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UHTETPAJIBHOTI'O YPABHEHUS TUIIA TAMMEPIITEMHA-
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Pecnybnuxa Apmenus, Epesan, 0019, np. Mapwana Baepamana, 24/5
e-mail: Sardaryan.tigran@gmail.com

AHHOTADUA
B Hacrosime#t cratee mccaeayeTcss BONpOC MOJIOKUTEIBHON pa3pennmo-
CTH Ul OJHOTO KJacca HEJIMHEHHBIX MHTETPANbHBIX YPAaBHEHHH THIA
I'ammepiuTeiina-Bonbreppa Ha nosryocu. JlokaspIBaeTcs CynIeCTBOBaHHE
TMOJIOKUTECIIBHOTO 1 CYMMHUPYEMOT'O PCIICHUA DTOIO YPaAaBHCHUA.
Knrwouesvie cnoea: ypaHenus tumna I'ammepinreitna-Bonbsreppa, daxro-
pusanusi, ycnosue Kapareogopu, MOHOTOHHOCTb, HTEpPALIUH.

1. BBeieHue U OCHOBHOI pe3yJibTaT

PaccmoTpum crieyroniee HelMHEHOe MHTErpajibHOE ypaBHEeHUe Tuna [am-

MepiteitHa-BonsTeppa:

0

f(x) = f V(x OH(t f(t)) dt, x € RY = [0 + o) (1)

X

OTHOCHTEJIbHO HCKOMOM BEIIECTBEHHOM 1 m3Mepumoit (yukiuu f(x), onpeneneH-
Hoii Ha RY,

B ypasuenuu (1) V(x,t) — onpenenennas na RT X Rt usmepumas pynkuus,

JIOTTyCKaloIast CIeayIoliee NpecTaBiICHue:

b
V(x,t) =0(t—x) j a(t, s)e 4t dg(s), (2)
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rae a(t, s) — onpenenennas Ha MHOXkectBe RT X [a,b), (0 < a < b < +w) uzme-
pumasi QyHKUUSA, TpUYeM

s )eEsRerlg[fa b a(t,s) =p >0, 3)
esssup a(t,s) = ay(s) < +o,Vs € [a,b), 4)
teR*
b
0=1-— Btlelllzﬁrfa(t,s) do(s) < 1.

a

3nech 6(S) — MOHOTOHHO HeyObIBaromas Ha [a, b) GyHkus, Takas uro

b
o(b) —o(a) = f do(s) =1, (5)
a 0(t) — dyakuus Xesucaiina, T.e.

0(t) = {

VYpaBHenue (1) nmeer npuMeHEHHE B KHMHETUYECKOW TEOPUM Ta3oB. Ypas-
HCHUSI TAKOTO BHJIAa BO3HUKAIOT B 33714 O TCUCHHH Ta3a CO CKOJBbKECHUEM BIOJIb
IUTOCKOMU TBep0# cTeHKH (cMm. [1-4]).

B ciyuae, korma H(t, u) = u, a pyskiwms o(t, S) yaIoBIETBOPSET YCIOBHUSIM:

1,ecmu T=0,
0,ecin 1< 0.

esssu oa(t,s) < 2B, essinf oa(t,s)=p>0,
(t,s)eRfog,b) ( ) B (t,s)eR*x[a,b) ( ) B
ypaBHenue (1) uccienoBaiocs B padote [5].
B cayuae, korga

H(t,u) = u— o(t,u),

rae o(t, u) onpenenennas Ha R X R usmepumas gyHkims, s KOTOpoii

(@) cymectByer uncno A > 0 taxoe, uro o(t,u) = 0, korma (t,u) € Rt x
[A, +0) 1 w(t,u) | 1o u Ha [A, +0) npu kaxaoM GukcupoBanHom t € R,

(b) o(t,u) ymommerBOpsieT ycnoBuio KapaTeomopw 1O apryMeHTy U Ha
MHokecTBe RT X [A, 4+00), T.e npu KaxkmaoM (GUKCHPOBAHHOM U € [A, +00) (yHK-
mus o(t, u) nsmepuma no t € RT u mourn npu Beex t € R dpynkuus o(t, u) ne-
npephIBHA 10 U Ha [A, +0) ,

(C) cymectByeT HeoTpuuatenbHas (ynkimms w° € L;(RY) N CO(RY), w° |
no z Ha [A,+%), my(w°®) = fooo xw° (x)dx < © — Takas, uto w°(t+z) =
w (t,2),(t,z) € RT X [A, +), ypasuenue (1) 6b110 HccienoBano B padote [6].
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B Hacrosimieit paboTte uccienyeTcsi pa3penmMoCcTh 3TOrO YPaBHEHHUS MPU
APYrux orpaHudeHusx Ha Qyukumo H(t, u).

CHavasa pacCMOTPUM CIEIYIONIYIO XapaKTePUCTUUECKYIO (BYHKIIUIO, OMpe-
neneHnyro Ha R*:

b
1
x(p) = Bcfmdﬁ(s);p € [0, +o0),

rIe

b
_ B _
c=2 fao © do(s) |.71 (6)

U3 (3), (4), c yuetom (5), umeeM:

x(p) 4 mo p Ha [0, +0),

X(0) = e [, —=da(s) =2 > 1,
a ap(s

x(+x) = 0.
CrenoBatenbHO, CyHIIECTBYET €IMHCTBEHHOE YUCIO Py € (0, 0) , Takoe 4To

x(Po) = 1. (7)
3adukcupyem pg A TaNbHEHIIET0 HCIIOIB30BAHUSI.
Cnpaennusa cieayromas
Teopema. Ilycmo, 6 ypasnenuu (1) s0po V(x,t) 3a0aemcs coenacro ghop-
myne (2). Iycmo, oanee, cywecmeyem cymmupyemas na R gynxyus B(t):

B(t) = cePot,t € Rt

maxas, umo oaa hynxkyuu H(t, w) umerom mecmo credyrowue yciosus:

a) H(t,u) < u+ B(t),u = e Pot,t € RY,

H(t,e Pot) > ce Pot, t € RT,

20e yucna ¢ u py onpedenstomes coenacto (6) u (7) coomeemcmaenno,

b) ¢ynxyua H(t,u) npu kasxcoom ¢uxcupoeannom t € RT monomonno 603-
pacmaem no u na [e "P0t, +o0),

C) H(t,u) yoosremsopsiem ycrosuto Kapameodopuu no apecymenmy u Ha
muoxcecmee Rt X RT,

Toz0a ypasnenue (1) umeem nonoscumenvroe cymmupyemoe na R™ pewenue.

2. Jloka3aTejibCTBO TEOPEMbI

PaccmotpuM crienyroniee TMHEHHOE HEOTHOPOIHOE YpaBHEHUE TUIAa BonbTeppa:



8 Cymmupyemoe peuterue 00H020 HeAUHEUHO20 UHMESPATbHO20 YPAGHEHUS ...

0(0) = g(x) + f V(x De®dt, x > 0, ®)

rae pyHkuus g(x) 3a1aeTcs COrIacHO CIEAYIOIeH (GOPMYJIbL:

[ee]

g(x) = f V(x HB®)L, x = 0. 9)

X
W13 ycnoBuit Ha pyakuuu o(t, s) u o(s) ciemyer, 94To sapo

V(x,t) =0, (x,t) € Rt X RY,

IpU 3TOM
w b
supf V(r,t)dr = sup ll - f a(t,s)etdo(s) | =1 (10)
teR+0 teR™ 4
CHauasna J0KaxeM, 4To
g(x) = e7PoX, (11)
JIeiiCTBUTENBHO, B CHITY yCJIOBHS Ha (yHKIHIO P(t), ¢ yaerom (7), uMeem
g(x) = f V(x, t)BM)dt > ¢ f V(x,t)e Potdt =

b o
= cff a(t, s)e ) e=Potdrdo(s) >
ax

[ee)

b
> p f ()X j e~ @GP0t dtdo(s) =
a

X

b
1
= e_pOXf—do' s) = e PoX = @7 PoX,
B J (Xo(S) +p0 ( ) X(pO)

Yepes M 0603HAUNM KITacC MHTErPaIbHBIX OIepaTopoB V, Tma BonsTeppa
¢ agpom Vo (x,t) = 0, (x,t) € Rt X RY,
uw(Vy) = sup j Vo (r, t)dr < oo, (12)
teRt

X
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3a/1aBaeMblii 1o hopmyire

(Vo) () = j Vo (x, )f(H)dt,x € R*,f€ L;(RY). (13)

YpaBHeHue (8) 3anuieM B OnepaTOpHOM BHUJE:
(I - V)(p =8 (14)

e | — eqHMYHBI onepaTop, a V — HTerpaibHbIil omepatop BonbTeppa ¢ sapom
(2).

Hetpyaso y6emuthes, uto V € 9.

okaxeM, 4To [yis omeparopa V cymectByeT omepatop W € M — Takoii,
YTO UMEET MECTO ClieAyroIas (paKkTopu3aLus:

[-V=(1-0)(1-W), (15)

rjae orneparop U ornpeaenseTcs mo hopmyiie
(UH)x) =B j e BEOf()dt, x € R, f € Ly (RT). (16)
X

dakropuzaius (15) moHMMaETCs Kak PaBEHCTBO OINEPATOPOB, JCHCTBYIO-
mux B Ly (RY).
U3 (15) cnenyert, uto
W=V-0+0TW, (17)
rze, Iepexo/is OT OMepPaTOPHBIX PABEHCTB K PABEHCTBY COOTBETCTBYIOIIUX SIIED,

Oyaem UMeTh

W(x,t) = V(1) — U1+ .[ U(x, )W(t, 1)dt, (x,T) € Rt x RT. (18)

3nece
U(x, 1) = 0(t —x)Be P (x,1) € R* x R*. (19)

[TpsiMoii mpoBepKoit MOXKHO yOenuThCs, uTO ypaBHeHHIO (18) ynoBnerBopsi-
eT QyHKIus

b
W(x, 1) =06(t—x) j(a(t, s) — B)e @) dq(s) (20)

npuyeM, B CHTy yciaoBuii Ha yukiun o (1,S), 6(S) u U3 onpeeneHus yncia 3
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W(x,t) = 0,(x,T) € R" x R".

U3 ycnoswmii (3) u (4) cnenyer, uro mis sapa W(X,t) Beimoansercs (12).
CrnenosarensHo, W € M.
Tenepp nokaxem, uto ypaBHeHHE (18) MMeeT €IMHCTBEHHOE pEIlECHUE B
KJjacce QpyHKIui
Q={W(x1) =0,(71) € R" xR, u(W) < 40|
suppW c {(x,T) € Rt xR, t > x}}. (21)
[Tycts, W;, W, € Q — nBa pasnbix peumienust ypasuenus (18). Torna B cuiny
muHeiHocTH (18) ux paznocte AW = W; — W, Oyzaer yIoBJI€TBOPSTh COOTBETCT-
BYIOIIEMY OJJHOPOJHOMY YPaBHEHHIO:
T
AW(x, 1) = f U(x, ) AW(t, T)dt. (22)

X

Tak kak p(AW) < +o0, T0 u3 (22), B cuny onpeaenenus siapa U(X, 1), Oyaem
MMETh

f|AW(X, T)|dx <
0

< fo(x,t)lAW(t,r)ldtdx
0 x

= fIAW(t,r)ldt—fe_BtIAW(t,t)ldt.
0 0

Otkyma cunemyer, uro AW(t,t) = 0 moutm BCrogy Ha MHOXecTBe [ =
{(t1),(t1) eRT xRt <1}

C yuetom ¢akropusanuu (15) ypaBaenue (14) MOKHO 3ammcaTh B CIEIYO-
IIEM BUJE:

1-0)(1-W)e =g (23)

PaCCMOTpI/IM CJICAYIOIYIO CBA3aHHYIO CUCTEMY ypaBHeHI/Iﬁi
{(1 -0)F=g (24)
(I-W)e =F. (25)

VYpasHenue (24) B packpbIToil hopMe TIPUMET BUI:
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F(x) = g(x) +B f e BEOF()dt,x > 0. (26)
X
Herpynno y6enutbcs, 4to pemienueM ypaBHeHus (26) siBisercs QyHKIHs

F(x) = g(x) + B f g(O)dt,x > 0. 27)

Tak xak g € L;(0, +), m;(g) < +oo, 10 F € L; (RY).
J5is mokas3aTenbCTBa pa3pelinMOCTH ypaBHEHH (25) paccCMOTpPHUM CIenyIo-
[I1e UTepaluu:

Pr () = FG) + | Wex 00, (0 d (28)

©o(x) =FXx),n=0,1,2, ....
Wuaykipeid o n HeTPYAHO YOEAUTHCS, YTO
a) ,(x) Tnon,
foo F(x)dx
b) lon ()l < 2o 0 = 0,12, .., e
b

a
JIsist 3TOTO CHaYasa JOKaXeM, YTO
t
sup f W(x, t)dx < 6. (29)
=

U3 (20), ¢ yuetom (5), umeem

t bt
fW(X, t)dx = f .[(oc(t, s) — B)e NN dxdo(s) =
0 a 0

foc(ts)—ﬁ

ats) (1 — e do(s) <

a
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b

sf<1—a£s))do(s) -

a

b b
=1—Bf ! do(s)Sl—Binff ! do(s) = 6.

a(t,s) teRt | a(t,s)

o o0
MOHOTOHHOCTh (DYHKIIMOHAJILHOM IMOCIIC0OBATEIHHOCTH {(pn (x)} o creny-
n=

et u3 HeorpuuarensHocTr F(x) u W(x, t).

Tak kak 6 € (0,1), To HepaBencto b) B ciaydae n = 0 HENOCPEACTBEHHO
CIIEIYeT U3 ONpeAeneHus ¢ (X) 1 U3 HeoTpuuaTenbHOCTU F(X).

[penmnonaras, 4to D) BBIMOJHAETCS MPH HEKOTOPOM HaTypanbHOM h € N, u
yunTbiBas (28), (29) B cuily npeanonoxXeHus] UHAYKITUN, IMEEM

[ee) 0000

lon O, w+ = f F(x)dx + ﬂ W(x, t), (t)dtdx =
0 0x

[} (o] t o5}

:!F(x)dx+f cpn(t)bfW(X,t)dthsofF(X)dx+8! @, (DHdt <

0

< (1 + %) f F(x)dx = w.

Takum obpazom, no teopeme b. JleBu (cm.: [7]), mocimemoBaTeiabHOCTb
o 0
byHKIIHI {(pn (X)} o AMEET TpefieN], KOr/ia N — oo, W Tpe/ieibHas GyHKIHS yI0B-
n=
JIETBOPSIET YCIOBUIO (25) M CIEIYIOMNM OIIEHKAM:

o [e3)

f e(x)dx < %,@(x) > F(x).

0
Teneppb 11st OCHOBHOTO ypaBHEeHUA (1) paccMOTpUM ClleqyrOIIHe MOCIIEn0-

BaTCJIbHBIC HpI/I6JII/DKeHI/I$IZ

oo

f(x)= f V(x OH(t f,(0)dt, (30)

X

fo(x) =e™P* n=0,12,... (31)

Jlokaxxem, 4To
1 f,(x) Tnon,
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2) f,(x) < (x),n=0,12,...,x € R.
W3 Bropoii yactu ycnoBus a) Ha ¢pynkuuto H(t, u), B cuny onenku (11) u (2)

nMEeM
f,(x) = f V(x OH(t fo(0)dt = j V(x, ) H(t, e Pot)dt

oo

> cj V(x,t)e Pot dt > e PoX,

X

IMpennonaras f,(x) = f,_1(x), B cuny monoroHnoct H(t,u) mo u Ha
[e7Pot, +00) 1 u3 HeoTpuuarensHocTu V(X, t) momydnm

f,x) <f,,1(x),n=0,1,2, ...

Teneps A0KaXEM, YTO
f,x) <o(x),n=0,1,2,... (32)
Tak kak F(x) < ¢(x) a F(x) = g(x), To B cuiy (27) u ouenku (11) u3 onpe-
nenenus fy(x) caenyer fy(x) < e(x).
[Ipennonoxum, uto f, (x) < ¢(x) npu HekoTopoM n € N, nokaxem

fo11 () < @(x).

W3 neproii yactu ycnosust Ha ¢pyakiuio H(t, u) nmeem

f40(%) = f V(x DH(tf,(x) dt < f V(0 (f.(0 + B(O) dt.

CrnenoBatenbHO, B CHITY MPEATIONOKCHUS WHAYKIMUN U TIpecTaBiIeHui (§)
u (9) dysakuuit ¢(x) u g(x), Oyaem uMeThb

fo(x) < f V(x, toe(t) dt + f V(x, t)B((t) dt = f Vixe()dt+ g(x) =
= P ). ) )

Onenka (32) no MHAYKLUMHU AOKa3aHa.
W3 noka3aHHBIX (AKTOB CIIEAYeT, 4YTO IIOCIEAOBATEIbHOCTh (DYHKIMH
{f.(X)}3_( UMeeT MOTOYCUHBIN MpeIes MPU N — o0

lim f, (x) = f(x),

npudeM, B CHIIy ycioBus C) u Teopemsl b. JleBu npenenbHas GyHKIuS yaoBeie-
TBOpsieT ypaBHEHUIO (1).
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3. Ilpumeps pynkmun H(t, u)
[Mpusenem mpumep Gyuxuuu H(t, u), 1is KOTOPOH BBIMOIHIIOTCS YCIOBUS
chopMyITUPOBaHHOW TeOpeMbl. PaccMOTpUM clieayronyto GyHKITHIO:
H(t,u) = k(t, u)vue~Ppot,

rae K(t,u) — onpenenennas na Rt X RT menpeprisnas pyukuus, koropas ymosie-
TBOPSAET CIEAYIOIHMM YCIOBHSIM:
k(t,u) > c,t € Rt , u > e Pot,

sup k(t,u) =k; < +oo,
teERTXRY
k(t,u) Tno u na [e7Po', +00) npu KaxkaoM pukcupoBanHom t € RT,

B kauectse k(t, u) Mo>kHO BBIOpaTh, HampuMep, QYHKITHIO
k(tu) =1+c—e Y (tu) € Rt xRt
VYcnosus b) u €) nerko nposepsiemsr, H60 ¢yukiwst k(t, u)vue Pot T o uu
k(t, u) — nenpepsiBHas Gpynxuus Ha RT X R*.
HepaseHnctBo

k(t, u)y/ue=Pot < u + fB(t)

6y,I[€T BBIIIOJIHCHO, €CJIIN

kovue Pot < u + B(t),

IIpUYEM, OHO UMEET MECTO, IIPU

L KB-2

B(O =

Ouenka H(t, e PoY) > cePot cnenyer u3 cBoiicts pynkumu k(t, u).
Takum o6paszom, eciu B kKauecTse B(t) BHIOpaTh (yHKIHIO BUIA:

- k3 —2
B(t) = max( > ,c) e Pot

e Pot,

to H(t, u) Oyzmer ynoBIeTBOPSATH BCEM YCIOBHSAM JOKA3aHHOH TEOPEMBI.

ABTOp BbIpakaeT NIyOOKy0 01aroJapHOCTh CBOEMY Hay4yHOMY PYKOBOJU-
TN NOKTOpY (u3.-mat. HayK X.A. XauaTpsiHy 3a MOCTAaHOBKY 3a/1a4M U TOJIE3-
HbIE 3aMEYaHMs.
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INTEGRABLE SOLUTION OF ONE HAMMERSTEIN-VOLTERRA TYPE
NONLINEAR INTEGRAL EQUATION ON SEMI-AXIS

T. Sardaryan

SUMMARY
The article discusses issues of positive solvability of a class of Hammers-
tein-Volterra type nonlinear integral equation on semi-axis. The existence
of positive and integrable solution of the equation is proved.
Keywords: Hammerstein-Volterra type equation, factorization, Cara-
theodory condition, monotony, iteration.
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AHHOTAIIUA

B pabote uccnenyercst kiacc HENMHEWHBIX OECKOHEUHBIX CHCTEM aireo-
pandecKuX ypaBHEHUH ¢ MaTpuuamu Tuna Temnuna. Yka3aHHBIMA Kiace
ypaBHeHI/Iﬁ HUMCCT HECNOCPECACTBECHHOC MPUMEHCHNUEC B JUCKPCTHBIX 3aJa-
Yax TEOPHH MEPEHOCA U3Iy4EHHUs BHE OJHOPOIHBIX cpenax. CoderaHue
CHElMaNbHBIX UTEPALIMOHHBIX METOAO0B ¢ METOAAMHU NOCTPOECHUSI HHBApH-
AHTHBIX KOHYCHBIX OTPE3KOB AJSl COOTBETCTBYIOIIErO JUCKPETHOIO OIe-
patopa I'ammepmiTeliHa MO3BOJISIET A0Ka3aTh CYLIECTBOBAHHME MOJOXKH-
TEJIFHOTO PELICHUsI yKa3aHHON CUCTEMBI B IIPOCTPAHCTBE [ |

Kniouesvle cnosa. cucremMa HENTWHEHWHBIX YpaBHEHHH, MOHOTOHHOCTD,
OZIHOIIAPAaMETPUUECKOE CEMENCTBO MOJIOKUTEIbHBIX PEIICHUN, TEIUIHLIEe-
Basi MaTpULA.

1. Beeaenue

B mHacTtosmieit 3ameTke MCCleayeTcs CIeAyIONMiA Kiace HEMHEHHBIX Oec-
KOHEYHBIX alredpanveckux ypaBHeHH ¢ MaTpuuamu tumna Temnuna:

[oe)

X, = Zan_jhj(xj),n=0,1,2... (1)

j=o
OTHOCHTENILHO HCKOMOTO GECKOHEUHOTO BEKTOPa X = ( X0, X1, X2, v Xpy, oun ) .
[ee]
B (1) mpennonaraetcsi, uro A = (an_j) 0 OEeCKOHEYHasl TeTUIUIeBast
n,)=

MaTpHIIa, YAOBIETBOPSIOLIAS CIEAYIOIINM yCIOBUSIM:

! UcenenoBanue BeImomnHeHo nipu Gunancosoit nognepxxke ' KH MOH PA B pamkax nayuy-
Horo npoekra SCS 13 YR-1A0003.
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aa; 20,i€ Z,ao=0,zai:1,a_j>aj,jeN, 2)
i=—o0
6)aEZai>0,Z|i| a; <+ oo (3)
i=0 i=—o0

[TocnenoBarenbHOCTh BEIIECTBEHHBIX, N3MEPUMBIX U HEMPEPBIBHBIX B HYJIE
v [oe] .
byHKIuit {h] (u)} j=o YIOBJICTBOPSIET YCIOBHIO «KPUTHIHOCTH:

h (0) =0,/ € N, (4)

Y HEKOTOPBIM JIPYTUM YCIOBHSIM (CM.: (POPMYJIUPOBKY OCHOBHOW TEOPEMBI).

U3 (4) cnenyer, uto Hynepoit Bektop x = (0,0,0 ...)T ynonersopsier cuc-
teme (1).

Cuctema (1), TOMHMO YHCTO TEOPETHUECKOTO HHTEPECA, UMEET MPUKJIIaTHOS
3HAYCHUE B JUCKPETHBIX 3a/1a4ax TEOPUH MEPEeHOCa U3ITyYeHHs], B KHHETHYECKOU
Teopuu ra3os (cm. [1-2]).

B cnyuae, koraa hi(w) = u, j = 0,1,2..., cucrema (1) npespaiaercs B us-
BECTHOE B JINTEpaType AUCKPETHOE ypaBHeHHEe BuHepa-Xomnda, U3yueHHIO KOTO-
POro MOCBSAIICHBI MHOTOUUCIICHHBIC Pa0OThl OTEYECTBEHHBIX U 3apYOCIKHBIX aBTO-
poB (cM., HarTpuMep, [3—5] ¥ CCHUIKU B HUX).

B cnyuae, korga

hi(w) = G(u),j € Ny,
rzae npu Hekotopom 1 > 0
Ge(C[0,n],G(u) Tmouwnal0,n],G(n)=n,Gw) =u,u €[0,n],

n3ydyeHuto cucremsl (1) mocpsiieHa padora [6].
B pa6ore X.A. Xauatpsiaa 1 M.®. Bposia (cm.[7]) pa3pemmmMocTh CUCTEMBI
(1) uccnenoBana B TOM cityyae, KOraa

hi(u) =u—w; (w),j € N,

rjie w; YOBIBA€T MO U Ha HEKOTOPOM MOJTyOECKOHEYHOM HHTepBane [ J, +0),
IpHUYEM CYIIECTBYET HEMPEPBIBHAS U cymMMHupyeMas Ha RT Qynkuus w,, Takas,
yto wo { mouHa[§,+o0)uw; (u) < we(G+1+u)u=6,j=012...

B nanHOl paboTe MOCTPOSHO OAHOMAPAMETPUYECKOE CEMEHCTBO IMOJIOKU-
TCJIbHBIX, OT'PaHNYCHHBIX pCIHeHI/Iﬁ W BBIYMCJICH MPCAC B 6eCKOH€qHOCTH Kaxao-
rO PEIICHUS ’TOTO CEMEICTRA.
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B mnacrosimeit paGore, mpu HEKOTOPBIX JOMOJHHUTENBHBIX YCIOBHSX Ha
{h] (u)} o » IOKA3bIBAETCS CYNIECTBOBAHHE MOJNIOKHUTENBHOTO PEMIEHUs B Ly, st

cucrtemsl (1).
B xoHie paGoThl NPUBOAATCS MPUMEPHI MOCIEI0BATEIBHOCTH {h (u)} j=0>

YAOBJIETBOPSIONINE TPEOYEMBIM YCIIOBHSIM.

2. O003HaYeHHS M BCIIOMOTaTeJIbHbIE Pe3yJbTaThl

2.1. O6 onHOM NMpPeoOpa30BAHMU MATPHULLI A
O603naunm y (p) — creayroiee mpeodpa3oBaHue MATPHUIIBI A

X(p)EZajpf,O <p<1. (5)
j=0

B cuity ycnosust (2), nanasiii psia Ha [0,1] cxoauTcst paBHOMEPHO.
U3 (5), c yuerom (2), Taxke numeem

(e o)

x(0) =0,x(1) :Zaj =a>0a<1x€eC[01]
j=0

Herpynuo ybemurscest, uto  (p) T mo p va [0,1] , cinenoBarenbHo, O Teope-
me bonbriano-Kormmwm mast kaxaoro € € (0, 1) cymectsyer yucio p, € (0,1) (npu-
4yeM, SAMHCTBEHHOE) TaKoe, YTO

x(pe) = ae. (6)

3adukcupyem uucno € € (0,1) (cremoBarenbHO, U YUCIO P,) AN Jallb-
HENIIEro U3JI0KEeHHUS.

2.2. HeognopoaHoe 1uCcKpeTHOe ypaBHeHue Bunepa—Xomndga

Iycts, {B, }n—o— HEKOTOpasH MOCIIEAOBATEIBHOCTD, YIOBICTBOPSIOLIAs Ciie-
JYIOUIMM yCIOBUSIM:

B, >—n€ NO,Zﬂn< oo, Znﬁn< +oo. )

O0o3HaYNM

[oe)

T, = Zan_]- ,[?]-,n =0,12..,

j=0
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rie {aj }7;_00 yIoBIeTBOpsIeT ycinoBusam (2)-(3).

Herpynno 3ametuts, 4To TOrga

[o0] [o0]
T ZO,nENO,Zrn < +w,ann< +oo0 .
n=0 n=0

Hapsiny ¢ (1), paccMoTpuM cieayroiee HEOJIHOPOAHOE JUCKPETHOE ypaB-
Henue Bunepa-Xomnda:

Vn =Tn+2an_jyj,n=0,1,2... (8)
j=0

OTHOCHTEJILHO HCKOMOTO OECKOHEUHOTO BEKTOPA Y= (Vo, V1, v Vs oo ) -
B paGote [5] mokaszano, 4to cucrteMa (8) MMEET MOJIOKUTEIbHOE OrpaHU-
YEeHHOE pelleHue B MpocTpaHcTBe [ . O003HaYMM

Mo = SUp yn -
ne Ny
CJIeL[yIOH_[aﬂ npocTas JeMMa 6yﬂeT HUIpaTh BAXXHYIO POJIb B JanbHEHIINX

paccyKICHUSAX.
Hemma. /[ns xaxcoozo n € Ny cnpageonueo nepagencmeo t, = pg .
JHoka3zareibcTBo. V3 npencrasnenust {1, }n—q, B cuiny ycioswuii (2) u (7), ¢
yaerom (6), npu n € N, Oynem umeTs:

[o'e] [oe] n
1 J 1 n—i
T Qi 2 g Qe pl =g ), wpt
j=0 j=0 i=—eo
1 2 1 : n & n o
i 1 ps i ps i
— n —i n —i ] J
= — a; = — z a; = — a_; > — a =
aes pé‘ z lpé' as p&‘ lpg as ]pS as ]pS
i=—o0 i=—o0 =0 =0
¢ n
= x(e) =i -

JlemMMa 10Ka3aHa.
Hycts, w; € Co(RT) = {v € C(RY), th_glo v(t) =0},j=0,1.2, .. — oyHk-
MU JUIS1 KOTOPBIX

Ky ) cymectsyet uucio J > () — Takoe, uto w; (u) l mouwna[d,+ «©),j=
0,12, ..,
k) cymectByeT hyHKIUS

wy €L (RHNCy(RM),wy L [6,+ 0),m; (wy) = fOOO x wy (x)dx < +oo,
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TaKas, 4To
w (W) < w(+1+w),u=4,j=012...
B paGore [7] moka3aHo, YTO MPH TaKUX YCJIOBUSIX HA (QYHKIIUU {a)j (u)}jozo

crucTema
Z, =Zan_j (Zj —wj(zj)),nENO 9)

j=0

OTHOCHTENLHO HMCKOMOTO BeKTOpa Z= (Z(,Zy, ... Zy, .. )| UMEET OJHONAPAMETPH-

YECKOE CEMENCTBO MOJIOKUTENBHBIX PEIIEHHI
(Y Y y 7 A
z, = (ZO,Zl,...Zn ) ,Y E A,
[pUYEM, CIIPABEUINBBI CIIEAYIOIINE YTBEPKICHHUS:

1)z >0,neN,,y €A,

2
2)limz! = )/y ¥+ €(0,1),y €A,

n—-oo 1 I &8
3)Sy <28 —m <zl <2S) , neNy,y€eA, (10)
e S} =yS,,aS, — eIMHCTBEHHOE pellleHHe CeyIoleil HauanbHOK 3amauu

JUISL TUCKPETHOTO OJJTHOPOJHOTrO ypaBHEeHUs1 Bunepa- Xondga:

[00)

s = zan_jsj,ne N, )
=0
SO = 1,

a A= [max(x,yy),+),y, > § — HEKOTOPOE YHUCIIO, TSI KOTOPOTo Wy (Yy) <
T

Yo, # = SUPpen, T, TAET = (7”0,7”1, wr Ty, ) € |; — TIOJIOKUTENBPHOE peIleHHe

CJIETyFOIIETO HEOTHOPOIHOTO TUCKPETHOTO ypaBHeHHsI Bunepa-Xormda:

n=2wy(n+1+68) + ) a,;1,n€ N, (12)

j=0
4) ecin Y1Y2 €EAny; >y, ,T0

z) — Zr}:z > 2(y1 —v2)- (13)

n

Kak u3BectHO (cM.[5]), mpu yenmoBusix (2) — (3), 3amada (11) mmeer mosoxu-
TenbHOE MOHOTOHHO Bo3pacTaromee pemenue S = (Sy, Sy, ... Sy, ... )7, mpuuem
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$,>0,S, T —— , korma n — oo, (14)
1-y4
Em ( L s ) <+ (15)
—_ n 0,
= 1-vy,

B cuny (14) u (15), u3 (10) umeem crneayronyto oleHKY:

Y oYY Y 2 oY
0 <2 —2sh < - g <A 28] 4, (16)

T
Orcrona B cuny r = (ro,rl, . ) € l; u (15), umeem

[ee]

> (2 - msen) - Y (g - s) e 2 <
— = — o,

n=o n=0

CrnenoBatenbHO, U3 onieHkH (16) ans Besikoro y € A cipaBeasivBoO

[} 2)/ ,
- < .

n=o

OT1OT (aKT ABISETCS CYIIECTBEHHBIM JUIS JJOKa3aTelIbCTBA OCHOBHOIO pe-
3yJbTarTa.

3. OcHOBHOI1 pe3yabTaT

Teopema. ITycts, nocienoBaTenbHOCTh {aj };o:_m YIIOBJIETBOPSIET YCIOBUSAM
(2), (3), a x, &, VY0, Mo » e » LB tr=o» {wj (u)};ozo TE €, YTO U B MPEIBIAYIINX CTPa-
Hunax, y* = max(x,y,). Eciu ons nekomopoeo uucia € € (0,1) un=n, +
% , (V4 € (0,1) u onpedensiemca ¢ nomowwio A ) ¢pyuxyuii hj € C[ 0, nn ],
j € Ny yoosremeopsiom credyrowum yenosusm (!) npu xascoom uxcuposannom j

(J € Ng) pynuxyus hj (U) T no u na ompesxe [p’, 1],
(!!) umerom mecmo nepasencmaa

1.
By (pe) 2 — p;,J €Ny, (17)

h(W Su+w—w)+pB,jENy, pl <us<n, (18)

mo cucmema (1) umeem nonoscumenvroe peuieHue 6 npocmpauncmee 1y .
Joka3zareabcTBO. PaccMOTpuM clieyronue IocieoBaTeIbHbIe TPHOITH-
KeHus Juist cucteMsl (1):
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[ee]

x, M+ = Zan_]_h]_(xj ), x @ = pl,me Ny,ne Ny. (19)

j=o
ITo MHAYKIMY TOKAKEM, YTO

X, m) Tmom,

U
m < 2V v’
Xy, Sl—y -2z, +y,,me€ Nyg,ne N,. (20)
+
Je#icTBUTENHHO, C Y4eTOM JIeMMbI, B cuny (17), u3 (19) umeem:
M i > J > pn ©)
Xn = Apn—j hj (pe) = E ap—j Pe =P =Xy :
j=o j=0

Teneps, npeanonaras x, ™ > x, ™=V, npu nekoropom m € Ny, u yuu-
[o0]
THIBasi MOHOTOHHOCTh TIOCIIEIOBATEIHHOCTH {hj (u)} o H3 (19) momyuum:
J =

[ee]
(m+1) h(y. (m—1)) — (m)
Xy, = an_jh (x] ) = x, ™.
j=o
WTtak, MBI 10Ka3aiy, 4TO MPH BCAKOM (ukcupoBaHHOM n € N mocienosa-
TepHOCTH X, ™) Bo3pacTaer mo m.
Teneps 3aiimemcs goka3arensCcTBOM HepaBeHcTBa (20). CHayana noKaxem

9TO HepaBeHCTBO At M = 0. JIeficTBUTENBHO, C HCIIOIB30BAHUEM JIEMMBI, (OPMYJT
(10) u (14), momy4um:

2y* .
1 y}/ _Zr)ll +yn2yn27:n2p?=xn(0)rne Np.
— Y+

2y” :
Iycts, x, ™ < #— z' + y, npu Hexotopom m € Ny.Torma B cumy
Y+

MOHOTOHHOCTH h; (u) MO U M Tpeanonoxenus MHAYKIMH U3 (19), ucnonbsys
oreHky (18) nmeem:

o) 2 .
x, MY < Zan_jhj< 4 -z +yj>S

vt
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nENO

*

51 >n, +-2
3 ONPE/ICTICHHs YHCIIA 7)o , YCIOBHA 1] 2 7)g + T——, MOHOTOHHOCTH @, (w)

b
+
10 U ¥ ONIPEIECHNUS {T,, }oe( HOIydaeM, 4TO

(0]

2 * * *
xn(m”)SZan_j Sl A + ¥ + o (z.y) +1, =

— 1-v: ! !
j=o0
= Z an_jyj + Ty +
j=o
[e%) 2)/* . . 2y* [}
+Zan—j —_ij + o (ij) =Yn+—zan—j—
j=o0 1= 1=r j=o0

[0e]
A A
—Zan_j (Zj - (4 ))
j=o

Tak kaKk z,+ SBISETCS PEMIEHUEM CUCTEMBI (9), TO B cHily (2) HMEEM, 4TO
2)/* *
x, MV <y + -z ,mneN,.
1=y,
CrenoBarenbHo, MI0CJIEIOBATEIILHOCTh BEKTOPOB

x™ = (x, x7, ...x™, .. )T umeer npenen, koraa m — oo:

lim x™ =x,

m—00

IpUYeM, KOOPAUHATHI HPEAeNbHOro BekTopa X = (X, X1, ... Xp, ... )| YIOBJIETBO-
PSIOT CIEIYIOUIUM COOTHOIICHUSIM:

oo
*

n 2]/ Y*
pSanSyn+1_y—zn ,n € N, x, < +oo.
+

n=0
W3 HenpeprIBHOCTH {h] (u)};ozo no U, ¢ yuetom (18), cnexyer, 4ro X yaoB-

nerBopseT cucteme (1).

Teopema noka3ana.

3ameuanue. OTveTM, 4TO PE3yJIbTAThl TEOPEMbI OCTAIOTCS B CHIIC, €CIIU
BMecTO yciioBuii (2), (3) morpeboBaTh ciemyromme 6ojee ciadble YCIOBHUS:

a; =20,i € Z,ay =0, Z a,=1a;=2a,j€EN,

l=—00
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azz a; >0, Z lil a; <+ o0,v(A) = Z ja <O.
i=0 i=—00 Jj=—

B koHue paboThl mpuBeaeM MpUMEpbl (HYHKIHI {hj (u)};o_o, YAOBIIETBO-

PAIOIIMX BCEM YCIIOBUSAM JIOKa3aHHOM TeopeMbl. B kauecTse h; (1) MOTyT CilyKuTh
caeayromue QyHKIAN:

1 i i .
Ry W) =— ,/upé 0t Su< n,jEN,,

[o0]
C COOTBETCTBYIOLIEH MOCIIEOBATEIBLHOCTHIO {[)’j}, 0
J =

B 1 1 i
= max (oo 5aaza) PL € Mo

C YWJICHaAMH

u” 2p£u j .

