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OBIIASA XAPAKTEPUCTHUKA PABOTbBI

AKmyanbhocmos memwl ucciedosanus. B Hacrosdiiee BpeMs IpU CTPOUTENbCTBE,
PEMOHTE U PEKOHCTPYKLUH MPOMBILIUICHHBIX U TPaXXIAHCKUX 3JaHUN Pa3IUIHOrO (QYyHK-
[IUOHAJILHOTO HA3HAYEHUsI BOSHUKAET MpoliiemMa yINIOTHEHHS! YCaI0UHbIX IIBOB, 3aCJIKH
TPEIINH U MYCTOT B KEJI€300€TOHHBIX KOHCTPYKIHUAX U B KUPIMUYHOU KIIAJIKE, YKperLie-
HUS U TIOBBILIEHUS! BOJJOHETIPOHUIIAEMOCTH (DYHJAMEHTOB U OCHOBaHUH, 3alIOJTHEHUS Y3-
KUX TPEIIMH B BEPTUKAJIBHBIX CTHIKaX KPYMHOIAHEJIbHBIX 3/IaHUM, a TAKXKE B MOHOJIMUT-
HBIX JK€JIE300€TOHHBIX KOHCTPYKIHUSX TPAHCIIOPTHBIX COOPYKEHUM (TOHHEIEH, MOCTOB U
npyrux). Kak u3BecTHO, HaJIe)KHOCTh, pabOTOCMIOCOOHOCTh M JKECTKOCTh CTPOUTEITHHBIX
KOHCTPYKIIMM BO MHOTOM 3aBHUCAT OT KauecTBa WCIOJIHEHUS WHBEKIIMOHHBIX PaboT U
MIpUMEHAEMBIX MaTepuanoB. Kpome Toro, B mpoliiecce CrenralbHOr0 CTPOUTENBCTBA JJIS
Hyx1 Boopyxennbix Cun ctpanbl U ['pakmanckoil 00OpoHBI MpobiieMa Cco3gaHus
HEMPOHHUIIAEMOTO KOHTYpa B 3alIUTHBIX coopyxeHusix (3C) sBisercs ocTpo aKTyallbHON
3a/la4yeil: BepTUKAJIbHBIE TPEIUHBI U MYCTOTHI, 00pa3oBaBIINecs B pe3yabTaTe aedopma-
IIMOHHBIX TPOILIECCOB Pa3HOI0 T'€HE3MCa, a TaKXKe M3-3a BXOJOB M BBOJOB MH)KEHEPHBIX
KOMMYHHUKALUA B OTPa)KJaI0IINEe KOHCTPYKIUU, MOTYT SIBJIATHCS MPUUMHON IMPOHUKHO-
BEHHS BO BHYTPEHHEE MTPOCTPAHCTBO COOPYKEHUN OMTACHON HAPY>KHOU CpEJIbl.

g stux nened B JIMNENKOM TrOCyJapCTBEHHOM TEXHUYECKOM YHHUBEPCUTETE
OblTM pa3paboTaHbl MAarHUTHBIC TEPMETHUIUPYIOIIME KOMIIO3UIIMOHHBIE MaTepHUalibl
(MI'KM) Ha ocHOBe 3MOKCUJIHBIX cMoJ. OaHako, mpuMmeHenne MI'KM B crienimaibHOM
CTPOUTENIBCTBE POOJIEMATUYHO (M3-32 OTHOCUTEIFHO HU3KOW TEIIO- U OTHECTOMKOCTH),
a B TPaXITAHCKOM - SKOHOMHUYECKH Hed(pdekTuBHO. ONTUMAIBHBIM PEIICHHUEM 3TON
3aJaud  SIBISIETCA HMCIOJIb30BAHME B KA4YeCTBE TIEePMETU3UPYIOUIETO MaTepualia
IIEMEHTHBIX KOMMO3UTOB. CyIlEeCTBYyIONIas TEXHOJOTHUS HWHBEKTUPOBAHUS TPEUIUH U
MyCTOT B 30HE KOHTAKTHBIX IMOBEPXHOCTEH «OETOH-OETOH» B BEPTHKAIBHBIX CTHIKAX
XKEIC300€TOHHBIX KOHCTPYKIIMM, a Takke (QyHIAMEHTOB U «MeTaul-OeToH» B
orpaxxaronmx KoHCTpYKIusax 3C crnocoOOM IEMEHTAIllud MMEET Psjl CYIIECTBEHHBIX
HezocTaTkoB. CyYITHOCTh TaKOro CIoco0a 3aKIIYaeTcs B JTUTEIIBHOM MPOIYCKaHUU
4yepe3 TPEUIMHbI IEMEHTHBIX CMECEH ¢ BHICOKUM COJIEPYKAHHUEM BOJIbI, B PE3yJIbTaTe YEeTO
HEMEHTHBII pacTBOpP MEIJICHHO TBEpJCET, «3aKymopuBas» AedexTHsle mecta. Taxoi
cnocob6 He oOecreynBaeT HEOOXOAMMYIO cTereHb repmernyHoctd 3C, Tak Kak B

nponecce 3aKauYrBaHUA O‘IGpG,Z[HOfI nopnuu pactBopa ¢ BBICOKOM MHOABUXKHOCTBIO,
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CTPYKTypa LEMEHTHOIO KaMHsS MOJIy4aeTcsl JOCTaTOYHO IIOPUCTOM, YTO HETAaTUBHO
CKa3bIBAa€TCA Ha IMPOYHOCTU BCEH CHCTEMBI B LejoM. Kpome Toro, Takas TE€XHOJIOTHS
MpPEyCMATPUBAECT BBICOKMH pacxXoJl HE TOJbKO KOMIIOHEHTOB pacTBOpa, HO H
anekTpo3Heprun. OUeBUIHO, 4YTO I CHWXKEHUSA 3aTpaT M yIYYIIEHUs KadecTBa
WHBEKIIMOHHBIX Pab0T TPEOYIOTCS HOBbIE MaTEpPUANIbl U TEXHOJIOTHH.

Takum o0pa3zoM, AJisi pelieHus JaHHOW MpoOaeMbl HEOOXOAUMO MPEATIOKUTH CO-
CTaBbl LIEMEHTHBIX KOMIIO3UIIMOHHBIX UHBEKIIMOHHBIX MaTtepuanoB (LIKNM), obmanaro-
IIMX 3apaHee 3aJaHHbIMU IIPOYHOCTHBIMH, PEOJOTUYECKHUMHU U APYTMMHU CTPOUTEIBHO-
TeXHUYECKUMHU cBoicTBamHu. [Ipu 3ToM HeoOxoaumo yuuThiBaTh, uTo LIKMM npencrag-
JISIOT OO0 BOJIHBIE SMYJIBCUU U CYCIIEH3UHU, HEPEJKO MOBEpraronuecs KoajaeceHInu,
YTO MPUBOJUT K MOTEPE arperaTUBHOW YCTOMYMBOCTH KOMIIO3ULIM. {151 mpenoTBpaiie-
HHUSI PACCIIOCHUSI B COCTaBbl BBOJSIT MOBEPXHOCTHO-AKTUBHBIE BEIIECTBA, KOTOPHIE CYIIIE-
CTBEHHO TOBBIIIAIOT CTOUMOCTh TaKoW TexHoJsioruu. CrnenoBarenbHo, coctaBel HIKUM n
TEXHOJIOTHS UX TMPUMEHEHHUS JOJKHBI ObITh MAKCUMAIIBHO 3(P(HEKTUBHBIMUA U SKOHOMM Y-
HBIMU.

[Ipu sTOM OYEBUAHBIM pelieHueM, obecreynBaromuM 3(PGEKTUBHOCTh HOBOM
TEXHOJIOTMM WX HAarHETaHWs B BEPTUKAIbHBIC y3KHE TPEIIMHBI, SBISCTCS KUAKO(Da3HAsS
aKTUBAIIUS CUCTEM TBEPJCHUS 3a CUeT JCHCTBUS MarHUTHBIX moyieid. Tem Ooiee, uyTo B
HEKOTOPBIX Clydasix (Hampumep, JUisl CO3[aHus HEMPOHUIIAEMOTO KOHTYpa B 3aIIUTHBIX
COOPYXEHHUSX) MArHUTHOE TIOJie  SIBJISIETCS.  HEOOXOAMMBIM  TEXHOJIOTHYECKHM
napaMeTpoMm, OOeCleUMUBAIONIMM TePMETUYHOCTh KOHCTPYKIIMM B 1eloM. B Takux
YCIIOBUSAX O0S3aTENbHBIM KOMIIOHEHTOM, TapaHTUPYIOIIUM CTAOMIBHOCTh IIEMEHTHBIX
KOMITO3UIIMOHHBIX ~ WHBEKIIMOHHBIX  MaTEpHUajoB,  sBIsETCS  (eppOMarHUTHBIN
HarojaHuTeNb. [IpU 3TOM ¢ 1EIbI0 CHIKEHHS CTOMMOCTH pPa3pa0OTaHHBIX COCTABOB
MPUHATO pELIEHUWE MCIOJIb30BaTh OTXOAbl METaJUIypruueckoro mnpousBojactBa [IAO
«HoBonmunenkui MK» — cranennaBuibHble (KOHBEPTEPHBIC) IIJAKK W TPOTYKTHI
00TOUYKH MeTaJlIa AIEKTPOKOPYHIOM, KOTOPBIC SBJISIOTCS aKTyalbHBIM aTbTEPHATUBHBIM
CBIPBEBBIM pecypcoM Jlumenkoro peruona. Tem Goiiee 3TO aKTyaslbHO B TOJl DKOJIOTHH,
TaK KaK M3BECTHO, YTO B HACTOSIIEE BpEMs, HECMOTpS Ha MpUiIaraeMble YCUIIUS,
mpo0sieMa MPUMEHEHUSI B CTPOUTEIBCTBE TEXHOTCHHOTO CHIPhSI JI0 CHX MOp HE peIlieHa He
TONBKO B Jlumenkom pernone, HO U B Poccuu B nesnom. Ilpu s3Tom pemarorest cpa3y aBe

3ala4r: HCIIOJB30BAHHUC BMCCTO IIPUPOAHOTO TCEXHOTCHHOI'O CbhIPbA U IPOU3BOACTBO
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CTPOUTENbHBIX MATEPUANIOB U U3/IEIUN Ha UX OCHOBE, a4 TAKXKE 3HAYUTEIHLHOE CHIXKCHUE
9KOJIOTUYECKOW HArpy3Kd Ha PErHOH C Pa3BUTOW MPOMBINUICHHOCTHIO (B TOM YHCIIE 32
CYET YCTPAHEHUS WM YMEHBILICHUS CKIaAUPOBaHUsI HEBOCTPEOOBAHHBIX OTXOJIOB).

