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[peAcraBneHHy]o Ha coplcKaHl4e yuenofi crerleHn KaHAr{Aara rexHr{rrecKux HayK rro cleqrraJrbHocrr,r

05.17 .1 1. 
- 

TexHoJIorr4fl cuItkrKarHblx I,I TyrorInaBKr,IX HeMeranruqecKr.rx Marepr{axoB

O6ruas xapaKTepr{crrrKa pa6ornr

,{zcceprallploHHa-fi pa6ora 3uH Mun Xrera [ocB.flrueHa co3AaHnro relJrorz3orrsrluoHHbrx

MarepuanoB Ha ocHoBe BcfIeHeHHoro )Kr4AKoro warpnfi.-cr4rrnKarHoro creKJra kr pa3nnr{Hbx

MI,IHepanbHbIX HaIIoJIHI{releft. B pa6ore [peAcraBJreHbr r{ccneAoBaHvrfl, Kacarcrr1krecfl pa3rr4r{Hbrx

$u:r.rxo-xr{MllrlecKrrx rrpoqeccoB, trponcxoA.alrlux rrpu nonyr{eHr4rd BbrcoKorroplrcrbrx

Tennol43onsqploHHbx 3KoJrorr4rrecKrd 6esonacHbrx Marepr4anoB c r4crrorrb3oBaHr{eM

neuoo6p€BoBaHllr B )KLIAKoM narpufi-cltJrlrKarHoM creKJIe c' noMolrlbro rrHTeHcr{BHoro

repeMelllkrBalvrfl, npu 4o6aBJIeHIrIrt IIAB. B pa6ore AaHa orIeHKa Brrvrfll;tvrs, pa3nr4r{Hrx SarropoB Ha

npo{ecc neuoo6pa3oBaHl4q B cycneH3llsx Ha ocHoBe xr{AKolo Harpufr-cr{rruKarHoro creKJra.

Eoltruas qacrb I{ccneAor,auuia 6rrra HanpaBneHa Ha onpeAexeHr.re onrrrMaJrbnoro coAep)Kaunf,

KOMTIOHeHTOB B COCTaBe I4CXOAHbTX CbrpbeBbrx MaCC, npeAHa3Har{eHHbrx I.rrfl nonyqeHr,r.fl

TeIIJIoT{3onqIIHoHHbIX Marepl4axoB, coAep)Kalrlux nerKr4e M}rHepaJrbHbre HarroJrHr,rrerrra. llp" sroM

oIITIIMI,I3auI4ro rIpoBoAI4nIa B ocHoBHoM rro AByM Saxropanr npoqHocrr.r Marepzana Lr ero

TelnonpoBoAHocrl,r. IrlccreAoBaHa Bo3Mo)KHocrb r{crroJrb3oBaHr4.f, Anfl co3AaHufl

TelrIorI3onsqI{oHHbIX vzp,er'uit pa3nr4r{Hbrx HarroJrHuTeJrefi u onpeAeneHbr orrrrrM€LrrbHbre cocraBbr r4

ycnoBl,Is [onyrreHnr MaTeplranoB c orrpeAeneHHbrM KoMrrJreKcoM MexaHr{r{ecKr4x rr

renno Sn3r,rqecK[x ceofi cre.

Muorue orpacnll rlpoMbllrrJreuHocrvr 14 )Kvrsueo6ecleqeHr{.f, r4crrbrrbrBaror norpe6nocrb B

3Korlorl4rrecKr{ 6egonacHblx, Ireroploqkrx kr s$SexruBHbrx c ror{Kr4 3peHr{{ TerrJro3arur,rrHbrx ceoficrn

Marepl4anax. Brr6op rerlJroI{3on-slrl4o}IHbrx Marepr4anoB Ha ocHoBe Mr4HepanbHbrx Bffnyur4x

BeIIIecrB vr HarrorlHuterefi, Koropble 6rr yAoBxerBopflnr4 orprM rpe6onaHn{M, Ha coBpeMeHHoM

pbIHKe AocraroqHo orpaHr{r{eH. B cB{3rr c 3TrrM rlenb vr 3ailaqu ArzcceprauuoHsofi pa6ornr

.tlBII'[]OTCs aKTyanbHbIMlI, A [peAnOXeHHbIe TeXHOJIO|LIqeCKLIe npI{eMbI IIOXyqeHU.[

Terrroll3onflqrroHHbrx 6ego6xuroBbrx Marepr{anoB, AosryilHocrb HcxoAHbrx cbrpbeBbrx

KoMrIoHeHToB cMoryr o6ecnequrr r{x KoHKypeHTocrroco6uocrr Ha pbrHKe rro Berr}rrIuHe

ce6ectonMocrn rro cpaBHeHrlro c aHarToraMLI.



.{ncceprarlldoHHa.fl pa6ora cocrouT u3 BBeAeHr,rt, Tpex fJraB, BbrBoAoB u crrucKa

uurlrpyeuofi nl{reparypbl. Pa6ora l{3troxeHa Ha 146 crpaHr4rlax Marrrr,rHorr}rcHoro reKcra,

coAepxrr 39 ra6ruq, 51 pucyHoK. Cuucon nr4reparypbr BKJrroqaet 126 pa6or orer{ecrBeHubrx r4

sapy6eNHbrx aBropoB.

Hay.rHafl HoBI,I3Ha pa6orbr cocrol,IT B ToM, rITo:

YcraHosJIeHa 14 KoJII4r{ecrBeHHo otlldcaHa cBq3b Me)KAy cocraBoM Harpr4eBbrx }Kr4AKr4x

creKorl 14 noruuepHofi crpyrrypofi KpeMHeKr4cnopoAHbrx aHHoHoB ) a raKx{e MexAy

cpeAHeB3BerrreHHoft creneHblo nonr,rMepv3arryrv aHHoHoB r{ noBepxHocrHblM Hars}KeHr4eM pacrBopa

cI4rII{KarA Hmpr4fl,, KOTOpOe r.rfpaer BeAyilIyrc ponb npr4 BcrreHr4BaHHu Bq)Kyllefo.

