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BBE/IEHHE

Ha cerogHAmHHH J€HE PKOHOMHYECKOE COCTOAHHE JHepreTHKH PoccHu
BBEIHYK1ACT IPHHHMATE MCPHI [0 YBEIHYCHHIO CPOKOB JKCIUIYATAIHH Pa3sIHYHOTO
IMEKTpoTeXHHUeckoro odopygoeanuda (20). PewleHHe 3agadud 1o OIEHKE
TEXHHYECKOr0 COCTOSAHHUA WIEKTPOTEXHHYECKOro odOpyI0BaHHA B 3HAYHTEIBLHOM
MEpe CBA3aHO ¢ BHelIpeHHeM »(QEeKTHBHBIX METON0B HWHCTPYMEHTAIBHOIO
KOHTpONS M TeXHMYecKoil auarHoctuku., Kpome Toro, oHo HeoOX0IHMO M
o0A3aTenbHO 114 De30nacHO H HaJAeKHOH paboThl »nekTpoodopynosanus | 1].

[Ipouecc skcnnyatauu 90 B KOHTEKCTE Mepexoja K SHepreTHYecKHM
CHCTEMaM HOBOI'0 MOKOJICHUA CONpAXeH ¢ (YHKUHOHHUPOBAHHWEM COBPEMEHHBIX
CPEJACTB H KOMILIEKCOB HEPa3pyLLAKOUIEro KOHTPOIs (MOHUTOPHHL, JHATHOCTHKA)
IMEKTPOYCTAHOBOK, OT/ECNBHOTO 00OpPY/OBaHHMA, €r0 YIIOB M darperatoB, 4TO
MO3BOMSAET peanu3oBaTk CTPATErHi0 €ro oOCHYyKHBAHHA 10 (PAKTHYECKOMY
COCTOAHHIO. BaskHbIM MOMEHTOM B padoTe TAKHX KOMIUICKCOB ABJIACTCA HE TOJIBKO
HOJIy4eHHe JTOCTOBEPHOI MH(pOPMALMH O 3HAYEHHAX MapaMeTpoR 0DOpPY10BaAHUA,
HO M €€ aHA/IM3, NO3BOISAIOWIMI H3BJIEKATh OUPE/Ie/IeHHbIE 3aKOHOMEPHOCTH B
H3MEHEHHH JaHHBIX, TPOTHO3HPOBATEL pasBuTHE JiedekToB 1 BEIOMpaThs Hanbonee
IKOHOMHYHBIH H 0€30MaCHEIH BAPHAHT JaJTbHEHIIEH IKCITYaTAIIHH HCCIEIYEMOTo
obbekTa. PDopManHzalMd METOAWKH BbIOOpa TakWX BapHaHTOB Ha OCHOBC
UMEIOUIUXCH JAaHHBIX O COCTOAHWMH 000pYyI10BaHUS ABIAETCS BeChbMa CIIOMHOH W
AKTYAIILHOH  3aJa4eil, OpHEHTHPOBAHHOH HA  ONEPATHBHOCTE  IIPHHATHA
CBOCBPEMEHHbLIX YIIPAB/ICHYECKHX pelneHui [2].

B cBasWw ¢ 3THM akTyansHOH TNpoDdIEMOH CTAHOBHTCHA HCNOJIL30BAHHE
NepeoBbIX HHCTPYMEHTOR H TEeXHOJIOTHH, KOTOpbIe TTO3BOIAIT ONTHMH3HPOBATE
nporecckl 00CHYKHBAHHA, YCTPAHEHHWS HEWCIIPABHOCTEH W TIpelylpekIeHHs
0TKa30B 00OpyJoBaHWA Ha SHepreTHdecKux npeanpusaTuax. B pannoipadore
paccMaTpHBaeTcs  BAXKHOCTL  IPUMEHEHHMS  COBPEMEHHBIX  HHCTPYMEHTOB

OpranmvsalHH TCKDﬁCH}'}HHEﬂlIHH, AHATHOCTHEH H PCMOHNTa Ha JHCPICTHHCCKHX
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NPEANPHATHAX W WX BIHAHHEC HA IOBBIICHHE MPPEKTHBHOCTH M HAINCKHOCTH
padoTeI 00OPYIOBAHHA.

[[eawro NaHHON HAYYHO-HCCIENOBATENBCKOH padoThl ABIAETCS H3y4EHHE
COBPEMEHHBIX METO10B OPraHHu3alHi TeXo0CIyKHBAHHA, JHATHOCTHKHY H PEMOHTA
o0opy10BaHUA IHEPreTHYECKHUX MPEANpUATHH, a Takke aHanu3 »dexkTHBHOCTH
padotel 20 3a CcYET  HCMONL30BAHHATEX  TEPEAOBBIX  HHCTPYMCHTOR
TeX00Cny:KHBaHHA U THATHOCTHKH, KOTOPBIE OYIYT pacCMOTpPEHBI J1ajee.

Peanuzaums gaHHOH wenu  oOycloBWwiIa HeoOXOAMMOCTh — PelleHHs
CHEAVIOLIHX 3aday:

- 0XapaKTepH30BaTk OCHOBHBIE TIE€PEIOBBIE HHCTPYMEHTHI (METO/EI),
HCITOB3YEMBIC B OpPraHU3alHe TeX00CIy:KHBAHHA, THATHOCTHKH M peMoHTa J0;

- U3YYHUTh [IPHHLLKI J1eicTBHA H paboThl BCeX ONUCAHHBIX METO/10B;

- BBIABHTB, KakuM o00pa3zoM  WU3yUeHHBIE METOAbl  MOBBIIAKOT
PPEeKTHBHOCTE W HAJAEKHOCTh padoThl 000pY/10BAHMA, a TaKKe, KaKHe Yy HHX

HCIOCTATKH.



I'JIABA 1. COBPEMEHHBIE METO/IbI IUATHOCTHKH
HEUCHNPABHOCTEN OBOPYJTOBAHUS DOHEPTETHYECKHX
NPEAINPUATUH

DKOHOMHYECKAA CHTYalMA, CIOXKWUBIIAACA B TOCIHEAHME TOAL B
IHEPreTHKE, 3aCTABIACT IPUHHMATE MEPBI, HANPABICHHBIC HA YBEIHYCHHE CPOKOB
IKCIUTYATALMH  pasnuyHoro odopyiaoanud. Pemenwe 3anaum 1o OlEHKe
TEXHHYECKOTO COCTOAHUSA EKTPOTEXHHYECKOro oDOpY/I0BaHHA B 3HAYHTEINLHOH
MEpe CBA3aHO C BHeJpeHHeM A(PDEKTHBHBIX METOJI0B HHCTPYMEHTAIILHOI'O
KOHTPOJIH H TE'.!{"HT-IEEK{!ﬁ JHATHOCTHEH.

Texuuueckoe JIHATHOCTHPOBAHHE— ITO ANNAPAT MEPONPHATHIH, KOTOPBLIH
MNO3BOJACT M3Y4YaTk W BBIABIATH TIPH3HAKKM HEHCIIPABHOCTH 000pYI0BaHHA,
YCTAHABIIMBATE METO/bI U CPelCTBa, [IPH IMOMOLIH KOTOPBIX JaeTcs 3aKIHYeHHe O
HE!.JIH'-]HHJ"'U'FC}’TCTEHH ,'J.E'FIIJEKTEL ﬂp}']"HMH ClIOBAMH, TEXHHYECKadA JHArHOCTHKA
MO3BMIACT J1aTh OUCHKY COCTOSHHA HCCICHYCMOIO o0bexTa. Takas JHUA'HOCTHEA
HATIPpABRIICHA B OCHOBHOM Ha IMOHCK H dHAIIH3 BOYTPCHHHX TIPHYHH HCHCIIPABHOCTH
obopynoeanusa. HapykHbie IpHYHHE] ONpelenatoTes BH3VaIbHO [1].

CornacHo  ob0mel  kinaccHpHKaUUM,  METOABl  JAHATHOCTHPOBAHUA
WIEKTPOOOOPYIOBAHHA MOKHO pa3feldTh HA JBE OCHOBHBIE I'PYIINBL, H3BECTHLIE
KAK METO/Ibl KOHTPOIIA: METO/bl HEPA3ZPYIIAKOIIETO H PA3ZpYILAKLIETO KOHTPOI.

MeTonel HepazpymawUmero KOHTPOAA — 3T0 TEXHHKH KOHTPOIA
MaTepHAIOB (WIH WM3IEMHI), KOTOpble He TpedVIOT pa3pylueHHsa o0pasios
MaTepuaa (MIH H3Ie/IHs) B polecce HecleJOBaHH.

