIPOTEIM,
00pa30BaHHBIM JIBYMsI IPOTUBOIIOJIOKHO 3apsKEHHBIMU MOHOTCHHBIMU NToJIMcaxapuiamy. B Hamen
pabore nans moNydyeHHs THOPUIHBIX THIpOTeled Mbl HCIOJNB30BAIM CMECH XHUTO3aHA U
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OMOCOBMECTHMOI0 AaHHUOHHOTO IMOJMcaxapuia anbruHata Hatpus. [Ipy OOBIYHOM CMelIeHUU
pPacTBOPOB 3TUX IOJUCAXAPUIOB MOJYy4aeTCs OYEHb HEOJHOPOJHAS IycTas Macca, He IMPUroAHas
JUIsI HAHECEHUS Ha TEKCTUIBHYIO MOMIOXKKY. HeoqHOpOOHOCTh XWTO3aH-ajJbIMHATHBIX CMeCced
00yCIIOBJICHa HaJUYUWeM JBYX (a3 — BOIHO-XHUTO3aHOBOW M BOJHO-aJbIHHATHON (puC.5, a).
OOpasyromasicss Ha MeX(a3HBIX TpPaHHUIAX CETKAa HHTEPHOIMIICKTPOIUTHBIX KOOMEPATHBHBIX
CBA3CH TMpPEMATCTBYIOT B3aUMHOMY IIPOHUKHOBEHHIO IIOJIMMEPOB HAa MOJIEKYJIIPHOM H
HAaJMOJIEKYJIIPHOM YpPOBHSX.

Puc.4 KontpacTupoBaHHBIE MEKPOCKOTIMYECKHE N300PKEHUSI HCXOAHBIX (ClIeBa) U
obOpaboTtanabix B PA XxuT03aH-aIbIHHATHBIX THIPOTEIICH.

CreneHp JUCHEPCHOCTH CMECEH MOXKET PEryJupoBaTbCcs 3a CUET HCIIOJIb30BAHMS
WHTEHCUBHBIX MEXaHWYECKUX BO3JEHCTBUH, B YAaCTHOCTU BBICOKUX CABUIOBBIX HAIPSOHKCHUM,
pealu3yeMblXx B POTOPHO-UMITYJIBCHOM ammapare (puc.5, 6). PerymupoBanue creneHu
JMCIIEPCHOCTHU JIBYX(a3HBIX CMECE M 4acTOThI MHTEPIIOJUMEPHBIX HOHHBIX KOHTAKTOB IO3BOJISIET
L[EeJICHANPaBICHHO M3MEHSTh TPAHCIIOPTHBIE CBOMCTBA THMJPOTENIEBBIX MAaTpUILl MU TEM CaMbIM
obecreynBaTh 33JaHHYI0 CKOPOCTb BBICBOOOXKJIEHMS JIEKAPCTBEHHOrO Mpemnaparta. MexaHuueckas
00paboTKa CMELIaHHbIX THApPOTreNel AeIaeT BO3MOXKHBIM HaHECEHHE UX Ha TeKCTHIIbHBIE TIOJIOKKH
U TIOJIy4eHHE AaNIUIMKAlMOHHBIX MAaTE€pUaloB. YBEJIWYEHUE CTEINEHU IIPOJIOHTAMM JIEHCTBUS
BBEJICHHOTO Ipernapara MOKeT ObITb JOCTUTHYTO IIyT€M €ro BBEICHUS JHIIb B OJHY U3
MOJINMEPHBIX COCTABJIAIOIINX THOPUHOTO Telis.

Takum o00pazoMm, NPOJEMOHCTPUPOBAHA BO3MOXHOCTh O€3peareéHTHOro MOJy4YeHHUs
TUApPOresied Ha OCHOBE XHWTO3aHA C MCIOJb30BAHMEM MHTEHCHBHBIX MEXAHMYECKUX BO3JIEHCTBUM,
peann3yeMbIX B pOTOPHO-UMIYJIbCHOM armmapate. Pa3pabaTbiBaeMble MOIMCaXapUaHbIe THIPOTENH
MpelHa3HAYeHbl JJIs AaNMIMKAlMOHHBIX MaTepUalioB Ha TEKCTHJIBHBIX MOJI0kKax. CKoOpocTh
BBICBOOOK/ICHHSI JIEKAPCTBEHHBIX MPENapaToB U3 TAKUX MAaTEpUAIOB MOXKET BapbHPOBATHCS 32 CUET
U3MEHEHHUs IUIOTHOCTU TNPOCTPAHCTBEHHOW CETKM Tejsl IyTEM BapbUPOBAHUS KOHLEHTPALUU
IIOJINMEPOB U MApaMETPOB MEXAHWYECKOW AKTHBALIMM, & TAKXKE 3a CUET COCTaBa TEKCTUIIbHOM
MOJIJIOKKH U CII0C00a HaHECEHUS THIPOTesIeBOro MaTepHaia.
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Cratbs NOCBSAIIIIEHA AHAJIM3Y COBPEMEHHOI'0 COCTOSIHUSI M NMEPCIHCKTHBAM pPa3BUTUA MATEPUAJIOB Ha
BOJIOKHHUCTOM OCHOBEC, NMPCAHAZHAYCHHBIX /IJIf HCHOJbB30BAHUA B APKTHYECKHUX YCJIOBUSAX. PaCCManl/IBalOTCH
APKTUYCCKHUE BOJIOKHUCTBIC MaTepUaJIbl TEXHUIECCKOIO U OBITOBOI0 HA3HAYEHUA

KnaoueBble cjioBa: APKTHYECKHUE TEXHUYECKHEC TKaHH, TKaHM I apKTH‘leCKOﬁ O CKIbI,
TEIVIO3AIIUTHBIC MaTEPHUAJIbI

The article is devoted to the analysis of the current state and the development prospects of fibrous-based
materials which intended for use in arctic conditions. Arctic fibrous materials of technical and household use are
considered.

Keywords: Arctic technical fabrics, fabrics for Arctic clothing, heat-shielding materials

JanpHeilee ocBOeHHE APKTHUKH SIBIISIETCS OJHOM M3 BaXKHEWIIHUX COBPEMEHHBIX 3ajad
Poccuiickoit ®denepanuu. Jlng peanuzanuu 3TOM 3aqaud HEOOXOAMMO HAIUYUE MaTepUANIOB,
3¢h(PeKTUBHO U HaIeKHO paldoTalOmUX B ApPKTHYECKOM 30HE. ApKTHKA OTIUYACTCS
AKCTPEMaJIbHBIMU MPUPOJHO-KINMATHYECKUMU YCIIOBUSIMHU: JUTUTEIIbHBIMU HU3KUMHU
TeMIIepaTypaMH, 3HAYUTEIHHBIM TOJOBBIM TIEPEMAJOM TEMIIEpAaTyp B KOHTHMHEHTAJILHOW 30HE (B
Skytun ot munyc 60 10 mioc 40 °C); CHIBHBIMA BETPOBBIMU HAIPY3KaMH; BHICOKOU BIAKHOCTBIO
B MOPCKOU 30HE, OJICICHEHUEM U HAJIMIIAHUEM CHEra; HAJIMYUEM JIEASHOIO MOKPOBAa HA aKBATOPUHU
APKTUYECKUX MOPEM; BBICOKOM COJIHEUHOM paaualnuvedl B MEPUOJA NOJSIPHOTO JHS; HU3KOH
AKOJIOTUYECKOW  YCTOMYMBOCTBIO OKpYXKamoUIed Ccpeabl, €€ CHIbHOM 3aBUCUMOCTBIO  OT
AHTPOIIOTEHHBIX Bo3JeicTBHid [1]. Marepuanamu, KOTOpble MOTYT pabOTaTh B yKa3aHHBIX
YCJIOBUSIX, 3aHUMAETCSI apKTUYECKOE MarepuasioBeneHue. 11log apkTuyeckum maTepuaioBeIeHUEM
MMOHUMAETCA MEXIUCUUIUIMHAPHBIA pa3fes HayKd, W3y4darolui CO3/JaHue, CTPOCHUE U CBOMCTBA
MaTepHUaIOB JIJIsl OKCIUTyaTallid B YCIOBUSAX APKTHUKH, pa3pabOTKy TEXHOJOTHI UX MPOU3BOJICTBA U
BBISIBIICHHE 00JIaCTe MPUMEHEHHS B 30HE apKTHUUecKoro kiaumara [2]. OcoOeHHOCTh apKTHUECKUX
MaTepuajioB — BO3MOXKHOCTh WX PA3HOCTOPOHHETO0 NpHUMEHEHus. B oTimune OoT OOBIYHBIX
MaTepuasoB, MpeIHa3HAUEHHBIX IJIs OMpeAeeHHOW Y3KOi 00JacTh MCMONB30BaHHUsS, apKTHUECKHE
Marepuanbl pa3pabaThIBAIOTCS IS OKCIUTyaTalldd B Pa3UYHBIX YCJIOBHUSAX, HO 00s3aTEIBHO
BKJIIOYAIOLIMX apKTH4eckue. B 1enom apkTuyeckue Marepuanbl JOJDKHBI  BBIICPKUBATH
BO3/EHCTBUE aPKTHUYECKOTO KIIMMAaTa MPH COXPAHEHUH CBOMX HKCILUTYaTAlIMOHHBIX CBOMCTB.

B nHacrosmee Bpems mnox osrupoilt Hayunoro CoBera PAH mno warepuanaMm u
HaHomarepuanaM u OI'YII «BUAM» 'HL] P® Begercs pabora Hax nopoxHON kKapToi «Pa3ButHe
OTEYECTBEHHOI'0 apKTHYECKOI'0 MATEPUATOBEACHUS», TOIMOIHAIONIEN JOPOKHYIO KapTy OCBOECHUSA
ApKTUKM MuUHHCTEpCTBA MPOMBILIIIIEHHOCTH U TOproBiau P® [3]. B 3Toli 1opokHON KapTe BaKHOE
MECTO 3aHUMAIOT MaTEPUAIbl HA BOJIOKHUCTOW OCHOBE.

B wactHOCTH, 60JIBITI0M HHTEPEC BBI3BIBAIOT TEXHUUECKHE TKAHU C 3AIIIUTHRIMU (DYHKITHSMU,
KOTOpPBIE MOHO 3JKCIUTyaTHPOBATh MPH 3IKCTPEMAIBHBIX KIMMATHUUECKUX yciaoBHsaXx. K Takum
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MaTepuagaM MOXHO OTHECTH pa3JIMyHbIe 3alIUTHBIE TKaHHW, pa3pabOTaHHBIE W BBITyCKAEMbIE
Npanockum HII® «Dabutexcy:

- BOJIOHEIIPOHUIIAEMBbIE M HEMPOropaeMble TKAHU C CUIUKOHOBBIMHU MOKPBITHUSMHU IS
pa3IMYHBIX YKPBITHI, MalaTOK, YEXJIOB, TEHTOB, a TaKXe Ui pa3IMyHbIX CPEACTB
WHJIMBU1yaJIbHOW 3aIUThI, IPEIHA3ZHAUYCHHbBIX, HAIIPUMED, ISl BOCHHBIX, MOYKAPHBIX, CBAPIIUKOB U
T.1.;

-BBICOKOU3HOCOCTOMKHME, a TakKe OTHE3alIUTHbIE W TEPMO3ALIUTHBIE MaTepHalbl C
JUCKPETHBIMHU MOKPBITUSIMU PA3IMYHbIX MOAUGUKALMNA IS CPEICTB MHIMBUIYaIbHOM 3alUTHI B
Pa3IMYHBIX OTPACISX, a TAKXKE NI BHYTPEHHEH OTJIEIKU MMajJaTOK Pa3HOTO HA3HAUCHUS,

- OTHECTOMKHE U TEPMOCTOMKHE MATEepUajbl U3 Pa3IMYHbIX BUJOB TEPMOCTOMKUX BOJIOKOH,
HalpuMep, U3 MapaapaMUJIHBIXM MUHEPAIbHBIX HUTEH W TPSHK I CIELOJSKAbl U CPEACTB
WHJMBH1yaJIbHOU 3aIUTHI;

- HOBBI€ BU/IbI XEMOCTOMKHUX MaTEPHAJIOB CIIEIUATILHOTO Ha3HAUYCHHUS;

- JIpyrue BHJbl 3alIUTHBIX TKaHEH C OrHE3AIIUTHBIMU WM BOJAOOTTAIKUBAIOIIMMHU
MPOMUTKAMHU, TTOJIUMEPHBIMU TTOKPBITUSIMH | JIP.

[IpaBurensctBOM Poccuiickoit denepanun npussta «CtpaTeruu pa3BUTUs APKTUYECKOTO
peruona POy, sBistomasicss OCHOBOMOJATAIOITUM IOKYMEHTOM B 3ToM obsactu. [lockonbKy oHOM
13 €€ BAXHEWIMX LeNed SBIAETCS YIYYIIEHUE YCJIOBUM CYLIECTBOBAHMS JIIOACH, KUBYIIUX U
paboTaronmmx B YCIOBUSAX ApPKTHKH, BaXHBIM BOIPOCOM  apKTHYECKOTO MAaTepPUAIOBEIACHHUS
SBIIETCS CO3/1aHNe KOM(MOPTHON OACKIBI A1 APKTUKH.

OcHoBHBIE (DYHKIUH OACKIBI, HCIOJB3YeMOH B apKTUYCCKUX YCIOBHSX, COCTOST B
MPEIOTBPALICHUH NIEPEOXIIKICHHUS 32 CUET 00eceueHUs HOPMAIbHOM TEPMOPETYJIISIIUU YeIOBEKa
[4]. Onexxna momKHA M30JIUMPOBATH OPraHM3M YEJIOBEKAa OT BO3JCUCTBUS HU3KHX TEMIIEpaTyp U
BeTpa, obecreynBasi CHIKEHHE TEIUIONOTeph M CO3/1aBasi YCIOBUS ISl MOIJEPKAHUS TOCTOSTHHON
TeMIeparypsl Tena. J{ONOJHUTENbHOM, HO HE MeHee BaXKHOM (YHKIUEH SBISIETCA pean3aius
YCIIOBUH TEIUIO- U ra3000MeHa OpraHu3Ma ¢ OKpYKarolle cpemoi, s oTBoja (MOTIOMIEHUs) OT
MIOBEPXHOCTH TeJla YeJI0BEKa MPOAYKTOB MeTa00IM3Ma - M3HUIIHEN BIary u TerJa.

Typuctuueckas, cHopTuBHas, paboudas, QopMeHHas, TMPOU3BOACTBEHHAs OICK/A,
IKCIUTyaTHpyeMast B YCIOBHSIX APKTHKH, TOJKHA OTBEYATh CIICAYIOIIMM TpeOoBaHusIM [5]:

- obmagath (YHKIIMOHATBHOCTHIO (3allUTa OT TMOTOJHO-KIMMATHYeCKUX (aKTOpOB U OT
3arpsi3HEHUi), JOJITOBEYHOCTHIO U HAJICKHOCTBIO (COXpaHEeHHE (POPMBI, MPOUYHOCTh, YCTONUYUBOCTh
K MMOTOAHBIM (haKTOpaM U CPEJICTBAM YXOJa);

- OBITh DPKOHOMHYHOW (CO37aBaThCsl HAa OCHOBE MATEpPUAJIOB W (PYPHUTYPHI pallMOHATHHOU
CTOMMOCTH, HMMETh HHU3KYKD MAaTepUaJIOeMKOCTb, HEBBICOKYI) CTOMMOCTb MPOMBIIIIEHHOTO
M3TOTOBJICHUS 3@ CUET TEXHOJOTUYHOCTH, OTJIMYATHCS JIETKOCTHIO YXO/a, PEMOHTOIPUTOTHOCTHIO);
- OBITh OJPrOHOMHUYHOW (COOTBETCTBOBATH AHTPOIOMETPUYECKUM TapaMeTpaM MOTpeOuTeNs,
OTJIMYAThCSA YAOOCTBOM HAJCBaHWsA, TOJB30BAHUS W CHATHs, HEOONBIIOW Maccoil, o0manarh
TUTHEHUYHOCTHIO, BO3AYXO- U MMAPONPOHUIIAEMOCTHIO, BOJOTIOTIIONIEHUEM, TUTPOCKOIIMYHOCTHIO);

- YIOBJIETBOPATH  OCTETUYECKUM  TpeOoBaHUsSIM  moTpeOutenss  (OBITh  COBPEMEHHOM,
MIPUBJICKATENHHOM, COATAHCUPOBAHHOM MO IBETY, MPOTOPIHSIM U (hopme).

Coznanue onexabpl s 3alllUThl  OT XOJoJa SBJSETCS CIOKHOM HaydyHOW W
MIPOU3BOJICTBEHHOM 3a/1auell, TOCKOJIbKY OHa JJOJIKHA YIOBIETBOPAThH YacTO IJIOXO COBMECTUMBIM U
MPOTHBOPEYUBEIM TpeOOBaHUSAM. B onexae TOKHBI CouYeTaThCs Majasi Macca U BBICOKHE
TEIJIO3alIUTHBIE CBOMCTBA, Mayasl BO3AyXONPOHUIIAEMOCTh U JIOCTATOYHAs BJIArOMPOHUIIAEMOCTh
U1 o0ecrieueHus BIarooOMeHa Tejla ¢ OKpy»Karolllel cpeioi, oHa JODKHA 3aIMIIATh OT BHEUTHEH
BJIaTM U HE MPENATCTBOBATH YAAJNEHUIO TMOCIEAHEH C MOBEPXHOCTH Tela, KpOME TOro, AOJKHA
MPEeAOTBpaaTh OXJIAXKICHUE YeIOBeKa B COCTOSIHMM TIOKOSI M HE BBI3BIBATH IEperpeBa MpH
BBINOJIHEHUH (PU3UYECKON paboTHI.

ApKTHYECKYIO OJEKIAYy pPEKOMEHIOBAaHO KOHCTPYMpPOBaTh Ha OCHOBE IPUHIHNIA
MHOTOCJIONHBIX makeToB [6]. Kaxaplii cioi umeeT omnpezeicHHOe (QYHKIMOHATbHOE Ha3HAUCHHE.
Tak TkaHu Bepxa 00ecreyrBalOT 3allUTy OJEXKIbl OT BETpa U BJIard, HE MPEMATCTBYS YAaJICHHUIO
BJIard ¢ MOBEPXHOCTHU, M CIIOCOOCTBYIOT PETYIMPOBAHUIO TETNIOOOMEHA C OKPY>KalolIel cpeon mpu
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M3MEHEHUH METEOYCJIOBUN M YpOBHS (U3M4ecKoil akTuBHOCTU. [lyisi oOecrnieyeHuss KOM(pOPTHBIX
YCIIOBUM HOCKH B MOJOJEKHOM IPOCTPAHCTBE JOJKEH YCTAaHOBUTBCS OIIPEIEIICHHBIN YCTONYMBBIN
MHUKPOKIMMAT, KOTOPOTO MOXHO JOOWTHCS JHIIb TPU HUCIOJIB30BAHWU B OJEXKIE TKaHEH H
HETKaHbIX MaTepHalOB C  ONTHMAJIbHBIMUA  XapaKTEPUCTHKAMH  BO3LYXOIPOHHULIAEMOCTH,
BOJIOIIOTJIOLIEHUS, TAPOIIPOHULIAEMOCTH, TUTPOCKOIIMYHOCTH, TEPMUUECKOTO COITPOTHBIICHUS.

B nepeueHb MaTepuanaoB BXOAUT HECKOJIBKO IECATKOB HAUMEHOBAHWM, HO U3 HUX CIEAYET
BBIIEJIUTh TPU KIIOYEBBIX KOMIIOHEHTA: TKaHb C BETPO-, BOJO- M JPYIMMM 3alllUTHBIMU
CBOWCTBaMM, YTEIUIUTENb M MEMOpaHHYIO TKaHb. TKaHb JJs BepXa OJEKIbl M3rOTABIMBACTCA, B
OCHOBHOM, M3 BOJIOKOH Ha OCHOBE IOJIMATHIICHTEpe(dTanara, pexe — NoJuKanpoaMuaa. Beicokumu
HKCIUTYaTallMOHHBIMU XapaKTEPUCTHUKAMH B YCIOBHUSX apKTUYECKOTO KiIuMara 00J1aJaloT TakKe
TKAHH M3 OTEUECTBEHHBIX APOMATHUYECKMX MOTHUMUIHBIX BONOKOH Apumun’, Inou®, Teum®.
VYTemmrenu ¢ BBICOKMMH TEIUIO3ALIMTHBIMU CBOMCTBAMHU ITPOU3BOIATCS, IIPEUMYILECTBEHHO, HA
OCHOBE CHEIMaJIbHBIX BOJOKOH M3 IMEPBHYHOIO MONMATHIEHTepedTanara (MUKpoBONOKOH, 3D
U3BUTBIX, MOJIBIX, CHJIMKOHU3UPOBAHHBIX U T.J.), HHOTJA ¢ J00aBKaMH BOJIOKOH Ha OCHOBE APYIHX
1osiuMepoB. OCHOBHBIM KOMIIOHEHTOM IOPUCTBIX MEMOpaH, MCIOJIb3YEMbIX Ui IOJIy4EHUs
MeMOpaHHBIX TKaHel, sBisgercs noaurerpadropatuieH. besnopoBeie MeMOpaHbl U3rOTaBIMBAIOTCS
Ha OCHOBE IOJIMYPETaHA.

B Poccun Bompocamu co3gaHMsl ONEXKIbl A apKTUYECKUX YCIOBUH M pa3pabOTKU
MaTepualoB Ul HEE€ 3aHUMAETCs psi opraHu3anui. Begymum ssiserca LleHTpanbHbI HaydHO-
HCCIIEI0BATENbCKUI HHCTUTYT IIBEHHONW MPOMBIIITIEHHOCTH (I. MOCKBa), KOTOpbII pa3pabaTbiBacT
peKoMeHAauuu Mo (OPMUPOBAHUIO TMAKETa MAaTEPUATIOB OJEXKIbl B 3aBUCHMOCTH OT PETHOHA,
npodeccun, CTeNeHH MHTEHCUBHOCTH TPYZa, OCYLIECTBISET HWCHBITAaHUS HOBBIX MaTepHalioB Ui
VTCIUICHHOW OAekKIbl. [Ipo0ieMbl TPOSKTUPOBAHUS TEIUIO3AMUTHOW OJCKIBI, pPa3padOTKH
IporpamMM il pallMOHAIIBHOTO MOJ00pa MaKeTOB TEIJIO3ALIUTHOM OleX]bl pemaroT B JloHCKOM
rOCy/IapCTBEHHOM TEXHHUYECKOM yHuBepcutere (r. PocroB-Ha-/lony) u ero d¢wnmmanax [7], B
Ka3aHckoM HallMOHAJIBHOM MCCIIEOBATEIBCKOM TEXHOJOTMYECKOM yHHBepcutere (r. Kasanb) u B
HayuHno-uccienoBatenbckoM MHCTHTYTe MeauuuHbl Tpyaa PAMH (r. Mocksa) [8,9]. Bonpocsl
CO3/1aHHS HOBBIX YTEIUIUTENEH, MCCIENOBAaHMSI MX CTPYKTYpbl UM CBOICTB pELIAKOTCS
uccnenosarensiMu ¢pupmsl «Tepmomnon», Poccuiickoro rocynapcTBeHHOro ynusepcutera uM. A.H.
Koceiruna (r. Mocksa) [10,11], dummana IOYIY (r. 3maroycr) [12]. Onenka Brnaro- u
BETPO3ALMTHBIX CBOWCTB TEKCTWIbHBIX MaTe€pHaioB M MpoljemMa TMOJY4eHHUS HOBBIX
BETPO3AIIUTHBIX TKaHEeH HaXxoAuTCs B cdepe HaydHbIX MHTEPecoB Y4eHbIX VIBaHOBCKOTrO
roCy/1IapCTBEHHOI'O MOJIUTEXHUYEcKoro yHuBepcurera (. iBanoso) [13,14]. [Ipo6nemoit npunanus
TKaHIM ONTUMAJIbHBIX XapaKTEPUCTHUK BO3yXOIIPOHUIIAEMOCTH, BOJIONIOTJIOLIEHMS,
MapOIPOHUIIAEMOCTH, TUTPOCKOMMYHOCTH, TEPMHUYECKOIO COINPOTHUBIEHUS 3aHHUMAIOTCSl YY€HbIE
WNuctutyra XxuMnn pactsopoB um. I'.A. KpectroBa PAH, 1IBaHOBCKOr0 XMMHKO-TEXHOJIOTHYECKOTO
yHuBepcureta (r. MiBanoBo), Cankr-IleTepOyprckoro yHuBepcuTeTa MPOMBIIUIEHHBIX TEXHOJIOTHM
u nu3aiina (. Cankr-IlerepOypr) [15-17].

Pabota npoBoauiack npu GpuHancoBoi nmomaepxke PH® (mpoekt Ne 18-13-00392).

JIUTEPATYPA
1. Crparerus pazsutust Apkruueckoro peruona P® no 2020 r. (yreepxkaena Ilpesunenrom Poccun
8 ¢eBpans 2013 r.) URL.: http://www.government.ru/info/18360/ (mata obparenus 21.06.2018).
2. bysnuk, B.M. K Bompocy mnocTpoeHHsl JOpOXXHOM KapThl OTEUECTBEHHOTO AapKTUYECKOTO
matepuanosenenus. Y. 1 / B.M. bysnuk, H.Il. Bypkosckas, 1.B. 3ubapesa, P.H. Uepenanun //
Marepuanosenenue. — 2017. - Ne 4. — C. 8 — 16.
3. by3nuk, B.M. K Bompocy nocTpoeHus IJOPOKHOW KapThl OTEYECTBEHHOTO apPKTHYECKOIO
marepuanosenenus. Y. 2 / B.M. bysuuk, H.II. bypkosckas, U.B. 3ubapesa, P.H. Uepenauun //
Marepuanosenenue. — 2017. - Ne 5. — C. 22 — 28.
4. Holmer, 1. Textiles for protection against cold / In book: Textiles for protection / Ed. R. A. Scott. -
Cambridge: Woodhead Publishing Lim., 2005. — P. 378 — 397.

64


http://www.government.ru/info/18360/

5. AdanacweBa, P.®@. 'uruennueckrne OCHOBBI IPOSKTHUPOBAHUS OJCSKIBI IS 3aLIUTHI OT X0i0aa /
P.®. AdanaceeBa. - M.: JI€rkas unaycrpus, 1977. — 136 c.

6. Konecuukos, I1.A. PamuonanbHble TPUHIUIBI MOCTPOSHUS TEIUIO3AIUTHON oxexasl / I1A.
Konecnukos. - M.: Jlerkas unnyctpus, 1961. - 240 c.

7. Uepynosa, 1.B. HoBble TeXHOJIOTMU B IPOEKTUPOBAHNUN CPEACTB MHAMBHUIYAIbHOMN 3alUTHI 1S
ycnoBuii ocBoeHus Apkruku / W.B. Uepynoma, C.A., Komecaumk C.A., E.b. Credanosa //
CoBpemMeHHbIe poOsieMbl Hayku U oOpaszoBanusi. — 2015.- Nel (wacte 1). - URL https://science-
education.ru/ru/article/view?id=17198.

8. AdanaceeBa, P.®. [TonumepHbie MaTepralibl B MPOW3BOACTBE KOCTIOMA JIJISi BOSHHOCTY KAIIHX
Apktuku / P.®. AdanaceeBa, H.B. Tuxonora, A.b. Muxaiinos, T.M. Ocuna, 1.JI. Muxaiinona,
B.T. IIpoxopos // Bectouk Ka3zanckoro texnosnoruueckoro yuusepcurera. - 2015. - T.18, Ne22. —
C. 89 -93.

9. AdanaceeBa, P.®. TlomumepHble MaTepHaibl B MPOM3BOACTBE KOCTIOMA IS BOCHHOCITYKAIIUX
Apxtuku (Coobmenue 4) / P.®. AdanacreBa, H.B. Tuxonosa, A.b. Muxaiinos, T.M. Ocuna, N.J.
Muxaiinosa, B.T. [Ipoxopos, /I.B. PeBa // BectHuk Ka3aHCKOTO TEXHOJIOTHYECKOTO YHUBEPCHTETA. —
2016. - T.19, Nel 1. - C. 114-118.

10. CoBetHukoB, [I.A. ACCOPTUMEHT U 00JIACTH MPUMEHEHHS CHHTETHUECKUX yrerumuteneit / J[.A.
CoBernukosB, B.}O. Mumaxkos, 1.H. Xarpuna, I'.K. MyxamemxanoB / J[u3ailH U TEXHOIOTHH —
2013. — Ne 34 (76). — C. 62-69.

11. CoBernukos, JI.A. MccnenoBanue TEMIO3alIUTHBIX CBOMCTB HETKAHBIX YTEIUIMTENCH B MMaKeTax
onexasl / JI.A. CoernukoB, B.}O. Mumakos, E.A. Kupcanosa, M.YO. Tpemanun / u3aiin u
texHonoruu — 2016. — Ne 56 (98). — C. 73-79.

12. Nepsibuna, A.W. HccnenoBanue aedopManuu BOJOKHHUCTO-CETYATHIX MAaTEPHAJIOB METOAOM
nuknuyeckoro cxatus / AWM. Jepsobuna, JI.H. JlucuenkoBa // V3BecTusi BbICHIUX Y4YEOHBIX
3aBenieHui «TeXHOIOTUsS TeKCTHILHOM poMbIieHHoCcTHY. 2013, — Nel. — C. 32-36.

13. MerenéBa, O. B. HccnenoBanue BIUSHHUS BOJOMPOHHUIIAEMOCTH IIIBOB Ha TEIUIO3ALTUTHHIE
cBoiictBa makera oxexnabl / O.B. MereneBa, M.B. MonbskoBa, B.B. Becenos // W3B. By30B.
Texnonorus tekctuiabHON poM-cTH. — 2005. — Ne 1 (282). — C. 87-90.

14. Kapea, T.FO. HWccnepoBanue mapaMeTpoB CTPOCHHUS TKaHEW pa3IMYHBIX CIOCOOOB
¢dopmuposanus / T.FO. Kapesa, C./l. HukonaeB. M.:MI'TY um.A.H.Kocsiruna, 2004.-86 c.

15. IIpopokoBa, H.II. HoBbie wMeroasl MOAU(DHUIIMPOBAHUS CHUHTETUYECKUX BOJOKHHUCTHIX
matepuainos / H.IT. [IpopokoBa, B.M. by3uuk // Poccuiickuit xumndeckuii sxypHan (XKypnan PXO
um. J1.11. Mengeneesa). - 2015. - T. LIX. Ne 3. — C. 52-59.

16. Ilpopoxoa H.IL., KymeeBa T.}O., Huxutun JL.H., by3snux B.M. T'maBa 8. Ilpunanue
CBEpXTIUAPO(POOHBIX CBOICTB MNMOJUMA(PUPHBIM TKAHSAM Ha OCHOBE WCIIOJIb30BAHUS pPAaCTBOPOB
HU3KOMOJIEKYJISIPHON (paKIUK YIbTPAAUCIIEPCHOTO MOIUTETPaQTOPITUICHA B CBEPXKPUTUIECKOM
nuokcune yriaepoaa / B kH.: PacTBOpbl B XUMUU M TEXHOJIOTUH MOAM(PUIMPOBAHUS TOTUMEPHBIX
MaTepuaioB: HoBoe B Teopuu W npaktuke (IIpobmembr xumuum pactBopoB) / OtB. pen. A.IO.
HuBamze. — UBanoBo: OAO «M3marenbctBo MBanoso». — C. 401 — 457.

17. Prorokova, N.P. Hydrophobization of Polyester Textile Materials with Telomeric
Tetrafluoroethylene Solutions / N.P.Prorokova, T.Yu. Kumeeva, D.P. Kiryukhin, V.M. Buznik //
Russian Journal of Applied Chemistry,. — 2013. - VVol. 86, No. 1. - P. 69-75.

65


https://science-education.ru/ru/article/view?id=17198
https://science-education.ru/ru/article/view?id=17198

YK 677.027.4.047.42:677.042.2

NHHOBAIIMOHHBIE TEXHOJIOIT'HU @®YHKIIMOHAJIM3AIINUU TEKCTUJIBHBIX
MATEPHUAJIOB

INNOVATIVE TECHNOLOGIES OF FUNCTIONALIZATION OF TEXTILE
MATERIALS

O.U. Oqunnosa
O.l. Odintsova

WBaHoBCKHMit FOCY,I[apCTBeHHHﬁ XHUMHUKO-TEXHOJIOTHYECKHI YHUBCPCUTET
Ivanovo State University of Chemistry and Technology
E-mail:odolga@yandex.ru

B pa6ote npeacraBiieHbl METOAMKH MOJYYEHUS]I MUKPOKAICYJ, COAEPKAIMUX OMOTOTHYECKH AKTHBHBIX
BeumectBa (BAB), Ha ocCHOBe MHKPOIMYJbCHH H € HCHOJb30BAHHEM TeMIUIATOB KapOoHATa KaJblusl.
PaspaGoTranbl MHUKpPOKAINCYJUMpPOBaHHbIe (OPMBbI OTHAEJ0YHBIX mpenapaTtoB. PaccMoOTpeHbl 0CO0EHHOCTH
TEXHOJIOTHIl 3aK/JIOYUTEIbHONH OTAEJKH UEeJIION03HBIX TEKCTHJIbHBIX MATEpHAJOB, OCHOBAHHbIE Ha
HCMOJIb30BAHMU MHUKPOKAINCYJTUPOBAHHBIX GopM PYHKIIMOHAIBHBIX NPENapaToB.

KioueBple c10Ba: MHKPOKANCYJIa, HAHOYACTHIIA, HMMOOWIN3AINS CHHTETHYECKHI TMOJHIJIEKTPOJIHUT,
cepedpo, akapuuml, 6M0JIOTHYeCKU AKTUBHbIE BellecTBA.

A technique of obtaining microcapsules of biologically active substances (BAS) on the basis of
microemulsion and templates of calcium carbonate is presented. Microencapsulated forms of finishing
preparations have been developed. Features of final finishing technologies for cellulose textile materials based on
the use of microencapsulated forms of functional preparations are considered.

Key words: microcapsule, nanoparticle, immobilization, synthetic polyelectrolyte, silver, acaricide,
biologically active substances.

B HacTosmee BpeMs B TEKCTHWJIBHOM IPOM3BOJICTBE IPOMBILIUIEHHO pa3BUTHIX CTpPaH
EBpornbl, A3un 1 AMEpUKH MPOUCXOIUT CMEHA NPUOPUTETOB — TPAJAULIMOHHBINA TEKCTUIIb YXOJUT B
pa3BUBAIOIIMECS CTPaHbl, & €r0 MECTO 3aHUMAET «YMHBII» TEKCTUJIb MEIUIMHCKOT0, OBITOBOTO,
TEXHUYECKOro, HMHQOPMAIIMOHHOTO Ha3HAuY€Hus, s MOJy4YeHUS KOTOPOrOo HCIOJIb3YIOT
HayKOEMKHE HAHOTEXHOJIOTHH.

K TakuM TeXHOJOTUSM OTHOCSITCS pa3InYHbIe CIOCOOBI CHHTE3a HAHOKATCYJI, BKJIFOUAIOIINX
(byHKIMOHATIBHBIE BellecTBa. [IepCreKTUBHBIM SBIISETCS METOJ CO3JJaHHsI MUKPOKAICYJl Ha OCHOBE
MOJIMAJIEKTPOJIUTOB, OCHOBaHHBI Ha mocnoiHoi  (Layer-by-Layer) amektpocraTudeckoit
camocoOopke (Electrostatic Self-Assembly) mpoTHBOIONIOKHO 3apsHKEHHBIX TOJIUAIIEKTPOIUTOB Ha
KOJUTOMIHBIX HaHOpa3MepHbIX uactuiax [1, 2].DopmupoBaHHe O00OJIOYEK KarCyd MOXKET
OCYILECTBIATBCS KaK Ha TeMIUlaTax, TaK M Ha 4YacTUIaX HAaHOAMYJIbCHM. Meroauka
paccMaTpuBaeMoro Ipoliecca 3akil4aeTcs B TOM, YTO Ha TMOBEPXHOCTH c(epuyecKuX 4YacTull,
pa3Mepsl KOTOPBIX BapbUpPYIOTCS OT COTEH HAaHOMETPOB JI0 JECATKA MHUKPOH, METOJOM
MOOYEepeHON aJCcOpOLUK MPOTUBOMOJIOXKHO 3apsXKEHHBIX MaKpPOMOJIEKYN TOJIMAJIEKTPOIUTOB,
(bopmupyeTcss MHOTOCIIOMHAsE 000I04Ka TOJIIIMHON HECKOJILKO HAaHOMETPOB.

B kadecTBe MONMAIEKTPOIUTOB OBUIM OMPOOOBAHBI  TOJHMIAATUTHIITUMETHIAMMOHUN
XJIOPUJ, CONOJIMMEPBI aKPWIIOBBIX COEIMHEHUH, aJbIMHAT HAaTpusd U Ap. HaHOAMynbcuu roToBuim
Ha OCHOBE MAacJOpacTBOPUMBIX BHUTAaMUHOB, OuoJIoTMYecKHM akTUBHbIX BemecTB (BAB),
peneneHToB. B kauecTBe SMynbraTopoB HCIIOJIB30BAIM HEMOHOTEHHBIE U aHMOHOAaKTHBHBIE [IAB
Pa3IMYHOTO XUMUYECKOTO CTPOEHUSI.

IToxazaHo, 4TO MaKCUMaJIbHO yCTOMYMBAs MpsAMas 3MYJIbCUS MOJIydaeTcs NpU BBEICHUU B
cuctemy K-maB, Ommnona 10 u Cunranona AJIM -10. Cpemnneil 3Myabrupyromeid crmocoOHOCThIO
obmamaror Ommon C-10, Ommon 8 u Dmmnon 12.
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BrisiBiieHo BiMsiHUE TPUPOBI TOBEPXHOCTHO-AaKTUBHBIX BEIIECTB, UCIOJIb3YEMbIX B COCTABE
HAHOSMYJIbCUH Ha pa3Mepbl CHUHTE3HPYEMbIX Karcyl.MHHHMalbHbIE pa3Mephbl KalCyIupyeMBbIX
BAB nocturarorcs npu MCIOIB30BAHUM B KAYECTBE AMYJIBIAaTOPOB OKCHUATUIUPOBAHHBIX KUPHBIX
cnuptoB. OJIHOBpEeMEHHO pa3Mmep (GOpMUPYEMOM KalcCylbl —OIpeaesseTcss MNpUpoiAod U
KOHIIGHTpallue B CUCTEME MacisiHOro BemecTBa. KamcynupoBaHue Mpu OJMHAKOBBIX YCIOBHSIX
Mace rpeindpyra u po3MaprHa Mo3BOJISET MOJTYYUTh KarcCyJibl pa3InyHOro pa3mepa.

OueHeH pa3Mep Karcyil po3MapuHa NP Pa3IMYHBIX KOHLEHTPAIUSAX Maciia B CHUCTEME.
OntumanbsHbli pazmep kKancyn-ot 25,07 mo 155,5 HM, coaepkamux B AIpe Macio po3MapuHa
KOHIIEHTpAallMel 5 T/JI, MOJy4YeH MPU HWCIOIH30BAaHUH CMECU aHMOHOAKTUBHOTO M HEHMOHOTEHHOTO
ITAB. YBennueHue KOHIICHTpAMKA Macyia po3MapuHa A0 50 I/J1 IpakTUYECKH HE BIUSET Ha pa3Mep
Kancyn (cpennuit pazmep 75-121 HM), ogHAKO B AaJIbHEHIIEM MPOUCXOAUT YACTUYHAsI arperamus
KaIlCyJI-«CIMIaHue», 9YT0 BUIHO u3 (ororpaduu (puc.l).

Puc. 1. ®ororpaduu kancyn ¢ MacioM po3MaprHa: a) KOHLIEHTpaIus Macia po3Mapusa 10
r/1; 6) KOHLIEHTpauus Macia posmapuna 50 r/i.

[TonyunTh yCTOWYMBBIE CHCTEMBI, COAEpKALIUE KalCyJMpOBaHHbIE BELIECTBA, YAAJIOCH
MOCPEJICTBOM T0100pa CTAaOMIM3aTOpoB. B pesynbrare HMCCieoBaHUS TMONTYYEHBI OWCIOWHBIE W
TETPACTIOWHBIE KATICYJIbl, COJEPIKAIINE MACIISIHBIE PACTBOPHI (PYHKITMOHATHHBIX BEIIECTB.

[IpenyioxkeHbl TEXHOJIOTHYECKHE CXeMbl OTAenku bBAB, a Ttakxke apoMaTthyeckod u
pPENEeUIEHTHOM OTHAENOK IEJTIONO3HbIX TKaHeM, BKIIOYAIONIUME MPONUTKY KaICyJIUPOBAHHBIM
MpenapaToM, CymKy Npu TeMIeparype 1000'1300C, MPOINUTKY 3aKPENUTEIEM, KOHBEKTUBHYIO WA
KOHTaKTHYIO CYIIKy. Pa3paOoTaHHBIE TEXHOJIIOTUH PEKOMEHIOBAaHBI B KadecTBE 0a30BBIX A
MOJIYTIPOU3BOICTBEHHBIX UCTIBITaHH [3-6].

Hpyroit coco6 karcynupoBaHusl (HYHKIIMOHATBHBIX BEIIECTB COCTOMT B (hopMHpOBaHUU
000JOYKM Ha TeMmIUlaTaxX. TemmaTamMud MOTYT OBITh JIATEKCHBIE YacTHIBI, 4acTUlbl SiOp,
KapOOHATOB KaNbIIUS U MapraHIla, SPUTPOIUTHI U T.1.

JlanHass TEXHOJIOTHsI TO3BOJISIET TMOJIy4aTh MHUKPOKANCYJIbl OMpeneleHHONn ¢GOopMbl |
pa3Mepa, 3aBUCAIIMX OT HCIOJb3yeMBIX Marpuil-saep. OOonodyka MUKpOKamncyn obecrednBaeT
TpeOyemble KaTaquTHYeckue Wi apQUHHBIE CBOWCTBA, CTAOWIBHOCTH, TMPOHHUIIAEMOCTD,
COBMECTUMOCTH M PETYIIMPOBAHKE BHICBOOOXKICHUSI BHYTPEHHETO MaTepHalia KarcyJibl.

bbun mody4deHbl TEeMIUIaThl HAa OCHOBE KapOoHaTa KalblMsi MUKPOHHBIX pa3MepoB, Ha
KOTOPBIX TOCIIEA0BATEIHHO (HOPMUPOBATUCEH OTUAIICKTPOIUTHBIC 000JIOYKH M3 TPOTUBOMIOIOKEHO
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3apSOKEHHBIX CHHTETUYECKMX W TNPUPOJHBIX TMOJIMAJIEKTPOIUTOB. 3aTeM AP0 yAASUIM IYTEM
pacTBOPEHMS B 3TWICHINAMUHOTETPAYKCYCHOU KucioTe. OnpeneneHrne pa3MepoB CUHTE3UPYEMBIX
KarcyJl, M0Ka3ajo, YTO B IPOLECCE PACTBOPEHUS TEMIUIATOB IMPOUCXOIUT «CXKATHE» Kalcysl N0
pa3MepoB HAHOMETPOBOTO IMANA30HA.

[IpenyioskeHOo TONMMPOBAaTH OOOJOYKH KallCyldl HAHOYACTHUIIAMU cepedpa M HAalOJIHATh
aHTHOAaKTepUAIbHBIMU TpenapataMy, 4YTO TI03BOJISIET MpUIaBaTh TEKCTHJIBHBIM MaTepHaliaM
aHTUOAKTepUAIIbHBIC CBOMCTBA MPOJIOHTUPOBAHHOTO JIecTBUS [7].
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VJIK [677.014.2+677.027](075.8)

YHUBEPCAJIBHBIE ITPEITAPATBI HA OCHOBE KYBOBBIX U MUHANT OUJHbIX
KPACHUTEJIEN - HHHOBAIIMOHHBIN PECYPC JIIS1 OKPAIIIMBAHUS
TEKCTUJIBHBIX U HETEKCTHUJIBHBIX MATEPHUAJIOB. TEXHOJIOTI'MH,
MNPUMEHEHME, TU3AVH

UNIVERSAL PREPARATIONS ON THE BASIS OF VAT AND INDIGOIDS DYES AS
INNOVATION RESOURCES FOR THE DYEING OF TEXTILE AND NONTEXTILE
MATERIALS. TEHNOLOGY, APPLICATION, DESIGN

A.M. Anugpuesckuii, M.K. I'paueB
A.M.Andrievskiy, M.K.Grachev

Accounarus «LIEMECCy, (Mocksa)
Association “CEMESS”, (Moscow)

PaccMoTpeHbl HOBbIE BO3MOKHOCTH YHMBEPCAJIBHBIX MPENAapaToB HA OCHOBE KYOOBBIX U MHAMTOUIHBIX
KpacuTesieil s OKPAlIMBAHUSI TEKCTWIBHBIX H HETEKCTHJIbHBIX MaTepuauoB. OO0CYyKIAIOTCsl CylleCTBEHHbIE
NpenuMylIecTBa NPeAI0KeHHbIX NPenapaToB Mo CPpaBHEHUIO ¢ u3BecTHbIMU. IIpeasiaraorcst BapuaHThbl An3aiiHa
OlleXKAbl € MCHOJIb30BAHHMEM HHTErpalMyd NPHEMOB KJIACCHYECKOT0 KpalleHHsl, JJI€MEHTOB «YMHOI0» H
«IJIyNOro» TeKCTUIsl. J[eMOHCTPUPYIOTCSI COOTBETCTBYIOIIUE 00Pa3IbI.

KiaoueBble ciioBa: Ky0oBble H HHANTOHIHBbIE KPACHTEIH, TEKCTHIBHbIE H HETEKCTHIBHBIE MATEPHAIbI,
KpalleHue, IM3aiiH 0/1esK1bl

The new possibilities of universal preparations on the basis of vat and indigoid dyes for the dyeing of
textile and nontextile materials are considered. The principal advantages of suggested preparations in
comparison with the known ones are discussed. The variants of clothes design with using of integration methods
of classic dyeing, elements of “Smart” and “Doltish” textile are suggested. The corresponding samples are
demonstrated.

Key words: vat and indigoid dyes, textile and nontextile materials, dyeing, clothes design

Hamu 3anatentoBanbl npenaparbl KyOOBBIX U MHIUTOUIHBIX KpacuTesiel B TBeproil popme
(B BUJIE CYXUX MOPOILIKOB), KOTOPbIE MOT'YT OBITh UCIIOJIb30BaHBI JJIsl OKPAIIMBAHUS TEKCTUIBHBIX U
HETEeKCTUJIbHBIX MaTepHuaioB. [Ipenaparsl cTaOuiabHBI 6€3 MPUMEHEHUS CTIEHUATbHBIX MEp 3alUTHI,
SBJISIIOTCSL TOBAapHOM (opMOMH, ynoOHOW Uil XpaHEHUS M TPAHCHOPTUPOBKU M OJHOBPEMEHHO
ITOATOTOBJIIEHHOW I OCYILECTBJIEHMS Ipolecca KpameHus. B HX cocTaB BXOIAT: KPacUTEIb B
HEBOCCTAaHOBJIIEHHOW (opMe, BOCCTAaHOBUTENb, IIEJIOYHOW areHT, JUCHeprarop M J100aBKH.
CoBMeCTHOE HUCMOJIb30BAHUE BOCCTAHOBUTENS M INEJIIOYHOIO areHTa B IIpernapaTre He SBIISIETCS
OoueBUIHBIM. Tak, IpPU CMEIIMBAaHUU, HAIPUMEDP, IOPOLIKOB BOCCTAHOBUTEN — JEKCTPO3bl U
TUIPOKCHUIAa HATpUs UAET OypHasl peaklus ¢ BblIelIeHHeM Teruia. M3BecTHO Takke, 4TO TUTHOHUT
HAaTpus IIPU HAPYLICHUH IIPABWII XPAaHEHUS CKIIOHEH K CAMOBO3TOPaHHUIO.

