ISSN 2222-8772
MATEMATMHECKME
CTPyI{TbeI

U
O/ZlE/IMPOBAHUE
Tom 27, Ne1
2013

XD ZF
(KRR
i

2{\\
L\




MHWHHUCTEPCTBO OBPAZOBAHHUYA U HAYKH
POCCUHMCKOW ®EIEPAIINU

PENEPAJDBHOE TOCYJAPCTBEHHOE BIOJ2KETHOE
OBPA30OBATEJIBHOE YYPE2XKJTEHHUE
BBICHIETO ITPOPECCHOHAJBHOI'O OBPA3OBAHHA

«OMCKHWH IT'OCYOIAPCTBEHHBIN YHUBEPCUTET
HUM. ®.M. JOCTOEBCKOI'O»

MATEMATHNYECKHE
CTPYKTYPbI

]
MOAEJHUPOBAHHE

Tom 27, Ne 1

Owmck
2013



MaremaTuyecKue CTPYKTypbl U MopeaupoBanue. — Owmck : OMcKuii rocynap-

cTBeHHbIH yHUBepcutetT, 2013. — T. 27, Ne 1. — 122 c.

ISSN 2222-8772 (print)
ISSN 2222-8799 (online)

PenaknuonHas KoJjerug

H. ®. Borauenko

B. 1. Boakos
A.T. I'puns

C.H. Topaos

A.K. I'y

A.H. KaGaHos
I1. A. Kopuarusx

J. H. JlaBpos
A. A. Fedorenko

V. Kreinovich

JIOKTOp TexH. Hayk, npodeccop, MHCTUTYT cucTeM nH(pOpMAaTH-
ku CO PAH um. A.TI1. Epmosa. HoBocubupck

KaHA. (pU3.-MaT. HayK, noueHT, OMCKHE rocynapcTBeHHbIH YHH-
BepcuteT M. . M. JlocToeBcKoro

JIOKTOpP TeXH. HayK, mpodgeccop, 3aB. Kadeapod HauepTaTebHOH
reoMeTpHH, HHXKeHepHOH W MalluHHOM rpaduku, Cubupckas ro-
CymapCTBeHHasi aBTOMOOUIbHO-H0poXkHast akanemust (Cu6A 1)
JIOKTOp (u3.-MaT. HaykK, npodeccop, Kadeapa KHUOEPHETHKH,
Owmckuil rocynapcTBeHHbd yHuBepcuTeT uM. @. M. JlocToes-
CKOT'0

INOKTOp (pu3.-MaT. Hayk, npodeccop, HukHeBapTOBCKHE rocy-
IapCTBEHHBIH TYMaHUTAPHBIH YHUBEPCUTET

IOKTOp (hu3.-MaT. HayK, npodeccop, 3aB. Kadenpoi KubepHeTH-
ku, OMCKHUE rocynapcTBeHHbIE yHHUBepcuTeT uM. ©. M. locTo-
€BCKOr0

KaHA. (u3.-MaT. HayK, Kadenpa kubepHeTHKH, OMCKHUH rocy-
napctBeHHblH yHUBepcuTeT uM. P. M. JlocToeBcKoro

IOKTOp TeXH. Hayk, mpodeccop, Cubupckas rocynapcTBeHHas
aBTOMOOHIbHO-nopoxKHast akageMusi (CuoA M)

TJIaBHBIE PeNaKkTop, KaHI. TeXH. HayK, NOLEHT, 3aB. Kad. KOM-
NbIOTEPHBIX TEXHOJOTHMH U ceTell, OMCKMH rocynapcTBeHHbIH
yauBepcureT um. . M. JlocToeBcKkoro

Ph.D., Researcher (CR1) at the French National Centre of
Scientific Research (CNRS) Laboratoire de Physique de 'ENS-
Lyon, France

Ph.D., Professor, Computer Science Department, University of
Texas at El Paso, Texas, USA

Anpec HayyHOH peraKuMu

Poccusi, 644053, Omck-53, yn. ['posHeHckas, 11
Owmckuit rocynapcTBeHHbIH yHUBepcuTeT UM. . M. JlocToeBCcKOro

(haKky/abTeT KOMIbIOTEPHBIX HaykK

E-mail; lavrov@omsu. ru

© PI'bOY BIIO «Owmckuii rocyaapcTBeHHbIH YHHBEPCHTET
uM. ®. M. Jlocroesckoro», 2013



MATEMATHYECKHE

CTPYKTYPbI
u

MOIEJHUPOBAHHUE

B xypHane ny6mukylorcs
CTaTbH, B KOTOPBIX H3Jararor-
Csl pes3yJbTaThl HUCCJENOBAHUH
no ¢pyHAaMeHTaNbHOH U MPHK-
JIaIHOH MaTeMaTHKe, TeOPeTH-
YyecKoH (hu3MKe U pasMbllllye-
HHS, Kacalolfecs OKpYzKaio-
el Hac TPHUPOABl W obIle-
CTBa.

[Iy6aukyloTcsi Takxe cTa-
TbM 10 HMHGPOPMALHOHHBIM
TEXHOJIOTUSIM, KOMIIbIOTEPHBIM
Haykam, 3aliuTte HHpopma-
UHH, (PUIOCOPUHM U HCTOPUH
MaTeMaTHKH.

O6bexThHl UCCJ/Ie0BaHUSA
NO/KHBI ~ OBITb  TNIPENCTaB-
JeHol B (opMe HEKOTOPHIX
MaTeMaTHUYeCKUX CTPYKTyp H
MoJeJieH.

Kypnan siBnsiercsi pedepu-
pyembiM. Pedepatel crareit
ny6saukyiorcsi B «Pedeparus-
HOM 2KYypHaJsie» U B XKypHasiax
«Zentralblat fiir Mathematik»
(Tepmanust) u «Mathematical
Reviews» (CIIA).

OJleKTPOHHAs BepCHsl KYyp-
Hasla IIpeAcTaB/leHa B CeTH
WHTepHeT mo anpecam:
http://msm.univer.omsk.su

http://msm.omsu.ru

2Kypnas uspaércsa Ha KomMep-
yeckue cpeicTBa (paky/bTeTa
KOMIIbIOTEePHBIX HayK OMcko-
ro rocynapCTBEHHOro yHHBep-
curerta.

DJIEKTPOHHAsl TOuTa pelak-
Topa:

lavrov@omsu.ru

[Tonpo6Huyto HH(pOpMALHIO
MOXKHO HaliTH Ha Web-cepBe-
pax:
http://msm.univer.omsk.su
http://msm.omsu.ru

COHEP2>KAHHE

®dyHiaMeHTaJbHasi MaTeMaTUKa U (pU3uKa

AT. I'punb. O nepasencmee Maedvl [leauepad. . . .. 5

A.H. PomaunoB. Pasauuarowue u er06ai1bHO eu-
nepboautecKkue NPOCMPAHCMBA ... .....ovennn. .. 11

A.A. Fedorenko. Surface criticality in random
field systems with continuous symmetry........ .. 14

O. Kosheleva, V. Kreinovich. Brans-Dicke
Scalar-Tensor Theory of Gravitation May
Explain Time Asymmetry of Physical Processes ..28

O. Kosheleva, V. Kreinovich. For Describing
Uncertainty, Ellipsoids Are Better than Generic
Polyhedra and Probably Better than Boxes: A
Remark ... .. . 38

HpI/IKJIalIHaH MaTeMaThuKa U MoAde/JMpoBaHUE

A K. T'yu, II.H. JlaBpoB. Onucarnue DDoS-amaxu
C NOMOULbIO Kamacmpodovl «COOPKA» ... ......... .. 42

IO.B. Koanenko. Modeas ¢ HenpepvigHoim npeo-
cmasaenuem spement 04 3a0aul COCMABAEHUS
pacnucaumutl ¢ epynnupos8Koll MaulUH N0 MexHo-
ROBUIM . . o ove et et et e 46

KomnprotepHble Hayku

C.B. T'ycc. Konyenyus npoekma pacuiupsiemozo
obyuarouLe2o nPoepammHozo cpeocmsa . ........ .. 56

C.B. Cronkun, K.B. Ilyrun, JI.M. Bpeuka. ¥cma-
HOBKQ NPOepaMMHO20 00ecneuenus Ha BolUUCAl-

meabHbLLll MOOYAL C apXumekmypol npoyeccopa
Alpha ... ... 75

E.A. TiomeHueB. Asmomamus3uposarHoe mecmu-
poBaHUE CAOHHOCMU QASOPUMMOB C NOMOULLIO
Mock-060KMO8 . .. ... 82

Ipodoarscenue na caedyroweti cmpanuye



Hamwu
nyOouKauu

AK. Fyu

OCHOBBI _
AHTOBOI
EPHETHKH

JIATEMATHECKA
LU
WIEOPAAY
 AwopwTv

0B
i

fluckpeTHaa
Maremartuka

HHOOPMATHKA

AK. Ty

TnoGanbhas
DTHOCOUHOMOTHS

O KOHU
BBM :

u cuctem

TPOAHCKME ﬁ

HUHdopmannonHasa 6e30MacHOCTD

A.A. Kopossinckuit. O630p peuienuti 015 peau-
sayuu npomomuna 3amka moburvrol buomem-
puueckoti cucmemor docmyna M-Block.......... .. 89

P.C. IlpoxopoB. buxesuopucmuueckas udenmu-
QUKQAUUSL APOYUECCOB . ... e .103

Crpannuka namsartu

Anopeti Arekcandposuu Bepc. 1934-2013. . .. ... 113



Mamemamuueckue
CMPYKMypoL U MOOAUPOBAHUE YK 519.214.5
2013. Ne 1(27). C. 5-10

O HEPABEHCTBE MATIAbI ITEJIUTPALL

A.T'. T'punsb

HpeﬂﬂaraeTCH HOBO€ [10Ka3aTeJbCTBO BAPHUAHTOB H3BECTHOI'O HEPaBEHCTBA
M. HeJII/II‘paII, B TOM 4HCJI€, HCIOJIb3YIOUIHUX YCJOBUSA caboil 3aBHCHMOCTH,
OTJIMYHbBIE OT -TIepeMelllIMBaHHA.

[ycts {&,} = {&, n = 1,2,...} — crauuoHapHasi B Yy3KOM CMbICJe MOCJe-
LOBAaTeNbHOCTb U NyCTh F<, U F>, — 0-aareOpsl, NOPOXKAEHHBIE CeMeHCTBaMU
{& i <n}u{&:i>n} ToBopar, urto nocnenoBarebHOCTE {,,} YHOBIETBOPSET
YCA08UIO PABHOMEPHO CUNbHO20 nepemewiusanus (p-nepememiusanus) ¢ Koaphu-
LIMEHTOM MepeMellnBaHus p(n), ecyu

P(AB) — P(A)P(B
¢(n) = sup [P(AB) = BIAF( )|: A€ Fey, BEFspp =0, n— o0,
P(A)
O603HauuM
S[]:O) Sn:kzgku Tn:llgnkagxn|8k|7 ’I'L:]_,Q, (1)
=1

Teopema 1. (Hepaserncmso M. [leauepao)
[lycmo npu nHekomopom a > 0 u HamyparoHOM m

o(m) + max P{|S;| > a} <y < 1.

1<j<n

Toeda npu awboix x>0, y>aun>m

1
P{|T,| > = + 4y} < ﬁP{|Tn| >z} + m1@{max & > %} .

1<i<n

Teopema 1 nonyuena Marnoii [Tenurpan B [1]. «M3toMHUHKa» 3TOro HepaBeHCTBa
B TOM, UTO MapaMeTp 7y MOXKHO CHeJaTh CKOJIb YIOAHO MaJibiIM W XBOCTBI pacrpeje-
JIEHU# CyMM W MaKCHMYMOB CTAaHOBSTCS B HEKOTOPOM CMbicJie 1Moxoxkumu. M3 atoro
(hakTa BBIBOASTCS pa3HOOOpa3Hble CJAEACTBHS (PaBHOCHJBbHOCTb PAaBHOMEPHOH HHTe-
TPUPYEMOCTU CTeleHed CyMM W MaKCHMYyMOB, HeyJyullaeMble MO MOPSAKY OLIEHKHU

Copyright © 2013 A.T'. I'puss

Owmckuit rocynapcTBeHHbd yHUBepcuTeT UM, .M. JlocToeBcKoro
E-mail: griniran@gmail.com



6 A.l. I'puab. O HepaBeHcTBe Marner Ilesurpan

MOMEHTOB CyMM CJ1a00 3aBUCHMBIX BEJHUYHH U T. 1.), KOTOpPble CTUMYJHPOBAJIH CY-
LLeCTBEHHBIH Tporpecc B IpelesbHbIX TeopeMax /s CJ1a00 3aBUCUMbIX BeJHYMH.
K mnpumepy, OOCTUTHYTBI Ccepbé3Hble MPOABHKEHHUS B J0Ka3aTesJbCTBE TaK Ha-
3biBaeMod runote3bl Mo6parumoBa-Hocudecky [1, 2], mosyueHbl HeoOXOAMMBIE U
JOCTaTOUHBbIE YCJOBUS /ISl NPUTSKEHHs CTALHMOHApPHBIX MOC/e10BaTebHOCTEH C
(-TIepeMellIBaHueM K YCTOMYMBBIM 3aKoHaM [3-5] u T. ..

B HacTosiliell 3ameTKke mpepJsaraeTcsi HOBOe J0Ka3aTesbCTBO HEPABEHCTB THIA
HepaBeHcTBa M. Ilenurpan, B KOTOPBIX MOMHUMO (p-TlepeMelMBaHUS HCIONb3YIOTCS
HEKOTOpble IPyTHe YCJIOBHS Cla00H 3aBUCUMOCTH.

[Tycts {{,} — mnocienoBaTe/bHOCTh CIydalHBIX BeJaudnH. Beeném S, u 7, mo
dopmysam (1) 1 o6o3HauuMm

@, = max min {|Skl|, |S, — Sk|}, Qn(m) = mrgggnmin{wk,m\, |Sy — Skl},

1<k<n
(Qn(0) = Q).
Jlemma 1.
T < 3Qn(m) + (3m + 1) max [§]. (2)

JlokaszaTesbCTBO OCHOBAHO Ha uaesix us [6, ri.2, §12]
[Tycte M = {k : |Sk| < |S, — Sk|}; sicHo, uto 0 € M. Ilycts S, # 0. Torna
n ¢ M u, cienoBatenbHo, cyiiectByeT 0 < k < n Takoe, uto k —1 € M u k ¢ M,
TO eCThb
[Sk—1| < |Sn = Sk-1l, Skl > |Sn — Skl

Torna
|Sn| < |Sk—1] + €] + 190 — Skl < min {|Sk_1], |Sn — Sk-1|} +

; _ | < )
+min {[Sel, [Sn — Sl} + max [&] < 2Qn + max |&]. (3)
Ecnu xe S, = 0, To (3) BbimosiHsieTcs1 o4eBUIHBIM o6pasoM. Janee mpu 1 < k <n

[k < min{|Sp| + [Skl, [Snl + |50 = Skl} = [Sn] + Qn,

TaK uTo
T, < |Su] + Qn- (4)
W3 (3) u (4) cnenyer
T, < 3Qu + max [, (5)
Ecau Mbl mokaxkem, 4To
Qu < Qu(m) + m max [&.|. ®)

Tto u3 (5) u (6) Oymer cjemoBaTb yTBepXKiaeHue Jemmbl. Ilpu k < m
|Sk| < m max |&i|, W oueBuzmHO, yTO (5) BBIMOMHSETCS. [lycTb & > m. Torna
<i<n

|Sk| < [Sk_m| +m max |&], @, < max min {|Sk_m| +m max |&|, |S, — Sk|} :
1<i<n m<k<n 1<i<n
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oTkyna caenyet (5). Jlemma mokasaHa.
[lyete B} = {|Si| <z, 1 <i <, |S] >z}, | =1,2,... Torna E;E; = @,

k
275], UEl:{Tk>x}
=1
Jlemma 2.

P{T, > 3x+y} < ]P’{ U E;, max |S, — Sk| > x)} +P{(3m+1) max & >y}

I4+m<k<n

JlokasatesnbctBo. U3 (2) cnenyer

PAT, 2> 3¢ +y} <P{Qn(m) >z} + P{(3m + 1) max [&] > y}. (7)

Tlanee

{Qn(m) >} C { max mm{Tk my |Sn — Sk|} > :v}

<k<

{U (Th—m > x,|Sn — Sk|>£)}={u U(El’|5n_5k’>x)}:
{UEz U ISn—Sk|>x)}:{U(Ez,lfn%aénwn—sk\>x)}.

=1 k=l+m =1

[TocnenHee cooTHomeHue BMecTe ¢ (7) DaéT yTBep:KIeHHE JIEeMMBIL.
[TycTb Temeps {,} — crauuoHapHasi B y3KOM CMbICJI€ TIOC/IEI0BATENBHOCTD, YI0-
BJIETBOPSIIOLLAST YCJIOBHIO (p-TIePEMElIMBaHHUS.

Tak kak E; € Fy, { max  |S, — S| > x} € F>iim, TO
- I+m<k<n -

P{ U (@ 15, =51 > x>} -3 r {15, 5> o <

=1 =1

< Z P(E)) (]P’ {H%gg(gn |y, — Sk| > x} + cp(m)) <

=1

<k<n

< P{T, > z} (IP’{ max |S, — Sy > x} + gp(m>) _

= P{T, > 2}(P{T, > 2} + o(m)). (8)

Beauunny P {7, > a} + ¢(m) MOKHO clienaThb CKOJb YTOAHO MaJiod BEIGOPOM a H
m, tak uto ecau P{T, > a} + ¢(m) < v < 1, To u3 jgemmbl 2 u (8) mpu = > a
caenyer

y
P{T,, > < mP{T, P i .
{T0 >3z +y} < nP{T, > 2} + {g%>§l|§|>3m+1}
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[TosryueHHOe HepaBEeHCTBO SIBJISIETCST OUEBHUAHBIM aHajoroMm HepaBencTBa M. Ilesu-
rpan. Utobwl emié 6oJblie cOMU3UTh (POPMYIUPOBKHU ITHUX ABYX HEPABEHCTB, MOXHO
3aMeTHTh, YTO B ycjoBusix Teopemsl 1 P{T},, > z} > CP{|S,| > az}, C >0, a >0
(cm., HanpuMep, cootHowenust (3.5) u (3.9) B [1]).

ByneM roBopHThb, YTO CTallMOHApHAs MOCJEA0BAaTeNbHOCTh {,} ydOBJIETBOpSIET
YCJIOBHIO A-TlepeMelLlIMBaHus, ecu cyiiecTByeT QyHKUus A(x) > 0, A(x) [ 0, x| 0
Takasi, 4To

P(AB)
__\AaP) .
P {IP(A)A(]P’(B)) A€ Feo, B e Fa, P(AP(B) > 0} <1
(cm.  [5]). Ecam  mocnenoBatesmbHOCTb  {{,}  yHOBJETBOPSieT  YCJIOBHIO

A-TiepeMellrBaHusl, TO

n—1 n—1
P{U(Em%én‘sn ~ s @} D ETREETERE

=1

I+1<k<n

< nz__:lP(El)/\ (1@{ max [S, — S| > x}) < P{T, > 2}\P{T, > z}).

Beauuuny A(P{7,, > a}) M0oKHO ciesaTh CKOJIb YTOAHO MaJsbiM BBIOOPOM a, TaK UTO
ecain A(P{7,, > a}) < v < 1, 10 U3 seMMBl 2 ¢ m = 1 moJydaeM CJenyHOLIHH
aHasor HepaBeHcTBa M. Ilenurpan:

PIT, 2 30+ 9} < P (T, > o) + P{ x> U}, 020
1<i<n 4
O6o3Hauum uepe3 L, U L, MHOXKeCTBa Cy4alHBIX BEJUUMH C KOHEYHBIM BTOPBIM
MOMEHTOM H H3MepHMbIX, COOTBETCTBEHHO, OTHOCUTEJIBHO .an U .an
By,ﬂeM FOBOpI/ITb, qTOo CTaLLI/IOHapHaH rnocJie10BaTeJibHOCTDb {fn} yII,OBJIeTBOpHeT
YCJIOBI/II'O p-l‘IepeMeIHI/IBaHI/IH, eCJIu

VEEE

(cm., Hanpumep, [7]). Bssas B stom onpenenennn & = 1,4, A € Foy, n = 15,
B € F>,, nonyunm

ZfGLSU, n€L>n}—>0, n — oo

[P{AB} — P{A}P{B}| < p(n)/P{A}P{B}. 9)

Teopema 2. [lycmo {,} cmauuonapras nocaedosamenrvHocme u nycmo npu
HeKOmMOpbLX HAMYPANLbHBLX N U M MAKUX, 4mo n/r > 2 u a > 0 8vtnosnsemcs

2 max P{|S;| > a} +/2n/rp(r) <y < L.

2r<in
Toeda npu awboix x > ba

max P{|S;| >z} < P{T, > z/5} + 2(n/r)]P’{11<nzi>2< |S;| > x/5}.

2r<i<n
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DToT BapuaHT cBoero HepaBeHcTBa M. Ilenurpan mosayuusia B [8]. OcHoBHOe
OTJIMYME 3TOTO HepaBeHCTBA OT IpPeAbAYILIMX B TOM, 4YTO B OTJAMYHME OT m, He
3aBUCSIIEr0 OT n, 31ech © = r(n) — 0O U HUCMOJb3yeTcsl OoJjee caaboe YCJoBHe
nepeMelBaHUs

[ToxakeM, Kak MpensioXKeHHBIH BbIlIe TOAXOA MO3BOJSET MOJAYy4aTh Pe3yJabTaThl
TUNA TeOpeMbl 2.

B nemmy 2 Bmecto & moactaBuM 7 = »_ &j—1)r4i, J = L,...,p = [n/7] (3mech
i=1

k
] — wnenag wactb x), BMecto S, W Ty — coorBeTcTBeHHO Uy = ) 17,
i=1
u Vi, = max |Uj].
1<j<k

[lyete B, = {|U;] <z, 1 <j <, |U| >z}, | =1,2,... Torna E;E; = @,

k
i#j, U E={Vy > x}. Jlemma 2 npu m = 1, z = y Tenepb OyHeT BHIIANETh TaK:
=1

p—1
P{V, > 4z} < P{U(El, max |U, — Ug| > x)} +P{ma<x ;| > x/4} . (10)
<p

= I+1<k<p 1<)

[Tyctb {£,} — crauuoHapHasi mocjenoBaTe bHOCTb. MMeem

P{ x| > a/4) < ol > a4} < @0PUST > 0/a). ()
JTlaJiee
p—1 p—1
p {H(E“szl%)ip U, — Ux| > x)} < ; (]P){EZ}IP {Hr{%x@ U, — Uy| > x)} +

+P(T)\/P{El}]P’ {HIPS%XSP \U,, — Uy| > x}) <

< P{V, > 2} (P{vp > 2} + p(r)y BV, > 2} 3 ﬂm{_m}) BEGE)

Hepr,ZLHO BHUIETb, UTO

> VE{E} <\ |p) P{E} = \/pP{V, >}, (13)

13 coortnomenwuii (10) — (13) crenyet
P{V, > 4z} < P{V, > z} (P{vp >} + n/r,o(r)) + (n/P)P{|S,| > x/4}.  (14)
Tak kak P{V,, > z} <P{T,, > z}, P{|S,,| > 4o} < P{V,, > 4z}, To us (14) crenyer
P{|S,| > bz} < P{|Snp| > 4z} + P{|S, — Spp| > z} <
< uP{T, >z} + (n/r+1) gi§P{|Sl| > x/4}y, P{T, > x} + /n/rp(r) < v <1,

4YTO, OYEBHUIHO, ABJAAECTCH aHAJOTOM TE€OPEMBI 2.
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PA3JINYAIOIIUE U I''IOBAJIBHO
T'MITEPBOJIMYECKHE ITPOCTPAHCTBA

A.H. Pomaunos

B paboTe u3yyarTCcs yCJIO0BHsI, KOTOPble NPHUBOASAT XPOHOJIOTMUECKOE KayecTBO
POCTPaHCTBAa-BpeMeHH K AOCTaTOYHO CHJIbHOMY YCJOBHIO — IJ106aslbHOH T'H-
nep6oUYHOCTH. K/ltoueBEIM MOMEHTOM sIBJIsIeTCS [IOBEleHHe JIOPEHLeBOH (PYHK-
LMK PacCTOSHHUA.

Pa6oTa nocesieHa Ucc/e0BaHUIO MTOBEIeHUS JIOPEHIIeBA PACCTOSTHUS HA Pas3Jiu-
YaUKUX U [V100aJbHO rUNepOoJuUeCcKUX POCTPAHCTBAX.
Bynem ncrnosib3oBaTh ciefyOlLIHe BCIIOMOraTesbHble pe3yabTatel (cM. 1-3).

Jlemma 1. [Ipocmpancmeo-epems (M,g) erobarvno eunepboiuuro moeda u
moabko moeoa, Koeda OHO cuavho npudurHo u (M, g') yoosiemsopsem ycarosuro
KoHeunocmu paccmosnus oisn ecex g € C(M,g).

3nece yepes C(M, g) 0603HaUeH KJacC JOPEHLEBBIX METPUK HAa MHOroo0pasuu
M, rno6anbHO KOH(OPMHBIX METPHUKE ¢ :

g €C(M,g) =g =Qg
111 HeKOTOpo# raaakod gyHkuuu 2 : M — (0, 00).

Jlemma 2. [Tycmo npocmparcmeso-epems (M, g) npunadsexcum kraccy A. Ecau
oas Hexkomopolx mouek p,s € M, mnoxecmso sz N J; wne samknymo 6 M, a
IFnI7 # 0, mo moeda (samxnymoe) muoxcecmeo cl(J; N J7) He seasemcs
KOMNAKMHBIM.

ByneM cumTaTh, 4YTO K KJacCy MPOCTPAaHCTB A He OTHOCSITCS JIMIIb T€ MPOCTPaH-
CTBa, B KOTOPBIX OMHOBPEMEHHO HMEIOT MeCTO KaK SIBJIeHHe 3axBara MPHUHHHBIX
KPUBBIX, TaK M sIBJeHHE KOHEYHOH HENOCTHXXUMOCTH (MeXAy HEKOTOPbIMHU TOYKa-
MH).

Jlemma 3. Ilycmo (M, g) — npocmparcmeo-spems. Ecau oas nekomopoix mo-
uek p,s € M, mnoxcecmso cl(J; N JT) He s6i5emcs KOMNAKMHbIM, MO CYu4e-
cmsyem aopenyesa mempuxka g € C(M,g), erobarvHo KongopmHas mempuke g
makas, umo dy(a,b) = oo 0as Hekomopeix mouek a,b € M.

Copyright © 2013 A.H. PomaHoB
Owmckuit rocynapcTBeHHbH yHUBepcuTeT UM. P.M. JlocToeBcKoro
E-mail: aroms@yandex.ru
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Tenepb nmpuMeHUM yKasaHHble pe3y/bTaThl K HUCCJAEJOBAHUIO TPUUUHHOU CTPYK-
TYpbl MpoCTpaHCcTBa-BpeMeHu (M, g), AJIsT KOTOPOTO YCJIOBHE KOHEUHOCTH PACCTOsi-
HUS SIBJISIETCS UHBAPUAHTOM NPU KOH(OPMHBIX MPeoOpa3oBaHUSIX METPUKH ¢.

Teopema 1. [lycmo (M, g) — pasauuaroujee npocmparncmeo-epems Kiacca A.
Ecau npocmpancmeo-spems (M, g') ydosiemsopsiem ycao8uro KOHewHOCMU pac-
cmosnus ora ecex g' € C(M, g), mo npocmparcmeo-epems (M, g) seasemcs eno-
b6asvHo eunepbOAUUECKUM.

Joka3areabcTBo. J[0Ka3aTe/bCTBO 3TOrO yTBEPXKAEHHUS CBOAUTCH K CJleAyIO-
MM paccyxaeHusiM. [lokaxkem cHauyasa, 4YTO B YCJOBHUSIX T€OpPeMbl NPOCTPAHCTBO-
BpeMsi (M, g) siBAsleTCSl TPUYMHHO MPOCTBIM (TO €CTh Pa3jMYalolIUM C AOMOJHH-
TeJIbHBIM YCJIOBHEM, UTO MHOXKeCTBA J; ¥ .J, 3aMKHYTbI [/l BCeX p € M).

Tak Kak pas/anuaeMocTb MpefrnoJaraeTcss BbIIOJHEHHOH, OCTaéTcsl 10Ka3aTh 3a-
MKHYTOCTb MHOXecTB .J;7 1 J, . [IpoBesém noKasaTe/bCTBO, HaNpuMep, /sl MHOKe-
cTBa J,f 1 MOKakeM, uTO OHO 3aMKHYTO A/isl M0G0k Touku p € M (3aMKHyTOCTD J,°
JI0Ka3bIBaeTCsl aHAJIOTHYHO).

HonycTim o6paTHOe: MHOXeCTBO .J;” He 3aMKHYTO, TO ecThb CyIIeCTBYeT TOYKa
q € cl(JS)\ JS. BosbméM B I7 NpOH3BO/IbHYIO TOUKY 7 M MOKaXeM, YTO MHOXKeECTBO
J;F NJ He mycTo W He ABJSETCS 3aMKHYThHIM..

JeficTBUTENBHO, TaK KaK ¢ € cl(J}), TO cyliecTByeT noc/ie0BaTebHOCTb TOYEK
{an} C Jf, cxonsmasics K ¢ : ¢, — q (CXOMMMOCTb B HCXOJHOH TOMOJIOTHH MHOTO-
o6pasusi M). Tak kak q € I (yTBepkJeHHe, 5KBUBAJEHTHOE TOMY, 4To 7 € 1), a
MHOXKeCTBO [, OTKpBITO (cM. [6], eMma 2.5), To HeKOTOpasi OKPeCTHOCTb TOUKH ¢
Tak ke npuHaaiexur I . Tak Kak ¢, — ¢, TO, HaUHHasA C HEKOTOPOTO 7, BCE TOUKH
¢n TIONAZAIOT B 9Ty OKPECTHOCTb, & CJEN0BaTeNbHO U B [, TO €CTh A/ AOCTAaTOUHO
6OMBLIUX N UMeeM: ¢, € I WM HHaue: ¢, << T.

Takum obpasoM, p < ¢, ¢, << r. OTciona nosydaem: p << r (1Mo CBOHUCTBaM
COOTHOILIEHHH <, <<), TO eCTh 1 € ]pf

B pesynbrate umeeM: MHOxkKecTBO [N M1~ He mycTo (TaK Kak CyIIeCTBYeT Bpeme-
HUNOL00HAsl KPUBAs (v, COEAMHSIOWAsA P C ' — €€ CyLIeCTBOBAHHE IrapaHTHPOBAHO
COOTHOLIEHHEM p << 7} M €C/IH 5 € Qyy, § AP, s # 1, T0 s € [F NI7).

JlaJjiee U3 COOTHOIIEHUH

+ + 7 - 7+ -
LrcJgr - cJ I #0
noJiy4yaem:
_l’_ —
g #0.
M3 nprBenéHHBIX HUXKE COOTHOILIEHWH BUAHO, YTO MHOXKECTBO Jp+ N J, He 3a-

MKHYTO B M :
gel- cmt(J ), qed())), q¢ JS =

—= qed(JF NI\ NnJ7)

Torna o semme 2 nosydaem, uto MHoxectso cl(.J;"NJ;") He komnaktHo. [Hanee,
cenyst jemMme 3, MOXHO HauTtu MeTpuky ¢ € C(M,g), rio6asbHO KOH(MOPMHYIO
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MEeTpPHKe ¢ TaKyl, UTO MpocTpaHCcTBO-BpeMsi (M, ') He YHOBJIETBOpSIET YCJOBHIO
KOHEUHOCTH JIOpeHLeBa PaCCTOSIHUS, YTO NPOTUBOPEUUT YCJIOBHUIO TEOPEMHBI.

Taxum o6pasom, MHOXecTBa J,” 1 .J~ 3aMKHYTBI /1Sl J1I000K TOYKK p € M, 40
BMeCTe C pas3jindyaeMocTbio (M, g) yKa3blBaeT Ha €ro MPUUHHHYI MPOCTOTY, TO €CThb
NpocTpaHCcTBO-BpeMsi (M, g) sBJsleTCS TPUYMHHO TPOCTHIM.

[IprurHHas mpocToTa MPOCTPAHCTBA-BpeMeHH (M, g) aBTOMAaTHUECKH BJEUET 3a
co00H ero CHUJbHYI0 NPUUHMHHOCTb. Ternepb Mo JeMMe 1 cpady mojydyaem xesaeMbli
pesyJibTaT: MpocTpaHcTBO-BpeMst (M, g) siBasieTcs ryobanbHo runepoonndeckum. M
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SURFACE CRITICALITY IN RANDOM FIELD SYSTEMS
WITH CONTINUOUS SYMMETRY

A.A. Fedorenko

We study the surface scaling behavior of a d-dimensional random field system
with continuous O(N) symmetry. The system undergos a paramagnetic-
ferromagnetic transition above the lower critical dimension d. = 4 for
N > N, = 2.835. Below the lower critical dimension and for N < N, the
system exhibits a quasi-long-range order with zero order parameter and a
power-law decay of correlations. Using functional renormalization group we
obtain the surface scaling laws describing the ordinary surface transition for
d > dj. and the behavior of correlations near the surface in the quasi-long-
range ordered phase for d < dj.

1. Introduction

Understanding of the critical properties of disordered systems attracted growing
interest for decades. Among the most challenging problems is the critical behavior
of the so-called random field systems in which the order parameter is linearly
coupled to a random symmetry breaking field [19]. The effect of the random field
(RF) disorder being more profound than many other types of disorder is much less
understood. The prominent example is the random field Ising model (RFIM) whose
complete understanding is still lacking despite significant numerical, analytical and
experimental efforts [26]. The considerable progress has been achieved in recent
years for the O(N) symmetric random field models. These models are relevant for
diverse physical applications including amorphous magnets [18], liquid crystals in
porous media [3, 12], nematic elastomers [17], critical fluids in aerogels [7,9, 24],
vortices in type II superconductors [2], and stochastic inflation in cosmology [20].
[t was found that the expansion around the lower critical dimension of the the
RF O(N) model dj. = 4 generates an infinite number of relevant operators whose
flow can be studied using functional renormalization group [13, 15, 22, 31, 32].
Another challenging issue is the phase diagram of the RF systems below dj.. It is
known that for the RF model true long-range order is forbidden below d). = 4 [6].
Nevertheless, quasi-long-range order (QLRO) with zero order parameter and an

Copyright (© 2013 A.A. Fedorenko
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infinite correlation length can persist even for d}.(N) < d < d)., where d}.(N) is
the lower critical dimension for the paramagnetic-QLRO transition.

In general, the presence of boundaries in real systems can modify the behavior
in the boundary region extended in the bulk only over distances of the order of
the bulk correlation length. However, at the bulk critical point or in the QLRO
phase, the bulk correlation length is infinite so that one can expect that the effect
of boundaries is to be more pronounced. Indeed, the presence of the boundaries
introduces a whole set of critical exponents describing the scaling behavior at and
close to the boundary at criticality [1]. Several different classes of the surface
transitions are known depending upon boundary conditions [23]. The different
types of surface transitions have been studied for various systems with discrete
and continuous symmetries using different methods, such as RG and numerical
simulations [4, 28, 33]. However, not so much is known about the surface crit-
icality in systems with RF disorder. The phase diagram of the 3D semi-infinite
RFIM as a function of the ratio of bulk and surface interactions and the ratio of
bulk and surface fields has been studied using a mean field approximation in [29].
The surface criticality of the RFIM has been studied numerically in [21]. It was
also shown that the RF disorder on the surface of a 3D spin system with contin-
uous symmetry destroys the long-range order in the bulk, and, instead, a QLRO
emerges [14]. In this work we address the question of how the RF disorder in the
bulk affect the behavior of spin systems with continuous symmetry in vicinity of
free surfaces. We will consider the ordinary surface transition of the RF systems
for d > 4 and the order parameter correlations in the QLRO phase near a free
surface for d < 4.

2. Model

Let us consider a d-dimensional semi-infinite O(N) spin system whose con-
figuration is given by the N-component classical vector field s(r) satisfying the
fixed-length constraint |s(r)|> = 1. The position vector r = (x,2) has a (d — 1)-
dimensional component x parallel to the surface and a one-dimensional component
z > 0 that is perpendicular to the surface z = 0. It is convenient to introduce
short notations for the volume integral over half space [, := [;° dz [ d? '« and for
the surface integral [, := [ d* 'xz. The large-scale behavior of the disordered spin
system can be described by the effective Hamiltonian

H [s] = Ho [s] + Hsuwet [s] + Hais [S] (1)

consisting of the sum of three terms which result from the semi-infinite bulk,
surface and disorder in the bulk. The contributions from the semi-infinite bulk and
the surface can be written in its simplest form as [5]:

Mol = [ |5 nest] el = - [hise. @

where for simplicity we assume that the surface magnetic field h; has the same
direction as the bulk field h. We consider a quite general type of bulk disorder
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such that its potential can be expanded in spin variables as follows
M [s] = — / SON R ()i (1)..o5i, (1), 3)
Vop=1iy..,

The coeflicients hgf.)”i#(r) are Gaussian random variables with zero mean and vari-
ances given by

B OB, () = 0 b, rb (e — ). (4)
The first two coefficients have simple physical interpretation: hl(-l) is a random
magnetic field and hg) is a second-rank random anisotropy. The higher order
coefficients h*) are higher order random anisotropies. As was shown in [15], even
if the system has only finite number of nonzero bare h*), the RG transformations
will generate an infinite set of higher-order anisotropies.

To average over disorder we use the replica trick and introduce n replicas of the
original system. Averaging their joint partition function over disorder we obtain
the replicated Hamiltonian as

H, - /V {i[§<Vsa<r>>2—h-sa<r>]—

a=1

S R sb<r>>} -3 / hy - sa(x), (5)

a,b=1

where we have defined the function R(z) = 3 r,z". The properties of the original
disordered system (1) can be extracted in the limit n — 0.

Power counting shows that d. = 4 is the lower critical dimension of the
model (5). Above the lower critical dimension the RF systems undergo a param-
agnetic - ferromagnetic transition. The scaling behavior at criticality is controlled
by a zero temperature fixed point (FP) similar to the RFIM, reflecting the fact
that disorder dominates over the thermal fluctuations. However, the temperature
is dangerously irrelevant. For instance, this results in violation of the usual hy-
perscaling relation and the appearance of a new universal exponent 6 that modifies
the hyperscaling relation to [26]:

vid—0)=2—aq, (6)

where v and « are the correlation length and the specific heat exponents. One
also expects a dramatic slowing down as the transition is approached with the
characteristic relaxation time In7 ~ t;*?, where t; = |T — T.|/T. is the reduced
temperature [16]. The magnetization in the bulk and on the surface vanish at the
transition according to

0<t1) ~ tfa Ul(tl) ~ t{ﬁ? (7)



Mathematical Structures and Modeling. 2013. N 1(27). 17

where we have introduced the bulk and the surface magnetization exponents. At
the critical point ¢, = 0 small magnetic field in the bulk h and on the surface h;
can induce the magnetization in the bulk and also on the surface according to

o(h) ~ B0 oy(h) ~ BV () ~ By (8)

where we define the exponents 6§, §; and d;;. Below the lower critical dimension d.
a QLRO phase with zero magnetization can emerge. At criticality or in the QLRO
phase, the correlation functions of the order parameter exhibit scaling behavior.
Due to dangerous irrelevance of the temperature the connected and disconnected
correlation functions scale with different exponents. We define the connected and
disconnected correlation functions of the two local operators A and B as

[A(r) - B(r)]con := (A(r) - B(r')) — (A(r)) - (B(x')),
[A(r) - B(r)]ais := (A(r)) - (B(r')) — (A(r)) - (B(r')).
Here the angular brackets denote the thermal averaging and the overbar stands for

the disorder averaging. For instance, the connected and disconnected correlation
functions of spins in the bulk scale independently as

[S(I‘) ’ S(r/>]con ~ ﬁv [S(I‘) ’ S(r/)]dis ~ ﬁ (9)

Following the general scaling picture of the surface critical phenomena we intro-
duce the surface exponents 1, and 77, which replace the bulk exponents n and 7 in
equations (9) when one of the points r or r’ belongs to the surface:

1
)2 + 22)(d—2+m)/2’

1

((x — x')? + 22)(d*4+ﬁ)/2'

(10)

s(x,2) - s(x',0)]con ~
55,2) 56, O~

(11)

s(x,2) - s(x,0)]gis ~

We also define the surface exponents 7 and 7 that describe the connected and
disconnected correlation function when both points lie on the surface:

1 1

PR [S(X)'S(X')]disfvm. (12)

[s(x) - S(X/>]con ~

3. Functional renormalization group

In the limit of low temperature and weak disorder the configuration of the
system is fluctuating around the completely ordered state in which all replicas of all
spins align along the same direction which is parallel to h and h;. It is convenient
to split the order parameter s, = (o,,m,) into the (N — 1)-component vector =,
which is perpendicular to this direction and the component o, = /1 — 72 being
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parallel to this direction. Then the effective action of the system can be written as

o B 55 el
Z/R Tq - Ty + 0a0y) - (13)

a,b=1

In general one has to add to the action (13) the terms like 6¢(0 fv In(l — =)
generated by the Jacobian of the transformation from s, to 7,. However, in what
follows we will use the dimensional regularization scheme [5] in which §%(0) = 0
so we can ignore these terms in action (13) from the beginning.

Let us denote averaging with the action (13) by double angular brackets and
introduce the following correlation functions

G(LK <<H Ty, (T ngu X, >> (14)

where L points r = (ry,...,ry) are off surface and K points x = (xy, ..., x) are sit-
ing on the surface. In equation (14) we have used a short notation o = (v, ..., )
where each «, stands for the component number ¢, and the replica number a,.
The similar holds for . Using correlation functions (14) one can compute the
connected and disconnected functions defined in equations (9). However, since we
are interested only in the scaling behavior it is more convenient to consider the
similar correlation functions not for s but for 7 fields.

Expanding the effective action (13) in small 7 we will treat the quadratic part
as a free action and the rest of the infinite series as interaction vertices. Then the
correlation functions (14) can be expressed in terms of Feynman diagrams which
give the low temperature and small disorder expansion. In practical calculations
it is convenient to perform the Fourier transform with respect to x: #(q,z) =
Jdlam(x, 2)e7 4 and define [ := [d’"'q/(2m)*"". The quadratic terms give
the iree propagator

1 = !/ h !/
CP(e. ) = o [ Tt (15)

where we have introduced the shorthand notation g := (¢ +h)'/2. The free surface
corresponds to the limit A; — 0 in which equation (15) becomes the Neumann
propagator consisting of the bulk part and the image part. In what follows we will
use the Neumann propagator as the bare one and treat the terms proportional to
hy as soft insertions [5, 11].

