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CgeeHnsi 0 cTaHAapTEe OPraHU3ANUN
1. PASPABOTAH
NBL «OnexkrpomexTexHokoM» OI'AOY BO «YpdDVY umenu nepBoro npe3nieHTa
Poccun b. H. Eapninaa» (MaBunenko U. B., OBunnanukoB K. B.,
MoiiceiiuenkoB A. H.) pu y4acTuu Jenapramenrta OIIEPATUBHO-
texHojoruueckoro yrnpanienus [IAO «Poccern» (by3aes B. B.) u /lemapramenta
skcrutyatamnuu u pemonTa AO «Tromenbanepro» (Bmagumupora M. H.).

2. BHECEH
AO «TromeHb3HEPTO»

3. VTBEPXJIEH U BBEJIEH B JIEFICTBUE
Pacnopsixenuem [TAO «Poccetn», ot 17.04.219 Neo 205p.

4. BBAMEH

P/l  153-34.0-46.302-00 «Metoguveckue yKa3aHUS 1O  JIAArHOCTHKE
pa3BUBAIOIIUXCS AEPEKTOB TpaHC(HOPMATOPHOTO 0OOPYAOBAHUS MO PE3YJIbTaTaM
XpomaTorpaduyeckoro aHaian3a ra3oB, paCTBOPEHHBIX B Maclie» B YaCTU CHIIOBBIX
TpaHCPOPMATOPOB M TEPMETUYHBIX MACIIOHAMOJIHEHHBIX BBOJOB KJIACCOB
Hanpspkenus 110-220 xB.

BBEJIEH BIIEPBLIE
B YacTH CWIOBBIX TpaHchopMaTOpoB Kiacca  HampspbkeHus 35 kB,
MacCJIOHAIOJIHCHHBIX IIYHTUPYIOIIUX PEaKkTOpoB kiacca Hampsokenus 110 kB,
M3MEPUTEIBHBIX TpaHC(HOPMATOPOB TOKA W HAIPSDHKEHUS KJIACCOB HANPSKCHUS
110-220 kB u BBICOKOBOJBTHBIX HET€PMETHYHBIX MACJIOHAIOJHEHHBIX BBOJIOB

kiaccoB HanpsokeHus 110-220 kB.

3ameuanus u npeonosicenus no HTJ/ crnedyem wnanpasnsmes 6 [IAO «Poccemuy coenacHo
KOHMAKMAM, YKA3AHHLIM HA OQQUYUATbHOM UHDOPMAYUOHHOM pecypce, Ul I1eKMPOHHOU HOYMOLl
no aopecy nto@rosseti.ru.

Hacmosuwuii 0okymenm ne modcem Oblms NOIHOCMbIO UIU YACTUYHO 80CHPOU3BE0EH, MUPAICUPOBAH
u pacnpocmpamner 6 kavecmee oghuyuanvHozo uzoanus oes paspewenus [1AO «Poccemuy. [annoe
o2panuyeHue He npedycmampusaem 3anpema Had HPUCOCOUHEHUE CHMOPOHHUX Op2aHu3ayull K
Hacmosiyemy Cmamoapmy U €20 UCHOIb306AHUe 6 UX NPOU3BOOCMEEHHO-XO03AUCNBEHHOU
desmenvHocmu. B ciyuae npucoeOunenuss K cmanoapmy CMOPOHHEU OpeaHu3ayuu HeooXoo0uUMo
yeedomums 11AO «Poccemuy.


mailto:nto@rosseti.ru

COJAEPXAHUE

BBEJIEHIIE ..........ooiiiiiec ettt ettt ettt e e e et e e et e e e e et e e e e e eabt e e e e e bbaeeesanbaeeeesanteneeeannens 5
1 HABHAYEHUE U OBJIACTD I[EPICTBI/IH ................................................................................ 5
2 HOPMATHUBHDBIE CCOBITTKI ...ttt e et e e e e e e e e e et aten e e e e e eeaeensaaeeeees 6
3 TEPMUHBI U OIIPEJIEJIEHISI .......ooeoiiieee ettt e e 7
4 OBO3HAUYEHUS 1 COKPAILIEHMSL.........oviiiiiiiee ettt etre e evane e 10
5 TPEBOBAHUS K UYYBCTBUTEJIBHOCTU ITPUBOPOB.......eoiiiiiieiiieiie e eeeneenns 11
6 JED®EKThBI, OBHAPYXXIMBAEMBIE B CUJIOBbIX TPAHCO®OPMATOPAX 1
PEAKTOPAX C TIOMOIIBHEO APT ...ttt 12
7 JMATHOCTHUPOBAHUE PA3BUBAIOIINXCS TEOEKTOB B CUJIOBBIX
TPAHCDOOPMATOPAX U PEAKTOPAX ITO PE3VJIBTATAM APT ....ovvvieiieeeieeeiee e 14
7.1 KPUTEPUU OLIEHKU PE3VJIILTATOB API 10 PETJIAMEHTUPOBAHHBIM 3HAYEHHMSIM

0] S 100 DA S N SN 0% 0% 0 0 NCT0 ) - TP 14

7.2 KPUTEPMU OLIEHKU PE3VJIBTATOB API' IO CKOPOCTU U3MEHEHUS KOHIIEHTPALIMI F'A30B... 17

7.3 METO/1bl UIEHTU®UKALINU BHUJIA PABBUBAIOIIETOCS JIEGEKTA B CUJIOBOM
TPAHCOOPMATOPE U PEAKTOPE T1O PE3YJIBTATAM AP ..ooeeiiiii ettt e e 18

8 IIEPUO/JUYHOCTD KOHTPOJIA CUJIOBBIX TPAHCOOPMATOPOB 1 PEAKTOPOB.. 24
9 IMATHOCTHUPOBAHUE PA3BUBAIOINXCA JEPEKTOB B CMJIOBBIX

TPAHCOOPMATOPAX IT1O PE3VJIBTATAM API" U3 'A30OBOI'O PEJIE ............ccccvvveee.. 27
10 OITPEAEJIEHUE HAJINYMA JED®EKTA B BEICOKOBOJIBTHBIX BBOIJAX I10
PEBYJIBTATAM APT ..ottt ettt e et e e e e e e e s s s sab bbb e e e e e e e s s s aabbbreeeeeens 30
10.1 TUINYHBIE JEGEKTHI BBICOKOBOJIBTHBIX BBOMOB........iiccuvvrieiieieeeisiiisbsseesseesssssssssssssssesssssnns 30
10.2 KPUTEPUM OLIEHKU PE3VJIbTATOB API" BRICOKOBOJIBTHBIX BBOIOB

10 PETJIAMEHTUPOBAHHBIM 3HAUEHMSIM KOHLIEHTPALIAM TABOB.......cccvviviiieeeessiiirirreesseeesssisssnes 30
10.3 IIEPUOIMYHOCTH OTBOPA ITPOb U HEOBXOAUMBIE JEUCTBUS I10 DKCIIJIYATALIMU

123 (010):40) 10N 1Y N 515 0 Q23107 (0) 2 PP 32
11 TMATHOCTHUPOBAHUE PA3BUBAIOIINXCS JEPEKTOB B USMEPUTEJIBHBIX
TPAHCOOPMATOPAX ITO PE3VJIBTATAM APT ...ttt 35
11.1 TUITMYHBIE JEGEKTHI USMEPUTEJIBHBIX TPAHCOOPMATOPOB .......cciiiititrrieeeeeeesssinrrneeeeeeessninns 35
11.2 KPUTEPUU OLIEHKU PE3YJILTATOB API" U3BMEPUTEJIbHBIX TPAHC®OPMATOPOB

10 PETJIAMEHTUPOBAHHBIM 3HAUEHUSAM KOHLIEHTPALIAM TABOB......cccitvrvieeeeeesiiiirirreeeeeessssnnnssnns 36
11.3 ITEPUOINYHOCTD OTBOPA ITIPOB U HEOBXOIUMBIE JEUCTBUS 1O DKCIUIY ATAIIN
UBMEPHUTEJIBHBIX TPAHCDOPMATOPOB ..11vviiieeeiiiiiutrireeeeeesssiiissssseeessssssisisssssssesssssmmssssssseesessssinsssssens 38
IMPUJIOXKEHUWE A MEXAHIM3M I'TA300BPA30OBAHIA B CUJIOBBIX
TPAHCOOPMATOPAX N PEAKTOPAX (CITPABOUYHOE) ......cccooiiiiiiiieiiec e 41
IMPUJIOXKEHUE b KOMMEHTAPUU K I1. 6 « IE®EKTHI, OGHAPY>XMBAEMEBGIE B
CUJIOBBIX TPAHCOOPMATOPAX C ITOMOIIBIO APy (CTIPABOYHOE) ........cccveeneee. 43
IMPNJIOXXEHUE B DKCIUIYATALIMOHHBIE ®AKTOPHI, BJIMAIOILLIWE HA PE3YJIbTATHI
APT (CTTIPABOUHOE) ...ttt sttt sttt e e nnne e 44
IMPUJIOXXEHUE I' ®AKTOPHI, OKA3BIBAIOIIMWE BJIMSAHUE HA JOCTOBEPHOCTD
[MPUHATHUA PELIHEHUA TP AHAJIM3E PE3YJIBTATOB APT (CITPABOYHOE) .............. a7



[MPUJIOXEHHUE I ITPUMEPBI IPUMEHEHUWA METO/10B MHTEPITPETALIMA
PE3VJIBTATOB APT" JIUIAA OUEHKN TEXHUYECKOI'O COCTOAHUA

TPAHCOOPMATOPOB (CITPABOYHOE) .....cooiiiiiiieieceeee s 48
[Ipumep 1. BoicokoTeMiiepaTypHbIi HATPEB, MEPEXOIAIIMM B JIYTY..cvvirreeririirieiiresreesnessesseneanns 48
[Tpumep 2. BEICOKOTEMIIEPATYPHBIM HATPEB ....eeuvveeureeessresassresssireessssesssssesssseessnseessseesssessssessnssees 49
[Ipumep 3. BEICOKOTEMIIEPATYPHBIN HATPEB ....vvevvieieisiriesiiesriessessressiessneessnssnessiessnesssnssnessens s 50
[TpuMeEp 4. UACTHUHBIC PABPSIIIBI ...vveeuvvressereesstreesteeessteessssesesssesssssesssssessassessnssessnseesssssesssesssseesnnees 51
IIpumep 5. Harpes B Auana3oHax CPEIHUX UM BBICOKMX TEMIIEPATYP.....cerrrerriuersirersinnssinnesnns 52
[Tpumep 6. AHATH3 TA30B U3 TAB0BOTO PEITC...ueeiurrrersrreessrerassreesssressssseessssesssssesssseesssseesssseesssseesssees 53
[Ipumep 7. [lpumep onpenenenus nepuoanynoctu nposenenus API u3 rpanchopmaropa o
BEITUYMHE a0COTIOTHON CKOPOCTH POCTA KOHIICHTPAIIHH TAZ0B ...vvesvveessvreessrreessseeessseeesnseesssseesssnes 55
[Tpumep 8. OLieHKa TEXHUYECKOTO COCTOSHUS BBICOKOBOJIBTHOTO BBOIA. .c.vvvveessrieasreeasireeesineeannns 58
[Tpumep 9. OneHKa TEXHUUECKOTO COCTOSTHUS TT .ooiiviiiiiiiiiiiiiiiie e 58
[Ipumep 10. Onenka TexHUIECKOT0 COCTOSHUSA TH....oooiiiiiiiiiiii 59
[Tpumep 11. OneHka TeXHUIECKOTO COCTOSTHHSI TH....ooiiiiiiiiiiiiiii i 60
[MPUIJIIOXKEHUE E MEXAHU3M I'A300OBPA30BAHN S B MACJIE BBICOKOBOJIBTHBIX
BBOJIOB (CITPABOUHOE) ...ttt 61
MMPUIJIOXKEHUME XX MEXAHU3M I'A300BPA30BAHU S B MACIJIE U3MEPUTEJIBHBIX
TPAHCOOPMATOPOB (CITPABOYHORE) ......ooiiiiiiiiieceeee e 62
BUIBJIMIOT PADUISL ...ttt ettt ettt be et e e ebe et e e beeeneesen e 63



BBenenue

AHanu3 pacTBOpEHHBIX B TpaHcpopmaTopHOoM Maciie ra3oB (API) sBisercs
HaumOoJiee IMIMPOKO HCIOJIb3YEMbIM METOJOM TEXHUYECKOro JAUArHOCTUPOBAHUS
BBICOKOBOJIbTHOT'O MAaCJIOHAIIOJIHEHHOTO 3JIEKTPpo00opy0BaHus. JluarnoctupoBaHue
Ha ocHOBe API' mMO3BOJSIET CBOEBPEMEHHO BBISIBUTH W MPOCIEAUTH TEHICHIIMUIO
pa3BUTHUS OOJBIIMHCTBA BUIOB 1€(PEKTOB MACIOHAIIOIHEHHOTO 000pYyI0BaHMS, KaK
AIIEKTPUYECKOT0, TAK U TEPMHUUECKOTO XapaKTepa.

B nmactossmmux MeTtonauueckux — yKa3aHMAX ~ YYTEH  OTCYECTBEHHBIM U
3apyOeXKHBIN_ONBIT MpUMeHeHUs MeTona API i1 OLlEHKH TEXHUYECKOTO COCTOSIHUS
BBICOKOBOJIbTHOTO MAacCJIOHANOJIHEHHOTO JIEKTPOOOOPY1I0BaHUSI.

1 Ha3zHavyenue u 00J1aCTh AeHCTBUA

Hacrosmme Meroanueckue yKa3aHusd pa3paboTaHbI B3aMeH
PJ1 153-34.0-46.302-00 «MeToamnueckue YKa3aHUs 10 TUATHOCTHKE
pa3BHUBarOIIUXCS 1€(PEKTOB TpaHC(HOPMATOPHOTO OOOPYIOBaHMS IO pe3ysibTaTaM
XpoMaTorpauueckoro aHajiusa ra3oB, paCTBOPEHHBIX B Macie» g 000py10BaHUS
KJ1IaccoB HampspkeHus: oT 35 kB g0 220 kB BkiIIOYMTENHLHO, B KQUECTBE CTaHJapTa
opranuzanuu ¢ npaBoM npumenenusa B 30 ITAO «Poccetn», B COOTBETCTBUM C
pacniopsokennem [TAO «Poccetu» ot 28.12.2015 Ne 612p «OO yTBepkaeHUU
peecTpa HOPMATMBHO-TEXHUYECKHMX JIOKYMEHTOB B O00JacTH TEXHUYECKOIO
perynupoBanus [TAO «Poccetny.

Hacrosimue Meronnueckue yKa3aHus pacpOCTPAHAIOTCSA Ha
3JIEKTPOOOOPYIOBaHME, B KOTOPOM B KadecTBE W30JSIMUU  HCIIONB3YOTCS
LEJUIOJIO3HBIE MaTepHallbl M MHHEPAJIbHOE H30JSLUMOHHOE MAacio. CHIIOBBIE
TpaHchopMaTopsl KiaccoB HampspkeHus 35 - 220 kB ¢ paznmuubbiMu  crioco0aMu
3aI0ATHl Macjia OT HENOCPEACTBEHHOIO KOHTAKTa C OKPYXAOLUM BO3yXOM,
MacCJOHAMOJHEHHbIE I[IYHTUPYIOIIME pEAaKTOphl (Jajee - peakTopbl) Kiacca
Hanpsokenuss 110 kB, wu3meputenbHble TpaHCHOPMATOPHI TOKAa M HAMPSIKEHUS
knaccoB  HampspkeHust 110-220kB  u  BBHICOKOBOJBTHBIE TE€PMETUYHBIE U
HErepMETHYHbIE MAaCJIOHAIIOJIHEHHBIE BBOJIBI KilaccoB Hampsbkenus 110 - 220 xB.

KonTtpoas o6opynoBanus mo API', He Bomemiero B npuBeIEHHBIN NepeYeHb
(manpumep - koHTakTOphbl PITH), MOXET BBIMOIHATHCSA MO PEUIEHUIO TEXHUYECKOTO
PYKOBOJAMTEIIS SHEPTONPEATIPUSATHS.

Ecnu 3aBOIaMH-M3rOTOBUTENSIMU B 3KCIUTyaTallHOHHOM JOKYMEHTAallMd Ha
KOHKPETHOE 000pYy/I0BaHUE YCTAHOBIICHBI HHBIC PEKOMEHIAIMN (KPUTEPUH OICHKH,
NEPUOAUYHOCTh KOHTPOJIS U Ip.) BHIMOJIHEHUSI KOHTPOJS TEXHUUYECKOTO COCTOSTHUS
no pesynprataM API, TO HEOOXOIMMO pPYKOBOJICTBOBATHCS PEKOMEHIAIUSIMU
3aBOJIOB-U3TOTOBUTEIIEH.

APT" sBnsercs 4yBCTBUTENBHBIM U JOCTOBEPHBIM METOJOM OIPEACIICHHUS
Hanmuuusl nedexrta u ero xapaxrtepa. s ompeneneHus MPUYHHBI BO3SHUKHOBEHUS
nedekrTa, CTEMeHH €ro OMAaCHOCTH U JIOKAIM3alMh HE0OXOoAuMo mpuMeHaTb APT
B KOMILIEKCE C IPYTUMH METOJIaMHU TEXHUYECKOr'0 TMArHOCTUPOBAHMS, UTO ITO3BOJIUT
NOBBICUTh 3()PEKTUBHOCTh M JIOCTOBEPHOCTH OLEHKA TEXHUYECKOTO COCTOSHUS

BBICOKOBOJIBTHOI'O MAaCJIOHAIIOJIHCHHOI'O 3J'ICKTpOO6Op}II[OBaHI/I$I.
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Meronuueckue yKa3aHUsl PEKOMEHIYIOTCA K NPUMEHEHUIO II€pCOHaNy,

3aHSATOMY  MPOU3BOJCTBOM, HaJTaJKOM,  SKCIUlyaTalued,  TEXHHUYECKUM
JUAarHOCTUPOBAHUEM U  PEMOHTOM  BBICOKOBOJIBTHOI'O  MAaCIIOHANOJHEHHOTO
AIIEKTPOOOOPYIOBAHUS.

IlenmeBast ~ ayauTopusi  WCHOJBb30BaHMsSI  CTaHJapTa:  MOJApa3ACICHUS
AKCIUTyaTalluM U PEMOHTa OOOpPYJIOBaHMS TOJCTAHIINM, CIYXObl JIUArHOCTHKU,
M30JISIUK U 3aiuThl 0T nepeHanpspkenuit J[30 TTAO «Poccetn.

2 HopmaTuBHBI€e CCHIJIKH

B HacTosmMX METOAMYECKMX YKa3aHMAX MCHOJIb30BaHbl CCBHUIKA Ha
CJIEyIOIE€ HOPMATUBHBIE JOKYMEHTHI:

2.1 TOCT 17567-81 Xpomarorpadus razoBasi. TepMUHBI U OTIpEICIICHNUS;

2.2TOCT 16110-82 TpanchopmaTopsl CHIIOBBIE. TEpMUHBI U OTIPEICICHNUS;

2.3 T'OCT 26522-85 KopoTkne 3aMbIKaHHS B JIEKTPOYCTaHOBKAaX. TepMHUHBI
U OTIpE/ICTICHUS;

2.4TOCT 20911-89 Texnuueckas AMarHoCTUKa. TEPMHHBI U ONIPE/ICICHHUS,

2.5 T'OCT 1516.2-97 DnexTpoobopyioBaHUE u AIEKTPOYCTAaHOBKHU
INepEeMEHHOT0 TOKa Ha HampspkeHue 3 kB u Bbime. OOmme MeTonbl UCTIBITAHUN
HIIEKTPUYECKON IPOYHOCTU U3OJISIHH;

2.6 TOCT 30830-2002 (MDK  60076-1-93) TpanchopmaTopsl  CHIIOBBIE.
Yactp 1. O0mue Moa0KCHUS;

2.7 TOCT P 52719-2007 TpanchopmaTopsl cunoBble. OOIIME TEXHUYECKHE
yCIIOBUS;

2.8 T'OCT P 55191-2012 (M3K 60270:2000) MeTobl HCIBITAHUN BBICOKUM
HanpspKkeHueM. M3mepeHns 4acTUYHBIX pa3psioB;

2.9T0OCT 27.002-2015 HagéxHocTh B TeXHUKE. T€pMUHBI U ONIPEICTICHUS;

2.10 P/ 34.46.303-98 Metoauueckue  ykKa3aHuss 10  TOATOTOBKE U
NPOBEJICHUIO XPOMAaTOTpadUvecKoro aHaiau3a Tra3oB, PACTBOPEHHBIX B Macle
CUJIOBBIX TpaHC(OPMATOPOB;

2.11 P/1 34.46.502 HCTpyKIMsl TIO OMpPEACNICHUIO0 XapaKTepa BHYTPEHHUX
MOBPEXACHUN TpaHC(POPMATOPOB IO aHATM3Y ra3a U3 ra30BOTO PEIie;

2.12 PJ] 50 0597-2004 Metoanueckne yKa3aHHUs IO KOHTPOJIIO COCTOSTHHSI
TpaHCc(OPMATOPOB TOKA HAa OCHOBE XPOMATOTpaPHUUECKOro aHajlu3a PacTBOPEHHBIX
ra3zoB (XAPT) B macre;

2.13 CTO 56947007-29.180.010.007-2008 MeTonuueckue  yKazaHusi IO
OTIPE/ICNICHUIO COJIEPXKAaHUSA KHCIOpOJa M a30Ta B TpaHC(HOPMATOPHBIX Maciax
METOJIOM ra30Boi xpomaTorpaduu;

2.14 CTO 56947007-29.180.010.094-2011 MeToanveckue  yKazaHusi 110
OTIpE/ICTICHUIO COJIEP’KaHMUs Ta30B, PACTBOPEHHBIX B TPAHC(HOPMATOPHOM MacTe.

2.15 CTO 34.01-23.1-001-2017 O6nem u HOPMBI UCIIBITAaHUM
AIEKTPOOOOPYIOBaAHUS;

2.16 CT-UA-30.2-2.1-27-02-2016 O6macte  mpuUMEHEHUST HU  TOPSAIOK
CMENICHUS TPaHCPOPMATOPHBIX MacCeT.



[Tpumeuanue - [Ipy MoaB30BaHUM HACTOSALIMM CTaHIAPTOM LieJecooOpa3Ho
IIPOBEPUTH JACUCTBUE CCHUIOYHBIX IOKYMEHTOB B MH(POPMAIIMOHHOM cUCTEME OOIIETOo
M0JIb30BaHUS - Ha opuIManbHOM caiite dDenepaibHOro areHTCTBA M0 TEXHUYECKOMY
pPETYJIUPOBAHUIO U METpoJioTuM B ceth HMHTepHeT. Ecin 3aMEHEH CCBHUIOYHBIN
JOKYMEHT, Ha KOTOPBIM J1aHa JaTUPOBaHHAs CChbUIKA, TO PEKOMEHIYETCS
MCIIOJIb30BaTh BEPCHUIO 3TOTO JTOKYMEHTA C YKa3aHHBIM BBILIE F'OJOM YTBEPKICHUS
(npunsatus). Ecnum mocne yTBEp)KIEHHUsS HACTOSIIETO CTaHAapTa B CCHUIOYHBIM
JOKYMEHT, Ha KOTOPBIM JaHA JAaTUPOBAHHAsS CChUIKA, BHECEHO W3MEHECHHE,
3aTpParuBarollee II0JOKEHUE, HAa KOTOPOE€ [JaHa CChUIKA, TO JTO IOJOXEHUE
pEKOMEHAyeTCsl MPUMEHATh 0e3 yu€ra JaHHOro H3MEHEHusa. Eciu CcChlIouHBIN
JIOKYMEHT OTMEHEH 0e3 3aMeHbl, TO TMOJIOKEHUE, B KOTOPOM JlaHa CChUJIKA Ha HEro,
PEKOMEHIYETCS IPUMEHATH B YaCTH, HE 3aTPAruBarOlIEe 3Ty CChUIKY.

Hacrosiirie Metoguyeckue yka3aHdsl YYUTBHIBAIOT ONBIT nmpuMmeHeHus API,
U3JI0KCHHBIA B MEX/TyHAPOIHOM M HAIlMOHAIBHBIX cTaHmapTax [1, 2, 3].

3 TepMHHBI U onIpe/ieJIeHUs!

B HacTosAmmx  METOAMYECKHMX  YKa3aHUAX TMPUMEHSIOT TEPMHUHBI B
coorBercTBUM co craHgaprtamu: ['OCT 1516.2; T'OCT 17567, T'OCT 16110;
I'OCT 26522; TOCT 20911; T'OCT 27.002, a Takxe CIeayrole TEPMUHBI C
COOTBETCTBYIOIIUMHU OIPEACIICHUSIMU:

3.1 MonycTumoe 3Hauenue (JI3) BenmnuuHbl nmapameTpa SIBISETCS TPaHUIIEH,
OT/ACJISIIOIICH HCIpaBHOE O0OpPYJI0BaHHE OT PabOTOCIOCOOHOTO 000pYyAOBaHUA,
UMEIOIIIETO BEPOSTHOCTh PA3BUTHS ITOBPEKICHHUS.

IIpumeuanue

J13 KOHIIEHTpaIMii Ta30B CJIEIYyET pacCMaTpUBaTh Kak MOPOT, BBIIIE KOTOPOTO
MOBBIIICHHAST CKOPOCTh OOpa30BaHUs Tra3a IMO3BOJSIET OOHAPYXKUTHh pa3BUTHE B
obopynoBanuu aedekra.

3.2 llpenenbno pomyctumoe 3Havenue (III3) BemuumHbl mapameTpa
SBISETCS  TpaHUIIeW, OTHeNsmoIeii  paborocrocoOHOe  00OpyIOBaHHE  OT
000pyI0BaHUs C BEICOKOM BEPOATHOCTHIO OTKA3a.

IIpumeyanue

IT/I3 KOHIEHTpauWil Ta30B CJIEAYET pacCMATpUBATh KakK HWHAUKATOP
PEIOTKA3HOTO COCTOSIHUAS 000PYI0BAHMS.

3.3

ucnpaBHoe cocTostHue (mcnpaBHocThb) (perfect (flawless) state): CocrosiHue
00beKkTa, B KOTOPOM OH COOTBETCTBYET BCEM TpPEOOBaHHSM, YCTaHOBJICHHBIM B
JTOKYMEHTAIIMHU Ha HETO.

[TOCT 27.002-2015, cratbs 3.2.1]




3.4

HeHcnpaBHOe cocTosinne (HemcmpaBHocTb) (imperfect state (flaw)):
CoctosiHue 00BEKTa, B KOTOPOM OH HE COOTBETCTBYET XOTS Obl OIHOMY W3
TpeOOBaHUH, YCTAHOBJIEHHBIX B JOKYMEHTALIUU HA HETO.

[TOCT 27.002-2015, ctatbs 3.2.2]

3.5

padoTocnocooHoe coctositnme (Up state): CocrosiHre 00beKTa, B KOTOPOM OH
CIOCOOEH BBIMIOJIHATH TpeOyeMble (PYyHKIIUH.

[Tpumeuanus

1 PaboTocrocoOHOE COCTOSIHME MOKET OBITh ONpPEACNICHO, Halpumep, Kak
COCTOSIHME O0BEKTa, B KOTOPOM 3HAYEHHS BCEX MapaMeTpPOB, XapaKTEPU3YIOLIUX
CIIOCOOHOCTh  BBINIOJHATH 3aJaHHble (PYHKIMH, COOTBETCTBYET TpeOOBaHUSIM,
YCTaHOBJICHHBIM B JJOKYMEHTAI[UH HA 3TOT OOBEKT.

2 OTcyTCTBHME HEOOXOJMMBIX BHEIIHUX PECYPCOB MOKET MPEMSITCTBOBATH
pabote 00OBEKTa, HO 3TO HE BIUSAET HA €ro mnpeObiBaHHE B PabOTOCIIOCOOHOM
COCTOSIHUH.

[[TOCT 27.002-2015, cratbs 3.2.3]

3.6

HepaboTocnocoonoe cocrossaue (down state): Cocrosiaume o0bBekTa, B
KOTOPOM OH HE CMOCOOEH BBLIMOJHATH XOTA Obl OAHY TpeOyemyr (yHKIHIO IO
MPUYMHAM, 3aBHUCSIIMM OT HEro WIM HM3-3a NPO(YHIAKTHYECKOTO TEXHHUYECKOTO
oOCy>KUBaHUSI.

[Ipumeuanus

1 HepaGotocmnocoOHOe COCTOSIHME MOXKET OBbITh ONPEAETICHO KaK COCTOSIHUE, B
KOTOPOM 3HAUEHHE XOTsI Obl OJJHOTO W3 MapaMeTPOB, XapPaKTEPU3YIOMIMX CIIOCOOHOCTH
BBITIOJTHATH 33aHHbIE (PYHKIIH, HE COOTBETCTBYET TPEOOBAHMAM JOKYMEHTAIIMN Ha STOT
OOBEKT.

2 OODBEKT MOKET OBITH CIIOCOOEH BHIMOIHATH OJTHU (DYHKIIUU U OJHOBPEMEHHO
HE CTHOCOOCH BBITIONHATH APYTrMe - B ATOM CIy4ae OH HAxXOJUTCS B YaCTUYHO
paboTOCTIOCOOHOM COCTOSTHUU - ATO MPUMEYAHHE OTHOCHUTCS TAKKE€ U K TCPMHUHY
3.2.3.

3 McnpaBHblii 00BEKT Bceraa paboToCmoco0eH, HEUCIIPaBHBIH 00BEKT MOXKET
ObITh W PabOTOCIIOCOOHBIM, W HEPAOOTOCIIOCOOHBIM. PaboToCrOCOOHBIN 00BEKT
MOXKET OBITh MCIIPAaBEH W HEUCIpPaBeH, HEPaOOTOCIOCOOHBIH OOBEKT BCeraa
HEHCIpaBeH. ITO MpUMeUYaHue oTHocuTes K 1i.3.2.1-3.2.4.

[[TOCT 27.002-2015, ctatbs 3.2.4]




3.7

padouee coctosinme (operating state): CocrossHue o0BEKTa, B KOTOPOM OH
BBITIOJHSET KaKyr0-In0o Tpedyemyro (QyHKIHIO.

[Tpumeuanue - PabGodee cocTosiHME OTIMYaeTcss OT pPaboOTOCIMOCOOHOTO
OTCYTCTBHEM YIOMHHAHUS O CIIOCOOHOCTH (BO3MOXXHOCTH) BBITIOJIHUTH (PYHKIIHIO,
T.. B pabodyeM COCTOSSHUU OOBEKT YK€ BBIMOJHACT KaKyK-TH00 TpeOdyemyro
¢byHKLIMIO, @ B paOOTOCIOCOOHOM COCTOSIHUM OOBEKT MOTEHLUAIBHO CIIOCOOEH ee
BBITIOJTHUTH, HO HE 00513aTEIbHO BBITIOJIHSCT B TAHHBII MOMEHT.