Mh (W) ===+ —,7r>1,p, Su<njEN,,
n as(u +pl)

C MMOCJIEI0BATEIIBHOCTHIO {ﬁj}

o
j=0

C WJIICHAMHU

B =2 pljeN
= —-pljEN,.
j ae Der] 0
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ON THE POSITIVE SOLVABILITY OF ONE INFINITE SYSTEM OF NONLINEAR
ALGEBRAIC EQUATIONS IN I;WITH TEOPLITZ TYPE MATRICES

Kh. Khachatryan, A. Kroyan

SUMMARY
The article examines one class of the infinite system of nonlinear alge-
braic equations with Teoplitz type matrices. The above-mentioned class
of equations has direct applications in discrete problems of radiation
transfer theory. The combination of special iteration methods with the
method of construction of invariant cone segments for Hammerstein dis-
crete operator allows us to prove the existence of positive solution in
space .
Keywords: system of nonlinear equations, monotonicity, one parametric
family of positive solutions, Teoplitz matrix.

N2 ¢0UBPUL, SSNNLPSP Shb TUUSCP3LENY ULYEr
2ULruzucduyuy 204 uuurnkhuutrr Uk ZUUUYUCSD
UYUL LOROGLPNRE3UL UUUDRL | — NRU

. U. vwyunpyul, U.4. Ynnjub

uuoenenhu

Ushuwwnwiipnid hkwnwgnuynid k ns gdwjhtt S;nwjjhgh nhyh dwwn-
nhgutpny wudtpe hwupwhwrujut hwjuwuwpnidubph hwdw-
Jupgtiph dh nuu: Loyws hwjuwuwpnidubph puut wudhpwlwu
Jhpwnnipmntt ntth Jwpwquypdwi nknuihnjudwt wbuntpjuh
ghuljptnn jughpubpnid: Zwwnnil] hubkpwughnt dbkpnnubph gni-
quljgnidp hwlwwwwnwupiwt Zudbkponbjuh phuljpbn owybpw-
unph hwdwp htuphwbn §ntughtt hwndwsubph junnigdw
Ubkpnnh htw, htwpwynpnipmt b mwhu wywugnigh] uoguwd
hwdwlwupgh gpuljui nsdwt gnynipniup ¢ mwpwsnipmLunid:

Zhtuwpwnbkp® ny gduyhltt hwjuwuwpnidiubph hudwlupg, Untinwn-
unipnil, Uk wqupudbnpwing gpuljut jnisnwdutph ptwnwihp,

wnynuj hgyu dwinphg:
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METOIHUKA OBHAPYKEHUSA OI'HA ITYTEM
INPOCTPAHCTBEHHOI'O AHAJIM3A U30OBPAKEHUA
KOHTPOJINPYEMOM MECTHOCTHA

J.I'. Acarpsin, C.M. OBcensin

AHHOTALIUS

OOHapy>KeHUE OTHS H/WIH IJIAMEHHU MyTeM YJaleHHOro (ororpadupo-
BaHMs KOHTPOJHMPYEMOH MECTHOCTH W aBTOMAaTH3UPOBAHHOTO aHAIU3a
CLIEH sIBJIICTCS aKTyalbHOU 3anayeil. B Hacrosiee BpeMs MOIY4YWIN [IH-
pPOKOE TPUMEHEHHE KOMIIBIOTEPHBIE CHCTEMBI C HCIOJIb30BaHUEM METO-
JIOB ITU(PPOBOI 00paboTKU M300paxkeHuil. B padoTe mpeyioKeH Moaxom K
PELICHHUIO TOH 3a]a4u, OCHOBAHHBIN HA MCIOJIb30BAHUK HH(pOpMALIUK C
YYaCTKOB M300paKCHUS CLICHBI, COACPXKAIINX M HE COACPIKAILIUX OTOHb.
[peanoxeHbl: anrOpUT™M CYMTHIBAHHS WH(OPMAIIUU, METObI MPEABAPH-
TEJIbHON 00pPabOTKH TAaHHBIX IBETOBBIX KOMIIOHEHT U300paKEHHsI, CTATH-
CTHYECKOW 00paboTKU ¥ KiaccuuKanuy JaHHBIX. [loka3zaHa 3¢ ¢dexTnB-
HOCTh NPETI0KEHHBIX MPOIEYP.

Kniouesvie cnoea: Tloxap, oronb, 00paboTka nM300pakeHUH, cerMeHTa-
s, Kitaccu(uKarusi.

1. Beenenue

[Toxapsl OOBIYHO MPUUMHSIOT 3HAYUTEILHBIEC TOTEPH HAPOITHOMY XO3AUCTBY
U CEphE3HO BIUSIOT HAa KAayeCTBO KM3HM LuBWIM3alMU. [loaToMy oOHapykeHue
MOKapoB SBJISIETCS HEOOXOAMMON KOMITOHEHTOW OOECTIeUeHHs 3aIUThl )KU3HH U
umyiecTBa jojaen. [Ipu atom 0coOyro BaKHOCTh MPUOOPETAIOT CPEJCTBA U METO-
IIbI paHHETO OOHAPY)KCHHS OTHSI, TIO3BOJISIONINE 3HAYMTEIHHO YMEHBIIUTH BO3-
MOJKHBIE TTOTEPH.

B HacTosimiee BpeMsi MOHUTOPHUHI IMOXKAapOOIMACHBIX TEPPUTOPHM BO BCEM
MHpE OCYHIECTBIISIETCS C MOMOIIBI0 a3po(oTo- M BHJEOAINIApaTyphl, OeCIIOT-
HBIX JICTAIOIIMX alNapaToB U Pa3IMYHbIX CPEACTB JUCTAHIIMOHHOIO 30HIMPOBa-
HUS, KOTOPBIE UCTIONB3YIOT YyBCTBUTEIILHBIC TaTYNKH, pearupyronye Ha OroHb. B
3aBUCHUMOCTH OT BPEMEHH CYTOK, XapakTepa JaHamadra, pa3sMepoB TEPPUTOPUH,
MOTOJIHBIX M JPYTUX YCJIOBUM, B KOTOPBIX MPOU3BOAUTCS MOHUTOPUHT, TPUMEHSI-
IOTCS T€ WJIM UHBIE CPEACTBA HAOMIOACHUH, HanboIee MoIXosIue K KOHKPETHON
o0craHoBKe. COOTBETCTBEHHO, MMPUMEHSIOTCS ONpeAeICHHbIE METOAbl 00pabOTKU
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nH(POPMaLUH, TOITY4eHHON HCIOIb3yEeMBIMU CPEJICTBAMHU B IIpoIiecce oOciaenoBa-
HUSI TEPPUTOPHUHU.

OpanM u3 Hambosee YPPEKTUBHBIX M CPABHUTEIHLHO HEAOPOTHX METOIOB
noJTydyeHus: UHpOpMaLUK 0 TOXkKapax SBISAETCS METOJ BUACOCHEMKH U COOTBETCT-
ByItomie nuppoBoii 00paboTku m300pakeHuil. JlurepaTypa, MOCBSIICHHAS TPH-
JIO’KEHUSIM METO/I0B 00pabOTKH M300pakeHUH ¢ 11eJ1bl0 0OHAPYKEHUS OTHS U T10-
KapoB, BeChbMa OOLIMPHA, TIOITOMY OIpaHUYUMCS 0030POM OCHOBHBIX METOJIOB U
COIIUTEMCS Ha JIOCTATOYHO OOCTOSATEIbHBIE 0030PbI, ONyOJIMKOBAHHBIC B HAYYHOM
auTepaType B mocieanue roasi [7-9].

Metoasl 00pabOTKH M300pakeHH, MPUIOKEHHBIE K 3a7ade OOHapyKEeHUs
OTHsI, IEJISTCS Ha JIBa KJlacca, B 3aBUCHMOCTU OT TOTO, MCIIONB3YETCsl BUIC03AMNCh
wi pukcupoBaHHbI Kaap. OOpaboTKa Kaxa0ro (pUKCHPOBAHHOTO H300paskeHHs
MPOXONT, KaK MPaBWJIO, B TPU dTalla: a) aHAJIN3 MUKCEIbHON HH(popManuu; 0) BbI-
JIeJICHUE TIOI03PUTENBHBIX YUAaCTKOB M300paKEeHNUs; B) MPUHATHE PELICHUS O HaJH-
YUW OTHS M KOOpIMHATAaX ydyacTka, cofepskamiero oroub. [Ipu oOpaboTke Buaeo-
MOCJIeIOBATEIbHOCTH aHAIM3UPYETCS HE TOJBKO COJEpKaHUE KaXI0ro Kajapa, HO U
BBISBJISIFOTCSl TEHICHIIMHM M3MEHEHUsS (IBM)KEHHS) ONPEICNICHHBIX XapaKTEePUCTUK
MOCJIeIOBATENbHBIX KaapoB. OIHAKO OYE€BUIHO, YTO Ka4yecTBO 0OpabOTKH JaHHBIX B
9TOM CJIy4ae BO MHOTOM 3aBHCHUT OT MPUMEHSEMBIX METOJIOB aHAJM3a COJCPKAHMUS
(MKCHPOBAHHBIX KaJPOB.

B nacrosimieit pabore Mbl UCXOAMM M3 TOJIOKEHUS, YTO 00pa3 OTHs Tpen-
CTaBISIET COOON HEKOTOPBIM CBSI3HBIM YYaCTOK aHAJM3HUPYEMOro H300pa)KeHWs,
oOnamaronuii onpeaeeHHbIM pacpe/ieIeHHeEM HHTEHCUBHOCTH TTUKCENOB U (op-
MOIi B BBIOpAaHHOM I[BETOBOM IpOCTpaHcTBe. CIe10BaTeNbHO, IS BBIACICHUS M0-
JOOHBIX YYaCTKOB M300pa’keHHsI HanOosee MOIXOAALIINM METOJOM SIBISIETCS €ro
HaJJIeXKAaIas CerMeHTAIHs.

PaccMoTpuM OCHOBHBIE METOBI CETMEHTAIMH [IBETHBIX N300paXKEHHUH, OTTHU-
CaHHbBIC B HAYYHOH JIMTEpaType MPUMEHUTEILHO K 3a7a4e OOHApy>KEHUS OTHSI.

B pab6ote [1] ucnonszopanmu YUV 11BETOBYIO MOJIeNb IS NIPEACTABICHUS
BUJCOaHHBIX. OHH WCIIONH30BAIM MTPOU3BOIHYIO TI0 BpEMEHH SIPKOCTHON KOMIIO-
HEHTHI Y U1 OOHAPY)KEHHS KaHIUIAT Y9aCTKOB, a KOMIIOHEHTHI iBeTHOCTH U 1 V
ObLIM MCTIOJIb30BAHBI JJIsl IPOBEPKHU, BXOJUT JIM MUKCET B CEKTOP OTHA UM HeT. B
JIOTIOJTHEHHE K KOMITOHEHTaM SIPKOCTH M IIBETHOCTH OHHW BKIIFOUWIJIM JIBIKEHHE B
cBoeil pabore. OHU COOOILAIOT, YTO MX AJITOPUTM OOHAPYKUBAET MEHEE OJIHOTO
JIO’)KHOTO cpabaTeiBaHus B Heaelto. Ho B 3Toi paboTe He yka3zaHO KOJIHYECTBO
MIPOBEJICHHBIX TECTOB.

MeTtoauka oOHapyXeHHsI OTHS W JbIMa TNpeasiokeHa B [2], oCHOBaHHas Ha
WCTIONTb30BaHUH 1IBETOBBIX TpocTpaHcTB RGB 1 YCbCr. [Ing nukcena u3 ydacTka
orHsi B pabore oOHapyxeHa 3akoHOMepHOCTh Thna Y > Cr > Cb. Jlns oGHapyxe-
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HHSL I5IMa TIPOBEPSETCS BHITOJHUMOCTD CUCTEMBI TpeX HepaBeHCTB |R — G| < Th,
IR—B| <Th u |B—G| <Th, rne Th naxomurcs mexay 15 u 25. Dror metox
o0JasaeT TeM HEeIOCTaTKOM, YTO HE YUUTBHIBACTCS COOTHOIICHHE KOMITOHEHT IBE-
Ta: s poTtorpaduu OAHON U TOM K€ MECTHOCTH MOXHO IMOJYYHUTh Pa3iuyHbIC
pe3yNIbTaThl, MEHAs! SIPKOCTh H300paKEHUSI.

PaGora [3] comepkUT HEKOTOPOE YCOBEPIICHCTBOBaHUE MeToa [2]. B wacT-
HOCTH, YTOUHAIOTCS 3HaueHus1 RGB-KOMIIOHEHT, BBIUUCIISIOTCS CPEJHUE 3HAYEHUS
KOMIOHEHT Yy ean » Clmean » COmean ¥ 100ABJISIET HECKOJBKO TPABHI, KOTOPBIC
YCHJIMBAIOT NMPOBEPKY Ha Hanmuuue orHs. Ho ata paboTa Takxke He yCTpaHSET Mpo-
0JIeMbI, yKa3aHHOW BBIIIE, TAK KaK pacCMaTPUBAET IMHUKCEI MO OTICIBHOCTH, a HE
BECh CETMEHT M HE YYUTHIBAET COOTHOIICHHE I[BETOB.

B nHacrosmielr paboTe MpemasioskeH MOAXOJ, MPU KOTOPOM aHAIM3UPYIOTCS
YYaCTKH M300paKCHHI BYX THUIIOB: COJICPIKAIIUX M HE COXKEPIKAIIUX OTOHb HIIN
ruiamsi. BaxHoN 0coOOEHHOCTHIO TIOX0a SBISETCS METOJI CUNTHIBAHUS U TIPEIBa-
PHUTEIIbHON 00pabOTKKH WH(GOPMAIIUH, TP KOTOPOM YMEHBIIIACTCS BIIMSIHHE OCBE-
mIeHHOCTH oOBekTa mpu (otorpadupoanuu. [lanee obOpaborka uHPOpmMamu
MPOUCXOAMT B JBa 3Tara — dTam 0Oy4eHHUs W 3Tal TectupoBanus. Ha stame o0y-
YeHHs aHATTU3UPYETCs JOCTATOYHO MHOTO M300pa)KeHUi, MPEeACTaBICHHBIX B OTI-
pEIENeHHBIX I[BETOBBIX MPOCTPAHCTBAX, KOTOPHIE COAEpPkKAT WM HE COIEpKaT
YYaCTKH C OTHEM, 3aT€M IPOM3BOJIUTCS TOJTHAS CETMEHTAITUS N300paKCHHSI U €ro
YIPOIIEHUE C PErHCTpaIieil CpeTHNX MHTEHCHBHOCTEW cermeHTOB. [locie dop-
MHUPOBAHUSI MAaCCUBOB JIaHHBIX MPOM3BOAUTCS CTATUCTUYECKUHA aHAIU3 TIO Ompe-
JICJICHUIO0 YHCIIOBBIX XapaKTePUCTUK NaHHBIX. Ha sTame TectupoBaHus 3HAUYCHUS
WHTEHCHUBHOCTEH, MOMyYEHHbIE HA dTane OoOydYeHHsI, UCIIONB3YIOTCS I KIIacCH-
(ukanmum MeToIoM «ATaIOHOB». COOTBETCTBYIOIINE AJITOPUTMBI OMUCAHBI B pa3-
nene 3.

Puc. 1. M3o0paxkenus ¢ oraeMm (a u b) u 6e3 orus (¢ u d).
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2. Metoauka (popMHpPOBaHHUS IKCIIEPUMEHTAJBHBIX JAHHBIX

Ombop ucxoonoeo nabopa uzodpasicenuii. B IatepHere, HAyYHO-TEXHUYEC-
KOIl nuTepaType, BUieoMaTepraiax U JPYTruX MCTOYHHKAX WHPOPMALUU MOXKHO
HAWTH MHOKECTBO L[BETHBIX M300pa)kKEHHI CLIeH, Ha KOTOPBIX OTYETIIMBO BBIIEIS-
FOTCS YYACTKU C OTHEM WJIH TiaMeHeM. [Ipu BbIoHeHUN HacTOosIIelH padoThl ObLT
MPOBE/IeH OTOOP TaKHMX CIEH, IBETOBAS MAJIUTPa U MapaMeTpbl KOTOPBIX MO3BOJIS-
I0T BU3YalIbHO KJIAcCU(UIMPOBATh UX KaK M300pa)KeHUs, CoAepKallue WM He
cozepkamnie ydacTku ¢ orieM. COOTBETCTBEHHO, YKa3aHHBIC THITHI H300paXKeHUH
paccMaTpuBaIOTCs KaK 3JIEMEHTHI JIBYX aJbTEPHATUBHBIX KJIACCOB. DTU KIIACCHI
HazoBeM «Kiacc 1» u «Knacc 2». Ha Puc. 1 nokazansl TUIMYHbBIE TPUMEPHI U30-
OpakeHHid 000MX KJIaCCOB.

Dopmuposanue mMaccugos IKCNEPUMEHMANbHBIX OAHHbIX BBIIOIHSIETCS ITy-
TEM H3BJICUEHHs] YHCICHHOW MH(OpPMAIMU M3 COOTBETCTBYIOUIMX YYaCTKOB H30-
OpaxeHHs IJIsl TIOCTEAYIOUIe cratucTuueckoi oOpaboTku. s 3Toro cHavana
MIPOM3BOJIUTCS IOJTHASE CErMEHTAlMs W YIPOILEHHE KaKIOro OTOOPaHHOTO H30-
OpakeHUsl, 3aTeM PETUCTPUPYIOTCS 3HaueHUs IBeTOBbIXx RGB koMmoneHT u30-
OpakeHui 00oux Ki1accoB. [IpuBeneM KpaTkoe onucaHue YHOMSHYTBIX IPOLEAYD.

1. Ceamenmayusn u ynpowenue uzoopaxcenuss IPOU3BOAATCS IPUMEHEHHEM
ajNropuTMa CerMeHTaluu, onucaHHoro B [5—6]. CHauana paccMOTpUM, ISl MIPO-
cToThl, n3obpaxkenue | , umeromee popmar GrayScale (8 bit). B coorBercTBHHE C
3THM aJTOPUTMOM, BCE M300pakeHHE pa3OMBAETCS Ha HETEPECEKAIOIINecs CBs3-
Hble 00J1aCTH, KaXKIass U3 KOTOPBIX COCTOUT M3 IMMKCEIOB, MHTEHCUBHOCTH KOTO-
PBIX HaXOIATCS B OJHOM M TOM XK€ MHTEpBaJie, 331aBaéMOM HEKOTOPhIM HabopoM
NoporoBeIX 3HaueHUH. [Ipu Busyanuzauu oO1meil KapTHHBI CErMEHTAlUU IIPOU3-
BOJIUTCSI OTIEpaIysl, Ha3bIBaeMas ynpoujeruem, Ipu KOTOPOil HHTEHCUBHOCTh KaX-
JIOTO TIHKCeJa 3aMEHSETCsl Ha CpeJiHee 3HaueHue 1o cermeHty. Ilpu BusyanpHOM
aHaJM3e pe3ysbTaTa CETMEHTAIMH ONepaIys YIPOIIEHHs MO3BOJISIET OLICHUBATh U
CpaBHUBATh PA3IMYHBIC PEIICHHS ITyTEM BapbUPOBAHUS KOJIMYECTBA TIOPOTOB M UX
3HA4YCHUM.

JUjis cerMeHTanuy LBETHOTO M300pa)KeHUs] MCIIOJIb3YETCSl aHaJor OINMUCaH-
HOTO BBIIIE AITOPUTMA, PU KOTOPOM M300paKeHHE CHadajla pacmajaeTcs Ha co-
OTBETCTBYIOIINE LIBETOBbIE KOMIIOHEHTBHI, 3aT€M JIJIsl KaX/10r0 KOMIOHEHTA POU3-
BOJIUTCSI TIOJTHAsI CETMEHTAIMS M YIIPOIIEHHE, ITOCIIe YeTo MOIy4YeHHbIE YIIPOIICH-
HBIE KOMITOHEHTHI CHOBa KOHBEPTHPYIOTCS B IIBETHOE M300paKEHUE.

[Tockonbky B 3aaue OOHApY>KEHUSI OTHSI BaXKHO OOHApY’>KEHUE CErMEHTa C
OTIpEICTICHHBIMU [IBETOBBIMH CBOWCTBAMH, TO /ISl YCTICIITHOTO TIPUMEHEHUS TIPe/I-
JI0’KEHHOU MpoLeAypbl HEOOXOJUMO YCTAHOBUThH KOJIMYECTBO U 3HAYEHUS TIOPOTO-
BBIX 3HAUEHHM, MCIIOJIB3yEMBIX IIPH CETMEHTAINH I[BETOBBIX KOMIIOHEHT. Pe3ynb-
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TaThI MPEIBAPUTEIILHON 00paOOTKH TECTOBBIX H300PAKEHUH MOKa3aJIn, YTO 3a4ac-
TYI0 MOKHO OIPaHHUYMBATHCS KOJIMYECTBOM HOporos He Oonee aByx. [Ipu yBenu-
YEHUM TOTr0 KOJIMYECTBA YUAaCTOK H300pakeHHs ¢ OTHEM pa30HBaeTCs Ha MHOXKe-
CTBO MEJIKUX YacTeH, YTO YCIIOKHSAET aHAJIU3 M MHTEPHPETALHUIO TOIy4aeMbIX pe-
3yabTaToB. ECIM OrpaHUuYMBATHCS OAHUM HJIM JIByMSI IIOPOTOBBIMU 3HAUY€HUSAMH,
TO B OOJBIIMHCTBE PEabHBIX CIy4aeB MOTY4aeTcsl BIIOJHE a/JeKBAaTHAsS LBETOBAS
HaJUTpa, MO3BOJIIONIAas JOCTATOYHO YBEPEHHO OOHAPY>KMBATh YYAaCTKH C OTHEM.
Bb100p HOPOroBbIX 3HAUEHHH MOYKHO OCYLIECTBIATH MO0 SKCHEPUMEHTANIBHO,
aubo npumenss anroputMm Otcy [6]. Ha Puc. 2 ans wuttocTpanuu cka3aHHOTO
IPUBEICHBI IPUMEPHI CEIMEHTAIMU OJHOTO M TOTO e M300pakeHHs OJHUM WU
JIBYMsl TIOpOTaMH, IENSIMMU HMHTepBal MHTeHCHBHOcTed mnukcenoB (0,255) Ha
IPUMEPHO PAaBHBIE YaCTH.

Puc. 2. CermeHTamnms 1 yIpoIieHne n300pakeHus ¢ OJHNAM (@) nin
nByMms (b) moporamm.

2. 3naveHus 1BeTOBbIX RGB-KOMITIOHEHT COOTBETCTBYIOMIMX YYaCTKOB M30-
OpakeHUIl pacCYUTHIBAIOTCS cienyrommmM oopasom. [lyrem Bu3yanbHOro aHamu3a
Ha y4yacTKe M300pa’KeHHs M3 KJIacca C OTHEM HaXOJATCsS CETMEHTHI, 00pasyroiue
IUIaMsl WIK OTOHb, U PACCUMTHIBAIOTCS CPEAHUE 3HAUYEHUs MHTeHCuBHOcTel RGB-
KOMIIOHEHT. AHQJIOTUYHO PACCUUTHIBAIOTCS CPEIHHUE JJISl YIaCTKOB M300paKeHUN
13 BTOpOro kiacca. HaiiienHple 4rcnoBble JaHHbIE 3aHOCSATCS B TAOJHILY.

O0603HaYUM HCXOJHBbIE 3HAYEHHUS LIBETOBBIX KOMIIOHEHT depe3 R;, Gj, B,
i=1,2,..., K, rne K — obmiee xonmmdecTBo paccMarpuBaemMbIx nzobpaxenuid. [Ipen-
BapUTENIbHBINA aHATU3 U 00paOOTKa YMCIIOBBIX TAHHBIX, OMUCAHHBIX BBIIIE, BBISBH-
J¥ HEKOTOPYIO 3aBHCHMOCTh WHTEHCHUBHOCTEH MHMKCEJIOB OT CTETEHH oO0IIen oc-
BEIICHHOCTH CIEHBI, MO3TOMY BO3HHKJIA HEOOXOAMMOCTh HOPMHUPOBAHHs 3Hade-
HUI BETOBBIX KOMIIOHEHT 110 UX CYMMapHOI HHTEHCUBHOCTH 10 (hopMysam:

R :255*ri/~fri2+gi2+bi2, G, :255*gi/1/ri2+gi2+bi2, B, :255*bi/«/ri2+gi2+bi2.

D¢ hekTHBHOCTh MPUMEHEHUSI HOPMHUPOBAHUS MO JAHHON CXEMe HarJsTHO
wuocTpupyeres Ha Puc. 3, rae, [uist cpaBHEHUs!, IPUBEIEHBI TpapUKU paccessHus
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JIAHHBIX JI0 ¥ TI0CJIe HOPMUPOBKH. BuaHo, 9T0 B ciay4dae (b) maHHBIC TPYIIHPYIOT-
Cs1 KOMITaKTHEE, YeM B ciydae (a).

270 e, i g STy 270 el
180 4 + Fry +-|"-'++‘f"_+ H 180 T h e
! . o !— I N T ! ++ I
90 90
0 0
0 40 80 120 0 40 80 120
a b

Puc. 3. I'paduku paccesHHs KOMIIOHEHT LIBETHOCTH AaHHBIX 10 (a) U mocie (b)
HOPMHUPOBKH.

3. O0HapyxkeHHe OTHSl KaK 33/1a4a KJIacCH(PUKALUH ¢ 00yYeHHeM

ITocne Toro, kak copMHUPOBaHBI KJIACChl M300pak€HUM C yyacTKaMH, CO-
Jep KallMMU WM HE COACPKAIlMMHU OTOHb, U MOJYYEHbI YUCIIOBBIE MACCUBBI CO-
OBETCTBYIOIIMX JAHHBIX, IPOBOASTCS CTaTUCTUYECKas 00pabOTKa M aHAJIU3 C Iie-
JIBI0 HAXO0XKJICHHS «ITAIOHHBIX)» 3HAYEHU IBETOBBIX KOMIIOHEHT Ka)KJ0T0 Kiacca.
OtHeceHMe ke HEKOTOPOro M300pakeHUs! K OJIHOMY M3 KJIacCOB (T.€. YCTaHOBIIE-
HUE TIPUCYTCTBUS WIM OTCYTCTBHUS OTHS B JIaHHOM HM300Pa)KEHUH) MOXKET OBITh
BBITOJIHEHO IIyTEM CPaBHEHUS 3HAYSHHUH €T0 IIBETOBBIX KOMIIOHEHT C 3TAJIOHHBIMU
3HAYEHUSIMH.

Jlnst yMCIeHHOM POBEPKHU dPPEKTUBHOCTH MPEII0KEHHON MPOIeTyphl 00-
Hapy>KeHHs OTHS KaXK/IbIM M3 KJIacCOB HaMU pa3JiesieH Ha JiBa IMOJKJIacca — MOJ-
kiacc O (oOyyatonmii) 1 T (TecTOBBIN), IPUMEHSS IPU ATOM CIIydallHbINH BBIOOD.
0O603naunm >t oakiaccel yepe3 Oy, T1, O, u Ty, cooTBeTcTBeHHO. Takoe pasne-
JICHUE TIO3BOJISIET BEIYMCIUTH KOJIMYECTBO OMIMOOK KiTacCU(UKAINN U TEM CaMbIM
OLICHUTh B LEJIOM KayeCTBO MpPEAJOKEHHOW MpoueAaypbl oOHapyxeHus orus. B
Tabmuue 1 mpuBeneHbI ycpeHEHHbIE 3HAYEHUS U CPEIHEKBAPATHUECKUE OTKIIO-
HeHust (CKO) 1BETOBBIX KOMIIOHEHT JUIl OOy4YarolluX MOIKIACCOB, OINpenesIeH-
HeIX BbIIe. COOTBETCTBEHHO, CpEIHWE 3HAYCHHUS KOMITOHEHT, NMPUBEICHHBIX B
Tabmuue 1, 6yaem cuuTaTh B Ka4eCTBE «ITATOHHBIXY.

[IpuBeneHHbIe AaHHBIE MOKA3bIBAIOT, YTO COOTHOILIEHNE YPOBHEH LBETOBBIX
KOMIIOHEHT B KJIaCcCaxX pa3jIM4YHO, YTO COOTBETCTBYET JIUTEPATYPHBIM JaHHBIM,
NpUBEACHHBIM BO BBeneHuu.
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Krnaccudukanms mpou3BOAWTCS ITyTeM CPAaBHEHMS I[BETOBBIX KOMIIOHEHT
BCEX H306pa)l(eHPIfI N3 TCCTOBBIX IMOAKJIACCOB C 3TAJIOHHBIMH 3HAUYCHUAMU, IIPHUBC-
nenHbiMu B Tabnune 1. B pesynbraTe mpoBepKH MOTy4YEeHBI CIIEAYIOUINE pe3yibTa-
TBI: TIPUCYTCTBUE OTHA 0OHapyxuBaetcs B 92.5% ciyuaes, HO B 5.5% ciy4yaeB y4a-
CTOK 0e3 OrHs OIMO0YHO MPUHUMAETCS 32 YUACTOK C OTHEM (JIOXKHAsl TPEBOTA).

TakuMm 00pa3oM, MpeanoKEHHbIH anropuT™M OOHApPYKEHHUSI OTHs, OCHOBAH-
HBIM Ha aHaJIU3€e HIBETOBBIX KOMIIOHCHT Pa3JIMYHBIX Y4aCTKOB 1/1306pa>1<eH1/1;1 MECT-
HOCTH, TI03BOJIIET MPUHUMATh YBEPEHHOE PEIICHHE O MPUCYTCTBUU WU OTCYTCT-
BHHU OTHS W/WIH IUIAMEHU.

Tabauna 1. UncaoBbie XapaKTEPUCTUKHU TOIKIACCOB I[BETOBBIX KOMIIOHEHT.

(02} 0,
R G B R G B
Cpemuee | 209.6 125.6 65.4 161.6 145.8 128.2
CKO 12.1 94 28.2 21.0 13.6 24.7

4. BLIBOABI

B paGore npeminokena MeToauKa 0OHApY)KEHHUSI OTHS IIyTEM WCTIOIb30BaHMUs
JIaHHBIX (hoTorpadupoBaHKs KOHTPOIUPYEMOH MECTHOCTH C IMOCIEAYIOIIEH KOM-
nbIOTepHON 00paboTKOI naHHbIX. [IpemioskeHa METoMKa CUMTHIBaHUS MH(OpMa-
IIUH, TIPEABAPUTEIBHON 00pabOTKHM JAHHBIX IBETOBBIX KOMIIOHEHT M300paKeHWS,
CTaTHCTHUYECKOI 00paboTku u kiaccudukanyu nqaHHbiX. [lokasana 3 pekTHBHOCTH
NpeUIOKEHHBIX Tporenyp. [Ipeanoxennas METOAMKa MOKET ObITh HCIIOIh30BaHA B
CHCTeMax MOHUTOPHHI'A MECTHOCTH C IIeJIbI0 OOHAPYKEHHS OTHS WITU TUIAMEHH.

JIMTEPATYPA

1. Marbach G., Loepfe M., Brupbacher T. An image processing technique for fire detection in
video images, Fire Saf. J. 41 (4). PP. 285-289, 2006.

2. Celik T., Demirel H., Ozkaramanli H. Fire and Smoke Detection without Sensors: Image
Processing Based Approach, Proceedings of 15th European Signal Processing Conference,
Poland, September 3—7, 2007.

3. Vipin V. Image Processing Based Forest Fire Detection, International Journal of Emerging
Technology and Advanced Engineering, ISSN 2250-2459. PP. 87-95, 2012.

4. Asatryan D.G., Sazhumyan G.S., Shahverdyan H.S. Technique for Coherent Segmentation of
Image and Applications. Mathematical Problems of Computer Science, IIAP, Yerevan,
Armenia, Vol. 28, 2007. PP. 88-93.



JI.I". Acampan, C.M. Oscenan 33

5. Asatryan D., Sazhumyan G. Segmentation Based Fingerprint Pore Extraction Algorithm.
International Journal «Information models and Analysis», Vol. 1. PP. 134-138, 2012.

6. Otsu N. A threshold selection method from gray-level histograms. IEEE Trans. Syst.
Manage. Cybern. (SMC) 9: 62; PP. 377-3936,1979.

7. Gonzalez J.R., Palahi M., Trasobares A., Pukkala T. A fire probability model for forest
stands in Catalonia (north-east Spain), Annals of Forest Science, PP.169-176, 2006.

8. Fok C.L., Roman G.C. and Lu C. Tracking fires using mobile agents in a wireless sensor
network,” in Proceedings of the 4-th International Conference on Information Processing
in Sensor Networks, Los Angeles, Calif, USA, April 2005.

9. Chen T.-H., Wu P.-H. and Chiou Y.-C. An early fire-detection method based on image
processing,” in Proceedings of the International Conference on Image Processing (ICIP
’04), vol. 3. PP. 1707-1710, October 2004.

FIRE DETECTION METHOD USING SPATIAL ANALYSIS
OF IMAGE OF THE MONITORED AREA

D. Asatryan, S. Hovsepyan

SUMMARY

The detection of fire and/or flame using remote photographing monitored
area is a pressing problem. Nowadays the computer systems, using me-
thods of digital processing, have wide applications. In this paper an ap-
proach to solve the delivered problem by using the information on area
segments with and without fire is proposed. An algorithm for information
readout, methods for preliminary processing of colour components, statis-
tical processing and classification are proposed. The effectiveness of the
proposed procedures is shown.

Keywords: fire, flame, image processing, segmentation, classification.

209N, SULUOLRP MUSYErh SULUOUYUL 4BLNARONRE8UL
Ubh03Nd YrUub ZUSSLULGLUUL UGENTULULARE3NRL

1.Q. Uuwunpyub, U.U. Zodubiyut

uvenoenku
zpgkhh Whwd Ypuwlh hwjnbwpbpnudp huljynn nwpwsph htnw-
hwp tqupuhwtdwt b mbuwputh wjunduwnwguws Yyhipnisnt-
pjut dhongny wpnhwljut juinhp B Ukpuynidu quytt hpunnid
Eu unnwgh] wunykputph pYuyghtt dowjdwt dbpnnutph oquw-
gnpddwdp gnpénn Yndwninbpuyhtt hwdwlwpgbpp: Znpdusnid
uJws punhpp nuskint hwdwp wpwowplyt] £ dnnkgnid, npp
hputws t nbuwpuwih Ypwly wwpnibwlnng b sypupnibwlng
hundusutnhg unwugus hudpnpldwughuyh oquuugnpddwtt Jpu:
Unwgwplyyty t hudnpuughugh vinwguwl wignphpy, wuunlph
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gnibiwjhtt pununphsubph wjuubph twpbwwt  dowldwu,
Jhdwmjuqpuljun Jbpnisnipjut b qpuuwlupquut dbpnnubp:
8nyg t wnpyk] wnwewplws ypngbnnipwubpnh wpynibudbnne-
piniup:

Zhttwpwnbp® hppbh, Ypuy, wuwulbpubph dowlnid, hwnjwsw-
Ynpnud, nuuwlupgnid:
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METOAUKA MOP®OJIOTTYECKOI'O AHAJIM3A U30BPAKEHUSA
N ONEHUBAHUSA KAYECTBA JOPOKHOTI'O TIOKPBITUA

A.I'. Acarpsu, I'.O. Axonsin

AHHOTANUA

Mopdonorudecknii aHau3 CTPYKTYPhl M OIIEHHBAHUE KAadecTBa OPOXK-
Horo mokpsITHs ([II1) ABNSAIOTCS BaKHBIMH HAYYHO-TEXHHUYECKUMHM 3a7a-
YaMH, OCHOBaHHBIMU Ha COBMECTHOM IIPHMEHEHHH Pa3IMYHBIX TEXHUYE-
CKHX CpPEACTB 0OCIIEOBAaHHMA M COBPEMEHHBIX METOJIOB 0OPaOOTKH HM30-
Opakennii. OCHOBHBIE TIPOLEAYPHI aHAIHN3a, OOHAPYXKEHUsS Ne()EKTOB U
ouenuBanus cocrosuust JI1 ucnone3yrot anroputMsl OMHApHU3AIMH, CEr-
MEHTaluHU, 0OHApYKEHUsI KpaeB U I'PaHUI] B U300paKEHUH, U CTATHCTH-
YecKUe MeToJbl 00pabOTKM aHHBIX. B HacTosmel paboTe MpeioKeHbI
CHelManbHble aJrOPUTMbl OMHApU3AIMM U CETMEHTAllUH, a TakKe METOo-
JIMKa KjaccU(UKAIlMM CErMEHTOB Ha apTedakThl M TpemuHbl. Ha peanb-
HOM SKCIEpHUMEHTAIEHOM MaTepuale MPoBeIeHbl CTATUCTHYECKUE pacye-
THI, TOKa3bIBatoNIHe 3()(PEKTHBHOCTD NPEATI0KEHHBIX MPOLEIYD.
KaioueBbie cioBa. JJopoXHOE TIOKPBITHE, TPEIMHA, KAYeCTBO, OMHAPH-
3aIMsl, CerMEHTAIHs, KIIacCU(UKALIHSL.

