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Giic transformatorlan elektrik, istilik va kimyavi garginliklora moruz galan enerji sistemlari igarisinds an vacib vs ba-
hali cihazlardan biridir. Bu mogalonin asas mogsadi transformator yagmin kimyavi parametrlori - yani hall olunmus qazlarla
induktiv olagoli plazmali kiitlo spektrometri ilo alman naticolor arasinda slagonin miioyyon olunmasidir. Yagin tursulugu vo
furfurol komponentlarinin bir-birilo tors miitanasib oldugu miioyyan edilmisdir. Molum olmusdur ki, yagda dom gazinin (CO)
olmasmin furfurol komponentinin artmasinda boyiik rolu var. Homginin, tursulugun amslo golmasinds asetilen gazinin
(C2H2) rolu va onlar arasindaki olage askar edilmisdir. Misyyan olunmusdur ki, transformator yaglarinda mis elementinin
¢ox miqdarda agkar olunmasi dolaglarda vo ya biiriinc vo misdon hazirlanmis hor hansi1 komponentlards problemin oldugunu
gostorir. Yagda domir elementinin shomiyyatli darocods olmasi transformatorun igliyinin vo ¢oninin, aliiminiumun yiiksok
olmast iso keramika qollarinda olan nasazliqdan xobar verir. Alinan noticalor 20 transformator yaglarinin tacriibi molumatlar:
osasinda aldo edilmisdir.

Acar sozlar: transformator yagi, furfurol komponenti, induktiv slagali plazmali kiitlo spektrometri, tursuluq vs s.
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GIRIS lar. Ciinki, bu tohliikeli qazlar dielektrik mayeds daha
tez hall olurlar va bununla bels onlarin har birinin ana-

Transformator yaginin bir nego xiisusiyyotlorini  lizi tac, qigilcim kimi bosalmalarin, ifrat qizma kimi
analiz etmoklo orada olan bir ¢ox nasazliglari agkar et-  nasazliq proseslorini miisyyoan etmoyos imkan verir [4].
mok miimkiindiir. istor fiziki, istor kimyavi, istorso do Yaglarin holl olunmus qazlara goro analizins ola-

fiziki-kimyovi tocribolor aparmagla transformatorun  vo olaraq transformator yaglarmin metallara goro ele-
islok vaziyyatini bilmak vo transformatorda olan prob-  ment analizi gotirilir. ©gor yaglarin hall olunmus
lemlori ovvolcadan prognozlasdirmaq olar. Bir ¢ox  gazlara gbra analizi hor hansi bir nasazligin olmasin-
izolyasiya vo dielektrik materiallarinda oldugu kimi,  dan xabar verirss, onlarin element analizi onun yerini
transformator yaglarinin parametrlori do zaman keg-  daqiq miioyyanlagdirmoya komoak edir [5].

dikca pisloasir. Buna sobab temperaturun artmasi nati- Yiiksok enerji tokco transformatorun izolyasiya-
cosindo i¢likdon va dolaglardan yaga otiiriilon istilik-  smmin korlanmasina deyil (yag, kagiz, taxta va S.),
dir [1]. Dielektrik yaglarinin xassslorinin pislogmasino  homginin yagda yaranan metal hissaciklorin amolo
asas sehab ise onun girklonmasi vo torkibinds metal  golmasine gotirib ¢ixarir ki, bunlar da osasen yagin
sulfid hissaciklorinin tursu birlogsmolorinin olmasidir.  dovriyyasi naticasinds transformatorun hor tarofing
Cirklonmadon savayi, dielektrik yaglar gismi vo qévs  yayilirlar. Temperaturun artmasi zamani transformato-
bosalmalari, homginin temperaturun artmasi hesabina  run boazi detallar1 metal hissociklori amalo gotira bi-
da pargalana bilor. Bildiyimiz kimi, istismar miiddsti  lorlor. Bu metal hissaciklori ya ayri-ayriliqda, ya da

artdigca yaglarin torkibinds kicik molekulyar ¢okili,  miixtalif birlasmoalar soklinds ola bilar. Mahz bu me-
hall olunan vo karbon hissaciklorindean vo onlarin  tallarin konsentrasiyalarini tayin etmokls nasazlig: ya-
miixtalif birlagmolarindon ibarst gazlar ola bilor. Di-  radan sabablori miisyyanlasdirarak onlari avvalcadan
elektrik yaglarimin kKimyavi analizi transformatorun ig-  prognozlagdirmaq miimkiindiir [6].