The correlation functions (14) calculated perturbatively in small disorder and
temperature suffer from the ultraviolet divergences. To avoid mixture with infrared
singularities in the O(NN)-noninvariant correlation functions it is convenient to keep
h # 0. The ultraviolet divergences can be converted into poles in ¢ = d — 4 using
dimensional regularization. To renormalize the theory one has to absorb these
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poles into finite number of Z-factors. However, all the Taylor coefficients r, of
the disorder correlator R(¢) turn out to be relevant operators so that one has
to introduce renormalization of the whole function. Since the scaling behavior is
controlled by a zero temperature FP we will disregard all terms involving more
than two replicas which are suppressed in the limit 77 — 0. The renormalization
of the disorder simplifies by changing variables: R(¢) = R(z) where z = cos ¢, for
instance, R'(1) = —R"(0). In terms of the variable ¢, the function R(¢) becomes
periodic with period 27 in the RF case. The relation between the renormalized and
the bare correlation functions reads

GER) (0T b, hy, R, ) — Z;(L+K)/2Z1—K/2G°(L,K)(r; T, h, hi, R). (16)

where circles denote the bare quantities and p is an arbitrary momentum scale.
The ultraviolet divergences are absorbed into Z-factors according to

7 =7"x 7|, = (Z. 202 w|,,  h=12Z0Z 0, (17)
hy = uZp(Z:2,) " ?hy, T = >~ 42T, R ="K Zg[R)], (18)

where (27)?K,; = 2n%2/T'(d/2) is the surface area of a d-dimensional unit sphere
and I'(z) is the Euler gamma function. In equation (18) Zg[R] is a functional
acting on the renormalized disorder correlator R(¢) which has the following loop
expansion:

Zgr|R] = R+ 6W(R,R) + 6®(R,R,R) + ..., (19)

where Y (R, R) is bilinear in R and proportional to 1/e, while §®(R, R, R) is
cubic in R and contains terms of order 1/e and 1/e2. According to equations (17)
the surface field =r|, renormalizes differently from the field 7 in the bulk. The
new factor Z; serves to cancel the additional ultraviolet divergences in Feynman
diagrams arising from the image part of the Neumann propagator G‘éo)(z,z’) for
2z — 0. The renormalized theory is not unique and depends on the scale . Using
this fact we will derive the functional renormalization group equation.

We now consider how the scaling behavior can be extracted from the renormal-
ized theory. Using the independence of the bare theory on the momentum scale
w one can derive the flow equations for the renormalized correlation functions dif-
ferentiating both sides of equation (16) with respect to u at fixed bare quantities.
One finds that the renormalized correlation functions satisfy the following FRG
equation

L
10y + (d =2 = (p)TOr — GuhOp — Gy haOny + EC” +

K _ 0| g —
5 (G0 = [ daREIS| 60 =0 eo

where the integral in the last line is taken over a period, i.e., (0,7) for RA and
(0,27) for RF models and we have introduced the scaling functions:

G = po,InZl,, (i=1T,m1), (21)
Ch :2+CT_C7T/27 ghl = 1+CT_ (Cﬂ‘—i_cl)/Q? (22)
/B[R] == MauR(¢)|o' (23)
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Here the zero indicates that the derivatives are taken at fixed bare quantities. Flow
equations similar to equation (20) hold also for the correlation functions in which
some or all the fields m,(r) are replaced by o,(r) and for other observables, e.g.,
the correlation length and the magnetization.

The long-distance physics can be obtained from the solution of the FRG equa-
tion (20) in the limit of 4 — 0. The renormalized disorder correlator and the
temperature flow according to

— 10, R(¢) = B[R], (24)
-0, InT =2 —d+ (r. (25)

The scaling behavior is controlled by a zero temperature FP S[R*] = 0 with R*
of order ¢ and 7" = 0. Indeed, according to equation (25), the temperature is
irrelevant, i.e. it flows to 0 in the limit 4 — 0 for d > 2 and for sufficiently small
(r = O(R). Although one expects that {r is small in the vicinity of the FP, one
has to take caution whether the zero temperature FP survives in three dimensions
where (r ~ ¢ is negative [13]. The stability of the FP can be checked by computing
the eigenvalues of the disorder flow equation (24) linearized about the FP solution:
R(¢) = R*(¢)+ >, t:Vi(¢). Since one expects that for d > 4 (¢ > 0) the FP R*(¢)
describes the paramagnetic-ferromagnetic transition it has to be unstable in a
single direction W, (¢) with eigenvalue A\; > 0: B[R*+t,¥,] = A\it; 91 +O(#?). In the
vicinity of the zero temperature FP that controls the paramagnetic-ferromagnetic
transition, the FRG equation for the correlation length £ can be written as

0
{pﬁu — Aity 0_151] E(pst1) = 0. (26)

Dimensional analysis implies that &(u,t,) = p~'&(¢1). This reduces equation (26)
to an ordinary differential equation (ODE) whose solution is & ~ u‘ltfl/’\l. The
latter describes divergence of the correlation length on the critical line at zero
temperature when the strength of disorder approaches the critical value. Assuming
that along the transition line at finite temperature t; ~ T — T, we find that the
positive eigenvalue \; gives the critical exponent of the correlation length v = 1/).
For d < 4 (¢ < 0) the FP becomes stable and describes a QLRO phase. The
fluctuations exhibit power-law correlations in the whole QLRO phase so that the
correlation length ¢ is always infinite down to the lower critical dimension of the
QLRO - paramagnetic transition.

Let us consider the solution of equation (20) for the connected two-point corre-
lation functions. The dangerous irrelevance of the temperature manifests itself in
the fact that the connected (bulk or surface) two point functions are proportional
to T in the low temperature limit. Thus, setting h = h;y = 0 and R = R* we can
rewrite equation (20) as

1 K
HOu+ 5L+ K)G + G +0| GG =0, (27)
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where the asterisk denotes that the function is computed at the FP. In equation (27)
we have defined the exponent

O=d—2—C (28)

which describes the flow of the temperature (25) in the vicinity of the FP and
has been introduced ad hoc in the modified hyperscaling relation (6). Using the
method of characteristics and dimensional analysis one can write the solution of
equation (27) in the form

G(L,K) (’I"b7 R*) — b—(%(L+K)C;+ch/2+0)fc(r7 R*) (29)

con

Considering the connected two point functions (29) with (L = 2, K = 0),
(L=1,K=1), and (L =0, K = 2) we derive the critical exponents:

N=C=Crn, nL=C0G+G/2=C(, m =G+ —(r (30)

We next turn to the disconnected two-point correlation functions. At variance
with the connected correlation functions they are not proportional to the tempera-
ture. Thus, at h = hy =T = 0 they satisfy the same equation (27) but without the
term 6 in large square brackets. The solution of the latter FRG equation is given

by
GG (rby BY) = b GUHROGHRGR £y (s ). (31)
Repeating the analysis we did for the connected functions, we arrive at

n=4—d+=2+n—-0, 1. =4—d+C+/2=2+n.—0, (32)
m=4—-d+G+G=2+n -0 (33)

Note that the exponents (30) and (32)-(33) are related by
2ne=n+n, 20.=n+7. (34)

Finally we study the profile of the spontaneous magnetization below and at
the paramagnetic-ferromagnetic transition for d > d,.. The magnetization as a
function of the distance to the surface z, the reduced temperature ¢;, and the bulk
and surface magnetic fields h and h, satisfies the following flow equation

1 ' 0
10y — Cuhoy — ¢ h1Oh, + iq + %CT - )\1t1a—t o(z,t1,h,hy) =0. (35)
1

Here j = 0 and z > 0 corresponds to the bulk magnetization ¢ while j = 1 and
z = 0 gives the surface magnetization o;. The solution of equation (35) can be
written as

o(z,t, hhy) = b GG (b7 1M hbSh, By b ). (36)
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We first consider the profile for h = h; = 0. The solution (36) interpolates
between the surface magnetization oy(t;) ~ tﬁC“CT’/(%) at z ~ 0 and the bulk
magnetization o(ty,z) ~ t%*r/ml) for z > £. Reexpressing the latter in terms
of v,7, and 7 we obtain that the bulk and the surface magnetization exponents
defined in equation (7) are given by

ﬁ:%y(d—él—i—ﬁ), 3 :%V(d—él—i—ﬁ). (37)

At the critical point #; = 0 and finite external fields we find that o(h) ~ hS+/2%) in
e/

the bulk and oy (h) ~ h+/C%) or gy (hy) ~ hi at the surface. Thus,
the exponents 0, d;, and 017 defined in equations (8) satisfy the following scaling
relations:

W-B/B_v o ou-1_wv (38)

1%
2—n 2—-n B 1l-n B

4. Surface exponents to one-loop order

We now renormalize the both semi-infinite RF and RA models to one-loop order
and explicitly calculate the surface critical exponents to first order in ¢ = d — 4.
The factors Z,, Z7 and Zg[R] defined in equations (17)-(19) are the same that
appear in the case of the infinite systems. They have been calculated in several
works up to two-loop order [13,15,22,31]. To one-loop order they read

R/l(o)

SR, R) = S0 ~ ROR'(0) ~ (¥ - D R'O)2R(0) +

Z,=1—(N—1)

FO(RY), Zp—1—(N—2) R"E(O) +O(R2), (39)

FR()cotd] - WWW} (40)

2sin? ¢
The new factor Z; that eliminates the poles resulting from the presence of the
surface can be determined from the renormalization of the two point function
GO (p, z; h, T, R) which reads to one-loop order

o o o o . e Pz o
GOV (p, 2 h, T, R) = T {1—2{—53”(0) X
h zh .
x[(N—?)) <E+%)+2(N+1) +O(R2)}, (41)

where p = (p? + h2)Y/2. The factor Z; can be found from the renormalization
condition

Z;lZl_l/zé(l’l)(p, 2ih, T, R) = finite for ¢ — 0, (42)
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where the bare h,T, R are replaced by the renormalized h, T" and R according to
equations (17)-(18). We obtain
R’ (0
Zi=1—(N— 1)% + O(R?). (43)
Thus, to one loop order we have Z; = Z, + O(R?). Using equations (21)-(23) we
calculate the scaling functions

G = ~(N=2R(0)+ OB, G =G = —(N— DR'(0) + O(R?), (44)
and the beta function
SIR] = —eR(8) + 5 R'(9) — R'OR'(8) — (N~ 2) x
| RORRO) + R cotd] - o (RO} + 00 45)

to one-loop order. The solution of the FP equation S[R*] = 0 with the beta
function (45) has been analyzed for different values of N and different sign of ¢
in [13,22,31]. We first assume for granted that the flow has a FP R*(¢) which
is a w-periodic function for the RA model and a 27-periodic function for the RF

model. Then, the surface critical exponents can be computed to one loop using
equations (30) and (32)-(33). They give

1=—R"(0) 1= -2~ (N = DR"(0), (46)
m= = S0LR0), = e~ S(N - DR(0), (47)
n = —NE"(0), M === 2(N = 1)R™(0). (48)

The other surface exponents are related to the exponents (46)-(48) by the scaling
relations (37) and (38).

4.1. Paramagnetic-ferromagnetic transition for d > 4 (¢ > 0)

The RF model is described by R(¢) which is a 2x-periodic function. Numerical
solution of the FP equation shows that for d > 4 a 2m-periodic solution exists
only for N > N, = 2.83474. It has R*'(0) < 0 and it disappears when N —
NF. This cuspy FP is once unstable with the positive eigenvalue \; = . Thus,
the correlation length exponent v = 1/ + (¢°) coincides with the DR prediction
to one-loop order. Remarkably, the non-zero R*”(0") vanishes for N > N* =
18 + O(e). The non-analyticity becomes weaker as NV increases and starts with
R*@r(N)+D(0+) £ 0 where p ~ N [22,30,31]. Weaker non-analyticity results in
restoring the DR critical exponents for N > N*. The critical exponents 7; and
7; computed using equations (46)-(48) as functions of N are shown in the right
panel of Figure 1. With increasing N they monotonically decay approaching the
DR values at N = N* and satislying the inequalities: n <7 <n. <7, <n <7
The bulk and surface magnetization exponents 5 and f3; calculated for different NV
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Figure 1. Left panel: the critical exponents »; and 7; (divided by |e|), which describe the
power-law decay of correlations in the QLRO phase of the RF model below the lower critical
dimension, as functions of N for N < N.. Right panel: the critical exponents n; and 7; (divided
by €), which describe the paramagnetic-ferromagnetic transition of the RF model above the lower

critical dimension, as functions of N for N > N.. Inset: the bulk magnetization exponent 8 and
the surface magnetization exponent ; as functions of V.

are shown in the inset of the right panel of Figure 1. To one-loop order they obey
the relation 5, = 23. Up to now both magnetization exponents have been studied
only for the 3D RFIM where numerical simulations give 5 = 0.0017 4 0.005 [25]
and ; = 0.23 +0.03 [21]. Thus, the ratio 5,/ for the RF O(N) systems in d > 4
is much smaller than for the 3D RFIM.

4.2. Quasi-long-range order for d < 4 (¢ < 0)

Below the lower critical dimension the flow equation for the disorder correlator
has an attractive 2w-periodic FP solution. This cuspy FP appears only for 2 <
N < N. where it controls the scaling behavior of spin fluctuations in the QLRO
phase. The corresponding exponents n; and 7; as functions of N are shown in the
left panel of Figure 1. In the case N = 2 the FP equation admits for an explicit
non-analytic ¢g-periodic solution given by

N A AN A
W—?—z[%‘(%) (-3 )
Using equations (46)-(48) one obtains
2 2 2
=gl a=(1+2)ld n=(1+5)E G0
2 2 2
77||=%\€|7 = <1+%) lel, MZ%M (51)

with ¢g = 27 for the RF system. The semi-infinite RF O(2) model can be mapped
onto a semi-infinite periodic disordered elastic system with a free surface. There
is one to one correspondence between the Bragg glass phase of the elastic system
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and the QLRO phase of the studied spin model. The power-law decay of the
spin correlations in the QLRO phase corresponds to the logarithmic growth of the
displacements in the disordered elastic system. Moreover, the exponents n, n, and
n) provide the universal amplitudes of the logarithmic growth of the displacements
in the bulk, at the surface and along the surface, respectively. For a ¢q-periodic
elastic system with a free surface these amplitudes are given by equations (50)-
(51). In particular, we find that the logarithmic growth of the displacements along
the surface is twice large as the logarithmic growth in the bulk. In the case when
only one point is on the surface the growth is enhanced by 50%. The presence
of a free surface can be considered as an extended defect of a special kind. The
influence of potential-like extended defects on the Bragg-glass has been recently
studied in [10,27].

5. Summary

In the present work we have studied the RF semi-infinite O(NN) systems with
a free surface. Above the lower critical dimension d). = 4 the systems undergo a
paramagnetic-ferromagnetic transition for N > N., while below d. and for N <
N. = 2.835 they exhibit a QLRO phase with zero magnetization and power-law
correlation of fluctuations. Using FRG we have derived the surface scaling behavior
at criticality as well as in the QLRO phase, and calculated the corresponding
surface exponents to lowest order in ¢ = d —4. We have found that the dimensional
reduction prediction for the surface scaling is broken similar to what happens
in the bulk. We have shown that the connected and disconnected correlation
functions scale differently also at the surface and derived the scaling relations
between different surface exponents. The surface exponents obtained for the 3D
RF O(2) can be used to describe the growth of displacements near a free surface in
semi-infinite periodic elastic systems in disordered media. The methods developed
in this work can be also applied to the systems with random anisotropy disorder [8].
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BRANS-DICKE SCALAR-TENSOR THEORY
OF GRAVITATION MAY EXPLAIN TIME ASYMMETRY
OF PHYSICAL PROCESSES

0. Kosheleva, V. Kreinovich

Most fundamental physical equations remain valid if we reversed the time or-
der. Thus, if we start with a physical process (which satisfies these equations)
and reverse time order, the resulting process also satisfies all the equations
and thus, should also be physically reasonable. In practice, however, many
physical processes are not reversible: e.g., a cup can break into pieces, but the
pieces cannot magically get together and become a whole cup. In this paper,
we show that the Brans-Dicke Scalar-Tensor Theory of Gravitation, one of
the most widely used generalizations of Einstein’s General relativity, is, in
effect, time-asymmetric. This time-asymmetry may explain the observed time
asymmetry of physical phenomena.

1. Time Asymmetry: Formulation of the Problem

Observable time asymmetry: a problem. Most equations of fundamen-
tal physics are time symmetric, starting from the ordinary differential equations
(e.g., the classical Newton’s equations of motion) to partial differential equations
describing physical fields like electromagnetism or gravitation. As a result, if
we start with a physically reasonable solution to these equations (e.g., with the
observed Universe) and simply reverse the direction of time ¢, the resulting fields
will satisfy the same differential equations. From this theoretical viewpoint, all
physical processes should be reversible: a time reversal of a physically reasonable
process should also be physically reasonable.

In practice, however, many physical processes are not reversible. For example:

e I we drop a fragile cup, it will break into pieces.

e However, it is not physically reasonable to expect that the pieces of a broken
cup would magically get together to form a whole cup.
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How this problem is explained now. The problem of time asymmetry is
known since Bolzmann’s 19th century work on statistical physics and its founda-
tions. In modern physics, this problem is usually resolved by making an additional
assumption: that the initial conditions should be random (in some reasonable
sense); see, e.g., [1].

Limitations of the known explanation. The additional assumption of ran-
domness is outside the usual formulation of physical equations as a system of
partial differential equations. It is therefore desirable to come up with an alterna-
tive explanation of the observed time asymmetry, an explanation that is within the
usual formulation.

What we do in this paper. In this paper, we show that the time asymmetry
problem can be potentially resolved if we take into account that for scalar-tensor
theories of gravitation, in some reasonable sense, equations are not T-symmetric.

2. Brans-Dicke Theory Scalar-Tensor Theory
of Gravitation: Reminder

Notational comment. Before we describe the actual equations, let us agree to
simplifying notations which are commonly used in General Relativity.

The possibility of this simplification is based on the fact that, according to
Relativity theory, the speed of light ¢ is a universal constant. Thus:

e If we fix a unit of time (e.g., 1 sec), we automatically get a unit of length —
namely, the distance that light can cover in 1 sec.

e Similarly, once we have a unit of length, we get a unit of time.
Relativistic equations can be simplified if we use units of distance and time which

are related in this way, i.e., units in which the speed of light is simply equal to 1.
For simplicity, we will use these units in our paper.

General Relativity: reminder. In general, the field equations of a physical
theory correspond to the minimum of the action

S = /L\/—gdth,

where L is the Lagrangian and g = det(gas) is the determinant of the metric tensor
gap- In other words, a physical theory corresponds to the variation principle

5/1;\/_—9 dt dV = 0.
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In particular, for the General Relativity theory (GRT), the Lagrangian has the

form
1

L = ——=R+ L )

GRT = {603 + t
where G is the gravitation constant, L, is the Lagrangian of matter, R o 9 Rus
is the Ricci scalar, R,3 e szﬁ, and R‘;,Yﬁ is the curvature tensor. The variational
equations do not change if we simply multiply the Lagrangian by a constant; it is

therefore useful to multiply the Lagrangian by 167 and take
L _ 1 R+ 167L
GRT — G T Lmat -

Varying over g,3, we get the corresponding equations
1
Rag - §ga5R = 87TGTQB,

where T, is the matter’s energy-momentum tensor.

Motivations for modifying General Relativity. According to General Rel-
ativity, space-time and gravitation are described by Einstein’s partial differential
equations, in which the only field responsible for gravitation is the metric tensor
gap- In General Relativity — similarly to the original Newton’s theory of gravi-
tation — the gravitational field (and hence, gravitational acceleration a) generated

by a body of mass M at a distance r is proportional to its mass M, with the

GM
gravitation constant G as the proportionality coefficient: a ~ ——.
T

[t turns out that the observed gravitational accelerations in the vicinity of
several distant astronomical bodies are much larger than what is predicted based

on the observable mass Mg, a >

o The traditional approach to this problem
is to conclude that, in addition to the observable masses, there are also non-
observable ones. In this approach, to explain the observations, we must assume
that on the cosmological level, 95% of the mass is formed by hypothetical non-
directly-observable “dark matter” and “dark energy”.

Some physicists argue that instead of introducing such hypothetical types of
matter, it is more reasonable to conclude that the parameter G that described the
local strength of gravitational interactions does not have to be a universal constant:
measurements of GG at different points in space-time can lead, in general, to different

results. In effect, the values p(z) of a measured at different space-time points x

form a new scalar field. So, in such a theory, to describe the gravitational field,
we need to present both the metric field ¢,5 and the scalar field ¢.

The corresponding scalar-tensor theory of gravitation was indeed proposed by
Brans and Dicke (see, e.g., [2], Chapter 39); the equations of this theory are
presented below.
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Historical comment. Historically the first modification of General Relativity,
in which there is no need for the hypothetical dark energy and dark matter, came
in the form of a modified Lagrangian which only depends on the metric g,s but
which — in contrast to the Lagrangian of General Relativity — is non-linear in the
scalar curvature R. However, a recent paper [3] showed that such theories are
equivalent to scalar-tensor theories of Brans-Dicke type.

Brans-Dicke Theory: reminder. In the scalar-tensor theory of gravitation,
the parameter GG that described the local strength of gravitational interactions is
no longer a universal constant, it is equal to 1/¢, where ¢ is the new scalar field.

1
In terms of this new field, the Einstein’s term aR from the Lagrangian takes the

form @R.
To get a full description of the scalar-tensor theory, we also need to add, to the
P.aP

Lagrangian, the term describing the effective energy density of the scalar

¥
field. As a result, we arrive at the following Lagrangian:

LBDT =@ (R — (’072920’ ) + 167TLmat.

Varying over g,5 and ¢, we get the following equations:

1 8m w 1 1
Bas = 59apft = Tas + 75 (‘P,a‘P,B - 5%6%%90’7) + ;(90;04,3 — 9as¢); (1)

8
Oy = % = T 2
SO Sp,a 3 + 2w Y ( )

where T & T< is the trace of the energy-momentum tensor [2].

At first glance, the Brans-Dicke theory is T-symmetric. At first glance,
from the viewpoint of time symmetry, the Brans-Dicke Theory (BDT) is similar to
Einstein’s General Relativity:

e similar to General Relativity, the Brans-Dicke Theory is described by second
order partial differential equations, and

e the BDT equations remain invariant if we reserve the order of time ¢, i.e.,
change t to —t.

In general, in a second-order theory,

e if on some Cauchy surface (e.g., for some moment of time t;), we know
the values of the gravity tensor g,s, the scalar field ¢, and their first time
derivatives g,5 and ¢,

e then we can uniquely determine the second time derivatives g,s and ¢, and
thus (at least locally) integrate the corresponding equations.
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3. Main Result: Cauchy Problem for the Brans-
Dicke Scalar-Tensor Theory of Gravitation Leads to
T-Asymmetry

Our main result: formulation. In this section, we prove a new (somewhat
unexpected) result: that with respect to the scalar field ¢, the Brans-Dicke scalar
theory of gravitation is actually first order. Specifically:

e if on some Cauchy surface, we know the values of the gravity tensor g,g, its
first time derivative ¢,3, and the field ¢,

e then we can determine the first time derivative ¢ of ¢ from a quadratic
equation.

This quadratic equation, in general, has two solutions. This means that in principle,
for each initial condition, we can have two different dynamics — corresponding to
these two solutions.

Discussion. In physical terms, our result means that the time-symmetric
Brans-Dicke Theory (BDT), in effect, consists of two different theories — each of
which is second order in metric tensor and first order in .

Each solution of BDT is a solution of one of these two theories. In particular,
our Universe satisiies one of the corresponding two systems of partial differential
equations.

The transformation ¢ — —t transforms each of these two theories into another
one, but none of these two theories is time-symmetric. In other words, in the
presence of the additional scalar gravitational field, the equations describing our
Universe are not time symmetric.

This may explain the observed time asymmetry of physical phenomena.

Historical comment. The fact that the first derivative ¢ is not needed was first
shown in Section 16.4 of [4] for homogeneous isotropic cosmological solutions. In
this paper, we show that it is possible to describe ¢ is terms of other initial
conditions ¢, gas, and g.p in the general case as well.

How we prove our result. In the following text, we will transform the
Brans-Dicke equations step-by-step. After these transformation, we will see that
the first time derivative ¢ of the scalar field ¢ on a Cauchy surface can indeed be
determined in terms of the values of the metric filed g,gs, its first time derivative
Jap, and the field ¢ on this surface.

First transformation: into equivalent equations for the Ricci tensor. The

equations (1) describe the Einstein tensor R,z — égaﬂR. Let us first use these
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equations to describe the Ricci tensor R,s. By definition,

1 1
R.5 = (Raﬁ - §gaﬁR> + §gaﬁR; (3)

so, to describe the Ricci tensor, it is sufficient to be able to describe the Ricci
scalar R. If we take the diagonal of the equation (1), we get

8m w o« 9
—-R=—T- _2()0,04907 - _D907
¥ ¥ ¥
SO 3 3
m
R=——T+ 2<p ©* + —Oop. (4)
¥ ¥ ¥

1
Substituting this expression (4) for R and the expression (1) for R,5 — §ga5R into
the formula (3), we get

&1 A 1 1w
Rog = —Top — —TGgap + — (%s@, — = Jap®P, 90’”) + ——90 @+

1 3
+_(§0;a — Ja D@) + _DQO =
© B B 290

=22 (T — =Tg. 0F LN
p ( ¥ 5 g, 5) +w = + - + 2 o Jas
Substituting the expression (2) for [y into this formula, we conclude that

81 14+w CaPs . Piap
Rog=—(Tus — Tqg, w2 4 5
8= ( e B) 2 p (5)

Second transformation: into Gaussian normal coordinates. We will use
Gaussian normal coordinates, in which goo = 1 and go; = 0 for i = 1,2, 3, so only
the values g;; corresponding to 7, j = 1,2, 3 are changing. In these coordinates, the
distance element ds? = g,sdz®dz” takes the form

ds* = dt* — ’yijdxidxj,

where we denoted %J = —g;;. In the Gaussian normal coordinates, the components

Roo, Roi, and R;; of the Ricci tensor R, can be explicitly described in terms of

Yijr Hij def Gij = —7ij, and the time derivative s;;; see, e.g., [2]. Substituting

these expressions for Ry, Ry, and R;; into the formula (5), and using similar
expressions for the derivatives of ¢, we get the following equations:

1.. 1 . . 8r 14+ w (©)? ¢
— =5 — S = 2 (T — T ALCARE. 6
9% T i gp(oo 3+ 2w )+w 2 +g0’ (6)
1, 1 8 Gp; P
5% T Tt Wt (7)
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1. 1
Pij = 536 — 7 (eigoa — 204 305) =
8 l+w CiPi  Pij — Higp
= — (T + ———Tn;, i ’ , 8
s@(j+3+2w %)ﬂd 2 ®)

where P;; is the 3-D curvature tensor, and all tensor operations are performed in
the space with metric ;5.
The equation (2) takes the form

where Ap & ¢ is the 3-D Laplace operator.

It is possible to describe ¢ in terms of v;;, ¥;;, and ¢: idea of the proof.
The above equations describe the second time derivatives of ¢ and +;; in terms of
the values ¢ and ~;; and their first time derivatives.

Let us show that we can actually describe the first derivative ¢ in terms of ;j,
Y5, and . Indeed:

e from the equation (9), we can explicitly express ¢ in terms of ~;;, 4;;, and ¢;

e from the equation (8), we can explicitly express sg; (and, thus, 5) in terms
of vij, %, ¢, and ¢; the resulting dependence of ¢ on ¢ is linear.

Substituting these expression for s and ¢ into the equality (6), we get a quadratic
equation for ¢. This quadratic equation allows us to determine ¢ in terms of ~;;,
Yij» and .

Since the equation is quadratic, for each combination of initial values ;;, 7,
and ¢, we may get two possible values of ¢.

How to describe ¢ in terms of v,;, ¥;;, and ¢: details. From the equation
(9), we can conclude that

8
b=A 10
L G W (10)
Similarly, from the equation (8), we conclude that
1 1 8T 14w
— g = =P+ = (565 — 238 3. T+ ———T;
2%.7 J + 4(%J%I€ %’L %k])+ 80 ( J _I_ 3+2w 7]) +
LN A T 25 (11)
? ¢
Hence, we get
1., 1 . .\ L 8m6+5 ot Ap — iy
S S ((%;)2—2%?%;> SISy A 0 i A A Y
2 4 J Y 3+ 2w 2 ®
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Substituting formulas (10) and (12) into the equation (6) and moving all the terms
to the right-hand side, we get the desired quadratic equation

A(p)? + By +C =0, (13)
where ,
AL %; BpY ﬁ; and (14)
2 2
eof 1 . 8m 14w Ap 8t 1
CY Zoisd + 22 (T — T)+=2 42 T4+ P—
17 ol (00 3+ 2w > © 3+ 2w *
1 ~ o 8m6+5 ot A
() -2 - TS S B
4 © 3+ 2w 2 ©
8 6 + 6w 3, o 1 . . 00"
_C — —(3)" — Zsdsd — —, 15
© ( 00 3+2w ) + 4 (%z) 4%] 7 w S02 ( )

Mathematical comment. When the quadratic equation has two solutions ¢
and ¢ for ¢, we can substitute both solutions into the equation (7) and take the

difference between the resulting equalities. Then, for the difference D o V1 — P,
we get the equality

Dy, D,
Pl 2oy,
¥ 12
Multiplying both sides of this equation by ¢ and dividing by d, we conclude that
vi D, -
w - + D = 0,

i.e., equivalently,
w(in(@)), + (D)), = (win(p) + (D)), = 0.

Since the gradient of the expression wln(y) + In(D) is equal to 0, this expression
is constant, so win(y) + In(D) = ¢, In(D) = ¢ — wln(p) and thus,

P1—pa=D=cy-p ¥,

def
where we denoted ¢; = e°.

The same T-asymmetry holds for more general scalar-tensor theories
of gravitation. The authors of [3] also consider generalizations of Brans-Dicke
theory, with the Lagrangian

L = ) (R — 907?;207 — V((p)) + 167TLmat,

where V(¢) is the potential of the scalar field. The original Brans-Dicke theory
is a particular case of this general theory, corresponding to V(¢) = 0. For this
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Lagrangian, the variational equations (generalizing equations (1) and (2)) take the
form

1 & w 1
Rap — 59&53 = ? aB T E (@,a‘ﬂ,ﬁ - _gaBQO,WSO’,Y) +

2
1 1V (p)
+— (@08 — 9apdP) — = —Gag; 16
90( 5~ Jasp) = 5 P (16)
81 1 dV
|:| = fOC —_= T— V_ I . ]‘7
P Ve T 3 0w 3+2w( SOdgp) (17)

The two additional terms depend only on ¢, so, as one can see, they do not change
the fact that the first derivative ¢ can be (almost) uniquely determined by the
initial values of ¢, g;;, and g,;.

Comment. It is worth mentioning that a similar possibility to reconstruct ¢
from the initial values of ¢, g;;, and g;; is also available for more traditional scalar-
tensor theories, with a Lagrangian of the type

1
L= ER + Lscalar(goa @a%aa) + 167TLmat-
For these theories, the proof of this reconstruction possibility is even eas-
ier than for the Brans-Dicke-type theories. Indeed, for such more traditional
scalar-tensor theories, the right-hand side of the corresponding Einstein equations

1
Raﬁ—éRgaﬁ = ... depends only on the first derivatives ¢ and ¢ ; of the scalar field.

In particular, the right-hand side of the equation corresponding to Ry; (similar to
our equation (7)) contains only ¢ and thus, can be used to explicitly express ¢ in
terms of ¢, g;; and g;;.

4. Conclusion

Our result shows that the time-symmetric Brans-Dicke Theory of gravitation
(BDT), in effect, consists of two different theories — each of which is second
order in metric tensor and first order in . Each solution of BDT is a solution
of one of these two theories. In particular, our Universe satisfies one of the
corresponding two systems of partial differential equations. The transformation
t — —t transforms each of these two theories into another one, but none of these
two theories is time-symmetric.

In other words, in the presence of the additional scalar gravitational field, the
equations describing our Universe are not time symmetric. This may explain the
observed time asymmetry of physical phenomena.
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FOR DESCRIBING UNCERTAINTY, ELLIPSOIDS ARE
BETTER THAN GENERIC POLYHEDRA AND PROBABLY
BETTER THAN BOXES: A REMARK

0. Kosheleva, V. Kreinovich

For a single quantity, the set of all possible values is usually an interval. An
interval is easy to represent in a computer: e.g., we can store its two endpoints.
For several quantities, the set of possible values may have an arbitrary shape.
An exact description of this shape requires infinitely many parameters, so in a
computer, we have to use a finite-parametric approximation family of sets. One
of the widely used methods for selecting such a family is to pick a symmetric
convex set and to use its images under all linear transformations. If we pick
a unit ball, we end up with ellipsoids; if we pick a unit cube, we end up with
boxes and parallelepipeds; we can also pick a polyhedron. In this paper, we
show that ellipsoids lead to better approximations of actual sets than generic
polyhedra; we also show that, under a reasonable conjecture, ellipsoids are
better approximators than boxes.

1. Formulation of the Problem

Need for describing sets of possible values. Measurement and estimates
are never 100% accurate. As a result, we usually do not know the exact value of
a physical quantity; we usually know the set of possible values of this quantity.
For a single quantity, this set is usually an interval. Representing an interval
in a computer is easy: e.g., we can represent an interval by its endpoints; see,
e.g., [7,10].

For several quantities x4, ..., z,, in addition to interval bounds on each of these
quantities, we often have additional restrictions on their combinations; as a result,
the set of possible values of z = (z1,...,x,) can have different shapes. The space

of all possible sets is infinite-dimensional, meaning that we need infinitely many
real-valued parameters to represent a generic set. In a computer, at any given
time, we can only store finitely many parameters; so, we cannot represent generic
sets exactly, we need to approximate them by sets from a finite-parametric family.

Copyright © 2013 O. Kosheleva, V. Kreinovich
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Convex set-based representation of sets of possible values. In many prac-
tical situations, e.g., when x; are spatial coordinates, the selection of the quantities
is rather arbitrary: we can use a different coordinate system in which, instead of

m
the original quantities x;, we use linear combinations y = Tz, i.e., y; = > t;; - x;.
=1

In view of this, a reasonable way to select a finite-parametric set is to pick a
bounded symmetric convex set Sy with non-empty interior, and to use images 7'Sy
of this set Sy under arbitrary linear transiormations 7.

I we start with a Euclidean unit ball Sy = B % {z: Sa?<1p, we get

=1
the family of ellipsoids (see, e.g., [1-4, 11-14, 16]); il we start with a unit cube
S =C Y {z :|z;| < 1for all i}, we get the family of all boxes (plus the corre-
sponding parallelepipeds); alternatively, we can also start with a symmetric convex
polyhedron P.

Which set S; should we choose? Once we pick a set Sy, we can (precisely)
represent sets S of the type T'Sy. If we start with such a set S, we enclose it into
a set TSy = S, and then, if we want to enclose TSy in a set A - .S corresponding to
the original S-based representations, we get the same original set S = T'S, back,
with A = 1.

For sets S which are different from TSy, the Sp-based representation is only
approximate. We start with a set S, and we enclose it in a set T'S; 2 S for an
appropriate linear transformation 7'. If we then try to enclose 7'Sy in a set of the
type A - S, then we inevitably get A > 1.

The smaller A, the better the approximation. It is therefore reasonable, as a
measure d(Sp,S) of accuracy of approximating S by Sy, to use the smallest A
corresponding to all possible 7™

d(So, S) = inf{\: 3T (S C TSy C A-9)}.

This quantity is known as a Banach-Mazur distance between the convex sets S
and Sy; see, e.g., [15,17].
For each “standard” set Sy, we get different values A(Sy, S) for different sets
S. As a measure of quality Q(Sy) of choosing Sy, it is reasonable to select the
worst-case approximation accuracy
def

Q(So) = Sgp d(So, 9),

where the supremum is taken over all possible bounded symmetric convex sets S
with non-empty interior.
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2. Main Results

Main conclusion: ellipsoids are better than generic polyhedra. Accord-
ing to the well-known John’s Theorem [8,15,17], for the Euclidean unit ball B, we
have d(B, S) < +/n for all symmetric convex sets S. Thus, we have Q(B) < /n.

On the other hand, according to Gluskin’'s theorem [6, 15, 17], there exists a
constant ¢ > 0 such that for each dimension n, there exist polyhedra P and P’ for
which d(P, P') > ¢-n and for which, therefore, d(P) > ¢-n. Moreover, if we take a
convex hull P of 2n points randomly selected from a unit Euclidean sphere, then,
with high probability, we get Q(P) > ¢ - n. Since for large n, we have ¢-n > /n
and therefore, Q(B) < Q(P), this shows that for large dimensions, ellipsoids are
indeed better than generic polyhedra.

Additional conclusion: ellipsoids are probably better than boxes. A Eu-
clidean unit ball B (corresponding to ellipsoids) and a unit cube C' (corresponding
to boxes) can be viewed as particular cases of unit balls B, o {z :|z]], < 1}

1/p
in the ¢,-metric |z||, o |zl : B is a unit ball in the ¢y-metric while

=1

C is a unit ball in the f,,-metric: B = B, and C' = B,. The exact values of
d(B,, B,) are known only when both p and ¢ are on the same side of 2; in this case,
d(B,, B,) = nl'/P=1/4l 1n particular, for p =1 and q = 2, we get d(By, By) = /n.

These values have the property that when p < ¢, then d(B,, B,) strictly in-
creases when p decreases or when ¢ increases; in other words, the larger the
difference between p and ¢, the larger the value d(B,, B,). For values p and ¢ on
different sides of 2, this monotonicity does not hold for n = 2, since in this case,
B (rhombus) and B, (square) are linearly equivalent and thus, d(B, By) = 0.
However, for n > 3, we do not have this anomaly and therefore, it is reasonable
to conjecture that for n > 3, this monotonicity holds. Under this hypothesis,
d(Beo, B1) > d(By,B1) = +/n, and thus, Q(By) > d(Bs,B1) > /n. Since
Q(Bz2) = y/n, we therefore conclude that Q(B;) < Q(B.) and thus, ellipsoids
are better than boxes.

Comment. These results are in line with a general result according to which,
under certain conditions, ellipsoids are the best approximators [5,9].
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OIIUCAHHUE DDOS-ATAKH C ITIOMOIIIBIO KATACTPO®bI
«CBOPKA »

A.K. I'yu, 1.H. JlaBpoB

[lokaszano, uto DDoS-araku Ha KOMIbIOTEPHBIE CHUCTEMBl MOXKHO OIMHCAaTb C
MIOMOLLbI0 KaTacTpobl «COOpKa».

DDoS-ataku — HanboJlee pacnpocTpaHEHHasl aTaka 3J0yMblLIJEHHUKOB Ha KOM-
NbIOTepHBIH HH(POPMALUOHHBIH pecypc. CyllecTBYIOT ABa crocoba H0OUTbCS OT cep-
Bepa 0TKasa B obcaykuBaHuu (Denial of Service).

[TepBbiii crioco6 Mo3BossieT OCTAHOBUTbL PaboTy 8ceri aTakKyeMOHW KOMIbIOTEPHOH
cucteMbl. [{J1s1 3TOTO 3/10yMBILIJIEHHUK TOCHIIaeT CepBepy-KepTBe NaHHble UJH Ta-
KeThl, KOTOpPble OHAa He 0XXUJAAeT, U 3TO NPUBOAUT JHOO K OCTAHOBKE CUCTeMBI, JUOO
K e€ repesarpyske. B pesy/nbTaTe HUKTO He CMOXeT MOJYUYUTb AOCTYIl K pecypcam.
Araka xopola TeM, UTO C MOMOIIbI HECKOJbKHUX MaKETOB MOXKHO CHeJIaTh CHCTEMY
HepaboTOCIOCOOHOH.

Bropoii cnoco6 (Flood-aTaku) COCTOMUT B TOM, UTOOBI JOOUTHCS TEPenoNHEHUS
CUCTEMBI C TOMOILbI0 TAKOro OOJIbIIOTO KOJHWYeCTBa MAKeTOB, KOTOPOE HEBO3MOXK-
Ho ob6paboTatb. Hampumep, eciu cuctema MoxkeT oOpabaTeiBaTh TOJbKO 10 make-
TOB B CEKYHIY, a 3JIOyMbILIJEHHHUK OTMpaB/sieT K Hed 20 MakeToB B CEKYyHAY, TO
oCTaJsibHble M0J1b30BATEJNH MPH MOMBITKE MOAKJIOUHATBCS K CHCTEME MOJydaloT 0TKas
B 00CJIy>KMBaHHH, MTOCKOJIbKY BCe pecypchl 3aHATH. [Ipu Takux atakax 3HauUMTENbHO
CHHU2KAeTcsl MPOU3BOAUTENBHOCTb KOMIBIOTEPHOH CHCTEMbl UM MpuioKeHHH. Oye-
BUJIHO, UTO INIPHU 3TOM croco0e aTaku HalJIoJaeTcsl pe3Koe BO3pacTaHHe BXOASLIErO
Tpaduka.

EcTb U TpeTuil cnocob aTaku, pU KOTOPOH cTaparoTcsl A0OUTbCS MepenoJHeHUs
KaHaJ/a, T.e. pe3KO CHHU3UTb MPOMYCKHYI CIOCOOHOCTb KaHaJja.

[enplo Halllell 3aMeTKH fIBJSIETCS MaTeMaTHUecKoe OMUCaHHe BTOPOro crocoba
DDoS-araku.

Mbl BuaKM, 4TO AJI 3TOrO croco6a, BO-TIePBBIX, BaXKHYIO pPOJb UIPaeT 8x005-
wuid mpagux. Tpapuk — 3To napameTp 7, XapaKTepU3YIOLINH TUITUYHYIO CUTYaLHIO
10151 PYHKLIHMOHUPYIOLLEH KOMIBbIOTEPHOH CHUCTEMBI, KOTOpasi TOBOPUT, UTO, KakK Ipa-
BUJIO, €xKe[JHEBHBIH TpaUK UMEHHO TAaKOB, U CUCTeMa CrOoCOOHA C HUM CIPaBJIATHCS
C omnpe/e/€HHBIM 3aMacoM HaA&XHOCTH CHCTEMBI.

YBesnnueHue Tpaduka TpebyeT nJis ero 06pabOTKH yBesJHdYeHHsI CBOOOJAHBIX pe-
CYPCOB CHCTEMBI.

Copyright © 2013 A.K. I'yn, 1.H. JlaBpor
Owmckuil rocynapcTBeHHbl yHUBepcuTeT UM. P.M. JlocToeBcKOro
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Bo-BTOpBIX, Mbl BUAHUM, UTO BaXKHBIM MapaMeTPOM CTOHWKOCTH, HaJE€KHOCTH KOM-
MbIOTEPHOH CHUCTEMbl SIBJSIETCS €e npoussodumenbHoCcms p, Bblpaxkawulascs Kak
B CKOPOCTH 00pabOTKH BXOASILIMX MAKETOB, TAK U KOJHUYECTBE yCTAaHABJIWBAEMBIX
COeIUHEeHUH.

[Ipu nonyyenun cepBepoM maketa AaHHBIX MPOUCXOAUT ero o6paboTka. ATo Tpe-
OyeT BpeMeHHU U OlpefleIéHHbIX PECYpPCOB KOMMBIOTEPHOH CHUCTeMBbl. Ecau nmpuxoauT
HOBBbIH MakeT, a cepBep 3aHAT MNPUEMOM UK 00pPabOTKOU MPeabIAyIIero Uau APyroro
nakeTa, TO BHOBb NMPUXOASILIMH 3anpoc-nakeT cmasumcsa 8 ouepedv, 3aHUMAast MpHU
3TOM 4YacTb PECypCOB CHCTEMBI.