Cmenenvs  paspabomannocmu  memvl  uccieooéanus. B pabore Han
JUCCEPTALMOHHBIMU UCCIIEIOBAHUSIMU aBTOp 0a3MpOBAJICS HA Hay4YHBIX TPYyJax B 00JiacTu
CTPYKTYpOoOOpa3oBaHUsS IIEMCHTHBIX KOMIIO3UTOB CJICIYIONIUX OTEYCCTBEHHBIX U
3apyOexHbIX yueHbIX: AkynoBoit M.B., AtabekxoBa I'.., Axsepmoa W.H., baxxenosa
FO.M., becconona JI.A., bunnep K., bonorckux H.C., bynanosa A.P., bouapuukoBa A.C.,
Bboposckoit C.H., I'ne6oBa A.P., 'oruapooiit M.A., [leeBa U.C., Epodeera B.T, 3aBaposa
B.A., 3onoropyboa JI.1O., KamamnuxoBa B.U., Komoxoma ILI., Kopueea A.l.,
Kopotkux I.H., Kpoka P., Jlangay JI.JI., JTlunarosa }O.C., JlutBunoBa .M., JIu X., Jlocke
A., Mamunosckoro M.C., Makpumuna H.M., MareueBckoro A.A., Oropoanesa b.E.,
[Taker A.M., Ilpommna A.Il., Cnobonkuna J[.O., ConomaroBa B.U., CmuproBa A.Il.,
®enocona C.B., Opeiinnna A.C., Openkens A.U., Pomumarunoit O.B., Yepusimosa E.M.,
[kmosckoro b.W., Imuteko E.N., llTaydep . u apyrux.

B nuccepranyu  yYUTHIBAIMCH TEOPETHUUECKUE W METOJOJOTMYECKUE TEOpUHU
MPEAIIECTBEHHUKOB, HO aKIEHTHl OBbUIM CJelaHbl Ha HEPEIICHHBIX MpobieMax
YIYUIICHUS CBOMCTB CIEIMAIbHBIX PAcTBOPOB 3a CYET JKUIAKO(A3HOW aKTHBAIUU
KOMITOHEHTOB OCTOHHOUW CMeCH. YIydllleHHe CBONCTB OCTOHOB Ha MOPTIAHIIEMEHTE C
HCITOJIb30BaHUEM (DEPPOMArHUTHOTO HAIOJHUTENS JOCTHTHYTO 3a CUYET JIBYXATaITHOMN
ob6pabotku LIKNM, oGecrnieunBarorieii MOBLIIIICHUE CTETICHH TUIpaTaIlid, PUBO/IAIIEE K
00pa30BaHUIO MJIOTHON MOHOJIMTHON CTPYKTYPBI IIEMEHTHOW MaTPHIIHI.

Obvekmamu  uccnedo8anHuil  SBISAIOTCS  IIEMEHTHBIE  KOMIIO3UIIMOHHBIC
uHbekunoHHble Matepuansl (LIKMM) ¢ ¢peppoMarHUTHBIM HANOJHUTENEM U3 OTXOJ0B
MIPOMBILIJICHHBIX POU3BOJICTB.

IIpeomem wuccnedoeanuss — CBOWCTBA M TEXHOJOTUS aKTUBUPOBAHHBIX
MarauTHbIM TiosieM LIKMM, onpenensitonue kadecTBO MHBEKIIMOHHBIX Pa0boT.

Ilenv u 3a0auu pabomsi. llenpro nccneqOBaHUN SBISETCS PEIICHUE HAYYHBIX U
MPAKTUYECKUX 3aJlay M0 MHBEUUPOBAHUIO Y3KUX BEPTUKAJIBHBIX TPEIIMH HA KOHTAKTE
MMOBEPXHOCTEH «OETOH-OETOH» U «METaUT-0eTOH» onTHUMalbHbIMU coctaBamu [IKUM ¢
(heppOMarHUTHBIM HAMOJHUTEJIEM, TIOJIBEP>KCHHBIX JABYXATAITHOW MarHUTHON 00paboTKe

(cHauana BOJbI, a 3aTEM CUCTEM TBEPJICHUS cCMeceH).
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Texnonorus naseruposanus [IKMIM 3a cyer HarHeTaHus cOCTaBOB B JIe(DEKTHBIC
MECTa WM B CTBIKM TMPEAOINpEAeNsieT JBYXATAlHYIl0O MAarHuTHyl0 00palboTKy,
MEPCIEKTUBHOCTh KOTOPOM IIpearonaraiack Ha OCHOBE CIEAYIOIIMX MPEANOChIIOK
paboueii runmoTe3bl:

1. Ha mepBoM »Tame mnpeamnonaractcs BO3JAEHCTBUE MOCTOSHHOTO MarHUTHOIO
MOoJisi Ha JUCIIEPCHOHHYIO cpeny (PKUIKOCTh 3aTBOpEHHsI), 3(P(HEKTUBHOCTH KOTOPOM
OCHOBBIBAETCS Ha pa3pabOTKax M pe3yJbTaTax, M3BECTHBIX U3 Pa0OT OTECYECTBEHHBIX
yaeHblx (mpodeccopoB Kiaccena B.U., Epodeesa B.T., baxenosa F0.M., ®enocosa
CB., Cmusneoit T.E. u gapyrux). Ilpu sToM 3a cuer >xuakoda3HOW aKTHUBAIMHU
YIY4IIaeTcsi CTPYKTypa M CBOMCTBAa BOJABI (M3MEHSETCS CMayuBaeMOCTh TBEPJIbIX
MTOBEPXHOCTEH; YCKOPSETCS U YCHUJIMBACTCS acoOpOIUsl U PACTBOPEHUE TBEPJIBIX YACTHII;
BO3pACTAET arperamusi MUHEpaIbHbIX KOMIIOHEHTOB).

2. Ha BrOopoM »JTame BO3JACHCTBHE HAa I[EMEHTHBIE KOMITO3UIIMOHHBIC
WHBEKIIMOHHBIE MAaTepUaJIbl MAarHUTHOTO TOJIA (M0 HAIIeMy MPEINOJIOKEHUI0) TOHKHO
co3math B WX cuUcTeMax TBepAeHHS (¢ (eppOMarHUTHBIM  HAMOJHUTEIIEM)
JIOTIOTHUTENFHBIA TOTEHIMAT Ha (POPMUPYEMBIX MOBEPXHOCTSX THUIPATHBIX KIIACTEPOB,
32 CYET  KOTOPOTO  HMHTCHCUDUIHMPYIOTCS  (PUIMKO-XMMHYECKHE  TPOLECCHI
B3aMMOJCHCTBUSI KOMIIOHEHTOB (YTO CYIIECTBEHHO IIOBBIIIAET CTENEHb TUApaTalliu
CUCTEM TBEpPACHUS B paHHUE CPOKU). ITO TMO3BOJUT YIYYIIUTh MPOYHOCTHBIE,
aZire3uoHHBIC, peosornueckrue U MaruuTHeie cBoiicTBa [IKVIM 3a cuet co3nmanus 6omee
MJIOTHOW YTMAKOBKH 3€pEH KOMIIOHEHTOB CMECH BCIIEJICTBUE KOJIEOATENbHBIX JIBUKCHUH,
COBEpIIAEMBIX JJIEKTPUYECKH 3apsDKEHHBIMM — YacTHIAMH € HMX  COJbBAaTHBIMU
o0oyioukaMu, B pe3yJdbTaTe KOTOPHIX pa3pylIalOTCcs  CiIy4dailHble HEMPOYHBIE
CTPYKTYpHBIE CBSI3U B aKTHBHPOBAHHBIX CHUCTEMax TBEpJEHHUS W TposiBisieTcs d(pdekt
THKCOTPOITHOTO Pa3KUKECHUS.

