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QL. 1ESLNUSUYL, U.2. MUY e8UL, Q.0 UEUNSUL

ZU0E LUMr4uoushu Yh&UuNhU MmN ULusnks vunkouerh
uNrouLuUUuL ANroCuLEUSh 2ZBSULNSNRULC SULREN 210U USPL TO@UUL
nusvuLLErNrU

Zupp (wpdudughtt Jhwlnud Jhpnswljut dbpngny htknwgnundl) o ubywdl
dwdjwduypnid nipnuilynit hwnnypny wdnph Ynpquidwi gnpdpupugh jupjusughe
yhdwyh pununphsutpp nupplp hyuuwyhtt othudwt wuwydwbtpnud: Oguugnpsyt) £ pw-
pu hwwnnyputph dkpnnp, punn nph uvnwgyty B jupduswyhtt ghdwljh Ynpquing b dhw-
Ynpnn qupnidtbph pulwdlbtpp, npnbp swihwgnipy nkupny Yhpwnkih b U hos, U ow-
Juwsé tyniptph nhypnud: OJuyht hwyquplh dhgngnd hpufubuglly b bwb hwppe jwp-
Jwduyhtt b nEdnplughnt Jhgwljubpnh pughpubph hwdbdwnwlwt JEpnisnipynii:

Unwagpuyhl punkp. ubuyyudl dwdjudugp, ninnuiljnit hunnypny tdniy, §npqu-
unud, tnwljuws ynip, hwupp jupduswyhtt yhgwl, hyuwljuyghtt othnud:

Ukpwbmpinit: YUnpquiinudp Ukinwnubph uonidng dpwljdwt wdkiwlwnplinp
b nmwpusyws gnpépupugubphg vkl b Mowgpuy Eu dbnwnubph dupnidng dowl-
dwt UEjuwtthjuynid hbnwgqnunmpniuibpp mupptp hyuljuyght pthdwb yuydwi-
ubpnud, wnwyk) by, Epk gputp Jepupkpnud Bu nupquitlynit juytwljut hwnny-
pny Epwludws wdnipubpht:

[1] nud Yuwnwpws hwpduplubtph hhdwt ypu Epuppuwdnpdb) b hywlw-
jht othuwl gnpdwlgh wpdbpp thnppugly dhisl' £ = 0,02, wnwig wpwnwnpubiph
npulh Ynpunh Ynpquidut wpugmpjut dkdugdw: Zupdupluyhtt mdjujubph
Jtpnidnipjudp wuugnigyby k wyn wnwewnyh wpynitwybnnipniup Uk wpw-
gnipjudp pupdpusjumstughtt ynnuunubph §npquindwt nhypmd: Uuljuygl, puith
nn Ynpqubdwt wpnunpudwuh nkpuuningp sh Jupnn &oqphun hdww) gnpéng
nhdhdubpnid gnpdpupwgh pupugpmid hpwwb hywlughtt sthdwt gnpsulgh
Ubbdnipjniup, hywybu bwlb gpu npnpdwt hwjuwuwnh Enuwbwlp, wyw junphnipy k
nnynud hnppuighty hypwljuyht othtwlh upmuibpp’ Ynpquitdwh phpugpmu ghpu-
wunhfwith wdp vwhdwbwhwlbne hwdwp:

Upyuws Julimphplikph wpnymipmy wihpudbpnmpmi wpwewgur] niumdlu-
uhptynt [2] wpluwwnwipp, puin nph hywluht sthtwh Uksnipyub wqykgnipniup
pujuljuitht UkS £ Ubnwunujupmud obkpdwbipundwt ypu: Snpdplpugh dudwiuy
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ohpdwunmpfwbwghtt puoidw gninhubpp gnyg b wnyk), np hywluyht sthdwb
qnpsulgh f = 0,05 wpdlph thnppugnidp dhiist £ = 0,02, npp Jupkih E unwbug
hwwnnil] mEuninghwyny, thnppugunid E dbnwunujuph gkpduunhdwh wpwyb-
[ugnyy Uhowljuypp 344...394°C -hg dhuish 249...270°C: Upmynitpnid hwywluhl
othdwti gnpdwljgh thnppugdwt hwwnnil wnkjuuninghwjh wejujnipjut nhypnid
npu f = 0,02 wpdtph hwdwp Ynpquidut wpugmipniup Jupkh b papdpuguby
dhtisk 8 4/, npp 37% -nJ wykih pwpdp E wpnnwnpnipiniinud pugnitdws nbkutn-
Inghwujut wpugnipinihg:

[3] -nud huppe phdnplughuygh wuydwitbpnud Jepniswljut dkpnnny hknw-
qnub] E niqnuilnit hwwnnypny Epwljudus wdniph §npquidw gnpdplipugh
upjusuntdnpdughnt Jpdwlyp (LF): vunph inisdwt hwdwp ogquugnpsdyty k&
pupul] hwunnypubph dkpnnp: Zudwntn jniskiny mwwpph hwjuwuwpulopnipjut
hwjwuwpnudp (22) Sphufju - Uku-dEuwth wyjuunhlnipyut yuydwup (11) hwpgh
wnubkny’ uwnwgyl] tu yniph jupyusuyhtt Jhdwlh swhwgnipl dednipmibbpn:
zupp nhdnpuughwgh hinbwipny tdniph jwyunipniup Ynpquidwi phpwugpnid
dund Eu wthnthnlu, wyuhtpt thnthnpuynid B tdnigh hwunnipniip b bpjupne-
pinLun:

zné b Enwluud wnipbph phwypnid [4] -nid ppwluwbwgyl) E pugnh
«ABAQUS» wjuindwnugus spuqpuyhtt dhowduypnud (UOU) dnpbjwynpnidp,
huswtu hné Wyniph ujubdwny, wjuybu k) yniphtt wwuppkp uyqpujut hwpwpk-
puiwt ppnnipnibtubp hwnnppbny: Unwgywé tdniop dbwynpnn, dqnn b juyjbiw-
Juwt jupnudubph wpdbpubpp hwdbdwwnydt) B Jipniswljut dkpnnny [3] unnwg-
Jwd nyjuikph hbwn: Ldnioh dwdjudwph htn hywlughlt b wewigpughtt hwb-
gnygubtpmu nnipu Eu phpdl Swlnnjimput puojujudmpmnitubpp, b Jipewdnp
wnwuppbpny gutgh pudwtidwt hnphgntwljut ninnnipjudp hwignygubph Swljnwn-
Jtunipju thohttmugwsd dkdnipnmitutpp hwdbdwngby ku Jipnswljut dkpnnny
[3] unnwugyusutinh htiwn:

[5] -nud twhiwgdyly b ubyual dudjuduyph bwbwlub dnglp phiup-
Eny npw junnigquspuyht wnwybnipnibikpp: Lupwgsyws ubkywdl dwdjw-
duypnud ppwuwiiwgty & hnd yniph Ynpquidw gnpépupwgh dnpbjudnpnid,
ntuntdbwuhpbiny nmuppbp ubwbph phpnipjuwt walniuttpnh nhwypbpnid LY, pwi-
nunphsubph puouusnipnitin: [6] - p hwinhuwund k [5] - h owpnibwlnipniup,
npunbkn hudwlgqus dkpnnyny htnwgqnndl) Eu Epujudus tyymph Ynpqutdwb
LY pununphstutipp muppkp ubybph ppnipjut wulnitubph nhypnid: Lokup,
nn hwdwlgyws dbpnngh nhwypnid juunhpp uyqeoud dnphjuynpdty £ “ABAQUS”
UOU - nud hné ymph hwdwp, wjinthtnl, oqunugnpstiny Unpbjuynpdw wpy-
iupmid unnwgdws yniph LY pununphsubpp b swinnljkt ynipbph wjuunhly
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nEdnpumghnt mbunipjut (OUNYS) pwhwdlbbpp, hwpdupldl i Epuudus
yniph nhypmd ujqpiuut SwlnnljEunpjut hnthnjunipmniutbpp:

Upnyniupnid mnnutlnit hwwnnypny hné b Enujuws juinhpubph tpne-
Swljutt Ukpnnny hknwgnuuinudp htnhtwlubph Ynndhg hpwwbwgdt] E hwuppe
nhdnpuwughuyh ywuydwutbpnd, wjuhtipt y wnwugph ninnnipjudp (uly.1) nhdnp-
dwghwt puguljuynid k: bulj htiy JEpupkipnid | hwppe jupdusughtt yhdwuyht, tpp
y wnwiugph muynmpjudp jupnudp puguluynd b, wyw wyny jpunhpp nusdws sk,
hhnlwpup wyn manmpjudp woliunwipbp wpphwlwi b

Ushiwnwiph tyquwwl £ hwuppe jupyusuyghtt yhduynid b nwuppbp huyw-
Juyht sthdwt yuydwtbpnid vbywdl dwdjudugpnid nipnulnit hwnnypnyg
uunioh Ynpqubdw gnpéplpwgh pupwl hwnnypubph dbpnyny htnwugnunnudp
b hudbdwwnnudp hupp nhbnpdwghn yhdwlh htwn:

Pwpul] hwnnypltph dkpnnny oqunugnpédynid k nhdnplwgynn tiniohg
dz htinwnpnipjudp tplnt (uytwut hwnnyputpny wigwndws wwpph (Wy. 1)
22 - [3, 7): U 1-mud p;-p Ynpquiing mdu k, x-u b x;-p- hudwywnwuuwbwpup
uljqptwljut b yEpotiwljut hwuwnnipjniuubpp:

vunph npuspp: unhpp pustnt hwdwp pugniadnud £, np wyny hwnnype-
ubipnud wnwugpuyhti p, jupnidubpp puphidus B hwjuwuwpuswth [7], hul tudnigh
b ubywdl dudjudwinh hywluyhtt gninhubpnid wgnynid kb unpdwy p b gnpwthnn
T = fp (upnudubp, npnky f- p othdwt gnpéwljhgu t:

Thunwuplynud E jnpquitdwi nypnid tdniph yuunhly phdnplugdut wji
ntupp, Epp npw b juyimpyul swihp thothnpwljwib E wjuhtipt wyy nunnejudp
oy inpdw) jupmup pugulund k (g, = 0), b unwgynd £ hwppe jupjuswht
Jhdwly: Zknmbwpwp, ubwyh plpnipjut thnpp wulniuttph b wdnioh nt dwdjuduyph
Upoli thnpp othiwl gnpswljhgutph nlypmu wnwgugws 01, 3 b o3 - gljuwynp
Jupnidubph .

01 = Pz, 02 = 0y = 0,03 = —p, (1)
nnnip jupnidubph wowigph Ypu Ynuwuwynpdbe hbnlyuy YEpy.

(s 51 az
— . B
0

L
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UY. 1. Ynpquinfwl gnpéplpugh wpnkighwl y wnwbgphl mpnuwhugug huppnijeul Uk
I ilniph nnwppp hudwyunwupnal sunhlpny ni gpu Ypw wennn jupnidbbpny [7]
Oqutny pupwly hwnnyph dkpnnhg, pun 4. 1-h vpubkdwgh® Yz = 0, 22 -
1 §niuktw hEnlju) nkupp.

(p; +dp,)(x + dx)b + 2pdSbsina + 2fpdSbcosa — p,xb = 0: )

Cuwn 4ly. 1-h" Hp-ut dwlpudugph ubywdl dwuh pupdpnipymih b, z-p' inupph
htpwynpm pynilip x wowigphg, dS = dz/cosa-t dwdjwdwyph htwn nwpph huyyw-
Juyht gninm swhp, b dz = (dx/2)ctga:

(2) - h Abwhnpunipjut dudwbwl wnwewgnn dp,dx dkdnipjniup, npybku
tpypnpny upgh thnpp dbénipinit wnkubny (dp,dx = 0), jupnn kup (2) hwdw-
uwpnidp tEpuyugt) hbnbyw) YEpy.

p,dx + dp,x + 2pdztga + 2fpdz = 0: 3)
x thnthnfuwljwip tkplujugbting z-nd’
x = xq + 2ztga, (4)

U (3) hujwuwpnidp wunh&wbwpup Abuthnjubng junwbwip.
pdx + 2p(dx/2) + 2fp(dx/2)ctga = —dp,x,
dx(p, +p + fpctga) = —dp,x,
dx[p; + p(1 + fetga)] = —dp,x,
dp, _ dx.

- ®)

pz+p(1+fctga) - x
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Ulgpmid juunhpp inwskup hnsd wyniptph nhypnid b uvnwugyws (5) hwjuuw-
poudp niskpm hudwp ogu]bip Qntuntih Unnwpnudng uinuggus NN -hg [8]

0y — 03 = kay, (6)

nputn k -0 hwunwnmb k:

‘Lpkip, np (6) putiwdlip Swpunupughinwljub punhpubp (mstnt hwdwp uw-
ki Ehwdwpl) pughwipugdws MM, puth np gpuithg £ = 1 -h ghypnud uwnwg-
Unud k Sphulju — Uk-dEuwth NN -t, npbt wpmyniup £ Uhqiuph 0N -h dninwpldwt:

Zwpdh wntkny (1)-p’ junwbwip.

p =kop—ps 7)

npunkn 0,-u ymph hnuntinipjut vwhdwih b
Zwpyh wntkny (6)-p, (5) hwjwuwpnudp thpjuyugubup htnlbyju) nkupny.

dp, __dx
pyfctga—kop(l+fctga)  x°

Uunwugwé nhpbpkughw] hwjuwuwpnidp (niskint hwdwp htnbkgpbup wju
htwnlyu] hwonpnujutnipjudp.

J‘ dp, _ rdx
pzfctga—kop(1+fctga) - x

>

d[p;fctga—kop(1+fctga)] d_x
f pafctga—koy(1+fctga) fCtga'f P

In[p,fctga — ko, (1 + fctga)] = fctga - In(x) + InC,
In[p,fctga — kop(1 + fctga)] = In(x) 9 + InC,
In[p,fctga — kop(1 + fctga)] = In(xfct9% - C), (8)
npukn C-u hinkgpUwt hwuwnwnni b k:
Gunwpbny wywtwlnd' ¢ = fctga nr nwbnungpling (8)-h ke, Junnwiwp.
cp, —ka,(1+¢) = (x)°-C: )
‘Lunioh ubywdl dudjudwypnid §npquitdwt nhuypnid oqunkup hknlyuy bq-
puyhtt wuydwihg, Epp X = xg, p;, = 0 b (9)-hg npnokp € hunbgpdwt hwuwnw-
wnntup.

c = kas1+o) (10)

(x0)€
(10)-hg C — h wpdtipp wkqunptny (9)-h Uke Junwbwip mynquilyna hw-
unypeny tunioh wpwigph niynnipyudp dquwh jupdwh p,-h npnodwt puludlip
Jujugwsé x thnihnjuwjutth wpdtphg.
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cp, — koy(1 + ¢) = 2= - [—ka,(1 + 0)],

(x0)€ .

cp, = (—)C “[—ko,(1+ )] + kap(1 + ),

X0

X

D, = kabl—:c [1 — (—)C]: (11)

Xo
P, -h wpdbpp (11)-hg wknunpkny (6) yuunhimpub yupldwh dke’
Junwbwip tdnioh Jpu dwdjuduyph wqnnn tnpduwy p Lupdwt pubiwdlip.

p=tes(1-2[1- () w

Cc X0

Yuwnwnkp p,, p b 0y qjupnidubph hnljw) swthwqnipy tpwluyniditpp’

b, ="7/5,0=P/,5 =0 (13)
Zudwdwyt (13)-p, NN (6) pugniunid £ hnbyjw) mbupp.
p=k—pz (14)

Zhwnlwpwp, p,; b p swihwqnipy jupnidubpp Ynpnoytt.

ek @ k-] o

Ujuyhuny, unwguiip ninpuitynit hwnnypny tdniph Ynpquidwts dudw-
twl] wnwowgws LYY, swhwqnipl pununphsubpp, npnup Yhpwnkih o hyybu
guujugws ywunhl nidnpdugws yniph, wytytu b Enuudws yymptph nbuy-
pnid: Umipbph ppwlwi p, b p jupnudubph npnodwt hwdwp puduiut k niuk-
tw) npuig hnuntinipjut vwhdwbibph o, wpdbpubpp: GowluwJws Wynipkph
ntypnid 0z, - yujudws Yihuh ymph uqphuub swynnlkunipiniithg hbnbyuyg
puttwdling’

O = 0p(1 — v)PF05, (16)

npunkn 0 -p hhdtwlyniph hnuntimpjut vwhdwbb b, hul 7 —p' swinunybinigp-
jutt Epypnpn yupwdbnpp [9]:

BJuyhtt ophtwly: Cuymibkup x; = 20 /i, Hy = 30 /a/ (Y. 2), f = 0,05 b
0,3, a =14% =1u1,1, 05 = 370 U0w [10], Wynipp synthywd wnnupun 45: Bpp
z = Hy (x = xp), (4)-hg junwbwip

Xo = x1 + 2Hytga: (17)
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Ujdd, npytugh vnwbwtp LY pununphsutnh qpubhlubpp, jupudus z
thnthnjuwlwithg (11), (12) pubwdlbpp dbwnjubip oquftiny (4)-hg nt (17)-hg.

p, = k0'b¥ 1— (x1+22tga' )C], p = kO'b (1 _ % [1 _ (x1+22tga )CD: (18)

x1+2Hptga x1+2Hotga
Excel spugqpuyhtt dhpwjuypnid unwugué putwdlibpny juwnwpyb) Bu pyw-
1t hwpquplutp, fuqldl) & LY puqunphyttiph puphadwi gpuhjubpp (. 2):
z, Ud

0
-450 -400 -350 -300 -250 -200 -150 -100 -50 O 50 100 150 200 250 300 350 400

p Ullu @005 @f=03 B, Ullu
w)
z, Ud

-450 -400 -350 -300 -250 -200 -150 -100 -50 O 50 100 150 200 250 300 350 400
P Ullu ©/-005 @03 B, Ullu

¥

UY. 2. YUnpquiling b dhun/npny jupnudbbph gpuphiakpp nnuppkp hywlughl sthuwi
wugwbbkpnud 'f = 0,05 (1 §np) b f = 0,3 (2 4np), kppk =1 (w) bk = 1.1 (p)
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Ul. 2-hg Wjuwnkih £ np othdwb gnpswljgh wdhtt hwdwwywwnwujuwt Ynpqui-
unn qupdwt Ukdmpmniut wénud E, putth np Ynpquidut mpnmpjudp tdniph tyniph
sowpduwh nhuiwmpmpymip Ukswimd E: Quundnpnn jupnudikph ghypnd’ huppe nh-
Inpdughnt Jhdwlynid gpuip dwdjwduyph dntnpuwghtt hwnduénid pugniuncd
El wybh UkS wpdbtplbp, put huppe jupuswihtt Jhdwlnud, npp pugunpynud k
tdniph’ (uytnt pjuh mannpudp phnplug]tnt hwpwynpm pyudp:

Ujdd hupdupykup ynipnmd swlnunjtumput puojudubdnipmiup: Mnnuul-
it juytwljutt hunnypny hnsd b kbnwljuus twwywunpuunduspubph §npquii-
dwt gnpépupwugh yjuwunhl pidnpdugdub punipwugptpp muppkp uljqphufjue
suwjnunljkuntpinititinh nwypnid npnoynid kl, oqungblng OULNYES huyinth nhdnp-
dwghwtbph b jupnudubph juyh pubwdlihg.

3eq
E, =—"—F"
2 2(1-v9)3M0eq

[0, = (1 = 2vg") o], (19)

npunkn &, -p Ynpquitdut mynmpjudp nibnpuughwb E &4 U 0.4 1 nkdnpuughw-
tbph U jupmuubph hudwpdbpughliibpp, v -t knwlwpdws imph uyqpiwlwi sw-
ynunlkunmpnilp, o, -p’ Ynpquiniwi jupnidp, o, -t Uhohtt inpuwy jwpnidp, m -p
U n -p swinnlkimpjui yupudbnpkpp:

(19) hwjuwuwpnidhg qununid Gup phdnplwughwubph hwdwpdbpuyghip b
hwoyh wolikng (16) -p’ unwgymd k.

e = 2 A-v) "0 00se; _ 201-v0) MO0 g e,
eq — 3[oz—(1-2v") 0] = 3[o,—(1-2v")a0]

(20)

(20) -nn putwdling hwpduipljubp Junwpknig htnn ghpnplughwutnh hw-
dwpdtpuyhtth ndjuutpp nknunpnud Bup OLNYS Swljnunjkunipyut hwoquny-
dwt pwtwdlih k.

90" ToEeq ) (21)

(1-v9)3"0eq

v=1—(1—v0)exp<

(21) -ny hwpqupljutp juwnwpknig htnn juprmigyl) b swljnnykunipjut
pupfudwtt gqpubhlubpp hwppe jwpduswyhtt yhdwlh nhypnid, b npyku hwdbdw-
nwljut punmipwghp gnigunpyt] E twlb hwuppe nidnpiwughnt hdwuymd [1] swlnwn-
Jhunipjut puohudubniput Ynpp:

Owlnunljtunipjut puphudusnipnitiutnh (1. 3) hwdbkdwinwlwb Jbpnidnt-
pintt hpwwbwgubinig yupq nupdwy, np shwjwsd wybt hwihquuwpht, np hwppe
phdnplwughntt Jhdwlh phuypnid Wniph ulqphwlui 10% Swlinunlkunipniup
Uhtish dwdjwduyph pupdpnipiut Yhup wbih thopp wpdbpubp b pugniinod, hwppe
(upjusuyhtt Jhwlnmd swnnjtumpniup dwdjwuduwyph Epuyhtt hwnguénid
plpniimud & ~16% wpdtp, huly hwpp nEdnplughnt wwydwbibpnud ~21%:
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z, Ud

25
20
15

10

0 005 01 015 02 025 P

Uy, 3. Owlminlkbnippul puspnwdnippul Inpkpp hnpquibnfut dunfwbul  huppe
plpnplughnt ypdwl (1 §np), hupp jupubuyhl hdwl (2 jnp)

Bqpuljugnipini. dhpnwswjut dkpngny 1nsyby b nipnuinlpnit juybwlui
hwwnnypny tdnioh ubyuwdl dudjwdwpnud §npquudwt qnpspupwgh faunhpp
hwipp jupjuduyhtt Jhdwljnid b tmuppbp hyuwluyht othdwt yuwypdwbbbpnud: Zw-
Ubdwmnulut ntumdbwuhpnipintt b ppujwbwgyt] hwppe jupjuswght b nhbnp-
fughnt Yhsuljikph futmhpbiph pupdubthi dhéwlh pununphsilph dhol, hugdh
wntbny twb sthdw gnpéwlgh thnthnpudwt wgnbkgmpmniup: Ljwwnydt) k, np othdwt
gnpduljgh wéht hwdwywunuwuppwt jnpquinng jupdwt dbdnipmiit wdnd L,
pwlh np §npquidwt muynnipjudp tdniph Wniph supddwt phdwnpmipniup Uk-
swintd t: Quunjnpnn jupmudubph nhygpmd hwpp nphdnpuiwughnt Jh&wlnid, npuitp
dudjwdwnh dntnpujhtt hwmnjuwbdnid punmiind Eu wdbjh ks wpdbpubp, put
hwipp jupubsuwyghtt Jhdwlnud, npp puuguinpynid E idniph juytnipjut ninnnipyudp
nEdnpuugybint httwpwynpnipyudp:

Owlnunljtunipjut puohqudnipniiuttiph hwdbdwnwlwt JEpnisnipni
hpuljuwwgubnig wwpq nupdwy, np stwyws wyt hwiuqudwipht, np hwpe nEdnp-
dwghnt Jhdwlh nhwypnid yniph uyqpuuut 10% sSwlnnljbunipiniup dhtph dwd-
jwduyph pupdpnipjut Jhup wdbkih thopp wpdbpubp E pugniunud, hwppe jupduw-
Suyhtt Jhdwlnid swljnnljunipnip dwdjuduyph Epughtt hwndwénid punnt-
tnud 't ~16% wpdtp, hul hupp nipnplughnt wuydwbbkpnd ~21%:
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I'.JI. IETPOCSH, A.A. JABTSH, I'.P. KECOSIH

NCCIIEAJOBAHUE ITPOIECCA BOJTOYEHMUSA TPAMOYI'OJIBHBIX
OBPA31OB B INIOCKOM HAIIPA’ KEHHOM COCTOSAHUU ITPU
PA3JIMYHBIX YCJIOBUAX KOHTAKTHOI'O TPEHUSA

B nmiockoMm HanpspKeHHOM COCTOSHUHM aHAJTMTUYECKUM METOJIOM HCCIIeOBaHbI KOM-
MOHEHTHI HANIPSKEHHOTO COCTOSIHMS MPOLIecca BOJIOYEHUs 00pa3na MpsIMOYTOIbHOTO ceve-
HUS B KIIMHOBUIHOM MAaTpHUIIE NPH Pa3JIMUHBIX YCIOBUSIX KOHTAKTHOTO TpeHus. Mcrnomb3ys
METOJ TOHKHX CEYEHWH, MOIydeHb! (OPMYIIbl HANPSHKCHUH BOJOUCHUS U (OPMHUPYIOIINX
HaNpsDKeHUH HANPSDKEHHOTO COCTOSHUS, KOTOPhIE B Oe3pa3MepHOM BHJIE MPUMEHUMBI KakK
JUISL CIUIOIIHBIX, TAK M AJIS CIIEYEHHBIX MaTepraoB. C MOMOIIBIO YHCIEHHOTO pacyera Ipo-
BEJICH CPAaBHUTENBHBIN aHAIN3 3a/a4 IJIOCKOTO HANPSKEHHOTO COCTOSHUS U IIOCKOTO Jie-
(OpPMUPOBAHHOTO COCTOSTHHUS.

Kniouegvie cnosa: xIMHOBUIHAS MaTpUIla, 0Opasel MpSIMOYToJIbHOTO CEYEHHsI, BO-
JIOYEHHE, CTIEYEHHBIN MaTepHal, INIOCKOe HaNPsDKEHHOE COCTOSIHIE, KOHTAaKTHOE TPEHHE.

G.L. PETROSYAN, A.H. DAVTYAN, G.R. KESOYAN

INVESTIGATING THE DRAWING PROCESS OF RECTANGULAR
SAMPLES IN A FLAT STRESS STATE UNDER VARIOUS CONDITIONS
OF CONTACT FRICTION

In the flat stress state, the components of the stress state of the drawing process of a
rectangular cross-section sample in a wedge-shaped die under various conditions of contact
friction are analytically investigated. Using the method of thin sections, formulas of drawing
stresses and forming stresses of the stress state are obtained, which, in the dimensionless
form, are applicable for both solid and sintered materials. With the help of numerical calculation,
a comparative analysis of the problems of a flat stress state with a flat deformation state is
also carried out.

Keywords: wedge-shaped die, rectangular section sample, drawing, sintered material,
flat stress state, contact friction.
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dudwiwulhg dbnuwnipghugh b Wnipughunipjut wowetiughtt nipnnipnititphg
Ukyp dniuljghntiwy hwnlnipiniuutpny tnp ynnuuwnubph, hwdwdniJuspubtph b Yndyn-
qhwuyhtt ymphph unknénidu &, npntp ogunuugnpdynud ki npuiuynpuught inkjathjuynud,
wwnnuught Eukpghnpljuynid, nwquuljut wpynibwpbpnipmnionid b wynip:

Uowljdty k Zuywunnwih Zwipuybnnipniunid wpnwugpdny pkthmd ywpnibwlng
Unjhpplthnuwghtt pnwiymiplphg wdnthmuh ypebtwnh vnugdwt dudwbwljulhg nkju-
unnghw: Pugwhuwjngl) £ Fe203-NiO-CoO-MoOs opuhnuyjhtt hwdwlwupgnid pupwgnn
dtiphnugdwt gnpépupwugh dbjuwhqup b jhuknhlwb, nph wpgniupnid dowlyty k [Nii,
Cox](Fe1x,Mox)204 pupr opuhnh uhtiplquut nnkjutininghw, hiyybtu twh puguhwynygt) Eu uhti-
pEqud pwpn opuhnh b wdnuhnuh wyhpektwnhg (NH4ReOs) yyunpuunndws pnjuijuwin-
unipnh YEpujuwbqidw ykjuwthqudt nt Yhubnhlub: 8nyg £ wpdws, np nkuhnudp, (hubkng
own wijnnhy dbnwun b jmsykyny Fe-Ni-Co-Mo hudwjuipgnud, wnwgwginud k ujhtn nisniype-
b b pkuthnuih dhoubnunuljui dhugmpymbbbp pupdpugibing thnpbwnnuyunh wipni-
pintup, Jupdpnipiniup, hwpjubsughtt dwdnighinipnitp, shpdwljuynitnipiniup, Ynonghw-
Juyniunipnibp b vwnbwpklniinipiniip:

Zudwyhp thnpdwghnwljut hbnwgnuinnpiniuitbph wpyniipnud dpwlydl) b nkuhnudng
1Eghpyws pupdpudnip dwpunbktuuhwnughtt skpugnn thnpbuwnnuuwnitph uvnugdwt wnkuun-
1nghw, npp tkpwnnud E nkthmd wupniiwynn dnjhpptupiughtt pnwiynipiphg wdnuhnidh
whpnbbwnh vnwgdwl, vknwnuliwub opuhnubphg pupn opuhnubtph uptptquwb, pndu-
juwununipnh yuwunpuwundwb, Jipujuibqudut (nintgymd £ nkuhnidng kghpdws wnn-
wuwwnwthnont utnugdwdp), swynnlkt dwdjjuspubph dwdjdwl, tnujupdwl, tmwp wp-
nudnuui b ohpduyghtt dowljdwh gnpdpupwgubpp: 8nyg b vipdws, np unwugus thnobk-
wnnuuub hp $hqhjw-dkwuhjuljut b mknuninghujut hwnlnipnitttpny sh qhonid
unwbnupn ynnuuwnikpht, hul] npny nkypkpnid gkpuquignid Eu npuitg:

Unwigpuyhl punkp. nkithnud, winthmuh whpnkwwn, pupn opuhnughtt hwdwljupgh
uhlptq, pndwpiuntnipyg, Yykpujuiginud, wnnuunwthnoh, dwdjnud, Enwljunid, wwp wp-
nuunnud, thnobwnnuuwn, ppénid, dunud, skpugnid, dwbipwhwwnply junnigdwusp, hinbkp-
Ubnwunuiwi dugq:

Ukpwbmpynit: dudwwlwljhg wkuthjujh qupqugnudp yuhwignud k
$muljghntiw] hwnlnipynibiipny, hwnjuubu pupdp wdpnipyudp, Jupspnip-
judp, yiuunhynipjudp, hupjuswhtt dwénighnipjudp, skpdwljuwniuntpudp,
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hpwdpnipjudp, hpwjunitimpjudp, §npnghuljuyniinipjudp, vwntwpklniunipe-
jadp, pruguuwut okipdwunmhgdwtubpnid thjupnit pupuydwt tjundwdp Jugne-
unipjudp ynnuuwntkph, hwdwdnijuspubpp b Yndynqghwnwht yympbph unbn-
omd: Ujnpwhuh hbnwbupuwiht Wnipbphg Gt dwpnbuuhnwhtt $kpwugnn wnn-
wuwnlkpp, npnlp oqguugnpdymd ki nputuynpuuyghtt nkuthjuynid, wnnduyght
tutipgbnphljuynid, nwquujut wpyntbwpbpnipniinud b wynip [1-3]: Uknwnip-
ghujut wjwinuljut Enuwtwlikpny vnugdut dudwbul wju Wonyuwnbkpt
wnunnuynid ki wsuwsuny, opwsduny, ppusuny, wqnuiny, ssupny b pnudnpny,
nnh htnnbwpny mbnh E nitbunid hwnynipniuubph jupnty tugnid, dhwdw-
dwluly pmpbqugdut gnpsplpugnid dnyduspnd wpwewinid E skpununnp uw-
nnigywép, npnup hwtnhuwbinid ki wju ynnuuwnbbkph juyb mupwsnid squnubknt
hhdtwwt yquwndwntbpp: Lodus phpnipniutbpp Yepugttnt b dwpnkuuhnw-
1ht Skpuignn wnnuuwwnht yuwhwbeynn hwnlnipmnibubp munt tyuwnwlny byw-
nuljuhwpdup k wyl {kghpk] pkthnudny, hull ynnuyuwnp vnwbug hnpbdknwnip-
ghwljwi kquiwlutpny npybu Guinp oquugnpstiny (kghyws dknwnuihn-
ohutip [4-6]: NPhuhnidp wnnuuwnibphtt mwhu k pupdp wdpnipinil, dwpwljuynt-
mppnih, ohpuwluyninipmi b vwnbupklnmbmpmt’ phguyibng ppubg Yh-
pundwb spowtiwljutipp: Uju nbuwlbinhg dwpunbiuhinught skpugnn ynnuun-
utph 1kghpnudp nktuhnudng b vnwugnidp hnpbdbnwnipghwljut tpwbwlubpny
huhuwn wpnhwlwt B b hEpwbljupuyghi:

unph npduspp b kpnphljuyh hhdtwynpoidp: Upjuwnwtph bywinwl £
Uowljli] Zuywunwtth Zwbpuybnnipmniinid wpnwgpynn Unjhppbthnughtt jonw-
uniplknhg wdnthndh whppktwnh vnugdwi, Fex03-NiO-CoO-MoOs dbwnwnu-
Yut opuhnlitphg puipy opuhnukph uhtiptquwl, npuiighg yuwnpuungws podw-
huununipph JEpuljubqudwdp IIC-H18K10M5Re dwljihoh nkuhnidny (kghpqusd
wnnuuunuthnont unwgdul, swinnjkt dudjjuspubph dwdjdwl, tnujudwul,
wnup wpudndui nt obpduwyhtt Upujdwt inkjuininghwkp:

ZEnwgnuumpjut dkpnghljut hhdtwdnplint tyuwnwlng nintdiwuhpyty B
dwpunbkiuhunuyght skpugnn wnnuuunutph (kghpny wwppbpp, Epljuph htin gpubig
Jhdwljh nhwgpudiubpp b wqpbgnipmniip ynquuwnh hwnlnmpniutph Jpu [6],
htyytu twl dnydwdp b thnpbdbnwnipghwuljut tnwbwlutpnyg wju ynnuun-
ukiph vnwgdw nkjuinnghuljwt wrwtdtwhwnlnipmniuubpp: Upynitpnid hhd-
twynpyt) | dwpnbiupnught skpugnn ynnuuwnbbph vnwugdwt thnpbdbwnwnip-
ghuljut Enubuwlp, npp htwpwynpnipnit £ vnwjhu ynnuuwnp jpugnighs 1kgh-
nkp rEuhnudnyg b vnwbwy phun dwipwhwn nt pupdp hghjudbpwthjulyut
hwwnlnipniuutpny odujwé qipdogphn phthwjut pununpnipjudp nt dupnpnt-
prudp thnobynnuuunbkp, hwmnjuybu wshuwsth tjuqugnyt Wupnitbwlnipudp
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[7]: Nuunmudbwuhpyl] b pkuhnudh dhwgmpniitbpp (Eghpnn wtwppkph hban,
npuig Jurnigusdpp, dhqhjw-dblumthjulwl, phuhwljwb b mEutninghuljub
hwwnlnipniuubpp:

Zhnwgnuinipjul hwdwp nkinkjundulijut hhdp o hwighuwgl] hpuww-
nuldws yuonntwljut nbnkjunniubpp b mknkjugpbpp, hisybu twb nkath-
julwb ywuppbpwuuitpp, yunbkiunubtpp, ¥N0US-Epp b wyjic Pnpbynnuyunh
unwugudwt hwdwp npuku hblnwgnuinmpjut dbpnn punpydly) L hnpbdbnwnipghw-
Jwl bubwyp, Jupnigjuspuwjhtt hbnwgqnunmpiniubph hudwp dkinunugpu-
Jub, nkunghtwdwquyhtt b obpdwdwiipusuhwlwi hbnwgnundwt dbpngubpp,
hulj hwnympmabkph nuuntdbwuhpdwd hwdwp dkpwbhjulub thopdwpluub
Ubkpnnubkpp:

Zhnwgnuum pjut wipgnipbikpp: Cunpdt) b hhdwygnpgty ko hbnwgnunne-
pmiliikph hwdwp wihpuwdton Euiynipkpp Fe:0s, NiO, CoO, MoOs, NH4Cl
NH4ReO4, niuntdiwmuhpyty Lk npug punipwgqnptpp: 8nyg k wipyky, np dnjhpnkuh-
tnuyhl jpnuiyniph opuhnugnighy pnydwt dudwtiwly, npp Junwpyby k 560...6200C
ohpdwunhdwtiughtt nhpnypnud, unwiynipnid wnju nkthnudt wnwewgunud k
Re207, ReOs, ReO: Uhwgnipyniliikp, npnip slnphphy gnpnpont pupap gusdwb’ hb-
nugynid ki ququyhtt hnupny b Jwmudbng pug thnokljjuths hwdwljunpgh dhon-
gny nt dpwlpfkny ssUpwppuyhll [nisnypitpn] nuptnid ki pkihnuh uinwg-
dwl wypnip:

Ul 1-mud phpywd ku dnjhpybhnh opuhqugdwl Yhitknhjulwl Ynpkpp
Juwpjws obpdmunhdwihg b dwdwbwlhg, hwdwdwyt nph nkwljghwbph wpw-
gnipiniutbpp own UkS B winwghtt 10 pnykubkph pupwgpnid, nphg hkwnn gnpépu-
pugp npuununnd £ b jumbwind: Uhwdwdwbwl, npput pupdp L obpdwu-
nhdwp, wyipwi Uk Eu nbuljghwubph wpwgnipniuubpp:

620 600 580 570 560
100 e
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60
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Nbwlghuyh phpwgdwb wumhGub

: : : . : . ' ! ‘
0o 5 10 15 20 25 30 35 40 45
dwdwuwlwhwwnwsd, pnwyb

UY. 1. Umphppbipunughl prnwiyniph opupqugnighs pnyuwi gnpépljewgn 560...620°C
okplwumnpdwind
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NEuhnidh opuhnubph unipihpdwgdwt wmunhdwup jupuws t pnddwt gnps-

nupwugh wuydwbubphg b hnwdph pununpnipniihg: Gek hnwdph dke Jujghnidh
wunpnibwlnipniip pupdp E wyw juighnudh yippbtwnh wnwgwgnidp hwb-

\

gligunid E nkuhnudh unipthdwghugh tquqiut hknlbju) nkulghwmy
CaCOs+ Re207 = Ca(ReO4)2+CO2:

Onh wipwjupwpnipjutt yuwndwnny httwpwynp £ gusp opuhnubph wow-
owgmu htnljuy nkwlghuyny

2Re207+ MoS2 = 4ReO2+ MoOz2+ 2S0z:

Zudbdwnwpwp pupdp E unip hdwghwt bpwgnn okpunny qupowpwbbpnd,
npnbkn wjt hwutumd & 92...96%-h, husp puguwinpynd  towgnn obkpunid phs b
gudn opuhnutp wnwewtiwynt hwjutwjuinipjudp: Udktwpwpdp unipthdwughwi
gpuigynid £ pnddwt gnpdpupwgh Yipenud, pp wpnkt hinwgyt & 8suph hhduw-
Gl dwup: Uy plipugnid whnp Ewyuhnb) onh wn]bjgnjuyht putwly ssupw-
jht quqbtph htwn dEjunby gnjugnn nkuhnidwihtt Jhugnipniuibpp ququypht hug
ubnuithnjubint hwdwp, b hwpudnpnipit unbnst] gnpépupugp Juwnwpbin
wykih gusp ghpuwunhgwbikpnud 450...500°C (thuhnudh nhuny$hnh (ReSz) op-
uhnugdw dudwbwl unwgynn Yepptmljut wpquuhputpp Re207, ReOs, ReO:
dhwgnipniuubkpt B

NEuhnidh wuhhnyphnt odnuwé k nidbn hhppnuljnunipjudp b juy thnohw-
tnud E onnud, oph htwn dhwiuyn] wnwewgimd E nkthnidwlub ppnt.

