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OBIIASA XAPAKTEPUCTUKA PABOTHBI

AKTYyaJIbHOCTh T€MbI JHCCEPTAIIUH

[TpoMEITIIIEHHOE OCBOCHHE MECTOPOKICHHM, 3aJIETalOIINUX B CIIOKHBIX T€OJIOTHIECKUX
Y THIPOTEOJIOTUICCKUX YCIOBHSIX, TECHO CBSI3aHO C YHUBEPCAIHHBIM M HAJICKHBIM CTIOCOOOM
HCKYCCTBEHHOTO 3aMOPaKUBAHUS TOPHBIX ITOPO/I PU CTPOUTEIHCTBE BEPTUKATHHBIX MMAXTHBIX
CTBOJIOB. B mpoliecce 3aMopa)kMBaHUsl BOKPYT MPOEKTHOTO CEYEHHs CTBOJA (POpPMUPYETCS
BPEMEHHOE 3alIUTHOE OTPaKIECHUE U3 MEP3JI0H BOJOHACHIIMICHHON MOPOJBI, CIyXKallee s
BOCTIPUATHS TOPHOTO U THAPOCTATHYECKOTO NaBICHUNA. DPPEKTUBHOCTh (DYHKIIMOHUPOBAHUS
CO3JJaHHOTO JICIONIOPOAHOTO OTPAXKICHUS, 10T 3alIUTON KOTOPOTO B JalbHEUIIIEM BEIyTCS
TOPHOIMPOXOAYECKHE PabOThI, 3aBUCUT OT MAapaMETPOB €r0 COCTOSHUS — TePMETHUYHOCTU
(CTUTOITHOCTH) ¥ TOJIITUHBI.

HeiictByromue Ha Teppuropun Poccum u  benapycu mnpaBuia 0e3omacHocTd
NPEABSBISIIOT  PsAA  TpeOOBaHMA K TPOBEACHHUIO TMOA3EMHBIX BBIPAaOOTOK CIOCOOOM
UCKYCCTBEHHOT'O 3aMOpaKMBaHUs. B 4aCTHOCTH, 32 COCTOSHUEM 3aMOPOKEHHOTO MOPOIHOTO
MacCCHBAa JOJKEH OBITh OPTraHM30BAH CUCTEMATHYECKHUI KOHTPOJIb, IPU 3TOM BEJCHHE TOPHBIX
paboT B YCIIOBUSX HCKYCCTBEHHOTO 3aMOPaKUBAHUS TOPHBIX TOPOJ Pa3pelraeTcs TOIBKO
mocJie 00pa3oBaHUs 3aMKHYTOTO JIEIOTIOPOAHOTO OTPAKICHUS MPOSKTHOMN TOJIITUHBI.

Ha ceroansmHuii eHb MpPUMEHSETCS HECKOJIBKO CIIOCOOOB KOHTPOJS MapaMeTpoB
COCTOSIHUS JIEIOMIOPOJIHOTO OTPAKICHUS, OCHOBAHHBIX HA MPSIMBIX U KOCBEHHBIX METOAAX
MOJTy4eHUs: HHPOPMAIUH O MPOTEKAHUH (PU3HMUECKUX MPOIIECCOB B 3aMOPAKHUBAEMOM MACCUBE
nopoxa. HMccrmenoBanueM TporieccoB  (hOPMHUPOBAHHS  JICAONOPOIHOTO OTPAXKICHUS U
pa3paboOTKON METONOB ero KoHTpoyis 3aHumanuck Tpynak H.I'., Bbensdepman M.V.,
Bsnos C.C., XakumoB X.P., lopman S.A., @enokun B.A., Jonros O.A., TrotionHuk [1.M.,
Pomenckuit A.A., ManbkoBckuii I 1., OnbxoBukos }O.I1., baknames 1.B., Hanocos 1./].,
Kapro3ust b.A., Illymmuk M.H., Jlubepman FO.M.,  Andersland O.B.,  Poetsch F.H.,
Patrick Powers J., Harris J.S., Sasmito A.P., Tijani M.,  Newman G.P. u napyrue. B
CYILIECTBYIOIICH JIUTEpPAType pacueThl MapaMeTPOB COCTOSIHHS JIEIOMOPOTHOTO OTPaKICHUS
BBITIOJTHSIOTCS TOJBKO HAa OCHOBE DPEIICHUS MPSMBIX 3aad TEIUIONPOBOAHOCTH C YYETOM
dazoBoro nepexona. OTHAKO MPUMEHIEMbIE I pacdeTa TEIIoQU3HIECKHIE CBOMCTBA TIOPO/I,
MoJIydaeMble Ha OCHOBAaHWUW WH)KEHEPHO-TEOJIOTHYECKUX W3BICKAaHWH, 3a4acTyl0 HMEIOT
BBICOKYIO TMOTPEIIHOCTh. B pe3ynpTaTe MareMaTH4eCcKHe MOJENH, OMUCHIBAIONINE TEIUIOo- U
MacCOOOMEHHBIE TpOIECCHl B  OOBOJAHEHHOM TIOPOJHOM  MAaCCHBE, OKa3bIBAIOTCS
HeAd(P(PEKTUBHBIMU TPU  MPOTHO3UPOBAHUU  IMAPAMETPOB  COCTOSIHHSI  JICJOMOPOIHOTO

orpakaeHus. JOMOMHUTENBPHO  MOTPEIIHOCTh  pPe3yJbTaTOB  pacuera  OO0ycIOBIIEHA



HEOJHOPOJHOCTBIO U @HU30TPOIHOCTHIO PEAILHOIO IOPOAHOI0 MACCUBA, A TAK)KE HAIMYUEM
TEXHOJIOTMYECKUX (PAaKTOPOB, OKAa3bIBAIOIIMX BIHMSHHE Ha TMPOLECC HCKYCCTBEHHOIO
3aMOPAKUBAHUS.

3a mocnegHue TOAbl BBHJY HECOBEPLICHCTBA CYIIECTBYIOIIUX CHOCOOOB KOHTPOJIS
JIEAONIOPOTHOTO OTPakKACHUsI U HEJOCTATOYHOM TOYHOCTH PAcdyeTOB €ro INapaMeTpoB IIpU
CTPOUTEIIBCTBE IIAXTHBIX CTBOJIOB B CJIOXKHBIX THAPOTrEOJOTMYECKHX YCIOBHMAX HAa TaKHUX
ropusix  npeanpustusax, kak ['pemsumnckuii [OK —  OAO MXK «EBpoXum»,
I'apnbikcknii [OK —  I'K «Typkmenxumus»,  pynoynpasicHus — BepxHekaMcKoro
MECTOPOKIECHHSI KAJTMHHO-MarHUEBBIX COJIEH MMEINM MECTO aBapuilHble CHUTyaluu. OTO
IPUBOJWIO K 3aTOIUIEHUIO IIAXTHBIX CTBOJIOB, CHM)KEHUIO O€30MAacHOCTH BEAECHUS TOPHBIX
paboT, yBEJIMYEHUIO CPOKOB CTPOMTEIBCTBA U IMOSIBICHUIO JONOJHUTENbHBIX (DUHAHCOBBIX
3arpar.

Jlnst mpenoTBpallleHusl aBapUMHBIX CUTYallMd B IEPUOJ BCETO CPOKA CTPOUTEIBLCTBA
[IAXTHBIX CTBOJIOB B MHTEpBaJie OOBOJHEHHOTO IMOPOJHOTO MAacCHBa LEJIECO00pa3HO
pa3paboTaTh HOBBIA CIOCOO KOHTPOJIS JICOTIOPOJHBIX OTPaKIECHUN, OCHOBAHHBIM Ha
IIPUMEHEHNU ONTOBOJIOKOHHOW TEXHOJOTMU U MAaTEMaTHYECKON MHTEPIIPETALIUN PE3YIIHTaTOB
TEPMOMETPUM KOHTPOJBHBIX CKBaXHH. Croco0 KOHTpOJs, pa3paldOTaHHBI C Yy4eToM
CYILLIECTBEHHOTO Pa3BUTHSI BBIYMCIUTEIBLHOW TEXHUKU U CPEJICTB HU3MEPEHUSI TEMIIEPATYpPbI
TOPHBIX IOPOJI B arpECCUBHBIX YCIOBHIX OKPYKAIOLIEH Cpelibl, TO3BOJUT IO OIPAHUYEHHON
UHQOpPMALMKM O TEeMIeparype TOPHbIX MOpPOJ B OTAEIHbHBIX CKBaKMHAX OINpPENENTh
TEMIIepaTypHOE I10JI€ BO BCEM 00bEME 3aMOPAXKHBAEMOT'0 y4acTKa IIOPOAHOTO MacCHBa.

BrlmienepeuncieHnble  00CTOSITENbCTBA YKA3bIBAIOT HAa AaKTYaJIbHOCTb pa3pabOTKU
COBOKYIIHOCTM MAaTE€MaTU4YECKMX METOJO0B, IPOTrPAMMHBIX CpPEIACTB M TEXHOJIOTMYECKHUX
[apaMEeTPOB IMOCTPOEHHSI CUCTEMbl TEPMOMETPHUYECKOTO KOHTPOJIS (OPMUPOBAHUS U
COCTOSIHUSL JIEJONIOPOJIHOTO OTpaKACHHUs, TO3BOIIOMUX obOecneunTh 3(QeKTHBHOCTD
CTPOUTENIBCTBA IIAXTHBIX CTBOJOB B CJIOXHBIX T'MJIPOr€OJOTMYECKMX YCIOBHUAX, a TaKKe

MOBBICUTH 0€30MaCHOCTH BEACHUS TOPHBIX PadoT.

eab padoTbI

PazpaboTka crmocob6a KOHTPOJS COCTOSHUS 3aMOPaKMBAEMOI0 y4yacTKa IOpPOJHOTO
MaccuBa Ha OCHOBE JJAHHBIX TEPMOMETPUN CKBA)XUH MPU CTPOUTENIHCTBE IAXTHHIX CTBOJIOB B

CJIOKHBIX TUAPOTCOJIOTHICCKUX YCIOBUAX.



OcHoBHast uaest padboTbI

NHuTerpanus sKcriepuMEeHTAIBHBIX U3MEPEHUN TeMIepaTypbl TOPHBIX MOPOJ U METOAA
pemieHuss oOpatHoit 3amauun CtedaHa s TOBBILIEHUS TOYHOCTH TPOTHO3UPOBAHUS

napaMeTpoOB COCTOSAHUSA JICAOIIOPOAHOT'O OIrpaAKACHU.

