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Ob NHCTUTYTE

WNHcTtutyT Tenno- n maccoobmena nvenn A.B. JTeikoBa HAH
Benapycu obpazoBaH Ha ocHoBaHuK pacnopsaxeHua CoseTa
MuHnctpos CCCP ot 29 utona 1952 r. Ne 19207-p kak
WNuctutyT anepretukm AH BCCP. B 1963 r. nepenveHoBaH B
WNHcTtutyT Tenno- n maccoobmena. B 1975 r. HctuTyty
NPMCBOEHO NMA ocHoBaTena benopycckoin WKosbl Tennoguankm
akapemuka Anekcena Bacunbesuua JlbikoBa.

C 2001 r. - rocynapCTBEHHOE HayyHOE YUYpexaeHne ¢
COBpPEeMeHHbIM Ha3BaHUeM, KpyrnHeliwaa B pecnybnvke HayuHaa
opraHv3auua, cneunannsmpyroLwanca Ha peLleHnn
thyHoameHTanbHbIX 1 NpUKNagHbIX Npobnem
TensomMacconepeHoca, rmaporasoguHamMmKn, SHEpPreTuku,
TenA0TEXHUKU, XMUYecKoi unsnku, uankm ropeHna n B3pbiBa,
HaHOTEXHONOMMIN, Co30aHNN 3HeproadeKTNBHbIX N
akonoruyeckn besonacHbIX TEXHOMOMMIA U TEXHUKW, annapaTos 1
nprnbopoBs onA aHepreTMkn, MallMHOCTPOEHNS,
arporpoMbILLSIEHHOr0 KOMIIEKCa, MeaULIMHbBI, CTPONVHAYCTPUN,
XUMUYECKOWN, KOCMUUECKOW, 3MEKTPOHHON, paamoTexHUYecKom
oTpacnei.

B ctpykTypy VIHcTUTyTa BXOAAT: HayuHbIl LeHTp
Tennodguankn, MexayHapoaHbiii LEHTP U3NKK Masmbl 1
nnasmMeHHbIx TexHonoruii, MexgyHapogHbiii LeHTP U3NKM 1
XMMUM HepaBHOBECHbLIX cpef, HayuHblin LeHTp BuomMarHuTHbIX
cucteM, HayuHblli LLeHTP HAHOANArHOCTUKN U CKaHUPYHOLLMX
30HA0BbIX TEXHOMOMMIA.

XapakTtepHoi uepToi geAarensHocTn VIHcTuTyTa ABNAeTcA
MEeXONCUMNIINHAPHLINA NOAX0A, K PELLEHUIO NOCTaBEHHbIX 3a4ay,
OCHOBaHHbIl Ha boraTcTBe HayuHbIX nge u MeTogoB paboThl,

ekne 8 b -y 1017

pasHonnaHoBoMm kappoBoM cocTaBe. bonee 200 uenosek Journalof
3aHMMalTCA HayuHbIMU UccnenoBaHNAMY 1 paspaboTtkamu, Engineeri
cpeav Hux okono 90 [oKTOpPoB 1 KaHAWOATOB HayK. Physics an !

WHcTutyT BoinyckaeT ocHoBaHHbIM B 1958 r. A.B. J1lbikoBbiM
«nxeHepHo-hn3nyeckuii xypHany, nepensnaBaeMblii
nsparenscTBoM Springer kak «Journal of Engineering Physics
and Thermophysics».

WHcturyT Tenno- u maccoobmena umenn AB. JTeikosa HAH Benapycu. 220072, r. Munck, yn. 1. Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
3



@ rmo.BY

Hupektop VIHctutyTa, akapgemunk HAH Benapycu, noktop
thmauko-matematuuecknx Hayk O.I". [NeHA3bKoB ABNAeTCA
rnaBHbIM pegakTopom xypHana «Heat Transfer Researchy;
uneH-koppecnoHgeHT HAH Benapycu, poktop dmanko-
mMaTtemaTunyecknx Hayk B.M. ActalumHckuii - rnasHbIM
penakTopom xypHana «High Temperature Material
Processes», nspasaemsix 8 CLLA.

CotpyaHuku VIHcTuTyTa BhICTYNAOT peLeH3eHTaMu
PEATUHIoBbIX Hay4HbIX XxypHanos «Int. Journal of Heat and
Mass Transfer», «Energy and Fuel», «Combustion and Flame,
«Shock Waves» n gp. ExxerogHo nspgaetca cbopHUK HayuHbIX
TPYAOB UHCTUTYTa «Tenno- 1 MacconepeHoc).

HauwnonanbHaa akapemua Hayk Benapycu oguH pa3s B
OBa roga npucyxgaet npemun umeHun akagemuka A.B. JlbikoBa
3a KpYNHbI BK1ag, B pa3BUTUE MCCedoBaHniA, COCTaBALLINX
OCHOBY HOBbIX BbICOKO3(D(hEeKTUBHBLIX TEXHONOMMI U
obopynoBaHuAa B 0bnact Tennousnkn n sSHEpPreTukm.

WNHcTtutyT Tenno- n maccoobmeHa nvenn A.B. JTbikoBa
HAH Benapycu aBnaeTca opraHM3aTopoM KpYMHbIX Hay4YHO-
NpaKTU-Yecknx MeponpuATuHIA:
O opauH pa3 B ueTblpe roga nposogmtca MuHckui
MeXayHapoAHbIil hopyM No Tensio-  maccoobmery
O opgvH pas B Tpu roga — MuHckuin mexayHapoaHbIi
cemuHap «Tennosbie Tpybbl, TEMMOBLIE HACOCHI,
X0S10QWSTBHUKM, UICTOUHUKN 3HEPTUNY
O oauvH pas B aea roga — MuHckuii mexxgyHapoaHbIi
KONI0KBUYM Mo in3unke yaapHbIX BOSH, FOPEHMA 1
neToHaumn
O opauH pa3 B AaBa roga - MexayHapogHaAa
KOH(bepeHLMA No cKkaHMpyoLLLel 30HO0BOM
MUKPOCKOMnK
O opuH pas B aBa roga - MexayHapogHan
KoH(pepeHuma «MDynnepeHbl N HAHOCTPYKTYPbI B
KOHOEHCMpOoBaHHbIX cpegax»

WHcTuTyT akkpeamToBaH B KQUecTBe Hay4HOo
opraHm3auuu B [[locyaapcTBEHHOM KOMUTETE MO Hayke 1
TexHonormnam Pecnybnukn Benapyck n HauvoHanbsHoi
akapemun Hayk Benapycw.

B WNHctutyTte ¢ 2013 roga dyHKUMOHUPYET
cepTucmumpoBaHHana cuctema MmeHemkmeHTa kauectea (CMK])
npoBegeHnA Hay4yHo-UCCNeaoBaTesIbCKUX U OMbITHO-
KoHcTpykTOpCcKnx pabot. B 2018 roay ocywiecTtsneH nepexon
CMK WHctuTyTa Ha cooTBeTcTBME TpeboBaHMAM HOBOV Bepcun
CTB ISO 9001-2015, uto noaTeepXxaeHo cepTndukaTom
cootBetcTBua Ne BY /112 05.01. 049 08354.

WHcturyT Tenno- u maccoobmena umenn AB. JTeikosa HAH Benapycu. 220072, r. Munck, yn. 1. Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
4q



@ rmo.BY

YUEHDIE MPEVIAMAIOT AKTYAJ1bHbIE PASBPABOTKW,
WCCJTEOOBAHUA, UBMEPEHNA N NCTMBITAHNA

MenasbkoB Oner Frne6oBuy, gupektop UHcTutyTa Tenno- u maccoo6mena umenu A.B. JibikoBa
HAH benapycu, akagemuk, AoKTop (hu3MKo-MmaTeMaTn4eCKMUX HayK

OcHoBoll pna paga HayyHo-MCcCnenoBaTeNbCKMX HanpasieHni B
rogbl ctaHoeneHva MIHctutyta Tenno- 1 maccoobmeHa nveHu
A.B. JlbikoBa HAH Benapycu bbio npunoxeHue Teopun TEN0- U
mMaccoobmeHa k obbekTam aHepreTukun. B HacToAwee Bpems
nccrnenoBaHvA No oNTUMM3aummn nNpoueccos TepMmoobpaboTtim
MaTepuasnos - ApPeBECHHbI, 3epHa, NMULLIEBbLIX MPOAYKTOB — NPOAOSIKaT
BbINOJSIHATLCA HA HOBOM TeXHOJsIorMyeckom ypoeHe. PaspabotaHo
KoTenbHoe obopynoBaHue ¢ ToNKaMy KMMNALLEro cros osid ~
3(hheKTMBHOIO CXUraHNA MeCTHbIX BUA0B Tonnunea. BeinonHeHb paboTsl
no onNTMMM3aumm oxnaxgatoweii cnocobHocTv balleHHbIX rpagvpeH
TennoBbix ctaHumii. Cosgaetca neuHoe obopynoBaHue onA
BblcOKOTemnepaTypHoii obpabotkn meTannos. 3Tn paboTel AoBeaeHs!
00 wupokomacLTabHoro BHegpeHUa Ha NpeanpuaTuAax
pecnybnukun n gpyrux ctpaH. Tak, paspabotkm VIHctutyta
Nno3Bonvuin MoaepHU3npoBaTek NneyHoe obopynoBanne ana 3A0
«AtnanT», MuHcknin 3aBog, nmenn OkTabpbckoi Pesontounn,
OAO «MwuHckuin 3aBopg, «Kanubp», OAO «'vgpomalu» un
BbINOJSTHUTb NMNOCTaBKU No 3apybexHbiM 3aka3am.

[na TepmoperynnpoBaHua pexr1moB paboTbl 371EMEHTOB
3HEPreTMUYECKNX YyCTaHOBOK, KOCMUYECKMX annapaTos.,
NosynpoBOOHUKOBLIX YCTPOWCTB (Hanpumep, CBETOANOAHbIX
cBeTWUIbHUKOB) pa3paboTaHbl TennoBbie TPybbl pasnuuHbIX
KOHthurypaumii, B TOM umcne rpaBuTauuoHHo-He3aBucrmMble. B
cucTemax TepMOpErynMpoBaHmA peann3oBaHbl cobcTBEHHbIE
naeu rno opraHM3aumm BHYTPEHHEro NPOCTPaHCTBa TEMJ10BbIX
Tpyb, TEXHOMOrMM OUNCTKK, 3aNpPaBKX, KOHTPOSIA, UCMNbITAHWIA, YTO
obecneuunno nx besoTkasHy HenpepbiBHYO paboTty un
NpUMeHeHne B KocMUUeckunx annapartax «/IHtepkocmoc-15»,
«Mup», «Cantoty, «BenKA», ckacdaHgpax, Msgenvax BeayLmnx
npounssoguTesnei aneKTpoHHol TexHkn. BoctpeboBaHHbIMY Ha
pbiHKe ABnAloTcA pa3dpabatbiBaemble B VIHcTUTyTE
BbICOKOBOJ1bTHLIE UCTOYHUKU NUTaHWA, Aemndupyrowme
YCTPOWCTBA C MarHUTO- 1 3N1EKTPOYNPaB/IAaeMbIMU PEOSIOrMYECKMMI XNOKOCTAMU, TEXHOMOMNN
noslyyeHnA BLICOKOUNCTOro Bogopoada na bopornopraoos wenoyHbIx MeTanios, cnocobbl
anekTpoxmmMmuueckon obpaboTkn maTepuanos, NO3BOMAIOLLME CO3AaBaTh YHMKasbHbIE
napenus.

YueHble paboTaloT Hap, co3aaHMeM TEXHOSOMMIA CUHTE3a HAHOCTPYKTYPHbIX
mMaTepuanos 1 koMmnoautoB. PaspaboTaHbl yHUkanbHble noaxonsl U obopynoBaHue ona
noslyyeHna yNbTPaancnepcHbIX NOPOLIKOB KapbyaoB 1 HUTPMAOB PasfMUHbBIX METANIOB B
3/1EKTPOTEPMUNYECKOM KMMALLEM CII0e, OKCMAO0B META/INI0B METOA0M HU3KOTEMMEPATYPHOr0
NMponn3aa, yriepoaHbIX U METar/IMUYeckmx HaHoMaTepranoB PasfMUYHOr0 Ha3HAYEHMA.
CospaH pag KOHCTPYKUMIA peakTopa 1A NPon3BOACTBa HAHOYacTUL, METOO0M
pacnblINTENbHOMO NMPONN3a MUKPOHHbLIX Kanesib.
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HoBbim aTanom B passutun ViHcTtuTyTa ctana
paspaboTka NnepenoBoit TEXHONOMMN U3rOTOB/EHNA
ynbTpaobneryeHHbIX ONTUYECKMX 3epKasl Ha OCHOBE
kapbuoa KpemHuA, NnpegHasHaYeHHbIX oA
MCMOJ1b30BaHNA B KOCMUYECKUX 3epKasibHbIX
Teneckonax. TexHosorva BkoyaeT B ceba bonee
20 cnoxHblx onepaunii. B peayneTtate nonyyeHa
KapbuookpeMHeBas KepaMuKa € YHUKanbHbIM OJ18
OMTUUECKUX MPUII0KEHWIA CoueTaHNEM CBOWCTB,
paspabotaHbl meToamky obrieryeHua NoasIoxkex,
No3BOJSIMBLLME OOCTUIHYTb YOENbHbIX
MaccorabapuTHbIX NapamMeTpoB 3epKan,
COMOCTaBMMbIX C STyULLIMMU MUPOBLIMU aHasioramu.

[lna BbicokoTouHoW 0bpaboTkn onTnueckmx

NoBepxHOCTEV MMPOBLIMY NIMAEpaMn ONTUYECKOro
npmbopocTpoeHus ncnons3yeTcA MeTop,
MarHMTOPeosIorMYeckoro NosiMpoBaHuA, 3apoamMBLLNACA B
WHctutyte ewe B 80-e roasl. CospaHbl 0bopynoBaHue un
TEXHOMorMn ona hUHULLHOK BbICOKOTOUHOI 0bpaboTkm
NPELM3NOHHbBIX ONTUYECKMX N3AENUA pasnnyHoin hopmbl
pasmepom oT 3 MWIIMMETPOB A0 2 METPOB, B TOM YuCre
nsgenuii aspokocmuueckori ontukn. Meton obecneunBaet Ha
pAane mMaTeprasnoB LLepoXoBaTOCTk MOBEPXHOCTM MEHEE
opHoro HaHomeTpa. BepytcAa paboTbl no cozpaHnio
poboTM3npoBaHHbIX KOMMIEKCOB A41A cepuiiHoii obpaboTkn
Mariopa3mepHbIX M3OenuiA, Co34aHNI0 OMNbITHOrO yyacTka no
npeunsnoHHon obpaboTke onTYecKx N3genuii.

PasBuTre nnasmeHHbIx TexHonoruii B inctutyte B 60-e

roapl buino moTMBMpoBaHo HeobxogmnmocTeio obecneveHna
Tenso3awmTel KoCMUYecknx annapaTtos. Co3naH yHUKarnbHbIA
TOPLIEBOV XOJUIOBCKUIA YCKOPUTESb, FEHEPUPYIOLLMIA NOTOKWU Na3mbl 417 MOOESIMPOoBaHNA
yCJI0BUI BXOOA KOCMUYECKMX annapaTtoB B atMocgepy rniaHet. B ero BakyymHoii kamepe
MOXHO BOCCO3aTb atMoctepHble ycriosua noboii ns nnaHet ConHeYHoN cuctemsl, UTo
Nno3BoJIAET MPOBOAMTL NCMNbITAHNA MaTepuarnoB AJs17 a3POKOCMUUECKO O0Tpacsn B YCII0BUAX,
UMUTMPYIOLLMX KOCcMUUeckue. [na atvx xe uenen ncnonbaykotca 1 bonee komnakTHbIe
YCTaHOBKM - N/1a3MOTPOHLI. MOLLHOCTL reHeprpyeMbIX MW Nria3MeHHbIX NOTOKOB JocTUraeT
2 MBT. C nomoLLbo 3TUX YCTaHOBOK MCMbITaHbl TEM/103aLLMUTHBIE NOKPLITUA NereHaapHbIX
KocMuueckux annapatoB — BypaH, Moboc-T pyHT, 3k3oMapc.

VicnblTaHusa NpoTMBOMETEOPUTHON 3aLUMThl KOCMUYECKMX annapaToB NpoBoaaTCA Ha
coapgaHHol B VIHcTuTyTe n He umetowen aHanoroB B cTpaHax CHI™ bannnctnueckon
ycTaHoBke, obecneunBaloLLeli CKOPOcTb MeTaemMoro Tena ao 5 kv/ c. NnasmoTpoHsl
cobcTBeHHoOW paspaboTku ncnonbayoTca B 0bopynoBaHUM Ons 3KOMOrMUYeckn YACToN
nepepaboTkn oTxomoB.

KomMnpeccuoHHbIE Ma3MeHHbIE YCKOPUTENM — ELLE 0AHA YHUKanbHas paspaboTka
VHcTuTyTa, N03BONAIOLWLAA OCYLLECTBNATL FeHepaLuio BbICOKO3HEPreTUYECKnX u
LOONTOXMBYLLUX NasMeHHbIX 0bpasoBaHuiA, MogenupytoLyx B nabopaTtopuu ycnosua
TEpMoAQepHoro cuHTe3a. PasBmBaloTca METOOBI MOBEPXHOCTHOM MIIa3MEHHON MeTannyprum
OnamonyueHysa B obpabaTbiBaeMoM MeTassie Unm crilaBe BblCOKOMPOUHbIX CIIOEB.

C NomOLLBH HUSKOTEMIEPATYPHBIA. 1a3Mbl MOOMLMPYIOTCA MIIEHOYHbIE MaTepransl ois
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npngaHnAa nm ocobbix NMOBEPXHOCTHbIX CBOWCTB.

VlccnepoBaHve npoLeccoB ropeHva 1 geToHauun B
rasax (yoapHele Tpybbl, ycTaHOBKa BLICTPOro cxatna) — nyTb
K pPeLLeHNo0 MHOIX NPaKTUUecKrx 3adad, KOTopble CEroaHA
cToAT nepef, VIHCTMTYTOM, TakUX Kak onTUMU3aLumsa pexrnmMos
BOCM/1aMEHEHNA 1 cropaHnA Tonnve, paspabotka
OBuraTtesnieil Ha HoBbIX MPMHLUMMNAX OpraHM3auuy ropeHus,
onTuMmn3auma paboTbl 1 CHMXEeHVe BpedHbix BoibpocoB
TPaOMUVOHHBIX ABUraTesnieii BHYTPEHHEr0 CropaHus,
ABNAIOLLMXCA CEerogHA OOHON M3 rMaBHbIX MPUYNH
3arpAsHeHna Bo3ayxa.

BonblrHcTBO NpoBognmbix B IHcTTyTE
MCcneaoBaHni CoNpoBOXOAKTCA NOCTPOEHUEM (hU3UYUECKNX
1 MaTeMaTUYECKMX MOLENElA, MO3BOMAKLLMX NPOrHO3MPOBaTh Pa3BUTME U3YUYaeMbIX
npoweccos u AeneHuit. MNpy aTom ncnonbayeTca Habop MHCTPYMEHTOB B BUAE NPOgUIIbHOMO
nporpamMmHoro obecrneueHus TenorUanyeckoro, ra30AMHaMUUYEcKoro U XMMUYecKoro
HanpaeneHuiA 1 MHoronpoueccopHbie 3BM. BeicokonporaBoguTesbHbli BBIUMCTTUTESbHBIN
KfiacTep No3BoNAET NPOBOAUTL KOMMbIOTEPHOE MOAENMPOBAHNE PasfMUHbLIX HayuHo-
npuKragHeix Npobnem - ot 06TekaHNA TPaHCMNOPTHLIX CPEACTB BO3OYLUHLIMY NOTOKaMU A0
BbICOKOCKOPOCTHOMO BXOXOEHWA Ten B atmoctepy 3emnu. PelatoTca 3agaun, CBA3aHHbIE C
aBToMaTmsauveii obpabotku n aHanuaa
nHopMaLmK, Co3AaHEM pacrnpenesieHHbIX
aBTOMAaTU3MPOBAHHbLIX CUCTEM, YMHbIX
3HEPreTUYecKnx CeTe.

3KcrnepuMeHTarnbHble UccrenoBaHna
obecneunBaldTCA MHOMOUMUCSIEHHBIMU CTEHOAMU U
Komrniekcamu gnarHoctuueckoro obopynoBsaHus, B
TOM yMcne Q18 nccriegoBaHna TeUEHU XXNOKOCTEN
1 rasos, cOCTaBa U MUKPOCTPYKTYPbl MaTepuarsios,
Tenouanyeckmux n MexaHNYeCcKux CBOWCTB.

B apceHarne yueHbix kak npnbopsbl 1
obopynoBaHue BeayLLMx MUPOBLIX Npon3BoanTesnen, Tak u Nnpubopel cobeTBEHHONM
pa3paboTky: aTOMHO-CUI0BbIE MUKPOCKOMbI, B TOM YMcne o nayyeHmsa brionornyeckux
0bbekToB, M3aMepuTenu Temnepatypel B CBU-nonax gna anarHoctmku BuicTponpoTekamoLwmx
npoueccoB, beckoHTakTHOro uccrenoBaHusa TensoBbIX Nonei 06beKToB Ha OCHOBE
cobcTBEHHOrO MHChpaKpacHOro UanyJeHus.

OcHalLEeHHOCTb UCMbITaTeSbHbIM OGOpyﬂ,OBaHVIEM M cpeacrteamMun U3MepeHuad, Hanuume
KBaJ'II/ICbI/ILl,I/IpOBaHHbIX COTPYAHMKOB, NOJTyuYnBLUNX

cepTdmKaTbl KOMNETEHTHOCTM MO TEM/IOBLIM METOAaM
KOHTpONA, nMetowmx bonbLioli onbiT paboTel B 0bnactu
TEMSI0BM3MOHHOW ANarHoOCTUKU, Hanuuve oHaa
aKTyanuanpoBaHHbIX TEXHUUECKUX HOPMAaTUBHbIX
NpaBoBLIX aKTOB N03BONMNN nabopaTopun pagnaumoHHo-
KOHBEKTUBHOro TennoobmMeHa NonyunTb rocyaapcTBEHHYO
akKkpeoutauuio Ha NPOBEOEHVE TEMNIOBOW ANarHoCTUKu
30aHUIA 1N COOPYXEHNIA.

Pap, nabopatopuii BbinOMHAIGT HA A0r0BOPHOM
OCHOBE M3MepeHWA Ternodn3nYeCKUX.GBOWNCTBIMaTeprasos, B YCI0B/AX LUMPOKOro

WHcturyT Tenno- n maccoobmena nvenn A.B. Ibikoa HAH Benapycu. 220072, r. Munck, yn. 1. Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
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M3MEeHEeHNA X COCTaBa 1 BHELUHUX BO3AENCTBUiA
(TemnepaTtypbl, TEPMOLUMKITMPOBAHMS,
BbICOKOKOHLIEHTPUPOBAaHHbIX NMOTOKOB 3HEpruu).

KaTtanor BknoyaeT MUHHOBaUUOHHbIE
TEXHOJIOrMUECKUE NpennoxeHund, basupylowyecs Ha
pesyneTaTtax uccrnenoBaHuii u paspaboTok,
BbINOSIHEHHbIX B paMKaX OCHOBHbIX HanpaenieHuii
Hay4HO-TEXHWUECKOIA AeATenbHocTy nabopaTtopuii n

otoenoB VIHctutyTa Tenno- u maccoobmeHa nmvexHn

AB. JlbikoBa HAH Benapycu.

VHdopmauua no kaxpgoi 3 paspabotok copepxut
aHHOTaLMI, XapaKkTepuayoLLyo 0bnacts NpuMeHeHna 1
Ha3HaUeHWe TEXHOMNOMMW; ONMCaHUE TEXHOMNOIK, METOOVK
N3MEepEeHNA 1 UCTbITaHVA CBOCTB MaTeprasioB; CBEOEHUSA O
naTeHTax, KOHTAKTHYO MHhopmauuio.

MpennoxeHna No NPoBeaeHN0 COBMECTHbIX
M3MepeEHUiA N UCMbITaHWIA cogepxaT NepeyuHn

HanMeHoBaHui n3mepAaemMbIlX

n3MepeHuiA, NapamMeTpbl UCMbITAaTENbHbIX PEXWUMOB.
YKkasblBaloTcA CTEMNEHb rOTOBHOCTY pa3paboTku, apyrux
thopm MHHOBALMOHHBIX NPEOIOXEHWI 018 BbINOSIHEHUA

V/IHHOBaUVOHHbIE NPeasIoXXeHNA OTHOCATCA K LUIMPOKOMY
crekTpy npegMeTHbix obnacTeli: TepmoMoaudrkauma nu cuHTes
MaTepuarioB, CUCTEMbI TEPMOPErYSIMPOBaHUA Ha OCHOBE
TENoBbIX TPYD 1 NapoBbIX KaMep, TEXHOSIOMMA C
MCNosb30BaHUEM 3/1EKTPO- U MarHUTOPEOsSI0OrMUEecKrX Cpegq,
ucnblTaHnA B 0bnactu gusnko-xuMmnyueckor rmapoamHaMmKm Ha
YHUKAasTbHbIX 3KCMEPUMEHTasbHbIX CTEHAAX, N/1a3MeHHbIe
TexHonoruun, npubopsl 1 0bopynoBaHWA AnA N3MepeHus
TENogM3nYecKNX CBOMCTB MaTepMarnos, NporpaMMbl 1
pesynbTaThl MAaTEMaTUUECKOr0 U KOMMbIOTEPHOMO
MOOENMpoBaHUA NPoLECCOB TersiomaccoobmeHa.

3kcnepumeHTansHaa baza MiHcTutyTa obecneunBaet
nepepayvy onbITa HOBbIM MOKOIEHUAM YYEHbIX, TPAONLIWIN,
cobcTBEHHOr0 HayYHO-KYSIbTYPHOrO KoAa — U ABWKEHNE
Bnepea.

BEJINUNH, Onana30Hbl

CcoBMECTHIX NpoekToB. ChopMynmpoBaHbl ycrioBus
COTPYOHWYECTBA, a TaKXXe CBEAEHVA 0 NoanepXxke, NpenocraBnaemoii ViHctutytom npu
BbIMOSIHEHUV COBMECTHLIX paboT 1iv nepegaue TeXHOMNOMMK.

KaTtanor agpecoBaH opraHnsaumamM 1 NpeanpuatnaM-sakasumkam HayuHbix pabor,
MHBECTOPaM, UCC/IEQ0BaTENAM U MHXEHEPaM, crieumuanuaupylowmmea B obnactu
TEN0(M3NKA U SHEPreTUKU, @ TAKXKE MOSOAbLIM YUEHLIM — acnupaHTam, MarmctTpaHTam,
cTyaeHTam, nsbuparoLwmm cBov NyTu B HayKe, NP BbINOSIHEHUN OUCCEPTALMOHHBIX,
MarmcTepckux, OUMNIOMHbIX NCCIen0BaHWiA.

Mpbl roToBbI APEJI0OXKNTb Halle COTPYyOHNYEeCTBO BCEM SaI/IHTEPECOBaHHbIM!

WHcturyT Tenno- n maccoobmena nvenn A.B. Ibikoa HAH Benapycu. 220072, r. Munck, yn. 1. Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
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TEXHOJ10rmAa N PACIbINTMTESIbHAA YCTAHOBKA C
KOMBHNPOBAHHBIM 3HEPIOMNMOoAB040M OJ1A CYLUKIN
N MOONDPUNKALIN MATEPUAJIOB

PacnbinutenbHan cyluka ABNAETCA NePCrNeKTUBHOWN TEXHOMIOTUEN MOyYeHns
nopoLLKoobpasHbIx MaTeprasrioB U3 pacTBOPOB U cycneHauii. K npemmyLiecTtBaMm TEXHOMOMM
OTHOCATCA BbICOKOE KAYeCcTBO MaTep1asnioB BCIEACTBME KPAaTKOBPEMEHHOCTY TEMJIOBOr0
BO3[OENCTBNA, BO3MOXHOCTb NoslyyeHua BblcTpopacTBOpUMbIX, TOHKOAVUCMNEPCHLIX U
rpaHyNMpPoBaHHbIX MaTeprasos, BbICOKaA NPOVM3BOAUTESTIbHOCTE M BO3MOXHOCTb
aBTOMaTM3auuu npouecca. [JoCTOMHCTBOM TEXHOSOMMU ABMIAETCA CHUKEHUE pacXoda 3Heprum
1 yMeHbLUEHVE rabapuToB. Ha ocHoBE MHOroNeTHUX uccnemoBaHuii B MiHcTuTyte
paspaboTaHbl HoBbIE cnocobbl, TexHornorum u 0bopynoBaHNE aKTUBHbIX
TEPMOrMAPOAMHAMUYECKUX PEXMOB B PacrbiIMTENbHbIX annaparax.

OMMNCAHIWE MPEOJIOXXEHNA

CywHocTb npepnaraemoro crnocoba coctout B KOMBMHMPOBaHHOM 3HEProBO3AeNCcTBUN
Ha Kanv pacnbifiAeMOoii XXMAKOCTU KOHBEKLMER U MHDPaKpacHbLIM U3TyUeHNeM,
HanpaenaembIM Ha 0bnacTb thakena c HamborbLel KoHUEeHTpaumen yacTul,. TennoHocuTenb
nopaeTcA B kKaMepy Yepes rasopacnpenenurenibHoe YCTPoNCcTBO, BbINOSTHEHHOE B BUOE
nepgopupoBaHHbIX peweTtok. CTpyiiHoe ncTeueHme TENSIOHOCUTENA, BO3AEWCTBYA Ha dhaken
pacnbina, co3aaeT MHTEHCUBHBIN KOHBEKTUBHbIM TennomaccoobmeH. Boicokasa nnoTtHocTb
MH¢hpakpacHoro TensioBoro noToka B obnactu chakena [OCTMraeTcA 3a CUET PacrosioKeHWA
nanyuartenen nopg, yrriiom K BepTukanbHoi ocu. Jna aucneprypoBaHua XXUoKocTeil
MCNONbL3YHTCA OBYX- U TPEXKAHAsbHbIE MHEBMATUYECKUE hopCyHKM, NO3BOMAOLWME BBOAMTL B
thaken pacnbina gucnepcHbii MaTepuan (HanonHutens). MNpenmvylwecTeammn cnocoba
ABMAOTCA YMEHbLUEHVE YOeNbHOro pacxoda TensioTbl Ha NPOLECC, NoBbILLEHNE
npoussoautensHocTy, KM ycTtaHoBKM 1 BnaroHanpaxeHHocTu obbema kamepbl.

TEXH/NKO-3KOHOMWUECKWE NPENMYLLIECTBA

Cnocob pacnbinutenbHoM CyLwKn ¢ KoMBHMPOBaHHBIM NOOBOAOM TEMOTHI NPK
TemnepaTypax TensioHocuTena Ha exone B kamepy 110-150 °C nossonaet Ha 37% CHU3UTL
yOenbHbIA pacxod, TensioTel Ha ucnapexve Bnarv u ysenuuutb KMNQ ycraHosku, B 2-3 pasa
MOBBLICUTL BJIAaroHanpPAXeHHOCTb 0bbema Kamepbl Y NPON3BOAMTENBHOCTb N0 NCNapeHHoI
Brare. PacluvpaoTca BO3MOXHOCTU MoJlyyeHus nopoLukoobpasHeix maTepuarnos ¢
3apaHHbLIMM CBOMCTBaMM, 0OQHOPOAHbIX KOMMO3WULMOHHLIX MPOOYKTOB C BBEOEHWEM
pasnunuHoro poga AMCMEPCHbIX HANOSHUTENEN, MUKPOrpaHyIMpoBaHHbLIX MPOOYKTOB,
MoamdmKaLumMm maTepuanos NyTeEM BBEAEHNA PasfIMUHbLIX KOMMOHEHTOB, B TOM U/CHe
yrriepogHbIX HAHOMAaTepXasos; NoBLILLAeTcA YyNpaBAAeMoCTb MPOLLECCOM.

COCTOAHNE PASPABOTKN

CospaHa akcrnepuMeHTanbHaA pacnbuinTesnibHaa yCTaHoBKa ¢ KOMBUHMpOBaHHbIM
KOHBEKTVBHO-paanaLMoHHbIM NoABOA0M TensoTsl. [pon3BoguTenbHOCTL YCTaHOBKM
5-15 kr/u no ncnapeHHol Bnare; MakcumaribHas MOLLHOCTb UHhpaKkpacHbIX nanyuartenen
9 kBT, MakcuMarnbHas TemnepaTtypa TernsioHocuTtena Ha Bxoae B kamepy 200 °C; anametp
kamepsbl 1,2 M. HomvHanbHaa molwiHocTb ogHoro uanyuatens ‘1 kBr.

lMpoBepeHbl akcnepyMeHTasnbHbIE UCCeO0BaHNA N CPaBHUTESbHaA OLeHKa C
KOHBeKTUBHbLIM cnocobom. OnpepneneHbl napamMeTpbl YyCTaHOBKM O71A Pas/MUHbIX PEXUMOB:
TONbKO KOHBEKTVBHOIO NoABOAA TEroThl; KOMBMHMPOBaAHHOMO NOJBOAA TEMI0Thl KOHBEKUMUEN
n NIK-nanyuenvem npu pabote 3, 6 n 9 nsnyuarenei.

WHcturyT Tenno- n maccoobmena nvenn A.B. Ibikoa HAH Benapycu. 220072, r. Munck, yn. 1. Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
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a) 6)

a) Cxema aKcrnepuMeHTasnbHOW pacnbiMTENbHO YCTAHOBKU C NOABOA0M TEMSOThI

KOHBEKUMEN N MHPpaKkpacHbIM U3y4YeHNeM:

1 - pacnbiuTenbHaA kKamepa; 2 — ra3opacnpenenTenbHoe YCTPOCTBO; 3, 4 — kanopudepsi;

5 - dopcyHka; 6 - NIK-nanyuatenn; 7 - emkocTs; 8 - posatop; 9 - umknoH; 10 - oxnagutenbHan
pybawka; 11 - byHkep; 12 - BeHTUNATOP.

6) O6wwii BUA MHDpaKpacHoro ycTpoiicTBa.

YCTaHOBMEHO, UTO C YBENUUYEHNEM UH(PPaAKPaCcHOro TEMOBOro NOToKa NPy NPoYMX
paBHbIX ycroBMAX 3)hEKTUBHOCTb NPOLIECCA CYLLKM BO3PaCcTaeT.

KoHBEKTMBHbIE pacnblIUTENbHbIE YCTAHOBKU NPOU3BOAUTENBHOCTLIO 25 Kr/ 4 no
ncrnapeHHo Bnare Haluiv NPOMBbILLNIEHHOE NPUMEHEHNE ANA CYLLKW CYCrNeH3um
nonvanioM1MHaTa HaTpyA, aKCTpakTa KOPMOBLIX OPOXOKeid, hepmeHTa — amenassl. Vivieetca
KOHCTPYKTOPCKaA JOKYMeHTaLuA.

CBEOEHVA O NATEHTAX
MateHT PB Ha nonesHyo mogens Ne 18467 ot 2014.08.30 «Cnocob cyiku xupkoro
mMaTepuanan.

MPEOJIO>KEHIA O COTPYOHNYECTBE

MNpoeenenne HAOK(T)P no porosopam c 3akasuukom. [Npy nepepaue TexHonoruu
npeaocTaBnAeTcA NoOAAepXXKa: Hay4YHO-TEXHUUECKOE CONnpoBoXxaeHne paboT no ocBoeHuio
TEXHOJIOMMU N CO30aHNI0 YCTAHOBOK, TEXHUYECKaA A0KYMeHTauus.

KOHTAKTHAA NH®OPMALINA
J1labopaTtopua XMMNKo-3HEpreTUUYEecKnx NPoLLECCoB [3aBeaylolwmii — O0KTop

TexHunueckmx Hayk lNMuuyxa EsreHnii Anekcangposuu].
+375(17)370-24-80, pit.ea@hmti.ac.by

WHcturyT Tenno- n maccoobmena nvenn A.B. Ibikoa HAH Benapycu. 220072, r. Munck, yn. 1. Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
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TEXHOJOMMA 1 Ob0PYO0BAHWE V1A BbIlMYCKA
TEPMOMOONDOUNLINPOBAHHOW OPEBECUHDI

TepMomogundruMpoBaHHaa ApeBECUHA — 3KOMOMMYECKN UACTLIV MaTtepuan,
obnapatowuii BLICOKO BUOCTONKOCTEIO, A0SITOBEYHOCTLI0, pa3MEPHON cTabunbHOCTLIO,
HV3KO paBHOBECHOI BNaXXHOCTbH0. [pon3BoacTBo TEPMOMOONGULIPOBAHHON OPEBECUHBI
ABNAETCA OOHUM 13 NMEePCNeKTUBHbIX HarnpaBeHuli pasButua AepeBoobpaboTku 1
MPOMBILLSIEHHOCTU CTPOMaTepranos.

AxTyaneHol 3apaJveli ABNAETCA CHKeHNe cebecTtoMmocTu Npons3BoacTea
TepmMomoamcrLMpoBaHHO apeBecuHbl. [1na ee pewenus B VIHcTutyTe paspaboTtaHbl cnocob
1 obopynoBaHve ¢ UCnonb30BaHMEM B NpoLecce MoantrkaLmm NHTEHCUBHO
BbICOKOTEMMNEPATYPHON CYLLUKW, UTO NO3BOSINIIO0 3HAaUUTENbHO CHU3UTL cebecToMmocTb
npov3BoACcTBa.

OrMMNCAHWE MPEOJIOXXEHUA

Mpennaraemslii cnocob obpaboTky 3akntoUaeTca B COBMELLEHMM MPOLIECCA CYLLKU 1
TepMoMoaudgukaumy, Npy KOTOPoOM MEepPBOI cTaaveli MogudmvKaummn ABnAeTca
BbICOKOTEMMepaTypHan cyLuka co cbpocom gaBneHus.

ObpaboTka nponssBoguTCA B repMeTUYHON Kamepe nog, AasBfieHneM HelTparibHoro rasa
(nap, CO,, N,). Cywka co cbpocom gaBneHus 3akniuaeTcd B Umknnueckori obpaboTtke nytem
nporpeesa MaTepuana nog aaenedvem go temnepatypsl 120 - 140 °C, ¢ nocnegyowmm
peskum cbpocom pasnenus. [Npu cHWXeHUn BnaxHocTn o 5 - 8 % ocywecTenaerca
KpaTKkoBpeMeHHaA BbicokoTeMnepaTypHaA obpabotka maTtepnana npy Temnepatype 160 -
210 °C. 3atem nponsBoauTCca 0E3000PUPOBaHME U OXNaXOeHne MmaTepuarna.

TEXHVNKO-3KOHOMWYECKVIE NMPEVIMYLLIECTBA

Cnocob Tepmomoancvkaumm opeBecuHbl C UCMNOSIb30BAHNEM BbICOKOTEMMNEPATYPHO
cyLwKku co cbpocom gaeneHna NO3BONAET COKPaTUTL BpemAa Teruioson obpaboTkn bonee uem B
0Ba pasa, U cHM3uUTb 3aTpaTel Teryla Ha 12 - 16 %.

COCTOAHNE PASPABOTKN

PaspabotaH TexHonormyeckunin pernameHT peanuaaumm cnocoba TepMmomexaHUUecKon
mMoamdmkaumm gpesecurHbl cbpocom gasneHua. Ha skcnepumeHTanbHoM obopynosaHum
nosyyeHsl 0bpasubl TepMoMoanLMPOBaHHON OPEBECYHbI 1 NPOBEOEHb X UCMbITaHNA Ha

Linknorpamma npouecca
TepMmomoaunrKaLumm gpeBecuHbl:

T, — BPEMA CYLLKW; T, — BPEMA
BbICOKOTEMMEpaTypHoii obpaboTku; T, -
BpeMA KOHOMLMOHUPOBaHWS; t, —
TEeMnepaTtypa matepuarna npu
TepmMomogucukaumm; t, - TemnepaTypa
mMaTtepuarna npwu cyLuke; t, - Temneparypa
HacbIWeHus; t, - Temneparypa
oxfiaxgeHua matepuana.

WHcturyT Tenno- n maccoobmena nvenn A.B. Ibikoa HAH Benapycu. 220072, r. Munck, yn. 1. Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
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- B
OumnuHpopoBaHHanA ApeBecrHa COCHbI BrewwHuii Bup, 0bpasLos nocne
nnameTtpom 180 mm TepMomogudrKaummn

(nocka cocHbl TonwuHon 50 mMm)

COOTBETCTBME COBPEMEHHbBIM TpeﬁDBaHI/IFlM K MaTtepuany. NarotoBneHa nunotHasa yCTaHOBKa
anAa I'IpOMbILIJJ'IGHHOVI OTpEIﬁOTKVI TeXHoONormn.

XapaKTepucTukmn ycTaHoBKMU:

O pmaMeTp kamepbl 06 m

O pnvHa kamepbl 2.4 m

O TemnepaTypa TepMmomoamngmkaumm oo 245°C
O paeneHuve B kKamepe no 1 Mlla
O nopBegeHHas TeryioBaA MOLLHOCTb 15 kBt
CBEOEHWNA O NATEHTAX

Matent PB Ne 18977 ot 2014.02.28. «Cnocob Tepmuueckoii 0bpaboTku apeBeECUHBI
1 YCTPOICTBO A9 ero OCYLLECTBIIEHUAY.

MPEJI0>XEHWA O COTPYOHWYECTBE

CospaHue npegnpuATvA Mo cylike u Tepmomoandmkaumm gpesecuHsl. CosgaHue
eAMHWNYHbIX YCTAHOBOK MO KOHTPaKTaM C 3aKa3uuKoM.

KOHTAKTHAA NH®OPMALINA

JNabopaTtopua pagnauMoHHO-KOHBEKTMBHOIO TennoobmeHa [3aBegylowmii — uneH-
KOPPECMNOHAEHT, OOKTOP (hr3nko-MaTemaTmueckux Hayk ['punHuyk Maesen CemeHoBuu].

+375(17)379-13-46, gps@hmti.ac.by

WHcTuryT Tenne- n Maccoobmena uvenm A.B. Tbikosa HAH Benapycu. 220072, r. Murck, yn. . Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
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TEXHOJOMA OBYXCTAOUIAHOIMO COXKUFAHWA
TBEPObIX BUOTOMINB B KUMALLEM CJI10E

PaspaboTka TexHoMornii 1 koTenbHoro 06opynoBaHNA € TOMKaMU KUMALLErO Cros
cuuTaeTtcA ogHUM 13 Hanbosiee NePCNEKTUBHbBIX HANPaBSeHUi A B COBPEMEHHOM
TennoaHepretuke. Knunawmii cnoii, npegcrasnaowmii coboit xaoTMuHO LUPKYNMpyeEMyHo
CMecb TBEPLAOro TOM/IMBA U MHEPTHLIX HErOpPHUMX MaTepuasnos, obecrneunBaet ycTonumBoe
ropeHue B JOCTATOUHO Y3KOM CTabuiibHOM 1 peryivipyemMomM auanasoHe TEMMepartyp.
TexHonorua no3BonAeT MakCUMasibHO MCMOoSb30BaTh 3HEPreTMUeckuii MoTeHLman Tonanea u
npu 3ToM MUHUMU3VPOBaTb 0bpasoBaHWe BpedHbIX razoobpaszHiix Beibpocos. MNocpencteom
perynMpoBaH/A TEXHONIOMMYECKMX MapaMETPOB MOXHO CXWUraTb NMpakTUyYecky nioboie
MaTepuasbl OpraHMUYEecKoro NPOUCXoXOEHNA, BKIouad beiToBele oTxoabl. VIHCTUTYT BXoguT B
uncno nNMaepoB cpeay pa3paboTumKkoB KOTENbLHOro 0bopyaoBaHMA C TOMKOW KUMALLEro CrIoA.

OMNVCAHWE NPEOJIO>XXEHNA

TexHonorva AByXcTaAniHOro CXxuraHua TBepabix b1oTonnve B KMNALWEM crioe
COBMELL@EeT C/I0EBOE CXUraHWe TONnBa C BUXPEBLIM A0XWUraHNeM Meskmx chpakumii n
rasoobpasHbix roprouNX NPOAYKTOB B HAAC1I0eBOM npocTpaHcTee. OCHOBHLIMM
[OCTOMHCTBaMU Takoro MeToda ABMATCA KauyeCTBEHHOe BUXpeBoe cMeceobpasoBaHue
FIETyUnX NPOAYKTOB HEMOJIHOrO MOPEHNA C BTOPUYHBIM BO3OYXOM, NOAaBaeMbIM
TaHreHUMasnbHO B HAAC/I0EBOE MPOCTPAHCTBO; 3HAUMTENIbHOE CHKEHNE YHOCA MEenKUX
uacTuy, BcrieacTBUe OeiicTBMA LeHTPobexHol cynbl; 3aMeTHoe YyMEHbLUEHUE HAfCI0eBOro
npocTpaHcTBa U1, criegoBaTtesibHo, rabapuToB Tonku. 3T0 NO3BOSIAET peann3oBaTh TOMOYHbIN
npouecc ¢ bonee BbICOKMM TEMS0BLIM HANPAXEHNEM TONOUHOro 0bbeMa, 3HaUMTENBHO
YMeHbLUNTb KoadhduumneHT nsbeitka Bo3gyxa, noseicntb KM KoTna n cHN3WTb KOHLEHTpaumo
MOHOOKCUAA yriiepoaa B OTX0OALLYMX Fra3ax Nno CPaBHEHUIO C NPAMOTOYHBLIMUY TOMKaMU
CrNoeBOoro CXMUraHusa.

Co3paH NnpoToTyn LUMKIIOHHO-CNoeBon Tonky. BoporpeiHeii koten mowHocTteio 2 MBT
ycnewHo akcryatupyerca B Bpectckom XXKKX.

Paboratowwii npotoTMn TonNkK NpeacTaBneH B pamkax «benopycckoro
npomeiwieHHoro chopyma-2018».

TEXHNYECKUWE 1 BKOHOMWNYECKWE NPENMYLLIECTBA
MeTopn aByxcTaguinHoro cxuraHna Teepabix buotonnne MoXeT BbiTb MCNOML30BaH NpU

€c0o30aHnY KOTI0B Manow 1 cpepHein mowHocty (< 9,0 MBT) ona cxuraHua TBepabix
6uoTonnue (opeBecHbie 1 bbiToBbIE 0TX0ALI, (hPE3EpPHLI Topd), NENNeTsb U3
CEeSbCKOX03ANCTBEHHbIX OTXOA0B, NOACTUI0UHO-NOMETHAA Macca, akTUBHbIN 1i1) NOBbLILLEHHO
BrnaxHocTtu (po 55-60 %).

XapakTepucTKu TEXHONOMMU:

O koadhdmumeHT nsbbiTka Bo3gyxa: 1,15-1,25

O Krg 0o 92 %

O CHWXEHME METassIoeMKOCTM (MO CPaBHEHMIO C TPAAVLIMOHHBLIMU KOT/1aMu C
KMMALWMM croem) Ha 20...30 %

Copepxanne CO n NO, B oTxogAaLmx razax 3HauuTesibHO Hke TpeboBaHuin
HOpPMaTUBHbIX [OKYMEHTOB

WHcturyT Tenno- n maccoobmena nvenn A.B. Ibikoa HAH Benapycu. 220072, r. Munck, yn. 1. Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
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Cxema UMKII0HHO-CJI0eBOW TOMKN

1 umknoHHo-crioeBan kamepa (Kamepa cropaHus)
2 kamepa poropaHua
3 nepexum

4 kunAwmiA cnoii TonaMea n nHepTta

5 BBOpA TOMUIMBA

6 TaHreHuuwanbHbI BBOA BTOPUYHOMO BO3AyXa
7 BBOA NEPBUYHOrO BO3OyXa

8 rasopacnpegenutens

9 oTBOA NPOAYKTOB rOpeHus

10 conna BBOAAa BTOPVMUHOMO BO3AyXa

COCTOAHNE PA3PABOTKN

Cnocob gByxcTagmiiHOro CXXMraHua ¢ BUXPEBOI opraHM3aumeil Haacnoesoro
npocTpaHcTBa TBepAbIX BMOTONIMB NO3BONAET 3HAUUTENBHO YMEHBLLUNTL KO3 ULNEHT
n3bbiTka Boa3gyxa (mo a = 1,15-1,25) n cHU3MTbL KOHLEHTpauMio MoHookecuaa yrinepoga (CO)
B OTXOOALLMX rasax Mo CPaBHEHMIO C NPAMOTOYHbLIMI TONKaMK C/I0EBOr0 cxuraHua 6es
3aKkpyTky notoka. ONTMMM3MpoBaHbLI reoMeTpUYeckne napameTpbl TONKU (OTHOCUTENbHBbI
anametp nepexuma d, /D, XnBoe ceueHne conen), pexumMel paboTbl TONKM (MOLLHOCTB,
COOTHOLUEHUE JOHHOM0 1 TAHreHUMa bHOro AyThA), MpW KOTOPbIX KOHLEHTpaumA oKCUaoB
asota He npesbiwaet 500 mr/HM®, a MoHookcuaa yrnepoaa 50+500 mr/Hm® (npu a =1,2).