lok vaziyyati haqqinda xaboar veron bir iisuldur. Umu- Transformator yaglarinda aliiminium, mis, demir,
miyyatls, dielektrik yaglar hom fiziki, ham do kimyavi  qurgusun, giimiis, qalay va sink kimi metallar agkar
yolla girklons bilirlar [2]. oluna bilor. Transformator yagmin metallara goro ele-

Bildiyimiz kimi, transformatorlarda yaranan na-  ment analizi atom adsorbsiya (AA) ves induktiv olagali
sazliglarin avvalcadan agkarlanmasinin on etibarli tisu-  plazmali (ICP) spektrometriya tsullar ilo aparmaq vo
lu yaglarda holl olunmus gazlarin kimyavi analizidir.  onlarin konsentrasiyasini ppm, ppb doqigliyino godor
Transformatorlarda izolyasiya mayelori kimi yiiksok  &lgmok miimkiindiir. Umumiyyatls, yaglarda metalla-
dielektrik dayanigligina, istilik 6tiirmoa gabiliyystine  rin migdarimi 6lgmok tigiin induktiv alagsli plazmal
va kimyavi sabitliyine malik karbohidrogen (mineral)  kiitlo spektrometrdon (ICP-MS) istifade etmok daha
yaglart gismon pargalanir. Lakin istilik artdigca maye = mogsadsuygun hesab olunur [7].
dielektrik vo bark izolyasiya pargalanmaga baslayirlar. [OP-KS vyiiksok gostaricilorine géro miiasir ava-
Bu zaman on tez pargalanan qazlar asagi molekulyar  danliglardan shamiyyatli doracads farglonir. Hal-ha-
cokiys malik qazlar, mosalon hidrogen, metan, etan, zirda IOP-KS istehsalatda alovlu atom absorbsiya
etil, asetilen, karbon monoksit vo karbon gazlar1 olur-  spektroskopiyasini (AAS) todricon avaz edorok gabag-
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cil cihazlardan biri olmusdur. I9OP-KS-in iistiinliiklori
icarisinds asagidakilar sadalamagq olar [8]:

- kimysvi elementlarin vo izotoplarin on asag1 toyinet-
mo Sorhads malik olmast (ng/l saviyyalori vo bazan
hotta pg/l);

- analiz olunan maddonin kigik kiitloys malik olmasi;

- ¢ox elementli analiz aparmaq imkant;

- yiiksok hassasliq vo ayirdetma gabiliyystine malik
olmasi va s. [9].

Bu moagalanin asas magsadi, transformator yagi-
nin parametrlorini 6l¢gmokls onlar arasindaki garsiliglt
olagoni agkar etmok vo bu parametrlorin hor birinin
yagin keyfiyyatino tosirini dyronmok va hamginin
transformatorda olan nasazligi qabaqcadan proqnoz-
lagdirmaq tglin yaglarin kiitls spektrometrik {isulla
element analizinin aparilmasi vo onlarin digor para-
metrlordon asililigint miioyyon etmokdir.

TOCRUBI HiSSO

Transformator yaginda metallarin konsentrasiya-
s 6lgmoak tiglin todgigatlar ABS istehsali olan Agi-
lent Technologies 7700 induktiv slagali plazmali kiitlo
spektrometrindo aparilmigdir. Kigik hocmli gablarla
tochiz  edilmis, temperaturu tonzimlono  bilon
Speedwave Xpert mikrodalgali sistemindon (Almani-
ya) istifado etmoklo niimunolor minerallagdirilmigdir.
Mikrodalganin radiasiya giicii 2000 Vt-a (2x1000 Vt)
goadar ¢atir. Miioyyon bir pargalanma programina ma-
lik olan, 2,45 GHz tezlikli iki davamli tonzimlonan
magnetrondan ibarst olan siialanma hesabina hartorofli
Vo daqiq isitmo oldo etmok miimkiindiir. Niimunalori
doaqiq 6lgmak vo saxlamaq tigiin hacmi 100-1000 pl vo
1-10 ml olan Pipet4u vo Eppendorf (Almaniya) doza-
torlardan, birdafslik ucluglardan va 15 va 50 ml hacm-
li polipropilen borulardan istifads edilmisdir.