I,lccreAoBaHa Bo3MoxtHocrb o6reusoro orBepxAeHvrfl, Harpr{eBbrx xr,rAKrrx creKorr c

noMolrlblo pa3nHr{HbIX orBepAllrerefi kr nrt6paH orrrr{M€umsufi orBepAr{TeJrb c rorrKr4 3peHr4s

cKopocrefi cxsarblBaHl{t I{ TBepAeHr4fl, $opuonoqHblx cnoficrs u [por{Hocrr{ 3arBepAeBrrrr4x rreH.

Onpe4eneHbl otITI{MarIbHbIe nenoo6pa3oBareJrr4 kr vrx KoHqeHTpar\vrL4 [o3Borrtrcrqne

lonyrlarl ycrofirrl{Bble rIeHbI Ha ocHoBe lpoMblrlrrlenHbrx )Kr.rAKI4x creKorl, a raK)Ke ycraHoBrleHbl

3aBHCI{MOCTI/I rOe$sUUrreHTa BCneHr{BAHVrfl. OT Cr{Irr,rKaTHOfO MOAyn,fl kr rrJrOTHOCTr4 XT4AKO|O

creKJIa, ero froBepxHocrHoro HarqnteHr{q I4 ycnoBr{fi ncneuuBaHnfl.

IrlccneAoBaHa Bo3Mo)KHocrb r,rcrroJlb3 oBaHkrfl, MuHepanbHbrx HaIIoJIHI4relefi pa:lauHofi

IIJIOTHOCTI.T V N,TOP$OTTOTI4I.I B COI{CTAHUI4 CO BCNCHCHHbIM )KI,IAKOCTCKOIIbHbIM CBfl3YIOqI4M E,Nfl

rtonyrleul{.f, TeIrrorI3ontIII4oHHbIX MareplrilJroB I4 olpeAeneHbr Anfl Ka)KAoro onrr{MaJrbHbre o6lacrn

cocTaBoB.

flpanruqecnafl 3HarruMocrb pa6oru cocrolrr B co3AaHkr r4 cepnu rropucrbrx

6eso6NIafoBbIX TerInoIr3oJIfluLIoHHbIX, He roprot{Hx, cnoco6sbrx cny)Kr{Tb Ao 900oC, AoJrroBeqHbrx,

Koppo3I,IoHHo- u 6uoctoftt<tzx MarepI4iIJroB Ha ocHoBe AocryrrHoro Mr4HepanbHoro cbrpbx. Aeropou

npeAnoxeHbl TexHorrofHrrecKkre rrapaMeTpbr lronyqeHr.rfl rropHcTbrx MaTeprriIJroB Ha ocHoBe

c.noxsofi Aucnepcuofi cr{creMbr ras/reepAoe, B KoropoM HeopraHr{rrecKa.f, Marprlrra raK}Ke

IIpeAcTaBrrfleT co6orc KOMIIO3I4T (HeopraHr{qecKa.fl KpeMHeKr4CnOpOAHat

uarpuqa/BblcoKoAracnecnrrfi HarroJrHr4Terrb). llpra oroM paccMorpeHo r{clorrb3oBaHr4e

MuHepanbHoro HarIoJIHHTerq AByx THIIoB - c HI43Kofi urorHocrbro u 6onee BbrcoKo[rrorHbre, Ho

ornuqarctrluec-fl Hrorbr{arblM ra6urycou KprlcranJroB. Anroponr flpernoxeHbr

MHO|OKOMITOHeHTHbTe KOMrrO3r4rUAV, B COCTaB KOTOpbTX BXOATT B 3aAaHHOM COOTHOTTT9IJIdI.I

uo4It SuKaropbr xrr4AKofo creKrra, Koropble rtpu coxpaHeHuu cuoco6nocrrr crrcreMbr K

neuoo6pa3oBaHrirro rro3Bor-sror rroBbrcraTb tlporrHocrb Marepr{ana 6eg cHr.r)KeHr4q ero

Terrno3arrlnTHbrx csoficrn. lloao6urre rerrrror{3oJr.sqprouHbre Marepr{anbr flBJr.f,rorc.f,

nocrpe6oBauHbrMr4 He roJrbKo B Poccun, Ho kr B crpaHax c )KapKr4M Krrr{MaroM, K KoropbrM

orHocr{Tcx Pecuy 6 rtuxa Mrsuua.



Ilo"uoxeur{fl , BbrHocuMbre Ha 3arrlr{Ty:

1. Texnororl{rrecKlle ocHoBbI nonyrreHr,rr Heroproqux rerrJrolr3onfluuoHHbrx Marepr4anoB Ha

OCHOBe MeXaHLIT{eCKI4 BCTIeHeHHOTO V XIIMI4qeCKLI OTBep)KAeHHOfo ntc u pa3Xr4rrHbrx

HanoJrHr{relefi.

2. Mareuau{rrecKoe ofII,IcaHI{e v anaJrvr3 3nar{HMocru Saxropon, Bnlag}orrrux Ha npoqecc

MexaHl4rre cKof o Bcrr eHI,rB aHVs. x{C .

3. O6;racru oIrrHMaJIbHbIX cocraBoB cblpbeBblx Macc Ha ocuoBe JrerKr{x vr BoJroKHucrbrx

HaIIoTIHI{rereft I{ clloco6rt ncnetnBanvrfl' o6ecnequBaroxlrdx rlonf{eHrre Marepr4aJroB c xenaeMbrM

KoMrrJreKcoM ceoficrn.

4. MexasvqecKue v renJIo3aIrII4THbIe xapaKTepl4crr.rKr.r foroBbrx npoAyKToB, a raKxe

oco6ennocru r4x Mr,rKpocrpyKrypbr.

