MIHICTEPCTBO OCBITH I HAVKU YKPAIHU
HanionanbHuil TEXHIYHUNA YHIBEPCUTET
«XapKiBCbKUH MOJITEXHIYHUN THCTUTYT»

BICHUK

HAIIOHAJIBHOI'O TEXHIYHOI'O YHIBEPCUTETY
«XIII»

Cepis: Enepeemuuni ma meniomexHiuHi npoyecu u yCmamry8aHHs

Ne 9(1231) 2017

30ipHHMK HAyKOBHX Ipallb

Bunanns 3acHoBane y 1961 p.

XapkiB
HTY «XIII», 2017



Bicunk HanionansHoro texniunoro ynisepcurery «XIII». 36ipauk HaykoBux npais. Cepis: Enepreruuni Ta
TEIUIOTEXHIYHI mporecn i ycratkyBaHHA. — XapkiB : HTY «XIII», 2017. — Ne 9(1231). — 102 c. — ISSN 2078-
774X.

Jep:xaBHe BUIAHHSA
Ceinourso [ep:xxkomitera nmo inpopmaniiiniii moxituni Ykpainu
KB Ne 5256 Bin 2 siunas 2001 poky

30ipHUK BUXOIUTH YKPaiHCHKOIO Ta POCIHCHKOI0 MOBaMHU

Bicnux Hayionanvnoeo mexuiunoeo ynisepcumemy «XIIly» eneceno do «llepeniky maykosux ghaxosux euoats
Yrpainu, 6 axux modcyms nyonikysamucs pezynrbmamu Oucepmayiunux pooim na 3000ymms HayKo8UX CMyneHis
O00Kmopa i KaHouoama HayKky», 3ameepodxcenoco piuenuam Amecmayiinoi konezii MOH Yxpainu wooo Oisnob-
Hocmi cneyianizoganux eueHux pao, 6io 15 epyona 2015 p. Haxaz Ne 1328 (0ooamox 8) 6io 21.12.2015 p.

Bunanns 3acnoBano HanioHansHuM TexHIYHUM yHiBepcuteToM «XI1I» B 2001 pori

Koopaunauiiina paaa:

JI. JI. ToBaxXHSHCBKHH, J-p TeXH. HayK, npod., wi.-kop. HAHY (rosioBa);

K. O. I'opOyHOB, KaH/I. TeXH. HAyK, J0II. (CeKpeTap);

A. T1. MapueHko, 1-p TexH. HayK, npod.; €. 1. Cokoun, a-p TexH. Hayk, @wi.-kop. HAHY;
€. AnekcaHapos, I-p TeXH. HayK, npod.; A. B. Boiiko, 1-p TexH. HayK, mpod.;

®. 'ankui, 1-p TexH. HAYK, Tpod.; M. 1. ['oaneBChKuiA, A-p TEXH. HAayK, Mpod.;
L. I'pabuenko, n-p TexH. HayK, npod.; B. I'. JlaHpKO, A-p TEXH. HAYK, MPoQ.;

J. AMuTpu€eHKO, A-p TeXH. HayK, pod.; I. @. JloMmHiH, I-p TeXH. HAYK, Tpod.;

B. €midanos, kaux. TexH. Hayk, mpod.; FO. . 3aiies, kaHxa. TexH. HayK, mpod.;

0. Kauanos, n-p TexH. HayK, mpod.; B. b. Kiemnikos, a-p Texs. Hayk, mpod.;

. Konppamos, a-p TexH. Hayk, mpod.; B. I. KpaBuenko, n-p TexH. HayK, mpod.;

. Jlicauyk, n-p TexH. HayK, nmpod.; O. K. MopaukoBCbKHA, I-p TEXH. HaYK, Mpod.;
. Hikomaenko, xaun. ict. Hayk, npod.; I1. . [lepepsa, n-p ekoH. HayK, mpod.;

. Ilynses, n-p TexH. Hayk, npod.; M. I. Puienko, a-p TexH. HayK, pog.;

. Camopo0B, J1I-p TeXH. HayK, npog.; I'. M. CydkoB, A-p TeXH. HayK, pod.;

. B. Tumodies, n-p TexH. HayK, mpod.; M. A. Tkadyk, I-p TeXH. HayK, Mpod.

o1 W

€.

O.
A.
B.
B.
IL
C.
T.

B.
B.
B.
0]

Penakuiiina xoJieris cepii:

Binnosinanbuuii pexakrop: A. B. Boiiko, 1-p TexH. HayK, mpod.

Binnosinanbuuii cexperap: 0. O. IOxin, kana. TexH. HayK, TPod.

Yenn peaxoderii: A. M. ['amxa, 1-p TexH. Hayk, npod.; B. I. ['HeciH, n-p TexH. HayK, mpod.;

S. Yershov, a-p texu. Hayk, npod. (USA); O. B. Edimos, a-p TexH. Hayk, npod.;

P. Ligrani, a-p Texs. Hayk, npod. (USA); 0. M. Mauesutuii, 1-p TexH. Hayk, Aiicauii wi. HAHY;
S. Nick, n-p Texs. Hayk, npo¢. (UK); A. B. Pycanos, a-p TexH. Hayk, npo¢., 4i.-kop. HAHY;

R. Rzadkowski, n-p TexH. Hayk, npod. (Poland); M. O. Tapacenko, KaHa. TeXH. HayK, Mpog.;

O. I. Tapacos, a-p TexH. HayK, mpod.; A. I1. Ycaruii, n1-p TexH. HayK, mpod.;

A. A. XanaToB, I-p TexH. HayK, npod., aiicanit wi. HAHY; O. FO. YUepHOyceHKko, A-p TeXH. HayK, MpoQ.;
O. JI. lllybenko, A-p TeXH. HayK, pod., wi.-kop. HAHY

Bicnux Hayionanvnoeo mexwniunozo yHisepcumemy «XI1l», cepia «Enepeemuuni ma meniomexHiuni npoyecu

VCMAMKYBAHHAY, 8KIIOUeHUll  008IOHUK nepioduunux eudans 6a3z danux Ulrich’s Periodicals Directory (New
Jersey, USA), Google Scholar, Index Copernicus.