[Ipu Flood-aTakax mpoucXOOUT HCUYEpllaHUe PEeCypCcoB, a TOUHEE PeCcypCoB IMPO-
eccopa, nNaMaTH WM KaHAJOB CBA3H, CBOASILEeCs K CJAEAYIOLIMM MOMEHTaM:

— OrpaHUYeHHOe KOJMYEeCTBO COeIMHEHHH, HAaXOASIIMNXCS B COCTOSTHHH yCTaHOB-
KW (coenuHeHHs ), KoTopbiMu pacrnoJjaraet cuctema (mpu TCP SYN Flood- n
TCP Flood-atakax HanpabJsieTcsl 00JIblIOe KOJUYECTBO 3alPOCOB HA MHHUILU-
anuzanuio TCP-coenvHeHus ¢ MOTeHLHMaNbHOH cHCTeMOH-KepTBoit). Jlo6uBa-
IOTCS TOTO, YTO CHCTEMA He MOXKET yCTaHaBJMBATb HOBBbIE COEIMHEHHS,

— CHOCOOHOCTb CHCTEMbl aBTOMATHUECKM OTBeuaTb Ha OTIpaBJieHHble ping-
sanpocel (ICMP Flood-ataku, Smurf-ataku). Ecau 3ampoc wucnosbsyer
6osbiune (64 kB) ICMP-naketsl, To OHU MOABeprawTcs hparMeHTalnd. BoJib-
I10€ KOJMYECTBO (DparMeHTUPOBAHHBIX MAKETOB, MOT'YT MPUBECTH K 3aBUCAHHIO
aTakyeMOH CUCTeMbl, pacXolylollel CBOM pecypchl Ha COOPKY.

— CHHJKeHUe TIPOTYCKHOH CIOCOOHOCTH KaHasa CBSI3H 3a CUET MOTOKA OOJbLIOr0
konmndecta UDP-nakeroB pasHoro pasmepa (UDP Flood-araku). [Ipouncxo-
IWT Tleperpyska KaHaza CBs3H, U cepBep, padorawouuil no nporokoay TCP,
nepectaér oTBeyaThb.

Takum o6pa3om, crnoco6HOCTb K HOPMaJbHOMY (DYHKLUHOHUPOBAHUIO OMpeness-
eTCsl YUCJIOM OTKJHUKOB Ha 3aMpocChl.

O603HauuM uepes3 x(t) UKUCJIO OTKIHUKOB Ha 3aMpOChl B MOMEHT BpEMEHH f.

Torna

x(t+1) =xz(t) + flz(t)] + T, (1)

rae f[z(t)] — pesynbrar paGoThl cHcTeMbl MO 06paGOTKe 3alpoCOB HAa MOMEHT f.
B ypaBHeHuu oTpaxkeHo TpeOGoBaHHe, UTO OOJbLIMU Tpaduk TpedyeT HapacTaHUs
YHC/Ia OTKJIMKOB Ha 3ampocChl.

[Ipumem nsis mpoctotel, uto f[z(t)] = kxz(t), rne k — BesqUUHHA, ONMpefessioLlas
POU3BOJHUTENBHOCTD CHCTEMBI

k={p—glz(®)}, (2)

CBOASILLAACS K CpelHel CKOPOCTH 00pabOTKH BXOISAIIMX MAKETOB p C YYETOM eé ma-
IeHHUS UJIH yBeJHUYeHHUS B 3aBUCUMOCTH OT 00bEMa 3aHSITBIX PecypcoB: 4eM OoJiblile
3arpy»KeHbl pecypchbl, TeM MeHbllle CKOPOCTb 00pabOTKH BXOASIIMX MaKeTOB.
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[TakeT x, cToAIMN B ouepenu, NOJKEH MPOHTH depe3 coennHeHue (1u6o MpocTo
NpoiTH mo 3abutomy KaHany, kKak UDP-naker) u nocse 06paboTku, BO3MOXKHO, T10-
POIUTb OTKJHMK JJIsl MOCJ/aBILEro ero Komnboiotepa. MHaue roBops, nakeT ydyacTByeT
B rpouecce ero 00paboTKH KaK MUHUMYM JABaxKibl. [loaToMy MBI 3TO 0Tpasum nyTém
MIPUHSATHS TIPEITNONOKEHH S, uTO g[z] = 22,

Takum o6pasom, g[x(t)] = [z(t)]* u Torma

(t+1) = 2(t) + [(p — po) — 2*(B)]a(t) + (T — 70), (3)

rje BBeeHbl HEKOTOPbIE «THIHUHbIe» XapaKTepHble 1Ji JaHHOTO CepBepa BeJHYHHBI
NIPOM3BOAUTEJBHOCTH Py U Tpaduka 7. Ilpu mepexome K HempepeIBHOMY BpEMeHH
ypaBHeHHe (3) CBOAHUTCH K ypaBHEHHIO

dx
o = (P =po) = 2 ()] (t) + (1 — 7o)
HJIH ; 5
d_atc = —%V(x,p, T), (4)
e 1 1
V(z,p, 1) = Z:c‘l — §(p —po)x? — (T — 7). (5)

W3 Bupa BoipaxkeHus (5) BULUM, YTO
cepBep — 3TO TMOTEHUHAJbHAs [IUHa-
MHUYecKasi CHCTeMa, MOTeHLHaJ KOTO-
PO OMHCBIBAeTCS KaTacTpooHr «cOHop-
Ka» [1].

EcTecTBEHHO MpPEANONOKHUTb, YTO
B TOBCEJHEBHBIX PYTHHHBIX YCJOBHSIX
cepBep HMMeeT B CPeIHEM OIHH H Te
»Ke MPOU3BOIHUTENbHOCTb P U TPAPUK T.
[Ipx 3TOM UYHC/IO OTKJHUKOB B CpeqHEM
sIBJISIeTCsT 00Jiee WM MeHee TMOCTOSIH-
HbIM, T.e. z(t) = 2o = const. B Takom

caydae
p @ -0
dt
Puc. 1. Karactpoga cGopku H, CJIEOBATENBHO, Tg = Zo(p,T) — 3TO

pellleHHe ypaBHEHHS

0
%V(xo,p, T)=0.

Takue pelieHHs] Ha3bIBAIOTCS COCTOSIHUSIMH CMAUUOHAPHOZO PABHOBECUS CUCTE-
mbl. CepBep, TakMM 00pa3oM, MpeObiBaeT, KaK MPaBUJIO0, B COCTOSIHHU CTAllMOHAPHOTO
paBHOBecusi. Touku-paBHOBeCHS (X, p, T) HAXOASITCS B IPOCTPAHCTBE C OCAMHU T, P, T
u HauasoMm (0,pg,7p) Ha noBepxHocTu My (puc.l). M3 pucyHka BHIHO, YTO eCJH
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KOMIIbIOTEPHAs] CUCTEMa MMeJsia MPOU3BOAUTENBHOCTb p < Py, T.e. HE OYeHb BBICO-
KyI0, U TpapuK T > Tp U HaXOAMUJIaCh B paBHOBeCUHU A, TO NpU HapacTaHUM Tpaduka
(>kvpHasi cTpesika Ha PUCYHKe OT A K B) NMPOUCXOOUT CKauK00Opa3Hoe 0OpyLIeHHe
TAaKOH XapaKTePHUCTHKH, KaK KOJMYECTBO OTKJIMKOB Ha 3ampochl. Jpyrumu cjaoBamu,
TIPOUCXOMIUT MEePeXOf K PaBHOBECHIO «yTaBIlero» cepepa B.
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MOJIEJIb C HEITPEPBIBHbBIM IIPEACTABJIEHHEM
BPEMEHHU JI9 3AJJAYH COCTABJIEHUS PACIIMCAHUHA
C TPYIIIHPOBKOHN MAIIHH 110 TEXHOJIOTUIM

1O.B. KoBaJjienko

PaccmarpuBaeTcs 3agada cocTaB/eHHMS PACNHMCAaHUE MHOTONPOAYKTOBOrO Ipo-
u3BoncTBa. Oco0EHHOCTBIO MOCTAHOBKH SIBJISIETCS TO, UYTO KaXKABIH MPOLYKT
MMeeT HeCKOJBbKO TeXHOJIOTHH INPOM3BOIACTBA, NPHU BBINOJHEHHH KOTOPBIX HC-
N0J1b3yeTCsl Cpa3y HecKOoJbKO MallWH, paboTalllUX ofHOBpeMeHHo. Ecan ma-
LIMHA NepeKJ/IIoyaeTcsl C OAHOM TEXHOJOIMH Ha NPYrylo, TO HE0OXOAUMO BHIIIOJ-
HAITh nepeHasanky. [locTpoeHbl MOfe/M YaCTHYHO 11€/I0YUCAEHHOTO JUHEHHOTO
NpOrpaMMHUpPOBaHUsA [Jisl 3aJadd B OOllled MOCTaHOBKe W A/ CJaydas, Koraa
IJUTEJbHOCTH TepeHaafiki yIOBJETBOPSIOT HEPAaBEHCTBY TpeyrosbHUKa. [lnd
CpaBHeHUs Npe/JIOXKEeHHBbIX MoJesell NMpoBeleHbl YUCJeHHble 3KCIepPUMEHTH Ha
MOCTPOEHHBIX CJAY4YalHBIM 00pa3oM TECTOBBIX MPUMepax.

BBenenue

Bosblioe npakTuyeckoe 3HaueHUe UMEIOT 3a4auyl COCTABJEHUS PACIUCAHUN 115
IPOM3BOJCTBA, I/le B Mpoliecce BbINOJHEHHS ONepalui Ha HMMeIolleMcsl MHOXKECTBe
MallIUH MPOUCXOAUT TONyUeHHe OJHUX BellecTB U3 APYTuX. BelecTBa nogpasnesns-
I0TCS Ha CBIPbe, IPOMEKYTOYHblE U OKOHUYATeJ bHble MPOAYKThHl. PazanyaioT 3agauu ¢
npepbiBAaHUAMU U Oe3 mpepblBaHU. B 3amayax ¢ mpepblBaHUAMM KaxKaas ornepauus
MOXKeT OBbITh TMpepBaHa ¥ BO30OHOBJeHa mo3nHee (cM., Hampumep, [1,4]), a B 3ana-
yax 0e3 MpepblBaHWi — He JOMYCKAIOTCs MPepbiBAHUS BHIIOJHEHHs onepauui (cMm.,
Hanpumep, [6, 10]). TlponykTbl MOTyT NMpoM3BOAMTBHCS MO0 HempepbiBHO [14, 17],
au6o naprusimu [7, 13]. Kpome Toro, Heo6X0MUMO yUHTBIBATh TOTPY3KY, XpaHeHHE U
TPaHCIOPTHUPOBKY MPOAYKTOB, MepeHanaaKy MaluH U T. 1.

Psn pa6or (cm., Hanpumep, [4,9,11,12,16, 19]) oTnuuaercs TeM, UTO B HHUX
paccMaTpUBAIOTCS He OT/HeJsbHble OrepaluM, a TEeXHOJOTHH, MPeNCTaBJsIOLINe CO-
60l Habop omepauui, B pe3ysnbTaTe AeUCTBUS KOTOPbIX MOXET ObITb MOJYy4YeH TOT
UJU HHOH NpPOAYKT. [l/il BBINOJNHEHHSI TeXHOJOTMH HeOOXOIMMO HaJlUuuHhe HEKOTOPOH
COBOKYMHOCTH MallKH, paboTaIUX OJHOBPEMEHHO HJIM MOCJeL0BaTENbHO APYT 3a
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npyrom. Kaxkablii mpoayKT MoxeT ObITb NMPOU3BEAEH OAHOU UM OoJsiee TeXHOJOTHUS-
MH.

B Hacrosilied cTaThe paccMaTpUBaeTCs 3agada COCTaBJEHHS PACIIUCAHUN C TPYTI-
MUPOBKOM MALUMH O TEXHOJOTHSIM, BO3HHKAIOILLAs, HalpuMep, MpPU MPOU3BOACTBE
NJacTMacC M MNpeacTaB/slollas COOOM 4YacTHBIM CJydad 3aaaud, NpeasoXeHHOU
B [11]. 3mech B KauecTBe omnepaluil paccMaTpUBalOTCS XUMHUeckre peakuuu. Oco-
6EHHOCTBIO TIOCTAHOBKH SIBJISIETCS TO, UTO KaXKIBIH MPOLYKT UMeeT HEeCKOJIbKO TeX-
HOJIOTHH TPOU3BOACTBA, MPH BBIMOJHEHUHU KOTOPBIX HCIOJb3YETCs CPa3y HECKOJbKO
MalluH, paboTaroliux ogHoBpeMeHHo (B [4,9,12,16] Takue TeXHOJOTHH Ha3bIBAIOT-
Csl MHOTOIPOLIECCOPHBIMU paboTamu). Ecu MalinHa nepekJ/iodaercs ¢ OfHOH TeX-
HOJIOTUM Ha JpPyrylo, TO HeOoOXOAMMO BHIMOJNHATb MepeHansanKy. B cooTBeTcTBHH
C HW3BecTHO# HoTauwed [3,7,16] paccMmarpuBaemasi 3ajmaua 0003Ha4YaeTCss yepes
Plset;, Siug|Cmax, €CJAH TpepblBaHHe BBEINOJHEHHS TEXHOJOTMH He JOMyCKaeTcs, U
Plset;, pmtn, S;q|Cmax — B TPOTHBHOM CJIydae.

B [3,5,9,12,16, 18] npoBoauTCcs aHa/lU3 CJI0KHOCTH 3aJad COCTABJIEHHsI PaCIH-
CaHUH C TPYNINHUPOBKOH MAaILIUH MO TEXHOJOTUSIM, B KOTOPbIX AJUTEJbHOCTH MepeHa-
JaJloK MallWH paBHBI HYJI0. B 3agauax cocTaBjieHHs MPOM3BOACTBEHHBIX pacruca-
HUH [2,7] paccMaTpuBarOTCs TEXHOJIOTHH, 3aeCTBYIOLIME MTPU CBOEM BbIOJHEHUN
TOJBKO OHY MAIIHWHY, HO y>e TMpPHU HaJUUHUH TepeHananok. B [11] TexHosmoruu
paccMaTpUBaIOTCA MPU 0OCYKIEHUH TOCTAHOBKM 3a7aud, OJHAKO B MOJEJNH OHH B
SIBHOM BMJe He IpelacTaBjeHbl. Takod MOAXOA MPUBOAUT K MOAEJSIM YaCTUYHO Ie-
JIOUMCJIEHHOTO JIMHEHHOT'0 MPOrPaMMHUPOBAHHUS NOCTATOUHO OOJBILIOH Pa3MepHOCTH,
IS pellleHus1 KOTOPBIX MpHUMeHsieTcsi MeTofl JeKommnosuuuu [11,13, 14].

B Hacrosime#t paboTe npensioKeHbl MOJIEIN YACTHUHO LEJOYUCTEHHOrO JTUHEHHO-
ro nporpammupoBanust (ULIJIIT) nas 3anau Teopun pacmucanuil Plset;, Spuq|Crmax U
Plset;, pmtn, Sp,,|Cmax B 00l1Ie# MOCTAaHOBKE W AJS Cjaydasi, KOrjga AJUTENbHOCTH
nepeHaafiki YAOBJETBOPSIOT HepaBeHCTBY TpeyrosbHUKa. [locTpoeHHBIE MoOpmesnn
YUHUTBHIBAIOT TEXHOJIOTMM B SIBHOM BHJIEe W HMMEIOT MeHblllee YHCJIO MepPeMeHHBIX U
orpaHWYeHHH, 4yeM Mozesib [11] B mprMeHeHUH K HCC/enyeMoi 3ajmaue.

Mopeb, chopmynupoBaHHas AJs CJydyasi BbINOJTHEHHOI'O HEPABEHCTBA TPEYTOJb-
HUKa, siBJseTcs OoJiee MPeANOYTUTEbHON MPH UCIOJIb30BAHUHU METOJOB OMTHUMM3a-
MM, ocHoBaHHbIX Ha JIII-penakcauuu, 4To MOATBEPKAAETCS YHUCJIEHHBIMU KCIIEPU-
MEeHTaM{ Ha CreHepUPOBAHHBIX CJAYYaWHBIM 00pa3oM TEeCTOBBIX MPUMepax.

1. IlocraHoBKa 3amauu

PaccMoTpum npennpusitue, BeycKarollee k pa3aUuHbIX NPOAYKTOB. TpebyeMbli
0o0beM MPOM3BOACTBA MpoayKTa i, ¢ = 1,...,k obo3Hauum yepe3 V; € Rt (3mech u
nanee R™ — MHOXKECTBO MOJIOKHUTEJBHBIX BellleCTBEHHBIX ynced). [IycTh m — yucso
MalluH, KOTOPble MOT'YT UCIOJb30BATHCS MPU BBIMYyCKE MPOAYKLHH.

Jlns kaxknoro npopykra ¢, ¢ = 1,..., k yKasaHa ogHa U/ 6oJiee TeXHOJOTHH ero
npousBoacTBa. [Tycts U — MHOXKeCTBO TEXHOJOTUH, KaxK/1asl U3 KOTOPbIX XapaKTepu-
3yetcsi HAGOPOM OfIHOBpeMeHHO 3aHuMaeMbix Mawu M, C {1,...,m}, u € U, T.e.
€CJIM TIPOU3BOJIUTCS MPOAYKT ¢ MO TEXHOJOTUH U, TO OJHOBPEMEHHO 3a/1elCTBOBAHBI
BCe MAIMHBI, OTHOCSIIUECS K JAHHOH TeXHOoJIorHU. B 10608 MOMEHT KaKas Malllu-
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Ha He MOXeT ObITb 3aJedCTBOBaHa OoJsiee YeM B OfHOU TexHoJoruu. O6o3Hayum |U|
yepes d.

[Iycte U; € U — MHOXeCTBO TeXHOJIOTMH MO TNPOHU3BOACTBY NPOAYKTA 1,
i=1,...,k, I1s KaX10# U3 KOTOPBIX 3aaH 00beM a, € RT BbIycka QaHHOTO MPO-
OyKTa B eNMHULY BpeMeHH, u € U;. [Ipepnonaraercs, 4To /s BbIIyCKa MPOAYKTaA ¢
MOXeT OBbITb HCI0Jb30BAHO HECKOJIbKO TEXHOJIOTMH M3 MHoxectBa U;, 1 = 1,..., k.
B coorBercTBUHM ¢ TepMmuHoJornel [8, 16] momyckaercs mnepemelienue (migration)
M0 TEXHOJIOTHSIM IMPH BbIMyCKe MPOAYKTa.

Jns mMamuHe!l [ 3aiaHbl OJUTEJbHOCTH TepeHasafiKh 3TOW MallWHbl C TeXHO-
JIOTHM U Ha TeXHOJOTHI0 ¢, 0003HaueHHbIe yepe3 sp,, € R, nmag Bcex u, q € Kj,
rne Kj={uecU: | € M,} — MHOXKECTBO TEXHOJIOTHH, UCIO/Nb3YOIUX MALIUHY [,
I=1,...,m (3necb R, — MHOXeCTBO HEOTPHIATEJbHBIX BEIIECTBEHHbIX UHCEJ).

Jns kaxnporo mponykra ¢, ¢ = 1,...,k HeoOXOOUMO OMNpeNeNUTb, KaKHe TeX-
HoJioTuK u € U; 6yAyT HCIMOJAb30BaThCS [JiS €ro MPOU3BOACTBA, U 1J51 BbIOPAHHBIX
TEeXHOJIOTHH COCTAaBUTh paclUCaHUe UX BBIMIOJHEHHUS C YUETOM MepeHasafoK MalluH
U HEBO3MOXKHOCTHU OJJHOBPEMEHHOTO MCMOJb30BAaHUS OJHOW MAalLUIUHBI B Pa3/JUUHBIX
TEXHOJIOTUAX TaKUM 00pa3oM, 4ToObl obliee BpeMsi OKOHUAaHHS NMPOHU3BOACTBA BCEX
nponyKToB Cpax B 00béMax Vi, ..., V, OblI0 MUHMMaJbHO. 3ajadya paccMaTpHBa-
eTcsl B JIBYX BapHAHTAx: ¢ BO3MOXHOCTbIO TPEPbIBAHHUU BBITIOJHEHUS] TEXHOJOTUH
(P|set;, pmtn, Spq|Cmax) 1 6e3 Heé (P|set;, Sjuq|Cmax). BBULY BO3MOXKHOCTH me-
peMelleHHs 10 TeXHOJOTHAM MPH BbIMYCKe MPOAYKTA B LEHTpaJ/bHOE MoJse 0603Ha-
YyeHHUs1 3afay cJaenoBaso Obl 106aBUTb cHMBOJ “var’ [8], HO A/ KOMMIAKTHOCTH
M3JI0’KEHHUST 3TOT CUMBOJI OMYCKAETCH.

Ha npakTuke M0CTaTOUHO UacTO BCTPEYAIOTCS 3aJaud COCTABJEHHS MPOU3BOJ-
CTBEHHBIX PAaCMHUCAHWMU, TJie NJIHUTEJbHOCTU MepeHaNalKd yAOBJETBOPSIOT HepaBeH-
CTBY TpPeyroJbHHUKA:

Stug + Sigp = Sp, L =1,...,m, u,q,p € K;. (1)

O603HaunM 3TOT 4acTHBIH cayudail yepesd Plset;, pmtn, Aspy|Crmax, €CIH J0-
IyCKaeTCsl TNpepeIBaHHe BBINONHEHUS TeXHOJMOTHH, U Plset;, Aspy|Cuax, €CTH He
JOMycKaeTcsl. YKasaHHble 3a1aud sBJstioTcss NP-TpyIHbIME B CHJIBHOM CMBIC/IE, TaK
KaK B YaCTHOM CJIydae Mpd m = 1 K HUM CBOJMTCS MeTpHUecKas 3ajada o Kpardai-
[IeM TaMHJIbTOHOBOM MyTH, siBasiomiasics NP-TpynHo# B cHsbHOM cMmbicae [15].

2. Mogeab 4aCTUYHO ILI€JOUYHMCJIEHHOr0 JUHEHHOTro Mporpam-
MHPOBAHUSA AJi O0LIEero caydas

/3BecTHO MHOKeCTBO MOAXOAOB K (hOPMYJHPOBAHUIO 3ahad MOCTPOEHUS MPOU3-
BOACTBEHHBIX pacnucaHuil B Buae Mopenedd YLIJIIT ¢ y4yéTom c/oKHBIX CBS3EH MexK-
1y TEXHOJOTUSIMHU, MPOAYKTaMH U MaiiuHamu [2,11,13,14,19]. YuursiBast cTpyKTYy-
py paccMmatpuBaeMod 3aiauyM, MOXKHO INPeIJIOXKHUTb MOJeJb, OCHOBAHHYIO Ha TeX XKe
npuHUMNax, 4yto u B [2,11,13].

Omnpenenum MOHATHE TOYKH COOBITHH, aHasorndHoe BBenéHHOMY B [13]. Touka
cobvimuti — 3TO TPyIINa MepeMeHHBIX 3a7adyHd, KOTOpble 3a/al0T HEKOTOPBIH Habop
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TEXHOJIOTHH M MOMEHThl Hayaja W OKOHYAHHS BBLINOJHEHHUS TEXHOJIOTHH H3 3TOro
Habopa. B onHol Touke cOOBITMH Kax[1as MalllhHA MOXKeT ObITb 3aJeHCTBOBAaHa He
6oJsiee yeM B ONHOH TexHOJOTMHU. MHOXeCcTBO TOoueK COOBITMH 0003HAYUMM 4Yepes
N ={1,..., Nyax}, Te TAPAMETP Nypax BHIOMPAETCS JOCTATOUHO GOJBIINM Ha OCHOBE
anpPUOPHBIX OLEHOK WJH BBIUHUCJAHUTENbHBIX IKCIIEPUMEHTOB.

OCHOBHBIMH T€peMeHHBbIMH [J/151 MOCTPOeHHUs Mojeau OynayT Oy/eBbl TepeMeH-
HBIE W, TAKHe, UTO W,, = 1, €CJH TEeXHOJIOTHS U BBLIIIOJHSETCS B TOUKe COOBITHUH N,
U w,, =0 uHaue. Kpome Toro, BBedEM BellleCTBEHHble MepeMeHHble, KOTOPblE B
cJyyae, €CJIM TEXHOJIOTHS w BBIMOJHSIETCS B TOUKe COOBITHMH M, WUMEKT Cleyto-
UK cMmpica: T); — BpeMs Hada/a BBIIOJHEHHUS TeXHOJOTMH U B TOUKe COOBITHH 7,
T/ — BpeMms 3aBepileHHs BBIOJHEHHS TEXHOJOTHH U B TOYKe coObTHE n. [lepe-
MeHHasi Clpax COOTBETCTBYET MOMEHTY 3aBeplLUeHHs] MPOU3BOJICTBA BCEX MPOAYKTOB.

BBenem caenytouiyue 0603HaueHUS:

I — MHOXecTBO MpPOAyKTOB, |I| = k;
M — MHOXKecTBO MaluH, |M| = m;

H= Zlgé%x {Z—;} +(k—1) -leMm%ceKl{sluq} — OlEHKa CBepXY [IJIMHBI paClHCaHUS.
iel ueU ) u,

Bpemenu H 3aBeOMO JOCTATOYHO JAJISi BBITYCKA BCEX MPOAYKTOB.
Torna mopess ULIJIIT noist 3apaun Plset;, pmtn, Sjq|Cimax MOXKET GBITh 3aNHCaHa
CJenyIoLUM 00pa3oM:

Chnax — min, (2)
Tfn < Chax, €U, n €N, (3)
> wun <1, 1€ M, neN, (4)
e
T > quﬁ + Sigu — H + (2 — Wyp, — Wy + Z Z Wern' ) ()

¢ EK; n<n’<n

leM, u,ge K;, n, ne N, n#1, n<n,

T/ >T3  welU neN, (6)
Vil .
TJn_TjngwunmaX{_}7 ZGI, U'EUia n€N7 (7)
qeU; Qg

>N - (T, -T5) >V, i€l (8)

neN uelU;
T2 >0, uelU, neN, 9)
Wyn € {0,1}, w € U, n € N. (10)

LleneBast pyHKUHUS (2) U HepaBeHCTBO (3) 3amalOT KPUTEPHH MHHUMH3ALHUH MO-
MEeHTa OKOHUaHHs MMPOU3BOACTBA BCexX NMponyKToB. OrpaHuueHue (4) BbipazkaeT TOT
(baKT, 4YTO B KaXKAOH TOUKe COOBITUH MalUWHA | UCIOJb3yeTcs He OoJiee YeM B OfHOU
TEXHOJIOTHH, OrpaHHueHHe (D) — UTO BpeMs Haya/ja TeXHOJOTHH u Ha MalluHe [
LOJIKHO OBITb He MeHbllle, 4YeM BpeMsl OKOHUAaHHS NpelblIylled TeXHOJOTHH Ha TOH
XKe MalldHe TJII0C AJUTEJNbHOCTDb NepeHasanku. YcioBue (6) rapaHTHpyeT HeOTpH-
11aTe/IbHOCTDb JJIMTEe/bHOCTH TeXHOJIOTMH. Ecn TexHOMOrUs u B TOUKe COOBITUH N He
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BBITIOJIHSIETCS, TO €€ JJIUTENbHOCTb NOJXKHA ObITh paBHA HYJIIO, UTO 00eCleuynBaeTCs
HepaBeHcTBOM (7). OrpaHudenue (8) rapaHTHPyeT BBHITYCK MPOAYKIIMH B 3a1aHHOM
o6béme. YeaoBus (9) — (10) onmuchiBaloT 06JacTb ONpeesieHUs] ePEMeHHBIX.

Mopens ULIJIIT gns 3apaunt Plset;, Spug|Cmax MOXKET ObITb MOJSy4eHA MyTEM
no6aByeHusi K orpanndenusm (2) — (10) HepaBeHcTBa

E W, <1, uel, (11)
rapaHTUPYIOLLEr0 HEeNPepbIBHOCTb BBLIMOJHEHUS KaXKI0H TeXHOJOTHH.

3. Mogeap 4aCTUYHO LIEJOYHUCJIEHHOrO JHUHEHHOr0 Mporpam-
MHPOBAHUSA IJi Cayuyasi BBINIOJHEHHOT0 HepaBeHCTBa Tpe-
yroJibHUKa

Ha npakThke IOCTaTOYHO 4YacTO BO3HUKAIOT 3aJaud COCTABJIEHHS MPOU3BO-
CTBEHHBIX pPaCMHUCaHHi, B KOTOPHIX [JHUTEJbHOCTH MepeHaNafkd YIOBJETBOPSIOT
HepaBeHCTBY TpeyrosbHHKa (1). [ToaTomy umeeT cmbics cOpMynHPOBaTH MOIEJH
YLIJIIT mast 3apau Plset;, pmtn, Aspg|Cuax U Plset;, Aspy|Crax. [lpennarae-
Mble MOIEJIU TMpPeNCTaBJsoTCs 6ojiee MPEANOUTHTEbHBIMY, TaK KaK B HUX yHaércs
UCKJIIOUHTh HepaBeHCTBO (D), KOTOpOe YCJOXKHSET Mpolecc MOHMCKa ONTHMAaJbHOTO
pelleHust /151 METOIOB ONTHMH3aluK, ocHOBaHHbIX Ha JI[I-pesakcaruy.

C ucnosb3oBaHUeM BBeIEHHbIX paHee o6osHadenud momenb YLIJIII nas 3apaun
Plset;, pmtn, Asj,,|Cpnax MOXKeT ObITb 3alHMCaHa CIELYIOMINM 06pa3oM:

Cnax — min, (12)
T, < Cpax, u€ U, n € N, (13)
Zwungl,leM,nEN, (14)

uek,
j’nHZT{n, ue U, neN, n#nnpax, (15)
ol = Tfn + Sigu - Wunt1 — H - (1 = Wypni1), (16)

ZGM7 u7q€Kl7 u%(b TLEN, n%nmaxa

T3 > —H- (1 —wy,), ue U, ne€N, (17)
T, >T5  weU, neN, (18)
P Vil
Tun_Tungwun'maX — 7ZEI7UGU’£7“€N7 (19)
qel; | a4
SN an (T, -T) > Vi, i€, (20)

neN uelU;

Wyn € {0,1}, w € U, n € N. (21)
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Orpanuuenus (12) — (14) u (18) — (21) umeroT TOT Ke CMBICJ, YTO U B TPeJbI-
nyuieit momesau. Ycaosue (15) BbIpakaeT TO, UTO BpeMsl HauaJia BBITIOJIHEHHS TEXHO-
JIOTUHU % B TOYKe COOBITUH n+ 1 MO/IKHO ObITh He MeHblle, UeM BPeMSl OKOHUAHHUS eé
BBITIOJIHEHHUS] B TOUKe COObITHE n. HepaBeHcTBO (16) TOBOPHUT O TOM, YTO BpeMs Ha-
Yajla TEXHOJIOTHH u Ha MalllWHe [ JOJKHO ObIThb He MeHbllle, YeM BpeMsl OKOHYaHHS
MpeablIyled TEXHOJOTHH Ha TOH e MallliHe TJII0C JJUTEJbHOCTb TepeHaNanKy.
OnHako, ecqd TEXHOJIOTUS u SIBJISIETCS MEPBOM Ha MaliuHe [, TO IJUTEJbHOCTb
nepeHasalKu Ha Heé YYUTHIBaTb He HYXKHO. DTo obecrneurBaeTcs GJaromapsi TOMY,
uTO nepemenHbie Ty BO BCEX MPEIECTBYIOMIMX TOUKAX COOBITUA MOTYT MPHHUMATH
OTpHIlaTe/JIbHbIe 3HAaUeHHUsl. EC/M XKe TeXHOJIOTHS 1 UMeeT MeCTO B TOUKe COOBITHH N,
TO BpeMs Hayaja e€ BBIMOJHEHHUS NO/KHO ObITb HEOTPHIATEbHBIM, YTO 00eCreyu-
BaeTcsl ycaoBueM (17).

Heo6xonrmo oTMeTuTh, 4To orpaHuueHue (16) 6yner rapaHTHPOBATh MOJydeHHE
ONTHUMAJIBHOTO pelleHHs 3agauu Plset;, pmtn, Sp|Cmax, TONTBKO €CJIH IJHTEIbHO-
CTH TNepeHaafiki YIOBJETBOPSIOT HEPABEHCTBY TPEYTOJbHHKA.

Mopenbr YLJIIT nas 3anaun Plset;, Aspg|Cmax MOXKET ObITb MOJMYYeHA MyTEM
nob6abyeHus K orpanndenusm (12) — (21) nepaBencrtpa (11).

4. BpIlUUCAUTEJNbHBIN IKCIEPUMEHT

JI/1s OLleHKH TPUMEHHUMOCTH MOJeJsel, MPeNJIOXKEHHbIX MJsi cjydasi BbIIOJHEH-
HOTO HepaBeHCTBa TPEYTOJibHUKA, MPOBEAEH BHIYMCAUTE/bHbBIH IKCIIEPUMEHT Ha I0-
CTPOEHHBIX cay4yalHbIM 00pa3oM 3agauax Tpéx cepuit S1, S2 u S3.

Mopenu (2) - (10) u (12) - (21) ((2) = (11) u (11) - (21)) ObLIM 3amuca-
Hbl B cucTeMe MonenupoBanus GAMS 23.2 u 3anaua Plset;, pmtn, Asj,|Chax
(P|set;, ASpug|Cmax) peluanach ¢ momolbio yHHBepcanabHoro makera CPLEX 12.1.
[Ipu 3TOM HCTO/Nb30BaJICs METOM BETBEH W I'DAHHUI[ C OTCEUEHHSIMH, HACTPOUKH KO-
TOporo OblIM BeIOpaHBI MO yMosn4aHHo. TecTHpoBaHue mpoBoausaoch Ha DBM Intel
Core2 Duo CPU E7200 2.54 I'Tu, onepatuBHas namsatb 2 ['6.

[Ipu reHepalMu TEeCTOBBIX 3ajau MOJsl KaxKAOH TeXHoJoruu u € U uucjao Ma-
umH |M,| € {1,...,m} BbiOUpanoch ciaydyalHO, a 3aTeM MallWHbl Ha3HAYaJHCh
Ha [JaHHYK TEeXHOJIOTHIO PaBHOBEPOSITHO 0e3 MOBTOpeHWH. YHCJOBbIEe 3HaueHHUs
ISl BCEX TECTOBBIX 3ajau I'eHePUPOBAJHUCh CJAydalHBIM 00pa3oM C PaBHOMEPHBIM
pacrpesiesienreM U3 chaenytomux MHoxecTB: Vi € [1, Vil Uil € {1,..., Unax};
a, € [1,%], rae i Taxkoe, 4yTo u € Uj; Siug € [0, Smax]. B Taba. 1 nprBeneHs! Bb-
OpaHHble 3HaYEHHUsI MapaMeTPOB AJsl KaXKIO0H CEepUH.

Ta6muna 1. [1apamerpsr cepuii

cepust | unedio 3anad | kK | m | Upax | Vinax | Smax | Mmax
S1 10 41 4 3 10 5 5
S2 10 5| 7 5 12 7 6
8

S3 10 10 ) 15 9 8
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Il mpoBeleHHs] BBIYKCIHTENBHOTO JKCIEPUMEHTa ObLJIO YCTAHOBJEHO MaKCH-
masnbHoe BpeMmsi, paBHoe 7200 cek. CPLEX MoxeT pelaTh 3a yKa3aHHOe BpeMsi
O[MH TEeCTOBBIH MpPUMeED.

B ta6u. 2, 3 u 4 npencTaByeHbl pe3y bTaTbl BHYUCIUTENBHOTO SKCIIEPUMEHTA /IS
sagaun Plset;, pmtn, Asju|Chax. 34€Ch HCIOMB3YIOTCS ClefylolIre 0003HaYeHHUS:
Nyar — uucso nepeMeHHbIX B Monesx (2) — (10) u (12) - (21);

Neqv — uMcs0 ypaBHeHHH B Moneau (2) — (10);

Negv, — 4xcJsI0 ypaBHeHHH B Mogeau (12) — (21);

C' — 3HaueHMe lesIeBOH (PYHKLHH, TIOJNyUeHHOe NP pelleHWH 3anaud (2) — (10)
naketom CPLEX;

CA — 3HaueHHWe 1eJIeBOH (PYHKIIMH, TOJNydeHHOe Mpu pelieHuu 3axauu (12) — (21)
naketrom CPLEX;

t — Bpems pabotel CPLEX B cek. npu pemenun 3anauu (2) — (10);

tan — Bpems pabotel CPLEX B cek. npu pemenun 3agauu (12) — (21).

Ta6nuua 2. CpaBHeHHe MofeJiell Ha 3afadax cepuu S1

3agadya | Ny | Negv | Nequa C Ca t ta
1 121 | 834 | 432 | 15.5691 | 15.5691 | 39.14 | 16.52
2 151 | 1434 | 688 | 15.4431 | 15.4431 | 48.37 | 11.08
3 121 | 1054 | 504 | 17.5173 | 17.5173 | 17.26 | 6.96
4 106 | 589 | 328 | 11.1378 | 11.1378 | 3.39 | 0.79
) 121 | 924 | 464 | 16.2939 | 16.2939 | 6.73 | 2.88
6 91 | 444 | 256 | 13.4058 | 13.4058 | 1.44 | 0.53
7 106 | 359 | 248 | 7.8721 | 7.8721 0.7 0.33
8 121 | 974 | 488 | 20.3919 | 20.3919 | 9.45 | 4.57
9 106 | 649 | 344 | 11.8913 | 11.8913 | 7.61 | 3.19
10 121 | 854 | 440 | 21.7056 | 21.7056 | 54.2 | 26.47

Ta6nuna 3. CpaBHeHHe MopeJsiell Ha 3agadax cepuu S2

3agada | Nyar | Neqy | Negva C Cha t ta
1 235 | 3656 | 1374 | 24.6338 | 24.6338 | 420 | 115.9
2 235 | 4541 | 1624 | 33.194 | 33.194 | 693.5 | 43.5
3 253 | 5654 | 2003 | 41.8958 | 41.8958 | 400 | 180.4
4 325 | 7826 | 2769 | 14.8397 | 14.8397 | 720.5 | 321.3
b) 235 | 5441 | 1904 | 37.3962 | 37.3962 | 69.3 | 11.1
6 343 | 9479 | 3318 | 20.8407 | 20.8407 | 907.1 | 434.3
7 343 | 7409 | 2668 | 16.2408 | 16.2408 | 520.2 | 209.8
8 271 | 3917 | 1482 | 13.6062 | 13.6062 | 1111 | 494
9 235 | 3881 | 1434 | 34.9472 | 34.9472 | 1949 | 43.7
10 199 | 2855 | 1066 | 48.6371 | 48.6371 | 43.8 | 20.9
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Ta6auua 4. CpaBHeHHe MofeJsiell Ha 3ajauax cepuu S3

3agada | Nyar | Neqv | Nequa C Ca t ta
1 505 | 16048 | 4281 21.985 21.985 | 4327 | 3456
2 649 | 36912 | 9415 | 17.3601 | 17.3601 | 6257 | 2199
3 577 | 30120 | 7688 | 26.4992 | 26.4992 | 6887 | 4398
4 625 | 40948 | 10356 | 31.5768 | 31.5768 | 5434 | 5199
5 529 | 32508 | 8198 | 41.6226* | 36.5283 | 7200 | 6589
6 601 | 35856 | 9085 | 29.2432* | 25.8131 | 7200 | 3199
7 481 | 23752 | 6048 | 30.1493 | 30.1493 | 7200 | 2245
8 529 | 25844 | 6616 | 40.488* | 39.6324 | 7200 | 5321
9 505 | 22096 | 5695 | 28.3952* | 27.8647 | 7200 | 4567
10 529 | 25676 | 6574 | 31.7315 | 31.7315 | 7200 | 3199

U3 tabn. 2, 3 u 4 BugHO, uto mMomesb (12) — (21) comepKUT MeHbIlIee YHUCJIO
orpanudeHui, yeM monesb (2) — (10). Kpome Ttoro, B cpennHem Ha cepusx S1 u S2
naker CPLEX peruaer TecToBble puMepsl, 3amucanHble B Mofenu (12) — (21), 6osee
YyeM B JIBa pasda ObiCcTpee, 4eM NpH UX 3amucd B momenu (2) — (10). Ha cepuu S3
npu pewennn nakerom CPLEX 3zagau 5 - 10, 3anucanubeix B Mopenu (2) — (10),
3a yCTAHOBJIEHHOE BpeMsl yIAeTCsl HAUTH TOJIbKO NOTMYCTHMbIE PEIIeHHs, KOTOpPble He
BCET/la SIBJISIFOTCS ONTHUMaJbHBIMH (OTMeYeHbl '*’). AHAJIOTHUHbIE Pe3yNbTaThl HMEIOT
MecTo 1Jis1 3aaud Plset;, Aspg|Crax.

Takum oOpas3om, ecid B 3ajaue COCTaBJEHHMsS] PaclUCaHHU C TPYNNHPOBKOH Ma-
IIHH M0 TEXHOJOTMSIM [JUTEJbHOCTH MepeHasalkd YIOBJETBOPSIIOT HEPABEHCTBY
TPEYTroJbHHKA, TO MPH €€ pelleHHM Jyulle HCHosab3oBaTh Moxesb (12) — (21) mpu
YCJIOBHH, YTO NOMYCKAIOTCS TPePbIBAHHUS BBIMOJHEHHSI TEXHOJIOTHH, U Monesb (11) —
(21) — B NpOoTHUBHOM cJlyuae, Tak Kak JaHHble MOJEJU UMEIOT MeHblllee YUCJIO Orpa-
HUUEHHH U SBJISIOTCS MEHEe CJIOXKHBIMH [JIsI METOLOB ONTHMH3ALHH, OCHOBAHHBIX Ha
JIIT - penakcauuu (B Tom uucae anas naketa CPLEX).

5. 3akamuenue

PaccmoTpena 3amava cocTaB/leHHs] paCMCAHUH MHOTONPOLYKTOBOTO IPOU3BOJ-
ctBa. Oco0eHHOCThIO NaHHOM 3afaud SIBJASETCS TO, YTO KaXKIbld MPOAYKT MOXKET
TIPOU3BOJUTHCS M0 HECKOJBKUM TE€XHOJIOTUAM, KaxK/Aas U3 KOTOPbIX XapaKTepU3yeTcs
HaboOpoM ONHOBpPeMeHHO 3aHWMaeMbix MawuH. [loctpoensr momenu YLLJIIT nas
3ajauv B oOllel MOCTAHOBKe W [IJs1 CJydasi, KOTja IJUTEJbHOCTH MepeHanagku
VIOBJIETBOPSIIOT HepPaBeHCTBY TpeyrojbHUKa. (C TOMOLIBIO  BBIUHCJIUTENBHOTO
JKCIIEPUMEHTA I0Ka3aHO, YTO BTOpasi MoJAe b siBJsieTcs GoJjee MPeAnoUTUTeNbHOM
IJ1s1 METOJIOB OMTUMM3allMM, ocHOBaHHBIX Ha JIII-penakcanuu.