Nimunslorin minerallagdirililmasi vo daracalon-
mis mohlullarin hazirlanmasi tigiin 65% nitrat tursusu
(HNO3) vo 30% peroksiddon (H20,) istifado edil-
migdir. Biitin mohlullar deionsuzlasmis su ilo (18.2
MQ-sm) durulagdirilmigdir. Cihazin diizgiin kalibrlan-
moasi igmali suyun standart niimunasi ilo tanzim olun-
musdur.

Xromatoqrafik iisulla yagda holl olunan qazlarin
(Hz, CO, CO2, CH4, CoHg, CoH4, CoHa, N2, O2) torkibi
milayyan edilmisdir. Yaglarin torkibini toyin etmok
ticlin qurasdirilmis alov ionlagdirma (FID) vo istilik
kegiricilik detektorlar1 (TPD) vo katarometra malik
olan avtomatlagdirilmis qaz xromatoqrafi
KRISTALLUKS-4000M-don istifado olunmusdur.

NOTICOLOR VO ONLARIN MUZAKIROSI

[sdo 20 yaxin transformator yaglarimin kiitlo
spektrometrik iisulla element, hall olunmus qazlara va
yagin keyfiyyat parametrlarino gors analizi aparilmis-
dir. Tacriibada homginin yaglarin miixtslif tsullarla
alinan naticalarin bir — birina gora doyismasi do toyin
edilmisdir.

Transformator yaginda CO vo CO; qazlarinin
omoalo galmosi kagiz izolyasiyasinin dagilmasindan
xabar verir [10]. CHa, C2H4 vo CzHg qazlart méveud-
lugu transformatorun haddon artiq yiikklonmasini, CoH»
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gazinin olmasi isa transformatorda qigilcimin oldugu-
nu gostorir ki, bu da transformatorda kecid kontaktla-
rimin siradan ¢ixmasi ilo slagadardir. Dielektrik yagla-
rinda CHas, CoHs, CoHs, CO; vo CO gazlarimin eyni
vaxtda yaranmasi transformatorun kagiz izolyasiyasi-
nin yanmasini vo siradan ¢ixmasini gostorir. Qeyd
edok ki, oksor nasazliq hallarinda yaglarda omalo
golon H; gazi asason gismi bosalmanin olmasindan
xaboar verir [11-12].

Bildiyimiz kimi yaglarda har zaman oksigen ol-
dugundan CO, CO; qazlarin1 yaranmasina sabab olur
ki, bu da 6z novbesinds yagm tursulugunu artirr.
Transformatorda temperatur artdigda, tursu kompo-
nenti su ilo hidroliz reaksiyasina girorok kagiz izolya-
siyasint pargalayir. Digor torafdan, ifrat istilogsmo za-
mant kagiz izolyasiyasi yanaraq mixtalif birlogsmalor
omalo gatirir. Buna piroliz fenomeni deyilir. Hidroliz
va piroliz hadisalarindon amols galon mshsullar birlo-
sarok furfurol komponentlari amolo gatirir. Furfurol
oksigen, tursu, CO vo CO, gazlarindan ibarat olur.
Furfurolun tursu vo oksigen komponentlori transfor-
mator yaginin vo kagiz izolyasiyasinin dagilmasina so-
bob olur [13-16].

Sokil 1-dos transformatorun kagiz izolyasiyasinin
dagilmasi naticasinds omalo golon furfurol komponen-
tinin tursuluq komponenti ilo tors miitonasibliyi gos-
torilmigdir. Belo ki, transformator yaginda tursulugun
1 ppm artmas: furfurol komponentinin 0,569 ppm
azalmasina sobob olur.

Yagin oksidlogmosi transformator yaginin tursu-
lugunun amalo golmasina gatirir. Hidroliz (su ilo par-
calanma) va piroliz (termik par¢alanma) hadisolari vo
oksigenin varlig1 transformatorlarin kagiz izolyasiya-
smin deqradasiyasina vo bununla da furfurol kompo-
nentin amoalo golmasino sobab olur [17]. Sokil 1-dos
tursu ilo furfurol komponentlor arasindaki tors miito-
nasiblik aydin sokildo gostorilmisdir. Furfurol kompo-
nentinin artmast yagda tursulugun azalmasina gatirib
¢ixarir.