OcHoBHBIE 321241 PadOThI:

1. PaszpaGorate Meron pemeHus oOpaTHOM 3amaun CredaHa B 3aMOpaXKMBAEMOM
MIOPOJTHOM MAaCCHBE Ha OCHOBE PKCIIEPHUMEHTAIBHBIX JAaHHBIX O TEMIIEpaType FOPHBIX
MOPOJ B KOHTPOJIBHO-TEPMUYECKUX CKB)KMHAX IIAXTHOI'O CTBOJIA.

2. TlpoBecTH 3KCHEpUMEHTAIbHbIE M3MEPEHMs pacCHpeieeHUs TeMIepaTypbl T'OPHBIX
MIOPO/I 10 BCeH IiTyOMHE KOHTPOJIbHO-TEPMHUECKUX CKBAXKHH.

3. BbHINOJAHUTH YHCICHHOE MOJEIMPOBAHUE TEIUIOPACIPENCICHUsI B OOBOJHEHHOM
MOPOTHOM MAaCCHBE C YYETOM IPEIBAPUTEILHON KaTMOPOBKH €T0 TEIUIO(PU3NIECKUX
CBOWCTB W  BepU(UUUPOBATH  IOJyYEHHBIE  MOJEIbHBIE  PE3YyJbTAaThl €
9KCIEPUMEHTATbHBIMU JAHHBIMU.

4. Pa3zpaboTtarh cHCTEMY TEPMOMETPUYECKOTO KOHTPOJS COCTOSHHS JIEJOMOPOIHBIX
OTPAKICHUN CTPOSAIIMXCA IIAXTHBIX CTBOJIOB, KOTOpas TIO3BOJHUT ONPEIEINAThH
TEMIIepaTypy BO BCEM 3aMOPaXMBAEMOM IOPOJHOM MacCHUBE Ha OCHOBE MH(OpMaIUK
0 TeMIeparype TOpHBIX TIOPOA B OrPAaHMYEHHOM KOJIMYECTBE KOHTPOJIbHO-
TEPMUYECKHUX CKBAXKUH.

5. HccnemoBath ¥ 00OCHOBaTh  TEXHOJOTMUYECKHME  IapaMeTpsl  crocoba
TEPMOMETPHUYECKOTO KOHTPOJS (OPMHPOBAHUS ¥ COCTOSHHS  JIEIOTIOPOJIHOTO
OrpaX/IeHUsl.

6. Pa3paboTaTh TEXHOJIOTMYECKOE M METOJIMYECKOE 00ecredeHne MOCTPOCHUS CUCTEMBbI

HETIPCPBIBHOT'O U OIICPATUBHOT'O KOHTPOJIA COCTOAHUA JICAOIIOPOJHOT'O OTPAKICHUA.

Metoasl uccjIeI0BaHMI IPEAYyCMATPUBAIA KOMIUIEKCHBIM TMOJAXOJ K PELICHUIO
IIOCTAaBJIEHHBIX 33124 U BKJIIOYAIM: aHAIU3 M 0000IEeHIEe HAyYHOrO U MPAKTHYECKOTO OIbITA,
JKCIIEPUMEHTAJIBHBIE  MCCIENOBAaHUS BPEMEHHOM M NPOCTPAHCTBEHHOW  MHAMUKHU
TEMIIepaTypbl TOPHBIX MOPOJ MO TIIyOHHE KOHTPOJIbHO-TEPMUUYECKHX CKBAXXUH U TPOLIECCOB
(opMHpOBaHUS TEILUIOBOTO TOJS 3aMOPAXKUBAEMOIO TOPOAHOTO MAacCHUBAa Y4YacTKOB
CTPOSIIUXCS IIAXTHBIX CTBOJIOB, CTATUCTHUYECKYIO0 OOpabOTKY pe3ysbTaTOB HKCIEPUMEHTOB,
MaTEMaTUYECKOE MOJEIUPOBAHUE TEPMOJUHAMHYECKHX IIPOLECCOB, IPOUCXOAAIINX B
YCJIOBHUSIX HCKYCCTBEHHOI'O 3aMOpPa)KMBAHMS IIOPOJHOIO MAacCUBA, aHAIU3 pPe3YyJbTaToOB

YHUCJICHHBIX SKCIICPUMECHTOB.



OcHOBHbBIE HAYYHbI€ IMMO0JI0KCHU, BBIHOCUMbIC HA 3AIIIUTY:

ANTOPUTM KaTHOPOBKH TETUIO(QU3UISCKUX CBOWCTB OOBOJHEHHBIX TOPHBIX MOPOI,
OCHOBaHHBIM Ha YHUCIEHHOM pelieHHuH o0paTHoil 3amaun CtedaHa ¢ BbIACTICHHBIM
KOMIUIEKCOM HE3aBUCHMBIX MapaMEeTpOB 3aJaud, TIO3BOJIIOUINNA pa3pabaThiBaTh
AICKBATHBIC MaTEMaTU4YCCKUC MOAOCIn TCPMOAUHAMHUYCCKUX IMpoLcccoB,
MPOUCXOISIINX B 3aMOPAXKHBAEMOM ITOPOTHOM MAaCCHBE.

Cucrema koHTpoNsi (OPMUPOBAHUA U COCTOSHHUS JICIOTOPOJIHBIX OTPaXKIACHUIA,
OCHOBAaHHAas1 Ha HHTCTrpalun MaTeMaTHYEeCKOU MOACIN  TCPMOAUHAMHUYCCKUX
IponeCCOB, MPOUCXOAAINX B IOPOJHOM MACCUBE C YUCTOM BJIMAHHUA TCXHOJIOTHICCKHUX
(bakTOpOB, M IKCIIEPUMEHTAIBLHBIX U3MEPEHUH TMOJIEH TeMIIepaTyphl TOPHBIX ITOPOJI U
napaMeTpoB 3aMOPO3KH, TO3BOJIIONIAS ONPEACIATh COCTOSHHE JISJOMOPOTHOTO
OrpakKZIICHUA Ha BCCX 3TallaX CTPOUTCIBCTBA MIAXTHBIX CTBOJIOB.

Omnpenenenne TEXHOJIOTHUECKUX MTAPaMETPOB CrIOC00a TEPMOMETPUIECKOTO KOHTPOJIS
Ha OCHOBE JSKCIIEPHMEHTAIBHBIX HMCCICIOBAHUN W PEHICHUS 3aJadd ONTHMH3AIHU
pa3MeIleHUs] KOHTPOJIbHO-TEPMUYECKMX CKBRXHH C y4eTOM OOOCHOBAHHOTO
IIPOCTPAHCTBEHHOT'O PA3PEIICHNs U3MEPEHUN TEMIIEPATYPbl TOPHBIX IIOPOJ MO3BOJISIET
o0ecreunTh TOYHOCTH MMPOTrHO3UPOBAHUA TCIIOpacupCaACICHUA B YCIIOBUAX

HUCKYCCTBCHHOI'O 3aMOpaXMBaHHUs IIOPOAHOI'O MaCCHUBa.

Hay4ynasi HoBU3HA:

[IpousBeneH BBIOOP MapaMeTpoOB KaTUOPOBKH MAaTEMaTHIECKOM MOJIENIN U3 MHOYKECTBA
TETUTOQU3MUECKUX CBONCTB TOPHBIX IOPOJ, OT KOTOPBIX 3aBHCUT pPAaCIpEeIICHUE
TEMIIepaTypbl B IOPOTHOM MAacCHUBE U KOHLEHTpAlMU 00BbEMHOM JI0JIM JIbJIa B IOPaX.
Pa3zpabotan cnoco0 KOHTpPOJIA TEPMOJMHAMMYECKHX MPOLIECCOB, MPOMCXOIAIINX B
0OBOJIHEHHOM ITOPOJTHOM MAaCCHBE B YCJIOBHUSX €r0 HUCKYCCTBEHHOI'O 3aMOPAKUBAHMS,
OCHOBAaHHBIM Ha perieHnu oOparHoi 3amaun CrtedaHa sl TOPU3OHTAIBHOTO CIIOS
BJIArOHACBILEHHBIX TOPHBIX MOPOI.

HccrnenoBaHo BiIMsSHUE BBIXOJAa U3 CTPOS 3aMOPAKUBAIOIIMX KOJIOHOK Ha
pacnpeneseHne TeMIepaTypsl B CI10€ 3aMOPAKUBAEMOM TOPHOU MTOPOABI.

Boinonneno 000CHOBaHUE TEXHOJIOTMYECKHUX apaMeTpoB crocoba
TEPMOMETPUUYECKOTO KOHTPOJIS 3aMOPAKUBAEMOI'0 TOPOITHOTO MACCUBA, BIMSIONIUX HA
TOYHOCTh pacyera ero TEeMIIEpPaTypHOro Mo U OOeCIeYMBAIOIUX IOJyuYeHHUE
JIOCTOBEPHOM MH(POPMALIMU O TTapaMeTpax JIeAOMOPOAHOTO OTPAXKIACHUS CTPOSILETOCS

ITaxXTHOI'O0 CTBOJIA B CJIOKHBIX THAPOTCOJIOTHYCCKUX YCIOBUAX.



JocToBepHocTh HAYYHBIX MOJI0KEHUH, BBLIBOJIOB )/ pexoMeHaanui
IIoATB epmz[aeTcsl COOTBETCTBUEM q)YHHaMeHT AJIbHBIM (bI/ISI/I‘-IeCKI/IM 3aKOHaM,
COMOCTaBUMOCTBIO  PE3YyJbTAaTOB  YHCICHHBIX PEIICHHWHA W  HATYpHBIX HM3MEPEHUH,
COOTBETCTBUEM NPHUBEACHHBIX PE3YyJIbTaTOB JaHHBIM, MOJYYEHHBIM JIPYTMMH aBTOpamu,
3HAYUTEIBHBIM 00BEMOM HKCIEPUMEHTAIBHBIX HCCIIEJOBAHUI MPOIECCOB (POPMUPOBAHUS U
COCTOAHUA J'ICI[OHOpO)IHI)IX Ol"pa)KILCHI/Iﬁ CTpOSIHII/IXCﬂ OI1aXTHBIX CTBOJIOB, ITOJIOKHUTCIIbHBIMH

pe3ynbTataMu BepupHUKaIuU pa3pad0TaHHBIX MATEMATUYECKUX MOJEIEH.

