
ITeT' 

aaryCT 

HttciK>PMaqHOtHolii 
napnti!p 1-M< BS 
<<PeneiiHIUI 3alq!ITa 

2025 r. 

H MTOMaTHKa» PHI( 0111'3 

~· HIIKC6 

E~c•gre 
POCCHR 

Htt<flopM_,_rii napnti!p 
tM< C6 «~re CHCTeMbr 
pacnpeAenettHtr JneKTpO· 

3lleJli"N' H p~ene-re 
3Hep<opecypclol» PHI( CK'P3 

Peoatcu,uoHHOJl tco//JlecUH: 
I 

n. B. HaOLLIHH, A· T. H. ( ... o. rnaBHOro p~aKTopa) 
51. Jl. APIJ."1WEBCKJ.1~. K. T. H. 
G.-3 . 6A51P, A· r . H. (MOHrono<A) 
n. A . GYTbiPJ.1H , 411e1H<Opp. PAH, A· T. H., npo¢. 
B. 3. BOPOTH-1L.J,I{~. A· r . H., npo¢. 
r . G. r YJli-1EB, A· T. H., npo¢. 
( A3ep6aj;jp,>KaHCKa• Pecny6nHKa) 
B. 1-1. r YLli.A 
IO .A . AEMEHTbEB 
B. B. >I<YKOB, P,. T. H., npc¢. 
I'O.J-1. >I<YKOB, K. T. H. 
T. r. 30PJ.1HA, A· 3. H. , npo¢. (Pecny6no<Ka Genapycb) 
M. KOJli..IYH, K. r . H. , npo¢. (CnoBaU,Ka• Pecny6n..Ka) 
r. 6 . JlA3APEB, K. r . H. 
B. B. MOJlOAfOI{, A· r . H., npc¢. 
It B. MOCKBVti (;x~M. rnaBHoro peAaKtopa) 
B. r. HJ.1KOJ1AEB, A· T. H. 
A . 1-1. HOBO>I<J.1JlOB 
1-1. A . HOBO>I<J.1JlOB (3aM. rnaaHoro p~aKropa) 
3 . M . nEPMJ.1HOB, K. T. H. 
r. A. P5160B, A· T. H. 
II. A. CTEHHJ.1KOB, aKaAeMo<K PAH, A· r. H., npo¢. 
P. M . XA3Y1AXMETOB 
A . Cll. WKOHAJ.1H 
A. B. WTErMAH 
B. 1-1. 3AEJlbMAH, A· 3 . H., npo¢. 

} /(ypHan BKfll04eH B nepe4e Hb p e4eH311p yeMbiX HdY 4-

I-IbiX JKYpHanoe 11 H3AaHHi1 BAI< 

Appec y Ype.a,HTen SI H H3AaTenS~ 
AO «HTCIJ 3 Hepronporpecc»: 
129090 , M ocKaa, yn. Ll.lenKHHa, 8 

AAPEC PEAAKI..\Y1V1: 
129090, ~ocHBa, yn. ~enKHtta, 8 
Ten. +7 (495) 134-74-11 
energeli<.energy-joumals.ru 
E-rnai: energetick@mail.ru 

AAPEC AJ151 nEPEni-1CKI-1: 

12'1090, MocKBa, yn. Ul,en<HHa. 8 
AO «HTtl) 3ttepronporpeccn 
(AnR H<ypttana <<3HepreTHKn) 

3aaeAYIOLL\HH peAat<u,o-teH C. 10. Coc'ettKo 
PeAaKTOpbt: 10. A. IIHtt..,CKaR, E. B. PoMiiUJKo 

CDJ-~AerenbcTBO o perHCrp au,l+l CMI-1: 
nl-1 N• <PC77-37408 OT 04.09.2009 r .; 
per. opraH PocKOMHiJA30P 

nepeneYaTKa, KOflHp08aHHe Marep~nOD, 
ony6nHKOBaHHbiX a »<ypHane «31-tepreTHK>>, AOnycKaercs:~ 
TOflbKO C l'l-ICbMeHHOr O pa3peUJeHHA peAaKUJ1M. 

