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PA3PABOTKA OTHEBHO3AIIATHOI'O COCTABA U3 OTXO/I0B
JUUISI IOBEPXHOCTHOM MO/IU®UKALIUN IPEBECHHbBI

Hypyszoea 3.4.!, A6oykaoupos D.B.”

'TamkeHTCKas MEUIIMHCKAS aKaJIeMHsl
*TalIKeHTCKAM apXUTEKTYPHO-CTPOUTEIIBHBIM HHCTHTYT

I'maBHBIM HENOCTATKOM [EPEBSHHBIX CTPOUTENIBHBIX KOHCTPYKLHH SBIAETCA
UX BBICOKas IOapHad ONAcHOCTb. [Ipu BO3HMKHOBEHHWH IIOXkapa Ha 0O0BeKTe
C MPUMEHEHHEM JIPEBECHHBI U MaTEepPHAJIOB HAa €€ OCHOBE IOSBIAETCH BO3MOKHOCTh
ero OBICTPOro pacHpOCTPAHEHHUs W YBEIHYUBAETCS BEPOATHOCTh IMOENH JIIOAEH OT
KOMILIEKCHOTO BO3JEIHCTBHS TaKUX ONACHBIX (PAKTOpPOB, KAK BBICOKAs TeMIlepaTypa
OKpy:Karolmed cpelpl, MObIM, TOKCHYHOCTb IPOAYKTOB cropanus [1-2].
Ilo cratuctuvyeckum naHHeIM B Mupe B 2019 romy mpomzomuno Gonee 25 Teicsd
noxapos H noru6ino ceeime 30000 genopek. Ilpu stom Gonee 90 % mnoxkapoB
IIPOU3OLIIO B JKUJIOM ceKTope, 25 % noxapos U 35 % rubenu moaei — B CEIbCKON
MecTHOCTH. Kak H3BECTHO, caMOe HIMPOKOE NPHMEHEHHUE JIEPEBAHHBIC KOHCTPYKIIHH
HaXO[AT UMEHHO B 3THX CETMEHTaX CTPOHTENILHONU OTPaCIIH.

He wmeHee  3HauuTensHOMl  npoOneMoil  NpPUMEHEHHS  JIPEBECUHBI
B CTPOHTENBCTBE ABIIAETCH €€ CKIOHHOCTh K OHopasnoxeHHr0. Ilpu OnaronpHsaTHBIX
JUIsi MHUKPOOPTaHU3MOB M HACEKOMBIX YCIOBHAX pPa3pyILIEHHE KOHCTPYKIHH MOXKET
IIPOM30MTH JOCTAaTOYHO OBICTPO, B TEYEHHUE HECKOIBKUX JIeT. IIpu 3ToM OCHOBHBIM
(dakTopoM, ONpeleNsAOIIMM  pa3BHTHE TIpHOOB  ABJIAETCA  TEeMIEpPaTypHO-
BIQKHOCTHBIH PEXUM 3KCILTyaTalMH. JTH NMPoOIeMbl MOKHO 3(p(EeKTHBHO pemarth
NPHUMEHEHUEM IPONUTOYHBIX COCTABOB MOBEPXHOCTHOIO HAHECEHHA C KOMILIEKCOM
3aIIMTHBIX CBOHCTB — OrHe0Mo3amuTa. Takue coCTaBsl celidac akTUBHO BHEAPAIOTCA
B MpakTHKy. CpaBHHMTENbHBIH aHANH3 CBOICTB COBPEMEHHBIX OTHE3AL[UTHBIX
COCTaBOB IIOKAa3aJl, YTO HMEETCH Pl HeAOCTaTKOB. K OCHOBHEIM M3 HMX OTHOCATCS:
yIIeTy4HBaHHE, MUTpallis Ha MOBEPXHOCTh, PACTBOPEHHE, HH3KasA OHO3aIUTHAS MU
BIIAro3allliTHAas CHOCOOHOCTh, BBICOKAs CTOMMOCTb, HEOOXOJUMOCTh INPHUMEHEHHS
JIOTIOJTHUTENBHBIX TMOKPBITHNA. YCTpaHEHHE BBIIIEYKA3aHHBIX HEJOCTATKOB MOXKHO
JHIIb TPHUMEHEHHEM BBICOKOMOIECKYIIAPHBIX OTHE3aUTHBIX COCTABOB.