[TOCT 27.002-2015, crates 3.2.5]

3.8

Hepabouee cocTostHHe (NON-operating state): CocrosiHre 00bEKTa, B KOTOPOM
OH HE BBIMOJIHSET HU OJTHOM U3 TPeOyeMbIX (PYHKITHIA.

[Tpumeuanue - Otnuune HepabOYero COCTOSHHUSA OT HepabOTOCIOCOOHOTO
Takoe JKe, KaKk M OTJInYhMe pabodero COCTOSHUS OT paboToCrnocOOHOTO (CM.
[Ipumeyanue K TepMUHY B 11.3.2.5).

[[OCT 27.002-2015, craTps 3.2.6]

3.9

npenoTkazHoe cocrosinme (prefault state): CocrosHme o00BekTa,
XapaKTepU3yeMOoe MOBBIIICHHBIM PUCKOM €0 OTKa3a.

[Tpumeuanue - IlpenoTkazHoe COCTOSHME MOXKET BO3HHUKHYTh Kak B
pe3ynbTaTe BHYTPEHHHX IPOIECCOB/IIPUYMH, TaK W BHEIIHUX BO3JCHCTBUI Ha
00BEKT B npolecce ero GyHKIIMOHUPOBAHUS.

[TOCT 27.002-2015, cratbs 3.2.11]

3.10

nedext (defect): Kaxxaoe oTeapHOEe HECOOTBETCTBUE 00BbEKTa TPEOOBAHUM,
YCTaHOBJIEHHBIM JJOKYMEHTAIIHEH.

[TOCT 27.002-2015, crates 3.4.2]




4 O003Ha4YeHHS U COKPAILICHUSA

At — UHTEpBaJ MEeXIy 0TO0paMu npood, CyTKH;

Aty  — periaMeHTHpOBaHHas TMEPHOAMYHOCTH OTOOpa mpoObI Macia,
MECSIIIbI;

Aty — pacueTHbI UHTEpBaJl 0TOOpa MPOO, MECSALIBI;

A's - HauaJbHBIC KOHIIEHTPALUK PACTBOPEHHBIX Ta30B, % 00.;

A\, — KOHLIEHTpauus i-ro rasa B Tase U3 ra3oBoro peie, % 00.;

At —3HaYeHMe KOHLEHTPALUH i-TO ra3a, U3MepeHHoe Ha aaTy t, % 00.;

A'.ay — 3HAaUCHHE KOHIEHTPAIUH i-TO Ta3a, U3MEPEHHOE B HPEIbIAYIIUI pa3
(Ha maty t-At), % 00.;

A, — momycTUMas KOHLEHTpauus i-ro rasa, % 00.;

A'ys  — TIpeneabHO-A0ITyCTHMAs KOHIIEHTpanus I-ro ra3a, % 00.;

A'yp,  — KOHLEHTpanus i-ro ra3a B paBHOBECHU C Ta30Boi ¢a3oi, % 00.;

a — OTHOCHUTEJIbHASI KOHIISHTpAIHs 1-TO rasa;

@'max — MaKCHMaJibHasi OTHOCUTEJIbHASI KOHIICHTPALUs I-T0 ra3a,

B:  —x03hdUIMEeHT pacTBOPUMOCTH I-r0 ra3a B Macje MpH TeMIiepaTrype
T °C;

C — YTIEepOo;

CO - okcup yraepona;

CO2 — nuoKcup yriiepona;

CH; - meran;

C,H,; - anermnen;

C,Hy4 — pTunen;

C,Hg —oran;

H> — BOJOPOJ;

k! — ko3(ppunueHT JMHEUHOU arnmpoKCUMAIUU 3aBUCUMOCTH
PAacTBOPMMOCTH i-TO Ta3a B Macie OT TeMIeparypsl BL, HaiineHHbIH
1u1st 3HadeHuit temreparypst 20 °C u 45 °C;

MY —mpenen obHapyskeHHUs B Macie i-ro rasa, % 00.;
No - a30T;
O,  —kucnopon;

PPM  — eIMHUIA KOHIECHTPALUK B MUILIMOHHBIX JIOJISIX [0 00BEMY:
1 % 06. = 10* Mk (ra3a) /m (macna) = 10* ppm;

T — TeMIieparypa Maciia rmpu otoéope mpoosl, °C;
t — nata otoopa npooHI,
tgd  — TaHTEHC yIJia TUAJICKTPUYECKUX MOTEPh;

Vie —abcomoTHas CKOPOCTh HapacTaHUs i-ro ra3a, % 00./CyTKH;
API" — ananu3 pacTBOpPEHHBIX B TpaHC(OPMATOPHOM MacJje ra3os;
BH - Beicuiero HampsbKeHus;

I'P  —ra3oBoe pene;

JI3 - momycTrMoe 3HaueHHe (BEIMYMHBI KOHTPOJIMPYEMOTO apaMeTpa);
UT  — usmeputenbHbIi TpaHchopmaTop;

HH - Huswmiero HanpsikeHus;
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[T13 - mpemenbHO-IOMYCTUMOE 3HadeHWe (BEIMUYHMHBI KOHTPOJIHUPYEMOTO
napamMeTpa).

PIIH - yCTpOWCTBO peryJMpOBaHuUs HANPSKEHUS IO HATPY3KOM;

CPI'’ —cyMma KOHIEHTpAllMid PaCTBOPEHHBIX YTJIEBOAOPOJHBIX Ta30B U

BOJIOPO/Ia;
TH - tpancdopmaTop HaNpsHKEHUS;
TT - tpancdopmaTop TOKa;

yp — YaCTUYHBIN pa3psin;

5 TpeGoBaHusI K YyBCTBUTEJIbHOCTH NPUOOPOB

Ouenka TEXHUYECKOTO COCTOSIHUSA MAacCJIOHAIIOJTHEHHOT O
3JIEKTPOOOOPYIOBAaHUS B TMPOLIECCE €ro SKCIUTyaTalldd MPOBOJAUTCA C Y4ETOM
pe3ynbTaTOB U3MEPEHUN KOHIIEHTPALIUIA Ia30B, paCTBOPEHHBIX B TPAHCHOPMATOPHOM

Maciie, MTOJTYYCHHBIX COIJIACHO CTaHJapTaM PJ1 34.46.303-98,
CTO 56947007-29.180.010.007-2008, CTO 56947007-29.180.010.094-2011.
CormacHO  MEpeuYuCIeHHBIM  CTaHjaapTaMm,  Mpefen  OOHapyKeHHs
onpezienseMbIX B Macie ra3os (M) nomkeH ObITh HE BbILIE:
- I BOJIOpOJia - 0,0005 % 00.
- )11 METaHa, dTUJICHA, dTaHa - 0,0001 % o0.
- JUTS aneTUJIeHa - 0,00005 % 00.
- U151 okcuaa u quokceunaa yraepoga - 0,002 % o0.
- ISl KUCTIOPO/a U a30Ta - 0,05 % 00.
[Ipumensemple ammaparypa W METOAWKM aHalIW3a JODKHBI 00eCIeuynBaTh
MOTPEITHOCTh U3MEPCHHUS KOHIIGHTpaIui rasos, PacTBOPEHHBIX

B TpaHc(hOpMATOPHOM Maciie, He Xy>Ke yKa3zaHHOM B Tabnure 1.

Tabnuua 1 — CymMMapHas NOrpeurHoCTh BHITOTHEHHUS U3MEPEHUN COJIep KaHUsI ra30B
B Macjie

O0nacTh U3MEPSIEMBIX KOHIICHTPAIIHH, CymMapHasi OrpeirHOCTh H3MEPEHHS,
% 00. % oTH.
Hz, CHa4, CoH2, C2Hs, C2Hs, CO, CO2

meHee 0,001 ooitee 50
0,001 - 0,005 He 6onee 50
0,005 - 0,05 e Ooiee 20
ooiee 0,05 He 6onee 10

N2, O2

meree 0,1 ooiee 50

0,1-10,0 He 6onee 10

[losiBienneM ra3oB B Macie TpaHcpopmaTopa CUHMTACTCS 3HAYCHHE
KOHIIEHTPAIMH, IPEBhIIIAIoIIee Ipeaen ooHapyxenus M* B 3 pasa.
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6 dedekTnl,
peakTopax ¢ nomombio APT

o0Hapy:KuBaeMble B

CWJIOBBIX TpaHcpopMaTopax H

CBeneHust 0 MEXaHU3ME ra3000pa30BaHus IPUBEACHBI B IPUIIOKEHUU A.

6.1 OnpeneneHue OCHOBHOTO M XapaKTEpHBIX Tra3oB MO pe3yibratam APT
MPOU3BOAUTCS CIETYIOMINM 00pa3oMm:

6.1.1 PaccunThIBalOTCS OTHOCUTEIbHBIE KOHIICHTPAIIUHU T'a30B 1Mo (popMmyiie:

a'= Ait /Aigg, (1)

6.1.2 Jlnst  yriieBOJOpPOAHBIX Ta30B W Hy; B 3aBUCHMOCTH OT BEJMYUHBI

PacCYNTAHHON OTHOCUTEILHON KOHLEHTPALMH &' OpeIeIsIOTCS:

- OCHOBHOM ra3 npu a'max;

- XapaKTepHbIii ra3 ¢ BLICOKMM cojep:kaHueM npu a' > 1;
- XapaKTepHbIii ra3 ¢ HU3KUM cojep:xanuem npu 0,1 < a'< 1;
- HexapakTepHslif ras npu a' < 0,1.

6.1.3 Onenka razoB CO u CO; mnpoBOAUTCS HE3aBUCHUMO

OT OILCHKH

YIJI€BOIOPOAHBIX Fa30B U BOJOPOA:

- 3HA4YCHHC aimax COOTBCTCTBYCT OCHOBHOMY I'a3y,

- 3HadeHue @' > | COOTBETCTBYET XapaKTEPHOMY Ia3y.

B tabnune 2 npuBeaeHs
TpaHchopMaTopax U peakTopax.

pUMeEpPbI

THUITMYHBIX I[e(i)eKTOB B CHJIOBBIX

Tabnuna 2 — Tunuunble 1e)EKTH B CUIIOBBIX TpaHChOpMaTOpax U peakTopax

Ne | Cocras razos Bun [IprunHbI NOSABIICHUS Ia30B
nedexra
Pa3psipl B 3a110JIHEHHBIX Ta30M MOJIOCTSIX,
H, - ocHoBHOM BO3HHKAIOIINE H3-32;
1 ras; up - HenonH(v)ﬁ MPONUTKYU U30JIALUY; }
CHs - xapaxre - BBICOKOM BJIQKHOCTH IIEJUTFOJIO3HON M3O0JISINN;
PHBIi1 Ta3 - IEPEHACHIIIEHUS Maciia ra3oM, B TOM YHCJIE B PE3yJIbTaTe)
KaBUTAIUH.
Hckpenue nnu gyrosuie pa3psibl B IIIOXUX KOHTAKTHBIX
COCIMHEHUSIX 3JIEMEHTOB KOHCTPYKLHMH C Pa3IUYHBIM WM
MJIaBaIOIUM MOTEHIIMAJIOM B MECTaX:
- KpEIUICHHUs SJIEKTPOCTATUUYECKOT0 SKpaHa;
H i C.H. - - CMBIKaH.I/ISI MapayIeabHbBIX U 3JIEMEHTAPHBIX MPOBOJHUKOB
2 22 00MOTKH;
OCHOBHBIC - HApYILLICHUH MassHbIX COCMHEHUN TOKOBEAYIIUX LIETIEH;
ra3bl; Paspsbl - IPOXOXKIACHUS LIENIEN 3a3€MJICHUS;
2 | CH, - xapakre HU3KOH - PacmoyIO’KeHUsl  IUIACTMH ~ MAarHMTHOW  CHCTEMBI  C
PHBII Ta3 SHEPrMU | HApYWIEHHOW HW30JSIUMEd TpU LHUPKYJALUUA BHXPEBBIX
C HU3KUM TOKOB.

COZlepKaHNEM Pa3zpsabl Mex 1y KOHCTPYKTUBHBIMH 3JIEMEHTAMU OCTOBA
TpanchopmaTopa, orBojgamMu 00MoTku BH 1 Gakom,
obmoTtkoii BH u 3a3emiieHuem.

Pa3zpsiapl B Maciie npu NepeKItOueHUsIX KOHTAKTOB.
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Ne | Cocras razos Bun [IpyuumnHBI NOSABIICHUS Ia30B
nedexra
CH, mmm H, - 3aMbIKaHUS:
OCHOBHBIE - oomoTku HH Ha 3emiio;
Fa3bL: Paspsiibt - MEX1y OOMOTKaMH;
; N
3 |CH.CH . CO- BBICOKOH - BEICOKOBOJIETHBIMU BBOJAMHU U OAKOM;
gz SHCPIuH, | - oTBOAOM M OAKOM;
XapaKTepHbIE
P p Aayra - 0OMOTKaMu U OCTOBOM TpaHchopmaTopa;
ra3bl ¢ BHICOKHUM
- MEKBUTKOBBIE.
COZIEpKaHUEM
[leperpy3ka Tpanchopmartopa. Hapymenune mnoToka
Maclia B OXJIAKIAIOMIMX KaHajaX OOMOTOK M MarHUTHOM
CUCTEMBI.
Henocrarounas 3¢()eKTUBHOCTH CHCTEMBI OXJIAKICHUS,
C,Hg - ocrosn BBI3BAHHAS:
ol ras; - 3arpsI3HEHUEM HaPY>KHOU MOBEPXHOCTH PAIMATOPOB;
CH,, CO-  |Tepmuueckuii| - HAPYLICHUEM TIOTOKA MaC/ia BHYTPH PaJaToOPOB;
4 | xapaxrepHbie nepexr, | - cHmkeHneM >(QEeKTHBHOCTH pabOTBl  BEHTHUIIATOPOB,
o T <300 °C | MacI0HACOCOB;
C BEICOKMM - HeIOCTaTOUYHOW 3P (EKTUBHOCTHIO PAOOTBI  CHUCTEMBI
cojlepKaHHeM OXJIaKICHHUS, JIOTTYIIEHHOM npu
MPOEKTUPOBAHHH/TIPOU3BOJICTBE.
HarpeB Meramnuyeckux 3J€MEHTOB KOHCTPYKIUU
MOTEPSAMU OT TIOJIEM paccesHUss B HAYaJIbHOM CTaIUH
pa3BuTHus AedeKTa.
Hapynienve KOHTakTHBIX COEIMHEHHW, B TOM 4YHCIIE
HEYJIOBJIETBOPUTEIBHOE COCTOSIHUE KOHTaKTHBIX
coenuaennii PITH, I16B.
Toxu, UPKYJIUPYIOLIUE T10:
CH, - ocHosHO .| - APMOBBIM INPECCYIOMMM 0aaKaM U CTSKHBIM IIMUILKAM
. Tepmuueckuit
U ras; nedexT MIPU HAPYIICHUU U30JISIUN CTSKHBIX [IITUICK;
b
5 | CH, CHy-x 200 °C< T <70 ~ IPECCyIOMM } 3neMe§TaM u MJIaCTHHAM
apaKTEpHBIE 0°C AIEKTPOTEXHUUYECKOU CTalH;
raskl - 3a3eMJISIFOIIMM [TPOBOJIAM.
Hapymienne M30JISILUN MEXIY COCEITHUMU
napajuIeNbHBIMHA MPOBOJHUKAMHU B OOMOTKE.
HarpeB cpenHeli HWHTEHCMBHOCTH  METAJUIMYECKUX
3JIEMEHTOB KOHCTPYKIIMU NOTEPSIMH OT MOJIEH pacCesHuUs.
C,H, - ocHoBH Hapy1enre KOHTaKTHBIX COEAUHEHUN.
oif ras: Hapymienne m3onsuuy miacTUH MarHUTHOM CHCTEMBI
b
C,H,, CH, - xa | Tepmuueck | € o0pa3oBaHNEM KOPOTKO3aMKHYTHIX KOHTYPOB.
22 Yty
i [leperpeB MeTaIIMYECKUX 3JIEMEHTOB KOHCT uu
6 paKkTepHbIe uii fedex, Perp N 24
rashl T>700°C | HOTEPSAMU OT IIOJIEH PACCESHUSL.
C BBICOKUM
COZIEpKaHUEM
CO2 - 0CHOBHO [Teperpyska Tpancdopmaropa.
N JecTpykuus
Ui ras; Bricokas BiaxxHOCTb Macia.
7 LEJUTFOJIO3HO
CO - xapakrep | . Camxenne 3pHEeKTUBHOCTH CUCTEMBI OXJIAXKICHUS.
HBL 123 i u3onAuuu
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6.2 Ilpu meperpeBax TOKOBEIYIIUX COSAUHEHUN M AJIIEMEHTOB KOHCTPYKITUH
OCTOBAa OCHOBHBIMU Ta3zamu siBisAtoTcs: CoHa - B ciiydae HarpeBa Bbliiie 700 °C wim
C,H; - B cnyuae HarpeBa, BBI3BAaHHOTO JYrOBBIM pa3pslioM, WIM Harpea 0e3
JIyTOBOTO pa3psija, Ho ¢ Temrieparypamu Boiie 1000 °C.

6.3 [Ipesbimienue I1]13 w/mmu I3 xonuentpauuiit CO u CO; MoOxeT
CBUJICTEIBCTBOBATh 00 YCKOPEHHOM CTAPEHUU W/WIM YBIIAXKHEHUM IIEJUTIOJI03HON
u3ossuuu. [lpu neperpeBax TBep0il U30JIALIMK OCHOBHBIM Ta3oM siBisieTcst COx.

JlomomHUTENbHBIE  CBEACHUS O  NpUYMHAX  JACPEKTOB  CHJIOBBIX
TpaHC(hHOPMATOPOB U PEAKTOPOB, OOHAPYKUBaeMbIX ¢ TToMmoIsio API', mpuBeneHs! B
pUII0KEeHUH b.

/ ImarHoCTHPOBaHUE pPa3sBUBAKOLIUXCH ne¢eKToB B CHJIOBBIX
TpaHcopMAaTOpPax U peakTopax no pesyjabratam APT

7.1 Kpurepnu oueHku pe3yabTaToB AP’ mo persiameHTMpOBaHHBIM
3HAYEeHHUSAM KOHLEHTPAUMH ra3oB

7.1.1 InTeHCUBHOCTH Ta3000pa30BaHus B Maclie TpaHcopmaTopa CBsizaHa C
KOHCTPYKTUBHBIMH OCOOCHHOCTSIMU TpaHcopmaropa (KJIACCOM HampsHKCHUS,
MOIITHOCTBIO0, TUTIOM CUCTEMBI OXJIQXKICHHSI), KOTOPBIC OMPEACIISIOT HANPSHKEHHOCTh
ANEKTPUYECKOTO TMOJsA, BEIWYMHY MArHUTHOM WHAYKIMU, IUIOTHOCTA TOKa,
TEIUIOOTayy. YPOBEHb KOHLIEHTpALlUM Ta30B, KOTOpble 0Opa3yloTcs B Macie
TpaHChHOPMATOPOB, HAXOSAIINXCS B IKCILTyaTallMH, 3aBUCIT OT MHOTHX (DaKTOpPOB,
B TOM 4YHCJE, OT crocoba 3amuThl M MapKd Maclia, OT CpOoKa JKCIUTyaTalluu
TpaHchopmaTropa, peKUMOB €ro paldOThl, APYTHX HKCILTyaTAIIMOHHBIX (DaKTOPOB,
yka3zaHHbIX B [Ipunoxenun «By.

3HauMTenbHOE BiIMAHKME Ha pe3ynbrar APIT okaspiBatoT mporeccel otOopa,
TPaHCHOPTUPOBKHU MPOO U, HEMOCPEACTBEHHO, MPOLEAYPA U3MEPEHUSI.

7.1.2 B Tabmune 3 mpuBeneHsl pekomenayembie /I3 u I1JI3 koHueHTpammii
razoB, CTPYNIIUPOBAHHBIC TT0 OCHOBHBIM IIPU3HAKAM, BJIMSIONIUM Ha UX 3HAYCHUS

- KJIaCC HAIPSKEHU,

- CIT0CO0 3aIMTHI Maca,

- CPOK DKCILTyaTallkH,

- MOIITHOCTH TpaHchopmatopa,

- MapKa Macia.

I3 u I1/13 xoHueHTpanuii ra3oB (Tadbauia 3) onpeaeseHbl M0 MHTErPAIbHON
byHKUIUN pacrpeeneHust KOHLICHTPALUI ra3zoB PaboTOCIIOCOOHBIX
Tpanchopmatopos 1o meroauke [4]: 13 - nist yposus 0,92, a [1/13 - nuist yposus 0,98.

7.1.3 I3 KOHIIEHTpaIuii Ta30B CIEAyeT pacCMaTpHBaTh KakK IOPOT, BBIIIE
KOTOPOTO TIOBBIIIEHHAss CKOPOCTh OOpa3oBaHUsl Ta3a MO3BOJISIET OOHAPYXUTh
pazButue pAedekra B OOOpPYJOBAaHUHM, NPU YCIOBUU HCKIIOUECHHS BIIUSHUS
AKCILTYyaTallMOHHBIX (PaKTOPOB, NepeunciieHHbIX B [Ipunoxenun B.
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Tabmuma 3 — Pexomenayembie /I3 w IIJ[3 koHIEHTpanmmu pacTBOPEHHBIX Ta30B
B MacJie ClIoBbIX TpaHchopmaTopoB 35 - 220 kB u peakropos 110 kB
Cpok Konnenrpauuu razos, % o00.
VYpo-| akcrny- Cpok
BeHb | aTauuy, | CPT H> CH4 C2He | CoHs | C2Hz | skemmy- | CO | CO2
JeT aTIINH, JIET
Tpancdopmaropsl 35 kB
0-5 0,020 | 0,005 | 0,0030 0-30 |0,015| 0,17
13 0,0010 | 0,003 |0,0010
>5 0,008 | 0,002 | 0,0007 >30 0,018 | 0,26
0-5 0,074 | 0,020 | 0,0100 0-30 0,030 0,30
B8 70,024 | 0010 | 0,0030 | 003 | 9:009 ] 0.0025 73515 635 0,40
Tpanchopmaropsl 110 kB (¢ njiéHoOYHOM 321U TOM)
0-5 0,012 | 0,006 | 0,003
13 5 0.013 | 0005 | 0.004 0,0013 | 0,005 |0,0003| Becr |0,045( 0,30
0-5 0,025 | 0,010 | 0,009
a3 > 0.035 | 0,009 0.010 0,0040| 0,010 [ 0,0008| Becy |0,070| 0,50
Tpanchopmaropsl 110 KB (co cBOOOTHBIM AbIXaHHEM) **, ***
0-5 0,020 0,| 0,009 0,002 0-30 0,020 | 0,22
o [0 O 0001 o g |on °*0 ot 0
>5 0,013 | 0,002 0,001 >30 0,039 | 043
0-5 0,055 | 0,034 | 0,008 0-30 0,040| 0,41
13 0,040" | 0,013 | 0,004 0,0040 | 0,025 %% 8828 ggi
>5 0,038 | 0,008 | 0,005 >30 0.061 | 065
Tpaunchopmartopsl 220 kB (C nJIEHOYHOM WM A30THOI 321U TOM)
0-5 | 2056 1 0007 1 4 55 0-30 |0,050| 0,37
13 0,032" | 0,004 ' 0,0080 | 0,015 |0,0007 ' '
>5 0,046 | 0,005 | 0,012 >30 0,065 | 0,63
0,100 | 0,030
a3 0-5 0,055" | 0,013 0,024 0,0180 | 0,050 |0,0020 0-30° 10,075 0,60
>5 0,090 | 0,012 0,026 >30 0,080 | 0,77
Tpanchopmaropsl 220 kB (co cBOOOTHBIM IbIXaHHEM)

J13 | Bech 0,030 | 0,005 | 0,008 |0,0060| 0,015 |{0,0008| Becr |0,053| 0,52
I113| Bechb 0,060 | 0,017 0,020 |0,0180| 0,050 {0,0020| ®Becr |0,070( 0,70
PeakTopsi 110 kB
JA3 | Becy | 0,016 | 0,006 0,002 [0,0007| 0,005 [0,0002| Becp [0,047| 0,35
3| Becr | 0,036 | 0,015 0,008 |0,0030| 0,012 |0,0008| Becr |0,067| 0,68

* st Hz, CHa u CPT" (cyMMBI KOHIIEHTPAIIMi PACTBOPEHHBIX YIIICBOIOPOAHBIX ra30oB U Hz) B Maciie
tpancpopmaropoB I3 u I1/13 B uncnurene qaHsl 3Ha4eHUS Ui TPaHC(HOPMATOPOB, 3aTIOTHEHHBIX
maciamu Mapok 'K, Nytro, a B 3HameHaresne — A OCTaJIbHBIX MapOK MaceJ WM CMECH Macell.

** st C2Hz B uncnutene npuseaens! /(3 u [1/13 TpanchopmaTopoB co BCeMHU THIIAMHU YCTPOICTB
PITH, xpome RS-3 u RS-4, a B 3namenarene — ¢ ycrporicrBamu PITH tuma RS-3, RS-4.

*k*k

16 MBA BKJIIOYMTENIBHO, a B 3HaAMeHaTese — 6oyee 16 MBA.

s CO u CO2 B yucnurene ykazansl 3 u I1/13 tpancdopmaropor 110 kB mouiHOoCTBIO 110
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7.1.4 TI/I3 KOoHIIEeHTpalMii Ta30B CIEAyeT paccMaTpUBaTh KaK WHIMKATOP
MPEIOTKA3HOTO COCTOSIHUSL OOOpYAOBaHUS, MPU YCIOBUU HCKIIOUEHHS BIIMSIHUS
AKCILTYyaTallMOHHBIX (PaKTOPOB, NepeunciieHHbIX B [Ipunoxenun B.

7.1.5 PernmamentupoBannbie 3HaueHus (I3, [1/]3) koHueHTpanuii ra3oB
PEKOMEHAYETCA ONpEeNeNaTh MO METOAUKE [4] KaXIoM »HEprocucremMe s
paboTOCTIOCOOHBIX TpaHC(HOPMATOPOB, CIPYIIITHUPOBAHHBIX IO OCHOBHBIM ITPHU3HAKAM,
rustonuM Ha J13, T1/3 u ykazanueiM B 11.7.1.2, He 4aie, 4eM OJWH pa3 B O JIET.
Pacuer I3 u IIJI3 xoHueHTpaunuii ra3oB MOXET OBITb BBIOJHEH JJIsI TPYI,
c(hOpMHUPOBAHHBIX TIO TMPU3HAKAM, BIIUSHHE KOTOPHIX HAa KOHIICHTPAIIMH Ta30B
MOATBEPAKACHO pe3yJibTaTaMU JUCIIEPCUOHHOTO aHAIIN3A.

7.1.6Ipu OTCYTCTBHMM JOCTAaTOYHBIX CTATUCTUYECKUX JaHHBIX  JIJIS
ompeseseHus o nHTerpanbHoi Gdyakuuu pacupenenenus /3 u [1]13 konnenTpamuit
ra3oB, pacTBOPEHHBIX B Macie TpaHCPOpPMaTOpOB, PEKOMEHIYETCS HCIIOIh30BaATh
3HAYCHMsI, MPUBEIEHHBIC B Tabmuiax 3,4.

7.1.7 YpOBHM KOHIIEHTPAIIMI Ta30B MOCJE 3aBOJICKUX UCIIBITAHU.

7.1.7.1 [Ipu mpueMo-CAaTOYHBIX HCIHBITAaHUAX TpaHchopMmMaTopa Ha 3aBOje-
U3rOTOBUTENIE B TPAaHC(HOPMATOPHOM MACI€ F'€HEPUPYETCS HEKOTOPOE KOJIMYECTBO
razoB. YpoBeHb [J[3 KOHLEHTpanMil Tra30B, pAaCCUATAHHBIX B PE3yJbTaTe
craTuctuiyeckoil oOpabotkn API' u3 TpaHchopmaTopoB TmOCHE 3aBOACKUX
UCIIBITAaHUM, MPUBENIEH B Tabnuile 4.

Ta6nuna 4 — Pexkomennyembie /I3 KOHIIGHTpAIlMu pPAacTBOPEHHBIX Ta30B B Maclie
tpancopmaropoB 35-220kB npu BBojJE B OKCIUTyaTalMilo MW MOCIe
IIPUEMO-CAATOYHBIX UCIIBITAHUN HA 3aBOJIE

Knacc nanpsikeHus J3 KoHLleHTpaluu ra3os, % o0.
TpanchopmaTopos, KB H> CH4 CoHe CoHy CoH: CO CO;
35 0,001 0,004 0,056
110 0,003 x* x* *x fala 0,009 0,070
220 0,003 0,007 0,065

** - ypoBEHb KOHIICHTPAIIUI HA TPAHMIIC MPeJIeia 0OOHAPYKEHUSI.

7.1.7.2 IIpo6y macna Ha API" u3 6aka tpancdopmaTtopa (peakropa) Ha 3aBO/ie-
U3rOTOBUTENIE PEKOMEHAYEeTCs OoTOupaTh 4epe3 4 —6 4acoB MOCIE OKOHYAHUS
ucnbeiTanuii. Eciu nonmydenssie pe3ynbratbl APIT X0oTst Obl IO OJTHOMY M3 ra3oB
MPEBBIIAIOT 3HaUeHHE TaOnuIbl 4, TO peKoMeHayeTcs: oToOpaTh npody Ha API
noBTopHO. [Ipu moarBepkaeHun mnpesbiieHus 3 KOHIEHTpalMii Ta30B cieayeT
ONPENEIUTh U YCTPAaHUTh MPUUMHY MOBBIIIEHHOTO T'a3000pa30BaHUs.

7.1.7.3 Tak KaK MOBBIIICHHbIE KOHLIEHTPALIUU Ta30B MOTYT OBITH CIEACTBHEM
MU3MEHEHUH KOHCTPYKIHUU TpaHCHOopMaTopa, TEXHOJIOTUU €T0 U3TOTOBJICHHUS, a TAKKe
XapaKTepUCTUK MaTEPUaJIOB, UCIIOJIb3YEMbIX MPHU U3TOTOBIEHUU TPaHC(HOPMATOPOB,
To /I3 KOHIeHTpamuii ra3oB, TpuBeAEHHBIE B Tabmuile 4, HOCAT CIPAaBOYHBIN
XapakTep.

7.1.8 [lepen BkItOYeHWEM B pPaOOTy HOBBIX WJIM TMPOMICAINIUX PEMOHT
TpaHCHOPMATOPOB  HEOOXOAMMO  OMPENETUTh  HadajdbHbIE  KOHIIEHTPAIlUU
pacTBOpéHHBIX Tra3zoB (Ag). Ecim A" mpesbimaior ypoHHM JI3, yKa3aHHBIE
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B Tabnune 4, TO peKOMEHIyeTcs TpPOBECTH Jerasanuio wmacia. Ecam  Takoi
BO3MO>XHOCTH HET, TO U3MEPEHHBIEC IE€PE] BKIIOUYEHWEM 3HAYEHUS KOHIEHTpaLuil
CJIETyeT IPUHSATH 32 UCXOJIHBIE.