CBEOEHVA O MNATEHTAX
MatenTbl PB Ha noneaHyto mogenb Ne 7853, 8360, 10824, 11136.

MPEJI0>XEHA O COTPYOHWYECTBE
Marotoenexue u noctaeka obopynoBaHnA AnAa cxuraHna Teepasix buotonnus.

KOHTAKTHAA NHD®OPMALINA
J1labopaTtopua XMMNKo-3HEepreTUYEecKnx NPoLLECCoB [3aBeaylolmii — O0KTop

TexHuueckmx Hayk lNMuuyxa EBrennin AnekcaHgposuu].
+375(17)370-24-80, pit.ea@hmti.ac.by

WHcturyT Tenno- n maccoobmena nvenn A.B. Ibikoa HAH Benapycu. 220072, r. Munck, yn. 1. Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
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TEXHOJ10IN’ A BbICOKOTEMIMNEPATYPHOIO CUHTESA MNOPOLLUKOB
KAPBUOA KPEMHNA U OPYTUX TYTOMJABKX MATEPVAJIOB B
PEAKTOPE 3JIEKTPOTEPMWYECKOI'O KUMALLENO CJ10A4

B VHcTutyTe paspaboraHa MHHOBaUMOHHaA TEXHOMOMMA CUHTE3a NOpPOoLUKOB Kapbuoa
kpemHuAa SiC metopom kapboTepmyyeckoro BOCCTaHOB/IEHUA KpEMHE3EeMa B peakTope
31EKTPOTEPMUYECKOr0 NCEBOOOXMKEHHOr0 (kunawero) cnos (peaktop 3TKC). SiC otHocuTeA
K MHHOBaUVOHHLIM MaTepuanam, notTpebneHne KOTOporo B COBPEMEHHOM
BbICOKOTEXHOJ1I0FMUYHOM NPOM3BOLACTBE MOCTOAHHO pacTeT briarogapa ero MexaHU4eckum,
3J1IeKTPOTEXHUYECKUM 1 (hr3nko-xmmmnyeckum ceorictBam. SiC obnapaert BbICOKOW TBEPOOCTHIO
W MPOYHOCTBIO, XMMMUYECKOI CTOMKOCTLI0 B OKUCIIUTENBHBIX CPeaax, BbICOKOW
TEnSIoNpPoBOOHOCTLI0, HA3KOW NNOTHOCTLHO, HU3KUM KO3ththLMEHTOM TEPMNYECKOIO
pacLUMpeHns, YTo NO3BOJIAET LUMPOKO NPUMEHATb ero B obnacTax, roe ucnonbayiTcd
BbICOK/E TEMMNEPAaTyphbl, arpecCMBHbIE Cpeabl: B a3pOKOCMNYECKON, XMMUYECKO, aTOMHOM
NPOMBILLITEHHOCTUN, B MUKPO3SIEKTPOHMKE, MPU N3roTOBAEHUN abpasuBHbIX U PEXYLLIMX
WHCTPYMEHTOB.

OMMNCAHWE MPEOJIOXXEHWA

TexHonormna cMHTe3a NopoLUKoB kapbuaa kpemHua SiC meTopom kapboTepmuueckoro
BOCCTaHOB/IEHNA KpEMHE3EMa peanv3oBaHa Ha CO3[aHHol aBTOMaTU3NPOBaHHO
3KcrnepuMeHTanbHol yctaHoske ¢ peaktopom 3TKC.

3reKkTpoTEPMUYECKMIA KUMALLMIA CIOI co30aeTca N3 CMecu yriiepogHoro
BoccTaHoBuTena C u menkogucnepcHoro kpemHesema Si0, 3afgaHHOro MaccoBOro cocTaBsa.
B peaktope 3TKC HarpeB pearvpyloLmx KOMMNOHEHTOB MPOMCX0OUT MYTEM MPOMycKaHnA
3/1EKTPMYECKOro ToKa Yepes KUMNALLMIA Co 3/1EKTPONPOBOAALLMX YaCcTuIL, yrnepoaa, C
npAMbIM NpeobpasoBaHneM 3neKTPUYECKoi 3Hepriv B TEMNIOBYH Npu Temnepatypax 800 -
1900 °C, uTo BbI3bIBAET 3HEPreTUUECKYH aKTUBaLVI0 PEAreHToB.

Beioenaowanca aHeprua obecneunBaeTt npoTekaHe 3HOA0TEPMUYECKUX peakLuii, a
ay1eKTpopaspAnbl Mexay NCEeBOOOXKWKEHHBIMY YacTiLaMy co3natT 0bacTe MUKponiasmbl 1
paspyLialoT XMMUYeckre CBA3K B Morekynax pearnpyrowmx sewects. CuHtes SiC npotekaet
Ha NOBEPXHOCTU YaCTUL, YrIepoaHOr0 BOCCTAaHOBUTESA, HA KOTOPOI ocaXaatTcA napbl
MoHookcuaa kpemHua SiO, obpasyoweroca
npv ncnapeHnn n guccoumaumm KpemMmHesema
SiO,, 1 B3anmopQencTB/A ero pacnsiasa c
yrreponom npv temnepatype cebiwe 1750 °C.

A hEeKTMBHOCTbL TEXHOIOMUN
obecneunBaeTca UHTEHCUBHLIM TEMO- U
MacconepeHocoM MexXy rasom 1 TBepabiMU
uacTuLamMm, TeKy4ecTbo C/I0A U ero
N30TEPMUYHOCTbIO.

B peaktope 3TKC obecneunBaetca
BO3MOXXHOCTb aBTOMaTU3aLum
TEXHOJSI0rMUECcKoro NpoLecca, 0QHOPOLHOCTb
cocTaBa U BbICOKanA YMcToTa KOHEYUHOro
npoaykTa.

WHcTuryT Tenne- n Maccoobmena uvenm A.B. Tbikosa HAH Benapycu. 220072, r. Murck, yn. . Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
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Bbicokuii Beixog, ToBapHOro MenkosepHucToro kapbuga kpemHua SiC B Buae nopowuka
pasnuuHoii NOpMCTOCTM NO3BOJSIAET UCMONb30BaTh ero bea nononHUTENbHLIX onepaunii anA
NoslyYeHa KOMMNO3ULMOHHbIX MaTep1asnos.

Ha ocHoBe SiC paspabotaHbl HOBblE NOIMMEPHbBIE KOMMO3ULMOHHBIE MaTepuarnbl 1
NOKPbLITUA ANA pasnnyHbiX obnacTei TEXHUKW.

XapaKkTepucTrKn TEXHOSIOMK:

MaKkcuMarbHaa TeMmnepaTypa no 1900°C
noslyyaemblil NPOOYKT B-SiC n o-SiC
NpoV3BOAMTESNILHOCTb 0o 3 kr/u

paboTta B HenpepbIBHOM peXnve
BblcOKanA aHeproaggekTnBHOCTb
BO3MOXHOCTb CENIEKTUBHOI0 CUHTE3a pPasfinyHbIX nonuTunos SiC

000000

TEXHWNYECKUNE N1 BKOHOMWYECKWVIE NMPEVIMYLLIECTBA TEXHOJOIMI

MpombiwneHHbIM MeTogom nonyyveHus SiC ABnAeTcA BOCCTaHOBIIEHNE KPpEMHE3eMa
Si0, yrnepogom B KPYMHOTOHHAXHBIX 371EKTPOTEPMUYECKMX Neyax no cnocoby 3. AuecoHa,
npeanoxeHHomy B 90-e roabl XIX B. NMeun AuecoHa 1cnonb3yoTcA A0 HACTOALLEro BpEMEH!,
HECMOTpPA Ha HN3KUI OTHOCUTENbHBI BbIXOA, TOBAapHOro kapbupa kpeMHus, onTenbHOCTb
npoLecca, He3aKosIo0rM4yHoCTb, Nepepacxom, 351IeKTPO3HEPruun, NPUMEHEHNE PYYHOro Tpyaa.

BHyTpEeHHUI Harpes pearvpyroLmMx YacTyL, CMECU NPY NPOTEKAHMKN TOKa B peakTope
3TKC npuHumnnansHo bonee achhekTMBEH, UEM HarpeB Npu obTekaHUN YacTuL, FropaunUM
rasom B neun AuecoHa; CHMXXAKTCA 3aTpaThl SHEPTMU HA EAMHULLY MAacChl NPOAYKTA.

Cnocob 1 yctaHoBka ynocToeHbl dunnoma | cteneHu n 3onoTtoilt Meaany B HOMUHAaLMK
«JlyuLniA THHOBaLMOHHLIN NPOeKT B 0bnacTn maTepmanoB U XMMUYECKON NpoayKLummny Ha
Metepbyprckoli TexHnueckon apmapke 2014 roga.

CBEOEHWVA O MATEHTAX
EBpasuiickuii nateHT Ha n3obpeteHne Ne 027539 «Cnocob n yctaHoBka oA
nonyyeHva kapbupa kpemHuay, 2017.

MPEJI0>XEHWA O COTPYOHWYECTBE

Co3paHne egMHUYHBIX YCTAHOBOK MO KOHTPAKTaMm C 3aKa3umKoM.

Co3spaHve BbICOKOTEXHOIOMMYHbLIX FIVMHUIA NO nonyyeHunio kapbrupga KpemMHNA 1 apyrux
Kapbuoos 1 HATPMAOB, a TaKXXe JIMHWI N0 BLICOKOTEMMEPATYPHOI OUMCTKE YriepoaHbIX
maTtepuarnos 0T NpUMeCeN.

KOHTAKTHAA NHD®OPMALINA

JlabopaTopma XMMUKO-3HEPreTMUEecKrX NPOLLECCOB [3aBeyolnii - OOKTop
TexHuueckmx Hayk lNMuuyxa EBrennin AnekcaHgposuu].

+375(17)370-24-80, pit.ea@hmti.ac.by
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TEXHOJ10rmA 1 o6OPYAOOBAHVE U118 KATAJTUTUYECKOIO
CNHTE3A MHOIOCTEHHbIX YITIEPOOHLIX HAHOTPYBOK U3
FA300BPASHbLIX YITIEBOOOPOAOOB B NCEBAOOO>XXW>KEHHOM

CIOE

OMNCAHVE NMPEOJIOXXEHNA

PaspabotaHa n ontumnanpoBaHa
TEXHOJIOMNA KaTasIMTUYeCcKoro CMHTe3a
MHOIOCTEHHbIX YrnepofHbIX HaHOTpybok
(MYHT) n3 nponaH-bytaHa unu atuneHa B
peakTope C NCeBO00XNKEHHBIM C/I0EM.
V/IHHOBaUMOHHBIMY JOCTOMHCTBaMM
TEXHOJIOMUN ABMAOTCA €€ PEKOPAHO BbICOKMNE
nokasaTenu rno yaesbHoM
NpoV3BOAMTESNbHOCTY, KAUEeCTBY NPOAYKTA,
KO03hhMLIMEHTY MCMNOMbL30BAHNA ChIpbA.

CuHtea MYHT ocywectensaerca B
peakTope c NceBOO0XMKEHHbIM crioemM. PocT
HaHoTpybok NpoucxoauT Ha cneunansHOM
KaTasm3aTope BbICOKOM
npoussogutensHocTy (Bo 30 r MYHT Ha
1 r katanuaartopa).

MNpouecc cuHTtesa MYHT
HernpepbIBHbINA, C LLMKIIMUYECKON Bbirpy3KOoW
NpodyKTa 1 3arpy3Koi NopLmii CBEXEero
KaTanms3aTopa; ONTUMU3MPOBaH Mo
PEXUMHBIM 1 TEXHONOMMYECKUM NapamMeTpam.

TexHonorna xapakTepnsyerca HU3KUM
notpebneHnem aHepruv, 3KONOrMYeckn
besonacHa. TexHonornyeckuii NPoLLecc
XopoLuo maclitabupyertcs.

Co3paH akcnepuMeHTarnbHbili obpase,
peakTtopa; nosyueHbl 0bpasusl MYHT.

PaspaboraHo T3 Ha onbiTHBIN 0bpasey, peaktopa MYHT nponssoaunTensHoCTbHO
1 kr/u. Bo3moxHo co3paHne peakTopoB elle bonbLueil npon3BoanTeNIbHOCTU.

TexHuueckue xa PaKTepUCTUKN peakTopa:

NpPoN3BOAUTESIEHOCTb
yOesnbHadA Npous3BognTesibHOCTb
MoMNepeyYHoro CeueHVsa peakTopa

aHepronoTpebneHve
KauecTBo NpoaykTa

OO0 0O

CTerneHb KOHBEPCUM rasa-nepkypcopa

cogepxaHvue MYHT
anameTp
KOJSIMYEcTBO CTEHOK

0 - 50 r MYHT/u

150-180 r MYHT/u Ha 1 gm°

70%

4 - 6 kBruna 1 kr MYHT
90%
10-25 HM
7-12

coaep)xaHne meTtasn. katanuaatopa < 5%

HacCbIiNMHaA NMNJ1I0THOCTb

<100 kr/m°

TEXHWUECKWE N SKOHOMWYECKWE MPENMYLLECTBA
PaspaboTaHHas TEXHOMOrA NPEBOCXOAUT aHarnory no yoensHoli Npovi3BoOaUTEbHOCTY
1 3HeproaheKkTMBHOCTM, UMEET MPENMYLLECTBO MO TUMY OpraHusauun ipoLecca 1

WHcturyT Tenno- n maccoobmena nvenn A.B. Ibikoa HAH Benapycu. 220072, r. Munck, yn. 1. Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
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N3obpaxeHna obpasLoB yriepoaHbix HAHOTPYBOK, NonyyYeHHbIe
Ha NPOCBEUNBAIOLLEM 3SIEKTPOHHOM MUKPOCKONE.

BO3MOXHOCTY ero aBTomatmsaumu. Nonyuaemsle MYHT obnapatot BeicoKUMU
thyHKLIMOHANbHBIMY CBOWCTBAMU, B UaCTHOCTU, BLICOKUM MOOLLEHEM PaavuonayueHnsa B
CBUY-gnanasoHe. TexHonorva npegHasHaueHa gna obnactei NpoMbILLNIEHHOMO
NpoOM3BOACTBa MaTepuanos, HeMeTaslNIMUuecknx nagenuin, TpadHcnopta. MYHT npumeHatoTca B
KOMMO3UTHBLIX MaTepuanax pasfiMuHoro HazHavyeHusa, HaHo- 1 MUKPOTEXHOSIOIAX,
nponssogcTee nornotutenein CBY-nanyueHus n CBY-Harpesateneii.

CBEOEHWA O NATEHTAX
MateHT PB Ha nonesHyo mogens Ne 8662 «PeakTop ana nonyyeHva yrinepoaHbix
HaHOTPYBOK B KMMALLEM Crioey.

MPEOJIOXKEHNA O COTPYOHWYECTBE

JnuensmposaHue. Npopaxa. CosgaHne eavHNYHBLIX YCTAHOBOK MO KOHTPaKTam C
3aka3unkoM. CospaHve BbICOKOTEXHOMOMMUHBIX NHWIA no nonyueHuio MYHT.  TexHunueckas
nokymeHTauma. TexHuueckas nopoepxka.

KOHTAKTHAA VH®OPMALIAA

JlabopaTopuAa papuauMoHHO-KOHBEKTUBHOrO TernioobmeHa [3aBegylolmii — uneH-
KOPPECMNOHAEHT, [OKTOP (hrn3nko-MaTemaTmyeckux Hayk I'puHuyk MNasen CemeHoBuu].

+375(17)379-13-46, gps@hmti.ac.by
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NMnPON3BOAOCTBO HAHOUACTL, METOOOM PACIBbIJTATESIbHOIO
NMAPOJTMSA MNKPOHHbIX KATMES1b PACTBOPOB

PacnbinuteneHeIli NMponn3 MUKPOHHbLIX Kanesib PacTBOPOB COJIel ABMAETCA
ahhekTMBHBIM METOLAOM MOJIyYeHNA HaHouacTul,. B peaynbrate ncnaputensHoro
oX/1aXaeHVA BHYTPU MUKPOHHbIX Kanesb BO3HUKAET NEPEChILLEHHBI PacTBOP COSKY, KOTOPbIN
pacnapgaetcA c obpasoBaHvem HaHouacTul,. B 3aBucUMOCTU OT CKOpPOCTM NCNapeHna Kanesb,
B @3P030J/IbHOM PEeakTope MOXHO MoJlyunTb HAHOUACTULLEI U3 OKCUA0B METarnsioB, MeTasnsioB
unu TBepabiX pacTBopoB. VIx pa3dmepbl 3aBUCAT OT CKOPOCTY ABWKEHNA Kanesib U
perynupytotca B bonblumnx npegenax (5 - 40 Hm). MeTon MoXeT HaliTy NpUMeHeHVe B
J1aKoKpacoyHol NPOMBbILLIIEHHOCTK, hapMaueBTuke, MeTasoobpaboTke, ona nonyyeHws

npucapgky K HedTenpoayKTam.

OMNCAHWE NPEOJIOXXEHNA

Cxema peaktopa

1 - bannoH c aproHom, 2 - potameTp, 3 - Hebynalisep,
4 - pactBop, 5 - neub, 6 - X0NoANNBHNK-NOBYLLKA,

7 - pe3sepByap ¢ Bogoi, 8 - Hacoc, 9 - JIATP,

10 - Bbixnon, 11 - cnus Bogbl.

CBEOEHW/A O MNMATEHTAX

CXEMA OZIHOI0 N3 BAPUAHTOB
PEAKTOPA

MukpoHHbIe kanau nonyyarTca
Npy NOMOLLM YNbTPa3BYKOBOIro
Hebynai3epa unu rasaoguHaMmnyeckoro
pacneinutena. B Hebynaiizep
HernpepbIBHO NOOAeTcA PacTBOP COSN 1
rasoBblii NOTOK (@proH uiv Bo3ayx),
KOTOpBI NpoxoguT yepes
a3p030JibHbI/i PEaKTOpP, CTEHKM
KOTOPOro HarpeTbl 40 BbICOKOW
TemMnepaTypbl; BO BPeMA OBXEHNA
Kannu ncnapAoTcA; obpasosasLumecd
HaHouacTWLUbI yNaBfMBaoTCA.
MpeumyLiecTBa MeToga: xMMmn4yeckasn
uMcToTa HAaHO4YacTUL, BO3MOXHOCTM
HenpepbIBHOM paboThl, yckopeHHoe
NpoTEKaHME XMMUYECKMX peakLmnii,
CHV)XEeHUe 3Hepros3aTpaT 1
cebecTommocTu Nnpon3BoacTea.

MateHTtol PB: Ne 9752 ot 30.12.2013; Ne 18452 ot 30.08.2014.

COCTOAHNE PASPABOTKN

Co3zpaHa onbITHasA YyCTaHOBKa NPoU3BOaUTESIbHOCTE0 HECKOSIBKO rpaMm B Uac
HaHoYacTUL, LUMPOKOro CreKTpa XMMUYECKMX COCTaBOB U Mophooruii.

MPEOJIATAEMbIE ®@OPMbl COTPYOHUNUECTBA
CozpaHvie NpegnpuaTrA No NpPovM3BoACTBY HaHovacTul. VisarotoBneHve obopypoBaHun
nop 3akas. TexHuueckoe obcnyxnsaHue, obyyeHne nepcoHana.

KOHTAKTHAA NH®OPMALWA

JlabopaTopuA pagnauMoHHO-KOHBEKTUBHOIO TensioobmeHa [3aBeoyowmii — urneH-
KOpPECNoHOEHT, AoKTop husnko-maTtemaTmueckmnx Hayk 'pnHuyk MNaBen CemeHoBuY).

+375(17)378-13-46, gps@hmti.ac.by
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OXJTAXKOEHUE NMOBEPXHOCT CKOPOCTHbLIM NMOTOKOM
MWKPOHHbIX KAMNES1b

Pabota MHOrvx coBpeMeHHbIX 3/1EKTPOHHBIX YCTPOWCTB TpebyeT ncnonb3o0BaHWA
cucTem oxnaxgeHusa. B HenpepbiBHOM oxnaXaeHnm HyXOarTcA MOLLUHBIE JTa3epbl,
KOMMOHEHTLI 3/1EKTPOHHbIX CUCTEM, CBETOAMOOHLIE CUCTEMbI, COSTHEYHBIE NAHENV 1 ap.
Mockonbky ¢ pasBuTEM TEXHOSIOMMIA MOLLHOCTL NOA0BHbIX YCTPOCTB BO3pacTaerT,
TPaOULIMOHHBIX CUCTEM OXJTaXXOEHNA CTaHOBUTCA HegocTaTouHo. Betaet 3apava cospaHua
CVCTEM OXJ1aXOEHUNA, NO3BONAOLLMX CHAMaTb A0CTaTo4Ho Bonbluyo NIoTHOCTL TEMSIOBOr0
noToka Npu MUHUMAasILHOW PasHOCTU TEMMEepaTyp.

OMMNCAHWE MPEOJIOXXEHUA

Mpennaraemas TexHonorma cHumaet notok 0.5 MBT/M” npu pasHocTi TemnepaTtyp
Bcero 40°C. OxnaxpatoLlee yctpoiicteo pabotaet cnenytowmm obpazom. B ogHo 13 conen
nogaeTcA BoAa, B ApYroe — cxaTblil Bo3ayx. Boaaoyx BbITekaeT co 3BYKOBOV CKOPOCTbIO N3
BO3AyLIHOro cornsia u pasbuBaeT Bogy Ha MMKPOHHbIE Kannu. Kannu ocaxpatTtea
ucnapsatotca. daHHbil cnocob cyiectBeHHO 3dihekTBHEE OPYrMX TEXHOMOMMIA, UTO CBA3AHO C
BbICOKOV CKOPOCTbIO UCMapeHnA MUKPOHHBIX Kanesb.

O6LanA cxema oxiaxaalLLero yCTporcTBa:

1 - MenHbI KanopuMeTp, 2 - ra3ognHaMUJecknii
pacnbnTeslb MUKPOHHBIX Kanesb, 3 — NoToK
MUWKPOHHbIX Kanesnb, 4 - BbIBOA, HA BaKyyMHbIV
Hacoc, 5 - npucocka, 6 - Tepmonapa,

7 - HarpeBaTesib, 8 - 3acrioHka.

CBEOEHW/A O MNMATEHTAX

MateHTbl PB: N2e7914 o1 2012.02.28; Ne1339 o1 2017.04.30; N211333 ot
2017.04.30.

COCTOAHNE PA3PABOTKW

CospaHa onbiTHaA ycTaHOBKa, NO3BOSIAIOLLAA CHUMATb C HarpeTol NoBepXHOCTH
2
no 0,5 MB1/m tenna npu pasHoctu temnepatyp 40°C. YcTtaHoBka nveet ogvH
pacnbINTENb 1 MOXET 0XNaXaaTh A0 4 CM° NOBEPXHOCTY OOHNM XUAKIM COMJIOM.

MPEOJIATAEMbIE ®@OPMbl COTPYOHNYUECTBA

PaspaboTka, ycTraHoBKa 1 3anyck cuctemM MMKpokanenbHoro oxnaxaenusa. CosgaHue
COBMECTHOr0 NPoOM3BOACTBA B MHTEPECAX MUKPO3MEKTPOHUKM, Na3epHO TEXHUKWN, BOEHHOM
npombiwieHHocTu. MapaHTuitHoe obenyxuBaHme.

KOHTAKTHAA NH®OPMALINA

JlabopaTtopusa pagnaunoHHO-KOHBEKTUBHOIO TennoobmeHa [3aBeayowmii — uneHx-
KOPPEecnoHAOEHT, A0KTOp huanko-matemaTnyeckux Hayk 'punHuyk Nasen CemeHoBuu].

+375(17)379:13-46, gps@hmti.ac.by
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A3POOVHAMWNYECKUE YCTPOICTBA 14 NOBbLILLUEHNA
OXNAXIOAIOLLIEW CrNOCOBHOCTW BALLUEHHDbIX
WNCNAPUTEJ1IbHBIX TPAOVPEH

BaweHHanA rpagmpHA NnpencTaBnsaeT coboli coopyXeHWe, NpegHasHaueHHoe oA
BO3[YLLUHOro oxnaxpeHus bonbloro konuyectea Bogpl. B ocHoBe paboTbl McnaputesnbHbIX
rpagMpeH NeXunT nepegava Tensia oT XXMAKOCTY (Bogbl) aTMocthepHoMy BOSAYXY Mpu
HernocpeacTBEHHOM KOHTaKTE CPef, — MNPy OXJTaAEeHVN Boabl Y ee MOBEPXHOCTHOM
ncnapeHuun. EctectBeHHan TAra Bosgyxa CO3OaETCA 3@ CUET Pa3HOCTU AABIIEHUI B H/KHEN 1
BEpXHei yacTtax balwHu. B aTom Buge rpagnpHy NPUCYTCTBYIOT 3NIEMEHTbI, OT KOTOPbIX
3aBucUT ahheKTUBHOCTbL ee paboTel: opocuTesb, BogopacnpeneneHue ¢ hopcyHKamm,
anwosau, aspoaMHaMUYeckre YCTPoCTBa, COBEPLUEHCTBOBAHMID KOHCTPYKLMUM KOTOPLIX
MOCBALLEHbI TEXHOJIOrMUECKUE NpennioXeHnsa ViHctuTyTa.

ONMMCAHME |'|F’E,E|,J'|O)KEHI/II7I
A3POI|I/|HAMV|‘-IECKI/II7I 3ABUXPUTEJIb obecneunBaeT 3akpyTKy BXOOALLErO B

NMooopoCUTESNILHOE NPOCTPAHCTBO rPagupHU BO3ayXa, YTo NO3BOSAET MHTEHCU(ULMPOBATb
npouecchl Tenso- 1 maccoobmeHa BHYTPY rPaavipHn, YNyULLIMTL a3poanHaMUKY
oX/1aXaaLWmnX BXOOALMX BOSAYLLHbIX NOTOKOB M 0becneunTtb JOMNONHATENIbHOE NOHWXEHNE
TemMnepaTypbl 060poTHOI BoObl, MOCTyNakoLLEei 0T KOHAeHcaTopa TypbuHbI cTaHUMK, Ha
HECKOJbKO FpagycoB B 3aBMCMMOCTY OT pexuma paboTbl TYypbUHbI U KIMMaTUUECKMX YCIOBUIA.

BEHTUJIALMOHHOE OKHO C PETYJIUPYIOLLIMMU YCTPOUCTBAMM npenHasHaueHo ans

ONTMU3aunn BHYTPEHHE a3poguHaMnKn
rpagupHu 3a cuet ynaneHva Hanbonee
HarpeTou HacbILeHHOol BoAAHLIMM Napamu
yacTu BO3OyLUHOro NoToKa Yepes3 co3gaHHoe
BEHTUNALMOHHOE 0KHO. BHyTpn okHa
yCTaHaBNMBAKOTCA OPUrMHasbHbIE
perynupyoLLMe yCcTPocTBa, KOTopble
HanpasnAKT TENJsIbl U HaCbILWEHHbI BNarom
A A . A AA 1% JUTIe. v

r Vi ViEk BO3yX N3 LIEeHTpasibHOWN 30HbI B
l 1 t‘ﬁi‘ih ““ nepecupwuiiHyio obnacte NoaopoCUTENBEHOO
= s NnpocTpaHcTBa, Fae oH, cMeLuvBanchk ¢ bonee
X0N04HBIM 1 CyXUM BO3OyXOM, yBenununsaeT
TAry B 3TON YacT rpagupHu. 3To No3Bon[eT
MHTEHcMUUMPOBaTbL NPOLLECC

MCnapuTenbHOro OXaXaeHus n
[O0MOSIHUTENbHO CHU3UTb TEMMEPATYPY
obopoTHo Bogkl.

MEXAHU3M YNPABJIEHUA
rOPU30HTAJIbHbIMU 3UMHUMU
YXANTHO3UHHBIMUW YCTPOMCTBAMM

npepctaenaet cobol HOBY KMHEMAaTUUECKYHO
CXemy yrnpasSieHA S3MMHUMW NOBOPOTHBLIMU
LMTamMm Xan3niiHoro ycTpomncTea,
pacnonaras ux nog, 3agaHHbIM.YFAoOM K
ropusoHTy. Paspabortka ynyuwaer
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aspoavHaMuKy BXOAALLEro BO3OyYLLIHOMo NoToka B
BEPXHEl UacTu BO3[YXOBXOOHbIX OKOH, NO3BOSAET
JNIMKBMAMPOBaTb MMEeKLLMeca TaM 3acToWHbIE 30HbI U
YBENNUYUTb CKOPOCTb U «0anbHOBONHOCTLY noToka
BXOOALLEro Bo3ayxa.

MOZYNb NPUHYAUTENLHOW NOJAYH BO3AYXA

Mopaynb ABnAeTcA ynpasnalowmM 3/1EMEHTOM
oxnaxpatoLel cnocobHocTv balwweHHo ncnapuTesnbHon
rpagupHW, B KOTOPOW ONTUMAaribHO CoYeTaeTcA
€CTeCTBEHHAaA U OOMNOSTHUTESbHAA BbIHYKAEHHAA TArV rpagnpHu. Oxnaxagaowmii Bosgyx
NPVHYAMTESbHO NOAAETCA B LIEHTPanbHY0 30HY rPagupHW, NPMUEM ero pacxog,
nopnepxueaetcA Ha yposHe 40-80% ot obwiero pacxona Bosgyxa.

TEXHNYECKVE 1 3BKOHOMWYECKWE MPEUMYLLECTBA

JononHutensHoe noHwkeHve Temnepatypbl 06opoTHoii Boabl Ao 3°C. 3koHoMMA Ha
rpagvpHe ¢ nnowansio opowwerna 3000 m* nocturaet 1500 T.y.T. 33 ce30H. MoaepHusauma
He TpebyeT ocTaHoBKM paboTkl rpaavpeH 1 oKynaeTcA B TEYEHWE OBYX CE30HOB
aKcnyaTauum.

PaspaboTaHHble TExHONOMMYecK1e NPeasIoXKeHMA No MoAEPHM3aLMM rpagupeH nawT
BOSMOXHOCTb JINKBUAMPOBaTb PaspbiB MeXay YCTaHOBMEHHON U pacrnofaraemoil MOLHOCTbIO
TENoBbIX 3NEKTPOCTaHUMI B Hanbonee HanpaAXXeHHBI TeTHUI Nepuog.

COCTOAHNE PASPABOTKN
PaspaboTtkn BHegpeHbl Ha 14 rpagmpHax TAL, B Pecnybnuke Benapyck, Poccuiickoi
Mepepaumm, Kntae, Npyaun.

CBEOEHVA O MNMATEHTAX

Matentbl PB Ne 1293 «['pagmpHa», Ne 2098 «3nekTprnyeckoe BogoHarpeBaTesibHoe
yctpoiicTeoy, Ne 83995 «Cnocob oxnaxgeHus XXMAKOCTU B rpagvpHe 1 BEHTUIALMOHHAA
rpagupHa onAa ero ocywecteneHua», Ne 10380 «[pagmpHa» n gp.

MPEJI0>XKEHA O COTPYOHWYECTBE
HayuHoe 1 TexH1uYeckoe conpoBoXAEHVE MOOEePHM3aLM U PEKOHCTPYKLIMKN paHee
MOCTPOEHHbIX, 8 TAKXE NPOEKTUPYEMbIX HOBbIX FPaAVpeH Ha JOroBOPHOV OCHOBE.

KOHTAKTHAA NHMOOPMALINA

JNabopaTopuAa pagmauMoHHO-KOHBEKTVMBHOrO TernnoobmeHa [3aBegyowmin - uneH-
KOppPEecnoHAEeHT, AOKTOp M3nKo-MmaTemaTnueckux Hayk MpuHuyk Masen CemeHoBuu].

+375(17)379-13-46, gps@hmti.ac.by
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TEM10OHACOCHbBIE YCTAHOBKHA

TennoBoii Hacoc NpeacTaBnAaer coboii yCTpPoMCTBO, C NMOMOLLBH KOTOPOro MOXHO
MepeHoCUTb TEMJIO OT MEHEE HArpeToi cpenpl K Opyroi, yBenMumBas TeEMNepaTypy
nocnegHeii. TENIOBLIE HACOCHI ABNAIOTCA anbTepHATUBHLIMU UCTOUYHUKaMU 3HEPIUW,
No3BOMAKLLMMY NoSyyaTh OeLIeBOe Tensio bes Bpeaa ana okpyxatoLLeid cpegbl.

TEMJIOHACOCHAfAl YCTAHOBKA THY MNKTH-30

Ha base akcneprmeHTanbsHOro TENJI0BOro Hacoca co3paHa TernslIoHacocHas yCcTaHoBKa
THY MNKTH-30 (30 kBT), npegHasHaueHHas Asa NPOBEAEHMA NCMLITAHWUIA N ccnenoBaHuii ©
Lernbio COBEpLLUEHCTBOBaHUA 3KCrlyaTauny TEMNI0BbIX HACOCOB Pas/IMYHbIX KOHCTPYKLUMIA B
pexnmax Ucnonb30BaHWA 1 TENNa, 1 X004a, a Takke A/ AeMOHCTPaLvmn BOSMOXHOCTH
ncnosnb3oBaHNA B pexnmve oborpesa -
Tensibiii Nos (pagnaTtopHoro, BO3QYLIHOMO), B
pexnMe oxnaxneHna — ocyLleHuA Bo3ayxa
(xpaHeHuA NPoAyYKTOB, OBOLLEXPAHUIIULLL).

MNpwn paboTte ycTaHOBKM TemMnepaTtypa
XriajareHTa B ucrnaputesie M3MeHsAeTcA oT 2
0o 12 °C, B koHaeHcartope ot 30 oo 57 °C.
3710 obecneunBaeT nonyueHue ot 28,5 oo
32,5 kBt Tenna npu notpebnexHuu ot 4,4 no
5,0 kBt anekTtpnueckon sHeprun. Taknm
obpasom, no Tenny koadduumneHT
acppekTBHOCTM cocTaenAeT ot 5,3 oo 7,4.
Mo xonopy npu notpebnenun ot 4,4 o 5,0
kBT anekTpuueckoii aHepruu
obecneuusaetcs ot 24,1 po 27,5 kBt
xonopna; ko3 huuneHT 3hPeKTUBHOCTU OT
4,3 po 6,4.

TEXHVNYECKVE 1 BKOHOMWYECKWE NPEVMYLLIECTBA

Komnpeccop MLZO76T4LP9
obecneuvBaeT NnopaepXxaHue OaBeHnA B
3oHe ncnapwurtenda ot 0,5 go 0,8 MlMa, B
30He KoHgeHcaTopa oT 2 Ao 2,5 Mrla.
LinpkynaumoHHble Hacockl nepekavmsaoT
TEMSIOHOCUTESb OT UCMapuTenei K
notpebuTtenam xonoga v OT KOHOEHCATOpPOoB
K noTpebutenam Tenna. Bece yanbl n
KOMMYHUKaLIMK, BXOAALLME B COCTaB
ycTaHoBKU, paboTaloT aBTOHOMHO, a
n3MepuTenbHble 1 perynupyrowme npnbopsl
ocyLecTBNAIT 0bMEH ¢ ynpaBnaloLwyM
KOMMbIOTEPOM UEPES3 CTaHOAPTHLIN YHMBEPCanbHbIA nHTepgelic USB, uto obecneunt
[O0CTaToYHbI YyPOBEHb YHUMKALMN.

COCTOAHNE PA3BPABOTKI

YcraHoBKa BBefeHa B 3KCM/lyaTaumio 1 UCMNONb3yeTcA ArA onpegeneHya napaMmeTpos
TennoBoro pexuma oborpeBa nomMeleHuii (komHart). KoHCTpykLmA ycTaHoBKM NO3BOSAET
TECTMPOBAaTh TEMJIOBLIE HACOCHI APYrvX NPOV3BoaUTENEN.

WHcturyT Tenno- n maccoobmena nvenn A.B. Ibikoa HAH Benapycu. 220072, r. Munck, yn. 1. Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
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TEMNJIOHACOCHAA YCTAHOBKA THY ANKTH-1

TennoHacocHaa ycraHoska THY OMNKTH-1
(15 kBT1) npegHasHaueHa oA npoBegeHnn
UCNbITAHWI C LieSblo COBEPLUEHCTBOBAHMWA
KOHCTPYKLMU TEMSIOBOrO Hacoca, noucka
OMTUMarbHbIX PEXMMOB ro 3KCrJlyaTaumu, a Takxke
019 AeMOHCTPaLumMm BO3MOXXHOCTU NCMNOSIb30BaHUA B
pexume oborpesa (Tennbiii Non), B pexume
ox1aXOeHWA - ocyLeHA BO3ayxa.

OrMMCAHWE MPEOJIOXKEHWA

THY OMNKTH-1 (15 kBT) cospaHa Ha base
3KCMepuMeHTarIbHOro NapoKoMMPeCcCUOHHOMo
Tennosoro Hacoca 3-AMNMKTH-1 (mo 15 kBT),
paccuutaHHoro Ha paboty c xnagareHtom R404A, koTopblii ABNAETCA cMecbt, 6rmM3Kkoii K
a3e0TPOMHOM, UTO onpegenaeT NOCTOAHCTBO 3KCM/lyaTaLMOHHbIX XapakTepmucTuk. BosmoxHbI
Moauvdukaumm TENIOHACOCHOW YCTaHOBKU: cTaHaapTHaA (¢ ABymA 3¢ eKkTUBHbIMU
TennoobmeHHKaMKM co cnvpasibHblM KOMNPECCOPOM); KOMNAaKTHaA (C YeTbipbMA
aphekTnBHBIMK TENO0BMEHHNKaMKM CO cnupanbHbIM Komnpeccopowm). MicnoneayoTea
BbICOK03(hhekTMBHLIE TENNO0BMeHHNKN ¢ MegHbIMU TpyBkamu n Tpybkamn us HepkaBetoLLEei
CTanu ¢ yBesinyeHHol nnowanso Tennoobmena B pasnnuHbix Mogndunkaumax.
TennoobmeHHuku paboTatoT ¢ TEMSIOHOCUTENAMN U3 FPYHTOBLIX TEMI006MEHHUKOB
rOpPM30HTaNIbHOro TUMa, TEXHOOMMYecKol BoAol. BoamoxHbl kombuHaumn ¢ gpyrumum
BHELUHUMM TENN00bMeHHMKaMn 1 TENSIOHOCUTENAMM (BoAa, FNnKosb, paccon), ¢
JononHuTensHeiM 0bopynoBaHueM, cMctemamm pekyrnepauun.

XapaKTEpI/ICTI/I KN TeXHOornn:

O nonHaa noTpebnaemanA MOLLHOCTb 2,5-2,9 kBt

O anekTponuTaHune 380-4008B; 3/50 'y
O KomMpeccopsl, TMN crnypasnbHble

O perynupoBaHue Npou3BoaUTENbHOCTU craHgapTHele TPB

EER koaddumument (Energy Efficiency Ratio,
paccunTbiBAETCA KaK OTHOLLEHME MOLLHOCTY

oxslaxgeHna K notpebnAaemoin mowHocTr) 554,0
COP koadhchmumeHT (Coefficient of Performance,
obosHauaeT oTHoWweHNe MowHocTn oborpeBa

K noTpebnaemoil MmowwHocTH) 6,5-5,0

MNPEOJ1I0>KEHA O COTPYOHWNYECTBE
MpoBeneHWEe cOBMECTHLIX HAYUHO-UCCIEA0BATENLCKON paboT Ha JOroBOpHOI OCHOBE.

TexHuueckasn OOKyMeHTauuA. HayHHO-TEXHVILIECKOG cornpoBsoxgeHune.

KOHTAKTHAA NHDOOPMALINA

JNabopaTopua pagnauMoHHO-KOHBEKTUBHOrO TensioobmeHa (3aBegyowmin — uneH-
KOPPECMNOHAEHT, AOKTOP h13nKo-MaTemaTmueckux Hayk MpunHuyk Maesen CemeHoBuu).

+375(17)379-13-46, gps@hmti.ac.by
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CUCTEMbI OXJ1AXKIOEHNA HA OCHOBE TEMNJ10BbIX
TPYB U NAPOBbIX KAMEP

Tennosada Tpyba n napoBanA kamepa — UCNapuTENbHO-KOHOEHCALMOHHbIE YCTPOCTBA,
paboTaloLme No 3amMKHYTOMY LIMKITy, TpegHasHaueHHbIe oia nepegaun bonbmx TennoBbix
MOLLHOCTEI NpU Masibix rpagMeHTax TeMrnepaTypbl. 3TM YCTPONCTBA XapaKTepuayTca
BbICOKOV 3hheKTNBHOIM TEMIONPOBOAHOCTLIO, CNOCOBHOCTLIO AENCTBOBATL Kak
TpaHccopmaTop TEMNSIOBOMO NOTOKA, M30TEPMUYHOCTLH MOBEPXHOCTY NPY HA3KOM
TEPMWUUECKOM COMPOTMBIIEHNMN.

B ViHctutyTe paspabaTtbiBatotca TensoBbie Tpybbl, NapoBbie KamMepbl U CUCTEMBI
OXJTaXOEHVA Ha MX OCHOBE /1A OX1aXXOAEHUA ONTO3/1IEKTPOHHBIX KOMMOHEHTOB MPU BbICOKO
NJI0THOCTY TEMNJIOBOr0 NOTOKA, OXMaXOEHUA KOMMOHEHTOB JTA3EPHO TEXHUKM,
pagvosI0KaLMOHHBIX CUCTEM M CUSIOBON 3SIEKTPOHUKW, PeryninpoBaHid TeMnepaTtyphl
VCTOYHUKOB TEMJI0BbLIAENEHNA B KOCMUYECKO TEXHUKE U OPYrnX MPUNOXEHWIA.

OMNCAHWE NPEOJIOXXEHNA

CospaHbl cepum TensoBbIX TPy 1 NapoBbIX Kamep ¢ pasfiMUHbIMU QUTUABHLIMK
CTPYKTypamu (ceTuyaTHol, KaHaB4yaToln, MMKPONPOogMIMPOBaHHO).

OtnnuutenesHble cBoCTBa pa3paboTaHHbIX Tennosbix TPyb 1 NapoBbIx Kamep, No
CpPaBHEHMIO C TPAAVLIMOHHBIMU, OCHALLLEHHbLIMY NOPOLLKOBLIMU (hUTUIIAMM: BLICOKME
3KCnsyaTauMoHHbIE XapaKTepPUCTUKIW, YCTONUNBOCTD K riybokoi 3amoposke, BUBpOCTONKOCTb.

Kopnyc Tennosana Tpyba NapoBana kamepa

Pabouan Mepb

XNOKOCTb Bopa

®Outnnb

Tepmunueckoe

COMpOTUBNEHME 0,1-03K/Br 0,13- 0,3 K/Br

3 dhekTUBHbIN

KO3 hULNEHT >8000 Bt/ (m-K]) >3300 B1/(m-K)

TEMNIONPOBOOHOCTY

MakcrmanbHasa

TennonepepatoLlan 50 - 85Br 55 - 100 Br

cnocobHocTb

COCTOAHVE PA3BPABOTKN

PaspaboTtaHHble TennoBbie Tpybbl, NapoBblie KAMEPbl U CUCTEMbI OXNaXOEeHUA roToBbI K
KoMMepumanusauuu.

MaroToBneHsbl 1 ncneitaHsl cepun Tennoebix TPy 1 NapoBbIx.Kamep c pasnmyuHeEIMy
hUTUNBHLIMY CTPYKTYPaMM.

WHeturyT Tenno- v maccoobmea umenm AB. JTbikosa HAH Benapycu. 220072, . Muwck, yn. M. Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
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PaspabotaHa cructema oxnaxgeHusa Ha 0CHOBE TernsioBbIx Tpyb.

PaspabortaH n peannzosaH B cpege Microsoft Excel anroputm pacuerta npoueccos
TernsioobmeHa BHYTpY TennoBoi Tpybbl.

BeinonHeHo uucneHHoe MogenvMpoBaHWe NpoLeccoB TennoobmeHa B cucteme
oxJ1aXXOeHnA Ha OCHOBE Terns10BbiX TPY6 Npy ecTeCTBEHHON KOHBEKLMN C MOMOLLbIO
nporpammHoro komrsiekca Comsol Multiphysics 5.2.

PazpabortaH n peannsosaH B cpege MathCad anroputm ontummaauun reomeTpmm
pebep cuctem oxnaxaeHus.

MponsBeneHsbl onbITHLIE 0bpasLbl cMcTeM oxnaxaeHnsa Ha TennoBbix Tpybax ona
CBETOOAMOOHbIX MPOMbILLIEHHbIX CBETUITbHUKOB.

BoinonHatotca paboTel o yBennyeHuto TensionepegatoLLleli cnocobHoCTy TENoBbIX
Tpy6 1 NnapoBbIX Kamep.

CUCTEMbI OXJTAXXAEHWA HA TENNOBbIX TPYBAX [J1A CBETOANOAHbIX
NPOMbBILLJIEHHBIX CBETWJIbHNKOB

VaBeecTHo, uTo yBenuueHne temnepatypel Ha 11 °C npvBoauUT K yMEHbLLEHWIO BPEMEHU
XN3HW N CBETOBOW MOLLHOCTU cBeToguoaa Ha 15% B TeueHne 10000 vacos. [n4a
3(h(heKTUBHOIO CHWXXEHMA TEMMNEPATYPbl HAarpeBaHUsA MOLLHbIX CBETOANOA0B paspaboTaHsl
CUCTEMBI OX/1aXOAeHNA Ha TennoBbix Tpybax, KoTopble NCNoNb3yTCA B CBETOAMOLHbIX
npombiwsieHHbIx ceeTunbHnkax JCIM01-2x100-001 Y1 «[lMpomnainm» n
JCMNo1-2x150-001 Y1 (coBmecTtHana pa3pabotka ViHcTuTyTa 1 LieHTpa cBeToavogHbIx 1
OoNTO31eKTPOoHHBIX TexHonorun HAH Benapycwu).

ViHHOBaLMOHHaA cuctema oxy1aXaeH1a Ha TensoBbix Tpybax No3BoONAET MCMNOb30BaTh
MoLwWHbI ceeTogmop, (ao 500 Br), ymeHbLNTbL Bec cBeTWSIbHKKA B 2,5 — 3 pasa no
CPaBHEHMIO C TPAAVULIMOHHBIMU CBETOONOOHBIMU CBETUSbHUKAMU aHanorMuHo MoLLHOCTY,
YBENNUUTb CPOK cNyxbbl cBETOAMOO0B.

(s -

|\

Vais

. | 4

MPEOJSIO>KEHNA O COTPYOHWNYECTBE
PaspaboTka 1 narotoBneHne ycTpoicTe nod TpeboBaHnA 3aka3uuka Ha O0roBoOpHOM
ocHoBe. TexHnueckaa gokyMeHTauma. HayuHo-TexHmueckoe conpoBoXOeHUe.

