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Periodic flow unsteadiness in modern gas turbines causes variability of aerodynamic rotor blade forces, reduces their
vibration reliability, and leads to additional losses of kinetic energy of the flow. The aim of the work is to develop the rec -
ommended ranges of dimensionless geometric parameters on the basis of a numerical study of the turbine stages aero -
dynamic characteristics - from the point of view of reducing unsteady blade forces exciting blade vibrations and mini -
mizing kinetic energy losses (i.e. maximizing the level of internal turbine efficiency). In this work, we investigated the

influence of the inter-row axial gap and blade count ratio in the LPI-1 turbine stage.
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Keywords: axial turbine stage, CFD, Ansys CFX, unsteady blade forces, blade row interaction, blade count ratio, axial gap,
vibration reliability.

|

D
=
®:
Do
=

&y yiodiiee, iifiosiaf{0a
0,5 fiodiaie EIE-1

13(135) 2021
ABUrameap “ww-dvigately.ru




> F ©

o o
o @
M M:

S Oo@as
DS S

o g

o

91

1]

o

oy

D

-Omf

=t
o

ennéaaoaii
T'eoMeTp F9eCKHE Map aMeTp
Pamuyc cpensero ceuesiE 1, MM
JImiHa HATTPES THECI &1 JIOTIATEH I vma 60 71 0
Xopnanpodmns HIT by, no 59 30 0 1 2 3
Miar HIT 1, woa 479 169
Omuocyremspeiimar HII 1 0,8 0564
Yueno HIT Zgp 51 50
Imsia paboust momanar 17, uu 59 26
Xopma mpodems PIT by, wma 41 34
IMa PN 2, mam 254 n2 e
Omocimemtmtiimar PII T 0.618 0645 ua =
lalale
Yucno PII Zpy 96 47 EiE-1
Ormuomerme d/> 13 3.86 fiediea
Orromermie marce £47) 053 1255 g
Mezpanoseni ocepoil 3a0p 427, MM 4 12 1
é
563400 NOd6E06AG
oiéa a It
54008
48aia0d
aioa
10121 aeail, +oi
gaa
aeo6o
¢a daai-
éaie f

2330 IE. i iled yioaiiee, MAoaTAITa
0,5 a&y fodiaie EIE-1 i
t ,it,=0,25




&i. 7 Caae

foojaié EIE-1 10 +efiéa

. dacoeéloaoai fidvaveiiad

1 125 A = u dafi+
/4

0.75

= Nakajimad013 = sin(t2/t]"n) ==i=Kolenko-Laskin-2020

1. Aydiseiaie+afieed Gasacoddefiogée 06 0654l / 1.i. Adaianuaaa,

Al. Adnoaei, EA. Aidieda e ad.; 1ta Tau. 88a. A.A. xadieeiaa. - E.: 1ageiinodidied,

Edieias. 10a-ied, 1980. - 263 fi., eé.

2. Efeditel AN., Eaneel A.N. Nod6eoosa iloiéa aysiagiaie+aneed 6adaéoddenoese isif

&7é 0604giIN¢ aidaasypLaé dagacee // Afivanoaaiitd e odsie-aneed iacee. - 2018. -

4(118). - N. 164-176.

3.Shawn Wasserman Choosing the Right Turbulence Model for Your CFD Simulation //

ENGINEERING.com. - 2016. URL: https://www.engineering.com/DesignSoftware/

/DesignSoftwareArticles/ArticlelD/13743/Choosing-the-Right-Turbulence-Model-for-Your-

CFD-Simulation.aspx (Aaoa Tadaudiey: 12.02.2020)

4. 18681 Eoié Edal. xengaiita efnga 3 aseyiey idseadioiaial cacioa iaiadaiai -

i0& fiean a 1Haalé Rodidie 06B4eih / Tslalé 6+4ité. - 2015. - 110 (90). - N. 270-274.

5. Nakajima, Tomomi; Shikano, Yoshio; Yamashita, Yutaka Prediction of Unsteady Force for

Axial Turbine Buckets (Effects of Nozzle-Bucket Axial Gap Length and Blade Count Ratio) //

Proceedings of ASME Turbo Expo 2013: Turbine Technical Conference and Exposition, June

3-7, 2013, San Antonio, Texas, USA.

6. Korakianitis T. On the prediction of unsteady forces on gas turbine blades: Part 1 -Descrip-

i1 tion of the approach // Transaction of the ASME, Vol. 114, 1992. P. 123-131.
7.Caiadd 1.N., x45ieeta A A, Aydiaeiaie+aneed 5adaéoddenoese a&iea "Mosiail-aisia

ilé 42600¢18" fivaveliasiié daciaié 06daeil 16 dacse+itd ddeeeiad daaiod // [ad+ -

ii-0aoie+anéed aaaiiinoe 0. [acea & 1adaciaaied. - 2011. - 12. - N. 61-68.

Fanieei A.N. A0&is Tiogiasuiial 1 eaapuadi iefeioi aysi -

aeiaie+aneTar aicadeeadiey eledaaieé daai+eo &liacie aaciaié 06daeia // Yiddala -

@eiinoo1&ied. -1987.- 12.- N. 18-25.

9. Niu, Xiying; Wang, Lin; Li, Dongming; Du, Qiuli Reduction of Turbine Blade Unsteady Forces

by Shape Modification of Vanes for Industrial Gas Turbines // Proceedings of ASME Turbo

Expo 2016: Turbomachinery Technical Conference and Exposition, June 13 - 17, 2016, Seoul,

South Korea.

10. Rzadkowski, R.; Gnesin, V.; Kolodyazhnaya, L. Aeroelasticity Analysis of Unsteady Rotor

Blade Forces and Displacements in LP Last Stage Steam Turbine with Various Pressure

Distributions the Stage Exit // Journal of Vibration Engineering & Technologies, volume 6, issue

5, 2018.

11. Waite, Joshua J.; Kielb, Robert E. The Impact of Blade Loading and Unsteady Pressure

Bifurcations on Low-Pressure Turbine Flutter Boundaries // Journal of Turbomachinery, vol

ume 138, issue 4. 2016.

