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damping in the suspension system, which exerts an impact, reducing the probability of hitting the striking elements by ensuring
high mability, maneuverability and evasion of the hull, are considered.

The functional relationship between the improvement of the suspension system, the mutual agreement of its characteristics
with the characteristics of the weapon complexes, power plant and transmission and the improvement of the indicators of the
main groups of tactical and technical characteristics of armored fighting vehicles has been established. Based on the analysis of
development trends, the potential was assessed and the main directions of the development of the suspension system were
formulated, which will fundamentally affect the fulfillment of modern and promising operational and tactical requirements and
will lead to a significant increase in the tactical and technical characteristics of armored fighting vehicles. These are: the use of
hydropneumatic suspensions, the introduction of non-traditional control systems for the characteristics of suspension nodes
based on the use of "intelligent" materials, in particular magnetorheological elastomers, the use of friction shock absorbers and
new kinematic suspension schemes with significantly increased dynamic travel, as well as the use of energy recovery systems of
suspension damping devices.

Keywords: armored combat vehicle, tactical and technical characteristics, suspension system, firepower, mobility, security.
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OBIPYHTYBAHHS TPAHUYHUX YMOB 10 MOJEJI HAI'PIBAHHSI
I'PA®ITHOI'O IOPOLIKY Y BUITYCKHOMY I'A30XO/J1 CUJIOBOI YCTAHOBKHA
TAHKA THUILY T-64b

Poboma cnpsimosana ma posuwtupents cnekmpy MAcKy8aibHOL Oii aepo30JbHOI 3a6icu, W0 CMEOPIOEMbCS
mepmiunoio  OuMosolo anapamypoio maunka muny T-64F, 3 eudumoi 00 OanbHboi iH@pauepsonoi obracmi
eNeKMPOMACHIMHO20 BUNPOMIHIOBAHHS. YOOCKOHANEHHA OUMOBOI anapamypu maHKa 00CA2a€MbCs NOYepeOGUM
88e0eHHAM 2padimo6o2o NOPOWKY ma Ou3eibHO20 NAIUGd y NOMIK GIONPAYbOBAHUX 2A3i6 CUN0B0I YCMAHOBKU
manxa. /s nooansulo2o MamemamuyHo20 MOOE0B8ANHS HACPIBAHHS 2PADIMHO20 NOPOWKY Y GUNYCKHOMY 2A30X00i
3 Memol0 GUABIEHHSL YMO8 U000 MEPMIYHO20 CNYUeHHs HACMOK epaimy 30ilUCHeHO OOIPYHMYBAHHS 2PAHUYHUX
YyM08 00 modeni. Busnaueno macogy sumpamy, mepmoOUHAMIYHI napamempu ma XiMiYHUll CKiao ionpaybo8aHux
2aszie manka. OBIPYHMOBAHO MACOBY GUMPANY MA POMIP YACMOK 2padimy, wo HeobXiOHO n00asamu mepmivHo0
OUMOB0I0 anapamyporo.

Knrouoei cnosa: T-645, mepmiuna oumosa anapamypa, 2pagim, wo CHy4yemncs, aepo30ibHe MACKYBAHH, MAHK.

IMocTaHoBKa mpoo6/eMu Ha ynockoHaneHHS TJ/IA OoloBHX MalInH, 30KpeMa
) ) TaHkiB Tuny T-64. BomHoYac pO3MIMPEHHS CIEKTPY
CropsypKeHHsl TAHKB TEPMINHOIO JIMOBOIO AMapa-  yackyBanHs aepo3ONBHOTO KAy 3a gormoMoroio TIA
Typoto (TJIA) 3HauHO miBHUuIye XUBY4iCTb OOHOBHX o HPOBEIEHO.
MallFH OUISXOM X IIBMIKOTO Ta e(eKTHBHOTO MacKy-
BaHHsA y BHIMMOMY Jiania3oHi BunpoMinioBamHs. Ane AHAJI3 0CTAHHIX JOC/TIIZKeHb TA MyOiKanin

PO3BHUTOK 3acO0IB MPHIIIIOBAHHS 10 OOHOBHX MAIIUH Orsisi JiTepaTypH MO0 3aC0GIB YTBOPEHHST MACKy-

BAILHUX 3aBiC y IH(pauepBOHOMY CIEKTpi BHUIIPO-
MIiHIOBaHHS TOKa3aB, 110 y pobori [1] 3ampormoHoBaHO
(opMyBaHHS MAacKyBaJbHOI 3aBiCH 3 BOAM UISI MAackKy-
BaHHS TEXHIKH BiJl PaKeT 3 TOJOBKAMH CAMOHABEICHHS
B iH(payepBOHOMY jiama3oHi BUIPOMIiHIOBaHHS, abo

Ta aKTHBHHX TOJIOBOK CAMOHABEIEHHS /0 PaKeTHO-
apTHiepiiicbkkux OoenpuIacis, sKi MpawioTh y iHdppa-
YepBOHIN 001aCTi BUITPOMIHIOBAHHS, ITPU3BIB /IO CYTTE-
BOT'O 3HIKEHHS €)EKTUBHOCTI iICHYIOYMX 3ac00iB MacKy-
BaHHS. AKTyaJlbHUM € BHPIIICHHS 3a1adi pOo3MIMpPEHHS
cnektpy mackyBanus TIA. Tomy pobora cnpsMoBaHa
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CTBOpPCHHS XHWOHOi TEIIOBOI MiJli. 3a PO3pOOKOI0
nependadeHo (opMyBaHHS MacKyBaJbHOI 3aBicH 3
1apora3oBoi CyMilli B pe3ynbTaTi MOCTPiTy BOJOIO 3
BOJIOMETHOI TapMaTH, BHACTIIOK YOO IiJ Ai€l0 OMopy
TIOBITPSI HA BOJHEBHH CTPyMiHb BiZOyBA€ThCS MOApPiO-
HEHHS CTPYMCHS BOAM Ha JAPIOHOMUCIIEPCHY Iapora-
30By cyminl. [lepeBarorw Takoro MeToqy MacKyBaHHS €
IIBUIKO/IS y CTBOPEHHI MacKyBaJIbHOI 3aBiCH, a TaKOX
MOXJIMBICTh CTBOPEHHS TaKOi 3aBiCH 3 BEPXHBOI
mpoeKmii 00HOB1 MAITHK, /1€ TaHK, SK MPaBUIIO, € MEHIII
3aXMINEHUM. 3aCTOCYBaHHS MacKyBaJIbHOI 3aBicH 3a
JIOTIOMOTOK0  TIAPOra3oBOi CyMillli POOHMThH JIEIIEBUM
IPOIEC MACKyBaHHS Ta HE IPU3BOIUTH J10 3a0pyIHEHHS
JIOBKLJLISL. Y pa3i MacKyBaHHS y JalibHiK 1HppauepBoOHiii
o0JiacTi BUIPOMIHIOBAHHS PO3MIp Kpareib IEPEeBUILYE
14 MkM, 10 TPU3BOAUTH JO MIBHUAKOTO OCIJIaHHS
Kparemnab Mapora3oBoi CYMIllli i JIEF CHIH TSKIHHSA.
Takox 3amep3aHHS Kparellb BOAM Y XOJOIHY MOpY
POKY HE [03BOJII€ BHUKOPUCTOBYBATH II IS MAacKy-
BaHHSA. 3HIKEHHS TEMIEpaTypd 3aMep3aHHs piAuHH
JIOCSITAlOTh IIISIXOM JIOJJaBaHHs /10 BOJW HU3BKO3aMep-
3aJIbHOT PiJIMHH, HATIPUKIIAJ, TPUCTHICHIIIIKOMO [2].