Re207 + H20 = 2HReOu4:

Qpushup Ykpwlwiqunud E nkuhnudh opuhnp dhtish dbnnwnuljwb nkuhnidp
unwgniup 450...500°C oipdwunhgdwtibpnid: Gnpstwljubinid nkuthnud vnwbwny
hwdwp junwupymd k nkuthnudh wnbph (wdnthnidh b jujhnudh yippbuwnttp)
YEpuljwigimu gpudting 500°C-hg pupap ekptwunh&wbibpnid’

2KReOs4 + 7H2 = 2Re + 2KOH + 6H20,
2NH4ReOs + 7H2 = 2Re + 2NHs + 8H20:

Yujhmuph whprkuwwnhg nkuhnudp dwpnip sh unwugynud, npnghbnb wjh
ndjupnipjudp E dwppynud: Udntuhnidh yhppkiwnhg uvnwugynid E hwdbdwunw-
pup wybih dwpnmip nkuhnud, npnid dumd Bu Jhuygn wyp tmwupptph htwnpbkp b phs
puwtwlmpjudp Juwuwljup pununtjutp: busybu dhwgus ndupuhu) dknwn-
utiph nhwpnud, wjtytu £ pkuhnuth thnphtibiphg wdwlnunbi b jphin junnigduws-
pny dknwn Jupkh Eunwbw hnpbdbnwnipghugh Equiwlyng:
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NEuhnidh winbphg wpwyl] juynit Bb whppkbwwnbbpp, npnp unwugynid
kb nkuhmuuph penibph skqnpugdwl pinphhy hwdwywinwujuwb opuhnitpnd,
hhnpnopupnibpny, Juppntuntibpny: Udntuhnudh whpnkiwwnp (NHsReOs) uinwug-
Ynud k nkuhnidh pentt wdnthulny skqnpuguting: Unp huwdwwywinwujupubwpup
1wy knwsynid opnmid b dwiip pnipknutph ding tunnnid £ hwwnwlht: Smpugdwt
nypnud wintthnudh whpekiuwnp, 365°Chg uluws, nuppupudwingmu kb ghnnud
wnugwgkyny vl gnylh tundwsp pkuhnudh withhnphn ReO2: Unbph Jhpuljwig-
tnudp opwisting hwbigkgnud Edwpnip dkinunh nkithnuh uinuguwip:

QEpdwswiipuswthuljut JEpnusnipjudp puguthuyungby Eu Fex0s-NiO-CoO-MoOs
opuhnuihtt hwdwlwpgnud pipwgnn pEphrnugdw nkwlghwubkpp, dkjpwthqup b
Yhubnhywil, hudwdwg npnbg $hphinuglwl gnpéppugh pipwinid b thnkpng
[8]: Uygpnid witinh E mubkunid opuhnubph pinpugnid, nphtt hwenprymid tu swjw-
luyht b EpYpnpnughtt nkwlghwbpp: 8nyg b wnpyby, np opuhnuyhtt hwdwlwpgh
uhliptqp NH«Cl-h wnjuympjudp hppujubwunid t pun hbnkpngk nbuljghwubph
Ukpiwtihqup htisubu ququupht, wytubu k) whing $ugnid, npntlg mpquiuhpikph B
MeFe204, MeO-Fe2(MoO4)s pujhiijh 1t NiFe204-CoMoO4 wjhiy (nisnyputph wmhuh
pupn opuhnubipp: Fe203-NiO-CoO-MoOs huidwljupgnid Ynpujnp Eupopuhnp (CoO)
Uhwimu t MoOs-h htn' wnwugughitym] CoMoOsUhwgm pyniip, uputng huly junsph-
nnunkyny MoOs: FexOs-h umpjhuiwghwt’ gnpstwljwinid sthnjuuqyin] MoOs htn:
Opuhnubph wugnudp opuhnupinphgh pupdpugunid | upwubg nulghnt ntwynt-
pmilp, nph hkn juydws ns vhuyt whnhquimd ki phunwglut gnpéplipug-
ubpp, wy] twb htwpuwynp £ quniunud uhtpbql) huswbu ppduyht, wjbybu ) hhd-
twght opuhnlitp wpmyniipmu unwbugny [NiCox](FerxMox)2Os puipry opuhnyp: ®@np-
dwpwpuwlwb tnuuwyny ptnpyt) b hhpdtwynpdb) B $iphnnwgdwt gnpdplipugh
oupnhuw) nkdhulikpp’ Tp=1100450°C, 73=3,5...4,0 &

18%Ni+10%Co+5%Mo+0,7%Re+Few punuppnipjudp dwpunbiuhnwhtt k-
nugnn wnnuuunuthnoh unwtwnt tyunwyny okpdwgnpuidhswthuljuts uwpph Yh-
nundwdp Jepulutquyty E 99%[NiixCox](FerxMox)204+1%NHsReOs puununpnipjudp
pnjwpuwnunipgp, npp wuwpwuwnyl] £ 1,5..2,0  mingnipjudp dbfjuwthjulw
huntdwt tpwitwlny: dbpujuiqudwt wunhwih (A) jupubdnipmniup wyuh-
dwt ininnnipjnithg gnyg E npdws uly. 2-nud:
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Uly. 2. 99% [NiixCox/(FerxMox)204 +1% NHReO« prununpnipjudp pnyjwpnuninipnh
Ybpuhwiqiul wunpdwiah (A) jufujwdnipiniip wwhdwl nbnnnipiniihg (t, pnwyk)”
1-850°C, 2 - 65(°C

Pusybtu tplind | tuphg, Yhubnhy Ynpp Eapuplynud k Jhpujuibgudwut
huplwljuinuhquyhtt gnpéplipughti. uyqphg tuunymu E quiiqdush wpuq Ynpnuun
sujunynn hunnighnt wuppbpnipjudp: Uhtplqus [NiixCox](Fe1xMox)204 pupn
opuhnh YEpwljuwiqunudp juwnwpynid Ukl thnyny® wnwg inpnhdwi [9]: Ghtk-
wmhl Ynpkpp Jpw skt tjundly] phuhwljut thnpowlbpynipmniaubphtt wnbsynny
EpEYuntn: Uwljuyt qung pungdynid ki ninnugduyht b wupwpnjuyhtt nhpnijpe-
ubipp: Uw Jyuynud E wyt dwuhl, np gnpdpupwugp ujqponud pupwinid E hubnhy
nkdhuny, hulj htwin® nhdniqghni: LY. 2-hg Eplinwd k, np 850°C obpduunhwunid b
1 ¢ mlnnnipjub pupwgpnid (1 §np) nbnh £ niubkunud 1phy Epujuibqunud:

by Jtpwptpnid £ opuhnuyht hwdwjupgtph JEpujuibqidwt dkjawtthquht
o1 fhuknhuyhl, wyw gputp pudulwitht pupn &b, npp Jupbih £ pugunpby
htwnlyuy YEpuw: Me*Fe2040puhnh ybpuljuigidwt gnpépipugnid wnwewbnid Eu
thnthnjuwlub pununpnipjudp $ugbp, pin npoid” Fe? ninaly | wdpnnem pyudp ud
dwubiwlh thnpuwphtbnt Me?-hi: Unwghtt Unnnwynpnipjudp Me'cMe'" 1o -Fe3204
puipn opuhnp hwdwpdtp L hwdwhp vhugmpiniuibpny (Me'Fe2Os)c -(Me''Fe204)1-c
whuy nusnyphi: Ybkpujubqudut pipugpnid nputp wpwewgunid tu thnthnpuw-
Jut pununpnipudp whin jményph nhwh tipwopuhnubp ud puhtbjwiht -
qbp, htsughuhp &

(Me'O)gi.(Me"O)gz.(FeO)1-gi-go,
(Me'FeOs)c1.(Me"FeaOs)ea.(FezOa)1-c1-ca:

8nyg k nipydty, np Jepuljubquus whuy nusnyph punugpmpmniip juu]ws

E Me' U Me" pununpmipjniihg: Me'-Me'"1-oFe2?*Os (ud MeMe*@xFexOs) opuhnh

Jhpujutgiuwb dkjuwthqup Yupth | ubpuyugit) htnlyuy Yepy: Uhtsh 4 =33%

Jhpujuiqudwi wunh&wup nbnh £ ntibinud oyhukjuyhtt $wughg Me?*-h mpug
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wlgnid kupopuhnh: Uhwdwdwtwly, Fe3-p dipuljwbquynid £ dhtish Fe?s, nph ks
dwup thnpowphgnud E oyhubjughtt $uqhg hbknwgyué Me?*-ni, hulj Fe*-h wybi-
gniljp tnytybu waghnid t Eupopuhnujht dwq: Upmyniupnid MeFe2O4 putiwiljnip-
iup oy hukjwyhtt dugnid hnppwinid b: Unwgwtinid E oujhubjwyhtt (nidnyyph tinp
ynuwynutin FesOs, nph Ynbgkinnpughwi 4 =20% ptwpnid hwutnd E ~70%:
Gupopuhnuyht $wuqh wnpunwinid k FeO-h tuquwub htintwbpny: A >33 % nty-
pnid wnlu b dhwyt thnhnwluwb pununpnipjudp dwq' Bupopuhnuyhtt whun
nwdnyp, npp YEkpuuiqudwut pipugpnid wdpnponipjudp wnpunwiund k
ppYwsth uquwi hknlwipn] dhish dwupmp dknwn, wjuhiph wpwewbnid
Ubnunuijut hwdwénijubp:

dhpuljuiqudwt nkdhdubph (T, 7) oyyunhdwugdwt tyunulng Juwnwnp-
b1 Edhtish 1 g quiugudny tdnipubinh Jhpujuigunid, npuntin okpunh hwuwnnipe-
iup Juquly E~25 4if Onpdiph wpyniupubpp phpdws i vy, 3-nud, hwdwdwyu
nph T = 950°C i 7= 3 ¢ mlinnnipjul pipugpmd (2-pn Ynp) nknh & mbkbnud jphy
JEpuljuuqunid (100 %), dhusnbkn 850°C obpdwuwnhdwupn pudupup sk, b Jhpuljuig-
unudp Juwnwpyby £ 80%-ny:

Zhwnwgnuyky k IIC-H18K10M5Re dwljuhoh dwipinbuupunught Skpwugnn wn-
yuwnuthnont dwdinttwynipniup: Upyniupmd ptinnpdby | uwep dudjdwt oyginh-
Uwr) §upnidp Pw=400...500 U, nph nhwpnid swnnlkimpniup hetnid t uhlsh

0=18...20%:

0,6

0.4

0 1.5 A T, pnuyh

Uly. 3. 99% [NiixCox/(FerxMox)204+1%NHRe Ot prununpnipjuadp pnyjuwpinuninipnh Epuw-
Jubgbuwml Gpalnplhui’ 1-850°C, 2-95°C

Zupdh wntbny, np wpwewpljus nkutnnghuyny uinwugjus IMIC-H18K10MSRe
dwljuthoh ynnuuwwnwthnohtt nith hwdwube junnigdusp, ntunh knwluwdwt hw-
dwp sk ywhwioynid Epjup dudwbwy b pupdp obpdwunhfuinbp (Tee): Lutih
np Enwupdwdp htwpwynp sk vnwbu] wuswunnbt junnigdusp, npp wup-

wnunhp £ dwpnbuuhnught skpugnn wnnuuwnttph nhuypnid, tnwljuynidhg hkwnn
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Juwnwpyby Enwp wpnudnnid [10]: Npujbu bnuuydw oyyinhdwy ndhdubp punp-
b ' Ty,=1100...1150°C, 1y, =1,5...2,0 ¢ Numdbwuhpyl] £ vnwp wpunudndub
gnpéptipugp, nph phuypnud dwdjjwspubph twptwjubt  sSwlinwnlkunipniup
(15...35%) gqnpsuwfuunid sh wqnpk] nwp wpnudndus tdniputph Jhpotwljui
hunnipjut ypu: Ujn hul] yuwndwnny wnwewplynn wnkjuuninghujh nhupnid sh
wuwhwgynid pupdp pinnipjudp dudjuspubph unnwgnud:

Zknwuqu hbnwgnunipniiubph tyuwnwlp Enk) B onwp wpnudndub dw-
dwbwl tnwuydws thnpbynnuunh junnigjuspugnyugdu ophtiwswthnipni-
utiph pugwhwypnnudp: Upnwdndwi gnpsdpipwgh Jpu wqnnn hhdtwljut gnpénti-
ubpt o wpnuwdndut obptwunphdwip (Tupw, ?C), nnwpugdwtt nmbnnnipmniup
(Tupn, k), mpuudnuut gnpswiljhgn (4), uyqpriujut swynnytunipmitp (Bue, %)
b dwdjwdwyph Ynbujub wuljjut dbdnipmiup (av, wuw): Lodus yqupudbnptph
oyynhdwjugnut hpwjwbwgyk] t thnpdh yubwynpdwt dbpnpubpny: Npuybu
Epuyhtt yuwpwdbwnp Jipgyt) Enwup wpunudnjus hnobuyynnuuunp duugnpnught
Swljnnibunipmiup (6 vwwg): Swp wpunwdnuut oyunhdw) nhdhdubpt plhwnpknt
tyuwunulng junwpdl) b thnpdwiidniptbph wwwp wpuwdnnud 950°Cthg dhish
1250°C gkpuwuwnhgwlughlt hpnypenid’ 50°C pupny: Npuybu thnpdwiiniy Ykpg-
Jb ku @30 o/ mnpudwgény b h=50 i/ pupdpnipjudp Sulninljkt gputuljut tlniy-
ubip, npnig twptwlw Swinunitinipmniup punpdl) b Guwe=25 %: Swpugdwi otipd-
wunhgwbind ywhdwi nbngmpeniip Jipgyty k0,5 ¢ wpunudndwb qgnpsuljhgp
A=5, dujpulh Yntwljul wiljub phpnipmiip ae=55 ®npdkph wpyniuplkpp
pEpJws b uly. 4-nud (1-ht Ynp):

Upwnunindwl plipdwnh Guilm§ wpehdwb wlnnnpym bp* Tupun + PO

0 20 20 60 B0 100 120

Uiagnprywghts dwilymnljlbim pym b’ 0, %
* w

.\' '——0-4:
950 1000 w-m Iw-m 1150 i:;]ll LZ“U
Suip wpnwidnduib phpdusnhGubp, *C
Ul 4. Swip wpununlpyus hwpnuguinpuungudplbph dinugnpnuyghl Swlinmn§binyenui
Jupnwdnipin: bip wpnundydwl okplwunpdwihg (1 §np) 0 vyg= 25%, Twpn=30 pnwk, 1=5,
au=55 i wpnundpiwl obpifwunnpdwbnid wwhdwh nlngnipmihg (2 hnp)’
Tupu=115PC, 0 uyq= 25%, =5, a= 55°
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busybu Eplnud £ tuphg, nwp wpunudndub obpdwunmhfwh pupdpug-
dwdp nbnh E niubumd dbwgnpnuyhtt SwjninjEunipjut thnppugnid, npp 1150°C-
nud sh ghpuquiugnid 0,3 %-p: Ujunthknl gkpdwunhgwh hbnmwuqu pupdpugnidp
gnpstwjuinid dtwgnpruyhtt swjninjkunipjut ypu wqpkgnipinit sh ponunid.
wgt dund £ hwunwnni: Swp wpnudndut obkpdwunhfutinid yuhdwb nbn-
nnipjul wqpkgnipniup dbwgnppuyht Swljnnkuntpjut Jpu puwn thnpn k (uly. 4,
2-pn Ynp): Pusybu gnyg b mmwhu thopdbpp, 30 powé quhdwb nbnnnipjut nhy-
pnid duwgnpnuyhtt Swijninjunipiniup sh qgipuquugnid 0,3%: Ujp £ wuunlbpp
dbwgnpnuyht Swnunjtumpjut hnthnjunipjut b nup wpnudndu gnpswljgh
Juwpdwénipjut nhwypnid (uly. 5): Puswbu Epnwd E thopdbph wpmgyniupubphg,
nuwp wpnuwdndut gnpswljgh dkdwugdwdp wtnh E niubund dbwugnpyughtt w-
nunjtumpjut Yupniy thnppugnid U Tupe=11509C 9kpdwuwnhgwbnid, tpp A=5,
huly a« =55° dtwgnppuyhtt Swnunykinipiniip uinugymd k 0« < 0,3%: Gjukny
Juwwwpyud thnpdbph wpynibpbphg npuybu nup wpwndndub owinhdwy gnp-
dwlhg Ytpgyt £ 1 =5:

zhinwuqu hbnnwgnuinnipiniiibiph pipugpnid ntuntdtwuhpyty | dbugnpyw-
jht sulnunjkunipyut Jupidusnipmniip dwdjdusph uljqpuiulju Swljnnljtunip-
niihg Guye, b dwdjuduyph Yntwub wiljjoh dksmpniuhg ar, witnihnju pon-
thkny nup wpnudniui gkplwunhdwip Tupw=1150°C, wpnudniwi gkpuiwu-
nhdwbinud yuwhdwb nlngnipmip Tuw=30 powk L wpnudniui qnpsulhgp
A=5: Ujuhtiptt tnwp wpinudnnudp Junwpyby E pinpws oypunnhduy nkdhuubpny:

6

ad

(]

Utnugnprunht dwlpninlitinginil’ O, %e

)

0 2 4 6 8

Upununiniwh gnpdwljhg. &

Ul. 5. Sup wpunundyyws hwpnuguninpuunywdphbph dinugnppuyghl Swinminlkinipuual
Juwpnjwbnientp wpunwdpndwl gnpéwlighg. Tupn=1150°C, 6 uyq=25%, Tupn=30 pnu &, a =55’
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ZEnmwgnuinipnibubph wpyniipmd wupqyty b np nup wpnudndwb dw-
dwbwl dwdjJusdph uljqpmljut swjnnlkunipmniup gnpstwjuinid sh wmqnnud
dbwgnpnuyptt Swiinnjunmipjub Jpw, hyp puguunpynd £ mmwup wpunwdndub
wnwidtwhwwnlnipmittbpny, wjuhtiptt Lupdwt mul] swljnnljkt Jwupdhip Ynt-
nbjibpnud enwtnid £ dhbish wiswlnunlkt Jh&wlyp, htnn ujumd E hnuby his-
wtiu hné dwpdhuubpp: Py Jhpupkpnud £ jntwljut wiljjut dkdnipjuip, wyw ipw
wqplignipniup dbwgnppuhtt Swljnnijbunipjut Jpu tnyuybu thnpp b Mughpt
wyl L, np wpnudpdut dudwtwly wknh L ntbbund jntwljut wiljjut jupqu-
Ynpnud wpnudnynn yknwnh hwyyht: Upyniupnid wibkinh Eu ntbbunud wljjub
thnthnjunipnit b wpnwdndwi fupdwt thnppugnid:

ZEnmwgnunipnibubph wpyniupnid pugwhwyngt) b, np wdbkbwdbs wqnk-
gnipiniip dbwgnpnught Swiinnjinipjut ypu pnnumd Eu wpnwdndwi obp-
dwunhlwtin (Twpn) b wpnwdniw gnpswljhgp (1), wyinithtnb hwenpnnid tu
wpnudniub okpdwunhfuinid yuhdwt wnbnnnipmitp (7 ww), wpwwun-
puunyjusph uqphwub sSwynnlbunipmitn (6 we) b dudjwdwph Yntwujub
wulniup (av): Gnpdupdut ndjuutph hpnidnipjut hhdwt Jpu phnpdl B
nwp wpnwdnUuh hbnbju] gupudbnptpp 5 <A< 6, Tuw = 1150425 °C,
Tupn= 0,5..1,0 dwrtf, Guyq = 20...25 %, ay= 90...120° npnup oyyunnhudu) L b wmyyuhnynud
bt whdwlnnltt jurnigquspny thnpbwynnuyuwnikph uvnwgnidp nt pupdp dkow-
uhjuwlwl hwnlnipmniatbpp:

Ujtunithtnl nwp wpunudndut oywnhdw) nkdhdubpny unwugdus thnpdw-
uunioubipn ppéyty L 820+20°C otipdwumnhgdwnid, nphg htinn Eupwuplyt) Jjudw
b wphbunwljut skpugdwt [10]: Puyybu tplmd E uly. 6-hg, ppdénidhg hkwnn Fe,
Ni, Co, Mo i Re mupptph puphujubdnipiniip thnpbunnuuwnh junrniguspnid hw-
dwukbn k, wjuhtiptt hnungktiwugnidtt wdupungus t: Uyt wmyywhnymud £ pupdpudnip
wniplnh pwhwgnpddw hntuwhnipniup, npnug pydht Bt gunjuinud dwpnki-
uhiuhl Skpugnn wnnuunbbpp, wyn pynd’ hnpbwynnuunibpp:

Ul. 6. IIC-HI8K10M5Re hnpbwynnuunnnid nuynbkinnbbph puspufuénipiniiip
ppdénilpg hkwun. w —Fe, p—Ni, ¢ — Co, n — Mo, &k — Re
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Owyunhdwy nkdhdubpny nwp wpnudnguws, ppéyws, djujws b skpugus
I1C-H18K10M5Re dwljthoh thnobwynnuuwnh dhypnljunnigyuspubtpp gnyg bu nipdws
hwdwywwnwupwbwpwp Y. 7 w, p, ¢, p-nd: Swp wpunwdnnidhg hkwnn Junnig-
Juwépp vhwhwq b a- whin msnygp (W) 7w) b pdnpluglus wpnwdndul
wnwugph Epjupnipjudp: Upnudndwt gnpswljgh dkdwugdwb nbhuypnid hunhly-
ubkpp Jupnn bu (hubk] wbh Eplup: Bpénidhg htnn wyt pupdju) dhwdwgq k (ul.
7p) b wuthwdbdwwn dwipwhwn: bPuyybu tpnmd | tjuphg, ppddwi pupwugpnid
wntinh E nmubkgl) Jkpupmpbinugnid, vwjuytt yuhywidty L dwbipuhwnhly junnig-
Judpp: Uwpunkuuhwnp, npp unugyty b dudwt dudwbwy (0. 7g), sniih npnpwyh
Juoenigdusp b bdwb E wijuenigdusp dwpnbiuhnh: Okpugnudhg htnn (0. 7y),
dwuthlubkpp Ynhtpkun juudws Bu dugpulh htin, hul tputg suhbpn (10...100 #4d)
huwdwyuwnwupjpmtnd Eu wyt dwuthljubkph Yphnphjuut swihbpht, npnup wyw-
hnynd &t ghuybpu wdpugnid: Uhedbnwnuijwb duqtptt wpwwnynid Eu ny
dhwytt hwinpljh vwhdwbttpnud, wyjh hwinhlh swdunud:

B
R S

Uly. 7. IIC-18K10M5Re dwljihoh twupminkhupinughl Skpugnng hnobynnuyuinp
Upgpnlunnigywdpp nwp wpunnuwdynidhg (4. 7w, x250), ppénidpg (4. 7p, x250),
Ufunulphg (4. 7q, x600) b Skpugnidhg hkwnn (&f. 7n, x2500)

Zudwhp hbnwgnumpiniuubph wpyniupnid punpgt) b hhdbwdnpyly) o
Uhudwl b Skpugdwt nkdhdubpp Te=820...850°C, tu-p Jujws t wpnunpunk-
uwlh swthbphg. nipupwbsnip 1 7/ mpudwgsh jud hwuwnnipjut hwdwp tpuy-
Nwynpdmd t 1,5 pogk wuwhdwi nbnngmpintt, Tep=480...520°C, tsip= 2...4 dunl
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Jujuus wpununpunbuwlh swithbphg: 8nyg k wipyty, np nkuhnudp, (hukny own
wljinhy dbknwn b nusybny Fe-Ni-Co-Mo hwdwljupgnid, wnwewmgunid k whty
nisnyplkp b nkihnuih dhodbnwnuljut vhugnipmibubp pupdpugibing thnok-
wnnuuwunh wdpnipniup, jupdpnipmniip, hupjuswhtt dwsnighlnipniup, obpdw-
Juyniunipyniip, Ynnnqhwluwyniunipmniup b vwnbwpbkiniimpniip: Unwugdus
IIC-H18K10M5Re dwljuhoh dwpubkiuuhwnughtt tpugnn thnobynnuuwnh pupdp
Ukwlhjulub hwnlnipmubbpp 602=2180...2240 UUL/4P, 66=2480...2550 UUL/AP,
HRC=55...58, §=10...12%, ¥ =51...57 %, KC=86...92 L/u’, wuydwbwnpjus tu ny
dhuytt upw pupdp phthwlut dwppnipjudp b junnigduspughtt hnunghuntpyudp,
wy] bwl wpnuwdndw gnpdpupwgny, Epp wbinh ki niibunid hwnhlubph dwipuw-
gnud b wdpnne swjwny hwjuwuwpwswth pupjunid:

Guunupyuwé hwdwihp hbnwgnumpiniaubph wpyniupnd dpwljgty E dwp-
nkluhnuyht skpugnn ynnuuwnwihngnig wpnunpuntuwlubph vnwugdwt nkh-
unnghw, npp tkpwenid | dwdjuspubph dwdjdwt, tpwjudwl, tmup wpnw-
Unuut b gkpduyghtt Upwljdwt gnpépupugubipn: 8nyg k wipyty, np unugdws thnok-
wnnuuunb php hqhijw-dkpwthjuljuit b mkutunnghuljui hwnlnipmniitbpny
sh qhonud unnwbimupun ynnuuwnbphi, huly npny nhyptpnud ghpuqutgmy k ppuitg:

Bqpuljugnipjni: Ywnwpywsd nkuwfut b thnpdwpupuljut hknwgnunnt-
piuttnh wpyniupnud dpwljdly k nkuhnudng (kghpdws pupdpwdnip dwpnkiuh-
wnuwyhtt stpugnn thnpbwynnuuwnikph vnwgdwt wkunnghw, npp tkpunnid k
Zuyuutnwth Zwipuybnmpeniimy pkuthnd wupniiwlnn dnjhppbihuughtt punw-
uniplnhg wdnhniuh ywhppkiwnp uvnugdwl, Fe20s, NiO, CoO, MoOs, dkwnwnu-
Jwt opuhnubphg puipn opuhnutnh uhptquub, pnwhiwptnipnh Wunpuundu,
JEpujuiqudwi, nkuhnidny (kghpjws wnnuuwnwihnont unnugdut, swulnnlku
duduspubph dwdjdwl, tnwljujdwt, nwup wpnudndub b gbpduyght dpujdu

qnpépupugubpp:
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C.I'. ATBAJISIH, B.A. CUMOHSIH, I''A. BACIISIH, A.C. ATBAJISIH

PA3PABOTKA TEXHOJIOT'YMU MMOJYYEHUS MAPTEHCUTHO-
CTAPEIOIIENM MOPOIIIKOBOM CTAJIA, JETUPOBAHHOM PEHUEM

OOHMM U3 OCHOBHBIX HAaIIPaBJICHUN COBPEMEHHON METalIyprud U MaTepHajoBele-
HUS SIBJISIETCS] CO37IaHUE HOBBIX CTaJIel, CIJIABOB M KOMIIO3UIIMOHHBIX MaTEpPHAaIOB C yHK-
LUOHAJIBHBIMY CBOMCTBaMM, KOTOPBIE HUCIIOJIB3YIOTCS B TPAHCIIOPTHOM TEXHMKE, aTOMHOM
YHEPreTUKE, BOCHHOM ITPOMBINUIEHHOCTH U T.J.

Pa3paboTana coBpeMeHHasi TEXHOJIOT U MOTyYeHHUs IEppeHaTa aMMOHUS U3 MOJIHO-
JICHUTOBBIX KOHIIEHTPATOB, COJEPXKAIIMX PEHHH Mpowm3BoacTBa PecmyOnmkn Apmenns.
BeIABICHBI MEXaHM3M W KHHETHKa Mporecca (eppuTH3alui B OKCHAHOHW CHCTEMeE
Fe,03—NiO—Co0O-Mo0s3, B pe3ynbTaTe 4ero pa3padoTaHa TEXHOIOTHS CHHTE3a KOMIDIEKCHOTO
okcuna [Nijx, Cox|(Fei.x, M0x)>0a, a Takke BBISIBJICHB MEXaHN3M U KHHETHKA BOCCTAHOBJICHHS
CMeCH, IPUTOTOBJICHHON U3 CHHTE3UPOBAHHOIO KOMIUIEKCHOIO OKCUJA U NEPPEHaTa aMMO-
Hus (NHsReOys). Ilokazano, uTo peHuid, SBIAACh OYeHb aKTUBHBIM METAJUIOM U PACTBOPSACH
B cucteme Fe-Ni-Co-Mo, 00pasyeT TBep/ible pacTBOpPBI M MHTEPMETAIMIBI PEHUS, TTOBBIIIAs
MIPOYHOCTh, TBEPAOCTh, YIAPHYIO BSI3KOCTH, KaPOCTONKOCTh, KOPPO3HOHHYIO CTOHKOCTh U
XJIAJHOJIOMKOCTb ITOPOINKOBOM CTalIH.

B pe3ynbTaTe KOMITIEKCHBIX SKCHEPTHBIX UCCIIEIOBAHUI pa3paboTaHa TEXHOIOTHS MO-
JIyYEHHs] BBICOKOIIPOYHBIX MAPTEHCUTHO-CTAPEIONINX MOPOIIKOBBIX CTAIEH, IETHPOBAaHHBIX
pEHHEM, KOTopast BKIIFOUaeT IOJIy4eHHEe NeppeHaTa aMMOHHS U3 PEHUHCOAEp KX MOJIHO-
JIEHUTOBBIX KOHLIEHTPATOB, CHHTE3 CIOXKHBIX OKCUAOB U3 OKCHUAOB METAIUIOB, IPUTOTOBJIE-
HUE IIUXTHI, BOCCTAHOBJIEHUE, CONIPOBOKIAEMOE IPOLIECCAMH TIOTY4YEHUs IOPOIIKA CTallH,
JIETUPOBAHHOI peHHEM, IIPECCOBAHMUsI, CIEKaHUs, TOPAYEH IKCTPY3UH MOPUCTHIX IPECCOBOK
u TepmMooOpaboTku. [TokazaHo, 4TO MoJTy4YeHHAs! TIOPOILIKOBAs CTANIb MO CBOUM (PM3HKO-Me-
XaHWYECKMM M TEeXHOJOIMYECKHM CBOMCTBAM HE yCTYyNaeT CTaHJApTHBIM CTallsM, a B psjie
CITy4aeB Jaxe MPEBOCXOIUT UX.

Kniouegvie cnosa: penuii, neppeHaT aMMOHHUSI, CHHTE3 CIIOXKHBIX OKCHIHBIX CHCTEM,
LIMXTa, BOCCTAHOBJIEHHE, CTAJIBHOM MOPOIIOK, IPECCOBAHUE, CTIEKAHUE, TOPsT4asi SKCTPY3Hs, 110-
POIIKOBasl CTallb, OTXKUT, 3aKaJIKa, CTAPEHUE, MEJKO3EPHHCTAs CTPYKTYpa, HHTEPMETAIIIH-
geckas Qasa.

157



S.G. AGHBALYAN, V.A. SIMONYAN, G.A. VASILYAN, A.S. AGHBALYAN

DEVELOPING A TECHNOLOGY FOR PRODUCING RHENIUM ALLOYED
MARAGING POWDER STEEL

One of the main trends of modern metallurgy and material science is the creation of
new steels, alloys and composite materials with functional properties used in transport
technology, nuclear energetics, military industry, etc.

A modern technology for obtaining ammonium perrhenate from molybdenite
concentrates containing rhenium produced in Republic of Armenia has been developed.
The mechanism and kinetics of the ferritization process in the Fe;O3—NiO—-CoO-MoO;
oxide system are revealed, as a result of which a technology for the synthesis of complex
oxide [Nij,Cox](Feix,Mox)204is developed. Also, the mechanism and kinetics of recovery
of the mixture, prepared from synthesized complex oxide and ammonium perrhenate
(NH4ReOy) is revealed. It is shown that rhenium, being a very active metal and dissolving
in the Fe-Ni-Co-Mo system, forms solid solutions and rhenium intermetallides, increasing
the strength, hardness, impact strength, heat resistance, corrosion resistance and frost
resistance of the powder steel.

As a result of comprehensive expert research, a technology has been developed for
producing high-strength maraging powder steels alloyed with rhenium, which includes
production of ammonium perrhenate from rhenium-containing molybdenite concentrates,
synthesis of complex oxides from metal oxides, preparation of a mixture, recovery, which
is accompanied by production of steel powder alloyed with rhenium, pressing, sintering and
hot extrusion of porous compacts and heat treatment processes. It is shown that the
resulting powder steel in terms of its physical, mechanical and technological properties is
not inferior to standard steels, and in some cases, surpasses them.

Keywords: rhenium, ammonium perrhenate, synthesis of complex oxide systems,
mixture, recovery, steel powder, pressing, sintering, hot extrusion, powdered steel,
annealing, hardening, aging, fine-grained structure, intermetallic phase.
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A.O. OBCEIISIH, C.A. APYTIOHSAH, T.H. CA®APSIH, A.P. AKOIISIH

PA3PABOTKA TEXHOJOTI MM THJIPOMETAJLTYPTHUECKOM TOBOJIKA
MOJIMBJAEHUTOBBIX KOHIHEHTPATOB C ITIOJIYYEHUEM
KAYECTBEHHOT'O KOHIEHTPATA JIJIsS1 TIPOU3BOJCTBA

®OEPPOMOJINBIEHA

Ha ocHOBaHMM Hay4HO-3KCIIEPHMEHTAIBHBIX HCCIECIOBAHMI pa3pabOTaHa TEXHOIOTHS
THIPOMETAILUTYPTHYECKO OBOJKH MOJHOAEHUTOBBIX KOHIIGHTPATOB JUIS HPOWU3BOJCTBA
(deppomonnbaeHa, KOTOpast BKIIOUACT CJIEAYIONINE ONEpPalri: OYMCTKA MOJUOIEHUTOBBIX
KOHILICHTPATOB OT (IoTOMAacia METaCWJIMKaTOM HaTpHs; NMPOMBIBKa KOHLEHTpara 5...7%
A30THOH KHCJIOTOHM, KOTOpasi 00pa3yeT pacTBOPUMBIE COJIM HATPHSL, KaJIbLHsl, MarHUs, ME/H,
IIMHKA ¥ MBIIIBSKA; [TOJIy4eHHEe MOInO1aTa Kajablus U3 IPOMBIBHBIX PaCTBOPOB.

Kniwouegvie cnosea: MonuOIEHNTOBBIA KOHIIEHTPAT, METACUIIMKAT HATPUs, a30THAas
KHCJIOTA, POMBIBKA, MOJIMOIAT KaJIbLIUSI.

