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CITUCOK UCITONB30BAHHBIX OFO3HAUYEHUU

M i - npenen oOHapyXeHUs B Macie i-ro rasa, %oo0;

Ao - HaYaJbHOE 3HAYEeHHE KOHUSHTPAUHUHU i-ro rasa, ¥oo0;

Aj - ©3MEPEHHOE 3HAYCHHE KOHLEHTPALMY i-T'0 ra3a, %o00;

ATrpi - TPaHHYHas KOHUEHTpauus 1-ro rasa, %o00;

a; - OTHOCHTEJIbHAA KOHLUEHTPpALHUs 1-IO rasa;

Amaxi - MaKCHMaJbHas OTHOCHTENbHAS KOHUEHTPAUMs i-Tro rasa;

Fii - HHTerpanbHas QyHKUHS pacnpeneaCHus;

P]_i - BCPOATHOCTb,

N - oOuee YHUCIo TPaHCPOPMATOPOB;

L - UHTEPRAI U3MEPEHUA KOHUCHTPAUUH i-TO rasa;

ni - YUCJIO TPAHCPOPMATOPOB C KOHUEHTpALHEH ra3a Ag-ni<Ai;

Vabg; - aOCOMOTHAA CKOPOCTb HapacTaHus i-ro rasa, %o6/mec;

Ami, A(m-1); - OBa MOCIenOBAaTENbLHBIX H3MEPEHHUSA KOHLUEHTPALMHK i-ro rasa, %o00;
Td - NEPUOAUYHOCTb OHATHOCTHKH, MEC.;

VOTH; - OTHOCHTENIbHAA CKOPOCTh HapacTaHug i-ro rasa, %/mec;

B - KO3QOHUUUEHT KPAaTHOCTH MOCNENOBATENbHLIX H3MEPEHHUH (MPUHUMATL B=3 );
T4 - MUHHMaAaJIbHOE BpeMs OO MOBTOPHOro orbopa npobrl Macna, MeC.;
AT - KOHIEHTpauus 1-ro ras3a B paBHOBECHH C razoBol ¢dazoi, %600;

Bi ~ KO3(pPHULHEHT PACTBOPUMOCTH i-TO rasa B Macle



METOJUYECKHE YKA3AHHUA 110 JUAT'HOCTHKE

PA3BBUBAIOIIUXCA JEPEKTOB TPAHCP®OPMATOPHOTI O
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Cpox OeicTBUs YCTAaHOBJICH
¢ 01.01.2001 r.
no 01.01.2011 r.

Hacrosumue MeToauueckue ykasaHus COCTABJICHbI HA OCHOBE HAKOIUJIIEHHOro B Poccuu
OMbITa NPHUMEHEHUS "MeToauyeckuX yKa3aHUH Mo AHArHOCTHKE Pa3BUBAIOLIMXCSA OEQPEKTOB
no pe3yJpTaraM xpoMmartorpaduyeckoro aHajau3a ra3oB, PAaCTBOPEHHbBIX B MACJE€ CHIIOBBIX
tpaHchopmaTopoB” Pl 34.46.302-89 (M: CIIO Corstexanepro, 1989), ¢ yueTtoM pekOMEH-
mapud nyomukauun MOIOK 599 u CUI'PO u BBOHATCS B3aMEH yNOMSHYTOro Bbiuie PJI
34.46.302-89 u B3aMeH npoTHBOaBapuitHOro uupkyaspa I[-06-88(32) "O mepax no nossbille-
HHUIO HaOEeXXHOCTH repMeTHuyHbiXx BBoAOB |1 10-750 xB" ot 27.07.1988 r.

Hacrosmque Meroauuyeckue ykaszaHUs pacnpoOCTPaHsSIOTCA Ha TpaHchOpMaTophl Ha-
npsokeHueM 110 kB u Boilue, OnoyHble TpaHCPOPMATOPLI, TPAaHCHOPMATOPLI COOCTBEHHBIX
HYXI ¢ TI0OBIM BHOOM 3alLHThl Macsia OT aTMocdepbl H BbICOKOBOJIBTHBIE T€PMETHYHBIE BBO-
Obl HanpsokeHueM 110 kB u Belille, 3anuThie TpPaHCHOPMATOPHLIM MACIIOM JIIOOOH MapKH.

B Metonuueckux yka3aHUsIX H3JIOXKEHBI: KPUTEPUU NUATHOCTHUKU Pa3BUBAIOLIUXCA B
TpaHcpopMaropax HePEKTOB (KPUTEPUH KIIFOUYEBBIX ra3oB, KPUTEPUHA I'PAHUYHBIX KOHILEHT-
pauuy ra3oB, KPUTEPHUH OTHOLUEHHS KOHUEHTPALUHUU Nap ra3oB I ONpPEAcIeHUs BUOa U Xa-
pakTepa OeeKTa, KPpUTEpUH CKOPOCTH HAapacTaHHMsA TI'a30B B Macje ); 3KCIJIyaTalHOHHbIE
¢akTopsl, Bausrolde Ha pe3ynbTtatel API; nedekrtol, OOHapyxXuBaeMble B TpaHchopmaTopax
¢ noMoLbO API'; OCHOBEI AHarHOCTHKHU 3KCIUIYATALHOHHOI'O COCTOSIHHS TPaHCPOpMaTOpPOB
no pesyabtataM API; onpeneneHue Hamuuus AedekTa B BbICOKOBOJIBTHBIX I'€pMETHUYHBIX
BBOAAX MO pe3yNbTaTaM aHaJH3a paCTBOPEHHbLIX B MACJIE I'a30B.

BeposiTHOCTL COBNANEHUS NPOTHO3UPYEMOro M (PaKTHYECKOro maedeKkTOB B TPaHC-
¢opmaTopax npu UCNOJIL3OBAHWU HACTOAIUX Meronuueckux yka3zaHui - 95%.

Mertonuyeckre yKa3aHUs PEKOMEHAYIOTCS K NPHUMEHEHHIO MEPCOHATY 3NEKTPHYECKHUX

CTAaHLIUH, OIJIEKTPHUYECKHX CeT€H, NOACTaHLUHH, a TaKXe HalagO4yHbIX U PEMOHTHBIX Npel-

NPUATHH.



1. OBLUMUE NOJTIOXEHUA

1.1 Xpomarorpaduyeckuii aHanu3 paCTBOPEHHbIX B MACJE ra3oB NPOBOIUTCA B COOT-
BETCTBMH C METOOHKON "Mertonnuyeckue ykasaHus N0 NOATOTOBKE M NMPOBENCHHIO XPOMATO-
rpaUyYecKkoro aHajau3a ra3op, PAacTBOPEHHBLIX B Macje CUJIOBBIX TpaHcpopmatopoB' (P
34.46.303-98), obecneyuBaruei:

.1.1 Onpenenenne KOHUEHTPAUUH ClIEAYIOLIUX ra3oOB, PACTBOPEHHBIX B Macle: BOOO-
pona (H:), merana (CHi), auerunena (C:Hz), atunena (C;Hs), atana (C:Hs), okcuna yrne-
pona (CO), ouokcupna yrnepona (CO»).

1.1.2 Ilpemen obHapyxeHus onpeaensieMbiX B Macie ra3osB (Mai) OOmkKeH ObITb HE

BbILIIE:
- U185 BOJOpoOIa - 0,0005 %0 o6.
- VI MEeTaHa, 3TUIEHAa, 3TaHa - 0,0001 % o6.
- IUIA aleTusIeHa - 0,00005% 6.
- U1 OKCHIa U AMOKCHAA yriepoaa - 0,002 % oe.

1.1.3 IlpumeHsemble anmaparypa ¥ METOOMKH aHaJlM3a NOJDKHBI O0ecrneyuBaTh IO-

IPELIHOCTL U3MEPEHU ra30B B Maclie HE XyXKe yka3zaHHoU B Tabnuue 1:

Tabnuua |
Obmacte U3MepsieMbIX KOHUeEHTpa- | CyMMapHas NOrpeliHOCTb H3MEPEHUS, YoOTH
i, %006.

< 0.001

0.001 - 0.005

0.005 - 0.05
>(0.05

1.2 IlosBnenueM ra3oB B Macie TPaHCPOPMATOpPaA CYUTAETCS 3HAUEHHUE KOHIECHTPA-

1{MH, NpeBhllLarolIee npeaen oOHapyXeHus B S pas.

2. AEQEKTbl, ObBHAPYXUBAEMbBIE B TPAHCO®OPMATOPAX C NMOMOLWbIO APl
C nomowmpro API' B TpancdopmaTopax MOXHO OOHAPYXUTh JBE I'PYIbl Je(DEKTOB.

2.1 T'pynna 1. lleperpeBbl TOKOBEAyLIMX COEOUHEHHUH H 3JIEMEHTOB KOHCTPYKUHH

OCTOBaA.

OcHoBHbIe ra3el: C;Hs - B cnydyae HarpeBa Macna H OyMaXHO-MAacCASHOH H3OJSLMH

Bbilue 600° C unu C,H;. B cityyae neperpesa Macria, BbI3BAHHOTO IYTOBLIM Pa3psaaoM.

XapakTepHbIMU razamu B oboux cny4asx apmsarores: Hy, CHy 1 CyHe.



2.1.1 Ileperpes TOKOBEAYLIMX COCAUHEHHH MOXET ONPEOELNATLCA HArpeBOM U BhLITO-
PaHHEM KOHTAKTOB IEPEKIIOYAKOLIHMX YCTPOHCTB; OCIabIeHHEM H HarpeBOM MECTa Kpere-
HHSA 3IEKTPOCTATHYECKOro 3KpaHa; OOPLIBOM 3JIEKTPOCTATHUYECKOrO 3KpaHa; oOcCinabieHHeM
BUHTOB KOMITeHcaTOpoB OTBOAOB HH; ocnabrneHneM M HarpeBOM KOHTAKTHBIX COCOHHEHHH
orBona HH u wNUIbKH NPOXOOHOIO U3ONATOPA; JIONHYBUWIEH NMAHKOH 3JIEMEHTOB OOMOTKH;
3aMbIKAHUEM MMAPAJLIENbHBIX U JJIEMEHTAPHLIX NPOBOAHUKOB OOMOTKH U 1P.

2.1.2 IleperpeB MeTasUIUYECKUX 3NEMEHTOB KOHCTPYKUHUH OCTOBA MOXET ONPEAEHsATh-
CA: HEYOOBJIETBOPHTEILHOH H3OJALHEH JIUCTOB JJIEKTPOTEXHHYECKOH CTaJM;, HaApYLICHHEM
H3OJSLUMH CTAXHBIX IUIHJIEK WJIH HAakKIagok, ApMOBLIX ©Oanok ¢ oOpa3oBaHUEM KOPOTKO-
3AMKHYTOro KOHTypa; OOLIMM HAarpeBOM MU HEAONYCTUMBIMH MECTHBIMH HarpeBaMu OT Mar-
HUTHBIX MOJIEH pacCessHHS B APMOBBIX Oankax, OaHpa)xkax, NpecCyrILUMX KOJAbLAX U BUHTAX;
HENPaBUIILHBIM 3a3€MJICHUEM MArHUTOMPOBONA; HAPYIUEHHUEM HM3OJAUMH aMOPTHU3aTOPOB H
LIMITOB NMOANOHA PeakTopa, AOMKPATOB U NPECCYIOLIUX KOJIEH [TPH pacipecCOBKE U OpP.

2.2 T'pynmna 2. neKTPUUYECKUE pa3psiabl B Macie

ONEKTPHUUYECKHE pa3psnbl B Macie MOryT ObiTh paspsaaMu OONbLIOH U MajJOH MOLL-
HOCTH.

2.2.1 Ilpu yacTHUYHBIX pa3psigax OCHOBHbIM rasom spisierca H;, XapaxkTepHBIMHU ra-

3aMH ¢ MaJIbIM copepxxanuem - CHs u CHo.

2.2.2 Ilpu HUCKpPOBLIX M AYIOBBIX pa3zpsaaax OCHOBHBIMHM raszamu siBnsitorca H; wunwu
C:H;; xapakTepHbIMHU razamu ¢ 1obbuiMm cogepxanueM - CHy u CoHa.

2.3 IlperbriieHue rpanuyHbix kOHUeHTpauuih CO n CO; MOXKET CBHIOCTENLCTBOBATH
00 YCKOpPEHHOM CTapeHHH W/WIU YBIAXHEHWHU TBEpHOOM W3oisauuH. I1pu neperpesax Tepaoi

M30JIAUUHA OCHOBHBIM I'a30M SBJISETCA JUOKCHI YIjIepona.

2.4 OcHoBHbIE (KJIFOYEBBIE) ra3bl- HAHOOJIEEe XapaKTEPHBIE IS OMPENSIIEeHHOTO BHIA
nedeKra:

2.4.1 [{edexThl INEeKTPUYSCKOrO Xapakrepa:

BOJOPOJ - YACTHYHBIE pPa3psiibl, UCKPOBBIE ¥ OYTOBBIC Pa3PsiabI;

aLIETHJIEH - 3TIEKTPUYECKas Ayra, ICKPEHHE;

2.4.2 JledexTrl TEpMHUYECKOrO XapaxkTepa:

3THJIEH - HAIPEB Maciia U OyMa>XHO-MacIaHO# n3onsauuy Beie 600°C;



METaH - HarpeB Macja ¥ OyMaXHO~-MAaCJISHOH U30MALHMH B auanaizone remneparyp (400-
600)°C uau HarpeB Macna H OYMa>XHO-MaCAAHOW U3ONSAUNH, CONTPOBOXAAOUIHNCS pa3psalaMi;

ITAH -~ HAarpeB Macna 4 OyMaXXHO-MaCIAHOW H30JAUMH B guanasone remnepatyp (300-
400)°C;

OKCHIR M JHOKCH YIVIEpoaa - CTAPEHUE H YBIAXHEHHE MACia H/Uau TBEPOOH H3OMALHH,;

AHOKCHA yIJjiepoaa - HArpeB TBEPOAOU HU3OMAUUH.

2.5 OnpeneiieHUe OCHOBHOrO U XapakTePHbIX ra30B O pe3ylibTaTaM XpoMmarorpadu-
YECKOI'0 aHasu3a pacTBOPEHHLIX B MACIE I'a30B NPOMU3BOAUTCA CIEAYIOLHM 00pa3oM:

2.5.1 PaccyUTBIBAKOTCA OTHOCHTEIbHBIC KOHUSHTpAUMH ra3oB (4,) mo gopmyie:

ai= Ai/Arp; (1)

3necs ¥ nanee OykBeHHble OOO3HAUYECHHU NAPaMETPOB B PACYETHBIX QOpMylax npuBe-
IEHBI HA CTP. 4.