IIpakTHyeckoe 3HAYEHNE U Peau3anusl pe3yJbTaToB PadoThI

[losnydyeHHble B JUCCEpPTAllMOHHON paboTe pe3ysbTaThl MO3BOJIAIOT OCYLIECTBIISATH
IPOEKTHPOBAHME  ABTOMATU3MPOBAHHBIX  CHCTEM  TEPMOMETPUYECKOTO  KOHTPOJS
dbopMUPOBaHUA W COCTOSHHUS JIEAOTMOPOIHBIX OTrPaXACHUU, a TakkKe MPOU3BOIUTH
HETIPEPHIBHBIN U ONEPaTUBHBIA KOHTPOJb UX IapaMeTpoB, oOecreynBaromux 0e30MacHOCTb
BEJICHUS TOPHBIX PabOT MPU CTPOUTEIHCTBE IIAXTHHIX CTBOJIOB B CJIOKHBIX T'€0JIOTUYECKUX U
TUIPOTEOJIOTUYECKUX YCIOBUSX.

Ha OCHOBaHUU pe3yNbTaToB paboTsI pa3paboTaHo MPOrpPaMMHOE
obecnieuenue «FrozenWally», pyHKIHOHATBHBIE BOZMOKHOCTH KOTOPOTO TO3BOJISIOT BHIBECTH
Ha KauyeCTBEHHO HOBBII ypPOBEHb KOHTPOJIb TEPMOJIMHAMUYECKUX MPOLIECCOB, TPOUCXOSIINX
B MIOPOJIHOM MAacCHBE B YCJIIOBUSAX €TI0 HCKYCCTBEHHOTO 3aMOpaKUBaHHUSI.

Cucrema TEpMOMETPUYECKOTO KOHTPOJS JIEAOTMOPOIHBIX OTPaXACHUNA CTPOSILINXCS
LIAXTHBIX CTBOJIOB peann3oBaHa Ha pynHukax [lerpukosckoro I'OK OAO «benapycekanuii»,
Hexunckoro 'OK MOOO «CnaBkanuity u Tamunkoro [OK 3A0 «BKKy». Ilpu nomoru
CHCTEMBI KOHTPOJSI JJISl TOPHBIX MPENNPUATHH €XKECYTOYHO (OPMHPOBAIUCH OTUYETHI O
COCTOSTHUM JIEJIOTIOPOAHOTO OTPaKICHUS, HA OCHOBAHUU KOTOPBIX MPUHUMAIUCH PEUICHUS O
BO3MOXKHOCTH Haydajia MPOXOJKH MIAXTHBIX CTBOJIOB, OCYIIECTBIISIIACH BbIaua 3aKIIOUYEHUN O
JOCTHDKEHUH  JIEJIOTIOPOJHBIM ~ OTPAKICHUEM CIUIOIIHOCTH W MHUHUMAJIbHO TpeOyemoit
TOJILIMHBI, MPEIOCTABISUIUCh PEKOMEHJALMU 110 KOPPEKTUPOBKE IapamMeTpoB pabOThl
3aMOPaKMBAIOIIUX CTAHIUH, a TakKe BBIMOJHAJCS TPOTHO3 C YYETOM PAa3IUYHBIX
TEXHOJOTHYECKHUX (aKTOPOB, BIUSIOMIUX HA COCTOSIHUE JIETOTIOPOJHOTO OTPasKICHUSI.

[TonydyeHnHblE pe3yabTaThl KCCIECIOBAHMM BKJIOUYEHBI B MHCTPpYKIMIO O pacyery
apaMeTpoOB, KOHTPOJIIO U YIIPABICHHUIO HCKYCCTBEHHBIM 3aMOpPaXMBaHUEM TOPHBIX IOPOJI IPU

CTPOMUTEIHCTBE IIAXTHBIX CTBOJIOB Ha KaMMUHBIX pyaHUKax OAO «benapycbkanuiny.



CBs13b paGoThl ¢ KPYNHBIMH HAYYHBIMHU POrpaMMaMHU U TEMaMH

HuccepranyonHas pa0oTa BBHIMOJIHEHA B COOTBETCTBUM C IUIAaHAMU Hay4HBIX
uccaepoanuii «I'M YpO PAH», npoBoguBmuxcs B nepuoa ¢ 2018 r. mo 2019 r. mo teme
«MccnenoBanue u pa3paboTKa CHCTEM KOHTPOJS M yMHPABICHHUS TEPMOJUHAMHYECKHUMH U
a’POJIOTUYECKUMH TIPOLIECCAMH B PYIHMYHON aTMOchepe W MacCHBaxX TOPHBIX MOPOJ MPH
CTPOUTENLCTBE M OJKCIUTyaTallMd TOPHBIX NPEANPUATANH B CIOKHBIX TOPHOTEXHHYECKUX
YCIOBUSIX», a TaKke C TEMaTUKOW XO3J0TOBOPHBIX paboOT C  MOpeanpUATHSIMU
OAO «benapycpkanuii», 3A0 «BKK» 1 MOOO «CnaBkanuii».

C 2017 r. mo 2019 r. uccnenoBanust o TeMe AUCCEPTALMU NoAepkKaHbl Poccuiickum
HaydHbIM  GoHAOM (mpoekT No 17-11-01204 «CTpyKTypHO-DHEPTreTHYECKHE MOJICTH
nehopMUPOBaHUA U pa3pylICHHs] MPUPOAHBIX M HUCKYCCTBEHHBIX MAaTEPHUAJOB B YCIOBHSIX

ApPKTHYECKUX TEMIIEPATYPR).

Anpodanusi padboTbl

HayuHble mojoXeHHs M OCHOBHBIE pe3yJbTaThbl HCCIEIOBAaHMN JTOKJIAIBIBAINCH U
00CyKIaIHiCh Ha III MexnynapoaHou Hay4HO-IIPAaKTUYECKOU KOH(epeHIINH
«IIpombinuieHHass 0€30MacHOCTh MPEANPUATUH  MHUHEPATbHO-CHIPHEBOIO KOMILIEKCAa B
XXI Beke» (Cankt-Ilerepoypr, CIIOI'Y, 2016T.), Ha €XErogHbIX HAyYHBIX CECCHSIX
«I'"1 YpO PAH» «Crtpaterus u mporeccsl ocBoeHus reopecypcon» (Ilepms, «I'H YpO PAH»,
2017 — 2019 rr.), Ha MeXAyHapOoJHOM Hay4HOM cummnosuyme «Henens ropaska» (Mocksa,
MUCuC, 2017 —2018rr.), na XIMexayHapoaHOM CHMIIO3UyME IO IpodiieMam
uHXeHepHoro  mepsnoroBenenus (Maragan, CBKHHWUU IBO PAH, 2017r.), ®Ha
IT Beepoccmiickoit  koHpepenuun  «Ontuueckas — peduexkrometpus-2018»  (Ilepwms,
JlaGopatopuss ¢otonuku [1OUIL YpO PAH, 2018 r.), Ha «3uMHeH LIKOJIEe MO MEXaHMKe

crutomiHbix cpeny» (Ilepmp, «MUMCC YpO PAH», 2017 1., 2019 1.).

JIn4HbIi BKJIAJ aBTOPA

IIpu HemocpeCTBEHHOM yYacTHM aBTOpa MPOBEACHBI: OCTAaHOBKA 3a/1a4, pa3padoTka
MaTeMaTHYECKUX MOJIEJIEH, IKCIIEPUMEHTAIbHBIE NCCIIEAOBAHUS MPOLIECCOB (DOPMUPOBAHHS U
COCTOSIHUS JIEJOTIOPOAHBIX OIPaKICHUMN CTPOSIIIUXCS IAaXTHBIX CTBOJIOB, aHAJIN3 U 00paboTKa
[OJIyYEHHBIX JAHHBIX, TEOPETUUYECKUE UCCIEIOBAHUS U CO3JaHUE IIPOrPAMMHBIX IPOAYKTOB,
BBINOJIHEHHE PAcCUeTOB U YMCIEHHBIX SKCIEPUMEHTOB, pa3paboTKa HAyYHBIX PELIEHUH U UX

NpaKkTUYecKas peaau3anus, COpMyIUPOBaHbl OCHOBHBIC HAyUHBIE TIOJ0KEHHUS U BHIBOJIBL.



Mybéaunkanun

ITo Teme nuccepTannoHHON PabOTHI omyOnrKoBaHbI 10 meyaTHBIX paboT, B TOM YHUCIIE
5 B U3JaHUAX, BXOJSIIMX B MEPEUEHb BEAYLIUMX PELEH3UPYEMbIX HAYUYHBIX >KYpPHAJIOB H
W3aHUM, PEKOMEHAYEMbIX BpICIIeld aTTECTalMOHHOW KOMHCCUEd Inpu MuHucTepcTBe
oOpa3oBaHus u Hayku Poccuiickoit denepannu, u3 HUX 3 B U3AAHUSIX, HUHACKCUPYEMBIX B 0a3ax
naHHbix  Scopus u  Web of Science, monydeHO CBHIETETBCTBO O TOCYAapCTBEHHOU

peructpanuu nporpammsl «FrozenWall» st OBM Ne 2018666337.

O0bem padoThI

JuccepranuonHas paboTa COCTOMT M3 BEAEHUS, ISITHU IVIaB W 3akitodeHus. Paborta
uznoxkeHa Ha 140 cTpaHMIIax MAIIMHOMHCHOTO TEKCTa, COAEPKUT 43 pucyHKa U 6 TaOuuil.
CIHCOK HCHOJIb30BAaHHBIX HCTOYHUKOB CcOCTOMT H3 180 HaMMCHOBaHWM, B TOM YHCIIC
72 3apyOCIKHBIX.

OCHOBHOE COAEP’)KAHUME PABOTbI

I Hay4HOe nmoJ10KeHne

Anzopumm KanuodposKku menaoguudecKux ceoiicme 00800HEHHBIX 20PHBIX NOPOO,
OCHOGAHHBIL HA YUCIEHHOM peuieHuu oopamnou 3a0auu Cmeghana c 6vi0e1eHHbBIM
KOMNIEKCOM He3A6UCUMBIX NaApamMempos 3a0ayu, no360JAI0WUIL pa3padamuvléams
aoexeammvle MamemamuyeckKue Mooeiu mepmooOUHaAMU4ecKUX nPpoyeccos, NPOUCX00AUUX
6 3aMOpPaAHCUBACMOM NOPOOHOM MaccCuUge.