CrnenoBaTellbHO, METOAbLl Pa3pyIIAKOMIEro KOHTPOId — 3TO MeTO/bl,
KOTOPBIE BKIOYAKT B ceds paspylieHne odpasloB Mateprana (WIM W31enus) s

MPOBEACHHUA MTPOBEPKH,



Hepaspymaomue MeTOABl OCHOBaHBI Ha  H3MEPEHHH  pazIHYHBIX
GH3MYEeCKHUX MapaMeTpoB 00OpyIOBaHHMA, TAKMX Kak TeMIlepaTypa, HalpsKeHHe,
TOK, COIPOTHBIIEHHE, HHAYKTHBHOCTh, EMKOCTh, YaCcTOTa, WIYM, BUOpauHs H T.1. [3].

Ecnu  paccmarpuMBaTe  NEpPeaoOBble  HHCTPYMEHTBI  JAHATHOCTHKH
PIEKTPHUECKOT0 0DOPYA0BAHHA, TO KOHEUHO JKe pedb MOHIAET 0 Hepas3pyIIaloHX
METOaX AHArHOCTHKH. OIHHM H3 caMBIX MOMYIAPHBEIX TAKHX METOMOB CYHTACTCA
NpHMEHEHHE TeTUIOBH3HOHHBIX KaMep Ha MpeanpHATHH 114 TOTo, 4T0OBI BOBpeMA
oOHapy®UTh TmeperpeB oOopyaoBaHHA. Takke CYIIECTBYHT M JOBOIBHO
NepPCHeKTHBHEIE  Coco0bl  JAHATHOCTHKHM, KOTOpble B JaHHBIH  MOMEHT
AKTUBHOH3YYAKOTCA H TMOCTENEHHO BHEAPAIOTCA B MPOH3BOJACTBO: NPHMEHEHHE

IH(PORKIX TROHHUKOR, CRCPTOYHBIX HEHPOHHKIX CETEiH, poDOTOR.

1.1. HCITOJb30OBAHHE TEILTOBU3HOHHBIX KAMEP J1JI51
OGBHAPYXEHMWA IIEPET'PEBA

BHeapenue METONOB TEMIOBH3HOHHOTO KOHTPOJSA B DJCKTPOIHEPTETHKY
SBISETCH  OJHMM  W3HANpABIEHWH Pa3BUTHA  COBPEMEHHOH  TexXHH4YecKoi
JHarHocTHkd. CBOEBpEeMEHHOE NPOBE/ICHHE TAKOI0 KOHTPOJIS [O3BOJISET Ha
PAHHKX CTA/IHAX BBISBHTE PA3BHBAIONIHECSH Je(EKThI IEKTPO0DOPY10BAHNS,

[ TpHumHaM#i MORRIIIEHHOH TEMIIEPATYPELI AEKTPOOOOPYIOBAHHSA MOTYT OBITE:

- HApPYTIICHHA KOHTAKTHBIX COCIMHEHMIA;

- Ieperpy3KHu;

- CHHIKEHHE COIIPOTHRIICHHA H30/IALIHH, ee IPoDoii;

- HAPYIIEHHE CUCTEM OXJIAMK/[CHHS;

- (heppOopPEe30HAHCHBIE TIPOIIECCHI.

Psaa npu4uH onmacHOro MOBHIIEHHA TeMMEpPaTyphl IeKTpooOopyIoBaHHA
He MOWeT OBITh CROEBPEMEHHO BBIABIEH TPaIWIIMOHHEIMH METOJaMH, B OCHOBE

KOTOPBIX JICKHT PErHCTpallnd TOKOB H HaﬂpﬂH{EHHﬁ B 3JCKTPOYCTAHOBKAX. ]{pDME
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TOTO, TCIUIOBH3HOHHEIH KOHTPOIE HE TpedyeT TNPOBCACHHSA ONEpaldii 110
NepeKIiOueHHI0 TMHTAHMA HA pe3epBHBIE IIENMH, CHATHA HANpPSOKEHHH |
HEMOCPEICTBEHHOT 0 B3aHMO/IeHiCTEHA NEPCOHANIA ¢ IHATHOCTHPYEMBIMH LETIAMH.

CylecTBYIOT JIBa METO[a TElIOBH3HMOHHOIO KOHTPOISA - MAacCHBHBIH M
akTHBHBIHA. [laccHBHBIN 3aKmOYaeTcs B HMCMOIB30BAHHH €CTECTBEHHOTO TeEIa,
BRIJICTIAOUICTOCA B TIPOLICCCE TMPOH3BOICTRA HIIH IKCITYyaTallni 00BeKTa KOHTPOIA
H HaOMIOOEHHH ¢ MOMOIIBK TEIIOBH3HOHHOH CHCTEMBI  pacrpeneieHHA
TEMIIEPATYpP BO BpeMeHH H npocTpaHcTee. CpaBHeHHe ¢ HIEAIbHOH MOIENIbH
pacceHBaHHA TeIUla TI03BONAET ONpelelHTh BCEe OTKIIOHEHHS TeMIepaTyphl,
BaKHEIE [ PEKHMOB IKCIUTyaTallli, AKTHBHBIH MeTol 00BIYHO NMPHMEHSETCH
nocae oxnakacHHd o0nekTa. g 2Toro MCnone3yrT BHCHIHHIT HCTOYHHK TETUIA,
CO3JAKIIHH B MarepHale TepMoyjaap. TenIoBH3HOHHAA CHCTEMAa AHAJIH3IHPYET
pacmpocTpaHeHHe TEIVIOBBIX BOMH B JHHAMHKE H 10  H3IMEHEHHIO
TEIJIONPOBOHOCTH B MaTepHalle oOHapyKHBaeT BHYTPEHHHE IOBPEK/ICHHS H
nedexTl.

Ha peiHKE COBpEMCHHOrO JHArHOCTHYECKOr0 000pY10BaAHNS MIPHCYTCTBYET
MOCTATOYHOE KOJHYCECTBO TEIUIOBH30POB, TNPHMCHCHHC KOTOPBIX OCHOBaHO Ha
NepPHOJAHYECKOM CHATHH TepMorpamM (pucyHok 1). Cnenyer oTMeTHTE, 4TO PBIHOK

TEILUIOBH3HOHHBIX TEXHOMOIHH NOCTOAHHO PA3BHBACTCH.

Pucynok 1 — [IpuMepsl TepMorpaMm NOBEPXHOCTEH 00BEKTOB 3EKTPOCTAHLIHIA,

HMEIONIHX MOBBIIICHHYIO TeMmepatypy [4)].



CornacHo HccnegopanHw kKomnanuH Global Market Insights, peiHOK
TEIJIOBH30POB OyIeT yBelHduBaThcsa Ha 8% exerogdo g0 2024 r. OgHako JaHHOE
HCCIe10BaHHe ObUIO CEMaHo 10 NaHIeMHH, KOTOpas CYLECTBEHHO NMOBIHAIA Ha
pa3sBHTHE PhIHKA.

B 2020-2021 rr. cerMeHT TONB30BATENCH TEIUIOBH30pPOB B c(epax
MPOMBILIIEHHOCTH COXpaHHicA. TelUmoBH30phl TO-MPEKHEMY aKTyalbHbl 1A
KOHTPOJIA TEMIEPATYPHBIX PEKHMOB M TEXHOIOTHYECKHX IPOLECCOB Ha pa3HBIX
[IPOH3BOACTBAX.

Tennosuzop npeacrasndaer coboil M3MEpHUTEILHBIH npHOOP, KOTOPLI
pabdoTaeT MO TNPHHIHNY ONPEICICHHA HCBHIMMOrO YCIOBCYCCKOMY Ta3y
TemreparypHoro ¢oda. Tak, Ha JuCIUIee YCTPOHCTBA MOJB30BaTeNH BHIAT
KapTHHKY, BBIPAKEHHVIO Hepe3 KOHTPACT OXJIaKICHHOTO TeMIlepaTypHoro goHa
OKPYIKAKIIEH cpeibl H TEMIIEpaTYpHOTro (hpoHA 00BEKTA HADITHICHHS.

Ha Ttepmorpauyeckux JaHHBIX MOKHO HAOMOJATBE 33 KOHTAKTHBIMH
COCAMHEHHAMH OTKPBITBIX/3aKPhITLIX PACIPEACIAHTECIBHbIX YCTPOHCTB H 3apaHee
JMAarHOCTHPOBATL HEOOXO0AMMOCTL WX o0cay:kuBaHHA. Benwyuuel neperpepor
WICHTHOHLUMPYHOTCA Ha HECKOJNBKHX ypoeHsAX. Tak, y pajga oObEKTOBR IIPHHATEHI
pekomeHanuu: neperpes a0 5°C - HopMalibHblH KouTakt; or 5°C po 35°C -
KOHTAKT TOISKHT 00CTYAKHBAHHIO NPH nnanoBoM pemonte; ot 35°C go 85°C -
npH Texymem pemonte; bonee 85°C - neodXoaHM BHEMIAHOBLIH PEMOHT KOHTAKTA
B TECUECHHE HE DOJIeE TPEX MECAIICB.