2.5.2 Ilo pacyeTHLIM OTHOCHUTENBLHLIM KOHLUEHTpPAaUUAM MAKCUMAJILHOE 3HAYEHHE

Amaxi COOTBETCTBYET OCHOBHOMY ra3y (kpoMe CO,; CO; - OcHOBHOM ras, ecid CO> 1);

a;> | - XapaKTEPHLIU ra3 C BEICOKUM COAEPKAHUEM;
0.1<ai<| - XxapakrtepHblil ra3 ¢ MaJabIM COLEPKAHUEM;
a;<0.1 - HEXapaKkTEPHLIH ras

2.6 Ilepen mxmrodyeHueM B padoOTy HOBBIX WM NPOLUEAINIUX PEMOHT TpaHCchOpMma-
TOPOB HEOOXOOUMMO ONpPENENUTb HAYallbHbIE KOHUEHTPALlUM PACTBOPEHHBIX Ta3oB (Ao) H
MOCJIEAYIOLUUE PE3YIILbTAaThl AHAITU3OB OLUEHUTD MO CPABHEHUIO C 3TUMHU 3HAUYCHUSIMHU.

IIpu 3TOM, €Cnu u3MepeHHbIE KOHUEHTPALUMN Ao MPEBBILIAIOT NMpeaera oOHapyXEeHUs
(Mai, oM. n.1.1.2), TO, 1O BO3MOXHOCTH, NMPOBECTH Oera3auuio macia. EcCIH Takoil BO3-

MOXHOCTH HCT, TO CICAYCT IIPHHATE 34 HCXOOHBIC 3HAYCHHUA, UIMECPCHHBIC [ICPEA BKIIOYCHHU-

CM.

J. DKCIIMIYATAIHHMOHHBIE $PAKTOPBI, CITOCOBCTBYIOUIME POCTY
HIN YMEHBUIEHHUIO KOHIEHTPAIIMI PACTBOPEHHBIX I'A30B B MACIJIE
TPAHCOOPMATOPOB

3.1 Ilpu ananmu3e cocTraBa pacTBOPEHHLIX B MACIE ra3oB IS JHATHOCTUKH 3KTILTya-

TAlIMOHHOTO COCTOSIHUS TPAHCHOPMATOPOB HEOOXOAUMO YUYHUTHIBATh YCIOBHS HX 3KCIIIya -



TAUUM 332 NPEOLIAYUIMK MPOMEXYTOK BPEMEHH U (PaKTOPLI, BLI3LIBAIOLIHE W3IMEHEHHS 3TOro

COCTaBa ra3oB HOPMalbHO paboTaroWUX TPAHCHOPMATOPOB.

3.2 OxcryatalHOHHbIE GAKTOPDI, BbI3bIBAIOLIHUE YBEIHYEHHE KOHLIEHTPALHH PAaCTBO-

PEHHBIX B MacJe ra3oB 6e3aedekTHbIX TPaHC(POPMATOPOB:

- OCTATOYHBIC KOHHEHTPAUHH rda3oB OT YCTPAHCHHOIO ﬂe(beKTa BO BpPEMA PEMOHTA

TpaHchopMmarTopa (ecau He Oblyia NpoBe/ieHa aera3anus Macia),
- YBEJTHYEHHE HAarpy3Kky TpaHchopMaTopa,

- ICPEMCUIMBAHHUEC CBOXKCTO Madlidd € OCTATKAMH CTAPOro, HACLINCHHOI'C I'd3dMU, HA-

XOIsALLEerocs: B cucreMe oxnaxaeHus, Oakax PIIH, pacuunpurene u 1.4,

- JOJIMBKA MacJIoM, OBIBLIIUM B 3KCIUIYAaTAUHU U COASPIKAILIHM PacTBOPEHHBIE ra3hl,
- IPOBENEHHE CBAPOYHbIX paboT Ha Dake,

- MOBPEXIIEHUS MACIIAHBIX HACOCOB C HEAKPAHUPOBAHHBIM CTATOPOM,

- reperpeBbl H3-3a NeEKTOB CHUCTEMbl OXNAXAEHUS (3aCOPEHHE HAPYXKHOH MOBEpX-

HOCTH OXJIaOUTENIEN, OTKJIIOYEHUE YACTH MACIAHBIX HACOCOB H Ap.),

- [IEPErpeB Macia TEIJIOAJIEKTPOHArpeBaTeIs MM Npu ero odpadboTke B Aera3allMOHHBIX

H NIPYTrUX YCTAHOBKAX,
- [IEPETOK ra3oB U3 Oaka pacwupurens koHraktopa PIIH B 6ak paciuupurens Tpasc-

¢opmaropa, umerouiero PITH tuna PC-3 nnu PC-4,

- CE30HHBIE H3MEHEHUSI HHTEHCHBHOCTH NpoLecca CTapeHHs,

- BO3J€HCTBHE TOKOB KOPOTKOI'O 3aMbIKaHHUs U OP.

3.3 OKCIUlyaTalMOHHbIE (PAaKTOPh!, BbI3bIBAIOIINE YMEHbIICHHE KOHLEHTPALU¥ pac-
TBOPEHHBIX B Macne ra3oB 6e31epeKTHBIX TPaHCHOPMATOPOB:

- IPOAYBKA a30TOM B TpaHCHOpMATOpax ¢ a30THOH 3aLIUTOH Macia,

- YMEHBLIEHHE HArPY3KH TPaHCPOpMATOPa,

- 3aM€Ha CHJIMKAaress,

- INTUTENbHOE OTKITIOUEHHE,

- Ierasanuus Maciia,

- JOJIUBKA OEera3upOBaHHBIM MaciiOM,

- YaCTHYHAas HJIHM MOJIHasg 3aMeHa Macia B Oake TpaHcpopmarTopa,

- 3aJIMBKA MACJIOM MOJ BaKyyMOM, B TOM YUCJIE - YACTUYHBLIM BaKyyMOM,

- 3aM€Ha Macla B MacaonpoBOaax, HaBeCHbIX Oakax, pacluupurtene, u3buparene ycr-

poucts PIIH u T.1.

B npuioxenud | npuUBEAeHbl NPUMEDPHI BIUSHUS 3KCIUTyaTallHOHHBIX (haKTOPOB Ha

pesynbTarbl API.
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4. KPUTEPUN NMPAHUYHbBIX KOHUEHTPALIMKA TA30B, PACTBOPEHHbIX B MACHIE
TPAHCOOPMATOPOB

4.1 Kpurepud rpaHdyHbIX KOHUEHTPAUHH NMO3BOJISET BBLIACIUTL U3 OOLIErO KONH-
yecTBa TpaHCPOpPMATOPHOrO napka TPaHCPOPMATOPbl € BO3IMOXHBLIMH pPa3BHBAKOLHMUCH

nedeKTaMH.

Taxue TpancdopMaTopbl CACAYET B3ATh NMOA XpoMaTorpadpuyeCKHid KOHTPOJb C yua-

LIEHHBIM OTOOPOM npo6 macna u nposenenvem APT.

4.2 na 6e3pedexTHBIX TPaHCPOPMATOPOB KOHUEHTPALUMM Tra30B 3a CPOK CyXObI

HE JOJDKHBI NPEBLICUTb IPAHUYHBIX 3HAUECHUH.

4.3 PexoMeHayeTcs onpenensaTh rPaHHYHbIE KOHUEHTPALHH PAaCTBOPEHHLIX Ta30B B
Maclie HOpMaJibHO paboTaluX TPaHCPOPMAaTOPOB Kak MUHHUMYM 4Yepes S JieT.

4.4 3HayCHHS TPAHHYHBIX KOHLUEHTPAUUNA ra3oB, YUUThIBAS PaA3JIUUYHBIE YCIOBUS HUX
SKCIIyaTallMd B Pa3HbIX PErHOHAaX, PEKOMEHAYETCS ONpPEeneniaTb IJI KaXAOW 3HEProcn-
CTEMBI IO TpynnaMm OAHOTUNHBIX TpaHCcHopmaTopoB (ONOYHEIE, CeTEBbLIE, C PEryJIUpPOBa-
HUEM HanpsoKeHUs uinu 0e3 perynupoBaHus, OQAHOrO Kiacca HANpsKEHUs 4 T.4.). PeKoMeH-
OyeTcs, YyTOOBI B KaXXIOM rpynre Obl10 He MeHee S) TpaHCPOPMATOPOB.

Jnsa KaXXaoro tpaHcopmaTopa B CTATHCTHUYECKYIO OOpaboOTKy BKIIFOYAIOTCS BCE M3-
MEPEHHbI€ KOHLEHTPAUHH 1-Oro ra3a 3a noCIeaHUH rog 3KCnnyaTauuu.

4.5 3a rpaHuyHyX KOHUEHTPALUIO JI0O0O0ro rasa CleayeT NPHMHUMATL TAKOE 3Haye-
HUE, HHXE KOTOPOrO OKa3blBASTC KOHUECHTpauus 3TOro rasa y 90% obmero uncna odcne-

JOBAHHbLIX TPaHCPOPMATOPOB MPHHATOHN I'PYIIIILI.

4.6 I'panuyHbIE KOHUEHTPAUUHU ONMPENCIIMIOTCA MO MHTErpanbHOU (QyHKIUMHU pacrpe-
neneuus ( Fi ) cnenyrouuM odpa3om:

4.6.1 HMsmepennbie kOHUeHTpauuu i-ro rasa ot 0 go Amax no BceM TpaHcHoOpMaTo-

paM, KpoMe TeX, KOTopble ObUIH BLIBEIECHbI B peMOHT no pe3yabTataM API, cineayer pas-

Oute Ha L uHTEpBaOB (MOXHO npuHATHL L=10-15).

BeposTHocTh PLi npubiaHXeHHO OLIEHHBAETCS KaK 4acToTa HaOJMIogeHHsl KOHLEHTpa-

IIMK B UHTEpBaAJie OT ArL.1 J0 AL

4.6.2 Ha xaxxaoM HHTepBajie onpeaensieM BepOATHOCTD

Ny
- N (2)

4.6.3 3HayeHUs HHTErPAILHOM PYHKUUHU pacnpeaeieHus ¢ yyeToM (2) HaXomaaTcs KaK
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FL1 = Z PLl R (3)
1=]
rae k <L

4.6.4 I'paHnuyHas KOHUEHTpauus I-ro rasa (Arp,) onpeneisiercs npu Fu, = 0.9 Haubo-

Jiee NpoCcTo rpadudecky (puc. 1)

A}
0,005 0,001 0015  %ob.

Puc. 1. Onpenenenne rpaHHYHON KOHUEHTPALUH 110 HHTETPANbHOM

(QYHKLHUH pacrpeacieHus

4.7 Ilpn OTCYTCTBHM AOCTAaTOYHLIX CTATUCTHUYECKUX HAHHLIX IJIS ONPEHEIICHHA I'pa-

HUYHBIX KOHUEeHTpauuh ( 1n.4.4 ) paCTBOPEHHbIX B Macjae TpPaHCPOpMaTOpPOB ra3oB MOXHO

NOJIb30BATHCA HaHHLIMU TaOIULb 2.
Tabnuia 2

I'paHnyHbIe KOHLEHTPALMH PACTBOPEHHBIX B MaCJIE€ ra3oB

KoHileHTpanmu rason, %00

1 KonIeHTpauMMrasos,%o6.
e Ml 4
npsoxeHuem 110-500 kB 0.06 | 0.8 0 4
K )
HanpsoxeHueM 750 kB
PeaxTopbl HaNpsIXXKEHH- 0.003 | 0.001 0.002 | 0.05
e n-w---

* g CO - B yHcauTeNne npUBEAEHO 3HAYEHHE IS TPaHCPOPMATOPOB C a30T-

HOM MJIM IUICHOYHOMW 3allMTaMM Macia, B 3HAMEHateNe - O TpPpaHchOpMaTOPOB CO CBO-

O6onHbIM apixauueM; md CO; - B UMCAMTENE MPUBEAEHBI 3HAYEHHA O/1 TpaHchopMaTo-
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POB CO CBOOOMHLIM ObIXaHHWEM MPHU CPOKE 3KCryatauuu 0o 10 ner, B 3HaMeHartesne - CBbllie

10 5eT, B ckOOkax npuBeACHbI TE€ XK€ JaHHbIE U1 TPaHCPOPMATOPOB C IUVICHOYHOU HIIH a30T-

HOM 3auldTaMu Macia

5. ONPEAENEHUE BUOA U XAPAKTEPA PA3BUBAIOLLEIOCA OEQEKTA
MO KPUTEPUSM OTHOLWLERUN KOHUEHTPAUWWN MNAP FA30B

Bua y xapakTep pa3sBUBAOLUXCS B TPAHCPOPMATOPE NMOBPEXKIACHUN ONPeaenseTcs Mo
OTHOILIEHHIO KOHUEHTpauMit crenyownx rasos: Ha, CHs, CoH,, C:Hs u C;Hg
IIpu 3TOM pexoOMeHayeTcs UCIOIL30BaTh Takue pe3ynbTraThl API, B KOTOPLIX KOH-
[IEHTPaUHua XOTA Obl OAHOIO ra3a (U3 N4TH NEPEYHCIIEHHbIX Bbile ra3oB) 6epu1a Oonbuie CO-
OTBETCTBYIOLIErO I'PAHHYHOrO 3Ha4yeHus B 1.5 pasa.
5.1 Bupn passuparouuxcs B TpaHchopMatTopax nedhekToB (TENNOBOR WM 3NIeKTpHYe-

CKHH) MOXHO OPHEHTHPOBOYHO ONPEHEIUTh MO OTHOWEHUWIO KOHUECHTPAUHi nap U3 4eThipex

ra3os. Hz, CH4, C:H; u C,H..

5.1.1 YcnoBusi npOrHO3UpOBaHMA "pa3psaa’:

G o0 w £ <o
C:Ha H:

5.1.2 YcnoBHA NPOrHO3UPOBAHHUA "Mleperpena’:
S o w 5o
C:Hs H:

Ecnu nmpu 3tom ko"uertpauus CO< 0.05%06, To nporHosupyercs "neperpes Macna',
a ecnu xoHuenrpauus CO>0.05%0 - "neperpes TBepnoOit U3OIALNHU".