Sokil 2-do, yagm torkibinds suyun miqdarindan
asili olaraq furfurolun tarkibinin doyismoasi gostoril-
migdir. Transformator yagimin torkibindo namliyin art-
masina sabob tokco otraf miihitin riituboatliyi deyil,
hom do kagiz izolyasiyasinin hidrolizi, yani suyun
parcalanmasidir [18]. Temperaturun yiiksok giymatin-
do transformator yaginin torkibinds olan su gqabarcig-
lara gevrilorok gismi bosalmanin yaranmasina vo hid-
rogenin omoala galmasine sabab olur.

Transformator yaginda suyun miqdar1 artdigca
yagin elektrik kegciriciliyi artir, lakin elektrik gorgin-
liklorina gora yagin dielektrik niifuzlugu azalir.

Transformator kagizinin izolyasiyasinin parca-
lanmasina sabob olan gazlardan biri do dem (CO) ga-
zidir. Bu qaz furfurol komponentins an ¢ox tasir eden
gazdir. Sakil 3-3 asasan, transformator yaginda CO qa-
zmin miqdar1 az olduqda furfurolun da miqdarinin az
oldugu miisahido olunur. Istiliyin tesiri altinda trans-
formatorun kagiz izolyasiyasinin pargalanmasi vo yag-
da karbon gazinin migdarinin artmasi sababindon fur-
furolun torkibi do artir. Transformatorun kagiz izolya-
siyasinin polimerlosma doaracasini vo islok miiddatini
miioyyon edon furfurol komponentlori osas parametr-
lordon biri sayilir.
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Transformator yaglarmin torkibinds olan metal-
larin miqdarinin limit seviyyssine malik olmamasina
baxmayaraq, aparilan tacriibalor vo toplanilan molu-
matlar gostorir ki, yaglarda metallarin analizinin ol-
dugca vacibdir. Ciinki, transformatorun nasazligim
ciddi problems ¢evrilmozdon ovval, onu askar etmok
cox vacibdir. Lakin tokco metallarin element analizi
onun yagin vaziyysti hagqinda tam molumat slds et-
mok kifayat deyil, bunun ti¢iin kompleks tocriibo apar-
maqg vo alinan naticalori bir-biri ilo miiqayise etmok
lazimdur.

Sokil 4-do transformator yaglarmin kiitlo spek-
trometrik analizi gostorilmigdir. Sokildon gorindiiyii
kimi, bazi niimunslords A, B, C, D gruplari ilo adlan-
dirllan eyni miqdarda metallarin konsentrasiyalari
qeyd olunmusdur. A grupuna daxil olan 5-5 yaxin nii-
munonin analizi aliiminiumun konsentrasiyasi, B qru-
puna daxil olan 10-ys yaxin niimunadan alinan natico-
do iso domirin Kkonsentrasiyasinin normadan artiq
oldugu miisahido olunmusdur. C grupuna daxil olan,
toxminan 8 niimunadon alman naticalardo misin kon-
sentrasiyasinin artimi, D grupuna aid 30 niimunodo
aparilan tocriibolords ise galayin miqdarimin icazo ve-
rilon konsentrasiyanin qiymatindon iki dofo artiq
oldugu miisahido olunmusdur.

Aparilan todgigatlardan belo noticoys galmok
olar ki, transformator yaglarinda ¢ox miqdarda mis

elementinin olmasi sargilarda, elacs do biiriinc v ya
misdon hazirlanmis har hansi komponentlords prob-
lemlorin oldugu gostarir. Domirin ohamiyystli mig-
darda ¢ox olmasi transformatorun i¢liyinin va ¢aninin,
aliminiumun konsentrasiyasinin ¢ox olmasi iso kera-
mik gollarinin nasazligini gostorir. Yagda qalayin mig-
darinin ¢ox olmasi isa ucluglarin, boltlarin dagilmasini
gostorir.

NOTICOLOR

Belalikls, belo noticoys golmok olar ki, trans-
formatorun islok gabiliyyatini on ¢ox azaldan para-
metr, istinadlarin naticaloring asason yagin torkibindo
olan suyun miqdaridir. Furfurol komponenti tursuluq
komponenti ils tors miitanasibdir, yani yagin tursulugu
artdigca furfurolun giymoti azalmis olur. CO; vo CO
qazlar transformatorun islok vaziyyatina on ¢ox tasir
edon komponentlardir. Transformator yaginin torkibin-
do CO; va CO qazlarinin olmasi onun kagiz izolyasi-
yasinin par¢alanmasina gotirib ¢ixarir. Transformator
yaglarmin kiitlo spektrometrik metodu ilo element
analizinin istiinliiklorindan biri do onun tarkibindaki
metallarin toyin edilmosi ilo problemlorin daqiq diag-
nozunun verilmasidir.