BBenenue. B nactosimiee Bpemst moutu 80% BeITyckaeMoro Mo HCHOIB3yeTCs
B MIPOM3BOACTBE (heppoMoIrOaAeHa, KOTOPBIH SIBISETCS JETHPYIOLUIHM SIEMEHTOM B
MIPOU3BOJICTBE CTaje. MomHMOAeH 00eCTIeYMBACT TOIYICHAE CTAIH, UMCIOIIECH Me-
KO3EpPHHCTYIO CTPYKTYPY, UTO MOBBILIAET €€ MeXaHH4eCcKHue CBocTBa. OH MOMydn
IIMPOKOE NMPUMEHEHHE B MPOM3BOJCTBE HEPXKABEIOLINX, TEIUIO-, KUCIOCTOMKHUX H
JIpyTux cranei.

B coBpeMEHHOM cTanemIaBIILHOM MPOM3BOACTBE BAYKHOE 3HAUYCHHUE MPUIACTCSI
HCTIONIb30BAHUIO (PeppoMOIMOIeHA BHICOKOH YHCTOTHI, B KOTOPOM COJZICpP)KaHUE LIBET-
HBIX METaJlIoB, (hocopa, cepbl U HEMETAJUTMUECKUX CMEcel TOBOJIBHO HU3KOE, YTO
o0ecrieunBaeT MOJyYeHNE BHICOKOKAYECTBEHHBIX JIETHPOBAHHBIX CTAJICH.

B cBete BblIIECKa3aHHOTO, COBEPILIEHHO OYEBHUIHA AKTYyalIbHOCTb IIPOOIEMEI
pa3paboTKHN pallMOHAJIBHOM TEXHOJOTHH, oOecleunBaroiieil Beigauy (eppocruias-
HOW HPOMBIIUICHHOCTH MOJIMOICHUTOBOTO KOHIIEHTpATa ¢ MUHUMAIBHBIM COJEpKa-
HUEM BpEIHBIX IIPUMECEH.

B Texytckoii oborarutensHoi habpuke npu 000raieHnu MeIHO-MOTHOe-
HOBBIX Py IOJIy4aeTcsl MOJIMOICHUTOBBIM KOHIIEHTPAT, SIBIISIOIIUICS HCTOYHUKOM
noiy4eHus: peppomonudaeHa. CymecTByIomas TeXHOIOTUS IPOU3BOACTBA Geppo-
Monu0AeHa paccunTaHa Ha MepepadOTKy CTaHAAPTHOIO MOJMOJEHOBOTO KOHIICHT-
paTa ¢ HU3KUM COJepKaHUeM IIpuMeceil MeTu.

3agaua OYMCTKH KOHIIGHTPATa OT MEIH SIBIISICTCS BECbMa aKTyaJIbHOH.
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ITocTanoBKa 3a1a4M M MeTOBI HccIen0BaHus. Llenbro nccnenoBanust sSBiseTCs
pa3paboTKa pallMoHaIHFHON TEXHOJIOTUH OYHCTKH MOJMOIEHOBOTO KOHIIEHTpAaTa OT
MY U [IBETHBIX METAJLJIOB.

OOBeKTOM HCCIIeIOBaHUs CITY>)KAT MOJIMOJICHUTOBBIN KOHIIEHTpAT TexXyTCKOi
o0oraTuTenbHOlN (aOpHKH, KOTOPBIA COJEPKHUT MPUMEPHO CIEAYIOMINA XUMHUYECKUH
coctaB, %: Mo - 48.,4; Cuesw - 1,13; Fe - 4,1; Si0; - 6,0; Na+K - 0,8; As - 0,04;
PzOs - 0,02; A1203 - 1,0.

MomubaeH mpencTaBieH B OCHOBHOM MOJTHOIEHUTOM MoS,, MeIbh — XaJIbKO-
IIUPHUTOM, KEIle30 - B BUE ITUPHUTA, IMEETCS TaKKe ChalIepHr.

M3BecTHBI c1IOCOOBI aBTOKJIABHOTO PA3I0KEHHUSI MOJIMOICHUTOBOTO KOHIICHT-
para a30THOW KUCIOTOH ¢ MOMy4YeHneM MOJIHOICHOBOIM KHUCIIOTHI, KOTOPYIO MO0 HC-
MTOJIB3YIOT B KaYeCTBE MPOIYKTa, JHOO MOABEPraroT THAPOMETAILTYPTHIECKON T1e-
pepaboTKe ¢ MOTydYeHHEM B Ka4ecTBE TOBAPHOrO MPOAyKTa MapaMoandiaTa aMMo-
Hus Wi Tpuokcuna monudaena (Ilat. 3751555 (CILIA), 1973) [1-6].

IIpu BBIOOpE pacTBOpPHUTENS MeAW JUIA BHIMIEIAUYNBaHUS KOHIIEHTpATa OBLIH
Y4TEHBI MHOTHE (DAKTOPBI, TIIABHBIMU U3 KOTOPBIX SBIISIFOTCS:

® CEJIEKTUBHOCTh JIEHCTBUS PAacCTBOPUTENS MO OTHOIIEHHUIO K BhIIIEIaunBa-
HUIO TIPOAYKTA;

® [IPU UCITOTF30BAHMH a30THOW KHCIIOTHI MPAKTUIECKH UCKITIOYAIOTCS BPE/-
HBIE COPOCHI, TaK KaK U3 a30THO-CEPHOKHCIBIX MAaTOUYHBIX PACTBOPOB MOCIIE UX BbI-
MapKu KPUCTAILTU3YETCs aMOHUHHUH yI0OpeHUiA.

IIpu ¢notaruu MeqTHO-MOIMOICHUTOBBIX Pyl UCTIONB3YIOTCS OOJBIINE KOJIU-
yectBa (roromacia. OCHOBHOW MPUYMHOHN 3arps3HEHUs] KOHIIEHTpaTa Pa3INIHbIMU
MIPUMECSMH SIBIISIETCS TO, 9TO (PIIOTOMACIIa CIIOCOOCTBYIOT IEPEXOAy B KOHIIEHTpAT
BBIIICTIEPEYNCIIEHHBIX IPUMECEH.

KucnotHast ouncTka KOHIIEHTpaTa BBI3BIBACT MHTEHCUBHOE TIEHOOOpA30BaHME,
KOTOpO€ YXYJIIaeT MPOLECcC pa3joXeHHus XaiapkomupuTa. OOpa3zoBaBIascs NneHa
3aJIep)KUBAeT 3HAYUTEIBbHOE KOJIMYECTBO HENPOPEArHpOBABIIETO XaJbKOIMMPUTA
BCJIEJICTBHE HEYJIOBJIETBOPUTEIHHOIO KOHTAKTA MOCJIEIHEN C PEaKIIMOHHON Cpeon.
A 3TO 3HaUMTENBHO 3aTATHUBaeT mporecc. [loaTomy nepBoouepenHoil 3agaueii cun-
TaeM OYHCTKY KOHIIEHTPATa OT (IOTOMACEIL.

JnmiTenpHOCTH TIpoIiecca OYMCTKH 00YCIIOBIIEHa TeM, YTo (DII0TOMACIA, OKPHI-
BaIOLIME 3epHa KOHIEHTPATa, 3aTPYJHSIOT JOCTYIl PEareHTOB K MOBEPXHOCTH MMHE-
payoB, TeM caMbIM YBEIHMYMBas HEOOXOANMOE BpeMs KOHTaKTa.

Pe3yabTaThl uccaenoBanus. s OYMCTKH MOJHMOICHUTOBBIX KOHIIEHTPATOB
oT ¢uioTOMacIa HaMH ObUT IPUMEHEH METACHIUKAT HATpus. MeTacHIIMKaT HaTpus
o0JaiaeT SMyIbIUPYIOIAMHA CBOWCTBAMH, OJaromapst 4eMy HEHTpannu3yroTCs JKHUp-
HBIE KHCJOTBI, 00pa3ysl pacTBOPHMBIE COJIM COOTBETCTBYIOLIMX KHCIOT, KOTOPBIE
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YACPIKUBAIOTCA BO B3BCIICHHOM COCTOSIHHMU M HE OCCHAIOT HAa KOHLCHTPATE. HpI/I-
MCpHas peakius CICAYIOIasi:

C17H35COOH + Na,Si03 — 2C7H35CO;Na + H,Si10s.

[Ipu n30bITKE MeTacumkara Hatpus B pactBope ¢ H,SiO; obpa3yroTes mo-
JIUCHUIIMKAThI, KOTOPBIE TAaKXKe OCTAIOTCS B pacTBope. lIpuMeHeHne MeTacuinkara
00yCJIOBJIEHO TaKXe TeM, YTO Ha OCHOBHOH ()IOTaLlMM M Ha MEPEUYUCTKax OH HUC-
MOJIB3yeTCs B Mpolecce 000TaleHus.

Hamu GBUIO MCIIBITAaHO HECKONBKO BAapUAHTOB OYMCTKM KOHLIEHTpaTa MeTa-
CHJINKATOM HaTpHsL.

IlepBas cepust ONMBITOB NPOBOAMJIACH IIPH CICAYIOLIEM PEXUME: K HaBECKE
BecoM 200 2 mobapmsu 200 vz Bonbl. K momydeHHO# myiibiie J00aBIISIN KPUCTAII-
nmyeckuid Mertacuiaukat Hatpus (NaxSiO3-9H>O) u3s pacuera 56 xe/m, 84 xe/m u
112 xe/m. Ilynbmy nepememuBany B teueHue 30 mun. [locne GpumbTpanuy B KOH-
LEHTpAaTe ONpPEAeIsUIN coaepkanue (iaoTomacen. B oTMBITOM KOHIIEHTpaTe COAep-
JKaHUEe X COCTaBHJIO COOTBETCTBeHHO 1,6; 1,2; 1,0%.

Bropast cepust onbITOB MPOBOAMIACH B PEKUME, AHAIOTHYHOM TIEPBOIl CepHH, C
pasHuIeii B Temneparype. Ilynsmy nogorpesamu 10 80...85 C. OTMBITBII KOHIIEHT-
pat conepxain (rmoromacna coorserctBeHHO 1,2; 0,8 1 0,7%.

JanpHeiimme uccieoBaHusl MPOBOAMIN HAa KOHIEHTpPATaX, OYUIIEHHBIX OT
¢oromacen o Bropomy pexxumy. Ilocne ounctku GUIBTPOBaHHBINA PACTBOP MOIY-
YaeT JKeNThIH, TEMHO-KEJIThIH 1IBET, U €r0 MOXHO HCIIOJIb30BaTh B OCHOBHOM (10-
TaIHH.

[IpoMBIBKY KOHIIEHTpaTa OCYIIECTBISUIN S...6% a30THOI KUCIOTOMN, KOTOpas
o0pa3yeT pacTBOpPHMBIC COJIM C HAaTpHEM, KajblMeM, MarHueM. Meap, LHUHK H
MBIIIBSK TAaKXKe IepeX0IsT B PacTBOP .

IIpu 3TOM BO3MOXKHBI CIEAYIOLINE PEaKLUH:

CaCO3z +2HNO5;= Ca(N03)2+ H,0 + CO»,
MgC03 +2HNO;= Mg(N03)2+ H,O + COy,
MgO +2HNOs= Mg(NO3),+ H»0,
CaO +2HNOs= Ca(NO3)2+ H»0,
MoS,;+6HNO;=H;Mo004+2H,SO4+ 6NO,
HNOj3 + 3CuFeS; = 3Cu(NO3); + 3Fe(NO3); + 6H,SO4 + 17NO + + 10H20,
EHNO; + ZnS = ZnSO4 + ENO, + 4H,0.

OMBITH MPOBOIMIINCEH TP KOMHATHOHM TeMITepaType, a TakKe IIpH TeMIepa-
Typax 40, 60 C B teuenue 2, 4 u, coornomrernue T:JK = 1:1. ITo ucreueHnu BPEMEHHU
MyNbIy (pUIBTPOBANN, OCAAOK Ha (WIBTPE MPOMBIBANH, (DWUIBTPAT U MPOMBIBHBIE
BOJIBI OOBEIUHSIIH.
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Takasi mpOMBIBKa 00ECTICUUBAET YJIOBJICTBOPUTEIILHYIO OYUCTKY OT MEJIH C
MUHUMAJIbHBIM IIEPEX00M MOJIHMOCHa B pacTBOp. VICXOMHBIM KOHIIEHTPAT COAep-
*KHUT: Mo - 50,9%, Fe - 2,75%, Cu - 0,56%.

Pe3ynbTaThl 5KCIEPUMEHTOB TIPUBEICHBI B TAOIHIIC.

Tabnuya
Ipomviexka konyenmpama 6% azommou Kuciomou
Bpewms, Temnepatypa, HaumeHnoBaHue npoaykra CopnepxaHue

y oc

% K UCXOJTHOMY Fe Cu
2 KOMHATHas KOHIICHTpAT, pacTBOP 1,24 1,84 0,46
4 KOMHaTHas KOHLIEHTpAT, pacTBOP 2,76 1,6 0,38
2 40 KOHIIEHTpAaT, pacTBOP 4.0 1,12 0,32
4 40 KOHIICHTPAT, pacTBOP 4,44 1,09 0,3
2 60 KOHIEHTpAT, PacTBOP 5,04 0,8 0,24
4 60 KOHIICHTpAT, pacTBOP 5,34 0,75 0,2

U3 Tabauiel BUAHO, YTO C YBEIMYEHUEM TEMIIEPaTyphl U BpEMEHHU COZepIKa-
HUe MOIHOJIeHa B pacTBOpe yBenuanBaercs ot 1,24 mo 5,34%.

Conep:xanne MeM B OTMBITOM KOHIIEHTparte cocTaBisieT 0,2%, a copepxanue
xkene3a cHkaercs 1o 0,75%. Ilpu BbllenaunBaHUN XalbKOIUPHUTA PAaCTBOPaAMHU
A30THOU KHUCIIOTHI cepa HE MEPEXOAUT B JIEMEHTapHYIO (OpMY, 8 OKHUCISETCS JI0
cyabdaroB. M3 pacTBOPOB Oca)kaaloT MOMUOIAT KalbLHsl BCIEACTBHE OOMEHHON
peaxuy MeXAy MOTUOIATOM HATPHUS M XJIOPUIOM KaJIbIIHsL.

IIporecc ocaxxneHuss MOIMOAAaTa KaJbIMs UMEET PsAl MIPEUMYIIECTB, PacTBO-
pumocts B Bogie - 0,006 2/100 . OnHAKO UMEIOTCS TaKKe W HEIOCTATKH: B HEM
COJIEPIKUTCSI MOJIEKYJISIpHAS BOJIA.

Ocaxxaenne MonuOaaTa KaubIys MPOBOJUTCS TP HHTCHCUBHOM IepEeMeII-
BaHHMU U Temnepatype 85°C B Teuenue 3...4 u. [lomaga XJI0pHCTOTO KaIBIHS ITPOU3-
BOJUTCSI TOHKOM cTpyeit B Teuenue 15...20 mun. OcaxIeHHBI MOTUOAAT KATBITHS
nozasepraercs 3...4-pa30Boil IPOMBIBKE XOJIOAHON BOAOU JJIsl OTMBIBKU cephl. [lpu
3TOM 0o0pa3yercs MOIMOMAT Kaimblus, comepykamuid 0,5...1 MoJeKyn TuapaTHOU
BOJBI.

[IpuHIIMNIHATpHAS CXeMa TEXHOJIOTHH THAPOMETAIUTYPIHYECKON TOBOJKH MO-
JTUO/IEHUTOBBIX KOHIIEHTPATOB C TOJy4YeHHEM KaueCTBEHHOI'O0 KOHIIEHTpaTa i
MIPOM3BOCTBA (heppoMoIHOIeHa TpUBEIeHa Ha PUCYHKE.
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H>O Mertacunukar HaTpus

! !

MoynOIeHUTOBBIH KOHIICHTPAT

PeHyJ'II)HaHI/IH " IPOMBIBKa

OunpTpanys

! |

PactBop Mon01IeHUTOBBIA KOHIIEHTPAT

5 -7 % HNOs
l
BrlmenaurBanue
dunbTpanus
MOJ]PI6,£[€:lHPITOBLII>'I NaOH Paciop CaCl,

KOHIIEHTpAT l l l

Heitrpanuszanus pH=8,5-9

v

OunpTpanys

v

MonubaaT KaabIys

Puc. Texnonoeuueckas cxema nepepa60mi<u MOAUOOCHUMOBLIX KOHYyernmpamoe

Ha ocHoBaHuu JaHHOTO TEPMOTIPABUMETPUUYECKOTO aHATIN3a JETHTPATAIUIO
MPOAYKTa MOYKHO MIPECTABHUTH CIETYIOIINM 00pa3oM:

100-350

Ca0 - MoO; - 0,9H,0 ———

— Ca0 - Mo0j; - 0,7 H,0,

3500—2600 S Ca0 -MoOs- 0.5 Hy0, % — Ca0 - MoOs.

)

3akaouenue. Takum 00pazoM, paspaboTaHa palOHAIBHAS TEXHOJIOTHS
OYMCTKH MOJIUOJICHUTOBOTO KOHIICHTPAaTa OT MEIU U I[BETHBIX METaJLIoB. TeXHO-
norus o0ecreYnBacT MUHUMANBHBIN TIEPEX0]] MOJTMOICHA B PAaCTBOP.
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UNLRATELPSUSEL SULSNREECP 2 NUESULNRrAPUUUL
4EBrRuLUeSUUL SEvuNLNGPUSh UCUUNRUC $EHOUNTLRATELD
UrSUNNRESUL ZUUUSL NMUUSUL SULNR G USUSNRUNY,

Yuunwupjws ghinwthnpdutwlwi hinwgnunipniiubph wpyniupnid dpwlyyt) £ dn-

1hpntuhnughtt pnwiyniptph hhppnudknwnmipghuljuwt Jipptwquuut wkinnghw $tpn-
Unjhppkuh wpwnpnipyut hwdwp, npp tkpuenwd | htnlywy gnpépupwgubpp. dnjhpnk-

thwnuyghtt fpnwiyniptph dwppnudp $innuwgnuljubphg twnphnuh dknwuhihjunny, hunw-
niph (Jugnudp 5...7 % -wing wqnuuljut ppyny, nptt wnwewgunid k jnisynn twnphnidh,

Juyhnwdh, Yuyghnudh, dwqukqhnwth, wnidh, ghuhh b wpubkith wnbp, (qugdwi |nidnypuk-

hg uvnwugynud k ughnivh unjhppuwn:
Unwigpughll pwnkp. Unjhppkuhinughtt pnwiymptp, twnphnidh dEnwuhihun,

wqnuufjut ppnt, (Jugnud, jujghnidh dnjhppuwn:
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A.H. HOVSEPYAN, S.A. HARUTYUNYAN, T.N. SAFARYAN,
A.R. HAKOBYAN

DEVELOPING A TECHNOLOGY FOR HYDROMETALLURGICAL
FINAL SEPARATION OF MOLYBDENITE CONCENTRATES WITH
OBTAINING A HIGH-QUALITY CONCENTRATE FOR THE
PRODUCTION OF FERROMOLYBDENUM

On the basis of scientific and experimental studies, a technology for hydrometallurgical
final separation of molybdenite concentrates for the production of ferromolybdenum has been
developed, which involves the following operations: purification of molybdenite concen-
trates from flotation oil with sodium metasilicate, washing of the concentrate with 5...7%
nitric acid, which forms soluble salts of sodium, calcium, magnesium, copper, zinc and
arsenic and obtaining calcium molybdate from washing solutions.

Keywords: molybdenite concentrate, sodium metasilicate, nitric acid, washing, calcium
molybdate.
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‘Ukpuywugyt) £ phuhwwt thnfjumqphsubph tjundwdp juynit hwbpuyhtt nkubw-
Sht wnwewgnidtphg mkthjulw ywbwlnmpjudp uhjhghnidh tpljopuhnh b Uknwnu-
b nuiympkph vnwgiwt huduyglus hpuhhgpodtnugmpghwljut nkjinnghulwi
Enutwyp: Skutwshtt wnwowgnidubph dpwlnidubpny twppwwyuwnpuunyws hnudpp huy-
Ynud £ hudwljgws thnjumqnhsutiph htwn, nphg htinn huynypp uppuymsynd £ wnuppyh
opuyhll (nusnypny’ nnungnnuiyniph yuydwhubpoud: YEpujuiqugus uhjhjuppentt wup-
punisynid £ wnuppepyh pny) opuyght (nusnypny pwntinipnubpp hkpwgubnt tywnwlndy,
hulj uhjhghnidp Eplopuhnh YyEpwthnjubint hwdwp obpdwdowlynid L Uptninpuiught onh
wuydwbbpnid: Snpdpipwugh wpyniipnid nkutwsh wnwowgnidubtph dke wwpniwy-
Unn Ukwnwnubpp nupupwnygnud ki npujtu whn b hinniy punwiymptp:

Unwigpuyhl punkp. inkjutuasht wnwowgnidiikp, uhihghnudh tpliopuhn, dkinwnibp,
hutnwtynie, hwinid, nuppuynisnud:

Uhpwénipyniu. Zudwywpthwl wpnwunpuljut hwpupkpnipnibtkp hwu-
nwnbnt fmtwywuphny munbuwluwt jupnnnipmibttph pugwyinudp wuydw-
twnpdws L Epjpnid weiju tyyuunugnp twpiwnpuitkpny: Uju mbuwilynihg
Juplnp L wmbkthjuljub vinugupnubpht hwdwywnwuepwbng yniptph gtpp,
pwith np Yhpunynwd ki nputiu wpynibwpbpnipjun nuppbp npnpuitkphtt withpw-
dtion ywhbunwdwukp nt odwinuil] shtutjuspubp wpnwngpbine hnudp: dEpohutik-
nhu wuwlwup Zujwunwith Zutpuynnipnioncd jpugdnud | ntowunwith Q-

unipniihg, Mwpujuuwnwihg b wy kpyputphg ukpypknt dhongny dhttwtiumljua
gipwbwhiutnh quny wyb nkwpnd, Epp nputghg swnbkpp htwpwynp £ wpunwunply
nbknulwb hnidpp dpwljlnt Swbtwuwphny: Uju wnbsnipjudp wnwewplnid up
oquiugnnsdty 22-h hwipwpnniwhwinmn b JEpudpwlnn dkntwpynipnittph gqnp-
dnitubmipjut wpyniupnid gnjuugus mEjutiwsht mnwewgnidubpp, nph tyuwwnuyp
qninn wptnuwuwhdwiyut bppiubph wnwewnbd thnpdh [1, 2] hubpghwljut punonh-
twlnudp sk, wy hhdugnud £ hEnlyuw) hwunwpljubph Jpui: Unweht, hwdwdugh
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[3,4]-hg unwgynn nknkmpjuip hwipughtt hndph nkbwsht wpwewgnidibkph
pughwinip pwbwlp 22-nd phinbu 2013 pdwlwtht gipuquugl) & 1,0 djpg. w
otidp, huly puwn tnyyih b [5-9]-h ppuilignid wuwpnibwlmd b wwppbp wpdkpuynp
dbwnwnutp, twb §énidp, uhihghnidh tplopuhn b wy yniptp, npnig winbunudp
wihwinmpdbh B Zhnbmd E ipdws pugennnudubpp wthwwwy jpugitine withpw-
dhownipniup, nph mkuwuwunpbi htwpwynp gwtwwywphp hwbipuyght nkpubiw-
Sht wnwewgnidubinh JEpudsuljdmi, hwdwihp ogqnuhwiidw mkuninghwubpp
Uowlynidlt nt ZZ-nud npuig ubpypnudi B

unph gnjuépl m dbpnpupwimipyniup: <kpp woywsd btywnwljubph hpw-
gnpsudwtip wlhpgws unyt wotwnwipnid Ejuiynipp 22-h dbnwnupynibwpbpne-
pjub npnpunp’ «GUUUR» pukpmpjut nkwshl wowewgnidlkpt kb, npnip,
putwn [10, 11] wouunwplibph wpnmpibph” Swhwsby ki uhjhghnudh kplopuhnh
(Si02) hhupny Ukwwnwlhp, puy npnid’ phdhwlwi thnjuwqphsibph jwndudp
Juynit dhwgnipniuubph yqupnibwlnipjudp Wynipkpn: Ujuinknhg, Eukng wunljw
wyuwhwlownlhg [12], swugnd E Ljuiyniphg phuhwljut dupnip SiO2 unwbwnt b
npuit gnigpiipug Ukinwnubpp mupuigwinkint nt hwdwlkunpnugubint withpw-
dtionnmpini: Lhihwlut pupy vhwgnipniiubpp puypuyljnt b npuiignid wywpn-
twljyny SiOe-p b Ubwnunubpp mupugpuintynt hwdwp Yhpundly L Euiynipen tuwn-
nhnudh Juppntwwnh jud nkuthjulwt unnpugh (Na2COs) htin hwjpwtnpuhtt hwy-
dwt bt gnjugwd hwnypp wnuppdny nwppunwstnt hhgpndtnwnipghwlwu
Enutwlyp, pwh np npuiig wpyniupmd gnjutinid G opnid b peniubpnid nynipht
1nwdynn bwwnphmuh dknmwuhihjun (Na:SiOs) b twanphmidh” wnwppbp dknwnubph
htwnn dhwgnipniuttp (13, 14]: Ujp thnpuwuqpbgnipmnibiubph hwjwuwpnidubpp
phipJwd kb unnpl'’

SiO2 + Na2COs = Na2SiO3 +COz, (1)
A203+ Na2COs = 2NaAlO2 + COy, (2)
Fe203+ Na2COs = 2NaFeO2+ COa, 3)

TiOz2 + Na2COs = Na2TiOs + COz: 4)

Zunypp wnuppyh nidnypny wwppuniskint plpwugpnid Na:SiOs-p

Jhpuluiginnud ' thnuwpydtng  uphuppdh  (H2Si0s), pugh  npubhg
wnwowbnid ki wynudhtth, kpjuph, whnwih b wy dbnwnibph’ dbs dwuwdp

onnid (nidynn pinphnutp: Uy thnpuwmqnbgnipniuubph hwjuuwpmdubpp pipdus
kb unnpl'’

Na:zSiOs + 2HCI = H2SiOs + 2NaCl, (5)
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NaAlO: + 4HCI = AlCls + NaCl + 2H20, (6)
NaFeO2 + 4HCI = FeCls + NaCl + 2H:0, (7)

Na:TiOs + 6HCI = TiCls + 2NaCl + 3H20: (8)

ZEnwqnuunipjut pipwugpnp b wpyniapitph pittwpynudp: Uhthghnwdh bpy-
opupn unwbwnt b dknwnubpp mupuipwnbint tyunwlny hknwugqnuunipint-
unud thnpdwnplynn mkptwshit wnwewgnidubph (wyunthtn® Guiymp) dky, hw-
dwduyl (10, 11] woptwwnwiupubph wpmyniuputiph, SiO2-p juqunud k 50...51%, ul
(FeO, Fe203,Fe304, MnO:2 i CrO2) b gniwynp (CuO, NiO, TiOz2, HgOz, PbO) dkwnwr-
tbpp hudwyunuupwbwpup 34,0...35,0 b 4,0...6,0%, AlLOs-p’ CaO-h L MgO-h
htwn' 1..2%, huly lyulynph ppédwi Ynpniunp' 8,0...8,7 % Umyt wnpmipibpp Y-
nud B, np Gjuiynipnid wnju b bwb huqgugnin b mquhy dknwnubph wyupnt-
bwlmpjudp, dwubwynpuybu, tpuph hhupny dhwgnipnitiubkp, npntp Juqund
ku0,1...0,2%:

SiOz-h unwguwi tyyunwlyny kjuiynph Na:COs-h hhupny thnjuwqrhsukph
htn 930...980 °C;, 20...25 pnuk hwnidhg gnjugué huwynypubpp muppumsyl) ku
wnup opny bt wnuppyh 1:1 hwpupkpnipyudp opughl jménypn] gnugnnuiymph
2,0% opuwyht nisnyph wuydwbibpnid b wnwg npu jhpuwndw: Unuppeduht
nudnypny nuppunsdwt pipugpnid huynypnid yupnibwljynn Na:SiOs-p k-
npuiwiqudby ' thnjuwpldtyng H2SiOs-h, tpp jnisnyph pH-p hwdwyuwnwuuw iy
E ppduyunipyuit 1 wpdbpht: Unwgws H2SiOs-p wyjunthbnl wwwppuynisdty k&
wnuppyh pny opuyhl (nidnypny b tiwup opny, npnug tyywwlyp fpwntnipnubph
htnwgnidn t: HoSiOs-p dhpomid Eupwplyl) b okipdughtt dowljuwt 800...900°C
ohpdwunmhfwtiwghtt mhpnypenid, nph wpyniupnid YEpwthnhuygty E SiO2-h: Utinud
t wykjugty, np thupugplus wupdwiibpmd unwugdus SiO-h' pun @.74657.2-
96-h Ytpnidnipyniup yuwnwpyl) b Zujwunwih wgquyhtt ynhnkjputhjulwh hw-
dwuupuith (ZUMNZ-h) punhwunip phthugh b phthwljut ypngbuibph jwpnpunn-
nhuynud:

Unwohti thnpdwpwpnid Ejuiyniph hwjpuinpuyhtt hwnidhg gnjugué hw-
nypeR wwppunidyb] |k wwp opny, thnpd wubkny hwnypnid gnjugus Na:SiOs-p
Jud htnni) wyulhtt whgwgub) (nwdnyph Uk, hull wyn thnpuwqrhsubph tjuwn-
dwdp Juynit dknwnubpp whgwnk] nputu jpunnwiynipe: H2Si0s-p yEpuljutiquyby £
onwjhti (nudnypp wnupperyujhth Jiputnjubnt dhengny, wjunthbnb hknwgnuni-
pymtp gupnitwlby £ pun gbpp pupugpws tjupwugph: Uiy Yipy junwpus
thnpdbpp, vwuyl, withwyn guspupynitwybn b, pwith np htwpwynpnipnit
Eu pudbnmd wpmynitwhwil] hnudpnid SiOx-h wupnibwlnipjut 8,0...14,0%-n:

168



Uju gniguithop htupu]np b {himd pupdpugity hwugbtyng dhish 60%-h hw-
1nyph’ opny wppwnisnuihg wigwnyus tunjwspp wwpepyh 1:4 hwpupkpnt -
pjuUp opujht (nudnypeny (pugnighs nwppuniskint wpnyniupnid: bppl puguuw-
Jut wpynitp whwnp b pungsdty bwl, np wju thopdbpnid gnjutinid b Bjuyniph
10%-h swthny SiO2-h hhupny tunywsplutp, npnug Uky dbwnwnubpp juqunud Eu
Unununpuytiu 5,0 duzy. %

Thpp iodws wungwntbph htn juudws hippulwi thnpdusupmd -
nuwljuhwpdwnp b k) oqunugnpsdti] SiOx-h wupnitwnipjundp hwipniun nt peatubph
ujundudp juynit dknwnubph ywupnibwnipjudp wnpwn hnwdp, hull hwnulhg
qnugws hupnypubkph nuppunisdwt hudwp wquppdh 1:1 hupupbpmpudp
opwjht (nusnype: Uuhpudbown hnudpp unwbwnt hwdwp oquugnpéyty E dhish
100 G huunhuyht swthtipny 100 ¢ Lyuiynip, husp uyqpnid dowlyly b swp db-
nwnubpt wupwwnbint jud hwpunwugubnt gqpuyhnwugdut Enutwlny: Upyniu-
pnud unugyly kb 21 ¢ swbp dknwnibph U 79 ¢ SiO>-h 60 % wupniwln pjudp
hunwtyniptp: dbpohtiukpt wjunthtnb ppéyty Eu 800..900 °Cnud, nphg htnn unwug-
Jus SiO2-h mnwiymiph phpuypniyp muppunsyl) L wnuppedh 1:1 hwpwpbpnipe-
judp opwyhl (nusnypeny: Ugu dpwlnidkpp htwpuynpmpymt kb phdbnk] uinw-
tuynt SiO-h 80% wupmuwlmpjudp unuiymph wuquppyn] wwppunis]ws
pEpuypnly. wpyniupnd 79 g SiOx-h jpnwyniph ququsp wjuql) £ hudwuyw-
nuupuiwbpup 7,9, b 18,5 gy Uhtish 52,6 ¢ SiO2-h 80% upupniinulnipjurdp uwnw-
Uniph’ ppyYny nwppuymsfws phpuypmyh hupdwi gnpspupugnid, pugh unnw-
1hg, oginugnpdyty Bt twnphnidh nknpupnpun (Na2B4O7) b thwjnwsdniju (C): dnp-
dtpnud oquiugnpdyws phuhwljwt thnpumqnhsutph b unwugqus SiO:x-h pwbwljw-
1ht mjuubkpp ubpuyugdws Eu wynruwynid:

Unjniuwly

PnpdEpnid vinugyws upyhghnidp Epliopupnp Ejpp Qlu]m]wb SiOz-p punwiyniph ' Jpyny
wnwppuynidywé 2 g phpuypnijh huydwl wquydwhibphg

2/Z, Lhuhwlul thnpuwg- SiOz, ¢ SiOz, % SiO2-h Uhohtt
nhsutnp, ¢ wuwpnibwynipiniup, %
1 Na2COs, 4 1,36 85,0
2 1,38 86,2 947
3 Na2COs, 3,2...3,5, 1,42 88,7
ra NazBsO7, 1,5 1,45 90,6
5 1,48 92,5
6 | Na2CO3, 4,0, 1,53 95,6 97,3
7 Na2B4O7, 1,0, 1,55 96,8
3 | C, 0,15 1,56 97,5
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Onpdbpnid unwugws wpquuhpubph uquyhtt ypnusnipniuubpp juwnwn-
b ku 2ZUMNZz-h nkunghuwlunniguspuyhtt hbnwgnumpjut puquyhtt jupnpu-
mnphul]nu[‘ Diffractometer system=EMPYREAN (Anode Material Cu, K-Alphal [A]
1.54060, ICSD 2016 database) nhdpuljinuswthh dhongny: Fputg wpnyniupubpp gnyg
El vnwithu, np 1, 2, 3 b 4 thnpdkph JEpptwjutt wpquupputpp hadwwywnwuiw-
unud Eu wudnpd SiO2-h wfjuyubknht, npp wupnibwlnid £ Al2Os-h mbkupny juwn-
unipnutin: 9bEpohtthu hwdbdwwnnipjudp wykih dwupnip £ 5, 6, 7 b 8 thnpdbpnid
unwugyuws wdnpd SiO2-p, nph nkingktwghpp tbpjuyugdus k ujupnud:

Counts

Si02 N1

300

200

100

0 T T T T T T T T
10 20 30 0 50 60 70 80

Position [°26] (Copper (Cu))

Uy, Guulyniph mmuppbp downidikpny vinugyus winpp SiOz-p phiwnglinughpp

Ushumwnwiipnid wnwyg pupywé jaunhpubpp (nuskint byguwnwynyg Yhpunyty
El hwtipuyhtt mkjutwsht wnwowgnidubph tpythnyuwyhtt dpwljdwb hkwnlyw) hw-
Uulglwd gnpdplipugbpp’

o Lpuiynipnid wwpniiwlpyng SiOx-h m Ukinunubph jonwiympbph unwugnd,

¢ SiOx-h junwiyniph ppémd b unwugws phpupnihh’ wquppyny wwppu-
nudnd,

¢ SiOx-h funwiymph ppyny wwppunisjwus phpugpniyh hpuhhnpnubnw-
nipghwlwi Upwmlnidukn:

Zhnwugnuinnipjut wpynibpbbpp’ npuybu weun]l) wpynibwybn, gnyg ko
wnuwihu thnpdkpp, npnug htnbwipny unwugyws SiO:x-h yupnibwynipjudp hwpniun
wpquuhpp hwynud k, 930..980 °C-nrdf; 20..25 pnwykh pupwugpnid puniypny hw-
dwlgyws thnjuwmqphsutiph htwn: Zwjdwi gnpdppugnid ogunnugnpsyws pndupiwn-
unipnh Uk wbkjuuthjuljut unput juqunid t dnnwuynpuwybu 77,0%, wknpupn-
pwwnp’ 20,0% b thuynwsmjup 3,0%, hul twwyunpuunyws buiymph quig-
Jwsh hwpwpbpnipniup pnduwjuununipphtt hwdwywunwupwinud t 1:2,5:
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Zupwunpujhtt hunuhg uvnwugdus hwnypubpt wybkh wpynibwdbn £
wwppunistk] wqupepyh 1:1 hwpupkpnipjudp wwp gpughtt nisnypny yninn-
nuiyniph 2,0% opwjhtt nuényyph b pH-h ppduwjinipjut Unnnwynpuybtu 1 wpdtph
wyuyUwtubpnid: Upmyniupmd unnwugdws HaSiOs-hg juwntnipnubpp hhnwgubnt
hwdwp oqunugnpéyty bt wnuppryh 1...2% opwjht (nisnype b tiwp onip, huly SiO2p
Ybpuhnjubym hudwp obpdudowldl) b dptnpnpuught onh wuydwibbpmd’
800...900 °C -nid:

Ujuwhuny, Euiyniph wnmbkutwsht wnwowgnidubph wnwpplp Enutwlng
twhiwywnpuunndhg b gputlg wpquuppubph hpwhhgpondbnwnipghulut
Upwlymubph wpnyniipnid uinugyly b

¢ SiO2-h Unnnwynpuy tu 80 % wupnitwynipjudp wpgquuhp, npp juqund £
Bluiyniph quiugush dnnnwynpuwbu 52,5 %,

¢ 97,3 % wyqupnibwlnipjudp, pun .9428-73-h, phupwujuts dwpnip SiOz2, npp
puwtwjuybu hwdwywnuupminid  fuiynipnid qupnibwlnipjut Uninuyn-
nuwyku 90 % -hi,

o Swip Uknwnubph yhun punwiynip, nph Uk dbnwnubpp juqunud Bu Ew-
ynipnud wupniiwlnipjut Untinwynpuybu 45 %,

¢ htinnil) Jhdwlny punnuiyniptip, npnug dke Epljupen, dutquiip, wy wpdtpw-
Ynp dbnwnubtph htin, juqidnud Bu Guiynipnid dbnwunubph gupniiwlnipjui dn-
nwynpuybtu 55 %n:

Gopujugn pynitikp: Zwjuuinwih Zubpuytnnipiub hwipuiht nkwsh
wnwywgndibphg uwnwinupnibphtt hwlwywnwuwbing ynpkph wvnwgdul
hwdwwnbpunnmd SiO-p whwp E nhnwplt) npybu juyt jhpurwlwt b wunwewnbd
wnktninghwibkph qupqugdw mEuwmtlynithg hhdtiwght biywbwlnipjut hwbwsn:

udwdwyh [15]-hg unwugny nknkympmniubph’ wounwbpmd unwg-
Jus 97,3 % wupnitwlnipjudp SiO2-p Jupny b Jhpundt] wyulneg, Yepudhlugh,
wppughy b oipdwluynit ynipbph, yyuundwuuugh, pkinhtwnbuthjuljut wpwnp-
Juwukph, uhjhghnuth Jupphnh wpuwnpnipniuubpnid, htyybu b EEjupnuh-
Yuyh b LiEjunpunbjuthugh npnpunud’ npybu pniptnuyht uhjhghndh ot ghigbln-
pujut punuiptbpnh vnugdwit hudwp withpudbon pupdp dwppnipjudp SiO2-h
unwgdwb hnudp:

Zudwdwyt [3-9, 16]-h b unyu wowwnwipny unwugus nkjutininghwlui
gniguithplikph Ypw hhut]ws hwpquplh dhwyt 22-h dkinwnupyniiwpbpnipyui
nktwsht wnwewgmdttnhg htwpuynp £ unwbtiu) wrtiduqu 6 474 innutiw nkju-
uhjuub tpwbwlnipjudp SiO2, nphtt hwdwywnwujuwtng gnidwpp juqunid

Unwnuwnpuybiu 6 Yjpg pojup:
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Ujniu Ynnuhg wppiwnwiiph wipnyntipnid wnwgwnpyud nkutininghwljwi

qnpdplpuigp htwpudnpnipymt E pudkond nwpuiiguinkyne b hwdwljkinpniug-

uknt hwtpughtt mEtwsht wpwewgmutubpmyd wupnitwlynn dknwnubpp nputu

hunwiyniptp, npntp whwnp k punniutk] npuytu wqquhtt hwpunmpniiibpp puquw-

wuwwnlbnt jupbnp wypnipbbp: Ujdd wpngbt wiuwen £, np 22-h dknwngupgne-

bwpbpnipjul nkutwshtt wnwewgnidutnhg nkuwljwunpkt htwpunp E wpnyne-
twhwbk] dnnwnpuwbtu 3 j&. wnibw nkjpuhjuljut tpup, nph hpugnidhg
unwgynn hwunyypp Yupnn b juqdly 1,5...2,0 djpp.pnjap:

ZEnnugqnuinuyeinilp Juwnwpyly F 2002 «Uhphpn- b hwbnkEunpnihiuy puquyhi

[wpnpunnnphuyh ghunwlul Spugpkph spgwllnid:

10.
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C.I'. AUPAIIETSIH, H.B. MAPTUPOCSH, I'.'A. ABETUCSIH, M.3. CACYHIISIH

UCCJIEJOBAHME TEXHOJIOT MYECKOMN BO3MOXXHOCTH NNOJTYYEHUSA
JUOKCHUIA KPEMHUA U OTAEJIEHUA METAJIJIOB OT PYJHBIX
TEXHOT'EHHBIX OBPA3OBAHUI

[NokazaH KOMOWHHAPOBAHHBIN MHPOTHAPOMETATLTYPIUIECKAN CIOCO0 TTOMY9IeHHUS THOK-
cUia KPEMHHsI TEXHUUECKOTO HAa3HAYEHUs U KOHLEHTPATOB METAIUIOB U3 PYJIHBIX TEXHO-
TeHHBIX 00pa30BaHM, YCTOWYMBBIX K XUMHYECKUM peareHTaM. [lnaBka chIpbsi, IIOATOTOB-
JICHHOTO 00pabOTKOIM TEXHOTEHHBIX 00pa30BaHM, OCYIIECTBIISETCS KOMOMHHPOBAaHHBIMHU
peareHTaMu, IOCJIe Yero pacilyiaB BhIIENAYUBACTCS] BOJHBIM PACTBOPOM COJITHON KHCIOTHI
B rejaeoOpa3HbIX YCIOBHUAX. BoccTaHOBIIEHHAs KPEMHEKUCIIOTA C LIEJIbIO YAAICHUS IpHMe-
ceil BBINENAaYNBACTCA C1a0bIM BOJAHBIM PACTBOPOM COJISTHON KHCIIOTBI, @ [UIsl MPEBpPaIleHUs
B JIMOKCHJ KPEMHHS IOJBEPraeTcsi TepMooOpaboTKe B yCIOBUAX aTMOC(HEPHOrO BO3AYyXa.
B pesymnbrare MeTamisl, COAEPKALIUECS B TEXHOT€HHBIX 00pa30BaHUSX, Pa3ACIAIOTCS Ha
TBEpbIE U JKUJIKHUE KOHLIEHTPATHI.

Kniouegvie cnosa: TeXHOTCHHBIE 00pa30BaHMs, AUOKCHA KPEMHUS, METAIbI, KOH-
LEHTpaT, IUIaBKa, BbIIIEIaYUBaHUE.
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S.G. HAYRAPETYAN, N.W. MARTIROSYAN, G.A. AVETISYAN,
M.E. SASUNTSYAN

STUDYING THE TECHNOLOGICAL POSSIBILITY OF OBTAINING SILICON
DIOXIDE AND SEPARATION OF METALS FROM TECHNOGENIC ORE
FORMATIONS

A combined pyro-hydrometallurgical technological method for obtaining silicon
dioxide of. technical purpose and metal concentrates from technogenic ore formations
resistant to chemical reagents is shown. The smelting of the raw materials prepared for the
processing of technogenic formations is carried out by combined reagents, after which the
melt formed is leached with an aqueous solution of hydrochloric acid under gel-like
conditions. The reduced silicic acid is leached with a weak aqueous solution of hydrochloric
acid in order to remove impurities, and to be converted into silicon dioxide, it is subjected
to heat treatment in atmospheric air. As a result of the process, the metals contained in
technogenic formations are divided into solid and liquid concentrates.

Keywords: technogenic formations, silicon dioxide, metals, concentrate, smelting,
leaching, dissolution.
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USULULNE LNUSUYUZULUUCNRESUL 2PULUANCNRUR

Ppujwtwugyt) E hwbpwduyph (kntwbpjpupubwlut b (kntwnbuthiulut wuy-
dwuitph, hsybu twl hwiupwpwph YEpudowiwt nkhtninghuwh hwdwenn Jtpint-
snipyntt: Skubthiwintnbumlwl hwpduplukpny] hhttwnpdly ki ghtiyh b Yuwwph dh-
owqquyhltt Wjuqugny qubpp, Ekpp tywnwlwhwpdwp Yihth vnwbu] hwdwindt dknwy-
utiph mnwiynipbp:

Unwbagpuyhl punkp. huipwduyn, hwbipwpwip, §npqynn wpdnnnipinil, inwiynip,
ujwuqugn ghti:

Lhpwbnipinil: Zuynuh £ np hwipwuypbph wpynibwpbpujui ghwhw-
unidt hpwjuwbwugynd b oywnpdwy Ynunhghwttph gupwdbnptiph mkuihliw-
nbnbuwljut hhpdtwynpdwb btywwnwlyny [1-3 |: dhkpohtubpu, hpkug hkppht, sw-
nuynid ki npubku gnpshpuljuqu hwipu]uypph hwipupwptph b dknwnibph
wuowpubpnh hwydupluwi hwdwp [4, 5]: Uhhunybt dudwbwl, Ynunhghwubph
wupwdbnpbph pubintt wpdbpubph Jpw qquih wqptgnipnit £ niubunod hwb-
pwpwntphg wykjh owwn nbkuwlh pnwiyniptph wpnwungpnidp: Undust wnwyly)
huwnljwipwlwi k, tpp ghunwpyynud £ nujh-puqludtnwnuyht hwipwduyp, np-
wkn hwiupwpwpp puquupununphs b Niunh puqiupununnphs hwipwpwnptpny
ubpjuyugdws hwipwpuptphg nuppbp nkuwfh punwiynipip vnwbunt tyw-
nujuhwpdupmpjut hhdbwynpdwb punghpt wpphwljub k:

ZEnwgnunipjut byuwwnwlt E hhdtwdnpl) nulph-puqludbinunuhtt hwb-
pujuyph hwipwpwptpnud weljw ghtijh b juyguph dhgwqquhte iwqugni gubpp,
nnnig nhypnid tyyuwunwljuhwpdwn §ihtth hwdwinit punwiyniptph vnwugnudp:

vunph gpuwépp b hknmwqnuumput dkpnnubpp: Zwpgh wnubng nulh-
puquudbnwunuihtt hwipwduyph (Entwbpjpuputtulut b (Entwnbkuthjulwt
wuydwiubpp, hsyku twb puqlupununphs hwipuwpwnh npujunkjuininghw-
Jut hwunlnipmnitubpp, nbuthjuntntuwwt hwyqupljubpny wihpudbon L
hhutun|npty ninklhg oquufjup pununppsttiph twqugniyi dhgwqquyhti qutpp:
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1 w2 hwipwpwph Ynpqynny wpdnnnipniup (g, $/w) nponoynid | hwnlyuy

wpunwhwjnnipjudp.
Uy = Quy, (1)

npukn %~ unwigniph ghl b, $/2, )~ hwipwpwphg nwiyniph bpp, pw-
Ynph dwu

Utunwunh hwodtlonh huwpjundwdp jpnnwiyniph ipp npnoynid E hknlyuy
pwliwdling.
aK,—6

B-0 4 (2)

'}/:

npuntn -t hwbpwpwpuyhtt quiuguénud oguuljup pununphsh wwpniwynipe-
b b, % (@/imn), i unuiynipmd ogunuljup pununphsh wwpnibwlnipgniip, %
(¢/tn), 8- hwpunugdwitt wnywiplkpmu oquuljun pumwnphsh wupnbulmpgniip,
% (g/), K-t wpiym twhwidwt dwdwbwl] hwipwpwph npuljh thnthnjudwi gnp-
dwihgp, dpuwynph vw:

Zknuqnuinipjutt wpynibpubpp: Yhunwplydt) b onulh-puqdudbnwnught
hwupwuyp, npuntn nknunpdut yuydwitbpnyg b dlwpwtuljut wnwbdiwhwn-
Ynuppmultpn] wpwidbwimd kb vwjujwuptp wwpthuyng wywpbpht Gbpnwy-
twl, bt quohputh wwpthwlnn wyupibpp fupnn, hwipughtt dwpdhbbp [6):
Uwjujuptp (20...309 hutpwjhtt dwpdhuubpp punipugpynid b ny dbé hqnpni-
prudp (0,2...0,4 ), punn nwpwsiwi b whljdwi' ny hwunwnntnipyudp, b, pln-
hwunip wodwdp, ogunuljup punungphsubph gudp ywupnibwlnipniubpng: Zhd-
bwlwb gnpstwljut towbhwlnipnit niukl quehpwth (60...85%9 hwtpuyht dwp-
dhtubpp: Ypwbp tpujubpp b Gpuluyht gnnhttpb G Nulny, wpdwph, ynudh,
Juwwph b swphph hhdtwwb yuowpubpp JEunpnuugus tu 1 (Uowthtyu nk-
nuidwu) b 2 (Qupwuthiyu nknudwu) hwbpughtt dupdhtubpnid:

Zutpuyht dwpdht 1-u pun mwpwsdwt hbnwdndws E dnnwynpuybu
1700 « huly pun wildwi’ dhish 250...300 # Ugh wnwpusym k65...70° mghununm] b
wilnud £ qunhputh (80...85% nhyh hwpwy-wplbp: Lkipjuyugdus L hwupuyht
qnuhny 0,8...0,9-hg uhtsh 2,2...2,3 o hqnpmpjudp (Uhohtip 1,5...1,6 o): Zwlpujht
dwpdhup tbpjuyugdus E wnwudhtt hwipujiugus nknudwubkpny, npnug dholt
wnluw L qguuwupl] wywupubkph b ny Ynunhghnt hwipwpwpbph wbnudwukp,
npnug pwbwlp juqunud £ dnnwdnpuybu 10%: Unwib] gnpstwujub ipwbwlyne-
pmilt nih hwipwjhtt dwpduh hymupu-wpbbpuob dwup’ donwdnpugbu 900 o
Epjupnipyudp: Zwupuyht dwpduh wyn dwut niunidbwuhpyl) B wewygb) dwipu-
dwub hiyyybu pun nupuwsdwl, wjbybku £ pun unpnipjui: Ujunbn wjb, hwdb-
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dwwnws hwpwy-wupbdnjub dwuh htwn, pintpugpynid | wnwdb)] hwdwwnwpusdnt-
pjudp b ninkigynd E nuljmt wpynibwpbpulut gqupnibwynipjudp dh owpp
hwupwjtiwgué gninhukpny:

Zwtpuyhtt dwpdht 2-p hwipwpwph b dbnwnubph wwowpubpny hwdwp-
Ynud £ wnwyby junonpp: Uwljkptnypenud b pwinjiyubph hnphqnuubpnud wyt ht-
nwdnyl E pun nupustul dnnwynpuygbu 2 42 pun unpoippub’ dhish 200 2
wjnthtnl dhiish 350 #p° hnpunubigpbpny: Zwipuyht dwpdhip dbplupugjus
E tpujuyhtt gninhny: Uju mwupwsynud k 60...70° mqhuniinny b wulynid k qunh-
puth (65...759 hhdtwwunid nyh hwpwy-wplbyp: Zwupwyhtt dwpduh wpgnibw-
phpulub dwuph bplupmpymbp 1500...1600 «f t, hul] unpmpniip 300  Uw-
yEpltnypnid hwipwpwupp dwutwlhnpkt opuhnugus E: Opuhnugdwt gniint hqn-
pnippnilip thnpp ' dhtist 10 o Zwlpwghtt dwpdhl 2-p mnkygynid £ yuydwbulub
nulnt wpynibwpbpuljut yupnitwlnipnitubpny Uh pupp gnunhutpny, npntp
dqnud i hhdwljut hwipuyhtt dfwipduht dbpdgniquihtin mynnipjudp b hbpwtnid
kU nputthg unip wbljjut mul: Undnpupwip nputp niukt ny ks hqnpnipnin (Uhish
1,0 ¢) b mbnunpué b hwpwghtt dwpdhtt 2-hg vh pwtth dkwnp (Bpptdt 20...30 )
htnpunpnipjut Ypu:

Zwbpw]uypp twuunbuymd  dswlk) uvinnpgbintyu kquiwlng 450 hugq.
v/inuwph wpnunpopuljuinipjudp: Zwtpwpwph wpynitwhwinwdp dhgh 1,5 «
hgnpnipjudp hwipuwyhtt dwpdhtitbph hwdwp ppwjwbwg]tne £ hwipupwnph
tupwhwpluiht wynjuwdp ghnpujhtt hwingpny, huly 1,5 #“hg dks hqnpnipnib-
tkpny hwlipuyhtt vwpdhutbph hwdwp Kupwhwplught supkliakpng hwipupwph
yndwdp dpwljdwt hwiwlwupgny: Zwbpwpwph JEpudowlnudp twjpwnbuynid
t ppwluwbwgut] hwuph dnnuljuypnid junnigykihp hwpuwnwgnighs dupphlju-
jnud: Zwbpwpwph hwpunwgdw nkjutninghw pnpyt) E hwipwpwptph tplynt
nkuinnghuljwi’ nuh-wynhbd-juyupught b nuhh-Juwup-swphpughtt whubph
hwidwp wpwbdhi-wrwbdhi pun jupdugdus gpuyhunughw + $nunwughw upuk-
Uwjh' Ynunhghnt gpuyhwjunuiyniph b $innwunwuiyniph unwgdudp:

Zwoyh wntbny wjt hwhqudwipp, np hwipwduyph hwitpwpwpbpnud wnlju
tu ght) b Juwwp npnpwlh wupnibwlnipniittpny, wvnnpl ghuwplynud  ghlh
b Juywph punwbyniptph wpnunpdub tywinwjuwhwpdwpnipiut hwupgp:

Un. 1-nud phpynmd E ghthh b juwyuph jpunwbyniptph wpununpdw nhy-
pnud hwkjmdwht Ynpqynn wpdnnnipniuaubph unonpugqus hwpyuplp:
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Zunjbjudughll [npgyng wpdnnnipiniblikph huoyupln

Ugniuwly 1

Smiguitihylikpp Quthdw | 8nigwmthpubp
Upwynpp | wpdbpubpp

Zwupwpwph hwunwnyws yuowpubpp hwugq. n 6818
Zuunwnyus yupwpibpnd juwwuph yupnibwlnipniup % 0,88
Zuunwngus yuowphbtpnid ghth wupnibwlnipiniup % 0,35
Uppynibwhwtdwb dwdwbwl) hwipwpwph npuyh upunnph 0.72
thnthnjudwt gnpswlhgp U
Zupunwgynn hwipwpwpnid ghjh wwuwpnitbwlnipniup % 0,25
Zupuwgynn hwipwpwpnid juwuph yupnibwlnipniup % 0,63
Zuvwpunp jujwugny wkbnnghwikpny dbnwnubph % 75
ynpgniup hwipwpwphg nwiynip
Mnswupubpnid juywph yupniwlnipyniup % 0,1584
NMnywupubpnud ghihh yuwpnitwynipniup % 0,063
Guuwunph pnwuiynipnid juwywph wupnibwynipniup % 50
Shulh munwiynipnid ghihh wwpnibwynipiniuap % 50
Zwipwpw wwuph &
hmuiuithEnaniLg hhe dpunef dduru) - 0,0095
Zuupwpwphg ghuyh Epp ghthh pnnwiynip dhur]. vwu 0,0038
Quuwuph ontjuyuljui ghip UUU $/un 2100
8hulh onijuyuljut ghtip UUUL $/un 3000
Guuwunh punwiyniph ghip UUU $/un 702
8hulh punnwiyniph ghlip UUu $/n 1080
Zwbpwpwph Ynpqynn wpdnnmipnibt pun juywph UUU $/in 6,69
Zupwpwph Ynpqynn wpdnnnipinit pun ghihh UuUu $/n 4,09

dbpp phpjws wnnruulnid Ynpqynn wpdnnnipjutt hwpduplubpp jw-
nuwupyl) i hwipwpwunphg punwiynip dbnwnubph 75% hwjuihwlwt Ynpqldub
ntypnid: Unnpl ubpuyugynn wr. 2-nud phpdnud Bu vduujubp wyp mbuwljh
hunwiynipbp vnwiwnt hwjwiwlwi hwgbywdughtt Swjuubph dwundy:

Unyniuwly 2

Uy mbkuwlh punwiyniplp vinwbuyn: hujwinulwl hudbjpudughl Swpiubpp

1 vz hwipwpwph hwpunwgdw huptwpdtpp wnudh fpnwiynie wpnwnpnng 83
Ynuphttwwnnwd, UL $/in ’

1 v2 hwipwpwiph hwpunwgdw huptwpdtpp wnudh b ghfh punwiyniptp 153
wpununpnn Yndphtwinnd, UL $/n ’

1 11 ghtlhh nwiymp uinwbwm mgqujh hwybjwdwih swubkpp, JUU $/4n | 7,00
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Zunl E ok, np jnipupwiginip mkuwljh fpnwiyniph wpnungpdwi hudwnp
1nugnighs Juuhwieygh 1,0...1,5 fa GUU $: Zwmnjuupwlwul £ wjt hwhquuwpp,
nn Eplnt mwpplp mbuwlh punwiynipe vnwbwne ghypnd htwpwynp E tdugh
hwlipwhwpuwgdwi wpnwnpmpjui gnidwpughtt hwunypep wyb wywngwony, np
nuljnt npnp pwbwl YYnpqyh twb Eplpnpn puwiynipe: Upyniupnud, hp mwuppbpnt-
pintt Uk mbuwlh funnwiyniph wpunwugpnipjut, wju ghypnud sh Jdupyh ny ph
nuljnt Uk gpuadp, wyy’ 1+41=2 gpuadp: Lpws hwiqudwipp §ujuqbgih fonwign -
ptnh gnidwpuyht hwunyph pun nuljne:

Un. 1-hg b 2-hg wljuhwywn tplnwd E, np ghhh b juwyuph hwdwspiwphughta
qubph ubplyujhu dwjuppuyh gupuqund tywnwlwhwupdwp sk nhunwpll
ghtjh jud juwywph prnwiynipbph wpnwgpdwb hwpgp: Uyt wpphwlub jihh
hwdwopiwuphuyhtt gubph npnowljh dwjupnulh nypnid, tpp juywhnddh pun
Juuywph Jud ghth hwipwpwnh Ynpqynny wpdnnmpjuu 7,0 JUL $/w-hg Ubs
gniguthp: pwib juphbjh £ hwutl] juwwph b ghthh onujuyujute gukph 3000 b
5000 JUU $/wn dwjupnuljutph ghwypnid’ hudwywinwuuwbwpwp: Zugdupl-
ubkiph wpyniupubpp pipdusé ko wy. 3-nud:

Unpniuwly 3

Spthh b juguph jwqugnyl dppwqquyhl qih husdwpydwl widihng: vijjuybikpp

Quthdwb | 8mgwlihok
Smguhbzhtpe dbullhtlnpn ul?ldhglhzhpg '

Zuunwnyjwd yuowpubpp hwgq. n 6818
Zuunwnyws yupwpibpnud juywph wqupnibwlnipniip % 0,88
Zuunwnygws yuowphbkpnid ghh wwupniwlnipniup % 0,35
Zwipwpuiph npulth thnthnpadwb gnpéuiljhgp upuny. v 0,72
Zupunwgyny hwipwpwpnid ghtljh yupnitwlnipniup % 0,25
Zupuwnwgynny hwipwpwpnid juwwph wupnibwlnipniup % 0,63
Utwnwnutph Ynpgnidp hwipwpwuphg punwiynip % 75
Mnswupubipnid Juwwph ywpnibwlnipniup % 0,1584
Mnywupubpnid ghuhh yupnitwynipniup % 0,063
Juywph hnwiynipnid juwuph yupnibwlnipniip % 50
Shuljh punwuiympnid ghijh wwpnibwlnipjniup % 50
Zwbipwpuphg yuywph Epp juwwph pnwulyne pury. dwu 0,0095
Zwipwipuiphg ghtihh tipp ghtijh ppinwiymp upuny. v 0,0038
Yuwwph ontjuyuljui ghip UUu $/in 3000
8hulyh snijuyuljut ghtip UUU $/in 5000
Yuwwph fnwiyniph ghtip UUU $/in 1080
8huyh mwnwiyniph ghtip UUvU $/in 1920
Zwpwpwiph Ynpqynn wpdnnmipiniut pun juwywph Uuvu $/in 10,30
Zwmpwpwiph Ynpqynn wpdnnnipiniut punn ghifh Uuvu $/in 7,27
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Bqpuljugnipint. thuwnpyynng hwipwjuyph hwupwpwptphg ghuhh b ju-
wuph ppnwiynipbph wpnwgpmpniup ghthh b juwwph hwdwjuuphuyghte qubph
ubplu dwjupnyulnd ntnbuwybu Juuwuwpbp  vwuyg ugh jupng B nbnbuwg bu
tywunwwhwpdwunp quntw) gpuitg hwdwouwphuyhtt gutph 3000...3500 BU'L $
(Yuwwuph wwpuguynid) b 5000...5500 GU'L $ (ghtlyh wupuquynid) nhypnid:

ArUyuLNhE3UL 8ULY

1. Unwpupui 8n.U., Znjjutithuyjwt U.2., Punpuuupjui U.6. Mhun oquuulwup hwbw-
oénukph hwipwjuyptph wpynmbwpbpulwt quuwhwwnnid b dpouljdwh wupwdbkwnptph
owywnhdwjugnid. wuwghpp / ZUMN2. - Bp.: Swpiwpugbn, 2017. - 260 te:

2. Arabansan FO.A. Teopus u mpakTHka ONTUMAJIBHOrO OcBoeHus Hedp.- M.: Henpa,
1994.- 176 c.

3. Ara6ansn 10.A. OO0mas Teopuss ONTUMAIBLHOTO OCBOCHUS HeJAp (TBEpAbIC MOJIC3HBIC
uckornaemsle).- Saarbrucken (I'epmanns): Palmarium Academic Publishing, 2015.- 288 c.

4. Tloncuer 3amacoB MecTOpOXIeHUI mose3Hbix uckonaembix / B.A. CmmpnoB, A.Il.
IIpokodnes u 1p.—M.: I'ocreontexuzaar, 1960. -672 c.

5. Kypc pynueix mectopoxnaenuii / B.M. Cmupnos, A.M. I'mu36ypr u ap. — M.: Henpa,
1981.-348 c.

6. AcaansH A.T. Pernonansaas reonorust Apmennu. — EpeBan: Afinerpar, 1958. -431 c.

Zujuunwth wqquyhtt wnjhnbkthjujuwt hwdwjuwpu: Unipp bbpuyugyt &
hudpugpnipinit 14.12.2022:

A.I'. OAHECSH, A.T. BATJACAPSIH, C.B. MAMSTH

OBOCHOBAHME INEJECOOBPA3ZHOCTH NMOJYYEHUA PA3JIHYHBIX
BUJOB KOHIIEHTPATOB 3 MHOI'OKOMITIOHEHTHBIX PY ]I

IIpoBeneH kpaTkuil aHaau3 TOPHO-TE€OJIOTHYECKUX U FOPHO-TEXHUYECKHUX YCIOBHUMN
MECTOPOXKICHHUS, & TAKXKE TEXHOJIOTHH ITepepadOTKH pyAbl. TeXHHKO-3KOHOMHYECKUMH
pacdyeramMu 000CHOBAaHBI MHHHMAJIbHBIC MEXIyHapOIHbBIE IEHBI HA IMHK M CBUHEILl U IieJie-
C000pPa3HOCTh IPON3BOJICTBA KOHIIEHTPATOB OJTHOMMEHHBIX METAJUIOB.

Knrouegvie cnosa: MecTopoxKIeHNE, pya, U3BIIEKaeMas LLEHHOCTb, KOHLIEHTPAT, MU-
HHUMaJIbHaA 1IICHA.

A.G. HOVHANNESYAN, A.T. BAGHDASARYAN, S.V. MAMYAN

JUSTIFICATION OF THE FEASIBILITY OF OBTAINING DIFFERENT TYPES
OF CONCENTRATES FROM MULTICOMPONENT ORES

A brief analysis of the mining-geological and mining-technical conditions of the deposit, as
well as the technology of ore processing, is carried out. Feasibility studies substantiate the minimum
international prices for zinc and lead, and it is advisable to produce concentrates of the same metals.

Keywords: deposit, ore, recoverable value, concentrate, minimum price.
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NMuyplgdws (knuughtt quiuqdush yupwdbknptph jupquynpnudp buljwt wqpbgne-
pintt £ nikunud pug (Eptughtt wohiwnwbipbinh wpgnibudbnnipjut Jpu: Ny hwpw-
pwpuwjhtt whuy shttwpwpulwb Wyniptph puguhwiptpnid wuyptgyusé (Entughtt qutg-
Jwsdh thquédph wuwpwdbnptph jupgquynpoidt wywhnynd k hwinyph s swjwybp:
Zuupwpwpuyhtt hwpwduypbpnid thiqusdph juyuph vwhdwbwhwlnudp pny; £ nwhu
puntipphg wpynitwybknnptu §npgl] hwupwpwpp b Ypdwnt) dujuwpugdwt swuduyubpp:
Qnpénn wnwewpynipniitipp thiywsph wupuwdtwnptph npnpdwt epupkpyuy poyp sk -
1hu Juunwpk] hudbubpuut hwoquplutp’ wnipdws wupudbknpbpny thjdwsp unwbiwnt
hwdwnp:

Ubwhnhy htnwgnunmpjut dkpanh hhdwt Jpu wnwewplyty Eu quyptgyus (kn-
tughtt quuqush thyusph juwyuph b pwpdpnipyut hwpdupuwy dkpnnubp’ Juhus
quigush pinjuynpyuénipiniihg b hnpunuwuwyptgdwt yupwdtnpbphg: Unwewnl-
Jws dbpnnhljub pnyp E niuhu quyptgdut wwpudbtnpbph hnthnjudwdp pauguhwiph wy-
Juwwnwpuyhtt hpuwwwpuwlnid nitbbw) wuypbkgws quuqush hydusp’ wnpdus juypnyg
b pupdpmpjudp: Ywnwpyl) £ hbnwgnunuljut b wpynmibwpbpuljut yupbkgdw wpn-
miupubph hwdbkdwnnpniie

Unwbgpuypl punkp. quuqush pinjuwynpjusnipiniy, hwipwunhgwb, wuypnighly
wnmiph 1hgp, (Ekntwghtt quiuqyush thydwsp, wuyypenighl Wniph phnntugdwb wpugnipniu:

Lhpwbnmipnii: Unynpwpwp ng hwpwpwpuyhtt whiyg shttwpupulwi bynt-
phinh puguhwipbpnid wuwypkgdwt wpymbwybnnmpniup hwingph ny UES dw-
Juubph nhypnid ghwhwwnynid | quyptgyus quuuqush Ynunhghnt dpuljghw-
utph Epny: Uwljuyb wppynmibwhwtdwt ks swdujubph nhuypnd wuypbgdut gnp-
sntutinipju jupquynpnudp shttwpupuwlut ynipkpnh puguhwptpnid punpny-
Ynud k ny dhuytt wmyupubph dwiipugdusnipjui wunhdwing, wy) tub wuyptg-
Jud quiggush fhydusph yupudbnpbpny: Muypbgdut dbs swduyubpp puguhwi-
ptipnud, hwpwunmhfutiught pinjh hwunwnnit pupdpnipyutt b hwipwunpoh
dhliinyu Epupnipjut ghypnud, wpnwhwjnygnid Eu hnpuwwnwgpbph owpptph
pYh dbdwgdwdp: Zuipwunhfwiwghtt pinjh jupd quugungdudp puquuowpp
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yuyphgdwt nhypnid, jujujws wuypkgdw ujubkdwjhg, dbwynpymd Eu yuyphg-
Jws quugush muljuwtnt thjjwsp b mthwjwuwpuywh dutipugdusnipntu: M-
phgyus quuqush wuljwint thydwspp punpnoynd E thiyusph wnwybjugnyh
(ugupny b pupdpnipjudp, hul wthujuuwpwswth dubipugdusnipmniun’ wwyptg-
Jus quuqush Jkpohtt swppbpnid wpunwswthu Yunpubph Giph dkdwgdwdp:
‘Ldwl wpmyntupny wuypkgnidubpp puguuwpwnp b winpunpununid pug (Entw-
1ht wohnunwiptinh wktininghwjut gnpépupwgutph ypu (pupdnid, nknutn-
hunid, gwppnid-inbuwjuynpnid), npt hp wudhowljw wanptgnipniut k ntbbkinud
wpuwnpuiph huptwpdtph b npuljh Jpw [1,2]:

Utunuwnuljut puguwhwipbkpnud pug (Entwghtt wotwnwpubph wpynibw-
JEnnipjut pupdpugnidp guydwbwynpduws b wuypigdus (kntwghtt quiuqush
thJudph dbwynpdwb juwnwpbmpjudp: vnp puguhwipbpnid, npp punpny k
dbnwnuiwt hwiupwuypbpphl, pimpmnitp wwpununpnud b {Entught wohiw-
wnwbpttiph wnbininghwljwt gnpéptipwgubpt hpuubwgul; tkn whwnwb-
pujhtt hpmywpuynid: ‘LVdwt hwipwduypbpnid yuypkguws quuqush thidusph
nwhdwbwhwlnudp htwpwynpmpntn £ tnwjhu wpynibwgbn ogquuiugnpéty ubin
wouwwnwpuyhtt hpuwwpulp: Uwlkpbnygph tjundwdp qunhpwt pbjhbdny
pwpdntupuyhtt puguhwiipbpnid wuyptgyus quiuqush thidudph juyuph vwhdw-
twthwlnudp pny) k nwhu dbdwugul] puguhwiph wpiwwnwipughtt Ynnh php-
dwl wulpnitp’ hwigbgubng dwujuwpugdut swjwukph thoppugdwip:

Dpp gupunpusp Jiuymd E np wuyptgws (Eptught qutiqywsh thigwsph
wupuwubwnpbph jupquynpnidt wyyuwhnynid k.

w) ny Uknunuljut shtmpupuljut ynipkph puguhwbpbpnid wpynibw-
hwidwt Uké dwyuyubp,

p) Ubnunuljut hwipujuypbpnid hwdbdwnwpup dwjupugdwut phy dw-
Juutipph hinwugnid,

@) hwipupwuph wpyniiwytn Ynpgnid,

1) puguwhwiph vwhdwiuthwl wohinwipuwjhtt hpuwywpulnid hwpw-
punh wnwyt] wpynibwgbn dpwlynid:

Spdws wupudtnpbpny wuyptgdus (Entughtt qubgush thydwsp unwbugne
hwdwp wuhpudbown t hunwl wunkpugnid nttktw] yuyptgdut yupudbn-
ntph wqpbkgnipjub b thiyusdph dbwnpdwb gnpépupwgh Jepupkpuy [3]: Skuw-
Jut b thnpduwluwb hbnwgnunipmniutbiph wpyniupnd dh owpp hinhtwlubph
Ynnuhg wowewpll) kb wuyptgud quiqiush tyjusdph juyiph hwajupldwl
dbpnnubp (wn.1): ZEnhtwlubpp guund By, np wuypnighl yniph (ML) whuww-
pup dwjuuh thnnumpyudp Jupbih Eunwbu gupbgjus quigush djwsp’
wthpwdbtown yuyupny: Phwpltk, wju jnsnidubpt niukt mbuwljwb Unnkgnidubp, b
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gnpstwljuwind Ynibbkbwbp uywuynn wpnnibptbph bwlwb oknnidubp: Sqjug
ntypnid juinhpt nith qnun Eppuswthwljut jnisnid, npp wuwhwbenid k hnpw-
wnwbtgpuyhtt gwigh wuwpwdbnpbiph b MU-h (hgph Gplupnipjut hinthnpudwdp
npjws pwbwlhh M-t hwjuuwpuswth pupjul] yuypkgynn quugqdusénid: buly
Lhnpuynpus qubqusnid, Jupujws dknptph htnnkuuhynipinihg, skpunwgtnt-
pjniihg, Yhpwnynn MU-h whwhg, wuypkgynn pnljh swjwihg, htwpwynp sk
Epypuwswthwlui (nusdwdp hpujutwgub] MU-h hwjwuwpwswth pugunid: MU-h
1thgpwynpnidp gbnpuynpjus quigusnid dhpnn mnblgynid k kpohtuhu qquih
Ynpuwnny [4]: Nrunp uugphtt gnpstwlui (nsnud twnt hwdwp withpudton L
puunpl] hnpuwnwigpuyht gwiugh wwpwdbtnpbpp, MU-h (hgph Epupnipmiup
Jud huguiyniph owywnhdwy tplupnipniip: Uju nhypnid hinhtwljubkph Ynnuhg
wnwownlyjus Nu-h hwoJupluyhtt mkuwjupwp swjuup hwtinhuwbw nnnpnnn
uwhdwbughtt gnigutthy, npp jhwdbkdwngh Mu-h huunwgh nkuwupup sSwjuuh
htwn:

Unpniuwly 1
Nuypkgyus quiqyush yjwdph juyiph hupjupldwh puinudlbp
Znhuwlukp Putiwdlibp Hi - hwipwunhgwth pupdpnipiniip,
rdluyh .4, Byi= Ku Kp Hu \/q u
5 1F0 Ky - mywpubph wuypbkihnipjut
nunnigny R 45 3[q
q By =3.5 HvV/F H, gqnpduljhg
Oyl 2.0 HQy [g Kp— hnpuwnwugph phpnipjniin hwogh
P TRy, [ wnlinn qnpéulhg
«COI03B3PBIBIPON Ba-5q \/W_Hh F-gpnitwnh Jupgp puwn (ctpourtensusie