YV poGori [3] 3ampormoHOBaHO —BCTAHOBJIECHHS
CHCTEMH MAacCKyBaHHs Ha aBTOMOOINb JUIS iMITyJIbCHOTO
HOr0 TIOKPHUTTSI MacKyBaJIbHOIO 3aBicoro (puc. 1).

Puc. 1. Cucrema aepo3015HOT0 MAaCKYBaHHS ABTOMOGIJIS
3a matenTom [3]

Cucrema mpaioe HacTymHAM 4uHOM. CyMiml, 110
Ma€ y CBOEMY CKJIaJi JIpiOHOAMCIEPCHI YacTKH, MOIe-
pENHBO PO3MIMIYIOTH Yy TEPMETHYHIA eMHOCTI 8 3
KPHUIIKOIO 6. 3a CHUTHAJIOM BIJKPHUBAETHCS EICKTPO-
MarHiTHA# KnamaH 4, 1o NPH3BOIUTH A0 ITONABAaHHS
CTUCHEHOro TOBITPs 3 0anona 1 uepe3 3’eqHaHHs 2 Ta
TpybompoBoau 3 Ta 9 10 posnuiaroBaya 7.

IlepeBara Takoi cCUCTEMHM MACKYBaHHs IOJISATAE y
BUKOPHCTaHHI CHCTEM aBTOMOOLIA, TaKWX SK OajloH 3i
CTUCHEHUM TOBITPSIM Ta aBTOMOOLUIBHUN KOMIIpECop Y
CHCTeMi MacKyBaHHS. TakuM UHHOM, 3MEHIIYETHCS
BapTICTh CHCTEMH Ta CHPOLIYETHCS ii PO3MIILICHHS Ha
aBToM0oOLT. Cucrema nepezbayae 3acTocyBaHHs JpiOHO-
JIICTIEPCHUX YacTOK Mapora3oBoi Cymili, siKi 3a0e3re-
YyIOTh MAaCKyBaHHsI B iH(ppauepBoHOMY fiarna3oHi. Pazom
3 THM, 3alpPOINIOHOBAaHA CHUCTEMa Mae€ OOMEKEHHS Y
pO3MIpi MAacKyBaJIbHOI 3aBiCHM Ta MOMJIMBICTH MOCTa-
HOBKH JIMILIE OJTHI€T 3aBiCH 32 O/THE 3apsPKaHHSL.

®opMyBaHHA MeTH CTATTi

[onsrae y moganbuioMy yIOCKOHAJCHHI IUMOBOT
amapatypu TaHka THny T-64b, mo nocsraerbes movep-
TOBHM BBEICHHSM TIpagiToOBOro MOPOLIKY Ta AU3EIb-
HOTO TIaJiBa y MOTIK BiJIpaIfbOBAaHUX Ta3iB CHIIOBOI
YCTAaHOBKH TaHKA; Y BU3HAUYCHHI T€OMETPUIHOTO TIPOPLITIO
KaHaxy, 4epe3 SKW TNPOTIKAIOTH BiANPAIbOBaHI Ta3H
CIJIOBOI YCTaHOBKM [IBUT'YHA, TEMIEPAaTYpH CTiHOK
ra3oxofy, TepMOIWHAMIYHUX MapaMeTpiB Ta XIMIYHOTO
CKJIaJly BiJIpallbOBaHUX Ta3iB TaHKa, MacOBOI BUTpATH
Ta po3Mipy YacTOK rpadity, 1m0 HATHITAETHCS, TEPMO-
JIMHAMIYHHX NapaMeTpiB ra3y Ha BUXO 3 Fa30X0.y.

BuxJiag ocHOBHOro martepiany

YnaockoHaneHHs OynoBH TpakTy HarHITaHHS
TepMi4yHOI ITUMOBOI amapaTypu Tanka T-64b naOyBae
BUTJISIL, TIOKa3aHuM Ha puc. 2.1.

Puc. 2. BynoBa TpaKkTy HarHiTaHHsI TepMi4HOi TMMOBOI
anapaTryp TaHKa:
1 - typ6ina; 2 — rapsyi rasu; 3 — razoxin; 4 — crpsMoByBad;
5 — xaHaJ HaTHITaHHS TU3eJIHHOTO MaJHBa,
6 — xaHax HarHiTaHHA rpadity

3a niei OymoBu HarHiTaHHS TpadiTy Ta AU3EIBHOTO
najguBa BifOyBaeThesl y razoxim 3, skuil 3’eqHaHmil 3
Typ6inoto 1 nBuryna tumy STHA®D. Yepes TypOiny y
ra3oxifi copsMOBYIOTbcsi rapsai rasu 2. Ilepecrips-
MYBaHHS Tapsdoro Ta30BOr0 TOTOKY y Ta30Xoi
BiOyBaEeThCA 3a JOMOMOror crpsimoByBada 4. Harwi-
TaHHA IU3ETFHOTO MANIMBA BiAOYBaETHCS Yepes KaHam 5, a
rpadity — uepe3 kanan 6. [T0TOKH JU3EIBHOTO MaNuBa Ta
aepo30NbHOI  3aBicH  TpadiTy € 3YCTpiYHHUMH 10
OCHOBHOI'O TOTOKY TIaps4oro BiINpPalbOBAHOTO TIa3y
JBHUTYHA.