7.2 Kputepuu ounenku pe3yjabTaTtoB API' 1o ckopocTH H3MeHEHHUS
KOHLEHTPAUMH ra3oB

7.210mua u TOT e OOBEM Taza MOXKET OOpPa30BBIBATHCS B TEUCHUE
JIOCTaTOYHO JJIUTEILHOTO MPOMEXKYTKAa BPEMEHH, KaK pe3ylbTaT OTHOCHTEILHO
HE3HAUUTETHHOTO JedeKTa, WK 332 OYCHb KOPOTKHM MEPHUO] B CIydyae CEpbe3HOTO
nedekra. I[losTomy 10 pe3yibTaTaM JIMIIb OJHOTO HW3MEPEHHUS HEBO3MOXKHO
00BEKTUBHO OILIEHUTH CEPhEZHOCTD MOBPEKIACHUS U CKOPOCTh €r0 Pa3BUTHS.

7.2.2 Kputepuii CKOpOCTH HapacTaHWs Ta30B B Macje OMNPENEisieT CTeNeHb
OMacHOCTHU pa3BHUBarolerocs nedexra Ay padoTarmux TpaHCPOPMATOPOB.

7.2.2.1 VIaMeHeHHEe BO BPEMEHHM KOHIICHTpAIlMil Ta30B B Maclieé MCIPaBHBIX
TpaHC(HOPMATOPOB  MOXKET TPOUCXOJWTH TIOJ  BO3ACHCTBHEM  Pa3IMYHBIX
AKCIUTYyaTallMOHHBIX (haKTOPOB, BCIECTBUE €CTECTBEHHOTO CTAPEHUS U30JIALINY, UITH
OBITh MHIUKATOPOM Pa3BUTHS TIOBPEIKICHUH.

7.2.2.2 Hannuune pa3BuBaromierocs aeexra B TpaHcGopMaTope MPUBOINUT KaK
MPaBUJIO K 3aMETHOMY POCTY KOHIIEHTPAIIMU OJHOTO UJIM HECKOJBKUX Ta30B.

7.2.3 3navyeHus a0COTIOTHON CKOPOCTH POCTa KOHUeHTpauuii ra3os u CPT’
HEOOXOIMMO OTIPEICIISATH JIJIsl CUJIOBBIX TpaHC(HOPMATOPOB (PEaKTOPOB) HPHU KaXKIOM
APT" npu BeIMoSHEHUHU yciaoBus 1m.7.2.5. Iy ompeneneHus: CKOpOCTH HapacTaHUs
CPI" nyxHo paccuutath cymMmmy konuenrpauuii CHy, CoHg, CoHg, CoHz, Hz B % 00.
Ha paccMaTpuBaeMylo Aaty t u npeapaymyio aaty (t-At).

7.2.4 3HaycHMs a0CONIOTHON CKOPOCTH pocTa KOHIeHTpanui I-ro raza u CPI’
omnpeaesieTcs 1o hopmyiie:

- Ab—ab,_
k. = 2020 (9 06 feyTin), )

rIe Aé,AEt_ At) - J1Ba MIOCIIEIOBATENBHBIX H3MEPEHHUS KOHIEHTPAIMH i-TO Ta3a,
% 00.;
At - BpeMst Mexay 0TOOpaMu MpoOd, CYTKH.

7.2.5 3Ha4yeHus aOCOMOTHON CKOPOCTH POCTa KOHIICHTPAIIUN PACCUUTHIBACTCS
Ul Kaknmoro u3 ra3zoB APIT mpu yciioBum, 9TO KOHIIEHTpAIlUU, OMpPEACIICHHBIE Ha
paccmaTpuBaeMyro naty A't m npeapayntyro 1aty A'tay, NPEBBIAIOT M0 KpalHeH
Mepe B 3 pasza rpejen obHapyxkeHus M4 cooTBeTCTBYIOLIEro rasa.

s pacuyera aOcomotHOi ckopoctd CPI' mo dopmyne 2 (i = CPI)
HE00X0IMMO, YTOOBI KOHIICHTPAIUS XOTsI OBl OJJTHOTO M3 ra3oB, Bxoasanmx B CPI™ (Ha
natel A, A'tap), IpeBbIIaTa cBoi npenen ooHapyxenus M1 s 3 pasa.

7.2.6 O1IeHKy TIOJIyY€HHBIX 3HAY€HUIl aOCOJIIOTHBIX CKOPOCTEl pocTta
HEOOXOJMMO TMPOBOJUTH C YYETOM BIHSHHS Ha WX JOCTOBEPHOCTH (HaKTOPOB,
YKa3aHHBIX B ITpuioxkeHusax Bu I

7.2.7 13 u I1[13 aOcoM0THOM CKOPOCTH POCTa KOHIIEHTpAIMi Ta30B Vi,
% 00./cyTKH pUBEJICHBI B TAOIHUIIE O.
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Tabmuma 5 - Pekomenayempie I3 u  IIJI3 abGcomoTHON CKOpOCTH  pocTa
KOHIICHTpAIlMii PAacTBOPEHHBIX Ta30B B Maciie CHUJIOBBIX TpaHC(HOPMATOPOB U
peakTopoB V'ys.

v ABCOMIOTHAS CKOPOCTh POCTA KOHIIEHTpaIuii ra3oB Vise, % 06./cyTkn
POBEHE ™ CHy, CoHe, C2Ha, Hz | CoHo CPT co COz
13 0,00005 0,0001 - -

1113 0,00005 0,00015 0,0003 0,0005 0,0015

«-» - 3BHAYCHUC HC PETIIaMCHTHUPOBAHO.

7.2.8 3HaueHuss aOCOJIIOTHOM CKOPOCTH pOCTa KOHIIGHTpAIui  Bcex
yriaeBogopoaHsix razos, Hp u CPI' mmke I3, a nma CO u CO, - nwmwxke I3,
COOTBETCTBYIOT MCIPABHOMY TpaHC(POpPMATOPY, MPU YCIOBUM, YTO KOHLIEHTPALUU
raszoB A't HuKe cooTBeTcTBYIOMUX A'y;, a pacdeTHBIH MHTEpBan oT6opa mpobd Aty
HE MEHbIIE PErIaMEHTUPOBAHHON MEPUOIUYHOCTH Aly.

7.2.9 3HaueHnss a0OCONIOTHOM CKOPOCTH POCTa KOHIEHTpAllUM JIFOOOTO W3
yTiIeBo10poAHBIX ra3oB, Hy wim CPIT Beimie /I3, Ho Hike I1/13, cBUIETENBbCTBYIOT
0 pa3BuTuu Aedekra B TpanchopmaTope, Ipu YCIOBUH, YTO UCKITIOUEHO BIUSHUE HA
KOHLEHTPAlUKM Tra3oB Ay SKCIUIyaTalMOHHBIX (DaKTOPOB M KOHUEHTpamuu A'
HAXOJATCS HUKE COOTBETCTBYIOMMX Ay,

7.2.10 3nauenue abcomoTHONM ckopocTu pocta KoHnentpanuid CoHy i CPT?
Beiie [1JI3 cBUaeTenbCTBYIOT O OBICTpOM pa3BuTuU AedekTa B TpaHchopmaTope,
IpU  YCIOBHM, 4TO MCKIIIOYEHO BIMSHHE HAa KOHIEHTpaluu ra3oB Al
IKCILTyaTaluoHHBIX GakTopoB ([Ipmnoxenue B).

7.2.11 PexoMeHIalMu MO OMPEICIICHUIO IEPUOJIMYHOCTA 0TOOpa Mpod mMacia
U MPUHATHIO PEIICHUs O AaJIbHEHIIEeN 3KCIUTyaTalliy WK BBIBOJIE TpaHCchopmaTopa
U3 paboThI IPUBEACHBI B pa3jieie 8 HACTOSIIMX METOANUYECKUX YKa3aHUH.

7.3 MeToabl naeHTH(PMKAIUY BHAA pa3BUBaIONIerocs Jedekra B CHJI0BOM
TpaHcdopmaTope u peakrope nmo pesyjabraram APT’

7.3.1 Onpenesienne BuUAa MW XapakTepa JedeKTa 10 OTHOILIEHUSIM
KOHUEHTPALUI nmap ra3os

7.3.1.1 Bung u xapakTep pa3BUBAIOIIMXCA B TpaHchopMarope eeKToB
OTIPEICIISICTCS. TI0 OTHOIICHUIO KOHIICHTpaIui ciaeayrommx rasos: Hp, CHj, CiHo,
C2H4 u C2H6.
[Ipu 3TOM cremyeT UCIOJIb30BaTh OTHOIIEHUS! Map ra3oB MPHU BHINOJHEHUU
000UX yCIIOBUH:
® KOHIIEHTpAIMs XOTs Obl OJHOTO Tra3a (M3 MATH MEPEUUCICHHBIX) Oblaa OOJbIIe
COOTBETCTBYIOILETO JI0IyCTUMOrO 3HaueHus A’y > A';
® KOHIIEHTPALMH ra30B A', BXOIAMIUX B OTHOLIEHHE AP ra30B, ObUIM B 3 pa3a BhILIE
npesiena ooHapyxenus A'y > 3-MA,
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7.3.1.2 Bun u xapakrep (TEpMUYECKHUI WK IEKTPUUECKUI) pa3BUBAIOLIUXCS
B TpaHc(opmaTopax 1edeKTOB MOKHO MPEIBAPUTEIHHO ONPEAEIUTH IO OTHOIIICHUIO
KOHIICHTpaIui nap u3 yetbipex razon: Hy, CH4, CoH,, CoHa.

VY cl10BUS MPOTHO3UPOBAHUS "'IIIEKTPUUECKOTO paspsiaa':

%20,1 u CH, <0,
C2H4 H2
VYcaoBus nporao3upoBanus "meperpesa’:
C.H, <0l mu CH, >0,5
C2H4 HZ
VYcnoBus nporHosupoBanus "neperpesa” u "paspsana’:
%20,1 U CH, >0,5
C2H4 H2
WIN
%< 0lwu CH, <05
C2H4 H2

7.3.1.3 Bun pasuBatomuxcsi B TpaHchopmaTtopax AehEKTOB OMpeaesieTcs
COTJIacCHO TabJynile 6 Mo OTHOIICHWIO KOHIIEHTpAlMi map u3 msatu ra3oB: Ha, CHy,
CoH,, CoHy u CoHg vimn rpaduuecku (11.7.3.2).

Tabnuna 6 - Onpenenenue xapakrtepa jaedekra B TpaHchopMaTrope 1Mo OTHOIICHHIO
KOHIICHTpaIui map razos [1].

OTHOILIIEHHE KOHLIEHTpAIMi
Ne Bun nporuosupyemoro aedexra XaPARTCPHLIX Ta50P
i |o TP Py a C:H, CH. CoHy
CoHy H» C2Hs
1 |YactuuHbie pa3psibl * <01 <0,2
2 |HckpoBble pa3psiabl HU3KOM SHEPrUn >1 0,1-05 >1
3 |HMckpoBbie pa3psiabl BEICOKOH Heprun, nyra | 0,6 —2,5 01-1 >2
4 |Tepmudeckuii neekT B [uana3zoHe HU3KUX * >1* <1
temriepatyp (1o 300 °C)
5 |Tepmuueckuit fedeKT B 1Uama3zoHe CPEeIHUX <01 >1 1-4
temmneparyp (ot 300 no 700 °C)
6 |Tepmuueckuit neeKT BHICOKOH <(Q,2** >1 >4
temmneparypsl (coiiie 700 °C)

* - 3HaUCHHUE HE CYIIECTBEHHO JIJIs TAaHHOTO BHJA eeKTa.
** - nopeillicHue  KoHueHTparuu CoHp Moker o3Hauarh, 4YTO TeMIlepaTypa B TOPSYHX TOYKax
BrIimre 1000 °C.

7.3.1.4 OrHomenne koHreHTpaiuid razoB CO2/CO n0noJHUTENBHO YTOUHSIET
xapakTep 1e(eKTOB, IPUBEIEHHBIX B TaOIuUIIE 6!
- €CITM TIOBPEKJICHUEM HE 3aTPOHYTA HEJUTFOI03HAs N30SI, TO

3<C0O,/CO < 10;
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- ecnu oTHouleHue koHmeHTpauuii razoB CO,/CO <3, TO MOBpeXIECHUEM
3aTPOHYTA LIEJUTIOJI03HAS M30JSLUS U BEPOSTHO HAIMYMUE HUCKPEHMsI WIM ropsuen
TOYKH ¢ Temmeparypoii 6osee 200 - 250 °C [3];

- ecii oTHomeHue KoHreHTparuid razoB CO,/CO > 10, To moBpexIeHHEM
3aTpPOHYTA IEJUTIONIO3HAST M3OJSIUS U BEPOSTEH HUBKOTEMIEpPaTypHbIA JedexT
¢ Temrieparypoii meree 160 °C [1].

Hcnonp30BaHrEe TaHHOTO COOTHOIICHHUSI PEKOMEHAYETCSl NMPHU IMPEBBIILICHUU
xonnentpauuamu CO u CO; cBoux npejenos ooHapyxenus MY B 3 pasa.

IIpr wmHTEpmpeTannyu IOJIYyYEHHBIX 3HAYECHWM OTHOLIEHUS KOHILIEHTpauuu
razoB CO,/CO crnenyeT yuuTHIBaTh BIMSHUE OKCIUTyaTAllMOHHBIX (AaKTOPOB
(mpunoxxenne B), a Taxke mmerh B Bumy, uyto COp m CO oOpasyrorcs B macie
TpaHC(OPMATOPOB TMpPH HOPMAIBHBIX pabOYMX TEMIEpaTrypax B pe3yJibTaTe
€CTECTBEHHOTO CTapEHUS U3OJIALIUH.

7.3.2 Onpenenenne Buaa aedgexra no juarpaMmMamM coCcTaBa ra3on

7.3.2.1 lnarpaMMBbl cOoCcTaBa Ta30B CTPOSTCS IO KOHIEHTPALUIM TISTU Ta30B:
Hj, CHa4, CoHs, CoHa, CoHa. OOpasel nedekToB B BHAE AUarpaMM COCTaBa Ta30B
0TOOpaKarOT O0IIHE 3aBUCUMOCTH B COOTHOIIIEHUSAX MEKY OTJETHHBIMH Ta3aMU ITPU
HarpeBax pa3HON TEMIEPATYPhI WU JICKTPUUECKHUX pa3psaax.

7.3.2.2 JluarpaMmbl cocTaBa Ta30B CTPOSITCS Uisi 000PYOBaHUS, B KOTOPOM
KOHIICHTpAIUs XOTsI ObI OJTHOTO M3 YTJIEBOJIOPOJHBIX ra3oB win Hy mpesbimaer /13,
npuBeAEHHBIC B TA0IHIIE 3.

7.3.2.3 [lopsnok NOCTpOEHUS AUarpaMMbl COCTaBa ra30B.

7.3.2.3.1 Onpenemuts cpemu rtasoB (Hz, CHa, C,Hg, CHas, CoHp) ras,
UMEIOIINIA MaKCUMaJIbHYI0 aOCOTIOTHYIO KOHILIEHTpauto (% 00.).

7.3.2.3.2 OnipeieninTh BEJIWYMHY OTHOIICHHWS KOHIICHTpAIlMK KaXKJIO0ro rasa
K KOHIIGHTpAllMM Ta3a, HMMEIOUIEr0 MaKCUMAaJIbHYI0 KOHUeHTpanuio. s rasza
C MaKCUMaJIbHOW KOHIIEHTpaIMeN 3TO OTHOLIEHUE OyIeT paBHATHCS 1.

7.3.2.3.3 IlocTpouTth auarpaMMy cocTaBa ra3oB, Ha KOTOPOM IO OCH a0CIIHCC
PaBHOMEPHO PACTIOJIOKHUTH a3kl B Takou nocienoBarenbHoct: Hy, CHa, CoHs, CoHa,
C,H2, a mo ocu oparHAT OTIOKUTH BHIYUCICHHBIC OTHOIICHUS JIJIST KAKIOTO U3 dTUX
ra3oB. [lory4eHHBIC TOYKU COCTUHUTD MPSMBIMU JTHHUSMHU.

7.3.2.4 Onpenenenne Bujga Jnaedexkra MO JguarpaMMaM CcocCTaBa Ta30B
3aKJTI0YAETCS B HAXOXKICHUH THarpaMMbl oOpasza nedexra (puc.l - puc.12), Haubomnee
NIOXO0XEHN Ha arpaMmy COCTaBa ra3oB aHanu3upyemoro usmepenust API'.
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JledeKThl, BBI3BaHHBIE Pa3psiiaMi, OCHOBHOI1 ra3 — Bogopon (Hz)
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Je¢eKThI TEPMUUYECKOT0 XapaKTepa B IHANA30He CPEHUX TeMIeparTyp,

ocHOBHO¥ ra3 — metaH (CHa4)
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7.3.3 Onpenesienue Buaa nedexra meroaom JaBugenko-OBUYHHHUKOBA

7.3.3.1 CocTaB pacTBOpEHHBIX B Macjie Ta30B 3aBUCUT OT BHJA U XapakTepa
paszBuBaroierocs nedexra. s naentudukanuu nedekra HeoOX0IMMO PacCUnUTaTh
OTHOCHUTEJIbHBIE ~KOHIIEHTpAllMM Tra3oB a' 1no Qopmyne 1, ucnonssys JI3
KOHIIEHTpaluii ra3oB A'y;, ¥ BHIIOIHUTL KOJMPOBAHUE IOJYYEHHBIX 3HAUYEHHH a'
B COOTBETCTBHUU CO CIEAYIOIUMH YCIOBUSIMHU:

A — OCHOBHO¥ Ta3 JiyIs JaHHOTO JedeKTa, MPpu MaKCUMAJIbHOM OTHOCUTEIIbHON
KOHLEHTPALUHK ('may YTJIEBOJOPOIHBIX Ta30B U Hy U yCIOBUH @'yax > 1;

b —ra3 Cc BBICOKHM COJIEPKAHHEM, €r0 OTHOCUTENbHAs KOHLEHTpauus a'
BTOpAsl 110 BEJMYMHE CPEIU PACCMATPUBAEMBIX Ia30B U a' > 1;

B — ra3 npu OTHOCHTEILHON KOHIEHTPALUH @' TPEThell 10 BeIHYMHE WM
BTOPOI 110 BEIMYHUHE, HO @' < 1;

I — Bce ocTasibHBIE Ta3bL.

[To mosmyyeHHOMY TATU3HAYHOMY Koay (HaOopy OYKB), OIMCHIBAIOILIEMY
OTHOCHUTEJbHBIE KOHIIEHTpAllUM Ta30B aHanu3upyemon mpoOsl API, MoxxHO
ONPEICIIUTh BUJ Ae(eKTa C TOMOIILIO TaOIUIIBI 7.

Tabnuua 7 - Onpenenenne Buaa 1edexra no XxapakTepHOMY COCTABY ra3oB

Ne | Bun npornosupyemoro nedexra H» CH4 | CoHs | C2Ha |CoH2
1 | Tepmuueckuii nedext (10 300 °C) B, T b A I'B| I
2 | Tepmuueckuii nedext (ot 300 g0 700 °C) I A B b I
3 | Tepmuueckuii nedexr (6onee 700 °C) r b B A r
4 | 4Yp A B r r I
5 | MckpoBble pa3psiabl MaJION S3HEPTHH A B r r b
6 | [dyra, uckpoBbie pa3psabl O0IbILION SHEPTUN b B L L A
’ I B r b A
7 | Kommozumus nedextos ¢ npeodiaganueM aedexra
AJIEKTPUYECKOT0 XapaKTepa I b r B A
8 | Komnosunus nedexros ¢ mpeobiananuem aedexra
TEPMHYECKOT0 XapaKkTepa B, T A b I' |B,T

7.3.3.2 B ciiyyae, eciu TMOJTYyYUBIIMNCA TATH3HAYHBIA OYKBEHHBIM KO HE
COBIIAJIaCT HU C OJIHUM M3 MPUBEAEHHBIX B TaONMIE 7, CIeIyeT HAWTU HamboJsiee
MOXO0XKUM U3 KOJOB JedekToB. s 3TOro cHavana oTOMparoTCs KOJbl 1ePEKTOB M0
COBMAJICHUIO Tra3a, OTMEUEHHOTO OyKBOU «Ay». Ecnu Takux xomoB 0osee 0JTHOTO, TO
U3 HUX BBIOMPAETCS KOJI 10 COBIMAJCHHIO Ta3a, OTMEUCHHOro OykBoi «b» (nam «By»
IPU OTCYTCTBUU B KOJie OYKBHI «b»).

7.3.3.3 OtHomenne koumneHtpaiuii razoB CO,/CO, nmpuMeHeHHEe KOTOPOTO
omucaHo B 1. 7.3.1.4, JOMOTHUTENBHO YTOYHSET JIOKAIHM3AIUI0 J1e(PEKTOB,
MPUBEAEHHBIX B TaOHIIE /.

7.3.3.4 Meton  JlaBuneHko-OBUMHHUKOBA  MOXET  TMPUMEHSTHCS IS
uHteprperauu API" He Toiapko U3 TpaHCHOPMATOPOB, HO M U3 BBICOKOBOJIBTHBIX
BBOJIOB, TpaHC(OPMATOPOB TOKA M HANPSHDKEHUS (MPU HCIOJI30BAaHUU TPAHUYHBIX
3HAYEHUH ISl JAHHOTO BHJ1a 000OPYIOBaHMUS ).



7.3.4 Ilpumepsl TPUMEHEHHS METOJAOB HIAEHTU(UKAIUKU Buaa 1aedekra
no pesyibrataM API" npuBenens! B [Ipunoxenun /.

8 IlepHOAMYHOCTH KOHTPOJISI CUJIOBBIX TPAHCHOPMATOPOB H PEAKTOPOB

8.1 [lepuoauunocts API' cumoBbIX TpaHC()OPMATOPOB M PEAKTOPOB (1ajee
TpaHc(hopMaTOpPOB) MPH BBOJC B IKCIUTyaTalMI0 U BO BpeMs dSKcIutyataiuu (Atg)
pernmamentupoBana CTO 34.01-23.1-001-2017.

8.2 IleproaANYHOCTH KOHTPOJISI PH BBO/IE€ B IKCILIyaTAIUIO.

8.2.1 APT' nna TtpanchopmaTOpoB Kiacca HampspkeHuss 35 kB u  Bblie
POU3BOUTCS:

- IepeJ1 BBOJAOM B paboTy,

- Iepe]] HayaJloM U MOCIe 3aBEPIICHUs KaUTAIbHOTO U BOCCTAHOBUTEIBLHOTO
peMoHTa TpaHcpopmaTopa u/uim padoT ¢ MacjioM,

- IOCJI€ ITTUTENBHOTO HAXOK/ICHUS B OTKJIIFOUEHHOM COCTOSIHUM.

8.2.2 Ilepnoanunocts API:

- Bce TpaHchopmatopsl 35 KB, He3aBUCHUMO OT Harpy3KH, OCIIE BKIIOYEHUS X
B pa0oTYy clieayeT KOHTPOIUPOBATh B TEUEHHUE MEPBBIX 3 CYTOK;

- TpaHcopmaTtopsl 35 kB (Onounble TpaHchopMaTopsl, TpaHC(HOPMATOPHI
COOCTBEHHBIX HYXJ M TpaHCPOpMATOPhl, UMEIOIINE CPEAHETOOBYI0 HAarpy3Ky He
meHee 50 % OT HOMHUHAJIBHOMW) MOCIIE BKIIOUYEHHUS UX B pabOTy — B TEUEHHUE MEPBBIX
3 cyTOK, yepe3 1 u 6 Mecses;

- TpancopmaTopsl kiacca HampsbkeHuss 110-220 kB mocne BKITIOUEHHS UX
B paboTy - B T€UEHHE MEPBBIX 3 CYTOK, uepe3 10 queit, 1, 3 u 6 mecsIies.

8.3 IlepuoANYHOCTH KOHTPOJISI BO BpeMsl IKCIIyaTAlUH.

8.3.1 Bo Bpems skcrutyatanu APIT 10oKeH OoCyIIeCTBISITECA B CIEAYIOIINE
CPOKH:

- TpancopmaTtopel 35 kB (610uyHBIE TpaHcPopMaTOpbl, TpaHCHOPMATOPHI
COOCTBEHHBIX HYXJ M TpaHCPOpMATOPhl, UMEIOIINE CPEAHET0I0BYI0 HAarpy3Ky He
Menee 50 % oT HoMUHANIBHO) HE pexe 1 pa3a B 6 Mecsl1IeB;

- TpanchopmaTopsl kinacca Hanpsbkenus 110 kB u Beiie He pexe 1 paza B 6
MECSILIEB.

o perieHnIo TEXHUYECKOTO PYKOBOJUTENISI SHEPTONPEATIPUATUS MOKET ObITh
omnpenenéH MOTMOJHUTENBHBIA TiepedueHb TpaHchopmaropoB 35 kB, momiexamux
KOHTPOJIK0O M JAWArHOCTHUPOBAHUIO MO pe3yinbrataM API' B Macie m Ha3HadeHa
MEPUOTUIHOCTD UX KOHTPOJIS.

8.3.2 IlpoBenenne BHemnanoBoro APIT cuioBeix TpaHchopMaTopoB
PEaKTOPOB PEKOMEH IYETCs MIOCII€ BHEIIHUX KOPOTKHUX 3aMbIKaHUMH.

8.3.3 [Iposenenne API' o0s3aTenbHO TOCIE TEXHOJIOTHYECKON 00pabOTKH
Mmacia.

8.3.4 YpoBeHb KOHIICHTpaMii OTAeNbHBIX Ta3oB u CPI' mis ucmpaBHOTO
TpaHchopmaropa He JOJKEH TMpeBbIaTh ypoBeHb [[3, cormacHo Tabnwmie 3
(c yueToM  KOHCTPYKTUBHBIX ~ OCOOCHHOCTEM M CpoKa  JKCIUTyaTaluH



Tpancopmatopa) u ckopocth Hapactanus CPI' He momkna npesbimats 13,
corjiacHo tabmuiie 5.

[lepuoiMuHOCTH KOHTPOJISI UCIIPABHOTO TpaHc(hopmaTopa periaMeHTUPOBaHA
CTO 34.01-23.1-001-2017.

8.3.5 IlepuoanuHocTh 0OTOOpa MpPOoO Macjia W pelieHue O AajbHenIen
AKCIUTyaTalli WM BBIBOJIE TpaHchopmaropa U3 pabOThl JOKHO NMPUHUMATHCS
C YUETOM CJIeIYIOUX (DAKTOPOB:

- IMPEBBILLICHUE KOHIIEHTpaLun rasoB Al COOTBETCTBYIOIIUX
perIaMeHTUPOBAHHBIX 3HaYeHuit A’y um A’y (cM. Tabnuny 3);

- TpPEBBILICHHE aOCOJIOTHBIX CKOPOCTEl pocTa KOHLEHTPALUW Ta30B
COOTBETCTBYIOIINX PErIAMEHTUPOBAHHBIX 3HAYCHUH (CM. TaOHITy 5);

- XapakTep npeamnoaraeMoro nedexra (3MEeKTPUISCKUN I TEPMUIECKUI) U
CTEIEHb €ro pa3BUTHUs (CM. 11.7.3).

8.3.6 [lnms  pabGoTocnocoOHBIX  TpaHCHOPMATOPOB C  MpeJrojaracMbIiM
pa3BuTHEM JedeKTa NIEPUOJUIHOCTh 0TOOpa MPOO Macia yCTaHABIMBAETCS B KAXKI0M
KOHKPETHOM cllyyae, UCXOJS M3 COCTaBa M KOHUEHTpAI[MU ra3oB, MPEBBICUBIINX
coorBerctByromme J3 wu IIJ[3, ckopocTm wuX HapacTaHuWs B COOTBETCTBUU
¢ pekomeHaanusamMu Tabauie 8 u 11.8.3.8-8.3.9.

8.3.7 B tabmumie 8  mpuBeAcHBI ~ PEKOMEHAYEMBIE  YCJIOBHS  BBIOOpA
nepuoguyHocTd API', oCHOBaHHBIE Ha NPOBEPKE MPEBBIIIECHUS KOHIIEHTpALUA
yraeBoAopoaHbix ra3oB, Hy u CPI' cBoux pernamMeHTUpOBAHHBIX 3HAYEHUH, a TAKKe
3HAYECHHI a0COFOTHOM CKOpOCTH pocTa KoHIeHTpamwmii 1151 CPT" u CoHa.

8.3.7.1 Eciiu u3mepeHHbIe 3HAYCHHSI KOHIIEHTPAIMH YTJIEBOIOPOIHBIX Ta30B,
H; u CPI'" He npesbimator JI3 (4 < A'y,), To UHTEpBaN BPEMEHHU 10 CJEIYIOLIEr0
u3MepeHust Aty HYKHO paccuuTathb 1o Gpopmysie:

At-(AFT-45")

MEC.), 3
30T AT, ) (mec.) 3

rae At — uHTepBall MEX1y 0TOOpaMu Mpoo, CYTKH;
AT - 113 CPT;

ASPT A?tP_rAt) — TeKyuee u npeapiayuiee 3auenue CPI.

x =

8.3.7.2 Ecnu u3MepeHHbIe 3HAUYCHUS KOHIICHTPAIMH YTJIEBOJIOPOIHBIX Ta30B,
H, u CPI" Beime J3, Ho Huxe I1JI3 (Al > At > 4'y) TO MHTEpBan BpeMeHHU 10
CJIeYIOLIEro u3MepeHust Aty Hy»KHO paccuMTaTth AJi yrieBOAOPOAHbBIX ra3oB, Hy u
CPI" o ¢popmye:

_ At(AL-4p)
X — - I
30-(Ap—A(t—pt))
rae Aﬁm — IT/13 koHueHntpanuu raza wiu CPI'

(mec.), (4)

8.3.7.3 Ecnu HauMmeHbI11ee U3 pacCUMTaHHBIX MO (hopmynaM 3 Ui 4 3HaYCHU
Aty < Aty TO cienyrolliee U3MEpPEHUE MPOBOAAT uepe3 Aty MecsleB, HHAYE — Yepe3
At ; MecsiIeB.