CJ\aHO 8 Ha6op 30.07.2025. ilop,nHCaHO 8 ne'laTb 24.08.2025. 
,lJ,ara BbiXQAa B caer 25.08.2025. CDopMaT 60x84 Ys· nel.l'ar b ocp­
cerHaA. Yen. ne4. n . 7,25. THpa>K 2700 3K3. 3aKa3 EN/ 08-2025. 
OpHrnHan-MaKeT BblnoriHeH H3J\CITeflb CTBOM «cPonHy M». 
O rneYaraHo B nmorp$H MocKOBCKoro rocyp,apcrseHHoro 
HHCTHTYTa Ky n brypbl . 14 1406, MocKOBCKaR o6nacn., r . X HMKH, 

yn . 6H6mtc>TeYHaR, A· 7 . 

t4eHa cao6QAHaR . 

E>KEMECSl4Hbii:1 
nPOVI3BOACTBEHHO-MACCOBbllll 

>KYPHAn 

Y~ P E A H T EnH: 

M Y1H3HEPrO POCCY1Y1, ct>CK E3C, 
3JlEKTP03HEPf ETY1'-IECKA51 

ACCOLI,Y1ALI,Y151 <<KOPnOPALI,Y151 E33K», 
HTct> «3HEPrOnPOfPECC», 

BCEPOCCY1111CKY1111 3JlEKTPOn POct>COI03, 
Hn <<HAY'-IHO-TEXHY1'-IECKY1111 COSET E3C» 

MocKsa, HT¢1 ({3Hepronporpecc, HJAaeTCSI c HIOHSI 1928 r. 

PACnPEAEnVITEnbHbiE CETVI CPEAH Ero HAnP5DKEHVI51. rony6 H. H., 
BOHTOB 0. H., lionoeB E. B., Kapnosa E. B., HniOWHH n. B. AHaTH13 01MMeTp1-1"1-
HOCTH Harpy3oK 1-1 HanpR>KeHI-1ii a pacnpeAen!-1TenbHOii ceTI-1 cpeAHero HanpS1-
:>KeHI-1SI ..... , ,,,, . . . ' ..... .. . • .. , .. . . ..... . . • .• . ....... , .... • ••. , .•. . •. 

MOHVITOPVIHf' VI AVIAf'HOCTVIKA. MHp3aa6Aynnaes A. 0. 06 oco6eH­
HOCTSIX KOHTpOflSI nOABeCHOiil-130fl'SI~l-11-1 pacnpeAefl!-1TeflbHbiX ycTpOiiCTB 1-1 803-
AYWHbiX ni-1HI-1ii 3neKTponepeAa"ll-1 ..... .. ..•. ... ..... .. • . •.. ... .. . . . ...... 

BOnPOCbl Kni:-1MATVI4ECKOI/i nOnVITVIKVI . >KHn KHHa 10. B. C i-icTeMa 
TOproBnl-1 KBOTaMI-1 Ha Bb16pOCbl yrnepOAa .... , , , , , , . , . .. . .. , , . ••. . . . . . . . . 

MOAEPHVI3ALI,VI51 VI PEMOH T 050PYAOBAH VI 51. >KHTHHKOB C. B., OcH­
neHKo A. A., Ll,b16ynHH A. «P., Ta6aKOB A. H., AbRKOHOB E. M., YcHKOB H. B. 
Pe3ynbTaTbl I-1CnbrTaHI-1ii ycosepweHCTBOBaHHbiX ropenoK AflSI naposoro KOTna 
5M- 35PCJ) K 1-1cnosoACKOii T3LI, ....... •• .. . .......... •. ..•........... .. .. 