ToMy moTOKHM 3 aep030JICYTBOPIOBAIBHOIO PIAMHOIO
PO3BEPTAIOThCA Y HANPSIMKY OCHOBHOTO HOTOKY. Taxke
po3BepTaHHs OOYMOBIIOE 3aTpUMKy Yy 4daci mepe-
OyBaHHs rpadiTy y rapsyux razax, YdM IiJABHIIYETHCS
yac HarpiBaHHs rpadiTy.

@dopmyBaHHS aepo30JIbHOI 3aBiCH BifOyBaeThCs
HACTYITHUM YMHOM. Yepe3 KaHan 5 mounHaeThcs mozaa-
BaHHS JAW3eNbHOTO nanuBa. lle manmBo motparuisie y
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MOTIK raps4uMx Tras3iB Ta BHUMNapoBYeTbes. Jlami mapu
TaJIMBa BUXOATH Yepe3 KEKIiMHYy CUCTeMY y 30BHIIIHE
Cepe/IOBHINE, JI¢ BiNOYBA€ThCS KOHICHCAIISA Tapu 3
(opMyBaHHAM aepo30JII0 HA OCHOBI Kpameib JU3elb-
HOro nanuBa. Yepes AeKiibKa JECATKIB CEeKyH[ Mojava
JU3EIBHOrO TMAJMBa TPHUIMHAETHCS, a 4epe3 KaHaa 6
momaetscsi rpadit. [oTpammsaas rpadity y HOTIK
raps4ux Ta3iB TMPU3BOOUTH OO HWOro cmydeHHA. Jlami
CIy4eHI YacTKH dUepe3 EXEKIIHHYy CHUCTeMY IOTpall-
JISIFOTh Y 30BHIIIHE CEPEOBHIIIE, e GOPMYIOTh 3aBiCy y
MOBITPI 31 ciydeHux 4dactok rpadity. Ilicns aekinbka
JIECATKIB CeKyHJ Tojava rpadiTy NPUIHHSIETHCS, a
nojaya AU3eIbHOrO IaJbHOTO PO3MOYMHAEThes. | mami
TaKHi MPOIEC MOYepProBoi Mojayi MOBTOPIOETHCS MPO-
TSATOM JEKUIBKOX XBWIMH. B pe3ynbraTi, aepo3oiibHa
3aBica YTBOPIOETHCS 31 CMyraMu pi3HHX CKJIaJOBUX
3aBiCH.

Jnst mpakTUyHOi peanizauii € BaXJIMBUM JIOCTYII-
HicTh TpadiTy B Ykpaini. HasBHi pomoBumia rpadity B
VkpaiHi, 1110 po3nsaHyTi B podorax [8-10, 13], ceiguats
PO BiJICYTHICTS 1ii€]l MpoOsieMu B HaIii AepiKasi.

Jist 3piliCHEHHS MOJICNIOBAHHS HarpiBaHHS Tpa-
(ITHOTrO MOPOIIKY y BHITYCKHOMY ra30Xxoii HE0OXiaHO
BU3HAYUTH. TEOMETPHYHUI mpodine KaHamy, dvepes
SIKHA TPOTIKAIOTh BiAIIPanbOBaHi ra3d CHIOBOI YycCTa-
HOBKH JIBHT'YHQ, TeMIIEPATypy CTIHOK Ta30X0Iy, MacoBY
BHUTpPATy, TEPMOAWHAMIYHI TApaMeTpH Ta XIMIYHUA
CKJIaJ BiANIPanbOBAHMX Ta3iB TaHKA, MACOBY BUTpPATY 1
po3Mmip uacrtok rpadiTy, IO HATHITAETHCA, TEPMO-
JIMHAMIYHI apamMeTpy ra3zy Ha BUXOJI 3 Fa30X0/1y TOLIO.

Jisi  BU3HAaueHHs TapaMeTpiB  BiJpalbOBaHHUX
rasiB cuiIoBoi ycTraHoBku JBuryHa tuny STJI® ckopuc-
taemocss poboramu [4-7]. TlapameTpu TaHKOBHX
JIBUTYHIB, 32 SSIKUMH MOXJIMBO BU3HAYUTH PO3PaxXyHKOBI
YMOBH, HaBeJeHO y Ta0i. 1.

Temneparypa ra3iB Ha BHXOHi i3 JBHI'YHa 3aje-
JKUTPH BiJl YMOB MOT0 HaBaHTAXCHHs, 00epTiB TOIIO. SIK
MpaBWJIO, TeMIlepaTypa Ta3iB BHMIPIOETHCS Ha HOMi-
HaJIbHUX 00epTax JBUI'YHa Ta HaBaHTakeHHi y 75% Bix
MaKCHUMAaJbHOI BHXIJHOI MOTY)KHOCTi ABUryHa. Tomy
MpuitMaeMO, MO BCTAHOBJICHHS 3aBiCH BiIOYBa€TbCs B
YMOBaX, HAOJIIKEHUX JI0 PO3TJISIHYTHX.