12. Seeley, Charles E.; Wakelam, Christian; Zhang, Xuefeng; Hofer, Douglas; Ren, Wei-Min

Investigations of Flutter and Aerodynamic Damping of a Turbine Blade: Experimental

|" 3ef6ied 7 idAafioaa8ail 424 edeala. Céééiéy é6éééy _ yOTCharacterization /I Journal of Turbomachinery, volume 139, issue 8. 2017.
d&coeiinacl daf+aoa foaceiiasiial ifoiéa. A i6i4daiia Ansys Nayci i aadidaie: gidrat@mail.ru

n.zabelin.turbo@mail.ru
ga@spbstu.ru

13(135) 2021
ARurammeik www.dvigately.ru




H A H O B O WM B bl C O E

i OpraHusaTopbl
A \ MWHOPOMTOPI I
42 pOCCUN L 1 Pocrex
,, 3

148
(A KS

N

MEXXAVHAPOAHDbIN
ABMALIMOHHO-KOCMMYECKMMA
CANOH

YcTpouTtenb

() ABUACAJIOH

WWW.AVIASALON.COM - 20-25U10J19 - MKYKOBCKUI




Afodoédie+anoar OAE 001.314.62

‘ET|’|'T-‘|,A,QTAAE A@Emm@m
|A,£EAO|AD~|'A;|A|\A|

NETOPXDEXANOA

’ 6D
> O

4é0 &aiaeddésoioa Eéc‘)aé\ﬁ ial 00 BEA,
i

ie+anéeé nadoiee idaceadioa DEA, &.0.1., aéaadieé DAAI
daieé e idaedoiadiaiiar
eioadanad fio

A systematic approach to the organization of joint scientific research and international business cooperation of profes
sional scientific and engineering communities in the interests of socio-economic progress of Russia and China is pre
sented.
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The work is devoted to the study of the influence of the methods of processing the internal channels of the gas turbine

engine blades made by the method of selective laser melting on the flow characteristics. Models of channels simulating

the channels of the input edge of the working blade of a high-pressure turbine are made. The flow characteristics of
channels without processing (after SLM) are compared with channels after electrochemical processing, electric pulse pol -
ishing and after electrochemical polishing, as well as with channels made using traditional technology (casting into molds

with cheramic rods).
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The design and application principles of the test bench for the Electric propeller end motor group (EPMG) are described. The
results of research and testing are presented. The diagram of an ultralight electric aircraft for further flight tests is shown.
Eép-dala felaa: Yédéode-anéay aeioiiioidiay 4doiia, eniioacaéliné noaid, yéaéode+anéeé naiie,o.
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OAAIOAT "Naiadneeé iasetiaeuiné enfiedaiaacdéineeé 6ieadoneodo eidie aéaadieéa N.I. Eiale aa™
Asaseied Aiadadae+ Coaea, 4.0.1., 18164NM16 éa0a4d0 1iNod0ésee & iiacoediaaiey aaeédaoacdé ea0oacdeuind aiadaoia
[diaiaéecediaail dacdeoed caddddaeils 06aTAAI0EEy0IdIN0 dAedaodédé 46y NAAAOcAGETATAT 1Té,0a. TAITA6
dacgdaaioié Aifioadéyée iao+i-oadie+anéeé cadaé e idiaadaiiua a yéniéoaoascee éiifiod6éoidnéi-oadiiéiae+an

éed davéiey. IAilaing oneéey dacdaaio-eé

&
Oldilipaiéd éiée+anoda d4oaéaé, rieaediéa odaédiié ianna, riatedied y

ifa06 iacdoeaéia é o0do

©
\Y)
o E\
Qx
Q.
Q;
®:
Do

Aiééacaceriité oaséiiéiae~iifoé é
daiiioiioediaiinoe 44e4a03€46, oidilwaiéd fau,ia fifidiaiaeoaéliié diédiaioacee.
The development of foreign turbofan engines for supersonic flight is analyzed. The basis of the development was the sci
entific and technical reserve and proven design and technological solutions. The main efforts of the developers are
focused on the use of new materials and technologies, reducing the number of parts, reducing the specific weight,
increasing the operational adaptability and maintainability of engines, reducing the volume of accompanying documen
tation.
Eep+&a0a fnelaa: Daaéoeaiis
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A niadaiaiité naaoocadéiaié aiaiiié adeaocee a iiiiaiil 19eidiypony 0664iadioeeyoiditia 4a06é1iood
04 a4eaaodee i 61dfaseilé eaiadié (OPAAQD). Yoeé 4aeda0dée 6a0a80adecopony idaléliaié noaiaiup 4206106
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afl é,0a e 6ajaedoaioeodeliop ofieeaiop yooaéoeaiiiol ia aicacéiaié néiginoe iié,oa; iddadenit aant
@el cia+&iedl 04iiadaoodn daca i&dda 06daeié (O 5> 1900 E) & adniéei gia+aiedi foiiadiié nodiaie ifaa
gdiey aaediey ( Pas> 35)

A e iseiaiypory atniéliaddoeeaiita, fi 1aéll éiee+anoail nooiaiaé enisaniion i ddadeeddainie iaidaa
éypueié arnadaocaie, iaglyienneiiitie eaiasaié naidaiey, yodoaéoeaidie 1deaseaadidie 1aii- eeé 4206100
iai+~aodie oodaeiaie, 4a06aioisiiié (i idioealiéizeiial adauaiey aaodisidtie sioidaie atnieiar aaaeaiey
& 00,01iiai0ie dioidaie iecéial aadeaiey) e 00,081018ié (i aaddiididie dioidaié atnielal & noaaiaal aaa
gaiey e 08 ,6Miai0ie aioidaie iecéial aaaeaiey) éiinodoeoeaiié ndaid.

A fiadaiaiind ODAAQ ideiiypony didhaseitd eaiddn Aaidaiey fil Aidsaiedl Aacialal & Aicadwiial iloléis;
daaseeaoaita i oidaaeyaidi adéoisi oyae daagoeaila fiiea; atniélyodoaéoeaita 6eosiata nenoail oidaagaiey,
éliodiey & aéadiinoeée 4a63a0a8Yy

Ieididied iadaaiano iaotaia san+ 0a a fit-aocaiedi i Tiodiagdidie &linodoeoidnéi-oadiieiae-anéeie dasa
ieyie e iotasanieaitie iacdoeagaie, 1aania+eaado +dacalt+aéil iagop 6adeuiop iaffo aaéaacasaé (a1 0,01 ea)
i6e atniéié iaa,seiifioe e idiioioa yéniedaoasee.

iceil 60addaeaa0y, ~of MadAIANta ODAAD yasyboy 1adacoaie Raild iA0AAIAN0 & 1AdMABORAIN5 Aifdéed
ieé eleediaciié fadée e oaodieée.

Aéodagiitn yagyaony aiagec élinodoeoeaii-oadileiae~aneed dagaieé, odiadioeé dacaeoey TMitails 1adaido
dia & Tagafnioe ideididiey aaeaseliiid 4aeaa0a6aé, 8101606 idaaf0aasai ia I3eiada dacaeoey caddadeeiis OPAAQ.

A eieaa Tiennaadony aayoasiiiiiou General Electric & Pratt & Whitney (N@A), Rolls-Royce (Adgeéiasesaiey), SNECMA
(Odaivey), a 0aéaed dyaa 400580 caddadeeild eNiaieé a Taganoe ficaaiey aaeaseliind OPAAQ alaiital iacia+aiey.