5.1.3 YcnoBus nporHo3upoBaHusa 'neperpesa” u "paspsima’:

CH: 01w Y s
C2H4 H-

HJIN
CH: o1 w0 Y L o5
CaHa4 H-

5.2 Xapaktep pas3BHBaWOWHXCA B TpaHchopmaTopax NePEKTOB ONPEHEISETCS CO-
riacHo TabmHubl 3 MO OTHOWIEHUIO KOHUSHTpAauuHi nap u3 naru rasos: Hy, CH., C:H,, C:H,
u C.Hs unu rpaduuecku (Ilpunoxenue 3).

5.3 OtHowieHne CO/CO nONONHUTEIBLHO YTOYHSET XapakTep HePeKTOB, NPHUBEICH-

HeIX B TaOmI. 3:

- €CJIH MTOBPEXACHHEM HE 3aTPOHYTa TBEpAAs U3ONALUA, TO

5<CO,/CO < 13;
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- €CJIM TIOBPEXIACHHEM 3ATPOHYTA TBEPHAAS H3ONAUHUSA, TO

CO,/CO <S5 wunu CO,/CO > 13

[Ipu HHTEeppeTaluy nony4dyeHHblX 3HayeHuli otHoweHut CO/CO cneayeT yuuThIBATh

BIIMSIHUE JKCIUTYAaTALMOHHBIX PAaKTOPOB 1. 3.
5.3.1 Cnenyer uMets B BUay, 4to CO; u CO obpasyrorcs B Macie TpaHchopMaTo-

POB NPH HOPMANBLHLIX pabouuXx TeMrepaTypax B pe3ynbTaTe €CTECTBEHHOrO CTAPECHUS U30JI-

LIHH.
Tabnuua 3
Onpenenenne xapaxkrepa aedexra B TpaHchopmarope N0 OTHOIIECHHIO KOHUECHTPALMH
1ap ra3os
N |XapakTep npOrHo-

THNHYHBIE TPHMEDH]
XapaKTEPHbIX I'430B

C,H,q H, C2Hge

om0 [0 s |Ropwammios crapeme

2. |Yactuunele paspsanwl] <0.1 | <0.] <1 Paspsagbl B 3alOJIHEHHBLIX Ta3oM
C  HHU3KOH  nIOoT-
HOCTbIO 3HEPIrUH

MOJOCTAX, o0Opa3oBaBLUMXCS

BCIICACTBUE HE MOJHOW MPOIUT-
KH HJIH BJIAXXHOCTH U3OJISILIHUH.

HacTuuHbIe pa3psabl

C BBICOKOH MIOT-

HOCTBIO 3HEPTUHU

To xe, 4TO U B Mn.2, HO BeleT K
OCTABJICHUIO Cllena UiIn Mnpodoro

Pa3psaml MaJou

MOILIHOCTH

n/n [3UpyemMoro aegexra

TBEPOOH H3OJISALIUH.
HenpeprlBHOE UCKPEHUE B MAcCie
MEXAY COSOUHEHHUSIMH PpPa3iuu-
HbIX TMOTEHUHAJIOB MM ILIa-
Bamouero noreHuuana. Ilpodboi
Macia MeEXAy TBEPALIMM Mare-

HyroBple paspsiabl;  HCKPEHUE;
npoboi Macna Mexay oOMOTKa-
MUA WIM KaTyuwKaMu MUId MeEXAOY
KaTyLUIKAMH Ha 3eMIII0.

<0.1 | 0.1-1 1-3 Ileperpes U30IUPOBAHHOIO
NPOBOAHHUKA.

DONBLLIOH

Pazpsanp
MOLLIHOCTH

TepMuueckui ae-
$EKT HHU3KOH TeMrie-

<0.1 >1 MecTHbIH neperpes cepaeyHHUKaA
U3-3a  KOHUEHTpAalUH IHOTOKA.
Bo3pacraHue TEeMIEpPaTyph!
'TOpsiYed TOYKH'.

TepMmuueckuit ne-
$EKT B JManasoHe
HU3KHUX TEMIEPATyp

150- 300°C

TepMuueckui ne-| <O0.1 >1 1-3 To xe, yTo 4 B 1.7, HO NpPH OaJdb-
deKT B  OHana3oHe HEWLIIEM MOBBLILIEHUH TeMnepary-
CPEOHUX TEeMIIEepaTyp pbl "TOpsiyen TOYKH'.

300-700°C

TepMuyeckui ne-| <0.1 > >3 l'opsiuas TOYkKa B CEpPHOECYHHUKE;

[IEPETPEB MEOU H3-33a BHUXPEBLIX
TOKOB, IJIOXHX KOHTAKTOB; LIUP-
KYJIUPYIOILHE TOKU B CEPHEYHHUKE
uiu Oake.

dEeKT BBLICOKOH TEM-
nepatypsl (>700°C)
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5.3.2 Conepxanue CO; B Macne 3aBUCHT OT cpoka paboTe! TpaHCpOpMaTOpa U Cro-
coba 3aliuThl Macaa OT OKHCIIEHHUS.

B rpancdopmaropax co "cBoOoaHbLIM AbixaHueM” CO; MOXET MONnacTb B MAcio M3

BO3ayXxa npudausurensHo o 0.03% o0.

6. KPUTEPUU CKOPOCTU HAPACTAHUNA FA30B B MACJIE
6.1 Kputepnii CKOpoCcTH HapacTaHUs ra3oB B Maciye ONpenaessieT CTEereHb ONacHOCTH

pa3BUBArOLIErocs aedexkTa g padboTaromux TpaHcQoOpMaTopoOB.

6.2 IH3Menenue BO BpeMeHH KOHUEHTPAL MU OTAENIbHLIX ra3oB B Macie 0e3neeKTHbIX
TPaHCPOPMATOPOB MOXKET MPOUCXOOUTH NMOA BO3ACHCTBUEM Pa3IUYHBIX PakTopoB (mm.2.4.1
U 2.4.2), a TaKkXe BCIEACTBHE €CTECTBEHHOI'O CTAPEHUS H3ONALIHH.

6.3 Hanuuue pasBupamwowierocs aegexra B TpaHcHopMaTope, HaKIaAbIBasCh HA 3TH
(GakTOphbl, TNPUBOAMWT, KAaK IPABHIIO, K 3aMETHOMY pPOCTY KOHUEHTPALMHU OAHOIO HIIH

HECKOJILKHUX I'd30B.

6.4 AbOcomoTHas CKOPOCThL HapacTaHUs i-ro rasa onpenensercs no Gopmyne:

Am, - A(rn- 1)1

Vabg; = - Td (%006./mec.), (4)

6.5 OTHOCHTENbLHAA CKOPOCTb HApacTaHus i-ro rasa onpenensercs no Gopmyine:

Vabg;
Vorui == * 100 (% B Mec.) (5)
A(m-1)
6.6 CrTene’db ONACHOCTH Pa3BUTHA OedexTa YyCTAHABIMBAETCS NO OTHOCHUTEIILHOMU

CKOPOCTH HapacTaHus ra3a/ra3os.

Ecnyu OTHOCUTENbHAA CKOPOCTb HapacraHus ra3afra3oB npessimiaer 0% B Mmecdw, TO
3TO YKa3bIBACT HAa Hanmuuue ObICTPO pa3BUBAIOLLErOCs NedPEKTa B TpaHCHOpMATOPE.

B ciiyyae BeisiBiIeHUA gedekTa NOBTOPHBIE aHATIU3bI CIEAYET NPOBECTH YEPE3 KOPOTKHE
[IPOMEXYTKHM BPEMEHH C LEIbIO NOATBEPXACHUS HanUuMs aedexra U OnpeneseHus CKOPOCTH
HapacTaHus ra3os.

O10op npo® Macna gng onpeneneHUss CKOPOCTH HApacTaHUS Ta30B PEKOMEHOYETCS
npoBoauTek 1 pa3 B 7-10 nHeil B Te4eHHE MECALa I MEIJICHHO Pa3BUBAKOLUUXCS OEPEKTOB U

yepes 2-3 nHs - I ObICTPO pa3BHUBAIOIIUXCS HEPEKTOB.
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7. NTEPNOAUYHOCTb KOHTPONA
7.1 XpoMaTtorpauuecKkuid KOHTPOJb OOJKEH OCYLUECTBIAATECA B CIEAYIOLUHUE CPOKH |

1 ]

¢ TpaHchopmaropsl Hanpsxeduem |10 kB mownHocteio MeHee 60 MBA u Omo4usble
TpaHChHOPMATOPbl COOCTBEHHDBIX HYXJ - 4epe3 6 Mec. MOcie BKIIIOUYEHHsS M nasee He pexe |
pasa B 6 mec.;

e TpaHchopMaTopsl HanpsixxkeHueM 110 kB mowHocteio 60 MBA u 6oiee, a Takxe Bce
TpaHchopmaTopsl 220 - 500 xB B TeyeHHe NEpBLIX CYTOK, uepe3 [, 3 U 6 Mec. rnocne Briroye-
HUsS U fnanee - He pexe | pa3 B 6 mec.

e TpaHCHOPMATOPLI HanpsKeHHeM 750 kB - B TeyeHHE NEePBLIX CYTOK, Yepe3 2 HeNenu,
[, 3 1 6 MecsiLieB NOCIE BKIIFOYEHHS U naiee - He pexe | pa3a B 6 Mmec.

7.2 IlepwomuuHocte API' nnsga tpancdopMaToOpOB € pa3BUBAKWMMUCA OAedeKTaMU
ONpPEeaeNsieTCs NUHAMHKON U3MCHEHUsT KOHUGHTPAUUi ra3oB ¥ NPOAOIDKUTEIbHOCTLIO Pa3Bu-

TUA Je(QEKTOB.

Bce pedexkTthl B 3aBHCHMOCTH OT NMPOMOMXHUTENbHOCTU PA3BUTHS MOXHO nonpasnie-
JIUTH Ha:

7.2.1 MraoBeHHO pa3zBuBaruiuecs gePeKThl ~ NPOOOIDKUTENLHOCTL Pa3BUTHSL KOTO-
PBIX UMEECT NMOPAOOK OT HOOJIEHM CEKYHOB! O MUHYT.

7.2.2 bricTpO pasBuBaromuecs AeQEKTbl - NPOAOIAKUTEILHOCTL Pa3BUTHS KOTOPLIX
UMEET MOPAIOK OT 4acOB IO HEOEb.

7.2.3 MenneHHo pa3sBuBarLuyuecs Ae@eKThl - NPOAODKUTEIbHOCTh PA3BUTHA KOTOPKIX
HMEET MOPAHOK OT MECALEB IO HECKOJIBLKHX JIET,

7.2.4 Merogom xpoMaTorpaduyeckoro aHanusa pacTBOPEHHBIX B Macie ra3oB OOHa-
PYXHBAIOTCS MEJICHHO pa3BUBAIOLIUECH NEPEKTHI, BO3MOXHO - OBICTPO pa3BUBAKOLIMECH LI€-
¢eKkTEl M HENB3s ONpPEeneIuTbL MTHOBEHHO pa3BHUBAaKILHECH AeDEKTHI.

7.3 B cnyyae BplsBieHus gedexkta ( Ai>Arpi. u/unu VorH; > 10% B Mec.) HeoO6X0OUMO
BLIMIOMHHUTL 2-3 MOBTOPHBIX aHalu3a PaCTBOPEHHBIX ra3oB (C MEPUOAUYHOCTLIO aHAIHU3OB
Mo mn.nm.6.6) mis NOATBEPXKIACHHUS BUOA U Xapakrepa AedeKTa U NPHHATHS PEILUEHHUS O Halb-
HEHIIeH 3KCINTyaTauuu TpanchopMaTopa U/ Wi BeIBOJE €ro u3 paboThi.

MunumanpHOE BpeMs NOBTOPHOro orbopa npodwr Macna ( Tia ) m1s npoBeneHus

aHAJIM3a MOXHO pacCyUTaTh [0 POpMYyJIe:

B Ma;
Tig=s — (6)
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8. ANATHOCTUKA SKCIINMYATALMNOHHOIO COCTOHAHUA
TPAHCOOPMATOPOB T10 PE3YJIbTATAM API'

8.1 Ecym B pe3yabTaTe aHann3a A< Arp; u V™ < 10% B mecsill, TO HET DaHHBIX, YKa-

3LIBAIOIIMX HA HAJTHYHE pa3BHBAIOLIErocs AedekTd B 3TOM TPAHCPOPMATOpe; KOHTPOJb MO

API nposoautcs no rpaduky - OOUH pa3 B 6 Mec.

8.2 Ecan B pe3yabtaTe aHaim3a A; > Arp; H Vo™ < 10% B mecsw, TO 1poBECTH MO-

BTOPHBIK OTOOP npoOsl Maciaa H XpoMarorpa@uyeCKUd aHanu3 pacTBOPEHHbIX B HEM ra3oB
U1 OATBEPXKIOECHUSA Pe3ybTAaTOB U3MEPEHUSA U COOTBETCTBEHHO:
8.2.1 Ilpoanamu3upoBaTh YCIOBHS MNPEALIECTBYIOLUEH  IKCIUlyaTauWH TpaHCPO-

pMaTopa ¢ y4eToM (pakTOpOB, BIUAIOLUMX HA U3MEHEHUE KOHUEHTPAUUH ra3oB B HOPMAJBHO

paborarux Tpancpopmaropax ( .3 ).

8.2.2 Ilo KpUTEpUAM OTHOLUECHUH KOHLEHTPAUHUH Map XxapakTepHBIX ra3os (I.1. d.1 u

5.2) yCTAaHOBUTD BUI U XapakTep nedexra.

8.2.3 Onpenenuts BpeMsa NOBTOPHOro otbopa npodet Macna (11.7.3) u nposectd API.
8.2.4 Ecnu B pe3ynbTaTe BHINOJIHEHUS onepauui no n.8.2.3 ckopocTh Vi°™ pacTeT, TO

TpaHC(POPMATOP OCTABHUThL HA YHALUEHHOM KOHTPOJE ¢ nepHonHMuHOCThI0O API, onpexnense-

MOH 1o 11.7.3.