1. Beeaenue

KOHTpOITb 1 MOHUTOPUHT COCTOSIHUS TOPOKHOTO NOKPbITHs (JII1) siBistroTCst
HCO6XOIII/IMBIMI/I HCﬁCTBHHMH, BBIIIOJIHACMBIMU PETYJISIPHO COOTBCTCTBYHOLIUMHA
ciyxOamu 171t oOecriedeHus: TpedyeMOoro KadecTBa aBTOMOOMIIBHBIX JIOPOT.

KauectBo JII1 xapakrepusyercs MHOTUMH (aKTOPaMU — TAaKUMH, KaK CTe-
INEHb OTKJIOHCHUS MOBEPXHOCTU MOKPBITHUA JOPOTU OT MPEAINMCAHHBIX HOPM, TaK U
pa3HooOpa3Hble THUIBI NEPEKTOB, HEM30EKHO BO3HHMKAIOIIUX B Pe3yJbTaTe JKC-
IUTyaTalyy JOpOrH. B 3aBUCHMOCTH OT KaTeropuu JOpOrd U HaOII0IaeMOH cTe-
IICHU Ka4eCTBa HH MPUMCHATIOTCA PA3JIMYHBIC MMOJAXO0/1bl, HAYWHAA OT BU3YyaJIbHOT'O
aHanmmM3a ¢ py4Hoil 00pabOTKO# JaHHBIX, 3aKaHYMBasl pa3pabOTKO U MPUMEHEHH-
€M AaBTOMATHU3HWPOBAHHBIX CHUCTEM, OCHAUICHHLIX CICIUAJIbHBIMU OJaTUUMKAMU H
npucnocoOnenusiMu. PazpaboTka u peanusanus J000ro U3 THX MOAXOJIO0B MPU-
MEHUTEIHHBI K OTPOMHOW CETH M OOJBIION MPOTSHKEHHOCTH CYIIECTBYIOMINX J0-
por TpedyeT MHOTO BPEMEHHU U CPEICTB (B T.4. GUHAHCOBBIX ), IIOATOMY B HAYIHON
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JUTEpaType W3JaBHA yHeNnseTcss 0OJbIIOe BHUMAHHE COOTBETCTBYIOIIUM BOIPO-
caM METOOJIOTMYECKOTO M TEXHHYECKOTO Xapakrepa [1].

B nmocnennue pecATHICTHS BO3POC HHTEPEC K METO/IaM aHaJIM3a U OLIEHUBA-
Hust kadectBa J{I1, OCHOBaHHBIM Ha NMPUMEHEHUU TEXHUKU KOMIIBIOTEPHOTO 3pe-
HUS U 00pabOTKHU M300pakeHU. ITO OOBSACHSIETCS HE TOJIBKO HHU3KOH CTOMMO-
CTBIO COBPEMEHHBIX (JOTO- M BUAECOPETHCTPATOPOB, HO U OOTAaTHIMH BO3MOKHO-
CTSIMU METOZOB LU(POBOI 00pabOTKH 1 0OHAPYKEHUSI OOBEKTOB PAa3HOTO THIIA HA
n300pakeHusIX JTo0bIX crieH. OJHaKo, HECMOTPS Ha BCE TO, YHUBEPCAIbHBIX Me-
TOJIOB, MIPUTOHBIX JIJIsl aHAJIM3a U OLICHUBAHUS MTPOU3BOJIBHBIX MTAPAMETPOB Kaye-
ctBa JII1, He cymectByeT. [lo3TOMy MeTO/BI, IPEUIOKEHHbIE B HAYYHOU UTEpa-
Type AJIsl peLIeHUs] STON 3aJaui, OTPaHUUMBAIOTCS OINPEICIICHHBIMH, BIIOJIHE KOH-
KPETHBIMU CUTYallUSIMH, KOTOPBIX, BIIPOYEM, TOXKE JOCTATOUHO MHOTO.

OCHOBHBIMHU OmepalsIMi O00paObOTKU HM300pakeHH, MPUMEHSEMBIX IMpaK-
THUYECKU BO Bcex 3ajauax uccienosanus [II, sBistorcs onepanun OMHapU3alyy,
CerMEHTAIlUH, ONpPENIEICHUS] KpPaeB M TPaHUIl U HEKOTOpbIe APYrHe OIeparuu
MOP(}OIOTHYECKOTO aHanmmu3a. BeiOOp MeTo0B 00pabOTKH 00YCIIOBJICH TpeOoBa-
HUSIMH PEIIaeMOM 3371a4ll U CTAHOBUTCSI OCOOCHHO KPUTUYHBIM NPU aBTOMATHYE-
CKO# 00paboTke nzoopaxenwmii JI1.

B nurepatype ormMeuaercs psa TpyIHOCTEH aBTOMAaTHUECKOTO 0OHAPYKEHHS
TPELIHMH, CBA3aHHBIX C HEOOJBIINUM PA3IUYUEM SIPKOCTH TPEIIUHBI OT OKPYKAr0-
mero GpoHa, HEOAHOPOTHOCTH MHTEHCHUBHOCTH B 00JIACTH CaMOM TPEIIMHBI, HAIH-
YUK 3aT€HEHWH, 3arpsHeHui u apyrux apredakros [1, 2]. Ecim ucxomuts u3
NPEAIOIIOKEHHS, YTO BCE XKe SAPKOCTh MHUKCEJIOB BHYTPH TPEIIMHBI B CPETHEM HHU-
e, UM Y €ro OKpYKEHHsI, HalPAIINBAETCs TPOCTONW METO]| pa3InYeHHS TPEIINHBI
OT OKpYXEHHs MyTeM OuHapu3amuu u3o0paxkenus. OQHAKO A OMHApHU3AIUU
N300paKeHNs HYKHO HAWTH MOAXOSIIUI TOpOT, YTO caMo Mo cede ABIsIeTcs 10C-
TATOYHO CIIOKHOHW 3amadeil. Ecnu BBIOpaTh €IUHBIN MOPOT It BCErO M300paxe-
HHS, TO M3-32 BO3MOKHOH HEPaBHOMEPHOCTH OCBEIEHHOCTH paccMaTpHBaeMOil
001acTH pa3Hble Y4acTKU M300pakeHus OynyT OMHApU30BAaHBI C PA3IUYHON WH-
¢dopmatuBHOCTBIO. [109TOMY s aBTOPOB MPEANOYUTACT BBIMOJHUTH OMHApU3a-
IO ISl YYaCTKOB M300pakeHHMsI, MIPEIBAPUTENHHO BBIJICICHHBIX MO Pa3IHYHBIM
KpuTepusiM HeonHopoaHocTH [3]. B ciydae AByXMOIOBOrO pachpenesicHus UH-
TEHCUBHOCTH ITMKCEJIOB MPUMEHSETCSl IIHPOKO pacnpocTpaHeHHBIH MmeTox OTcy
[4], koTOpBII, OHAKO, B IPYTUX CITy4dasX 4acTo JaeT HelpUeMIIeMbIe Pe3yIbTaThl.
MHOXeCTBO APYTUX METO/I0B OMHAPU3ALMH PACCMOTPEHO B 0030pHO# padoTe [5].

Takum oOpa3zom, 3amada 3¢(HEeKTUBHOTO OOHAPYKEHUS TPEIIUH 10 U300pa-
xenuto I HyxaeTcss B KOMIZIEKCHOM MOJAXO0/€ K Mpoueaype OMHapu3anum, oc-
HOBAaHHOM HA aHaJIW3€ W HCIIOIb30BAaHHUU JOKIBbHBIX cBOWCTB JII n mpumeneHus
COOTBETCTBYIOUIMX aJITOPUTMOB OMHAPU3AIIUH U CETMEHTAIHH.
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B mactosmeit pabote paccmatpuBaercs 3amada oneHuBaHHS kadectBa JII1
myTeM OOHapyKeHHs, BbIICICHHS U aHaM3a MapaMeTpOB TPEUINH, UMEIOIIUXCS
Ha HETOABW)KHOM H300paskeHUH rccieayemoro yaactka JI1.

[IpenBaputenbHbie HCCaeIOBaHUS HAa MHOTOYHMCIEHHBIX IIpUMeEpax Hu300pa-
YKCHHI, ONTMCAHHBIX B JINTEPATypE, a TAKKE MOTYyUCHHBIX COOCTBEHHBIMU ChEeMKa-
MH, TIOKa3aJIi, YTO JIJIS YCIICITHOTO pa3IndeHUs] TPEIIMH OT apTeakToB O0IbIIOe
3HaYeHHe UMeeT UH(OpMaLKs O BO3MOKHOM COOTHOIIEHUU UX pa3MepoB. B yacT-
HOCTH, 3aMEUYEHO, YTO MPH aBTOMAaTHYECKOW OMHApW3aIMU Jake BechMa KadecT-
BEHHOT'O JIOPOXKHOTO TOKPBITHS BBIJICISAIOTCS CETMEHTHI (MpaBna, HEOOJBIIHUE),
JIOCTATOYHO MOXO0KHE Ha TPEIINHY WM BHIOOWHBI Ha N300paKCHUU.

a §) B r

Puc. 1. Bunapusanus TOp0o>KHOTO IOKPHITHS. a — MMOKPBITHE XOPOIIEro KayecTsa,
0 — IMOKPBITHE C TPEIINHOI; B, T — OMHAPH30BaHHBIE H300pakeHHs a U 0.

Ha Puc. 1 npuBenensl npumepsl NOKpbITHH Xopouiero kauectsa u I,
MMEIOIIETO TPeHIMHbI. MOXHO 3aMETUTh, YTO TIOCIe OMHApPHU3AIMH HA TOKPBITUN
XOpOIIIEro KayecTBa BUIHBI MHOTOYMCIICHHBIE CETMEHTBHI HEOOJIBIIOro pa3Mepa,
Cpey KOTOPBIX HET SIBHO OOJBIINX CETMEHTOB (MBI MX cuuTaeM apredakramu). A
Ha TIOKPBITHH C TPEIIMHAMH TOCJie OMHAapu3anuu, Ha (OHE MHOTOYMCICHHBIX
MEJIKMX CETMEHTOB OTUYETIHMBO BBIACIAETCS KOH(PHUTYPALIUs TPEILIUHBI.

W3 npuBeneHHBIX TIPUMEPOB BHUIHO, YTO B aJTOPUTM OOHAPYKEHHS TPEUTHH
U UX pa3IMyeHus OT apTedakToB LEIECO00pPa3HO BKIIOYUTH ONEpallH, YYUThI-
BAIOIIME paclpesielieHue Pa3MepOB CErMEHTOB, MOJy4aeMbIX B Ipolecce OMHapH-
3amuu. [Ipy 3TOM HYKHO y4YecTh CYILIECTBYIOIME HOPMBI, YCTaHABIMBAIOILINE
BIIOJIHE ONpeJeNeHHble TpeboBaHusi K kadectBy JII, B 4acTHOCTM — y4MThIBas
YAETBHYIO IJIOMIA/Ih TPEIIUH U BEIOOWH HA TTOKPHITHH.

B HacToseit pabore mpejuiokeHa KOMIUIEKCHas MpoLeaypa, OCHOBaHHAas
Ha WCIOJIb30BaHNH aJTOPUTMOB OMHAPU3AIIMU U CETMEHTAIINH, TTO3BOJISIONINE OJ1-
HOBPEMEHHO OLEHUTHh HEOOXOAMMBIN OPOr OMHAPU3aLUU U COOTHOLIEHHE pa3Me-
POB TPEIIHH U apTehaKTOB.

[Ipennaraemas nporeaypa OCHOBBIBAETCSI HA METOJIE€ MOJHOW CErMEeHTaluu
[6], mprMEHEHHOM OTIpe/IeJICHHBIM 00pa3oM K OMHAPU30BaHHOMY H300paKEHUIO C
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HOCIICYIONIMM CTATUCTHYECKUM AHAIN30M XapaKTePHUCTUK MOJYYCHHBIX CErMEH-
TOB. [lo100HBIN TI01X0]T paHee ObLT MPUMEHEH K aHaJIU3y MPU3HAKOB OTIICYATKOB
HaJbIeB TPEThEro ypoBHs [7].

2. MeToauka o0padoTKu H300pakeHUs1 NOBEPXHOCTH MOKPBITHUS

IIpenBapurenbHble 3amedanusi. llpemraraemas Mmeronuka oOpabOTKU
n3o0paxxenus nosepxHoct /Il Bkirouaer mporenypsl, OCHOBaHHbIE Ha OMHAPH-
3allUd U CErMEHTAallMM M300pakeHus, pacyera U CTaTHCTUYECKOro aHajau3a pac-
NpeaeNeHNus CeTMEHTOB, KJIacCHU()UKAIIMK CETMEHTOB Ha apTe(aKTbl M TPEIIUHBI.
ITpu 3TOM NpUHUMAETCS, YTO MPU OTCYTCTBUM TPEIIMH HA JTAHHOM HM300pakeHUH
NPOU3BOJIBHO BEIOPAHHBIN CETMEHT SIBIIsiETCS apTe(hakToOM, KOTOPbI MOAUYNHSETCS
pacHpeesIEHUIO C MaJIbIM CPEIHUM 3HAUYE€HUEM, B TO BPEMsI KaK CEIrMEHTBI, Ipe.-
CTaBIIAIOIINE TPEIMHY, UMEIOT paclpesielleHue CO 3HaYUTEeIbHO OO'NIBIINM Cpe-
HUM 3HaueHUEeM. J[pyrumu cioBamHu, paclpeieseHusl pa3MepoB CErMEHTOB BHYTPH
9TUX KJIACCOB 3HAYMMO OTJIMYAKOTCS, YTO HO3BOJISIET «OT(UIBTPOBATHY» Ha pac-
CMaTpUBaeMOM H300PaKEHUU CEIrMEHTHI C MaJlbIMU pa3MepaMH U TaKuM 00pa3oM
BBIJIEJIUTh CETMEHTBI, IPEICTABIISIOIINE TPELIUHBI.

Crnenyer OTMETHTbh, YTO KOHEYHBIM pe3ysibTaT KiIacCH(UKAIMKU B TTOJHOU
Mepe OmpeenseTcs pe3ylbTaToM OWHapu3aluu W300paKeHHs, MOITOMY B Ha-
cTosimiel paboTe MBI OCHOBBIBAEMCSI Ha ONPEIETICHHBIX TPEOOBAHUX K KauyeCTBY
11, pernameHTHpyeMble yCTaHOBIEHHBIMH HOpMaMu [8].

AHanu3 U CONOCTABIICHUE CYLIECTBYIOIIMX HOPM HE BXOJIUT B 3aJady Ha-
crosimied cratbi. OAHAKO A7 (PUKCHPOBAHHOTO TPeOOBAaHMS HOPMBI KayecTBa
koHKpeTHoro Tuna JI1 Mbl BBOAUM 0606ujenHblil napamemp o, , 0003Ha4aOIUHi

JIOJII0 BCEX OOHApYKMBAaeMBbIX NOCiIe OMHAPU3AIMH «YEPHBIX» IHKCEJIOB B 00IIEM
KOJIMYECTBE MHKCEI0B PACCMaTPHMBAEMOro M300paxeHus. CMBICH mapamerpa o,

COCTOMT B TOM, YTO NPEABAPUTEIBHO (PUKCHUPYETCS MHOMKECTBO TE€X MHKCEINOB,
KOTOpBIC, OyIy4dH CBS3aHHBIMH MEXIy COO0H, 00pa3yroT BCe «UEPHBIE» CErMEHTHI
n3zo0paxenus. B 3aBucumocTt ot cTpyktypbl [Il, 3TH cerMeHTbl BIOCIEICTBUU
OyayT Kiaccu(UIMPOBATHCS KaK apTe(aKThl UM TPELIUHBI.

OTMmeTHM, 4TO MPEATOKEHHBIH MOAXO0A MO3BOJISAET U30€kKaTh OTMEUEHHBIX
BBIILIE TPYAHOCTEM BbIOOPA METO1a OMHAPHU3ALUH.

Onucanne MeToaukn 00padoTKH. MeToMKa BKIIIOYAET CIIECAYIOLINE IArH.

Ilar 1. ITpousBoautcs 6uHapusanus uzobpaxenus c¢ noporom t, . ITopor

6I/IHapI/ISaLII/II/I tb OIIPCACIACTCA 110 TUCTOIPpaMME WHTCHCUBHOCTEH MUKCEIOB JaH-

HOTO N300paKeHNUs B COOTBETCTBHH CO 3HAYEHHEM ITapaMeTpa oL, .
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Mlar 2. [Ipou3BoauTCs MoJIHAs CerMeHTanuss OMHAPU30BaHHOTO U300paXkKe-
Husi. CErMEHTOM CUMTAETCs JIF000€ MHOMXKECTBO «UEPHBIX» MUKCENOB, KaXKIbIi U3
KOTOPBIX UMEET XOTS ObI OIMH COCEIHETO MUKCENa U3 TOTO e MHOXKECTBA.

Hpenq:[e, yeM HepeﬁTH K OIIMCAHUIO OCTAJIbHBIX IIAaroB MCTOJHUKHU, 3aMCTUM,
4TO 3a/1a4a KIacCU(HUKAINU, B KOHEUHOM CUETe, CBOAMTCS K HAXOXKIECHHUIO MOPO-
TOBOr'0 3HAYCHMS pa3Mepa CErMEHTa, AEJIAIIEro BCe CErMEHTHI Ha JBa Kjacca — Ha
apTe(baKTBI U TPCIIWHBI, T.C. HA CCIMCHTHI C MaJIbIM U OOJIBIINM KOJIUYECTBOM
nukcenoB. O603HaYMM 3TO NMOPOroBoe 3HaueHue uepes T . CerMeHThl, KOIHYeCT-

BO IIMKCEJIOB KOTOPBIX MEHBILE T, B COBOKYIIHOCTH XapPaKTEPU3YIOT IIOBEPXHOCTD

JII, Ha KOTOpOI HET TPELIUH, @ OCTAJIbHBIE CETMEHThl XapaKTEpU3YIOT CYILECT-
Byromue Ha I TpenuHel.
IToporosoe 3HaueHne T, MOXKET OBITH PACCYMTAHO HECKOJIBLKUMHU CHOCO0a-

MH, B 3aBUCHUMOCTH OT Pa3JIM4HbIX YCJIOBUH 3anauu. B paGore nmpuHAT mpocreid-
M TTOJIX0J, OCHOBAHHBIN Ha MPaBHIIE «TPEX CUTM», T.€. MPUMEHseTca Ghopmyia
T, = f, + 36, rne fi, u 65, — BeibopouHble oneHku cpeanero u CKO pasmepor
BCEX Hal/ICHHbIX CEIMEHTOB.

Iar 3. OuenuBaeTcs NOPOroBOE 3HAYEHHE T M BBIIEIAIOTCSA BCE OOJIbIIME

cerMeHTsl (TpeuyHel). OneHuBaeTcs 10 IUIOMAAN W300paKeHUs, 3aHUMAeMOil
TpeLMHaMu, 10 popMmyIie:

K
D% = —3*100, (1)
N

U ycloBHbIH nokasatens kadectBa Il Q% =100—- D%, rone K, oOmee xonu-

g
YeCTBO MHKCEJIOB BBIICICHHBIX cerMeHTOB, N — KoInM4yecTBO MUKCeIoB oOpada-
THIBAEMOTO N300pakeHusI.

OtmetuM, uro (opmyna (1) He XapakTepuszyeT BC€ BO3MOXKHBIE THIIBI Ji€-
¢dexroB III, oguako TOT (hakT, 4TO MpeIOKEHHAs MPOLEAYpa HO3BOJISIET HCCie-
JIOBAaTh BCE TOJYYaeMbIe CETMEHTBHI BMECTE WJIM B OTIEIBHOCTH, OTKPHIBAET BO3-
MOXKHOCTH Jy1sl OoJiee mojiHoro orieHuBanus coctosuus JI1. Hampumep, onpene-
nennyo uHpopmanmio o kadectse JIIT mecer mapamerp flg.,, KOTOPBIA BbIYHC-
JISIETCS YCPEeTHEHUEM Pa3MepOB BBIICIICHHBIX TPEIIHH.

3. Pe3yabTaThl 3KCNIEPUMEHTOB

Jig wnmocTpauuyd paboThl MPEAoKEHHBIX MPOLEAYpP M MHTEpPHpeTalun
MIOJIyYEHHBIX PE3YJIbTATOB BBIIOJHEHA CEpUsl SKCIIEPHUMEHTOB C PEALHBIMU H30-
Opa’keHUsIMH, COJIEPKAIOIIMMH HIIH HE COJEPKAIONIMMHU TPeuHbI. M300paxenns
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1oJ00paHbl ¢ MPUMEPHO OAMHAKOBBIMHU YCIOBUSIMH OCBEIIEHHOCTH U OJJHOPOIHO-
CTH Y4aCTKOB [TOBEPXHOCTH.

Ta6nuua 1. Pesynbrater 06paboTku n3o00paxenuit 11 6e3 tpeuuH (nepBbie 5
n300pakeHuit) U ¢ TpelrHaMe (TOCIeIHIE 5 n300pakeHuiT)

Il R

t, 64 94 135 76 113 94 113 135 73 76
g4, 102 197 136 163 16 37 796 375 197 1096
6, 016 227 080 161 1,35 44,14 835 68,1 23,18 1058
T, 6 9 4 6 6 136 258 208 72 329
D% 024 053 047 054 048 1,7 395 19 16 37

Aseg 8,77 14,18 459 9,22 8,15 1510 831 3177 4113 1291

B Tabn.1 npuBeneHbI UCTIONB30BaHHBIE MAaTEpUAlIbl U COOTBETCTBYIOIIUE pe-
3yJbTaThl 00pPaOOTKHU MPU MOMOILY OMUCAHHOM Bblle MeToauku npu o, = 0.05. B

NEPBOM CTPOKE MATPHIIBI TIOKa3aHbI H300pakeHust 0e3 TpeluH (TiepBbie 5 KaapoB) U
¢ TpemuHaMH (TIociIeayronre 5 KaapoB). Bropas crpoka mpecTaBisieT pe3ybTaThl
CerMEHTalMK OMHAPH30BAHHOTO N300paKEHHS TIPH IOPOTOBOM 3HAUYEHHH t), (COOT-
BETCTBYIOIINE MIOPOTOBBIC 3HAYCHUS TIPUBEJICHBI B CTPOKEe Tadmuibl, 0003HauCHHON
t,). Ha n3o00paxkeHusx ¢ TpemMHAMHU OTYETINBO BUAHBI KOH(MUTYpaLUK TPEIHH, a
Ha M300pakeHHAX Oe3 TpeuuH HaOIroaaeTcs Oojiee WM MEHEE SIPKO BBIpaKEHHAsS
OAHOPOAHOCTD MOJYYEHHBIX CCTMCHTOB II0 UX pa3MEpaM. 00 >ToM CBUACTCIILCTBY-
10T TaKKe 3HA4eHHs BBIOOpOUHBIX cpenHuero [, u CKO §;, pa3MepoB cerMeHTOB,
IPHBE/ICHHBIX B COOTBETCTBYIOIIHNX CTpoKax Taou. 1.
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B tpetbeii ctpoke Tabim. 1 moka3aHbl pe3yibTaThl KiIacCH(UKAINN CETMEH-
TOB Ha JBa KJjacca. B maHHOM mpuMepe KiacCU(PHUKAIUS TPOU3BOAUTCS MpHU I0-
MOILY MPOCTOr0 NPaBHJIA «TPEX CUIM», T.€., €CIIM pa3Mep CErMEHTa IPEBHIIIAET
rpanuny Ty = [, + 36}, , TO 3TOT CETMEHT OTHOCHUTCS K KJIacCy TpemuH. B mpo-
THBHOM CITy4ae, CETMEHTHI cunTaroTcs apredakramu. [loporosoie 3nauenus Ty 1ist
pa3MepoB CErMEHTOB paccMaTPUBAEMbIX N300paKeHUI PUBEICHBI B CTPOKE, 000-
3HaueHHOU Ty. CpenHuil pa3mep BbIACIECHHBIX CETMEHTOB (T.€. CETMEHTOB C pa3-
MEpaMH, IPEBBIMIAIOIIUMHU HOPOT Ty ), IPUBEIIEH B CTPOKE, 0003HAYEHHOM flg -

BusyanbpHo cpaBHHMBast ©300paXkeHUs, IPUBEACHHBIE B IEPBBIX TPEX CTPOKAX
Tabm. 1, MBI BUAUM JTOCTATOYHO XOPOILIEE COTJIACHE ITHX HM300paKEHHH MEXIY
co00i1 1 YeTKOE BBIJICIICHNE CYIIECTBYIOIIUX TPEIUH.

Hanee, B ctpoke D% mnpuBeAeHbl OTHOCUTENbHBIE 3HAUYEHUS IUIOLIAIH, 3a-
HUMaeMmoi TpemuHaMu. Kak u cienoBano oxujate, kauectBo JI1 B mepBbIX msiTH
KaJpax (TpeIlrHbl OTCYTCTBYIOT) 3HAUUTENILHO BBIIIE, YEM B MOCIEAYIOIUX MATH
KaJpax, B KOTOPBIX HAOIIOAAI0TCS TPEIIUHEI.

Takum o00pa3zom, mpeUIoKeHHas MpoLeAypa aHalin3a M KiacCH(PHUKAIIH
TpeurH Ha n3oopakeHusx JI1 mo3BossieT He TOJIBKO BBIICIUTH KOHPUTYPALIUIO U
pacIoNIOKEHUE TPEIIUH, HO U OLICHUTH Psi/i BAXKHBIX YMCIIOBBIX BEJIMYMH, XapaKTe-
pusyromux kadectso JI1.

4. BeIBOABI

[petoxenHas mporeypa MOp(OIOTHUECKOTO aHATN3A U OLICHUBAHUS Ka-
yectBa J{I1 ocHOBaHa Ha WCIIOJB30BAaHMU aNTOPUTMOB OMHAPHM3AIMU M TOJHON
CErMEHTALMM U300pakeHUs C y4yeTOM TpeOoBaHUil cymiecTByromux HopM. O6pa-
00TKa pa3MepOB CETMEHTOB, MOJyYaeMbIX B PE3YJIbTATE STHX ONEpanuii, MO3BOIS-
€T NMPOM3BOJHUTH KIACCU(HKAIMIO CETMEHTOB Ha apTe(akTbl M TPEIIMHBI M pac-
CUUTATh MX XapaKTepUCTUKH. Ha sKcriepuMeHTaIbHOM MaTepralie IMoKa3aHo, Y4To
BBE/ICHHBIN MapaMeTp KauecTBa aJeKBaTHO XapaKTepU3yeT CTENEHb MPUCYTCTBUS
nedexroB Ha noBepxHocTH 1.

[pennokeHHass METOJMKA MOXKET OBITH MCIIOJIH30BaHA B CHCTEMax aBTOMa-
THUYECKOT0 OOHapy>KeHHs U pacnosHaBaHus aepextoB I npu MOHUTOpPHHTE KC-
IUTyaTHPYEMBIX JIOPOT.
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IMAGE MORPHOLOGICAL ANALYSIS AND PAVEMENT
QUALITY ASSESSMENT METHOD

D. Asatryan, G. Hakobyan

SUMMARY

The morphological analysis of pavement structure and quality assessment
is an important scientific and technical problem which relies on the joint
application of various technical resources of investigation and modern
methods of image processing. The main procedures of the analysis, defect
detection and quality evaluation of pavement are using algorithms of im-
age binarization, segmentation, edge detection and statistical methods of
data processing. In this paper special algorithms of binarization and seg-
mentation, as well as a method for segment classification to Artefacts and
cracks, is proposed. Based on real experimental data, statistical calcula-
tions have been made which show the effectiveness of the proposed pro-
cedures.

Keywords: pavement, crack, quality, binarization, segmentation, classifi-
cation.
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KULUNULZUSPL OUDUNR3EULELP MUSUGOLEP UNCHNLNTPUUTL

YELLNRONRESUL BY NLUYP @LUZUSUUL UGENY
1.Q. Uuwunpyub, ¢.2. Zuynpjul

uvoenoenku

Swiwwuwphuyhtt Swsynyputph (KO0) Ywbnnigjusph b npwlh
Alwpwtwlwt  JEpnisnipniup  Jupltnp  ghnwnbkuthjujut
uunhp E npp hhdtdws £ viupptp hbnwqubwljuwb mkothjulwi
vhongutiph b wwwnlkputph dpwldwi dbkpnnutph vhwubtwlwuh
Jhpundwi Jpu: LO YhEpnisnipjul, wpunibph hujnbwpbpdwi
b ypdwhh quwhwndwi hhdtwljut phpwugulupgbpp oquuugnp-
onud ku Epjulhwgdwl, hwnjuswynpdwl, yunltpnud kqpkph
b uvwhdwbtbph hwjunbwpbpdwt wgnpppdutp b wndjuukph
uljdwt Jhdwugpujut dbkpanutp: Unyt wolhwwnwipnid
wnwownlyl Eu tpujhugdui b hwnduswynpldwmi hwwnnly
wygnphpullp, husybu twl hwnjwsibph wpnbduljnitph b
&hnptph qpuuwljupguui ybkpnny: Ppujut thnpdtwlub ymptph
Jpu juunwpll Eu Jhdwujugpuljui hwoguplukp, npnup gnyg
k. wnwhu wpwowplynn pupugulupgtph wpynittwybnni-
pinLup:

hdtwpwntp’ {whwwwphughtt swdynyp, &hnp, npuy, bplw-
Jhwugnud, hwinjuswynpnid, nwuwlupgnid:
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YK 539.3 [Noctynuna 20.03. 2015r.

BOJIHbBI B YITPYT'OM CJIOE CO CTECHEHHBIM
CKOJIB’)KEHUEM BOJIb IIOBEPXHOCTH

B.I'. I'apaxkos
K.¢p-m.n, cue (Mncmumym Mexanuxu HAH PA garakov@yandex.ru)

AHHOTAIIUA
B crarbe paccmaTpuBaeTcsi HOBBI BapUaHT TPAHUYHBIX YCIOBUM, YIUTHI-
BAIOIIUX CTECHEHHE (COMPOTHBICHUE) CKOJBKECHUIO IPAHUIIBI BOTHOBO/A.
[Moxyuens! (a3oBble CKOPOCTU PACIPOCTPAHEHHUS] BOJIH M YCIIOBHS OTHO-
CUTENIPHO YacTOT KojeOaHWH, MpHU KOTOPBIX BOJHBI HE MOTYT pacipo-
CTpaHATHCA.
Kniouegvie cnosa: BoHOBO/, (ha30Basi CKOPOCTb, AUCTIEPCUOHHAS BOJIHA.

VccnenoBaHuIoO TIOCKUX BOJHOBOJIOB € KJIACCHYECKUMH I'PAaHUYHBIMHU YC-
JOBUSIMHM Ha IIOCKOCTSX, OIPAaHMYMBAIOLIMX BOJHOBOJ (CBOOOJHAs IpaHUIA, 3a-
KkperieHHas, HaBbe, anTH-HaBbe min CKONB3SIIMI KOHTAKT), TOCBSIIIEHBI MHOTHE
pabotsl [1]. VIMeroTcs HECKONBKO CTaTel C OPYTMMH TPAaHHUYHBIMH YCIOBHSMH,
KOTOpbIE MOTYT YUMTBIBATH JINOO YIIPYroe 3aKpeIuieHre Ha rpaHulle, IN00 TpeHue,
1100 Kakoe-Inbo cTecHeHue u T.1. M3 mocineaHux paboT 1Mo 3ToH TeMme ciexyer
OTMETHTB CTaThH [2-5].

B HacTosmel cTaThe MpeiaraeTcs HOBbIM BapHaHT IPAHUYHBIX YCIIOBUIA,
YUUTBHIBAIOIINX CTECHEHUE (CONPOTHBIEHHE) CKONBKEHHUIO I'PaHMIbl BOJIHOBOAA.
[Tomy4ens! ¢pa3oBbIle CKOPOCTH, PACIPOCTPAHEHUE BOJIH U YCIOBHUS OTHOCHUTEIHHO
4acTOT KOJIE€OaHH, IPU KOTOPBIX BOJIHBI HE MOT'YT PaCHpPOCTPAHATHCSI.

1. B mpsMOYTomIbHOI 1eKapTOBOil CHCTEME KOOPAHHAT (X, Y, Z) YHpyruii

cII0i 3aHMMaeT o0macTs: (—o< X <o, —h<y<h, —0<z<®).

PaccmarpuBaercst pacripocTpaHeHHe BOJIH IMPU YCIOBHUSX 3a/a4d IDIOCKOM
nedopMmaiu

u=u(x y,t), v=v(x vy, t), w=0 (1.1)

I/I3BGCTHO, YTO BBCACHUCM (I)YHKLII/Iﬁ IHoTcHIaJia
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_op oy % oy

u=, (1.2)
oX oy oy OX
ypaBHEHUS, ONPEIEISIOIINE PACTIPOCTPAHEHUE BOJIH, MPUBOAATCS K BUIy (1)
o o
CAp =22, Ay =¥ (1.3)

2 - 2
ot ot
B (1.3) A—nBymepnsii oneparop Jlamnaca, C,, C, — CKOPOCTH pacnpocTpa-
HCHHA IIPOAOJIbHBIX U MMOIICPCUYHBIX BOJIH.
[Ipenmnomnaraercs, 4TO Ha MOBEPXHOCTAX OIPAaHMYMBAIOIINX CIOH UMEIOT Me-
CTO CJIE/IyIOIME TPAHUYHBIE YCIOBUS:

v=0, o,=Fpu (1.4)

U3 (1.4), B yacTHOM citydae, [} — 00 MOTYYAIOTCS YCIOBUS 3aKPEIICHHOTO
Kpas, a B cinydae S = 0— ycnoBus ckomib3smero kontakra. [lostomy s ycnouit

(1.4) ucnonp3yercs BhIpaKEHHE «CTECHEHHOE CKOJIBKEHHUE.
Pemenus ypaBuenuit (1.3) mpeacTaBisieTcsl B BUJAE€ TapMOHHUYECKUX BOJIH
pacIpOCTPaHSIOUINXCS BOIb KOOPAUHATHL X

@ =f(y)expi(ot—kx), w=g(y)expi(wt—kx) (1.5)
[Toncranoska (1.5) B ypaBHenus (1.3) mpuBoauT K 0OBIKHOBEHHBIM b de-
PEHIIMAIBHBIM YPaBHEHHUSIM OTHOCHUTENLHO (QyHKIUH f (y) ug (y) OO6mme pe-

MICHHUA 3TUX ypaBHCHI/II\/'I UMCIOT BHU:

f(y)=Acoskv,y+A,sinkv,y

. (1.6)
a(y)=B,coskv,y+B,sinkv,y

rac

2

v, =/6n-1, VZZQ/n—l, 0=c’/c?, n:kczocz (1.7)

t

Pemenwus (1.6), B coorBeTcTBUM ¢ TpaHUYHBIMHE (1.4) M aHAIOTHMYHO 3a/made
Panest i cinost, pa3aensroTcess Ha CHMMETPHYHBIE M @aHTUCUMMETPUYHBIE KojieOa-
Husl. CHMMETpUYHbIE PELICHUS YIOBIETBOPSIIOT YCIOBUSAM

v=0, o,=0mpu y=0. (1.8)
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Herpynno mokazath, 4To At rapmoHuueckux BosH Tuna (1.5), ycrmoBus
(1.8) sxBHBaNEHTHBI YCIOBHSM [6]

0p/oy=0, w=0mpu y=0. (1.9)
VYcnoBust 1uisi aHTHCUMMETPUYHOTO PEILEHUs CAeAYIOIINE:
o0,=0, u=0mnpn y=0, (1.10)
YTO SKBUBAJICHTHO YCIOBHSIM
@=0, Oy/oy=0npu y=0. (1.11)
2. U3 (1.5), (1.6), (1.9) cnenyeT, 4TO AJIE CHMMETPUYHOTO CIIydast
f(y)=Acoskv,y, g(y)=B,sinkv,y (2.1)

[Moncramnss (2.1), ¢ yaerom (1.5), B rpanuunsie ycioBus (1.9), momydnm
OJTHOPOIHYIO CHCTEMY anreOpandecKux ypaBHEHUH OTHOCUTEIBHO MPOU3BOIBHBIX
noctostHHEIX A, B,. PaBeHCTBO Hy:IO0 B A€TepPMHHAHTE TON CHCTEMBI JaeT AUC-

IIEPCUOHHOE YpaBHEHUE

VItV SOV, 8 + B (tgv,¢ +Vyv,tgv,& ) =0, (22)
rze
S=kh, B=4/u. (2.3)
B npubmmkennn £ << 1 ypasrenwue (2.2) HPUBOIUTCS K BUTY
v,n|(On-1)&-k*Bo]=0 (2.4)

Herpynno mposeputs, uto KopHHM ypaBHeHus (2.4) n=0, n=1 (V2 =O)
IPUBOAAT K TpuBHaibHOMY pemienuto 3amaun — U=0, v=0. CrenosarensHo,
pemrenue ypaBHeHus (2.4) Oynet

n=0"+BkE wm o =k2c? + B/h. (2.5)

Ornpepenenne BOTHOBOTO yucia u3 (2.5)

k= ic;h/a)z - B/h. (2.6)

9] 2
TIOKa3bIBAET, YTO BOJIHBI C 9aCTOTOM @~ < N He MOTYT pacrpoCTpaHsThCS.
JUyist IpOU3BONBHBIX & YAaCTOTHI KOJNEOAHUH CIEyeT HANTH U3 YUCICHHOTO

penIeHns JUCTIEPCUOHHOTO YpaBHEHNS (2.2).
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B ciyuae anTHCMMMETpHUHBIX Kostebanuii (1.11) Gynxkumu f u g onpene-

JISIFOTCS CIIETYIOIUM 00pa3oM:

f(y)=Asinkvy, g(y)=B,coskv,y (2.7)

[Toacranoska (2.7), ¢ yuetom (1.5), B rpanuunsie ycnosus (1.11) mpuBoaut
K CIIEAYIOIIEH CHUCTeMEe YpaBHEHHMH OTHOCHTEIBHO MPOHM3BOJBHBIX IOCTOSHHBIX

A, B,
v, A, cosv,é +iB, cosv,& =0
ik A, sinv,E +B, (ﬂk‘lv2 Sinv,& + ncosvch) =0.