Jns nocTkeHust 1eid ObUTH OTIPEeIeICHBI CIASYIONTUE 3aauM:

JIist OCTHMKEHUST TIOCTABIICHHOM e OBLTH OIPEIENICHBI U PEIICHBI CISTYIONNe
3aJa4u:

1. TIlpoBectm aHanWM3 OTEUECTBEHHBIX W  3apyOEkKHBIX  HCCIICOBAHUM,
MOCBSILICHHBIX OMBITY 3allOJIHEHUSI TPEIIUH COBPEMEHHBIMM HHBEUUPYEMBIMU H

repMETU3SUPYIONIUMHU MaTCpUuajlaMu.
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2. TeopeTHUeCKHM W 3KCHEPUMEHTAIBHO MOATBEPAUTH BO3MOYKHOCTH CO3JIaHUS
3¢ PeKTUBHBIX, aKTUBUPOBAHHBIX MarHUTHON 00paboTkoit [IKMM c deppoMarHuTHBEIM
HAIOJIHUTEJIEM U3 OTXO0JI0B MPOMBIIIJIEHHBIX POU3BOCTB.

3. Paspabortate ontumanpHbie cocTaBel [IKMM (¢ yderom Kpurepuen
(GyHKIMOHAIBHON 3(()EKTUBHOCTH M 3KOHOMHUYHOCTH) C JBYX3TallHOM MarHUTHOMN
00paboTKO# M TEXHOTEHHBIMHU (DeppOMarHUTaMHU.

4. HUccnenoBaTh NPOYHOCTHBIE, PEOJIOTMYECKHE, MarHUTHbIE W aATrE€3HOHHBIE
cBorictBa [IKMM ¢ nByxaTanmHoi MarHUTHON 00OpaOOTKOM CHCTEM TBEPICHHUS.

5. Onpenenuts ONTUMAJIbHBIE BEIWYMHBI HHIYKIMM MArHATHOTO IO H
UMITyJIbCa €ro BO3JCUCTBHUS Kak OIpPEACNAIOIUX TEXHOJIOTMUECKUX MapamMeTpoB
x)uakodasHoit aktuaiuu coctaBoB [IKMM.

6. [IpennoxXxuTh TEXHOJIOTUU UHBEIIUPOBAHUS TPEUIUH ONTUMAIBHBIMH COCTAaBAMHU
OKHNM.

7. OmnpenenuTh MapaMeTpbl OICHKA KAa4eCTBa HHBEKIMOHHBIX  paboT
aKTUBUpPOBaHHBIMU cocTaBamu [IKNM.

8.  OneHUTh  TEXHUKO-DKOHOMUYECKYIO  A(G(EKTHBHOCTh  MPUMEHEHUS
paszpadotanubix [[KUM.

Hayunas nosusna uccinedoeanus 3aKi0yaemcs:

- pa3paboTaHbl TEOPETHUECKHE ¢ TMPAKTUYCCKUE TMPUHIUIBI MarHUTHOM
aKTUBAllMM CHUCTEM TBEPACHUS, IO3BOJIAIONIME IOJIy4aTh IIEMEHTHbIE HHBEKIIHMOHHBIE
KOMITO3ULIMU C HU3KUM COJIep>KaHHEM MOBEPXHOCTHO-aKTUBHBIX BELIECTB 10 CPABHEHUIO
C COCTaBaMH, MPUTOTOBJICHHBIMU TIO TPAJUIIMOHHOW TEXHOJOTHH (MM BOOOIIE Oe3 ux
WCIIOJIb30BaHMsI) 0€3 CHIDKCHUS UX (DYHKIMOHAIBHOW 3(PPEKTUBHOCTH M CTPOUTEITHHO-
TEXHUYECKHX CBOMCTB CIELMAIBHBIX PACTBOPOB 3a CUET CYUIECTBEHHOTO CHMKEHUS
MOPUCTOCTU CUCTEM TBEPJICHUSI U TMOBBIIICHUS NIOTHOCTH KOHTAKTHOM 30HBI C MEJIKUM
3arnojHUTENeM U (eppOMArHUTHBIM HAMOJIHUTENIEM U3 CTaJeIIaBUIIbHBIX [IUIaKOB;

- C TIOMOIIBIO METO/A TUIAHUPOBAHUSI 3KCIEPUMEHTOB ONTHMH3UPOBAHBI TMapaMeTphbl
JIBYX3TAallHOW MAarHUTHOM OOpabOTKM CHUCTEM TBEpACHMS, OOCCIECUMBAIOIIME TIOMYYCHHUE
crpykrypsl LIKMM c yiydieHHbIMU CTPOUTEIBHO-TEXHUYECKMMU CBOKICTBAMY;

- B TOJYyYEHHH PE3YJIbTATOB TEOPETUUYECKUX U  IKCIEPUMEHTAIBbHBIX
UCClIeIoBaHuM, JoKa3blBaromx d(@exkTuBHOE NpHUMEHEHHE  (PeppPOMArHUTHBIX

HaIlOJIHUTEICH U3 OTXOH0B MPOU3BOACTB B BUAC TOHKOMOJIOTBIX KOHBCPTCPHBIX HIIAKOB



8
¥ TPOAYKTOB O0pabOTKH MeTa/uioB aOpa3sMBHBIMH MaTepUaTaMH, MPHU HU3TOTOBICHUU
LIEMEHTHBIX KOMIIO3UL[MOHHBIX HHBEKIIMOHHBIX MAaTEPUAJIOB;

- B O0OOCHOBaHMU NPUMEHEHUS ABYXITallHOW MarHUTHOW 0OpaOOTKOW BOJBI U
cucteMm TBepaeHus and aktuBanuu LIKVMM, ¢ nenplo NMOBBIIEHHS MX MPOYHOCTHBIX U
YIYYUICHUSI PEOJIOTMYECKUX CBOMCTB I KA4E€CTBEHHOTO TAaMIIOHa)Xa TPEIIMH Ha
MIOBEPXHOCTHU pa3ziena «0eTOH-O0ETOH» B CThIKaX KPYIMHOMAHEIbHBIX 3aHUN M «MeETalll-
O0eToH» B OETOHHBIX OrPaXAAIOMIMX KOHCTPYKUUSAX 3alIUTHBIX  COOPYXEHUHI
CIEIUAJIBHOIO HA3HAYECHUS.

Teopemuueckasn 3HauumMocms U NPAKMUYECKAA 3HAYUMOCHb Padombl.

Teopemuueckasa 3HauumMoOCms 3aKJIIOYACTCS B PA3BUTUU CYIIECTBYIOLIEH TCOPHUH
CTpYKTypooOpa3oBaHusl M kujakodaszHoi axTuBanuu cucrteM TBepaeHuss LIKMM kax
KOMITO3UIIMOHHBIX MAaTEPUAJIOB C ONTHUMAJIbHBIM HACBIIICHUEM LIEMEHTHON U LIEMEHTHO-
NecyaHol MaTpuibl (eppOMAarHUTHBIM HANOJHUTENEM (I0J] BO3JIEHCTBHEM BHEIIHETO
JIOKQJIbHOT'O MarHUTHOTO TOJIS).

Ilpakmuueckas 3nauumocmp JUCCEPTALNOHHBIX HCCIEIOBAHUN 3aKI0YaETCS:

— B pa3paboTke ontuManbHbIX cocTaBoB LIKVMM, akTMBHpPOBAHHBIX JBYXATAITHOM
MarHuTHOH OOpaOOTKOM BOJBI W BOJHO-IIEMEHTHBIX CHCTEM, JJI 3aJ€lKH Y3KUX U
IIMPOKHUX TPELIMH B KeJIe300€TOHHBIX KOHCTPYKIIHIX;

— B ONPEAEIICHNY MarHUTHOM MPOHUIIAEMOCTH METAJJIOB KOHCTPYKIMM BXOJIOB U
BBOJIOB MHKEHEpHbIX KoMMmyHuKamuii 3C, a TakKe MarHUTHOW BOCHPUHUMYUBOCTH
coctaBoB LIKIM, akTUBUpPOBAaHHBIX MOATAITHON MarHUTHOW 0OpaOOTKON BOJBI M BOJIHO-
LEMEHTHBIX CUCTEM, JJIS 33eJIKU TPELIUH B KeJIe300€TOHHBIX KOHCTPYKIHUSX;

— B YCTAQHOBJIEHMM T'PAaHMYHBIX NApaMETPOB BHEIIHETO JIOKAJIbHOTO MATHUTHOIO
MOJIA W JIaBJIGHUS HArHeTaHus, aKTUBUPOBAHHBIX MOATAalTHOM MarHUTHOW 0OpabOTKOM
LHKHWM, B y3Ku€ U MUPOKHUE TPEIIMHBI HA KOHTAKTHBIX MOBEPXHOCTIX «METAII- OETOH
" «OETOH-OCTOHY;

— B pa3paboTKe MeToAa OIEHKH KauecTBa TIePMETHU3ALMOHHBIX padoT
akTuBUpoBaHHbIMU cocTaBaMu LIKMM 1o crenenu razonpoHUIaeMoCTH;

— B IPUMEHEHUHM pE3yNbTATOB TEOPETHUECKMX M  SKCIIEPUMEHTAIbHBIX
WCCIICZIOBAaHUN B PEIICHWH HWHXXEHEPHBIX MpOOJIEeM, CBSA3aHHBIX C pa3paboTKoW u
HEIMOCPEACTBEHHBIM IPUMEHEHHEM HOPMAaTUBHOM M TEXHUYECKOW NOKYMEHTALHUH IS

OpraHu3aluu TaMIOOHAXKHBIX pabort OIITUMAJILHBIMHA cocTaBaMU LKHNM,
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aKTUBUPOBAaHHBIMU JIBYXATAalTHOW MAarHUTHOW 0OpabOTKOM, UIs TaMIOHa)Xa TPEIIuH
3TMMU COCTaBaMH Ha IOBEPXHOCTSX paszfesla «MeTal-0eToH» U «OeTOH-OETOH» B

orpakaaromux KOHCTpYKIusax 3C U KpyMHOMAHETbHBIX 3/JaHUM.