KOHTAKTHAA NH®OPMALINA
JlabopaTtopua p13uKo-xMMmmnyeckon rugpoanHaMukm (3aBegyowmn — KaHguoat

thuamko-matematuuecknx Hayk Kpusowees NaBen Hukonaesuu).
+375(17)378-22-03, pavlik@dnp.itmo.by

WHcturyT Tenno- n maccoobmena nvenn A.B. Ibikoa HAH Benapycu. 220072, r. Munck, yn. 1. Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
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TOHKWE W YJIbTPATOHKWE NMAPOBbIE KAMEPDI

OMNCAHIE MPEJIOXXEHNA

PazpabotaHbl ToHkMe (TonwwHoi ot 1 go 3
MM) 1 ynbTpaTtoHkue (TonwuHoi ot 0,4 no 1 mm)
napoBble KaMepbl 4J1A CUCTEM OX1aXOeHWA
Ten/oHarpyXXeHHbIX TPYOHOOO0CTYMHbIX 3N1EKTPOHHbIX
KOMMOHEHTOB 1 YCTPOICTB, B TOM uncrie MoburbHbIX
TenedoHOB 1 NAHLLETOB.

PaspaboTaHbl yHMKanbHble cynepruapounbHeie UTUAY 19 NapoBbIX KAMep C
MOBLILLIEHHbIMY KanuNApHO-TPaHCMOPTHLIMU XapakTepuctukamu (Ha ¢oTo).

MNCXOOHbIV CeTyaThlii rnopodnnbHbIA rnapoctobHbIii
OMEeOHEHHbIN hnTWIb thutnne thutune

AnpobrpoBaHbl pasHbie Buabl rMapogobusaummn NoBEPXHOCTEN, PEXUMbI 01
C030aHuA NOBEPXHOCTY C KOHTPONMPYEMbBIMI CBOMCTBaMU cMauvBaHuA (Ha oTo).

MPEVIMYLUECTBA PASPABOTKN

B cpaBHeHun ¢ MMpoBbIMK aHanoramy paspaboTtaHHble NapoBble kamepbl obnapaT
BbICOKOV Tensonepegatowein cnocobHocTteio (0T 20 BT npu TonwwuHe kamepsl 0,4 mm oo
85 Bt npu TonwuHe 3 MM), BEICOKOI N30TEPMUYHOCTBIO (TEPMUUECKOE COMPOTUBIIEHUE OT
0,1 K/BT1 npu tonwmHe 3 mm, go 1,8 K/BT1 npu TonwmHe kamepbl 0,4 MM), HU3KO
cebecToMMoCTbI0, YCTOWUMBOCTLIO K rybokol 3amopo3ke, Bubpauny; rpaBuTaLmoHHO
He3aBNCHMBbI.

COCTOAHNE PASPABOTKN
PaspaboTaHHble NapoBble KaMepbl FOTOBbI K KOMMEPLanu3aumm.

MPEOJIATAEMbBIE ®OPMbl COTPYOHNUECTBA
PaspaboTtka u narotosneHue yctpoiicts nog TpeboBaHna 3akasunka Ha JOroBOPHON
ocHoBe. HayuHo-TexHn4Yeckoe conpoBoxaeHve pabor.

KOHTAKTHAA NH®OPMALINA

JNabopaTopua hr3nKo-XMMUYeckoi rmapoavHaMmnky (3aBegyoWwmii — kaHaupaT
thuanko-matematuuecknx Hayk Kpusowees NaBen Hukonaesuu).

+375(17)378-22-03, pavlik@dnp.itmo.by

WHcturyT Tenno- n maccoobmena nvenn A.B. Ibikoa HAH Benapycu. 220072, r. Munck, yn. 1. Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
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CUCTEMA PA3OIrPEBA MACJIA B OB)XXAPQUHOW
MEYN HA BASE TEMJ10BbIX TPYB

MapoavHamnueckne TepmocudoHel (MOT) - TennonepenatoLme ycTpoicTea, B
KOTOPbIX peannayeTtcA 3aMKHYTbI NapoguHaMnYeckunii ucnaputesnibHo-KOHOEHCALMOHHbIN
UMK nepeHoca Tenna. lNocnegHue NHHOBaLMKM B KOHCTPYKLMW NapognHaMnyeckmx
TepMocun(OHOB JalT BO3MOXHOCTb CO304aBaTth TEMNJI0BbIE TPYbbI 1 TepMocngoHbl ond
Harpesa M OXJ1aXKOEHMA BO3OyXa, FPYHTa U JOPOXXHOr0 MOKPLITUA, 0J1A TaAHWA CHera 1 Jibga
Ha Kpblllax 30aHuii, cToAHKax asTomobuneid, B kauecTBe TEN/I006MEHHMKOB TEMSOBbIX
HacoCcOoB, aKKyMyJIATOPOB TEMJ0ThI U X0/104a 1 APYrnxX NPUI0XEHNIA.

Kongencarop NAT

OMNMCAHWE MPEOJIOXKEHWA

TexHonorna peanusoBaHa Ha ogHoOM 13 npegnpuatnii MuHckoli obnactu. YoobHbie
MaccorabapuTHble xapakTEPUCTUKN NeYm, CYLLLECTBEHHO NOHMXEHO NoTpebneHue
anekTpoaHepruw. [NpenoTepallaeTca pyck BbixoAa U3 CTPOA 351IEKTPUUECKOro Harpesaresid
BC/IeACTBME Neperpesa.

VimeeTca BO3MOXHOCTb TOHKOW PErynvMpoBKM TEMNSI0BOM Harpysky Harpeearens,
TemMnepaTypbl pacTUTesIbHOrO Macna.

Bbicokan cTeneHb M30TEPMUYHOCTY NOBEPXHOCTY rapaHTUPYET KAUecTBO NPoayKTa.

XapaKTepucTVKi TEXHOSOrMK:
O pabounii guanasoH Temneparyp 90 -220°C
O TOUHOCTb NOAEPXaHWA TemMnepaTypbl Ha nrowaam 1 m° +3°C

CBEOEHWA O MNMATEHTAX
MaTeHTbl PB Ha nonesHyo mogenb Ne 9815 ot 30.12.2013; Ne 9816 ot
30.12.2013.

MPEOJIATAEMbIE ®OPMbl COTPYOHNUECTBA
VarotoBneHve obopynoBaHMA Oj1A NpoM3BOACTBa Ha A0roBopHON ocHoBe. [poBeneHne
MHCTpYKTaxa n obyueHue cneumanuctoB notpebutens.

KOHTAKTHAA NH®OPMALKA

JNabopaTopuy nopucTeix cpeq, (McnonHAwLwWmMin 0basaHHOCT 3aBeayOLLEr0 — A0KTOP
TEXHUUECKMX Hayk, npoceccop Bacunees JleoHapa JleoHnposny).

+375(17)249-21-33, Ivasil@ehmti.ac.by
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TEMNJIOOBMEHHUKI HA TEMJOBbBIX TPYBAX J1H CUCTEM
KOHONLVOHWUPOBAHWNA SHEPIO3M®MEKTNBHbLIX SOAHUN

HoBble TennonepenatoLme yCTPoONCTBa CTUMYIIVPYIOT NEPEXOA, K MHTErPasibHOMY
TennocHabXeHuto, Korga Ha CMeHy TPaaULMOHHOMY TernsiIocHabXeHno NpuxoguT
«knumaTnzsaumay. CoBepLUeHCTBOBaHWE TEMSIOHACOCHLIX TEXHOOIWI ANA co30aHuA
ONTMMarbHbIX NapaMeTpPoB MUKPOKIMMATa BHYTPU NOMELLEHUIA NO3BOSAET M NPETEHO0BATb
Ha ponb 6ba30BbIX B CUCTEMAaX KIIMMaTU3aLuUy ropoaoB 1 30aHUIA.

OMNVCAHWE NPEOJIOXXEHNA

B VHcTutyTe paspaboTaHbl KOHCTPYKUUKN NapognHamuueckmx Tepmocudonos (MAOT), B
KOTOpbIX peanvayeTca 3aMKHYTbI MCcnapyTenbHO-KOHAEHCALUMOHHbIM LMK nepeHoca Tenna.
Otnuune TepmocurgoHOB OT TensoBbIX TPYD 3aknouaeTca B 0TCYTCTBUN hUTUNA BO
BHYTPEHHEI NofocTM TepMocudoHa, TEM cambliM BO3BpaT KoHAeHcaTa B 0bnacTb ncnapeHus
OCYLLECTBNAETCA HE 3@ CUET KanuniApHLIX CUs, @ Nofd AencTenem cun rpasutauuu. MNo
cpaBHeHuio ¢ TennoBbiMu Tpybamu, MNAT He TpebyoT NpUMEHEHNA CROXHbBIX KanunaApHbIX
CTPYKTYp, OTNINYAOTCA NPOCTOTOM B U3rOTOB/EHUN, HAAEXHOCTBLIO B 3KCMlyaTauun, BbICOKAMNA
rokasaTenaMu MakcuMasibHol TernsionepenatoLLleil cnocobHocTu.

NAPOAWHAMMWYECKUE
TEPMOCU®OHbI C TMBKUM

KOHAEHCATOPOM

MNAT ¢ rubkum
KOHOEeHCaTopoM npegHa3HayeHbl
1A Nepegaym TeNJsI0BOro NoToka B
rOpM30HTaNIbHOM HanpasfeHun Ha
paccToAHNA OECATKN — COTHU
meTpoB. lccrnepoBanua
TepMogMHaMnYecKmx napamMmeTpos
TepmMocuoHa C KOHOEeHCaTopoM
IUIMHOM 2,5 M Npy Hapy>XHOM
MapopuHamuuecknii TepmocudgoH Anawvertpe Tpybel 24 MM n
Ha 3KcnepnMMeHTasibHOM CcTeHAe: MoaenmpoBaHue ero paﬁDTb| Ha
CTEeHAE nokasasnw, uTo B
3aBMCUMOCTU OT nepenaBaemMon
TernJsIoBoW Harpy3ku 1 BeJSIMUNHbI
KOJIbLIEBOr0 3a30pa B KaHane
KOHOeHcaTopa UMelT MEecTo
pasnnyHbLIE peXxnMbl TEUEHNA
paboueii xmnokocTu, onpegenaLme xapakrepuctiky yectpoictea. KongeHcatop MNOT moxHo
BbINOSHUTL rMbkMM B BUAE nonumepHsix Tpybok manoro guametpa. Takoii MAOT He 6ouTca
KOppo3uun, MOXeT Jonro Haxoautecea B 3emne. KoaddmumeHT noneaHoro gencteua MOT
cocrasnaet 90%.

1 - ucnapuTtens ¢ Tennonsonauvel, 2 - KOHOeHcaTop;
3 - TepmonapHblii npoBog; 4 - npoBoga MUTaHWA
aneKTpoHarpesa.

NAPOAUHAMMUYECKHUE TEPMOCU®OHbI B COJIHEYHbIX TEXHOJIOTUAX

MAOT kak TenoobmMeHHUK TENoBbIX HACOCOB (apcopbunoHHbIX 1 abcopbLUNOHHBIX)
MoXeT BbITb ucnonb3oBaH B agcopbLUMOHHOM COSTHEUHOM XON0OUSbHUKE AJ1A OpraHm3aumm
noouepegHoi pecopbunmn xnagareHTa B AByx agcopbepax. KonoeHcatopsl TepmocudioHa
pa3meLLeHbl BAOSb OCY LuNuHapuyecknx agcopbepos 1 HarpesaloT copbeHT 0T Co/IHEYHOro
nanyueHus. nvHa koHoeHcaTopos 1 M, TepMuyeckoercornpoTueneHue B = 0,05 K/Br.

WHcturyT Tenno- n maccoobmena nvenn A.B. Ibikoa HAH Benapycu. 220072, r. Munck, yn. 1. Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
29



@ rmo.BY

Cxema TennoobmeHHnka apcopbunoHHOMo CoOTHEUHOro X0N0AUSIbHNKA
C cucTtemoli TepmoperynupoBaHua Ha base MNAT, uvetowero oguH
ucnapuTenb 1 ABa KOHOEHcAaTopa, pacnosfioXeHHble B agcopbepax:

1 -koHOeHcaTophl, 2 -napoBas Tpybka, 3 - BeHTUNK, 4 - XUOKoCTb

B ncnapwutene, 5 -ucnapurtens, B - xugkocTHaa Tpybka.

YTunusauma npupoaHoii TensioTel K X0N04a ¢ NoMoLLbio TernsioobmeHHuka Ha 6aze MOT u
COJTHEUHOr0 XonoausibHKa Ha TBepabix copbeHTax No3BonAET NOBLICUTL 3(PEKTUBHOCTD
paboTbl cUCTEMBI KOHAMLIMOHNPOBAaHMA BO3ayXa B 3HEProa(heKTUBHbIX
nomax oo 65%.

TEMJI00BMEHHUKW ANA CUCTEM KOHAULIMOHUPOBAHKA
BO31YXA B NOMELLEHUAX

Ina nonyyeHnA onTMMarbHbIX NapaMeTpoB CUCTEMbI
KOHOMLMOHMPOBaHUA, paboTatoLLeli B yCIOBUAX BNAXHOMO 1 TEMIOMO
KIMMaTa, Hy)KHO obecneunTb BOSMOXHOCTb KaK 0xlaaeHuns / Harpesa
NPYTOUHOro BO3MOyXa, Tak 1 OXNaXaeHnsd / HarpeBa Bo3ayxa Ha BbiIXOAe
KOHOUUMOHEpA.

TennoobMeHHNKK Ha TEMN0BbIX prﬁax n TepmocmboHax no3BOJ1AKOT
OCyLLEecTBUTb WHTEHCUBHbIN TennoobmeH Mexay BxogAaumnm 1 BbiIXxogAaLmm
NMnoToKamMny Bo3Ayxa, a oxy1iagnTesib COpEJLl,I/IOHHOFD TensioBoro Hacoca
KOHOEHCUPYET napbl BOObl B MOTOKE BO34yxXa, KOHTPOJIMPYA TakKum 06p330M
BJ1aXXHOCTb BO3yXa Ha BbIXoA4e CUCTEMblI KOHONLMOHNPOBAaHUA.

MapameTpbl BO3Oyxa Ha BbIXOAE U3 CUCTEMbI KOHANLMOHNPOBaHUA:
O Temneparypa 20-23°C
O oTHocuTenbHadA BnaxHocTb (RH) 40-60%

CBEOEHVA O MNATEHTAX
Matent CLLA No. 4554966, 26.11.1985. lNateHTtol @paHuuu, LLiseuun, Bensrun.

MPEOJTIATAEMbBIE ®@OPMbl COTPYOHWUECTBA
VisrotoBneHne obopynoBaHuA Ha AOroBoOpHO ocHoBE. [poBeaeHNEe MHCTpyKTaxa n
obyueHna cneunanuctoB notTpebutens.

KOHTAKTHAA NHMOOPMALINA
JabopaTopuun nopurcTeix cpen, (McnonHALWwMin 06A3aHHOCTY 3aBEAYOLLEr0 — O0KTOP

TeXHUYeckmx Hayk, npoteccop Bacunees JleoHapg JleoHngosny).
+375(17)249-21-33, lvasil@ehmti.ac.by
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FASBOPASOEJIMTESIbHbIE MEMBPAHbDI

[na paspenenns u KOHLEHTPUPOBaHNA KOMMNOHEHTOB ra3oBoi cmecu bonbLuoii
uHTEepec npegcrtasnAaet membpaHHbIi meTod, obnapatoLwmii HUSKUM YPOBHEM
aHepronoTpebneHus, BbICOKON NPOMBILLIEHHON 1 3Konornveckor besonacHocTtbio. IHCTUTYT
MMeEeT yCheLHbIi onblT padpaboTku membpaH u rasopasgenuternsHoro obopynoBaHnA Ha nx
OCHOBE.

OMUCAHWE NPEOJIOXXEHWA
MEMBPAHbI U3 AHOAHOTI0 OKCHUAA ANTIOMUHUA N TA30PA3AENINTENIbHBIE
YCTAHOBKW HA WX OCHOBE

PazpabotaH cnocob nonyyeHus cenekTBHO-NpoHMLaeMbIX Andgy3MoHHbIX MeMbpaH
HOBOro NoKosieHNa U3 aHogHoro okcuaa anomuHnAa. CospgaHbl auddyanoHHbIe MembpaHsl
Manbix TonwyH (~100 mMkm) ¢ ynopAagoYeHHOV NOPUCTOCTLIO U M/I0THOCTBLIO YNakoBKM Mop 0o
10" - 10" cm”.

Bennuvna gndichysHoro notoka vepes
membpaHy obpaTHO NponopuMoHanbHa TosLWUHE
MemMbBpaHbl, TaK UTO YBESIMUEHME TOSILLMHbI
MembpaHbl NPUBOAMT K YMEHbLLEHMIO NMOTOKa U
NOBbLILUEHMWIO 3aTPaT Ha eAVHULY NPoayKLUUN.
Moatomy npu narotoeneHun membpaH ocoboe
BHMMaHWe yoenaeTcA YyMeHbLUEHNIO TOMLWUHbI NPy
COXpPaHEeHUN MexaHN4ecKol NPOYHOCTW.

Ina adpekTBHOro pasgeneHna ra3oBoi
cMecu guametp nop nopbrpaeTca Takum
obpazom, utobbl peann3oBLIBaNoCh TOMLKO
KHYOCEHOBCKOE TEeUeHWe, NOCKOJIbKY
nyaselisieBCKUA NOTOK, yBennunBad

MembpaHHbIi
ra30pasnenATenLHbIi npoH1LaemMocTb, He cnocobcTByeT npoueccy
3eMeHT pasgernieHna, CHUXanA CefieKTUBHOCTb.

AHogHbIl oKcKA, antMUHKA ABAeTcA
BbICOKOTEXHOJIOM'MYHbIM MaTtepuaszom,

NMo3BOJ1AI0WMM noJsiy4yaTtb MEMﬁpaHbl

nobbix hopm NocpencTBoOM NPUMEHEHMA
Taknx metopoB 0bpaboTkuy, kak
¢hoTonutorpadma, nokaneHoe

N

ANIEKTPOXMMHNYECKOE OKUCI1EHME, (“ (

\

!;;;!“."!;‘-;;’;m

npeunsnoHHoe TpaeneHue. Mpu
HeobxogumocT membpaHa MoxeT
ocHaLLaTbCA PasfINYHbLIMM
KOHCTPYKLIMOHHBIMW 351IEMEHTAMU:
KpenexHbiMu obevaiikamu,
ycunutenbHbiMy Bankamu 1 np., npuuem
DaHHble 351eMeHTbI BbINOSIHAKTCA
HenocpeacTBEHHO Ha MembpaHe B
NpoLEecce ee N3roToBSIEHUS.
PaspabotaHHblie membpaHbl
obnapatoT pAoOM NepcrneKkTUBHBIX
npenmyLlects. Vicnonb3oBaHue
cTaHOapTHbIX MeTodoB 1 obopynoBaHua
MUWKPO3/EKTPOHNKM NO3BoNAeT

MewmbpaHHan
rasopasgenuTeribHas YCTaHoBKa
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Pe3ynbraT o6oraweHua no TAXKeNoMy KOMNOHEHTY AnA 0AHOCTaAUAHOTO NpoxoAa
rasoBoii cMecH Yepe3 ejuHNYHbIH Ancdy3MOHHBIA anemeHT

KomMnoHeHTbl VcxogHbii CocraB
rasoBoil cMecu cocTtaB, % peteHTara, %
He 99 97,67
CH, 1 2,33

He 95 84,2

CH, 5 15,8

H, 99,9 99,08

N, 0.1 0,92

CYLLLECTBEHHO CHM3WTb MaTeprnanoeMKocTb, TPYA0EMKOCTb MPon3BoaCcTBa, cebecTtoumocTts
napenus; hopMUpPOBaHNE NOPUCTLIX CTPYKTYP rPYyNnoBbIMU METOAAMMW, UCMOSb3YEMbIMU B
TEXHOSI0MMN MUKPO3SEKTPOHUKN, 3HAUUTENBHO MOBLILLAET BLIXOL, M BOCNPOM3BOAMMOCTb
napameTpoB angdy3noHHbIX
membpaH.

OcHOBHbIM MEXaHM3MOM
NPOHUKHOBEHWA ra3a uepes MembpaHy
13 aHOOHOro OKCuaa antoMuHUA
ABnAeTcA KHyAceHoBckana anddyana.
Ha ocHoBe uncneHHoro
MOLOENVPOBaHWA ONpenesneHsbl
ONTUMaribHble reOMEeTpUUECKME U
TEXHOMorMyeckre napamerpsl
MembpaHHOoro anieMeHTa un
MembpaHHO ycTaHOBKM, UTO
nossonuno aobutbca MmakcumanbHol agdekTBHOCTY Npouecca MembpaHHoro
rasopasgeneHus.

C3M-uzobpaxeHna ckona u NoBEPXHOCTU
MeMbpaHsbl

COCTOAHNE PA3PABOTKW
Pa3paboTaHHble MembpaHbl roToBbI K KOMMEpLanuaaumn.

MPEOJTATAEMBIE ®@OPMbl COTPYOHWNYUECTBA
Paspabotka u narotosneHue yctpoiicts nog TpeboBaHna 3akasunka Ha JOroBOPHON
ocHoBe. HayuHo-TexHnueckoe conpoBoxaeHve pabor.

KOHTAKTHAA NH®OPMALA

JlabopaTtopua hnanko-xmumMumueckoin rugpoanHamMukm (3aBegyowmnii — kaHauaat
thuasmko-matematuuecknx Hayk Kpusowees NaBen Hukonaesuu).

+375(17)378-22-03, pavlik@dnp.itmo.by
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BOOOPOAOOMNPOHNUAEMbIE METAJTJTNYECKWUE MEMBPAHDI
N rASBOPASOEJTNTESIbHbIE YCTAHOBK HA X OCHOBE

PaspeneHve Bopgopogocoaepxalleli CMecu Npu NOMOLLUM CJIOLHBLIX METaSIMYEecKmX
membpaH aBnaeTcA 3hheKTUBHBIM NPOLLECCOM, NO3BOMALMM NoslyyaTh Kak NMPMMECHbIe
rasbl, Tak ¥ BbICOKOUMCThLIN BOOOPOL,

PaspabotaHbl nnockue v TpybuaTblie (B ToM uncne kanuiapHbie, auaMmeTpom 4 Mm)
KoHturypauum membpaH. OtpaboTaHbl TexHONOrMM cosgaHna nanagmii-HUKENeBbIX,
Hukenesbix MembpaH TonwwmHon ot 80 MKM.
InAa pocTnxeHna MakcumanbHom
BOLOOPOAOMNPOHULAEMOCTU N3rOTOBIEHDI
buHapHble HukeneBble MembpaHbl cymmapHoii
TonwuHor 90 MKM, COCTOALLME U3 TOHKOr0
(10-15 mMKkm) HENOPUCTOro CenieKTMBHOIO U
NMOPMCTOro KOHCTPYKLVOHHOIO CIOEB HUKENS.
B nonyueHHbIx H1KeneBbix MeMbpaHax
3Heprua akTMBaummn MeHblUe, YeM B
nannaguit-HMKeneBbIX, B peaysibTate yero
CKOpOCTb NPOHMKHOBEHUA BOAOPOAA B HUX
Bbiwe. Mpn aToM Npon3BOACTBO HUKENEBLIX
MembpaH 3KOHOMUYECKW BbIrOOHEE, a
KanunnapHble MembpaHbl XopoLUo
3apekomeHgoBanu ceba npu BbICOKUX

J0ym”  wWD-178mm ENT=20.00kV TemnepaTypax v gasneHuax (go 10 atwm).
J Mag - 670 X L

ViccnepoBaHWA No NPOHULAEMOCTH
npoctbiMu razamu (He, CH,, N,) npu

b O I A2 AN M IS e

MewmbpaHa, anddyanoHHbIN Moaynb 1 3KcneprMeHTanbHanA
ycTaHoBKa oA membpaHHoii cenapaummn rasoB

[OaBMeHnax B HanopHoM kaHane ot 2 go 6 atm. n temnepatypax Ao 700 °C nokasanu
HEMPOHULLAEMOCTb HUKENEBOV MemMBpaHbl Mo OTNIMYHLIM OT.BOAOPOAa rasam.
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JaHHbIli Noaxon, peanv3oBaH B CO30aHHOWN 3KCNepMMEHTasnbHO YCTaHOBKE 1A
membpaHHoIA cenapaumy rasoB, NpegHasHaueHHol AJ1A uccrieqoBaHuii NpoLeccoB
paspeneHrd U KOHLEHTPYMPOBaHWA KOMMOHEHTOB BOLOPOACOAEPXALLUX ra30BbiX cMecei. B
yCTaHOBKE MCMOob3YTCA HECKOSIbKO MOLYSEN, COeAVHEHHbIX NapasensHo Uim
nocriegoBaTesibHO, NPV 3TOM MOXHO peann3oBaTk HaKoMUTeNbHbIA TG0 NPOTOYHLIN pexnm
paboTbl.

Mpon3BoguTENEHOCTL 3KCNEPUMEHTaNbHON YCTAHOBKW, CO30aHHOI HAa OCHOBE
HUKeneBbix MembpaH, coctaBnaeT 30-90 51/ (M°-u) B 3aBUCUMOCTM OT BbIBPaHHOro pexvma.

PazspabotaH nporpammHeiii komnnekc «MembpaHHoe rasopasgenexue 1.0»

(MGS v. 1.00), nossonAawLwmii MogenupoBaTh NPOLIECCH ra3opaspeneHna AJ1a pasfinuHbIX
HauarnbHbIX YCI0BWIA, CPaBHUBATL TEOPETUYECKUE PACUEThl U 3KCNEPUMEHTArbHbIE AaHHbIE,
BHOCUTb N3MeHeHnA B paboTy ycTaHOBKM 018 [OCTUXKEHWA MaKCUMarbHOW 3thheKTUBHOCTM
npouecca pasgeneHus BoOOPOACOAepKallyX ra30BbIX CMECEIA.

COCTOAHNE PASPABOTKN
PaspabotaHHble MmembpaHbl FoToBbLI K KOMMepLUuanMaaumm.

MPEOJTAFAEMbIE ®OPMbI COTPYOHVNYECTBA
PaspaboTka 1 nsroToBneHne ycTpoicTe nofd TpeboBaHnA 3aka3uuka Ha J0roBopHOM
ocHose. HayuHo-TexHnueckoe conpoBoxaeHve pabor.

CBEOEHNA O NMATEHTAX
Matent PB Ne 7690 ot 28.08.2011 «MembpaHHbIl y3en ona BelgeneHnsa Bogopoaa
13 CMECU ra3osy.

KOHTAKTHAA NHDOOPMALIA
JlabopaTtopua dnanko-xumMmueckoin rmgpoanHamMukm (3aBegyowmii — kaHauaat

thmauko-maTtemaTnyeckux Hayk Kpneowees NaBen Hukonaesuu).
+375(17)378-22-03, pavlik@dnp.itmo.by
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BbICOKOTENMJ10rNPOBOAHAA KAPBUOOKPEMHUMEBAA
KEPAMUKA N N3OESINA HA EE OCHOBE

Bo3moxHOCTb peanus3aumm MHOMMX NepefoBbiX NMHXEHEPHBIX PELLEHNI I TECHO CBA3aHa
CO CBOWCTBaMU NCMNOJIb3yeMbIX MaTepuanos. Tak, AnAa cosgaHua 3epkan ¢ bonbLuoii
anepTypoi /19 KOCMUYECKMX TeSIECKOMNOB KJloueBbiIM 06CTOATENBCTBOM ABNAETCA
YMEHbLLEHNE MacChl 3epKasia Npu yCrioBMM COXpaHeHNa KauecTsa 1 (hopMbl MOBEPXHOCTM.
ToHkue 1 nerkne 3epkasna No3BOJIAKT CHM3WUTbL Maccy ONPaBoK Y MOHTUPOBOK M YMEHbLUNTb
CTOMMOCTb BCEro MHCTpyMeHTa. BaXHbIM crieacTBveM yMEeHbLUEHMA TOSLWWHbBI 3epKana
ABSIAETCA CHWXXEHMWE ero TenjoBoi NMHEPLMOHHOCTH, YTO YIyyllaeT KauecTBo n3obpaxeHuns.
Mpwn nsrotosneHnn BbIBOAUMbIX Ha OPOUTY MHCTPYMEHTOB OCHOBHOE BHMMaHWe yaoenaerca
Macce, MexaHUJeckol npovHocTy, obpabaTbiBaeMocTy, XpynkocTy, YCTONUMBOCT MaTepuana
K arpeccuBHbIM BO3OENCTBUAM 1 BLICOKOIN TeMMepaTtype.

TpagmumoHHbIMY oA 3epkan bonbLunx oNTUUECKUX TENIECKOMOB ABMAKTCA CUTass,
Lepogyp v ux aHanoru. AKTMBHO BegyTcA paboTkl N0 MCNO/Ib30BaHNIO HOBLIX MaTeEPUaros.
Haunbonee nepcnekTnBHbIMU U3 HUX cunTaroTcA bepunnuii n kapbup KpemHus.

OrMMCAHWE MPEOJIOXKEHWA

PaspabotaHa TexHonorua nosyyeHna KOMNO3UTHOIO MaTepuana Ha ocHoBe kapbupa
KkpemHua (komnoaut Si/ SiC), TexHonorna nsrotoBneHna ynsTpaobnerueHHblx 3epkan u3 Hero
1 cnocobbl mexaHnyeckoit 0bpabotkn aTnx nagenuii. IarotoeneHsl obpasubl 3epkan
anameTtpom 205 MM ¢ yaoenbHoi maccoi
17 Kr/M°, UTO OTHOGUTCA K NYULLIUM
nokasaTenaM cpeay MUPOBbIX aHasoroB.
MpoBepeHsbl yeneLuHble NenbITaHNA HacagokK
0J1A BblcOKOTEMMNepaTypHbIX FOpPesiok
(chopcyHku 1 pp.) onAa paboTel Npy TENSOBLIX
Harpyskax 1o 5 MB1/m°.
KapbvpokpeMHUEBbI NOpPUCTbI KOMMAO3UT C
HaHOCTPYKTYPUPOBaHHbIM YrNepoaHbIM
nokpbiTmem obnapaet 6onbLwoR yoensHoi
J noeepxHocThio (Ao 500 m°/r) n moxeT
McnonbL30BaTbLCA B KAYECTBE 3/1eKTpona anq
HakonuTenen aHepruu
(cynepkoHpeHcaTopoB).

TEXHVKO-3KOHOMWYECKWE NMPEVIMYLLIECTBA

KomnoauT Si/SiC npu Beicokoii nnotHoctn 3,13 r/cm’ obnapaet xopowmm
coueTaHnem mexaHuyeckux (Mogynb yrnpyrocti — go 420 IMla) n tennoduanyeckux
(koadhpmumenT TennonpoBogHocTy — oo 180 Bt/ (m K] cBoiicTs.

Bnaronapa Bbicokoit TemnepaType nnaeneHva matepuana (~ 2700 °C) ns Hero moryT
N3roTaBnNMBaTbCA Kak 3epkana oy KOCMUUYECKMX NPUI0XEHWUIA, TaK 1 3NIEMEHTbI
KomMbrvHVpoBaHHOV TEMMOBOM 3aLMThl 4J1A BbICOKOCKOPOCTHBIX SIeTaTesibHbIX annaparos,
Opyrve anemMmeHThl TexHosrornyeckoro obopynoBaHums.

CBEOEHWNA O NATEHTAX

MatenT PB Ha nzobpetenne Ne 22756 ot 19.03.2018 «Cnocob cdopmoBaHua
OT/IMBKM U3 LWSKepa 1 YCTPOCTBO Af1A ero ocyllecTsneHusy, nateHT PB Ha n3obperteHne
«Cnocob ynaneHnsa TepMonsiiacTMyHoi CBA3KU N3 KEPaMUYECKON 3aroToBKi:C ee foaTanHbIM
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O6pasupbl Nnogioxek 3epkasn Ha ocHoBe komnoauTa Si/SiC (guameTp Nnogioxky 3epkana
205 mm):

a) BapuaHT cTpyKkTypbl obrnerveHna 3epkana (TbiflbHaA CTOPOHA NOAIOXKU);

B) cTpyKTypa obnerueHuna nocne peakuUMoOHHOMO CNeKaHua C TomLwyHol pebep 2 mm;

Cc) nnockaA NoBepXHOCTb MOAJIOKKM 3epKasia Nnocsie NpeasapuTesibHOl NoNMPoBKY;

d) nemoHcTpauma Bo3MoXHOCTe paspaboTaHHOli TEXHOMOMMK B YacT MenikomacLutabHoi
mexaHnueckoii obpaboTtku petaneii us kapbupga KpemHuA.

Harpesom» (3aABka Ne 20170505 ot 2019.08.30); nateHt PB Ha nsobpertenne «Cnocob
N3roToBSIEHMA 3epKara U3 LWMKepHOoI Macchkl Ha 0cHoBe kapbupa kpemHua» (3aABka
Nea20180437 ot 25.10.2018); nateHt PB Ha noneanyo mogens Ne11738 ot
30.08.2018 «YcTpoiicTBo O/1A aBTOMaTUYeCKoro KOHTPOSIA 0OGHOPOAHOCH CMECK
KOMIMOHEHTOB B NnpoLecce ee npurotosreHnay; nateHT PB Ha nonesHyio mopgens Ne 11809
ot 30.10.2018 «Mopma p1a ropAYero LWINKepHOro INTbA Nof AaBfieHnemy.

MPEVI0>XEHA O COTPYOHWNYECTBE

PaspaboTtka n nsrotosneHne N3nenuini Ha AoroBopHOIN OCHOBE.

Mpu nepepave TexHonorum npegocrasnAeTca obopynoBaHne, Hay4yHo-TEXHUYECKOE
COMNPOBOXOEHNE.

KOHTAKTHAA NH®OPMALA

JlabopaTtopua pagnauMoHHO-KOHBEKTMBHOIO TennoobmeHa (3aBegytoLwmii — unex-
KOPPECNOHAOEHT, AOKTOpP hranko-maTtemaTnyeckux Hayk 'punHuyk Nasen CemeHoBuu).

+375(17)378-13-46, gps@hmti.ac.by
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MPOMBbILWIEHHDIE MEY OJ1A HAMPEBA
N TEPMOOBPABOTKW METAJJ1A

CHWKeHVe 3HeproeMKOCTM NPOAYKLNM — BaXXHEWLINIA chakTop ee
KoHKypeHTocnocobHocTu. MopankHo n huanueckm yctapesLlee nevyHoe obopynoBaHve s
TepmoobpaboTtkn meTanna aenaeTcA obuwien npobnemo MHOMVMX NPOMBbILLIEHHBIX
npeanpuAatuii. B nabopatopun paguauvoHHO-KOHBEKTMBHOrO TersioobmeHa cneunanmcTsl B
obnactn TennoobmeHa 3aHUMaKOTCA CO3AaHNEM HOBOIO Y MOOEPHUIALMEN CYLLECTBYIOLLEND
neuHoro obopynoBaHVA Ha OCHOBE AeTasibHbIX TEN0(hU3NUeckmx pacyeToB ¢ YyUETOM
HOBEWLUNX MUPOBbIX AOCTUKEHWIA.

OMNCAHWE NPEOJIOXXEHNA

OcobeHHocTAMK co3paBaemoro neyHoro obopynoBaHNA ABMIAETCA NCMNOSIb30BaHNE
KOMBMHaLMKN NerkoBecHbIX BbICOKOTEMMNEPAaTYPHbLIX TEMSION30MALMOHHBLIX MaTepuanos oA
CHV)XEHWA TENSI0BON NMHEPLMOHHOCTUN Neun 1 KepaMmn4eckx orHeynopos AJ1A co3naHnA
Tpebyemoii MexaHNYeCKo NPOYHOCTU, MPUMEHEHVE COBPEMEHHbIX CMNJ1aBoB COMPOTUBIIEHNA
ANA Harpesartenei, (hacoHHON KepaMnky AJ1A KPeryieHA HarpesaTenen,
aBTOMaTU3MPOBaHHbIX CUCTEM yrpaBneHnd. PaspaboTtaHbl 1 N3rotasnmnsaloTcA, COBMECTHO C
BapaHoBuuckum ctaHkocTpouTenbHeIM 3aBogom (unvan 3A0 "AtnaHT"), pasnuuHbie
MOJESIN KaMepHbIX, LLUAXTHBIX U KOSINAKOoBbIX NeYer.

KAMEPHAA 3JIEKTPOMNEYb CONMPOTUBJIEHWA CO CTALLMOHAPHbLIM NOJ10M CHO
6.12.4/11-m

KamepHan anekTponeub CONPOTUBIIEHNA CO CTaLMOHapHLIM NOAOM UMEET criedyoLume

ocobeHHoCTU:

O Hanuune kombuHMpoBaHHOW hyTepoBku ona
3alWTbl HAarpeBaTeseli 0T yAapoB CadKu:
BHYTPEHHWIA CJ101 (hyTepOBKW BbINOSTHEH U3
O[HOrO CJl0fA LWaMoTHOro kupnuya (3a
UCKJIIOYEeHNEM CBOLa); BTOPOI crioli hyTepoBKu
Ha BokoBbIX CTEHaX, a Takxke yTepoBka cBoAa U1
3aCMoHKU BbINOSIHEHbI N3
BbICOKOTEMMNEPATYPHOr0 BOSIOKHWUCTOMO
mMaTepuana

O HarpeBaTenu U3 CryiaBoB CONPOTMBEHNA
Kanthal A-1

O cuctema ynpaeneHvda Ha base NpomblLLIEHHOro
KOHTpOJIIepa ¢ BO3MOXHOCTbIO BU3yannaaunum u
apxvBaLuUn OaHHbIX

O MexaHU3upoBaHHadA 3acrioHKa

KAMEPHAA 3JIEKTPOMNEYb CONPOTUBJIEHNA C
BbIKATHbIM MOJJ0OM CHO 8.16.8/11

3rekTponeyb CONPOTUBIIEHUA C BLIKATHLIM MNOA0M
umeerT cregyrowme ocobeHHocT:
O (hyrepoBka N3 NErkoBeCHbIX BONIOKHUCTLIX MJINT;
O HarpesaTenu N3 crnsaBoB CONPOTMBIIEHUA
Kanthal A-1
O cuctema ynpaeneHns Ha 6aze NPOMBbILIEHHORO
KOHTpOs1Iepa C BO3MOXHOCTEIO BU3yanu3auun u
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apxvMBaumn OaHHbIX

crneuvanbHan hbacoHHaA Kepamuka Os1a KpernseHns
HarpeBaTenemn

MexaHM3MPOBaHHbIN Nof, KN A8 yripaBieHus
OCTbIBAHMEM CapKu

LUAXTHAA JJIEKTPONEYDb COMPOTUBJIEHUA CLLO 6.6/9
Meub nmeeT cnenytolume ocobeHHoCTH:

thyTepoBKa 13 NTIErKOBECHBIX BOSIOKHUCTbLIX MAUT
Harpesatenu cuctemel Fibrothal

cvcTemMa ynpasneHus Ha 6ase NpombILLNEHHOMO
KOHTpOJIIEpa C BOSMOXHOCTLIO BU3yanuaaumm n
apxvBaumn OaHHbIX (OTOENbHO CTOAWMA Wwkad)
BbICOKOTEMMNEPATYPHbI BEHTUNATOP A1A NOBbILLEHNS
paBHOMEpPHOCTY HarpeBa CaKu U PyUHOE OTKPbITME
KPbILLUKM Nneun

LLIAXTHAA JJIEKTPOMNEYb CONPOTUBJIEHUA
CLLO 10.10/10

YcTaHoBKa MMeeT cregyome ocobeHHocT:

¢hyTepoBka N3 nerkoBecHbIX BOSIOKHUCTbIX MUT
HarpesaTenu 13 CrnaaBoB COMPOTUBIIEHUA

Kanthal A-1

cucTemMa yrnpasneHus Ha base NpombiwneHHoro
KOHTpOJIIepa ¢ BO3MOXHOCTLIO BU3yannusaunum u
apxuBaumn OaHHbIX (OTOENbHO CTOALWMIA WKad)
crneumanbHaa hacoHHaA Kepamuka g1 KpensieHua
HarpeBaTenemn

3/1EKTPOMEXaHUYECKNIA MOOBEM KPbILLKM Neym

0o 1100 °C
ot 200 po 1500 kr

9KOHOMMA 3HEPrnmn No cpaBHEHMKO CO CTapbiM aHasioraMmu no15-2 pas;

O
)
O
O
O

XapaktepuncTuku:

O pabouune Temnepatypsl

O wmacca cagku

©)

@)

paBHOMepHOCTb TeMnepaTypel B pabouem npocTpaHcTBe ¥5-7°C

MPEVI0>XKEHA O COTPYOHWYECTBE

MarotoeneHune ctangapTHoro neyHoro obopynosaHua, paspaboTtka n narotosneHve
HecTaHgapTHoro neyHoro obopynosaHuA. TexHnueckaA gokymeHTauma. HayuHo-TexHuueckoe
CONpPOBOXAEHNE.

CBEOEHVA O MNMATEHTAX
MateHT PB Ne 16481 ot 30.10.2012 «Cnocob un ycTpoiicTBO a8 ynpaBneHus
MPOLIECCOM FOPEHNA B NPOMBILLIIEHHOW ra3onsiaMeHHo neuny.

KOHTAKTHAA NH®OPMALINA

JlabopaTtopusa pagnaunoHHO-KOHBEKTUBHOIO TernnoobmeHa (3aBeayowwmii — unek-
KOPPECMNOHAEHT; BOKTOP. (hr3nko-maTemaTmueckux Hayk IpuHuyk Masen CemeHosuu).
+375(17)379-13-46, gps@hmti.ac.by
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ABTOMATUYECKAA CUCTEMA KOHTPOJA
YMPABJIEH/A NPOLIECCOM N'A30BOU LEMEHTALINA
18 KOMIMJIEKCA 3J1EKTPOMNEYEN CLIL-8.16/10

LlemeHTauva ctanu npencraBnaeT coboii NnoBepxHOCTHoE AN(Y3NOHHOE HaCbILLEHVE
MarsioyrrepoancToi CTanm YriepoaoM C LIeSbio NoBbILLEHWA TBEPAOCTY U
N3HOCOYCTONYMBOCTU. 3TOT NPOLLECC ABMAETCA OCHOBOM NPOMbILLIIEHHOIO NPOLECCa ra3oBoi
LlEMEHTaLMK, KOTOPbIN LUIMPOKO PacnpocTPaHeH Ha MaLUMHOCTPOUTESbHBIX 1
CTaHKOCTPOUTESbHLIX 3aBOAAX.

MpobnemHble MecTa AaHHo TEXHOMOMMK — CIIOXHOCTb PEryNpoBaHna Heobxopvmoro
YPOBHA yrneponHoro NoTeHuvarsna B NPOLEcce LleMeHTaLmn, CNoXHOCTb U BbICOKaA CTOMMOCTb
rasonpuroToBuUTENbHOro 0bopynoBaHus.

OrMMNCAHWE MPEOJIOXXEHWA

Haubonee pacnpocTpaHeHHbIli METOA, LIEMEHTAUUN CTanu — LEMEHTaLVMA B ra30BOM
kapbiopuzatope (Neun uemeHtaumu) npu Temnepatype 900 — 950 °C B TeueHne 6 — 10
uacoB. B MHcTuTyTe paspaboTaHa aBToMaTnyeckad cucteMa KOHTPOSA U yripaBieHns
npoueccom ra3oBoli uemeHTauum. OTnnunTensHoi ocobeHHOCTbI0 AaHHON CMCTEMBI
ABnAeTcA paboTa 6e3 ucnonb3oBaHMA aHOoreHepaTopa. Heobxoaumesle xvumnueckme
npesBpaLLeHna B CMECH NPYPOOHOro ra3a U Bo3ayxa OCYLUECTB/IATCA HENOCPEOCTBEHHO B
pabouem npocTpaHCcTBE LEMEHTALMOHHOW Neun bnarogapa HanMUUD KaTarMTUYECKNX
CBOICTB Y )XapornpouyHoli peTopThl, a Takxke bnarogapa npeasapuTesibHOMY CMELLEHUIO
rasoBoli cMecu B cneumanbHo pa3pabotaHHOM KOMNakTHOM CMecuTese.

ABTOMaTMUECKan cucTemMa KOHTPOA 1 yripaBieHUs NPoLECCOM Fra30Bol LEMEHTaLMM
nn1a komruiekca anektponeden CLUL-8.16/10 (nanee — cuctema ynpaBneHus)
ncnonb3yeTca B TEXHOSIOMMYECKOM MPOLLECCe ra3oBol LEMEHTALMM CTasbHbIX AeTanein n
npegHasHaueHa Os1a peryiMpoBaHusa YrriepogHoro noteHumana B pabouem npocTpaHcTBe
neum.

B cocrtaB cucTembl ynipaBneHua BxogAT: LWkad ynpasneHnsa; 6ok noaroToBky cxaToro
BO3gyxa 1 npob.

XapaKkTepucTrKn TEXHOSIOMK:

O ycTaHOBJIEHHAA MOLLHOCTb 1,0 kBt

O HanpaxeHue nNuTaHuA 230 B

O puana3oH perynvpoBaHus YriepoaHoro noTeHumana 06 -12%

O [gmanasoH namepeHuii KoHueHTpauumn CO, 0-10%

O pgnana3oH namepeHuii koHueHTpauum CO 0 - 30%

O pmnanas3oH namepeHunin KoHueHTpauun CH, 0-10%
MPEVIMYLUECTBA TEXHONOI M

O uckIKueHVe U3 npouecca goporocroswero obopynoBaHua (3HOoreHeparop,

rasonpuroToBuTess)

9KOHOMWA Ha 3KCyaTaumMoHHbIX 3aTpaTtax (MOLLHOCTb HarpesaTenei
aHporeHepatopa ~ 20 kBT v Bbiwe, faHHaA cuctema notpebnaer 1 kBT)
3KOHOMWA Ha nepuoguyeckom obcryxreaHum (kaTanusatop)

BO3MOXHOCTb yrpaBfieHnsa KauecTBOM LieMeHTaumy (ynpasrieHve yraiepoaHEIv
noTeHumanom)

O

(ONO)
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Cuctema ynpaBneHus,
paboTatoLlasi B KOMMeKce ¢
OBYMS LLlEMEHTaLNOHHLIMU
ned4amMmm

CBEOEHVA O MNMATEHTAX

Matent PB Ha nones3nyo mogens Ne 7577 or 30.10.2011 «YcTpoiicTBo
aBTOMAaTUUECKOro peryriMpoBaHva TEMMNEPaTypbl B ra3orniaMeHHon nevumy.

Matent PB Ha nzobpetenne Ne 16481 ot 30.10.2012 «Cnocob n ycTpoiictBo ona
yrpaBfeHns NPoLLEeCCOM FOPEHUA B MPOMbILLSIEHHO ra3oniaMeHHol nevm.

MateHT PB Ha nsobpeteHre Ne 21079 ot 2017.06.30 «Cnocob 1 ycTpoiicteo ond
C03[aHuA KOHTponMpyemMoi atmocgepsl B MydesnibHOl Neyun conpoTuBIieHUs B NpoLEecce
TepmoobpaboTky MeTanIMUecKx U3oenuny.

MateHT PB Ha nonesHyio Mogenb «ABTOMaTU3NPOBaHHaA CUCTEMA KOHTPOA U
ynpaBreHna ra3oBoli LeMeHTauveil cTanbHbIX U30e1ii B LLAXTHOWN 3/1eKTPMUEcKoi neumy
(3anBka Ne u20190226 ot 14.08.2019).

COCTOAHNE PASPABOTKN
Mpn pa3ymHo CTOMMOCTI Camoli CUCTEMBI YriPaB/ieHVA BO3MOXHa beicTpan
MofepHU3aumA bonbLUMHCTBA CTapbIX NeYel LeMeHTaumn.

MPEOJI0>KEHIA O COTPYOHNYECTBE

PaspaboTtka 1 n3rotoBneHne cucTemMbl KOHTPOSA U yNpaBreHna NPoLLEeCCOM ra3oBoii
uemeHTauum nog TpeboBaHNA 3aka3unka Ha [OroBOpPHOW ocHoBe. [py nepegave TexHonornm
npenocTaBnAeTcA NoAAepXKKa: TEXHNYECKan JOKYMEHTALMA, HAYUHO-TEXHUYECKOE
COMNPOBOXOEHNE.

