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HPAKTUYECKOE 3AHATHUE Ne 1

PACYET NOKA3ATEJEW HAJTEXKHOCTH
IJEKTPOOBOPYAOBAHUA INIEPE/IBUKHBIX
JJEKTPOYCTAHOBOK

lle./lb paﬁombl: O3HAKOMJIEHUEe C OCHOBHbIMU CHnocodamu
onpedeﬂeﬂuﬂ noxaszamejeiu HAOeHCHOCIU nepedeuochbzx
AJIEKMpoycmdaHOB0K

KpaTKne METOANYCCKUEC YKA3AHUHA

B coorBerctBuu ¢ 'OCT 27.002-89 i1t KOJIMUECTBEHHON OILICHKU
HAJIG)KHOCTH TMPUMEHSIOTCS  KOJWYECTBEHHBIC IIOKA3aTeIM  OLICHKU

OTHEIBHBIX ee COCTaBJISIIOIIIMX CBOMCTB: 0€30TKa3HOCTH,
JIOJTOBEYHOCTH, PEMOHTOIPHIOJHOCTH W COXPAaHSIEMOCTH, a TaKXKe
UCIIOJIb3YIOTCS ~ KOMIUICGKCHBIC — IIOKa3aTelld,  XapaKTEePU3YIOIIUe

FOTOBHOCTh Y 3()PEKTUBHOCTh MCIOJIH30BAaHUS TEXHUUYECKUX OOBEKTOB
U CUCTEM (B YACTHOCTH, 3JIEKTpOycTaHOBOK U CIC).

OTHU TMoKa3aTeNMu MO3BOJSIOT MOJy4YaTh PacUETHO-aHAJTUTUYECKUE
OIICHKM KOJUYECTBEHHBIX XapAKTEPUCTUK OTACIBHBIX CBOHCTB H
HAJIG)KHOCTH B 1IEJIOM IPU BHIOOPE MEXAY Pa3IUYHBIMU CXEMHBIMU U
KOHCTPYKTUBHBIMU BapuaHTaMH OOOpyAOBaHUsS (OOBEKTOB) MpPU HUX
NPOCKTUPOBAHWUM, TPOU3BOJICTBE, MCIBITAHUSAX M B  YCJIOBHUSX
sKcIuTyaTauu. KOMIUIEKCHBIE MOKa3aTenu HaASKHOCTH HCIOIb3YIOTCS
B OCHOBHOM Ha WCIBITAHUSAX W TPHU DKCIUTyaTallid, YTOOBI MOJIYYUTH
OIICHKY U BBINIOJHUTh aAHAJIU3 COOTBETCTBUS OAKCILTyaTallMOHHO-
TEXHUYECKUX XapPaKTEPUCTUK TEXHUYECKUX OOBEKTOB (YCTPOUCTB)
3aJlaHHBIM TPEOOBAHUSAM U TTapaMeTpaM.

BepositHocTh 6€30TKa3HOM paboThl P(t) — 3TO BEpOSITHOCTH TOTO,
YTO B TMpelenax 3aJaHHOr0 HWHTEpBAJa BPEMEHU MPHU 3aJaHHBIX
YCJIOBUSAX PabOThl OTKAa3 OOBEKTa HE BO3HMKAECT. OJTOT I10Ka3aTellb
MOKET OBITh ONPEIEIICH CTATUCTUYECKOM OIIEHKOM KaK

P(t) = No—n(t) (1)
0
rjae N, - YUCJIO OJTHOTUITHBIX OOBEKTOB (JIEMEHTOB), MPOXOAUBIIINUX
UCIIBITAHUS WJIN K€ HAXOMSIIUXCS 1Mo KoHTpoJieM). [Ipu sToM Bo Bpems
WUCHBITAHWI OTKa3aBIIMM OOBEKT HE BOCCTAHABIMBAETCI W HE
3aMEHSIETCSI UCTIPaBHbBIM;



n(t) - YUCIIO OTKAa3aBIIUX OOBEKTOB 3a BpeMms t.
CraTuctuueckas OlleHKa JJIsl CpelHe HapaOOTKH JI0 OTKasa oIpe-
nensiercs mo gpopmyiie:
Te, = Ztip/n, 9 (2)

rae  tp — Bpems paboTel o0opynoBaHus Mexay (i-1) m  i-m
OTKa3aMu 000py10BAHUS;
N - YUCJIO OTKA30B.
Cratuctruyeckas OleHKa UHTEHCUBHOCTH OTKA30B UMEET BH/I:
A(t) = ny/k-At, (3)
IJ€ Ny— YUCJIO OTKA30B 3a BpeMs At;
k — uncno oTka3os.
Cratuctuuecku cpeaHsast HapaboTka Ha 0TKa3 o0beKTa (HapaboTka
Ha OTKa3) OMpeneNsercsl KaK OTHOIICHHE CyMMapHOM HapaOOTKu
BOCCTaHABJIMBAEMOT0 OOBEKTa K YHCIY OTKa30B, MPOHCIIEIIINX 3a
CyMMapHYIO HapaOOTKYy:
n
2t
Tep = 1—9 (4)
n(t)
rae t; - Hapabotka Mexnay (i-1) u 1-M oTKazamu, u;
n(t) - cyMmMapHO€ 4UCJIO OTKa30B 3a BpeMs t.
[TapameTp moTOKa OTKA30B WM yJleJbHas MOBPEKIAEMOCTh TAKKE
XapaKTepu3yeT BOCCTAHABIMBAEMbIH OOBEKT M TO CTATUCTUYECKUM
JTaHHBIM OMPEAEIISETCS C TOMOIIBIO POPMYJIBI

o = =20, ©
2 1
rjae n(t)) u n(ty) - KOJIMYECTBO OTKA30B 00BEKTA, 3a(PUKCUPOBAHHBIX
COOTBETCTBCHHO, 110 UCTCUCHUU BPEMCHU 1 U t;.
Cpennee BpeMsi BOCCTAaHOBJICHUS - 9TO MATEMATUUECKOE OKHUTAHUE
CIIy4yallHOM BEJIMYMHBI - BPEMEHU BOCCTAHOBJIEHUSI PaOOTOCIIOCOOHOTO
COCTOSIHMSI O0BEKTa IMociie oTkaza. OHO ompenensercs Mo JaHHBIM

OKCILTyaTalu U HAXOAUTCs B HacCax

iti
T. ==L gy (6)

cp.
p.B n

rac n - 4ucliio BOCCTaHOBHeHI/Iﬁ, PaBHOC YHCITYy OTKA30B;




t; - Bpems, 3aTpau€HHOE Ha BOCCTAaHOBJIEHUE (OOHAPYKEHHE, TTOUCK
NPUYUHBI U YCTPaHEHUE 0TKa3a), B Yacax.

MHTEHCUBHOCTh BOCCTAaHOBJICHHMSI - 3TO OTHOIIEHHUE YCJIOBHOM
IUVIOTHOCTA ~ BEPOSITHOCTHM  BOCCTAHOBJIEHHS ~ PabOTOCIIOCOOHOTO
COCTOSIHUSI O0BEKTa, OMPENEICHHON /I paccMaTpUBaeMOro MOMEHTA
BPEMEHU TIPU YCIOBUHU, YTO JIO0 3TOTO MOMEHTa BOCCTAHOBJICHUE HE
OBLIIO 3aBEPILIECHO, K MPOJOIKUTEIILHOCTH ITOTO0 UHTEPBAJA.

Cratuctryeckast oleHKa dTOT0 ToKa3aTessl HaXOUTCS KaK

u(ty= oA (7)

Ny p - At
rae ng(At) — KOJIMYECTBO BOCCTAHOBJIEHUN OJIHOTHUITHBIX OOBEKTOB
3a MHTEPBAI At;

Ny.cp — CpeHEE KOIMYECTBO OOBEKTOB, HAXOMAIINXCSA B HEBOCCTA-
HOBJICHHOM COCTOSIHUM Ha UHTepBajie At.