TfiodTait eéiee 0daiala écididiey Mitaito iadaidosia yoed 45e5a0a64¢ & idaanoaasail iaéioidna eo iasn
1aé0eaita élinodoéoeaita noaid.

DAacbdenoaod 16aacaiaaiial enneaaiaaiey i1aoo adou 1eacit noocaaioai, éésdnaioai, aniedaioai & 1dai
42340346y aocia, eiediddii-oddie+anéel dadioieéal, a 0aéaed wediélio 6046 ~e0a0aeadé, éioadanopueie
Ay adeaoeiiiié oasieéié.
| 8eijo0a 6nEaina faicia=&iey IRAING iA0AIA00Ta 43832088) 1.3.9. F101X & F101DFE
Oyaa fioace+aneay ia dazeeid oidfasea (Il = 0, fi = 0) s D leiefoadnoan 141a1ia N@A fioiééioéinii i Raduacidie 514
Oaaglité danoia oficeaa ia ddeedia 6idfazea (Ii = 0, i= 0) Cap GAIAIE 4AAA0AEAE Pratt-Whitney TF30 & F100 ia &fi0d848046y06
Oyaa foace+aneay ia 1aéneiagdin dazeeid (ii =0, fi = 0) R.  Grumman F-14, McDonnell Douglas F-15 & General Dynamics F-16.
O&daliiné daroia ofieeaa ia iaéfieiasiin dazedia S Adnieed sadagoddsenoeée (AMoilgdied oyae é 1anna 7,6:1) aaeaa
O&daliiné danoia ofieeaa ia é0aénadnéi daseeia s 088y F100 ideadée é oyad idiacal i oi+ée ¢odiey iaa, eeiifioe
Parioia dicadoa ia iaéneiasii daaesia a G F101X
Odiidda060a daca 18084 0604eé ia 1aéneiaéin ddseeid Q A ea+anoad asuoddiadead éfiiaiey General Electric 1644é1
Nodiditi 4266&7i0oaiifoe M eeéa Ralé aaédacadel. banniacdedacani oaézed aiciieeiinou aal
Noiiadiay fodidil itatgaiey ieial 4aaeaiey & eNidanfioa Ps Oficaiiaée ia alidadaédiauééa FB-111
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lafina 45852086y s Aao0dey F101 (Ai. dacade 1.3.6).
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(EMDP) 0aézed idiaiéaeaée iifiosiadl & General Electric 4éy-dac 114

daaioee 4aeaaodéy F101. 5 iadoa 1979 a. AAN caéép-eée-&iidaa

daéo i General Electric ia 1ddalia+aeliop dacdadioed aaedand ai &
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i eéfidl

a .
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fitfioiyéa a ofl, +0fad iifivadéou 4aédaodel F101 48y F-16 & ¢aio
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aéy Pratt-Whitney [8, 64]
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04a4a€1R0 alchAaaol o 1d4anoaacodedé a Eliasann, ~oiad i
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DFE. A Pratt-Whitney d6iage, <01 AAN idoagedi iié6+eou 710 GE
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jaa,zeiinoe & dailiondeaiaiinoe, 1ie daéaed 61046e & diace
¢1aa00 caéleediind & F101 Tadlaiey.
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gaoieé 140eia ENiAdANM alaadce 41 jeeeeli 4i6eadia a apa - YJ101/YF-17 (31 ieééeli 4leeadia) e F404/F-18 (250 igééelita
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1.3.10. F110 T+8aeail, +of AAN ficaase easeaid ec yoes nodiaes odaaiaa

N epéy 982 a. Titiofay 11adeu ofal, o iic - ieé 4 1ddaop 1+addal aey oiai, ~olal eféep+eol 181a€aia, nay
2ed noaél F caiita i Tanedeeéadaiedi F100
fifa0d enitoaiey ia F-14. N 1eéoyady 1981 4. 111450 1982 &. F110 Nidaaitaaiey it aélioadiaoeaill 42642086y1 46y efiodaaeod
0aéeed idioiae g -16XL-2. General Electricil €&é (AFE) idiaiéaeaceni. 6aaiieasadiay noiia éliodaéoa 16a -
80+eéa 1003 ¢dadioeo F110 aféoya - iéaaeanu a 10 ieeeeadaia aiéeadia. General Electric iddaéieeeéa
54 1982 a atafioasd 4aedacd naré OPAAD F110, a Pratt-Whitney - 6/i1addgaifioaiaaiiop i1a&éi
6aé daaioa (Request For  F100 - 4a¢4a0&&0 F100-PW-220. E¢ yoial Taudal 1ad,1a nodanoa
Proposal - RFP . &1, 0T 16éfdeeddied éid % alieeé caéép+aill i General Electric ia 1ifi0adéo aaedacaeaé
daéoa 406440 o iiceiifioaé aey naiié oia F-16, a Thoaelita 25 % atée iadaaait éfiiaiee
daedaodéy, foieiinoe seé jeééa a oa+ ) iMOAaAes 48y F-15. Taiael i& i04aileasasini,
ar iaoeiaa, 2 ) ii i 3adaol 46400 dadioaol ia F-16 i aaedaoaéyie 4460
0€'18]. Aagda a RFP oéachaae &1élieo yoi ficaano 161a8ait aey ¢aianiad +an -

4aiéiiar aiciaddoasedaiéy ia ioéiad

iey, &ioiaiifiou é aifodiiiiod fiéfodid, a oa L] faaie& AAN AlfoTy&T a ofl, <o Tié 6ioaee iTaleedaod
4aco ady iiaééécacee”[8]. AAN 1 eefill & Tasyas i afa e iiiifodaou, +of 1dieciéado a 4ado ididdaiiad 4aédacacaé.
idifualé 164an0adeol iddaéieediey, danapueany i38i&di1 2000 A Toeseasiii idann-dadeecd AAN Alaideony, +of General Electric
4363a03€4¢é a&y F-15 e F-16 ia 1985-1990 6éiaiiiiada aiad. idaaéieeeta e6+ged (41€ad iecéed) Taued dandiad, 1adnia+eea
Caidageaay 0440404 6ail aey éaaedlal e iaféieliced dacee+e6+a0p caédiés caianins +anodé e iddaéieecta f0ee+iop dadai
06 a&(04dia0eai0d éliodaeoia, AAN jaidddaasent a0asaou oep. iddanoadeodéln AAN Addi 188 (Verne Orr) cayaewaéoe~aa
OT6UET 1aei a&y cagep+aiey éliodagoa. éé O iaf 40400 daedaodée aéy enodaaeodéaé, noié fédaedl éioidas
Nia+aga imadya+eeia inioiiece iddaeiaeeol fale 86+p@& 40440 A4Al4 aléiwd, 41 6 NAGAIAIIN0 d464a04646, 1dé idel4s
6&i0, anee AAN 68gao ecia+agil iesiaol oTelén a ifoadonoaee iT 0aéié aed ididiicedoaiieé fioieliioe daeiesn ididoésee”  [8).
§) iaa i fioeyie i oaia | ¥