KOHTAKTHAA TH®OPMALIA
INabopaTopua pagmauMoHHO-KOHBEKTVMBHOrO TernoobmeHa (3aBeayowmii — unex-

KOPPECMNOHOEHT, A0KTop dnsnko-MaTtematuuecknx Hayk IpyuHuyk MNaBen CemeHoBny).
+375(17)379-13-46, gps@hmti.ac.by
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TEXHOJ10rMmm n o60PYA0BAHUE OJ1A BbICOKOTOYHOIO
M®OPMOOBPAS0OBAHIMA 1 ®NHNLLIHOIMO MNMoJIMPOBAHNA
NMOBEPXHOCTEW NPELUVN3NOHHDBIX NSOENNN

VIHcTutyT mmeeT mupoBoi npuopuTteT B obnacTtn TexHonorun obpaboTkn TBETCTBEHHbIX
JeTaneii, 0CHOBaHHbIX Ha YNpaBfAeMoM USMEHEHNM CBOWNCTB MarHUTOPEOSIOrMUYEecKoii
nonuposanbsHoii xnokocty (MPI>K) non Bo3gelicTBMEM MarHATHOMO MOSA.

OrNMMCAHIWE MPEOJIOXXKEHWA

Mpwn obpaboTke petaneii MPIM>K ncnonbayetcA B kavectBe pabouero MHCTpyMeHTa,
KOTOpbI BO3aelcTByeT Ha obpabaTtbiBaeMmblii maTepuman.
Ha ocHoBaHuu akcnepuMeHTanbHbIX OaHHbIX U
MogenupoBaHvA Npouecca yHoca maTtepuana
onpenesiAlTCA PEXMMbl MOSIMPOBaHWA 1
thopmoobpasoBaHus, paspabaTbiBatoTcA NporpaMmmbl
aBTOMaTU3MpoBaHHol 0bpaboTku, KoTopble peanuayloTca
| Ha CTaHKax C YMCNoBbIM NPOrpaMMHbIM

| ynpasneHuem (UI1Y).

PaspabotaHbl 1 n3roTaBnmBaloTCcA Nop, 3aKas:

3-5 KOOPANHATHBIE CTAHKU C 4ny anA
MATHWUTOPEOJIOTMYECKOW OEPABOTKHU C
OCHOBAHUWEM U3 NPUPOAHOI0 KAMHA, C
UCNO0JIb30BAHMEM JIMHEMHbIX NPUBOJ0B:

O CraHok YMI1 ona obpabotkun napenwii
20 - 300 mm

O CraHok YMI2 gna obpabotkn napgenwii
200 - 600 mm

O CraHok YMI3 ona obpabotkn nagenwii
300 - 800 mm

O CraHok YMI4 ona obpabotkn nagenwii
400 - 1500 mm

1-2x KOOPANHATHbLIE MOAYIN ANA
NOYKOMIUIEKTOBAHNA CTAHKOB U
KOOPANHATHbIX CUCTEM:

O Mogyns MPI11. Ouametp pabouero koneca
135 mm. MNMpepgHa3HaueH ona obpaboTtky nspenui
no 300 mm

O Mogyns MPT12. OuameTp pabouero koneca
160 mm. MNMpepHasHaueH ona obpaboTtky nspenui
200 - 600 mm

Mopyne MPI3. Ouametp pabouero koneca 200 - 240 mm. MNpepHasHaveH ona
o0bpaboTtkun nspenuin 400 - 1500 mm

Mogyne MPI4. Ouametp pabouero koneca 350 mm. NpegHasHaveH ona
o0bpaboTtkun nagenun 800 - 2500 mm n bonee.

o O
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MATHUTOPEOJIOrMYECKUE NOJIMPOBAJIbHBIE YXUAKOCTWU HA BOHOM U
BE3BOJHON OCHOBAX:

O Xwnpkocte MPIMK1 — pna obpabotkn napgenuii us kBapua, cutanna, Lepoaypa,
kapbuaa kpemHus u gp.

O Xupgkoctb MPIMK2 — ona obpaboTtkm nspenuin ns ontnueckoro ctekna K8 u ap.

O XKwnpkocte MPIMK3 — pna obpabotkn nagenuii us BogopactBopyUMbIX
kpucrtannos KDP, BBO v gp.

O Xugkocte MPIMK4 — nna obpabotky nspenuii n3 HeMarHUTHbIX HEPXXKaBEHLLIMX
cTaneii, crnyaBoB Ha OCHOBE antoMVHUA, Meay, HUKENA 1 TUTaHa.

TEXHUYECKNE 1 BKOHOMWYECKWE NMPEVIMYLLIECTBA

Crankn, mogynu n MPIM)X nossonAlT npoBoavTe aBTOMaTM3nMpoBaHHyo obpabaTtky
MsI0CKuX, CHEPUYECKUX U achepuUeckx NMOBEPXHOCTEN YHUKAsbHbIX USAEUIA C TOUHOCTbI0
¢opmel RMS go A/ 150 n wepoxoBatocTbio noBepxHocT Rq oo 1A. 3a cuet ncnonb3oBaHua
ctaHkoB ¢ UMY obecneunBaeTtcA aBTomaTm3aLumA NpoLecca, cokpalwaeTca Bpema obpaboTku
1 NOBbILLIAETCA KAYecTBO NPOAYKLUN.

COCTOAHNE PASPABOTKN

TexHonorvn n obopynosaHne oA marHuTopeosornveckori 0bpaboTku BHeOpeEHb! 1
NCNonb3YHTCA B pALE Hay4YHO-NPON3BOACTBEHHLIX OpraHm3auunii Poccuiickoii Mepepaumun,
Pecnybnukun Benapycb, Kutalickoii HapogHoi Pecnybnukn n ctpad BnvwkHero Boctoka ons
BbINyCKa Kak eguHNYHOIA, Tak 1 cepuiiHoi npoaykuun. B HacToAwee BpemA paspabaTeiBaeTca
raMMa COBpPEeMEHHbIX CTaHKOB 1 ycTaHoBok ¢ UlMY, B Tom uncne Ha base MHOrokoopAMHaTHbIX
npomMbILLIeHHbIX poboTo., AnA windoBaHnA, TOHKOro WMgoBaHUA 1 NOSIMPOBaHUA C
1cnonb30BaHMeM TPaOULMNOHHOMO ariMa3Horo MHCTPYMEHTa U NofMpoBasibHbIX abpasmBHBIX
COCTaBOB.

CBEOEHWNA O NATEHTAX

Mo paHHoMy HanpaBneHuo ViHcTuTyToM nonyyeHo bonee 15 naTeHTOB 1 aBTOPCKMX
cBuaeTenscTs, B ToM uncne MNateHTt PB Ne 21104 (2013); Matent PO Ne 2569877 C1
(2015) v Espasniickuin nateHt Ne 024869 (2016).

BJIMAHVE HA OKPY>XAIOLLYHO CPEOY

MpomebiwneHHan peanvu3auma TexHonorum He Tpebyet cospaHna Bakyyma u
NCNoMb30BaHUA XMMUUECKN arpeccuBHbIX BellecTs. Muanveckue akropsbl (3Heprua, Wwym,
N3nyYeHne 1 Hbie) He NpeBbILIaT HOPMaTUBOB JOMYCTUMOro BO3OECTBIA.

MPEOJTATAEMBbBIE ®@OPMbI COTPYOHNUECTBA

MarotoeneHue obopynoBaHua nop TpeboBaHnA 3akasunka B 3aBMCUMOCTM OT TMMNa U
HoMeHKNaTypbl 0bpabaTbiBaeMbIX ONTUYECKUX U NOJSYNPOBOOHUKOBLIX AeTaNeil; COBMECTHOE
npeanpuAaTue No Beinycky nagenuii n obopynoesanus. MNoctaBka TexHonorum n obopynoBaHna
MOL KITHU 3aKa3unKy C JarlbHENLLUM COMPOBOXAEHUEM MPOLIECCa OCBOEHUSA U
ncnonb3oBaHMA obopynoBaHua.

KOHTAKTHAA NH®OPMALINA

JlabopaTtopuna BeicokoTouHOM 06paboTku NoBepXHOCTM (3aBeayowmin — kaHauaat
TEXHMYECKMX Hayk, poueHT Xynonen AHgperi JleoHnposuu).

+375(17)248-42-35, khudoley@hmti.ac.by
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MEHEPATOP BOOOPOOA HA BOPOrnaPUOE HATPUA

BO,D,OpO,D, ABJ1IAETCA SHEProeMK1mM 1 3K0J10rMyeckn YnctbiM aHeproHocuTesnem, ogHako
€ro ncnosib3oBaHme CBA3aHO C TPYOHOCTAMUA bezonacHoro XpaHeHnAa N TPaHCMOPTUPOBKW.
Wckntountb 3tn I'IpOﬁJ'IEMbI Nno3BOJ1AET reHeprpoBaHMe Boaopona HenocpencTteBeHHO Ha
MeCTe MCIMNoJIb30BaHUA, B MOPTATUBHbIX rEHEPAToOpPax — TOMJIMBHbIX 3J/1IEMEHTAaX.

OMNCAHWE NPEOJIOXXEHNA
B ocHose paspaboTaHHO TEXHOIOMMN NIeXUT KaTanuTuueckuin rmaponua boporngpuaa

HaTpusa (NaBH,), kotopeliii xpaHuTca B 6e3BogHom cyxom Buge. B kauecTtse pactsoputens
NaBH, ncnonbsyetca HachblILLEeHHbI NPy KOMHATHOI TeMnepaType pacTBop metabopaTa
HaTpua NaBO,. Katannzatop cobcTBeHHoro nponssoactea obecrneunBaeT onTyMarnbHyH
CKOpOCTb rMaponnsa npv NpoBegeHn NpoLecca No UMpPKYIAUnoHHON cxeme. TemnepaTtypa B
pabouem pacTBope nopoepxusaertca Ha ypoeHe 145 - 153°C, uto No3BoNAET OCYLLECTBNATL
npouecc rmgponuaa NaBH, c Bbicokoit ckopocThto.

Katanutuueckuii peakTop npegcraendAeT cobon uunuuap gnametpom 150 mm,
BbicoTo 250 Mm.

3anyck reHepaTopa BOO0POAa OCYLLECTB/AETCA 3/IeKTPMUYECKMM HarpesaTtenem,
BCTPOEHHLIM B TPAKT Nogayum pacTBopa B kaTanuTnyeckuii bnok gna ero npegsaputensHoro
Harpesa. Takoe peLueHne ABMAETCA AOCTaTOYHO NPOCTLIM 1 ynpasnAeMbiM. Bpema ctapTa
OLEeHVBaeTCA B HECKOJIbKO MUHYT. HarpeBaTtenb n3rotosreH Ha base Tpex 0aMHaKOBbIX
KanunbeHbix cBevert mapkn Bosh, mowHocts 300 W kaxpan. Takoe peweHne obocHoBaHo
MCMNoJIb30BaHNEM ECTECTBEHHOIO AJ1A TOMSIMBHBIX 3/1eMEHTOB (1 aBTomobuna)
Hu3koBosibTHOro NutaHua 12 B. Pabounii pacTtBop cocTtounT U3 rpaHy/IMpoBaHHONo
6e3sopHoro NaBH, n HacblLeHHOro npu koMHaTHOI TemnepaType pacTteopa NaBO.,.

[na peanusaumun peakumm rugponmsa

pacteop NaBH, npokaunBaetca uepes
katanutmueckun bnok. MuHumansHo
HeobxoguMmana ckopocTb rMApPonM3a 3aBUcCKUT OT
DJIMTEeNbHOCTY TakyX ornepaumii, Kak crivB
otpabotaHHoro pacteopa NaBQO,,
NPUroToBJIEHNE U NOdaYa CBEXEero pacTeopa
NaBH,.

KoHTponb paboTel reHepaTopa Bogopoaa
1 ynpaBrieHne napaMmeTpamu, BINAOLWLMMN Ha
X0[, TEXHOIOMMUECKOro NpoLIecca,
ocyulectensaeTcA paspaboTaHHoi
KOMMNbKOTEpHON nporpammoii. [Nporpamma
obecneunBaeT guHamuueckoe otobpaxeHue B
uMcnoBoM 1 rpadyeckom Buge nHdopmauun
0 TeMnepaTypax pacTBopa U\ rasa B peakTope,
JaBrneHnA B peakTope, pecuBepax BbICOKOro 1
HU3KOro 0aBrieHNA; KOHTPOJIb U yripaBneHne
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pacxofom BoAopoaa Ha BbiXOAEe U3 peakTtopa.
OcywecTenAeTcA ynpasneHvue paboToli HarpesaTena
onAa obecneyueHna TEXHONOMMYECKUX PEXVMOB.

3KOHOMWYECKWE NPENMYLLIECTBA

B koHcTpyKuMn reHepaTopa Bogopoaa
MCNofb30BaHa MHHOBALMOHHAA LMPKYNALMOHHAA
crcTemMa, No3BOSALLLAA UCMOSL30BaTe MeHee
athexkTnBHLIE, HO AELLEeBbIE KaTanuaaTopbl bea
JparmMeTasnnoB, Takux Kak nnatuHa, nasiaguin n gp.
Monyuaemblli Booopopa, HackILEH TOSBKO Napamu
BOAbl, NO3TOMY Er0 MOXHO NofAaBaTb B aHOOHOe
MPOCTPaHCTBO TONMBHOro arieMeHTa bes
OOMOJSIHUTENbHO OUUCTKY U YBIIAXHEHUA.

VHHOBALVIOHHBIE ACIMEKTbI

MPEJI0>KEHNA
HoBaAa TexHoMorMA n KOHCTPYKLUMA.

COCTOAHNE PA3PABOTKN
JkcrnepuMeHTanbHblli obpaseu. MimetoTca
pesyrbTaThl 3KCNepPUMEHTasNbHbIX UCCNEO0BaHNIA.

CBEOEHNA O NMATEHTAX
Matent PB Ne 7854 o1 2011.12.30

«YcTaHoBKa ona nosiyueHyUa Booopoaa U3 pacteopa

conu rmpgpupoa metasnnian.

OBJ1ACTb NMPMEHEHWA TEXHOOIMA
"eHepaTop MOXET HaliT! NPUMEHEHVE B KAYECTBE MCTOYHMKa Boopoaa oA
TOM/IMBHbIX 35IEMEHTOB.

MPEVI0>XEHWA O COTPYOHWYECTBE
MarotoeneHue n nepegava reHepaTopos Ha A0roBOPHOI OCHOBeE.
CoBemecTHOe NpeanpuATue. JluleHanposaHue.

MOAOEPXXKA, MPEOOCTABJIAEMAA MNP NEPEOAYE TEXHOJ10M
TexHnueckana gokymeHTauma. Ycnyru nepcoHana.

KOHTAKTHAA MH®OPMALIA
JNabopaTopua MmaTeMaTUUYeCKOro MoaenMpoBaHva (3aBeaylowmii — kKaHauaaT puanko-

MaTemaTtmuecknx Hayk LLlabyHa CraHucnas VlBaHoBuu).
+375(17)378-22-10, stas@itmo.by
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BUBPO3ALLITA MOBWJ1bHBIX TPAHCIOPTHbIX
CPELCTB C NCMNOJIb30BAHMEM YTNPABJIHEMbIX
JEMMNONPYIOWINX XKNAKOCTEN

Pecnybnuvka Benapyck n3sectHa cBoMMY NPeAnpuATUAMU MO
BbINycKy bosbLuerpy3HbIX TPAHCNOPTHBLIX CPEACTB, N03TOMY CO3AaHue
KOHKypeHTocnocobHol npogykumn B 0bnactn MallMHOCTPOEHUA, B
vacTHocTu, AnA bonbluerpysHbix 06BLEKTOB cneunanbHoro
Ha3HauyeHwuA, ABMAETCA aKTyanbHOW 3agadvei. 3ta 3apava
HernocpencTBEHHO CBA3aHa G pelwueHvem npobnem BmbposalmnTsl
BOOUTENA 1 NEPEBO3UMBIX rPy30B. TPaguLMOHHO UCMOSb3YeMble
ynpyrue n gemndupyroLme NaccuBHblE CUCTEMbI MOAPECCOPMBAHUA CTATUUHBI U B
6onbLUerpysHbiX MallMHax ¢ HU3Kol cobcTBeHHON uacToTol konebaHuii He obecneunBatoT
Tpebyemyo Bubposawwty. lNepcnekTMBHLIM HanpaBieHNEM CO30aHNA aKTUBHbIX CUCTEM
BTOPMYHOr0 NOAPECCOPMBaHMA ABMAETCA MPUMEHEHME B r’MAPaBfIMUeckux amopTuaaropax
3N1EKTPO- N MarHuTopeosiornyecknx gemndpupyowmx xmnokocrten (3PXK n MPXK) ¢ BA3KocTkio,
papvKanbHo (Ha HECKOJBKO NOPAOKOB) M3MEHAEMON BHELUHMM NoniaMu. VIx npumeHeHne
CBA3aHO ¢ pa3paboTkoii KOHCTPYKLMIA CneumarbHbIX 3anopHLIX YCTPOWCTB — ApOCCcerneil
(knanaHoB) aMOpPTM3aTOPOB, MHTEHCMBHOCTbL MOJIEN B KOTOPbIX YNPaBAETCA 3/1EKTPOHHBLIMMA
yCTpOCTBaMUN afanTyBHO YC0BUAM 3KCrJlyaTauuy TpaHCNopTHOro CpeacTea.

CoBmecTHO ¢ MawmnHocTpouTtesnbHbiMu npegnpuatnamm OAO «MuHcKuin TpaKTOPHbIN
3aBoa» n OAO «MuHcknin 3aBog, konecHbix TAaraveny (OAO M3KT), a Takxke c
ObbeaviHeHHBIM MHCTUTYTOM MalumHocTpoeHna HAH Benapycu B IHcTTyTe cospaHsl
KOHCTPYKLIMN aMOpPTU3aTOPOB, NO3BOJIAOLLME YNPaB/ATb BENMUYNHON CU CONPOTUBIEHUA
nemvndupytoLwen xuakoctn. PaspaboTtaHbl aththekTMBHEIE COCTaBbI XXMOKOCTEN 1
3N1EKTPOHHbIE CYCTEMbI YNPaB/IEHNA MHTEHCMBHOCTBLIO 3/IEKTPUYECKNX U MarHUTHbIX
BO3ENCTBUIA.

OMVCAHUE MPEOJIOXXEHWI
CUCTEMA 3JIEKTPOPEOJIOTMYECKOW AMOPTU3ALIUM CUAEHBA BOAUTENA

(Ha npumepe kpecna BoguTena TpakTopa «benapycby)

Ha ocHoBe dinauko-maTemaTnyeckon mogenu n pacueta konebaTtensHoi cucTemsl
TPaHCMNOPTHOro CPeACTBa CeslbXx03Ha3HaueHnA co3fgaHa cucTemMa aBToMaT3npoBaHHOIo
yrpaBrieHna 1 3NeKTPoHHBIA brok ynpaBneHua napameTpamu konebaHuin guHaMmmueckm
Harpy>XeHHbIX Macc Npu NCNosIb30BaHUN 3N1EKTPOUYYBCTBUTENbHBIX AEMMMPYHOLLIAX
xupkocTtelri (3PXK) ¢ BO3MOXXHOCTBIO ynpaBneHus ux BA3KO-yNpyruMmy napameTpamMmu B
NPOTOYHOM KlanaHe (CnoMcTo-LUuInHapuYeckan KOHCTPYKUUA) aMmopTm3aTopa.

AdhhekTMBHOCTL AemncrpoBaHna cobecTBeHHbIX konebaHnii BospacTtaet B 3 pasa.

AsTOMaTMUECKOE ralleHne BbIHYKAEHHbIX rapMoOHUYeckux konebaHui B cnegAllem
pexume B Avanas3oHax usmeHeHna amnnutyg konebanuii 3 - 15 mm 1 yactot 1 - 10y,
nokasarso ysenuueHue B 5 pas gemndupyowmx yeunuii APXX B amoptusaTope.

NIEKTPOYNPABJIAEMbIA AEMNMUPYIOLLIMIA
MATEPWAN AIM-1

MNokasaTtenn pabotocnocobHocTn maTepuana
(ceammeHTaumoHHan ctabunbHocTb, CTENEHL
nemndupoBaHua, TeMnepaTypHaa YyCTONUMBOCTL)
NPEBLILLAKT M3BECTHLIE aHaNorn B HECKOJSIbKO pas.
Y1BEPXOEHBLI TEXHNYECKME YCOBUA U
TexHonornuyeckuii pernameHT Ha maTepuarn.
PazpabotaHa KOHCTpyKTOpPCKaA A0KYMEeHTakLusa
3/1EKTPOPE0SIOrNYECKOFOaMOpPTM3aTopa, ONpeaesieHbl
anropuTMbl yNpaeneHUa 3N1EKTPUUECKUM MOSIEM.
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MATHUTOYNPABJIAEMbIE AMOPTU3ATOPbI )18 BOJIbLUETPY3HbIX
TPAHCINOPTHbIX CPE[ICTB

Co3paHbl KOHCTPYKLUMM amopTu3aTopoB bonbLluerpy3Hbix TpaHcnopTHbIX cpeacTs (TC) c
JpocceneM KOHUYecKoro T1na, No3BosIAoLWLMM YNpaBnaTb BENIMYMHOM NOSA C NOMOLLbHO
narotossfieHHoro bnoka ynpaeneHus B 3aBUCMMOCTY OT UBMEHEHWA MEXaHNYECKOW Harpy3Ku.
CoszpaHa athchekTBHaA peLenTypa MarHMToynpasnaembiX AeMhVpyoLLMX XUOKOCTelk
(MP>K]).

Peaynbrathl ucnoitaHmii B OAO M3KT nokasanu yBenvueHve cusibl CONpPoTUBIEHUA
amopTmnzaTopa B nosne go 15,5 kH. B coctaBe cuctemsl waccu asyxocHoro TC (OAO M3KT)
npoBeaeHbl UccregoBaTesibCkue NnosieBble UCMNbITaHUA afanTMBHBLIX aMOPTU3aTOPOB Npu
OBVXeHUN No acanbToBOW, FPYHTOBONM U rpaBuiiHOl goporam. YCTaHOoBIEHO YMEHbLLEHUE
BMBpOHarpy)xeHHOCTM 351eMeHTOB TPaHCMNOPTHOro cpencTea Ao 30%.

COCTOAHNE PA3PABOTKN

PaspabotaHbl: TexHuueckne ycnosua 1 TeXHONOrMYecknin pernameHT N3roToBeHNs
MarHuToynpasfiAemMoil gemMndupyoLeit XnoKocTy; KOHCTpyKTopckana gokymeHTaumsa (KO)
anekTpoHHoro bnoka ynpasnexus; K amopTusaTtopa ¢ MarHUToyanpasnifaeMbliM OPOCCESEM,
PykoBoacTBO no akcnnyaTtaumum, nporpamMmma 1 MeToavka UChbITaHWI afanTUBHbIX
amMopTV3aTOpOB B COCTaBE LUACCHU.

" VcnbitatenbHan
' MawunHa

X AmopTnzaTtop
¥ ¢ MarHWTHbLIM
yNpaBrieHnem

AmopTn3aTopbl C MarHUTHBIM YNpPaBreHNEM
(BHELHEee 1 BHYTPEHHEE pacnonoXeHue)
Ha cunoBbiX ncneitTatenbHbix cteHaax OAO M3KT

TEXH/NKO-3KOHOMWUYECKWE NPENMYLLIECTBA AMOPTV3ATOPOB (3P>X, MPXK)
YnpaBnAaeMocTb BTOPUYHbIM NOAPECCOPUBAHNEM afanTMBHO MEXAHWYECKOW Harpyske,
CH)XEHUE YPOBHA BUBpPOHArpy)>XeHHOCTV Ha BOOUTENA U FPy3bl.

CBEOEHW/A O MNMATEHTAX
MateHTtol PB N2 3587, Ne4592, Ne6710, Ne6912, Ne7632, Ne 9137.

MPEOJI0>KEHVA O COTPYOHWYECTBE
BeinonHeHne paboT Ha 4OroBOpHO OCHOBE, HAYYHO-TEXHUUECKOE COMPOBOXAEHNE
pabor.

KOHTAKTHAA NHD®OPMALINA

JabopaTopua peodmanku 1 MaKpoKUHETUKM (3aBeayoLwmii — A0KTOP TEXHUYECKMX
Hayk, npoceccop Kopobko EBreHna BuktoposHa).

+375(17)350-13-61, evk@hmti.ac.by
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TEXHOJ10M TEPMOMEXAHUYECKOIO
MOONDULINPOBAHWA OPEBECUHBI N X
NMPUMEHEHNE C YJTYULLEHHbIMIA COCTABAMW .
KJIEEBbIX N SALLIMTHO-AEKOPATUBHbIX MOKPbITUA

TexHonorum NaroToBeHna 0bAMLOBOUHBIX M KOMMOSULUMOHHbLIX MaTEPUAIoB C
MOBLILLIEHHbIMY 3KCMyaTaLMOHHBIMY XapakTepucTMKaMy Ha OCHOBE TEPMOMOMEXaHUYECKOoro
MOAMULMPOBAHUA OPEBECHHbI MATKOSIMCTBEHHbIX NOPOA, METOOAMKU UX NMPUMEHEHUA B
NMPOV3BOACTBE, CONYTCTBYIOLLUME MaTEPUaribl — KIIEN 1 3aLUMUTHBIE MOKPLITUA C
thopmupyowmmn gobaBkamu, CTaHKy oA YryJIoOTHEHUA LWNoHa — paspaboTaHbl B Koonepaumn
c nepeBoobpabateiBalowmMN NpegnpuaTuamMu pecnybnuku n Benopycckum
rocynapcTBEHHbIM TEXHONIOMMYECKUM YHUBEPCUTETOM.

OMUCAHVE NPESIOXEHWIA

Cnocob ynyulieHna akcnsyaTaumoHHbIX CBOWNCTB APEBECUMHbI MArKOSIMCTBEHHbIX NMOPOA,
npv TepmoobpaboTtke n npeccosaHny maTepuana paspaboTaH An1A N3roTOBAEHUA TOHKMX
nnacToB 06NMLLOBOYHOrO LUMNOHA, CII0EB (haHepsbl, NapKeTHbLIX MOBEPXHOCTHLIX CIIO0EB, U
BrepBbIe - NOBEPXHOCTHbIX C/I0EB LIENbHON APEBECUHBI, ANA NpuaaHus Tpebyembix
notpebutenbckux xapakrepucTuk. [pevmyllecTsa: ysenMyeHe nioTHOCTM OPEBECHHBI,
YMEHbLUEHWE MOPUCTOCTMK, yNyylleHne (hrU3nKo-MexaHMUEeCKUX XxapakTepmucTuk (TBEpAOCTb,
N3HOCOCTOWKOCTb, 351TACTUUHOCTB, YAapHaA NPOYHOCTb), COKpaLleHe BpeMeHM npoLecca
CYLLKW.

HoBebilh cocTaB naka gna mebenbHOro Npon3BoACTBa XxapakTepmnayeTca yyyLlleHHbIMY
nokasaTtenamMu (CTONKOCTb K NATHoObpasoBaHuio, yaapy, NCTUPaHUI0, KOHTaKTHaA
TEM/I0CTONKOCTh) M AeKOPaTUBHBIMY XapaKTepucTkaMm (NokasaTenu LBeTa, ragKocTy,
npospayHocTu).

Mogudmumpytowme HaHogobaBku B cocTaBax KieeB, MCNosb3yeMblx Npu 0bnvuoske
MeberibHbIX U3Aennii TEPMOYMNIOTHEHHBLIM LUMOHOM U MPY CKJ1eMBaHWM NNAacToB thaHepsl,
napkeTa, 3JIeMeHTOB CTPOUTESEHBIX U3AENNIA NPUBOOAT K YBESTMUEHUNIO NMPOYHOCTU KITEEBOro
coeauHeHna Ha 20-25 %, NoBbILLEeHUI0 BOOOCTOWKOCTY ApeBecuHbl B 3 - 4 pasa, CHUXEHUIO
copepxaHua copmanegervoa oo 4,2 mr/ 100 r, uto cooTBeTcTBYET EBponelickum
ctaHpapTtam. B coctase bymaru n nonurpadmyeckoro kKaptoHa MyHeparbHble fobasku,
noslyyeHHbLIe N3 0TX0A0B NPom3BoAcTB docdopHbix yaobpeHun (OAO «I"omenbckuii
XvMuueckmii 3aBoay), obecneunBaloT ynyylleHMe 0CHOBHbIX 3KCMlyaTauuoHHbIX NokasaTtenei
(benusHa, HeNpo3payHoCTb, NMCYMEe CBOICTBA), @ TaKXKe NOoBbILLEHWE NoKa3aTena rnagKkocTn
Ha 35 - 60% u cTeneHn yoepxaHna Ha 23 - 25%. 3amelleHne TpaaMUMoHHOro HanosIHUTeNA
(kaonuH) cnocobeTByET YMEHBLLUEHMIO UK MOSTHOMY OTKa3y OT UCMO0JSIb30BaHVA NMMNOPTHOIO
cbipbA, pewieHnio Npobnemsl yTUIM3aumMm 0TX0H0B.

TEXHNKO-3KOHOMWYECKWE NPENMYLLIECTBA

3ameHa MMMopTUPYEMOIA 40POrocToALLe ApeBecuHbl TBEPO0SIMCTBEHHbIX NOPoS,
MoaMdMLMPOBaHHON TEPMOYMIIOTHEHVEM ApPeBECUHBLI MATKOSIMCTBEHHbLIX Nopop, AobsiBaemoii
B Benapycu; BbicokaA 3KoN0rMYHOCTb K1eeBbIX COCTaBOB B M3OENNAX; 3KOHOMUA CPeACcTB 3a
CUET COKpaLLLeHNA BPEMEeHN TEXHOOMMUYECKOro npoLecca 1 yMeHbLUEHNA KOSIMYecTBa
3alUMTHO-OEeKOPaTMBHbLIX MOKPbLITUIA; NOBbLILLEHHbIE MOKa3aTeny NPoYHOCTU n3genuii ns
MoAnULMPOBaHHON APEBECUHBL.

CBEOEHVA O NATEHTAX

Matent PB 17706 BY (201 3) Kneesaa koMno3vuna o8 ApeBeCUHbI (BapUaHThI),
MateHt PB 19797 BY (2016) MNpokaTHbIii cTaHOK As1a yrioTHeHWA WwoHa, MNateHt PB
20888 BY (2017) CtaHok anAa ynioTHeHWA Nosiockl TOHKOMEPHOiAPEBECUHbI
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YTBEpPXOEHbLI TEXHONOrMYECKNE PerfnaMmeHThl
N3roToBJSIEHVA: KOMMNO3WLIMOHHOMO MaTepuana;
YMJIOTHEHHOTr 0 anbNW-LLNOHA; YIyJLLieHHOro cocTaBa
KJS1IeEBOI KOMMNO3nLUMK; haHepHO NpoayKuun ¢
paspaboTaHHbIMK KJleeBbIMM COCTaBaMM; CTOSIAPHO-
CTpOUTESbHBIX U3OENNIA; KOHCTPYKTUBHLIX 3/IEMEHTOB
¥ mebenun n3 opesecuHbl MArKO/IMCTBEHHLIX MOPOS, C
B VNyyLeHHbIMW (PU3NKa-MexaHNYeckmMm
" nokasaTenamu; a Takxe (hopMUpoBaHma
NaKoKpacouHbIX NMOKPLITMIA 1 0bnMLoBKKN peTanei
CNoXKHoro NpochnnA YiI0THEHHBIM LUMOHOM.

Y1BepxaeHbl TexHndeckue yenosua (TY): TY BY 100354659.095-2011 «3awutHo-
JekopaTuBHble maTtepuasnbl ¢ HaHogobaskamny; TY BY 100354659.085-2010 onbiTHas
naptua «lMonuenHnnauetaTHaa aucnepcua mognduumposaHHas (MNBAO-M)»; TY PB
100354659.000-200.100-2012 «lMNonuBnHMNnaueTaTHaA gMcrnepcua MoanUmMpoBaHHan
(MBAO-MT)»; TY PB 100354659.000-200.101-2012 «MognduumpoBaHHbIl flak
MAB AY -2122».

KoHuepHom
«Bennecbymnpomy» yTBEpPXOEH
othmumanbHbIi HOPMaTUBHBIN
DOKymeHT «TexHonorna nsgenuin n3
apesecuHbl). B 2-x u. Yactb 1.
TunoBble TexHONOrnyeckme
pexumsbl. - Munck: BI'TY, 2010. -
299 c., pekoMmeHAOyeMbI 0JiA BCex
nepeBoobpabartbiBaoLLmx
npegnpuAaTuin pecnybnuku.

COCTOAHNE PASPABOTKW

TexHonorna TepmMoMexaHN4Yeckoro MoamguuuposaHna OpeBecUHbI 1 COMyTCTBYHOLLNE
pa3paboTky 0cBOEHLI B CEPUIAHOM 1 MESTKOCEPUIAHOM NMPOV3BOACTBE Ha NPeanpUATUAX
nepesoobpabartbiBatoLLet npombiwneHHocT Pecnybnnkn Benapyck. BeinyuieHo nsgenuin Ha
cymmy 7 302 859,9 pyb. (ueHbl 2018 r.): mebenb ¢ anemeHTamMu cnoxHoro npoduna
(SBAO0 «lMNuHckapesy, SAO «MonogeuHo-mebernby); petckaa Mebenb ¢ 3KOSIOrMYecKkuMm
nokasartenamu, haHepa cTpouTesnibHoro HaaHaueHusa (OAO «Peunuappes»); napTuv osepen
(COO0O «Mabpuka geepeli «J1o3ay); aByxcnoriHaa napkeTHaa gocka (Fomenbckuii chnnvan
«[MapkeTHbI 3aBoAY); NApTUA OEPEBAHHbLIX KapKacHbIX AoMoB (dunnan «domocTpoeHne»
PVYI1 «3aBop rasetHoi bymarny); naptum bymarn n kaptoHa (CnoHUMCKUin KapToOHHO-
BbymadkHbIli 3aBof, «AnbbepTuH»).

MPEOJSIO>KEHNA O COTPYOHWNYECTBE
BeinonHeHwe pabot Ha poroBopHoli ocHoBe. HayuHo-TEXHNUYECKOE CONPOBOXOEHME
pabor.

KOHTAKTHAA NH®OPMALINA

JlabopaTtopusa peounankmn n MakpoKUHETMKY (3aBeayoLLMiA — OOKTOP TEXHUUECKMX
Hayk, npocheccop Kopobko EBreHuna BrukToposHa).

+375(17)350-13-61, evk@hmti.ac.by
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WCMNbITAHNA TEMJ10SALLITHBIX MATEPWAJIOB C
NCMNOoJ1b30OBAHMEM TOPLIEBOIO XOJ1J10BCKOIO
YCKOPWUTESTA NMNJ1A3SMbI

Mpn Bxope kocmumueckoro annapara (KA) B
aTmocdepy 3emnu unu gpyrux nnaHeT ero nobosan
NoBEpXHOCTb NoABepraeTcA MHTEHCVBHbIM KOHBEKTUBHBIM
1 pagnaunoHHBIM Harpyskam OT BblICOKOTEMMEepaTypHOro
yaapHoro cnos. [1na sosepaliaembix KA xapaktepHo
bbICTPOE UBMEHEHNE CKOPOCTY 1 BbICOThI NMOJIETA, UTO
NpMBOOUT K PE3KOMY BO3PaCcTaHUI0 TEMNJI0BOro
BO3LOENCTBUA Ha ero KoHcTpykumio. C poctom ckopacTu
BX0[a BO3pacTaeT BeSIMYMHa JIYYNCTON COCTaBIIALLEN
TEMJI0BOro NoToKa, U Npy 4ocTatouHo bonbLumx
CKOPOCTAX NPOLLECCHI NEPeHOCca N3y4YeHnsa CTaHOBATCA
pewatowmmm. V1snyueHne BHOCUT BKNad, B a3poanHaMUYecKmini Harpes, MOXET U3MEHUTb caM
MexaHn3m paspylueHua matepuana. lMpu aTom NHTEHCUBHOE TEMJI0BOE BO3OENCTBUE
NPUX0OMTCA Ha BbICOThI C pa3peXeHHo atmoctepoli u ¢ obtekaHmem KA uucToii nnasmolid,
COMpoBOXOaeMblM HEPaBHOBECHBIMU (IN3UKO-XUMUUECKUMU npeBpaLleHnamin. VimeHHo ona
TaKux yCroBuiA O40MXHbI oTpabaTtbiBaTbCA 3KCNEPUMEHTasIbHbIE METOAbI MCMbITAHNA
Tenno3awmTHeIX matepuanos (T3M). TopueBoii xonnoBckuin yckoputerns nnaamel (TXY),
co3paHHbIl B VIHcTutyTe (Ha ¢hoTo), c ycnexom ucnonb3yetca oA pewleHna nogobHbix 3agau.

XapaKTepu(:TuKu TOPLEBOro XoJJIOBCKOro yCKoputena nina3mbl

O MmakcumarnbHas MOLHOCTb 1200 kBt

O MakcumarbHaa MOLHOCTb pa3pAgna 700 kBt
MakcumanbHaa MHAYKLUA MarHMTHOro Nona:

O B UEHTPe Ha ocx coneHomnpa 3,5Tn

O B paspagHoii 30HE 2,5Tn

Pacxop rasa:

O Bo3agyx, N, CO,, He, Ar, H, 0,1-12r/c

O TennoBoi n knHetnueckmin KMo 60 — 95%
MapameTpbl N0TOKa BO3AYLIHOI NNa3Mbl:

O 3HTanbLNMAa TOPMOXXEHUA 3 - 500 MOx/kr
O cKopocTb 0,5 - 20km/c

O uucno Maxa 0,5-20

O [paBneHue B 30HE TOPMOXEHNA 0,01-1,0 atm
MnoTHoCTL TENNOBOI0 NOTOKA K J1I060BOM NOBEPXHOCTH MOZENH:

O cymmapHbIi 1- 400-10° Br/™m°
O  nyyucTblii 0,5 - 200-10° BT/M2
TemnepaTypa aneKTpoHOB:

O B cBobopgHol cTpye 0,5-2,0aB

O B cxaTom crioe 1,0-4,03B

OMNVCAHWE NPEOJIO>XXEHNA

TopueBoli XonnoBCcKMi yckopuTtenb nnaamel crocobeH obecneunts 0gHOBPEMEHHOE
BOCNpon3BeaeHne HeobxoaMMbIX NapamMeTpoB: MIIOTHOCTb TEMJ/IOBOM0 MNOTOKA, 3HTabRAMKIO
TOpMOXeHMA (CKopocTb HaberatoLlero noToka), AaBneHve TopMaXXeHUsA (NI0THOCTE
Haberatowiero notoka), uncno Maxa, coctaB-atmocthepsl. Mogenupyiotca peasbHble YCrioBuA
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0Obpaszusl T3M po n
rnocre ncnbiTaHnin

cryckaeMmbix annapaTtoB «Coroay,
aBToMaTuueckmx annapartos «Mapcy,
pakeTHO-KOCMUYECKOI CUCTEMBI
«3Heprua-bypaH», HocuTenn pasHoro knacca
«Cotoay, «MpoTton», H-1, «3Heprua-M» un gp.
BbinonHeHbl MCNbITaHWA KOMMO3ULMOHHOW
rmbkoi TennosawmTel A1 crnyckaembix
annapaToB C HaayBHLIMY TOPMO3HBEIMU
ycTpoiicTBamu. PeaynbTtaTel peann3oBaHhbl B
npoekTax «Mapc-96», «[JemoHcTpaTop»,
«Cuctema cnaceHus bnoka «Mperat.

CTATYC NPAB VNHTENJIEKTYANBHON

COBCTBEHHOCTW/

AsTopckue ceupeTtenbctBa CCCP Ne

103877 1 Ne 1815927.

obrekaHna obpa3uoB 1 hparmeHToB Tennoson 3awutsbl KA.

Ina nposBeneHua pabot cywectByeT TexHuueckan basa,
B COCTaB KOTOPOW BXOOAT NCTOUHMKW 3/1EKTPONMTaHUA,
CUCTEMbI BOAO- 1 ra30cHabxeHns, nynbT ynpasneHus,
npvbopel, NpegHa3HayYeHHbIe A1A KOHTposiA paboumnx
napameTtpos TXY. ImeloTcA aBToMaTM3npoBaHHaA cuctemMa
n3MepeHuii U KOMMbOTEPHaA cucTeMa BUOeoHabnoaeHua n
BMOE03anunucu.

lNpoBepeHne akcnepumMeHTa OCYLLECTBIIAETCA Mo
HOpPMa’sibHO 0CECUMMETPUYHOI CXEME NCMbITaHUSA
umnuHopuueckux mogeneit T3M. Obpaszeu, nomellaeTca B
BOO00XJ1aXOAEMYI0 Aep)XaBKy 3aaHHOro guamerpa,
yCTaHaBfIMBaeMy COOCHO C YKOPUTENEeM Ha PacCTOAHUN OT
cpesa conna aHoga, Heobxoaumom 1A nonyyveHns
COOTBETCTBYHOLLMX NapaMeTpoB nia3mbl B pabounx ceueHnax
noToka.

COCTOAHVE PASPABOTKI

Ha TXY npoBopsatca ncneitaHna T3M B noTtokax
BO3AYLUHOV NniasMbl, MOSENPYIOLLMX BXOA B aTMocdepy
3eMn1 1 B NOTOKax nnasmMbl, MOAENVPYIOLLMX BXOS, B
atmocdepy Mapca. PesynbTaThl nCNosb30Banmnch npu
cosgaHuy Tennosoi 3awmTtel onida KA n Hocuteneii: cepun

MoTO 30HBI TOPMOXEHUA

OBJ1ACTb NMPMEHEHWA TEXHOJ10IMMA

Buibop onTtumanbeHbix napameTpoB KoHcTpykuumn T3M gna KA, Bxogawmx B atmocgepy
nnaHeTbl co cBepx- U runepopbuTansHbiMK ckopocTamn. MNpoBepka paboTocnocobHocTy
COCTaBNAKLLMX KOMMOHEHTOB TEMJIOBOW 3aLUUTHI.

MPEIATAEMBIE ®@OPMbl COTPYOHNYUECTBA
BuinonHenne HVIOK(T)P v ncneitaHuii Ha A0roBopHOM OCHOBE.

KOHTAKTHAA NHMOOPMALINA
OTpen aneKkTpoayroBoii nnasvbl (3aBedyroLwmii — KaHAMOAT TEXHUUeckux Hayk CaBumnH

BacvinuinBacunbesuu).

+375(17)397-12-31;»sauchyn@itmo.by
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NCMNbITAHAA TEMJTO3ALLUNTHBIX MATEPUAJ10B B
BbICOKOTEMIEPATYPHOM 'A30BOM INOTOKE

VHcTuTyT MmeeT BonbLuoii onbIT M3yueHMA NPOLECCOB Nporpesa 1 abnaumm
Tenno3awmnTHbix Matepuanos (T3M) B BbicoKOTEMMNEPATYPHBIX MSIa3MEHHbIX NOTOKaXx B
LUIMPOKOM OManasoHe N3MEHEHMWA TEMNSIOCUOBLIX HAarpy3oK.

OMNMMCAHWE MPEOJIOXXEHWA

CospaHbl MeTOAMKY UccrenoBaHuii, obopynoBaHne 1 3KCnepuMeHTanbHbIe CTEHOb
ONA NcnbITaHWIA MaTeprnasnos ¢ NPMMEHEHNEM MN1a3MOTPOHOB, FEHEPMPYIOLLMX NOTOKKU rasa ¢
napameTpamu, MOOENUPYHOLLIMMUN HaTypHbIE YCI10BMA KOCMUYECKIMX MOSIETOB.
3KcnepruMeHTasibHble CTEHAbLI OTKPLITOW apXUTEKTYPbI MO3BOSIAKOT OCHaLLaTh 3KCNEPUMEHT
pasnuuHbIMK YCTPOCTBaMU NCXOAA U3 NOCTaBMeHHbIX 3apau. VcneiraHna BknovaoT
3KCMNEePUMEHTasbHYI0 1 pacuYeTHY AMarHOCTUKY (ra30AMHaMMUECKYH, ONTUYECKYIO)
na3mMeHHbIX NOTOKOB, ANarHOCTUKY UX B3aMOLEeNCTBMA C MaTepuanami pasnyHblx
KJlaccoB, aHanna pes3ynbLTaTtoB 1 obocHoBaHWe pekomeHAaumii No ynyyleHnto ceocts T3M.

MJIASMOTPOH «3AMIMN» c Hacagkom u BcTaBkol ona ucnbitaHva obpasuos T3M Ha
BO3ENCTBUE KacaTesbHbIX HanpaXeHuiA.

Cxema nnasmotpoHa 3001

1 - Kopnyc Hacapka; 2 - N1asMoTpPOoH;
3 - obpaseL; 4 - KIMHOBUOHbLIE
BCTaBKW 1A PErYIMPOBaHUA CEYEHUA
KaHana; 5 - BUHT KpernsieHns obpasua;
6, 7 - oTBEpCTUA 1A TepMonap u
n3MepeHus NaBrieHnA rasa;

8 - oTBepcTMA AnA nogaun
DOMoSHUTENBHOMO BO3AyXa.

9KCMEPUMEHTANbHbIN CTEH/ HA BA3E KOAKCUMANIbHOIO 3JIEKTPOJIYIOBOI0

HATPEBATEJIA TA3A cospaH ona ncnblTaHWii TennosawyTsel MaTepUasnos Uy ConsioBbIX

BKnagbiwein npu TemnepaTtypax 3000 - 4000 K, cBepx3BYKOBbIX CKOPOCTAX MCTEYEHUS

pabouero Tena v BLICOKMX 3HAUEHUAX AABIIEHNA TOPMOXEHMWA ra30BOr0 NOTOKA.
TexHuueckre xapakTepUCTUKN HarpeBaTesiA rasa KoakcuaribHON CXeMbl:

O anekTpuyeckaA MOLWHOCTb 500 - 700 kBt
O pacxog pabouero rasa (Bosayx) 000,12 «kr/c
O SHTanbnMA ra3oBoOro NoToka 3,5 - 5,5 MOx/kr

[aBneHuve B paspagHoii kamepe - go 60 atm.
npv McnbITaHUW BTYOK; A0 25 atM. - Npu NcnbiTaHnum
umnmugpoB anametpom go 20 mm.

CTEHA J1YM-2

OcHoBHbIM 3nemMeHToM cTeHaa Jlyu-2 AsnaeTca
KOMBUHVpPOBaHHBIN 3NEKTPOAYroBOI HarpesaTesib
rasa JIMHeliHon cxeMbl — nnaamoTtpoH 3AM-1,2 c
rasoguHaMmMUyeckom u MarHUTHol ctabunusaauuen
nyrosoro paspsaga. lNpouecc abnauumn T3M Ha
creHge Jlyu-2 dmkcnpyetcA BugeokaMmepon u
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perncTpaTopoM CMrHasoB C 3anvcbio AaHHbIX HA KOMMbIOTEpPE.
TexHnueckue xapakTepucTnku cteHpa Jlyu-2:

O anekTpuyeckas MOLHOCTb 1000 - 1500 kBt
O pacxop pabouero rasa (Bo3aoyx) no 120 x 10°kr/c
O [paBreHvie rasa B pa3pagHoOi kamepe 0o 30 x 10° H/m®
O Tennosoii NOTOK 0o 4 kBt/cm’

O [paBneHve TOPMOXEHMA 0o 8 atm.