PexomennoBano 1o apyxy Buenoro panoro HTY «XTIII».
IIpotokon Ne 3 Bix 24 6epesns 2017 p.

© Hanionansuuii TexHiuHuH yHiBepeuTeT «XI1I», 2017



NATIONAL TECHNICAL UNIVERSITY
“KHARKIV POLYTECHNIC INSTITUTE”

BULLETIN
OF THE NATIONAL TECHNICAL UNIVERSITY
“KHARKIYV POLYTECHNIC INSTITUTE”
Series: Power and Heat Engineering Processes and Equipment
Ne 9(1231) 2017

Collected Works

The publication was founded in 1961

Kharkiv
NTU “KhPI”, 2017



Bulletin of the NTU “KhPI”. Collected Works. Series: Power and Heat Engineering Processes and Equipment.
— Kharkiv : NTU “KhPI”. —2017. — No. 9(1231). — 102 p. — ISSN 2078-774X.

State edition
Certificate of State Committee of Ukraine for Information Policy
KB No 5256 from July 2, 2001

The collection is published in Ukrainian and Russian.

The Bulletin of the National Technical University "KPI” is put on “The List of Scientific Professional Editions
of Ukraine that publish the data of theses for the degree of candidate of sciences and the degree of doctor” ap-
proved by the Decision of the Certifying Board of the Ministry of Education and Science of Ukraine as to the
Activities of Special Academic Councils of December 2015. Order Nol328 (Supplement No8) of
21 December 2015.

Coordinating Board:

L. L. Tovazhnyanskyy, D.Sc., Prof., corresponding member NAS of Ukraine (chief);
K. A. Gorbunov, Ph.D., Associate Prof. (secretary);

A. P. Marchenko, D.Sc., Prof.; Ye. I. Sokol, D.Sc., Prof., corresponding member NAS of Ukraine;
E. Aleksandrov, D.Sc., Prof.; A. V. Boiko, D.Sc., Prof;

F. Gladkiy, D.Sc., Prof.; M. D. Godlevskiy, D.Sc., Prof.;

I. Grabchenko, D.Sc., Prof.; V. G. Danko, D.Sc., Prof.;

D. Dmitrienko, D.Sc., Prof.; I. F. Domnin, D.Sc., Prof.;

V. Epifanov, Ph.D., Prof.; Yu. I. Zaytsev, Ph.D., Prof;

A. Kachanov, D.Sc., Prof.; V. B. Klepikov, D.Sc., Prof.;

1. Kondrashov, D.Sc., Prof.; V. I. Kravchenko, D.Sc., Prof;

V. Lisachuk, D.Sc., Prof.; O. K. Morachkovsky, D.Sc., Prof.;

I. Nikolaenko, Ph.D., Prof.; P. G. Pererva, D.Sc., Prof.;

A. Pulyaev, D.Sc., Prof.; M. I. Rishchenko, D.Sc., Prof,;

V. B. Samorodov, D.Sc., Prof.; G. M. Suchkov, D.Sc., Prof;

Yu. V. Timofeev, D.Sc., Prof.; M. A. Tkachuk, D.Sc., Prof.

E.
F.
A.
V.
V.
P.
S.
G.
V.
V.

Editorial Board:

Editor: A. V. Boiko, D.Sc., Prof.

Secretary: Yu. A. Yudin, Ph.D., Prof.

Members of the editorial board: A. M. Ganzha, D.Sc., Prof.; V. I. Gnesin, D.Sc., Prof;

S. Yershov, D.Sc., Prof. (USA); A. V. Yefimov, D.Sc., Prof;;

P. Ligrani, D.Sc., Prof. (USA); Yu. M. Matsevity, D.Sc., Prof., Academician of the NAS of Ukraine;

S. Nick, D.Sc., Prof. (UK); A. V. Rusanov, D.Sc., corresponding member NAS of Ukraine;

R. Rzadkowski, D.Sc., Prof. (Poland); M. O. Tarasenko, Ph.D., Prof.; A. I. Tarasov, D.Sc., Prof.;

A. P. Usaty, D.Sc., Prof.; A. A. Khalatov, D.Sc., Prof., Academician of the NAS of Ukraine;

0. Yu. Chernousenko, D.Sc., Prof.; O. L. Shubenko, D.Sc., Prof., corresponding member NAS of Ukraine

Bulletin of the of the National Technical University “KhPI” series “Power and Heat Engineering Processes and
Equipment” included in the directory databases of periodicals “Ulrich’s Periodicals Directory” (New Jersey,
USA), Google Scholar, Index Copernicus.

Recommended for publication by the Academic Council of NTU “KhPI”
Protocol number 3 of 24 March 2017

© National Technical University “KhPI”, 2017