Astop 6naromaput A.B. EpemeeBa 3a npensioxkeHHYIO MOCTaHOBKY 3a1auH.
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KOHIEIIINHWA ITPOEKTA PACHHUPAEMOI'O

OBYYAIOHIEI'O ITPOTPAMMHOI'O CPEACTBA

B pabore naércs onrcaHue KOHLEMNLUWU MPOEKTa paciIUpsieMoro ceteBoro oby-
Yalolero nporpaMMHoro cpezictsa. [Ipensaraiorcsi mapameTpsl AJs1 yIpaB/eHUs

C.B. T'ycc

obyuaromet cucrtemoil. [IpencraBsennl obiye 37JeMEHTHI.

BBenenue

[Ipennaraembiii oOmME NpOEKT MpenacTaBasieT co6oi 6a3y AJs KOHKPeTHBIX pa-
60uUMX MPOEKTOB 00yYaloLIUX NPOrpaMMHBIX CpelACcTB. B npoekre ecTb obwasn ocHo-
8a, KOTopast UMeeT mouku pacuuperus. O61as ocHoBa — (PUKCHPOBaHHAs 4acTb.
Touku paciivpeHust NpefoCTaBASIOT JOCTYN K MecTaM (PUKCHPOBAHHOH 4acTH, KOTO-
pele TpebytoT KoHpUrypauuu. PUKCUpOBaHHAS YacTb U MHCTPYMEHTH A/ paboThl
C TOUKAMH pACLIMPEHHs] CO3[AITCS B PAMKAX CUCMEMbl dNEMEHMO8 NOBMOPHOEO
UCNOAb30BAHUS U ABMOMAMUIAUUL NPOEKMUPOBAHUSL. DTO UH(PPACTPYKTypa pac-
wupsemoil obyuaroujeil cucmemor. Obyyarolias cCUCTeMa SBJSETCS NPOrpaMMHON
6a30i 11 3amycKa MOAYyJeHd UIPOBBIX CHUCTeM (peasU3yIOIUX JUHTBUCTHUECKHE HT-
pbl), pa3pabOTaHHBIX B XOe KOHKPETHBIX NpOeKmo8 KOMNOHEeHMO8 ueposvlx oby-

YAOWUX NPOSPAMMHBLY CPEOCm8.

Cucrtema
SAEMEHTOB
MNOBTOPHOTO

MCMOAb30BAHMS
"
QBTOMATM3IALMK
MPOEKTUPOBAHMS

MpoeKT NPOrPAMMHbIX CUCTEM YH4EOHOrO HA3HAYEHWUS, OCHOBAHHbIX HQ

UrPAax-rOAOBOAOMKAX AUHIBUCTUHECKOM HANMPABAEHHOCTH

MoAYQBTOMATU3IMPOBAHHAS

paspabotka

O6yuaioLLas
cuctema

Urposoe obyyaioLLee NporpaMmHoe
cpeacTso

Urpoeoe obyyaioLLee MPOrPAMMHOE
cpeacTeo

Urposoe o6yyaioLLEee MPOTPAMMHOE
cpeacTeo

Puc. 1. Crpykrypa npoekTa
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1. IIpoueccsl

O6pa3osanue — mpoliecc nepenadyn 3HaHUH U METOIOB UX TOJYUeHUS OT yuume-
A5 Y4eHuKy B paMKax oOpa3oBaTe/bHOHW CTpaTeruu OgHOW U3 (GopM OOL1IeCTBEHHON
OpraHM3aluy, HayuHas OT IOCYAapCTBa U 3aKaHUUBasg OObeAUHEHHSAMH TPyNIN MO
MHTepecaM M 3aWHTepPEeCOBAaHHBIMH B 3TOM HWHAMBHAyyMamu. Camoobpa3osanue —
obpasosarue, nojaydaeMoe UHIUBUAYYMOM WJIHM TPYIINOH UHIUBUAYYMOB, BBICTYyMA-
IOLUX B POJIM Yy4eHuKos, B MpoOLecce KOTOPOro 3HAYUTe/bHAsA J0J 3HAHUU OCBa-
uBaeTcs 0e3 ydyacTHUs yuumens, CyTb KOTOPOIO MOXKET CBOAUTBHCA K COCTaBJIEHHIO
M BblJaue 3afaHui (c moc/enyroulell MpoBepKOH MX BBIMONHEHHS) U peKOMeHAALHH
yueHuxam; PYHKLUHH TAKOrO yuumeas MOTYT ObITb peasM30BaHbl TeXHHUECKHUMH
cpenctBamu. Agmomamu3ayus obpa3osanus — COBepIIEHCTBOBAHHUE Tpolecca 00-
pasosarus, HalpaBJIeHHOe Ha MepeJioXKeHHe PYTUHHOH paboThl YY4aCTHHUKOB INpOLec-
Ca Ha TeXHHYeCKHe CPeACTBAa M CIOCOOCTBOBAHHME 3TUMH CPeNCTBAMH TBOPUECKOMY
aKTy Y4eHuxKos u yuumenetl.

-NMoAyyaer

Cuctema o6pazoBaHus
(He orpaHM4MBaETCA roCyAQPCTBEHHOM)

YyeHuk

-Ha CamoobpasosaHne

- TpaavLmoHHoe o6pasosaHm1e

Yuureab

Popmbl 06PA3OBAHMA: B|

Puc. 2. Cucrema o6paszoBaHusi

2. OOyuaromas cucrema

Ob6yuarowan cucmema — cucTema, CoCTosilias W3 Habopa B3aMMOCBS3aHHBIX
NoJACUCTEeM, 00ecrneynBaILUX paboTy BCed CUCTEeMbl AJS yIOBJETBOPEHHS MOTped-
HOCTell 3aMHTepecoBaHHBIX B obpasosanuu u camoobpasosaruu aull. Ilonv3osa-
mensb oby4aroujell cucmemobl — JIUIO, B3aUMOJEHCTBYIOIIee C obyuarouleti cucme-
Mmotl crnoco6aMu, NPefyCMOTPEHHBIMHY €€ OpraHu3aTopaMH W/ cOo3JaTe/siMU. Yuu-
menv — cyObBeKT Ipouecca 06pa3o8arus, BBICTYNAIOUWUE B pPOJU Iepelarollero
3HaHUs. YueHux — cyObekT mnpolecca 06pa3o8arus, BBICTYNAIOUMUH B POJU IMO-
JydJaioliero 3HaHus. Admunucmpamop — cyObeKT npouecca 06pa3o8arus, OTBET-
CTBEHHBIH 32 (DYHKIIMOHUPOBAHHE U MOAAepKaHHe paboToCnocobHOCTH obyuarouiell
cucmemol, B 0053aHHOCTH KOTOPOTO BXOAUT €€ HAacTPOWKa, KOH(DUIypHUPOBaHHE U
NpOBeleHHe UCIBbITAHUH.

nguM@%aHue.‘ npouecc adzvzunucmpupoganuﬂ moocem Goimo asmomamusupo-
B8aH (npoeepfca uesocmuocmu cucmemot U dCZHHbL)C, HaAuuus Heobxoo0umvlx Cu-
cmeme KOMHNOHEeHNOos neped 3anycKkom 06y%a}0LL4€L2 cucmembsbl, 80CCMAHOBAEHUE
OQHHbLX U KOMNOHEHMOB8 cucmeMbt).
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OGyuaiowas cucrema

QIOLLIMI 3HOHWUA

Yyureab
-n epxaHye pabotocnocobHoCTU

-MoAyqaTeAb 3HQHMM

AAMUHUCTPATOP YyeHuk

Puc. 3. O6yuarouias cucrema

OG6yuaiolas cucrema

Moacucrema NMoacucrtema NMoacncrema
«YnpasaeHue «OGyyeHuen «Y4e6HbIM matepuan
MOAb30BATEAIMIN)

MoAcucTema «B3aMMOAENCTBUE C CUCTEMOMN

NMoacucrema Moacucrema Noacucrema
«OBCAYXHUBAHUEN «be3onacHoCTL) «KommyHukaummn

Puc. 4. O6yuatoiasi cuctema (IOICHCTEMBI)

3. Iloacucrema «OOyyeHue»

ITodcucmema «Obyuenue» — nopcuctemMa MoOANEPKKH yuebHO20 npoyecca, oc-
HOBHasl 3aJ1a4a KOTOPOH — OpraHu3alus yuebHblx U nposepourslx 3anamuli. Yue6-
HblUl npoyecc — 3Tan mnpouecca 06pa3o8arnus, XapaKTepuayoLUHcsS aKTUBHON Je-
ATEJNBHOCTBIO YUACMHUKO8 npoyecca obyuenus, B paMKaX KOTOPOTO MPOHUCXOTHUT
B3aUMOJIEHCTBHE MeXIYy HUMH U nodcucmemoii «Obyuenues. YuebrHoe 3anamue
— yacTb yuebHoeo npouecca, B paMKax KOTOPOTO MPOMCXOAMT MNepefadya 3HaHHUH
OT yuumeas yueruky nocpeiactBoM nodcucmemor «Obyuenues. IIpoeepouroe 3a-
HAmMue — 4acTb yuebHO20 npoyecca, B PaMKax KOTOPOrO MPOUCXOAWUT IpOBepKa
3HAHHWH, MOJYYEHHBIX yUeHUKaMHU B XOfle yuebHoix 3anamuti. 3adawa — 3a0anus,
BBIIAHHbIE y4eHUKY W TIONJIEXKAlIMe peLIeHHI0 B paMKax 3ausamus (IPOBEPOYHOro
1M ydebHoro). 3adanue — 4acTb 3adauu, B paMKaX KOTOpPOH HeOOXOAMMO BBITOJ-
HUTb Psill wazo8. Xo0 — JieficTBUe, COBEPIIEHHOE [1Jis1 BBIIOJHEHUS OIMpeieéHHOTO
waea B TIpolecce pelleHUs 3adayu.

[Ipumeuanue: yuebrHbLlL NPOYECC MONCEM COCMOMb U3 HECKOAbKUX yuebHbLX U
nposepouHbLX 3aHAmuULl, Komopvle npedycmompervl yuebroim niaxom. B pamkax
3amamuil moeym svi0asamocs pasiudHbie 3a0a4u, cnocobcmeyroujue 3axpene-
HUI NOAYHEeHHbIX 8 pamKax 3ausmus 3Hanull (yuebHoe 3aHsmue) Uil ux npo-
sepke (nposepouroe 3anamue).

HQLLMB%CZHLI@.‘ ABHOLIM 05[)(130)14 Yyuumeaib mMoxicem omcymcmeosams 60 8peEmS 3a-
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Hﬂmuli, 6 maxKom cayuae qbymmuu yuumens peaiu3yromcsa mexHuivecKumu cpea-
cmseamu.

Ymournaroujuti npumep: 80npoc — uiae, omaem — co8epulénHolli Xo00. Jluneeu-
cmuueckue uepol, paspabamol8aemoie 8 pamKax npoekma, 8 6OLbLUUHCMEBE CBOEM,
— uepvl muna <«sonpoc-omgem». Bo ezaumodeiicmsuu yuenuka ¢ cucmemoti amo
nposasasemcs caedyrouum obpasom. Cucmema 3adaém 8onpoc, yueHux omaevaem
Ha Heeo. Omeem YyueHUKa 8bL3bl8AeM COOMBEMCMBYOULYIO PEAKUUIO CUCMEMDL.

O6ujuil duanoe Bo3MOXKEH MeXIY BCEMU YUACMHUKAMU Npouecca obyueHus.
I'pynnosoii duanoe Bo3MOXeH Mexny yuebHoil epynnoti ydacTHUKOB. IIpusam-
Holil duanoe BO3MOXKEH MeXAY OTAEJbHBIMHU Yu4aCMHUKAMU npoyecca oby4eHus.
Heiicmeyroujue cybsexmor — ONylIEBJIEHHbBIE U HEONYIIEBJEHHBIE OOBEKTHI, UbE
yyacTHe MOXET TPOCJEXKHBATbCS B paMKax nodcucmemor «Obyuenues. Yuwacm-
HuKu npoyecca obyuenus — Oeticmsyroujue cyboveKmol, NeSITENbHOCTb KOTOPBIX
TMPOSIBJISIETCS B PAMKaX yueOHbLX U NPOBEPOUHBLY 3AHAMULL.

Moacucrema «O6y4yeHuen

Mpoueccsi

Yy4ebHbiM npouecc

3anaTne

O6u.eHue

3aaaya

YyebHoe O6Lumi Ananor
TIpoBEPOIHOS XOA Ipynnosoi amaaor
3aHATHE

MpvBATHBIA AMGAOT

i

YyacTHuku
Y4eOHbli NOTOK
YyebHbIn KAQCC

YyeOBHble rpynnbl (MPOTMBOGOPCTBYIOLLIME UAM LIEAEBbIE) ‘

‘ BpeMmeHHBbIA YHaCTHUK

PoAu yqacTHHuKOB

Y4yacTHuK npouecca
0b6yyeHus

‘ Y4QCTHUK-y4EHUK ‘

OpraHu3auMoHHble
‘ HaBAIAQIOLLME-yuMTEAD ‘ 0Cc06EeHHOCTH y4aCTHHKOB

{ LLeHTPAABHbIMA YYQCTHUK ‘

‘ Cyabs ‘

{ YAQAEHHBIM YHQCTHUK ‘

‘ Y4QCTHUK-3pUTEAD ‘

HeoAyLLEBAEHHDIM
‘ Y4QCTHUK-KOHCYABTAHT ‘ Y4ACTHUK

Puc. 5. Tlopcucrema «O6yyeHue»
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Bpemennotii yuacmuux (He 3aperHCTPUPOBAHHBIN B cHUCTeMe, JUOO He 3aKperl-
JIEHHBIH 32 OmpeleséHHbIM yueOHBIM KJIACCOM, HO BKJ/IOUYEHHBIH B yueOHBIH TOTOK)
— Odeticmeyroujuil cybovekm, ubs NesiTeJbHOCTb B paMkax nodcucmemor «Obyue-
Hue» HOCUT HECHUCTEMHBIH XapaKTep WJM HAXOAWUTCS 3a paMKaMU y4ebHO20 NAQHA.
Yuebnotl nomok — HaGop yuacmuukos npoyecca obyuenus, o6beTUHEHHBIX IS
JNOCTHKeHHUsI 00IleH 11eJd B paMKax yuebHoeo npouecca. Yuebnoul kaacc — Habop
yuacmruKkos npoyecca obyuerus, o0belUHEHHBIX N5 AOCTHXKEHHUS oOlled Le/H B
pamKax sauamuil (ydeOHBIX HUJIH MPOBEPOUHBIX). YuebHnaa epynna — Habop yuacm-
HUKO08 npoyecca obyuenus, 00beAUHEHHBIX /151 TOCTHKEHUS 00ILIeH e B paMKax
3adauu. IIpomusobopcmeyoujue epynnst — TPYIIIEl, MeX1Y KOTOPHIMH HIET CO-
peBHOBaTesbHBIH npouecc. Kaxxpoll Takoil rpynne BbaéTcs OfMHAKOBas 3adaua.
PesynbraThl pelieHus 3afayu cpaBHHUBalOTCA. BoisiBasercs rpynna-nobenurens. Le-
Jlegble epynnvl — TPYIIBl, HA KOTOPble NENATCS y4acmHuKku npoyecca obyuerus B
[IeJIIX COBMECTHOTO pelleHUs 3ada4u.

[Ipumeuanue: pasHoim yesesoim epynnam mo2ym 6v.0a8amscs pa3role 3a0a4u.
Ecau uyenesoim epynnam evi0arbl 00uUHAKOBble 3a0QUU, UX MONHO MPAHCHOPMU-
posamb 8 npomusobopcmayroujue epynnol 041 CPABHEHUS Pe3yLbmanos.

Yuacmnuk-yuenux — cyObeKT, Ubsi aKTHUBHOCTb MOAJEKHUT aHANU3y U OLIEHKe.
Hab6ntoodarowuii-yyumens — cyObeKT, Ubsl NesiTeNbHOCTb CBsi3aHAa C HaOJ/0IeHHeM
3a YuacMHUKOM-Y4eHuKom, TpelyCcMaTpUBAIOILAs ONepPaTHBHOE BMeLIaTesJbCTBO B
clydae HeOOXOLMMOCTH B yuebHoe WiH nposepouroe sanamue. Obnanaer cydeli-
CKUM 4urOM. 32 HUM BCerja ocTaércs MocJ/efHee CJ0BO B pPelleHUH OpraHHU3allloH-
HBIX M y4eOHBIX BONpPOCOB B paMKax nodcucmemol «Obyuenues. Cyovsa — Heony-
LIeBNEHHBIH 00BEKT, peasu3yeMblil TeXHUYECKUMH CPeACTBAMU, B UbH 00SI3aHHOCTH
BXOIUT aHaMU3 yuebHO20 U NpoB8epouH020 3aHAMUSL, a AIMEHHO NpoBepKa AeHcTBUH
YYaCTHUKOB Ha COOTBETCTBUE YCTAHOBJIEHHBIM NpPaBUJ/aM U NPUHSATHE COOTBETCTBY-
IOIIMX OTBETHbIX pelleHUH. [ToCcTOSHHBIA y4acTHHK yueOHBIX M NPOBEPOYHBIX 3a-
HATUH. [ MoAU(UKALUK JOTHMKH ero paboTbl WM e€ 3aMelleHUs] HeoOXOLUMO
obnafatb cydeicKkum 4uHom. Yuacmuuk-3pumenb — yuacmuuk npoyecca obyue-
HUS, aKTUBHOCTb KOTOPOrO CBsI3aHa ¢ HabJIIofleHUeM 3a yuyeOHBIMU U IIPOBEPOUYHBIMH
3aHATUAMU. Y4acmHUK-KOHCYAbMAHmM — Yy4acmHuKk npoyecca oby4eHus, akTUB-
HOCTb KOTOPOTO CBsi3aHa ¢ HabJloJeHHeM 32 yYaCTHUKAaMHU U NpeJoCTaBJeHrHe UM, B
c/ydyae HeOOXOAMMOCTH, BCIOMOraTe/bHOH HH(pOpMaLKH.

[Ipumenanue: yuacmuuk-3pumenv moxem obuamocs 8 pexcume obujeco dua-
a0eaq.

ngumewrtue: YUACMHUK-KOHCYAbMAHM Mmoxcem O6Lb§amb0ﬂ 8 peiume O6LL4€80
dua/Loea, npusamHoeo U epynnosoceo.

Henmpanovuoid yuacmuuk — yuacmrux npouecca obyuerus, 6e3 IpuUcyTCTBUS
KOTOPOr'0 He BO3MOXKHO yuebHoe UNN nposepouroe 3ansmue. YOanéHuoul yuacm-
HUK — y4acmHuK npouecca obyuerus, TOAKIIOYAOIIMHACA K OCTaJbHbIM y4acTHH-
KaM MOCPEICTBOM YCTAHOBJIEHHS CBSI3U C yeHmparvHoim yuacmuukom. Heodywes-
NEHHBLI Y4ACMHUK — y4acmHUK npouecca obyuerus, PyHKIUHA KOTOPOTO BBITIOJ-
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HAITCA C MOMOUIbI0 TEXHUYECKHUX CPEACTB.

[Ipumeuanue: yeHmparvHbIM Y4ACMHUKOM MOKcem Oblmb MOLbKO O0UH Yy1acm-
HUK, 8bLCMYNAOWUL 8 POAU YUACMHUKA-YUeHuKa Aubo Habarodarou,e2o-yuumens.

[Ipumenarue: YyoarénHolll Y4acmHUK MOHCEm CmMamo YeHmpasbHblM YLaACMHU-
Kom 8 cayuae Hadeserus eco OAHHOU OpeaHU3AYUOHHOL 0COOEHHOCMbIO MEKY UM
UeHmMmparbHbIM Y4aCMHUKOM.

4. Ilogcucrema «YmpaBJieHHe MOJb30BATEJAMM»

ITodcucmema «Ynpaenenue nonv3oeamenamu» — TOACUCTEMA MOLIEPKKH
yuebHo20 npoyecca, OCHOBHBIE 3aJayd KOTOPOH — perucTpauus ydyacTHUKOB U
ynpaBJ/eHue UMH. Peeucmpayus yuacmrHukoé — 3anucb WHPOPMaLMH B CHCTeMe
00 yyacTHHKe Mpouecca oOyueHUs, CO3[laHUe yuémrou 3anucu. AHanus y4ém-
HOU 3anucu — TPOCMOTpP, MOAU(UKALIMS, BHECEHUE U3MEHEHUH B y4EMHYO 3aNnuUCh
yUacTHHKA, OLleHHBaHHE DPe3y/bTAaTOB NesiTeJbHOCTH y4acTHHKA, He MOAJaIolIeHcs
OlLleHKe TeXHWYeCKHMH CpPeACTBaMU (HampuMmep, B Cjydae MPOBEPKH Pa3BEPHYTHIX
OTBETOB Ha BOIMPOCH! B TECTOBOM pexXKMe). Yuémnuaa 3anuce — MaeHTU(PUKALHOH-
Hble JaHHble y4yaCTHHKA, BKJ/IOYalollUe ero npoduav U NpeaocTaB/sIolle N0CTYII
K npomoxosy yuacmuuxa. IIpogpune — wvHbopMmauus o6 yuacmHuke npouecca
obyuenus, 10CTaTOYHAS JJIsl TIPEACTABJEHUs O HEM APYTrUM ydacTHuHKam. IIpomo-
KON ysacmuuxa — UH(pOpMaLus O [eATeJbHOCTH Y4aCTHHKA B paMKax oOyyarollei
CUCTEMBI ¥ MPEANOUTHTENbHBIX HACTPOUKAX CHUCTEMBI.

[Ipumeuanue: desmenrvrocmo yuacmuuxka (paboma HQ 3aHAMUIX, BbLNOAHEH-
Hble 3adauu, mooupurkayus nPo@uis).

MoacucTema «YnpasaeHMe NOAb3OBATEAAMMUN

Mpoueccsl CywHocTu

Yy4yéTtHas 3anuchb

Peructpaums yHacTHUKOB

Npocouab

AHQAM3 YYETHOM 3anmMcU MPOTOKOA YHACTHUKA

Puc. 6. [loxcucrema «YnpaBJseHre 1oJb30BaTeSIMU»

IIpoTokon yuacTHUKa. /Jeamesvrocmb. YKa3blBalOTC MOMEHTHI PeObIBAaHUS B
cucteMe: BUA 0OydyeHMs, PeXUM OOy4eHHs, 3aHSATHS, BBITIOJHEHHbIE 3a4aud, POJb
B paMKax 3aHATHS, OpraHU3allMOHHAasi O0COOEHHOCTb. BpemerHvie xapaxmepucmu-
Ku. YKasblBaeTcs BpeMsi paGOTBl C CHCTeMOH W BpeMs, MOTpayeHHOe Ha 3aHsATHe.
Crarucrtuka peuieHusi 3agauu. [Ipogure yuacmuuxa. YkasoiBaorcs @.1.0., nces-
IOHUM (TO, KaK MOJIb30BaTeJb XKeJslaeT, YToObl K HeMy oOpallajiuch B CUCTEME), aTa
perucTpaluu, cBeieHus1 o cebe.
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5. Iloacucrema «YueGHBIN MaTepua»

ITodcucmema «YuebHoli mamepuan» — TONCUCTEMA TMOANEPKKU yuebHO20
npoyecca, OTBeTCTBEHHasl 32 XpaHeHHe MaTepHuaJsa, HeoOXONHWMOro AJs Iepefauu
3HaHWH B paMKax 3awamuii. YuebHoui mamepuan — vHpOpMaLUs, UCIOIb3yeMast
B paMKax 3anamull IJs Tepefadyd 3HAaHWH WJM MPOBEPKH KauecTBa €& YyCBOEHHS
(370 MOKeT OBITh Pa3oaTOUHBIE MaTepuas WM KOHKPETHbIe 3alaHus).

Bunsl marepuana. Pazdamounoiti mamepuan. Tekct. Wanmoctpauuu. Bupeo.
3adauu. Marepuan nas reHepauuu. Habop HeoOXomMMoH I/t aBTOMAaTHYeCKOH re-
Hepaluu 3anaud HH(GOpPMAaLKH, HAaNpUMep CJ0Bapb npeameTHOH obsaactu. CocTas-
JIeHHas 3ajaya.

Onepanuu. BHecenue matepuasna. [Ipocmorp martepuana. PemaktupoBaHue ma-
Tepuasna.

6. Ilomcucrema «be3onmacHocTb»

IToocucmema «Bbe3onachocmob» — TofcHUCTEMA MOANEPKKHU yuebHO20 npoyecca,
OTBETCTBEHHAs 32 BOMPOCHI ayTeHTU(DHUKALNN, CEKPETHOCTH, LEJOCTHOCTH U CTPOTO-
rO BBINOJTHEHHE 00513aTesbCTB. Aymenmugurkayus — mpouecc MPOBEPKH COOTBET-
CTBHUSl T0JIb30BaTEJsl CUCTEMBI CBoel yuémmroll 3anucu. Cekpemnocmes — 3aliuTta
nHpopManuu (yueGHOTO MaTepuasia, peTHCTPALMOHHBIX NAaHHBIX) OT JIHL, He HMelo-
IIMX NpaB Ha eé nojaydenue. Ifenocmuocme — obecrieueHue yBEPEHHOCTH B TOM,
4TO YaCTH CHCTeMbl (IIpOrpaMMHbBIe U TaHHBIX) He TIOAMEHEeHbl UJIH He MOTU(ULIUPO-
BaHbl 3JIOYMbIILIJIEHHUKOM. Botnonnenue o0b6azamenscme — TONTBEPXKIEHHE TOrO,
4TO TMOJIb30BATEJNb NEHCTBUTEBHO COBEPILHUJ ONpeNeéHHOe NeHCTBHE B CUCTEME.

Ayrentudpukauusi. IlocnedosamenvnHocmo Odeticmeuil. [Ipedocmasienue
udenmu@uKkayuorHolx 0aHHbLX, 3aKpeIJieHbl 32 YYETHOH 3aMUChi0 U XPaHATCA B
paMkax moacucteMbl «besomacHocTb». K HAE€HTHU(PUKALWOHHBIM AaHHBIM OTHOCST
JIOTHH U maposb. Aeémopusauyus (mpoBepka WAEHTU(PUKALUOHHBIX NaHHBIX), Pe3yJb-
TaT — JU60 OTKJOHEHHe, JUOO0 MpPefoCTaB/eHHe NOCTyMa K CHCTEME.

CekpetHocTb. Bes nndopmauus no/kHa WHPPOBaThCS B MPOllecce BBEIeHUS e
B cucTteMy. T.e. cucTeMa XpaHUT BaXKHYI0 HH(OPMAaLHIO TOJIbKO B 3alIM(pPOBAaHHOM
Bune. Jlo/KHA TOAAEP:KUBAThCS BO3MOXKHOCTb CMEHBl MapoJisi K LIH(PY B ciaydyae
HeO0OXOAUMOCTH.

IlenocTtHoCcTh. BiiokM XpaHHMMOI B pamMKax CHCTeMbl MH(OPMAaLUH TOJIKHBI CO-
NPOBOXKAATbCS LUU(PPOBOH MOAUCHIO.

BoinosiHeHne 00si3aTenbcTB. PUKCUPOBaHUE NEATENBHOCTH I0Jb30BaTES B
paMKax CHCTEMBI.

7. Iloacucrema «KoMmmyHUKauum»

IIodcucmema «Kommynukayuu» — TOACHUCTEMA TIOALEPXKKHU yuebHO20 npouec-
ca, OTBeyawIasi 3a COBMECTHYIO pabOoTy y4acTHHKOB Mporecca o0ydeHHS B paM-
Kax gawamus. Kommynukayua — npouecc B3aUMONEUCTBUS y4QACMHUKO8 npouec-
ca obyueHus B paMKax oOyuamlleil cuctembl. ObujeHue — TUN KOMMYHUKAUULU,
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B paMKaX KOTOPOH yYaCTHHKM OOMEHHBAIOTCS TEKCTOBBIMU COOOIEHHSIMH (BeyT
JHaJor).

Opranuszanuss KOMMyHHKauuu. B npenenax soiuuciumenvroil mawiuror. B
npenenax AoKaavHot cemu. B nipenenax eaobaavroli cemu.

8. Iloacucrema «B3ammomencTBHE C CHUCTEMOMN»

IHoocucmema «B3aumodelicmgue ¢ cucmemoid» — TONCUCTEMA MO AEPKKH
yuebHOeo npoyecca, OTBETCTBEHHAS 32 BU3yaJslM3alHI0 MPOLECCOB, MPOUCXOASALINX B
nporecce o6lieHns Nonb3oBaTenel ¢ cuctemoi. I'paguueckuii unmepgeiic nonv3o-
gamens — CUCTeMa, HalJIQHO TPeNCTaBJSIOLIAs M10Jb30BaTeN0 QyHKLUHOHAN 00y-
yallled CUCTeMbl U o0ecreunBamllas K HeMy ((QyHKIHOHAMY), a TaKxkKe pe3yJbTa-
TaM (PYHKLHOHUPOBAHUS yNOOHBEIN noctyn. Obaoxcka unmepgheiica nonv3osamensn
— Habop CMeHHbIX 3J1eMeHTOB 0POPMIEHHUs epagduuecko2o unmepgeiica noLb3o8a-
meas, pUCYHKH, WPUPTHI, pasmepsl, Gopmbl. Kongueypayus unmepgheiica nonv3o-
gamens — pAcCIoJIOXKeHHe 3JEeMEHTOB epaguueckoeo uxmepgeiica noiv3o8amens
Ha 9KpaHe KOHKPETHOTO T0JIb30BaTe sl CUCTEMBI.

3KPaH npuBeTCTBUs MeHio

MNpusetcraue | ‘ Bxoa B cucremy l

N

Paspaborimnk cuctemsl ‘ Hacrpoiika ‘
Aarta cosaanms

‘ BbixoA ‘

‘ Bua obyyeHus ‘

PasmumHka TecToBbIN

pexum
[AQHOBOE 3QHATUE ﬂ
Broascucremy | T

obyyeHus
‘ Pexum obyyeHms

TPQAMLMOHHbIM

&

PeXXMM NOATOTOBKM (ONPeAeAEHHOE BpeMms)

o

BblaQ4a MHCTPYKLUMM

<

Mpouecc obyyeHus (M3y4eHns MaTepUaAQ, BbINOAHEHME
3aAQHWA)

<

{ 3KpaH npoLuLaHus ‘

Puc. 7. BsaumogeiicTBue ¢ CHCTEMOH
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JKpaH npuBeTcTBUA. Bkiiouaer cienymwollyo HHbopmauuio: [Ipusemcmasue
noav3osamenrs, Hugopmauus o cosdameae.

Menwo. Bxod & obyuarowyro cucmemy. Buibupaercsi sud obyuenus, BaphaH-
Bl: pa3MHUHKA, TJIAHOBOe 3aHsTHE, aTTecTalus (ecau BeiOpaHa arTecTalusi, Cpasy
OCYILIECTBJISIETCSl TIepeXO]l B TECTOBbIH pexxuM). BuiOupaercs pescum obyuenus Ha
BpeMsi 3aHSTHUs (BO BpeMsl 3aHSTHS PEXHM MOXKHO CMEHUTb). BapuaHThI: UTPOBOH,
TpaauLMoHHbIH. [lepexon B pexwcum nodeomosku. Boidaua uncmpysyuti. B pamkax
MJIaHOBOT'O 3aHATHS AOCTYTEH 06ujuil duaroe. JIJas eHTPabHOTO yyacTHUKAa — 0O-
basieHue yiacmHUKO8 B 3aHSITHE, pacnpedeneHrue no epynnam, 8olbop 3aHAmMuUA.
Hacmpoiika cucmemot. Boixod u3 cucmemot.

9. Ilapamerpsl

OO611ee KOJMUECTBO YUAaCTHUKOB B paMKaX 3anamus (OLyIIEeBJIEHHBIX):

LessonParticipantsMaxNum (ycraHaBiuBaeTcsi HaOMIONAIOMINM-YIUTEIEM) —
MaKCHUMaJIbHOe TOMYCTHUMO€e KOJMYECTBO YUACTHUKOB B paMKaX 3aHSTHS;

LessonParticipantsMinNum (ycTaHaBjMBaeTCs HaOJIONAIOLUIUM-yUHUTEEM)
MHUHUMaJIbHOE [OMYCTHMOE KOJHUECTBO YUaCTHUKOB B paMKaX 3aHATHS, <=
LessonParticipantsMaxNum,

LessonParticipantsEnabled Num (paccuuTbiBaeTcsi CHCTeMOH, mJis  CTa-
TUCTHKH) —  ofllee  KOJUYECTBO  3a[AeHCTBOBAHHBIX  yUaCTHHUKOB, <=
LessonParticipantsMaxNum v >= LessonParticipantsMinNum.

3aHsaTue

LessonParticipantsEnabledNum

%Wwiiii

YYeHUK Y4YOHUK YYeHWK YveHnk

\ LessonParticipantsMaxNum Ij

Yuureas

LessonParticipantsMinNum

Puc. 8. 3ausarue

O61iiee KOJMUECTBO YUACTHUKOB B paMKax dK3eMILIsipa 3a0auu:

TaskParticipantsMinNum (ycTaHaBJHUBaeTCsl COCTaBUTEJIEM 3aJaud) — MHUHH-
MaJIbHO€ JOMYCTHMO€e KOJIMYeCTBO YYACTHHKOB B paMKax 3K3eMIisipa 3adauu,

TaskParticipantsMaxNum (ycTaHaBJHBaeTCsl COCTABUTEJiEM 3aladd) — Mak-
CHMaJIbHOe MOMYCTHUMO€e KOJHUECTBO YYaCTHHKOB B paMKax 3dK3eMIspa 3adauu, =
TaskParticipantsMinNum B cjydae, Korja 3ajadya IpearoJaraer onpenenéHHoe
KOJIMuecTBO ydyacTHHKOB U = TaskParticipantsMinNum = 1, Korna 3agadya npef-
roJjiaraeT pelleHHe TOJbKO OIHMM yYaCTHHKOM, BO BCEX OCTaJbHBIX CJAydasgx >=
TaskParticipantsMinNum;
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TaskParticipantsEnabledNum (paccunTbiBaeTcss CHCTEMOH, JJisi  CTaTH-
CTMKH) — KOJHUECTBO 3aJeHCTBOBAHHBIX B 3K3eMIUspe 3adayu ydacT-
HukoB <= TaskParticipantsMaxNum w >= TaskParticipantsMinNum;
<= (PlannedTaskStepsNum | PlannedGroupParticipantTaskSteps, ecnu
PlannedGroupParticipantTaskSteps <> 0 (t.e., Korja 3ajada pelaetcs B TpyI-
me);

TaskOpposedGroupsMaxNum (yctaHaBiuBaeTcsl HabOJIIOAAIOIIMM-YUHUTENEM) —
MaKCHMaJlbHO€ TOMYCTHMOe KOJHUeCTBO MPOTHBOOOPCTBYIOIIUX Py B PAMKaX 3a-
dauu (y KaxkIOH TPYIIbl CBOH 3K3eMIJISIP OMHOM U TOH XKe 3alauH);

TaskSpecialPurposeGroupsMaxNum  (ycTaHaB/iuBaeTcss  HabJIOAAMOIIMM-
yUUTeJNeM) — MaKCHMaJjbHOe IOMYCTHMOE€ KOJIMYeCTBO LeJIeBbIX I'PYMI B paMKax
3adauu (y Ka)X[I0¥ rPyIbl MOTYT ObITb pasHble 3anadu);

TaskGroupsEnabled Num (paccuuTbiBaeTcs CUCTEMOH, LIS CcTaTH-
CTMKH) — KOJMYeCTBO 3a[eHCTBOBAaHHBIX TPyNNI B paMKax 3adauu <=
TaskOpposedGroupsMaxNum v <= TaskSpecialPurposeGroupsMaxNum;

TaskGroupParticipantsMinNum (ycTaHaB/iMBaeTcs HabJTIOI A0 A M-
yuuteseMm, 1npu  ycaoBuu, uto  TaskGroupParticipantsMinNum  >=
TaskParticipantsMinNum) — MUHUMAaJIbHOE NOMYCTHMOE KOJHUECTBO YUACTHUKOB
B T'pyTIe;

TaskGroupParticipantsMaxNum (ycTaHaBinBaetcs HabJTIOIAOILIAM-
yuutesneM, npu  ycjaoBu, uto  TaskGroupParticipantsMaxNum <=
TaskParticipantsMaxNum) — MakcuMaJbHOEe JOMYCTHMOE KOJHUECTBO yUaCTHH-
KOB B TPYIIIE;

TaskGroupParticipantsEnabledNum (paccuuTbiBaeTcsi CUCTEMOH, MJs CTa-
TUCTHKH) — KOJIMUECTBO 3a[eHCTBOBAHHBIX YYaCTHHKOB B paMKax KOH-
KpeTHOU yuebnoii epynnoet >= TaskGroupParticipantsMinNum un <=
TaskGroupParticipantsMaxNum.

Y4acCTHMKM NpoLecCa peLueHus 3aAaY
3aaaua
Y4acTHMKM (CocTaBuTEAb 30AQHH yKQ3bIBOET: N
MNpouecca E TaskParticipantsMinNum
peLleHus TaskParticipantsMaxNum
NGl _J
pynnbi
/H06AIOAGIOLLLVIL71-Y‘MTeAb 30AQ€ET: N
TaskOpposedGroupsMaxNum
Y4yacTHMKM TaskSpecialPurposeGroupsMaxNum
TaskGroupParlicipantsMinNum
TaskGroupParticipantsMaxNum
N _J
YYACTHMKM Crammeruka:: N
OAMHOYKM TaskParlicipantsEnabledNum
TaskGroupsEnabledNum
TaskGroupParticipantsEnabledNum
N J

Puc. 9. YuacTHUKHM mpolecca pellleHus 3anad
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[leHTpaibHblE YYACTHUKH:

PrincipalParticipantsMaxNum (cucteMHble OrpaHHYEHHs], 3a1aETCs aIMHUHU-
CTPATOPOM) — MaKCHMaJbHOe JOMyCTHMOE KOJHYeCTBO;

PrincipalParticipantsEnabled Num (paccuuTeiBaeTcs CUCTEMOH,
IJisl  CTaTHCTHKH) —  KOJMUECTBO  3aJ€HCTBOBAaHHBIX  YUYAaCTHUKOB <=
PrincipalParticipantsMaxNum.

YnanéHHble YYaCTHUKH:

RemoteParticipantsMaxNum (cucTeMHble OTpaHHYeHHs, 3adaéTcs aIMHHHU-
CTPaTOPOM) — MaKCHMaJbHOe JIOMYyCTHMOE KOJHYEeCTBO;

RemoteParticipantsEnabledNum (paccuuThiBaeTCs CUCTEMOH,
IJisl  CTaTHCTHKH) —  KOJMUECTBO  3aJe€HCTBOBAHHBIX  YUYaCTHHKOB <=
RemoteParticipantsMaxNum.

HeonyiieBsnéHHble YIaCTHUKH B paMKax TDYIIBL, pellarolled 3anady (peasnusye-
Mble TEXHUYECKHMH CpeLCTBAMH, H00aBJSIOTCS HaOJIOAAIOINM-YUUTENEM, eCJH
He XBaraeT HYXHOIO KOJHMYECTBA YUYACTHHUKOB; HAaNpHUMep, COIJIACHO YCJOBHIO
TaskParticipantsMinNum vnu TaskGroupParticipantsMinNum):

InanimateParticipantsMaxNum (ycTaHaBJIUBaeTCsi HaOMIONAIOLIIUM-yUHUTEEM)
— MakcHMaJlbHOe HomycTuMoe KosuuecTBo <= TaskGroupParticipantsMaxNum
— TaskGroupParticipantsEnabled Num, npH YCJIOBHH, qTo
TaskGroupParticipantsEnabledNum > 1, T.e. 3agauy pelaeT Kak MUHAUMYM OJIWH
ONYLIEBJEHHbIH YYaCTHHUK;

InanimateParticipantsEnabled Num (paccuuTbIBaeTCsi CaMOCTOSITEJIbHO, IS
CTaTUCTUKHM) — KOJIMYECTBO 3aleHCTBOBAHHBIX HEOAYILEBJEHHBIX YUACTHUKOB <=
InanimateParticipantsMaxNum.

OnyuieBJéHHBIE YYaCTHUKH B paMKax I'DYINbI, pellaiomieid 3anayy (o6sizaTesib-
HO TIPUCYTCTBHE XOTSI Obl OIHOTO OAYLIEBJEHHOTO YYaCTHHKA; B Cjydae yuyacTHHKA-
OIIMHOYKH, eCJid 3aada TpebOyeT ydacTHsl ONpeneéHHOr0 KOJUYeCTBA yUaCTHHKOB,
YyUaCTHUKY-OIHHOUKE TPUAETCS CTATh YJEHOM TPYIIbl U3 HEOMYIIEBJEHHBIX yUyacT-
HUKOB):

AnimateParticipantsEnabled Num (paccuuTbiBaeTCs CUCTEMOH,
IJsT  CTAaTUCTHKH)  —  KOJIMYECTBO  OAYIIEBJEHHBIX  YYaCTHHKOB, <=
TaskGroupParticipantsMaxNum (eciu ydacTHUK — 4YJIeH IPynnbl), = 1 B caydae
C YYaCTHUKOM-OJUHOUKOH (KOTIa YYaCTHHUK MOXKET 3aHHUMAaThCsl CaMOCTOSITETbHO 3a
paMKaMHy y4eGHOro KJacca).

OAYLLUEBAEHHOCTb YYQCTHUKOB

Q -YcraHasAusaer

InanimateParticipantsMaxNum
-Bbmcssier

/K InanimateParticipantsEnabledNum Ik’/‘ Cucrema cTatmmcTmkm

-~ AnimateParticipantsEnabledNum
HabAloAaioLLMA-ysUTEAL

Puc. 10. Ony1ieBaéHHOCTb yUaCTHUKOB
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Kosin4ecTBO pa3periéHHbIX MoACKa30K (MCMO/Mb3yeTCsl OAUH M3 TOAXOAO0B):

HintsLegalNum (ycTaHaBJIMBaeTCs COCTABUTEJEM 3alaud) — KOJHUYECTBO
pa3pelIHHBIX TOACKAa30K Ha 3adauy <= PlannedTaskStepsNum (eciu
PlannedTaskStepsNum > 0);

HintsLegalNumPartFromPlannedSteps (ycTaHaBinMBaeTCs COCTaBHUTEJEM 3a-
layd) — J0JisS TOACKa30oK (paspelléHHbIX) OT KOJHMYeCTBa IJAHOBBIX XOMOB
PlannedTaskStepsNum, eciu PlannedTaskStepsNum ctporo 3amaH.