Metonsl  WCHBITAHMS  TOPKOYECTH, JBIMOOOpa3ywIled  CIoCcOOHOCTH
U TOKCHYHOCTH, BBIICIAIOMUXCS IPH TOPEHUU JPEBECHHBI TIa30B pa3IH4HBI.
Ha npaktuke npiM000pa3yronyro crioCOOHOCTh APEBECHBIX MaTEPHATIOB OLEHHBAJIA
10 MAKCHMAJIbHOH BEJIIMYMHE ONTHYECKOH IUIOTHOCTH JbIMA B pacyeTe Ha €IHHHUILY
wiomanau obpaszma, nmo meroqy ASTM E-662. O1tu ucneitanus ObUIH TpPOBEIEHEI
B nabopatopuu «TepmoauHaMuKa mpoleccoB ropeHus» YHusepcuteta KEUO
(SInoHusA), KOTOpBIH pPEKOMEHIYEeT MPUMEHATH ONTO3JEKTPOHHBIE HCIBITAHHA
matepuanos (ISO 5660-1 u ISO 5659 cooTBeTcTBeHHO). JI)Is OlIEHKH OTHECTOMKOCTH
MOJIMMEPOB MPHUMEHSIH Takxke Mmerof “‘kepamudeckoit Tpyos” (IIIHK 2.01.02-04).
Hccnenorana crmocoOHOCTE COCTAaBOB Ha OCHOBE OIMTOMEPOB (ocOPUCTOI KUCTOTHI
U snuranoreHuidocpaToBp  IOBBINATE  OrHE3AIIUIICHHOCTb  JPEBECUHBI
B 3aBHCHMOCTH OT CTpoeHUs onuroocdaToB, KOHLEHTpAlMil KOMIIOHEHTOB
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U pacXoJOB IrOTOBBIX PacTBOPOB. BEUT IpHMeHeH Takke TepMOTpPaBHMETPHYECKHI
aHanu3 oOpa3uoB Ha jAepuBatorpade cucremsl Ilaynuk-Ilaynmuk-DOpneu [3].
B kavecTBe 00beKTa HcclIeJOBaHHA OBUTH TIPUMEHEHBI 00pa3lbl pa3IHIHOMN
JIPEBECUHBI. Onpenenenue roKa3ares TOKCHYHOCTH IIPOBOJIHIIH
razoxpomarorpadudeckum u aHamuthadeckuMm meroaom mno ITHK 2.01.02-04. TIpwu
UCNBITAHUM JIOKAIBHBIM HCTOYHHMK 3a)KUTaHHA HE HCIOJB30BaIH. BraxHOCTB
obpa3noB konebanace B mpeaenax 4-9 %. OrHecToMKOCTb ONpeaensaid OJHHM W3
O0IIENPHHATHIX 3KCIIPECC-METO/I0B, T.€. METO/I0M «OTHeBas TpyoOa».