Tabnuia 8 — Pexomenayemas nepuoaunaHocts APIT 11 cumoBeIx TpanchopMaTopos
¥ pEaKTOPOB U HEOOXOAMMBIE IKCIUTYaTAIIMOHHBIE MEPOTIPHSITHSI

Ne YpoBHU 3HaueHus [Inanu- Cocrosiare 000py10BaHUS
KOHLEHTpaLun rapaMeTpoB pyeMblil | ¥ HEOOXOJMMBbIE SKCILTyaTalluOHHbIE
razoB VP 6, VC2H2,5 | MHTEpBAI MEpOIPHUATHS
% 006. /cyTkH orbopa
Aty, Atg, npod
MecsIIIeB APT
1 PaborocnocobHoe cocTosiHUE.
: _ VEPT 6 > 0,00010 Aty
Ai< 4 JlononHuTeNnbHbIE MepBI HE
t 13 AtX > Atd MECSIICB
| - TpeOyIOTCH.
2 ACPT < 4CPT VCPT_ > 0,00010 At PaborocnocobHoe cocTosHUE.
Aatc < A ¢ Mec;lieB N3MeHHUTh MepHOJUIHOCTH KOHTPOJIS
X d
3 PaboTtocnocobHoe cocTosiHIE.
[IpoananusupoBath (110 BO3MOXXHOCTH
Aty = Aty 3 Mecsia | UCKIIOYUTB) BIIUSIHUE
SKCIUTyaTallMOHHBIX  ()aKTOpPOB  Ha
|| YPOBEHb KOHIEHTPALUH.
4 Aty > Aty>3m PaGouee cocrosinue. IIpornosupyercs
V6. <0,00010 3 pasButHe nedekra.
Mecila | yrounuts xa
" pakTep nedexra
VC2H2 < ().00005 JIOTIOTHUTEIHHBIMU BUJIAMHU KOHTPOJIS.
5 [Ipu coxpanenun (MOATBEPIKICHUHN)
i i i AtX <3m
A > A >A' s CPL- CKOPOCTH  poOCTa  PEKOMEHOYETCS
WIN V&a6. <0,00010 Aty MIPOBECTU BHEOUYEPETHBIE UCTIBITAHUS B
ACPT > ACPT>4CPT 1 MCCALEB | o6péme 1.9 CTO 34.01-23.1-001-
VE2H2 6. < 0,00005 2017
6 Aty > 1m Pabouee coctosinue. IIporHosupyercs
(VP46 > 0,00010 . ObIcTpOE pazBuTHE AcdeKTa.
WK MECAL | YrounuTs XapakTep nedexra
VC2H2 > 0,00005) JIOTIOTHUTEIBHBIMU BUJJAMHU KOHTPOJIS.
7 Ao < 1u IIpu coxpaHeHun (MOATBEPXKIACHUN)
X
CKOPOCTH pPOCTa MPUHATH PEIIEHUE O
(Va5 > 0,00010 | Aty BBIBOJIE TpaHC(OpMaTOpa ( )
P P pa (peakTopa) B
ot v MECAICE | pemoHT 70021 IPOBEICHUN
Ve 6. > 0,00005) KOMILTEKCHOTO 00CIIeI0BaHMSL.
8 [IpenoTkazHoe COCTOSIHHE.
YTOUHUTH Xapakrtep nedexra
VCPT <0 00010 JIOTIOJTHUTEIBHBIMU BUJAMH KOHTPOJIS.
abe " He Oonee | [Toroputs APT. Ilpu moaTBepxaeHnn
_ ' VM2 < 0.00005 1 Mecsila | pocTa KOHILIEHTpAlMii ra3oB MPHUHSTH
A'v> Ay abe = Y pelieHre O BBIBOJE TpaHChopmaropa
WJIH (peakTopa) B pEMOHT WJIM MTPOBEJICHUU
| AT, KOMILIEKCHOTO 00CIIEI0BaHHS.
9 [IpenoTkazHoe COCTOSIHHE.
VP 6¢>0,00010 [Toroputs API". I[Tpu monTBep)AeHUU
Wi ©KETHEBHO| pOocTa  KOHIIEHTpaluuid  ra3oB -
VEH2 < >0,00005 OTKJIIOYHTH Tpanchopmarop
(peakTop).




8.3.8 Ecniu koHmeHTpanuu yrieBoAgopoaHsix rasoB, H, u CPI, a Taxxke
ckopocTtd uX pocta He mpesbimaioT /I3, a koHmentpanus CO wumu CO; Bblle
cootBercTBytomero JI3, Ho Hmke I3 (4> A1>A4') m ckopocts pocta
koHneHTparuit CO unu CO, Beimie [1J13, To Cpok caeayroero KOHTPOJIsl pacCUuTaTh
o ¢hopmyuiie 4.

Ecnu pacdetHblil mepuoa MeHbIIe periiaMmeHTupoBaHHoro (Aty < Aty), TO
caenyromuii API" npoBectu uepe3 Aty mMecsleB, HHAYE — C PErJIAMEHTUPOBAHHOU
MEPUOIMIHOCTHIO 0TOOpa At ;.

8.3.9 Ilpu npuHATHH pernieHus O NOCTaHOBKE TpaHc(opmaTopa Ha KOHTPOJIb
no 1.8.3.8 HeEoOXOIWMO BBINOJHUTH MEPONPUSATHS ISl ONPEICNICHUs MNPUYUH
yBenunueHus: koHueHTpauuii CO u COy.  ycTpaHuTh BO3MOXKHOE BIIUSHUE
HKCIUTYaTaIl[MOHHBIX (DAKTOPOB; MPOBEPHUTH COCTOSIHME CHUCTEM OXJIXKICHUS U
3alIUTHl Maclla Ha TepMETUYHOCTh. [IpM BBIICHEHMHM NPUYMHBI POCTa OKCHJIOB
yriaepoaa  TpaHcopMmMaTop MOXHO CHATh C  KOHTpOJIA,  3allJIJaHUPOBAaB
COOTBETCTBYIOIIIME DKCILUTyaTallMOHHBIE Mepornpusatua. Ecnu npuurHa He HaljeHa,
koHneHTparuu CO wunu CO; Beimie cootBercTByromiero I1J13, a ckopocth pocta
koHneHTparuit CO wim CO; octaercs Bwimie [1J[3, To mporHo3upyeTcss aKTUBHOE
pa3pyllieHHe IEeJUTI0JI0O3HON H30JSIMU U PEKOMEHJIYeTCsl IUJIaHUPOBATh BBIBOJL
TpaHcopmaropa wu3 pabOThl I JajbHEWIIEro oOcJeAoBaHUS C  IENbIO
0OHapyKEHUS U TIOCJICIYIONIETO YCTpaHeHus aedexra.

8.3.10 llna  mpuHATHS  pelleHMs O  JajbHEHIIed  dKCIulyaTanuu
TpaHchopMaTopa ¢ MpU3HaAKaMU pa3BUBAIOIIETocs e(exTa He0OX0IUMO:

- IPOAHAIU3UPOBATH U (ITPU HAJTUYMU BO3MOKHOCTH) YCTPAHUTD (HUITU YUECTh)
Biusinue Ha APT" ¢akropos, nepeuncnennsix B [Ipunoxenuu B u I

- OIPEJEUTh BUJ pa3BUBatolIerocs aedexra mno pesyiabraram API" merogamu
1n.7.3;

- OTNIPE/ICNIUTh TEPUOJUYHOCTh OTOOpa MpoO U HEOOXOJAMMbBIE JEUCTBUS
nepcoHaa coriacHo Tabmuie 8;

- YTOYHUTh  TEXHUYECKOE  COCTOSHHME  TpaHcopmaropa  MeToAamu
TEXHUYECKOTO JMAarHOCTUPOBAaHUS (B MEPBYIO OYepeqb, HE TPEOYIOIMMHU BBIBOJA
0o0opyoBaHus U3 pabOTHI).

9 /lmarHocTupoBaHMe  pa3BUBalOMUXcsl  JAedeKTOB B  CHJIOBBIX
TpancdopmaTopax no pesyiabtaram API' u3 razosoro peJe

9.1 Ilpu TtepmuueckoM nedekTe B 30HE BBICOKUX TEMIIEpATyp WM pa3psiax
BBICOKOW SHEPTUU BBIICISIONIUECS Ta3bl HE YCIEBAIOT MOJTHOCTHIO PACTBOPUTHCS
B MacJie cuiioBoro TpancgopmaTtopa. OOpa3yrommuecs my3bIpbKH Ta3a MOJHUMAIOTCS
Ha TOBEPXHOCTh, HAKAIIJIMBAIOTCS B BEPXHEH yacTH 0aka, 4TO B UTOTE MPHUBOIUT
K cpabaTbiBanuto razoporo pene (I'P) Ha curHan wiam Ha  OTKIIOYEHHUE
TpaHcdopmaropa.

9.2 Tak kak my3sIpbku ObicTpo gocturaioT [P, mexmy razom ['P u razamm
B Macje CHayajJla HET pPaBHOBECHOTO COCTOSIHMS. 3aTeM JIETKOPacTBOPHUMEIE
(cormacho Tabmuiie 9) ra3sl MepexoadaT B MAcio, UCKa)kas COCTaB MCXOIHBIX ra30B



I'P, xapakrepusyromuii Bun aedexra. CienoBarenbHo, 0TOOp CBOOOJHBIX Ta30B U3
['P HY>HO BBIMOJHUTH KaK MOKHO ObICTpee Mociie ero cpadaTbIBaHUS.

9.3 I'P MoxeT cpaboTaTh U B ClIy4asix, HE CBSI3aHHBIX C pa3BUTHEM JieeKTa: B
pe3ynbTaTe nonajgaHus Bo3ayxa B 0ak CHapy>kH, IPH BbIJECICHUH T'a30B U3 Maciia pu
PE3KOM CHIKEHUU TeMIEepaTypbl WM BbIJEICHUH (TEXHOJOTUYECKHUX) Ta30B,
a7copOMpPOBaHHBIX OyMarou, Mpu BBoJie TpaHchopmaTopa B padoTy.

B atux ciywasix cocraB razoB u3 ['P Oyner cooTBETCTBOBAaTH Kau€CTBEHHO
Y KOJIMYECTBEHHO COCTaBY I'a30B BO3/lyXa — BO3MOXKHO, C MaJIbIMU KOHIIEHTPAI[USIMU
JPYTUX Ta30B, XapaKTEPU3YIOMIMX JECTPYKIMIO H3OJSIUOHHBIX MaTepHayioB. B
cinydae "mojcoca" Bo3ayxa B 0ak u3 armocdepsl monst O, COCTaBISET MPUMEPHO
21 %, a N3 - 78 % (st cyxoro Bo3ayxa). C MOBBIIEHHEM BIQKHOCTH BO3/IyXa JTOJIS
O, u N2 B HEM MOXKeT yMeHbIIaThCsl cyMMapHoO Ha 2,5-4%.

9.4 Tlpu cpabateiBanuu I'P Ha curHaNM WK HA OTKIIIOYEHHUE CIEeIyeT 0ToOpaTh
npoOy raza u3 razoBoro pese (CBOOOJHBIN ra3) U OJHOBPEMEHHO MpoOy Maciia U3
0aka Tpanchopmaropa. Eciu He yaamock ObICTPO cliefiaTb 0TOOP CBOOOIHBIX Ta30B
u3 ['P, pekomenayeTcss JOMOJHUTEIBHO 0TOOpaTh MpoOy macia u3 ['P.

9.5 HyxHo ouenuth koHeHTpanuu Oz u Ny B npo6e raza u3 I'P Ha npeamer
nonajaHus ra3oB cHapyxu. Eciu cocraB rasoB u3 I'P cooTBeTrcTByeT cocraBy
BO3/lyXa, TO IOCJIE OCMOTpPa W BBIABJICHHUS TNPUYMH MONAJaHUs BO3lyXa B Oak,
TpaHc(hopMaTop MOKET OBITh BBEJIEH B paldOTYy.

9.6 Jlanee HEOOXOAUMO KOHLEHTpamuy ra3oB Al M3 ra3oBoro peie npHBeCTU
K SKBHBAJICHTHOM KOHIIEHTPALIMU T'a30B, PACTBOPEHHBIX B MAcCIIE:

Aly= A B} (5)

rie A'y, - NpuBenEHHAs KOHIEHTpanus ra3oB B Macie (% 00.);
A'; - koHueHTpanus i-ro rasa B rase I'P (% 00.);
B: - xoaddunment OctBanbaa npu T °C oT6opa mpoosi.

PactBopuMOCT, Ta30B B TpaHCPOPMATOPHOM Macje XapaKTepH3yeTcs
koddummentom  OcTBasba B%, KOTOPBIM  ompenensercss Kak OTHOUIEHUE
KOHIICHTpAIlMM ra3a B Macjie K pPaBHOBECHOW KOHIIEHTpAllMU TOTO K€ raza B
MPOCTPAHCTBE HAJ MACJIOM IIPU OJHUX U TEX K€ MaplralbHOM JIABJICHUU raza u
TeMreparType.

3nayenue kodpdunmuentor OcTBanbaa s OTACHbHBIX razoB mnpu 20 °C
v gapieHud 760 MM.pT.CT. Béo npuBeneHo B Tabiuie 9 COrJIaCHO
CTO 56947007-29.180.010.094-201 1. 3nauenue BLs npu 45 °C - Ha OCHOBE JAHHBIX
uctounuka [5].

3HayeHue KOADQPUIMEHTOB [JIsi JAPYTHMX IOJOXHUTEIBHBIX TEMIIEpaTyp
PEKOMEHYETCsl ONPEACIISITh METOA0M JIMHEHHOM anmpoKkcuMaIuu mo Gopmyiie:

BL = Bi, + k! - (T — 20) (6)

rie T — temmeparypa Macia rnpu otoope npoosi, °C;
B2 o— KO3 PHIIHEHT pacCTBOPUMOCTH i-T0 ra3a B macie mpu 20 °C;



k' —xo3ddunmeHT MMHEHHON anMPOKCUMAIIUU 3aBUCUMOCTH PaCTBOPUMOCTH

i-ro raza B Macjie OT TeMmmeparypbl Bf, HaWICHHBIA s 3HAYCHUIN
temneparypsl 20 °C u 45 °C.

Ta6nuna 9 — 3nauenus Kod3(PpGUIIMEHTOB PaCTBOPUMOCTH Ta3oB (K03 GUIIMEHTOB
OctBasibga) ¥ KO3(DPUIMEHTOB JUHEHHONW amnmpoKCUMAIMH TeMIEepaTypHO
3aBUCUMOCTH

Ta3 B’ ipu 20 °C By ipu 45 °C kt
H» 0,05 0,05 0

02 0,15 0,16 0,0004
N2 0,09 0,095 0,0002
CcO 0,12 0,11 -0,0004
COz 1,08 0,73 -0,014
CHa 0,40 0,35 -0,002
CzHa 1,20 1,03 -0,0068
C2Ha 1,75 1,35 -0,016
C2Hs 2,78 1,98 -0,032

Ko dunuents: BL. HeoOXOMUMBI P MHTEPIPETALMH PE3yIHTATOB AHAIIN3A
ra30B U3 ra30Boro pene. Kpome Toro, pacTBOPUMOCTh Ta30B HEOOXOAUMO YIUTHIBAThH
npu uACHTU(PHUKAIINHN BHIa AeeKTa, pacueTa CKOPOCTeH N3MEHEHUS KOHIICHTPAIUH.

9.7 lanee HEOOXOAMMO CPAaBHUTH MPUBEAEHHBIE KOHIICHTPAIIMK T'a30B AiHp co
3HAUEHMSAMH KOHIIEHTpaluii ra3oB u3 6axa Tpancdopmaropa A'. Eciau pe3ynsTaTsl
UMEIOT OJIM3KWE 3HAa4YeHHs, TO 3TO CBHUJETEIBCTBYET O TOM, YTO Ta3 B pele
HaKalUIMBaJICA  MEJJICHHO, B PaBHOBECHOM COCTOSHHHM. B aTomM  ciydae
untepnperauus API' u3 6aka Tpanchopmaropa u Ta3oBoro pene OyAeT JaBaTh
ONMMHAKOBBIM BUJ JAedekta. CBoeBpeMeHHO au oToOpan Ta3 u3 [P, MoxHO
NOJTBEPAUTh CPABHEHHEM JUarpaMM COCTaBa Ta30B. MPUBEACHHBIX 3HAUCHUUN
CBOOOIHBIX Ta30B Ainp, API' macna w3 razoBoro peme u APIC u3 Oaka
tparcdopmaropa. [Ipu cBoeBpeMeHHOM 0TOOpE TMarpaMMbl coctaBa ra3os (1. 7.3.2.)
B Maciie 6aka Tpanchopmaropa u maciie I'P OynyT moxoxu.

9.8 Eciu B macne Tpanchopmaropa HaOMIOJAETCS HU3Kas KOHIICHTpAIUs
rasoB, a TAKXKe COCTaB rasoB A u3 6aka TpaHcdopmaTopa OTIMYAETCS OT COCTABA
ra3oB A'y, Ta3oBoro pene, To AeEKT pa3BUBANCA OBICTPO B HEPABHOBECHBIX
yciousx. B oTom ciydae unentudukanus aedekra no sHadenusm A'y, uz I'P nact
0oree TOCTOBEPHBIN pe3yabTaT, 4eM U3 0aka, IpH yCIOBUH, YTO Mpoda oToOpaHa u3
I'P noctatouHo OBICTpO.

9.9 [Ipu HecBoeBpemeHHOM oTOOpe raza u3 ['P wnm orcyrcTtBUM 0TOOpA,
OlICHKa BHJa JAepeKTa MOXET MPOBOAUTHCS IO JAHArpaMME COCTaBa Ta3oB,
pacTBOPEHHBIX B Macie, oToOpanHoM u3 ['P.

9.10 Onpenenenune Buma aedexTa MPOBOAUTCS HA OCHOBAHHH MPUBEAEHHBIX
3Ha4YeHuH rasos 4',, MeTomaMu uHTEpNpeTanuu pe3ynsratos APT m.n. 7.3.1-7.3.3.

9.11 Ecnu cocrtaB ra3oB u3 ['P yka3piBaeT Ha A€PEKT TEPMUUYECKOTO WM
AIIEKTPHUYECKOTO XapakTepa, To Tpancopmarop obciexyercs (mpu HEOOXO0IUMOCTH



C BHYTPCHHHM OCMOTPOM) JUII YCTAHOBJICHUS TPUYHMHBI BBIJCICHUS Ta30B
Y BBITIOJIHEHUS JEUCTBUH 10 €€ YCTPAHECHUIO.

[IpumMepbl OUArHOCTUKHU 3KCILUTYyaTallMOHHOTO COCTOSIHMSL TpaHc@opMmaTopa
o pesysabrataM API" nipuBeneHsl B npuioxeHuu /.

10 Onpenenenue Haauuusi AedexkTa B BBICOKOBOJBLTHBIX BBOJAX
o pesyiabtaram API’

10.1 Tunnunbie nedeKThl BLICOKOBOJIbTHHIX BBO/IOB

[Ipumepsl TUNUYHBIX JAEPEKTOB MACIOHAMOIHEHHBIX BBICOKOBOJIBTHBIX
BBOJIOB CHJIOBBIX TPaHC(OPMATOPOB M MACIHSHBIX BBIKIIOYATENEH B IMPUBEACHbBI
B Ta0nwmie 10.

OcobeHHOCTH  MexaHHM3Ma Ta3000pa30BaHUsI B MACJIOHAMOJHEHHBIX
BBICOKOBOJIBTHBIX BBOJIaX CHJIOBBIX TPAaHC(HOPMATOPOB U MACIISHBIX BBIKIIIOUATENIEH
npuseneHsl B [Ipunoxennu E.

10.2 Kputepun oneHku pe3yJbTaToB API' BBICOKOBOJILTHBIX BBOJOB
110 perJIaMeHTHPOBAHHBIM 3HAYCHUSAM KOHIECHTPALUil ra30B

10.2.1 KoH1nieHTpamuu ra3zoB, KOTOpbIe 00pa3yrOTCsi B Macjie BHICOKOBOJIBTHBIX
BBOJIOB, HAXOASIUXCSI B OKCIUTyaTallK, 3aBUCAT OT KOHCTPYKTHUBHBIX 0COOEHHOCTEH
(repMETUYHOCTH KOHCTPYKIIMH, KJIacca HAIPSKEHUs ), UCIOIb3yeMON MapKu Macia,
CpOKa M YCJIIOBHM 3KCIUTyaTallUH.

B tabmune 11 npusenenst pekomenayemolie J3 u I1J13 koHueHTpaumii razos,
CTPYHIIUPOBAHHBIE TTO OCHOBHBIM NIPU3HAKAM, BIHUSIONIMM Ha 3TH YPOBHH.

13 u I113 xoHnenTpaumii razos (Tadbauua 11) onpeneneHbl 1o HHTErPaIbHOM

byHKIIUN pacrpeneaeHus KOHIICHTpAI1it rasoB paboTOCIOCOOHBIX
BBICOKOBOJIBTHBIX BBOAOB Mo Metonuke [4]: 3 - qns ypoBHst 0,94; I1/13 - nns
yposas 0,98.

10.2.2 JInst ucripaBHOTO BBHICOKOBOJIBTHOT'O BBOJIA KOHIICHTPAIIUUA OTACIIBHBIX
razoB, CPI' uckopoctm Hapacranus CoH; u CPI' He AOKHBI TpeBBIIATH
cooTBeTcTByOmUe /13, ykazanusie B Tabmuie 11.



Ta6J'II/IIIa 10 — TunuunabIC ,Z[C(I)CKTBI MAaCJIOHAIIOJTHCHHBIX BBICOKOBOJIBTHBIX BBOJOB

Ne

Bun nedexra

[Tpuunsbl mosiBieHus nedexra

1

yp

HepaBHOMepHOCTh  pacnpeneneHus  JIEKTPUYECKOro  IOJsl B
paauaibHOM M aKCHUAJIbHOM HAMpPABIICHUSIX, CBSI3aHHAsA C HaJUYHEM
MECT C JIOKQJIbHBIM IOBBIIIEHUEM HAMPSKEHHOCTH SJIEKTPUUYECKOTrO
TOJIsl.

Hanpumep:

- OCTpBIE Kpas JeTalieil IPOBOASIINX YPABHUTEIbHBIX OOKIIAI0K;

- 3aII0JJHEHHBIE Ta30M IMOJIOCTH, OOpa3oBaHHBIE B pe3yJbTaTe
HETIOJHON MIPONUTKU 158105 BBICOKOM BIIAKHOCTH
ANIEKTPOU3ONIALIMOHHON Oymary;

- IEPEHACHIIICHUE MaCJia Ta30M;

- 3arpsA3HEHUE Maca,

- CMSTHE, CMEILICHHE KaOeNbHOW 3IIEKTPOU3OJIAMOHHOW Oymaru u
MPOBOSIINX YPaBHUTEIbHBIX O0KIIA0K;

- HAPYIICHUS TEXHOJIOTUU U3TOTOBIICHHUS], HE BBISIBIIEHHBIE BBIXOAHBIM
KOHTPOJIEM, U OP.

Hckposoli paspsn
HHU3KOU SHEPTUH

HckpoBoit paspsi MEXIy DJIEMEHTaMHU KOHCTPYKLUU PA3IU4YHOIO
MOTeHIMazla, B MECTax MOBBIILIEHHON HaIpPsSKEHHOCTH
ANEKTPUYECKOTO TOJISL.

Hanpuwmep:

- AICKPOBOM  pa3psl B MECT€ HapyLIEHHUsS  DJIEKTPUYECKOIO
MIPUCOEIUHEHNUSI  U3MEPUTENIBHOTO  BBIBOJA K  YPAaBHUTEIbHOU
oOKJIaJIKe BBOJA,

- HApYIICHUE DJIEKTPUUECKON CBA3W MEXKIY IEHTPAIBHOU TPyOOHl H
MEepPBO ypaBHUTEIHHOU OOKIIAKOM OCTOBA;

- IEPEKPBITUE N0 MOJYNPOBOJASIIEMY HAJETy Ha IOBEPXHOCTH
¢baphopoBoii TOKPHIIIKH.

UckpoBoii pa3psn
BBICOKOW 3HEPTHUH,
ayra

HenpepriBHOE HCKpeHME WM Jyra B Macie MeEXIy IIJI0X0
COCIMHEHHBIMU 3JIEMEHTAMU Pa3HbIX MOTEHIIUATIOB.

TemnoBoii mpoOoii

[Tpo6Goii OymakHO-MaclIsIHOM H30JSILMU B PE3yJbTaTe CTapeHUs
Oymaru, yBIQXXHEHUS M 3arps3HEHMs CIIOEB Oymaru NpogyKTaMu
pasnoxenust macia, YP Mexay KOHIEHCATOPHBIMH OOKIJIaAKaMH B
pe3ysbTaTe TEPMHYECKOTO WM  DJIEKTPUYECKOrO  pa3pyLICHHs
M30JISILHH.

YP ¢ HarpeBoM
B Ananna3oHE HU3KUX
TeMIEepaTyp

YP 1o oTi0keHHsIM BOCKOOOPA3HOTO BEIIECTBA BO BBOJIAX, KOTOPOE
oOpa3yercss B pe3yibTaTe IMpoIecca CTapeHHs Macia C HU3KHM
coJIepKaHUEM apOMATHUYECKUX YTIIEBOJOPOIOB.

Tepmuueckuit
nedexT

Hapymenue KOHTAKTHBIX COCMHEHMIA. OO6pazoBanue
KOPOTKO3aMKHYTBIX KOHTYPOB B KOMIICHCATOPC HAABJICHUA WJIA B
paciidpuTene BBoJa. YXYyAIIEHHUE OXJIaxaeHUsd. Bricokue morepu B
JIUAJIEKTPHUKE, CBA3aHHBIE C 3arPS3HEHUEM.

Hectpykuus
LEJUIIOJIO3HOMU

HA30JISIIIUHT

[leperpeB TOKOBEOyIIMX YacTe, KOHTAKTHPYIOUIUX C OyMaroi.
HeperpeB H3-3a BBICOKUX JUIJICKTPUUCCKUX MMOTCPb B U30JISALHU.




Tabmuma 11 — Pekomenayemsbie /(3 u I[1J13 konnenTpamuu u 1713 abcomroTHOM
CKOPOCTH pOCTa KOHIIEHTPAIIMU PaCTBOPEHHBIX B MACJIe ra30B BHICOKOBOJIBTHBIX
BBOJIOB CHJIOBBIX TpaHC(HOPMATOPOB M MacisiHbIX BeIKtouarenei 110 - 220 kB

Cpox Konnentpanuu razos, % 00.
VYpo-| skcrunya-
BCHB| TaIlWH, CPI H; CHs | CoHs | CoHs | CoHp co™ | co”
JIET
Herepmernunbie BICOKOBOJIbTHBIE BBOBI 110 kKB
13 | ses | 0019 | 0018 |0,009 |0,0040|0,0016|0,00015| 9000 | 047
’ ’ ' ' ’ ' (0,037) | (0,25)
0,090 0,65
13| Bech 0,075 0,065 0,040 |0,0140|0,0040 | 0,00040 (0.055) | (0.35)
I'epMeTHYHBIE BHICOKOBOJIbTHBIE BBOJbI 110 kB*
0,072 0,067 0,090 0,43
0-20 PP Py 0,0060 ’ '
13 0,040 0,035 0,0025(0,0020 | 0,00018 (0.072) | (0.27)
20 0,038 0,033 0.0047 0,095 0,50
0,025 0,020 ' (0,077) | (0,35)
0,170 0,140 0,120 0,59
0-20 P P 0,0200 ' '
1113 0,090 0,100 0,0060 | 0,0055 | 0,00080 (0.105) | (0.47)
> 20 0,090 0,085 0.0160 0,130 0,67
0,047 0,038 ' (0,110) | (0,59)
HerepMeTrnuHbie BLICOKOBOJIbTHbIE BBOABI 220kB
13 | ses | 0005 | 00020 |0,0020]0,0007|0,00100,00015 (8’8%) (8?%
13| secs | 0014 | 00065 |0,0040|0,0017|0,0030|0,00065 (8’823) (8’;11)
I'epMeTnYHbIE BBICOKOBOJIbTHBIE BBOABI 22() KB
0,075 0,34
113 BECH 0,080 0,061 0,0130(0,0040|0,0030| 0,00015 (0,025) | (0.18)
13| ses | 0195 | 04124  |0,0270|0,0070(0,0070| 0,00060 (8’82‘2) (8’22)
AOCOJIIOTHASI CKOPOCTh POCTA KOHIEHTPauuu ra3os AJsi BBoaoB 110 u 220 kB, % 00./mec.
113 BECH 0,0015 - - - - 0,00008 - -
I1/13| Bech 0,0030 - - - - 0,00015 - -

«-» - 3HAYCHUEC HEC PEIrIIaMCHTHUPOBAHO,

* nist Hou CPT™ (CyMMBI KOHIIEHTpAIUii paCTBOPEHHBIX YIIIEBOJAOPOIHBIX ra3oB U Ho) B uncauTene

NpUBEJEHBI 3HaUeHUs Uit Mapku macia ['K, a B 3HameHaTene — JJis OCTalbHbIX MapoK Macia,

** 0e3 CKOOOK TMPHUBEIEHBI 3HAYEHUS ISl BBOJOB TpaHC(HOPMATOPOB, B CKOOKax - Il BBOJOB

MAacCJISTHBIX BBIKJIIOYATEIICH.

10.3 [lepuogu4YHOCTH

otOopa

npoo

110 IKCILIyaTallMi BBICOKOBOJIbTHBIX BBO/10B

OTpeeIsIeTCs

10.3.1 HeoOxoauMoCTh

IIPOBEICHNUS
CTO 34.01-23.1-001-2017 «O06BEM

APT

U HeoO0X0oAuMBbIe  JelcTBUSA
BBICOKOBOJIBTHBIX ~ BBOJOB
M HOPMBI  UCIBITAHUU

3JIEKTPOOOOPYTIOBAHUS» M HHCTPYKIMSIMHU 3aBO1a-U3roToButes [9].




10.3.2 I BBICOKOBOJIBTHBIX BBOJOB peKkoMeHayeTcsl BbIMoNHATh APIT mpu
HEYIOBJIETBOPUTENIbHBIX pe3yJIbTaTaX KOHTPOJISI U30JISAIIMH, MACIIa, TIPHU MOBBIIICHUU
JABJICHUSI B TEPMETUYHOM BBOJIE, 10 COBOKYITHOCTH PE3YJIbTAaTOB UCIBITAHUN BBOJIA.

10.3.3 Ins mpuHATHS peIIeHWs O JajJbHEWINeW »SKCIUTyaTallMd BBOJA
C IPU3HAKaMM pa3BUBAIOIIETOCs Je(eKTa HEOOX0IUMO:

- IPOAHAIU3UPOBATH U, IPU HAIMYUU BO3MOXKHOCTH, YCTPAHUTH (MM yUECTh)
Bnusinue Ha API skcmnmyaraumonssix  ¢akropoB (IIpunoxkenue B) B yactwy,
Kacarorieiicss BBoj1oB u Apyrux dakropos ([Ipunoxenue I'), a Takxke ocoOeHHOCTEN
MeXaHu3Ma ra3000pa30BaHKsI B Macjie BEICOKOBOJIBTHBIX BBOIOB ([Tpunoxenue E);

- OIIpenenuTh BUJ pa3BuBaromierocs nedexra mo pesynbraram APTT meTomom
HaBunenko-OBunHHMKOBa 11.7.3.3 ¢ ucnosib3oBaHueM JI3 KOHILIEHTpaluil Ta3oB,
pUBEIEHABIX B Tabauie 11,

- OIIPEIeNIUTh TMEePUOJUYHOCT, OTOOpa MpoO U HEOOXOJAMMbBIE JEUCTBUS
IepcoHaa corjiacHo paszaeny 10;

- YTOUHUTh TEXHUYECKOE COCTOSIHUE BBOJIa METOJAaMU TEXHUYECKOTO
JMAarHOCTUPOBaHUs (B IEPBYIO OYEPE/Ib, HE TPEOYIOIMMHU BbIBOAA O0OPYAOBAHUS U3
paboThI).