PaBeHncTBO HymO nerepMuHaHTa cucTeMbl (2.8) maeT ypaBHEHHE, ONpeje-
nstroree mapameTp (GazoBoit CKOPOCTH:

v, + Bk (tg Vi + Wy, tgv,&) = 0. (2.9)

(2.8)
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WAVES IN AN ELASTIC LAYER WITH CONSTRAINED
SLIDING ALONG THE SURFACE

V. Garakov

SUMMARY
The phase velocity of the waves and the oscillation frequency conditions
where waves cannot propagate are obtained. In particular, it is shown that
in long approximation waves with a frequency of @° < fh cannot be

distributed.
Keywords: waveguide, phase velocity, dispersion wave.

YUTUULIUO Gernd unu2auuul cersnhU
ULPLLErP SUruonkur

9.Q. Quipulyny
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Unwgwé Eu wihpubph nwpusdwut duquyhtt wpugnipmiup b
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STOCHASTIC DISCRETE EVENT SIMULATION MODEL FOR
ESTIMATING PRODUCT DEVELOPMENT TIME

A. Mkrtchyan

Massachusetts Institute of Technology Cambridge, MA 02139, USA
armen@mit.edu

SUMMARY

Efficient development of products is critical to the success of many firms.
The literature on product development often discusses the seemingly
emergent nature of product development processes in various settings and
organizations but does not adequately address the lack of planning tools
within these organizations. This paper aims to fill the gap in tool support
for the planning process by developing a discrete event simulation model
to compute lead times of product development projects. The model expli-
citly captures various tasks, teams, and developers within a distributed
product development setting. This work captures the iterative nature of
the product development process and specifies the contextual relation-
ships among tasks and among developers. The model was validated on a
previously collected data set, as well as using data from an ongoing
project with a small-sized software firm. The model has been encapsu-
lated into a tool using an easy-to-use desktop and iPhone / iPad applica-
tions.

1. Introduction

The economic success of most firms depends on their ability to identify the
needs of customers and introduce new products over time [1], [2]. The goal of the
product development (PD) process is to create these products. PD is defined as the
set of activities beginning with the perception of a market opportunity and ending
in the production, sale, and delivery of a product [3]. In today’s environment of
rapidly evolving customer preferences, speed and flexibility in developing new
products is even more important [4].

Furthermore, geographically distributed PD is increasingly becoming more
popular [5], [6]. Various researchers have noted the importance of developing
products in distributed fashion (e.g., [7]) and with the emergence of reliable elec-
tronic-based communication media, firms are embracing distributed PD. Sproull
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and Kiesler[8] note that information technology (IT) reduces the dependence on
traditional face-to-face communications and creates “networked organization.”
Hence, this paper investigates and presents a simulation model to enhancedistri-
buted PD processes.

2. Model Description

This model employs a queuing-based discrete event simulation (DES) to es-
timate the lead time of product developmentprojects. While in some circumstances
it is possible to formulate the PD process as a mathematical optimization problem,
the complexity of real-world PD processes makes raw optimization computational-
ly unviable. In DES systems utilized in this paper, time advances in discrete steps
defined by elapsed time between events [9], hence, components of the system do
not need to be scanned during times between events [10]. To build the DES model,
the main attributes affecting PD processes were considered (discussed further by
Krtchyan and Srinivasan[11]). These attributes along with the requisite modeling
variables are shown in Table I.

TABLE 1. PD attributes and corresponding modeling variables.

e  Task duration, T}
Task structure

e  Task type &taskassignments, T,

Team structure e Number of teams, Ny

e Number of developers per team, N7

Developerflexibility *  Developerworkhours, D,

e  Developerwork type, D,

H Jj,rework
Rework e Reworkimpact, K _

o Reworkprobability, R/ """

e  Taskdependency, T(i, )

Taskrelatedness
e Taskoverlap, 0(i, )

Learning e Productivity, Pp

e Learning curve, L, &LT™"

Team coordination e  Coordination cost, ASE™5S
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This DES model has four interconnected components as shown in Figure 1.
First, the task model describes the initial tasks, including task types, duration, and
dependency between tasks. Next, the task rework model represents the rework
structure. This includes rework probabilities, i.e., probability that one task causes
rework for another task, and rework impact, which indicates rework duration. The
third component is the developer model, which describes attributes pertaining to
developers. These attributes are the number and type of developers, team assign-
ments, productivity level, learning curve, developer priority, coordination cost, and
work hours. The last component is the queue, which stores the tasks before they
are serviced by the developers.

________ L -———— - - Developer]  [Deveioper] ----- |Developer)
Task model 1 ! 2 ,

. Type [ —

1
1

1

| * Duration :

| = Developer priority X e:[[[[l]
: + Task dependency |

! |

1

-

+  Sequential and parallel C N LD N
overlap fop il - evsop
_______________ I

| Task rework model I

I« Rework probability — 00 TTmmmmmsssss--e- 1
! = Rework impact 1 Developer model

I
________________ : *  Number & type of developers
I Team assignment
: *  Productivity level
I
I
I

+  Leaming curve
+  Goordination cost
+  Work hours

Figurel. High-level representation of the model.

Queuing-based DES models have been used extensively in a variety of do-
mains, such as manufacturing, human supervisory control [12], hospitals [13],
finance [14], and air traffic control [15]. DES models have also been successfully
used to model different aspects of PD. For example, Adler et al. [16] utilized DES
technique to model workflow management, while Browning and Eppinger[17]
modeled the impact of process architecture on PD schedule. The variables identi-
fied above were incorporated into the DES model, which is described in the next
sections.The model has been implemented both in the form of a desktop applica-
tion running on Mac OS, as well as an iPad application. A sample screenshot of
the MacOS application, called SimLink™is shown in Figure 2.

2.1. Model Structure

All of the model components are described below, along with input data re-
quired to run the model.
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2.1.1. Tasks

There are two general categories of tasks. The first category represents the
initial tasks that need to be completed. These are the tasks that the manager thinks
need to be completed for a given project to succeed. The next category of events
represents the tasks that are the result of the rework caused by incomplete informa-
tion at the time of initial task breakdown and planning.

(] o &M = [] Apr_24_Browning copy. copy.pdsm . @
Developer 1 & X
Team } Team 1 Types } Ad
Developer 2 & X
Team } Team 1 Types } AS11
Developer 3 & X
Team ¥} Team 1 Types } AS12
Developer 4 & X
Team } Team 1 Types } AS31
Developer 5 & X
Team } Team 1 Types } AS21
Developer 6 & X
Team } Team 1 Types } AS22
Developer 7 & X
Team } Team 1 Types } AS341
Developer 8 & X
Team } Team 1 Types } AS32
Developer 9 & X
Team } Team 1 Types } A533
Developer 10 & X
Team ¥} Team 1 Types } A5342
Developer 11 & X
Team } Team 1 Types } A5343
Developer 12 & X
Team } Team 1 Types } AS344
Developer 13 & X
Team } Team 1 Types } AS4
Developer 14 & X
Team } Team 1 Types } AB

@ Add Developer S8 Add Team # Manage Teams

Figure 2: Sample screenshot of SimLink™ application.

Initial tasks
Initial tasks are pre-programmed in the system. Each task has its associated
type and duration. When compiling a list of initial tasks, task dependencies are also
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specified. More specifically, the degree to which tasks can be processed in parallel
and whether starting one task is dependent on finishing another are specified.

Rework generated tasks

The iteration of design/development tasks is critical to any PD process [18].
While product quality generally improves with each successive iteration, it also con-
tributes significantly to the cost and completion time of a project [10]. Much of the
rework is caused by changes in information and/or assumptions upon which they
were initially executed. In this model, rework is taken into account using a design
structure matrix (DSM) methodology to represent the probability that a rework is
required, as well as the impact that the rework will have. These concepts are ex-
plained in more detail in the Arrival Processes and Service Processes sections.

2.1.2. Arrival Processes

Each task in a DES simulation has associated interarrival time, which de-
scribes the arrival of successive tasks. Arrivals can occur at random times or at
scheduled times. When at random, the interarrival times are usually characterized
by a probability distribution [9]. The arrivals can also be either independent or de-
pendent. In this model, arrivals can be dependent based on when other tasks are
serviced, which can be the same or have a different task type. To model the de-
pendency of tasks, information flow between tasks is specified through a DSM.
Servicing a task can trigger other tasks based on the dependency DSM, which is
discussed in the next sections. The newly triggered tasks subsequently enter the
queue and are later serviced according to the queue discipline. Servicing a task can
also cause other tasks to be unblocked, i.e. these tasks are allowed to leave the
queue and be serviced. To model the blocking/unblocking [19], the flow of certain
tasks in the queue is temporarily stopped until a condition is met (e.g. another task
is serviced). The concept of dependency is extended in this model to account for
tasks that may be unlocked after a certain percentage of a different task is finished,
without waiting for the task to be fully completed (e.g. dependency of initial tasks,
as described below).

Initial task interarrival times

The interarrival time of initial tasks is not explicitly modeled because avail-
ability of developers and dependency between tasks dictate when the initial tasks
are serviced. To model dependency between tasks, information flow from task i to
task j is specified through a dependency matrix D. D(i, j) is zero when there is no
information flow from task j to task i and the two tasks can be processed in paral-
lel. D(i, j) is one when there is information flow from task j to task i and the two
tasks are either processed sequentially or there can be some overlap. To specify the
level of overlap between tasks j and i, an overlap matrix O is used. O(i,j) = b
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implies that task i can be serviced before task j has been completed and the level
of overlap is T(j) - b, where T'(j) is the initial duration of task j.

Rework task interarrival times

Arrival of tasks associated with rework is modeled using a rework probabili-
ty matrix R{q’rew"rk , which indicates probabilities that task j causes rework for task

i during qth iteration. More specifically, the value of R{;’”W‘”k implies whether
rework is caused for task i after qth iteration of task j, i.e., the value of R{q’”w"rk

is the success probability of the Bernoulli distribution.

2.1.3. Service Processes

Similar to arrival processes, service processes can also be either constant or
of random duration. Also, different tasks can have different service times (or prob-
ability distributions).

Initial task service times

To indicate the duration of initial tasks, the model allows product/project
managers to input their pessimistic(p), likely (1), and optimistic (o) estimates.
Specifically, a time duration matrix T;(j) = (p,l,0) uses the latin hypercube
sampling (LHS) method to generate expected values for the duration of task j. Lat-
in hypercube sampling has been shown to have a better convergence rate com-
pared to a more popular random sampling method [20], [21]. Since the estimate of
initial service times of tasks is usually carried out by project managers based on
their prior experience, this model captures the 10th percentile of the expected du-
ration, the mode and the 90th percentile of the expected duration of a task
as(p, 1, 0). It has been shown that the 10th and 90th percentiles of the expected du-
ration are easier for humans to estimate than the Oth and 100th percentiles of the
probability distribution function (PDF) of expected durations [10].

For each task j, its pessimistic, likely and optimistic duration estimates can
be used to generate a PDF fz (¢). Specifically, given the 0" (a) and 100" (b)
percentiles for task durations, as well as the mode (c¢), the PDF of a triangular dis-

a: —oo<ag<ow
tribution can be constructed. In fact, given b:a<b , One can write the
cca<c<bh

PDF of a triangular distribution as follows:

0,foré <aoré&>Db

GO
f=(€) = (b—a)(c_a),foransc
| 20-9)

m,forc<f£b
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To find a, ¢, b from known estimates of p, [, o, the following system of equa-
tions has been derived by Mkrtchyan[22]:

1+2?2+@+w)?=10

1
l_OZ(Z+ 1) ZEW(l +W)
Using a publicly available library for numerical analysis and taking into ac-
count initial conditions (i.e., z > 0,w > 0), the values of z and w can be computed

for any estimates of p,l,0. Next it can be shown that a = o —%(l —0) and
b=p+:(p— 1), while c = 1[22].

Latin hypercube sampling (LHS)

To generate task duration samples when running the simulation model, the
LHS method is used. LHS is a type of stratified sampling [21], [23] and it operates
in the following way when sampling data for K tasks. The range spaces for each
component of &, i.e., &,&,, ..., &k is split into M disjoint intervals (also known as
stratas) on the basis of equal probability size, where M is the number of simula-
tion iterations. In this case, each disjoint interval has a probability size of 1/M.
One value from each interval is selected randomly. Hence, M values are obtained
for each component of ¢. Lastly, M values from &; are randomly combined with M
values of &,,&;, ..., & to form MK-tuples. The set of K-tuples is also known as
Latin hypercube sampling. Therefore, for given M and K, there exist (M!)X~! in-
terval combinations for a Latin hypercube sampling. Furthermore, compared to
random Monte Carlo sampling method, LHS has significantly smaller sampling

error of 0(*/p)[24], [25]., while the sampling error of Monte Carlo is 0 ( /\/N>

where N is the number of samples [26]. This means that the sampling error de-
creases quadratically faster in the case of LHS.

To accomplish the above-described process, an easy to implement method
has been proposed, which uses inverse cumulative distribution function (CDF)
[27], [28]. First, the interval [0,1] is divided into M intervals. Next, the midpoint
of each interval is determined. Afterward, using inverse CDF, values correspond-
ing to task durations are extracted. Specifically, for a triangular distribution, ran-
dom variants can be generated as follows knowing the value of v € [0,1].

E=a+.vb-a)(—-a) an0<v<E}%

<v<l1

l—a
E=b—JA-v)(b-a)b-1), when 5
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M samples are generated this way for each component of &, which are used
to specify task durations for K tasks during M simulation runs. Because this me-
thod chooses the midpoint for each of the M intervals, the method is referred to as
median Latin hypercube sampling.

Rework service times

Rework service times are modeled as fractions of initial service times. For
example, if task i requires a rework, its duration is modeled as a fraction of the
initial task, i.e.57e"or =kewerk - gnitial where S{™“ is the initial duration of
task i and k{:‘”‘”k is the fraction of work that needs to be reworked for task i dur-

ing qth iteration. The values of k[:work are extracted from a three-dimensional

j,rework
Kl.q

matrix , Which also includes information about which task (j) causes re-

work for task i during gth iteration.

2.1.4. Factors impacting service time

While service times are generally extracted from a probability distribution
function, they can be further impacted by a variety of factors. Some of the major
factors impacting service times are the learning curve, individual developer per-
formance variations, and coordination cost.

The learning curve measures a characteristic of a task when it repeats. This
model assumes that the duration of taskidecreases by L; percentage every time
task i (or a portion of it) repeats until reaches some L***, which is the maximum
possible gain from repeating task i.

Another factor that can impact the service time is the individual differences
between developers. More specifically, varying levels of developer experience,
knowledge, and commitment levels can impact their performance, which in turn
impacts task service times. To take this into account, the model allows the project
manager to account for performance differences by specifying the performance
level for each developer. Specifically, the model assumes a default performance
level of 1. If a developer is assumed to have better than average performance, the
manager can increase the performance level by increasing the number, e.g., a de-
veloper with a performance level of 1.5implies that tasks will be completed 50%
faster compared to a developer with a performance level of 1.

Lastly, the model also takes into account coordination cost between devel-
opers. The coordination cost refers to the amount of extra time that one developer
needs to get accustomed to a task that another developer has been working on. The
coordination cost is assumed to be zero for the same person, i.e. when a developer
continues his own work there is no extra coordination cost that should be taken
into account. Furthermore, the coordination cost is higher for developers that work
in different teams and/or in different sites and is generally lower for developers
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working side by side in the same team/site. The model accounts for the coordina-
tion cost by adding AS{"*Sto the service time of taskiwhen a developer from a
different team previously worked on the same task. In this case, AS£™SS is known
as the cross-site coordination cost for task i.

2.1.5. Team Structure

To account for various team structures and their effect on product develop-
ment process, the model takes into account the following factors.

Developer types

Developer types can be entered in the model, which is used to allocate tasks
from the queue. Since all the tasks have their appropriate types, it is required that
all task types have at least one matching developer with the same type. Otherwise,
a task will never be serviced, if a developer with the same type does not exist.

Number of developers & priority levels

Developers can be of different type of they can have the same type. If de-
velopers have the same type, their priorities can be different. More specifically,
two developers can be structural engineers but if one of them has a higher priority,
a structural engineering task will be allocated to the developer with the higher
priority, if he/she is available.

Work hours

Different teams can have different work hours in the model. This is especial-
ly useful when modeling a distributed product development process that includes
teams in multiple times zones/countries. Knowing work hours of different teams
helps take into account task distributions between developers working in different
time zones, as well as modeling the coordination cost between developers.

2.1.6. Queue

Queue serves as a temporary holding place for tasks before developers ser-
vice them. However, besides serving just as a storage for the tasks, the queue has a
discipline, which describes the logical ordering of tasks in a queue. It determines
which task will be serviced first when a developer (server) becomes available [9].
There are numerous queue disciplines (e.g., first-in-first-out, service in random
order, shortest processing time first) that can be implemented in a DES model. In
this model, service according to priority queue discipline is implemented, which
allocates the highest priority task to the first available developer of the same task
type (with the highest priority).

2.1.7. Servers/Developers

The developers in this model represent the servers of a queuing based DES
model. Since developers can work simultaneously, they can be viewed as N paral-
lel servers, whereN is the number of developers/servers. Nonetheless, it should be
noted that these servers have varying characteristics (e.g. performance ratings,
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types of tasks they can service, work hours) and they do not always have to work
in parallel. For example, if two developers work on a project that consists of two
dependent tasks of different types, then one developer has to wait until the other
developer finishes the task. This occurs despite the fact that both develop-
ers/servers, in theory, can work in parallel. Another important characteristic that
describes the servers are work hours. In this model, the servers only become avail-
able during work hours and are inactive otherwise.

3. Model Outputs

The model is able to capture a variety of metrics that are useful for analyz-
ing product development process. Specifically, being a queuing-based DES model,
it is easy to capture long-run measures of performance of this queuing system.
This metrics are the following: total and average time spent in the queue, total and
time-average number of tasks in the queue, utilization of each server. Besides
these DES metrics, the model also captures the total time it takes developers to
complete all the tasks.

3.1. DES-based metrics

The main steady-state DES-based metrics are (a) the total and average time
tasks spend in the queue, (b) total and time-average number of tasks in the queue,
(c) average utilization and utilization of each server/developer. In this model, from
the steady-state measures mentioned above, utilization can be used as a measure of
developer workload. It is calculated as the ratio of the time the developer is busy
servicing tasks divided by the total duration of the simulation. For a single server
queuing system, the long run server/developer utilization (p) is equal to the aver-
age event arrival rate (1) divided by the average service rate (u).

p==
u

For the queuing system to be stable, the arrival rate must be less than the
service rate, i.e. A < u. |If the arrival rate is greater than the service rate, then
p = 1. In real-world situations, this can happen when developers have more tasks
than they can service. One way to alleviate the saturation of servers is to increase
the number of developers. Since real-world PD projects usually have multiple de-
velopers working in parallel, the notion of average developer utilization can also
be computed, i.e., the simple arithmetic mean of the developers’ utilization.

In this model, average task wait time in the queue is also calculated. To find

the average time tasks spend in the queue, we define W2, W2, ..., W,? to be the
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time each task spends in the queue, where N is the number of arrivals during
[0, 7]. Hence, the average time spent in the queue per event will be:

1V 0
Wy =— W,
=52 W

As N — o, W, = w,, where wy, is the steady-state time spent in the queue. For
stable queuing systems, w, must be bounded, otherwise wait times will grow inde-
finitely.

Similarly, let 7, denote the total time during [0, z] in which the queue con-
tained exactly u tasks. The time weighted average number of tasks in the queue is
defined by:

As T - oo, ZQ - Ly, where L, is the long-run time-average number of tasks wait-
ing in queue.

3.2. PD specific metrics

Besides these DES metrics, the model also captures the total time it takes
developers to complete all the tasks. Note that due to the ability to process tasks in
parallel; the total time to service the tasks is generally less than the sum of times
each developer spends on servicing tasks allocated to him/her. Assuming 7} indi-
cates the time when the last task in the queue was serviced by a developer during
gth run of the model, the following metrics are calculated:

— Minimum project completion time: t,,,;,, = ming(rf).

— Maximum project completion time: 7,,,, —max, ().

— Average project completion time: t,, = %Zgzlrf, where G is the total

number of simulation runs.
— Standard deviation of project completion time:

1
Tsp = \/EZZ=1(Tf _Tav)z'
— Median value of project completion time:
Tmed = Valueoft,,.q forwhichP(X < T,pq) = P(X 2 Tpeq) = %,

where isX is the random variable representing project completion time after each
simulation run.For each simulation run g, 7 is defined as the time spent by devel-
oper D on servicing tasks.

The model is able to capture a variety of metrics that are useful for analyz-
ing the PD process. Specifically, being a queuing-based DES model, it is easy to
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capture long-run measures of performance of this queuing system. Moreover, the
model also captures PD specific metrics.

4, Results

4.1. Unmanned vehicle development project

To validate the model, the SimLink™ application was tested on an existing
(also referred to as historical) data set gathered from industry. Specifically,
Browning[18] collected information from Boeing on task durations, learning fac-
tors, task relatedness, and rework. Table 2 shows task duration estimates. It should
be noted that in this case the duration estimates represent the Oth percentile, mode,
and the 100th percentile of a triangular distribution, rather than the 10th and the
90th percentiles used in the SimLink™ model. Also, in Browning’s work re-
source constraints are not accounted for, hence the tasks can be processed in paral-
lel to the extent allowed by task relatedness. To incorporate this into the Sim-
Link™ model, each task type has its designated developer that can process the task

once it arrives in the queue.
Table 2: Task duration estimates for a UV project.

Durations (days)

Tasks 0 l p Learning
Ad 1.9 2 3 0.35
A511 4.75 5 8.75 0.2
A512 2.66 2.8 4.2 0.6
A531 9 10 12.5 0.33
A521 14.3 15 26.3 0.4
A522 9 10 11 1
A5341 7.2 8 10 0.35
A532 4.75 5 8.75 1
A533 18 20 22 0.25
A5342 9.5 10 17.5 0.5
A5343 14.3 15 26.3 0.75
A5344 13.5 15 18.8 0.3
A54 30 32.5 36 0.28
A6 4.5 5 6.25 0.7

Next, task relatedness is specified through a DSM, which is shown in Table
3. The values of the DSM indicate information flow between corresponding tasks.



A. Mkrtchyan 61

The super-diagonal elements indicate precedence relationships, while the sub-
diagonal elements indicate feedback relationships between tasks.

It should be noted that the overlap matrix O(i,j) is zero for this project,
since Browning did not collect information and it was assumed that partial task
overlap was not applicable.

Similarly, both rework probability and impact matrices[18] were captured
and included in the model. After running the model N = 200 times, the Sim-
Link™ results for project completion time are the following:

{ Average = 151.6 days
Standard deviation (SD) = 15.9 days

Table 3: Task relatedness matrix for UV project.
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The results are compared to Cho and Eppinger’s[10] modeling work, which
also utilizes DES simulation and uses Browning’s UV data set. Specifically, the
results from the previous (simpler) model were:

{ Average = 146.8
Standard deviation = 17.0

The results show that the SimLink™ model in a simple form is able to repli-
cate the results using a historical data set. Also, the PDF of project completion
time is positively (right) skewed (Figure 3), which agrees with the results from
Cho and Eppinger[10] and Browning [18].
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GRAPH

Figure 3: The PDF of project completion time for UV project.

4.2. Mobile software development project

This project is concerned with revising an existing system to better support
the growing demands of a small firm’s corporate clients. At the time this firm used
Pivotal Tracker, an agile project management tool. Some of the information about
the project, such as the tasks and developers working on the project were extracted
from Pivotal Tracker. The rest of the required information was collected from a
team leader responsible for this project. Omuoka! McTOYHMK CCHLIIKH He Haii-
aeH. shows the tasks, their types, and duration estimates.

Four developers were involved in this project. To be more precise, two de-
velopers from California and two developers from Armenia worked on the project
as a small geographically distributive software development team. The developers
had different performance levels, learning curves, and various skills. Table 4
summarizes the main characteristics of developers, as well as typical work hours
(indicated in Armenian time).

Table 4: Developer characteristics for mobile soft. dev. project.

Develo- Skills / task types Pruductivity | Learning Region Typical
per level curve work
hours
1 Games back end 0.75 0.2 A . 9:00-
API integration ' ' rmenia 20:00
2 | Customer API 1 0.1 California, UsA | 22:90-
' ' 06:00
. . . . 20:00-
3 API integration 1.3 0.1 California, USA 06:00
Customer API 9:00-
4 Advertisement back end 1.4 0.2 Armenia -~
20:00
Games back end
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The remaining modeling parameters, such as task relatedness and rework
matrices are shown in Mkrtchyan’s work [22].
Before the project was complete, the simulation model was utilized to predict
project completion time. Moreover, the timeline was analyzed to identify oppor-
tunities to increase team efficiency and compare them with real world observa-
tions. The results (Figure 4) show that model predictions for average project com-
pletion time was 182.7 with SD of 25.84, while actual project completion time
was 168 hours. While actual results were within one SD of model predictions,
lower actual project completion time was mainly due to increased concurrency
than what was accounted in the model. Specifically, the overlap matrix, O(i, j)
was specified as having all zero elements (i.e., tasks that exchange information do
not overlap); however, in the real world developers collaborated more than antic-
ipated by the PD manager and some overlap between tasks was present. Still the
estimated results were within one SD of the actual project completion time.
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Figure 4: Comparing actual vs. predicted project completion times.

5. Discussion

In general, three key areas for model applications were identified during the
development and validation process, which are discussed below.

— Setting schedule target is one of the main potential applications of the
model. PD managers can evaluate different scenarios and choose one that has an
acceptable risk level of schedule overrun. The SimLink™ model can be used to
analyze only those PD scenarios that are feasible. For example, knowing how
many developers can potentially work on a project, the SimLink™ should be uti-
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lized to evaluate only the scenarios that involve these developers, rather than some
theoretical schedule tradespace that includes imaginary developers.

— Process improvement is another potential application area. Specifically,
the model can help identify critical tasks that have significant impact on the PD
process. By paying more attention to these tasks and allocating sufficient re-
sources, the PD manager can improve the overall PD process.

— Research oriented evaluation has also been identified as a potential appli-
cation area of the model. There are PD strategies that have been consistently dis-
cussed in the PD literature but are usually hard to implement. The model can help
quantitatively evaluate the impact of such strategies. For example, preemptive ite-
ration has been suggested to shorten PD completion time by doing more iterations
in the beginning of PD projects. While it is often risky to attempt such a strategy,
the model can provide a quantitative measure of the expected reduction of PD
project completion time.

Another example of a PD strategy that is hard to implement but easy to test
with the model is follow-the-sun PD process implementation. Such a strategy re-
quires setting up development activities in different time zones so that PD work can
be passed from one time zone to another and effectively continues for 24 hours.

6. Conclusions

In this paper a novel method for predicting distributed PD lead time was pre-
sented. The above-described method uses stochastic DES approach to generate
probability density functions of lead times. While lead times are one of the main pa-
rameters that interest project and product managers, the model can be used to ana-
lyze bottlenecks and optimize resources, conduct replanning activities, and improve
PD processes in place. Given the level of granularity of the model, it can help small
teams conducting PD activities. The modeling approach is valid for any PD process
that has one or more teams of developers, including both hardware and software
(and mixed) development projects. Furthermore, user-friendly Mac OS® and iOS®
applications were developed to allow rapid dissemination of the model and make it
easy for product/project managers to learn and use the model effectively.
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uht qpuliwimpniip hwfwp putwupynd E  wpuwngpuiph
wnbkplnyp qupqugiwub gnpdpupwgubph punypp wwuppkp wuy-
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winpupuninid wjwbtwynpdwb gopshpubpnh puguluwynipjuip
wyy juquubkpynipniutbpnud: Uju hnpudp byuwwnwly nith
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hunwl tkpwnnid b nnupplp wnwewnpupttp, phutp b woaw-
wnwlhgubp” nknupwohjws wpnwunputph unbnddw spowtwly-
ubpnud: Uju wpjuwwnwbipp hwodh L wntnud  wpunwnpuph
unbnddwt gnpdpupwgh Yplyuyny punypnp b wdpugpnud £ pnduiti-
nuljujhtt hwpwpbpmpmniuubpp wnwewnpuupubph b Spwugqpu-
Ynpnnubph dholi: Unpljp Juykpugyt)  twpujhunid hwdwupw-
gnyus wndjuyutph pwquyh hhdwb Jpw, hsywbu bwl’ oguiw-
qnpdtny ufjuyubp tnpp Spugpuyhte pujkpmpjut wpnhulub
Spwgnhg: Unpbkjh hhdwt Jpuw unbnsdby t hton oquumugnpdynn
qopdhp, npp Juphbih b gopdwpyl) hwdwlupgsny b iPhone/iPad
uwppuynpnidubipny:

CTOXACTHYECKAS MOJEJIBIJISI ONEHKHA
BPEMEHU PA3BUTHUS IPOAYKTOB HA OCHOBE
JIMCKPETHO-COBBITUMTHOM CUMYJISILIAN

A.A. MKPTYSIH

AHHOTALMS

Db dexTrBHOE MPUMEHEHHE TTPOIYKTOB 0COO0 BAXKHO sl yCIexa MHOTHX
¢upm. B nuteparype mo mMpUMEHEHHIO MPOIYKTOB YacTo, Ka3aioch OBI,
o0cyxIaeTcs IpUPoJa MPOLECCOB UX Pa3BUTHS B PA3IMYHBIX YCIOBHUSX H
OpraHu3alKsiX, HO aJICKBATHO HE FOBOPUTCS 00 OTCYTCTBHHM MHCTPYMEH-
TOB IUIAHUPOBAHUS B CAMHUX OpraHH3almsax. Llepro TaHHOI cTaThH cTaNo
BOCIIOJIHEHHE TPOOEIIOB B MOJJICP)KKE HHCTPYMEHTOB ISl ITAHUPOBAHHS
C MOMOIIBIO CO3AaHMs MOJIeJIel TUCKPETHBIX COOBITHI AJIsL TOTO 4TO OBl
paccyuTath BpeMs, HEOOXOAWMOE IS BBIIOJNHEHHS HOBBIX IPOCKTOB.
Monens THaTenbHO (GUKCUPYET pa3Hble 3aJadd, TPYMIEl U pa3paboTyu-
KOB B paMKax pacIpeAe/iCHHOW YCTaHOBKM pa3pabOTKM MPOAyKTa. DTO
nporeaypa GUKCHPYET MOBTOPSIONIYIOCS MPUPOLY MPOIECCOB Pa3BHTHS
OPOAYKTOB M YKa3bIBaeT Ha KOHTEKCTYaJbHBIC COOTHOIICHHS MEXIy 3a-
JnadaMu 1 paszpaborankamu. Mozens Gbuia MOATBEPIKACHA Ha paHee co0-
paHHOM Habope MaHHBIX C TOMOIIBI0 MCIOJIB30BAHUS JTAHHBIX TEKYIIIHX
HPOEKTOB, B3ATHIX Y MalbIX (UPM MporpaMMHOro obecnedeHus. Moaenb
npeoOpa3oBaHa B MHCTPYMEHT, KOTOPBIi JIErKO HCIOJb30BaTh KaK HA MO-
HHUTOpPE KOMITbIOTEPA, TaK U HanpmioxkeHusx i Phone/iPod.
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AHHOTADIUSA

IMocTpoeHs! KIaccHYecKHe penieHus chepuaeckoro 0000ImeHHs IByMep-
HOTO CHHTYJIIPHOTO OCLIMIIISITOPA, B3aUMOACHCTBYIOIIETO C MTOCTOSIHHBIM
MarHUTHBIM IIOJIEM IS CIydasi, KOT/1a CUHTYJISIPHOCTh 33aJaeTcsl LIEHTPO-
CTPEMUTEIBbHBIM MOTeHIMaIoM. [loka3zaHo, YTO MOMHMO OCHOBHOTO pe-
IICHUS, UMEIOLIEeTo IJIAHAPHBIM TpejelN, CHcTeMa JIOIYCKaeT JIOTOJIHU-
TeJbHBIE PELICHNS HE NMEIOIIHE aHATIOTOB Ha INIOCKOCTH.

Kniouegvie cnoga: CUHTYISPHBIN OCLMILIATOP, MArHUTHOE TOJIE.

1. Beeaenue

OcuumATop SIBISETCS CUCTEMOM, BBIJIEICHHON BO MHOTUX OTHOIIEMHHUSX.
I[Ipexe Bcero, OH BBIICICH HATMYHAEM LIMPOKOi aareOpsl cummerpuii, su(d), rae
d ectb pasmepHocTb npoctpancTsa [1]. Kpome toro, Hapsay ¢ 3agadeii Kysona,
OH OTJIMYAETCSl TEM, YTO BCE €r0 TPAaeKTOPHUU 3aMKHYTHI [2]. Hamuune mmpokoi
anreOpbl CUMMETpUl MO3BOJIIET BO MHOIMX ClIydasX BBOJUTH B30MMOJAEHCTBHE
OCLIIIIATOPA C BHEIIHUMH IOJISIMH, OCTaBIIAs CHCTEMY HHTerpupyemoil. [Ipo-
CTEHIIMM M BaXXHEHIINM IIPUMEPOM TAaKOIo POAa SIBJISETCS ABYMEPHBINA OCIUILIS-
TOp B IIOCTOSIHHOM MarHUTHOM nosie. HakoHen, umeercs 00001EHHs OCLHMILIATO-
pa Ha WCKpUBJIECHHBIE NpocTpaHcTBa. Hambonee m3BecTHOE 0000IIEHHE TaKOro
ObLTO mpeoxkeHo XurrcoM [3] amst ocumsitopa Ha O-MepHO#M cdepe pamuyca
7p. OHa 3a1aeTcs NOTEHIMAIOM
azroz tan? 6

V. =
osc 2

(1.1)
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rae tanf = |x| /x441/ ,@ X, X441 €CTh 3BKIHIOBBI KOOPIUHATHI OOBSIMITIOIIE-
ro npoctpanctBa R4*1: x% + x2,, = r¢. Hapsany ¢ o606mennem 3anaun Kymona
Ha cdepe [4], OH BBIIECTICH TEM, YTO BCE €r0 TPACKTOPUH 3aMKHYTHI. OTMETHM, YTO
o0e 3TU cucTeMbl 00J1aat0T HETMHEHHBIMU anredpaMu CKPLITHIX CUMMETPHA, U B
OCHOBHOM HacCJEIyIOT XapaKTepHbIE CBOMCTBA CTAHAAPTHBIX 3334 OCLMILIATOPA U
Kynona.

OnHako ocLMIIATOp XUITCA IJIOX TEM, YTO B MIPUCYTCTBUU IOCTOSHHOTO
MarHuTHOTO TIOJISI TIepecTaeT ObITh TOYHOPEIIAeMOW CUCTEMOM, YTO CHIIBHO IPH-
YMEHBIIIAET €ro MPaKTUYECKyH BaXXHOCTb. (€0 B TOM, UTO CHCTEMbI Ha cdepe
HMMEIOT HEe TOJIBKO aKaJeMHUYECKHUH, HO NMPUKIAJHON cMbIca. Bo-nepBbix, Moaens
YacTUIbl Ha JBYMEPHOW/YEeThIpeXMEpHOHl cdepe, ABMKYIIEHCS B MOCTOSHHOM
MarHUTHOM/MHCTAaHTOHHOM TIOJIe, SIBJSIETCS. OCHOBOM, Ha KOTOPOW CTPOHUTCS TEO-
pHsl IBYMEPHOTO U YeThIpXMEpHOTO >PdekToB Xoiuia (CM., COOTBETCTBEHHO, [5,
6]). Bo-BTophIX, cucTemMbl Ha chepax MOTYT UHTEPIPETUPOBATHCS KaK CUCTEMBI C
3aBHCSIEH OT monoxeHus d3pdexTuBHONW Maccoit. M, HakoHeI, OHU MOTYT arf-
IIPOKCUMMPOBATH IBUKEHUE pealIbHBIX YaCTHUI] B TOHKHUX c(hepUUecKHX IJICHKAX, U
MMEIOT OTHOILEHHE K (PU3UKE HAHOCTPYKTYP.

IToromy BaxkHO HalTH JIpyrue o0OOIIEHUs OCLHMILIATOpA Ha cdepe, ocTaro-
HIEHCS MHTETPUPYEMBIMU B MPUCYTCTBHUM MAarHUTHOTO moisi. Takue o0oOmieHus
OBUIM pacCMOTpeHBbI B 1HKIE padoT [7,8,9,10,11]. TloTeHuman yka3aHHBIX MOje-
JIEH, BRITJISIIUT TaK

N |

Vgy = 2a?r¢ tan? (1.2)

C npyroii cTOpoHBI, O0IIEU3BECTHO, YTO ABYMEPHBIN OCIUILIATOD, 3a/1aBac-
MBI TOTEHIINATIOM

2..2 ﬁz
Vow = % +o5 T =xf + 3 (1.3)

TaKXKe OCTACTCS MHTEIPUPYEMBIM B MPUCYCTBUU MAarHUTHOTO ToJst. [lpu 3TOM OH

TaK)KE€ HMMEET MPAKTHYCCKYI IEHHOCTh: OH WIPAeT pPOJib OTPAHUYMUBAIOIICTO

MOTEHIIMANA KOJbIIeOOpa3Hble HAHOCTPYKTYP, GpaOpuKanusi KOTOPBIX BO3MOXKHOMN

B TIOCJICTHEE BPEMSI.