B pesyneTare mccnenoBaHui, ObIIO ycTaHOBIEHO, 4TO (ocdopopranudeckue
COEMHEHHUS, ABIA0IUEC Y(P(EeKTUBHBIMH aHTHIIUPEHAMH H OMOLMAMH, CTIOCOOHEI
NOBEPXHOCTHO MOAH(HUIIMPOBATh APEBECHHY HE TOIBKO B “MATKHX” YCIOBUAX, HO
U B JKECTKMX YCJIOBHMAX, @ TakKXKe BBICTYNaTb B KadecTBE IIPOBOJHMKA [Is
B3aWMOJICHCTBUA JIPEBECHHBl C JPYTHMH KOMIIOHEHTaMH IPOIHTOYHBIX COCTaBOB,
B T.4. ¢ (pocopconepKaliuMi OpraHUIeCKUMHU THApododu3aTopaMu. ITO MO3BOJIUIO
HPEAIOIOKHTE, YTO BO3MOXKHO CO31dHHE TAKOIO MPOIIMTOYHOIO COCTABA HA OCHOBE
docdop- W >nUranoreHUHOpPraHUUECKUX COEIUHEHUM, C Y4EeTOM TPOXONKICHHUS
XUMHUYECKOT0 B3aUMOJECHCTBHA MEXNI1Y HUMHM M IIOBEPXHOCTHBIM CJIOEM JIPEBECUHBI,
KOTOPEIH OyeT 001aiaTh IUTEIbHBIM KOMILUIEKCHBIM 3allIUTHBIM 3(PPeKToM.

llenbl0 NPOBENCHHBIX HAMHM  HUCCIIEJOBAaHMH  sBIsgeTcs  pa3paboTka
3 eKTUBHOr0 OrHeOHO3aIUTHOTO MPOINUTOYHOIO COCTaBa Ui JPEBECHHbI HA
ocHOBe (Gochop- H HSNUraHUHOPraHUYECKHX COEJUHEHHH, 00ecneYHBaIOIIuX
XUMHYECKYH MOAH(PHKALUIO €€ MOBEPXHOCTHOTO CIOSA.

Jns 1oCTUXKEHHs MOCTABICHHOH Lielln B padoTe HEoOXOAUMO OBUIO pElIUTh
CIIEYIOIME OCHOBHBIE 3a/1a4M, OCHOBHBIM U3 KOTOpBIX fABNAETCA BBIOOp (hocdop-
U OIUTANOreHHHOPraHWYeCcKHX COEAMHEHHH, O00ecneYuBaronMX XUMHYECKOe
MOJU(UIUPOBAHUE ITOBEPXHOCTHOIO CIIOS JPEBECHHBI B «MATKHX» H <OKECTKHX»
YCJIOBUSX H BBICOKHAE OTHEOHO3alUTHEIE CBOHCTBA.

B kauectBe ruapododu3zaTopoB ObUIM BBIOpaHBl OJIMTOOPTAHOCHUIOKCAHBI,
OQUH W3 KOTOpHIX, IONH3IHUXIOPTHAPHH, SfBIAETCS PEaKLIUOHHOCIIOCOOHBIM
U crnocoOeH BCTymaTh B XUMHYECKOE B3auMojeiicTeue ¢ (pochopUcTOM KHUCIOTOM
U IPEBECHHOM.

B kadectBe (Qocdopcomepkamero KOMIIOHEHTa MBI HCIOJIb30BalIH
docdopucTyl0 KUCIOTY, MOIy4YeHHYIO Ha ocHoBe (Qocdorunca — orxoma AO
«Maxam-Ammodocy». OOHapykeHo, YTO TPH CMEMIEHHH NOIU3MUXJIOPTPrUApHUHA
¢ ¢pocdopucroit KUCIOTOMH, KaK B Macce, TaK U B cpe/ie OpPraHuYecKUX pacTBOpUTENEH
B IIIUPOKOM HMHTEpBAJIe TEMIIEPaTyphl, 00pa3yrTcs BEICOKOMOJIEKYJISIPHBIE BELECTRA,
KOTOpBIE HE COlepKaT CBOOOIHBIX MOJIEKYJI MOHOMEPOB.