10.3.4 Pemenust mo cpokaMm U o0bEMaM MPOBEACHUS JATHHEUITUX ONEepaInuii
TEXHUYECKOTO OOCITy)KMBaHUSl, PEMOHTa WJIM BbIBOAA OOOpYAOBaHUS U3 pabOTHI
HEO0OXO0IMMO MPUHUMATH C YUETOM PE3YIbTATOB BCEX BUIOB U3MEPEHUI, B TOM UUCIIC
OLIEHKH TEXHUYECKOI0 COCTOSIHUS HAa ocHOBE APT'.

10.3.5 BBoa moajiexuT OTOpPAaKOBKE IIPU BBIMOJHEHUH OJHOTO U3
CIICIYIOIINX YCIOBHM:

10.3.5.1 Konuentparuu CoH; u CPI" oqHOBpeMEHHO MPEBHITIAIOT WU PABHBI
cooTBeTcTBYIOMMM /I3, mpuBenéuupiM B Tabmwmme 11:

ACZHZt ZACZHZIB I/IACPrt ZACPFm-
10.3.5.2 Konuentpanus CoH, nnu konuentpanus CPI™ npeBsbiiiaeT uiv paBHa

cooTBeTcTBYIOIIEMY [1]13:
C2H2 C2H2 CPT CPT
A t Z A a3 I/IHI/I A t Z A na3-

10.3.5.3 BenmuunHa  aOCONIOTHOM  CKOPOCTH  HapacTaHUs Vis. s
koHueHTparui CoHs, nmu CPI™ nocturna wim npessicuna [1113.

3HaueHue aOCOJIIOTHOW CKOPOCTH HapacTaHHWs KOHIIGHTpAlMHM I-ro Trasa
ompenenseTcs mo Gopmye:

Ap—A(

L0289 (04 06./Mecs), (7)

i
abc — 30 At

rae Al Azt_ At) - ABa [OCIIEAOBATEIBHBIX H3MEPCHHUSI KOHLICHTPALIMH I-ro rasa,

% 00.;
At - uHTepBan MEXIy 0TOOpaMu Mpoo, CYTKH.

10.3.6. Ilpu BbIMOTHEHUH OAHOTO M3 mepeuncieHHbX B 1m.10.3.5. ycnoBuit
nepea BhIBOJIOM O0OpYyIOBaHMS U3 pabOThl HEOOXOIWMO BBITIOJIHUTH TOBTOPHBIM



API', uckmounB BiausiHue Ha pe3ynpTaT API sKcrutyaTanmoHHBIX (DaKTOPOB,
HapYILIEHUs UHCTPYKIMU IO OTOOPY MpoObI Macia U METOIUKH npoBeaeHust APT .

10.3.7 BBoa moajiekuT ydaméHHoMy KOHTporo 1o APIT B ciemyrommx
ClTyyasix:

10.3.7.1 Konuentparmu Bcex ra3zoB (kpome CO, CO2) u CPI” menbitie cBoero /13
(Ait <A 13) ¥ BEJIMYMHA a0COJTFOTHOM CKOPOCTH Vi pocra koHreHtpamuu CoH, nmu CPT
OoJIbIIIe COOTBETCTBYIOMIErO J13.

B sTOM citydae BeIOMpaeTcs MUHUMANbHBIN HHTEpBa 10 cineaytomero API™ u3
paccuntanubix 11 CoHo u CPT' mo dpopmyne:

At-(AL,—AY)

30-(A§.—Aft_ AD
rae At — daktuueckuit uatepBan mexay APIT, (cyTkn).

10.3.7.2 Konneartpanust mrob6oro u3 razoB (kpome CO, COz) umm CPIU
npesbiaet /13, Ho He npebimaet [1/13:

Ay < A <A,

B arom ciydae juisi cieAyromiero M3MEpeHus BbIOMpAETCs MUHUMAaIbHBIN
uatepBan At, u3 paccumtanueix st CPIT m xaxmoro rasa (kpome CO, CO»),
npessimaroniero /I3, mo dopmyre:

AtX =

(mec.) 8)
)

. i l

ACue =80 - ec) ©)
30-(Ab=Afe-ar)

10.3.8 Ecnu paccuutannbiii mo 1m.10.3.7 uHTEpBa NpOBEACHUS CIETYIOLIETO
API" MeHbllle, 4yeM perjaMEeHTUpPOBaHHAs Ha MPEANPUSITHH NEPUOIUUYHOCTD ISt
BBICOKOBOJIBTHBIX BBOJIOB (Aty < Aty), TO clieayrolee H3MEpEeHUEe MPOBOJIAT Yepe3
paccunTaHHBId WHTEpBa (Aty MecsIleB), UHAYEC — C MPUHATOW HA MPEANPUATHU
HEPUOTUIHOCTBIO (Aty).

[Ipumep  mnpuMeHeHHUs  METOAOB  WACHTHUGUKALMK  Buaa  jAedekTa
BBICOKOBOJIFTHBIX BBOJIOB MO pe3yiabrataM API' npuBenén B Ilpunoxenun /|
(mpumep 8).

AtX ==




11 lmarHocTupoBaHne Ppa3BUBAKIINXCH JAeGeKTOB B H3MEPHUTEIbLHBIX
TpaHcdopmaropax nmo pesyiabtatam API’

11.1 TunnuyHble AedeKTHl U3MEPUTEILHBIX TPaHCHOPMATOPOB

[Tpumepsl

THUITNYHBIX ,ZIG(bGKTOB,

BBIBIIIEMBIX C mnoMmompo APIT B

TpaHcopMaTopax TOKa U HAMPSHKEHUS, TPUBEICHBI B Tabuie 12,

Tabnuna 12 — Tunuunbie AedeKThl U3MEPUTEIBHBIX TPaHC(HOPMATOPOB

NQ‘

Bun nedexra |

HpI/I‘II/IHBI ITOABJICHHUSA I'a30B

Tpanchopmartopsl Toka

1

qp

HepoBHbie kpasi METAUNTMUECKUX JETaJIEH.

HenonponuTka neiiroa03H0M U30/IS0UU MacIOM B pe3ysbTaTe
HEMPAaBUJIBHOTO XPAaHEHUsSI UM U3TOTOBJICHUS.

HavanpHas cTanus yBiIaKHEHUS Maclia.

HeogHopoaHOCTh, HEPOBHOCTH (MOPIIMHBI, CKIIAJKHA OyMaru) u30JsI1u.

Paspsasl HU3KOM
JHEPruu

HenocraTounas mponuTKa U30JIALKN, YBIAXKHEHHE Maciia U OyMard.
Hannuue B Macie MeXaHHYECKUX MPUMECEH, BOJIOKOH Oymar.
HepoBHbIe kpast METAJUNINYECKUX JETAJICH.

[Tmoxo# KOHTAaKT BO BTOPHYHBIX OOMOTKAX.

Hapyiienust B 1ienu BblpaBHUBAHUS MOTEHIIMATIA.

Hckpenne Mexly III0X0 COEAMHEHHBIMU 3JIEMEHTAMH Pa3HBIX
MOTEHIMAJIOB.

KomMyTalninonHbie BO31EHCTBUS.

Paspsabl BEICOKOM
JHEPruy, 1yra

3aMeTHOE YBIa)KHEHHE LEJUTI0JI03HON N30JISILIMY U Macia.
Hanuuue B macine 3arps3HeHuid (BO3MOXHO, IMTy3bIPHKOB ra3a).
Hapymienne, oOpbIB TOKOBEIYITHX IIeTIel, HAPYIICHUE 1IETIH,
BbIPaBHUBAOILEH TOTEHLIUAIIBI.

KopoTkoe 3aMbIkaHuE B CTAaTUYECKUX SKPAHUPYIOLIUX COEIUHEHUSX.
Hapy1ieHre KOHTaKkTa U LeJIOCTHOCTH U30JISLIUH LIETTH TEPBUYHOM
O0OMOTKH, MEXAY CTYIEHSIMH, 3a3€MJICHHsI, OOMOTKH C BBIBOJIOM,
3aszemuieHus "0" oOKIIaIKH.

Hapyiienue n30suuy JIMHEWHBIX BBIBOJIOB.

OrosieHye N30JIALUY BCIEICTBUE CHUKEHUS YPOBHS Maciia HUXKe
IIPEEIbHO JOIMYCTUMOI'O YPOBHSI.

ITonmamanue Bo3ayxa.

4 YP u OOpazoBanre BOCKOOOPA3HOTO BEIIECTBA MEXKAY CIOSIMH H3OJIALUUA B
HU3KOTEMIIE- | PE3yJbTaTe: CTAPEHMs Macila ¢ HU3KUM COJEP/KaHHEM apOMATHYECKUX
paTypHbII YIJIEBOJOPOJOB, HHU3KOM TEMIIEpaTypbl Macia, I[EPEeHANPSKEHUH,
HarpeB HEOAHOPOAHOCTH U3OJIAIUH (B TOM YHclie TohprupoBaHHOM Oymaru). 1o
BeAET K 00pa30BaHUIO IMOJIBYIIUX Pa3psIoB MEXIy CIOSIMH Oymaru u

MOBBIIICHUIO IOTEPh B TUIICKTPUKE.
5) Tepmuueckuii | IloBbIIEHHBIE MOTEPH B JUAIEKTPUKE H3-3a2 HEMPABHIBLHOIO BbIOOpa
nedexr W30JSIMOHHBIX  MAaTEpUANIOB, TPUBOLAIIECIO K JUIEKTPUYECKOMY

HarpeBy.
[Tnmoxo# KOHTaKT B OONTOBBIX U CBAPHBIX COCIWHEHUSX, MPUBOISAIIUN K
UX TIEPETPEBY.




Ne Bun nedekra [IpuynHBI NOSABIICHUSI Ia30B

6 | TemmoBoit wnu | [loBbImIeHHAsT JTOKadbHAs HANPSHKEHHOCTH AJIEKTPHUUECKOTO TOJS M3-3a

MOHU3aIIUOH- HEAOCTAaTKOB U3T'OTOBJICHUA:
HBII TIPOOOi - HAJIMYHUE TIOJIOCTEH,
U30JIA0UHn - HCAOPONUTKA U30JIAIUN MACJIOM, eé HCOAHOPOAHOCTD.

Bricokoe Baro- u ra3ocojiepkaHue Macia ¥ IeJUTFOJIO3HON H30JIAIIH.
3Ha‘II/ITeHBHOC CTapeHI/Ie N30JIAOUOHHBIX MaTepI/IaJIOB BCJICIACTBUEC
JTUDJICKTPUYECKOTO  IeperpeBa HM30JAIUH Wi e€ Harpesa IpHu
HOMMWHAJIBHOM TOKEC C HAJIOKCHUECM BHCIIIHCTO HaneBa (JIGTHI/Iﬁ HepI/IOI[,
COJIHEYHAs PaIuaIus).

OOpazoBaHue MOJIBEPKEHHOTO YBIAKHEHUIO OCagKa Ha MOBEPXHOCTH
W30JISIMH B pe3yJIbTaTe e€ CTapeHMs.

BBICOKOYaCTOTHEIE MepEHAIPSHKCHHUS. DNEKTPOIUHAMUYECKIE
BO3JICHCTBUS CKBO3HBIX TOKOB OJIM3KUX KOPOTKUX 3aMBIKAHUW B CETH.

TpanchopMmaTopsl HANPSIZKEHUs

7 yp HepoBHbie kpasi METAIUNTMUECKUX JETaJIEH.

HenonponuTka neiiroa03H0M U30/IS0UU MacIOM B pe3ysbTaTe
HENPABWJIBHOTO XPaHEHMsI HJIU U3TOTOBJICHU.

YBlIaxXHEHHE Macia.

8 Pazpsn, KopoTkoe 3ambikaHue B IIeMd TEPBUYHOM OOMOTKH WIIM B IIEMSAX
COMPOBOXKIA- | BTOPUYHBIX OOMOTOK.
1101112078 [Teperopanue BhIpaBHUBAIOIIECH OOMOTKH.
BbICOKOTeM- | Hapymenne koHTakta wuiaum oOpelB B 1enax oOmotku BH,
NepaTypHbIM | U3MEPUTEIBHOIO BBIBOIA, YKPaHA.
HarpeBoM

9 | BricokoTemnepa-| JlmuTenpsHOe TOBBIMICHWE HAMPsDKEHUs, Teperpy3ka oomotrku BH.
TYpHBII Harpes, | Peppope30OHAHCHBIC SBJICHUS B CETH.
npuBoAsayi K | Jlepexkt MarauTonpoBoa.
YCKOpeHHOMY | [[110X0M KOHTaKT B TOKOBEAYIIUX LIEIAX.
CTapEeHUIO
M30JIALIUOHHBIX
MaTepHaJoB

Oco6ennoctu mexann3ma razoodpaszosanus B UT npusenenst B [Ipunoxennn XK.

11.2 Kputepun  oueHku  pe3yiabtatoB  API'  u3MepurtenbHbIX
TPaHCcGOPMATOPOB 10 PErJIAMEHTHPOBAHHBIM 3HAYEHHUSIM KOHLEHTPALUH
ra3oB

11.2.1 KoHIeHTpamuu ra3oB, KOTOpbIE 00pa3yroTCcs B Macjie U3MEPUTEIbHBIX
TpaHc(HOPMATOPOB, HAXOMSIIMXCSA B HSKCIUTyaTalluH, 3aBUCIT OT OCOOEHHOCTEH
koHCTpykiuu WT (Tunma wu30is1iMM, TEPMETUYHOCTHM MCIOJHEHHUs, Kiacca
HaIpsDKEHUs), HUCIOJIb3yeMOW MapKd Maclia, CpoKa JKCIUTyaTallhd | IPYTrux
(bhaxkTopOB.

B tabmunax 13 u 14 mnpuBegensl pexomeHayembie ypoBHH J3 u I1J13
KoH1eHTpanuy ra3oB TT u TH HerepMeTHYHOro UCIIOIHEHU, CIPYIIIIMPOBAHHBIE 110
OCHOBHBIM IIPU3HAKAM, BJIMSIOIIAM Ha 3T YPOBHH.



PernamenTupoBanHble 3HAYEHUS KOHIIEHTpamuidi ra3oB (Ta0muisl 13 u 14)
ONpE/ICJICHBl 0 HHTETpajbHON (YHKIMK pacrpeeseHrs KOHIEHTpalUui Ta30B
pabotocniocoOubix TT u TH no meronuke [4]: A3 - anst ypoBus 0,94; 113 - s
ypoBHs 0,98.

11.2.2 ins ucnpaBubix TT m TH koHueHTtpanuu otaenbHbix razor, CPIT
u ckopoctu HapacTanus CPI" u C;HzHe 1omKHBI IpeBbIaTh COOTBETCTBYIOMUX /13,
npuBeIEHHBIX B Tabiuax 13 u 14 COOTBETCTBEHHO.

Tabmuma 13 — Pekomenmyemsbie /13 u [1/]3 koHIeHTpauu u aOCOMOTHONH CKOPOCTH

pocTa KOHIEHTpPAllMu pPACTBOPEHHBIX Tra30B B Macle TpaHC(HOpMAaTOpOB TOKa
110 - 220 xB

Konnenrpauuu razos, % o00.

Cpox

Ypo-|rkcmny- Cpox §
BeHsb |aranuu,| CPI0 H> CHg4 C2Hse CoHs C2H2 A el CO2
et aTaluy,
JICT
Tpaunchpopmaropsl Toka TP®3M 110 kB
0,260 0,160 0,103
;| %% | 0100 | 0,070° | 0,070° | 0,040 | 0,0006 |0,00015 | O1° |9:011) 0113
>4 0,260 0,170 0,110 >15 10,014 (0,119
0,350 0,220 0,130
13 041 0200 | 0120" | 0.110° 0,045 | 0,0016 | 0,00070 0-15 10,0201 0.170
>4 0,370 0,270 0,170 >15 (0,024|0,174

Tpancpopmartopsl Toka 110 kB kpome TO3M
0-4 0,008 0,006 0,001
>4 0,010 0,007 0,003
0-4 0,012 0,011 0,003
I3 2 0,030 0,028 0,010 0,013 | 0,0029 |0,00120 | Becsr |{0,0270,180
Tpancpopmaropsl Toka 220 kB
I3 | Bechb 0,003 | 0,0025 | 0,001 | 0,001 | 0,0007 |0,00010 | Becy |0,014 0,100
II3| Bechb 0,012 | 0,0100 | 0,004 | 0,004 | 0,0013 | 0,00040 | Becy |0,026 | 0,260

A0COJIIOTHAsI CKOPOCTh PocTa KOHIeHTpanuu ra3os s 1T 110-220 kB, % 06./mec.
TT (kpome TO3M 110 kB)

A3

0,004 | 0,0011 | 0,00030 | Becs |0,019|0,126

13 | Becs | 0,0008 - - - - 0,00005 - -

ITA3| Becy | 0,0015 - - - - 0,00010 - -
T®3M 110 xB

I3 | Becy | 0,0075 - - - - 0,00005 - -

ITA3| Becs | 0,0150 - - - - 0,00010 - -

* mst Hz, CHs u CPT B macie tpancdopmaropos /I3 u I1/13 B uncnurene — mist mapok macia ['K
u Nytro, a B 3HaMeHarese — Jyisi OCTaJIbHbIX MAPOK MacJa,
«-» - 3HaYEHHE HE PEeTIaMEHTHPOBAHO.



Tabmuna 14 — Pexomennyembie I3 u [1/[3 3HadeHus KoHUEHTpanmuu W aOCONIOTHOU
CKOPOCTH pPOCTa KOHIIGHTpPAIlMM PACTBOPEHHBIX Ta30B B Maclie TpaHCcHOpMaTOpOB
Hanpsbkenus 110 - 220 kB

Cpox Konnenrpanuu razos, % o0.
VYpo-|akcry- Cpox
BeHb| Taruy, | CPI H> CH4 CoHe | CoHa CoHp |PX9MY"l co | co,
aTaru,
JICT 7er
Tpauncdopmartopsl HanpsikeHus 110 - 220 kB kpome HAMU 110 - 220 kB
0-5 0,0080 | 0,0020 | 0,0008 0-15 |0,012 (0,127
B 55 10,0023 | 0,0009 | 0,0005 | 20005 | 0,0010 1000015 —=757557270 133
0-5 0,0230 | 0,0055 | 0,0016 0-15 [0,023 {0,200
B35 10,0050 | 0,0025 | 0,0011 | »00t3| 0:0025 110.00020 =755 55516.220
Tpanchopmartopsl Hanpsizkenus HAMMHA 110 - 220 kB
0-5 0,011 0,008 BECH
13 5 0013 0.009 0,0013 | 0,0008 | 0,0011 | 0,00100 0,025(0,115
0-5 0,020 0,012 BECH
IT ’ ! 4
113 =5 0.025 0018 0,0056 |0,0030| 0,0040 | 0,00350 0,042 0,153
AODCOJIOTHASI CKOPOCTH pocTa KoHueHTpamnuu ra3o aiss TH 110 - 220 kB, % 06./mec.
I3 | Becy | 0,0008 - - - - 0,00005 - -
13| Becy | 0,0015 - - - - 0,00010 - -

* nis H2, CH4 u CPI' B mMacne tpancdopmaropos /I3 u [1/]3 B uncnutene — aiis mapok macia ['K
u Nytro, a B 3HaMeHaresne — Jisl OCTaJIbHbIX MApOK MacJa;
«-» - 3HaYEHHE HE PEeTIaMEHTHPOBAHO.

11.3 Ilepuoguunoct,  0TOOPa TNPo0 M HeOOXoAMMBbIE  /IeiCTBUA
MO0 IKCIJIyaTAlluU U3MEPUTEJIBLHBIX TPaHchopMaTopoB

11.3.1 B coorBerctBun ¢ CTO 34.01-23.1-001-2017 HeoO0XOAUMOCTH
nposeneanst API" qms UT wkmacca nanpsokenust 110 kB w Bbimme ompepensieTcs
TEXHUYECKUM PYKOBOJIUTEIIEM DHEPTOTPEITPUITHSI.

11.3.2 KonTtponb  coiepxaHUsi pacTBOpEHHBIX Tra3oB B Mmacie UT
PEKOMEHTyeTCSl TPOBOAUTH:

- Iocjie  BBeJeHHWs B paboTy (B Tmpenenax TapaHTHUMHOTO CpoKa) IIo
COTJIACOBAHHIO C 3aBOJIOM-H3TOTOBUTEIIEM;

- B IOCTTAPAHTUMHBIN MEPHOJI IO PEIICHUI0 TEXHUYECKOTO PYKOBOJMUTENS
SHEPTONPEPUATHS);

- mocyie  JumdTenbHoro (Oosiee 3 JIeT) XpaHEHUs C IO  OICHKH
MIPOHUKHOBEHUS BO3/yXa;

- U1 uaeHTHGUKamuA nedexra mpu pocTe TAaHTEHCA YIia TUAJCKTPUICCKUX
MOTEPh U30JISAIUNA OCTOBA WJIM MACyia BBIIIEC YCTAHOBJICHHBIX HOPM;

- IPU CHUYKEHUU COMPOTHUBICHUS M30suu T Hibke yCTaHOBICHHBIX HOPM;



-TIpu  OOHAPY)KEHWH OTHOCUTEITHLHOTO TOBBINICHUS TEMIEPaTyphl MpHU
TEMJIOBU3UOHHOM O0CJI€/I0BAHNH;

- IPU KOMILJIEKCHOM O0OCJIeIOBaHUM O00OPYJIOBaHUS, a TAKXKE MpPU PEUICHUU
BOIIPOCAa O TMPOJJIEHUWU DOKCIUIyaTalldd IO HUCTEYEHUH YCTAHOBJIEHHOTO CpOKa
CITY>KOBI.

11.3.3 Ins nmpuHATHS pelieHus O JainbHeumer oskcruryatamuun UT
C IpU3HAKAMH Pa3BUBAIONIETOCS AePeKTa HEOOXOAMMO:

- MPOAHATU3UPOBATH U, IO BOBMOXXHOCTH, YCTPAHUTH (WJIM yUECTh) BIUSHHUE HA
APTI" skcrutyatannonssix (aktopos (IIpunokenue B) B wactu, kacarometicas UT u
npyrux ¢akropoB ([Ipunoxxkenue I'), a Taxke ocoOeHHOCTEH MexaHH3Ma
razoo0paszosanus B UT (Ilpunoxenue XK);

- OTIPE/ICNIUTh BUJ| pa3BUBAOIIECTOCS AedekTa mo pesynbratam APIT meromom
JaBuaenko-OBurHHKKOBa (11.7.3.3) ¢ ucnosp3oBanueM [I3 KOHIIEHTpAIMi Ta30B,
MPUBEJICHHBIX B Tabnunax 13, 14,

- ONPENETUTh TEPUOJAUYHOCTh OTOOpa TPoO U HEOOXOIUMbIEC JCHCTBUS
nepcoHana corjaacHo pasueny 11;

- YTOUHHTHh TeXHWYecKoe cocrosune WT wmeTomamMm  TEXHUYECKOTO
JMAarHOCTUPOBaHUs (B EPBYIO OYEPEIb, HE TPEOYIOIMMHU BbIBOAA O0OPYAOBAHUS U3
paboThI).

11.3.4 Pemmenust mo cpokaM U o0bEMaM MPOBEACHUS JATBHEUITUX ONepaIuii
TEXHUYECKOTO O0OCIyXKUBaHUS, peMOHTa Wi BbiBoga UT u3 paboThl HEOOXOIUMO
IPUHUMATh C YYETOM PE3YJIbTATOB BCEX BUJOB M3MEPEHHUH, B TOM YHCIIE OIICHKHU
TEXHUYECKOT0 COCTOSIHUS Ha ocHOBe API.

11.3.5 UT noasieskuT 0TOPAKOBKeE NP BHITIOJIHEHUH OJTHOTO U3 CJIEIYIOMUX
YCIOBHUM:

11.3.5.1 Konuentparuu CoH; u CPI" oqHOBpeMEHHO MPEBHITIAIOT WU PABHBI
cooTBeTCTBYIOIMM /13, mpuBeAeHHBIM B Tabauiax 13,14:

ACZHZt ZACZHZII3 I/IACPFt EACPF;B-

11.3.5.2 Konuentpaumss C;H,; wimm  xonnentpanus CPIT npocrturna wim
npeBbicuiia cooTBeTcTBYIOMIEE [1/13 (Tabmuust 13,14):

AC2H2t ZACZHZH/:B WiIu ACPFt ZACPrnm-

11.3.5.3 BenuunHa abCOMIOTHOM CKOpocTH HapacTaHus 'y, KOHIEHTpaluu
CyH i CPIT mocturna wim npeBbicuia cootBercTBytomiee [1/13 (tabmumst 13,14).

3HayeHne aOCOIOTHOM CKOPOCTH HapacTaHHs KOHIeHTpanuu i-ro raza u CPT’
ompenenseTcs mo Gopmye:

L =30 -% (% 06./Mecan), (10)



rie Ay, A(e_ar) - /1Ba TIOCIENIOBATENBHBIX M3MEPEHUs KOHIEHTpaluu i-ro rasa,

% 00.;
At - bakTHUecKoe BpeMs MEXy 0TOOpaMu Mpoo, CYyTKH.

11.3.6. [Ipu BBITIOTHEHUU OJHOTO W3 MEPEUMCICHHBIX B M.11.3.5. ycnoBuii
nepen BeiBojoM WT wu3 pabGoThl HEOOXOAUMO BBIMOJHUTH MOBTOPHBIM APT,
UCKJIIOYMB BIIMAHUE Ha pe3ynbTaT AP skcrutyaTallMOHHBIX (aKTOPOB, HApYLICHUS
MHCTPYKIUHU 10 0TOOpY MpoObI Macia U MeTOAUKH npoBeaeHus AP

11.3.7 UT nopnexuT yyaméHHomy KoHTPoJIr0 1o API B crienyromux ciyvasx:

11.3.7.1 Konneatpanuu Bcex razoB (kpome CO, COz) m CPI' menbme
cootercTBytomero JI3 (4t < A';;) m BenmumHa aGcomoTHON ckopocTH pocta Vi
koHuentparmu CoH; unu CPI 6onbine coorercTBytomero J13.

B sToM citydae BeIOMpaeTcs MUHUMANbHBIN HHTEpBa 10 ciaeaytomero API™ u3
paccuutansbix s CoHy u CPI o popmyie:

At-(Al;—AL)
30-(A,§—A§t_ AD
rane At — ¢akrtudeckuii uaTepBas Mexay APIT (cyTok);

11.3.7.2 Konnientpamusa maob6oro u3 razoB (kpome CO, COz) umu CPIU
npessbimaet /13, Ho He npebimaeT [1/13:
Ay <AV <A .

Aty = ), (mec.) (11)

B atom ciydae s criedyromero M3MEpeHHs BBIOMPACTCS MHUHUMATbHBIN
unTepBan Aty u3 paccumtanubix it CPI' m kxaxmoro rasa (kpome CO, CO,),
npessbimaroniero /3, no dgopmyse:

At-(Alys—AD)

30'(A2_Azt—At)

Aty = ), (mec.) (12)

11.3.8 Ecnu paccuutannbiii o 1m.11.3.7 uHTEpBa NMpOBEACHUS CIETYIOLIETO
API" meHbl1I€, UeM perjaaMeHTUPOBAHHAS HA MPEANPUATAN TIEPUOANIHOCTD Ju1st TT u
TH (Aty < Atg), TO cuemyromiee H3MEpEeHHE MPOBOIAT Yepe3 PACCUMTAHHBIN
uHTepBan (Aty MecsleB), MHaUYe — C MPUHATON Ha MPEIIPUATHU NEPUOIUIHOCTHIO
(Aty).

11.3.9 [Ipumepsl TpUMEHEHHS] METOJOB HACHTU(UKALIUKA Buaa [edeKTa
TpaHc(OpPMATOpPOB TOKAa M HampsbkeHus 1o pesynbrataM APIT mpuBeaeHsl
B [Ipunoxenun [ (mpumepsnr 9-11).



Ipuioxkenue A
MexaHu3M razoo0pa3oBaHusi B CHJIOBBIX TPaHC(OPMATOPAX U PEeaKTOpPax
(cpaBo4Hoe)

A.1 B TparcdopMaTopHOM Macie BCeraa MpUCyTCTBYIOT pacTBOPEHHBIC ra3bl. B m3omsim
TpaHc(OpMATOPHOTO  000OpyHOBaHMS Ta3bl  OOPa3yIOTCS: B peKUME  pabOTBl  MCIPABHOTO
TpaHcopmaropa B YyCIOBHUSIX pabOThl, YCTAaHOBJIEHHBIX B JCHCTBYIOLIUX CTaHIApTax
I'OCT 30830-2002, T'OCT P52719-2007; mpwu Harpy3ke TpaHcpopMaTopa CBBIIIE €T0
HOMMHAJILHOM MOIIIHOCTH; TP TOSIBJIIEHUU J1€(EKTOB; B aBApUHHBIX peKUMaxX pabOThI.

A.2 IIpu orcyrcTBUM 1eeKTOB TpaHC(HOpMATOpa YyPOBEHb KOHIIEHTPALUIT pacTBOPEHHBIX
B MacJie€ ra30B HE MPEBBIIIACT YpOBEHb 3.

A.3 B HavanbHbIl mepuon oskcmutyatanmu (o 5 mer) macma mapok 'K, Nytro 10X,
Nytro 11GX moryT 00pa3oBbIBaTh JOCTATOYHO 3HAUYHTENIbHOE KomuecTBO Ho 1 CH4 mipu pabounx
TEMIIeparypax Mo MPUYMHE HATMYUS B HUX HECTAOMJIBHBIX MOJEKYJI. DTH IMpPOLECCHl B Macie
CBSI3aHBI C TEXHOJIOTHEW €ro MPOU3BOJICTBA M UCXOJHBIM ChIphEM. OHU XapaKTepu3yloT CBOMCTBA
Macia W HE CBHICTEIbCTBYIOT O HaIMuuU JedekToB B TpaHchopmaTope. KonueHTpamms u
ckopocTh o0pazoBanus Ho 1 CHs mocTeneHHo CHUXKAIOTCS, YTO MOXKET ObITh BhIsiBIIeHO APT.

A.4 OxucnurenbHOE CTapeHHEe Maciia Ipu Harpese.

A.4.1Tlpu nHarpeBe OoOJbIIMX OOBEMOB Macia O CPAaBHUTEIHHO HEBBICOKHX 3HAYCHHM
temneparypbl 100 - 150 °C  xapakTepHBIM MEXaHU3MOM pa3pyLICHHs Macjia  SBISETCS
OKHCJIMUTEIbHOE CTapeHHe B MPHUCYTCTBUU JOCTATOYHOrO KojudecTBa pacTtBopéHHOro Op,
MOCTYMAIONIETO B MAacio BCIECACTBHE OTCYTCTBUS WIM HAPYLICHUS T€PMETUYHOCTH 000y I0BaHHUS.