Tabauys 1

IMapameTpy TAHKOBMX IBUT'YHIB /IJIsl BU3HAYEHHS
PO3paxyHKOBHMX YMOB

Iloka3znuku JBUryH

STAD 6TI-1
Koe@lmem HAJJTHIIKY 18 18
MOBITPsI
JlificHu# CTyIiHb CTUCKY 16,5 15,0
Yacrora 06epTaHHs, XB - 2800 2800
TeMnepaTypa rasis :Ia 550 560
BHXOI i3 nBUryHa, °C
KoeoirmieHT HarloBHEHHS 0,73 0,75
KoeoiieHT nponyBku 1,37 1,31
XiJ] TOPIIHS, MM 2x120 2x120
[Tnoma nopuxs, oM’ 113 113
KispKicTh IUITiHIIPIB 5 6

Po3paxyHOK BUTpaTH MOBITPS 4epe3 IBUTYH IIPO-
BeleMO HacTynHuM uuHoM. O6’em V, l-ro muninzapa
JBUTYHA 13 3YCTPiYHO-PYXOMHMH IIOPIIHSAMH BHU3HA-
YUMO 32 PIBHSIHHIM

V,=2:-h,-S, o

ne h, — xix mopws; S, — ruToIma MOpIIHSL.
3acrocyBaBmu gaHi Tabm. 1, orpumyemo 00’em
1-ro mutinapa V, =2:120-10°.113-10* = 2,712.10° v°.
BpaxoBytoun To#t (akt, mo muryn STHAD e
JIBOTAKTHHM, TO 32 OAMH O0EpT JBHUI'YHA BiOYBa€ThCs
SK HAIOBHEHHs IIWIIHIpA JBUTYHA, TaKk 1 HOro Impo-
JTyBKa MICJIsl 3rOpaHHs. 3aCTOCOBYIOUYH MapaMeTpH ra3o-
0OMiHYy IIbOTO JIBUT'YHa, 00 €M MOBITPS, IO MPOXOJUThH
4yepes MWIIHAP IBUTYHA, BU3HAYMMO 32 PIBHSIHHIM

V, =(k, +k,, )V, @)

ne ky — xoediuienr HamoBHenus; K,, — koediuieHT
TIPOYBKH.

CkopucraBmmMch JaHuMu Tabn. 1, BH3Hayaemo
00’eM TOBITPS, IO MPOXOAWTH 4Yepe3 1 IumiHAp IBU-
ryna Tuny ST/I®, skuii gopiBHIOE

V, =(0,73+1,37)-2,712-10°=5,7-10° »°.

MacoBy BHTpaTy TOBITpS 4Yepe3 IBHI'YH BH3Ha-
YUMO 32 HACTYITHIM BHPa30oM

f
60
e N — KiIbKICTh IMTHIPIB; p, — TycTuHa mositps; f —
qacToTa obepTaHHs ABUTYHa y [xB].

3acTOCOBYIOUM BUILEOTPUMAHI 3HAYEHHS Ta JaHi
Tabia. 1, oTpIMyeMO MacoBY BUTpATy MOBITPs

Om = 5-1,29-5,7-10°-2800/60 = 1,717 xr/c.

Jlo BUTpaTH MOBITPs CINiJ| JOJATH BUTpPATY TajnBa,
K€ BBOAWTHCA Yy JBUTYH. MacoBy BUTpaTy NajuBa
PO3paxyeMO HACTYITHUM YHMHOM. 3a BU3HAYCHHSM, Koedi-
IIEHT HAJJTUIIKY TOBITPSI € BiTHOIICHHS JIHCHOI KiJib-
KOCTi TIOBITPSL JO TEOPETHYHO HEOOXiJTHOTO. 3BiICH,
Macy moBiTps V., y IWIiH/Ipi, SKa pearye 3 NajJiBOM Ha
eKCIUTyaTallifHoMy peXuMi poOOTH JBUTYHA, BH3HA-
YIMO 32 PIBHSIHHIM

0, =N-0, 'Vn ’ (3)

vV, =—%, (4)
Kk
1€ Koo — KOCIIHEHT HaITHIIKY TIOBITpPSL.
3 Bupasy 4 orpumyemo V. = 2,712:10%1,8 =
=151.10° .

Tonmi wMacoBa BHTpaTa IanuBa
BU3HAYUTHLCS 32 PIBHSIHHIM
qn :n'gpn.vw.f .il (5)
k 60

cm

ne K., — cTexioMeTpuuHe CITiBBiIHOIIEHHS «IOBITPS—
JI3eIIbHE MATbHE».

Bigomo, mo nu3enbHe NaibHE € CyMIIIIIO Mapa-
¢iHOBHX, Ha(TEHOBHUX 1 apOMAaTUYHHX BYTJICBOAHIB.

ToMy crexioMeTpH4HE CIiBBIJHOIIEHHS MOXe HaOyBaTH
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pi3HMX 3Ha4YeHb, aje B IIEBHOMY aiamasoni. J[loci-
JOKEHHST CTEXIOMETPUYHOTO MacOBOTO CKJIaTy TOBITPSHO-
MaJMBHOI CyMilli aNKaHiB HaBeAEHO B poboTax [14-16].
OCHOBHMMH KOMIIOHEHTAMH JAW3EIHFHOTO MAaJbHE € TaKi
aJKaHW, SK TeKCaH, OKTaH 1 nekad. ToMmy B mepmiomy
HaOIDKEHHI MOXKHA 3aCTOCYBAaTH 3HAYCHHS CTEXio-
METPUYHOTO CIIiBBiIHOMICHHS ISl BAXKKUX AJKaHIB, IO
HaBEJIEHO B Ta0l. 2.

Tabnuys 2

CrexioMeTpuHe CHiBBiIHOLIEHHS MOBITPSAHO-NIATMBHUX
cyMmiuleii 3a JTaHMMHU poGoTH

Ne [MamuBo XimiuHa CrexiomeTpuyHe
¢dopmyna CITiBBi JHOIICHHS
1 OkTaH CgHyg 15,10:1
2 Honan CgHyg 15,06:1
3 Jlexan C10H22 15,03:1

CKOpHCTAEMOCh  CTEXIOMETPUYHHMM  CITiBBIJHOIIICH-
HSM JUIS CYMII TIOBITPS 3 JIOJACKAHOM, 3a BHpa3oM 2.5
OTPUMYEMO

g, = 5+(1,29-1,51-10°%/15,03)-2800/60 = 0,03 kr/c.

IloBHY MacoBy BUTpAaTy raszy 4epes3 ABUI'YH BH3HA-
4aeMO 3a PIBHAHHAM

Oty =0 + 0, (6)

3 piBustaHs 6 Maemo Qg = 1,717+0,03 = 1,72 xr/c.
[opiBHAHHS 3HaYEHh MACOBOI BUTPATH TOBITPS Ta ITAIINBA
CBi/[YaTh MO HE3HAYHWH BIUIMB BHUTPATH MaJMBa Ha
MOBHY BHTpATY Ta3y.