3aKOHOMEpPHOCTH TOJNHMEpH3alUu IOJIHAIMUXIOpruaApHHa ¢  Qocdopucroii
kucnotoii (®K) w3ydyanu npH  3KBUMONSPHBIX  COOTHOLIEHHUSX HMCXOJHBIX
KOMIIOHEHTOB B wuHTepBasie Temmnepatyp 333-373K B Teduenue 300 MuHYT.
[Iporexanne mnpouecca MONHMEpPU3ALUH KOHTPOIHPOBAIN NOTEHIHOMETPHYECKUM
TUTPOBAHUEM KHUCJIOTHBIX Ipyni. Ilockonbky H3MeHEHHE MPHBEACHHOH BA3KOCTH
SIBIIAIOTCA NPSAMBIM Pe3yJIbTaTOM OIHMCHIBAEMBIX IIPOLIECCOB, TO KOJIHYECTBEHHAs
OLIEHKAa ABYX 3TUX ()aKTOPOB W TMOCIYXHIAa METOJOM OIpEIENeHUs CKOPOCTH
NOJTMMEPH3ALHH TOMUAHXIOpruapuH 1 OK.
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[TapameTpbl HaHECEHHs IS SNUTaJOreHHHOPraHUYeCKUX COEIHHEHWH OBUIH
BBIOpaHBI HAa OCHOBaHMM aHanmM3a padoT MO NOBEPXHOCTHOM MOAH(pUKAINU
JIpeBecHHBI. OnTHMAaNbHas KOHLEHTPALUs 3IHraloreHHHOpraHMYecKUX COeIMHEHUH
(D0C) B pactBope rekcana — 5%. C y4eToM TOTro, 4TO A0CTATOYHO OJHOTO CJIOS JUIs
noctuxkenus ruapodobroro sddekra, pacxon cocrasun 100 r/m2. B pesynsrare
ycranoBneHo, 4to Il rpymma orHezammuTHONH 3(Q(EKTUBHOCTH JOCTHTaeTCAd MJis
xoHueHTpanuii ®K+20C 10, 20 u 40% npu pacxogax rorororo pacrteopa 500, 300
u 200 r/mM* coorsercTBenHo. | rpynma gocruraercs npu konuentpamuu 20 u 40%
H pacxojax rorosoro pactsopa 700 u 400 r/mM? coorBercTBeHHO. 3 KOMIUIEKCHBIX
COCTAaBOB HAaWOONBIIAM OTHE3aIMUTHBIM 3 dekToM olliaaeT peuentypa Ha OCHOBE
dochopHcTOl KACIOTH U moauanuxiaopruapuna. [loreps maccer — 28% mpu 200°C,
9T0 cooTBeTcTByeT | rpymme orHe3amuTHOW 3¢dekTuBHOCTH. [IpoBeneHE
UCCIIEIOBAHUA II0KAPOOMACHBIX CBOMCTB JApPEBECHHBI, ¢€ OHO- M BIAroCTOMKOCTH
B IPHUCYTCTBUHU (pocop-H SNHOPTaHUYECKHX COCTUHEHHIH.

