OBIIASA XAPAKTEPUCTHUKA PABOTHBI

AKTYyalbHOCTH TeMbl HccaegoBaHusi. s obecrieueHnst yciioBhii 3Hepro-
cOepe)keHHsI B CTPOUTENHCTBE B HACTOSIIEE BPEeMs BO3HHKIA HEOOXOIMMOCTH B CO-
3IaHUHM ¥ TIPUMEHEHNH HOBBIX CTPOUTEIBHBIX MATEPHAIOB, 00Iagatomux Oojee BbI-
COKMMH 3HAYEHHWSMH COTPOTHUBIICHUSI TETUIoNepeaaye, T.e. 0ojee HU3KUMH KOdPPu-
LUUEHTaMH TEIUIO- U TeMIIEPaTypONpOBOAHOCTU. [Ipu CHHTE3€ TaKMX CTPOUTEIbHBIX
MaTeprasioB HEOOXOAUMO UMETh HH(POPMAIIHIO 00 WX TEILIO(PH3MISCKUX XapaKTePH-
crukax (T®X), KOTOpbIE ONMPENEISIIOT TEIIO3AIUTHBIE CBONCTBA U Ka4eCTBO HECY-
IIUX CTPOUTENBHBIX KOHCTPYKIMH 1 m3nenuid. [t momydenus nadopmarmu o TOX
TpebyeTcss pa3pa00TKa HOBBIX METOJOB M CPEACTB H3MEPCHUS, ITO3BOJITIOIINX
C HEOOXOIMMOHW JUI CTPOUTEIBHOW TEIUIOTEXHUKU TOYHOCTHIO KOHTPOJHPOBATH
HCKOMBIe cBoMcTBa. Kak mokasan WHPOPMAIMOHHBIN ITOWCK W aHAIN3, B HACTOSIIIEES
BpeMsl B OT€UYECTBEHHOW M 3apyOEIKHON CTPOUTENHLHON OTpaciy pa3paboTka HOBBIX
METOJIOB M PEATM3YIOIINX UX CHUCTEM OINEpaTUBHOTO KOHTposd TAX CTpoOUTEIbHBIX
MaTepuasoB SIBJISETCS aKTyaJIbHOW 3a7adel, penieHne KOTOPOil TIO3BOJIUT OCYILECT-
BUTBH 3KOHOMUIO TOIUTMBHO-9HEPTETHYECKUX PECYPCOB.

CreneHb pa3pa0oTaHHOCTH TeMbl HccefAoBaHMA. [ pemeHns MOCTaB-
JICHHOW 3a/ilayil HanOoJee MEPCICKTUBHBIMU C TOYKU 3PCHHUS OIECPATHBHOCTH U
JIOCTOBEPHOCTH TOJYYaeMbIX PE3YJIbTATOB SABIISIOTCS METOIbI U YCTPOWCTBA, HC-
MOJIB3YOIE MUKPOBOJHOBEIM HATPEB MAaTEPHANIOB U U3JENUH. ITO 00yCIOBICHO
CJEeIYIOMINMH NPEUMYILIECTBAMU: ONEPATUBHOCTDh HArpeBa UCCIEyEMbIX U3JEIINH,
BO3MOXKHOCTH MPOTpeBa 0OJBIIOr0 00bheMa UCCICTYeMbIX 00OBEKTOB U TIOTYYCHUC
WHTETPAIBHBIX U YCPETHEHHBIX 10 00beMy 3HaueHuH TDX, 4T0 0COOEHHO BaXKHO
JUTS TIONYyYeHHsI JOCTOBEPHOHN MH(OpPMAIMK O TEIUIO3AIMUTHBIX CBOMCTBAX CTPOH-
TENBHBIX MaTEePHAIOB, KaK MPAaBHUJIO, HEOAHOPOIHBIX, TUCTIEPCHBIX, AHU30TPOITHBIX
U T.1. Teopust BO3AEHCTBHUS BEICOKOYACTOTHBIM JICKTPOMATHUTHBIM II0JIEM Ha HC-
ciemyeMble OOBEKTHI JIOCTATOYHO XOPOIIO pa3paboTaHa, a OOIbIIOE KOJUIECTBO
CEPUIfHO BBITTyCKAaeMOW MHKPOBOJIHOBOW TEXHUKH TIO3BOJISIET 0€3 0COOBIX TPYIHO-
ctei peamu3oBate CBU-HarpeB B co3qaBaeMbIX MPUOOPax M CHCTEMaX KOHTPOJISI
TOX nccneayeMbIX CTPOUTENBHBIX MAaTEPUAIOB U TOTOBBIX U3JIETHI.

Hens nccnenoBanmii — pa3paboTKa U HCCICOBAHUE MUKPOBOJIHOBBIX METO-
JIOB U PEATM3YIOUINX WX MUKPOIPOLECCOPHBIX CUCTEM, MO3BOJISIONINX OCYIIECTB-
JSTh KOHTPOJIb TDPX CTPOUTENBHBIX MaTEpUaIOB M U3AEIHUH, KaK MpHU MPOU3BOJI-
CTBE, TaK U B MPOLECCE UX IKCILTyaTallMH C HCOOXOAUMOM IS CTPOUTEIHHOM Terl-
JIOTEXHUKHU OMEPATHBHOCTHIO X TOYHOCTEIO.

3agaum ucciie OBaHUIA:

1. IIpoBectn aHATN3 COBPEMEHHOTO COCTOSHHS METOJIOB M YCTPOMCTB KOH-
Tposist TOX cTpouTeNbHBIX MaTEepHaOB, ONPEAEIUTh WX JOCTOMHCTBA U HEIOC-
TaTK¥, TSHICHIINY ¥ HATIPaBJICHUS MX JaTbHEHIIEro pa3BUTHS.

2. PazpaboraTh MaTeMaTH4ecKoe OmucaHHe (hU3UUECKHX MPOIECCOB B HC-
ClIeyeMBIX 00pa3lax Mmoja BO3ACHCTBHEM OPTaHU30BAHHOTO JICKTPOMATrHUTHOTO
CBY-u3ziny4yeHus ¥ BEI3BAHHOTO ATUM BO3JIEHCTBUEM TETLIONIEPEHOCA.

3. Ha ocHOBe MOTy4eHHOTO MaTEeMAaTHYECKOTO OMUCAHUS pa3paboTaTh U UC-
cJeoBaTh MUKPOBOJIHOBBIM MeToJl KOHTposist TMX cTpouUTEeNbHBIX MaTepHaloB,
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OTIMYAIOIIMICS OT U3BECTHBIX METOJOB BBICOKOM ONEPAaTUBHOCTHIO U TOUHOCTBIO,
COCTOSIIIIUI B HAarpeBe AIIEKTpOMarHuTHeIM noneM CBY-nuana3oHa uccrieayemMoro
obpasiia B BHJIE MPU3MbI KBaIPATHOTO ceueHus (Mapasuiefienumnena) yepes oany u3
TOPLEBBIX TpaHel Npu TEIUIOU3OJSILIUY IPYTUX TPaHe, MOCTENIEHHBIM YBEINYCHH-
eM MomHocTu CBU-u3aydeHus 10 yCTaHOBICHHS KBa3UCTAlIMOHAPHOTO TETNIOBOTO
IIOTOKAa B MCCIIEIyeMOM 00pasiie C MOCIeAYIOMHUM KOHTPOJIEeM 3HaYCHHH yCTaHO-
BHBIIIMXCS TEMIIEpaTyp Ha TOPIEBBIX IpaHIX o0pasia.

4. Pa3pabortaTh BTOPOH BapHaHT MHKPOBOJIHOBOTO METOAA, OTIMYAIONIETO OT
MIEPBOTO OTHOBPEMEHHBIM JIByCTOPOHHUM CHMMETPHIHBIM BO3/ICHCTBHEM Ha TOpIE-
BbIE TPaHM UCCIEAyeMOro obpasna BBICOKOYACTOTHBIM DJIEKTPOMATHUTHEIM ITOJIEM,
YTO TO3BOJISIET MTOBBICUTH TOYHOCTH KOHTPOJIST HCKOMBIX TDX 3a cueTr obecneueHns
PaBHOMEPHOTO 10 00BbEMY HarpeBa UCCIIeyeMoro o0pasna, a TakKe OlepaTUBHOCTD
BBIBOJIA TEIIOBOM CHCTEMBI Ha HEOOXOAUMBIN KBa3UCTAIMOHAPHBIH PEKUM.