[Touck mnpodiemMel ¢ MNOMOIIBK TEIUIOBU3HOHHOIO KOHTPOIA Takke
npuMenuM K tpanchopmaropaMm. OJHAKO NPH TAKOM aHAIH3E HEODXO0IHMO
VUMTBIBATE  KOHCTPYKTHBHBIE  ocobDenHoctH  Tpauncdopmaropa,  pabdory
OXJTAKIAIONMX YCTPOICTR (cnmocoba oxnmawmennsa TpanchopmaTtopa), a Takke paj
JIpyrux pakTopor (HanpuMep, NMPOLOKHTEIBHOCTE IKCIUIYaTAI[HH ).

Bee uaMepeHus nporogATcs NpH OTCYTCTBHH NPAMOTO COJHEYHOIO CBETA
oo B BedepHee (Ho4dHOe) Bpems. [loCcKONBKY TENIOBH3HOHHBIH KOHTPOIb

[POBOAUTCAH De3  OTKJIHYEeHUS {}G{}p}-’ﬂDBHHHH, ITO HE MCEIIACT BBINIOJIHATH
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IPOH3BOACTBEHHYIO 3a/1a4y. Bo3sHuKaeT 3anac BpeMeHH 1714 II0JAT0TOBKH BEIBOZA B
PEMOHT.

TennoeusnonHoe obcaenoOBaHHE HeAOporo M 0e30MacHO K COAEpKaHHIO.
[ 1aBHBIM  NPEHMYILIECTBOM  TEIUIOBH3MOHHBIX — TEXHONOIHH  ABIAETCA  HX
VHHBEPCAIBHOCTD, BEAb TEIIOBH30PBI pabOTalOT HA OCHOBE LH(POBOH MaTpHUBbI,
KoTOpas odecneyrpaeT cTaOMIBHYK padOTY YCTPOHMCTBA TMPH JTHOOBIX MOTOIHBIX
YCIIOBHAX. TennoBH3HOHHBIH KOHTPOJIb XapakTepHu3yercs BBICOKOI
Oe30nmacHOCTEH padoThl, HEOONBIIMUMH 3aTpaTaMH, HEJTOPOTHM 00CITYKHBAHHEM.
Hanpsmyr 4denoBek He KOHTAKTHPYET ¢ NMOTeHIHAIBHBIM O00BEKTOM YIPO3BI MIPH
MPOBEACHUH TEIMITOBU3HOHHOTO KOHTPOIIA.

Tennorn3HOHHBIC YCTPOHCTBA CTAIKHBAIOTCA ¢ HEKOTOPBIMH MpodieMaMH,
K 4YHCIY MX OTHOCHTCA: YYBCTBUTE/IBHOCTL K MallbIM  TeMIepaTypHbIM
OoTKIOHeHHAM. [loMHMO 3TOTO, HX TIpUMeHeHHe TpedyeT y4yacTHA MepcoHaia, TeM
caMbIM  3TO  C€O3/aeT  JIONOJMHHTEBHYK)  Harpy3ky Ha  paDOTHHKOB,
00CTY/KHBAIOIIHX 3TH OOBEKTHI; B HEKOTOPBIX CIIY4YdsX MOKET NOTpebOBATDL
HAJIH4YMA ¥ HHX COOTBETCTBYIOIINX KBaTW(UKalMK 1 rpynn aonycka. Kpome Toro,
KOHTpOJIMpyeMOe O0DOpYyA0BaHHE MOMKET pa3sMEUlaThCsl B TPYAHOLOCTYIHBIX
MecTax, [[e [poBeleHHEe M0100HOI0 KOHTPOAA CBA3AHO CO 3HAYHUTEIbHBIMH

TEXHHYECKHMH H OPraHM3allHOHHBLIMU TpyHOCcTAME [5, 13, 14].

1.2.INPUMEHEHHUE HU®POBbIX JIBOMHHUKOB /111 AHAJIM3A JAHHBIX
M BBISIBJIEHUS [TIPHYUH HEUCITPABHOCTEH OBOPY IOBAHMUSI

[{udposbie ABOHHHUKH W KHOEp(HUIHUECKHE CHCTEMBI BCE Yallle NPHBIIEKAKOT
K cebDe BHHMAaHME W3-3a AKTHBHOIOQ HCCIENO0BAHWA H BHEJPEHHS BO MHOTHX

OTpaciax MpoH3BROICTRa [6].
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Knbep(uzngeckne CHCTEMB — 2TO YMHBIC CHCTEMBI, KOTOPEIEC BKIIOYAIOT
B cedsA CIOpOEKTHpPOBaHHBIE (MHKEHEpPHBIC) HHTEPAKTHBHEIE CETH, COCTOAIIHE H3
(PH3UYECKHUX U KOMMYHHKALHOHHBIX KOMIIOHEHTOB.

[lupporoil asoiinuk (LUJ1) — »To BHpTYAIbHAA KONHA PealbHOI0 00BLEKTA,
KOTOpas BeaeT ceds Tak ke, Kak peajbHblii 00beKT. B HeM B pekuMe pealbHOIro
BPEMCHH OTPaKAOTCA BCC MPOLIECCH, TTPOHCXOAAIMNE ¢ (PH3HYCCKAM 00BeKTOM [6].

[Tpumenenne THOPOBRIX JBOHHHKOBR H KHOep(HIHYECKHX CHCTEM B
00JIAaCTH 9HEPreTHKH He crano HekiIrodeHHeM. lludpoBusaius sHepreTHKH
3AKIIH0YAeTCH B MPHHIHITHAIBHONH CMeHe BHYTPEeHHeH apXUTeKTYPhl H YIIPaBJIEeHHs
Ha ©Oaze uHpoBBIX TexHonoruil. Ha ceroaHswHMi JeHL 3To aKTyalbHasd
TEHICHIIHA, HATIpaBICHHAA HA MOBEIIICHHE MPPEKTHBHOCTH padOThl YJHEPTETHKH H
CO3/laHHE TeXHOIOMH4eCKOH cpejibl, KOTOpas KauyeCTBEHHO YJYYIIHT IOKa3aTeld
paboTBl  OTpacid, a Takke  BHECET CVYIIECTBEHHBIE  H3MEHEHHA B
MPOH3BO/ICTBEHHYIO YKOCHCTEMY [8].

HudpoBoil IBOHMHUK NpeanojgaraeT OPraHu3alMid TMOTOKA JIAHHBIX OT
peaibHOro 00BEKTA K LM(PPOBOMY H HA0DOpOT (HanpuMep, JaHHble, MOCTYIAKIIHe
OT JaTYHKOB, YCTAHOBJICHHBIX Ha oDopyaoBaHuM). Takum oOpazoMm, H3MEHEHHE
COCTOAHMSA pealibHOro o0bEeKTa onpeaenser H3IMeHEHHWE COCTOAHMA UHppoBOro
obbekTa M, HaoDOpPOT, H3MEHEHHE COCTOAHUA UUPpOBOro o0bEKTa TAKKE
MPHBOJIAT K H3MCHCHHWIO COCTOAHHA PCATBEHOTO UﬁLEETﬂ,

Ha pucynke 2 npeacTaBicHa CTPYKTYPHas cXema coszganusa 1mHdpoBoro
NBOHHHKA (B KadecTBe npumepa B3AT L[] Tpancdopmaropa). Cxema cosnaHus
uHdpororo ABOHHMKA HeoOX0aMMa JUIA TOro, 4ToObl OMKMCATE NMPOLECC CO31aHHA
UHGPOBOH KOIMHH HIKH OTOOpameHHs pealibHOrO 00beKTa, 1polecca, ABISHHA WIIH
yenoBeka B uMpooil dopme. Buiarojaps cxeme MOXKHO SCHO NPEICTABMTL BCE
ITANLI H METO/IBI, KOTOPEIE HCIONB30BATHCE 1A co31anud mHdpoBoro JIBROHHHKA,

d TAKAKE [TOHATE, KdK 3Td I],Hd]PDBaH KOITHA OTJTHHACTCH OT pcalilbHOT O 0DBeKTA.
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[TugpoBoii IBOHHKK TpaHcopmaTopa

> Mogemuposannc >> HauHabIC >> Odyacuue >> AHaTH3 >

’ MaTesMaTHYECKHE MOIETH PeTpocnexTBHER P Avpodanm voem (MICHEA TERVIIET D
MAHHETS COCTOAHIN OOECETA
’ Wlogieom hrancekmny JATOIEIE OT CHCTEME] ’ Pa3paloTia KOMIICKCHON KoppeEmma mporHosHEDL

HpOTICCCoR MOIIITOPHID CHCTCRM KB JIHATHOCTHET

MoJenefi
} {}ﬁ}wrl:r-rrn: © HETOpHCH

YpaRHCHNS i TManuwe hasza JAHHEX Tpornosnas Bavsu Yuparienne
LT AR , 5 "
':I:”HH:“-T":"R METEMATH Ay A HICTHEN, huia JIRHHRIC OT CHCTCMEI AR JHHHBILA, AHHAHCHH MM
TPOTECEOE, wovies (DMM)  /HHHBIE o L ThHEI MOHITOPITHTA, MIEHEHHO L HOAHENH DREEIICM
MCPTEHEIT : AT HKOH FVAEEEIER HES LY TR BACHIRENT oivherT

Pucynok 2 — CTpykTypHas cxemMa co3aanus mHpoBoro IBOHHHKA

Tpanctopmaropa [7].