8.2.5 Ilo pmanHpIM nocnaenyromux pe3yiabTaTOB APl BLINONMHUTL MEpONPUSTHS
n.n.8.2.1-8.2.2 4 onpenenurs Vo™,

8.2.6 Ecnu npu BLINONHEHUH I.1.8.2.5 MONyyaercsi HEPaBEHCTBO A; > Arpi H V™ >
10% B mMecsi, a CKOPOCTb VOTH; NPOAOKAST YBENMHUYUBATLCA (OBICTPO pa3BUBAKOILMKICA He-

¢exT), TO IIIAaHUPOBATh BLIBOI TPaHCPOpMATOpPa U3 paboThI.

8.2.6.1 Ecau npu BBIMOJIHEHHH I1.11.8.2.5 cOXpaHsaeTcs HepaBeHCTBO A~ Arpi, a Vo™
OCTAETCH MOCTOAHHON KU MeHblnie 10% B MecC., TO IS BBLISCHEHHMS HAJIU4YUSA MOBPEKIECHHUS pe-
KOMEHIOYETCH NPOBECTH JEra3alyio Macila v BbINOJIHUTL HECKOJIBKO NOCIEA0BATEIbHBIX aHA-
JIU30B.

Ecnu nocine npoBeneHus gera3aluy KOHLISHTPALMK ra3oB MEHbIUE COOTBETCTBYIOLHUX
'PAHUYHBIX 3HAYEHUHU K HE YBEIUYUBAIOTCSA, TO 3TO CBHIACTEILCTBYET OO OTCYTCTBHHU I1O-

BpexaeHus. Takoi TpaHchOpMaTOp CHUMALTCA C KOHTPOJIA, U HaJibHeHIas TMEePHOIUYHOCTD

oTOOpa npob Macna ycTaHaBIHBAETCA OAUH pa3 B 6 Mec.
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Ecnu Ke nocie npoBeAcHUs Aerasaludu Macia BHOBb HaOMIOOAETCs POCT KOHUEHTPa-

[IHH PACTBOPEHHBLIX ra3oB Npv NOBTOPHBIX APl €O ckOpOCTHIO:
- VoTtu>10% B Méec , TO cnefyeT MIaHUPORBATh BLIBOJ TpaHchopmaTopa U3 paldoThi;

- Votu<10% B Mec, TO TpaHchopMaTop ocTtaercsa B padoTe HA YYALUEHHOM KOHTPOIIE

no APT.

8.2.7 Eciu Ai > Arpi u V" <0, TO cnenyeTr NpOBEPUTHL BIUSHHE 3KCIUIYyaTALUHOHHBIX
¢akTOpOB cOrnacHo 1mn.3.4 U Npd HX OTCYTCTBHH MOXHO TNPEANONOXHUTb, YTO AEPEKT
pa3BUBaeTCA "Briiybp" (BbIFOpaHHE KOHTAKTOB NEPEKNYAKUIHX YCTPOUCTB, THCTOB MarHu-

TONPpOBOA4, MECTAJIINYCCKHUX [UINHIICK H T.}l.). B atoM cJiyyac CICayCT INJNIaHHPOBATb BblBOA

TpaHchopmaTopa u3 paboThi .

8.3. [dasa tpancdopmaropos ¢ PIIH, yuutriBasg OCOOEHHOCTH HUX KOHCTPYKTHBHOIO

BBINIOJIHEHHS, PEKOMEHYETCS:
8.3.1 ns PIIH B HaBecHbIX Oakax B LENAX ONPEOECICHUs] BO3MOXHOIO MEPETOKA ra-

30B BCJIEACTBUE HAPYLUCHHSA FrepMETHUYHOCTH MeX Yy OakaMM KOHTAKTOpa M TpaHCpOopMaTopa
HEOOXOAUMO OTOOpaTh ONHOBPEMEHHO NpoOy macna u3 OaKOB KOHTAKTOpa U TpaHchopMma-
TOpa.

8.3.2. Ecau u3MepeHHble KOHUEHTPAUUU OOHOTO HIIM HECKONBbKHX YIIIEBOOOPOMAHBLIX

raszos B oboux npodax Macia OJHHAaKOBBIE, TO 3TO MOXET YKa3bIBaTh Ha I€PEeTOK ra3os.

B 3TOM cny4yae ciaegyer NpOBEPHTb COCTOSSHUE KOHTAKTOB KOHTAKTOpPA U COCTOSIHHE

YIJIOTHEHUs MeXAy OakaMu KOHTakTopa u TpaHcdopmartopa. Eciu nedexrt BoisBieH, TO €ro

CNenyeT YCTPAHUTb.
8.3.3. s PITH norpyxHOro tuna MoxeT ObITh TPH BHAA JCHEKTOB:

- nepeToK U3 Oaka KOHTakTOpa B Oak TpaHCcHOpMaTopa,

- [ICPCTOK B PACUHIMPHUTECIIC ITO YPOBHIO Madjia,

- IEPETOK ras’oBOH (a3l MO HAOMACIAHOMY NPOCTPAHCTBY, €CJIM TEpEropoaka B 00-

HICM PaCUIMPHUTCIC BEINNOJIHEHA HE 1O CAMOT'O BEPXA.

8.3.3.1. na PIIH norpyxHoro tuna ordopsl npod mMacia B UENIX BBIABIECHHS NEpPE-

TOKa CIENYET MPOU3BOOUTL ONHOBPEMEHHO M3 Oaka TpaHchOpMaTOopa M M3 PACLLUMPHTENS

KOHTAKTOpa.

3.3.3.2. Ecau xoHuenTpauuu raszoB B npobe Maciaa u3 H6aka tpanchopmarTopa BhILIE,

4YeM B nMpoOe Maciaa u3 pacliMpuTens, TO “nepeToka” HET W B 3TOM Cllyyae JIMAarHOCTHKA IO

API BLINOIHAESTCS B COOTBETCTRUM C 11.8.2.6.



8.4. Ilpu cpabarTnbiBaHiM ra3oBOro peJie Ha CHTHAM MM Ha OTKJIFOYEHHE Ui JHArHo-

CTHKH BO3MOXHOI'O AedeKTa cnenyer:

8.4.1. Orobparp npoby raza u3 ra3oporo pesne ( cBOOOAHLINA ra3s ) U OOHOBPEMEHHO
npoOy macna u3 6baka TpaHcpopmaTtopa.
8.4.2. OnpenenuTh KOHUESHTPAUUHU T'a30B OTACILHO B KaXIAOH H3 OTOOpaHHBIX npob

(ACi- KOHUEHTPaUHH ra3oB B cBOOOOHOM rase, Ai- KOHUEHTPALHH Fra3oB B Macie).

8.4.3. TIo nonyuyeHHbBIM KOHLUEHTPALMAM ra3oB, PpPAacTBOPEHHbIX B Maciae u3 Oaka

TpﬂHCQJOPMﬂTOpa pacCUuTaTh KOHUCHTPAUHH 3THX XC I'd30B, COOTBCTCTBYKIUHX PABHOBCC-

HOMY COCTOSSHUIO € ra3oBOH (a3ou, no gopmyiie:
A,

Arn = —, ( 7 )
B.

KoagduuueHT pacTBOPpUMOCTH 1-TO rasa B Macine NnpuHuMaercd no tabdn.4.

Tabnuua 4

3uayenusn ko3dpdpuumentos pacrsopumoctu ( B; ) razos B macie (npu
temnepatype 20°C u naaennn 760 Mm pT.CT.)

HaumMeHoBaHue raza
Oxcun yriepona
JIMOKCU yriuepona

HaumeHoBaHue rasa
Bonopon

MetaH

AlEeTHNIEH

OTHIIEH

IJTaH

0.12

1 Dol ot B
NI =
SIS G

8.4.4. CpaBHUTH KOHUEHTpALUH CBOOOMHOro rasa (Aci;) ¢ pacyeTHLIMHA 3HAYCHHAMHU
ATi U COOTBETCTBEHHO!

8.4.4.1 Ecnu KoHUEHTpauuu Ac; MPHUMEPHO paBHBL! Arj, TO 2TO CBUIETEILCTBYET O
TOM, YTO ra3 B peie BbIACIUIICS B PABHOBECHOM COCTOSIHMU B PE3yNbTATE NOACOCA BO3OAYXE B
Ia30BO€E pelie WIK B CUCTEMY OXJIAXICHUS TPaHCPOPMATOPA, UITH PE3KOTO CHUXKEHUS YPOBHSA
Maclna B pacluypurene 6aka tpanchpopMaropa H gp. NPUUHH.

B 3TOM ciiyyae cnenyer OonpeaenuTs NpUYuHy cpabaThiBaHUS ra3oBOro pelie U ycTpa-

HUTH ONeeKT.

8.4.4.2 Ecnu xOHUeHTpauua Ac 3HaYUTENbHO Oonblie, 4eM ATi, TO 3TO CBUIETENb-
CTBYET O ObICTPO passBuBarouiemMcs nedexre, Kak MNpaBuiio, anexkTpudeckoro supa. OOblu-

HO TdKHC ,[[eq}eKTbI XdPAKTCPHU3YIOTCH BEICOKHMH KOHUCHTPAUUIMHU BOOOPOOAd H AlLICTHIICHA B

npode rasa U3 ra3oBoOro pene.

B srom cayuyae tpanchopmarop TpeOyeTrcsi HEMEOJIEHHO BBIBECTH H3 paboThl mns

yCTpaHeHus HegeKTa.
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8.5. Bo Bcex cnyyasx npud pelieHMH BONpoca O OajibHEeWlUIer JKCIUTyaTauuH TpaHc-

¢dopMaTopa, B KOTOPOM [1003PEBAECTCSA HAIHYHE TOrO HJIH UHOro aedexTa, CiIeayeT y4YUTbl-

BaTh:
- BO3BMOXHOCTb IOSBJEHHUS XapaKTEPHBIX ra3oB, HE CBA3aHHBIX C Ae(PEKTOM TpaHC-

dbopmaropa (HanpuMep, HEHCIIPABHOCTH B CHCTEME OXJIaXXOEHHUA, MOBPEXKAEHUA CHCTEMBI 3a-

LIUTHI Macia y T.1.);
- OCOOCHHOCTH IKCIUIyaTaluy TpanchopMaTopa;
- PEKOMEHOAUUHU 3aBOAA-U3rOTOBUTENA.
8.6. ITpuMepbl IUarHOCTUKH 3KCIUIyaTaUMOHHOI O COCTOSAHUSI TpaHcdopMaTopa 1o pe-

3yabTaTaM API npuBeneHbl B NPHIOXEHUH 2.

9. OITPEAEJEHHUE HAJIMYUA JE®PEKTA B BLICOKOBOJIBTHBIX TI'EPME-
TUYHbLIX BBOJJAX TPAHCPOPMATOPOB I10 PE3YJILbTATAM AHAJIN3A PAC-

TBOPEHHbLIX B MACJ/IET'A30B
9.1 C nomoupio API' B BLICOKOBOJIBTHBIX F€PMETHUYHBIX BBOJAX TPaHCPOPMAaTOPOB

MOXHO OOHapy>XUTh HAPYLICHUE KOHTAKTHBLIX COCOAMHEHUH (MCKPEHHUE), MPOABIEHHE OCT-

PBIX KpaeB peTajield (MUKpopaspsiael B Macile), ocnabiieHHe KOHTAKTHbIX COeOHHEHHH BepX-

Heil KOHTAKTHOH LUMHJIbKH (TepMHUYECKast AECTPYKLUHUST Macia) M JIOKanbHble AehEKThl OCTOBA

(MUKpOpa3psaabl B OCTOBE).
B Tabauue S npuseneH nepeueHb oOOHapy)xuBaembix ¢ noMmombio API' nedextoB 1 HX

XpoOMaTOrpagpuMuyecKme Npu3HaKky .
9.2 OCHOBHBIE ra3bl, CBUIOCTENLCTBYIOLIME O HANW4YUU HedexToB: auetuneH (C.Hj) u

CyMMa KOHUEHTpauuH yriaeBonopoasbix ra3os ( 2.CxHy ): meran - CHy, 3Ttan - C;Hs, aTUneH

- C;H4 1 auerunen- C2 H; .
9.3 Beoas! noanexar orOpakoOBKe NPU JOCTHXKEHHMH KOHUEHTPAUHN aLeTH-

neHa- 0.0005%00 u 6onee, nubo Npu XOCTHXKEHUH CYMMbl KOHLEHTPAUHH YIiIeBOAOPOAHBIX
ra3os:

- BBoakb! (110-220) xB - 0.03%06 u 6onee;

- BBOJbI (330-750) kB - 0.015%06 u 6omnee

9.4 B npouecce akcrinyatauuy repMeTUYHBIX BBOJOB, HMEIOLLMX YAOBJIETBOPHUTEIbHbIE
pe3ynbTaThl H3MEPEHHH B COOTBETCTBUH C | | |. pekoMeHayeTca cnenyroiias nepuoguyHOCTh
U3MEPEHUH PACTBOPEHHBIX Ia30B B MAacJI€ BBOJOB:

- BBOALI (110-220)kxB - | pa3 B uerkipe rona;

- BBoak! (330-750)xB - | pa3 B nBa rozna

71 BC€X BHOBbL BBOOHMMBIX B pabOTy BBICOKOBOJIBTHBLIX T'€PMETHYHBLIX BBOJOB - Yepe3

IBa rojia nocjie Hayajaa UX 3KCIIyaTalHH.
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Tabnauua 5

JlebexTbl BLICOKOBOJILTHBIX FEPMETHYHBIX BBO0B TpaHChOpMaATOPOB, 0OHAPYKHBAEMbIe

c nomouibio API’

0r1/m HedekT OCHOBHbBIE XpoMaTOorpaHUYECKUe NPU3HAKH
- AEeeKTd L
. | MexaHnuueckue npuMecu OOpa3zoBanue yrnepoogoCcoacpXk alux yac-

THL BCJICACTBHUE pa3psaoB - aueTwieH. llo-
SIBJIEHHE HE3aBEPLUCHHBIX HCKPOBBLIX pa3ps-
| IOB - BOAOPOA. BO3MOXHO OTIOXEHHE 3a-
!TPHSHEHHﬁ MO MOBEPXHOCTIM MU Npopacra-

il

OcTpble Kpas AeTaned B Macie [losiBnenne He3aBeplUEHHbIX UCKPOBBIX pas-
psnoB - Bonopon. HaxonieHue npoayKToB
OECTPYKUMHU Maciaa Mo MOBEPXHOCTAM H
npopacTaHue MO HUM paspsiaa - BOOOPOd M
ALICTUJICH.