[lepen HayaIOM CTPOUTENHCTBA HIAXTHBIX CTBOJIOB C LEJIbIO MOMYyUYEHUSI KOMIUIEKCHOU
uHGOpMAIlMU O TEOJOTHYECKHMX M TUIPOTCOJOTHYECKHX YCIOBUSAX 3aMOPaKMBAEMOTO
MOPOJIHOTO MaccHBa Ha MPOMBIIIIEHHOHN IUIOIIAKE IPOBOASTCS MHKEHEPHO-I€0JIOTHYECKUE
W3BICKaHUs, BKIFOYAIONIHE B ce0sl HCCIIeJOBaHUS (PU3NKO-MEXaHUIECKUX M TETUIO(PU3NIECKUX
CBOICTB 00pa3LiOB rOPHBIX OPOJI, OTOOPAHHBIX U3 KOHTPOJILHO-CTBOJIOBBIX CKBaKMH. OJTHAKO
TeIIO(U3NUECKUe PACUeThl, UCHOIB3YIOUINE B KAa4eCTBE MCXOIHBIX JaHHBIX MOTy4YEHHBIC
napaMeTpbl TOPHBIX MOPOJ], OKA3bIBAIOTCA HEAI(PPEKTHUBHBIMH IMPH PEIICHUH NPAKTHUYECKUX
3ana4y. HecooTBeTCTBHE TEOPETUUECKUX U SKCTIEPUMEHTAIIbHBIX JAHHBIX O0BACHSAETCS:

— HEJIOCTATOYHOCTHIO BBIOOPKM OOpa3IoB KepHA U OOBEMOB PAOOT MO MPOBEICHUIO
pa3BeouHOro OypeHus mepel HauajaoM CTPOUTENbCTBA IIAXTHOTO CTBOJA,
— HEOAHOPOJHOCTBIO ¥ aHU30TPOIHOCTHIO PEATHHOTO OOBOAHEHHOTO TOPOIAHOTO

MaccuBa.

JIOTIONTHUTENBHO TOTPEIIHOCTh PE3yJIbTaTOB MaTEeMaTHYECKOr0 MOJETUPOBAHUS

O6YCJ'IOBJ'ICH8_ BJIMAHUECM Ha MPOLECC UCKYCCTBCHHOT'O 3aMOPAaXUBAHUS TAKHUX (I)aKTOpOB, KakK



HaJIM4Ke MyCTOT B 3aTPyOHOM IPOCTPAHCTBE 3aMOPAKUBAIOIINX CKBAKUH U OTKIIOHEHUS OCe
CKBaXXHMH OT MIPOEKTHOTO HAIIPABIICHU (MI€aTbHO BEPTHKAIBEHOTO).

VkazaHHble (aKThl CBUAETENBCTBYIOT O HEOOXOJUMOCTH IPOBEACHUS KalHMOPOBKU
HAyalbHbIX TEIUIOPU3NYECKUX CBOWCTB OOBOJAHEHHBIX TOPHBIX IOpPOJA, YTO MPHUBEIO K
nocTaHoBKe Koa(duuneHTHoit oopaTHOil 3anaun Credana u pazpaboTke METO/Ia €€ pelIeHusl.

Ha mepBom srame umccienoBaHUs Ui ONPENCNCHUS NPUOIMKEHHOTO PACHpEIeIeHHs
TEMIIepaTypbl B TOPU30HTAIBHOM pa3pe3e CJI0sl 3aMOpakKuBaeMON TOPHON MOPOJIbl pellanach
npsMas 3aaaya Credana.

MaremaTnueckasi MOCTaHOBKAa NpAMOM JByMepHOH naByx(das3noili 3amaum Credana B

JIEKapTOBBIX KOOPJIMHATAX 3aa€TCS CIECAYIOUIEH CUCTEMON YpaBHEHUI:

oH(T) [6 </1 BT) N d (AaTﬂ .

at  lox\"ax/  ay\"oay/l O

A= Alq(l - ¢ice) + AsaPices (2)
P1gC1g(T — Tp1) + pigwl, Tpy <T

H(T) = pquL ' (1 - ¢ice); sz <T< Tpl; (3)
PsdCsd (T - sz)' T < sz

[An - VT — a(T}, — T)]lﬂfb =0, (4)

T|nout =To(h), Q)

Tli=o = To(h), ©)

rne H — ynenbHas suransnus, Jk/M>; x, y — (usndeckue KoopauHathl, M; T — (usndeckas
Temneparypa, °C; t — Qusnueckoe Bpems, CeK; A;q, Asq — TEMIONPOBOIHOCTH CPEIBI B 30HAX
OXJIXKIEHHUS U JIbJa COOTBETCTBEHHO, BT/(M*°C); €}4, C5q — YAETbHBIC TEIIIOEMKOCTH CPEIbI
B 30HAaX OXJKIECHUS U JibAa COOTBETCTBEHHO, JLK/(Kr °C); piq, Psq — TUIOTHOCTH CPEIBI B
30HAX OXJIAXKJICHHUS M JIbJa COOTBETCTBEHHO, KI/M>; Ty1, Ty, — TeMIepaTypbl Hayajla U KOHIA
¢dazoBoro nepexoaa (MOTHON KPUCTAIUIU3AIMN) COOTBETCTBEHHO, °C; ;.. — OOBEMHAs OIS
nbaa B TOpax, M/M%; L — ynesbHas TEMoTa IUIaBJIeHHs Jbja, JIK/Kr; W — HadaibHOE
BJIArOCOJIEPIKAHUE MACCUBA, KI/KT; Tf), — TEMIEpaTypa CTEHOK 3aMOPAKMBAIOIIEH CKBAKHMHB,
°C; Ty, — TemmepaTypa HENOTPEBOKEHHOIO MOPOJHOr0 MaccuBa Ha ypaienuu, °C; a —
K02 PUIHEHT TEMI000MEHa Ha TPAHHUIIE C 3aMOPAKUBAIOIIMMH cKBaxkuHamu, Bt/(m*-°C); h —
cpemnsis riayOuHa cy10os TOpHOM mopoasl, M; flp, =U s, — TpaHHIBl CO BCEMH
3aMOpPAXUBAIOIUMH CKBaXUHaMuU [ = [,...,N; f),,; — BHEIIHAA TpaHHLA OOJIACTH
MOJIETMPOBAHHMSA, N — KOOP/IMHATA BJIOJIb HOPMAJIU K TPaHuLE fp, M.

I[JI?I YUCJICHHOTO pacucTa TCIIIOPpACIPCACICHUA TPUMCHACTCA MCTOA KOHCYHBIX

pa3HOCTEM.
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Ha pucynke | mnpuBeneHa wucnonbdyemas Uil pacdyeToB JAEKapTOBas KOHEUHO-

pasHocTHas ceTka u 3¢ (eKTUBHAS IJIOIAIb TEII000MEHa.

Pucynox 1 — Koneuno-pa3HocTHas ceTka U 3 peKTHUBHAS IUIOIIAb TEINI000MEHa

KomnuectBo sg4Yeek B  HUTOrOBOM BAapHWaHTC CCTKH, HpHH?ITOfI AJig  pacyeToB,
coctaBmwio 172 040. IIpu 4yKCIEHHOM PENIEHUH CUCTEMbl YPaBHEHUM HMCIOJIb30BAJIACh SIBHAS
cxema MepBOro Mopsi/iKa 0 BPEMEHU U BTOPOTO MO MPOCTPaHCTBY. [l yCKOpEHHUsl pacueToB
MPOU3BOAMIOCH paclapalieIiBaHUEe Ha sIpax IIEHTPAIBLHOIO IPOLEccopa € IMOMOIIBIO
oubmmorexku TPL .Net Framework.

Ha BTOpoM »3Tame wuccrienoBaHus B LENSIX KaJIUOPOBKM HayalbHBIX MapaMeTpoB
MaTeMaTUYeCKOM  MOJAEIM  TEePMOAMHAMHYECKHMX  IPOLECCOB,  MPOUCXOASIIUX B
3aMOpaXMBAEMOM TIOPOJHOM MAacCHBE, Ha OCHOBE OSKCIIEPHUMEHTAJIBHBIX HU3MEPEHUI
TEMIIepaTypbl TOPHBIX MOPOJ B KOHTPOJHHO-TEPMHUECKUX CKBAXHHAX pa3padOTaH MeETO
pemenust oopatHoit 3anaun Credana.

[TepBoHauanbHO B paboTe MPOU3BEACH BHIOOP HE3aBUCUMBIX MAPAMETPOB KAIMOPOBKU
MaTeMaTU4YeCKOH MOJIENM M3 MHOXECTBa TEIUIOU3NYECKUX CBOWCTB TOPHBIX IMOPOA, OT
KOTOPBIX B HaWOOJbBIIEH CTENEeHH 3aBUCHT IIOJly4aeMOe pEHICHHE — pacIpeesieHue
TEMIIEpaTyp B MacCHMBE U OOBEMHOM JTOJIM JIba B TIopax. AHanu3 npsMon 3agaun Ctedana B
0e3pa3MEpHBIX BEIMYUHAX TO3BOJWI BBIICIUTH 5 Oe3pa3MepHBIX KOMIUIEKCOB, B KOTOPBIX
colepkuTcs HH(pOpMAIMI O TEIUIOPU3UUECKUX CBOHCTBAX paccMaTpUBAEMOU CpEJIbL:
Fogq, Foyq, Stegq, Steyq, B

Bbe3paszmepnbie Teruopusndyeckne koMmiuiekcbl — uyncen @ypoe Fo, Credana Ste u

buo Bi onpenenstorcs cnenyromumM o06pazom:

At _ci(To = Tpp) al

Fo; = ——, . , Bi = —. 7
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B pesynmbraTte kanmuOpoBka Teruiou3WUecKUx mapameTpoB 3amaud (1) — (6)
MpeJICTaBIseT coOoi pemreHne koddduimenTHoW oOpaTHou 3amaunm Ctedana. OOparHas

3a/1ada mepeonpenenser mnpsamyr 3amady (1) — (6) mocpeacTBOM BBEIECHUS 3aJaHHBIX

HU3MEPEHHBIX TEMIIEPaTyp Ti(c) (t) B mecre pacronoxenust (x;,y;) KaKIOH KOHTPOIbHO-
TEPMUYECKON CKBaXUHBI Ne 7.
T(t,x,y) =T O(®),i=1,..,N,, (8)
rae N, — KOIMYECTBO KOHTPOJIbHO-TEPMHUUCCKUX CKBAYKHH.
B nmanHoii paGore BMecTO KecTKOro ycioBus (8) paccmarpuBaics (yHKIHOHAT
paccoriiacOBaHMii TCOPETUYECKH PACCUMTAHHBIX M OKCICPUMEHTAIBLHO HM3MEPEHHBIX

TEMIIEpATyp B KOHTPOJIbHBIX CKBaKMHAX.