B pe3ynbraTte HccnenoBaHUS TOKCHYHOCTH NPOAYKTOB CrOPAaHUS IPEBECHUHBI
OBUIO YCTaHOBIEHO, YTO B NPUCYTCTBHH pa3pabdOTaHHBIX IIPONUTOYHBIX COCTABOB
TOKCHYHOCTb IIPOAYKTOB ropeHHus (Ha ocHOBaHHH KoHUeHTpauuu CO) HECKOIBKO
yBenuunpaetcs. [Ipu 3ToMm rpynna marepuana no tokcuyHoctd no [ITHK 2.01.02-04
NPOAYKTOB TOpeHUs He u3MeHsieTcs — 13 (BbICOKOOIAacHble Matepuanbl). Jlis
JPEBECHHBI B MPHCYTCTBHUH pa3pabOTaHHBIX COCTABOB XapaKTEpHO YBEIHYCHUE
BpEMEHH [OCTHKEeHHs MakcumanbHbIX KoHIeHTpanuid CO u CO: na 8-10 mun.
U 00pabOTaHHO! OrHE3aIIMTHBEIMH COCTaBaMH OT IUIOTHOCTH TEIJIOBOIO IIOTOKA.
Pe3ynbraThl HCCIENOBaHHN BIIArONOITIOMIEHHS W BOJAOIOIVIONIEHHS IpPEBECUHBI
B NPUCYTCTBHH pa3paldOTaHHBIX COCTaBOB IIOKa3alH, YTO IIPHMEHEHHUE TOJIBKO
¢ocdopopraHndeckMX COEJIWHEHHWII He CHIDKAeT BJIaro- W BOJOIOITIOLICHHE
npeecuHbl. [Ipumenenne cocraBoB OK+D0C npHBOAMT K  CHHKCHHIO
BlIaronoriomenus U Bogonornomenus Ha 30-50 %. UccnenoBanusa OGHOCTOMKOCTH
JIPEBECHHEI B MPUCYTCTBHU pPa3pa0dOTaHHBIX IPONMHTOYHBIX COCTABOB IIPOBOJMIIHCH
B Pa3MUYHEIX YCIOBHSX JKCIUIyaTtanuu. B pesynerare 1a00paTOpHEIX HCHEBITAHHI
YCTaHOBJICHO, YTO KOHTpOJbHBIE 0Opa3uel oOpocnu rpudamu Ha 77%, Ha HHX
HaOIIOAaeTcss WHTEHCHBHOE Pa3BHTHE MHLEIHS BCEX BUIOB TECTKYJIETYp IpuOOB
U CIOPOHOIIEeHHE. BUOCTOMKOCTh OpeBecHHBl B MpUCYTCTBUU cocTtaBoB DK+D0C
oueHeHa B 100%. Ha oOpasmax B IpPHCYTCTBMHM TOJBKO SNHUraHUHOpraHHYECKHX
coeMHEeHUH BUAHBI 1-2 ouara Hepa3eutoro mmuenus Penicillium. Hcneranus
B YCIIOBHSIX CYXOrO JIETHEr0 KIIMMaTa II0Ka3aJii, YTO KOHTPOJIBHEIE 00pa3uks! o00pocin
rpubamu Ha 30 %, wuMerOTCA TOBpeXAEHHA TepMUTamMH. Bce 00pa3supl,
obOpadoTranHbie TpomUTOYHBIMEA cocTaBamMu DK +20C nokazamu 100 % croiikocTs
K BO3JEHCTBHIO MAKPOOPTaHU3MOB. McIbITaHHs 110 OLIEHKE JONTOBEYHOCTH 3AILUTHOTO
JICHCTBHA pa3pabOTaHHBIX COCTABOB IPOBONHIHCH [0 METOAHKaM, pa3paboTaHHBIM
cotpyaHukamu  kadeapel «MukpoOuonorus» TankeHTCKOH  rocyJapcTBEHHOM
MEAUIMHCKOH akageMud. B HX OCHOBY TONOXeHbl aTMochepocToHKOCTh
U OMOCTOMKOCTh MaTrepHalla B pe3yibTaTe YCKOPEHHBIX HCIIBITAHWII B KaMepe Terula
u Bnaru ['-4. Ilo pesyneraram oOcne1oBaHNA MOBEPXHOCTH 00pa3LioB JpPEeBECHHBI ObLIO
YCTAHOBJIEHO, YTO B MPUCYTCTBHH pa3pa0OTaHHBIX MPOIHTOYHBIX COCTABOB 3alIHTHBIN
3 dekT MOKET cOXpaHAThCA 1O 25 IET NPH UCIOJIB30BAHHU B HOPMAJIBHBIX YCIIOBHAX.
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B pesynbrare nNpOBEACHHBIX HCCJIENOBAaHUW, B K44€CTBE OCHOBBl JUIsl
pa3pabaTeIBaeMOro cocrtaBa Obla BBIOpaHa OTHE3alUTHAss KOMIIO3UIIHMA Ha OCHOBE
dochopuctas KuUCIOTA H  HONUSNHUXIOPrHApHHAa. CpaBHHTENbHBI  aHaNU3
pa3pabOTaHHOTO HaMH HOBOT'O COCTaBa ¢ MPOMBINUICHHBIMH COCTaBaMH IIOKa3alo,
yto cocTaB Ha ocHoBe @K u IIDXI" no ocHOBHOMY IOKa3aTelr) — pacxody CocTaBa
JUTSL TOCTHKEHUS HeoOX0IUMOM OHO-U OTHe3amUTHOH 3 (HeKTHBHOCTH MPEBOCXOIUT
OOJIBIIMHCTBO COBPEMEHHBIX COCTaBOB.