KHpiOXHH A. B., MHnbMaH 0. 0., Cepe>KKHH n. H., nowKapesa E. A. CHI-1:>Ke­
Hl-1e B1-16pa~1-1 1-1 Tpy6onpOBOAOB 3HepreTI-1"leCKI-1X ycTaHOBOK raCHTeflSIMH nyn b-
ca~l-1ii AasneHI-1SI ............ . • .. ..... . ......•..... . .......••..••.•.... 

nAPOf'A30BbiE VI nAPOTYP5VIHHbiE TEXHOnOf'VIVI. ·Kpas'leHKO C. 0., 
Kon6aHL!eBa A- n., Tpell.leB A. A., Tpell.leBa M. A., AHHKHHa H. A .• BnaAHMH­
poB Sl. A., KanMbiKOB K. c., MHpOH'IYK M. n. 0mHMI-13a~l-1SI Ha"lanbHbiX napa­
MeTpOB YTHflH3a~l-10HHoro KOHTYpa AByxKOHTYPHOii Tennocp!-1Ka~HOHHoii napo­
ra3osoii ycTaHOBKI-1 Ha 6a3e ra30TYp61-1HHbiX ycTaHOBOK .. . ......... . . .• . . ... 

BOAHO-XVIMVI4ECKVIC1 PE)I(VIM ~ BOAOnOAr0TOBKA. CopoKHHa li.A., 
MaKaposa E. B. BoccTaHosneHHe npo1-13BOACTBeHHbiX xapaKTepHCTHK ycTaHo -
BOK o6paTHOrO OCMOCa ..... , .. ... . . .. .... . . .. , ... . .. . .. , .. , , , , , , .... , , 

0TKnl-1Kl-1 Ha cTaTbiO «0 npHMeHeHHH napoBOAOKI-icnopOAHOii O"ll-iCTKI-1 BHYT­
peHHeii nosepXHOCTI-1 napoo6pa3YIOL41-1X Tpy6 3KpaHOB napOBbiX KOTnOB» aBTO­
pos VI. VI. 5enSIKOBa, B. M . EBTYWeHKO, M . c. nonosa, VI . A. HoBO:>KHnosa 0 0 0 0 0 

BHHorpaAOB B. H. 0T3biB Ha cTaTbiO «0 npi-iMeHeHI-11-1 napoBOAOKHcnopoA­
Hoii O"ll-iCTKI-1 BHYTpeHHeii nosepxHOCTH napoo6pa3YIOL41-1X Tpy6 3KpaHos napo­
BbiX KOTnOB» asTopos VI. VI. 5enSIKOsa, B. M. EsTYweHKo, M. C. nono sa, 
VI. A. Hoso:>K1-1nosa ...... . ........... . .... • . . ........ . ... .. ... • .. . . .. . . 

BOAA VI BOAHbll/i PE)I(VIM. TEXY4E5A. Cycnos C. 10., KHpHnHHa A. B. 
5apa6aHHble KOTflbl ..... , , ... . . . ....... , , , , . . . . .. .. .. , , , • , , , , • .... , , .. 

On biT 3KCnnYATALI,VIVI. lifTY30B B. A., WeyA>KeH P. P. ¢oT03neKTp 1-1"1e­
cKaSI 1-1 ra3oBaSI 3neKTporeHepa~HSI arponpoMbrwneHHoro npeAnp1-1SITI-1SI np H 
pa6oTe B Aecpl-1 ~1-iTHOii 3HeprOCI-1CTeMe. , ....... , , , , , , , , , , , , , . , , , .. , . , , , , , 

XPOHJ.iKA. J.iH<DOPMAU.J.iSI 
B Hn HTC E3C. MonOAIOK B. B., HniOWHH n. B., HcaMyxaMeAOB Sl. W., Hsa­

HOBCKHH A. A. MexaHI-13Mbl B03Hl-1KHoseHHSI 1-1 cnoco6br AeMncp1-1posaHHSI cy6-
CHHxpoHHbiX KOne6aHHH B 3HeprOCHCTeMaX C CHflOBbiMH HHBepTOpHbiMI-1 np e-
o6pa30BaTeflSIMI-1 ................•.... . .... . .. . ...• . ..•.... • •..... .. ... 

WHpKOBeL! A. H. 06 l-1Torax IV BcepoccHiiCKOH HaY"!Ho-npaKTH'tecKoii KOH­
cpe peH1..11-1H «Pe:>KHMbl HeiiTpanH. O rpaHI-1"leHI-1e nepeHanpSI:>KeHHH. PeneiiHaSI 
3aL4HTa 1-1 aBTOMaTI-1Ka. 2025» a HosocH6HpcKe ..... . . • ....• . ......... . . .... 