Pazpaborka uH(pOBBIX [BOIHHKOB B OOJbINEH CTENEHH aKTyalbHa I
JOPOroCTOAIEr0 IHEPIETHUECKOr0 0DOPYA0BAHHA WIH IHEPIOCHCTEM, OLHOKH B
(YHKIMOHHPOBAHUH KOTOPBIX TIPHBOAAT K TAkKeAsIM mocneacteuaM. Cioma
OTHOCATCA TeHePATOPEI, CHIOBEIE TPaHC(HOPMATOPBl CHCTEMOOOPA3YIOIIHX CBA3EI,
apToTpaHchopmatopsl U T. 1. g octansHoro anekTpoobopynoBanus HHGPOBEIE
JNBOHHUKH NPHMEHATH Helenecoo0pa3Ho, Tak Kak 3arpaThl Ha HX pa3paboTky
MPEBBIMIAIOT CTOMMOCTE 00OpYIOBaHHA, OTKa3bl KOTOPOrO HE MNPHBOAAT K
TKEIBIM — TocaeAcTBHAM, [IpHMeHEHHE  CYIIECTBYIOUIMX  CHCTEM  OLICHKH
COCTOAHHMA O0DOPYIOBAHHA 3aTPYAHAECTCA M3-3a OTCYTCTBHA MYBCTBHTEIBHOCTH K
pazTUYHBEIM CXeMHO-PEKHUMHBIM MapaMeTpaM dHePTOCHCTEMEI.

Ocoloro mpeHMymiecTBa OT NPHMEHEHHA LH(POBOro JBOHHHKA MOMKHO
OKHJIaTh B 0DJACTH JAMArHOCTHKHM TpaHcihopMmaTopoB 0€3 OTKIIOHYEHHMS OT CETH
nyTeM paciiupennd pyHKIHOHANA, HCIOMh30BaHHA HOBRIX MCTOIOB THATHOCTHKH,
oOecriedeHHA 001l OUEHKH TEXHHYECKOT0 COCTOAHNA TpaHc(opMaTopa ¢ y4eToM
KOPPEeTAIHOHHBIX 3aBHCHMOCTEH MeKIy TMoKazaTelaMH paziIH4dHOoi (H3HYecKoi
npupo/isl. B HacTodlee BpeMsl OLeHKa TEXHHYECKOr0 COCTOsSHUA TpaHchopmaTopa

M0 OT/ACNLHEIM CBOHCTBAM BBITIOIHACTCA O0JIEE MIIH MEHEE YIOBICTBOPHTENLHO,
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OJIHAKO IIOJIYYHTE JOCTOBECPHYIO ODLIYIO OLCHKY €ro TEXHHYECKOTro COCTOAHHA HE
OpeacTaBIdAeTca BO3MOKHBIM. 3Ta 1mpodreMa 3acTaBiafeT oOpaTHTBCA K
TEXHOJOTHH HH(POBBIX JBOHHUKOB.

Jns peanusaluH OOLIEH3BECTHRIX METO/10B JAHATHOCTHKH
TpaHchOPMATOPOB B LM(POBOM JBOHHHKE HEOOXOIMMbl JaTUYHKH: TEMIEPATYphbl
BEPXHHX CIIOCB Macla, BIaKHOCTH H Ta30COJACp/KaHHA Macia, YPOBHA Macia B
Dake-paclIHpHTENe, CTPYiHHBIE H Ta30BbIE pene, JaTYHK MOJ0MKEHHA OTCEYHOIO
KnanmaHa H ap. [udpooil NBOHHMK MON#EH YMeTh BBINONHATE PACYETHO-
JHArHOCTHYECKHE 3aJa4d - HalpHMep, CPaBHEHHE KOHTPOIHPYEMBIX IapaMeTpoB
C YCTABKAMM MJIH HOPMAaTHBHBIMH 3HAYECHHAMM, pacueT TemMIepaTypbl Haubonee
HarpeToH TOYKH, pacyeT MePerpy30qHoN crmocodHOCTH TpaHchopMaTopa.

[{udporsie JBOHHHUKH MOT'Y'T CYLLECTBEHHO npeodpazoBaTk
WIEKTPOIHEPTeTHUECKHH  cekTop. Ecnum  cHawana OwUIO  pacmpocTpaHeHO
npejacTaBieHHe, YTO HUQPOBOI JIBOHHHK — 53TO pEaIHCTHYHAS TpexXMepHas
MOJIENE  (pH3HYECKOr0 00BEKTa, TO TENEph OH TOHUMAETCAd CKOpPEee Kak

UMHMTAIlHOHHASA MO/1E/Ib, YYHThIBaIOAA 0COOCHHOCTH MHOMKECTRA Tpoleccos [8].

1.3. TEXHOJIOT'MSI HCTTOJIB30BAHHS CBEPTOYHBIX HEHPOHHBIX
CETEM INMPU IMATHOCTHKE COCTOSIHUS D0

OaHuM M3 caMBIX  CIOKHBIX H OJHOBPCMCHHO  MCPCIICKTHBHBIX
HanpaBieHHH B HH(MOPMAUMOHHBIX TEXHOIOIHAX HABIACTCA paclio3zHABAaHUE W
aHa/iH3  O0BEKTOB MM  [POLECCOB Ha  H300pameHHAX. AHAIM3  METOJI0B
paclo3HaBaHusAd OOBEKTOB MIIM TMPOLECCOB Had M300paKCHUAX Hpeanonaraer
HUCMONB30BAHHE HCKYCCTBEHHBIX HEHPOHHBIX CETEH B CBA3M C TEM, 4YTO OHH
Cﬂﬂﬁﬂ'—l}“BCTBHTEﬂLHH K HCEAAKCHHAM, d TAKKC JaroT BOSGMOKHOCTE
KJIACCH(HIIHPOBATE Pe3VibTaThl, 0DeCIieYHBas CKOPOCTh H TOYHOCTh pPEelIeHHs 110

CpaBHCHHKY C OCTAIIbHBIMH MCTOddMH.
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Haubonee wacTto B 3amadax  pacno3sHaBaHMad M WIACHTHOHKAIHMH
H300pakeHHd HCHONB3VIOTCA  KIacCHYECKHEe HEHpOCeTeBble apXHTEKTYPHIL.
Pesynbrarel aHanmuza JaHHBIX padoT yKa3eBalOT HA TO, YTO [pPHMEHEHHE
KJIACCHYECKHX HelpOoCeTeBhIX apXMTEKTYP B JaHHOH 3adaude HedPeKTHBHO M0
CIACAYRMHM ITPHYHHAM .

- H300pakeHHA HMMCIOT OONBIIYID pPasMEPHOCTB, YTO 3HAYHTEIBHO
VBEIHYHBAET pasMep HeHpOHHOH CeTH;

- DONBLIOE KOMHYECTBO MAapaMeTpoR VBEIHYHBAeT BMECTUMOCTh CIIOMKHOM
CUCTEMBI W Tpedyer Oonblied obyuyaromieil BRIOOPKH, VBEIHYHMBAeT BpeMs H
MPOrpaMMHYIO CIIOKHOCTE Mpoliecca 00yueHns;

- AN TIOBBIMICHHA D(PeKTHBHOCTH pabdOTHl CHCTEMBI HEOOXOIMMO
3a/1elCTBOBATh HECKOJIBKO HEHPOHHBIX CeTeH, YTO YBEeJIHYMBAET BEIYHCIIUTEIbHYID
CIIO/KHOCTD pellleHHs 3aJa4d U BpeMA BBIMOTHEHHHA

- OTCYTCTBYET WHBAPHAHTHOCTh K W3MEHEHUAM MaciuTada w3odpameHus H
JIPYTMX FEOMETPHUYECKHX HCKaKEHHH BXOIHOIO CHrHama.

CrnenosarenbHo, 114 PEIICHHA 3a1a44 BBIJCICHHA 00/1aCTH PaCTIOIOKECHHA
UCCIe1yeMbIX rpaHyeckux MpPOLECcCOB aKTyalbHO MCIOJIB30BaTh CBEPTOYHEIE
HEHpOHHBbIE CeTH, T. K. OHHU OOecnevyHBakT YACTHYHYH YCTOHYHMBOCTh K
H3MCHCHHAM MHCLT.['I'E:'[ﬁEl, CMCUICHHAM H IPOYHM HCKAACHHAM.