Memooonozus u memoowvl uccied06anus: OPUECHTUPOBAHHOCTh HA IPEIBICTOPHIO
IIOCTAHOBKH U pa3BUTUA Npobsembl npuMeHeHus: LIKMM; npuHIMIIBI KOMIUIEKCHOCTH U
CUCTEMHOCTHU IOCTaBJIEHHBIX 3aJay; 0a3MpoBaHHWE Ha (PyHIAMEHTAJIbHBIX MOJOKEHUIX
IpU PacKpBITUM 3aKOHOMEPHOCTEH CTpYyKTypooOpa3zoBaHus cuctem TBepaeHus LIKUM,
WCIIOJIb30BAHME KaK TPAaJULMOHHBIX, TaK U pa3pabOTaHHBIX — «aBTOPCKHX» METOIMK
OIIpe/ie]IeHNs] OCHOBHBIX CBOMCTB M KauecTBa padOT C MCIOJIb30BAHUEM IIpejiaraeMbiX
MaTepHaioB, COBPEMEHHOE TEXHUYECKOE COMPOBOXKJIEHUE dKCIIEPUMEHTA (MIPUKIIaAHAS U
MpaKkTUYeCKasi HAlleJIEHHOCTh PE3YIbTATOB PaOOTHI).

Ilonosicenusn, 6vinocumole Ha 3auiumy:

- TEOPETHUYECKOE U JKCIEPUMEHTaIbHOE OOOCHOBaHHE MEXaHU3Ma YIPOUYHEHUs
IHKMM B mpolecce HaChIEHUS €ro I[EMEHTHOW MaTpuisl (eppOMarHUTHBIM
HAITOJIHUTEJEM U3 IPOMBIIIICHHBIX OTXO0/I0B;

- ONTHMAaJbHBIE COCTaBbl, O0O0JaJalOIIUEe YIYYIIEHHBIMH IPOYHOCTHBIMH,
peonorndyeckumMu U Apyrumu coiicTBamu [IKMM, akTUBHpOBaHHBIE JBYXATAIMHOMN
MarHuTHOM  00pabOTKOH, C  (eppOMarHUTHBIM  HANOJHUTEIEM M3  OTXO/OB
METaJUTypru4ecKoi IPOMBIIUIEHHOCTH (TOHKOJUCIIEPCHBIE KOHBEPTEPHbIE IIJIAKU U
MaTepHalibl, MOJIYYSHHbIE B Pe3yJIbTaTe OOTOUKH METAJIA 3JIEKTPOKOPYHIOM);

- TEXHOJIOTHUS UEMEHTAaUuu JAe(PEeKTHbBIX MeCT B OCTOHHBIX 3aAIIUTHBIX
COOPYXEHHUSX Ha IMOBEPXHOCTSIX KOHTAaKTa METaNI-0ETOH M B BEPTHKAIBHBIX CTBIKAX
KPYIHOIMAHEIbHBIX 3JaHUA U COOPYXEHHMH Ha IOBEPXHOCTSAX KOHTaKTa OETOH-OETOH
coctaBamu LIKMM, akTUBHpPOBaHHBIMU JBYX3TAalTHOW MarHUTHOW 00pabOTKOM;

- YCTaHOBJICHHBIE 3HAUEHMsI CTENEHM MArHUTHOM ITPOHMUIIAEMOCTH METAaJUIOB
3HauuTenbHOM TonuuHbl (0,6 -1,0 cM) W MarHUTHOW BOCHPUUMYHUBOCTU COCTABOB
HKWMM, akTUBUPOBAHHBIX JBYXATAallHOM MarHMUTHOM 00pabOTKOHM, ¢ (eppOMarHUTHHIM
HaIlOJIHUTEJEM M3 OTXOJOB IPOU3BOJCTB (TOHKOMOJIOTHII KOHBEPTEPHBIM LIIAK U
MPOIYKTHI 0OTOYKH CTaJIM Ha AJIEKTPOKOPYH/IE);

- pe3yabTaTbl  OLEHKM  BO3AyXolnpoHuuaemoctu  cocraBoB  L[KUM,

AKTUBHUPOBAHHBIX )IBYXBTaHHOP'I MarHuTHOM O6p360TKOI71, HaI10JIHEHHBIMU
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deppoMarseTukaMu #3 KOHBEPTEPHBIX IUIAKOB M TPOIYKTOB OOTOYKM CTald Ha
ANEKTPOKOPYHIIE).

Jocmoseprnocmp nosiyuennplx pe3ynbmanmoé i 000CHOBAHHOCTb PE3YyJIbTaTOB U
BBIBOJIOB AMCCEPTAIIMOHHON PaOOTH MOATBEP KIEHbI:

- O00OCHOBAaHHON NOCTAaHOBKOW HAy4HbIX MPOOJEM, NPHUHATHIX JONYILEHUNH U
OTrpaHHuYeHUM, OOIBIIUM 0OHEMOM BBITIOIHEHHBIX AKCIIEPUMEHTAIBHBIX UCCIIEI0BAHUML;

- XOpowed CXOJMMOCTBIO PpEe3yJbTaTOB MOJEIBHBIX HCCIEIOBAaHUN U
peaIM30BaHHOTO SKCTIEPUMEHTA CO CTATUCTHUECKOW 00pabOTKON pe3ynbTaToB;

- BHEJIpPEHUEM  aKTUBHpPOBaHHbIX coctaBoB [IKMM B  TexHoJoruto
MHBEKTUPOBAHMS TMPU TEPMETHU3ALMU TPEIIMH YyKa3aHHbIMH COCTaBaMU Ha OOBEKTax
JOPOKHOTO, IPOMBILIUIEHHOTO U TPa)KJaHCKOTO CTPOUTEIBCTBA.

Anpooayua pezyromamog padomwvi. OCHOBHBIE pE3YyJbTAThl JUCCEPTAMOHHBIX
UCCIIEIOBAaHUI ObUIM TpPEACTaBIEHbl Ha CICAYIONIMX MEXKIYHApPOJIHBIX HAy4YHO-
MpaKkTU4YeCKUX KoH(pepeHmmsax: «Haykoemkue TexHONOruu M MHHOBaLMW», benropon,
2014 (FObuneitnas koudepenmus, noceamenHas 60-neruro BI'TY um. B.I'. Illyxosa);
«CoBpeMeHHasi MeTauryprusi HoBoro Toeicsyenetusi» (Jlumenk, 2015-2017 rr.);
«/IlHHOBallMOHHbIE TEXHOJOTMM B Hayke M oOpasoBanum» (Yebokcapel, 2015), Ha
©XKETOJHbIX  HayuyHO-mpakTuueckux KoH(pepeHuusax @DI'BOY BO  «Jluneuxuit
rOCy/AapCTBEHHBIN TexHuueckuil yuusepcutet» (2013-2017 rr.) u apyrux.

Bueopenue pezyniomamoe uccinedoseanuii:

1. Pa3zpaboTaHHble cOCTaBbl LIEMEHTHBIX HHBEKIIMOHHBIX KOMIIO3ULIUN JUISI 33€TIKH
TpPEIIMH Ha OCHOBE OTXOJIOB METAJUTyprUu OBbUIM BHEAPEHBI TPU MPOEKTUPOBAHUU
JOPOKHOW  ofleKapl 1o  yinune  MockoBckas B 1. Jlumeuke B OO0
«JlumeukHUcTpoiinipoekt»; B OO0 «llpoMuzaenus» — mpu CTPOUTEIBCTBE CKiIaaa
roroBoi npoaykuuu B cene KoceipeBka (JIunenkass o0nacTh); mpU CTPOUTEIBCTBE U
PEKOHCTPYKIIMU  TPUHAANATUAITAKHBIX  124-KBapTUPHBIX JOMOB W3 MOHOJHMTHOTO
xene3o0erona no ynuie Ceupuzosa B T. Jlunenke — B OO0 «Xait-Tex».

2. OCHOBHBIE TIOJIOXKEHUS JUCCEPTAllMU, pe3yJNbTaThbl O3KCIEpPUMEHTa W
MPOMBILUIEHHON anmpoOaiuy ucnoib3yrea B yueoHom npouecce PI'BOY BO «JII'TY»
npu moaroroBke OakanmaBpoB mo Hampaienuto 08.03.01 — CrpoutenbecTBO mpoduis
noaArotoBku «IIpon3BOACTBO M MPUMEHEHHUS CTPOUTENbHBIX MaTepUaloB, HM3ACTUN U

KOHCTPYKLUI».
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Ilyoaukayuu. Pe3ynbraThl MCCIENOBAHUN, OTpaXKarOl[ME OCHOBHBIE MOJOXKEHUS
JUCCEPTAIMOHHON paboThl, M3JI0KEHB B 15 HayyHBIX MyOnHMKanusx, B ToM uucie 4
CTaThbU B POCCHUUCKHX PpELEH3UPYEMBbIX HAyYHBIX M3JAHUSAX, PEKOMEHIOBAaHHBIX
[Tepeunem BAK Munobpuayku Poccum, 1 crathss B W3JaHUH, BXOJANIEM B
MEXIyHapOAHYI0 pedepaTHBHYIO 0a3y maHHBIX M cucteM murtupoBanusi SCOPUS, B
OJIHOI MoOHOTpaduu; TMOITYYEeHO CBHUJIETEIBCTBO O TOCYJApCTBEHHOW perucTpanuu
nporpamMmsl A1 DBM.