HopwMsI 1 nipasuia) CHUII-h

K¢ -ghnpuynpubnipeju gnpdwljhgp
q - wuypnighly tyniph nkuwfwpup
swhuup, §g/iF

Quu — wuyypnighYy wniph thgph
pwtjp hnpuwnwuigpnid, fg

Lsas - jaguityniph tpljupnipniup, o
W - hwipwunpgwth hhuph
nhuwnpnipyub ghdp,

Zhnbwpwp' hnpunuyuypbgdut yupudtnpbph wqptgnipjut hknwqgn-
unidp wuyphgws quiqush thijusdph dbwdnpdwi gnpdplipugh ypw hwunh-
nwbnd £ wpnhwlwb junhp:

unph gpduspp b htnwgnunipyjuin dkpnnukpp: Muypbgdwt wppnibuw-
Jtunnipiniup MU-h hgph wpynitutn oquiuagnpénidt L yuyptgynn dvhowuypnud,
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npp punpnoymd E wuyplgdwt wyt whpwdbyn tubkpghwyny, npp juwwhnygh
wwwph ywwhwbeynn dwipuguémpinit b quyptkgyué quugush Yndyuln
thjusdp: Muyptkguwt wthpwdbyn Eubpghwt wpnwhwjnymd b quibquésnid
ML-h (hgph hwjuuwpwyunh puppejwdnipyudp, npp jupnjws b uyuyptgyng pinyh
dwuihg, quuqush Sbnpuynpjusnipiniihg, wyuph Phqhjudbjuwthjulut
hwwnljnipniuubphg: MU-h 1hgph pupfudusnipniup quigqusnid hwipwunhdw-
tuwghtt pinlhh wuyptkgdwt nhypmd puntpugpynud £ hnpuwnwgpuyht guigh (a x b),
wuwpuwdtwnpbkpny, hwipwunhdwih hhdph ghdwnpnipyut gsh dkdnipjudp (W) b
MU-h 1hgph Epupmpudp (L,p): Pull tpdws wuyptguwt qwpwdbinpkpp dniuy-
ghw Eut hnpwwnwigph npudwgdhg (de): MU-h 1hgph pupuubnipiniup punipwg-
nnn wupuwdbnpbpp hwdwupynud Bu wuypligqus quiugush dutipug]usnipjut
wunhfwih b thduwsph hwrduplldwt nkjininghwljwt wwpudtnptp: U B
Yyuynud htnhtmyubph Ynndhg ubpljujugdus wwjptgjus quuqiush tyjwusph
1uyuph hwyupyuwt pwbwdbbpp (wn. 2):

Ugniuwly 2
Nuypkgyny hwlpuwunpdwih wnwidhl nwpplph pnpsph ulqpiului wpugnipyui
npnovwl puinud hkp
Muyptgynn wuyuph phsph
8 thouk
Zhnhuwlubp uljqplwjut wpwgnipnip, niguithaUtipp
1727
Fkyhl U.8w. Vo=2 Vy (q/mpus K)"? Vi-1hgph funpnsh pupddwi
wpwqnipnihp, /4
2tnthgnyuyh U.U. Vo= (2EqK] [yws)™? q - NU- h mbuwlwpun Swhiup,
Pnigpny 9.b. Vo= 0.125 Dus [a byg/P
Y K- hnpuinwigph thgpuynpuwi
gnpdwlhgn,
Uhwpniyut @.U. Vo = 0.03 Dus dhnp [2mpus put- MU-h fwnnipniup, §g/if
Laeg N\ Vo Yuy-wuyuiph funnipiniap, §g/f

E — MU-h mbuwljupup
Eubpghwl, 247

K- wyujptgdwl o. g. g. -,

Dyt - yuypnighly iyniph
phnntwgdwb wpugmpyniup, &4/
latn — quigudnid
LEnpuwynpwsnipjut pinukph
Uhghti swthp,

dhop — hnpunwagph mpudwghédp,
u
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Zuynuh k, np hwpwunhguiught pinyh wuyphkgdwi nhuypnd wibnh E niak-

umd wuypkgdusd qutqush wrwbdhtt mwuppbph prhsp nhuyh hwbpwunhgwuih

wquun dwulkplnyp, npt wjwupwnynud E htkpghw) sowupddwudp b quypkgus quiig-
Jwsh thiyusbph duwynpdwdp (ul). ): Skuwub b thnpdtwljut hbnnwgnunnipni-
utiph wpyniupmd dh owpp htnhtwlubph Ynnuhg wowewplyt ki quyptgdus
quiqqubh uljqpuwljuit prhsph wuwpudtnpbph hwydupuwt dbpngubp (wy. 3):

Unpniuwly 3

Nuyplgyng huwbipwunhpdwiughl pinhh JEnmbhuluwi hunnlnipinibbbpp, wdpnipjul

phnipughpp o hnpunuwuyplglul wkjuinnghulul wupudbuplkpp Upuidniup b

Upwpunnp puguhwipkph wuydwbbEpnid

NMuyptgynn pinlh Gpuyknughtt gniguhoubpp b uyptgdwt nkjuuninghwuljwt

wupwubkwnnptpp
Nupudtwnplpp Upwuniuh pugwhwip | Upwpwinh puguhwp
wipdkphkpp

u u U qnpd

wwph undpnipjub gnpswlhgp F=10..12 F=8..10
pun U.U. Mpnuinnnuljnungh
G ¢ i} Suwt

phugtluib wihph wpubw Vi =3700 Vi= 3450
wpugnipniip wywpnd, 472/
Uwuwph unnipnibp, §g¢/f Ya = 2650 Ya = 2720
Zwbipwunhgwbh pupdpnipniip, o H=10 Hy=15
Znpuwnwbigph mpudwghdp, o dex=0.125 dex=0.160
Zhdph nhdwnpnpyu qghdp, & W=36 W=6.8
Z (it u gty

npunaubgpuhl gubigh axb =3.3x3.3 axb=42x48
wwpuwdtnpbpp,
QEphnpuwndwb swthp, o lg=10 lg=10
Znpuwwnwbigph kpljupnipniip, o lpnp = 11.0 Lpnp = 16.0
uguiyniph tpjupnipniup, lg=3.0 lg =45
MU-h |hgph kplupnipynitp, o =80 =115

Yddup sk ujunk), np wuypkgws quiugush wnwudht muppkph prhsph
uljqpuuljut wmpugnipniip pumpwugpnn qupudbnpbpp hwdwpynd Bu wuyptg-

Juwd quuqush thjwdph hwpdupluwb tubpgbnhl wwpwdbnpbp (MU-h
phunnbwgdut wpugnipntl, ququgnugdut wpquuhph uljqptwljut £upnid):
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l B,

Ul Znpunnwbigpuypli jhgph fhubdunnpluluml wqnkgnyeinip b thyjwdph dlunnpwl
ufulfuls

Niunh puinph nusnidp wuwhwbgnud .

1. Qupnws wuypkgynn pinh tpjpuywhwlut gupudtnptphg, junmg-
Judpuyhtt wnwidtwhwnlnipniitbphg b $hghjudbwthjuljut hwnlnipni-
ukphg, hwyqupll) wuypkgdwi wji oywnhdw wupwdbnpbpp, npnp Juuyuwhn-
Jht wuypkgdws quigush withpudtion dwipugusnipniip:

2. bpujubwugul] wuyptgdus quiqyush thijwsph dbwdnpuiwt gnpéplpugh
htnugnunid ujujws hnpunuwyuypbgdwi tukpgknhy b wkubinnghwlwb
wupwdbwnnptphg:

Znpunuyuyphgdwt wphiuwnwipubph owynhdw] wuwpwdbnpbph hwedupyp
Juwnwpyl] b hbnlyuw) ulqpnitpny. hwdwduyt wuypbgdwt hwyqupyduu dkp
Yynnuhg dpwlws dkpnnhliuh hwodwplplly bt wuypbgdwh wwpwdknpbpp [5):

Yuunwpyly £ hupdupdus wupwdtnpbph quuhwnnd pun uyuuyng
wpuwswthu Junpubph Eph hwyqupldwi (1) pubwdlih:

Zupyuplus wupudbnpbph quuwhwndwt swhwithy Ewpunwswthu funnp-
ubph tuqugnyi Gpp:

Znpunuyuyphgdut wpiwwnwbpubph ownhdw yuwpwubnpbph hwodupyp
pEpJws £ win. 3-nud: Uywuynn wpunwswthu unpubph Eph hwoduplp juwnwp-
b1 E wmbwhnhl] Enutwlny, hhdp pugniubng skupwuplyynn dwbpugdwut gnunnt
uwhuwbbkpp, wyy pynid’ twl wuypkgdwl ny wljinh] gnunhi (uguiyniph gnunp).

1 l]ugdlfﬁf 2a+W+lp,
3 Hpwa, dl] a+w

Var 100, %, (1)

npunkn Ing —p hnpunwigph fugwiyniph Epupnupnibb kb,  dage -p- quiqusnid

wwwph wpwdht Yunpubph dhohtt npudwghsdp (Uhoht pinjuynpusdnipjudp

wwwpibph hwdwp) - dup=0,4 ¢ (junpnp pinjuynpjusnipjudp wwwpubtph hw-

dwp) - du= 0,7 ¢ wthwdbdwwn punonp pinjuynpjusnipyudp wwwupubph
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hwdwp) - die=1,0 # dy—tt wuyphgws wywph withpuwdtown §ntnhghnt swihbpp,
dy = 0,7 ¢ Hiwt -p’ hwlipwunh&wlih pupdpmipyniip, & a " hnpuwnwgpbph dhel
tws hipwnpnipnilip, 5 W~ hwbipwunh&wih hhiph nhiwnpnipyub ghsp:

NMuyptgyus quuqush thjyusdph dwynpdwb gnpsptpugh hbnwgnuunudp
Jwwnwpyl] £ whwhnhl bquiulng] hwdwdwji dkp nqdhg dowljus wuyphg-
Jwd quiqush nnuihnpdwi b hyjwsph dhwdnpdwt dkpnghluygh [6], nph hhd-
pnud pujws b wyupubph puypuydwl, wpnwpht pujhunhlugh b §nown ny wnw-
dquijutt vhowduypmid wuyphgdut wqptgnipjut nbkunipnibibpp: Ubwhnhy
Enutwlny vwhdwidl] Eu juppdwénipniuubp thywsdph juyuph b wuyphgdw
mipupwisinip wuwpwdtnptph dhol, b uwyn wpwbdhtt Yuwpudwsnipniuubph hh-
dwb Ypw unwgyl] ko quyptgdwt nhnwplynn pninp yuwpwdbwnpbph hwdwihp
wqnlgnipniup hwpyh wnunn thidwsph juyuph b pupdpnipjut pwtwdbbp dky
ouippny wuwyphkgdwt nhupnid.

53 lipgdhnp Hhwte  [27Tpwu Dy
B=3 \/7 2w \} Yu Vi VA’ u, 2)
2WKuiHnut [V VA Vi
He—mee (P TR 3)
Iihg pun  Dujlt

nputn f —p wyuph wdpnupyubl gnpswljhgh b pun U.U. Mpnunngyuynndh, W-a
hwlpwunhgwih hhuph nhuwnpnippul ghdp, # lpg —p hnpuwnwgpuhl 1hgph
tpupmipiniip, o diep —p hnpunnwiigph wpudwghdp, & pus — MU-h fannipgnip,
[@/tP, Yy —p wyquiph funnipynibp, 4¢P, Dyn ~i MU-h phnntugdwh wpugnt -
pmitp, 24, Vu, —p Epuyulub wihph tnupustul wpugnipmiip wuyupnad,
uy, VML\/K —u Epjuytwlwi wihph muwpusdwb wpugmpniup quuqusnid, 477,
A -t quiqush gknpunjnpiudnipjul wniunhly gnigwithop, Hiwe —p’ hwipuu-
wh&wbh pupdpmpiniip, # Kw —i" wuyupbph thjupnipjul (pasperxrenns) gqnp-
duihhgp, Kue=1,1...1,2:

Uhohtt pinljun]npiusnipjudp wywpibph phypmy’ A=0,25, junonp pinljw-
Unpusnipyudp wupupbph ghuypmd’ A=0,4, withwdbdun unpnp pinljunpw-
smpjundp wuupbibiph phypnid A = 0,6:

NMuyphgdwt wijnhy tutipghuyh tbpgnpénipniup wuypbkgws wywph dwb-
pugdwt b thiyusdph dhwnpdwt Jpu pinipugpynid £ quuquénid Mu-h 1hgph
hwjuwuwpuwswih pughudwdp, npu yuypkgdwt hippuljwinipyudp b ninnnipjudp,
Uhwdwiwbwy wuypnn (hgph putwyny [7]: Mu-h {hgph hwjwuwpuswh pwy-
hunidp, yuypkgdwt hEppuljuinipniup b ninpnipmiup juhidus i hnpunwig-
puyjhtt gmigh b puquuownp Jupd nuununbgdudp guyptgdwt (FYMN) ujubdugh
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&how punpnipnithg: FAYN-h phypnid jnipupwbsnip dhwdwdwwl wuypny
1hgpp funtdp untndmu Ewquin dwljplnype, npp hwenpr wuypnn 1hgph judph hw-
dwp wywhnynud £ yuyptgus quiqush mbnuownd nkuyh wquun dwljbplngpe:
Uju nhypnid wuyplgjws quitiqwsh thifwdph jwjupp b pupdpmpinibp, juijuwsd
hnpuwnwtgpwjhtt |hgptiph dhwdwdwbwl wuypnn qsh b hwipwunhdwith wqun
dwljkptnyph htn juquus wuljjub ¢ dbdnipniuhg, npnoynid L.

Bl :k(pB'/'(H—])b, (4)

npunkn n-p puppbph phyt k, b- swpplph Uhel tqws htpwnpnipynibp, o b =a:

_ (115..12)H

H
1
Ky

, ®)

npwntn k, -p ¢ wblnibp puinipwqpnn gnpswlhg

0] 0 30 45 60 75 90
ko 1 0.85 0.75 0.7 0.65 0.6

Guppliph hwgnpruljut yuyphguwb nhypnud ¢ = 0, nph nhypnud thfusph
luyupp wrwybkjugnyut b Uknubwdl ubphwwnnidng (¢ =45...60°) wyuypkgdub
upubduygh Jhpupnidt wywhnymd E thqusph tququqnyb juyupny wuypkgdus
quiqqusé:

ZEnwugnunipju wpnymiputpp: Thwhnhy hnwgnunppub wpyymbpubph
unniqgiutt hwdwp hpuubwugyl] o thnpdupupujut yguypbgnidutp Upw-
Uniuh puquunp b Upwpuwnh Ypwpwnph puguhwpbpnid:

NMuyphgdwt wpyniupubpp tbkpuyugus tu wn. 4-nud: Muyphgnidubph
wpyniupubph JbEpnisnipniip gnyg £ wdl] whwhnhly hwyquplubph pupdp
huwdwywwnwupiwintpyniip:

Upwuniuh puguhwipnid hwipwunhdwiwght pinih pupdpnipmiip jug-
Unud k10 o

Uowljynn hutipwunmhfwbiwghtt pinjubpp ubpuyugdws tu vhoht, junonp b
withwdbdwwn unpnp pnjwynpdwsnipyudp, hnpuwnwigph wpwdwghsp 125 /i
nunpyt £ hnpuwnwgpbph punwniuughtt gug: Mu-h 1hgph puttwlp hnpunwtg-
pnid juqunid k 80...100 fg:

Upwpuunh pugwhwiph dpwlnidp junwpynud £ 15  pupdpnipjudp hwtip-
wunhfuitibpny kpluyuglus theht b junpnp pnljundnpusm pyub wuyupibpn:

Upwpuwnp pugwhwiph hwdwp pnpyly Enipuityniaiwdl hnpunwbgpu-
Jhtt guitig 160 2/ hnpunnuigph npwdwgsny: Mu-h (hgph pwbulp hnpunubgpnid
Juqunud £ dhtsh 200 4¢:
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Unyniuwly 4

Pnpdupupulwl wuypbgnidibph wpynibpakpp Upundniup b Upupunp puguhwipkph

wuydwhbhbpnid

Upwuniuh puquinh pugwhwip

Nuyphgnid N 1 Zwipwunh&whught pnly N 4

Guppbph phyp Nuyjphgdwi ufubdub Nwjptgynn pnlh pofuynpw-
dnipjniup
ubnuiwdl tiphwnnudng jupg | vhoht pinjudnpyusnipyjudp
n=12 nuitipunkgdundp ¢ =45...60°
Nuyyphgdut wpyniupubpp
®udph (uyyipp,u ®Jwdph pupapnipiniip,u Upwnwywithu funph Eipp, %
= = 2 = = S 2 2
E = 2 E g 2 &5 E 3
= = har} = =] o} - =1 ot
=h = a =3 ;: 3 3 =
g £ g g g g = g
= ER E Z < = )
3 3 =
= =
53.1 48.8 -8.1 12.9 14.8 +12.8 10.8 12.4 +12.9
Nuypbgnud N 2 Zwipwunhdwtught piny N 3
Muyptgynn pinyh proyunpgu-
Ut u
Cuipplph phyp wyphglwl ufutdwh Snipjntim
n=10 ubnuiwdlb utkphwwnnudng Jupd | whwdbkdwwn junonp pinjuynp-
nuinunbkgdwuup Judnipjudp
¢ =45...60°
Nuyphgdwl wipnyniupubpp
DOJwdph (uypp,d ®Jwdph pupdpnipniup,u Upwnwgwithu Yuinph Epp, %
3 3
<= < o o
5| 5| = 5 g g 5 5 g
= 3 = = 3 b= ] 3 2
= g =t =3 g = = 3 =
3 5 g 3 5 Y g A =y
Z 5 i) Z E 4, 2 &
g = ~ 5 = 3
<~ <~
41.8 443 +5.6 19.8 18.7 -55 27.3 26.1 -43
Nuyphgnid N 3 Zwiipwunh&wtught pnly N7
Guppbph phyp Nujphgdwi upubdub Nuwjptgynn pinljh
pinyuynpwdnipniup
ubnuiwdl tkphwwnnudng Yupd | junpnp pinjudnpusnipyjudp
n=15 nuinunbkgdwuup
¢ =45...60°
Nuypbgdwl wpyniipubpp
®udph (uyipp,u ®Judph pupapnipintip,u Upwnwywithu funph Eipp, %
2, ]
= =,
5 c = 5 E = & 5 £
= 3 p = 3 B 3 5 =
) g z 5 5 z El 5 E
= E £ 2 E £ 5 = £
N A3 N k] 3-1 A3
3 S o ) = o~ 8 ~
5 <
59.5 62.8 +5.2 16.2 13.8 -14.8 19.1 18.3 +4.2
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Unynruwl] 4-h pupnilnulnierniip
Upwpwunh Ypupuph puguhwip
NMuyplgnid N 1 hwipwunh&wtuyght piny N 16

NMuypk -
Sunpbph philp Nuyphgiuts b wypkgynn pnljh pouynpu
Snipjniup
n=>5 2uppbph hwgnpruljut Uhght pinjurynpywdm pyunlp
yuyphguwp, ¢ =0
NMuyphgdwl wpyniupubpp
QpJwbph juyipp,u @wéph pupdpnipyniip,u Upuwsunhu fuinph Epp, %
3 3
? = L =3 = 2 —% = =
o 2 =
| i 2| : i F| 2 2
3 =] =g 3 = = 5 = A3
B g & E E & ey N
E = 3 = 5
= =
55.3 52.0 -5.9 16.5 18.0 +8.3 10.2 13.0 +21
Nuypkgnid N 2 Zwipwunhgdwbught pinl N 11
Nuyph
Cupptinh phyp NMuyphgdw ujutdw wptgnn pingh
pinjuynpyudnipiniup
n=>5 2uppbph hwgnppuljui fungnp pialundnpudm pyudp
vy plguup
=0
NMuypkgdwl wpyniupubpp
®Jwdph (wyupp,u ®Judph pupapnipintip,u Upwnwgwthu Yunph Epp, %
2 = o
g = ° g S 3 = -
= 3 =S = 3 = ] S 2
=2 g 2 =3 = st =1 = =
3 =1 o 3 =} g 3 3 E
= 2| 2| % : 5| 2| F S
g = g = ~ 5
= =
48.1 54.0 +10.9 21.2 8.5 -12.7 17.8 15.3 -14.0

Un. 3-mud pEpjws B wuyplgws quqyush thidusph dbwynpdwil Jpu
wqnnn hwbpwunhdwtwght pnh junnigquspuyhtt wnwdtwhwwnynipniuubpn,
wdpnipjutt punipughpp, hnpunmuywypkgdut mbEuininghujwt b Eukpghnhy
yupwdbnpbpp Upudniuh b Upwpunh jpupunh paguhwipiph yguydwbbpnd
[8,9]:

Puguhwiptpnd npuytiu wuypnighl ynip Yhpungnd E 820 4g1810 3600 o474/
phnntugdut wpugmpjudp wdnthwljuyhtt ubjhnpu: Quyphgnidubkpt ppuljw-
twgynud ki puquuowpp jupd guiipuntgdwdp: Upuwdniuh puguhwipnid hn-
npuwnwugpbnh owpptph phyp juqunud k 10...15 pwpp:

Cunpynud k ubnubwdl ubphwnnudng yuypkgdwt ujubdwt: Upupunh pw-
guhwipmu wuwjpkgnudp juwnwpynud E pwpptph hEippuut wujpkgdwt upuk-
Uuyny (uipptph phyp juqunud £3...6 pwpp):
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NMuypkg]ws Enttught quiqiush thiJwsph wuwpwutnnpbpp npnoyky E dwply-
shpbpulwi swhwgpdwi dhgngny: Upunwswthu junpubph Swduwp npnpdby k ny
Ynunhghnt pinfutph (Epp Yunph dhohtt swthp gipuquignid £ 800 #/4) hunuyght
swthwgpUudp:

Bqpuljugnipjniin

1. Muyphkgynn quuqush pnjuynpdusnipniip hwdwpynud E hhdtwljut
Elubnnught gniguthop wuypkgynn quuqdush mknuowpddwi b thjJusph dhw-
Ynpdwt gnpéplipugnid:

2. Muyptgynn hwipwunhdwith thqusph yupudtnptpp jupudws Eu wuy-
phglws quiqiush wnwbdht wwppkph prhsph wpugmpgniihg, hknbwpwp twh
prhsph hinwnpmipiniihg, nph dbdnipniut wpnnwhwynynid £ MU-h ninntiug-
dwl wpugnipjudp b Mu-h 1hgph mpudwgsh dkdnipjudp nt bpjupnipjudp:

3. Muyplgwsd quuqush thusph juyupp hwjunupd hwdbdwnwlwu k
thiywbph pupdpnipjuin b wpnwswthu Yunpubph Epht:

4. Quigywsh thywsph ywupwdtnnptph jupquynpiut wdkiwwpynitu]bn
Enutwljp Jupd qpuinunbgdudp wyuypkgdwt wjt ujubdugh Yhpwemdu k, npp
ntypnid vhudwudwtwl] wuypnn thgpbph ninnnipniip hwiipwunhdwith wqun
dwkpbnyph tjundudp juqunid £ npnowljh wlpnih:

5. OJubph wdkwdbs juyupp unwgynid k owppbph hwenpryuljut wuyptg-
dwb nhypnud, Epp dhwdwdwbwl wuwypenn (hgptph ninnpnipniup qniquhbtn k
hwipwunhdwth dkpugdué dultpunyphl: Lhgpbph pbgyuybwlut wyuypbgnudp,
bEpp dhwdwdwbwl wuypnn 1hgpiph mannipniup ninquhwjwug t hwbpuunhguh
wqun Uwlkpbnypht, wywhnynd k husph tuqugny juyupp:
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Zujwuniwtth wqquyhtt wnjhunkpthjuiwt hwdwjuwpw: Umpp thpuywgdt) &
udpwugpnipini 14.02.2023:

I''A. ATAPOHSH

HNCCIEJOBAHUE BJIMSHUSA TIAPAMETPOB BYPOB3PbBIBHBIX
PABOT HA ITPOIIECC ®OPMHUPOBAHMUS PA3BAJIA TOPHOM
MACCHI

PerynupoBanue napaMeTpoB pa3Bajia B30PBaHHOW T'OPHOM MAacChl OKa3bIBAaET CyLlle-
CTBEHHOE BIMsIHUE Ha A(P(EKTHBHOCTD OTKPBITHIX TOPHBIX PabOT. PerysmpoBanue rnapamMeTpoB
pa3Baia Ha KapbepaxX HEPYAHBIX TBEPIBIX CTPOUTEIBHBIX MaTEPUAIOB 00ECTIeYHBAET OOJb-
mo# 00seM 100, Ha pyITHBIX MeCTOPOXKICHISX OTpaHUYCHNE ITUPUHBI pa3Baa MO3BOJISIET
0oJsiee palMOHANBEHOE W3BIICUCHHE PYIBl U3 HEAP U COKpalleHne 00heMa BCKPBIIIHBIX 110-
poa. CyuiecTByrolye peKOMEHAAUH 10 ONPEESICHUIO NMapaMeTPOB pa3Baja HE MO3BOJISIIOT
MPOU3BOJIUTH MHXKEHEPHBIE PACUETHI JJIs MOJyUEHHUs pa3Baja 3a/laHHbIX TapaMeTPOB.

Ha ocHOBe aHanMTHYECKOro METO/1a UCCIEAOBaHUN MpeJIoKeHa METOAUKA OTpesie-
JICHWs IIMPHUHBI ¥ BBICOTHI Pa3Baja B3OPBAHHOW TOPHOI MacChl B 3aBUCUMOCTH OT OJIOYHOCTH
B3pPBIBAEMOT0 MacCcHBa M mapameTpoB O0ypoB3peIBHBEIX padoT (BBP). [Ipennoxennas mero-
JIMKa MO3BOJIET ¢ M3MEHEeHHEeM mapaMeTpoB BBP Ha paboumx momankax Kapbepa NMETh
pa3Bal 3aJaHHOH IUPHUHBI U BBICOTHL. 1IpoBeieHO comoCcTaBIeHnEe aHATUTHYECKIX JaHHBIX
C pe3yJbTaTaMy MPOU3BOICTBEHHBIX B3PHIBOB.

Knroueewie cnoea: 6109HOCTE MacCHBa, YCTYII, 3aps/l B3PbIBUATOIO BEIIECTBA, pa3-
BaJl TOPHOM Macchl, CKOPOCTh J€TOHALMU B3PHIBUATOrO BEILIECTBA.
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G.A. AHARONYAN

INVESTIGATING THE INFLUENCE OF DRILLING AND BLASTING
PARAMETERS ON THE PROCESS OF FORMATION OF ROCK MASS
COLLAPSE

Regulation of the parameters of the exploded rock mass collapse has a significant
impact on the efficiency of open-pit mining. Regulation of the parameters of collapse in
quarries of non-metallic solid building materials provides a large volume of production. In
ore deposits, limiting the width of the collapse allows for more rational extraction of ore
from the subsoil and reduces the overburden volume. The existing recommendations for
determining the parameters of the collapse do not allow to carry out engineering calculations
to obtain the collapse of the specified parameters.

Based on the analytical method of research, a technique is proposed to determine the
width and height of the collapse of the exploded rock mass, depending on the blockiness of
the exploded array and the parameters of drilling and blasting operations (BVR). The
proposed method allows, with a change in the parameters of the BVR on the working sites
of the quarry, to have a collapse of a given width and height. The comparison of analytical
data with the results of industrial explosions is carried out.

Keywords: blockiness of the array, ledge, explosive charge, collapse of the rock mass,
detonation rate of the explosive.
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UcSuruuuzNdusnkspuernd ScvuhalUuuy 2 UUUSUUU U TUUL
ZUUUUUUU b UTUSULLNY MUSUTLUMAMIUD ELEUSMUYUSULLP
2N rNkhE8UL UUZUTLUOUUU UL ULGNPEUP UTUUNRUC

Munidtwuhpyly E wonwpuljuhnjugnighstibpny nkuthjujwt opuiwnwljupup-
dwi ppowyyuiniinuyhtt hwdwupgh wphwnwpny wuydwtwynpgus obpduyhtt bt wnndw-
1ht tubipqupinljutph mbnuljuygws hgnpoipjut vwhdwtwthwlndubph hwygupyuwb dbpn-
nhlijut, nph hhdw Jpu hwdwyuwunwuhiwt wignphpuh dowldwdp jurnigyt) k hwpdup-
Juyht piny-uubduwi:

Unwigpuyhl punkp. nknuljupjws hqnpnipnil, nkthjuljut gpudunuljupup-
dwt hwdwljupg, wpiwpht onh ghpdwunhdwi, hnjugunn oph swijuu, hndugunn oph uwh-
dwtuyght obpdwunhdwl, hqnpnipjut vwhdwbwthwlnud:

Lhpwidnipnil: Skuuhjulwt opudwnuljupupdut hwdwlwpgh (SR2) hhu-
bwlwb gnpswnnypp nbnulwws hqnpnipjudp nnippnugpqunttph swhw-
gnpédwtt hwdwp hndugunng oph wwywhnynidp b Ynunkiuwnnpubpnid wnwyby
ninbuw]ln inupugdul yuwhywinudh E wiljwhe gpuig swhwgnpsdwb nhdhu-
ubph thnthnjunipnihg: Sknuljujwiph wpynibwdbnnieniop Wuydwbhwnpus
E HEyunpuuywih nwknuupdwut quyph ptuhduwjujut quydwiitpng b nkdh-
duyhtt ywpwdbnpbpny, nwniphuibph Ynugbuwnnpubph, spowtwnn pyutt wnd-
wtph b opwhndugnighsibiph hwjuwuwpulondws wpuwnwipny:

Zudwduyh [1]-mud thpljuyug]us nuunduuppmpyniabph wpnniipubph’
nbputhjulut spudwnuljupupdut spgwyyinninuyht hwdwljupgh nhwpnid otip-
duyht b wunndwght Eukpqupnlutph nknuljuyws hqnpnipjut vwhdwbwthw-
ynudubiph hwpdupluwt hwdwp wybkih gudp wnwgtwhbppnipjut (ghpuljuynipe-
jut) dvwlwupyulh fulbnught wfuibpp (hknbwpup Gwb gputg hwipugni-
dwpuyhtt Ukdnipynilip) whwnp k npnoly hwodh wntbym] wfbjh pupdp wpwebw-
htppnipjut twjuppulh vwhwituhwlnmdubph Jhwdudwbuljju gnpénnnipniup.
ophtwly, wdnwlp, hnjugunn oph okipdwunmhdwth pupépugdudp yuydwtuynp-
Jws, hqnpnipjut vwhdwbwhwlnidp ykwnp b quwhwwngh onglghtkpuwnnpubph
(Qupuwiknh) onghwpununpnnujuinipjut vwhdwbwhwlnidp hwpyh wetknig
htwnn: Ujuhtpt hndugunn oph obpdmunhdwith vwhdwbwthwynudp yhwnp k qguw-
hwwnyh §nunktiumnnpubp npynn ongnt tuqlgdus sSwpuh yuydwbtbpnud:
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Uwhdwihwlnudubpubph ghinupynud: Uswnwpuljuhngwugnighsubpny (guy-
nwjuquibpny) nkpuhjuljubt spudunujupupdub sppwyynninuwght hwdw-
Jupgh htn juyldws vwhdwbwhwlndubph quuhwnnmdi hpujubwugynid k
gpudwytpnismljuts Ukpnnyny dhuytt wpwnwpht onph npujut hwpdupluyht vh-
ohtt obipdwunhdwiny dudwtujuhwnygush ntypnid, npp npnoynid £ npyjtu hw-
duyuinuupwt dudwbwljwhunywsh pnnp optiph hwyyupluyhtt vhohtt opw-
Jwl obpduwunhgubph dhohtt plwpubmljwi Uksnipynti, pig npoid” hwpduplja
hpwijuwbtwgynud b HEjunpujuyuith pipupwignip inipphth dnunpnid b Ynbi-
phuuvwwnnpnid gnynpont Swijuuh ghunwpuiudp’ hwdwdwyt [2] ninkgnygh:

Cpowupnnunughtt hudwlupgh wwppbpnd oph hwoyupluyhtt Sweup'
W (1/d), punniiynid E hbnbjwy dEdnipinitubph hhdw ypw [2-5].