Co3pnanHble HAMU IIpenaparbl HA OCHOBE JUTHOHWUTA M TMIPOKCHAA HATPUS YCTOMYMBBI K
JUINTEIBHOMY (MHOTOJIETHEMY) XpaHeHUI0. OHU NPUHATHI K MPOU3BOJACTBY M BBITYCKAIOTCSA IOJ
TOPrOBOM MapKO# «HAHOIIPUHTHD.

[Ipu nobGaBneHuu mnpemapara K BOJE HAET pEaKkIUs BOCCTAHOBIEHHS C 0Opa3oBaHUEM
neitkopopMbl kpacutens. ['OTOBAT cHauana Tak Ha3bIBa€Mbl «MaTOYHBIA KyO», 3aT€M Ha €ro
OCHOBE «pabounii pacTBOP», KOTOPBINA UCTIONB3YIOT JIJIsl OKPAIIUBAHHS Pa3JIMYHbIX CyOCTPATOB.

KonopupoBanue HETEKCTHUIIBHBIX MaTepuajoB JeWKopopMaMu KpacUTeNeld Majo M3y4eHO.
B TeueHme mocnenHMX IATH JIET Mbl IIPOBEIU MHOTOYHUCIICHHBIE HCCIEAOBAHUSA, B PE3YJILTATE
KOTOpBIX OBUIM pa3paOOTaHbl TEXHOJOIMU KpamleHHsl OOJIbIIOro KOJIMYECTBA HETEKCTUIIBHBIX
MaTepHalioB: MecKa, KaMHEH, O0ETOHa, CyXUX CTPOUTEIbHBIX CMeceil, TPOTyapHOH IUIMTKH H JIp.
Co31aHO MPOM3BOJACTBO OKPALICHHOM IEnbl (My/lbUM) M3 Pa3jIMYHBIX MOPOJ JepeBa HIMPOKOIO
LBETOBOI'0 accopTuMeHTa. [IpeanpusaTuss MHOIMX POCCHUHCKMX PETMOHOB I pealu3aluu 3TOro
HaIIPABJICHUS 3aKyNalT Yy HAaC «HAHONPUHTHDY. OKpalmlMBaHUE IpenapataMd B COOTBETCTBHHU C
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KPUTEPHEM «II€Ha — CBOWCTBA» HAaMHOI'O MPEBOCXOAUT CYLIECTBYIOIIHME CHOCOOBI KpaIleHUs
nepeBa. BeimonHeH psaa padot B ob6nactu nanamadrHoro ausariHa (M.B. Bonkosa). I[To MmoTuBam
kaptubl B.B. Bepemaruna «Amnodeo3 BOWHBDY HaMH co3laHa KoMmmosuius «Tpuym¢ >Ku3HN»
(My3zeon, 2015 roxm, KOJOpHUpPOBaHHBIM KaME€Hb, - CTPYKTYpHOE M IIOBEPXHOCTHOE KpallleHHE,
(ryopecueHIHsl, CBeYeHUE B TEMHOTE).

B noxiane oO0cyxmaroTcsi pe3ynbTarhl KpalmieHUs JIEHKOKPAaCUTENSIMU HETEKCTHIIbHBIX
MaTepHalioB, KOrjaa npoiecc GuKcauu KpacuTens (MMIMEHTa) He CBsI3aH C SIBICHUSIMH CPOJICTBA
KpacuTels K cyocTpary.

B mocnennue Tpu AecATHIETHS OJHUM M3 OCHOBHBIX HAlpaBJIeHUH B 0OJACTH CO3/aHUS
MpernapaToB JUisl KpamieHus: KyOOBBIMHM (MHIUTOMIHBIMHU) KpPAacUTENIIMU CTAHOBHUTCS IOJNy4YEHUE
TBEpAbIX mpenapatos Jieiikodopm [1]. [leno B Tom, uro seiikodpopmy KyOOBOTO KpacHTeNs B BHIC
BOJHOIO PAacTBOpa HENb3s JOITN0 XPAHUTh B OTKPBHITOH CHCTEME, MOCKOJIBbKY IMOCIE CMEIICHUs
KOMIIOHEHTOB IPOMCXOJUT OCHOBHAsl peaklus BOCCTAHOBJIEHUS, a CO BPEMEHEM OOpaTHbIE U
MOOOYHBIE pEaKIUU: OKHCIEHUE JEHKOMOPMBbI KpacUTENs KHCIOPOJIOM BO3JyXa, peaklus
BOCCTAaHOBHUTENSI C KHCIOPOJOM U BOJIOM, peaklys ILIEJIOYHOIO areHTa ¢ JUOKCUAOM YIJepoja.
W3BecTHBIE TEXHOIOTUYECKUE PEIICHUS CO3JaHMs KOHIIEHTPUPOBAHHBIX U TBEPIBbIX (TIOPOIIKOBBIX
WM TPAHYJIMPOBAHHBIX ) IPENIAPaTOB OCYIIECTBIISETCS IO OIMHAKOBON CXEME:

e [lpeaBapuTenbHOE BOCCTAHOBJICHHE KpPACUTENA MYTeM KaTaJIUTHUYECKOrO THIPHUPOBAHUS
BOJIOPOJIOM Ha HUKese PeHes 1enouHoil macTel KpacuTens;

¢ KoHleHTpHpoBaHUE BOJHBIX PACTBOPOB JIEHKO(DOPMBI;

e B HEKOTOpBIX PEIICHUSX - [PaHyJIUPOBAHUE.

Bo Bcex W3BECTHBIX TEXHHYECKMX PEIICHHAX CYIIECTBYeT TNpoOjeMa  3alluThl
BOCCTAQHOBJICHHOTO KyOOBOT'O KpacuTelNsl OT OKHCICHHs U 00ecleyeHHs YCTOWYMBOCTH MpenapaToB
IIPU XpaHEHUH, KOTOpasi PelaeTcsi MPOBEJCHUEM BCEX CTaJIUi Ipolecca MoydeHus IpenapaToB B
cpeze MHepTHOro rasa (azora). Heo0XoAMMOCTb 3allIMTHI IPENapaToB OT OKUCIEHUS CYIIECTBYET Ha
BCEX ATalax WX MPOU3BOJICTBA XPAHEHUS U TPUMEHECHHSI.

B cocraB u3BecTHBIX TBEPIBIX (TPaHYIUPOBAHHBIX) JIEHKOPOPM KYOOBBIX M MHJIUTOMIHBIX
KpacuTenel BXOAUT AUTHOHUT U TUAPOKCH]T MIETOYHOTO METalla.

B mporecce KOHLEHTPUPOBaHMS BOJHBIX PACTBOPOB, OCYIIECTBISIEMOM HpPU BBICOKHX
TeMIIepaTypax, JUTHOHHT pasJiaracTcs WIKA pearupyeT ¢ 00pa3oBaHUEM MTOOOYHBIX MPOTYKTOB:

JIUTHOHUT MOXeET pasyiaraThCs B ropsiueil Boje:

2Na»S,04 + H,O — 2NaHSO; + Na,S,04
B menouHoii cpene obpazyercs THOCYIbGAT U CYIb(UT:
2Na»S,04 + 2NaOH — Na,S,03 + 2Na,SO3 + H,0O

Takum 06pa3oM, cocTaBbl B I'paHYJIMPOBAHHBIX MpenapaTax MOABEPKEHbI U3MEHEHUIO MPHU
OTCYTCTBHHM BO3MOKHOCTH PETYJIMPOBAHHs. IJTH TpernapaTbl HEBO3MOXKHO TPAaHCIIOPTUPOBATh U
XpaHUTh 0€3 OCYILECTBJIEHUS CIEIHATBHBIX Mep (oOecredyeHue OTCYTCTBHS JOCTyNa KHCIOpoJa,
XPaHHUTh MPEIAMOYTUTEIFHO B CPEie MHEPTHOTO Ta3a).

[TonydyeHue mpeIOKEHHBIX HAMM IpEnapaToB OCYILECTBISETCS B OAWH IpUEM —
CMEIICHHEM CYXHX TIIOPOIIKOB KyOOBBIX WJIM WHAWTOWIHBIX KpacuTeledl (HEeBOCCTaHOBJICHHAsS
¢dopma) ¢ BOCCTAaHOBHUTENIEM U WIEJIOYHBIM areHTOM B cMecHuTensx OapabanHoro tuma. [lis
MPUTOTOBIICHHSI  TPETApPaToOB  HCIIONB3YIOTCS TBEpPABIE BBIMTYCKHBIE (OPMBI  KyOOBBIX W
WH/IUTOUHBIX KpacuTeNeil MPOMBIIIUIEHHOTO IPOU3BOJICTBA.

[MpemymoskeHHBIE HaMKM TIpemapar oOOecIeYrBaeT CIEAYIONIHE MPEUMYINECTBa Tepe]
M3BECTHBIMU TBEPJBIMU IpenapaTaMu:

o CTaOWIIBHOCTB, TIO3BOJISIIONIYI0 XPAaHWUTh, TPAHCIOPTHPOBATH W HCIIOJIB30BaTh B
mporiecce XpaHeHus1 0e3 MPUMEHEHHUs CIICIHATBHBIX Mep;

o OPOCTOTY Tpolecca IMOJNYyYCHHs, IOJHOCTBIO HCKIIOYAIOUIYI0 TPHUMEHEHHUE
CJIO’KHBIX, OMACHBIX M JOPOTOCTOSIIUX TEXHOJIOTHYECKUX PUEMOB.

Ha ocHoBe mpemapara MoKeT ObITh HNPUTOTOBJICH BOJHBIA KOHIICHTpAT JICHKOKpAaCUTENsS
nmyTeM 00aBIeHHs Ipenapara K Bojae. Bee ucciaenoBaHHbIe MpenapaTbl XOPOILIO PacTBOPSIOTCS B
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BOJIC, KPACUTENH JIETKO BOCCTaHABIMBAIOTCS, 00pa3ys JIEHKOKOHLEHTpaThl. KOHLEHTpaAT Tak xKe,
KaK CyXOH IIpernapar MOHO MCIIOJIb30BaTh B KAYECTBE TOBAPHOI'O MPOAYKTA.

[IpenmMyiecTBa Ipenapara 10 CPABHEHMIO C U3BECTHBIMU COCTOAT B CIIECIYIOIIEM:

1. Yopomaercs pacyer peLentypbl KpalleHus, T.K. Ipernapar COAep>KUT BCE HEOOXOAUMBIE
KOMIIOHEHTBl Ul  KpalleHusi (KpacuTesb, I1€J04Yb, BOCCTAHOBMUTEIb) U  OTCYTCTBYET
HEOOXOAMMOCTh B pacueTax KOHILIEHTPALUM OTAENbHBIX COCTABJSIOUIMX KPACUIBHOM BaHHBI,
JOCTaTOYHO 33JaTbCs HEOOXOAUMON KOHIICHTPALUEH KpacUTEs.

2. Cokpamaercs BpeMsl INPUTOTOBIEHUS MaTOYHOIO pacTBopa, T.K. Cpa3y Iocie
pacTBOpEeHMs Iperapara B TEIUIOM BOJE HAYMHACTCS IPOLIECC BOCCTAHOBIICHUS KPACHUTENSA, YTO
CHID)KAET ONACHOCTb OKHMCIIEHUS BOCCTAHOBHUTENSI M HEIOBOCCTAHOBJIICHHOTI'O KPAacUTEN, a TaKkKe
BO3MO>XHOCTb T10JIY4E€HHUsI HETIOJIHOLIEHHOM OKpackH ( HEpPaBHOMEPHOCH U MOTEPS IPKOCTH)

3. Ilpenapat, Oyayud TBEpAbIM, CTaOMJIBHBIM INPOJYKTOM SBISI€TCS TOBapHOW (HOPMOH,
yOOHOM 17151 XpaHEHUsI U TPAHCHOPTUPOBKH, MPH 3TOM OJHOBPEMEHHO IMO3BOJIIET MAaKCUMAaJIbHO
COKpaTUTh CTAaJUM IOATOTOBKH JIEHKO(GOPMBI U OCYILECTBJIEHUS Ipoliecca KpalleHUs, TeM
caMbIM YCTpPaHHUB HEJIOCTATKH, CBSI3aHHbIE C OOpaTHBIMU IpOLIECCAMHU, HWHULMHPYEMbIMU
KHCIIOPOJIOM BO3/1yXa.

4. BO3MOXXHOCTb IPHUIOTOBJIEHHS HAa €ro OCHOBE KOHLIEHTPUPOBAaHHBIX pPacTBOPOB,
IPUMEHEHHE KOTOPBIX LIEIeco00pa3Ho B cllyyae HEOOXOJUMOCTH IPOBEICHUS CEPUM KpallleHHH
TKaHU B OJIMH U TOT K€ LIBET HAa OJAHOM M TOM € 000py/I0BaHUHU 3HAYUTEIIBHO YIIPOIIAET IpPOLECC,
IIOCKOJIBKY IO3BOJISIET HCHOJb30BAaTh 3apaHee  IPUTOTOBIEHHBIM MaTOYHBII KyO0 B BHIE
KOHLIEHTpaTa JIeHKO(OPMbI KpacuTeslss YCTOMYMBOIO K OKHCJIEHHIO B TEYEHUE JJIUTEIbHOTO
BpeMeHU. B 3TOM ciydae omepauuu NpUroToBiieHHs padouero pacTBopa B KpacHJIbHOW BaHHE
OyIyT CBOAMTBCS K pPa30aBICHUIO ONpPEAEIEHHOro 0o0BEMa KOHIEHTpaTa BOJIOW. Metoanka
IIPUTOTOBJIEHUS] KOHLEHTPAaTOB YHUBEpPCAJIbHA — pEaJIn3yeTcss Uil BCEr0 acCOPTHUMEHTA
npenapaTtoB. [IpocToTa mpUroToBiIeHUs KOHLEHTpaTa (OJHOCTAAUIHBINA MPOIECC PACTBOPEHUS B
tedeHre 10-15 MUH. IPUBOAUT K MOJYYEHUIO TOBAPHOIO MPOAYKTA, KOTOPBIM IOCIE 3aTapUBAHUS
MOKHO OTTpYyXaTh MOTPEOUTEN0, WM MCIONb30BaTh HEMOCPEACTBEHHO B IIPOM3BOJICTBE)
BBIFOJTHO OTJIMYAETCS OT clocoba MOJy4eHHs KOHILIEHTPUPOBAHHBIX  PacTBOPOB Jieiikopopm
KpacuTessl, ONMCAaHHOTO B mareHTax [2].

Janee B Jokjane OOCYXKIAIOTCS HWHHOBALIMOHHBIE BO3MOYKHOCTH  HCIOJIb30BAHUS
IIpenaparoB JUisl OKpPAIMBAHMS TEKCTWIBHBIX MarepuanoB. [Ipemnararorcss BapuaHThl Ju3aiiHA
ONEXKIbl C UCIHOJB30BAHUEM HWHTErPALlMM IPUEMOB KIACCUYECKOIO KpALICHHUs, JJIEMEHTOB
«YMHOTO» U «TJIYIOro» TEKCTUIIS. JleMOHCTpUpYIOTCS 00pasLbl.
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B crarbe PACCMOTPEHBI COBPEMEHHBIC TEHICHIIUU B IIpoLeccax KOJIOpl/ICTl/I‘{eCKOﬁ M 3aKJI0YHUTEIbHONR
OTJACJIKH TEKCTUJIBHBIX MaTE€pPUAJIOB. HOK213‘¢1H0, 4YTO IMPUMEHECHUE FH}]pO(l)l/IJ'l])H])IX HaHO3MyJ’[BCHﬁ NPUBOIUT K
CymeCTBCHHOMY HU3MCHCHUIO CBOMCTB l"PI)IpO(l)OﬁHBIX CHHTECTHYCCKHUX BOJIOKOH, uTo MO3BOJIACT
HHTeHCI/l(l)l/IIII/IPOBaT]) nmpoueccsl KOJOPUPOBAHHUA U 3aKJIIOYUTEIbLHOM OTAEJNKH TEKCTHJIbHBIX MaTepuajoB Ha
HX OCHOBE.

KnarueBble cioBa: HAHOTEXHOJIOTUH, KOJOPHPOBaHHE, 3AKIIYHUTEIbHAsI OTAEJIKA, Fl/l}:lpoq)l/l.]]bﬂble
HaHOIMYJIbCUH

The article describes the current trends in textile materials coloring and finishing. It is shown that the
use of hydrophilic nanoemulsions leads to a significant change in the properties of hydrophobic synthetic fibers,
which allows to intensify the processes of coloring and finishing of textile materials based on them.

Keywords: nanotechnology, coloring, final finishing, hydrophilic nanoemulsions

B HacTosmiee Bpemsi B Ipolieccax KOJIOpUPOBaHUS M 00JIaropakxMBaHUsl TEKCTUIIS BCE LIMpe
WCIIONB3YIOTCA OWO-, HaHO-, W WH(pOpMAIMOHHbIE TexHonoruu [1]. B wacTHOCTH, TONy4aeT
pa3BUTHE TEXHOJOTUS (OPMHUPOBAHUS HAa TEKCTHJIBHOM MaTepHuaje CTPYKTYpHBIX OKPacok
(okpacok ©0€3 XHUMHUYECKHX KpacuTellell) MO ONTHUYECKOMY MEXaHM3MYy C HCHOJIb30BaHUEM
HaHOpa3MepHbIX HMHTep(EepeHUNOHHbIX nUrMeHToB [2]. Eme onxHoi BaxHONH 001acThIO
MPWIOKEHNST HAHOTEXHOJOTUM K TEKCTWIIO SIBJISIETCS TEXHOJOTUS 3aKJIIOUUTENIBHON OTHENKH,
OIIpeNIeNIAoNIe YpOBEHb KauecTBa, KOM(POPTHOCTH, MOTPEOUTENBCKUX U CIIEHUATBHBIX CBONCTB
roToBeIX u3aenuil. [lyrem Monudukanyy BOJIOKOH MOCPEICTBOM BBEJICHUSI HAHOYACTHUIl B PacTBOP
WIN pacIliaB MojimMepa B mpoiecce (GopMoBaHUS BO3MOXKHO COOOIIIEHHE BOJIOKHAM U MaTepuanaM
JIOTIOIHUTENBHBIX W HOBBIX  CBOMCTB  (TMApO- M 05€0POOHOCTh,  Or€HECTOHKOCTD,
NEKTPONPOBOIHOCTh, YCTOMYMBOCTH K MHUKpOOpPraHu3MaMm H JAp.) B kadecTBe HamoJHUTENEH
HCIOJIb3YIOTCSL pa3inyHble MOJU(GUKALMU YIIEpoa, METAJUIbl U WX OKCHJbBI, a TaKKe 4YaCTHUIIbI
NpUPOJHBIX MUHepanoB. Hosble 3¢ dexTsl (OMOIMaHOCTh, apoMaTH3aIHsl, KOHTPOJIb-MOHUTOPUHT
COCTOSIHMSI OpraHM3Ma U OKPY)KAIoIleW cpeabl U Jp.) MOTYT ObITh MOJY4YEHBI NMPHU 3aKPEIJICHUH B
CTPYKType TEKCTUIILHOTO Martepuaia HAHOKAICYI («CTPYKTYp-KOHTEHHEPOBY) c
MIPOJIOHTMPOBAHHBIM XapaKTepoM AeicTus [3].

Eme ongHa coBpeMeHHas TEHICHIMS B COBEPIIEHCTBOBAHMM OTIEIOYHBIX TEXHOJIOTUN
COCTOMT B COBMELIEHHWH 0a30BbIX HpoleccoB (MOATOTOBKA, KpalleHHe, Ie4yaTaHue,
3aKIIIOYUTENIbHAS OT/IENKA) C OJHOBPEMEHHBIM MO00POM TEKCTHIILHO-BCIIOMOTATEIbHBIX BEILIECTB,
CHOCOOHBIX K MPOSIBJICHUIO KOMIUIEKCHBIX CBOMCTB, MO3BOJIAIOIINX COOOIINUTH TEKCTUIIIO 3aJaHHbBIE
CBOWCTBA MPU MUHUMAJIBHOM KoJHuecTBe 00paboTok. [1o100HbBIe COBMEIIEHHBIE TEXHOIOTUH, KaK
IIPABUJIO, XapaKTEPU3YIOTCS YIYYLIEHHBIMU MOKa3aTeIsIMH PeCypcocOepeKeH s U IKOJIOTHUECKON
6e3onacHoctu [4]. B kauecTBe OTHIENOYHBIX MpPENapaToB KOMILIEKCHOTO ACWCTBUS — Hamboiee
pacrpocTpaHeHbl (TOPUPOBAHHBIE U AKPUJIIOBBIE COMOJIMMEpPHI, CHUIMKOHOBBIE COEJAMHEHHS W, B
nocjenHee BpeMs, THIpOUIbHbIE HAHOIMYIbCHH. [locneaHne cnocoOHbI coO0IIaTh TEKCTUIBHBIM
MaTepuajaM MOBBIILIEHHYIO THAPO(YUIBHOCTb, MATKOCTh, TMIPO- U oJeo(oOHble cBoiicTBa. [lpu
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IeJICHAPABICHHOM OI00pe KOMIIOHEHTOB 00pabaThIBaOIIe KOMIIO3UIIMK BO3MOKHO MOJTyYCHHE
3¢ HEeKTOB MOHNKEHHOM FOPIOYECTH, 3AIIUThl, AHTUCTATUYECKON OTAEIKH.

B kpeMHuilOpraHMYecKMX HAHOIMYJBCHSIX pa3Mep Kareidb AUCHEPCHOW (as3bl JEKUT B
untepBajie 40-60 am. Crnienuduka XUMHH CHIIMKOHOBBIX COCAMHEHHUI CBS3aHA C OJHOBPEMEHHBIM
NPUCYTCTBUEM B MaKpoMoJIeKyJax noiumepa Heopranuueckux (Si-O-; H-Si-O-) u opranndeckux
(CH3-Si-R) a11eMeHTOB CTPYKTYPBI, IIEPBBIC U3 KOTOPBIX MOT'YT HMETh HOHHYIO IIPUPOIY CBsi3eil. B
COOTBETCTBHMHM C OJTHM, HpU CHHTE3€ TOAOOHBIX COCTUHEHUN IIPUMEHSIETCS  BBEJCHUE
JONOJITHUTENIbHBIX OPTaHUYECKUX PaJMKaIOB (Hampumep, O0KOBBIX METWIbHBIX). [IpenmyinecTBoM
TaKUX IOJIMMEPOB SIBIISICTCS BBICOKAs IMOJBIKHOCTH IeNed co CBOOOAHBIM BpaieHueM —Si-O-
IPYIII, 31aCTUYHOCTh U HOBBIIIEHHBINH KOAQOUIHUEHT CKOJIBKEHUS TUIEHOK IIPU HU3KUX 3HAUYEHHSIX
MOBEPXHOCTHOT'O HATSIKEHHUS 10 OTHOLICHHUIO K BOJOKHHCTOMY cyocrpary [5]. ChopmupoBaHHbIe
IUIEHKH HUMEIT HHU3KYI0 TEMIIEpaTypy CTEKJIOBaHHUS, YTO IO3BOJIAET COXPAHATh 3JIaCTUYHOCTH B
mupokoM auanasone temmeparyp (90 - 200 °C). I[lieHOYHBIC TOKPHITUS U3 HAHOIMYIIBCHIT
JOCTaTOYHO YCTOWYMBBI XMMHUYECKH, HO YYBCTBHUTEIbHBI K JEHCTBHIO CHJIBHBIX OKHCIMTENEH,
KOHIIEHTPUPOBAHHBIX MIEIIOYEH MTPH MOBBIMIEHHOU TeMiieparype u Y @-o0myuenuto. O0paboTaHHbIC
TEeKCTWJIbHBIE M3JEIUs COXPAHSAIOT BBICOKYIO BO3AYXONPOHMLAEMOCTh M XapaKTepU3YIOTCs
XOpOLIUMH CAHUTAPHO-TUTMEHUYECKMMH CBONCTBAMH.

Takum o00pazoMm, MONTy4YE€HHE SMYJIbCUH BO3MOXKHO Ha OCHOBE KPEMHMHOPraHWYECKHX
COCMHEHUH, COAEpKallMX aMHHO- MM MOIU(UIMPOBAHHBIE aMUHOTPYMIbEL. B oTimmumm oT
MHUKPOAMYJIbCUHN, OTKJIAJBIBAIOIIMXCSI HA TIOBEPXHOCTH BOJOKOH M HHUTEH, HaHO3MYJIbCUU
IIPOHUKAIOT B MEXBOJIOKOHHBIE IIPOCTPAHCTBA Ha 3HAuUMWTENbHYIO IuyouHy. Ha ypoBeHb
OTAENOYHbIX 3((EKTOB OKa3bIBAIOT BIMSAHME Takue (AKTOPbl, Kak HPUpPOJa U KOJIUYECTBO
(YHKIMOHATBHBIX TPYNI B COCTAaBE MAaKPOMOJIEKYJ, MOKa3aTeld CTENEeHH IHCIEPCHOCTH U
BA3KOCTH HMYJIbCUI, OT KOTOpPBHIX 3aBUCUT HMX CMauuBaIollas U COPOLMOHHAS CIIOCOOHOCTB.
CnenyeTr UMETh B BUJY, YTO C YBEIMUEHUEM KOJIMUYECTBA aMUHOTPYII B CTPYKTYpE HAaHOAIMYJIbCUU
BO3pacTaeT ruapopoOHOCTh U MATKOCTh 00pabOTaHHOTO TEKCTHILHOIO MaTrepuaia [6].

[IpenapaTsl Ha OCHOBE HAaHOPA3MEPHBIX AMUHOCUJIMKOHOB UMEIOT JIBOMCTBEHHYIO MPUPOLY,
MIOCKOJIBKY OCHOBHAsl KpeMHUHOpraHn4ecKas 1elb MpUIaeT UM ruipooOHbIe CBOWCTBA, a HAIUYHE
aMUHOTPYII — COOOIIAET KauecTBO ruApopuibHOCTH. 1o 3TOM npuunHe Takue npenaparbl XOpoIIo
3aKpeIUIAIoTCS Ha THIPO(GOOHBIX CHUHTETHYECKMX M TMAPO(UIBHBIX HATypalbHBIX BOJIOKHAX [7].
Eme ogHON 0COOEHHOCTBIO CTPYKTYphl aMHUHOKPEMHUHOPraHMYECKEUX MOJUMEPOB SIBISIETCA HX
CKJIOHHOCTb K CAMOAMYJIBIMPOBAaHHMIO YacTHUL], B PE3yJIbTaT€ YEro HUX pa3Mepbl COOTBETCTBYIOT
nepexoy u3 00J1acTh MUKPOAIMYJIBCHI B HAHOPa3MEpHYI0 00J1acTh ¢ pazMepamu yactuil meree 100
HM. HaHopasmepHble sMynbcuM o0najgaroT Ooyiee BBICOKOM arperaTMBHOM YCTOMYMBOCTBIO U
(dbopMupYIOT TepMaHEHTHbIE () PEKTHI OT/IEIKU TEKCTHIIbHBIX MaTepraios [8].

ITpu BBenEHUM B CTPYKTYpPY aMHUHOKPEMHMMOPraHMYECKOIO IOJUMEpPA JONOJHUTEIBHBIX
stokcu- (EO) u mponokcu- (PO)-rpynn  o0pa3zyroTcst ruipoduiibHble HAHOAMYJIBCHH, COAepKallne
PEaKIMOHHOCIIOCOOHBIE aMHUHOTPyNIBI (puc. 1)

_C|3H3 i _(|3H3
Rl—o-—|Si—o——L|~3i—o- s.—o 0—R5
o R, EH,

I I
(E|O)m _NH2

(Plo)p
| H n
Puc. 1 Ctpykrypa ruapodHIbHBIX aMHHOKPEMHUHOPTaHUYIECKUX HAHOIMYITbCHIA

—Z

[Tponutka Takoil >Mynbcuel TUAPOPOOHOrO CHHTETHUECKOTO MaTepuana IMPHUBOIAUT K
rUAPOGUIN3AMK  €r0 TOBEPXHOCTH C OJHOBPEMEHHBIM COOOIIEHHEM MSTKOCTH Tpuda,
AJIACTUYHOCTH, BOJI0-MACJIO- U IPSI3€0TTAIKNBAIOIINX CBOWCTB.

73



C yueToM 3TOro, B HacTosIIEH paboTe Hcciae0BaHa BO3ZMOXKHOCTh IIOCTPOCHUST TPOIIECCOB
TE€PMO30JIbHOI'O KpalleHuss M CyOJIMMAalMOHHOW IeyaTH, COBMELICHHBIX C 3aKJIFOYUTEIIbHON
OTIEIKOM TEKCTWIBHOro marepuana. lIIpy 3ToM, ¢ HCHOIB30BaHMEM CHELUAIBHBIX MapoK
JUCIIEPCHBIX KPACUTENEH OCYILECTBISUINCH BEICOKOTEMIIEPATYPHOE KpAIIEHHE U TEPMOIIEPEBOIHAS
neJaTh 00pa3oB TEKCTWIBHBIX MAaTEPUAIOB, MTOJBEPTHYTHIX MPEABAPUTEIBHON 00pabOTKEe MUKPO-
Y HAHO3MYJIbCHSIMM, XapaKTEPUCTHKA KOTOPBIX IpecTaBiIeHa B Ta0I. 1

Tabmuna 1
XapakTepuCTHUKa OTJEIOYHBIX SMYIIbCHI
HaumenoBanue JlocturaeMslit dupma-
CocraB npenapara .
npenapara OTJICITOYHBIN dPPeKT U3TOTOBUTEID
OMYIbLCUS Ha OCHOBE
. Y Bono- «Rudolf-
Rucoguard air | meppToprpOBaHHBIX aKPHUIOBBIX .
o IpSA3€OTTAIKUBAHNE Chemiey
COEMUHEHUI
Bongo-macno-
Hydroguard dTopopranuyeckast IMyIbCHs A «ISCA»
IPSA3€OTTAIKUBAHNC
Omynscust GTOPYIIEPOIHOM .
Fluortex y (ropyriepon To xe «Auxicolory
CMOJIBI
T'uppodniapHas
AP (13 «Setas
KF-94 aMUHOKPEMHHMMOpraHu4ecKas Msryenue Kimva,
AIMYIBCHUS y
IM'uapodunpHas
o . «Setas
KF-nano aMUHOKpPEMHHHOpraHndecKas KomriekcHbrii a¢dexrt Kimvan
HAHOSMYJIbCUS y
dropkapOOHOBAs DMYJILCHS C
3 pKap y «Rudolf-
Rucostar E HaHOPa3MEPHBIMHU YaCTUIIAMH TO K€ .
Chemie»
(20 — 90 um)

Pe3ynbrarhl BBIMOTHEHHOTO JKCHEPUMEHTA IOKa3ald, 4YTO 00paboTKa TEKCTHIIBHBIX
MaTcpHraioB FI/I)IpO(l)I/IJ'II)HI)IMI/I HAaHOOMYJIbCUSAMHA IIOBBIIIACT IMOKA3aTCIIM TUTPOCKOIIMYHOCTH U
BIIATOCOJIEP>KaHUsl 00pa3loB M3 BOJOKOH Pa3NWYHON MPUPOABI. B 4acTHOCTH, TUTPOCKOMHYECKUE
CBOMCTBa MOJIMA(PUPHOTO BOJIOKHA HauWOoOJIee CYIIECTBEHHO YBEIMYMBAIOTCA TpU 00paboTke
HaHOPMyJIbcHel Rucostar E°. OHOBPEMEHHO OTMeYaeTcsi aKTHBHOE CBSI3BIBAHHE COPOUPOBAHHOM
BJIaT, YTO MPEIONPEEIAET CHUKEHNE TTIOKa3aTeNiel BIarootaauu (puc. 2)
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Puc. 2 CpaBHHTENBHBIE TIOKA3aTEIIM THTPOCKOMUYHOCTH (2) U Biarootaaqu (0) moau3GupHOTro
BOJIOKHA, 00pab0OTaHHOTO OTJEIIOYHBIMU HAHOAMYIIbCUSIMHU

MaxkcuManbHOE CBA3bIBaHHME BIarkn HaOmomgaercs s o0Opas3noB, 0O0paOOTaHHBIX
amuHOKpeMHnitopranmdeckumn  (KF-94, KF-Nano) u  ¢ropconepxammmu  (Rucostar  E>,
Rucoguard-Air) HaHOIMYJIbCHUSIMH. OITO CBSI3aHO C  (OPMHUPOBAHHEM Ha IOBEPXHOCTH
ruipooOHOro MoMMI(GUPHOTO BOJOKHA YIBTPATOHKUX IIOTHBIX HAHOIOKPBITHUH, COJEPIKAIIMX
ruapoduibHbIe (PYHKIIMOHAIBHBIE TPYIIIHI, PACIONIOKEHHbIE Ha TpaHHIle pasnena ¢a3, a TakkKe C
HAJIMYHEM B COCTaBE MOJIMMEpa aTOMOB (Topa.

AHanu3 XapakTepa W3MEHEHHsI YPOBHS BOJOIOTJIOMIEHUS M  MAacIOOTTaJKHUBAHH
MoJIMA(UPHOTO BOJIOKHA IOCIE €ro O0pabOTKM HAHOAMYJIbCHSAMH (pUC. 3) MO3BOJISIET CIENATh
BBIBOJI O JOPMUPOBAHUH, B JAHHOM Cllydae, TaKk Ha3bIBaeMoro, «MemMopaHHoro 3ddexTay, KOTOpbIi
XapaKTepU3yeTcs, C OJHOW CTOPOHBI, HAIMYMEM Ha MOBEPXHOCTH BOJIOKHA THAPO(OOHON IIICHKH,
OTTaJKUBAIOIIEH Kallid BOJBI, a C APYroil — COXpaHEHUEM THTPOCKOITMYHOCTH CO CIIOCOOHOCTHIO K
coOpOIMK BOJSHBIX TAPOB BHYTPEHHHUM O0OBEMOM BOJIOKHHMCTOTO cyOcTpara. Hambomnee BbICOKHMIA
YpOBEHb MaCIIOOTTAIKUBAHUS BBISBJICH sl 00pasiia, 0opaboTaHHOTro npenaparom Rucostar E?, uto
MOKHO OOBSICHUTB PACIIONI0KEHUEM Ha TIOBEPXHOCTH BOJIOKHA ToprpoBaHHbIX rpymil (-CF3)
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1, LS SN = ar S 100
Lo ‘..\Q\ -~ ""'--rn""‘ —— K- a0 OHydroguard
e % ! — - g
g ] \:&"“’%., N — hydrogard £ &0 1 aFluortex
g 1] N 70 1
I:BU.Q N ‘\... NI TIPS TTILLL . — = Fluartex § 60 BKF-04
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30 45
KoHueHTpaums, rin

a 0
Puc. 3 Biusinue 06pab0oTKM HaHOpa3MEPHBIMU TperapaTaMy Ha MoKa3aTesIu BOJI0- U
MACJIOOTTAJIKUBAHUA HOJ'II/Ia(l)I/IpHOFO BOJIOKHA

['unpodunuzanus MoOBEpXHOCTU MONUAIUPHBIX MAaTEPUAIOB HAHOPA3MEPHBIMU SMYJIbCUSIMU
MI03BOJISIET IIPOTHO3MPOBATh BO3MOXKHOCTH YIYUYIIEHHMs] MX OKpallMBaHWs, B YacTHOCTH IpHU
UCIIOJIb30BAHUN TEXHOJIOTUM TEpMO30JIbHOrO KpamieHus. C 1enpl0  MPOBEPKU  JTaHHOTO
MPEIINOI0KEHNST TPOBEACH AIKCIEPUMEHT, B XO/A€ KOTOPOro, IPEeABAPUTEIHHO 00padOTaHHYIO
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SMYJbCUSMHU TONUAPUPHYIO TKaHb, IUItocoBau 1%-oif aucnepcueil Kpacurtens B NPUCYTCTBUU
nucnepraropa HO ¢ nmocnenyromei cymkoii u repmoodpabdorkoit npu 200 °C B TeueHne 2 MUHYT.
IIpu yka3zaHHOW TemmepaType BOJIOKHO HAaXOJUTCS B BBICOKODJACTUUYHOM COCTOSSHUM U JIETKO
BOCIIPMHUMAET CyOJIMMUPOBAaHHBIE Haphl JUCIEPCHOTO KPAacUTENsl CBOOOAHBIMU 30HAMU B 00bEMeE
BOJIOKHOOOpa3yromiero mnonuMepa. Ilocme TepMooOpabOTKM OKpalleHHbIe 00pa3lbl TKAaHU
IIPOMBIBAJIUCH U BBICYIIMBAIKMCH B TOKE TEIUIOTO BO3IyXa.

Co3ganue ¢ MOMOUIbI0 AMUHOKPEMHHHOPraHMYECKHX ASMYJIbCUH MeMOpaHHoro 3¢¢ekra
CIIOCOOCTBYET IPOHMKHOBEHHMIO M YIEPKAaHHIO B IOpax IUIGHOYHOI'O MOKPBITUS MOJIEKYJ
JUCIEPCHBIX KpacuTelnei, Ipu 3TOM Ul KpAaCUTENIed C HU3KOM MOJEKYJSIPHOM Maccou
(mucnepcHblil cuHUM 79) HaOdromaeTcsl MOBBILIEHHAs HHTEHCHUBHOCTh OKpackH, a ais Ooiee
KPYIHBIX MOJIEKYJI Kpacutens (aucnepcHblii opankeBblil 30) — ee cHukeHue. Jlydiime pe3yibTaThl
C TOYKH 3pEHHs SIPKOCTH, PABHOMEPHOCTH U YCTOMUYMBOCTH MOJYYEHHBIX OKPACOK IOJIYYEHBI MPH
IIPUMEHEHUH HaHOpa3MepHoro npenapata KF-94 (tabi. 2)

Ta6muna 2 KayecTBo OKpammBanus NOIMAIOUPHON TKAHU TEPMO30JIbHBIM CIIOCOOOM

Bapuanr JlucniepcHblii cuHuil 79 JucnepcHslii opanxkenblid 30
00paboTKu KIS | AE MCP | CT XY KIS | AE MCP | CT | X4
bes 7,6 18,3 | 4/4/5 |4 4/5/5 | 11,6 | 28,0 | 4/5/5 | 4-5 |4/5/5
peBapUTeb

HOM 00paboTKH

Rucostar E° 10,4 | 256 |5/5/5 |5 4/5/5 1 10,4 | 25,6 |5/5/5 |4-5 |5/4/5
KF-Nano 115 |27,2 |5/5/5 |5 4/4/5 | 10,8 | 26,2 | 4/5/5 |5 5/5/5
KF-94 12,2 | 289 |5/5/5 |5 5/5/5 | 115 | 27,2 |5/5/5 |5 5/5/5

[pumeuanue: K/S — untencuBHOCTh Okpacku (pyukiws [KM); AE — pa3HOOTTEHOUHOCTH;
MCP —ycroitunBocts okpacku k crupke npu 40°C, 6amwr; CT- ycTOHYHBOCTH OKPACKH K CYXOMY
TpeHuto, 6amt; XHU-ycToiunBOCTh OKpACKU K XUMHUUECKOH YHCTKe, Oa.

Jlo Hacrosiliero BpeMEHHM IMOMBITKM YCIEUIHOIO HCIOJIb30BAaHUS TEPMONEPEBOIHOM
(cyOnMManmoHHOM) me4yaTu THAPO(PUIBHBIX (B YaCTHOCTH, XJIOMYAaTOOYMa)KHbBIX) MaTepHalloB
0a3upoBaMCh Ha MPEIBAPUTEIBHOM TPYHTOBAaHMM I€YaTaéMOM TKAaHM  CIIEHUATbHBIMU
KOMIUIEKCHBIMUA COCTaBaMHU Ha OCHOBE, HAlpUMeEp, aKpWJIOBBIX M MOJUYPETAHOBBIX COIOJIMMEPOB
[9].

B Hacrosimeit pabote s XJI0M4aToOyMakHOW O3 TIepes] MPOIECCOM CYyOJIMMAaIMOHHON
NeyaTH MpeiokKeHa NpOoNnUTKa THAPOPHIBHBIMA aMUHOKPEMHUOPraHMUECKUMH HaHOAIMYIbCUSIMU
B coueTaHuu ¢ ruapodoOHbIME MsruuTensamu (Rucostar E3, KF-Nano, KF-94 + Hydroguard 520,
Fluortex 9MX) npu konueHTpauuu B mpornutodHoit BanHe 30 r/m. Ilocie MpONMHMTKU M CYIIKH
xJiom4aroOymakHasl TKaHb [edarajgach 0 TEpMONEPEBOAHOMY CIIOCO0Y.

Y cTaHOBIIEHO, YTO TaK K€, KaK U B IPOIecce TEPMO30JIbHOTO KpallleHHs, BBICOKOE KaueCTBO
MEYaTHOTO PUCYHKAa Ha XJIOMYaTOOYMa)KHOM Os3u (IO MoOKa3aTessiM YeTKOCTH KOHTYpa PHCYHKa,
KOJIOPUCTHUECKUM XapaKTePUCTUKAM OKPACKH, CTEMEHH MpONeYaTKH M MATKOCTU TIpuda TKaHM)
oOecrieunBaeTcss TpHU TMPEABAPUTEIBHON TponuTke Matepuana smynbcueit KF-94. C uensio
JOTIOJTHUTEIBHOTO TOBBIIICHUS! NMPOYHOCTHBIX IOKa3arelell OKpacoK B JAHHOM ciydae Iocie
mpolecca Ie4yaTu pPEKOMEHJYyeTCs TMpOBEIACHHE ONepalud 3aKIYUTEIbHOW OTHENKH C
anmnpeTUpoOBaHUEM HaleyaTaHHOM TKaHHM (TopcojepKalluMH Ipenapatamu (Hampumep, Rucostar
E3) BMECTE C aKpUJIOBBIM KapOokcuicoaepxkamum jgarekcom (BHK 40/4, MH-10 u np.) B kauecTtBe
cBa3ymomero BemectBa. Creayer UMETb B BHAY  BO3MOXHOCTb ITOXKEITEHUS IUICHKH TaKHUX
natekcoB npu Temmeparype Oonee 190 °C, B cBa3u ¢ ueM HEOOXOIUM CTPOTUIl KOHTPOJb
napaMeTpoB BbICOKOTeMIIepaTypHoi oopadotku [10,11].

[Tpumenenne ruApoUIBHBIX HAHOAMYJIbCHM OKa3bIBAa€T IO3UTUBHOE BIUSHHE M Ha
TpaaULIMOHHBII Tpolecc CyOIMMAIIMOHHON eYaTH TEKCTUIBHBIX MAaTepHalOB U3 CHHTETHUECKUX U
TPUALIETATHBIX BOJIOKOH (B KadecTBE IpHUMeEpa HUXKE PAaCCMOTPEH COBMELIEHHBIH IpoLecce
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TEPMOTICPEBOTHON TICUaTH M KOMIUICKCHOW 3aKIIOYMTEIBHON OTACIKH OOMBOYHBIX MEOETbHBIX
TKaHEeH U3 MOMMI(PUPHBIX HUTEH ).

DKCIepUMEHTABHO YCTAHOBIJICHO, YTO MPEABAPUTEIbHAS 00paboTKa MOIMI(PUPHON TKaHU
nanosmyibscusamu Microcill IDRO u Rucostar E® nosbimaer sHauerns koapuupentos auddysun
JTUCTIEPCHBIX KpacuTesel B monmdpupHsiii cyocTpar (tadm. 3)

Tabmuua 3

3raueHus kKodpdunmenToB nuddy3un TUCIEPCHBIX KpacuTene B Moud(GUPHOE BOJIOKHO B
nporiecce CyoJuMaIMOHHON 1eyaTu

Kosdduument muddysuu, D «10 * em?/c
Pexxum o6paboTku
JucnepcHbiii opaHxeBblil 30 JucnepcHblii cunuit 79
bes npenBapuTenbHOM 5.33 6.18
006paboTKH
C npenBapuTenbHOM
006paboTKoi
HAaHOAMYJIbCUSIMHU:
Microcill IDRO 7,23 8,31
Rucostar E® 8,42 9,80

Ha npumepe npenBapuTenbHOTO allpeTUPOBAHUS NOTUIPUPHON MeOETbHON TKAaHU MUKPO-
U HAHOOMYJBCHSIMH C TOCIEAYIOINIMM TPOIECCOM CyONMMAlMiOHHOW TIeyaTH JOKa3aHa
BO3MOYKHOCTh JOCTHKEHMsI BBICOKOI'O KauyecTBa Y30p4aTOM paclBETKH C OJHOBPEMEHHBIM
COOOIIIEHNEM KOMILJICKCA CIEIUANTBHBIX CBOMCTB [12]. DKCIepUMEHTATBLHO TMOKa3aHO, YTO
npeJularaeMasi COBMeIlleHHasi TEXHOJIOT U JaeT BO3MOXHOCTb ITOBBICUThH [TOKa3aTeNy BOJO-, MACJI0-,
IPSA3COTTAIKUBAHUS U HECMHHAEMOCTH OOMBOYHBIX TKaHEW MPH CHUIKEHUH KECTKOCTU WX Tpuda.
O/HOBpPEMEHHO YBEIMYUBAETCS OTHECTOMKOCTh M CHIDKAETCS 3JIEKTPU3YyEeMOCTh IpPU YCIOBUHU
BBEJICHHUS B allpeT HAa OCHOBE HAHOAMYJIbCHI aHTHUCTAaTH4YeCKOro mnpemnapara (trerpamoH C) u
KOMIIO3UILIUN aHTUIIUPEHOB (KapOamu+opro-pocdopnas kucnora [Tupoduxc) (tadm. 4). [Ipenapar
terpaMoH C B KOHIEHTpauuu 3-4 /71 MO3BOJSIET CHU3UTh BEIUYHMHY YAEIBHOTO AJIEKTPUYECKOTO
CONPOTHBIICHHS HA TOBEPXHOCTH mommdduproro Bomokaa ¢ 10 g0 10%-10" om, Bemexcreme
ruapodmM3anuu cyoctpara U pOpMHUPOBAaHUS Ha HEM TJIaJKOTO HAHOMOKPBITHS, CHIIKAIOIIETO
KOY(Q(QHUIMEHT TPEeHUs U CIIOCOOCTBYIOIIETO MPOSBICHUIO TPUOOIEKTPHUUECKOro HPdexTa.
VYkazaHHas KOMITO3UIIHMSI aHTHUITMPEHOB MOBBIIIAET OTHECTOMKOCTh MEOENBbHOW TKaHH, Ojaromaps
Hanmunio P-N-3¢dpdexra u Beigenenuto razos, He noaaepxxuBatouinx ropeaue (CO2, NH3). Boicokas
YCTOMYMBOCTH 00pa3IOoB K BOCINIAMEHEHHUIO W TMEPMaHEHTHOCTH NAHHOTO 3(QeKTa JOCTHraeTcs
HOpoYHbIM 3akperuieHneM mnpenapata «Ilupoduxc» [O=P(OR),CH,CH,NHCH,;0OH] Ha cyb6cerpare
COBMECTHO C HaHOTIOKPBITHEM, COJIEPKAIlMM TUAPOPMIbHbIE rpynnsl [13].