Obvem u cmpykmypa pabomet. [lucceprainoHHasi paboTa COCTOUT U3 BBEACHHUS,
OCHOBHOM dYacTu (MSATH TJaB), 3aKIIOYEHHS, CIHUCKA JUTEpaTypbl U  YEThIpex
npwiokeanit. Pabota w3noxkena Ha 169 crpaHWIax MAaIMIMHONKMCHOTO TEKCTA,
BKrovaromero 31 Ttabmuity, 48 pHCYHKOB, a TakKe CIHCOK JuTepaTypbl u3 204

HaWMEHOBAHUU.

OCHOBHOE COAEP XAHUE PABOTbBI

Bo BBegenmu 00OCHOBaHa  aKTyaJbHOCTh  BBIOPAHHOTO  HAIpPABJICHUA
uccleoBaHul, CcHOpMYyJIUpOBaHBl LENH, 3a7auu
UCCIIeIOBaHUM, HayuyHas HOBM3HA W MpaKTUYecKas
3HAYMMOCTh  pabOThl,  TPUBEJCHBI  OCHOBHBIC
MOJIOXKEHUSI, KOTOPbIE aBTOP BHIHOCUT Ha 3aIIUTY.

B nepBoii riiaBe npoaHaau3upPOBaHbl yCIOBUS
BO3HUKHOBEHMSI Y3KUX TPEIIMH B CTBIKAX MEXIY
KeJIe300€TOHHBIMHU KOHCTPYKIMSMHU U B 30HE KOHTaKTa
O0eToHa C METAUTMUECKHMMHU M3JEMUsIMUA  3alUTHO-

IFrCPpMETHUYHBIX BXOO40B u BBOJOB HHKXCHCPHBIX

KOMMYHHKAaIHH. Ha puc.1 IIOKa3aH

Pucynoxk 1 - Tpemuna B OeToHe
Ha KOHTAaKTe ¢ METaJNIOM

CMOJICJINPOBAHHBIN B MPOLECCE IKCIIEPUMEHTAIBHBIX
MCCIIEZIOBaHUM Cllydail 00pa3oBaHUs TPEIIMH B OETOHE HA KOHTAKTE C METAJUINYECKHUMHU
aetaasiMu KoHCTpyKuui. IlokazaHo, 4ro n3zbexars ux 0Opa3oBaHUs HAa TEXHOJIOTHYECKOM

OTaIIC MPakKTUYCCKU HCBO3MOKHO.
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OmnpeneneHsl MpoOIEMBbl TPATUIIMOHHBIX CITOCOOOB 33/I€TIKM TPEIIUH B HKeIE300€TOHHBIX
OTPaKJAIOIIUX KOHCTPYKIUSAX CIOCOOaMU [IEMEHTAIUH, CUITUKATU3AI[MN U CMOJIM3AI1H.

B cBsi3u ¢ 3TUM HEOOXOIMMO TOBOPUTH 00 3(PGEKTUBHOCTH KUAKO(DA3ZHOM
aKTUBALIUA CTPOUTEIBHBIX KOMIIO3UTOB, TaK KaK TaKOe pPEryJIHpOBaHUE CBOMCTB (C
MOMOIIIBI0 MarHUTHOM OOpaOOTKM >KUJKOCTH 3aTBOPEHHUS) MO CPaBHEHUIO C
TBepAo(]a3HOI akTUBaIMEH (32 cueT MeXaHM4eCcKol 00pabOTKU BSIKYIIUX U HHEPTHBIX
KOMIIOHEHTOB, a TaKXX€ BBEJICHHUS XUMHUUYECKHX J00aBOK) OOECNEYMBACT YIIyUIICHUE
MEXaHMYECKHX CBOMCTB pacTBopa 0Oe3 mepepacxoia IMIACTUGUIUPYIOMUX J00aBOK U
CBSI3YIOIIMX BellecTB. [Ipu 3TOM 10 cUX MOp MPaKTUYECKH OTCYTCTBYIOT TEOPETUUECKUE
MIOJIOYKEHUS, OTMCHIBAIOIME MEXaHU3MbI BO3JICHCTBUS aKTUBAIMHU KUJKHUX KOMIIOHEHTOB
MaTepHalioB Ha XapaKTEPUCTUKH MEJTKO3EPHUCTBIX KOMIIO3UTOB, HE OTpaboTaHbI
ONTUMAJIbHBIE TEXHOJOTMYECKHE TMapaMeTpbl U COCTaBbl, a TAaKXKE TEXHOJIOTHS
MIPOU3BOJICTBA TAKUX I[EMEHTHBIX MaTEPUAJIOB.

Ha ocHoBe paHee clenaHHOrO aHaliv3a CTPOUTENIBHO-TEXHHMUYECKHX CBOWCTB H
JIOTIONTHUTENFHBIX HCCJIE0OBAHUN XapaKTEPUCTUK MHOTOUYMCIEHHBIX BHJIOB OTXOJOB
METaJUTyprU4ecKoro MpOU3BOJICTBA, BIUSIOMUX HA 3()(PEKTUBHOCTH UCIIOIB30BAHUS UX B
kauectBe (eppomarHutHoro HamoiHutens B LIKMM unenecooOpasHee Bcero
WCIIOJIb30BATh TOHKOAUCIEPCHBIE KOHBEPTEPHBbIE NUIAKM M TEXHOTE€HHBIE MaTepualbl,
MOJIYYE€HHBIE B pe3yJIbTaTe 00TOYKH METalia AJIEKTPOKOPYHIIOM.

Jlanee  paccCMOTpeHBl  TPUHIHUIBI  CTPYKTypooOpa3oBaHHsS  IIEMEHTHBIX
KOMITO3UIITMOHHBIX HHBEKIIMOHHBIX MaTepHajoB ¢ (EepPpPOMAarHUTHBIM HAMOJHUTEIEM,
TEOPETUYECKH 0OOCHOBAHBI U3MEHEHUS PEOJIOTHUECKUX U MPOYHOCTHBIX CBOWCTB TaKHX
MaTepHagoB TMOJA JCHCTBHEM MAarHUTHBIX CHJI 3a CYET KJIacTepooOpa3oBaHUs U
JIOTIONIHUTENBHOTO  AJEKTPUUECKOr0 TMOTEHLMajda Ha (OPMUPYEMBIX MOBEPXHOCTSX

TUAPATHBIX KIACTEPOB.

Bo BTOpOI Ii1aBe NpOaHAIN3UPOBAHBI CBOMCTBA UCXOJHBIX KOMIIOHEHTOB IS CO-
3nanua [IKMM wu npencraBiaeHbl METOOUMKH 3KCIIEPUMEHTAIBHBIX HCCIIEIOBAaHUN MPOY-
HOCTHBIX, PEOJIOTHYECKHUX U aJIN€3MOHHBIX CBOMCTB aKTUBUPOBAHHBIX MAarHUTHBIM IOJIEM
CHUCTEM TBEPACHUS, COCTOSIIMX U3 LIEMEHTHO-TIECYAHBIX U [IEMEHTHO-BOAHBIX CMECEH C
TOHKOJMCIIEPCHBIM HAMOJHUTEIEM U3 KOHBEPTEPHBIX IIJIAKOB U OTXOJ0B 00pabOTKH Me-

TaJJIOB a0pa3MBHBIMU MaTepHaIaMHU.



13

OO0o0OCHOBaHBI HMCCJIEIOBAHUSA

KOHKPCTHBIX

CBOWCTB

[IKUM,

KOTOpBIE H

OIIPCACIUIIN ITPOTrpaMMy SKCIICPUMCHTAJIIBHBIX HUCCIICIOBAHUN U HGO6XOHHMBIﬁ IICPCUCHDb

UCIIBITATEILHOTO 000pyaoBaHwust (Tadu.1).

Tabnuna 1 — [IporpaMmma sKCriepUMEHTAIBHBIX UCCIEA0BAHUN

NoNe HUccnemyemele cBoiicTBa O6pasupl, UcneiTatensHoe
/1 MM o0opyoBaHue
1. | IIpounocte mpu cxatum LHKUM s Ky0sr1
MTUPOKUX TPEIIHH 40x40x40
2. | Ilpounoctp Ha w3ru® LIKUM s mupokux [Ipu3mbl MammHa ucnsITaTeIbHast
TPELUH 40x40x160 YHUBEpPCaIbHas
3. | lpounocts Ha cxatue LIKUM s y3kux LlmmisapsL 1P 5082-50
TpELIH nuametp 40
[IpoyrocTs Ha pacTsDkeHHEe Tpu U3rude [Ipu3mel
1IeMEeHTHO-BOIHBIX TKM Jy1st y3KUX TpemuH 40x40x160
YnenbHas NMOBEPXHOCTh U IHAMETP YACTHI] - IToBepxnocremep IIMI] -
HATIOJTHUTEIIS 500
5. | Ycagounsle neopmarun [Tpu3mbr WNuaukaTopsl 9acoBOTO
100x100x400 THUIIA, IITAHTH, XOMYTHI C
BUHTOBBIM KPEIUICHUEM
6. | PacruipB kOHyca cMecei Asl Y3KUX TPEIIiH - Konyc u BcTpsxuBaromuii
CTOJIHK
7. Ocanxka xonyca «Ctpou [HWJI» B iemenTHO- - Konyc Crpoitl ITHUJI» u
NEeCYaHbIX CMECSIX (IS HIMPOKHX TPEIINH) CTaHJIapTHOE BEJIPO
8. Hanpsixenue capura HKUM - CaMOCTOSITEIbHO HM3rOTOB-
JICHHOE YCTPOMCTBO
9. Anresus - Anresumerp
tuna «Koncranray
10. | MarnuTHas UWHAYKOMA OT HMCTOYHHKOB | OOpasipl MeTaia W3meputens MarHUTHOR
JIOKaJbHOTO MarHUTHOTO MOJISI B TPEIIMHE Ha pasHoi UHITyKIAN
KOHTAKTE METAII-0ETOH ToimmHke:3; 5; 10
11. | MaruutHast BocnpuumunBocTh LIKUM (mo - CaMoCTOATENIbHO U3TOTOB-
metony Ksunke) JICHHOE YCTPOICTBO
12. | I'azo- (Bo3gyxomponumaemocts) HKMM Ky051 Mukpomanomerp MMH,
100x100x100 razocuerunk ['Ch-400