5. Pa3paboTarh UMIyJILCHBIH MeTOX Hepaspymatomero konrposust TPX nc-
CIeyeMBbIX CTPOUTENbHBIX MAaTE€pHalioB, COCTOSIIUNA B HMITYJIbCHOM TEIJIOBOM
Bo3/eiicTBUM 3iekTpoMarHuTHOoro moist CBY-nmuamasona, cdoxycHpOBaHHOTO
JUH30M U3 PaIuoIpoO3pavyHOro MaTepualia Ha HCCICAYEMbIH 0OBEKT B JMHHIO 3a-
JAaHHOM JJMHBI U IIMPHWHBI, TEM CaMBIM HarpeBe HCCIIELYyEMOTO IONyOrpaHHYCH-
HOTO B TEIUIOBOM OTHOIIEHHWH TeJIa IO IIOCKOCTH, MEePICHINKYIIAPHON BHEIIHEH
OTPAHWYMBAIONICH MOBEPXHOCTH Tella U YXOAALICH BHYTPb HETO, N3MEPEHUU W3-
OBITOYHBIX TEMIIEPATyp B ABYX TOYKAX IOBEPXHOCTH MCCIEAYeMOTo O00beKTa, Ha-
XOISIIUXCS Ha PA3HBIX PACCTOSHUAX OT JIMHUH AJIEKTPOMArHUTHOTO BO3JCHCTBUS.

6. Pa3paboTarh OCCKOHTAKTHBIN HEPA3PYIIAONIHI SKCIPECC-METO KOHTPO-
a1 TOX uccienyeMblX CTPOUTENBHBIX MaTepHalioB, COCTOSIIUNA B MUMIYJIbCHOM
TEIJIOBOM BO3AECUCTBUU dJieKTpoMarHuTHoro mnojst CBY-amanasona, u3MepeHUU
OCCKOHTAKTHBIMU JaTYMKAMH H30BITOYHBIX TEMIIEPATYP B IBYX TOYKAX MOBEPXHO-
CTH HCCIIEAYEeMOTO OOBEKTa, HAXOJIAIMIMUXCS HAa PAa3HBIX PACCTOSHUSX OT JHHUU
9JIEKTPOMArHUTHOTO BO3AEHCTBUS.

7. Pa3paboTath MHUKpOTPOIECCOPHBIE HHPOPMAITMOHHO-H3MEPHUTETHHBIE
cuctemsl (MUC), peanusyromiie CO3MaHHBIC MHKPOBOJIHOBBIC METOIBI KOHTPOIIS
T®X cTpoUTENbHBIX MATEPUAIOB U U3CIIUH.

8. IlpoBecTH METPOJOIUYECKUH aHAIN3 pa3pabOTaHHBIX METOJIOB M CPEICTB
KOoHTpoJIst TOX CTPOUTENBHBIX KOHCTPYKIHMN M U3ACIHUA C PEKOMEHJIALUAMH T0-
BBIIICHHUS UX METPOJIOTHYECKOTO YPOBHSI.

Hayunasi HOBH3HA!

1. Pa3paboraHo MaTeMaTH4ecKoe OMHMCaHWE (U3MYECKUX NPOLECCOB B HC-
cienyeMbIX oOpasiax IoJi BO3JEHCTBHEM OPTaHM30BAHHOTO 3JIEKTPOMAarHUTHOTO
CBY-uznyyeHus ¥ BBI3BAHHOT'O STHUM BO3JIEHCTBUEM TEILIONEPEHOCA.

2. Pa3zpabotaH MHKPOBOJHOBBEIH MeTo KOHTposst TDX cTponTeNbHBIX Mate-
puanoB (mateHt Ha u3ooperenne PO Ne 2399911) iepBelit BapuaHT KOTOPOTO COCTO-
WT B HATPEBE HCCIICAYEMOro 00pasiia B BHJIE TPU3MBI KBAIPATHOTO cedeHus (mapai-
JIEJICTINIIE/IA) Yepe3 OJIHY M3 TOPIIEBBIX TPAHEH MPH TETUIOM3OJIINN IPYTHX TPaHei
BO3JICUCTBHEM 3JIeKTpoMarHuTHOTO moyisi CBU-amamna3oHa, MOCTENIEHHOM yBeHde-
Hun MomHocTH CBY-m3mydeHus 10 yCTaHOBIICHHUSI KBa3UCTAIMOHAPHOTO TETLIOBOTO

2



MOTOKA B UCCIECAYEMOM 00pa3Ile C MOCICYIOIIUM KOHTPOJIEM 3HAYCHUH YCTaHOBHB-
IIAXCS TEMITEPATyp Ha TOPLEBBIX rpaHsx oOpasia u MormHoctd CBU-u3my4yeHus.

3. PaspaboraH BTOpoH BapHaHT MHKPOBOJHOBOTO MeToaa KOHTpoist TOX
HCCllelyeMbIX MaTepuanioB (maTeHT Ha u3o0OpereHne PO Ne 2399911),otnmnvato-
IIMACS OT TIEPBOTO OTHOBPEMEHHBIM CUMMETPHYHBIM BO3JICHCTBHEM Ha TOPIICBBIC
TpaHH HCCIeIyeMOoro oopasia BEICOKOYaCTOTHBIM JICKTPOMArHUTHBIM MOJIEM, YTO
MO3BOJISIET MOBBICHTH TOYHOCTH KOHTPOJS HCKOMBIX TDX 3a cuer obecriedeHuUs
PaBHOMEPHOTO 10 00BEMY HarpeBa UccieyeMoro oopasiia.

4. Pa3paboTaH WMITYJIbCHBI METOJ Hepaspymaromero KoHTpoias TPX wuc-
CIIEIyEMBIX CTPOMTENBHBIX MATEPHAOB M M3aeiuii (mareHT Ha n3obpereHne Pd
Ne 2497105) cocrosiuuii B MMITYJIbCHOM TEIUIOBOM BO3IEHCTBHM 3JIEKTPOMArHUT-
Horo monisi CBY-mmana3oHa, COKYCHPOBAHHOTO JTMH30W W3 PaJHONPO3PAYHOTO
MaTepualia B JIMHUIO 33aJaHHOM JJIMHBI ¥ IMUPUHBI HA MMOBEPXHOCThH MOJIYOTPAHU-
YCHHOTO B TEIUIOBOM OTHOIICHHWH HCCIIEIYEMOTO Tella, HarpeBe HCCICIYEeMOro
00pa3iia 1o MIOCKOCTH, MEPICHIUKYIIPHOW BHEITHEH OrpaHUYHMBAIONICH TTOBEPX-
HOCTH Tella M YXOHISIICH BHYTPh HEro, M3MEPCHHH HM30BITOYHBIX TEMIEpATyp B
JIBYX TOYKaX IOBEPXHOCTH HCCIIEAYEMOTO OOBEKTa, HAXOISIIUXCSA Ha 3aJaHHBIX
PACCTOSIHUSAX OT JIMHUH 3JCKTPOMATHUTHOTO BO3ICHWCTBUS, W ONPEACIICHUH HCKO-
MbIX T®X 10 MOJIYyIeHHBIM COOTHOMEHHUSAM. OTIHIUTEILHON 0COOCHHOCTRIO TaH-
HOTO METOJla MO CPAaBHEHHIO C M3BECTHBIMH SIBIIICTCSI BBICOKAsl OTEPATUBHOCTH
KOHTpPOJISI MCKOMBIX T®X 0e3 HapymeHHUs IEJOCTHOCTH M IKCIUTyaTallMOHHBIX
XapaKTePUCTHK UCCIEAYEMBIX U3l

5. Pa3paboTaH OCCKOHTAKTHBIN SKCIPECC-METO A Hepa3pyLIaroIero KOHTPOII
T®X uccreyeMbIX CTPOUTENILHBIX MATEPUATIOB U U3/euil (TaTeHT Ha U300peTeHIe
PO Ne 2497105) 0Tnuyaroiuiicss OT KOHTAKTHOTO TEM, YTO H3MEPSIOT OECKOHTAKT-
HBIMH JaTYMKaMH B JIBa 3apaHee 3aJaHHBIX MOMEHTA BPEMEHH T; U T, TIOCIIE TT01a9d
IJIEKTPOMATHUTHOT'O MMITYJIbCA U30BITOYHYIO TEMIICPATypy B OJHOM TOYKE, HAXOIs-
nIeiicst Ha PaCCTOSIHUM X; OT TUIOCKOCTH TEIUIOBOTO BO3JCHCTBUS; 3aTeM Ha HCCIe-
JlyeMOe H3JIeTIie JOMONHHUTENFHO BO3ICHUCTBYIOT MO JIMHHU BTOPBIM HMITYJIECOM
BBICOKOYACTOTHOT'O JJICKTPOMArHUTHOTO TOJs, MOIIHOCTh Kotoporo Ha 20...30%
OTJIMYaeTCsS OT MOITHOCTHU IepBoro mmiryasca CBU-m3mydenus, u3sMepsioT B paHee
3aJaHHBIC WHTEPBAIBI BPEMEHH H30BITOYHYIO TEMIIEpaTypy B JTOH JK€ TOUYKE
MIOBEPXHOCTH HCCIICAYEMOTO U3/ACIHS, a NCKOMBIE TeIUIO(PH3NIECKUE XapaKTePUCTH-
KU OTIPENIEIIAIOT Ha OCHOBE TIOJTyYCHHBIX MAaTEMAaTHIECKIX COOTHOIICHHUI.