[Ipy HamMUMM AONOJHUTENBHBIX TpPeOOBaHMN CO CTOPOHBI NHOTpeOHUTENe OOMBOUHAS
MeOesTbHas TKaHb MOXET ObITh apOMaTH3WPOBaHa MPU COAEPKaHUM B ammpere ogopanta «Odortex
SL», KOTOpbIIi HAHOKAINCYIHPYETCSs B CTPYKTYpe HaredaTaHHOH MONMI(PUPHON TKaHH.
CrenuanbHBIMH  HCTIBITAHUSIMA ~ YCTAHOBIIEHO, 4YTO d3(@QeKkT apomMaTw3ammu B OSTOM Cllydae
COXpaHsieTcs B TeueHue He MeHee 2-3 mecsues [14].
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IToxazaTenn MOTPeOUTETHCKMX CBOWCTB OOMBOYHOM MEOCIHLHON TKaHU

Tabmuna 4

BOIOOTTAJIKUBAHUE

Bapuanrt 1

Bapuanrt 2

Meron lonmnepa

Kpaesoii yrom, °©

Metop [lonmnepa

Kpaeoii yrom, °

1 2 3 1 2 3 4 5 4 5
290 | 285 | 270 | 114 | 105 | 102 313 320 126 134
MACJIOOTTAJIKNBAHUE
Bapuanr 1 Bapuanrt 2
Meron 3M Company, yci.en.
1 2 3 4 5
100 90 90 110 115
I'PASEOTTAJIKUBAHUE
Bapuanr 1 Bapuant 2
®oromerpuueckuit meroq (I'KM), crenens 3arpsi3HeHus caxei, %
34 38 27 23 24
MAJIOCMHUHAEMOCTD
Bapuanr 1 Bapuanr 2
CyMMapHBI# yrojl BOCCTAaHOBJIEHUS CKIAJKU, Tpaj
170 165 160 175 180
KECTKOCTb TKAHU
Konconbueiit Mmeton, MkH* oM’
7800 8100 8300 5600 5150
AHTUCTATUYECKHUM SODEKT
Bapuanr 1 Bapuanr 2
VY nenpHOE 37EKTpUYEcKoe ConpoTuBiIeHne, Om
Tanacrat 6040 4 5
2,6 10 4,0 10™ 3,6 10
Bapwuanr 1 Bapwuanr 2
OTHECTOMKOCTD TKAHU (t — Bpems ropenus, | - mmuHa 06YrIeHHOTO yuacTKa TKaHH,
MM)
[Mupoduxc (200 r/m) 4 5
t=26,7 =08 t=71 =44 t=7,0 =41

Ilpumeuanus: 1. Bapuant 1. — TpaiuIIMOHHBIN; BapuaHT 2. — ipeiaracMeIid.
2. IlpenBaputensHoe anmnperupoBanue: 1 - mukposmynbcus «KF-94» 2 - Pykorapa AFC;
3 - TyGukoyr HP-27; 4 - Microcill IDRO (uanosmynbeus); 5 — Rucostar E2 (Hanoomysseus).
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Ha ocHOBaHWMM BBINIOJIHEHHBIX MCCIENOBAaHUKA CHEJIAaH BBIBOJ O TOM, YTO NPUMEHECHHE
rUAPOQUIBHBIX HAHOAMYJIBCHHM TO3BOJISIET MHTEHCU(UIUPOBATH IPOLECCHl  KOJIOPHUPOBAHUS U
3aKJIFOYUTEIBHOM OTAEIKUA TEKCTUJIBHBIX MATEpPUAJIOB IPU COKPALICHUH YKCIIA TEXHOJOIMYECKHX
oreparuii, yay4lieHnuu rnokasareseil pecypcocoepekeHust 1 MOBBIIICHHH KOHKYPEHTOCIIOCOOHOCTH
BBIITYCKAa€MOMU MPOIYKLIHH.

JINTEPATYPA
1. Kpuuesckuii ['.E. Hano,-610-, XumMHueckue TEXHOJOTUU B MPOU3BOJACTBE HOBOT'O MOKOJCHHS
BOJIOKOH, TEKCTHIIA 1 onexapl.- M.: 2011.- 528 c.
2. Mather R et al. Mechanism and behavioural function of structural coloration in cephalopods //J.
of the Royal Society Interface, 23009, v. 6.- p. 149-163
3. Intelligent textile and clothing //Woodhead Publ. Lim Abington, 2006.-H.Mattila.- 528 p.
4. Kucenes A.M., Enumkuna B.A., Lenmc P.H., Bypunckas A.A. DKOTEXHOJOTUU OTIEIKU
TEeKCTUIIbHBIX MaTtepuanoB (mof pea. mpod. A.M.Kucenesa).-CII6, I'enukon-Ilntoc, 2016.- 327 c.
5. Turner G.R. //Text.Chem.Color , 1985, v/17, N 10.-p. 205-207
6. Usroponun A.K. HuTennekTyanbHble BOJIOKHUCThIE MaTepuanbl //Marepuanst VI mexn.
Hay4yHO-IIpakT. ceMuHapa.- MiBanoso, 2004.- c. 6-15
7. MensuukoB b.H., 3axaposa T./l., Kupunnosa M.H. ®u3uko-xuMuueckre OCHOBBI OTJIETIOYHOTO
npousBojicTBa.-M.: Jlerkas u nuiueBas npoM-cth, 1982.- 346 c.
8. Jamenko H.B., Kucenes A,M. HaHoTekcTW/Ib: MPHUHIMIIBI MOJy4YEHUS, CBONCTBA U 00JIACTH
npuMeHeHHs //TeXHOIOTHs TeKCT. mpoM-cTH (ceHp.: U3B. By30B, 2007, Ne 2.- ¢. 51-57
9. http//www.esaprint.ru/catalog/sublicoat
10. I'anaktuonoBa A.1O., amenko H.B., Kucener A.M. [IpuMeHeHre HaHOpa3MEPHBIX IMYJIbCHI
JUIS. IHTEHCU(DUKAIIUU TTPOLIECCOB KOJIOPUCTUYECKOM OTIENKH TEeKCTHIBHBIX MaTepuanoB //BecTHUK
moutoabix yaeHnbrx CIIIY T/, 2016, Ne 1.- ¢. 61-67
11. Kucenes A.M., Jlamenko H.B. ocobGeHHOCTH MpHMeHEHHs HaHOpPa3MEPHBIX MpPErnapaToB B
mpoueccax OTAEIKH TEKCTUIbHBIX MarepuanoB //Marepuanbl MeEXJ. HAYYHO-IIPAKT. KOH(Q.
«TexkcrunpHas xumusa-2011»-MBanoso, 2011.- ¢. 34-36
12. biimroB A.H., KuceneB A.M., Kosanesa T.B. // Texnomorus texct. mpom-ctu (cep.: M3B. By30B,
2008, Ne 3.- ¢c. 60-62
13. bauno A.H., Hamenko H.B., Kosanesa T.B., Kucenes A.M. CoBpeMeHHAss TEXHOJIOTHS
KOMIUIEKCHOW OTIIENKH MeOeNbHbIX TKaHeW //TexHomorus Tekct. mpom-ctu (cep.: V3B. By30B),
2009, Ne 4.- c. 63-65
14. bnunos A.H., Jlamenko H.B., Kucenes A.M I'mapodunuzaius nmonusGUpHBIX TKaHEW NpH

00paboTke HaHOAMYIbCUAMH //TexHomorus Jierkoi nmpom-ctu (cep.: M3B. By3o0B), 2010, 1. 7.- c. 99-
103

79



VIK 677.11.519.3

MOJIEJUPOBAHUE JE®OPMAIIMOHHBIX CBOMCTB BOJJOKHUCTBIX
INOJIMMEPHBIX KOMITIO3UTOB

DEFORMATION PROPERTIES MODELING OF FIBROUS POLYMERIC COMPOSITES

A.I1. bamkos, I'.B. bamkosa, E.H. Hukudoposa
A. Bashkov, G. Bashkova, E. Nikiforova

MBaHOBCKUI rOCYJapCTBEHHBIN MOJUTEXHUYECKUN YHUBEPCUTET
Ivanovo State Polytechnic University
E-mail: apb303@yandex.ru, milena55@yandex.ru

B crarbe mnpeaso:keHa CTepaKHeBash MOJeJ]b CTPYKTYPHOTO 3JI¢MEHTa IOJHMEPHOr0 KOMIIO3UTA,
APMHPOBAHHOIO0 OCHOBOBSI3AHBIM TPHKOTA)KHBIM IOJOTHOM H AHAJINTHYECKH paccMaTpuBalOTCcs  ee
BHYTPECHHHE HANpsikeHUs W aedopmanmnn noja AeiicTBHeM BHemHel Harpy3kun. Ha 6ase 3roil mopenn
paspa0oTaHa MeTOAWMKA NPOrHO3UPOBaHMA JedopManmii KOMIIO3MTa NPH BO3ACHCTBHM  BHEIIHHMX
PACTArMBaIOIINX HATPY30K.

KutoueBble c10Ba: KOMIIO3MTHBI MaTepuaJ, JbHOCOAEP:KAIUMI OCHOBOBS3aHbINi TPHKOTAK, KpUBasi
pacTsizkeHusi, Je(OpMalMOHHbIe CBOWCTBa, MOJMMOJIOYHAS KHCJOTAa, CTEepPXKHeBasi MoOJe/db, CTPYKTYPHbIi
3J1eMeHT.

The article discusses a core model of structural element of polymer composite reinforced with a warp-
knitted fabric under the action of external loads. On the basis of this model a technique for predicting
deformations of a composite under the influence of external tensile loads has been developed.

Key words: composites, warp-knitted fabric on the flax base, extension curve, deformation properties,
polylactic acid, a core model, a structural element.

JlepopmarimonHple  CBOMCTBA KOMIIO3UIIMOHHOTO MaTepuana HE MOTYT OIPEIeNAThCS
MPOCTBIM CJIOKEHHEM IPOYHOCTEH TMOJMMEPHOW MATPUIBI U BOJOKHUCTOIO HAIOJHUTENS,
MOCKOJIBKY MEXaHU3M Je(OpMallii KaX/10r0 KOMIIOHEHTA IpU HarpykKeHuu Oyzaer pa3nudyabiM. Ha
puc. 1 mpencraBieH CTPYKTYPHBIM 3JIEMEHT OCHOBOBSI3aHOTO TPHUKOTAXKa, MOMENICHHBIA B

do
dv

Puc. 1. CTpyKTypHBIii 3JIEMEHT Puc. 2. [llapaupHo-CcTEpKHEBAS MOJIEIb
apMUPYIOIIET0 OCHOBOBA3aHOTO CTPYKTYPHOTO 3JIEMEHTa OCHOBOBS3aHOTO
TPUKOTa)Ka TPUKOTaXKa.

HOJINMEPHYIO MaTpHILy, B BHJE 3JIeMeHTa co cropoHamu 0y, dy, d,. Ha puc. 2 nmoka3ana mapHupHO-
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CTEpXKHEBAasi MOJENb CTPYKTYpPHOIO 3JIEMEHTAa BOJIOKHUCTOIO MOJUMEPHOro kommosurta. llpu
MPWIOKEHUU PACTATUBAIOLIEH HArpy3KH B JIIOOOM HAINpaBiICHUH B KOOPAWHATHOU IiockocTH XOY
pPACTATUBAIOIINE YCUJIUSl MBITAIOTCA HE TOJBKO PACTSIHYTh HUTh, HO U BBIIEPHYTH €€ M3 Teja
MOJMMEpPHOW MaTpulpl. BmecTte ¢ TeM, CTPYKTYpHBIM 3JIEMEHT TPUKOTaXa HAyMHAET
neOopMUPOBATHCS, M HUTU (CTEP)KHH HA MOJIENN) CKUMAIOT 3aKIFOUEHHBIN MEXIY HUMH JJIEMECHT
MOJIMMEPHON MAaTpHUIbl. 3a CUET CHKATHS DJIEMEHTA MATpPULbl MPOUCXOIUT YINPOYHEHHE CAMOIO
3JI€MEHTa, YBEJIMYEHHE CHJI CHEIUICHUS MEXKIy INOJIUMEPOM W HHUTBHIO, B JOMOJHEHUE K
€CTECTBEHHOM aJre3uy, M YINPOYHEHHE CaMOM HHUTH 3a CYET Jy4IIero CIEIUICHUS MEXIy
BOJIOKHAMH, KaK 3a CYET aJre3uu, TaK U 3a CUET YBEIMYECHHS CUJI TPEHUS B PE3yJIbTAaTe CHKATHS.
Takol CIOXHBIA MEXaHW3M COBMECTHOH JedopMamii MaTpHUIlbl M TEKCTUIBHON CTPYKTYPHI,
0COOEHHO XapaKTepHBIA A TPUKOTAKHOW apMHUPYIOIIEH OCHOBBI, CO37aeT HEIWHEHHOCTh WU
TPYAHYIO IIPEICKAa3yeMOCTh BHYTPEHHUX HANPSKEHUH DJIEMEHTa KOMIIO3UTA Oy U Oy.

[Ipu Harpy3kax MEHbIIIE Pa3pyIIAOIINX MOXHO MPEeHeOpeyYh CIBUTOBBIMU AeQOpMAaIIHIMHU,
T.€. HCKIIOYUTH TMOCIOMHBIA OTpPBIB TMOJHMMEpPAa OT apMupyrommx Huted. Torma, cpenHue
nedopmanuy 37I€MEHTa KOMIIO3UTA € U €y B OOILIEM BUAE MOXHO IOJIyYUTb, UCIOJIb3Yys HNEPBYIO
teopeMmy Kactumnbsno [1]:

in:@;Fi:@;FZi:@; @)
ob, g ob, ob,
U =;ZN:kibf, 2)

rane U — sueprust aepopmupoBanusi cucteMsbl, b U Kj — cooTBeTCTBEHHO OceBasi Aedopmaius u
oceBast JKeCTKOCTb I-To crepxkHs (puc. 2); Fyi, Fyi, F;i — npoexunn Ha koopauHaTHble ocH cHitbl Fi,
KOTOpas SIBISIETCS PE3YNbTUPYIOIIEH CHII TPEHHs (BA3KOCTH) B y37aX M YHPYTUX CHJI B CTEPXKHSX,
BO3HUKIIUX B pe3yibTare AedopMariiii OT BHEIIHEH CHITbI P;.

CoBMmecTHBIN yHIpouHSIOMUN 3()(HEKT OT B3aUMOJCHCTBUS MAaTPUIIBl U HATIOJTHUTENSI MOKHO
HMHUTHPOBAaTh B Mojenu (puc. 2) IONMOJHHUTEIBHBIMH CTEPXKHAMH C aedopmanmeii Ds u bg,
CO3/IAIOIIMMHU TPEYTOJBLHUKH KECTKOCTU BHYTPH CTPYKTYpHOTO 3iemeHTa. Kpome 3Toro, 3a cuer
ynpouHsoomero 3¢dekra MPOYHOCTh CTEP)KHEH, HMMHUTHPYIOIIUX HUTH TPUKOTAXKA, TaKKe
HE00XO0AUMO MPUHUMATH € OOJIBIINM 3HAYCHUEM MOAYJIS YIIPYTOCTH, YEM B HUTH.

[Tpu paccMoTpeHun TI0CKOM 3a1aun B ocsax XOY MOXKHO 3amucaTh

8 8
Fo=dt> o F,=dt> o, (3)
i=1l i=1

rae t=d, — ToJMHA NOJTMMEPHOH MATPUIIBL; C,; U O, — BHYTPEHHHE HAIPSKCHUS.

[IpumeHsst ypaBHEHUSI COBMECTHOCTH JedopMaiiuu Uisl CTEPKHEBOW CHUCTEMBI (puc. 2),
MOXKHO BBIPA3UTh OCEBble JeopManuu CTep>kHEH mnpu Harpyske Baoab ocu Ox u Oy
COOTBETCTBEHHO

2 [d2(2b. b2 1
b =h, = L ==+ = |+ (b2 —2hb, ) |; 4
1 [d2(2n. B2
b =b, = —2 1256 4 76 |4 (b2 =2h,b. ). 5
o L+, 4\d, d] (5 ”)_ ®)

rae dy, do u hy, h, — reomeTpudeckre mapameTpsl TPUKOTAXKHON CTPYKTYPBI, XapaKTEPU3YIOIIHE
pasmep netiau u u3rub HutH, |y, lo,... ls— mHBL cTepkHEi.

VY4uThIBasi CBSI3b BHYTPEHHUX HAMPSIKCHUH C Y3JIO0BBIMH Harpy3kamu (3) W, mpHHUMAs BO
BHUMAaHHUE YCJIOBUS, CBs3bIBAaIOmIME AeGopMalid e, U e, C YUIMHCHUSAMH KOMIIO3HTHOTO
Mmatepuana dy, dy

b5 bx bG by

T4, d, ' d, 4, ©

a TaKKe HAa OCHOBE TPEX YpaBHEHUH paBHOBecUs U1 JUCKPETHOH cucteMsl (1), (2), 3anuiem

X
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DKBUBAJICHTHYI0 CHUCTEMY YypPaBHCHMH KOMIIO3UTAa KakK CIUIOIIHOW CpeAbl, CBA3BIBAIOLIUX
s pexTUBHBIC HOPMAJIbHBIE AePOPMAIINH C HAMPSDKCHUSIMU B MaTEpHaIe:

2 2 2
o, =| 2k, 2d, 1+e ||, [d—x) (Zex+ef)+(b62—h2b6) +—k5dXex ; (7)
L+, ) (dd,t )| |2 d dt
d. V(1+e ? k.dZe
=2k | —Y— Yyl =2 | (2e, +€2 )+ (b2 =hb, )|+ ——2LY: 8
T ) Laa )| ]2 (o0, +¢} )+ 65 —n.) d.d.t ®)

k d.
m (2b, —h, (7j (2e, +€2)— (b2 +hyby ) |+
1 2
2 9)

2K, (2b, —h, d—zy (2e, +2)+ (b2 +hp, ) | =0,

(I +1,)

rae d,d t=V - obbem snemeHTapHOH s4elku Kommosuta, Ks u kg — KECTKOCTH CTepKHEi,

ES ES .
UMUTHPYIOIIUX THOJUMEPHYI0 MaTpuily. MoxkHo mpuHATh UX K, =—; K, =—; E — mMonynb

5 |6
Onra (ympyrocTtu) mist BBIOpaHHOTO TOJIMMEPa, S — SKBUBAJICHTHAS TUIOIIAb CEYCHHS CTEPIKHS,
OTIpEJNIeNIACTCS. 10 TEOMETPUYECKHM XapaKTepUCTHKaM MPOCTPAHCTBA BHYTPH CTPYKTYPHOTO
AJIEMEHTA, Ul CTepKHEHM, UMUTHPYIOIIUX HUTh, OEpeTcs peanbHas IUIOMIA[b CEYCHHUS HUTU U ee
Monyib FOnra. Cienyer ydecTs, 4To CTEp>)KHU 1 ¥ 4 UMUTHPYIOT cpa3y JIB€ HUTH B TIETIIE.

[Tpu Harpy>keHUM KOMIIO3MTa BO3HMKAeT JABe oOjacTu aedopmanuii: ynpyrux — B Hayalie
[UKJIa M TUIACTUYECKHX — B Mo31aHel ¢a3ze. IlnacTuyHOCTh MaTepHaia onpenensercs: Heynpyrum
MOBEICHUEM TMOJIMMEpa MAaTpPULbl, IUIACTUYHOCTHIO TEKCTUIBHOTO Kapkaca (MpOCKalb3bIBaHHUE
HUTEH B TOUKAaX KOHTAKTa B METISAX, MPOCKAIb3bIBAHNE BOJIOKOH BHYTPHU HHUTH), IPOCKAJIb3bIBAaHHE
U JlaXKe OTCJIOCHHUE IO TPaHUIIe KOHTAKTa MATPUIbl U HUTH. 30HA ynpyrux aedopMaiuii BIOIHE
MOJET OBITh ornucana ypaBHenussmu (7) u (8).

[I1acTHYHOCTP KOMIIO3UTAa MOXHO MOJEIUPOBATH, 3aJaBasicb COOTBETCTBYIOIIMMU
CBOWCTBaMM MaTepuaia crepxkueit 1-6 (puc. 2).

Jns ynpoleHus: pacCyXIA€HUW MOKHO HE YYUTHIBAaTh HEJIMHEHHOE TOBEICHUE HUTEH.
Toraa, KOMIO3UIIMOHHBIH MaTepUall XapaKTePU3yeTCsl HaYaIbHOM )KECTKOCTBIO Ka, JKECTKOCTBIO 3a
npenenamu Tekydectw K, m nedopmanmert Tekydectn |, KoTOpas CIyKHT IOKa3arelnem,
XapaKTepU3yIOIUM Heynpyroe noseaeHue. Ecnu 0003HauuTh AeopMalii TEKy4ecTH CTepKHEH S
U 6 KaK €py W €py U YUECTb, UTO € > €px, A Ks = Kpx, @ €y > €py, a Kg = Kpy, TO ypaBHenus (7) u (8)
MO>KHO MOJTU(HUIIMPOBATH B CIEAYIOIIEM BHUJIE:

0,=0y+t0,, 0, =0 +0,,. (10)

cx? ¥y

3neck umHACKCH “f” u *“C” 0003HAYAIOT BKIJIAJ B HANPSIKEHHOE COCTOSIHUE COOTBETCTBEHHO
TEKCTWJIBHOTO Kapkaca M MOoJUMEpHOW maTpuubl [2]. Ecnu cuibl, AEHCTBYIOIIME HA Kapkac W
MaTpUlly, COCPEIOTOYEHBI B IpeleNax CTPYKTYpHOrO 3jeMeHTa (Ipu HeOOJBIIHX pa3Mepax

3JIEeMEHTAa 3TO TakK U OyzeT), To U3 ypaBHEeHHUs (7) HANPsDKEHUE B MaTPUIIC OMPEACIIACTCS KakK

k.d’e
Oy = ket St S (11)
ddt
Xy
Ecnu HanpsbkeHre B MaTpHUILIE IPEBLINIACT HAYAJIbHBIN IIPEAEI TEKY4ECTH, TO
2 2
— k5dXeX + kpsdx (ex _epx) (12)

O-cx -
d,d,t d,d,t

Torna veynpyrue ypaBHeHus B1osib ocu OX u Oy OyayT BBITTISAETH CIEAYIONMM 00pa3oM

? ? 20 k..d2(e, —e
o, =| 2k, 2d, }[L+e ||, (kj (Zex+ef)+(b62—h2b6) +k5dxex +— pX); (13)
L+, ) dd,t)| |\ 2 dd ddt
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2 2
o, =| 2k [ 20 | [ 228 |19} (6 4e?)e (2 —p,) |+

kediey " kp6d5(ey _epy)
X X |1+|4 dxdyt 2

d,dt d,d t

. (14)

ITockoJIbKYy MEXaHWMYECKHE CBOWCTBA IMOJMMEPHOW MAaTPHUIBl H3OTPOIHBI, a TaKkKe
OJIMHAKOBBI TIPU CX)KATUU U PACTSKEHUU, TO MOKHO CYHUTATh OTHOCHUTENBbHBIE JedOopMaIuu BIOIb
KOOPJMHATHBIX OCCH PaBHBIMH, T.C. IPU MaJbIX pa3Mepax MOXHO JOMYCTHTh, 4To bs = bg = b..
Toraa, 3ToT noka3zareins, ABIAOMMNACA QyHKIHEN OT € U €y, ONpe/eseTcs KaKk KOPEeHb ypaBHEHUs
(9) m HaxoaUTCSA B MIpeenax

EUPTNLY
2 2

Jlis pacueToB MO JaHHOW MOJETH HEOOXOIMMO 3aJ1aThCsl TEOMETPUUYECKUMU MTapaMeTpamMu
dy, d, dy, dy, t, hy, ho, 11 1o,... lg, Sj, KOTOpBIE ONMpeneNsAI0OTCS OOBIYHBIM 3aMEPOM 110 CKAHHPOBAHHOMY
n300pakeHUIo o0pa3lia MaTepuaina. 3HaYeHUsT MOIYJISI yIpyrocTu E u ynimmHeHui, Kak B yIpyrow,
TaKk ¥ B IJIACTHYECKON 30HE CTAHOBSTCS M3BECTHBI TOCJTE UCHBITAHUN 0O0pa3IoB TPUKOTa)xa Ha
pactspkeHue [3], MOyNb YIIPYTrOCTH M yITMHEHHS MTOJIMMEPHOTO MaTepuaia Takke OMpeelsioTCs
1o crnpaBoyHoil nuteparype [4]. Jns monmumonounoit kucinotel E= 3,5 I'Tla, npegen tekydectu 53
Mlla, paspymaromas Harpy3ka 60 Mlla npu orHOcuTensbHOM ymmHeHuun 6,0 % . Ilocne
MOJICTAHOBKHU 3TUX 3HaueHWi B ypaBHeHus (13) u (14) ¢ momornsio mporpammbl Origin 6.1 6butn
MOJIyYE€Hbl TMPOTHO3UPYEMblEe KpHUBBIE YJIMHEHUS KOMIIO3UTHOTO MaTepuaja Ha OCHOBE
JILHOCOJIEPKAIIETO TPUKOTAKHOTO MOJIOTHA U MOJUMOJIOUHOM kucnoTel. Ha puc. 3 mpeacraieHa
kpuBasg 1 ynnuHeHus Baojb ocu OX. MOXXHO OTMETUTh, YTO B YIPYrol 30HE OHA COOTBETCTBYET
HKCIEPUMEHTAIBHON KPUBOHM 2, MOMy4yeHHOH B pabore [5] A/ KOMIO3MTAa HAa OCHOBE KYJIMPHOI'O
TPUKOTaKa U3 XJIOMKOBOU MPSIKH.

(15)

=

Harpy3aka, oTHeceHHas K nnowaan cedeHus, o

1.0 L3 20 23 30 33 40 43 50

0
20 0 21
OTHOCUTeIlbHOE yalTMHeHne

Puc. 3. KpuBas ynnuHeHHs] KOMIIO3BUTHOTO MaTepuaa:
1 — monmy4YeHHas! pacUeTHBIM IyTeM, 2 - SKCIICpUMEHTaNbHas [3],
3 — CTpyKTypa TPHKOTaxa, UCIOIb3yeMast IjIs pacueTa.

PazpaboTannas MeToaMKa MPOTHO3UPOBAHHMS MEXaHMUYECKHMX CBOWCTB C HCIOJb30BaHUEM
CTEP>)KHEBOM  MOJIETM  KOMIIO3UIIMOHHOTO  MaTepualla, apMUPOBAaHHOTO  OCHOBOBSI3aHBIM
TPUKOTAXKEM, TO3BOJSIET JOCTAaTOYHO OOBEKTHUBHO OMNpEAeNaTh aedopManui Marepuaia B
3aBUCUMOCTH OT MPUJI0KEHHBIX HArPy30K.

83



JINTEPATYPA
1. buprep U.A., MasmtoroB P.P. ConporuBnenue matepuanoB: YueOHoe mocooue. — M.: Hayka,
1986. - 560 c.
2. Tpemamua KO.M. AHanu3 BHYTPEHHHX HANpPsDKCHHH B BOJIOKHAX, BO3HHUKAIOIIMX B IPOIIECCE
MNOoJIMMEpHU3allu  CBAZYIOLICTO IIPU H3IOTOBJICHMU KOMIIO3MIIMOHHBIX MATCpUaJIOB Ha OCHOBC
HETKaHBIX TOJIOTeH. M3B. By30B. TexHoi. TekcT. mpom-ctu. — 2012. — Ne 4 — C. 37-40.
3. bamkoBa, [.B. AHU30TpONHS CTPYKTYpPHI U CBOMCTB HUTOYHBIX HAMOJIHUTENEH KoMo3uTos/ I'.B.
bamkona, I'.1. Yucrob6oponos, A.Il. bamxkos, J[.A. Anemuna, U.}O. Hatepteimes// U3B. By30B.
Texnon. Texct. mpom-ct. — 2010. — Ne 7 — C. 80-84.
4. Dumuknoneauss momumepoB. T. 3. Ilom o6m. pen. B. A. KabanmoBa. — M.: CoBerckas
Ounukionequs, 1977. — 1152 c.
5. Kononova, O. Mechanical properties of composites reinforced by cotton knitted fabric/ O.
Kononova, A. Krasnikovs, K. Dzelzitis, G. Kharkova, A. Vagel, M. Eiduks, 7" International
DAAAM Baltic Conference "INDUSTRIAL ENGINEERING" 22-24 April 2010, Tallinn, Estonia,
PP. 47-53.

VJIK 678

NCCIEJOBAHUME BJIMSAHUSA CTPYKTYPbl TKAHU HA KHHETHUKY ITPOLECCA
EE IPOIIUTBIBAHUSA ITPA MTPOU3BOICTBE JETAJIEN U3 YIJIEILIACTUKOB

INVESTIGATION OF THE INFLUENCE OF THE STRUCTURE OF FABRIC ON
KINETICS OF THE PROCESS OF ITS PROTECTION AT THE MANUFACTURE OF
DETAILS FROM UGLYOPLASTICS

A.H. Mapsruesa, B.A. Hemto0, I'.B. ManbieBa
AN. Maricheva, V.A. Neluyb, G.V. Malysheva

MocKOBCKUI TOCYJapCTBEHHBIN TeXHUUECKUM yHUBEpcuTeT uMenu H.O. baymana
Moscow State Technical University named after Bauman
E-mail: man@emtc.ru, admin@emtc.ru, malyin@mail.ru

IIpuBeneHb] JaHHBIE N0 IKCIIEPHMEHTAIBHON OLIEHKH MOPHCTOCTH YIJIePOIHbIX TKaHell H KHHeTHKH UX
NPONHUTKU NMPH HM3rOTOBJEHHH JeTajeil M3 YriemIacTHKOB € HCIOJb30BAHHEM 3MOKCHIHOIO CBSI3YIOIEro Io
TeXHOJIOTMM BakyyMHOii uHpy3uu. IlpuBegeHbl pe3yabTaTbl YHMCJICHHOIO MOJCJIUPOBAHMS  OOLIeH
MPOAOJIKUTETbHOCTH MpoLecca MPONUTHIBAHUS B 3aBUCHMOCTH OT MOPHCTOCTH TKAaHell M NPOBeJeHO CPaBHEHHe
TeOpeTHYEeCKUX H IKCIIePUMEHTAJIBHBIX pe3yabTaToB. IIpuBeneHsl pe3ybTaTsl onpeaeaeHust Gpa3oBoro cocrapa
YIJIeNJACTHKA B 3aBUCHMOCTH OT T€XHOJIOTMH NPONUTHIBAHUSA U TEXHOJIOTHH OTBeP:KACHUS.

KiroueBble cjioBa: yrijepogHas TKaHb, BAKyyMHas HH(Y3HMsl, KHHeTHKH MNpolecca NPONUTHIBAHNS,
CTPYKTYPa 3J1eMeHTAPHOI 14Yeli KN TKaHH.

The data on the experimental evaluation of the porosity of carbon fabrics and the kinetics of their
impregnation in the manufacture of carbon fiber reinforced plastic components using an epoxy binder using
vacuum infusion technology are presented. The results of numerical simulation of the total duration of the
impregnation process as a function of tissue porosity are presented, and a comparison of theoretical and
experimental results is made. The results of the determination of the phase composition of CFRP depending on
the impregnation technology and the curing technology are presented.

Key words: carbon tissue, vacuum infusion, kinetics of impregnation process, structure of unit cell of
tissue.

Jnst mM3roToBIIGHHMsS JAeTalied W3 TOJMMEPHBIX KOMMO3WIMOHHBIX MartepuaioB (ITKM)
METOAOM py‘IHOfI BBIKJIAIKM B Ka4dYC€CTBEC HaIlOJHUTEIIEH HCIIOJIB3YIOTCA TKaHWU, pa3anH0171
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XUMHUYECKON MpUpobl U cTpYKTyphl. Lllnpokoe pacnpocTpaHeHre MOJYyUYUSId YIJIEPOJHbIE TKaHWU,
YTO CBSI3aHO C OYEHb BHICOKMMH 3HAYEHUSIMH YAEIbHON MPOYHOCTH M XKecTKoCcTH [1, 2].

N3BectHo [3-5], uTO TKaHb, UCMONB3yeMas B KayeCTBE aPMHPYIOLIETO Marepuaia s
npon3BojcTBa aeranedt u3 [IKM npsimbiMu MeTogamu (pOopMOBaHUS, SBISIOTCS XapaKTEPUCTUKH €€
JTUHEHHON U MOBEPXHOCTHOM TUIOTHOCTH, IMHEWHOTO U 00BEMHOTO 3aIIOJTHEHUS, a TAKXKE BEIIMYNHA
ee o0mel mMopucToCcTH. M3roToBUTEIN TEXHUYECKUX TKaHEH, TAKMX KaK YIJIepOJHbIC, KaK MPaBHIIO,
OTPaHUYMBAIOTCS JAHHBIMU 110 T€OMETPUUYECKUM pa3Mepam (IJIMHA, IIUPUHA, TOJIIIUHA), TPUBOIST
JJAHHBIE TI0 Macce, JIMHEHHOW MJIOTHOCTH U OCHOBHBIM MEXAHUYECKUM CBOMCTBaM. B To e Bpems,
npu pa3paboTKe TEXHOJIOTUYECKOTO IMPOoIlecca MPOMUTHIBAHUS, B TOM YHCJIE U O TEXHOJIOTHH
BaKyyMHOW MH(Y3UHU WU TP MOJAYH CBSA3YIOIIETO MO/ 1aBJICHUEM, HEOOXO0IUMO 3HATh BEJTUUUHY
MOPUCTOCTU UCIOIB3YEMON TKAHU. DTa XapaKTEPUCTUKU OTHOCUTCA K YHCIY OCHOBHBIX, KOTOpPbIE
3aKJIaJIBIBAIOTCS B KA4eCTBE HCXOJHBIX JIaHHBIX B TMPOILIECCE MOJACIUPOBAHUS TEXHOJOTUU B
nporpamme PAM-RTM.

Ilenpto maHHOW PabOTHI SBISIETCS SKCIEPUMEHTAIBHAS OIEHKA MOPHCTOCTH YIIIEPOIHBIX
TKaHEd W UCCJEJOBAHHE €€ BIMSHUS Ha MPOJODKUTENBHOCTh IMpoIlecca MPOMUTHIBAHUS TMPU
M3TOTOBJICHUH JICTAJICH U3 YTJICTJIACTUKOB 110 TEXHOJOTUH BaKyYyMHOU UH(Y3HH.

B xadectBe OOBEKTOB HCCIIECIOBAHMS HCIHOJIB30BAaHBI YIIIEPOJHBIC TKAHU PA3ITHMYHBIX
MPOU3BOAUTENECH, UCMOJIb3YEMbIE B HAlIEH CTpaHE MPHU MPOU3BOACTBE ACTANCH M3 YIJICIUIACTHKOB
(Tabm. 1).

Tab6muna 1
CBoIiCTBa UCTIOJIB3YEMBIX B paOOTE yriIepOIHBIX TKaHEH
Mapka apMUPYIOIIKUX MAaTEPUAJIOB Bun marepuana TII0THOCTE, I/M°
FibaArm JlenTa 230
TBY 2/2 312-10, 312
GF 206 TkaHb 200
SAAI UT 350 350

[TopucTocTh TKaHEH oOmpeaesyii 10 METOAWKE, H3IokKeHHoW B pabore [6]. Cyrs
UCIOJIB3yEMOr0 METO/Ia COCTOsIa B TOM, YTO TKaHb (pOTOrpaupoBaId TaKUM 0Opa3oM, 4YTO OBl
MOJIy4aTh YeTKHEe U300pakeHUsl OTAENbHBIX 3JIEMEHTAPHBIX siUeeK, 00pa30BaHHBIX HUTSIMH OCHOBBI
U yTKa.

[TpogomKUTET HOCTD MpOLEcca MPOMUTHIBAHUS OLEHUBAIM MO CEKYHAOMEPY C MOMOIIbIO
KOTOPOT'O 3aMepsIM MPOTSHKEHHOCTh MPOMUTAHHBIX CBS3YIOIIUM y4YacTKOB TKaHU M o0Iee Bpems
npouecca nponuteiBanus. [lpu mpoBeaeHHM 3KCHEPUMEHTANbHBIX HCCIIEOBAHUM HCIOIb30BAIH
o0pa3iel TKaHel oanHakoBoro pasmepa (150x100 mm) u kommuecTBa cioeB (15 crmoeB mpu cxeme
apmupoBanus 0°). TpaaWIIMOHHO, TPU HWCIOIB30BAHUHM TEXHOJOTUHM BaKyyMHOW WH(DY3HH,
HCTOJIB3YIOT CIEHUAIBHYIO CETKY, KOTOpasl MO3BOJSET CYIIECTBEHHBIM 00pa3oB yCKOPATH (POHT
pacnpoctpanenus cBssyrorero [6, 7]. IIpu takoii momade, nepBOHAYAIBHO CBA3YIOIICE JABUTACTCSI
TOJIBKO TI0 CETKE M BEPXHEMY CJIOI0 TKaHHW. B HacTosmieil paboTe MCHOIB30BAIHN JIBE TEXHOJIOTHH
cOOpKHM BaKyyMHOT'O MEIIKa: C MCIIOJIb30BAHUEM pPacIpe/leINTeNbHOM ceTku 1 0e3 Hee. B kauecTBe
pacrpeeNnuTeNIbHON CeTKH UCIOJIb30BaIach cetka u3 noimmdupa mapkuCCVM-FM-KNITW-100-
1,25. JlanHast ceTka MMesa MOBBIIMIEHHYIO TEMJIOCTOMKOCTh, YTO MO3BOJISIIO €€ MCHOJIb30BaTh MPH
OTBEPKJEHUHU CBsI3ytouiero mpu temmneparype 200°C.

B HacTosmiei pabote MpUMEHSUIH 1B€ TEXHOJOTHU MPOIMUTKH: C CETKOM (TexHosorust Nel) u
0e3 cetku (TexHosorus Ne2). [Ipu ucnons3oBanuu TexHoaoruu No2 mpoI0JKATEITLHOCTD TIpoIiecca
IIPONUTHIBAHMSI B HECKOJIBKO pa3 YBEIMYMBAETCSA, OJHAKO MBI IPEIIOJIArajy, 4TO IPH TAKOM
TEXHOJIOTUM BO3MOXKHO 0oJieeé TOYHO OLCHUTHh BIHMSHHUE IOPUCTOCTH HA KHUHETUKY IMpolecca
MPOMUTHIBAHUS.

Teoperndecku, NpPOJOHKUTEIBHOCTD MpOLIECcCa MPONUTHIBAHUS ONPENENSIA € TOMOIIbIO
nporpamMmMmbel PAM-RTM.
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JUis IpONUTBIBAaHUST MCIOJIB30BAJIOCh SMOKCHUIHOE CBS3YIOIIEE Ha OCHOBE CMOJIBI MapKu
D/1-20, orBepauTens (nuamMuHOAU(PEHWICYTH(OH) U aKTUBHOTO PACTBOPHUTEIISI, KOTOPBIN MO3BOJIHIT
CHU3UTh BSI3KOCTb roTOBOrO cBssyomero a0 0,05 Ila-c. DnokcuaHble CBA3YIOLIUE IOTYYHIN
HauOoJIbIIIee PACIPOCTPaHEHHE MTPU U3TOTOBJICHUH JI€Talei U3 CTEKJIOMIACTUKOB U YIJICIIACTUKOB,
YTO CBS3aHO C UX YHUKAJIbHBIMH TEXHOJIOTMYECKHMHU CBONCTBAMHU M BBICOKUMH MEXaHUYECKHUMHU
XapaKTepUCTUKAMHU.

@Da30BbIil COCTaB yIJEMIacTUKa OMPEICNSUIM METOIOM TepMOIPAaBUMETPUUECKOTO aHAIN3a
Ha TG 209 F1 Libra.

B T1abn. 2 mpuBeAeHbl 3KCIEPUMEHTANBHO HalJeHHAs NPOJODKUTEIBHOCTh Ipoliecca
nponuThiBaHus 10 TexHoIorusaM Nel u Ne2 u pa3oBsIii cocTas.

Tabmauma 2
[IpomomKUTENBHOCTD MIpOLIECCA IPONUTHIBAHUS U CPACpKAHUE TTOJIMMEPHON MaTPULIbI B
VTJICTUTACTHKE B 3aBUCHMOCTH OT UCIIOJB3YEeMOW TEXHOJIOTHH IPOITUTHIBAHHS

Ne | Mapka TkaHU U UCIIOJIb3yeMasi [IponomxurensHocts | ConepikaHue MaTpULIbI,
TEXHOJIOTHS TIPONTUTHIBAHHUS, C %
1 FibaArm, texaomorust Nel 82 33,2
2 FibaArm, texnomorus Ne2 430 36,4
3 | TBU 2/2 312-10, Trexnonorus Nel 161 34,3
4 | TBY 2/2 312-10, Texnoaorust Ne2 960 36,2
5 GF 206, rexnonorus Nel 143 34,5
6 GF 206, rexmomorus Ne2 1020 35,3
7 SAAI UT 350, rexnomorus Nel 141 33,2
8 SAAI UT 350, texnomorust Ne2 1035 33,9

3HaueHUs1 TMOPHUCTOCTH U PE3YJbTaTbl TEOPETHUECKHUX pacueTOB IMPOJOJIKUTEIBHOCTH
npolecca NpONUTHIBAHUYU NPUBEAEHBI B Ta0. 3.

Tabmuma 3
TeOpeTI/I‘IeCKOG 1 OKCIICPUMCHTAJIbHOC BPCMS ITPOIMUTHIBAHU A 06p3.3]_IOB, HN3roTOBJICHHLIX I1O
CTaHJAPTHOU TEXHOJIOTHH BaKyyMHOW HH(Y3UU

[TpoaoKUTENEHOCT MPOMTUTHIBAHUS 00Pa3LOB
TKAHEH, CEK
HaunmenoBanue ITopucrocrts,
0 OKCIIEpUMEHT Teopus
TKaHU %
be3 yuera C yueroM
OPUCTOCTHU IIOPUCTOCTH

FibaArm 20,5 82 75,7 84,1
TBY 2/2 312-10 31 161 149,8 163,2

GF 206 35,2 143 123,1 138,6
SAATI GF 206 27,8 141 127,9 137,7

B pesynpTaTe MNpOBENEHHBIX UCCIEJOBAHUM YCTAaHOBJEHO, YTO IPH HCIOIb30BAHUU
CTaHJApTHOH  TEXHOJOTMHM  BakyyMHOW  uHQy3uum  (texHomoruss  Nel),  HaumeHbIuas
MPOJIOJDKUTEIBHOCTD TpOoIecca MPOMUThIBaHUS Y TKaHu FibaArm, mopucTocTh KOTOPOi COCTaBIIACT
20%. OOm1ast mpoAOIKUTETBLHOCTH MpOIecca MPOMUTHIBAHUS COCTABUIIA MPAKTUUYECKU OJMHAKOBOE
Bpems it Tkanu GF 206 (143 ¢) u s tkanu GF 206 (143 ¢), Toraa Kak BEeIMYMHA UX TOPUCTOCTH
oTIMYaeTCs MeXxay coboi u coctasinsieT 35,2% st Tkanu GF 206 u 27,8% s tkanu SAATI GF
206. Takum 00pa3oM, SKCIEPUMEHTAIBHO YCTAHOBJIEHO, YTO MEXAY BEIMYMHOW MOPUCTOCTH H
o0111eit MPOIOIKUTENBHOCTBIO MPOIecca MPONUTHIBAHUS OTCYTCTBYET MpsiMasi B3aUMOCBSI3b.

[Tpu ucnonp3oBanuu TexHojgoruu No2, 6e3 pacnpeeTuTeIbHON CETKH, MMPOI0KUTEIIBHOCTD
mporiecca CyIIeCTBEHHO IMOBBIIIAETCS JJIS BCEX HMCCIEIOBAHHBIX MAapOK YIIIEpOAHBIX TKaHel. [lns
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tkanu FibaArm ona yBenuuuBaercs B 5,2 pasa, mis Tkanu TBY 2/2 312-10 — B 5,9 pa3s, a 11 TKaHU
SAATI GF 206 — B 7,3 pa3a.

CopgepxaHue TOTUMEPHON MaTpUIBI B YTJEIUIACTUKE IJIS BCEX HCCIICOBAHHBIX THIIOB
TKaHEeH, MPU UCIONIb30BaHUM TexHOJIoruuNel (¢ ceTkoi) MeHble, yeM st TexHomoruu Ne2 (6e3
cetkn). TakuMm oOpa3om, Aake MpPU MPOBEACHUHM SKCIICPUMEHTAIBHBIX HCCIEAOBAHUN C IEITBIO
OLICHKM KMHETHKH Ipollecca MPOMUTHIBAHUS HET HEOOXOAMMOCTH HCIOJIb30BaTh TEXHOIOTHIO No2,
MOCKOJIbKY OHa HE TOJIbKO 3aHHMaeT CYIIECTBEHHO OoJblliee BpeMs, HO U TMPUBOAHUT K
MOBBIIIEHHOMY COAEPKaHUIO IOJTUMEPHOI MaTPUIIbI B yIIIETIIACTHKE.

VY4er BeNMWYMHBI MOPUCTOCTH TKAHU TMPH TPOBEACHUH TEOPETUYECKUX PACUeTOB OOIIEiH
MPOJOJKUTENIFHOCTA TPOLIecCa IMPOMUTHIBAHUS TMO3BOJISIET IOBBICUTH TOYHOCTH PacueToB.
HauGonpIras BennynHa NOTPEITHOCTA MEXKAY TEOpUEH U SKCIIEPUMEHTOM (TIPH YUETE TIOPUCTOCTH )
He mpeBblaeT 5%, TOrAa Kak €cld €€ He YUYUTHIBaTh, TO Pa3HHIA MEXIY TEOPETHUYECKUMHU U
HKCIEPUMEHTATBHBIMH 3HaUCHUSIMU cocTaBisieT 14% u Oonee.
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YK 678
CTPYKTYPA U CBOMICTBA METAJUIN3UPOBAHHBIX YIJIEPOJIHBIX JIEHT
MICROSTRUCTURE AND PROPERTIES FIBER COVER METALL

B.A. Hemo6", B.JI. Top6epr”
V.A. Neluyb®, B.L. Gorberg®

"MockoBckuii rOCy/IapCTBEHHBIA TEXHUUECKUI yHUBepcuTeT umenn H.O. baymana,
? BaHOBCKHi rOCYAapCTBEHHBIM XUMHUKO-TEXHOJIOTUYECKUN YHUBEPCUTET
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Zlvanovo State University of Chemistry and Technology
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IIpuBeneHbl pe3yabTaThl ONEHKN KaYecTBA METAJIMYECKHX MOKPBLITHI, HAHECEHHBIX HA YIJIE€POTHYIO
genty JIVII MeTo1oM MarHeTpoHHOro pacnblieHusi. PaccMOTpeHBI miecTh THIOB METANIHYECKHX IOKPBITHIA:
Hep:kaBewmas craab 12X18H10T, Turan BT1-0, amomunueBslii cnjiap AMuM, meas M1, nunk mapku L2 u
cepedpo 99,99. IIpoBeaeH CTPYKTYPHBIH M 3J1€eMEHTHBIH aHAJM3 HAHECEHHbIX MOKPBHITUI U OLleHEHbI 3HAYEHHS
PaBHOBECHBIX KPaeBbIX YIJIOB CMAYHBAHNA. BiausiHHe KayecTBAa MOKPBHITHS HA CMAYNBAHNE MOKCHTHOI CMOJIBI
OLIEHHBAJIOCH HA MJIACTHMHAX M3 KPeMHHSI HA KOTOpble HAHOCW/IHM MeTa/JIHYecKHe MOKPBHITUS MO TOil ke
TeXHOJIOTHH, YTO H HA YIJIEPOIHYIO JEHTY.

KialoueBble cjioBa: yriepoaHass JeHTa; JJeMEHTApHAsA HUTh; MeTANIU4YecKHe TMOKPbITHS;
1IEPOX0BATOCTh.

The results of the evaluation of the quality of metal coatings deposited on the carbon tape of the LUP by
the method of magnetron sputtering are presented. Six types of metal coatings are considered: stainless steel
12X18H10T, titanium BT1-0, aluminum alloy AMuM, copper M1, zinc of mark II2 and silver 99,99. Structural
and elemental analysis of the deposited coatings was carried out and the values of the equilibrium wetting
contact angles were estimated. The effect of coating quality on the wetting of epoxy resin was evaluated on silicon
wafers on which metal coatings were applied using the same technology as for carbon tape.

Key words: carbon tape; elementary thread; metal coatings; roughness

OO6nacTy TpUMEHEHHs YTJICTIIACTUKOB C KaXIbIM TOJJOM PAaCHIMPSIIOTCS, YTO CBSA3AHO C
YHUKAJIBHBIM KOMIUIEKCOM UX cBOMCTB [1-3]. IIpu HaHEeceHNH Ha IOBEPXHOCTh YIIICPOJHBIX JCHT
TKaHEeW pa3lNYHBIX THIIOB IOKPHITHI, MOKHO OOECHEUYHUTH MOJyYEHHE YIIICTUIACTUKOB C HOBBIMH
byHKIIMOHATBHBIME CBOMCTBamMU [4]. Hanpumep, aBTOphI paboThI [5] ycTaHOBUIIN, YTO YIIIEpOAHBIC
JICHTBI, C HAaHECEHHBIM Ha HHX IMOKPHITUEM M3 HEp)KaBelomied cranu, 3Qp(QeKTUBHO MPUMEHSITH B
YCIOBUSX OTPUILATENBHBIX TEMIIEPATyp B Ka4eCTBE apMHUPYIOUIMX MaTepHajOB IPH M3TOTOBICHUH
PEMOHTHBIX OaHIaxeH.