KadecTBO MHBEKIIMOHHBIX PabOT, B pe3yabTaTe KOTOPOTO CO3AAETCS T€PMETUYHBIN

KOHTYp B JKeIe300€ TOHHBIX KOHCTPYKIHUAX, ONPCACTIAICA C IMMOMOIIBIO MCTOAWKH

HUCCIICA0OBAHUA BO3AYXOIIPOHHUIACMOCTH MCCT 3aACIKN TPCIOIUH WHBCKIUOHHBIMHU

MaTEepUAIAMUA C YYETOM CJHEAYIOUIEHd HAy4YHOM THUIIOTE3bI.

[Ipu ¢PuxcupoBaHHBIX

JaMHHAPHBIX TapaMeTpax (UIbTpalMy KOJIMYECTBO Tasza V, MPOXOISIIEro uepes

IO A TOMOTEHHOTO MaTepuaa (TONIMHON O) 3a Bpemst t mpu nepemnaje JTaBaeHust

¢ obenx cTopoH orpaxkaeHust AP, MOXHO OINpeAeInTh 110 3akoHy Jlanra: V, =

K »APAL
)
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, Tie Kgp — KO3 QUIHMEHT BO3AyXONPOHULAEMOCTH, m*/(m-a-malla). Torxa K03 GUIIIEHT
V,d
ApAt

BO3AYXOMMPOHUTTACMOCTH MOXHO OIIPCACINTDL U3 3aBUCUMOCTU! Kgp =

OKCHEepUMEHTaIbHO KO3(DPUIMEHT BO3AYXOINPOHUIIAEMOCTH ONPEIEIsUICd Ha

YCTAHOBKC, KOTOpasd IMPCACTABJICHA Ha PUC. 3.

a 0

Pucynoxk 3 — OOopynoBanue s ONpeIeJeHUs Ta30MpPOHUIIAEMOCTH  MECT
MHBEKLMOHHOTO YIUIOTHEHHUS TPEIIMH B KOHCTPYKIMU: a — cXema npubdopa; 6 — oomuit
BHJl yCcTaHOBKH, rjae 1 — BozmyxoxyBka, 2 — ['Ch-400 - ra3zocuerumk; 3 — BakyyMHas
kamepa; 4 — MMH-250 — manomerp.

B Tperbeil riiaBe INpUBENCHBI PE3YJIbTaThl JKCIIEPUMEHTAIBHBIX HCCIEA0BAHUN
cBorictB [IKMIM. AkTuBanus BOJbI U CUCTEM TBEPACHMS OCYIIECTBISIACH C MOMOILBIO

CIEUATEHO CKOHCTPYHPOBAHHOTO M U3TOTOBJICHHOTO yCTpOicTBa (puc. 4).

Pucynok 4 — VYcrpoilicTBO isl aKTUBalUU
BOJIbI U cucteM TBepaeHus [IKNM:

1 — kaTymka 37MeKTpOMarHuTa ¢ oOMOTKOH U3
npooga I[I19B gmamerpom 1,2 mm (1200
BUTKOB); 2 — TPAaHCIOPTHBIA TPyOOIPOBOJ OT
CHUCTEMBI BOJIOCHA0XKCHUS, 3 -
npeoOpazoBaTesib ~ MEPEMEHHOTO  TOKa B
MOCTOSsIHHBIN; 4 — aBTOTpaHchopmartop (JIarp-
IM).

B munotHeIX sKcnepuMenTax (puc. 5) ObUIO YCTaHOBIECHO ONTHMAIbHOE 3HAYCHHE
MHAYKIUM MarHuTHoro mojs - B= 0,378 mTn (kputepuemM ONTHUMH3ALUU SBISUIUCH

peosiornyeckue coiictea LIKIIM).



HuameTtp pacnibiBa
KOHYCa
cmecu LIKMM,d,cm
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—C— JluaMeTp pacIuibiBa KOHyca
cMmecn,d,cM Ipu BpeMEeHN

aKTUBAIUHU BOAGI t=15 c u
CHJIE TOKa B

anekTtpomaruute [=0,5A

—/— JluaMeTp pacIuibiBa KOHyca

CMECH IIPU BPEMEHH

aKTUBAIIUHU BOABI t=3 c U

30 )\
27 ~ ‘\ﬁ
- ﬁ -
%/ ~
18
0,189 0284 0378 0472 0,567

WNunykuus marautHoro nois, B, mTn

CHIIE TOKa B
anekTpomaraure [=0,5A

Pucynok 5 — 3aBUCUMOCTH paciUibiBa KOHyCa OT HWHAYKIMA MAarHUTHOTO TOJA B
MpoLEeCcCe aKTUBALMK BOJbI U cucteM TBepaecHus [IKUM

Pesynmpratel  sKcmepumeHTanpHOrO  ompexaeneHus — coucts LUIKHMM ¢
HATOJIHUTEJIEM U3 IIIJIaKa MIPUBEACHBI B TaOMIUIIE 2, a U3 MPOIYKTOB 00TOUKHU — B TalImwie 3.
Tabmuma 2 — CtpoutenbHo-TexHuueckue cBoiictsa [IKNM (rmurakoBbIi HAITOJTHUTEND )
Howmep | CocraBel HKWM | [Tapamerpsl IIpounocts | Monyns Benmnunna
cepur | (COOTHOULIEHUE aKTHBAIMH Ha CKaTHe, | ympy- CIICTUICHHS

KOMITOHEHTOB) R¢, MIla roctu, E, | HKUM c
B/11 | HanomHu- BpeMsi, | UMIYJIbC, MlIIa METaJIOM, T,
TeNb/1e- t, C It, A-c klla
MEHT
1 0,50 0,10 20 10 16,31 962,8 86,83
2 0,75 10,92 634,3 57,53
3 0,50 0,20 13,20 849,4 69,68
4 0,75 9,08 419,3 66,05
5 0,50 0,10 60 30 26,30 1403,3 140,34
6 0,75 13,75 749,7 73,01
7 0,50 0,20 18,24 1098,5 96,73
8 0,75 9,24 487,3 46,75
Tabnuna 3 — CtpoutenbHo-TexHrueckue cBorictea LIKMM ¢ nponykramu 06TOUKH
Howmep | CocraBet HKWM | ITapametpsl [Ipounocts | Monyins Benmnunna
cepud | (COOTHOILIEHHE AKTUBAIIH Ha cKaTue, | yrpy- CLICTIIICHUS
KOMITOHEHTOB) R¢, MIla roctu, E, | IKMM c
B/L | HanonHu- | BpeMs, | UMITYJIbC, MIlIa METauioM, T,
Tenb/1e- t,C It, A-c klla
MEHT
1 0,50 0,10 20 10 12,92 649,8 66,77
2 0,75 7,17 420,2 44,92
3 0,50 0,20 11,04 695,8 57,13
4 0,75 4,85 379,13 52,38
5 0,50 0,10 60 30 15,80 523,38 109,61
6 0,75 11,07 562,4 58,40
7 0,50 0,20 14,14 750,5 78,62
8 0,75 6,01 340,2 37,36
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Takum 06pazoM, BO3pacTaHHe MEXaHUISCKUX U YITYUIICHHE IPYTUX CTPOUTEIHHO-
TEXHUYECKMX  CBOMCTB  WHBEKIIMOHHBIX  CHCTEM  TBEPACHHUS C  I[UJIAKOBBIM
(eppOMarHUTHBIM HAMOJHUTENEM MOXET OBITh OOBSCHEHO U MOTEHIHUAIbHOU
aKTUBHOCTBIO IIIJJAKOB, OCOOEHHO TPOSBISIONICHCS TPU MAarHUTHOW aKTHBAIUU.
VY CTaHOBIIEHO, YTO HEOOXOAMMO HCIIOJB30BaTh IUIAKOBBIE HAMOJHUTEIN C YIEIbHOU
noBepxHocThio 300 MZ/KT.

Pe3ynbTathl SKCIEPUMEHTA 110 OMPEACICHUIO ONTUMAIBHOTO 3HAUYCHHUSI CHUJIbI TOKA
B 0OMOTKE 3JeKTpoMarHuTa (puc. 6) MOATBEPIUIIHN, YTO BpeMs BO3/ICHCTBUS MArHUTHOTO
HOJIs HE JTOJDKHO OBITH Oosiee OHOM MUHYTHI, @ CHJIa TOKA B AJIEKTPOMArHuTe yCTPOHCTBa

aKTUBAIlMU JOJDKHA OBITH paBHa 0,5 A.
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Cuita Toka B 0OMOTKE 3JIeKTpoMaranTa, l,A

Pucynok 6 — 3aBucumocts npounoctu LIKMM Ha n3ru6 o T cuiisl Toka

Onenka 3HAYMMOCTH JIBYXJTAllHOM MarHUTHOW O0OpaOOTKM BOABI U CHUCTEM
tBepaeHus LIKNM noka3zana, yto npupocT npoyHoctu coctasisier 15-20 %.