KoapuuneHT roToBHOCTH XapakTepu3yeT FOTOBHOCTh OOBEKTa K
BBITIOJIHEHUIO CBOMX (QyHKIMI. OH mpenctaBisieT coO0OM BEPOATHOCTD
TOTO, YTO OOBEKT OKaXKETCS B PabOTOCIIOCOOHOM COCTOSIHUM B JIFOOOM
MIPOU3BOJIbHBIE MOMEHT BpPEMEHHU, KpOME IIJIAHUPYEMBIX TMEPHOJIOB, B
TEYCHHE KOTOPHIX TMPUMEHEHHWE OO0BEKTa TI0 HA3HAYCHHUIO HE
npeaycMaTpuBaeTcs. JTOT MOKa3aTeiab OJHOBPEMEHHO OIICHMBAET Kak
CBOMCTBO pabOTOCHOCOOHOCTH, TaK U CBOMCTBO PEMOHTONPUTOTHOCTH
oObekTa. Paccmorpum ompegenenne Kod3(PUIMEHTa TOTOBHOCTH
COIJIaCHO

OH ompexaensieTcs OTHOIICHUEM BPEMEHH HAxXOXIEHUS B
paboTOCIIOCOOHOM COCTOSIHUM K CyMM€ BpPEMEH HaxXOXJICHUS B
paboTOCIIOCOOHOM COCTOSIHUM UM MPOCTOE 33 PACCMATPUBAEMBIN MEPUO]T
BpeMeHH. VIcxoas U3 3Toro onpeneneHus A OJJHOTO PEMOHTHPYEMOTO
00beKTa KOA(hPUIMEHT TOTOBHOCTH PACCUNUTHIBAECTCS KaK

n

2t

i=1
n n )
D2t + 2T
i=1 i=1

Koapdumment TtexHuueckoro wucnoyib3oBanus Kry paBeH
OTHOIIICHUIO MAaTEeMaTH4YECKOTO OXHUJAHUS CYMMapHOrO BPEMEHHU
npeObIiBaHUsl 00bEKTa B pabOTOCIIOCOOHOM COCTOSIHMHM 3a HEKOTOPBIN
NeproJ] AKCIUTyaTalluM K MaTEMaTHYECKOMY OXXHIAAHUI CYMMapHOIO
BpEMEHHU MpeObIBaHUS 00bEKTa B PabOTOCHOCOOHOM COCTOSIHUM U

K]":

(8)



IPOCTOEB, 00YCIOBIECHHBIX TEXHUYECKUM OOCTY>KUBAaHUEM U PEMOHTOM
32 TOT K€ NEPUOJ IKCILTYaTaALUU:

K. =

T.n

St
TR ©)
2L +H2T 2T,

i=I i=1 i=1

I€ t - BpeMs COXpaHEHHUs pabOTOCIOCOOHOCTU B 1-M IMKJIC

(G YHKIIMOHUPOBAHUS OOBEKTA;
T; - BpEMs BOCCTAaHOBJICHHS (PEMOHTA) IIOCJE 1-T0 OTKasa

00BEKTa;

Tj - JUIMTENBHOCTH BBIIOJHEHUSA j-H NPOQHUIAKTHKH, TPeOyrolei
BbIBOJIa OOBEKTa M3 Pa0OTAIONMIErO COCTOSIHUA (MCIIOJIB30BaHUS TI0
Ha3HAYEHUIO);

n - 4uciao pabouMx UUKIOB 3a paccMaTpUBAaEMBbI IMEpUOJ
IKCIUTyaTallkH;

M - YHUCIO OTKa30B (BOCCTAHOBJIEHUM) 3a paccMaTpUBAEMBIil
HEepUO;

k - uucio mpopuIaKTUK, TPEOYIOMMX OTKIIOYEHUs OOBEeKTa B
paccMaTpuBaEMBbIi IEPUO.

Iopsinok BbINOJTHEHHSI PA0OTHI

. Jlns 3amaHHOTO MPEMNOJABATEIEM COCTaBa IOKazaTesen
HaJIC)KHOCTH MIPOU3BECTU PAa3/CICHUE UX HA OCHOBHBIC TPYIIIIHI.

2. Jlng Kaxaou W3 TPYNN IIOKAa3aTelied NPOBECTH aHAIN3
HE0O0XO0IUMOM UCX0aHON nHpopMaIu, TpeOyeMoH JJIsl UX pacuera.

3. 1o 3agaHHBIM MIPEMOAABATENEM UCXOIHBIM JJAHHBIM ONPEACIUTh
MOKa3aTeayu HAACKHOCTH.

4. IToTOpUTh Mm.1.1-3 1151 APYroro cocraBa 000OPyI0BAHMUS.

KonTposbHbie BONPOCHI

1. HazoBUTE OCHOBHBIE MTOKA3aTEIN OE30TKa3HOCTH.

2. HazoBHTE OCHOBHBIE MTOKA3aTEIU JOJITOBEYHOCTH.

3. Ha3zoBuTe OCHOBHBIE TOKA3aTENN PEMOHTHOIIPUTOIHOCTH.

4. Kak paccuutbiBaercsi KO3OPUIUEHT TOTOBHOCTH?

5. Kak  paccuutbiBaercsi  KOAPUIMEHT  TEXHUYECKOIO
UCIIOJIb30BAHUA?



HPAKTUYECKOE 3AHATHUE Ne 2

PACYUYET NPOAOJIZKUTEJIBHOCTHU PEMOHTHOI'O IUKJIA
AJIEKTPOOBOPYJIOBAHUA

Llenv pabomoi: 03HAKOMAEHUE C OCHOGHBIMU CROCODAMU
onpeoeyieHus nPoOOAHCUMETbHOCIU PEMOHMHO20 UUKA
371eKmMpPoooopyooeanus

KpaTKne METOANYECCKHUEC YKA3aHUHA

DKCIuTyaTanus AIEKTPOOOOPYIOBAHHUS MPEAIPUATHI
OCYHIECTBIIIETCSI B OCHOBHOM Ha  0a3e  CHUCTeMbl  IJIaHOBO-
npeaynpeauTenabHoro pemonTa u obciayxuBanus (IITIP). CymHocTs
cucrembl [IIIP 3akimrouaercs B TOM, YTO 4YEPE3 ONPEACITICHHBIC
OPOMEXYTKH  BpPEMEHH  OOOpYyJOBaHHE MOJIBEPracTcsi IJIaHOBBIM
npodUIaKTUUYECKUM  OCMOTpaM,  MpPOBEpPKaM,  MCIBITAHUSIM U
Pa3IMYHBIM BUJIaM PEMOHTA.

PemonTHBIM 1UKA T, IPEACTBIAET COOOM HMHTEPBal BPEMEHU
MEXIY JABYMs KalUTAIbHBIMA PEMOHTAaMH OOOpYJOBaHMS, a IS
HOBOTO OOOpYJIOBaHMSI - MHTEpPBaJl  BPEMEHH  MEXAY  BBOAOM
000OpYyI0OBaHMS B AKCILTyaTallMIO U IEPBBIM KaIUTAIbHBIM PEMOHTOM.

ITon CTpyKTypOoM pEMOHTHOIO [MKJIA IOHUMAKOT MOPSAIOK
pacCIlOJIOKEHUSI W YEepelOBaHUs PaA3JIMUHBIX BUJIOB TEXHUYECKOTO
o0CIIy’)KMBaHUsI B MpeAenax OJHOTO PEMOHTHOro Mukia. [JaBHOM
3a/layeid  TpU  ONPEICICHUU MPOJOJDKUTEIIBHOCTH U CTPYKTYPhI
PEMOHTHOTO  I[MKJA SBIsETCS oOecrneueHrue TpeOdyeMoro ypOBHS
HAJEKHOCTH OOOpYIOBaHUS MpU HauOoJee MOJHOM HCIOJIb30BAHUU
ero pabOTOCIIOCOOHOCTH. Kpome TOTO, MEPUOJIUYHOCTD
OOCITy’)KMBaHHUSI W PEMOHTOB OOOPYIOBaHUS  SABJISIETCS HMCXOIAHOM
uHpopmale s OIEHKM oOlIero oobema padoT, YUCIECHHOCTH
PEMOHTHOTO TMEpCOHaNa, MOTPEOHOCTH B MaTepuajiax M 3aMacHbIX
4acTsX.

Onpenenene  MOPOAOHKUTEIBHOCTH  PEMOHTHOTO  IIMKJA
OpeACTaBIsieT  coOoi CJIOKHYIO MHOTOKPUTEPUATBHYIO
ONTUMU3AIMOHHYIO 3a7ady, pEIICHUE KOTOPOU JOJIKHO BBIMOIHATHCS
KaK MO0  TEXHUYECKUM, TaK M DKOHOMHYECKHUM  KPHUTEPHUSIM.
PaccMOTpuM  HCIIOJIB30BAHUE PA3IUYHBIX KPUTEPUEB JIUIIb IS
Ka4EeCTBCHHOW OLEHKHM IPOJIOJLKUTEILHOCTH PEMOHTHOIO IUKIA Ty .



Hanbonee mnpocto mnocraBieHHas 3ajaya peuiaercsd, €clid B
KAUEeCTBE KPUTEPUS  MOXKHO  TPHUHATH  NPEACIBHOE  3HAYEHUE
HEKOTOpOro  mapamerpa (mapaMeTpoB),  CKOPOCTb  HM3MEHEHHUS
KOTOPOTO MOYET KOHTPOJIMPOBATHCA MPH IKCILTyaTaLNH.

OueHKy NPOJOIDKUTENBHOCTA PEMOHTHOIO I[MKIA  MOXHO
BBITIOJIHUTH 110 HOPMaM €XKETrOAHBIX aMOPTHU3ALMOHHBIX OTYHCICHUM
Ha KalWTAJIbHBIA PEMOHT Py

Tox = 3P K, (10)
1€ 3;x — CTOUMOCTbh OJTHOTO KallMTAIBHOTO PEMOHTA;
K — croumocTth 000pynoBaHus.