Cdeprueckoe 0000IIeHHE ITOW CHCTEMBI OBLTO TPEIJIOKEHO B HEIABHOMN

pabore K. Apamsina [12]. OH 3amaeTcsi MOTEHIIMAIOM
6 p? 20

V = 2a?r§ tan? = + S cot? = 1.4

0 2 ' 8¢ 2 (1.4)

U SIBIISIETCS. MHTErpUpyeMoi cuctemoil. Ero kimaccudeckue perieHus ObLTH

HaiieHsl B pabdore [12], a kBasukiaccudyeckue — B pabote [13]. B paborax [14]
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yKa3aHHasl CUCTeMa OblIa MPHIIOKEHA K MCCIIEIOBaHUIO KOJIBIIEOOpa3HBIX chepH-
YEeCKHUX TUICHOK.

CoBepIlIeHHO OYEBUIHO, YTO 3aMEHHMB LIEHTPOOESKHBIH MOTEHIMAT KpPYyro-
ro/cepuueckoro OCIMIIIATOpa Ha IIEHTPOCTPEMHUTEIbHBIN ((hOpMaIbHO 3TO O3HA-
gaeT 3amMeHy [ — iff), MBI OCTaBUM CHCTeMy HHTerpupyemoil. Ho ee pemenus
OyIyT CyLIECTBEHHO 3aBHCETh OT HaYaJIbHBIX YCIOBHM 3a1auu. VX HAX0XKIECHUIO U
HCCJIIOBAaHUIO MIOCBALICHA Mpe/icTaBlIeHHast paboTa.

Pabora moctpoeHa Tak:

Bo BTOpO# I1aBe Mbl HalJeM pelIeHUs KJIACCUYECKUX YPOBHEHHUN IBHUXKeE-
HHSI KPYTOBOTO OCIMJUIATOPA € IIEHTPOCTPEMUTENFHBIM MTOTEHIINAIOM

azrz + 52
2 2r2 !

V= (1.5)

B3aMMOJEHCTBYIOIIETO ¢ MOCTOSTHHBIM MarHUTHBIM IOJIEM.
B Tpertbeli TaBe MBI HaleM pEIICHUS KJIACCUYCCKMX YPOBHEHUH cdepu-
YeCKOro 0000IIEHNS 3TOH CHCTEMBI, 3aJJaBAEMOT0 ITOTEHIINATIOM

2
V,r = 2a?r¢ tan® % + gr—g cot? % (1.6)

2. CucreMa Ha IVIOCKOCTH

[lycTh, UMeeM akcHadbHO CUMMETPUYHYIO CUCTEMY Ha IJIOCKOCTH ABUXKY-
LIYIOCS BO BHEIIHEM MOCTOSIHHOM MarHMTHOM IOJI€ HANpPaBICHHOM MEpPHEHINKY-
JSpHO mIockocty, By = B, = 0, B3 = B.

Ecnu BHemHee MarHuTHOE MOJI€ UMEET HANPHXKEHHOCTh B , To Ha wacTuily
neiictByeT cuna JlopeHia

F, =ixB

SIcHO, 4TO HaMM4Me MOCTOSITHHOTO MarHUTHOTO IOJI HE HapyllaeT Bpalia-
TEIHLHON CUMMETPHUH CUCTEMBI, & TAKKE HE MEHSIET €€ SHEPTUH.

Hrak, B IpUCYTCTBUM MOCTOSSHHOTO MArHUTHOTO IOJSl ABYMEPHBIM OCLIMII-
JIATOP OCTAETCS MHTETPUPYEMOU, 1O JIMYBUILIIO, CHCTEMOW: OH UMEET JIBA WHTET-
paJia ABM>KEHUS: SHEPTHIO U BpauaTeabHblii MOMEHT. C UX MOMOIBI0O MOXKHO MPO-
WHTETPUPOBATh YPABHEHUS IBUKCHHS aHAJIOTHYHO TOMY, KaK 3TO CIIEIaHO B y4eO-
Huke Jlangay u JluBminna Jjist ABMKEHUS! YACTHUIIBI B MOTEHIIUATILHOM IIEHTPaIb-
HO-cuMMeTpu4HOM moe [15].

Opnako, TIpu coXpaHeHHH (DYHKIIMOHAIBLHOTO BHJIa SHEPTHH, IMOCTOSHHOE
MarHuTHOE TI0JI€ MEHSET BUJ BPAIIMTEIbHOIO MOMEHTA. Ecii nepeiTu K mnossip-
HBIM KOOpJAMHATAM, TO SHEPrUs U BPAIUIUTEIBHBI MOMEHT CHHIYJISIPHOTO KPYIo-
BOTO OCIILISTOpa ¢ oTeHimanoM (1.6) 3a1at0Tcst BBIPaKSHUSIMU
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sty et gt
E=— g =170+ (2.7)
OTcro1a HaX0IUM
2 2
2 =2 4 LIy ot - (2.8)
OKBUBaJICHTHO:
dr\?2 B2
2 (E) = (“2 + T)Tz +2(E +JB/2)r — (J* + B?). (2.9)

HOTOMy JAOIIYCTUMBIC 3HAUYCHHSA HHTCIPAIOB JABWIKCHUSA YIOBJICTBOPAIOT
YCIIOBHIO

(E +7B/2)* > (a? +2) (2 + p2), (2.10)
N3 (2.9) ¢ nerkocThio HAXOAUM
t=21] ar (2.11)

2 J—<a2+¥)r2+2(E+]B/2)r—(]2+[32)
1ot uHTErpani oepercs 630 BCAKOro TPy/a, B Pe3ybTaTe 4ero nonydaem [16]

2
(E+B /2)—(a?+2-)r
t = —————arcsin ( 2 ) (2.12)

2\]“2+¥ \/(E+]B/2)2—<a2+i—2)(]2+[32)

WJIH, DOKBUBAJICHTHO,

B2\ 2. 02
2 _ EHJB/2 I s e SV Py
r > +£ 1+ |1 EOTIDE sin2 |a“ + Tt (2.13)

Kax BUJIHUM, HAJINYHUC HeHTpO6€)KHOFO NnoTeéHIHajla HC BJIMACT Ha 4YaCTOTYy
paauajibHbIX KOJ'Ie6aHI/II71, HO TOJIbBKO Ha WX aMIUIUTyHdy. MarsuTHOE MOoJIe BIUSICT

KaK Ha aMIUIUTYyAy KojeOaHMi, Tak M Ha 4acToTy. [IpuHuMas BO BHMMaHuUE, 4TO
BpalaTenbHbIi MOMEHT UMeeT Bunj = 1@ + Br?/2, Mbl MokeM HalTH Takxke
3aBUCUMOCTH ¢ = @(t),

o= [T = Tt [ (2.14)

OTOT HUHTETpaJI TOXKE JICTKO 6epeTca, B pE3YyJIbTATC OKOHYATCIIbHO IIOJIy4acM
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(a2+¥)(12+ﬁ2)

(E+/B /2)?

2.B%\ 12,02
2 NGy e
tan(J + B*/])(¢ + Bt/2) = |1 (E+/B /2)

2
+tan faz + BTt (2.15)

I/ITaI(, MbI HallllTU pCIICHUA ypOBHeHI/Iﬁ ABMIKCHHA KPOroBOIro OCHUIIIIATOPpA

+

C LEHTPOCTPEMHUTEIBHBIM, B30MMOJICHCTBYIOIIETO C IOCTOSIHHBIM MATHHUTHBIM
nojieM. MOXHO 0XXHJaTh, YTO M peLIeHHUs ero chepuyeckoro o0oOmeHus OyayT
AHAJOTUYHO HaWICHHBIMH.

3. Coepuueckoe 0000meHnE

[Ipexxae yeM mpUCTYNHUTh K €ro 00CYXIEHHUI0 chepudeckoro o600meHus
pPacCMOTPEHHOW B TPENBIAYIIEM pa3[elic CHCTEMbl, HATIOMHUM HEOOXOAUMBIC
9JIeMEHTHl c(epuuecKoil reoMeTpur. MeTprka Ha JByMepHOW cdepe 3amaercs
BBIpaKEHUEM

ds? = r¢(d6? + sin®0d¢?) (3.16)
rac 0 u @ CBsA3aHbI C OBKIIMJOBBIMHU KOOpAXMHATAMHA C(i)epbl TakK
X, = 1psinfsing, x, = rysinfcose, x3 = rycoso (3.17)

[Moromy chepuueckuii aHaaor, pacCMOTPEHHBIH B TPEABLAYIIEM pasjese
CHUCTEMBI, 33/1aBaeMblii moTeHnuaioM (1.6), umeeT SHePTHI0
ré62 n résin?0¢?
2 2

E =

2
+ 2a’r¢tan’® % - ifr_oz cot? % (3.18)

OnwuieM, Kak NepexouTh OT CPepruuecKoro ciydas K III0OCKOMY, OTBEYaro-
1iero npenenyry — . C 3Toi Lenplo y100HO BOCIOIb30BaThCsl cTepeorpaduyec-
KOM mpoekuueil ceppl Ha MIOCKOCTb, KacaTeJIbHYIO 0)KHOMY IOJIOCY cepsbl.
Tornma xaxmoi touke cdepsl (6, @) cTaBUTCA B COOTBETCTBUE TOUYKA IIOCKOCTH

(1, ¥2)
V= 2rocot%sin<p, y, = Zrocot%cosgo (3.19)
COOTBETCTBEHHO,

r=\yt+yi= 2rocot§ (3.20)

[Ipu cBOOGOgHOM MABWXKEHHWH Ha cdepe BpalaTelbHbIi MOMEHT 3a/1aeTcs
BbIpaKCHHEM
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] =1y%sinf¢ (3.21)

HpI/I HaJIN4YU BpallCTCIIbHO-MHBAPHAHTHOI'O IIOTCHIMAIa 32Ta BCJIIMYHHA
OISITH JK€ COXpaHsAEeTCsA. B MPHCYTCTBUM MOCTOSIHHOTO MAarHUTHOTO TIOJISI Bpalia-
TEJBbHBI MOMEHT YaCTHIIBI Ha cepe 3a1acTcs BhIpakeHHeM (CM., Harrpumep, [9])

] = 1y%sinf¢ — Br¢ (1 — cosh) (3.22)

Co0TBETCTBEHHO, BOCIIOJIb30BABIINCH TPUBEICHHBIMU BBIPAXKEHUSIMU dHEP-
MU W BpalaTeIbHOTO MOMEHTA MBI MOXKEM HMPOMHTETPUPOBATH YPAaBHEHHUS JBU-
HKECHHSL.

UckmounB u3 BeIpaskeHus: s sHepruu (3.18) yrioByr CKOpOCTbh W BOC-
MOJIb30BABIIIKCH BBIPAXKEHHUEM JIJIS1 YTIIOBOIO0 MOMeHTa (3.22), moiydaum

1—cos6 2 14cosB
_ + 42 ool B THcosh
(1—cos40) 1+cos6 4r0 1—cos0

2
2E (d_e)z N (7 /r§+B(1~cos6))

ré dt

(3.23)

Ilepeiinem Teneps K peLICHUIO 3a1a4U IIPYU OTCYTCTBUU MarHUTHOTO MOJIS.
W13 (3.23) HemeuIeHHO NOJTydaeM HHTerpan

f —]2+2Ex @2x?2 (3.24)
1€ BBCIACHbI 0003Ha4YeHusa
_ 2
x = 2r¢(1 — cosh), J? =% — B2, 2E=E—fr—2,
0
~2 _ 2, E  B?
a“=a°+ 27 162 (3.25)

3aBUCUMOCTH OT BPEMEHH YTIJIOBOM MepeMeHHO# noixydaercs u3 (3.22):

+]/2r f(t) (3.26)

/r¢+B(1 9)
<P=fdf”((’1_Tzzo)s (/218 +B) [ =

(t)

Jlerko HaiiTH TaKx>ke 3aBUCUMOCTb @ = @ (0):

dr 2

= ——  r11ae r = (4ry — X)X 3.27

¢ =] | g e 7= (415 — %) (327)

3aMeTHM, 4TO B OTJIMYHE OT IIIOCKOTO CITydasi, 3HaUeHHs @ U E MOTyT OBITh

KaK TOJIOKUTEIBHBIMU, TaK W OTpULATENbHBIMH. ClenoBaTeNbHO, SIBHBIA BHI

uaTerpana (3.24) (a 3Hauut, u (3.27)), B OTIMYKE OT IUIOCKOTO CiIydas, OYeHb
3aBUCHUT OT HayaJIbHBIX YCIOBUH 3a/1auu.
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3.1 OcHoBHOE pelnleHne
PaccMotpuM ciywait &2 > 0, KOTOpBIl TIEPEeXOAUT B IUIOCKOM IIpesiesie B

OIMMCAaHHOC B PCUICHUE.

- ax+E
t=— arcsin

DKBUBAJICHTHO, UMEEM

[F2 _5272
212(1 — cos) = Y=L

sinat —

x|

(3.28)

311ech Mbl IMEEM YCIIOBUS

E? > J?a?, |a*x + E| < VE? — @2J*

Kak Bugmm, B OTJIMYHE OT MJIOCKOTO CHHTYJISIPHOTO OCIHHIUIATOpPA, 3(dex-
TUBHAs 4aCTOTa CHEPUIECKOTO CHHTYIISIPHOTO OCHMJUIATOPA 3aBUCHT OT MapaMeT-
pa cunryisipaoct. Kak u B ciiydae HECHHTYIISIPHOTO ChepHIecKOro OCHHILIATOPA,
4yacToTa pagualgbHbIX KoleOaHWH 3aBUCUT OT SHEPruM cucteMbl. MHbIMHU ciio-
BaMH, B OTJIMYUE OT IUIOCKOW CHCTEMBI, KoJieOaHus c(hepUueCcKOi CHCTEMBbI Herap-
MOHUWYHBI.

[MpuBenem Tenepb BbIpaXKeHHE sl TPACKTOPUH CUCTEMBI:

\/EZ —&ij sin&(p =m—g (329)

3.2 JlonoJiHMTE/IbHBIE PpelleHus

Teneps paccMOTpUM cilydau ¢ @2 < 0, KOTOpble He MMEIOT aHaJIora B ILIOC-
KoM mpezeine. Ho naxke 3/ech B HATMYUK TPU PA3TUYHBIX CITyYasi:

1.@* <0, &> > —FE?

B sTOoM ciywyae monmyyaem

1 ] ax+E
t = ———=arcsinh

—a? [F2 + a2
OTtcroza UMeeM
2r¢ (1 — cosf) + E = JE? + @?]? sinh(—at) (3.30)

Tp ACKTOPpUA 3a1aCTCA BbIPAXKCHHUEM

[E2 + #2712 cinhlélo = F — a
E? + @%J* sinh|@|p = E ST Tem— (3.31)
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2.2 <0, a0} =-E* a’x+E>0
B 31oM ciyyae nonyuaem
1 > -
t= Elog|a x+ E| — log const
Ortcrona nmeem
2@%r¢(1 — cos@) + E = const e®* (3.32)
Tpaekropus 3aaeTcs BhIpakKeHHEM
7o = 25 — = 3.33
e =28 - e (3.3
3.a’°<0,a*>?=-E%,a*x+E<0
B 3toM ciyyae nonyuaem
1 > -
t= —El0g|a x + E| — log const
Orcrona nmeem
2a%r¢(1 —cosB) + E = const e=% (3.34)
Tpaekropus 3aaeTcsi BhIpakKeHHEM
~ ~ az
el@le = 2F — (3.35)

roz (1—cos8)

Wtak, Mbl HaIUIM KJIACCHYECKHE pemeHus chepudeckoro o00O0IeHus
JABYMEPHOTO CHHTYJISIPHOTO OCLJUISATOpPAa B3aMMOJEHCTBYIOIIETO C IOCTOSHHBIM

MAarfvTHbIM HOJIEM I Ciiydas, KOorja CUHIYJAPHOCTbL 3aJa€TCAd HEHTPOCTPEMMU-
TCJIbHBIM ITOTCHIHMAJIOM. Mb1 YCTAaHOBUJIM OAHO3HAYHOC COOTBCTCTBHUC MCIKAY

peleHusIMU ChepruuecKoi 1 MIIOCKOM CUCTEM.

B 3aknaroueHHe XO0THUM HO6JIaFO,[[apI/ITB ApMeHa HepCCCHHa 3a IMMOCTAHOBKY

3aJla4y U IMOMOIIb B €€ PCUHICHUM.

JUTEPATYPA

1. Perelomov A.M. Integrable systems of classical mechanics and Lie algebras, Bikhauser,

1990.

2. Arnold V.1. Mathematical methods of classical, Nauka Publ., Moscow, 1973.

3. Higgs P.W., Phys J. A 12 (1979) 309.
Leemon H.I., Phys J. A 12 (1979) 489.

4. Schrodinger E. Proc. Roy. Irish Soc. 46 (1941) 9; 46 (1941) 183: 47 (1941) 53.

5. Laughlin R.B. Phys. Rev. Lett. 50 (1983) 1395.



76 Cuneynapubiii cghepuyeckutl OCYUAIAMOP 8 NOCMOSHHOM MACHUMHOM NOJe. NPUMAdICeHUe

6. Zhang S.C., Hu J.P. Science 294 (2001) 823.

7. Belluci S., Nersessian A. Phts. Rev D 67 (2003) 065013
Nersessian A., Yeranyan A., Phys J. A 37 (2004) 2791

8. Belluci S., Nersessian A., Yeranyan A. Phys. Rev. D 70 (2004) 085013; Phys. Rev. D 70
(2004), 045006.

9. Alexanyan M.A., Aramyan K.S. Contemp J. Phys. 42 (2007), 49
10. Mardoyan L. and Nersessian A. Phys. Rev. B72 (2005) 233303

11. Belluci S., Mardoyan L.and Nersessian A. Phys.. Lett.B636 (2006), 137;
Mardoyan L.G., Petrosyan M.G. Contemp J. Phys. 48 (2013) 70

12. Aramyan K.S. Theor. Math. Phys, 156 (2008), 1075
13. Bellucci S., Nersessian A., Saghatelian A., Yeghikyan V., Comp J. Theor.Nanosci. 8 (2011) 769.

14. Kazaryan E.M., Shahnazaryan V.A., Sarkisyan H.A., Physica E. 52 (2013), 122;
Optics Comm., 315 (2014), 253; Few-Body Systems 55 (2014), 151.

15. Jlanoay JLJ., Jlugpuwuy E.M., Mexanuka. M.: «Hayka», 1988.

16. Jsaiim I'.F. TaOnuIpl MHTETPANIOB U ApyTrHe MaTeMaTraeckue Gopmynsl. M.: «Hayxkay, 1983.

UPLAENRL3UL UDEIUSHEL OUSPLUSNT ULLULY2ZUS
UUSLhUUYUL FUCSNRU. 23N1U4UULNRESNPL

Q. Pugnihg, @ Gupppbjub

uvenenkU

Unwugué L wipunhwn dwquhuwghtt nuownh htwn thnjugnpénn
Eplswthwtth uhtignijjup oughjjwwnph ubbkpwyhtt pinhwipugdwi
quuwlwt nsnudubp wyt ntiyph hwdwp, Gpp uhtgniupni-
ptup npjuws b jEunpniwdbin ynnbughwny: 8nyg L wpduws,
np pugh hhdtwlw npnynidhg, np nith wWjwbwpwhtt vwhdw,
hwdwljupgp twl pnyp E nmwjhu hwybjuw npnonudubp, npnup hw-
nenipjul ypw hpkg wwngp sniuki:

Zpdtrwpuntp” uhlignijyup oughyjunnnp, vwqithuwght quow:

SINGULAR SPHERICAL OSCILLATOR IN CONSTANT
MAGNETIC CASE: ATTRACTION

G. Bagunts, G. Gabrielyan

SUMMARY
Classical solutions of the two-dimensional spherical singular oscillator inte-
racting with constant magnetic field are found for the case of centripetal po-
tential. It is shown that in addition to the main solution having planar limits,
the system possesses supplementary ones which have no analogs on plane.
Keywords: singular oscillator, magnetic field.
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SPIN-DEPENDENT COHERENT TRANSPORT IN A DOUBLE
QUANTUM DOT SYSTEM

L. Petrosyan -

Yerevan State Medical University, 2 Koryun St., Yerevan, 0025, Armenia
? Russian-Armenian State University, 123 Hovsep Emin Street, Yerevan, 0051, Armenia

SUMMARY
We study spin-resolved resonant tunneling in a system of two quantum
dots sandwiched between doped quantum wells. In the coherent (Dicke)
regime, i.e., when quantum dot separation is smaller than the Fermi wave-
length in two-dimensional electron gas in quantum wells, the application
of an in-plane magnetic field leads to a pronounced spin-resolved struc-
ture of the conductance peak lineshape even for very small Zeeman split-
ting of quantum dots’ resonant levels. We also show that Aharonov-Bohm
flux penetrating the area enclosed by electron tunneling pathways com-
pletely destroys conductance spin structure.

1. Introduction

Interference effects in electron transmission through localized states in sem-
iconductor nanostructures such as, e.g., semiconductor quantum dots (QD) are
among highlights in coherent transport studies [1,2]. The electron phase acquired
in the course of tunneling through several pathways provided by QDs situated be-
tween doped semiconductor leads can result in striking features of the conductance
lineshape near resonance transmission [3]. The simplest realization of coherent
transport is served by two QDs independently coupled to two-dimensional electron
gas (2DEG) in the left and right lead while the direct tunneling between QDs is
weak [4]. In a magnetic field, the conductance of such a double-QD system exhi-
bits Aharonov-Bohm oscillations [5,6,7] as a function of magnetic flux penetrating
the area bound by tunneling paths [4,8,9]. At zero field, the coherence between
QDs is controlled by their coupling via the continuum of electronic states in the
leads [4,10]. If QDs separation, a, is comparable to electron’s Fermi wavelength,
A, then electron transmission is mediated by system eigenstates rather than by
individual QDs leading to conductance peak narrowing or Fano-like lineshapes

[4,11,12,13]. Here a revealing optical analogy is the cooperative emission of two
excited atoms (Dicke superradiance) [14,15]; QDs’ coupling via continuum of
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electronic states is similar to the coupling of two radiating atoms via the electro-
magnetic field [4,10].

On the other hand, spin-dependent tunneling in semiconductor nanostruc-
tures has recently attracted much interest due to the possibility of controlling both
spin and charge currents in electronic circuits [17]. Well-resolved spin polarized
currents were observed through single-electron or few-electron QDs subjected to

an in-plane magnetic field [18-24].

In this paper we study spin-
dependent resonant tunneling through
a double QD system sandwiched be- ) QPZ . /B
tween doped semiconductor quantum 2DEG || % b
wells (see Fig. 1). Specifically, we LA k&[ z
focus on spin-resolved resonant tunne- ~ 0 v/
ling in the Dicke regime, i.e., ak; <1, o
where K. is electron Fermi wavevec- . op1/ | ZPEG
tor in 2DEG. In this regime, zero field L R
conductance lineshape represents a »d

- 2 v
narrow peak of width ~ (akF) I on Fig.1. Schematics of resonant tunneling of an electron

top of a wide peak of width ~ 2T, through a pair of QDs sandwiched between
. . . i | in in-pl .
where T is the conduction peak width ?Cozzclidsemlconductor ayers in in-plane magnet

for resonant tunneling through a single

QD. We demonstrate that an in-plane magnetic field, which introduces disbalance
between spin-polarized electrons in 2DEG, leads to a pronounced spin structure of
the narrow conduction peak even for very weak Zeeman splitting of QD energy
levels, AE, <T', i.e., when conductance normally would not be spin-resolved in

single-QD tunneling. The lineshape of spin-resolved conductance in the Dicke re-
gime is very sensitive to other system parameters as well, e.g., to energy level dif-
ference due to QD size variation. We show that through an area enclosed by elec-
tron tunneling pathways Aharonov-Bohm flux completely destroys this fine spin
structure of the conductance.

The paper is organized as follows. In section 2, we derive general expression
for conductance in the presence of in-plane magnetic field within tunneling Hamil-
tonian approach. In section 3, we describe analytical results. In section 4, we
present the results of our numerical calculation, and section 5 concludes the paper.
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2. Spin-sensitive two-channel resonant tunneling

We consider electron resonant tunneling between left and right 2DEGs lo-
cated in z=7Fd planes, respectively, through a pair of quantum dots (QD) in
z =0 plane at a distance a from each other (see Fig. 1). The system is subjected
to an in-plane magnetic field B = B(cos¢,sin ¢,0) characterized by vector poten-

tials A" =Ba(£sing,Fcos¢,0) in the left/right 2DEGs, where ¢ is the azimu-
thal angle. Within tunneling Hamiltonian approach, the system Hamiltonian is
H=H_ +H +Hy +H, where H, («=(L,R)) is 2DEG Hamiltonian in the
left/right plane, H, is Hamiltonian of localized states in QD, and H, describes
the tunneling between them. The 2DEG Hamiltonian has the form

1 ( )2

€ he| L1 .
H _thk+EA J +29,uB(0 B), (1)

a

where first and second terms describe, respectively, orbital and Zeeman contribu-
tions. Here e, m, and g are, respectively, electron charge, effective mass and g -

factor, ¢ and s are speed of light and Bohr magneton, and o is Pauli matrices

vector. We assume identical left and right 2DEGs that are characterized by the
same m and g, and set =1 throughout. By eliminating A“ in the orbital term

via gauge transformation in a standard manner, the 2DEG energy spectrum E,
and eigenstates s (r) in each plane can be found as

E k2 . 5 /2 = (r) eikrii%er 1 (2)
= — n) , ; = I
ko T o 2 Vs L2A | se?
where
w, = g:uBB (3)

is 2DEG Zeeman energy, ¢ — magnetic field orientation relative to the x -axis,
o =421, and A is the normalization area. Two possible signs (+) of magnetic
phase in Eg. (2) correspond to left/right 2DEG, respectively. For each value
o =41, the Fermi surface, kZ(¢) represents circle in k -space satisfying equation

2

k
—tw,/2=E., 4

where E_ is the Fermi energy.
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The tunneling Hamiltonian describing transitions between QD and 2DEG
states has the form

H = Z ESS C]‘SCJS +z Elfécléa kéa + Z (Vk{fsa kéa + HC)’ (5)

jss’ kéa koa js

where ESS =E;o +%go,uB(B-d)SS, is QD’s energy matrix. Here E; (J=12)
are QDs’ resonant energy levels, g, is QD g-factor (we chose spin quantization axis
along z and s==1 labels spin up/down projections), and V.2 is electron transi-
tion matrix element between QD state | js) and 2DEG state |kder) (a = L,R). We

assume no spin flip during tunneling through the barrier in lateral direction.
Within tunneling Hamiltonian approach, the conductance is given by [10]

(n 1 L1 )
G:—T i
rL E.-E-$' E -E- g*) ©

where the matrix E¥ =&, ES is diagonal in QD indices, 2=% +%, is QDs
self-energy matrix, due to transitions to left and right 2DEG,

s’ _ SS’_i s’ _ M
A L Y e o

and trace is taken both in configuration and spin space. The transition matrix ele-
ment can be presented as [4] V.2, =t w5 (r;), where r; is the in-plane projection
of QD coordinates and t, is the tunneling amplitude between QD and 2DEG (we

assume that the barrier is sufficiently high and neglect t, dependence on energy).
The self-energy (7) then takes the form

(Za ).SJS = tiGZS, (ri - rj) (8)

where

ss 1 +i(1-6; )(ad/1?)sing (s-5")/2 |¢(s S)/Z d 2k e|k(ri_rj)
G>*.(r, — = gt S »
Cr(h=1) =2 Z I(Zﬂ) e £ <00

is 2DEG Green function corresponding to eigenstates (2), | =+/c/€B is the mag-

netic length. The decay matrix I' and energy shift matrix A represent 4x4 ma-
trices in spin and configuration space and are determined, respectively, by singular
and principal parts of Green function (9).
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3. Calculation of conductance

We consider a symmetric case when two QDs with resonant levels
E, =E,=E at a distance a from each are separated by tunneling barrier of
thickness d from identical 2DEG (see Fig. 1). In this case, the tunneling ampli-
tudes are equal, t, =t; =t, and the QD self-energies, due to tunneling to left/right

2DEG, differ only by Aharonov-Bohm phase: (ZL,RJ:S' =g "% )(ad/'z)wiff' with

ik-r;
iisjs’ __z 5ﬁ ig(s'—s)/2 I d k e

, 10

where r; =1, —r;.

The Fermi surface is determined by Eq. (4) and represents two circles in
momentum space with radii k? given by

k: =k 1F @,/ 2E,, (11)

where k_ =,/2mE, . Then self-energy (10) has the form,

5 = Z 57 el s)/ZH(l)[k,f ”] (12)

b+l

where H{"(x) is Hankel function of first kind, b is unit vector along the magnet-
ic field, and T" = mt? is resonant level spectral width for isolated QD due to tunne-
ling to the 2DEG (see below). The function HS” (k2 U] can be viewed as 2x2
matrix in configuration space with diagonal elements H " (0) and non-diagonal
elements Hél)(k,fa). Note that Im[Hél)(O)] contains logarithmic divergence

that should be properly regularized; namely, for infinitesimal r; =€ — 0, we have
Hé”(kﬁe)zl+(2i/7r)[yE +In(k,‘fe/2)], where y. is the Euler constant. We
now subtract zero-field value of Im[Hél)(k,fe)], i.e., with k? =k_, so that the re-

gularized expression for H®(0) is 1+(2i/7z)ln[k,‘f/kF]. Such regularization

corresponds to zero energy shift for an isolated QD in the absence of magnetic
field, and we will only use regularized quantities hereafter. The matrix H{" [ki ”j

can be written in terms of Pauli matrices in configuration space z as
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HO(kir, ) = {“_'”[KJ}I +[ 35 (kea)+iY, (kfa) |7, (13)

where |_ is unit matrix and we used H®(x)=J, (x)+iY,(x), J, and Y, being
Bessel function of first and second kind, respectively. Expressing the spin factor in
Eq. (12) via Pauli spin matrices as

55 (9) =07 =(1,+50-b) (14)

where b is unit vector along magnetic field (1_ is unit matrix in spin space), the

self-energy £, =A,_, —iT", /2 is presented as a 4x 4 matrix in spin and configura-
tion space with

——Z S; ®[l, +@_Jy(kia)zr,], (15)

é+1

——Z S, ®[_InL_J |, +®@, Y, (kfa)zr,],
() +1
where @, . =e* @)% s Aharonov-Bohm factor. Using these expressions, the

conductance (6) can be straightforwardly evaluated.

Since orbital and spin sectors in Eq. (15) factorize, they can be diagonalized
independently and an explicit expression for the conductance can be obtained. For
simplicity, consider magnetic field directed along the x -axis (i.e., #=0). In this

case, there is no Aharonov-Bohm flux (® . =1) so that X, =2, and, after sim-
ple algebra, we obtain

2 2
& T

G= , (16)
h z 2 2
Thps (Ep —E,— PAE{/2— Ay ) +T72,
where AE, is QD Zeeman energy and
rq,, =T+ qao(k.fa)], (17)

ra)l,
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with Fermi momenta k! corresponding to two Fermi surfaces ( p==) given by
Eq. (2).

For zero field, i.e. @, =AE; =0 and kf =k, both spin channels contribute
equally and we recover the known result for Dicke tunneling through a pair of QD [4]

2¢? I’
G=" : : 9
ﬂhg(EF—Eo—Ai)zﬂ“i ©)

where I', =T"[1£ J,(k-a)] and A, =£TY,(k-a). For k.a<1, the conductance
lineshape represents a narrow peak of width I'_ ~ (k.a)’I"/4 on top of a wide

peak of width I, = 2I". With the magnetic field turned on, each Zeeman-split

Fermi surface described by Eq. (11) contributes independently to the conductance
(14) which results in an additional fine structure of peak conductance. With further
field increase, the Fermi surface k- shrinks to a point, and for @, >2E; the
2DEG is fully spin-polarized causing a dramatic change in the conductance, as
illustrated in the next section.

4. Numerical results and discussion

Here we describe our results for conductance (6) obtained by numerically
evaluating the matrix elements (10). To simplify the analysis, we assume identical
2DEG in left and right planes with Zeeman energy @, . A pair of QDs separated
by a distance a are located in the middle between 2DEG planes, and each QD is
independently tunnel-coupled to the left and right 2DEG (see Fig. 1). The resonant
levels in QDs have energies E,+AE, £ AE,, where AE; is a shift from medium

level energy E, due to variations in QD size and AE; is QD Zeeman splitting.

Here we disregard SO splitting of QD levels [25]. Rather than restricting ourselves
to a specific material, we present our numerical results for a wide range of parame-
ters to comprehensively describe the role of magnetic field and SO coupling in
coherent transport in this system.

In Fig. 2 we show zero-field conductance vs. Fermi energy for several val-
ues of electron concentration (or QD separation) as the parameter ak. traverses

the region ak. <1 (since I'/ Ex <1, the parameter ak. is nearly constant in the
resonance region). While for ak. >1 the conductance shows a single peak of am-
plitude ~ 4 (in units of €° /%) corresponding to two orbital and two spin chan-
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nels, with decreasing ak. it develops a double-peak structure with a narrow peak

on top of a wider peak. This is a characteristic signature of coherent Dicke tunne-
ling [4] due to electron transmission through symmetric and antisymmetric super-
positions of QD states, rather than through individual QDs, with the corresponding
rates I, =T"[1+ J,(ak.)]. The resonance shift with decreasing ak.. is caused by

QDs level repulsion [A, =+T'Y,(k.a)] due to their coupling through 2DEG,

while the peak narrowing is due to weaker coupling of antisymmetric state to
2DEGs as the electron Fermi wavelength 4. =27 /K. exceeds QD separation a.

4 A - ak =12
~ Pl - ak =09
30 B0 J
= |
B
C\I\Q-)/z
o
1,
0. .
-4 -2 0 2 4

(E.-E)/T

Fig.2. Conductance through identical QDs ( AE, =0) is shown for several QD
separations @ in the absence of QD Zeeman splitting.

In Fig. 3 we show the conductance evolution in the Dicke regime (i.e., for
ak. <1) with changing in-plane magnetic field. To distinguish between various

effects of magnetic field, here we chose B||X (i.e., #=0 and, hence, no Aharo-
nov-Bohm flux) and, for a moment, disregard QDs Zeeman splitting (AE; =0).
With increasing 2DEG Zeeman energy @, , the narrow conductance peak develops

a shoulder and then splits into two peaks of the width I'* :F[l— Jo(aké)] cor-

responding to two spin-polarized antisymmetric states with energies shifted by
A* =—FY0[ak§j. This splitting is caused by tunnel coupling of QDs levels to
spin-polarized electrons in 2DEG with different Fermi momenta [see inset in
Fig. 3]. With increasing field, as @, /2 approaches E., the upper spin subband
becomes nearly empty while the lower spin subband population nearly doubles; the
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emergence of smaller and larger Fermi momenta, k. and k-, leads to significant

difference in new peaks’ width. A similar effect takes place for tunneling through
the symmetric state; however, the spin-polarized states with wide widths

I =I'[1+J,(ak;) | and energy shifts A =T'Y,ak; | are not well-resolved and
manifest themselves as extended plateaus at low energy side. With further field in-
crease, as the upper spin subband is completely depopulated (@, > 2E_), the tunne-
ling current is fully spin-polarized and the conductance shows only a single peak.

I v I " 1 ' T ' )
47 [ R . - o /E =

w

G/ (¢’/nh)
(9]

(E,-E,)/T

Fig.3. Conductance through identical QDs ( AE, = 0) is shown for several values of 2DEG
Zeeman energy, @, , in the absence of QD Zeeman splitting. Inset: Spin split 2DEG

Fermi surface in Kk -plane for @, /E. =1.9

In Fig. 4, we show the effect of QD Zeeman splitting AE, on the conduc-

tance lineshape. Here we focus on QD level spin splitting per se and therefore only
change QDs g -factor while keeping the magnetic field constant. To highlight co-

herent effects in spin-resolved tunneling, we chose very small values of QD Zee-
man splitting (AE, /T" «1) that normally are not resolved in single-QD tunne-

ling, and plot the narrow peak lineshape near the critical field (@, / Ex =1.9); the
effect of small AE; on wide conductance peak is negligible. Remarkably, the nar-
row peak exhibits a pronounced splitting for AE, as small as 0.1I". With increas-
ing AE;, this splitting steadily increases with peak-to-peak separation being
~ 2AE; . At the same time, the overall lineshape becomes more symmetrical as
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QDs’ upper spin levels now couple to higher k- 2DEG states [see Fig. 4]. Fig. 5
shows conductance peak evolution with changing AE; when there QD’s level
energies are slightly different, E , =E;+AE,, e.g., due to QDs’ size variation.
For AE, =0.5I", an overall drop of peak amplitude is observed and, with increas-
ing AE, , the conductance exhibits no sharp features.

3_
T
NS/Z
@)
1t ---- AE/T=0.1
/_\.E(ZJ/FZO.Z
gLz AET)/IF=O.3 . , .
1.0  -05 0.0 0.5 1.0
(E.-E)/T

Fig.4. Conductance peak evolution is shown with increasing QD Zeeman splitting AEOZ for
QD level detuning values AE, =0 at near-critical in-plane field @, =1.9E. .

AE /T =0.5

-1.0 -0.5 0.0 0.5 1.0
(E,-E)/T
Fig.5. Conductance peak evolution is shown with increasing QD Zeeman splitting
AE, for QD level detuning values AE, =0.5I" at near-critical in-plane field
w, =19E_ .
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Fig.6. Conductance peak evolution is shown with increasing QD level detuning AE, for

QD Zeeman splitting value AE; =0 at near-critical in-plane field @, =1.9E. .