5. Brusuue Ao6asox, MoAu$erqupyrcrtlux xr{AKoe creKJro, Ha KoMrrJreKc ceoficrs

Te[IOI{3 OnqUrA OHHO f O M aTepr,r aJra.

Creuesr AocroBepHocrl4 pe3yxbraroB o6ecneqrrBaercfl r4c[oJrb3oBaHr{eM craHAaprHbrx

MeroAI,IK onpeAenenkrfl, xapaKTepncrrlK, I4cIIoJIb3oBaHr4eM coBpeMeHHbrx $ra:raxo-xr,rMrrrrecKr4x

MeroAoB r{ccneAovantuit, BocrrpoH3BoAr.rMocrbro pe3ynbraroB, co6moAeHrdeM rrpr.rHrlr4rroB

KOMIITIeKCHO|O ilOAXOAa npl4 aHiUIrI3e V I{HTeplperarlr4rr SKcrrepr4MeHTilJrbHbrx AaHHbrx,

[pI4MeHeHI{eM crarr4crrrrrecKrdx MeroAoB orIeHKr4 norperuHocrrr npr4 o6pa6orxe

SKCrrepuMeHT€LrlbHbrx AaHHbrx.

Ana.nu: Ar{ccepraqr{oHHofi pa6orrr

Bo nee4eHr{H aBTop odocuoeblBaer Ilenb v 3ap.a'tv pa6orrr, orrucbrBaer HayqHyro HoBr{3Hy,

TeopeTl4qecKylo lI IlpaKTurlecKylo 3Har{I,rMocTb ALIccepTaIIr4H, a TaK)Ke IIOJIOX9HT4\ BbIHOCI,IMbIe Ha

3auI,ITy.

llepnnrft pa3AeJr Al{cceprauuossofr pa6omt rocBsrrreH anaJrtrrt4rrecKoMy o6sopy

nrrreparypbr Lr coAeplxur 6 rroApa3Aera:

1 . O6rque cBeAeHr,r.f, o rerrJrou3orlflurloHHblx Ma'repr{€rrax

2 . Krac cra $ v:r:arJvts. Terr Jr o r4 3 o n.fl rlr.r o HH brx M arepr4 ano B

3. Crpoeurae re[Jror{3on-qrlr4oHHbrx Marepr4anoB

4. Jlerxue HarroJrHr{TeJrrr Anfl Terrnor43onqurlonHbrx Marepr4anoB

5. tr4cnomsoBaHr{e )Kr4AKoro creKra B KarrecrBe Mr4HepanbHoro BflKyrrrero

6. TenJro[sonflrlr.roHHbre Marepr4aJrbr Ha ocHoBe xHAKoro creKJra

Bo BTopoM pa3AeJre npHBeAeHbI xapaKTepr.rcrrlKr{ r{crroJrb3yeMbrx MarepuilJroB,

TexHorlofl{r{ecKafl cxeMa nonyr{eHr4.f, MarepLIzlJIoB, otll{caHbr MeroAbr krx r4ccneAoqannfl. Bstru

r,rcnoJrb3oBaHbr repMr4rrecrufi aHaJfi43, olrrlrlecKa-f, vr cKaHr4pyroqa{ 3neKTponnafl, Mr4KpocKonvrfl.,

MeTOAbr OrrpeAeneHkrfl. MoAynq )Kr4AKofo cTeKJIa, cTefIeHI4 nonr4Mepvl3a\vv efo KpeMHeKr4cJropoAHbrx



aHHoHoB, IloBepxHocrHoro Har{}KeHI4s MeroAoM akr4ffrcrt KarrJrr4, rrJrorHocru pr Bfl3Kocrr4 . ilr.x
HaIoJIHI{relefi rpaHynoMerpl{r{ecxurt cocraB orlpeAenfirrr4 MeroAoM cr4ToBoro aHaJrur3a, a yAenbHyro

noBepxHocrb rlo MeroAy Bo3AyxonpoBoAHocrr{. Onucauu MeroAbr r,rccneAoBaHnfl cnoficrn

TeIIJIOI43OnflIII{OHHbIX KOMIIO3I'IUI4OHHbIX MaTepIIaJIOB * IIOpHCTOCTI4, IIJIOTHOCTLI, IIpOTIHOCTU ilpH

Q)KAT VIH ) B O AO II O f n O IU e H I,I.fl .

Tperufi pa3AeJr ALIccepraIIpIoHHofi pa6orbl cocror4r H3 4 rran r coAepxo{r pe3yrrbrarbr

Ir c c n e A o g auuia pr aHaJwr3 rl o n yq e H H brx 3 K c rr e p H M e H T €IJr b H brx A aH H brx .

B ?nune 3.1 [pLIBeAeHbI I4ccneAoBa:nvrfl. no olpeAeneHr.rro crerreHrl rrorrr4Mepvaar\uv

KpeMHeKI4CnOpOAHbIX aHHOHOB HCIOJIb3OBaHHbIX I{IIAKHX CTeKOJI, OTIIrrqarOrUuXCfl IIO BerrHrIHHe

cHJIIrKarHoro MoAynfl v coAepxaHuro cvrrvKara (nlorHocru). Anroporu Ha ocHoBaur{rr

SKcIrepuMeHTzLIIbHbx AaHHIIX uo4o6paHbr orrrr{MaJrbHbre c rexHoJroruqecxofi Tor{Kra 3peur4q B:aa 14

KoHIIeHTparJkrfl, neuoo6pa3oBarerlt, a raKlxe Br{A orBepAr{TeJr.s, o6ecneqr4BaroilIero AocrarorrHo

6ucrpoe orBepxAeHl{e IIeHbI, Ho yAo6Hoe ilnfl $oprraon aHr4fl uzgetuit TarNe npuBeAeHbr

pe3ynbrarbl, ycraHaBnzBalorlne cBfl3b Me)KIy BeJrrarruHofi nonepxHocrHoro Harrx(enrls )Kr{AK}rx

creKoJI c Hx MoAyneM, rlJlorHocrbro vt KoHlleHTpaquefi neuoo6pa3oBareJrfl. YcrauoerreHo, r{To

[onyrleHl,Ie ycrofiuIEBbrx rreH [pr4 MexaHHrrecKoM rIepeMerxLrBaHLTLr B ocHoBHOM OnpeAen s.ercfl.