Bu3Haunmo XiMiYHHI CKIIaJ BiANPallbOBaHUX Ta3iB
TaHKa, MPUITYCTUBIIH, 10 MEPEBAKHO 10 CKIAIy TH3EIlb-
HOrO TaJiMBa BXOJWThH JCKaH. ToJi MpoIeC 3ropaHHs
JIM3EJbHOIO MaJMBa Y IOBITPI 3a CTEXiOMETPUYHOIrO
CITIBBITHOIICHHS BU3HAYMMO 32 PIBHIHHIM

CioHz2 + 15,5(0; + 4N,) = 10CO, + 11H,0 + 62N,. (7)

Skmio ypaxyBati Koe(ilieHTH HaJJIHMIIKY TTOBITpS,
HATIOBHCHHS Ta MPOAYBKH, TO KOC(IIliEHT po30aBIICHHS
MIPOIYKTIB 3rOpaHHs MOBITPSIM BH3HAYUTEHCS 32 BUPA30OM

kpm = knoe ’ (ku + knp) (8)

3 ypaxyBaHHSIM BUIICHABEJICHUX 3HA4YCHb Koedi-
LieHTiB MaeMo Ky, = 1,8-(0,73+1,37) = 3,78.

Ha minmcraBi mux po3paxyHKiB OTPEMYEMO CKJIall
MIPOAYKTIB 3rOpaHHs Y BUTIISII

10CO, + 11H,0 + 62N+ 15,5k, (O; + 4N,).  (9)

Jliis mepepaxyHKy 00’€MHOI 4aCTKH KOMIIOHEHTIB

y iX MacoBy 4aCTKy BUKOPHCTA€MO 3HAYEHHS MOJIIPHOL
MacH KOMIOHEHTIB (Tabi. 3).

Tabnuys 3

MoJisipHa Maca KOMIIOHEHTIB MPOAYKTIB 3rOpaHHsI
TaHKOBOIO IBUI'YHA

Kommonenr CO, H,O N, 0O,
Monnsipaa Maca, 44 18 28 32
I/MOJIb

Ha mincraBi MonbpHUX KoedilieHTiB piBHSHHSA 9 Ta
MOJISIPHOI MacH KOMITOHEHTIB, 1110 HaBeJeHO B Talim. 3,
OTPUMYEMO HACTYITHE MAcCOBE CIIiBBiJHOIICHHS KOMIIO-
HEHTIB y NPOAYKTaxX 3TOpaHHS Ha BHUXOAI 3 TypOiHHM
JIBUTYHA, 10 HABEACHO B Ta0I. 4.

Tabauys 4
Pe3yabTaT po3paxyHKy MacoBoi 4aCTKH KOMIIOHEHTIB y
MPOAYKTAX 3rOPaHHs TAHKOBOI0 IBUIYHA
(ua Buxo/i 3 TypOiHu)

CO,
0,04

H,0 N, 0,
0,02 0,77 0,17

KommonenT

MacoBa yacTka

HasiBHICTB 10CTaTHBO BEIMKOI KIJIBKOCTI KUCHIO Y
MPOJYKTax 3rOpPaHHs JO3BOIISIE, 32 MOTPedH, 3AIHCHUTH
JIOAATKOBE Ii{IrpiBaHHs BiNPallbOBAaHKX ra3iB BUTYHA
3a paxyHOK peaji3aiii JOJaTKOBOrO 3TOpPaHHSA Y
BUITYCKHOMY I'a30XO/Ii.

MacoBy Burpaty rpadiry, SKWUA IOJA€THCS B
YIOCKOHAJIEHIH TepMiyHIi OUMOBIH amapaTypi TaHKa
T-64b, Bu3HauMMo 3a BHUTpaTaMHU €Heprii Ha migirpi-
BaHHA TpadiTy Ta TemwIoBoi NOTYXXHOCTI Bimpa-
LIbOBAHMX ra3iB ABHUTyHa. [IpuitmMaemo, 110 B pe3ynbTaTi
posirpiBanHs rpadiTy HOro Temmeparypa JOCSTae
TEMIepaTypy BiANPaIbOBAHUX Ta3iB JBUTYHA. 3a UM
MIPUITYIICHHSM OTPUMAEMO PiBHSHHS Y BUTIII

Cpss'qfull '(TOaz _Tp)z Cep'qu '(TOge_Tp)

ae Cye — ATOMA TEIIOEMHICTh BiANIPallbOBAHKMX Ia3iB
3a CTaJIoro THCKY; g, — IMOYATKOBA TeMIlepaTypa Biampa-
IIbOBAHUX Ta3iB; T, — TeMmmepaTrypa BiINpaIrbOBAHUX
ra3iB Ta rpadiTy B yMOBax TeMIepaTypHOi PiBHOBAarH;
C,, — nuToMa TemIoeMHicTe rpadity; (., — BUTpaTa
rpadity; To,, — IOUaTKOBa TeMIepaTypa rpadity.

Bimomo, mo cnyuyBaHHs TpadiTy HOYMHAETHCS
konu #oro temneparypa nocsarae 200 °C. B Toit e vac,
HAWOLIBbIINI KOe]IIi€HT CITydyBaHHS JIOCSTAETHCS 3a
temrnepatypr 1100 °C. Jlyst nocsirHeHHsT HalOLIbIIOl 1po-
JIYKTUBHOCTI 3a HalOLIbIIOro KoedilieHTa CIrydyBaHHs y
NPUHAHATHX YMOBaX pOOOTH TEPMIYHOI JUMOBOI ara-
paTypu TaHka, ae Tg, = 550 °C, mpuitmaemo T, = 450 °C.
VY nepwomy HaOmmxeHHi npuiiMaemo, 1o C,, =
= 1,006 x/Ix/(xr-K), 60 0oCHOBHA 4acTKa BiAMpaIlbOBaHUX
ra3iB CKJIaa€Thesl 3 TOBiTpsA. [luToMa TemmoeMHicTh
rpadiry nopisuioe C,, = 750 Jix/(kr-K). IIpuiiMaemo, 1m0
HO0YaTKOBa TeMiepaTypa rpadity nopisaroe To,, = 20 °C.
3a X 3HAYeHb Ta paHillle BU3HAYCHOI BUTPATH BiAmpa-
I[bOBAHUX ra3iB 3 piBHsHH 10 Maemo Butpary rpadiry,
mo popiBHIOE (,, = 0,537 xr/c. SIkmo mpuIycTHTH, IO
T, =350 °C, To maemo Q,, = 1,398 kr/c. 3a T, = 300 °C,
Maemo 0, = 2,136 xr/c. BusBneHns HaliKpaInoi BUTpaTH
rpadity noTpedye MOXIIHMBE 32 pe3yJbTaTaMH EKCIEepH-
MEHTAJIBHUX JIOCHKEHb. B po3paxyHKax NpHiiMaioch
., = 2 xr/c.