HawnGonbmiee pacnpocTpaHeHHE NPH HAHECEHHMHM METAJUIMYECKUX MOKPBHITHH Ha TKAaHU
NOJYYWJIA TEXHOJOTMU HambUIeHUs. CyTh TEXHOJOTMH HANbUICHUS COCTOMT B TOM, 4TO
HAaIbUIIeMbI METaJI IIEPBOHAYAIFHO IEPEBOAAT B Ta3000pa3HOE MIIH KHJIKOE COCTOSHHE, a TOTOM
NEPEHOCIT €ro Ha TOBEPXHOCTh TKaHW, TJ€ OH IpeBpallaeTcs B TBEPAbId Marepuai, o0pasys
MeTalndeckoe  MOKpbiThe. OCHOBHOW — LENBI0  METAUIM3alMU  SIBISETCS  HM3MEHEHHE
MHUKPOCTPYKTYPHI U (PH3HKO-XMMHYECKUX CBOWCTB MOBEPXHOCTH YIIICPOJHBIX JICHT U TKaHEH, 4TO
MO3BOJIICT  PETYIUPOBATh MX PEAKIHOHHYIO CIIOCOOHOCTh, TEIUIOPHU3UYECKHE CBOWCTBA,
OrocoBMecTHMOCTh U Jip. OCHOBHBIMU METOIbI HAIBUICHHS SIBJISIOTCS: BaKyyMHOE, IIa3MEHHOE U
razoria3MeHHoe. B Hactosmeit pabote Ui HanbUIGHHS HCIIOJIb30BaHA JIabopaTopHasl yCTaHOBKA
MMUP-2 [4].

Llenpro paboOTHI SBISETCS OLIEHKA KayecTBAa METAJUIMYECKOTO IOKPBITHS, HAHECEHHOTO Ha
YIJIEPOIHYIO JICHTY

KadecTBO MeTa/uIM4eCKOr0 MOKPBITHS OLEHHBAIM C TIOMOIIBIO  ATOMHO-CHIIOBOTO
MHKpPOCKOIA, WYyTeM WCCICJOBaHMs IOBEPXHOCTH €AWHUYHOrO (HIaMeHTa C HaHECEHHBIM
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NnoKpbITHEM. OIEHKY KadecTBa TAK)KE MPOBOJAMIIM IIYTEM ONPEIECICHUs 3HAUEHUM KpaeBbIX YIJIOB
CMa4YMBaHUs [IPU UCIIOJIB30BAHUH ITOKCHIHOTO CBSI3YIOLIETO

MeTtannuuecke NOKPhITHSI HAHOCUJIM Ha OTEYECTBEHHYIO OJTHOHANPABICHHYIO YITIEPOIHYIO
nenty JIVII ¢ ucnonb3oBaHueM J1abOpaTOPHOM YCTAaHOBKM MarHETPOHHOTro pacmbuieHus MUP-2.
OCoOEHHOCTBIO JAaHHOH YTIIePOIHON JICHTHI SIBJISICTCSI OTCYTCTBHE HA €€ MMOBEPXHOCTH aIllpeTa, YTo
COKpAIAJIO TPYAOEMKOCTh TE€XHOJOTMYECKOr0 MPOLECCca, MOCKOJIBbKY HCKIIIOYAIAch ONeparus Io
YAAJIEHUIO amIpeTa ¢ MOBEPXHOCTH YIIIepoaHOM JeHThl. CBolicTBa yriaepoaHoi JieHTsl JIVII u

HCIIOIB3YEMOM CMOJIBI PUBEACHBI B Ta0M. 1.

Tabmauma 1
CBoliCTBa UCTIOJB3YEMbBIX MaTEPHAIIOB
YrnepoaHas ieHTa DnoKcUIHAas cMOoJIa
XapaKTepUCTUKHU [Tokazarenu XapaKTEepUCTUKHU ITokas
aTenu
Mapka JIVIIL Mapka 2/1-
20
[TnotHOCTB, KT/M3 1800 MonexynspHas 390
Macca
Mopyns 260 JlnHamuyeckas 18,4
ynpyrocrty, ['Tla BA3KOCTb, Ila-c
[Ipenen 2500 Coneprxanue 1,7
MPOYHOCTH npu TUAPOKCWIIBHBIX TPy,
pactsbkenun, MITa He Oouee, %

KauecTBo cuernienuss MeTauIndyecKoro MOKPBITHSI ¢ YIIEPOAHOMN JIEHThI OLEHUBAIN CKOTY-
tectoM ASTMD 3359. Takas oneHka He SIBIsIeTCA TOYHOM, OJHAKO J/JIA €€ MPOBEICHUS HE
TpeOyIOTCSl CYIIECTBEHHbIE BPEMEHHBIE 3aTpaThl U OHA MO3BOJIAET ONpPENEsITh TEXHOJIOTHYECKHE
PEKHUMBI TPEABAPUTENHHON OOpPaOOTKM YIIEpOAHOW JIGHTHI TIEpe] HaHEeCEHHWEM Ha Hee
METAIJIMYECKUX TOKPBITUH, oOecreunBaronue HauboJbllee 3HAaYeHHE aATre3MOHHOW MPOYHOCTH.
Ecnu nnomaap yaaneHHOTo NOKpEITHS npeBbimana 10% oT o0iel miomaan, To Takas TEXHOIOTHS
MpHU3HaBalIach HEe yIOBIETBOPUTENbHOMN. B pe3ynbrare nmpoBeeHHBIX UCCIEA0BaHUN YCTAaHOBIIEHO,
YTO METAJTMYECKUE MOKPHITUS UMEIOT OUE€Hb HU3KYIO a/IF€3UI0 K TOBEPXHOCTH YIIAEPOTHOM JICHTHI.
JIisi TOBBIIICHMsI AATE3WW  HWCIIOJIB30BAaJM  YCTAHOBKY IWIa3MeHHOW akrtuBaruu YIIM-500.
Hanecenne metamimyeckux MOKPHITUN MPOBOJMIN HEMOCPEICTBEHHO Cpa3y Ke€ IMOCJe aKTUBAIUU
MMOBEPXHOCTHU YTJIEPOIHOM JICHTHI HA JIAOOPATOPHOM YCTAaHOBKE MarHETPOHHOTO pacnbuieHus MIP-
2. Jlns mnpoBeneHUs HaNbUICHUS MCHOJIb30BAIM MHILIEHU W3 COOTBETCTBYIOIIUX METAILIOB,
pasmepom 130x10 mm. OO6bem BakyymHOH Kamepsl coctaBisin 0,7 m3. OOpasmbl yriepoaHon
neHThl, pasmepom 210x290 MM, noMemanuch B BaKyyMHYI0 KaMepy Ha Bpallaroliuiics
TOPHU30HTANBHBIN CTONIMK. Pabouee maBiieHne B Kamepe u3MeHsuIH B auanasone (1-2)-10-3.

B kadectBe muteHel npuMeHsIH: HepkaBeronryto ctanb Mapku 12X18H10T, tutan BT1-0,
AMIOMUHHEBBIN cruiaB AMuM, mens Mapku M1, muak mapku 12 u cepe6p099,99 (Tabm. 2).

Tab6muna 2
XHUMUYECKUN COCTAB METAJUIMYECKUX MOKPBITHI
ConepxkaHre XUMUYECKHUX JI€MEHTOB, %o
Menps Mmapku M1
Cu+Ag Fe Ni S As Pb Zn O Sb Bi
99,9 0,005 | 0,002 0,004 | 0,002 0,005 | 0,004 0,05 | 0,002 | 0,001
[uax mapku 112, TOCT 3540-94
Zn Fe Cu As Pb Sn
98,7 0,05 0,005 0,01 1 0,002
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Turan mapku BT1-0, TOCT 19807-91
Ti Fe C Si Ni
99,7 0,25 0,07 0,1 0,04
Hepkaperomas crans Mmapku 12X18H10T
Fe C S Si Ni P Cr Ti
67 0,12 0,02 0,8 11 0,035 19 1
Cepebpo mapku 99,99
Ag Zn Fe Sb Bi Cu
99,99 0,003 0,004 0,001 0,002 0,008
AnromuHueBbIi cruiaB Mmapku AMu, TOCT 4784-97
Al Fe Si Mn Cu Zn
99 0,7 0,6 1,5 0,2 0,1

KauecTBO MOKpBITHS OLICHUBAIM HEMOCPEICTBEHHO Ha 3JIEMEHTApPHON HUTH C MOMOILBIO
aToMHO-cuioBoro Mukpockona mapku SOLVERHYV. Taxke xauecTBO MOKPBHITUS ONPEACIsUIA Ha
IJIACTUHE W3 TOJMPOBAHHOIO KpemHUs, pazmepoM 20x20 C UCHOJIb30BaHUEM AaTOMHO-CHUJIOBOTO
Mukpockona Mapku SOLVER 47PRO. Ha kpeMHHEBYIO IJIACTMHKY IE€PBOHAYAIBHO HAHOCUIIM
MOJIOCKY (OoTOpe3ucTopa MWUPHUHONW 1 MM, 3aTeM Ha Hee HambULUIM METAJUIMYECKOe MOKPBITHE IO
TOH ’K€ TEXHOJIOTHMH, YTO W Ha YIJIEPOAHYIO JIEHTY, fanee (OTOPE3UCTOp YAANAIU IYyTEM €ro
pactBopeHus. OOpa3oBaBIasicsl Mocie yaalneHus (GOTOPEe3ncCTopa CTYyNEeHbKA Ha TPaHMLIE METalI-
KpPEMHUI MO3BOJIsIA C TOYHOCTHIO 10 10 HM OLIEHUTH TOJIIIMHY TOKPBITHS.

J1st oLleHKH 3HAYEHWI KpaeBbIX YIJIOB CMAuyMBAHUS MCMOJIb30BANIM IJIACTUKY M3 KPEMHUS,
Ha KOTOPYIO HAHOCHJIM BCE THIBI UCIOJIB3YEMBIX METANTMYECKUX MOKPBHITUN Ha TEX K€ peKuMax
HaIbUIEHUS, KOTOPBIE UCIIOIb30BAIMCH JUIS YIIIEPOJHOU JIEHTHI. J{J1 OLIEHKN KHHETUKU PACTEKAHUS
CBSI3YIOLIETO NPHUMEHSJIM HE JMOKCHIHOE CBS3yIolllee, a TOJbKO OJWH U3 €ro KOMIIOHEHTOB
(onokcuaHy0 cMony Mapku D/1-20). Takoii BEIOOp OBLT CBsI3aH C T€M, YTO BS3KOCTh CMOJIBI MHOTO
00JIbIlIe, YeM BSA3KOCTb CBSI3YIOLIETO, YTO MPHUBOJIUT K OOJBIIMM 3HAUYEHUSM KPAEBbIX YIJIOB, YTO
MOBBIIIAJIIO TOYHOCTh MX omnpexaencHus. OLEHKYy 3HAYeHMM KpaeBbIX YIJIOB IPOBOAMIM IyTEM
($OTOCHEMKH KaIljll CMOJbl Ha TOBEPXHOCTH. Takol MeToN He SBJISETCS TOYHBIM, OJHAKO OH
II03BOJISIET ITPOBECTU CPABHUTEIIBHYIO OLIEHKY PA3JIUYHbBIX TUIIOB OKPBITHH.

KauecTBo yriepogHOi JIEHTBl C HAHECEHHBIM TOKPBITHEM OLEHUBAIM IO BEIUYHHE
MIPOYHOCTH YIJICIUIACTHKA ITPH MEKCIOEBOM CIBUTE METOI0M KOpOTKOi# 6anku mo ASTMD 2344,

B kadecTBe CBSI3YIOUIETO MPU M3TOTOBJICHUM YIJICTIJIACTHUKOB HCIIOJIB30BAJICS COCTAaB W3

SMOKCU-AMaHOBOM cmonbl  DJ1-20, u30oMeTMITeTparuapoTaqeBoro aHruIpuga B KayecTBe
oTBepauTensa B konudyectBe 80 mac.dy. Ha 100 mac. 4. CMOJIBI U AUATUIICHIJIMKOJA — B Ka4eCTBE
aKTHUBHOTO pa30aBuTelis B KonnyecTBe 5 Mac.4. @opmMoBaHre 00pa3IoB YIIIeIIaCTUKOB TPOBOIMIN
10 TEXHOJIOTHH BaKyyMHOM nHby3uu [6, 7].
MerogamMu aTOMHO-CUJIOBOM MUKPOCKOIIMM U3YyYEHO CTPOCHUE 3JIEMEHTAPHBIX HUTEH, U3 KOTOPBIX
n3rorosyieHa yriepoaHasa yeHta JIVII no u nocne ee meramnuzanuu. [losydeHHbIE pe3ysbTaThl
npuBeqeHsl B Ta0a.3. OQHOPOAHOCTh HAHECEHHOT'O MOKPBITHS OLIGHUBAIM HE TOJBKO MO BBICOTE
npoduiIsi, HO U KaYeCTBEHHO, MO 5-TH OabHOM MIKalie: 5 — OJHOPOJAHOE TIOKPhITHE, 0e3 ne(heKTOB;
4 — He3HauuTENbHBIC AE(EKThHl, TUIOMAJb KOTOPbIX HE NpeBbimaer 5%; 3 — CyllecTBEHHBIE
neeKThl, MPUBOIALINE K PACTPECKHUBAHUIO MOKPBITHS, B PE3yJbTaTe€ YEro OHO CTaHOBUJIOCH
MOXO0’KE Ha Yepenuily 2 — HaJIMuue NPOTSHKEHHBIX 30H 0€3 MOKPHITHSA; | — OTCYTCTBUE MOKPBITUS Ha
OOJIBIIIEH YaCTH MMOBEPXHOCTH JIEMEHTAPHOM HUTH.
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Tabnuua 3
3HauCHUS IIEPOXOBATOCTH JIEMEHTAPHBIX HUTCH IMOCIIe HAHSCCHHSI METAJUTMYSCKUX MTOKPBITHI

Tun KauecTBeHHas BricoTa MukpoHnepoBHoOCTElH npodus Bennuuna
METAJITINYECKOTrO OLICHKa C YYETOM IOKPBITHS], HM KpaeBoro yria
IIOKPBITHS OIHOPOIHOCTH MaxkcumanbHast MunumanbsHas cMayuBaHus, °
HOKPBITHS
be3 nokpeITHs - - - 56
Hepxagetromas 4 76 22 42
CTaJlb

Turan 4 83 45 52
uHk 3 55 20 48
Menb 3 85 25 48
Cepebpo 5 350 150 44
AmoMuHUH 4 45 30 51

B pesynbrare NMpoOBENEHHBIX HCCIIEIOBAaHUI YCTAHOBIJIEHO, YTO IIEPOXOBATOCTh METAIIIMYECKOIO
MOKPBITUS HE OKAa3bIBAeT CYIIECTBEHHOI'O BIIMSHUSA Ha €ro KadyecTBO. Bce moOkpeITus, 3a
UCKJIIOUEHUEM cepedpa, UMEIOT HEOJHOPOAHYIO CTPYKTYPY CIIOKHOTO peibeda U COCTOIT U3 IBYX
obnacTeil: ogHa 00NacTh MPEICTABISAET COOOM MHOXKECTBO T'PaHyJl pa3HOro pasMepa, BTopas —
rnankas. Pasmepol rpanyn usmeHswoTcss B auamnasone oT 20 go 200 mm. B mpouecce oreHku
IIEPOXOBATOCTH HMEJIO MECTO CHJIBHOE B3aUMOACHCTBUEM MEXKAY 30HIOM aTOMHO-CHUJIOBOTO
mukpockona SOLVERHV u moBepXHOCTBIO 3J€MEHTapHOW HHUTH, YTO NPHUBOJWIO K OOJBLINM
HOTPEUIHOCTSIM B Ipolecce wuccienoBaHuil. OOpa3oBaHMEe Ha IOBEPXHOCTH 3IIEMEHTApHBIX
YIJIEPOIHBIX HUTEH IpaHyll, BEPOSITHO, CBSI3aHO HE C OCOOCHHOCTSMHU HANBUISIEMbIX METAJUIOB, a CO
CTPYKTYpO# sieMeHTapHOW HuTH. M3Bectno [8], uro oHa cocrour wu3 amopdHOil u
KPUCTAJIUIMYECKOM YacTed. Mbl mpeamnosaraeMm, 4TO aare3us Ha KPUCTAUIMYECKUX Y4acTKax
MMOBEPXHOCTU YIJIEPOAHOTO BOJIOKHA (JIEMEHTApHON HHUTH) OyAeT Jydiie Ha aMOp(HON YacTw,
OJTHAKO HAa KPUCTAJUIMYECKHUX YYaCTKaX IMOKPHITHE HAHOCUTCS O0Jiee pOBHBIM CIIOEM.

TonmuHa METaJUIMYECKOro MOKPBITUS, ONPEEICHHAs ¢ IOMOLIbI0 aTOMHO-CUJIOBOTO MHUKPOCKOIMA
HENOCPEACTBEHHO Ha IUIACTMUHE W3 KPEMHMs, W3MEHsuach B juanazoHe or 30 go 80 HM.
HawnGonpirast TonmuyHaa MOKpeITHA OblTa 3adUKCHpOBaHA MPU HECEHWUU HeprkaBeroried cramu (32
HM), HAMMEHBIIIasl IPYU HAHECEHUU TUTaHa (87 HM).

3Ha4yeHUs KPAeBbIX YIJIOB CMAuMBaHUSA JUISl PA3JIMYHBIX TUIIOB MOKPHITUHA U3MEHSUIUCHh B Ipeaenax
oT 42 1o 52 °, HauMeHbIINE JJIS TTOKPBITUS U3 Hep)KaBeIoLIe cTanu, HauOOobIINe — [T TOKPBITUS
U3 TUTaHA.

HcnbiTanue Ha MEKCITOEBOW CABUT YIJICTUIACTUKOB MTPOBOAUIIN HA YHUBEPCATbHOW UCIIBITATEIbHON
mammae Mapku Zwick//Roell. B pesynabpraTte NpOBEICHHBIX HCCICIOBAHUI YCTaHOBIEHO, 4YTO
BEJIMYMHA MPOYHOCTU NPHU MEXKCIOEBOM CIBHUI€ H3MEHseTca B mpeaenax oT 45 mo 65 Mlla.
HauOonpie 3HaueHUS MPOYHOCTH MOJIYYEHbI IPH HUCIOIB30BAHUHM YITIEPOJHON JIEHTHI C
MOKPBITHEM U3 HEP>KABEIOLIEH CcTany, HAaMMEHbIINE — IIPU UCIOJIb30BAHUU MOKPBITUS U3 IIMHKA U
ATIOMUHMUS.

B pesynbTare npoBeAEHHBIX UCCIENOBAHUI yCTAHOBIEHO, YTO METANIMYECKHUE MOKPBITHS,
HAaHECEHHbIE Ha YyriepoAHyro JieHTy JIVII, 1no3BOJSIOT MNOBBILATH BEIUYMHY IPOYHOCTH
YIJIEIJIACTUKOB MpU MekcaoeBoM casure Ha 30%. 3HadeHue KpaeBbIX YIVIOB CMAYMBAHMS IpU
HCIIOJIb30BAaHUU TOKPBITHSA M3 HeEpXkKaBerolled cranu npaktudecku Ha 20% Huke, 4em uid
MOKPBITHS U3 TUTAHA.

OneHuTh KaueCcTBO METAJUIMUECKOTO MOKPBITHSI, HAHECEHHOI'O Ha YyriepoHyro jeHTy JIVII
U €ro TOJIIMHY HENOCPEICTBEHHO Ha JJIEMEHTApHOH HUTU C IOMOIIBIO aTOMHO-CHUJIOBOTO
mukpockona mapku SOLVERHV we ynanocs. [Ipumenenne aTOMHO-CHIIOBOTO MUKPOCKOIIAa MapKu
SOLVER 47PRO 1o3BOiMIHM OIEHUTh TOJIIWHY METALTHYECKOTO MOKPBITHS, BEIMYUHA KOTOPOTO
cocraBuia okojo 30 HM AJis MOKPBITUS U3 TUTaHA U 0KOJIO 90 HM [J1s1 IOKPBITHS U3 HEpKaBerolen
CTaJIH.
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PesynbraTel Hacrosmiel paOoThl TMoJiyueHbl B paMmMKax Ipoekrta mo Teme «Hayunbie
UCCIIEIOBaHMs 10 pa3padOTKe KOMIO3UIMOHHBIX MaTEpHAIOB CO CTPYKTYpPOH YIpaBiIsIeMOro Xaoca
U UX TIPUMEHEHHUE B BHICOKOTEXHOJOTMYHOM IPOU3BOJICTBE» 10 3aaanuio Ne 11.7291.2017/bY.
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B coo0meHnn mnpeacTaBjieHbl Pe3yJbTAaThl AHAIN3Aa MPOM3BOACTBA (PMIBTPOBAIBHBIX TEXHHYECKHUX
TkaHeil B Poccun. Co31aHbl TKAHH HA3BAHHOIO ACCOPTHMEHTA € peryJiHpyeMoil BO3IyXONPOHHIAeMOCTHI0 H
COXpaHEHHeM OCHOBHBIX MeXaHUYECKHX CBOMCTB.

KiroueBble cji0Ba: TKaHb, (puIbTpanus, BO31yXONPOHHIAEMOCTb.

This article informs about analysis of feltings technicals fabrics production in Russia. Regulative air
permeability in technical fabrics is described.
Keywords: fabric, filtration, air permeability

TexHuueckue QUIBTPOBAIbHBIE TKAHU MPUMEHSIOTCS IS paslielieHusl ra3oo0pas3HbIX,
KHUJIKUX U TBEPJBIX CHCTEM.
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Onenka anamutukoB [1, c¢. 60-72] mo oO0bemMaM W JUHAMHUKE TPOM3BOACTBA
(bUITBTPOBANBHBIX TEXHUYECKUX TKaHeH B Poccum B mepuox 2012-2016r.r. 1 oObemMaM U JUHAMUKE
HMMIIOpTa 3TUX TKaHe B Poccuio 3a TOT ke mepuojl mpejacTaBieHa Ha puc. 1,2.
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Puc. 2 O6pemsbl u qunamuka ummnopta @TT B 2012-2016rT., THIC. Mz,%.

OTH TaHHBIE HATJISIIHO CBUAETEIBCTBYIOT O 11€JIeCO00Pa3HOCTH OTEUECTBEHHBIX pa3paboToK
B 00J1aCTH TEXHUYECKHUX TKAHEH YKa3aHHOTO CEKTOpa.

B namem coobmennn pedsr UACT 0 pa3paboTKe cepuM TKaHEH MJii TOHKOW OYMCTKH TpU
GUIBTpAIUU  MPOMBIIIIECHHOTO BO3[lyXa M Ta3000pa3HBIX CHCTEeM C I[OKa3areleM
BO3yXOIMpOHUIIaeMOCTH B  auamnazoHe §,0-200 I[Ms/Mz c. TkaHM JOJDKHBI JJIIUTEIHLHO
sKcIuTyaTuposathes 10 T= 350°C.

AHanu3 MaTeHTHOW JUTepaTyphl 3a IOCJEeAHEe NeCATHIETHE I0Ka3all, YTO CYLIECTBYIOT
OTEUYECTBEHHBIE Pa3pa0dO0TKH (PHIBTPOBATBHBIX TKAHEH B 3TOM HAIIPABJICHUU.

93



W3BecTtHa ¢unbTpoBanbHAs TKaHb, BBIIOJHEHHAS IEPEIUICTEHUEM JIOMaHas cap)ka W3
apcesioHoBOoM  mpsiku.  OnHaKO TeMnepaTyspa SKcIulyaranuud  He  Beiume 250°C  m
BO3/1yXOIPOHUIIAEMOCTh B nuarnazone 40-210 am /M? ¢. CHIDKEHHIE 3TOTO MOKa3aTensl JOCTUIaeTCs
JIOTIOTHUTEIBHBIMU TEXHOJIOTUYECKUMU OTIEpAIMsIMHI: BOPCOBAHUEM MJIM TEPMUUECKON yCaIKOM.

W3BecTHa TKaHb BBINIOJIHEHA CAPXKEBBIM IEPEIICTEHHEM W3 KOMOMHHPOBAHHOM TPSIKH U3
apcesioHa u nmapaapamuja Pycap.

TkaHb XapakTepu3yeTcsl BHICOKUM yanuHeHueM ( 10 88%), 4TO MOXKET BbI3BaTh U3MEHEHHE
pa3MepoB U3JETUs IpU AKCIUTyaTalli, a 3HAUYUT U BBICOKYIO M HEPAaBHOMEPHYIO MO MOBEPXHOCTH
BO3/IyXOMPOHHMIIaeMocTh He Hinke 100 mv*/m%c.

Hamu Ob11 pazpaboTaH psiji TKaHeH, TPEeACTaBICHHBIX Ha Tabauie 1.

Tab6muna 1
[TapameTpsl GUIBTPOBATHHBIX TKAHEH
No [TapameTpsi Howmep o6pa3siia
1 2 3 4 5 6
1. | CeipneBoii cocTaB 1Mo Hutb Hutp Huts Huts Hutp Hutb
OCHOBE apaMUJH | apaMUJHA | apaMHUJH | apaMUIH | apaMUJHA | apaMHIH
as 58,8 s 58,8 ast 58,8 as 110 s 58,8 as 58,8
texkc, 10 | Texc,30 | texc, 10 TCKC. Tekc, 10 | Tekc, 30
MKM MKM MKM 30 MM MKM MKM
2. | CopIpbeBoii cocTaB 1o Hurs Huts Hurs Hurts Hutp Hutp
YTKY apaMHUIH | apaMUJHA | apaMHJH | apaMUIH | apaMUIHA | apaMHIH
as 58,8 158,8 as 58,8 ag 110 158,8 as 58,8
Tekc, 10 | Tekc,30 | Tekc, 30 TEKC, Tekc , 30 | Tekc, 30
MKM + MKM + MKM + 30 MxMm MKM + MKM +
apaMUIH | apaMUJHA | apaMHJIH + npsiKa npsiKa
as mpsKa | A Opsbka | ag Opsbka | apaMuIH | ApcenoH | ApcenoH
45 texc 45 texc 45 texc | as opsixa | 29,4 tekc | 29,4 Tekc
45 Tekc x2 x2
x2
3. [ToBepxHOCTHAS 451 439 449 438 458 450
IJIOTHOCTD, /M
4, CooTHOIIEHHE 1,51 1,49 1,49 1,55 1,49 1,50
HUTEN OCHOBBI U
YTKa Ha €IUHULLY
JUTAHBI
5. Koaddumnment 1,83 1,84 1,85 1,30 1,00 1,50
HAITOJTHCHMS
6. | Pa3pbiBHas Harpy3ka
rmosiocku 25x200,kre
- TI0 OCHOBE 1000 980 975 1150 978 969
- 110 YTKY 575 530 570 401 320 356
1. OTHOCHUTENBHOE
YUIMHCHUE TIPH
paspsise, %
- TI0 OCHOBE 14,3 12,7 22,5 14,8 13,0 12,4
- 110 YTKY 21,3 7.5 6.0 12,7 17,4 18,3
8. | BosnmyxomnpoHuiiaem 8,0 13,6 10,4 200 5,0 9,0
OCTb,
ILM3/M2 c
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B npenioxeHHBIX TKaHIX CapKEBOTO MEPETJICTCHHSI B OCHOBE U YTKE OBLIM HCIOJIb30BaHbI
apaMHUJIHBIC HUTH Ha OCHOBE COIOJMMEpPA, COAEpIKaIlIero OeH3MMHAA30JIbHBIe Tpynmbl. Hutw,
cocrosimue u3 griameHToB 10-30 MKM, UMM JTUHEHHYIO TUIOTHOCT B quana3one 58,8-110 Tekc.
JIOTIOTHUTENBPHO YTOK COAEPKaT NPsDKY OJWHOYHYIO WM JBOMHOTO KpPYYeHHS] HA OCHOBE
KOMOMHAIIMH BOJOKOH U3 apOMATHYECKHUX TTOJTUAMUJIOB.

TkaHu XapaKTEPHU3YIOTCS COOTHOIICHHWEM HUTEW OCHOBBI M yTKa 10 1.55, xo3dduinmeHt
HaroHeHus cocrapisier 1.3-1.85 ( cranku CTB).

Bo3ayxonpoHuaeMoCTh TaKUX TKaHEW MOKHO U3MEHATh B npeaenax ot 8,0 g0 200 I[M3/MZC
BapbUPOBAHUEM CBIPBEBBIM COCTAaBOM , KOd(DPUIIMEHTaMHU HAIOJHEHUS W COOTHOIICHUEM HHUTEH
OCHOBBI U yTKa.

TkaHu MOTYT JUTUTENIBHO SKCIUTyaTupoBarhest 10 T=350°C 3a cueT 3HAYMTEIBHOTO HATHYMS
M-apaMHUIHBIX BOJIOKOH.

[IpencraBnenHas pa3paboTka perraeT BOMPOCH HMIIOPTO3AMEIICHUS B YKA3aHHOM CEKTOpe
TEXHUYECKUX TKAHEH.

JIMTEPATYPA
1. E.Il.JIaBpenTheBa, A.A.CemeHOB. «AHanu3 Poccuiickoro peiHka (pUIBTPOBATBHBIX TEXHUYECKUX
TKkaHeil». COOpHHMK JOKJIAaJ0B YYaCTHHKOB TpPEThEro MEXIyHapOJHOIO0 Hay4HO-IIPAKTHUYECKOTO
cumnosuyma, M3 «bOCy», Mocksa, 2018, ¢ 60-72
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UMIIOPTO3AMEIIAIOIINE CPEJICTBA WHINBUIYAJBHOM 3AIMTHI
(MEPYATKH, HOCKH) /151 SKPAHUPYIOIIUX KOMILIEKTOB OT
SJEKTPOMATHUTHBIX MOJENA PAIMOYACTOTHOT' O IMAITA3OHA

IMPORT-SUBSTITUTING PERSONAL PROTECTIVE ITEMS (GLOVES, SOCKS) FOR
SHIELDING KITS AGAINST ELECTROMAGNETIC FIELDS OF RADIO FREQUENCY
SPECTRUM
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20A0 «Cunys1» (r. Kapaues)
!Innovative Research and Production Centre for Textile and Light Industry, OJSC (Moscow)
“Siluet, Ltd (Karachaev)
E-mail: a.tsvetkova@inpctlp.ru, i.shadrina@inpctlp.ru, s.perova@inpctlp.ru,
e.lavrentyeva@inpctlp.ru, ichernov@vostok.ru

CTaThsl 3HAKOMHT ¢ Hay4YHO-HCCJIEOBATeJbCKOH PpadoToil, Helbl0 KOTOPOHl sBIAANach pa3padoTka
COBPEMEHHBIX HMMIOPTO3aMEIIAIOIINX CPeICTB HWHAWBUAYAJIBHOH 3alUThl (MepYaTKH, HOCKH) s
JKPAHUPYIOIIUX KOMILIEKTOB, 00ecHeYnBaOIINX 3alIUTy MepcoHaka OT JJIeKTPOMATHHUTHBIX moJjel
PaaIH04YaCTOTHOIO AANAa30HA.

B nponecce padoTsl pa3padoTaHbI TEXHOJOTHU NPOU3BOACTBA MEPYATOK H HOCKOB /Il IKPAHUPYIOIMINX
KOMILTeKTOB. M3roToBjIeHbl KpPaHHMpYIOLIUe NMepyaTKH U Hocku. IIpoBeseHbl Hcciiel0BaHUSI KayeCTBEHHbIX
XapaKTePUCTHK TPUKOTAKHBIX IKPAHUPYIOLIUX ePYATOK H HOCKOB.

KnroueBble c10Ba: 3KPaHUPYIOLINI KOMILIEKT; 3JeKTPOMATHUTHOE MMoJIe; IKPAHUPYIOIIAas NMepyaTKa;
3KPaHHUPYIOLIHe HOCKH.

The article introduces a research project devoted to the development of modern import-substituting
personal protective items (gloves, socks) for shielding kits providing personnel with protection against
electromagnetic fields of radio frequency spectrum.

During the work process there have been developed new production technologies of gloves and socks for
shielding kits. The developed shielding gloves and socks have been produced, their qualitative characteristics
assessed.

Keywords: shielding kit; electromagnetic field; shielding glove, shielding socks.

TexHUYeCKUid TEKCTWIb — H3TO JAWHAMHYHO Pa3BUBAIOLIMICS OTPACIEBOM CEKTOP
TEKCTUJIbHOW TPOMBIIUIEHHOCTH BCETO MHUpA. TeKyllee COCTOSHHME pBIHKA, J0JITOCPOYHBIE
MO3UTUBHBIE IPOTHO3BI €r0 Pa3BUTHUS MOATBEPHKIAIOT BAXKHOCTh U 3HAYUMOCTb TEMbI TEXHUYECKOTO
TEeKCTWJI JUIsl POCCHHCKOTO pbIHKA. B HacTosiiee BpeMs MNOTPeOHOCTH B COBPEMEHHOM
TEXHUYECKOM TEKCTHIIE yIOBJIETBOPSIETCS B OCHOBHOM 3a CUET MOCTABOK 10 UMIIOPTY.

CnenuanbHas oJiexaa U cpeAcTBa MHAMBUAYaNbHOU 3amuThl (CU3) gBisitoTcs OAHUM U3
OCHOBHBIX ~ CETMEHTOB  TEXHHYECKOTO  TEKCTHJIS, AaCCOPTUMEHT  KOTOPOrO  IOCTOSIHHO
COBEPILICHCTBYETCS U PaCIIUPSAETCS.

OCHOBHBIMU BUJAMHM CPEICTB 3allUThl TepCOHAlla OT JJIEKTPOMATHUTHBIX IOJeH
PaaMoYacTOTHOTO JMANa3oHa SIBISIOTCS SKPAaHUPYIOUIUME KOMIUIEKThl. OHM TMpeaHa3HAueHbl s
3aIUThl padOTAIONIUX OT BO3JAEUCTBUA 3JIEKTPOMArHUTHBIX MOJIEH paino4acTOTHOTO Juama3zoHa oT
30 xI'u 1o 60 I'T.

B coctaB skpaHupPYIONIEro KOMIUIEKTA BXOJAT CIEAYIOIINE YIEMEHTHI:

— DKpaHUPYIOUIMHA KOMOWHE30H ¢ KAIIOIIOHOM MU KOCTIOM C KaIlIOIIIOHOM;

— DKpaHUPYIOUIMKA TOJOBHOW yOop (B ciyyae, ecid KOMOWHE30H WJIM KOCTIOM 0e3
KaroIIoHa);
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— DJKpaHUPYIOLIUE NEPUYATKH;

— OJKpaHupyroume OOTHHKY WK YYJIKH, HOCKU, OaXWUIIbI;

— IIUTOK 3aIIUTHBIN JINIICBOM;

— Kacka 3al[uTHasl.

B cnyyae komIuiekTanMM 4yjJdKaMd, HOCKaMH WM OaxuiaMH, KOMIUIEKT JIOJKEH
MPUMEHSTHCS ¢ pabodeld 00yBbIO.

C 1enbi0o UMIOPTO3aMEIIECHUS CPEJCTB MHAUBUAYAIbHON 3alIUTHI (IEpYATKH, HOCKHU) IS
SKPAHUPYIOMIUX KOMIUIEKTOB, OOECIIEUMBAIOIINX 3aIUTY MEPCOHANa MPU BBHINOJHEHUHM MOHTaXa,
pEMOHTa U OOCIY)XMBaHHUSI HCTOYHHKOB JJIEKTPOMArHUTHOTO U3Iy4YeHHs, ObUIM pa3paboTaHBI
TEXHOJIOTUHU MX MPOU3BOACTBA [1].

Cnemmamucramun OAO «MHIIL TJII» mo 3akazy OAO «CuirysT» ObLIH pa3pabOTaHbI
AKCIIEPUMEHTAIFHBIE 00pa3lbl SKPAHUPYIOMIMX OIMHAPHBIX BS3aHBIX MATHUIANBIX TEPYATOK C
MIPUMEHEHHUEM DJIEKTPOIIPOBOSAIIMX HUTEN ISl JIULEBOM CTOPOHBI M XJIOMYATOOYMa)KHOM MPSIKHU —
JUIs  W3HAHOYHOM CTOPOHBI mepuaTku (puc. 1) ¢ yderoMm yTBEpKIEHHOH HOPMAaTUBHOU
nokymenTaruu (H/I) u tpeboBanuii, npeapsaBiasieMbix K HUM 3aka3unkoM OAQO «CuiysTy», a Takxke
TEXHOJIOTUYECKMX BO3MOKHOCTEW COBPEMEHHBIX [1€PUAaTOUYHBIX aBTOMATOB.

3aluTHAs NepyaTKa COCTOUT U3 y4aCTKOB: HAyJbCHHUK, KOPITYC, MaJIbIbI.

VYyacTku nepyaTKyu U3TOTOBJICHBI PA3TUYHBIMU MEPEIIICTEHUSMH.

Jlns m3roroBieHus: oOpa3LoB MepUYaTOK pazpaboTaHa CIielUalbHas MporpaMMa Bsi3aHUS U
IIpOBEJIEHA HAJIaJKa [epYaTOYHOr0 aBTOMAaTa JUIsl IPOBSA3bIBAHUS MUIIYPHON HUTH.

Bbui U3roTOBIIEHBI HECKOJIBKO SKCIIEPUMEHTAILHBIX 00pa3lioB SKPaHUPYIOLIUX MEePUYaTOK C

naivlisl

Kopryc

HAMYTbCHUK

Puc. 1 — Dxpanupyromias nepuatka

Bsizanne mnpoBOaMIOCH ABYMsS pa3HBIMU criocobamu. Beul BeIOpaH cmoco0 Bs3aHUSA,
o0ecreunBaOIIUNA  HAJCKHOCTh  NETNeoOpa3oBaHMsl NPU  BHINOJHEHHUH  HEOOXOAUMOTO
neperieTeHusl.

[locne mpoBedeHHs UCHBITAHUA W OmpefeneHuss Kod(pQUIMEHTa SKpaHHUPOBAHUS
AKCIIEPUMEHTAIILHBIX 00pa3lloB MEepYaTOK B COCTaBE KOMILUIEKTA IPOU3BENIEH BHIOOP ONTHUMAIbHBIX
3alpaBOYHBIX JAHHBIX [UIS BA3aHUS OIBITHON NAPTUH DKPAHUPYIOLIUX IIEPUYATOK.

Cnemmmamucramun  OAO  «MHIIL[ TJIII» pa3paboTanbl SKCHEPUMEHTATBHBIE 00pa3IlbI
OKpaHUPYOIIUX HOCKOB C I[BOﬁHBIM 60pTOM U YMJIMHCHHBIM IAroJ€HKOM C IMMPUMCHCHUCM

97



AJIEKTPONPOBOAIIMX HUTEH M JUIEBOM CTOPOHBI M XJIOMYATOOYM@)KHOM WpPSKU — JUIs
W3HAHOYHON CTOPOHBI HOCKA (pHC. 2) ¢ y4eTOoM TpeOOBaHUH, MPEABSIBISIEMBIX K HUM 3aKa3YHMKOM
OAO «CuysT», a TakKe TEXHOJOTMYECKUX BO3MOXKHOCTEH COBPEMEHHBIX OJHOLMIMHAPOBBIX
KpYIJI0YYJIOYHBIX aBTOMATOB.

deoiiHoil bopm

YVOTUHEHHbI
nazonexHox

HAMKAa

MblCOK

Puc. 1 — Dxpanupyromuii HOCOK

3amUTHBIA HOCOK COCTOUT M3 YYacTKOB: JTBOMHON OOpT, YAJIMHEHHBIA MAarojeHOK, CJeN,
TATKA, MBICOK.

VY4acTKu HOCKa N3TOTOBJICHBI PA3IMYHBIMU NEPEIIETCHUSMU.

JUiss M3roTOBJICHHS SKCIEPUMEHTATBHBIX 00pas3lloB HOCKOB pa3paboTaHa crenuaibHas
porpaMMa Bsi3aHHS M IIPOBEJIEHA HajaJKa KpYrJouyyJOYHOTO aBTOMaTa Ui IPOBSA3BIBAHUS
MUILYPHO! HUTH.

st Bsa3aHUs 00pa3IioB BHIOPAHBI MEPEIICTEeHHUs, CTOCOOHBIE 00eCIeunTh 00pa3oBaHre Ha
JIULEBOM CTOPOHE 3AIUTHOTO CJI0S, a HA U3HAHOYHON — TMTMEHUYECKOTO.

Pa3pabotan BapuaHT 3anpaBKH JIsl U3TOTOBIIEHUS SKCIIEPUMEHTAIbHBIX 00pa31l0B HOCKOB.

[Tocne mpoBemeHuss UCOBITAHUA W ompeneneHus KodhduiMeHTa >KpaHHPOBAHUS
AKCIIEPUMEHTAJILHBIX 00Pa3I[0B HOCKOB B COCTaBE€ KOMIUIEKTa MPOU3BEICH BBHIOOP ONTHUMANbHBIX
3alMpaBOYHBIX JaHHBIX. BBUIM OTpa0OTaHBl 3alpaBOYHBIC [aHHBIE Ha BS3aHHE, YCTAHOBJICHA
IJIOTHOCTD BSI3aHUS, ONIPEEIICHbI IMHEHHBIE pa3Mepbl HOCKOB IO CHATHIO C aBTOMATA.

[IpoBenensi uccaea0BaHus (U3UKO-MEXaHUYECKUX, CaHUTAPHO-XUMHUYECKHX,
OpPraHOJIENITUYECKUX, TOKCUKOIOTO-TUTHEHNYECKUX, TTOTPEOUTENbCKUX U CHEUANBHBIX 3aIIUTHBIX
CBOMCTB SKCIIEPUMEHTAIBLHBIX 00pa3I[0B TPUKOTAXKHBIX IKPAHUPYIOMIMX MEPYATOK W HOCKOB IS
3alUTHI IEPCOHANA OT 3JEKTPOMArHUTHBIX MOJIEH pagloyacTOTHOTO TUana3oHa.

s uccrienoBaHUsSl CIIENMATBHBIX CBOWCTB AKCIEPUMEHTAIBHBIX OO0pPAa3IOB 3alUTHBIX
MepuaToOK M HOCKOB BBIOpaHbl OCHOBHBIE MOKa3aTeNM, XapaKTEPU3YIOIIHUE CIOCOOHOCTh W3JEIH
MPENsATCTBOBATH MOPE3Y M BO3JACUCTBHUIO 3JIEKTPOMArHUTHBIX IMOJIEH pajiMoyacTOTHOIO AMarna3oHa
or 30 kI'm go 60 ITu: comportuBieHHe mMope3y, KoIPPHUIMEHT SKpaHUPOBAHUS B COCTaBE
KOMILIEKTA, 3JIEKTPUYECKOE COMPOTUBIICHUE B COCTaBE KOMILJIEKTA.

Pe3ynbpTarel MCOBITAHUM UMIOPTO3aMEIIAIONIUX HKPAHUPYIOIIUX IE€PUYaTOK U HOCKOB
NpUBECHBI B TabnuIe 1.
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Tab6muna 1
Pe3ynbTarhl HCIIBITAHUI SKPAHUPYIONTUX MTEPUYATOK U HOCKOB

CaoiicTBa Haumenosanue Bun usnenus

U3aCInsA IIOKa3aTeciid, SKpaHUPYIOMIUC SKpaHUpyromue
€. USMCPCHUA IEpYaTKU HOCKH

I'uruennueckue ['urpockonn4HocTs, % 7,5 5,4

Bo3nyxonpoHuiiaeMocTs, 520 -

;[M3/M2-c

[ToTpeburtenbckue Pactsoxkumocth, MM - HamyabcHUKa — 330 - 6opra — 440;
- marojieHka — 328

CneunaibHbie ConpotuBieHue nopesy,

H/Mmm 10 i

Koapdpuument
SKpaHUPOBAHUS B 32,79
cocTaBe KoMIuiekTa, 1b

DJIEKTPUYECKOE
COIIPOTUBIICHUE B COCTaBe 5,1
KoMIiekTa, Om

OTMeueH  BBICOKMA  YPOBEHb  THTHEHHMYECKHX M TOTPEOMTEIBCKUX  CBOMCTB
AKCIIEPUMEHTANBHBIX O0pa3I[OB OJKPAaHUPYIOUIUX TMEpPUaTOK ¥ HOCKOB, OOECIIEUHBAIOIINX
KOM(OPTHOCTH U Pa3MEpPOyCTONYMBOCTD B POLIECCE IKCILTyaTALIUH.

WcnbiTanus ToOKa3aiM, 4YTO BEJIMYUHBL:  COMPOTUBIEHHE TOpe3y, KOAPDUIIUSHT
SKPaHUPOBAHUS U AJIEKTPUUECKOE COMPOTHUBICHHUE SKPAHUPYIOIIMX HOCKOB M IEPYaTOK B COCTaBe
KOMIUIEKTa, COOTBETCTBYIOT TPEOOBAHMSIM, MIPEABSBISIEMBIM K dKpaHUpyomuM Komiuiektam TP TC
019/2011 [2] u TOCT 12.4.305 [3].

HcnbiTanus SKpaHUPYIOUIUMX MEPUYaTOK M HOCKOB MO (PU3UKO-MEXaHUYECKUM, CAaHUTAPHO-
XUMHYECKUM,  OpPraHOJENTHYECKUM, TOKCHUKOJIOTO-TUTUEHUYECKHM,  IOTPEOUTENIbCKUM U
CHEIHANbHBIM  3alllUTHBIM CBOWCTBAM TOATBEPAWIN COOTBETCTBUE W3ACNUN TpeOOBaHUSIM
TEXHUYECKOT'0 PETIaMEeHTa.

C ydeTroM MpOBENECHHBIX PabOT pa3pabOTaHbl TEXHOJOTHYECKHE PEKUMBI MPOM3BOACTBA
SKPAHUPYIOMIMX MEPYATOK U HOCKOB.

Paspabotansl u yrBepxkaeHsl TY:

- TY 14.12.30-004-00302178-2017 «DkpaHWpylolie HOCKH I 3alllUThl  OT
AJIEKTPOMArHUTHBIX TOJIEH paA0YacTOTHOTO JUAa30Hay;

- TY 14.12.30-005-00302178-2017 «3OxpaHupyrouye TPUKOTAKHbIE MEPYATKU IS
3alUTHI OT PJIECKTPOMArHUTHBIX MOJIEH PaiMOYaCTOTHOTO TUAIIa30HaY

CpaBHUTENBHBIA aHAINU3 pPa3paOOTaHHBIX TEXHOJOTUNW TIPOU3BOJCTBA AKPAHUPYIOIINX
MepYaToK M HOCKOB, a TAKXKE HX IIOKa3aTeleil KadyecTBa C TEXHOJOTHSIMA M KaueCTBEHHBIMHU
MOKAa3aTeIsIMI aHAJIOTUYHBIX W3JETUI BeIyIInuX 3apyOeKHbIX (UPM MOKa3all, 4To pa3paboTaHHBIE
TEXHOJIOTHU SIBJISIFOTCS] TEXHOJIOTHUSIMA MUPOBOTO YPOBHSI.

[To 3aBepiieHNIO pPabOTHI OBUIH MTOIAHBI JIBE 3asIBKU Ha MOJIY4YEHHE MTaTEHTA.

[lonyyen mnareHT Ha mnone3Hyro Mozaenb Ne 176287 «OxkpaHupyromas TPUKOTaXHas
nepyaTkay.

[Monyuen nateHT Ha n300peTeHne Ne 2652577 « IKpaHUPYIOIIUE HOCKH.

OAO «MHIIL TJIIT» 1 OAO «Cumy3T» SBISIOTCS COBMECTHBIMHU ATEHTOOOIa1aTEeIISIMH.