Hopwmpel Px  OTUYHCIIEHUMU Ha KaIlUTaJbHBIN PEMOHT
000pYyIOBaHUS PaCIPEACIUTENbHBIX CETEN COCTABISAIOT:

- cuiioBkle TpaHcdopmatopsl — 0,029;

- xabeapHbIe TMHUA — 0,003;

- BO3JYIIIHbIE JIMHUH Ha AepEBAHHBIX oropax — 0,017;

- BO3AYIIHBIE JIMHUU Ha *Kene300eToHHbIX onopax — 0,006.

Texnnueckoe oOcnyxuBanue (TO) - 3T0 cucTeMa TEXHUYECKHUX
MEpONpUATHH, oOecreunBarIas padoToCHOCOOHOCTh 000PYI0BaHUS
B NIEPUOJ MEXAY KanuTalbHbIMU peMoHTamMu. Cructema TO BKiItO4YaeT B
ceost:

- pEryJIsipHBIE OCMOTPBI 000PYI0BAHUS;

- BBINOJIHEHHWE  TpPeOOBaHMN  AKCIUTyaTal[MOHHO-PEMOHTHOM
NOKYMEHTAIlUH, B YaCTHOCTH, HHCTPYKIIUN 3aBOJIOB-U3TOTOBUTEIIEH;

- KOHTPOJIb TEXHUYECKOTO COCTOSHHUS  PabOTOCIOCOOHOCTH
o0opyI0BaHus, OCYILECTBJISIEMBIN npoPUIaAKTUYECKUMU
UCIIBITAHUSMU, U3MEPEHUSIMU U AUATHOCTUPOBAHUEM O00PYIOBAHMS;

- YCTpaHEHUE MEJIKUX HEUCIIPAaBHOCTEN U Ie(DEKTOB;

- TEKYILIUE PEMOHTHI 000PY/I0BAHUSI.

Bce  wmeponpustuss  TO ~ BBINOJHSIOTCS — MEPUOAUYECKHU.
OueBuHO, 4YTO pasHble BUAbl paboT TO HUMEIT Ppa3TUUHYIO
NEPUOANYHOCTD, HANPUMEP, OCMOTPHI MOTYT BBITIOJHATHCSA €KEIHEBHO,
a TEKYIIHW PEMOHT — OJIMH pa3 B HECKOJBKO JIeT. [IpoaoKkuTensHOCT
nukia i-i pabotel TO o0o3HauUM T

[Tockonbky  ctoumocth TO  BXogur B CeOECTOMMOCTH
OPOAYKIIUM, BOIPOC O cpokax u oO0beMax TO B OOJBIIUHCTBE
CIy4aeB SIBJISIETCS BOIPOCOM TEXHUKO-IKOHOMUYECKHM.

[lycTh 3aTparbl, CBsSI3aHHbIE C BBINOJHEHUEM i—i padotsl TO,
COCTaBJISIIOT BEIUYUHY 3;,. 1IOTOK BO3HUKHOBEHUS Je()EKTOB B
0o0OpyJIOBaHUM, TPUBOASAINIMX K €ro OTKazaMm, OyJIeM CUdTaTh
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NPOCTEUIINM, XapaKTEPU3YEMbIM  HapaMeTpoM .  BrigBieHue
nedbexra B mporecce nmpoBeaeHuss TO  00ycloBUT 3aTparhl  Ha
IPOBEACHUE PEMOHTA IO YCTPAHEHUIO 3TOro JedeKTa
3y =0 Thoi 3, (11)
7€ 3; — CTOUMOCTb PEMOHTA IO YCTpaHEHUIO AedeKTa.

IHopsinok BeImoIHeHHsI padOTHI

1. Jns 3agaHHOrO mpenoaaBaTeleM cocTaBa O0OpYIOBaHUS
IPOU3BECTH PAa3/CIICHUE HA OCHOBHBIE TPYIIIIHI.

2. Jlng KaxIod W3 TPYyINI MOPOBECTH aHAIU3 HEOOXOAUMOM
UCXOJIHOM MH(pOpMaLIMH, TpeOyeMO 1Jid pacyera.

3. I1o 3amaHHBIM IPENOAABATEIIEM UCXOAHBIM JAHHBIM ONPEICIIUTh
NOKA3aTeIi PEMOHTHOTO LIHUKJIA.

4. IToBTOpuUTh M.1.1-3 1151 APYroro cocraBa 00OPy0BAHMUSI.

KonTposbHbie BONPOCHI

1. HazoBuTe OCHOBHBIE TIOKa3aTENM  MPOJOJKUTEIBHOCTH
PEMOHTHOTO IIUKJIA.

2. Ha3zoBuTe OCHOBHBIE IIOKa3aTelud CHOCOOBI  pacyera
IPOJIOKUTEIBHOCTH PEMOHTHOTO LIMKJIA.

3. Ha3zoBuTE OCHOBHBIE TOKA3aTEIN PEMOHTHOIO IIUKJIA.

4.Kak paccuuTbIBaeTCs MPOIOKUTEIBHOCTh PEMOHTHOTO LIUKJIA ?

5 Kak paccuuTbIBaeTcs BEIMYMHA 3aTpaT HA IPOBEACHUE PEMOHTA?

11



HPAKTUYECKOE 3AHATHE Ne 3

OITPEJAEJIEHME NIEPUOJUYHOCTHU KOHTPOJIA
PABOTOCITIOCOBHOCTH 3JEKTPOOBOPYJIOBAHUA

Llenv pabomoi: 03HAKOMAEHUE C OCHOGHBIMU CROCODAMU
onpeoeieHus nepuooOudHOCMU KOHMpPOaa padomocnocooHocmu
371eKmMpPoooopyooeanus

KpaTKne METOANYCCKUEC YKA3AHUHA

[leproauueckuii KOHTPOJb PpabOTOCIOCOOHOCTH O0OpYI0BaHUS
MO3BOJISICT BBISIBJISTh ero TEXHUYECKOE COCTOSIHUE u,
CJIEIOBATEIbHO,  CBOEBPEMEHHO PUHUMATD MEpBI 1o
NPEIOTBPAIICHUIO OTKa30B. [IeproauyHOCTh KOHTPOJISE MOKHO OIICHUTh
0 KPUTEPUIO 3aTPaT, MOJIb3YsICh BhIpakeHHEM (9). OgHako pacCMOTPUM
ATOT BOIPOC € MO3UIIUNA KPUTEPUS HATC)KHOCTH.

CuctemMa  DJIEKTPOCHAOXKEHUS  COCTOUT U3 OOJIBIIIOTO
KonuuectBa djeMeHToB. C  MO3UIMH  HAJAEKHOCTH  CHCTEMY
ANEKTPOCHAOXKEeHUs1  (JMHUA, TpaHcPopMarop, KOMMYTallMOHHBIN
ammapar...) MOXHO paccMaTpuBaTh KakK CXEMy  IOCJIEI0BAaTEIhHO
COCIMHEHHBIX  2JIeMeHTOB.  Jlinsi  o0OCHOBaHUSI MEPUOAUYHOCTHU
KOHTPOJIsI pabOTOCIIOCOOHOCTH CUCTEMBI HEOOXOAMMO MMETh JIaHHBIE O
napaMeTrpax MOTOKAa OTKA30B KaXKJIOTo 3JIEMEHTa, a Tak)Ke BPEMEHU U
YCIIOBUSAX €0 IKCILTyaTalliH.

[lomarass MOTOK  OTKAa30B  KaXIOr0 JJEMEHTa  CHUCTEMBI
OPOCTEUIIIM, ONPEACIMM  BEPOATHOCTh  O€30TKA3HOW  PabOThI
CHUCTEMBl B TEYCHHE BPEMCHHU t:

N
P(t)= 11 pf(r), (12)
i=1
rjie p(t) — BEpOSITHOCTh 0€30TKa3HOM PabOTHI 1-I'0 AJIEMEHTA;
N — KOIUYECTBO MOCIEAOBATEILHO BKIOYEHHBIX 3JIEMEHTOB B
CUCTEME.
B cuny cranimoHapHOCTH MTOTOKOB OTKA30B:
pi(t) = exp(-o:). (13)
Torma BeposTHOCTh 6€30TKa3HOU PabOThI CUCTEMBbI

N N ¢
P(t)= I1 exp(-o;t) =exp(—f ¥ ©,)=exp(-o,)=exp(- ” ), (14)
i=1 i=1 0
12



r7ie ®) — MapaMeTp MOTOKa OTKAa30B CUCTEMBI;

Ty — cpenusist HapabOTKa HAa OTKA3 CUCTEMBI.