In Fig. 6, we show a complementary case of conductance peak evolution
with changing AE, at a constant AE, for nearly critical magnetic field strength (

o,/ Ex =1.9). For finite AE,, the narrow peak of the upper spin subband gets
wider as the upper QD level E; now couples to 2DEG states with a higher Fermi
momenta k- [see Fig. 6]. With increasing AE,, the low-energy resonance disap-
pears and turns into antiresonance; this effect is similar to the zero-field case [4].

3_
AE, /T=0.1
=
£
N\S)/z
Qo S
T oo A /T=02 ak.=0.6
R— AE /T=0.4 w/E =19
0 P ‘AEO/‘T:O-ﬁ . . J ‘
-1.0 -0.5 0.0 0.5 1.0
(E.-E)/T

Fig.7. Conductance peak evolution is shown with increasing QD level detuning AE, for QD

Zeeman splitting value AE, =0.1" at near-critical in-plane field , =1.9E. .
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A similar evolution of narrow peak lineshape is observed for a finite QD
Zeeman splitting [see Fig. 7].

3 —0=0.0
AEz/F=O‘l _____ 0=7/6
% mZ/EF:1.9 ——————— db=n/4
o 2r
S
Qo
1,

(E.-E)/T

FI1G.8. Conductance evolution with increasing Aharonov-Bohm flux is shown with chang-
ing magnetic field tilt angle ¢ at AE; =0.1", @, =1.9E.,and AE; =0.

Finally, consider now the role of Aharonov-Bohm flux through the area en-
closed by electron tunneling paths between left and right 2DEGs at finite finite
angle ¢ (see Fig. 1). In Fig. (8) we show conductance evolution as ¢ changes
between ¢ =0 (no flux) to ¢ = /2 (maximal flux) both in the absence and pres-
ence of SO coupling. In either case, the Aharonov-Bohm phase suppresses the in-
terference that causes the narrow peak of the conductance and completely destroys
its spin structure.

5. Conclusions

In summary, we have considered spin-dependent coherent transport in a
double quantum dot system sandwiched between two-dimensional electron gases
in doped quantum wells. We have found that for relatively small interdot separa-
tion the narrow Dicke conductance peak develops well-resolved spin structures
even for very small Zeemal splitting of quantum dot energy levels. We also show
that this spin structure is inhibited by Aharonov-Bohm flux through closed elec-
tron tunneling pathways.
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KOT'EPEHTHBINA TPAHCIIOPT ITPY HAJIMYMA MATHUTHOT'O OIS B
CHUCTEME 13 IBYX KBAHTOBBIX TOYEK

JI.C. IleTpocsin

AHHOTADMUSA

N3y4eHo 3aBucsIIee OT CIIMHA PE30HAHCHOE TYHHEIMPOBAHNE B CHCTEME
JIBYX KBaHTOBBIX TOUEK, PACIIONIOKEHHBIX MEXIY JEerHPOBAHHBIMU KBaH-
TOBBIMU siMaMH. B korepeHTHoM (/IMKKe) pexuMe, KOrja pacCTOsSHHE
MeXJly KBaHTOBBIMU TOUKAaMHU MEHbIIIE, YeM JUIMHA BoJIHBI DepMu B ABY-
MEPHOM 3JICKTPOHHOM Ia3e B KBAaHTOBBIX sIMaX, HAJIMUHUE MarHUTHOTO T1O-
JI B IJIOCKOCTH SIM, IIPUBOAMT K BBIPAKEHHOHN CIMH — 3aBHUCSIIEH CTPYK-
Type (HOpPMBI TUKA MPOBOJAUMOCTH JIaKe TPH OYESHb MaJIbIX 36eMaHOBCKHX
pacIICIUICHUSX PE30HAHCHBIX YPOBHEH KBaHTOBBIX Touek. IlokazaHo
TaKke, 9T0 AapoHOB-BOMOBCKHMI TOTOK Yepe3 IIIOIa/b, 3aKII0YEHHYIO
BHYTPH 3aMKHYTBIX TPAeKTOPUH 3JICKTPOHA, IOJHOCTHIO pa3pylIaeT CIIH-
HOBYIO CTPYKTYpPY NPOBOJHMOCTH.

YN26LELSUSHL ULSNRULC GrunNk £9ULSUSPL UGSh8 AUNYUSUD
uuuuurenkU UvaLhiuyuL HYUCSh UMY USNERESUL TENRNRU

L.U. Mhwnpnujwui

uvenenkU
Munidbwuhpjws b uyghthg juws nhgnbwbuwjhtt pnibbjw-
Ynpnudp Eplnt pJwbnnughtt Yenp hwdwlupgnud, npnp mbnu-
gnusd L (kghpugws pjwbnuyght thnubpnud: Unhbpbn (thg-
gt) nthdhunud, tpp pywlinuyght Yhnbph dhol hinwynpnipmiup
wybih qopp E pwb dpup wihph Eplupnipniip Ephswthwih
Enupntuwghtt qugnid pjubtnughtt thubpnud, thnubph hwppnt-
put Jpuw dwquhuwfut nuonh wnluynipmiip hwiugbkgund
wpunwhuwjnjws, uyhthg jupws wigdwh yhih dbh junnig-
Juspht pjwtnwhtt Yhnbph nhgqnuwbuwihtt dwljuppuljubph
Shnpnudutph tnyuhul pwn thnpp Qtdwtnyjut dwjuppuljutph
ntypnud: 8nyg E wpynud twl, np Uwpnuny-Foundjut hnupp
HEYunpnth thwl htnwgsh dholt thwly dwljiptuh dhony wudpnn-
onyht pwunmu L wignnuljwunipjut uyhtwghtt junnigwsépp:
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AHHOTALMSI

B nanHOl craTbe paccMOTpeHa JMHAMHUKa IIOKa3aTeJIed IPOCTOH 3pu-
TEIbHO-MOTOPHON PEaKIMHU JI0 U MOCEe YMCTBEHHOM JEATEIFHOCTH (ITH-
TeNbHOCTh 60 MUHYT) y HCHBITYEMBIX CPEIHET0 Bo3pacrta (24 uermoBexa:
ot 42 10 65 JeT) ¢ y4eTOM HHIMBHIYaJIbHO-THIIOJOTHYECKUX OCOOCHHO-
cteil. [Toka3aHbl TPyNITOBBIE Pa3IUYHs MTOBEACHYCCKON PEaKIUH MEKIY
9KCTpaBepTaMH W HHTPOBEPTAMH. Y CTaHOBJIECHO, YTO JIKCTPaBEPTHI, II0
CPaBHEHHIO C WHTPOBEPTAMH, XapaKTEPU3YIOTCs 0ojee BBICOKOH CKOpO-
CTBIO CEHCOMOTOPHOTO pearupoBaHus W Ooybllel JIaOMILHOCTHIO HEPB-
HBIX TPOIECCOB. Y HUX CPAaBHUTEIHLHO BBHICOKUI YPOBEHb (DYHKIIMOHAIb-
HBIX BO3MOKHOCTEH. IHTpOBEpTH! OTIAMYAIOTCS 0OJbIIeii CTaOUIBHOCTHIO
U YpPaBHOBEIIEHHOCTBHIO HEPBHBIX TMporieccoB. OTMEUEHHBIC Pa3IUUMS
MEXTy JBYMS TPYIIIaMH MPOSBISIOTCS KaK JI0, TaK U MOCJIE€ YMCTBEHHOM
JESTETHbHOCTH. BBIABICHO, Y4TO TIOCIIE YMCTBEHHOH NEATENBHOCTH Y 00e-
UX TPYII YBEIHMYUBACTCS CKOPOCTh M CTaOMIIEHOCTH CEHCOMOTOPHOTO
pearupoBaHus 3a cyeT MoOMIM3aIuK (yHKIIMOHATBHBIX pe3epBOB. B pe-
3ylbTaTe 3TOTO, Y UCHBITYEMbIX MPOSBIAIOTCS MPU3HAKK YTOMIIEHHS, YTO
OoJtee BEIPAXKEHO Y SKCTPABEPTOB.

Knroueswie cnosa. HyHKIHOHATBHOE COCTOSHHE, CCHCOMOTOPHOE pearu-
pOBaHME, HHANBUIYATLHO-THIIOJIOTHUECKUE PA3ITHYIHSI.

BBeaenue

[TonsiTHE «MHAWBHUYaTLHO-TUIIONIOTHIECKIE OCOOCHHOCTH SIBIISIETCS TIPEI-
METOM M3Y4YEeHMs NMCUXOJOTUU MHAMBHUIYAJIBHBIX PA3NUUUN Mexay moabmu. On-
HaKO JIaHHYIO MTPOoOJIeMy Ba)XHO U3ydyaTh HE TOJIBKO B IICUXOJOTHH, HO M B TICHXO-
(U3HOIOTUN — B KOHTEKCTE aHAJIM3a B3aMMOCBS3H MHIMBUIYaTbHO-TUIIOJIOTHYEC-
KHX OCOOCHHOCTEH M MOBEACHYECKHUX PEaKIMid, KOTOpPBIE, B CBOIO OYepe/lb, 3aBH-
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CAT OT CBOMCTB HepBHOM cuctemsl [1]. MccnegoBanust MHAMBUYaIbHO-TUTIOIOTH-
YeCKUX 0COOEHHOCTEH JII0/Iel CPEeIHEr0 BO3pacTa SIBJISIFOTCS] BaXKHBIMU U aKTyallb-
HBIMH B IPAKTHYECKOM OTHOLIEHHU. DTH HUCCIEI0BaHMs, B IEPBYIO OYEPEb, MO-
I'yT OBITh YCIOBHEM pEILEHMs TaKUX 3a/1ad, KaK ONTHUMU3ALMs AEATEIbHOCTH, M10-
BBIIIICHHE KauecTBa YMCTBEHHOW paboTtocmocoOHocTH H T.1. ClenyeT OTMETHTH,
4TO pabOThl, HOCBALICHHBIE U3YYEHUIO JAHHOW IPOOIeMbl, HEMHOTOUHCIICHHBI.

Onenka ¢pynakuuoHansHoro coctosaus (PC) [IHC nenszbexxHo omocpeaona-
Ha MCCIIeIOBAHUEM DPAa3HOOOPA3HBIX (PM3MOJOTMYECKHX CHUCTEM OpraHu3Ma U IO-
BEJICHUS, IPOSBIISIIONIETOCS B TapaMeTpax ero OTBETHBIX PEAKIMI U ABJISIOILIErOCs
KOHEYHBIM BBIPa)KEHHEM JAESITEeIbHOCTU HEPBHOU cucteMsl [2]. Ha cerognsmnuii
JIeHb CYILECTBYET MHOT'O CIIOCOOOB M3Y4EHUS MOBEJCHUECKUX PEAKIU Ui OLICH-
k1 OC uenoBeka. Hanbonee npocTbiM, JOCTYIHBIM U B TO K€ BpeMs JI0CTATOYHO
TOYHBIM SIBJISIETCSI METOJIMKA PErHMCTpallii BPEMEHH 3PUTEIbHO-MOTOPHOW peak-
i [3]. [To BpeMeHu 3puTenbHO-MOTOPHON PEeaKIMKA MOKHO CYAUTH HE TOJIBKO 00
obmem ®C ITHC: oHoO Takke IaeT mpeacTaBieHne O ClIoCOOHOCTH (POPMHUPOBAHUS
(YHKIIMOHANBHBIX CHUCTEM, CIYKHT WHIHUKATOPOM IMOJBM)KHOCTH, YCTOMYHUBOCTH
HEPBHBIX MPOIECCOB M YPOBHS ()YHKIIMOHAIBHBIX BO3MOXKHOCTEH [4, 5].

Henvrwo nacmosaweii padomor A61410ch U3yYeHUE TOKa3zaTeledl MpocToin
3PUTEIIBHO-MOTOPHON PEAKIUH MPU JUINTEIBHON YMCTBEHHOM NEATEIbHOCTH y HC-
NBITYEMbBIX CPEIHEro BO3pacTa ¢ Y4eTOM HHIUMBUAYAIbHO-THUIOJIOTHYECKHX OCO-
OGeHHOCTeH.

B 3amaun uccnenoBaHus BXOAW0: 1) BBISIBICHHE pa3iUuUil NOKazaTenen
I13MP, B 3aBHCHMOCTH OT UHAMBUIYAIbHO-TUIIOJIOTUUECKUX OCOOCHHOCTEH; 2) mpo-
BE/ICHHE CPaBHUTENBHOro aHaiu3a mnokazarenedl [I3MP y Bcex ucnbITyeMmbIX 10 U
TI0CJIE YMCTBEHHOM 1€ TEBHOCTH.

MaTepna.an H METOAbI

B uccrnenoBannu npuHuManu ydactue 24 mpakTUYeCKH 3JJ0POBBIX UCIIBITYe-
MBIX — J0OpOBOJIBLIEB B Bo3pacte OT 42 1o 65 net. Jlo Havana uccieaoBaHus y Hc-
IBITYCMBIX ONPEACIIAIICA I/IHI[I/IBI/I)IyaJ'IBHO-HCI/IXOJ’IO]"I/I‘IGCKI/II\/'I TUII JIMYHOCTHU IIO
JMYHOCTHOMY OINpOocHUKY I'. AlzeHka [6]. OnpocHUK cOCTOUT U3 57 BOMPOCOB, HA
KOTOpBIE HCTBITYEMBIN TOJDKEH OTBETUTH JIMOO «aa», mmbo «Her». CormacHo pe-
3yJlbTaTaM OIPOCa, UCHBITYeMble ObLIM Pa3leNieHbl Ha 2 TPYIIbL: 3KCTPABEPTHl U
uaTpoBepThl. [lo Tecty T. Dnepca «MoTuBanus K ycrexy» ONpenessuics ypoBeHb
MOTHBAIIUK Y JBYX TPYII UCOBITYEMbIX [7], MIKaja OMPOCHUKA BBITJIANUT CIIETYIO-
M obpazom: ot 1 10 10 GayioB — HU3Kask MOTUBALUS K IOCTH)KEHHUIO ycIiexa; OT
11 no 16 GanoB — cpemHMA YpOBEHh MOTHBAIMY K JOCTIDKCHHIO ycmiexa; oT 17 1o
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20 6ayul0OB — YMEpPEHHO BBICOKMH YpOBEHb MOTHBALMH K JOCTIDKEHHIO YCIIEXa;
cBbiie 21 Gania — CIUIIKOM BBICOKUN YPOBEHb MOTUBAIIMH K JOCTHKEHUIO yCTIEXa.

B ocHOBHOM nuKie MccienoBaHuii ObUIa HCHOIb30BaHa KOMIBIOTEpHAs pea-
JU3alMs 3pUTEIBHO-MOTOpHOU MpoObl Mo TecTy «Peduekcomerpus» [8]. Bpems
MPOCTO# 3puTeNbHO-MoTOopHOH peaknuu (II3MP) onernBaoch mBaxasr — 10 (To) 1
nociie ymcTBeHHOU aestenbHOCTH (T1). [IpOAOIKUTENIBHOCT YMCTBEHHOM Jesi-
TEIHLHOCTH (TECTOBBIE 3a/IaHUsI YMCTBEHHOTO Xapakrepa) cocraBuna 60 munyt. Uc-
MBITYEMOMY IIOCJIEJOBATENIBHO MPEABSIBIISUINCE CTUMYJIBI — KBAJpaT JKEJITOrO LIBETa,
pasmepoM 3x3 cM B ILIEHTpe MOHHMTOpa Ha cuHeM (oHe dkpaHa. [Ipu mosBIcHUM
CTUMYJa HEOOXOIUMO OBUIO KaK MOXHO OBICTpee HakaTh Ha COOTBETCTBYIOLIYIO
KHOMKY. CTUMYJIBI IPEABSIBISUTUCH APUTMUYHO, C MEKCTUMYJIBHBIM HHTEPBAJIOM OT
1 1o 3 cek. KonuuecTBo Mone3HBIX CUTHAIOB COCTABISIIO 256. CpeHsis MpoI0JIKu-
TENBHOCTh TECTa cocTaBisia 6+1 MHHYT, 4TO 3aBUCEIO OT KOJIMYECTBA OLIMOOK
orepexeHus (B cilydae ONEepexeHrs 3aJaHHOTO BPEMEHHOTO JIMMHTA) M 3ara3/IbIBa-
HUs (B Cilydae MPEBBIIEHUS 33JaHHOTO BPEMEHHOT'O JHMMHUTA), 10 KOTOPOMY pac-
CUMTHIBAIMCH TOKA3aTeNM, CBUCTEILCTBYIONINE O TPHU3HAKAX MEePeBO30YKIACHUS
(IB) unu mapoxcusmanbHO# 3aTopmoskeHHOCTH (I13), cooTBETCTBEHHO.

I[To 3aBepuieHnu TecTa mporpamma BbliaBajia rpaduvecKril OTYET O Pe3yiib-
TaTax TeCTa — TUCTOTPaMMy pPaclpeaeiieHHs] BpEMEHH 3PUTEIbHO-MOTOPHBIX pe-
akuui. PaccunThIBaIUCh ClIEAYIOIME CTATUCTUYECKHUE MOKA3aTeNN: CpeHee 3Ha-
YeHHe BPEMEHHU DPEaKIMH, MeIuaHa, MOJAA, CTaHAAPTHOE OTKJIOHEHHWE CPEIHETO,
Jycrepcusi, BapuallMoHHbIA pa3Max. C yd4eToM JIaTEHTHOIo nepuoja ObL1 pac-
CMOTpeH psia GyHKIIMOHAIBHBIX ITOKA3aTeNe: MoKa3aTeb MPOIeCcCOB HEHPOHHA-
muku (ITITH), cuna nponeccoB Bo30yxnenus (CIIB), pyHKunOHaIbHBIE BO3MOX-
Hoctu [THC (®B ITHC) u o600maromniuii mokasareiab — HHASKC QYHKIIMOHATBHOTO
cocrosguuss HTHC (M®PC IHHC). Takxke paccUMTHIBAIMCh NPU3HAKU YTOMJICHUS
(ITY) npu BeInonHEHNUHU TecTa (10 aHAJIU3Y JIMHEHHON PEerpeccun).

JocTtoBepHOCTh paznuuuil onpenensiack no t-kpurepuro Cterogenta. s
00paOOTKM pe3ysbTaTOB HCIIOJIb30BAJIM MAaKeT CTaTHCTUYECKHX Mporpamm
«SPSS16.0.2» u «MSExcel 2007»

Pe3y.]'l]>TaTbI H UX oﬁcym}]e}me

Anamuz tecta T. Drnepca «MoTuBanusi K ycnexy» Mokasaji, 4To y o0eux
IPYII YPOBEHb MOTHBALMM YMEPEHHO BBICOKHMU. Tak, y SKCTpaBEpTOB YPOBCHb
MOTHBaIMu cooTBeTcTBOBan 19,21+0,79 Gammam, y umaTpoBepToB — 17,13+0,87
Oamiam. CpaBHUTEIILHO BBICOKHI YPOBEHb MOTHBAIIMH Y DKCTPABEPTOB TOBOPUT
00 WX aKTHBHOCTH, CITIOCOOHOCTH OBICTPO pearupoBaTh Ha JOOYIO CHTYAIHIO, O
KEJIaHUU JIOCTUYb BHICOKUX PE3YJIbTATOB JACATEIbHOCTH.
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N3BecTHO, YTO BpEMsI CEHCOMOTOPHOM peakluy OTPakaeT CKOPOCTb OTBET-
HBIX PEAKIIHii, TO €CTh aKTUBHOCTh CPOPMHUPOBAHHON (DYHKIIMOHATILHOU CUCTEMBI,
crenupUIHON IS KaKI0ro rncuxosorndeckoro tumna jgugnoctu [9, 10]. Cpasuu-
TeJIbHBIN aHAIN3 MOKa3aTelield CEHCOMOTOPHOU MPOObI BBISIBUII HEKOTOPBIE pa3iiy-
qusl B uccaeayembix rpynmnax (Taom.1).

Tabnuya 1
JanHpie acToTHOTO aHanm3a Bpemenu [I3MP y rccieyeMsIx rpym
10 (To) m ocie (T1) YMCTBEHHO# AESTENBHOCTH
Moxka3zarenn To T
(B Mcek) JxcrpaBepTsl | UuHTpoBepTHl | JKcerpaBepTsl | MHTpoBepTHI
Mx 282,7 291,7 278,3 2819
Me 279,8 296,0 279,7 276,6
Mo 250,1 252,9 270,3 272,5
SD 27,0 20,9 23,1 13,8
Dx 731,0 442.6 533,9 190,9
R 66,5 81,3 73,5 38,6
min 250,1 252,9 235,0 2675
max 316,6 334,2 308,5 306,1

Ipumeuanue: MX — cpefiHee 3HaYCHUE BPEMEHH peakiiu BeIOOpKH, Me — menuana, Mo — momaa, SD
— CTaHJapTHOE OTKJIOHEHHE cpeaHero, Dx — aucnepcus, R — BapuannoHHslil pa3max,
Min — MUHUMAJIbHOE 3HAYEHHE, MaX— MAKCUMAJIbHOE 3HAUCHHE.

Kak Buano n3 Tabmuiel, 10 yMCTBEHHOU nesTenbHOCTH (To) y dKCTpaBep-
TOB, [10 CPABHEHHUIO C UHTPOBEpTaMH, cpejHee 3HaueHue BpemeHu [I3MP menbiie
Ha 3,2%. CTpyKTypHbIE CpEIHUE — MEIMaHa U MOJIa, TAKXKE HIXKE Y ITOU IPyIIIbL.
3HavyeHus NoKas3aresiel BapHaluy, OTPakarolie cTaOUIbHOCTh HEPBHBIX MPOLIEC-
COB, Y OKCTPAaBEPTOB 3HAYMTEJIHHO MPEBBIIIAIOT BEIUUMHBI NIOKa3aTesel y UHTPO-
BepToB. Tak, y skctpaBepToB SD Gonbmie Ha 22,6%, DX — Ha 39,5%. To ecTh BBI-
COKasi CKOPOCTh pearupoBaHMsl y SKCTPABEPTOB COUYETAETCS C HU3KOM CTAOUIIBHO-
CTbIO HEPBHBIX MpoleccoB. OTMEUEHHOE NMPEBOCXOACTBO CKOPOCTH CEHCOMOTOP-
HOT'O PEarnpoBaHMs y SKCTPABEPTOB HAHOOJIee YETKO BHIPAXKEHO HAa THCTOrpaMMax
4acTOTHOTO aHanu3a (puc.1).

Kak BuaHo n3 PucyHka, cpeHuil mokasaTesib BpEMEHH PEAKLUU COCTABISAET
282,7£27,0 mcexk u 291,7+20,9 Mcek y 3KCTpaBEpTOB U MHTPOBEPTOB, COOTBETCT-
BeHHO. [Ipyu 3TOM AMamo30H HOPMBI TTOKa3aTessl BPEMEHU PEaKIUK B TPYIINE SKCT-
paBepTOB HIDKE M HaxoauTcs B mpenenax 251,1-280,5 mcek, a y HHTpOBEpPTOB
JIMATIO30H HECKOJILKO BBIIIEC M KoJieOeTcst Mexay 264,1-298.4 mcek. Takum oOpa-
30M, YaCTOTHBIM aHAIU3 TaK)Ke MOATBEPHKAAET MPEBOCXOJCTBO IKCTPABEPTOB B
BBICOKOW CKOPOCTH CEHCOMOTOPHOIO pearupoBanus. KpuBasi mioTHOCTH, KOTOpas
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naeT MHPOPMALUIO O NMPeodsafaroniel BeIMYHMHE HCCIIEAYeMOro IOKas3artelns, B
o0eux rpynmnax COOTBETCTBYET HOPMAJILHOMY PacHpe/IeICHHUIO.

[l

Puc.1 I'ncrorpamMmma 4acTOTHOTO pacHpesieneHus MoKa3aress U KpuBas IJIOTHO
aKIMU B HCCIIENyeMbIX Tpymmax a0 ymcrBeHHO# nestenbHOCTH (Tp). ITo ocm abemuec —
3HA4YCHUS BPEMEHH PEaKLUK C OIPEeICHHBIMU YaCTOTaMU; 110 OCH OPAUHAT — KOJIMYECTBO
PECIOHAECHTOB C COOTBETCTBYIOIIEH BBIPaKEHHOCTbIO IOKa3arens. JlOBEpUTEIbHbIN HH-
TepBai BEIOOpKH npeacTasieH ¢ 0,95%-i BepOsSTHOCTEHIO.

Ob6osnauenue: - T_reaction — Bpems peakiuu.

[Mocie yMCTBEHHOU JAESITENBHOCTH HAOMIOACTCS YKOPOUYCHHE BPEMEHH peak-
MU y 00€HX TPYIII: CpeIHEe 3HAUCHUE BPEMEHH PEaKIMU Y SKCTPABEPTOB CHU3UIIOCH
Ha 1,6%, a y uarpoBeptoB — Ha 3,4% (Tab6mn.1). HecMmoTps Ha TO, 4TO CpenHMiA MOKa-
3aTellb BPEMEHH PEakliy y 00CUX TPYIIT CHU3KJICS, TEM He MEHee, B TPYIIe IKCTpa-
BEPTOB KOJIMYECTBO UCIIBITYEMBIX C HU3KOH CKOPOCTBIO CEHCOMOTOPHOTO PearupoBa-
HHS YBEIMYUIOCH. B TpyIiiie HHTpOBEpTOB HAOIIO[aeTCsl 00OpaTHAs KapTHHA — YBEIIH-

YeHHE KOJIMYECTBA HCIIBITYEMBIX C BBICOKOI CKOPOCThIO pearnpoBanus (Puc.2).

Extraverts
Introverts

Mean =278.30 _
td. Dev. =23.106| - Mean =281.87

L —1

Puc.2 ['uctorpaMmMa 4acTOTHOTO pacrpelesIeHHs TOKa3aTelNs U KpUBas ILUIOT!
B HCCJIELyeMBIX TPYIIaxX Mocie yMmcTBeHHoH nestensHocTH (T;). [lo ocn abermce — 3HaYeHHS
BPEMEHU PEAKLUU C ONPEJCICHHBIMU YaCTOTAMU; 10 OCH OPJUHAT — KOJMYECTBO PECIOHICH-

OB C COOTBETCTBYIOIIEH BBHIPaKCHHOCTBIO ITOKa3aTels. JJOBEpUTEIBHBIH HHTEPBAI BHIOOPKI
npezcrasiieH ¢ 0,95%-0i BepoSITHOCTBIO.

Obosnauenue: - T_reaction — Bpemst peakuuu
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B T, naGmrogaercst TakyKe CABHUT JHAIIO30HA HOPMBI TIOKA3aTeNs BpEeMEHH B
0o0enx rpymnmax: y 9KCTpaBepTOB OH HaXOouTcs B mpeaenax 263,6-293,0 mcek, y
UHTPOBEPTOB — B mpenenax 273,1-290,6 mcexk. CTaOMIBHOCTE CEHCOMOTOPHOTO
pearupoBaHusi y 00euX I'pyM MOCI€ YMCTBEHHOU JESTEIbHOCTH TMOBBIIIACTCS, O
4yeM roBOpuT yMeHblieHue 3nauenuit SD u Dx. ¥V skcrpaBepToB SD cHu3minock Ha
14,4% u Dx — na 27,0%, a y uarpoBepToB — Ha 34,0% u Ha 56,9%, cOOTBETCTBEH-
HO. TeM He MeHee, MeXTPYIOBbIE PA3IUYMS B MMOKA3aTEAX COXPAHAIOTCS U TO-
CJIe YMCTBEHHOM JEATEIbHOCTH.

WurepecHas kapTUHa HAOMIOAACTCS MPHU aHAIM3e (DYHKIMOHAIBHBIX MOKa3aTe-
JIeli, IMHAMUKa KOTOPBIX mpesicTapieHa B Tabmuie 2. Y 3KCTpaBepToB, 10 CPAaBHEHHUIO
C UHTpPOBepTaMy, HaOJIr01at0TCs OosIee BHICOKHE (DYHKIIMOHAIIBHBIE MTOKAa3aTeN! KakK 10,
TaK U TOCIie YMCTBeHHOW Harpy3ku. [Iprmdem, B Tj 3Ta pasHHIIa HOCUT JOCTOBEPHBIH
xapakrep (p<0,05) mis Bcex nmokazaTeneld. Tak 0 yMCTBEHHON HAarpy3KH Yy 3KCTpaBep-
toB I1ITH Benme Ha 5,6%, CIIB — Ha 29,0%, ®B — Ha 15,7% u UDC — na 15,0%. On-
HAKO II0CJIe YMCTBEHHOM Harpy3KH 9Ta pasHMIA B TOKA3aTEIAX MEXAY TpyNIamu
ymenbiaercst Haronouny (ITITH Beime Ha 5,3%, CIIB — na 11,8%, ®B — Ha 7,3% u
HNDC — na 8,3%). B 3aBucuMoOCTH OT 9Tama MCCleAOoBaHUs, JaHHbIC TMOKa3aTeNd y
TPy U3MEHSIOTCS criemyronmM oopazoM. Ecnu y sKcTpaBepToB (hyHKIIMOHAIBHBIC
TIOKa3aTeI YMEHBIIIAIOTCS TIOCTIE YMCTBEHHOW HAarpy3KH, TO Y HHTPOBEPTOB HAOIIOIa-
ercst 0OpaTHast TeH/ICHIHS — YBEJIMYEHUE IAHHBIX MOKa3aTeNleH.

Tabauya 2
®dyHK1MoHaNbHBIE TIoKka3aTenu [I3MP y akcTpaBepTOB U HHTPOBEPTOB
J10 ¥ TI0CJIe YMCTBEHHOM A€SATEIbHOCTH
Iloka3zarenu To T
(8 yenen) 3KCTPaBepPThI HMHTPOBEPTHI 3KCTPaBepThI HHTPOBEPTHI
(n=12) (n=12) (n=12) (n=12)

MITH 3,57 +0,27 3,37+0,26" 3,58+0,37 3,39+0,50

CIIB 1,38+0,49 0,98+0,46" 1,27+0,52 1,12+0,73

OB 2,68+0,54 2,26+0,56" 2,59+0,63 2,40+0,83

HoC 1,73+0,29 1,47+0,29" 1,68+0,35 1,54+0,47

Tpumeuanue: pacmmdpoBKy abOpeBuaTyp cM. B paszuene «Marepuan u METOJIBI.
— JOCTOBEPHOCTE PA3MUUHH MEX Ty FKCTPABEPTAMH ¥ MHTPOBEPTAMH (-

- p<0,05).

Ha pucynke 3 mnpeacraBieno cootHowenue IIB u II3 y uccnemyembix
rpynn. Kak Buano u3 Pucyska, y skcrpaseproB IIB Ha nByXx sTamax uccienoa-
HUS BbllIe, 4yeM y uHTpoBepToB. Tak, B Ty [IB Oonbme Ha 25,4%, a B T — Ha
44,1%. B 10 xe Bpems, I13 npeobnamaer y untposeptoB: Ha 72,4% mpu To u Ha
53,8% npu T;. Pasnuumst nokazarteneid Mexay rpyIlaMu HOCST JOCTOBEPHBINA Xa-
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paktep (p<0,001). Ecnu paccmaTtpuBath BHYTpUTpPYyIIOBoe cooTHoieHue [I1B u
13, To MO’XKHO YBHJIETh, YTO Yy KCTPABEPTOB Ha OOOMX dTanax UCCICTOBAHUS OIS
I1B nmpeo6amaet Haz I13, a y HHTpOBEpPTOB — HAOOOPOT.

3.00

2.50

2.00

1.50

1.00

0.50

0.00

OII3

=[IB

3IKCTPABePTH HHTPOBEPTHI

3KCTPABEPTH HHTPOBEPTHI

YHUMOCTBIO.

Puc.3 Coornomenne [1B u 13 y 3kcTpaBepTOB ¥ HHTPOBEPTOB JI0 U MOCIE YMCT-
BEHHOH NEATENbHOCTH. JINHUM MOTPENTHOCTH TOKa3aHbl ¢ 95%-oif 3Ha-

[Tocne yMCTBEHHOHN AESATENBHOCTH Yy HKCTPABEPTOB 3HAYUTEIBHO YBEIMYU-
Joch KonmdecTBo ommbok onepexxenus (I1B) — na 26,9% u 3anazaeiBanus (113) —
Ha 5,3%. Y MHTPOBEPTOB KOJMYECTBO OLIMOOK YMEHBIIMIOCH, OJHAKO IaHHBIC
M3MEHEHUSl HECYILECTBEHHBI. JI[MHaAMMKa aHHBIX MMOKa3aTesiel, Mo Bcell BeposT-
HOCTH, CBSI3aHA C MPOSBICHUEM TPU3HAKOB YTOMJICHHS Y UCCIIEIyEMbIX TPYII T0-
cie yMcTBeHHOH AesitenbHocTH (Puc.4).

TO

——upos | 101] 0.9 | 03 | 25 181 24 229 125|214 3.1|294 65

2 3 4 5
—<4--3KkCTpas| 89 13.8 27 279 2 |-7.1 233 175/ 7.1 |-13.1 95 118| |==p==3KcpaB| 6.1 .17‘4 6‘?. 13 41 23 18 122 14 .13‘6 1‘3.0.4

6 7 8 9 | 10 | 11 | 12

1 2 3 4 5 6

=k—uuTpos -51-96 1.0 138 -42 26| 85 -1.9 64 |-133 113 6.0

12

Puc.4 Jlunamuka nokasareins I1Y y sxkctpaBeproB u unTpoBepToB 10 (To) u mocne (Ty) ym-
CTBEHHOH JIesTeNbHOCTH. JINHMM NOTPeIIHOCTH OKa3aHbl ¢ 95%-if 3HaYMMOCTEIO.

[lTxama mokazarens IIY onpeneneHa no aHanu3y JIMHEHHON perpeccuu, Co-
rinacHo koTopou, 3HadueHus 1Y ot -40 1o 0 COOTBETCTBYIOT YCBOEHUIO PUTMA, OT
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0 1o 5 — orcyrcTBUIO yTOMIIeHHS, OT 5 10 10 — ymepeHHOMY yTOMIIeHuto, oT 10 10
40 — BBIpa)KEHHOMY YTOMJICHHIO.

Jo yMcTBeHHOM nesTenpbHOCTH B mokaszatene [IY Mexny uccnenyeMbIMU
rpynaMu CyIIeCTBEHHOM pa3HUIIbl HE OTMeYaeTcs. Y OOJBIIMHCTBA UCTIBITYEMbIX
o0enx rpynm HaOIromaeTcs HU3KUI YPOBEHb YTOMJICHHUS, IIPU KOTOPOM 3HAYEHUS
nokasatens IIY cooTBeTCTBYIOT wiKase ycBOeHUs puTMa. OQHAKO MOCiE YMCT-
BEHHOM JIeATEIHbHOCTH Y SKCTPABEPTOB OTMEUYAECTCSI 3HAYUTEIbHOE U3MEHEHHE T10-
kazarens [1Y. YV GombIIMHCTBA UCTIBITYEMBIX 3TOW TPYIIIBI MIPOSBIISETCS YMEPCH-
HO€ U BBIpaXKEHHOE yTOMIIeHHE. MHTepeceH TOT (akT, YTO y MHTPOBEPTOB, Kak
OTMEYaJOCh BBINIE, IOKA3aTeNd BapPUATHBHOCTH, OTPaKaIOMIME CTaOMIBHOCTD
CEHCOMOTOPHOTO pearupoBaHMs, CPABHUTEIBHO HU3KHE M, BMECTE C T€M, y HHX
MeHee BolpakeHbl [1Y. Caenyer orMeTuth, 4to y HUX oT To kK Tj CyliecTBEHHBIX
u3MeHeHuil [1Y He mpoucxoauT, TO €CTh OHM OoJyiee YCTOHUMBBI K JTUTEIHHOMN
YMCTBEHHOH J1€ATEIbHOCTH.

Taxum 00pa3oM, SKCTpaBEPTHI MMOKa3alu Oosee BHICOKYI0 CKOPOCTh pearu-
pPOBaHHUSA 1O CPABHEHHUIO C HHTPOBEPTAMH Ha 00OMX JTarax MUCCIEIOBaHUA. Y HHUX
TaK)Ke MEHBIIE 3HAUYEHHsI CTPYKTYPHBIX CpeaHUX. JlaHHBII (akT roBOpUT 0 OOJIb-
e J1abUIbHOCTH HEPBHBIX MPOIECCOB, O BHICOKOW CKOPOCTH BOCIIPHUSTHS M 00-
pabotku mHbopmManmu y 3ot rpymmsl [11]. V skcTpaBepTOB Takxke BbIIIE Ypo-
BeHb (DyHKIMOHAJIBHBIX Bo3MokHOcTed [[HC kak 1o, Tak M mociie yMCTBEHHOMH
nesrenbHOCTH. OHAKO MHTPOBEPTH! OTIMYAIOTCA OOJbIICH CTaOMIBHOCTBIO CEH-
COMOTOPHOT'O pearupoBaHMs, Y HUX TaKxke Oosiee ypaBHOBELIEHbI HEPBHBIE MPO-
IIECCHI, O YEM CBHJIETEIICTBYET TMHAMHUKA BAPUATHBHOCTH HA JBYX ATarax UCCIe-
noBanus. O0 ypaBHOBEIIEHHOCTH HEPBHBIX MPOILIECCOB FOBOPUT U COOTHOIICHHE
noka3zareneit [1B u [13 y stoit rpynnsl. JlaHHbIe OKa3aTeNN pa3InyaroTCsl y HUX
HE3HAUUTEIIbHO, Yero Helb3s CKa3aTh 00 3KCTpaBepTax. 37eCh YUCIIO ONEPEKEeHUIN
(I1B) npesbimaer yucino 3anasasiBanuii (I13), yto ykassiBaeT Ha HEypaBHOBEIICH-
HOCTh HEPBHBIX IPOIIECCOB C MPEe00IaaHueM CHIIBI BO30YKICHHUS.