[1] W. Chen, Z. Gu, J. Zou, F. Wan and Y. Xiang.
“Analysis of furfural dissolved in transformer
oil based on confocal laser Raman
spectroscopy,” IEEE  Transactions  on
Dielectrics and Electrical Insulation, vol. 23,
no. 2, pp. 915-921, 2016.

A. M. Abd-Elhady, M. E. Ibrahim, T. A. Taha,
and M. A. lzzularab. “Effect of temperature on
AC breakdown voltage of nanofilled
transformer oil,” IET Science Measure- ment
and Technology, vol. 12, no. 1, pp. 138-144, b
2018.

D. Peng, D. Yang, C. Wang and M. Li. “The
influence of transformer oil aging to dielectric
dissipation factor and its insulating lifetime,” in
Proceedings of the Asia-Pacific Power and
Energy Engineering Conference, IEEE,
Wuhan, China, 2009.

S. Forouhari and A. Abu-Siada. “Remnant life
estimation of power transformer based on IFT
and acidity number of transformer oil,” in
Proceedings of the IEEE 11th International
Conference on the Properties and Applications
of Dielectric Materials, IEEE, Sydney,
Australia, 2015.

I.G.N. Satriyadi Hernanda, A.C. Mulyana,
D.A.Asfani, I.M.Y. Negara, and D.Fahmi.
Application of Health Index Method for
Transformer Condition Assessment, IEEE, Pis-
cataway, NJ, USA, 2014.

M. Augusta. “Martins “Condition and risk
assessment of power transformers: a general
approach »

[2]

(3]

[4]

[5]

[6]

to calculate a Health Index”,

26

Ci"encia & Tecnologia dos Materiais, vol. 26,
no. No. 1, pp. 9-16, 2014.

T.K. Nurubeyli. The Effect of Plasma Density
on the Degree of Suppression of Analyte
Signals in ICP-MS. Technical Physics, —2020,
v. 65, No. 12, —p. 1963-1968.

T.K. Nurubeyli, Kh.N. Ahmadova. The role of
the spectral matrix effect in the element
analysis of biological fluids in ICP-MS.
International Journal of Modern Physics B,
Vol. 35, No. 05, 2150094 (2021)

T.K. Nurubeyli, Z.K. Nurubeyli, K.Z. Nuriyev.
Standardless analysis of solids by mass
spectrometry with inductively coupled plasma.
Technical Physics, —2017, v. 62, No.2, —p. 305-
309.

A. Cigre, “Condition assessment of power
transformers,” Technical Brochure CIGRE,
vol. 49, 2019.

A. Azmi, J. Jasni, N. Azis and M. A. Kadir.
“Evolution of transformer health index in the
form of mathematical equation,” Renewable
and Sustainable Energy Reviews, vol. 76, pp.
687-700, 2017.

J.I. Aizpurua, B.G. Stewart, S.D.J. McArthur,
B. Lambert, J.G. Cross and V.M. Catterson.
“Improved power trans- former condition
monitoring under uncertainty through soft
computing and probabilistic health index,”
Applied Soft Computing, vol. 85, Article 1D
105530, 2019.

H. Zeinoddini-Meymand and B. Vabhidi.
“Health index cal- culation for power

[7]

(8]

[9]

[10]

[11]

[12]

[13]



TRANSFORMATOR YAGININ XASSOLORI iLO ONUN ELEMENT ANALIiZi ARASINDAKI QARSILIQLI OLAQOSI

transformers using technical and eco- nomical [16] F.R. Barbosa, O.M. Almeida, A.P.S. Braga,
parameters,” IET Science, Measurement and C.M. Tavares, M.A.B. Amora and F.A.P.
Technology, vol. 10, no. 7, pp. 823-830, 2016. Aragao. “Artificial neural network application
[14] A.D. Ashkezari, H.Ma, T.K. Saha and in estimation of dissolved gases in in- sulating
C.Ekanayake. “Application of fuzzy support mineral oil from physical-chemical datas for
vector machine for determining the health incipient fault diagnosis,” in Proceedings of the
index of the insulation system of in-service IEEE 15th International Conference on
power transformers,” IEEE Transactions on Intelligent System Applications to Power Sys-
Dielectrics and Electrical Insulation, vol. 20, tems, IEEE, Curitiba, Brazil, Nov 20009.
no. 3, pp. 965-973, 2013. [17] D. Rediansyah, R. A. Prasojo, and A. Abu-
[15] R. A. Prasojo, K. Diwyacitta and H. Suwarno. Siada. “Artificial intelligence-based power
“Gumilang transformer paper expected life transformer health index for han- dling data
estimation using ANFIS based on oil uncertainty,” IEEE Access, vol. 9, pp. 150637—
characteristics and dissolved gases (Case study: 150648, 2021.
In- donesian transformers),” Energies, vol. 10, [18] A. Cigre. “Guidelines for life management
2017. techniques for power transformers”, Technical