IIpomuCIIOBICTS BHITyCKa€ MOPOIIOK TIpadiTy 3
pi3HEM po3MipoMm uYacTok Tpadity. B pospaxyHkax
NPUIMAaIOCh, 10 PO3MIP YaCTOK MOPOIIKOBOrO rpadiTty
JopiBHIOE 5 MkM Ta 50 MKM.

(10)
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Jist  3miiCHEHHS MOJICIIOBAHHS — CTBOPIOBAIACH
MOJIEJTb Ta30X0Jy y CHCTEMi aBTOMAaTH30BAHOTO IPOEK-
TyBaHHS «Kommacy». Jlami 37iiiCHFOBATIOCh TICPCHECCHHS
reoMeTpii BHYTpIIIHIX KaHATIB Ta30Xoay A0 Iporpam-
HOTO TaKeTa KiHIeBo-eneMeHTHoro ananisy ANSYS.
30BHIMIHIA BUIJIA Ta30XOAy Ta BHIVISLI Ta30Xody Y
MepETHHI BiZIOOpaXeHO Ha pHc. 3.

Puc. 3. 3oBHimHii BUrIsA1 ra3oxony (JiBopy4) Ta BULIISIT
ra3oxoay y neperusi (npaBopy4):
1 —ra3oxiz, 2 — KaHaT HATHITAHHS TpadiTy

Buxopsiuu 3 Oy70BU CHIIOBOI yCTaHOBKH TaHka T-64
BIZICTaHP MDK TOPIIEM Ta30XOAY Ta TYpOIiHOIO IOPiBHIOE
100 mm. Tomy B Mozeni HpHAMAoOCh, IO HATHITAHHS
BIINPAIbOBAaHUX Ta3iB BiAOYBa€ThCsl y IUIOIIMHI, IO
BijIlaJieHa BiJl TOPIIS Ta30X0/My HA BKa3aHy BijcTaHb. Jaii
ra3y PyXaloThCs 0 KaHATy KPYIJIOro MepeTHHy A0 Micrs
BXOJy B Ia3oXij.

TemnepaTypa CTIHOK Ta30XOLy 3MIHIOETHCS [
yac ekcrulyatauii mamuHu. llepen mo4aTtkoM Iycky
JIBUTYHA, KOJM MalliHa nepedyBajia TPUBAIMI Yac Ha
CTOSIHII, HOro TemIieparypa JIOpiBHIOE TeMIIepaTypi JOB-
ki, Ha mparorodyomMy OBUryHI TemriepaTypa CTIHOK
ra30XxoJy CyTTEBO 3pOCTa€ 3 HAOIIKEHHSIM /IO TEMIle-
patypu BiAmpanbOBaHUX ras3iB JIBUryHa. BpaxoByroun
He OOXi/JHICTh OLIHKK POOOTH TEPMIYHO-TMMOBOI ama-
patypu 3a KOPOTKMH 4Yac Wicis IYCKy JBHI'YHa, B
PO3paxyHKax TeMIlepaTypa CTIHOK IPHHMalach CTaoIo,
Ta gopieatoBana 100 °C.

BucHoBku

3anporoHOBaHO HATIPSIM YIOCKOHAJICHHS TePMIYHOI
JUMOBOI amaparypu TaHka T-64B nuisixom BBeHeHHS,
OKpIM JIM3eJIbHOrO MajuBa, rpadiTy, IO CIy4yeThCs, y
MOTIK TapsYux BIJNPalbOBaHUX Ta3iB CHIIOBOI ycCTa-
HOBKH TaHKa JUIS PO3IUMPEHHS CHEKTPY MAacKyBaJbHOT
Ji1 aepo30JbHOI 3aBiCH. Y IOCKOHAJICHHS TIOJSITAE 'y
MOYEProBOMY IMITYJIbCHO-TIEPIOIMYHOMY BBEIEHHI Y
MOTIK Taps4ux BiJNpalbOBaHUX Ta3iB CHIIOBOI ycTa-
HOBKM TaHKa rpaQiTy Ta JU3eJIbHOrO0 MajiuBa.

OOrpyHTOBaHO TPaHWYHI YMOBH JI0 MOJEJI Harpi-
BaHHS TPadiTHOrO IMOPOIIKY Yy BHITYCKHOMY Ta30XOi
CHJIOBOi YCTaHOBKH TaHka Tury T-64b. BuznaueHo reo-
METPUYHHUIA NPOdish KaHaTy, 4epe3 SKUil MpOTIKaloTh

BIANpalboBaHi Ta3d CHJIOBOI YCTAHOBKH JIBUTYHA,
TEMIIEpaTypy CTIHOK Ta30XOAy, MacoBy BHTparTy,
TEepMOAMHAMIYHI MTapaMeTpH Ta XIMIYHHUH CKiIaJ Biampa-
[bOBAaHHX Tra3iB TaHKa, MacoBy BHTpATy Ta pO3Mip
4acTOK TrpadiTy, MO0 HATHITAE€THCS, TEPMOTMHAMIUHI
mapaMeTpy Tra3y Ha BHXOJI 3 Ta30Xony. Y po3paxyHKax
mpuifMaiack MacoBa BHTpaTa BiINpalbOBaHUX Ta3iB
1,72 «kr/c 3 MacoBOIO YacTKOK)  KOMIIOHEHTIB
COy/H,OIN,/O,, 1m0 nopiBatoe  4:2:77:17. Macosa
BUTpara rpadity JopiBHIOBaIa 2 KI/C 3 pO3MIpOM YacTOK
nopomrkosoro rpagity 5 mxm Ta 50 MmxMm. Temneparypa

CTIHOK ra30xojly npuiiMajach CTaJOl Ta JOpiBHIOBaIA
100 °C.