JIUTEPATYPA
1. JlaBpentseBa E.I1., Hagpuna U.C., IlepoBa C.H., I[IsetkoBa A.E. u np. Otuer 0 HUOKP OAO
«UHIIL[ TJII» «Pa3paboTka TEXHOJOTHHA TPOW3BOJCTBA CPEACTB HHIAMBUAYATHHON 3alUTHI
(mepuyaTku, HOCKH), COOTBETCTBYIOLIUX MHPOBOMY YPOBHIO, IS 3KPAHUPYIOLUIUX KOMILIEKTOB,
00€eCIeunBaONINX 3aIIUTY MEePCOHaNa OT JIEKTPOMArHUTHBIX TOJIEH MPOMBIIIUICHHOW YacTOTHI H
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panuouactoTHoro nuanasona; onucanne HUOKP mo BeIOOpY CBIPbS M KOMIUIEKTYIOUINX, a TaKXkKe
TEXHOJIOTHI TIPOM3BOJICTBA SKPAHUPYIOMUX KOMIUIEKTOB. JTtar II1», 2017. — 375 c.

2. Texumnueckuii pernmamenT TamoxenHnoro coroza 019/2011 «O 6ezonacHOCTH CPEACTB
WH/MBUYaJIbHOM 3aLIUTHI».

3. TOCT 12.4.305-2016 «Cucrema crangaptoB Oe3onacHoct Tpyaa (CCBT). Kommiuekr
SKPAHUPYIOIIMH AJIs 3aIIUThI IEPCOHANA OT AJIEKTPOMArHUTHBIX MOJIEH pauoyacTOTHOTO
nuamna3ona. O0Ire TEXHHYeCKUue TPeOOBAHUS.

YIAK 677.11.08

OBOCHOBAHME TEXHOJOTIMYECKHUX YCJOBHUI MOJUPUKALINA
JIBHOBOJIOKHA JIUIA HOBBIINEHUA EI'O COPBIIMOHHBIX CBOUCTB

RATIONALE OF THE TECHNOLOGICAL CONDITIONS
OF FLAX FIBER MODIFICATION TO IMPROVE ITS SORPTION PROPERTIES

C.B. Aneesa, O.B. Jlenumoa
S.V. Aleeva, O.V. Lepilova

Wuctutyt xumuu pactBopoB umenu I'.A. Kpecroa Poccuiickoii akanemun Hayk (r./IBaHOBO)
G.A. Krestov Institute of Solution Chemistry of the Russian Academy of Sciences (r. Ivanovo)
E-mail sva@isc-ras.ru

B crarbe o0cy:xknaioTcsi pe3yabTaThl OLEHKH BJIMAHHUSL COCTaBa MNOJM(epMEHTHOH KOMIO3MIMM IS
onoMonudpuKAIMU JTHHOBOJOKHA HA 3¢ (eKTUBHOCTH Pa3BUTHsI yAeJbHOi MOBEPXHOCTH MaTepuaia U MOBbIIIEHUS
PeaKIOHHON CIOCOOHOCTH MOJIUYIJIEBOAOB H JIUTHHHOBOW KOMIIOHEHTHI B OTHOLIEHUN OPraHUYeCKHX COeMHEHHUI.
JuddepenuupoBan BKJIAA KaxkI0T0 U3 IOJMMEPHbIX KOMIIOHEHTOB B pa3BUTHE BHYTpPEHHeil IOBEPXHOCTH
BOJIOKHHCTBIX 00bEKTOB /ISl HCCJIelyeMbIX BADMAHTOB OMoMoaupuKanmm.

KiioueBble cjioBa: JIbHOBOJIOKHO, MOJMMEPHBIi cocTaB, OuoMoaudukanus, yaelbHas NOBEPXHOCTb,
copouusi napos ¢eHoJia, BOJAONOIJIOLIEHHE.

The results for the evaluation of the influence of the multienzyme preparation composition for
biomodification of the flax fiber on the effectiveness of the specific surface increase in the material and enhance
activity of the polysaccharides and lignin to reactions with organic compounds having been discussed in the
article. The role of the each polymer component for the increase of the inner surface of fiber objects after
different options of the biomodification having been differentiated.

Keywords: flax fiber, polymeric content, biomodification, specific surface, phenol vapour adsorption,
water absorption.

Jis  pemieHHs HAyYHO-TEXHOJIOTMYECKMX 3ajlad, HANpaBICHHBIX Ha PETyIMPOBaHUS
COpPOIIMOHHBIX CBOMCTB OTXO/OB IMEPEPAOOTKH JIbHOBOJIOKHUCTHIX MaTEPHAIOB (YyrapoB), MPUMEHEHBI
OPUTHHAIILHBIC PEIICHUs, OOCCIICYMBAIONINE TPOCTPAHCTBEHHO JIOKAIM30BAHHYIO JECTPYKIIUIO
MOJIUMEPOB B CTPYKType IepepadaThiBa€MbIX JMTHOLIEUTIONO3HBIX MarepuanoB. C 3TOH 1enbio
aIalTHPOBAHBI TEXHOJIOTUYECKUE MMOAXOJbl K OCYIIECTBICHUIO OHOXUMHUYECKOW Moaupukanuu
JIbHOBOJIOKHA, B OCHOBY KOTOPBIX IOJIOKEHBI MPUHLUITBI HAYYHO-00OCHOBAHHOTO 1MOAOOpa cocTaBa
nonu(pEpMEHTHBIX ~KOMIO3HWIMKA I pealu3allid HE TOJIBKO MEXaHHW3MOB CYOCTpaTHOM
cnerupUIHOCTH (EPMEHTOB (CETIEKTUBHOCTH), HO M TPHEMOB PETYIMPYEMOTO IPOSBICHUS WX
AKTUBHOCTH B ONPEHCICHHBIX CTPYKTYPHBIX 30HaX OHOIMOIUMEPHOW CHCTEMBI, a TaKKe
OPUTMHAIBHBIX 3(PPEKTOB MCHOIH30BAHUS MPOAYKTOB, FEHEPUPYEMBIX B XOJie OMOKATaIU3HPyEeMbIX
MPOIIECCOB, B KAyeCTBE BTOPHUYHBIX pPEAareHTOB JJIs TPOTeKaHUs redox-ipeBpalieHuil B
MaKpOMOJIEKYJ1ax JUrHuHa [1-4].

Merton MomupUKaK T-HOBOJIOKHA MPEAIOIaracT pealn3aiuio IByCTaAUHHON 00paboTKH:

1 cragus (Cat) — depMeHTATHBHBIN KaTalu3; MPOIECC OCYIIECTBISIOT B PacTBOPE
depMmenTHBIX TIpenapaTos npu Temreparype 40+1°C, pH 6,5 u moxysie Banus 1:5 B Teuenue 1-3 4.
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2 cramus (Red) — akruBarms redox-nipeBpallieHUit JIMTHUHA; CyOCTpaT mouenaynBaoT 10 pH
11, marpesaror 10 95+1°C u BbIIEpkKUBAIOT B TeueHUEe 20 MUH.

B uccrnenoBaHusx MCIONB30BAaHO PA3HOBUIAHOCTH YECAHOTO JIbHOBOJIOKHA OTEYECTBEHHOT'O
MIPOM3BOJICTBA: OHIICKOE, KOCTPOMCKOE, BOJIOTOACKOE, KaTy>KCKOE.

Panee B pabotax [5,6] 060cHOBaH 3(PEKT MOTOKHUTEIHLHOTO BIUSHHUS IEKTUHOBBIX BEIIECTB
U TEMHULEJUIIONIO3HBIX COEAMHEHHH Ha TMPOSBICHHE COPOIMOHHBIX CBOMCTB JHbHOBOJOKHHUCTBIX
MaTepualioB. YCTaHOBJICHO, YTO HAMNpaBICHHOCTh JEHCTBUA  (EPMEHTHOro Tpemnapara
OpUEHTHpPOBaHa, MpPEXIe BCEro, Ha MOAU(UKALMIO OCHOBHOTO IOJIMMEpa — LEJUIIOJIO3BL.
Vcnonb30BaHHBIE  KOMIIO3UIMM  SKCIIEPUMEHTAIBHBIX  LEJUIIOJIOIUTUYECKUX  TpenapaToB
npou3BoactBa 3A0 «Ou3um» (r. Jlagepkun, BuaHUIKONW 007., VYKpawHa) OTJIMYAIOTCS
CIIOCOOHOCTBIO K a/ICOPOLIMOHHOMY CBSI3BIBAHUIO C PACIIEIUIIEMBIM CYyOCTPaToOM:

- LIT 1 — xommo3umus cnabo aacopoupyrommxcs (CA) pepMEeHTOB ¢ HU3KUM 3HAYCHUEM
KO3 pHIMEeHTa PAaBHOBECHOTO pAaCHpeAETCHHUs SH3MMOB MEXIY pacTBOPOM M MOBEPXHOCTHIO
cyocrparta (ko3¢ dunment agcopounn ['enpu Kp=0,32 1/1);

- LIT 2 — comepskut B cBoeM cocTaBe podHo aacopoupytomume (ITA) nemmonassr (Kp=3,8 1/1).

XapakTepucTuKa OHoIpenapaToB U YCIOBHS UX MPUMEHEHHS TIPUBEACHBI B Ta0. 1.

Tab6muna 1
[Tpoduias akTHBHOCTH (DEPMEHTHBIX MPENapaToB
XapakTepucruka AKTHUBHOCTH ()EpMEHTOB Ycnosus
IIpenapar
npenapara B paboueM pacTBOpe, e7/MJ MIPUMEHEHUS
KOMILJICKC SHJIOTJIFOKaHa3a 100 o
T=35...60°C
HIT 1 LIETUTIOIOIUTHYECKUX DK30III0KO3Ua3a 80 155 75
CA-depmeHTOB nemuioouasa 35 P21,
KOMIIIEKC SHAOIIIOKaHa3a 450 o
T=37...45°C
LIIT 2 HEIUTFOJIOU THYECKHUX AK30TJIIOKO31/1a3a 270 H=6.0..7.5
[TA-depmenToB 1eoonasa 150 p Y

Kommosumnust TTA-mienrona3 JOMONHUTENEHO YCHUIIMBAJIACh BBEICHHEM IPOTEONUTHUSCKHX
¢bepmentoB — moaudukarust LI 2, ypoBeHs akTHBHOCTH MpoTea3 B padouem pactBope 30 ex./mit.

B cepuu SKCIIepMEHTOB ¢ MpoBeneHreM ctaanu Red ncrnonb3oBanu 0a30BYF0 KOMIIO3UITHEO
depmentoB LI 2m ¢ mobaBkamMu OJHOTO TOMOTEHHBIX (OYHINEHHBIX) (EPMEHTOB IK30T€HHOTO
(ocaxapuBaroIero) ACHCTBUSA, BapbUPysd YPOBEHb AKTHBHOCTH dk30rioko3uaasbl (IJIrkso) B
uatepBasie g0 1200 em./mn, oax3oramakro3ugaszbl  (IAJlsksp)  200...600 en/mMn  wim
sk30kcuo3uaasbl (KCoisp) 300...800 ex./mi, mubo mpuMeHsss UX KOMOMHUPOBAHHBIE COYCTAHMS.

CocTosiHME TIOJIMMEPOB  CBS3YIOIIMX BEIIECTB B  MEXKBOJOKOHHBIX IPOCTPAHCTBAX
KOMIUIEKCHOTO BOJIOKHA XapaKTepU30Ball C YYE€TOM OOIIEro COMEpKaHUS TeMHIICIUTIOIO3HBIX
coenmuaennii (/'I]) w mnextuHa ([]), a TaKXKe JOIM TIOJUMEPOB, TEPEXOMSAIIMX IIOCIE
(epMEHTAaTUBHOTO BO3ICHCTBHS B CTPYKTYPHO BBICBOOOXKIIEHHOE COCTOSIHHE (COOTBETCTBEHHO
I'l]cp n Ilcp), uTo obecrieunBaeT WX M3BJICUYCHHE M3 CyOCTpaTa pacTBOPOM IABEJIEBON KHUCIIOTHI.
H3MmeHeHne cOCTOSIHUSI TIEJUTIONO03HBIX (PUOPHUILT OLIEHUBAIIU C YYETOM JIaHHBIX YACITBHOU BSA3KOCTH
MEIHO-aMMHAaYHOTO pacTBOpa MEJUTION03bl (1)), XapaKTepU3YIOIIEH CHIDKEHHE CTENCHH ¢e
nonuMepu3aruu. CrTeneHb JECTPYKIIMM CTPYKTYpHBIX 0Opa3oBaHWN JUTHHHA, B peE3yibTare
HHHUIUUPYEMbIX IedOX-IpeBpalleHui, XapaKTepU30BaIU CIIOCOOHOCTHIO MOJMMEPa K PEaKIUH
CyTb(UTUPOBAHUS U TOBBIIMICHUEM COACpXKaHUS (Ppakiuu, pacTBOpUMON B 72%-HOM pacTBOpe
H,SO, (VIp). 3naucuue JIp onpeaesuii u3 pa3sHOCTH BEJHYUH OOIIEro copep:kanus momumMepa (J1) u
conepxkanus uranaa Kimacona (k).
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a) 0) B)
Puc. 1. I3MeHeHHe CTPYKTYPHBIX XapaKTEPUCTUK BOJIOTOJCKOIO YECAHOTO JIbHOBOJIOKHA MPU
moaudukaruu npemaparamu LIT 1, TIT 2 u HIT 20

Ha npumepe o0paGoTKH BOJOTOJCKOIO YE€CAaHOTO JIbHOBOJOKHA COIOCTaBJIEHO JEWCTBHE
(epMEHTHBIX MpenapaToB Ha OWMOMOJIMMEPHYIO CHUCTEMY BOJIOKHHUCTOTO Marepuala. Pe3ynbraThl,
Mpe/ICTaBJICHHbIE Ha PUC. |, TO3BOJISIOT CAETATh CIAEAYIOUINE 3aKITI0YSHHUS

- TOMOJHUTHYECKOE (MOBEpXHOCTHOE) naeicTBue mnpemnaparta L{II 1, compoBoxmaromieecs
MOCTOSTHHOW cMeHo  auciokanuu CA-GepMeHTOB TOCHe KaXKIOro KaTAIUTHYECKOTO aKTa,
Oo0yCIIOBIMBAEeT HE3HAYUTENbHBIE W3MEHEHUS COCTOSHUSA IEJUTI0N03bl  (CcM.  puc. la);
MIPEUMYIIECTBEHHOE MPOSBIEHUE aKTUBHOCTH II€JUTI0JIa3 B MEXBOJIOKOHHBIX 30HaX Marepuala Io
OTHOIICHUIO K MaKpOMOJIEKYyJIaM Te€MUIIEIUII0N03 obecreunBaeT npupocT nokasarens ez (cM.
puc. 10), 9To O6JaronpusTHO JUIsl pa3BUTHS TOPOBOM CTPYKTYPhI MaTepuaa;

- ITA-dpepmentsr mpemapara LI 2 B 3HauuTeNbHO MEHbBILIEH cTeNeHH OOECTIEUYMBAIOT
CTPYKTYPHOE BBICBOOOXKIIEHHE TeMHIEIUT0N03 (cM. puc. 10) m mektuHa (cMm. pwuc. IB),
MPEUMYIIIECTBEHHO BO3CHCTBYSl Ha IEJUITIOJIO3Y KJIETOYHON CTEHKH JHHSHBIX BOJIOKOH (CM. pHC.
la), uTo OoTpakaercs B CyIIECTBEHHOM CHIKEHUHU BEIMUYMHBI MIOKA3aTeNs 1); HapylleHne MIOTHOCTH
YIaKOBKA MaKpPOMOJIEKYJI LIE€JUTIOJIO3bI OJIaroNpHUsTHO AJisS YBEIMYEHHUS BHYTPEHHET0 CBOOOTHOTO
o0beMa OnoMoAN(PULIINPYEMOT0 BOJIOKHA;

- 3(EeKTUBHBIM METOJIOM MOBBIIIECHUS MMOABMKHOCTH MOJIMMEPOB B MEKBOJIOKOHHBIX 30HaX
JTBHSHOTO BOJIOKHA SIBJISIETCS KATAIUTUYECKOE BO3JCHCTBHE HA MPOTEHHOBBI KOMIIOHEHT YTJI€BO/I-
OEKOBOTO KOMILIEKCA; pacllelIeHne MOJUIENTHAHBIX [enel moj IedcTBUEM MpoTeas3 mpemnapara
IIT 2n obecreunBaeT Bo3pacTaHue 3HaueHWi mokazatenei [[]cp u Ilcp B 3,2...4,4 paza mo
CpaBHEHUIO C KpUBBIMM AJ1s npenapata L{IT 2.

CXOHBIA BHJ 3aBUCHMOCTEH TIOIYyYeH JJISi COTMOCTABISIEMBIX BApHAHTOB OMOMOM(UKAITIH
KOCTPOMCKOT'O JIbHOBOJIOKHA C TIOBBIIIEHHBIM COZAEp)KaHUEeM JHWrHuHA. B Tabn. 2 mpencraBiieHs
pe3yNbTaThl M3MEHEHUS COCTOSHHSI MOJMMEPHBIX KOMIIOHEHTOB W BEIUYMHBI TUIOMIAIN YIACITBHON
noBepxHOCTH (Syy) U1 ABYX BOJOKHUCTBIX 00pa3I0B, COMOCTABIEHNE KOTOPhIX OOBEKTUBHO OTPaXKaeT
HEOOXOJMMOCTh Y4eTa HE TOJNBKO MPOHCXOISIINX B XOA€¢ OMOMOTU(HKAINN U3MEHEHUIH COCTOSHHUS
MOJIMMEPHBIX KOMIIOHEHTOB, HO U UX UCXOJTHOTO COJIEPKAaHHUS B BOJIOKHHCTOM MaTepHase.
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yCJIOBHH MpoBeeHust onomoudukarmu B pesxxume Cat

Tabauua.2
Pe3ynpTaThl H3MEHEHHH COCTOSIHUS BOJIOTOJICKOTO M KOCTPOMCKOTO JIbHOBOJIOKHA TIPH BaPbUPOBAHUI

JIbHsiHOE DepMEHTHBIN | Tcat, [TonumepHBIH cOCTaB MaTepUaAIOB, Mac.% Sg;[,
BOJIOKHO npenapar q 11 (n) I'/TLcg II/TIcp JI/JIp M/T
- 0 73,5(1,98) | 11,6/0,5 2,7/0,3 16,9

1 73,5(1,89) | 11,6/2,1 2,7/0,5 20,5

LT 1 2 73,5(1,85) | 11,6/3,8 2,7/0,7 25,8

3 73,5(1,82) | 11,6/58 2,7/0,9 27,9

BOJIOTOACKOE 1 73,5(0,90) | 11,6/1,6 2,7/0,4 35/0.8 35,4
1T 2 2 73,5(0,64) | 11,6/2,0 2,7/0,6 e 41,3

3 73,5(0,57) | 11,6/2,2 2,7/0,7 54,6

1 73,5(0,90) | 11,6/41 2,7/1,1 40,1

T 2o 2 73,5(0,64) | 11,6/5,7 2,7/1,9 54,6

3 73,5(0,57) | 116/7,1 2,7/2,6 64,4

- 0 66,4 (1,81) | 13,3/0,3 3,3/0,2 14,7

1 66,4 (1,72) | 13,3/2,4 3,3/0,6 17,6

IT 1 2 66,4 (1,69) | 13,3/4,4 3,3/0,9 23,9

3 66,4 (1,66) | 13,3/6,7 3,3/1,2 25,3

KOCTDOMCKOE 1 66,4 (0,82) | 13,3/1,9 3,3/0,5 73/0.6 34,1
p L1 2 2 66,4 (0,58) | 13,3/2,3 3,3/0,7 = 49,2

3 66,4 (0,52) | 13,3/25 3,3/0,8 52,9

1 66,4 (0,82) | 13,3/4,7 3,3/1,3 38,6

LI 2 2 66,4 (0,58) | 13,3/6,5 3,312,3 55,8

3 66,4 (0,52) | 13,3/8,1 3,331 62,1

AHanm3 MoJTy4eHHBIX PE3YJIbTaTOB CBUAETENBCTBYET O HATMYMH CIIETYIOIINX TEHACHIN:
- BO3pacTaHue IMoKas3arels Syj M0 Mepe YBEIMYEHHs MacCOBOM NONM LEJUIIONIO3bl U CHUXKEHHS
BA3KOCTH €€ MEJHO-aMMHAyHOTO pacTBOpa, a TakXkKe TIOBBILCHUS KaK OOILEro CojepKaHHs
TeMUIIEIUTION03, TaK U CTPYKTYPHO BBICBOOOXKIAEMOM MX YacTH;
- TEeKTUHBl - KJesAllas OCHOBA MEXKJIETHbIX O0O0pa3oBaHMN M MHKPYCTOB - CJAEPKUBAIOT
dbopMHUpOBaHHE BHYTPEHHETO O0BEMa; OHMOKATATM3UPYEeMOE paCHICIUICHHE HX IOJIMMEPHOTO
OKPY>KEHHSI U YMEHBIIICHHE UX CTPYKTYPHOH CBSI3aHHOCTH CIIOCOOCTBYET MOBBIIICHUIO ITOKA3aTeNs
Syﬂ.

Bapuant  aHamuTHuYecKoW — MojeNH, MO3BOJsIOMIEH  (opManu30BaTh  B3aUMOCBA3ZH
MOJINMEPHOT0 COCTaBa ¢ U3MEHEHUSIMH yI€JIbHOW MOBEPXHOCTH MOAU(PHUIIMPOBAHHBIX MaTEpUasOB,
UMEET BUJL:

S,; =0,458 +O,362% +0,0830L] +1,235T'L ., —0,018I1 +0,9921T ., ,R = 0,693 (1)

VpaBuenne (1) He oOmamaeT BBICOKOW CTEMEHBIO AMMPOKCHUMAIIMH SKCIIEPUMEHTAIBHBIX
JAHHBIX, U BBICOKOE 3HAUCHHE CBOOOJHOIO 4J€HAa YpPaBHEHHUS OTpakaeT HaJM4Me HEYYTCHHBIX
BXOJIHBIX TTApaMETPOB CHCTEMBI. BMecTe ¢ TeM JaHHas 3aBUCIMOCTh MOKET OBITh MPUMEHEHA IS
OIMCAHMSI COCTOSIHUS HU3KOJIUTHU(DUITUPOBAHHOTO JTyOOBOJIOKHUCTOTO CHIPBS.

[TonGop  cocraBa  Owompenapara ©W  YCJIOBHH  TIpoBeneHHs  OMO0OpabOTKH
BBICOKOJIMTHU()UITUPOBAHOTO BOJOKHHUCTOTO MaTepHuaja JOJDKEH OOeCHeuuTh peryiupyemMyro
OMOJECTPYKIIMIO TOJMYTJICBOJOB BOJOKHHCTOTO MaTepualia W HWCIOJIb30BaHHE Te€HEPUPYEMBIX
HU3KOMOJICKYJISIPHBIX TPOAYKTOB B KaueCTBE BTOPUYHBIX PEAreHTOB JJIS NPOTEKAHUS PEIOKC-
MpeBpalleHus] JIMTHUHA, KOTOPBIE OCYIICCTBISIOTCS TMPH JTOCTHIKCHUH HEOOXOIMMOTO YPOBHS
BOCCTAHOBUTENBHOTO moTeHnuana cucremsl: | —OBIT | > 1000 mB. C stoii nensio Ha cragumn Cat
HeoOXo/MMa OTpe/IeJICHHAsT CTENEeHb TeHEpaliid HU3KOMOJEKYJSPHBIX CaxapoB, KOTOpbIC Ha
nocieayroomei craxuun Red B pesynpTare TEPMOMHHUIMHPYEMOTO PETPOATBAOIBHOIO pacrajia
00pa3yIoT CMECH COSTMHEHHH C BBICOKIMH PEIYIIUPYIOIIMMHU CBOHCTBAMH.

Hannuple puc. 2  orpaxaioT 3(PQPEKTUBHOCTh T€HEpAlUd  HU3KOMOJEKYJSPHBIX
BOCCTAaHABIIMBAIONIMX CaxapoOB TMPH HCIOJb30BAaHHHM HECKOJBKUX BapUAaHTOB  yCHIJICHUS
nonudepmeHTHoro npenapara L1 2m 5k30reHHBIMH (OcaXapHBalOIUMK) (PepMEHTAMHU.
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300 1 cac, F'AJDbK30 B KCoxso

ZSOMKMOHb/r OTJbkso 0" 'mix"

200 - Puc. 2. Db dekTHBHOCTH HAKOTUICHUS
BOCCTaHABJIMBAIOIINX CaxapoB Mpu 00paboTKe
KOCTPOMCKOTO JIbHOBOJIOKHA KOMITO3HIIHSIMH
100 | 6a3oBoro ouonpemnapara L{I1 2n ¢ no6aBkamu
TOMOI'CHHBIX 3K30T'€HHBIX (bepMeHTOB " ux
CMECH «MIiX»:

0 LT 21 + T'Jlks0(1200 em./mon) +
200 300 400 500 600 800 1200 + T'AJL;0(400 en./mi) + KCoys0(500 ex./mim).

AKTHBHOCTD 3K30I'€HHBIX (l)epMeHTOB, e)]./MJ]

150 -

50 -

B cnyyae KkoMOMHUPOBAHHOTO BBEJICHUS OCaxapUBaIOIIUX (EPMEHTOB MOTYyUYEHBI PE3yIbTaThl,
OTpaXKaloIHe aJTITUBHOE YBETMYCHUE COJIEPKAHNS HI3KOMOJIEKYIISIPHBIX MIPOTYKTOB B COOTBETCTBHU
¢ 3¢ dexrom pepMeHTaTUBHON TECTPYKITUH OT/ICITBHBIME BUIAMH K30/1CTIONINMEPA3.

Bwmecrte ¢ TeM, xak mokaszaHo B Ta0m. 3, HeoOxomumbiid ypoBerb OBII Ha mocnemyromieit
craquu Red nocturaercs Toiapko mpu BenuunHe Cpe, mpesbimaromeii 230 mMxmoas Ha 1 T
cyOcTpara, T.e. IS BapUAHTOB MOJU(DEPMEHTHBIX CHUCTEM C MAaKCUMAIbHBIM 3HA4YCHHUEM
akTUBHOCTH ['JI5k30 U JONOTHUTENBHBIM €€ YCUJIEHHEM TeMULIEIITI0Na3aMU SK30M€HHOTO JeHCTBHSL.

JlocTuraemplii ypOBeHb aKTHUBHOCTU SK30()epPMEHTOB 00ECIeunBaeT TeHEPaInio TpeOyeMOoro
KOJINYEeCTBa HU3KOMOJIEKYJISIPHBIX ~ MPOAYKTOB 0€3  CYIIECTBEHHOTO U3MEHEHHS CTENEeHH
MOJUMepHU3aly remuiiesunono3. CpaBHeHHE pe3ynbTaToB Uit craauu Cat ¢ COOTBETCTBYIOUIMMH
3HAUEHUSIMU i1 2-X 4acoBod oOpabotku mpemapatoMm LI1 2m (Tabn. 2) mO3BONSET BBIIBHUTH
TEH/ICHIINIO K CHIbKeHUto BenuuuHbl [Tlcp u cormacyromieecss ¢ 3tuM Hebombmoe (o 1 %)
YMEHbILIEHUE 3HAYCHUS Syjr.

ITpoBenenne Red-o6paboTku obecrieunBaer Bo3pacTanue mokasarens Syy B 1,1...1,27 pa3a,
YTO SBJSIETCS OTKJIMKOM HA COBOKYITHBIE M3MEHEHHUSI COCTOSHHSI BCEX KOMIIOHEHTOB IOJIMMEPHOTO
KOMIIJIEKCA CBS3YIOIINX BEIIECTB B CTPYKTYpPE JIbHOBOJIOKHA, BKITIOYAS JCTIOIMMEPU3AIUIO JIUTHUHA,
COIIPOBOJKIAIOIIYI0 ~ BOCCTAHOBJIEHHME  KapOOHWJIBHBIX  TpynmupoBokK. COBMECTHBIM  aHalu3
IKCIEPUMEHTAIBHBIX JAHHBIX B TaOM. 3 U 2 TIO3BOJIHMI YTOYHUTH 3aBHCUMOCTh «COCTaB — CBOMCTBO»
JUIs ONMMCAaHUS M3MEHEHUM IUIOIAAM BHYTPEHHEW YIIENbHOM MOBEPXHOCTH C YYETOM BIIHMSHUSA
JTUTHUHA:

S, =0,009 +o,395% +0,097IL] +1,229I'[] ., —0,020IT +0,89311., —0,272J1 +1,885J1 ,,R =0,992 (2)

Tao0numa. 3
Pesynsrarel Cat-Red-00paboTKu JTHSHBIX BOJIOKHHUCTBIX MaTEPHAIOB
I1 i 0
JIbasiHoe  |DepmenTHbli | Cra- OHHMepHHHMZZCOTA)aB HOMACERL, MK(;f(fJ’IB / |-OBII|,| Syy,
BOJIOKHO nperapar hIN7071 - MB M°/T
]_[ (1’]) FH/FHCB H/HCB .H/.HP r
Cat ((7)362) 11,6/55 | 2,7/1,9 | 35008 | 230 53,6
LIIT 2ma* ’
Red ((7)36'3) 11,6/7,1 |2,7/2,3 | 35/25 1040 | 59,7
BOJIOTOJZICKOE 7:,3 5
Cat (064) 11,6/5,0 [2,7/1,9 | 35/08 | 280 53,1
L[T2m** '
Red ((7)36'2) 11,6/8,1 |2,7/2,6 | 35/28 1250 | 63,2
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[Tponomxkenue Tabnuipl 3

cat | 884 1 13360 | 332 | 7306 | 230 54.7
T 25 (0,58) 2
Red (865'3) 13,3/8.1 3’%’ 2, 1 7351 1040 | 66,7
KOCTPOMCKOE 7
car | B84 | 13357 | 332 | 7306 | 280 54.2
T 2% (0,58) 3
Red (865'3) 13,3/9,3 3’?2’3' 73/58 1250 | 702

[pumeuanwus: LI 2m* - 6a3oBsrit npenapat LIT 20 + T, (1200 en./mvo);
LT 2me** - 6azoBsiit npenapar LIT 2m + «mix».

B otnuune ot ypaBHeHus (1) maHHBIA BU 3aBUCUMOCTH XapaKTEPH3YeTCs MPEHEOPESKUMO
MaJIbIM 3HAa4YCHHWEM CBOOOIHOTO WICHA, YTO CBHJICTEIBCTBYET O MPAKTHUYECKH IIOJIHOM Yy4YeTe
(baxTOpoB, ONpPEAEIAIONINX BeNUIUHY Sy;. OTpuaTeNnbHOE 3HAUYEHUE MHOXKUTENS [IPU ITOKa3aTene
JI B ypaBHeHUH (2) OTpakaeT HETATHBHYIO POJIb JIMTHUHA B (DOPMUPOBAHHH ITOPOBOU CTPYKTYPHI
BOJIOKHA, HO €ro BIMSHHE MOXHO HHBEJIHPOBATh 3a CUYET TMepeBojga /7 TMonuMepa B
TpanchopMupoBaHHOe cocrostHre. DakThdyeckw, Kak Ioka3zaHo B Taba. 3, Red-oOpaborka
MO3BOJISIET TTOBBICUTH A0MIO opMbl JIp 0 71...79%.

Ananmu3 ypaBHeHus (2) mosBoiisieT auddepeHnnpoBaTh BECOMOCTh M3MEHEHHS! COCTOSHUS
KKJIOTO0 U3 TOJMMEPHBIX KOMIIOHEHTOB B Pa3BUTHE BHYTPEHHEW MOBEPXHOCTH BOJOKHHCTHIX
00BEKTOB ISl UCCIIEAYEMBIX BapUaHTOB OroMoquduKanmy. JlanHbIe prc. 3 OTpa)XaroT MPOSIBICHHUE
creun(UYecKOro BIMSAHUS MCXOAHOTO COCTOSHHS OMOIMOJIMMEPHOM CHCTEMbI JIBHSHOTO BOJIOKHA
NPU OJMHAKOBBIX YCIOBUSAX OnMoXuMHUeckoi Moanpukanuu. DakTopbl BCKPHITHS BHYTPEHHEU
CTPYKTYpPHl — LEJUTIOJIO3HBIX ~ (UOPHIUT  KJIIETOYHOM  CTEHKH JJEMEHTApHBIX  BOJOKOH U
BBICBOOOXKIICHHSI  HEIEIUTFOJIO3HBIX  IMOJIMCAXapuIOB  MEKBOJIOKOHHOTO  YIJIEBOA-OCITKOBOTO
KOMIUIEKCa TPOSBISIOT HAaWOOJBIIYI0 BECOMOCTH B Cllydae HHU3KOIUTHU(DUIIMPOBAHHOTO CHIPHS
(Bosoroackwmii jeH). C yBEeIMYEHHEM MAacCOBOW JOJHW JIMTHWHA (KOCTPOMCKOMW JICH) BO3pPACTaeT H
3HAYUMOCTb €r0 TpaHC(hopMaluu: BKIaJ [oKa3aTels Jlp B 00LIyI0 BETHUUHY Sy focturaet 45%.

] e

MYT - - Puc. 3. Conocrasienue BKiaaa

wd [ IIOJIMMEPOB B COBOKYIIHBIA

; pe3yabTaT pa3BUTHA IUIOIAIHN

34 LR 13 4 YAENbHOM TTOBEPXHOCTH

s + B JBHSHBIX MaTEPHUAIIOB TIOCIIC

npoBeneHus craauii Cat- u Red-
00paboTKHu:

1- BoJIOTOJICKHH JIEH;

2 — KOCTPOMCKOI JIEH;

3 — OMIACKUIA JIEeH;

4 — Kay>)KCKUH JIeH

0Sm 1934

26 1
19 -

12 1

A _crrm A 1)
-2 - 0 r Tz 1234 Icg 1234 e

Crnenuduueckas ponb Moau(UKAIMM JUTHUHA B CyMMapHOW 3((EKTHBHOCTH BCKPBITHUS
BHYTPEHHEH CTPYKTYpHI JIbHOBOJIOKHA B BO3/IYITHO-CYXOM COCTOSIHUHM HCCJIEIOBaHA MO pe3ysbTaTaM
aHaJI3a BEJIIMYMHBI PaBHOBECHOW copOruu mapoB (eHona Agp. Pe3ynbrarhl, MonmydeHHBIE TPH
MOCTaJUIHOM KOHTpoOJe 00pa3uoB, mMoauuimpoBaHHbx mnpenaparoMm LT 2ma** (treg = 2 u),
npuBesieHsl B Tabn. 4. DKCHeprUMEHTaIbHbIC JaHHBIE HATJBSIIHO JAEMOHCTPUPYIOT BO3MOXKHOCTH 4-
KpPaTHOTO YBEJIMYEHUs COPOLIMOHHOM eMKOCTH CyOCTpaTa o OTHOIIEHHIO K apOMaTHUECKUM JIETYUUM
COEIMHEHUSIM.
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Tabauua.4

XapakTepucTUKa COpOIMOHHON EMKOCTH OMOMOAN(DUITUPOBAHHBIX
JBHSHBIX MaT€pPHAIOB B OTHOLICHUH MTapoB (eHosa

JIbHSIHOE BOJIOKHO 2 CopOuusg mapos
(cmaodus buomooughuxayuu) Sy M/ Tlp, mac.% (beHI:)JIa, Ap, 5[1"/1"
- 16,9 0,8 13,7
BOJIOTOZICKO€E Cat 54.8 0,8 39,0
Red 63,2 2,8 51,0
— 14,7 0,6 11,8
KOCTPOMCKOE Cat 58,3 0,6 42,6
Red 70,2 58 58,6
— 15,6 0,7 12,6
ouiickoe Cat 53,1 0,7 35,6
Red 61,2 2,9 49,5
- 15,8 0,6 12,7
KaITy’>KCKOE Cat 59,5 0,6 37,5
Red 67,3 3,3 54,5

AHanuTHYecKasi MOJIeNIb B3aUMOCBS3H XapaKTEPUCTHK COCTOSHUS OMOMOAN(UITMPOBAHHBIX
JBHSHBIX MaTEPHAIIOB U MPOSIBIAEMONH UMH CITIOCOOHOCTH K CBSI3bIBAHUIO NIAPOB (PEHOJIa UMEET BUL:

A, = 0,018+ 0,739 T, +0,774-S,,,, R= 0,992 3)

He CMOTpPA Ha COIIOCTaBUMOCTH MHOKUTEIIECH Ipu BCJIIMYMHAX BXOAHBLIX ICPCMCHHBIX B
ypaBHeHUH (3), HEOOXOIMMO OTMETHUTb, YTO COOTHOIICHHWE 3HAYEHUH BBOAMMBIX IapaMeTpOB
npeaonpeacidacT NpeuMyIeCTBCHHOCTh BKJIada pa3BUTHUSA HOpI/ICTOI\/'I CUCTCMbI MaTcpuraa. Tem He
MEHee, BECOMOCTh XEMOCOPOIMOHHBIX MEXaHM3MOB B3aWMOJIEHCTBUA (EeHONa C YaCTHUYHO
ACCTPYKTUPOBAHHBIM JIMTHUHOM B 6I/IOMO,Z[I/I(I)I/IL[I/IpOBaHHBIX JIbHOBOJIOKHUCTBIX  MaTCpHaiax
Bo3pactaeT B 4...10 pas.
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"YiBanosckuii FOCYJIapCTBEHHBIA XUMHKO-TEXHOJIOTUYECKUH YHUBEPCUTET
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B paﬁoTe OECHHUBACTCH MNEPCNECKTUBHOCTD MCIOJ/JIb30BAHUA HEPACTBOPUMBIX AJJIOMOCHIMKATOB 10 BCEMY
TEXHOJOTHYECCKOMY HHUKJIY TeKCTHJIBbHO-0TACJI0YHOI'0 IMPOU3BOACTBA, BKJIIOYAsA MOArOTOBKY, KOJJOPUPOBAHHUE H
3AKJTIOYUTEJIbHYI0 OTACJKY, a4 TAK/KE OYUCTKY CTOYHBIX BOJ.

KiaoueBble cioBa: HEPACTBOPHUMBIC AJIOMOCHJIMKATBI, TEKCTHJIbHBIC MaTEpPHAJIbI, COpﬁlIl/Iﬂ,
KOJIOpHPOBaHuE, O0TACIKA

The prospects of using insoluble aluminosilicates throughout the entire technological cycle of textile and
finishing production are assessed, including preparation, coloring and finishing, as well as sewage treatment of
textile enterprises.

Keywords: insoluble aluminosilicates, textile materials, sorption, coloring, finishing

[TpuponHble CUIMKATBI M KPEMHE3eM UIMPOKO MCHOJIB3YIOTCS B Pa3IMYHBIX OTpPACIAX
MIPOMBIILIIIEHHOCTH. B TEKCTUJIbHOU MIPOMBILIIEHHOCTH U3BECTHO MpUMEHEHNE
MOHTMOPHJIJIOHUTOBBIX TNIMH 10 30-X IT. MPONUIOr0 BeKa B IMpolleccax MPOMBIBKU IIEPCTH U €€
BAIKA (JUIs yJaJCHUsS KUPOMOTOBBIX 3arps3HEHUH W YIUIOTHEHHUs CTPyKTyphl) [1]. OmHako B
HACTOAIIEE BpEMS OSTU TEXHOJOTUU 3a0bIThl, a MPUPOAHBIE MHUHEpaJbl 3aMEHEHBl Oolee
3¢ (HEeKTHBHBIMU, HO MEHEE IKOJIOTUIHBIMU XUMUYECKUMU TIperapaTaMu.

B pabore oneHuBaeTcsi BO3MOXXHOCTh HCIOJIb30BAaHUS B TEXHOJIOTMSIX OTAEIKH TKaHeH
HEPACTBOPHMBIX aTIOMOCHIMKATOB. B KadecTBe OOBEKTOB WCCIEAOBAHUS OBLIM BBIOPAHBI
MPUPOJIHBIE TIUHUCTBIE MaTEpHUAIIbl, OTIUYAIOUIUECS MECTOPOXKICHUEM, COCTaBOM U HaJIUYHEM
npuMeceld, 0O0yClaBIMBAIOIMIMMHU HUX XapaKTEPUCTUKH W LBET HCXOAHBIX 00pa3uoB (TJIUHBI
JlexxneBckasi, ManocrynkuHckas, BecenoBckas, Yacos-Spckas, Hukudoposckas u mp.) [2, 3],
MUHEpaJbl, MPOIICANINE TPOMBIIUICHHYI0 00padoTky (Kaommn, bentonut, Ileomut, Jlmatonur,
Tanbk) [2], a Takxke d¢TopupoBannblii amomocuiukar (DOTAC), sBusrommiics MTOOOYHBIM
OpoaykKToM B cHHTe3e (ropuma amomunus [4]. Croucras CTpyKTypa 3THX COCIAWHCHUM,
MEJKOJIUCIIEPCHOCTh,  CAMOAMYJIBIHPYEMOCTh, BBICOKAas COpOIMOHHAS ©W  HMOHOOOMEHHAS
CIIOCOOHOCTh MOTYT OBITH BOCTpEOOBAaHBI B  OTAEJIOYHOM TPOM3BOACTBE B  PA3IMYHBIX
TEXHOJIOTHYECKUX Mpoleccax (MOAroTOBKH, KOJIOPUPOBAHUU U 3aKITHOYUTEIHHOU OTHEIIKE).

B noaroroBke TEKCTHIIBHBIX MaTEpHAiOB BaKHBIM SBISETCA IIpolecc OeleHus ¢
WCIIOIb30BaHUEM MEPOKCUA BOAOpoJa. M3BECTHO, YTO HEYCTOMUYMBOCTh MEPEKUCHBIX PACTBOPOB
TpeOyeT MPUCYTCTBUS CTAOMIM3aTOpOB B Oensmieit BanHe [5]. [lpu n3yueHnn cTabuIM3UPYIOIIETO
JEHCTBHUS HEPACTBOPUMBIX CHIIMKATOB OTMETHIIM, YTO MPHUPOJHBIE MUHEpPAJbl MOTYT JIEHCTBOBATH
Ha TEPOKCH]I BOJOpPOAA pa3IMYHBIM OO0pa3oM: cojep:Kallue OO0JbIIOe KOJUYECTBO IMpUMecel
MOJIMBAJICHTHBIX METAJJIOB KaTAIM3UPYIOT pa3lIoKEHUE MEePOKCHIa BOAOPOA; ATIOMOCHUIMKATHI,
copbupyromue u3 Oensmield BaHHBl METAUIBl [EPEMEHHOM  BAJIEHTHOCTH, HAIPOTUB,
CTaOUIM3UPYIOT TIEPEKHUCHBIE pacTBOpHl [6], oOecmeunBas MX OOMEH Ha HOHBI Ca®" u Mg2+,
BXOJAIIMX B COCTaB 3THX MHUHEpAJIoOB. A TaK KaK KaJbI[Mii W MarHuil 00JIaJalOT CBOWCTBAMHU
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CTa0MJIN3aTOPOB, TO YBEIMUYEHHE HMX KOHIEHTPAIlUU CIOCOOCTBYET BBICOKOH CTaOMIBHOCTH
otOenuBarens U 3QPEKTUBHOCTH OENCHHS TEKCTUIBLHBIX MaTepuason [7].

B Ttabmumax 1 u 2 mpuBeIeHbI pe3yNbTaThl OTOENMBAHUS IIEIUTIONO30COJACPKALINX U
OCNKOBBIX TEKCTUJIBHBIX MAaTepUalOoB IMEPOKCHJIOM BOJOPOAAa B MPUCYTCTBUU Pa3IMYHBIX
cTabmin3aropoB. benenue npoBoAUIOCH O HEMIPEPHIBHOM U MEPUOIUIECKON TEXHOIOTHSIM.

Ta0ma 1
Benm3na 1esmon030coaepkamx TeKCTUIBHBIX MaTepUaIOB, OTOEICHHBIX B IPUCYTCTBUN PA3INYHBIX
CTaOMITM3aTOPOB HETIPEPBHIBHBIM M IIEPHOTMUECKUM CIIOCOOaMH

Crioco6 00pabOTKU TKaHU
Crabunuzarop Jlen Jnaronanb MuTkaib
Henpep. | Ilepuwoan. | Hemnpep. | Ilepuon. | Hempep. | Ilepuon.
Ucxonnas 38,0 39,7 64,6
Cunukar HaTpus 454 67,9 70,3 73,0 79,8 81,2
Kaoumnn 38,6 62,8 67,3 78,9 76,3 80,0
Tanbk 40,5 66,4 68,0 79,1 78,6 80,4
Heonur 40,1 67,3 65,6 79,8 79,3 79,6
Bentonut 38,1 40,3 59,2 60,8 67,0 72,6
JAuaToHuT 37,3 39,7 60,1 62,2 66,3 67,8
Tabmmra 2

KauecTBeHHBIE TTOKa3aTeNy OEMKOBBIX TEKCTUIIBHBIX MATEPUATIOB,
OTOEJICHHBIX B ITPUCYTCTBUU PA3IMYHBIX CTAOMIIN3aTOPOB

[llepcTsiHOE BOJIOKHO HarypanbHblii menk
IToTteps IToTteps
[Ipenapar benu3 | macch KeCr- Csoitna | bemmuse | maccel | JKecTk
Ha, BOJOKHA | - | TMBacM a, BOJIOKH | OCTb,
% , OCTh % a, rpam. *
% %
HcxomgHoe BOIIOKHO 64,6 - - - 60,8 -
be3 crabmimsaTopa 65,5 4 0 + 64,9 1,0 82
Crmkar 72,0 67,2 4,4 77
HATPHS
Meracunukar HaTpus 80,0 HgﬂlB 66 ¢ ++ + 68,5 3,3 82
[Tupodocdar HaTpust 79,5 HgﬂzBle ¢ ++ + - - -
DOTAC 76,7 0,7 0 0 68,3 2,3 84
Kaonuwu 785 | I - 0 702 | 18 80
Tanbk 77,6 “pPéBec - 0 70,4 15 83
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Kak BUIHO U3 MpeACTaBIeHHBIX TaHHBIX, OOJIBITMHCTBO HEPACTBOPUMBIX AIIFOMOCHIHKATOB
oOecrieunBaOT OE€NMM3HY HA YPOBHE CHJIMKATa HATpUs WM OJMM3Kyr0 K Heil. MckimodeHne
coctaBisaioT bentonut u Jlmatonut. M3BecTHO, YTO OHM OO0JIAJAIOT JOCTATOYHO BBICOKUM
crabmmsupyomum aeiicteueM [6]. [ToaTomy, Takoit 3¢ HeKT BeposiTHEe BCETO BhI3BAH MPHUPOIHOM
OKpacKOW JTUX MHHEPAIOB: OEHTOHHT WMEET CEpOBaThli OTTEHOK, IWATOHHT — KpPacHO-
KOPUYHEBbIN, U, MoOMajas Ha TEKCTWIbHBIH MaTepuall B BHAE MEJNbUANIIMX YaCTHUIL], OHH
«MAaCKHPYIOT» OTOEJICHHOE BOJIOKHO, 3pUTEIBHO CHIDKas Oenu3Hy. CleloBaTeNIbHO, B 3TOM Clydae
JKENaTelIbHO  MCIOJNb30BaTh  HEOKpaUIeHHbIe  MOPOMKH.  OCHOBHBIM  NPEUMYIIECTBOM
HEPACTBOPHUMBIX ATFIOMOCHIIMKATOB B POJIH CTAOMIN3aTOPOB MEPEKUCHBIX BaHH SIBISIETCS TO, YTO B
OTJIMYME OT CHUJIMKaTa HaTpus, OHM He 00pa3yloT HAJUIOB Ha TKaHU M OOOPYJOBaHHH, HE
BBI3BIBAIOT YBEIMUEHHE KECTKOCTH U YCAJIKU OTOCIIEHHBIX MaTepualioB. [6,7].