OueBugHO, uTO Tepuoa 7Tx KOHTpPOJIs PabOTOCIIOCOOHOCTH
CHUCTEMBl JOJKEH OBITh TaKWM, 4YTOOBI B TEUEGHHE OTOTr0 Ieproja
KOJIMYECTBO OTKA30B OOOpYyJOBaHUS  ObUIO OBl  MHUHUMAJbHBIM.
Hpyrumu cioBamu,  mniepuod 7, HE JODKEH IPEBBIIIATh BpEeMs
0e30Tka3HOl paboThl cuctembl. WHTerpupysa (12), ompenenum 3To
BpEMS:

Tk
T, = j exp(—Ti)a'r =-T, exp(—;—“) +T,=T,(1- exp(—%)) =T,0,, (15)

0 0 0
Tac QK — BCPOATHOCTb OTKAa3a B HHTCPBAJIC KOHTPOJIA T, K -

bonee TouHoe ompexnenenue nepuoga I, MOXET  OBIThH
BBITIOJTHEHO 10 33JIaHHOM BEPOATHOCTHU OTKaza (J (MM BEpPOSTHOCTH
0€30TKa3HOU pabOThHI) B TEUCHHUE ITOTO MEPUO/IA.

IHopsinok BeImoIHeHNsI padOTHI

1. Jns 3agaHHOro mpemnojaBaTeleM cocTaBa 00O0pyAOBaHUSA
MPOM3BECTU PA3JECICHUE HA OCHOBHBIC TPYIIIIHI.

2. Jlns KaxJIoW H3 TPyNIl TPOBECTH aHaIW3 HEOOXOAUMOMN
UCXOAHOM nH(popMalmu, TpedyeMon JJ1s pacuera.

3. 1o 3agaHHBIM MPEMOAABATENEM UCXOIHBIM JJAHHBIM ONPEACIUTh
NOKA3aTeNId HAJAEKHOCTH.

4. IToTOpuUTh M.1.1-3 1151 APYroro cocraBa 000OPyI0BAHMUS.

KonTposbHbie BONPOCHI

1. HazoBuTe OCHOBHBIE TIOKa3aTENIM  MPOJOJKUTEIBHOCTH
PEMOHTHOTO IIUKJIA.

2. Ha3zoBuTe OCHOBHBIE TIIOKa3aTelud CHOCOOBI  pacyeTa
IPOJIOKUTEIBHOCTH PEMOHTHOTO LIMKJIA.

3. HazoBuTE OCHOBHBIE TOKA3aTENIN PEMOHTHOTO LIUKJIA.

4.Kak paccuuTbIBaeTCs MPOJIOJKUTEIBHOCTh PEMOHTHOIO LIUKJIA ?

5 Kak paccuuTbIBaeTcs BEIMYMHA 3aTpaT HA IPOBEACHUE PEMOHTA?

13



HPAKTUYECKOE 3AHATHUE Ne 4

PACYET TEIUIOBOI'O PEXKUMA TPAHC®OPMATOPA

Llenv pabomoi: 03HAKOMAEHUE C OCHOGHBIMU CROCODAMU
pacuema menunogo2o pexcuma mpancghopmamopa

KpaTKne METOANYECCKUEC YKAZAHUHA

Haubonee moaBEpKEHHBIM  MPOLECCY  CTApEHUSI  BJIEMEHTOM
TpaHcopMaTopa  SIBISCTCS  LEUIIOJO3HAs  M3OJSIIMS  OOMOTOK,
bakTUYeCKu ompeaessonas pecypc (Cpok CiykObl) TpaHchopMaropa.
OCHOBHBIM (haKTOPOM, BIIMSIIOLIUM HA CTapEHUE W3OJISILMM, SIBISAETCS €€
HarpeB, O0OYyCIaBIMBAIOIINN TEPMUYECKUI U3HOC U30JISILU Y.
CymectByeT  Tak Ha3blBaeMOE€ O-TpaJlyCHOE€ TPABWIO: YBEIUYECHHUE
TEMIIEpaTyphl U30JIALIMU Ha 6 TPaJyCoB COKPAIIAET CPOK €€ CIIYKObI BJIBOE.
DTO NpaBUIIO CIIPABEAIMBO B rana3one remreparyp 80...140°C.

Haunbonee MHTEHCUBHBIA HAarpeB H30JSIMH OOMOTOK MPOUCXOIUT
npu neperpy3ke TpancopmaropoB. IlosToMy pexumy mneperpysku
TpaHCc(hOpMaTOPOB yAEISIETCS 0COO0E BHUMAHKE.

[leperpy3ku,  OOYCIIOBJIEHHbIE  HEPABHOMEPHBIM  CYTOUYHBIM
rpavkoM Harpy3kd TpaHcpopMaTopa, Ha3bIBAIOTCS CHUCTEMATUYECKUMH.
[leperpy3ku, OOyCIIOBJIIEHHBIE ABAPUMHBIM OTKIIFOYEHHEM KaKOIrO-JIMOO
AJIIEMEHTa CHCTEMBI 3JIEKTPOCHAOKEHHS, Ha3bIBAIOTCS aBApUIHBIMU
neperpy3KamMu.

JIoIyCcTUMOCTh ~ CHUCTEMAaTHMYECKUX W aBapUHUHBIX  MEPErpy3oK
TpaHC(hOPMATOPOB ~ MPU  HX  OKCIUTyaTallud  PErJIAMEHTUPYETCA
PyKkOBOJACTBOM MO Harpy3ke CHJIOBBIX MAaCJIHbIX TpaHCHOpPMaTOpOB
(I'OCT 14209-97).

[IpakTueckoe  CHATME  CYTOYHOro  rpaduka  Harpyskd
TpaHc(hopMaTopa OCYIIECTBISIETCA C HEKOTOPbIM HMHTEPBAJIOM BpPEMEHH,
BHYTPM KOTOPOrO Harpy3ka cuuTaercss Hen3mMeHHou. [loatomy rpadux
Harpy3KH MpeAcTaBisieT cobor cryneHuyatsid Bua. Ha puc. 1,a npuBeneH
CYTOUHBIM CTyNeH4YaTbli TpaduK HArpy3ku TpaHchopMaTopa, CHATBIA C
BPEMEHHBIM UHTEpBAJIOM | 4.

JUia  OLEHKH  JOMYCTUMOCTH  MEperpy3ku  TpaHchopmaTopa
CYTOYHBIA TpaK €ro Harpy3kd mpeoOpa3yercsi B SKBUBAJICHTHBIA IO
TEIJIOBOMY BO3JICMCTBUIO HA M3OJSILMIO JBYXCTyNeH4ateli rpaduk. Ha
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UCXO/JHOM IpayKe MPOBOAWUTCS JMHHUS HOMHUHAJIBHOM Harpy3Kd SHOM.
[lepeceyeHneM 3TOM JIMHMM C MCXOJHBIM TpaUKOM  BbLAEISETCA
YYaCTOK MEPErpy3Ku NpOJ0JKUTETHLHOCTBIO t.

Yacte rpaduka HArpy3Kd, pacrojIOKEHHAsi HIKE JIMHUU SHOM,
COCTOUT U3 MHTEPBAJIOB Ati ¢ Harpy3koi Si Ha kaxaom uHtepBaie (=1,
2,...m). Jlpyras yacte Tpadyika Harpy3kH, pacIioyiOKCHHas BBIIIEC JIMHUU
SHOM, COCTOMT W3 MHTEPBAJIOB Atj ¢ HArpy3KOM Sj Ha KaXJ0M MUHTEpBAJC
g=1, 2,...n).

.
’ M

5HiZlI1'| S
i
4 _'—|_|—|_I_,_,7
a)
y
e LAt 24
—t .
5
S2
SHDM
59 6)
y
t 24
&
Bt
Byt
B
8
0 B)
ea
y
- t . 24

OKBUBAJICHTUPOBAHUE KAXKJI0M YyacTH rpaduka Harpy3Ku MPOBOIUTCS
M0 YCJIOBHIO OJIMHAKOBOTO TEIUIOBOTO BO3JICHCTBUS Ha  M3O0JIALIUIO
JCUCTBUTEIILHOIO  TEPEMEHHOIO U AKBUBAJEHTHOIO  HEU3MEHHOTO
rpaduka Harpy3Ku:

AKBHBaJICHTHAs HEU3MEHHAs Ha uHTepBasie (24 - t)
IpEAIeCTBYIONIas Harpy3ka Sl
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S2At +S2At. +..+ 5% At
S = 1 1 2 2 m m.

16
1 24 —¢ ’ (16)
SKBUBAJICHTHASI HEU3MEHHAS! HA UHTEpBAJIE t Eeperpys3ka S2
2 2 2
¢ SyAt +SSAL, +..+ S AL | (17)

2 t

OKBHUB&JICHTHBIA 1O TEIUJIOBOMY BO3JCHCTBUI0 HA HW3OJSIHUIO
JIBYXCTYNEHYAThIA TpauK HArpy3Kd C MPEAUIeCTBYIONIEH Harpy3komn
S1 u neperpy3koit S2 nmokazaH Ha puc. 4,0.