IlosBnenue UCKPOBOTO paspsaga B Macie -
BOOOpPOA U aueTuiieH. OTIOXEHHE NPOAYK-
TOB OECTPYKUMM MAacCHa Mo NOBEPXHOCTAM U
npopacTaHue Mo HUM paspsana - BOAOPOL H
aneTuneH. Hakoruienue npoOayKTOB [e-

3.
CTPYKUHH Macja - BOOIOPOX U alIeTHIIEH.
4.

OcnabneHne KOHTAKTHBIX coeauHe-~| TepMHuyeckas HeCTPYKLHS Macna
HUU BepXHEH KOHTAKTHOH LUNHUIBKH [ (OCMOJIEHHE) -~ METAH, 3TaH.
JlokanbHbIi€ AePEKThI OCTOBA Mukpopaspsaael B OCTOBE - AlUETHIIEH M BO-
TOPO/I.

HapyuieHue KOHTAKTHBLIX COE€OUHE-
HUH

Jureparypa
. O6bpeM 1 HOpMBI HCNILITAHKH 3nexkTpoobopynosanus. P/ 34.45-51.300-97. M.: H1I
OHAC, 1998
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[Ipunoxenne 1

ITPUMEPHBI BAUAHWA DOKCILNTYATALIMOHHbBIX
OAKTOPOB HA PE3YJIBTATDLI API'

[TpuBeneHb! CliydyaH MMOsBACHUS B TPaHCPOPMATOPHOM Maci€ ra3oB Pa3jiOXKEHHs, KO-
TOpbIE K Ae(eKTaM aKTHBHbLIX YaCT€H OTHECTH HeNb3s. HenqoctatoyHo BHUMATENLHOE HHTEP-
npeTupoBanue pe3ynbTaToB APIT MOXeT npuBectH X HEOOOCHOBAHHOMY BbIBOAY ODOPYLO-
BaHUA M3 paboThl H TEM CaMbIM K CEPbE3HOMY 3KOHOMHUYECKOMY YUIEpOy B OCOOECHHOCTH,

KOTZla peYb HIOET O MOLIHOM HJIHM AUCIETUEPCKH OTBETCTBEHHOM TpaHCchopMaTope.

|. B cnyuyae neperpy3ku WiH NEPEHaNPsXEHUs YBEJIHYUBAIOTCs, Kak MPAaBHIIO B ABa H
6onee pa3a koHueHTpauuu CO; y CO 1Mo CpaBHEHHUIO C TPAHHYHBIMH 3HAUYEHUSAMH, HalPUMED,
BCIEACTBHE OTKAa3a WJIM HEMPaBHJILHOH pabOThbl Pa3psOHUKOB, BBIKJIIOYATENEH, TPO3OBLIX H
KOMMYTallMOHHBIX NEpEeHaNpPsXeHUH, nepexkoca ga3, KOPOTKOro 3aMbIKaHHUs B 3JIEKTPUYECKH
CBSA3AHHOM CETH H T.O. 3a TakuM TpaHCHOPMATOPOM HEOOXOAUMO npociaenuTs. Ecmd npu-
YHHA POCTA KOHUEHTPAUHi OTHOCHUTCS K BBLIWECYIIOMSHYTBIM ClydasiM, TO uyepe3 1-2 Mec.
KOHLIEHTPALUHUH BEPHYTCS K HCXOAHBIM; €CJIH Xe OHM OynyT yBEIHUYHUBATBLCS HIIM TEM Oolee
MOSBATCA YIJIEBOOOPOMHLIC ra3dbl, TO NPUUYHHOH 3TOro MOXeET OpITh pa3BHUBarwLleecs MO-
BPEXIAECHHE, HHTEPNPETAUHUs KOTOPOro OyneT 3aBUCeTh OT COCTABAa ra3oB U UX COOTHOLLEHMH.

2. B cnywyae OTkasza CHUCTEMbl OXJIAXIOCHUS ITPOHUCXOOUT AKTHUBHOE Ta3OBBLIOECIEHUE C
NpeBaTMpPOBAHHEM 3TaHa HaJ BCEMHU OCTaJIbHBIMU ra3aMu U PE3KUM POCTOM COLEPKaHUS

CO:.

3. Ilpu cropaHud OBUraTenas MaciaoHacoca MOXET MOSBUTBCS BEChb COCTaB ra3os,
BKJIIOYas aleTuiaeH. OOHUM U3 KOCBEHHBIX NOATBEPKAECHUMN ITOTO nedekTa MOXET ObITh pe3-
KHH POCT HX KOHLUEHTPALMH ¢ MOCNEaYOHUM ObICTPLIM YOBIBAHHEM B ClIyyae TpaHchopMa-
TOpa CO CBODOAHBIM IbIXaHUEM M CTAOMIU3aLMs 3TUX KOHLEHTpaLHK Yy TPaHCHPOPMATOPOB C

A30THOH U IIJIEHOYHOH 3alldTaMH Macja.

4. OxHOHM M3 NMPHUYHH NOSBJICHUS ra30B B MAC/Ie MOXET ObITh MPEALIECTBYIOLIEE OBPE-
XaeHue. Eciy npu 3TOM Maciao II0C/HEe aBapuM JOJro HaxOIMJIOCh B TpaHCHOPMATOpPE, TO
LEJUTIOJIO3HAA M3OJALUMS Morna abcopObUpoBaTh 3HAYUTEIIbHOE KOJIHUYECTBO Ia30B Pa3lOxe-
HUA. [lociae ycTpaHeHHs NOBpeXIeHUs U CMEHbl Macia NpM BKJIIOYEHHH TpaHcdopMaTopa B
paloTy M3 NOp 1UEIUIIONO3HOH M30IALUN B Macno OynyT BLIAEIATHCA PaHEe TOTJIOUIEHHbIE

ra3pl, COCTaB KOTOPBIX OyAeT COOTBETCTBOBAThL MPEALUECCTBYIOLUEMY MNOBPEXIEHUIO (KPOME
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BOAOPOAa, KOTOPOTO, KakK MpaBuiio, MPH 3TOM HE OBIBAET, TaKk Kak OH MPOCTO YIETYYHBAET-
csi). DTOT NMPOUECC 3aBHCHT OT HArpy3kH TpaHcdopmaropa. Ecnu Harpyska 3HauyHTENIbHA, TO

ra3bl aKTHBHO BBIACNAKOTCS B MACJIO, a 3aTeM JTMOO CpaBHU-

TeJILHO ObICTPO HCUYE3AKT Yy TPAHCPOPMATOPOB CO CBOOOIHLIM AbIXaHHeM, NHOO cTabuiu-
3UPYIOTCA Y TPAHCHPOPMATOPOB C A30THOU U [NIEHOYHOM 3a1LLUTOM.

IIpy He3HAUHUTENILHOH HAarpy3ke BbLIJEICHHUE ra30B MOXET HAYaThbCs HE Cpa3y nocne
BKJIIOUEHUS, & NPUMEPHO 4Yepe3 Mecsl, U HapacTaHUWE KOHLEHTPALHK MOXET NMPOAOIKAaTbCA
o 2-3 Mec. H Jdlb NMOCJe 3TOrO HaYyHET yoniBaTh. B 3TOM cnyyae tpebyercs ocoboe BHUMa-
HUE, YTOOB! HE BBLIBECTU B PEMOHT TpaHchopMmaTop Oe3 hpakTHUYECKUX NOKa3aTeNeH K 3TOMY.

5. IlosBneHue raszoB pa3noXeHHA Maciaa H TBEPAOH H3O0MALHH, HAOIMIOOaeMOe IMOCie
NOJIMBKMA MAacCia, TakXe MOJDKHO HAaUEIUTh Ha TUIATEIbHYIO MPOBEPKY Maciaa, KOTOPOE HOIU-
BaJIOCh B TpaHCPOpPMATOpP, TAK KAaK OONHUBKA MAacCia U3 MOBPEKISHHOro TpaHcdopmaropa
MOXET CO30aTh WLITKO3UIO BOZHUKHOBEHUS NOBPEXKIEHHUS.

Ecnu noarBepadTCs, HTO B AOMMBAEMOM Macie OblI PaCTBOPEHBI I'd3bl, XapaKTEPHbLIE
Ui TOrO WJIM MHOTO JedekTa, TpaHCPOpMaTOp HOJIKEH ObITh BCe PABHO B3ST MO Y4YalliCH-
HbIX KOHTPOJIb, YTOOBI yOeOQUTHCS, 4YTO KOHUSHTPAL WU razoB yOBIBAIOT HUJIM XOTs Obl HE pac-
TYT, TaK KaK BO3MOXXHO Clly4aiHOE HaJIOXKEHHUE ABYX QaKTOPOB: MHOJIHUBKA IJIOXHUM MAaCJIOM Y
BO3HUKHOBEHHUE NePeKTa. TONbKO OTCYTCTBME POCTA KOHUEHTpPALUH Tra3oB MO3BOJSET CUH-
TaTb NPHUYHHOHN UX IMOABIIEHUSA JOJIIMBKY MAciIOM H3 aBapHHHOro TpaHcgopMmaropa.

6. Kak npaBusio, 3ajuBaeMoe B TPAHCHOpMATOP Macio npoxomur obpadoTky yepes
MacCJJIOOYMCTHUTENBHYIO YCTAHOBKY, CHabXEHHYIO 3jieKTponogorpepareneM. Ilpu cropauuu
OLHOTO U3 3JIEMEHTOB ICKTPOMNOAOTPEBATENA WM HAPYLICHUH pPeXUMa NMoAOorpesa Maclo,
Haxomslleecss B 3TOT MOMEHT B KOHTAKTE C HUM, NEPErpeBAETCs € BbIAEICHHEM ra3oB, Xapax-
TEPHLIX IUIA TEMIIEPATYPHI, NMPU KOTOPOHU NMPOU3OLIE NEPErpeB. ITOT ASPEKT JIErkO yCTaHa-
BJIMBAETCA IMPOBEPKOH Macna u3 TpaHcpopMaTtopa Ha ra3oCOAcpXaHHUE HENOCPEACTBEHHO
nepen BKIIIOYEeHUEM ero B paboty. [Ioatomy 310 uamepenue nomkHO ObITh NPOBEASHO O0s3a-
TEIBLHO.

Ecny ecTh OCHOBaHUE NOOO3peBaTh, 4YTO NPUYMHA MOSBIEHHS B Macle ra3oB pasiio-
KEHHA BBLI3BAHA IKCMIYAaTAUUMOHHBIMH PakTOpaMu, caMbiM IPPEKTUBHBIM CIOCOOOM yTOU-
HEHHS 3TOH NPUYMHSI SIBIAETCA Nerasauusg Macja ¢ NOMOIIBIO NEPEABUXHON YCTaHOBKH.

Ecnu npuuyuHa ObIa yCTaHOBNIEHA MNPABUIBHO, TO BbIOEJIEHHE ra30B IOCIE aerasa-

LMY He OyzeT. B npOTUBHOM Cilyyae B TpaHC(hOpMaTOpe UMEETCS OYyar NOBPEXAEHUS.
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I1puaoxenue 2

NMPUMEPDbLI QUATHOCTUKUN SKCMNMYATAUNOHHOIO CO-
CTOAHUNA TPAHCOOPMATOPA 1NO PE3YJIIbTATAM API

IIpumep 1.
B tpancpopmatope TALII'-400000/330 npu ouepenHom aHanmuse no rpaduxy Obiiu

3apPEruCTPUPOBAHBI CIEAYIOLHE KOHUEHTPAUUHK ra3os (Yo00):
1-p1ii anammz  CO,=0.17; CO=0.02; CH4=0.0045; C,H,=0.005; C,H:- otcyTcTByerT;

C:H¢=0.002; H,=0.008. Tak kax KOHUEHTPAUHH KaXIOTrO U3 ra3oB He MPEBbLILLAKOT FPAHUY-

Hbie 3HaueHus (A, <Arp,), CcAeayrOWHMH aHaau3 Obul NpoBeAeH 4vepe3 6 Mec. H aan Clenylo-

LHE pe3yJIbTaThI:
2- a”HaaH3 CO;=0.16; C0O=0.02; CH4=0.017; C.H4=0.05; C,;H;=0.003;

C:Hs=0.0048; H,=0.0075.
Ina nogrBepxaeHus pe3ynbTaToB APIT cnenyrowimi aHanu3 npoBeseH 4yepe3 6 OHEH.

[lomyuyunu craegyromme pe3yabTaThl:
3-if aHaaIu3 C0O;=0.15; C0O=0.02; CH4=0.016; C;H4=0.048: C,H.=0.003;

C2Hs=0.0047; H,=0.01.

AHanM3 yCIIOBHM JKCIUIyaTauMH 3a NpeAlUeCTBYIOLUMHM Mepuon rnokxasan, YTO OTCYT-

CTBYIOT (paKTOPBbl, KOTOPBIE MOIJIH Obl BI3BaTh POCT KOHUEHTPALHUH YIIIEBOOOPOIHBIX Ta30B

(n.3.2).

[10 NOMy4YeHHBIM KOHIESHTPALHUAM YITIEBOJOPOAHBIX I'a30B ONpPENeINM XapakKTep pas-

BUBAIOLIErocs B TpaHcpopmaTope aedekra no tadbnuue 3 tekcra PJI:

C:H: 0003

= - =006<01;

C:H:s 0.05
CHa _ 0.0_17 226> 1:
H- 0.0075
_C:H.i _ 0.095 104> 3
C:Hs 00047

CO: _ 016 _ g

CO 002

Ha ocHoBaHHMHM NOJIyYyeHHBIX OaHHBIX NPOTHO3UpYeTCa AeheKT TEPMHUYECKOrO Xapak-

Tepa - "TepMUYECKHH NeEeKT BbICOKOHR TeMnepartypsl, >7000C" .
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Tax xax CO,/C0O=0.16/0.02=8, To nenaem BbIBOA, YTO HedeKT HE 3aTParuBacT TBEp-

YO U3OJIALUIO U OTHOCHTCS Kk rpynne 1 (1m.2.1).
OnpenenyM MHHHMAIBHYIO NEPHOOUYHOCTH crenywiiero orbopa npob macna no

dopmyiie 6:
- pacCUMTaeM BEITUYHHBI aDCOMIOTHBIX CKOPOCTEN HapacTaHUsl KOHLUEHTPALUUWH KaXIo-
ro rasa:
016-0017)*30
Vabccys = (001 - 60_1_ )* -3- = —-0.005% ob/mec
0.048 -005)*3
Vabcoys = L— - §- g—g -) ~ -9- = -0.01% ob/mec
— ¥
Vabccang = —(—(2—9—()—&—9;9—@—)—-3—9 = ~(0.0005% o06/mec
_ L
Vabcy; = w 39 = 0.0125% ob6/mec

6
Tak kak MaxkcumanbhHas aOCoNIoTHAs CKOPOCTh HapacTaHus y Bomopona, TO Tid

OonpenensieM No Heu:
Tig = 5*5*104/0.0125 = 0.2 mec, T.e. 6 qHeH

daxkTuyecky cnenyoiui ordbop npodbul Macna U API' Obiiiu npoBenerb! yepe3 7 OHEH

H NOJYYEHBI CAEAYIOLUE KOHLEHTPAUHU Ia30B:

4-u anam3 CO,=0.15; CO=0.02; CH4=0.018; C;Hs=0.051; ¢c242=0.0035;
C2He=0.0053; H,=0.01.