A.4.2 OKUCIUTENIBHOE CTAPEHUE Maciia YCUITUBAIOT:

A.4.2.1 KOHCTPYKTHBHBIE OCOOEHHOCTHU TpaHC(HOPMATOPHOTO 0O00PYNIOBAHUS (TUTT CUCTEMBI
3aIlUThl Macia M CHCTEMbl OXJIAXKICHHUS), MPUBOIAIINEC K TMOBBIIIICHHOMY HAarpeBy 3JCMEHTOB
KOHCTPYKIIUH,

A.4.2.2 nnutenpHas paboTa ¢ meperpy3Kou,

A.4.2.3 HeyoBIeTBOPHUTENbHAS PA00Ta CUCTEMBI OXJIAXKICHUS,

A.4.2.4 IpoayKTHI CTApEHUS Maca.

[Tepeuncnennpie B m.A.4.2 GakTOphl MPEUMYIIECTBEHHO COMPOBOXIAIOTCS 00pa3oBaHUEM
CO, CO2 n nornonieHueM pactTBopEHHOTO O».

A.5 Jlerpaganmsi macia 1oj BO3ICHCTBHEM BBICOKOM TEMIEPATypbl M 3JIEKTPUUYECKUX
pa3psaoB.

A.5.1 B pe3ynbpTare aHOM@JIBHOTO JIOKAJBHOTO BBIIEJIECHUS HYHEPTUU B 00OPYJOBAHUU
MPOUCXOIUT YCKOPEHHOE pa3pylIeHHE H3O0JALIUOHHBIX MarepuayioB. [lo xapakTepy BblaeiIeHHs
SHEPruu Ae(eKThl pa3AessioT Ha JABE TPYIIIbL: TEPMUUYECKUE U SJIEKTPUUECKUE Pa3psiIbl.

A.5.1.1 Tlpy mosBIEHUU TEPMUUYECKHX JCPEKTOB Ta3bl OOpa3yloTCs B PE3yJbTaTe
BO3JICUCTBUS HA U30JISILUIO BBICOKOM TEMIIEPATYPHI.

A.5.1.2Tlpy TOSBICHUU DSIEKTPUUYECKUX Ppa3psAOB Ta3bl 00pa3ylOTCS B PE3yNbTaTe
MOHM3ALMOHHBIX IIPOLECCOB, KOTOPBIE MPUBOJAT K AUCCOLMALMN MOJIEKYJ Macjia U LEJIIH0I03bI.
Pa3psinpl  cOmpoBOXKIAIOTCS BBIACICHWEM TeIUla: HE3HAYUTENbHBIM - B Cllydae YaCTUYHBIX
pa3psioB; OoJiee CYIIECTBEHHBIM - IIPH TyTOBOM pa3psizie.

A.5.2 MuHepanbHble H30JIAIMOHHBIE Macjia MPEACTaBISAIOT COOOM CMECh Pa3IMYHBIX
YIJIEBOJOPOAHBIX MOJIEKYJ, B COCTaB KOTOpBIX BXoasaT xumuueckue rpynnsl CHs, CHz, CH,
COEIMHEHHBIE CBSA3SIMHU YIIIEpOJ - yriaepoa. JleficTBre BBHICOKOW TeMIEepaTypbl U 3JIEKTPUUECKUX
pa3psAa0B MPUBOAUT K Pa3pbIBy XUMUYECKHUX CBA3EH MEXAY OTIEIbHBIMU aTOMaMHU 3THX MOJIEKYIL.

A.5.2.1 Pa3peIB cBszeii yriaepop - yriaepon (C-C) u yrimepon - Bogopon (C-H) mpuBoaut
K 00pa3oBaHWI0O MOHOB W pamukainoB, Takux kak H°®, CH®, CH2*, CHs*, C* wu ;mp., KoTopbIe
B pe3yJibTaTe OBICTPBIX PEKOMOMHALMN 00pa3yl0T MHOTOYMCIICHHBIE Ta3bl, B TOM YHCIE U T'a3bl,
UCIIOJIb3YEMbIE JIJISl ONPEe/IeTICHHs] TEXHUUECKOTO COCTOSHUSA TPaHC(HOPMATOPHOTO 000PYIOBAHMUS:
H», CHa4, C2Ha, C2Ha, C2He, CO, COg,



A.5.2.2 I3MeHeHre cocTaBa ra3oB 3aBHCUT OT BHJAa AHOMAJIBHOTO BJIMSHHS SHEPTHUH,
BhIJIENIIeMON B 30HE AedekTa. [ns paspeiBa cBsizu C-H HyXHa HauMeHbIIAs SHEPrHs, KOTOpas
MOKET BBIIETATHCS, HANpUMep, MPU TMOSBICHUUM YACTHYHBIX pPa3psioB, YTO MPUBOIUT
npeuMyliecTBeHHO K oOpa3oBanuto Ha. Haceimennsie yriaesogopoansie ra3sl: CHa, C2He HauHyT
aKTHBHO OOpa30OBBIBAaTHCS KOT/Aa TemIlepaTypa W/WUU SHEPrus, BbIACISAIONMIAsACcS B 30HE AedeKTa,
BO3PACTET 70 BEJIMYMHBI, JJOCTATOUHOM I pa3pbiBa U oOpa3oBanus csizu C-C.

A.5.2.3 TIlocnenyrommii poct Temneparypsl Bbimie 300 °C mpuBeaér k oOpa3oBaHHUIO,
Hapsily ¢ HaCBIILEHHBIMU YIVIEBOAOPOIHBIMU Ta3amH, ra3za C2Ha, KOTOpBIN UMEET TBOMHYIO CBS3b
C=C. T'a3 CoH2 c TpoitHOI CBsSI3bI0 MEXIy aToOMaMH yriiepoja OyaeT oOpa3oBBIBATHCS MPHU
HCKPOBBIX pa3psiiax BbICOKOH sHeprun mnu temmneparype 700 - 800 °C u Bbiwe.

A.5.2.4 PaznoxeHue Maciia 1o IeMCTBUEM aHOMAJIbHBIX HAarpE€BOB U MCKPOBBIX Pa3psioB
IPUBOJUT K 00pazoBaHMIO He TOIbKO Hz 1 ra30B yriieBonopoaHoi rpymibl, HO U razoB CO u COx.
BaxxHbIM hakTOpOM, KpOME TeMIEpaTyphl, BIUSIOMUM Ha KOJIMYECTBO oOpa3yromuxcs razop CO
u CO2, 6yner xoHueHtpanust Oz B Maciie BCIEACTBUE OTCYTCTBHS UM HAPYIIEHUS TePMETHUYHOCTH
000pyI0OBaHUs.

A.5.2.5Tlpu pasznoxkeHUH Maciia KpoMe Tra3oB, 00pa3yloTcsi pa3sHOOOpa3HbIE >KUIKUE
U TBepAbIC MPOAYKTHI Aerpaaanuu. Hanpumep, npu remmeparype 500 - 700 °C u Bbie o6pa3yercs
yriepos C, KOJIMYecTBO KOTOPOTO 3aMETHO PACTET MPU JYTOBOM paspse.

A.5.2.6 Paznoxxenue (muposin3) Macsa 1moJ IeHCTBHEM BBICOKON TeMIIEPATyPhI TPOUCXOIUT
KaK B CJIyuae MECTHOI'O HarpeBa, Tak U B Cllyyae OOIIEero HarpeBa mMacia.

Jlis MEeCTHBIX HAarpeBOB XapaKTEepHbl BHICOKHE TEMIEpaTypbl U HEOOJbIIME IUIONIAIN
HarpeBa. C MOBBIIEHUEM TEMIEPATYpbl MPU MECTHOM HAarpeBe 3aMETHO PacTET CKOPOCTh
BBIJICJICHHSI Ta30B, 0COOEHHO Mpu nipeBbimeHnn Temiepatypbl 300 °C. YUem Gostbiie pa3Mepsl 30HbBI
HarpeBa, TeM OOJIbIlIEé HAarpeB OTPaXaeTCs Ha OOIEeM CTapeHHH Maciia, KOTOPOE MOXKET OBITh
MOJATBEPXKJIEHO (PU3UKO-XUMUYECKUMHU METOJaMH aHaIHN3a.

A.6 PazpymieHnune 1euito03HbIX MaTepHaioB P HarpeBe.

A.6.1 OtnenpHBIC hparMeHTHI MAaKPOMOJIEKYJTBI IIEJUTI0NI03bI CBsi3aHbl C-O CBsI3bI0, KOTOpast
sBisieTcst 6onee cimaboii, yem cBsi3b C-H B yrmeBomopoaHoii Monekyne macna. [lpu Temmnepatype
resutro1036I eBbite 105 °C [1] HaunHaeTCss HHTEHCHBHOE pa3pyIIeHHE MAKPOMOJIEKYJT HEJUTIOI03HI.

[Tpu temnepatype 250 - 300 °C u BbIlIe NpoLEcC pa3pyLUIeHNUs LEUTIOI03HbIX MaTepHaIOB
3aKaHYMBAETCS UX OKUCICHHUEM MW HayrJiepoKMBaHHEM C MOJIHOM MoTeped MeXaHHMYeCKHX
Y U30JIALIMOHHBIX CBOMCTB.

A.6.2 OcHOBHBIE Ta3bl, KOTOPBIE 00Pa3yIOTCS B PE3YJIbTATe pa3pyIIeHUs MeJT0103b1 - CO
u COz. B He3HAUUTENFHOM KOJIHMYECTBE Takxke oOpasytorcss Hz M yriaeBogopoaHble ra3bl, KpoMe
C2Hz. CkopocTh pocTa KOHIIEHTpPAlUU TEPEUUCICHHBIX Ta30B SKCIOHEHIMAIbHO 3aBUCUT OT
TEMIIepaTypbl U HEMOCPEACTBEHHO OT 00BEMA HArpeBaeMoro MpH TON TeMIlepaType MaTepuaia.

A.6.31Ipu Ttemneparype Hmwke 110°C HTOMUHHPYIOIIUM MPOIECCOM pa3pyIICHHS
LEJUTIONIO3b] SIBJISIETCSl TUAPOJIM3, KOTOPBIM MPOTEKAET NPU HAJIWYMM BOJBl U KaTAIUTHYECKOM
nerictBun kuciot. [Tpu ruaponuze CO u CO2 0Opa3yroTcs B 3HAYUTEIIPHO MEHBIIIUX KOJTHMYECTBAX,
YeM NPU MUPOIIN3E.

A.6.4 Cxopocts obpazoBanmsi CO u COz B pe3ynbTaTe TEPMHUYECKOTO pa3pyIICHHs
LEJUTI0JI03b] (TIpU MHPOJU3€) PE3KO YBEIUUMBAETCA NpU AOCTHKEHHH Temmeparypsl 110 °C u
BBIIIIE.

[Tpu temnepatype 250 - 300 °C u BbIlIe NpoLEecC pa3pylUIeHNUs LEUTIOI03HbIX MaTepHAIOB
3aKaHYMBAETCS UX OKUCJICHHEM W HayrJiepoKMBaHHEM C MOJIHOM MoTeped MeXaHHMYeCKHX
Y U30JIALIMOHHBIX CBOMCTB.

A.6.5 O6a mporecca: TMUPOIU3 W THUAPOIU3 - MPUBOIAT K 0Opa3oBaHMIO (ypaHOBBIX
COEIMHEHUI U CHIKEHUIO CTENIEHU NOJUMEPU3ALMH LIEJUTIOJIO3HBIX MaTEPUAIIOB.

A.7Ta3er O2 m N2 Moryr momajatb B Maciio JUOO B Pe3ylbTare MPSIMOTO KOHTaKTa
C BO3JIyXOM B O0OpYZOBaHUU HETEPMETUYHOIO HCIIOJHEHHS, JIMOO NpHU MOTepe repMETHUYHOCTH
MIEHOYHON WJIM a30THOW 3ammThl TpaHcopmaropa. Ilpu ycrmoBuM AOCTHXKEHHsS PaBHOBECHOM
pactBopuMoct O2 u N2, oTHOIIeHUE KOoHIeHTparwii Ta30B O2/N2 npubnmsurensHo pasasercs 0,5.



st 06opymoBaHUs C @30THOM 3aIIUTON IMOKa3aTeleM IMOTEPH TE€PMETUYHOCTH CIYKUT TOJBKO
KoHLeHTpauus O.

HNHTEHCHUBHBIE OKUCIUTENBHBIE MPOLECCHl B MAcie MPOTEKAIOT ¢ pacxogoBanuem Oz. Eciu
CKOpOCTh pacxonoBanusi O BeIIE CKOpOCTH ero nuddy3un B Macio U3 BO3/yXa, TO OTHOIICHUE
koHmeHntpanuii razoB O2/N2 ymenpmaercs. Korgma ortnomeHwe kouieHTpamnmii ra3oB O2/N2
JOOCTUTaCT BCIINMYHNHBI 0,2 U MCHBIIIEC - MOXHO I[I/IaFHOCTI/IpOBaTI: OKHUCIINTCIIBHBIC npoueccm
AHOMAaJbHO BBICOKOH MHTEHCHBHOCTH.

IHpuiaoxenue b
KommenTapuu k 1. 6 «/lepexTnl, 00HApPYKMBaeMble B CHJIOBbIX
Tpancdopmatopax ¢ nomoubio API» (cipaBo4Hoe)

b.1 llpuyunsl 1edekTOB, 00HAPY:KUBaEeMbIX B TPaHcpopMaTopax

b.1.1 HeynoBneTBopUTENbHOE COCTOSIHUE KOHTAKTHBIX COEIUHEHUM NEPEeKITI0YAIOIInX
yctpoiicts (PITH, ITBB) MoryT nmpuBOAUTh K UX TIEpEerpeBaM U BBHITOPAHUSIM.

b.1.2 TleperpeB TOKOBEAYIIMX COCAMHEHUNW MOXET OBITh CIEICTBUEM: OCIAOICHUS
U HarpeBa MecTa KperIeHUs 3JEKTPOCTaTHUECKOT0 3KpaHa; 00pbIBa 3JIEKTPOCTATUYECKOI0 IKPaHa;
ocnablieHusi BHHTOB KoMIeHCaTopoB oTBOoAoB HH; ocnabnenwss u HarpeBa KOHTaKTHBIX
coequHenni orBoga HH m mmuiabku mpoXoJHOro HU30JISTOPA; HAPYLICHUS TMAassHbIX COEAWHEHMM
DJIEMEHTOB OOMOTKH; 3aMBIKAHHSI TAPAILIEIBHBIX U JIEMEHTAPHBIX TPOBOAHUKOB OOMOTKH U Jp.

b.1.3 TleperpeB MeTauTMUeCKUX JJIEMEHTOB KOHCTPYKITUH OCTOBA MOKET OBITh CIICJCTBUEM:
HEYIOBJIECTBOPUTEIHLHOU H30JSIUN JIUCTOB AJIEKTPOTEXHUUYECKON CTalld; HApYUIEHUs H30JSLUU
CTSDKHBIX IIMUJICK WM HAKJIAJ0K, SPMOBBIX 0alloOK ¢ 00pa30BaHUEM KOPOTKO3aMKHYTOTO KOHTYpa;
o0I11ero HarpeBa v HeIOMyCTUMBIX MECTHBIX HATPEBOB OT MAarHUTHBIX MOJICH pacCesHUS B SPMOBBIX
Oankax, 6aHgaxax, MPECCYIOMUX KOJIbLIaX M BHUHTAX; HapYyIICHUS 3a3€MJICHHUS MarHUTOIPOBOJA;
HapyILIEHUs U30JISIUM aMOPTU3aTOPOB M IIUIOB IMOJAJ0HA PEAaKTOpa, JOMKPATOB U MPECCYIOIIUX
KOJIEL| MPU PaCIpPECCOBKE U Ap.

b.2 Ilpnuunbl 1edeKkToB, 00HAPYKMBAaeMBbIX B PeaKTOPax

OcoOeHHOCTH peXUMOB pPabOThl MAacCIOHANOJHEHHBIX PEaKTOPOB — 3TO YacThle HX
BKJIIOYEHUSI M OTKJIIOYEHUS, a TAaKXK€ MEPEHANPSIKEHUs, BOSHUKAIOIINE NPU BHEIIHUX KOPOTKHUX
3aMBIKaHUSX.

Pexxum paboThl M1 KOHCTPYKTUBHBIE 0COOEHHOCTH PEAKTOPOB MPUBOIST K MOBBIIICHHBIM, 110
CpPaBHEHHUIO C TpaHCPopMaTopamH, BUOpAIUsIM aKTHBHOW YacTH M 0aka peakTopa; oOpa30BaHUIO
MECT JIOKQJIbHBIX IEPETPEBOB; MOSBICHNUIO HU3KOIHEPT€TUUECKUX UCKPOBBIX Pa3PsIIOB.

Hanpuwmep:

— DJIEKTPUYECKHE Pa3psi/ibl HA SJIEKTPOMAarHUTHBIX SKPaHax C MEPErpeBOM MOCIEIHUX;

— DBJIEKTPUYECKHE Pa3psi/ibl B 30HE AMOPTU3aTOPOB AKTUBHOM YaCTU U 3JIEKTPOCTATHYECKUX
HKPAHOB;

— DJICKTPUUYECKUE PA3PSIBI 10 TTOBEPXHOCTH OOMOTOK;

— TMEperpeBbl B MECTE 3aMbIKaHUSI MATHUTHBIX IIYHTOB Ha OMOPHBIE TUIMTHI JJI IPECCOBKU
00OMOTKU,;

— Ppa3psiibl U MECTHBIE ITEPErPEBBI B MECTAX 3aMBbIKAHUS B [TAKETaX MATHUTHBIX IIYHTOB.

HenopaboTku KOHCTPYKIIMU PEAKTOPOB MOTYT MPOSIBISITHCS B KCILTyaTalliy MTOBBIIICHHON
BUOpalyel, BBIMAJEHUEM JHUCTAHIMOHHBIX pPAacloOpOK, OOJITOB KpEMJIEHUsT aMOpPTU3aTOPOB,
O0OpBIBOM BBIBOJIOB JKPAHOB WM CaMUX SKpPaHOB, OOPBIBOM TOKOBEIYIIUX IIeMell BHEIIHUX
MIPUCOETUHEHUH U Jp.
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IHpuiaoxenue B
JKCIIyaTAlIHOHHBbIE (PaKTOPBI, BiHsIIONHe HA pe3yabTaThl API' (cipaBouHoe)

Ilepen omenxoit pesynbratoB APIT HeoOXOAMMO MPOAaHANM3UPOBATH PEXHUMBI pabOTHI U
YCIIOBUS DKCIUTyaTalluy TpaHchopMaTopa 3a MpeablIyIuil epruol C LEIbI0 BhIABIECHUS (AKTOPOB,
CHOCOOHBIX TOBIHUATh HA COCTaB M KOHIIGHTPALMU PACTBOPEHHBIX B Macliie ra3oB, M3MEHEHHUE
KOHIEHTPALUU KOTOPBIX HE CBA3AHO C pa3BUTHEM Jie()eKTa B CUIOBOM TpaHC(hOpMaTope.

B.1 DkcnmyatanionHbsle  (akTOpbl,  BBI3BIBAIOLIEE  YBEIMUYCHHE  KOHLEHTPAIMA
PacTBOPEHHBIX Ta30B:

e yBEJIMYEHHE HArPy3KHU TpaHCcPopMaTopa;

CE30HHBIE U3BMEHEHUS TEMIIEPATYPBHI;

BO3JECHCTBUS BHEITHUX KOPOTKUX 3aMBbIKAHUH U Ip.;

MeperpeB Macjia TeIIoAJIeKTpoHarpeBaTesiiMU Ipu ero o0paboTKe B Iera3allMOHHBIX U
JPYrUX YCTaHOBKAX;

MIPOBE/ICHHUE CBAPOYHBIX PabOT Ha Oake;

neperpeB U3-3a 1e(heKTOB CUCTEMBI OXJTaKICHUS;

MOBPEXKICHHS MACIISIHBIX HACOCOB C HEAKPAHUPOBAHHBIM CTaTOPOM;

® HapylleHHEe TePMETHYHOCTH YINIOTHEHUS MEX/1y OCHOBHBIM 0aKOM U 0aKOM KOHTAaKTOpa
ycrporicrsa PIIH;

e HaCHIIIEHHE Macia B 0ake TpaHchopMaTopa razaMu U3 0aka pacHIMpHUTENs] KOHTaKTOpa
yctpoiictea PIIH, B pesyinbTaTe mnepeToka ra3oB, BCIEJACTBHE TOr0, YTO IMEpPEropojika B
pacupuTelie BHIIOIHEHA HE 10 caMoro Bepxa (Hanbosee 4acTo BCTpevanock npu ycranoske PITH
tunoB RS-3 u RS-4);

e J0JMBKAa HEJIEra3MpOBAaHHBIM MaciioM, OBIBIIMM B JKCIUIyaTalldd, COJEpKaIIuM
MOBBIIICHHBIE KOHIIEHTPALlUN Ia30B;

® OCTAaTOYHBbIE KOHLEHTPALIMU Ta30B OT YCTPaHEHHOTrO AedeKTa, eciau Macjo IJI0XO
Jera3upoBaHO WK Obuia 1udQy3us ra30B U3 HEUTIOI03HONW U30JISIIHH.

B.2 OkcnimyaranonHple  (aKTOPhl,  BBI3BIBAIOIIEE  YMEHBIICHHE  KOHIICHTPAIHI
PacTBOPEHHBIX T'a30B:

® yMEHBIIEHHE HArpy3KH TpaHchopMaTopa;

JUINTEIBHOE OTKJIIOUEHHUE;

Jiera3anys Macia,

JOJIMBKA JIEra3upOBaHHBIM MAacJIOM;

YacTUYHAs WK TOJIHAs 3aMeHa Maciia B 0ake TpaHcdopmaropa;

® 3aMEHa CHJIMKaress.

B.3 BausiHue sKCIuTyaTaliuoHHBIX (PAKTOPOB Ha KOHIIEHTPALUIO PACTBOPEHHBIX Ta30B.

B.3.1 3mMeHenne Harpy3kud TpaHchopMaTopa OKa3bIBaeT BIMSHHE HA TEMIEPaTypy
U30JISIIUH, a 3HAYUT, HA UHTEHCUBHOCTH ra3000pa3oBanus. OcoOeHHO 3aMETHO 00pa3oBaHKE Ta30B
IpU TOBBIIICHUM HArpy3kH JO HOMHUHAJIBHOM W BBIIIE HOMUHAIBHOW. B wucnpaBHOM
TpaHchopMaTope HHTEHCUBHOCTh 00pa30BaHUs T'a30B YBEIMUUBACTCS JIUIIb IIPH paboTe B pEeXUME
NEepPErpy3KkM M CHUXKAETCS K HA4YalbHOMY HHM3KOMY YPOBHIO CO CHI)KEHHMEM Harpy3ku. B
TpaHchopmaTope ¢ pa3BUBAIOIIUMCS Ae()EKTOM reHepaliys Ta30B CHIIbHEE 3aBUCHT OT HAarpy3Ku U
CTAaHOBUTCSA 3aMETHOW MpH HArpy3kax HUXKE HOMHHAJIBHOW (XapaKTepHO IJs TEPMHUYECKUX
NeeKTOB, CBSI3aHHBIX C MOTOKAMU PAaCCEesTHUA U 1e(eKTaMH TOKOIIPOBOIAIICH IIETIH).

B.3.2 Ce30HHOE MOBBIIIEHHE TEMIEPATYpPhl JIETOM, KaK W TEMIEpaTypHbIe Iepenaabl
B PE3YyJbTATE PE3KOro MOTEIUIEHUS, IPUBOJAT K YCUJIEHUIO MIPOLIECCOB CTAPEHUS MU30JISILIMOHHBIX
MaTepuasoB, a 3HAYUT, K YBEJIMUEHUIO ra3000pa30BaHus.

B.3.3 BHemHMe KOpPOTKHE 3aMBIKaHWS SBISIOTCS IPUYMHOM 00pa3oBaHUS Ta3oB.
HTEeHCUBHOCTh 00pa30BaHHs Ta30B 3aBUCUT KaK OT XapaKTEPUCTUK BIMSHHUS KOPOTKOTO
3aMbIKaHHs Ha TpaHc(hopMaTop, €ro JUIMTEIBHOCTH, TAK U OT COCTOSIHUS CaMOro TpaHchopmaropa.



BHemHue  BIMSHHA ~ MOTYT  BO3HHUKHYTH  BCJIEJICTBHE  TPO30BBIX U KOMMYTallMOHHBIX
nepeHanpsHKeHuH, nepexkoca (a3, KOpOTKOTO 3aMBIKaHUS B 3JICKTPUUECKU CBA3aHHOW CETH, 0TKa3a
WM HETPaBUJILHOW pabOTHI pa3psIHUKOB, BBIKIIOUaTesnei, u T.a4. B mepeuncinennpix B 1.B.3.3
cllyyasix TIOBBILICHHbIE KOHIIEHTpalMW Ta30B dYepe3 1-3 Mec. BO3BpaIIalOTCs K HCXOIHBIM
3HaYeHUsIM. Eciu CHIKeHUsl KOHIEHTpalui He MPOUCXOAUT, TO HE0OXOIUMO MPOBEPUTH HATUYHE
pa3BuBatonierocs aedexra.

B.3.4 Hapymienue temmepaTypHOro peXuMa MpH TEXHOJOTHYECKOW o00paboTke maciia
(cymike, gerasalyy, pereHepaliu) sIBISETCS MPUYUHON MOSIBICHHUS Ta30B, XapaKTEPHBIX IS
TepMuueckoro gedekra. IloBpexneHue JEHTOYHOTO HarpeBaTelss MaclIOOYHMCTUTEIbHOMN
YCTaHOBKH, KOTOPOE COMPOBOKIAETCS CUIBHBIM HAarpeBOM U UCKPEHHEM B Maclie, TAaKXKe IPUBOIUT
K TOSIBJIGHHIO Ta30B, HE CBs3aHHBIX C JAedekToMm TpaHcopmaropa. Ilostomy mocie
TEXHOJIOTUYECKOH 00paboTku Maciia Heooxoaumo nposeneHue API.

B.3.5IIpu cBapounbix paborax Ha Oake TpaHchopmaTopa, 3aJIMTOrO MAacjOM, HarpeB
CTEHKH 0aka MOXET MPUBECTU K 00pa30BaHUIO T'a30B, XapaKTEPHBIX I BBICOKOTEMIIEPATYPHOTO
Harpesa.

B.3.6 B ciayuae cHmkeHust 3()(hEKTUBHOCTH MM OTKa3a CUCTEMbI OXJIAKICHUS IPOUCXOTUT
MOBBILICHHOE BbIJENIEHUE Ta30B, XapaKTEPHBIX I TEPMHUYECKOro JedeKTa, ¢ pe3KuM POCTOM
coJiepKaHusl OKCHIIOB yriepoja. [ToBpexxaeHne 3eKTpUYecKoro ABUraTessi MacioHacoca MOXKET
MPUBECTH K OBICTPOMY POCTY KOHIIEHTpaIlluu Ta3oB B Oake TpaHchopmaTopa (peakTopa),
COOTBETCTBYIOIIMX HAarpeBy B JHAala3oHE CPEIHUX M BBICOKUX Temrmeparyp (BIUIOTH J0
oOpazoBaHusi aneruieHa). KOCBEHHBIM TOATBEPXKIECHHEM OTOTO JedeKkTa MOXKeT ObITh
nocjienyolmee OBICTPOEC CHIDKEHHE KOHIIGHTpauui ra3oB (B ciaydae TpaHC(hOpPMATOpOB €O
CBOOOJTHBIM JIBIXaHUEM ) WJIM CTAOMIIM3AIUs KOHIIEHTPAIUi ra30B y TpaHC(HOPMATOPOB C a30THOU U
IJIECHOYHOM 3allluTaMy MacIa.

B.3.7 lonuBka  TpaHchopmaTopa  MacioM, HMEIOIIMM  KOHIIEHTpAaIlMd  Ta3o0B,
OTJMYAIOIIMECS OT €ro KOHIEHTpalud, MpHBEIeT K HCKAKEHUIO KOHLEHTpAIMid Ta3o0B,
XapaKTepHBIX JUIsl JUarHocTupyeMmoro tpaHcdopmatopa. Hampumep, nonumBka Maciowm,
COJIep KAIIMM TTOBBIICHHBIN YPOBEHb KOHIIEHTPAIMH ra30B APYroro o00pyI0BaHuUs, WK JOJIUBKA
JIera3upOBaHHBIM MACJIOM.

B.3.8 [lonuBka Macia 6e3 cOOJIIOIeHUS TpeOoBaHUI CTaHzaapTa
CT-NA-30.2-2.1-27-02-2016 «O61acTb NPUMEHEHHUS M MOPSJOK CMEIICHUSI TPaHCPOPMATOPHBIX
Macea» MOXET MPUBECTH K MHTEHCH(UKALIUU Ta3000pa30BaHMsL.

B.3.9 OcrarouHble KOHIIEHTPAIIUH I'a30B OT YCTpaHEHHOTO AedekTa TpanchopmaTopa, eciu
HE MPOBOAMIIACK Jiera3allusi ero Macia, 0yJayT MacKUpoBaTh BpEMsI BOSHUKHOBEHUSI HOBOTO iepeKTa
u ero xapakrep. IIpu merasammm macna rassl ¢ BBICOKOH pactBopumMoctbio (C2Hs, C2H4) penko
ylaercs yIajJuTh MOJHOCTBIO, MO3TOMY JEra3sMpOBAaHHOE MAaciO MOXKET COJAEpKaTb HEKOTOPBIi
YPOBEHb ITHX Ta30B.

B.3.10 [Ipu BrmroueHun TpanchopmaTopa B pabOTy Mocie JIUTEIBHOTO OXJIAXKICHHS -
HarpumMmep, MOcie MPOBEIEHUSI PEMOHTHBIX paboT (B TOM 4HMCIE CBSA3aHHBIX C 3aMEHOW Maclia)
HaOIOaeTCsl JecopOIrs Ta30B M3 IEJUIIOJIO3HONW HM30isIui. MoskeT HabOmomaTbest AecopOorus
ra3oB M3 CWJIMKAareis aJCcOpOIMOHHBIX WM TEPMOCH(OHHBIX (HIBTPOB, €CIU IMPH PEMOHTE
CUJIMKarejb He ObUT B HUX 3aMeHEH. TemmepaTypHas MUTpalus OKCHJIOB YIJIepoJa, 10 MpUYuHE
ajcopOIMM Ta30B LEJUII0I030H, 3amerHa mnpu Temmeparypax a0 80 °C. OObIYHO pOCT
koHneHtpanuii CO, COz, BBIACTAIOMIMXCS M3 IEJUTIOI03bI MPH BKIIOYCHUH TpaHchopmaropa
B paboTYy, CITYCTsI HECKOJIBKO JIHEH 3aKaHUMBACTCH.