HsaH HsaHOBH'I lienRKOB (24.06.1937- 25.07.2025 ) ...... •• .......... . .. 

3 

11 

16 

24 

28 

35 

41 

45 

47 

49 

52 

55 

58 

64 

Abstracts . . . . . . . . • . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 

3a co,o,epJKaHue peKilaMHbiX MaTepuanoa pe,o.a'"-'uR omercmeHHocru He Hecer 

.. ~--------------------------------------------------~ 



MONTHLY POPULAR ENGINEERING 
JOURNAL «ENERGETIK» 

FOUNDERS: 

POWER & ELECTRICAL ENGINEERING 

MINISTRY OF ENERGY OF THE RUSSIAN FEDERATION, 
FEDERAL GRID COMPANY OF UNIFIED ENERGY 

SYSTEM, CORPORATION INTEGRAL ELECTRIC POWER 
COMPLEX, SCIENTIFIC AND TECHNICAL FIRM 
«ENERGOPROGRESS», All-RUSSIA ELECTRA 

TRADE UNION, NONCOMMERCIAL PARTNERSHIP 
«SCIENTIFIC AND TECHNICAL COUNCIL 

OF THE UNIFIED ENERGY SYSTEM >> 

No.8 August 2025 

Editorial board: 

P. V. Ilyushin, Dr. Tech. Sci. (Acting Editor-in-Chief) 

Ya.L. ARTSISHEVCKIJ, Cand. Tech. Sci. 

B.-E. BAYAR, Dr. Tech. Sci. (Mongolia) 

P. A. BUTYRIN, Corr. member of the RAS, 

Dr. Tech. Sci., prof. 

Yu. A. DEMENTIEV 

V. I. EDELMAN, Dr. Econ. Sci., prof. 

V.I. GUSHCHA 

G. B. GUUEV, Dr. Tech. Sci., prof. 

(Republic of Azerbaijan) 

R. M . KHAZIAKHMETOV 

M. KOLCUN, Ph.D. (Techn.ical) (Slovak Republic) 

G. B. LAZAREV, Cand. Tech. Sci. 

V. V. MOLODYUK, Dr. Tech. Sci., prof. 

K. V . MOSKVIN (Deputy Editor-in-Chief) 

V. G. NIKOLAEV, Dr. Tech. Sci. 

A. I. NOVOZHILOV 

I. A. NOVOZHILOV (Deputy Editor-in-Chief) 

E. M. PERMINOV, Cand. Tech. Sci. 

G. A. RYABOV, Dr. Tech. Sci. 

A. F. SHKONDIN 

A . V. SHTEGMAN 

V. A . STENNIKOV, Academician of the RAS, 

Dr. Tech. Sci., prof. 

V. E. VOROTNITSKY, Dr. Tech. Sci., prof. 

V. V. ZHUKOV, Dr. Tech. Sci., prof. 

Yu.l. ZHUKOV, Cand. Tech. Sci. 

T. G. ZORINA, Dr. Econ. Sci., prof. 

(Republic of Belarus) 

ADDRESS: 

8, Shchepkina sfr., Moscow, 129090 Russia 

Phone +7-495-234-74-21 

E-mail: energetick@mail.ru 

energetik.energy-journals.ru 

Head of the editorial office S.Vu. Sosenko 
Editors: 
Vu. A. Vinyarskaya. E. V. Romashko 

Produced by Folium Publishing Co. 
157, Dmitrovskoe sh., Moscow 127411, Russia 
Printed in Moscow State Institute of Culture 
7, Bibliotechnaya str., Khimki, Moscow region, 
141406, Russia 

Moscow, Company «Energoprogress)) Published since .IU'Ie 1928 

MEDIUM VOLTAGE DISTRIBUTION NETWORKS. Golub I. I., Voitov 0. N., 
Boloev E. V., Karpova E. V., Ilyushin P. V. Analysis of load and voltage balance in a 
medium voltage d istribution network... . ..... . . ......... . ..... . .......... 3 

DIAGNOSTICS AND MONITORING. Mirzaabdullaev A. 0 . About the featu-
res of the control of insulation of switchg~ar and overhead power lines.. . . . . . . 11 

CLIMATE POLICY ISSUES. Zhilkina Yu. V. Carbon trading system ......... . 