O cKopocTb NoToka M~ 3,5-4

O ckopocTk Nogaun obpasua B npouecce ucnuitaHnii 4 x 10° m/c

9KCMEPUMEHTANbHbIN CTEHA HA BA3E JIMHEWHOIO NJIA3SMOTPOHA 3NN ¢

rasogmHamuuyeckor ctabunusaumein gyrosoro paspana mowHocTeo Ao 500 kBr,
obopynoBaHHbI cuctemoli nogaym gucnepcHoii casel (Al,O,, Si0, 1 ap. vacTvu) B
nsiasMeHHbI/i NOTOK, MO3BOSIAET NPOBOAMTbL UcnbiTaHuA T3M B reteporeHHbIX NoTokax npu
Tennosoi Harpyske ao 107 Bt/Mm°. Ha cTeHae npoBeneHs! MccrienoBaHna
pabotocnocobHocTv 0bpa3suos 06/MLIOBOYHOM MAIMTKM A/1A KOCMWUYECKOro KOMIs1ekca
«BypaH-3Heprua» n gpyrux T8M B 403BYKOBbIX M/1a3MEHHbIX MOTOKaX MpU 3HTanbNu
TopMoXeHua oo 25 M/ kr.

CTEH[ HA BA3E JINHEWHOT0 NJIA3SMOTPOHA C TOPLIEBbIM 3JIEKTPOI0OM cosnaH

L/1A 9KCNepUMeHTasbHo 0TpaboTku BHYTPEHHEN TENMIOBOM 3aLLUThI KOHCTPYKLVIOHHBIX
351eMEHTOB 3HepreTuyeckux yctpoiicte. CteHn obecneunBaeT TEMMOBYO Harpysky Ha
nccnegyeMblii Matepuan (0bpasupl B BUAe Nonbix LMIMHOPOB) TOKOHECYLLEN NnasmMoii
[OyroBoro paspapna. TennoBadA Harpyaka Ha CTEHKY KaHara onpenenAeTcA OaBfeHNEM B
3M1eKTPoOyroBoi kamepe. TenoBoi NOTOK N3MEHAETCA PEryfIMpoOBKOi AuamMeTpa KaHana.

CTEH PAAWALINOHHOIO HATPEBA ona onpepenexua

TennonposogHocTy T8M no3sonAeT nosnyunTb ChoKyCUpPOBaHHbI
My4oK slyumcTon aHeprum nnoTtHocTeio go 0,6 kBT, onameTtpom 12 mm 1
HarpesaTb nccnegyemoliit TSM go 1500 - 2500 °C. B kauecTse
WCTOYHUKA U3NyYeHNa NCMosb3yeTcA AyroBas KCEHOHOBasA flamna Tmna
IOKcT 10000. MNotpebnaeman MowHOCTb nctouHnka - okono 20 kBT.
MeTtoguka onpegeneHna TeNONPOBOOHOCTU OCHOBaHa Ha peLleHnn
OBymepHoli obpaTtHoi koadduumeHTHOM 3apayn TeNSIONPOBOOHOCTM C
1cnonb3oBaHMeM TEPMOrpamMm.

CTATYC NPAB NHTENNEKTYAJIbHO COBCTBEHHOCTU
ObopynoBaHNe U METOOUKN OTHOCATCA K YHUKAsbHbIM,
CO30aHHbIM B EAVHUYHbBIX 3K3EMMAPax 4siA Nosy4YeHns OaHHbIX 0

CBOICTBaxX UCCNeayeMbIX 06bEKTOB.

MPEOJIO>KEHA O COTPYOHNYECTBE
lNpoBepeHuve ncnbiTaHUn Ha JOroBopHOM ocHoBee. HayuHo-
TEXHUUECKOe conpoBoXxaeHue pabor.

KOHTAKTHAA NH®OPMALINA

JNabopaTtopua dmanku nnasmeHHbIX yckoputenei
(3aBenyoLWLMil — uneH-KOpPPECNOHOEHT, A0KTOP hM3NKO-
mMaremaTmnyeckux Hayk ActawmHcknini BaneHtuH MupoHoBuuy).

+375(17)356-93-51, ast@hmti.ac.by
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NCMbITAHUA CTOMKOCT MATEPVAJIOB 1 KOHCTPYKLWIA
K BO3OENCTBUIO YOAPHDIX HAMPY30K HA 3
MAFHUTOMTASMEHHOW JNErKOrA30BOW METATEJ1IbHOU
YCTAHOBKE MBY-2 (BAJITIMCTUYECKOW YCTAHOBKE)

YHuKanbHaA MarHUTonIasMeHHas JIeErkorasoBas MeTaTesibHaA YyCTaHoBKa
(MBY-2] (bannucTtnyeckas ycTaHoBKa), NpegHas3HayvyeHHas os1da NpoBeaeHNA UCTbITaHUI
pasnuuUHbIX MaTepPUarioB N KOHCTPYKLWIA HA CTOMKOCTb K YyAapHOMY BO3OENCTBUIO B YCITOBMAX
BaKyyma, 018 UCMNbITaHWI NPOTUBOMETEOPUTHON 3aLUMThl KOCMUYECKUX arnnapaTos 1
N3y4yeHUs NPOLLECCOB BbICOKOCKOPOCTHOrO B3aUMoOeicTBUA Ten.

OMNMMNCAHIVE NMPEJIOXEHINA

OCHOBHbIM 3/1EMEHTOM
bannncrTnueckon ycTaHoOBKU ABMNAETCA
MeTaTeslbHOe YCTPOWCTBO OPUIrMHANLHOM
KOHCTPYKLMK, COCTOALLEE U3 KaHana pasroHa,
NerkorasoBoi CEKUMN C NOPLLUHEM 1
MarHuTonsasmMeHHoro komnpeccopa. B
KauecTBe yOapHUKOB NCMOJIb3YHTCA LLIapUKu
ovametpom 2,5-5 mm. Bannmectnueckas
yCTaHOBKa NO3BOJSIAET Pas3roHATb YOapHUKK
0o ckopocTr 3 KM/ C.

Bannnctuueckans ycraHoBKa ocHalLeHa
JMarHoCTUYECKUM KOMIMIEKCOM and
N3yyeHuns NpoLeccoB B3aMMOOENCTBAA OOUHOUHBIX BbICOKOCKOPOCTHBIX YacTuL, C
pasnMYHLIMU MULLEHAMM, KOTOPLI BKJTHOUAET BbICOKOCKOPOCTHYIO kamepy Photron Fastcam
SA-Z c makcumanbHo YacToTol cbeMky 2,1 MIH. KagpoB B cekyHay, 4-KaHaslbHbii
undposoii ocumnnorpadg c nonocoi nponyckaHna 1000 Ml L, 8neKTPOKOHTaKTHBbIA
BPEMAMNPOJIETHBIA OATUMK CKOPOCTU METaeMbIX YacTuLL.
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MNomnmo npAMoro BnayasibHOro HabnoaeHnAa, BOSMOXHO npoeegeHne TEHEBOW
AOnarHoCTuku. MOD,I/ICbI/IKaLI,I/IFl bannuctnueckoim YCTaHOBKUN [sameHa KaHana pasroHa coruiom
J'IaBanH] NMO3BOJIAET MnoJiyyaTtb rmnep3BYyKOBbIE NMOTOKK C LeJsiblo BU3yasimsaunn n ouarHoCTmku
rmnep3BykoBOro obTekaHua Ten.

COCTOAHNE PA3PABOTKN

BannucTtnueckana yctaHoBka
BBEAEHa B 3KCrsyaTaumio n
ncnonb3yeTcA.

BannucTtnueckana yctaHoBka B
pecnybnuke co3paHa Bneps.ebie. 1o
CpaBHEHMIO C 3apybexHbIMK
aHarnoramu yctaHoBKa Umeet
cpaBHUTEsNLHO Hebonblume pasmeps,
o0bnapaeT BbICOKOI XUBYYECTBH, UTO
Nno3BosiAeT CYLLEeCTBEHHO CHU3UTb
CTOVMIMOCTb M BPEMA NPOBEOEHUA
bannmMcTnyeckux ncnbiTaHuii.

Ha bannnctnyeckoi ycraHoBKe
NpoOBeAEHbI UCMbITAHWA CTONKOCTA
06pasL0B TEN/I03aLUMTHBIX NOKPLITUI
1 MHOMOCJOVHBIX KOHCTPYKLUWMIA TEMN/I0BOI 3amThl AecaHTHOro Moaysa npoekTa «3k3oMapcey,
06pasuoB 3N1EMEHTOB 3KPaHHOW NPOTVBOMETEOPMTHOW 3aLUMTbl KOCMUUECKMX annapaTtos,
COCTOALLUX U3 OPartoMUHMEBON NOASI0XKA U KOMNO3ULMOHHOMO NOKPLITUA, MIacTUH 13
aniMVHUEBBIX CMIABOB, NOVMETUIIMETAKPUATA U OPYrMX MULLEHEN.

OBJTACTb NMPMEHEHWA
AsnaunoHHanA, pakeTHo-KOCMUYeckanA MPOMbILLUSIEHHOCTb, 3HEPreTuka,
mMaTepuanoBefeHue.

MPEOJ10>KEHVA O COTPYOHWYECTBE
MNpoeenenuve coBmecTHbix HAIOK(T)P Ha goroBopHoli ocHoBE.

KOHTAKTHAA NH®OPMALINA

JNabopaTopua hr3mKo-XMUUecKoii rmapoaMHaMnky (3aBegyowmii — kaHguaaT
thmauko-maTtemaTnyeckux Hayk Kpneowees NaBen Hukonaesuu).

+375(17)378-22-03, pavlik@dnp.itmo.by

WHcTuryT Tenne- n Maccoobmena uvenm A.B. Tbikosa HAH Benapycu. 220072, r. Murck, yn. . Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
54



@ mmo.BY
KOMIJIEKCHbBIE NCCJ1IEOOBAHIA
BbICTPOMPOTEKAKOLLUX MPOLIECCOB B XMUMWYECKI
PEAMMPYRHOLLUX CPEOAX NP BbICOKINX TEMIMEPATYPAX

Mpennaraembie VIHcTUTyTOM
3KCNEPUMEHTasIbHbIE UHCTPYMEHTHI
nccrnepoBaHuA beicTponpoTekatoLmx
MPOLECCOB B XMMUYECKWN pearvpyoLmx
cpenax No3BOoJIAKT NosyyaTh LMPOKNIA
OManasoH ycoBuiA ¢ TeMnepaTtypamu
ot 500 K po 5000 K, ¢ xapaktepHbiMn
BpemeHamn go 60 mc. Ona
KOJIMYECTBEHHOIO U3YYeHnn
beICTpONpoTEKAOLLYMX NPOLLECCOB,
pasBUBaOLLUXCA NPU PE3KOM
N3MEHEHNM TepMOOMHaMMUECKOro
COCTOfIHMA rasa WUim XuaKocTu,
Mcnonb3yKTeA ycTaHoBKy beicTporo
cXaTud 1 yoapHble Tpybbi.

YCTAHOBKA bbICTPOI0 C)XATUA

YcTaHoBKa 6bICTpOFO CXXaTtmAa ncnosib3yeTcAd ajAa peanm3aumm MeToga MogesimposaHuA
npouecca agmnabaTtnueckoro cxatua U BochslaMeHeHnd. YcTaHoBKa peanm3yeT oaunH TakT
C)XXaTtmAa 1 No3BOJIAET UccsiegoBaTb Npoueccbl C UHEPTHbIMAU U pearnpyrowimMmm ra3oBbiMn
CMecAMU, a TakKxXe C XUOKNMun TornnimsamMmu.

TexHunueckue XapaKTepucTuku:

O cTeneHb cxatus 40

O cKOpoCTb CxXaTtusa no15m/c
O Bpemsa cxaTtud no 10 mc
O makcumanbHaAa TemnepaTtypa B pe3ynbtate cxatmAa 1000 K

O MakcumarnbHoe gasrneHue 20 atm.

O xapakTepHOoe BpeMA MNpOLIECCOB no 20 mc
YOAPHbBIE TPYBblI

Bobicokve TemnepaTypbl U MI0THOCTU Kak B OAHOMEPHOM ABWXYLLLEMCH NOTOKE rasa 3a
napatoLLei yoapHoii BOSHOW, Tak U B naearibHoM obbeme NokosALLencA cpeapbl 3a 0TpaeHHOM
yOoapHoi BofHO cospatoTea B yaapHbix Tpybax. MHCTUTYT pacnonaraet Tpybamu ¢ Kpyriibim
ceuveHueM KaHana (gnameTpbl 25, 28, 50, 76 MM) n NnpaMoyrosibHblM CEYEeHMEM KaHara
(50x50, 45x90, 30x120 mm).

TexHnueckne xapakTepUCTUKM:

O nonvHa yoapHbix Tpyb Jo8wm
O xapakTepHble BpeMeHa npoLeccoB 0o 3-5 mc
O pabouve TemnepaTtypsbl:
VMHEepTHLIE ra30BLIE CMEcHU 0o 5000 K
XUMUUECKM pearvpyoLme cMecu Jo 2000 K

YnapHble Tpybbl MCNONb3YOTCA OJ18 UCCrenoBaHuns:

O KMHETUKM XMMUYECKMX PeakLMil ra30BbIX CMECEN, XMUOKMX TOM/IME C TeMrepaTypoii
ucnapenua oo 120 °C

O NpoLECcCOoB ropeHns, MMPonn3aa, AeToHaLUK

O obTekaHua Ten pasfnnuHoii FeOMETPUN CBEPX3BYKOBLIM Fa30BbIM NMOTOKOM

O cnekTpa UsnyyeHua B rasax Mpu.BbiCoOKUX TEMNepaTypax
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Perunctpauus npoueccoB ocyLlecTBnsaerca
BblICOKOCKOpOCTHOW Buaeokamepoin FASTCAM SA-Z ¢
MaKcuMarbHOW yactoTol 2,1 MiIH KagpoB B CEKYHAY,
paspeweHnem 128x8 nukceneii n 2,1 Tbic. KAAPOB B CEKYHAOY C
MeranukcenbHblM n3obpaxeHuewm.

CNEKTPOMETP HAMAMATSU PHOTONIC MULTI-CHANNEL

ANALYZER C10029 nozsBonAet NnpoBoguTb UCCEAOBaAHME CMNEKTPa
200-900 Hwm.

COCTOAHVE PASPABOTKIN
HakonneH onbiT B BoinosiHEHUU paborT, B
YacTHOCTU:

O c HayuHbIMK LeHTpamn Poccuiickon
Mepepaunun: luctutyTom
Tennogmankn um. C.C.Kyratenanse
CO PAH; LleHTpanbHbIM NHCTUTYTOM
aBnaLMOHHOro MOTOPOCTPOEHNMA
um. MN./.bapaHoBa; ViHcTutyTOM
TEopeTUYEecKo 1N NPUKIagHon
mexaHuku um. C.A.XpuctnaHosnua CO PAH

O npwu nccrnegoBaHMM XapakTePUCTUK ropeHnsa NobouHbIX NPOAYKTOB, NoslyyaeMblX Ha
OAQ «MoONMMMUP»

O npwu paspaboTke anroputmoB B cpeae MATLAB pona onpeneneHns ckopocTeii
NMOTOKOB reHepMpyeMbIX TEUEHWIA BHYTPU 3KCNEPMMEHTasbHbIX CTEHO0B

MPEOJIO>KEHA O COTPYOHNYECTBE
Mpoeenenne HAOK(T)P Ha pnoroBopHoit 0cHOBE.

KOHTAKTHAA NH®OPMALINA

JlabopaTtopua p13uKo-xMMmmnyeckon ruapoanHaMukm (3aBegylowmn — Kangmuoar
¢hmanko-vatemaTnyeckux Hayk Kpnsowiees Nasen Hukonaesuu).

+375(17)378-22-03, pavlik@dnp.itmo.by
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MEMTOCEKYHAHAA NASEPHAA BN3YAJTIMSALINA
rASOANHAMWYECKKUX MPOLIECCOB
HA 3KCINEPUMEHTAJIbHOM CTEHOE

Ha 9KCnepuMmeHTasibHOM CTeHOE peasyin3oBaHa yHMKasibHaA cxema ONTMYECKO
BMnayannsauum 6bICTpOI'Ip0TeKal0LIJ,I/IX npoueccos rasoBoOW OMHAMWKW, BKKOYan
pacnpocTpaHeHe CBEePX3BYKOBbIX ra30BbIX NMOTOKOB 1 YOAPHbIX BOJTH. Cucrtema
npegHasHaveHa ajia nposeneHna uccnenosaHuli B 061act MEXaHUKM CITOLLHbIX cpen,
rasaognHamMmumkn, MexaHukun ryia3mbl.

OMNCAHWE NPEOJIOXXEHNA

CreHp, BkoyaeT yoapHyto Tpyby, TeHesol npubop NAB-451, nasepHyto cucrtemy
themTOCEKYHOHBIX MMMYNBLCOB U 0bopynoBaHWe, perncTpupyloLLLee NapamMeTpbl ra3oBbIX
MOTOKOB — AATYMKU AaBneHna 1 noHn3aumm. 3KcrnepvMeHTasnbHble NCCeaoBaHNa No3BonAlT
KayecTBEHHO 1 KOSIMYECTBEHHO OLeHMBaTb 0TAesbHbIE MapaMeTpbl cpeabl No CeyveHunto Tpybbl,
a TaKxe guHaMuKy npoiecca.

O6wwuin BuA, aKcnepmnmMmeHTanbHOro ctreHoa

YNAPHAA TPYBA (06wias nnvHa 8 M, BHYTPEHHee ceueHne MegHoro KaHana
npamoyrosibHoe, 90x45 MM) No3BONAET UHULMMPOBAaTL PasiiNUHbIE ra30aUHAMUYECKMIE U
3HeproobmeHHble NPOLECCH C MPOU3BOSbHLIMY NapameTpamu. [ ux nayyeHus B
N3MEpUTESIbHYIO CEKLMI0 BMOHTMPOBaHbI AaTUMKM 1 CMOTPOBbIE OKHA, Uepes KoTopbie
ONTUYECKOE U3IyUYEHNE NPOCBEUMBAET ra3oByto cpeny. Cbpoc rasoBoii cMecu 13 Kamepbl
BbICOKOr0 AaBfieHNA OCYLLECTB/IAETCA C NMOMOLLbI0 CUCTEMbI 3M1EKTPOMAarHUTHLIX KIlanaHoe.

TEHEBOW NPUBOP UAB-451, peannayioLumil LWnpeH MeTof, BU3yanuaaLmm, COCTOUT 13

ocBeLLatoLLei 1 NpMémHoi vacTei. B paHHOM akcnepyMeHTanbHOM CTEHAE M3MepUTesbHanA
cekuua yoapHoi Tpybel nomMelLeHa Mexay COOCHBIMY YacTAMM TeHeBoro npubopa. B
uunmHgpuyeckux kopnycax vacrtei VIAB-451 yctaHoBneHbl onToMexaHNYeckue 3f1IEMEHTI
CXeMbl LUMpEeH MeToaa.

JIA3EP ®EMTOCEKYHAHbIX UMMVYJIbCOB pna noaceetku Buayanusnipyemblx
ONTMYECKUX HEOOHOPOAHOCTEN reHepupyeT-uvmnyribebl AnuTensHocTeo 100 dc, sHeprusa
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Kamepa Bbicokoro gaeneHvda yoapHoi Tpybel WNamepuTensHaa cekuua yaapHoii Tpybsl
B none 3penHna NAB-451

nanydyenua 0,2 mx. OnTnueckana cxema nasepa BkouaeT bonee 100 anemeHTOB,
pacnonoXeHHbIX Ha onTyeckom crose ¢ paamepamn 1800%x900 mm. MemTOCEKYHAHbIE
nasepHbIe NMMYNbChl NCNOJL30BaNMCh B KAYECTBE MCTOYHMKA NOACBETKU (Na3epHbIii HOX) B
peanuzauuu PIV-veToga n3avepeHna cKopocTu YacTuL,

COCTOAHNE PASPABOTKN

MpoBepeHa npobHaa wWnNupeH-
BM3yanv3aLuua ra3oBbiX NOTOKOB U
thpoHTOB yOapHbIX BOJSTH.

CTATYCTPAB
VHTEJJIEKTYAJIbHON
COBCTBEHHOCTW/

HekoTtopbie dyHKUMOHaNbHbLIE
6nokun nasepa aBnalTCA
VHUKanbHbIMKU paspabotkamu
ViHcTuTyTa hm3nkm umeHu
B.N.CrenaHosa HAH Benapycwu.

NPEOJIOXXEHNA O Nasep themMToceKyHOHbIX UMMYILCOB
COTPYOHWNUECTBE

MNpoeepenve HAOK(T)P Ha
J0roBOpHON OCHOBE.

KOHTAKTHAA NH®OPMALWA

J1labopaTtopusa p13uKo-xMmMmmnyeckon rugpoanHaMukm (3aBegylowmn — KaHguoaT
thusmko-matematnuecknx Hayk Kpmeowees Nasen Hukonaesnu).

+375(17)378-22-03, pavlik@dnp.itmo.by

WHcTuryT Tenne- n Maccoobmena uvenm A.B. Tbikosa HAH Benapycu. 220072, r. Murck, yn. . Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
58



@ rmo.BY

WPEOPEAKTMBﬂbIM OBUrATESb, QOI'IPFI)KEHUHbIVI
C MnyJ1bCHOW OETOHALUMOHHOW KAMEPOW CrOPAHUA

B obnactu gBuraTenectpoeHns akTMBHO BeayTcA paboThbl Mo cosgaHuio
JETOHALMOHHBIX peakTUBHbIX ABUraTenei, B KOTOpbIX NpecbpasoBaHME XMMUUECKO 3HEPTn
TOMSIMBa B KNHETMUECKYH 3HEPTUI0 PEAKTUBHOI0 OBUXKEHUA OCYLLECTBIAETCA NYTEM CXMUraHud
Tonnuea B beryuieii geToHaunoHHol BosHe. [No cpaBHEHUIO ¢ ApyruMmy cxemamu
OopraHM3aumy ropeHna, peanmayemMbiMy B CYLLECTBYIOLLMX PEAKTUBHbIX YCTAHOBKAaX
(TypbopeakTnBHbIX, BO3AYLLHO-PEAKTUBHbIX 1 PAKETHbIX ABUraTenax), 4eToHaUNOHHoe
CXXUraHue TornsvBa UMEET pAf, NMPeuMyLLECTB, IMaBHOE U3 HIX — bonee Bbicokuii
TepMoguHaMnyeckmii KoaguuneHT nNonesHoro OencTBUA 0eTOHALMOHHOMO LMKa.

Ha ocHoBe MHoroneTtHux uccnepoBanuii B IHctutyTe paspaboTaHbl MpMHUMNNANILHO
HOBbIE YCTAHOBKMW PeakTUBHOrO TUMNa C AETOHALUVOHHbLIM CropaHmem rasoobpasHoro u
xugkoro Tonnvea. Ocobbill HTepec npepcTaBnaeT KoMbMHMPOBaHHaA cxema
TypbopeakTMBHOro oBuraTensa ¢ UMMynbCHbIM AETOHALMOHHLIM MOOY/IEM.

OMNMMNCAHWE MPEOJIOXKEHWA

CywwiHocTb KoMBrHMpOBaHHOI cxembl TypbopeakTMBHOro aBuraTesna ¢ AeTOHaUMOHHbIM
MOoAySIEM COCTOMT B COYETaHMU OBYX BUOOB CropaHuA TOMfvBa 4nA NoslyueHnsa peakTUBHON
TArK: 0bbluHOE ropeHne co ckopocTbio Ao 100 M/ c 1 oeToHaUVOHHOE CO CBEPX3BYKOBOWA
ckopocTbio (0o 2000 m/c n bonee). ObbluHOE ropeHne ocylecTersaeTcA B TypbopeakTMBHOM
npuvraTene ¢ MakcumanbHoi Taroi 210 H, neToHauMoHHoOe - B 4eTOHALMOHHOM Moaye,
COCTOALLEM N3 CUCTEMbI MUTAHWA, KAMEPbI CMELLEHNA N AETOHALNOHHON KaMepbl KOSbLIEBOro
Tuna. KombrHupoBaHHbIi TypbopeakTVBHbIN ABUraTesib ¢ AeTOHaUUOHHLIM MOOYSeM
(KTPOWMOM) pabotaeT Ha cmecax KepocrHa ¢ BO3AyxoM 1 kucropogoM. Pabouuii npouecc B
TypbuHHoI yctaHoBke KTPOVOM ocyuiecTBnAaeTcA HENPEpPLIBHO, B AETOHALMOHHOM
Moayse — B LMKITMUHOM PexXuMe.

TEXH/NKO-3KOHOMWUECKWE NMPENMYLLIECTBA

Vicnonb3oBaHne KOMBUHMPOBAHHOMO CXMUraHUA TOMJIMBa NO3BOSIAET CYLLECTBEHHO
yBenMuuBaTh TAroBble xapaktepuctukm (0o 20%) n maHeBpeHHOCTb fieTaTesibHOro annapara.
Bnarogapa ocobomy BeinonHeHuo getoHaunoHHoro moayna KTPOVOM c
aBTOMAaTU3MPOBaHHON CUCTEMOI yrpaBreHnd, BENIMUNHY TArM MOXHO peryrvpoBaTh B
LUMPOKMX Npegeriax nyTeM n3MeHeHnA CocTaBa roproyeil cMecu (Tonsimea v okucnuTens),
UacTOThbl BNPbLICKOB TOM/IMBA Yepes3 (hOPCYHKU 1 ASINTENBHOCTM KaXaoro BrpbicKa.

PaszpabotaHHbiii anroputm pabouero npouecca KTPOVOM nossonAeT ocylecTBNATb
TpebyemMoe KonMyecTBo [O3UPOBaHHBLIX UMMYNbCOB C 3a0aHHOIN YacToTol 1 perynnpoBaTtb
BEJIMYMHY CUJbl TATW B LUMPOKMX Npefenax, YTo B COBOKYMHOCTM noBbiwaeT 3dhekTMBHOCTb
peakTUBHOW yCTaHOBKW.

COCTOAHNE PASPABOTKN

PazpaboTtaH onbiTHEIV 0bpa3ew, kombuHupoBaHHoro TypbopeakTMBHOrO OBUraTena c
JEeTOHaUMOHHBIM MoAayrieM, NoABeLLeHHbI Ha BannucTuueckom maaTHUKe (Ha ¢oTo).
CospaHa ncnbiTaTesibHaA kamepa oA nccnepnosaHma pabouero npouecca KTRPOVOM,
OCHalLeHHasa KOMMMIEKCOM yrpaBsrieHUA U KOHTPOJ1A, COBPEMEHHbIMM YCTPONCTBaMM U
BbICOKOTOUYHOV LUMPOBO N3MepuTesibHOW annapaTypoi.

YcnelwHo npoBeaeHsbl ucnbitaHva onbitHoro obpasua KTPOVOM B Haberatowem
notoke co ckopoctamu oo 30 M/ c. lNpoBoaAaTcA akcnepuMeHTasnbHblE UCCenoBaHWA
pabouero npouecca npu ckopocTAx Bo3aywHoro notoka go 100 m/c.
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O6wwwmii BuA, onbiTHoro obpasua kombuHmposaHHoro TypbopeakTnBHOro ABuUraTens
C JeTOHaLUMOHHBIM MopynemM

OBJ1ACTb NMPUMEHEHWA TEXHO0OMIA

TypbopeakTMBHbI OBUraTesb ¢ AETOHALVOHHbBIM CXUraHMeM TOMSIMBa MOXET HalTu
NMPUMEHEHWE Ha PbIHKE NeTaTesbHbIX annapaToBs: NUIoTUPYEMbIX (CMOPTMBHLIX U MOAESbHBIX
camoreToB) 1 BecnunoTHLIX (annapaToB MOHUTOPUHIA, TDEHUPOBOYHLIX MULLEHEIA,
CEeNlbCKOX03ANCTBEHHbIX U ApYriX annapaToB CreunanbHoro HasHauvyeHus).

CBEOEHVA O MATEHTAX
MaTtenT PB Ha nzobpetenne Ne 20189 ot 30.06.2016 «[ynbcupytowan yctaHoBKa ¢
OETOHAUMOHHBLIM CropaHvMemM Tornean.

MPEVIATAEMBIE ®@OPMbl COTPYOHNUECTBA

MpoBeneHne caMoCTOATENbHBIX M COBMECTHbIX Hay4HO-MCCrenoBaTenbcknx pabot Ha
AorosopHol ocHose. Pa3paboTka AeToHaLMOHHOro peakTMBHOMO AsuraTesia no
TEXHWUYECKOMY 38aHNI0 3aKa3uuKa.

KOHTAKTHAA NHD®OPMALINA

JNabopaTopua hr3nMKo-XMUUYecKoi rmapoavHaMnky (3aBegyoWwmii — kaHauaaT
thmauko-maTtemaTnyeckux Hayk Kpneowees NaBen Hukonaesuu).

+375(17)378-22-03, pavlik@dnp.itmo.by
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YCTAHOBKA /1A ®UHNLLHOW TEPMOUMIYJTbCHON
OBPABOTK METAJ1J10B UTIJTACTNKOB

Mpobnema TeEXHONOrMYECKOl OUNCTKM AeTasieil BbICOKOTOUHbIX MEXaHN3MOB OT
3ayceHLeB, MMKPOYacTuL, U MUKPONMKBUAOB akTyasibHa AJ1A BCcex oTpacinen
MalLMHocTpoeHnsa. PaccmaTtprBas pasnuuHbie BUAbI UCMNOSIb3YyEMOl B HACTOALLLEE BPEMS
thvHMLWHON 0bpaboTkn maTepuanos, MOXHO
cOenaTb BbIBOA, YTO TOSIbKO ABa N3 HUX He
NPUBOOAT K OOMNOSTHUTESbHBIM
MuKpo3arpAsHeHuAm npu obpaboTke - 310
3IEKTPOXMMUYECKUIA U TEPMOMMMYNbCHbIIA
meTtogbl. OgHaKo 3NeKTpoXMMNYecknii MeTog,
Nno3BosAET YAaNATb TONbKO 3arpA3HeHna 1
nedekTbl Ha MeTannax, B To BpemMa Kak
TepMouMnynbcHaa obpaboTka npumeHma K
MeTasuiam, nractmaccam, KepaMuke u
KOMMO3UTHLIM MaTepuanam 1 no3sosaeT
YIyULLINTL KAaUecTBO M3aenuii, ux pabounii
pecypc, besonacHoCcTb 1 NOBLICUTb
KOHKypeHTocnocobHocTb nsgenuii Ha peiHKe. [Mpuy
TEPMOUMMYSIbCHON nHMLLIHON 0bpaboTke
DeTaneii ynaneHne 3ayCeHLUEB 1
TEXHOJIOMMYECKUX 3arpA3HEHNIA Npon3BoanTCA 3a
cueT KkpaTkoBpemeHHoro (go 20 mc) Tennosoro
BO3LENCTBNA BLICOKOW MioTHOCTW. opeHmne
TOMSIMBa NPOVCXOAMT B AETOHALMOHHOM PeXmMe, UTo CyLLEeCTBEHHO MHTeHCULVMpyeT
npoveccol TennoobmeHa mexay getanbio v npogykTamy cropaHua. OTBog, NpoayKToB
cropaHua NPon3BOAMTCA B FOPAYEM COCTOAHMM, UTO NPEOoTBPaLLaeT OcaXaeHne 0KUCIoB 1
yOoarneHHbIX MaTepuanos Ha obpabaTbiBaemblie NOBEPXHOCTU.

OMNCAHNE NPEOJIOXKEHNA

JnA TEXHOMOMMUECKOI OUMCTKM OETasieil BoICOKOTOUHLIX MEXaHU3MOB OT 3aYCEHLIEB,
MMUKpOYACTULL U MUKPONuUKBUOoB B VIHcTuTyTe co3naHa nabopaTtopHan ycTaHoBKa OMHULLHOIA
TEpPMOMMMYSbCHOM 06paboTkn METasnoe 1 NacTUKOB.

TexHnueckne xapakTepUCTUKN YCTAHOBKM:

O rabaputHble pasmepsbl 750x750x2600 mm
O wmacca 3200 kr

O pasmep uwnHppa kamepbl 0bpaboTku 200x200 mm

O o0bbem kamepbl 0bpaboTku fo 3anupaHua 251 n

O o0bbem kamepbl 0bpaboTku nocne 3annpaHnA 6,3 n

O MmakcumarnbHOe OaBrieHue 600 at™

O BpemsA BO3OEeNCTBUA 20 mc

O Temnepartypa npouecca 2500 - 3500 °C

ObpaboTka getanelt METOAO0M TEPMOMMIYILCHOrO BO3AENCTBUA Ha NOBEPXHOCTb
MexaHoobpaboTaHHbIX M30enuii OCyLLECTBNAETCA BHYTPU LUIMHOPVYECKO Kamepbl
0bpaboTkm nyTEM reHepnpoBaHWA B HEll TEPMOMMIYSbCa B3PLIBOM rOptoyeri ra30Boii CMECHU.
Ha Ttapenb, ycTaHOBEHHYO Ha 3aXXMMHOM rMOpaBNYecKoM YCTPOWCTBE, MOMELLaloT
obpabatbiBaeMble nsgenua u BOBuraloT ee B kamepy. [pu aTom nponcxoguTt 3anupaHue
Kamepbl 0bpaboTkn. 3aTem Kamepa BakyyMUPYETCA C MOMOLLLIO-HACOCa 1 B HEE NOAATCA
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Ypanenue 3ayceHua Cco cTaJibHoro 06pa3ua.

MapameTpbl 0bpaboTku: @ = 1 (0,+CH,), HauanebHoe paenexHve P,=8 atm,
pacuetHaa TemnepaTypa 3630 °C, paBneHue B nnuke P=129 atm

pabouue rasel - roptouee u okmcnutens. danee runpaBnnueckoe 3axrMHOe YCTPOCTBO
coguraet Ha 103 MM NoABWXHYIO UaCTb KaMepbl CropaHNA BMECTE C Tapesibilo 0THOCUTESBHO
HEeNodBWKHOro NopLUHA KaMepbl cropaHna. lNocne aToro nponcxoauT 3anMpaHne CUCTEMbI
nopauv rasoB 1 obbLem kamepbl cropaHma ymeHbluaetcd ¢ 25,1 go 6,3 n, a gaBneHve B Hel
yBennumsaetca B 3,65 pa3a oTHOCMTENbHO HaUYanbHOrO.

Yeunue sambikaHna paboueli 3oHbI coctaBnaeT 190 T, uTo NO3BONAET AOCTUraTh
HauanbHoro pabouero gaeneHus B 3anepTtoii kamepe obpaboTku ot 3 no 20 atm. MNocne
3TOro cMcTemMa MHULMaLUMM ropeHna OCyLLECTBNAET Nogxur paboueli roprouerli cmecy;
cucTeMa KOHTPOsa perncTpupyeT aaeneHve B kamepe obpaboTtku n ocyecTBnAeT 3anmch
namepeHuii umcpoBsiM ocuuinorpagom.

Mocne oTkaukm NPOAYKTOB rOPEHUA B BakyyMHy0 Bouky rugpaBnnyeckoe 3aXXmMHoe
YCTPOWCTBO onyckaeT Tapesb ¢ obpabotaHHbIMK 0bpasuamu.

OBJNIACTU NMPUMEHEHINA

O ¢uHuwHanA obpaboTka MeTanoB OT UHOPOOHbLIX BKIKOUEHWIA, fethekToB
NMoBEPXHOCTH, 3ayceHLeB

O vynaneHne 0bnoAa c NacTUKoBLIX JeTaneil

O mogndmkauma nosepxHocTu obpabaTtbiBaembix neTaneli (NoBbILLEHNE TBEPAOCTH,
YMEHBLLUEHUE LLIEPOX0BATOCTM)

MPEJIO>KEHA O COTPYOHWYECTBE
Mpoeepexue HVIOK(T)P Ha goroeBopHoii ocHoBe. Paspabotka obopynoBaHus onq
TEPMOMMIYNbCHOM nHMLWHONK 0bpaboTku geTaneli No TeXHMUYECKOMY 3afaHn0 3aKkasumka.

KOHTAKTHAA VH®OPMALINA

JlabopaTopua h13nKo-XMMNYecKoi ruapoaMHamMnky (3aBegyowmii — kaHamaaT
thumanko-matematuueckux Hayk Kpmsowees [NaBen Hukonaesuu).

+375 (17)378-22-03, e-mail: pavlik@dnp.itmo.by
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MMPOMETP MMNYJbCHbIA ddOTO3MUCCUOHHbIN

B paspabotke onbiTHoro obpasua nmMnynbcHoro hoTo3MMCCUOHHOIO NMPoOMETpa
peanus3oBaH METOL, UBMEPEHUA TEMMEPATYpPbI, NO3BONAIOLLMIA BECKOHTAKTHO, C BPEMEHHbIM
paspelueHviem 0o ‘1 MK, ocyLecTBNATL PerMcTpaumvio TeMnepaTtypbl B beicTponpoTekaoLwmx
TEnnoBbIX NPOLIECCAX, CKOPOCTb M3MEHEHNA KOTOpoii MoxeT gocturate 10° K/c.

OMNCAHWE NPEOJIOXXEHNA
MvupomeTp nmnynbcHe hoToaMmuccnoHHeIl (MAM) npepHa3HaueH oA BeckoHTaKTHbIX

NU3MepeHnii BLICOKMX TEMMNepaTyp B
BbeICTpONpOTEKAIOLLMX TEMTOBBIX
npoueccax B yCroBUaAX
HeonpepeneHHocT koadduumeHTa
Tennosoro uanyyeHun. NMprnbop nossonaer
pervcTprpoBaTb TemMnepaTypy obbekTa no
€ro U3yYyeHnto B BUAMMOM CreKTpanibHOM

JnanasoHe.
OnTtuueckada cucrtema MNA®

no3BosAeT PerncTpupoBaTh N3syveHne n
n3mepATb TemMnepaTypy 0bbekTa,
pacnonoXeHHOro Ha paccToAHUN 00 2 M;
a ncnonb3osaHve rnbkoro ceetosofa
obecneunBaeT n3vepeHue Temneparyp B
TPYAHOOOCTYMHbLIX 0bbemax. C nomoLLbio
MA® sBo3moxHO oTcnexmnsaTe AUHAMUKY
TemnepaTypbl B NpoLeccax anutensHocTbio oT 10 MKC, € BpEMEHHBLIM paspeLLeHnem

0o 1 MmKc.

TexHnueckue xapaktepuctnku MNMAD:

O [OmanasoH u3mMepsaeMbIX TEMMepPaTyp 1500+2800 K
O BpemeHHOe paspeLueHne 0o 1 mMkc
O pabounii cnekTpasbHbIA ananasoH 400+800 Hm

OBJACTV MPUMEHEHWA

O CKOPOCTHbLIE UBMEPEHWA TEMMEPATYP TEMSIOHAMNPAXEHHBIX Y3/10B ABUraTeSIbHbIX
YCTaHOBOK 1 NPOAYKTOB CropaHua TomnsvMBea npv onTuM1M3auun U KOHTposie
NpoLEeccoB cropaHna

O wuamMepeHue TeMNepaTypbl NETALLMX HArPETLIX MUKPOOBBLEKTOB

O uM3MepeHue TemMnepaTypbl NaBreHna MeTanoB

COCTOAHNE PASPABOTKW
C nomoLLbl0 MMMYNbCHOro (h0TO3MMCCMOHHOMO NMPOMETPA UCCrefoBaHa AuHaMuKa

N3MEHEHNA TEMMEPATypbl HAHOUACTHUL, YIIEPOOHOI caxkn, obpasyrowmxea npy Nponuse
aTuneHa 3a oTpaXKeHHoIi yaapHoii BOSHOIA, MonyueHa nHopmauma no Temneparypam Ha
pasnUUHbIX CTaguAX reTEPOreHHOro ropeHnsa MUKPOYacTULL XENEe3a B KICIopoae,
No3BOSMBLUAA ONMUCaTb 3aKOHOMEPHOCTY U NPEnJIOKUTL BO3MOXHbLIE MEXaHN3Mbl YKa3aHHOro
npotecca.
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OnbITHBI 0bpaseL, MMNyNbCHOro h0TO3MUCCUOHHOMO
nMpomeTpa Ha cTeHpe

CBEOEHW/A O MATEHTAX

Cnocob navepeHus temnepartypbl: a.c. CCCP Ne5785689, Kacnapos K.H.,
Tepnunosckuit AV // Bron. nsobp. - 1977. - Ne40.

YcTpolicTtBo ana namepeHus Temnepatypsbl: a.c. CCCP Ne756226, Kacnapos K.H.,
Tepnunosckun AN // Bion. nzobp. - 1980. - Ne30.

(DOTO3MUCCHOHHbI NMPOMETP AJ1A U3MEpPeHNA TeMnepaTypbl MOBEPXHOCTU HarpeToro
Tena: nat. 10993 Pb MIMK(2006) GO1J 5/10 /, A.b. KpacHobaes, K.E. Benasun, K.H.
Kacnapos, O.B. Munbko, 0.0. Ky3Heuuk; 3aasuTternb: VIHCTUTYT nopoLuKoBoi MmeTanaypriu,
WHctutyT dhmankn umenn B.M. CrenaHosa - Ne a 20050748; saasn. 30.04.2007; onybn.
30.08.2008 // Hau,. ueHTp uHTenekTyanbHo cobcTBEHHOCTN.

(DOTO3MUCCMOHHLI NMPOMETP: NaTEHT Ha nornesHyo moperns 5636 Pecn. Benapyce,
MIK(2006) GO1d 5/10 / K.H. Kacnapos, J1./. Benoseposa, A.B. OaiiHeko, E.A.
BapaHbiwuvH; 3aasuTens: MiHctutyT dmamku nmenn B.M. CrenaHoBa - Ne u 20090257; 3anBn.
2009.03.30 // Hau. ueHTp untenekTyanbHoi cobctBeHHocTn. - 2009. - Ne5

MPEOJI0>KEHIA O COTPYOHNYUECTBE
MpoBenenue coBmecTHbix HVIOK(T)P. Yenyru nepcoHana.

KOHTAKTHAA NH®OPMALINA
J1abopaTtopua nanko-xumMmuecko rugpoaMHamMukm (3asegyowmin — kangupat

thuasmko-matematuuecknx Hayk Kpusowees NaBen Hukonaesuu).
+375(17)378-22-03, pavlik@dnp.itmo.by

WHcTuryT Tenne- n Maccoobmena uvenm A.B. Tbikosa HAH Benapycu. 220072, r. Murck, yn. . Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
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NCTOUHUKW NMUTAHNA CMNEUVAJIbHDBIE

WNHctutyt nmeet onbiT npoeepeHna H/IP B obnactu rasoBeix pa3pAnos
NnpeumyLLecTBEHHO aTMOCepHOro OaBneHus 1 nx NnpumeHeHna and obpaboTkn noBepxHocTy,
HaHEeCEeHWA MOKPbLITWIA, CTUMYALMN FOPEHNA, MPON3BOACTBA HAHOUACTML, U T.A4,., @ TaKXe B
obnactax CBY-HarpeBa, cnekTpanbHOW MMPOMETPpUN, YyCKOPUTENEe 3N1EKTPOHOB 1 Ap.

OrMMCAHWE MPEOJIOXKEHWA

Ina Bo3byxaeHna pa3panoe paspabaTbiBaloTcA, NPOM3BOOATCA M UCMONb3YHTCA
BbICOKOBOJ1bTHLIE FrEHEPaTopsbl, Kak C CMHYCOMAasIbHbIM BbIXOOHbLIM HanpaXeHnem
B LUMPOKOM YacToTHOM Anana3oHe (0T ynbTpassyka o CBUY), Tak n nmnynbcHele ¢
DJIMTENbHOCTBIO MMMYSbCa BrJ1I0Th A0 HAHOCEKYHA,

Tak, paspaboTaH 1 nsrotoBneH akcnepumeHTanbHeli 0bpasew, bnoka nutaHua n
ynpaeneHun (BINY-3) yckoputena anekTpoHOB M UCTOUYHMKA PEHTIEHOBCKOr0 U3yYeHna Ha
aHeprun go 7,5 MaB manorabaputHoro umnynecHoro beratpona (MWB). MUB aBnaetca
WCTOYHUKOM BbICOKO3HEPreTMYeckoro TOpMO3HOMo N3SyYeHna 0J1A pagnaLmMoHHoro
HepaspyLuatowero koHTponsa. BrY-3 skntouaet 14 pasnuuHbix Mogyneil, KoTopble
BbIMOSIHAIOT (hyHKLMM, HeobxoauMble AnA MHXEKLMW, KOHTPaKUMW, pasroHa, cBoaa
3/1eKTPOHOB CO CTaLMoHapHOo opbyTel 1 HanpaBneHna Nx Ha MULLIEHb AJ1A CO3AaHNA
TOPMO3HOro PEHTIEHOBCKOr0 U3JTyUeHuA.

COCTOAHVE PA3SPABOTKWN

'eHepaTopbl M cornacoBaHHbIE CUCTEMbI C UX UCMNOSIb30BaHNEM pa3paboTaHsbl 1
M3roToBfeHbl 0J1A KOHKPETHbIX 3aday B gmanasoHe mowHocTen 0,1 - 2 kBr.

MmeeTca onblT noctaBok obopynoBaHua B Poccuio, CLUA, EBpony.

CBEOEHW/A O NMATEHTAX
MatenTbl PB: Ne 10202 ot 30.08.2014; Ne 7128 ot 30.04.2011

Bup nanenei BIY-3: nepegHeii (cnesa) v 3agHeli (cnpasa).

MPEJI0>KEHA O COTPYOHWNYECTBE

MNpoeenenue coBmectHbix HAOK(T)P. PaspaboTtka 1 narotoenexHune npmnbopos nog
TpeboBaHuA 3aka3umka Ha JOroBOPHO OCHOBE. TexHnveckaa AokymeHTauua. HayuHo-
TEXHWUECKOE COMPOBOXAEHME.

KOHTAKTHAA VIHOOPMALIAA

Otoen beicTponpoTekatoLwmx npoueccos (3aBeayowmii — MNnesako Mepop
Bacunbesunu).

+375(17)357-21-06, fplevako@itmo.by
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TEXHOJ10rnA BOCCTAHOBJIEHNA OETANEN
METOO0OM 3JIEKTPOOYIOBOU METAJUTN3ALINA

Cpenu TEXHOMOMMIN HAaHECEHNA 3aLLMTHBIX METaN/I0MOKPbLITUIA 3MeKTpoayrosas
MeTanmsauma oTimyaeTca
LUMPOKMMM BOSMOXHOCTAMU MO
CPaBHEHMIO CO BCEMU ApYryMu
n3BecTHbIMKU criocobamn. C
NPUMEHEHUEM TEXHOSTOMM MOXXHO
BOCCTaHaB/IMBaTb JeTanu MallvH
LUMPOKOW HOMEHKNaTYpbI,
obecneunBaTb O0/ITOBPEMEHHYIO
aHTMKOPPO3VNOHHYIO 3aLLMTY
PasIMUHBLIX METasINTIOKOHCTPYKLMIA
antoMUHUEM M LUHKOM, NoslyyaTb
NMOKPbLITMA U3 NCEBOOCM/IABOB,
HaMNpUMep, U3 afiloOMUHUA U CTanwu,
Menm u ctanu, bpoHs3bl 1 cTanu, a
TaKXXe NOoKPbITUA LBETHLIMU
MeTannamu (Megpto, bpoH301A4,
NaTyHbIO, antMNHEM).

OrNMMCAHWE MPEOJIOXKEHWA

CrommocTb BOCCTaHOB/EHHBIX AeTanen He npesbiwaet 0,4 ctommocT Npon3BoacTBa
HOBBbIX.

Cpok akcnryaTaumn BOCCTaHOBSIEHHbIX 3O/ COOTBETCTBYET CPOKY 3Kcnyatauun
HOBBbIX OeTarnen.

TBeppocTb BoccTaHoBneHHoro crnoa 43-45 HRC.

COCTOAHVE PA3PABOTKWN

TexHonorna peanu3oBaHa B NPOM3BOACTBE Ha ogHOM U3 npegnpuatuii. ObopynoBaHve
HaxopuTtcA B akcrnyataumn B ViHcTtutyTe. imeroTcA pesynbTaTthl 3KCNEpPMMEHTAasbHbIX
ncecnenoBaHuii.