\aQ

dadaioeeé, itdodddaedapuad, +

A0 F-16 408 GAcOAAT0A
16aiey  Corp., &i0iday & 1993 4. i61aasa
874, A eadsaied 6edia Lockheed.

i élitaiedé General Dynamics

i fiaite oifosie0asiiia o -

[a+eou aleaiasaiaiiop caue Aagaacaéyie F110-GE-100 fi épiy 1986 &. iijauaéenu Aan
d6cee fa éaiecaeliié 83 - &,00 F-16C/D Block 30 [15, 27].
fita Niodaieéol 98 % naiaé oyae Cia+eodéuiay +anol F-16C Block 30 atéa alioudia i idaee
faa ofiéeda, iladya+eé aé iéi aicaddicadidieéli (0aé facliaadité "aedé aio"), +of ia
U iicaléyél aaedandep F110-GE-100, idawgdio aieligeé dandia
U 1Tadya+eéa dacdadioaol fad;ee alcadda, +ai 6 aal idaaganoaaiiééa Pratt-WhitneyF100, dacaéaaou
é aadaioesi- i ai, aaiiié adedaoc 844,

10ya+eé ajesedi
dced 8483

i0é a4de&dacden ate caidoii oysede
a




-16A.

jaiital. Oyaa F100-PW-220 &
iep fi iB4A0A6UAE 11486
F-16C Block 30/32, &
F

ase

Uiéréaana

Pefi. 1.101 Aigadsicaaidie

4) 8aciasa ¢iia

F-16C/D: a) "i

ée
36

Naiié, o0 F-16C/D Block 30/32 &
4611 a4eaa0aey, i0efiifiae

Qrr

[Ey

é

iaa e ¢iil iadoeeiial

aeé
01 &

aené oio"; a) "alelgié a1o";
iai  éfio6oa

Tadaadie, imoaiaiia

aey ilicaseaéaé aae

00-PW-200 (Block 32), 0oaé e General Electric F110 (BIc

Pefi. 1.104 F110-GE-100: é; aéa nidaaa, &) aea 3/4 fidoaae
R

DA, 1.105 E1616f fadceeiial &liocsa
F110-GE-100

beéf. 1.103

F-16C Block30

oW

eyoida

- s
Deén. 1.108 Dioid aaioe

R
v

Giaéeona 28 - Ifflaitd 1adaiaosi
faiié,oa F-16C/D [27, 70]
bacdaaio+eé Lockheed
1ada0é 11e,o0, a . 1986
Ec&ioiagait, o . -
lafifia i6roial, éa 8630
1aéfieiagiiay ace oiay iaffia, éa 17010

lafifia aiaaié iaddocee, éa

Ne&iaay ofioaiiaga

160BA0 General Electric F110-GE-100

Sl "

aéfeiaguiay feisinon ei/+

1.109 Efiid&ifiid F110-GE-100

Ai&aié daaeon, éi

o3

ole
16aéoe+anéay aaéiiinod i 10A, éi

TaéheaBUiay 1ADAA00CES, g

o
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 pedi. 1.111 pioid
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Pefi. 1.110 i3
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Efiacée 11360 4000 |
cai&idin eiaeas -
a6asuil 4ac dac
aioee sioida (38 -
fioiie 1.112).

-

béf. 1.113 Bioid 06daeil iecéial aaacaiey

Deii. 1.115 Agia4i&da0id F110-GE-100.

Eidion fadoeeiial 61i060a 6448, i

i
adiaia 6edid General Electric € 1600 ¢aaiaia-iinoaa -
UETa adoacaé é éiiieaéoopued ecaaceé. Naidéa aaédanaeaé mo
AoAET )

oeiaidied - aaedacdeadl F110-GE-100 ifiavail aieugef -

ififau, i yitifieeé Taiiaaéaacdeniné efoddaeodsl F-2. Adnoionase-
08 a&dfiee F110: OPAA F118-GE-100 ideiaiyaony ia aliaadae
otaveed AAN N@A Northrop B-2 Spirit & F118-GE-101 - &é&y
Lockheed U-2S Dragon Lady (defdiée 1.98, 1.119).

Pefi. 1.121 OKAO F110-GE-100 &y F-16K
i efiinoaieys a baeiié Aagiod (South Dakota)



daia

Teoyadi 1984 4 Cadddwaied alaiaée 4aeaa0aey i ieilé
isiasaiia.

Elido 1984 a naseéiial

Caaddpaied eaaseoee i
Riaadi 1985 4 la+aél yéfiesadasee
F110-CE-100.
fiyadl 1987 &. Cadddodied eaaseoeeaseliing efitoaieé
OPAAO F110-GE-100.
llagdeeanee:
1.
iB&IAIT a Aaite 08 F-14A Plus Tomcat, &10id0é fi iay 1991 &.
e

%
O
T
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—
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=
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Fawepo Bropeavchis Lawpa
= Clomus
Bidd B y Kosmpazeap, JRI  THI Vrpassen (onuen
¥ om iPem b Temj  (Tom}

fiifaiia 1adaidosl aaedaoaédé F110-GE-100,
F110-GE-400 [13, 17, 71]

4éesa 29 -

Qo <
o
o

b

: D =

loeiaiaiea LockheedF-16N/D Grumman F14B/D
Aagaaocdéi F110-GE-100 F110-GE-400
B, &l (ean) 127,308 (13000) 124,5 (12713)
No. o, 88/8I1 - (Ba/8ER +) 212,16 (2,08) 205 (2,01)
By, &1 (640) 81,536 (8307) 75,6 (7702)
No a0 88/81 + (88/83M ) 75,48 (0,74) 67,32 (0,66)
Néa.éé - -
G, éali 115,2 -
QE 1745 1745 R s Peéfi. 1.127 1aida0a efitoaiey OBAO F110-GE-400
m 0,87 0,87 o AN SR EAY A A8 w8 X KA S A L A AR
2 3 F-14 a0é naidi ituiai a ieda iadadaao+eéii.
Pes . . E,0i04 efitoaiéy F-14A i F110-GE-400 ja+aééfl a 1987 a.
Pa 2.87 32 Oiedeeacey 4383208646 F110-GE-100 & F110-GE-400- fiifi
Nar/N i - - 0aaeyea 89 %.
| aa 4 1767 1526 ARaai atei iinodiaii 38 naiie,oia F-14B, au, 48 ateeia -
Lag 1 4,623 59 dataisoaiaait ég aadeaioa F-14A. A é1i6d 1990-0 4. 6 67 F-14B
Dy 1 0,905 0,905 aone iofae,i
Dy | 0,79 - dafodon ieaia-
A& fa+aéa Noaiaiano . . 6? e o 0~ oa
efiitioaieé aiooiaia fai
Aal ia+aea isiecalanoaa 1984 1987 6A0 \aA' \a__a\' eA a
11aede6edi
aaiigad nait
e,00 i1eo+eé
faicia+aiea
F-14B Upgrade
linedaieé
F-14B (6endiié
1.128) a0é Aiyo
= Sl il n allégaealey Ll per. 1.128 Caiié, 00 F-14 ia daca 6daiaiey Ayaed-Iiioai
bef. 1.124 Naiié,o F-14B i ageaacaeyie F110-GE-400 2006 a. (Davis-Montan).Ni6oieéiané Aieiié Google Earth [68]
13(135) 2021
(135) —20 —
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efioidey