[Tpumenenne HEHPOMOIETHPOBAHHA B JIMATHOCTHKE CHCTEM oOecrnedeHud
IHEPrOCHADKECHUA MOZBOIHT KOHTPOJIHPOBATL COCTOSHUE TpancdopMaTopoB, HE
BBIBOJIA MX M3 paboOTBL. JTO MPEAOCTABIACT IOMOIHHUTE/IBHBIC BO3MOKHOCTH B
oOeclie4eHHH HHU3KON0 VYPOBHHA  aBapUHHOCTH W cOOMIOJEHHS  pPeXKHUMOB
DecnepedoiHOro MEeKTPOCHADKEHHA, MUHHMH3HPYA TEM CAMBIM YKOHOMHUYECKHE
H IKOJIOIHYECKHE U3JIEPKKH, a TAKKE pealibHblil yuepd s norpedureneii. [Tpu
ITOM 3aTpaTkl HAa BHEIPEHHE TEXHOIOTHH HEHPOMOJESTHPOBAHHA OTHOCHTEIRHO
HEBEIIMKH (Harnpumep, NPHMEHEeHHe OJHOIUIATHBIX KOMIBIOTEPOB), a (PdeKT oT

NPUMEHEHHA OVIET CYIECTBEHHBIM [9].
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1.4. IPHMEHEHHE POBOTOTEXHHKH JJI51 JHAT'HOCTHKH
OBOPY/IOBAHUA

Buegpenue poDOTOTEXHMKH B cepy DJHEPreTHKH ABIACTCA OIHHM M3
KJIIOYEBBIX HAMNpaBlACHUH pa3BUTHA OATOH OTpPacid, BE/lIb OHH MOIYT CTaTh
HE3aMEHHMBIMH TMOMOUIHUKAMH B pPa3iH4HbLIX Mpoleccax, ocoDeHHO B TeX, 4TO
CBH3aHBI € IOJIEPAAHHEM  MCHPABHOH  padoTbl  IEKTPOTEXHHUYECKOIO
obopynosanus.

OIHUM M3 OCHOBHBIX NMPEUMYIIECTB HCMOIL30BAHHA POOOTOB B JHEPIreTHKE
SAIBJIACTCH TIOBBIIICHHE (PPEKTHBHOCTH H CHH/KECHHE PHCKOB JUIA YEIIOBEYECKOIO
¢dakTopa. PodoTEl MOTYT BBIMOJIHATE OMACHbIE W TPYAOEMKHE 3a/lauH, TAaKHE Kak
HHCIICKLIMA GEGFFLIGBHHHH B YCIIOBHAX [MOBBINIEHHOH OIACHOCTH MIIH BPC/HbIX
BEHICCTE, YTO IOZBOJIHCT COKPATHTE PHCK HPOH3BOJICTECHHBIX i:'lB-i:'l].']l«{ﬁ H INOBBICHTh
Be30MacHOCTh PADOTHHKOB,

Kpome Toro, podoTOTEXHHKA TT03BOJIAET TMOBBICHTE TOYHOCTh H Ka4ecTBO
paboT, YMEHBINHTH BpPeMs Ha BBIMOMHEHHE 33Ja4 W CHU3WTH 3aTpaThl Ha
o0cnyXKHBaHHE W PEMOHT O0DOPYIOBAHHMA 3a CYET CBOEBPEMEHHON JIHArHOCTHKH.
ABTOHOMHBIE ['JUE{}TH MOI'YT OCYIICCTBIATD MOHHTOPHHI COCTOAHHA
IHEPreTHYECKUX CHCTEM, TIPEACKa3blBaTh BO3MOMKHBIC COOM H MPOBOIHTH
npodHIakTHYIeCKOe 00CTYKHUBAHNIE.

B 2011 roay amonckasa xkommanua «HiBot» mo 3aka3zy sHeprokoMiaHuu
«KEP-CO» paspadorana u sHeapuiia podota noJ HazBaHueM «Expliner». Janusii
p{}ﬁ{}'r [TpeHa3sHauyeH 1 [IpOBeAeHH JHarHOCTHKH JIDI1.PoboTt nojaselupaercs
Kk mposofgam JIDII, a omepatop, mocpencteoM IIK ocymecTBnfer BH3yanbHBIH
KOHTPOJIb B yIaJICHHOM (popMate.

Henonpaopanne B gaHHOH cdepe ykazaHHoro podoTa mnpeaocTaBlsgeT
BO3MOKHOCTE ONEPAaTHBHO BBIABIATE UMetolHecs noppesxaerHus JID11 (Hanpumep,

MEXaHHYECKOCE HDEPE}K,I[EHI-{E}., YTO CYVIUECTBCHHO 3KOHOMHWT BpPCMCHHBIC H
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(HMHAHCOREIC 3aTPaTEl, IMOCKOILKY CIEHHATHCTAM He Tpedyercs caMOCTOATEIBHO
00X0auTe Bero JI3II [10].

Taksxe poDOTOR aKTHBHO HCHOIB3YVEOT H B 00JaCTH HeTpaJHIIHOHHOM
JHepreTHKH. B Hacrosiiee Bpemsa JHEPrus BeTpa KAK IKOJOIHYECKH YHCTBIH
HCTOYHHK  MICKTPOOHCPIHH - ABIIACTCA  OJHHM  H3 HHH'ﬁﬂ_T[ cC¢  CIPCMHTCIIBHO
pa3BHBAIOIIHMXCA HamnpaBICHHI albkTepHATHBHOH SHepreTHkH. HecmoTpa Ha ToO,
4YTO COBpPEeMEHHBIe pa3padOTYHKH CO3JaK0T BCEe HOBHIE M HOBBIE TPOEKTHI 74
BETPEHBIX TEHEPATOPOB, OJHO OCTAETCA HEH3MEHHBIM H 3TO MPOMBINUICHHEIE
BETPOreHEepPATOPEI, KOTOPBIE SARISKTCA JOBOIBHO DONBIIMMH 10 pazMepy.

Tak, 0w pazpaboran podOT, NpeaHa3HAYEHHBIH 118 HHCIIEKIMH BETPIKOB.
On mepememiaeTcs Mo KaHaTy, B30Hpadchk BCEC BBINIC W BHINIC MO HA3CMHOH MIH
OeperopoiTypbune. TIpoeeneHHe NpoBepKH HA HaJM4YHMe KAKMX-ITHOO aedeKkTor
pealH3zyercad TMpPH TOMOIIH HCIONB30BAHHA HHQpaKpacHOTO H3Iy4Harena |
TEIUIOBH30Pa  BBICOKOTO  paspelieHus. OnepaTtop  JTHIOE  MOJXY4YaeT
COOTBETCTBYIOIIEE H300paKEeHHE H NPOBOIMT €ro aHamms.

OHaKO MOMHMO BHE/IPEHHA YIIPaBIACMEBIX poOOTOR pealu3yvioTea U Dolee
WHHOBRALMOHHBIE petieHuAa. [lpoBoguMeli B ciepe DHEPreTMKH MOHMTOPHHT
UMerLeicas HHPPacTpYKTYpsl CNOCOOCTBYET Pa3sBUTHID JOBOILHO OOJBLLIOIO
KOJIIHYCCTBA BHJIOBABTOHOMHBIX .LlpDHﬂB, Ha4YHuHaA C ﬁﬂﬂllﬂJlD’l’thK JNETATE/IBHBIX
anmapatoB (BITJTA) wu 3akanuwpag OecnHIOTHBIMH MOOHIBHEIMH TOHHTAMH.B
ucenenyeMoi ciepe ocobennoe paszBUTHE TNPHOOPENH «IOJIBECHBIE» JIPOHEL.
JlaHHEIE IPOHEI MHTAKOTCA YHEPIHECH, MOJYIaeMOH OT MPOROJIOR.

CoBpeMeHHBIE  TEXHOJIOIMH  CTPEMHTEIBHO  pa3BHBAKTCH, [103TOMY
H{]HCTp}"IEL[HH ,Llpi}HﬂB TAKMKE [TOCTOAHHO IIG,-‘J,EEPI'E!.E'I'GH EﬂBﬂpH.[E:HﬂTE(]EHHHIﬁ. TE[I{..
B 2020 rojgy pakeTHO-KOCMHYECKas Koplopauus «JHeprusy» 3alareHToBalla
KBaJJPOKONITEP, KOTOPBIH CMOCODEH 3apaKaThCA OT JIa3epHOro J1y4a, KOTOPEIA
CreHepHpOoBaH Ha 3eMJle, B BO3/IYXe H/IH HallpaBJIeH H3 KOCMOCa.