Ne
[5))
I= Z f T — 1) dt. 9
i=1"0

T_(C )

.o m
;= — OKCIEPUMEHTalbHas Temmneparypa B i-i ckBaxune, °C; Ti( )

3nece
MoJieNIbHas TeMIepaTypa B i-if ckBakune, °C; ty — BpeMsl 3aMOpPaXKUBaHUs, CYT.

Taxkum oOpaszom, pemieHue oOpartHou 3amaun Ctedana CBOAUTCS K MUHUMH3AIAU
¢ysnkumonana (9) ¢ ycnoBusimu (1) — (6) u cocToUT B OINpeNeNeHUU MOJs TeMIeparyp
T(t,x,y), a TaKxKe 3HAYCHUI TETUTOYU3NUCSCKUX TAPAMETPOB TOPHBIX MTOPOI.

HccnenoBanme QpyHKIMOHANA paccoOrIacoOBaHUM TeMIepaTyp MO3BOJIMIIO ONPEACTUTh
3aBHCHMOCTH BIUSHHS KaTHOPyeMBIX IapaMeTpoB Ha pemieHune odpatHoil 3amaum Credana.

@OyYHKIMOHAIBl PACCOTIACOBAHUSI TEMIIEPATypbl B KOHTPOJBHO-TEPMUYECKUX CKBaXMHAX B

3aBUCHUMOCTH OT TCHJ'IO(bI/I?»I/ILICCKI/IX CBOICTB MOpOAbI IMPEACTABJICHBI HA PUCYHKE 2.

PeleHne 1

PI/ICYHOK 2— q)}/'HKI_II/IOHaJI paccor. TTACOBAHUN TCMIICPATYPhbI NOPOJA B CKBAXKHUHAX!
a) — KakK (DyHKIUA TeTUIONPOBOIHOCTEH OXJTaXKACHHONW M MEP3JIOi OpoIbl, 0) — Kak (QyHKIHS
TEIUIONPOBOIHOCTH OXJIAXKICHHOM OPOBI U BIAarocoIepKaHust
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Ha ocHOBaHWM BBINOJHEHHBIX HCCIENIOBAaHUNA pPa3pabOTaH aIrOPUTM KaaHOPOBKH
TETUTO(PU3NUECKUX CBOMCTB OOBOIHEHHBIX TOPHBIX TOPOJ, 3aKITIOYAIONINICS B MUHUMHU3AIUH
(dyHKLIMOHaa paccoriacoBaHuil (9) Mex1y MOJEIbHBIMU U U3MEPEHHBIMU TEMIIEpaTypaMu B
MECTax pacloyIOKEeHUs] KOHTPOJIbHO-TEPMUYECKUX CKBa)KUH.

MunuMuzanust GyHKIHOHAIa B (Da30BOM IMPOCTPAHCTBE TEIUIO(PHU3MUECKUX CBOMCTB
MOPOJIHOTO  MaccHBa OCYLIECTBJISIETCS C  HCIOJb30BaHWEM MOJIUM(UKALMM  MeToJa
rpagueHTHoro cmycka. Ha kaxmgoil wurepanuu anroputma N+ pa3 pemaercs npsmas
3agada Ctedana I ONpeieIeHus] YaCTHBIX MPOM3BOJHBIX (yHKIMOHANA / 10 N pa3inyHbIM
napameTpamM MUHUMH3ALHH.

Iycts p = (p1, ..., Pn) — BEKTOp KaTHOpPyeMBIX IMapameTpoB 3amaun; I — TeKymiee
3Ha4YeHHue (PyHKIMOHATA PAcCOrIacOBaHUs, MpeACTaBIoNnee co00i Takke ommuOKy pacuera
00paTHOW 3a7auM; &4, — MAKCUMAIIBHO JIOMTyCTUMAs OMIMOKA peHIeHus] 0OpaTHOW 3amaqH.
Toraa npennoXeHHBIN aJTOPUTM BKIIIOYAET B c€0s CIEAYIONINE IIarH:

1. Onpenencuue HayanbHbIX TpuOmmKeHnii p(©.

2. Pacuer npsmoit 3amaun Credana, onpenenenue tekymei ommoOku I mo dopmyre (9),
CpaBHEHHE C MAKCUMAJbHO JOMYCTHUMOW OIIUOKOU &gy Ecmu [ < &4y, TO
Tpedyemasi TOUHOCTh JJOCTUTHYTA U CIEAYET 3aBEPIIUTh PacyeT, MHaue — Mepexoi K
mary 3.

3. Bpibop ManbiX OTKIOHeHmi Kamubpyemprx mapamerpoB Ap®) ma k-it wurepamun
anropurtMa. Pacuer npamoii 3anaun Credana 11 Kaxknoi koMrmoHeHTs Bextopa Ap ).

Brruncrienue yaCcTHBIX MPOU3BOIHBIX (DyHKIHOHANA [

A1 I1(p +4p;) — 1(pi)

Ap; 4p;
l l (10)
K Al* Al*
Vi®={—,...,—
4dpy Apn
4. Pacuer HOBBIX 3HaYCHMI KalMOpyeMbIX napaMeTpoB Ha (k+1)-if urepanuu 3agauu 1o
bopmyie:
vik
Ap* = uAp*=1 + (1 — )1 ,
p* = ulp 1-w VIF] an

pk*t1 = pk + gApk,
rae U € [0,1) — mapamerp, xapakrepm3yomuid (akTop npenasicropuu, o > 0 —

napameTp, ONpeAeISIONINNA CKOPOCTh TPATMEHTHOTO CITYCKa.
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5. IlpoBepka Ha HEBBIXOJ MapaMETPOB KATHOPOBKU U3 OOIACTH JOMYCTUMBIX 3HAUYCHUH,
KOTOpPBIE YCTAHABJIMBAIOTCA HA OCHOBAaHMM AaHAIM3a pe3yJbTaTOB WH)KEHEPHO-
re0J0rMYECKUX U3bICKaHUM.

plk € [pi min» Pi max]- (12)

6. Ecnu npeBbiciiin MaKCHMaabHOE KOJIMYECTBO UTEPALMNA, TO HEOOXOIUMO 3aBEPIIUThH
pacuer, hHaue — BO3BpaT K mary 2.

IIpoBeneHHbIe HCCIEOBAHUS, HANpaBICHHblE Ha pa3palOTKy MeToJa pEeLIeHUs
oOpatHoii 3anaun Credana, MO3BOJAIOT 00ECTIEYNTh MAKCUMAIbHOE COOTBETCTBHE MOACTIBHBIX
1 (DaKTUIECKUX 3HAYCHUH TEMIIEpaTypbl TOPHBIX IMTOPOJI B MECTAX PACIIONOKEHHS KOHTPOJIBHO-
TEPMUYECKMX  CKB@XMH 3a  CYET  KalMOpOBKM  TEIIOYU3MYECKHX  IapaMeTpOB

TepMOﬂHHaMHqCCKOﬁ MOZCIIN 3aMOPAKUBACMOTI'0 ITOPOJIHOI'O MaCCHUBA.

II Hay4yHOe 1moJI0:KeHue

Cucmema KoHmpoasa hopmuposanus u coOCMOAHUA 1€00NOPOOHBIX 02PAXHCOCHUI,
OCHOGAHHAA HA UHMEZPAUUU MAMEMAMUYECKOU MOOeNU MePMOOUHAMUYUECKUX NPOUECCO8,
RPOUCXO00AUUX 6 NOPOOHOM MACCUBE C YUEMOM GIAUAHUA MEXHOI02UYECKUX PaKkmopos, u
IKCHEPUMEHMAIbHBIX U3MEPEHUIl NoJlIell meMnepamypsl 20pHbIX NOPOO U NAPAMEmpos
3aMOpO3KU, NO36ONAIOUWAA ONPEOEIAMb COCMOARUE T1e00NOPOOHO20 02PAX}COeHUs HA 8CeX
IManax CMpPoumeabCmea WaxmHuslx CmeoJios.

Ha ocHoBe wuHTerpammu MmeTtona perneHus oOpaTHoi 3amaunm CtedaHa W JTaHHBIX
TEXHOJIOTHH ONTOBOJIOKOHHON TEPMOMETPHH, KOTOpask MO3BOJISIET OMPEIEATh BPEMEHHYIO U
MPOCTPAHCTBEHHYIO JAMHAMUKY HW3MEHEHHS TEMIIEpaTypbl TOPHBIX MOPOA MO Bcell TiayOuHe
KOHTPOJIbHO-TEPMUYECKUX  CKBaXKMH, pa3paboTaHa  aBTOMATH3MpPOBaHHAs  cHUCTEMa
TEPMOMETPHUYECKOTO KOHTPOJIsI (DOPMUPOBAHHSI U COCTOSHUS JICTOMOPOIHBIX OTPaXJACHUN
[IaXTHBIX CTBOJIOB.