KoHlleHTpaquefi ueuoo6pa3oBareJls 14 IlJrorHocrbro )Kr{AKoro creKJra, Koropafl npr{ AaHHoM MoAyxe

olrpeAenflercs KoHlleHTpaqzefi curr.rKara:uarpkrs. B cocraBe )Kr{AKofo creKrla.

B znuse 3.2 npuBeAeHbl pe3ynbrarbl I{ccrleAoBaHufi renror43onrquoHHbrx Marepr.raJroB Ha

ocHoBe BcfIeHeHHofo HaTpr{eBofo )KLIAKofo creKJIa v nefKl4x Mr.IHepanbHbIX HalrorrHr4renefi

Tpenena, BcrryqeHHbIX [epnura vr BepMr'rKylrvra. Mero4onorr4r r.rccneAosauufa 3aKrroqaJTacb B

OCHOBHOM B BapbLIpOBaHI,IH MOAyJIfl, IIJIOTHOCTI4 I{I4IKO|O CTeKJIa I,I COOTHOIIIeHUq Me)KAy HHM H

KoJrr{qecrBoM HaTIoJIHI{TerIs rlpu pa3Hbrx xosS0uqr{eHTax BcrreHr{B aHnfl. AHarzg [oryr{eHHbrx

pe3ynbraToB rlo [porIHocTLI kr rennonpoBoAHocTr4 orrr4pancfl Ha HccJreAoBaHHr rro nopHcTocTr4

Marepr4ana Lr efo MHKpocTpyKrypbr.

llocle4oBareJlbHo u3yrleHbl cocraBbl Ha ocHoBe rpelena, BcrryqeHHbIX BepMr,IKylrvra Lr

nepnl{Ta. llpta 3ToM I{3yrreHbl Ba)KHefiurue ceoficrsa ilonyqeHHbrx o6pasqon npor{Hocrb Ha

cxarl4e, flJrorHocrb, TelnolpoBoAHocrb, rropracrocrb, Mr4KpocrpyKTypa. YcraHoBJreHbr

3aKoHoMepHocrl{ rI3MeHeHI{r KoMnrleKca ceoficre B 3aBncrrMocrrl or KarrecrBa xI,IAKoro creKJIa H

cocTaBa KoMIIo3UTa.

lloxagaHo, rITo rlctlorlb3oBaHrre rpe[ena rro3Borrfler [onyrrarb Marepr4urn c xosSSnrIr4eHToM

TennolpoBoAHocrl{ Bapbr,rpoBaJrcfl, 0,085 0,27 Br/nr'oK v lporrHocrbro Ha cxarue 0,2

3,7MlIa) a Ha uzru6 0,33 - 2,7Mna I4 rropl4crocrbro 78-88o/o. VIcno.rrb3oBaHue BepMr4Kynnra B

KaqecrBe JlefKofo HafroJrHr{Ter-f, B coqeraHHr4 co BcIIeHeHHbIM )KI{AKI4M CTeKJIOM npr.I OITUMV3AT\L4Vr

cocraBa I{ BeJIIrqHHbr xoo$$uIIr{eHTa BcrreHr4Bannfl. (Ks) [o3BoJrrer lonyqarb rerrJror43orr.flunoHHbre



Marepl{anbl c npueMJreMbIM KoMrrrreKcoM cBoficrB: Ko3$0r{qr{eHT TennolpoBoAHocru 0,1 +0,01

Br/vr 'oK rIpH rporlHocrla or I lo 1,4 MlIa. I4cuomgoBaHr.re noporrrKoo6pasuoro repxura B

KaqecTBe JlerKofo 3aIIOJIHI{TeIrfl., BBeAeHHOfO BO BCIIeHeHHOe XI4AKOe CTeKJIO, rO3BOrIfleT noryrlaTb

Marepuan c rcos$$I4IILIeHToM rerrJrorrpoBoAHocrn or 0,10 ao 0,13 Br/rr,r.K, rpn rpor{Hocru oKoJro

0,3-0, 5 Mna, rITo tIpH cotIocraBI4MbIX ycnoBl{.f,x coorBercrByer 3HaqeHurM, IroryqeHHbrM npr4

I4cIIonBoBaHI4I4 BepMI4KyIrr4Ta. Passocruo B Ar4c[epcHocrr4 BepMr4Kyrrvra v nepnr4Ta aBTop

o6rscuger ro, rITo Anfl BepMHKynI{Ta o6racrr olrrrrM€urbHbrx cocraBoB HaxoAr4Tcfl B npeAenax

20+2% HanonHI4TeJI.fl, a [nfl. HaMHoro 6oree roHKoro noporxKa nepnr4Ta oHa rrexuT B rrperenax

30*3%.

fnaea 3.3 [ocBtlrreHa oIrrI4MI43awrr4 cocraBoB r,rccneAoBaHr4ro ceoficre KoMrro3r4ToB Ha

ocHoBe HarloJlHltrelefi c uro:m.{arofi $opnaofi KprrcrannoB - BorrnacroHrrra nprapoAHoro

npoucxo)KAeHplt LI MynnI{Ta, flBrrfl}orqeroc.fl MoJrorbrM orxoAoM orHeylopoB. Anrop [oArrepKtrBaer,

qro noAo6urte Marepl{anbl flBrlrrorcr 6oree rrrrorHbrMr,r, oAHaKo npu r4x roHKoM rroMorre

BoJIoKHHcrbIe Marepr4aJrbr crroco6ssr o6ecneqnrr rpe6yeMbre ceofi crna.