[Tocne yMcTBEHHOM AESATENbHOCTH Yy 00€UX IPYII OTMEYAETCsl YBEIHUYEHHUE
CKOPOCTH pEearupoBaHMsl, CBUAETEIHCTBYIONIEE O TOBBIIMICHUN (YHKIIMOHATHHON
aktuBHOcTH I[HC m yBenmuenum ckopoctu o0pabotkm mHpopmanmu B L[HC.
Bwmecte ¢ 3TUM y HUX MOBBIIIAETCS U CTAOMIIBHOCTh CEHCOMOTOPHOTO pearupoBa-
HUS. DTO, MO BCEH BEPOSTHOCTH, CBS3aHO C IPOIECCOM TPUBBIKAHUS K TOBTO-
pstrortieiicst crumyssinnu [12]. OngHako ecnu y MHTPOBEPTOB MOCIE YMCTBEHHOM
JESTEIILHOCTH OTMEYAeTCsl TIOBBINICHNE (PYHKIIMOHAIBHBIX TIOKa3aTeNeil 1 yMEHb-
HIEHHE KOJMYeCTBa OMOOK onepexxeHus u 3ana3asiBanus ([1B u I13), To y skeT-
paBepTOB HaOoaeTcsi oOpaTHasi KapTHHA. /[aHHYIO TEHAEHLUIO MOXHO OObsC-
HUTH NUHAMUKON mokaszarens I1Y. Ecim y OGONbIIMHCTBA MCHBITYEMBIX 00X
rpynn A0 YMCTBEHHOM JEATEIbHOCTH HAOMIOAANICs HU3KUI YpOBEHb YTOMIICHUS,
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TO y AKCTpaBepToB B T1 MpOSBISIETCS yMEPEHHOE M BBIPAXKEHHOE YTOMIICHHE. Y WH-
TPOBEPTOB, B 3aBUCUMOCTH OT 3Tama ucciiefoBanust, I1Y U3MeHAI0TCSI HE3HAUUTEIIBHO,
TO €CTh OHM 0O0JIce BBIHOCIMBBI K JUTMTEIBHON yMcTBeHHOW padote [13]. ¥V manHO#
TPYNITbI BBICOKUI YPOBEHb CTAOMIBHOCTH U YPABHOBEIIEHHOCTH HEPBHBIX MPOLIECCOB
COYETAIOTCS C HU3KUM YPOBHEM YTOMIICHHSI.

Takum 006pa3oM, B 3aBUCUMOCTU OT WHAMBHYaJTIbHO-TUIIOJIOTHYECKUX OCO-
OEHHOCTEH MCIBITYEMbIX HAaMH OBbLIHM BBISIBJICHBI 3HAUYNTEIIbHbIE N3MEHEHUS TOBE-
JCHYCHCKHUX PEeaKkHid A0 M IMOce YMCTBEHHON Harpy3Ku, MPOSBISIOIIUECS U, 110
BCEU BEPOSATHOCTH, XapaKTEepHbIE ISl UCCIIETyEMOW BO3PACTHOM IPYIIIIbI.
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FEATURES OF SENSORIMOTOR RESPONSE IN MIDDLE-AGED SUBJECTS
BEFORE AND AFTER MENTAL ACTIVITY TAKING INTO ACCOUNT
INDIVIDUAL TYPOLOGICAL CHARACTERISTICS

A. Tumanyan

SUMMARY

This article dwells on the dynamics of parameters of simple visual-motor
reaction in middle-aged subjects (24 subjects, aged 42 to 65) before and
after mental activity (duration is 60 minutes) is considered taking into ac-
count individual typological features. Group differences of behavioral
reaction between extroverts and introverts are shown. It is determined
that, as compared with introverts, extroverts are characterized by a higher
speed of sensorimotor response and greater lability of the nervous
processes. They have a relatively high level of functional capabilities. In-
troverts are characterized by a greater stability and balance of nervous
processes. The differences mentioned between two groups occur both be-
fore and after mental activity. It is found that in both groups after mental
activity the speed and stability of sensorimotor response increase by mo-
bilizing functional reserves. As a result, the subjects show signs of fatigue
which is more pronounced in extroverts.

Keywords: functional state, sensorimotor response, individual typological
differences.

UsSudNr aNronkueNkE3NkURS UNUL BY 26SN 22U3UTUFNUUUL
NEUYSPULENP UNULQLUZUSUNRESNPULUEIE UPRPL SUhLP
26SUQNSINTUELE UNS ZUGYP UMLELAY ULZUSUYUL-SPIUSPL
PLNPEUALEMC

U.U.nidwilyut

uvonoenkuU
Ukphuyugynn hnnjuwénid ghuwpldl] £ dnnwdnp gnpénitbind-
pyntihg wowg U hkwnn (nbinnipyniup’ 60 pnwb) wwpg wkuwwp-
dnnuljut ntwlghuyh ghtwdhlwi dhoht wwphph (24 dwpy, 42-
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hg uhtsh 65 nmupkljwi) htnwgnndnnubph dnn’ hwpdh weikyng
tpwlg  wthwnwlwi-nhywht  wrwbdtwhwnlnipmpiuubpp:
8nyg ku nipjws Juppugsuyhtt nkwlghwyh jadpuyht mupplpni-
pintuutpp bpunnpudbkpnbph b htnpudbpubph dholi: Zwjnbiw-
ppytp E np Epunpufbpubpp b hwdbdwn  hnpu]kpubph,
punipwugpynid ki qquyuowpdnnquljut nbwljghuyh wykh pupdp
wpwgnipjudp b Wupnujhtt gnpépupwgubnh wpwyl] wpunw-
hwjnJws juphjwjwtnipjudp: Lpwbg uUnwnn wpdwbwgpyl; b
dniughntimy] hutwpuynpmpiniubph  hwdbdwwnwpwup  pupénp
dwjupnul: Punpudbkpnbpp wnwbdtwgl] tu byupnuyght gnps-
pupwgubph wnwdl] junmiinmpudp b hwjuuwpulonntpudp:
Iudptiph dholt tpdws wmwpphpnipmniuubpp gpulinpgly Eu htywytu
dnwynp gnpénitiknipinithg wnwye, wjtwku b hkwnn: Fugwhuwjn-
Jws Lk, np dnwynp gnpéniubinipiniihg htivnn Eplyne judptph dnun
H wybjutnud b qquyuowupdnnujut nkwljghwyh wpwugnipmiup
U juyniimipynitip’ opquithquh $nttyghniiwg wwowptbkph unphih-
qughuyh hwoyght: Fpw wpyniipnid hknwgnuynpubkph dnwn
npubnpynid L hnqhwsdnipjub tplnypubkp, npp wykh guyuniu
wpunwhwndws k kpunpudtpnbtph dnwn:

Zhtuwpwnbkp® $niuljghniwy Jhduy, qquyupupdnnujuts hwljwg-
nnidubp, wthwnwljwi-nhywihtt wnwtdbiwhwnlnipniubtp:
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BJIUAHUE SKOTYPU3MA HA KPACHOKHUM’KHBIE
BHUAbI OPHUTO®AYHBI HAITMOHAJIBHBIX ITAPKOB
APIIH JIMY ¥ CEBAH: DKOJIOT' O-®AYHUCTUUYECKHUI AHAJIN3

I'.T. MaknusaH

Poccuiicko-Apmanckuii(Crassanckutl) yHugepcumem
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AHHOTALMS

Oco60 oxpansiemble npuponnsie Teppuropuu (OOIIT) u, B yactHOCTH,
HalMOHAJIBHBIE TTAPKH O0ECIeYMBAIOTCS MTOCPEICTBOM COXpPAHEHHs OMo-
JIOTHYECKOTO pa3HooOpa3ust (0COOEHHO peNKMX M MCYE3aloUIMX BHJIOB),
MOHHUTOPHHI'A 9KOCUCTEM, OJIarONPUATHBIX IIPEJIOCHUIOK JUIS BOCCTAHOB-
JICHUS] ¥ BOCHPOM3BOJICTBA IKOCHUCTEM, PAIIMOHAIBHOTO M CHCTEMAaTH3H-
POBAHHOTO HMCIIOIb30BaHMS PUPOAHBIX PECYPCOB.

Ha teppuropusix OOIIT 6uopasHooOpa3ue nMeeT Hanboee BayKHOE 3Ha-
YeHHe, TaK KaK Kaxk[aas MoTepst BUIA PaCTUTENFHOTO U )KHUBOTHOTO MUPA,
0COOEHHO KPAaCHOKHIXHOTO, MOKET TNPUBECTH K HapylleHHIO OanaHca
9KOCUCTEMBI. AHTPONIOreHHbIe (DaKTOpPbI, BO3/CHCTBYIONINE HA OHOTOIIBI
PACTUTENIFHOTO M )KHBOTHOTO MHpA, ABJISIOTCS OCHOBHOM mpobieMoil co-
XpaHeHHs1 6Mopa3zHO0Opa3usl B COBPEMEHHBIH MEPHOI.

Knroueswte cnosa: duopaznoodpasue, OOIIT, skoTypusm, opaETODayHA.

BBenenne

B OOIIT PA, kpome 3al0BEJHUKOB, 3aKa3HUKOB M NPUPOJHBIX MaMATHU-
KOB, BXOJST TaKXe HallMOHAJbHbIC MAapKU. HalMoHalbHbIE TApKU SBIIIOTCS IPH-
POLOOXPAaHHBIMHU, SKOJOrO-IIPOCBETUTEILCKUMU U HAayYHO-HCCIIEI0BATEIIbCKUMHU
YUPEXKACHUSIMH, TEPPUTOPUN KOTOPBIX BKIIIOYAIOT B €05l MPUPOTHBIE KOMILIEKCHI
U 00BEKTHI, MMEIOIUE 0COOYIO DKOJIOTHYECKYIO, HCTOPUUECKYIO U 3CTETUYECKYIO
LIEHHOCTh W IPEIHA3HAYECHHbIE JJIS HCIOJB30BAaHUS B NPHUPOJOOXPAHHBIX, MPO-
CBETHTENIbCKUX, HAYYHBIX M KyJIbTypHBIX Lessix [1]. [To cpaBHeHHIO ¢ 3amoBeaHU-
KaMH{, HalMOHAJIbHbIE IAPKH, KPOME 3aKa3HUKOBBIX U 3alOBEIHBIX 30H, UMEIOT
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TaK)Ke 30HBI PEKPEalMiH M 30HBI KOJOTMYECKOrO M MO3HABATEILHOTO TypU3Ma.
OpHMM U3 OCHOBHBIX CIIOCOOOB OMHMCAaHMS OMOpa3zHOOOpa3us SBISETCS MOHHUTO-
PHHT, KOTOPBI BO MHOTHX CIy4asiX, K COXKaJICHHUIO, CHCTEMAaTHUYECKH HE MPOBO-
JITCS1, YTO, B CBOKO OYepE/ib, IPUBOIUT K HETIOJHOICHHBIM JIaHHBIM KaK TI0 Kpac-
HOKHIKHBIM, TaK ¥ [0 OCTAJIbHBIM BUIAM.

B macrosmeli paboTe mpoBeieH CPaBHUTEIBHBIA aHAIU3 KPaCHOKHHM)KHBIX
BUJIOB OpHHUTA(ayHbI B HAIIMOHAIBHBIX MapKax «Apmu jnd» u «CeBaH» U BbIsBIIE-
HO BO3MOXXHOE BIIUSTHHE KOTYpH3Ma Ha OMOTOIIBI JAHHBIX BHJIOB.

HanmonansHbIil napk «Apnu Jimu» Haxoautcs Ha Tepputopuu Llupax-
CKOT'0 Map3a, KOTOPBIA OTIMYAETCS JKECTKUM U CYyXUM KJIMMAaTOM, HECMOTpPS Ha
9TO, O6acceiiH u OIu3exalue TePpUTOPUHN o3epa ApIU OTIUYAIOTCS OOraThiM
pasHoobpazuem (iopsl U GayHbl, MHOTHE BUIBI KOTOPEIX B qaHHOM OOIIT cun-
TAIOTCS PEAKUMH U MCYE3aIoIUMH (BKIIOYeHbI B KpacHyro KHUTY ApMeHHH, a
takke B Mexaynaponusiii Coro3 Oxpanbsl [Ipuponsr (MCOII)). B nanmo-
HaJIbHOM NapKe «ApHH Ju4» HacuuThiBaeTcs nopsaka 190 BuaoB nTunl, U3 Ko-
Topbix 120 perynsipHo pazMHoxkatoTcst U 0osiee 100 BUOB MUTPUPYIOT B OCEH-
HUE U BECEHHUE NIEPUO/bI, a TaKKe IpUMepHO 70 BUIOB 3UMYIOIIMX NTHIL [ 8].

HanmonanbHelil napk «CeBaH» HAXOIUTCS HAa TePPUTOpHHU | erapKyHHIICKO-
ro map3a. [lannas reppuropust HacuuTheiBaeT nopsaka 180 BUIOB NTHL, U3 KOTO-
pbIX 35 BUJIOB SIBIISIIOTCS KPACHOKHWKHBIME (9) ¥ BO BpeMsi BECEHHE-JICTHEeH MH-
rpalyy BCTEUAOTCS TAK)KE B HALIMOHAIBHOM TMapKe «APITH JIHY.

MaTepHaJ’Ibl H METOAbI

Jlnsi cpaBHEHHsI MTApaMETPOB CXOJCTBA BHUOBOTO COCTaBa KPACHOKHIKHBIX
BUJIOB OPHUTO(AYHBI JBYX HALIMOHAIBHBIX MTAPKOB OBLI UCTIOIB30BaH «300r€0rpa-
¢dugeckuity meton pacuera kodddumenra Cryrpena-Pagynecky, nMeromero cie-
ayrontuit Bu [2]

_A+B-C

p ="~ 1
T ATBIC ®

rue:

A — 4YHCIO BUJIOB, BCTPEYAIOIIUXCS HA MEPBOM TEPPUTOPUH, HO OTCYTCT-
BYIOIIUX BO BTOPOH;

B — 4ncio BuaoB, BCTpeyaromuxcsi Ha BTOPOM TEPPUTOPUH, HO OTCYTCTBYIO-
KX B MEPBOW;

C — 9uco BUIOB, BCTPEYAIOIINXCS HA0O0CHX TEPPUTOPHUSIX.

Kantunyym koaddurmenta sapsupyer ot -1 1o +1. IIpenenst -1 mo 0 cBu-

JIETENbCTBYIOT O TIOJTHOM CXOJ/ICTBE BUIOB B OIpe/IelIeHHBIX TeppuTopusix. [lpene-
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abl 0 1o +1 mokas3pIBalOT cOOTBETCTBYMOLIME pasnuuus. [lpu 3Hauenun pg<0, B
KauecTBE MEphbI CXO/ICTBA OepyTcs aOCOMOTHBIE 3HaUeHUs KoddurrenTa.

B kxaudecTBe K03(pHIIMEHTa BCTPEYaEMOCTH BUOBOTO COCTaBa KPACHO-
KHIKHOHM OpHUTO(AayHbI B HALIMOHATIBHBIX Mapkax «Apnu Jnu» u «CeBan» Hc-
noJsib3oBascs ko3 dumment XKakkapa [3], OMUCHIBAIOIIUNCS ypaBHEHUEM:

C

K =—>" 2
VT ATB_C (2)

rue:

A — KOIIM4EeCTBO BUI0OB HA IIEPBOM TEPPUTOPUH,

B — koim4ecTBO BUOB Ha BTOPOM TEPPUTOPHH,

C — KOJTM4eCTBO BUIOB OOIIMX s |- ¥ 2-1 TEpPUTOPHIA.

[Ipenensl nanHoro ko3 ¢unuenta or 0 no 1, sHayenue Kj =1 cBupereins-
CTBYET O MoyHOM cxozacTBe a Kj=0 o3Hauaer, 4TO OHM HE UMEIOT HU OJHOrO 00-
IIEro BUJA.

Pe3yJ'II)TaTI)I Hu 06cy>lc)1emm.

B nacrosmee Bpems B PecriyOnrike ApMeHHs B KaueCTBE OJHOTO U3 Iepe-
JIOBBIX HampaBJICHUH pa3BUTHS TYPUCTUUECKOW OTPACIH SABISETCS IKOTYPU3M U, B
YaCTHOCTH, HaOIItO/IeHUE 32 OPHUTO(AYHOU, TaK Kak ApPMEHUS M HaXOJAIINECs B
HeM OOIIT mpencraBiastoTcst pa3HOOOPAa3HUEM KaK NEPEIETHBIX, TAK U OCEAJIbIX TH-
nos nrull. [Ipy Takom noaxoae BakKHEWIIEW 3afaueil SBISAETCS HalpaBICHHBIN
MOHMTOPUHI KaK KPaCHOKHMHBIX BHMJOB, TaK U OCTalbHbIX. HyHO OTMETHTH,
YTO B JIOCTYITHOW JIMTEpPAType O pe3yibTaTaX, MPOBEICHHBIX MOHHUTOPHUHTOB B
OOIIT u, B yaCTHOCTH, B HAIIMOHAJILHBIX MapKaX HEJAOCTATOYHBI, YTO, B CBOIO OYe-
peab, CO3/1aeT ONpeAeTeHHbIE TPYAHOCTH NPU MPOBEIECHUU CPABHUTEIbHBIX aHa-
m30B. Kak mpumep MOXKHO TPUBECTH HAIMOHAJIBHBIA TAapK «ApPEBHK», CO3-
nanueiii B 2009 rony, Ta€, K COXAICHHIO, HET TOJHOIICHHONW nHpopMaIuu o Ono-
pa3sHoo0pa3uu, a TaKXKe IKO-TOonorpauuecKux JaHHBIX [4].

Br160op faHHBIX HAMOHAJIBHBIX MMAPKOB OOYCIIOBIEHHBI TEM, YTO OHU CpPaB-
HUMBI MEX1y cOOO Kak reorpauyeckuMu MoKa3aTeasiMu TaKk U HaJU4ueM BOJI-
HO-00TMUTHCTHIX yroauid. C TOYKM 3pEHUS BRICOTHBIX TIOKa3aTeJIel_HallMOHATIbHBIN
napk «Apnu auu» Haxogutcs Ha BbicoTe 1500-3100M., a HaALMOHAIBHBIA MapK
«CeBan» — 1750-3597m. Paznuuumsimu SBISIOTCS KJIMMAaTHYECKHE XapaKTepHC-
Tukd. Kak M3BeCTHO, KJIMMAT «ApPMH JUY» TOBOJBHO CYPOBBIN, PE3KO KOHTUHEH-
tanbHbId. CpeqHsis Temmeparypa kKoyieonercs ot + 22 (etom) 1o —38 (3umoii) [5].
ITo cpaBHeHMIO ¢ «Apnu Jlny» Kaumar HauoHaiabHOro napka «CeBaH» IocTa-
TOYHO TeIuIblil U Msarkuid. Cpenusis Temieparypa 3umoit — 9°C nerom +25°C. [6].
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Kpome Brimenepeuncnennsix nokazarene, nanapie OOIIT cpaBHUMBI MEXTy CO-
001 TaKKe KOJIMYECTBOM BUJOB OPHUTO(AYHBI.

IKon020-paynucmuueckuit ananu3 KPACHOKHUNCHOI OPHUMODayHbL .

N3 190 BumoB 0OMTAIOMIMX MTHIl, OMOTOMBI KOTOPBIX HAXOASATCS B HAIIUO-
HaJIbHOM mTapke «Apmu jauu», 17 BumoB BkiIoueHel B Kpachnyio kaury PA u
MCOII. Nmu sisroTes: noranka cepoutekas (Podiceps grisegena), nenukan po-
soBbiii (Pelecanus onocrotalus), nenvkan xynpsseiii (Pelecanus crispus), 6ois-
moii Gaxnan (Phalacrocorax carbo), xapasaiika (Plegadis falcinellus), xommun
(Platalea leucorodia), cepsiii rycs (Anser anser), ryce 6enonoosiii (Anser albi-
frons), orape (Tadorna ferruginea), meranka (Tadorna tadorna), mmpokoHocka
(Anas clypeata), cepsiii xypasib (Grus grus), 6oasmoii Beperennuk (Limosa li-
mosa), aynens (Gallinago media), xoxynounuk (Himantopus himantopus), ap-
MsHCKas daiika (Larus armenicus), tpsicoryska skenroronosas (Motacilla citreo-
1a). [7]. Y3 naHHBIX BUIOB [ITUIl MHOTHE SIBJISIOTCS TIEPEJIETHBIMH.

N3 180 BumoB, oOMTAIONIMX NTHIl B HAIIMOHAILHOM Tapke «CeBany», 35 BU-
JIOB SIBJISIFOTCS] KPACHOKHMKHBIMU M Takxke BkitoueHsl B MCOII. Oto: noranka ce-
pomekas (Podiceps grisegena), menukan posossiii (Pelecanus onocrotalus), me-
nvkan Kyapsseii (Pelecanus crispus), 6onsmoii 6aknan (Phalacrocorax carbo),
manbiii Oaknan (Phalacrocorax pygmeus), kapasaiika (Plegadis falcinellus), koxn-
nuiy (Platalea leucorodia), ¢pnamunro (Phoenicopterus), ne6eas mumnyn (Cygnus
olor), ne6ens xmukyn (Cygnus cygnus), cepeiii rych (ANSEr anser), nucKysibKa
(Anser erythropus), 6enono6siii ryce (Anser albifrons), xasapka kpacHo300as
(Branta ruficollis oraps (Tadorna ferruginea), neranka (Tadorna tadorna), mm-
pokornocka (Anas clypeata), uepuers Oemormasas (Aythya nyroca), typman
(Melanitta fusca Thorburn), opnan-6enoxsoct (Haliaeetus albicilla), crepssTauk
(Marvel Comics), crennoii ayus (Circus macrourus), nogopauk mansii (Aquila
pomarina), 6ano6an (Falco cherrug), cepsiii xypasib (Grus grus), Kyjimk-copoka
(Haematopus ostralegus), Gomsmioii Beperennuk (Limosa limosa), Gombimoit
kponmmen (Numenius arquata), aymens (Gallinago media), xoxymounux (Hi-
mantopus himantopus), munokaroska (Acanthiza apicalis), cremuas Tupkymika
(Glareola nordmanni), apmsirckas gaiika (Larus armenicus), kpauka Gesomiekas
(Chlidonias hybrida), rpscorysxka xenroronosas (Motacilla citreola). [7]. U3 Bbi-
[IeTIePEYNCIICHHBIX HEKOTOPHIC BUIBI SBISIFOTCS TEPEIIETHBIMU

BrlenpuBeieHHble JaHHBIE CBUAETENLCTBYIOT, 4TO B 00oux OOIIT komnu-
YEeCTBO BCTPEYAEMBIX KPACHOKHWKHBIX BUAOB cocTaBisieT 48,6%, U3 KOTOphIX 9
BUJIOB (53%) cocTaBisIOT BojioIIaBatomure, 8 BuaoB (47%) — BogHo-0onotHeIe. 1o
KpUTepHsiM 00pasa Ku3Hu 76% SIBISIOTCS MEpeseTHBIMHU, a OcTalibHbIe 24% — ocel-
Jbl€, OIHUM W3 SIPKUX NPHUMEPOB KOTOPOIO SBISETCS SHAEMHUYHBINA BHJ «ApMSH-
CKOM YaiiKu», OMOTOIBI KOTOPOI'O HAXOATCS HAa TEPPUTOPUN HALIMOHATIBHOTO MapKa
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Cesan. B nmocnemnue roser, o ganasiM Kpacuoii kauru PA (2010), THe310BbsI 4ack
0oOHapy>KeHbI TAK)KE HAa TEPPUTOPHH HAILIMOHATILHOTO MapKa «ApITH JTU9».

Jlnsi cpaBHEHHSI BHJIOBOTO COCTaBa KPACHOKHIKHBIX BHJIOB OPHUTO(DAYHBI
HaMU ObUIM pacuyuTaHbl KO3()PHUIIMEHTHI, MOKA3bIBAIOLINE CXOACTBO IBYX HAIHUO-
HAJIBHBIX MApKOB IO NPU3HAKY HIEHTHYHOCTH KPACHOKHIKHON OpPHHUTO(AyHBI.

Pe3ynbTathl pacueToB nmokas3aHsl B Tabiuie 1.
Tabnuya 1
CpaBHeHHe BUIOBOTO COCTaBa KPAaCHOKHIDKHOM opHUTO(GayHb! Apru iy u CeBaH
(3nauenus koa¢punnenros XKaxkapa, u Cryrpena-Pangymnecky)

Bcerosunos OO01MeBUIBI Cnemmnduueckne Bunpl | K| Psr
35 17 18 0.48 | 0.02

Heo6xo1umMo 0TMETUTD, YTO HallMOHAJIbHbIE MapKu «CeBaH» U «ApPIHU JIHY»
NPAaKTUYECKU MIICHTUYHBI 110 KPUTEPHUSIM BCTPEYAEMOCTH KPACHOKHMKHBIX BHJIOB
opHuTO(ayHbl. OO 3TOM CBHIETENLCTBYIOT TaK)XKe IOJIy4YCHHbIE 3Haue€HUE KO3(-
¢durentoB cxoxactea (kodddunuent Cryrpena-Pamynecky psg ) U kodddumment
BcTpeuaeMocTH (koaduiment XKakkapa K;).

ITo xputepussm MCOII, u3 17 BbIICIPUBEICHHBIX BUAOB HaHOOJbIIICE
KOJIMYECTBO — 9 BUIOB, KOTOpoe cocTaBiisieT 53% OT 0011ero yucia sBIsiOTCS
«YA3BUMBIMUY», U3 KOTOPBIX 6 BUIOB OTHOCATCS MO KPUTEPHUIO «YSI3BUMBIN
VUB1ab (iii) +2a(iii), 5 Buna «ys3Bumsiity VU DI, 2 Buna «ys3Bumsliiy VU
Blab(iii) u 1 Bun «ys3Bumselii» VU A2b. B nanHble KpuTepuu BXOAAT Kak BO-
JIOTIIABAIOIIUE, TaK U BOAHO-0010THBIE TUIBI NTUL. 13 17 paccmaTpruBaembix
BUJ0B NTHL 3 13 HUX 1o KputepusiMm MCOII, cunraroTcst «1moj yrpo3oil ucues-
HoBeHUs» (EN D), kK HUM OTHOCSTCS NENUKaH KyAPSABBINA, KOJIUL] U CEPbIH Ky-
paBib. JlaHHBIE BUIBI ITUIL SIBIISTFOTCS TIEPETIETHBIMHU.

[Tomumo paccMaTpuBaembix, 17 BUAOB OpHUTO(AYHBI, KOTOPIE BCTpeda-
I0TCSI B 000MX HAallMOHAIBHBIX TMapKaxX, B HAIIMOHATBHOM mapke «CeBaH» Ha-
Omonatorcs emie 18 BUIOB KPaCHOKHIKHBIX BHUJOB ITHII, KOTOpPBIE HE BCTpe-
YaloTCs B HAallMOHAJBHOM Mapke Apnu aud. M3 BeimeckazanHbix 18 BUIOB 6
BUNI0B (33%) sABISIFOTCS BojoIIaBaromumu, 7 BunmoB (39%) — xopmoBbiMu, 3
Buja (17%) aBnsroTcs XumHuKaMu u 1 Bua BoaHO-0010THEIM (6%). [To 06pa-
3y KM3HU npubnu3utensHo 90% sBIAIOTCS MepeneTHbIMU, a ocTaibiHbie 10%
— OCEeIIBIE.

[To kputepusim MCOII, 9 BunoB u3 18, uro cocrasiser 50%, sBasIOTCS
«YS3BUMBIMUY», OJTHAKO B JAHHBIC KPUTEPHH OTIUYAIOTCS MO KaTeropusm: 4
BUJA OTHOCATCS K KaTeropuu «ysa3sumeie» VU D1, 3 Buna — «ysa3sumsie» VU
A2bcd+3bcd+4bed u o 1 Buay Ha «ys3Bumbie» Bl ab(iil) u VU A2b. B nan-
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HbIC KPUTCPUU BXOJAT KaK BOJOILIABAIONINE, TAK U XUIIIHUMH M XOPJIOBBIC TH-
nel nTuil. 13 18 Bugos opuutodaynst 5 BunoB (27%) HaxoAsTCS MO yTpo30id
HCYE3HOBEHMs, 2 BHMJA U3 KOTOpPBIX OTHOcUTcs K Kareropuu EN
A2bcd+3bcd+4bed u o 1 Buny: EN Bla, D; EN A2bcde+3bcdet+4bcede; Bl
ab3+2ab(iii), D. B paccmatpuBaembix 18 Buaax KpaCHOKHM)KHBIX MTHII 2 BUIA
HE UMEIOT JAaCTaTOYHBIX AaHHBIX W BXoAAT mo kpureputo MCOII nox «uemo-
CTAaTOYHOCTH AaHHBIX» DD.

[IpuHrMas BO BHUMAaHHE CXOXKECTh BBINIECKA3aHHBIX HAIMOHAIBHBIX
MapKOB C TOYKU 3PEHHUS UJCHTUUYHOCTH BUI0B KPACHOKHI)KHON OpHUTO(AYHBL,
PEKOMEH/IalliH, TIPUBEICHHBIC HUXKE, OyIyT WICHTHYHBIME JUIsI 00OUX HCCe-
JyeMbIX HAI[MOHAJbHBIX MMAPKOB.

Bauanue 3xomypusma na KpacHOKHUMCHbBIE 6UObl OPHUMOPAYHbL 6 HaA-
yuonanwvuvix naprax «Ceean» u «Apnu auuy

B nacrosmiee Bpemsi B ApMeHHH ObICTPBIMH TEMIIAaMH Pa3BHBAETCs 00JIaCTh
IKOTYypH3Ma — HaOJOICHUE 3a OPHUTO(DAYHOI, KOTOPBIN MMeeT TepMuH “Birdwat-
ching”. OH cuMTaeTcsi OMHUM U3 TE€X TUIIOB SKOTYpU3Ma, KOTOPBIA HAHOCUT MH-
HUMAaJIbHBIN BpeJ 9KOCHCTEME, a Takke OMOoToIaM NpejacTaBuTenel ¢ayHbl, 00H-
TAIOIIMX Ha JAHHOM TePPUTOPHUH.

Hecmotps Ha 310, B McCleAyeMbIX HAMOHAIBHBIX MAPKaX, K COXKAJIEHUIO,
HE MMEIOTCS ONPEEIICHHBIE Y3KOCTICIIMATN3NPOBAHHBIE HIKOTYPUCTUYECKHE MapIil-
PYTHI U CMOTPOBBIE IUIOLIAIKK AJIsi HaOMroIeH!s 3a opHUTO(ayHOW. BnobaBok k
3TOMY, B JIOCTYITHOM JINTEpaType COOTBETCTBYIOIIMX JAHHBIX O MOHUTOPUHTE, B
0COOEHHOCTH, KPAaCHOKHMKHBIX BUIOB HET WM JocTtaTouHo. Kak m3BecTHO, AaH-
HbI€ (DaKTOPBI ABJISIFOTCSI OCHOBHOM 0a30i Npu NPOBEACHUN TaKUX TUIIOB 3KOTYP.

Mtuorue Typuctudyeckue komnanuu [10—13], koTopbsie TPOBOJST TaKUe KO-
Typbl B HALIMOHAJIbHBIX MapKax U, B yacTHOCTH, CeBaH, HE BCErAa yYUTHIBAIOT Ce-
30HHOCTH TIOCEIICHHUS, a TAK)KEe MEPUO/IbI THE3/I0BbS, UTO B CBOIO OUEPEab NPUBO-
JIUT K HapyLIEHUsM HOPMaJIbHOW XHU3HeAesATeabHOCTH nTull. Ilpu 3TOM OTCyTCT-
BHE HOPMATHBOB IPH MPOBEJICHNN HAOIIOACHNN 32 OpHUTO(AYHOU (aHTPOIIOTEH-
HBIH (aKTOpP) MPUBOAUT K M3MEHEHHUIO 00pa3a HM3HM NTHUI, OOUTAIOMINX Ha JIaH-
HBIX OMOTOMAx.

IIpn TakoM packiazie BaXXHEHIIEH 3a0a4el sIBISIETCS. MOHUTOPUHT M OXPaHa,
BOCOOEHHOCTH, KPACHOKHM)KHBIX BUJIOB, ONPE/EIEHNE HOPMAaTUBOB JOIYCKaeMbIX
BPEMEHHBIX MEPHOJIOB, CO3/aHUE Y3KOCTIEHNAIN3NPOBAHHBIX CMOTPOBBIX ILIOMIA-
JI0K U TPOII, IPUMEHEHUE COOTBETCTBYIOILEH TEXHUKH P OCMOTPE C ONpPEeAEIeH-
HOTO pacCTOSIHUSA, a TaKXKe NPUCYTCTBHUE CIELUAIUCTOB-OPHUTOJIOIOB IIPH IPOBE-
JICHUU JTaHHBIX MEPONPHUATHN. YUeT Harpy3Ku TypHCTUYECKHUX PecypcoB Ha Ono-
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TOMBI M BEJIEHUE CTATUCTUKH JUISl JAIBHEWIINX KOPPEKTUPOBOK KaK IKOTPOIL, TaK
Y QaHTPOIIOT€HHOM HArpy3Ku Ha OUOTOIIBL.

[Tpu poBeACHUN MEPOTIPUATHI 110 HAOIIOACHHUIO 32 OPHUTO(DAYHOH HYKHO
YUUTBIBATh CHEAyIONIHE (PAKTOPhI: BaXKHEHIIUM SBISETCS BPEMEHHOH (axTop —
pPEKOMEHIyeTCs IPOBEIEHUE JAHHOTO THIIA SKOTYpPH3Ma B OIPE/EIICHHbIE BpEMEH-
HBIC UHTCPBAJIbI — 3TO, B OCHOBHOM, KOHCII UIOHS, UIOJIb-aBr'yCT, II€pBas IOJIOBHUHA
CEHTSIOpsI.

JlanHble BpeMEHHBIE WHTEPBAJIBI BHIOPAHBI, UCXOMS U3 HECKOJIBKUX KpHUTE-
PHUEB: MNICPBBIM ABJISACTCA BPEMsS T'HE3A0BbA W BBIBOA IMOTOMCTBA, a TAKXKEC IIOATrO-
TOBKa MOJIOJIHAKA K NEpeNeTy, TaK KaK MHOTHE KPAaCHOKHMKHBIE BHJIbI, OOUTaIO-
e B AAaHHBIX 6I/IOTOHaX, SABJIAKOTCA TCPEIICTHBIMU. B JaHHBIC TIEPpHUOJbI, T.C. C
KOHIIa MapTa /10 BTOPOIl OJIOBUHBI UIOHS, a TAKXKE CO BTOPOU MOJIOBHHBI CEHTS0-
ps IO OKTSAOPH, HEIeTIecO00pa3HO MPOBEICHHE SKOTYPOB B IaHHBIX TEPPUTOPHSIX,
TaK KaK 3THU NE€PpUOAbl ABJIAIOTCA HaubOoee YA3BUMbBIMU JJId ITHULL.

[Tpu npoBeaeHny HaOMIOACHNUS 32 OPHUTO(AYHOH B TOIYyCTUMbIE BPEMEHHbIE
MHTEpPBaJIbl HEOOXOMMO YUUTHIBATh AHTPOIIOTEHHBIE BO3JeUCTBUS. JlaHHbIE aKTo-
PBI MOXHO OyIeT pacipelennTh Ha (PU3MKO-MEXaHMYECKUE, XMMUKO-OnoIorndec-
KHUe, Cy6T)CKTI/IBHI)Ie, a TAKIKE YUMThIBast OIIaCHOCTb BO3HMKHOBCHH A ITOKAPOB.

DuzuKo-Mexannyeckue GakTopbl Bo3aeicTBUS

B kauecTBe (H3HKO-MEXaHHYECKHX (HAKTOPOB BO3ICUCTBUS HA OHUOTOIBI
KPACHOKHIKHBIX MTHI] BBICTYNAIOT U3MEHEHUsI CTPYKTYp TPYHTa B 00JaCTH KO-
TPOII ¥ OJIU3JICKAIINX TEPPUTOPHIA, BO3ICHCTBHE KOTOPHIX YBEIHUUCBACTCS MIPHU HC-
HOJI30BAaHUM HA3E€MHOIO TPAHCIOPTA. 3BYKOBBIE KOJICOAHHS MOTOPOB aBTOMO-
Owsell WM IyM TYpPHCTOB MPH TOCEHMICHHH MECT OOMTaHHMS, a TAaK)Ke YaCTHIHOE
YHUUYTOKCHUE TMOYBEHHOTO OHMOIIEHO3a, CBS3aHHOE C MPOJIOKCHHEM MapiipyTa
9KOTpOTEL. MIMeeT MeCTo Takke BU3yalbHbIH (akTop (I[BET OMEKIBI, KECTHKYJIS-
1Ms ¥ T.J.), B YaCTHOCTH, mpu nposeneunun “birdwatchinga”. Ipuxumas Bo BHU-
MaHWe JaHHbIe (AKTOPbI, BXKHBIM SIBISICTCS YaCTO MPOBOAMMBIC MOHHUTOPHHIH,
KOTOPBIE 1aJyT BO3MOKHOCTh CHU3UTh PUCKH BO3JCHCTBHS ITyTEM H3MCHEHHSI TEX
WU UHBIX KPUTEPHEB TIPH MTPOBEICHUHN TAKUX MEPOMPHSTHA.