6. Cozmanbl mukpomnpoueccopubie MHC, OCYIIECTBIAIONIME PEaTH3aIHIO
MPEJIOKEHHBIX METOMOB KOHTpoJsi TAX CTpOUTENBHBIX MaTEPHUANOB, CYIIECT-
BEHHO YIPOIIAIONINE MPOIECC U3MEPCHUH W MOBBIIIAIONINE MPOU3BOAUTECIFHOCTh
uccienoBaHuii (MHOTJa B HECKOJBKO pa3), BKIIIOYAIOIINE B ceOs CTPYKTYPHO-
ANTOPUTMUYECKHAC METOMBI TOBBINICHUS TOYHOCTH PE3YNIETATOB KOHTPOJS UCKO-
MbIx TOX.

7. TIpoBeneH METPOIOTUYECKUH aHAIIU3 pa3pabOTaHHBIX METOJIOB U CPEICTB
onepaTuBHOTO KOHTpOJst TDX cTpoUTeNnbHBIX MaTepuagoB M W3JIEIUN, U JaHBI
PEKOMEHAAITUH T10 MTOBBIIICHUIO HX METPOJIOTHIECKOTO YPOBHS.



Teopernueckass U NpaKTHYecKas 3HAYMMOCTb padoThl. Teopernueckas
3HAYUMOCTBH pabOoThl onpenessieTcs: pa3padoTaHHBIM MaTEeMaTHYECKUM OIUCAHUEM
(U3HYECKHX TPOIECCOB TEIJIONEPEHOCA, NMPOUCXOMAIINX B HCCICAYEMBIX MaTe-
pHuanax noJ BO3AEUCTBHEM BBICOKOYACTOTHOTO AJIEKTPOMArHUTHOTO MOJIA, @ TAKXKE
CO3/aHHBIMU MHUKPOBOJHOBBIMH MeTogaMHu KOHTponsd TMX CTpOUTENbHBIX MaTe-
pHAJIOB U U3EIHIA.

Ha ocHoBe pa3paOoTaHHBIX METOIOB CO3/IaHBI M MPUHATHI K UCTIOIH30BaHUIO
Mukponporneccopasie MMC ¢ COOTBETCTBYIOIINM alTOPUTMHYECKUM, MPOTPaMM-
HBIM M METPOJIOTHYECKHM OOECII€UCHHEM, MO3BOJISIOIINE PACIIUPUTH MEpeYeHb
TEIUIOBBIX METOAOB U CPEACTB KOHTPOJIS TEIUIO3AIIUTHBIX CBOWCTB CTPOUTENBHBIX
KOHCTPYKIIMH, 3MaHUH W COOPYXXEHHH. Pe3ynbTaThl AMCCEpTAIMOHHOW pPabOTHI
NPUHATEL K Hcnoib3oBaHuio B OAO mNpoeKTHBIH HHCTHTYT «IaMOOBrpakaaH-
npoekT» (r. Tam6oB), 3AO «Arpomann» (benropoackas obnacts), 000 «Pecype»
(r. BopoHex), a Takke B ydeOHOM mporecce TamMOOBCKOTO TrocyIapcTBEHHOTO
TEXHMYECKOTO YHUBepcuTeTa U B TamOoBCcKOM oTaeneHun «Poccuiickoe o01ecTBo
[0 Hepa3pyLIAOLEMY KOHTPOIIO U TEXHUYECKON AUarHOCTUKE.

MertonoJiorust 1 MeToAbl MCCJIeA0BaHUA. METOIOIOTHYECKYI0O OCHOBY HC-
CJIEJOBaHUS COCTABIIIOT KOMIUICKCHBIN aHAJIN3 M CHCTEMHBIA TTOAX0J K PaccMOT-
penuo nipooseM KOHTPosl TOX cTpoUTENbHBIX MaTepUAIOB U M3nenuid. OObek-
TOM HCCIICIOBAHUSA SBITIOTCS TEIUIO3AIUTHBIE CBOMCTBA CTPOUTENBFHBIX MaTepHa-
JIOB W W3IENWH, a TPEeIMETOM HCCIEIOBaHUS — pa3padOTaHHBIE METOABI W
peammsytone ux MUC xortposs TOX cTpOUTENBHBIX MaTepUajoB W W3ICIHH.
Mertop! HccleToBaHUH 0a3UpPyIOTCsl HA aHAIUTUYECKOW TEOPUH TEIUIONPOBOIHO-
CTH, MaTeMaTH4eckol (u3nke, MaTeMaTHUYeCKOM MOJCIHPOBAHNUHU, TEOPHH 3JICK-
TPOMAarHUTHOTO TOJS U PACHPOCTPAHEHUS AJIEKTPOMArHUTHBIX BOJH, TEPMOAUHA-
MUKE, METPOJIOTUU U METPOJIOTHUECKOM IKCIIEPUMEHTE.

IloJi02keHNsl, BLIHOCHMBbIE HA 3ALIHUTY:

1. Pe3ynmpTaThl MaTEeMaTHYECKOTO OMHMCAHUS (PH3MUECKUX MPOIECCOB B HC-
cleqyeMBIX 00pa3Iax MoA BO3ICHCTBHEM OPTaHW30BAHHOTO 3JIEKTPOMArHUTHOTO
CBY-uznydeHus ¥ BBI3BAHHOTO ATHM BO3JICHCTBUEM TEILIOTIEpEHOCA.

2. Pa3paboTaHHBIC MHKPOBOJIHOBBIC METOJBI OMEPATUBHOTO KOHTpOss TDX
CTPOUTENBHBIX MATEPHAIOB M U3CIHH.

3. Muxkponporeccopusie MHC, OCyIIeCTBISIOMNE pPealn3aluio pa3pado-
TaHHBIX MUKPOBOJIHOBBIX METOJO0B KOHTpoJsl TMX cTpouTenbHBIX MaTepHaaoB U
HU3JICIIUH.

4. Pe3ynbTaThl METPOJOTHYECKOIO aHalM3a pa3pabOTaHHBIX METOJIOB U
HNNC xortpons TOX cTpoUTENBHBIX MaTEPUAIOB U U3AETUIL.

CreneHb A0CTOBEPHOCTH M anpodanusi pe3yabTaToB. /J[0CTOBEPHOCTH Ha-
VYHBIX TIOJOKEHUH, BBIBOJOB M Pe3yJbTaTOB HCCIIEJOBAHUS TOATBEP)KIACTCS
MIPUMEHEHHEM COBPEMEHHOW KOHTPOJIbHO-U3MEPUTEILHON U MUKPOIPOIIECCOPHOU
TEXHUKH, 00bEMOM IPOBEACHHBIX JKCIIEPUMEHTOB, COTJIACOBAHHOCTHIO TEOPETH-
YECKHUX M IKCIIEPUMEHTAIBHBIX HCCIIEIOBAHMH.
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OCHOBHbBIC HAay4YHBIC W NPAKTHYCCKHE PE3YJIbTATH HCCICIOBAHHHA MO TeMe
JUCCEPTAIlMU TOKIaAbIBAINCE Ha 9-if Becepoccuiickol HayYHO-TEXHUYECKON KOH-
¢epennun «lloBeimenue s3¢dexkTHBHOCTH CcpencTB 00pabOTKM MHGpOpPManUy Ha
0aze MareMaTuueckoro mozeiauposanus» (r. TamGor, 2009); XIV Hay4HOl KOH-
¢depentmu TI'TY (r. Tam6oB, 2009);MexnyHapoIHO#H HAyYHO-TEXHUUCSCKOH KOH-
depennmm «CoBpeMEHHBIE METOJIBI M CPEACTBA MCCIEAOBAHNN TETUIO(QU3HUECKUX
cBoiictB BemiectB» (r. Cankt-Iletepoypr, 2010);Cenpmoit MexayHapoaHON Ter-
ngodusnyeckoit mkone «Ternopu3ndeckue UCCIeIOBaHU U H3MEPEHHUS B SHEPTo-
cOepexkeHNH, TPU KOHTPOJIE, YIPABICHUU U YIYYIICHHH KauecTBa MPOIYKIUH,
npoueccoB u ycnyr» (r. Tam6os, 2010); Beepocceuiickolt Hay4HO-TPaKTHYECKO#
koH(pepeHnun «CoBpeMEHHbIE MPOOIEMBbl M MEPCIICKTUBHEIC HANIPABJICHUS Pa3BHU-
THs aBHALIMOHHBIX KOMIUICKCOB U CHCTEM BOCHHOTO Ha3HaueHWUs, GOPM H CIIOCO-
00B X 00eBOro MpuMeHeHus» (r. Boponex, 2011).

My6ankanuu. OCHOBHBIE PE3yNbTAThI AUCCEPTALIMOHHON PabOThl OTPaKEHEI
B 13 meuatHpix paboTax, B TOM YHCIE B 4 CTAThsIX B LEHTPAIBHBIX U PETHOHAID-
HBIX Hay4YHBIX )KypHaiax, 2 maTeHrax Ha u3ooperenue (Ne 2399911 Ne 2497105).