Cnenyer ormeTHTh, 4TO BITJIA HMcnons3yrooTca 104 NMpoOBEACHMA BEPXHHX
OCMOTPOB, a TIOMHMO 93TOT0 OHH TPAaHCIHPYHOT H300pakeHHe HaA 9SKpaHbl

MouuTOpoB. Ilonuepkupaercs, yro BITUJIA pemaror MHOKECTBO 3aj1ad B 0DJ1acTH
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WICKTPOIHEPreTHKH, HANpHMEpP: OIEPaTHBHOE MNpPeaocTaBlIeHHe HeodX0oaHMOH
HHpOpMaHH;, JOCTYN B TPYIHOMLOCTYNHBIX MecTax; JdeTalu3HpOBaHHBIE
doTorpaduy, KOTOpble CNOCOOCTBYHOT CBOCBPEMEHHOMY BEIABICHUIO PazIMYHBIX
neextoB; cozaanue 3D-mojgeneii odcneoBaHHBIX MOJAENeH W MHOTroe Jpyroe.
I'napHoe npeumyinectBo bIIJIA cocTOMT B TOM, YTO OHH ABIAKTCA BBITOIHBIMH,

TaK ¢ YJKOHOMHYECKOH TOYKH 3pEHHA, TAK M ¢ BpeMeHHO#H [ 10].

17



I'/IABA 2. IEPEJOBBIE HHCTPYMEHTbI IIPOBEJIEHH 51
TEXOBCIHAYAKHUBAHUA U PEMOHTA DHEPI'ETHYECKOI'O
OBOPYJIOBAHMUAA

OT snekTpHYecKoro o0opya0oBaHHA 3aBHCHT (DYHKIIMOHAIBHOCTE BCETO
npeanpuaTHa. s ero decnepedoiinoi padoTel HEOOX0AHMO coOIIOaTE TpaBHia
IKCIUTYATALMH W 0DCaykKHBaHuA. O0CHy:;KHBaHHE DIICKTPHYECKOro oDopyIoBaHusA
JAKIOYAeTC] B PervisgpHOM ocMoTpe pabdovero ocHalleHUs W TPOBEIeHHH
TEXHHUYECKHX MCPOI II.']HHTHF] B COOTBCTCTBHH C  PEKOMCHIAUMAMH  3aBO/d
u3rotoBuTena, Bee BHABI padOT NPOXOAAT MO YCTAHOBIEHHBIM TpaBHIaM H
NpeIyCMOTPEHHOMY TpaduKy.

Kakum Obl COBpEMEHHBIM HH OBUIO 2JEKTpHYECKOE 000pyoBaHue, Oe3
NPaBUIBHONH SKCIUTYATAllHH W TEXHHYECKOro OOCIYHKUBAHUA OHO MOKeT OBICTPO
BRIHTH U3 cTpod. CBOEBPEMEHHO TPOBEIACHHOE TeXHHYecKoe obcnyxusanue (TO)
MO3BOJIACT BhlHBHTh HeoD XOIHUMOCTE PEMOHTA HA ].".IE:'IHHE!H CTa1HH, oo
BITOCIIEACTBHH TIO3BONAET H30exKaTh Doiee cephesHBIX TOIOMOK, CIICI0BATENLHO,
VBEIHYHTh CPOK CIYKOBl H CHH3HUTh IKCIUTYATallHOHHBIE PACXOIbI.

B npogecCHOHATBHOM KlaccH(pHKaLHH odcnyKHBaHHE TO
Hnoapasziensercs Ha:

1. Ilnanosoe. Beinoanserca MOHHTOPHHI OCHOBHBIX V3J10B H MPHOOPOB.
YcTpanaioTea HeucnpasHocTH. llens mpoBenenHs — cTapgapTHad IIpoOBEpKa
paboTtocnocobHoCTH. [nA peanu3ali pyKOBOACTBOM paspabaTeiBaeTcd IJIaH-
rpapuk TO (BKIHOYAET TEXHOTOTHYECKHE KapThl).

2. Apapuiinoe. CpouHblii BHEIUIAHOBBII cepeBHc Tpedyercs i
VCTPAHEHHA [OCIEACTBHH HEWTATHBIX cHTyauuid. Moker ocyillecTBaaTheA

OTNAJIKa WM NEPeHAcTpoiika oDCIYKHUBAEMBIX NMPUOOPOB MM BOCCTAHOBICHUE
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wiekTpouernd. [IpaBo Ha JKCTPeHHBIH BBI3OB OICPAaTHBHOIO I[IEpcoHaa M3
00CIIYKHUBAOIIEH KOMITAHWH JaeT 3aKII0UYEeHHBIN ¢ HEWO T0TOBOP.

3. TlapantiiHoe. OuepyeHO paMKaMH rapaHTHiHOro nepuoga. OH, Kak
MpaBu/io, cocraBafger |2 MecsAleB M HAUMHAETCA ¢ MOMEHTA 3aBepILUCHHA
MOHTdAHBIX pHﬁGT HITH K4AIIHTAIBHOI) PEMOHTA.

4. Tloctrapantuiinoe. IlocTrapaHTHHHEIH CEpBHC JOMYCKacTCA MpH
VCIIOBHH 3aKIII0YeHHA JOT0BOpa Ha 0OCHY/KHBAHHE SHEPrOeMKHX VCTAaHOBOK. 3TO
CBOJHUT PHCK MMOJIOMOK K MUHHUMYMY.

5. KommnekcHoe. O0wenuHsgeT B cede Bce BHABI T0Q. Kaxuelid W3 HHX
pernaMeHTHpYyeTcs BHYTPEHHHM periaMeHToM yupexiacHud. SBnsercs camoii
kKomcopTHOH dopMoii  o0CTyKMBaHMSA YCTAaHOBOK, TIOCKONBKY BcCE paboTHI
JIOBEpPEHbl ONEepPaTHBHO-PEMOHTHOMY [IEPCOHANY MOAPAIYHKA.

B cuTyaumax, korga mnpoBoauTcas TmnaHosoe TO, mnpeanonaraercs
NpOBe/IeHHE TAKUX MaHHIVIBIIHI, KaK OYHCTKA, PEryIHpOBKa, cMa3Ka, MpoBepKa,
3aMEHA JIETANIEH ¢ HEMPOIAOIAKHTENLHEIM CPOKOM CIIYHKOLI H DJIEMEHTOB, 4TO JIETKO
JIEMOHTHPYIOTCA.

[Tomumo  perynapHoro mnpoeeaeHusa TO, mwbdoe obopyroranue,
HE3aBHCHMO OT ero TEXHOJIOIHYECKHX 0CO0OEHHOCTEeH, HYK1aeTCa B PeMOHTE.

C}-’LLI,EC'I'B}’E’I’ HECKOJIBKO BHOB PEMOHTA ACKTPHYCCKOIO H
NIEKTPOMEXAHHYECKOro 00opy/10BaHNs:

.  Texymmii. Tekymmii  peMOHT  BKJIIOWaeT B cebs  3aMeHy
OBICTPOH3HAIIMBACMBIX JICTAJICH, IPOMBIBKY MacAsHOH, OXJIaK1al0IeH CHCTEMBI U
3aMEHY COMYTCTBYIOMIMX MaTepHAJIOB.

2. Ilnanossiii. [TepBblii  11aHOBBIH — PEMOHT  ABIAETCA  ODBLIMHOM
npodunakrukoii. IMocnenyrouMe, BHE 3aBHCHMOCTH OT COCTOSHHUA 000PYJIOBAHMA,
HE peke OHOTO pasa B JIBa roja.

3. KanwrtanbHbeiid. KanutaabHeli peMOHT — IOBOJNIBHO peikas Mepa,
NOCKOJIBKY oDopyloaHue o0najgaer OONBIIAM  3aMacoM  WIEKTPHYECKOH M
MeXaHu4ecKoi mnpodHocTH. [IpoBoaHTcs Takoil peMOHT He valle OJHOrO pa3a B

roj [16, 17].
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3aTparMBas TEMYy II€pEIOBRIX HHCTpyMeHToR B TO H  peMoHTe
WEKTPOTEXHHYECKOT0 000pyAOBaHHA, pedb MOoHAeT o podOTOTEXHHKE U
AMIUTHBHBIX TexHonoruax. PobororexHuka nospondger OesonacHo npopoauts 10
B TPYJAHOJOCTYIIHEIX MECTaX, a a/UIHTHBHEIC TEXHOJOIHH IOMOrarT OBICTPO H
Ti(ll{llEHTHBHﬂ CO31dBATE HE[]EHU,E[HMHE 3dIIdCHBIC  HYdCTH, HHCTPYMCHTDI H

NpHCIOCOONICHHA A4 peMOHTa 000pyI0BaHHA.

2.1. TEXOBCJHAYAKHBAHHE 50 C TOMOHIBIO POBOTOTEXHHKH

[Tpuimenenne podOTOTEXHHUKH B 0DJIACTH JHEPTEeTHKH HE OTpaHHYHBACTCH
JMArHOCTHKOH M MOHMTOPHHIOM  HHQpacTpykTypel #  0DOpyloBaHHA
MEKTpocTaHHH.  PoOOTOB aKTHBHO NPHMEHAKWT H [UIA TeX0OCTy:KHBaHHA
YHEPreTHIECKUX 00BEKTOR.