MPEOJSIOXKEHNA O COTPYOHWNYECTBE

MpombiwneHHana akennyaTauma obopyaoBaHNUA Ha [OroBopHOIA ocHoBe. TexHuueckas
nokymeHTauma. OpraHnsauma yuacTka Nno BOCCTaHOB/EHWUIO AeTareil MallvH U MeEXaHU3MOoB
Ha NpeanpuATiM 3aKkasurka v obyueHne nepcoHana paboTe Ha Npegnaraemom
obopynoBaHun.

KOHTAKTHAA NH®OPMALINA

JlabopaTtopusa pr3uku nnasmeHHbIX yckopuTerner (3aBeayloLwmin — UneH-
KOPPEeCnoHOEeHT, A0KTOP hM3MKo-MaTeMaTUUECKnX Hayk ActalumHckuii BaneHTuH
MuwupoHoBunu).

+375(1.7)356-93-51, ast@hmti.ac.by
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ANIEKTPOAOYIOBbIE NMTASMOTPOHbI

OcobeHHoCTAMM NNa3MOTPOHA Kak MHCTPYMEHTa COBPEMEHHOI TEXHOSOrM ABNAETCA
ucnonb3oBaHne cBepxsBbicoknx Temnepatyp (3 000 - 10 000 K], npocTtoe n onepaTMBHOE
yrpaBrieHNe TEXHOJSI0rMYecKMy napaMmeTpamMum (MOLLHOCTb, pacxof rasa), beicTphbiii nyck u
ycTaHoBsieHVe pabouero pexvma nnasmoTpoHa.

WManauanbHo B VIHcTUTYTE nna3moTpoHbl paspabateiBanuvck gia Harpesa ra3os B
aspogmHamuyeckunx Tpybax npu nayyeHny NoneToB NieTaTeNbHbIX annapaToB ¢
rMnNep3ByKOBLIMY CKOPOCTAMW M MOAENNPOBaHM PEXMMOB BX04a KOCMUYECKUX annapaTos B
atmocdepy 3emnu u gpyrux nnaHet. Bnocnencteuu ctany paspabaTbiBaTbea N1asMoOTPOHbI
DA peanv3aunm TEXHOSOrMYecKmX NPOLIECCOoB (M1a3MOXMMUUECKUX TEXHONOMIA) B
WHTEpecax pasfnunyHbIX 0Tpacselr HAPoOgHOro Xo3ANCTBa.

OrMMNCAHIWE MPEOJIOXKEHWA

PazpaboTaHbl n1a3MoTpoHbI NOCTOAHHOMO Y NEPEMEHHOr0 TOKa:

O cTpyiiHbIE 351IEKTPOAYroBbIE M/1a3MOTPOHbLI KOCBEHHOMO OENCTBYA

O nna3mOTPOHbI C BbIHECEHHO Ayroi (MpAMoro AeicTenAj, Korga ogHUM U3

AN1EKTPOO0B ABJ1AETCA OﬁpaﬁaTblBGEMbIVI maTepuan

VsrotaBnmBatoTcA NnasmoTpoHbl MoLwHocTeio oT 20 kBT go 2 MBT.
[na cospaHnA nnasmeHHbIX NoTokoB MowwHocTbio Ao 100 kBT paspaboTaHsl

anekTpoayroseie NnasmoTpoHsl Tuna MNAC (nnasmMoTpoH AyroBoi Co CTEPXXHEBLIM KaTOAOM).
Takve NNa3mMoTpoHbI NO3BONAKOT NOMYYMTb MN1a3My pasfiMuHbIX ra3os ¢ pacxogom 3-10r/c u
cpepHemaccoBol Temnepatypoiri 3000 - 5000 K.

[na cospaHnA nnasmeHHbIX NoTokoB bonbwei mowHocty (200 - 500 kBr)
paspaboTaHbl N1a3MOTPOHLI C NOSLIMY 351IEKTPOAAMM. 3TOT TUM KOHCTPYKLUMM UMEIOT Kak
N1a3MOTPOHbI MOCTOAHHOrO TOKA, TaK M N1a3MOTPOHbI NepPeMEeHHOro Toka. Takue
Nna3MoTPOHbI MO3BOJIAKT NOSIYyUYNTh MS1a3My pasnnMyHbix ra3oB ¢ pacxogom 10-30r/c n
cpepHemaccoBol Temnepatypoi 3000 - 5000 K.

B kauecTtBe pabouero Tena ncnonb3yTcA BO3QyX, a30T, aproH, MeTaH, CMecK ferkmx
yrreBofopoaoB, BogAHOW nap v ap.

WHcturyT Tenno- n maccoobmena nvenn A.B. Ibikoa HAH Benapycu. 220072, r. Munck, yn. 1. Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
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MPEVIMYLLIECTBA MIA3MEHHbIX TEXHOJOMN
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bonblana acdekTmBHOCTE Npeobpa3oBaHMA 3NEKTPUYECKO SHEPTN B TEMJI0BYIO
npv cpaBHUTESNBLHOW NPOCTOTE annapaTypHoro odopmMIieHns

BbICOKasf KOHLIEHTpaLMA 3HEPriM B MasioM obbeme nnasmbl

BbICOKaA CKOPOCTb NMPOTEKaHWA XUMUUECKUX PEAKLMIA, UTO NO3BOSAET CO3AaBaThb
BbICOKOMNPON3BOAMTENbHBIE annapaTthl — peakTopsbl

BO3MOXHOCTb CTaLMOHapHOro Harpeea rasa Ao cpegHeMaccoBbIX TEMMepaTyp
nopaaka 15-10° K npu pasnenun oo 20 MMa

BO3MOXHOCTb HarpeBa npakTnyecku fnobbix ra3oB (BOCCTaHOBUTESbHbIX,
OKMCINTESbHBIX, UHEPTHbLIX] U NX CMecei

ManorabaputHocTb 1 Hebonbluas METaNNI0EMKOCTb NS1Aa3MEHHON TEXHWUKI

MIASMOXMANYECKWE TEXHOJOIW C NCINoJ1b30BAHVEM MJTASMOTPOHOB

(©)

@)
(©)

000 O

OO

(©)

nosiyyeHre OK1CIIOB a30Ta U3 BO3ayxa U 3KBUMOJSIEKYIIAPHBLIX CMECEl asoTa U
Kucropoga ¢ nocrenyowymM nosiyyeHNEM a30THOM KUCNOThI

nosyyeHve aueTusieHa 1 aTueHa us ra3oobpasHbIX 1 XUOKUX yriieBoaopoaos
nepepaboTka npupogHbIX hocaToB 1 NosnyyeHne TepmMo- u obectTopeHHbIX
¢hocchaToB n naTnokncu occopa ¢ nocregyowmmMm cuHTe3somM octopHoi
KMCNOThI

CUHTE3 TYrornsiaBkux CoeanHeHuin (HUTpnOoB, okcaos, kapbruoos) B
HM3KOoTeEMMepaTypHoi niasme

noJslyueHne OKCUO0B peaKo3eMesbHbIX 3/IeMEHTOB (MTTpYA, HeoguMma, LepuA)
CUHTE3 NONMpOoBasibHbIX NMOPOLLKOB Ha OCHOBE AuoKcuaa uepud

NnosyueHne TEPMUYECKN CTOMKMX KpacaLMX NUIMEHTOB HA OCHOBE OKCUAO0B UM UX
cmecen

nepepaboTka [CXMraHue 1 0CTEK/I0BbIBAHNE) PaaMOaKTMBHBIX 0TX0O0B
nepepaboTka 1 yHNUTOXEHME TOKCUYHBIX NMPOMbILLSIEHHBLIX OPraHNYeckux u
XSTI0POpPraHMyeckrx 0TX0O0B

Tepmnyeckan obpabotka u pereHepauma copbeHToB 1 KaTann3aTopoB

CBEOEHVA O MNATEHTAX
MatenTbl PB: Ha naobpeteHune: Ne 5406 ot 14.04.2003; Ne7734 ot 19.08.2003;

Ne 6141 ot 30.06.2004 r.; Ha nonesHy mogens: 4190, 4357, 4519.

MPEJI0>XEHA O COTPYOHWYECTBE
Paspabotka n narotoeneHue nagenuii Ha JOroBopHoON ocHose. HayuHo-TexHuueckoe
conpoBoxpaeHue pabot. BeinonHenne HVIOK(T)P n ncnbitaHnii Ha ooroBopHoi OCHOBE.

KOHTAKTHAA NH®OPMALWA
Otpen anekTpoayroeoi nNia3mMel (3aBeayoLWwmii — kKaHAUOAT TexHuveckmx Hayk CaBuvH

Bacwunuin Bacunbesuu).
+375(17)397-12-31, sauchyn@itmo.by

WHcTuryT Tenne- n Maccoobmena uvenm A.B. Tbikosa HAH Benapycu. 220072, r. Murck, yn. . Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
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MNA3MEHHO-OYIOBOI PEAKTOP-TIMPOSTM3ATOP PP-500

lNnasmeHHo-gyroBol peaktop-nuponuasaTtop PP-500 (panee - nuponusatop PP-500)
npepHasHaueH nnA 6besonacHoi 3konorMyecky uuctoli nepepaboTky LMpoKoro cnektpa
OTXOOOB CO  3HAuWUTESIbHOW  OpaHWUEecKOW  cocTaBnAloLllell, Takumx Kak  oTxXoAbl
DepesoobpabartbiBatoLLeil 1 Lennono3Ho-bymaxHo NPOMBbILLNEHHOCTU, PE3UHOTEXHUUECKUE
0TX0Abl, HanpumMep W3HOLUEHHbIE aBTOMOKPLILIKW, CESIbCKOXO3ANCTBEHHbIE, B TOM 4UCIE
pactutensHaA buomacca, MyHuUMnanbHble, MeguuuMHckue u gpyrme. OcHOBHOW uYacTbio
TEXHOJIOMMUECKOW yCTaHOBKM Os1A nepepaboTkm 0TX0O0B ABMAKOTCA M/1a3MEHHBLIE PeakTopbl U
neun. lNnaswva npeobpasoBbiBaeT 0Tx0Qbl, pasnarad BCE OPraHNUYeckne KOMMOHEHTHI,
npeBpaLlas MX OpraHWYeckyld 4acTb B FOPHOYMIA CUHTE3-ra3, 8 HeopraHW4Yeckyl 4acTb - B
HEBbILLEMAUNBaEMbI CTEK/IOBAHHbIM WniakK. Mpu Hanmmuum B 0TX0Qax CYLLECTBEHHOW 4acTu
MeTasnia BO3MOXHO BblAeSIEHME 3TOI COCTaBNALEN B BUOE pacrniasa.

OcHoBHble xapakTepucTuku nuponunsatopa PP-500:

O npou3BoaMTEeNbHOCTb 500kr/u

O obuwan yctaHOBOYHaA MOLLHOCTb He bonee 600 kBT
O KONWYEecTBO N1Ia3MOTPOHOB 2.

O eOMHMYHasA MOLLHOCTb NJ1a3MOTPOHA He bonee 170kBT
O TemnepaTypa ryia3meHHbIX (hakenos 4000-5000°C

O Temnepatypa B paboueli 30He peakTopa 1700°C

O ponycTumas BMaXXHOCTb OTXOA0B 35%

O TemnepaTypa OTX0OALUX Fra30B He bonee 180 °C
O pacxogBo3gyxa 2500m°/uac

O cucTtema oxnaxaeHuda BoaaHas, obopoTHad, ABYXKOHTYpHaA

WHcTuryT Tenne- n Maccoobmena uvenm A.B. Tbikosa HAH Benapycu. 220072, r. Murck, yn. . Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
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TEXHWYECKWE N SKOHOMWYECKWE NMPEVMYLLIECTBA
OTtxogbl MOryT HaxoguTbcA B nobom arperatHoMm coctoAHuM 1 B Noboi kombuHaumm
arperaTHbix cocToAHuil. CMeHa TuNa OTXOAOB M MX arperaTtHoro coctoAaHuA Tpebyer nuuwib

nepeHanagky peXxvMHbIX napameTpoB 0bopynoBaHus.

MpooyKTbl 4Na YHUUTOXEHNA U YyTUIN3aLMKn: opraHMYeckme 0TXoabl, NacTuk, pesuHa,
TEKCTUNb, Bymara, kapToH, TENoN30ALMA M NONIMMEpPHBIE MaTepuarnsl, ApeBecuHa 1 ap.

Mpu wucnonb3oBaHUM OpraHNYEcKUx OTXOOOB CpedHecTaTUCTUUEecKoro cocTaBa C
nomoLwio nuponmaatopa PP-500 MoxHo nonyuats B cyTkn Ao 20 000 m° cuHTes-rasa (B Tom

uncne sogopona 7500 m°) co cpenHeit kanopuitHocTsio 1300 kkan,/m°.

Mpy cxuraHnn Takoro KoNM4YecTBa CUHTE3-Ta3a (Ero MOXHO TakXe UCMoSb30BaTbh B
XMMWUYECKOM CYHTE3Ee A1 NPON3BOACTBA LIEHHbIX MPOMbILLUSIEHHbIX MPOAYKTOB TMMNa MeTaHona,
buoTtonnuea, nnacTmaccel, aHTupr3a, Niekcuriaca) ¢ Lesbio NoslyueHnA TENI0BOK SHEPrm
(Hanpumep, B KOTENbHbIX YCTaHOBKax) MOXHO nonyunTb 26 kan. 310 B Tpy pa3a npesbiLaeT
KONNYecTBO Tensa, KOTOPOe MOXHO MosfyunTb U3 3aTpaueHHOW Ha reHepaumilo niasmbl
31IEKTPUYECKOI 3HEePIUN.

Ecnu pononHute nuponusatop PP-500 anektporeHepatopoM c TypbuHHbIM nnbo
nopLuHeBbiM npuBogoMm, To yxe npy KM 35% moxHo nonHocTe0 BOCMOSHWUTE NpegesnbHbIe
noTepn 9anekTPo3Heprnn Ha reHepaumio nnasmbl (500 kBt) mn coenate cuctemy
3HEeproHe3aBNCKMON Wi [a)xe aBTOHOMHOW, Npu 3ToM ocTaBlimecd 65 % TennoBoii MOLLHOCTH
MOXHO MCNofb30BaTh /1A OTOMJSIEHUA, NoAorpeBa Bogbl Wnv fwbbix OpyrMx NpoLeccos,

CBA3aHHbIX Cc NoTpebneHnem Tenna (Hanpymep, opecHeHNa MOPCKO Boakl).

Hukakaa ppyras TexHonorvAa nepepaboTkym 0TX0OQ0B He ABNAETCA CTOMb  Xe
VHUBEpPCArbHOW, Kak NasMeHHas.

Peaktop-nnponnzatop PP-500 npepgHasHaueH gna nepepabotku B cpegHem 500 kr
oTxonoB B uac (12 T B cyTku). PeanbHaa nponsBoautensHocTe nuponuaaTtopa PP-500 moxer
bbiTb Bonble WM MeHbLle B 3aBMCMMOCTW OT TUMa, arperaTtHoro COCTOAHWA, BIaXHOCTH,
MpoLIeHTa opraHWYeckoin yactu, pasmepa parmMeHToB (4nA KyckoBbix) oTxogoB. OT aTmx xe
napameTpoB 3aBucuT noTpebnAdemas anekTpuueckaa MOLLHOCTb FeHepaTopoB Masmbl
(nnasmoTpoHoB), koTopan nexuT B AnanasoHe ot 150 no 500 «BT.

ObcnyxumBatoLwmMii nepcoHan nuponusatopa - 2 Yerl.

CBEOEHVAOTMATEHTAX
MaTeHT Ha n3obpeteHune PB Ne 21917 ot 2018.06.30 «YcTpoiicTBo ona nepepaboTku
NMposIN30M TBEPALIX OPraHNUECKNX MaTEPUAroBy.

COCTOAHNE PASPABOTKN
PaboTatowwmin npoToTUn peakTopa-nMponivaaTopa.

MPEJI0>XEHWA O COTPYOHNYUECTBE
KoHcTpykTopckasa gokymeHTauus 1 narotosneHne obopygosaHuda. Jorosop HVIOK(T)P.
ObyueHune cneunanmcTos 3akasunka paboTte Ha npeparaemom obopyaosaHun.

KOHTAKTHAA NHOOPMALINA
Otnen anekTpoayroBoii niasmvel (3aBeaylowmii — KaHAMAAT TEXHNYeckux Hayk CaBuvH

Bacunwuin Bacunbesuu).
+375(17)397-12-31, sauchyn@itmo.by
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KBASUCTALMOHAPHDIA CUTIbHOTOYHBIA MITASMEHHDBIN
YCKOPWUTESb KCIY M-12X2

MnaawmeHHbIii yeckoputens KCIY M-12x2 npegHa3HaueH osa reHepauum
BbICOKOSHEPIreTMUECKNX KOMMPECCUMOHHbIX MSIa3MEHHbIX MOTOKOB A8 3thhekTNBHOM
MoamdmKaLmm NoBEpPXHOCTHLIX CBOMNCTB MaTepuanoB, HEOOCTYMHOW AnA Apyrux METOAOB,
pelleHna pAQa 3apadv ynpaBifaemMoro TepMoAOepHOro CMHTe3a (3anosiIHeHNe MarHUTHbIX
nosyLuek, npobnema nepBoli CTEHKM TEPMOAOEPHOMO peakTopa 1 Ap.), a Takxke Asda cos3gaHma
niasMeHHbIX gBuraTeneli KoCMUYEecKoro HasHauYeHus.

TexHnueckue xa PaKTepUCTUKN:

O BxnapgpiBaemas B pa3pag, aHeprud 32 kx

O CkopocTb MNyIasMeHHOoro NoToka 50-150 km/c

O TemnepaTypa 3/1eKTPOHOB NasMbl 3-153B

O KOHLEHTpaLma 311eKTPOHOB Masmbl 10" - 5.10" cm™®
O Bpewmsa cywectsoBaH/A Nnasmbl ~150 mKe

B koonepauuu ¢ kadenpoii hrnarku TBEpOOro TeENa 1 NonynpoBOOHVKOB (U3NYECKOTO
thakyneTeTa BenrocyHuBepcuTeTa (MaTepuanoBeOyYeCKME UCCIEOOBaHVA) pa3BnBaoTCA
TEXHOMOrMN MoaudgUKaLUM NoBepxXHOCTHbLIX CBOWCTE MeTasfioB — NoBepXHOCTHaA
nnasmMeHHasa MeTannyprus.

MaTepmanose.uqecme nccrnengoBaHuA CbVIKCVIpyIOT cnepywouwme NSMeHeHUA:

B obpasuax KOHCTPYKLUMOHHbIX CTanei:
O opmuposaHne rnybokoro (no 50 MkM).MeandMLIPOBaHHOIO CoA
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O yBennuyeHue KOHLEHTpaLV1 BHEAPEHHOMo a30Ta Y CUHTE3 YPOYHALLMX HATPUO0B
Nernpylowmx MeTanios

O yBenuueHve mukpoTeepgoctn B 1,5 - 2,5 pasa

O  ymeHblUeHMe koadhduumeHTa TpeHma nosepxHocTn o 4,5 pas

B obpasuax TutaHa:

O yBenuueHve KOHLEHTpaLuun BHEQPEHHOMO a30Ta U CUHTE3 YNPOYHALWLMX HATPUOOB
NernpyloLwmx MeTanios

O yBefMuyeHneM JIerMpoBaHHOro cr10A Xpoma, MonubaeHa, HUKenNAa u LMPKOHKWA C
rnybuHoii 15 - 20 Mkm

O vyBenuueHuem TBepgoctu B 1,5 - 2,5 pasa

O ymeHblUeHEM Ko3ahmumeHTa TpeHns ao 4,5 pas

B obpasuax kpemHuA:

O cuHTes perynapHbix 06beMHbIx cTpykTypbl Anametpom 100 - 700 Hm 1 gnvHoii oo
500 mkm

O cuHTe3 B TeueHne ogHoro paspaga (~100 mkc) noBepXHOCTHbIX 06bEMHbIX
CYBMUKPOHHBIX CTPYKTYP M NOKPbLIBAKOLLMX MX HAHOCTPYKTYPUPOBaHHbIX
MeTannuueckmx knacrtepos (ccepryeckne obpasoBanusa gnametpom 50-200 Hm,
cocToAwme 13 HaHodyacTtuy pasvepom 10-30 Hm).

O dopmMmpoBaHue SierMpoBaHHOro NPUNOBEPXHOCTHOrO coA (80 7 MKM),
COLEPXXALLEro CUMUMabl JIErMpyoLLNX 3/1IEMEHTOB

Mpwn yBeNUUeHU NIOTHOCTU MOLLLHOCTM KOMMPECCUOHHOMO NOTOKa U YMcna MMMynbcoB
BO3AECTBNA YBESMUMBAETCA CTENEHb OAHOPOOHOCTY pacrnpenesnieHna fermpyowmx
3NIEMEHTOB U UX CUNUUMOHBIX (ha3 B MoanduLMpoBaHHOM Crloe.

COCTOAHNE PA3SPABOTKN

CoBOKYNHOCTb MapaMeTpoB MNy1a3Mbl KOMMPECCUOHHBIX NMOTOKOB, FEHEPUPYEMBIX
KCIY M-12x2, Hepoctvknma s opyrmx CyLLEecTBYIOLWMX B HACTOALLEe BPEMA
nnasmMoaMHaMUYeckux CUCTEM.

CozpaHa akcnepumeHTanbHaA basa /1A NOBEPXHOCTHON Ma3MeHHON MeTannyprum.
MarHnTonnasmeHHsbIVi KOMNPECCop reHepripyeT BbICOKO3HEPreTUYECKME KOMMPECCUOHHbIE
nrna3meHHbIe NOTOKKM, MO COBOKYMHOCTW NapamMeTpoB, onpenenatoLmx BO3MOXHOCTA METOA0B
MoAmMMKaLVMN NOBEPXHOCTHBIX C/I0EB MaTeprasios, NPeBOCXOAALLME BCE CYLLECTBYIOLUME Ha
CerofHALIHUIA JeHb TUMbl MIa3MEHHbIX YCKOPUTENENA.

CBEOEHW/A O MATEHTAX

MatenTtol PB: Ne16907 ot 2013.02.28; Ne 21249 o1 2017.08.30; 21829 ot
2018.04.30; N2 21914 o1 2018.06.30; Ne 22177 o1 2018.10.30. NaTteHT PM Ha
n3obpereHme Ne 2464335 ot 2012.10.20.

MPEOJI0>KEHVA O COTPYOHWYECTBE
MNpoeenenue coBmecTHbix HAOK(T)P. Moandgurkauna noBepxHOCTHbLIX CBOMCTB
MaTepuarioB Ha A0roBopHol ocHoBe. HayuHo-TexHuueckoe conpoBoxaeHune pabor.

KOHTAKTHAA NH®OPMALINA

JlabopaTtopusa r3uku nnasmeHHbIX yckopuTeneri (3aBeayowmin —
UJSIEH-KOPPECMNOHAEHT, A0KTOP hM3MKo-MaTeMaTUUecKnx Hayk AcTalumHcKuii BaneHTuH
MwupoHoswnuy).

+375(17)356-:93-51, ast@hmti.ac.by
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OBYX3EPKAJIbHbINA ABTOKOJ'IJ'II/IMALI,!/IOHHbIIZ
WHTEP®EPOMETP C BU3YAJTMSALUIMEW MOJ14 PEDGPAKLIUA

OMNCAHWE NPEOJIOXXEHINA

JlByx3epKasibHblii ~ aBTOKOSUIMMALIMOHHBI  MHTepdepoMeTp  npegHasHaveH A
BM3yannaauun onTUYEcKMX HEOJHOPOAHOCTElV B MPO3payHbIX AU1A BUaumoi obnactu cnektpa
cpenax M KONMYECTBEHHOro OMpeneneHnAa MpPOCTPaHCTBEHHOro nonAa pedpakuvn B
nccnegyembix obbektax. [Npubop MoXeT uncnonb3oBaTbCcA [1A UCCenoBaHWA raso- u
rmapoavHaMUYeckux MpoLLeccoB, CBEPX3BYKOBbLIX TEUEHWUIA, FOPEHUA 1 B3PbiBa, M/1a3MeHHbIX
NOTOKOB W yAapHbIX BOSTH KaK B OKPY)XaloLLel cpeae, Tak U B 3aKPbITbIX KaHanax.

XapakTepuctuku uHTepchepomeTpa:

O pmameTtp nonsa 3pexuna, D 200 mm

O dhokycHoe paccTofHve KonauMupytoLlero obbekTrea F 595 mm

O Haber nHTepchepeHUMOHHBIX MOS0C Mo Nosi, Nonoc He bonee 0.1

O pabounii gnana3oH OJIMH BOSTH UCTOYHUKA CBeTa 500 - 700 Hum

O pasamepbl KonnumaTopHoro brioka 767x228x235 mm’
O pasmepbl 3epkanbHoro bnoka 485x228x265 mm’
O obwwii Bec 40 kr

KoHkpeTHble rabaputbl MHTEpdepomMeTpa onpegenawTca TpebyembiMy 3HaueHUAMM
anepTypbl U 0THOCMTESNBHOO OTBEPCTMA KONMMUpYOLEro obbexkTuea.

TEXH/NKO-3KOHOMWUECKWE NMPEVIMYLLIECTBA

O Bce KOMMNOHEHTHI MHTEPGEpPOMETPA pacnosaralTca BOOSb OQHOI ONTUYECKOo ocy,
UTO CYLLECTBEHHO YMPOLLAET ero KOMMOHOBKY Ha 3KCMNepuMeHTanbHON ycTaHoBKe
NPOX3B0OSIbHOV reoMeTpUn

O WHtepdepomeTtp npu Hebonbnx rabaputax n Bece MeeT oTHocuTeNbHO BonbLuoe
rnore BU3yanusauum

O 3epkana nHTepdepomeTpa B HOCTUPYEMbIX OMpaBax BbIMOSIHEHbI B BUOE CbEMHbIX
Y3/10B, UTO JaET BOSMOXXHOCTb YCTAHABNNBATb VX HA OTAESbHbIX PEATEPAX U UBMEHATb
JJIMHY IBMEPUTESILHOIO NJieya MHTepgepoMeTPa B LLUMPOKMX NPeenax

O Tpu wuccnepoBaHMAX MPOLECCOB B 3aKpbIThIX KamMepax pasMeLleHve 3epkan
nHTEpepomeTpa BHYTPY KaMepbl aBTOMaTUUYECKN UCKITHOYAET B/IMAHNE ONTUYECKUX
HEOOHOPOOHOCTEN CMOTPOBOI0 OKHA KaMepbl Ha CABUMM MHTEP(epPEHLIMOHHBIX NOS0C

MpomblwneHHbin aHanor - wuHTepgepometrp W3K-454 - npu pasmepe nonsa
Buayanusaunm 140x215 mm umeet Bec okono 2000 kr.
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Mo aHanornyHoi cxeme BbIMOSIHEHbI
UHTEpepoMETPbl pAada KPYMHbIX ONTUYECKUX
komnaHwuii (GPI XP/D, Zygo Corporation,
CLUA, D=150 mm; T-200, OAQ JIOMO, CI16,
D=200 mm). OgHako oHU NpegHasHauyeHbl
WCKJTIOUMTESBHO OJ18 KOHTPOSIA KauecTBa
OnTMUEeCKUX geTarnel NocpeacTsoM UsMepeHmd
OTK/IOHEHWI UX NOBEPXHOCTEN OT 3TafIoHHOM
nyiockoi nnbo cchepuueckori NOBEPXHOCTU U
HaxoQAT NpUMeHeHue rnaBHbiM 0bpasom B
onTtnueckux HAN n B ontnueckom
npnbopocTpoeHny.

COCTOAHVE PASPABOTKN

C nomoLbio MHTEPKEPOMETPOB,
UMEILLMX pasnMuHbie 3HaueHusa guameTpa D
anepTypbl KonnMMupyoLwero obbekTuBea,
NpoBOOUNCHL UCcNenoBaHna pasHoobpasHbIx
MPOLECCOB, TakMX Kak B3aMMOAENCTBUE JTA3EPHON0 U3SyYeHNs C TBEPAOTENbHLIMU
muweHamn [D=40 mm), Tnetowmii paspan atmocdgepHoro gasnenus (D=40 mm), ouHamuka
¢hakena razonnameHHoi ropesku (D=60 mm), knanaHHbIA Hanyck rasa B BaKyyMHy0 KamMepy
KBa3ucTaumoHapHoro nnaameHHoro yckoputena KCIY M-12x2 (D=80 mwm), hopmupoBaHne
obnactu komnpeccum B MmarHuTonnaaMmeHHoM koMmnpeccope (D=100 mwm] u ucteueHme
nyasmeHHoro notoka na paspagHoro yctpoiictea KCIY M-50M (D=200 mwm).

VHTepdepomeTp ¢ onameTpom
Konnuvnpytowero obbekTnea 200 Mm

CTATYC MNPAB VHTENEKTYAJTbHOW COBCTBEHHOCTI
VimeeTtcsa onbiTHLIN 0bpasey, npnbopa n pabouaa KOHCTPYKTOPCKaA A0KYMeHTauus
K HEMy.

MPEOJIOXKEHA O COTPYOHNYECTBE
VIsrotoBneHve nHTepgepoMeTpoB Ha JOroBOpHON ocHoBse. HayuHo-TexHnueckoe
conpoBoxpaeHue pabor.

KOHTAKTHAA NH®OPMALA

JNabopaTtopua dmanku nnasmeHHbIX yckoputenei (3aBeayoLwmin — uneHx-
KOPPEeCnoHOEeHT, A0KTOP hM3MKo-MaTeMaTUUecKnx Hayk ActalumHckuii BaneHTuH
MuwupoHoBunu).

+375(17)356-93-51, ast@hmti.ac.by
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NMHOPAKPACHAA KABHA OJ13 AKTUBALINW
PYHKUMOHAJIbHbIX PESEPBOB OPIr'AHN3MA UEJI0BEKA

NHdpakpacHaa kabuHa (MIK-kabuHa) npegHasHavueHa pJjiAa NnpoBegeHus
TepaneBTNYECKMX TEPMUUECKUX NpoLeayp B ieuebHoii, 0300pOBUTENBHON U CMOPTUBHOM
npakTUKe NyTemM TENSI0BOro BO3AENCTBUA n3nyveHns bnmxkHero nHpakpacHoro guanasoHa
Ha opraHn3M YesloBeKa ¢ aBTOMAaTUYecKUM yrpaBrieHWEM NapamMmeTpamMu BO3OENCTBUA C
yueToM h31oIorMYeckoro COCToAHNA NaUmeHTa.

CeaHc VIK-Tepannv conpoBoxaaeTcA pacluMpeHnemM KpOBEHOCHbIX COCYA0B NaLMeHTa,
ycuneHuem obmMeHa BellecTB, akTuBaumeln UMMYHUTETA, NOBLILLEHMEM COOEpPXaHWA
Kucriopoga B TKaHAX, UTo obecneunBaeT NpoTUBOBOCHANUTESbHBIN, MPOTUBOOTEUHbIN,
npoTvBocna3amaTuyeckuin n obesbonneatowmin agdektol. VIK-nsanyuenne cnocobereyer
aKTMBaLMM NOTOOTAENIEHMA U BbIBOOA XONIECTEPUHA, COSeil, TOKCUHOB, XMPOoB. MoBkileHne
TemnepaTtypbl broTkaHen npu npoBegeHun VIK-Tepanum nmmtupyet gmanonornueckyo
peakumio opraHuamMa Ha MHekUMoHHoe 3aboneBaHne, yrHeTaeT XN3HeoeaTeNlbHOCTb
NaToreHHbIX MUKPOOPraHM3mMoB U BUpycoB. MakcumarnbHbli uanonormueckuii acpcekt
DOCTUraeTcA Npv UCMNoJIb30BaHUN MCTOYHNKOB BninxkHero VIK-guanasoHa B «okHe
TepaneBTNYecKol NPo3payYyHOCTXY» ONTUYECKOro NanyveHus, uto obecneunBaeTt Hanbonee
rrnybokoe NPOHNKHOBEHWE N3NYUEHUS B TKAHW.

BHewHwnii Buao makeTHoro obpasua VIK-kabuHbl 1 TepmorpaMma noBepXHOCTU
KOXW naumeHTa

TexHnueckre xapakTEPUCTUKN MHPPaKpacHoi KabyHsbi:

O pnuHa BonHbl VIK-nanyuexuna 0.7-1,8 mkm
O Bpemsa NoAroToBKY 417 NPOBEOEHUA NPOLEeaypsl 10 MyH

O Temnepartypa BHyTpY VIK-kabuHbl 37°C

O notpebnAemas MoWHOCTb 0,4 kBt

O 0bwwii Bec kabuHbl 11 kr

O rabapursl 2x1x1m

TEXHNKO-3KOHOMWYECKWE MNPENMYLLEECTBA

Mogynb NIK-kabuHbl BEINOSAHEH M3 CTaHOAPTHLIX 3/1IEMEHTOB, UTO MO3BOJSIAET
peanns3oBaTtb YHUBEPCASIbHOCTb U3OEeNUA, MOAY/IbHOCTb KOHCTPYKLUMW, NOACTPOIKY Nog, pocT v
BEC MauuVeHTa, UCNosib30BaHME PasfivyHblX MCTOUHNKOB N3STyYEeHUs C PerysinpoBaHMem mnx
MOJIOXEHWA 1 yria Hak/1oHa, BO3MOXHOCTb MOHTa)Xa N3MEpPUTESbHbIX JaTUMKOB U
JononHuteneHoro obopynoBaHua.

B VIK-kabrHe ycTaHoBMEHb! AaTunky permctpaumm uanonorniyecknx nokasarenei
nauveHTa, TENNI0BOro pexuma, bnok nepepaun gaHHbIX, bnok npuema gaHHbIX, 6ok
yrpaBneHns, yCTPONCTBO BBOOA OaHHbIX, yCTPONCTBO 0TObpaXeHuamHBoOpMaLun,
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nanyuatenu, bnok nutaHua nanyuateneii. Hanuuue B coctaee Broka NUTaHVA NOHWXAKOLLErO
TpaHcthopmaTopa obecneunBaeT 3alyTy NaUyMeHTa oT CrlyvaiiHoro NopaXxeHus
3/IEKTPMUECKMM TOKOM. [1nA 3alMThl rosioBbl NauveHTa oT Neperpesa npenycMoTPeHbI
3aLUmMTHbIe pediieKTopbl U BEHTUNALMOHHbIE KnanaHbl. VIHgpakpacHble HarpeBaTenu He
CHWXXalT CofepXXaHve KMcnopoaa B Bo3ayXe KabuHbl, TEM camMblM NpenaTcTByA
06e3B0XVBaHNIO 1 UCCYLLEHNHO KOXW.

MHHOBALUVIOHHbIE ACIMEKTbI MPEOJ10>KEHNA

OtnuunTeneHoli ocobeHHOCTBIO YCTPOCTBa ABNAETCA peanu3auua briotexHuueckor
obpaTtHoli cBA3M NYyTEM MOHUTOPVHIA OCHOBHbIX (hM3MOSI0rMUECKNX JAHHbIX NaLMeHTa 1
aBToMaTuuyeckoro ynpaeneHna napametrpamu VIK-npoueaypel Ha ocHoBe nocTynatoLlen
WH(opMaumu. 3To NO3BOJSIAET COrflacoBaTh MHTEHCUBHOCTb TEMIOBOM HArpy3Ku ¢
VHAVBMAYarbHLIM (hYHKLMOHANbHBIM COCTOAHNEM MaLVeHTa Ha NPOTAXEHUN BCEro ceaHca
VK-tepanuu. K npemmywiecteam VIK-kabuHbl oTHOCUTCA KOPOTKOE BPEMA NOAFOTOBKMW A
npoBeaeHWA NpoLenypbl, HU3kaa noTpebnAaeMas MOLWHOCTb MO CPaBHEHUIO C
CYLLECTBYIOLLMMM aHaroramu, Belcokuii ypoBeHb besonacHocTu.

Temnepatypa B VIK-kabvHe 3apaeTca nocpeacTBoM U3MEHEHNA MOLLHOCTY
anekTponuTaHna nctouHnkos NIK-nanyueHna n nopnepxmeaetca Ha ypoeHe 39 °C B obnactu
Tynosuwa n 32 °C B obnacTy ronosbl NauneHTa, YTo ONTMMaribHO OJ1A CO30aHNA
€CTECTBEHHOW peakuun opraHn3Ma UesioBeKka Ha Nogbem TemnepaTypbl Tefia Npu passuTnn
CVCTEMHOMO BOCManuTesibHOro NpoLLecca U akTMBaLUmMmN 3alUTHBIX MEXaHN3MOB.

Tepmorpamma u TemnepatypHas
ructorpamma paboueii
30HbI KabuvHbI

COCTOAHNE PA3PABOTKU
PaspaboTtaH n nsrotosneH maket mogyna obnyveHusa nHgpakpacHoii kabuHbl, BKOUan
annapaTHbIe CpeacTBa KOHTPOSA TEM/I0BOro pexuma u bnoka ynpasneHus.

CBEOEHVA O MNMATEHTAX
Matent PB Ha nonesaHyo mogens Ne 11587 o1 28.02.2018.

MPEOJTATAEMbBIE ®OPMbI COTPYOHNYUECTBA

BoinonHenne HVIOK(T)P no poroBopam ¢ 3akasdunkom. /I3rotoBneHne yctaHoOBOK.
HayuHo-TexHnueckoe conpoBoxgeHne paboT No 0CBOEHMIO TEXHOMOMMM 1 CO3OaHUIo
YCTaHOBOK, TEXHUYECKaA JOKYMeHTaLumA.

KOHTAKTHAA NHD®OPMALNA

JlabopaTtopusa pagnaunoHHO-KOHBEKTUBHOIO TernnoobmeHa (3aBenyowwmii —
USIEH-KOPPECMNOHAEHT, A0KTOP hramkKo-MaTemaTnueckux Hayk MpuHuyk MNasen CemeHoBWY).

+375(1.7)379-13-46, gps@hmti.ac.by
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JNArHOCTUKA TEMJ10BOro COCTOAHUNA
NMPOMbILLJTIEHHOIo O60PYOOBAHNA, SJIEMEHTOB
KOHCTPYKUWN 3O0AHNI 11 COOPY>XEHNA

3apaun obecneyeHna aHeproadheKTMBHOCTY pPELLAOTCA NYTEM peanusaumm
aHeprocbeperaloLyx NPOEKTOB CTPOUTENBLCTBA HOBbIX 30aHWNI Y COOPY)XXEHWI, PEKOHCTPYKLN
3KCMyaTMpyeMoro oHaa C UCToSb30BaHNEM COBPEMEHHbLIX MaTEPUArioB Y TEXHOSOMNM,
CBOEBPEMEHHOI TEPMOANArHoCTUKM COCTOAHMA 3KCMyaTMpyeMbIX 06bEKTOB,
OCVLLECTBNAEMbIX HE3aBUCMMbIMIY 3KCMEPTHLIMI OpraHM3auvamMu, obnagawwymm
NMosIHOMOUUAMU, KBANNGULMPOBaHHLIMU CMELVAaNMCTaMu 1 annapatypoil.

TennoBble aHoManuy 1 gedekTsl TENIOU3UIALUN B CTEHAX U KPOBIIAX 30aHUN,
HeucnpaBHocTy B paboTte cuctem oTonseHud, anektTpocereii, beitoBoro 0bopynoeaHua
onpegenalTca MeTogaMm 1 Nnpubopamu AMCTaHUMOHHOIO USMEPEHWA TEMMEPaTYpbl —
NMpPoOMETPamMu 1 TENJIOBA30PaMU, 8 TAKXKE KOHTaKTHbIMW CPELACTBAMU U3MEPEHNA TEMMEPATYP
W NIOTHOCTU TEMNJI0BbIX MOTOKOB.

OrMMCAHWE MPEOJIOXKEHWA

WHcTuTyT ocHaweH Heobxogumbim obopynoBaHnem 1 cpegcTeaMy U3MepeHna oia
npoBedeHnA TepMOANarHoCTNK1 ¢ HeobxoaMmon TOUHOCTBH U 06 BLEKTUBHOCTBIO,
pacrnionaraeT ()OHOOM COOTBETCTBYHOLLMX aKTyasIM3NPOBaHHbIX TEXHUUECKNX HOPMaTUBHbIX
npaBoBbIx akToB. KBanudnuvpoBaHHble coTpyaHukn VIHcTuTyTa nmetoT bonbLuoi onbIT
pabotbl B 0bnactv TeEN/I0BU3NOHHON ONarHOCTMKK, MMEeKT cepTudmKaTbl KOMMETEHTHOCTY 2
YPOBHA M0 TeNI0BbLIM METOAaM KOHTPONA.

JlabopaTtopusa pagnauMoHHO-KOHBEKTUBHOIO TenynioobmeHa nonyunna B Benopycckom
rocygapcTBEHHOM LIEHTpe Mo akkpeauTauum atTectaT akkpeautaumm Ha COOTBETCTBME
TpeboBaHuam CTB MICO/M3K 17025-2007 «Obwime TpeboBaHMA K KOMMETEHTHOCTN
ucnbiTatesnbHbIX U KannbpoBouHbix NnabopaTopuiiy. ObbekTamMmy ncnbITaHWiA, CornacHo
akkpeguTaumu, ABMNAKTCA 3AaHNA U coopykeHus, Tpybonposoabl ropayero BogocHabxeHus,
naponpoBoAbl, TEpMUYECKoe 1 HarpeeaTesnibHoe obopynoBaHue, HarpeBaTesibHoe
obopynoBaHue TeNMOBbIX 3/1IEKTPOCTaHLMIA.

B npunoxeHun k AtTrecTtaTty akkpeguTaumm ykasaHbl
napamMeTpbl MCNbITaTENbHbIX PEXUMOB, HAUMEHOBaHNA Y
Junana3oHbl U3MEePAEMbIX BESTMUWNH, XapaKTepPUCTUKN
norpeLLHocTen:

O onpepeneHue TensI0NPOBOSHOCTY
CTPOUTENBHBIX U TENION30ALMOHHBIX
MaTepuanos Npu cTauMoHapHOM TEMSI0BOM
pexnve

O onpepeneHue NIOTHOCTU TEMJI0BbLIX MOTOKOB,
npoxogALmx Yepes 0gHOCIOMHbIE U
MHOMOCJI0HbIE Orpa)XaatoLLme KOHCTPYKUUn

O TennoBM3NOHHAaA AnarHocTuka TensoBoro
COCTOAHMA 1 KOHTPOJS1b Ka4ecTBa
TEns10M30MALUN OrpaXXaatoLLNX KOHCTPYKLMIA
30aHUIA N COOPYXXEHUI

O KOHTpOSb TEMMEpPaTypbl 31IEMEHTOB
KOHCTPYKLUMIA 1 paBHOMEPHOCTU
TemMrnepaTypHOro nosiA NPoMBbILLSIEHHOI0
obopynoBaHuna
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Pesynbtathl TENnoBM3NOHHOW AMarHOCTUKA TEMsI0BOr0 COCTOAHWA
orpaxpgarLmx KOHCTPYKUMIA 308HWNIA, COOPY)XEHUA N MPOMbILLIIEHHOrO
obopynosaHua

MPEJI0>XEHWA O COTPYOHWYECTBE
Pabotbl B cooTBeTCTBUM C 06M1acTbio akkpeguTaumy Ha 0roBOpHO OCHOBE.

KOHTAKTHAA NHD®OPMALINA

JlabopaTtopus pagnauMoHHO-KOHBEKTUBHOIO TennioobmeHa (3aBeayowwmii —
UsIEH-KOPPECMNOHAEHT, JOKTOP huamko-MmaTemaTnueckmnx Hayk MpuHuyk Maeen CemeHoBWY).

+375(17)379-13-46, gps@hmti.ac.by
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MATEMATUWYECKOE MOAE/TMPOBAHNE SAOAY
TEMJI0®UN3UKA

VHCTMTYT umeeT onbiT co3gaHusa (U3UYECKUX U MaTemMaTMueckux mMogerein nns
KOMMbIOTEPHOIO aHanu3a MPoLECCOB B LUMPOKOM CMEKTPe 3agjay Teryliouankuy, Taknx Kak
Tennoeble U anddy3rMoHHbIE MPOLECCHI, TMAPOAMHaMUKE, (UbTPaLMA, XMM1MUeckas KUHETUKA,
ropeHue, NepeHoc UanyueHvd, hasoBbie Nepexoabl, Hykneaums, bapbepHsblii U MUKPOBOSTHOBOW
paspanbl, HePaBHOBECHbBIE COCTOAHNA.

OnbIT paboT No pagy NPOeKToB LNPOKOW TEMaTUKU, B TOM YUACTIE:

O MWcnonb3oBaHne nnasmbl BapbepHoro paspAga onfa YIydylleHWAa aaresvoHHbIX
CBOWCTB NOSIIMEPHbIX MSTIEHOK

O Tepmuueckoe paspylweHue cTopupga cepbl, TeTpaTopuga yrnepoga B nnasme
MUWKPOBOJTHOBOr0 pa3paga

O (Obpa3oBaHve a3po30sieli B KOSIOHHAX MOKPOL OYMCTKN TOMOYHbIX Fa30B

O MogenupoBaHue pednarpauvoHHbIX B3pPbLIBOB TOMSIMBHO-BO3AYLIHbLIX CMECE/ Ha
NPOMBbILLIEHHBIX 0BbEeKTax

O PaspaboTtka peakTopoB HEMOSIHOrO OKUCMEHWUSA YrIeBOOOPOL0B OJ19 NPoM3BoACTBa

CUHTE3-rasa

3OpOo3MoHHbIE NPOLLECCHI HA MOBEPXHOCTY radhHMEBOr 0 KaToha niasamMoTpoHa

TennoBble N XMMUUECKUE NPOLLECCHI B CTANENIaBUiIbHOM Neun

MopenupoBaHne TennoBbIX MPOLECCOB [AfIA  MOLAEPHM3aLUN  MPOMBILLIIIEHHBIX

HarpeBaTesibHbIX Meyel (3arpy30UHbIX Y MPOXOOHbIX)

ViccnepoBaHue KMHeTVKM rmpponuaa boporuppraa HaTpua

"opeHwne cTanu B KMCNopoae BbICOKOro gaBrieHus

MogpenupoBaHue gudcyaum 1 Hykneauum yrnepona B HUKENEBbIX HaHOKanafax B

npouecce obpasoBaHuA 1 pocTa HaHOTpybok

O (0Obpa3oBaHVie HaHOUYAaCTUL, NPV UCMapPEHMM MUKPOKare b pacTBOPOB B BaKyyMe

O OO

O OO

CBEOEHVA OMATEHTAX

MateHtol PB: NeNe 16481 ot 2012.10.30; 17743 ot 2013.12.30; 19210 ort
2015.06.30; 19810 ot 2016.02.28; 20297 ot 2016.08.30; 20473 ot 2016.10.30;
21456 ot 2017.10.30; 21574 ot 2018.02.28; 21663 ot 2018.02.28; 21917 ot
2018.06.30; NeNe 9740 ot 2013.12.30; 10068 ot 2014.04.30; 16481 o1 2012.10.30;
7854 012011.12.30;9452 012013.08.30 n gp.

MPEOJI0>KEHWA O COTPYOHNUECTBE

Paspabotka maTtemaTmueckrx Mogeneli Ha [OroBopHON OCHOBE.

MopenupoBaH/e NpoLeccoB U TEXHOMOMWIA 4nA onTMMU3auum cnocoboB namepeHua
XapakTEPUCTVMK UCCMeayeEMbIX ABMAEHWUA, MOUCKA YYULLIEHHLIX CXEM TEXHOJOMMUECKUX
npoueccoB, 3thheKTUBHBIX TEXHUYECKUX PELLEHNIA.

KOHTAKTHAR NH®OPMALINA

JlabopaTopma matemaTMueckoro MoAenMpoBaHua (3aBedylowmnii — kaHouaaT rsnko-
maTemaTnuecknx Hayk LLlabyHa CtaHucnas iBaHoBuu).