B d4erBepTOoM riaBe OCYLIECTBISUIACH ONTHMMM3AlMS COCTABOB IIEMEHTHO-
MeCYaHbIX WHBEKIIMOHHBIX MAaTEPUAIOB JIJISl 3aJICJIKU TPEIINH C ITUPUHON pacKphITus 1—
10 MM. OnTUManbHBIM cocTaBoM 1o ipouHocTH (R= 54,5 MIIa) MOXXHO cUUTaTh COCTaB,
B KOTOPOM COOTHOIIIEHHWE MacC I[eMEHTa W TMecka paBHO 1:2, maccoBas a0
mnactudunmpytromei 1o6asku CII-3 B BogHO-1IeMeHTHOM cucteme coctaBisiia 0,3 % ot
Maccel niementa npu B/Il, paBHom 0,48. Omrummsarnus [IKUM nns 3amenku y3kux
TpemwH ¢ mupuHo packpeitus 0,1 — 1,0 MM mokaszana, 4To Haubojee 3HAYUMBIMU
¢dakTopamu, BiausromuMU Ha TpouHocTh (R=28,3 Mlla), sSBIsIOTCS BOAO-IIEMEHTHOE

OTHOIICHHE U NTapaMeTpbl MAarHUTHOI 00paOOTKU BOJBI.
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Janee yTOUHSUIMCh TEXHOJIOTUYECKUE U CTPOUTEIILHO-TEXHOJIOTMUYECKHE CBOMCTBA
CHUCTEM TBEpJICHUS Ha IJIAKOBBIX HAIMOTHUTENSAX IJIs 3aJCNIKH y3KHX Je(EeKTOB, Kak
HauOoJiee aKTyaJdbHbIE W CIIOKHBIE U3 paccMaTPUBAEMBIX CHUCTEM. Y IalOCh MOJIYYUTh
HanOompIMii guamerp pacmibiBa (D=41 cM) W MHHMMAaIbHOE HAMNpSOHKCHHE CIABHra
(=100 IIa). Ycagounsie nepopmanuu ompeaensummcy yeped 30, 60, 90 u 120 cyrok
TBepACHUA. Pe3ylnbTaThl SKCIEpUMEHTa MOKa3ajdd, YTO MPOLECC YCaaKM BO BPEMEHHU
HOCUT JorapudpmMuueckuil xapaxktep. Pe3ynbTartbl »HKCIIEpUMEHTa, IOCBSIIEHHOIO
UCCJICOBAaHUSAM TIapaMeTPOB MAarHUTHOTO TIOJII B KOHTAKTHOM 30HE MeETai-0eTOH
MOKa3aJid, 4YTO MpeJieSIbHbIE JOMYCTUMBIE MapaMeTpbl MHAYKIIMA BHEIIHETO JIOKAIHHOTO
moisi  00eCmeunBalOTCsl  MarHUTHBIMH  YCTPOMCTBaAaMH, B  KOTOPBIX  OOMOTKa
3JIEKTpOMAarHuTa BbINIOJHEHa U3 npoBoja [19B nuamerpom 1,2 MM C 4HCIOM BUTKOB HE
menee 1200.

B naATol rjaBe ObUIM TPEIIOKEHBI pPA3IUYHBIC BapHUAHTBI TEXHOJIOTHH
3aMoOJIHEHUs] TPEIMH. AKTHUBUPOBAaHUE BOJbI MarHUTHBIM IIOJIEM Ha TIEPBOM JTare
MarHuTHOH 00pabOTKH, KOTOpas TPAHCIOPTHUPYETCS M3 CHUCTEMBl BOJOCHAOKCHHS B
pPacTBOPOCMECHUTENh, TTPOU3BOIAMIOCH ITyTeM TPOITyCKa TPyOOINpoBoja dYepe3 IOJOCTh
KaTYIIKU 3JIeKTpoMarHurta. Takum ke oO0pa3oM MpOM3BOAMIIACH MarHUTHas oOpaboTKa
BoHbIX cucteM cMmecerd [IKUM. Bpemst Bo3/1€eMCTBUS MarHMTHOTO TOJISI PETYJIMPOBAIOCH
HX CKOPOCTBIO JIBMKEHUA 10 TpyOompoBoaaM. [TapaMeTpbl MarHUTHOTO MOJIs (MHIYKIIUS
U HaNpsHKEHHOCTh) OLICHUBAJIUCh IO BEJIMYMHE CHUJIbI TOKa, MPOTEKAIOUIEr0 4epe3
KaTYIIKy  JJIGKTPOMAarHuTa. TEXHOJOTMYECKHE  CXEMbl  3allOJIHCHUS  TPEUIuH

HMHBCKINOHHBIMU CMECAMMU IIPCACTABJICHBI HA PUCYHKE 1.

Pucynok 7 — YcrpoiicTBa a1 UHBEKIIMOHHOTO YIIJIOTHEHUS TPEIIMH B OETOHE OrpaskJarolInX
KOHCTPYKLIUH COOPY)KEHHUIl: a — MpU MOMOIIM IIThIpeil; 6 — jKecTKas MpUKMMHAs KaMmepa ¢
TEJIEeCKONMUYECKUM yropoM: 1 — TpemmHa; 2 — WIThIpU; 3 — TOJIOCHBIE HAKOHEUYHUKH; 4 —
ANEKTPOMArHuT; 5 — peoctart; 6 — O0ITHI; 7 — TepMeTHK; 8 — NPHKUMHAs KaMepa
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3amonHeHNe B OETOHHBIX KOHCTPYKLHUSAX OTACIBHBIX IMHPOKHUX TPEHIMH CMECSIMHU
KM npou3BoauTcs CHeUalbHBIMU LINPULIAMH. 3a/1€JIKa MHOIOYUCIIEHHBIX TPEUIH,
COCPEIOTOYEHHBIX B OJHOM MECTE, IPOU3BOIAUTCSA Yepe3 NPHKHMHBIE KaMepbl C HX
HOJTHBIM 3aII0JHEHHEM MHBEKIIMOHHOM cMechlo. TeXHOIOorus 3a/1eKu TPeIluH B OeToHe
Ha KOHTAaKTHBIX IIOBEPXHOCTAX € METAUIMYECKUMH KOHCTPYKLHAMH  BXOJOB
(repMeTHYHbIE JABEpU M JIIOKM 3alMTHBIX COOPYXXEHHH) M BBOJOB B COOPYKEHUS
MHXEHEPHbIX KOMMYHHMKAIMii HMeeT cBoM ocoOeHHocTH. Harneranume cmeceir B
TPEIIMHBI IPOU3BOUTCS YEPE3 CIIEHUAIbHBIE IITYIIEpa, PABHOMEPHO YCTAaHOBJIEHHBIE T10
nepuMeTpy KOMMHICA JBEpell WIM 1O OKpyKHOcTH (iaHma TpyOdaTtoro BBOJA
komMmyHukauuid. IllTynepa pacnonaraior mnocpeauHe Mexay ABymsi [1-oOpasHbiMu
CTOWKAaMM 3JIEKTPOMAarHuTa, MOoCIeA0BaTEIbHO IEPECTABIIEMOTO CHU3Y- BBEpX. CMech B
HIDKHHAW IOTYLEp 3aKaunBaeTCs NOJ NnepBoHadanbHbIM AaBieHneM 200 klla no tex mop,
[IOKA OHA HE MOKAXXETCS B CIEAYIOIIEM I10 BBICOTE IITYLIEPE.

Takum o60pa3om, mnpu Oomee Bbeicokoil mnpounHoctu [KWM wu wmeHsbinei
BO3JlyXOIPOHUIIAEMOCTH NPUMEHEHHE MpezuiaraemMoro BapuaHta cocrasa LIKMM naer

skoHOMIYecKni ekt 3088,9 py6. Ha 1 M° cmecn.

HToru BHINOJHEHHOT 0 HCCJIEJOBAHUS:

1. TTosmy4yeHbl pe3yabTaThl TEOPETUUECKUX U IKCHEPUMEHTAIBHBIX MCCIEIOBAHMUIM,
00OCHOBBIBAIOIIME BO3MOKHOCTH HCIIOJIb30BaHUSI (DEPPOMATHUTHBIX HAMOJIHHUTEICH W3
OTXOJI0B IPOM3BOACTB B BHUJE TOHKOMOJOTOIO KOHBEPTEPHOIO HUIAKa U IPOIYKTOB
00paboOTKM MeTayuioB a0pa3sMBHBIMM MaTepuajgaMu A co3fgaHus 3IPQGEeKTUBHBIX
CTPYKTYPUPOBAHHBIX LIEMEHTHBIX  KOMIIO3MLMOHHBIX HWHBEKIMOHHBIX MaTEPHUAIOB
(IKNM), akTUBMpPOBAaHHBIX JBYXJTallHOM MarHUTHOW 0OpaOOTKOM BOABI M BOJHO-
LEMEHTHBIX CUCTEM, C TPeOYEeMbIMU IPOYHOCTHBIMHU M PEOJIOTHYECKUMHU CBOMCTBAMH ISt
KaueCTBEHHOTO MHBEKIIMOHHOTO YIUIOTHEHUS TPEUIMH Ha MOBEPXHOCTHU pa3jesia «0eToH-
0eTOH» B CTBIKAX KPYMHOMAHENbHBIX 3/JaHUN M «METaUI-0ETOH» B KeNe300€TOHHBIX
OrpaKJAOIIUX KOHCTPYKIUAX 3AIIUTHBIX COOPYKEHHUN CIIEUAIbHOTO CTPOUTEIBCTBA.