[Ipy HOMHMHANBHOW Harpy3ke TpaHchopMaTopa, TeMIIEpaType
BO3/TyXa ®a = 20°C 1 HOMUHAJBHBIX 3HAYEHUSAX MPEBBIIICHUI
temnepatyp A®oar = 55°C u A®hor = 23°C TemmnepaTypa HauOosee
Harperoi Touku 0OMoTkM ®h =98°C .

JormyctuMocTh paboThl TpaHcopmaTopa B PEKUME MEPErPy3KU
OLICHMBAETCSI COIOCTABJICHUEM TEMIIEpaTypbl Macjia B BEpPXHEH dYacTu
oOMOTKM ®0 U TemrepaTyphl HauOoJiee Harperol TOYkKH OOMOTKH ®h
C MX NPEICIbHBIMU 3HAUEHUSMU. OTH TMpENEibHbIE 3HAUCHUS MJIst
pacnpeneuTeNbHbIX  TpaHcopmaTopoB (MomHOCTh 0 2,5 MBA wu
HanpspkeHue 70 35 kB) u  TpaHcopmMaTOpoB CpeaHE MOITHOCTH (10
100 MBA) npusenens! B Tabnauiiax 'OCT 14209-97. Tam ke xe ykazaHbl
npelieibHbIe  TEePErpy3kd  TpaHcHOopMaTOpOB, 00yCJIaBIUBAIOIINE

npeienbHbIe TeMIeparypbl ®o max u ®h max npu Temmeparype Bo3ayxa
®a=20°C.

IHopsinok BeImoHeHNsI padOTHI

1. Jlna 3amaHHOrOo  mpernojaBaTelieM Tpauka  Harpys3Ku
TpaHcopMaTropa paslieJICHUE Ha OCHOBHBIE PEXKHUMBI.

2. Jng xaxpaoro u3 pekKUMOB IMPOBECTH aHAIU3 HEOOXOAUMOMN
UCXOJIHOM MH(OpMaLNK, TpeOyeMoil 1Jid pacuera.

3. I1o 3amaHHBIM IPENOAABATEIIEM UCXOAHBIM JAHHBIM ONPEICIIUTh
noKa3aTeyiu rpauKos .

4. IToBToputs n.m.1-3 nms gpyroro Bujaa rpaduka.
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KonTposbHbie BONPOCHI

1. HazoBuTre OCHOBHBIE BHUIbI  T'pauUKOB paboThI
TpaHc(hOpMaTopoB.

2. HazoBure OCHOBHbIE 4YacTH  TIpaduKoB paboThI
TpaHc(hOpMaTopoB.

3. Ha3oBuTe OCHOBHBIE CIIOCOOBI OINpPEAEIECHUS CHCTEMATUYECKUX

Heperpy3oK.
4. HazoBUTE OCHOBHBIE CIIOCOOBI OMNPENETICHUA AaBAPUITHBIX

HEpErpy30K
5. JlomyCcTUMOCTh CHUCTEMATHYECKHX M aBAPUMHBIX MEPETPY30K
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HPAKTUYECKOE 3AHATHE Ne 5

PACYHET TEPMUYECKOI'O U3HOCA U30JI NN
TPAHC®OPMATOPA

Heﬂb pa60mbl: 03HAKOMJIeHUEe ¢ OCHOBHBIMU ChocoOamu
pacuema mepmudeCcKozco usnoca u3ojiauyuu mpancd)opmamopa

KpaTKne METOANYCCKHUEC YKA3aAHUHA

HcTounnkoMm HarpeBa B TpaHC(hOpMaTope SIBISETCS €ro akTHBHAS
yacTb. Macyio HarpeBaercsi OT OOMOTOK, €ro 0oObeM YBEIMYMBACTCA, a
TUIOTHOCTh yMEHbIaeTcs. Harperoe macio mogHMMaeTcss B BEPXHIOHO
JacTh 0aka ¥ BBITECHSACTCS B PaaMaTOphl CHCTEMbI  OXJIAKICHUS
Tpanchopmatopa (puc. 2,a). Ilpoxoas yepe3 paauaTopbl, Macio
OCThIBACT W IIOCTyIMaeT B HIDKHIOK YacTh Oaka. Tak mIpoucCXoauT
€CTeCTBEHHAs LIUPKYJISAIINS MacJa.

Macna

J .ﬁﬁoa L
( - "—‘\:W

QOBMoTKA 1 2

Unprynauna
-

L] r.‘-—-_f.//ﬁa

a) 0)

Pucynok 2 - EcTecTBeHHas HUPKYJISLMS Macia B TpaHcopmaTope (a)
U TEIJIOBas IMarpamMma Tpancdopmaropa (0)

B cwiy nOMONMHUTENBHBIX TIOTEPh B BEPXHEM 4YacTH OOMOTKU
OyneT HaxonUThCSl HauOoJiee Harperas Touka oOMoTku h. IlpeBbliieHue
TEeMIEpaTypbl HaubOoJiee Harperoil TOUYKM OOMOTKM HaJl TEMIIEPATypOil
Macia (3aBUCMMOCTh 3) B BEepXHEW 4acTh OOMOTKH JIOCTUTAeT BEJIMYUHBI
ABy,.
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Marepraipl, TPUMEHSIEMBIE ISl CO3JAHUS W3OJISILHH, JTOCTATOYHO
ySI3BUMbI K pa3ivuHbIM  (DakTopaM, BO3JCHCTBYIOIIMM Ha HeEEe B
TEUEHUE BCEro cpoka padoTel. OpHuM K3 Hanbolsiee BaXHBIX (HAKTOPOB,
OKa3bIBAIOIIMX CJIO)KHOE IO CBOEMY  XapakKTepy  BO3JICWCTBHE  Ha
ANEKTPOM3OJSILIMOHHBIE ~ MaTepuaibl, SBISIETCA Temrieparypa. Korma
TEMIIEPATYPA BO3PACTAET, TO XUMUYECKUE PEAKIIUH, TPOUCXOISIINE MEKITY
MaTepUaJIOM HM30JISIUH, €r0 BHYTPEHHUMH BKIIIOUEHMSIMH, OKpPY>KArOIIen
CpE/I0i1, BJIaroi, yCKOPSIFOTCSl. DTO CHUKAET AJIEKTPOPUZNIECKUE CBOMCTBRA
U30JISALIMH, YTO MOYKET MIPUBECTH K MPOOOI0 M3OJILIMOHHOIO MPOMEXKYTKA
WM MEXAaHWUYECKOMY PAa3PYLIEHUIO U3OJIALIHH.

B OCHOBE pacyera Harpy304HON CHOCOOHOCTH JIEKUT TEIUIOBOM
U3HOC u3oJsiuu Tpancopmaropa. Iloa Bo3aeiicTBueM TeMnepaTyphl U
pana Apyrux (pakTopoB (U3UKO-XMMHUYECKHE CBOWCTBA TBEPAOU
M30JSIIMA C TEUYEHHWEM BPEMEHHU NPETEPIEBAIOT U3MEHEHUs, MPU 3TOM
M30JISIMST CTAHOBUTCS XPYNKOW. XOTS 3JIEKTPUYECKAss MPOYHOCTH €€
NPaKTUYECKU HE CHMIKAETCS, OHA OOJIbIllE HE CIOCOOHA BBIIEPKUBATH
MEXaHUYECKUE HAarpy3KU OT BUOpaAlMi WIIM KOPOTKUX 3aMBbIKAHUNA. ITOT
HEOOpaTUMBI TpolecC Ha3bIBaeTcsl crapeHueM. CKOpoCTh CTapeHHUs
M30JISIIAM 3aBUCUT OT TEMIIEPATYpPhl, & TOCTUTHYTAsl CTENIEHb CTApPEHUS -
OT TEMIIEpaTypbl M BpeMEHU €€ Bo3ueucTtBus. Ha ckopocts u
JOCTUTHYTYIO CTEINEHb CTapeHUs W30JSIMUA BIUSAIOT TaKXe BIIara,
KHCJIOPOJI BO3/lyXa U Apyrue (pakTopbl, OJHAKO MPHU CYUIECTBYIOIIEM
YPOBHE 3HAHUN CTPOTrUid Yy4yeT OTUX (AKTOPOB HE MOXKET OBITh
BBITIOJIHEH.