[Tpu ucnonp30BaHUU MOPOIIKOB MUHEPAJIOB MPH OTOETMBAHUU OEIKOBBIX BOJIOKOH, OBLIO
OTMEUYEHO 3HAUMTEIbHOE CHIDKCHHE IOTeph MacChl BOJOKHa (B 2-3 pasza). M3BecTHO, 4YTO
oTOenuBaHue 0OBIYHO COMPOBOXKAAETCSA COCNKON, MOCKOJIBKY IMPOUCXOAUT OKHUCICHHE OKPAIIEHHBIX
U IPpYTUX CIYTHUKOB M UX Tocienyomiee ynanenue. [lepokcuanoe OeiaeHne mMepcTH B OTCYTCTBUE
ctabunmn3aTopa obyierdaeT BOJOKHO mpuMmepHO Ha 4 %. OJHako MPUCYTCTBUE HEPACTBOPUMBIX
AIFOMOCHJIMKATOB IIPUBOJUT K YBEJIIMYCHUIO MAcChl 0TOETeHHOI mepceTu 10 17 %.

B xone uccnenoBanuii [8] ycTaHOBWIIM, YTO TAKOW NMPUBEC HE CIy4aeH, U MPUUYMHOM €ro
SIBIIIETCS CrieNU(UKA CTPOCHUS MIEPCTIHOTO BOJIOKHA U BO3MOXKHOCTh 3aKPEIUICHHSI B YeITyHYaTOM
CJIO€ Ha €ro MOBEPXHOCTH MEIbYaWIINX YaCTHUI] MUHEPAJIOB. JTO MO3BOJIMIO pa3padboTaTh crocod
MOAU(HUKAINY MIEPCTH C LETbI0 MPUAAHUS €U YIYUIIEHHBIX TOTPEOUTEITBCKUX M TEXHOIOTUYECKUX
cBoiicTB. Hanuuue B mIepCTIHOM BOJIOKHE MHKPOYACTHUIl aIFOMOCHJIMKATOB 3aMETHO CHIKAeT ee
yCaJIKy, MO3BOJISIET PEryIUPOBATH BAIKOCIIOCOOHOCTh, MTOBBICUTH CTOMKOCTh BOJIOKHA K THUCHHUIO H
nevicteuro Y O-m3nyuenus (Tabmuma 3).

Tabmuma 3
V3MeHeHre XapaKTepUCTHK MEPCTH Mpu 00pabOTKe aIFOMOCHINKATAMU
O6nyyenue YO
(250 um) CrerneHb
N3menenue OBPEXK ICHHSL
Amomocunukatsl | CBetnoTa, % MHH:OCTB Maccel (orn.| Hoxenten KEpOTHHA IO
%) Tocie ne

o6paboTkn | BomoKHa, «ITOYBEHHOMY»

0,1 1 p-pom % Teery
NaOH
HcxoaHoe BOJOKHO 60,0 - 69,0 115 82,7
Becenosckas 68,9 + 38,2 8,7 14,7
_ |[JIexxneBckas 60,1 + 33,4 9,3 34,3
E TlenrycoBckas 56,2 0 34,3 6,2 30,0
E HuxkudopoBckas 57,7 + 37,5 7,1 34,4
MIOCTYMRHECK | 543 ¥ 37,3 18 80,0
benrouur 59,3 + 44 .4 2,8 10,2
ITermartur 61,6 + 48,2 2,1 18,2
I'nmuro3eM 73,1 0 42,2 11 16,3
OTOpUPOBAHHBII 74,5 ) 45.1 2.2 14,9
AJTFOMOCHUJTKAT

Kaomun 72,8 ++ 30,8 2,4 22,1
Tanbk 73,0 ++ 35,6 2,8 16,9

* MseKocmb 6010KHA «+) - yeenuuueaemcst, «-» - YyMeHbuaemcs, «0» - ne usmensemcs
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Kpome TOro, marepmanm mnpuoOperacT CcHocOOHOCTh OKpAIIMBaThCS  XPOMOBBIMHU
KpacutelssiMu 0€3 JOMOJHUTEIBHOM cTaguu XpomupoBanus [6, 9]. Cnenuduka crpoeHUs
MUHEpAJIOB, CBSI3aHHAs C HAJIMYMEM Ha pedpax KPUCTAUTUTOB YACTUYHO CBOOOIHBIX BaJCHTHOCTEH,
nonos A%, oOyCiTaBNIMBaeT B3aWMOJICHCTBUE QIIOMUHUA C KpacureileM ¢ oOpa3oBaHHEM
KOMIUIEKCHOTO COEIMHEHHsI, aHaJOTMYHOIO IIOJIy4aeMOMY C COCOUHEHUSMHU Xpoma. Takum
o0pa3oM, TMOSABISAETCS BO3MOXHOCTh TOBBICUTH 3KOJOTMYHOCTh IpoOliecca KOJOPUPOBAHUS
IIEPCTAHBIX MaTEPUATIOB XPOMOBBIMH KPAaCHUTENSMH, WCKIIOYMB IMPUMEHEHHE COJie Xpoma Ha
TEXHOJIOTUYECKHE HYXKIbl M 3aMEHUB CTaJIMI0 XPOMUPOBaHUSA 00pabOTKOI MIEPCTSIHOrO MaTepuaia
B JIUCIICPCUU aJTFOMOCUIIMKATOB [6].

Bricokass copOmuoHHasi CIOCOOHOCTh HEPACTBOPUMBIX aTIOMOCHUIIUKATOB MOXET OBITh
MCIOJIb30BaHA Il OYMCTKU CTOYHBIX BOJ OT Kpacurtesnei. [Ipu 3ToMm MuHEpassl JOKHBEI 0071a1aTh
CKJIOHHOCTBIO K OCaXJCHUIO, OJJHAKO OHO HE JIOJKHO OBITH CIMUIIKOM OBICTPBIM, AJISI TOTO, YTOOBI
obecrieynTh HEOOXOIMMOE BpeMsi KOHTAaKTa pacTBOpa Kpacurtens U copOeHrta. MccienoBanus
MOKa3ajy, YTO MO CEIUMEHTAIIMOHHOW YCTOWYMBOCTU YCIOBHO MOXKHO BBIJICIUTH TPHU TPYIIIBI
MuHepasioB: 1) ObIcTpoocenaromue, KOTOpble Yepe3 1-5 dYacoB OTCTaMBaHUS TNPAKTUYECKU
MOJIHOCTBHIO OCEHAI0T, @ PAacTBOPHI OCBETISIOTCS; 2) OCEJalollde B TEUEHUE CYTOK, HO JIOJTO
COXpaHSIOIINE MYTHOCTb; 3) 00pa3yrolue CTOWKHE AUCTIEPCUH, KOTOPBIE AaXKe MOCie HElEIbHOTO
OTCTauBaHUsi He ocBeTAoTcs. Jlng  ouucTku  Haubosiee TPUTOJHBI  HEPACTBOPHUMBIE
AIIOMOCHUJIMKATBI, OTHOCAIIMECS K mepBod rpymme. I[lpu BBeaeHHM TNOPOIIKOB MHUHEPAIOB B
oTpaboTaHHBIE PACTBOPHI OHU «3aXBATHIBAIOT» KPACUTEIHN U OCEIal0T BMECTE C HUM.

CopOmust  KpacuTened ajlloMOCHWIMKaTaMHM HE MPUBOAMT K WX JIECTPYKIHMH, a
COIPOBOXAAETCs OOECI[BEUMBAHHEM PACTBOPOB M HM3MEHEHHEM IBETa OCAXJIEHHBIX MHHEPAJIOB.
Takum 00pa3oM XOpOLIO yJAJIAIOTCS MUTMEHTHI, OCHOBHBIC (KaTHOHHBIE) M HEKOTOPHIE MpSMBbIC
Kpacurtenu (3a 2-4 ygaca). B obmem ciaydae, 3(PeKTUBHOCTD yAaJICHHs] KPaCUTENECH ONpeesieTCs
COBOKYITHOCTBIO (haKTOPOB: CBOIMCTBaMHU aTIOMOCHIIMKATa, KIACCOM M XHMHYECKHM CTPOCHHEM
KpacuTelsd, ero pacTBopuMocThio u mp. Ilo copOupyemocTu MOpOIIKaAMH alOMOCHINKATOB
KpPacCHUTEIN MOKHO BBICTPOHUTDH B CIEAYIOIIUN PsII: MUTMEHTHI > OCHOBHBIC (KaTHOHHBIE) > MPsSMBbIE
> KMCJIOTHBIE 2 XPOMOBBIC > aKTHUBHEIE.

BBenenue B pacTBop KpacuTelnei mepokcuaa BOAOPOAa U AUCHEPCUN MUHEPAIOB, HMEIOILITIX
MPUMECH TOJUBAJICHTHBIX METAJIOB, MOBBIMAET 3((EeKTUBHOCTh OYUCTKU. [IpuumHON 3TOTrO
ABIISICTCA KaTaJUTUYECKOE PAa3JIOKEHUE NEePOKCHIAa BOJOPOJA, HMPOAYKTH KOTOPOTO BBI3BIBAIOT
paspyuieHre XpoMo(OpHOH CHUCTEMBI KpacHTeNeil 10 BEIIeCTB, YAAISEMbIX IyTeM COpPOIMH UX
ATFOMOCHITUKATaMHU. [TomHoTa OYHMCTKH MOJTBEPKIACTCS NOJy4YeHHBIMU
CHeKTpohOTOMETPUUECKUMH JaHHBIMH B nuama3one 230-300 am [10,11].

Eme onuH BapuaHT HCIOJIb30BAaHUS ATIOMOCUIMKATOB MpPHU KOJOPHUPOBAHUU TEKCTHIISA
KacaeTcsi HEeMOoCPeICTBEHHO (TOPUPOBAHHOTO aaloMOCHIMKaTra. KpoMme OKHCIOB allOMUHHUS H
kpemuus, @TAC conepxuT B cBoeM cocTase 2-6 % ¢ropuaa alnoMuHus, uMesi OpyTTo hopmyy
XAlL,03*ySiO,*zAlF;. YHHKaIBHOCTS 3TOTO IperapaTa 3aKJI04aeTcss B TOM, YTO B OTIIMYHE OT
OOBIYHBIX HEpacTBOPUMBIX anmoMocuinkaTtoB @TAC coueraeT HepaCTBOPUMYIO (OKCHJIbI KPEMHHUS
Y aJTIOMHUHMS) B pacTBOpUMYIO (dTopun amoMunaus) Gpakiuu. IMEHHO HaTHYKUe B alTFOMOCHIIUKATE
pactBopumoro AlF3, runponmsyromerocs B BOJHOH cpeae A0 (PTOPOBOJOPOJHON KHCIOTHI,
OTKpBIBAET BO3MOXKHOCTh IPHUMEHEHHs €ro B KayecTBE Karaju3aTopa mpolecca (uKcalud Ha
BOJIOKHE MUTMEHTHON KOMIO3HLMU. B TO e BpeMsi MeTKOAUCIEPCHOCTh, THIPO(OOHOCTH, OeNbIi
1uBeT mnopomka (6emusHa - 85 %), OTCYTCTBHE MHBIX MpHUMeEced MOTYT OBITh HCHOJb30BaHbI B
NUTMEHTHOM TevyaTu [Uid KYNUPOBaHMSA, AHAJOTUYHO O€lIoMy MUIMEHTY, C  IIeJbIo
KOPPEKTUPOBAHUS HACKHIIIIEHHOCTH Kpacutenen [12].

Karanutunueckass axtuBHocTh DTAC B coueraHuun ¢ THAPOGOOHBIMH CBOHCTBAMHU
MEJKOJIMCIIEPCHON (PpaKIMK MOPOIIKOB MO3BOJISET Y3PPEKTUBHO HCIIONB30BATh €ro U B Mpoleccax
3aKJIIOYUTEIBHON OTNENKH, B KOTOPOW MCHOIB3YIOTCS MPEAKOHACHCATHl TEPMOPEAKTUBHBIX CMOJI
[12-14]. B kaudecTBe mpHMepa Ha PHUC. TPEACTABICHBI PE3yJIbTaThl HECMHUHAEMOH OTICIKH C
npumeHeaneM @OTAC B cpaBHEHHMHM C TPAJAULMOHHO HCIOJIB3YEMBIMH KaTalM3aTOpaMH IS
TEKCTUJIBHBIX MAaTE€pUaAIIOB DPA3JIMYHOTO BOJOKHHCTOrO cocraBa. Kak BHIHO W3 Juarpamw,
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HaumOOJbIIee YBEIMYECHHE CYMMApHOTO YIJia pacKpbITUS CKIAAKA (MIPUPOCT TOKA3ATENs)
xapakTepHo s Hu3koopmansaerunubix Otekcuga HO m Otexcuma -2 (mo 40 %). A s
BBICOKOAKTHBHBIX KapOaMosIoB KO3((UIIMEHT HECMHHAEMOCTH YBEJIMUMBAETCS HE Oosiee ueM Ha 7-
10 %. OrmedeHo Takxke, yTo I mpernapata DopTekc, B KOTOPOM YK€ HUMEETCS BCTPOCHHBIN
karanu3atop, npodasnenne O@TAC moBBIIAET €ro aKTUBHOCTh M 3aMETHO YIYUIIaeT PEe3yNIbTaThI
otaenku [13].
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CyMMapHBbIii yroJ1 pacKpbITHs CKJIATKH, TPaj.

B TpaauuuoHHBINH KaTaIU3aTOP OIMpupoct HeeMunaemoctn ¢ ®TAC

Puc.1 Bnusaue npupoibl KaTaan3aropa Ha HECMHHAEMOCTh TKaHEH a — XJI0IMm4aTo0yMaKHO; O —
BHCKO3HO-IIITaNEIbHOM; B — IbHIHOMU

AHaJIOTUYHbIE pPe3yNbTaThl OBLIM TOJYYEHbI M C OTHECTOMKOM M BOJOOTTAJIKMBAIOIICH
OTJIeJIKaMH B clTyyae MPUMEHEHHUS MPEIKOHIEHCATOB TEPMOPEAKTUBHBIX CMOJ JJI 3aKperieHus Ha
BOJIOKHE AHTUIUPEHOB WK ruapododuzaropos. IIpuuem B mocneaneM ciydae 3((eKTHuBHOCTH
3aMeHbl TpaauuuoHHOro kartanuzatopa Ha DTAC mnposBiseTcs HAMHOTO Sipye: YBEIUYEHUE
MoKasareje JoCTUTraroT 2-3 paza. DTO O0YCIOBIEHO TEM, YTO 3/1eCh AIIFOMOCHIIMKAT MPOSBIISICT
CBOMCTBAa HE TOJBKO KaTajau3aTopa, HO M TujapodobduzaTopa: HEpacTBOpPUMAsl MEJIKOIUCIIepCHas
(bpakuys OKCHIOB KPEMHHS U ATIOMUHUS (QUKCHPYIOTCS BMECTE C MPEAKOHAECaTaMU Ha BOJIOKHE,
YTO W YCHJIMBAET BOJAOOTTaNKHBaromui apdexr [12, 14].

Takum oOpa3om, NpeACTaBICHHbIE B paboTe pe3ylbTaThl IO3BOJISIOT TOBOPUTH O
TEXHOJIOTUYECKHX BO3MOXKHOCTSIX HCIIOJIb30BAHUS HEPACTBOPHUMBIX alFOMOCHJIMKATOB IO BCEMY
TEXHOJIOTUYECKOMY IMKJIY TEKCTHJIbHO-OTIEIOYHOTO IPOM3BOJACTBA: Ojaromaps BBICOKOM
COpPOLIMOHHOM CHOCOOHOCTH IO OTHOIIEHHIO K HMOHAaM METAJJIOB M KpPacUTENSIM OHHM MOTYT
HCIOJIb30BATHCS B KaYECTBE CTAOMIN3AaTOPOB MEPOKCUIHOTO OeeHusl U COPOSHTOB OTPaOOTaHHBIX
KpaCWJIbHBIX ~ PAacTBOPOB;  HaJIMYUM€  MEJIKOIUCHEepCHOM  (pakuumu  JaeT  BO3MOXHOCTb
MOaU(HUIIMPOBATh CBONCTBA MIEPCTH; CIOCOOHOCTH ATIOMUHHUS OOpPa30BHIBATh KOMILJIEKCHBIC
COEMHEHUS] MPHUMEHSIOTCS B IMpolieccax KpalleHUs XPOMOBBIMU KpPaCUTENSIMH; KaTalUTUYECKas
aKTUBHOCTH JKe€Je3a IpH TeHepaluM pas3lIoKEeHUs MEepOKCHIa BOJAOpPOJa — B JAECTPYKIIMOHHO-
COpPOLIMOHHBIX TPOIECCaX OYUCTKM KPaCHJIbHBIX PAacTBOpPOB. BpIOOp aqtOMOCHIMKATOB AJIs
KOHKPETHOTO Tpolecca OyneT OomnpenensaTbcs Kak XapakTepUCTHKaMU MUHEpana, Tak H
MOCTABJICHHON TEXHOJOTrHu4eckor 3agadeil. [lpumeHeHune wuX, HapsAAy C TEXHOJIOTHUYECKUMHU
MIPEUMYIIECTBAMH, ITO3BOJIUT MOBBICUTH SKOJIOTUYHOCTH OTJIEJIOYHOTO MTPOU3BOJICTBA.
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MOJIYYEHHUE TEILIO- ¥ DJEKTPOIIPOBOJANINX INIEHOYHBIX HUTEX HA
OCHOBE ITOJIUITPOITMJIEHOBBIX HAHOKOMIIO3UTOB

GETTING A HEAT AND ELECTRICALLY CONDUCTIVE YARNS BASED ON
POLYPROPYLEN NANPCOMPOSITES

0.A. Mockamox®, E.C. H061<am101’2, B.E. IOmuu*?, A.C. Crenamkuna’
O. A. Moskalyuk', E. S. Tsobkallo™?, V. E. Yudin®?, A. S. Stepashkina

1CaH1<T-HeTep6yprc1<m71 rOCYJIapCTBEHHBI YHUBEPCUTET MPOMBIIIUICHHBIX TEXHOJOTHI U AU3aiiHa,
Cankr-IlerepOyprekuit monurexundeckuii yausepcutet [lerpa Benukoro
3 HNucturyT Beicokomonekysipabix coenunennii PAH (Cankt-IletepOypr)
Saint-Petersburg State University of Industrial Technology and Design
Peter the Great St. Petersburg Polytechnic University
Institute of Macromolecular Compounds Russian Academy of Sciences (St. Petersburg)
E-mail: olga-moskalyuk@mail.ru, tsobkallo@mail.ru, yudin@hg.macro.ru,
stepashkina.ann@yandex.ru

Ilo pacniaBHOW TEXHOJIOTHH TMOJYyYeHbl IUIEHOYHble HUTH U3 HAHOKMIIO3UTOB Ha OCHOBe
MOJIUNMPONMUJIEHOBOI MATPHUbI U YIJIEPOJAHbIX HAHOBOJIOKOH. BbIfiBJIeH pa3iu4HbIA Xapakrep 3aBHCHMMOCTeEM
3J1eKTPO- M TeMJIONPOBOAHOCTH OT KOHIEHTPAUMHN HAHOHANOJHHTes. F3ydyeHbl 3aBHCMMOCTH 3JIEKTPUYECKOT0
CONMpPOTHBJEHHsT OT Temmneparypbl. Iloka3aHo, 4YTO ©NpHM BBeJeHHUH YIJEPOAHBIX HAHOBOJOKOH B
NOJTUNPONUWJIEHOBYI0 MATPHIy MOKHO TOJYYHTh IUIEHOYHbIe HUTH OJHOBPEMEHHOr0 ¢ TemI0- H
3JIEKTPONPOBOASIIIIMY CBOMCTBAMH.

KiiloueBble cj10Ba: NJIEHKH, HUTH, HAHOKOMIIO3MTbI, INOJHMIPONHUJIEH, YIJIepPOJHble HAHOYACTHIbI,
yrJjiepoaHble HAHOBOJIOKHA, YJIEKTPUYECKOe CONMPOTUBJIEHUE, TEIIONPOBOAHOCTD.

The melt technology is used to obtain films from nanocomposites based on polypropylene matrix filled
with carbon nanofibers. The different nature of the dependence of electrical and thermal conductivity on the
concentration of the nanofill is revealed. The dependences of electrical resistance on temperature are studied. It
is shown that the introduction of the carbon nanofibers in to polypropylene is possible to obtain the films
simultaneous thermal and conductive properties.

Keywords: films, yarns, nanocomposites, polypropylene, carbon nanoparticles, carbon nanofibers,
electrical resistance, thermal conductivity.

Paboma evinonnena 6 pamxax cocyoapcmeennozo 3aoanus Munobpnayku P® npoexm Ne
11.6946.2017/7.8.

OnHoit U3 BaKHEHIIMX TIPOOJIEM MaTepuaIoBEACHUS, CBA3AHHOM CTEXHUYECKUM TEKCTUIIEM
CIELIMAJIbHOTO Ha3HAYEHUs, SIBISETCS CO3/1aHUE CUHTETUYECKUX MOJIMMEPHBIX MaTEpUajioB B BHUJE
JIEHT, BOJIOKOH, MJIEHOK, 00NaJaroIuX TEIUIO- U 3JIEKTPOIPOBOAALIMMHU cBoiicTBaMu. PazpaboTka
TaKOT0 poJia MaTepHUajoB CTAHOBUTCS BO3MOXKHOM Oiarojapsi MOSBICHHIO HAa PHIHKE YHUKAJIbHBIX
NEKTPO- M TEIUIONPOBOIAIIMX HANOJHUTENIEH, B TOM 4YHCIE YIVIEPOJHBIX HAHOYACTHI] -
HAHOBOJIOKOH, MHOT'OCTEHHBIX M OJIHOCTEHHBIX HAHOTPYOOK, METIKOIMCIIEPCHBIX TEILIOMPOBOISIINX
HaroJHUTENEH U Apyrux. BBeaeHne TakuX HaINOJHUTENIEH B BOJOKHOOOPA3yIOIME CHHTETUYECKHE
MaTepuaabl MO3BOJSET co3aaBaTh mnonuMepHble HaHokoMmno3uTsl (IIHK) ¢ mpuHmunuameno
VIIYYIIEHHOW CIOCOOHOCTBIO TPOBOJUTH AJICKTPUYECKYI0 M TeIioByr sHepruio [1, 2]. B
COOTBETCTBUM C BUJIOM IepenaBaeMoii 3Hepruu I[IKM nonpaznensdrorcst Ha ABa OCHOBHBIX KJlacca:
JIEKTPOIPOBOIAIINE U TEIUIONPOBOASIIUE (TEMIIOOTBOSAILKE).

Crermaneabie cBoiictBa ITHK ompenenstoTcs: XMMHYECKHM COCTAaBOM M (PU3UUECKUMHU
CBOMCTBaMM MATPHIIbI U HAOJIHUTEINA, (POPMOIA, pa3MEpOM YaCTHII, KOHLIEHTpALUEH HalOJIHUTEIS,
reoMeTpreil M TEXHOJOTHEeH H3roTOoBIEeHUs 00pa3noB. [loaToMy OJHONW W3 KIIOYEBBIX 3a1ad
MaTEpHUAJIOBEICHUS SABJIACTCA YCTAHOBICHHE B3aMMOCBS3H CTPYKTYpa-CBOWCTB B IIOJUMEPHBIX
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HAaHOKOMITO3UTAX M UX B3aUMOCBSI3b C TEXHOJIOTUEH MOIYYCHHS, a TaKKe pa3paboTKa aJleKBaTHBIX
MOJEJIEH JIsl ONMCAaHUS U TPOTHO3UPOBAHUS X CBOWCTB, B 3aBUCHMOCTH OT TUIIA U KOHLEHTPALIUU
BBOJIUMOI'O HarojHuTens, Bce 3T0 B KOMILIEKCE TMO3BOJUT KOHTPOJUPOBATH HU3MEHEHHE
JKCIUTyaTallMOHHBIX XapakTEPUCTUK TMPHU CO3JAHUU HOBBIX TEKCTUJIBHBIX MAaTEpPHAIOB C
KOMILIEKCOM YHUKAJIbHBIX TEIUIO- U 3JIEKTPONPOBOISALINX CBOMCTB.

Ilens manHOW paboOTHI cocTosuia B TosiydeHWHW IieHOuHbIX HuTed m3 [THK Ha ocHoBe
TEPMOILJIACTUYHOW BOJIOKHOOOpA3yroIeld MaTpUIlbl U YIIEPOJHBIX HAHOYACTHII, B MCCIICJOBAHUH
TEIJI0-H JIEKTPONPOBOSAIINX CBOWCTB TAHHBIX MAaTEPUAJIOB.

B kadectBe mnonauMepHOM MaTpulbl Uil co3daHud IuieHouHbIX HuTed wu3 [THK
WCIIONB30BAJICS.  TEPMOIUTACTHYHBIA  BOJIOKHOOOPA3yIONIMKA  MOJUMEP -  M30TAKTHYECKHI
nonunponwied (I1I1). Hamonmaurensmu Obuti BEIOpaHBI yIIIEpOIHBIE HAHOYACTHUIIBI — YTIIEPOTHBIC
HanoBosiokHa (YHB) mapku VGCF-H. XapaktepucTuka HAHOHAIOJHUTEICH TpEICTaBlieHa B
Tabuie 1.

Tabmauma 1
XapaKkTepuCTUKU yriiepoaHbix HaHoBosokoH VGCF-H

Ne | HammeHoBaHMe TIOKa3aTeNs, AMHHUIIBI N3MEPECHHUS 3HaueHue

1 | AnunHa .MKM ~5

2 | lnametp, HM ~150

3 | OceBoe OTHOIIEHHUE, OTH. €. ~30

4 | IlnoTHOCTH, g/cM3 2

5 | YaenbHOE 3ekTpudeckoe conporuBieHrne, Ohm-m 10"

6 | Koaddunuent remmonposognoctu, W/m-K 1200

N3roToBneHne 00pas3oB OCYIIECTBISIIOCH MO PACIUIABHONW TEXHOJIOTHH C MCTIOJIB30BAaHUEM
JBYXIITHEKOBBIM MUKpokoMmiiayHaepa DSM Xplore 5 ml Microcompounder, npousBojgctea DSM
Xplore (Hunepnannsl) npu temmneparype 474 K m ckopoctu BpamieHus mHekoB ®=50 mun-1.
[[IuprHa nIEHOYHBIX HHUTEH cocTaBisuia 2,5 MM, TommmHa 100-200 mxm. MaccoBasg nonst
HanmoiHuTens cocrapasia: YYHB=0, 3, 5, 8, 10, 15, 20 mac.%.

N3mepenne yaeabHOro JIEKTPHIEeCKOro conpotuBiieHus (p, OM M) 00pa3IioB MpoOBOAMIOCH
JIBYXKOHTaKTHBIM METO/IOM C 3aMMCKI0 BOJIBT-aMIIEPHBIX XapakTepucTuk (BAX) ¢ ucnonp3oBaHneM
nukoamnepmerpa Keithley 6487 u mporpammupyemoro ucrounmka nutanus AKUII-1124 nHa
IIOCTOSIHHOM TOKe€. V3MepeHusi mpoBoAMIMCh B LIMPOKOM Jauana3zoHe temmeparyp ot 80 K no 373
K.

N3mepenue TemIonpoBOIHOCTH HCCIAEAYEMBIX 00Pa3I[0B MPOBOIUIOCH HA OCHOBE MOCTOBOIM
CXEMBI, IPUHIIUATT pabOThl KOTOPOW 3aKIII0YajICs B M3MEPEHUHU TEIIoBOro compoTtuieHus [IKM B
CPaBHEHMH C DJTaJOHHBIMH  OOpa3laMd M  MOCIEAYIONUM  BBIYMCICHHEM  3HAUYCHUS
TETUTONPOBOTHOCTH HCCIIEyeMOro oopasiia mo ¢popmyiie:

A= (X)/(R_XS)

rae | (X ) — qmHa uccnemyemMoro; S — mioriaab MoMnepeyHoro ceueHus o0pasia;

R_X — remoBoe conpoTUBIeHUE UCCIEAYEMOTO 00pasiia.

CHayana npoaHajau3upyeM HW3MEHEHUE SJIEKTPOMPOBOASIINX CBOMCTB MJIEHOYHBIX HUTEH B
3aBHCHMOCTH OT KoHIeHTparuu Y HB (puc. 1).
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KoHueHTpauyuwAa YHB, %

PI/IC. 1 BaBI/ICI/IMOCTI: yI[@.HBHOI‘O aneKTquecxoro COHpOTI/IBJIeHI/ISI IIJICHOYHBIX HI/ITGﬁ Ha
ocHoBe IIIT marpurel B 3aBucMMOCTH OT comepkanusi YHB: 1 — o0nacTh aHTHCTaTHYECKHX
MaTepuasoB, 2 — 001aCTh MaTEPHUATIOB CO CPEIHEH MPOBOIUMOCTHIO

Kak BugHo u3 puc. | 3aBUCUMOCTb YIENBHOI'O AJIEKTPUYECKOTO CONPOTHUBIEHUS OT
KOHIEHTPALUU YTJIEPOAHBIX HAHOBOJOKOH HOCUT IMOPOTOBBIM XapakTep, T.e. MPH YyBEIUYEHHUH
KOHIICHTPALIMM HAIOJHUTENsl HaOrofaeTcss pe3koe (Ha HECKOJIBKO JECSATUYHBIX IOPSIKOB)
camxkenue p. Ilopor mnpoTekaHuss SIEKTPUYECKOTO TOKa JEXUT B nuama3zone IYHB=5-10
Mac.%,Tak a1 ucxogHol noaunponuiaeHoBoi marpunsl p ~ 1014 Om- M, a npu BBeaenun 10mac.%
YHB conporusnenue [IHK cumxkaercs no 3Hadenuid 104 Om M, pu yBEJIMYEHHH COAEPKaHUSA
HaHOBOJIOKOH 70 20 mac.% p KOMIO3MTa CHMKaeTcs eme Ha 4 mopsaka. Takum obpasom, mpu
KOHIEHTPALHUAX YIIIepoJHbIX HaHOBOIOKOH 3YHB ~ 6-9 mac.% MOXHO MOJIy4uTh MI€HOYHbIE HUTH
Ha ocHoBe IIIl c¢ anTucratmueckumu cBoiictBamu (puc. 1, 0061.1), mpu Oojee BBICOKHX
KOHIICHTpalusX HanmosHuTens (puc. 1, 00611. 2) — co cpeaHel mpoBOIUMOCTHIO [ 3, 4].

[TockoybKy TEXHMYECKHH TEKCTHUJIb MOKET HCIOJIB30BAThCSA B Pa3INYHBIX TEMIIEPATYPHBIX
YCIIOBUSIX, OJHHUM M3 MHTEPECYIOIIUX HAC acleKTOB SBJISETCS HCCIENOBaHHE MOBEACHUS
NMEKTPONPOBOAAIIMX CBOWCTB IIOJYyYEHHBIX IUICHOYHBIX HUTEH B IIMPOKOM [JUANa3oHE
temneparyp. s atux uccnenoBanuit 66utM BeiOpansl [THK, nHanonnennsie $YHB=15, 20 mac.%,
IIOCKOJIbKY MMEHHO TaKHW€ MaTepuaibl MHTEPECHBI JUIsl TEXHUYECKUX NpuMeHeHui [3, 4]. [dna
yKa3aHHBIX 00pa3ioB OblIM nosydeHsl BAX B aumanazone temmepatyp 80+373 K. Xapakrtep atux
3aBUCUMOCTEH oOkazancs Onu3ok k juHerHoMy [5]. Ilo momyuennsiM BAX Obuin ompeneneHsl
3HAYEHHS YACITBHOTO D3JIEKTpUYECKOro compoTuBieHust (puc. 2) ana uccienyembix [THK. Kak
BUJHO, 3aBucuMocTH p(T) UMeroT Heckonbko ocobeHHOocTel. Ha Beex rpadukax MOXHO BBIICTHTH
TeMIIEpaTypHYl0 00JacTh, MeHsMONy0 Xapaktep 3aBucumoctu p(T). Tak mnpu HHU3KHX
TeMieparypax B auana3zoHe or 80 nmo 260 K mnoBelmieHue temmeparypbl NPUBOAWUT K CHALy
YACIBHOTO AJICKTPUYECKOTO CONMpOTHBJIeHUs. B nuamazone temmepatyp 260-373 K naGmromaercs
BO3pacCTaHUE YAEIbHOIO DJIEKTPUUECKOIO CONPOTHUBIEHUS C YBEIMYEHHUEM TEMIEPATypHI.
KpuTtnueckum 3HaueHreM TeMIepaTyphl, MPUBOIALICH K M3MEeHEHUIo oBeaeHus 3aBucumoctu p(7T)
apigercs T ~ 260 K. DOra TteMmmeparypa COOTBETCTBYET TEMIEPATYpE CTEKIOBAHMS
MOJIUTIPONIMICHOBON MaTpulbl. Takum 00pa3oM, MOXKHO MPEAINOJIOKHUTh, YTO BBIIIE TEMIIEPaTyphl
CTEKJIOBAHHUS, NPOMCXOIUT YaCTUYHBIM OOphIB mNepkomsuuoHHbIX Ienouek B [IHK 3a cuér
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MOBBIIICHUSI CETMEHTAIBHON TOJIBHYKHOCTU MOTUMEPHON MaTpullbl. OHAKO 3TOT BOIMpPOC TpeOyer
OoJsee TIIyOOKOT0 H3yUCHHS.
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Puc. 2 3aBUCUMOCTb YIEIBLHOTO 3JIEKTPUUYECKOro conpoTuBiaeHus ot temneparypsl [THK ¢
conepxxkanueM YHB 3YHB = 15mac.% (nmunus 1) u SYHB = 20 mac.% (unus 2)

Teneps npoaHaIU3UPyEM 3aBUCUMOCTD TEIUIONPOBOJHOCTH OT KOHIIEHTPALMH YIJIEPOIHBIX
nanoBosiokoH B [THK. Ha puc. 3 mpexacraBnensl 3aBUCHMOCTH KO3 (PHITMEHTa TETIONPOBOIHOCTH
00pa3LoB ¢ pa3IMyHBIM COJIEPKAHMEM YTJICPOIHBIX YAacTHUI[ B JWama3oHe Temreparyp oT 283 1o
343 K. Kak BumHo wu3 puc. 3 ¢ yBenumueHueM KoHueHTtpanuu YHB xoaddumnment
TEILIONPOBOJHOCTY HAHOKOMITO3UTOB JIMHEWHO BO3pacTacT. Tak TeronpoBoaHOCTs ucxoquou I1I1
Marpuiibl (A = 0,22  Br/(M'K)) nmpu mMakcUMalbHOM COJIEpKaHUU YIJIEPOJAHBIX HAHOBOJOKOH
(SYHB=20 mac.%), yBenuuuBaetcs 10 3HaueHuss A = 5,5 B1/(M'K). IMeHHO naHHBIC MaTepuaibl
MPEACTABIISIIOT HAUOOJBIIUK HHTEpeC IS TexHu4eckoro mpumeHeHus. [lockompky Takme ITHK
umeroT A He MeHee 5 B1/(M'K), TO OHM MOTYT MCHONB30BATHCS MPHU CO3JAHHU TETIIOOTBOISIINX
3JIEMEHTOB KOHCTPYKLUMU M COCTaBUTh IMEPCHEKTHUBHYIO 3aMETy TPAJULHUOHHBIM TEIIOOTBOAAM
(kepamuKa, aTIOMMHUA M Meab). KoHeyHO, KO3((UIMEHT TemIonpoBOIHOCTH CO3aBacMbIX
temooTBoagammux I[IHK wamHOoro Hwxke, uyem y amomMuHus. OpHAKo, TPU €CTECTBEHHOM
OXJOKJCHUHM, TPU KOTOPOM pPaboTaeT OONBIIMHCTBO YCTPOWCTB, JTHX 3HAYCHUN BIIOJIHE
JOCTaTOYHO JJIsi TOro, 4YTOObl ATIOMMHHMM MOXHO OBUIO 3aMEHUTh Ha JaHHBIA KOMIIO3UT.
Bo3MOXHOCTh Takoil 3aMeHbl OOYCIIOBIIEHA CYIIECTBOBAHHMEM TaK Ha3bIBAEMBIX MIPEICIbHBIX
3¢ exTUBHBIX 3HaUeHU Kod(dunuenta termronpoBogHoct (A = 5-10 Bt/(m-K)), npesbimenune
KOTOPBIX YK€ TPAKTHUYECKH HE NPUBOJUT K YBEIUYCHUIO S(DPEKTUBHOCTH OXJIAXKICHUS, UTO
MOATBEPKIICHO SKCIMEpUMEHTANbHO B pabore [6]. Tak ke CTOUT OTMETHTh, YTO IOMHMO
TEII00TBOIAIINX cBocTB monyueHHble [THK, Hanmonmaennsie 20 mac.% YHB, oGmagator Tak xe u
cpenHeil mpoBOAMMOCThIO. TakuMm 00pa3oM, NpU HCHOJB30BAHUU AHU3O0TPOIHOIO YIIIEPOJHOTO
HaHoHanonHuTens (YHB) MOXXHO ynydmnTh KOMIUIEKC MPOBOJSIIMX CBOMCTB IJIEHOYHBIX HUTEH,
T.€. MPUAATh MaTepuaioM OIpe/eJeHHbIH TpeOyeMblil ypOBEHb 3JEKTPO- U TEIIONPOBOJHOCTH
OJIHOBPEMEHHO.
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Puc. 3 3aBucumocts kod(pdummenta termmonpoogHoctn IIHK oT koHuenrpanuu
YIIIEPOAHBIX HAHOBOJIOKOH

Crour oOpatuTh 0co0O€ BHHMMAaHHE Ha pPa3IMYHBIA  XapakTep 3aBHCHMOCTEH
ANEKTPUYECKOTO COMPOTHUBIEHUS M KOIPGUIMEHTa TEIUIONPOBOJAHOCTH OT KOHIIEHTPAIUU
YIJIepOaHBIX HAHOBOJIOKOH. Kak Obu1o moka3zaHo Beimie (puc. 1), 3aBucumocts p(¥) HOCUT
MEPKOJISIIIMOHHBIA XapakTep, 3aBUCUMOCTh A (3) — Onmskuii K jauHeiHHOMY. OOBSICHEHHE 3TOMY
MOET OBITh CleNyroIuM. Bo-nepBhIX, 3HaYEHHUsI JIEKTPOIPOBOIHOCTH MOJUMEPHONH MATpPUIBI U
YTJIEPOHBIX YacThll orTianyaiorcs Ha 17-18 mopsakos (y IIIT p =1014 Om'm, a y YHB - 10-4
Om'M). B TO Bpems kak KOI()(UIMEHTHI TEIUIONPOBOAHOCTH MATPHUIBl M HANOJHHUTENEH
pasnuuaroTcs Ha 2 nopsaka. Jlpyras npuuMHa MOXKeT ObITh CBSi3aHa C pa3jMuydeM MEXaHH3MOB
nepefayu dJIEKTpUUecKod M TemioBod sHepruu. Hocurtenamu 3apsna B IIKM  sBistorces
AJIEKTPOHBI, a Mepeiaya TeIla OCYIIECTBIISETCSI B OCHOBHOM 3a CUET TEIJIOBBIX KOJeOaHU aTOMOB
(noHOB) — GOHOHAMU.

B  nmanpHelimeM OyaeT TPOBOAWTHCS — pa3pabOTKa MOJENed s ONHCAaHHS U
IIPOTHO3UPOBAHUS TEIIo- M 3jiekTponpoBoasmux csoicts IIHK, B 3aBucumoctu oT Tuna u
KOHIEHTPAllUK YIJIEPOJHbIX HaHoyacTHll. [locKoNbKY, WHCIIONIb30BaHHE WMEHHOTO JIaHHOTO
HATOJHUTEINS TMPOCTABJISIETCS MIEPCIIEKTUBHBIM IPU pa3pad0TKe HOBBIX MAaTEPUAIOB ¢ KOMILJIEKCOM
YHUKQIbHBIX XapaKTePUCTUK JUIsi TPUMEHEHUsS WX, B TOM 4YHCIE TMpPU CO3JAHUM HU3JEIHUM
TEXHUYECKOT'0 TEKCTUJIS, @ TAKXKE TO3BOJIHUT PACIIMPHUTD U YIIIyOUTh 3HAHUA B 001aCTH (PU3UIECKUX
MIPOLIECCOB B TMOJMMEPHBIX HAHOKOMIIO3UTAX, HAMOJHEHHBIX (YHKIMOHAJIbHBIMU JUCIEPCHBIMU
HAaHOYACTHUIAMH.

- 110 PacIIaBHON TEXHOJIOTUHU MOJY4YEeHbI TUIEHOUYHbIE HUTH U3 HAHOKOMIIO3UTOB Ha OCHOBE
IIOJIMIIPOIIMJIEHOBOM MAaTPUILBl U YIJIEPOIHBIX HAHOBOJIOKOH;

- HCCIENOBaHbl 3aBUCHMOCTH JJIEKTPUYECKOTO COMPOTUBICHUA U  Ko3(duimenrta
TEIIONPOBOJHOCTH IMOJMMEPHBIX HAHOKOMIIO3UTOB OT KOHILIEHTPALMU YIJIEPOJIHBIX HAaHOYACTHL.
[TokazaHo, 4TO 3aBUCHUMOCTH 3JEKTPUUECKOTO COIMPOTHUBIEHUS OT KOHLEHTPALMU HAIOJHUTENS
HOCUT TICPKOJISILIUOHHBIA XapakTep, a 3aBUCUMOCTh KO3(QHIMEeHTa TEmIONPOBOAHOCTH OT
KOHIEHTPALUHU YIJIEPOIHBIX HAHOYACTHI] — OJIM3KUN K JTMHEHHOM;

- YCTaHOBJIIEHO, YTO IIPU BBEICHUM YIJIEPOAHBIX HAHOBOJOKOH MOYKHO CHU3UTh
ANEKTPUYECKOE COMPOTUBJICHHE IUIEHOYHBIX HUTEH J0 YpOBHS, JOCTATOYHOrO ISl UX
WCIONIb30BaHUs B KadecTBe aHTHcTaTudeckux (mpu IYHB=6-9 wmac.%) unum martepuanoB co
cpenueil nmpoBoauMocTbio (rpu 3YHB=10-20 mac.%);
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- HCCJIICAOBAHBI 3aBUCHUMOCTU YJICJIBHOI'O JSJICKTPUYCCKOI'0 COINPOTUBJICHUSA IIJICHOYHBIX
HUTEH U3 MOJIMMEPHBIX HAHOKOMITO3UTOB OT Temriieparypbl. [lokasaHo, mpyu HU3KUX TeMmIepaTypax
Ha6m0;[aeTc;1 crmazl yACIbHOT'O SJICKTPUYCCKOI0 CONPOTUBJICHUA C NOBBIICHUCM TCMIICPATYPhI, 4 B
nuanazone temmeparyp 260-373 K HaGmromaercss Bo3pacTaHWE YIETBHOTO JJIEKTPHYECKOTO
COIIPOTHUBIICHUSA C YBEIUUYECHUEM TEMIIEPATYPEL,

- oka3aHo, uto npu BeeAeHun 3YHB=10-20 mac.% MO0>XHO MOITY4YUThH ITUIEHOUHbIE HUTH U3
HaHOKOMIIO3UTOB € YPOBHEM TCIJIOIIPOBOAHOCTHU AOCTATOYHLIM JJIA UX HCIIOJIb30BAHHA B KAYCCTBC
TEIJIO0TBOIALINX TEKCTUIIHHBIX MaTEPHAIIOB;

- BBIABJICHO, qTo HUCIIOJIB30BaHUEC YIIJICPOAHBIX HAaHOBOJIOKOH MpEaACTaBIACTCA
MEPCIEeKTUBHBIM TMpPU CO3JAaHUHM IUICHOYHBIX HHUTEH U3 HAHOKOMIIO3UTOB, OIHOBPEMEHHO
00JIaZaroIUX TETIIO- ¥ AJIEKTPOIIPOBOAALINMU CBOWCTBAM.
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B Hacrosimeii pabGoTe uH3yuyeHO BJMSIHHE TEXHOJOTHYeCKHX IapaMeTpPOB pacTBoOpa IOJIH-3-
rHAPOKCHOYyTHpPaTa Ha mpouecc 3JIeKTPO(GOPMOBaHMS YJIAbTPATOHKHX BOJIOKOH. YCTaHOBJIEHO, 4YTO
3J1eKTPONPOBOJIHOCTH H BSI3KOCTh MOJHUMEPHOI0 PACTBOPA B 3HAYUTEJILHOIH CTeNeHH onpee/IsiioT reOMeTPHIo 1
MopdoJiorui0  yJIbTPATOHKHUX BOJOKOH. Moaudukanuss pacTBOPpOB HMOHOT€HHBIM  JJIEKTPOJUTOM H
THAPOJIMTHYECKHM areHTOM CHHM:KAaeT MCXOJHYI0 MOJIEKYJISPHYI0 Maccy IoJIuMepa ¥ NPUBOAUT K BO3PACTAHMIO
BSAI3KOCTHU cucTeMbl. [lo1ydeHHbIE BOJIOKHA HAAYT IPUMeHeHHe B OuoMeulHe.

KuroueBble ciioBa: 3j1eKTpodopMoBaHHe, BOJOKHO, MOJH-(3-THIPOKCHOYTHPAT), MOJUMEPHBI pacTBOp,
BSI3KOCTh, 3JIEKTPONPOBOIHOCTb.

In the present work, the influence of technological parameters of a solution of poly-3-hydroxybutyrate on
the process of electroforming of ultrathin fibers has been studied. It is established that the electrical conductivity
and viscosity of a polymer solution largely determine the geometry and morphology of ultrathin fibers.
Modification of solutions with ionic electrolyte and hydrolytic agent reduces the initial molecular weight of the
polymer and leads to an increase in the viscosity of the system. The obtained fibers will find application in
biomedicine.

Key words: electrospinning, fiber, poly-(3-hydroxybutyrate), polymer solution, viscosity, electrical
conductivity.

OngHUM U3 SKOHOMHYECKH IIeNIeCOO0pPa3HBIX M TEXHOJOTHMYHBIX METONOB (hOpMOBaHUS
HAHOPA3MEPHBIX M YIBTPATOHKHX MOJUMEPHBIX BOJIOKOH SIBJISIETCS METOJ 3JeKTpo(OopMOBaHUS
(O®) [1]. K ocHoBHbIM mpeumymiectBaM P OTHOCATCS CpPABHUTENbHO HU3Kasi CTOMMOCTD
anmnapaTypsl U MPOCTOTAa MHCTPYMEHTAIBHOIO OCHAIIeHHs], BapraOeIbHOCTh YCIOBUM MOTyYEHUs
BOJIOKOH, a TaK)X€ MHOroOoOpa3ue pas3UYHBIX THIIOB BOJIOKOH M H3JEIMH Ha MX OCHOBe [2].
dopMoBaHHE MOJMMEPHBIX HAHOBOJIOKOH B YCJIOBHSIX 3JIEKTPOJUHAMHYECKUX B3aUMOJIEHCTBUHN U
BSI3KODJIACTUYHBIX JAedopManuii MO3BOJSET BapbUpPOBaThH WX Pa3HOOOpA3HBIE CTPYKTYpPHO-
Mop(ooruueckne XapakTepUCTUKU, CO37]aBaTh BHICOKYIO YAEIbHYIO MOBEPXHOCTb, PETYINPOBAThH
MEXaHHYECKHe CBOMCTBA M TMOPUCTOCTh, a TaKXKE HCIONB30BaTh IMUPOKHA JUANA30H
muhPy3MOHHBIX TTAPAMETPOB.

B pabote ucnonbzoBanu nonu-(3-ruapokcudyrupart) (II'B) ¢ monekynspuoit maccoit 300 u
460 xJla pupmbr BIOMER (I'epmanus) Terpadyrunammonnii omua {[CH3(CH,)s]4sN} npumensiim
B Tporiecce 3MeKTpoGopMOBaHUS B KadecTBE MOOABKU ISl YBEIWYCHHS SJICKTPONPOBOIHOCTH
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¢dopMOBOUHOrO pacTBOpa. MypaBbUHYIO KHCIOTY MOOABISLTM AJISL PETYIHPOBAHUSA BSI3KOCTU U
3EKTPONPOBOAHOCTH.