Kananckue paszpaboruuku w3 uHcrutyra  Hydro-Québec B 2009
npeacrapuin podora «LineScout», KOTOPEIH crocoDEH HE MPOCTO KaTHTLCH 10
NpPOBOAAM, HO €IIE W MAHHIYJIHPOBATE M B3aUMOJCHCTBOBATH € Pa3HBIM
obopyaopanueM. CTOMT NOAYEPKHYThL, 4TO JaHHasA pazpadoTKa Moly4uia [npeMHur
oT 3JIE:HI'I]UI'€IHH'-IEC[{{}]"G HHC'I’H'I’}"TH H,LLHCE'IHEL

PE[EENIHT’[}HHE[EMHﬁ pﬂﬁﬂT QCHAIIIEH BCEMH IIE[}E.';KEU[HMI:IMH KdMCpaMH H
GPS, onHako ero OCHOBHEIM TIPEHMYVIIECTBOM ABIASTCA TO, YTO OH MOMKET
CYHILATE cHer ¢ nposogos JIDII, packpy4yHBaTe W 3aKpy4YHBaTh pasiHYHbIC OOITHI
M TaifikM, a MOMHMO 3TOro CHUMaThk ¢ npoeojor JIDII MHOpOAHBIE NpeIMeThl.
biarofaps HaJMUMK VY HHX TEIUIOBH30pPOB, IPEACTABICHHBLIH podOT MOKET
HNPOBOJIMTEL OLEHKY TeMiepaTyps! nposojos JIDIT,

Vrpasnenne AaHHBIM PODOTOM TaKKe OCYHIECTBIACTCA B YIAJIECHHOM
cdopmaTe TmocpeacTBom  Henonb3oBaHua [IK M cnenmansHOro  KOHCTHKA.
[Toguepkuraercs, yro pobot «LineScout» arpngercs 3pPEKTHRBHBIM, MTO JOKA3aHO
MHOTOKPATHBIMH HCIIBITAHUAMH, MPOBEIEHHBIMH Ha JIHHHAX ¢ TOKOM J10 2 KA, 1101

HanpsxeHueMm 735xB [10].
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s Texodcny:KHBaHHA DHEPreTHYCCKHX 00BEKTOR PODOTEI IIPHTOIHIIHCE H
B aTbTepPHATHUBHOH SHepreTHke.3alWThIe COMHEYHBIM CBETOM MMYCTHIHH JYHIIE
BCEr0 TMOAXOMAT [N BO3BEICHMA COINHEYHBIX A3NekTpocTaHiiui. Tak, B
Caynosckoil Apasul cozgany pobora « NOMADD», KoTopslii npeaHasHaueH 114
YAUICHHA TIBLITH 633 HCITWIB30OBdHHA BOlbIL. TE:I[{HE p{]ﬁﬂ’fhl O4dHH pPd3 B JCHb
OCYIICCTRBIAKT  OYHCTKY  (QOTOYYBCTBHTCABHOTO  TMOKPHITHA  [MOCPEACTBOM
CreUHaIbHBIX IHeTOK. CTOMT OTMETHTh, 4TO HECKONBKO MOJ0DOHBIX podOTOR
JNOCTATOMHO YCTAHOBHTE 0 OJHOMY Ha KamKIBIH psjl COMHEYHBIX MaHeleH s
TOro, 9ToOBl OHH BCerja OCTaBalMCh YHMCTRIMH, a 2SHeproddekTHBHOCT

COJTHEUHBIX MISKTPOCTAHLMIT TONBKO yBenuuusaiacek [10].

2.2. UCMOJIb30BAHUE AJJIMTHUBHBIX TEXHOJOT Wi, METO/I0B
3D-MOJIEJITMPOBAHMS B PEMOHTE DHEPTETHYECKOI'O
OBOPY/IOBAHUSI

ABapHHHOCTE 9IHEPreTHYECKHX YCTaHOBOK (DY) B HacTofAllee BpeMs
OCTaeTcad J10CTATOYHO BBICOKOH M CYLIECTBEHHO He cHM:Kaercsa. B OonblUMHCTBE
C/IVYAEB aBAPHMH M ABAPHIHBIC NPOMCIIECTBHA XaPAKTEPHU3VIOTCHA KOMOMHALIMEH
OTKA30R Gﬁﬂp}’ﬂ{}ﬂﬂﬂﬁﬂ H  JIPYIHX CGﬁLITHﬁ* BOZHHE4MMIIHX H3-34d ['.IHTHﬁEII{
YETOBEKA, B TOM YHCJIE HAPYIICHHH nNepcoHamoM TpeboBanuii pyKOBOIAIHX
JIOKYMEHTOB M0 TEXHHYECKOH  IKCIUIyaTalliH, HEPacHYETHBIX  BHEIIHHX
pozaeicTeuil. IloppexaeHus (orkasel) anementor 3Y cocrapasot donee 30% or
BCEX BHIOB EIBEI[JI-’IH. BrilnensinoxeHHoe l[E},U,'-IE?]}KHBElﬂT Hﬁ{]ﬁ}{{‘.‘rﬂHMﬂETh HOBLIX
EHPHHHTDE I{['JETI{DCIJG"-IHGI'D pﬂMDHTH ANEMEHTOB HHE['_'II"E:TH'-EE!EIEMK }"CTE!_H'EJBE'IK.

Onmo W3 TNEPCNEeKTHBHBEIX HANPaRJEHHH PEHIEHHS ITHX BONPOCOR -
BHE/I[peHHE aJJINTHBHBIX TEXHOJIOTHI B PEMOHTHOE TTPOH3BOCTRO B KOMIUIEKCHOM
coyetaHuu 3D-neyatu M 3D-ckanuporanusa. Tak, npu jgedektanuu aeraiei c
noMouew 3D-ckanepa BO3MOXHO OBIIO OBl ONPEASNIHTE BEIHYHHY H3IHOCA

[OBCPXHOCTH, a ¢ J1IOMOLIbHY 3D-1 IPHHTEPA BOCCTAHOBHUTL  H3HOLICHHYH)

21



HOBEPXHOCTE C YYETOM HEPAaBHOMECPHOCTH H3HOCA. AJJIHTHBHBIC TEXHOJIOTHH
JenarT BO3MOKHBIM H3TOTOBIEHHE M000H JeTand, a Takke NpoBeJeHHE peMOHTa
MOBPEXICHHOI HA OCHOBE €€ TPEXMEPHOH MOJIENH.

[IpeumylLlecTRa PEMOHTA € MOMOIULI) A/JINTHBHBIX TEXHOIOIHI:

- BO3MOKHOCTB BOCCTAHOBIIEHHA [eTalled CHA0KHOH TIeOMETPHYECKOH
hopMEI;

- TOYHOCTH HAHECEHHA CI0A BOCCTAHABIHBAKIIErO MaTepHala Ha MeCTo
H3HOCA C YYETOM FeoMETPHYECKHX 0COOCHHOCTEH MOBEPXHOCTH U, KaK CIEeICTBUE,
CHHKEHHE pacXoja MaTepHala;

- CHHKEHHE 3aTpaT Ha MoceayIoUy o o0padoTKy deTanu;

- BO3MOKHOCTE aBTOMATH3AIIMA TEXHOJIOTHYECKOT 0 TPOIIECCa pEMOHTA;

- OOLUMPHBIHA AHANA30H HCIO/Ib3YeMbIX [IOPOLUKOBBIX MATEPHAIIOR;

- BO3MOKHOCTh OTKa3aThCA OT MOKYIIKH JeTalnel u3-3a pyoeka.

Coveranne nOpUMeHEHHs AJIMTHBHBIX TEXHOJIOTHA M BBINOIHEHHHA
PEMOHTHBIX padoT pacmMpAeT BO3ZMOMKHOCTH PPEKTHBHOIO HCHOIBL30BAHHA
IHEPreTHYECKMX YCTAHOBOK 110 HasHa4ycHHI0. Takas BapMaTHBHOCTH IM03BOJIACT
peliaTh MOCTABICHHBIC 3a/1a4H.

[IppumepaMH  MCIIONB30BAHMA  PEeMOHTA € [OMOIULID  AJHTHBHBIX
TEXHOJIOIMH MOI'YT OBITh!

- BOCCTAHORICHHE JaOMPHHTHBIX VYIUIOTHEHWIH, COTUIOBRIX ATMapaTos,
pabouyMuXx HOMaTOK TYPOHH W KOMIIPECCOPOB H T. J1.;

- W3rOTOBJICHHE OTCYTCTBYIOIIMX [I€TalicH, HCOOXOAWMBIX I PEMOHTA
INABHBIX H BCIIOMOTaTelbHbIX [BHraTened, 4To MO3BOIAeT H30ekaTh KpPYIIHBIX
ABAPHH IHEPIreTHYECKOH YCTAHOBKH.