B npouecce, skcrutyatan TBepAas U30JSALUS TpaHCPHOPMATOPOB
MPETEPIIEBAET TEMJIOBOM M3HOC, BEAYIIUNA K CHUKECHUID MEXAHUYECKOU
IPOYHOCTH BOJIOKOH, H3OJSILUSI YBIAXKHAETCS U B HEH BO3HHUKAIOT
MECTHBIE TOBPEXKJCHUS OT HUMIYJbCHBIX BO3JCUCTBUI U APYrUX
npuunH. OcenaHue TpsA3d, BJIardk M 1UlaMa HAa U30JISLIHUOHHBIX
NOBEPXHOCTAX CO3[a€T IYTH IOBBIIMIEHHOM NPOBOAUMOCTU. Macmuo
TpaHC(HOPMATOPOB  YBIIAXKHAETCS, CTapeeT, 3arps3HsSeTcs IMbUIbIO,
BOJIOKHAMH, MPOAYKTAMU CTAPEHUA U €ro SJEKTPUYECKas MPOYHOCTH
CHIJKAeTCs, a tgd pacTer.

NHTEHCUBHOCTH CTapeHUsI U30JISIUU TpaHCchopMaTopa 3aBUCUT OT
TEMIIEpATypbl U BPEMEHU €€ BO3ACUCTBUA. M3-3a CIIOKHOCTH ydeTa
BO3JICUCTBUA MHOTMX  (DAKTOpOB Kak MPaBUJIO  HCHOJIB3YETCS
VOPOILIEHHAss MaTEeMAaTH4YecKass MOJENb ONPEHEIEHUS COCTOSIHUS
TpaHcopmaropa. [IpuHHMaeTcs, 4TO NPU U3MEHEHUU TeMIEpaTyphl
Hanbosnee Harperoit Touku (THHT) Ha 6°C ckopocTh M3HOCA U3OISALIUU
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U3MEHSETCA BIBOE, a 3a €AMHUIY «HOPMAJbHOIO H3HOCa» Oepercs
MU3HOC M30JLMU B TEKYIIEM LUKJIIE pacdera mpu HemsmMeHHou THHT
o0MoTKH, paBHOM 98°C.

B ycraHoBuBIIEMCS TEIUIOBOM pexume ¢ Harpyskod K wu
TEeMIIEpaTypor Hanbosiee HarpeTo TOYKU OOMOTKU Ok M3HOC BUTKOBOM
M30JISILUH 32 CYTKH OIPENEISETCS MO0 BIPAKEHUIO:

y = p(OhK-98)/A (18)
rae A= 6°C — reMriepaTypHblid MHTEPBaJ, MPUHATHIA B COOTBETCTBHH C
6-rpalyCHBIM MPABUIJIOM U3HOCA U3OJISIINN.

Pa3MepHOCTh OTHOCHUTEIILHOIO H3HOCA BUTKOBOM H3O0JISIUN —
HOpMaJIbHbIE CYTKM. Hampumep, s HEM3MEHHOM B TEYEHUE CYTOK
Harpy3ku K, oOyciaBmmBaromieii TtemriepaTypy HauOojiee HarpeTou
TOYKH OOMOTKHU O = 86°C, OTHOCHUTEIIBHBIN M3HOC BUTKOBOM H30JISIIAN
COCTAaBHT:

V=2 (86—-98)/6=0,25 HOpM. CYT. (19)

Takum oOpa3om, 3a OoIHM CyTKA mpu Harpyske K u temmeparype
HamOoJiee HarpeToll TOYKM OOMOTKH Opx = 86°C BUTKOBas W3OS
M3HOCHUTCSI Tak ke Kak 3a (0,25 cyTok mpu Harpyske, oOyciaBiIMBarolei
TeMrepaTypy HanOoJiee HarpeTon ToUku oOMoTku @, = 98°C.

IHopsinok BbINOJHEHUSI PA00THI

1. O3HaKOMHUTBCS C 3aJaHHBIMU NPENOJIaBaTEIEM HCXOIHBIMU
JaHHBIMU.

2. IloaroroBuTh rpaguk Harpy3kd TpaHchopmaTopa IS
00paboTKH.

3. BeimonHuth 00paboTKy rpaduka .

4. PaccunTaTh TEIUIOBOM U3HOC U3OJIAILINHN .

KonTposibHbIE BONIPOCHI

1. Kakue cymecTByoT BO3AECHCTBUS HA U3OJISALUIO?

2. Kak onpeznensiercs Temrieparypa HarpeBa u30Jsuu ?

3. Kak dopMynupyercs mecTurpaycHoe mpaBuio?

4. 3a kKakOll MHTEPBAJI BPEMEHH ONPEAECIACTCS TEMIOBOM U3HOC?
5. B Kakux eqrHUNAX BBIPAXKAECTCS TEIUIOBOM U3HOC
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HPAKTUYECKOE 3AHATHE Ne 6

OBPABOTKA PE3YJILTATOB TEILJIOBU3UOHHBIX
U3MEPEHUN

Ilenv  pabomwl:  npuobpemenue  HABLIKOG  0OPAOOMKU
pe3yibmamos  Menio8U3UOHHbIX — UBMEPEHUl,  KOmopble  WUPOKO
NPUMEHSIOMCS NPU NPOBEOeHUU 00Ce008AHUSL INEKMPOYCMAHOBOK |

KpaTKne METOANYCCKHUEC YKA3AHUA

B nmocimegHue TOOBI B QJIEKTPOIHEPIETUKE  HAMEYAETCS
TEHJICHIIUS K IOCJIENOBATEIbHOMY IEPEXOAY OT CHUCTEMBI IUIAHOBO-
OpEAYyNPEAUTENBHBIX PEMOHTOB K PEMOHTAM IO JECUCTBUTEIIBHOMY
TEXHUYECKOMY COCTOSIHUIO 000pYI0BaHUS. Takou IEPEXO
OpENONpPEAENsCT BHEAPEHUE W PAa3BUTHE PA3IUYHBIX  METOJOB
JUArHOCTUKHA COCTOSIHUSA 3JEKTPOOOOPYIOBAHUS.

OmHrM W3 TakkX  METOJOB  SIBIISIETCS  TEIUIOBU3WOHHBIN
KOHTPOJIb 3JiIekTpooOopyaoBanus. I[Ipexne yem IEPEUTHU K
TEMJIOBU3MOHHOMY KOHTPOJIIO OOOpPYJIOBAaHUSI PACCMOTPUM OCHOBHBIE
OPUHLMUIIBI U3MEPEHUSI TeMIepaTypbl OOBEKTOB HA PACCTOSHUM.

Kak wu3MeputTens TeMmmeparypbl OOIIEHU3BECTEH TEPMOMETP,
U3MEPSIONIUNA TeMIlepaTypy OOBbEKTa MPU MPSIMOM KOHTAaKTE C HUM.
Ecmn HE00XO0AMMO U3MEPUTH TEMIIEPATYPY 00BEKTa,
HEIMOCPEJICTBEHHBIA KOHTAaKT C KOTOPBIM OITACEH WJIM HEBO3MOXKEH
(rupnsiuga muzonsatopoB BJI), KOHTaKTHBIA TepMoMeTp HEe roautcs. s
TAKOT0 U3MEPEHUSI HEOOXOAUM MUPOMETP.

[lupomerp ompeaenser TeMmieparypy oOObEKTa MO  CHIIE
UH(]paKpacHOr0 M3IYyYEHHs, KOTOPOE BBIACISIET KaXKIbIH OOBEKT.
NudpakpacHoe wu3nydyeHne  yepe3  OOBEKTHUB  MOMAJaeT  Ha
YyBCTBUTEJIBHBIM 3JIEMEHT IMHUPOMETPA, KOTOPBIM BBLAAET HANIPSKECHHUE,
IPONOPLIMOHAIILHOE TEMIIEPATYpE VCTOYHHKA U3JIyYEHUS.
DNEeKTpOHHBIE MpPeoOpa3zoBaTean NMUpoMeTpa (POpMUPYIOT HA AUCIIIEE
nu(dpoByr0 3amuch 3HadYeHUs TemnepaTrypbl. I[lupomerp wusmepser
TEMIIEPATypPy TOJBKO B ONIPEACICHHON TOYKE 00BEKTA.

JIns monydeHusT KapTUHBI PACHPENCIICHUS TEMIEpPaTyphl IO
BCEMY OOBEKTY TpPEOYEeTCs TEIUIOBU30p, B KOTOPOM UYBCTBUTEIbHBIN
AJIEMEHT OBICTPO M aBTOMATUYECKH TIEPEMEIIAETCS IO BEPTUKAIU U
TOPU3OHTAIN. B onepatuBHON MamsTH TEIJIOBU30pa CO3/1aeTcs Tadauna
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U3 CTPOK U CTOJOIOB B KaXIOM syelke KOTOPON HaXOgUTCS
uHpopMalMsi O TeMIlepaType OJHOM TOYKM OO0BeKkTa. B peanbHbIX
TEIJIOBU30paxX KOJMYECTBO sA4Ye€eK HaMHoro Oosbiune. Hanpumep, B
teroBuzope  ThermaCAM E2 ¢opmupyercs Tabiauua pasMepom
160x120 srueexk.