Takum oOpazom, pazpaboTaHHBIN cocTaB sBiIsieTcs 3(MPEKTUBHBIM H TI0 PSAAY
XapaKTEepUCTUK IPEBOCXOAUT COBPEMEHHBIE AHTUNHMPEHBl C  3asBJICHHBIM
KOMILIEKCHEIM 3 eKToM.
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BJIMSTHUE NMPENATCTBUN HA ITIAPAMETPbBI B3PbIBA
MMPONAH-BYTAHOBO CMECH B MAKETE TOHHEJISI

Iepeenos 3.0., Cyrumenxo B.A.
Axkanemus ['ocynapcTeeHHol npotuBonoxkapHoi ciyx0oe1 MUC Poccun

TpaHCTIOPTUPOBKA OMACHBIX TPY30B Ppa3JIMYHBIX KJIACCOB M CHKMIKEHHBIX
VTIIEBOJIOPOJIOB B JKCIUTYaTHPYEMBIX TOHHENSX C KaXJbIM TOJOM ITOCTOSTHHO
yBenmuuuBaeTcs. Hapsay ¢ 3THM W BO3pacTaeT YHCIO CTPOSIIMXCS TOHHEJEH
U BCEBO3MOXKHBIX TPAHCIOPTHBIX pa3BsA30K. TpaHCHOPTHAs JIOTHCTHKA SBISETCS
BAXKHOM COCTaBIISAIONIEH 3KOHOMHYECKOH CHUCTEMEI TOCY/IapcTBa, 0OecledyHuBaroNIeii
SKOHOMHYECKHd pocT. OIWH W3 KIIOUYEBHIX aCMEeKTOB TPAHCIIOPTHOH OTpaciH
Poccuiickoii @enepanuu — 310 obecniedeHue 6€30MaCHOCTH TPAHCIIOPTHOMH CHCTEMBI.

Tax, nanpumep, 24 mapra 1999 rona B ToHHens noaq MoHOIaHOM Ha TpaHUIIe
Uranus — ®pannus Beexan Tpy30BHK ¢ 9 TOHHaMH MaprapuHa U 12 TOHHaMU MYKH.
3ameTHB Oenblii ABIM M3 JBHUraTeNs, BOAUTENb OCTAHOBHICSA Y aBapHITHOTO yOexKuIna
¢ saponpouHbiMH ABepsiMu. [Torubno 39 yenorek. Hynepass BUIMMOCTE, OTCYTCTBHE
BO3MOYKHOCTH Pa3BEPHYTHCS, SJIOBUTHIH JIBIM ClIeNialid cBoe Jieno. He MeHee yxacHast
kartactpoda npouszonuia 24 mas 2017 roga B pe3yabTaTe B3pbiBa B aBTOMOOHIBHOM
TOHHeNe Ha Tpacce Mexay ropoaamMu Yxkanuzskoy u [lmpswxyan Kuras. [Torubno
12 4genorek, a MPUUMHOM KaTtacTpo(bl CTATO CTONKHOBEHHE OEH30BO3a C JPYTHUM
IPY30BHKOM.

Ananu3 aBapuifHBIX CHMTYyallMil TOKa3al, MHOTOYHCIICHHBIC TOXKAaphl M JIpYTHe
Ype3BEIYAIHbIE CUTYAITHHA, UMEBIITHE MECTO BO MHOTHX CTpaHaxX MHpa, JaroT OCHOBAHHE
0XapaKTEPH30BaTh TPAHCIIOPTHBIE TOHHEIH KaK «O0BEKTHI TOBHIIIEHHOTO PHCKa» He
TONBKO JUTS JIFOJIEH, HAXOMSMIUXCS IO 3eMJied B 3aMKHYTOM H Y3KOM TPOCTPAaHCTBE
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