Brochure, vol. 227, 2002.

T.K. Nurubeyli, A.N. Sultanly, N.Sh. Jafar, E.A. Abdullayeva

INTERACTION OF TRANSFORMER OIL PARAMETERS AND ITS ELEMENTARY
ANALYSIS

Power transformers are one of the most responsible and expensive devices in power systems exposed to electrical,
thermal, and chemical stresses. The purpose of this article as a new idea is to determine the relationships between the
chemical parameters of transformer oil, dissolved gases and indicators obtained by a mass spectrometer with inductively
coupled plasma. The inverse dependence between acidity and furfural components was determined. The relationship between
gaseous CzH: as a parameter that plays the largest role in the formation of an acidic component is established. It is found that
a large amount of copper predicts problems in the windings, as well as in any components made of bronze or brass. The
concentration of iron in significant quantities indicates problems with the core and tank of the transformer, and aluminum
with ceramic bushings. Test data related to 120 transformers were also considered.

T.K. Hypy0eiinu, A.H. Cyaranasl, H.III. Ixxadap, E.A. Adayi1aeBa

B3AUMOJENCTBUE TAPAMETPOB TPAHC®OPMATOPHOI'O MACJIA U ET'O
SJIEMEHTHBIM AHAJIU30M

CuioBble TpaHC(HOPMATOPBHI SIBIISIOTCS] OJHUM N3 HauboJee OTBETCTBEHHBIX M JOPOTOCTOSIIUX YCTPOWCTB B SHEPrO CUC-
TeMax, TOJJBePrafolInXCs BO3IEHCTBUIO SNEKTPUIECKUX, TEIUIOBBIX U XUMHUYECKHX HanpsDKeHui. Llenbio qaHHOW CcTaThu Kak
HOBOH HJIeH SIBISIETCS ONpeieieHHe B3aUMOCBSI3eil MEX /1y XMMHIECKUMU TTapaMeTpaMy TpaHC()OpPMaTOpHOro Macia, pacTBO-
PEHHBIMH ra3aMH M MOKa3aTesIMH, MOJyYeHHBIMH MacC CIIEKTPOMETPOM C MHIYKTHBHO CBSI3aHHOM I1a3Mmoil. OmpeneneHo
oOpaTHasi 3aBUCHMOCTH MEXIy KHCIOTHOCTHIO U Qyp(dypoIsHBIME KOMIOHEHTaMH, BrisiBieHo 4To, razoobpazHoe CO kak
HapaMeTp, UTparoel HanOOJIBIIYIO PONTb B MPOU3BOJACTBE GypPypOIFHOTO KOMIIOHEHTA. YCTAHOBIICHO B3aHMOCBS3b MEXKITY
ra3oo0paszHsM C2H2 Kak mapameTp, HrparoIIero HanboIbIIyI0 PoIb B 00pa30BaHNH KUCIOTHOTO KOMIIOHEHTA. BrIsiBIeHO 9TO
0O0IIBIIIOE KOJTMIECTBO MEIH IPOTHOZUPYET O MpobiieMax B OOMOTKAX, a TAKXKE B JTIOOBIX KOMIOHEHTAX U3 OPOH3BI MM JIaTy-
HH. KoHIeHTpaIys xkene30 B 3HAYUTEIbHBIX KOJIMYECTBAX MOKa3bIBAET O HEMOJaKaxX CepledHnKe 1 Oake TpaHcdhopmaropa, a
AIIOMUHHN —KepaMHUYECKHUX BTYJIKax. A Takke ObLIM PacCMOTPEHBI JaHHbIC UCIIBITAHHM, OTHOCsAIIHecs K 120 Tpancdopma-
TOpaMm.
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