1. minipphuh Ynunkuuwwnnpbpmd opp gnidwpuwght Swiuu,

2. wownwpuljuhnjugnighstbnh (guyunuyuquuttph) gnidwpughtt wpunw-
npnuljwinipiip hwoyh webking mqu- b ququhnjwugmghsitphg (839:2) yk-
pupwpann hnjugtng gph swhuup

2.1. thwunnwugh, Lpk wpju b wndju) pwhwugnpsdwt nkdhdp hwuwnunng
hwdwhp thopdwpyniduabnh wpyniupubp. pig npoud, yupuwnhp jupgnyg whwnp
E ognnuqnpéyh thnpdwplynidubph wjujubph wpyniupubpny junnigus swhw-
gnpddw puntpwghpp (undngpuudp),

2.2, twjuwgduyhly, kb wynwpuljuhnjugnighsubpp qudmd o pudupup
Jhdwlnid, Jud tpt thwunwgh Jhdwlt wdpugpus sk unpduwnhy-nkuhlw-
Yt hunwpnpbpnud, pln npnud, hupduplp yupnunhp upgny hpuwluiug:
Ynud £ wonmwpuljuhnjugnighsubph wbdtwgqpuyhtt ndjujttphtt b inpduwnhy
punipugnbphtt hwdwywnwuuwd,

3. opewbwnmpyui wynuwkph pinhwinip wpnunpnqujuinemiap hwpdh
wnukiny 892-hg ykpununpdnn hngugunn oph dwhaup,

4. dwubtwynp nhypnd, huwdwyuwunwupwt hwunwpneptipny hwunwn-
Jusd jpuutdwt oph swjuuh nwhdwbwhwlnidubph wejuynipyut wupuquynid,
opowynniinuyht hwdwlupgniud oph wnwybjwgnyt hwydupluyht Swipuup npny-
Unud £ hwoh wntibjn] wonwpuljuwhnjugmghsibpnd gninpougdudp b juph-
1whtt mupyuépny wuydwbwynpws oph Ynpnrunttpn, Glukny spowyyunininw-
1ht hwdwlupgipnud ynipwlut hwpyklorh wmuyywhnydwt wuydwihg:

Uignphpuh dowlnid b pojj-ujubdugh jupnignid: Cunn ntunidbwuppyus
Ukpnnhuygh b [1]-md thpjuyugdus npudwpuimpjui’ dowlpb] i wonwpw-
Juwhnywgnighsutipny SQZ-h wpuwnwbpny wuwypdwiwynpjws EEjunpuljuyuih
hqnpnipjutt vwhdwbwhuldwt guuwhwndwt wignphpd b nput hwdlwywnwu-
huwtt pnl-upubdw (uly.):
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Uignpppuh hhupmid pujué E wpuwpht onh ohpdwunphlwihg Juidus
S9-md hnJugws oph obplwunhgwith kpynquwih dninkgdudp npnonidp’ hw-
duyunuupuw hqngstinh junnigdudp (piny-ujubdwynid tkpjuyugdws 2 hwennp-
nulub pnlikp), vinugjws hqngstiph hwdwnpuwdp wpnwpht onh okpdwuwnp-
&uuh n nkuwljupup ekpuuyhtt phntwsph vwhdwbughl wpdkpikph npnonuip’
uwhdwbwhwldwt gnpéwuljgh Yhpundwdp b, npuytu yEpotiwpnnitip, hqnpnipjut
nwhdwtuhwljdwt Ukdnipjut jupudubnipiniup wpnwpht onh okpdwunhdwtihg:

Upgnpppup dpwljkihu Yhpundt] B pwhwgnpsdwt punipugpbpp jud sw-
thnpnosuyhtt undngpudubpp b wnnpl pipynn dnnbgnidubpt n1 vwhdwbwthw-
Ynudubipp:

1. Upwnwpht onh okpdwuwmhdwthtt npynud ko dh pwth judwjulub wp-
dtplitip (ophtwly 5°C puyny) uluwd 0°C-hg Uhbish wuklwyng wdudw wpunwphb
onh wnwykjugnyt hwpdupluyht okpdwunpfuip gipuquignn okpdwunpgutp:

2. Upnnwpujwhnqugnigsh tndngpuudny uinwugdws wpdbpubpp dogpugnid
ki hwoh wnbikyn] wownwpuliwhnjugmgsh kpmd hnjuging eph okpdwunp-
Swuht hwiwywwnwuppwt ninnnidp: Cun npnud, hwoygh i wnbiynud vhuyy pudnt
wpuqnipjul Ukdsnipjudp wuydwbwynpyws, htsytu twb oph dhohti Yonuyhi obpd-
wunhfwbught wujdw dkdnipiniihg jujpjws ningnnudubpp: Uyt ghwpnud, bpp
nhunwplynn hwydupluyhtt dednipniup vinwgynid £ wdbjh dbS, pul undngpu-
Unid wnljw huwdwywnwuppwut wrwybjugny wpdbpt k, mthpwdbtown t hwenp-
nuliut puytpny Wuqbkgub] Ynunkiuwnnp wpynn gninpont Swipuup, dhtsh hwpy-
Juplusd wpdtpp huynugh tndngpudh wohiwnwtipuyht gninnid:

3. Cpowtwnnipjut wndwbph Uninpuyhtt Ywu hbwwnupd oph mpdudp
8Q2-h nkjuuthjuljut opudwnujupupdut ujubdwh nhypnid, tjunh niukuw-
1ny, np ykpunwnpdnn opp obpdmunhdwuh wqpbgnipniip Ynunkiuwnnph unin-
pnid punhwunip oph obpdwunh&wuh Jpu whpw k, hwoygh b wnuynid dhuygh
onh dwipuup, npp Juplnp b wyt nphypmid, Epp opowyyuniniinuyghtt hwdwlupgnid
onh wpwybjugnyt hwydupluyhtt swpuh vwhdwbwihwlng hhdtwlwh gnpéntip
hudwpynud k ppowiunm pjutt wnulwkiph wipujupup wpnungpoquljunipynip:

4. ZnJugnighsutinhg wowy oph Jhpunupddwdp 832-h nkjuthjulub opw-
dwnwljupupdwd ujpbduwgh ghwpnid, Epp 832-nmud tmwpwugws enipp wipynd k
hnugdwt gpuwhnjupuiiitp, obpUwuinh&uth wqptignipniup bu hwpyh sh wntinud,
hulj oph dwjuup opuwhnjupuwuubtp pugninwd E hwjuwuwn wnnipphh hnugbow-
wnpubtph b 822-h hnjugunn oph swpuubph gnidwph:

5. 8nipwpwymip nimippnugpiquinh hwdwp hndugunng oph obpdwuwnh-
fwth wnuybjugny poyjuwnpbih wpdtpp, nph ghipuquignidp unbkndnmud £ winip-
pnugpliquunh otipdwyhtt pintudwdph (gninpont dwpuup), hbnmbwpwp, bwb Lklun-
pulwt hgnpnipjutt vwhdwbwhwlnud, hpuwwibwgynid L pun hbnlyuy swhw-
uhpukph [2].
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- pun wnipphuth fntinkbuwnnpubpnmd wpjuwnws gninpont wnwybjugnyu
pryunpbih Supdwl' p, = 12 0wt = 49,1°C. hwpunp ki bwl wyhwnws
gninpont Luonidp vwhdwbwthwlnn wy] wpdtpubp (ophtwy, Junwugws tnupwug-
dwdp dhoht dupdwtt inmippnugpiquuniiph nhwypnid b wy ), dwubudnp ntuypk-
pnwd, JupJws upubdwghg, htwpuwynp E hndugunn oph wnwdbjugnyt poyjun-
phih obpdwunhgwih ghunwpynuip’ npuybu vwhdwbwhwlmd, pun polughl
wnuqnplhs nbnkjuyuipubph qupsubinh wohtwwnwuph wkthjujut ywhwbe-
kph't, = 40°C,

- puwnn 83%2-h sowhwgnpsiwt nkjubhuljwl ywhwigh tlzrLl = 33°C: Uju wuy-
dwip hwogh sh wnuynd wyt phwypnid, Epp 822-h hnjugnidt hpwjwtwgynid £
hnijugting gph uyy wnpyniph dhgngny:

Bludtiuug bt ingjuqubph dnunpugnn’

P.t.i.D.N. . W, 6 Wugu

v
W, = “V‘“/Z""“)'W‘
Wy = (W.;‘/Z\V:,‘)'\l

v

U, = ZDM,-N\, ue/d,

Y

¥ = f(u,0)
Pqngdtph furnigaut
v
Unught payh wimpua' ti-h npajaud
wpnupwyubajugnighyitph nupqarg

Q- At quitsnul
t undi h
whpnypnud

uy — h buqlgand

ts — h apagaud bnunguuay puwn
q-At%,6,¢

Ttz W, hwpjupyau

= B W)/WC,
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Epypnpn  pobh ulhap
Ynunkhuwnnpubtph Ynndhg

v

t3! = pnpyws uhgwlwypht,
ti? = 5 (Ophbwy 15...35)

v

.
_ Diahy

AtY y
W wyep

wy
8t7 —h npnpnud nungpuniny,pun By t' — h

ty =t + At] +5tP,°C
v
ty = f{( t‘,_n*) Juinnignud

tien = 49,1°C{uwihdwiwihu Ynph wiybjugnud)

v

ty bt hangdbph hwwndwu Yewbpnwd
tﬁm —-h uwhdwuwjhu wpdbpubph npnanud

v

g tad . wpdkpukph
\hmdmp, thi . = 33°C
t =t + At} +8tP,°C
= ot
Cn —
L= g

Uwhdwtwthwlnuip puguiluynud £

| ui = (D, - Ah)/Z F, U/ d) |
T

Vhwph pwpnilinulnipyniiip
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Epypopy piayh wjwpn
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1 U 2 pinyutipny unwgywsd hqngdtiph hwdwnpnul

(tPu e

:uua)
v

Ouu Wuf - npn2nud hwwndwit Yawtipny

v

Dy =3+ D§uvd

v

Dyj+Dyi+Duj
Dy = 29278 v
o 1=Kobg

v

N§=-h npnpnud
{hupywnpyny Yuad undngpuaing)

v

N3*® = f(8.us) qnuibhih
Yunnignui L N:" a hqngdh
wbjugnud

Uwhdwuwihwynwip
pwgwuwnui £

ANy = No& - N

2

Glpwhu gpudhyh wpunwanwnud
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vl Upnwpuwlpmhnyjugnighsibpny SQ2-h woprunnwlpny wuydwnnpyws
B Epnpuluyuih hgnpnipyul vwhdwbuhuldwl npnodwl ping-ufultul

v
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Gpwjht gpudbhljubtph junnigdwt nhypnid hwodh £ wniynid Ynunkuuw-
wnnpnid gninpont Lupdwt thnthnjunipyudp wuwydwbwynpyws hqnpnipjut thnthn-
hunipinitp, npp npnoynud | jud pun Ynunkiuwnnpubph swthnpnohs punipwqpbph,
Ju Ynigkiuwnnpubpmu hwghgus gnnpom ghpuwunhg&wih wpdtpubph hwoyh
wnukiny nphinwplynny nypnid Ynunkiuwnnpmud gninpont swpuuh tjuqbgnudp:

Uunwgyws wpdtpubiph ghunwupldudp mipupwignip iinipphth hwdwp ju-
nnigynid £ wpnwpht onh ohpdwunh&withg LiEjunpuljut hqnpnipjut jupudw-
dnipjut gpubhlp, npp hhdwt 4pu vnwgynid E nfju hwpqupluyhtt dudwiu-
Juhwwnqusdnid juywih gnidwpuhtt hgnpnipjut weywlwt jupequsnipniip:

Uwhdwbuhwlymdubph dksnipniip npnodmd k gpuuphlnpbl’ Jhpp togus
wuwnbkpdwt dke tkpwnbkiny LiEjnpulwywih nhnwplyny Eukpqupinlubtph nk-
nuiuydws hgqnpnipmitubph gnidwpuyhtt wpdbpp, pung npoud, wyb Enuljuwus
gnidwpuyhtt hqnpmipjut b hwoqupluyhtt Ukdnipjwt (kpk wyt thnpp E wnbnuljuyg-
Jws hqnpnipjnitihg) muppbpnipniit £ wpnwpht onh njju) okpdwunhgwnid:

Bqpuljugnipinit: Uowljywms wignphpdp b npu hhdwb Jpu jurnigyus
pinl-ujuidwt hbtwpuwynpnipinit B mwhu ghwhwnbint Ejnpujuywuih nknw-
pupjudwtt quyph ptwjhdwyuljut wuydwittpng yupdwiwdnpjws LEjnpw-
Juywh hgqnpnipjut vwhdwiwhwlnidp mupunbuwl wynwpuljuhnjugnighs-
ubpny Yud guyunujuqutbpny juhwdnpus SL2-ny otipduyht b wnnduyght Ekln-
npuuyuutbpnud:
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B.3. MAPYXSH, AJL. AISIH

PA3PABOTKA AJI'OPUTMA OI'PAHUYEHUS MOIHOCTHU
JIEKTPOCTAHIIMA, OBYCJIOBJIEHHON PABOTOM CUCTEMBbI
TEXHUYECKOI'O BOOJOCHABXKEHUSA C 'PAIUPHAMMA

HccnenoBana METOAMKA pacueTa OTpaHUYEHHH YCTaHOBIEHHOW MOIIHOCTH TEIUIO-
BBIX M aTOMHBIX 9HEPTroOJIOKOB 32 cYET pabOThl CUCTEMbI LIUPKYJISIIIMK TEXHUYECKOTO BOJIO-
cHaOXeHHs ¢ TPaIupHAMHU, HA OCHOBAaHHU YEro MOCTPOCHA pacyeTHas OJIOK-CXeMa MyTeM
pa3paboTKK COOTBETCTBYIOIIETO AITOPHTMA.

Knroueevte cnosa: ycTaHOBICHHAS] MOIIHOCTh, CHCTEMa TEXHIUECKOTO BOJIOCHAOKe-
HUS, TEMIIepaTypa HaApy>KHOTO BO3/yXa, PACXOM OXJIAXKIAIOIMIeH BOIBI, IpeJeibHAs TeMITe-
paTypa oxJaxxnaromei BoJbl, OrpaHHYCHHE MOIITHOCTH.

V.Z. MARUKHYAN, A.L. ADYAN

DEVELOPING AN ALGORITM OF THE POWER PLANT POWER LIMITATION
CONDITIONED BY THE OPERATION OF THE TECHNICAL WATER SUPPLY
SYSTEM WITH TOWER COOLERS

The method of calculating the limitations of the established capacity of thermal and
nuclear power units due to the operation of the technical water supply circulation system
with tower coolers is studied based on which the calculation block-diagram is built by
developing the appropriate algorithm.

Keywords: established power, technical water supply system, outside air temperature,
cooling water consumption, cooling water limit temperature, power limit.
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HUMAN ACTION RECOGNITION: IMPROVING THE ACCURACY OF
DEEP CONV-LSTM ARCHITECTURE THROUGH NOISE CLEANING
PRIOR TO KEY FRAMES SELECTION

Recognizing human actions has numerous practical applications that can address
issues and enhance the effectiveness and living standards across various domains. For solving
the human action recognition task from videos, the Deep Conv-LSTM model architecture has
been used on the UCF101 dataset. To preprocess the frames, a method has been proposed
that integrates two algorithms: Noise Cleaning and Dissimilarity-Based Key Frame Selection
(KFS). By employing these algorithms cohesively and effectively, image quality has been
enhanced and unwanted data have been eliminated. The Uniform Frame Selection,
Dissimilarity-Based KFS, and the proposed algorithm are evaluated, and their performances
are compared based on the accuracy and data size reduction. The results show that the
Dissimilarity-Based KFS algorithm outperforms the Uniform Frame Selection algorithm in
accuracy by 2%, and the proposed method shows a 3% and 5% improvement in accuracy
compared to the first two algorithms, respectively. Furthermore, the proposed algorithm
reduces the data size by 26%, making it computationally efficient.

Keywords: deep learning, deep conv-Istm architecture, data preprocessing, noise
cleaning, key frame selection.

Introduction. Videos of people are everywhere, which encompasses a wide
range of their actions. Human Action Recognition (HAR) develops algorithms and
models to accurately and efficiently recognize and discriminate between various
types of human actions, which is applied in health monitoring, surveillance, sports
analytics, and human-computer interaction, among others [1]. There are a number
of ways to achieve the goal of HAR, the most popular of which is deep learning.
This technique is used to solve a number of problems such as HAR using external
sensors [2], phone sensors [3], HAR in IoHT applications [4] etc. Having a good
dataset plays a key role in deep learning problems. There are a number of popular
datasets for HAR, including UCF101 [5], HMDB51 [6]. ActivityNet [7] which
contains realistic videos from various sources and different action categories. Often
video datasets are large and contain numerous frames, which makes the recognition
process computationally intensive and time-consuming.
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FPS shows how many distinct frames per second the camera or other device
is able to record and capture. Although higher FPS video demands more storage
and processing power to evaluate and extract information from, it can also offer
more in-depth information about the scene being shot [8]. The information that can
be captured with a lower frame rate video could however be sufficient in other
applications like surveillance [9]. Videos with higher FPS often increase the
learning time, but this does not help, because the same frames contain only
identical information and do not differ from each other [10].

During the capture of an image or video, it common for different types of
noise to be introduced into the frame. The practice of reducing unneeded or
irrelevant noise from a signal or image while keeping the underlying information is
known as noise cleaning.

Related works. So far, various methods have been researched and proposed
to improve training datasets, such as removing noises from them [11], and also
works that have investigated the frame extraction processes in videos that will help
improve performance [12].

In [13], a dataset of sign language videos is preprocessed to recognize
emotions using uniform sampling. For the final dataset, the authors have selected a
uniform random subset of segments from each video cut into fixed-length
segments. They avoided biasing any particular subset of their data by using
uniform sampling to ensure the dataset represented the range of emotions displayed
by the sign language users.

In [14] an action dataset was preprocessed using uniform sampling for real-
time action recognition. The authors made sure that the dataset was impartially
representative of all human behaviors in the films by employing uniform sampling
to prevent bias against any particular subgroup of the data.

[15] has suggested a technique for summarizing videos that chooses frames
depending on how different they are from one another. In other words, the authors
utilize a metric called frame difference to choose which frames belong in the
summary. This entails comparing each frame to its neighboring frames and choosing
those that show noticeable variations in pixel values or other characteristics. According
to the authors, this method can assist in locating significant and instructive video
frames while also minimizing the quantity of repetitive material in the summary.

[16] has described a technique for video summarizing that chooses frames
for the summary based on temporal and spatial frame disparities. The authors
choose which frames are the most instructive and should be included in the
summary based on the variance in pixel values between neighboring frames as well
as between various locations within a single frame. In [17] presented an OCR-
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based model using a deep Convolutional Neural Network (CNN) to detect real-
time student learning activities. The noise reduction techniques are used to achieve
better image quality during the data preprocessing.

The objective of the [18] is to extract Bill of Materials information (BOM)
from isometric drawings using Tesseract. The image preprocessing technique
OpenCV is used, which includes image segmentation, edge detection, and line
detection, and helps to enhance the quality of the images.

In [19] FastNIMeansDenoisingColored algorithm is used in a monitoring
system for evaluation of COVID-19 infection risk during the preprocessing stage to
remove a Gaussian noise, etc.

The proposed method. For the testing purposes, the UCF101 dataset is
selected, which contains 101 action categories grouped into 25 groups, it has
13,320 videos in which each second has 25 frames, and they have a resolution of
320 x 240 pixels. Even a dataset that seems generally the best can be improved.

For the HAR, the Deep Conv-LSTM architecture is chosen because it can
effectively capture spatiotemporal features, process sequential data and learn
hierarchical representations. Before the actual model training process, the dataset
was preprocessed. Since the chosen architecture is time-based, there is a need to
provide a fixed number of frames to the network input, while the videos in the
dataset have different latency and FPS. There are many KFS algorithms and the
goal of all of them is to select a certain number of frames from a video while
reducing the size of the dataset. In order not to miss the main content of the video,
the frames containing the important information, the Dissimilarity-Based algorithm
of KFS is chosen, which is based on the visual differences of the neighboring
frames (Fig. 1).

Read the video
frames

v

4>< For each frame of the video Select key frames

v

Extract features

v

Compute frame
dissimilarities
v

Compute key frame
scores

I

Fig. 1. The dissimilarity-Based KF'S algorithm block diagram
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In general, all datasets can be improved and made more optimal for solving
specific problems. Since the videos in the selected UCF101 dataset contain noises
in addition to human actions, it is suggested to clean them at the preprocessing
stage. For the noise cleaning purposes FastNIMeansDenoisingColored algorithm is

chosen (Fig. 2).
/ Noisy image /

7

Compute patch
similarity

7

~)< For each pixel of the frame >—7/Denoised image/

v
Compute weights

7

Compute weighted
averages

v

Store denoised pixel
value

Fig. 2. Noise cleaner algorithm block diagram

In the left part of the Fig 3(a), one frame from an unmodified UCF101 dataset
is displayed. In contrast, the second part of that image illustrates the same frame after
the application of a denoising algorithm.

a) b)

Fig 3. The original frame from the dataset and denoised one
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Conducive to calculate the frame differences more effectively, it is proposed
to perform the NC algorithm before performing Dissimilarity-Based KFS. By
removing the noise from the frames, it will allow the BFS algorithm to pay more

attention to the changes in the real content. The entire processing steps are shown
in Fig. 4.

Noise ::>
Cleaner Denoised
Frames

@)

Model <j

(6)

<::| Best Frame
Sslasted Selector

Frames

(5) (4)

Fig. 4. The full process diagram of the proposed method

In order to test the effectiveness of the proposed preprocessing method,
numerous training sessions were run to evaluate the level of accuracy.

Experiments and results. All the experiments are performed on the Deep
Conv-LSTM model architecture and on the selected UCF101 dataset allowing them

to be carried out under equal conditions. The results of the experiments are shown
in Table.

Table

Results of the experiments

Preprocessing type Model accuracy
Uniform Frame Selection 82%
Dissimilarity-Based KFS 84%
NC + Dissimilarity-Based KFS 87%

As it can be seen from the table above, Dissimilarity-Based KFS shows 2%
higher accuracy than Uniform Frame Selection, which proves the fact that informative
frames may be missed in case of the first method. The proposed method is of 3% and
5% higher accuracy, respectively. provide more than the first two algorithms
respectively. This indicates that there are noisy frames in the selected data set. If
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they are cleaned, the Dissimilarity-Based KFS algorithm pays more attention to the
important differences in the frames.

Also data sizes were measured on datasets obtained from a video frame, and
it was found that after applying the NC algorithm, the size of the initial dataset was
reduced by 26% compared to the size acquired after frame selection, without
changing the amount of training data frames.

Conclusion. HAR has a wide range of applications that can solve problems
and improve efficiency and quality of life in various fields. The architecture of the
Deep Conv-LSTM model is used to solve the problem of identifying human actions
from video on the UCF101 dataset. It has been proposed to preprocess frames by
combining frame denoising algorithm with keyframe selection one. Combining
these preprocessing methods enables the model to concentrate on the video frames'
most important data, which results in greater accuracy and quicker processing. For
the comparison, data have been preprocessed also by the Uniform frame selection
and the Dissimilarity-Based KFS algorithms. The results show that Dissimilarity-
Based KFS outperforms Uniform frame selection by 2% in accuracy, and the
proposed approach outperforms both algorithms by 3% and 5%. The proposed
method reduces the dataset size by 26%, making it computationally efficient. These
findings can be used as a guide for selecting the appropriate frame selection
algorithm for HAR tasks.
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1.U. QULUSSUL E.U. 2ULNEESNPLBUL .2, LhUN1NUSUL

UUMUUSHFL @NroNNNRE3NRLLECE XULU2NRU A CONV-LSTM
KUrSurunGsSNkE8UL &CarsNke8uUL AUMGLUYNRU UNUNRYD
UULNUUL UPN3NY" LULRUL ZhULULYUL YUALED CLSMNRE3NRLL

Uwpnujhtt gnpénnmpiniuttph dwbwgnidu nith puquuphy gnpstwljut fhpwnnt-
pinLultp, npnip Yupny b ot pughptbp b pupdpugit) wpynibwdbnniemniab o hu-
nwdwluppuyp mwppbp npnpunibkpoud: Skuwtynipiphg dwpngnt gnpénnnipniutph fw-
hwsdwtt wpwewnpuiipp nuskint hwdwp oquuugnnpéyty Eu junp Conv-LSTM unnljh dwp-
nwpuytnmpniup b UCF101 widjujutph hwdupwénit: Sppwtwljubph twptwlu dowl-
Uwl hudwp wpwewplty k Ukpnn, npt hinkgpmud t kplynt wygnphpd’ wnunijh dwppdwb
b vnupphpnipnibibph Jpw hhdjws hhdtwlwi Yunpbph phnpnipyut (Z40): Uju wign-
phpultph hwdwhnbs b wpymbwybn Yhpuedudp gqunlbph npulp papbjuddt; b o
wigubluih mdjukpp YEpugyt] e Uhwinbuwl junpbph ptinpnipinitp, wwuppbpnipe-
niuutph ypw hhdtdws Z90-p b wnwewpyynn wignphpup guwhwwndly By, b gpuig junw-
noudp hudbdwngly b dogpunipyui bt vidyuyutph swthh Ypdwndwi hhdwb Jpu: Upgymiipubkpp
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gnyg L nwihu, np wwppkpnipnibkph ypu hhduqus 24 wgnphpdp gipuquignid &
dhwinbuwl Junptph ptnpnipjut wignphpdp 2%-ny, hull wowewnplyny dkpnnp gnyg
wwihu &gpunipjul hudwywnwupwbwpun 3% b 5% pupbjudnd’ wpweht kplnt wjgn-
phpdutnh hwdbdwwn: Udbkiht, wnwewnplynn wignphpup tjuqtgunid t wdjujutph swthp
26%-n1] wyl updlityny hwoykhnippui wkuwblyntthg wpnynibun]bu:

Unwgpuyhl punkp. anp niunignid, funp conv-Istm Supunwpuubinnipnil, njju)-
ubph twptwlw dowlnid, wnuniyh dwppnid, hhdbwljwb junpbph pnpnipinit:

M. TAJICTSAH, 3.A. APYTIOHSH, K.I'. HUKOT'OCSIH

PACIIO3HABAHUE JIEVICTBAM YEJIOBEKA: ITOBBIINIEHUE
TOYHOCTHU APXUTEKTYPHI I'TYBOKOM CONV-LSTM 3A CUET
OYUCTKHU IYMA IIEPE/] BBIGOPOM KJIIOUEBBIX KAJ/IPOB

OmnpeneneHne NeCTBUI YeIOBEeKa UMEET MHOXKECTBO MPAKTUICCKUX MPUMEHEHHIH,
KOTOpBIE MOTYT pelaTh MPOoOIEeMbl U MOBHILATE 3((GEKTUBHOCTD M YPOBEHb )KHU3HHU B Pa3-
JMYHBIX obnacTsx. 1 pemmenus 3a1auu paclio3HaBaHusl JeHCTBUH YesloBeKa 10 BUEO B Ha-
6ope nauubpix UCF101 ucnonp3oBaiack apxurekrypa mozean Deep Conv-LSTM. s npen-
BapUTENbHON 00pabOTKHU KaJIPOB MPEIVIOKEH METO], O0bEIUHSIOLINI 1Ba AJITOPUTMA: OUUCTKY
OT IIyMa ¥ BBIOOP KITIOUEBOTO KaJipa Ha OCHOBE pa3inu4uid. biaronaps mocienoBarenbHOMY
1 3¢ (PeKTHBHOMY HCIIOIB30BaHUIO 3THX AITOPUTMOB KaueCTBO H300paKEHHS ObLIO YIIy4ILEHO,
a HeXXelaTeNnbHbIe JaHHbIe yaaneHbl. OLeHeHbl yHH(OUIUPOBaHHBIH BEIOOp KaapoB, KFS Ha
OCHOBE HECXOJCTBAa M NPEUIOKECHHBIN alTOPUTM, HX IMPOM3BOANTEIBHOCTh CpaBHEHA Ha
OCHOBE TOYHOCTH M YMEHBIICHHS pa3Mepa JaHHBIX. Pe3yabTaTsl TOKa3bIBAOT, YTO AJITOPUTM
KFS Ha ocHOBe paznuymii MPEBOCXOAUT aJITOPUTM BbIOOpa YHH(UIIMPOBAHHBIX KaJPOB IO
TOYHOCTH Ha 2%, a Npe/yIaracéMblii METO/I TIOKa3bIBAET MOBBILIEHNE TOYHOCTH COOTBETCTBEHHO
Ha 3% u 5% 1o cpaBHEHHUIO ¢ NepBbIMU ABYyMs anropurmamu. Kpome toro, nmpemiaraemslit
JITOPUTM YMEHBIIIAET pa3Mep aHHBIX Ha 26%, UTO eTaeT ero BEIYUCIUTEIHHO 3D (EKTUBHBIM.

Knroueswie cnosa: rnybokoe o0yueHHe, apXUTEKTypa IiIyOoKoi conv-Istm, mpeasa-
puTenbHas 00pabOTKa JaHHBIX, OUHCTKA IIIyMa, BEIOOP KITFOUCBBIX KaIPOB.
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A METHOD FOR ASSESSING THE RISK OF DEVELOPMENT OF
DISEASE COMPLICATIONS WITH METABOLIC SYNDROME BASED
ON THE CUMULATIVE DISTRIBUTION FUNCTION

It is relevant to assess the risks of related diseases based on the electronic data of
patients in order to prevent the progress of further complications of metabolic syndrome
(MS). This article describes the Archimedean copula-based method of assessing the risks of
developing related diseases based on diagnosis and risk factors associated with
complications and readmissions.

Keywords. metabolic syndrome, etiological model, logistic regression, Archimedean
copula functions, cumulative distribution functions.

Introduction. According to medical guidelines, the primary prevention of
diseases is the prevention of the development of a new disease, secondary prevention
is the prevention of complications arising from an already started disease, and
tertiary prevention is the reduction of the impact of an ongoing disease [1]. Disease
diagnosis by doctors are traditionally made based on the results of diagnostic tests
and medical research at the same time based on their own knowledge and experience,
and as a rule, no assessment of the development of complications is made.

In order to prevent complications, different types of systems and methods
have been created that model the risk processes to evaluate the progression of
disease complications and their impact. Among the well-known systems are
APACHE 1II (Acute Physiology and Chronic Health conditions score), SOFA
(Sequential Organ Failure Assessment), Multiple Organ Dysfunction Score (MODS)
expert-based systems, and disease progression (dynamics) assessment systems
based on complication development modeling and probability methods [2-4]. The
main disadvantages of the above-mentioned systems are the problems associated
with the processing of incomplete medical data and the high approximation of the
modeling result indicators. For middle-aged patients, 5- or 10-year disease risks are
often calculated using the Weibull model [5, 6], but if the risk function takes the
form of a more complex curve, the Weibull distribution leads to implausible
predictions [3]. Charlson (17 categories) and Elixhauser (30 categories) evaluation
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indices are among the well-known comorbidity risk assessment methods [7].
Although the Elixhauser index showed a better risk assessment result than the
Charlson index, they are also approximations, as these indices were originally
designed to assess the survival risks, not to predict the risks of developing a
particular disease [7, 8].

For risk assessment, the correlation analysis method is used to reveal the
existence of a linear relationship between random variables - the Pearson method is
most often used to calculate correlation coefficients. However, if there is a strong
non-linear relationship between two variables, the correlation analysis method may
underestimate the true strength of the relationship [9]. In the presented method,
multivariate functions of the cumulative distribution of connectivity were used to
identify non-linear relationships between random variables and to determine the
strength of the relationship for risk assessment [10].

The purpose of the article is to investigate the nonlinear relationships
between the risk factors contributing to the development of metabolic syndrome
complications and readmissions based on electronic patient data, and to develop a
risk assessment method for predicting such complications using machine learning
supervised classification logistic regression algorithm and Archimedean cumulative
multivariate distribution functions. In this regard, the following research and
development should be done:

1. To separate diseases related to MS according to the international system
of classification of diseases ICD-09-CM/ICD-10-CM (International Classification
of Diseases, Ninth or Tenth Revision, Clinical Modification) [11, 12].

2. To select the risk factors that contribute to the development of complications
of MS diseases based on current medical guidelines [13, 14].

3. To evaluate the risks of the development of comorbidity complications
using Archimedean cumulative multivariate distribution functions.

Disease complications, risk factors, and the etiological model. According
to medical guidelines, there are several types of complications, the main ones being:

a) Comorbidity - a complication caused by the presence of diseases related
to the given disease.

b) Multimorbidity - a complication caused by the presence of different types
of diseases.

The main difference between the aforementioned complications is that in the
case of comorbidity disease, the primary disease is distinguished from the related
diseases, which is the primary focus of attention from the point of view of
treatment. In the case of multimorbidity disease, the accompanying diseases are not
superior to each other. According to medical research, risk factors can be internal,
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pathos-physiological (genetic), external, environmental, behavioral, and social.
These factors are further divided into modifiable and invariable risk factors.
Modifiable risk factors are factors that can be modified by certain interventions,
such as behavioral or lifestyle changes, medical procedures, or pharmaceutical
treatments. Invariable risk factors include genetics, e.g. family history of
cardiovascular disease or diabetes. To predict the progression of disease
complications, it is necessary to take into account the influence of both modifiable
and invariable risk factors.

The features of the etiological model of the development of disease
complications were compared for the risk assessment and complication
development model. According to Valderas and others [15], the etiological model
of the development of diseases can basically be represented by several schemas
(Fig. 1). In the etiological model, diseases are considered to be directly related
when one causes the other, e.g. diabetes can cause cataracts, or when diseases are
caused by a direct link between risks, e.g. heavy smoking and drinking causes
cirrhosis of the liver or lung cancer. Another possibility is that there is no direct
relationship between the risks in which case each may cause the same disease, e.g.
smoking and age both may contribute to coronary heart disease, lung cancer, or
type 2 diabetes mellitus (T2DM) (Fig. 1).

In the etiological model, the cause-and-effect relationships of the occurrence
of diseases is presented. This is necessary to consider but not sufficient for risk
assessment.

d) - )

Fig.1. The etiological model of disease development. a - diseases caused independently of
each other, b - directly related diseases, c - diseases caused by a direct connection between
risks, d - independent risks can cause the same diseases, e - the presence of diseases is
explained by the presence of another disease
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ICD codes and MS description. ICDs are disease classification code schemes
that describe diseases and their causes. These codes include two types of information:
the name of the disease and the variants of the diseases caused by them, for example,
in the codes E11.311, E11.319 and E11.341 in the ICD-10-CM version, E11 refers
to T2DM disease, and 311, 319 and 341 codes are the different manifestations of
retinopathy caused by that disease [11].

Metabolic syndrome is the combination of two or more metabolic disorders,
increased insulin levels in the blood, presence of high-density lipoprotein
cholesterol, thrombogenesis tendencies, arterial hypertension, and obesity [13, 14].
MS increases the risk of various cardiovascular diseases and T2DM. Although
there is a lot of data on MS diseases based on which diagnoses are made, the
existing forms of treatment often do not stop the development of disease
complications as the manifestations of these diseases are heterogeneous from the
point of view of clinical presentation. Therefore, it is relevant to assess the risks of
developing complications in order to improve MS disease treatments.

A copula functions. According to Sklar's theorem, copulas are functions
that combine multivariate distribution functions with their univariate marginal
distribution functions. The copula-based approach makes it possible to separate the
marginal distributions and estimate the dependence between them, if they are
known [16]. The advantages of the copula method are:

o the ability to model non-linear dependence;

o the marginal distribution can be any univariate distribution;

o if the marginal distributions are fixed and the number of parameters to be
estimated is the same, choosing the copula with the smallest information criterion
is equivalent to choosing the copula with the largest log-likelihood value;

o the mathematical structure of the copula method is such that it allows one
to easily add additional marginal distributions.

The use of copula makes it possible to transform random variables through
their cumulative distributions into uniformly distributed variables, to characterize
the dependence of a set of random variables, regardless of the marginal distributions:

Cluy, ..., ug) = P(U; <uy, ..., Us<uy), (1)

where Ui ~ U (0, 1) i=1, .. ., d random variables with uniform distributions are
obtained by applying the integral transformation of the probability to each of the
marginals Fi(x), ..., Fa(x), so that U; = Fi(X), ..., Ug = Fy(X). Given Xj, ..., X4 for
random variables with joint probability distribution H and marginal distribution
functions Fi(x) (i = 1, ..., d) the copula function C is defined by the following
formula:
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Clui, ..., ug) = HIF, ™" (uy), ..., Fi' (ug)] (2)

of the copula function C and F(x), ..., Fa(x) for arbitrary distribution functions, the
function H is defined as:

H()(] yenes Xd) = C[F](x), [ Fd(x)]. (3)

Copula functions belonging to the class of Archimedean family are presented
by the following formula:

Clur, ..., ua; 0) =y ylur; 0) + -+ y(ua 0); 0), “4)

where v is the generator function and yi™" is its inverse, © € © is the set of
parameters (Fig. 2).

Archimedean family w(t)
1—-6(1—t

AMH uyus {1 — O(1 — uy)(1 —up)}t log{%)}
Clayton (ufﬂ +uz? — 1) e -1 (7% —-1)

—0ur _ 1)(e—0u2 — 1) e—o — 1

. —g-1 (e -

Frank e log{l+ (=) } log(eﬁoi 1)
Gumbel exp [7 {(—logu1)? + (— log u-z)o}l/o] {7log(t)}o
Joe 1 — {(@)° + (@2)° — (@1w2)°} ¢ —log {1 —(1—¢)°}

Fig.2. Archimedean copula functions

For Archimedean copula functions, the strength of dependence through the
parameter 0 in the interval [-1, 1] is determined using the Kendall's T correlation
coefficient by the following formula:

=144 y(O)hy'(t) dt. (5)

The closer the value of the coefficient is to 1 (or —1), the greater is the positive
(negative) dependence, and on the contrary, a value close to 0 means a weak
dependence, equal to 0, no dependence.

The Archimedean copula functions are symmetric or asymmetric, depending
on the direction of the tail dependence force. The Frank copula is a symmetric
function and is used to present the weak dependences between the tails. Clayton
and Gumbel are asymmetric functions. The former is used to present the negative,
and the latter the positive tail dependences [10, 16].

Copula-based method description. The copula-based method includes 3
stages:

1. Creation of individual trajectory vectors based on electronic data and the
grouping by main disease.
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2. Development of dependency models between diseases to evaluate
marginal distributions using logistic regression.

3. Based on the obtained results, the calculation of the marginal and joint
distributions and the assessment of the development risks of the complications of
the MS disease using the Frank Archimedean copula function.

Stage 1 — the formation of groups by the main disease. The individual
trajectory-vector of the disease is compiled on the basis of diagnoses with ICD
codes, related diseases, and the time interval of their diagnosis. The health
trajectory can be represented as a graph where the nodes (vertices) represent the
disease and the edges between two nodes indicate that the two diseases occurred at
time t. If P is the set of m patients: P = {pi, p2, ..., pm}, then for each P; patient at
time t we can construct a graph G;with (V, E) nodes, where V is the vertices, and E
is the edges connecting 2 vertices (Fig. 3), so that:

V={veD, 1<i<n 1<|V|<k}, (6)
E= {(V1,V2) | viEdi, vz E dj, 1 SiSj,V1 * V2, 1f1=]} (7)

In (6), n is the overall number of possible diseases, k is the number of
comorbidities present at time t, 1 means the patient has no comorbidities at time t,
and the edges between two nodes (7) indicate that those diseases have occurred.
Each V vertex (node) of the G graph is the diagnoses with ICD codes from the set
of diseases D = {di, d», .., du}, to which related diseases are connected at the
moment t. The first diagnosis is considered the main disease. Then, based on
trajectory vectors with similar histories the graphs are grouped according to the
main disease (Fig. 3).

G Pty G P t; G, Pty %
(dy, t;) (dy, da, ta - ;) (dy, day dss t5 - 1) |
d, d, d; ~ ds
\
i1
d, d, \
2 2 L
Gy P G Pt /
(dp ds- tk] (dl- d5- d4, f 'lk, I
4 d,
ds ds - dy

Fig.3. The process of generating and grouping the G; and G; graphs by establishing a
relationship between related diseases with the main disease d; based on patient data
P;: and P;
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Stage 2 — logistic regression modeling. Multivariate logistic regression models
of the development of each disease were constructed, one for each disease to estimate
its marginal distribution [17,18]. In logistic regression, we have a logistic function
(also called the sigmoid) that predicts two values (Y =0 or Y = 1) [19]. A logistic
function curve shows a probability, for example, whether or not the risks of disease
complications are present. We want to model P(Y = 1) in terms of a set of predictor
variables xi,..., Xn, then the multivariate logistic regression equation on the
probability scale may be written:

P(Y =1)=exp(Po+ PiXi+ ... + BuXn) / 1 + exp(Po + P1Xi + ... + BuXn), (8)

where the B; coefficients are the model's learned weights, and [y is the bias.

The marginal distribution describes the probability of acquiring a disease
regardless of the presence of another disease. Then, the disease-free groups were
separated, for which the logistic regression model was built by combining the risk
factors. The MLE (Maximum Likelihood Estimation) method was used to estimate
the Bi coefficients of the logistic regression:

—xTpi ° (9)

P(Y =1]X) = !
1+e

where input data x; € X represents the feature vector for the it samples and the
output is denoted by Y. The logistic regression model expresses the relationship
between y; € Y and x; in terms of the conditional probability P(Y = 1|X) of risks of
developing disease complications.