Cucrema KOHTPOJISE COCTOUT U3 CIEAYIOLUX CTPYKTYPHBIX 3JI€MEHTOB:

— ONTOBOJIOKOHHBIA M3MEPUTEIBHBIA KaOelb, MPOJI0KEHHBIN B KOHTPOJIBHO-TEPMUYECKUX
CKBa)XMHAX U TEPMOMETPUUECKHUX LIMYPaAX;

— BOJIOKOHHO-OTNITUYECKUM  PETUCTPATOpP, CKAHUPYIOUIUH  ONTHYECKUE JIMHUU W
npeoOpa3yromuii u3TydeHrne o0paTHOrO paccesHus MO JJIMHE CBETOBOA B TEMIIEPATYPY;

— 0a3a JMaHHBIX IS XpaHEHUs JUHAMUKH TeMIepaTyphl TOPHBIX MOPOJA U TMapamMeTpoB
paboThI 3aMOPAKUBAOIIIEH CTAHIIMH IIAXTHBIX CTBOJIOB;

— aBTOMAaTU3UpPOBaHHOE pabouee MECTO CIEUMATUCTa C MOJENBI0 TEPMOIUHAMHUYECKUX

IIPpONLECCOB, MMPOUCXOAANINX B 3aMOPAXKMUBACMOM ITOPOAHOM MACCHUBE.
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Cxema B3auMOJEHCTBUS BCEX CTPYKTYpPHBIX 3JEMEHTOB aBTOMATHU3MPOBAaHHOU

CUCTEMBI KOHTPOJIS JIEAONOPOIHBIX OTpaskICHUI MpeacTaBlieHa Ha pPUCYHKE 3.

Cepsep

ABTOMaTI/I?)I/IpOBaHHOC pa6011ee MECTO CliCHHuaJiucTa Monenb

i

|

BonokxonHo-ontudeckuii perucrpatop

i

baza manHbIX
OITOBOJIOKOHHBIN 3amopakuBarommas
H3MEPUTEIThHBIN CTaHIIUS IIIAXTHBIX
Kabelb CTBOJIOB

X1agoHOCHUTENh

Pucynok 3 — Cxema B3aUMOJICHCTBUS CTPYKTYPHBIX 3JIEMEHTOB CHUCTEMBI KOHTPOJIS

JIEIONOPOJIHBIX OTPAXKICHHIMA

Oco0eHHOCTh CHUCTCMBI TEPMOMCTPHUICCKOI'O MOHHUTOPHHTA JICOOIMOPOaAHOTrO

OrpaXJICHUA 3aKIIF0YaCTCAd B TOM, UTO €€ CTPYKTYPHBIC 3JICMCHTEI ITIO3BOJISIOT!

XpaHUTh BCE JAHHBIEC T€OJIOTMYECKUX M TEIIO(PHU3UYECKHX CBOMCTB TOPHBIX MOPOJ,
MIOJIyYEHHBIX B PE3YyJbTaTe NPOBEIACHMSI MH)KEHEPHO-I'€OJIOIMUYECKUX W3bICKAaHUN Ha
y4acTKE CTPOUTENHCTBA HIAXTHBIX CTBOJIOB;

OCYHIECTBIIATH COOp M XpaHEHHE MapaMeTpoB padOThl 3aMOPAKMBAIOIIEH CTAHLIUU
IIaXTHBIX CTBOJIOB;

HMHTEPIIPETUPOBATh PE3YJIbTATHl TEPMOMETPUU KOHTPOJIBHBIX CKBa)XMH B IIpoliecce
aKTUBHOTO TIEpUOJAa 3aMOPaKMBAHHUSA TOPHBIX TOPOJ, a TaKkKe pe3yJbTaThl
TEPMOMETPHUHU LIMYPOB B MPOIIECCE UX OTTAUBAHMUS,

MPOTHO3UPOBATh TEMIEpAaTypHOE TOJE BO BCEM 3aMOpakMBaeMOM OOBEME ydacTkKa
MIOPOJHOTO MacCuBa B pAa3JIMYHbIE MOMEHTBl BPEMEHU C YYETOM YTOYHEHHBIX
pacyeTHbIX MapaMeTpPOB MaTEeMaTHMYECKOM MOJENW M  BIUSHUS  Pa3IUYHBIX
TEXHOJIOTMYECKHUX (PaKTOPOB Ha COCTOSIHUE JIEIOTIOPOTHOTO OIPaXkKICHUS.

AnroputM paboOThl aBTOMATU3MPOBAHHOW CHUCTEMBl TEPMOMETPUYECKOTO0 KOHTPOJIS

COCTOAHUA JICAOMMOPOAHBIX Ol"pa)K,I[eHI/Iﬁ MNpEeaACTaBJICH HA PUCYHKEC 4,
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BBOI[ HadaJIbHBIX UCXOJHBIX JaHHBIX
(eeonozcus u eudpozeonoeust, meniogusuueckue u QU3UKO-MexXaHuyecKue ceoUCmed nopoo)

|
v

Omnpenenenue napamMeTpoB pacueTa

Pemrenne mpsimoii 3amaun Credana Pemenne obpatHoti 3amaun Credana

3arpy3ka JaHHBIX TEPMOMETPHH Br10op mapaMeTpoB KaauOPOBKY MOJAEITH

Pacuer neBsizku (I = min)

HET

Ja

OdopmiteHne pe3ybTaToB
(omuem 0 cocmosiHuu 1e00NOPOOHO20 02PANCOCHUSL)

Pucynok 4 — Anroputm paGoThl aBTOMAaTH3UPOBAHHON CHCTEMBI TEPMOMETPUIECKOTO
KOHTPOJIA JIEJOIIOPOIHBIX OIPAKACHUN

Anroput™ paboTBl CUCTEMBI KOHTPOJIS TTO3BOJISIET OMPECIIATh HEBA3KY MOJEIBHBIX U
(GaKTHUECKUX 3HAYCHUH TEMIIEPATyphl 3aMOPaXMBAEMbIX TOPHBIX TIOPOA B  IEJSIX
nocienyoneil ee MUHUMU3AIUH TOCPEACTBOM METOIa pereHust oOpatHoii 3agaun Credana.

Jlisi  BBITIOJIHEHHSI HEMPEPBIBHOTO W ONEPATHBHOTO KOHTPOJS  JIEAOTIOPOIAHBIX
OTPaXJACHHUI B paMKax paOdOTHI pa3padoTaHO MHGOPMAITMOHHO-aHATUTHIECKOE MTPOTPaMMHOE
obecnieuenue «FrozenWally.

IIporpamma «FrozenWall» umeer crenuanu3upoBaHHble rpaduyeckre U pacyeTHbIC
WHCTPYMEHTBI Ui pEIIeHWs TPOM3BOJACTBEHHBIX W HAy4yHBIX 337ad B  paMKax
NPOTHO3UPOBAHUS TEPMOIAMHAMUYECKHAX MPOIECCOB, MPOHMCXOIAIMNX B OOBOAHEHHOM
MIOPOJTHOM MAaCCHBE B YCIIOBHUSIX €r0 HCKYCCTBEHHOTO 3aMOPaKMBaHUSI.

JluHamMuKa TeMIepaTypbl B KOHTPOJBHO-TEPMUYECKOW CKBAXKMHE W BH3yalU3allvs
pacrpenieneHns TeMIIepaTypsl B 3aMOPaKUBAEMOM IIOPOJHOM MAacCHBE, ITOJyYE€HHBIE TPH

MOMOIIH MPOTPAMMBI, IPECTABIICHBI HA PUCYHKE 5.
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Temnepatypa, *C 0 L I I
-16-1514-13-12-11-109 8-7 -6-5-4-3-2-10 1 2 3 4 5 6 7 8 9 101112
3amopamusaiowan ranepen
10
MecyaHnk, apruanar
Aprunnut 2 ‘ 204
MECUaHHK, aNesponuT a5 a0
ANEBPOAMT, WSBECTHAK, 3PrHANKT >
R ) w0l | w0
s Temnepartypa, °C
WSBECTHAK, BPFUAAMT, NECYBHMK mEEmgEER b
AprATAT, recuaHHK 50 32001 F50 8
- - VJ. e
WSBECTHAK, NECYEHWK, BRTUAWT, ::E’ jg:; 4
aNEEPOAMT - .60 e | [-60 2
- 100 I F:: 0
© 100 -2
Hssecruny, mecusmuk f
i g 70 70 *
W3BECTHAK, NEeCyaHuK, = 120 8
BpranauT -10
-80 80
APTUAANT, MECHEHYK, M3BECTHAR | 1%
TlecuarmK, HSBECTHAK, Meprens, 90 L 90 }g
FMNCOBO-MEPrensHan nopoaa :20
7 -22
180 -100+ 100 24
-26
Meprent, runcoso-meprensHas -28
nopoga 180 -110+ 110 -30
-32
34
-1204 H-H 120 -36
200 + -38
: -40
Meprens. 1304 L130
20 3
-140 140
240
—17.12.2018 03.12.2018 17.11.2018 ——01.11.2018 ——16.10.2018 ——30.09.2018 —— 14.09.2018 -150+ 150
29082018 ——13.08 2018 28072018 1207.2018 26.06.2018 10.06.2018 ——21.05.2018 -160 ~-160
15 -10 -5 0 5 10 15

Pucynox 5 — /luHamuka Temrepatypbl TOPHBIX MOPOJ B KOHTPOJIBHO-TEPMUUYECKOM
CKB)KMHE M paclpe/ieiCHHe TEMIIEPATyPHhI 10 TTTyOHHE 3aMOpaKUBAHUS

Januble o (akTHuecKoi TeMIlepaType TOPHBIX MOPOJ B KOHTPOJIBbHO-TEPMUYECKUX
CKBOXMHAX, HAa  OCHOBaHMM  KOTOPBIX  MPOU3BOJUTCS  KaTMOpPOBKAa  pPacUeTHBIX
TEIIOPU3NUECKUX  MapaMeTpoB  MaTeMaTHMYeCKOW MOJEIH, B MEPUOJ  aKTUBHOTO
3aMOpaXMBAaHUS ~ ydacTKa TIIOPOJHOTO  MacCMBa  BEpUDUIUPYIOTCS TPH  TTOMOUIH
BBICOKOTOYHOTO JIOKAJIBbHOTO TEPMOJIaTUMKA. B MacCUBHBIN MEpUO 3aMOPO3KH ITPU IPOXOJIKE
[IAXTHBIX CTBOJIOB  BepU(HUKAIUS pPE3yIbTATOB MAaTEMaTHYECKOTO0  MOJAEIUPOBAHUSA,

NOJIYUCHHBIX IIpU IMMOMOIIN TepMOI[I/IHaMI/I‘-ICCKOﬁ MOJCJ/IN, BBIIIOJIHACTCA MTOCPCACTBOM

HaTYpHBIX 3aMEPOB B HIaXTHBIX YCIOBUIX (PUCYHOK 0).