I10 naHHBIM 3TOro aHanu3a B TpaHCPOPMATOpPE NOATBEPIAUIIOCH Hanuuyue ObICTpOpas-
BUBAIOLIErocs AedeKTa TePMHYECKOrO XapakTepa, HeE 3aTparuBaiolUEero TBEPAYIO H3OJSUHIO -
"TEPMHYECKHA OeeKT BLICOKOM Temnepatypel, >700°C" U oTHOcauerocs Kk | rpynmne ae-
¢exToB "[leperpeBbl TOKOBEOYILIHX COSAUHEHUH U 3JIEMEHTOB KOHCTPYKLHH OCTOBA".

TpancdpopmaTop Obln BeiBeNEH B peMOHT. BO BpeMsi peMoHTa B HeM ObL1O oOHapyxe-

HO BBIFOpaHHUE Meau oTBoAa oOMoTkH 330 kB, YTO nogTBepANIO NPaBUILHOCTE MOCTABJIEH-

HOI'O IHdIrdo3d.

Ilpamep 2.
B tpaucopmarope TATI - 10000/110 nocne cpabarbiBaHus ra30BOM 3aLLUTHI HA OT-
KoueHue (0Tdbop npobsl Macna Obul npoBeneH M3 Oaka TpaHchopMaropa) OMNPEHOCNHEeH Crie-

OYIOLIIMHA COCTaB PaCTBOPEHHLIX B MacJe ra3oB (KOHLEHTpaluu B %00.):
CO,;=0.45; CO=0.04; CH4=0.021; C:H4=0.027; C;H,-0.134; C;H¢=0.006; H,=0.20.
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N3 pe3ynbTaTOB aHaNMM3a CIEAYET, UTO KOHLUEHTPAUUX METaHa U 3THJIeHa Oonee, ueM B
2 pa3a NpeBLILIAKOT COOTBETCTBYIOLUHE I'PaHUuHble 3HauveHHs (Tabn.2 PJl), kOHUeHTpauus
Bonopona B 20 pas npeBblLIaeT rpaHHYHOE 3HAYEHHE, a aLleTHIIEHA - Oonee, yeM B 100 pas.

AHanu3 ycloBMH JKCIyaTaUMH 3a NMpeduIeCTBYIOUIHH NEpHON MokKasas, YTO OTCYT-
CTBYIOT (DAKTOPbl, KOTOPbI€ MOTJIH Obl BbI3BaTh POCT KOHUEHTPALHH YIJIEBOOOPOIHBIX ra3oB
(n.3.2).

[To nonyyeHHbIM KOHUESHTPAUUSAM YIJIEBOOOPOIHBIX ra3oB OMNpENENMM XapakTep pas-

BUBawuUierocs B tpaHchopmarope gedpexra no tabmuue 3 texcra P/I:

C2H> _ 0.134 49501
CsHs  0.027
CHe 0021 5105<1:
H: 0.20

n
_C2H4_ 0.02 '7_45>3
C:Hs 0006

Ha OCHOBaHHMH NMOJNIyYEHHBIX JAHHBIX IPOTHO3UPYETCA NePEKT INMEKTPUUYECKOrO XapakK-

Tepa - "paspanasl 60nbIIOR MOILIHOCTH "

TpanchopMmaTop ObUI BLIBEAECH B PEMOHT, B HEM Obll OOHapyKeH OOpbIB TOKONPOBO-

qa nepexioyaTes.

ITpumep 3.
B rpancdopmarope TATH-31500/110 razosas 3awura cpaboTtana Ha CUTHAaJI.

OTtobpanu nmpoby rasa u3 ra3oBoro pene U npody Maciaa U3 Oaka TpaHchopMaTopa.

Onpenenuiau KOHUEHTPALHH PACTBOPEHHBIX B MACJI€ ra3oB U raza U3 ra3oBOro pesne; pe3yilb-

TaTbl AHAJIM30B NPUBENEHBLI B TabIMnLeE:

KoHuenTpauuu ra3on, %00.

XapakTePUCTUKA

[MpOOBLI

m 0.0024 | 0.015 | 0.0006 | 0.040 0.05
a3 u3 pene,(Aci) 0. 03 3.34 5.78
PacuyeTHOe 3HAaye- 0.42

HUE ra3a M3 pelle,
(Ari)

1.52
0.056 0.009 000025 0.033
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. Ilo xOHUeHTpauHsIM YIJIEBOLOPOINHBIX ra3oB B Macje U3 6aka TpaHcdopmaTopa

OTNpenenuM XapakTep pa3sBHBamLIerocs B HeM nedexkra no rabauue 3 rexkcra P/I:

CH: 004 7001

C:H: 0015
"

CHx _ 0.0024 _015<1:

H: 0.016

CaH+ _ _Q_.O}S_ 25> 3
C:Hs 0.0006
O = 0162 _ 324 <5
CO 005

[To XpuTEpHIO OTHOLIEHHUS B TPAaHCHOPMATOpPE MPOTrHO3UpPYeTCa NEeDEKT IIEKTpHYe-
CKOro Xapakrepa - AyrOBOH pa3psj, 3aTParuBarmonil TBEPOYIO U3OISALHIO.

2.T1o KxOHUEHTpaKsIM ra3oB, paCTBOPEHHBIX B Maciie 6aka TpaHcpopMaTopa, pacCuu-
TaeM KOHILIEHTPAILIHH 3THX XK€ ra30B, COOTBETCTBYIOUIUX PABHOBECHOMY COCTOSIHHIO C Ta30BOMU

dazoii (Ari ) no dopmyne 7 P/l 4 pe3yiabTaThl pacueTa 3aHECEM B TPEThIO CTPOKY TabJIMLLI:

Ari = :AJ__,
B,
0.016 0.0024 0.015
Argy = ——=032; Arcus = —— = 0.056; Ar = —— = 0.009;
005 T 70.043 T 7
ATciHe = 0.000¢ = (0.00025; Arcon: = 91 '924 = 0.033;
0.162 0.05
Arco; = ——=015; Arco = — =042;
“0r 7T 08 7012

[Tpu cpaBHeHuH kOHUEHTpauui Ari U Aci no kaxaomy rasy ( ctpoka 2 u 3 tabnuisl

npuMepa 3) noaydyaeMm HepaBeHCTBO: Arl < ACl, T.€. MOXHO 3aK/JIIOYHTb, YTO a3 B pejie BbLIC-
JIMJICE B HEPABHOBECHBIX YCIOBHAX B Pe3yibTarTe OBLICTPO pa3BUBaoLlerocs xnegexkra ( ayro-
BOW pa3psin, 3aTpardBarOLUA TBEPAYIO U3OJISILIUIO).

bbu1O maHO 3aKiII0YCHHE O BbIBOAE TpaHcopmartopa u3 pabotel. IIpu ocMoTpe Obli

OOHapyXeH MpodOH BUTKOBOM M3OJIALHH.
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[lpunoxeHue 3

ONMPEQENEHUNE TPAOUYHECKUM CI1IOCOBOM PA3BU-
BAKOLWUXCA B TPAHCPOPMATOPAX AEDEKTOB INO PE-
SYIIbTATAM APT

Bupn pasBuBarliuxcs B TpaHchopMaTopax AePEeKTOB MOXHO OPHEHTHPOBOYHO Orpe-
NeNINTh TpadUyYeCKH MO OCHOBHBLIM ra3aM: BOOOPOLY, METAHY, 3TUICHY W ALETHIIEHY.

A. IloctpoeHue rpadukoB MO OTHOCUTENbHBIM KOHLEHTPALIHSM.

OCHOBHO ra3 onpeaensercs no 1. 2.5 P/

1. Ana nedeKToB 3IeKTPHYECKOTO XapaKTepa OCHOBHBIM ra3oM MOXET ObITb BOOOPOX
Uiy auetuineH ( n.2.4.1 rexkcra P).

Ha puc. 3.1 - 3.5 - unzobpaxeHbl rpauky I1ePEKTOB 3NEKTPHUUECKOrO XapakTepa.

2. JIns pedeKToB TEPMHUECKOrO Xapakrepa (neperpessl NMpU IIIOXUX KOHTAKTaX, TO-
KaX yTe€YKH, OT MAarHUTHBIX NMOJIeH paccessHUsT B SIPMOBBIX Oankax, OaHma)xax, MPecCYIOLIUX
KOJIbLIaX U BHHTAX U T.Nl.) OCHOBHBLIM ra3oM SIBJIIETCA METAH MM 3TWIEH B 3aBUCUMOCTHU OT
TeMIIEpATYPhbl Harpena B 30HE pa3BUTHS aedekTa ( cM. 1n1.2.4.2 Texcra PJL).

Ha puc. 3.6 - 3.12 uzobpaxeHs! rpad@uKu AePEKTOB TEPMHUYECKOrO XapakTepa.

['paduku CTPOATCA CICAYIOLIUM OOPa3oM:

- 10 pe3yabTaTaM XpoMmarorpaduueckoro aHanusa Macna (Ai) no ¢opmyne | Hacros-
mux PJ1 paccunTaTh OTHOCUTEIbHBIE KOHUEHTPAUUH (@,) BOOOPOJA M YIJIEBOOOPOOHBIX ra-
30B;

- OIIPEAETHMTL OCHOBHOM ra3 B JaHHOM aHanu3e (110 pacyeTHbIM OTHOCHUTEIIbHbIM KOH-

HEHTPAUUAM MAaKCUMAIbHOE 3HAYEHUE Amax COOTBETCTBYET OCHOBHOMY Ia3y);
- ONPENEINTb BEIHYMHY OTHOLIEHUA @i/@maxi O YIIEBOJOPONHBIM ra3aM M BOAOPORY,

[IPUYCM JI51 OCHOBHOTI'O I'd3d 3TO OTHOLLUCHHUC PABHO COAUHHIIC,

- 10 OCU X OTJIOXHUTH NATh PABHLIX OTPE3KOB U ODO3HAUUTh NMOJYYEHHbIE TOYKH COOT-

BETCTBYKOLUHUMH radaMu B CJICAYIOLIECH NTOCIENOBATENIbHOCTH:

I L A E—

H; CH; C2Hg C,H. C:H:

- 10 OCH Y OTJIOXHTb OTPE3OK NPOUIBOIBLHOMW BEIMYHUHBEI M OOO3HAUNTL €ro HuppoH
nln .
b

- Jajgee Ul KaXOoro rasa o ocM Y OTJIOXHUTb COOTBETCTBYIOLUYIO BEJIMYHHY OTHO-

LIEHUAS a/ amaxi;
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- NOJIy4Y€HHbI€ TOYKH COCOAUHHUTDL NPAMBIMH JIHHUSAMH,
- NOCTPOEHHbBIH rpaduK cpaBHUTL ¢ rpadpukamy puc.3.1 - 3.12 ¥ onpeneauThL Xapaxkrep

nedekra.
[Ipu cpaBHeHnH rpadukoOB HEOOXOAUMO YUUTLIBATb MOOAJILHOCTb H OCHOBHOH Ias.

b. ITocTpoenue rpadukoB no abCONMOTHLIM KOHLEHTpALHAM
|. [To pesdyabTaTaM xpomartorpadHyeckoro aHanusa Macia ra3 ¢ MakCUManbHOH KOH-

HeHTpauueHd (Amax; ) NpHHUMAETCH 38 OCHOBHOM ras.
2. OnpeaenuTs BENMHYUHY OTHOLLEHHS H3IMEPEHHOH KOHUEHTPALHUH ra3oBOro KOMIIO-
HEHTa K MakCUManbHOM KOHUEHTpaUuH ( Ai/ Amav ), NPHUUEM IS OCHOBHOTI'O I'a3a 3TO OTHO-

[IEHUE PaBHO €OUHHUILE.
3./lanee mis KaXKaoro ra3za Ha OCH OpOMHAT OTJOXHUTb COOTBETCTBYIOILNE BENHYHHBI

OTHOLUECHHS Ai/ Amaxi IS KAXOOro rada, MOCTPOUTH rpaduK B COOTBETCTBHHU C M.A H onpe-

OEIIUThL XapakTep Aedekra.
Pexomenayercs A/i1 NOCTpoeHUA rpaduKoOB HCIOb30BATH TOJBLKO TAaKHE Pe3yJ/bTaThl

API', B KOTOpBLIX KOHUEHTPALHH BOJAOPOAA U YIJIEBOAOPOAHLIX ra3oB B HECKOJILKO pa3 mpe-
BbIIIAKOT COOTBETCTBYIOIIHE MPaHHYHbIE 3HA4YeHHs ( MPH 3TOM BO3MOKHO OTCYTCTBHE B Macje

ALETHJIEHA M/MIH HAJIHYHE HH3KHX KOHLEHTPALUMH BOXOPOAA).