[locne 3amMcu B HaMsITH  TEIUIOBM30pa HMH(OpMamuu O
TEMIIepaTypax TOYEK OOBEKTa MPOUCXOJIUT CO3JaHUE H300paKeHus,
B KOTOPOM  KaXJIOW TOYKE C OINPEACICHHOW TEMIIEPATYPOU
IPUCBAUBAETCS CBOM LBET: YEM BBIIIIE TEMIIEPATYPA, TEM SIPUYE LIBET.

N3o0paxenue repeaercs Ha KUJIKOKPUCTAIUTAYECKUAN
aucried. OTo u300pakeHHe,  HAIIOMUHAIONIEE  €CTECTBEHHOE
n300pakeHue  OOBEKTa, SBISAECTCA  HCKYCCTBEHHBIM,  IOCKOJIbKY
CO3JaHO [0 TeMIeparypaM TOYEK peaibHOoro oobekta. Hamuuwne
CBSI3M TEIUIOBU30pa C MEPCOHAJIBHBIM KOMIBIOTEPOM IO3BOJISET
XpaHUTh NoJiydeHHYy10 nHpopmaruio B popmare JPEG.

TernnoBU3HOHHBIA KOHTPOJIb 000pynoBaHus PY Ha HampsikeHue
no 35 kB nmomxeH mnpoBoauThecs HEe pexe 1 paza B 3 roma, s
o0opynoBanus Hamnpsbkenuem 110...220 kB — ve pexe 1 pa3 B 2 roza.
OO6opyoBaHue BCEX HANPSHKEHUM, paboTaroliee B 30HAX C BBICOKOM
CTENEHbIO 3arpsi3HEHUs1 aTMOC(hEphI TOHKHO MPOBEPSITHCS €KETOTHO.

TennoBU3NOHHBIN KOHTPOJIb BCEX BHUJIOB COeIUHEHUN
npoBonoB BJI nomxen npoBoauthcs He pexe | paza B 6 jmer. BJI,
pabortatouiue ¢ MpeAeIbHBIMU TOKOBBIMH Harpy3kamu, OOJIbIIMMU
BETPOBBIMU U TOJIOJIEAHBIMM HAarpy3Kamu, B 30HAaX C BBICOKOM
CTENEHbIO 3arpsi3HeHus atMocdepsl, a Takxke BJI, mnuTarommue
OTBETCTBEHHBIX MOTpEOUTENEH, JOIKHBI IPOBEPSITHCS €KETOJTHO.

OueHKka  TEMJIOBOIO  COCTOSIHUSL — DJIGKTPOOOOpPYAOBaHUA U
TOKOBEIIYIIIMX YacTE€d B 3aBUCUMOCTH OT YCJIOBUH HUX pabOThl U
KOHCTPYKLUH MOKET OCYIIECTBISATHCS:

- 110 JIOITYCTUMBIM TEMIIEPATYPaM HArpeBa;

- IPEBBIIEHUSIM TEMIIEPATYPHI;

- U30BITOYHOM TEeMIIepaType.

- K03 hULMEeHTy 1e(PEeKTHOCTH;

- IMHAMHKE U3MEHEHUS TEMIIEPATYPhl BO BPEMEHU;

- IIyTEM CpPaBHEHUS W3MEPECHHBIX 3HAYCHUM TEMIEPaTypbl
00BbEKTa C JAPYTrUM, 3aBEIOMO UCIIPABHBIM 00OPYAOBaHUEM.

IIpeBbllliIeHHEe TeMIEparypbl - PasHOCTb MEXIY H3MEPEHHOU
TEMIIEPATYPOU HArpeBa U TEMIEPATYPOU OKPYKAIOIIETO BO3AyXa.
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HanOonpmme pomycTuMble TeMIIEpaTyphl HarpeBa Opom u
IPEBBINIEHUST TeMIiepatypbl AG®gon s HEKOTOpOro o00O0pyIOBaHUS,
€ro  TOKOBEIYIIUMX YacTel, KOHTAKTOB M KOHTAKTHBIX COEIWHEHHI
NPUBEJCHBI B HOPMATUBHBIX JOKYMEHTAX.

N30biTOuHast ~ TemmepaTypa -  IPEBBIIIEHUE  U3MEpPEHHOU
TEMIIEpaTypbl KOHTPOJIUPYEMOTO y3j1a HaJl TEMIEPATypOil aHAIOTUYHbBIX
y3J10B APYrux (a3, HaXoASIIMXCS B OIMHAKOBBIX YCIOBHUSIX.

Koapduiment  nepexkTHOCTM — OTHOIIEHHE  H3MEPEHHOIO
IPEBBIICHUS TEMIIEpaTyphbl KOHTaKTHOTO COCIMHEHUS K
IPEBBINICHUIO TEMIIEPATYPhbl, U3MEPEHHOMY Ha IIEJIOM YYaCTKE IIWHBI
(mpoBo/a), OTCTOAIIEM OT KOHTAKTHOTO COCJMHEHUS Ha PACCTOSIHUU HE
MeHee | M.

TernnoBU3UOHHBIA  KOHTPOJb TPAHCHOPMATOPOB HAMPSKEHUEM
110 kB wm Bpime mnpousBOOUTCS TIPU PEIICHUWM  BOOpoca O
HEOOXOANUMOCTH 170'¢ KaluTaJIbHOTO pemonTa. CHHUMarOTCS
TEIJIOrpaMMbl  MOBEPXHOCTH 0Oaka TpaHcopMaropa, 3JIEMEHTOB
CUCTEMBI OXJIAXJECHUA, BBOJOB U JIPYTHUE.

ITpu ananuse Tenorpamm:

- CPaBHUBAIOTCA MEXJIy COOOM HarpeBbl BBOJOB pa3HbIX (a3
TpaHcopmaTopa;

- CPaBHUBAIOTCA HArpeBbl HCCIEAYyeMOro TpaHcopMaropa cC
HarpeBaMy OAHOTHUIIHBIX TpaHC(POPMATOPOB;

- IPOBEPSETCA JWHAMHKAa W3MEHEHUS HArpeBOB BO BPEMEHH H
B 3aBUCUMOCTH OT Harpy3KHu;

- ONPEAEIISIIOTCS PACTIONOKEHHS MECT JIOKAJIbHBIX HATPEBOB;

- COIOCTaBJISIOTCSA MecTa JIOKaJIbHBIX HarpeBOB C
PaCIIOJIOKEHUEM SJIEMEHTOB MarHUTONPOBOIa U OOMOTOK;

- onpenensaercs: 3PGHEeKTUBHOCTL PA0OThI CUCTEM OXJIAKACHUS.

OneHKa COCTOSIHUSI KOHTAKTHBIX COCAMHEHUW aTlOMHUHHUEBBIX U
CTaJICATIOMUHUEBBIX  MPOBOAOB MPOBOJAUTCA MO  KOA(DPUUUEHTY
nedektHocTH. HopMamu ycTaHaBIMBAIOTCS — CIEAYIOIIUME CTENEHU
nepeKToOB B 3aBUCMMOCTH  OT  BEIMYMHBI KO3 duimeHTa
ne(EeKTHOCTH:

no 1,2 — HayanpHas CTENEHb HEUCIPABHOCTH, KOTOPYIO HYKHO
JEpKaTh MOJI KOHTPOJIEM;

1,2...1,5 — pa3BuBmMiicss AeeKT; CleayeT NPUHATb MEPHI IO
YCTPAHEHUIO HEUCTPABHOCTH TMpU OJMKalllleM BBIBOJE JIMHUM U3
paboTHI;
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oonee 1,5 — aBpuitHblil npedekt; TpeOyeTcss HEMEIIECHHOE
yCTpaHEHue.

B 3akmioueHue cienyer OTMETHTh OCHOBHBIE IIPEHMYIIECTBA
TETUIOBU3UOHHOTO  KOHTPOJISI TEpeA  TPAAUIIMOHHBIMU  METOJIaMU
OLICHKHU COCTOSIHUSI 000PY/TIOBaHUS.

TennoBU3MOHHBIA  KOHTPOJIb  NPOU3BOAUTCA B paboyem
COCTOSIHUM O0OPY/IOBaHMSI, TO €CTh IO/ HAarpy3KoW M HANPSKEHUEM.
Pe3ynbTaTel 00CieIOBaHMS B TaKOM COCTOSIHHM SIBJISIFOTCA  OoJiee
JOCTOBEPHBIMHM, YEM pe3yJbTaThl OOCJEIOBAHMN TIOCIE CHSATHUSA
Harpy3kd WM HanpsbkeHus. Tak, Hampumep, Uil TUPJISTHABI
U30JISITOPOB  HATrpy3KOW SIBIIIETCS HE TOJBKO HAMpsDKEHWE, HO U
TSOKEHUE  TMPOBOAA.  3aMEUEHHOE  TEIJIOBU30POM IMOBPEXKICHUE
U30JISITOpa TUPJSHABI MOXKET OKa3aThCsl HE3aMEUEHHBIM IPU OCMOTPE
TUPJISTHIBI TIOCTIE CHSITHS C OTIOPHI.