Moackasku
-YcraHaspveaer

PaspeluéHHble NOACKAa3Kku

\ HinfsLegalNum [ﬁ

HintsLegalNumPartfromPlannedsteps

CocTaButeAb 30Aa4M

-YcraHasavBaeT

IpynnoBble NOACKA3KM

™~ ParticipantHintsLegalNum
|~~~ GroupHintsLegalNum
intGroupParticip )m

gr

HabAloAqioLLUi yYUTEADL

-YcraHasavsap

=

U3spacxoaoBaHHbIe NOACKA3KM

[ ————_| Usedkintsnum
UsedHintsByParticipantNum

Puc. 11. Ilogckasku

Cucrema CTatmcTmkm

[Tonckasku B paMKax TPYIBL:

ParticipantHintsLegalNum (yctanaBiuBaeT HaOJ/I0AaI0MNNA-YUUTENb) — KOJIH-
4eCcTBO TOACKA30K Ha Kaxkjaoro ujeHa rpynnel <= HintsLegalNum, MoxHO pac-
NpenesisiTh B MPOLECCe /I KOHKPETHBIX UI'POKOB;

GroupHintsLegalNum (yctaHaB/ivBaeT HaOIONAOUIMH-YUHUTENb) — KOJTUYECTBO
MONACKA30K Ha TPYIIY, KOTOPHIMH MOXeT BOCIOJb30BaThCsl JIOOOH UJeH Tpyl-
Mbl, TIPY COTJIACHH OCTa/bHBIX, BMecTe co Bcemu ParticipantHintsLegalNum<=
HintsLegalNum;

AgreedAboutCommonHintGroupParticipantsNum (ycTanaBnuBaeTcs
HaOMIOAOIIUM-YUHTEeIEM) — JOCTaTOYHOE YMCJIO 4YJIeHOB YyuebHOU epynnol,
uybé corsiache TpeOyeTcss Ha pa3pelleHHe 3arpoca HCIOJb30BaHUS epynnosoll
noocKa3KuU.

Kosin4ecTBO M3pacX0I0BaHHBIX MOACKA30K:

UsedHintsNum (paccuuTbiBaeTCsl CHUCTEMOH, HJsi CTaTUCTHKH) — KOJHYECTBO
u3pacx0008aHHbLX TIONCKA30K B paMKaX pelleHHs 3a1ayH;

UsedHintsByParticipantNum (pacCUuTbIBA€TCS] CUCTEMOH, 1Jisl CTATUCTUKH) —
KOJIMYECTBO MOACKA30K, H3PACXOI0BAHHBIX YYaCTHUKOM T'PYTIIIBL.

Ko/iyecTBO paspeliéHHbIX TPONYCKOB (MCIMOJb3yeTCsl OMUH U3 TOAXOI0B):
TaskPassesLegalNum (ycTaHaB/iHMBaeTCs COCTaBUTENEM 3alauk) — KOJHYECTBO
pa3pelIéHHBIX MPonycKoB Ha 3anauy <= PlannedTaskStepsNum;
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TaskPassesLegalNumFromPlannedSteps (ycTaHaB/IMBaeTCsl COCTaBUTEJEM 3a-
Iaud) — J0J19 TPONYCKOB (paspelléHHBIX) OT KOJMYeCTBA IMJIAHOBBIX XOIOB
PlannedTaskStepsNum, eciu Planned TaskStepsNum ctporo 3ajaH.

-YcraHasapsaer Mponycku

PaspeluéHHble nponycku

’\i TaskPassesLegalNum [T
TaskP¢ romF P!
CoOCTaBMTEADb 30AQHM

-YcraHasavsaer

IpynnoBbie Nponycku

\l\ GroupParticipantPassesLegalNum
GroupPassesLegalNum
AboutC: .

HabAloAaioLwmn-yumreAn greed

-YcraHasampaer

U3pacxoAoBaHHbIe NPONYCKM

™
’\ UsedPassesNum
ParticipantUsedPassesNum

Cucrema CTatmcTmkm

Puc. 12. Tlponycku

HDOHVCKI/I B paMKaX TPVYIIIbI:

GroupParticipantPassesLegalNum (ycTaHaB/iMBaeTcs HabJI01A0ILIUM-
yUHTEeJeM) — KOJIHUECTBO MPOMYCKOB HA KaXKAOTO YJjieHa T'PyIIibl;

GroupPassesLegalNum (ycranaBsiuBaeTcs HabJTIIO1 A0 M-
yuuTeJeM) —  KOJMYECTBO TMPOMYCKOB Ha Tpymmy, BMecTe CO BCEMH

GroupParticipantPassesLegalNum <= TaskPassesLegalNum (T.e. 3T0 mpormyc-
KH, NOCTYIHble [IJisi BCeH TPyMNIbl, MOMUMO JIMYHBIX MOACKA30K Ka)KIOTo YJeHa
TPYMIBl, TaKas e cXeMa M ¢ MOACKa3KaMHu);
AgreedAboutCommonPassesGroupParticipantsNum (ycraHaBsiMBaeTcs
HaOMIOAI0IMM-YUHTeIeEM) — JOCTaTOYHOEe YHCJIO UJIEHOB yuebHOU epynnol,

ybé corsacue TpeOyeTcss Ha paspellleHHe 3arpoca HCIO0JNb30BAHUS epynnosozo
nponycka.

KosinuecTBO H3PaCXOd0BaAHHBIX IMPOITYCKOB:

UsedPassesNum (pacCudTBIBaeTCsl CUCTEMOH, AJif CTATUCTHKU) — KOJUYECTBO
u3pacxo0008aHHbLX TIPOMYCKOB;

ParticipantUsedPassesNum (paccunTbiBaeTCs CUCTEMOM, HJisi CTATUCTHKH) —
KOJIMYECTBO IMPOIMYCKOB, H3PACXOA0BAHHBIX Y4aCTHUKOM.

O61me Xonbl Ha 3a0a4y:

HQLLM@%CZHLL@.’ eciu Hem epynn, mo Ucnosvb3yromcs moAbKO amiu nokazameru.

PlannedTaskStepsNum (ycTaHaB/IMBaeTCsl COCTaBUTEJIEM 3aaud) — o0lee KO-
JIMYECTBO BO3MOXKHBIX NAQHOBbLX XOIOB Ha 3ajauy;

UsedTaskStepsNum (pacCuvTbiBaeTCsl CHCTEMOM, AJs CTaTHCTHKH) — oOliee
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KOJIHUYECTBO COB€pLLLéHHle B paMKaXx mpolecca peleHusa 3agadu XO40B.

FDVHHOBbIe XO0Abl HA 3a4a4V:

[Ipumenanue: ecau ecmo epynnol, mo nOMUMO OOWUX nOKA3amenel NPUMEeHS-
romces ewé U epynnosole.

PlannedGroupParticipant TaskSteps (ycTaHaBJIHUBaeTCsl COCTABUTENEM 3aa4H)
— KOJIMUECTBO MAAHOBbLX XONOB Ha 3ahauy, OTBEAEHHOE 100 00H020 YUACMHUKA,

UsedGroupParticipantTaskSteps (pacCUUTbIBAeTCS CUCTEMOH, [Js1 CTATHCTH-
KH) — KOJIHUECTBO COBEPULEHHLLY KOHKPEMHbIM Y4aCMHUKOM XOIOB.

XoAbl
O6wue xoAbl
Q -YcraHaspmgaet
Piar Num
)\ UsedTaskStepsNum
Cocrtasureas 30AQ
lTpynnosbie X0Abl
-YgfaHas T - lj
Planr roupParticipant
-
\{ UsedGroupParticipantTaskSteps
Cucrema cTatmcTmkm

Puc. 13. Xonbt

HrpoBo#i pexxuM, UrpOBOE TIOJIE:

InitialConditionLexemeLength (ycTaHaBJWBaeTCsl COCTaBUTEJEM 3adaud) —
IJIMHA JIeKCeMbl HAauaJbHOTO YCJIOBUSI B JIUTepax/KJ/eTKax;

GameFieldHeight (ycTaHaBiMBaeTCsl COCTaBUTEJIEM 3afadyl) — BBICOTa UI'POBO-
TO TOJISt B KJIETKAX;

GameFieldWidth (yctaHaBiuBaeTCsl COCTaBUTeNEM 3afadl) — IIMPHHA UTPOBO-
ro MoJist B KJeTKaXx;

NotUsedGameFieldCellsNum (pacCudThIBaeTCsi CaMOCTOSITENbHO, I/ CTaTH-
CTHKH) — KOJIMYECTBO HEUCIIOJb3yEeMBIX KJIETOK;

GameFieldSize (paccuuTbIBaeTCsi CaMOCTOSITEJNBHO, IJIsi CTATHCTHKH) — pas-
Mep urpoBoro mnoJssi B kJjaeTkax <= GameFieldHeight * GameFieldWidth —
NotUsedGameFieldCellsNum;

StepLexemeLength (paccunTbiBaeTCs CaMOCTOSITE€NBHO, MJIi CTaTUCTHKU) —
IJIMHA JIEKCEMBI, COCTABJEHHOH 332 OIHMH XOI.

TpafulMOHHBIA ¥ TECTOBLIA PEXKUMBL:

QuestionChoiseTask TestUnitNum (yctaHaB/MBaeTCsl COCTABUTEJEM 3aauH) —
KOJIMUECTBO MPOBEPOUYHBIX €IMHHUIL B 3ajaue TUIA BONPOC — BblOOp omeema,

Question WriteTask TestUnitNum (yctaHaB/JMBaeTCsl COCTAaBUTEJEM 3alauH) —
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-YcraHasansaet

UrpoBoi pexxum
InitialConditionLexemeLength
CocTasuUTeAb 30AQ4M GameFieldHeight
GamefFieldWidth
-YcraHasqusaet
NotUsedGameFieldCellsNum
[———_| GameFieldsize
StepLexemelLength
Cucrtema CcTatmcTukm

Puc. 14. HUrposoii pexum

KOJTMYECTBO IMPOBEPOUHBIX €AWHHIL] B 3aaaye TUIla 80NpPOC — 3anucev omseema.

TecToBBIH pexxum:

QuestionSpecialWriteTask TestUnitNum (ycTaHaB/iMBaeTCs COCTaBUTEJEM 3a-
Jlay¥) — KOJMYECTBO MPOBEPOUHBIX €IUHHUI[ B 3aJaue THUIIA BONPOC — 3ANUCL PA3-
8EpHymoeo omsema.

TPGAULLUOHHbIA M T@CTOBbIN

-YcraHaspmsaeTt PeXUM

QuestionWriteTaskTestUnitNum

QuestionChoiseTaskTestUnitNum
\
QuestionSpecialWriteTaskTestUnitNum

CocCTaBMTEAb 30AQ4HU

Puc. 15. TpaaHUHOHHBIE U TECTOBBIH peXUM

Quku:
StepUnitScores (ycTaHaB/IUBaeTCsl COCTaBUTeJIEM 3a1aun) — 6aJjl eqUHUILIbI X0/
(KOJTMYECTBO OYKOB, HAUMCJ/SIEMbIX 32 COCTABJSIOLLYI0 X0O1a MJH 32 BECh XOf).

HQLLM@EZ.’ cmoumocms Aumepot 8 COCMQABAEHHOU NeKceme, UL CMOUMOCMb CO-
CMABACHHOU NEKCeMbl.

CyMMBI:
ParticipantStepsScoresSum (paccunTbiBaeTCsi CaMOCTOSITEbHO, IJISI CTATHCTHU-

KH) — CyMMa OYKOB, IMOJIyUe€HHbIX 338 BCE UI'POBLIE XOAbl KOHKPEMHbIM USDOKOM,
GroupStepsScoresSum (pacCuMTbIBAETCSI CAMOCTOSITENBHO, /IS CTATUCTUKH) —
CyMMa OYKOB, TOJIyYEHHBIX 3a BCe UTPOBbIE XOIbl epYNnoL UepoKos.

Bpewms 3anauu:

TaskPlannedTime (yctaHaBJMBaeTCsl COCTaBUTeJNeM 3afayd) — npednosaede-
Moe BpeMs;

TaskMaxTime (ycraHaBiuBaeTCsl HaOJIONAIOMIUM-YUUTENEM) — MAKCUMALLHO
JIOMYCTHMO€e BpeMsi, ycTaHaB/auBaeTcs B opueHtauuu Ha TaskPlannedTime;

TaskUsedTime (pacCuuTbIBaeTCs CUCTEMOH, IJIsi CTATUHCTUKH) — (DaKTHUYECKOe,
3ampauerHoe BpeMs.
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-Ycranasaveaer BpeMms Ha 3a0AQYY

[~~~ TaskPlannedTime
[~ TaskMaxTime
HabAloaaioLLmit-yumTeAb
Q -Ycranasaveaet

/K TaskUsedTime

Cucrema CrtatmcTmkm

CoOCTaBUTEAb 30AQYU
-YcraHasavsaer

!

Puc. 16. Bpems Ha 3apnauy

10. Buabl oOyueHus

Pa3munka. Bei6op 3aHATHS MO TeMe, BHIOOpP pekMMa (MTPOBOTO HJH TPagHlU-
OHHOTO0).

HQLLM@%CZHLL@.’ 3amnamue moxcem 6bimb KaK nposepo4UHbiM, max U y%€6HbLM.
HEZLLM(?%LZHLL@.' opearHu3aluuUoOHHAaA 0Cc0beHHOCMb yuacmuauka — Léeﬂmpa/lbﬂbtﬂ
YUACMHUK.

TaskParticipantsMaxNum = 1.
IThanosoe obyuenue. 3aHsATHS BMecTe C yUeOHBIM KJaCCOM.

[Ipumeyanue: opearHu3ayUuoHHasL 0CObEHHOCMb — YOAAEHHbLIL YUACMHUK UAU
uenmpasoHoll yuacmuuk (moxcem omcymcmaosams HAOA00QOWULL-YUUmenn).

Ammecmayusa. Beibop sxk3ameHa.

[Ipumenanue: opearnu3ayuoOHHAS POLL YUACMHUKA — YOAAEHHbLL YyuacmHuKk. B
PO UeHMPANbHO20 YHACMHUKA — HAOA00QroU,Ul-y4umens.
[Ipumeuanue: pexcum obyueHus — mecmosuolil.

11. Pexumbl 00yuyeHus

O61re 0co6eHHOCTH HEUTPOBBIX PEXKUMOB:

B KOoHTekcTe HEHWrpOBOrO peXHMMa Liar Ha3blBAETCS NPOBepo4HOl eduruyell.
CyutecTByloT cjaenyioure Buasl. Bonpoc — eapuanmot omeemos. Cpenu npepJo-
JKEHHBIX BAPUAHTOB MOXKeT ObITb TOJbKO 00UH NpaBuAbHblll, TUO0 HECKOAbKO npa-
sunvrolx. Bonpoc — omeem om yuenukxa. OTBeT MOXKeT ObITb cacamolm, peacTaB-
JIEHHBIM B BHUJIe NOHSITHS UJIM CJIOBOCOUETaHUS, UO0 ke paseéprymuoim. [locnennuit
BUJl OTBeTa OlleHHWBaeTcsl 06e3 yuyacTHsl TeXHUYeCKHUX CPeiCTB. XapaKTepUCTHKa JII0-
6oro BUaa OTBETa — €ro CTOUMOCTb.

Pesysnbrar mnpencraB/sieTcssi B BHUIE CpaBHEHHUS MPaBUJbHBIX BapHaHTOB XOJa
(ecsu MpaBUJIBHBIX BAPHAHTOB HECKOJIBKO, KaXKJOMY M3 BapHaHTOB IPHUCBAHUBAETCS
ornpene/IéHHbIM BeC) W COBEpIIEHHBIX YUYaCTHUKOM BapHaHToB xopa. OleHKa mpes-
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BbiGop BUAQ OGy4eHus

PasmuHka NMAaaHoBoe o6yveHue
Opr. 0CO6EHHOCTb: YAQAEHHbIN
AocTynHoe 3aHATHE YYACTHUK MAM LLEHTPAAbHBIM;
(tema, aara)
‘ AKTyaAbHOe 3aHATHe ‘
‘ YyebHoe '
| MosTOpPEHMe ‘
‘ MNposepoyHoe ' M3yNeHHoro
| Yye6Hoe ‘
’ Pexxum ‘
| MposepoyHoe ‘
‘ Wrposoit ‘ OOTBETCTBYIOLLIMIA NYHKT
AeaKTMBMpYeTCS Mo
TPAAULMOHHbIA ycmotpeHmio
paanl, HOBAIOAGIOLLLETO-YHMTEAS
€CAU OH eCTb)
AtTecTaums

‘ Pexum ‘
Pexxum obyueHus:

TECTOBbIN;

Opr. 0cOBeHHOCTb: | Urposoi ‘
YAQAEHHbIM YHACTHMK;

AKTUBHQ, €CAM OTKPbITA

HABAIOAQIOLLIUM-YHUTEAEM ‘ TPAAULIMOHHBINA ‘

Puc. 17. Buibop Buna obydenus

CTaBJISIETCSl B BUJE OTHOLIEHHe Beca MOJHOCTbIO MPABUJBHBIX XONOB K BeCy OCy-
II€CTBJIEHHBIX XOMIOB.

CratucTrka pelenusi 3agaud. Xodet. [IpenctaBieHbl Ha MOKa3 CoB8epuLEHHbLE
X0lbl U KoppekmHovie (KaKMM XOH AOJKeH ObiTb B HeaJse), 3ampauexHoe epe-
MS1, 8ecoBvle XApAKMepucmuKy Kak KOPPEeKTHOTO XOfa, Tak U coBepluéHHoro. Pe-
3ynomam. IlpousBoputcs BbIOOp 6anbHOU cucmemsl. BapuaHThl: TpaiuLHOHHAS
namubaarronas (2..5), deyumanrvras (0..10), cmobasroras (0..100), nocnaenHsis
UCIOJIb3YETCS 110 YMOJIUAHHIO.

Oco6eHHOCTH UTPOBOrO DEKUMA:

[Ipumenarue: ueposoLl pexrcum 803MoONHeH 8 PAMKAX Y1ebHO20 U NPOBEPOUHO2O
3aHAMUSL.

[Ipumeuanue: sansmue udém no cxeme NOBMOPAIOULELUCS NOCAe008AMENbHO-
cmu (udyuenue gpaemenma yuebHoco mamepuara, uepa).

ITodckasku u nponycku xoda. Ilo ymonuaHHIO MOJHOCTBIO paspelieHbl. Oye-
HusaHue pe3ynomama. O0bEKTOM OLEHKH BbicTynaer xod. Popmyna oueHouHas,
NOJ2KHa yUHTBIBaTh Koa(pduuneHt StepUnitScores. O6beKTOM OLIEHKHU TaK»Ke BbI-
cTynaet cama uepa. B dopmyse BbIUHC/EHHSI OLEHKH OAf KOHKDEmmHO20 uepoKa
UCIONB3YI0TCsl 3HaueHusi: ParticipantStepsScoresSum. [{1s yuebrol epynnol Wr-
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POKOB HCIOJIb3YIOTCS 3HaueHust: GroupStepsScoresSum. KoneuyHoe pelieHue B olle-
HMBaHUM pe3yJibTaTa O0CTaéTcsl 3a Habarodaroujum-yuumerem UIn cyovéil.
Heposoe none. ViMeeT npsMOYrosbHYI0, KJIETOYHYIO (POPMY.

Ocob6eHHOCTH TPAAHUIHMOHHOI'O peXXHrMa.

[Ipumenanue: pexcum 803mMoxceH 8 PAMKAX YueOHO2O 3AHAMUSL.

[Ipumeuanue: 3anamue udém no cxeme no8mopsaoULelics nociedo8amenbHo-
cmu (usyuenue gpaemenma yuebHo20 mamepuaiq, omeemo. Ha 3a0aHHbLE BONPO-
coL).

3adanus ObIBalOT CJENYIOIIMX BHIOB, 80MPOC — B8bl60p omeema W 80NPOC —
3anuco omeema. [JeneHue 3anau (He 3aJaHUi) OCYIIECTBJSETCS MO TEME U CJIOXK-
HOCTH.

OCo6EHHOCTH TECTOBOIO pexKuMa.

[Ipumenanue: mecmosolil pexcum 803MONCEH 8 PAMKAX NPOBEPOUHO20 3AHAMUS
uru ammecmayuu.

[Ipumeuarnue: 3anamue udém no cxeme nosmopsarouielics nocaedosamenbHo-
cmu (s8onpoc, omsem).

3adavu MoOTyT NeJUThbCSl 10 NMpPHU3HAKY, HampuMmep, TemMaThudeckoMmy. B pamkax
3ajlay JalTcs CBsA3aHHble 3anaHusi. Tunet 3adanuil. Bonpoc — svibop omsema.
Bonpoc — sanuce omeema. Bonpoc — 3anuce paseéprymozo omsema, OlleHKa
KOTOPOTO TIPOU3BOAUTCS 6e3 yJacTHs] TeXHUYECKHX CPENCTB.

12. Imajoru

[Ipumeuanue: duaroe npedcmasien 8 8ude 0bMeHa MeKCMOoBbIMU CO0OUIeHU -
mu (uamonm).

Yam. O6wuti wam. Oprann3anusi MUCbMEHHOTO OOLIEeHUS MeXKIy BCEMU ydacT-
HUKaMH npoyecca obyuenus. ['pynnosoti wam. OpraHnusauus oOleHNsT MeXAy BCe-
MH y4acTHUKaMH yuebroti epynnol. [lpusamnuolii wam. Opranusaumns 0OLIEHUsS MeX-
Iy KOHKPemmHolMU YUACMHUKAMU npoyecca obyUeHus.

nguMe»taHue: uam 603MOMCEH MOAbKO Meofcdy OdyLLteB/LéHHbLMLL yuacmuukamu.

3akaueHue

B craTbe mpencTaB/ieHa KOHLEMUMS MPOEKTa paclupsieMod oOydarolled mpo-
rPpaMMHOH CHUCTeMbl. BbliesieHbl BO3MOXKHbBIE 3/1eMeHThl U noacucteMsl. [IpenoxeHsl
napameTpbl HACTPOUKH M KOH(UTYPHPOBAHUS KJIOUEBHIX IPOLECCOB.
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YCTAHOBKA ITPOTPAMMHOI'O OBECIIEYEHUA
HA BBIYMCJUTEJbHBIN MOJIYJb C APXUTEKTYPOH
ITPOINECCOPA ALPHA

C.B. Cronkus, K.B. Ilyrun, I.M. Bpeuka

Jlannasi pa6oTta mocBsilieHa BBIGOPY M YCTaHOBKE MPOTPAMMHOTO oGecreueHus
Ha BBIYMCJIHTENBHBIH MOILYJb C apXUTeKTypo# mnpoueccopa Alpha. Bobiunciu-
TeJbHble MOLYJNH C TAaKUMH MPOLIECCOPaMH BXOIST B cocTaB Kiuactepa MBC-
1000/128, Haxopsiuierocsi B pacropsikKeHHH (paKy/bTeTa KOMIBIOTEPHBIX HayK
OIbOY BIIO «OMI'Y um. @ .M. JloctoeBckoro». B pesynbrate paGoThl Ha
BBIUMCJIMTE/IbHBIA MOIY/b Obla yCTAaHOBJEHAa OmepaldoHHasi cuctema Debian
Linux, a Tak»xe CpeICTBO MOANEPXKKH UCTIONHEHHUS TTapasliebHbIX TPOrpaMM —
OpenMPI.

Beenenue

BoiuucautensHbi#l kiaactep MBC-1000/128 noctynua B pacnopsizkeHHe (PaKyJib-
teta KoMnbioTepHbIX Hayk PTBOY BI1O «OMI'Y nm. ®.M. JlocToeBCKOr0» B HIOJE
2011 rona. Knactep coctout n3 64 BBIYMCIUTENBbHBIX MOAYJEH, CBA3aHHBIX MEXIY
cob6oii cetbto Ha ocHoBe 100baseT Ethernet. Kaxablii BbIYHCAHUTEBHBIE MOAYJb
comepuT B cebe nBa nmpoueccopa DEC Alpha 21164 ¢ yacroroit 667 MI. O6uiui
00beM OnepaTHBHOH MaMsTH MomyJs coctaBisieT 2048 MoairT.

Ha xa)kmom BbIYHCAHTENBHOM MOIYJe YCTaHOBJIEHA ONEpalUOHHAs CHCTeMa
RedHat Linux Alpha 7.2 u 6u6muoreka ¢pyHkuui nepenauu coobuennii MPICH.
Taxkke pns mosib3oBatessi AOCTYNHb KomnuastTopsl Compaq Fortran, Compaq
C/C++ u oubauoreka Compaq Extended Math Library (CXML). Hnsa opranu-
3allUM MakeTHOH 00pabOTKU MPHUMEHSeTCs CUCTeMa yIpaBJieHHs NPOXOXKAeHUeM 3a-
nauuii, paspaborannas B UIIM um. Kennbimma PAH.

[TporpamMmmHOe ofecrneueHue, yCTaHOBJEHHOE Ha MOAYJSX KJjacTepa, Ha cero-
OHSALIHUE eHb MOXHO CUMTATh ycTapeBIUHMM. [l opraHuzauuu 3PpQpeKTUBHOH pa-
6OTBI MpenJaraeTcss yCTAHOBUTh Ha BBIUHCJUTENbHBIE MOAYNH Gojiee COBpeMeHHbIe
NporpaMMHble MPOAYKTHI.

[enbro naHHo# paboTHl sIBJAsSETCS BBIOOP MOAXOASIIEH ONepaliOHHON CUCTEMbl U
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€€ YyCTaHOBKa Ha BBIUHCJUTEJbHBIH MOAYJb KJacTepa, a TakxKe yCTaHOBKa COBPEMEH-
HbIX KOMIIUJATOPOB U CPeACTB MNOAAEP2KKHU HCIIOJIHEHUA MapaJjiJe/JIbHbIX IPOTpaMM.

1. Omnucanue anmapatHoil nmJjaaTdopmbl U MpodJemMa BbIOOpa
MPOrpaMMHOI0 obecrneuyeHus

[TonpoGHoe onucaHue anmapaTHOTroO obecredyeHust conepkutcsi B Tabauue 1 [1,2].
OcHoBHas npobJsiema BbIGOpa MPOrpaMMHOro obecrnedeHus 3aKJH0YaeTCs B TOM, UTO
apxutektypa Alpha He monmepxkuBaercsi GOJNBIIMHCTBOM COBPEMEHHBIX ONEPAMOH-
HBIX CHCTeM, TaK Kak CUMTaeTcsi ycrapeBluell (mpoueccopsl Alpha He BhimycKaioTcs
¢ 2004 roma). I'naBHBIM BompocoM BblOOpa MPOrpaMMHOI0 OOecreueHUs SBJSETCS
BbIOOp ONepaliMoOHHON CHUCTEMBI.

Tabauua 1. Onucanue annapaTtHoro o6ecrneyeHUs BbIYMCAUTENbHOIO MOAYJISA

Tun mukponporeccopa DEC Alpha 21164
PaspsinHoCcTh MHKpompoueccopa 64
Ha6op uHcTpyKUMH RISC
KosnnuecTBo sinep MHKpornpoleccopa 1
YacTtoTa MUKpomnpoleccopa 667 MI'1
HanpsizkeHue nuTaHus MUKpoIpoLeccopa 2B
O6beM K311a JaHHBIX 64 Ko6ait
O6beM K3l1a KOMaH/ 64 Koaiit
Ko/siMuecTBO MUKpONPOLIECCOPOB Ha MJaTe 2
KosnuuecTBo onepaTUBHOH NaMsTH 2048 MobaiT
Tun oneparuBHOl namsiTu DIMM SDRAM
PC100+ ECC
KosinuecTBO namMaTH, JOCTYIHOH MHUKPONPOLECCOPY 2048 Mo6aiTt
Tun marepuHCKOU MaTHI Api UP2000
Hanuurve KOMMYyHHUKAlLIMOHHBIX TTOPTOB LPT, 2 x COM, SCSI,
IDE, 2 x PS/2
Tun cereBoro amantepa PCI - 100BaseT
Tun rpaduyeckoro apanrepa PCI VGA 4 Méair
Tun >xectkoro nucka IDE ATA133
O6beM kKecTKOro aMcKa 20 I'6a#ir
MakcumManbHasi notpebJsieMast MOLUIHOCTb 600 Br

2. Bpi0op onepaOHHON CHUCTEMbI

B xone paboTbl Oblyl BBISIBJIEH PSfl OMEPALMOHHBIX CHUCTEM, KOTOpblE MOANEPHKH-
BaloT apxutTekTypy Alpha. HekoTopble M3 3THX cHCTeM MNPOAO/KAKT MOAIEPKKY
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Alpha u Ha ceromHsIlUHWU NeHb, B IPYruX — MOANEepPkKKa 3aBepiieHa. Knaccuduka-
IIMsi CUCTEM TMpHUBeleHa Ha PUCYHKe [3-D].

[Ipy BEIGOpE OmepauMOHHOM CUCTEMbI [JIS YCTAHOBKHM Ha BBIYMCJHUTENbHBIH MO-

LyJb PacCMaTPUBAJNHUCh TOJBKO Te CHCTEMbl, MOANEp:KKa apxXxuTeKTypel Alpha nis

KOTOPBIX MPOAOJI2KAETCA KW CEroaHs. KpOMe TOro, pacCMaTpuBaJuCb TOJbKO CBO-

6onHble onepalMOHHBIE CHCTeMBl. Bbi6op ocraHoBuscs Ha cucTeme Debian Linux,

OCHOBHOH NPUYMHOU BbIOOpPa MMEHHO 3TOH CHCTeMbl fIBJIseTCsl e€ xopoulas JOKY-

MEHTHUPOBAHHOCTD.
Mopopepxka apxutekTypbl Alpha
Mpogomkaetca 3aBepLueHa
OdmumansHas HeoduunansHas FreeBSD
Gentoo Linux OpenBSD Microsoft Windows NT

HP OpenVMS

Debian Linux

Puc. 1. Onepamnyonnsle cHCTeMEl, TOAAepKUBAONIHe apxuTeKTypy Alpha

3. V¥YcranoBka Debian Linux Ha BbIYHCIUTENBHBIN MOAYJb

3.1. BcrtpoeHHOe mporpamMMHOe o0OecrneyeHue

[l KOMIIbIOTEpPHBIX CHUCTeM Ha 6aze MuKporpoueccopoB Alpha moctynHbl nBa
KJlacca BCTPOEHHOTO NporpaMMHoro obecredenus [2,4]:

1. SRM-koHcosb, ocHOBaHHasi Ha crneurpukanuu Alpha Console Subsystem, ko-
Topasi ofecrnieurBaeT pabouyio cpeny AJs onepaunoHHbIX cucteM OpenVMS,
Tru64 UNIX u Linux;

2. ARC-koncosb, AlphaBIOS uau ARCSBIOS, ocHoBaHHasi Ha crielUdpUKauun
Advanced RISC Computing (ARC), kotopasi obecrneunBaer pabouyw cpemy
s Windows NT.
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C ToukHM 3peHHUsl MOJb30BaTesisi HauboJsee BaxKHOe paznauuuve Mexay SRM u
ARC — 370 passuuHble cXeMbl pa3MeTKH XKECTKOTO JHCKa, C KOTOPOTo MJaHHPYeTCs
3arpyska, W UHTep(elc cucTeMbl BBOAA-BbIBOAA. B BBIUHMC/AUTENBHBIX MOAY/SAX Ha
6aze marepunckoi miatel Api UP2000 B kauectBe BeTpoenHoro [10 wucnosb3yercs
koHcosib SRM [5-9]. Onuiem ocHOBHbIE 0COOEHHOCTH 3TOU TMPOTPAMMBI.

SRM-koHCcOIb — 3TO MHKponporpaMma (aHajnoruuHasi BIOS) pnsi komnbioTep-
HbIX cucteM ¢ mpoueccopamu Alpha. Murepdeiic SRM Boimosnen B ctuse Unix
shell. Mukponporpamma xpanutcs Bo (Gasm-I13Y u BbiMosHsAETCS NMPU BKJIOUEHUU
1/Wau nepesarpyske cucteMmbl Alpha.

SRM-koHcosb mopnepxkuBaer 3arpy3ky ¢ FDD, HDD, CD/DVD wu ceru. Ha
peXXKMM CeTeBOH 3arpy3ku HaKJ/aAblBAIOTCS allapaTHble W MPOrPpaMMHble OTpaHHUYe-
uusi. [Tockonbky Alpha He nmomnepxkuBaer st HDD rtabauny pasmenos MS-DOS,
s 3arpyskud Heob6xonum HDD ¢ rtabauuelt paspenos B (opmate BSD. Koncosb
cama He B COCTOSIHMHM 3arpy3utb Linux, ass sToro TpebyeTcss NpOMexKYTOUHBIH CH-
cTeMHBIH 3arpysudk. Hnas SRM KoHcomu TakuMM 3arpy3udkom siBjsietcsst aboot —
MHOTOTJIaT(OPMEHHBIH CHCTEMHBIH 3arpy3duk [9].

3arpysuuk aboot 3aHuMaercs TpaHcasuueld KomaHn SRM B komaHzbl, mepena-
BaeMmble siapy Linux, a Takxke 3arpyskoil sjapa u HauajJbHoro o6pasa B O3Y. Kon-
¢urypauus aboot conepxkurcsi B haitsie /etc/abootconf, B aToMm ke haitsie xpaHutcs
CIMCOK BO3MOXKHBIX KOH(Urypauui 3arpysku sinpa. Kongurypauus snpa nepenaér-
csl B 3arpy3uuk mnpu nomouiu napametpa -flags B SRM. Ilporpamma aboot nmeer
COOCTBEHHYI0O KOMAHAHYIO CTPOKY, KOTOpasi MO3BOJISET MEHATb Ha XOAY KOH(UTY-
paLuio 3arpysku sapa. [laHHas BO3MOXKHOCTb MOXKeT OBbITb I0JIe3HA TIPU NpOBepKe
KOPPEKTHOCTH OOHOBJIEHUH f1pa.

3.2. Brbi6op Bepcun Debian Linux

Pesusbl Debian Linux pasneseHbl Ha NMATb BETOK [J]:

1. Berka oldstable — comep:kHUT makeTsl MpeaplAYLIErO CTAOUIBHOTO TUCTPHOY-
THBA.

2. Berka stable (crabunbHasi) — COmEPXKUT MaKeThl, BOLIEAIINE B MOCJEAHUN
opHULIHANbHBIH IUCTPHOYTUB (OOHOBJIEHHE MAKETOB B HEM MPOHUCXOIUT TOJBKO
ISl YCTPaHEHHUs YI3BUMOCTEH).

3. Betka testing (tectupyemasi) — u3 3Toil BeTKH OyneT (hOPMHUPOBATHCS CJENY-
IOLMHA CTaOUJBbHBIH AUCTPUOYTUB.

4. Betka unstable (HectabusbHasi) — makeThl 3TOH BETKH FOTOBSITCS K ITOMeLe-
HUIO B TECTHPYEMYIO BETKY.

5. Betka experimental (skcnepumeHTabHasi) — He SIBJSIETCS TOJHOLEHHOH BeT-
KOH, B HeH HaXOAsTCsl MakeThl, TPeOYIOI[He TIIATEJIbHOTO TECTHPOBAHUS WU
MakeThl, KOTOPble MOBJIEKYT CepbE3HbIE U3MEHEHHUS] B JIUCTPUOYTHBE.
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Ha momeHT nmpoBezneHUs Hccaen0BaTeNbCKUX paboT, nocaeqHuM pennsoM Debian
Linux 6b1a Bepeus 6.0 ¢ oduuuasbHeiM HazBaHueM Sqeeze. OnHaKo, MoOAAepKKa
apxutekTypbl Alpha coobuiectBom Debian 6blna mpekpaiiena B Bepcuu Debian 5.0
Lenny. [Tostomy umenHo Debian 5.0 Lenny Gynet ucro/sb3oBaThest IJsi YCTAHOBKH
Ha BBIUMCJMTEJNbHBIH MOAY/b KJacTepa.

3.3. YcranoBka 6a3oBoii KoHurypauuu Debian 5.0 Lenny u nomoJuHu-
TeJBbHBIX MPOrPaMMHBIX NMAKETOB

Hawnbosee npocTeiM cnoco60M YCTAHOBKH OMEPALMOHHON CUCTEMBI C MOMOLIbBIO
SRM sBasiercs ycraHoBka cuctembl ¢ DVD-Hocurtens. MmenHo aToT cnoco6 ycra-
HOBKH M ObLJI HCMosb3oBaH. OnuineM npouecc yctaHoBkd. [locse momemenns DVD
C OUCTPUOYTHBOM CHCTEeMbl B HHCKOBON Heobxommmo Haxatb Ctrl4+P mis Bw3oBa
SRM-koHconu. B KoHcosu mpu momormiu KoMmaHabl show dev (mokasbiBaeT CIHCOK
BCEX JIMCKOBBIX YCTPOUCTB HA MOJYJIE) MOXKHO y3HATh HOMED THUCKOBOZA, STOT HOMED
nepefaéTcsl B KauecTBe MapaMeTpa KomaHjae boot njs Hauasa 3arpy3ku CHUCTEMBI C
DVD. [anee yctaHOBKa NPOXOAUT B LUTATHOM peKUMe, MOAPOOHOE ONKcaHue ycTa-
HoBKM Debian Linux npuBoautcs B [5].

[locne yctaHoBkr 6a30BOM KOH(UIypallUMU CUCTEMBI AJsi 6oJee YyI0OHOH opraHu-
3aUuu pabOoThl ¢ HeH OblIM J00aBJEHB! C/eLyIoLHe IPOrpaMMHble MaKeTHI:

1. Tlaker mc — midinght commander, kKoHCOBHBIH AByXMaHeJbHBIH (DaiJOBBIN
MeHeJ>Kep ¢ mopaepkkou ftp, scp, ssh.

2. Tlaker ssh — openssh, HaGop KJIHEHT-CEPBEPHBIX YTHJIMUT AJs 3AIULIEHHOTO
COeIMHEHUS C YAaJEHHBIM KOMIBIOTEPOM.

3. Ilaket htop — monuTOp MpoueccoB ajs Linux ¢ otro6paxkennem 3arpysku CPU
U 1noTpebJ/eHHs MaMATH.

4. [laker tmux — cBo6ogHasi KOHCOJIbHASl yTUJAHUTA-MYJbTHIIEKCOpP, NPEL0CTaB-
JISIOILAs] TI0/1b30BATeJI0 NOCTYI K HECKOJBKUM TePMHHAJIaM B paMKaxX OLHOTO
JKpaHa.

5. Tlaker GCC — komnekuuu komnuastopos GNU.

4. OoHoBaenune Debian 5.0 Lenny u ycTaHOBKa CpeacTB Mox-
OepXKKU NapajjeNbHbIX MPOrpaMm

st opraHu3anuu napassesbHbIX BBIYMCJAEHUH Ha KjacTepe TpebyeTcsi cucTeMa
pacnpeneénHbx BbluncaeHud MPI. Beiio npuHsATO peluenue ncnosb3oBaTh peasu-
sanuio OpenMPI, Tak kak paspab6oTka GoJiee ctapoil peanusanuu — MPICH — Ha
ceromHsIHUE neHb npekpaiieHa [10]. Onnako npu ycranoBke OpenMPI Ha cucre-
My Debian 5.0 Lenny O6bln BbisiBJieH psii mpo0GJsieM, CBSI3aHHBIX ¢ TeM, 4To Lenny
UCII0JIb3YeT OTHOCHTEJbHO YCTapeBIIMe BePpCUHM HEKOTOPHIX MPOrPaMMHBIX MaKeTOB.
B cBsidau ¢ 3TUM ObLIO TNPUHATO pelleHHe OOHOBUTH OMEPALMOHHYIO CHCTEMY [0
6oJiee aKTyaJbHOH BEPCHUH.
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[TonbiTKa OGHOBUTH CHCTEMY [0 BepCHM Sgeeze MO PyKOBOACTBAM c0oOIlecTBa
Debian [5] mpuBesa K HEBO3MOXKHOCTH 3arpy3KH ONEPAaLMOHHOH CHCTEMBI. DTa CH-
Tyalusi, 0-BUANMOMY, CBsI3aHa C HaJHUHEeM HEKOTOPBIX OLIMOOK B MaKEeTHOM MeHe-
nxepe dpkg, ncnonbsytormmemcst B Debian Linux. OcHoBHas npo6/ema 6bla cBsizaHa
c 00HOBJIEHHEM apXuBaTopa tar, MCMoJb3ylollerocs AJIs apXUBalLlMH YCTAHOBOYHBIX
MaKkeToB, C KOTOPEIMU paboTaeT nakeTHbIH MeHenkep. [Tocse pyuHO# 3aMeHbl HcTod-
HeMbIX (DaliyioB tar Ha HEKOH(JIUKTYyMOIIHE ¥ OOHOBJIEHHS MAaKeTHOTO MeHenKepa
dpkg o BepcuH, He HMellleld OLIKMOKH, Oblia MOJyYeHA BO3MOXKHOCTb KOPPEKT-
HOTO aBTOMAaTHUeCKOro OOHOBJIEHHSI CHCTeMbl 10 Bepcuu Squeeze. [lpu stom siapo
cHCTeMbl OOHOBHTH He YAa/JoCh, TaK KaK B HOBOM SIIpe€ OTCYTCTBYeT TMOJAEp:KKa
naatdopmsl Alpha.

[Tocsne ycremHo mnpoBeféHHOrO OOHOBJIEHHS CHCTEMBI 0 BepCHH Sgeeze OBLIO
pellIeHO OCYILECTBUTb MONbITKY COBEPLIUTDH ell€ 0IHO 0OOHOBJNEHHE CHCTEMBI 0 Bep-
cuu Sid as1s moJrydeHUsl caMbiX COBPEMEHHBIX BEPCHH MporpaMMHBIX naketoB. Hamo
OTMETHTb, UTO Ha MOMEHT INpoBeleHHsl pabor nuctpubyTuB Debian Sid Haxomuics
B BeTKe unstable.

[Tpu o6HoBNeHuM no Debian Sid mpoucxonut 3amMmeHa MHOTMX CUCTEMHBIX CPENCTB
Ha HOBBIE, YTO MPHUBEJO K CJEAYIOLIUM MpodieMaM:

1. dnpo cucremsbl Bepcuu 2.6.32 0 yMOJYaHHIO CCHIIKAM Ha yCTPOHUCTBA THUCKOB
naét umeHa tuna sdaX, Ho misi paboThl 3arpy3urka aboot HeoOGXomHMMO, YTO-
6b1 umeHa umenun Bun hdaX. JlanHas mpobGsema peleHa MyTEM COXpaHeHHs
craporo siapa. [Ipy ycTaHOBKe MakeTOB B KOH(UIypaTOpe €CTb BO3MOXKHOCTb
OTKa3aTbCsl OT YCTAHOBKU HOBOTO SIJpa.

2. Debian Sid no ymo/suaHuI0 UCTIONB3YET 3arpy3Ky M0 3aBUCHMOCTSM B OTJIHUNE
OT TPAAULMOHHOH MOCJeN0BATEeJNbHOU 3arpy3kd, UTO MPUBOAUT K MpoOJjaeMam
UHUIMAIU3alUK1 BUaeoKapThl. [Ipobsema pelieHa nyTém coxpaHeHUs MOCJe0-
BaTeJIbHOW 3arpy3KH (P MOMOIIM KOH(UTYpaTOpa).