2. Cospanbel ontuManbHble cocTaBbl [IKMM, akTMBHpOBaHHBIE ABYXJTallHOU
MarHuTHOW 00pabOTKOW BOABI W BOJHO-IIEMEHTHBIX CHCTeM s 3 GEeKTHBHOU
MHBEKIMOHHON 33/IeJIKM y3KUX U IIMPOKUX TPEIIMH B 5KEJI€300€TOHHBIX KOHCTPYKIHUSAX

31aHUM U COOPYKEHHM.
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3. OmpeneneHa MarHuTHas MPOHUIAEMOCTh METAJIOB KOHCTPYKLMM 3allUTHO-
FepMETUYECKUX BXOJOB U BBOJOB MHKEHEPHBIX KOMMYHHUKALIUN 3aIIUTHBIX COOPYKEHUI
(3C) Tommuuo#t 0,6—1,0 cM Tpu BO3ACHUCTBUM HA HHUX BHEIIHErO0 JOKAJIbHOTO
MarHUTHOTO TIOJIA OT CHELUUAJIbHOIO HCTOYHMKA — TEXHOJOTMYECKOT0 MarHUTHOTO
ycTpoiicTBa (marent P® Ne 2550712, 2015 r.).

4. OmnpeneneHa MarHuTHas BOCIHPUUMYMBOCTH cmeceid coctaBoB [IKHWM,
AKTUBUPOBAHHBIX ABYXATAIMHOW MAarHUTHOM 00pabOTKOM (BOABI M BOJHO-IIEMEHTHBIX
CUCTEM CMecei) Ui HMHBEKIIMOHHOTO YIJIOTHEHHUS Y3KMX U IIMPOKUX TPEUIMH B
KeJIe300€TOHHBIX KOHCTPYKITUSIX.

5. YcTaHOBIIEHBI TPAHUYHBIE TAPAMETPHI BHEIIHETO JJOKAITBHOTO MATHUTHOTO MOJIA
U JaBJICHUS] HarHeTaHusl TaMInoHaxHbIX cmeceld [IKVIM, akTuBHpOBaHHBIX JBYXITalHOMN
MarHuTHOM 00pabOTKOM ISl MHBEKIIMOHHOM 3aleNKM Y3KHX U IIUPOKUX TPEUIMH B
KEJIe300€TOHHBIX KOHCTPYKIHAX Ha KOHTAKTHBIX MOBEPXHOCTIX «METaUI-OETOH» U
«0eTOH-0ETOHY.

6. Paspaborana TEXHOJIIOTHS WHBEKIMOHHOTO VIUIOTHEHHUS TPEHIMH Ha
MMOBEPXHOCTH pa3jieyia «MeTauI-0eTOH» B JKeJIe300eTOHHBIX KOHCTPYKIHAX 3C u «0eToH-
OCTOH» B BEPTUKAIBHBIX CTHIKAX KPYITHOIAHEIBHBIX 3aJIHUM U COOPYKEHUN COCTaBaMH
HKWM, akTUBMpPOBaHHBIMU JIBYXATallHOM MAarHUTHOW 0OpabOTKOW TOJ BO3JEHCTBHEM
BHEIIHEr0 JIOKAJbHOTO MarHMTHOTO TOJISI HA OCHOBE BBIMIOJIHEHHOIO aHAJIM3a Mpolecca
TpEemUHOOOpa30BaHusl B OCTOHE HAa KOHTAKTHBIX TOBEPXHOCTAX «METAI-OETOH» B
MECTax YCTAHOBKHM B KEJI€300€TOHHBIX OTrPAKIAIOIIMNX KOHCTPYKIHUSX 3al[UTHBIX
COOPYKEHUN METAIUIMYECKUX U3/ B BUJE 3AIIMTHO-TEPMETHUYHBIX BXOJOB U BBOJIOB
WHKEHEPHbIX KOMMYHHKAIUH, a Takke «0eToH-OeToOH» B Marepuanax 3amoJHEeHUs
MOJIOCTEH BEPTUKAJIBHBIX CTHIKOB MEXTY COOPHBIMU KOHCTPYKIMSIMU KPYIMHOMIAHEIbHBIX
31aHUM U COOPYKEHHM.

7. Ha oCHOBE CyIIECTBYIOILIEH TEOPUU MPOHUIIAEMOCTH MOPUCTHIX TEJ BBIIIOJIHEHO
TEOPETUYECKOe OOOCHOBAaHWE OIEHKH MPOHUIIAEMOCTH BO3IYXOMPOHUIIAEMOCTH MECT
WHBEKIIMOHHOW 3ajenku TpemwnH cocraBamMu [IKMM wu onpenenensl mnapameTpbl
KOHTPOJIS KAYeCTBA TAMIIOHAXHBIX pa0OT M0 BO3yXOMPOHUIIAHUIO YINIOTHEHHBIX MECT.

8. Pazpaborana MeroaMKa OIEHKM KadecTBAa  TaMIIOHAXHBIX  paboT
WHBEKIIMOHHOTO YIUIOTHEHUS! TPEIIUH aKTUBHUPOBAHHBIMHU JBYXAITallHOW MarHUTHOU

obpabotkoit cocraBamu LIKMM 1o ycTaHOBJIEHHBIM B MpOIECCE IKCIEPUMEHTAIBHBIX
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WCCIICZIOBAaHUN 3HAYCHUSAMH KOd(p(UIIMEHTa BO3AYXONPOHHUIIAEMOCTH MaTEpHUajOB
YIUIOTHEHHS.
CIIMCOK PABOT, OITYBJINKOBAHHBIX 11O TEME JMCCEPTALIUN
[My0aukanum B BeqyIIMX peleH3UPyeMbIX HAYYHBIX )KYPHAJIaxX U U3JAHUAX:

1. 'onuapoBa, M.A. KoMIIO3UIIMOHHBIE MAaTEpHUAIIBI HA OCHOBE LIEMEHTHO-BOJHBIX
aKTUBUPOBAHHBIX CUCTEM JJI1 UHBEKIIMOHHOTO YINIOTHEHHsI OETOHA OTPaskKJAI0ONIUX KOH-
ctpykuuii / M.A. T'onuapoBa, A.C. bouapuukos, A.B. Komapuues // CtpoutenbHble Ma-
tepuansl. — 2015. — Ne 5. — C. 31-35. (3¢./1c¢.)

2. T'onuapoBa, M.A. B031yXONnpoHUIIa€MOCTh KakK IapaMeTp OLIEHKH KadecTBa
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I'onuaposa, A.C. bouapuukoB, A.B. Komapuues, H.A. Kammpuna // unumiHoe ctpou-
tenbcTBO. — 2015. — Ne 11. — C. 14-17. (3c./1c.)

3. Komapuues, A.B. Cyxue cTpouTeabHbIE CMECH C UCIIOJIB30BAHUEM OTXOJ0B Me-
Tayuryprudeckoro npoussojctsa / A.B. Komapuues, M.A. ['onuapoa, B.B. Kpoxorun //
Crpourensubie Matepuansl. — 2013. — Ne 5. — C. 66-67. (2c./1c.)
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TayibHbIe uccienoanus. — 2015, — Ne2-8. — C. 1620-1625. (5¢./2¢.)

CraTby B M3JaHUAX U3 NePeYHsl, HHIEKCHPYeMoro SCOpus

5. Optimizing the composition of magnetic polymer sealing composites with the
application of the slag ferromagnetic filler/ Margarita A. Goncharova, Artem V. Ko-
marichev, Sergey V. Maklakov, Olga V. Karaseva // Journal of chemical technology and
metallurgy. — Volume 52. Issue 4, 2017. — S. 636 -641. (5c./1c.)

Ily0aukanum B APYrux U3aHUAX:

6. [Iporpamma s OBM «PacueTHo-3KcniepuMeHTanbHBIA cIIOco0 mojadopa co-
CTaBa apXUTEKTYpHOrOo OETOHA C ONTHUMaJbHBIMU THapameTpamu» / ['oHuapoBa M.A.,
NBamkun A.H., Komapuue A.B., CyxanoB A.B. CBUIETEIBCTBO O TOCYIapCTBEHHOU
peructpanuu nporpammsl st O9BM Ne 2016611524, 3asska Ne 2015662325. Jlata no-
crymenust 16 mexabpst 2015 r. Jlata rocymapcTBeHHON peructpamuu B Peectpe mpo-

rpamm g OBM 04 depans 2016 1.
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7. T'onuapoBa, M.A. MaruuTHble IEMEHTHbIE TaMIIOHAXXHBIE KOMIIO3UI[MOHHBIE
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MHBEKUNOHHBIX cMmeceil / M.A. T'onuapoBa, A.C. bouapuukos, 1.0. Casxosa, A.B. Ko-
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0eTOH B KOHCTPYKIMSX 3amUTHBIX coopykeHuil / A.C. bouapaukos, M.A. I'onuaposa,
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