F-14D SuperTomcat yaéyaony iineaaiaé iiaedeéacedé F-14Extension Program - SLEP) &éy fiaiié oia F-16C/D (8éfdiié 1.135).
fi aaeaa0déyie F110-GE-400. l1aeoeéasey F-14D joee+asafiiria 1614daiia SLEP cadddgeéani a4 2012 4., é1a4a 16161 800 4384204
ge+eal Alead& 1uital daaada Hughes AN/APG-71 & 6fia&d - &aé F110 alée iladdiecesiaain ¢ inoaasaio AAN N@gA inise -
gaifioalaaiiié aaelieéié (afaéfaiaia aisoiaia 1aisoaiaa - aioediai+iié nofeiifioe a 280 igeeeliia aieeadsia. SLEP adea
fed alet caiaiaii ia 6e061a1d), a 0aéaed 1addiaidoaiaaiilé favdédia ia fieéaedied ¢aodao ia 1anedaeedaied ia 1 iéeéeada
gaaeité. Nenodia itaga filidialeeaaci a1 24-6 6484é, cadaaol Aleeadia. 161adaiia SLEP aéép+aga 0adiieiae+aneed Taitass -
4200 6 e ied e 1ailadaiaiil caioneaod i iel 8aéaod. fey eaiasn naisaiey, o6daeil a0nieiar aaaeaiey, enidanfisa e
A&y nlaeaniaaiey 4aaadeoia 4aeaaodéy F110-GE-400 n-dagiliéa aey niédavdiey aidicaiialé caiia ia 50 % & nieeediey
1dsaie ifofiondéa fa naite,0a F-14D a0é1 idTeécadadii oage -  nofeiifioe é oilal ~ana ia 25 % [72, 73].
jied 43082048y ia 1,27 1. Oaeeidied iMeo+ail i60al 4142464 - Aaeaandédi F110-GE-129 iiijavail 16761 75 % anaal iadéa
ey veeefade-anéié anoaaée a 6aaéoeaiop 08040. F-16C/D Block 50/52. Thoagiita eniléiicopo aaeaacdee F100-PW-
l&da0é ie,0 F-14D Super Tomcat 40é Tiouafioae, i 4 1988 4., 229. Yoeé fiaiié ol yaeypony faidie fAtaddeaiitie aadeaicaie
a yéfnieoacasey ia+agani & 1990 4. Andal A0&1 1Hodiai 37 faik-  F-16, idlecadadiitie 4 20 43éa [72].
€,01a 1faéoeéaceeé F-14D, au, 104 ateéeé 1asaiaidsaiaait éec Aaeaacdee F110-GE-129 alee adasait aey Vilinéal F-2 - 6fil
daiaa adiouaiito F-14A é iied+eéée Taigia+aied F-14D(R). 4a0gainoaiaaiiié aasnee F-16, a 0aésed 48y onoailaée fa ineda

ipp a&dfep fiaiie 0a F-15E Slam Eagle, caéacaiiial Dafivagesié
Eid4y. 145a0é F-15K ilaiyeny a idal i aaéaacdeyie F110 a 1adod
2005 &. Samsung Tech Win idiécadéa & Eid84 78 éc 88 4284204686, ca
eoisdiins AAN Panicaseée Eiddy (ROKAF) a&y idiadaiid F-15K.

A ia+ag4 yiaady 2006 4. idaaeodéifoal Neiaaiosa aladast 4ae
H208&0 F110-GE-129 4&y faiaal i1adéedal aiaatal naiteéoa
F-15SG. Ti 0aéeed ideidiyaoy ia F-15SA AAN Naoaranéeié Adaaee.

Def. 1.129 Agé 0 F-14A fi a0ai6élion adeaiifiva Georgastington

Ghageoa 30 - TiTaing 120214080 Aaiié,oia
F-14A & F-14D [27, 67 - 69]

bacgdaaio-eé Grumman Grumman
Naiié o F-14A F-14D
1asa0é ie,o, a . 1986 1986
Ecaloiasail, @o . 38 37
lanfia i6noTAl, ea 18950 18191
laénéiaeiiay ace oiay 1anna, éa 33725 33720
laffa 4laaié iaasocee, ea 6500 6500

2 8 OBAO General | 2 6 OBAO General

Neeiaay ofoailaea Electric F110-GE-40{ Electric F110-GE-400

lagfieiasiiay AETSIAOH &1/« 1995 (I=1,88) 2485 &i/+ (M=2,34)
Aiaaié 6aacon, 8i - 926
IEEN 16150 16150
'I'Béé0é+éﬁé§ay 4aéuinod fi 10A, § 2965 2965
TaGReIacUiay TADARB0CEE, g 7.0 7.0

d1@E00 éfeaie
aoniéné

€ yaéyaony taanid-aiea iie,oa
Defi. 1.130 fifaaéa F-14B ia iae6ao aaeaiiioa & 104 18e adnien

fiéiotioe. Oaé, i6e fiéidinoe
0

-anee
adaéoddenoeéal aagiaial aadédacdsy F110-GE-100
il eniféticiaaiea ifanc iaoddeaéia iicaieeét ifatneou oal -
yé ca. Oadee+aied oyae ia acé,oili dda=eid 1oiife
o6&y (Initial Operational Capability - IOC) - fi 1992 &. AR&aT ecaioiAENIT iAadeeeT, iT A ¢lid 414A00 44éfoadé ide féldinoe il -
8401 913 4ae5a0a64é [72]. é,0a, f0adofnoacpudé ~eneo Ii = 0,8...1,2 ia a0fToa& 10 3 &l
F110-GE-129 (défoiéé 1.131 - 1.134) yaeyaony odacaeoedl éi, oyaa algdarioado ia 10 %. Oaéla 6adee+aied oyae 1a&nia
F110-GE-100 & &i440 4i6aa anfieed dadaeoddenoeee. 1i dacda +eaado niesedied adaiaie dacaiia faite,oa F-16 1dei&aii ia
420082&Ry 11 161404114 161488iey noiéa fedaedl (Service Life  10...15 % (10 1= 0,9 &1 1,6).