I padhuxn nedexToB INEKTPHUECKOTO XApPaKTepa

OcHOBHOI1 ra3 - BOI0poa
JledexThl, BbI3BAHHLIE pa3psaaMH

1.00 + 1.00
0.90 + 0.90 +
0.80 0.80 +
0.70 -+ 0.70 +
0.60 + 0.60 +
0.50 0.50 +
0.40 0.40 +
0.30 + 0.30 +
0.20 + 0.20 +
0.10 + 0.10 +
0.00 - - 0.00 -
H2 CH4 C2H6 C2H4 C2H2 H2 CH4 C2H6 C2H4 C2H2
Puc.3.1. Pa3psanast Manod MOIHOCTH Puc.3.2. YP ¢ HM3KOU MIOTHOCTHIO

SHEPIrHH
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1 + LG .
0.9 - 0.9 4
0.8 + 0.8 +
0.7 + 0.7 4
06 0.6 +
05 + 05 +
04 1 0.4 +

I

0.3 + 0.3 +
0.2 0.2 +
0.1 0.1 +

0 ' —_— —t— — | 0 + : + |

H2 CH4 C2H6 C2H4  C2H2 H2 CH4 C2H6 C2H4  C2H2
Puc. 3.3. ledekThl, BEI3BAHHBIE HCKPEHUEM Puc. 3.4. JlepexTsl, BI3BAaHHBIC OYTOH

OcCHOBHOM ra3 - ALeTHJICH

09 +

08 +

0.7
0.6
0.5
04 T

03 +

02 +

0.1 +

0 + - : i ; :
H?2 CH4 C2HE C2H4 C2H2

Puc. 3.5. JedexThl, BbI3BaHHbIE DYTOH
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I' papuku nedexToB TEPMHUYECKOr0 XapaKTepa

OcCHOBHOM ra3 - MeTaH

JledekThl TEPMHYECKOTO XapaKTepa B 1Hana3oHe CPEOHUX TeEMIEPATyP

17 17
09 + 0.9 +
08 0.8 +
0.7 + 0.7 4
0.6 + 0.6 +
05 + 0.5 +
04 + 04 +
33 + 03 +
0.2 + 0.2 4
0.1 + 0.1 +
0 - + | t t 0 : : : {
H2 CH4 C2H6 C2H4 C2H2 H2 CH4 C2H6 C2H4 C2H2
Puc. 3.6 Puc. 3.7

0.9

08

f

0.6 +

05 +

03 +

02 +

01 +

0 | : | :
H2 CH4 C2H6 CZ2H4 C2H2

Puc. 3.8. [ledekThl TEPMHUECKOTO XapakTepa, nepexoasiuye B YP
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OcCHOBHOH ra3 - 3THJIEH

JedexTsl TEpMHUYECKOro XxapakTepa B JUara3oHe BLICOKHX TEMIIepaTyp

1 - 1+
0.9 + 0.9 +
0.8 0.8 +
0.7 + 0.7 +
0.6 + 0.6 +
05 + 0.5 +
0.4 04 +
0.3 + 03 +
0.2 02 +
01 4 0.4 +
0 i 1 i : | 0 - : .L : i
H2 CH4  C2H6 C2H4  C2H2 H2 CH4 C2H6 C2H4  C2H2
Puc. 3.9 Puc. 3.10
1 1 1
0.9 0.9
0.8 0.8 +
0.7 0.7 +
0.6 + 0.6 +
05 + 05 +
0.4 + 0.4
0.3 4 0.3
0.2 + 0.2
0.1 + 0.1 +
0 — ; — 0 j : : : :
H2 CH4  C2H6 C2H4  C2H2 H2 CH4 C2H6 C2H4  C2H2
Puc. 3.11 Puc. 3.12. BeicoOkoTeMIIepaTyYpHbIA Harpes,

nepexonsiluMu B OyTy
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[Ipunoxenue 4

NMPUMEPbLI NOCTPOEHUA TPA®UKOB AEDPEKTOB
IO PE3YJIbTATAM API

IIpu nocTpoeHuH rpadUKOB YUHMTBIBAJIOCh OTCYTCTBHE IKCIUTyaTallMOHHBIX (JaKTOPOB,

CrioCOOCTBYIOLUX POCTY PACTBOPEHHBIX B Macine razos ( n.3.2 P/1 ).

I'pannyHbIe KOHLUEHTPALHH PACTBOPEHHbBIX B MacJ/ie ra3oB B3ATbl H3 Ta0HLpb 2 P /1.

[Ipumep 1

B tpancdopmarope TPALIH-63000/110 no pesynbratam API" nmoayuuiu cieayroLiye
KOHLICHTPAUHWHA PaCTBOPEHHBIX B MacJie ra3os:

H, = 0.0040/006, CH4 = 0.0840/006, C.H, = 00/006, C,Hy = 0.020/006, C.Hg = 0.01 10/006,
CO = 0.05%06, CO; = 0.48%00.

. OnpenensieM OTHOCHTENbHLIE KOHUEHTPALIMH (i) IS KaXXZIOro rasa:

a2 — 0.004/0.01=0.4, ACH4 — 0.084/0.01:8.4, aciH: — 0, AC2H4 — 0.02/0.01-"—'2.0, AC2H6 —
0.011/0.005 =2.2

2. 1o nony4yeHHBLIM OTHOCHUTENILHBIM KOHLUEHTPALUSAM ONpeaensieM OCHOBHOM ra3:
8.4 = acus4> Ac2H6> Ac2H4> Alz, T.€. OCHOBHOM r'a3 - ME€TaH
3. OnpenensieM BEIUUUHBI OTPE3KOB MO OCH Y IJId KAXOOro rasa
CHs=1, H,;=0.4/8.4=0.05, C;H4=2/8.4=0.24, C;H,=0, C,Hs= 2.2/8.4 = 0.26
4. CrpouM rpadux (puc. 4.1 ).
5. 11o ocHoBHOMY ra3zy CHs Haxonum rpadux puc.3.7, Ilpunoxenue 3 , nOXOXHUH Ha
nocTpoeHHbid rpaduxk (puc.4.1). Ilpu cpaBHEeHHH OenaeM 3aKIIOYEHUE - B TpaHChopMaTOope

no ga’HHbIM API nporhosupyercsa mepekT TEpMHUECKOroO XapakTepa B AUANa3OHEe CPEenHUX

TEMIIEPATYP.
6. [Ing peuieHds BoOnpoca, 3aTpoHyTa U AePEKTOM TBEpAAs U3OISILUsA, ONpENEIUM

oTHomeHue konueaTpauuii CO,/CO :

CO,/C0O=0.48/0.05 = 9.6< 13 (cMm. n.5.3.P/1), ciienoBaTeibHO, NSPEKTOM HE 3aTPOHYTA
TBEpIAs U30JIALIHA.

7. JIna npoBEepKH AUaryHo3sa ( B NOCHEAYIOUMX NIpUMeEpax 3Ta NPOBEPKA HE MPUBEICHA)

ONpeneIUM NPOTHO3UPYyeMbId B TpaHchopMaTtope nedeKT no KPUTEPUIO OTHOLUEHUs (11.5.2,

Tabn.3 PJI):

PaccuyuTthkiBaeM BEITHYHHLI OTHOUIEHHS KOHHQHTpaHHﬁ ra3osB.

C:H: O _0<01:

CaHs 002




33

CH:s 0084

— =——=21>1;
H: 0.004

C:H _ 0.02 - 18<3:

C:Hs 0011

co:_o4s_,

CO 005

Ha ocHOBaHMH MOJMYyYEHHBIX JAHHbIX MPOTHO3UPYeTCA nedeKT TEepPMHUYECKOro Xapak-

Tepa - "TepMUUYeckHi nedekT B AuanasoHe cpeaHux remmnepatyp (300-700)°C” .

Tak xak CO,/C0O=0.16/0.02=8 < 13 ( cMm. n.5.3.P/1), To nemaem BbIBOJ, YTO AePEKT HE

3aTParuBaeT TBEPAYIO U3OMALMIO U OTHOCUTCA K rpynne | (1n.2.1).

TakumM o00pa3om, MNONyYUJIH COBMNANECHUE XapakKTepa IPOrHO3HUpPyeMoro pgedekra,
ONPENETICHHOT O rpaUyeCKUM CIIOCOOOM H MO KPUTEPHIO OTHOLLIEHHS Ta30B.
[Io pe3ynbTaty 3TOro asHaiusa Oblia JaHa PEKOMEHOAUHsl BBIBECTH TPpaHC(POPMATOp B

PEMOHT B OiMxKaiiliee Bpems.

Bo BpeMsi peMoHTa B HeM ObL1 OOHAPYXEH CUIbHbIM NMOATap KOHTAKTOB M30HupaTers.

1.00
0.90 +

0.80
0.70 +
0.60 +
0.50 +
0.40 +
0.30 +
0.20 +

0.10 +

0.00 -
H2 CH4 C2H6 C2H4 C2H2

Puc.4.1. I'paguk neexra TepMHUUYECKOTO XapaKTepa B IHana3oHe CPeaHUX TeMIlepa-
TYP, BbI3BAHHOI'O MOArapOM KOHTAKTOB U30uparers
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IIpumep 2
B asroTpanchopmarope ATIALTI-240000/220 no pesynbratam APl nonyuunu crue-
AYIOUIME KOHUEHTPAUUK PaCTBOPEHHbBIX B MaCJE€ ra3os:
H, = 0.01%06, CH,; = 0.09%00, C,H; = 0.008%00, C,H4 = 0.167%00,
C:Hg = 0.03%06, CO = 0.019%06, CO; = 0.24%06.
1. OnpenenseM OTHOCUTENIbHBIE KOHLIEHTPpAUNU (a,) U KaXKJOro rasa:
am = 0.01/0.01=1, acus = 0.09/0.01=9, aczu, = 0.008/0.00 =8,
acans = 0.167/0.01=16.7, acus = 0.03/0.005 = 6.0
2. I10 nony4yeHHbIM OTHOCUTEABHBIM KOHUEHTPAUUAM OIpeneasieM OCHOBHOH ras:

16.7 = ac2H4~ ACH4~ Ac2H2” Ac2H6~ Ay, T.€. OCHOBHOH ras - 3THJIEH.

3. OnpenensieM BEIHUYMHBI OTPE3KOB 110 OCH Y IJIA KaXIOro rasa
C:Hs=1, H,=1/16.7=0.06, CH4=9/16.7=0.54, C;H,=8/16.7=0.45, C:Hes= 6.0/16.7 =
0.36

4. Crpoum rpaduk (puc. 4.2).

S. Ilo ocroBHOMYy ra3y C,Hs Haxooum rpadux puc.3.10, ITpunoxenue 3 , NOXOXHUH HA
NOCTPOEHHbIU rpaduk (puc.4.2 ). CnegosatenbHO, B aBTOTpaHchopMaTope no maHHeiM APL
MPOTHO3UPYETCs OSPEKT TEPMUUYECKOIO XapakTepa BBICOKOTEMIIEPATYPHBINA NEPErpeB Macia.

6. [lna pewieHus Bomnpoca, 3aTPOHYTA M AePEKTOM TBEpAas H3OMAUUA, ONPEHETUM
oTHOoweHHe koHueHTpauui CO,/CO :

CO,/CO=0.24/0.019 = 12.6, cnenoBaTenbHO, NeeKTOM HE 3aTPOHYyTa TBEpAAs H30JIs-
LTUS.

ITo pe3ynbTraTty 3TOrO aHanu3a 6blj1a JaHAa PEKOMEHOAUUs BLIBECTH aBTOTpaHchopMa-
TOPp B PeMOHT B Onuaililee BpeMsi, HO PYKOBOACTBO CHCTEMBlI OCTaBWJIO ero B pabore non
xoHTponem APT.

ABTOTpaHncpopmaTop npopadoTtan euie 4 Mec. ¥ ObUT BEIBEIEH B PEMOHT.

Bo BpeMss peMOHTa B HeM ObLIO OOHApyXE€HO 3aMbIKaHHE NMPECCYIOLIEro KOoabla 00-

MoTkH CH Ha npeccyrouiee konpuo oMotk HH yepe3 ynaBiumii cTakaH JOMKpaTa.
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0.9 +
0.8
0.7
0.6
0.5
0.4 +
0.3 1
0.2 +

0.1 +

0 } -+ t —+ i
H2 CH4 C2Hb6 C2H4 C2H2

Puc.4.2. I'paduk nedexra TEPMUUECKOTO XapaKTepa - BLICOKOTEMNIEPATYPHBIN  nepe-
I'p€B, BLI3BAHHBIH KOPOTKO3aMKHYThIM KOHTYPOM B OCTOBE

ITpumep 3
B aBroTpancopmarope ATALITH-250000/500 no pesynpratam API nomyyunu cie-

AYIOLIME KOHIIEHTPAUMH PACTBOPEHHBIX B MACIIE Ta30B:
H, = 0.03%06, CH4 = 0.18%06, C:H, = 0%06, C2H4 = 0.3%06, C:Hs = 0.043%06, CO

= 0.016%}06, CO; =0.19%00.
. OnpenenseM OTHOCHTENbHbBIE KOHUEHTPALUHU (a;) OJI KaXAOoro rasa:
ady? — 0.03/0.()1:3, ACH4 — 0.]8/0.01:-]8, dcrH2 — O, AC2H4 — 0.3/0.01330, AcCiIHe —

0.043/0.005 = 8.6
2. Ilo nony4yeHHBIM OTHOCHTENbHLIM KOHLIEHTPALHUAM ONpPENEIIsiIEM OCHOBHOM ras:

30= acius> acus™>acaus™> a2 , T.€. OCHOBHOM ras - 3THJIEH.
3. OnpenensaeM BEIHYHHBI OTPE3KOB MO OCH Y IJIS KaXZOro rasa
C.Hs=1, H,=3/30=0.1, CH4=18/30=0.6, C;H,=0, C,Hs= 8.6/30 = 0.29

4. CtpouM rpadux (puc.4.3 ).

5. Ilo ocHoBHOMY raszy C:Hs Haxonum rpaguk puc.3.9, Ilpunoxenue 3 , nOXOXHUM Ha
NOCTPOeHHBIN rpadux (puc. 4.3 ). CinenoBatenbHO, B aBTOTpaHchopmaTope no AaHHuiM APL
IPOTHO3UPYETCA NePEKT TEPMUYECKOroO XapaKTepa- BbICOKOTEMIIEPATYPHbIN NEperpeB macna.

6. Jnsa pewienus Bompoca, 3aTPOHYTa JIM HePEeKTOM TBEpAAas H3OALHUS, ONpeacivM
oTHoweHue kOHUeHTpauuit CO,/CO :

CO,/CO=0.19/0.016 = 11.9< 13 ( cM. n.5.3.P/]) , cnegoBaTenbHO, JePEKTOM HE 3aTPO-

HyTa TBEpIas U30JIAIiH.
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Ilo pesynbTary atoro aHanusa Obula naHa PEKOMEHalMs BbIBECTH aBTOTpaHChOpMa-
TOp B PEMOHT. BO BpeMs peMOHTa B HEM Oblil OOHAPYXEH KOPOTKO3aMKHYTBIH KOHTYP - Ka-

CaHHUE HU)KHEH KOHCOJIHU C LUHUIIOM.