CTpyktypa padorshl. JluccepTanusi COACPXHUT BBEIACHHE, 4 TIIaBbl, 3aKITIO-
YCHHUE W TPHIOKEHHs, U3JIOKeHHble HAa 179 cTpaHuIax TeKcTa, B TOM 4YHCIIE
33 pucynkax, 26 TabIUIAX; CIUCOK JUTEPATyphl BKIOUYaeT 113 HanMeHOBaHHIA.

COJEPXAHHUE ITNCCEPTALINHN

Bo BBeaeHuun 00OCHOBaHA aKTyaJIbHOCTh TEMBI MCCIICIOBAHHSA, CTEICHH €€
pa3paboTaHHOCTH, chOPMYITHUPOBAHBI IIEH U 3a7a9n PabOTHl. PacKphIThl HaydHAs
HOBH3HA, TEOPETHYECKas W MPAaKTUYeCKas 3HAYNMOCTH PabOTHI, METOMOJIOTHS U
METOBI MCCIIEIOBAHMS, MOJIOKECHNS, BRBIHOCHMBIE Ha 3aIUTy; IMPOBEIEHa OICHKA
CTETIeH! JOCTOBEPHOCTH; IIPUBEICHBI PE3yIbTATH alipoOaItuy paboTHI.

B mepBoii riaBe quccepTanuy npoBecH HHOOPMAIIMOHHEBIN 0030p U aHATH3
CYILLIECTBYIOIIMX METOJIOB ONEpaTUBHOTO KOHTpoJisi TAX CTpOUTENbHBIX Mare-
pHaIoB.

B mocniennee BpeMst ISl ONIPECIICHAUS PA3IHYHBIX (PH3UUCCKUX XapaKTepHU-
CTHK HCCIICIYCMBIX OOBCKTOB IIMPOKO MPHUMEHSCTCS BO3JCHCTBHE HAa HUX DIICK-
TpoMarHUTHBIM u3nydenuem CBU-nuanazona. OgHako, COBpEMEHHbIE MUKPOBOJI-
HOBBIE METOJIBI, MCIIONB3YIONMe auana3oH BoXH CBY, MO3BONAIOT ONpeNenTs,
KaK TPaBWIIO, TaKWE XapaKTEPUCTHKH MaTEePHaJOB M HW3AEIHH, KaK BIAKHOCTH,
TURJICKTPUIECKYIO MMPOHUIIAEMOCTh, KOHIICHTPAIIUIO KUAKOCTEH U T.I., ¥ HE I0-
3BOJISIIOT onpenenuTh TOX nccneayemMbix MaTepHaioB U TOTOBBIX U3JIETHH.

Vcnonp30BaHue Uil HarpeBa MCCIEIyeMBIX MAaTEPHATIOB DHEPTHUH SJIEKTPO-
MarauTHOTO M3nydernss CBY-auamazona mist onpeneneHuss TOX CTpoUTETHHBIX
MaTepUaJIOB M W3JCIHHA 00JafacT PSIOM IMPEHMYIIECTB. BO3MOXHOCTH OCCKOH-
TaKTHBIX HU3MEpPEHUH, BBICOKAs YYBCTBUTEIBHOCTb, HE3HAYUTEIILHOE BIMSHHUE Ha
pe3yAbTaThl U3MEPEHUH HEPABHOMEPHOCTH CTPYKTYpPHI U HEOJIHOPOAHOCTH HCCJIe-
JIyeMBIX CTPOUTEJIbHBIX MaTEpPHANIOB, a TAKXKE COCTOSHUE MX MOBEPXHOCTH, OMNepa-
TUBHOCTb NMPOBEACHUS HKCIIEPUMEHTA.



Bo BTOpoii riaaBe mpeacraBieHbl pa3paboTaHHBIE OJHOCTOPOHHUN W CHUM-
METPUYHBIH, a TaK)Ke KOHTAKTHBIA U OECKOHTAKTHBIA UMITYJILCHBIE METOBI OIIepa-
THUBHOTO Hepa3pymamiero KoHTpodss TOX cTpouTenbHbIX MaTEPUAIIOB.

B nepBoM pazzeine 3To# riaBbl OMMcaH METOJ ONIEPaTUBHOTO KOHTpoist TOX
C OMHOCTOPOHHHM HarpeBoM (puc. 1), CYIHOCTH KOTOPOTO 3aKIHOYaeTCs B Cie-
TYIOIIEM.

B MeToze oHy M3 TOPLEBBIX M Bce OOKOBBIE TpaHy HccieayeMoro oopasna 1
TEIJIOM30JHUPYIOT OT OKpY)XKaromel cpenpl (TEmIon30IsIToOp 2), a Yyepe3 HEH30IIH-
POBaHHYIO TOPLEBYIO I'PaHb OCYIIECTBIISIIOT HarpeB oOpasia BOo3AeHCTBUEM BBICO-
KOYaCTOTHOTO 3JEKTPOMArHUTHOTO MOJIf, NMOCTENEHHO YBEIUYMBAIOT MOILHOCTh
anekrpoMarHuTHoro CBU-u3mydeHus, KOHTPOJUPYIOT ONTOBOJOKOHHBIM ITHPO-
MeTpoM II;, BOTHOBOA KOTOPOTO BCTPOECH B PYNOPHYIO aHTEHHY, U3MEHEHHE TEM-
meparypsl Ha CBOOOTHOW OT TETIOM30JAIUHU TpaHu. Tepmomnapoit T,,, BMOHTHpPO-
BaHHOHW B M30JIATOP W 3AIIMIICHHOW SKPAHOM S OT BIMSHHS Ha Hee BBICOKOYACTOT-
HOTO 3JIEKTPOMATHUTHOTO TOJIsI, KOHTPOJIHUPYIOT TEMIIEpaTypy Ha IPOTHBOIIONOXK-
HOW TOPIICBOH TpaHM HccieayeMoro obpasma. OnpenensioT 3HaueHHue MOIIHOCTH
CBUY-u3ny4yeHus, Ipu KOTOPOM MPEKpaIaeTcs W3MEHEHHE TeMIIEpaTypsl B KOH-
TPOJIHMPYEMBIX TOYKAaX, YTO CBHICTEIHCTBYET 00 YCTAHOBJICHHWH CTAI[HOHAPHOTO
TEIUIOBOTO TOTOKA Yepe3 HcclenyeMblil o0pasen M IpeKpamieHu pa3orpeBa 00-
pasua. 3ateM U3MEpSIOT YCTAaHOBHBILKECS 3HAYEHHsI TEMIIEpaTyp B KOHTPOJIHUpYe-
MBIX TOYKax oOpaslia, TeMIepatrypy OKpyxkaromied cpeasl (tepmomapoit Tyg),
a TaKkXKe MOIIHOCTh OTPAXXEHHOTO OT NoBepxHocTH rpann CBY-mzmydenus Qo
(CBY-BatT™MeTpoM 4) U 10 U3MEPEHHBIM JaHHBIM OMNpenelsitoT uckomble TOX Ha
OCHOBE MaTEeMAaTUYECKUX COOTHOILEHHH, MOIy4YEeHHBIX HA OCHOBAaHHM CIICAYIOMINX
paccyXIIeHHuH.

M3BecTHO, 4TO HpHU BO3JEHCTBUM Ha UCCIEAYEMBIH MaTepHall 3JeKTpoMar-
HUTHBIX BoTH CBY-nnana3ona B HeM OyJeT BBIACTSATHCS SHEPTHUs yISIbHOW MOII-
HOCTH p1(X) KaK (QYHKITHS, 3aBUCSIIAS OT TIIyOWHBI TIPOHUKHOBEHHS X U OTpee-
nsieMas BEIpakKeHHUEM

P (X) =2Ba-y)exp2Bx), (1)
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Puc. 1. Cxema MeToAa OEPATHBHOIO 0
KOHTPOJsi T®X ¢ oqHOCTOPOHHIM rne H — Beicota 00pa3ma, paccrosiHue
CBY-narpesom MEXAY TOPLEBLIMU IPaHIMU MPHU3MBIL.



[NornomaemMoe TEII0 MPUBOAUT K HArpeBy 00pa3iia ¥ YaCTUYHO PACCCHBACT-
Cs B OKPYXAMIIYI0 CpPeIy B MpPOIecCe TEIUIOOTIAAYH depe3 CBOOOIHYIO OT H30JIs-
IIUH TPaHb, B Pe3yJbTaTe YEro CO3JaeTCs B HANpPABJICHHNH HOPMANM K 3TOH IpaHU
OJHOMEPHBIH TEIUIOBOM MOTOK IIOTHOCTBIO ( = Q,/S, rume S — mromans cBo6oa-
HOU TpaHu.

Bapbeupys MomHOCTBIO dsekTpoMarautHoro CBY-u3nmydeHus, OMpenenstoT
TaKOM TEIUIOBOM (IHEPreTHUECKUi) pEKUM, IIPH KOTOPOM BBIIENAEMOE B 00pasiie
TEIUIO TIOJIHOCTHIO PACXOyeTCs B TEILIOOOMEHE C OKpYXKAFOIIEeH cpeioil U He MpH-
BOJIUT K JAJIbHEHIIEMyY pa3orpeBy o0pasiia, T.e. B UCCIECAYeMOM 00pasIie YCTaHaB-
JIMBAETCS CTAI[MOHAPHBIN TEIJIOBOM MOTOK.