F-16C.
1 83228046 1989 Ala+asl &,
&4 F-15E.
Efi&o 1989 4. Caaddwa
1ad0 1990 &. leaii

ieé ia efooa4e0asa F-16.
Epiti 1990 &. [a+aél i
a

A&eaasi 1990 aia+ae
Ria

992 a . Aaia a yénié

Peéfi. 1.135 N

aiié, 0 F-16C Fighting &lcon

al
3

eneral Dynamics.
1 1992 & Isiaéseéa il

ganiaaiey aaé

é
McDonnell Douglas.

2[13, 17, 72- 76, 80]

daocdey

dagéedeéaseliind é,0i00 enidoa -

14000 446420464¢ F110-GE-129 &

iseiaiaiea

F-15E, F-16N/D Block 50

F-16E/F Desert &con

Aaeaaocasi

F110-GE-129

F110-GE-132

B, &l (éan)

129 (13150)

144,2 (14700)

Nos o, CA/ET + (6a/64N +)

193,8 (1,9)

213,18 (2,09)

Bhce, o (€aM)

75,62 (77,09)

0

a/f

122,5

124,7

1753

1783

No.e
G, €
QE
m

0,76

0,8

Pes

30,7

33,3

Pa

2,98

nAA/n iA

R

1805

1837

Lia 1

4,63

4,62

\\\\\\\ T TN

, Adedaoaél aieze Dyg |

1,181

1,181

Dy 1

ao

0,905

A4 ja+aea foAlalans efitoaieé

1988

Aa0 fa+asa yeriecaoasee

1992

2003

20 644

336y 2018 4. &1 484y acé,0

aia
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% ia 400

0
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oraoiif

\\\\\\\\
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enoidey

804 1Med0aapo iadadaipp aideipp afiou noiéée 06daeit (8¢ - Block 40. [a i1 & 1994 4. 40&1 6foAITAEAIT ATIET AAeda0asy i
f6iié 1.136). 1f1afnaaci adéoisi oyae (Multi-AxisThrust Vectoring - MATV),
Iified dacdowdiey +afiol 1a044idal 1a04eacasy aaoidie - Taania+eaapudd aléad aéoeaila oidaacdied naite,ofi a e -
dtaagani e caasieesiaasa 16easeaapueé 1olé aicaoda aied0a oscadee e faagedaiey. A dAcoEl0add naile,o foailaeony
4aeda0dey, ~01 i5eadél é 146446340 & alcaidaiep 1aeanoe il 7addodiaiaadaiitl, Alodaiyy oidadéaied 1 ocaidaseos & 80f -
éa (oenoiee 1.137, 1.138). éaiup ide 6aead aoaée, ca éioiddie 0daaeoeliiia soee fa i -
e oS e ey 400 ég‘l°|’é(‘)U 44 ieleedied [87, 88).

TrAtadiiifolp 44644086y General Electric F110-GE-129, idei&
yailal aey VISTA, yaeyaony aai inaneiidode-+ita el i 4aéois -
il 6idaaediedl (Axisymmetric Vectoring Exhaust Nozzle - AVEN),
6101514 edaieony é andetiiié 086ad. AVEN Taanid+eaaao iaiaoi -
oyae a dangedypluaény (aaddcadéiaié) +anoe ffiea,
Adieé aadediey a aaedaoael, aaa

AR T SHOPLE (& aaimn)

iop a&dfep 11eii66 -
3204681 F110-GE-129. A
fioé a4 caai&é +anoup
TAARTA o0 ANSTA

'a+eoll aidia eg 8o

A a0éa ideciaia oniaeiié, it 6idadeaiea

yae (Thrust Vector Control - TVC) iééiaaa ia eniiesct
fidoeéils aadneyo efodaacodsy. Isiasaiia atea ise
1067é

a éfi

Direct Voicelnput & "Virtual HUD", éiet
ROB6ABEh AAASIT

ox
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™
o:
@
e
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Q.
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Q-
ox

ja yéniadeidioaenii naiie,0a General Dynamics NF-16D  éfiiaiedé
VISTA (Variablestability In-flight SimulatorTest Aircraft - fiei6éyor29 PYBB
ya

N a0ét ofoaitagait fitiel i dagiliaisadsaiiol ade -
&ciaiyainé onoié+eainoe). Yoio naile o a0e filcaai ia nitaa o1a1l oyAe. Efiagiacey filie-a4ae4a04&0, dacdaaioaiiay e il -
F-16D Block 30 Fighting Falcon, yéfiiedaoediaadedainy i 1992 fiecadadiiay Pratt Whitney, eiaél ioéagionoié+easdp nenoaioé i
1993 43. 4 éa+afnoaa edoapuaai odaiase,da, e ii pediaaiit  aaléitl dacddaediaaiedl. Thaneiiaodeita fie

Naite o efifeuciaaeny asy ennedaraaieé a AAN e AIN -
NGA, & daéaed a NASA. A 1993 &. 1 foaé ifaedeeaseéd
F-16/MATV, ii & 1995 &., iiiéd caidil aaédaodey & aadiieee,
"aa8i6&fiy" & A0A0OA VISTA. A Ai5864 - 144 1998 &. 1f efiifeuct
aaeny eaé 8doapuay eaalsaoioey asy efinoaiey isiasaiiiat
T48RTa+4iéy ENiupoadine fefiodl 6idaasaiey ife ofi aay

[a+a67 54410 i1 i6140a1i& F-16 VISTA (Variablestability In-
flight Simulator Test Aircraft) - Adioyadi 1995 4. 1ada0é e, 0 F-16
VISTA - iaé 1997 a.

a ganie, caéifoaiaaiiia 6 F-16C/D Pef. 1.139 F-16 VISA



efioigey

3. F110-GE-132
OPAAD F110-GE-132 (8&fi6iié 1.140) [78 - 80] - iifigdaieé &
fi

\\\\\\\\ Q it

1adaataié 198anoaseodel faidénoaa aaedac

icaal fa aaca oidiel cadaeiiaiaiaade
F110-GE-100 & F110-GE-129, yéfie6a
e o

(0]

x O

enodadeodéaé F-16C/Da dacild

Ghaéeéva 32 - Ifiifaind 1adaiaodn naie oa

F-16 VISA [87, 88]

bacgoaaio-eé

General Dynamics

Naiie.o F-16 VISTA
86406 16,0, 4 . 1992
Ecaioiacai, g0 . 1
1anna ienotal, ea 8273
Meagliay age ofay 1anna, ea 12003

laffia aiaaié iaddocee, ea

Nesiaay ofoaitaga

180BA0 General Electric F110-GE-129

laefieiaguiay feisinou i+ 2253
Aldaieé saaeon, i -
Tofete, 1. 15240
18aéoe+anéay aagiiinod i 10A, éi 4590
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i
10-GE-132 efiiiélco
lectric Aircraft Engine
6ey0, a ofl +efiea: gedié
daoaey F118-GE-100;
e