Stage 3 — using the copula function. In order to assess the risks of related
diseases, it is necessary to find the joint distributions of random variables, which
are all the possible distributions of the patient's disease manifestation. We assign 1
if the patient acquires a disease in a certain period of time, and 0 otherwise. Then,
the joint distributions of the probability of acquiring two diseases in a certain time
interval will be P(0,0), P(0,1), P(1,0), P(1,1). Marginal probability is the sum of all
possible values of joint distributions. Using this logic, the joint distributions of the
probability of acquiring two or more diseases can be calculated. Based on the
definition of the copula function (2) and the formula for the joint density
distributions for the variables xi, ..., X, which is expressed as follows:

f(x1, ..., Xn) = f(Xn) f(Xn-1/Xn) f(Xn2Xn-1,X2) ... f(X1[X2,...,Xn) (10)
in the case of n = 3, the function will look as follows:
f(x1[x2, x3) = c132 (Fip(x1[x2), F3p(x3[x2)) f(x1[x2), (11)

f(x1]x2, x3) = ci3p (Fip(xi[x2), F3p(x3[x2)) ci2 (Fi(x1), Fa(x2)) fi(x1). (12)
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The symmetric Frank Archimedean function will be used as a copula in (12),
and the numerical maximum likelihood estimation (MLE) method will be used to
determine its parameters:

L(xy, ©) = Xlogc(xi,y;,®), where i€[0,n]. (13)

Healthcare data. The research is based on online available diabetic and
heart disease datasets from UCI [20, 21]. The diabetic disease dataset is collected
from 1999 to 2008. It includes 55 features. The heart disease dataset includes 76
features. The chosen variables are:

» Gender (1-male, 0-female); weight (BMI), age.

» The results of laboratory tests: total cholesterol (TCL), HAlc, Blood
Pressure indicators, the amount of glucose in the blood.

» Number of diagnosis and diagnosis in ICD-9-CM format (presence of
related diseases -1 for each existing disease and 0 otherwise).

» Harmful habits: smoking.

The following data preparations were completed:

® [nsignificant missing data and outliers were ignored, and the rest were
replaced by the average value or median.

= Duplicate data were merged.

= Patients with 3 or more related diseases were not included for secondary
prevention.

» The data were normalized by the min-max normalization technique (Table 1),
minimum and maximum value from data is fetched and each value is replaced
according to the following formula:

X —min(x)

. (14)
max(x)—min(x)

Table 1

The data AGE after normalization

AGE min.max
44 0.421
41 0.342
65 0.974

Demographic, behavioral, biomedical factors were considered as risk factors.

Results. According to the presented three-stage method, the groups of patients

with T2DM (type 2 diabetes mellitus), HD (hypertension disease) and CHF (congestive

heart failure) as the main disease were distinguished in our dataset. Then, a pair-

by-pair analysis of the dependence between these diseases was performed. Given
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the risk factors, logistic regression models were constructed to calculate marginal
distributions to estimate the risks of developing these related diseases in groups
that do not have them (Fig. 4).

i /\n.,,, /\ - /\_
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Fig.4. The joint and marginal distributions between CHF- HD, CHF-T2DM, HD-T2DM
disease by sequence

Table 2
Disease dependence
Diseases T2DM HD CHF
T2DM 1 1.57 1.33
HD 1.57 1 1.92
CHF 1.33 1.92 1

Based on the output of those models, the results were combined using the
Frank copula function to capture their codependency. The results of the parameter
® were calculated. The higher the positive value, the greater the occurrence of two
diseases at the same time. The results of the ® parameter, which can be seen in
Table 2, are positive and show that the greatest dependence was the higher the
positive value, the greater the occurrence of two recorded between HD and CHF
diseases (Fig. 5).

Frank copula® = 1.9 . Frank copula 8 = 1.6 B Frank copula 6 = 1.3

‘ ?ﬁ
" "'."# HY

Fig.5. The bivariate Frank copula for values of 6
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Receiver Operating Characteristic (ROC) curves are plotted for each model
(Fig. 6). The Area Under the Curve (AUC) (0.875, 0.863, 0.852) shows that the
models discriminated very well.

10

08

True Positive Rate
o
o

o
kS

0.2

CHF 0.375
— HD  0.863
T2DM 0.852

0Qk”
00 02 04 086 o8 1.0
False Positive Rate

Fig.6. ROC curves and AUC for each model

Conclusion. The copula-based method evaluates the risks of developing
complications of MS using Archimedean multivariate distribution functions.
Because the copula function is independent of marginal distributions, it captures
the dependence between random variables by connecting the marginal distributions
with each other, and the "shape" of the resulting tail indicates the degree of
dependence. By combining the marginal distributions with the joint distributions
using the Frank copula function, the risks of developing the diseases with the
highest degree of complexity were estimated for the disease-free groups. The
presented method will be integrated in a multi-functional medical decision-making
support system to automate risk assessment. The goal is to enable doctors to obtain
data on the risks of developing related diseases.
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L.4. UuLBUU8UL

UGSULNLPY ZUUURSULPTNY, 2B UL N R E8NPLLE D
PULNPESNPLLECDP QUMAUSUUL (thUYP UNPUNRLBUSHY, AUTVUUL
SNPLUSPUBE 2GLLNY, FLUZUSUUL UGN

Upnhwljut E jutijul) dbnwpnihl hwdwonwihyny (U2Z2) hhqungmpniutubph hbnwgu
pupnmpmulph qupqugnuip’ ghwhwnkyny hhywbnubph bEyupnbught wjjujibph hh-
dwb ypw hwpwlhg hhwugnipnitubph phuljipp: Ljwpugpynud £ UZ niikignn hhdwn-
ubtiph whunnpnonidubiph b nhulh qnpénuutph hhuwb Ypw pupynipniiutph nt hinhnuugh-
nwjugdul htn juwyws hwpulhg hhywinnipmniutkph qupqugudwt phuljiph ghwhwn-
dwt Upphubtyut §nyniyjwhbupny dkpnnp:

Unwigpughl punkp. Uknnwupnihl] hwdwhinwihy, tphninghwljwt dnnlk), inghunhly
nkgpbuhw, Upphubkngui Ynuniyw dniuljghwkp, Ynidnijjuinhy puohidwts dniuljghu:
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JLK. AHAPEACSH

METO/] OLIEHKHU PUCKA PA3BUTHUSA OCJIOKHEHU
3ABOJIEBAHU C METABOJIMYECKHUM CHHJIPOMOM HA OCHOBE
KYMYJIATUBHON ®YHKIIUU PACIPEJIEJIEHUSI

[NokazaHa aKTya bHOCTh OLICHKH PUCKOB COIMYTCTBYIOIIHMX 3a00JICBAHUI HA OCHOBAHHMU
AIIEKTPOHHBIX JaHHBIX MALUEHTOB C LIENbIO PEIYPEKICHHUS IIPOrPECCUPOBAHUS JIaIbHEH-
IUX OCIOXHEeHUH MeTabonndeckoro cuaapoma (MC). Onrcan MeTO.T OIEHKH PUCKOB pas-
BUTHUSI COIYTCTBYIOLIMX 3a00JIeBaHM HA OCHOBAHHH JTHarHO30B M (haKTOPOB PUCKA, CBSI3aH-
HBIX C OCJIO)KHEHUSIMU M MTOBTOPHBIMHU roCnuTanu3anusiMu y 6oabHbix MC Ha ocHOBE ApXu-
MEJIOBBI KOIYJIBL.

Kniouegvie cnosa: merabonuyeckuii CHHAPOM, STHOJIOTHYECKAss MOJIENb, JOTUCTH-
geckas perpeccus, (PYHKIUH APXUMETOBBI KOITYIIbI, KyMYJISTHBHAS (DYHKIIUS PACIIPEICIICHUS.
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C.0. CUMOHJIH, K.A. TOPYSIH

HNPUKJIAAHBIE ACIIEKTbI YHUBEPCAJIBHOI'O METOJA
OINMPEAEJIEHUSA OJHOIMAPAMETPUYECKUX OBOBIIIEHHBIX
OBPATHBIX MATPHUIl B CUHI'YJISIPHOM CJIYUAE

PaccMOTpeHbI MPUKIIAIHBIC ACTIEKThI YHUBEPCATBHOIO METO/A ONPEACICHHs OJHOTA-
paMeTprydecKkux 0000IIEHHBIX 0OpAaTHBIX MAaTPHUI] B CHHTYJIIPHOM ciiydae. Pemenniem Moziens-
HOTO MpHuMepa rokaszaHa 3(p(peKTHBHOCTh COOTBETCTBYIOIINX PEKYPPEHTHBIX BHIYMCIIUTEIb-
HBIX CXEM.

Knioueswie cnosa: onHonapaMerpudeckue 0000IIEHHbIE OOPATHBIC MATPUIIbI, CHHTY-
JSIpHBIN ciyvai, nuddepeHiuanbable Tpeodpa3oBaHusi, peKypPEHTHBIE BBIYUCIUTEIbHbBIE
CXEMBI, CPEJICTBA COBPEMEHHBIX HH(POPMAITUOHHBIX TEXHOJIOTHH.

BBenenue. B Hacrosiee BpemMs BceMupHbIe HH()OPMAITMOHHBIE TEXHOJIOTHH
[0 CPaBHEHUIO C IPYTHMH CepaMu MPOSBISIOT TEMITbl IEPMaHEHTHOTO YCKOPEH-
HOTO Pa3BUTHS, YTO NAET BO3MOXKHOCTD B CAMBIX Pa3IMYHBIX 00JIACTIX YEIIOBEYECKON
JEeATENFHOCTH PUMEHSITH COBEPIIEHHO HOBBIE MMOAXO B! T 3 ()EeKTUBHOTO pellie-
HUS BCTpEYAIOIIUXCs B HUX 3a1a4. OgHOMapaMeTpudecKiue MaTPHIIbl, UX 0OpaTHBIE
1 0000mEHHBIE 00pPAaTHBIE MATPHIIBI JOCTATOYHO YaCTO HCIIONB3YIOTCS B Pas3ind-
HBIX HAYYHBIX UCCIICOBAHUAXK, MPUKIATHBIX 3a/1a9ax H JIp.

N3BecTHO mOCTaTOYHO OOJBIIIOE KOIMYECTBO METOIOB IS OTPEIEIeHHsT 00par-
HBIX U 000OMIEHHBIX OOpAaTHBIX YHCIOBEIX Matpuil [1-5] u ap. Ilpu onpenenennn
AQHAJIOTUYHBIX MATPHII TSI OJHOTIApAMETPHIECKUX MAaTPHI] HaOIrogaeTcst O0IbIIoe
OTCTaBaHHe. DTOT MPOOEIT ONpeneIeHHBIM 00pa30M 3amoIHIeT padoTa [6], B KOTO-
poit pa3paboTaHbl: UTEPANMOHHEIC METOABI — J[-aHanoru MeTomoB I peBuinis, 6104-
Horo pazbouenus, I'pamma-IlImunra, XXopmana-I'aycca, CHHTYIIPHOTO Pa3IOKCHUS;

o 1
npsiMbIe METOJIBI - JI-aHaory MpoCTeIero MeToa, onpeneienus marpui A ()

2
u A°(t), yHHBEpCAJIBbHOTO METO[a, ONpECICHHs] KBAJPATHBIX OJHOMAPAMETPHU-

4eckuX 0000mERHBIX 00paTtHbIX MaTpul, d-ananor L(¢)-U(t) - pasnoxenus, na-
paJICNIbHBIC BEIYUCIUTEIBHBIC METO/IBI; ICKOMIIO3UIIMOHHBIE METOIBI — J[-aHaorn
MPOCTEHIIEro MeToja, YeThipex yciaoBuid Mypa-IleHnpoy3a, a Takke yHHBEpCAIb-
HOTO METOJIa.

Jlyis BceX STHX METOJIOB OCHOBHBIM MaTEMAaTHUYCCKUM arlapaToM MOCTYKHIH
muddepernmansable TpeoopasoBanwst I.E. ITyxosa [7]. K ToMy ke mpu pa3paboTke
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ﬂ—aHaﬂora YHUBEPCAJIILHOT'O METOJa HNpEAIoarajioCb, 4To MJIsI OAHOIIapaMeTpu-

deckoit Mmatpuiel A(f), —~ WUMEIOT MECTO M3BECTHBIC YCIOBHS [6]:

mxn

A () =[A"(1)- A" - A" (¢), ecnu m > n, rang A(t),,, =n, (1)
AT (t)y=A")-[A@t)- A" (O], ecnum < n, rang A(t),,, =m, )
W
AT (t)- A@t)- AT (t) = A" (t) , ecnu m > n, rang A(2),,, =n, (3)
A1) A@t)- A" (t) = A" (t), ecu m < n, rang A(t),,, =m, (4)

KOHCYHO, IpH MPEATIOJIONKECHUH, YTO CYIICCTBYIOT MaTPHUIIbI

B'(0),,, =[A"(t)- AO)]", ecmum > n, rang[A"(t)- A(t)]=n, 3

(), =[AW)- A" O], ccmm<n, rang[ AGt)- A" ()]=m  (6)
cooTseTeTBenHO. ClelIoBaTeNBHO, ¢ yuetoM (5), (6) u3 (3), (4) nomywmm

B(t)- A*(t) = A" (t), ecnu m > n, rang[ A" () A(t)] = n, (7)

A1) - C(t) = AT (1), ecn m <, rang[A(t)- A" ()] = m. )

Pemenust MoaenpHBIX IPUMEPOB C UCIOJIBb30BaHUEM /J[-aHANOroB Ipencras-
nenu#t (7), (8) monTBepanan 3(PQPEKTUBHOCTH COOTBETCTBYIOIIUX PEKYPPEHTHBIX
BBEIYHCIIATEIBHBIX CXEM [6].

B aTo0ii paboTe ObIIM MpeCTaBICHBI TAKIKE PEKYPPEHTHEBIC BBIYHCIUTEIbHBIE
CXEMBbI TIPY HECYIIECTBOBaHUHU ycioBHi (5), (6), BMECTO KOTOPBIX OBUIH HCITOIb-
30BaHbl YCIOBHSA

Bi(t),,, =[A"(t)- A®)]", ecnum>n, rang[A"(t)-A(t)]<n, )

Ci(t),,., =[A@)- A" (O)]", ecmu m < n, rang[A(t)-A" (t)]<m,  (10)

OJTHAKO TPUKJIATHBIE aCTIEKTHl COOTBETCTBYIOIIUX J[-aHaIoroB He OBUIM PaccMOT-
penbl. Hactosimas paboTta mocBsilieHa MCCIEJOBAaHUIO 3TUX BOMPOCOB PELICHHUEM
OJTHOT'O MOJIEITHPHOTO TIPUMEpa ¢ YIETOM TOTO, 9To TpHu ycioBusx (9), (10) cooTHO-
meHus, anajoruaneie (7), (8), IpUHUMAIOT BHU

B,(t)- A" (t)= A" (t), ecru m > n, rang[ A" (t)-A(t)]<n, (11)
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A" (t)-C,(t)= A" (t), ecnu m < n, rang[A(t)-A"(t)]<m. (12)

MartemaTnyeckmii anmapat. Teneps, B COOTBETCTBHU ¢ paboToii [7] mpea-
MIOJIOXKHM, YTO JUII MaTpulsl A(f) ¢ aHAJIUTUYECKUMH 3JIEMEHTaMH MMEIOT MECTO
muddepeHuuansHbIe Mpeodpa3oBaHus

LML O

K ar H,A(K), K =0,0), (13)

K=0,00 = A(t)= y,(t,t

v

rne A(K) - marpuunbie muckperbl mMatpuisl A(?); K =0,00 - HETOYUCIEHHBIN
aprymeHT; H — maciuTaOHbIi K03(QGUIMEHT; ¢, - HEHTP aNlIPOKCUMAIUK; CUMBOJI

- 3HAK Iepexoja W3 O0JACTH OPUTHUHAIOB B 00macth auddepeHIranTbHbIX

u300paxeHnit 1 HaoGopoT; y, (®) - HekoTOpas anmpoKcUMHUpyomas (yHKIH,

BOCCTaHaBIHBAaroLIast opuruHai A (7).
OueBuaHo, uTo B cooTrBeTcTBHU C (9), (10) mpu (13) OyayT uMeTh MECTO U
mud pepeHranpHbBIe TPpeoOpa3oBaHUs

k)< LB | K =0 By(0) = ,(t.t,. HB,(K), K =0,00), (14)
? K di* =

K K - -
)= 80 | K =0 G0 = pu(e, H.C(K), K =0.2). (15)

Teneps, o6oznauns A" (t) = z(t) , u3 (11), (12) nomyunm
B,(t)-z(t)= A" (t), ecnu m > n, (16)
2(t)-Cy(t) = A" (¢), ecu m < n. (17)

ITepeBon (16) n3 obmacTn OpruHAIIOB B 00MacTh auddepeHImansHeIX n300pa-
JKEHUH NPUBOJUT K CIEAYIOIIUM PEKYPPEHTHBIM COOTHOILICHUSIM:

npu K=0:
2(0)= B, (0)- 4" (0); (18)

npu K=1:
z(1) = B, (0)-[4" () B,(1)- z(0)]; (19)

npu K=2:
2(2) = B, (0)-[4"(2) - B,()- 2(1) - B,(2) - 2(0)]; (20)



npu K=K:

z(K) =By (0)-[4"(K)= Y B,(I)- z(k = D)], (1)
MpUYeM:

npu K=0:
B,(0)=A"(0)- A(0); (22)

npu K=1:
B,(1)=A"(0)- A())+ A" (1)- A(0); (23)

npu K=2:
B,(2)= A" (0)- A2)+ A" (1)- A(1) + A" (2)- A(0); (24)

) nK;ié; .................................................................

B,(K) = i AT()- AK -1), K=0, . (25)

Amnanorugso, repeon (17) u3 obiactu opuruHaioB B 001acTh auddepeH-
UATEHBIX N300paKCHUH MPUBOAUT K CIICYIOIINM PEKYPPEHTHBIM COOTHOIICHUSM:

npu K=0:
z(0) = AT(0) - C; (0); (26)

npu K=1:
z(1) = [AT(1) — z(0) - C,(1)] - CF(0); (27)

npu K=2:
z(2) = [AT(2) — 2(0) - C,(2) — z(1) - C, (V)] - CF(0); (28)

2(K)=[4"(K) =Y. 2())-C,(K ~D)]-C(0), (29)

I=
MpUYCM:
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npu K=0:

C2(0) = A(0) - A (0); (30)
npu K=1:
C,(1) = A(0) - AT(1) + A(1) - AT(0); (31)
npu K=2:
C,(2) = A(0) - AT(2) + A(1) - AT(1) + A(2) - AT (0); (32)
L
CZ(K):iA(l)-AT(K—Z), K =0,0. (33)

=0

3ameuanne 1. OueBUAHO, YTO €CIH M > 1, TO 1ENIECO00PA3HO UCTIOIH30BA-

HHUE BBIYUCIUTENBHBIX cxeM (18)-(25), nbo mopsmok GUrypupyroommx B HUX Mart-

puunbix guckperos B([), [ =1, K mMenbiie u, cienoBartenbHO, MEHBIIE KOJINYECTBO

BBIYUCIUTEIBHBIX oneparmidi. OTHaKo, eciu m < 1, TO IeIeco00pa3HO HCIOIh30Ba-
HHC BBIYUCIHTEIBHBIX cxeM (26)-(33) mo To# e mpuduHe. A eclid m = n, TO

cxeMsl (18)-(25) u (26)-(33) xapakTepu3yrTCS OJHUM U TEM e 00beMOM BBIYHUC-

JIMTCIIBHBIX onepaunﬁ.

Moaeabnblii npumep. IIycts
a+n 0 (1A+9)
AD=| 0 QA+ 0 | F=4"(0,34®.
1+ 0 1+

Torma npu ¢, =0, H=1 umeem

1 0 1
A0)=A1D)=|0 1 0], AKK)=[0], VK >2.
1 01

CrnenoBaTenbHO:
npu K=0 u B cooTBeTCTBHH C (22):

2.0 2
BO)=|0 1 0 |, F=B"(0),3B'(0).
2 0 2
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Torna

0,25 0 0,125 0,125 0 025
BO=l 0 1 0 [z0= 0o 1 0 |
0,25 0 0,125 025 0 025

npu K=1 u B cootBercTBHH C (22) 1 (19):

4 0 4 ~025 0 -0.25
Bh=/0 2 0|, zh)=| 0 -1 0 |
4 0 4 ~025 0 4-025

npu K=2 u B cootBetcTBUH ¢ (22) 1 (20):

2.0 2 0,25 0 0,25
B2)=|0 1 0l z2=[ 0 1 0 |
2 0 2 0,25 0 025

npu K=3 u B cootBeTcTBHU C (22) 1 (21):

~05 0 -05
B(3)=0, z3)=| 0 -1 0
~05 0 -05

" T.1.

Takum oGpazom, npubIIKeHHBIE MakiopeHoBckue pemenus npu K =0,3

HNMCHOT BU
0,25 0 0,25
Op,=| 0 1 0 |,
0,25 0 0,25
025-(1-1) 0 025 -(1-1)
2(t) ., = 0 (1-1) 0 :

025-(1-t) 0 025 -(1-1)

0,25-(1—t+1%) 0 0,25-(1—t+1%)
2t = 0 (1-t+1%) 0 :
0,25-(1—t+1%) 0 0,25-(1-t+1%)
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0,25-(1—t+1t> =2t) 0 0,25-(1—t+1> =2¢)
2(O) s = 0 (1-t+*-7) 0 :
0,25-(1—t+1> =2¢) 0 0,25-(1—t+1* =2¢)

a COOTBETCTBYIONIME OJHONAPAMETPHYECKUE 3ABMCUMOCTH 3JIEMEHTOB MATPHIIBI
A" (t)=z(¢t) npu K =0,3 - Bug, puc.1 —4 (z,,(¢) = z5(t) = z;,(t) = 2, (1)).

0
075 s =1(0) t
21 T T
.25 ¢ Cv;

Puc.1 Puc.?
=2 =3
1,25 125
1 . Zzz(t) 1
\_// 075
0,75
0s
05 7z Il(t) 02¢
0,25 / 0
{
0 025
0 01 0,2 03 04 05 0,6 0,7 08 09 1
05
Puc.3 Puc.4

3ameuanue 2. Herpyano yOemuThCs, 9TO K TaKUM K€ pe3yjibTaTaM
MIPUXOJIUM U TP MCTIOIH30BAHUH BBIYUCIUTEIBHBIX cxeM (26)-(33).

3ameuanue 3. HerpyaHo yoeauthes Takxke, uro npu VK = 0,3 usBect-

HBIe ycroBuss Mypa-IleHpoy3a TOUHO BBIOJTHSIOTCS B IIEHTPE alIIPOKCUMAIIUIH
t, =0 (4TO M JOIKHO ObUIO OBITH), @ B OCTAIBHBIX TEKYIUX 3HAUEHUAX Iapa-

MeETpa ¢ - B 3aBHCUMOCTH OT TPEOYEMBIX TOUHOCTESH MaKIIOPEHOBCKHX PEIICHUH.

3akimouenue. Takum oOpazoM, B HacToAIIEH paboTe JUIsl HAXOXKICHUS
OJTHOTIAPAMETPUIECKUX 00O0OIICHHBIX 00PATHBIX MATPHIL B CHHTYJIIPHOM CITy4ae
PaccMOTPEHBI MIPHUKIIATHBIC ACTIEKThI COOTBETCTBYIOIIMX PEKYPPEHTHBIX BHIUKC-
JUTENBHBIX cXeM. B kauecTBe OCHOBHOT'O MaTEMaTHUYECKOTO ammapara uCIoib-
30BaHbI AuddepeHInaIbHbIe MPeoOpa3oBaHMs, TTO3BOJISIONINE PEIICHHE paccMar-
pUBaeMO 3a/1aul CBECTH K ITOCJICI0OBATEIBLHBIM YHCIIOBBIM PEKYPPEHTHBIM BbI-
YUCIUTENIFHBIM CXEMaM, JIETKO Pealln3yeMbIM CPEJICTBAMH COBPEMEHHBIX MH(OP-
MAaITMOHHBIX TEXHOJIOTHH [8].
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HauunonanbHbli MONMUTEXHUYECKUN YHUBEPCUTET ApMeHUU. Marepuain noctynui B
penakuuio 16.04.2023.

U.z. UbUNL8UL, U.U. ENF28UL

UbPUNULUUGSMUYUL CLYEZULIUSYUD 2UUUUNQ UUSCRSLEND
Nracuuy Zuuruucuuuy UbeNh YhUNUYUL SEUTLUSNRLLET
Yhruftuuauy UbBLENRL3UC HYENLNRT

“Yhunwnplyl ko dhuywpudbnpujut pinphwipugjus hujungupd dunnphgutph npno-
dwl hwbipwipwtwy dbpnnh Jhpwpwlub mbuwblynitiitpp uhiignigup nhypnid: Unnk-
wht ophttwhh nsdwdp gnyg L npdl] hwdwywnuwupwt winpunupd hwyynnuju
upubdwkph wpynibwbnmpniip:

Unwbgpuyhl punkp. thwwwnpudbnpuljut pinhwipugdws huljunupd dwnphg-
ulip, uptugniyup nyp, nhtipkughwy dbwhnjunipnibtp, winpunupd hwoynnujut upak-
dwubp, dadwuljuljhg mintjunduljut mkuninghwutph dhengubp:

S.0. SIMONYAN, K.A. TORCHYAN

APPLIED ASPECTS OF THE UNIVERSAL METHOD FOR
DETERMINING SINGLE-PARAMETER GENERALIZED INVERSE
MATRIXIES IN THE SINGULAR CASE

Applied aspects of the universal method for determining one-parameter generalized
inverse matrices in the singular case are considered. By solving a model example, the
efficiency of the corresponding recurrent computational schemes is shown.

Keywords: one-parameter generalized inverse matrices, singular case, differential
transformations, recurrent computing schemes, means of modern information technologies.
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ABTOMATHU3UPOBAHHAS CUCTEMA JUISA ONEHKU COCTOAHUA
OUHAHCOBOI'O PBIHKA

[IpennoxxeHbI HOBBIE CTATHCTUYCCKUE (DYHKITHH, MTO3BOJISIOIINE [0 U3BECTHBHIM JTAHHBIM
0 TIPOIIIOM TMOBEJICHUH TIeH KaKOr0-TMOO0 TOBapa OMPEESITUTh COCTOSTHIE (PHHAHCOBOTO PHIHKA.
3TI/I HOBBIC CTAaTUCTUKU ABJISIFOTCA 60.]'166 O6IJ.[I/IMI/I, YE€M BOJIATUJIIBHOCTb, U COACPIKAT OLUCHKY
BOJIATWJILHOCTH BHYTpH ce0st. [locTpoeHa aBTOMaTu3MpOBaHHAsi CHCTEMa, KOTOpasi OTClie-
JKMBAeT COCTOSIHUE PBIHKA M MPeNynpekaaeT CUTyalluH, Korjaa noBeieHne GpyHKINN [EeHbI
ToBapa kputndHo. CHcTeMa anpoOupoBaHa Ha TpUMepe TOBEACHUsS IIeHbl Ha He(Th W Jaia
XOpOIIHE pe3yNIbTaThl, 4eTKO 3adukcupoBas kpusuc 2008 roza.

Knrwueesvle cnosa: cpeqHEeKBapaTUYHOE OTKIIOHEHHE, (DMHAHCOBAs MaTEeMaTHKA,
BOJIATUJIBHOCTD.

Bgenenue. [Iycts m3BecTHa BHIOOpKA MPOILIOTO TOBENEHUS IIEH KaKOTO-JIMO0
ToBapa. Hama 1menp — mocTpouTh N0 JaHHOW BBIOOPKE CTaTUCTHYECKHE (PYHKIIHH,
KOTOPBIE CITY>KWIN OBl MHMKATOPOM COCTOSIHUSI phIHKA 3TOro ToBapa. [ py0o roBopsi,
XOTHUM UMETh YUCIIEHHYIO BEIMYHUHY, PO KOTOPYIO MOXKHO CKa3aTh: “XOPOIIO” 3TO
WIH “TUT0XO0” JJIS COCTOSIHUS PBIHKA.

[Ipumepom Takol CTATUCTHKHU SBISICTCS CPEIHEKBAIPATUYHOE OTKIOHCHUE,
T.. YHCJICHHAA OIIeHKa AWMCIIEPCHU, KOTOpas B SKOHOMHYECKOW JINTEpPAType Ha3bl-
BaeTCs BOJATUIBHOCTBIO. Eciu cpeHeKkBaIpaTHIHOE OTKJIOHEHUE HEOOJIBIIOE, TO
ATO XOPOIIIO: COCTOSIHAE PBIHKA CIIOKOHHOE U cTabmibHoe. Eciun ske cpenHekBagpa-
TUYHOE OTKJIOHEHHE OOJIBIIOE, TO ATO ILIOXO: COCTOSHHE PhIHKA HECTAOMJILHOE,
HMeeTCs yrpo3a Kpu3uca.

Lens HacToRAIIEl CTATHH - IOMYYUTH APYTHE CTATHCTHYECKHE (DYHKIMH 110
JTAHHOHM BBIOOPKE, KOTOPBIC yKa3bIBAJIM Obl HA COCTOSIHME PBIHKA. DTH HOBBIE CTa-
TUCTHKH JIOJDKHBI OBITH 00OJIee OOIMMH, YeM BOJIATHIILHOCTD, U COJIEPKATh OLEHKY
BOJIATWJIBHOCTH BHYTpPH CeO4.

I[peaBapuresibHble cBeaenust u3 punancoBoii matemaTuku. [lycts S(0) -
CETOTHATITHSAS TIeHa KaKoro-HUOYIb TOBapa, a S(?) - meHa 3Toro ke ToBapa ¢ JHeH
Ha3az. TakuM 00pa3oM, MMEeM B KaueCTBE BXOJHBIX JaHHBIX MOCIIEI0BATEIBHOCTD
Hecmy4arHbIx uncen S(t), t =0, 1, 2,... . IlognocnenoBareabHOCTh YUCEI
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S(to - ), S(to - 0 + 1),..., S(to), S(to + 1),..., S(to + n)

Ha3bIBaeTCs BEIOOPKOH ¢ IIEHTPOM to B pazMaxom 2n. BeibopodrsiM cpemaum m(t)
Ha3bIBAIOT CIIENYIONIYI0 BennuuHy (cM. [1]):

1 .
() = - BE S,

CpenmHeKkBaipaTUIHBIM OTKJIOHEHHEM V(1) Ha3bIBAIOT CIEAYIONIYIO BEIUIHHY:
2
: (1)
EBpormefickum onmmonom M.(t,K) HazpIBaeTcs crleyrollee MaTeMaTHYeCKOe
oxxunanue (cM. [2]):

V() = 5= S [S@) - m(0)]

Mc(t,K) = E(s(t)-K)-+,

rae s(¢) — Oymymnas IeHa ToBapa B MOMEHT BpeMeHH ¢ > (); mapameTp K — ITOJIOKH-
TEJILHOE YUCIIO (TaK Ha3bIBaeMasl “‘KpacHas IieHa” TOBapa); 3HA4YOK ()+ 03HAYAET MOJIO-
JKUTEITBHYIO YACTh:

0,X <0,

(X)+= max(X,0) = {X,X >0.

3ametum, uto s(t), t>0 siBIsieTcs caydaiiHON BENWYMHOM, B TO BpeMs Kak S(t)
SIBIISTIOTCSL U3BECTHBIMU HECITyYaWHBIMU uynciaamMu. Bemmuanaa M.(?,K) BeIYUCIIIETCS
o u3BectHoH opmyie breka-Illoymnsa (cm. [3]):

Mc(t,K) =S(0) Fy (di) - K Fy (d2),

rie Fy — QYHKIMs pacrpeaesieHus CTaHAapTHOW HOPMAIbHOM CIy4aliHOM BETUUHHBI
C HYJIEBBIM CPEAHUM U €AUHUYHOMN IUCIIEPCUEN;

d, = [InS(0)-In K] n Vvt W = [Ins(0)-InK] @

VvVt 2 VvVt 2

OtMeTrM, 4TO BelmurHA V BhraucisieTcs o gopmyae (1).
AzuarckuM OmimoHOM M,(ti,t2,K) HaswiBaeTcs cremyroliee MaTeMaTHYECKOe
OKUJIaHKe:

Ma(t1,t2,K) = E[g(t1,t2) -K]+, Te g(t1,t2) = 1/ S(t,)S(¢,).

Bemmunaa M, (t,K) Beraucnsercs no ¢opmyne bieka-11loynsa mist azpnaTckoro
omuoHa (cMm. [4]):

-Vt

Ma(t,12,K) =e & S(0) Fn(D1) - K Fn(D2),
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[InS(0)-1InK] _ _
Wiz uD:=Di—+Vt /2.

IIpennaraemMble CTATHCTUKHU. B KaueCTBE HOBBIX CTATUCTHUECKUX (DYHKITHIA,

raoe D=

OTPENIENSIONINX COCTOSIHUE (PMHAHCOBOTO PHIHKA, TIPEAJiaracM OLICHKH €BPOIEHCKOro
M,(t,K) n a3marckoro M,(t,t,,K) ONIIMOHOB, a TaKXKe Pa3HUILY L.(7,K) MEeXITy 3TUMHU
OLICHKaMH 1 BBIOOPOYHOH pean3anuei.

ITycTh M3BECTHO, YTO B TEUCHUE BPEMEHH f > () IieHa TOBapa W3MEHHJIACH: ObLTa
S(0), crana f(z). Torma cnexyronryro (HecaydaiHy o) QYHKITHIO OT K o £:

Le(t, K)= Me(t, K) - [f(t)-K]+

MOYXHO MHTEPIPETHPOBATh KaK BENWYMHY NMPUOBUM (MM YOBITKA) OT €BPONEHCKOTO
OIMIMOHA, KYIJIEHHOTO, KOT/a IieHa ToBapa Obuta S(0), mpu yCIIOBHH, YTO B MOMEHT
BpeMeHH ¢ > () TIeHa cTana f(¢). AHAJIOTHYIHO ONpeAessIeTCs HecydaiHas (yHKIHS
Lq(1,8,K) 17151 a3MaTCKOTO OIMIMOHA!

La(t1,12,K)= Mu(t1,12,K) - [f{(t1,02)-K]+, flt1,12) =\ F(t) f (t,).

OcHoBHBIe yTBep:KIeHus. [lo naHHOI BHIOOpKE BBEJEM IMOHATHE “TIPHDKKA
uen” J(t) B MOMEHT BpEeMEHH fy

J(tr) = 1S(t) — S(tr-1)I-

IIpeDKOK TIeH Ha30BeM “‘OOJBIIMM™, €CJIM OH 3HAYUTEIHHO OOJIBIIIe HHTEpBaIa
BpPEMCHU:

Jt) > dn, e dt= |tk - ti-1|.

COOTBETCTBEHHO MPBDKOK I1eH J(%) Ha30BeM “MaJIbIM’’, €CJI OH HMEET TIOPSIOK dty.

Teoperuueckoir 0a30i sl MOCTPOCHUS WHIUKATOPA COCTOSIHUS PBIHKA IO
JTAHHOHM BBIOOPKE CITY’)KAT CIICAYIOUIUE MTOJTyYSHHBIC HAMH YTBEPKICHU:

Yr1Bep:knenue 1 (cMm. [5]). Manblii npepkok J(#)=dt TpUBOAUT K MajoMy
3HAYCHUIO BENMWYUHBI |Lo(?, K)-La(t, K)|=O(dt).

Yr1Bepxkaenue 2 (cM. [5]). bonbImoit npepkok J(2)>>dt TpUBOIUT K OOIBITIOMY
3HAYCHUIO BENUYMHBI |Lo(?, K)-Lo(t, K)| >dt.

YrBepxnenue 3 (cMm. [6]). Ecmm |M,(t,K) — My(ty,t5,K)| > 6, TO MOXKHO
OKHJIaTh, 9TO TIPHDKOK OBLT OoJbIme, ueM 1.2.

YrBepxnenue 4 (cM. [6]). s moGoro k > (), ecnu MPBDKOK OBLT MEHBIIIE,
yeM k/5, TO

|Me(t: K) - Ma(t11t21K)| < k .
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Hamu moctpoeHa aBToMaTU3MpOBaHHAs CUCTEMA, KOTOPAsk OTCIICKHUBACT COCTOSI-
HHUE PBIHKA U TIPEAYIPEKIAET CUTYallUH, KOTIa TIOBeIeHUe QYHKIMH [IEHbI TOBapa
CTOJIb KPUTHYHO, YTO YTPOIKACT CIIPABEIMBOCTH KAKOT0-T100 U3 Y TBepKIcHu 1 - 4.

Ipumep. Cucrema anpoOUpoBaHa Ha MPUMEPE MOBEACHHUS IICHbI HAa HedTh 3a
nepuoz ¢ 1.12.2006 no 31.2.2009. Pe3ynbraThl npuBeeHbI B Ta0. 1.