O®B HeTKaHbIX BOJOKHUCTBIX MaTepuanoB Ha ocHoBe III'b ocymecTBisiin Ha ONBITHOM
naboparopHori ycranoBke D®PB-1 (Poccust) mpu muHammueckoil Bsizkoctu pactBopa 9 II3 (0,9
[Ta*c), ynmenpbHOUW OOBEMHON SIEKTPOIMPOBOAHOCTH ~ 10% (Omm)?, obbeMHOM pacxoje
(hOopMOBOYHOTO pacTBOpa 10-12:10" r/cex, HanpsHKEHUU dJIeKTpuyeckoro noiist 15 kB, paccrosinun
MexXxay 3aekTpogamu 18 cM, auamerpe kanwsipa 0,1 mm.

Pacnipenenenne BookoH u3 pactBopa nomuruapokcudyrupara (II'6) 8 XOM/MK (0.9:0.1)
¢ TBAU no auamerpam HcCiIeI0OBAaHO METOJIOM CBETOBOM MUKPOCKONHUH (ONTHYECKUN MHKPOCKOI
MBU-6). Terodusnyeckne u TepMUIECKUe (TEMIIepaTyphl Hadajaa TEPMO- U TEPMOOKHCIUTEITLHON
JECTPYKLIUH ) XapaKTEPUCTHKHU BOJIOKOH Ha ocHOBe [1I'b nmomydensl ¢ momorpto 1uddepeHaibsHo
ckaaupytonux kajgopumerpoB JICM-2 (Poccust) u Perkin Elmer Pyris 6 DSC (CIIIA).

Bonbmioe yncno (GpakTopoB, OTBETCTBEHHBIX 3a pas3iIMuYHBIE CTaJAWU 3JIEKTPO(GOpMOBaHMA,
CTaBUT TMepeJ] HCCIEAOBaTesIMM M TEXHOJOraMu 3aJqady BBISIBICHHUS Cpeld HUX Haubosee
3HAYMMBbIX, JOMUHHPYIOIIUX XapaKTePUCTUK, H3MEHEHHE KOTOpPBIX B HAMOOJNbIICH CTENeHU
CKa3bIBACTCSl Ha CTPYKType, MOP(OJIOTHH, TTOPUCTOCTH U TeOMETPHH BOJIOKHA. B mporecce DD
BBICOKOBOJIBTHOE JIEKTPUYECKOE MOJIE CO3/IaeT CBOOOIHBIE HOHHBIE 3apsAbl, MUTPUPYIOLIHE BIOJIb
CTPYH HOJIMMEPHOI'O PacTBOPa OT OJHOTO JJIEKTPOAa K APyroMy. B opraHm4eckux HEMOHOTE€HHBIX
IIOJINMEPHBIX PAcTBOpax € HU3KOW AMAIEKTPUUECKON NPOHMIIAEMOCTbIO KOHLEHTpALUs TaKuX
HMOHOB KpailiHe Majla, 4YTO OMpeJesiseT HU3KHE 3HAYEHUS SJIEKTPONPOBOIHOCTH (OPMOBOYHOM
cuctembl. K mogo6ubIM cuctemam otHocsaTes pactBopsl [1I'B [3].

[IpenBaputenbHO HamMHu OBUIO HM3YyYEHO BIIMSHUE AJIEKTPONPOBOJHOCTH U BSI3KOCTH Ha
npouecc D® OunapHoro pactBopa I[II'b B xmopodopme (XDPM) [4]. B wyactHOoCcTH, OBLIO
YCTAaHOBJICHO, YTO HHU3Kas JJIEKTPONPOBOAHOCTH pacTBopa III'b mpensrcTByeT oOpa3oBaHHIO
OJIHOPOJIHBIX 110 TOJIIMHE BOJIOKOH, YTO IOCTAaTOYHO HATJISAHO AEMOHCTpUpyercs Ha puc.l A,b.

B cBfa3M ¢ HEOOHOPOAHOCTHIO JMAMETPA BOJOKHA M €r0 XapaKTEPHBIMU YTOJIICHUSMH,
MPEJCTABISAIONIMMHU CIIOPAJINYECKH BOSHUKAIOIIUE HIIUTICO-TIOJJOOHBIE CTPYKTYPBI, AJIsl YBEINUCHUS
ANIEKTPONPOBOJIHOCTH B TMOJUMEPHBIA pAcTBOP BBOJIWIM COJb TETPaOyTUIAMMOHUN MO
(TBAW), 94TO TO3BOJIUIIO MOTYYUTh WIHMHIPHYECKHUE BOJOKHA 0€3 3aMETHBIX y3JI0B U YTOJIIICHHIA.
OpnHako BBICOKOE COAEPIKAHME AIIEKTPOJIUTA OTHOCUTENIBHO KOHLEHTPALMM ITOJIMMEPA B PacTBOPE
npuBoauio K u3meHenuto coiictB III'b u pocty medexkrnoctu dopmupyembix BosnokoH I1I'B.
Uto0b1 cHM3UTh KoHIeHTparuio THhAW B kauecTBe MOMOJHUTEIRHON MoauduIupyromei 100aBKu
B (hOpPMOBOYHBIM TOJMMEpPHBIA pacTBOp Obuia goOaBneHa MypaBbuHas kucinora (MK), uto
MO3BOJIMJIO CHU3HUTH COZAEpKAHHME COJIM B CHCTeMEe MPHUOIM3UTENbHO B 5 pa3. B manHom ciydae
BBeleHue MK, Kak OpraHM4YecKoro »3JEKTPOJIUTa, IPUBOJWIO HE TOJBKO K BO3PACTAHUIO
ANEKTPONPOBOTHOCTH PAcTBOpPa, HO U CO3AABAJIO CONBBATHPYIOMUN 3P (HEKT, KOTOPBIA yCHUIUBAI
JMCCOLMALIMIO COJIM U TTOBBILIAI 3JICKTPOIPOBOAHOCTh CUCTEMBI Oosiee ueM Ha 400%, cM. puc. 1.
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Puc. 1. 3aBucumocts smekTpornpoBoaHocTH pactBopa I1I'b B xsmopodopme oT coaepkanus
MypaBbHHOM KUCIOTHI. OnTHueckue Mukpodotorpaduu Bosiokon I1I'b, monydeHHBIX MeTOIOM
DOBII u3 4 macc. % pactBopa nonumepa B Xjaopodopme Kak B OTCyTCTBHH (A), Tak U B
NPUCYTCTBUH TeTpadyTHiIaMoHui noaunaa, 5 r/i (b).

OnHako cleyeT y4ecTb, YTO BBEICHHE KHUCIOTBHI, KaK THUJIPOJUTUYECKOrO areHra, B
MOJUMEPHBIA PACTBOP MPUBOJIUT K Pa3BUTHIO KUCIOTHOro ruaponusa III'b, pa3peiBy ocHOBHOM
LIENU U, CJIEOBATEIbHO, K U3MEHEHHUIO €r0 MOJIEKYJISIPHOM Macchl. [l mojiydeHus: OAHOPOJHOTO
[0 CEYEHMIO BOJIOKHA HEOOXOAMMa ONTHMHU3ALMS 3HAUYEHUHN 3JIEKTPOIPOBOAHOCTH ITyTeM moadopa
COOTBETCTBYIOILIETO 3JIEKTPOJIUTA M €r0 KOHIIEHTpAaUuu B (OpMyeMOM pacTBOpe MOJUMeEpa, YTO
OBLJIO MPOJACMOHCTPUPOBAHO HAMH Ha MpUMepe napsl anekTpoantoB TEAN-MK.

Ha puc. 2 npexacraBineHa 3aBUCUMOCTh aAuamerpa BosiokHa III'B ot  ero
AJIEKTPONPOBOAHOCTUA B XJopoopme B mpucyrcTBuu diekrposmta TBAW. B kadectBe arcHra,
YCUJIMBAIOILIETO 3JEKTPONPOBOJHOCTD, UcTioiab30Banack MK. Jljist IByX pazinyHbIX KOHLEHTpaLUl
KHCIIOTHI Ha KpUBBIX | U 2 HaOMIOJAIOTCS MUHUMYMBI 3aBUCMMOCTH CPEIHEr0 JMaMeTpa BOJIOKHA
OT 3JIEKTPOIIPOBOJHOCTH, TAe HaldromaeTcss Haubojee COBEpIICHHas, IMIMHApHYEcKas (opma
BOJIOKHA C HAUMEHBILIUM JUAMETPOM.
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Puc. 2. 3aBHCHUMOCTD CPEAHECTATUCTUUECKOTO TUAMETPA YIBTPATOHKUX BOJIOKOH OT
anekTponpoBoaHocTH popmoBouHoro pactBopa I1I'b-xnopodopm-snexrponut (TBAN) B
npucyrctBud MK: 1 -3.2 % u 2 - 5.3%
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OO6nacTp 3HAYEHUH OSIEKTPONPOBOAHOCTH, PACHOJOXKEHHAas clieBa OT MHHMMyMa < 30
MKCwm/cm (l), HE TIO3BOJISET MOMYYUTh CTPOTO IMWJIWHIPHUYECKYI0 TEOMETPHIO BOJIOKHA, TOT/Ia KakK
o0JlacTh 3HAUEHHMH OSTOW XapaKTepUCTUKU crpaBa oT MuHEMymMa > 90 wmkxCwm/cm (1)
xapakrepusyetcs hopmupoBanreM BosiokoH [1I'b nedopmupoBanHoro uzsuinmcroro sujaa. O6macTh
3HAYCHUHN 3JICKTPONPOBOAHOCTH BOJIM3M MakcuMmyma s oboux kpuBbix 50 u 70 MxCwm/cm (11),
COOTBETCTBEHHO, oOecneunBaeT (OPMUPOBAHME OJHOPOJHBIX IO TOJIIMHE BOJOKOH C
MUHUMAaJIBHBIM KOJIMUECTBOM J1e()EKTOB.

OnHOM M3  KIIIOYEBBIX XapaKTEPUCTHK Ipolecca SBISIETCA BA3KOCTh (DOPMOBOYHOIO
pactBopa [5]. Ilpum HU3KHX 3HAUEHHSX BA3KOCTH, B OOJIACTH KOHLEHTpanuii Huxe 4 mac. %, B
nporecce DD 00pa3oBbIBANACh CMECh BOJOKOH M CPEPUUECKUX YACTHUL, TOrJa KakK MOBBIIICHHUE
BSI3KOCTH, COOTBETCTBYIOIIEH KoHIeHTpauuu 10 mac. % nNpUBOAMIO K MPEKPAILICHUIO Mpolecca
O®. [lpu MCHOJB30BAHMU B KAUECTBE JOMOJHUTEIBHOTO HJIEKTPOIUTA, MYPABBUHOM KHUCIOTHI
(MK), cnenyer yuuteiBaTh ee rugpoiutuueckoe aeiictsue Ha III'b naxe B ycioBusiXx HEBOAHOMU
cpeabl, T.6. B OPraHWYECKOM pacCTBOPUTENE C HHM3KOM JUAIEKTPUYECKOH NPOHHUIIAEMOCTBHIO.
JIeCTBUTENBHO, pUC .3 IMOKAa3bIBAE€T JOCTATOYHO PE3KOE CHIKEHHE BA3KOCTH pactBopa III'b B
npucyrcrBun MK. Kak u cnenoBano oxuiars, B OTCYTCTBUHM JIAaHHOTO T'MJPOJUTUYECKOTO areHTa
Bs3kocTh 1B B Xx7opodopme ocraercst moctossHHOM B TeueHue 6onee 1200 yacoB (kpuBsie 4 u 5).

10+ A
L
4 -
& S 3
" 2
2
2 64 §
i
8 2
g 4 5 g 1
@ 1 )
E ,
24 a
2 80
| ]
O \.5‘\%%‘ OO' T T T T T T T 1
0 5'0 1'00 1'50 2'00 ZEI_)O 3'00 35'-)0 460 0 50 100 150 200 250 300 350 400
Bpemsi, 4 Bpems, 4

Puc. 3. 3aBUCHMOCTh TMHAMUYECKOU BSI3KOCTH (2) ¥ €e 00paTHOM BeMUUHBEI (0) OT BpEMEHH IS
pactBopa [1I'b B XOM-MK-TBEAU cmecu (1 - MM=350 k/la, 2 - MM=450 x/la u 3 — 850 x/la) u B
XDPM (4 - 850 x/la u 350 x/1a).

Kunernueckne KpuBble MafeHMsI BSI3KOCTHM CHCTEMBI IO3BOJSIOT C YYETOM KOHEUHOTO
BpeMeHH TmonydeHuss BojokHa (oT 30 g0 45 MHHYT) OLEHHWTH MAJCHHUE CPEAHEBI3KOCTHOM
MOJIEKYJISIPHOM Macchl IOJIMMepa, IPU 3aBeplleHuu npouecca DD, T.e. K MOMEHTY BPEMEHH, KOrza
yIBTPATOHKHE BOJOKHAa YX€ C(OPMUPOBANINUCH, a JETydYde KOMIIOHEHTBl, B TOM YHUCIE H
runpoautndeckuil arentT (MK), ynanensl B pe3ynabpTate ux ucnapeHus. OCTaTouHOE COAEp)KaHUE
X®M u MK B ynbrparonkux BojiokHax coctanisiiio 0,011 u 0,014 mac %, COOTBETCTBEHHO.

JluHelHbIN XapakTep 0OpaTHOW BEIMYMHBI 3aBUCUMOCTH BSI3KOCTH OT Bpemenu (Puc. 3 b)
MOKa3bIBAET, YTO KUHETHKA ruapoautndeckor aectpykuuu [1I'b B npucyrcrBun MK nomunnsiercs
ypaBHEHHIO 1-r0 MOpsJIKa, YTO JOCTATOYHO YacTO HAOIMIOAAETCs IMPH KUCIOTHOM KaTaiuse
paclIeIyICHUs]  CJIOKHO3(DUPHBIX CBSI3eH, NPUHAAICKAIIUX MPUPOJHBIM U CHHTETHYECKUM
nonudupaM B KBa3UTOMOT'€HHOM cpezie. B mporiecce paspbiBa Cl10)XHO3(QHUPHBIX CBA3EH B MOIH-0-
ruapokcukuciorax (IUJIA, TII'A, IIUJITA) u B mnomu-B-rumpoxcukucinorax (III'b, TIT'BB)
MOJIEKYJISIpHAsl Macca YMEHbBIIAETCS, B YACTHOCTH, B COOTBETCTBUU C ypaBHEHHUEM (1):

1 1 1

= + kt 1
M MnO MO ()

n

rie My 1 Mpo — cpeiHednciioBasi MOJIEKYJIsIpHasi Macca mojiudgupa B MOMEHT BpeMeHU { U B
HayalbHbIIl MOMEHT BPEMEHH, COOTBETCTBEHHO, k — KOHCTaHTa, CBsi3aHasi C KOHCTAHTON I'MJIPOJIN3a
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nonudupa B TOMOTEeHHOM cpene, My — KO3(pQHUIMEHT mepexona OT CpPEAHEBA3KOCTHOW K
CpeaHEeYucaoBor MousiekyisipHoii wmacce. Ilagenne w™onekynapuoir Maccel [II'b  cBsizano ¢
U3MEHEHUEM JIMHAMMYECKOU BS3KOCTU HEIOCPEACTBEHHO udepe3 ypaBHeHHe Mapka — XayBHHKa —
Kyna. [Ins uccneayemoro pactBopa I1I'b B xmopodopme 3TO COOTHOIIEHHE UMEET BHJI CTETICHHOTO
ypaBHEHHsI ¢ TIoKazaresneM, npuodmmxkarommmes k 1 (0,82+0,14).

[7]=77-10"xMm % 2)

[TyreM moacTaHOBKM ypaBHEHHs 2 B ypaBHEHHE | MOXHO MOJYYUTh ONM3KYIO K JTMHEHHOU
3aBHUCHUMOCTh MEXIy OOpaTHON BEIWYMHON BSI3KOCTH M BPEMEHEM KOHTAaKTa IOoJIUMepa C
pactBopom MK B xnopodopme, uTo 1 HabogaeTCs Ha pHc. 3.

3AK/IIOYEHUE

XapakTepucTUKU TOJMMEPHOTO pacTBOpa B 3HAYUTEIBHOM CTENEHH OMPEHETsiOT
TEOMETPHUI0 U MOPGOIOTHIO yAbTpaTOHKUX BOoKOH I1I'B, momyduenubix metomom D@. Ilepexon ot
Karie-moJo0HOr0 MPOAYKTa K (GUOPHIUISIPHBIM CTPYKTYpaM 3aBHCHT OT TaKUX Ba)KHBIX CBOWCTB
(OpMOBOUHOTO pacTBOpa KakK AJMEKTPOMPOBOJHOCTD U BSI3KOCTh. [l MOMy4YeHUs HUIMHAPUIECKIX
BoJIOkOH B pactBop III'b B xmopodopme BBOgWIM psii MOIUGMUIUPYIOMUX HUZKOMOJIEKYIISPHBIX
no6aBok, Takux kak TBAW u MK, yBennuuBaromux 3J1eKTpOMPOBOIHOCTh cucTeMbl. Kpome Toro,
BO3pACTaHHE BA3KOCTH PACTBOPOB IyTEM YBEIMUYEHUSI KOHIICHTpauu W/ MM nonumepa Takxke
MPUBOJUT K YIYYIICHUIO OJHOPOJHOCTH BOJIOKOH MO TOJILIMHE W BIUSET HA JUAMETP U IIUPHUHY
pacmpesenieHus yaIbTPaTOHKUX BOJOKOH MO auamerpy. Monudukamus pacTBOPOB HOHOTEHHBIM
anektposutoM (TBAN) n runpomutuueckum areatom (MK) camxkaer ncxogayro MM nonumepa u
MPUBOAUT K BO3PACTAaHUIO BSI3KOCTH CHUCTEMbl KaK OTKJIMK Ha THUPOJIUTUYECKHM MpoIecc.
[TonydyeHHbIe BOJIOKHA HALIUTA CBOE MMPUMEHEHNE B OMOMEIULINHE.

Paboma evinonnena npu yacmuunou ¢urarcosoii noodepoicke POY um. I'.B. Ilnexanosa u
eocyoapcmeennozo 3aoanusi (MX® PAH), mema 0082-2014-0009 “Paspabomka memooos
CO30aHUsL  HAHOCMPYKMYPUPOBAHHBIX — NOJUMEPHBIX,  OUONOIUMEPHBIX U  KOMHO3UYUOHHBIX

12
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YIK 677.027.56

OCOBEHHOCTHU TEKCTWJIbHOM NMEYATH C IPUMEHEHUEM
HUPPOBBIX TEXHOJOI'MAU

SINGULARITES OF THE TEXTILE PRINTING WITH USING
DIGITAL TECHNOLOGIES

H.A. TI/IXOMI/IpOBal, A.B. 3axap013a1, IL.B. Tpod)HMOBl, A.A. IaBioB?
N.A. Tikhomiroval, A.V. Zakharova®, P.V. Trofimov}, A.A. Pavlov?

lCaHKT-HeTep6yp1“01<1/1171 rOCYJapCTBEHHBIN YHUBEPCUTET MPOMBIIIJICHHBIX TEXHOJIOTUM U TU3aiiHa
2000 «Manydaxrypa ITaBnosa», (Caukr-IlerepGypr)
! St. Petershurg state University of industrial technologies and design,
2 LLC " Pavlov Manufacture», (St. Petersburg)
E-mail: tixomirova@bk.ru, anaszachar@gmail.com, color_textiles@mail.ru

PaccmoTpenbl 0CO0€HHOCTH CTPYHHOWH TEeXHOJIOTHMM NeYaTH TeKCTHUJIBHBIX MATEPHAJIOB, € LeIbI0
onpejfeeHHs1 ONTHMAJBLHOIO peKMMa M TMpelneyaTHOW TMOJATOTOBKM JJEKTPOHHOH BepCUM PHCYHKA.
Omnpeaenenbl BO3MOKHOCTH MOJIy4YeHUs] TOHKUX rpaduyeckuX 3J1eMEHTOB PUCYHKA Pa3HbIX I[BETOB ¢ BHICOKOM
YeTKOCTBHIO HA TEKCTHJIbHBIX MAaTePUAJIAX € PA3JIHYHBIMH XapPaKTePUCTHKAMH.

KuaroueBblie ciioBa: crpyiinas nedars (inkjet), imanarypa nzo0pakenusi, 4eTKOCTh JUHUI rpaduuecKux
3JIEMEHTOB, TEKCTHJILHbIE MATEPHAJIBI U3 XJIOMKOBOI0 BOJIOKHA.

The features of jet printing technology of textile materials, in order to determine the optimal mode and
prepress the electronic version of the picture. The possibilities of obtaining thin graphic elements of the pattern
of different colors with high clarity on textile materials with different characteristics are determined.

Keywords: inkjet printing (inkjet), image lineature, clarity of lines of graphic elements, textile materials
made of cotton fiber.

[Mupokoe mnpuMeHeHUE IU(GPOBBIX TEXHOJOTHA B TEKCTHIBHOW TPAaKTHKE TpeOyer
OOBEKTUBHON OIICHKM TEXHOJOTHYECKMX BO3MOXKHOCTEH, OCOOCHHO IpPU BOCIPOU3BENCHUU
TEKCTUJILHBIX OPHAMEHTOB HA OCHOBE TOHKHX rpaduueckux 31eMeHTOB. COBpeMEHHBIC TOIXObI B
CO3JJaHUM TEKCTWJIBHBIX OPHAMEHTOB 3aKJIIOYAlOTCd B NPUMEHEHUU Psa KOMIBIOTEPHBIX
nporpamm (Adobe Photoshop, CorelFhotoPaint) mis monydeHus 3J€KTPOHHOW BEPCHUU PUCYHKA.
Ecnn BocnpownsBeneHne OKpackH JM3aiH - MPOEKTa HAa TEKCTWJIBHOM MaTepuaje JAOCTUTaeTCs B
pe3ynbrate TMPUMEHEHUS CYIIECTBYIOIIMX OOBEKTUBHBIX 3aKOHOMEPHOCTEH CBSI3BIBAIOIINX
L[BETHOCTb 3TAJIOHA M CBOWCTBA KpacuTeled, TO MIPOrHO3UPOBaHUE BOCHPOM3BEIEHUS IpaduyecKux
JJIEMEHTOB PHCYHKa, OCOOEHHO MAaKCHUMAJIbHO TOHKHUX JMHHUM, C Y4ETOM CBOMNCTB TEKCTHUJIHHOTO
Marepuana TpedyeT u3ydeHus. Mi3BecTHa B3aUMOCBSI3b pa3Mepa JIMHUN B AJICKTPOHHOM (aiiie v Ha
Oymare, HO CBOMCTBA TEKCTHJIBHBIX MOJIOTCH 3HAUYUTEIHHO OTIUYAIOTCS OT CBOMCTB OyMard.

B psnge nmyOnukamuii pacCMOTpEHO BIMSIHHME CTPYKTYpbl TKaHM, THIIA YEPHUJ, CBOWCTB
BOJIOKHA W THIA TpPEIBapUTENbHOW OOpaOOTKM TKaHM HA KAadyeCTBO MNPAMOM CTpYHHOI medatn
[1,2,3]. Llenpto JaHHOTO MCCIEIOBAHUS SIBUJIOCH OINPENEICHUE 3aKOHOMEPHOCTEH, MO3BOJISIONIUX
MPOTHO3UPOBATh IMOJYYEHUE YETKUX PA3HOLBETHBIX JUHUM C MUHUMAJIbHON IIMPUHON Ha
TEKCTWJIBHOM MaTepHalleé C Y4ETOM XAPAKTEPUCTHUK IOJOTHA. {7 BBINOIHEHUS 3KCIEPUMEHTOB
ObUTH BBIOPAHBI TEKCTUJIBHBIC MOJIOTHA M3 XJIOMKOBOW MPSKH, B TOM YUCIE KpydeHol (Mapkuszer),
CBOMCTBA, KOTOPBIX MPEACTaBICHBI B Ta0IHUIE 1.

B kauecTBe KpuTepHsl OLEHKH ONTHMAIBLHOCTU JIMHUATYPHI ObUIM BHIOpAHBI OJMHAKOBAs
IIMpYHA TI0 TPEM HampaBieHHUsIM (OCHOBA, YTOK, IMAaroHallb) M YETKOCTh JMHUHN. [l oLleHKH
BO3MOKHOCTH BOCHPOU3BEACHUS MAaKCHMaJIbHO TOHKHMX JIMHMM Ha TEKCTUJIBHOM Marepuase
CTPYHHBIM cIocoOoM, OblJa HameuyaTaHa cepus oOpasloB C TeOMETPUUYECKOW (UTYpOH,
MO3BOJISIONIECH OLIEHUTh YE€TKOCTh JIMHHM 10 OCHOBE, YTKY W JUaroHaiu monoTHa (puc.l). Maker
co3gan B 1mBeroBorl momenn CMYK, c paspemenuem meuatu 300 dpi B mporpamme Adobe
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Photoshop CS6 u npezacraBiser cepuio TPEeyroJbHUKOB C TOJMIIMHOW JTMHUN U(PPOBOTO OpUTHHANIA
COOTBETCTBEHHO 1, 2, 3, 6,9, 12, 15 nukceneit. DPI — 370 KoJiM4eCcTBO peasibHBIX TOYEK, KOTOPOE

Tabmuma 1
XapaKkTepuCTUKU TEKCTUILHOTO MaTepraia
TexcTuiIbHBIN Yucno Huren IToBepxHOCTHAs JIunelinas
Marepual Ha 10 cm IUIOTHOCTD I/M° | IUIOTHOCTB MIPSTKH,
TEKC
(100% xionox) | OcHoBa VTok OcHoBa VYTok
Mapxuzer 318+6 | 25448 72 12,0 12,0
barucr 3747 29849 68 10,0 10,0
bs3p 260+5 2407 135 25.0 25,0
TpukoraxHoe
ITOJIOTHO
- - 212 14.6

MOXXET HaredaraTtb NMPUHTEP HAa €IWHUYHOM OTpe3ke mnuHoi 1 moiim (2,54 cm). KommdectBo
pPacTpOBBIX TOYEK, MPUXOMSIIUXCA HAa €AMHUIYYy JJIUHBI (LIar CETKU PacTpa), TaK)Ke UMEET CBOIO
€IMHUIlY U3MEPEHNUs, Ha3bIBaeMylo JUHHUATYpol. JIunuatypa usmepsercs B muHusIX Ha qoiM (Ipi,

lines per inch). Jluanarypa makera cocraBisuia 150 Ipi, T.x Ha ofWMH pacTp MPUXOIUTCS IO IBYX
JIUHUM.

ANANANAN

\\ ll

Puc. 1. DnexTpoHHBIN MakeT rpad)UueCKuX AJIEMEHTOB C IIUPUHON JIMHUN B PATY
COOTBETCTBEHHO 1, 2, 3, 6,9, 12, 15 nukcenei

HudpoBoii opurnHam HaHOCHJICS Ha TEKCTHJIbHBIE MaTepHallbl COCTaBaMHM, COAEPKAIUMU
TEKCTHIIbHBIE TUTMeHTHI Ha ipuHTepe Kornit Avalanche 951 na pexxume Whiet 454. Tlocie neuaTtu
npoBojuiack Qgukcanus npu temneparype 140 °C B TeueHMM 5 MUHYT B TYHHEJIBHOM CYIIHMIIKE
Chiossi e Cavazzuti Asso 950.

OrneHka B3aMMOCBSI3U CTPYKTYphI TEKCTUJIBHOTO MaTepuana M KauecTBa MPsIMOM CTPYHOMH
nevyaty (IIMPHUHA, PA3MbITOCTh JIMHUI) OCYIIECTBISIACH C TOMOUIBIO ONTHYECKOT0 MUKPOCKOIA Ha
ycranoBke Microcolor 2000 250B-LAB mipu 20-kpaTHOM yBEJIUYEHUH.

Ha mnepBom »srame ObUIO NpPOBEACHO CpaBHEHWE TOJIIMHBI M YETKOCTH JIMHUK Ha
TEeKCTHJIBHBIX MaTepHajiaX, MOJyYeHHBIX ¢ AIEKTPOHHON Bepcuu B 1 mukcens. Hago otmeTuTs, uTo
noJjiydyaeMasi TOJIIMHA JIMHUM Ha TKaHU B HECKOJIBKO pa3 MPEBbIIIAET TONIIMHY JUHUHM Ha Oymare,
KOTOpass TPOTHO3MPYETCS MpHU TIe4aTh B COOTBETCTBUHM C M3BECTHBIMH HOpMamH. bbiio
OoOHapyXeHO, 4YTO YEPHHJIbHBIE COCTaBbl PA3HOrO IIBETa MpPH OAMHAKOBOW IIMPUHE JIMHUU B
AJIGKTPOHHOW BEPCUU PUCYHKA M OJMHAKOBBIX YCJIOBUSX HAaHECEHHs Ha TEKCTWJIBHBIM MaTepual
(peXKUM) WMEIOT pa3HYH HHTCHCHUBHOCTH OKpacKu. [osyOoW W KEeNThld IIBETa TMPH IIEYATH
MUHUMAJIbHO BO3MOXHOH JMHHM TOMIIMHOW B | TMHKCeNb MPAaKTUYECKH BHU3YaIIbHO HE
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OOHapYKUBAIOTCS HA TKAHSX, B OTJIMYUE OT YEPHOTO U KPACHOTO, HO HAa TPUKOTAKHOM TOJIOTHE
JIMHUH BCEX I[BETOB CPABHUTEIHHO PA3INUUMBI.

Jlist ompeneneHyss HACTPOWKHU MIMPHUHBI JIMHUN B MHUKCENAX B HU(DPOBOM OpUTHHAIE, MPHU
KOTOpOi OyyT NOCTUTaThCsl OIMHAKOBBIE 3HAYEHUSI IIMPUHBI IMHUA B MM T10 TPEM HAIPaBJICHUIM
CTPYKTYphI TKaHU - OCHOBA, YTOK M JAMAroHallb, ObLI HamedaraH psij IpadUyecKux 3JIEMEHTOB B
COOTBETCTBHH C 3JCKTPOHHBIM MakeToM (puc.l) Ha oOpasmax Tkaueii: bsse, baruct, Mapkuzer u
TPUKOTAXKHOE MOJIOTHO. [leyaTs ocyiecTBisaIachk COCTaBaMH YEPHUII YEPHOTO, KPACHOT'0, CHHETO U
KenToro uBeToB. CpemHee 3HAYEHUE MOJTYyYAIH MPU U3MEPEHUHU IUPUHBI JUHUN B 10 TOukax 1o
Ka)XJIOMy HalpaBJIeHHUIO Ha OTpe3ke 2 cM. CpeHeCTaTUCTUUECKUE ONITUMAJIbHBIE JAaHHBIE ISl BCEX
IIBETOB IMpeJCTaBJIeHBI B TabauIe 2 u Ha puc. 2,3,4,5.

Tab6muna 2
OnTuManbHOE COOTHOIICHUE IMUPUHBI JIMHUHA TU(PPOBOTO
opurrHaia U PaKTUIeCKOH MUHIMAIILHO BO3MOXKHOUW U OJIMHAKOBOM IIMPHHBI
JIMHUI, B TpEX HANPaBJIECHUSX HAa TEKCTUIHHOM IOJIOTHE JIJIsl BCEX LIBETOB

No TeKkCTunbHbBIA MaTepHal [[Inpuna nuHMiA MuHuManbHask IIMPUHA
n/n B IIU(POBOM JIMHUI HAa TEKCTUIIBHOM
OpUTHHAJIE, HKC. MaTepuase, MM
1 bs3p 9 1,0-0,9
2 Baruct 6 0,6-0,7
3 Mapkuszer 6 0,6 -0,7
4 TpuKoTa)XKHOE MTOJIOTHO 9 0,8-0,9

[IpoBeneHHBIE SKCIEPUMEHTHI OKA3AJIM, YTO IUPUHA JIMHUHN MTOTYy4YaeMbIX Ha TEKCTUIBHOM
MaTepHale ¢ MOJOTHIHBIM MEeperuieTeHHeM B OONBIION CTENEeHN 3aBUCHT OT JIMHEHHOM IIOTHOCTH
MPSDKU U B MEHBIIIEH CTENEHU OT CTPYKTYPHI MPsikKH (KpyTKa). MOKHO OTMETUTh, YTO MAaKCUMAaJIbHO
TOHKHE JIMHUM OJMHAKOBOW mupuHbl 0,6 — 0,7MM MOTYT OBITh MOJYYEHBl Ha TKaHU C JTUHEWHOU
IJIOTHOCTBIO TPSKH MEHee 12 TeKC M MOBEPXHOCTHOM IUIOTHOCTH 7042 r/M%. YBennueHue B 1Ba
pa3a JaHHBIX XapaKTEPUCTHK NPUBOAUT K TOMY, YTO MHHHMMAaJIbHO-BO3MOXKHAs IIMPUHBI JTMHUM
yBenuuuBaercs Ha 30% W 1S BBINOJHEHUs YCIOBHS PABHO3HAYHOCTH HX 10 TPEM HAIPABJICHUSAM
HE00XOAMMO B JICKTPOHHOM (aiisie uMeTh mupuHy JMHUN 9 nukceneit (basp). s TpUKOTaKHOTO
MIOJIOTHA «IACTHKY», JIMHEWHAs IJIOTHOCTh NpskU Kotoporo Ha 20 % Beime, yeM y Mapkusera,
MUHUMAIBHO BO3MOXKHAS MUpHHA TUHUH cocTaBisier 0,8 — 0,9 MM, uTo B cpeaHem Oounbire Ha 30%
10 CPABHEHUIO C MOJIOTHSHBIM NEPETUIETEHUEM TKaHHU.
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TOPU30HTAIIBHBIE TMHUH — OCHOBA, BEPTUKAJIbHBIEC — YTOK
Puc.2 ®otorpadun nuHMIA IO TpeM HarpaBlieHUs Ha b3y npu oNTUMaTbHOM 3HAYEHUHU
IUPUHBI JTUHUHN ITU(POBOTO OpUTHHANA — 9 HKCcenei
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TOPU30HTANIbHbIE TUHUH — OCHOBA, BEPTUKAJIbHBIE — YTOK
Puc.3 ®otorpaduu nuHMIA 10 TpeM HampaBieHus Ha baTucTe mpu onTUMaIbHOM 3HAYECHUN
MIUPHUHBI JIMHUH [IUPPOBOTO OpUTrHHANA — 6 TUKCEeIeH

Puc.4 ®otorpaduu nuHMIA 10 TpEeM HampaBiIeHU I MapKu3eTa Mpu ONTHMATEHOM
3HAYCHHUH MAPUHBI TUHUN TU(PPOBOTO OpUrKMHajia — 6 mukcenen
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Puc.5 ®ororpaduu muHMA 1O TPpEeM HANPABJICHUS IJIs1 TPUKOTAKHOTO TIOJIOTHA MPU ONTUMATLHOM
3HAYEHUH IUPUHBI JIMHUN TUGPOBOTO OpUTHHATA — 9 TUKcenei

JlaHHBIN pe3yabTaT JaeT OCHOBAHUE CUUTATh, YTO CTPYKTYpPaA TEKCTHUIIBHOTO MMOJIOTHA, JTaKe
[PH OTHOCHTENBLHO TJIaJKON TMOBEPXHOCTH, B OOJIBINCH CTENCHU ONpENEIseT IMUPUHY JTHHUH MTPU
BOCITPOM3BEICHUN MX HA TEKCTHJIBHOM H3EIUN CTPYWHBIM CIIOCOOOM.

Kpome paccMOTpeHHBIX (haKTOpPOB, Ha IMHPUHY JHHHNA ¥ WHTCHCHBHOCTH OKpPAacKd OyieT
BJIMATh TAKKe PEKUM, ONPEACISIONIMA KOIMYECTBO KPACSIIEro COCTaBa, HAHOCHMMOTO 3a OJUH
npoxoxa. [lo psimy XapakTEpUCTHK, B TEKCTHIBHOW MPAKTHKE MPEUMYIICCTBEHHO TMPUMCHSIIOTCS
mupokoopMaTHeie  TPUHTEPHI € MBE30IJICKTPUYECKUMH  [ICYATAIONIMMHU  TOJOBKAMH.
JIOCTOMHCTBOM ~ JITaHHBIX ~ YCTPOMCTB  SIBIISICTCS  BO3MOJKHOCTH ~ PETYJIUPOBAHHS  KOJMYIECTBA
HAHOCHMOT'O KpACSIIEro COCTaBa Ha TEKCTHUJIBHBIA MaTepHaia MOCPEACTBOM HM3MEHEHHs 00bema
karm [4].

JIns OLECHKHM BIMSHHS pPEKAMa IM€YaTH Ha KA4eCTBO BOCHPOM3BEICHUS TEKCTHILHOTO
OpHAMEHTa C TOHKMMH TIpaQUIeCKHMH dJIEMCHTaMH ObLIM HaredaTaHbl oOpasilbl TKaHu batucT
(Puc. 6).

AHanmu3upys TOJyYeHHbIEe O0pa3lbl MOXXHO OTMETHTh, YTO ONTHMAIbHOE KadeCTBO
nocruraercst npu pexume Whiet 454, tak Kak B MOJHONW Mepe BOCIPOU3BOIUTCSA ABTOPCKHI
BapHaHT DPUCYHKA. YBCIMUYCHHEC KOJMYECTBA KPACAIIEr0 COCTaBa HE3HAYUTEIBHO ITOBBINIAET
HHTEHCHBHOCTh OKDACKH, HO MpPH O3TOM YBEJIMYHBACTCS TONIIMHA JIMHUM 10 CPaBHEHHIO C

127



OpUI'MHAJIOM M CHHIKACTCA KAaUCCTBO IMPOPUCOBKHU MCIKUX 3JICMCHTOB PUCYHKA, YBCIUMYMUBACTCSA
pacxoj1 YepHUII.
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Pexum Whiet 363 Pexnm Whiet 454 Pexum Whiet 636

Puc.6 BnusHue pexxuma neyaTv Ha Ka4eCcTBO rpad)UuecKuX AIEeMEHTOB TEKCTUIILHOTO OpPHAMEHTA
Ha TKaHu baruct

Takum 00pazoM, YCTaHOBJICHHBIE 3aKOHOMEPHOCTH MO3BOJISIIOT MPOTHO3MPOBATH TOYHOCTh
BOCIIPOM3BENICHUSI JU3aliH - MpOEeKTa Ha TEKCTHJIBHBIX MaTepuaiax W3 XJOMKOBOIO BOJIOKHA
MOJIOTHAHOT'O MNCPCIJICTCHUA IMPU ONTUMAJIBHOM PCKUMC IICUATH. HOJIyLleHHBIe 3aKOHOMCPHOCTH
JUIS TKaHBIX MOJIOTEH HEJb3s B MOJIHOM Mepe MepeHeCcTH Ha TPUKOTaXHbIE TOJIOTHA.

BriBoibI:

1. Tlpu Xyno’KeCTBEHHOM NPOEKTUPOBAHUU TEKCTUJIBHBIX OPHAMEHTOB B JJIEKTPOHHOM BHJE
HEOO0XO/MMO YUUTHIBATh KaK CTPYKTYPY TEKCTHJIBHBIX M3JEJIHH, TaK U PEKUMBI, pealuzyeMble Ha
MUPOKOGOPMATHBIX ~ TEKCTHJIBHBIX  MPUHTEPAX, UCKJIIOYasi BO3MOXKHOCTb  MCKa)KEHHS
reOMETPHUECKUX (UTYp, OCOOCHHO TOHKHUX I'paUUecKUX HJIEMEHTOB I MaKCHUMaJIbHO TOYHOTO
BOCIPOU3BE/ICHUS aBTOPCKOTO BapHUaHTa,
2. YCTaHOBHGHO, 4YTO Ha XHOH‘IaTOGyMa)KHHX TKAHAX TMOJIOTHAHOTI'O MEPCIIICTCHUA U3 MPSAKU C
JIMHEHOM TJIOTHOCTBIO MeEHee 12 TeKC M MOBEPXHOCTHOW IMIIOTHOCTBIO 7042 /™M MpU CTPYHHOH
TCXHOJIOTHUHU II€YaTU BO3MOKHO IMOJYUCHUC YCTKUX JIMHUHN OHHHaKOBOfI IOUPUHBI, KaK YCPHBIX, TaK
W I[BETHBIX TII0 TPEeM HampaBjeHUsM (OCHOBA, YTOK, AWaroHaidb) He meHee 0,6 — 0,7 MM mpu
IIMPUHE JIMHUHA B AJIEKTPOHHOM (haiiine 6 muKcenel; yBenTuueHUe JIMHEHHON TUIOTHOCTH NPSDKU U
MOBEPXHOCTHOI TUIOTHOCTH B JBa pa3za MPUBOAUT K TMOJTYYEHHIO MHHHMAJIbHO BO3MOKHOM
mmmpuHbl TuHEHA 0,9 — 1,0 MM npu 9 nHUKcemnsX B AIEKTPOHHOM Qaiie.
3. Iloka3zaHo, 4YTO CTPYKTypa TEKCTHJIBHOI'O TOJIOTHA, JaX€ MpPH OTHOCUTEIBHO TJIaJKOU
MOBEPXHOCTH, B OOJBILIOW CTENEHU ONpEACseT MMPHHY JUHUA NpPU BOCHPOU3BEACHUU HMX Ha
TEKCTUJILHOM M3JENUU CTPYHHBIM CIIOCOOOM, OCOOEHHO B Cllydae MOJIMXPOMHBIX TIpadUyecKux
AJIEMEHTOB.
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CO3JAHHUE S5KCHEPUMEHTAJIBHOT'O CTEHJA JUIA ITOJYYEHUS
BUPTYAJIBHBIX MOJEJIEM TEXHOJIOI'MYECKHUX ITPOHECCOB ITPOU3BOACTBA
OYHIIMOHAJIBHBIX TEKCTUJIbBHBIX MATEPUAJIOB

CREATION OF EXPERIMENTAL STAND FOR OBTAINING VIRTUAL MODELS OF
TECHNOLOGICAL PROCESSES FOR MANUFACTURING FUNCTIONAL TEXTILE
MATERIALS

J.C. Kopones, O.U. Ogunnosa, C.B. Kopones
D.S. Korolev, O.1. Odintsova, S.V. Korolev

«O6bpenuuenne «CrneruanbHbiid TekcTriby (T. Hys)
M BaHOBCKH rOCYJapCTBEHHBI XUMUKO-TEXHOJIOTUYECKUA YHUBEPCUTET
Ltd. "Association «Special textile"(Shuya)
Ivanovo State University of Chemistry and Technology
E-mail: koroliovds@mail.ru

Co3naHne BHPTYaJbHBIX MoJe/lell pemelIeHTHO - aKapHIUAHOW 00padoTku TEeKCTHJIbHBIX
MATEpPHAJIOB.

KualoueBble cjioBa: Kieml, pene/JIeHT, BHPTyaldbHasi MoOJelb, MHKPOKAICYJIHpOBaHHe, Hudposas
dadpuka.

Creation of virtual models to repellent acaricide processing textile materials.
Key words: harvest bug, repellent, virtual model, microencapsulation, digital factory.

TexcTunbHast U JerKasi IPOMBIIIJIEHHOCTh BMECTE C APYTMMHU ITPOMBIIIJIEHHBIMUA OTPACIISIMU
MHPOBOM IKOHOMHYECKON CHUCTEMBI CTOSIT Y MCTOKOB YETBEPTOW MPOMBIIIJIEHHOW PEBOJIIOLIUHA —
«Mumycrpust 4.0» [1], KoTOpas paauKalibHO M3MEHHUT BCIO HAIy >KH3Hb, BKJIIOYAsS W YCIOBHUS
MIPOM3BOJICTBA NHHOBAI[MOHHBIX, COBPEMEHHBIX U MEPCHEKTUBHBIX (YHKIIMOHATBHBIX TEKCTUIBHBIX
matepuanoB (O®TM), momydabpukatoB u ToToBhIX H3Aenuil. I[lo macmTaly, BCEOXBAaTHOCTH U
CIIOKHOCTH TIPOMCXOIIMX M TpeAcTosmux mnpeodpazoBanuit «uayctpus 4.0» He wumeer
aHAJIOTOB BO BCEM IIPEABIAYIIEM HCTOPUYECKOM OINBITE ueioBeuecTBa. Ham BceM elie TOJBKO
MPEJICTOUT Y3HaTh W OCO3HATh BCIO TNIyOHMHY MPENCTOALIUX MpeoOpa3oBaHHil, B TOM 4YHCIE U B
00JIaCTH MPOMBIIIJICHHBIX TEKCTUIIBHBIX TEXHOJIOTHI. B GpopMupyeMOM TEXHOJIOTHMUYECKOM YKJIae
«Uupyctpun 4.0» CyMeroT BBDKUTH U BBIMTPAIOT T€ MPOMBIIIICHHBIE KOMIIAHUHU, KOTOPbIE OYAyT
UMeTh TuOKoe 00OpyIOBaHWE W TEXHOJIOTHH, CIOCOOHbIE OBICTPO MEpecTpauBaTh CBOU
IIPOU3BO/ICTBA IO/ HOBBIE 33/1a4H.

[yiicko-Te3unckass  ¢adbpuka «TesuHkay, Bxoasmas B coctaB OObeAMHEHUS
«CrenuanbHblii TEKCTUIIbY», TOTOBUTCS K OCBOCHHIO MEPCIEKTUBHBIX IUGPOBBIX TEXHOJIOTUN
npou3BojacTBa ®TM. DT TEXHOJIOIMM HAWIYT caMoe IIMPOKOE PACIpOCTpaHEHHE Ha OyTyHIuX
nudpoBbIX Padbpukax, KOTOPBIM MPEACTOUT paboTath B pamkax «Mumyctpuu 4.0». B Hacrosmee
BpeMs Ha «Te3uHKe» co3maercs 1abopaToOpHO - MPOMBIIUICHHBIH SKCIEPUMEHTAIbHBIN CTEH, Ha
KOTOPOM OyAyT OTpabaThIBaTbCAd METOABI IOJYYEHHS MaTEeMaTHMUECKUX MOJENed pazIuyHbIX
TEXHOJOTUYECKMX  TPOLECCOB  MPOM3BOACTBA  «YMHBIX»  TEKCTUJIBHBIX  MaTepHalIoB,
mory(haOpUKaTOB U TOTOBBIX M3ICIIHA.

B pesymbraTe mpoBeneHUS MNPEIBAPUTEIBHBIX TEOPETUUYECKUX U Ja0OpaTOPHBIX
WCCIEA0BAHUM, BBIIOJHEHHBIX VBaHOBCKMM TOCYJapCTBEHHBIM XHUMHKO-TEXHOJIOTHYECKUM
yausepcuretoM (MI'XTY) coBmectHo ¢ «Te3unkoi», paspaboTaHa HOBas OpUTHHAJIbHAS
TexHosnoruss npousBojactBa OTM, conmepkaliMX pas3iIUyYHbIE  HMHKAICYJIMPOBAHHBIE AKTHUBHBIC
BemectBa (AB), Bxmouas Ouosnornuecku-aktusaele (BAB) um  apyrue BemectBa [2,3,4].
WNukancynmupoBanue AB mnpoucxoautr B mpouecce UX SMYJIbIHPOBAaHUSA, IYTEM COYETAHMS
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BO3MOYKHOCTEH JBYX METOJOB - KOAalEpBallMd M  DICKTPOCTATHUECKOW caMOCOOPKHU
TOJIHAJICKTPOIUTHBIX HAHOCIIOEB («Layer-by—Layer» CI/IHTe3)

Puc. 1 THHI/IqHa;I (bOTorpa(bI/m nonyqaeMHx MUKPOKAICYyJI.

W3 mpencraBnenHoit Ha puc.l ¢ororpaduu BHUIHO, YTO TOTy4aeMble MHKPOKAIICYIIBI
HMEIOT pa3nuuHblie pasmepsl (0T 7.5 go 870 HM) U ciiydyallHBIM 00pa3oM IUCIOIHMPOBAHBI B
npoctpancTtBe.  JlaGopaTopHble — HcclelOBaHHA — (U3UKO-XMMHUYECKMX  3aKOHOMEPHOCTEU
TexHoyoru4eckoro mnporecca noxyderuss ®TM mposogstcss B UI'XTY ¢ momompro mpudopa
PhotocorCompact-Z._ Ha puc. 2 npeacTaBieH TUHYHBIA BUJI OJYyYaeMbIX 3aBUCHMOCTEH.
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Puc. 2 TunuaHeIil B pe3yabTaTOB 1a00OPATOPHOTO HKCIIEPUMEHTA,
MOJIYYEHHBIX C MOMOIIb0 mpubopa PhotocorCompact-Z.