YcrauoeJleHo, rrro I4ctlorlb3oBaHr4e B BoJrJracroHr4Ta B KoJrr4rrecrBe or 15 AO 40 % [pr4

Al,IcilepcHocrb ero qacrI4II 10-30 ntxnt u rcosS$r4qr,reHTe BctreHuBanprfl,3-4 no:eoJrser nonyr{arb

TennoI43on.flIII{oHHbIe Marepl,IaJrbr c rrrr{poKnM crreKTpoNa csoficrB, rrpocrr4parouvrxcfl or K,'Iacga F

cpeguefi rernorpoBoAHocrl4 (0,06 Ao 0,1 15 Br/rra'"K) ao KJracca B rroBbrrrreunofi

rennorpoBoAHocrra (or 0,115 ao 0,I75 Br/nr'oK) ra no rporrHocrr4 B rrpeAenax or 0,1 Ao 6-8 Mna.

YserF{eHLIe AonH BorIJIacroHHra cBepx 40-45 0% nepeaoAlrr Marepr,ran pre B pa3pfir o6lerqeHHbx

crpoI4TeJrbHbIX Marepr4aJroB. lloponax crpyKrypa MareprlaJra HMeer cloNsufi xapaKrep,

cor{eraroilInfi B ce6e MaKpo-, Mr.{Kpo- h cy6nruxponopucrocrb, r{To o6ycloureHo pa3HbrN,rr{

[puquHaMl4 Idx Bo3HlIKHoBeHr4.fl. O6rua,q ilopr{crocrb B o6pa:qax c BoJrrracroHuToBbrM

HaIIoTIHLITeTIeM Anfl pa3HbIX cocTaBoB HaxoAl{Tcfl B npeAenax 7 5-95% rpr4 K&Ky[Iefics rrJrorHocrrr

MarepzaiTa or 0,18 ao 0,7 rlcrrr3 .

I4cnortrsoBaHlle orpa6oraHHbrx MyJrxI{ToBbIX orHeylopoB TaK)Ke BrrorrHe rrpaBoMepHo,

orHaKo rto correraHrlro ceoficrn gror HarroJrHr{Terrb ycrynaer npupoAHoMy BorrJracroHr{Ty, Ho raKoe

[pLIMeHeHI{e rlo3BoJrrer perrrr4Tb 3KoJrorr4rrecKyro npo6nerray yrkrlrkr3aq.uv 3THX orxoAoB

B znuee 3.4 npwBeAeHbl pe3ynbrarbl r{ccneAoBaHufi renrorr3onsurloHHoro Marepr{ana Ha

ocHoBe rr,ro4IaSr,ull4poBaHHoro opraHI{qecKI{MrI nonHMepaMrr }Kr4AKoro creKrra. llpu oroM craBzrrraeb

3aAar{a rloBblrueHr.rr [por{HocrHbrx csoficrB cBf3yroulero rrpu cHr.IXeHr4r{ xpyrrKocrra Marepraana. B

KaqecrBe Ao6asox K xrr4AKoMy creKJrro ucrroJrb3oBanr{ D[oKcr4AHyro cMony H

r<peuuufiopraHr4r{ecKoe coeAHHeHr4e norlr{Merr4ncurloKcaH. YcrauoureHo, r{To Ao6anleuue B

pacTBop xflaAKofo creKJIa noJrr4crrJroKcaHoB [o3Borqer Ha [opqAoK tloBbrcr4Tb nporrHocrHbre

xapaKTepr4c'rvKkr 3a crleT npeAoTBpauleHr,rfi IIo.flBJIeHvrfl. ycaAoqHblx TpeIqr,IH, Bo3HHKaIouux ilpu



TBepAeHHI4 ctlnl4KarHofi cocraBnsrouefi. llonurueuue [porrHocrHbrx xapaKTepr.rcrr,rK aBTop

o6rgcHqer o6pa:onaHl4eM B cocraBe cururarsofi Marprallbl opraHr.rqecKr.rx ilonuMepoB B BlrAe

crIyraHHbIX BoJIoKoH, o6pa:yrcuux noftroxoo6pa:nrre crpyKTypbr, Koropbre nperrsrcrByror

o6pa:onaHlllo MLIKporpeUIaH rIpI4 BbIcbIXaHI{I{ reJl.f, xpeuHenofi KlltcJrorbr, r{To, B r{acrHocrr.r,

npotBn{erc.fl B ToM, r{To [pr4 TBepAeHprr{ Marepr4ana He Ha6nrcAaerefl, cnaAoB [porrHocrr4.

Cpanuunar s$SerruBHocrb nrogra$uuupyrcIul4x Ao6asox enoxcu4uofi cN{orrbr vr

rpeuuufiopfaHurrecKoro coeAuHertrfl, MoxHo cKa3arb, r{ro ynporrH{rouufi e$Sexr IIMC-50 laxe

rpr{ Manbrx KoHueHrpauufi 1- 1 ,5o/o nsttue, rreM y 3[il-20 npr.r ee ljo/o-HoM coAepxaHr4kr B xr4AKoM

creKrle. llpouuocrb Marepuana npu l0% Io6aeox Ha BoJrrracroHr4re [nfl, 3An-20 cocraBr{ta 6

MlIa B ro BpeMfl, KaK IIMC-5O o6ecue.rrlBaer rpoqHocrb npu cxarr4r.r 19 MlIa. B cnyqae

npI4MeHeHLIfl IIep rurra 10% coAep)KaHne v roro r,r Apyrofo MoAr4Suxaropa oAr{HaKoBbrM o6pa:ona

rroBbrruaror nporrHocrb Ao 1 ,2-1,4 MlIa.