Chnucok aiteparypu

1. Method of generating a liquid mist: patent US

6,402,045 B1: Int.Cl. B05B17/00. Application Number
09/445463; Filing Date 12/20/1999; Publication Date
06/11/2002. 5 p.

2. Cmoci6 ¢opmyBaHHS IUMOBOi 3aBiCH: MAaTeHT

2374214 P®: MIIK CO06D 3/00, F41H 9/06, F42B 5/155.
Ne 2007131605/12; 3asei. 20.08.2007; omy6a. 27.11.2009
Bron. Ne 33. 5 ¢.

3. A kind of gas blowout formula camouflage with
smoke device of transport vehicle: patent CN104111006B:
Int.Cl. F41H 3/00. Application Number 201410213297.XA,;
Filing Date 05/21/2014; Publication Date 10/22/2014. 6 p.

4. Method and device for protecting a vehicle from a
threat: patent DE102018110241A1: Int.Cl. F41H 11/02, G08G
1/16, G0O8B 21/02. Application Number 10 2018 110 241.0;
Filing Date 27.04.2018; Publication Date 31.10.2019. 9 p.

5. Robert William Schaub. Development of a versatile
man-portable obscurant aerosol generator: characterization of
aerosols in laboratory and field environments : doctoral
dissertations: Faculty of the graduate school of the missouri
university of science and technology. No. 2070, 2011. 194 p.
[in English].

6. Driver C., Ligotke M., Downs J., Tiller B., Poston T.
Environmental and Health Effects Review for Obscurant Fog
Oil. Edgewood Research, Development & Engineering Center,
Aberdeen Proving Ground, MD. Sep. 1993. 75 p. [in English].

7. Flanigan V., Kapila S. Development and Evaluation
of Biogenic Obscurants, Robotic Obscurant Projectors, and
Obscurant Simulation Models. Edgewood Chemical Biological
Center, Aberdeen Proving Ground, MD. Sep. 2004. 45 p.
[in English].

8. Aepo3zorneyrBoprorounii  ckiax it (GopMyBaHHS
MAacKyBaJIbHOI 3aBiCH: MMaTeHT Ha KopucHy moaens UA118118U
Vkpaina: MIIK: C06D 3/00, F41H 9/06. Ne U 2017 00641;
3asei. 23.01.2017; ony6a. 25.07.2017, Bron. Ne 14. 4 c.

9. High expansion rate expandable graphite. URL:
http://www.sungraf.net/ (nara 3sepuenns: 01.02.2023).

10. 3aBammiBcekuii  rpadit. URL: www.zvgraphit.
com.ua (nara 3BepHenns: 01.02.2023).

11. Dennis P.N. Fire Pump Arrangements at Industrial
Facilities. 3rd Edition. Gulf Professional Publishing, 2017,
256 p. ISBN: 9780128130438.

12. Vinay Kumar Domakonda, Ravi Kumar Puli. Coatings
in Diesel Engines. Application of Thermal Barrier a Review.
Energy and Power. 2012, Ne 2 (1). C. 9-17, DOIL:
http://doi.org/10.5923/j. ep.20120201.02

© L.I. Tanmopa, K.B. Kopurdenko, O.B. CraxoBceknuii, A.O. 3amopoxHui



31/2024

Po3pobnenns Ta monepHizamnis OBT 25

13. Cymim Ha ocHOBiI rpadiTy, IIO CIY4yeTHCS TPH
HarpiBaHHi: mat. Ha kopucHy moneiap UA 36018U Vkpainy:
MIIK: C01B 31/04, CO01B 31/00. Ne u200806244; 3asBu.
12.05.2008; omy6:. 10.10.2008, Bron. Ne 19. 3 c.

14. boupapenko C.I'., PeikoBa JILLA., Cratioxa [.A.
TexHOMOrMyecKue acmeKTsl HHTEPKATMPOBaHKs rpaduTa cepHOI
KUCTOTOH. Xumus meepoozo monausa. 1988. N 4. C.141-143.

15. Schwab G.M., Ulrich H. Verdichtete graphite.
Kolloid Z. und Z. fuer Polimere. 1963. B.190. N 2. pp. 108-
115. [in English].

16. Tamyopa LI, Kopuruenko K.B., Craxoscekuii O.B.,
Kinimor O.I1., HImatkoB B.A., JlinuBues O.B. Excnepumen-
TaJIbHE JOCIIJKEHHS TEPMiYHUX YMOB (DOPMYBaHHS aepO30JIIO
3 rpacdity mapku I'B50/12 y cusiosiii ycranosui tanka T-64b.
Biiicbko6o-mexuiynuii 36ipnux. HACB : JIpBiB, 2023. Bum. 28.
C. 53-60. DOI: https://doi.org/10.33577/2312-4458.28.2023.53-60.

Reference

1. Method of generating a liquid mist: patent US
6,402,045 B1: Int.Cl. B05B17/00. Application Number
09/445463; Filing Date 12.20.1999; Publication Date
06.11.2002. 5 p. [in English].

2. Patent of Ukraine (2007), “Sposib formuvannya
dymovoyi zavisy” [The method of forming a smoke curtain]
patent 2374214 of the RF: IPC C06D 3/00, F41H 9/06, F42B
5/155. No. 2007131605/12; statement 20.08.2007; published
27.11.2009 Bulletin No. 33. 5 p. [in Russian].

3. A kind of gas blowout formula camouflage with
smoke device of transport vehicle: patent CN104111006B: Int.
Cl. F41H 3/00. Application Number 201410213297.XA;
Filing Date 05/21/2014; Publication Date 10.22.2014. 6 p.
[in English].

4. Method and device for protecting a vehicle from a
threat: patent DE102018110241A1: Int.Cl. F41H 11/02, G08G
1/16, GO8B 21/02. Application Number 10 2018 110 241.0;
Filing Date 27.04.2018; Publication Date 31.10.2019. 9 p.
[in English].

5. Robert William Schaub. Development of a versatile
man-portable obscurant aerosol generator: characterization
of aerosols in laboratory and field environments / doctoral
dissertations: Faculty of the graduate school of the missouri
university of science and technology No. 2070, 2011. 194 p.
[in English].