PucyHok 6 — ®0T0- ¥ TEIJIOBU3NOHHBIN CHUMKH 320051 cTposiiierocsi CKUITOBOTO
ctBosia Ne 1 Hexxurckoro I'OK
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Pe3ynbraThl TPOTHO3UPOBAHMS TEIUIOPACHPEICICHUS] C YYETOM KaluOpOBKH B
nporecce 3aMOPaKMBAHUS TOPOJHOTO MAacCHBa TEIUIOPU3UYECKUX IMAapaMeTPOB MOJIEIH,
YUUTBHIBAIOUIEH BIMSHHE TEXHOJOTHYECKUX (PaKTOPOB, MO3BOJIAIOT OINPEAEIATH MapameTpsl
JIEIONIOPOJTHOTO OTPAXACHUS B IEPHOBI €ro (OPMUPOBAHUS, TIOJTCPKAHUSI U OTTAUBAHMUS.

Takum 00pa3zom, B X0OJ€ OCYIIECTBICHHS TEPMOMETPUIECKOTO KOHTPOJIS MIPH TTOMOIIN
pa3paboTaHHON CHUCTEMBI €KECYTOYHO (POPMHUPYIOTCS OTYETHI O COCTOSHHH JICAOTIOPOIHOTO
OTpaKJIEHUS, KOTOPbIE HAIIPABIISAIOTCS CIIEUATNCTaM CTPOSAILIUXCS TOPHBIX MPEANPUATHH 1715
OPUHATHA 1EeTIECOO0pPa3HbIX TEXHHUYECKHUX PpEeLICHHUH, obecrneynBaonmx 0e30MacHOCTh
BE/ICHUS TOPHBIX paboT, a Takke 3(pPEeKTUBHOCTD CTPOUTENIHCTBA IIAXTHBIX CTBOJIOB B LIEJIOM.

ABTOMAaTH3UpOBaHHAs CHCTEMa TEPMOMETPUUYECKOTO KOHTPOJS  JI€AOTMOPOIHBIX
OTpaXKJICHUI BHEApPEHA U ajanthupoBaHa Ha pyaHukax I[lerpukosckoro ['OK, Tamuikoro 'OK

u Hexnuckoro I'OK.

II1 Hay4HOe mos10KeHne

Onpeodenenue mexHOI0ZUUECKUX RNAPAMEMPOE CROCOOA MEPMOMEMPUYECKO20
KOHmMpONa HA OCHO8E IKCHEPUMEHMAIbHBLIX UCCAE008AHUII U peuleHus 3a0aqu
ONMUMUZAUUU  PAMEULCHUA  KOHMPOIbHO-MEPMUYECKUX  CKEANCUH C  yUemoMm
000CHOGAHHO020 NPOCMPAHCMEEHHO20 PA3PEUIEHUA UIMEPEHUIL MeMNepamypovl 20PHbIX
nopoo noseonsem obecneuumsv MOYHOCHIL HPOZHOZUPOSAHUA MENIOPACHPEOeeHUA 6
YC06UAX UCKYCCHBEHHO20 3AMOPANCUBAHUA NOPOOHO20 MACCUEA.

[IpoBeneno uccrnenoBaHre U O0OOCHOBAaHHME TEXHOJIOTUYECKUX MapaMeTpoB crocoba
TEPMOMETPHUYECKOTO KOHTPOJISI MPOLECCOB MCKYCCTBEHHOTO 3aMOPAXKMBAHUS M OTTAaUBAHHS
00BOJTHEHHOTO MTOPOTHOTO MaccuBa. K TEXHOJIOTHUECKUM MapaMeTpaM OTHOCSTCS KOJITMYECTBO
U PacrlojoXEHHE KOHTPOJIbHO-TEPMUUYECKUX CKBaXUH HA MPOMBIIIJICHHONW TIJIOMIAAKE
CTPOSIIIMXCSL IIAXTHBIX CTBOJIOB, a TaKXe MPOCTPAHCTBEHHOE pa3pelIeHue H3MepeHUui
TEMIIepaTypbl TOPHBIX MOPO/I 110 TITyOHHE 3aMOPaKUBaHUSL.

Ha ocHoBaHumm cratucTHyeckoil 0OpaOOTKH OSKCIIEPUMEHTANBHBIX H3MEpPEHHUN
TEMIIEPATYPHI TOPHBIX MOPOJ B KOHTPOIbHO-TEPMUUYECKUX CKBAXKUHAX CTPOSLIMXCS IIAXTHBIX
CTBOJIOB YCTAHOBJICHBI 3aKOHOMEPHOCTH BIMSHHUS MIPOLIECCa HCKYCCTBEHHOTO 3aMOPaKMBAHUS
Ha JIOKaJIbHBIE YYaCTKH MOPOJHOTO MacCUBa.

JlnHaMuKa SKCIEPUMEHTAIBHBIX H3MEPEHUH TeMIlepaTyphl TIMHBI B KOHTPOJIBHO-
tepmuyeckux ckBaxxuHax (KT1, KT2, KT3, KT4), npoOypeHHbIX Ha 3aMOpa)KMBAEMOM YIacTKe
MOpOJHOTO MaccuBa MmaxTHoro ctBona Nel pyanuka Hexunckoro 'OK, a Takxke

q)aKTI/I‘ICCKOG MMOJIOKCHUC I'paHULl JICAOIMOPOAHOI'O OTPAXKIACHUA OTHOCUTCIBHO PACIIOJIOKCHUSA
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TEPMOMETPUUECKUX U 3aMOPAXMBAIOUIMX CKBaXXMH Ha MOMEHT (90 cyTok mnocine Havana

3aMOpa’kKMBAaHUA) JOCTHKEHUS UM IPOEKTHBIX TapaMeTPOB MPEACTABICHBI HA PUCYHKE 7.

AKTHUBHBIN NIEPUOJ 90 t, cymku [TaccuBHBIi1 IEpUOL

- ” 19m L, km
T 1) 1 ol e 1OM y 09m =
---spress e e e - -0
.‘ KT& 3C KT1 7 03m KT2 KT3
/ledonopodHoe DBDG*ﬂE-HUE o "_8°C

PucyHok 7 — JIluHamMuKa TeMIlepaTyphl CJIOS INIMHBI B KOHTPOJIBHO-TEPMUYECKUX CKBAKUHAX
1 (paKTHUECKOE MOJIOKEHHUE TPAHMUIL JIEJOIOPOTHOIO OTPaXI€HUsI HA MOMEHT JOCTH)KEHUS UM
IIPOCKTHBIX ITApaMETPOB

B pabore B 11ens1x MOBBINIEHUSI TOYHOCTH pelieHust 00paTHoi 3anaun Ctedana perieHa
3aja4a OMNpEACICHHUS ONTHMAJIbHOTO MOJIOKEHHUS KOHTPOJIBHO-TEPMHUUYCCKON CKBAXKUHBI IO
KPUTEPHUIO 4YYyBCTBUTEIBHOCTH TEMIIEpaTypbl K BXOAHBIM Iapamerpam 3agadd. Mpes
MCCIICIOBAHMS 3aKJII0YANIaCh B ONIPEICIICHUH CPETHEH BapHalliH TEMIIEPATyPbl OTHOCUTEIHEHO
yIpaBIIeMOro TapamMeTrpa M TIOWCKa B pPacyeTHOW 00JacTh HauOONBIIETO0 OTKIOHEHHS
TEMIIEpaTypbl OT €ro CPEIHEro 3HaueHHs. MaKCHMalbHOEC OTKIOHGHHE TeMIIepaTyphl B
OHpGI[eJIeHHOI\/‘I TOYKE ABJIACTCA NOTCHIHWAJIBbHBIM MECTOM 3aJI0OKCHHS CKBAaXHUHBI.

TTouck onrTHMAaILHOTO MOJIOKEHUA TepMOMCTpH‘IGCKOﬁ CKBa’XMHBI OCYIICCTBIIAJICA IPpU

noMoInu nHGopManmoHHON MaTpuilkl Puriepa:

e
F¢,t)=———| S(0,8€)7S(0,&)dt. 13
$) by N -t ), (0,$)'5(6,$) (13)

3nech £ — MHOYECTBO TOUYEK, B KOTOPBIX PACIOJIOKEHBI CKBAKUHBI:
§={(x1,¥1), e, Xy, ¥y} (14)

S(0) — marpuna 4yBCTBUTEIBHOCTH, KOTOpas AJsl OOIIEro ciydasi uIeHTUPUKALUN M

napameTpoB 0 = {0, ..., 6,,} ipu pemeHrr 00OpaTHOM 3a7a4u, UMEET BUJI:
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T T
nliyy  OOmliy)

S(0) = s s , (15)
aoT aT
001y OOmlgey)

aT
TJIe -~ — BapHallis TeMIIEpaTyphl T otHOCUTENBHO TapaMeTpa 6.
1

B kauecTBe CKaJsSIpHOTO KpUTEpHsl ONTHUMAIBHOCTH HKCIEPUMEHTAJIbHOIO IUIaHA
paccMarpuBaercsa D — kputepuit:
D(¢,t,) = —Indet F(¢, t,). (16)
OntuManbHBIHA aH §* HKCIEPUMEHTa HAXOAUTCS U3 PEIICHUs 3aayil MUHIMU3ALNT
¢ysakmun P:
& = arginf®(¢,t,). (17)
Jst moricka MUHUMYMa (pyHKIIMH © MCTIOIB30BAJICS METO/ CONPSKEHHBIX IPAHEHTOB.
Bapuanmss temnepatypsl T ompenensuiack  OTHOCHTEIBHO  OJHOTO — Kod(duumeHTa
TETUTOTIPOBOIHOCTH B 30HE JIbJA A4y, TOATOMY WH(POpPMAMOHHAsI MaTpuIla Puiiepa cBeieHa K
CKaJISIPHOM BEJIMYUHE.
Ha pucynke 8 npeacrasiensl pacnpeaenenus Gpynkiuu @ B pacueTHoi obnactu Q) s
HCCIIElyEMOrO CII0sI MEJIa IIPU Pa3INYHBIX BPEMEHAX ¢, OKOHYaHUS U3MEPEHUM TeMIIepaTyphbl

B KOHTpOHLHO-TepMHqCCKOfI CKBa’KMHC C MOMCHTA 3aMOpaKUBAHUA tO =72u.