811006063, ideiaiy

TAY aoa
fiaite ofa F-16E/F Block 60 d&did

i6e0eaéuiié dacdaaioed naiiai

éyoioa eneicopony yé

aidénoaa F110.

deeeiia yéfieoaoaoee oaiiada
idei&di ia 38 °N.
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y liaddiecasee OPAAO F110-GE-132
1.143), &i01514 iai6aaeya0
& Ton&éa 42082088y 46y

Oidfaeseiay
a0adey F414 e o6iiaadedinoai i6eid
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The Boltzmann kinetic equation describes the statistical distribution of particles in a gas or liquid. It is the basic equation

of physical kinetics that describes systems that are far from thermodynamic equilibrium. The Boltzmann equation
describes the time evolution of the distribution density. It is written for a phase object in the form of equality of the sub -
stantial derivative of the distribution function and the collision integral. As a result of the research, an analysis of the
Boltzmann equation and possible methods for its solution was carried out. It is established that the analytical solution is
associated with huge mathematical difficulties and currently there are no such difficulties. In the relaxation approxima -
tion to equilibrium, a new version of the Boltzmann equation is written in terms of entropy. The analytical dependence

of the relaxation time on the entropy is obtained.

Eep+&a048 nelaa: oddacéaioiiiol, daéaénacey, éeidoeéa, odadidied Aréisiaia.

Keywords: turbulence, relaxation, kinetics, Boltzmann equation.
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A&iial dacioodaiaica ia seeaéll ofieead ilitnoup 2600 éAd T diii-aaca430i0é vees
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Agaaill  élifodoeoidll  Aacioddaiaica adé ciaidieoné R 1) é&pai yoeos iaaifoas
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00¢id auoeiitar odaeoa e ad 236a4a0i741 18704Mfa dafigedaiey (9-11) a 53A&ui0d eNidaAfT -
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0éa OAE 621.437

I64anoaaédia idoiaieiaey fidadieodeuiial aiaéeca éeidiaoeée 1a04aaoi+iao iadaieciia oeéeiad-iidodii-

4aé ioaida ifuiinoe iidpiadlo daedacdéaé ai6odaiiaar naidaiey, ideaadaii dacoééloaol dan+,oa Néaaieodéuius

ioaiié ideiaieodéuir é érnédaoiai iaudéoa.

The methodology of comparative analysis of the kinematics of the cylinder-piston-power take-off shaft transmission
mechanisms of internal combustion piston engines is presented, and the results of calculating comparative estimates for
specific objects are presented.

Eép+aala nefaa: iidwidaié daedaocaél aioodaiiaar naivaiey, iadadaoi+iaé iadaiégi, ééidiaoééa, fidaaieodél -
iaé aiaéeg, ndaaieodéliay ivaiéa.

Keywords: internal combustion piston engine, transmission mechanism, kinematics, comparative analysis, comparative
evaluation.
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1.1) Taefaéiata 1adaidodl daiddacee & oaddiiaeiaieée da - ia18e0 (2) - oioisil-ildgiaaié AAN (DIAAN) Aaiedey
ai+34ai 0dea, a eiaiif [1]: 08, 6éé“eu|U| aioiaii [3],
e (2) =e (1) =e, e- fOAIAIl ficeadey, 80 (3) - Aaoiyéaeaenoaicaguiné DIAAN (AYADIAAN) f
pi(2) =p (1) =p, p,- Ndaaida eiaeéacidiia aadeaied daal - 66,66~Téui0‘| o10101 [4].

+340 0aéa & 6eeefana;
1. 2) jaeiaéiada ninoaa e
noiin

+847 0484, 108044, a ~anoiifoe, eaao
goo(z) :goo(l) goor aaa
gf,o = Gyy/ DV, - 68480i0é oeééialé dandia ofieeaa,
Gy - OEEETATE dafidia oTieeaa,
DV+ =DV« e/ (e-1) - iéité daai+eé 1ad,i,
DV(=V,) - daai+eé fad,i, Géagesatl
OV, =V, =DV + Vc, Ve - a0l eai éaa 6a|ey [1D. IAD AIAOPEXANEEE NBAAIEOAEUIUE AIAEEC Ell TAAN
2) Onelaea 1aeiaéiaian 6aﬁ6 a ofié lleacaoadsu (j) , j=0,1,2,3
Gy(2) = G (1), G- (fdéosiaiaé 20)

3) At+-eneaied noaaieods

i

filfoaaéypuéd daar -

C)

Gy= G/ Dt ,
Dt- Dj /W asaiaiiié 1doeta
S T I I N T
Aasaa Q(i) Taicia+ado 1o — — — — - S
86 1adaidoda (i) naaaleaaalﬁé Tat]éé(‘) : QDV=DV(j)/DV(0)=QD, J=1,2,3 -

w - oaelaay fiéioifol ada

aaq, nlloaaonoaaln I6|0|0e|a(l)eI6|aeoa (2) e||e6a0|| |a| = i QF*Or2 QF*Qr pi2

Aéy 1ifieaaopudai ecéiaediey aaseii 0iddeoi 68U0SIEEER x@feaiiné fnoaaieodéuiné aiagec Eil TAAN
oeaiifiou Tiddaoida Q: A f88a0pudé idaed 0248864 ! 2 iléacai 144614 10 1ada -
Q1) * (i) =Q() Q) , QW) / () =Q(h) / Q) 1408e+anéial (cadéeoa ! 1) Ndadiecdedilal aiaéeca é ~eneaiif -
16 18e afiieieodéuini oneiaee (Rr) =QFRQr = 1 (aiciteeil 400 -
Q(constx (i)) = const Q(i) ,Q(iconsy) =Q(i)const . aead aadeaiol afieieodelito onetaeé, aimoaoi+ind aey |a||(;-

ja+iifoe dacoelioaota, iaideidd, QDV =1 ééeQw=1). A iiigda

iaeiaieoaeuii é 2. ateé: {aé nodiea ioiadaseadony ieacacdelr =Q(M/ DV)=QMi/ QDV= 1/D;

= Q(e-l) =QE /(e-1)) =1, (Néaé faied eiaééacioito |TAag:aoaeae 6) auga) eiaioaiaé
Qpi = cadfl "éeidiace-aneeé d&éoeia" (ED) TAAN; Afaddaeacdéiiné
QU= QGOOIQD\/ =1,QG; QGOOIQDt 1, 10864 NE&&6A0 RidNé ED cagep+ aaony a ofl, +07 6aéo0eia 81déoa 0di aled, +ai
QGo6 QDV, =QDV=QDt =QDj / Qw idiligd DV eé&e aieuga M (& iaiaidio).