3. CucreMHasi mporpamMMa JAHHaMHUYeCKOH reHepaluud ¢ajos yctporicts Udev B
BepCHUSIX BbIIe 175 He MOXKeT OMpelNesuTh YCTPOHCTBA BBOAA AAHHBIX MOLIY-
neii. [Ipobsema peiena otkasom ot o6HoBseHHs Udev B cocTaBe Haya/bHOTO
o0pasa CUCTEMBI.

4. CepBep rpaguueckoro okpyxenus X.org He Cloco6eH ONpeaesuTb YCTPOUCTBA
BBONA. [laHHasi mpo6sieMa HaXOAMUTCS B CTAUU PeLIeHHUs.

YcranoBka OpenMPI kak B Debian Sqeeze, Tak u B Debian Sid He BrI3BIBaeT
0COOBIX 3aTpynHEHUH, TpeOyeTcsl MPOCTO YCTAHOBUTH MaKeThl openmpi u openssh ¢
MOMOLLBIO CTAHJAPTHOTO NAaKeTHOr0 MeHeaKepa.

Pa6oTocnoco6HOCTb MOJAYyUeHHOH KOH(UTypalluK Obljla NpOBepeHa MyTEéM KOMIIH-
JSILIMK W 3aMycKa psifia MPOCThIX MapaJesbHblX NPOrpaMM.
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3akJjrueHue

B nanHo#l cTaThe Obla pacCMOTpeHa 3ajiaua BbIOOpa U YCTAHOBKU MPOrpaMMHOIO
obecriedeHHst Ha BBIUMCJIHUTEJbHBIE MOLY/b KiaacTepHo#l cucrembl MBC-1000/128.
OcHoBHasi nmpo6JjieMa NpH pellleHWH NAaHHOH 3ajaud 3akJjioyasjach B TOM, UTO BbI-
UHUCJUTENbHBIH MOILY/Jb MMeeT BecbMa CrelU(pHUUecKyl0 U BO MHOIOM YCTapeBILYIO
annapaTtHyto njatdopmy. B xome paboTbl Obla1 MpoBenéH BbIOOp MOAXOASILLEH oOfle-
pPaLlMOHHOH CHUCTEMBl W NPOrpPaMMHOr0 oOecrnedyeHUs IJ5 MOANEPKKH HCIOJHEHUS
napaJiyie/ibHbIX porpaMM. BeiOpaHHas onepanyoHHas CHCTeMa U HeOOXOAHUMbIE MPO-
rpaMMHble MaKeThbl OblJIK YCIELIHO YCTAHOBJEHbl HA BBIUUCJAUTEJNbHBIH MOLyJb. Pa-
60TOCNOCOOHOCTh MOAYJA Oblaa MPOTECTHPOBAHA.

OCHOBHBIM pe3y/nbTaToM paboThl SBJSETCS MOoJyueHHe paboTOCMOCOOHOrO BbI-
YUCJUTENBHOIO0 MOAYJS, MOAAEPKHBAIOLIEr0 COBPEMEHHYIO Cpelly HCIOJHeHUs Na-
pannenpHbix nporpaMm — OpenMPI. [lanbHefiiine pa6oTsl OyayT HanpasJeHbl Ha
CO3JlaHHe KJacTepa, COCTOSILIEero M3 MOAOOHBIX MOAYJeH U TeCTUPOBAHHE IMOJyYeH-
HOTO KJacTepa.
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ABTOMATHU3HUPOBAHHOE TECTUPOBAHHUE
CJIO2KHOCTH AJITOPUTMOB C IIOMOIIbIO
MOCK-OBBEKTOB

E.A. Tromenues

B craTtbe onuceiBaeTcsi crnocod TECTUPOBAHUS AJTOPUTMUYECKON CJOXKHOCTH aJi-
ropuTMoB Ha ocHoBe Mock-06beKTOB, MO3BOJAIOUIMKA aBTOMATH3UPOBATh IPO-
BEpPKY, UCCJ/IeN0BaTh U KJaCCH(PHULHUPOBATL aJTOPUTMBl C TOUKH 3pPeHHs CJI0XKHO-
CTH, [axKe ec/M WX peasusallusi HeH3BeCTHA.

[IpakTuueckn mss JM0OG0H 3agayd CyIIECTBYIOT PasJHuHBIE CIIOCOOBI pelleHus,
KOTOpble OTJIMYAITCS IPYr OT ApPYyra aJrOPpUTMHUYEcKO# cioxkHOCTbio. Hampumep,
B KJacce IByHamnpaBJ/eHHBIH crnucok list<T> snementoB tunma T ectb Mmeron int
Count(), KoTopbl#l Bo3BpalllaeT KOJHUECTBO 3JEMEHTOB B 3TOM crucKe. CyllecTBYIOT
1B 0YeBUIHbIE BO3MOXXHOCTH (XOTSI BAaPHAHTOB, Ha CaMOM feJie, GOJIbIIIE):

e Knacc list<T> XpaHUT KOJIMYECTBO 3JEMEHTOB CIIUCKA B CIELHATbHO OTBe-
nEéHHOM 11 3Toro mnose. Torma meton int Count() 6ymeT MMeTb CJI0XKHOCTb
O(C), rne C' — KOHCTaHTA.

e Meron int Count() mepe6upaeT Bce 3/7eMeHTHI CIHUCKA AJs TMOACUETA KOJHYe-
cTBa aseMeHTOB. Torma 3To Meron OyneT MMeThb CJ0XKHOCTb O(n), Tae n —
JIJIMHA CITHCKA.

Uro6bl BEIOWpATh NpaBUJ/bHbIE CIOCOOB! pellleHHs, TPOrpaMMHUCTy HeOOXOAUMO 3HATh
UX aJrOPUTMHYECKYI0 CJ0kKHOCTb. Haubosee pacrnpocTpaHEHHBIM METOAOM OLIEHKH
CJIOXKHOCTH $IBJISIeTCSl e€ sBHOe BBIYMCJIEHHE I0 HUCXOAHOMY Kony. K coxanenwuo,
UCXOIHBbIH KO NOCTYIleH He BCerna, a Takoih MeTol TpebyeT onpeneséHHON KBaJsu-
(puKaUuMu OT MporpaMMHCTa U py4yHOH paboThl. B HacTosiliel ctatbe OyneT OnucaH
MOAXOA K HAMHUCAaHHI0 aBTOMATH3UPOBAHHBIX TECTOB Ha AJTOPUTMHUYECKYIO CJIOXK-
HOCTb MPOrpaMMHOro koga Ha ocHoBe Mock-06beKTOB.

Onpenenenne 1 (Mock-06bekT). O6beKT-UMUTALUS peasbHOr0 0ObeKkTa Mpo-
rPaMMHOTO OKPYXKEHHsI, peasu3yroliasi TOJbKO HEKOTOpbIe acleKThl PeasbHOro 00b-
eKTa C LeJIbl0 TeCTUPOBAHUS OMPEIeIEHHOTO MOBEAEHUsI TPOrPAMMHOTO OKPYKEHHSI.
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Mock-06beKkTbl He SBJSIOTCS OUOMMOTEKOH WM KOHKPETHOH TEXHOJIOTHEH Te-
CTHUPOBAHHS, OHU TPEACTABJSAIOT COOOH CJOXKHBLIYIOCS METOLOJNOTHIO TECTUPOBAHHUS
00BEKTHO-OPUEHTHPOBAHHOT'0 MPOrpaMMHOr0 obecriedeHusi, OCHOBAHHYIO Ha TPHH-
nune oobpamenuss 3aBucumocteil (The Dependency Inversion Principle) [1]. Ilo-
npobHee 06 HUCTOPUM BBIPAOOTKHM MPaKTUKH TpuMeHeHHss Mock-00beKTOB MOXHO
MpouuTaTh B [2]

CyTb mpenJaraemMoro crnoco6a TeCTHPOBAHUS MOXKHO BBIPA3UTb CJENYIOLIEH lie-
MIOYKOW YTBEPXKIEHUH:

AJH‘OpI/ITMI/I‘-IeCKaH CJIO2KHOCTb NpPAMO 3aBUCHUT OT KOJMYECTBa M COCTaBa Olle-
paum?l, BbINTOJIHEHHBIX HaJ BXOJHBIM Ha60pOM JAaHHBIX.

Onepauusi B 00be€KTHO-OPUEHTUPOBAHHOM IMPOrPaMMUPOBAHUU IPENCTaBJsET
co0oH MoBeJieHHe HEKOTOPOTo 0ObeKTa.

[loBeneHne o6bekTa OMUChIBAET KAKOW-IHO0 HUHTeP]eHiC.

Mock-06bekT nmonmeHsieT co60i peasibHbIH 0OBEKT C Le/bI0 NPOBENEHUS Te-
CTUPOBAHHS.

[Tonmena peanbHoro o6bekta Mock-00bEKTOM TPOUCXOAUT 3a CUET TOTO, UTO
006a 3TUX 00beKTa peasu3ylOT OAMH U TOT Ke HHTepdelc, a mporpamma B
11€JIOM J0JI)KHA YAOBJETBOPSITh MPUHIHUIY MOACTAHOBKH JIMCKOB [3]

CaienoBaTeibHO, UTOOBl OMPENEJNUTb AJrOPUTMHUYECKYIO CJOXKHOCTb KaKoro-
Jaub0 anropuTMa, HeoOXOAUMO MPELOCTABUTh 3TOMY aJArOPUTMY BMECTO peaJb-
HbIX 06beKTOB Mock-o00bekThl. Kaxknbiii Mmeton Mock-o6bekTa Oymet cuntath
KaxXJbli coOcTBeHHBIH BbI30B. [locje Toro, Kak TecTUPyeMbld alrOpUTM 3a-
BEPIUUT CBOIO paboTy, OyIeT U3BECTHO, CKOJIbKO KaxKAbIH MeTOo[ OblJ BbI3BaH.

Ocraércst TOJIBKO NPOBEPUTH 3HAYEHUS] COOTBETCTBYIOLUIMX CYETUYHUKOB B 3aBH-
CUMOCTH OT KOJHMYECTBA BXOJAHBIX JAaHHBIX.

[TpousnntocTpupyeM BbIYMC/IEHHE aAATOPUTMHYECKOH CJOXKHOCTH Ha TNpHMepax.
st npumMepoB Obla1 vcnoab3oBaH C++ u komnuastop MSVS 2010. [Ipennonoxum,
4TO y Hac ecTb OMHapHOe JiepeBO C onepauued BcTaBkHU Insert.

template<typename T> class Tree

{

struct TreeNode

{

TreeNode (T consté& value)
{
this->value = value;
left = 0;
right = 0;
}
TreeNode* left;
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TreeNode* right;
T value;

bi
public:

Tree() { root = 0; }
void Insert(T const& value)

{

if (0 == root)
root = new TreeNode(value);
else

_insert(root, wvalue);

private:

void _insert(TreeNode *root, T const & value)
{
if(value == root->value)
return;
else
{
if(value < root->value)

{

if(0 == root->left)
root->left = new TreeNode(value);
else

_insert(root->left, wvalue);

}

else
{
if(0 == root->right)
root->right = new TreeNode(value);
else

_insert(root->right, wvalue);

TreeNode *root;

}s

MBI XOTHM MPOTECTHPOBATH CJOXKHOCTh BCTABKH B HaHHOe nepeBo. Ijis 3TOro
coznanguMm Mock-o6bekT — kaace A. Cj0XKHOCTh OyleM CYMTATh B OMepalusx ure-
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HUS M 3aMHCH JAHHOTO 00beKTa (MpH HEOOXOAMMOCTH MOXKHO Obllo Obl CUHMTATh U
KaXKyl0 OIllepalyio B oTaeabHOCTH). K MUIIymum onepaunsM oTHECEM KOHCTPYKTOP

KOTIUM U onepaTop npucBauBaHus. K unutawominm onepauusim - ==, < .
class A
{
public:
A(): someValue(0){}
A(int wvalue): someValue(value) {}

A(A consté& other)
{
++other.writeCounter;
this->someValue = other.someValue;
}
A& operator=(A consté& other)
{
++other.writeCounter;
this->someValue = other.someValue;
return *this;
}
private:
int someValue;
public:
static int readCounter;
static int writeCounter;

static void Clear()
{
readCounter = 0;
writeCounter = 0;

friend bool operator==(A consté& al, A const & a2);
friend bool operator<(A const& al, A const & a2);

}s

int A::readCounter = 0;
int A::writeCounter = 0;

bool operator==(A const& al, A const & a2)
{

++al.readCounter;

return al.someValue == a2.someValue;
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bool operator<(A const& al, A const & a2)
{

++al.readCounter;

return al.someValue < a2.someValue;

bool operator==(std::pair<const A, int> & pl,
std: :pair<const A, int> & p2)

return pl.first == p2.first;

Xopollo M3BeCTHO, YTO B XYAILEM CJydae BCTaBKa n 3JeMeHTOB B OUHapHOe
NlepeBo MoKMCKa UMeeT CJI0KHOCTh nopsaka O(n?). [lpoBepuM 3T0 Ha mpuMepe:

Tree<A> tree;
for(int 1 = 0; i < 1024; ++1i)
{

tree.Insert(A(1));

cout << "Insert 1024 items to nonbalanced tree: read "
<< A::readCounter << " write "
<< A::writeCounter << endl;

BriBog Ha KOHCOJIb:

Insert 1024 items to nonbalanced tree:
read 1047552 write 1024

[Tosnyyaem n % (n — 1) omepauuii 4TeHHs, U N OMepalHil 3aMUCH, UTO B CyMMe TaéT
n? 061Iero Yucsaa onepaumi.

B Hausyumem ciydae BCTaBKa n 3JeMEHTOB B OMHApHOE JEpeBO MOMCKA HMeeT
cnoxHoeTh nopsiika O(n * logy(n)). Hanumem crnenuanbHyo (QyHKIHMIO BCTaBKH,
KOTOpasi HaM 00eCleuuT HaWIydlIni caydai:

void Insert(Tree<A> & t, int 1, int r)
{

int val = (l+r)/2;

t.Insert(A(val));

if(l!= val)
Insert(t, 1, wval);
if(r - val > 1)
Insert(t, val, r);
else
if(r-val == 1)
t.Insert(r);
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Tenepb npoBeprUM KOJHMUECTBO ONepaLMil:

Tree<A> tree;

Insert(tree, 0, 1023);

cout << "Insert 1024 items to nonbalanced tree: read "
<< A::readCounter << " write "
<< A::writeCounter << endl;

BriBog Ha KOHCOJIB:

Insert 1024 items to nonbalanced tree:
read 41483 write 1024

log,(1024) = 10, a, c/aenoBaTesbHO, HCCAeIyeMbI HAMH Clydadl MMeeT CJOXKHOCTb
nopsiaka C' * O(n x logy(n)).

OueBHIHO, UTO PACCMOTPEHHBIH KON HECJO0XKHO Mpeo6pa3oBaTh B aBTOMAaTHue-
CKHU TecT Ha 6a3e OJHOH M3 U3BECTHBIX OUONMOTEK [Jisi OPraHM3alUHM TECTHUPOBA-
HHUS.

TakrM cnoco6oM MOXKHO TeCTHPOBAaTh M MCCJEN0BaTb HE TOJBKO COOCTBEHHble
KJIacChl, HO U cTOpoHHMU Kon. Paccmorpum kaaccwl list<T> u map<Key, Value>
cranpaptHod 6ubauoteku STL s3eika C++. 3ameTrum, 4yTo B KadectBe Mock-
00bEeKTa MOXKHO HCIOJIb30BAaTh TOT K€ CaMbli KJacc A, KOTOPBIH MPUMeHSJICS AJs
TeCTUpPOBaHHUA KJacca Tree.

HM3BecTHO, 4TO BCcTaBKa B cnucok uMeeT nopsipok O(C).

list<A> list;
for(int i = 999; i >= 0; --i)
list.insert(list.begin(), A(i));
cout << "Insert to list: read " << A::readCounter
<< " write " << A::writeCounter << endl;

BriBox Ha KOHCOJIB:
Insert to list: read 0 write 1000.
B xyniuem ciyuyae omnepauusi OUCKa B JJUHEHHOM CIIUCKe HMeeT TNopsiiok O(n)

find(list.begin(), list.end(), A(999));
cout << "Find in list: read " << A::readCounter
<< " write " << A::writeCounter << endl;

BbIBOL Ha KOHCOJIB!
Find in list: read 1000 write O.
BcraBka n a/1eMeHTOB B map MMeeT CJIOKHOCTb nopsinka O(n * logy(n)).

map<A, int> map;
for(int i = 0; i < 1024; ++1i)
map[A(i)] = i;
cout << "Insert to map 1024 items: read " << A::readCounter
<< " write " << A::writeCounter << endl;
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BhIBo# Ha KOHCOJIb:
Insert to map 1024 items: read 31828 write 2048

[To BBIBOMYy Ha KOHCOJIb BHAHO, YTO NMPH BCTaBKe B map BCTAaBJsSeTCS He caM 3Je-
MEHT, a ero KOmusi, 4To AJjsi 60JblIUX 00BeKTOB 6e3 pa3feseHusi COCTOSHUS MeXIY
9K3eMIJIsipaMH MOKeT MPHUBECTH K HaKJaAHbIM pacxoiaM, CBOIASIIUM Ha HeT Ipe-
MUMYLIECTBA OT MCIIOJNb30BaHUS map.

B Hacrositie#l crtaTbe Obl pPacCMOTPEH MOAXON K peanu3alud TeCTUPOBAHHS
AJITOPUTMHUYECKOH CJOXKHOCTH 0ObeKTHO-OPHEHTUPOBAHHBIX CUCTEM C NPUMEHEeHHeM
Mock-00beKTOB, MO3BOJISIOLIHH:

® aBTOMAaTHU3UPOBATb INPOBEPKY aJTOPUTMHUYECKOH CJIOKHOCTH MCIIOJb3yeMOro
pelleHus;

® BLIYHUCJATDH pr,U,OéMKOCTb B T€PMHHAX BbIITOJHAEMbBIX onepaum‘/’l;

® KaK CJIEACTBHE MPEeAbIAYIIET0 MyHKTa, IPUMEHATb KOJUYECTBEHHbBIE KPDUTEPHUH,
He 3aBHCdIIHe OT BbIYHUCJIHUTEJBbHOI'O YCTpOﬁCTBa, IIph OINHCAHUU Tpe6OBaHI/Iﬁ
K MMPON3BOAUTEJIbHOCTH;

® [HCCJeJOBaTb U KﬂaCCI/ICpI/ILlI/IpOBaTb AJITOPUTMBI C TOYKH 3pEHUA CJO0XKHOCTH,
Aaxe ecJii UX peasiu3dallyisd HEM3BECTHA,

® TIDUMEHSATH pa3pa60TaHHb1e TECThl U Ha pe€aJibHbIX NAaHHBIX.
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OB30P PEHIEHUU JJI9 PEAJIU3AILIMA ITPOTOTHUIIA
3AMKA MOBHUJIbHOY BUOMETPHUYECKON CUCTEMBI
JOCTYIIA M-BLOCK

A.A. KopoBsaHcKui

B cratbe paccmaTpuBalOTCS CYILIECTBYIOIME CPeICTBa /IS peasu3allu MpoTo-
THMNAa 3aMKa MOOUJIbHON 6HOMeTpHUecKol cucTeMbl noctyna M-Block. B pesysb-
TaTe CPaBHUTEJNBHOTO aHA/INW3a ONpelesseTcss Hanbosee MOAXONSIIEe pPelleHHe.

Beenenue

[Tpu peanusaunu n060ro NporpaMMHO-annapaTHOro KoMIiekca 00Jblloe 3Haue-
HHMe MMeeT 0030p, CPaBHUTEJbHBIN aHaMU3 U BbIOOP HauboJiee MOAXOASLIErO CpPej-
CTBa sl peanudauuu. MoTUBaLKeld HaNMCaHUSl JAHHOW CTATbU SABJISIETCS pPelleHHe
NAHHOM 3aJauu [Jis MPOTOTHIA 3aMKa MOOWJIbHOW OHOMETPHYECKOH CHCTEMBI J0-
cryna M-Block, paspabaTbiBaemoii Ha (pakysnbreTe KOMIbIOTepHbIX Hayk OMIY um.
®. M. JlocTOEeBCKOTO.

Buomerpuyeckas cucrema gocryna (bCJ) — 3To nmporpamMHoO-anmnapaTHbId KOM-
TJIeKC, pellarolMi 3a1ady pasrpaHHueHrss (PU3UYECKOro AOCTYMNa K LieJeBOMY 00b-
eKTy NMyTEM INpPOBepKH OHUOMETPUYECKHX NAaHHBIX. TakuM 00pa3oM, AJ5 OTKPBITHS
IBepell MCMOoNb3YI0TCS ClelranbHble 3aMKH U OMOMeTpHUUeCKHe aJIrOPUTMBbl, BepH-
(uuupyollde YyesoBeKa MO OTMeyaTKy MaJjblid, BHEUIHOCTH, FOJOCY WU APYyromy
6romMeTpUUyecKoMy (aKTopy.

B ocnoBe M-Block nexur mpes ncnosb3oBaHUs BO3MOXKHOCTEH CMapT(OHOB H
IPYTUX COBPEMEHHbIX MOOUJbHBIX YCTPOHCTB [Jifl CO3[aHUS MHHOBALIMOHHOH U MpO-
MbllIIeHHO 3HauuMod MobusbHOH BCJI. Cuctema noskHa obecrneyuBaTh BbICOKHH
ypOBeHb 0€30MaCHOCTH, NOAJEPKUBATh Pa3JHUHble (PaKTOPbl OHOMETPUYECKOH aBTO-
pU3aLMHU U UMETb BO3MOXKHOCTb LIEHTPAJM30BAHHON U MPOCTOU HACTPOUKH MOJUTHK
LOCTYyTa.

Ha puc 1. npencraBnena npunuunuasibias cxema M-Block. Tpu kitoueBbIx KoM-
TIOHEHTa CUCTeMbl: MOOMJIbHOE MPUJIOKEHHUEe, IPUJIOKEHUE 3aMKa U NIPUJIOKEHHEe cep-
Bepa.

[locnenoBaTeibHOCTD COOBITUH MPH B3aUMOAEHCTBUU MOJb30BATE/SA C CUCTEMOH:

1. Ilonb3oBaTesib MOAXOAUT K ABEPU C LEJbI0 OTKPBITH €8.

Copyright © 2013 A.A. KopoBsiHCcKuit
Owmckuit rocynapcTBeHHbIH yHUBepcuTeT UM. ©.M. JlocToeBCKOro
E-mail: korovyansk@gmail.com
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CepBepHoe
______ agmMuHucTpaTop
npunoxenne | _ ____------

[]

Deepsb 1 Neepsb 2 Neepb N

C 3amok 1 C 3amok 2 C 3amok N

Mo6unbHoe
nosnb3oBaTernb % npunoxexHune

Puc. 1. Cxema M-Block

2. Mo6unbsHoe npusoxeHue M-Block ycranaBnvBaeT 3alIUIEHHOE COeNHHEHHE
¢ npunoxenuem 3amka M-Block.

3. TlpunoxkeHue 3amMka nepenaér MOOHJBbHOMY TPHJIOKEHHIO HEOOXOOUMYIO HH-
(dopMauuio ans BepuduKauuu (HampuMmep, Kakve OHOMeTpPUUYECKHE NaHHbIe
HY?KHO TMOJYYUTb OT MOJIb30BATES).

4. Tlonb3oBaTesb ¢ MOMOLIbIO MOOUJBHOIO MPUNOXKEHHS (OpMHUpPYeT HeOOXOAHU-
Mble GMOMeTpHYeCcKHe JaHHble 1Js Bepu(UKALWK (HAmpUMep, IJs TOJOCOBOH
O6UOMeTPHH — LHU(POBYIO 3aMUCh ONMpeneNEéHHOH (Dpasbl).

5. Mob6usbHOe MpUJIoKeHHe MepenaéT chOPMUPOBAHHBIE TAHHbBIE 3aMKY.

6. IlpunoxkeHue 3aMKa yCTaHABJAMBAET 3AILHMIIEHHOE COeTHHEHHE C CEPBEPOM, TIe-
penaér emy 6MOMeTpHUUeCKHe NaHHble U APYTyI0 HeOOXOAUMY UH(OPMALHIO.

7. CepBep M-Block 3anyckaer Heo6xonMMblli OHOMETPUUECKHUH aJTOPUTM, BEpH-
(uLHpYyeT U aBTOPHU3YyeT MOJb30BaTENS.

8. CepBep coo0laeT NPUNOKEHHIO 3aMKa pPe3y/bTaThl BepU(PUKALUN U aBTOPHU3a-
LIMH.

9. B cnyuae mosioKUTEbHONO OTBETa MPHUJOKEHHE 3aMKa OTKpbIBaeT [Bepb, B
NPOTUBHOM CJly4ae I10/1b30BaTeJ0 MepenaéTcss MHpopMalus O MpPUYMHAX OT-
Kasa.
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Kak u no6as npyras BCI, M-Block siBasieTcss BecbMa ClI0XKHBIM NPOrpaMMHO-
anmnapaTHOM KomIsekcoM. bosee Toro, TpeGoBaHMS K Hed MOIYT MEHATbCH B IPO-
necce pa3paboTKH, TeCTUPOBaHUS U anpobauuu. [losTomy B mepByio ouepenb pas-
paboTKa CHCTeMbl JOJKHA HAYMHATBCS C peasnu3auuu paboyero NnpoToTHna, K KO-
TOPOMY MpebsIBJsETCs XKECTKOE YCJOBHE BO3MOXKHOCTH N00aBJI€HHS U HU3MEHeHHs
TpeOOBaHUU B Mmpolecce pa3padOTKH.

[lenbio naHHOW CTaTbU siBJsIeTCS 0030p KM BbIOOpP HauboJsiee MOAXOASILIErO CPeN-
CTBa AJI peajU3alry NPOTOTUIA aNlapaTHOH M NPOrpaMMHOM 4acTH 3aMKa.

1. Kpurepum oneHKu

Jlns onpenesieHyst sydlllero CpeiacTBa pellleHHsl MOCTaBJAeHHOH 3agaud Heo0Xo-
IUMO C(HOPMYJUPOBATb KPUTEPUM OLEHKH. Ba)KHO OTMETHUTb, UTO NepeyuC/eHHble
HUXKe KPUTEPUHM HMMEIOT 3HAUYWMOCTb JJIS peajnu3aluu NPOTOTHNA U MOTYT OBITh
HETOoAXOAAIUMU NPH BBIOOPE CPeNCTB A/ peasi3aluy NPOMBILITIEHHOH BEPCUH.

1.1. B3aumopneicTBuf C 2/J1eKTpOMeXaHMYECKUM yCTPOUCTBAMU

Jnst Toro, uTo6bl OTKPBEIBATH M 3aKPbIBaTh ABepb, 3aMok M-Block nosken B3a-
MUMOJEHCTBOBATb C TPOMBIIIJIEHHBIM 3JE€KTPOMEXaHUYeCKHUM NBepHbIM 3aMkoM. [lo-
3TOMYy YCTPOHCTBO HOJKHO 00513aTesIbHO MPeNOCTaBJAATb MPOrpaMMHO-annaparHble
BO3MOXXHOCTH [JIsl YIIPaBJIEHHS 3J€KTPOMeXaHUYECKUM MPHUBOIOM.

1.2. CkopocTts U yno0CcTBO pa3paboTKu

Jns nmporoTuna 6oJibllIoe 3HAUE€HHE MMeeT CKOPOCTb M ya00CTBO pa3paboTKH,
M103TOMY YCTPOHCTBO AOJIKHO MOJJePKHUBATh IPOrpaMMHUPOBAaHHE HAa BbICOKOYPOBHe-
BOM $I3blKe MPOrPAMMUPOBAHHUS C HUCIOJNb30BaHUEM ynoOHOH U addekTuBHoN IDE u
APYTUX HHCTPYMEHTOB pa3pabOTKH.

1.3. BbrunciaurenabHble pecypchl

[IpunoxeHue 3aMka B xofe cBoell paboOThl A0OKHO 0OMEHUBATHCSA COOOLIEHUSIMHU
Cc MOOHJIbHBIM TIpHJoXKeHHeM u cepBepom M-Block, ob6pabaTbiBaTh M mnepenaBaTh
3HauYuTeJIbHble 00bEMBI OMOMETpPUYECKHX AaHHbIX. [lo3TOMy /5 mpoToTHMna 3aMKa
CTaBsITCS cJenyiolie TpebOBaHUS: YacToTa mpoleccopa - He MeHee 128 MI, pas-
Mep omnepaTHBHOH naMmsaTH - He MeHee 100 MDB, pasmep BHYTpeHHe# maMsTH (WUJIH
nopkjaodaemoit) - He MeHee 100 MDB.

1.4. becnpoBogHoe B3auMoaeucTBHE

3aMoK J10/KeH yCTaHaBJ/MBaTb OeCHpOBOJHOE 3alIMLIEHHOE COelMHEeHHe C MO-
6unbHbIM mpusokeHHeM M-Block, mosToMy mpoTOTHN HOJIXKEH MOAAEepPKHUBATh KaK
MUHHMYM OIMH H3 COBPEMEHHBIX CIOCO00B 6eCrpOBOAHON TMepenaurd NAHHBIX Ha
HeOOMbLINX paccTossHUsAX - Bluetooth nan WiFi.
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1.5. BsaumopgencrTBue I0 JOKaJdbHOH CEeTH

3aMOK [0/IKEH yCTaHABJIMBAaTh 3alllMIIEHHOe coenuHeHue ¢ cepsepom M-Block,
MO3TOMY TPOTOTHI JOJI?KEH 00ecrneunBaTh MOAJNEPKKY MOMYJISPHBIX CTAHAAPTOB JIO-
KaJbHBIX cetedl Ethernet uau WiFi.

1.6. Crexk TCP/IP

Mcxonst M3 nocTaBseHHOH 3amayM, NPOTOTHI 3aMKa JAOJKeH obecleydBaTb pa-
6oty co crekoM npotokosoB TCP/IP u mpenocTaBisiTh BO3MOXKHOCTH peasn3aliy
6ezonacHoro npotokosa Ha ocHoBe TCP u UDP cokertos. TakxXe B KauecTBe TpaHC-
nopTa JJsi MPOTOKO/Aa B3aUMOJAEHCTBUS MeXJAy 3aMKOM M CepBepOM MOXKeT ObITb
BeiOpan HTTP, nostomy kpaiine xenatenbHa nognepkka HTTP/HTTPS npu npo-
rpaMMHPOBaHUU yCTPOHCTBA 3aMKa.

1.7. MHoro3aga4yHocCThb

[IpotoTn 3amKa [OO/KEH OTHOBPEMEHHO MOAJMEPKHUBATb CBSI3b C MOOWUJIBHBIM
npusoxkeHrueM u cepBepoM M-Block, mosTomy pelieHue [js MpoTOTHNA OJIKHO
MPeNoCTaBsATh CPEelCTBA AJsl OPraHHW3alMU MHOT03a1aqHOCTH.

1.8. JloxkyMeHTanus pa3paboTuuKa U MOAJepHKKa

KauecTBO HOKyMeHTallMM, HajJduMe CTOPOHHUX paclIMpeHUH, KOJUYeCTBO CTa-
Tell ¥ pa3/UUHbIX yueOHBIX MaTepuasoB B ceTH MHTepHeT, aKTUBHOCTb COOOLIeCTBA
pa3paboTUMKOB /151 KaXK[A0TO KOHKPETHOIO pelleHUsl — BCe 3TO SBJsSeTCHS OYeHb
Ba)KHbIM KpUTEpHeM [J/5 MPOTOTHUNA, TaK KaK MHUHHMHU3UPyeT BpeMs Ha pelleHHe
BOIPOCOB, BO3HUKAIIIKX B Npollecce pa3padOoTKH.

1.9. Croumocth

Jlns mporoTuna 3aMKa CTOMMOCTb He SIBJSIeTCS KJ/IOUeBbIM (haKTOpPOM, TaK Kak
MPOTOTHUI ABJSETCS YHHUKAJbHOW M eIUHUUHON peanusauueit. OnHako NaHHBIN Na-
pamMeTp HOJXKeH pacCcMaTpUBaTbCsl KaK NOMNOJHUTE/bHBIH W 3HAYUMBIH, B cCJjydae
paBeHCTBA B CPaBHEHWM peLIeHHH IO BbllLENepeYyUCIeHHbBIM KPUTEPUSIM.

2. CywmecTBywuye peumieHUus

Ha nanHBIE MOMEHT CyLIECTBYIOT pa3J/iMuUHble CPeNCTBa pelleHHs ChHOPMYJIHUpPO-
BaHHOH 3aaud. B xome MoATrOTOBUTE/bHOU paboThl aBTOPOM CTaThbU ObLJIO BbIAEJEHO
MOJAMHOXKECTBO MPEANOUYTUTENbHBIX PELIEHUH, TO eCTh 3aBeJOMO 6oJiee MOAXOASAIIUX
I/ TIOCTaBJEHHOW 3aJaud Cpeiu BCero crektpa pelleHUd. B ux uyucsno Bouliu
peiwieHusi Ha 6asze Arduino, AllWinner A1X, Android u Raspberry Pi. B pamkax
JNAHHOH cTaTbd OYAYT JeTasjbHO PAaCCMOTPEHbI BCe MPEeANOYTHTEJbHbIE DelleHHs U
B pe3yJibTaTe CPAaBHUTEJNbHOTO aHa/ju3a Mo cOopMYyJHUPOBAHHBIM KPUTEpUSM OyAeT
BBISIBJIEHO HauOoJiee MOAXOSIIEE.
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2.1. Arduino

Pacumupsiemass annapaTHo-BbIUMC/AUTEbHAS MJAaT(OPMa, OCHOBHBIMH KOMIIOHEH-
TaMH KOTOPO# $IBJASIIOTCS MJaThl BBOAA/BbIBOAA, MOAKJ/OYAaeMble ILIMJAB U Cpela
paspaboTku Ha s3blKe Processing. Arduino mpensaraer passduHbBle MOAEH AT,
HO BCe OHH OCHOBaHBI Ha MUKpoKoHTpoJssepe Atmel AVR, umes: HeGoJbliIMe BHIYHC-
JIUTEJIbHYIO MOIIHOCTb ¥ pasMep 1o namsatu [1].

Tabauua 1. Arduino

Kpurepuii KommeHTapwuit Ouenka
Bsaumopeiictre | Arduino mnopuep»KuBaeT mpsiMoe MPOrpaMMHPOBaHHe +
c snekTpome- | noptoB GPIO, uTo siBsseTCs OMHOH U3 €ro CaMbIX CHJIb-
XaHUUECKUMH HBIX CTOPOH [2].
yCTpoHcTBaMH
Ckopoctb U yno6- | f3pik Processing, a takxe IDE nas nporpammupoBa- +/—
CTBO padpaboTku | HUsA Arduino sIBASIIOTCA MOCTAaTOYHO XOPOLIUMHU W MPO-
BEPEHHbIMH peIleHHsIMH, HO 3HAUMTEJIbHO TPOHUTPbIBaA-
IOT B CKOPOCTH M ynoOCTBe pa3pabOTKH COBpeMEHHBIM
BBICOKOYPOBHEBBIM $13bIKaM MPOrPAaMMHPOBAHHUS U COOT-
BetcTByomuM uM IDE.
Takke MpH HCMOJMB30BAaHUU OOJBLIOTO KOJIUYECTBA J0-
TOJTHUTENBbHBIX LIMJ0B MOXKET BO3HHKHYTb Cepbé3Hasi
npobsema HexBaTku GPIO pa3bémoB Ha nsate U Heob-
XOIMMOCTH B3aHMOMCKJIIOUEHHUS LINUJIJIOB.
Beiuncnutenbhble | Pemiennss Ha 6ase Arduino HMeT odeHb OrpaHHYeH- —
pecypchl HYI0 U $IBHO HENOCTAaTOYHYIO [Jisi MPOTOTHUIIA BBIUHC-
JIUTEJIbHYIO MOLIHOCTb. HacToTa MUKPOKOHTpOJJIEpa He
npesblllaeT 16 MTIL, a pasmep onepaTuBoil namsarty - 8
Kb [3].
BecnipoBonHoe Arduino mo3BosisieT peasnn3oBaTh GeCNPOBOAHOE B3au- +
B3aUMOAeHUCTBHE mone#ictBre no crangapram Bluetooth u WiFi 3a cuer
MCIIOIb30BAHHUS CIIELHATbHBIX MJ1AT WU/ TOAKJIIOYEeHHUS
NOMOJIHUTE/IbHBIX COOTBETCTBYIOLIMX LIMJAOB. Tak, Ha-
npumep, B3anmopeicTBue no Bluetooth BoaMoxHO 3a
cuét wucnoab3zoBaHue maatel Arduino BTArduinoBT
WM mopKJJaroueHus muiaga XBee [5].
Bzaumopeticteue | IlyreM nomkmioueHWss — JOMOJHUTEJNbHBIX  IIHJIOB +
1o nokanbHoi | Ethernet [7] u WiFi [6] Bo3moxkHa peanusauus
ceTH B3aMMOJEHCTBHSl 10 COOTBETCTBYIOLIEMY CTaHIAPTY
JokanpHo# cetu. [lpu stom msata Arduino moxer
BBICTYMATh KakK B poJiu KJaueHTa [9], Tak u cepsepa [8].
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Kpurepuii

KommeHTapuit

Ouenka

Crek TCP/IP

Cranpaprtable 6ubanorekn Arduino xapakTepusyroTcs
O4YeHb HU3KOYPOBHEBBIM IMOAXOAOM K peasu3alUu B3a-
uMonencTBusi mo mpotokosam creka TCP/IP u orcyt-
CTBUEM IOJAEPKKHU HEKOTOPBIX NPOTOKOJIOB HJIM OIpe-
IeJEHHBIX UX Bo3MoxKHocTe#. Hampumep, Arduino ne
nojaepKUBaeT B3auMoneicTere no nporokony HTTPS
N0 NpUYUHE HEeJO0CTATOYHOH BBIYMCJUTENBbHOH MOLHO-
CTH.

MHorosagadyHocTb

Arduino He ¥MeeT BCTPOEHHBIX CPENCTB A5 obecreye-
HHsI MHOrosajgadyHocTH. [lomgepkKka MHOr03agayHoCTH
BO3MOXKHA TOJIBKO 3a CYET HCIOJIb30BaHMS CIelHallb-
HbIX cTOpOHHHX Oubauotek uau RTOS [10]. Omnnako
06a BapuHaHTa MPUBEIYT K 3HAYUTENBHOMY YCJIOXKHE-
HHIO peasusalyu. B urore mHorosagaynoctsh B Arduino
IBJISIETCS BeCbMa MPOGJEMHBIM BOTMPOCOM € GOJIbIIHM
KOJIMYECTBOM <«ITOJBOAHBIX KaMHEH».

JlokymeHTaIHs
paspaboTuvka WU
NofIepKKa

Oduumnaneubiil cavit Arduino npegocras/sieT GoJbloe
KOJMYeCcTBO 00yyalollUuX MaTepHasoB M XOpOUIYIO JO-
KyMeHTalu pa3paboTurka. Takyke BOKPYr mJaatdop-
Mbl CyIleCTBYeT 00JbllI0Oe COOOLIECTBO aKTHUBHBIX pas-
pabOTUYMKOB, UTO 3HAYUTEJ]BHO OOJeryaeT mnpolecc pe-
LIEHHs] CJIOXKHBIX BOINPOCOB, BO3HUKAIOLIUX B Mpolecce
pa3paboTKH.

CrouMocCThb

80€ [11]

2.2,

Raspberry Pi

OnHonyaTHEI KOMIIBIOTEP Pa3MepoM C KpPeIUTHYIO KapTy, MUMeIOoLIUH annapar-
Hble XapaKTepUCTHUKH, NOCTAaTOYHble 1J/151 KOM(pOPTHOH pabGOThl COBpPeMEHHBIX HeCK-
TOMHBIX U MOOMJIbHBIX ONEpPallMOHHBIX cucTeM. 3a cuét Haauuus 26 noproB GPIO u
curHaspHoro mnpoueccopa Raspberry Pi npencraisier xopoline BO3MOXKHOCTH [J15
pa3paboTKH Ha ero 6ase pa3jMUHbIX MPOrpPaMMHO-aNNapaTHLIX pelleHud [12].

Tabauya 2. Raspberry Pi

Kpurepuii KommeHTapuit Ouenka

Bsaumoneiicteue Raspberry Pi umeer 26 nopros GPIO u nonnep:xxupaet +

c 3JIeKTpoMe- | UX npsimoe nporpammupoBanue [13]. Takxke cTOHUT OT-

XaHHYECKHMHU MEeTHTb (paKT CyILIeCTBOBAHMS MpoeKTa raspberry-gpio-

yCTpoOHCcTBaMU python, nossoasitomero ynpasaste GPIO Ha Bbicoko-
ypoBHeBOM si3bike Python [14].
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Kpurepuii

KommeHnTapuii

OueHka

CkopocTb U yno6-
CTBO pa3paboTKu

Od¢ununanbHO OAAEPKUBAEMBIM SI3BIKOM [J151 pa3paborT-
K1 TnipusnoxkeHu# Ha Raspberry Pi sBasercs Python
[15], mast KoTOpOro cyuiecTByeT GOJIBIIOE KOJIUYECTBO
pasnuunbeix [IDE. O6a 3tu dakTopa obecrnedynBarT Xo-
polIve BO3MOXKHOCTH [JisI CKOPOCTHOH U KOM(DOPTHOH
paspaboTtku npusoxenui nox Raspberry Pi.

_|_

BriuncaurenbHble
pecypcel

Raspberry o6samaet noctaToyHbIMA (PU3HUECKUMH Xa-
pakrepuctukamu, umes: 700 MI' npoueccop, 256 nau
512 MDB nawmsary [15] ¥ BO3MOXKHOCTb MOAKJIHOUYEHHS 10
32 I'b BHelHe# maMsTH.

BecnpoBonHoe
B3aUMOAeHUCTBHE

Peanuzauusi BsaumopmeilictBusi no Bluetooth u WiFi
BO3MOXKHa myTéM mnonkiaiouenns kK USB  mopty
Raspberry Pi WiFi/Bluetooth aganrepa.

Bsaumonerictsue
o JIOKaJIbHOH
CeTH

Raspberry Pi mnpenmocraBssieT BCTpoeHHble CpeNCTBa
17 nonuep:kKku cranpapra Ethernet u 3a cuér pacuu-
peHUst mo3BoJsieT obecneunTb nopaepxkky WiFi. Ilpu
stroM Raspberry Pi MoxkeT BbicTynaTh Kak B POJIH KJH-
eHTa, TaK 4 B POJIU cepBepa.

Crek TCP/IP

CraHpgapTHOH omepalMoHHOH cucTeMol Raspberry Pi
sBasiercsi Raspbian [16] — onTuMu3upoBaHHas U Tpel-
HacTpoeHHast Bepcusi Debian. Raspbian conepxur B ce-
Oe moJiHOLEHHYI0 peanusauuio creka TCP/IP, mpeno-
CTaBJsisl HeoOXonUMble cpecTBa st co3nanus TCP u
UDP coxketoB, a Tak:Ke B3aUMOIEHCTBUS M0 MPOTOKO-
aam HTTP u HTTPS.

MHorosagadyHocTb

Raspbian, takxe kak u Debian, siBiseTcsa MHoOro3anau-
HOU OnepalMoHHOU CHUCTEMOH.