10 F——————— e ————n 10‘,. . .
[ t=1204 4 1. =26474
9 9
-13 -7.0
23 -8.0
ol = -33 ol -8.8
' -4.3 -9.0
-53 -92
-63 94
| B 7
(@) . | ©) |
6 . 6
-0.5 0.0 0.5 -0.5 0.0 0.5

Pucynok 8 — Pacnpenenenue D — kputepus @ npu pa3andsbx t, 1 105 Mena

Ha pucynke 8a npeacraBneHo pacnpenencaue GyHKun O s MOMeHTa BpeMeHH &, =
tminpn = 1204 4, B KOTOpBIA MPOMCXOMUT CMBIKaHWE TpaHuil (aszoBoro mnepexona. s

JTAHHOT'O MOMEHTa MUHUMYMBbI (QYHKIIMH @D pacrioyiokeHbl Ha KPUBBIX, HAXOAAIIUXCS B ABYX
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o0acTsax BOJMM3M 3aMOpaKUBAIOMIKMX CKBaKUH. Ha pucyHke 80 pacnpenenenue npeacTaBieHo
AJIs  MOMEHTa BPEMEHU ty = bypinpr = 26474, TO€ lpinpr — BPEMA JIOCTHXKEHUS
JIEONIOPOIHBIM OTPa)kJIEHUEM IPOEKTHOW TONIMHBL Ha pucyHke BHUAHO, YTO AJI1 3TOTO
BpEMEHU MUHUMYM QYHKIMH @ pacnosioKeH B 3aMKOBOH IJIOCKOCTH Ha MPSIMOM, MPOXO0AsIei
HOCePEMHE MEXY 3aMOPaKUBAIOLIMH CKBaXKMHAMHU.

Jnist perieHust Bompoca o TpedyeMoM KOJUYECTBE KOHTPOJIbHO-TEPMUUECKUX CKBAXKHH,
KOTOPOE TO3BOJIUT OOECHEUYUTh MOJydeHHEe HH(OPMAIMH O COCTOSHUHU JIEJOMOPOTHOTO
OTpakJI€HUs B MOJHOM 00BbeMe (II0 BCEMY 3aMOpakMBa€MOMY KOHTYpY), B paboTe MmpoBeeH
aHaJlu3 BIMSAHMA BBIXOJA M3 CTPOS 3aMOPaXHMBAIOIIMX KOJOHOK Ha pacHpeiescHue
TEMIIepaTypbl B 3aMOPaXKMBAEMOM CJI0€ TOPHON TOPOIBI.

AHanu3 BIMSHUS BBIXOJA U3 CTPOS 3aMOPAKHBAIOIIUX KOJIOHOK MOKa3all, YTO BBISIBUTH
aBapUIHYI0 CUTYallMI0 C yYETOM MOTPEIIHOCTH WU3MEpPEHUs TeMIepaTypbl TOPHBIX MOPOJ]
+1,0 °C BO3MOXKHO HE paHee ueM yepe3 15 CyToK mociie MOJIOMKHA KOJIOHOK, MPU 3TOM
KOJINYECTBO KOHTPOJIBHO-TEPMHUYECKUX CKBAXHUH JTOJHKHO OBbITh HEe MeHee 30 % oT oOmiero
KOJINYECTBA 3aMOPAKUBAIOIINX CKBAKUH.

Jlnis  ompeneneHuss HEOOXOJUMOIO MPOCTPAHCTBEHHOI'O pa3pellieHus H3MEpeHUs
TEMIIepaTyphbl MO TIIyOMHE KOHTPOJIBHO-TEPMHUUECKOM CKBaXXMHBI pa3padOTaH CieTyIOLIHii
anroput™. IlepBoHayaibHO MPOU3ZBOAUTCS OOBEAMHEHHE TOPHBIX TMOPOJ, CllararoIinx
HOPOJHBI MAaccHuB, B YKPYIHEHHBIE JIMTOJIOTMYECKHE PA3HOCTH IO UX TEIUIOQU3NYECKUM
XapakTepucThkaM (Asq, Aig, Csq, C1q, W). 3aT€M IUIS MOJTyYEHMs JIETANIBHONH MH(pOpManuu 00
U3MEHEHUU TEMIIEpaTypbl IO TIyOMHE KaXJOHW BBIJIEJIEHHOW JIMTOJOIMYECKOW pPa3HOCTH
IpeayCcMaTpUBalOTCsl MUHMMYM TpPU TOYKHM 3aMepoB. OTMEUYEHO, 4TO MPOCTPAHCTBEHHOE
pa3pelieHne U3MEepeHH pacpeeICHON TeMIIepaTypbl TOPHBIX MOPOJ J0JKHO OBITh HE OoJiee
1 metpa.

Ha ocHoBaHuM pe3ynbTaToB NPOBEIEHHBIX TEOPETUYECKHX M IKCHEPUMEHTAIbHBIX
UCCIICIOBAaHUM C YyYeTOM aHajlu3a TpeOyeMOoro KOJMYECTBa KOHTPOJIbHO-TEPMHUECKUX
CKBaXXMH, a TaKkkKe 00OCHOBAHUS MPOCTPAHCTBEHHOTO Pa3peIICHUs] U3MEPEHUN TeMIIEpaTyphl
TOPHBIX MOPOJI pa3zpadoTaHa METOANKA ONPEACTICHUS TEXHOJIOTHIECKHIX MapaMeTPOB CIiocoda
TEPMOMETPUUYECKOTO KOHTPOJISI COCTOSTHUSI JIEIOTIOPOIHBIX OIPakICHHM.

Pe3ynbraThl HccieJ0BaHUI ONTUMAIBHBIX TEXHOJIOTHYECKUX TapaMEeTPOB BKIIIOYEHBI B
WHeTpykuuio 1o  pacdeTy NapaMeTpoB, KOHTPOJIK U YIPABICHUID HCKYCCTBEHHBIM
3aMOpaKMBAHUEM TOPHBIX MOPOJ NPU CTPOUTENIHCTBE LIAXTHBIX CTBOJIOB Ha KaJIMMHBIX

pyanukax OAO «benapycbkaiiniiy.
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3AK/IFOYEHUE

B auccepranmonHoit paboTe COAEPKUTCS pEIIeHWE HAayYHO-TIPAKTHUECKOW 3ajaqd

pa3pa60TKH aBTOMaTHSHpOBaHHOﬁ CHCTCMbI TEPMOMECTPHUICCKOI'O KOHTPOJIA u

IMPOTHO3HUPOBAHUA COCTOAHUA JICAOIIOPOJHBIX OFpa)KlleHI/Iﬁ B OCIX MOpCAOoTBpaliCHUSA

BO3HUKHOBEHHUSl aBAPUNHBIX CUTYallUld TMPU CTPOUTENIHCTBE IIAXTHBIX CTBOJOB CIOCOOOM

HNCKYCCTBCHHOI'O 3aMOpPaXUBAHH 'OPHBIX ITOPOJ U IMOJTYYCHBI CJICAYIOINE OCHOBHBIC HAYYHBIC

pe3yJIbTATHI.

1.

Pa3zpaboran meton perienust obpatHol 3amaun CtepaHa HA OCHOBE HCIIOJIB30BAHHUS
JAHHBIX O TEMIIepaType TOPHBIX MOPOJ B OIPAaHMYEHHOM KOJUYECTBE KOHTPOJIBHO-
TEPMHUYECKUX CKBAXMHAX CTPOSIIMXCS IAaXTHBIX CTBOJIOB.

Boimonnena BepuduKanus OSKCIEPUMEHTANBHBIX HM3MEPEHUH  pachpeesIeHHOM
TEMIIEpaTypbl TOPHBIX MOPOJA M PE3YJIbTATOB MOJECIUPOBAHUS TEPMOJUHAMHYECKUX
MIPOIIECCOB, MPOUCXOSIINX B YCIOBUAX UCKYCCTBEHHOTO 3aMOPAKUBAHMSI, HA IPUMEPE
crposinierocsi CkunoBoro ctoja Ne 1 MOOO «CnaBkanuiiy.

Pa3paborana aBTOMaTHU3WpPOBAaHHAsg CHCTEMa TEPMOMETPUYECKOTO  KOHTPOJIS
COCTOSIHMSI JIETOTIOPOJHBIX OTPAXKICHUN, MO3BOJISIONIAs HEMPEPHIBHO U OMEPATUBHO
OTIPEIETISATh TEMIIEPATYpPy BO BCEM 3aMOPAKMBAEMOM MTOPOTHOM MACCHBE.

[IpoBeneno uccrnenoBaHue U 0OOCHOBAHUE TEXHOJIOTMUECKHUX MapaMeTpoB crocoba
TEPMOMETPUUYECKOTO KOHTPOJIE (OPMHUPOBAHUS U COCTOSHUS  JIEIOTIOPOJHOTO
OTPaKICHUSI.

Omnpenenensl TpeOOBaHUS K TMapamMeTpaM TEXHUYECKHX CPEACTB W pazpaboTke
MaTeMaTHYeCKOM MOJEIH TEPMOJAMHAMUYECKUX TMPOIECCOB, MPOUCXOIAIINX B
3aMOpa’KMBa€MOM MaCCHBE TOPHBIX MOPOJI, @ TAKXKE K YHCIEHHBIM METOAaM UX pacyera
B IIENAX TMOJY4YeHHUsS] JOCTOBEPHBIX PE3YJIbTaTOB O COCTOSHUHU JI€JOMOPOIHOTO
OTpaKJICHHUSI.

Pazpaborano crnenuann3upoBaHHOE MPOrPAMMHOE OOECIEYCHHUE /Il BBITTOJHCHUS
KOHTPOJIS JIEIONOPOIHBIX OIPaXKACHUN CTPOSIIIIUXCSI IAXTHBIX CTBOJIOB, TO3BOJISIONICE
MPOTHO3UPOBATh €ro MapameTphl C YYETOM BIUSHHUSA PA3TUYHBIX TEXHOJOTHYECKUX

(akTopoB.
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CIIUCOK PABOT,
0ony0JMKOBAHHBIX ABTOPOM IO TeMe AUcCePTALNU

nyoJMKANMU B M3JAHUSIX, YTBep:KAeHHbIe Boiciieil aTTecTaMOHHOI KOMuUCcHel
npu Munucrepcrse odOpaszoBanusi u Hayku Poccuiickoii @enepaunu
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