K HejpocraTkaM JaHHOIO METO/la MOXKHO OTHECTH BBICOKYH) CTOMMOCTH
PACXOIHBEIX MATEPHAIIOR H caMoro 00opyIoBanus. PaseuTHe JaHHBIX TEXHOIOTHH
MO3BOJIMT CHH3HTh CEDECTOMMOCTE TIPOIecca W3TOTOBIIEHHA OTIAENbHBIX JeTalleH.
OcHoBHBIC METOABI TEXHOMOIWH 3D-neyaTH ¢ HUCNONB30BAHHEM METAJLUIHHECKHX
MOPOUIKOB, [MIHPOKO paclipoCTPaHEHHbIE H YCIEIHO MIPUMEHAEeMBIe B HacToALlee

BpEMs B pazIMUHBIX 00JacTaX HayKH M TexHuku [11, 12, 15].
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JAKJTIOYEHHE

B xome paboTel OBITH M3yYeHB COBpPEMEHHBIE METOJBI OpraHU3alHu
TEeX00CYKHBAHHA, JHATHOCTHKH W pPEeMOHTa 0DOpPYIOBAHHA HHEPreTHYeCKHX
npennpusTHii. Jlns sroro OsUla 1aHa KpaTkas XapakKTepHCTHKA, H3YVUEH OCHOBHOM
MPUHLKI padoThl W BLIABJICHBI NPEHMYILIECTBA M HEJOCTATKH  CIEAYIOLIHX
METO/IOR, MTPHMEHACMEIX hiny | noaepAaHusa HCTIPaBHOM paboTEI
IMEKTPOTEXHHYECKOT0  ODOpYAOBaHMA:  TPHMEHeHHe  TeNJOBH30pPOB  JUIA
oOHapyxeHHs Harpeea o000py10BaHHA, BHeApeHHEe poDOTOTEXHMKH 1A
JHAI'HOCTHEH H ’I'EII}GCJI}’H{HEEHHH; HCITOJIB30OBAHHE Ll,lrlq}pﬂﬂhl}i ,LIHEJI‘TIHHH[}H H
HEHpOCeTeH /1718 MOHUTOPHHTA COCTOAHMA 0DOPYIOBAHH; MMPOBE/ICHHE PEMOHTA C
MOMOULEI AJIHTHBHBIX TEXHOJIOTHH.,

Takum obpazoM, OBUIO BBIABICHO, YTO TJIABHBIM TPEHMYIICCTROM
TEIJIOBH30POB ABJIAETCA MXCIOCOOHOCTE K padoTe B MOOBIX yCloBHAX (Oyab TO
TPYJAHOJAOCTYIIHOE PACIHOIOKEHHE 000pY/I0BAHUSA WM [Or0/JHBIE YCIIOBHHA), a
TAK&KEe BBICOKag Oe3omacHocTe paborel, HeDOMbIIME 3aTpaThl W HEAOPOTOE
Dﬁﬂﬂ}-’}KHEHHHE. GHHEK{} TCITOBHAWOHHEIC }-’E‘TpDﬁETHE HYBCTBHTCIBEHEI K MaJIBEIM
TEMITEPATYPHRIM  OTKJTOHEHHAM, HYTO MOXKET CO3/1aBRaTh TPYIAHOCTH TIPH
nuarHocTHke. JlaHHas TeXHONOrWA HIHPOKO paclpocTpaHeHa M MOMKET HepeaKo
HCIIOIIB30BATLCH BMECTE C HPFI'HMH II'E]'}E,L{E}BL[MH METOMAMHM JHAI'HOCTHKH
WIEKTPOTEXHHUESCKOIO 000PYI0BAHMA, HAIIPUMED, TEIUIOBH30PbI BCTPAHBAKITCA B
poDOTOR 1A UCTIPABRHOI W DoJlee TOUHOH padoThI.

[Tpumenenwe poOOTOTEXHHKH IS  MOHHTOPHHTA, OOCIYKHBAHHUA W
pEMOHTa AWIEKTPoOoDOPYIOBaHHA cuUHTaeTcd Haubomee PpEeKTHBHBIM Ha Tex
ydacTKaxX, KOTOpkle ONacHel IS deloBeka. OJHAKO B HacTofllee Bpems
[IPUMEHEHHE PODOTOBR B M3yUaeMOil 0DJIaCTHHOCHT TOUYEUYHBIH XapakTep, Ho3ToMY
JI0 MOBCEMECTHOTQ HMX paclpocTpaHcHHA cmie odcHb gancko.llo mpwuampe Toro,

HTO  HCCICOYVCMBIC TCXHOMTOIHH  TOIBKO  34apOAI4aiorTcd, TO  TOBOPHTE O
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CYIICCTEBCHHBIX DKOHOMHYCCKHX Dfl]flli:ﬂrﬁ?{ HX TIPHMCHCHHA ITTOKd PaHo. KPH]TIHC
HH3KHC IMOKA3aTCIH BHCIAPCHHA {{p{?ﬁ{lTﬂE}} B OTCHECTBCHHVHY) DHCPI€THKY MOMKHO
00VCIOBUTE HEDONBIIUM YPOBHEM IOCYIAPCTBEHHOH MOJAEPHKKH, 4 TAKKE MATBIM
KOIHYECTBOM COOCTBEHHBIX pa3paboTOK B JaHHOH cdepe M HEI0CTATOUYHOH
HHPpaAcTpYKTYphl npoussoacTea [ 10].

[IpuMeHeHHE aIIHTHBHEIX TEXHOIOTHH MO3BOJIHT COKPATHTE BPEMECHHEIC H
MATCPHAIIBHBIC 34TPAThI HA TO n PEMOHT HMICEMECHTOB SHCPTETHHCCKHR YCTAHOBOK,
4TO MOBBICHT HX A(PPeKTHBHOCTh, IKCIUIYATAHOHHYK HalekHocTb. OaHako
CTOMT OTMETHTB, YTO CTOMMOCTh PACXOIHBIX MaTepHAIOB U caMoro odopyIoBaHHs
JOBOJILHO BeIcOKas. OTcloaa cneayer, 4TO HeoOXOJHMO pa3BHBaTh JaHHYIO
TEXHOJIOTHIONIA CHHAKCHHA CeOCCTOMMOCTH TIpOIlecca M3TOTOBIICHHA OT/IEIBHBIX
JleTanei.

HcnonpzoBanue CBCPTOYHBIX HEF]I.']'GHHLIK ceTeH B JHATHOCTHKE CHCTEM
obecrieyeHHst HYHepProcHadKeHHs IMO3BOJIMT KOHTPOIUpOBaTh cocTodaHHe D0, He
BRIBO/IA €ro W3 padoThl, MPH HTOM € OTHOCHTENBHO HEDOJLIIHMH 3aTPaTAMH M
JIOBOJIbHO OIIYTUMBIM M (EKTOM NPHMEHCHHUA.

[l1(ppoBEle IBOHHHKH CHELyeT IPUMEHATH TOJBKO I MOHMTOPHHIA
JOpOoroCTodallero 3.|'lEI'IZ'TFI[:I"ll:lﬁl'.:lFl:)-",.-"_'l,'lﬂlIE!'-‘.n:'i.[-I[-{.'ﬁ].| [NOCKWIBKY A4 OCTAJIbHOI'O 30
UudpoBbIE ABOHHUKM NPHMEHATh HeuelecoodpazHo u3-3a 0ONIbLIMX 3aTpar Ha
pazpadoTky 11J], KOTOpEIE MOTYT B HTOTE HE OKYTTHTHCA.

Taxkum obpazom, cpeayn W3YUCHHBIX METOI0B JIHATHOCTHKH, TEXHHYECKOTO
00CITyKHBAHMA M PEMOHTA IEKTPOTEXHHYECKOTO 000pY10BaHHA, HET OJIHO3HAYHO
BEBIHI'PBIINITHBIX HHCTPYMCHTOB. ,[[.]TH KaaJoro Buia ﬂﬁDPFﬂDBﬂHHH HE'DEK'D,EI,HMH
CBOHM CIHOCODBI, KOTOpbIE OVJAYT YUWUTBIBATHL OJIHOBPEMEHHO O€30I1ACHOCTh HX
HpuUMeHeHus Ui uesioBeka, 3hdexkTuBHOCTL JEHCTBHA, a TAKKE OKYIAeMOCTh
3aTpaT Ha BBEJCHHE TEX HWIH WHBIX HHCTPYMEHTOR,

He Bce TexHomorwwW, paccmaTpHBaemMsblie B JaHHOH padoTe, J0BEIEHBI 10
COBEPUICHCTBA, XOPOIIO H3YYEHBI W BHEPECHEI B NMPOHU3BO/CTBO JUIA MOCTOAHHOTO
Heronab3oeanusa.  OJQHaKo BCe BB CHEPCYHCIICHHBIC — CITOC 00Bl  JIOBOJIBHO

NEPCIHEKTHBHBLI M TPEG}"H’JT K cebe JOCTATOYHO OOJIBIIOTO BHHMAHHS W ,U,D['JEGUTHH-
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