XHUMHUKO-0HoI0THYecKHe (haKTOPBI BO3/AeiicTBHA

[Tpu mpoBeeHUH TaKUX MEPONIPHUATUI HEOOXOIUMO YUUTHIBATH TAKXKE MPO-
0J1eMbl, CBA3aHHBIE C XMMUKO-OMOJIOrMUECKUMU (PaKTOpaMU — TAKHUX, KaK 3arpss-
HEHUE BOJOEMOB U OJU3JIEKAIIUX TEPPUTOPUIl pasHbBIMU THIIAMH MYCOpa, IMHUC-
CHsl Ta30B OT HA36MHOI'0 TPAHCIIOPTA U T.J.
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Cy0bekTUBHBbIE (PAKTOPHI BO3/1elCTBUA

CyObeKTUBHBIMH (DaKTOpaMU MOTYT SIBJISTBHCS 3arps3HEHHbBIE TYpPUCTaAMU
SKOTPOIBIMIA U3MEHEHHE MapIIpyTa B Ipolecce HaOIIoAeHHs, YTO KpaitHe HeJ0-
IIyCTUMO.

oxapHast oIaCHOCTH

[IpuHuMasi BO BHUMaHUE CE30HHOCTb IPOBEIEHUs HAOII0AEHUs 32 OPHUTO-
(bayHOI1 Bo3pacTaeT pUCK MOXKAPOB, CBA3aHHBII C aHTPONOI€HHBIM U (paKTOpaMu.
Tak xak pecypchl HallMOHAJIBHBIX TAPKOB OOJIbLIE, YEM Y 3aII0OBEIHUKOB, U B JaH-
HbIX OOIIT HeT orpaHuueHHs Ha HOWIEr M JUIMTEIbHOE NpHUObIBaHUE, 0cO0O0e
BHUMAaHHUE J0JDKHO YIENIAThCSI COXPAHEHHUIO Mep MoxkapHoil OezomacHoctu. C aToi
TOYKH 3pEHUS] HEOOXOJUMO MPOBOAUTH TPEHUHTH 110 MOXKAPHOH 6€301MacHOCTH.

3akJ/oueHue

[IpoBoeHHBIN CpaBHUTENBLHBIN aHAIN3 MTOKa3aJl, YTO HALIMOHAJIbHBIE MAapKU
«CeBan» U «ApIH JUY» CPAaBHUMBI MEXIy COOOH IO COCTaBy KPAaCHOKHM)KHBIX
BUA0B OopHHUTO(ayHb. OO0 3TOM CBUAETENBCTBYIOT MOJYyYEHHbIE KOA(PPHUIMESHTHI
CXOZCTBA BHJIOBOI'O cocTaBa M BcTpedaeMocTH. HyxHO oTMeruTs, uto u3 35 BH-
JIOB KPAaCHOKHMIKHBIX MTHUL, HAXOJAIIMXCS Ha TEPPUTOPUN HALIMOHAILHOTO MapKa
«CeBany», 17 BcTpedaroTCs TakkKe Ha TEPPUTOPHM HALMOHAJIBHOIO Mapka «Apnu
Ju4». B OCHOBHOM 3TO BO/OIUIaBAIOIIME U BOJHO-OOJOTHBIE NTHIIBI, MHOTHE U3
KOTOPBIX SBISIIOTCS mepeneTHbIMH. OpHUTO(ayHa HAIIMOHAIBHOTO MapKa «Apmu
nnyy, Bxoasas B Kpacuyto kaury, 1 MCOII cocrasnser 30%, a B HalMOHAIb-
HoM napke «CeBan» — 66.5%, uto B 2 pa3a 0oJjbllie, YeM B HAI[MOHAIBHOM MapKe
«Apnu nu9». ITO MOKHO OOBSICHHUTH MajieHneM ypoBHs 03. Cean. C TOUKH 3pe-
HUSl IPOBEACHUS HaOI0IeHUH 32 OpHUTO(AayHON B JaHHBIX HALIMOHAJIBHBIX Map-
Kax Hy>KHO IIPMHMMAaTh BO BHUMaHHE MHOXKECTBO ITOKa3aTesel, KOTOpbIe, K COXa-
JICHHIO, B HACTOSAIIEE BPEMS HE BCETa YUUTHIBAIOTCS.

OTcyTcTBUE MOJMHOLEHHBIX JaHHBIX MOHUTOPUHIA, OCOOEHHO KpPacHO-
KHW KHBIX BHUJIOB, 3aTPYAHSET OLICHKY BO3MOXXHOCTEH IIPOBEACHUS DKOTypU3Ma
Y, B YaCTHOCTH, HabmtoeHus 3a opaurodayHoit. Hecmotps Ha 510, mpu npa-
BUJIBHOHM OpraHM3anuu, a Tak’ke CO3/1aHuM COOTBETCTBYIOIINUX HH(PPACTPYKTYP,
Y3KOCTIEIIMAIIM3UPOBAHHBIX KOTPOII, CMOTPOBBIX IUIOIIA/I0OK U aHAJIM3a aHTPO-
MOTeHHOTo Bo3jeiicTBua Ha Ouoromnsl B faHHBIX OOIIT moxHO Oyzner mpoBo-
IUTh COOTBETCTBYIOILME MEPOIIPUATHS.
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THE IMPACT OF ECOTOURISM ON THE RED BOOK-LISTED SPECIES OF
BIRDS IN LAKE ARPI AND SEVAN NATIONAL PARKS: ECO-FAUNISTIC
ANALYSIS.

G. Makichyan

SUMMARY

Protected areas (PAs) and in particular national parks are provided by
biodiversity (especially the rare and endangered species); ecosystem mon-
itoring; favorable conditions for the restoration and reproduction of eco-
systems; rational and systematized use of natural resources.

The biodiversity on PAs has the most important significance, because
each loss of species of flora and fauna, especially the Red Book-listed
species, can disrupt the balance of the ecosystem. The anthropogenic fac-
tors affecting the biotopes of flora and fauna are the major problem for
the conservation of biodiversity in the contemporary period.

Keywords: biodiversity, PA, ecotourism, ornithofauna.
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CPABHUTEJIbHBIN AHAJIN3 ®AYHBI OCOBO OXPAHSEMBbIX
MMPUPOJIHBIX TEPPUTOPUI APMEHUH

I'.'T. Maknusig

Poccuiicko-Apmanckuii(Crassanckutl) yHugepcumem
goka_m@mail.ru

AHHOTALMS

I'mobGanbpHON 3amauell COBPEMEHHOCTH SBJISIETCS COXpaHeHue Ouopas-
HOOOpa3us — pa3HOOOpa3us BUIOB KUBOTHBIX U PACTCHUH, JaHIIIa()TOB
u skocucreM. CoxpaHeHue OMOpa3HOOOpa3usi — ATO HE HOBOE HallpaBJe-
HUE OXpaHbI IPUPOALI, a HCOThEMJIEMAA COCTaBHAad 4aCThb KOHUCIIIWU I1€-
pexona YeloBeUecTBa Ha MPUHIUIBI YCTOWIHBOTO pa3BUTHI. OCHOBHBIM
crocoOOM COXpaHEHUsT OMOJIOTHYECKOTO pa3HOOOpas3ws HalleH ITaHeTHI
SIBIITIOTCSL 0000 oxpansieMbie ipupoansie Tepputopuu (OOIIT), a B ka-
YeCcTBE OICHKH COCTOSIHHS OMOPa3HOOOpasWs BHICTYNAIOT MOHHTOPHHT,
aHaU3 ¥ CpaBHEHUE.

Knrouesste cnosa: buopasHooOpasre, HAIIMOHAIBHBIN MapK, 3all0BEIHUK,
OOIIT.

BBenenune

OOIIT, xak uH(ppacTPyKTypa OXpaHbl MPUPOAHBIX KOMIUIEKCOB M KHMBOT-
HOT'O MHpa B COBPEMEHHOW KOJIOTMYECKOH 0O0CTAaHOBKE, BBITIOIHAIOT OECIECHHYIO
posib pe3epBaToB ¢uiopsl U (aynsl [1]. CamMoperyisius 5KOCHCTEM U 3KOJIOTHYe-
ckux npoueccoB Ha Teppuropusx OOIIT He Tonbko oOecneunBaeTcs, HO U ABIS-
€TCS 3aJIOTOM CTaOMJIBHOCTH SKOJIOTMYECKON OOCTAHOBKH Ha MPHIICTAIONINX Tep-
putopusix. CIeICTBUEM 3TOTO MOXKET ObITh BBISIBJICHHE HOBBIX BHJIOB >KMBOTHBIX,
NTHUI] ¥ PACTEHUM, paHee HE OTMEUABLIMXCSA Ha TEPPUTOPHUAX 3alIOBETHUKOB U Ha-
ITMOHATIFHBIX TTAPKOB, OOHAPYKEHUE HOBBIX MECT OOWTaHHUS psifa PEeIKHX pacTe-
HUH U )KUBOTHBIX.

Oco3HaBas 3HaUeHUE coXpaHeHus Onopa3zHooOpasus, Pecriybnuka ApmeHus
B 1993r. parudumnuposana Kousenmuio «O OuomornueckoM pazHooOpasun», a B
1999r. nmoaroroBuina nepeeii Hanmonanbueiit goknayn «CTpaTeruio Mo coxpaHe-
HUIO OMOpa3HO00pa3ws U HAITMOHAJIBHBIN TUTAaH MeHCTBHU PectryOmukn ApMeHHs».
B 2002 rogy IlpaButensctBoM ApMmenuun onodpena «l'ocynapcTBeHHast cTpaTerus
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Pa3BUTHA U HAIMOHAJIBHAS IIPOrpaMMa JAeUCTBHIA 10 0C000 OXpaHIEMBIM MPUPO/I-
HBIM TeppuUTOpUsiM ApmeHuu» [2], corilacHO KOTOpOi 0co00 OXpaHseMmble MpH-
POIHBIE TEPPUTOPHUH CITy>KaT OCOOBIM TapaHTOM COXPAaHEHHs HMPUPOJABI U ee COo-
CTaBHBIX YacTeH.

OOIIT obGecrieunBaeTcsi MOCPEICTBOM COXpaHEHUS OMOJOTHMYECKOTO pas-
HOOOpasusi (0COOCHHO PEIKUX M MCUE3AIONIUX BHJIOB); MOHUTOPHHTA SKOCHUCTEM;
OJIarONpPUATHBIX TPEINOCHUIOK A BOCCTAHOBJIEHHUS U BOCIIPOM3BOJICTBA IKOCH-
CTE€M; PAaLMOHAIBHOTO ¥ CHCTEMAaTU3UPOBAHHOTO WCIOJIB30BAaHUS MPUPOJHBIX pe-
CYPCOB.

Ha teppuropusix OOIIT 6uopaznoobpa3ue nmeer Hanboiee BaKHOE 3HAUE-
HUE, TaK KaK KaKaas MOTeps BUJA PACTUTEILHOTO W )KUBOTHOTO MUpPa MOKET IpHU-
BECTH K YHHYTOKEHHIO SKOCHCTEMBI, & TAK)KE MOXKET BIHATH Ha Pa3BUTHE H 3]10-
POBbE YeJIOBeKa.

B Hacrosimee Bpemst Ha oOumieil miomaan ApMeHHHM MMERTCs 3 3amoBe-
HUKa, 4 HAIMOHAJIBbHBIX Mapka u 27 3aka3Huka [3—6]. Teppuropuu OOIIT 3anu-
MatoT 13.1% ot oO1iei TeppuTOpUM U BKJIIOYAIOT B €0l MHOTOUMCIICHHBIE BUBI
SHJIEMHUKOB, TpeacTaBuTeneld (Gpaopsl U GayHbl, YTO UMEET HEOIIEHUMOE 3HAYCHUE
Ouopa3HooOpasusi B MUPOBOM sKocucteme [7].

MaTepHaJ’Ibl H METOAbI

JInst mpoBe/ieHHsT CPAaBHUTENBLHOTO aHAINM3a MOJYYCHHBIX Pe3yJbTaToB IO
O61opa3HO00pa3uI0 B 3alOBEHUKAX W HALMOHAIBHBIX Mapkax ApMEeHMH ObUIN
MNPUMCHEHBI KOMIIJICKCHBIC CTATUCTHYCCKUC METOAbI BBLIYMCJICHUS. ,Z[JISI orpeae-
JICHUsI CPAaBHHUTEJBHBIX IOKa3aTeNiell ObUIO HCIIONB30BAaHO YPaBHEHUE «CuUeMAy,
KOTOpOE OTpeJeNsieT CTeNeHb pa3HooOpas3ust BUAOBOro coctaBa [8-9] mccmemye-
Mbix OOIIT, onuceiBaromiee ypaBHEHUSIMH:

M—V 1
== 1)

(2)

rne x =V —M, V — obmee konuaectBo BujoB B OOIIT, M — cpenneapudme-
TUYECKUA WHICKC BHUAOBOTO COCTaBa MO MPHU3HAKY (BUI), N- YHCIO BHUIIOB B BBI-
oopke.

B kauecTBe kpuTepusi CpaBHUMOCTH BHIOBOTO COCTaBa MEXJy HCCIEaye-

MbIx OOIIT ObuT HcTONTBE30BaH KOA(GGUITMEHT BapHUallii, BEIPAKCHHBIN B MPOIICH-
tax [10].
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_0*100

- 3

rae 0 — CTeleHb pa3HooOpasusi BUIOBOro coctaBa, M — cpenneapudMeTHuecKuit
MHJIEKC BUIOBOTO COCTaBa 110 MPU3HAKY (BUJI).

Kpome 3TOro, ObUTH paccUMTaHbl TAKXKe WHICKCHI pa3HOOOpAa3usi BHIOBOTO
cocraBa ayHbl 1st Beex uccaeayembix OOIIT no paHram, UCmosb3ys HHPOpMa-
IIMOHHBIN HHACKC pa3HooOpasus [llennona-Yusepa [11-12].

H = - ZPilnPi

n;
rae H’— nnnexkc [lennona-Yusepa, P, = ﬁl COOTHOIIIEHUE YHCIIa BUJIOB BEIOOPKH K

oOmiemMy 4nciy Bcex BUIOB. Bepxuwuii npenen naaekca H < 3.5.

Pe3yabTaThl M 00cy:KAeHUS

B Hacrosiee Bpems TepMUH OMOpPa3HOOOpa3ue BKIHOYAET B ce0s1 cO00-
IIECTBO BUJOBOIO pa3HooOpa3us WM Te TeppuTopuu (OMOTOmBI), TAE IuUC-
KPETHO paclpOCTPaHAETCs KU3Hb HA BUJOBOM ypoBHE. OIHMM M3 COBpEMEH-
HBIX MOJXOJ0B ONMMCAaHUS U OLEHKH OMOpa3HOOOpa3us SBISETCS MOHUTOPHHT,
KOTOPBIH B IN100abHOM MacuITabe ONMUCHIBAETCS ABYMSI KPUTEPUSMHU: OTHOCH-
TeIbHBIM OOMJIMEM BMJIOBOTO COCTaBa M BHUAOBBIM OorarctBoM. [lapamertpsl
JAaHHBIX KPUTEPHUI OLIEHUBAIOTCS OTIENBHO APYT OT APYra, TaKk KaK OHU HE CBS-
3aHbl MeXay coboii. HecMoTpst Ha 3T0, OlleHKa TeX WM WHBIX I1apaMeTpoB Ja-
€T HaM BO3MOXXHOCTb IOHATh COCTOSIHUE DKOCUCTEMBI Ha OTAEIIBHBIX TEPPUTO-
pUSX U IPOBECTU CPABHEHUE MEXKAY HUMH.

B Ta6nuue 1 npusenens! cpaBHuTENbHBIE NaHHbIE ayHsl OOIIT PA. 13
IPUBEIEHHBIX AaHHBIX B Talnuie BUIHO, YTO MO TEPPUTOPHUAIBHOCTH CAMBIM
O0JBIINM SIBIIIETCSI HAUMOHAIBHBIN mapk «CeBaH», BTOpOe MECTO 3aHUMAET
HAMOHAIBHBIA MApK «ApeBHK», najnee — «lunmxany, «Aprnu audy», 3arnoBe-
HUKH «XOCpOBCKHUH jec», 3areM «lllnkax0x» u, B KOHIIE, 3aNOBEIHUK «Ipe-
OyHU.

[To konmMyecTBY BHJIOBOIO cocTaBa OMOpazHOOOpasusi caMbIM OOraThIM
ABJII€TCS HallMOHANBHBIN mapk «CeBan». Heo0Xxo1uMo 0OTMETUTh, YTO YHCIIEH-
HOCTb BHJIOBOT'O COCTaBa JJOCTUTAETCs 3a CUET OPHUTO(AYHbI, KOTOpasi OOMTaeT
Ha JaHHOW Tepputropuu. KomndyecTBo BUIOB OpHUTO(AyHBI B HAI[MOHAJIHLHOM
napke «CeBaH» IOYTH B JIBa paza 6ounbie, yeM y apyrux OOIIT.

[To xomuuecTBy BUAOB (hayHbl Hambosee OOraThl TaKXKe 3arOBEIHUKH
«Xocposckuit jgec» n «lllukaxox». Oba 3amoBeIHUKAa UMEIOT MOYTHU TOT K€
TEOLEHO3 U HAaXOIATCS Ha TEX XKE BBICOTAX, XOTA y 3alIOBEIHUKA «XOCPOBCKHUM
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JIeC» TEPPUTOPHS TIOYTH B JIBa pa3a 00JIbIle, HO YTO KacaeTcs MJIOTHOCTH apea-
7a oOMTaHUS KUBOTHBIX, y 3anoBenHuka «lllnkaxox» Oosnbllie, 4eM y 3aroBe-
HuKa «XOCpOBCKHUH Jiec». UTo KacaeTcs 3amoBeAHHKA «JpeOdyHU», TO 37eCh
Ha0I10/1aeTCsl HAauMEHbIlIee KOJIMYECTBO BHIOB, YTO MOKET OOBSCHATHCS MEHb-
el TePPUTOPHATILHOCTBIO U 0coOeHHOCTsIMH JTanAmadToB. OnHaKo, HE0OX0-
JUMO OTMETHUTb, YTO UMEHHO Ha ATOM MaJCHbKOW TEPPUTOPUU MOKHO BCTpe-
TUTH 3 BUJIA U3 4 U3BECTHBIX BO BCEM MUPE JUKOW MIICHUIIBI.

Hanmonanenbie mapku «CeBan» u «Jlunmkan» cCpaBHUMBI MEXIY COOOM
[0 KOJIMYECTBY BHJIOB MPECMBIKAIOMUXCS 1 aMmpubduii. Uto xacaercst BUIOB Op-
HUTO(QAYHBl M MIIEKOIUTAIOUINX, TO MO KOJMYECTBY BUIOB OpHUTO(AyHBI B
HarroHansHOM napke CeBan Oosbine Ha 120 BUAOB, @ MIIEKOIMHUTAIONINX 00JTb-
e Ha 5 BujoB.

Heo6xoauMo OTMETHTSH, 4TO, K COK&ICHUIO, HAMOHATBLHBINA MapK «Ape-
BUK» HCCJIEIOBAHA €Ille HE MOJHOCTHI0 U OMyOJMKOBAHHBIC AAHHBIE MOKHO
CUUTATH HEMOJHOLIEHHBIMH.

Ha ocnoBe TaGmuupl 1 ObutH MOJTydeHBbI TaK)Ke MPOIEHTHBIE COOTHOIIIE-
Hust KpacHokHIKHBIX BHIIOB (ayHbl 11 Bcex uccneayembix OOIIT. Pesynb-
TaThl CPAaBHUTENbHBIX JAaHHBIX IPUBEACHHBI Ha Puc.1.
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Puc.1. IIporentHoe cooTHoeHne KpacHokHmKHBIX BuaoB ¢aynsl B OOIIT Apmennn
*— HeT JaHHBIX)

IlomyueHHble pe3ynbTaThl CBUACTEILCTBYIOT, YTO 3alOBEIHUK «XOCPOB-
CKHI JIECH SIBIISIETCA JTOMHUHHMPYIOIIMM MO cocTaBy KpaCHOKHMIKHBIX BHJOB IIpe-
CMBIKalOIMX 1o cpaBHeHuto ¢ octanbHbIMU OOIIT. YTto kacaercs opHUTOdAYHH!,
TO HauOOJBIINI MPOLEHT IPUXOAUTCS Ha JIOJII0 HALMOHAIBHOro napka «CeBany.
W3 Puc.l BHIHO, YTO NPOLEHTHOE COOTHOIIEHHE OPHUTO(AYHbI HALIMOHAIBLHOIO
napka «ApIu JIu4» COIOCTaBUMO C UICHTUYHBIMY BUJAMU HALlMOHAJIBHOTO IapKa
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«CeBan». Co CTOPOHBI BHJOBOIO COCTaBa MJIEKONUTAIOLIMX, BXoasmux B Kpac-
HyI0 KHUTY PA, camoe BBICOKOE MPOIIEHTHOE COOTHOILIEHHUE MMEET 3arOBEIHHK
«Illnkaxox», a 3aMoOBEIHUKN «XOCPOBCKHUH Jiecy, «IpeOyHN» W HAIMOHAIHHBIN
napk «CeBaH» CpaBHUMBI MKy co00i. Te xke mokazaTesn UMEIOT TakKe Haluo-
HAJBHBIN Mapk «J/{ummwkan» u «Aprmu aua». Uto kacaercs ampubwmii, To He0OX0-
auMo otMeTuthb, yTo B OOIIT Apmenun orcyrcTByr0T KpacHOKHUKHBIE BUABIL, O
4eM M CBUCTEIIbCTBYIOT JaHHbIe Tabmuis 1.

Omnpenenenne creneHu pasHoooOpasus BumoBoro cocrtaa B OOIIT sBusetcs
OJIHUM M3 OCHOBHBIX MapaMEeTPOB MPH MPOBEIEHUU MOHUTOpHHTa. OH JaeT Kaude-
CTBEHHBII aHAJU3 COOTHOLICHUS UCCIIEIyEeMBbIX OObEKTOB IPU CPABHEHUU MEXKIY
coboii. B Tabnune 2 mpuBeneHbl pe3yabTaThl PacyeTOB CTENEHU pa3HOOOpa3us
BU10BOTO cocTaBa (aynsl B uccneayembix OOIIT Apmenun.

[To maHHBIM TaOMUIBI 2 BUIHO, YTO MO CTENEHH Pa3sHOOOpas3Hs BUAOBOTO
coCTaBa CaMbIM OOJIBLIMM SIBJII€TCSl HAllMOHAJbHBIM mapk «CeBaH». DTO MOKHO
UHTEPIPETUPOBATH OOJBIINM KOJUYECTBOM OOMTAIOMIMX BHIOB OPHUTO(AYHBI.
Hecmotps Ha pa3HOCTh MHIEKCOB BHUIOBOTO COCTaBa, 3alOBEIHUK «XOCPOBCKUI
JeC» W HAUMOHAJbHBIA Mapk «lunmkan» Mo creneHu pa3sHooOpa3usi BUIOBOIO
COCTaBa CpaBHUMBI MEXIy cO00i, 4To Kacaercs 3anoBennuka «lllukaxox», To oH
CpPaBHHM II0 TTOKA3aTesiIM C HAIMOHAJIBHBIM MApPKOM «ApIHU JIH4Y». 3arOBEIHUK
«DpeOyHn» SIBISETCS CaMbIM MaJICHBKHM TI0 pPa3HOOOpa3uIo BUIOBOTO COCTABA.

Tabauya 2.
Cmenenb paznoobpasus udosoco cocmasa gpaynvt OOIIT Apmenuu

OOIT M o CV%
X0CpOBCKHI JIec 58.75 3.21 5.43
[ukaxox 52.25 2.97 5.62
OpebyHn 20.75 1.15 5.55
CeBan 83 4.54 5.46
Jummkan 55 3.01 5.47
Apria na 46.75 2.56 5.47
ApeBuk* - - —

rae M — cpenHeapumeTnueckuil MHAEKC BUJOBOTO COCTaBa 10 MPU3HAKY (BHN),
0 — CTeneHb pa3HooOpasus BUIoBoro cocrasa, CV — ko3¢ uIMeHT Bapuaiuu Bu-
JIOBOTO COCTaBa.
(*— HeT TaHHBIX).

Heo6xomumMo oTMETHTb, 4TO KO3 (HUIMEHT BapHalliid BUAOBOTO COCTaBa Y
Bcex uccaenyemelx OOIIT conocraBumbl Mexay coOoi. ITO O3HAYaeT, 4TO MpH-
3HaK M3MEHYMBOCTH BHJIOBOTO COCTaBa SIBJISETCS CTAOMJIBHBIM U pacIpeesicHue
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Bu10B B skocucureme OOIIT paBHomepeH. JlaHHOE BhICKa3bIBaHWE JIa€T HAM BO3-
MOXHOCTh KOHCTaTupoBaTh, uTo OOIIT ApMeHun B Hacrosiiiee BpeMsl SIBISIFOTCS
TEMH pe3epBaTaMH, IJ€ BHIOBOH cocTaB (hayHbl MMEIOT BCE BO3MOXKHOCTH JUIS
nanbHenero pa3sutus. [IpuHrMas BoO BHUMaHUE BBIIIECKAa3aHHOE, HYKHO OTMeE-
TUTh, YTO HEOOXOANMBI OTIPEIeIEHHbIE TTOAX0bI 1 COOTBETCTBYIOUINE MEPHI IS
COXPAaHEHUS JAHHBIX TEPPUTOPHHU, YTO, K COXKAJICHUIO, HE BCET/1a TPOU3BOIUTCS.

st Becex uccnenyembix OOIIT Obl1u paccynTaHbl Tak)Ke MHACKCH OHO-
pa3zHoo0pa3us Mo paHram, pe3yJibTaThl KOTOPOTO MpuBeAeHBI B Tabmuie 3.

W3 tabnuipl 3 BUAHO, UTO CpeqHee 3HaUeHHE UHJIeKca OnopazHooOpasust
B 3aIOBEIHUKAX OJIM3KHU TI0 3HAYCHHUIO M CONOCTABUMBI MKy coOoi. Takue
KE pe3ynbTaThl MOJYYEHBI U IS HAllMOHAIBHBIX MapKOB. ITO MOXKHO OOBsiC-
HUTH TEM, YTO 3alOBEJIHHKH MEHEE IOJIBEPKCHBI aHTPOIIOTCHHOMY (HaKTOpy
[0 CPAaBHEHUIO C HAIMOHAJIbHBIMU Mapkamu. CTENeHb HEOIpPEAEeIICHHOCTU
BCTPETHUTH KaKOW-TMOO0 BUJI B 3aIIOBETHUKAX HA TTOPSIOK BBIIIE.

Tabnuya 3.
3nauenue unoexca 6uopasnoodpasus ([llennona-Yusepa) ons OOIT Apmenuu

IIpecmbika AMpuouun Opnuropay | Miexonura Cpennee

OOoIIT o1ue (BU) Ha 01He 3HayeHHne
(1) (BHx) (Bux)

XocpoBck 2.73 0.88 3.06 3.35 2,5
Wi JIec
Hnkaxox 2.51 0.39 2.68 3.07 2,1
OpebOyHHN 3.28 0.18 3.06 2.83 2,3
CeBaH 1.47 0.46 1.76 2.65 15
Jmmkan 2.10 0.78 2.70 1.10 1,6
Aprm iy 1.48 0.46 2.05 2.88 1,7
ApeBuk* - - - — —

(*— HeT JaHHBIX)

3ak/ao4yenue

[IpoBeneHHBIN CpaBHUTEIBHBIA aHAIHM3 TIOKA3aJ, YTO MO KOAPPHUIHMECHTY
[llenHoHa- YHUBepa HcceMyeMble 3aOBEHIKN B CPETHEM I10 BUAaM OHOPa3zHO00-
pasusi COMOCTOBUMBI MEXTY COOOM, 3TO MOKHO OOBSICHUTH TEM, UTO JIaHHBIE TEP-
puTOpHH HambOJee CTPOro OXpaHseMbl. B CBOIO odepenb McCieqyeMble HaIuo-
HaJbHbIC TIAPKU TakKe ONM3KH MO 3HAYCHUIO. ITO TakKe OOBSICHSETCS OONBIION
AHTPOIIOT€HHOM HAarpy3KOW Ha JaHHBIE TEPPUTOPUH.

OTCyTCTBUE TMOJHOIEHHBIX JaHHBIX HAIMOHAIBHOTO Tapka «ApEeBHK» 3a-
TPYJHSET OICHUTh BO3MOXKHOCTH M HAJIMIMEe OMOpa3HOOOpa3us B JAHHOM HaIHO-
HaJTbHOM Tlapke. OTCyTCTBHE JaHHBIX OOBSICHICTCS TEM, UTO TIOKa elle He 0003Ha-
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YeHBbl TEPPUTOPHUATHHBIC TPAHUIIBI M, COOTBETCTBEHHO, HE MPOBEJICH MOHUTOPUHT
B JJAHHOM HAIlMOHAJILHOM IapKe.

[Tomy4yeHHbIe pe3ynbTaThl MO YPAaBHEHHUIO «CHUTMa» IIOKAa3bIBAIOT, YTO IIO
CTEeTeHN pa3HooOpasus BUI0BOro coctara (aynsl uccienyembeix OOIIT nanbomnee
BBICOKYIO CTEINEHb pacIojlaraeT HallMOHaIbHBIA Mapk «CeBaH», a Hauboee HU3-
KyIO CTENeHb — 3amoBeTHUK «IpeOyHu». UTo Kacaercs 3Ha4Y€HUH HMHIEKCa OHO-
pazHooOpasus, TO HEOOXOJUMO OTMETHTh, YTO HAMOOJbIIEe KOIMYESCTBO BHJIOB
HaOJI0TaeTCsI B 3aIIOBETHUKE «XOCPOBCKUH JIEC», a HAMMEHBIIIEE KOJTMYECTBO — B
HaIMOHaAIbHOM napke «CeBany.

ITo pesynabTatam KpacHOKHWKHBIX BUOB 3aMOBEAHUK «XOCPOBCKHM JIEC)
M0 COCTaBY MPECMBIKAIOIMINX TAKXKE SIBIISACTCS TOMUHAHTHBIM, YTO HEJb3s CKa3aTh
0 BHJIaX OPHUTO(AYHBI U MIICKOITUTAIONINX. 37IECh BBICOKYIO IMPOLIEHTHOCTH 110 Op-
HUTO(ayHEe MMEET HallMOHABHBIN mapk «CeBaHy», a TI0 BHJIaM MJICKOTIMTAIONINX —
3anoBeIHUK «IIIrukaxox».

U3 npoBeaeHHBIX UCCIEA0BaHNN BUIHO, YTO HEOOXOUMO PETYIISIPHO MTPOBO-
aute MoHuTOpUHr coctosiHug OOIIT, monuTopunr Omopaznootpazus OOIIT, a
Tak)Xe MPOBOJIUTH HAYYHO-HCCIIEA0BATENbCKHE PAOOTHI Pa3IMYHBIX HAIMPABICHUH C
HEJIbI0 COXPAHEeHHUs TaHHBIX TEPPUTOPUI U IEPUOIMUECKOTO OOHOBJICHHUS TaHHBIX.
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COMPARATIVE ANALYSIS OF FAUNA IN ARMENIA’S
PROTECTED AREAS

G. Makichyan

SUMMARY
One of the global challenges of our time is the preservation of biodiversi-
ty - the diversity of animal and plant species, ecosystems and landscapes.
The conservation of biodiversity is not a new direction of nature protec-
tion, but is an integral part of the concept of mankind's transition to prin-
ciples of sustainability. The basic methods of saving biological diversity
of our planet are protected areas (PAs), and monitoring, analysis and
comparison are the assessments of the state of biodiversity.
Keywords: biodiversity, national park, reservation park, PA.
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K CBEAEHUIO ABTOPOB

[IpaBuna ans aBTOpoB XKypHana «BectHuk PAY, dusnko-mareMaTHuecKUe U €CTECTBEHHBIE
HaYKH».

XyprHan me4yaraeT OpWIHHANBHBIE CTaTbi 110 PA3IMYHBIM  HAIPABICHHUAM (H3HUKO-
MaTEeMaTHYECKUX U €CTECTBCHHBIX HaYK.

* K paccMOTpeHHI0 MPUHUMAIOTCS CTATBH HA PYCCKOM, apMSHCKOM HIIH aHTJIMHCKOM SI3BIKaX.

» CtaTby IOJDKHBI OBITH MPEACTABIICHBI B paclieuaTaHHOM BUAE U JICKTPOHHOH (opme.

» K marepuanam ctatbu npunaraercs JJorosop ¢ uzparensctBoM PAY, noanucanHblii 0OJHUM
(OTBETCTBEHHBIM) aBTOPOM (0(OPMIIIETCS B OJTHOM 3K3EMILIIpE).

* Crarbsl JOJDKHA UMETH HalpaBJICHHE OT YYPEXIEHHs, B KOTOPOM BBINONHEHa pabora. Pyko-
IIUCh TOJIIHMCBHIBAETCSl aBTOPOM (COAaBTOpaMH) ¢ yKa3aHHeM (paMuianu, UMEHH, OTYEeCTBa, J10-
MaIllHEro aapeca, Mecta paboThl, HOMEPOB TeseoHOB 1 e-Mmail. HeoOxoaumo ykasaTh, ¢ KeM
BECTH MEPEroBOPHI U nepenucky. OTKIOHEHHBIE CTAThU HE BO3BPAIIAIOTCS.

* B penakuuio HampaBisIOTCS JiBa SK3EMILLIpa CTaThH, HaOpaHHbIe WPU(PTOM 12 MyHKTOB Ye-
pe3 1.5 uHTepBana Ha OAHOW CTOPOHE JUCTA. PyKONMMCHBIE BCTaBKM HE JAOIMycKaroTcs. Bce
CTpPaHUIBI JOJKHBI OBITH IPOHYMEPOBAHBI.

Ilepen TeKCTOM CTAaThH yKa3bIBAIOTCSI:

— Ha3BaHME CTaTby;

— MHUIMANEl U (aMuInK aBTOPOB (U1 MHOCTPAHHBIX aBTOPOB HA S3bIKE OPUI'MHANIA WM Ha
AHTJINHCKOM SI3BIKE);

— Ha3BaHHE yupexacHus (06e3 cokpameHnii 1 abOpeBUaTyp), KOTOpOe HAMIPABISET CTATHIO, €r0
azapec (ropoj, CTpaHa);

— e-mail aBTopos.

Jlanee moMemaeTcsl aHHOTAIMS Ha sI3bIKE OpUTHHANa o0beMoM He Oosiee 0.5 MaIMHOMHUCHON
CTPaHMUIIbI, KOTOPasi HE JOJDKHA AyONUpOBAaTh BBOJHBIN WIIM 3aKIIOUUTEIBHBINA pa3ienbl. AH-
HOTaIus HE JOJHKHA CONIEP)KaTh JUTEPATYpPHBIX CCHUIOK W ab0peBuaTyp. B KoHIle aHHOTaIuU
YKa3bIBAIOTCs KIFo4YeBbIe ciioBa (Keywords). B koHIle cTaThi HOMEIIAOTCS aHHOTAIMH Ha JIBYX
13 OCTABIINXCS SI3bIKAX

* MznoxxeHne marepuaina JOJKHO OBITH SICHBIM M KpaTKuM, 0e3 (hopMys M BBIKJIA/IOK ITpoOMe-
XKYTOYHOTO XapaKkTepa ¥ TPOMO3JIKUX MaTEMAaTHIECKNX BBIPAKEHHUM.

* PucyHkw, TMOMEIIEHHbIE B TEKTE CTAThH, JOJDKHBI OBITH JOCTATOYHO SIPKUMHM M KOHTPACT-
HBIMH, 9TOOBI COXPAHWJIOCh WX Ka4eCTBO IPH THUPAXKHPOBAHWH >KypHana. [lompucyHOUHBIN
TEKCT 00s13aTeNIeH U IOJDKEH ObITh HaOpaH KypCHBOM.

» Qopmynsl ciemyeT HabWpaTh KypCHBOM, KPYHHO, CBOOOJHO M 4eTKO (Habop MaTeMaTH-
4ecKux (OPMyINT PEKOMEHIYETCs BBIMONHUTEH TpH momormnu cucrembl Mathtype). Hymeparms
(opmyn 1oKHA OBITH CKBO3HOH 110 BCEH CTaThe (HE IO pa3zeiiam).

— XupHbiM mpudTOoM HAOUPAIOTCS TOIHKO BEKTOPHBIC BETUYHMHEI (CTpENIKa CBEPXY HE HYXKHA).
— Xumudeckue HopMyITbl, CAMBOJIBI, COKPALICHNUS, €INHHIIIBI H3MEPEHH HaOUPArOTCS MPSIMBIM
mpudToM.

* Tabmuupl 1ODKHBI OBITH BKJIIOYEHBI B OOLIyI0 HyMmepauuio Tekcra. OOs3aTenbHO HaIN4ne
3aroJIOBKOB W €IMHMI] U3MEPEHUS BeJIMUMH. Bee cTonOIb! TabIuIs! JOKHEL OBITH O3ariasie-
HBI.

» CiHcoK JMTeparypsl J0JDKEeH ObITh HaOpaH Ha s3bIKE ITUTUPOBAHHOM JINTEpPATyphl U 0hopM-
JIEH CIISAYIOMNM 00pa3oMm:

— JUIl KHUT — WHUOWAIbl U (paMUINK 6cex aBTOPOB, HAa3BaHWE KHUTHU, M3AATEIBCTBO, MECTO
W3JaHUS, TOJ U3JaHUS B KPYTIIBIX CKOOKAX, TOM;

— IUI IEpUOJMYECKUX M3JaHUK — MHHUIUAIE U (DaMIIINK BCEX aBTOPOB, HAa3BaHHUE JKypHAJa,
TOM, — HOMEpa MEePBOii U TOCIICAHEH CTPAHHUI] CTaThH, TOA U3JJAHHS B KPYTIIBIX CKOOKaX.
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