HoxymeHntauus
paspaboTuvka U
noJIepxKKa

Jns Raspberry Pi B cetu WHTepHer MoXHO Haii-
TH O0O0JIbIlIOE KOJNWYECTBO [IOKYMEHTALWHW M pasnd-
HBIX y4eOHBIX MaTepHuaJsioB. Takxe Bokpyr Raspberry
Pi cdopmupoBasoch 60./bl10e W OYeHb AKTHBHOE CO-
o611ecTBO pa3pabOTUHKOB, KOTOPOe aKTHBHO pa3BHBa-
eT naatdopMy, KaKAbIH AeHb MOSBJSIOTCS HOBBIE CTa-
TbU O pElIeHUH CaMblX PA3JHUHBIX 3a/lau C MOMOLILbIO
Raspberry Pi. Bce 3To nosBossieT oueHb OGbICTPO Haxo-
IUTb OTBET Ha pa3JiMUHble BOMPOCH], BO3HUKAIOLIHE B
npolecce paspabotku aJs Raspberry Pi.

CroumMocThb

21.60€ [17]
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2.3. Android

OTtkpbiTasi MoOW/IbHAsI OMepalHoOHHAas CHUCTeMa, OCHOBaHHas Ha suape Linux.
Ha naHHBI MOMEHT Ha pbIHKE TMPEACTaBJEHO OTPOMHOE KOJHUECTBO PA3JUYHBIX
yCTpOHCTB mox ynpasiaeHueM Android, B ToM yucse cMapT(OHOB, MJIAHILIETOB, JJ€K-
TPOHHBIX KHHI, IOMAIIHHUX MYJbTHMeIHa LEHTPOB, (hOTOANMNapaToB U TeJeBHU30-

pos [18].

Jns peleHus copMy/IUPOBAHHOH 3anayd HauboJee yaauHbIM (POPM-(PaKTOPOM
siBJIsleTCs CMapT(OH, TaK KaK MpU MPOUYUX PaBHBIX OH UMeeT KOMIAKTHBHIH pasmep,
HeoOXOAUMble anmnapaTHble BO3MOXKHOCTH M HauboJsiee KauyeCTBEHHYIO NOKyMeHTa-
uuto. [lostomy onenka Android OymeT naBaTbcs HMEHHO Ha OCHOBE BO3MOXHOCTEH
Android cmaprdonoB.

Tabauya 3. Android

CeTHu

Ethernet [19].

Kpurepuii KommeHTapuit Ouenka
Bzaumopeiicteue | CyuiectBytoiiue Android cmaprdonbl He umeror GPIO +/—
c 3JIEKTPOMe- | TIOPTOB M BO3MOXKHOCTEH /151 MPSIMOTO B3aWMOJEHCTBHS
XaHHUUECKUMHU C aJeKTpoMexaHHueckuMH ycrpoictBamu [19]. Tem He
yCTpOHCTBaAMU meHee, Android mpenmocraBssieT nBa 0OXOOHBIX pele-

Hus. [lepBoe 3ak/ro4aeTcss B MOAIEpPKKE B3auMomei-

CTBHSI ¢ BHeIIHMMH yctpodcTBamu mo USB [20], uto

MOAXOAUT He JJISi BCeX YCTPOHCTB M BHECET NOMOJHHU-

TEeJbHYI0 CJOXKHOCTb B peasid3alyio MpoToTHna. Bro-

pPbIM BapHaHTOM SIBJISIETCS B3aWMOJEHCTBHE B paMKax

nonxona Android ADK [20], npu 3ToM B momnojiHeHUH

K ycTpo#cTBY Ha 6asze Android misi peanusaunu nporo-

THIIA 3aMKa HeOOXOOMMO HCIIOJb30BaTh JONOJHUTENb-

HOe pelleHHe, HanpuMmep, miaty Arduino ADK.
CkopocTb U yno6- | CTaHAapPTHEIM $I3BIKOM /151 Pa3paboTKH MPHUJIOKEeHUH +
cTBO pa3pabotku | aas Android siBisiercs sisbik Java, a cranpaptHoit IDE

— Eclipse [18]. 9tu nBa (hakTopa obecneyuBarT Xo-

polIre BO3MOXKHOCTH [JiS1 CKOPOCTHOH U KOMQOPTHOU

paspaboTku Android mpusoxxeHUH.
BoiunciurtensHble | [lpakTndecku Bce coBpemeHHble Android cmaprtdoHbl +
pecypchl COOTBETCTBYIOT HEOOXOAUMBIM (PU3UYECKHUM TPeOOBaHU-

sm [19] B cuay Gosiee BBICOKMX MHUHHMAJbHBIX TPe6o-

Bauus 115 pa6otel OC Android [21].
BecnpoBonHoe [IpakTHueckn Bce CcOBpeMeHHble CMapT(OHBl Ha +
B3aUMOJIEHCTBHE Android conepxxat WiFi u Bluetooth monynu. [19].
Bsaumopneticteue | IlpakTHueckd Bce COBpeMeHHBble CMapT(OHB Ha +
1o JokasnbHo# | Android comepxxat WiFi mMomyab U He comep:kat mopt
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Kpurepuii KommeHnTapuii Ouenka

Crek TCP/IP OC Android comep>KHT MOJHOLEHHYIO peasn3almio cTe- +
ka TCP/IP, a Android SDK npenocraBJisieT Bce Heo6-
xonumble cpenctBa s cosnanuss TCP u UDP coketos
U B3aumopedcTBUsi o nportokosam HTTP u HTTPS
[23].

MtHorosagaunocts | Android siBisieTcsi MHOr03afauHoO# oOnepaluoHHON CH- +
CTEMOH, TaK»e MPeNOCTaBJsisi CTaHIAPTHbIE CPEACTBA
1Jis1 pa3pabOTKH MHOTOMOTOYHBIX TPUJIOKEHUE [24].

JokymeHTauus Oduunanbubiii caiit Android Developers comep:kut +
paspaboTyMKa U | WCUEpIBIBAalOllee KOJHYECTBO NOKYMEHTAUWH U yued-
MO IepPKKa HBIX MaTepuasoB Mo pa3paboTKe MPHUJIOKEHUH Ha Ga-

3e Android SDK. Takxxe Ha TeMy pa3pabOTKH MPHJIO-
)eHud aas Android 60 cnenaHo GoJiblIoe KosHue-
CTBO [OKJIQJIOB HAa Pa3JMUHBIX KOH(EepeHLHsX, HalH-
CaHO OTPOMHOe KOJIMUeCTBO CTaTed M OOCYXKAeHHH Ha
pasauuHbIX (hOpyMax.

CToMMOCTh Or $160 [25]

2.4. AllWinner A1X

CeMeHCTBO OMHOSIIEPHBIX OTHOKPUCTANbHBIX cHCTeM. Ha naHHBIE MOMEHT mpen-
craBjieHo pemenussmMu A10, A13, A10s u A31. Comepxut onno sapo ARM Cortex-
A8 kak ocHoBHo# nporeccop CPU u rpaduyeckuit npoueccop GPU Mali 400 [26].

Cawmoro no ce6e AllWinner A1X HenocTaTO4HO /51 pEllIeHUs TTOCTaBJEHHOH 3a-
llauyu, OJIHAKO Ha ero Gase CYIIEeCTBYeT psii HHTepecHBIX peleHuil: BeagleBone [28],
Hackberry [30], Cubieboard [27], Gooseberry [29] u psin npyrux. [Las mocraB/eH-
HOM 3a1a4M Hanbosee MOAXOASIIMMH BapHAHTAMH SIBJASIOTCS PeLIeHHs], ColepKallre
noptel GPIO u moctynHble ans 3akaza — 3to CubieBoard u BeagleBone. IlanHbie
YCTPOHCTBA BeCbMa CXO0XKU MeXKIYy COO0M M0 TeXHUYECKUM XapaKTePUCTUKAM U ObLIU
paspabotaHnbl mo3:xke Raspberry Pi ¢ 1esbio coCTaBUTb MOCTOHHYIO KOHKYPEHIHIO 3a
cuet 6oJjiee BBICOKHX amnapaTHO-BBIYUCIUTENbHBIX BO3MOXKHOCTEH TPH CPAaBHUMOH
¢ Pi uene. ITostomy ouenka AllWinner A1X Oymet naBaTbCsi HMEHHO Ha OCHOBE
Bo3MoxkHOcTe# CubieBoard u BeagleBone.
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Tabauua 4. AllWinner A1X

Kpurepuii

KommeHTapuit

CubieBoard

BsaumoneiicTBue

c 3JIEKTPOMe-
XaHHYECKHMH
yCTPOUCTBAMHU

BeagleBone u CubieBoard nonnepxusator nps-
Moe mporpammupoBanue mnoproB GPIO. nsa
BeagleBone 3To B0O3MOXHO 10 yMOJYaHHIO
cpenctBamu sisbika Bash [31], mas CubieBoard
HeoOXoAMMO mocTaBUTb Linux B KadectBe OC.

+ | BeagleBone

+
T

CkopocTb U yno6-
CTBO pa3paboTKH

[Tpenycranosnennoit OC nns CubieBoard sB-
asiercst Android, mporpaMmupoBaHHe KOTOPO-
ro BosmoxkHO Ha Java B Eclipse IDE. Hasa
BeagleBone npenycranosnennoit OC sBisietcs
Angstrom [32], mporpamMupoBaHHE KOTOPOTO
Bo3MoxkHO Ha JavaScrtipt B Cloud9 IDE [28].
[Tpu ycranoske Linux na CubieBoard pas Hanu-
CaHHMsI TIPOTPaMM MOXKHO Hcroab3oBaTh C/C++
u Eclipse IDE [27]. Bce mnepeuucneHHble Ba-
PHAHTBI IOJ/KHBI 00€CeurTb A0CTaTOYHO BbICO-
KYIO CKOPOCTb U YI06CTBO pa3pabOoTKH.

Briuncaurenbuble
pecypchl

CubieBoard u BeagleBone o6nagator no-
CTAaTOYHBIMU (DU3UUECKUMH XapaKTePHUCTHKAMHU.
BeagleBone: 720 MIu npoueccop, 256 MDB
RAM, BosMmoxkHOCTb nopkJoueHus no 32 I'b
BHellHe# namatu [28]. CubieBoard: 1 I'Ti npo-
ueccop, 1 'b RAM, 4 I'b Buytpenneii NAND
MaMsATH U BO3MOXKHOCTD NoAKJoUeHus 1o 32 ['b
BHellIHeH mamsitu [27].

BecnposonHoe
B3aUMOJEHUCTBHE

Peanusanusi Bsaumopedicteust no Bluetooth wu
WiFi TeopeTuueckud BO3MOXKHA MyTeM MOAKJIO-
yeHus1 K USB mopTy cooTBeTcTByIOLIMX afamnre-
pOB, OIHAaKO Ha MpaKTUKe COOOIIAeTCs O IMpo-
6JeMaxXx U HeOOXOOUMOCTH BHECEHHsS MaTded B
PO CUCTEMBI.

+/-

+/—

Bsaumonerictsue
o JIOKAJIbHOU
CeTH

BeagleBone n CubieBoard nmeroT BcTpoeHHBIH
Ethernet mopr u Bce HeoOxomuMble CpeACTBa
IJ1s1 HallMCaHMs KaK KJIHEHTCKHX, TaK U cepBep-
HBIX TPUJIOKEHUH.
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%
£ =
S <
o o
2 |5
¥ |5
. . P 3
Kpurepuii KommeHnTapuit /M &}
Crex TCP/IP Angstrom, Android, Ubuntu, kak u Bce apyrue | + +
nonynspuele Bapuantel OC s CubieBoard u
BeagleBone, nmeroT nosHoueHHy0 peann3anuio
creka TCP/IP u mpenoctaB/siioT HeOOXOAHMbIE
IJISl TIPOTOTHIA CeTeBble BO3MOXKHOCTH.
MHorozanaunoctb | Angstrom, Android, Ubuntu kak u Bce apyrue | + +
nonyaspHele Bapuantel OC nas CubieBoard u
BeagleBone siBnsitoTcst MHOr03agauHbIMU OMepa-
[IMOHHBIMUM CHCTEMaMH.
JoxkymeHTauus CubieBoard un BeagleBone sHauuTesbHOo mpo- | +/— —
paspaboTunka U | urpeiBaloT Raspberry Pi B kauecTBe moxymeH-
oA IePKKa TallMK pa3pabOTUMKa, MO KOJUYECTBY CTaTel U

00Cy2KJIeHUH, B pagMepe U aKTUBHOCTH CO00Ille-
CTBa pa3pabOTUYMKOB, MO HaJHUHIO CTOPOHHHUX
paclIMpeHUH U TNPUJIOKEHHH, a TaKxKe NPYTUM
CMEeXHBIM MapaMeTpaM.

Hanpumep, Ha mepBoil CcTpaHMlle BblIAUH
Google mo 3amnpocy «raspberry pi gpio» M0XXHO
HaHTH CCBHIIKY Ha CleLHaNbHO CO3NAHHYIO [JIs
3TOro GubaHoTEKY raspberry-gpio-python [14]
¥ ellé 8 oOyyarolnx cTaTell o 3TOMy BOIPOCY.
3anpoc «beaglebone gpio» — B BeHaue 6uGMHO-
Teku beaglebone-gpio nist sizeika C u 4 craThbu.
3anpoc «cubieboard gpio» — B Bblmaue TOJb-
Ko crenudukauun cubieboard u 6esycrneiHbie
o0cyK1eHHUs Ha popyMax.

CToMMOCTh CubieBoard — $60 [34]. BeagleBone — $89
[33]

3. 3akamuyenue

s CPaBHHUTEJbHOI'0 aHaJ/Jan3a U OUEHOK OJId KaXIO0TO0 pelleHHsa CJACOYET:

1. Haunbosee mnoaxomsiliuM CcpeacTBOM [Js peaqu3ally MPOTOTHNA 3aMKa
M-Block siBnsiercst Raspberry Pi, Tak Kak naHHoe pellleHHe MOJYUYHJIO IMOJO-
XKHUTeNbHBIE OLEHKH JJIS BCeX KPHUTEPHEB, He IMOJY4YUB HU OTHOH HEraTHBHON
OLIEHKH.

2. Arduino He MOXeT paccMaTpPUBAThCsl KaK BO3MOXKHBIH BapHaHT JJIsl PeLIeHHUs,
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10.

11.

12.

13.

14.

TaK KaK MMeeT HeCOOTBETCTBHS MO KPUTepUsM «Bbluuc/nTeNbHBIE pECypChi»
U «Ctek TCP/IP».

3. Android u AllWinner A1X cToWT mpu3HaTh MOAXOASIIMMH M BeCbMa XOpO-

IIUMH BapuaHTaMH JJsl TPOTOTHIA, HO MPOHMIPHIBAIOIIMMHU B CPaBHEHHH C
Raspberry Pi. Android — 13-3a He BO3MOXKHOCTH MPSIMOTO MPOrpaMMHUPOBAHUS
GPIO noptos, a pemienusi Ha 6aze AllWinner A1X — u3-3a HeIOCTAaTOYHOTO
KayecTBa NOKyMEHTAaLUH U HU3KOH aKTHBHOCTH COOOLIECTBA.
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BUXEBHOPHUCTUYECKAId UAEHTHPUKALIUA
ITPOLLECCOB

P.C. Ilpoxopos

B naHHO# cTaTbe paccMOTpeH MOAXOZ, MO3BOJSIOIINNA OCYILIECTBUTh UAEHTHU(U-
KalHIo Ipolecca 1o ero nosefeHuto. [lonxon ocHoBaH Ha npeo6pa3oBaHUM MO-
TOKa COOBITHH B NMOTOK KOHTEHHEPOB COOBITHH M UCMONb30BAHUU TAKOTO MOTOKA
IJ151 IOlaul Ha BXOJ HHTeJIJIeKTYaJbHOrO aHa/ju3aropa, II0CTPOEHHOIo ¢ MOMO-
b0 MYJbTHHEHPOHHOH ceTH. B KauecTBe «snpa» aHanW3aTOpa HCMOJNB3YETCS
NPUHLMIHMANBHO HOBasi CTPYKTypa KOMIIO3UTHOHM HeHPOHHOU CeTH, Ha3BaHHAas
MYJbTHHEHPOHHOU ceTblo. [logpo6HO omucaHbl BapvaHThl HUCIOJb3yeMBIX IIpe-
00pa30BaHUM, a TaKXKe CaMH HUCIOJb3yeMble IpeoOpa3oBaHUs.

BBenenue

[Tpo6sema upeHTU(PHUKALKNK MPOLECCOB BO3HHKAET B ILHPOKOM KJjacce 3anad 3a-
INATHl MH(pOPMALMH, TaKUX KakK OopbOa ¢ BPEIOHOCHBIM MPOrPAMMHBIM KOIOM, II0O-
CTpOeHHe 3aMKHYTOH MPOrPpaMMHON Cpefibl, MOJHUTHKA OTPAHWYEHHOr0 HCIO0J/b30Ba-
HMS TIporpaMM W apyrue. Ha ceromHsluHUE neHb Haubosbllee pacnpocTpaHeHHe
MOJNYUHJIM TIOXO/bl, OCHOBaHHble Ha aHaJu3e HCIHoJHseMoro Qaisaa, nubo aHaau3e
HeMoCpeACTBEHHO HcmnoJsHseMoro koxa [1]. MneHTudukauus nporecca MOXKeT Tpo-
U3BOIMTHCS 110 MMEHH HCIOJHAeMOro (Qaiaa, X3l-3Ha4YeHUH HCIOJHSEMOro Konaa
UJIM CUTHATYpPbl UCIOJHSEMOro Kofa. Bece aTH MeTonbl MOTYT ObITh MPEOAOJIEHBI 3J10-
YMBIILIJIEHHUKOM C MOMOLIbI0 MpeoOpa3oBaHUH HCIOJIHSEMOro KoJa, He BJIHSIOLINX
Ha ero (pyHKLHOHAJbHOCTb. HecMmoTpsi Ha TO, 4TO pa3pabaTbiBalOTCS BCE HOBblE U
HOBbIe AJITOPUTMbI CUTHATYPHOTO aHa/iu3a [2-4], Bcerna MOXKHO CO3/aTh ClelUalb-
HBI{ aJrOpUTM MyTalUH, OOXONSIILHUHA CBeXHe CUCTeMbl 3alUUThl. B CBfA3M ¢ 3TUM
0CTaéTcsl aKTya/bHOH 3afaua pa3pabOTKH TeXHOJNOTMHM HAEHTU(PHKALMHU Ipolecca
10 HEKOTOPOMY Habopy NPHU3HAKOB.

Kak sierko noHsTh, npo6jeMa nuaeHTH(PUKALKUK MPOLECCOB OTHOCUTCS K 3a1adaM
pacro3HaBaHus 06pa3oB M K Hell MOTYT ObITh MPHUMEHEHBI COOTBETCTBYIOIIME TeX-
HOJIOTHH HCKYCCTBEHHOTrO HHTeJJeKkTa. [JlaBHas mpobJema, ¢ KOTOPOH MPUXOAUTCS
CTaJIKUBAThCS, COCTOMT B (hOPMHUPOBAHUHU «00Opas3a» Tpolecca, KOTOPbIH, C OXHON
CTOPOHBI, OJHO3HAUHO €ro XapaKTepuayeT, a ¢ APyroi CTOPOHbI yCTOMYUB K BO3JeH-
CTBHUSIM HUCIIOJIHSEMOTO KOJa, He M3MeHSOINUM (YHKIHMOHAJ Mmpoliecca.

Copyright (© 2013 P.C. IIpoxopos
Owmckuil rocypapcTBeHHbH yHuBepcuTeT uM. .M. JlocToeBcKoro
E-mail: roman.evlikat.prokhorov@gmail.com
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BuxeBHOpUCTHUECKHI aHAJU3 SIBJSETCS YacTblo HMMYHHOH CHCTEMbl, TOCTPOEH-
HoM B paboTe [D], Te OH NOTOJHSETCS CUTHATYPHbIM aHasiu3oM. B pabore [6] npen-
JlaraeTcsl apXUTeKTypa HelpoceTeBOH CUCTEeMBbl aHA/IM3a MOBELEHHUS MPOLECCOB Orle-
PaLlMOHHON CHCTEMBbl peajbHOT0 BPEMEHH, HCMOJb3yeMBIX B CIHELHUAJHU3HPOBAHHBIX
BCTpaMBaeMbiX cucTeMax. B paborax [7,8] omucano dopmupoBaHue oOpasza MoBe-
JeHHUs TIpoliecca 1o ocoboil CTpyKType, HazBaHHoro cBoicTBoM (feature). [Ipunuun
3TOro (POPMHUPOBAHUS 3aKJIOYAETCS B MOBTOPEHHH NPUCYLIHUX NPOLEeCcCy CBOHCTB.

Wnes, nexaiiasi B ocCHOBe OMXEBHOPUCTUYECKOTO aHAJMM3a: CyObEKT MOXKET Bbl-
MOJIHATh TOJbKO Takue NeHCTBHS, KOTOpble eMy NpeANucaHbl. 3HAYUT, UMesi Habop
COOBITHH, CBA3aHHBIX C KaKUM-JIM00 CyOBEeKTOM, Mbl MOXKeM IOMBITAaTbCs OINpeje-
JIUTb, YeM SIBJISIETCS 3TOT CYOBeKT.

CaenyeT OTMETHTb, UTO 3ajadya HAeHTHU(HUKALUWHU Tpoliecca sBJseTcs 3anadeit
pacro3HaBaHMsl 00pa3oB. 31ech MOXKHO BBIIEJUTH Ba THIA 00pa30B: CTATHUECKHM
U ArHamuueckKui. CtaTHueckKuil o6pa3 UMeeT BCe NMPHU3HAKHU «3[eChb U cedyacy, emy
CBOWCTBEHHA MOJHOTa Habopa MPU3HAKOB — HCCJefyeMas CYyLIHOCTb He MOXKeT H3-
MEHUTbCS, B IPOTHBHOM CJydae 3To OyHeT yxe apyras cyuiHocTb. Hampumep, 3a-
Jaya pacro3HaBaHHsi 06pa3oB Ha KapTHHKe. [luHaMUuecKUH ke o0pa3 pacTSAHYT
BO BPEMeHH, eMy CBOHCTBEHHa MOTOKOBas NpHUpoAa (pOPMHUPOBAHUS — pPOXKJAEHHE B
rnporecce.

Takum o0Opa3oM, HEOOXOAMMO YYUTHIBATb 0COOEHHOCTHU (hOPMHUpOBaHHSA 00Opasa
cybbekTa. Takoil 0o6pa3 Takke OyIeT YCTOHUUB K He(yHKIHOHAJIbHOMY U3MeHEHUIO
Tesa CyObeKTa — HW3MEHEHHIO NMacCHBHOH YacTH, TO €CTb YacTH, He BJMSIOLIEH Ha
NOBeleHHEe 00BEKTa.

Hnst nanbHefIIero U3JoXKeHUs: He0OXOMUMO BbIIENUTb HECKOJBKO OCHOBHBIX I10-
HSATHH.

Obpasom cyObeKTa Ha30BEM CJiell, OCTaBJEHHBIH ero MoBefieHHeM B cpele, AJs
mpouecca — 3TO COObITHS B KOMIIbIOTEPHOH CHCTEME.

Cpeda — cyulHOCTb, Ha KOTOPYIO BO3JeHCTByeT CyOBEKT, KoTopasi npeobpasyer-
csl IO, ero BJAMSHHEM, JJIsl Mpoliecca — OMepaldoHHas cUCTeMa.

[losederue — 3To MOTOK AEHCTBUM, IJIS Mpollecca — MOTOK COOBITHH, KOTOpbIE
TMPOM3OILJIH T0fl BJAUSHUEM JAHHOrO Mpolecca.

1. AHaan3 OMXeBUOPUCTHUYECKUX XaPaKTEePUCTUK

Bynem cuntaTh noBeneHHe — MOTOKOM COOBITHH, MMEIOLIUM HeONpeneNeHHYIO
nauny. Ilycte E (events) — MHOXeCTBO BCEBO3MOXKHBIX COOBITHH, KOTOpblE MO-
TyT MPOU30UTH B paccMaTpuBaeMoil cpene. Torma a/s KaxKaoro cyobekTa, (DyHK-
LIMOHUPYIOLIEero B AaHHOH cpefie 3a BpeMsi At, MOXHO ONpee/NUTb €ro rMoBeieHHe
b= (e1,€a,...,6,), THE € € E.

Jlns kakporo coObITHs, MPOU3OLIEANIero B cpefie, BO3MOXHO OINpeNeUTh ero
THUI, cyObeKT, KOTOPbIH ero NopoiuJ, a TakxKe HeKOTOpble NaHHble, NMPUCYLIHe KOH-
KpeTHOMY THIy coObITHH. [IoTOK cOOBITHH paspensieTcss Ha TPYMNIbl TaK, YTO KaxK-
IOH I'pyTie COOTBETCTBYET CYyOBEKT, MOPOAMUBLINM BCe COOBITHS W3 NAHHOH T'PYIIIbIL.
Heo6xonumo npUCBOMTh KaxKAOMY CyOBeKTy apXeTHIl, aHaJU3Upys TOJIbKO MOTOK
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CBSI3aHHBIX C HUM COObITHH. B pesysnbrare 3To CBOOMTCS K 3ajnade KjaacCU(UKALUU
C AMHaMHU4YeCcKUM (hopMHpoBaHHEM 00pa3oB CYyOBbeKTOB.

B paccmarpuBaeMmbix cpenax (PyHKLMOHUPYET HEKOTOpPOe KOHEUHOe UHCJIO0 CyOb-
eKTOoB. KaxKablil U3 HUX MOXKeT MOPOAWUTH TOJIBKO MOAMHOXKECTBO MHOXECTBa BCeX
BO3MOXHBIX COOBITHH, 0603HauMM ero . Torga Mo MOMIHOCTH JAHHOTO MHOXKe-
CTBa BO3MOXKHO CJlefylolllee pasjieJieHue cpefl: TPUBHaJbHbIE, A/l KOTOpBIX |E| = 1,
KBa3UJleTePMHUHHPOBAHHbIE, peajibHble, CBOOOAHbIE, XaOTHUHbIe, e [JI KaxKI0ro
npouecca E = E.

3agaya noeHTH(UKALUKU CyObeKTa B TPUBHAJBbHOH CHCTEME HMeeT OYeBHUIHOE
pellleHHe: B3aMMOOJHO3HAYHOe OTOOpaXkKeHHe MHOXKEeCTBa COOBITHH BO MHOXKECTBO
apxeTunoB CcyObeKTOB. [/ XaoTUUHOH cUcTeMbl — Hao6opoT. 3agaya Hepaspellu-
Ma, MOCKOJIbKY JI0O0H CyOBeKT MOXKET MOPOAUTH Jt06oe COObITHE.

KBasuneTepMHUHUPOBAHHON CUCTEMOH Ha30BEM Cpely, B KOTOPOH CyOBEKT cre-
HepupyeT XOTS Obl 0 OOHOMY COOBITHIO U3 OOJIBLIMHCTBA MPUCYLIMX €My KJacCOB.
PeasibHble cpenbl — cpelibl, B KOTOPbIX CyOBEKT He MOXKET PACKPbITb CBOE TMOBeeHHe
3a OAMH MHTepBaJ BpeMeHH. CBOOONHOH cpelodl HAa30BEM cpely ¢ U3MEHSIOLUIUMCS
cyObekTOM. B naHHOH cTaTbe paccmaTpuBaeTcsl (DYHKLMOHHUPOBaHHE CyOBEKTOB B
peanvHrbLx cpeiax.

2. ®dopmMupoBaHUe OMXEBUOPUCTUUYECKOrO O0Opas3a mpouecca

PaccmoTtpum nogpo6Hee NMoToK COOBITHH, aCCOUUUPOBAHHBIH ¢ cyObekToM. [IycTh
a = (ay,as,...,a,) — MOCJEN0BATEbHOCTb COOBITHH, Tle a; — AeHCTBHe CyOBeKTa,
NpUYEM [1J/151 KaXKJAOTO a; CYLIeCTByeT KJacc coObitus e € E. HasoBém Takywo mo-
CJIeI0BAaTeNbHOCTh nogedenuem cybovexma Unn nogedenuem. IloBenenue cyobekrTa
3a BCE BpeMs CJlexKeHHsl Ha30BEM esnobanvrbim. JI0Oylo eé noamnoc/aenoBaTebHOCTD
Ha30BEM L0KQAbHbIM TIOBElEeHHEM.

Hasi dopMupoBaHusa ob6pasa cyObeKkTa HCMogb3yeTcss GyHKIUsS pazOueHus rio-
6a/bHOTO MOBeJeHNs Ha HAbOp JIOKAJIbHBIX MOBeAeHUH. DTOT Habop obJafaeT psiaoM
CJIeAYIOLUHUX CBOWCTB:

1. CoObITHSI BHYTPH MOAMHOMXKECTB COXPaHSIOT MOPSANOK (MOBeIeHHe — TOCaen0-
BaTEJIbHOCTb COOBITHI).

2. O0benyUHEHUE BCeX JIOKAJbHBIX MOBEIEHUH eCcTh IiofbaJibHOe IOBeIeHHe.

3. OnHo coOBITHE MOXKET MPUHA/JIEXATh TOJbKO OXHOMY JIOKaJbHOMY TOBEIeHHIO
13 Bcero Habopa.

M3 naHHBIX CBOHCTB CJefyeT, UTO HU ONHO COObITHEe He OyneT NPONYLIEHO, 4YTO
M03BOJIUJO0 HauboJiee TOUHO c(hOpMHUPOBaATh 00pa3 UcCaeAyeMoro cyObekTa y aHaJju-
3aTopa. TakuM 00pa3oM, ¢ KaxJbIM HOBBIM JIOKAJIbHBIM T10BE€HHEM, NTOCTYAIOLIUM
Ha BXOJ aHanusaTtopa, popmupyercs obpas cyObekTa.
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3. Hpentudukauusa npouecca no OMXeBHOPUCTUYECKOMY
o0pasy

Anpom cucTemMbl GHXEBHOPHUCTHUYECKOTO aHasn3a SIBJSETCS aHaiusamop. 3aja-
ya 00paboTuMKa — OMNpeaessiTb, UMeeT JM CyObeKT KOHKpPeTHbIH apxerumn. Takas
peasnu3alus cxoxa C peajbHOH UMMYHHOH CHCTEMOH 4esloBeKa, rie Kaxjuoe aHTH-
TeJO pearupyeTr TOJIbKO Ha aHTUTEHBI, KOTOpbIE MONAfalT B PAAUyC CTUMYJSALHUU.
B naHHOH cTaTbe omucaH OEeTEKTOp, KOTOPBIH yMeeT OTJIWYaTb TOJBKO AHTHTEHBI
KOHKPETHOTO apXeTHIa.

Ecnu npencTaBuTh aHa/IM3aToOp B BUIE «UEPHOTO SILIMKA», TO MOXKHO OIpeNe/UTh
BXO/lbl U BBIXOJIHI.

Bxo0 — nocsieoBaTe/IbHOCTh COOBITHI 32 HEKUH MPOMEXYTOK BPEMEHHU (JIOKaJb-
HOE MOBeJeHHE).

Bbixo0 — umeet M mpoliecc UCKOMBIA apXeTHI MJM HeT.

CayienlyeT OTMETHUTb, UTO BHYTPU TAKOTO «UEPHOTO SILIHMKA» MOXKET OBbITb CKOJIb
YTOOHO CJIOXKHAsl HHTeJEKTya bHasi CTPYKTypa.

Kaxxnoe JokanbHOe NoOBefeHHe NpeoOpasyeTcss ¢ MOMOLLbIO cjenyoled (yHK-
MH:

f:B—=>V. (1)

3neck B — MHOXECTBO JIOKAJbHBIX MOBeleHHH, a V' — MHOKEeCTBO BXOJIHBIX BeK-
TOPOB. DOJIBIIMHCTBO HHTEN/EKTyaJbHBIX CTPYKTYpP MNPUHUMAIOT Ha BXOHA BEKTOP
B TOM WJHW WHOM BHJe, NO3TOMY W Obli BbOpaH AaHHBIM HUHTepdelic. B kauecTBe
(PYHKIHH, OCyllecTBsOIIeN npeobpasoBanue (1), BeIOpaH KoruuecmserHbll nNOKa-
3ameav. JI7isi 3TOr0 UCMOJb30BAH BEKTOP HAJHHOH m = |E|: KaKablil U3 3/71€MEHTOB
COOTBETCTBYET OJHOMY KJacCy COOBITHUMH, OTpakas KOJUUeCTBO BCTPEUYEHHBIX COObI-
THHU TAKOro KJjacca B JAaHHOM KOHTEHHepe.

B peanbHbIX cpenax, 0COOEHHO KOMIbIOTEPHBIX CHCTeMax, CyObeKTaM CBOH-
CTBEHHO MOPOXKIATh AJUHHBIE T1OCJEI0BATENbHOCTH MOBTOPSAIOIIUXCA COOBITUH, YTO
MPH UCIOJIb30BAHUU KOJMUECTBEHHOTO M0Ka3aTeJsisi MOXKEeT BepHYTb BXOJHOW BEKTOD
¢ GOJIBIINM YUCJIOM HYJIEBBIX 3HaueHuit, Hanpumep (0,0,0,0,18,0,0,0,0,1,0,0). Kak
U3BECTHO, 3()(PeKTUBHOCTb JI000H HEeHPOHHOH CeTH CTPEMHUTEJIbHO NajfaeT MpU pa-
60Te ¢ TaKMMH BXOJHBIMU BEKTOpPAMH: pe3y/bTaT NPOCTO «3a0HMBaeTCs» HYJIEBBIMU
3HAUEHHAMH U TOJy4yaeTcCsl, YTO BBIXOAHOH BEKTOpP MPaKTHUUECKH He HECET I0JIe3HOU
uHpopmauuu. [laHnHasi 0cOOEHHOCTb CHUJIBHO 3aTpPyAHSEeT TPaAWLMOHHOE HCMOJb30-
BaHWE HEHPOHHBIX CeTed MPH TAKOM NOAXOAE B NaHHOW 3amaue.

Jlns npenotspaleHuss Takoro aggekra He0OXOAUMO COKPALLATh YUCJIO BXOLOB U
o0pabaTeiBaTh TOJNBKO HeHyJeBble YacTH. Dbl paccMoTpeHBl ciefyiolilie MeTOAbI:
TPYNIUPOBKA, TPAHCJAALUSA U PUAbTPALUS.

[pynnuposka — MeTon, Npu KOTOPOM BXOJHOW BEKTOp pa3OHBaeTCsl HA HECKOJb-
KO BEKTOPOB MeHbLIero pasmepa Tak, 4TO CyMMa MX IJIMH OCTa€TCsl PaBHOU IJIHHE
nepBOHayYaJbHOrO BeKTopa. [lasee HeOOXOAMMO pasfesUTb MHOXKECTBO COOBITHH Ha
TPYIIbl, COOTBETCTBYIOILME ONpeneJéHHBIM KaaccaM aeiicTBuil. CrpynnupoBaB HX,
NoJy4YnM oObeUHeHUe HelepeceKarolUXcsl MHOXKECTB.

Tpancasuus 3akmaodaetcs B (OPMHPOBAHHUM MHOXKECTBA HAJKJACCOB COOBITHM.
Kaxnapiii kjgacc coObITUH MMeeT HeKMH o0pa3 — HaakJjacc. Bblio ucnosb3oBaHO
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cleyollee ClOPbEKTHBHOE 0TOOparXKeHHe:
f:E—S. (2)

3necb S — MHOXKeCTBO 000OLIEHHBIX MM YKPYMHEHHBIX KJIACCOB COOBITHUH.

Durvbmpayus — NAHHBIH MeTON «OTCEHBAeT» JIMIIHHE KJacChl COOBITHH, 4TOOBI
CKOHLIEHTPUPOBATbCSl Ha HauboJjiee 3HAUMMbIX U3 HHUX. DBIIO yCcTaHOBJEHO, YTO AaH-
HBI MeTOf B pellaeMOH 3anaye OyfeT MCKaXKaTb pPe3y/nbTaT — HeJib3s UTHOPUPOBATh
KaKue-11u00 KJacChl COOBITHH, MOTOMY YTO CyOBEKT, KOTOPBIA MOPOXKIAeT TOJBKO
Takue coObITHSA, OyleT UMeTb HYJeBOH apXeTHII.

CambIM 3(()eKTUBHBIM METOLOM SIBJISETCS I'PYNINHPOBKA, MOCKOJIbKY OHA MOXKET
COKPATUTb UYHCJO BXOAOB Ha mopsiaok. OdeBHOHO, UTO AJs TPYNIHPOBKH He0OXO-
JHMMO HCIOJb30BaHHE HECKOJBbKHUX HOYEPHUX 00paOOTUMKOB, KaXKAbld M3 KOTOPBIX
paboTaeT ¢ HeOOMBLIOH IPYIION KaaccoB COOBITUH. B pe3ysibTate Mbl UMeeM BEKTOP
OTBETOB «aa/HeT». [l mosyueHHsi (PMHAJIBHOTO BEKTOpa HEOOXOAHMMO pa3padoTaTb
0co0yI0 UHTEJ/JEKTYalbHYI0 CTPYKTYpPYy C MOAYPOBHAMH, KOTOpasl CIOCOOHA NPUHU-
MaTb (pUHaJ/bHOe pelleHHe. Ha30BEM Takylo CTPYKTYPY MYAbMUHEUPOHHOU Cemuvto
— CeTbl0, COCTOSILEH M3 MHOXeCTBA «MeTaHeHMPOHOB» — NPYTMX HEUPOHHBIX ce-
Ted. JlJs NOMOJHUTEJbHOTO COKpallleHWs pa3MepHOCTH BekTopa Oblja nobaBJjeHa
TpPaHC/ASALUS MapaMeTPOB BHYTPH KaxKJIOH Tpymnmnbl. B MeTonax cokpalleHUs 4yucia
BXOJI0B Obl/1a UCNOJb30BaHA YacmuuHas guibmpayus: OblJ BbleJeH A0NOJHUTENb-
HBIH HaJKJacc «Ipyrue COObITHs», Kyla 0TOOpaXKa/luCh MaJ03HAUUMble UJIU CXOXKHe
COOBITHUS.

4. MynabTUHeHpOHHAs CeTh

B coBpemeHHOM MHpe CyllleCTByeT Macca IPUMeEpPOB, KOrJa KaKyl-TO CYLIHOCTb
MOXKHO PacCMOTPeTb KaK Habop TaKHX ke cyliHocTed. OHa MoKeT ObITh MpPeaCTaB-
JieHa B BHJe 3TOro Habopa WJu ObITb 3TUM HabopoM. Takod moaxon MpH paccMOT-
PEHHH TOrO UJHM MHOrO 00beKTa MpUMeHsleTcsl 0ObIUHO /151 TOr0o, UTOOBl OrPAaHUYUTh
OXBaTblBaeMyl0 00s1aCTb. JTO OYeHb CHJIBHO CIOCOOCTBYyeT MOHHMMAaHMIO, KakK pa-
6otaet 00beKT. Mnes B3aUMONEHCTBUSA CXOXKHUX CYLIHOCTEH U «COBETHHUKOB» Obliia
3auMcTBOoBaHa y Kennenu u d6epxapra [9].

Humeanrekmyanvroiil anarusamop 6bla1 pa3OUT Ha MaJjible aHAJIU3ATOPBl, IPUUEM
KaXKIbld U3 HUX SBJSETCS TaKUM Ke CaMOCTOSITeJIbHbIM aHa/l1M3aTOpPOM, HO OTBeua-
IOUIMM Ha Bompochl Gosee y3koro npoguas. Takxke OblJI yCTaHOBJEH HHTepdeiic
KaXXJI0r0 aHanausatopa. lasee, /151 KaxK[o# Tpynnbl aHA/IM3aTOpPOB C(HOPMHPOBAH
MONyJib pa30HeHHUs] BXOAOB U MOIYJIb COIVIACOBAHUS BBIXOMOB.

Moodyav pasbuenus 6xoda oTBedaeT 3a NmpeoOpa3oBaHHe, pa3buBaiollee UCXOM-
HbIi BEKTOP Ha MHOXECTBO BEKTOPOB, UTO fiBJsieTcs (DyHKUHEH NpeoOpa3oBaHUs
MHO2KEeCTBa BXOJHBIX BEKTOPOB BO MHOXKECTBO Ha0OPOB BXOIHBIX BEKTOPOB MeHbLIeH
pasmepHocTH f : V — V", rie n — umeso HEHUPOHHBIX IOACETEH.

Modyas coeaacosanus evixoda oTBeuyaeT 3a npeobpasoanue f: P — P, rie n
— YHCJIO KOMIIOHEHTOB, a P — MHOKeCTBO BBIXOJHBIX BEKTOPOB. Tako# Momy/b (op-
MUpyeT (puHaJMbHBIH pe3ynbraT. CjeqyeT OTMETHTb, YTO KaXKAbl U3 KOMIIOHEHTOB
MOXKET SABJIATbCA KaK MPOCTOW HEHPOHHOH CEThbI0, TaK U MYJbTHHEHPOHHOH.
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MynbTUHelpoHHas ceTb Oblaa peasn30BaHa Ha OCHOBE HHUXKEOMUCAHHBIX KOMIIO-
HEHTOB.

AmomapHasn weipounas cemv N — mpoctasi HeleJquMasi HEHPOHHAsl CeThb, TO
eCTb He fABJAOLLIAACT MyJbTHHeHpOHHOH, Ha N BxonoB. Kaxkpas M3 Takux cereil
UMeeT JiBa BBIXOAA.

Modyae pasbuenus 6xoda mnpeobpasdyeT OAMHOYHBIA KOHTelHep B Habop map
«I'pyMIa KJacCcoB — BXOJHOU BEKTOP».

Tparcasmop Hadkaaccos coboimuti npeobpasyeT KOHKPETHBIH KJacc COOBITHS
B YKPYIHEHHBIH HankJace coObiTHH. BeimonHsieT oTobpakeHue (2).

Hnoexcroe xpanuauuje HetiporHolx nodcemeil CORepKHUT HaboOp map «rpymmna
KJIaCCOB — HeHpOHHas MoaceTb». [y obecrieyeHUs: OBICTPOAEHCTBHUS UCIIOJNb3YeT-
Csl MHIEKC, MOCTPOEHHbIH Ha OCHOBe OWMHAPHOrO AepeBa COPTHPOBKU. C MOMOILBIO
MHJEKCa OCYLIeCcTBJsieTCsl ObICTPBIN MOMCK HYKHOU moaceTu. Bpems nmoucka He rpe-
Bbilaet log V.

Hnoekcroe xpanuruwe yuumeneti 045 HellpoHHbLx nodcemeti CONEPKUT HabOP
nap «rpymna KJaccoB — y4MTesb HelpOoHHOH moaceTu». [ns obecneueHus: ObICTPO-
NeHCTBUS TaKxKe MCIOJb3yeTCs MHIEKC, MOCTPOEHHbIH HAa OCHOBEe OMHAPHOrO AepeBa
copTupoBKH. C MOMOILbBIO UHIEKCA OCYILECTBJsETCS OBICTPBIM MOUCK HYXKHOTO Y4H-
tesd. Bpemsi moucka He npesbilliaeT log V.