B.3.11 Ecnm maciio mociie aBapuu J0JIT0 HaXOAWJIOCh B TpaHC(HOPMATOpPE, TO IEJUTIOJIO3HAS
U30JISAIUS MOTJIa aIcOpOMpPOBaTh 3HAUUTEIBHOE KOJMYECTBO ra3oB pasznoxkeHus. [Ipu BKItOYeHUH
B paboTy Takoro TpaHchopmaropa mociie peMOHTa ¢ 3aMEHOM Maclia U3 LEeJUII0JI03HON U300 B
Macio OyAyT BBIIEIATHCA paHee MOTJIOMEHHBIE ra3bl, COCTaB KOTOPHIX OyIeT COOTBETCTBOBAThH
yCTpaHEHHOMY MOBpPEXKICHHIO. Bpems BblieneHuss Takux ra3oB 10 CTa0WiIM3aluu OOpaTHO



POMOPLMOHAILHO Harpy3ke TpaHcgopmaTopa. [Ipu manoil Harpy3ke BBIJIEICHHE T'a30B MOXKET
HAuaThCs HE cpa3y MOCIe BKIIOUEHUS, U CTA0MIU3AIMsI MOKET MPOJODKATHCS 2-3 MecsIa.

B.3.12 B macnie 0aka konTaktopa yctpoirictBa PIIH mnpu HoOpmanmbHOI ero pabote
(mepeximrodeHHsIX) o0Opasyercs OONbIIOe KOJUYECTBO Ta30B, XapaKTEPHBIX IS JAe(EeKTOB
JIEKTPUYECKOTO XapakTepa. OTH ra3bl MOTYT IONaAaTb B OCHOBHOW Oak TpaHcdopmaTopa
CJICAYIOIIMMHU MyTAMU:

® B pe3ynbTaTe HapyIIEHUS T€PMETUYHOCTH YIUIOTHEHUS MEXIY OCHOBHBIM OakoM W
06aKoM KOHTaKTopa (IIpH TOM BO3MOXHO 3arpsi3HEeHHe Maciia 6aka YacTUIlaMU yIiiepoja, KOTOpbIe
00pa3yroTcs mpu paboTe KOHTAKTOPA);

e B pesynbTaTe nuddy3un razos u3 Macia 6aka koHtakTopa ycrpoictB PITH uepes oOmuit
BO3AYIIHBINH 00BeM B Macio Oaka TpancdopmaTopa (Hauboliee 4acTo BCTPEYaIoCh MPH YCTaHOBKE
PITH tumoB RS-3 u RS-4);

® B pe3yibTaTe MepeToKa Macia MEeXKIY YacTAMU pacluuputess (M3 4acTU pacUIupUTEs,
coobmraromeiicst ¢ PITH, B wacTs pacmmputens, cooOmaromrytocs ¢ 6akoM TpaHcdopmaropa), B
cllydae, €clIM MEeperopojka B pacUIMpUTENe BHIIOJHEHA HE 1O caMOro Bepxa (Hauboliee 4acTo
BcTpeuanock npu ycranoBke PITH tunos RS-3 u RS-4).

Ecnm otHOomenue konnenTpanuii razo C2Hz/Hz B 6ake Tpancdopmaropa mpeBbIaeT 2, To
BEPOSITHO TOINAJaHue Taza u3 0aka KOHTakTopa B Oak TpaHcopmaropa. s mpoBepku 3TOro
yTBEpXKJIEHHsT HeoOxoaumo oToOpaTh mpoObl Macima w3 Oaka koHTtakTopa PIIH u Oaka
Tpancpopmaropa. Beicokoe cxoAacTBo AByX rpaduueckux obpaszos (1m.7.3.2) pesynbratoB APT
SBJISIETCS IOMOJHUTENBHBIM MPU3HAKOM, TIOJITBEPKIAIOLIIM 3TOT BHIBOJ.

I"a3p1, nonagarone B 6ak Tpanchopmaropa U3 6aka KOHTAKTOpa, CO3JAIOT OIIMOO0YHYIO
KapTUHY AedeKTa, He TMO3BOJSIOT CBOEBPEMEHHO BBIIBUTH AePEKT camoro TpaHchopmaropa u
NpaBUIBHO ero uiaeHTuduuuposats. [locne ycTpaHeHHus HapyIIeHUsS TEPMETUYHOCTH Macjo B 0ake
TpaHchopmaTopa JOKHO OBIThH JAETa3uPOBAHO.

B.4 Bo Bcex cimyyasix, nepedrcieHHbIx B 1.B.3, TpeOyercs ydaméHHbIA KOHTPOJIb, YTOOBI,
C OJIHOM CTOPOHBI, HE BBIBECTH M3 PaOOTHI UCIIPaBHBIN TpaHCHOpMaTOp, a ¢ APYrol CTOPOHBI, HE
YIIYCTUTB pa3BUTHE JedekTa. TOIbKO OTCYTCTBHE pOCTa KOHIIEHTPALUI Ta30B MO3BOJISET CUMTAThH
MPUYMHON MX MOSIBICHUS TOJMBKY MacjiaoM, (JOH ycTpaHEHHOTO nedeKTa Wi JecOpOIHIo ra3oB
LEJUII0JIO30M U T.II.

B.5 Ecnu ectb ocHOBaHHME CUMTaTh, YTO MPUYUHA MOSBICHUS B MAcjle ra30B Pa3ioxKeHUs
BbI3BaHA HKCIUTyaTallHOHHBIMU (PAKTOpaMH, TO caMbIM 3(PPEKTUBHBIM CITIOCOOOM MOJTBEPKIACHUS
3TOTO SIBJISIETCA Jiera3aius Macia. Eciu reHepanuu ra3oB 1ociie Jera3aiuu He 0yaeT, To mpuduHa
ObLIa orpesiesieHa BEpHO, U TpaHC(HOPMATOP MOKHO CUMTATh pabOTOCIIOCOOHBIM.

B.6 Pesynbratet API" macna, OoTOOpaHHOTO W3 OTKIIOYEHHOTO JJIUTEIBHBIA TEPUO]]
00opymoBaHus, 0COOEHHO B 3UMHUU MEPHOJ, HE OTOOPAKAIOT HCTUHHOE TEXHUYECKOE COCTOSTHUE
3TOTO 000PYIOBAHUS.



Ipuiaoxenue I'
DaKTOphI, OKA3bIBAKINNE BJIUSIHUE HA 10CTOBEPHOCTH NPUHATHS PellieHUs
npu aHajause pe3yabraroB API' (cnpaBo4Hoe)

I''1 Tun pedekra, ompenensieMoro IO OTHOIICHUIO KOHIICHTPAIIMA Ta30B, MOXKET
OTIUYAThCS Ui 000PYAOBaHUS C Pa3HBIMHU CIOcOOaMU 3amMThl Macia. s obopymoBaHus co
“CBOOOJIHBIM JIbIXaHHEM ’ HYKHO YUUTHIBATh YMEHBIIICHUE KOHIICHTPAIIMH T'a30B 3a cueT nuddy3un
pU TEMIIEPATYPHBIX KOJIeOaHUSIX YPOBHS Macia.

I'.2 3naunTenpHOE BAMSHUE HA JJOCTOBEPHOCTH PE3YJIHTATOB MO METOaM UIAECHTU(UKALUN
BUa nedekra okaspiBaeT HapymeHue meroauku nposeneHust AP (P[] 34.46.303-98). Onnum u3
MPU3HAKOB HEKAUECTBEHHOTO aHAJU3a SIBJISIOTCSA PE3KUe KoJieOaHUs KOHLEHTPAIMM OTAEIbHBIX
ra3oB TpU MOCIEA0BATEIbHO BBITONHSAEMBIX APIT 3a OTHOCHTENHEHO KOPOTKHE MPOMEKYTKHU
BpeMEHU (IHW, HENEIH) W3 OJHOTO MW Toro e obOopynoBanus. Kpome morpemmnocreir npu
MPOBEJICHUHN aHall3a, O9TO MOXET CBHUACTEILCTBOBATh O HAPYIIEHUH NPOIEAYp OTOOpa,
TPAaHCIIOPTHPOBKH, XpaHeHus mpod mMacia (cm. PJ1 34.46.303-98). Takue BHIBOIBI PABOMEPHBI IIPH
yCIOBUM, 4TO OOOpYyJOBaHME 3a BpeMsl MexIy oTrOopamu mpod paboTano B OTHOCHTEIHHO
CTaOUJIPHBIX TEMIIEPATYPHOM DPEXHMME U pexuMe Harpy3ku. lcmoib3oBaHHE HEIOCTOBEPHBIX
pesynbratoB API' ans BbIsiBiIeHHs Buja AedekTa MO OTHOMICHUSM Ta30B MOXKET MPUBECTH
K OITMOOYHBIM BBIBOJIaM O COCTOSIHUHM O0OpPY/IOBaHMS.

'3 1Ipu Hanuuuum B 0OOpPYJOBAHWU HECKOJBKUX JE(PEKTOB CIEKTp OOpa30BaBIIUXCS
neeKTHBIX Ta30B OYIET SIBIATbCA PEe3yIbTaTOM BO3IEHCTBHS Bcex uMMeromuxcs nedexkroB. Ecau
M0 CPaBHEHHUIO C pe3yJibTaTaMu MPEAbIAYIIUX aHAIU30B HAOIIOJAeTCS M3MEHEHHE OTHOIICHUMN
KOHIEHTpAIlUi ra30B TEKYIEro aHajan3a, TO 3TO MOKET YKa3bIBaTh HA HAJOXKEHHE KOHIICHTPAIUil
ra3oB HOBOTo nedekra. B 3ToM ciydae, 4TOOBI MONXYYHTHh TOJBKO T'a30BBIE OTHOIIEHUS HOBOTO
nedexra, Hy)KHO OTHATH mpeabiayne pe3yiabTatsl APIT U3 pe3ynbTaToB TEKyIIEero aHaiu3a U
ONpEAEINTh OTHOLIEHWE Js MOJydeHHOH pasHulbl. Eciu Her nanneix APIT 3a mpenwimymimit
Nepuo dKCIUTyaTalluM, OnpeeieHne Tumna aedeKToB M0 OTHOIICHHIO KOHLIEHTPAIUi ra3oB Mpu
HAIMYUHU HECKOIBKUX J1e(DEKTOB OyIeT 3aTPYyAHEHO B HEJOCTOBEPHO.

I'.4 JIns moBBIIEHUS] TOCTOBEPHOCTH OLIEHKU 3HAYEHUN CKOPOCTH POCTa KOHIEHTPALHA,
HE00XO/IMMO YYUTHIBATH CJEIYIOIIEe:

I'.4.1 JIns ra3oB ¢ HHU3KOW PacTBOPHMOCTHIO B Maciie (Tabmuia 9) MmorpemHocTs Mpu
OTpeieIeHUH CKOPOCTU HApaCTaHUSI MOXKET OBITh IOCTATOYHO 3HAYUTEIBHON B CBSI3U C TIOTEPSIMHU
pu 0TOOpE MPOOBI M IPOBEICHUH aHAIN3a, 0OCOOCHHO U3 HETEPMETUIHOTO 000pYAOBAHUS;

I'.4.2 I3MeHeHus Harpy3KH U TEMIIEpATyphl Macia TpaHchopMaTropa B MHTEpBAJIE MEXKIY
B3STHEM Mpo0, a TakkKe APyrue HKCIUTyaTallMoHHbIe (aKTOpbI, BMsIONIMEe Ha pe3yabTaTsl APT,
MOTYT MPUBECTH K OMIMOOYHBIM BBIBOJIAM O JIEHCTBUTEIBHON CKOPOCTH U3MEHEHUS KOHIICHTPAIUI
ra3os;

I'.4.3 [Ipu cymecTBEHHOM M3MEHEHUHW HArpy3Kd M TeMIiepaTypbl Macia TpaHcdopmaTopa
M3MEHEHHE KOHIIEHTpAlMi ra3oB JO yCTAaHOBUBIIMXCSA 3HAYEHHH MPOU30IAET HE MeHee yeM 3a
2 CyTOK.

I'.4.4 CkopocTh pocTa KOHIIEHTpaluii Ta30B B Maclie TpaHchopmaTopa 3aBUCHT OT
KMHETUKH ¥ MEXaHW3Ma 00pa3oBaHUs raza, KOHCTPYKTHBHBIX OCOOEHHOCTEH TpaHcdopmaropa
(00BbEMa M3OMAMM W COOTHOIICHMsI Oymara/macio, crmocoba 3amuThl Maciia W Jp.) U CpokKa
SKCIUTyaTaIuu TpanchopmMaTopa.



Ipuioxenne /I
IIpumepsl NpUMeHEeHUs1 METOI0B HHTEPNpeTAllMU pe3yabTaToB AP
JJIS OLIEHKHM TEXHUYECKOI0 COCTOSHUS TPAHC(POPMATOPOB (CIIPaBOYHOE)

B nanHOM paznene paccMOTpeHBI MPUMEPHI, OXBATHIBAIOLINE OCHOBHBIC THUIBI 1E(EKTOB
TpaHcGOpMaTOPOB, MOATBEPHKACHHBIX MPHU MIPOBEIEHUU PEMOHTOB. B KakJJoM ciiyuae MpUBEACHbI
XapaKTEPUCTUKHU TpaHCHOPMATOPOB M ONHUCAHUE JIeeKTa.

Hanomuum, 4yto B epaguueckom memode TpH TOCTPOCHUU TIpaduka HCHOIb3YIOTCS
abconomuvie KoHyenmpayuu 2azos. llpu ucnonszoBaHuu Mmemooa Jlasuoenko-O8uuHHUK08A,
MPUMEHSIIOTCS] OMHOCUMENIbHbIE KOHYEHMPAYUU 2a308.

IIpumep 1. BoicokoTeMnepaTypHblii HATPeB, NEPEXOAALIMIA B TyTy

Tpaunchopmarop — TAH-10000/110 ¥1

ITapameTtp

Croco0 3amuTel Maciia

Mapka macia

CpoOK 3KCIUTyaTaluu, JIET

3HaueHue

CB0OOIHOE IBIXaHUE

CMech Macen

11

Konnenrpauun ra3oB, pacTBOPEHHBIX B Maciie Oaka TpaHchopMmaTopa IOCIEe aBapUtHOTO

OTKJIIOYCHUA

T'az H> CH4 C2Hs CaoH4 CoH2 (6{0) CO;
Konnentpans, % 06. | 0,0162 | 0,0075 | 0,0001 | 0,017 | 0015 | 0,048 | 0,14
[Tpessimenwne /13, pa3 7,6 7,5 0,05 2,13 18,8
CoOTHOIIEHHS KOHIEHTPALHUIA nap ra3os:
C,H 0,015 o aal CHy, _ 0,0075 o
/e, = /0,017 = 0.88; *h, = /0,015 = 0,49;
C,H _ 0,017 _
e, = /0,0001 = 170.

3aksTroueHre Mo COOTHOMICHHUIO KOHIIeHTparuil map ra3zos (11.7.3.1.3): «MckpoBbIe pa3psiasl

BBICOKOM 3HEPTUN».
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a) uarpamma API" Tpanchopmaropa 0) O0pa3 nedekra - BRICOKOTeMITepaTypHBIN
Harpes, ayra

Pucynok /1.1 - Uarepnperanus API" mo o6pa3y nedexra (11.7.3.2)



HNuTepnperanus gedexToB no meroay laBugenko-OBunHHNKOBA (11.7.3.3)

Ta3 H> CHg4 CoHs CoH4 CoH»
CreneHb NPUCYTCTBUSA b B r I A
Bun nedexra — nyra b B r T A

Cootnomenne kouuentpauuii CO2/CO

COOTHOIIICHHE KOHIIEHTPALIHA COZ/CO = 0'14/0 048 = 2,9.

Takoe COOTHOILIEHNE TOBOPUT O HAJIMUMU UCKPEHUS WU Fopsiuei TOUKH ¢ TeMiiepaTypoit Boiie 200
°C, 3a7IeBarOIICH HEUTION03H0-0yMakHY 0 H30Jsmmio (11.7.3.1.4).

Onucanne nedexra: MeXBUTKOBOE 3aMbIKaHHE C BbIrOpaHueM oOMoTkn PO mpu Omuskom
KOPOTKOM 3aMbIKaHWW BBUJY IUHAMHUYECKOW HEYCTOWYMBOCTH OOMOTKH. JlaHHBIN nedext
MHTEPECEH TEM, YTO UMEET CMELIaHHBIN XapaKTep — 1yra U CUJIbHBII HAarpeB.

IIpumep 2. BoicokoTeMnepaTypHbIii HATpeB

Tpancpopmarop — TATH-25000/110 Y1
IHapamerp Crioco6 3ammthl Macna | Mapka Macna Cpok 3KcIutyaTalyH, JeT
3Hauenune CBoOosiHOE JbIXaHUE Cwmech Macen 25

Konnenrpauun ra3oB, pacTBOPEHHBIX B Maciie Oaka TpaHchopMmaTopa IOCiIe aBapUtHOTO
OTKJIFOYEHHUS

Ta3 H- CHg4 CoHe CoH4 C2H> CoO CO
f;)"(‘jgempa““"’ 0,0086 | 0,0395 | 0,0108 | 0,0742 |0,00048 | 0,0322 | 0,2036
Hpespinenue JI3, | 4 5 39,5 5.4 9,3 0,6

pa3 L ) ) L L

CoOoTHOIIEHHS] KOHIEHTPALUiA Nap ra3os:
C,H _0,00048 _ . CH,, _ 0,0395 _ L co
/e, = /0,0742 = 0,0065; *u, = /0,0086 = 459

C,H 0,0742 _
e, = /0,0108 = 6:87.

3akroueHrne M0 COOTHOIICHHWIO KOHIeHTparui map razoB (1m.7.3.1.3): «Tepmuueckuii medext
BBICOKOI Temmeparypsl (6oiee 700 °C)»

Nurepnperanus nedexroB no merony Jlasuaenko-OpunHHukoBa (11.7.3.3)

I'a3 Ha CH4 CoHe CoHg4 CoH»
Crenenp MpUCYTCTBUS r A B B T
Bun nedexra -

TEPMHUYECKHUI nedext I A B b r
(ot 300 10 700 °C)
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a) [lnarpamma API" Tpancdopmaropa

0) O6pa3 nedexTa - BRICOKOTEMITEpaTypPHBIi
Harpes

Pucynox /1.2 - Uatepnperanus API" mo o6pasy aedekra (11.7.3.2)

Cootnomenne kouuentpamuii CO2/CO
0,2036 —
/0,0332 = 632

[emntono3Ho-0yMaxHast 30U HE 3a/1eTa.

. CO, _
CooTHOIIICHHE KOHIICHTPAIIUHA / o=

Onucanne gedexra: Harpes cTsyKHOM IINMIBKY BEPXHETO sIpMa

IIpumep 3. BoicokoTeMnepaTypHblii HarpeB

Tpaunchopmarop - TMH-2500/35 V1
Ilapamerp Crnioco0 3anuThl Macia
3HaueHune CB00OOIHOE JIBIXAHHE

Mapka macia CpoOK 3KCIUTyaTalu, JIET
Cwmech macen 18

Konnenrpauun ra3oB, pacTBOPEHHBIX B Maciie 0aka TpaHchopMmaTopa IOCIEe aBapUtHOTO
OTKJIFOYEHHUS

Ta3 H> CHs4 C2He CoHg4 CoH2 CO CO
f,;)"ggempaum’ 0,00755 | 0,06362 | 0,01362 | 0,10693 | 0,00446 | 0,03756 | 0,09114
Hpepbmenne [13, | 4 g 90,9 136 35.6 45
pa3
CooTHOIIEHNS KOHIIEHTPALMI Tap ra3os:
C,H _0,00446 _ . CH 0,06362
/e, = /0,10693 = 0,042; */u, /0,00755 = 843;

0,10693 _
/0,01362 = 7,85

)

C,H
2 4/C2H6 —

3akIIl0YeHre TI0 COOTHOIIEHHUIO KOHIIEHTpauid ap razos (1.7.3.1.3): «Tepmuueckuii nedext
BBICOKOM Temneparypsl (6osee 700 °C)».
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Pucynok /1.3 - Uarepnperanus API" mo o6pa3y nedexra (11.7.3.2)

HNuTepnperanus gedexToB no meroay laBugenko-OBunHHUKOBA (11.7.3.3)

I'as H> CH4 C2Hs CoH4 C2H>
CreneHp IpUCYTCTBHUS r A B b r
Bun nedexra — TtepMuueckuit r A B B r
nedekt (ot 300 go 700 °C)

Cootnomenne kouuentpamuii CO2/CO

/00 =

CooTHo1IEHHE KOHIEHTpaLui

0

09114 _
/003756 = 243.

Takoe COOTHOLIEHME FOBOPUT O HAJIUYMM MCKPEHUS MIIU Iopsdeld TOYKU C TEMIIEpaTypOH BbILIE

200 °C,

3a/IeBalONIeH IEJUTIOI03HO-OyMakHy0 m3osmuio  (1.7.3.1.4).

[Tockonbky 00BEM

U30JISAUH, 3a7eThlii nedextoM, Obu1 Mai, kKoHueHTpauun CO u CO2 He MPEBBICHIN OMYCTUMBIX

3HA4YEHU.

Onucanue aedexra: Tpanchopmarop BeiBeaeH u3 padbotsl o pesynbraram API' u TBK. Harpes
mnuibka BBoAa (azel «B» ctoponst BH. I[lpon3omio BeIropaHue KOHTAKTHOTO COEAMHEHUS
BEIBOZIa 00MOTKHM BH co mmuinekoi BBOIA.

IIpumep 4. YacTuuHbIe pa3psabl

Tpauchopmartop — TPJITH-25000/220 BM YXJI1

Mapametp CHOCSSCS;;HHTH Mapka macna Cpok 3KcrutyaTanuu, Jiet

3HaueHnue TTnénounas T'K 6
KOHI.[GHTpaHI/II/I Fa3OB, paCTBOpéHHI)IX B MacClJIic 631(3.

Ta3 H- CHg4 CoHe CoHg CoH2 CO CO

f,;)"ggempaum’ 0,05617 | 0,00337 | 0,00064 | 0,00016 - 1 0,00406 | 0,0510

pHap:BHmeH“e A3 112 | o028 0,08 0,01 i




Cormacno n. 7.3.1.1 MbI HE MOXXE€M TPUMEHUTH OTHOIICHUS KOHIICHTPAIMI Map ra3oB JJIs
ompenenenns Buaa gedekra (4 < 3-MAc2),
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H2 CH4 C2HG C2H4 C2H2 H2 CH4 C2IHE C2H4 C2HZ

a) Iuarpamma API" tpanchopmaropa 6) O6pa3 nedexra - UP
Pucynok /1.4 - Uurepnperanus API" mo o6pa3y nedexra (11.7.3.2)

Hurepnperanus nedgexroB no meroay JdaBuaenko-OBunnHukoBa (1.7.3.3)

I'a3 H2 CHgs Cz2Hs CaH4 CaH2
CreneHb NPUCYTCTBUSA A B I I r
Bun nedexra — YP A B T T r

Cootnomenne kouuentpauuii CO2/CO

CooTHOIlIEHHE KOHIIEHTpaLUi COZ/CO = 0'0510/0 00406 = 12,6.

[emmrono3Ho-0OymakHas W30JISIUS nedeKToM 3aTpoHyTa (m.7.3.1.4). Bepositen
HU3KOTeMIlepaTypHbiit nedekt g0 160 °C.

Onucanmue nedexra: /[onorHUTETFHOE HCCIEIOBAHUE TOKA3aI0 HATMYKE B Oake Tpanchopmaropa

YP. Beuio mpoBeneHO BCKphITHE. Ha MOBEPXHOCTH HM3OJSIMOHHBIX LUIWHIPOB OOHAPYKEHBI
xapakrepHsle Ui UP cnenpl. Takyke yCTaHOBIICHO, YTO UUIMHAPHI YBIIAKHEHBI.

IIpumep 5. Harpes B 1nana3onax cpeHUX WJIM BbICOKHUX TeMIIEPaTyp

Tpancdopmarop — TM-10000/35

Croco0 3ammuThl
IHapamerp Mapka macina CpoOK 3KcIuTyaTalu, JIeT
macia
3HaueHne CB00OOIHOE IBIXaHUE Cwmecs Macen He usBecten

KoHIeHTpaluy Ta30B, paCTBOPEHHBIX B Maciie Gaka.
I'as H> CH4 CoHs CoHg4 CoH2 CoO CO,

K
%o:geHTpaHHSI, 0,029 | 0,1108 | 0,0576 | 0,4338 | 0,0027 |0,0151 | 0,3647

[TpeBbrmenne /3, pas 14,5 158 57,6 144.,6 2,7




CooTHOIIEHUS] KOHIIEHTPAIMil map ra3os:

C,H _ 0,0027 _ . CHy, _ 01108 _ a9,
/e, = /0,4338 = 0,006; *H, = /0,020 =382

C,H 0,4338 _
e, = /0,0576 = 753

3akroueHrne MO COOTHOIICHHMIO KOHIeHTparui map ra3oB (1.7.3.1.3): «Tepmuyeckuii nedext
BbICOKOM Temmnepatypsl (cBbitie 700 °C)».
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a) uarpamma API" Tpanchopmaropa 0) O0pa3 nedekra - HarpeB B TUANA30HE
CPEIHUX TeMIIeparTyp
Pucynok /1.5 - Uarepnperanus API" mo o6pa3y nedexra (11.7.3.2)

Nurepnperanus nedpexron no merony Jasuaenko-OBunnHukoBa (11.7.3.3)

I'a3 Hz CHg4 CzHs CaoH4 CaoH2
CreneHb NpUCYTCTBUS I A B b r
Tepmuueckuit nedext r A B b r
(ot 300 o 700 °C)

Cootnomenne kouuentpamuii CO2/CO

COOTHOIIICHHE KOHIIEHTPALHA C02/CO = 0'3647/0 0151 = 24,2,

Cornacro 11.7.3.1.4 npeamnonaraeTcs, 9To IEUTI0I03HO-0yMaXkHasi M30JIAIUS 3aTPOHYTa 1eheKToM
(BeposiTHO ¢ TemnepaTypoit Hike 160 °C).

Onucanmne nedexra: [Ipu TEmIOBU3MOHHOM O0OCIEAOBaHUM OOHApY)KEHA TOpsSYas TOYKA —
koHTakTHas rpynna [IBB. Bekpeitue Tpanchopmaropa moaTrBepauio JaHHBIA 1e(eKT.

IIpumep 6. AHanu3 ra3oB u3 razoBoro peJie

Tpaunchopmarop TAH-25000/110. CpadoTaJia ra3oBasi 3aliura.
Croco0 3ammuTel
Macnia
3Hauenne CB00OOIHOE JTBIXaHUE CMmech Macen 10

IMapametp Mapka macna Cpok 3KCIuTyaTanuy, et




KoHnentpanuu ra3oB B mpobOax m3 0aka TpaHchopmaTopa M W3 Ta30BOTO pejie MPUBEICHBI B
TaOJIUIIE HIDKE.

Konnenrpanuu razos, % o0.
H, | CHs | CoHs | CoHs | CoHo | CO | CO2
Maciio u3 6aka (A%) 0,01 | 0,007 (0,0006 0,016 |0,035| 0,03 |0,079
a3 u3 pene AL 27,36| 2,01 | 002 | 083 |25 | 56 |0,09
[IpuBeneHHbIe 3HAUCHUS Ta3a U3 peJie, (Ailp) 1,368 0,704 (0,0396| 1,121 |2,637 0,616 |0,066

XapakTepucTuka mpoOsl

[lo xoHIIEHTpaIMsAM Ta30B, NOJYUYEHHBIX U3 Ia30BOr0 pelle, PACCUYUTAEM KOHLIEHTPALMU ITHX KE
ra3oB, COOTBETCTBYIOLINE PABHOBECHOMY COCTOSHHIO B 5KUIKOM (ase (Ayp), U pe3yabTaThl pacuera
3aHECEM B TPEThIO CTPOKY TAOJINIIBL:

A‘l;lp :Ai'BiT

3nauenus kodQpuuuentos OctBanpaa B't s oTAenbHBIX Ta30B OepeM U3 TaObaMubl 9 s
TEMIIEPATYpbl BEpXHUX ciao0eB Macia 45 °C.

IIpu cpaBHEHMM KOHIEHTpauuil Ay, u Ap 10 Kaxkaomy rasy (cTpoku 3 u 1 Tabmuipsl npumepa 6)
TMOJTy4yaeM HepaBeHCTBO: A;<Ap,, T.e. MOKHO clelaTh BBIBOJ, YTO a3 B pele BbIIEIUICS B
HEPABHOBECHBIX YCIOBHSX B pe3yJbTaTe ObICTPO pa3BUBAIOIIETOCS Je(eKTa.

CooTHomeHus1 KOHIeHTpPanuii nap ra3os aas API' us I'P:
C,H _ 2,637 _ : CH _ 0,704 _ .
2/, = /1,121 = 2.35; *u, = /1368 = 0.51;

C,H 1,121 _
e, = /0,0396 = 283.

3aKIIl0YeHHe 1O COOTHOIIECHUIO KOHLEHTpanuil map ra3oB (1m.7.3.1.3): «MckpoBble pa3psiibl
BBICOKOM HEPTUH, TyTra».

Cootnomenune kouuentpamuii CO2/CO
COOTHOIIICHHE KOHIIEHTPALHA COZ/CO = 0'066/0 616 = 0,11

Takoe COOTHOIIEHUE TOBOPUT O TOM, YTO TOBPEXKIAECHUEM 3aTPOHYTa 1IEJUTFOJIO3HAS n30aus 1
BEPOSITHO HAJIMYNE UCKpEeHUS (11.7.3.1.4).

Nurepnperanus API' mo nmarpamme cocraBa ra3oB:
Ha nuarpamme cocrtaBa ra3oB rmoka3ansl pe3yabTat API" macia u3 6aka A}, mpuBeIEHHbBIC 3HAYCHUS
anamu3a razos us I'P A}, u nauGonee noaxonsiuii sTanonsslit o6pas aedexra «iyray (1.7.3.2).
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Pucynok /1.6 - Unrepnperanus API' no nuarpamMmme cocraBa ra3os

Onucanne gedexra: bouio 1aHo 3aKiI0UeHNE 0 BBIBOZE TpaHchopmaropa u3 pabotsl. [Ipu
0CMOTpe ObLIO 0OHAPYKEHO BUTKOBOE 3aMbIKaHUE, BBITOPAHNUE M30JISLIMU U OIJIABICHUE MEIHBIX
IIPOBOJHMKOB B PE3YJIbTATE AYTH.