B pexuMe CTalMOHAPHOTO TEIDIOBOTO IOTOKAa KOA(Q(UIIMEHT TEIIO0TIaYd
UCCIIElyeMOro MaTepuaia OnpeeNseTcs BEIpaXKeHUEM
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rae Q, — KOJIMYeCTBO TeIlla, IpolIeaIee Yepe3 OBEPXHOCTh TPaHH IUIOMAABI0 S
AT, — pa3HOCTh MEXIy TeMIIEpaTypoH OKpysKaromied cpeabl 73 M TeMIlepaTypon
MMOBEPXHOCTU OTKPBITOM TOPILIEBOM rpanu 7.

Hckomblil KO3QOUIEHT TEIUIONPOBOAHOCTH HCCIIEAYEMOT0 MaTepuala IpH
TaKOM TEIMJIOBOM PEXHMME U YCIOBHSX MPOBEACHUS HKCHEPUMEHTA ONpeAesIeTcs
U3 ypaBHEHUS
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re g — WIOTHOCTh CTAIMOHAPHOTO TEIIOBOrO MOoToKa; gradl — rpagueHT Temie-
paTypsl B HcciIeLyeMoM o0pasiie, T.e. I3MEHEHHE TeMIIepaTyphl Ha €AWHUILY JITH-
HBI B HaIIPaBJICHUH TEIIOBOTO ITOTOKA B 0Opasiie.

B mannowm ciyuae gradl = AT,/H, rne AT, = T, — Ty — pa3HOCTb MEXIY TeM-
nepatypoit 7>, u3MepsieMol Ha MOBEPXHOCTH HWKHEW TOPIEBOM TEIIOU30JIUPO-
BaHHOW TpaHU, U TEMIIEPAaTypOil TOBEPXHOCTU BEPXHEHN TOpiieBOM rpanu 77, uepes
KOTOPYIO MPOUCXOAUT TEIJI00TAaua;, H — paccTosiHue MKy TOPLEBBIMU IPaHIMHU
npu3Msl (ryOuHa o0pasia).

[Ipu Harpese yepes oAHY IpaHb HAOIIOAAETCS HEPaBHOMEPHOCTH HAarpeBa I0
riryouHe oOpasua H, 9TOo BHOCHUT JOMOJHUTEIBHYIO IOTPEITHOCT MPU H3MEPCHHUU
HCKOMBIX TeIIO(U3NIECKUX CBOUCTB. [l yCTpaHEHHS STOrO HEIOCTATKA, IMTOBBI-
IICHUS] TOYHOCTH PE3yJIbTaTOB U3MEPEHHUS 3a CUET BHIPABHUBAHUS TEMIIEPAaTypPHOI
KPHBOH B MCCIIEIyeMOM 00paslle, a TakKe MOBHIIICHHUS ONEPAaTHBHOCTH IIPOBEE-
HUS SKCIICPUMEHTA 33 CUYET YMCHBIICHHUSI BDEMCHH HarpeBa UCCIeAyeMOro oopasia
mpeJIaraeTcsi MPOBOIUTh CHUMMETPHYHBIN HarpeB oOpasia yepe3 JABEe MPOTHBOIO-
JIO’KHBIEC HEM30JIMPOBAHHBIC TOPIIEBBIC TPAHH PH3MBI (prC. 2).

CyIIHOCTh JaHHOTO METOJIa OMMCaHa BO BTOPOM pasjiesie BTOPO IIaBhI.
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Puc. 2. Cxema MeTO1a ONIEPATHBHOTO
KOHTPOJIs1 TPX ¢ cHMMeTPHYHBIM
HAIPeBOM

B stom cirywyae y ucciemyeMoro 00-
pasna 1 TemIou30NMUPYIOT TOJBKO OOKO-
Bble TpaHu (TEIIOM30JIATOpP 2), a uepes
OTKpBITBIE TOPILIEBBIE TPaHU OCYIIECTB-
JISIFOT CUMMETPUYHBIA HarpeB oOpasma
BozzeiictBueM CBY a1eKTpoMarHUTHOTO
oSt OT M3IyYalolluX aHTeHH 3 u 4.
I[Ipy >TOM KOHTPOJUPYIOT H3MEHEHUE
TEMITepaTypbl Ha IMOBEPXHOCTSIX OTKPHI-
TBIX TIPOTHUBOTIONOXKHBIX TPaHEH MPU3MBI
C TIOMOIIBIO OINTOBOJIOKOHHBIX ITHPO-
metpoB II;, II;, BOJIHOBOABI KOTOPBIX
BCTPOEHBI B PYNOpPHBIE aHTEHHBI. Temie-
paTypy B cepeiuHe NpPHU3MBI KOHTpPO-
nupytoT Tepmonapoit T3, BMOHTHpOBaH-
HOHM B M30JIATOp W 3alUILIEHHON C NBYX
CTOPOH 3KpaHamMH 7 JUI1 WCKITFOYCHUS
BIMSIHMS Ha HEE BBICOKOYACTOTHOTO
3JIEKTPOMArHUTHOTO ToJs. TemmepaTtypy
OKpYXKAIoMIeH Cpenbl HU3MEpSIOT TepMO-

napoit T,4. MOIIHOCTH OTPaKEHHOTO OT rpanel oopasma CBU-u3iydeHns KOHTPO-
TUpyroT ¢ omoripio CBY-BartmeTpoB 5 u 6.

B TpetheMm paszenc NaHHOW TIaBBl MPEACTABICHBI BAPHAHTHI HMITYJIHCHOTO
METO/Ia Hepa3pyuamuiero KouTposs (puc. 3).

Puc. 3. CxemMa MMIIyJIbCHOTO MeTOJa Hepa3pylawero Kourpoias TOX



[MoBepxHOCTH UCCHEIyeMOTro 00bekTa 1 moaBepraroT UMITYJILCHOMY BO3ACH-
CTBHIO 3JeKTpoMarauTHoro nons CBU-muamnazoHa mo THMHHUM 2, OCYIIECTBISAS Ha-
TPEB UCCIEAYEMOTO MOJIYOTPaHUYCHHOTO B TEIIOBOM OTHOIICHUHU TeJia 1O IUIOC-
KOCTH, MICPIICHANKYJIIPHOIN BHEIIHEH MOBEPXHOCTH Tella U YXOIAIICH BHYTPh TO-
ro tema. Jlyi1 OpraHU3aIlMM TAKOTO BO3ACUCTBHSI 3JCKTPOMATHHTHOE H3ITyUYCHHE
(hopMUPYIOT PYHOPHO-TUH30BOH anTeHHOU 3. JInH3a 4 mpUMEeHsIeTCs I KOPPEK-
1A (ha30BBIX UCKAKEHHUH B PacKpPhIBE PYIOpPa 3a CYET UCKYCCTBEHHOTO BBIPABHU-
BaHU JJIMHBI IIyTH, IPOXOJANMOTO 3JIEKTPOMAarHUTHON BOJHON OT BEPIIUHBI PYIO-
pa 1o BceX TOYEK pacKphiBa. JIMH3a M3rOTaBIMBAETCS M3 PaIUONPO3PAYHOTO TH-
3JIEKTPUYECKOTO MaTepHaja WM BBIIOIHACTCS U3 MapauIeIbHBIX METaITHYECKUX
TUTACTHH, PACIOJI0KECHHBIX Ha ONPEACICHHOM PACCTOSHUY OIHA OT JPYrod 1 o0pa-
3YIONIMX BOTHYTYIO TIOBEPXHOCTb.

JInMHa TMHUM MUKPOBOJIHOBOT'O BO3IICHCTBHUS 3a/1acTCs HAa MOPSAIOK OOJBIIE,
YEeM PACCTOSIHUS OT 3TOMH JIMHUU IO TOYCK KOHTPOJIS TEMIIEPATyp, YTOOBI KOHIICBBIC
3¢ deKkThI, 00YCIOBICHHBIC OTPAHUYCHHOCTHIO JUTHHBI JIMHUU TEIUIOBOTO BO3JCH-
CTBHSI M HEHJICAILHOCTBHIO JHArPpaMMBbl HAMPABICHHOCTH aHTCHHBI, HE BTN Ha
KOHTPOJIMPYEMOE TEMITEpaTypHOE II0JIe.

YuuTeIBasgs KOHCTPYKTHBHBIE OCOOEHHOCTH PYIOPHO-IMH30BOW AHTEHHBI U
MPOHUKAIIYIO crmocoOHocTh CBY-uzmydeHusi, oOecrieunBaeTcss HarpeB Hcclie-
JyeMOTO TeJa IO TIOCKOCTH, MePIEeHANKYIISIPHOI TIIOCKOCTH BHEITHEH MOBEPXHO-
CTH MCCIIEYEeMOT0 M3/ICIHS U YXOAAIIeH BHYTPh €ro.