6. Driver C., Ligotke M., Downs J., Tiller B. and Paston T.
(1993), Environmental and Health Effects Review for
Obscurant Fog Oil. Edgewood Research, Development &
Engineering Center, Aberdeen Proving Ground, MD. Sep.
1993. 75 p. [in English].

7. Flanigan V. and Kapila S. (2004), Development and
Evaluation of Biogenic Obscurants, Robotic Obscurant
Projectors, and Obscurant Simulation Models. Edgewood
Chemical Biological Center, Aberdeen Proving Ground, MD.
Sep. 2004. 45 p. [in English].

8. Patent of Ukraine (2017), “Aerozoleutvoryuyuchyy
sklad dlya formuvannya maskuval'noyi zavisy” [Aerosol-
forming composition for forming a masking veil] / utility
model patent UA118118U Ukraine: IPC: C06D 3/00, F41H
9/06. No. u 2017 00641; statement 23.01.2017; published
25.07.2017, Bul. No. 14. 4 p [in Ukrainian].

9. High expansion rate expandable graphite. URL:
http:/imwww.sungraf.net/  (mara  3sepuenms:  01.02.2023)
[in English].

10. 3aBamiscbkuii rpadit. URL: http://www.zvgraphit.
com.ua (mara 3eeprenns: 01.02.2023) [in Ukrainian].

11. Dennis P.N. (2017), Fire Pump Arrangements at
Industrial Facilities. 3rd Edition. Gulf Professional Publishing,
256 p. ISBN: 9780128130438 [in English].

12. Vinay Kumar Domakonda and Ravi Kumar Puli.
(2012), Coatings in Diesel Engines. Application of Thermal
Barrier a Review. Energy and Power. Ne 2 (1). C. 9-17, DOI:
http://doi.org/10.5923/j. ep.20120201.02 [in English].

13. Patent of Ukraine (2008), “Sumish na osnovi hrafitu,
shcho spuchuyetsya pry nahrivannil” [Graphite-based mixture
that swells when heated] / pat. for utility model UA 36018U
Ukraine: IPC: C01B 31/04, C01B 31/00. No. u200806244;
statement 12.05.2008; published 10.10.2008, Bulletin No. 19.
3 p [in Ukrainian].

14. Bondarenko S.G., Rykova L.A. and Statyukha G.A.
(1988), “Tehnologicheskie aspeckty interkalirovaniya grafita
sernoy kislotoy” [Technological aspects of graphite intercalation
with sulfuric acid]. Chemistry of solid fuels. N 4. pp. 141-143.
[in Russian].

15. Schwab G.M. and Ulrich H. (1963), Verdichtete graphite.
Kolloid Z. und Z. fuer Polimere. B.190. N 2. pp. 108-115.
[in English].

16. Tansyura I.I., Korytchenko K.V., Stakhovskyi O.V.,
Klimov O.P., Shmatkov V.A. and Linivtsev O.V. (2023),
“Eksperymentalne  doslidzhennya  termichnykh  umov
formuvannya aerozolyu z hrafitu marky HV50/12 u syloviy
ustanovtsi tanka T-64B” [Experimental study of the thermal
conditions of the formation of an aerosol from graphite of the
GV50/12 grade in the power plant of the T-64B tank]. Military
and technical collection NASV: Lviv. Issue 28. pp. 53-60.
DOI: https://doi.org/10.33577/2312-4458.28.2023.53-60 [in
Ukrainian].

JUSTIFICATION OF THE BOUNDARY CONDITIONS FOR THE GRAPHITE POWDER HEATING MODEL
IN THE EXHAUST GAS PIPE OF THE T-64B TANK POWER PLANT

I.I. Tansyura, K.V. Korytchenko, O.V. Stakhovskyi, A.O. Zadorozhnyi

The method of improving the thermal smoke apparatus is disclosed, which consists in the introduction of graphite powder
into the bypass gas ducts of the power plant of the T-64 tank, followed by the release of an aerosol cloud from the power plant
of the tank. in expanding the spectrum of the masking action of the aerosol curtain, which is created by the thermal smoke
apparatus of the T-64B tank by introducing, in addition to diesel fuel, intumescing graphite into the flow of hot exhaust gases of
the tank's power plant. At the same time, the composition of the aerosol curtain formed from diesel fuel is mainly intended for
masking in the visible range of radiation, and the composition of the aerosol curtain formed from graphite provides, mainly,
masking in the infrared range of radiation. In the case of simultaneous feeding of diesel fuel and graphite, the conditions of
graphite swelling are worsened, because the impact of diesel fuel droplets on the graphite particles will lead to a decrease in
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the heating rate of the graphite. At a slow heating rate of graphite, the swelling coefficient sharply decreases, which sharply
worsens the properties of the aerosol veil in terms of volatility. Therefore, the improvement consists in alternate pulse-periodic
injection of hot exhaust gases of the power plant of the graphite tank and diesel fuel into the flow.

The direction of improving the thermal smoke apparatus of the T-64B tank by introducing, in addition to diesel fuel,
expandable graphite into the flow of hot exhaust gases of the tank's power plant to expand the spectrum of the masking effect of
the aerosol curtain is proposed. The improvement consists in alternate pulse-periodic introduction of hot exhaust gases of the
power plant of the graphite tank and diesel fuel into the flow.

The boundary conditions for the graphite powder heating model in the exhaust gas path of the power plant of the T-64B
tank are substantiated. The geometric profile of the channel through which the exhaust gases of the engine power plant flow, the
temperature of the gas duct walls, the mass flow rate, the thermodynamic parameters and the chemical composition of the tank
exhaust gases, the mass flow rate and the size of the injected graphite particles, the thermodynamic parameters of the gas at the
outlet of the gas duct are determined. In the calculations, the mass flow of exhaust gases was assumed to be 1.72 kg/s with the
mass fraction of CO2/H20/N2/02 components equal to 4:2:77:17. The mass consumption of graphite was equal to 2 kg/s with
the particle size of powder graphite 5 «m and 50 um. The temperature of the walls of the gas duct was assumed to be constant
and equal to 100 °C.

Keywords: T-64B, thermal smoke apparatus, intumescing graphite, aerosol masking, tank.
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