+375(17)378-22-10, stas@itmo.by
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WCCNEOOBAHMA TEMTO®U3NYECKUX CBOWCTB
MATEPWAJ10B

WHcTuTyT OcHalleH komnsiekcom obopynoBaHWA, NMO3BOSAKLWMM BbINOMHATL MOSHYHO
TENNO(U3NYECKYID XapaKTEpU3auMio MaTepPUanoB B LUMPOKOM AuanasoHe Temnepatyp. B
npubopax peanvsoBaHbl NepefoBLie METOAbLI aHanM3a, UTo No3BOJSIAET YCKOPUTb U MOBLICUTh
TOUHOCTb MPOBEOEHNA KOMIMJIEKCHbLIX 3KCMEPUMEHTaNbHLIX WCCNenoBaHuii U U3MEPEHUIA.
CoTpyOHMKM BrafelT HOBENLLVMY METOOAMY TEMN0U3MUECKUX MUBMEPEHWIA, paspabaTbiBaioT
aBTOPCKME METOOMKM NPOBEOeHNd NCCIIefoBaHnii MaTePUarioB PasinyHbIX (yHKLUMOHANbHbIX
knaccoB. YcnewHo MpoBOOATCA WCC/IeqoBaHuA Tensouanueckux CBOWCTB MOSIMMEPHbIX
KOMMO3WTOB, HEOPraHUYecKNX MaTepuanoB, CO30ABaEMbIX OJ1A KOCMUUECKMX annapatoB U
WHCTPYMEHTOB, OMpEeOesiEHNe XapakTEPUCTUK OPraHUYeckMx TKaHel, uccrenoBaHus,
CBA3aHHbIE C KOHTPOJSIEM KaUuecTBa Y MOEHTUUHOCTM MaTepuasnos, NPOTEKaHNA XUMUYECKUX 1
(h3nUEeCKMX NPOLLECCOB, TEMNSIOBOMO NOBEOEHUA MaTepUarioB.

OMNVCAHME NPEOJIO>XKEHNA

BeinonHeHne akcnepyMeHTanbHbIX UCCref0BaHWin MeTopamu:

O MOHOTOHHOrO HarpeBa B Auana3oHe Temnepatyp ot -150°C go +200°C

O pammuauMoHHOro Harpesa npu TemnepaTypax oT KoMHaTHbIX 4o 2000°C

O niasepHoV BCMbILWKM NPY TeMnepaTypax 0T KoMHaTHbIX Ao 1100°C

O CcuHXpoHHOro tepmuyeckoro aHanuaa (T, ATA, [CK) - B uHTepBane
Temnepatyp oT-150°C 0o +1600°C

O pgnnaToMeTpuuv B MHTepBarne Temnepatyp ot -150°C go + 1600°C

B ViHcTnTyTE NpoBOAATCA HayUYHbIE UCCIeA0BaHMA Mo HanpaBneHNAM: U3yyeHne BInAHNA
cocTaBa KOMMO3WTOB W BHELWIHWX BO3OENCTBMI (TemnepaTypa, TepMOLMKIIMPOBaHUE,
BbICOKOKOHLIEHTPUPOBaHHbIE MOTOKM 3HEPruv) Ha Tennoguanyeckme CBOWCTBa MaTepuaros;
CVHTE3 W WCCEedoBaHWE CTPYKTypHO-thas3oBblx ocobeHHocTelh U CBOWCTB HeOpraHWYeckux
HaHomaTepuarnos.

MPEOJIATAEMbIE ®OPMbIl COTPYOHNYUECTBA
MpoeeneHue coemectHbix HAOK(T)P. MNpoBeneHne namepeHuin Ha 4OroBopHOI OCHOBE.
ObyueHue cTyOeHTOB.

KOHTAKTHAA NH®OPMALINA

JlabopaTtopua Tennodusmueckux namepeHnii (3aBegyloWnii — KaHAMAAT TEXHUYECKNX
Hayk, goueHT JaHunosa-TpeTbak CBetnana MuxaiinosHa).

+375(17)247-51-35, dts@hmti.ac.by
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30HO0BbLIN N3MEPUTESTb BbICOKUX TEMIEPATYP
MHOIMOKAHAJ1bHbBIV NMOMEXOYCTONYABBLIA

30HA0BLIi U3MEPUTESb BbICOKUX
Temnepatyp (600 - 1950 °C) npepHasHaueH
D18 U3BMEPEHVA TeEMMNepaTypbl HAarpeTbix cpeq
KOHTaKTHbIM cnocobom ¢ nomoLubo
norpy)xaemMbix TEpM030HA0B (Ha thoTo).
Tepmo30HabI N3roTaBNMBAOTCA C
MCnonb30BaHWEM NPOMbILLITEHHO
BbIMYyCKAEMbIX 3aLUUTHBIX KEPaMUUECKMX
UexJioB, NpPegHa3HaUEeHHbIX Ar1A YCTaHOBKU B
HMx Tepmonap. TemnepaTypa onpepenaeTca
Nno AaHHbLIM cnekTpogoToMEeTpa Kak napameTp
pEervcTpypyemMoro criekTpasnbHoro
pacnpeneneHna B BUOUMOM 1 BrvkHem
MHpaKkpacHoOM AnanasoHe.

Uucno kaHanoB amepeHuns
obycnoBneHo npuMeHeHnem 4-x-kaHasibHoro KOMMNakTHOro ONTUYEecKoro KOMMyTaTopa,
narotosneHHoro no MEMS TtexHonorun.

Moryt beiTk ycTaHoBneHs! 2, 4, 8, 13, 16 u 24-kaHarnbHble 0NTMYecke KOMMYTaTopbI.

HwxHAasa rpaHuua namepenuns (600 °C) obycroeneHa Mcnosib30BaHUEM OTHOCUTESIBHO
HEOopOorvx ONTUUECKNX KOMMOHEHTOB, BEPXHAA — A0MNYCTUMOV TEMMEPATYpPOoii NPOMBILLIEHHO
BbINYCKaeMbIX 3aLLMTHbIX YexsioB. BoamoxHbl namepenna Temnepatypsl Boiwe 1950 °C ¢
NCnonb30BaHMEM CreumanbHbIX 3aLUUTHbIX YEXJ10B.

TEXHWYECKUE 1 SKOHOMWYECKWE NMPEMMYLLIECTBA

PaspaboTtaHHblin cnocob TepmonpeobpasoBaHna NPaKTUUECKN UCKKOUAET BNUAHUE
MOLLHbIX 3/1EKTPOMAarHuUTHbIX MoSieli Ha NoKasaHUA TEMMNepaTypbl U NO3BOSAET U3MEPATHL €€ B
cnyyasx, korga TepMonapbl BbIXOAAT U3 CTPOA WM JOCTOBEPHOCTb MX MOKa3aHUI Bbi3biBaOT
coMHeHus (B CBUY, MHAYKUMOHHBIX 1 OyroBbIX Neyax, B 3/1EKTPOTEPMUUECKNX PEAKTOPaXsB
HarpesaTesnax Nof BblICOKMM noTeHumanom u ap.). JonroBeyHocTbL-TepmMo30Haa
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onpegendeTcAd B OCHOBHOM TEPMOXMMMUUECKOW CTOMKOCTbIO MaTeprasia 3aluMTHOro uexna.
Mpennaraemelii U3MepyTENb BLICOKOW TEMMNeEpaTypbl coueTaeT B cebe aocTonHeTBa
KJS1TaCCUYECKUX KOHTaKTHbIX (TEpMonapsl]) 1 ONTUYECKMX (MMPOMETPUA) METOAOB N3MEPEHUA,
BKJIHOUAET B CBOEM COCTaBE KOMMbIOTEP U MOXET bbITb Nierko nHrerpuposaH B ACYTI
pasnMUHOro ypoBHA.

Paamepbl Tepmo3oHaa:

O BHewHwuin puameTp paboueii uactu 3-19 mm
O nonvHa paboueli uactu 150 - 600 mm
O pvHa coeguHUTESbHBIX ONTOBOJSIOKOHHBIX Kabener 5wm

B oTnvume oT LWINpOKO pacnpocTpaHEHHbIX PaanaLVoHHbIX MMPOMETPOB OTHOLLEHWA,
onTU4Yeckuin Nyt cobrvpaemMoro ManyyeHNA NOSIHOCTLI0 3aKpPbIT, NPUMEHEHA BOJIOKOHHAA
onTUKa, N3MyYarLmi 0bbekT (kepammka) nmeeT cTabunbHble XapaKTepUCTUKN, anropuTv
BbIUMCIIEHUA 3HAYUMTESIBHO MOBLILIAET TOUHOCTE M JOCTOBEPHOCTb MBMEPEHUIA B LUMPOKOM
OuanasoHe TeMneparyp.

Tepmo3oHabL pa3pabaTbiBalOTCA U U3roTaBMBAOTCA HA OCHOBE NMPOMbILLIEHHO
BbIMYyCKaeMbIX 3aLUUTHBIX KEPaMUUECKMX YexsioB, NpeaHasHaveHHbIX 418 YCTaHOBKM B HUX
TepMonap, UMEIOT CTaHAAaPTHbIE pa3Mepbl U COeAVHUTESbHbIE (PUTUHTI.

CBEOEHWNA O NATEHTAX

BbiCOKOBOSBLTHBIN BLICOKOYACTOTHBI TpaHCopMaTop: NaTeHT Ha NosIe3HY0 MOAESb
10202 Pb, 201 3. MNMatentoenageney, MY «HcTutyT TENNO- 1 MaccoobmeHna nvienn A.B.
JlbikoBa HAH Benapycu».

YcTpolicTBO AnA cxaTvAa MMIMyNbca ToKa: NaTeHT Ha nonesHyo mopens 7128 PB,
2010. MateHtoBnageney, MNHY «MHcTtnTyT TEnNo- n maccoobmeHa nvexHn A.B. JlbikoBa HAH
Benapycuy.

MPEOJ10>KEHVA O COTPYOHWYECTBE

MNpoeenenue coBmectHbix HIOK(T)P. PagpaboTtka n nsrotoeneHne npmbopos noa
TpeboBaHMA 3aKas3unka Ha JOroBOpHON OCHoBe. TexHuveckasa fokyMeHTaumd. HayuHo-
TEXHUYECKOE COMPOBOXOEHME.

KOHTAKTHAA NH®OPMALNA

Otoen beicTponpoTekatowmx npoueccos (3asenyiowmin — Nnesako Mepop
BacunbeBuu).

+375(17)357-21-06, fplevako@itmo.by
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MHOMO®YHKLMOHAJTbHBIA CKAHUPYIOLLWIA 30HO0BbLIN
MWKPOCKOIN SSM-310

MHorodyHKLMOHaNbHBIN ckaHMpyloLWwin 3o0HA0BLIN Myukpockon (C3M) SSM-310
npepcTtaenaeT coboii aToMHO-CUI0BOI MUKPOCKON B KOMIJIEKCE C annapaTHLIMU U
nporpaMMHbIMW CpeacTBamMu, HeobxoaumbIMU 01 UBMEPEHNA Y aHann3a ¢ HAHOMETPOBLIM
paspeLLeHemM MUKPO- U HaHopernbeda NoBepXHocTel, 06bEKTOB MUKPO- U HAHOMETPOBOIO
pas3MepHoro guanasoHa, UX MMKPOMEXaHUUECKMX U OpYriX CBOMCTB.

OMNVCAHWE NPEOJIOXXEHNA

MHorodhyHKUMOHarbHbIA cKaHMpyoLWuin 3oHAoBLIN Mukpockon SSM-310 skitouaeT
namMepuTenbHbIii Moaynb 1 650K 3NEKTPOHNKY yipaBneHus. IameputeneHblii Mogyrib,
cocToAwwmn n3 basoBoi nnatgopmMbl 1 ycTaHaABIMBAEMOW Ha HEll U3MEPUTESTbHON FOJI0BKMY,
obecneunBaeT aHanM3 cBoOCTB ABWXYyLLEerocA obpasua nog HENOABWKHBIM 30HOOM.
MakcumanbHble pasvepbl obpasua: 340 mm, BoicoTta 13 MMm.

BbasoBas nnatcopma
obecneumBaeT ycTaHOBKY
N3MepUTENIbHOM rofoBKY, a TaKxXe
pa3MELLEHNE U CKAHMPOBaHUE
obpasua. Bxntouaer
noe3onnatdopmy oA XYZ-
nepemMeLLeHna ncenegyemMoro
obpasua ¢ NoMOoLLLI0 CUCTEMBI
aBTOMAaTUUECKOro
noneona,/oreopa. Pasvep
ckaHupyemow obnactu go
120x120x120 mkm, paspeLueHue
no XYZ po 0,2 mkm. CkopocTb

O6wwii BUO, aToMHo-cMoBoro mykpockona SSM-310 CKaHVPOBaHWA Nbe3onnaTthopmel

B 6a30B0i1 KOH(Urypaumn c usmeputensHeim mogynem | 80 Mkm/cek no XY, 20 mkm/ cek

1 B1I0KOM 3M1EKTPOHVKU yripaBnieHuns no Z. Nnatdopma XY-
nosvunoHnpoBaHua obecneuviBaeT
aBTOMAaTM3UPOBaHHOE

nepemMeLleHne N3MepuTesbHON royI0BKM OTHOCUTESTbHO NPEAMETHOr0 CTOJIMKA B MS1I0CKOCTH
XY B npegenax 25x25 mm (war no 2,5 MkM, BU3yarnbeHblil KOHTPOsSb 8o 2,5 MKM).
ViameputenbHas rofioBka ¢ Jla3epHo-NyyeBoli CXEMOI OETEKTUPOBaHNA OTKITOHEHUA KOHCON
30HOa nognepxueaeT paboTy B cTaTuecknx u guHammyeckux pexvmMax. OpneHTupoBaHa Ha
npumeHenne ACM-3oHg0B (Si, SiN) Ha unnax paavepom 3,6x1,4x0,6 mm, ycTaHaBNMBaeMbIX
B CMEHHOM fepxatene. BctpoeHHadA Bupoeocuctema noebilaet yoobeTBo KOHTponA 1
HacTpoiiku 3oHAa npu 0b63ope obpasua 1 NO3nUNMOHNPOBaHUK 30HAOA. YBENUUEHNE
onTnyeckoi cuctemel 6,5X npu hokycHom pacctoaHum 92 mm. Kamepa paspewerHnem 2MP,
pasmep okHa Buayanusauun 1980x1080 Touek, yactota cMeHbl kagpos fo 60 kagpos B
cekyHay.

B saBucmocTu ot cneundkn nccneposatensckux sagady C3M SSM-310 moxeT
KOMMIeKTOBaTLCA CNeLmanM3vpoBaHHbLIMU CMEHHBIMU MOAYNAMMW 018 NpoBeaeHuA
MUKpOTpubomMeTpnyeckux 1 aareavioMeTpuYecKknx NU3MepeHnii M HaHOMHOEHTUPOBaHNA.

FABAPVTHbIE PASMEPDI
Bnok ynpaenenua: 442x423x330 mm. Bnok ckaHupoBaHua: 300x500x650 mm.

TEXHNYECKVE 1 SKOHOMWYECKWE NMPEVNMYLLIECTBA
SSM-310 no3sonaeT NpoBOAUTL NCCIEA0BaHUABICIEOYIOLLNX PEXUMAaX:
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Cxema aToOMHO-CUI0BOro MMKpOCKona 1 nsobpaxeHns MoangruMpoBaHHbIX
30HOOB [OJ1A UCCNEeA0BaHUA NOBEPXHOCTU

O KoHnrtakTtHas ctatnveckaa ACM
(oTobpaxeHue penveda, cunol
npvxaTusa, natepanbHbIX CUI)

O JlatepanbHo-cunoBasa MMKpPOCKONUA (B
pexumMe KoHTakTHol ctatndeckon CAM

O MHorouuknoBoe ckaHNpoBaHue
yuyacTka (oA ctaTuueckon u
AuHamndeckori CAM

O [OwuHamunueckaa amnnTygHO-YacTOTHaA
cuoBan CrNekTpockonua

a) 0) O HaHonHoeHTMpoBaHMe,

HaHouapanaHue, HaHOU3HalUvBaHWe No

JSINHUN
MukpocTpykTypa noBepxHoctu nokpbitia MoCN, o

G e o g
a)7%C;6) 18 % C paTyp p

(ona Bcex pexxumoB)

Komnnekc MoxeT KoHKypupoBaTb ¢ Haubonee CrnoXHbiMU U 4OPOrocToALLMMUA
aHanutuueckummn npubopamu, obecneurBaet HeobxoayMyO TOYHOCTb U BOCNPOU3BOAMMOCTb
pesynbTaToB aHanusa npy 3HaunTenbHO MeHbLUEl cToMMocTy Bes NpegbABNEHNA BbICOKUX
TpeboBaHui kK kBanudukaumm nons3osaTenen. ACM SSM-310 coBmecTum ¢ 3oHAaMn
CTOPOHHUX Npou3BoAUTENEN, C BHELUHUMUN aHTUBUBPaLMOHHBIMU NnaTopMamMm CTOPOHHNUX
Npou3BOaAMTENEN.

(DYHKLUMOHANBHOCTb MUKPOCKOMNa MOXET BblTb pacLuMpeHa npu NoMoLLm
OononHUTenbHbix Moayneii. HactoatensHaa notpebHocTb paspaboTunkoB HOBbIX
maTepuasioB, HAHOTEXHOMOI WA, NCCrieqoBaTeneli B TOUHOM 3KCrpecc-aHanmse
HaHOMaTepuasoB, NO3BOSIAOLLEM NOBLICUMTL KAUECTBO BbIMYCKAaEMbIX USAENNI 1 UX
KOHKYPEHTeERoCcobHOCTb, rapaHTUPYET 3HaUNTENbHOE Uuncro noTpebuTeneit Takoi
annapaTypbl 1 METOAMK BBINONHEHUS, U3MEPEHWIA.
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TexHonorna BHegpeHa 1 yCreLHo UCMONb3YeTCA B HECKOSTbKMX OeCATKax
obpasoBaTenbHbIX, HAYUHO-MCCIIEA0BaTeNbCKMX U MPOU3BOACTBEHHLIX OpraHn3aumnax B
Pecnybnuke Benapyceb, a Takxe crpaHax bnwkHero un gansHero 3apybexba: BoetHam -
Academy of Science Institute of Applied Physics and Scientific & Instruments; CaynoBckas
ApaBsus - King Abdulaziz University; lNonbLwa - Gdynia Maritime University; Poccus -
VIHcTuTyT BoiCOKOMOJEKyNApHbIX coeguHeHuin PAH; JoHckoln rocynapCTBEeHHbI TEXHUYECKNIA
VHUBEPCUTET.

OBJIACTb NMPMEHEHVA

(Pu3rka TBEPAOro Tena, MMKPO3/EeKTPOHUKA, ONTUKA, TOHKOMNIEHOUHbIE TEXHOOMNN,
HaHOTEXHOJ0rMK, NOSYNPOBOOHNKOBLIE TEXHOSIOMW, CBEPXTBEPALIE MaTepMaribl, CTeka 1
CONpAXEHHbIE TEXHOMOMK, MUKPO- U HaHOTpubonorua, unctoBan obpaboTka NOBEPXHOCTEN,
NnonMMepbl U KOMNO3WUTbl HA X OCHOBE, CUCTEMbI NPELIM3NOHHON MEeXaHUKN, MarHUTHOM
3anucuy, BaKyyMHOWN TEXHWKW, BU3yannsauma HaHOCTPYKTYp, aHanua buonornueckmx obbekTos
(membpaH, kneTok u T.4.).

COCTOAHNE PA3PABOTKN

HoBan TexHonorva. BHegpeHa 1 ycnelwwHo nenonb3yeTcA B HECKOSIbKUX OeCATKax
obpazoBaTesbHbIX, HAYUHO-MCCIIEAO0BATENbCKMX 1 MPOU3BOACTBEHHbLIX OpraHn3aLmax B
Pecnybnuke Benapycb, a Takxe cTtpaHax bnvxHero 1 panbHero 3apybexba.

CBEOEHWNA O NATEHTAX

MateHTbl PB: Ne 16535 ot 2012.12.30 «Cnocob ckaHupoBaHua obpasua Ha C3M»;
Ne 20037 ot 2016.04.30 «Cnocob nccnepoBaHuA NOBEPXHOCTY NpoBoaaLwero obbekra c
nomoLlpio C3My; Ne20077 ot 2016.04.30 «Cnocob onpegeneHna natonorum
BronornyecKux KreTok.

MPEOJIATAEMbIE ®@OPMbl COTPYOHNYUECTBA

BuinonHeHue nceneposaHnii no gorosopam HVAOK(T)P.

Marotoenenue npnbopos. ConpoBoxaeHne ocBoeHna obopyaoBaHusa, TexHMueckasn
nopnepxka.

apaHTVA Nnpon3BoguTenA 0o ABYX JIET.

MNocTaBka, Hanagka, obyueHne nepcoHana pabote ¢ npubopom.

TexHnueckana AoKymMmeHTauus.

MpepocTaBneHne ocHacTKN 1 NPUHAASIEXHOCTEN, PacLUMPAOLLNX U/ UK YIyuLLIaHoLLIMX
basoBble yHkUMK Npnbopa

KOHTAKTHAA NH®OPMALINA

OtoeneHve TennoobmMeHa 1 MEXaHUKM MUKPO- U HAHOPa3MEPHbIX CUCTEM
(3aBenyoLwmin — akagemMuk, OOKTOp TexHuuecknx Hayk Umxmk Cepreli AHTOHOBUUY).

Ten.: +375 (29) 684-10-60, chizhik_sa@tut.by
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XPOMATOIPAGNYECKHUE NCCITIEQAOBAHUNA

B VIHcTtutyTe BBEOEHLI B 3KCM/lyaTauuio coBpeMeHHble Npubopbl 41A BbINOHEHUA
LLUIMPOKOro CrekTpa M3MepeHnNin XMMNYECKOro CocTaBa pPassiMyHbIX OPraHUUYECKNX XNOKNX
cmeceli 1 rasoobpasHbix BELLECTB. XpoMaTorpagmueckue M3MepeHns peanunayrTca npu
KBanMuuMpoBaHHOM NoanepXke cneunanmcToB.

XPOMATOIPA® AGILENT 7890A C MACC-CMEKTPOMETPUYECKMM AETEKTOPOM 5975C.

Mpubop npumeHaAeTca ona aHanMsa NPoAyKToB NMPONN3a Pe3unHbI, APEBECUHbI,
0TX0[0B MEAMLIMHCKOro NPOV3BOACTBA, UCCef0BaHUA KauecTBa 3MpHbIX Macers, osn
onpeneneHna cogepXXaHua NoMUUKIIMYECKUX apoMaTMUECKX YriieBoO0pPOA0B B BbIXJIOMHbIX
rasax gBuraTenieli BHyTPEHHEr0 CropaHus.

XPOMATOIPA® AGILENT 7890A C CHCTEMO# 1BYMEPHOW XPOMATOIPA®UU GC-GC
C NJIAMEHHO-WOHU3ALIMOHHbIM IETEKTOPOM.

Mpubop npumeHAeTcA ona aHann3a CroXHbIX OPraHUYeckmx CMecel, Takux Kak
b6eH3VH/ HeTb, 3arpA3HUTENEl OKPYXalOLLEl cpeabl, apoMaTn3aTopoB, PacTUTESbHBIX
Macers1, NPoaYKTOB ropPeHNA, PACTUTESbHbLIX MacerT.

XPOMATOIPA® AGILENT 7890A C TJIAMEHHO-WOHWU3ALNOHHBIM AAETEKTOPOM U
NETEKTOPOM 0 TEMJI0MPOBOAHOCTH.

Mprbop npumeHaeTca o9 aHaNn3a KOMMOHEHTOB, BXOOALUMX B ra30Bble CMEecH,
COoAEepXallne opraHMyYeckme U HeopraHMJYeckue BELLECTBA.

XPOMATOIPA® AGILENT 8890 C TPEXKBAIPYNOJIbHbIM MACC-IETEKTOPOM

npenHasHaueH /19 KONIMUECTBEHHOMo onpeaeneHnsa pasinyHbIX 3KOTOKCMKaHTOB, BK/IoUan
JMNOKCUHBI, hypaHbl, a TakKe NecTmumabl.

PaspaboraHa meTtogmka npobooTtbopa NoNuUmMKINYecKux apoMaTUueckmx
yrNeBoAopoaoB 13 razoobpasHbix MPoayKTOB NMponusa nponaxH-bytaHoBol cmecu ¢
NPUMEHEHNEM CTEKJTOBOSTOKOHHbIX (DUNbTPOB, MPOMNUTaHHLIX MNOIAPHBLIM OPraHUYecKM
pacTBOpuUTENEM.

PaspabotaHbl METOOVKMN 3KCTPaAKLUMOHHOM NpobonoaroToBKM XuakmMx NpoaykToB
nuponusa otpaboTtaHHbIX aBTOMObWNBHBIX WMH ¢ nocnegytowmm ux X-MC aHannsom

MateHT PB Ne 23213 (2020).

MPEOJI0>KEHVA O COTPYOHWYECTBE
BeinonHeHne namepeHuii Ha JOroBopHO ocHoBe. [poBeaeHne COBMECTHLIX HayuHOo-
uccnegosartenbckux pabor. ObyueHre marMcTpaHToOB 1 acnvpaHToB.

KOHTAKTHAA MH®OPMALKNA

JlabopaTtopua p13nKo-XxMMmnyeckon rmgpoanHaMuku (3aBegylowmn — KaHamaaT (uamnko-
MaTematnueckux Hayk Kpusowees MNasen Hukonaesnu).

+375(17)378-22-03y paviik@dnp.itmo.by

WHcturyT Tenno- n maccoobmena nvenn A.B. Ibikoa HAH Benapycu. 220072, r. Munck, yn. 1. Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
86



@ rmo.BY

HAHO,D,I/IAFHOC:I'VIHECKVIVI KOMIMJEKC C dYHKUVAMA
CKAHWPYIOLLEWN 30HO0BOW U ONMTNYECKON
MWNKPOCKOMUn

HaHopuwarHocTnuyeckmin KOMNAeKe ¢ hyHKLUMAMM CKaHUPYOLLE 30HO0BON U
OMTUYECKO MMKPOCKOMUK NpegHasHaYveH AsiAd NPoBeaeHna UCMbITaHUIA MeTanInyeckux,
KepamMunuyeckmx, NoSIMMepHLIX MaTepnarnios, HAHOKOMMO3WUTOB, TOHKUX MJIEHOK U
bronornyecknx MMKpo- n HaHoobbekToB. KoMnnekc MoXeT NpMMEHATLCA NPU NPOBEAEHUN
thyHoameHTanbHbIX M NPUKNagHbIX NCcrenosaHuin B obnactn mukpobuonorum,
MUKPOMEXaHWKW, TOHKOM/IEHOYHBIX TEXHOMOrMiA, HaHOTexHoNorui n buotexHonoruia, onAa
onpeneneHna hnsnKo-MexaHNYeckux CBOCTB MaTeprasios Ha MUKPO- N HAHOYPOBHAX.

OMNVCAHWE NPEOJIOXXEHNA

Komnnekc oTHocuTcA K aBTOMATU3MPOBaHHLIM annapaTHbIM cpeacTBaM Buayannsauum
1 30HO0BOM0 CKaHUPOBaHWA MUKPOoobbeEKTOB (B TOM uuce buonornueckmx KNeTok) c
HaHOMETPOBLIM paspeLLeHNEM U aHanmaa nx
noKarnbHbIX MEXaHUUECKUX CBONCTB METOLOM
WHOEHTMPOBAHUA.

ViamepeHue aaHHbIX NapamMeTpoB
No3BOSIAET NONYUYNTL JOCTOBEPHYIO 1 MOSHYHO
MHhopMaLIMIo 0 BASKOYNPYrMx MaTepuanax
(nonumepax, broTkaHsax, KneTkax u
opraHesniax).

Ona adcpekTMBHOro MCcnonb30BaHWA
Komnnekca pa3paboraHo meTognyeckoe
obecneueHve No onpegeneHnio Moaynd
yNpPyYrocTv, BpEMEHU penakcauum; BASKOCTM U1
TaHreHca MexaHN4Yeckux notTepb Matepuana
npv HAHOVHOEHTNPOBaHUM.

Komnnekc BbINONHEH B BUOE
HacTonbHoro npubopa 61o4YHol CTPYKTYPLI.
KoHCTpyKTMBHOE UCMONHEHME KOMMIEKEa
obecneunBaet yoobcTBO akcnyaTaumm,
DOCTyN KO BCeM ero yanam u bnokam,
TpebylowyM perynupoBaHna Ui 3aMeHbl B
npouecce paboThbl.

Komnnekc noseonseT pewartb 3a4aum HaHoOOMarHoCTUKKU, HAHOCTPYKTYPHOIO
MaTepuanoBeneHusa n buomexaHnku:

O BM3yanusaumio HaHOOBBHLEKTOB 1 MOBEPXHOCTHLIX CJIOEB C HAHOMETPOBLIM
nartepasnbHbIM U BEPTUKasibHbIM paspeLleHnem

O npocTpaHCTBEHHYIO BU3yanuasaumio bruonornyeckux knetok

O npoBegeHVe UccriedoBaHNin B XXMOKOW cpene

O npoBegeHne UccreaoBaHnii Npy CoBMeLLeHUN PYHKLUIA ONTUUYECKON 1
CKaHUpYIoLLIEli 30HO0BO MMKPOCKONUK

O nosvuMoHMpoBaHVe 30HOA B MMKpoMaclitabe
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O onpepeneHuAd ynpyrux n agre3noHHbIX
CBOWCTB noJIMMepHbIX HAHOKOMMNO3UTOB, TOHKNX

nneHok u bronornyecknx KNeTok
O onpeneneHna peosorMyeckmx

XapaKTepUCTMK BASKOYMNPYrux MaTepuarios B
HaHomacLuTabe

OCHOBHBbIE 3KCIMJTYATAUVIOHHbIE
XAPAKTEPUCTUKW KOMITIEKCA:

PexXuMbl MTHOEHTMPOBaHMWA: CTAaTUYECKUIA,
OVHaMUNYECKUA.

PaspeLueHve npu 30HO0BOM CKaHMPOBaHUU:
O BeptukanbHoe 0,1 HM
O nateparnbHoe S HM

NamepeHue cun:

O paspelleHne 1 HH
O pmanasoH usmepeHna, B 3aBUCMMOCTY
OT XXECTKOCTW HarpyxalLlero afieMeHTa ot 0,001 po 10 mH
O yBennueHue obecneyeHna oNTUUECKON hyHKLMN no x 500
O MmakcvManbHOoe NnoJsie cCKaHMpoBaHuA 50x50 mkm®

CBEOEHWA O MNATEHTAX

Ne BY 5208 3oHp, c yrnepogHoli HaHoTpybkol oA aToMHO-CMTO0BOr0 MUKpPOCKONa.
MIK: G 12B 21 /00. OnybnukosaHo: 30.04.2009. Oata nogaun: 12.09.2008.

Ne BY 16535 Cnocob ckaHupoBaHua obpasua B BUAOE NOOSI0XKKM C NOKPLITUEM Ha

ckaHupyowem 3oHgosom mukpockone. MIMNK: G 01Q 10/00. OnybnvkoeaHo: 30.12.2012.
Ne BY U 5368 3oHa ona namepeHusa MexaHnyeckmx n Tpubonormueckunx

xapaktepuctuk matepuanos. MIMNK: G 01N 3/40; GO1N 19/02; GO1N 3/56.

OnybnnkosaHo: 30.06.20089.
Ne BY U 5271 CkaHupytowwmii 3oHaoBbIli mukpockon. MIMK: G 01N 13/10.

OnybnnkosaHo: 30.06.20089.

MPEOJTATAEMbBIE MOPMbl COTPYOHNUECTBA
CozpaHne obopynoBaHus; NpoBegeHE UBMEPEHUIA Ha JOrOBOPHON OCHOBE.

KOHTAKTHAA MH®OPMALUKA
JNabopaTopua HaHONPOLLECCOB M TeXHOMorui (cnonawwmin obazaHHOCTU

3aBedyloLEero — KaHauOaT TexHnyeckux Hayk Jlanvukasa BacunnHa AnekcaHgpoBHa).
+375(17)356-10-60, lapitskayava@hmti.ac.by
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NCCNEOOBATESIbCKWIA KOMMEKC 1A

ABTOMATU3NPOBAHHOI OLIEHKI COCTOAHNA HAHO- 1

MWKPOCTPYKTYP BUNOJTIOMUYECKUX KINETOK /N VITRO
METOOAMW OMNMTNYECKOW, dJTYOPECLIEHTHOWU U

ATOMHO-CW0BOI MUKPOCKOMAIA

OrMMNCAHIWE MPEOJIOXXEHNA

ViccnepoBaTtenbckumii KOMMNEKC NPeaHasHaueH Ana peructTpaumy onTMueckux,
thnyopecueHTHbIXx 1 ACM n3o0bpaxeHuii brionormueckux obbeKTOB HA MUKPO- 1 HAHOYPOBHE,
019 OLIeHKM JIOKarnbHOW 3/1aCTUYHOCTU U aare3noHHol cnocobHocTu knetok. Komnnekc
MOXeT BbITb MCNOML30BaH OJ1A NccrefoBaHnAa MUKPO- U HaHOPa3MepHbIX 06beKTOB 1
aHann3a NoBEPXHOCTM NOSIMMEPHbIX N KOMMO3ULIMOHHBIX MaTepuanoB

COCTAB KOMIJIEKCA

©)

©)

MopaynbHebIli ckaHUpyOLLMIA aToMHO-cunoBol Mukpockon (CAM, coBMELLEHHBIN C
thnyopecLeHTHbIM ONTUYECKMM MUKPOCKOMOM

CneumnanuaupoBaHHoe nporpammMHoe obecnevenune gna ACM (SurfaceScan
Microtestmachines) n cdonyopecueHTHoi mukpockonuu (Microvisible ver. 6.3.1
MICROS)

Cuctema obecneueHns xusHeneaTesibHOCTY KIETOK (TepMocTaTMpoBaHue obpasua
C nopOepXxaHneM 3afaHHOro cocTaBa ra3oBoil aTMochephbl)

OcHogHble meTogmku ACM n conyopecueHTHON MUKPOCKoNuu:

(ONONONON®)

KOHTaKTHaA cTaTMueckas aTOMHO-CU/10BaA MUKPOCKOMNNA
naTeparbHo-CM10Ban MUKPOCKOMWA

NOSyKOHTaKTHaA AUHaMMueckad aToOMHO-CUI0BaA MUKPOCKONWA
MUKpockonua ha30Boro KOHTpacTa v hiyopecueHTHaA MIUKpoCcKonuA
nopnepxka TIRFM-, STED-, RESOLFT-, PALM- meToauk dnyopecLeHTHoiA
MUKPOCKONUn

BosmoxHo ncnonb3oBaHWe CTaHOapTHOW KynbTypasnbHOW nocyasl — vallek [Netpu
Jnametpom 25 MM (TonwwmHa gHa 0o 1 MM) 1 cTaHOapTHBIX NPEeSMETHBIX CTEKOS.

B ACM ncnonb3yeTcA crneunannuanupoBaHHbIii gepXXaTesb YMMNoB C BO3MOXHOCTEIO
BbICTpOI CMEHBI NPEnYCTaHOBIEHHbIX YMMNOB KaHTU1EBEPa,CTAHAAPTHOr0 pasMepa
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1,6x3,4x0,3 mm. [NpegycmoTpeHa BO3MOXXHOCTb YCTAHOBKY Aep)XaTesiA umrnos B
cooTBEeTCTBUM C TpeboBaHNAMM 3akasuunka (M30NUPOBaHHbIV AepXKaTesib, 0NTOBOSIOKOHHbIIA
OCBETUTESb, ONTOBOSIOKOHHBIA CNEKTPOMETP 1 T.4.).

OCHOBHbIE TEXHNYECKWE XAPAKTEPVCTVKI KOMITJ1EKCA

O OnTtuueckoe yBenuueHue oo 300X
O PaspeweHnne B ACM-pexume 2-10 Hm
O 0O6nacTtb ckaHupoBaHua B ACM-pexume 100%100 mkm
O Temnepatypa B pabouei 30He obpas3ua 24-27°C+0,5°C
O Bpewmsa HenpepbiBHOI paboThbl

C TepmocTaTupoBaHuem obpasua no 170 vacos

OnTuueckoe yBenuyeHne onpegendeTca TMNOM U KOMNeKTaumueli NpUMeHAeMoro
thnyopecueHTHoro Mukpockona. Tvn, Mapka 1 KomnriekTauus ylyopecLeHTHOro M1MKpockona
MoryT BeiTb M3MeHeHbl No TpeboBaHuio 3aka3unka. B basoBoii komnnekTaumm
ycTaHaBnuBaeTcA NHBepTMpoBaHHbIi Mukpockon MICROS Sundew MCXIBO00.

MPENMYLLUECTBAMW NCCJIEOQOBATEJIbCKOI0O KOMIJIEKCA ABJ1AHOTCA:

O OTKpbITasa apxutekTypa

O ™mopynbHaA CTPYKTypa

O wucnonb3oBaHne oxnaxgaemsoix MN3C npuemMHNKOB Npu perncrpauun
thriyopecueHTHbIX n3obpaxeHuin

O u1cnonb3oBaHWe CTaHOAPTHbLIX MPOTOKOSI0B U 30HA0B

O KoHTposnb KoHueHTpauuu CO, n TemnepaTtypbl 0bpasua B pabouem obbeme

MPEOJI0>KEHVA O COTPYOHWYECTBE

MocTaBka obopynoBaHuA, paspaboTka TEXHUUECKMX CPEACTB M METOAMK UCCIen0BaHuA
0bpasuoB no TpeboBaHWIO 3aKa3umka, NPoBeaEHWE UCCIIeA0BaHNiA Ha [OrOBOPHOW OCHOBE.
ObyueHue cTyOeHToB.

KOHTAKTHAA NHD®OPMALIAA

JlabopaTopua cuHTE3a 1 aHanNM3a MUKPO- U HAHOPa3MEepPHbIX MaTepuasos
(3aBepyowmii — kaHaMAOAT TexHmuecknx Hayk MunaTtos Cepren AnekcaHgposuny).

*+375(1.7)310-22-38, fileahmti.ac.by
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CKAHVPYIOLLNIA BIIVDKHEMOSbHbIA ONMTUUECKWIA
MWKPOCKOMM

CkaHupyrowmii brvkHenonbHbIA onTuyeckuini Mukpockon (ganee CB0M),
npegHasHaueH Of1Aa UccrnenoBaHui CTPYKTYPLI M COCTaBa NOBEPXHOCTEN ONTUYECKM
Henpo3apauHbix 0bbekToB. CBOM obecneunBaeTt nccnepoBaHve NoBepPXHOCTU 06BLEKTOB
MEeTo4aMM1 ONTUYECKO MUKPOCKONUN C paspeLleHEM HKe AupakuMoHHoro npegena 3a
CUET OETEKTUPOBAHVA U3MYyYeHNs, pacCeAHHOro n3yuyaemblM 06bEKTOM Ha paccToAHUAX
MEHbLUMX, YEM IJIMHA BOJSIHbI CBETA.

OrMMNCAHWE MPEOJIOXXEHWA

InAa cospaHuA nokanbHOW NPoOCTPaHCTBEHHOW HEOQHOPOOHOCTY ONTUYECKOrO
N3JIyUeHUA C XxapakTepHbiM pasmvepoM 5 - 20 HM ucnonb3yeTcA NPOXOXAEHNE U3yYeHNA
uepes anepTypy C pa3Mepamy MHOro MeHbLLIE OJIMHbI BOSHBI (T.H. anepTypHbIi meTog), nnbo
MCNosb30BaHne peanbHOro HaHOPa3MepHOro 3IEKTPMUECKOro SUMNosA — KBAHTOBOM TOYKM,
nunbo meTannMueckoi HaHouacTULbl, Kak NPaBuo, ¢ 3(EKTOM MMraHTCKOro
komburHaumoHHoro paccesHua (T.H. besanepTtypHbli meTon). Ha Bonblimnx pacctoaHmAx
HabnopaloTcA TOMbKO M3nyyaTesibHble MoAbl, NpUYemM AJ1A U3ryYeHnA ¢ AJIMHo BosHel 650
HM 1 auadparmel ¢ 0TBEPCTUEM A0 5 HM MOLLHOCTb M3JTy4eHNA B AarnbHel 30He cocTaBnaeT
10" ot MowHOCTM NagatoLero uanyyueHud. Mpu B3auMoaeincTBUM 3BaHECLIEHTHOO
N3rlyueHna ¢ HaHopPa3MepHbLIM UccriegyeMbiM 06bekTom B BnivkHel 3o0He YacTb 3aHeprum
3/1eKTPOMarHUTHOro nona npeobpasyeTcA B n3nyyvatesibHble MoApl, KOTOPbIE PErMcTRUPYOTCA
onTuueckum YOTONPMEMHUKOM B BUAE pacnpeneneHna UHTEHCUBHOCTN ONTUYECKoro
N3NyYeHnA B 3aBMCMOCTM OT JIOKasIbHbIX ONTUYECKUX CBOWCTB HaHOpa3mvepHoro obpasua
(nokanbHbIX 3HAUYEHWI OTPaXXeHUA, NPenoMIIeHNA, NOrOLLEHNA 1 pacceaHUs cBeTa).

COCTAB CbOM:

O CkaHupywowas nnatopma osa HaHoNepeMeLLLeHWIA

O MukponpoueccopHblii bnok ynpaBneHna ckaHupyoLeii niaTgopmoii
O OnToBONOKOHHaA cucTema

O Cwucrema perncrpauuvmn 1 BOCCTaHOBNeHNA n3obpaxeHnii

[na npoBeaeHna NCCneaoBaHuii M oNTMMU3auUMy ONTUYECKOI CUCTEMBI B COCTaBe
CBOM wncnonbayetca mognduumpoBaHHblli cnektpomeTp Thermo Nicolet 6700 FT-IR ¢
nazsepom Nd:YVO4 (2.5 W 1064 nm) n onToBOSIOKOHHBLIM 30HAOM.
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OCHOBHbIE TEXHUUECKUE XAPAKTEPUCTUKW MNKPOCKOIMA
ObbekTnB Mukpockona cobupaeT oTpaxeHHoe (pacceAHHoe 0bpasLuom) nanyyeHuve.

O [Mone ckaHupoBaHua B niiockoctn XY 100x100 mKkm
O [Owanaz3oH namepeHuin NMMHenHbIX pa3MepoB no ocun Z 50-100 Hm

O CnekTparbHbIi ouanasoH PErMCTPUPYEMOro U3nyYeHns 480-680 Hm
O OnTtuueckoe yBenuueHue 60 kpart

OnTrueckoe yBenMUeHne onpegesnaeTca TUNOM U KOMMSeKTaumeid NpYMeHAemoro
thnyopecueHTHOro Mukpockona. Tun, mapka 1 KoMniekTauma ¢rlyopecLeHTHOro MMKpocKona
MoryT bbITb U3MeHeHbl no TpeboBaHMo 3akasuuika.

B koHcTpykumm CBOM ncnonb3oBaHa cxeMa MccrenoBaHuA Henpo3payHbix 0bpasuos
Ha oTpaxeHue, B KOTOPOI 30HA NogBoamTcA K obpasuy cBepxy, 1 KOTOpoe 3aTem
perncTpupyetca hoToNpUEMHNUKOM, YTO NO3BOSIAET PEANM30BaTh TAKXE JIIOMUHECLLEHTHBIN
pexum paboTebl ¢ AETEKTMPOBAHMEM JIIOMUHECLIEHTHOIO U3nyyeHnAa obbekTa.

CkaHupylowas cuctema bnvxkHenonbHoro ontMyeckoro mukpockona CCBE0M-01
obecneunBaeT B3aMHOE nepemelleHne 3oHOa 1 obpasua B Tpex namepenmax X, Y, Z c
NMOMOLLbHO creunasribHoro No3nUVoHepa ¢ Nbe30NprMBOAaMY, YNpPaBeHne KOTopbIMM
OCYLLECTBNAETCA CNEeuUanu3MpoBaHHbIM KOMMbIOTEPOM.

JonyckaeTtca ncnonb3oBaHve A8 ynpasieHns NpMBoaaMy NEPCOHAarIbHOMO
KoMMbloTepa ¢ ucnosnb3oBaHnem nHtepgeica USB 2.0 nnu USB 3.0.

MPEOJIO>KEHNA O COTPYOHWYECTBE

MocraBka obopynoBaHnA, paspaboTka TeXHWUECKUX CPEACTB 1 METOAMK MCCrenoBaHnA
obpasuoB no TpeboBaHmMio 3aKa3umnka, NPoBeAEHNE CCIIef0BaHNiA Ha J0roBOPHON OCHOBE.
ObyueHune cTyaeHToB.

KOHTAKTHAA NH®OPMALNA

JlabopaTopua cuHTE3a 1 aHanM3a MUKPO- U HAHOPa3MepHbIX MaTeprasos
(3aBepyowmii — kaHaMOAT TexHmuecknx Hayk MunaTtos Cepren AnekcaHpposuny).

+375(17)310-22-38, fileahmti.ac.by

WHcturyT Tenno- n maccoobmena nvenn A.B. Ibikoa HAH Benapycu. 220072, r. Munck, yn. 1. Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
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YCTPOWCTBO ®UNbTPOBAJIBHOE Y-1

YcTtporicTteo dmnbrpoBansHoe YM-1
npegHa3HaueHo 451 caHUTapHo-
bakTepuonoruyeckoro aHanvsa Bogbl U
BOOHLIX PACTBOPOB: MUKPobronormueckux,
BMPYCOSIOrMUEecKux hmankKo-XuMnyeckmx
aHann3oB, OJ19 aHan1M30B B
nuBobe3ankorosbHOM NPOMBILLIIEHHOCTU U
NPOMBILLIIEHHOCTM MUHEpPasbHbIX BOA, 1A
onpepeneHna LBETHOCTU, MyTHOCTH
XngkocTen MeTogomM membpaHHbIx
¢hmNbLTPOB B COOTBETCTBUM C
FOCT 3351-74, a Takxe ona gpyrux uenemn
(membpaHHana dunbTpauma Bogbl U BOOHbIX
pacTBopoB).

OrMMNCAHWE MPEOJIOXKEHUA

MpuHuun pecteuAa yctporictBa YM-1 ocHoBaH Ha bapomembpaHHoOM npouecce
pasneneHva BoOHbIX pacTBOPOB U cycrneHauii. Mpouecc pasgeneHus NpoucxognT B
annapatax (hu/bTPOBasibHbIX, OCHAaLLaeMblXx MemMmbpaHamMy nonMamMuaHbIMU MUKPOMOPUCTBIMU
Tvna MMM, gpyrumn aHanornuHeivMu. Konvuectso annapatoB unbTpoBasibHbIX B
YCTPOWCTBE MOXET BapbupoBaTbea oT 1 o 10 B 3aBCUMOCTY OT Lieneil NPUMEHEHUA 1
obbemoB dnnbTpaumm pacteopoB. O6bEMHBIN pacxof XNOKOCTU perflaMeHTUpyeTca
TpeboBaHMAMN caHWUTapHbIX NPaBwsl, HOPM, rMrueHnyeckmx HopmatreoB (CaHluH]).
YcTpoiicTBo NpegHa3HaveHo ona ucnonb3osaHna B nabopatopuax npegnpuatnii XKKX,
NULLEBOI NPOMBILLIIEHHOCTU 1 30PaBO0XPaHEHMA.

TEXHVNYECKVE 1 BKOHOMUWUECKWE NPENMYLLIECTBA
Mo TexHnYeckum 1 akcnyaTauMoHHBIM XapakTepuctukam yctpoicteo YM-1 He ycTynaeT
3apybexHbIM aHanoram. Jetanu ycTpoiictea, conpukacatoLwwmecs ¢ obpabaTtbiBaemolii
XWOKOCTbIO, N3roToB/EHBI U3 KOPPO3UOHHOCTOMKNX MaTepuanos. [eTtany annapaToB
thunbTpoBanbHbIX AonyckaT TepMudeckyo 0bpaboTky (cTepunnaaumio) B cCOOTBETCTBUN C
MeToAMKamu, OeicTeyloWmMMN B yupexaeHmax MyuHucTepcTBa 3apaBooxpaHeHus.
3aHumaeman nnowans - He bonee 1 M°,

COCTOAHNE PASPABOTKN

PazpaboTtaHbl KOHCTPYKTOPCKanA 1 TEXHONOrMYeckan JOKYMeHTauma, nacnopT
yctporictea: TY PB Ne 03535003.006-97, PeructpaunoHHoe yooctoBepeHne M3 PB Ne
M-7.5511/1155, EAC (Oexknapauusa o cooteetcteun: TC BY/112 11.01. TPO20 048
00466), Ceptudmkat cootesetctena CTH ISO 9001.