B BbIBoAax rro Altccepr ar\kr\r o6o6qeurt pe3ynbrarbr r{ccneAo nauuit , npr4Be,qeHHbre B

pa6ore:

1. llpe4noxeHHa.s rexHoJrorr{r{ecKaq cxeMa, BKJIIoqaIoqafl MexaHr{r{ecKoe BcrreHHB atvre

xLIAKoro creKrla c npHMeHeHIreM neHoo6pa3oBarerrs, ero o6renrHoe orBeplKAeHHe, rro3Borrser

nonyrlaTb Ha OCHOBe pa3nurIHEIX HaIIoJIHLIrelefi KaK TeIIJIOI43OIIflIII4OHHrIe, TaK u
TeIIJIOT{3On{rIr4OHHO-KOHCTpyKrIr,rOHHbre MaTepr.ranbr.

2. YcraHoerleHo, r{To orITIrM€rJIbHbrM c rorlKr{ 3peHr,rt cpoKoB cxBarblBattrfl 14 TBepAeHI{r,

TIHTbeBbIX csoficre Macc 14 rrpoqHocrr{ {BJr.flercr orBepAlrreJrb Na2SiF6, 3SSeKTr{BHocrb

BcIIeHI{BaHVs, v crpyKTypa rleHbr 3aBrrcr{T Konr4rrecrBa neHoo6pa3oBareJr.f,, cocraBa xHAKoro

creKrla, oilpeAexf,roruero ero aHrroHHylo crpyKTypy vr csoficrna.

3. Oupe4eneHa 3aBr{cr4Mocrb Berrr4rrprHbr noBepxHocrHoro Hars}KeHkrfl. (o) or MoAynfl xr,rAKoro

creKJIa, ero rlJlorHocrr{ Lt cpeAHeBgeemeHHofi crerreHrl nonr.rMepv3ar\krv KpeMHeKr4cnopollHoro

aHI{oHa 0{ro.) YcraHosrleHo, uro N.o Bo3pacraer c yBenr.rqeHr{eM MoAyxq }Kr.rAKoro creKrra, Ho B

6o:rrueft crerreHr{ c pocroM efo rrJrorHocrll. Brus:nua Ncp Ha o craHoBrlTcg 3Har{rrMbIM JII,IIUb rrpfi

yBenuqeHr,rr4 Aonr4 rrorrr{Mepnofi Qpaxquu rc 70o/o 14 Bbrrrre.

4. YcrauoeJleubl 3aBrrclrMocrl4 BeJIr{qIrH rloBepxHocrHoro HarrxeHrr.fl o u rcoo$Surlr4eHTa

BcIIeHI4Banprfl, Kn or cocraBa xr4AKoro creKJra n KoHrIeHTpaqLrr4 neHoo6pa3oBarerrfl (Cuo). Ha

OCHOBE MCTOAA MATEMATHI{CCKO|O AHUIV3A OTIPCAENCHO, IITO BCIICHIIBAHI4C B OCHOBHOM

onpeAen flercfl, KoHrleHTpaqraefi neHoo6pa3oBareJlg Cno H rrrrorHocrbro )Kr.rAKoro creKJra, [pr4 3ToM

MoAynb B Ar.rana3oHe ero gHa.reuzfi or 2,3-3,0 cyuecrBeHHoro Bnvrsnkrfl. Ha BcrreHr4Banure He

oKa3brBaeT.

5. YcraHoeJIeHo, r{To BerII{r{HHbI IIJIorHocrI{ Aotrxurt 6rtrr oITI,IMaJIIHIIMI4 B npeAerax 1,35-

1,40 r/crvr'. flp" 6oree Hrr3Krrx 3Har{eHr.rqx sroft xapaKTepr{cruKn upu n:6vBaHzrkr rreHa [oxyqaerc.s



KpylrHorlopucrofi, Heycrofiqlreofi 14 o6raAaer HeBbrcoxofi uecyuefi cnoco6socrbro, ilpr4 6onee

BbIcoKI4x 3HarleHlaflx neHoo6pa3oBaHrre 3arpyAHeHo. Onruua-ursofi KoHrleHTpaqiaefi

neHoo6pa3oBareJrt IIE-Jkoxc .xBJlflercfl 4-6% or Maccbr xr{AKoro creKJra, orrrrrMaJrsutrfi

KoeQ$NrIrleHr BcrreHr{B anufl, - 4-5.

6. I,lcnom:oBaHlle B KarlecrBe HaloJrHlrrer-fl Tpe[ena [o3Borqer rroJryr{arb rrrr{poKr4fi cnerrp

MareplzaJroB c rrJrorHocrbro 0,31 - 1,3 r/clr'" tpo"Hocrbro Ha cx{arue 0,2 -3,7 MlIa, Ha Hgrz6

0,33 -2,7 MlIa rpr{ Ko3$SraqueHre rerrrrorrpoBoAHocrr{ 0,27 - 0,085 Br/v'K. Ceoficrea Marepuaxa

cyuecrBeHHo 3aBI4c.f,T or rrJrorHocrr{ x}rAKoro creKJra.

7. I4cnorsgoBaHr{e B KaqecrBe nerKoro HallorlHr,rreJr.s BepMI4KyItvra B correraHr4r4 co

BcneHeHHbrM xtHAKrrM creKJroM [o3Bon.fler rroxyrlarb Marepr{anrr, cnoficrBa Koropbrx Arlfl pa3Hbrx

3HaqeHl{fi xooQ$uupreHTa BcrreHr4Ba:akrfl, Ke gasucqr B ocHoBHoM or nrrorHocru xr4AKoro creKrra kr

efo MoAynfl.MarepraaJr c oAIrHaKoBbIM 3HarreHl4eu l,:0,11-0,15 Br/rvt'K uoxer 6lrrt [onyr{eH Ha

ocHoBe )KlIAKoro creKrra c M: 2,3 u 2,9 npu cotlocraera\aofi rtrrorHocru. OnrrrMaJrbHbrM B rIepBoM

cryqae .aBJlflercq cocraB, coAep)Ka:n\uit 20+2% BepMr.rKyrrvrra, roroprrfi npu Kn:5 o6ecneqrrBaer

rpor{Hocru 0,85MlIa, a Bo BropoM - npu Kn:2 u corepxaHuu BepMr4Kyrrr4ra2T*2% Aocruraercs

rporrHocrr 1,2-1,4 MlIa.