31ech:

1. Oxno Data and Fitted curve -ucxonHast KoppensuoHHas (yHKIUSI U3MEPEHHS Pa3MEpPOB
MUKpOKancyna (Touku) u (yHKOUS oOpaboTaHHas (CIUIONIHAS KpacHas JIMHUS) BbIOpaHHOMN
MO/IEIBIO

2. OkxHo Residuals — pacxoxaeHHe 3KCIEPUMEHTAIBHBIX JaHHBIX C BBIOPAHHOW MOJEIBIO
00paboTku
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3. Oxno Solution — pe3ynbTaThl 00pabOTKM B rpa)UYecKOM IMPEACTaBICHUU — MHUKH C
Pa3IMYHON aMIUIMTYAO0N U IUPUHON pacmpeieleHus], MOoJ0KeHNe KOTOPBIX Ha IKaiie adciuce (Ha
OCH X) COOTBETCTBYET I'MIPOJJUHAMUYECKOMY PAJUYCy YacTHUI], HM.

4. Oxno Peak Analysis (Distribution Analysis) — pe3yabTaTsl 00pab0TKH H3MEPEHUN B BUJIC
TaOMUIIBI, OCHOBHYIO HMH(OpMaIUio O pa3Mmepax cojepkaT okHO Mean, Tae yka3aH CpeIHHMA
npeoOIagaronMii pa3Mep MUKPOKAICYJ, ¢ y4€TOM IMOTPEIIHOCTEH M OKHO Area, cofepikaiiee ux
MPOIIEHTHOE pacIpeesieHHe.

[lo pe3ynbTaTam npeaBapUTEIbHBIX HCCIEJOBAHMM MOXHO CHENaTh BBIBOA O TOM, YTO
TeXHoJIoruueckuil mporecc noaydeHuss ®TM ¢ uHKancyaupoBaHHbIMU AB, SBIS€TCS CIOKHBIM
MHOTOIIapaMeTPUUECKUM CTOXACTUYECKUM IIPOLIECCOM, HE HMEIOIIMM B HACTOSIIEE BpPEMs
CTPOTOT0 aHAJIMTUYECKOTO omucaHus. [loaToMy g BbIOOpa ONTHMANBHBIX IapaMETPOB HE
TOJIBKO CaMOT'0 TEXHOJOTHYECKOTo IMpolecca, HO U (YHKIIMOHAIBHBIX TEKCTUIBHBIX MaTEpUAJIOB,
noytyabpuKaToB W TOTOBBIX W3JEIHI, MOJYy4a€MBIX C MTOMOUIBIO 3TON TEXHOJOTUHU, HEOOXOIUMBI
JIOTIOJIHUTENBHBIE PA3HOCTOPOHHHUE MOJIETIbHBIE UCCIIEJOBAHMSL.

Bo3MoxxHBI 1Ba MM0AX0/a K MOCTPOCHUIO MAaTEMAaTHUYECKUX MOJeNel MOJA0OHBIX CIO0KHBIX
UCCIIETyeMbIX O0BEKTOB:

l. AHanuTH4YecKHil - B KOTOPOM TOCTPOCHHE MOJEJIEH COMPSIKEHO C MPOBEACHUEM
JUINTEIBHBIX JOPOTOCTOSLIMX HCCIENOBaHUNW. B paccmaTpuBaeMoM cilydyae 3TH MCCIEIOBAHMUS
HEOOXOIUMBI  JUIsl BBISBICHUSI, TPUPOIBl (U3UKO-XMMHUYECKUX IPOLIECCOB, JIEKAIIUX B OCHOBE
TEXHOJIOTUYECKUX omepanuil npousBoactsa @TM. AnanmuTuyeckue MOZIEIN NPEACTABISIIOTCS B
BHJIC CIIO)KHBIX CHCTEM YpPaBHEHHH (aJreOpandeckux, OOBIKHOBEHHBIX, NH(hepeHIINaIbHbIX, B
YaCTHBIX MPOU3BOAHBIX). DTU YPaBHEHMsI IIO3BOJISIOT ONUCATh UCCIIEyEMbIE SIBJIEHUS, IPOLIECCH] U
U3JIeHs B IIMPOKHUX Ipeesiax BapbUpPOBaHUS (PaKTOPHOTO MPOCTPAHCTBA, HO PACIPOCTPAHEHUS B
pEaIbHBIX NPOM3BOACTBEHHBIX YCIOBUSAX HE IOJIYYMIU B CHIYy psla NPUYMH, OCHOBHBIMHU U3
KOTOPBIX SIBISIFOTCSL BBICOKAs TPYAOEMKOCTh M CTOMMOCTh MOJIEJNEH, MOJy4aeMbIX B TEUECHHUE
JUINTEIBHOIO BPEMEHH, MX HEIOCTAaTOYHAas aJE€KBaTHOCTb MCCIEAYEMBIM CTOXAaCTHUYECKUM
rporeccam H T.II.

2. OyHKUMOHATBHBIA - B KOTOPOM (DPU3MKO-XMMHUECKUE 3aKOHOMEPHOCTH IPOIECCOB HE
paccMaTpuBalOTCsA, HUCCIENyeMbli OOBEKT — TEXHOJIOIMYECKMH TMpOLecc, WM U3JeHe
NpPEJCTaBIsIeTCs B BHJAE «UEPHOTO ALIMKA», 00JaNaiomiero HabOpOM BXOJHBIX W BBIXOJHBIX
NepeMeHHbIX. M3yueHne oObeKkTa CBOAUTCS K MOJYYEHHUIO OMHMCAHUS MOBEIEHUS 00bEKTa B BUC
CTaTUCTHUYECKUX (YHKIMOHATIBHBIX MOJIENIEH — PErPECCUOHHBIX 3aBUCUMOCTEH.

Kak orMeuanoch BbIIIE, CHOKHOCTh TaKUX MHOT'OKOMIIOHEHTHBIX ~T€TE€POre€HHBIX
MatepuanoB, kak @®TM c¢ UHHKaNCylIMpOBaHHBIMH  PENEUIEHTHO — akapuuuaHbiMu AB, u
TEXHOJIOTHYECKUX MPOLIECCOB UX IPOU3BOACTBA, B TOM YHCIIE U MPOU3BOJCTBA CAMUX MUKPOKAICYJI
HE TO3BOJISIET HAa COBPEMEHHOM OJTale pa3BUTHs HayKu pemaTh 3amgauu paspabotku OTM u
TEXHOJIOTUYECKHX MPOILECCOB UX IMPOM3BOJACTBA CTPOTUM MaTemaThueckuMm mnytém. [IpoGrema
OCJIOXKHSETCS €€ U TEM, YTO pa3Mepbl MUKPOKAICYJI U MecTo ux auciokanuu Ha OTM wumeror
BEPOSITHOCTHBIA XapaKkTep paclpeesICHHs.

Pemenne nocraBieHHBIX 3a7ad B CllydasX OTCYTCTBHUS WM HEBO3MOXXHOCTH NPUMEHEHUS
CTPOTUX MaTeMaTUYEeCKHUX METO/IOB TpeOyeT oOpalleHusi K SKCIEePUMEHTY, KaK €IUHCTBEHHOMY
croco0y TOJYy4YeHHUsl JOCTOBEPHOro 3HaHUs 00 oObekTe uccinenoBanus. llpu stom criemyer
YUUTBIBATh, YTO  OKCHEPHUMEHTAIbHBIE HCCIEIOBAHMS B YCIOBHSIX PEAIBHOIO IPOU3BOICTBA
TpeOyIOT 3HAYUTEIBHBIX BPEMEHHBIX 3aTPaT, MaTEPUAIBHBIX U YEJIOBEYECKUX PECYPCOB.

Co31aBaeMblil  AKCIEPUMEHTAIBHBIN CTEHJT  IMO3BOJIUT CYIIECTBEHHO COKPAaTUTh  ATHU
pacxonsl. CTeH] MpeiHa3HaueH IS MPOBEJCHUS Ha HEM HECKOJBKHUX CEpUH MOJIHOMACIITAOHBIX
a0OpaTOPHBIX, a 3aT€M U OIBITHO-NIPOMBINIJIEHHBIX PabOT ¢ Ienbl0 TOoJydeHus Habopa
aJIEKBAaTHBIX PErPECCUOHHBIX MOJAEIIEN U NMOCIEAYIOIIEN JTUHEMHON WU HEJTUHEMHON ONTUMU3ALUN
[1apaMeTpoOB, KaK CaMOro TEXHOJOTMYECKOTO MPOLECca, TAK U IMOJIY4aeMbIX MOCPEICTBOM 3TOTO
mportiecca OTM, mnonypaOpuKkaToB W  TOTOBBIX  TEKCTHJIBHBIX HW3JICITHA. [Tonyuennsie
pPErpeCcCHOHHBIE MOJENH, aJI€KBATHO OIMCHIBAIOIINE TEXHOJIOIMYECKUI IMPOLECC MPOU3BOICTBA,
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MOCITYaT OCHOBOM /Jii OPraHU3allUU OIBITHO-IIPOMBIIIJIEHHOTO Y4acTKa, KaK COCTAaBHOM 4acTH
nudpoBoit habpuku OyayIIEero mMepBoro MOKOJICHHUS.

Ha mepBom sTame OyAeT BBHIMOJIHEHA Cepus HCCIEAOBAHUN TEXHOJIOTHYECKOTO TpoIlecca
npon3BoacTBa @TM, 006magaroniero penenieHTHO — aKapHUIMAHBIMA CBONCTBaMH. AKTYadbHOCTh
[IEPBOOYEPEJHOIO CO3/JaHUs PENE/UIEHTHO - aKapUUIUAHBIX TEKCTHIIBHBIX wH3aenuii  [5,6]
oOycloBJiecHa HEONAronmpHsITHON dSMUIEMHUONIOTHYECKONW cuTyanueir B Poccuu, BBI3BaHHOU
MOBBIIICHHONH aKTUBHOCTHIO JIECHBIX MKCOHOBBIX Kiemeil. Tompko B MBaHOBCKOH — o0Omactw,
KOTOpass HE SBISETCS JIMAEPOM MO0 DJHIASMHUHM JAaHHBIX 3a0oJieBaHWil, B TEUYCHHE
sanuaeMuonorudeckoro cesona 2017 roma 3adukcupoBano 3231 oOpamieHuid 3a MEIMIIMHCKOMN
MOMOIIIBIO IO TIOBOJlY MPHUCACHIBAHMS JIECHBIX KJIEIICH, UTO MPEBBICHIIO aHAJIOTHYHBIEC MMOKAa3aTEIN
2016 roga. B ToM uucie meguimHcKas momoinb nmorpedosanack 821 pedenky. [Ipu 3ToM BBISBIECHO
229 MONOXXUTENBHBIX pe3ylibTaTa Ha KIIEHIEBOH Ooppenuo3, 59 MoNOKUTENbHBIX pe3ysibTaTa Ha
MOHOUMTAPHBIA 3PIUXUO03 U 2 — HA TPAHYJOIUTAPHBIA aHATIIaMO3.

Meroaunueckue npuemsl, MpeaiaraeMble sl CO3AaHMs aJIeKBaTHBIX BUPTYaJbHBIX MOJEINIEH
TEXHOJIOTMYECKOro mporecca npousposictea ®TM u onTuMH3aluK UX MAPAMETPOB, HEOJTHOKPATHO
anpoOupoBaHbl MpPU pa3paboTKe MHOTOMAPAMETPHYECKHX CTOXACTUYECKHX TEXHUYECKHX CHCTEM
crienuaabHoro HaszHadeHus. ONbIT, TPUOOPETCHHBIM aBTOpPAMH IIPU BBIMOJTHEHUU YKa3aHHBIX
paboT, a Tak - K€ NUyONHMKAIUu JPYrHX HCCIEAOBaTEIeH, 3aHUMAIONIUXCS TPHUKIATHBIMH
WCCIEAOBAaHUSIMIA B Pa3IMYHBIX OOJACTAX HAyKH, TEXHHKH M TEXHOJOTWH, TMOKa3bIBaeT, UYTO
perpeccroHHble Mojenu, (GopMupyemble B pe3yibTaTe MPaBUIBHO CIUIAHUPOBAHHOTO, TPAMOTHO
MPOBEACHHOTO U 00pabOTAaHHOTO SKCIIEPUMEHTA HA KOHKPETHOM TEXHOJIOTHYECKOM 000pYI0BaHUH,
SIBJISIFOTCS. HE TOJIBKO CaMbIMU SKOHOMHYHBIMU, HO U HanOoJiee aJcKBaTHBIMHU.

CratucTrdecKue perpecCCHOHHBIC MOJICIIH 00JIaIal0T CISAYIOIIMMHU ITPEUMYIIECTBAMM:

1. JocratoyHo mpocTas CTPYKTypa MOJEIU B BHUJAC JIMHEWHBIX, WU HEIMHEHHBIX
ITOJIMHOMOB;

2. [ToctpoeHnne Moaenu BBIIOJMHACTCS 32 CPABHUTEIBHO HEOONbIIOE BpeMms, C
HCIIOIb30BAHUEM OTPAaHUUYEHHBIX PECYPCOB, B YCJIOBUSIX MPOMBILIICHHOTO MPOU3BOICTBA;

3. HmeroTcst BcecTopoHHE anpoOrpoBaHHBIE TPOTPAMMHBIE MPOAYKTHI 711 TOCTPOCHHUS
PETrPECCUOHHBIX MOJENEH;

4, PerpeccuoHHble MOJEIM aJIEKBATHO OTPAKAKOT MCCIEAYEMbId TEXHOJIOTHYECKUN

IIPOLIECC, WM TOJYYEHHOE U3JENHE U MOTYT CIYXXKUThb OCHOBOM /JIsl yNpaBiIEHHUS IPOLECCOM H
BbIOOpa ONTHMAJIbHBIX TAPAMETPOB CO3/1aBAEMOT0 U3JIEIINS;

S. ITocTpoeHHbIE aileKBaTHBIE MaTeMaTudeckue Moaenu npoussoacrtsa ®TM no3somsar
CO371aTh TPOTOTHUI TEXHOJIOTHYECKOTO ydacTKa IuGpoBoit padpuku OyayIiero.

B nanbHeiimeM OyayT — NpeInpUHATHL MOMNBITKH COOPMHUPOBATH EAMHBIA (PHU3HKO -
CTaTUCTHUYECKHUI NOJX0J, B KOTOPOM BHauaJle CO3AaeTCs (PU3UKO-XUMHUYECKasi MOJIENIb TEXHOJIOTHU
npousBojactBa OTM, a yrouHeHue Mojenu BeA€Tcs (QYHKUMOHAIBHBIM crocobom. B obomx
MOJIXOAaX B OCHOBE JICKUT HKCIEPUMEHT B PEATbHOM TEXHOJOTMUECKOM IpOLECcCe, KOTOPBIH
MO3BOJISICT OLICHUTH BIIMSIHUE HA HErO pa3iMyHBIX (aKTOPOB, ONPENEIUTh ONTUMAIbHBIC YCIOBUS
€ro NMpOTEeKaHus, HAUTU €ro MaTeMaTU4YeCKyl0 Mojenb U T.A4. HaTypHBIM SKCIIEpUMEHT MO3BOJISET
IIEJICHAMPABJICHHO CO3/1aBaTh YCJIOBUS M B 3a/IaHHBIX JAMANa30HAX KOHTPOJIUPOBATH UX M3MEHEHUS,
HEOOXOUMBIC JIJISl U3YUCHUS 3aJaHHOTO 0OBEKTA.

[Ipu omucaHMM TaKOrO CTOXAaCTHYECKOTO OOBEKTa WCCICAOBAaHUS, KaK TEXHOJOTHUS
nonydeHuss ®TM, Oyzner HUCHOJIB30BAaHO MOHATHE KHMOEpHETHYECKON Mojenu «UEpHBIN SAIMUK», B
KOTOPOM YCTaHaBIMBAE€TCA CBA3b MEXKJIYy HE3aBHUCUMBIMU NEPEMEHHBIMM Ha «BXOIE»Xj U
3aBUCHMBIMH NIEPEMEHHBIMU Ha «BBIXOJIE» Yj UCCIIEYEMON CHCTEMBL.
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HesaBucumple mnepeMeHHbIE X; (KOHIEHTPAllMM HUCXOIHBIX TpEnaparoB, TemIepaTypa,
CKOpPOCTh BpalleHHUsl aucrepraTopa, BpeMs OOpaOOTKM M T.I.) TEXHOJOTHYECKOro IIpoIlecca,
peain3yeMoro Ha OJKCIEPUMEHTAIbHOM CTEHJE, OyAyT yNpaBiIsieMbIMH U KOHTPOJIUpYyeMbIMU. B
Ka4eCTBE 3aBUCHMBIX MEPEMEHHBIX Yj (LENEBBIX (DYHKIMI) MOrYT OBITh BBIOpaHBI MOKA3aTeNM
kadyectBa @TM, reoMeTpruecKkre pa3Mepbl U CBOMCTBA MOJY4Ya€MbIX MUKPOKAICYJI, KOHLICHTpaus
AB u nuHaMuKa X BBIICICHUS U3 MUKPOKAICYI U T.1I.

[TpoBenenne 1abOPATOPHO - NPOMBILUIEHHOTO 3KCIEpUMEHTa TpeOyeT OmpenenéHHbIX
3aTpaT BpeMEHH, cull U cpeacTB. [103TOMy OueHb BaXKHBIMH CTaHOBHTCS MpaBUJIbHAS, HAYYHO
00OCHOBaHHasl MporpaMMa IIJIJAaHUPOBAHUS U MPOBENEHHUS IKCIEPUMEHTa, OOBEKTHBHAsl OIEHKa
pe3ynbTaToOB JKcrepuMeHTa. Pabora Ha SKCIEpUMEHTAIBHOM  JT1ab0PaTOPHO-MPOMBIILICHHOM
cTeHzie OyaeT pa3duTa Ha JBa Ba)KHBIX dTarla:

1. Opranuzanusi ¥ TPOBEACHHE HEMOCPEACTBEHHO HKCIEPHUMEHTA: BBHIOOP H3MEPSEMBIX
MapaMeTpoB, pa3Mep BBIOOPKH, Ha KOTOPOW MPOBOJIUTCS SKCHEPUMEHT, MOPAIOK MPOBEACHUS
W3MEpEHUH, I1aH SKCIIepUMEHTA U T.11.

2. OOpaboTKa MOJYYEHHBIX SKCHEPHUMEHTANbHBIX JAHHBIX, MMOCTPOCHHE PErpecCHOHHBIX
MOZEJIEH TEXHOJIOrMYeCKoro npouecca npoussoacrsa @TM u camux OTM.

Ha »skcrepuMeHTaqIbHOM CTEHAE B OCHOBHOM OyIyT TPOBOAUTHCS  aKTHUBHBIC
AKCIIEPUMEHTHI, IPU KOTOPHIX BHAYalle CTPOUTCS IUIAH HKCIIEPUMEHTA TaKKUM 00pa3oM, 4TOOkI TIpH
MPOBEJICHUU MHUHUMAJIBHOTO KOJMYECTBA 3KCIEPUMEHTOB IMOJYYUTh OoJbllIe aJeKBaTHOM
KOJIMYECTBEHHOW HMH(OpMAIMH IS €€ MOCIEAYIOIEr0 PErpecCHOHHOTO aHAIN3A.

AKTHUBHBIN JKCIEPUMEHT — TaKOH, B KOTOPOM IUIAHUPOBAHUE MU AHAIN3 PE3YJIhTATOB
OCHOBaHbl HAa MaTEMATHUKO-CTATHCTUYECKUX METOoJaX. Bce MEeTOapl aKTUBHOTO AKCIEPUMEHTA
OOBEAMHSIOTCS 10/l HAa3BaHHEM METOJIbl IJIAHUPOBAHUS SKCHEPUMEHTA. AKTHUBHBIA IKCHEPUMEHT
Haunbonee 3pPeKTUBEH B CHENMAIBLHO OPTaHU30BAHHBIX J1A00PATOPHO - MPOMBIIIJICHHBIX YCIOBUSX,
KOTJIa MOYXHO BapbHUpOBAaTh TEXHOJOTMYEeCKHEe (HaKTOphl B MHUPOKUX npeaenax. CienoBaTenbHo,
aKTUBHBIN JKCHEpUMEHT 3P (EeKTHBHEEC MPUMEHITh Ha JTale ONTHMAIBHOTO TMPOCKTUPOBAHUS
HOBbIX OTM.

Hrorom mianupyemMsix paboT CTaHET MOMyYeHUE BUPTYAIBHBIX MOJENIEH U MPOrpaMMHOTO
oOecrniedeHus, A ONTUMHU3aLUU Mpolecca co3aanus HOBIX OTM, momydabpukaToB ¥ roTOBBIX
W31V, TO3BOJSIONMX CHHU3UTH CEOECTOMMOCTH MPOM3BOJCTBA M TOBBICUTH (DYHKIIMOHAIBHBIC
nokazatenu npu dkcruryataruu @TM. Pa3zpaboTraHHble MHCTPYMEHTHI M METOAUKH MOTYT OBITH
MCIOJIb30BAHBI U JUTSI «OLU(DPOBKM» UHBIX TEXHOJOTHIA TEKCTUIHLHOU U JIETKOUM MPOMBIIIICHHOCTH.
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WHHOBAITUOHHBIN IIA®POBOM METO/I TECTUPOBAHUSA TOJIIUHBI
MAXPOBBIX 1 TPUKOTAXHBIX TKAHEA

INNOVATIVE DIGITAL METHOD OF TESTING THE THICKNESS OF VELVETS AND
KNITTED FABRICS

ILA. HHpOFOBl, D.A. BHLHamaZp 2 P.B. Hln;mymﬁl
D.A. Pirogov', E.A Elnashar %, R.V.Shljyapugin®

"YBanosckuii rOCYAapCTBEHHBIN MOJUTEXHUYECKUN YHUBEPCUTET
VYuusepcuret r.Kappaapmeiix (Erumer)
Ivanovo State Polytechnic University
’Kaferelsheikh University, Egypt.
E-mail: pirogov8l@mail.ru, Smartex@kfs.edu.eg

B paGore npenjaraercsi HoBoe HHGpPOBOe YCTPONCTBO JJIsi TeCTHPOBAHHA TOJIIUHbI 0apXaTHOH M
TPHKOTA’KHOM TKAaHeH B IIeJIOM, YTKa U TpeXMepHbIX nerenb. [IpuHnun aeiicTBus NpeaioKeHHOro ycTpoiicTa
OCHOBAH Ha BO3/[eHCTBMHM JaBJICHHEM HAa MCCJIeAyeMblii MaTepHas. YCTPOHCTBO MOXkeT ObITh MOJIE3HBIM IPH
HCCIeI0BAHMN CBOMCTB TKaHell B TEKCTHUJIbHOI M Jlerkoil mpombinuieHHocTH. IIporoTnnmom ngaHHOro Meroaa
SIBJIsieTCS Pa3padoTka cOTPYAHNKOB yHHBepcuTeTa r. Kagp-ab-1lleiix, Eruner.

KiroueBnble ciioBa: H3MepPEeHNE TOJIIUHBI, lIH(l)pOBOﬁ METO/J; MaXpoBasi TKaAHb, TPUKOTAKHAA TKaHb.

A new digital device is proposed for testing the thickness of velvet and knitted fabrics in general, duck
and three-dimensional loops. The principle of operation of the proposed device is based on the effect of pressure
on the test material. The device can be useful in studying the properties of fabrics in the textile and light
industries. The prototype of this method is the development of employees of the University of Kafr- El-Sheikh,

Egypt.
Key words: thickness measurement; digital method; velvet; knitted fabric.

A prototype is model of apparatus for testing thickness of fabrics, is generally used to
evaluate a new design to enhance precision by system analysts and users velvets and knitting
clothes. In some design workflow models, creating a prototype is the step between the formalization
and the evaluation of an idea. According that Fabrics are designed to fit different projected demands
in order to be suitable for their end use of fabric constructor it is essential that the relationships
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between the constructional parameters of fabrics and their individual properties,[1]. We consider
orthotropic structure properties of the yarn with three level of pile modules[2,3]. Objectives of
prototype smart digital thickness test method for velvets and knitting fabrics measurement is
invention to meet the requirements of knitting fabrics with other equivalent standards and customer
specific written practice for training and certification in this method of non-destructive testing
personnel. During this digital thickness test method for knitting fabrics measurement give us
examination in general theory, Specification and practical high-frequency velvets and knitted fabric
structure of geometrical surfaces.

Proof of principle prototype of smart digital thickness test method® for velvets and knitting
clothes , this particular prototype serves to test the design without providing an exact visual match.
Mechanical testing, product architecture, and materials may all effectively be tested using a proof of
principle prototype, they are intended to provide the manufacturer with feedback regarding design
in the science and practice of metrology, a prototype is a human-made object that is used as the
standard of measurement of some physical quantity to base all measurement of that physical
quantity. The only prototype remaining in current use is the international prototype digital thickness
of velvets and knitting clothes, and computing means for calculating the property of the fabric from
such measurement.

The process prototype is essentially a development of the parallel, integrated processes in
which the technology of technological change is itself changing networking process. The warp-
knitted patterned velvet fabrics are classified into single-bar velvet and doublebar velvet according
to warp-knitting machines. Hence, plush yarn is assumed to be a translucent non-rigid cylinder
composed of multi-layer textured layers. 2D color and transparency of pile yarns on each textured
layer is computed by analyzing pile yarn’s properties and underlaps length. Then texture mapping
algorithm, relating to yarn’s inclination, is researched for simulating 3D texture on pile yarns.
Warp-knitted patterned velvet is mostly formed into a rectangle piece of fabric with evenly
distributed loops. Number of loops knitted by same needle in one repeat equals to pattern length and
number of wales equals to pattern width. Coordinate origin starts bottom right, the same location
where driven device is equipped. Fig. 3(b,c): structure weft knitted fabrics(b) as normal at left, (c)
with light pressure.

Figure 3: EINashar Digital Thickness Test Method (a) and structure knitted fabrics(b,c).

Pressure and torsion of yarn cross-section

Digital thickness test method pressure is a stress and torsion of velvets and a single jersey
fabric. It is a scalar of course-spacing, the wale-spacing given the thickness of single jersey fabric
by the pressure on yarn cross-section of the force per unit area. With initial restricted contact area
between them, it is the force per unit area exerted by the change of momentum of the molecules
impinging on the surface. a change in the direction of motion requires a resultant force. The impact
of a loop formation on a fabric surface is an elastic impact so that its pressure on yarn cross-section
and and torsion energy are conserved. However, because its direction of motion course-spacing ,
wale-spacing changes on impact, a resultant torsion force must have been exerted by the fabric
surface on a single jersey fabric. When we consider the forces acting on a torsion, for example, the
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lift force is proportional to the average pressure difference acting over the lower and upper surface
of the wing. This pressure difference is caused by the fact that the average velocity over the upper
surface of the fabric is somewhat greater than the average velocity over the lower surface . The
pressure differences are usually small, but wings have a large surface area so that the total lift force
can be very large. For low mach number flow, the pressure difference and the lift force are
proportional to the difference in the dynamic pressures between the upper and lower surfaces.

The thickness (with the unit of mm) of each sample is tested using a thickness testing
Instrument according to ASTM D1777-64.8. Each sample is also weighed on EINashar-digital
thickness-test method balance to determine its basis weight or areal density (g/m2). It was assumed
that in the case of idealized (isotropic) test material of fabrics at the initial stages of extraction
process, the outer contour of the specimen force and obtains the shape, which reminds the curve
down rush. It was defined that in the case when the experimental and calculated number of fabrics
density practically coincides for most of the materials, complex criterion is defined on the basis of
polar diagram in which eight parameters are laid in a strict order. This order in clockwise direction
is always the same, Thus, criterion depth of rush enables to compare different fabrics according to
their total counters reader evaluations. pressure measurement N/cm2, maximum force, reseat force,
diameter of rush, diameter of road, time, depth of rush, and fabric thickness are defined. The
dangerous zone in which the specimen can be jammed during its extraction locates at the outer
contour of the pads rush. The jamming phenomenon is related with the thickness and the radius of
the specimen. Tester device the size of the specimen is similar to those used in other devices of the
same type: h = 0.3 cm. for heavy fabrics, h = 0.5 cm. for medium fabrics , h = 0.4 cm. for light
fabrics, which allow to observe and to capture the variations of specimen’s shape during the
extraction. The rating is given by the three digital counters processing based system for thickness in
the specimens. Scale which is used in the subjective assessment of fabric thickness varied from 1 to
3.5 cm. In order of their superiority geometrical weft knitted fabric structure model are: loop width
«x, loop height 4r, loop length pi,

/pi = ZAr — Qr 1)
pp=2d pP; +d2 (2)
p=4d P; +3d2 (3)

Where: ¢- is loop length [mm], Ar- is loop height , p;-space between wefts of loop fasted ,
p- widths repeat, 4 D" is weft knitted fabric structure, yarn thickness[mm].
I

The loop length is influenced by the yarn input tension, weft knitted fabric structure take-
down tension, velocity, materials friction in the weft knitted zone, yarn structure and properties,
yarn linear density, etc. The weft knitted vertical density W:is defined by the plain weft structure
density and the yarn input tension; it changes only slightly with the change of the yarn input
tension for conventional yarns for elasticized. The vertical density of the plain structure changes
with depth change. The loop length increases and simultaneously the vertical density is reduced.
The relaxation shrinking can easily be monitored through the changes of the vertical and horizontal
density and the mass per unit area repeated. The determination of the shrinking is very Important
when planning the materials quantity of the fabric to be weft knitted fabric structure to the main
structural parameters of weft knitted fabric structure are: the head of loop-spacing (p): widths
repeat. The weft knitted fabric structure vertical density (w) and the thickness of the weft knitted
fabric structure , yarn (g4 p, ). The rest of the geometrical parameters required for the complete

description of the structure derive analytically from them. Thus the yarns are represented as
homogenous cylinders of constant diameter for weft knitted fabric structure and ground, with initial
restricted contact area between them.

The thickness properties can be measured by digital counters processing system. Canny edge
direction technique is used for the measurement of durability in fabric. And edge is a property
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attached to an individual force for depth and is calculated from the digital counter function
behavior having magnitude of the gradient and direction. The direction of depth should be oriented
perpendicular to the edge. If the digital counters is the normal to the edge is estimated as due to the
symmetry of the unit cell the length of the weft knitted fabric structure is received by the equation
4,
Cd "(4)

—1 1
+ N Ar — C2r) Ccos —_—)—-1
2 (7 ) (dl+d2))

_ 7(d; +hy)
Te =N_ o( >
Fs Rs
180\/d1 +2d,d,
W
here: d1- diameter of horizontal yarn, d2- diameter of vertical yarn, N_.- maximum force, y_, -

force after rest, ¢ - is loop length [mm], «r-is loop width [mm], 4r- is loop height [mm], R-
distance pleated circumference , I - distance of road circumference, ; - time for depth in rush, + -
time of reset in rush, h- depth of loop, +_ - thickness of fabrics, C - total of loop.

For detection of geometric characteristics of structure of the weft knitted fabric structure of
cotton, polyester, viscose rayon, blended (polyester/cotton), for weft of cotton (the same fabric as
used for measuring of bending rigidity) and hysteresis, under bending load, the method of direct
research of inner structure of fabric was used. The evaluation of the geometrical model is based
initially on the comparison of the experimentally defined thickness of given fabric to the respective
calculated by the geometrical model for the same main parameters single jersey fabric. The main
structural parameters of a fabric can be defined after a microscopic observation and the thickness
can be measured using the new tester. The main parameters, the measured fabrics thickness, and the
geometrically calculated thickness for twenty randomly selected fabrics. In order to determine the
agreement among the digital counters thickness and weight, the coefficient of concordance. The
difference between them is essential. Intermediate shapes between mentioned are obtained for fused
textile systems for woven and knitted fabrics. Fig. 4: structure weft knitted fabrics(b) as normal at
left, (c) with light pressure, medium in(d), and heavy pressure in(e).
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Figure 4 (b,c,d,e): relationship between thickness and loop length

In the case of restrained extraction when rounded specimen for knitted fabrics are pulled
through the rush of the pad an interesting transformation of specimens shape are taking part. These
changes become significant when outer contour of specimen approaches the rush of the pad, i.e.
approaches the value of thickness for knitted fabrics, the analysis of specimens projections at
different stages of deformation have shown that geometrical shapes of fabrics can be
mathematically approximated with sufficient accuracy using the expressions of shortened
epicycloids. While the shapes of thickness of knitted fabrics are using the expressions of «Cassini»
ovals and shortened epicycloids. The results of distance measurements from specimen’s contour to
its centre showed close relationship with the above mentioned models and that parameters can
approximate the outer contour of knitted specimen with sufficient accuracy.

Conclusion
Functional prototype of smart digital thickness test method® for velvets and knitting clothes
unlike a visual and a form study prototype, a bears the highest resemblance to the actual component
insomuch as it can be used to test the actual function of the component of digital thickness test
method. Although they are often made at a reduced scale to save money on materials, a final true-
to-scale prototype should be made and checked for design flaws before ordering a product run of
the component. This prototypes serves a different role in pre-production process, prototypes vary
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from the final component in several key ways. First of all, the production for velvets and knitting
clothes methods used in creating a prototype often substantially differ from those used to create the
final component. Whereas expensive quality materials are often used in a production run, materials
that bear a resemblance to the final product’s desired look and feel are often used instead. This
yields a prototype that is fine for visual inspection, but not well-suited to performing the intended
component function.

Smart Sustainable Development of Digital Thickness Test Method is the concept of
sustainable development will be overviewed where its effect as an Innovation in the Supply Chain
Management will be highlighted of Sustainable development. In order to grasp the subtleties of
Digital Thickness Test Method the concept, it is important, in the first part, to understand the notion
of development, often assimilated to growth, and sustainability, referring to a long-term element. In
a second part, the idea is to transpose the concept to the business world through previous research
and then in the last part, to describe the interface between innovation Digital Thickness Test
Method and sustainable development in order to consolidate the problematic of this research.
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T'HIPO®OBHBIE CBOMCTBA MOJUI®UPCOJAEPKAIINAX TKAHEMN,
MOIAUPUILINPOBAHHbBIX PACTBOPOM TEJIOMEPOB TETPA®TOPITUJIEHA

HYDROPHOBIC PROPERTIES OF POLYESTER-CONTAINING TISSUES, MODIFIED
BY SOLUTION OF TETRAFLUOROETHYLENE TELOMERS

T.1O. Kymeena, H.II. [IpopokoBa
T.Yu. Kumeeva, N.P. Prorokova

Wuctutyr xumuu pactBopoB umeHn ['.A. KpecroBa Poccuiickoii akanemun Hayk, (r. IBaHOBO)
G.A. Krestov Institute of Solution Chemistry of Russian Academy of Science, (Ivanovo)

PaccmoTpena BO3MOKHOCTD NpHAAHUSA THAPOGOOHBIX CBOHCTB TEKCTHILHOMY MATepHaJy ¢ IMOMOIIbIO
TeqoMepoB  TerpadgropaTmieHa. Oxapakrepu3oBaHbl ruapodo0HbIe  cBoiicTBa  MOAM(PUIMPOBAHHBIX
TeJlOMepaMH TeTpadTopITHiieHa noandPUPCoepKaAIMUX TKAHEH.

Kurouesnie ciioBa: ruipoodHocTh, 'napododusanus, TerpadTopITHIICH, NOINIPUPHAS TKAHb

The possibility of imparting hydrophobic properties to textile material using tetrafluoroethylene
telomers is considered. The hydrophobic properties of polyether-containing tissues modified by telomeres of
tetrafluoroethylene have been characterized.

Key words: hydrophobicity, hydrophobization, tetrafluoroethylene, polyester fabric
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I'uapodoOHBIE TEKCTUIIBHBIE MaTepuaibl, 00JIQAAIONUe CIIOCOOHOCThIO HE CMAuMBATHCS
BOJIOM, TOJB3YIOTCSI BBICOKUM crpocoM. [lepBocTeneHHbIM MoKa3zareneM ruapodoOHOCTH
MaTepualia CUMTaeTcs KpaeBoW yron cmauumBaHus. s TuUAPOPOOHBIX MaTepUaOB 3Ta
XapaKTEePUCTUKA JOJDKHA npebimath  90°. Ho Hambonpmuii WHTEpEC MPEACTABISIIOT
BBICOKOTHUAPO(OOHBIE MaTepualibl, sl KOTOPBIX KpaeBod yroi cmaumBanus > 120° [1]. 3apgauy
MOJIy4YEHHUSI BOJIOKHUCTBIX MAaTE€pPHAJIOB C BBICOKOW THIPO(OOHOCTHIO MOXKHO PEIINTh, HAHOCS Ha
HUX TpenapaTbl C HU3KOM IMOBEPXHOCTHOW 3HEPrUeil, KOTOpble CHOCOOHBI CPOPMHUPOBATH HA
KOKIOW HUTH HHU3KOAHEPreTHMYECKYI0 IOBEpXHOCTh, HE 3aTparuBas IpHU STOM KalWUISPHO-
MOPUCTYIO CUCTEMY TEKCTHJILHOTO Marepuaia. TakuMm o0pa3oM COXpaHseTcs TakKe BO3AyXO- U
apONPOHUIIAEMOCTh BOJIOKHUCTOTO Marepuana [2].

B kauectBe o0OBeKTa uUCCIEAOBaHUS HamMu Obula BbIOpaHa NOAMAI(PUPHAS TKaHb.
[TonuadupHOE BOJOKHO M3BECTHO KaK THAPOGOOHOE, HO TKaHH, BRIPAOOTaHHBIC U3 HETO, UMEIOIITHE
CIIOKHYIO KaIWIISIPHO-TIOPUCTYIO CTPYKTYPY, HE 00JIaaloT CBOMCTBAMM BOJOOTAJIKUBAHUS: KaIlIX
HUJKOCTH, TIOMABIINE HA HUX, MOMEHTAJILHO MPOHUKAIOT B MEKBOJIOKOHHBIE ITPOCTPAHCTBA.

[Momumrpupasie  (IIDD)  TeKCTWIBHBIE  MaTepuanbl  IIHPOKO  TMPEICTABICHB  Ha
MOTPEOUTENHECKOM pBIHKE, SIBJISIOTCS OTHOCUTENIIBHO HEJIOPOTHMMH M HCIIOJIB3YIOTCS B Pa3HbIX
cpepax. Kpome Toro, 3auactyro Tpedyercs mnpugaHue TUAPOPOOHBIX CBOWCTB MaTepuaiam,
COCTOSIIIUM W3 XJIOMYaTOOYMaXXHBIX M TMOJIMAI(QUPHBIX COCTABISAIOUIMX, TakWe MaTepuaibl
COCTABIISIIOT ACCOPTHMEHT TKAaHEH IJIsl M3TOTOBJICHMS TallaHTEPEHHBIX M3AEIHN, JEKOPHPOBAHUS
nomenieHuit u T.1. [loaromy B naHHOM paboTe OBLIM MPOAHATU3UPOBAHBI BOZMOKHOCTH NMPUAAHUS
ruIpoOOHOCTH XJIOMKOMOTUI(PUPHBIM TKAHAM C Pa3HBIM COOTHOIIEHHWEM KOMIIOHEHTOB, pa3HOU
IJIOTHOCTHU U TIEPETICTeHHUS.

[TepcrieKTUBHBIM MaTEPHUATIOM TSI CO3JJaHUS YIBTPATOHKUX MOKPBITUH SIBIISTFOTCSI PACTBOPHI
tenomepoB TeTpadTopatuieHa (TDD) B anerone (Toprosas mapka «Hepdiion»), paspaboTaHHbIC U
nosnyyaeMele B UIIX® PAH ¢ ucnonb3oBaHUMEM pajnalliOHHO-XMMHUYECKOTO WHHUIMHPOBAHMS
peaKIuu TEIOMEPHU3AIMK MOHOMEPOB TeTpadTopITUiieHa (Y-H3TydeHne 60Co) [3]. B pesynbrare
nporecca o0pa3yeTcsi TOMOJIOTHYecKass CMeCh HU3KOMOJEKYJSIPHBIX COCAMHEHU, cojaepikarias
oomtee 90% temomepoB cocrtaBa R1-(CoF4)n-R2, rie Ry u Ry: H, CH3 mimm COCH3 u CH,COCH3, a
cpenHee 3HaueHue N 6onee 5 [4].

[Tpu ucnonb30BaHMM B KauecTBE PACTBOPHUTENS alleTOHA cxeMa o0pa3oBaHUSl TEIOMEPOB
T®D BEIMIAIUT CAETYIOMUM 00pa3oM:

1. WaunmumpoBanme tuernei paaukamamu (Re), oOpasymommmucs TP paandon3e
pactBoputens (H, CHs, CH,COCHy).

2. Poct nenmu Re + CoF4 — *R-CF2-CF»

3. Ilepenaya 1enu yepe3 pacTBOPUTEITb

'R-(C2F4)n + CH3COCH3 —» R-(C2F4)nH + CH,COCHz3;e
Bosuuxkaronmit pagukain CH,COCH3z® BHOBE HHUITMHUPYET 1EMb TEJIOMEPU3ALIIH.

4. OOpbIB 1IeNU MPOUCXOAUT MPHU KBAAPATUIHON pekoMOmHarmu paaukanoB *R-CF,-CF,,
*CH3s, *CH2COCHs.

B pesynbrare oOpazyeTcs cMech TOMOJIOTUYECKMX HH3KOMOJICKYISPHBIX COCIMHEHHUN
coctaBa R1-(CoF4)n-R2, rme Ry m Ry: H, CH3 mim COCH3 u CH,COCH3. 3Hauenue N 3aBUCHT OT
YCIOBHI TIPOBEJCHUS peakIuu (MCXOMHOW KOHIEHTpAlluM MOHOMepa B pPACTBOpPHUTENE) U
u3Mensiercs B npeaenax 3-20 [5,6].

Hanecenue npenapara «Hepdaon» Ha TEKCTHIBHBINA MaTepHraj OCYLIECTBISUINA MIPU TOMOIIN
MyJbBEPU3aTOPa, KOJIMUYECTBO HAHECEHHOTO TeJIOMepa BapbHPOBAIOCH 3a CUET KPaTHOCTU (OAHO-,
IBYX-, TPEXKPATHOTO, B OTJENIBHBIX CIIydasX YEThIPEX- U MATUKPATHOTO) HAHECEHUs. B OT/IenbHBIX
ciydasix (JJ1s1 HaHEeCEHHUs OOJIBIIIET0 KOJIMYECTBa MOAM(PUKATOPA) UCTIOJIB30BAIA METO ] OKYHAHHS.

KpaeBble yribl cMauumBaHUS ONpENEISIM METOAOM NPOCUMPOBAHUS KalUIM Ha SKpaH.
CmauynBaHME KOJHUYECTBEHHO XapaKTEPU30BAIM KpaeBbIM yriom O umu COS O. KpaeBoi yrona
ONpENEesUIM KaK Yrojl MeXAYy KacaTeIbHOW, IPOBEACHHOM K IIOBEPXHOCTH CMadyMBaIOLIEH
KHUAKOCTH, U CMAuMBaeMON IOBEPXHOCTHIO TBEPAOTO Tejla, MPU 3TOM €ro OTCUUTHIBAIU OT
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KacaTeJIbHOU B CTOPOHY XKuAKOW (a3pl. KacarenbHyro MpOBOAMIN Yepe3 TOUYKY CONPHUKOCHOBEHHUS
Tpex das.

Jist onieHKH TUAPOPOOHBIX CBOMCTB MOBEPXHOCTH TEKCTHIILHOTO MaTepraia UCIOIb30BAIN
HKCIIPECC-METO/I, 3aKII0YAIOIIUNCA B OMpENeIeHUH BPEMEHU BIUTHIBaHUA Karuiv. Kariro BoJbl
HAaHOCWJIM Ha 0OpaOOTaHHBIA TEKCTHJIBHBIA MaTepHal W IO CEKYHAOMEPY OIpEaeNsIin BpeMs
BrUThIBaHUs. [losBieHne opeosa BOKPYT KalllM CUMTANM 3a OKOHYaHHWe HucnbiTaHus. [IpoBenenue
ucnbITanuid Oonee 30 MUH. CUMTAIM HELENEeCOOOpa3HBIM B CBS3M C MOTEpEH MAcChl Kallld M3-3a
HCIIApEHHUS.

Boponornomenue TkaHei omnpenensiin B coorBerctBuu ¢ [OCT 3816-81 (MCO 811-81).
Bopomornomenue  xapakTepusyeT KOJMYECTBO TOIMVIOMIEHHONM  MaTepHajioM BOAbl  IIpH
HETMOCPECTBEHHOM U TOJIHOM MOTPY>KEHUH €ro B BOJy B TeueHue 60 MUH.

@DaKT OCaKICHUS TEIOMEPOB Ha MOBEPXHOCTH 1D BOJOKHMCTOrO Marepuaia MOATBEPKICH
merogom HK-cnektpockonmuu MHIIBO, sHeprogucnepcMOHHBIM — aHAIU30M B padorax,
onybMKOBaHHBIX paHee [7,8].

KommuiekcHble XapakTepUCTHUKU BOJOOTTAIKUBAIOLINX CBOMCTB 0OpasloB  MONUIPUPHON
KOCTIOMHOH TKaHH, 00paboTaHHBIX 1,5%-HBIM pacTBOPOM TEIOMEPOB TeTpapTOpPITUIECHA B
alleTOHE MPeJCTaBJIeHbI B TabmuIe 1.

KpaeBoii yron cmaumBaHus mNOMMI(PUPHONW TKaHHW, OO0NAaNAONICH, 3a CUYeT CJIOKHOH
CTPYKTYpPbI, Makpo- M MHKpPOIIEPOXOBAaTOCThIO, IOCIE OOpabOTKHM pacTBOPOM TEIOMEPOB
TeTpaTOpITUIIEHA HWMEEeT TMPAKTUYeCKH T€ IKE€ 3HAYeHUs, YTO U TMpPU HCIOIb30BAHUU
runpogpoduzatopa Nuva TTH (bupma «Kiapuant»). Hceruparoniee BO3ACHCTBHE Ha TKaHb,
MOJIBEPTHYTYI0O  OJHOKpAaTHOW WM JABYKpaTHOM 00paboTke TelomMepaMu, MPUBOAUT K
JIOTIOJIHUTEIBHOMY U BecbMa cyllecTBeHHOMY (Ha 10 — 16 rpaa.) NOBBILIEHUIO KPaeBOro yria
cMaunBaHusg. KpaeBoid yrojs cMmauMBaHHMs TOABEPTHYTOM MCTUPAHUIO TKAHU C 3alATHOU
MOKPBITHEM Ha OCHOBe mpenapaTta «Uep¢uioH» AOCTUraeT 3HAYEHUI KpaeBOro yria CMayMBaHUS
TKaHU, 00pa0OTaHHOW HCMOJB3YEMbIM B TPOMBIIUICHHOCTH 3(PPEKTUBHBIM THAPOGHOOU3aTOPOM
Nuva TTH (dpupma «Knapuant).

[TockonpKy 3a CUeT MCTUpPAHUS MPOUCXOTUT yJaJeHHE C TKaHU U30BITOYHOIO KOJIMYECTBA
TEJIOMEpPOB, M C(HOPMHUPOBAHHOE IIOCIE HCTUPAHUS TEJIOMEPHOE IOKPBITUE CTAHOBUTCS OYCHb
TOHKMM, a TakkKe TMpUoOpeTaeT HaHOLIEPOXOBATOCTb, CIEAYET MPEANOJIO0XKUTh, YTO
JOTIOJTHUTEIBHOE TOBBIIICHHE KPaeBOro YIia CMauyMBaHHs TMPOSIBISETCS 3a CYET COBMECTHOTO
BJIUSIHUSL HA CMAuMBAaHME MAaKpO- U MHKpPOIIEPOXOBATOCTU pelibepa TKaHH, KOTOPBI MOBTOpSIET
IUIeHKa ruapodobduszaropa 3a cueT cBOEH Majoi TOJIIMHBL, U COOCTBEHHOW HaHOIIEPOXOBATOCTU
TEJIOMEPHOT0 MOKPHITHSI.

Tab6muna 1
KowmruiekcHbie XapaKTepUCTUKHA BOJIOOTTATKUBAIONIUX CBOMCT