[Mocne umnynscHoro CBY-Bo3neHCTBUS B 3aJaHHBIA MOMEHT BPEMEHH 7
OCYILECTBIIIIOT KOHTPOJIb M30BITOYHBIX TEMITEPATyp Ha TEIUIOM30JIMPOBAHHOU OT
OKpY’KaloMIel Cpeapl MOBEPXHOCTH MCCIEAYEeMOTro 00beKTa B IBYX TOYKaX, HAXO-
JIIIAXCS COOTBETCTBCHHO HA PACCTOSHUSIX X3 M Xp OT JIMHHHU 3JICKTPOMArHUTHOTO
BO3JICHCTBHUSL.

Nmes mHGOpMAIIUIO O MOIIIHOCTH TEILIOBOTO HATPEBa MCCICIyEMOTo Teja 1o
BHYTPCHHEH TUIOCKOCTH ¥ O 3HAYCHUAX U30BITOYHBIX TEMIECPATYp B KOHTPOJIHUPYE-
MBIX TOYKAX IUIOCKOCTH W3JICNHUs, TCIUIOM30IMPOBAHHON OT OKpPYKAIOMICH CpPEIbl,
uckoMbie TAOX HAXOIAT MO MOTYYCHHBIM MaTEMATHICCKAM COOTHOIICHUSIM:
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T(X, ™) u T(X2,TD) COOTBETCTBEHHO B TOYKAX IIOBEPXHOCTH 00pasia X, 1 Xo.
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B uerBepToM pazzerne JaHHOW IIaBbl IpeyIaraeTcsl OECKOHTaKTHBIN UMITYJIbC-
HBII MeTof KoHTponsa TdX cTpouTenbHBIX MaTepualoB U u3nenuil. B merone mis
YCTpaHEHHMs MOTPEIIHOCTH AIPHOPHOH CIPaBOYHOI MH(OPMAIUK O JHAJICKTpHYE-
CKOM IIPOHUIIAEMOCTH UCCIELYEeMOro MaTepHana Ipejiaraercsa Bo3eiicTBIe ocyle-
CTBJISATH JIBYMsI UMITyJbcaMu ¢ MomHocTAMH Q; n Q.. V30bITOuHYIO TemnepaTypy
U3MEPAIOT TOJIBKO B OJJHON TOYKE B J[BA 3aJJaHHBIX MOMEHTA BPEMEHH T1 U To.

Jlnst TIOBBIIEHNS OTMIEPATHBHOCTH METOJA BO3ICHCTBHE BTOPHIM HMITYJIBCOM
MPEeAIaraeTcst OCYHIECTBISATh HA JPYrOM YYacTKe HCCIEAYEeMOTO H3JENus, HaxXo-
JUIIEMCS] Ha PACCTOSIHUM, 3HAYUTEIBHO MPEBBIINAIONIEM 30HY aKTUBHOTO BO3ACH-
CTBHS IIEPBOTO UMITYJIBCA.

Hckombie TOX B 3TOM ciiydae OompeesstoTcs Mo MOoJTy4YeHHBIM MaTeMaTHuye-
CKHM COOTHOIIECHHSAM:!
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Pazpaborannslit Mmeton kKoHTpoist TOX 1M03BOIUT MPOBOANUTH 3KCIIEPUMEHTEI
Ha pa3lMYHBIX Y4acTKaX MOBEPXHOCTU HCCIEAYEMOTrO MaTepuana, YTo YCPEAHMT
pe3yIbTaThl U3MEPEHUIl U OBBICUT TOYHOCTB.

B Tpertbeii riaBe qaHo onmcaHue MHKPOIPOIECCOPHBIX CHCTEM, PEaTH3YIO-
IUX pa3paboTaHHBIE METOJBI ONIEPATUBHOTO KOHTpOIsT TAX MaTepuanos, a TakxKe
OJIOK-CXEMBI U OITUCAHUS AITOPUTMOB UX (DYHKITMOHUPOBAHUS.

Cucrtema, peanusyomas OJHOCTOPOHHHHA METOJX ONEPaTHBHOTO KOHTPOJISI
TOX cTpoUTENHHBIX MAaTEPUAIOB U M3JCINN NpeICTaBIeHa Ha puc. 4.

Hccnenyembrii oOpasen 1 ¢ Termmon30aupoBaHHBIMEA TTOBEPXHOCTAMH HIKHEH
TOPLEBOH U BCeX OOKOBBIX rpaHeil (TEIION30IATOp 2) Yepe3 OTKPBITYIO BEPXHIOK
TOPLEBYIO TPaHb HArpeBalOT BO3JEHCTBUEM BBICOKOYACTOTHOIO AJIEKTPOMArHUT-
HOTO TOJS OT M3Ny4arolled pYNOpHOW aHTCHHBI 3, COCIMHEHHOW BOJHOBOJIIOM C
CBUY-reneparopom 4. KOHTpOIMpPYIOT N3MEHEHHE TeMIIEpaTyphl Ha IMOBEPXHOCTH
BEpXHEH TOPLEBOH TpaHU NMPU3MBI ¢ TOMOMLIBI0 nHpoMeTpa [1;, BOTHOBOX KOTOPO-
IO BCTPOEH B PYNOpPHYIO aHTeHHY. Tepmonapoil T,,, BMOHTHUPOBAaHHO! B U30JIATOP
W 3alUIICHHON 3KpaHoM 13 OT BJIMSHHS Ha Hee BHICOKOYACTOTHOI'O BJIEKTPOMAr-
HUTHOTO TI0JISI, KOHTPOJMPYIOT TEMIEpaTypy Ha HIDKHEH TOpIEBON IpaHH, a KOH-
TPOJIb TEMIIEPATYPHl OKPYXaIoIIed cpeiibl OCYIIECTBISIOT Tepmonapoi Tyz. ITu-
pometp I1; u Tepmonapsr T, T3 Uepe3 KOMMyTaTOp S, HOPMUPYIOMIUH TPEIU3N-
OHHBIN yCHIUTENb 6 U aHAIOTrOBO-IU(POBOI peobpasosarens (ALIT) 7 moaxiro-
4arT K MHKpOIpoIeccopy 8.

V3MepeHHbIe 3HaYCHUST YCTAaHOBUBILICHCS TEMIIEpaTyphl Yepe3 YCHIUTENIb 6 1
ALII 7 3aHocsT B Mukpormnporeccop. Onpexnenstor mouHocts CBU-reneparopa,
NP KOTOPOH B HCCiieyeMOM O0Opaslle YCTaHOBWIICS CTallMOHApHBIN TEIIOBOH
MIOTOK, W TOJIy4eHHYI0 nH(popMannio GUKCUPYIOT B OTIEPATUBHOM IaMsITH MUKpO-
npoueccopa 8.
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Puc. 4. Cucrema, peann3yiomas MUKPOBOJIHOBBIf MeTO 0JHOCTOPOHHET0
onepaTuBHOro KOHTPOJIsi T®X ¢ 0AHOCTOPOHHUM HArpeBoOM

OTpa’keHHYIO OT TOBEPXHOCTEH TOPIEBHIX IpaHEH MPH3MBI YacTh SHEPTUH
CBY-m3nydyenust m3mepsitor ¢ mnomompio CBU-Bartmerpa 9, mnomemeHHOTO
B aHTEGHHE 3; TOJIy4eHHYI0 HH(pOpMaIHio yepe3 kommyTtarop 5 m ALII 7 3aHoCcAT
Take B MUKporporeccop 8. C nenpio oOMeHa onepatuBHOI nHpopManneid MUK-
pomporieccop coenuneH ¢ CBU-renepatopom 4 gepe3 mudpo-aHaIoroBelii mpeod-
pasosarens (IJAIT) 10 u opt BBOAa-BBIBOAA 11. B MUKPOIPOIIECCOPE C HCIIONIB30-
BaHMEM IIOJIYYEHHOH B XOA€ TEMIO(PH3MIECKOTO SKCIEPUMEHTA M3MEPUTEIbHON
MH()OpMALUH ONPENENAIOT UCKOMBIE TEIUIO(HU3NYECKHE XapaKTEPUCTHKH HCCIe-
JyeMoro Marepuana. JlaHHbIe SKCIIEpIMEHTa BRIBOASATCS HA HHIUKATOp 12.

Cuctema, peanusymolias BapuaHT OECKOHTAKTHOTO JKCIIPECC-METO/a olepa-
TUBHOTO KOHTPOJIA TAX cTpOUTENBHBIX MaTEpUaJIOB M M3JICJIUI MpeICTaBIeHa Ha
puc. 5.