B. Irlcuolr:oBaHlle [opollrKoo6pasuoro rIepJrI4Ta B KarrecrBe JrerKoro HarroJruprrerr.s, rro3BoJrrer

nonyrrarb Marepl{an }":0,1 0 - 0, 1 3 Br/ru'K. Brurqnr.re MoAyns, rrJrorHocrr,r xHAKoro creKJra vr

roeSSuqpleHTa BcrreHr4Banvrfl. Ke, ilonyr{eHHbre Ha o6pasqax c BepMr{KyJrHToM, Mox(Ho

paclpocrpaHl4Tb Lr Ha KoMno3IaIIIrIl c [epnI4ToM. Ouruuartrsrrfi cocraB Ha ocHoBe nepnrrra

coAepxur 30*3oA groro Ha[orIHI4TeJI-s, roroprtfi o6ecne.{rrBaer npoqHocrb K 14 cyrxaM TBepAeHVfl,

0,8-1,2 MlIa. OAuaro K 28 cyrKaM npoqHocrb cHr{}Kaercfl Ao 0.3 MlIa, rrro cBfl3aHo c

o6pa:oeaHrleM MrrKporpeIrIHH Marpllubr KpeMHerers. 3ro flBJreHHe ua6moAaercs. Lr Anfl. cocraBoB

Ha Apyfr{x rrefKr4x nopr4cTbrx HaloJrHrrTeJrflx.

9. I4cnomgoBaHr{e B KaqecrBe HarroJrHr4TeJlfl BoJrrracroHr4Ta B KoJrraqecrBe or 1 5 Ao 40 %

IIo3BoJIrer [onyqarb rerrror.r3onflqr{oHHbre Mareplranbr c rurEpoKr4M cneKTpou cnoficrB, or rlacca E

cpe4Hefi rerlnorpoBoAHocrrl (0,06 Ao 0,115 B'r/rvr'K) Ao KJracca B roBbrrrreuHofi

rerlnonpoBoAHocrlr (or 0,115 Ao 0,175 Br/nr'"K) n flo rrporruocrr4 B rpeAeJrax o'r 0*1 ,io 6-8 MlIa

npu Kn:3-4 urrJroruoc'nr tr{C 1,35- 1,45 rlcxr3.

10. I4cuomgoBaHr{e orxoAoB MynnrlToBbIX orHeynopoB TaK)Ke rro3BoJr.rrer ronyr{arb 6olee

lporrHbrfi rr,rarepkraJ\ oAHaKo rto coqeraHr{ro csoftcre 3Tor HanoJrHlrreJrb ycryrraer rrpr4poAHoMy

BorrJracroHr{Ty, Ho raKoe rrpr4MeHeHae rro3BoJl.fler pe[rl4Tb gKoJlorr4rrecKyro upo6neMy yrr,rrl.l:ar\vrw

3Tr{x orxoAoB, oAHaKo seo6xoAr.rMo yrrecrb, rrro raKofi vrareprlan oqeub rpyAHo u3Merbr{aercs.

1 1. Mo4r.r$urlr4poBaur{e xrr{AKHX creKon opraHl4qecKrrMr.r rroJrr{MepHbrMu Ao6anKaMr{ rBrr.f,ercfi

sSSexraBHbrM cuoco6oM ynpoqHeHnfi Terrrorr3onflur4oHHbrx MareprranoB Ha ocHoBe BcrreHeHHoro



)IflaAKoro creKna I4 [pensrcrByer crIaAaM npor{Hocrkr 3a crrer o6pa:onankrfl B cocraBe cuJrr4Karuoff

MaTpLIIIbI rlonllMepoB B BI4Ae cnyraHHbrx BoJIoKoH, Koropbre [pe[{TcrBy}or o6pa:onanr{ro

MI{KporpeIrII4H npn BbIcbIXaHIzI4 rerrfl xpeunenofi Kr{cJrorbr. Hau6oree eSSercrraBuofi ro6anrcofi

qBrqercs lroJrr4MerrdJrcrrJrKoKcaH MapKr4 ilMC-sO B KoJrrrr{ecrBe l -1 .5%.

3anre.larurfl fro pa6ore

1. B pa6ore yKa3aHo, rrro B Kar{ecrBe fieHoo6pa:onarerefi n pa6ore 6ruu HcrroJrb3oBaHbr

cJreAyroupre KoMrro3uur4rl neuoo6pa:onarerefi: <lluouep- 1 1 8 ), (lIF-2000 > u <llF-Jkoxc >. Arrs

ocHoBHofi cepuu sKcrreprMeuroB 6ur nrr6pan <lIB-JkoKc). 9ro oco6essoro B cocraBe Aasuofi

Ao6aexe, orpeAersrouefi ee rpeuMyrrlecrBo nepeA Apyfr.{Mr4, paccMorpeHHbrMrr e pa6ore? B qena

cocrol{T oco6esHocrb B3ar{MoA efi,crsufl, Ao6asKr,r c KoMrroHeHToM (xra4rrarr,r crexlov)

Soprrnupyrcrur4M Marpr.rqy KoMrro3r4ra, rrpeAcraBJrsroulero co6ofi cnolxHyro Ar{cnepcHyro cucreMy

<(ra:oo6pa3Hoe + rBepAoe) n rnepAou >? Kro flBrrflercfl rpor,r3BoAureneM Aassofi

uopoo6pa3yrouefi Ao6asru? Ecrvr pa3pa6orassrtfi vrarepxan npeArrorraraerc-f, rrcnorb3oBarb Ha

PoAIEue coucKarerrfl, orKpbrBaer lrv ero pa6ora Bo3Mo)Kuocrr4 pacrrrupeHufl pbrHKoB anfl

[porl3BoAraTens Ao6anru?