IIpumep 7. Ilpumep onpenesieHusi nepuoaudHocTH nposeaenns API' u3 rpancgopmaropa
10 BeJINYMHe a0COTIOTHON CKOPOCTH POCTAa KOHUEHTPALMH ra30B

Tpancdopmarop TAH-16000/110

Crroco0 3aluThI
ITapamerp Mapxka macia Cpok 3KcIutyaTanui, jet
Macia
3Hauenne [In€nounas 3ammra I'K 3

Paccmotpum tpanchopmarop TAH-16000/110 V1 ¢ nnénounoit 3aumroii. Ha BTopoii rox
paboTel TpaHc(hOpMaTopa KOHIIEHTPAIMM HEKOTOPBIX YIJIEBOJOPOJIHBIX Ta30B MPEBBICHIN
pernamenTupyembie 3HaueHus ([3/11]13). [IpuunHa pocTa KOHIIEHTpAIUil ra30B OblIa YCTpaHEHA.
UYepes roxa SKCIUTyaTallud KOHIIEHTPAIlMM HEKOTOPBIX Ta30B OIMSTh HAaudald PAacTh — CKa3aloch
HenosHoe ycrpaHeHnue aedekra B utone 2016 rona. Pesynsrarel API 3a nepuon ¢ stuBaps 2015 no
utonib 2016 mnpuBenensl B Tabmuue J[.7.1 (mpumep mpemaocTaBiieH OJHUM W3 3aBOJIOB-
M3TOTOBUTENECH).

JlaHHBIN TpUMep IEMOHCTPUPYET pacuéT MEPUOAMYHOCTH 0TOOpa MpoOd, MOITOMY BOIPOC
oTIpeNieNIeHus XapakTepa JedeKTa 3/1eCh He pacCMaTpUBaeTCsl.

B tabaure /I.7.1 KypcuBOM BBIZIEIECHBI KOHIICHTPAIMH Ta30B, KOTOPBIE MPEBHIIAOT /I3, HO
He npesbimatoT 11/13, a skupHbIM mpudToM — Te, 4to npessimaoT [1/13.

Brraucinum neproanaHocTh 0TO0pa nMpod 1 JaHHOTO TpaHc(hopMaTopa B COOTBETCTBHUH C
METOAMKON, NpuBenAEHHOW B pasznmene 8. BugHo, uro yxe B anamuze ot 27.01.2015 roma
koHueHntpanus CPI™ npessimaer /3. Takum obpazom, ciieoBaio 661 BOCTIONB30BaTHCS (opMystoit
4 paznmena 8 ans ompeneneHUs AAThl CAEAYIOLIEr0 aHajlu3a, HO pe3ynbTar npenpiaymero APT
HEU3BECTEH.

Ananus ot 22.06.2015. B stom anamuze xonuentpaiuu CPI', C2He m C2Hs mpeBbimator
[1/13, mosToMy cleyeT BOCIOIB30BaThCsl Tabymie 8 pasmena 8. Tak Kak KOHIEHTpAIUU Cpa3y
Tpéx ra3oB Bhiie [1/13, To cnenyer BEIOMpPATh NEPUOJUYHOCTE B CTpoKax 8 min 9 tabmuis 8. s
TOTO YTOOBI MOHATH, Kakasg U3 CTPOK MOIXOIUT, HEOOXOAUMO BBIUYHUCIUTH CKOPOCTh HapacTaHUs
koHneHTpanuu CPI" B mepuon ¢ 27.01.2015 mo 22.06.2015 mo ¢opmyne 2 ganroro MVY:

VCPT . =(0,1141 — 0,0168) / 146 = 0,00067 % 06./cyTKH.



Tabnuna J1.7.1 — Pesynbrater APT" Tpancdopmaropa T/ITH-16000/110.

JlaTta Konuentpanus rasza, % o00. KommenTapuii

orbopa CPI H2 CH4 | C2H6 | C2H4 | C2H2 | cO | co2

npoobl

13 0,012 0,010 0,003 0,002 0,008 0,0006 | 0,05 0,3 A3 u I3 nast cunosbix
TpaHCPOPMATOPOB
110kB co  cpokom

a3 0,060 0,040 0,018 0,010 0,030 0,0030 | 0,10 0,5 SKCIUTyaTallud ~ MeHee

MSATH JIET U TIEHOYHON
3aIIUTON Macja

27.01.2015 | 0,0168 | 0,0056 | 0,0018 | 0,0016 | 0,0077 0,0001 | 0,0067 | 0,0439

[TocranoBka
TpaHchopmaTopa Ha
YJalmEHHbI  KOHTPOJIb
H3-3a MMOBBIIIEHHBIX
KOHLEHTpaui CPT,
CH4, C2H6, C2H4

22.06.2015 | 0,1141 | 0,0013 | 0,0159 | 0,0148 | 0,082 0,0001 | 0,0149 | 0,1335

[Tpuuuna pocra
KOHLEHTpalMi  ra3oB
yCTpaHeHa,
NEPUOTUYHOCTD

22.07.2015 | 0,1016 | 0,0012 | 0,0133 | 0,013 0,074 0,0001 | 0,0127 | 0,1097
KOHTpOJISI YCTaHOBJICHA

1 pa3 B 3 mecaua. ITocne
APT MpoBesieHa
Jierasars.

22.07.2015 | 3HavyeHHs KOHIEHTPAIMI HIDKE TPAHUIl 9yBCTBUTEIEHOCTH XpoMmarorpada Ilocne perazanuun

INockonbky
KOHI[CHTpalMK  Ta30B
H3MEHIINCH
HE3HAUNTENbHO, OBLIO
12.10.2015 | 0,0105 | 0,0007 | 0,0024 | 0,002 0,0073 0,0001 | 0,001 0,01 TIPUHSTO pemieHue
YCTaHOBUTH
MEePHOTUIHOCTh
KoHTpont 1 pa3 B 6
MECSIIIEB.

IloBTOpHas mocraHOBKa
Tpanchpopmaropa  Ha
y4JaméHHEIH  KOHTPOIIb
n3-3a YCKOPEHHOTO
pocTta  KOHLEHTpauuin
HEKOTOPBIX Ta30B
Kontpons API gepes 1
MecsIT

Kontpons APT uepes 1
MecsIT
OKoHUaTeTbHOE
ycTpaHeHue fedeKTa

11.04.2016 | 0,0344 | 0,002 0,0069 | 0,005 0,0203 | 0,0002 | 0,001 0,01

11.05.2016 | 0,0375 | 0,0029 | 0,0108 | 0,0045 | 0,019 0,0003 |0,0011 |0,0139

14.06.2016 | 0,0379 | 0,0032 | 0,0121 | 0,0044 | 0,018 0,0002 |0,00110 |0,0138

13.07.2016 | 0,0701 | 0,0068 | 0,0159 | 0,0074 | 0,0397 0,0003 |0,0011 |0,01539

Ecmn V. > 0,0001 , To cormacHo cTpoke 9 Tabnumpl 8 cleayeT YCTaHOBUTH
€XeJIHEBHYIO MEPUOUYHOCTh 0TOOpa Mpo6. OTMETHM, YTO B JAHHOM Clly4dae KCIIepTHasl OlIeHKa
HE COBIMAaJIa C Pe3y/IbTaTOM pacdyéra U CIEeIYIONUIYIO MPo0y 0TOOpaIN Yyepe3 MECsII.

Anamuz ot 22.07.2015. TIlepen mpoBeAcHHMEM JaHHOTO aHajiu3a B PE3yJbTaTe
JOTIOTHUTEIBHBIX MTPOBEPOK ObLJIa YCTAHOBJICHA M YCTPAHEHA MPUYMHA POCTa KOHIICHTPAIUH, YTO
MPUBEJIO K CHIDKEHUIO KOHIIEHTpalMi pacTBOPEHHBIX B Macie ra3oB 0e3 ero naerazanuu. [Ipu
ycTpaHeHUH JedeKTa W CHIKCHHH KOHIICHTpaIuii ra3oB mata cienyromero APIT nqomkna ObITh
Ha3HaveHa Ha ssHBapb 2016, omHaKo OBUIO MPUHATO PEIIeHHe 0TOOpaTh Mpooy uepe3 3 mecsia (To
ecTh B OKTsi0pe 2015) — 11t moAcTpaxoBKH.

Ecam Ob1 B TOT MOMEHT mepcoHald PYyKOBOJICTBOBAJICS MpeAJiara€MbIMU B JTaHHOM MY
UHCTPYKLHUSAMH, TO IeeKT B TpaHchopMaTope ObUT OBl yCTpaHEH Ha 1 MecsIl paHble.

Ananus ot 12.10.2015.A6comotHas ckopocth pocta CPI' B mepuos Bpemenu ot 22.07.2015
1o 12.10.2015 Beime coero /13 (konuentpanust CPI™ mocne nerazanuu 22.07.2015 paBHa Hy:IO,
TaK KaK KOHIIEHTpAIMK ra30B ObUIM HUXKE TPaHMIl YyBCTBUTEIHLHOCTH Xpomartorpada):



VCPT 6. = (0,0105 - 0,0) / 82 = 0,00013 % 06./cyTKH.

Takum 006pazom, cieyeT BOCIOIb30BaThC (hopmynoi 4 71s ompeieNieHus TEPUOTAIHOCTH
otbopa mpoo:

At-(APT—4E"T) 82.(0,012-0,0105)
CPI: Aty = CPT_ ,CPT

30-(ASPT -4 ) 30-(0,0105-0)
VYcnoBusi COBMaaloT co CTpokoi 2 Tabymibl 8. BuaHo, 4yTo ciemyronlyo nmpoly ciienoBaio Obl
otoOparb MeHee, yeM uepe3 2 Heaenu (depe3 12 aneit). OqHako, pyKOBOJACTBYSCH ACHCTBYIOIIUM
Ha TOoT MOMeHT PJI, or60op nmpoOsI mpou3BeIu TOIBKO Yepe3 MOJIro1a.

Haubonee BeposATHOW NPUYMHOM pOCTa KOHIEHTpPAUMW Ta30B B TOT MOMEHT SBISETCS
MepPeX0/] ra30B U3 IEJUTFOII03HOM U30JISIIMN B MAacJIo, KOTOPOE OBLIO JEra3upoBaHO, YTO MbI YBUIUM
IIpH aHAJIKM3e CIEAYIoMeH TPOObl, 3aTEM CKOPOCTh KOHIIEHTPAIIMi T'a30B CHU3MIIACH.

Anamu3 ot 11.04.2016. Konmnentpamuu CPI', mMerana, 3TaHa W STWJICHA HaXOJIATCA B
unTepBaie 3HaueHuid ot J3 mo [1/03. [lns Bbrumcienus MHTEpBaia sl CIEAYIOLIEr0 U3MEpPEHUs
clemyeT BOCIoJIb30BaThes (hopmymoit 4 u Tabmureit 8 u API 3a 12.10.2015 u 11.04.2016.
At-(ASPT—45PT) _ 182(0,06-0,0344)

= 0,39 mecsma

CPT": Aty = = = 6,49 Mecql1€eB,;
X7 30-(48PT—45PT 1) 30-(0,0344-0,0105) ’ 1es,
CH4 CH4
At-(4, " —Af ) 182(0,018—0,0069
CH,: Aty = T =182( ) = 15 MecsIIeB,

30-(45H* —4$HE )7 30-(0,0069-0,0024)

C.H.: Aty = At-(AGEH6—4£?1) _ 182(0,01-0,005)
276 X 7 30-(452H6_ 42116y 30.(0,005-0,002)

C2H C2H
C-H,: Aty = At(4, 2 =452")  182(0,03-0,0203)
24 X 7 30-(4$2H4_ 4C24y730.(0,0203-0,0073)

= 10,1 mecq1eB,;

= 4,5 Mmecqana.

MuHUMaNTbHBIN TIEPUOT B JTAHHOM CITydae MOJIYIHJICS paBHBIM 4,5 Mecsma. Takum o0pa3om,
TEKyIllee COCTOSTHUE TpaHC(HOopMaTOpa MOIXOAMUT MO YCIOBUS CTPOKH 4 Tabnuisl 8. Creayromnyro
npoOy cieayet oToopath yepe3 3 mecsia (B urose 2016 rona).

DKCIepTHO ke ObLIa yCTaHOBIIEHA TIEPUOIUYHOCTE 0TOOpa Npod paBHas 1 mecsy. Takum
obpaszom, Obuto oToOpano 2 «umrHUE» 1podsr (11.05.2016 u 14.06.2016), a, ciemoBarenbHO,
MIOHECEHBI M3JIMIIHNE (PMHAHCOBBIC 3aTPATHI.

[Tocne mpoOw1 ot 13.07.2016 ObL710 TPOBENCHO MOMOJHUTEIBHO HCCICIOBAHUE MPUYHUHBI
pocTa Ta30B M YCTaBIEHO, YTO Ae(eKT Toa Hazajg Obul YCTpaHEH HEKaueCTBEHHO, MO3TOMY
KOHIIEHTPALlMU Ta30B BO3OOHOBUJIM CBOW POCT Uepe3 MOoJroa Mocjie peMOHTA.

[Tocne or6opa npo6sr 13.07.2016 ckopocTh pocTa cocTaBuia:

VP 6 = (0,1717 - 0,1360) / 93 = 0,000384 > 0,0001).

CormacHo cTtpoke 9 Tabmumpl 8, MaHHOE COCTOSHUE COOTBETCTBYET TPEIOTKa3HOMY
COCTOSIHUIO, PEKOMEHJYeTCsl OTKIIOUNTh TpaHchopmaTop. Ha mpenmpusruu ObUTO MPOBEACHO
JOTIOTHUTEILHOE UCCIIEIOBAHUE MPUUUHBI POCTA ra30B M YCTABIEHO, YTO Ae(eKT roj Hazad ObLI
yCTpaHEH HEKAueCTBEHHO, IIOATOMY KOHIICHTPAIIUU Ta30B BO3OOHOBHIIM CBOW POCT Yepe3 MOirona
MOCJIE PEMOHTA.



IIpumep 8. OueHka TEXHHYECKOT0 COCTOSIHUA BHICOKOBOJIBTHOIO BBO/IA

BbICOKOBOJBTHBINA BBOA MacCJAHOr0 BhiKJAw4YaTeas BMBII/15-110/1000-Y

Ilapamerp ['epmeTnyHOCTH Mapka macna CpOK dKCIUTyaTaluu, JeT
3HaveHue Herepmernunsiii CMECh 22
Komnrienrpanuu ra3oB, pacTBOpEHHBIX B Maclie BBOJIA
I'a3 H> CHa CoHe CoHa CoH2 CO CO2
EZ‘;%“GHTW”“"’ 0,266449 | 0,339393 |0,08017 |0,002049 |0,000294 |0,01263 |0,1733
OTtHomieHne
KOHIICHTpAIUN K 14,8 37,7 20,0 1,28 1,96
13
Hurepnperanus nedgexroB no meroay JdaBuaenko-OBunnHukoBa (1.7.3.3)
I'a3 H. CHg4 C2He CaHs | CoH2
CTeneHb NPUCYTCTBUSA B A b r r
Bun nedexra - komno3umus 1eeKToB
3JIEKTPUYECKOTO U TEPMUUYECKOTO B, T’ A b r B, T
Xapakrepa

Cootnomenne kouuentpanuii CO2/CO

., C
CooTHOIIIeHHE KOHIICHTPAIIUNA

0
fco =

0,17332 _
/0,012619 = 13.7.

Henmtono3zno-0ymaskHast U301 3aTponyTa nepexrom (1.7.3.1.4).

Onucanne gedexra: [Ipu BCKpHITHH 0OHAPYKEHBI: €I TPOOOS B CIOSIX OYMa)kKHOM M30JISLINH,
BOCKOOOpa3HOE BELIECTBO.

Ipumep 9. Ouenka rexuuveckoro cocrossuusit TT

Tpanchopmarop — TT TO®3M 110 kB

ITapamerp I'epmeTHYHOCTD Mapka mMacna Cpok 3KcIutyaTalyi, JeT

3HavyeHue HErepMETHYHBIN I'K 18
Konnentpanuu ra3zon, pacTBOpEHHbIX B Macyie TT.

I'as H2 CH4 CoHs CoH4 CoH2 CO CO2

EZ‘:%“GHTW‘““"’ 0,15866 |0,17248 | 0,0428 |0,00014 | 0,00002 | 0,0071 |0,0703

OTtHolIeHnE

KOHIICHTpAIUN K 0,9 1,6 1,1 0,2 0,1

113




HNuTepnperanus nedexToB no meroay laBugenko-OBunHHNKOBA (11.7.3.3)

I'as H> CHa4 C2Hs CoHa4 CoH>
CreneHp IpUCYTCTBHUS r A b r r
Bun nedekra -

KOMITIO3UIIUS neeKToB BT A B r BT
AIEKTPUUECKOTO u

TEPMHUYECKOTO XapaKTepa

Cootnomenne kouuentpanuii CO2/CO

CoOoTHOIlIEHHE KOHIIEHTPaLUi COZ/CO = 0'0703/0’0071 =9,09.
[emtrono3Ho-0ymMaXkHast 301U He 3aTpoHyTa nedextom (11.7.3.1.4).

Onucanue pgedexra: Ilocine BCKpbITUS yAajdeHa BBICTyHaIas YacTh MPOBOJHUKA,
BBIPABHUBAIOIICTO MTOTCHI A OT 60.HTa KPCIUICHUA MAaCJIOMCPHOTO CTCKJIA, BbI3bIBABIIAA Hp060ﬁ
U30JISILIMOHHOTO TMTPOMEXKYTKA.

Ipumep 10. Ouenka texunveckoro cocrossuusi TH

Tpancdopmarop — TH HAMM 110 kB

Ilapamerp ['epmeTnyHOCTH Mapka macna CpOK dKCIUTyaTaluu, JeT
3HavyeHue HErepMETHYHBIN I'K 10
KoHuenTpauuu ra3os, pactBopéHnbsix B maciae TH
T'a3 Hz CHa C2oHs CoH4 CoH; CO CO,
f,;)"(‘jgempa““"’ 0,0156 |0,0002 | 0,00005 | 0,00005 | 0,00005 | 0,0036 | 0,1475
OTtHomeHne
KOHIIEHTpAIUH K 1,7 0,15 0,063 0,045 0,050
13
HNurepnperanus nedpexroB no merony Jasuaenko-OBunnHukoBa (11.7.3.3)
I'az H2 CHg4 CoHe CaH4 CoH2
CreneHb NpUCYTCTBUS A B r I r
Bun nedexra - YP A B r T r

Cootnomenne kouuentpanuii CO2/CO

COOTHOIIIEHHE KOHIIEHTPAIHil COZ/CO = 0'1475/0 0036 = 41.

Henmtono3zno-0ymasknast H30Js11s 3aTponyTa nepexrom (1.7.3.1.4).

Onucanme aegexra: IlpuunHa NOBpEXIEHUS - BHYTPEHHUH 3JIEKTPUUECKUN pa3psAl ¢ MecTa
KPEIUIEHHs KO BBOY Ha KopIryc. Pa3psan BO3HUK M3-3a HEPAaBHOMEPHOTO JIEKTPUYECKOIO MO B
30HE 0TBOAAa 00MOTKH «BH — Koprryc» (KoHpUTrypanus 3JeKTPUIECKOTo MO MEX Ty dJIEKTPOIaMU
«HTTIA-UTIIaY).



Ipumep 11. Ouenka texunveckoro cocrossuusi TH

Tpaunchopmarop - TH HAMMHU 110 kB

Ilapamerp ['epmeTnyHOCTH Mapka macna CpOK dKCIUTyaTaluu, JeT
3HaveHue HErepMETHYHBIN I'K 6
KoHuenTpanuu ra3os, pactBopéHHbIX B Macie TH.

Jlata Tas Ho | CHs | CoHs | CoHs | CoH: | CO | COp
orbopa
11.03.2014 ORISR, | 011 | 0,006 | 0,0006 | 0,0004 |0,00101 00051 | 0,058
11.03.2014 | OTHOWICHUE

KOHI[EHTpalni 122 | 4,6 0,8 0,4 1,0

K J13

HNurepnperanus nedexron no merony Jasuaenko-OBunnHukoBa (11.7.3.3)

I'a3 Ho CHg4 C2He CzH4 CoH2
CreneHb NpUCYTCTBUS A b I r B
HanbGonee  Ommskmii  BHUJ
nedexra - YP A B I T T

Cootnomenne kouuentpauuii CO2/CO

CooTHoO1IEHNE KOHIEHTpaLui

0,581 _
/0.0051 = 114

Henmtonozno-0ymaskHast H30Js1Hs 3aTponyTa nedexrom (1.7.3.1.4).

Onucanne nedexra: B mapte 2014 TH 6611 mocTaBieH Ha yJaleHHbIH KOHTpouib. B peBpaine 2015
TH 06wt BbIBeneH u3 paboThl m3-3a pocta koHueHtpanuid Hp, CHa, CoHe. Ilpu BckpbiTHu TH
oOHapyXeHbl: HaTu4he OKadWHBI (0T cBapku) Ha AHuIIe 0aka TH u Ha OyMaxHOW H3OMISIUU
BBICOKOBOJIFTHOTO BBIBOJIQ; CJIEIBI TOATapa BEPXHHUX CJIOEB HM3OJSAIMOHHONW OymMaru B paiioHe
NPYKUHHOTO SKpaHa OOMOTKHM BBICOKOT'O HANPSKEHUSI.




Ipuiaoxenue E
MexaHu3M razoo0pa3oBaHusi B MacJie BbICOKOBOJbLTHBIX BBOJOB (CIIPABOYHOE)

E.1 Bmaiom o00béMe Macia BO BBOJAX aHOMAJBHBIE TMPOIECCHI, MPUBOAAIINE K
Pa3pyLICHUIO U3OJSLUMUOHHBIX MaTEPHANIOB, BIUSIOT HAa KOHLEHTPAIMU PACTBOPEHHBIX ra3oB B
OoJbIIeH CTENeHH, YeM B CUJIOBBIX TpaHchopMaTopax. Ecnu nedext HaXxoauTcst B OCTOBE, TO ra3bl
B Macje MOTYT TOSBIATHCA IO3[HEE BCJIECACTBUE MEUICHHON MudQy3un U3 IEIUTI0I03HON
W30JISLUN.

IIpu onenke pesynbtatoB API' cinemyer umers B BUAYy, 4YTO JOJIMBKAa Macia B
BBICOKOBOJIBTHBIM BBOJI MOKET 3aMETHO BJIMATH HA KOHLEHTPALUU PACTBOPEHHBIX ra30B.

E.2 Bricokast, cnabo m3MeHstonascs Bo BpeMeHu KoHieHTpauus Hz B macne mapku 'K
MOJKET OBITh CBsI3aHa!

- C U3HAYAIBHBIM HaJIMYMEM MOBBIIIEHHOTO co/iepkanus Ho B mapTun macna, KoTopoe ObU10
3QJIUTO BO BBOJ;

- C oOpa3oBanueM H» B pe3ynbrare mpoBeIeHUS dJIEKTPUICCKIX UCIBITAHUN TTOBBIITICHHBIM
HaIPSKECHUEM.

Takum o0pazoM, pocT KoHIeHTpanuu Hz He SBIsSETCS JOCTATOYHBIM OCHOBAaHUEM IS
OpakoBKH BBOJIa B CIIy4ae OTCYTCTBHS APYTUX CUMIITOMOB J€(EKTOB.

Konuentpanust H, MOkeT MOBBICUTBCS TMOCE 3aMEHbI BO BBOJIE Macijla OJTHOM MapKu Ha
Ipyryio 0e3 MPOMBIBKM M BAaKyyMHUpPOBaHUS H30JIALIMM BBOJAA WJIM TPU CMELIEHUH Macel ¢
HapymenueM npasui ctannapra CT-MA-30.2-2.1-27-02-2016.

E.3 [losiBneHue B Macje pacTBOPEHHBIX YIJIIEBOJOPOIHBIX T'a30B MOKET OBITh CIIEJICTBUEM
00pa3oBaHUs KOPOTKO3aMKHYTHIX KOHTYPOB B BEpXHEH 4acTH BBOJA, HAXOIAIIUXCS B MAaTHUTHOM
noje paboyero Toka BBOAOB. JmuTenpHas paboTa 3JIEKTPOOOOPYAOBaHUS C TAaKUM JAe(PEKTOM
MOYKET IPUBOJAUTH K OTJIOKEHHIO MPOAYKTOB PA3JI0KEHUS Maciia Ha U30JISIIIUOHHBIX TOBEPXHOCTSIX
Y CHUKEHUIO AJIEKTPUYECKON MPOYHOCTH M30JsiUMU BBOJA. [losiBIeHHE pacTBOPEHHBIX B Macie
ra3oB M3-3a MPOTEKAHUSI TOKOB MO KOPOTKO3AMKHYTHIM KOHTYpaM MOXXET 3aTPYAHUTH BBISIBIICHUE
JIPYTUX Ae(PEKTOB.

E.4 IToBpexnaeHus: BBOJOB HEIEPMETUYHOIO MWCIIOJIHEHUS CBSI3aHbl C JECTPyKLUUEH U
YBIQKHEHUEM Macia, Mpo0oeM MacisHOTO MPOMEXYTKAa B HUKHEM 4acTH OCTOBa Ha (iaHel.
CrapeHre ¥ yBIQXHEHHE OyMa)KHO-MAacCIsTHOW W30JISIIIMA BBOJAA BBI3BIBAIOT TIOBBIIIICHHBIE
JUAJIEKTPUYECKUE TTOTEPU B M30JSILUN, KOTOPBIE CO BPEMEHEM MPUBOIAT K PA3BUTHUIO TEIIOBOIO
po0os OCTOBA.

E.5 /Ins HerepMeTHYHBIX BBOJOB MACJISIHBIX BBIKJIIOYaTeNel, 3anuThix MacioMm ['K wim
cmeceto macen I['K wu  T-750, pacnpoctpan€HHbIM jaedeKkToM SIBIsSETCS 00pa3oBaHHUE
BOCKOOOPA3HOTO BEIIECTBA BCICJACTBUE WOHHU3AIMOHHBIX TIPOIECCOB B OyMa)KHO-MACISTHOMN
m3oysiiuu BBoza. I[lpusHakom 3Toro mporecca sisigercss poct koHueHtpauuii Hz, CHa, CoHe.
[MosiBnenne CoH2 roBoput 00 0MacHOM pa3BUTHH MPOIIECCca, BEAYIIEro K MpoOo0 0cTOBA BBOJA.

E.6 Tepmuuecknii nedext ¢ remmneparypoit 120 - 150 °C mokeT mpuBecTH K 0TKa3y BBOJA.



Ipuioxenue K
MexaHu3M razoo0pa3oBaHusi B MacJie H3MEPUTEJIbHBIX TPAHC(POPMATOPOB
(cpaBo4Hoe)

K.1 Mexanu3Mm razoo0pazoBanus, onucanHeii B .. E.1, E.2, E.5, E.6, npumenum u k
U3MEPUTENLHBIM TpaHCPopMaTOpam.

K.2 Paznmuuaror nBa MexaHW3Ma MPOOOsI M3OJISAIMH H3MEPUTEIBHBIX TPaHCPOPMATOPOB
(UT): TepMudeckuii 1 HOHU3AIIMOHHBIH.

K.3 TeruioBoit mpoOO¥ BO3HWKAET B 30HE IOBBINICHHBIX JUAJCKTPUUYCCKUX TOTEPh
U30JSIIAH, OOYCIIOBICHHBIX €€ YBIAXKHEHHEM, a TakKe OOpa3oBaHHEM TOJSPHBIX MPOIYKTOB
crapeHus. [loBpexaeHne MOKeET pa3BUBATHCS FOAAMH, HO PE3KO YCKOPUTBHCSA IOCIIE U3MEHEHUS
yCIIOBUH (HApUMep, MOBBIIICHHUS TEMIIEPATYPhI) U 3aT€M Pa3BUTHCS 0 MPOOOsi B TECYCHHE COTEH
(1ecATKOB) YacoB.

K.4 NonuzannoHHbIi MPO0OOH BOSHUKAET B MECTE CHUKCHHS DJIEKTPUYCCKON MPOYHOCTU
U30JISILIMOHHOM CHCTEMBI, KOTOpOe OOYCIIOBIIEHO Yallle BCEro HaJM4KUeM IMy3bIpbKoB Bo3ayxa. [Ipu
HAIMYUU IOCTATOYHO OOJBIIION SHEPTHH IPOUCXOANUT Pa3pyIICHNE MATEPHAIIOB, BBIICIICHUE Fa30B.
[TpoGoii pa3BUBaeTCs B TEUCHHUE NECATKOB (MHOT]a HECKOIBKHUX COTCH) YacOB.

D¢ PeKTUBHBIME TUATHOCTUIECKIMH METOJaMH B 000UX CITy4dasx sBIsIOTCS n3Mepenue UP,
APT', a taxke 1uist TT KOHTPOJIb IPUPOCTA TAaHTEHCA Yria JUIEKTPUYECKUX TOTEPh U30IIH tgd
1ol pabourM HaNpsLKEHUEM WK u3MepeHue tgd mpy MOBbIIIEHHOM HaIPSHKEHUU.

Ob6a mporecca TOBPEXKACHHUS W3OJSIUU B HAYalbHOW CTaAMH CBOETO Pa3BUTHS
MIPOSIBIISIIOTCS TIOBBIIMICHHBIM COJIEp)KaHUeM ra3oB, xapakTepHbix st UP (Hz, CHg). TlosBnenue
C2H2 curnanusupyer o nepexojie mpolecca B OMacHYIO CTaauto. JlecTpyKius U30Js1un MPUBOIUT
K pocty koHueHTpauuii CO, COo.

K.5 Crapenue u yBnaxxHeHue OyMaKHO-MacIsTHOU n30isiiuu T BRI3BIBAIOT MOBBIICHHBIC
JTUAJIEKTPUYECKUE TTOTEPU B M30JSLUN, KOTOPBIE CO BPEMEHEM MPUBOIAT K PA3BUTHUIO TEIIOBOIO
npo6osi.

K.6 Cornacuo [6,7] UT noKHBI XpaHUTHCS B BEPTUKAIBHOM IOJIOKEHUU. XpaHECHHE B
TOPU30HTAIILHOM MOJI0KEHUH MOKET IPUBOJAUTH K BOBHUKHOBEHUIO HEPABHOMEPHOCTH B IIPOTHUTKE
yacTu OyMa)KHOM H30JSMU M CHOCOOCTBOBAaTh NPOHMKHOBEHHUIO BJard W BO3AyXa uepe3
yIUTOTHEHHS y TepMeTHdHbIX W T, Tak Kak 4acTh U30JIAIUN HAXOAUTCS 101 HEOOIBITUM BaKyyMOM.
Mzonsuust UT, Haxomsimuxcss HA XpaHEHWH, MOABEPKEHA YXYAIICHHUIO B OOJIBIICH MeEpe, YeM y
paboTaronux, Tak Kak OHa He HarpeBaeTcst pabounm TokoMm. [losTomy Texaudeckoe coctostaue UT,
HaxXOJAIIMXCS HA XPAHEHUH, KOHTPOJIUPYETCA COTJIACHO MHCTPYKLMSIM 3aBOJOB-U3rOTOBUTEIIEH.
B cootBerctBum ¢ [§] nmocne pnurensHoro (Oonee 3 ser) xpaneHus repmetndHbix TT npoBoauTcs
API ¢ 1enib10 OLIEHKH MPOHUKHOBEHUS BO3AYXa.
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