HarpeB unccnenyemoro oobexTa 1 oCymIecTBIsETCS UMITYJIbCHBIM BO3JICHCT-
BHEM BBICOKOYACTOTHOTO 3JIEKTPOMArHUTHOTO MOJS IO JIMHHM 2 OT CHUCTEMBI
U3ITYYalolX aHTeHH 3 (pyMOpHO-TMH30BBIC aHTCHHBI), coequHeHHo# ¢ CBY-

11



reHepaTopoM 4 MOCPEICTBOM PaCIpeeTUTEILHOTO yCTpoiicTBa 5 u Oioka ¢azo-
Bpamtaresneit 6. KOHTpoJib U30BITOYHBIX TEMIEpaTyp Ha TEIIOHU30JIMPOBAHHON OT
OKpPYKaIOIICH Cpeibl TOBEPXHOCTH HCCIEAYEMOr0 00BEKTa B JIBYX TOYKAaX, HaXO-
IIIIAXCST COOTBETCTBEHHO HA PACCTOSHUSAX X3 U Xp OT JHHHUHU 3JICKTPOMATHUTHOTO
BO3/ICHCTBUSI, OCYIIECTBISETCS OCCKOHTAKTHBIMU HH(PAKPACHBIMU JaTUYUKAMU
TEMIIEpaTypbl 7, KOTOpbIE Yepe3 KOMMYTATOp 8, HOPMUPYIOLMH MPEIU3UOHHBIH
yewmurenab 9 u AIIT 10, moaKIr09aoT K MHKPOIPOLIECCOPHOMY YCTPOUCTBY 13.
JlaHHBIE DKCIIEPUMEHTA BBIBOASTCA Ha WHAMKaTop 14, a ympasnenue (azoBparia-
TeJIeM OCYIIECTBIsIeTcs O1okoM 15,

Puc. 5. Cxema MUKpOnpoLeccoOpHOii cucTeMbl, peaju3yoleil HMIYJIbCHbIH
0eCKOHTAKTHBII IKCIpecc-MeTo] Hepa3pymarouero koHTpoas TdX

MukponpoueccopHoe ycrpoiictBo 13 coequneno ¢ CBU-reneparopom yepes
LIAII 11 u mopt BBOJa-BEIBOZA 12, a Tarke ¢ KoMMyTaTtopoM 7. Mcronb3ys nosy-
YEHHYIO B XOJI€ TCIUIO(QHU3UIECKOr0 IKCIIEPUMEHTA H3MEPUTENBHYIO HH(OPMALIHIO,
B MHKponpoueccope 13 onpenenstor nckomsie TOX.
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B meronme mpemiaraercss MCHOJIB30BATh CHCTEMY U3 HEOONBIINX PYMOPHO-
JIMH30BBIX aHTeHH (IMHEHHYIO aHTEHHYIO pelieTky) 3, KoTopas mo3BoJiseT chop-
MHUPOBaTh Y3KyH (MTCOJbUYATYIO) JHAarpaMMy HATPABICHHOCTH M MOBBICUTH KOA(]-
(DMIMEHT HANpaBJICHHOTO JCWUCTBUS aHTCHHEI, MPH 3TOM TJIABHBIN JICTICCTOK CyM-
MapHOW JrarpaMMbl HAalPaBICHHOCTH CUCTEMBI aHTCHH 00pa3yeTcs U3 Juarpamm
HAIPaBIEHHOCTH KaXXIOTO PYHOPHO-TMH30BOTO M3JIydaTenss M (OKYCHPYeTCs
Ha TIOBEPXHOCTH HCCIEAYEMOT0 M3ICIHS B TOUKY, PACHOJIOXKECHHYIO 10 CepenHe
JINHUY BO3ICUCTBUA 2.

O6ecnieuenne paBHOoMepHOro CBU-HarpeBa wmcciemyeMoro w3Aenus IO
TUTOCKOCTH JTOCTUTACTCS H3MCHEHUEM OPHUCHTAIIMH TJIABHOTO JICTIECTKA CYMMAapHOI
JMarpaMMBbl HAMIPABICHHOCTH aHTCHHOM CHCTEMBI B 3aJIaHHOM YTJIOBOM CEKTOpE,
a CIeIoBaTeIbHO, U B IIpeieax 3aJlaHHOM JUTMHBI TMHAN BO3JIEHCTBHS.

DneKkTpoHHOE KawaHWe (IepeMeleHne) JIyda InarpaMMBl HaIlpPaBICHHOCTH
CHCTEMBI aHTCHH oOOecrednBacTcsi ()OPMHUPOBAHUEM YIPABIAIONICIO CHTHAJTa Ha
n3MeHeHne (Ga3oBoro (ppoHTa KaKION M3 aHTEHH CHCTEMBI OT OJIOKa YIpaBJICHUS
(azospamniareasmu 15 k 670ky (asospamareneir 6 (cm. puc. 5). Yron kayanus u
paccTosHIE OT CUCTEMBI aHTCHH 3 JI0 MCCIIEIyeMOro u3ienus 1 BEIOUpAIOTCS TaKUM
00pa3oM, YTOObI 00ECIICYHUTh BO3ACHCTBHEC BEICOKOYACTOTHOTO AIICKTPOMATHHUTHOTO
m3nydenus or CBU-reneparopa mo juHuu 3amanHoi miuesl (8...10 cMm). Kauanue
(mepemerniienue) Jyda qUArpaMMbl HAMpaBICHHOCTH BIOJb JHHHU BO3JACHCTBUS
ocymiecTBIseTcs ¢ yactoToi He MeHee 50 ', uTo obecneynBaeT paBHOMEPHBII Ha-
TpeB UCCIEAYeMOro Tela IO TUIOCKOCTH, MePIeHANKYISPHON TUIOCKOCTH BHEUTHEH
MOBEPXHOCTH UCCIICTYEMOTO U3ICIHS U YXOAAIIeH BHYTPh HETO.

B uerBepTOii IiIaBe MPOBEICH aHATH3 MOTPEIIHOCTUA PE3yIbTATOB U3MEpe-
HUH 10 pa3pabOTaHHBEIM METOJaM OTNepaTUBHOTO KOHTpoist TOX marepuanos. J{ms
pa3zpaboTaHHBIX MeTOIOB KOHTPOJIsT TDX mosmydeHbl CTPYKTYPhI MOJHOM MOTpENI-
HOCTH M3MEPCHUH, MPOBE/ICHA OICHKA BKJIAa KaKJOW KOMITOHEHTHI B COOTBETCT-
BYIOIIYIO XapaKTePUCTUKY YKa3aHHOW MOTPEIIHOCTH W BBIICICHBI JOMHHAHTHI B
COCTaBe TOJHOW TOTrpemHocTd. [10700HBIH TOIX0 ] CO3MaeT MPEITOCHUTKH IS
EJICHANIPABIICHHOTO BO3ICHCTBHS HA MCTOYHHKH MOTPEITHOCTH, a TAaKKE KOPpPEK-
UM PE3yIBTATOB U3MEPCHUH.

B 3aximrounTensHOM pa3zierie 3TOH TJIaBBl MPHUBEICHBI PE3YIbTaThl SKCIEepH-
MEHTAJIbHBIX HCCIIeIoBaHUK pa3paboranHblx MeronoB W MUC xontpomss TOX
CTPOMTENEHBIX MAaTEPHAJIOB M U3JIEJIMH Ha OCHOBE METPOJIOTHYCCKOTO JKCIICPH-
MeHTa. [IpoBeeHHBIE IKCTIEPIMEHTAIBHBIE UCCIICIOBAHNS Pa3padOTaHHBIX METO-
JIOB TIOJATBEPAMIN KOPPEKTHOCTh OCHOBHBIX TEOPETHUYECKUX BBIBOJIOB, MOJOXKCH-
HBIX B OCHOBY HMX CO3JaHUs, a Takke 3()(HEKTUBHOCTh MX MPAKTUYCCKOTO MPHMeE-
HEHUS B 00JIaCTH TETUTOPU3NIECKUX U3MEPEHUH.

B 3akia0uYeHMH TIpHBEICHBI OCHOBHBIE BBIBOIBI M PE3YNIbTaThl pabOTHI, B
NMPUJIOKEHWH TPUBEACHBI PE3YNbTAThl BBIACICHUA NOMUHAHT TPU aHAJHM3C MO-
TPEIIHOCTEH Ha aHATUTHIESCKONH OCHOBE M HA OCHOBE METPOJIOTHIECKOTO IKCIICPH-
MEHTa, SKCIIEpUMEHTAJIbHBIC JTAaHHBIC U aKTHl O BHEIIPEHUH PE3yIbTATOB PabOTEHI.
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OCHOBHBIE BBIBO/JbI U PE3YJIBTATHI

1. IIposeneHHbIH HHOOPMAIIMOHHBIN aHAIH3 ITOKA3a)I, YTO CYIIECCTBYIOIINE B
HacTosIee BpeMs MeToIbl KOHTpossl TAX TemIo3alluTHRIX CTPOUTEIbHBIX MaTe-
pHUaNOB 00JaAIOT PSAIOM CYIIECCTBCHHBIX HEIOCTATKOB. [loaTOMY pa3paboTka Ho-
BBIX MeTOHOB KOHTPOJsI TMX CcTpOUTENBHBIX MaTePHAIOB, 00IaIaI0IIUX OONbIICH
OMNEPaTUBHOCTHI0O M TOYHOCTBHIO M3MEPEHUH, SBIAETCS aKTyaJlbHOW 3ajaveil Tem-
T0(pM3UIECKUX H3MEPEHUN CTPOUTEIEHON TETIIOTEXHUKH.