2. Puc. 2.3. llpuuqrarrr4aJlbHas cxeMa nplIroroBJreHrrs o6pa:qon reurou3oJrrrlproHHoro

Marepr,rana. Craguq B TexHoJrorr{qecrofi cxeMe o6osuaqeHa KaK <Brr4ep)KKa nz1'etuit B TerreHue

cyroK npl4 TeMrreparype 20-30 rpaAycoB, nocJle rrero [porrcxoAr.rr r.r3BrrerreHr4e wsp.erwir.

(o6pa:uoe) us Sopurr> n o6nlena-ro, ro cyrvr, BKrloqaet s ce6s 2 crailvrvr r.r sro MorJro 6rrrt

orpaxeHo B cxeMe. Tpe6yercx yrorrHeHr4e orHocr{TenbHo roro, rreM TeMrreparypa 20-30oC,

yKa3aHHa.fi lnfl srofi cra4nvr orrl4qaerct or xolrHaruofi TeMneparypbr cne4yrorqefi era1vrvl,

Koropafl o6osHa.{eua KaK <TnepAeuue o6pa:qon npu rovuaruofi reMneparype). Mue

npeAcraBJr.f,erc-fl ueo6xoAuMbrM Bce-TaKr.r pa3Aerl{Tb cMbrcJr Ha3BaHrr.fl ce:a4.uirt v. $rzsuxo-

XLIMIIqeCKI4X IIpO qe CCO B, IIpoTeKaIoqI4X H a p accM ATpuBaeMbIX cTaAH.f, X.

3. llpe4roxenkrs., B Koropbrx KoMMeHTI4pyercq cxeMa [onyqeHr,r.fl o6pa:qouluzgetuit,

3Byrrar He oAHo3HarrHo. <Osa (cxeva) npeAloxaraer Ao3r4poBaHue... )). A B crreAyroilIeM

npeAnox eHVu <3areu ora Macca es6ueanacb. . . ) BosuoNuo, nporryueHo npeAJro)KeHr4e npr4

oIrI{caHI4H MeroAvrKr\ rrro Mo)Ker 6rtm pacueHeHo KaK HeKpI,ITrrr{Hoe HeAopa3yMeHr{e, ilocKoJrbKy B

rlenoM cxeMa r4 KoMMeHTapHH r sefi Aaror rrpeAcraBJreHr4e o roM, KaK Marepr,raJr Moxrer 6ulr

lonyr{eH.

4. C.rel,{ 6Hr cBr3aH nrr6op Mr4HepaJrbHbIX HarroJrHr.rrerefi, racrroJrb3oBaHHbrx n pa6ore npn

co 3AaHr{H HO BbrX Terr Jro r{3 oll.fl III4 O HHbIX MarepI,IaXO B .

Yxagauusre 3aMer{aHvfl He craB.f,T noA coMHeHr4e Hayr{Hy}o HoBpr3Hy pa6orrr kr ee

lpaKTr{rrecKyro 3Harr[MocTb, paBHo KaK He KacarcTcfl opr.Ifr4H€urbHocTH rronyrreHHbrx pe3yxbTaToB.



3arcmoqeHr{e

l]ucceprar\vrfl 3uH Mnn Xrera Ha reMy: <Konrno3nrlr4ouHbre Marepr4aJrbr Ha ocHoBe

xHAKocreKoJIbHoro cBr3yrouero Anfl Terrrrou3oJlflulalr)) flBJrrerc{ caMocroflTeJrbHo Bbrnolueuuofi,

opllruHanruofi, 3aBepmenuofi HayqHo-r<nanz$uraquoHuofi pa6orofi, n roropoft [peAcraBrreHbr

pe3ynbrarbr HayrrHbrx r,rccneAonauuit, Ha ocHoBe Koropbrx npeAnox{eHa rexHorrorr4.f, HoBbrx

Terrror{3onflur4oHHbrx Marepr{ulrroB, Koropbre Moryr 6um ucrroJrb3oBaHbr B Tex orpacrflx

3KoHoMrrKH PO 14 Pecuy6nuxu Mrxunra, e Koropbx aKTyaJrbHbrMr4 flBrqrorcr Borrpocbr

oHeproc6epeNeuux.

Teuarura pa6orrr, ee coAepxanr4e, a raKxe coAeplxaHr.re ny6nuxaqufi aBTopa

coorBercrB).ror rraclopry crreqrraJrbHocrr4 05.17.11 <Texnororu{ cunr{KarHbrx 14 TyrorrnaBK}rx

HeMeT€IJrJrr{qecKr4x MaTepr4ulrroB ).

Y.{ummafl aKTyaJrbHocrb, Hayr{Hyro HoBLI3Hy r,r [paKTlrqecKyro 3HarrrrMocrb rroryr{eHubrx

pe3ynbraroB, cneAyer cquTarb, rrro Ar{cceprar\Lrfl. Ha reMy: <Kouno3r4uuoHHbre Marepr4anbr Ha

ocHoBe )KrlAKocreKoJrbHoro cBq3yroqero p.nfl TellJrou3onflur4u)> yAoBnerBopser rpe6onaHrr.rrM,

npeAbflBJr.fleMbrM K KaHArrAarcKprM Ar4cceprarlr{flM B coorBercrsuu n.9 <lloroNeHr{fi o rroprAKe

npucyxt4ennfl, yrreHbrx crerreHeft> (yrnepxAeHo llocrasoBJreHr{eM llpanurerbcrBa PO }1b842 or

24.09.13 e peAaKIII4I{ or 01.10.2018, c Ir3M. or 26.05.2020) c yr{eroM coorBercrBr{n racnopraM

cneuplaJmuocrefi, a ee aBTop, 3raH MuH Xret, 3acJIylKHBaer rrpr{cBoeHufl eMy yueuoft creneurr

KaHAr.rAaTa rexHur{ecKr.rx HayK rro c[equanbHocTrr 05.17.11 TexHolorus cH.]'rr4KaTHbrx 11

Tyf O n JIaBKLIX HeMeTUIJIJII4qeCKLIX M aTepv ILIIOB .
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