UPGRADE AND REPAIR OF EQUIPMENT. Zhitnikov S. V., Osipenko A. A., 
Tsybulin A. F., Tabakov D. N., Dyakonov E. M., Usikov N. V. Results of tests of imp­
roved burners 000 «NTO «EKOTOP» steam boiler type BM-35RF Kislovodsk 
TPP ........... . ......................... . . : ................. .. ...... . 

Kiryukhin A. V., Milman 0. 0., Serezhkin L N., Loshkareva E. A. Reduction of 
vibration in pipelines of energy installations using pressure pulsation dampers ... 

COMBINED CYCLE PLANT TECHNOLOGIES AND STEAM TURBINE TECH­
NOLOGIES. Kravchenko S. 0., Kolbantseva D. L, Treshchev D. A., Treshche­
va M.A., Ani kina I. D., Vladimirov Ya. A., Kalmykov K. S., Mironchuk M. P. Optimi­
zation of the initial parameters of the ·util ization circuit of a two-circuit combined 
cycle heating plant based on modern domestic gas turbine units with a capacity 
of 150- 160 MW ................................................... . . . 

WATER TREATMENT AND TPP's WATER-CHEMISTRY CONDITIONS. Sore­
kina B. A., Makarova E. V. Restoring the performance characteristics of reverse 
osmosis system . . .. .......... . .. . .. . .... .. ... . . .. .... .. ...... . ........ . 

Feedbacks on the article «On the use of steam-water-oxygen cleaning of the 
inner surface of steam-generating tubes of steam boiler screens>> by I. I. Belya-
kov, V. M. Yevtushenko, M.S. Popov, ). A. Novozhilov ..................... . 

Yinogradov V. N. Feedback on the article «On the use of steam-water-oxy­
gen cleaning of the Inner surface of steam-generating tubes of steam boiler scre-
ens>> by I. I. Belyakov, V. M. Yevtushenko, M.S. Popov, L.A. Novozhilov ...... . 

WATER AND WATER REGIME. TECHNICAL TRAINING. Suslov S. Yu., Kirili-
na A. V. Drum boilers .............. .. ................................ . . 

EXPERIENCE IN OPERATION. Butuzov V. A., Sheudzhen R. R. Photovoltaic 
and gas-fired power generation of an agro-industrial enterprise when operating 
in an energy-deficient system ......................................... . . 

CHRONICLE. INFORMATION 

News of the non-profit partnership <<Scientific and Technical Council of the 
Unified Energy System>>. Molodyuk V. V., Ilyushin P. V., lsamukhamedov Ya. Sh., 
lvanovsky D. A. Mechanisms of occurrence and methods of damping subsynch-
ronous vibrations in power systems with power inverter converters ......... . . 

Shirkovets A. I. Based on the IV All-Russian scientific and practical conference 
«Neutral modes. Overvoltage limitation. Relay protection and automation. 2025>> 
(Novosibirsk) ............. . ............ .. ... . ........................ . 

I. I. Belyakov (24.06. 1937 - 25.07.2025) ................ .. ............. . 

Abstracts ........................... .. ... . ........................ . 

16 

24 

28 

35 

41 

45 

47 

49 

52 

55 

58 

64 

&5 

SUBSCRIPTION INDEX 71108(«Pressa Rossii>>) 

PA~ 

D 1: 
Y)\1< ( 
8DN1 

AH 
up 
rom 
D f11 

OJIC 
I<AI' r 
J.1 j 

I. MOl 
Wll 
llyll I 
1111 
11 /1 1 

M.i 

r 1pn1 
lll jMI 
'>~ni ~ 

Jlt!l I 

pu!i, 
' f'( 'll 

!{ 11!'1 

;1],11 11 
t!TOi l 

tlmp 
l f ~j l 

''II I' 
rtuT 
Pr1 '' 
"fil l 
110/V 
11p , 

YM I 

p 
U\11~ 

)I( '1' 

)/I I 