Tabruya 1
Tlpumep noeedenus yeuvl Ha Heghmo
No. Hama S(t) Ipwiocok M- My |Le- L
1 2 3 4 5 6
1 12/28/2006 66.81 0.04 1.20 1.18
2 12/29/2006 67.29 0.48 0.08 0.16
3 8/3/2007 72.49 0.29 0.04 0.18
4 12/11/2007 86.49 1.17 0.10 0.49
5 12/31/2007 88.87 0.04 0.07 0.05
6 3/14/2008 101.75 0.79 0.49 0.88
7 3/17/2008 97.83 3.92 0.51 2.45
8 3/18/2008 102.18 4.35 0.48 1.72
9 4/1/2008 96.03 0.51 0.14 0.39
10 5/1/2008 107.04 0.59 0.39 0.69
11 5/2/2008 110.98 3.94 0.45 1.54
12 5/19/2008 126.19 1.54 0.28 0.49
13 5/20/2008 130.16 3.97 0.29 1.71
14 5/21/2008 134.42 4.26 0.34 1.80
15 6/4/2008 122.61 1.84 1.02 1.94
16 6/5/2008 127.4 4.79 1.33 1.09
17 6/10/2008 131.12 1.91 1.36 2.31
18 6/18/2008 137.16 1.67 0.31 0.53
19 6/25/2008 135.29 1.86 0.38 1.31
20 7/7/2008 143.42 3.11 0.43 1.98
21 7/9/2008 138.69 0.12 0.47 0.53
22 7/14/2008 146.69 0.47 0.48 0.24
23 7/16/2008 137.24 3.61 0.41 2.20
24 7/22/2008 130.78 2.9 0.27 1.72
25 7/29/2008 124.06 2.5 0.30 1.54
26 8/1/2008 126.47 1.22 0.34 0.27
27 8/20/2008 117.55 1.59 1.11 0.32
28 8/21/2008 123.71 6.16 1.07 2.05
29 8/29/2008 117.38 0.32 0.58 0.74
30 9/12/2008 103.36 0.44 0.19 0.03
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IIpooonacenue maon. 1

1 2 3 4 5 6
31 9/15/2008 97.8 5.56 0.12 2.86
32 9/16/2008 92.49 5.31 0.11 2.72
33 9/18/2008 98.57 0.96 0.15 0.33
34 9/19/2008 103.19 4.62 0.19 2.14
35 9/22/2008 109.27 6.08 0.25 2.84
36 9/26/2008 106.85 0.8 0.69 1.09
37 9/29/2008 97.63 9.22 0.98 5.49
38 10/1/2008 99.01 2.69 1.85 3.19
39 10/9/2008 88.1 1.07 1.02 1.55
40 10/10/2008 80.22 7.88 0.84 4.69
41 10/13/2008 83.63 341 0.71 1.01
42 10/14/2008 81.08 2.55 0.63 1.89
43 10/15/2008 77.15 3.93 0.55 249
44 10/21/2008 74.66 1.81 1.16 2.06
45 10/23/2008 70.16 1.05 1.58 1.06
46 10/28/2008 65.22 0.59 3.40 3.69
47 10/31/2008 71.18 1.95 5.23 4.25
48 11/3/2008 67.43 3.75 5.25 7.10
49 11/4/2008 74.46 7.03 5.21 1.61
50 11/5/2008 69.59 4.87 5.09 7.48
51 11/10/2008 66.79 1.18 4.75 4.16
52 11/11/2008 63.84 2.95 4.56 6.02
53 11/12/2008 60.62 3.22 4.54 8.92
54 11/14/2008 61.19 1.64 3.85 7.66
55 11/19/2008 57.77 0.4 2.81 10.04
56 11/21/2008 54.08 0.64 2.27 13.19
57 11/24/2008 58.64 4.56 1.97 8.33
58 11/25/2008 554 3.24 1.67 11.27
59 11/28/2008 59.29 0.2 1.76 7.47
60 3/26/2009 54.34 1.57 0.20 10.86

Kak BunnO U3 a0 1, cripaBemuBoCTh YTBEpXkIIeHui | — 4 B OCHOBHOM COOIIO-
nanack. B Ta0i. 2 npuBeneH CMUCOK KPUTHUECKUX CHTYAIMH, YIPOXKAIOIINX HapyIIe-
HUEM KaKoro-mubo u3 YTeepxkaeHui 1 — 4.
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Tabruya 2

Cnucok Kpumuyeckux cumyayui

Jlama S(t) Ipviocor | M- M| |Le- Ly Kakoe yTBepkaeHue
HapyIIaeTCs
05/19/2008 | 126.19 1.54 0.28 0.49 2
06/18/2008 | 137.16 1.67 0.31 0.53 2
08/01/2008 | 126.47 1.22 0.34 0.27 2
08/20/2008 | 117.55 1.59 1.11 0.32 2
10/28/2008 65.22 0.59 3.40 3.69 luéd
11/19/2008 57.77 0.40 2.81 10.04 lud
11/21/2008 54.08 0.64 2.27 13.19 1
11/28/2008 59.29 0.20 1.76 7.47 lu4d

Kak BumHO 13 Tabmui, B Teuenue 2006, 2007 u Havana 2008 rr. YTBepKIeHUS
1 - 4 octaBanuchk cupaBeaauBbIMU. MOXHO YTBEPXKIATh, YTO 3a 3TOT HEPHOI PHIHOK
OBLT OTHOCHTENHHO CTAOMITBHBIM.

Kak u3BectHo, huHaHCcOBBIH Kpu3uc 2008 rona BCIbIXHYT 15 ceHTIOps ¢ kpaxa
Oanka Lehman Brothers. Kak Bugao u3 tabn. 2, Hapyurenus: YepkaeHui 1 - 4 Oputn
BONM3HM 3TOM natel. [lpu 3ToM Hapymenus: YTBep:kaeHus 2 Obum 10 15 ceHTsops, a
HapyImreHus: Y TBepxkaeanii 1 u 4 - mocie 15 ceHTsaops.

3akJ0ueHue.

1. Vcxons U3 BBIIEU3IIOKEHHOT0, MOXHO CIEJaTh cIeayomue BeiBobl: Coue-
TaHue OOJIBILIOTO MPBIKKA H MaJIOT0 3HAYEHHS

|Le(t, K-)La(t,K) | = dlt

SIBJISIETCS IIPEABECTHUKOM (2 MOKET M IPHIUHOI ) OCTPOro PUHAHCOBOTO KPHU3HUCA.
2. Coyeranue Maioro npebkka d.J(¢) =~ dt v 0ONBIIOro 3HAYSHUS

|Lo(t,K)-La(t,K)| > dt
SIBIISIETCSI CIIEICTBHEM (CHMIITOMOM) OCTPOTO (DMHAHCOBOTO KPU3HCA.

Paboma evinonnena npu gpunancosoii noooepoicke Komumema no nayxe PA, epanm
21T-2B256.
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2.U0. UNkrLpUUsuUL, U.E. ULUGH

dPLULUUYUL TNhYUSH hrUdh&UYP @LUZUSUUL U4SNUUSUSYUO
zouuuure

Unwowplymu Eu Jhdwjugpujutt inp gnpswnnyputp, npnup htwpwynpnipinit
ki viwhu npnoty Shtwbuwlwi onitjuygh Jhdwlp guijugus wypwiph qukph twjilht
Juppwgsh Ykpwpkpju hwynth udubph hpdwb ypu: Upu Gnp Jhdwlugpnipintul
wykih punhwinip k, pub wijuyniimpiniup, b yupnibwlnud £ wbijuyniimpjut ghwhw-
nwlul php tkpunud: Yunnigyt) E wjundwnwugus hwdwlupg, npp yipwhulnid k ont-
Juyh Jhdwlp b qgnigugtnud £y hpun]hdwljubpp, kpp wwyputph guh quppwughsp Yph-
whlulut b Zunfwlungp thapduplt) tbudph quh quppugdh opptwlng b jun] wpnymip-
utip nybkp hunwl $hpubiny 2008p. dhttwhuwmlwh £guwududp:

Unwigpughll punkp. Uhoht punwlniuwpt obnmud, $pttwmtuwljut dwpkdwnhyw,
wtjuyniiinipnil:

H.S. SUKIASYAN, M.E. ALAEI

AN AUTOMATIC SYSTEM FOR ESTIMATING THE STATE OF THE
FINANCIAL MARKET

New statistical functions are proposed, which make it possible to determine the state
of the financial market from the known data on the past behaviour of the prices of any
commodity. These new statistics are more general than volatility and contain an estimate of
volatility within themselves. An automated system has been built that monitors the state of
the market and warns about situations when the behaviour of the product price function is
critical. The system is tested on the example of the behaviour of the oil price and gave good
results, clearly fixing the 2008 crisis.

Keywords: standard deviation, financial mathematics, volatility.
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BUOI'PA®UH YUEHBIX B TOKYMEHTAX

SR HBan Bacuabesnu Ernasapos
(1893-1971)

JlokTOp TeXHWYECKUX HayK, mpodeccop, Aci-
CTBHUTEJIbHBIA WieH (aKaJeMHK) IEpBOrO COCTaBa
Axanemun Hayk ApwmsaHckoil CCP, 3acmykeHHBIH
JesiTenb Hayky U TexHUKU VBan (OBanec) BacunbeBnd
Ernazapos (Eruasapsia) sBisieTcsi KpyIHBIM CIIeIHa-
JIICTOM B O0JIACTH BOJHOTO XO3SIHCTBA, TUAPOIHEP-
TeTUKH, THAPOTEXHUKH, COOPYKEHHUS MHOTHUX TUAPO-
3NeKTpuIecKux craHuuil Ha Teppuropun CCCP, oc-

HOBOIIOJIO)KHUKOM Hay4yHOW mIkoisiel. Poguics 6 sH-
Bapa 1893 r. B Tudamce. Cpeanee obpazoBanue nomyuun B Tudmarcckom peanb-
HOM yummiie, a B 1909-1916 rr. yunics B [leTepOyprckoM 3IIeKTpOTEXHIUECKOM
WHCTUTYTE, OKOHUUB €0 C 30JI0TOH MeJalbl0. YK€ B CTyJIeHYECKHe T0/Ibl HAMETH-
JIMCh 1BA OCHOBHBIX HANpaBJICHUS - TUAPOIHEPTreTHKA U TUAPABIUKA, IO KOTOPHIM
pa3BUBaNach JajbHEHINAsl HAy4HO-UHXKEHEpHas aestenbHocTh V. Eruasaposa. B
1913 r., Oyayuu emie CTyIACHTOM, Hamucan ais “TeXHUYecKol SHIMKIONEeIuu”
paboty “YTunm3arus BOJHOW YHEPTUH’, KOTOpas BBIIIUIA B CBET OTIACIHHBIM H3/a-
HueM B 1916 r. B [lerporpaze noxa penakuueii npod. Ecemana. B 1917 r. monoasim
MH)XEHEpOM HOCTYIHI Ha paboTy B MUHMCTEpCTBO myTei coodienus Poccun, tae
3aHUMAJICSI TIPOEKTUPOBAHUEM HCIIOJIB30BAHUS BOAHBIX pecypcoB p. CBupb IS
anektpocHaOxenus [lerporpama. B 1920 r. W. Eruazapos Obl1 npuBieYeH K paboTe
I'ocymapctBenHoil komuccuu no snekrpuduxauuu Poccun (I'ODJIPO). UM Obin
pa3paboTaHbl BOIIPOCHI, CBA3aHHBIE ¢ 3eKTpocHabkenueM Ilerporpana co Cupu
u Bonxosa, u HekoTopsIe Bonpock! anekTpudukanun Kaskasa.
[InonoTBOpHO pa3BUBaliach W Teaarorunydeckas aedarenbHocTh M. Ermazapona.
C 1918 mo 1922 rr. oH ynTan Kypchl THAPABIUKH U UCIIOIB30BaHUS BOAHOM SHEPTUU
B lleTporpaackom 3IeKTPOTEXHHYECKOM UHCTUTYTE, a B 1922 1. 6611 H30paH mpo-
deccopom kadeapsl ['UaporIeKTPUIECKUX CHIIOBBIX YCTAHOBOK TOTO JK€ MHCTHUTYTA.
W. ErunazapoBy NmpHHaUIEKHUT 3aciayra opraHu3alvu I HaposaeKkTpuuecKon
naGoparopun 1pu JIEHMHIPaZACKOM 3IE€KTPOTEXHUYECKOM MHCTUTYTE, KOTOPOil OH
pyxoBoaui ¢ 1924 o 1944 rr.
B 1943r. Ernazapos nepeexan B CoBETCKY0 APMEHHUIO, TJI€ 3aHUMAaJ JTOJIXK-
HOCTh 3aBE/YIOIIETO Kadenapoi YTuinzanuu BoJHOH 3Heprun EpeBanckoro monu-
TexHuyeckoro uHctuTyTa (1943-1971), B 1944-1957rr. Obln AupekTOpoM BomgHo-
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SHEPreTHYECKOT0 MHCTUTYTA U 3aBEAYIONMM [ uapoanekTpudyeckoi maboparopueit
AH Apwmsackoit CCP.

Hapsiny ¢ HayuHO#, Hay4YHO-OPTaHU3AIMOHHON U MEJaroruieckou JAesiTeNb-
HocThI0 U. ErmazapoB mpuHHMan akTHBHOE y9acThe B OOIIECTBEHHOH U TOCyaap-
ctBeHHO# *ku3Hu. C 1930 mo 1935 rr. sBnsics nemytatoM JIGHHMHTpaacKoro ro-
poackoro Cogseta, B 1946r. Obin u30pan aenytatom BepxoBHoro Cosera CCCP 11
co3eiBa. B 1954r. cocrosn uneHom llenTpanpHON M30MpaTeTbHOW KOMHCCHH II0
BeiOOpam B Bepxosubiii CoBer CCCP, B 1955 u 1956 rr. - nemyratom EpeBanckoro
ropojckoro Cosera.

. ErnazapoB MHOTOKpaTHO KOMaHIMPOBAJICS 3a TPAHUILYy C HAYIHOH IENbIO,
IJIe BBICTYIIAN C JOKJIAJaMH Ha KOHIpeccax, MPOBOIMI KOH(DEPSHIIUN U CEMUHAPHI
B I'epmanuun, ®panuun, Utanuu, benbrumn, [Nomnanguu, Anrnuu, [Mlotnanguu,
ITopryramu, YexocnoBakuu. OH — OMH W3 OCHOBATENICH M MOYETHHIN WwieH Mexy-
HapOJHOW acCOIMaNry THApaBiIndeckux uccienosanuii (MAI'N), uieH-koppecon-
neHt Tynysckoi akagemun Hayk @OpaHUuM, MOYETHBIM JOKTOp bynamemrckoro
YHUBEPCHUTETA.

ITepy W. Ermazaposa npunamnexxut 6onee 100 Hay4IHBIX TPYIOB, KOTOpHIE
OXBAaTBIBAIOT BOIPOCHI TEOPHH MOMO00MS U MOJCIUPOBAaHUS OC3HAIIOPHOrO M Ha-
IIOPHOTO HEYCTAHOBUBIIIETOCS IBUKECHHS IMOTOKA, TEOPHH MOAEITUPOBAHMS THAPAB-
JITYECKOTO yaapa, MOAEeTNPOBaHUS HAHOCOHECYIITNX TOTOKOB, TPAHCIIOPTA BOJHBIM
ITOTOKOM HaHOCOB, B TOM YHKCJI€ U CEJIECBBIX, BOMPOCHI BOA03a00pa TOPHBIX PEK, He-
CYIIIUX HAHOCHI, BOTIPOCHI OOPHOBI C HCIIAPEHNEM C ITOBEPXHOCTH BOJJOEMOB H T.JI.

W. Ernazapos ckonuancs 10 utons 1971r. B EpeBane.

(ITogpobuee cMm.: Hanmonanwheiii apxus Apmenun. @. 768. Om. 3. J. 3688;
WBan BacwibeBnu ErmazapoB. Odepk HAydHOW HEATEIHHOCTH C TPUIIOKEHUEM
oubnuorpaduu Tpynos. EpeBan, 1963).

CTEIIAH I'APUBJUKAHSH
Kanaunar ucropuueckux Hayk
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«Zuyuunnwtth ghnmpmniitbph wqquyhtt wugbdhugh b Zuywunwth wqquyh
wnjhnkpthjulut hwdwjuwpwuih nknjwughp. mkuthjuywt ghnnipmnibibph ukphw»
hwintunid nuyugpynid & mbuwub b thopdwpwpwlui hbnwgnunnipiniiubph wpy-
niupubpp nkuthjulwt ghnnipeniuitiph hbnlywy pudhtutphg dbphiwshunipenil, dknw-
Inipghw, nipughunnipinil, pugtppoquiugnpsdwt wkuuninghwukp, shttwpuwpulub u-
nmigquspubp, hhnpuyihjuw b hhppnunkthjuwt juenygubkp, tukpgbnhlju, LEjunpw-
wnkthiw, ghnwlu vwppwohtinipnit b swthnquljut wklthljw, hwyynnujub nke-
uhw b hupnplwnplu, nunhnkEupnuhu, dhipnkEupnthlu, juqbpught nkuthlu,
wjunndunugnd b junwjupdwt hwdwlwupghp:

Zuwinbunud (nruwpwidmd i wjwunbdhwuub b guqughtt ghnwhbnwugnunuljui
htunmhwnnunubkph, pothtph, ghnnwwpununpujut dhwynpnudutiph b wy) juquwlbpyne-
pinituttnh ghnwljui gnpéniutinipjut wnwyl] Juplnp wpyniupubpp:

zwbnbuh hhdtwlwt tyuwunwlt b upuil] ghnwnbthjuljut wowepipugp b
bywuwnk] wpnunpnipyub Uk wyn wpnniupubph ukpypdwin:

Zuungbup twppuwnbuws b fwpunwpugbnibph, hbnwgnunnuiph b ghntwfwb-
ubkph juyt opowititkinh hwdwn: Loyu £ wmbkutind Eptip wdhup dkl wbqud:

B xypnane "UsBectus HamuonanbHoil akamemuu Hayk PA u HanuonansHoro momurex-
HUYECKOTO yHUBepcuTeTa ApMeHun. Cepus TeXHHUECKHX HayK" MyOIUKYIOTCS PE3yIbTaThl TECOPETH-
YECKHX M IKCIICPHMEHTAIbHBIX HCCIEAOBAHUH, OXBATHIBAIOIIMX OCHOBHbBIE Pa3/eibl TEXHUYECKHX
HayK: MalIHHOCTPOCHHE, METAJLIypriis, MaTepHAIOBEICHHE, TEXHOIOIUH HEAPOIIOIb30BaHHUs, CTPOU-
TEJIbHbIC KOHCTPYKLHH, THAPABINKA U THAPOTEXHUYECKUE COOPYIKEHHs, SHEPreTHKa, SIeKTPOTEXHHUKA,
Hay4YHOE MPHOOPOCTPOCHUE M M3MEPUTENbHAS TEXHHUKA, BHIYMCIMTENIbHAS TEXHUKA U HH(MOPMATHKA,
PaJMOdIEKTPOHNKA, MUKPOJIEKTPOHHKA, JIa3ePHAsl TEXHUKA, aBTOMATH3ALMSA 1 CUCTEMBI yIIPaBICHHUS.

Kyphain sBIsIeTCS IEPHOJUICCKUM H3IaHUEM, OCBELIAIONINM HanOosee BaXKHbIC Pe3yJIbTaThl
HAay4YHOH NEATEILHOCTH aKaJeMHMYECKUX M OTPACIEBBbIX HAyYHO-MCCIEAOBATEIbCKHUX HHCTUTYTOB,
BY30B, HAy4YHO-TIPOU3BOICTBCHHBIX O0BCANHEHHUI 1 JID.

OcHOBHas 11eNb XKypHaJla - NPOIaraHAupOBaTh (QYHIAMEHTAIbHBIC U NPHKIAJHBIE HCCIEH0-
BaHMS B OOJNACTH TEXHHYECKHX HAyK, CHOCOOCTBOBATh BHEIPEHUIO HX PE3YJIBTATOB M YCKOPEHMIO
Hay4YHO-TEXHUYECKOT'0 IPOrpecca B IPOU3BOACTBE.

XKyphan paccunTaH Ha IIMPOKWH KPYr YYCHBIX, UCCIIENOBATENCH M HHXCHEPOB. BBIXOIUT
OJIMH pa3 B TPU MecsLa.

The journal "Proceedings of the Republic of Armenia National Academy of Sciences and
National Polytechnic University of Armenia. Series of Technical Sciences" publishes the results of
theoretical and experimental investigations concerning the main branches of technical sciences:
mechanical engineering, metallurgy, material science, mining engineering, natura utilization, building
constructions, hydraulics and hydrotechnical constructions, power and electrical engineering, scientific
instrument making and measuring devices, computer science and informatics, radioelectronics,
microelectronics, laser eqeupment, automation and control systems.

The journal is a periodical edition that presents the most important results of scientific
activities at academic and branch scientific-research institutions, universities, research - industrial
companies, etc.

The main task of the journal is the propaganda of fundamental and applied investigations in
the field of technical sciences, and the promotion of their introduction and the acceleration of
scientific and technological progress in industry.

The journal is intended for a wide range of scientists, researchers and engineers. It is

published once in three months.
% %k %
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ZNFUOUEP 269 U4N U UL WULALLE L

Unipp fudpugpnipinit ikpljujugdnud k pun htiinbyju) wwhwbgubph.

1. Bplynt ophtiwly, twb LEyupntwghtt nwppkpuyny, hwdwlwupgswyhtt pupduspp’ Microsoft
Office Word: Znnjwish swjwip Jupnn b (hul) dhtsh 10 by, hwnnpynudubphiup® dhigh 4 ke: Skpuwnp
owpunpymd £ A4 swihuh pnph Ypw, wpnwmnwbpuyhtt nuownp’ Top-5ud, Bottom-5,1ud, Left-5,75ul,
Right-1,75ul, Footer-4,6ud, dhowninnuyhtt nwpwénipiniup (Line spacing)' 1,1, wuppbpnipjniup (First
line)* 0,75 udl: Zuybipkl (hubknt nhypmy ympp swpugpdmy t Sylfaen nunwnbuwyny, nwnwsudp’
10, huly pmubpbb fud whqpbpkl jhkn ghypnud® Times New Roman nununnbuwlny, nwnwswthp' 11:

2.@nph Ytpth dwp wulpniund gpynud E hwdwwyhunwih nmwubnppujut pupuluthop’
nbpunhtt hwdwyunwupiu 1Eqny (28%, YVAK, UDC), hwgnpn nnh Yhinpnunud® qjluminwunkpny
htnhtwy(utkp)h wijui-hwjpuidui uljqpiwwnwuntpp b wqquuniu(ukp)p' bold, 10 mwnwswthny
huytipbt, wugbpbi b pniubpbt mbpunbph phwpmd: Znnjwsh kptwghpp wipynud t hinhuwlh
wqquinjwlp hwgnpynn wnnh Yhnpnimd® bold, wdpnpempyudp quwinwntpny’ 10 wwnwswihng
huwytipt, wigbpkh b pniubpbt wkpuntph nhypnud:

3. umnipp ujuynid E wdthnthnudny (winwnwghw) wjt 1kqyny, npny ukpjuyugdus bt Ud-
thnthnidt wjuwpunynd |k wpwigpwjhtt punkpny’ wwnwswthp® 9 huykpbit mbkpunh phypnd b 10
wwnwswihng whqkpkl b pniubpkl whpunbph nhwypntd, b dhwgl «Unwigpught punkpy wpunwhug-
wnipynip® bold, italic: Unithmhmup whwnp E (htih 500 Wthohg ny wibh tkpunyug dhewluwyphpp, wewbg-
pughtt puntipp Jud punwljuggulgntpmttibpp 4-8 pun:

4. Gpwouunpynud £ ymiph owpunpdwb hbnlyjuy jupgp. «Ukpwsnipiniy, npp whwnp
hwdwpnun tkpwnh hwpgh dhdwlp, phduyh wpphwiwiniemniup b hblnwgqnuumpyut tywwnwyp,
«wunph npduspp b dkpnphljuyh hhdtwdnpnudpy, «Zknwgnuinmpjut wpyniupubpp», «Gopuilju-
gnipyii, withpudbynnipjub nhypnid” twl wy) pudhbibp hwdwyunwuhub JEplugpbpny:

5.Skpuinnid hynudubpp qpuljuiinipuip pdnud ki mpnulymit thuljugstpny: Pubwdlbpp
ubpuyug]mu ku np nnnhg, Equation Editor pwgpny, italic, nupwswithp' 11, withpudbynnipjut
nhypnid hwdwpwluwynud G mnnh JEpenud” unynpuljut (Ynp) thwljugsh dke:

6. Vjupubpt nt wnniuwlubpp hwenpynud i wnbipunnud hwdwywnwupiwt hnnudubpht:
«Ul. » b «Unyniuwlpy puntipp, tjupibph dwujugpnipniup b wpniuwljutph wijuinwdutpp gpgnod
Ll Italic 9 nwnwsuhm] hwjkpkt wkpuinh ghypnid b 10 mupwsuhny  whgkpkt b noiubpki
wnbipuntph niypnid:

7.Skpuwnnht hwyonpnnud £ gpuijuinipyut guyp' 9 wwnwswihnyg huybpk mbkpunh nhypnid b
10 wwpwswihng wiqibpkt U pniubpk whpunbph ghypnid, dhwg hinhtwhh wqquibntih m wi]ub-
hwjpwtui uljqpwnuntpp’ bold, «Fpuwljwinipjut guuly wpunwhwyinnmpmniup’ wnnh Yhunpn-
unud, quwunwnkpny: Swuynud qpuijwinipjut jmpupwiynip wnpniyp hwdwpuupnd £ pun
nbpunnd hp hndwb hhppuljuinmpui: Gpuljwinipjut wnpmiptbpp Wuppkpuljub hpunwpw-
Ynipjniuutiph nhypnud ukpluyugynid G htnbyw) Jupgny. hinhtwlh wqquuniup, wiub-hwyput-
Jub uljqpiwnwntpp, Jeptwghpp, hwinkuh wituinudp jud puinnidws hwwywynidp, hpuwnwpul-
dwb nupkphyp, hwwnnpp nt ponqupydwt hwdwpubpp, hbppwlwb hwdwpp, bniph qhnbndw kekpp,
qppbph nhwpnud’ hknhtwhh wqqubman, wigwb-hupuinjul vhqpbwnwuetpp, Yptwghpp, hpuwnw-
puljuwh Juypp, hpunwpuljynipyniip, pwljubp, tobph pubmlp:

8. Apuljutinipjut gwuht hwenpynid G wdthnthnudubpp djniu kplne (kqniutpny (pt nkpuwnp
huwytipku £, wdthnthnudubpp twhe' pnwubpb, wyw® wgibpk, bpk pnwubpbt b, twpe® hugbipbl, wyw®
wq kpkl, kpk wuqbkpku E, twju® hugbipkt, wyw® pnwubpk): Udthndinwdubipp pognp Epkp (Eqniubpng
hntug ppyuwiinuinipjudp b wpwigpuyhtt puntpny whwp k1hukh tnyuwlwi:

9. Stpuinp unnpuigpynud k hknhily(ukp)h Ynndhg, tognud £ igmpp fadpugpnnipnit hwtdibiny
wduwphyp: Skpunnh fdpugpqus b uppugpyus mwppbpulp hwdwdwytgynud Ehtnhtwl(utp)h htw:

10. Zknhtwy(ukp)t wewbdht bony ubkpluyuginud b (1) wqquinil, winil, hwjpwbnibp
(Ipp), wphmunwjuyph, umnpbynt quyph iphy widuinudp, qpunkgpus Wwpwnnbp, ghnwlub wunh-
Lulp, hinwinuwhwdwpubpp (wpuwnwipuyhly, b b peguyhin):
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MPABUJIA O®OPMJIEHUS CTATEN

Marepuan npejcTaBsieTcs B peJaKLiMI0 B COOTBETCTBUH CO CJeAYOLUMU NpaBUIaMU:

1. Cratpst B IBYX 3K3eMInIsipax u ¢aitn crareu B ¢popmate Microsoft Office Word. O6vem cratbu
HE JOJDKeH mpeBblmats 10 cTpanun, o0beM coobmeHuit — 1o 4-x crpaHun. dopmar crpaHums! — A4.
Pabouee none: Top — Scm, Bottom — 5,1cm, Left — 5,75cm, Right — 1,75cm, Footer — 4,6cm, MeXCTpOUYHBIH
untepan (Line spacing) — 1,1, kpacHas crpoka (First line) — 0,75cm. Jlnst cTathu, HanmuMcaHHOW Ha
apMsIHCKOM si3bIke, mpuMensiercs: mpudt Sylfaen (pasmep mpudra - 10), a Ha pyccKOM M aHIJIHMIICKOM —
Times New Roman (pa3mep mpudra — 11).

2.B 51eBOM BepXHEM YIJIy IEPBOTO JIMCTa yKa3blBACTCS YHHBEPCAJbHBIM JIECSITHYHBINA KiacCH(H-
karop (2SS, YK, UDC); crpokoii Hinke - nannuans! (M.0.) u damunus - 3arnaBHeMEA OyKBaMu, mpHOT
Bold, pasmep 10 — Ha apm., pyc. ¥ aHIIL s13., BRIPABHUBAHUE IO LIEHTPY; CTPOKO# HIDKE MO HEHTPY YKa3bIBACTCSI
Ha3BaHME CTaThU — 3aryiaBHbIMU OykBamu, mipu¢T Bold, pasmep 10 — Ha apMm., pyc. U aHIJI. 53.

3.Marepuall TeKCTa HAYMHAETCS C AHHOTALMM W MPEJCTAaBISACTCS HA TOM sI3bIKE, HA KOTOPOM
HaIMCaHa CTaThs. TEKCT aHHOTALMM JIOJDKEH COCTOSTh He Oosiee yeM m3 500 3HAKOB, BKIFOUYAs MPOOEIBL.
Iocne aHHOTAIMY MHIIYTCS KIIOYEBBIE CIIOBA — OT 4-X 10 8-M CJIOB WK cioBocoveTaHuil. Pasmep Tekcra
AHHOTAIlMM W KIIIOYEBBIX CIIOB 9 — Ha apm.sa3., 10 — Ha pyc. W aHri. s3., cioBocoueTanue “Knrouesvie
cnoea” - Bold, italic.

4.PekOMEHyeTCs CIIeIYIOIIMIA MOPSI0OK HM3JI0KCHUsI MaTepuaia CTaThbU: BBEJICHHE, B KOTOPOM
JIOJDKHBI OBITH KPaTKO TMpPEACTABICHBI COCTOSHHE BOIMpPOCA, AKTYyalbHOCTh TEMbI M LeNIb MCCIICAOBAHHMS;
MOCTaHOBKA 3aJa4d ¥ OOOCHOBAaHHE METOAMKH; PEe3YJIbTAaThl HCCIIENOBAHUS; 3aKIOueHHe (9TH, a INpu
HEOOXOJUMOCTH, U APYTHE pa3Jeibl JOJDKHBI HMETh COOTBETCTBYIOIHE 3ar0JIOBKH).

5. CchUIKM Ha JIUTEpaTypy B TEKCTE NAIOTCS B KBAJPATHBIX CKOOKaX. POpMyIbl 1 MaTeMaTHYECKHE
BBIpakeHHs1 Habuparotcsi pepakropom Microsoft Equation, italic, pasmep — 11. ®opmynbsl HabuparoTes ¢
HOBOH CTpPOKH, BBIpaBHHBaHHE MO IeHTpY. [Ipu HeoOxomumocTH, ux Hymepyror. Homep ¢opmyiist
pacroniaraercsi B KOHIIE CTPOKH, B KPYIJIBIX CKOOKax.

6. PucyHKH 1 TabNHIIBI PACIIONAraroTCs B TEKCTE 10 X0y CChUIKU Ha HUX. CnoBa “Puc.’, “Tabnuya’, a
TaK)Ke Ha3BaHUS PUCYHKOB W TabOiuil nuiytes italic, pasmep 9 — Ha apm.si3., 10 — Ha pyc. U aHIIIL. 5I3.

7.B KOHIIE CTaThH JAaeTCsl CHHCOK JIUTEpaTyphl: pasmep 9 — Ha apm.s3., 10 — Ha pyc. U aHrIL. 3.
CinoBocoueranne “CIIMCOK JIMTEPATYPBI” pacrionaraercst B [EHTPE CTPOKHU 3arjaBHBIMU OyKBaMH,
Bold. IlutupoBanHas nuTepaTypa HyMepyeTcsi B MOpPSAKE CCHUIKM Ha Hee B TekcTe. Kaxapli MCTOYHUK
MIPE/ICTABIISIETCS B CICAYIOLIEM MOPSAKE: B CIyyae CChUIKM Ha CTaThIO M3 )KypHANa: (haMuiius, HHUIHATIBI
HN.0O. - Bold, Ha3BaHue cTaThu, Ha3BaHHUE JKypHAaJa, MECTO U3/IaHUs, TOJ] U3JJaHHs, TOM M HOMEp U3/1aHusl, C
KaKkoH MO KaKylo CTPaHHMIIbI 3aHHMAeT CTaThsi B 3TOM JKypHAJle; B CIydyae CChbUIKM Ha KHUTY: (amuius,
uHuuaapl M.0., Ha3BaHWE KHUIHM, MECTO H3/aHMs, Ha3BaHWE H3JaTelIbCTBA, O] H3JaHMs, ollIee
KOJIMYECTBO CTPAHHMIL.

8.Ilocne nuTEepaTypbl MPEACTABISIIOTCS AHHOTALMKM BMECTE€ C KIIIOYEBBIMH CIIOBAaMH Ha JBYX
Ipyrux s3plkax. Ecnm cTaThs HamucaHa Ha apMsSHCKOM S3bIKE, TO CHayasia JaeTCs aHHOTAlUs Ha PYCCKOM
A3bIKE, 3aT€M Ha aHMIMHCKOM; €CJIM HAIlMCaHa Ha PYCCKOM SI3bIKE — COOTBETCTBEHHO HA ApPMSHCKOM U
AHMIMHCKOM, a €CIIM Ha aHIVIMHCKOM — COOTBETCTBEHHO Ha apMSIHCKOM M PyCCKOM si3bikax. ConepiaHue
AHHOTALUI ¥ KJIIOUEBbIE CJI0BA IOJDKHBI OBITh HA TPEX S3bIKAX OJMHAKOBBIMH.

9. CraTpg MOANHCHIBACTCS aBTOPOM (aBTopaMu). B KoHme cTtathm craBUTCS naTa (YUCIIO, MecAl,
roj) mpencTaBiieHus: cTaTbi. OTpeIaKTHPOBAHHBIH M OTKOPPEKTUPOBAHHBIM BapHaHT PYKOIHCH COTIIACOBBI-
BAaeTCsl C aBTOPOM (aBTOpaMH).

10. Ha otnmenbHO#M cTpaHHile HEOOXOAUMO MPEACTABUTH CIISAYIOIIHE aBTOPCKHE MaHHbIe: (amMuius,
UM, OTYECTBO; IMOJHOE HAaMMEHOBAaHHE MecTa paboThl, MecTa yueObl; 3aHMMaeMas MOJDKHOCTb, ydeHas
CTEINEeHb U 3BaHKe; HoMepa Tele(hOHOB (CITy>KeOHbIN, JOMAIIHUHA, MOOUIIBHBIH).
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RULES FOR PREPARATION OF MANUSCRIPTS

The material should be presented to the editorial staff in accordance with the requirements
given below.

1. The authors are requested to submit two hard copies, and also the electronic version of the
manuscript by Microsoft Office Word. The volume of scientific paper is limited to 10 pages, and to 4
pages for short communications. The text should be printed on A4 sized paper. The text margins
should be: Top — Scm, Bottom — 5.1 cm, Left — 5.75 cm, Right — 1.75 cm, Footer — 4.6 cm, Line-
spacing — 1.1 cm, the first line — 0.75 cm. Texts in Armenian should be printed by the Sylfaen, font
size 10, and the texts in by Times New Roman, in font size 10 .

2.0n the top left corner, the Universal Decimal Classifier is placed in the language of the
manuscript (2S%, YK, UDC). The initials and the surname(s) in font size 10, bold for texts in
Armenian, English and Russian should be in the centre of the next line. The title should be placed in
the centre of the line following the author’s surname in font size 10, bold, all in capital letters for texts
in Armenian, English and Russian.

3.The text begins with an abstract in the language it is presented. It ends with keywords in
font size 9 for texts in Armenian, and in font size 10 for the ones in English and Russian. Only the
word “Keywords” should be bold, italic. The summary should not exceed 500 characters including
the spaces, the number of keywords or word combinations - 4-8.

4.The papers should include an introduction briefly introducing the state of the problem area,
the importance of the subject and the aim of investigation, as well as sections describing the statement
of the problem and selection of the methodology, the results of investigation, conclusion (other
sections if necessary) with subtitles, and it should end with the list of references.

5.The references in the text should be given in square brackets. The formulae should be
introduced by the Microsoft Equation Editor. They should be printed from a new line in italic, font
size 11 in the center of the line, and if necessary numbered at the end of the line in round brackets..

6.Figures and tables should follow their references given in the text. The words “Fig”,
“Table”, the figure inscriptions and the table names should be printed in italic, in font size 9 for texts
in Armenian, and in font size 10 for texts in English and Russian.

7.The text is followed by the references in font size 9 for texts in Armenian and in font size
10 for texts in English and Russian. Only the author’s initials and surname should be bold. The word
“References” should be placed in the centre of the line in capital letters. In the list of references, each
source should be enumerated according to its reference number in the text. For the periodicals, the
references should be introduced in the following style: the author’s surname, initials, title, year,
numbers of the volume and issue, page numbers, and for books — the authors names, full title,
publication place, publisher, year, total number of pages.

8.The references are followed by the abstracts in the other two languages. If the text is in
Armenian, the abstracts should be first in Russian and then in English. The text in Russian should be
followed first by Armenian and then by English abstracts, while the texts in English should be
followed first by Armenian, then by Russian abstracts. The abstracts in all the three languages should
be identical in content and keywords.

9.The manuscript should be signed by the author(s) with indication of the submission date.
The edited and proofread version of the manuscript should be agreed upon by the author(s).

10. On a separate page, the author(s) should introduce his/her/their full surname(s), name(s),
patronymic(s); the full name(s) of employment place, educational institution; the position occupied
scientific degree, telephone numbers (office, home, mobile).
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