TermnoBU3MOHHBIA  KOHTPOJIb TPOBOAUTCS 0€3  OTKIIOYCHUS
obopynoBanusi u B J00oe Bpems. [loaToMy TENIOBHU3MOHHOE
oOciienoBaHue O0OPY/IOBaHUS HE MENIAeT MPEANPUSITHUIO BBHITIOIHATH
CBOI0O OCHOBHYIO 3ajJadyy TI0 Tepelaye W  paclpeelIeHUI0
AJIEKTPOIHEPTUH.

[lockonbKy TOBpeXACHHUS  BBIABISIIOTCA Ha  paboTaroiiem
000OpyZIOBaHUH, TO UMEETCSl 3arac BPEMEHU JUIsl MOJTOTOBKH BBIBOJIA
nedeKTHOro  000pya0BaHUS B PEMOHT, HE OTKJIIOUast
AJIEKTPOYCTAHOBKY M COKpaIliasi BpeMsi peMOHTa JI0 MUHUMYyMa.

Hapsiny ¢ napyrumu BUJamMu COBPEMEHHOW JUArHOCTUKH, B
YaCTHOCTU C XpoMarorpauueckum aHaIu3oM TpaHCPOPMATOPHOTO
Macia, TeTJIOBU3UOHHBIM KOHTPOJIb MTO3BOJISET:

- TpeaynpenuTb BO3HUKHOBEHHE aBApUWHBIX CHUTyalluid B
AJIEKTPOOOOPYIOBAaHUM M TEM CaMbiM  TOBBICUTH  HaJ&KHOCTD
AJIEKTPOCHAOKEHUS TIOTPEOUTEIEH;

- 3HAYUTENBHO CHU3UTH 3aTpaThl HA PEMOHTHI, TMOCKOJIBKY
MOBPEK/JICHUST BBISBIISIIOTCS HA PAHHUX CTaIUsAX;

- OLIEHUTDH JICUCTBUTEIILHOE COCTOSIHHE AJIEKTPOOOOPYIOBAHUS C
OMpeACICHUEM 3amaca ero pabdoToCHOCOOHOCTH, YTO OCOOEHHO
aKTyaJIbHO JIJIs1 000py10oBaHus, oTpadoTasiiero 15 et u 6oee.
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BoinosiHenne padoTsl

HaunGonee 4acTo MHCTPYMEHTAJILHOE HYHEPTETUYECKOE
oOclieJOBaHUE TPEANOJaraeT MPOBEACHUE TMPSIMBIX HM3MEPEHUN C
MHOTOKPAaTHBIMU HAOJIOJICHUSIMU, T.K. 3TO IMO3BOJIAET CYIIECTBEHHO
MOBBICUTh JOCTOBEPHOCTh PE3YJbTATOB JaXE€ MPHU BIHMSHUUA IOMEX
pa3InuHON (PU3UUECKON MPUPOILI U HECTAOUILHOCTH PEKUMOB PAOOTHI
000pyI0BaHUS.

HcxonHpiM  MarepuasioM Uil OPAMBIX  U3MEPEHUHM  C
MHOTOKPATHBIMU  HAOJIOJICHUSIMU  SIBJISIETCSI MAacCHUB  PE3YyJbTAaTOB
HaOIIOICHUN, T.€., Hampumep, MaccuB X< {xX,...,x,} MOKa3aHUM
TOTO WIM  HWHOTO  WU3MEpPUTEIbHOrO  mpubopa. JlanbpHeiiias
MOCJIEIOBATENILHOCTD OIEepalluid CIETYIOMIas:

1. W3 wmaccuBa pe3yibTaTOB HAOMIOACHUN  HCKIIIOYAKOTCS
U3BECTHBIE CHCTEMATUYECKHE MOTPEUIHOCTH, T.€. MOTPELIIHOCTU JIMOO
MOCTOSIHHBIE BO BPEMEHU WJIM U3MEHSIOIIMECS 110 IETEPMUHUPOBAHHBIM
3aKOHaM.

2. DJIEMEHThI MAaCCHBa PACIOJIAralOTCs B OPSAJIKE BO3PACTAHUS UX
3HAYEHUN OT Xpin A0 Xmax C UEJIBIO BBISIBJICHUS NPOMaxoB (TPyObIX
MNOTPEUTHOCTEN ).

3. OOHapy>KUBAIOTCS U UCKIIFOYAIOTCS POMAXHU.

Jnst mpuHATHS pemieHuss 00 HCKIOYEHUH MPEAnoaraeMoro
npomMaxa HeoOxoaumbl (popManbHble KpuTepuu. B oOmem ciydae
IpaHUIbl BBIOOPKHU [IJIl yAAJICHUS IPOMAaxXOB ONPEIECISIOTCS BUIIOM
(GYHKIMU pacnpeneneHus CIy4alHbIX MNOTPEHIHOCTEH W 00BEMOM n
BBIOOPKH.

[Ipy  npoBeneHUHM  HMHCTPYMEHTAJIBHOTO  3HEPreTUYECKOrO
o0ClIeIOBaHUSI PEKOMEHAYETCd MPUMEHHUTh YIPOILICHHBIA METOA
OOHApyXEHUs MPOMAXOB, HCHOJb3YysI KPUTEPHUH:

Kzlxmux_il, K = ‘xmin — X ‘

~ 3

g, ag

L x
TA€ Xmin U1 Xmax - COOTBETCTBEHHO, caMo€ OOJIbIIIO€ W HaWMEHbIIIEe
3HAYCHUS B UCXOJHBIX JTAHHBIX;

X - cpeiHee apu(MEeTHYeCcKoe 3HaUCHUE U3MEPSEMON BEJTUUYHHBIL;

G, - CpeAHEE KBaPaTUIE€CKOE OTKIIOHCHUE.

[TonyuenHoe 3HaueHMe K CpaBHMBAIOT C TAOJWYHBIM 3HAYECHUEM
Kr. Eciu  K>KT, TO Xpjn WM Xpa MOKHO OTOPOCHUTH MPU 3aJaHHOM
ypOBHE 3HauuMoctu g =1 - P.
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3HAYCHUE JIOBEPUTEIIBHOM BEPOATHOCTH P 11 TEXHUYECKUX
u3MepeHni npuHATh paBHbiIM P =0, 95, toraa g = 0,05.

Brruncnsercs cpeaHee apu(pMETHYECKOE€ X  HCIPABJICHHBIX
pe3yJbTaTOB HAOJIIOACHUMN:

1 n
X :—Zx,.. (1)
n -
[TonyuyeHHoe 3HAYEHHWE NPUHUMACTCA 3a pPe3yJbTaT H3MEPCHUS.
Beruncnsercss  OLIGHKAa CpeaHEro  KBaJPaTUYECKOrO  OTKJIOHCHMS
pEe3yJbTaTOB HAOJIOJACHUM:

ze\/ lli(x,-—X)z- 2)

n_

[IpoBepsieTcss NPUHAJICKHOCTb PACHPEACIICHUS PE3YJIbTAaTOB
HaOJII0ICHUN HOPMAJIbHOMY 3aKOHY paclpe/Ie/ICHUS.

OOBIYHO MpH MPOBEACHUN WHCTPYMEHTAJIBHOI'O SHEPTeTUUYECKOIO
00cCJIeIOBaHMS YUCIIO HAOMIOIEHUM JIEKUT B auamaszode 50 >n>15. B
ATOM CJIy4yae HOPMAIBHOCTbH paclpe/ieieHUs MPOBEPSETCS NP MOMOIIH
BBIYMCJICHUSI COCTABHOI'O KPUTEPUS U CPABHEHHUS €ro 3HAYCHUS C
TaOJIMYHBIM.

IIpousBoauTcss 3amuch pe3yiabTara U3MEPEHHUS C  YYETOM
caenyrouiero. Haumenbiue pa3psaabpl YMCIOBBIX 3HAYEHUM pe3ysbTaTa
U3MEPEHUSI JIOJDKHBI OBITh TAaKMMM K€, KaK HAaUMEHBIIHWE pa3psibl
YUCJIOBBIX 3HAYECHUM CPEHEKBAAPATUYHOTO OTKIOHEHHUSI aOCOIIOTHOM
MOTPEIIHOCTH H3MEPEHUS.

KonTposibHbIE BONIPOCHI

1. Kakue cymecTByrOT MOrpenIHOCTA U3MEPEHUM ?

2. Kak npoBepseTcss HOpMAIBHOCTD PACHPEICICHUS] U3MEPEHU ?
3. UTO OTHOCUTCS K CUCTEMATUYECKUM IOTPEITHOCTSAM ?

4. Yt0 OTHOCUTCS K MpoMaxam?

5. IIpenmyniecTBa TEMIOBU3MOHHBIX 00CIEI0BaHUMN.
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