QGuaeesat 2

Noaaiaiea eiaeéaoivinsd iiéacaocaeaé xENEAIIUE Kb AAIEOAEUIUE AIAEEC EIl IAAN

AN AAXIAO

1) No&aiaa eiaeeaoioid aaaeaied p,. Ec 1.1) algd:

QpL_ 1. S

2) Eiaééaoisiay daaioa W;=p,DV . E¢ 1) algd

QW; = Qp; QDV=QDV .

3) Eiae6aoidgité EIA h,= (W/ Gy / Hu (Hu - iecpay o&i
éioa naidaiey ofieeaa).

Ec id340400441 @ QHu = 1 (6f&1aed oddiiaeiaie+anéié yé r=Q(M/DV) 1 53 3
aeaaeaioiinoe):

Qh= QW,;/ QG /QH, = QDV/QG4= 1. e

4) Eiaéeaoidiay iluiiiou N = W, /Dt : Eejdiaoe+aneeé EIA IAAN

QN; = QW,/QDt = QW/QD\/ 1(« 2)). Adgéiienaiiay |é‘Taeea ataa,o nidéod Toiiieodédnits

5) Eiaeeaoidité 6aasiineé dansia 0||eeaagI G/ N; fidaaieoasiins 16aite 1adaiaodia Eil, 0aé eee eia+a i68ioei -

QU= QG,/QN;=1 (=— 3. Ad+eénedied néaaleoaech”J 104 eeéaoeaii-ooievetiaeiil naycaiiis i éndiaitie oieaddnaeuit -
ié aled, 5)). ié iadaidosaie Ell:  Dj, DV, F, r idaaieaadiad TAAN.

6) Eiaeeaoiaineé eaooyueé inaio Mi= Wi/ Dj : T4iaél, & N6Ad6 deldidiey aaiilé 1aoiagée i& aieftaado -

QM;=QW,;/QDj = QDV/QDj =QDt/QDj=1/Qw (=— 2)). fiy cada+a 10diée éa+anoaa 1adaaaci+ilé 6o6ieveé M(ey()

Oaéel 14dacii, a6y noaaieaadins IAAN, ide caaaiias ofel -  (lfoaitaéa casa+e. Adoase. Algd).
aeyo néaalaley (2. alga), gia+aiey éeanne+anéed eiaeéaonidsilo
iléacacdedé, ediia eiaeéaoidiial ésooyudai iliaioa M, 1ae- Aagal ivdanoadcaia aaoioneay adoney sdeaiey yoié casa+e.
faéfaa. Goieiieiaey: eiageaoiviné éeidiace+anéeé &iyooesedio

e ||ea(;|'TéT a&énoaey (EEIA).
[adaiaode+anéeé noaaieodediine aiacec Ell IAAN laicia+aied:  hy;
Tiddadeaied: hyi= WiyilW ;. aaa

Aagaa, a oaagesa 11 eepnoée(’iopua i8eiyodp iaoiaeés, (1aigia+aiey - lifoaitaéa casa+e. Adoase. Algd)
164an0aaeadit dacoeu '(‘Jé(‘) Tadaidode+anéial nsaaiecaeuiian WMi = 0Trdj = OPxy«r dj = Op«Fey«r dj =Fropsy dj,
aiageéca &1iedaoits Taudeota, a eiaii: ] ] ] ]

iatoioer (0) - 4-6aeoiné TAAN fi édeaigeiitl iadaaaoi+idi WKi =0Pirdj =Rropdj .
iasaiecin (E@I) [1], J J

51880 (1) - ddngaodiiné TAAN Aasaiaeia [2], 10864a fedaddo:
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hgi=.0pxy dj [0pdj =mp.«y)/np, m=n{ ) - ei0dddaeliia A fayce i alpdecéieediitie aicieéado anoanoadiiné amnain
J J eagel aleaedl 400U 1408aa01+i0é 1adaieci iTopaiu-aae, a of+ -
fiodaiad, 04 <Dj . iaa - éeidiaoe+aneéay 1dddaaoci+iay 66iédeyj —V , +0ial 406t
Niaddzeaodeiineé Aione aiasiad+il seanfe+anéno EiA, hy = 1. 10880 fa yoio afisii 43,0 aadeaoeliiia ef+eneaied, a
Wy, = W, - "iiedgiay” 6aaioa - 5aaioa éd6oyudal inaioa daiead &ioisial 1aicia+aiita aled iadai&osa Wy, Wi & hy
M=p (Vj))sFey()«r danfiaooeaapony éae eidaadaslitd 66iéoeliael A Aadied6aK
aiagecessaiial IAAN a i316anna oeaea i ié poieoeyie-iasaidodaié V( j), Vi), adoaee - izl
Taicia+aiiié alipd AGaIa Adoage
fi éeidiaoe+anadie iadaaaoci-itie ooioeyie 444 &lyd6e6eaio q
vi)ey(); Tiddadeyaony
Wi -"iiéfay” aaioa - 6aaioa e560yUAAT ITidida &¢ 6daaidiey
Mp=p (Vj())x Fsr Wy, = W, 0agdied ieeed
aiagecessaiial IAAN, altadaseadil
"lladoeoesiaaiilal oasel 1asach,
+0f fNeéa P 433648y p daai+aai 0&éa a idioanna
Deéea AlcaAéMOA0A0 fa eoeaioel fi 1aéReiasiié
104a+46 - [AiH0AaR0AAIT daiaaioeasil il AGAIA
fi éeidiaoe+anedie iadaaaoi-itie ooieoeyie
) Ve=\()eyp=1.
ieaed i50A834I0 NEdLIPI0 daAl+a51 16ia aaoidnéié &fiitl -
boadiié isiasaiin an+ensaiey EEIA & 0aaséoa i dacoelivaaie E¢ 10220460441 ieda680
aey daffiiodaiins ansa IAAN. Neseigio Toiadaseads 422404l -
16 A&BATIAT iTadAdiey Alaceced6Ains d6iéoeépep «y Aidl -
08RAMAA &ciaidiey j 70 0 &l Dj.
Giaeesa 3 aad R, p,- 104AI44 eiaeeasioia aaaeaiea a ioioanna, i -
PACBUAOU AUxXENEAIER EEIA TAAN 10480M04alil, Needaoey, dafigedaiey.
A3&T ca 8lifiod6eoeailé daasecanedé m
E€0862068a
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Danniaodedapony naiéfoda aaneér
dacéiaediéa.

Properties of infinite numbers, fundamental theorem of arithmetic and canonical decomposition are considered.
Eép+aala netaa: 4anéiia+ida ~enéa, iniaiay odiddia adédiaceée.

Keywords: infinite numbers, fundamental theorem of arithmetic.
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