2. Pa3paboTaHO MaTreMaTH4YeCKOe ONMUcaHue (U3MYECKHUX IMPOIIECCOB B HC-
clenyeMBIX 00pa3iax MmoJ BO3JEHCTBHEM OPTaHU30BAHHOTO OIIPEIeIEHHBIM 00pa-
30M anekTpoMarHuTHOro CBY-m3nmydeHWS W BBI3BAHHOTO JITHM BO3IIEHCTBHUEM
TEIUIOTIEPEHOCA B ITHX 00BEKTaX.

3. Ha ocCHOBe TONYYEHHOTO MATEMATHYECKOTO OMHCAHUS pPa3pabOTaHEI
HOBBIC, 3alIMIICHHbIC MaTeHTaMu Ha u3o0perenus (Ne 2399911, Ne 2497105),
3¢ (GEKTUBHBIC B METPOJIIOTUYECCKOM OTHOIICHUH METOMBI ONMEPATHBHOTO KOHTPOJIS
T®X cTpouTeNnbHBIX MaTEPUANIOB U U3JENIUIl, 8 IMEHHO!

— OJHOCTOPOHHUI MeETOJ ONepaTHBHOro KOHTpons TdX CTpOUTETBHBIX
MaTepHaJIOB M HW3AEJHH, COCTOSIINII B HarpeBe MCCIeTyeMOro o0pasla B BHIE
TIPU3MBI KBaJPATHOTO ceueHus (mapasuiesenuena) 9epe3 oaHy U3 TOPIEBBIX Tpa-
HEl TpH TEITON30JIANNN APYTUX TPaHel BO3AEHCTBHEM 3JIEKTPOMATHUTHOTO IOJIS
CBUY-mnama3oHa ¥ IO3BOJISIOMIMN MOBBICHTH TOYHOCTH ONPEACICHHS HCKOMBIX
TEIUIOPU3NUECKUX XaPaKTEPUCTHUK;

— CHUMMETPUYHBIN METOJ ONEpaTUBHOTO KOHTpoJsi TAX CTpOUTENBHBIX Ma-
TEepUaJIOB U U3JEIHUl, OTIUYAIOLINICS OT MEPBOrO OJTHOBPEMEHHBIM CUMMETPHUUHBIM
BO3/ICHICTBUEM Ha TOPIIEBBIC TPAHU HCCIICTyEeMOro 00pasiia BBICOKOYACTOTHBIM 3JICK-
TPOMArHUTHBIM TIOJIEM, YTO IO3BOJISIET MOBBICUTH TOYHOCTH KOHTPOJISI MCKOMBIX
TdX 3a cuer obecrieyeHUs] pABHOMEPHOTO 0 00BEMY HarpeBa HCCICIYEMOTo 00-
pasma, a Takke OIEPaTHBHOCTH BBIBOJA TEIUIOBOM CHCTEMBI Ha HEOOXOIMUMBIA UIS
OCYIIECTBICHHS TIPEIIaraéMoro MeTo/1a KBa3HCTAIIMOHAPHBIIN PEXKIM,

— HMIYJbCHBIM MeToa Hepaspymatomiero kontposst TOX wuccnemyembix
CTPOMTENBHBIX MAaTEPHajOB, COCTOSAIIMN B MMITYJIbCHOM TEIIOBOM BO3IEHCTBHU
anekTpoMarautHoro moist CBU-muanazona, choKyCHpOBaHHOTO JTWH30M W3 pa-
JUOIIPO3PAvHOr0 MaTepHaia Ha HCCIEAYeMBIHl OOBEKT B JIMHUIO 33aJaHHOMN JTHHBI
U IIMPHUHBI ¥ TO3BOJISIONINIA OTICPATHBHO W 0€3 HApYIICHUS IETOCTHOCTH HCCIIe-
JIyeMBbIX MaTepUajioB ONpenenuTh Bech koMiuiekc TOX uzgenuit ¢ gocTaTOYHOU
JUIsl TEXHOJIOTUYECKOTO KOHTPOJISI TOUHOCTBIO;

— OECKOHTAaKTHBIH HKCIpecc-MeToA Hepaspymatomero konrpouas TOX wnc-
CJelyeMBbIX CTPOUTENbHBIX MATepUANIOB U U3ACIUN, OTINYAIOMIUNCI OT KOHTAKT-
HOTO TEM, YTO M3MepeHHe H30bITOUHON TeMIIEpaTypsl B 3aJaHHOM TOYKE, HAXOIs-
mielicss Ha PacCTOSHUM X; OT IUIOCKOCTH TEIUIOBOTO BO3JAEHCTBHSA B JBa 3apaHee
3a/laHHBIX MOMEHTa BpEMEHH T1 U T, IOCIE MOJauH dJIEKTPOMAarHUTHOTO UMITYJIbCa
OCYIIECTBIISTIOT OECKOHTAKTHBIMH JaTYMKaMHM, a 3aTeM Ha HCCIEAyeMOe H3JIeIIne
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JIOTIOTHUTEIHFHO BO3JEUCTBYIOT MO JIMHUU BTOPBIM UMITYJIBCOM BBICOKOYaCTOTHOTO
JJEKTPOMArHUTHOTO TOJIsA, MOIIHOCTE KoToporo Ha 20...30% omimuaercs oT
MOIIIHOCTH MEPBOT0 UMITYJIbCA, U3MEPSIOT B paHee 3aJJaHHbIe UHTEPBAJIbI BpEMEHU
U30BITOYHYIO TEMIICPATypy B ITOU K€ TOYKE MOBEPXHOCTH HCCIEAYEMOTO H3JIe-
qust. [IpeumyniecTBOM JaHHOTO BapHaHTa SKCIPECC-METoa SBJISIETCS YCTpaHEHUE
MOTPEITHOCTH ANPUOPHOW MHPOPMAITH O JUIEKTPUIESCKON TMPOHUIIAEMOCTH HC-
CJIelyeMBIX CTPOUTEIHHBIX MaTEPHAIIOB.

4. Pa3paboTaHbl MHUKPOIIPOIIECCOPHBIE CUCTEMBI, pean3yIOIIHe CO3IaHHbIC
MeToabl KOHTposist TOX CTpOUTENBbHBIX MaTepUasIOB, TIO3BOJISIONINE OMPEIEsATh
BeCh KOMITJIEKC UCKOMBIX TA®X ¢ BBICOKOH TOYHOCTHIO, KOTOpas 00eCIIeInBaCTCS
yCTpaHEHHUEM BIUSHUS Ha PE3YyIbTAThl COCTOSHHUS TOBEPXHOCTH HCCIETYEMBIX
006pasioB (epoX0BATOCTh, CTENEHb YEPHOTHI), TEIJIOBBIX TOTEPh B OKPYKAIOIIYIO
cpeny, yCpeOHEHHEM 3HaueHUH HM3MEPEHHBIX TeMIepaTyp U TEIUIOBBIX MOTEPH,
BBEJICHUEM IMOTPABOYHBIX KO3 PHUIIUEHTOB NP pacueTe HCKOMBIX TDX.

5. TIpoBeneH METPOIOTUYCCKUN aHAN3 pa3padOTaHHBIX METOJOB M pealu-
3YIOIIUX UX MHUKPOMPOLECCOPHBIX cUcTeM KOHTposst TPX CTpoUTenbHBIX Marte-
pHAJIOB C ONpEIeICHHEM JOMWHHPYIOIIUX KOMIIOHEHTOB OOIIEH MOrpentHOCTH
W3MEpEHHH, UTO IO3BOJIMIIO BHISIBUTH OCHOBHBIE WCTOYHWKH TIOTPEUTHOCTH, WH-
(hopmamms 0 KOTOPBIX MO3BOJISIET IEJICHANIPABICHHO BO3/IEHCTBOBATh HA UCTOYHH-
KH TTOTPENTHOCTH, a TAK)KEe KOPPEKTHPOBATH PE3YIIbTATHI H3MEPECHUH.

6. IlpoBemeHBI IKCIEPHUMEHTAIBHBIC HMCCICIOBAHUSA pa3pabOTaHHBIX METO-
JI0B U cucteM KOHTpoJia TOX cTpouTeNnbHBIX MaTepHalloB. Pe3ynbTaTsl MeTpoJio-
TUYECKUX OKCIEPUMEHTOB MOKa3all KOPPEKTHOCTb OCHOBHBIX TEOPETHUECKUX
BBIBOJIOB, TIOJIO)KCHHBIX B OCHOBY pa3pa0OTaHHBIX METOJOB, UTO IO3BOJIICT HC-
MOJIb30BaTh Pa3pa0OTaHHBIC METOJBI HA MPAKTUKE B CTPOUTEIHHOMN MPOMEIILICH-
HOCTHU U CHHTE3€ CTPOUTEIbHBIX MATEPHAIIOB.
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