MPEVI0>XEHA O COTPYOHWNYECTBE
ViarotoeneHue 1 noctaeka roToBoi NpoayKUUN Ha [OroBOPHOV OCHOBE.

KOHTAKTHAA NHD®OPMALNA

JlabopaTtopus TypbyneHTHOCTY (3aBeayoLWMiA — KaHAMOAT hU3NKo-MaTeEMaTUYECKUX
Hayk, goueHT YopHeii AHppein Omutpresny).

+375(17)320-83-87, anchor@htmi.ac.by

WHcturyT Tenno- n maccoobmena nvenn A.B. Ibikoa HAH Benapycu. 220072, r. Munck, yn. 1. Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
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MEMBPAHbI NMNOJTMAMINOHbIE MNKPOMNMOPUCTBLIE

OMNCAHVE MPEOJIOXXEHNA

MembpaHbl nonnammgHele
mukponopuctele MINM npepHasHaueHbl onA
paboTbl B cocTaBe «YcTpoiicTBa
tunbTpoBansHoro YM-1» nnn aHanornyHbIx
YCTPOWCTBaXx, UCMNOJIb3YEMbIX AJ1A CAHUTAPHO-
bakTepunonoruyeckoro aHanvsa Bogbl U
BOOHbIX PACTBOPOB, BUPYCOSIOMMUECKUX,
MUKpoburonornyeckux n UsNKo-XMMUUECKNX
aHanns3os, 419 aHafM30B B
nnueobe3ankorosibHOM NPOMBILLIIEHHOCTU U
NPOMBILLIIEHHOCTM MUHEpPasibHbIX BOA.
MpuvHUMN pelcTBNA ocHoBaH Ha MeMbpaHHoiA
apcopbuun bonesHeTBOPHLIX MUKPOOPraHN3MoB 13 BogHoro notoka. ObbemHbI pacxog,
»Xugkoctn pernameHtupyertca TpebosaHnamm CanluH. MMM - napgenva opHopasoBoro
ncnonb3oBaHuA. MaTepuan ona usrotoeneHua membpaH - nonuamup-6. Matepuan membpaH
HETOKCMUEH MO OTHOLLUEHUIO K MaToreHHbIM MUKpoopraHuamam. [NMpu HeobxogymocTuy
(Hanpumep, ona mukpobronormueckux aHanusos) membpaHbl MOryT NogBepraTbeA
CTEpPWIM3aLIMM NYTEM KUMAYEHUA UNN aBTOKI1aBMPOBaHUA.

B saBucumocTyn ot ueneri hunbTpauun Beinyckaetca pag, tunos MIMM.

Tvnei T R PekomeHgyemble obnactn npyumeHeHns
membpaH nop, MKm

MIM-0,1 0,1 [na mukpobronorunyecknx

MIM-0,2 0,22 1 BYPYCOJIOMMYECKMX aHaNM30B

MIv-0,3 0,3

MIM-0,45 0,45 Ina caHutapHo-bakTepmonoruueckoro
MIMM-0,65 0,65 aHannsa Bodbl U BOOHLIX PaCTBOPOB
MIv-0,8 0,8

mgm-;g ;g Ina mnkpobrnonoruueckmx

MMM-5.0 50 1 hM3NKO-XMMUYECKNX aHANN30B

TEXHWYECKWE V1 BKOHOMWYECKWE NMPEVMYLLIECTBA
VimnopTosamewatoLian npoaykuma. Mo TexHuuecknm 1 skcniyaTaumoHHbIM
xapaktepucTtnkam membpanbl MINM He ycTynatoT 3apybexHbiM aHanoram.

CBEOEHVA O TEXHUUECKINX HOPMATVIBHbBIX NMPABOBbBIX AKTAX
TY PB Ne 100029077.014-2003. Ceptuchmkat cootsetctsua CTB ISO S001.

MPEVI0>XEHA O COTPYOHWYECTBE
MarotoeneHune n noctaeka rotosoi NPOOyKLMA Ha [OroBOPHON OCHOBE.

KOHTAKTHAA NHD®OPMALINA

JlabopaTtopusa TypbyneHTHOCTY (3aBeayOLWLMIiA — KaHAMAOAT (PU3NKo-MaTeEMaTUUECKNX
Hayk, AoueHT-YopHein Angpen Omutprnesuu).

+375(17)320-83-87; ancher@htmi.ac.by

WHcTuryT Tenne- n Maccoobmena uvenm A.B. Tbikosa HAH Benapycu. 220072, r. Murck, yn. . Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
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KOMIMbHOTEPHAA NPOrPAMMA «MEMBPAHDbI
BO3OYXOPASOENUTESIbHBIE: BbIBOP, PACUET, AHAJTN3
XAPAKTEPNCTUK MACCONEPEHOCA»

KomnetotepHas nporpamma «MembpaHsi
BO3[yxopasnenutenbHble: Bbibop, pacuer,
aHann3 xapakTepucTvK MacconepeHocay
npegHasHaueHa oid:

O npepncrtaBneHna B 0bbekTnBHON hopme
COBOKYMHOCTU AaHHbIX MO
TPaHCMNOPTHbLIM XapaKTepucTnkam
BO3OyxopasgenuTesibHbix MmembpaH

O ontumanbHoro Belbopa (nmovck no
3afaHHbLIM NapaMeTpaM) CeNeKTUBHO-
npoHuLaembix membpaH ona
oboraweHya Bosgyxa a30ToMm
(kncnopogom)

O pacuera NnapaMeTpoB MaccorepeHoca (Mpon3soauTenibHOCTe MeMbpaH, NnoTok
Kucnopona, nnowaab membpaHHoro cnnbTpa, nepeson, ko3 uumneHTa
NPOHULAEMOCTU B eanHuubl cuctemsl CA).

Pabora c nporpammoi nogreepxaaet ee beicTpopeicTere, yoobcTBo NONb30BaHNA U
3HauUTeNbHOE COKPaLLEHNE BPEMEHUN HA MONCK U CPABHUTESbHbIA aHannM3 onTMMasibHOo
MembpaHbl [y1A co3AaHNA KOHKYPEHTOCMNOoCobHbIX hubTpoB AnA pasgesieHns Bo3ayxa.

KomnbloTepHaA nporpamma Mcnosib3yeTcs:

O B KayecTBe CMpPaBOYHKKA MO TPAHCMOPTHLIM XapakTepuctnkam 485
BO34yXopasgenuTesbHbix MembpaH

O oA NnpoBegeHVA aHanvaa 1 pacueta NapamMeTpoB MaccornepeHoca asoTa u
Kucriopoga B ra3opasgennTeribHbIX 35IeMeHTax

O pna ontumanbHOro Belbopa cenekTMBHO-NpoHUL@eMbIx MeMbpaH ana oboraleHus
BO3[yxa a30ToM (KkMcnopogom)

[emo-Bepcua nporpammbl npegcraBneHa Ha caite ViHctntyta www.itmo.by

CBEOEHVA O NMATEHTOBAHHbIX MPABAX
CeupetenbcTBo 0 peructpauuun nporpammel Ne 726, BolaaHo
05.11.2014.

MPEOJTIATAEMbBIE ®@OPMbl COTPYOHWNYUECTBA

KomnbloTepHasa nporpamma MoXeT 6bITb Mcnosib3oBaHa B
yuebHoOM npoLecce; Npy NpoBegEHUN HayUHbIX UCCregoBaHui; ona
o0bocHoBaHMA HOBLIX TEXHUYECKUX peLleHunii npu paspaboTke
rasopasgenurensHoro obopynosaHus.

KOHTAKTHAA NHDOOPMALNA
Jlabopatopusa TypbyneHTHOCTY (3aBeayOWNIA — KaHaMOaT
¢hmauko-maTemaTnyeckux Hayk, goueHT YopHeiii AHgpeit

OmuTtpuesnu).
+375(17)320-83-87, anchor@htmi.ac.by

WHcturyT Tenno- n maccoobmena nvenn A.B. Ibikoa HAH Benapycu. 220072, r. Munck, yn. 1. Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
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KOMIMbIOTEPHAA NMPOrPAMMA «TEPMOOVHAMUUECKIIA
PACUYET NPOLECCOB B OMNSEJIbHbIX OBUTATEJ1AX
BHYTPEHHEIO CrOPAHA»

Mporpamma npegHasHaueHa onid TEpMOAVHAMUYECKOrO pacueTa NpoLEeCCoB B
OM3enbHbIX ABUraTeNAX BHYTPEHHEr0 CropaHus.

Mporpamma no3BonqerT:

O pacueTt NapaMeTpoB AN3ESIbHOro
OBuratesna BHYTPEHHEero cropaHua
pacueTt napameTpoB TONMBa
pacueTt napameTpoB
Typbokomnpeccopa
pacueT npoLecca Brnycka
pacueT npougecca cxaTtus
pacuet npouecca cropaHua
pacuer npouecca pacLuMpeHna
pacueT MHOMKATOPHbIX NoKasaTtenei
uukna
pacuet aghhekTUBHbIX NoKasaTenel osuraTens
BbIBOA, pe3yibTaToB pacuyera

Mporpamma ncnonbayetcs:

O  [nnA TepMoOAMHaMMUECKOro pacyeTta NpoLLecCoB B AN3ENbHOM ABUraTene
BHYTPEHHEr0 CropaHua

O p[JiA pacueTta cocTaBa NPoOyKToB cropaHvA guseneHoro geuratena (O, O, O,, H,
H,, OH, H.0, C, CO, CO,, CH,, N, N,, NO, NO,, NH,, HNO,, HCN)

O A NPOrHO3MPOBaHUA MOLLHOCTHBIX, 3KOSIOMMYEcKMX nokasaTeneii ABuraTens npu
npoBegeHV MEPONPUATUIA, CBA3AHHBLIX C MOOEPHU3ALMEN CUCTEMBI HAMONTHEHNA
LUIMHEPOB TOMJIMBHO-BO3AYLLIHOW CMEChIO

Pabota c nporpammoli No3BoMAET COKPaTUTb BPEMA Ha NPOBeOEHNE NPOEKTUPOBOYHbIX
pacuyeToB OU3ErbHbLIX ABUraTENEN, onepaTVBHO aHarIM31poBaTh COCTaB NPOAYKTOB CropaHua
019 YMEeHbLUEHUA SMUCCUN BbIXJIOMHLIX FA30B M NPOrHo31poBaTh 3KOHOMUUECKME NoKasaTenu
OBuratena Osa noBbILeHNA KOHKYpeHTocnocobHocTu npoaykumn asToMobrunectpoutensHbix
3aBopoB. [porpamma MoxeT bbITb Mcnonb30BaHa B yuebHOM NpoLecce; ana NpoBeaeHus
COBCTBEHHBIX HAYUHBIX UCCenoBaHWi; oA 060CHOBaHMA HOBLIX TEXHUUECKUX PELLEHUIA Npy
pa3paboTke HOBOM KOMMOHOBKY AM3eNbHOro ABUraTens.

Iemo-Bepcua nporpammbl npegcraenena Ha cante ViHctntyta www.itmo.by

OO0 OO0OO0OO0OO0 OO0

CBEOEHVA O NMATEHTOBAHHbIX MPABAX
CeupetenbcTBo 0 peructpauun nporpammel Ne 725, BelaaHo
05.11.2014.

MPEOJTATAEMbIE ®OPMbIl COTPYOHNUECTBA
BeinonHeHWe pacueToB Ha [OroBOpPHOV OCHOBE.

KOHTAKTHAA NIHOOPMALA

JNabopaTopua TypbyneHTHOCTU (3aBenyowWMii — KaHOMOaT
thmanko-maTemaTnyeckux Hayk, noueHT YopHolii AHgpei Omntpuesny).

+375(17)320-83-87, anchor@hmti.ac.by

WHcturyT Tenno- n maccoobmena nvenn A.B. Ibikoa HAH Benapycu. 220072, r. Munck, yn. 1. Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
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KOMMBbIOTEPHAA NMPOrPAMMA «KOHBEKTVBHbII
TEMJ1I00BMEH B KAHAJIAX C INAOKUMW CTEHKAMW»

Mporpamma ncnonb3yerca B KAYECTBE
3JIEKTPOHHOI0 CNPaBOYHMKA, HAaNUCaAHHOMO
Ha A3bike C#, nnAa BbluncneHna
K03h(hULUNEHTOB KOHBEKTUBHOIO
TernsioobmeHa v rmgpaBnMueckoro
COMPOTUBIIEHNA MPU TaMUHApHOM,
nepexogHoM 1 TypbyneHTHOM pexvmax
TeueHnA ogHodasHo XMMUUecKn
O0OHOPOOHOM XUAKOCTU B KPYr/blX KaHanax,
LeneBbIX KaHarax (napasuiesnbHble
nnacTuHbl), Tpybax KosbLEeBoOro ceveHms
(KoHUEHTpUUECKKE KaHasbl) 1
npuamaTuyeckux Tpybax npAMoyrosbHoro
CeueHuns.

Pacuetbl oxBaTbiBalOT Kak CTaﬁI/IJ'II/ISI/IpOBaHHbIVI pPexum TeueHua, Tak nu TevyeHne Ha
yyacTKax pasButmAa rmapognHaMnyecKkoro n TeryioBoro rnorpaHnyHbIX CJ10eB, XxapakTtepHoe
oA MMHUaTHOPHBbIX KaHarloB.

Pabora c nporpammoii no3sonaet buicTpo u achhekTMBHO cpaBHMBaTb Mexay coboi
koadhpmumeHTbl TennoobmeHa 1 rmppaBnMUYecKoro cConpoTMBAEHNA MPU KOHBEKTUBHOM
TernsioobmMeHe B kaHanax pasfMuHOro NPOXoOHOro CeUEHMA, a Takxke BblbrpaTb HannyuLlyo
KOHGUrypaumio npy NofaroToBKE 3KCNEPUMEHTA.

KomneloTepHas nporpaMmma MoxeT bbiTe ncrnonb3oBaHa B
yuebHoM npoviecce; oA npoBeaeHna cobeTBEHHbIX HAYUHbIX
nccriegoBaHui.

JETEJILCTBO

LemMo-Bepcus nporpaMmMbl NpeacTtasrieHa Ha caite ViHctutyta
www.itmo.by

CBEOEHVA O NATEHTOBAHHbIX MPABAX
Ceupetenbcteo o pernctpauuy nporpammvel Ne 618, BbigaHo
26.12.2013.

MPEIATAEMbBIE ®@OPMbl COTPYOHWYUECTBA
BbinonHeHne pacyeToB Ha JOrOBOPHO OCHOBE.

KOHTAKTHAA NHD®OPMALNA

JlabopaTtopus TypbyneHTHOCTY (3aBeayOLWLMIiA — KaHAMAOAT PU3NKo-MaTeEMaTUYECKUX
Hayk, goueHT YopHeii AHppein Omutpresny).

+375(17)320-83-87, anchor@hmti.ac.by
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KOMMbOTEPHAA NPOrPAMMA
«r'MNEP3BYKOBOE OBTEKAHWE TEJ1 BPALLIEEHUA»

OrMMNCAHWE MPEOJIOXXEHWA

KomnbloTepHana nporpamma «l'mnep3sykoBoe obTekaHue Ten BpaweHnay
npegHasHaueHa oA onpenesieHnsa aspoaMHaMUYecKNX XapakTePMCTUK Ten BpaLLeHus npu
rMnep3ByKOBOM HEBA3KOM 0BTeKkaHUN: KPYroBoW KOHYC; KOHYC CO Chepuyecknm
NPUTYNJIEHWEM HOCOBOW YacTy; yCeUEHHBI KOHYC.

K paccuutbiBaeMbIM xapakTepucTMkaM 0THOCATCA:
K03(hhULUMEHT BONTHOBOIro COMPOTUBIIEHNA
bespa3mepHadA NIOTHOCTb Ha MNOBEPXHOCTU Tena
BpaLLeHnd
bespasamepHoe oaBneHne Ha NOBEPXHOCTM Tena
BpaLleHud
yroJsi OTKSIOHEHWA YOapHOW BOJIHbLI OT NOBEPXHOCTU Tena
BpaLLeHnd
TOJILLMHA CI0A KOHUYECKOro TeueHus
paguyc KOHMYECKOro TeueHus

JemMo-Bepcua nporpaMmMbl NpeacTasrieHa Ha caite
MHctutyta www.itmo.by

00 O O 0O

CBEOEHW/A O NATEHTOBAHHbIX NMPABAX
CeupgetenbcTBo 0 peructpauuun nporpammel Ne 751,
BelgaHo 03.04.2015.

MPEVIATAEMBIE ®@OPMbl COTPYOHWYUECTBA
Mporpamma moxet bbITb NCNoNb30BaHa B MCcriedoBaHnAxX u B yuebHom npouecce.

KOHTAKTHAA NHD®OPMALINA

JNabopatopua TypbyneHTHOCTU (3aBEayOLLMIA — KAaHAMAAT U3NKO-MaTEMaTUUECKMX
Hayk, aoueHT YopHeii AHgpein Omutprnesny).

+375(17)320-83-87, anchor@hmti.ac.by

WHcturyT Tenno- n maccoobmena nvenn A.B. Ibikoa HAH Benapycu. 220072, r. Munck, yn. 1. Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
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«YMHbIE» CETW SHEPIETUKW W1 BOOOCHABXXEHWA
(SMART GRIDS)

Mop smart grids noHMmaeTcAa Habop NporpamMmHo-annapaTHbIX CPencTB, KOTopLIe
crnocobcTBYOT NoBbILLEHNO 3(h(hEKTUBHOCTI NPON3BOACTBA, pacrnpenesieHna 1 nepeaaym
anekTpoaHeprun. MyHKUMM MOHUTOPUHIA U YpaBeHVA KauecTBOM Bofbl, TPAHCMOPTOM U
aHepreTnkon roponos bepyt Ha ceba nHTennekTyanbHbIE CUCTEMBI, UTO NO3BOSAET
MUHVMMMW3MPOBaTh 3aTpaThl Ha BeITOBOE U NpoMbILLNEHHOE 0becneyeHne; KOMMIEKCHO
coueTaTb akTVBHO pa3BMBaEMbIE B HACTOALLEE BPEMA KOHLENLMM KYyMHOM0 AoMay U «yMHOro
ropogan.

Paspabotkn NHctuTyTa B 0bnactn smart grids cooTBETCTBYHOT COBPEMEHHOMY YPOBHHO
ctpaH EC n onepexaet pa3sBuBatoLumecs cTpaHsbl. icnonb3oBaHve npegnaraembix
pacnpegeneHHol cnyxbbl (cloud's service) n NCkycCTBEHHOrO MHTESIEKTa NO3BOSAT
3aMeLLaTb MMMNOPTHLIE aHaNor U BLIXOAWUTb HA PbIHOK 3apybexHbIX CTpaH, B NMepBY ouepeb
ctpaH EA3C v pasBuBaloLLMxca CTpaH.

OMNCAHIWE MPEOJ10>KEHIA

VIHCTWUTYT BBINONHAET pacueTHo-
TeopeTuueckne pabotbl B 0bnactu
NnJiaHMPOoBaHWA 3HepPreTMYecknux CUCTEM Ha
nokanbHOM, PErMOHaNIbHOM Y HAUVOHaIbHOM
YPOBHAX, HA OCHOBE COBPEMEHHbIX METOL0B
MOOESIMPOBaHUA MPOLIECCOB
npeobpa3oBaHWA 3HEeprum o8 ycTonymeBoro
pas3BuTMA SHEPreTUYECKNX CUCTEM, BKIHOUaA
WHTENNEeKTyarbHble TEXHOMOMNW ANA KYMHBIX)
ceTell 3NeKTPO3HEepPreTukn 1
BopOocHabxeHua.

CotpyaHukn NHcTtntyTa cbnapatot
3HaHMAMUK 1 onbiTom paboTbl B 0bnactu
CcO34aHMA KOMMbIOTEPHBIX NpOorpamMmm asns
yrpaBneHns NHTESJ1IEKTYarbHbIMU
cepBucamMu B 3HEpPreTuke u BogocHabxeHun c anpobrnpoBaHHbBIMY B MUPOBOV MpakTUKe
nporpammHeiMu naketamn LEAP, WASP, BALANCE, MESSAGE, TIMES.

KomnbloTepHas TexHoMorna cosgaHua Mmogenein ynpaeneHns obecneunBaet cospaHne
TEXHOJIOMMUECKNX CXEM 3afaHHbIX MPOLLECCOB C BO3MOXXHOCTbLIO X PedakTMpoBaHma v
JVHaMunuecKkoi Budyanuaauum bonbLlumx MaccrBoB AaHHbIX B on-line n off-line pexwumax.

TexHonorua Busyannzaunn obecneunsaer:

O Buayanuzaumio n obpaboTky
BonbLUMX MAacCVBOB OaHHbIX —
Big Data - (bonee 100 mnpg.
3HaYeHunl B HECKOJSIbKNX
thopmaTax) c BbICOKOW
NPOV3BOAMTESIbHOCTbLIO

O noppobHoe nccnepoBaHne
JaHHbIX C MOMOLLbIO 3YyMMUHTa;

O Bu3yanusaumio gaHHbIX
creunanbHbIMN
CTaTUCTUYECKMU METOAAMN
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BCTPAMBAEMbIif TEXHOJIOTUYECKWI PE[JAKTOP

BcTtpavBaeMblii TEXHOMNOrMYEcKnii peOakTop MOXET
NPUMEHATLCA B LUMPOKOM AnanasoHe nccnenosaHuii — ot
MOoAenMpoBaHNAa TEXHOTOMMUECKUX MPOLLECCOB B
aBTOMOBMIIbHOWN NPOMbILLNEHHOCTU A0 CO30aHUA
KOMMbHOTEPHBIX MOLESNEN N TEXHONOMMUYECKUX CXEM
SHEpPreTMYecKmx CUCTEM.

MOJIEJIA CUCTEM CMAPT 3HEPTETUKHU U
BOJI0CHAB)XEHKA

PazpabotaHbl MaTemaTmueckue onTMMM3aUMoHHbIE MOLESIM CMCTEM CMapT SHEPreTKM 1
BogocHabxxeHna c NpyMeHeHNEM COBPEMEHHbIX METOO0B aHasin3a Ha OCHOBE MaTeMaTuku
HEUYETKMX MHOXECTB, NCKYCCTBEHHbIX
HEeNpPOHHLIX ceTein, bIIOKUEenH TeEXHOOrMK 1
3/1IEMEHTOB VCKYCCTBEHHOMO NHTENSEKTA.
PazBepHyTo xpaHunuwe obpasoB
BMPTyasibHbIX MaLUWH Ha OCHOBE
BblIBpaHHOro BapuaHTta opraHusauum
XpaHUnuLLa, ncxoaa 13 BOSMOXHOCTEN
nporpaMMHo-anmnapaTHbIX CPeACTB CeTeBoro
yana VHctutyTta. MNoarotoBneHsl n
pasmeLLeHbl 06pasbl BUPTYasibHbIX MaLLVH B
XpaHunuie, ucxona n3 tpeboBaHuin k
obnauHoii cpege ncnonbL30BaHWA CEPBUCOB
AYEeeK CMapT-CeTu.

PazspaboTtkn anpobupoBaHbl npu
BbINONIHEHNN NpoekTa, huHaHcupyemoro PamouHoii nporpammoii EBponelickoro Cotosa (FP7
n H2020) «OTkpbIThie cepBrChl N0 3HeproobecneyueHnio 019 NHTESIeKTyaribHbIX CETER).

CBEOEHWVA O PETMICTPAUN KOMIbIOTEPHbBIX MPOrPAMM

O komnbioTepHas nporpamma EUR Service (Energy Usage Reduction Service -
Cepsuc cHwkeHus aHepronotpebnerHna) Ne 876, pata
pernctpauuun 04.04.2016

O komneloTepHans nporpamma EUMF Service (Usage
Monitoring Forecast Service - Cepsuc
NPOrHo31poBaHWA 1 MOHUTOPUHIa noTpebnexna
aHeprum») Ne 877, nata peructpauvn 04.04.2016

MPEVI0>XEHA O COTPYAOHWYECTBE

HayuHo-TexHnueckoe conpoBoXAeHNE N MogennpoBaHne
TEXHOJIOMMUECKUX MPOLECCOB B UHTESIEKTYalIbHbIX CETAX
BOOOCHabXeHMA 1 3NeKTPo3HepreTuku.

KOHTAKTHAA NH®OPMALWA

JlabopaTtopusa aHeproaththekTMBHOCTN 1 CUCTEMHOIO aHanusa
(3aBepyowwmii — kaHAMOAT TEXHMUECKNX Hayk JleBueHko Ceprei
AHaTonbesuu).

+375(17)263-15-15. lev@hmti.ac.by

WHcturyT Tenno- n maccoobmena nvenn A.B. Ibikoa HAH Benapycu. 220072, r. Munck, yn. 1. Bposku, 15. +375(17)350-21-36  office@hmti.ac.by
100



@ rmo.BY

MH®PACTPYKTYPA OBJIAUHBIX BbIUNCIIEHUIA

Ha base BbluvcnuTensHoro knacrepa ViHctutyta cospaHa uHdpacTpykTypa obnavHbix
BbIUMCIIEHWIA, KOTOPAanA ABMAETCA AnpPoM hopmMrpoBaHna yacTHoro obnaka IHcTutyTa.

BHED,pEHI/IB 0bnauHbIX TEXHOMOMNIA B NMOBCEOHEBHYO NMPAaKTUKy HAayuHbIX COTPYOHUKOB
BbIMNOJIHAETCA MNo csiegyruM OCHOBHbIM HarnpasJiEHNAM:

@)

@)
@)
O

(@)

co3paHve crneunanua3npoBaHHbIx pabounx MecT nccrnegoBaTenei

co3paHve nHaMBuAyarsbHbIX U FPYNMNoBbiX 06navHbIX XpaHUNULLL AaHHbIX
MOBBbILLEHHON HAOEXHOCTU

co3paHve obnauHbix ceTeBbIx NHPacTPYKTyp AnA BoinonHaembix HAP n OKP;
cozapaHue obnauHbix cepBrcoB ona 0bpaboTtiky bonblunx 0b6beMOB JaHHBbIX,
NosyYeHHbIX B paMKax aKCrepuMeHTanbHbIX NCC/Ied0BaHUN, a Takxke
MCCriegoBaHui c NPUMEHEHUEM TEXHOJTOMMIA YUNCIIEHHOIO MOOENUPOBaHMA
co3paHve obnauHbIx CEPBUCOB HA OCHOBE TEXHOJSIOMMIA MHTESIeKTyanusauum
NpoLLecCcoB aHann3a 1 NPorHo31poBaHWA NPoTeKaHNA NPOLLECCOB NepeHoca
3HEpPrvM 1 BELLIECTBA, a TakXKe XMMUYEecKmx 1 ha30BbiX NpeBpaLLeHuii
coapaHue obnayvHbIX KOPNOpPaTUBHLIX CEPBMCOB YNpPaB/ieHA HayYHo-
nccriegoBaTesnibckol geAtesibHocTeio MHecTnTyTa

B pamMKax co3gaHnAa cneunanmnsnpoBaHHbIX paﬁoumx MECT uccriegoBaTenen
npenocTaBsIAKTCA obnauHble ycnyru:

©)

co3paHve BMpTyanbHbix MawuH (BM) ona pelueHna cneumanbHbIX HayYHO-
nccrnepoBaTesibckux 3agady, Tpebyolmx nenonb3oBaHNA creunanbHoro
nporpaMmmHoro obecneveHua n cneunduueckmx annapaTHbIX KoHgMrypauui,

CeteBble cermeHTbl obnaka
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KOTOpbIE TPYOHO N HEBO3MOXXHO CO30aTb HA OCHOBE (DN3NUECKUNX
BbIUNCIIUTENBHBIX CPEACTB, MMetoLmxca B ylabopatopuax

O cospgaHue BbluncnuTenbHbix BM, npegHasHaueHHbIx oA pelleHns 3agay
UMCNEHHOrO0 MOOENIMPOBaHNA C MPUMEHEHNEM CMNELMANN3NPOBaHHbIX NakeToB
Takux, kak MATLAB, MATHCAD, Mathematica, ANSYS, Comsol u 1.n. c
BO3MOXXHOCThIO BbigeneHna ana atux BM BeluncnmTensHbix pecypcos,
onepaTuBHON NamATK, a Takke 0bbeMoB xpaHeHWA 13 nyna pecypcoB obnaka

O cospaHue TunoBbix BM B kauecTBe paboumx MalLvH HayuHbIX COTPYOHMKOB B
c/lyuae HeJoCTaToYHON NPON3BOAUTENBHOCTY NNB0 OrpaHMUYEHHOCT PECYPCOB
thranueckmx MalluH, MetoLwmxca pabourx MecT ¢ Ncrnosib3oBaHMEM TEXHOSOMNN
"ToHkoro knneHTa" gocTynHbix No 24x365 kak 13 BHyTpeHHen cetn VHcTutyTta, Tak
M N3 BHELLIHUX CETEN

O cospgaHue 3awmweHHbix BM ¢ yctaHoBNEHHBIM cneuvanbHbiM MHAMBUAYabHbIM
N0, HeobxoaMMbIM AnA BeINONHEHNA paboT N0 KOMMEPUECKM KOHTpaKTam

O cospgaHue 3awuieHHbIx BM, Tpebyolwmx noBbILLEHHO YCTONUNBOCTM OT BHELLIHMX
BTOP)XEHUWI, ANA OEMOHCTPaUMn xoaa paspaboTok, BeOyLUMXCH No BHELUHUM
KOHTpakTam

XAPAKTEPUCTUKW UACTHOIO OBJ1AKA

ObLee uncno BLIMUCTIMTENBHBIX AAEP 344
OnepaunoHHanA cuctema RHEL/Cent0S 7
N0 ynpaBneHna obnayHol HhpacTpyKkTypoii OpenNebula 5.10
06Lwmii 0bbem xpaHeHNA ~ 100 Tb

MPEOJI0>KEHIA O COTPYOHNYECTBE

MpoekTnpoBaHune n cosgaHme obnauHbix MHYPACTPYKTYP N0 3aKa3y CTOPOHHUX
opraHusauui.

MpepocTaBneHne pecypcoB yacTtHoro obnaka MHcTutyTa oA CTOPOHHMX 3aKa3UMNKOB.

KOHTAKTHAA NH®OPMALA

OtoeneHve NHopMaLVOHHBIX CUCTEM (3aBeAyLLNA — KaHAMAAT TEXHUUECKNX HayK
TumoHoBwnu Meopruii JleoHnposny).

+375(17) 374-12-71, tgl@hmti.ac.by
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BblUNCJIUTENbHbIA KJIACTEP 14 SAOAY
DdDN3NKO-MATEMATNUECKOIO MOAOEJTIMPOBAHNA

MaremaTtuueckoe uncneHHoe MogenMpoBaHMe NPoLECCOB TEM/IOMacconepeHoca
ABMAETCA 0OHMM U3 OCHOBHbIX HanpaBneHuit nccnegosaHun ViHctutyta. [na peweHna sapay
UMCIIEHHOro MOAEeNIMPoBaHNA coTpygHukamu VIHctutyta ncnonbaytotca Kak cobcTBeHHbIE
nporpamMmel, Tak 1 cneunanuanpoBaHHble nakeTbl: ANSYS, OpenFOAM, FlowFusion,
MATLAB, MATHCAD, Mathematica, Comsol u gp. AnnapaTHyto 0CHOBY /1A BbIMNOSIHEHWA
pacueTHbIX 3aday COCTaB/AET BbIUNCMTENbHLINM kKnactep VIHcTuTyTa.

XAPAKTEPUCTUKW BbIUMCITUTENBHOIO KJTACTEPA
Obwee uncno BeluMcnNUTENbHLIX AOep - 344
OnepaunoHHana cuctema - RHEL/CentQS 7
BuiuvcnuteneHana naketsl - ANSYS, OpenFOAM v gp

PE3YJIbTATbI ICMNOJ1b30BAHNA

BoluncnutenbHbili knactep VIHCTUTYTa akTVBHO MCNOMb3yeTca ANA peLueHus
pa3HoobpasHbix Tenogr3nyeckmx 1 ra3aoguHaMnyeckmx 3agad, MMerLwmnx BaXXHOe HayuHoe
3HaueHue. Peaynbtatel HVIOK(T)P, BbINOSHEHHBIX C NCMOSIb30BaHMEM KilacTepa,
MCnonb30Banncb B MalLMHOCTPOEHUN, MUKPO3NEKTPOHNKE, CTPOUTENBCTBE, BOEHHO-
NpOMBbILLIIEHHON cdepe.

PucyHok. 3arpyska knactepa.

MPEVI0>XKEHA O COTPYOHWNYECTBE

CospaHune BblUMCIMTENbHBIX CUCTEM AJ1A UMCIEHHOr0 MOOE/IMPOBaHNA NPOLECCOB
nepeHoca 3Heprun n BeLLecTsa, XMMn4ecknx 1 ha3oBbix NpeBpaLLeHunii, B TOM Yncre ¢
NCMoS1b30BaHNEM HEPOHHbLIX CETEN.

KOHTAKTHAA NHD®OPMALIA

JlabopaTtopusa pacnpegeneHHbIX MHOPMAaLMOHHBIX TEXHOMNOMMIA (3aBegyroLWwmn —
KaHauaaT TEXHUUEeCKNxX Hayk TumoHoBnd eopruii JleoHnpgosuu).

+375(17) 374-12-71, tgl@ehmti.ac.by
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OrbITHOE NMPO3BOACTBO

OnbiTHoe nponaeoacTeo VIHCTUTYTa BbINOSIHAET
cnepyowme paborbr:

O WsrotoeneHne HecTaHOaAPTHLIX USAENUIA N3 MeTanna

O MexaHnueckan obpaboTtka geTtanei Ha ToKapHbIX, (hpesepHbIX,
WwnngoBarnbHbIX, 3ybopesHbIx, [ONBEXHbIX CTaHKax

O Peska, rubka, BanbLoBKka MeTanna

O CnecapHo-cbopouHble paboThbl

O Caapka coeguHEeHU pyYyHo OyroBoi, NoslyaBTOMaTMUYeCcKO aproHHo-
JyroBOW, KOHTaKTHOW CBapKOiA, CBapka antoM1HVEBbLIX COeaVHEHW

O Tepmuueckan obpabotka getanei

MPEJIATAEMbIE ®OPMbI COTPYOHNYECTBA
BeinonHeHuve paboT Ha 4,OroBopHOI OCHOBE N0 TEXHUYECKMM 3a4aHUAM 3aKasuuKa.

KOHTAKTHAA NH®OPMALIA
"naBHbI MHXeHep nHcTuTyTa Banesau iBaH Soyapoosuny.
+375(17)348-63-07, academst@hmti.ac.by
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COOEP>XAHWNE

06 uHcTuTyTE

YyeHbie npepnararoT: aKTyanbHble pa3pa60TKu, HccnepoBaHUA, U3MepeHua
W UCNbiTaHKA

TexHonorua un pacnbinuTeNbHaA yCTaHOBKa C KOM6HHMPOBaHHbIM JHepronoaBo0M
ANA CYWKHU U MOAH(I)MKaI.lVIH MaTepuanos.

TexHonorua u oGopyoBaHne AnA Bbinycka TepMoMoAMLUPOBAHHON APEBECHHbDI
TexHonorua AByXcTaguAHOIO CXXMraHuA TBepAbIX GMOTONIMB B KMNALLEM Cloe

TexHonorua BbICOKOTEMMEPATYPHOIro CUHTE3a NOPOoLUKOB Kapﬁuna KPeMHHUA U Apyrux
TyronjlaBKux MmatepuanoB B peaKTope 3JIEKTPOTEpMHUYECKOro Kunawlero cnos

TexHonorua un oﬁopy,qoaauue ANA KaTaNuTH4ecKoro CUHTe3a MHOIFroCTeHHbIX
yrnepoaHbix HaHOpr60K U3 ra3006pa3Hblx yrnesojoponoB B NnceBA00)XU)XEHHOM cClnoe

"pOH3BOACTBO HaHOYacCTHUL MeToAO0OM pacnblJIUTENIbHOIO NUPONU3a MUKPOHHbBIX
Kanenb pacTBopoB

Oxna)l(neuue NOBEpPXHOCTU CKOPOCTHLIM NOTOKOM MUKPOHHbBIX Kanesb

Aaponuuamuqecxue VCTpOﬁCTBa ANA NOBLIWEHUA oXNaXKaatowen cnocoGHocTH
GaleHHbIX ncnaputenbHbiX rpagupeH

TennoHacocHbie yCTaHOBKH

CucTembl 0XnaXKleHnA Ha 0CHOBE TenIoBbIX TPY6 M NapoBbIX Kamep
ToHkMe ¥ ynbTpaTOHKNE NapoBbie KaMepbl

Cuctema pa3orpeBa macna B 06)kapo4Hoii ne4yn Ha 6a3e TennoBbix Tpy6

Tennoo6meHHMKM Ha TennoBbIX TPy6ax AnA cucTeM KOHAULMOHUPOBAHUA
aHeproa)heKTUBHLIX 3jaHUI

la3opazgenurenbHbie MmemGpaHbl

Bogopogonponnyaembie meTannuyeckue memopaHbl W razopasgenurenbHbie
yCTaHOBKH Ha WX OCHOBE

BbicokoTennonpoBofHaAa KapGujoKkpemMHueBaa KepamuKka W U3JieNnuA Ha ee OCHOBe

MpombiwnexHblie ne4yn gna HarpeBa u Tepmoo6pa6oTku meTanna

ABTOMaTHYECKaA cMuCTEeMa KOHTPONIA U yNpaBneHnA NpoLeccom ra3oBoi eMeHTauumn
AnA komnnekca anektponeyei CLLL-8.16/10
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TexHonorum n o6opyoBaHue Ana BbICOKOTO4YHOro hopmoo6pa3oBaHua n hUHULLHOIO

y y a1
NoNMpoBaHNUA NOBEPXHOCTEN NPELU3UOHHBIX H3Jenui
lenepaTop Bogoposaa Ha Goporuapuae HaTpuAa 43
Bu6po3awmra mo6unbHbIX TPAHCNOPTHBIX CPEACTB C HCNONb30BaHWEM ynpaBnAeMbIX a5
Aemndupyowmx XXugKocTei
TexHonorum TepMomexaHM4eckoro MoautuyMpoBaHna ApeBecuHbl U UX NPUMEHEeHHe a7
C YNy4LIEeHHbIMN COCTaBaMM KNeeBbIX U 3aLMTHO-AeKOPaTUBHbIX NOKPbITHH
WcnbiTaHna Tenno3awmMTHbIX MaTepuanoB ¢ MCNOJIb30BaHHEM TOPLEBOTr0 XON0BCKOIo 20

ycKopuTena nna3mbl
WUcnbiTanua Temno3alWMTHbLIX MaTepruanoB B BbICOKOTEMIIEPAaTYPHOM ra30Bom noTokKe 51

WcnbiTanna cToiKOCTH MaTepuanoB U KOHCTPYKLHiA K BO3eCTBHIO YAAaPHbIX Harpy3oK

o . . 53
Ha MarHMToN1Ia3MeHHON Nerkora3oBoi MmetaTenbHoi yctaHoBke MbY-2
KomnnekcHble uccnegosanua GbicTponpoTeKatoLuX NpoLeccoB B XHMUYECKH cs
pearupylowux cpegax npu BbICOKMX TemMnepaTypax
MemToCeKyHAHAA Na3epHan BU3yanu3ayua ra3ouHaMM4ecKux npoyeccon -
Ha aKCnepuMeHTaNIbHOM CTeHje
Typ6opeakTuBHbIif ABUraTenb, CONPAXKEHHbIA C UMNYNILCHON 16 TOHALMOHHON co
KamepoW cropaHna
YctaHoBKa Ana ()MHUILHOK TEPMOMMNYNIbCHON 06pa6oTKn MeTannos u NNacTMKOB 61
MupomeTp MMNynbCcHbIA (POTOIMUCCHUOHHDIN 63
WcTouyHnkn nutanua cneymanbHble 65
Texnonorua BoccTaHoBNeHuA AeTaneil MeToZ0M aneKTPOAYroBoi MeTannu3auuu 66
JdnexkTpoAyroBble N1a3MOTPOHbI 67
Mna3meHHo-AyroBoi peakTop-nuponusarop PP-500 69
KBa3ucTayuoHapHblil CHNLHOTOYHbIA NNasmeHHbi yckoputenb KCIMY M-12x2 71
[lByx3epkanbHbii aBTOKONNMMaLMOHHBINA MHTepthepomeTp ¢ BU3yanusayuen s
nonsa pecpakymm
WudpakpacHan kabuna gna akTuBayun hyHKLHOHANbHbIX pe3epBOB OpraHu3ma 5
yenoseka
IlnarnocTnka TennoBoOro coCTOAHMA NPOMBILUNIEHHOr0 060pyA0BaHNA, INEMEHTOB -
KOHCTPYKLMii 34aHUIA U COOPYIKEHMi
MartemaTtnyeckoe mogenupoBanue 3afay TennounkKu 79
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WUccnepoBanua tennocmsnyecknx CBONCTB MaTepuanos 80
3oHA0BbIIi M3MEpUTENb BLICOKMX TEMNEpaTyp MHOrOKaHaNbHbIi NOMEX0YCTOHYMBbIA 81
MuorodyHKyMOHaNbHbIA CKaHUPYIOLKA 30HA0BBIN MuKkpockon SSM-310 83
Xpomatorpatmyeckne uccnegosanma 86

HanoguarnocTuyeckuii KOMnaeKe ¢ (hyHKYUAMM CKaHUpyLoLei 30HA0BOI

& 87
U ONTHYECKOU MUKPOCKOMUKN

WccnepoBaTenbckuit KoMnneKkc AnA asTOMaTU3UPOBaHHOI OLEHKH COCTOAHMA HAaHO-
M MHUKPOCTPYKTYp GMonornyeckux KneTok in vitro MeToaMm onTHYECKOH, 89
thnyopecueHTHOl W aTOMHO-CHI0BOW MUKPOCKONUM

Ckanupyrowmi 6nmKHenonbHbli ONTHYECKUA MUKPOCKON 91
YcTponctso chunbTpoBanbHoe YM-1 93
Mem6paHbl nonnamugHbie MUKPONopucTbie 94
Komnblotepnaa nporpamma «Mem6paHbl Bo3fiyxopa3genuTenbHble: o5
BbIGOp, pacyeT, aHanu3 xapaKTepucTMK MacconepeHoca»

Komnblotepnaa nporpamma «TepmogMHamMmHuyecKuii pacyeT npoyeccos o6
B IU3eNbHbIX [iBUraTenax BHyTPEHHEero cropaHua»

Komnblotephaa nporpamma «KoHBeKTHBHbIH Tennoo6meH o7
B KaHanax ¢ rnagKmmu cTeHKamu»

Komnblotepnaa nporpamma «[unep3BykoBoe o6TekaHue Ten BpaLjeHuaA» 98
«YMHbie» ceTH IHepreTHKM U BogocHab)xenua (smart grids) 929
NudpacTpykTypa 06na4HbIX BbIYUCNEHMUNA 101
BoiuncnutenbHbli knactep Ana 3ajay )M3MKo-MaTeMaTH4eCKOro MojieniMpoBaHua 103
OnbiTHOE NPOM3BOACTBO 104
Coaeprxanue 106
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WMHCTUTYT Tenno- n maccoobMeHa
nMmeHn A.B. JlbikoBa HAH Benapycu

AKTYAJIbHbIE PABPABOTKWU, NCCNIEAOBAHMNUA,
U3MEPEHUA N UCNbITAHUA

KATAJIOI

OTBeTCTBEHHbIN 3a BbiNyck C.M./aHunnoBa-TpeTbsiK.
OTBETCTBEHHbIV 3a peAaKLMOHHY0 NOArOTOBKY
B.A.KapenuHa.

[wn3saiiH n Bepctka E.C.KoHeBa.

OTBETCTBEHHbIE 3@ CoAepXaHWe OTAeNbHbIX
MHHOBALUMOHHbIX NPeasioXXeHN — KOHTaKTHbIE Nuua.

Ha 1-ii ctpaHuue obnoxkun — AuddepeHumanbHoe Tansb60T-
n3obpaxeHune AnddY3MOHHOIro NiaMeHn MeTaHa.

Ha 3-# cTp. 06noxkn — CneknorpamMma u gparmeHThbl
MUKPOTEYEHUS B MOAENN TOMJIMBHOIO 3neMeHTa. M3onnHum
CKOPOCTU B BblAeNeHHOM dparmeHTe. lNose Z-KOMNOHEHTbI
3aBMXPEHHOCTU, paccunTaHHoe B hparMeHTe TeyeHus.

HAYYHO-MH®OPMALIMOHHOE U3OAHUE,
NCMNPABJIEHHOE U JOMNOJIHEHHOE.

MoanucaHo B neyatb 44.MM.2021.

®opmat 70 x 100'/16. bymara odceTHas. MNeyaTb undposas.
FapHutypa Verdana, Nagonia, Partner.

Ycn.New. n. . Yy-u3pg. n. _

Tupax 100 3k3. 3aka3 __.

N3paTtenb n nonmrpaqamquKoe ncnosiHeHune:

© THY “UHcTUTYT Tenno- n maccoobMeHa uM.
A.B.NlbikoBa HAH Benapycun”
YAK 536.2:532/533







	Страница 1
	Страница 2
	Страница 3
	Страница 4
	Страница 5
	Страница 6
	Страница 7
	Страница 8
	Страница 9
	Страница 10
	Страница 11
	Страница 12
	Страница 13
	Страница 14
	Страница 15
	Страница 16
	Страница 17
	Страница 18
	Страница 19
	Страница 20
	Страница 21
	Страница 22
	Страница 23
	Страница 24
	Страница 25
	Страница 26
	Страница 27
	Страница 28
	Страница 29
	Страница 30
	Страница 31
	Страница 32
	Страница 33
	Страница 34
	Страница 35
	Страница 36
	Страница 37
	Страница 38
	Страница 39
	Страница 40
	Страница 41
	Страница 42
	Страница 43
	Страница 44
	Страница 45
	Страница 46
	Страница 47
	Страница 48
	Страница 49
	Страница 50
	Страница 51
	Страница 52
	Страница 53
	Страница 54
	Страница 55
	Страница 56
	Страница 57
	Страница 58
	Страница 59
	Страница 60
	Страница 61
	Страница 62
	Страница 63
	Страница 64
	Страница 65
	Страница 66
	Страница 67
	Страница 68
	Страница 69
	Страница 70
	Страница 71
	Страница 72
	Страница 73
	Страница 74
	Страница 75
	Страница 76
	Страница 77
	Страница 78
	Страница 79
	Страница 80
	Страница 81
	Страница 82
	Страница 83
	Страница 84
	Страница 85
	Страница 86
	Страница 87
	Страница 88
	Страница 89
	Страница 90
	Страница 91
	Страница 92
	Страница 93
	Страница 94
	Страница 95
	Страница 96
	Страница 97
	Страница 98
	Страница 99
	Страница 100
	Страница 101
	Страница 102
	Страница 103
	Страница 104
	Страница 105
	Страница 106
	Страница 1
	Страница 2
	Страница 3
	Страница 4
	Страница 1
	Страница 2
	Страница 3
	Страница 4
	Страница 26
	Страница 28
	Страница 17
	Страница 18
	Страница 19
	Страница 98
	Страница 106
	Страница 17
	Страница 18
	Страница 19
	Страница 20
	Страница 86
	Страница 91
	Страница 92
	Страница 93
	Страница 94
	Страница 95
	Страница 96