Modyaev coearacosarus 8vixo0a COAEPXKHUT UH(MOPMALUIO 00 YCHEUIHOCTH KaX-
JOH HEHPOHHOM MOJCETH: MPOLEHT MPaBUJIbHO ONpeaeéHHbIX npolieccoB. [IpuHuma-
€T Ha BXOJ BEKTOP OTBETOB «Jia/HeT». BBIHOCHT (UHA/IbHBINA BEPAUKT O MOPOAUBIIEM
KOHTeiHep cybbekTe. Mcmosb3yeT cxeMy «ypoBeHb JOBEpHs TMOACETH», UTOOBI T0-
JYYUTb (UHAJNBHBINA Pe3yJbTaT.

Dynkyus yposus dosepus nodcemu. I1ycTb Mbl HMeeM 1 IByMEPHBIX BEKTOPOB
P. TlpencraBum ux kKak naBa Bektopa Ry ¥ Re. R; = (piy, Diys s Piy,)

Paccmotpum sexkmop dosepus T = (t1,1tq,1,). laHHBIH BekTOp (hopmHpyeTcs B
npolecce TeCTHPOBAHHUSl CeTH, mocje eé oOydeHus. Torna (prHaJbHBIA pesy/abTar
BBIUMC/ISIETCS 10 popMmyJie

yes, res > 0;
Result = < no, res < 0;
not defined, res=_0;
rie res = (Ry,T) — (Ro, T).
BekTop T' ¢popmupyetcs caenyomum obpasom. Kaxkablil pa3, Korna KOHKpeTHas

MOJCeTh NAET pe3yJsbTaT, U Mbl MOXKeM OMNpeNesUTb, NPaBUJbHBIA JU OH UJHU HET, B
peecTp yClexoB BHOCUTCSI COOTBETCTBYIOLLAS 3alHUCh:

1. dna KaXI0¥ MOACeTH XPAHATCS JABa 3HAUEHHs: YMCJO YCHEIIHbIX MIEHTU(H-
KaUW{ s U ofllee YUCJIO HUACHTU(DUKALHUH Nn.

2. Ecau nnentrdurkanus Oplja IpoBefieHa BEPHO, TO AJs MOACETH, KOTopasi Mpo-
BeJIa 3Ty MAEHTH(PUKALMIO, HA €MHULY YBEeJUUHUBAIOTCA 3HAYEHHUS S U M.

3. Ecau noxcetb omunbsach, TO AJs Heé yBeJWUMBaeTcsl oOllee UHUCIO HIEHTH-
bukauuii (n).
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B n06oe BpeMsi Mbl MOXeM IMOJNYYHUTb YPOBEHb [IOBEPHUs. KOHKPETHOH HeHPOHHOH
TMOJCeTH:

ti -
Jns popMHUpoBaHHS BeKTOpa YPOBHS N0OBepHs HEOOXOAMMO Ba 3Tarna 00yueHHUS:

1. Obyuenue HeiiponHo# ceTd. Ha 3ToM 3Tamne (opmMupyioTcsi BecoBble KOIPPH-
[IMEHTBl CAMUX HEHPOHHBIX MOACETEH.

2. TectupoBanue HeHpoHHOH ceTH. CeTb TECTUPYETCS M KaxXKIAOMy KOMIIOHEHTY
(mopceTH) BBICTABJISIETCS] COOTBETCTBYIOIIEE 3HAUEHHE YPOBHS IOBEPHSI.

Bce BhilleonucaHHble KOMIIOHEHTB 00belMHSIOTCS B aHaausdatop. OOydeHue
MYJbTHHEHPOHHOHU CeTH MPOUCXOAUT CJAEAYIOLHUM 00pa3oM:

1. BxonHoli BekTOp pa3buBaeTcss Ha HaOOP n MaJsblX BXOAHBIX BEKTOPOB C IOMO-
IIbI0 MOAY/IS1 Pa30HeHHs BBIXOJA.

2. Jlns KaXOoro Majioro BeKTopa COOBITHS, COAep:Kalllhecss B HeM, TPaHCJIUPY-
IOTCSl B COOBITUS] YKPYTHEHHBIX KJIACCOB C MIOMOLIBIO TPAHC/ISATOPA HAAKJIACCOB

COOBLITUH.

3. Kaxaplil 13 ManblX BXOAHBIX BEKTOPOB MOAAETCS HA BXOJ COOTBETCTBYIOLIEMY
YUYUTEJI0 HEHPOHHOM CeTH M3 MHIEKCHOTO XPaHHUJIMILA.

Beruncsienue pesynbTaTa ¢ MOMOLLbIO 00YUEHHOH CEeTH:

1. BxonHoli BekTOp pa3buBaeTcsl Ha HAOOP N MaJsblX BXOAHBIX BEKTOPOB C IOMO-
IIbI0 MOAYJ/IS1 Pa30MeHHs BBIXOAA.

2. Jlns KaXKOoro Majioro BeKTopa COOBITHS, COAep:Kalllhecss B HeM, TPaHCJAUPY-
I0TCSl B COOBITHSl YKPYHEHHBIX KJaCCOB C MOMOLIBIO TPAHC/STOPA HAAKJIACCOB

COOBITUH.

3. Kaxnublii 13 MaJjblX BXOAHBIX BEKTOPOB MOAAETCS HAa BXOH COOTBETCTBYIOLIEH
HEHPOHHOM IOJACETH U3 MHIAEKCHOI0 XPaHUJIHMILIA.

4. Kaxpasi HeipOHHAsl MOACETh BBIYUCJ/SET pe3yJ/bTaT.

5. Habop n oTBeTOB HelPOHHBIX MOACETeH NOAAETCS Ha BXOL MOMLYJIO COIJIacoBa-
HHSl BBIXOJA.

6. Monysb corsacoBaHHsi BEIXO[A BBILAET (DUHAJNBHBIN pe3ysbTart.
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BuxeBnopuctuieckas HAeHTH(UKALHUS IPOLECCOB

Ta6auua 1. CoOTHOLIEHHE «CBIPBIX» ¥ YKPYTHEHHBIX KJIACCOB COOBITUH MO TpyMNam

Hassanue Knaccel cobeituit (C;) | Knaccol cobeituit (.S;)
JluckoBble onepanuu 11 3
CeTeBasi aKkTUBHOCTb 26 5
daiinoBast akTUBHOCTD | 18 )
Onepauuu ¢ peectpom | 19 4

5. Hcnouab3oBaHue MYJIbTHHEHPOHHOU CETU

Kak oTmeyasnoch, NaHHas ceTb JMILEHA HeJOCTaTKa MHOXKECTBA JHILUHHUX HY-
JIEBBIX IapaMeTpoB, HO HYyXKJAaeTcsd B OoJsiee TOHKOH HAcTpPOWKe, a MMEHHO, (op-
MHUPOBaHHUH TPyNN MapaMeTpoB. DhH(PEeKTUBHOCTb NEHCTBUS MYJbTHHEHPOHHOH CeTH
HaNpsiMyl0 3aBUCHUT OT YIAUHOIO pacnpelesieHUss MapaMeTpoB MO TPyIIaM.

Brelio onpenesneHo BxonHoe npeoOpa3oBaHHe KOHTeHHEpa BO MHOXKECTBO MaJblX
BeKTOpoB. HekoTopble apdekTrBHBEIE MeTOAbl 0TOOpPAa NAHHBIX NpeACTaBJEHbl B pa-
6orax [10,11]. B nanHo#l cTaTbe, KaK OTMeuYaJoCh BbIle, TPeIaraeTcs HUCIOJb-
30BaHMe TPYIIHUPOBKH, TPAHCASALIUU W YACTHUHOH (PUAbTPALUU AJs (HDOPMUPOBAHUS
TaKUX MHOXKECTB.

I'pynnuposxa. OCcHOBHble paccMaTpHBaeMble OlepalUu IPOLECCOB Moje/eHbl Ha
yeTbIpe I'PYMNIbl KJACCOB: NUCKOBblEe ONepallkM, ceTeBasl akTUBHOCTb Mpoliecca, (ai-
JIOBasi aKTUBHOCTb U omnepauuu ¢ peecTpoM. Kmacchl coObITHH, COCTaBASIOLIME KaX-
OyI0 W3 3THUX Tpynmn, OyAyT NoApoOHO paccMoTpeHbl pajee. s (pUKCUpOBaHUSA
coObITUH B omepaunoHHOU cucTeMe Windows 7 6blia ncnosb3oBaHa OMOIMOTEKA C
OTKPBITHIM McxonHbIM KooM Event Tracing for Windows.

Tpancaayus. B kaxpo# U3 Tpynn KJAaCCOB COOBITUH OblIO BBIAENEHO N0 MATH
HaKJ/1aCCOB.

Yacmuunasa gurempayus. Hactnunaa gpuiabTpauns nposisasieTcs B 100aBJIeHUN
«HEBaXKHbIX» HAJKJACCOB COOBITHH B KaXKAYIO TPYMIY.

Ha ocHoBe BblllIeONMCAaHHOTO NOCTpoeHa Tabmauua 1.

Takum o6pasom, mosydeHO ueTbipe TPEXCIOWHBIX (C OLHHUM CKPBITBIM CJIOEM)
HeHPOHHBIX MOJACETH: MepCenTpoHsl 3 —3 —2,5—-5—-2,5—-5—-2un4-4-2. B
KayecTBe (DYHKLUMH AaKTHUBALMKU HCIOJb3YeTCs CUrMoBHAHAs (PpyHKuuMsA. Kaknas us
HUX MMeeT [1Ba BBIXOA: YBEPEHHOCTb B OTBETE «[a» U YBEPEHHOCTb B OTBETE «HET».

6. Pesyabrartsl

B Tabauue 2 nokazaHa 3((PeKTHBHOCTb MPUMEHSEMOro MeToAa K HEeKOTOPbIM
npoleccaM nocJje TeCTUPOBAHMSA U MOCJe NIPOBEPKH Ha (PUHaNbHOM MHOXKecTBe. Kak
MI0Ka3blBAIOT pe3y/nbTaThl UCCJEN0BAHUSA, NAHHBIH MOAXOA KpailHe 3(pdeKTHBeH a5
«PeLKUX» TPOLECCOB CO CleUU(pUYECKUM MOBeAeHHeM U cpenHe 3(PdeKTUBEeH s
«TIOMYJISIPHBIX» MPOLLECCOB C IOBOJbHO IIMPOKUM CIEKTPOM MOPOXKIAAEMbBIX COOBITHH.
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Tabnnna 2. CooTHOIIEHHE «CBIPBIX» U YKPYNHEHHBIX KJIACCOB COOBITHH IO IpymNnam

[Ipouecc TecTtupoBanue [IpoBepka
YenemHocTb % YenemHocTb %
explorer 4037 | 6219 | 64,91% | 4105 | 6206 | 66,15%
System 6215 | 6318 | 98,37% | 5006 | 6300 | 79,46%
chrome 4820 | 6348 | 75,93% | 5068 | 6201 | 81,73%
svchost 5636 | 6178 | 91,23% | 5726 | 6309 | 90,76%
ekrn 5717 | 6215 | 91,99% | 5805 | 6355 | 91,35%
wmagent 5755 | 6274 | 91,73% | 5676 | 6147 | 92,34%
vmware-authd 5928 | 6234 | 95,09% | 6032 | 6309 | 95,61%
PDFCreator 5950 | 6207 | 95,86% | 6024 | 6285 | 95,85%
Dropbox 6035 | 6193 | 97,45% | 6124 | 6277 | 97,56%
Skype 6091 | 6233 | 97,72% | 6198 | 6329 | 97,93%
BisonHK 6130 | 6231 | 98,38% | 6145 | 6267 | 98,05%
audiodg 6229 | 6285 | 99,11% | 6244 | 6293 | 99,22%
QipGuard 6197 | 6236 | 99,37% | 6280 | 6311 | 99,51%
wmpnetwk 6299 | 6310 | 99,83% | 6119 | 6128 | 99,85%
SynTPEnh 6264 | 6271 | 99,89% | 6278 | 6287 | 99,86%
services 6208 | 6214 | 99,90% | 6194 | 6202 | 99,87%
NeurolncinerateGUI | 6477 | 6487 | 99,85% | 6135 | 6142 | 99,89%
PrnStatusMX 6251 | 6255 | 99,94% | 6220 | 6227 | 99,89%
VCSExpress 6288 | 6294 | 99,90% | 6262 | 6267 | 99,92%
BriBoabl

B naHHO# craTbe OBl PpacCMOTPeH MOAXOM, TO3BOJISIOIMIME OCYILIECTBUTb HIEH-
TU(PHUKALNIO MPOLEcca MO ero nopefeHU0. DP(HEeKTUBHOCTb KoJiebeTcss B paHoHe
0,66-0,99. Tak xak BpeloOHOCHOe MporpaMMHOe oOecreueHHe 3a4acTylo SIBJsieTCS
cyry60 crneuu(pUuHbIM, TO Takas CHCTeMa AOJKHA N0CTaTOUHO 3((HEKTUBHO OIpe-
IeNSTh apXeTUN NaHHBIX TpoleccoB. [Ipeonosiena mpobaema BXOAHBIX BEKTOPOB MJIst
HeWPOHHBIX CeTeH, MOUTH MOJHOCTbIO 3AMOJHEHHBIX HYJASMH, C MOMOLIbIO MYJIbTH-
HEHUPOHHOW CEeTH.
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Aungpeit Anekcanaposuu bepc

1934-2013

B Hosocubupcke 28 supaps 2013 roma CKOpOMOCTHKHO CKOHYaJscsi AHApeil
AnexcannpoBuu bepc, Hal KoJsiera, ujieH peiKOJJIeTHH Hallero »KypHasia. AHpei
AnexcannpoBuy OblJ1 ONHUM U3 TTHOHEPOB COBETCKOH KHOEPHETHKH U TPOrpaMMHPO-
BaHHUS. YMep Ha 79 romy »KH3HHU.

2Kusup Auzpess AnekcanapoBrya Oblja HaroJHEHAa WHTEPECHEHIIUMU JeJaMy U
cobbiTusiMu. OH y4acTBoBas B padore Han npoektamu OThesa mporpaMMHUPOBaHHS
BLl COPAH CCCP: coBmectHo ¢ Annpeem [lerpoBuuem EpriioBbiM paGotan Han
nocTpoeHrneM pa3MeTKH A/ OmnepaTOpHBIX aJropuTMOB, Obll KOOpAMHATOPOM -
¢asnl mpoekta BETA u Bmecte ¢ A.®. Papom otBeuas 3a Asaron-68, paspaborad
CUCTEMY 3JIeKTPOHHOU mnoarotoBku usnaHuii PYBHWH. PaspaboranHble UM npuH-
UMbl ¥ MEeXaHHU3MBbl: CXeMbl TMOTOKAa MAaHHBIX, JEKTPOHHAs MOATOTOBKA H3NaHHH,
npejcTaB/eHre U npeobpa3oBaHusl WPH(TOB Ha DBM, 3aMKHYTble OTKpPbITbIE OIle-
paLMOHHBle 0OCTAHOBKH BBICOKOI'O YPOBHS, NMPUHLHUI PAaBHO3HAYHOCTH €IUHUYHOTO
MCIIOJIHEHHSI TTPOTPAMMHOT0 (DparMeHTa U KOHKPETHOH NesiTebHOCTH, MPUHLHKI HH-
(hOpMaLMOHHOH 3aMKHYTOCTH.

Pa6oran B npoekrax: BETA, TAY, CAII®HUP, PYBMH, MPAMOP.

Tanant Annpess AnexkcanapoBuda sipko packpbiicsi B npoektre PYBUH - 3to
CUCTeMa KOMITbIOTEPU3aLMH TPOU3BOACTBEHHBIX IPOLIECCOB pelaKLUU U H3AaTe/b-
ctBa rasetol «[lpaBma». AHupeil AJjieKcaHAPOBHU B TeUeHHe HECKOJbKHX JIEeT H3Yy-
4aJl IPOM3BOJACTBEHHbIE NIPOLECChl U31aTeJNbCTBA, CO3aaJ/ 1a00PaTOPHbIE NHCTPYyMeH-
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TaJIbHBI KOMIJIEKC, CPOPMHUPOBAJ CHUJIbHBIA KOJMJIEKTUB, B OCHOBHOM COCTOSILUMH U3
ero yyeHuKoB. Anznpe#t Anexkcannposud bepc 6bl1 HazHaueH u3natenbcTBoM «[Ipas-
Ia» ryaBHbIM KOHCTpykTopoM cucTeMbl PYDBHMH. Ero paspabotku Ha mecsitunertus
OTpeeNUIN TEXHUUECKYIO MOJUTHUKY B obsacTu npuMeHeHuss DBM B usnatesnbcTse.

Auppeit Anexkcangposuuy bBepc mHoro mpenogaBan: B JletHeid Illkose HOHBIX
[TporpammuctoB, B HoBocubupckoii (hu3nKo-MaTeMaTHUeCKOH LIKoJe, Ha (DaKyJb-
TeTe UH(OPMALMOHHBIX TexHoJorui HI'Y, perynsipHo ¢ jeKUusMHU TpUe3kKasn K Ham
Ha (aky/abTeT KOMIbIOTEPHbIX HayK OmIY.

Pa6ora AHpnpesi AnekcaHaIpoBHYa B Hallled PeNKOJIJIETHH MPHUBeJNa K OTKPBITHIO
pyOpukH «KomnbroTepHble HAyKu».

B ero sMlle MBI OTepsiii MyApPOro HacCTaBHHKA, KOJJery W mpocto apyra. Mel
3anoMHUM AHapest AnekcaHapoBHUa yabIOYMBBIM, SHEPTHUHBIM, 10OPOXKeNaTeIbHBIM
U B TOXKe BpeMs »KECTKMUM W NPHUHLMUIHANbHBIM, KOrja paccMaTphBaeMble BOMPOCHI
Kacajuchb HayKU. BelpaxkaeM uckpeHHHe cO00JIe3HOBAHUS POAHBIM, OJTU3KHUM U BCEM,
KTO 3Has AHzpesi AsekcaHapoBuya.

Anpnpeit Anekcannposnu bepc 6e11 moxoponeHn B HoBocu6upcke.

Pedkoanrecus myprara
«Mamemamuueckue cmpykmypol
u modeauposarue»
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I'punb Anatonmit TaBpuiaoBuu — n1.¢.-M.H., npodeccop, kadenpa kuGepHetnku, OmMI['Y
uM. ®.M. locToeBcKoOro.

I'yce CearocaaB BaagumupoBuy — accucTeHT, Kadenpa BHIYUCAUTENbHBIX cucTeM, OMIY
uM. ®.M. JlocTOEBCKOTO.

I'yu Anekcanap KoncrantuHoBHUY — 71..-M.H., mpodeccop, 3aB. kad. kubepHetuku, OMI'Y
uM. .M. JJocToeBcKOro.

KoBanenko H0aus BukropoBHa — Koasnenko IOsus BukTopoBHa - acnupanTt, Kadenpa
MPUKJAZAHON U BBIUUCAUTENbHON MaTeMaTuku, OMI'Y um. @.M. JlocToeBcKoro.

KopoBsinckuii Anekceit AngpeeBud — nHxenep-nporpammuct, OOO Al Digit, Omck.

KomeaeBa Osnbra — K..-M.H, JOLEHT, negarorndyeckuit dakymnbret, TexacCKuil yHUBEPCH-
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yuuBepcuteT B Anb-[laco, CIIA.

JlaBpoB Imutpuit HukonaeBnu — K.T.H, JOUEHT, 3aB. Ka. KOMIIbIOTEPHBIX TEXHOJOTHH U
cereit, OMI'Y um. ®.M. JlocToeBCcKOro.

IIpoxopoe Poman CepreeBuu - acnupaHT, Kadenpa HHOOPMAIMOHHOHW 0Ge30MacHOCTH,
OMI'Y um. @.M. JlocToeBCKOrO.

Ilyrun KoHctantTnHn ButanbeBuu - cTyneHT, (aky/nbTeT KOMIIBIOTEPHBIX HayK,
OMI'Y um. @.M. JlocToeBCKOro.

Pomanoe Aunekcein HwukonaeBuu - Kk..-M.H, pnoueHt, kad. KuGepHetuku, Om[Y
uM. ©.M. JlocTOeBCKOTO.

Cronkun Cepreii BukropoBuu - cTyneHT, QakynbTeT KOMIbIOTepHbIX Hayk, Om['Y
uM. @ .M. JlocTOEBCKOTO.

TiomenueB Eprenuit Anexkcangposuu — aupektop OOO «Hello World! Technologies»,
Owmck.

®Penopenko AHapei AnekcaHAPOBUY — K.(.-M.H., Hay4yHbll coTpynHuK (CR1), ®paniys-
CKHI HaLlMOHAJbHBIN LeHTp HayuHbiX uccaenoBanuit (CNRS), na6opatopus ¢usuxu, JIHoH,
Dpanmus.
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AHHOTAIINH

A.T. I'punb. O HepaBenctBe Maranl [lesnurpan.

AnHorauusa. [lpennaraetcsi HOBOe [0KA3aTeJNbCTBO BAaPUAHTOB H3BECTHOTO HepaBEHCTBA
M. Ilenurpan, B TOM UHCJe, UCTONB3YIOMIUX YCJOBUS Clab0H 3aBUCUMOCTH, OTJIHUHBIE OT
(p-TiepeMelInBaHus.

KaroueBbie caoBa: HepasenctBo Ilesmurpam, yc/ioBusi — p-mepeMelinBaHus,  p-
nepeMelLINBaHusl, A-TlepeMelIBaHus.

A.H. PomanoB. Paznuuatomye 1 rio6anbHo THIEpOOJIHYECKHe TIPOCTPAHCTBA.
AnHoTamusa. B pa6ote naydaroTcst yc/oBHs, KOTOPblE TIPUBOAST XPOHOJNOTMUECKOE Ka4eCcTBO
MPOCTPAHCTBA-BPEMEHH K JI0OCTATOUHO CHUJBHOMY YCJIOBHIO — TI7100a/1bHOH THIepOONHUHOCTH.
KitoueBbIM MOMEHTOM SIBJISIETCS MIOBEAEHHE JIOPEHLIEBOH (DYHKLHUH PACCTOSHHUS.

KiioueBbie cioBa: NpocTpaHCTBO-BPeMs, JOpeHLeBa (PYHKLHUS PACCTOSHHUS.

A.A. ®Penopenko. [loBepxHOCTHOE KpPUTHUECKOE MOBeJEHHE CHCTEM C HENPEepbIBHOH CHM-
MeTpHeH B NMPUCYTCTBUHU CJAy4aHHBIX MOJEH.

AnHoTamusa. M3yyaercsi CKeHJMHrOBOe TOBeleHHe BOJIM3U TOBEPXHOCTH d-MEPHOH CHCTe-
Mbl ¢ HenpepbiBHOH O(NN) cUMMeTprell B MPUCYTCTBHUH CJydYaHHBIX ToJied. Bbillle HHXKHeH
KPUTHUECKOH pa3MepHOCTH dj. = 4 cucTeMa JeMOHCTpUpYyeT (pa3oBbIH Mepexon W3 mapamar-
HUTHOT'O COCTOSIHUS B (peppoMarHutHoe, ecau N > N, = 2.835. Huke HUKHeH KpUTHUeCKOH
pPa3MepHOCTH CHUCTeMa HAaXOAUTCH B KBa3WYMOPSIAOUEHHOM COCTOSHUH, ecau N < N, T.e. B
COCTOSIHMU C HYJIeBBIM NapaMeTpOM IMOpsSAKa, HO MeJIeHHBbIM CTelleHHbIM 3aKOHOM yObIBaHUS
Koppeasiunu gaykryauud. PyHKUHOHAIbHAS PEHOPM-TPYIIA MO3BOJSET U3YUUTh CKEHJHH-
roBoe INoBeleHHe BOJ/NM3U OObIKHOBEHHOTO MOBEPXHOCTHOrO (pa3oBoro nepexona s d > dj.
U TOBEeJIeHHe Koppessuud (QpJIyKTyauud BOJH3U NMOBEPXHOCTH B KBAa3WyMOPSAOUYEHHOU (pasze
s d < di.

KuaroueBbie cioBa: (pyHKLUHOHA/AbHAS PEHOPM-TPYIINaA, HEYNIOPSA0UEHHble CUCTEMBI, Caydai-
Hble T0J5, TOBEPXHOCTHBIE KPUTHUECKHE SIBJEHHUS.

O. Komenesa, B. KpeiiHoBuu. CkansipHo-TeH30pHasi Teopusi rpaButauuu bpanca-ukke
MOXKeT 00BSICHUTb BPEMEHHYI0 aCHMMeTpHI0 (PU3UYECKHX NPOLECCOB.

AHHOTamusa. Bo/bIIMHCTBO (PyHAAMEHTAMbHBIX (PH3UUECKUX YPaBHEHHWH OCTAIOTCS CIpaBe-
JIUBBIMH, €C/JIM Mbl OOpaTHUM HallpaB/jeHHe BpeMeHH. TakuM 00pa3oM, eC/Jd Mbl HAauHEM C
(pusuueckoro mporecca (KOTOPBIH YHOBJETBOPSET 3THM ypaBHEHHsSM) U OOpaTHM Hampas-
JieHHe BpeMeHH, [0JyueHHBIH MpoLecc TaK:Ke yNOBJETBOpPsieT BCEM YPaBHEHUSIM H, TaKUM
00pa3oM, TakKe A0J/KeH ObITb (PU3UUECKH pa3yMHbIM. Ha mpakTHKe, ofHAKO, MHOTHe (DHU3HU-
YyecKHe Ipolecchl HeoOpaTHMBl: HalpuMep, Yallka MOXKEeT Pa3BajUTbCsl Ha 4acTH, HO YaCTH
He MOTYT BoJIIIeOHBIM 06pa3oM coOpaTbCs U CTATh LEJOH Yalikod. B 3Toll cTaThe MBI MoKa-
2KeM, UTO CKaJIipHO-TeH30pHasl Teopus rpaBuTauuu bpanca-Iukke, ogHO U3 HauboJsee LIH-
POKO HCMOJNb3yeMblX 0000LIeHUH 00I1el Teoprrn OTHOCHTEJbHOCTH DUHINTEHHA, SIBJsSETCH,
Mo CYTH, aCHMMETPUUHBIM MO BpeMeHH. W 3Ta acuMMeTpusi MOXKeT 00bACHUTD HaBJI0IaeMY0
ACHUMMeTpPHUI0 BpeMeHU (pU3UUeCKUX SIBJIEHUH.

KuaroueBbie cnoBa: Teopus rpaButaunu bpanca- lukke, acUMMeTpHsl BpEMEHH.

O. KomeneBa, B. KpeitHoBuu. [lss1 onucaHusi Heonpenes&HHOCTH 3SJJIUICOMIBl Jydlle
MHOTOTPaHHHKOB H, BepPOSITHO, JIyullle TPSIMOYTOJbHBIX MapaJJiesenunenoB: 3aMeuatue.

AnHoramusa. J[1s ckanspa MHOKECTBO BCeX BO3MOXKHBIX 3HAUEHHH SIBJIsieTCs OOBIYHO WH-
TepBajoM. VHTepBas JIerko MpencTaBUTh B MaMsTH KOMIIbIOTepa: HalpUMep, Mbl MOXKEM
XPaHHTb €ro JABYMsS KOHEUHBIMM TOYKaMH. J[J1sT BEeKTOPHBIX BEJUUHUH MHOXKECTBO BO3MOXK-
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HBIX 3HaYeHHH MOXKEeT HUMeTb MPou3BosbHYI0 dopMy. TouHoe onucaHue 3T0H GopMbl TpedyeT
6eCcKOHeYHO MHOrO MapaMeTpoB, O3TOMY B KOMIIbIOTepe Mbl HOJIXKHBI UCIIOJNb30BaTh CeMel-
CTBa MHOXECTB KOHEYHO-TapaMeTPUYECKUX anmnpokcuMauui. OqHUM U3 MIHPOKO HCIIOJb3Y-
eMbIX MEeTOMOB [Jisl BbIOOpa TaKOro ceMeHCTBa sIBJseTCS BIOODP CUMMETPUUYHOIO BBIYKJIOTO
MHOXKECTBA M HCIOJb30BaHHe ero o6pas3oB MpPU BCeX JHHEHHBIX NMpeoOpa3oBaHUsAX. Lciu
B35ITb €IMHHYHBbIH LIap, TO MBI B KOHeYHOM uUTore OyneM paboTaTh C 3JJIMIICOUAOM, €CJIH
MBI BHIOMpaeM eqUHUYHBIA KyO, MBI B KOHEUHOM HTOre OymeM paboTaTb C MPSIMOYTOJIbHBI-
MU NapaJJesenunenamMmy; Mbl MoxeM padoTaTb M C MHOTOTpaHHMKaMH. B 3To# cTaTbe Mbl
MOKaXKeM, YTO 3JJIMICOUIBl MPUBOAAT K YJIYYILEHHIO NPUOJINKEHUS peasbHbIX MHOXKECTB
[0 CPaBHEHHIO C MHOTOIPAaHHMKAaMM, Mbl TaKXe MOKaKeM, 4YTo, NMPU pPa3yMHOM AOMNYLIEHHH,
3JIIMIICOMABL Jyullle, YeM anNpOKCHUMHUPYIOLIMe MapaJiesorpaMMal.

KuroueBble cioBa: HeornpeneJeHHOCTb, JJIUIICOUIbl, HHTEPBaJIbl, MHOTOI'PAHHUKH.

A.K. I'yu, A.H. JlaBpoB. Onucanrne DDoS-ataku ¢ nomolibio KatacTpodsl «cOOpKas.
AnHotauusa. [lokazaHo, yto DDoS-aTaky Ha KOMINBIOTEPHBIE CHCTEMbl MOXKHO OMHUCATH C
MOMOILBIO KaTacTpodbl «CcOOPKa».

KaroueBbie ciaoBa: DDoS-araka, Teopusi katactpod, cOopka.

10.B. KoBanenko. Mope/ib ¢ HENpepbIBHBIM NPeCTaBIeHHEM BPEMEHH [J1 3a/laul COCTaB-
JIEHUS PaCMCaHUN C TPYNMHUPOBKOH MAIIMH MO TEXHOJOTHSIM.

AnHoTtamusa. PaccmarprBaercs 3ajgada COCTaB/eHHUS PACHCAHUHA MHOTOMPOAYKTOBOTO IPO-
u3BoncTBa. OCOOEHHOCTDIO TOCTAHOBKH SIBJSIETCS TO, YTO KaXKAbIH MPOAYKT HMEET HECKOJIb-
KO TEXHOJIOTHH MPOW3BOJCTBA, NMPH BBINOJHEHHH KOTOPBIX HCIIOJNB3YeTCsl CpPa3y HECKOJbKO
MallliH, paboTallMX OOHOBPeMEeHHO. Ec/M MalluHa Mepek/io4yaeTcsi ¢ OAHOH TeXHOJOTHH
Ha JPYyrylo, TO HeOOXOAHMMO BBIMONHATH MepeHananky. [TocTpoeHsl Moesu 4acTHUHO LeJo-
YUCJIEHHOr0 JIMHEHHOrO MPOrpaMMHPOBAHUS MJs 3afadd B oOLlell MOCTAHOBKE W AJs CJY-
yasi, KOTa AJHTEJbHOCTH MepeHasalKH YHOBJIETBOPSIOT HEPaBEHCTBY TpeyrospHuka. [lis
CpaBHEeHHSI MpelJIoKEeHHbIX MOJieJiell IPOBeeHbl YUCTEeHHBIE SKCIIEPUMEHTh Ha TIOCTPOEHHBIX
clydyalHbIM 00pa3oM TECTOBBIX MPHMepax.

KnioueBbie cioBa: pacnucaHue, nepeHa agKky, TEXHOJIOTHH, 11€JOUNCIeHHOe THHEHHOe Mpo-
rpaMMHUpOBaHUeE.

C.B. TI'ycc. Konuenuus npoekra pacuupsieMoro ofyyatoiiero nporpaMMHOro CpeacTsa.
AnHoTtamus. B paGoTe naércs onrcaHue KOHIEMIUH TIPOEKTa PacLIMPSIeMOro CeTeBOro oby-
yawllero nporpaMMHoro cpeactsa. [lpennararores napameTpsl fJsl yripaBJ/eHuUsl oOydalolien
cucteMol. [IpencraBseHbl obiile 3/eMeHTHL.

KuaroueBbie cioBa: ofyyaroliee NporpaMMHOe CPeACTBO, 3JeMEHTbl MOBTOPHOIO HUCIOJMB30-
BaHHsl, TapaMeTpbl 00yYaIOLIUX CUCTEM.

C.B. Cronkun, K.B. Ilyrun, .M. Bpeuka. YcraHoBKa mporpaMMHOro oGecreueHHs
Ha BBIYMCJMTENbHbBIH MOIY/b C apXHUTEKTypoil npoueccopa Alpha.

AnHoTauusa. /laHHas paGoTa MocBsileHa BHIOOPY U YCTaHOBKE TMPOrPAMMHOTO 06ecreueHust
Ha BBIUMCJIMTEJbHBIH MOIYJb C apXUTeKTypod mpoueccopa Alpha. BbluucauTenbHble Momy-
JIM C TaKMMH IpolLleccopaMu BXOAST B cocTaB kjaactepa MBC-1000/128, naxonsiierocs B
pacropsikeHun (haxkynabreta KomnbioTepHbix Hayk PI'BOY BIIO «OMI'Y um. ©.M. HocTto-
eBCKOro». B pesynbrare paGoTbl Ha BBIYUC/AUTENbHBIH MOLY/b OblJ1a yCTAHOBJIEHA OMNepal-
oHHas cuctemMa Debian Linux, a Take cpeacTBO MOANEPKKH HCIOJHEHHS MapasebHbIX
nporpaMmm — OpenMPI.

KuroueBble ciaoBa: BHIYMCAWTE/bHBIM KJacTep, ONepalUOHHBIE CHCTEMBI, almnaparypa, na-



119

panienbHble Beiuncaenusi, MPI, Linux, SRM, Alpha.

E.A. TiomeHueB. ABTOMAaTH3UPOBAHHOE TECTHPOBAHHE CJOXKHOCTH AJTOPUTMOB C MOMOIIBIO
Mock-06beKTOB.

AnHoTtauus. B crartbe omuchiBaeTcsi crnoco6 TeCTHPOBAHHS aJTOPUTMHUECKOH CJIOXKHOCTH
aaropuTMoB Ha ocHoBe Mock-06beKTOB, TMO3BOJSIOLIME aBTOMAaTH3UPOBATH MPOBEPKY, HC-
CJIeI0BaTh W KJaCCU(DHUIMPOBATH aJTOPUTMbI C TOUKH 3PEHHSI CJOXKHOCTH, NaXKe eCJaH HMX
peasi3alisl HEH3BECTHA.

KuioueBble cjoBa: aBTOMaTH4YeCKOe TEeCTUPOBaHHe, aJrOPUTMHUECKas CJ0XKHOCTh, Mock-
00BEKT.

A.A. Koposguckuii. O630p pellieHu# /5 peasn3alydd NPOTOTUINA 3aMKa MOOUJBbHON OHO-
MeTpHUdecKor cucteMbl noctyna M-Block.

AHHoTtamusa. B crartee paccmaTpuBaloOTCsl CyILECTBYIOLIME CPEACTBA /15 peasnu3allld IMpo-
TOTHIA 3aMKa MOOMJIbHOH GHoMeTpruecKod cucteMbl noctyna M-Block. B pesynbrate cpas-
HUTEJILHOTO aHaJsku3a ompefessieTcss HauboJee MOAXOASIIEe PelIeHHe.

KuioueBbie cioBa: 6oMeTpusi, MOOHJIbHBIE YCTPOHCTBA, GMOMETpUYECKasi CHCTeMa JOCTYIA,
MHHOBalKoHHOCTh, OMI'Y, nmpotoTun, M-Block, Raspberry Pi, Android, Arduino, AllWinner
A1X.

P.C. IIpoxopoB. buxeBuopuctryeckass HaeHTH(OUKALHUS TPOLECCOB.

AHHoTamusa. B naHHON cTaTbe paccMOTpeH MOAXOA, MO3BOJSIOMIMNA OCYIIECTBUTh HAEHTH-
(ukanuio npouecca no ero nosefenuro. Ilonxon ocHoBaH Ha npeo6pa3oBaHUU MOTOKA COOBI-
THUH B MOTOK KOHTelHepOoB COOBITUH U UCIOJNB30BAHWH TAKOTrO MOTOKA /15 MOAAYM Ha BXO[
MHTEeJJIEKTYyaJbHOI'0 aHa/JM3aTopa, MOCTPOEHHOTrO € MOMOLUbI0 MYyJbTHHEHPOHHOH ceTH. B
KayecTBe «sIpa» aHaJU3aTopa MCIOJb3yeTCsl NPUHLHUIIHAIbHO HOBAsi CTPYKTypa KOMIIO3UT-
HOM HeHpOHHOH ceTH, Ha3BaHHAsi MyJbTHHEHPOHHOH ceTblo. [lompoOGHO omuUcaHBI BapHaAHTHI
HCIOJ/1b3yeMbIX NpeoOpa3oBaHui, a TakKe caMy MCIHoJb3yeMble Npeobpa3oBaHuUsl.
KuaroueBbie caoBa: MneHTuduKkanys MpoleccoB, 3allliTa HH(popMaluu, OGUXeBUOPUCTHYE-
CKUU aHaJ/u3, MYJbTHHEHPOHHAS CeTb.
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A.G. Grin. About inequality of Magda Peligrad.

Abstract. We offer a new proof of variants of the inequality of M. Peligrad, including
using conditions of weak dependence different, than the p-mixing.

Keywords: inequality of M. Peligrad, conditions of ¢-mixing, p-mixing, A\-mixing.

A.N. Romanov. Distinguishing and Globally Hyperbolic Space.

Abstract. In this paper we study the conditions that lead chronological quality of space-
time to a rather stronger condition — global hyperbolicity. The key point is the behavior
of Lorentz distance function.

Keywords: space-time, Lorentz distance function.

A.A. Fedorenko. Surface criticality in random field systems with continuous symmetry.

Abstract. We study the surface scaling behavior of a d-dimensional random field system
with continuous O(N) symmetry. The system undergos a paramagnetic-ferromagnetic
transition above the lower critical dimension d). = 4 for N > N, = 2.835. Below the lower
critical dimension and for N < N, the system exhibits a quasi-long-range order with zero
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order parameter and a power-law decay of correlations. Using functional renormalization
group we obtain the surface scaling laws describing the ordinary surface transition for
d > dj. and the behavior of correlations near the surface in the quasi-long-range ordered
phase for d < d.

Keywords: functional renormalization group, disordered systems, random fields, surface
criticality.

O. Kosheleva, V. Kreinovich. Brans-Dicke Scalar-Tensor Theory of Gravitation May
Explain Time Asymmetry of Physical Processes.

Abstract. Most fundamental physical equations remain valid if we reversed the time
order. Thus, if we start with a physical process (which satisfies these equations) and
reverse time order, the resulting process also satisfies all the equations and thus, should
also be physically reasonable. In practice, however, many physical processes are not
reversible: e.g., a cup can break into pieces, but the pieces cannot magically get together
and become a whole cup. In this paper, we show that the Brans-Dicke Scalar-Tensor
Theory of Gravitation, one of the most widely used generalizations of Einstein’s General
relativity, is, in effect, time-asymmetric. This time-asymmetry may explain the observed
time asymmetry of physical phenomena.

Keywords: Brans-Dicke theory of gravitation, time asymmetry.

0. Kosheleva, V. Kreinovich. For Describing Uncertainty, Ellipsoids Are Better than
Generic Polyhedra and Probably Better than Boxes: A Remark.

Abstract. For a single quantity, the set of all possible values is usually an interval. An
interval is easy to represent in a computer: e.g., we can store its two endpoints. For several
quantities, the set of possible values may have an arbitrary shape. An exact description of
this shape requires infinitely many parameters, so in a computer, we have to use a finite-
parametric approximation family of sets. One of the widely used methods for selecting
such a family is to pick a symmetric convex set and to use its images under all linear
transformations. If we pick a unit ball, we end up with ellipsoids; if we pick a unit cube,
we end up with boxes and parallelepipeds; we can also pick a polyhedron. In this paper, we
show that ellipsoids lead to better approximations of actual sets than generic polyhedra;
we also show that, under a reasonable conjecture, ellipsoids are better approximators than
boxes.

Keywords: uncertainty, ellipsoids, intervals, polyhedra.

A K. Guts, D.N. Lavrov. Description of DDoS-attacks by the cusp catastrophe.
Abstract. It is shown that the DDoS-attacks on computer systems can be described by
the cusp catastrophe.

Keywords: DDoS-attack, catastrophe theory, cusp.

J.V. Kovalenko. Continuous-time model for Scheduling with Technology Based Machines
Grouping.

Abstract. A problem of multi-product scheduling is considered. Each product can
be produced by a family of alternative multi-machine technologies. Multi-machine
technologies require more than one machine at the same time. A sequence dependent
setup time is needed between different technologies. We formulate a mixed integer linear
programming model for the general case of the problem and for the case, when the setup
times satisfy the triangle inequality. The proposed models are experimentally tested on
randomly generated instances.
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Keywords: scheduling, setup times, technologies, integer linear programming.

S.V. Guss. Extensible game-based educational software project.

Abstract. The paper is about the extensible game-based educatonal software project:
conception, components, common settings.

Keywords: educational software, software reuse, educational software settings.

S.V. Stopkin, C.V. Pugin, D.M. Brechka. Installation of the software on computer
module with Alpha processor architecture.

Abstract. The work is dedicated to selecting and installing the software on the computer
module with the Alpha processor architecture. Computing modules with processors of this
type are included in the cluster MVC-1000/128, which is at the disposal of Faculty of
Computer Science of Omsk State University n.a. F.M. Dostoevskiy. As a result of the
work there was installed Debian Linux operating system and OpenMPI — an environment
for supporting the parallel programs.

Keywords: computer cluster, operating systems, hardware, parallel computing, MPI,
Linux, SRM, Alpha.

E.A. Tyumentsev. Automated testing of algorithms using Mock objects.

Abstract. his article reviews the method of testing the algorithmic complexity of the
algorithms based on the Mock objects to automate the test, investigate and classify the
complexity of the algorithms, even if their implementation is unknown.

Keywords: automated testing, algorithmic complexity, Mock object.

A.A. Korovyansky. Overview of solutions for the implementation of the prototype mobile
lock biometric access system M-Block.

Abstract. The paper reviews existing funds for the implementation of the prototype
mobile lock biometric access system M-Block. A comparative analysis determines the
most suitable solution.

Keywords: biometrics, mobile devices, biometric access control system, innovation, Omsk
State University, prototype, M-Block, Raspberry Pi, Android, Arduino, AllWinner A1X.

R.S. Prokhorov. Behavioristic process identification.

Abstract. In this paper, the approach for the identification of the process by its behavior
is considered. The approach is based on the transformation of the events flow to the
container flow of events and the use of this flow for inputting to intelligent analyzer
built with multineural network. A radically new composite structure of the neural network
called multineural network is used as the "core" of the analyzer.

Keywords: Process identification, information security, behavioristic analysis, multineural
network.
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