1.00 +
0.90 +
0.80 +
0.70 +
0.60 +
0.50 +

0.40 +

0.30 +
0.20 +

0.10 +

0.00
H2 CH4 C2H6 C2H4 C2H2

Puc. 4.3. I padpuk nedexra TEpMUUYECKOI O XapaKkrepa - BBICOKOTEMIIEPATYP-HbIH Ha-
rpes ( >700°C), BbI3BaHHbIM KaCaHHEM HMXXHEH KOHCOIIH C LUHMOM

Ilpumep 4
B tpanchpopmarope TATH-40000/110 nmo pesynpratam API noayduinau ciaeayroolue

KOHUEHTpPAaLUHUH PAaCTBOPEHHBIX B MacCJIe€ ra3oB:
H, = 0.011%06, CHs = 0.036%00, C:H: = 0%006, C;H4 = 0.152%06, C;Hs

0.039%06, CO = 0.04%06, CO; = 0.45%06.
. OnpenensieM OTHOCHTENbHLIC KOHUEHTpauuu (a;) OJIs KaXXJ0ro rasa:
aq: — 0.01] 1/0.131.1, ACH4 — 0.036/0.011'3.6, dC2H?2 — O, AdC2IH4 — 0.152/0.01-:15,2, ACIH6

=0.039/0.005 = 7.8
2. IIo nony4yeHHbIM OTHOCUTENILHLIM KOHUECHTPALUUAM OonpenesnsieM OCHOBHOU ras:

15.2= acrus™> ac2u6™> acus4™> ayz2, T.€. OCHOBHOMH ra3s - 3TUJIEH.
3. OnpenensieM BEIMUHHBI OTPE3KOB 110 OCH Y IJIA KaXJIOr'o rasa
C:Hs=1, H,=1.1/15.2=0.072, CH4=3.6/15.2=0.24, C,H;=0, C;Hs= 7.8/15.2=0.5

4. CtpouM rpaduxk (puc. 4.4).

5. Ilo ocnoBuomy rasy C,Hs naxonum rpacduk puc.3.11, ITpunoxenue 3, nOXOXHH Ha
NOCTPOEHHBIN rpaduk (puc.4.4 ). CnegopatenbHO, B TpaHchopmaTope mo aaHHeiM API npo-
THO3UPYETCs NedeKT TEPMHUUECKOrO XapaKTepa- BLICOKOTEMIIEPATYPHBIN IIEPETPEB Macia.

0. l;s pelueHus Bomnpoca, 3aTPOHyTa M A€PEKTOM TBEpAAsl H3ONALUs, ONpEeaenuM

OTHoWEeHHe KOoHUeHTpauun CO,/CO :
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CO,/C0O=0.45/0.04 = 11.25 < 13 ( cM. n.5.3.P/1), cnepoBaTentbHO, nedeKTOM He 3aTpo-

HyTa TBEepAas M3OJISLIHS.
ITo pe3ynbTaTy 3TOrO aHanu3a Obluia JaHA PEeKOMEHIALHs BbIBECTH TPaAHCPOPMATOD B

peMOHT. Bo BpemMs peMOHTa B HeM Obul OOHAapy)KeH NOArap KOHTAKTOB MEPEKIIOYATEIA.
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Puc.4.4. I'paduk nedexra TEPMUYECKOTO XapaKTepa - BLICOKOTEMNIEPATYPHBLIU Ha-
rpes ( >700° C), BeI3BaHHBIH [TOATAaPOM KOHTAKTOB NEPEKITIOYATENSA

Ilpumep S
B astotpancpopmarope OATI A- 80000/220 no pesynbratam API nomyumnu cie-

AYIOIHUC KOHUCHTPAUNH PACTBOPCHHDBIX B MACJIC I'a3oB.
Hz — 0.0970/006, CH4 — 0.0199/006, Csz — 0.0130/006, C2H4 _— 0.0240/006, Csz

0.0023%06, CO = 0.064%06, CO; = 0.27%06.
. OnpenensaeM OTHOCHTENbHBIE KOHUEHTPAUMH (Qi) 114 KaXIOoro rasa:
ayy = 0.097/0.01 = 9.7, acus = 0.019/0.01 = 1.9, AC2H2 — 0.013/0.001 = 13, AC2H4

0.024/0.01 = 2.4, ACrHe — 0.0023/0.005 = 0.46
2. 1o nony4YeHHBIM OTHOCHUTENbHBIM KOHUEHTPALUIM ONPEAEIseM OCHOBHOM ras:
13= acau2™> ay2 >acrns >aCH4> acH6, T.6. OCHOBHOM T'a3 - alieTHIEH

3. Onpe):[enﬂem BCIINYHHBI OTPC3KOB ITO OCH Y O KaKa0ro raid
Csz — 1, Hz - 9.7/13 — 0.75, CH;=1.9/13 = 0.15, CzHe = (0.46/13 = 0.035, C2H4

2.4/13 =0.19
4. CtpouM rpadux (puc. 4.5 ).

i

1
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5. I'lo ocHoBHOMY ra3y C,H, HaxonuM rpaduk puc.3.5, IlpvioxeHue 3, MOXOXHH Ha
MOCTPOEHHBIH rpaduk (puc.4.5). CnenoBaTenbHO, B TpaHchopmaTope no naHubiM API npo-

rHO3upyeTcs AedeKT INEeKTPHYECKOrO XapakrTepa - 1edeKT, BbI3BAHHbIH LYTrOu.
6. JIna peuwieHuss BOnpoca, 3aTPOHyTa M AeHEKTOM TBepAas U3OIMALUUSA, ONPEACTHM

oTHowienue koHueHrpauuii CO,/CO :
CO,/CO = 0.27/0.064 = 4.2 < 5( cm. n.5.3.P]1), cnenorarenbHo, 0edeKTOM 3aTPOHYTA

TBEpaas U3OJIALIHS.
[Io pe3ynbraTy 3TOr0 aHanu3a Obljia JaHa PEKOMEHAAUHUs BLIBECTH aBTOTpPaHCPOpMa-

TOP B PEMOHT B Oiuxauuee BpeMs.
ABToTpaHcdopmaTop OblT BeIBeAeH B peMOHT. Bo Bpems pemoHTa B HeM Obuto ObHa-

PYXEHO:. BLITOPAHHE H3OJISAUHUU LIMHIICK, KACAHHC CTATHBAKIHMX LINMUICK KOHCOJH, BbLII'OpPA-
HHUC MCTAJLJId IUIMTHUITEKH.
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Puc. 4.5. I'padux nedexra aneKTpUUECKOrO Xapakrepa (Ayra), BbI3BaH-
HOTO KOPOTKO3aMKHYTbIM KOHTYPOM B OCTOBE

[Ipumep 6 (cMm. [Ipunoxenue 2, npuMep 2 mis Ciydas, KOraa razoBasi 3amqura cpado-

Tajia Ha OTKJIIOYEHHUE)
B tpanchopmarope TATI- 10000/110 no pesynbratam API nmoayuunu cienyrouiyde

KOHUEHTPAUHUH PACTBOPEHHBIX B MACHE ra3oB:
H; = 0.20%06, CH4 = 0.021%06, C:H; = 0.134%06, C;Hs = 0.027%06, C;Hs

0.00060/006, CO = 0.040/006, CO; = 0.45%00.
I. OnpenengeM OTHOCHTENbHBIE KOHUEHTPAUHH (a,) IS KaXXOOoro rasa:
apy = 0.20/0.01 = 20, acus = 0.021/0.01 = 2.1, acar» = 0.134/0.001 = 134, acins

0.027/0.01 = 27, ACrH6 — 0.0006/0.005 =0.12
2. I1o [TOJIYHUCHHBIM OTHOCHTCIIbHBIM KOHLUECHTPALIMAM ONPCACIIACM OCHOBHOM ras:

1
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134=aciu2> an2 > acne™aCH4>acaH6, T.€. OCHOBHOM ra3 - alleTHIICH
3. OnpenenseM BeJIHYHHBI OTPE3KOB MO OCH Y I KAXIOro rasa
CH; =1, H; = 20/134 = 0.15, CHy = 2.1/134 = 0.016, C2Hes = 0.12/134 = 0.12,
C:Hs = 2.7/134 = 0.02

4. CtpouM rpadux (puc.4.6).
5. 1o ocuoBHoMy ra3zy C:H; Haxogum rpadux puc.3.5, IIpunoxenne 3, NOXOXHH Ha

nocTpoeHHbIH rpaduk (puc. 4.6). CnegosarenbHO, B TpaHcpopMaTope no gaHHeiM APl npo-

FHO3UPYETCs MeeKT 3JEeKTPHUECKOTrO Xapakrepa - HEe(PEKT, BbI3BAHHBIN AYTOH.
6. [ns peuieHus Bomnpoca, 3aTPOHYTA JIM AeQEKTOM TBEpHAAs M3ONALMS, ONPEAC/IHM

oTHOWweHHe koHueHTpauuit CO,/CO :
CO,/CO = 0.45/0.04 = 11.25 < 13 ( cMm. n.5.3.P[]), cnenoBaTenbHO, nHedekTOM HE 3a-

TPOHYTa TBEpHAs U3OJALUA.
I1o pesynpTaty 3TOrO aHanu3a Oplia JaHa peKOMEHOAaUUus BBIBECTH TpaHcGOpMaTop B

PEMOHT.
Bo BpeMs peMOHTa B HEM OOHApYXHUIU OOPLIB TOKONMPOBOAA MEPEKIIIOYATESIS.
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Puc.4.6. I'paduxk nedexra 37IEKTPUUECKOTO Xapakrepa (ayra)

I1pumep 7
B tpancdpopmartope TATH- 63000/110 no pesynbratam API' nonyuunu cnemyromme

KOHLEHTPaLHH PaCTBOPEHHBIX B MacCJIe ra3oB:
H: = 0.053%0006, CH4 = 0.02%006, C:H; = 0.0013%000, C;H4 = 0.0497000,
C:Hs = 0.009%006 (xonneHTpauuu okCcuaa ¥ JUOKCHAA YIJIEPOda HE OTIPEHLIISNNCD).
. OnpenensieM OTHOCHTENbHBIE KOHLEHTPALMH (a;) VI KaXIOro rasa:
anz2 = 0.053/0.01 = 5.3, acus = 0.02/0.01 = 2.0, acau2 = 0.0013/0.001 = 1.3,
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acaus = 0.049/0.01 = 4.9, dC2H6 = 0.009/0.005 = 1.8
2. I1o INMOJIYYCHHBLIM OTHOCHUTECIbLHBIM KOHILICHTPAUHAM ONPECACIIACM OCHOBHOH ras:

5.3 = au> acys > acHs>acué > acH2 , T.€. OCHOBHOMU ra3 - BOZOpoOna

3. OnpenensieM BEIUUYMHBLI OTPE3KOB MO OCH Y Ui KAXOro rasa
H, =1, CHs = 2.0/5.3 = 0.38, C:Hs = 1.8/5.3 = 0.34, C;Hs = 4.9/5.3 =0.92,
C.H; =1.2/5.3=0.24

4. Ctpoum rpadux (puc. 4.7 ).
5. Ilo ocHoBHOMY ra3y H; naxoauM rpagpuk puc.3.3, IlpunoxeHue 3, nOXOXKHH HA MO-

cTpoeHubIl rpadux (puc. 4.7). CnegopatensbHO, B TpaHcpopmaTope no AaHHbIM API nipo-
FHO3UPYETCA NePEKT INMEKTPHUYECKOrO Xapakrtepa - HEQPEKT, BbI3BAHHbIH HCKPESHUEM.
[Io pesynbTaTty 3TOr0 aHanuiza 6buia JaHa peKOMEeHAalUsl BbIBECTH TpaHCHOPMATOp B

PEMOHT.
Bo BpeMs peMOHTa B TpaHCHOpMaTOpe ODHAPYXHIM NOATAp MOABHXXHBLIX U HEMO-

OBMKHBIX KOHTAakTOB npeabi3buparens PITH PC-4.
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Puc. 4.7. I'padux nedexra 3meKTpUUYECKOTO XapakTepa (HCKPEeHHUE )

Ilpumep 8
B tpanHchopmarope THAILI- 400000/330 no pesynbratamM AP moayuuiaud cienyrouiue

KOHueHTpaHHH PACTBOPCHHBLIX B MACJIC I'd30B.
H; = 0.27%06, CH4 = 0.025%06, C;H; = 0.024%06, C,H4 = 0.030%00,

C2Hs = 0.007%06 (xOHUeHTpalluK OKCHAA U OUOKCUIA YITIEPONAA HE OTIPEAEIISIIIUCD).

. OnpenensieM OTHOCHTENbHbIE KOHUEHTPaUHH (a;) IS KaXI0ro rasa:
ap2 = 0.27/0.01 = 27.0, acus = 0.025/0.01 = 2.5, acauz = 0.024/0.001 = 24.0,
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acaus — 0.030/0.01 = 3.0, acaue = 0.007/0.005 = 1.4
2. 110 nosyyeHHbIM OTHOCHTENIbHBIM KOHLEHTPALUAM ONpeaensieM OCHOBHOM ras:

27= aHu?»> Ac2H2” AcH4 2 AcH42 ACIH6 , T.C. OCHOBHOHM ras - BOOOPOI

3. OnpenensieM BEIMYHHBI OTPE3KOB MO OCH Y [JIS KaXIOro rasa
H, =1, CHs=2.5/27 = 0.093, C,Hg =1.4/27 = 0.052, C,H; = 3.0/27 =0.1 1,

C,H, =24/27 =0.89

4. Ctpoum rpadux (puc. 4.8 ).
5. ITo ocHoBHOMY razy H; Haxomum rpaduk puc.3.4, [Ipunoxenue 3, nOXOxUui Ha no-

cTpOoeHHbIH rpaduk (puc.4.8 ). CnenosartenbHo, B TpaHcpopmarope no gaHuviM APIL npo-
THO3UPYETCA NeMEKT INEKTPHUYECKOrO Xapakrepa - NedeKT, BbI3BAaHHbIN OYIOM.
I1o pesynbTaty 3TOro aHanu3sa 6n11a [JaHa PEKOMEHAAaUUsA BEIBECTH TPAHCPOPMATOP B

PEMOHT.
Bo BpeMst peMOHTa B HEM OOHAPYXXHUIIU ClIeAbl pa3psaaa U BbITOPaHUE MAarHUTONPOBO-

Hd.
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Puc.4.8 I'paduk nedekra anexTpHyeckoro xapakrepa(oyra)



